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PREFACE TO VOL. III, PART IIL

Tris part of the work commences the consideration of the
complicated but most important series of bodies known as
the Aromatic Compounds.

It contains, after an introduction, & description of the mode
of formation, and of the properties, of the Aromatic Hydro-
catbons and their derivatives, together with an historical
discussion of their isomeric modifications. The constitution
of Benzene and the characteristic reactions of its di-substitution
products are then fully explained. Next follows a review of
all the important Benzene Derivatives, so that the part now
published forms a complete chapter of the everincreasing
volume of Aromatic Chemistry.
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ORGANIC CHEMISTRY,

OR THE CHEMISTRY OF THE HYDROCARBONS AND THEIR
DERIVATIVES,

PART IIL

AROMATIC COMPOUNDS, OR COMPOUNDS RICH
IN CARBON.

914 IN the early years of our Scicnce, the name “ aromatic
conipounds” was given to a small group of naturally occurring
bodies possessing an aromatic smell and taste. For in those days
almost all chemical compounds were classed according to certain
well-marked physical properties; and even now the pages of our
manuals contain chapters on * colouring matters,” « bitter prin-
ciples,” &c. There we find descriptious of substances possessing
an unknown constitution, and, therefore, incapable of any more
systematic classification, to which Gerhardt gave the title of
corps & sérier. Thanks, however, to the progress of our science,
this “ chemical lumber-roomn ” is rapidly being cleared out, and
in tine it will doubtless be found cmpty.

A similar sifting process has been going on with respect to the.
sromatic compounds, It was soon perceived that, in addition to
certain analogies in their outward properties, such as smell and
taste, these bodies are connected by intimate chemical ties.
The first step towards this recognition was effected by Licbig
and Wohler in 1832 by the publication of their classical
research “ On the Radical of Benzoic Acid.”! In the intro-
duction to their memoir they remark: “ We may congratulate

v . tnn. Pharm. 3.9,
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4 AROMATIC COMPOUNDS,

ourselves if we succeed in clearing a narrow-path through the
dark domain of organic nature, which may perhaps lead to the
recognition of the true method of surveying and examining
this unknown district, although we are well aware of its illimit-
able extent. Nor indeed can we licre reasonably expect at first
to arrive at any very profound or wide genemlisations, owing to
the absence of previous investigations, as well as the difficulty of
obtaining the necessary materials, Under these circumstances
the experiments which are deseribed in the sequel must be re-
garded, as far as their extent and connection with other branches
of investigation are concerned, only as the opening out of & wide
and fruitful field for future research.”

This wide ficld embraces the whole of the aromatic com-
pounds, and it has proved to be even more fruitful than
Liebig and Wohler could have even dreamed. Their first ob-
servation was that oil of bitter almonds is distinguished from
all similar compounds by its power, first noticed by Stange, of
absorbing oxygen, and of being converted into benzoic acid—a
componnd known so long ago as the seventeenth century, and
prepared from the aromatic gum benzoin. The two chemists
then showed that both these compounds contain the same radical,
benzoyl, C,H,0, that the oil of bitter almonds must be regarded as
benzoyl hydride, C,;H 0, which on oxidation passes into benzoic
acid, C,H,0, By replacing an atom of hydrogen in benzoyl
hydride, by the elements of the chlorine group, by cyanogen,
or by sulphur, other compounds of this same radical are
obtained.

Mitscherlich prepared the hydrocarbon, CjH, by distilling
benzoic acid with slaked lime, it being formed by the separation
of carbon dioxide from benzoic acid, and to this body he gave
the name of benzin, which was altered by Liebig to benzol, but
which in England is now usually written benzene. Mitscherlich
also fonnd that this hydrocarbon is converted by the action of
nitric &cid into nitrobenzene, C;H,NO,. Zinin next showed
that the oxygen in this body can be replaced by liydrogen, and
that thus a basic oil is obtained which was soon proved to be
identical with aniline, & compound which Fritsche had previously
obtained by distilling indigo with caustic potash. The Russian
chemist had also observed that indigo when treated with caustic
potash yields an acid termed anthranilic acid, C;H,NO,, and
that this is decomposed on distillation into carbon. dioxide and
aniline.
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Qerhardt afterwards noticed that when nitrous acid acts
upon anthranilic acid, this latter is converted into salicylic
acid, C;HO,, a body first obtained from the ethereal oil of
Spirea Ulmaria, together with salicyl hydride, C;HO,. These
two compounds stand in the same relation to one another as
benzoyl hydride does to benzoic acid; just as the latter is
converted into bengzene by the separation of carbon dioxide, so
from salicylic acid, carbolic acid, CgH,O, is obtained. This Iatter
substance is also found in coal-ter, together with benzene and
toluene, C,H,, a body whose name is derived from the fact that
it was first obtained by distilling the aromatic balsam of tolu.
This compound closely resembles benzene ; thus, by the action
of nitric acid it is converted inte nitrotoluene, and from this
the base toluidine can readily be prepared. These investigations
proved that an intimate relation exists between the two series
of compounds, containing respectively six and seven atoms of
earbon :—

Benzone. Nitrobenzene. Anillne, Carbolic Acid,

CH, CHNO,  CHN. ¢,H,0.

Toluene, Nitrotolene, Toluidine. —

C,H, C,H,NO,, C,H,N.

Benzoyl

Hydride, — — $Salicyl Hydride.

GHO. CHO,
Benzoie Acil, - — Salicylic ;\cid.

GH,O, CHQ,

In course of time the existence of many similar groups was
discovered, and to all ‘these the general title of “aromatic
compounds” was given, although smong them many are found
which either possess no smell, or whose odour is anything but
aromatic. The designation of aromatic is applied in the same
sense as that of “fatty bodies,” in which we now class almost
all the organic substances not belonging to the aromatic series,
(R. Mcyer.)

It was at first difficult to find a sharp distinction between
aromatic conrpounds and other groups, as many bodics were known
which, according to their products of decomposition as well as
their mode of combination, may equally well be placed either in
the one or in the other division. Thus it came about that many
compounds which clearly belong to the aromatic gronp werc not
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classed under this head. On the other hand, however, the
fact was not then recognised that bodies properly classed as
aromatic could yield compounds belonging either to the group
of fatty bodies, or to that of bodies containing less hydrogen,
Nor was it understood that the reverse action could take place.
(Kekuld.)

9x5 Kekuld's Theory of the Constitution of Aromatic Bodics—
No expression of opinion is to be found respecting the constitu-
tion of the aromatic compounds until Kekulé proposed a theory
which shed an unexpected light on these hitherto neglected
bodies! The effect of the general recognition of the truth of
Kekuld’s theory has been that this special field of organic
chemistry has since been, and still is, most industriously cultivated,
perhaps to the undeserved neglect of other branches.

In justification, however, it must be remembered that the
study of the aromatic compounds is full of practical interest,
inasmuch as not only all the netural, but alse all the artificial
colouring matters, as well as the mnost valuable medicines and
most potent poisons, belong to this class of bodies.

Kekulé's views are best given in his own words: “If we wish
to form an idea of the constitution of the aromatic compounds
we are bound to explain the following facts :—(1st) Even the
simplest of aromatic compounds are comparatively richer in
" carbon than the compounds belonging to the fatty group ; (2nd)
Amongst the aromatic conipounds as well as amongst the fatty
bodies a large number of homologous substances exist; (3rd)
The simplest aromatic compounds contain at least six atoms of
carbon ; (4th) All the derivatives of these substances exhibit a
certain family resemblance, they all belong to the group of
aromatic compounds. In cases where a more destructive reaction
occurs, a portion of the carbon of the original compound may be
eliminated, but the chief product invariably contains at least
six atoms of carbon, and the decomposition stops with the
formation of this product, unless, indeed, the aromatic group is
completely destroyed. These facts justify the supposition that
one and the same group of atoms occurs in all the aromatic
compounds, or that they all contain n commmon nucleus of six
atoms of carbon. In these bodies some of the carbon atoms are
in more intimate connection than others, hence it follows that
all aromatic compounds are proportionately rich in carbon.
Other atoms of carbon may attach themselves to this nucleus

! Buell. Soc. Chim. 1865, 1, 98,
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in the same way, and according to the same laws, as is. the case
in the group of fatty bodies, and in this way the cxistence of
homologous compounds is readily explained.” ! . _
According to Kekulé, the six atoms of carbon in the aromatic
nucleus are alternately connected by one and by two comibining
units to form a closed ring, as shown in the following graplic

formuls -~
YO8 Cf
/‘.. “ o \‘.“

% 7
4 y 3
i i s
o o
(ONNG
.
5

916 Eaplanation of Isomcrism in the Aromatic Group—If
the six free combining units of the nucleus are saturated with
hydrogen, the simplest aromatic compound, viz., benzene, CjH,,
is formed. From this all the other aromatic compounds
mey be derived by the same processes as the fatty bodies are
derived from methare. Hence, benzene may be regarded as the
marsh gas of the aromatic series, and this series is defined as
group of the benzene derivatives, Kekulé¢’s formula not only
explains the above-named facts, but alzo the following, which
will be mentioned in detail in the sequel :

(1) In the case of the mono-substitution products of benzene
no case of isomerism occurs, as all the six atoms of hydrogen of
this hydrocarbon are of equal valne, and, therefore, indis-
tinguishable one from the other.

(2) If two atoms of hydrogen be replaced by elements or radicals,
termed “side chains,” three isonieric compounds may be formed
whether the entering element or side chain be identieal or
different, and this conclusion is borne out by cxperiment.
This isomerism is due to the fact that the bodies replacing
hydrogen take up different positions in the benzeme ring. If
we represent benzene by a hexagon, at each of whose angles a
carbon atom is placed, and number these I to 6, it isclear that
three differont dibromobenzenes, C;H Br,, or nitrobromobenzenes,

¥ Reknié, Lekrbuch, ii. 195.
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C,H,(NO,)Br, can exist in which bromine or mtroxyl ‘takes the
following positions :—

! H
6{/‘\’2 Br: Br
l
N Br: NOT

Every other position is identical with one of the above;
hence, these may be distinguished as adjacent, alternate, and
opposite.  Tri-substitution products of benzene containing
identical clements or side chains can also occur, but only in
three modifications :—

=]

-
I | I T T
He O O B 09 0O

€. te et 44 44 s

bt b et g ek e

c.amw
Q'rsum

1:
1:
1:

These are distinguished as adjacent, asymmetrical, and sym-
metrical. It is also clear that if four atoms of hydrogen are
replaced by some element or radical three isomeric compounds
can also ocenr.

Supposing, however, that the entering elements or radicals
are not identical, it is plain that the number of isomeric bodies
will be increased; thus, for cxample, We are acquainted with
six nitrodibromobenzenes, C;H,(NOy)Br,, in which, if the
nifroxyl oceupies position 1, the bromine atoms may oceupy the
following positions:—

1:2:83
1:2:4
1:92:5
1:2:4
1:3:4
1:3:5

Supposing, again, that all the three, or cven more, elements
or side chains are different, we see that the number of possible
isomerides will of course be larger.

917 Characleristic Properties of Aromatic Bodies—By the
action of chlorine and bromine on benzene, substitution pro-
ducts are formed, but under certain conditions additive products
may also be produced, inasmuch as benzene combines with
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two, four, or six atoms of the halogen, but not with more. In
snpport of his theory Kekuld adds : “ Some few cliemists incline
to the view that benzene and hydrocarbons homologous with it
are derived from hydiocarbons belonging to the class of fatty
bodies by simple loss of hydrogen, and the consequent more
intimatc union of the carbon atvins. I do not share this view,
but rather believe that the hydrocarbons of the family C,Hg,
prepared from CH,, by subtraction of hydrogen, will turn out
to be only isomerie, and not identical with benzene.” Such a
hydrocarbon is in fact now known, and it is termed dipropinyl,
CH=CCH,CH,C=CH. (See vol. iii. Part IL p. 4G6.)
This compound combines encrgetically with bromine to form a
tetrabromide, C;HBr,, and on warming with bromine it yields an
octobromide, C;H,Bry. On the other hand, its isomeride benzene
exhibits totally different reactions, inasmuch as it combines with
bromine and chloring only slowly, and mioreover is incapable of
taking up more thau six atoms. The formation of this edditive
product is quitc analogous to that of ethylenc dibromide from
cthylene: as in this instauce so in the case of beuzene, the
double linkage of the carbon atoms is resolved into a single
linkege, but the closed ring form remains unaltered. By acting
on ethylene dibromide with alkalis, bromethylene is formed,
and in like manncr benzenehexbromide is converted into
tribromobenzene.

The substitution products of benzene react quite differ-
ently from those of the paraffins. By the action of chlorine,
monochlorobenzene, C,H,Cl, is formed, and this was formerly
supposed to be the chloride of a monovalent alcohol radical and
termed phenyl chloride. It does not, however, cxhibit any of
the properties of an alcoholic chloride, inasmuch as it holds its
chlorine in a much more retentive form, and is not attacked
when heated with caustic potash, silver salts, ammonia, &ec.

The action of concentrated nitric acid scrves as another
characteristic test for the aromatic compounds, as these readily
form nitro-compounds, bodics which in the fatty series are only
obtained by indirect processes; thus benzene yields nitrobenzene,
CH;NO,, this passes easily by reduction into aniline, C;H, N H,,
a body which was formerly called phienylamine, but-now termed
amidobenzene; for, although in some respects it possesses
anglogies with the compound ammonias, it differs widely from
them in other respects, especially in not possessing auy am-
moniacal smell and having a perfectly neutral reaction.
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Another characteristic property of the aromatic compounds is
the formation of sulphonic acids when ‘the hydrocarbons are
treated with stroug sulphuric; thus, for example, benzene yields
benzenesnlphonic acid, C;HSO,H.

If an atom of hydrogen in benzene be replaced by liydroxyl
o body resembling the alcohols is obtained, and to this the name
of phenyl alcohol, C;H,OH, was formerly given, though at the
present day we prefer the name of phenol, it being distinguished
from the alcohols, amongst other properties, by being an ex-
tremely stable compound which can only be oxidized with
difficulty. Alcohol is converted by concentrated nitric acid inte
a nitrate, and by strong sulphuric acid into a sulphate; phenol,
on the other hand, treated in like manner, yields nitrophenol,
C4H,(NO,)OH, and phenolsulphonic acid, C;H,OH.SO,H. These
examples suffice to show that well-defined differences are
observable between the members of the fatty and those of the
aromatic group of substances.

AROMATIC HYDROCARBONS.

918 The homologues of benzene are formed by the replacement
of hydrogen by an alcohol radical, such as methyl, ethyl, propyl,
&c.; the compounds thus obtained act on the one hand as aromatic,
and on the other, as fatty bodies. When the hydrogen nucleus
in methylbenzene or toluene, C;H,CH,, is replaced by chlorine,
hydroxyl or nitroxyl, bodies are formed which exhibit the
closest similarity to the corresponding benzene derivatives. If,
however, the replacemnent takes place in the methyl group,
compounds of the alcohol radical, phenylmethyl or benzyl are
produced, such as benzyl chloride, C;H, CH,Cl, a body which is
converted by the action of ammonia into strongly alkaline
benzylamine ; similady, the same body can be converted by
oxidation into benzoyl hydride and benzoic acid. Thus the two
following series are obtained :—

Toluene, Methylbenzene or Phenylmethane.

C,H,CH,,
Monoohlorotolucse. Benzyl Chloride.
C,HCICH,, CH,CH,C).
Tolnidine or Amidotolucne. Benzylamine.

C,H (NH,)CH,, C,H,CH, NH,,
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o ——— e

b = r—— e

Cresol or Oxytoluene. Benzyl Alcohol.
C,H,(OH)CH,, C,H,CH, OH.

Nitroeresol. Bouzyl Nitrate.

C,H,(NO,)(OH)CH,, C,H, CH,0.NO,,
- Benzaldchyde.
C,H,.COH.
— Benzoie Aciil.

C,H,CO.0H.

Here we find several different isomeric compounds, but their
number is really still greater, for each mono-substitution product
of toluene cxists in three isomeric forms.

Moreover, substitution can take place at the same time in the
arematic nucleus and in the alcohol radical, whereby bodies are
obtained which act both as aromatic substitution-products and
as compounds of alcohol radicals. Such a body is chlorobenzyl
chloride, C;H,C1.CH,Cl, and this can be casily converted into
clilorobenzylamine, chlorobenzyl aleohol, &c.

Moreover, not only onc atom of hiydrogen in benzene can be
substituted by an alcohol radieal, but all six can be consecutively
substituted. If this takc place with methyl, a scries of
homologous bodies is obtained whose members are isomeric with
corresponding ones of the first serics, thus:—

Benzene . . . CgH,

Methylbenzene . CH CH,
Ethylbenzene . CgH, C,H; Dimethylbenzene . CH,(CHy),
Propylbenzene. CgH,.C,H, Trimethylbenzene . CHy(CHy),
Butylbenzene . CH,.C,H, Tetramethylbenzene . C H,(CHy,),.
Pentylbenzene. CgH,.CH,, Pentamethylbenzene. CH(CHy),
Hexylbenzene . C;H, CyH,, Hexniethylbenzene . C(CHy),.

Here we find two kinds of homologous bodies, those of the
first series depend on the lengthening of the side chain, and the
number of its members is only limited by the number of alcohol
radicals which is known, whilst the homology of the second series
depends upon an increase in the number of side chains, so that
Lere hexmethylbenzene is the last member of the series.

The members of the first of these scrics of liydrocarbons
beginning with the second term occur in isomneric forms
dependent upon the isomerism of the radicals; thus we know
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of & normal propylbenzene and an isopropylbenzene, C;H,CH
(CH,), &c. In the second series the isomeric forms, as has been
explained, commence with the first term and end with the last
but one.

It is clear that two and more atoms of hydrogen in benzene
can be replaced by aleohol radicals homologons with methyl,
These may be either the same or different, and this gives rise
to & number of isomeric bodics,

In all these hydrocarbons the hydrogen in the aromatic
nucleus, as well as that in the side chain, can again be replaced,
and from this it will be seen that the number of benzene
derivatives may be extremely large, and the possibility of a
further increase is evident when we remember that the hydrogen
of the benzene is not merely capable of replacement by a monad
alcohol redical, CyHany1, but also by groups containing less
hydrogen. Thus for example we are acquainted with the
following hydrocarbons :

Styrolene or phenylethylene . . . CH, CH—CH,,
Allylbenzene or phenylpropylene . C;H, CH—CH.CH,.
Crotonylbenzene or phenylbutylene CgH,.CH,.CH,CH—=CH,,.

And derivatives of these, such as:

Cinnamic alcohol or phenylallyl aleohol, C,;H, CH—CH.CH, OH.
Cinnamic aldehyde or phenylacrylaldehyde, C;H, CH—CH.COH.
Cinnamic acid or pheuylacrylic acid, C;H,.CH—CH.CO.OH.
Hydroxyphenylpropylene, C;H,(OH)CH—CH.CH,

These compounds exhibit the general propertics of the
olefines or of the compounds of the allyl series; they unite
with hydrogen, the elements of the chlorine group and their
hydracids, &c., forming saturated compounds.

The number of side chains which are contained in an aromatic
hydrocarbon, or in its derivatives obtained by substitution in the
side chains, may easily be ascertained by oxidation with chromic
acid solution. If only one side chain be present as in toluene,
ethylbenzene, propylbenzene, amylbenzene, phenylethylene orcin-
namic alcohol, &c., the monobasic benzoic acid is produced. The
constitution of the side chain in such hydrocarbons may also be
ascertained in the same way ; thus amylbenzene, C,H CH,CH,,
CH(CHj),, in nddition to benzoic acid, yiclds isobutyric acid.!

! Popow and Zimcke, Ber. Deufsch. Chom, Ges. v. 384,
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If two side chains be present, one of the three phthalicacids or
benzenedicarboxylic acids, C;H,(CO,H),, is formed, and if three
such side chains be present a tribasic benzenetricarboxylic acid,
C Hy(CO,H),, is formed. All the carboxylic acids of benzene
yield, when distilled with slaked lime, carbon dioxide and benzene.

When dilute nitric acid or potassium permanganate is employed
as the oxidizing agent, only one side chain is at first oxidized to
carboxyl, and, if these side chains are different, the longest of
them is attacked first. The dimethylbenzenes, CH(CH,),

ethylmethylbenzenes, C;H, -{ 8}}1{‘*, and propylmethylbenzenes,
2445

CGH4{ ggl, yield monobasic toluic acids, C,,H4{ gg“m and, of
2

the last clags, that which contains normal propyl yields in

addition acetic acid.! One trimethylbenzene, C;H;(CH,),, treated

in a similar way, first yields a monobasic acid, C,,Hg{ gJ(])EI j__)f'
CH

and then a dibasic acid, C(,Hs{ (C(f H),’ the first of these yields
2

dimethylbenzene when distilled with lime, and the second, like the
toluic acids, yields toluene. In eertain cases it lins been observed
that when the oxidation is carried on very slowly, & long side
chain is not at once oxidized to carboxyl, but that intermediate
products are formed ; thus, for example, by oxidizing cthyl-
benzcne, C,H;CH,CH,, some methylphenylketone, C;H,.CO.CH,,
is obfained,? whilst from triethylbenzene, C;H(C,H,),, together
with trimesitic acid, CgH(CO,H),, the tribasic isophthalacetic
acid, C,,Ha,{ (g&gg 13 18 obtained?

919 Formation of Aromatic Hydrecarbons—In eddition to
the above-mentioned mode of formation from the acids, a large
number of the hydrocarbons can be obtained by simple synthesis,
as is the case with paraffins, and by this means their constitution
can be ascertained.

1st. A mixture of a brominated hydrocarbon and the iodide
or bromide of an alcohol radical is treated with sodium thus:4—

CeH,Br + CH,I + 2Na = C;H..CH, + NaBr + Nal

C;H,BrCH, + C,H,Br + 2Na = G/H, { gHﬁs + 2NaBr.

C,H,Br, + 2CH,I + 4Na = CH, (CH,), + 2NaBr + 2Nal.
! Dittmar and Kekuld, Ann. Chem. Pharm. clxii. 337,

% Bahlson, Bull. Soe. Chim. xxxii. 615, 3 [hid. xxxiv. 625,
4 Fittig and Tollens, dnu. Chem. Pharm. cxxxi. 303.
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2nd. The zinc compound of the alcohol radical is allowed to
act on benzyl chloride or benzylene chloride thus:—

2C,H,.CH,Cl + Zn(C,H,), = 2CH,C,H, + ZnuCl,.
C,H,.CHCL + Zu(CH,), = CH,CI(CH,), + ZuCl,

8rd. By the action of a halogen compound of an alcolol radical
upon a mixture of an aromatic hydrocarbon and aluminium
chloride.

‘Thus, if methyl chloride be passed through a misture of
aluminium chiloride and benzene the chief product is durene or
tetramethylbenzene, whilst hydrochloric acid is evolved.!

Toluene treated in like manner yields dimethylbenzene,
trimethylbenzene, tetrametliylbenzene, pentamethylbenzene and
Lexmethylbenzene? If ethylene be passed through a heated
mixture of aluminium chloride and benzene, ethylbenzene,
diethylbenzene and triethylbenzene are formed® The part
which aluminium chloride plays in this complicated reaction
is not known.

4th. Aromatic hydrocarbons are also formed by the condensa-
tion of hydrocarbons of the acetylene series. Berthelot found
that if acetylene be heated to & temperature at which glass
softens, a considerable quantity of benzene is produced.

CH CH
A4 7\
CH CH CH CH

= | lé
CH CH CH /H
N \
R o

At the same time styrolene, C;H;, naphthalene, C, H,, and other
hydrocarbons are formed.
If methylacetylene be dissolved in sulphuric acid and the

mixture distilled, mesitylene or symmetzical trimetliylbenzene
is formed :
3CH=C.CH; = C;Hy(CH,),.
Dimethylacetylene, CH;C=C.CHj, when shaken with sulphuric
acid, is converted into hexinethylbenzene, C(CH.), (sce vol.
il Part IT. p. 463).
! Friedel and Crafts, Bull. Sec. Chive. xxviii. 147 ; Ann. Chim, Phye. (6], L

9.

2 Bull. Soc. Chim. xxix. 481 ; Ador. n. Rilliet, Ber. Dendsch. Chem. Ges xii,
420 ; Jacobsen, hid. xiv. 2624,

% Bahlson, Bull. Soc. Chim. xxxi. 539.



FORMATION OF AROMATIC HYDROCARBONS, 15

5th, The ketones containing methyl aro converted by distilla-
tion with sulphuric acid into aromatic hydrocarbons, which
contain thre¢ aleohol radicals in symmetrical position :—

SCH,CO.CH, = C,H,(CH,), + 3H,0.
3CH,C0.C,H, = CH(C,H,), + 3H,0.
$CH,CO.C,H, = CHy(C,H,), + SH,O.

6th. Aromatic hydrocarbons ocenr in many balsams and ethereal
oils, as well as in certain petrolcums. They are formed by the
dry distillation of organic substances, and hence they occur in
wood-tar and in larger quantities in coal-tar, in which we find
benzene, toluene, dimethylbenzenes, trimethylbenzenes, and a
large number of other aromatic compounds.

In & memoir on the products obtained in the preparation of
illmninating gas from resin, Pelletier and Walter so carly as
the year 1838 remark, that chemical operations conducted on
the large scale offer opportunities for observing phenomens, in-
vestigating laws, and preparing new products which do not present
themselves in laboratory experiments. Chemical industry, largely
indebted to theory for its progress, repays the chemist whose
assistance she nceds, by presenting him with new compounds for
investigation and thus science is widened and industry developed.
In this way the manufacture of coal-gas has cariched organic
chemistry with many new compounds, whose investigation has
proved of the greatest intcrest. But for coal-gas Faraday’s
liquid hydrocarbons, butylene and benzene, Kidd’s naphthalene
and Dumsas and Laurent's paranaphthalene (anthracene) would
still have to be discovercd. !

Pelleticr and Walter discovered toluenc in the oil obtained
from distillation of vesin. This body, together with its homo-
logmes, benzene, naphthalene, anthracene, are now obtained from
coal-tar on the large scale. This black, tarry and foully smelling
substance, an essential product of the coal-gas manufacture, and
formerly a noxious and uscless article, has now become not only
of the greatest importance to the colonr manufacturer but most
valuable to the scientific chemist, as a weans of carrying on
the investigation of interesting and important bodies to an
extent which would have been impossible but for the introduc-
tion of the gas manufacture. For this coal-tar has proved a
source, as yet inexhaustible, of new aromatic compounds, from
\\{hich valuable materials, such as the colouring matter of madder

Ann, Chvm. Phys. Ixvii, 269,
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and indigo, bodies previously only known as natural products,
can now be artificially prepared.

 Additive Products of the Aromatic Compounds—When benzenc
and its hamologues are heated to 280° with fuming hydriedic
acid they combine with six atoms of hydrogen and give rise to a
homologous series whose inembers are isomeric with the olefines.!

Hexhydrobenzene . . . CgH,
Hexhydromethylbenzene . CH,,.
Hexhydrodimethylbenzene CgH,,. &e.

These bodies are distinguished from the olefines inasmuch as
they do not combine directly with bromine, this element forming
with them substitution products. The constitution of the com-
pounds thus produced corresponds to that of the chlorine and
bromine additive products which have been already described ; like
these they contain six carbon atoms in a closed ring, but connected
by single linkages. These hydrocarbons are found in Baku petro-
leum? and also probably, together with paraffins and with
hydrocarbons of the benzene serics, in that of Galicin.’

According to Markownikow and Oglobin, the hydrocarbons
which occur in Caucasian petroleum are not hydrogen addition
products of benzene and its homologues, but consist of a peculiar
group of bodies, to which they gave the name of naphthenes.*

Ethereal oils contain hydrocarbons having the common for-
mule CH,, and termed terpenes; these stand in close con-
nection with cymene or propylmethylbenzene, C,H,,, and
behave as hydrogen additive-products of this body.

DERIVATIVES OF AROMATIC HYDROCARBONS.

920 Halogen Substitution Products—Derivatives may be ob-
tained from aromatic hydrocarbons by replacing hydrogen either
in the side chain or in the aromatic nuclens. We have already
seen thet in the first case chlorine is very powerfully combined,
inasmuch as it cannot be removed by alkalis, silver salts, sodium
sulphite, ammonia, etc. ; on the other hand, the compounds ob-
tained by substitution in the side chain react like the chlorides
of radicals of the fatty group.

! Wreden, Lichig's Aun. elxxxvil. 168,

* Beilstein mnd Kurbatow, Ber. Dewdsch. Chen. Ges. xiii. 1818 ; xiv. 1620,

* Lachowicz, Liehig's Auu. coxx. 188,
4 Ber. Dewtsch. Chem. Gos. xvi. 1873,
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When benzene is treated by chlorine alone no regular substi-
tution takes place, but if a small quantity of iodine be added it
takes place quietly and step by step, the iodine acting as a
carrier of the chlorine in consequence of the constant formation
and decomposition of iodine chloride! In this reaction soine
iodobenzene is always formed. In order to replace the last
atoms of hydrogen, antimony chloride is advantageously em-
ployed as a carrier of chlorinc (H. Miiller). The reaction takes
place even more ensily and regularly if one per cent. of miolyb-
denum chiloride be ecmployed instead of iodine.?

Chlorine reacts npon the homologues of benzene in a peculiar
- way; if this gas be passed through the liquid in the cold,
substitution only takes place in the mucleus; but in presence of
iodine and antimony chloride this smmne substitution occurs
whether the saturation takes place in the cold or at the boiling
point ; if, however, free chlorine be allowed to act alone upon
the boiling hydroearbon, » replacement of hydrogen in the side
chain is alonc cffected. If the mixture be allowed to cool,
substitution agnin occurs in the nucleus; on heating a second
time the chlorine reverts to the side chain. Thus we obtain
as final products from toluene, tetrachiorobenzenyl trichloride,
C,HCI,.CCl,, and pentachlorobenzidene dichloride, CCl,CHCI,.
If an attempt be made further to chlorinate these bodies
in presence of iodine, a decomposition into hexchlorobenzene,
C,Cl,, and tetrachloromethane, CCl,, takes placc® The homo-
logues of toluene exhibit quite a similar behaviour, and when
thoroughly chlorinated yicld the two elilorides of carbon as final
products.t

Bromine sacts in the same manuer as chlorine, only less quickly.
In the cold, or in presence of iodine, the bromine takes its
place in the nucleus : at the boiling point it appears in the side
chain. As commereinl bromine frequently contains iudine, it
must be purified by distillation with potassinmi bromide when a
substitution in the side chain has to be effected® If bromiine
containing iodine be heated with benzene homologues, the
formation of hexbromobenzene and tetrabromobenzene is
observed.

Todine cannot cffect a direct substitution, but if benzenc be

1 Hugo Miiller, Journ. Chemt. Soc. xv. 41.
2 Aronhcim, Ber. Dewlsch. Chew, Ges. viii, 1400,
% Beilstein and Geitner, Aun, Chem. Pharm., exxxix. 351,
4 Reafft and Merz, Ber. Dintsch. Chene. Gles. viii. 1296,
5 Thorpe, Proc. Roy. Soe xviii. 127
VOL. IIL—PART III. (M
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heated with iodine and iodic acid to a temperature of from 200
to 240° the following reaction occurs:
5C H, + HIO, + 21, = 5CH,I + SH,O.

In this case part of the benzene is oxidized by the iodic acid
to carbon dioxide and water.! The iodine substitution products
of the aromatic liydrocarbons are far more casily obtained by
the action of hydriodic acid on the diazo-compounds. They are
as stable as the chlorine and bromine derivatives, which latter
may also be obtained by means of the diazo-reaction. Halogen
substitution products of the aromatic lhydrocarbons are also
formed by action of phosphorus compounds of the halogens on
phenol, or the arowatic alcohols ; they may likewise be obtaimed
from substituted acids, by heating the same with lime or
baryta.

Nitro-Substitution Producls are formed by the action of
concentrated nitric acid on hydrocarbons, when nitroxyl, NO,,
replaces the hydrogen in the aromatic nucleus but not in the
gide chain® When the action takes place in the cold, the
mono-nitro compound is easily fornied; when heated, or when a
mixture of unitric and sulphuric acids is employed, higher sub-
stitution products are obtained. The larger the nunber of side
chains which a compound contains, the more readily does the
nitration take place, and the action may be moderated by
previonsly dissolving the substance in glacial acetic acid.

The halogen substitution products are in like manner con-
verted into nitro-compounds by the action of nitric acid ; but if,
on the other hand, the nitrated hydrocarbons be treated with
chlorine or bromine, the reactions take place only on warming,
and then the halogen takes the place of the nitroxyl group. The
substitution is aided by the presence of iodine, and, 2s in the
case of chlorine, the action takes place more readily in presence
of antimony chloride,

921 Sulphonic Acids—By acting with concentrated or faming
sulphuric acid on the hydrocarbons, or on their halogen sub-
stitution products, &c., monosulphonic acids or disulphonic
acids are formed, the substitution taking place in the nucleus:

CH, + S0,(OH), = C;H 80, 0H + HO.
CH,;CH, + 250,(0H), = CH (80, 0H),CH, + 2H,0.

! Kekuld, Ann, Chew. Pharm. exxxvii. 161,

2 Some compoturds contuining two carbor atomsin donble linkago in the side chain

form an exception, such as styrolane or phenylethylone, CoHy CH—CH,, which
becomes converted by nitric acid into phenylnitroothylene, CoHy. CH=CHNO,.
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Trisulphonic acids are formed by heating with sulphuric acid
and phosphorus pentoxide. Chlorosulphonic acid, SO,CI(HO),
acts in & similar way to sulphuric acid ;! it may also be employed
for the preparation of trisulphonic acids.?

The sulphonic acids of the aromatic group closcly resemble
those of the members of the fatty group and, like thesc, are
vasily soluble in water. On heating, they split up into sulphur
trioxide and the original hydrocarbon, and this reaction may be
cmployed for separating aromatic hydrocarbons from those
containing morc hydrogen. In cases, such as that of coal-tar,
when the two scries occur together? this resetion depends on
the fact that hydrocarbons rich in hydrogen are cither, like the
paraffins, unattacked by sulphuric acid or, like the olefines, either
converted into the acid sulphates of the aleohol radicals or
polymerised. When the sulphonic acids undergo dry distillation
they always yield by-products, which diminish the yicld of
the hydrocarbon ; better results are obtained when the sulphonic
acid is dissolved in concentrated sulphuric acid and the mixture
then treated with superheated steam.

‘When acted upon by phosphorus pentachloride the sulphonic
acids yield sulpho-chlorides and these are converted by zine into
sulphinic acids such as C;H,SO,H ; these are also readily formed
by leading sulphur dioxide into a mixturc of a hydrocarbon and
aluminiom chloride :

CH, + SO, = CHSO0,H.

They readily take up oxygen again and arc converted into
sulphonic acids.

922 Phenols—This name is applied to componnds containing
onc or more hydroxyls in the nucleus. They are obtained by
fusing a sulphonic acid with caustic potash thus:

C,Hy80,K + HOK = C,H.OH + SO,K.,

They are also formed fromn amido-compounds by the action of
aqueous nitrous acid :

C,H,NH, + HONO = C,H,OH + H,0 + N,

! Beckurts and Otto, Ber. Deulsch. Chem. Ges. xi. 2061.
2 Clacson, Zbéd. xiv. 307.

3 Beilsicin, Aun, Chein, Pharnr, exxxiii. 34,

4 Armstrong and Miller, Journ. Chem, Soc, 1884, ii. 148.
& Fricdel and Crafts, Compt, Eend. Exxxvi. 1368,

c2
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In this case, however, the diazo-compound is formed as sn
intermediate product.

Aromatic oxyacids which contain an hydroxyl in the nucleus
decompose when hecated alone or with baryta into carbon
dioxide and a phenol; this ssme decomposition takes place on
heating with hydrobromic or hydriodic acids; thus salicylic acid
readily yields common pheuol or monohydroxybenzene:

OH
GoH, { 0.1 = CoH,OH + CO,

This substance is found, together with other phenols and their
methyl ethers, in wood-tar and coal-tar. Thymol, C;H,(OH)
CH,(C;H,), is a phenol which occurs as & constituent in a large
number of ecthereal oils. The plenols exhibit in certain
relations strong analogics with the alcohols, and indeed were
formerly classed aniongst them.

In other respects, however, they differ from them very dis-
tinctly—ec.g. the hydvegen of the hydroxyl is very casily replaced
by metals. In order to prepare sodium ethylate, C.H,ONa,
alcohol must be treated with sodium, whereas sodium phenate
is formed at once by action of caustic sods upon phenol. A
very characteristic reaction of the phenols is their behaviour
with nitric and sulphuric acids. They do not form any acid
ethers (or cthereal salts) with these acids, but yield sub-
stitution products, and these are more readily formed than
is the case with the lhydrocarbons; thus we obtain nitrophenol,
C H,(NO,JOH, phenolsulphouic acid, CH(UH)SO;H, &c.
Whilst the nitro-hydrocarbons are only attacked by chloriue
and bromine with difficulty, the nitrophenols readily yield
substitution products. The phenols are moveover distinguished
from the alcoliols by the fact that they withstand the
action of acid oxidizing agents, though in alkaline solutions
they absorb oxygen, and those which contain many hydroxyls
readily reduce the salts of the noble metals. These and similar
reactions are of a complicated chameter, and greatly differ from
the simple oxidation of the alcohols.

Phenol Elhers are obtained by heating the phenols with
caustic potash and the alcoholic iodides :

CH,0K + CH,I = C;H,0CH, + KL

By heating with the hydracids these bodies are converted into
phenol and a lialoid ether. They arc acted upon by the clements
of the chlorine group, nitric acid, sulphuric acid, and chromic
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acid, exactly as the llydrocarbuns are; thus cresolmethiyl ether,
C‘,Hr{ g{f[“ yiclds on oxidation methyloxybenzoic acid,

OCH,
Gl { CO,H.
The acid plan()l cthers aré ebtained by the activn of chlorides
or oxides of the acid radieals on the plwuols !

CoH,OH + (C,H,0),0 = CH,.0.C,H,0 + (C,H,0)0H.

They are very readily saponified by alkalis. The phenols when
heated with zinc-dust are reduced to hydrocarbons :

C.H,0H + Zn = C;H; + Zn0.

Plhenol ethers, on the other hand, may be distilled over zinc-dust
without undergomng change. Neutral ferric chloride colours
aqueous solutions of the phenols violet, blue, red, or green, but
not that of its ethers. Many oxyacids which are at the same time
phenols likewise exhibit this reaction.?

If & phenol be shaken with a solution of potassium nitrite in
concentrated sulphuric acid (Liebermann’s reagent) the solution
first becomes brown, then green, and finally a bright blue?

When the hydrogen in the nncleus of a phenol is substituted
by & halogen or by nitroxyl, or other electro-negative radicals,
its acid character becomes more marked ; tlus trinitrophenol or
picric aeid, C;H,(NO,),OH, posscsses all the properties of a
powerful monobasic acid.

In addition to phenols containing one hydroxyl, others are
known containing two and three hydroxyls; thus we are ac-
quainted with three dihydroxybenzenes, C,H (OH),, viz., pyro-
catechol, resorcinol, and hydroquinol.

Thiophenols are obtained by the action of phosphorus penta-
sulphide on phenols; or, better, by treating the sulphonic chlorides
with zinc and dilute sulphuric acid. Like wercaptans these are
unpleasantly-smelling  bodics, readily forming metallic salts or
niercaptides.

Ou oxidation they arc easily converted into sulphides and
disulphides; thus ordmary thiophenol, C;H,SH, yiclds (CgH,),S
and (C,HS),S,

The mouosulpludcs are oxidized by cliromic acid solution
to sulphoncs, such as diphenylsulphone, (C,H,),50, Tlese

' Baeyer, fun, Chrae, Pharm, exb 295,

* H, Schifl, ibid, elxix, 161
3 Llcbemlmm, Ber, Dewlsch, Chem, Ges. vil, 218, 1098,
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bodies are also obtained by the action of sulphur trioxide on a
hydrocarbon, and are also produced together with a hydrocarbon
when a sulphonic acid undergoes dry distillation.

923 Amvide-Compounds are formed by the sction of nascent
hydrogen on nitro-compounds; thus from nitrobenzene we
obtain aniline or amidobenzene :

0 H
CoH5N<1 +6H = N+ 2H,0.
. O

\H

Aniline and its homologues, snch ss toluidine or amidotoluenc,
C,H,(CH)NH,, were formerly classed as amincs. They are,
however, as different from these as phenols are from alcohols,
and hence Griess proposed to call them amido-compounds.!

They are only weak bases, although they combine readily with
acids to form salts which easily crystallize but exhibit an acid
reaction. On the other band benzylamine, C;H, CH,NH,, an
isomeride of tolnidine, is a strong caustic liquid, miscible with water,
possessing a powerful alkaline reaction, and rapidly absorbing
carbon dioxide from the air. Aumniline and its homologues, on the
contrary, are only slightly soluble in water, possess an aromatic
smell, exhibit no alkaline reaction, and do not form ecarbonates.

These bodies resemble the amines, however, inasmuch as the
hydrogen of the amido-group ¢an be replaced by alcohol radicals
by the action of the haloid salts of the latter. The action of
nitrous acid on the amido-bases is characteristic. The primary
amines such as aniline are thus converted into phenols, as the
primaty amines are into alcohols. The secondary amides when
treated with nitrous acid also behave as secondary amines do,
thus methylaniline, C;H,N(CH)H, is converted into nitroso-
methylaniline, C;HN(CH,)NO. The action of this same
reagent on the tertiary compounds is, however, very different,
the amines not being attacked, whilst in the amido-compounds
nitrosyl replaces hydrogen in the nucleus ; thus, from dimethyl-
aniline we obtain nitrosodimethylaniline :

C,H,(NOYN(CH,),

The tertiary buses combine readily with the iodides of the alcoliol
radicals to form ammonium iodides and these arec decomposed by
moist silver oxide, with formation of strong alkaline and caustic
hydroxides.

v dnn. Chew. Pharw. exxi. 258,
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ﬁ,qmn $dscs are also formed when aniline
eatnd fith/methyl alcohol or other alcohols to

ployed other ree™ containing  the hydrogen in the nucleus
replaced by methyl are produced in addition to methylaniline
and dimethylaniline. Thus Hofmann and Martius found in the
materiel which is prepared on the large scale for the manufacture
of colours, dimethyltolnidine, C;H (CHy)N(CHj), dimcthylxyli-
dine, C;H(CH,),N(CH,), and dimethylcumidine, C;H,(CHy),N
(CH,),? In addition to these a non-volatile diacid base,
CpHyNg occurs together with hexmnethylbenzene.?

When trimethylphenyl ammonimn iodide, C;H,N(CH,),], is
heated to from 220° to 230°, two dimethyltoluidines ave formed,
together with a methylxylidine and dimethylkylidine; whilst
at higher temperatures such as 335°, or the melting-point of
lead, cumidine, C H,(CH,),NH,? is chiefly formed. At this
temperature methylaniline hydrochloride passes into toluidine,*
whilst ethylaniline, C;H,N(C,H)H, is converted into amido-
ethylbenzene, C;H (C,H,)NH,, and amylaniline, CGH,N(C H, ) H,
into amido-amylbenzene, C;H (CH, )NH,* Xylidine hydro-
chloride when heated with methyl alcohol to from 250° to 300°
is converted into cumidine.®

The hydrogen of the amido-group in the primary and
secondary bases can be replaced by treatment with the chlorides
or nitrates of the alcohol radicals. In the case of the tertiary
compounds, no action of this kind can of course occur, and hence
this reaction is employed for the separation of secondary and
tertiary componnds which arc often formed together,

The hydrogen in the nuclens of the amido-compounds can
also be replaced by the halogen and nitroxyl groups, when the
basic character of the original compound is weakened. Thisalso
occurs when the hydrogen of the mmnido-group in aniline is
replaced by phenyl, thus diphenylamine, (CgHy),NH, yields solts
which are decomposed by water, whilst trxphenylamlnc. (CHy)sN,
does not combine with acids.

The dinitro-substitution products of the aromatic hydro-
carbons are converted by nascent hydrogen into diacid bases;
such as diamidobenzene or phenylenediamine, C;H (NH,),,

' Ber., Deutseh. Chem. Ges. iv. i42, 2 phid. vi. 345,
% Hofann, Ibid. v. 504, 4 Ibid, v, 120,
5 fhd. vii. 526. 6 Jbid, xiii. 1730,
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which exigts in three modifications. The nitrophenols are thus
converted into amidophenols, which do not combine with bases
to form salts, but unite with acids.

924 Azo-Compounds are formed under ccrtain conditions by
the reduction of uitro-substitution products; thus azobenzene,
C,;H,)N,, is obtained from nitrobenzene by acting upon it with
caustic soda and zinc-dust, or by treating it in alcoholic solution
with sodium amalgom :

CH,NO, C H,N.
+ 8H = || + 4H,0.
C.H; NO, C.H, N
The same body is also produced when aniline undergoes
moderate oxidation :

Cch.NH, C H. N
20 [l + 2HO.
CoHﬁ.NI-I2 C H. N
This compound unites with nascent hydrogen to form hydrazo-
benzene, CH,(NH),, which by further reduction yields
aniline,

The hydrazo-compounds are colourless, whilst the azo-
compounds have a yellow or red colonr; but they do not
possess the propertics of colouring matters if they only contaim
hydrogen in the nuclews. If, however, this is replaced by
hydroxyl, by an amido-group, &e., the az0-colours are formed,
many of which arc now made on the large scale, and concerning
which more will be said in the sequel.

925 Diazo-Compounds—These bodies form one of the most
characteristic and important series of the aromatic group and
possess & great theoretical as well as practical interest. They
were discovered by Griess, who obtained them by action of
nitrous acid on the amido-compounds. The action of this acid
on ammonia is as follows:

NH, + NO.OH = N, + 2H,0.
Now Pirin found in 1849 that by the action of nitrous acid,
asparagine, or amidosuccinamic acid, is converted into malie
acid :
.OH
c.HmH) { SO +2N0.0H = 2N,+c.,H,,(0H){88_8H
+ 2H,0.
Soon after this, Strecker in like manner obtained glycollic
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aeid from amidoacetic acid, and now we know that all amido-
compounds and amines are acted upon in & similar manner.

Analogous reactions had also been observed in the aromatic
group. Thus Hunt in 1849 found that nitrous acid converted
aniline into phenol! This latter substance is, however, more
ensily formed if aniline hydrochloride be treated with silver
nitrite ; 2

CH;NH, + NOOH = N, + CH,OII + H.

In o similar way Gerland in 1853 prepared oxybenzoic acid,
C.H,(OH)CO,H, from amidobenzoic acid, C;H (NH,)COH3

Griess then showed in & series of researches, which have
become classical, that when nitrous acid acts upon the aromatic
amido-compounds no nitrogen is evolved, but that the result-
ing compounds contain the nitrogen both of the nitrous acid
and of the amido-group, and that they very reedily part with
this nitrogen, frequently with explosive violence, though
when treated with certain reagents they are converted
into compounds the formation of which had been previously
observed.*

By acting with nitrous acid on an aqueous solution of aniline
nitrate, Griess obtained diazobenzene nitrate, its formation
being represented as follows:

C,H,N.HNO, + NHO, = C,H,N, HNO, + 2H,0.

According to Kekulé’s view, now generally accopted by
chemists, the group N, isdyad and has the following constitution :

—~N=N-. The formation of dinzobenzene wnitrate is then
represcnted as follows:

C,H,NH,0NO, + NO,H = (,,H,N=N.ONO, + 2H,0.

Other chemists uphold the view that diazo-compounds contain
pentad nitrogen.®

By acting with sulphuric acid on the nitrate, acid diazo-
benzene sulphate, C;H,.N,80H, is obtained, and this is better
suited for most reactions inasmuch as nitric acid is apt to
yield nitro-products. In many cases, however, it is not necessary

Y Jalresh, 1849, 391 ; Ann, Chenr. Pharm. Ixxvi. 285,
_ * Hofmaun, ibid. Ixxv. 359,

3 Ibid, Ixxxvi. 143

4 Reknld, Lehrb, ii. 703.

8 Streeker, Ber. Dewtsch. Chemt. Ges. iv. i86; Erlenmeyer, dbid. vii, 1110 ;
Blomstrand, ibid. viii. 51.
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to use the pure salt, but the amido-compound may be dissolved
in the requisite quantity of dilute sulphuric acid and the
theoretical amount of potassium nitrite gradually added in
aqueous solution! The product is then boiled with water, when
& phenol is formed :

CGH&N?SO‘H + Hgo = CGHSOH + Nz + SOJHi'

Hydriodic acid decomposes the salts of diszobenzene easily
with formation of iodine substitution products, which are best
obtained in this way:

CH; N,SOH + HI = CH,I + N, + SO H,.

Hydrobromic acid does not act so readily. If the diazo-salt
be treated at the same time with hydrobremic acid and bromine,
a diazobenzene perbromide is formed, which is casily decomposed
on heating with alcohol :

CeHyNBr— NBr, + C,H,0 = CH_Br + 2HBr + N, + C,H,0,

Hydrochloric acid acts with still greater difficulty on the
diazo-salt, but if hydrochloric acid, platinic chloride and
alcohol be added to its solution, a platinic chloride compound
is precipitated, which on heating with caustic soda decomposes
as follows:

(C.H,N,),PtCly = 2CH,Cl + N, + Pt + 2L,
If the diazo-salt be boiled with absolute alcohol the cor-
responding hydrocarbon is produced :
CH;N,SOH + CHO = CH, + N, + SOH, + C,H,O0.
Pheyol ether is however often thus produced end sometimes
in large quantity:?
CgH;N,80,H + CH,OH = C,;H,0.C;H, + N, + SO,H,.

Instead of counverting the amido-compounds into diazo-salts,
it is often possible to replace the amido-group directly by
hydrogen. This is accomplished by heating the base with alcohol
saturated with nitrogen trioxide and thercfore containing ethyl
nitrite, when the dinzo-compound is first formed, but afterwards
decomposed by the alcohol. In many cases the yield of hydro-
carbon is only small, as a large quantity of resin is produced;

1 Meyor andd Awhihl, Ber. Deutsch. Chem. Ges, viii. 1074,
2 Haller, sbid, xvii. 1887 ; Hofimann, ibid. xvii. 1917.
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this however may be avoided by decomposing the diazo-cliloride
with stannous chloride as follows :

CH,N,Cl + H,0 + SnCly = CgH; + N, + SnOCl, + HCL
026 Diazoamido-Compounds arc formed when nitrous acid
acts upon an aleoholic solution of & base, such 28 aniline, which

must be present in excess, and also when o base iz brought in
contaet with & diazo-salt in an aqueous or aleoholic solution :
CH,N=NCl + NH,.C¢H, = C;HN=N.NH(C H,) + HCL
A large number of diazoamido-compounds can be prepared
from other bascs and diazo-salts. These arc nut colonrless like
the diazo-salts but possess ayellow tint ; they do not combine with
acids but form double platinum chlorides. They are converted
into diazo-compounds by the further action of nitrous acid;
when heated with water or acids they undergo a similar de-

composition to the diazo-salts, amido bases being formed at the
same time:

C.H,N,NH.C,H, + H,0 = C;H,OH + NH,(.H, + N,

Some of these bodies readily pass into the isomeric amidoazo
compounds. In the case of diazoamidobenzene this change
oceurs when its aleoholic solution is allowed to stand for o few
days; the reaction takes place more readily if some aniline hy-
drochloride be added to the solution.! T this reaction the aniline
residue C;H, NH, takes the place of NH.CJH,; but as aniline
hydrochloride is formed in the reaction, & small quantity of this
salt is sufficient to converts large quantity of diazonmidobenzene
into amidoazobenzene :

CeH N=N.NHCH, + (C;H,)NH,CIH =

CH, N=N.C;H,NH, + NH,(CH,)CIH.
Other diazo-compounds wndergo similar changes niore or less
casilyaceording to their constitution; thus diazopara-amidotoluene
prepared from paratoluidine CH (CH,) NH, is not converted by
contact with a hydrochloride of this last-named salt into an
amidoazotoluene as are the corresponding compounds prepared
from the two isomeric toluidines, which are at once converted by
nitrous acid into amidoazo-compounds. The same holds good for
the honolegues of this body and for other amido-compounds not
containing hydrogen in the para position, compounds in this case

being formed, of which many belong to the class of the azo-
colours.

v Yeitsehr, Chem. 18686, 689,
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When phenol acts upon diazobenzcue sulphate, diphenyl oxide
is produced.

CH,N,SOH + HO.CH;= N, + 80,H, + CH,.0.C;H,.
If,however, potagsium phenate be used,oxyazobenzene is obtained:
C¢H,.N,.NO, + KO.CH, = KNO; + C;H, N,C;H,OH.

A series of oxyazo-compounds, also used as colours, has recently
been obtained from dinzo-salts and alkaline solutions of phenols

or their sulphonic acids.

Azylines are formed by the action of nitric oxide on tertiary
amido-compounds, which are then partly oxidized :
2C,H (CH,),N + 2NO = (CHy),NCH N=N.CH, N(CH,),
These are strong bases possessing well erystallizable coloured
salts.
Diozoamines are formed when o diazo-salt acts on primary and

secondary aimines.!
Diazobonzene-ethylamine.

CeH,N,.NO, + H,N.C,H, = C;H, N, NH.C,H,. + NOH.

Dinzobenzene-dimethylamine.

CH,N,.NO, + HN(CH,), = C,H,.N, N(CH,), + NO,H.

These are converted into the isomeric amidoazo-compounds, but
corresponding mixed nitroazo-compounds are known which are
formed when the sodium compound of & nitro-paraffin is brought

in contact with a diazo-salt.?
Azophenyluitvoethyl.

CeHy N, NO, 4 NaC,H,NO, = C,;H,.N,.C,H, NO, + NaNO,
The reactions of these bodies resemble those of the other azo-
compounds ; they are yellow colouring matters.

927 Hydrazines are formed by the action of an excess of
acid potassinm sulphite on a diazo-salt: 3

C.H,N=N.NO, + SKHSO, =
C,H,NH—NHSOK + KHSO, + KNO, + SO,

In this reaction the potassium salt of phenylhydrazinesulphonic
acid is first formed, and this converted by boiling with lydro-
chloric acid into phenylhydrazine hydrochloride :

CoH, N,H,.S0,K + HCl + H,0 = C;H, N,H,.CIH + KHSO,

! Baeyer and Jager, Ber. Deulsch, Chen. fics. viii. 148,
2 Meyer and Aminihl, ibvd, viii. 751, 10i3.
3 E. Fischer, Lichigs Auw. exe. 67.



AROMATIC ALCOHOLS AND ACIDS. 29

Hydrazines are also formed when a diazoamido-compound is
treated with zine-dust and acetic acid :

C H N=N.NH.C.H, + 4H = C,A,NH - NH, + HN.CH,

Secondary hydrazines are formad in & siwnilar way from nitroso-
bases ; nitrosodiphenylanine yiclds diphenylhydrazine :

(CH),N —NO + 4H = (C,H),N -NH, + HO.

Asymmetrical cthylphenylhydrazine, CH,N(C,H,)—NH,, is
formed from nitrosocthylaniline. The same compound is also
formed together with asymmetrical ethylphenylhydrazine, (CoH,)
NH-NH(C,H,), by the action of ethylbromide on phenyl-
hydrazine. This latter compound is oixdized by mercuric oxide
to azophenylethyl, C;H,N =NC,H,, and this compound unites
with hydrogen to form the original compound, which may there-
fore be called hydrazophenylethyl! The asymmetrical compound
yields on oxidation with mercuric oxide, diethyldiphenyltetrazon,
a body having the following composition :

C.H
N—N/ 65
| o

C.H
N—N/ (i Y

C,H,.

The aromatic hydrazines resemble the samo class of componnds
belonging to the fatty series, and are, however, nionacid bases,
Aromatic compounds arc alse known containing phosphorus,
arsenic, silicon and metals.

928 Aromatic Aleokols and Acids—Aromatic alcohols are
formed by replacement of hydrogen in the side chain of the
hydrocarbon by hydroxyl; their mode of preparation corresponds
exactly to that employed in the preparation of the alcolols of
the fatty group, and, as in this latter case, primary, secondary and
tertiary aromatic alcohols are known as well as those containing
divalent and polyvalent radicals,

Phenylethyl alcohol. Phenyklimethyl carbinol.
. ¢,H,CH,.CH, OH. CH, C(OH)(CH,),.
Pheuylnethyl carbinol. Tolyl aleohol.
OH)CH RO
C,H,CH(OH)CH,, "’H*\CH:,O}L

! Pischer aud Erhand, Lickiy's Jdun, excix. 3235,
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Phenylothylens glycol. Tolylene glyvol.
CH OH
C,H, CH(OH)CH,OH. H,
\CH OH

P’henyl glycerol.
- C,H, CH(OH)CH(OH)CH,.OH.

In these aleohols the hydrogen of the nucleus can be replaced
by other elements or radicals and thus a series of compounds is
obtained, which, on the one hand, act as fatty bodies, and on the
other, like aromatic substances. Thus, some are known which
are at once phenols and alcohols, to this class belongs orthoxy-

OH

\CH,0H

Aromatic alcoliols react with oxidizing agents in a manner
depending on their constitution, as is the case with the fatty
bodies corresponding to these.

929 Aromatic Acids—These primary alcohols yield aldehydes
and then sacids, and these latter can be obtained according to
other reactions characteristic of the bodics of the aromatic-group,
viz:i—

1st. They may be obtained from the hydrocarbons not only by
oxidation of the side chain, but also synthetically by combination
with carbon dioxide in presence of alumininm chloride.! Thus
from benzene we obtain benzoic acid :

CoH, + CO, = C,H,CO,H.

Aud if carbonyl chloride be employed in place of carbon dioside
benzyl chloride is formed :

C,H, + COCl, = ¢, H,COCI + HCL

This cannot however be obtained in large quantity, as it
acts further on the benzene with formation of diphenylketone,?
CO(CeH,),,

2ud. Acids are obtained from imonosubstitution products of
the hydrocarbons by simultaneous action of sodium and carbon
dioxide : 3

CeH,Br + CO, + 2Na = C,H,.CO,Na 4+ NaBr.

benzyl alcohol, C, H<

! Friedel and Crafts, C'omﬂ Rend. Ixxxvi. 1368,
? Friodel, Crafts, and Ador, Ber, Dewlsch, Chem. Ges. x. 1854.
3 Keknlé, Aun. Chem. Pharm. exxxvii_ 178,
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3rd. In place of carbon dioxide and sodium, ethylchlorofor-
mate and sodinm amalgam may be used, when the ethyl ether
is formed:!
CH,Br + CICO,C,H, + 2Na = C,H,.C0,C,H, + NaBr + NaCl

4th. Monobasic acids are obtained from the sulphouic acids of
hydrocasbons by heating them with sodium formate

C,H,80,Na + HCO,Na = C,H,CO,Na + HNaSO,,

If sulphobenzoic acid be employed, dibasic isophthalic acid is
formed :*
CO,Na /COZNa.
Cq < + HCO,Na = CH
80, Na

Isophithalic acid is also prepared by leating sodium bromoben-
zoate with sodium formate :3

C4H Br.CO,Na+2CHO,Na = CH (CO,Na),+ NaBr+CH,0,.

5th. When an amido-compound is heated with oxalic acid
formamide is obtained, thus phenylformamide or formanilide is
obtained from aniline, which is converted on heating with hydro-
chloric acid into benzonitrile the carbamine which is at first
formed suffering interinolecular change:

C,H,N(COH)H = C;H,CN + H,0.

6th. Amido-compounds can also be converted by Weith's
method into acids, by preparing the thiocerbimide or mustard oil,
and heating this with powdered or finely-divided copper:

C,H,NCS + 2Cu = C,H,ON + Cu,S.

Aromatic nitriles are also formed when & sulphonic acid salt is
heated with potassium cyanide, as well as by the same reactions
for the preparation of the nitriles of the fatty scrics. Like this
latter class of bodies, they are converted into the corresponding
acids by heating with alkalis or strong acids. Aromatic acids
can also be synthetically obtained by means of the aceto-acetic
ether, and the malonic acid reactions.

¥ Wartz, dun. Chen. Pharae, Suppl, vii, 125.
2 V. Meyer, Ber. Deulsch, Chem, Ges, iii. 112.
3 Ador and Meyer, ibid. iv, 259,

¢ Hofmann, A Chew. Pherm, exhii. 121,

5 Ihvd, vi. 210.

O Merz, Zeitschr. Chem. 1868, 33,
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Aromatic acids containing less hydrogen corresponding to the
acrylic acid series are formed, when aromatic aldehydes are
heated with a sodium salt of a fatty acid together with a
deliydrating substance such as acetic anhydride :

Cinnamic Acid,

C,H,COH + CH,COH = CH,CH=CH.COH + H,0.

In place of the salts of the fatty acids, those of malonic acid or of
its homologues of analogous constitution may be employed, as
these decompase into fatty acids and earbon dioxide.

Aromatic ozyacids which are at the same time phenols, can be
prepared from these bodies in various ways.

1st. Kolbe and Lautemann showed that when carbon dioxide
and sodium simultancously act upon phenol, salicylic acid or
orthoxybenzoic acid is formed.! Kolbe then proved that this
acid may be easily prepared by heating sodium phenate in o
current of carbon dioxide to 180°:2

ON&
2C4H;ONa 4 CO, = C; H Koo + CH,OH.
0,. Na

nd. Tts ethyl ether is formed by the action of sodium on a

mixtare of phenol and ethylchloro-formate :3

/OH
C.H,0Na + CICO,CH; = C‘,H\,,\ + NaCl
2'02H5
3rd, The aldehydes of these oxyacids are formed when a
phenol is heated with caustic soda and chloroform : 4

ONa
CyH, ONa+3NaOH + CHCl, = c,,H‘< + 3NaCl + 2H,0.
COH

4th. If tetrachloromethane be employed instead of chloroform
an gcid is obtained : 8
O\a.
CsH;ONa+5NaOH 4+ CCL=C, H Ko +4NwCl+3H.20.

5th. When an oxyacid is heated w1t11 caustic sode and

v dnn. Chem. Pharin. cxv, 201,

? Journ. Prakt. Chem, {2], x. 93.

* Wilm and Wischin, Zifscir. Chent. 1868, vi.

4 Reimer and ‘Ticwmann, Ber, Delsch. Chom. Gee. Ix. 824,
3 Ibid. ix. 1285.
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chloroform an aldehydo-acid is produced, and this is transformed
on oxidation into a dibasic oxyacid.!

1O L 3NeOH CHCL=C,H,.L 89~JH 3NaCl
aOH+ =0 ) + aCl4
Nco,Na *\co

2H.0.

6th. Oxyacids are also formed when a sulphonic acid, such as
sulphobenzoic acid, is fused with caustic potash,

Tth. Certain dioxybenzenes are converted into dioxyacids
when heated with ammonium carbonate and water to 110°,
Thus resorcinol gives rise to & mixture of isomeric dioxybenzoic
acids: ®

cH/ + €O =CH—C§H
*NOH 2 “N\OH

ISOMERISM IN THE AROMATIC GROUP,

¢30 It has been already stated that experiment has shown
that no isomeric mono-substitution products of benzene exist.
It was indeed at one time thought that such bodies had been
discovered, but careful investigation proved that in this case
the observed differences were due to impurities.

Di-substitution products, on the other hand, canoccur in three
isomeric forms, and this conclusion is completely verified by
experiment. The listory of the di-substitution products is fully
given in Richard Meyer's work entitled Einleilung @n das
Studivm der aromatischen Sulstanzen. In this case also, some
chemists assumed the existence of more than three modifica-
tions, but it turned out, as before, that, either on the one
hand the bodics were impure, or mixtures of isomeric com-
pounds, or, on the other, that the observed differences were
due to physical isomerism, such as has been observed in the
fatty group of bodies as well as in the case of inorganic com-
pounds, and which in this instance is desiguated as dimorphism
or trimorphism. When Kekulé proposed his theory, many
substitution products of benzene werc known, and amongst
them several di-substitution products, such as certain deriva-
tives of benzoic acid, which could be arrauged in three classes
according to their genetic relations. Kekul¢ gives the following

' Reimer and Tiemann, Ber. Deutseh, Chem. Ges. ix. 1268,
2 Senhofer and Brunuer, #id. xiii. 930,
VOL. IIL—PART IIL p
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arrangement, observing that in the condition of our knowledge
at that time it was scarcely possible to determine the positious
which the elements or radicals replacing the hydrogen in benzene
accupy, with any degree of certainty.!

. m @ ®
C‘H‘{&,H - Chlorodreylic acitd.  Chlorosalicylic acid. Chlerobenzoic acid.

CH, 2 8& - Para-oxybenzoic acid. Salieylic acid. Oxybenzoic acid.
G, { Sy — Amidodreylic ucid.  Authranilic acid.  Amidobenzole acid,

The members of the last series are direct derivatives of
benzoic acid; by the action of mitric acid, nitrobenzoic acid,
C.H,(NO,)CO,H, is obtained, and this on reduction is converted
into amidobenzoic acid : this again is converted into oxybenzoic
acid by the action of unitrous acid, from which chlorobenzoic
acid is obteined by the diazo-reaction. It lus already been
stated that anthranilic acid is obtsined by heating indigo
with caustic potash; by the action of nitrous scid this is
converted into the earlier known salicylic acid, and the latter
substance when acted upon with phosphorus pentachloride and
water yields chlorosalicylic acid. The members of the first
series are obtained from toluene, CH,.CH,, by conversion first
by wuitric acid into nitrotolnene, CjH,(NO,)CH,, and then by
oxidation into nitrodracylic acid, from which chloredracylic acid
is obtained in the same way as chlorobenzoic acid from nitroben-
wic acid. Para-oxybenzoic acid was previously known,and thus
termed because it was found to be isomeric with oxybenzoic acid.

Bromotoluene can be obtained directly from toluene like
nitrotoluene, and hence Kekuld assumed that both bodies have
an analogous constitution. Bromotoluene when acted upon by
sodium and methyl iodide, yields a dimethylbenzene (parax.
ylene), and when treated with sodium and carbon dioxide forms
toluic acid, C;H (CH)COH, both derivatives being converted
by oxidation into terephthalic acid, C;H(CO,H), For this
reason Kekulé supposed that both these bodies belong to the
first series. Later investigation has, however, shown that an
analogous mode of formation does not always give rise to
similarly constituted compounds, but in the above cases Kekulé's
view was found to be correct.

Cases of isomerism, similar to that of the substituted benzoic
acids, were then observed in other compounds : thus, for example,

v Lehvbueh, i, 517 (1866).
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two series of substituted anilines were known. To those which
were obtained divectly from aniline no special designation was
given, whilst the others were termed para-compounds, although
there was no intention of connecting this series in any way
vith the series of para.oxybenxoic acid. Various other com.
pounds were obtained from these substituted anilines, such as
halogen substitution products of benzene, substituted phenols, &c.

When Koroner discovered a third iodophenol, ke termed it
meta-iodophenol and suggested for the first serics the name of
ortho-compounds. The same mcthod of designation was then
applied to the derivatives of benzoic acid obtained by direct
substitution, and, as & para-series already existed, bodics con-
nected with salicylic acid were termed meta-componnds. This
led to much confusion, as it was supposed, without reason, that
» similax mode of designation indieated an analogous constitution
in the compounds of both groups.

The following table is, with some abbreviation, taken fromn
Kekulé's Zelerbicch.!

* Ortho.geries. ' Purnscries, ! Metn-series. i
CHCL | Dichtorohenzene : i -
C.H Br, ' Dibromobenzene. | — § - ;
CeH, L, * Di-iodobenzene. | - . - :
. CHUNO,), i — Dinitrobenzene. l -
Call (NO,)(1 : Nitrochlorobenzene Pamnitmchlorohcnzeno.i —
CoHNOYBr | Nitrobromobenzenej 'nranitrobromobenacne.| -
€ HNOH i Nitro-lodobenzene, | Famnitro-indobenzene. % - ;
CoH(NH, )1 Chloraniline, Parachlovuniline, ; -
CaH(NH)lr Bromaniline. 1 Parabromaniline -
[OHSILE  Todwdline. ' Pamiodaniline. -
: CH(NH,NO, X Nitraniline, Paranitraniline, ! -
i(‘,H‘(NH“,), I'henylenediamine, | Paraphenylenediemine, i -
% CH(OH)I TIedophenol. Pana-jedophenol. ‘.\Icta-iodophenol‘
|

| ClT{OH), i Hydroquinoue. ! Resorein. Pyrocatechin,

. e - - PR - - —_—— - e e e

Viti, 95 and 92,

D
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It has already been stated that the ortho-compounds are those
which are obtained from amiline by direct substitution, or by
means of the diazo-rcaction.

The starting-point for the para~compounds is dinitrobenzene,
which iseasily converted by partial reduction into paranitraniline.
This yields the nitro-halogen compounds by the diazo-reaction,
and from these again the substituted anilines and phenols can
Ve obtained. The phenylenediamines or diamidobenzenes are
obtained by further reduction of the nitranilines. The ortho-
compound of the iodophenols, in addition to its production from
iodaniline, was prepared by Korner by the action of iodine and
iodic acid on phenol, a small quantity of meta-iodophenol being
produced at the same time. The earlier known dihydroxy-
benzenes were obtained by Korner by fusing the iodophenols
with caustic potash,

. Hydroquinone on oxidation forms quinone, C;H,0,, and this
may also be obtained by the oxidation of phenylenediamine, a
further proof that hydroquinone belongs to the first series.

ORIENTATION IN THE AROMATIC SERIES.

931 As soon as the fact was recognised that the di-substitu-
tion products exist in three isomeric forms, and that they can be
arranged in series whose members can be converted by simple
reactions into the others, it became necessary to investigate the
orientation or the relative position of the substituted radicals or
elements. This indeed Keknlé attempted to effect, and he was
of opinion that when twé similar elements or radicals replace
the hydrogen in benzene, they take up positions in the molecule
removed as far as possible from one another, inasmuch as all the
atoms lying within the sphere of action of the first bromine
atom would have their affinity for bromine weakened.

1

o/ "\

i
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Let us suppose that in monobromobenzene, C,H,Br, the
bromine takes up position 1, then in dibromobenzene the sscond
atom of bromine will occupy position 4.1

Baeyer opposed this view, pointing out that when ethyl chloride
is chlorinated, ethidene dichloride, CHyCHCl,, and not ethylene
dichloride, CH,CL.CH,C], is formed, so that the second chlorine
atom instead ofbeing repelled by the first, is rather attracted to it
In the above case, however, both views are correct; for when
bromobenzene is brominated, 1, 4, dibromobenzene is the chief
product; but a certain quantity of 1, 2, dibromobenzene is also
formed, though this was not known at the time, and these con-
siderations did not exert any influence on the problem. On the
other hand, the views held by Baeyer respecting the constitu-
tion of mesitylene, C,H,,, exerted considerable influence.* This
hydrocarbon is formed when acetone is heated with sulphuric
acid :

3C,H,O = C,H, + SH,O.

Fittig had previously found that mesitylene yields on oxidation
trimesitic acid, C{H,(CO,H),, and that this when heated with
lime yields benzene and.carbon dioxide. Hence it is proved that
mesitylene is trimethylbenzene, CH,(CH,);, The formation of
this body is explained by Baeyer by supposing that each molecule
of acetone gives rise, with separation of water, to the residue
CH=—=C—CHj,, and that thrcc of these are so arranged as to
form symmetrical trimethylbenzenc, in which the methyl groups
are in the positions 1, 3, 5,
CH,

BCZ  \CH
T
(H, /('\H/ o CH,

"This view, though probable, was not proved to be correct, any
more than another idea which was at one time entertainced,
neniely, that trichlorobenzene, derived from benzene hexchloride,
CsHCly by removal of three molecules of hydrogen chloride,
contains the chlorine atoms symmetrienlly arranged. Ladenburg,
however, afterwards proved the truth of Bacyer's hypothesis,
and it now stands as one of the most important methods of
effecting orientation (see p. 46).

Y Lehrbuch, it 553, % Ann. Chew. Pharm. Suppl. v. 84, 3 Jhid. exl. 308,
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Mesitylene yields on moderate oxidation a monobesic and a
dibasic acid.

lesltyljemv Iii;«)l Uvitie i\fld
CeHs1 Co i CoH { (COH),

The former of these when distilled with liee yields a dimethyl-
benzene, which is identical with the metaxylene contained in
coal-tar oils, and yields on oxidation the dibasic isophthalic acid
CyH (CO,H),, isomeric with phthalic and terephthalic acids.
Assuming the above constitution of mesitylene, it follows
that the side chains of metaxyleneand of isophthalic acid occupy
alternate positions:
1:83=1:5=38:5.
g3z Phthalic acid differs from terephthalic acid, and, as was
afterwaids found, also from isophthalic acid, inasmuch as when
heated, it is readily resolved into water and an anhydride:
CO0.0H CO\
=C H‘\ /O + H,0.
From this reaction CGhriibe conclnded that the carboxyls are
adjacent or occupy the positions 1, 2,' and this conclusion he
corroborated in his valuable research on naphthalene, C, H,.
Erlenmeyer had previously expressed the opinion that thislatter
hydrocarbon contains two benzene rings, having two carbon atoms
in common? These two rings we may designate as @ and b:

CH CH

Hé \C/ \

H& ‘ l (IZH

N \

CH CH
Novw from Qriibe’s investigations it appears very probable that
this formula does represent the constitution of naphthalene ; and
08 this hydrocarbon yields phthalic acid on oxidation, the two
carboxyls must occupy the positions 1 and 2.* Gribe's proof will
be given hereafter under napthalene. Nolting and Reverdin*
have, however, since given & much simpler proof, as follows:
nitronaphthalene, C,;H,NO,, yields on oxidation nitrophthalic
acid, CgH(NOL)(CO H),. If we now assume that the nitroxyl
1¢ contained in the nucleus &, it follows that the nucleus 4 has

! Griibe and Born, Ann. Chrmt, Pharm, cxlii, 330. * Ibid. exxxvii. 346.
3 Jbid. exlix. 1. -3 Constilution of Naphthalene cnd tls derivalives, 1880,
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been destroyed. By recluction nitronaphthalene is converted into
amidonaphthalene, C, H,NH,, and this on oxidation does not
vield amidophthalic acid, or an oxidation product of it, but phthalic
acid. Hence it follows that in this latter case, the nucleus a
has been oxidized to carboxyl. Now as we are acquainted with
the constitution of phthalic and isophthalic acids, it is clear that
that of terephthalic acid is also known, as well as that of the
bromotoluene which can be converted into toluic acid, and of a
dimethylbenzene which on oxidation yiclds terephthalic acid.

933 Hydroquinone, C,H,(OH),, is distinguished from its iso-
merides inasmuch as it readily passes by oxidation into quinone,
CoH,O,, and this can again be casily reduced to hydroquinone,
From these facts Gritbe concluded that in the formation of
quinone the two oxygen atoms combine together :

H O\
CH, \ +0 = C,,H‘\ P + H,0.

This peculiar reaction of hydroquinone is most simply ex-
plained, according to Grabe, by the supposition that in this
body the hydroxyls occupy the adjacent positions of 1 and 2.
But as lydroquinonc is formed by fusing ortho-iodophenol
with potassium, we may conclude that the snbstitution in ortho-
compounds takes place in the adjacent position.

At the cud of his memoir on naphthalenc Gribe gives the
following table. The expressions, ortho. meta, para, are here
employed in the sense we now use them.

Ortho-series. Metasserics. Para-geries
1:2 1.3 1: 1
r >
, C‘,}I,{gg , Hydroquinone,  Pyrocutechin. Resorcin,
i { OB . Oxybenzoie acid,  Salieylic aciil. ; Parvoxybensoi:
stlaico,i VY - Salicy acid.

3

; C,H‘{ggﬁg  Vhthalic acibl.  , Isophthalic acid. - Tervphthalic acid. |

P NSNSV SO S S ———— - _— -

It has already been sta.tcd that. Kekuk assumed that para-
oxybenzoic and terephthalic acids belong to the same series; the
former of these was obtained from nitrotoluene, which on reduc-
tion yields a toluidine, from which Hofmann obtained the same
toluic acid which is formed by Kekulé's reaction from bromo-
toluene, and which on oxidation yields tercphthalic acid, thus
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corroborating Kekulé's supposition. The connection between
bromotoluene and nitrotoluene is further shown, inasmuch as the
former is converted by oxidation into a bromobenzoic acid, which
is identical with that obtained by the diazo-reaction from amido-
dracylic acid ; hence all these com pounds beloug to the para-series.

A connection between resorcin and terephthalic acid was not
at that time proved, but Irelan! and Garrick % soon showed that
bromobenzenesulphonic acid snd benzenedisulphonic acid yield
resorcin when fused with caustic potash, whilst when they are
heated with potassium cyanide and the product deconiposed by
caustic potash terephthalic acid is obtained. But if hydroquinone
is an ortho-compound and resorcin & para-compound, then pyro-
catechin must belong to the meta-series.

The insertion of oxybenzoic and salicyclic acids was, on the
other hand, purely arbitrary.

934 The relations existing between the di-substitution products
of benzene and the mono-sabstitution products of benzoic acid
were at that time only determined in so far as that both were
placed in the para-series. The assumption that the same relative
position of the substituents held good for the ortho- and meta com-
pounds of the two groups was in no way proved, as was pointed
out by Victor Meyer, who then drew attention to the fact that in
the meta-derivatives of benzoic acid the adjacent position of the
side chains must be assumed with the same degree of probability
as in the case of phthalic acid, inasmuch as, of the three isomeric
oxybenzoic acids, only salicylicacid yields an anhydride on heating.

H

0
C"H‘<c00 OH C°H‘<co> 0+H0.

It therefore appeared to Meyer more probable that oxybenzoic
acid belongs to the series 1, 3, and of this he discovered the
proof ; for Barth had shown that sulphobenzoic acid when fused
with caustic potash only yields oxybenzoic acid,® whilst on heating
it with sodium formate, Meyer obtained isophthalic acid,' which
is also formed when ordinary bromobenzoic acid is employed m
place of the sulphonic acid.?

He also proved that the crystallized dibromobenzene belongs
to the para-series, inasmuch as when acted upon by sedium
and methyl iodide it is converted into paradimethylbenzene, and
this body yields terephthalic acid when oxidized.

Of the three known nitrotoluenes the solid one yields on

v Zeitschr, Chem. 1869, 164, 2 Jbid. 549, ¥ Aun, Chom. Pharm. 148, 30.
4 Ibid, 156, 288. 5 Ader and Meyer, ibid. 159, 1.
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oxidation paranitrobenzoic acid (nitrodracylic acid). The second,
liquid one, yields common or metanitrobenzoicacid, and the
third, also & liquid body, is decomposed completely, a property
characteristic of the ortho-compounds, which are either scarcely
attacked by oxidizing agents, or else completely burned. Hence
there can nolonger be any doubt respecting the classification of the
nitrobenzenes and of the toluidenes which are formed from them.

The three dimethylbenzenes or xylenes were also known at
the time referred to. It has been already stated that one yields
on oxidation terephthalic acid, whilst the second is converted
into isophthalic acid, the third, or ortlioxylene, being entirely
decomposed.  Finally, by the dry distillation of two diamido-
benzoic acids, Griess obtained the third diamidobenzene, which
up to that time had not been prepared, and this was naturally
considered io be a meta-compound. The following table exhibits
the views respecting the constitution of the di-substitution
products which were held about the year 1870; only some of the

compounds contained in the table on p. 35 being mentioned :—

Ortho-series. Mota-serics. } Parasserics.
):2 1:3 ' 1:¢
CyH,Br, - — Dibromchenzene,
89°,
CH(NO), - — Dinitrobenzene,
CeH(NO,)Br Bromonitrobenzenc | Bromonitrobenzene,' Bromonitrobenzene,
M.P. 126° M.P. 41°°5. ’, 567
CeH (NH,)Br Bromaniline, from | Metabromaniline, : Parabromaniline,
aniline. from bromonitro- | from dluitroben-
benzene, zene,
CH(NH,) Phenylencdiamine, | Phenylenediamine, | Pamphenylene.
{l’. 147°, l{ 9°, diamine,
P 63°
CHJI(OH) Ortho-iodophenol, | Meta.iodophenol, | Para-iedophenol,
from phenol. from phenol, drom dinitrobenzene.
GH(OH), 1lydroquinone, Pyrocatechin, Resorcin,
CqH,Br(CH;) — Metabromotoluene.| Parabromotoluene.
CH{NO,)CH; | Nitrotolene, from | Motanitrotol Paranitrotol
tolucue (liquid). from toliene (sohd)
CGH(NH,ICH, | Orthotoluidine Metatoluidine Paratolnidine
(tiquid). (Hiquid). (solid),
CHCLCOH Chlorosalicylicacid.| Chlorobenzoie acicl.| Chlorodracylic acid.
CgH BrCO H — Bromobenzoic acid.| Bromodracylic acid.
CH(NH)COH | Anthranilic acid. Amidobenzoie acid. Amidodracylic acid.
CH,(OH)COH | Salicylic acid. Oxybenzoic acid. I’nm::;jxybcnzoic
aci
CeH(CH,Y, Orthoxylenc. Metaxylene. Paraxylene.
CH(CO,H), I’hthalic acid. Isophthalic acid. | Terephthalic acid.
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935 The arrangement of the compounds mentioned in this
table was chiefly founded on experimental evidence, and those
compounds for which this was not the case were classified from
analogy. But, notwithstanding this, many emendations were
soon found necessary. Thns the para-derivatives of benzene,
with the exception of paradibromobenzene and resorcin, had
not been brought into close connection with the para-deriva-
tives of toluene or of benzoic acid. Petersen then showed that
the two nitrotoluenes, of which the one yields on oxidation
orthonitrobenzoic acid and the other paranitrobenzoic acid, yield
on further nitration the same dinitrotoluene, and for this reason
the nitroxyls must occupy the meta-position :

Orthonitrotoluenc, Parsnitrotolnene, Dinitrotolyene,

CH, CH, CH,
/\NO . N /\..\to
I ) ? | I ) :
N V4 N\

NO, NO,.

Now, dinitrobenzene 8o closely resembles dinitrotoluene that
an analogous position of the nitroxyls may well be assumed
in both compounds. If this be correct, dinitrobenzene and the
compounds connected with it must also belong to the meta-
series. The same chemist then proved that the phenylene-
dismine melting at 99°, is not a meta-compound but belongs to
the ortho-series.

Anisic acid, or methylpara-oxybenzoic acid, C;H (OCH)CO,H,
yields nitranisic acid, in which the nitroxyl can only occupy the
position 2 or 3=6 or 3.

OCH,
B'/ \f
o 3
ou

By heating nitranisic acid with ammonia Salkowski obtained a
nitro-amidobenzoic acid :

C.H,(NO,)(OCH,)CO,H + NH, =
€, Hy(NO,)(NH,)CO,H + CH,OH.

By means of the diazo-reaction the amido-group can be replaced
by hydrogen; in this way metanitrobenzoic acid is obtained,
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and from this it follows that the above-mentioned nitro-amido-
benzoic acid has the following constitution :

By reducing this, diamidobenzoic acid, CH,(NH,),COH, is
formed, and if carbon dioxide be then eliminated, orthodiamido-
benzene or phenylenediamine is obtained, a body melting at
99°. Meyer and Wurster, as well as Salkowski, had shortly
before come to the conclusion that this belongs to the series 1:2.
The same substance is also obtained from the bromonitrobenzene,
CH,(NOy)Br, melting at 41°3, by heating it with ammonis,
when it is converted into nitraniline, and reducing this. The
same nitrobromobenzene when heated with caustic potash yields
a nitrophenol melting at 45°; this may be converted into amido-
phenol and afterwards into chlorophenol, which latter on fasion
with caustic potash yields pyrocatechin, C;H(OH),, which,
therefore, is orthodioxybenzene.

936 The nitroxyl in the bromonitrobenzene melting at 126°
can be replaced by bromine, paradibromobenzene being formed ;
lhence bromonitrobenzene is a para-compound. When heated
with caustic potash it gives a nitrophenol which melts at 115°,
yielding on rednction an amidophenol, which, like phenylene-
diamine, yields quinone on oxidation. This same paranitro-
benzene can also be obtained from the nitraniline, which melts
at 146°, and which, according to Hofmann, also yields a large
quentity of quinone. Hence, then, Petersen concluded that all
these compounds, and therefore hydroquinone, belong to the
series 1: 4.

From this and former statements it follows that resorcin
ought to be classed in the 1:8 series, for it can be obtained
from dinitrobenzene, which, according to Petersen, is s meta-
compound. Now, resorcin is also formned by fusing benzene-
disulphonic acid with caustic potash; but this acid yields
on heating with potassium cyanide the nitrile of terephthalic
acid, which latter is undoubtedly a pam-compound. This
contradiction was explained by Petersen by the supposition
that, on fusing the sulphonic acid with caustic potash intra-
molecular changes take place; and this idea is borne out in
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many cases by experiment, especially where the reaction requires
a high temperature.

Wurster next prepared the diamidobenzene melting at 63° by
oxidizing the above-named dinitrotoluene to form a dinitro-
benzoic acid, which on reduction and elimination of carbon-
dioxide yielded this dinmidobenzene, so that there can no doubt
that it is & meta-compound.

Moreover, Wurster and Ambiihl showed that this body, like
orthodiamidobenzene, can be obtamed from two different
diamidobenzoic acids, whilst the para-compound

NH,

9

corresponds to only one such acid.

Salkowskil also concluded that the common phenylene-
diamine is metadiemidobenzene, and he proved that hydro-
quinone belongs to the same series as para-oxybenzoic acid. He
reduced the methyl ether of the nitroplenol melting at 115°, or
nitro-anisol, C;H (NO,JOCH,, to amido-anisol, C,H (NH,)JOCH,,
substituted in this, the amido-group by bromine, and then, by
means of sodium and methyl iodide, replaced this bromine by
methyl, thus obtaining a cresolmethyl ether, C;H,(CH,JOCH,,
which on oxidation yielded anisic acid. He then converted
the amido-anisol into a diazo-compound, and decomposed this by
weter, when methyl was eliminated, and hydroquinone formed.
It follows from this that the hydroxyls of hydroquinone and
therefore the oxygen atoms of quinone occupy the positions 1 : 4.
The constitution of this latter body is, therefore, expressed by
one of the following formule:

C co
ZIN 7N\
HC O CH HC CH
]-I(l3 }) C':IH Hbl g}{
A4 A4

CH. co.

Which of these is the more probable we shall learn hereafter.

From the results of these and similar investigations it follows
that the former table must be revised as below, only & portion
being here given and the lacung being filled up:—
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CH,Br, Orthodibromoben. | Metodibromoben. |{Paradibromobonzene,
zone, B.P. 224°, | zeme, B.P. 219°, M.P. 89",
CeH(NOy)s Orthodinitroben. | Motadinitrobenzene, | Pavadinitrobenzone,
zene, M.P, 118°, BM.P. 89°8. M.P.17%
C,HANO)Br { Ovthobromenitro- |Matabromonitrohen-| Parabromonitroben-
beuzene, M.P, 41°°5.| zene, M.P. 56°4. | zene, DL P. 126°
C;H(NH), Orthodinmidoben. | Metsdiamidoben. |Paradiamidobenzene,
zene, M. P. 99° zene, M.P. 63°, M.P 147
C,H,(OH rocatechin, Resorein, Hydroquinone,
oLIOH, e M.B. 110° b 160
C,H Br(CH,} | Orthobromotoluene,| Metabromotoluene,| Pambromotoluene,
B.p. 182° B.P 184 M.P.28°8,
CgH(NO,)CH, | Orthonitrotolnene, | Metanitrotoluene, | Paranitrotoluene,
B.P. 228°, M.P. 16° MY 58,
CH(NH,CHy ! Orthotoluidine, Metatolaidine, Paratoluidine,
i B B.P. 197°. M.P. 45,
C,H{OH)COH| Salicylic acid, Meta-oxybonzoic | Para.oxybenzoic
M.P. 156°, acid, M.P, 200% | acid, DLP, 210°%
H (CH. Orthoxylene Metaxylene Paraxylene
GO BL 140° " B.B 137 B.P 157
C H4(CO.H), Phthalic acid. Isophthatic acid. | Terephthalle acid.

937 So far all attempts at orientation had been directed to-

wards placing the compounds in genetic connection with one of
the phthalic acids. We have already seen that the constitution
of terephthalic acid and of the para-series connected with it had
been placed on a sure foundation,

On the other hand, the views concerning the constitution of
phthalic and isophthalic acidsrested on hypotheses which had not
been verified. As common phthalic acid is the only one which
yields an anhydride, it was assumed that in this the carboxyls
ocoupy the adjacent position, But a similar argument was em-
ployed to show that the hydroxyls in hydroquinone alse occupy
the same position, and this conclusion was proved to be erroneous ;
hence the argument lost weight in the case of phthalic acid.
The conclusions based upon the coustitution of naphthalene
stood on a firmer basis, but it still was a question whether they
were final.

The case of isophthalic acid is a similar one : its constitution
depends upon that of mesitylene in which we know that the
three methyls are contained in synmmetrical position, or, what is
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the same thing, that the three hydrogen atoms in divect com-
bination with the nucleus are of equal value. Ladenburg proved
this as follows:—*“Let us indicate the three hiydrogen atoms
by the letters a, b and ¢,and assume that in dinitromesitylene,

b
CG(CHQSN:)S(N O H, « and b are replaced by nitroxyl, and that
by paxtial reduction b is converted into an amido-group : we then

a b
obtain the formula NOgNHQI'i for amidonitromesitylene. Now,
the hydrogen atom marked ¢ in this may be replaced by
nitroxyl, and the amido-group by hydrogen, a dinitromesitylene,

b ¢

having the formula l\fO,HNOz, being thus obtained, and as this
is identical with the former one, it is clear that the hydrogen
atoms & and ¢ are of equal value.

Supposing now that the amido-group in amidonitromesitylene
be replaced by hydrogen, we obtain nitromesitylene, which on

b e
reduction is converted into amidomesitylene, I‘gH HH. If this
body be mtmted only one amidonitromesitylene, NH, NOeH =
b

NH Hl\OQ. can be formed, as both & and ¢ arc of equal value.
The compound thus obtained proves, however, t» be identical
w1th thc amxdomtromesntyleue, having the fullowing formula:

NO NH.,H Hence the hydrogen atoms « and 4 are also of cqual
value, or the three hiydrogen atoms belonging to the aromatic
nucleus of mesitylene are of eqnal valne.”

938 Before Ladenburg’s mcmoir appeared, Korner published
a valuable research on the isomerism of the aromatic compounds
containing six atomsof carbon.! In this he criticised the methods
of orientation then in vogue, founded on the constitution of
the three phthalic acids, of mesitylenc and of waphthalene, &ec.
He expressed doubt whether the constitution of these com-
pounds was ascertained with sufficient certainty to serve as a
foundation for orientation and le, therefore, doubted the con-
clusions and experiments by which the acids containing eight
atoms of carbon were bronght into connection with the di-
substitution products of benzene obtained by direct methods,
Korner prepared 126 new compounds, and in addition revised
all the researches which had hitherto been published, especially
those concerniny the simplest benzene derivatives, in the
preparation of which it happencd that the formation of two or

¥ Gz, Chim. 2ial. 1874,805 ; Jakresh. 187 5, 299 ; Journ, Chen Soe, 1876, 1, 204.
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three isomerides had been overlooked, Assuming the equal
value of the hydrogen atoms of benzene, he employed a method
of orientation depending on the following principles:

An ortho-compound (1:2) with similar substituents can yicld
two tri-derivatives, when a third hydrogen atom is replaced.
Under the same conditions a meta-compound (1 : 3) yields three
tri-derivatives ; whereas & para-compound can only yield onc.
In this casc, where the entering element or radical is identical
with the two alrcady present, only three substitution products
can be formed; but when « different clement or radical is
introduced, six may be obtained, as is seen from the following
table:

Br 4 Br Br
l/ \Br / \ /S
o k l
N/ / Br N\
Br
X Br\ ~ XA
7 /7 \B Br
L& gl“'r (Brk rBlJ Br K
/o ‘}3/ /7 / NS /
Iy
Br Br i Br Br Br Br
I/\Br ‘/\,Br ' l/ NO,‘/ I/\l l/\lxoi
i
o e g PNON B '\B/
N, NU, r

From this it follows that the dibromobenzene which yields
three tribromobenzenes or three nitrodibromobenzenes, and which,
on the other hand, is formed from three dibromanilines, by

* climination of the amido-group, contains the bromine atoms in
the position 1 : 3.

Orthodibromobenzenc having the position 1 : 2 can only yicld
two tribromobenzenes or two nitrodibromobenzenes, and can be
obtained only from two dibromanilines. Lastly paradibrome-
benzene (1:4) can only be obtained from one dibromaniline
and yields only one tribromobenzene, and ouly one nitrodibronio-
benzene.

Now, the solid dibromobenzene, melting at 89°, yiclds only one
mtro-derivative ;! the liquid componnd obteined together with

v Zincke awl Simenis, Ber. Dentsch. Chew, fles, vi, 123
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the former by the action of bromine on benzene? yields, on the
other hand, two; and the third, obtained by Meyer and Stiiber
from dibromaniline? forms three nitrodibromobenzenes. Y

Korner showed, moreover, that when the dibromobenzenes are
further brominated, the above conditions are fulfilled,so that the
solid corresponds to one; the liquid, formed at the same time, to
two ; and the third to three dibromanilines. Solid dibromoben-
zene is, thevefore, (1 : 4); that obtained by Riese, (1 :2); and that
prepared by Meyer and Stitber, (1 ; 3). No. 1 corresponds to
hydroquinone, No. 2 to pyrocatechin, and No. 3 to resorcin.

939 In a similar way Korner has determined the constitution
of a large number of compounds, and this without reference
to the views respecting the positions of the carboxylsin the three
phthalic acids. Almost at the same time Griess employed the
same principle to ascertain the constitution of the three diamido-
benzenes, by preparing them from the six diamidobenzoic acids
by elimination of carbon dioxide:

COH COH CO.H
e
NH,_/ NH,, NH,.
NH,
CO,H CO,H CO,H
NH,/ \NH,, ( \ /\‘NHg
L NH,\ /NH,. K/
NEH,

From the first of these he obtained paradiamidobenzene melting
at 147°, the two next yielded orthodiamidobenzenc melting at
99°, and the last three gave rise to common metadiamidobenzens
melting at 63°3

In close counection witli these researches Nélting has given
a direct proof of the constitution of phthalic acid* We have
already scen that dinitrotoluene has the following constitution :

CH,
7 \NO,

H.

L/
No,

! Riese, Bor. Dowtsch, Chem, Ges. ii. 61, * Mover and Stiiber, ibid. v. 52.
# Moyer and Stiiber, iid. vii. 1226. 4 R, Meyer, Einl. drom. Verb, 73,
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This is deduced from the facts that it has been obtained by
the further nitration of the two mononitrotoluenes obtained
directly from toluene, of which the solid one yields paranitro-
benzoic acid on oxidation, and that it was converted by Wurster,
by reduction and elimination of inethyl, into ordimary met~
amidobenzene., From this it follows that the liquid nitrotoluene,
and therefore the orthotoluidine obtained from it, contain the
side chains in the position 1: 2. This latter substance, however,
Weith converted by means of the mustard-oil reaction into
orthotoluvie acid, CH,(CH)CO,H, which on oxidation with
potagsium permangsnate yields phthalic acid; this substanee
must therefore also contain the carboxylsin the position1 : 2,

Kekulé had previously converted orthotoluidine into ortho-
iodotolucne and obtained orthotoluic acid from it by Wurtss
reaction, while by oxidizing this iodotoluene he obtained
iodobenzoic acid, C;H,I(CO,H), which when fused with caustic
potash yielded salicylic acid.!

Another very simple proof of the constitution of the phthalic
acids has been given by Nolting,? using the method of Kérner
and Griess (see page 46). These acids are readily obtained by
oxidizing the corresponding xylemes with potassium perman-
ganate. Now isoxylene yields three mononitroxylenes, orthoxy-
lene two, and paraxylene only onc. It follows from this that
the side chains in isoxylene, and, therefore, in isophthalic acid,
have the position 1 : 3, in orthoxylene and orthophthalic acid
1:2, and in paraxylene and paraphthalic acid, 1: 4.

940 Adopting the principles of orientation above explained,
many chemists heve extended their researches in this direction, so
that the constitution of the more important di-substitution pro-
dncts of benzene is now known with a great degree of probability.
As, however, higher substitution products can be obtained from
these by simple reactions, and these again can easily be re-
converted into di-substitution products, ashas been shown above,
it is clear that the constitution of a large number of aromatic
compounds containing three or more side chains is also known.

For the further consideration of this point we must refer to
the special description of the compounds.

941 In the case of penta-substitution products which contain
identical elements or radicals, as in that of mono-substitu-
tion derivatives, no isomerides occur. From this we may con-
clude that the six hydrogen atoms of benzene are of equal value,
But this conclusion is here founded on negative evidence only,

v Ber. Dentsch. Chem, Ges. vii. 1008,

2 Jbid. xviii. 2687
VOL. IIL—PART IM.

E
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and it is of importance that it should be proved divectly.
For this purpose Ladenburg adopted the same principle as
that which he employed for proving the equality of the three
hydrogen atoms of mesitylene! He first showed that two of
the hydrogen atoms of benzene ocoupy a symmetrical position
with regard to a third atom; or, in other words, that it is im-
material whether one or other be replaced by a radical or element,
inasmuch as the bodies thus obtained are identical.

Hitbner and Petermann? found that when ordinary bromo-
benzoic acid is nitrated, two isomeric bromonitrobenzoic acids are
formed, in which the nitroxyl, therefore, occupies two different
positions, ¢ and & ‘- .

CH,Br(NO,)COH; CHBr(NO,)CO,H.
Both bodies are converted by nascent hydrogen into anthra-
nilic acid, bromine being replaced by hydrogen and the nitroxyl
being reduced to the amido-group. Hence it follows that both
@ and b occupy a symmetrical position as regards the carboxyl.

But as regards the hydrogen atom replaced by carboxyl, there
exists another pair of symmetrically placed hydrogen atoms.
Thus, it has been shown by Wroblewski® that if one atom
of hydrogen in paratoluidine be replaced by bromine, a
bromotoluidine is obtained, which is converted by the diazo-
reaction into metabromotoluene, and that this on oxidation yields
metabromobenzoic acid. This bromotoluidine also yields »
nitrobromotoluidine, and this by the same reaction is converted
into & nitrobromotoluene, yielding on reduction an amidobromo-
toluene, in which the bromine can be replaced by hydrogen
A toluidine is thus obtained, and it is found that this yields
by means of the diazo-reaction the same bromotoluene which,
as has been described, was obtained from paratoluidine.

1’ rabromomlmdme

wbed »
¢, HEHBrCH,NH,
Metabromotolnenc. Amidobromotoluenc.
C HHHBr(CH,H. ¢, HH(N H,)Br(CH,)H.
Metabromobenzoic Acid. Amidotolucne,
C,HHHBr(CO,H)H. C HH(NH,H(CH,)H.
Nitrobromotoluidine. Metabromotoluene.
C,HE(NO,)Br(CH,)NH,. ¢ HHBrH(CH,)HL.
Nitrobromotolnene. Mctabromebenzoic Acid,
C,HH(NO,) Br(CH,)H. C,HHBH(CO,H)H.
v Ber, Dewlsck. Chem, Ges. i, 140, 2 Aun. Chem. Pharmn, 149, 129,

3 Ihid, clxviii. 153 : exeii. 196.



ORIENTATION. 51

This proves that the positions ¢ and d Jie symmetrically as
" regards the methyl or carboxyl.

Hiibner and Petermann comnenced their experiments with
the same bromobenzoic acid which Wroblewski obtained by
oxidizing bromotolueno. But as the two nitrobenzoic acids
contain the two nitroxyls placed symmetrically, with regard to
the carboxyls, and as the acids obtained by Wroblewski contain
two bromine atoms in the same positions, it is clear that two
pairs of hydrogen atmns exist in benzene, which occupy a
symmetrical position with regard to the fifth atom, whilst the
sixth atom occupies an isolated position.

As Hubner and Petermann obtained anthranilic acid, or
orthoamidobenzoic acid, but Wroblewski metabromobenzoic
acid, we concludc that there are in benzene two symme-
trical ortho- and meta-positions, whilst the para-position only
weeurs once.

942 Ladenburg las brought forward another proof for which
we must refer to the original memoir.! He further showed that
four hydrogen atoms in benzene are of equal value.

Phenol, C;H,OH, which ocewrs in large quantities in coal-tar,
when acted upon by phosphorus pentabromide is converted
into bromobenzene, C;HBr, and this, by the action of sodium and
carbon dioxide, into benzoic acid :

C.H,Br + Na, + (O, = CH,CO,Na + NaBr.

The hydroxyl, therefore, has the same position « in the phenol, as
the carboxyl in the benzoic acid. In this latter, however, hydrogen
con be replaced by hydroxyl, and thus the three isomeric oxyben-
zoic acids can be obtained, in which the carboxyl occupies the
saipe position as in the benzoic acid and phenol; whilst the
hydroxyls replace different hydrogen atoms of the benzoic acid;
these we may designate by b, ¢, and €. All three oxybenzoic
acids, hiowever, yield phenol with elimination of earbon dioxide;
and this is identical with that found in coal-tar; hence the
positions, @, b, ¢, and d, are of equal value, From what has
been said, however, we may conclude that of the three last, no
two can otcupy a symmetrical position with regard to a.
Hence we must come to the conclusion that all six hydrogen
atoms of benzene are of cqual value; and further, that onc

v Ber. Deulseh, Chem. Ges. v, 322 vili. 1666 ; Theoviz Arom. Verd., Vieweg
and Schu, 1876,

K2
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hydrogen atom corresponds to two symmetrical pairs, and this
is indicated 'in the formula of benzene:

1
A
')\ //!:;

4
The symmetrical pairs to (I) are2:6,aud 3:5;to(2) 1: 3,and °

4 :6, &c. 'With reference to (1) the positions which occur
twice are :—

1:2 =1:6
1:3=1:5
The position 1 : 4 only occurs once.

THE CONSTITUTION OF BENZENE.

943 According to Kekulé the constitution of benzene is
~ expressed by the following formuln. :
CH
nclf\vp}{
i
HC \. ,CH
CH
Soon after this formula had been proposed, other chemists gave

their views concerning the constitution of this compound and

expressed them by certain graphical formule. Of these the
following may be mentioned :

B}
2
/ .
~ [ ——

f] ‘/3!) . ; N ’\ g
J B
\l/ e ol
-

d <L

Fe. A, He, B, T, C

Claus proposed the formula illustrated by Figs. A and B,giving
the prefercnce to the former of these;! a similar formula was

1 Theord. Betracht. System. Org, Chenrie, Freibr, 1867.
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suggested by Komer, which cannot, however, be represented on
a planc surface, but may be readily put together by means of
Kekuld's glyptic models, According to Korner's view, and
in accordance with Claus’s first formula, each carbon atom is
directly combined with three others. The former assumes that
the carbon atoms a, ¢, ¢, and b, d, £, lie in two parallel planes!
Jlaus’s second formula is identical with that proposed by Laden-
burg (Fig. ), except that the latter assumes an arrangement
in space of the six carbon atoms, in supposing that they lie in
the angles of a three-sided prism.?

According to Claus’s first formula only two isomeric di.
substitution products can exist, and for this renson we need not
further consider it.> Ladenburg raises an objection to Kekulé's
formula inasmuch as it requires, not three, but four isomeric
substitution products, the positions 1:2 and 1:6 not being
perfectly identicel ; for it isclear that two substituents occupying
the position 1 : 2 are combined with two carbon atoms which

are connected together by single linkage, whereas between the
positions 1 : 6 the carbon atoms are doubly linked. The ques-
tion whether 1 : 3 is equal to 1 : 5 is a simpler one and may be
answered in the affirmative,

Ladenburg thinks that if the first two positions are identical,
the two crotonic acids must also be identical ;

CH, ﬁH
H CH
ICI:H (‘H
JiO.,H. (l:qu.

But this argument is not unanswerable, as the difference observed
does not merely depend on the arrangement of the linkage of
the carbon atoms, but also on the distribution of the hydrogen
among the carbon atoms.

! Kéruer, loc. cil.

2 Ber. Deulsch. Chem. Ges, ii. 141, 272,
3 Compare Clans. sbidd. xv, 1405 3 R. Meyer, 2bid. 1823,
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Victor Meyer opposed Ladenburg’s view, insisting that the
difference between the positions 1: 2 and 1 : 6 was not brought
about by a variation in the position of the atoms, but only by a
varying arrangement of the combining units of the carbon, and,
that it was of so very subtle n character that it was doubtful
whether such minute differences could exert a perceptible
influence on the properties of the compound.!

944 In reply to these remarks,® Kekulé says that the appavent
difference between the positions 1 : 2 and 1 : 6, origiiates rather
from the model employed than from the ideas, of which this
model affords only an imperfect representation, and in order to
show that no such difference exists he brings forward the
following hypothesis® The atoms in the systems which we
call molecules must be assumed to be continually in motion,
but hitherto no explanation as to the nature of this intra-
molecular motion has been given, which of coursc must be
in accordance with the law of the linking of atorns. A planetary
motion seems, therefore, inadmissible; the movement niust be
of such & kind, that all the atoms forming the system retain
the same relative arrangement ; in other words, that they return
to » mean position of cquilibrium. The most probable assump-
tion, and one whieh is in accordance with the view held by
physicists, is that the motion of the atoms takes place in
straight lines and that on striking each other, they recoil like
elastic bodies. What we call valency would then be nothing
but the number of contacts experienced by one atom with
other atoms in the unit of time. In the same time
that the monad atoms of a distomic molecule like H, strike
each other once, the dyad atoms of a diatomic molecule come
in contact with each other twice, the temperature in both cases
being the same. In & molecule consisting of one dyad and two
mounads, as H,0, the number of contsets in the wnit of time
is & for the former and 1 for each of the latter.

If two atoms of carbon are linked together by one combining
unit of each, they strike against each other once in the unit of
time, or in the same time in which monad hydrogen makes a
complete vibration; during the same time they cncounter three
other atoms. Carbon atoms linked together by two bonds
of each come in contact twice in the unit of time, and encounter

v Ann, Chem. Pharm, clvi. 265 clix. 24,
2 Jbid, elxii. 77 ; Jowrw, Chom. Soe, 1872, 612,
& Ann. Chem. Pharm, clxii. 86.
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during the same time two other atoms. Applying these views
to benzene we come to the following. Each carbon atom
strikes against two others in the unit of time, once against the
one and twice agninst the other. In the same unit of time it
comes once in contact with the hydrogen atom, which during
the same period makes & complete vibration. Accordingly in

the hic fornmla
grp HC=CH

4 B

HC.'. 2CH

&-CH

the contacts of the atomn 1 in the unit of time may be thus
represented, if & stands for hydrogeu :

1:2,6,7%, 2
In the second unit of time they are:
2:6,2M06,
which would be represented by the following formula :
HC—CH
«qd 2
e A
H(s 2CH
Ne 327
H=0H.
The same carbon atom is therefore, during the first unit of tine,
linked to one of the adjoining ones by one, and during the
second unit of time by two of its combining uuits; and vice versd
with regard to the other adjoining carbon atom.

The variation of these contacts undergone bya carbon atom
cxhansts itself in these two units of time; its suin, viz:

2,6,1,26,2,%6

represents the whole scries of possible contacts under these
circumstances, and therefore repeats itself continually. From
this it is cvident that the carbon atom strikes against the two
others, with which it is directly combined, an equal number of
times, #.¢. that it bears the same relation to both. The ordinary
graphic formula only represents the contacts made during the
first unit of time, and thus the view has sprang up that in
the di-substitution products, the positions 1, 2, and 1, 6, must
produce different compounds. If the above, or some similar
conception he corvect, it follows that no real difference exists.
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945 Michaelis opposed Kekulé's views, which, according to him,
possess, from physical considerations, little probability, especially
from the point of vicw of the kinetic theory of gases, as ac-
cording to this, the square of the velocity of the atoms at equal
temperatures is, in a porfect gas, inversely proportional to the
atomic weights. Hence it follows that hydrogen atoms have
the greatest velocity, but according to Kekulé they impinge less
often than the oxygen atoms for example, and hence they must
describe a much larger orbit then these ; and further, their mole-

" cules must be larger than those of the oxygen. But, according

" to the kinetic theory of gages, the hydrogen molecules are only half
as large as those of oxygen and are probably the smallest of all
the gaseous molecules. Kekuld's ideas on atomic motion cannot,
according to Michaelis, be regarded as representing a stable
condition of dynamical equilibrinm, and are moreover improbable,
becouse then benzene should readily decompose into threc
molecules of acctylene.!

In comparing the formule of Kekulé and Ladenburg, we
find that both explain equally well the formation of benzene
from acetylene, and of mesitylene from acetone, as well as the
formation of addition-products; in both cases the existence of

" a closed ring of six carbon atoms is assumed in which each
atom is connceted with two others by a single bond.

Ladenburg’s formula also explains the equal value of the six
hydrogen atoms, besides showing as clearly as Kekuld’s the
existence of the three isomeric di-substitution products. If we
number the six angles of the prisi, or, to simplify matters, those
of Claug’s hexagon:

we have :
:2=1:06 = Meta.
1:8=1:5 = Ortho
1:4 = Para

This is also easily shown by employing the proof given by
Kormer:
v Ber, Dowtsch. Chem. Ges. v, 463,
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Br Br P
Br
< By
. B
/Br Br Br Br Br Be
{"‘ Br Br BrBll/ B:
——JBe Br B
AN b < E
Br Br Br

In the case of the triderivatives we obtain the following results,
similar to those previously obtained :

1:2: 3 adjacent,
1:3: 4 asymmetrical,
1:2: 6 symmetrical.

If we assume that onc of the triangular faces of the
prism be revolved in its plane through 180°, whilst the otler
remains in its original position, and at the same time the figure
thus obtained be projected on the surface whose position has
been unchanged, the following graphic formula is obtained :

b

9

This possesses the advantage that the numbers have the same
megning as in Kekulé's formula, and otherwise expresses all that
the prism formula can.

946 Physical Methods—An attempt has recently been madc
to determine the constitution of benzene by physical methods.
Brithl has investigated the refractive power of compounds
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containing carbon i single, double, or treble linkage, and has
arrived at the conclusion that benzene contains three doubly-
linked carbon atoms; hence he considers the accuracy of Kekulés
views to be proved.!

Lossen and Zander arrived at the same conclusion from in-
vestigations on the specific volume of certain hydrocarbons,? whilst
Julius Thomsen, in determining the heat of combustion of similar
bodies, arrived at the opposite conclusion; for according to him
benzene conteins nine single links, and, thereforc, Ladenburg’s
formula is correct.? Further investigations must decide whether
the question can thus be solved.

Another interesting observation which seemed likely to afford
satisfactory proof hes also failed. An acid termed carboxytartronic
acid, C;H,0,, is obtained by the action of nitrous acid on pro-
tocatechuic acid, C;H,(OH),CO,H,* or catechol, C;H,(OH),®
This acid is very unstable in the free state, quickly decomposing
into carbon dioxide and tartronic acid,and for this reason Gruber
and Barth proposed for it the following constitntion:

COH

|
HO-(I:—CO,H

CO,H.

According to these chemists it contains one carbon atom in direct
linkage with three others,and asit is fonned by a simple reaction
it appeared very probable that this form of linkage also occurred
in the aromatic nuclecus, as expressed by the prism formula.

Kekulé, however, showed that the correct formula of this acid
is C,H,O;, and that it is not & tribasic but a dibasic acid, which
on reduction yields racemic acid together with inactive tartaric
neid.  Kelkulé then obtained it as a decomposition product of the
so-called nitrotartaricacid, C,H,(ONO,),(CO,H),. Itsconstitution
i, therefore, as follows:

COH

C<
/OH
f\on
CO,H.
v Liebiy’s Ann. cc. 93. * Ibid, cexxv. 119.

3 Ber. tsch. Chem. Ges. xiil. 1808, 4 Gruber, Wi, xit. 514.
% Barth, Monatsch. Chem. i. 869.
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and it is dioxytartaric acid or tetroxysuccinic acid! A.lthougn
its constitution does not exactly contradict the truth of the
prismatic formula, its formation from catechol is certainly
more easy to explain if we assume the hexagon formula for
benzene.

947 The same is true for the formation of another acid obtained
by Carius by acting with chlorous acid on benzene, and afterwards
investigated by Kekulé and Strecker? who have found that it
is B-trichloracetylacrylic acid, CCLCO.CH==CH.COH, for on
warniing with baryta-water it decomposes into chlorofrm and
maleic. acid:

CH,CL0, + H,0 = C,H0, + CCLH.

It combines with bromine, forming trichloracetyldibromo-
propionic acid, CClL,CO.CHBr.CHBr.CO,H, which on bheiling
with lime.-water is converted into chloroform and inactive
tartaric acid.

B-trichloracetylacrylic acid is not obtained from benzene by
a simple resction, as several by-products are formed, amongst
others, chlorinated quinones. The acid is produced by the
action of chlorous acid on quinone, and its formation is most
simply explained Ly the supposition that monochloroquinone yields
it, according to the following cquation ;

CO o
HO N HOO oo
Ny o = L + (O, + HO.
N / HC
CO.0H

If we attempt to explain this reaction by means of the prisn
formula, Keknlé and Strecker have shown that if we do not
meet with insuperable difficulties we are, at any rate, surrounded
by distinct improbabilities. *We must then assume that five
single links of carbon are liberated, three by the separation of
the carbon atom which is set free and separates out. This cannot
be said to be remarkable, but two other links are liberated
50 as to form the normal chain of carbon atoms which is con-
tained in B-trichloracetylacrylic acid”” Hence the improbable
supposition miust be made, that a double linkage of the carbon
atoms is brought about from a single linkage under conditions
in which we should rather cxpect to find the formation of a

v Licbig's Ann cexxi. 230. * Ibid. cexxiii. 150,
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single from a double linkage. If the formation of the above-
named acid does not prove the truth of Kekulé's views concern-
ing the constitution of benzene, it renders this view certainly
far more probable than any other which has hithertobeen given,
In most cases a simple hexagon can be used to explain the
constitution of the benzene derivatives, and we imply by this
either Kekuld's formula or the star prismatic formula,

948 Kekuld’s formula hies, moreover, the advantage of satis-
factorily explaining the constitution of naphthalene, C,H,,
phenanthrene, C, H,, and other hydrocarbons which contain more
than six atoms of carbon in aromatic linkage. Of these bodieswe
shall speak at length in a subsequent portion of this treatise,
We only wish to point out that they are derived in several ways
from benzene, viz:—

1. The hydrogen in benzene can be replaced by phenyl
Phenylbenzene . . . . . CH,.C,H;
Diphenylbenzene ., . . .CH,(CHy),
Triphenylbenzene , . . . CHy(CeH,),

Compounds are also fonnd containing alcohol radicals as side
chains:
Phenyltoluene . ., . . . CH,CH,CH,
Methylphenyltoluene , . . CH,.C;H,CH,.CH;

2. In others the aromatic nuclei arc not combined directly but
through a carbon atom:
Diphenylmethane . . . . CHCH,),
Triphenylmethane . . . . CH(C.H)),
Diphenylethane . . ., . . CH CH(CH,),

Phenyltolylmethane . , . CHyq H *CH,

3. The aromatic nuclei are united by two carbon atoms:
Dibenzyl . . . . . . . .CH.CH,—CH,CH;
Toluylene « . . . . . .CgH, CH_CHCH
Tolane . . . . . . . - C‘ H .C=C.C,H;

Tetraphenylethane . . (C H5)20H CH(C,,H;)s

And to this group belongs anthracene :

CH
O | O,
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4. Of the hydrocarbons with condensed nuclei, it is sufficient
to mention here, two,

Naphthalene, Phenanthrene.

HC—CH H(=CH HC=CH
7\ /7 N/ \
HC "H HC —C CH

N, N 7 N\ 7
C=C HC—( C—CH
VAN N\,
HC  CH HC==CH.

N 7

HC—CH.

Many others besides these are known, and from each of these
o large number of derivatives can be obtained, affording a further
proof of the very large number of the aromatic bodies.

CHARACTERISTIC REACTIONS OF THE
DI-SUBSTITUTION PRODUCTS.

949 A characteristic property of the ortho-compounds is their
easy transformation with separation of water into inner an-
hydrides, such as have been mentioned under salicylic and
phithalic acids. As another example we may mention enmaric
acid or orthocinnammic acid, wlhose anhydride, cumarin, gives
to sweet woodruff its pleasant smell .

/OH ) /0 — O
(..H4\ = UBH,\ | + HO,
CH—=CH.CO.0H CH—CH
The amido-acids of this group also exhibit a similar reaction;
thus ortho-amidophenylacetic acid passes readily into an anhydro-
compound, which has been termed oxindol from the fact that it
was first obtained from indigo:

NH,
el = (H \co + HO.
**\CH,.C0.0H \ -0

"The ortho-compounds having carbon slde~chains are distin-
guished from those of the two other serics, inasmuch as when
heated with chromic acid solution, they do not nndergo a simple
oxidation, but are completely decomposed with formation of
earbon dioxide, acetic acid and oxalic acid, &c. Dilute nitric
acid, or an alkaline solution of potassium permanganate, on the
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other hand, casily bring about an oxidation in which the side
chains are converted into carboxyl,

Ladenburg found that orthodiamido-compounds when heated
with monobasic organic acids give rise to peculinr condensation
products :

NH,
‘\

In the meta- and para-compounds, however, & hydrogen atom
of each amido-group is replaced by an acid radical, and thus, e.g.,
B diacetyldiamido-benzene, C;H (NH.CO.CHy),, is obtained.

The orthodiamines also form with aldehydes » series of mono-
acid bases to which Ladenburg has given the name of
aldehydines :

Ethylenephenylenediamine.

NH(
+ HO.COCH, = C H\ JCCH, + 2H,0.

Benzaldchyde. Phenylbenzaldehydine.
CH,(NH,), + 2COH.C,H; = CH,(NCHCH,), + 2H.0.

The diamines of the two other series act similarly; but the
compounds thus obtained are so unstable that it is impossible
to prepare their salis since they decompose readily into their
constituents with assumption of water.

If the hydrochloride of an arthodiamine be heated with
benzeldehyde from 100° to 120° half the hydrochloric acid is
evolved, whilst the salts of the two other series yield no trace
of acid when thus treated.

Ladenburg found that the orthodiamido-compounds are dis-
tinguished from the other isomerides by the action of nitrous
acid, inasmuch as only one molecule of the base enters into the
reaction,! and inner condensation occurs accompanied by elimina-
tion of water. Orthodiamidobenzene yields amidoazophenylene
or azoamidobenzene :

. T\
(! Hd\ + NOH = CH4\I /VH + 2H,0.

950 In the case of mets-compounds on the other hand, two
molecules take part in the reaction, and yellow or brown azo-
colours are formed. From metadiamidobenzene, triamidoazo-
benzene or phenylenc-brown is obtained :

2C.H,(NH,), 4+ NOH =(,H (NH,)N = NC,H,(NH,), + 2H,0.

v Ber, Denlsch. Chem. Ges, ix. 119, 1524 ; xvil. 147,
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According to Griess this reaction is so characteristic and delicatc
that it may be used to detect the nitrites in potable water; for
this it is necessary to mix the solution of the base with the
solution of the nitrite.

Another characteristic reaction for the inetadiemidobenzenes is
that they unite with diazo-salts to form diamideazo-compounds,
yellow or yellowish red colonrs, one of which is well known as
chrysoidine.

Nitrous acid acts quite differently on paradiamido-compounds
if potassium nitrite be added to a solution of hydrochloride of
paradiphenylamine, & brown powder separates out after some
time, the amount of this heing increased on warming with
violent evolution of gas and formation of quinone (Ladenburg).

In the para-.series many compounds occur which yield quinone,
CH,0,, onoxidation with mangenese dioxide and dilutesulphuric
acid ; this substance being recognised by its powerful smell, as
well as by the ease with which it sublimes in yellow needles. It
is, however, not only obtained from para-substitution products,
such as hydroquinone, paradiamidobenzene, &c., but also from
monosubstitution products, such as aniline.

The influence of the nitroxyl is remarkable when it oceurs in
the ortho- or para-positions with respect to the halogens.

When the latter replace hydrogen in the aromatic group, the
compounds formed are usually not capable of double decomposi-
tion, but they become so when nitroxyl occupics the above position.
Ortho- and para-bromonitrobenzene when heated with alcoholic
potash are converted into the corresponding nitrophenols :

C,H,(NO,)Br + KOH = C,H,(NO,)OH + KBr.

If the former be heated with aleoholic ammonia nitranilines are
fonied, which may be also obtained from the corresponding
nitranisols : .

C,H,(NO,JOCH, + NH, = C,H,(NO,)NH, + HO.CH,

These reactions do not take place in the meta-series.

The orthodinitro-compounds readily cxchange a nitroxyl for
other radicals 2

If orthodinitrobenzene be boiled with caustic sodn ortho-
nitrophenol is formed, and on heating the former with ammonia,
orthonitraniline and ammonium nitrite arc obtained.

v Ber. Deutsch. Chem. Ges. xi. 625. .
* Lauhenheimer, 1bid. ix, 761; xi. 303, 1151; xv. 58,
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If dinitrochlorobenzene, C,H,CI(NO,),, Which has the following
constitution—

NO,

e \lNo2

/7
Cl

be boiled with a solution of sodium sulphite, sodium nitrochloro-
benzenesulphonate, CHy(NO,)CI(SO,Na), and sodium nitrite are
produced.

BENZENE GROUP.

Bexzexk, CH,

951 Historical—It has already been stated that the oil obtained
from portable gas contained a liquid, in which Faraday in 1825
discovered two new hydrocarbons (Vol. iii. Part IL p. 162), the
first of which was afterwards found to be butylene. To the
second, Faraday gave the name of bicarburet of hydrogen, as
lie found its empirical formulatobe C,H (C=6). By exploding
its vapour with oxygen, he observed that one volume contains
36 parts by weight of carbon, to 3 parts by weight of hydrogen,
and its specific gravity compared with hydrogen is thercfore 391

Mitscherlich, in 1834, obtained the same hydrocarbon by dis-
tillation of benzoic acid, C;HO,, with slaked lime,and termed it
benzin. He assumed that it is formed from benzoic acid, simply by
removal of carbondioxide? Liebig denied this, adding the follow-
ing editorial note to Mitscherlicl’s memoir: “ We have changed
the name of the body obtained by Professor Mitscherlich by thedry
distillation of benzoic acid and lime, and termed by him benzin,
into benzol, becausc the termination ‘in’ appears to denote an
analogy between strychnine, quinine, &c., bodies to which it does
not bear the slightest resemblance, whilst the ending in ‘ol’
corresponds better to its properties and mode of production, It
would have been perhaps better if the name which the discoverer,
Faraday, had given to this body had been retained, as its relation
to benzoic acid and benzoyl compounds is not any closer than it
is to that of the tar or coal from which it is obtained.”

Almost at the same time Péligot found that the samic hydro-

v Phil. Trans, 1823, 440 ; Pogg. Aun. iii. 206,
2 Aun. Chewm, Pharw. ix. 43.
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carbon occurs, together with benzone, C,;H , O (diphenylketone
CO(C Hy)y), in the products of the dry distillation of calcium
benzoate.!

The different results obtained by Mitscherlich aud Péligot are
represented by the following formule :

CH,O, + CaO = CH, + CaCO,,
(GH0)Ca = CH,0 + CaCO,

Péligot obtained benzene only as a by-product, exactly as in the
preparation of acetone (dimethylketone) from calcium acetate, o
certain quantity of marsh gas is always formed.

It is not clear how Liebig became acquainted with the fact
that benzene is formed by the dry distillation of coal, as bis pupil
Hofmann, who obtained it in 1845 from coal-tar, observes: "It
is frequently stated in memoirs and text-books that coal-tar oil
contains benzene. I am, however, unacquainted with any re.
gsearch in which this question has been investigated.”? It is,
however, worthy of remark that about the year 1834, at the
time when Mitscherlich had converted benzene into nitrobenzene,
the distillation of coal-tar was carried out on a large scale in the
neighbourhood of Manchester; the naphtha which was obtained
was employed for the purpose of dissolving the residual pitch,
and thus obtaining black varnish. Attermapts were made to
supplant the vapthe obtained from wood-tar, which at that time
was much used in the hat {actories at Gorton mear Manchester
for the preparation of “lacquer,” by coal-tar uaphtha. The
substitute however did not answer, as the impure naphtha left
on evaporation so unpleasant a smell, that the workmen refused
to employ it. It was also known about the year 1838, that
wood-naphtha contained oxygen, whilst that from coal-tar did not,
and hence Mr. Johun Dale attempted to convert the latter into
the former, or into some similar substance. By the action of
sulphuric acid and potassium nitrate, he obtained a liquid possess-
ing a smell resemibling that of bitter-almond oil, the properties of
which he did not further investigate2 This was, however, done
in 1842 by Mr. John Leigh, whoexhibited considerable quantities
of benzene, nitrobenzene, and dinitrobenzene to the chemical sec-
tion of the British Association meeting that year in Manchester.
His communication is, however, so printed in the Report, that it

v Ann, Chim. Phys. [8], lvi. 59. T Ann. Chem. Pharn. Iv. 200,
3 Private communication.

VOL. 111.—PART III. ¥
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is not possible from the description to identify the bodies in
question.!

952 Coal-tar is obtained, ag is well known, together with am-
monia-liquor in the manufacture of coal-gas. The same products
are also produced in the coking process, now usually carried on
in ovens connected with vessels in which the aqueous distillate
and the tar are collected. It is interesting to learn that these
products were collected even before the manufacture of gos
became known. Thus De Gensanne describes coke ovens con-
nected with the ironworks at Sulzbach, near Saarbriicken, about
1764,in connection with which wasan arrangement for collecting
the volatile products “les huiles et le bitume” The oil thus
obtained resembled distilled petroleum, had a strong bituminous
odour, and burnt with a smoky flame ; the miners and peasauts
in the neighbourhood used it for their lamps

These are probably the same ovens which Goethe, in 1771,
saw in the neighbouthood of the burning hill near Dutweiley, a
villege near Sulzbach? Here he met old Stauf, a coal philosopher
—= philosophus per ignem,” os it was formerly called—*who
complained that the enterprise did not pay,” for as Goethe says,
they not only wanted to desulphurize the coal for the use in
iron-works, * but at the same time they wished to turn the oil
and resin to account; nay, they would not lose the soot, and
thus all failed together, on account of the many ends in view.”3

Large quantities of benzene were prepared in 1848, under
Hofmann's direction, by Mansfield, who proved that the naphths
in coal-tar contains homologues of benzenes, which may be
separated from it by fractional distillation.¢

On the 17th of February, 1856, Mansfield was occupied with
the distillation of tlus hydrocarbon, which he foresaw would find
further applications, for the Paris Exhibition, in a still, whose
construction is shown in Fig. 1. The liquid in the retort boiled
over and took fire, burning Mansfield so severely that he died
in a few days?

Sourees gf Benzene—Benzene 18 also found in the products of
distillation of wood and many organic bodies. It is likewise pro-

]

Sml:n;ggos cﬂxamnmcntmn. Brit. Assoc. Report, 1842, 39. See also Monileur

* Private communication of Dr, Gurlt to Waison Smith. The title of

Gensanne’s work is: Trailé de la fonde des Mines par le fow dw Chardou de Terre.
2 vols. Paris, 1170 ot 17i6.

: zlu:.; d[mmm Leben, * Wahlrheit and Dichtong.” Oxenford’s Translation,
VoI, t

¢ Quart. Journ, Chem, Soe. i, 244. 5 Ibid. viit. 110,
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duced when the vapours of its homologues and other aromatic
compounds are passed through a red-hot tube. Even the simplest
compounds of the fatty group, such as marsh gas, alcohd and
acetic acid, yield some benzene together with a variety of other
bodies when thus treated.!

Of special interest is its synthesis from acetylene, C,H,, dis-
covered by Berthelot. Ifthisgas be heated for some time at the
temperature at which glass begins to soften, it is converted into
a wixture of polymerides, amongst which benzene is present
in considerable quantity.? Marignac has showu that it is also
formed by the distillation of phthalic acid, C;HO,, with caustic

”

B w w i L(
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Fie. 1.

o

lime3 The reaction is quite similar to that by which it is formed
from benzoic acid :

C,H,.COH = CH, + CO,
CeH(COH), = CH, + 2CO,

Since that time, it has been observed that all benzenecarboxylic
acids, or acids which are derived from benzene by replacement of
hydrogen by carboxyl, are in this way converted into benzene.
Benzene also occurs, together with its homologues, in small
quantities in petroleum from Burmah (Rangoon tar),' in that

! Berthclot, Jahresh. 1851, 437, 504 ; 1868, 833.

2 Zbid. 1870, 1.

3 Aun, Chem. Pharm. xlii. 217.

* Warren de la Rue and H. Miiller, Roy. Soc. Proc. viil. 221.

F 2
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from QGalizia,! and in that from Canadian and Pennsylvanien
wells, (Schorlemmer.)

Manufacture—~Benzene is largely employed in the arts, espe-
cially in the manufacture of aniline. In preparing it, coal-tar,
or tar from certain coking processes, is distilled in large retorts
made of malleable iron. The usual English retort is shown in
Figs. & and 5, whilst those used in France and Germany are
represented in Figs. 2 and 3,

The vapours are cooled by passing through lead or copper
pipes, or by means of a system of iron pipes as shown in Fig. 6.

Fie. 2

In this process the following products are obtained, com-
bustible gases being evolved at the commencement of the
distillation

The first runnings amount to about 2 to 4 per cent. of the
tar, and consist of carbon disulphide, paraffins, olefines, benzene
and other hydrocarbons, acetonitril,ethyl alcohol && At the same
time ammonia-water comes over, and for this reason the dis-
tillate separates into two layers. When a thermometer is used

' Fround, Aan. Chem. Pharm. exv. 19.
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in working, the receiver is changed when the temperature rises
to about 110°.

The next product is termed light oil or crude naphtha. As
goon &8 the water is removed, the peculisr hissing noise ceases,
and the light oil (which swims on water) now comes over, and

amounts to about 7 to 8 per cent. of the tar, the temperature
rising to about 210°. In some works the light oil is collected
below 170°,and that coming over between 170° and 230° is called
middle oil.

H '
AW I SN S | L ) L 1 2

Fig, 6.

Between 210° and 400°keavy or dead oi! comes over, which
ginks in water. This is also frequently collected in two portions,
that which comes over below 270° being known as creasole 0il,
whilst the higher boiling portion is termed anthracene oil. The
further treatment of these oils, as well as that of pitch, will be
referred to bereafter.
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953 Benzene mixed with other hydrocarbons is obtained from
the first runnings by fractional distillation, The light oil, however,

Fie. 7.

is the chief source of crude benzene. Tl}is oll contains a small
quantity of paraffins, olefines, benzene and its homologues, phenol,
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cresol, naphthalene and bases. It is first rectified once or several
times in light oil stills, which are similar in structure to the tar
stills, but usually smaller. The portion boiling between 80° and
150°, together with that fraction of the first runnings which
boils above 80°, and the portion of the creasote oils which, on
rectification, boils below 150°, are then worked up for benzenc
and its homologues. The first boiling portions of the light oils
are frequently collected separately and brought into commerce
as crude naphtha, being employed for carburetting gas, and as
a solvent.

The rectified light oils are then treated with 5 per cent. of
concentrated sulphuric acid, for the purpose of freeing them from
bases, olefines and other hydrocarbons; well washed with water
and thoroughly agitated with caustic soda, which dissolves phenol
and its homologues.

In 1860, E. Kopp suggested the employment of an apparatus
used in the rectification of alcohol for the purpose of fractionating
the neutral oils thus obtained, and this suggestion was first carried
out on the large scale by Coupier at Poissy, near Paris, in 1863,

The apparatus he employed, IFig. 7, consists of a boiler heated
by steam and a column that serves as a dephlegmator, in
which a partial separation takes place. The vapours which do
not here liquefy pass into a series of condensers surrounded by a
solution of calcium chloride, which for the purpose of obtaining
benzene is heated to a temperature of 80°,

When this has all distilled over, the bath of calcium chloride is
heated to 110°, when toluene passes over. To obtain the mixture
of the xylenes, a paraffin bathisemployed heated by high pressure

steam to a temperature of 140°, Coupier obtained the following
results with this apparatus:

100 Litres of light oil boiling between 80° and 150° gave - —

B,P,
6 litres of crude benzene . . . . 62°to 80°

44, benzene , . . ., ., . 80°, 82

6 " intermediate product. . 82°, 110°
17 ” toluene . . . , . . .110°, 112
5 . intermediate . . . , .112°, 187
9 " xylenes . . . . . ., 187°, 140°
3, intermediate . . . . ., 140°, 148
8to 9 " trimethylbenzenes . . . 148°, 150°!

! These, howevor, boil from 163° to 166°,
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In larger works the hydrocarbons are separated by means of
large copper column apparatus (similar to those employed in the
rectification of spirits). Fig. 8 shows one employed by Savalle, in
Paris, a, vertical section beingshown in Fig.9. The condensation
of the vapours is effected by a current of air, the strength of
which can be regulated,

The benzene boiling from 80° to 82° is pure enough for the
preparation of pure aniline, It always, however, contains o small

Fia, 0.

quantity of paraffins and other non-saturated hydrocarbons. In
order to purify it Mansfield’s process is employed. This consists
in crystellizing the crude benzene in a freezing mixture, when the
impurities remain liquid and can be separated from the pure
solidified benzene. A simple apparatus for this purification has
been described by Hofmann!

Chemically pure benzene, obtained from benzoic acid, does not
colour sulphuric acid brown, though that obtained from coal-tar

3 Ber. Doulsch, Chem, Ges. iv, 162,
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does 8o even after crystallization. This latter product exhibiis a
very characteristic reaction. If one grain of isatine, C;H,NO,,
be dissolved in concentrated sulphuric acid, and benzene added,
the liquid after a short time becomes of a fine blue colour;
if, however, the benzene be previously shaken with sulphuric
acid, until it is no longer coloured brown, or if the benzene
obtained from benzoic acid be used, the isatine reaction is not
given.!

The body which produces this resction is thiophene, CH,S, a
liquid possessing & most remarkable similarity to benzene.

Mention has already been made of this substance, Vol, 111,
Part II, p. 631.

954 Propertics—Benzene is a colourless, mobile,strongly refract-
ing liquid, possessing a peculiar smell, boiling at 80>5, and solidi-
fying, when cooled, to thombic crystals which melt at4™5. Itis
easily inflammable, burning with a luminous and smoky flame,
Like other hydrocarbons, it is very slightly soluble in water, but
dissolves in alcohol, ether, chloroform, &c. On the other hand,
it serves as an excellent solvent for iodine, sulphur, phosphorus,
fats, resins, various alkaloids,and many other organic compounds.
Its specific gravity at 0°is 0900 and at 15° is 0°885.

Benzene taken internally is found in the urine, as a salt of
phenylsulphonic acid. If the vapour of about 10 grammes be in-
haled, dizziness and sickness, as well asa tendency to sleep, oceur,
In doses from 40 to 50 grammes it produces a similar action
to chloroform, accompanied by profuse perspiration; the same
quantity given to cats acts fatally, with epileptic seizures.
In works in which the fat is extracted from woollen fibre by
benzene, the vapours of this substance produce intoxication
amongst the workmen, who also suffer from a peculiar Irritation
and dryness of the skin, due, according to Perrin, to the solution
of its fatty constituents?

When the induction spark is passed through benzene a solid
substance is formed, together with carbon, whilst & mixture of 42
to 43 per cent. of acetylene, and 57 to 58 per cent. of hydrogen,
is given off3

If benzene be oxidized with manganese dioxide and sulphuric
acid various products are formed, amongst which are formic,

3 V. Meyer, Ber, Deulseh. Chem. Qes. xvi. 1465, 2179, 2968.

2 Grand |omme. Dw Farbwerke von Meister, Lucius umt Briining in senilirer
wnd socialer Bevichun

3 Destrem, C'mnpt. Ilcud. xcix. 138,
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benzoic, and phthalic acids! If formic acid be added to the
above oxidizing mixture a larger proportion of benzoic acid is
formed, from which Carius concluded that it is produced by a
simultaneons oxidation of benzene and formic acid.

C,H, + CHO.OH + O = CJH,CO.0H + H,.

It appears, however, more probable that & part of the benzene
is oxidized to diphenyl, C,H,C;H,, and that this on further
oxidation yields benzoic acid, whilst phthalic acid, C,H,(CO.0H),,
is formed from diphenylbenzene, C;H,(C;H,),, which is probably
formed at the same time as the diphenyl.

Benzene, when brought into contact with a glowing spiral of
platinum wire, in presence of air, is oxidized to benzaldehyde and
benzoic acid.?

By the action of potassium chlorate and sulphuric acid
on benzene, Carius obtained a peculiar acid, which le con-
sidered to be a chlorine substitution produet of an acid
homologous with malic acid, and to which he gave the name
of trichlorophenomalic acid, C,H,CLO,; He believed it to be
produced according to the following equation

At the samc time he obtained chlorobenzene, oxalic acid,
chlorinated quinols, and quinones, amongst which was dichloro-
quinone, C;H,CLO,, and other bodies.

By heating trichlorophenomelic acid with beryta water,
phenaconic acid, C;H ;O a substance isomeric with aconitic acid,
wag preduced :

CH,CLO; + H,0 = CHO, + SHCL

When, however, this body was heated with hydriodic acid it
was completely converted into succinic acid, whilst by the action
of bromine two isomeric dibromosunccinic acids were formed.
These, ns well as the succinic acid, must be produced from
phenaconic acid by * polymeric rearrangements.” On warming
o mixture of the two dibromosuccinic acids with baryta watey
Carius obtained racemic acid and bromomaleie acid.

A short time ofter this Carius concluded, from some experi-
metts made on the acid potassium salt of fumaric acid, that it
was clear that phenacouic acid is identical with fummic acid.
Hence phenaconic acid disappeared fromn the list of clemical

v Anw. Chem. Pharm. cxlviii. 50.
2 Caquill, Compt. Rend. lxxx. 1089,
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compounds; trichlorophenomalic acid remained, however, as a
mysterious body, and its decomposition into hydrochloric acid
and fumaric acid was unexplained.

In 1877 Krafft repeated Carius’ experimnents, and found in
the product of the reaction a large quantity of trichloroquinone,
C,HCLO,, and trichlorohydroquinone, CH;CL,0,, which latter
substance he considered to be identical with trichlovophenomalic
acid. This compound then disappeared from chemieal literature,
the fact being overlooked that Krafft had only proved the
formation of trichloroquinone and trichlorohydrogquinone. The
identity of this latter substance with Cariug’ acid had not been
shown, and he did not try the ouly decisive experiment, ie. to
convert trichlorophenomalic acid into fumaric acid.

The investigation of trichlorophenomalic acid was next taken
up by Kekuld and Strecker. In the introduction to their
memoir they say: “ To express shortly the results of our critical
studies, we may state that it is nothing but & comedy of
errors. Trichlorophenomalic acid is not formed according to the
equation given by Carius, neither has it the formula which
Carius ascribed to it; on the other hand, it is not, as Krafft
believed, identical with trichlorohydroquinone. Itdoes not yield
hydrochloric acid or fumaric acid when decomposed by alkalis,
but, notwithstanding, Carius’ phenaconic acid is identical with
fumaric acid.”

It has already been stated that trichlorophenomalic acid
proved to be B-trichloracetylacrylic acd, C.H,CL0, which is
soluble with difficulty in cold, but more readily in hot water,
and erystallizes in small glistening scales, which possess a
pleasant smell, and 1uelt from 131° to 132°,

On warming with baryta water it decomposes into chloroform
and maleic acid, C H,0,,and it unites with bromine to form tri-
chloracetyldibromopropionic acid, C;H CLBr, Oy, which on heating
with lime-water splits up into chloroform and inactive tartaric
acid. Carius’ statenients can now be simply explainecd. In his
first experiments part of the maleic acid was converted into
fumaric acid; by the action of bromine on this niixture he ob-
tained dibromosuccinic acid together with isodibromosuccinic
acid, the former of which yielded inactive tartaric acid, then
believed to be racemic acid. In his later experiments the
conversion of the maleic acid was complete, and his pure
phenaconic acid consisted cntirely of fumaric acid.!

v Lichig's Ana. cexxiii. 170 (where also the complete literatnre will be found).



78 AROMATIC COMPOUNDS.

If boiling benzene be saturated with picric acid (trini-
trophenol), the compound, CgH, + CgH,(NO,),OH, separates
out on cooling in bright yellow crystals, which give off benzene
on exposure to air (Fritzsche),

If antimony chloride be dissolved in hot benzene, transparent
monoclinic tables of the compound, (CgH ), (SbCl;),, separate out
on cooling, which deliquesce on exposure to air.?

When a current of hydrochloric acid is passed into a mixture
of benzene and aluminium chloride, a compound, 6C,H,+ Al,Cl,,
18 obtained as & thick orange-coloured liquid, which crystallizes
at —35° and is decomposed by water into its constituents,
Aluminium bromide forms a similar compound.3

When benzene is heated with potassium from 230° to 250°,
a bluish-black crystalline body is formed without any hydrogen
being evolved ; on exposure to air this substance spontaneously
ignites with explosive violence. If this body be covered with
benzene, and water slowly added, diphenylbenzene, C;H (C,H),,
is formed together with a small quantity of diphenyl, (C;H,),,
and of a hydrocarbon, Cj H,,, which is a thick liquid smelling
like aniseed and boiling at 222°, From this it would appear that
the above blue body is a mixture of monopotassium benzene,
C,H K, dipotassium benzene, C;H K, and potassium hydrogenide,
K H, (Vol. IL Part I p. 61) 3,

ADDITIVE PRODUCTS OF BENZENE.

955 Benzene hexhydride, or Hexhydrobenzene, CgH),, was first
obtained by Berthelot, and believed by him to be hexane, It is
formed when benzene is heated with a large excess of aqueous
hydriodie acid, saturated at 0° fcr five hours, to 280°. It forms a
constituent of Caucasian petrolenm,* and is a liquid boiling at 69°,
and having a specific gravity 076 at 0°°

Benzene hexchloride, CHCl,, was first prepared by Mitscher-
lich,® Peligot,” and Laurent,? by exposing benzene in large flasks

! Smith and Davis, Journ. Chem, Soc, 1882, i, 412

! Gnstavson, Ber. Dewtsch. Chem. Ges, xi. 2151.

3 Abeljanz, b, ix. 10,

¢ Beilstein and Kurbatow, b, xiii. 1818.

5 Wreden and Znatowicz, Ann. Chem, Pharm. clxxxvii. 163,

S Pogg. Ann. xxxv. 370, 7 Amw, Chim, Phye. (2], Ivi. 66.
8 Ann. Chem, Pharm. xxiii. 68,
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filled ‘with chlorine to the action of sunlight. It is also obtained
when chlorine is passed into boiling benzene.'

According to Hugo Miiller, benzene dichloride, C;H,Cl,, 2nd
benzene tetrachloride, C;H¢Cl,, bodies which have not been more
closely examined, together with substitution products, are first
formed2 Additive products are also formed when hydrochloric
acid and potassium bichromate act upon benzenes

In order to prepare benzene hexchloride, chlorine is allowed
to act in the sunlight on the surfoce of benzene contained in
large flasks* The crystalline mass thus formed is then re-
crystallized from hot benzene. It forms large monoclinic prisms
melting at 157° and boiling, with liberation of hydrochloric acid,
at 288°; alcoholic potash decomposes it completely into hydro-
chloric acid and asymmetrical trichlorobenzene. Fuming nitrie
acid does not attack it even on warming, whilst zinc reduces it
in alcoholic solution to benzene.’

On passing chlorine into boiling benzene in the sunlight an
isomeric benzene hexchloride is formed, which erystallizes in
regular octahedra and tetrahedra, ete. This body melts at 300°
and volatilizes about the same temperature; it is only slowly
attacked by boiling alcoholic potash, and is unzltered by & boiling
alcoholic solution of potassium cyanide, by which reaction it can
be separated from the ordinary hexchloride, as this is at once
converted into trichlorobenzene.®

According to Schiipphaus, Meunier’s compound, which
Hiibner previously observed, is perhaps diphenyl dodecachloride,
CH(Cly

Benzeme hexbromide, C;H,Br,, was obtained by Mitscherlich by
the action of bromine on benzeneinsunlight® It separates from
its ethereal solution in microscopic, opaque, rhombic prisms
(Lassaigne), and is decomposed by alcoholic potash into
tribromobenzene and hydrobromic acid.

Benzene trichlorokydrin, CgHCL(OH),, is formed when benzene
is brought into contact with aqueous hypochlorous acid. It is
difficultly soluble in water, but readily in ether, and erystallizes

! Losimple, Ann. Chem. Pharm. cxxxvii. 123 ; Heys, Zeoilsel. C’Iw.m. 1871,
293

2 Jahresh. 1862, 414.

3 Jungfieisch, . 1868, 355.

4 and Everhart, Jouru. Americ. Chawn. ii. 205,
5 Zinin, Zeilsch. Chem. 1871, 284 : ii. 205.

6 Mennier, Compt, Rend. xeviii. 436.

1 Ber. Deutsch, Chem. Ges. xvii. 2236,

8 Ann, Chem. Pharm, xvi. 173.
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in fine scales which melt at 10%, and are volatile without decom-
position, Very dilute alkalis decompose it with formation of
various products, among which phenose, C;H,,0,a body isomeric
with glucose, i8 found. This is an amorphous, hygroscopic mass,
which possesses a sweetish taste and reduces an alkaline copper
solution. Concentrated hydriodic acid is said to convert it into
secondary hexyl iodide on heating.

CHLORINE SUBSTITUTION PRODUCTS OF
BENZENE,

956 It has already been stated that hy the action of chlorine
on benzene a mixture of additive and substitution products is
obtained. When iodine is added, a smooth and regular substitu-
tion takes place in consequence of & continuous decomposition
and reformation of iodine chloride. Still more energetic is the
action of antimony chloride, which is, therefore, used in the
preparation of higher chlorinated derivatives.?

By this direct substitution all the theoretically possible com-
pounds are not formed. Monochlorobenzene which is first formed
is chiefly converted into paradichlorobenzene, some orthodichloro-
benzene being produced at the same time. On further chlorina-
tion both yield asymmetrical trichlorobenzene, and this again
yields symmetrical tetrachlorobenzene,in which the two hydrogen
atoms ave in the para-position. This is then further converted
insto pentachlorobenzene and hexchlorobenzene.

Monochlorobenzene is also formed by the action of pentachloride
of phosphorus on phenol, as well as when the amido-group of
aniline is replaced by chlorive, by means of the diazo-reaction. In
the same way other chlorobenzenes are obtained from chlorine
substitution products of aniline and phenol.

Monechiorobenzene, CH,Cl, was obtained by Laurent and
Gerhardt by the action of phosphorus chloride on phenol
(phenyl aleohol) and called chloride of phenyl (chlorure de
phényle).®

The product thus obtained, however, was a mixture of chloro-
benzene with phenyl orthophosphate and probably also the

1 Qarius, Ann. Chem, Pharm. cxxxvi. 323 ; exl. $22.
2 Hugo Muller, Journ. Chem, Soe. xv. 41.

¥ Ann, Chem. Pharm. Ixxv. 79.
* Scrugham, Chens. Sue. Jowrn. vii. 237,
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chlorides of monophenyl- and diphenyl-phosphoric acid ;! this
explains the statements of the above chemists that chloride
of phenyl when treated with alkalis is again converted into
phenyl alcohol.

In order to prepare chlorobenzene, rather less than the theo-
retical amount of chloring is passed into a solution of one part of
lodine in four parts of benzene, and the product washed with
caustic soda, and purified by fractional distillation.?

It is also formed when benzene is heated with sulphuryl
chleride to 150°3

CH; + SO,Cl, = CHLCI 4+ HCl + 80,
Monochlorobenzene is a pleasant smelling liquid, which boils at
132°, and has a specific gravity of 1112387 at 0°4 It solidifies to
a crystalline mass, melting at — 40°.

Concentrated nitric acid converts it into a mixture of solid
parachloronitrobenzene and liquid orthochloronitrobenzene.

957. Monochlorobenzene hexchloride, CH,CL, is formed when
diphenyl sulphone, (C;H,),S0,, is treated with chlorine in the
sun-light. It crystallizes from liot alcohol in small quadratic
prising which melt at 255°to 237°.5

Paradichlorobenzene, CH,Cl, was obtained by H. Miiller by
passing chlorine into a solution of iodine in benzene until a
sample of the product sank rapidly in water ; it was then washed
with caustic soda, any benzene and monochlorobenzene still
present removed by distillation, and the portion boiling above
160° cooled to 0°. The compound crystallized out, and was
purified, after removing the mother liguor, by re-crystallization
from alcohol. Paradichlorobenzene is also readily obtained when
the requisite quantity of chlorine is passed into benzene, to which
1 per cent. of molybdenum chloride has been added® It is also
formed, with other products, by the action of phosphorus
pentachloride on parachlorophenol’ and paraplienolsulphonic
acid, C,H,(OH)SO,H.2

Paradichlorobenzene crystallizes in monoclinic plates, which
possesg & pleasant sweet smell, and sublime in closed vessels, af
the ordinary temperature, in large, four-sided tables. It melts at

! Jacobsen, Ber. Deutsch. Chem, Ges, viii, 1519,
2 Hngo Miller, thl&ck C'hcm 1864, 65.

3 Dngols, bid. 1866, 70

‘ Adriconz, Ber. Dculsclx Chem, Ges. vi. 441,

5 Otto, Aun, Chem. Pharm. cxi. 161,

6 Aronheim, Ber. Dewtsch, Cheni. Ges. viti. 1400,

7 Beilstein and Knrbatow, Aun. C’Ilcm Pherm, clxxvi, 49,
8 Rekulé, Ber, Devdsch. Chem, Ges. vi. 944,

VOL. IIL—PART IIL G
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56'4° and boils at 1732°1 It is converted by fuming nitric
acid into paradichloronitrobenzene, melting at 54-5°.

Orthodichlorobenzene, CHCL,, was first prepared by Beilstein
and Kwbatow by the action of phosphorus pentachloride on
orthochlorophenol? They also found it in the mother liquor
obtained in the preparation of paradichlorebenzene by Miiller's
method, In order to prepare it from this, the liquid is heated for
two days with fuming sulplwic acid to 210°, when orthe-
dichlorobenzenesulphonic acid is formed, any paradichloro-
benzene still present not being acted upon. The sulphonic acid,
which is obtained in the pure state from the barium salt, yields
pure orthodichlorobenzene® on dry distillation. It is a lquid
boiling at 179° and not solidifying at—14°. Fuming nitric
acid converts it into the dichloronitrobenzene which melts
at 48",

Metadichlorobenzene, CH,Cl,, was obtained by Kémer, by
converting metanitraniline into the diazo-chloride and fusing its
platinam chloride with soda, He thus obtained metachloro-
nitrobenzene, which he reduced to metachloraniline, in which he
then replaced the amido-group by chlorine. It is also formed
when the corresponding dichloraniline is covered with absolute
alcohol, nitrogen trioxide passed in, and the solution, after
saturation, heated to boiling. It is a liquid boiling at 172°, and
having & specific gravity of 1-807 at 0°. On nitration it yields
a dichloronitrobenzene melting at 33°, which on reduction is
converted into the original dichloraniline.¢

Dichlorobenzene hexchloride, CHClg, was obtained by Jung-
fleisch, by the action of chlorine on benzene in the sunlight. It

crystallizes from chloroform in oblique rhombic prisms which do
not melt at 250°°

Trichlovobenzenes, CHCL,
Meltiug-  Boiling.
point. point.
¢ Symmetrical (1.3.5) long needles 634"  2085°
" Asymmetrical (1.2.4) rthombic crystals  160°  2130°
¢ Adjacent (1.2.3) large ta.bles 53-54° 218-219°

! Kérner, Jahresh. 1875, $18. 8 Ann. Chewm. Pharm. clxxvi. 42.
& Ibid. cixxxn 94 ¢ Ihd, clxxxii. 97.
& Jungfleisch, Zeitsch. Chem. 1868
o Jn eisch, Atm. C'Ium. Phys, f4], xv, 186 ; Beilstein and Kurbatow, Ann,
arm. oxcii, 2
7 Mltschcrheh Anu. C'Iwm Pharm. xvi. 172; Otto, thid. elxi. 105 ; Jnng.
fleisch, loc. eit. ; "Boilstein and Rurbatow. 8 Beilstein and I\nrhnt.nw
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Tetrachlorobenzences, C.H,Cl,.
Melting: Boiling:

point.  point.
! Symmetrical (1.2.4.5) monoclinic crystals 137-138° 243.246°
? Asymmetrical $1.3.4«.5) needles 50-531° 246°
3 Adjacent 1.2.3.4) necedles 45-46° 254°

Pentachlorobenzene, CHCI,, crystallizes from hot aleohol in fine
needles, melting at 83° to 86°, and boiling at 275° to 276°4

958 Heacllorobenzene, C4Cly, was obtained by Hugo Miiller as
a final product of the action of chlorine on benzene in presence
of iodine, or better, of antimony pentachloride. He expressed
the opinion that it was identical with the compound already
known under the name of Julin's chloride of carbon, which
was prepared in a very peculisr way. Julin manufactured
nitric acid in Abo, in Finland, by heating crude saltpetre in
cast-ivon retorts with calcined green vitriol, obtained from
the drainage water of the mines of Fohlun, in Sweden. He
thus obtained a body of which he sent a small sample to
Richard Phillips, editor of the Annals of Philosophy, stating
that it was a similar substance to the perchloride of carbon
discovered by Faraday.®

Faraday and Phillips investigated the componnd more
accurately, but, owing to the small quantity they possessed,
they were unable to come to any satisfactory conclusion re-
specting its composition. They noticed, however, that it
possessed such peculiar properties that they came to the
conclusion that it probably contained a new modification of
carbon, or perhaps some analogous element’ Julin gave them
a larger quantity after his return from the Continent, and they
then found that the body was a chloride of carbon, whose vapour
on being passed through a red-hot tube, filled with small pieces
of rock crystal, is decomposed into its elements. Analysis showed
that the formula was C,Cl,(C=6), but they gave the compound
no name’ (melin described it as dichloride of carbon; ac.
cording to him the carbon needed for its formation was probably

' Jungfleisch ; Beilstein and Knrbatow.

2 Otto ; Jungfleisch; Beilstein aml Knrbatow.

5 Beilstein ant Kurbatow.

4 Jungfleisch: Otto and Qatrop, Ann. Chem, Pharm. oxli. 93; cliv, 182;
Beilstein and Knhlberg, ¢bid. chii. 2473 I.adenbur}, £bid. clxxit. 344,

% Anu. Phil. xvii. 216, Ibid. 21

Y Phil, Trans. 1821, 392.

6 2
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derived from the cast iron, and the chlorine from the crude salt-
petre.!

Regnault obtained this compound by passing the vapour of
chloroform, or of tetrachlorethylene, through a red-hot tube filled
with pieces of porcelain,? and Bassett showed that it is hex.
chlorobenzene.®

It is also formed when acetylenetetrachloride, C,H,Cl,, is heated
for 100 hours to 360°* as well asby the prolonged chlorination
of methylbenzene and of dimethylbenzene in presence of antimony
chloride’ Tt is likewise formed when several benzene derivatives
are heated with iodine chloride to 350°, Several aromatic hydro-
carbons, and oil of turpentine, C,,H,,, also yield it by exhaustive
chlorination, together with tetrachloromethane, or hexcliloro-
niethane.®

If secondary hexyl iodide be heated with excess of iodine
chloride for a long time to 240°, hexchlorobenzene, together with
tetrachloromethane, is formed.”

Hexchlorobenzene is insoluble in cold, slightly soluble in hot
aleohol, but readily in benzene. From a mixture of the two it
crystallizes in long thin prisms,and from carbon disulphide in
rhombic prisms. It melts at 226° and boils at 326° and is
not attacked cither by boiling concentrated acids or by alkalis,

BROMINE SUBSTITUTION PRODUCTS OF
BENZENE.

059 Bromine acts on benzene in & similar mauner to chlorine,
but more slowly; the presence of iodine quickens the reaction.
Monobromobenzene, CH,Br, was first obtained by Couper by the
prolonged action of bromine on benzene in diffused daylight.
Riche obtained it from phenol and phosphorus pentachloride,?
and Griess by the decomposition of diazobenzene perbromide.l?
It is produced when a mixture of equal molecular weights of
bromine and benzene are allowed to act upon one another for a
week ; the product is then washed with caustic potash, and

? Gmelin, Handbook, viii. 160, 2 Anu. Chem. Pharwn. xxx. 850.

3 Journ. Chamn. Soc. [2], v. 443,

4 Berthelot and Jun{:ﬂemh, ibid. Snppl vii. 256.

% Beiisteln and Kublberg, i4id. cl. 308.

¢ Ruoff, Ber, Deutsch, Chem. Ges. ix. 1488,

7 Krafit, ibid. ix. 1085, 8 Ann. Chem. Pharm. civ. 295,
9 I%id, exxi. 359, 1 Ihid. exxxvii. §6,
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the unaltered benzene, and a small quantity of dibromobenzene,
removed by distillation.!

According to Michaelis it is best prepared by heating 2,500
grams of benzene, and 50 grams of iodine, in a bolthead
connected with an inverted condenser, and gradually adding
2,500 grams of bromine. As soon as no further evolution of
hydrobromic acid takes place on continued boiling, the excess
of benzene is distilled off, the residue washed with caustic soda,
and distilled in & current of steam. The dry distillate is finally
purified by fractionation.?

Monobromobenzene is & liquid boiling from 1548’ to 15557,
and having at 0° a specific gravity 1'51768.3

On nitration it yields chiefly paranitrobromobenzene, together
with a small quantity of orthonitrobromobenzene. If from threeto
four grams of bromobenzene be given toa large dog daily, several
different bodies make their appearance in the urine; amouyst
these are parabromophenylsulphuric acid, C,;H,BrSOH, and
bromophenylmereapturic acid, C,,H,,BriNSO;.  This latter sub-
stance crystallizes from liot water in long needles, decomposing on
boiling with caustic soda into parabromothioplenol, C;H BrSH,
ammonia, acetic acid, and other bodies as yet unexamined;*
according to Jaffé chlorobenzene acts on the animal economy in
a similar manner.

Paradibromobenzene, C;H,Br,, was discovered by Couper® It is
produced when one part of benzene and eight parts of bromine
are boiled for some days in an apparatus connected with an in-
verted condenser; the excess of bromine is removed by heating,
the residue washed with caustic soda, and cooled down, until para-
dibromobenzene crystallizes out. This is purified by pressing out
the mother liquor, and recrystallized from alcohol® It is also
formed by heating parabromophienol with phosphorus penta-
bromide,” and froni paradibromaniline by the diazo-reaction.®
It crystallizes in monoclinic tables or prisms melting at 89-8°
and boiling at 219°,

Orthodibromobenzene, C;H Br,, is formed in small quantities
during the preparation of the para-compound? but more

! Flttlg, Ann, Chem. Pharm. exxxii. 201, * Fittig, ébad. clxxxi. 280,
Adricens, Ber. Deulsch, Chem. Ges. vi. 443,

‘ Baumenn and Preusse, tbid. xii. 506 ; Jallé, ibid, 1092,

8 Ann. Chem. Pharmn. civ. %25,

 Riche and Bérard, 1bid. exxxiii, 51.

7 Mayer, ibid. exxxvil. 221

8 Griess, Jahresh. 1866, 454 ; Kirner, tha. 1875, 303,

? Riese, Ann. Chem. I’Imrm ’ clxiv, 176,
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readily from orthobromaniline.! It is a light mobile liquid
having at 0°a specific gravity 2:003, boiling at 224°, and on
cooling forming crystals melting at —1°.

Metedibromolenzene, CH Br,, was obtained by V. Meyer and
Stiiber, by heating an alcoholic solution of metadibromaniline
with ethyl nitrite.?

CeH,Br,NH, + C,H NO, =
CH,Br, + GH,O + N, + H,0.

It hssalso been prepared from metabromaniline.® It isa liquid
boiling at 2194°, not solidifying at — 26°, and at 186° having a
specific gravity of 1'955.

Tribromobenzencs, CoH,Br,.
Melting-point. Boiling-point.

¢ Symmetrical (1.3.5) needles 1196° 278°
5 Asdymmetrical (1.2.4) needles 440° 275—276°
¢ Adjacent (1.28) rhombic tables  87-4° —_

Tetrabromobenzenes, C,;H,Br,.
7 Symmetrical (1.2.4.5) long needles  137—140° —.
8 Asymmetrical (1.3.4.5) fine needles 985° 329°

% Adjacent (1.2.3.4) small needles 160° —

Pentobromobenzene, CsH Br, was obtained by Kekulé, together
with symmietrical tetrabromobenzene, by heating nitrobenzene
with bromine to 250°. It is also formed together with tri-
brom obenzenesulphonic acid, when symmetrical tribromobenzene
is heated, for from eight to fourteen days, with fuming sulphuric
acid t0100°1° It crystallizes in necdles, melting at 260°,

Heabromobenzens, CiBry, is formed by the action of bromine
chloride on benzene, phenol, azobenzene, and toluene at a
temperature of from 350°to 400°1! It is obtained from secondary
hexyl ivdide in this manner, together with carbon and tetra-
bromomethane, at a temperature of 200°12

! Korner, Jahresh. 1875, 508, * Aun. Chem. Pharm. clxv. 161,

3 Kérner, Wurster, id. clxxvi. 170

4 Xrner; Moyor and Stiiber, loe, cil.

® Mitscherlich ; Meyer ; Kotnor ; Griess; Wurster, Ber. Dewlsch. Chem. Qes,
vi. 1490 ; Wroblewsky, #bid. vii. 1060.

¢ Korner,

7 Richeand Bérard ; Kekuld, dnn. Chem. Pharnm. cxxxvii. 172.

8 Korner, $hid, 218; blayer, hid. 227 ; Wurster sud N6lting, Ber. Devtsch.
Chewn, Gex. vil. 1564,

? Halberstadt, ébid. xiv. 911.

1% Bisoman, Liehig's Ann. cxei. 208.
Y Qogser, Hor. Dovtseh, Chem. Qes. ix. 1505, 12 Wahl, #bid. ix. 1506,
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It isalso obtained when symmetrical tribromobenzene is boiled
with sulphuric acid, by which no sulphonic acid is formed, but a
portion of the tribromobenzene is decomposed with evelution of
carbon dioxide! It is most easily obtained when a few nilli-
grams of aluminium are added to bromine free from chlorine
and cooled by ice, two-thirds of the calculated amount of
benzene being gradually added. The reaction is completed in
a day?

It is almost insoluble in hot alcohol, and crystallizes from
toluene in long needles melting above 315°,

IODINE SUBSTITUTION PRODUCTS OF
BENZENE.

g60 Mowiodobenzenc, C'gH,I.—Serugham obtained this substance
by the action of iodine and phosphorus on phenol?3 and Kekulé,
by heating benzene with iodine, iodic acid and water from 200°
to 240°. The following resction takes place.

5C,H, + HIO, + 2I, = 5CH,I + 3H,O.

At the same time a part of the iodic acid acts as an oxidizing
agent, converting the benzene into water and carbon dioxide.!
Todobenzene is also formed when sodium benzoate is treated
with iodine chloride.?

C,H,CO,Na + IC1 = CH,I + NaCl + CO,

It is also formed, together with higher substitution prodncts,
by gradually adding iodine chloride to & mixture of aluminium
chloride and benzene® It is, however, best obtained by the
action of concentrated hydriodic acid on acid diazobenzenc
sulphate.’

It is a liquid which turns red on exposure to light, and boils
at 190°—190-5°. Sodium amalgam converts it, in an alcoholie
solution, into benzene, while by heating with caustic potash it
remains unchanged.

Paradi-iodobenzene, CgH,L,, is formed, with mon-iodobenzene, in

' Herzig, Monatsh. Chen. ii. 192,

3 Guatavson, Beilstein's Organ. Chem. 822

3 Ann, Chent. Pharm, xcii. 318, 3 Ibid. cxxxvil, 162,
5 Schiitzenberger, Jahresh. 1862, 251.

¢ Groene, Compt. Lcud. xe. 40.

7 Griess, dnn. Chem. Pharir. exsxvii. 76.
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the preparation of the latter, according to the methods of
Kekuld and Schiitzenberger.

It is also easily obtained from pars-iodaniline by the diazo-
reaction. It crystallizes in plates, melting at 129-4°, and boiling
at 283°

Orthodi-iodobenzene, C;H,I,, was obtained by Korner from
ortho-iodaniline: it erystallizes easily, and boils at a higher
temperature than its isomerides.?

Meladi-iodobenzene, CH,T,, can be obtained by means of the
diazo-reaction from meta-iodaniline ¥ and metadi-iodaniline.* It
erystallizes from a mixture of alcohol and ether in rhombic
tables, melting at 40'4°, and boiling at 284-7°,

Tri-todobenzene, CgH,I, probebly the asymmetrical modifica-
tion, was obtained by Kekulé by heating benzene with iodine
and iodic acid. It crystallizes in small needles which melt at
76°, and volatilize withont decomposition.

FLUORINE SUBSTITUTION PRODUCTS OF
BENZENE.

961 Monofluobenzene, CgH,F, has been obtained by means of
paramidobenzenesulphonic acid, which is converted by the
diazo-reaction into fluobenzenesulphonic acid, & body not known
in the free state,

Its potassium salt, when heated with concentrated hydrochloric
acid in a sealed tube, yields fluobenzene, a liquid smelling like
benzene, and boiling at 85° to 86°5

NITROSO-SUBSTITUTION PRODUCTS OF
BENZENE.

962 Nitrosobenzene, C;H.NO, has hitherto only been prepared
in solution, It is obtained when & solution of nitrosyl bromide,
NOBE, or nitrosyl chloride, NOCl,in benzene, is added to a solntion
of mercury phenyl, (C;H,),Hg. The compound SnCl, + NOC],

' Kekulé, Zeitseh. Chew. 1866, 688 ; Kuruer, Jakresh. 1875, 357,
% Korner, ihd. 818.

¥ Korner ; Rudolph, Ber. Deutsch. Chon. Ges. xi. 81.

4 Paternd and Oliveri, wid. xvii. ref. 109,

b Vaternd aud Ohverd, ibd. xi. ref. 109,
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which is easily obtained in large yellow crystals by passing the
vapours of aquaregia over stannic chloride, acts still better. On
distillation with stesm a beautiful green liquid is obtained,

smelling like mustard oil, which on treatment with tin and
hydrochloric acid yields aniline.!

NITRO-SUBSTITUTION PRODUCTS OF
BENZENE.

963 Nitrol enzcre, CHNO,, was first obtained by Mitscherlich
in 1834, by the action of faming nitric acid on benzene and termed
nitrobenzide.? In orderto prepare it in small quantities equal parts
of fuming nitric acid and benzene are gradually mixed, the vegsel
being kept cool ; the mixture is then poured into water, and the
heavy oil separating, washed first with water and then with
caustic soda, after which 1t is distilled with steam. It is
now prepared on the large scale, by a process which will be
subsequently described.

Nitrobenzene is & light-yellow, strongly refractive liquid,
haviag at 0°a specific gravity, 1-200. It has a peculiar smell,
similar to that of oil of bitter almonds, at the same time
reminding one of oil of cinnamon, and possesses a sweet and
burning taste. It boils at 210° and at a low temperature
golidifies in large needles, melting at 8°. In water it is scarcely
goluble, but it dissolves readily in alcohol, ether, benzene, and
concentrated nitric acid; and is itself an excellent solvent for
many orgenic substances, which are sparingly or not at all
soluble in the ordinary solvents,

Nitrobenzene is poisonous, especially when the vapour is
inhaled ; it produces a burning sensation in the mouth, nausea
and giddiness, also cyanosis of the lips and face, and in
serious cases, which frequently end fafally, symptoms of a
genersl depression, such as fright, coma, humming in the ears,
convulsions, and pallor, are observed, the breath and vomited
matter smelling of nitrobenzene? When introduced into the
animal organism, nitrobenzene is transformed into aniline, whilst

its homologues, such as paranitrotoluene, are oxidized to acids,
and are not poisonoust

' Baeyer, Ber, Deutsch. Chene. Ges. vii, 1638. 3 Pogg. Ann. xxxi. 625,

s Gmudhomme, Die Theerfabriken des Herren Meister Lucnn, med Briining it
santldrer und socinler Beziehunyg.

4 Jafi¢, Ber. Deulsch. Chem, G‘cs. vii. 1673,
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Nitrobenzene was first introduced into commerce by Collas
under the name of essence of mirban, or artificial bitter-almond
oil ; and Mansfield, in 1874, patented a process for its preparation
from coal-tar, It is now prepared on a very large scale and
employed for a variety of purposes,

Nitrobenzene is manufactured by allowing a well-cooled
mixture of fuming nitric acid, free from chlorine, and concentra-
ted sulphuric acid to flow into benzene, contained in cast-iron
vessels provided with agitators (Fig. 10); the mixture must be
kept cool. Towards the end of the reaction, however, the
temperature may rise to from 80° to 90°. When the reaction is
over the product i3 run into tanks; the acid mixture separates
as a layer at the bottom, whilst nitrobenzene, being insoluble
in the acid, goes to the top.

The acid layer is drawn off, and the nitric acid recovered,
Crude nitrobenzene contains more or less benzene which has
escaped the reaction. To remove the latter, the crude product is
treated with steam, when the benzene distils over with a small
quantity of nitrobenzene, and this mixture is used again for
the preparation of nitrobenzene. The residuial nitrobenzene is
washed with caustic soda and water, and if necessary purified
by distillation in high pressure steam.

Nitrobenzene is employed in perfumery, especially for scenting
toilet soaps, but is much more extensively used in the manu.
facture of pure aniline for the colours known as aniline blue and
aniline black, also in the manufacture of magenta by the recent
process,and for various other purposes to be hereafter mentioned.

The nitrobenzene prepared from pure benzene is used in
commerce under the name of light nelrobenzene, or nitrobenzene
Jor blue or black, The heavy nitrobenzene, or nitrobenzene for red,
is obtained in a similar way from a mixture of toluene and
benzene, containing abont 40 per cent. of the latter, and is
used for the preparation of magenta by the older processes.
Finally, very heavy nitrobenzene consists principally of paranitro-
toluene and orthonitrotoluene, from which the pure compounds
can be prepared by fractional distillation. This is likewise used
in the manufacture of colours.

We may here remark that the above technical termis are not
chosen with respect to the specific gravity of the different pro-
ducts, since that of the pure nitrobenzene is greater than that of

its homologues.!
¥ Schultz, Chemie des Kohlentheers, 350,
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964 Dinitrobenzene, CoH,(NO,),, was obtained by Deville by
boiling benzene with fuming nitric acid for a long time, and was
called by him binitrobenzide or “ nitrobenzinése,”! It was then
more accurately investigated by Hofmaun and Muspratt, who
prepared it by dissolving benzene in a mixture of equal parts of
fuming nitric and sulphurie acids, and then heating for a few
minutes? The product, however, containg in addition to meta.

dinitrobenzene, orthodinitrobenzene, and a small quantity of
paradinitrobenzene,

Fie. 10,

In order to prepare the crude product, benzene is run without
cooling into & mixture of concentrated nitric and sulphuric acids
and then boiled for a short time. It is ).urified by washing with

v Aun. Chim. Phys. {3), iii. 187.
2 Ann. Chem. Pharm. lvii. 214,

3 Rinno and Zincke, Ber. Dewbsch, Chem. Ges. vii. 869, 1372 ; Korner, Glazz,
Clim. Hal. iv. 305; Abstract Jowrn. Chem. Soc. 1876, 1. 204 ; Jakresh. 1815,
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water, pressing and crystallizing from alcohol, when the meta-
compound separates out fixst. After standing for some time
paradinitrobenzene crystallizes out from the mother liquor, and
may be purified by recrystallization from absolute alcohol, The
first mother liquor of the para-compound is freed from alcohol
by distillation, when some of the meta-compound separates out ;
the orthodinitrobenzene is then deposited and may be purified
by recrystallization from 25 per cent. acetic acid (Rinne and
Zincke),

Orthodinitrobenzene crystallizes from hot water or acetic acid
in needles, and from alcohol or chloroform in monoclinic tables,!
melting at 117°9°.  On boiling with caustic soda it is converted
into orthonitrophenol, C;H(NO,OH, and on heating with
alcoholic ammonia into orthonitraniline,? C;H,(NO,)NH,, whilst
its isomerides are not affected by this reagent.

Metadinitscbenzens is best obtained, according to Beilstein and
Kurbatow, by dissolving one volume of benzene in two volumes
of mitric acid of sp. gr. 1'52, and finishing the reaction by
heating. After cooling, 3'8 volumes of sulphuric acid are added,
The whole is then boiled up, snd after again cooling, precipitated
with water. The washed precipitate is purified by recrystalliza-
tion from alcohol. It crystallizes in long needles or thin rhombic
tables (Bodewig), melting at 899° (Korner). It is somewhas
more readily soluble in alcohol than its isomerides ; nevertheless
when these are present only in small quantity it separates out
first, It is‘used in the colour industry, and is prepared on the
large scale, in the apparatus used for the preparation of nitro-
benzene ; the usual method is to run a mixture of 100 kilos of
nitric acid of sp, gr. 1-38,and 156 kilos of concentrated sulphurie
acid into 100 kilos of benzene. After the completion of the
reaction the acids separate out, and can be again used for another
quantity of benzene. It is now gently warmed for some time,
and the product separated in the liquid state. It is then
vepeatedly washed with hot and cold water, and is not generally
further purified.

It dissolves in alcohol, and on addition of a few drops of caustic
potash to this solution, gives a magenta colouration, caused by
some adhering dinitrothiophen. This reaction is given by all
nitrobenzene prepared from benzene containing thiophen.®

! Bodewig, Pogg, Ann. clvili, 239,
2 Laubenheimer, Ber, Dewisch. Chem. Ges. ix, 1828; xi. 1155.
3V, Meyer and Stadler, Ber, Deutsch. Chem. Ges. xvii. 2778,
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Parodinitrobenzene forms monoclinic needles melting at 171°—
172° and subliming readily.

965 Symmetrical Trinitrobenzene, CH(NO)(2 : 4 : 6), is
obtained by heating two parts of metadinitrobenzene with six
parts of the most concentrated nitric acid, and fifteen parts of
pyrosulphnnc acid to 80°—120° It crystallizes from hot alcohol
in white silky plates, or fern-like needles; when the cold
gaturated solution is allowed to evaporate slowly, small rhombic
tables are obtained, melting at 121°—122°1

When oxidized with potassium ferricyanide in a weak alkaline
solution, it is converted into picric acid or symmetrical trinitro-
phenol, CH,(NOy),OH, which, as will be shown later, has the
following constitution :

OH
No,t/ \!‘NO.,
NS

NO,

Trinitrobenzene forms with benzene the compound C,H,(NO,), +
C.H,, crystallizing in hard shining prisms, quickly decomposing
on exposure to the air. With other hydrocarbons it forms
analogous compounds.®

Chloronilrebenzenes, C;H CINO,.
Melting-point. Boiling: point,
Ortho (®) needles , . . ., ., 32?%° 243°
Meta (4 rhombic crystals XS 2356°
Para  (5) rthombic plates . . . 83 242°

Bromuitrobenzenes, CH Br.NO,,.

}Ioltmg pomt Boiling-point.
Ortho (% lance-like crystals . . 431° 261°
Meta (7) light yellow plabes , 564 256'5°
Parn (%) needles . . , . . ,126—127° 255—256°

' Hepp, Lichig's Ann. coxv. 344, 3 Ibid. cexv. 375.

3 Engef ndt and Latschinow, Zeifseh, Chem. 1870, 229 ; Beilstein and Kur-
batow, Ann, Chem, Pharm. clexxii. 107,

4 Jbid, 1025 Griess, Jalresh, 1868, 457 ; Laubenheimer, Ber. Deutsch. Chevt.
Ges. vii. 1765 ; viii. 1622 ; ix. 764.

% Riche, Ann Chem. P}mrm cxxi. 857 ; Sokolow, Zeilsch. Chem. 1866, 621;
Beilstein and Kurbatow, loc. cil. 105.
¢ Hibner and Alsberg, Aun. Chem. Pharns. clvi, 316 Walker and Zincke,
Ber. Deulsch, Chem. Ges. v. 114 ; Fittig and Mayer, . vii. 1179; Komcr,
Jahresh. 1875, 302,

? Griess, ibid. 1863, 423 ; Warster and Grubenmann, Brr, Dewdsch. Chem. Ges.
vii. 416 ;-Korner, loe. cil. ; Fittig and Mayer, Ber. Dewlsch. Chem. Ges. viil. 364.

8 Conper, Auwn. Chent. lerm ¢iv. 225 ; Griess, loe. cit. ; Hibner and Alsberg,
loc. ¢it. ; Korner, loc. cil.
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Jodowitrobenzencs, C;H,INO,,
Melting-point. Boiling-point.

Ortho (1) yellow needles . . , 494 ~—
Meta (%) small monoclinic plates  36° —
Poara (hneedles , , . . .. 171'% —_

These disubstitution products, which are of great theoretical
interest, can be easily converted into the corresponding amido-
compounds, and these are transformed by means of the diazo-
reaction into many other bodies whose constitution has been thus
ascertained.

With regard to the fommtlon of these compounds it may
be remarked that by the action of concentrated nitric acid
on chlorobenzene and bromobenzene, the para-compound is ob-
tained, together with small quantities of the ortho-compound.
Metachloronitrobenzene, on the other hand, is formed when
nitrobenzene, containing iodinc or antimony chloride, is treated
with chlorine. They can also be obtained from the nitrophenols
by replacing the hydroxyl by chlorine or bromine, and, in a similar
way, from the nitranilines by the diazo.reaction.

By heating the ortho-compounds with caustic soda, the hialogen
is replaced by hydroxyl,and orthonitrophenol is obtained, wheteas
by heating with alcoholic ammonia, orthonitraniline is formed.
The para-compound is acted upon by the above reagents in an
exactly similar manner, but with greater difficulty, the meta-
compounds not being attacked by them (gs1).

BENZENE SULPHONIC ACIDS,

966 Monobenzencsulphonic aeid, CJH,.SO,OH. Mitscherlich
obtained this compound by the action of fuming sulphuric acid on
benzene, and called it benzinsulphuric acid. He states that, like
Faraday, he did not succeed when ordinary strong sulphuric acid 4
was used; but Freund has shown that on long standing in the
cold it may thus be obtained® It is more quickly prepared by
heating benzene with sulphuricacid® For this purpose a mixture
of equal volumes of sulphuric acid and benzene are allowed to

! Kmer, Juhresh, 1675, 803, 2 Grioss, Zeilsch. Chem. 1868, 218 ; Komer,
8 Kekulé, Ann. Chem. Pharm. exxxvii. 188 ; Griess,
¢ Pogg. Ann. xxxi. 983 and 634,
5 Ann, Chem. Pharm. cxx. 76. ¢ Stenhouss, Proc. Roy. Soc. xiv. 851.
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boil gently for from twenty to thirty hours in a flask connected
with an inverted condenser, when about 0'8 of the benzenc
passes into solution. Further leating does not increase the
yield! From the solution thus obtained the barium, lead, or
calcium salt is prepared and other benzenesulphonates or the
free acid obtained.

Monobenzenesulphonic acid crystallizes in small four-sided
tables, which deliquesce in damp air, and when dried over
sulphuric acid contain two molecules of water of crystallization.?
When its aqueous solution is distilled water passes over first,
and then decomposition sets in with formation of benzene,
phenyl sulphone, (C;H,),80,, sulphur dicxide, and carbonization
of the residue (Freund).

Bariwm benzencsulphonate, (C,H,.804),Ba + H,0, erystallizes in
pearly tablets which are slightly soluble in alcohol.

Copper benzenesulphonate, (CH 804 Cu+6H,0, forms large
light blue tables,

Ethyl benzencsulphonate, CgH 80,CH,, is formed by the
action of benzenesulphonyl chloride on sodium ethylate, and is a
peculiarly smelling, oily liquid, which on boiling with water
decomposes into alcohol and benzenesulphonic acid.3

Benzenesulphonic chloride, C;H,S0,C], is fornied by the action
of phosphorus pentachloride on benzenesulphonate,* and is an
oily liquid, which, on standing for & long time at 0°, solidifies to
large rhombic crystals® It is insoluble in water and is scarcely
affected by it.

Under diminished pressure it can be distilled without decom-
position ; at the ordinary pressure it boils, undergoing considerable
decomposition, at 246°—247° (Otto).

Benzenesilphonamide, CH 80, NH,, was obtained by Chancel
and Qerhardt by trituration of the chloride with ammonium
carbonate® It is also easily obtained by treating the chloride
with alcoholic ammonia. It is readily soluble in alcohol, slightly
in water, and crystellizes from the latter in thin rhombic
prisms, melting at 149° (Otto); with an ammoniacal solution of
silver it forms the compound C/H SO,.NHAg—a crystalline
precipitate (Gerhardt and Chiozza).

! Michael and Adair, Ber. Deulsch. Chem. Ges. x. 585

2 Hithner, Lickig's Ann., cexxiil. 235. .

3 Schiller and Otto, Ber. Dewtsch. Chem. Ges. ix. 1638 ; Hibner, loc. ¢it.
4 Gerhavdt and Chiozza, dun. Chem. Pharm. lxxxvii. 299.

8 Otto, ibid. exlv. 821,

¢ Ibid. Ixxxvii. 296 ; Jahresber, 1552, 434.
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967 Benzencdisulphonic acids, C;H (SOgH),. By heating benzo-
nitril with fuming sulphuric acid, Buckton and Hofmann obtained
an acid of this composition! consisting chiefly of the para.com-
pound:? It is also formed as chief product when the vapour of
benzene, heated to 240°, is passed into sulphuric acid.3 If benzene,
on the other hand, be heated with fuming sulphuric acid, the
meta-acid is chiefly formed, and this on heating more strongly
is partly converted into the para-compound. The isomerides
can be separated by converting the mixture into the potassium
salt, separating the crystals mechenically and purifying by
recrystallization.¢

Benzencparadisulphonic acid is a very hygroscopic crystalline
mass, Melting.point,

CeH,(S0K), + H,0 small thin plates ~ —
CeH,(S0,Cl), long needles 3r°
C,H,(SO,NH,), — 288°

By heating the potassium salt with potassium cyanide, the
nitrile of terephthalic acid, C;H,(COH), which is a para.
compound, is formed; whilst by fusing the salt with caustic
potash an intramolecular change takes place and metadihydroxy-
benzene or resorcinol, C,H (OH),, is formed.

Benzenemetadisulplionic acid is formed almost exclusively when
benzene is dissolved in an equal volume of fuming sulphuric
acid, another volume of the latter added, and the liguid strongly
heated in a retort with an upright neck for two to three hours,
till the vessel is filled with white vapours.s The free acid is & very
deliquescent crystalline mass containing 2} molecules of water.

Melting- point.
(®) C.H,(SO.K); + 14 H,0 needle.shaped oblique prisms —
H(SO,CD), lnrge prisms 63°

C.H,(SO,NIL), needles 229°

Benzene-orthodisulplonic acid is obtained from the corresponding
amidobenzenedisulphonic acid by the diazo-reaction. Its potas.
sium salt is readily soluble in water and crystallizes tolerably well.”

Melting-point.
CH,(SO,Cl), large 4-sided tables 105°
C.H,(80, NH,), needles 233°

v Ann, Chem. Pharm, e 157,

* Gartick, Zeitschr. Chew. 1869, 550 ; Fittig, Anu. Chem. Pharu. elxxiv. 123.
3 Egli, Ber, Deulsch, Chent. Gca. vii, 817.

4 Barth and Senhofer, ibid, viii. 1478 ; Komoraml Monsclise, ibid. ix. 583,

5 Heinzelmann, Ana. C'Iwm Pharn. clxxxviii. 157,

§ Reiche, ibid. eciii. 69, ? Drobes, Ber. Dewtsch. Chewe. Gles. ix. 552



BENZENE SULPHONIC ACIDS, 9i

Benzenetrisulphonic acid, CHy(SO;H); + 3H,0, is formed by
heating benzene with sulphuric acid and phosphorus pentoxide for
gome hours to 280°—290°, The freeacid crystallizes in flat, very
hygroscopic needles. The potassium salt, C;Hy(SO,K), + 3H,0,
forms oblique prisms.!

Diphengylsulphone, (C4H,),SO,, was obtained by Mitscherlich,
together with benzenesulphonic acid, by the action of fuming
sulphuric acid, or sulphur trioxide, on benzene, and termed by
him sulphobenzide.? Subsequently Stenhouse obtained it by
oxidizing diphenyl sulphide, (C;H,),S, and gave to it the name
of sulphobenzolene ;* Kekuld and Szuch then showed that this
body is identical with sulphobenzide? It is also formed in
small quantities by the dry distillation of ammonium benzene-
sulphonate® and in larger quantities by the action of sulphuryl
chloride, 8O,Cl,, on benzene It is insoluble in cold water, and
soluble only with difficulty in hot, and crystallizes from benzene
in large prisms melting at 128°—129° and sublimes easily. It is
attacked by aqueous or alcoholic solutions of the alkalis even in
the cold, and concentrated sulphuric acid dissolves it without
decomposition; on heating it forms benzenesulphonic acid.

Benzenesulphinic acid, CH.SO,H.—By the action of zinc ethyl
onl benzenesulphonyl chloride, Kalle expected to form the com.
pound, C;H,S0,C,H,, but instead of this he obtained the zine
salt of the above acid, which he called benzylsulphurous acid.?

2C0,H,S0,Cl + (C.Hy),Zn = (CH,S0,),Zn + 2C,H,CL.

It is also formed by the direct combination of sulphur dioxide
and benzene in the presence of aluminium chloride?®

It is more easily obtained by gradually adding zine-dust to a
well-cooled alcololic solution of benzenesulphonic chloride, and
then washing out the alcohol and zinc chloride from the thick
mass with cold water. The zinc salt is almost insoluble in cold
water, and i8 converted into the sodinm salt by the addition of
carbonate of soda, the benzenesulphinic acid being precipitated
from the concentrated solution by the addition of hydrochloric
acid®

It is goluble with difficulty in cold water and crystallizes from
hot water in stellated prisms, which melt at 68°—69° and are

1 Senhofer, Ann. Chem. Pharm. elxxiv. 243.

2 Pogg. Aun. xxxi. 625. 3 Row. Soc. Proc. 1885, xiv. 354,
4 Zeitschr, 1867, 193 and 300, 8 Freund, wbid. exx. 81,
¢ Knapp, ibid. 1869, 41, T dnn, Chem. Pharm, exix. 153,

8 Friedel and Crafts, Jakresh, 1878, 739.
® Qtto, Ber. Daelsch. Chem. Ges. ix. 1684.
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readily soluble in aleohol and ether. Oxidizing agents easily
convert it into benzenesulphonic acid, even the oxygen of the
air gradually transforming it. Phosphorus pentachloride converts
it into benzenesulphonic chloride.

C.H,SOH + PCl, = C,H,S0,Cl + HCl + PCl,,

By fusing with caustic potash it is decomposed, forming
benzene and potassium sulphite

Nitrobenzenesulphonic Acids, CoH,.(NO,).SO;H.

968 An acid of this composition was first obtained by Laurent
by treating benzenesulphonic acid with nitric acid,! and Schmitt
showed that it is also obtained 2 by warming nitrobenzene with
fuming sulphuric acid. This was supposed to be a single definite
compound until Limpricht pointed out that, while the chief
prodnct in both cases is the meta-acid, the other two isomerides
are formed at the same time. These may be roughly separ-
ated by mneans of their barium salts, but the separation is only
rendered complete by conversion into the amides, which are
decomposed by heating with hydrochloric acid to 150°%

According to Limpricht these compounds are prepared by
mixing 200 grms. of benzene with 300 grms. of fuming sul-
phuric acid, removing the undissolved benzene after two to
three hours, and adding to the solution nitric scid, of about
sp. gr. 1'5, drop by drop till the action ceases; water is then
added and the liquid poured off from the dinitrobenzene formed
at the same time. The solution is neutralized with milk of
lime, and concentrated, when the ecalcium salt of the meta-acid
crystallizes ont first. This is decomposed with potassium car-
bonate and the dry potassium salt ground up with phosphorus
pentachloride; the product is washed with water, which scarcely
attacks the nitrobenzenesulphonic chloride ; it is then dissolved
in etherand dried over calcium chloride. On evaporation the
chloride crystallizes out in large, shining prisms. By treating
these with strong ammonia the amide is obtained and this is
purified by recrystallization,

The last crystallizations of the calcium salt are worked up in
the same way, but the mixed chlorides are at once converted
into the amido-compounds which are separated by frequent
recrystallizations from hot water—the ortho-acid being the least

v Jakresh, 1850, 418. 3 dnn. Chem. Pharm. cxx. 163.
3 Iid. clxxvii. 60.
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goluble, the para-acid the most, and the solubility of the meta-acid
lying between that of the other two.

Of the free acids metanitrobenzenesulphonic acid is the only

one which has been prepared pure; it crystallizes in large, flat,

deliquescent tables, and it is not attacked when boiled with
fuming nitric acid.

The properties of the chlorides and amnides are given in the
following table :

Nitrobenzencsulphonyl chlorides, C;H(NOSO,.C

Melting-point.
Ortho. white prisms . . . . . 67°
Meta. 4-sided prisms . . . . 603°

Para. red oil

Nitrahenzenesulphonamides, CH (NOgSO, NH,

Ortho. finencedles, . . . . . 186°
Meta. needles or prisms . . . 161°
Para. fineneedles. . . . . . 131°

HYDROXYBENZENES AND ALLIED BODIES.

969 Phenol, CH,OH.—This compound was discovered by
Runge in 1834 in coal-tar, and called by him * Kohlenolsiure” or
carbolic acid.! Lauvent obtained it pure in 1841 and determined
its composition ; he gaye it the name of phenylhydrate (hydsate
de phényle) or phenic acid (acide phénique)? from dpaivew, to
emit light, probably because it was found as a by-product in the
oils from the manufacture of illuminating ges. Gerhardt named
it phenol in order to mark the fact that this body is & kind of
alcohol, whence it has also been termed phenyl alcohol. Phenol
was for a long time confounded with creosote, discovered by
Reichenbach in 1832, although Runge had already pointed out
that phenol is distinguished from wood creosote by having an
acid reaction and by the fact that, if used instead of creosote
for the preservation of meat, it imparts to it a strong and very
unpleasant taste. Later investigations have proved that wood
creosote is a mixture of different compounds and only contains
very small quantities of phenol. This latter isa product of the
dry distillation of many organic bodies, being found in largest

¥ Pogg. Ann. xxxi. 65; xxxii. 308. 2 dnn. Chim. Phys. (3], 195.
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quantities in the. tar obtained by the dry distillation of coal,
lignite, and peat.

Wohler found it in small quantities in castoreum,' sub
gtance secreted by the prisputial glands in the beaver, and Stédler
has indicated its presence in the urine of man, the horse, and the
cow? It occurs in urine as the potassium salt of the unstable
phenyl-sulphuric acid, and for this reason it can only be detected
by distillation with hydrochloric acid* Healthy urine from a
mixed diet contains 0°004 grm. of phenol per litre® but under
pathological conditions it may rise as high as 13575 grm.
(Salkowski). Phenol is also formed when albuminoid bodies are
allowed to putrify in presence of some water and pancreas®
and hence it is found in small quantities in excrements,”

According to Griffiths it also occeurs in the trunk, leaves, and
sap of the Scotch fir (Pinus sylvestris).®

When benzene and water are shaken up in the air with
palladium hydride (Vol. IL Part IL p. 425), & little phenol,
together with other products, is formed.? It is obtained in
larger quantities, together with oxslic acid, when water is ponred
on to phosphorus, some benzene added, and the whole exposed
to the action of sunlight. In both cases the oxidation is
effected by. hydrogen dioxide; which also oxidizes benzene
directly.)

C.H; + HO.OH = CH . OH 4 HOH.

Phenol is also readily formed when oxygen is passed into an
agitated mixture of benzene and aluminium chloride,!

Hofmann 12 and Hunt!® obtained it from aniline by treating a
hydrochloric acid solution with silvér nitrite, when diazo-
benzene chloride, which had been previously obtained by Griess,
is first formed.

Wurtz* and Kekulé!®* found that phenol may be easily
obtained by fusing benzenesulphonic acid with caustic potash;
caustic soda gives s smaller yield than potash, and the best

' dun. Chem, Pharm, Ixvii. 360, 3 Ibid. lxxvii. 18,
3 Banmany, Ber. Deutseh, Chem. Ges. ix. 55.
4 Salkowakl, dhid. ix. 1595, § Munk, bid. 1596.
8 Baumann, shid. x. 685 ; Odermatt, Journ. Prakt. (,Iwm 2], xviii. 249.
7 Prieger, ibid. {2}, xvii. 133, 8 Chems. News, xlix. 59.
N Hop -Seylor, Her. Doutsch. Chem, Ges. xif. 1551
thid. xiv. 975.
“ Friedol and Crafts, Bull. Soe. Chim. xxxi 463.
® dun. Chem, Pharm. 1xxv. 856. B Silliman, Amervc. Journ, 1849,

W dnn, Chewe. Pharm. cxliv. 121, 'S Lehrb. Org. Chem. iit. 13
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—an

proportions are six molecules of the latter to one molecule
of potassium benzenesulphonate. The excess of alkali assiats the
reaction and by dilution prevents the overheating of the melt.!

Berthelot obtained phenol from acetylene by dissolving in
fuming sulphuric acid and fusing the product with canstic
potash? Itis also formed in smaller quantities, together with
glycerin ether (Vol. IIL Part IL p. 851), and other products,
when glycerin is distilled with calcimn chloride®

-Phenol was first prepared abont forty years age in larger
quantities from coal-tar by Sell* in Offenbach, and Bronner
in Frankfort> Its manufacture in large quantities was com-
menced in England in 1861, by Messrs. Crace Calvert and
Charles Lowe, at Bradford, near Manchester. The latter dis-
covered in 1862 that phenol forms a hydrate with water which
crystallizesat a low temperature, a property which isnot possessed
by its homologues. This hydrate splits up on distillation into
water and pure phenol, and the latter compound was thus
first brought into commerce by Messrs. Charles Lowe and Co.,
Lowe's carbolic acid melting at & higher temperature and
boiling at & lower temperature than the ordinary commercial
product. At present pure phenol is prepared by many firms.

It was famerly obtained by distilling the portions of tar boiling
between 150°—230°, but it is now prepared from the portion
boiling between 150°—200°, or the so-called middle oil, which,
after the larger quantity of the naphthalene contained in the oil
has crystallized out, is treated with caustic soda, of sp. gr.1-34,
and the mixtnre well worked in a cylinder by means of au
agitator. After standing for some time, the lower layer is drawn
off from the upper, which consists of hydrocarbons, diluted with
water and allowed to stand in contact with air, when naphtha-
lene and tarry products separate. The aqueous solution is
fractionally precipitated by dilute sulphuric acid, tarry matters
separating out first, then the homologues of phenol, and, lastly,
phenol itself.

In other works the decomposition is completed in one
operation and the tar-acids separated by distillation, the portion
boiling between 175° to 200° being collected separately as the

! Degener, Jotern. Prakt. Chom. [2], xvii. 384.

* Compl, Rend, Ixviii. 539.

3 Ann. Chem. Pharm. Suppl. viii. 254.

4 Hofmann, Report London Bxhibilion, 1862.

5 C. Bronner propared ‘‘creosote as clear as water,” which was frequently
returned, beeanse it crystallized in winter, Lunge, Dist. Coal-Tar, &e.
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crude carbolic acid of commerce. By repeated fractional dis-
tillation, and by cooling the portions boiling between 180° to 190°,
crystalline phenol is obtained, which, however, still contains
more or less paracresol. In order to prepare chemically pure
phenol, either Coupier’s apparatus is employed, or the above-
mentioned hydrate is decomposed by distillation.

Phenol crystallizes in long rhombic needles melting at 42°
and boiling at 182° (Lowe). Its melting-point is lowered by the
admixture of even insignificant quantities of its homologues,
as well as of naphthalene and water. A few drops of the latter
suffice to liquefy a large quantity of phenol. The above-
mentioned hydrate, 2C;H,0 + HJO, solidifies on cooling to
crystals melting at 17° (Lowe). The specific gravity of liquid
phenol at 46° is 10560, and at 56° is 1-0469.!

g70 Phenol combines with liquid carbon dioxide to form a
crystalline conmpound,? which is also obtained when salicylic acid,
or the isomeric para-oxybenzeic acid, is heated for two hours to
250° to 260° in a closed tube, when this acid decomposes easily
into phenol and carbon dioxide. On cooling, the compound
separates out as a crystalline mnass, similar to the pyramidal
form of common salt, and melting at 37°. The compound is,
of course, only stable under pressure3 -

Phenol also forms with sulphur dioxide a compound which
erystallizes in yellow, rhombic tables melting at 25° to 30° and
distilling at 140° in a stream of sulphur dioxide. On exposure
to air it quickly gives off sulphur dioxide. Its composition is
probably SO, + 4C,H 0.4

Phenol possesses a peculiar smell and has a burning, caustic
taste; it is soluble at the ordinary temperature in fifteen parts
of water; its solubility increases with increase of temperature,
so that at 84° both liquids may be mixed in all proportions®
It is readily soluble in the fatty oils and glycerol, and dissolves
in alcohol and ether in every proportion,

Pure phenol remains colourless on exposure to light and air,
but if it contains a trace of impurity it is quickly coloured red
or brown, and deliquesces in moist air.

It acts on the skin as a powerful caustic; it coagulates
albnmen and precipitates solutions of gelatine. Taken internally

v Lalenburg, Ber. Deulach. Chem. Gles. vii. 1687,
2 Barth, Wien, Akad, Ber. lviii. 2, 16.

3 Kiepl, Journ. Prakt, Chem. {2], xxv. 464.

4 Holzer, ibid. xxv. 463.

® Alexejow, Ber. Deulsch. Chew. Ges. ix. 1810.
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it is & violent poison; & few drops kill a dog, and plants expire
in o dilute aqueous solution (Frerichs and Wohler). In cases of
poisoning by carbolic acid, which not unfrequently oceur, Crace
Calvert recommends olive or almond oil as an antidote;
Husemann advises the use of sucrate of lime prepared by
adding five parts of slaked lime to sixteen parts of sugar in
forty parts of water; after digesting for three days it is filtered,
the solution evaporated, and the residue dried at 100°!

When the vapour of phenol is passed over red hot zine dust
it ia reduced to benzene* In this way all phenols and various
other oxidized aromatic compounds can be converted into the
corresponding hydrocarbons. This reaction, discovered by Baeyer,
is of great interest, as it led to the discovery of artificial alizarin,
the colouring matter of madder. 'When phenol is merely passed
through a red-hot tube it forms benzene, toluene, C,Hy, xylene,
CgH,, naphthalene, C,H;, anthvacenc, C,H,,, and a small
quantity of phenanthrene, G, H, 3

Reactions of Phenol—It hasbeen remarked in the introduction
that most of the phenols give characteristic colours with a solu-
tion of ferric chloride, this property having been first noticed in
phenol par excellence by Runge, who obtained a violet colouration
with ferric salts. This reaction is, however, not a delicate one,
and does not occur in presence of aleohol! By adding some
ammoma, and then a solution of bleaching powder to anaqueous
solution of phenol a blue colouration is obtained.> Millon’s re-
agent (a solution of mercuric nitrate containing nitrous acid)
gives on boiling with a phenol solution a yellow precipitate,
which dissolves in nitric acid, yiclding s deep red coloured
solution. By this reaction, z55Lkggy of phenol can be detected.
Salicylic acid likewise gives this reaction and the presence of
phenol must therefore be confirmed by adding to the solution
ammonis and sodium liypochlorite. ‘When the solution contains
not less than gylyy of phenol, the blue colour is obtained after
standing for twenty-four homrs.%

By dissolving 6 per cent. of potassium nitrite in strong sul-
phuric acid and adding phenol, the liquid is coloured brown, then
green, and afterwards blue.” The colouring matters here formed

! Schultz, Steinkohicntheor, 446. ¢t 4un. Chem. Pharm. cxl. 295

3 Kramers, thid, cixxxix. 128,

4 Hesse, Licbigs Anan. clxxxii. 16t,

S Bevthelot, Rép. Clim. Appl. i. 284 ¢ Lox, Ber. Deutsch, Chem. Ges. iii. 458
also Salkowski, tus Zeilsehr. xi 316.

¢ Almén, Pharm. Joura. Trana. (3], vii. 812.

7 Liebermann, Ber. Deutsch, Chem. Ges, vii. 247.
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will be subsequently described. On adding bromine water to an
aquoous solution of phenol a yellowish white precipitate of tri-
bromophenol is obtained, which disappears until an excess of
bromine lhias been added. If the solution contains 1 poart of
phenol to 50,000 to 60,000 parts of water, a crystalline preeipitate
separates out in a few hows. Aniline, and some other bodies,
give similar precipitates, but these may be easily distinguished
frem tribromophenol by bringing some of the washed precipitate
iuto a test tube with some water and sodium amalgam, shaking
and warming the mixture. The liquid is then poured into a
basin and dilute sulphuric acid added, when the characteristic
smell of free phenol is noticed, and, if the quantity is not too
small, it separates out in oily drops?

The easy transformation of phenol into tribromophenol can be
used for the guantitative estimation of phenol by determining
the weight of the tribromophenol (Landolt). It is, however,
simpler to add to the phenol solution a normal solution of
bromine in caustic soda, and hydrochloric acid, and titrate
the excess of bromine with potassium iodide and sodium
thiosulphate ?

Uses of Phenol—This body, commonly known as carbolic acid,
is used in the pure state, mixed with water, glycerol, or olive oil,
as a powerful antiseptic in medicine and surgery, its dilute
aqueons solution being employed as a spray in surgical operations
(Lister's dressing). It is also nsed for destroying parasitic and
other organisms infesting both animals and plants. Its aqueous
solution is also employed in & more or less pure state for impreg-
nating or creosoting wood, &c. For the latter purpose the crude
carbolic acid which contains cresol can be used in many cases,
or cresol alone may be employed. For certain purposes it is
desirable to have the antiseptic in a solid form, and phenol is
then mixed with such substances as marl, clay, chalk, infusorial
earth, saw-dust, &c. McDougall's disinfecting powder is a
mixture of calcium phenate and magnesmm sulphite,

A cousidersble quantity of phenol is now used for the manu-
facture of salicylic acid, and of various colouring matters, such as
picric acid, aurin, azo-colours, &c.

g7t Phenates.—These bodies, which are also called carbolates,
were first prepared by Runge and Laurent.

1 Landolt, Ber. Dowdsch. Chem. Ges. iv. 770,

2 Ko pesclmr, Fresoutus” Zeitsehr, xv. 233; sec also Degener, Jmam Prakt.
Cleem. [2), xvii. 396 ; Chandolon, Bull. Sov. Chint, xxx¥iii. 69,
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Potassium phenate, or phenol potassivm, C;H,OK, is obtained by
warming equal equivalents of phenol and caustic potash, or by
dissolving potassium in phenol In order to prepare the pure
compound, phenol is gradually heated with the requisite quantity
of the metal in an atmosphere of hydrogen. As soon as this is
completely dissolved, the solution is cooled, when & radiating,
crystalline mass is obtained, containing cavities in which well-
developed needles have been formed.! The salt is extremely
hygroseopic. It was formerly supposed that phepol does not
decompose potassium carbonate, inasmuch as an alkaline phenate
rapidly absorbs carbon dioxide (Runge). But Baumann has
shown that the crystalline phenate can be obtained by boiling
phenol with a solution of potassium carbonate?

Sodiwm phenate, C;H,ONa, is prepared in a similar way to
the potassium compound. It is obtained in large quantities by
dissolving the calculated quantity of phenol in strong caustic
soda, an excess of phenol being avoided, as, otherwise, a dark-
coloured product is obtained, On evaporating the solution to
dryness, and continually stirring the heated residue, the whole
falls to a dry powder. Sodium phenate is very hygroscopic, and
must, therefore, be placed while hot in an air-tight vessel® Itis
employed in the manufacture of salicylic acid.

The phenates of calcium, barium, lead (Runge, Lauvent),
thallium;? and alumininm? have likewise been prepared.

PHENYL ETHERS.

972 Phenyl aride, or diphenyl ether, (CgH,),0, was first ob-
tained by Limpricht and List, in small quantities, together with
other products, by the dry distillation of copper benzoate. Itis

prepared by warming a solution of diazobenzene sulphate with
phenol :8

CoH, N, SOH + C‘,I%} 0 = 8%:}0 + SOH, + N,

! Hartmann, Joorn. Prakl. Chem. {2}, xvi. 36.

* Ber, Dewtsch. Chem. Ges. x. 686.

$ H. Kolbe, Journ. Prakt. Chan. [2], x. 89.

4 Kuhlmann, Jakresb. 1864, 254.

§ Gladstone .and Tribe, Journ, Chem. So¢. 1881, 1. 9.
8 Hofmeister, Ann. Chem. Pharm. clix. 191,
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Phenyl oxide isalso formed, together with other products, by
warming phenol with aluminium chloride.! It separatesout from
its solutions as an oil, which solidifies at a low temperature to
needles or four-sided prisms melting at 28° It smells like
geranium, and boils at 252°~2583°.

Phenyl oxide is an extremely stable body, which is neither
attacked by phosphorus pentachloride nor by a solution of
chromium trioxide in aceticacid. Even hydriodic acid does not
act on it at 250°, and it remains unchanged when ignited with
zinc-dust. .

Phenyl methyl ether was first obtained by Cahours by distilling
anisic acid (methylparoxybenzoic acid) with baryta, and was
therefore called anisol 2

OCH,
o, o = GHOCH, + €O,

In the same way he obtsined it from wintergreen oil, which
chiefly consists of methyl salicylate, which is metameric with
snisic acid.® He then found that anisol is also formed by using
Williamson’s method of preparing mixed ethers, viz., by heating
potassium phenate with methyl iodide, or by distilling it with
potassinm methyl sulphatef It is obtained in Iarger quantities
by heating sodium phenate to 190°—200°, and passing methyl
chloride through the mass by a tube reaching to the bottom of
the vessel as rapidly as it is absorbed.s

Anisol is a pleasantly-smelling liquid, boiling at 152", and
having a sp. gr. of 0091 at 15°. It is not attacked by con-
centrated hydrochloric acid at 120°—130° but hydriodic acid
decomposes it at 130°~—~140° into phenol and methyl iodide®
Heatcd zinc-dnst does not decompose it.?

Phenyl cthyl ether, C;H OC,H,—Baly first obtained this com-

pound by the action of ethyl sahcylate on anhydrous baryta, and
by the distillation of the product; the new compound he termed
salithol.® Scon afterwards Cahours obtained it by the same pro-
cess and called it phenetol (phéudétol ®), and then preparedit from
ethyl iodide and potassium phenate.’® It is also easily obtained
by heating sodiuma phenate with sodium methyl sulphate for

1 Merz and Weith, Ber, Deutsch. Chew, Ges. xiv. 189.
3 Ann. Chewm, Pharm, xhi. 69.

3 Jhid. xlviii. 65, 4 Ibid. Ixxviil. 226,
5 Vincent, Bull. Sx. Chim. xl. 106.
& Gribe, Ann. Chem. Pharm. exxxix. 149, ¥ Ders, ibid. clii. 86.

* Journ. Chem. Soc, fhe 28 ; Aan. Chem. Pharm. lxx. 269
 Ann. Chem. Pharm. Ixxiv. 314, ¥ Iiid. Ixxviii. 226,
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several hours to 150°! It is a liquid possessing similar properties
to anisol, and boiling at 172°.

We are also acquainted with the following mixed phenyl ethers
containing monatomic alcohol radicals:

Boillag-point.
Phenyl isopropyl ether,? (CH”')éCI? } 0 176°
6 56
Phenyl propyl ether? gsHﬂ 0 190—191°
H CGHb 5
Phenyl isobtuyl ether,* © 3)201%3} O 198
5
Phenyl amyl ether? %%%i' } 0 224-225°
0.5
Pheny! allyl ether? CoH, }o 102—195°
CHy

Diphenyl methylene cther, (C{H,0),CH,, is obtained by heating
methylene bromide with potassiom phenate. It is a liquid with
a faint odour resembling that of phenol, and boiling at 293°—293°7

Diphenyl etlylene ether, (CgH,0),C,H, is formed when potassium
phenate is heated with ethylene bromide to 140°. It forms
crystals melting at 98°5°, difficultly soluble in cold, but readily in
hot aleohol, and ether®

By allowing equal molecules of sodium phenate and ethylene
bromide to act upon one another in alcoholic solution, phenyl
bromethyl ether, C;HOC,H Br, is formed, It crystallizes in
colourless needles melting at 39°, boils with slight decomposition
at 240°250°, and easily loses its bromine. By heating the
eiher with sleobolic ammonia to 100°—12¢°, the hydrobromide
of itnidodiethylene phenyl ether, (CH,OC,H,),HN, is formed,
and by acting on this with soda the free base is obtained as a
thick, strongly basic oil?

Phenolghucoside, C,H,, O,(OCHy), is formed by the action of

alcoholic potassium phenate on acetochlorohydrose (Vol. IIL
Paxt I1. p. 545):

C.H,(CH,0)C10, + CHOK + 4C,HO0H
=C§§:10:((§Coﬁ5) 1 30,1,0C,H,0 + KCl.

! Kolbe, Journ. Prakt. Chem. [2], xxvii. 425.
2 Qilva, Zeitsch. Chem. 1870, 249. 3 Cahours, Bull. Soc. Chim. xxi. 78.
¢ Riess, Ber. Detdsch. Chem. Ges. iii, 780.

& Cahours, Aan. Chem, Pharwn. Ixxviil, 227,

& Honry, Ber. Doutsth, Chem- Gles. v. 455 a.

7 Henry, 4nn. Chim. Phys. [5), xxx. 286.

8 Burz, Zeilsch. Chem. 1889, 185 ; Lippmaun, hil. 447,

® Weddige, Journ. Praké. Chem. {2], xxiv. 241.
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It is soluble in cold, but still more so in hot water, and
crystallizes from its aqueous solution in concentrically grouped
needles which melt at 171°—172°! By heating it with
acetic anhydride and sodium acetate, the trincetyl-compound,
CH,(C,H,0),0,(0C,H,), which crystallizes from hot alcohol
in long shining needles, is formed.*

We have ahready remarked that dextrose frequently ocenrs as
a product of decomposition of bodies belonging to the vegetable
kingdom, termed glucosides, which are split up by dilute acids,
or by certain ferments, with assumption of water, yielding sugar-
like substances and other bodies, (Vol. IIL Part IL. p. 538,)

Phenolglucoside is not only the simplest compound of this
group, but also the first one which was artificially prepared.
When boiled with dilute acids, or when its solution, warmed
to 40°, is brought into contact with emulsin, o ferment contained
in almonds, it splits up into phenol and dextrose,

C,Hy(0CH)O, + H,0 = HO.CH, + C,H,.0,

ETHEREAL SALTS OF PHENYL WITH
INORGANIC ACIDS,

973 Sulphate of Phenyl— According to theory, two sulphates
shonld exist, viz., the normal and the acid ethereal salt; these
bodies, however, cannot be prepared in a similar way to the
corresponding ethy! compounds, for phenyl iodide (iodobenzene)
does not act on silver sulphate, and sulphuric acid converts phenol
into the phenolsulphonic acid. It appeared therefore very doubt-
ful whether it was possible to obtain sulphate of phenyl, till
Baumann found in the urine of herbivora, and in smaller
gnantities in that of man and the dog, the potassium salt of an
acid which he first believed to be a phenolsulphonic acid, but
afterwards found to be phenylsulphuric acid, SO{(C,,H,,)H He
observed moreover that the quantity of this compound is greatly
increased if phenol be taken internally, and that if suffcient be
taken the sulphates disappear from the urine, He then prepared
phenylsulphuric acid artlﬁcu\lly

Its potassium salt is obtained by mixing 100 parts of phenol

' A. Michael, Jahresb. 1879, 858.
3 Rer, Dcutsck Clew. Ges. xvi. 2510.
8 Ibd. ix. 54, 1715 5 xi. 1907.
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and 60 parts of caustic potash with from 8090 parts of water,
and gradually adding 125 parts of finely powdered potassium
disulphate as soon as the solution has cooled to 60°—70°. The
mass is kept at this temperature for from eight to ten lhours,
and frequently agitated, after which it is extracted with boiling
95 p. c. alcohol, and the salt which separates ont on cooling
recrystallized from aleohol. Its formation is shown by the
following equation;

/80,0K
C,H,0K + 0\so ok~ S0,(0K), + C,H,0.80,.0K.

z

It crystallizes in small shining tablets which feel greasy to the
touch; it is obtained in transparent rhombic tables from alcohol
at 60° At 15° it dissolves in seven parts of water; in cold
absolute alcohol it is scarcely soluble, but in boiling alcohol
somewhat more readily.

It decomposes on exposure to moist air, sometimes in a few
minutes, into phenol and scid potassium sulphate. This change
is also effected by henting the salt with water for some hours to
100°, or by warming it with dilute hydrochloric acid for a few
minutes. Towards alkalis it is, on the contrary, verystable, and
is only gradually attacked on treatment with canstic potash at
150°, By heating it to 130°—16(°, in absence of muoisture, it is
converted into the isomeric potessium paraphenolsulphonate,
C.H,(OH)SO4K.

Free phenylsulphuric acid is so nnstable that its aqueous or
alcoholic solution decomposes almost immediately.

Phosphate of Phenyl.—By the action of phosphorus pentoxide
on phenol, mono- and di-phenylphosphoric acids are formed ; these
can be separated by means of their copper salts, since that of the
former acid is more readily soluble than that of the latter.!

Monophenytphosphoric acid, PO(OC;H,)(OH),, crystallizes in
thick needles, readily soluble in water and aleohol, and melting
at 97°—98° On distillation it decoraposes into phenol and
metaphosphoric acid.

Diphenylphosphoric acid, PO(OC;Hy) ,OH, forms crrystals meltiug
at 50°, soluble with difficulty in water, but readily inaleohol. It
has a great tendency to remain in the fused condition, and hence
it has been described asan oily liquid? The chloridesof this acid

! Rembold, Zeitsch, Chem. 1868, 851.
2 Rapp, Aun. Chem. Pharn. cexxiv, 156.
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are formed by the action of phosphorusoxychloride on phenol,and
can be separated by fractional distillation,

Phenylphosphoric chioride, PO(OQCGH,)Cl,, is a heavy, strongly
refractive, not unpleasantly simelling liguid, boiling at 241°—243°,
and is easily decomposed by water.

Diphenylphosphoric chioride, PO(OCH,),Cl, is a thick liquid
boiling at 814°—816°, and having a similar smell to the pre-
ceding compound, It is only slowly attacked by water and cold
dilute slkalis.!

Normal phenyl phosphate, PO(OCH,),, is formed, together with®
chlorobenzene, by the action of phosphorus pentachloride on
phenol.?

4CH,0H + PCl, = GHCl + PO(OCH,), + 4HCL

It crystallizes in small needles melting at 45° (Jacobsen), is readily
soluble in alcohol and ether, and can be recrystallized from strong
sulphurie acid without alteration.

Phenyl carbonate, CO(OCH,),, is formed when phenol is heated
with carbonyl chloride to 140°—150°. It crystellizes from alcohol
in silky needles melting at 78°3

Phenyt elhgloartonate, CO { QCeLT,ia formed by the astion of
ethyl chlorocarbonate on potassium phenate, as well as by that of
aluminium chloride on & mixture of phenol and ethyl carbonate,*
It is an oily liquid boiling at 234°5

Phenyl carbamate, CO(NH,)OC,H,—1In the preparation of the
carbonates phenyl chlorocarbonate is also formed, and this comes
over first, on distilling the product, though it is not pure. On
passing ammonia through its ethereal solution, sal-ammoniac
separates out, and on evaporating the ether, phenyl carbamate
erystallizes out in tablets which melt at 141°, and are readily
soluble in hot, but with difficulty in cold water. By heating it
with ammonia to 140° phenol and carbamide are formed (Kempf).

! Jacobsen, Ber. Deutsch. Chem. Ges. viii. 1519,

2 Serugham, Ann. Chem. Pharm. xcii. 317.

> Rempf, Jowrn, Prakt. Chem. (2], i. 404.

4 Pawlewsky, Ber. Deutsch, Chem. Ges. xvii. 1205,
S Fatianow, Jekresh. Chem. 1864, 477.
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ETHEREAL SALTS OF PHENYL WITH
ORGANIC ACIDS.

o074 Phenyl orthoformate, CH{OCH,),, is formed, together with
salicylaldehyde, parabenzaldebiyde and other products, when an
alkaline solution of phenol is heated with chloroform. It ery-
stallizes from aleohol in long white necdles melting at 715,
and, under diminished pressure, distils without decomposition.

1t is not saponified by continued boiling with alkalis, but acids
transform it very readily into phenol and formic acid.!

Phenyl acelate, C,H;0,.CoH,—Cahours obtained this substance
by the action of acetyl chloride on phenol? and Scrugham by
heating phenyl phosphate with potassium acetate and alcohol?
It is also prepared by boiling phenol with acetamide,® and by
heating phenol with lead acetate and carbon disulphide to 170°

4C,H,0H + 2PK(C,H,0,), + CS,
=4C,H,C,H,0, + 2PbS + CO, + 2H0.

Phenyl acetate is a peculiarly smelling lignid boiling at 193°
(Perkin and Hodgkinson), and possessing the same refractive
index as ordinaty soda-lime glass, so that a tube of this glass
dipped in the liquid is invisible (Broughton). Sodium acts
violently upon it, with formation of acetic acid, acetic ether,
phenol, salieylic acid, and two crystalline bodies, C,,H,,0,, and
C,sH,,0;, which have not yet been examined.®

Phenyl chloracetote, C;H,Cl0,C;H.—Provost obtained this
compound by the action of chloracetyl chloride on phenol. it is
readily soluble in alcohol, and crystallizes in needles melting at
40'2" and distilling without decomposition at 230°—235°. By
heating it with alcoholic ammonia it forms phenyl amidacetate,
C.H,(NH,)O,.CH,, which crystallizes in needles and dissolves in
weak acids and water, but is searcely soluble in alcohol.?

Phenylglyeollic acid, CH,OCH,.CO,H, is formed by the action
of sodium phenate on chloracetic acid® It is best obtained by
mixing an aqueous solution of sodium chloracetate with sodium

! Tiemann, Ber. Dewlsch. Chem. Ges. xv. 2685. .

2 Ann. Chem. Pharne xcii. 316. 3 Ibid. xeii. 317.

4 Guareschi, Ann. Chem. Pharm. clxxi. 142

® Broughton, ibsd. Suppl. iv. 121.

¢ Perkin and Hodgkinson, Jouri. Chemn. Soc. 1880, i. 487.
7 Jowrn. Prakt. Chom. [2], iv. 579

& Heintz, Juhresh. 1859, 361 ; Giacosa, Journ., Prakl. Chem, {2}, xix. 369.
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phenate, and evaporating until the whole becomes thick; it is
difficultly soluble in cold water, readily in alcohol and ether, and
crystallizes from hot water in long shining needles which are
acid and bitter to the taste, and smell peculiarly. It melts at
96°,and boils withslight decomposition at 285°. Phenyloxyacetic
acid is not poisonous, but acts as a strong antiseptic.! It forms
salts which crystallize well.

Ethyl phenylglycollate, CH; OCH,CO,.C,H, may be obtained
by passing hydrochloric acid through a hot alcoholic solution of
the above acid. It is a thick oily lignid, having a peculiar, not
unpleasant, but persistent smell, and boiling at 251° The
methyl ether is a similar body, boiling at 245° (Fritzsche).

Phenyllactic acid, CH;;CH(OCH,)CO,H, is obtained in a
similar way to its analogue, the preceding acid, from a-chloro-
propionic acid. It crystallizes from lot water in long needles
melting at 112°—113°.  Its ethyl ether is a body smelling like
chloroform and boiling at 243°-—244°.

Phenyl oxalate, C,.04(OC4H,),, is formed when phenol isheated
with anhydrous oxalic acid and phosphorus oxychloride :

2CH,.OH + C,0H, + POCl,
=C,0,(C;H,), + PO;H + 3HCI
It crystallizes from absolute alcohol in fine prisms, is insoluble
in water, but on loag boiling it decomposes, or more rapidly in
presence of alkalis or acids?

By distilling & mixture of one molecule of anhydrous oxalic
acid and two molecnles of phenol, thin shining plates are obtained
melting at 126°—127°. This body is also formed when the two
compounds are dissolved in glacial acetic acid. It distils be-
tween 150°—180°, partly decomposing into phenol and formic
acid. Water and alcohol decompose it into its components. Its
empirical formula is C,H;0,+ 2C;H,0, and it may be regarded
a8 the phenyl ether of orthoxalie acid, Co(OH), :3

(HO0),COC H;

(HO),COC,H..

Phenylsuccinate, G H 0,(OC H;),, is formed by warming phenol
with succinyl chloride. It is insoluble in water, and crystallizes
from boilingalcohol in pearlyplates ; these melt at 118° and the
liquid boils without decomposition at 330°.4

! Fritzsche, Journ. Praki. Chem. (2], xx. 269.

3 Nencki, Journ. Prakt. Chene. [2], xxv. 282. .

# Clapartdo and Smith, Journ. Ches. Soc. 1883, i. 358 ; Staub and Smith,
Ber, Dewtsch. Chent. Ges. xvii. 1740. 4 Weselsky, 1bid. ii. 518,
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CHLORINE SUBSTITUTION PRODUCTS OF
PHENOL.

975 Monochlorephenols, C;H,Cl(OH).—By the action of chlorine
on phenol, parachlorophenol, together with a small quantity of the
ortho-compound, is formed.!  These bodies, as well as metachloro-
phenol, are also obtained by means of the diazo-reaction from the
corresponding chloranilines? as well as from the amidophenols3

Orthochlorophenol is formed, together with a- and #-di-
chlorophenol and trichlorophenol, by the action of sodium hypo-
chlorite on an aqueous solution of phenol! It is a liquid having
an unpleasant, persistent smell, boiling at 175°--176°, and at
o low temperature solidifying in needles, melting at 7°. By
the action of phosphorus pentachloride it is converted into
orthodichlorobenzene.

Metachlorophenol crystallizes in white needles, melting at 48°%
and boiling at 214°,

Parachlorophenol is prepared, in addition to the above-mentioned
method, by the action of sulphuryl chloride on phenol ®

C,H,OH + S0,Cl, = C;HCIOH + SO, + HOCL.

It forms crystals which melt at 37°and boil at 217°; it has a
weak but unpleasant and very persistent smell.

a-Dichlorephenol, CHCLLOH.  Lourent obtained this com-
pound by the action of chlorine on phenol, and named it “ Aeide
chlorophénesique” 7 It was afterwards prepared by F. Fischer,
by passing chlorine through phenol for several days and frac-
tionating the product. It is insoluble in water and crystallizes
from benzene in long six-sided needles which have an un-
pleasant persistent smell, melt at 43° and boil at 209°—210°.
Its solution in alcohol is acid, and it decomposes carbonates
on boiling with water, though its salts are almost completely
decomposed by carbon dioxide in the cold. Phosphorus penta-
chloride converts it into the nsymmetrical trichlorobenzene.

' Faust and Miiller, Anu. Chem. Pharn. clxxiii, 303.

2 Betlsteln aml Kurbatow, thid, 176,

3 Schumitt, Ber. Deutsch. Chem. Ges. i. 67.

4 Chandelon, #id. xvi. 1479,

5 Uhlumann, #bil. xi. 1161,

% Dubois, Zeilachr, Chem. 1866, 705 ; 1367, 205,

7 dun. Chvme, Phys, Ixiii, 27, 8 an. Chem. Pherm. Suppl. vii, 180,

VOL. 11 —PART HL I
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Two other dichlorophenols are known, obtained from the

dichloramidophenols.
Melting-point.  Boiling-point.

B-Dichlorophenol,! thin needles. 34—55° —
y-Dichlorophenol? fine needles. 65°  218°—220°

Trichlorophenol, CH,CL(OH), was likewise discovered by
Laurent and named Acide chlorphénisigue ;3 it is obtained by the
action of chlorine, not only on phenol, but also on aniline}
indigo,> and other aromatic compounds. It is prepared by
passing chlorine into phenol, warming gradually until the melting
point rises to about 67°, and isolating the pure compound by
fractional distillation.® Itiseasily soluble in alcohol and etler, and
crystallizes in needles, melting at 67°—68°, boiling at 243-5°—
244-5°, and having an acid reaction. Its salts are only slightly
soluble in water.

An isomeric trichlorophenol is obtained from trichloramido-
phenol, it mclts at 5+1°—54'5° and boils at 248:3°—249:3°7

Perchiorophenol, CLCI(OH). Erdmann obtained this com-
pound by the continued action of chlorine on isatin and on
trichlorophenol (chlorindoptic acid), and named it chlorinateit
indoptic acid.! Laurent who likcwise prepared it from isatin
named it Acide Chlorphénusigue® It is also prepared by the
action of iodine chloride on phenol,” or, better, by passing
chlorine continuously through a mixture of three parts of
phenol and one part of antimony trichloride at 100° to 110° till
the action ceases. The antimony chloride is then dissolved in
strong hydrochloric acid, the residue treated with boiling soda
solution, precipitated by hydrochloric acid, and the separated
perchlorophenol purified by distillation in superheated steam
and recrystallization from petroleum spirit* It crystallizes
in rhombic prisms which melt at 187°, and are readily soluble
in alcohol, the solution having an acid reaction. When heated
it first has a pungent smell and then produces coughing; its
powder excites violent sneezing. By carefully lLeating it may be
sublimed in white needles; it does not boil until a higher

' Hirsch, Ber. Devdsch. Clem. Ges. xi, 1981.
2 Scifart, Ann. Chem. Pharm. Suppl. vii. 203.
3 Ann. Chim. Phys. [3], ii. 206. $ Ann. Chem. Pharw. lifi. 8.
S Erdmann, Journ. Prakt. Chem. xix, 832 ; xxii. 276; xxv. 472,
6 Faust, Ann. Chem. Pharm. exlix. 149.
: ll'!ilsch,}’l?':r. Dg}dmh. C{}cm\ Qcs. xiii. 1908,

ourn. Praksf. Chen. xxil. 272. 9 Anu. Chvm. Phys. [3], iii. 197.
1% Sehiitzenberger, Bull. Soe. Chim. iv. 102, ve- 11 '
" Merz and Weith, Brr Deutseh, Chem. Ges. v, 458,
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temperature ig reached, when it decomposes with separation of
hydrochloric acid and perchlorophenylene oxide, which is
described below. Phosphorus pentachloride converts it into
perchlorobenzene. Its salts are for the most part only slightly
soluble in water.

Potassium  perchlorophenate, C,CLOK, crystallizes from con-
centrated caustic potash in prisms with a diamond lustre, Ata
high temperature it decomposes into potassium chloride and
perehlorophenylenc oxtde, (C,ClL);0,, which is scarcely soluble in
alcohol and ether, and crystallizes from hot nitrobenzene in broad
needles resembling benzoic acid. It melts about 320° and
boils above the boiling point of mercmy. Its constitution is
probably the following :

Perchlorophenst chloride, C,Cl; (OH)C, is obtained by the con-
tinued action of chlorine on acetometachloranilide, C;H CLN
(C,H;0)H, and crystallizes from petroleum spirit in large, thick
prisms melting at 78'5° to 80°. By heating it with absolute
alcohol to 230° it is converted into perchlorophenol.!

BROMINE SUBSTITUTION PRODUCTS OF
PHENOL.

976 Monvbromephenols, C;H,Br(OH), are obtained in a similar
way to the corresponding chlorophenols.

Orthobromophenol is an oily liquid having an unpleasant, strong
and persistent smell, and boiling at 194° to 195°2

Metabromophenol crystallizes in scales melting at 83°and boiling
at 236:5°; it does not smell so unpleasantly as the ortho-
compound.?

Parabromophenol crystallizes from chloroform in large octo-
hedra resembling those of alum, melting at 68° to 64°. It is
casily soluble in alcohol and boils at 238°4

! Beilstein, Ber. Deulsch. Chow. Ges. xi, 2182,

2 PFittig and v, Ner, Devisek. Chom, Ges, viil, 362,

* Wunster aml Nolting, iid. vit. 905 ; Fittig and Mager, Joc. evf.

* Hubner and Brenken, s4id. vi 171 ; Fitiig and Mager, ihid, vii 1178,
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Melting-
point.

! Dibromophenol, C;H;Br,(OH), snow-white crystals . . 40°
2 Tribromophenol, C;H,Bry(OH), very long hair-like needles 93°
8 Tetrabromophenol, C;H Br,(OH), needles . . . . , .120°
4 Pentabromophenol, C;Br,(OH), needles . . . . . . . 225°

These bodies are all obtained by the direct bromination of
phenol. It is singular, that in the last three, the hydrogen atom
of the hydroxyl can be easily replaced by bromine giving risc to
the following compounds:

Tribromophencl bromide, C;H Brg(OBr), is obtained by treating
an aqueous solution of phenol, or better salicylic acid, C;H (OH)
CO,H, with strong bromine water. The precipitate thus ob-
tained crystallizes from earbon diselphide in lemon coloured
scales which are not attacked by a boiling aqueous solution
of an alkali. By dissolving it in benzene and adding caustic
potash or ammonia, tribromophenol is formed. On heating
with sulphuric acid it is converted into the isomeric tetra-
bromophenol s

Tetrabromophenol bromide, C,;HBr,(OBr), is obtained by dis-
solving tetrabromophenol in caustic potash, adding hydrochloric
acid and then quickly an cxcess of bromine water. It
crystallizes from chioroform in yellow monoclinic tables; boiling
alcohol converts it into tetrabromophenol, and on heating with
sulphuric acid it is converted into pentabromophenol.

Hexbromophenol or Perbromophenol bromide, CgBrg(OBr), is ob-
tained from pentabromoplenol in & similar way to the preceding
compound, and forms grenular ycllow crystals, which are in-
soluble in cold alcohol, but are converted by boiling alcohol into
pentsbromophenol (Benedikt).

IODINE SUBSTITUTION PRODUCTS OF
PHENOL.

977 Mono-iodophenols, C;H,I (OH). Respecting these bodies,
the published statements are at variance. According to Kdrner,®
the para-compound is obtained, together with a little of the
ortho-compound and tri-iedophenol, by adding hydrochloric acid

! Karner, Ann. Chem. Pharm. exxxvii. 205.

2 Lanrent, ibid. xliii. 212 ; Karmer, loc. ‘¢it.

3 Korner, Joe. cit. 209. - 4 Korner, loe. cit. 210.

5 Hencdict, Lichig's Ann. cxcix. 128 ; Monatsck. Chonr. i. 360,
8 gua, Chem. Pharw. cxxxvii. 211 ; Jolresh, 1867, 615 ; 7bid. 1815. 356.



IODOPHENOLS. n7

to phenol, iodine, and iodic acid, dissolved in o dilnte solution
of caustic potash:

5C,H,OH + 21, + HIO, = 5CH,LOH + 3H,.

Lobanow found that the meta-compound is also formed in this
reaction. By distilling the prodnct with steam, the liquid ortho-
iodophenol comes over first,and then the solid meta-iodophenol,
while the para-iodoplienol is contained in the water which distils
over, and also in the residual solution, to which esustic potash
iz added and the residue, after evaporation, decomposed by
hydrochloric acid!

By mixing together dry sodinm phenate, iodine, and pure
catbon disulphide, ortho-iodophenol, together with B-di-iodo-
phenol and tri-iedophenol, is obtained.?

Ortho-iodvphenol is, according to Lobanow, a liquid which
does not solidify at — 23”; it is decomyposed by chlorine or nitrie
acid, and when fused with caustic potash is converted into
catechol (Kérner). Nolting and Wrzesinski, on the other hand,
observed that ortho-iodophenol, prepared by menns of the diazo-
reaction from orthonitrophenol, forms finc crystals which melt
at 43°3

Meta-iodophend forms flat lustrous needles melting at 64°—66°
(Lobanow). When fused with caustic potash these are trans-
formed into resorcinol (Kdrner).

Para-iodophensl was first obtained by Griess from para-iodo-
aniline# It is ako obtained by the action of iodine chloride on
phenol® and erystallizes from aleohol in large six-sided tables, and
from carbon disalphide in short, thick prisms melting at 89°
(Lobanow). On fusion with caustic potash it is converted into
quinol (Kormer), but at a higher temperature into resoreinol
(Nolting and Wrzesinski).

Melting-point.
¢ ¢-Di-iodophenol, C,H,L(OH), erystals . . 130°
B-Di-iedophenol, C;H,I,(OH), crystals . . 68°
? Tri-iodophenol, CHLI,(OH), needles . . . 156°

' Ber. Dewlsch. Chem. Ges, vi. 1251,

* 8chall, Ber. Dentsch, Chew. Ges. xvi. 1897, 3 Jbid. viii. 820,

¢ Zgitschr, Chen. 1985, 495,

8 Schidtzenborger and Sengenwald, Jakresh, 1862, 413,

S Hinsiwetz and Weselsky, Ber, Deutseh. Chem, Ges. ii. 524.

7 Lantemann, Aun. Chem, Pharm. exx. 307 ; Seiitzenberger, Jahresh. 1865,
521; Korner, Aan. Chem. Pharw. exxxvii. 213.
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NITRO-SUBSTITUTION-PRODUCTS OF PHENOL,

978 Mononitrophenol, CH(NO)OH. In 1839 Kritzsche, by
acting with nitric acid on indigo, obtained a peculiar smelling,
volatile, yellow, crystalline body, which he subsequently found to
be identical with Hofmann’s nitrophenol, obtained by the action of
nitrons acid on aniline, and of nitric acid on phenol.! Fritasche
afterwards found that by the latter reaction two isomeric bodies
are formed of which nitrophenic acid ean be volatilised in a
current of steam, whilst isonitrophenic acid cannot? ‘Thesc
bodies were afterwards distingnished as volatile and non-volatile
nitrophenol, until it was found that the first is the ortho- and the
second the para-compound.

It may be prepared, by graduslly adding one part of pure
phenol to a well cooled mixture of two parts of nitric acid of
Sp. gr. 1'34 and four parts of water, stirring, and after some
time separating the heavy oil from the aqueous solution,
washing it with water, and distilling in a current of steam, till
the distillate is no longer coloured yellow.

Paranitrophenol may be obtained from the residne by extracting
with boiling water. The yield amounts to 30 per cent. of ortho-
nitrophenol and 32 per cent. of paranitrophenol on the phenol
taken.?

The higher the temperature rises during the operation, the
larger is the yield of orthonitrophenol, whilst if the temperature
be kept low, more of the para-compound is formed.*

The two nitrophenols are also obtained, together with diazo-
benzene nitrate, when nitrogen trioxide is passed into an ethereal
solution of phenol® aswell as when sodium phenate is mixed with
a solution of nitrogen peroxide in carbon disulphide {Schall).

By warming & mixture of 5 parts of phenol and an equal
weight of ethyl nitrate with 16 parts of water, and 32 parts of
concentrated sulphuric acid for & long time, 22 p. c. of ortho-
nitrophencl and only 05 p. ¢ of paranitrophcnol is obtained.®
According to Fittica a fourth isomeric nitrophenol is formed at
the same time. We shall refer to this subject in the sequel.

! Rrner, Ann. Chew. Pharm. lxxv. 359 ; ciii. 347.

2 gun, Chem. Pharm, cx. 150,

3 Schmitt and Cooke ; Komer, Kekulé's Lehird. Org. Chem. iii. 40.
4 (oldstein, Beilstein's Mandb. Org. Chem. 1015,

5 Wesolsky, Ber. Deulsch. Chomn. Ges. viii. 89.

¢ Nataunson, Ber. Deutsch, Chem. Ges. xiti. 415,
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Orthmztrophenol is also obtained, as already stated, when
orthochloronitrobenzene, orthobromonitrobenzene, or orthodinitro-
benzene is heated with dilute alkalis. Itissoluble with difficulty
in cold, readily in hotwater, as also inalcohol and cther,and cry-
stallizes in snlphur-yellow needles or prisins, having a peculiar
aromatic smell and melting at 45°, It boils without decomposi-
tion at 214°, and is converted by phosphorus pentachloride into
orthonitrophenyl phosphate, only a little orthochloronitrobenzene
being formed.

Its salts, which for the most part crystallize well, have a
scarlet-red to an orange-yellow colonr.

As already stated, sccording to Fittica,! a fourth nitrophenol
exists. This body melts at 31°, and boils at 205° to 207°. By
repeated distillation it i3 converted into ovthonitrophenol; this
would therefore scem to be a case of dimorphism.

Methyl orthowitrephenate or Nitranisol, CH,(NO,OCH,, is
obtained, together with the para-compound, by the nitration of
anisol, as well as by heating orthonitrophenol with canstic potash
and methy! iodide.? Itis a yellowish oil, boiling at 2765°;
solidifies on cooling, and melts at + 9°. When lleated with am-
monia to 200° it forms orthonitraniline.?

Metanitrophenol is obtained by the diazo-reaction from meta-
nitraniline ; * it separates out from an cthereal solution in thick,
sulphur-yellow crystals, melting at 96°. It can only be distilled
without decomposition under diminished pressure, and is not
volatile in & current of stzam.  Itg salts are of an orange-yellow
colonr.

Methyl nctanilvophenate, CH(NO,)OCH;,, crystallizes from
aleohol in flat needles, melting at 38° and boiling at 258°, It is
casily volatilised by stean, and when heated with ammonia yields
a small quantity of metanitrophenol together with humus-like
products but no metanitraniline 3

Laranitrophenol is obtained, like orthonitrophenol, from the
corresponding haloid compound by heating with alkalis. It
erystallizes from boiling water in colourless needles or in mono-
clinic prisms, which melt at 114° and on again cooling separate out
as monoclinic crystals, which, however, are dimorphous with the
ordinary form® It boils almost withont decomposition but is not

U Journ. Prakt. Chem. (2], xxiv. 1.

? Mahthauser, Ann. Cheon Pharm. eevil. 237, 3 Salkowski, &. clxxiv. 2i8,
+ Bantlin, Ber, Dentsch, Cheni. Ges. xi. 2100.

s kao\tskl, Bev, Dentsch. Chem. Ges. xii. 135,

¢ lehmunn, Juhresh, 1877 549,
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volatile in a emrent of steam. On boiling it with water and
bariuin carbonate it decomposes the last-named compound more
rapidly than the ortho-compound,and this again acts more rapidly
than 1etanitrophenol! Its salts are not so deeply coloured
as those of its isomerides,

Methyl parandtrophenate, CH (NO,)OCH,, crystallizes inlarge
rhombie prisms melting at 31° and boiling at 258 to 260° and
forms paranitraniline on heating with ammonia, 2

HALOGEN SUBSTITUTION PRODUCTS OF
THE MONONITROPHENOL.S.

Of these only those containing one halogen will be mentioned,
The first number gives the position of the halogen, the second
that of the nitroxyl, the hydroxyl occupying position one.

Melting(-)[:oint
yellow needles® . . . 7

2:6
. 2 : 4 white needlest, . . ,110—111°
Chloronitrophenols .93 . ¢ Jomon-yellow needles® . 39°
4:2 monoclinic prisms® , ., 86—87°
2 :4 long white needles? . 102°
Bromonitrophenols .{5 ;2 yellow prisms®  , . . 44
4:6 yellow monoclinic prisms® 88°
IopoxrrroPHENOLS.

The first two of these are obtained by the action of iodine and
mercuric oxide on & solution of orthonitrophenol in glacial acetic
acid, and the third in the same way from paranitrophenol.l®

Melting.point.
a-Yodorthonitrophenol, long, yellow needles 90—91°

B-Iodorthonitrophenol, short, yellow needles 66—67°

Iodoparanitrophenol, thick, light yellow crystals 154—1535

! Post and Mehrtens, Ber. Deutseh. Chem. Ges. viii. 1549,

2 Brunck, Zeitschr. Chow. 1867, 205 ; Willgerodt, Ber. Deutsck, Chem. Ges.
xiv. 2632

3 Faust and Miiller, Ann. Clem. Pharm. clxxiii. 309,

4 Faust, Zellschr. Chen. 1871, 591 ; Armstroug, thid, 596 ; Paust and Miiller.

8 Uhlemann, Ber. Deutsch. Chem. Ges. xi. 1181,

¢ Faust and Snanse, un, Chem. Pharm. Suppl. vii. 190 ; Lanbenheimer, Ber.
Desdsch. Chem. Grs, i, 1601 ; Bodewg, Johresh, Chen. 1879, 511,

7 Brunck aml Koruer, Zzilschr, Chan. 1868, 323. 3 Laubenhoimer,

¢ Brunck ; Kiirner ; Lnbenheimer 5 Hitfuer and Brenkon, Ber. Dentsch. Chom.
Ges. vi. 170 ; Azruni, Jahresd, Chem. 1877, 547,

19 Busch, Der. Deulsch. Chemn. Ges. vii, 462,
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DinrtroPHENOLS, CHy(NO,),0H.

Of the six theoretically possible compounds the following ave
known, The subjoined figures give the position of the nitroxyls
when the hydroxyl occupies position 1.

Ordinary or a-Dinitrophenol (2 :4) 1s obtained by nitrating
phenol! as well as from both ortho- and para-nitrophensl, by
which its constitution is shown? It ig best obtained by warming
patanitrophenol with an equal weight of nitric acid of sp. gr. 1373
1t crystallizes from hot water in yellowish-white rectangular tables
which melt at 113° to 114°.

- Dimitrophensl (2:8) is obtained, togc thor with the former, by
the nitration of orthonitrophenol, and erystallizes from hot water
in fine, bright yellow needles melting at 63° to 64°,

«-Dindlrophenol (3:6) is obtained together with the two
following, when metanitrophenol is heated with nitric acid*
They ean be separated by means of their bariwin salts, and the
¢-coinpound can also be separated from the other two by dis-
tilling in a current of steam. It crystallizes from liot water in
light yellow needles melting at 104°.

8-Dinitrophenol (3:4) crystallizes in long, colourless, silky
needles melting at 134°.

e-Dindtrophenol (2 : 3) separates from hot waterin small yellow
needles, and from alcohol in thick crystals which melt at 144°.

TriNtTROPHENOLS, CH,(NO,)OH.

979 We are now scquainted with three of these bodies, Of
these the following has been known for a long time,

Symmetrical or a-Trinitrophenol (2:4:6). Woulfe found in
1771, that by the action of nitric acid on indigo a liquid is ob-
tained which dyes silk yellow® Similar observations were made
by other ehemists; thus Quatremére Digjonval in 1780 laid before
the Paris Academy the resultsof an investigation on indigo, in
which he romarks that this body forms with nitric acid & substance
which stains the skin a saffron-yellow colour. Hansmann then
observed that in this reaction a bitter acid compound is formed.

! Laurent, duw. Chewe. Pharm. xliil. 213,

2 Kimer, Zewschr, Chem. 1868, 322,
8 Korner, Kekuld's Lehrd. iii. 42.

4 Bantlin, Ber. Dewtsch. Chom. Ga. viil. 21; Xi. 2192 seo also Ylenrinues,
Lishig’s Ann. cexy. 321.

s (Phil. Trans.) 1771
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Indigo-bitter was then further mvestlga.ted by Fourcroy and
Vauquélin! as woll as by Chevreul? The latter chemist con-
sidered it to be a compound of nitrie acid with a peculiar or-
ganic substance. Welter, by treating silk with nitrie acid, had
already obtained a yellow, crystallized acid, whose potassiam
salt exploded when heated, like gunpowder.® Liebig found that
Welter's bitter body is identical with indigo-bitter and aloc-
bitter, which Braconnot had obtained by heating aloes with nitric
acid, and called it “Kollenstickstoffsiure” (carbazotic aeid)}
while Berzelius named it * Pikrinsalpetersivre,” and Dumas
gave it the name by which it is now universally known, picric
acid (meepos, bitter)® Lauvent first obtained it by the action
of nitric aecid on phenol, and showed that picric acid (Acide
nitrophénisique) is trinitrophenol® This is the final product of
the action of nitric acid on a large number of substances con-
taining the benzene ring, just as oxalic acid is the result of
the oxidation of many fatty bodies. Amongst those which give
a good yield of the acid is the acaroid resin (from Xanthorrhoca
hastilis)’ and before phenol was manufactured on a large
scale, this resin was employed for the preparation of pieric
acid. This body is also obtained by the action of nitric acid
on orthonitrophenol, paranitrophenol and the dinitrophenols
(2:4) and (2:6), but not on metanitrophenol, and this fact
indicates its constitution.

Picric acid was formerly obtained by the action of nitric acid on
phenol; phenolsulphonic acid is now used, since this substance,
as Lanrent had already pointed out,is easily converted into picric
acid. In its mannfacture the apparatus is employed which
is used for making nitrobenzene, A mixture of equal parts of
phenol and concentrated sulphuric acid is placed in the vessel, the
contents then heated to 100°,and nitric acid of sp. gr. 13 allowed
toflow in. After cooling, the product solidifies to a crystalline
mass, which is filtered and drained, and then washed with cold
water. It is further purified by recrystallizing from water
containing 0-1 p.c. of sulphuric acid. Another useful mode of
purification consists in exactly saturating the crude acid with
sodium carbonate and adding to the hot filtered solution a few
crystals of sodium carbonate, when almost the whole of the sodium

! Gehlen, V. Journ. §i. 231. ? Ann. Chim. Phys. Ixxii. 113.

8 Aun. Chim. Phys. xxix. 301. 4 Pagg. Ann. xii, 191,

5 Ann. Chewn. Pharm, xxxix. 350

8 dan, Chim. Phys. 13]. #ii. 221.
7 Stenhonse, Mew, Chwsa. Swve, il 12
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picrate separates out and can be decomposed with hydrochloric
acid.!

Picric acid is difficultly soluble in cold, casily in hot water, and
crystallizes from aqueous solution in pale yellow, shining scales,
whilst it crystallizes from an ethereal solution in rhombic prisms
melting at 122'3. When carcfully heated it sublimes, but on
strongly heating it decomposes with detonation, and on warming
with calcium hypochlorite and water it yields chloropicrin,
CCl(NO,), and chloranil, C,Cl,0,. It has an intensely bitter
taste, an acid reaction, and colonrs animal fibre, the skin, ete.
pure yellow. As its tinctorial power ia very great it is largely
used as a dyeing material for wool, silk, leather, etc., either alone,
or in combination with red snd blue for dyeing oranges, greys,
ete, It does not by itscif adhere to vegetable fibre, and it is
therefore employed to distinguish cotton from wool and silk, and
to detect the presence of cotton in mixed fabrics, by steeping these
for some time in a hot solution of the acid, washing with water
and then examining wnder the microscope.

Both its intensely bitter taste and its power of dyeing wool
yellow, serve to detect picric acid, but the best test is to add
ammoniacel copper sulphate to the solution under examination ;
this gives a greenish precipitate, which can be seen even when
only 1 part of picric acid is contained in 5,000 of water (C.
Les). By warming a solution of picric acid with ammonia and
potassium cyanide, a deep red colour is produced, isopurpuric acid
being formed (v. p. 126). Picric acid unites with other aromatic
hydrocarbons, as it does with benzene, to form compounds, many
of which are distinguished by their crystalline form or colonr.
This property indeed is frequently employed as a test for, and
as 5 means of separating, some of these hydrocarbons. All such
compounds are decomposed by ammonia, and somc of them by
aleohol, whilst others again may be recrystallized withont
decomposition. Of these latter one of the most characteristic is
the naphthalene compound, C,,H, + C H,(NO,),0, crystallizing
in golden needles,often united in « stellate mass, and melting at
149°.  This peculiar compound may be employed to distinguish
picric acid from similar nitro-coniponnds.

Picric acid is poisonous, rabbits and dogs being killed by doses of
from 0°06 gram t0 06 gram. It issaid that it issometimes added
to beer to give it a bitter taste, 0012 gram sufficing to give toa
litre of beer an insupportable bitterness. In order to detect the

¥ Carey Lea, Sill. Amerv. Jowrn. 27, xxxii. 180,
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picric acid, the beer is warmed and a skcin of white woollen yarn
steeped in it ; if this becomes coloured yellow it is treated with
ammonia, washed with water, the solution concentrated on the
water-bath and some potassium cyanide added, when, if picrie
acid be present, the red colour of isopurpuric acid will be scen,
Picric acid can also be detected by shaking some cubic centimetres
of beer with half its volume of amyl aleohol, which takes up the
picric acid; after evaporation of the alcohol the residue is tested
as above
Wohler in 1828 made the remarkable discovery that on boiling
picric acid with water and baryta, hydrocyanic acid is formed?
This observation has been almost entirely forgotten, probably
because it seemed to be highly unlikely, considering the very
stable character which the benzene derivatives enjoy in other
respects, and it was not until Hiibner and Post lately carefully
repeated and confirmed it that Wiohler's observation obtained
"the recognition of chemists. They also found that even dinitro-
benzene yields prussic acid on boiling with caustic potash, and
that it is also obtained by fusing nitrobenzene for a short time
with caustic potash.3

ProraTES.

980 Picric acid forms salts having a ycllow colour, which, for
the most part, crystallize well and arc explosive.

Potassium Picrate, CH(NO,),0K, crystallizes in long, yellow,
four-sided, lustrous needles, which, obtained from dilute solutions,
appear sometimes red and sometimes green (Liebig). It
dissolves in 260 parts of watcr at 15°, and in 4 parts at the
boiling point. It is not soluble in alcohol. On account of
its sparing solubility it was formerly employed ss a reagent for
potassium salts, On heating, it becomes of a red colour and then
explodes like gunpowder : on being struck with a hammer it de-
tonates powerfully. It is sometimes used mixed with saltpetre
for blasting purposes.

Sodium Picrate, CjH,(NO,);ONa, forms yellow needles, which
dissolve at the ordinary temperature in about twelve parts of
water, but as already stated the addition of soda precipitates the
greater portion of it.

Awmonium Picrate, C;H,(NO,),ONH,, is sparingly soluble
in water and still less so in alcohol, and crystallizes in rliombic

¥ Vitali, Ber. Dewlseh. Chem, Ges, x. 83. * Pomy. Ann. xiii. 488.
3 Bev. Dentsch. Chem. Ges. v, 408,
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geales. It is employed mixed with the nitrates of bariam,
strontium, &., for bengal fire. Brugére’s picrate-powder consists
of b4 parts of this salt to 46 parts of saltpetre ; 2:G -grains of
this is said to cqual 5'5 gmins of gunpowder. According to
Abel this mixture is valusble for the blasting charge in
ghells.

Sitver Picrate, CH{(NO)OAg + H,0, crystallizes from hot
water in yellow shining needles, which dissolve at 15° in 113
parts of water.!

Lead Picrate, [CiH,(NO,),01,Pb + H,0, crystallizes in brown
needles which dissolve at 15° in 113 parts of water. It is
employed mixed with saltpetre as a blasting agent in the place
of potassium picrate.

Methyl picrate or trindtrandsol, C,H,(NO)OCH,, was ob-
tained by Cahours by the action of concentrated nitric acid on
anisol ; it is also obtained by the action of methyl iodide on
silver picrate, and crystallizes in yellow monoclinic tables, melting
at 64°.

Bihyl pierate, CH(NO,),0C,H,, is formed in & similar way to
the methyl ether? and also by adding caustic potash to a solu-
tion of chlorotrinitrobenzene (picryl chioride) in absolute alcohol ®
It crystallizes in long, almogt coloutless needles which nwelt at
78'5°; by heating it with aleoholic ammonia, it is converted, like
the methyl ether, into trinitraniline.*

Lhenyl picrate, CHy(NO,),0CH,,is obtained in & similar way
to the preceding compound, using potassium phenate, and
crystallizes in colourless necdles (Willgerodt).

Trinitvophenyl acetate, CH(NO,),0C,H,0, is formed by boil-
ing picric acid with acetic anhydride, and separates from ether in
dark yellow crystals, melting at '75°-76°5

Pieryl chlovide or Chlorotrinitrobenzene, CgH,(NO,),C), was first
prepared by Pisani by the action of phosphorus pentachloride on
picric acid and called * Chlorure de picryle)” becanse he found
that, like other acid chilorides, it is converted by water into
hydrochloric acid and pieric acid ®

According to Clemm, the latter observation is not accurate
Pisani’s product contained, without doubt, some frec picric acid,

! Post and Melrtens, Ber. Deulsch, Chem. Ges. vii. 1549,
3 H. Muller and Stenhonse, Aun. Chene. Pharm. exii. 80,

3 Willgerodt, Ber. Dewlsch, Chom. Ges. xii. 1277.

? Salkowski, dnn. Ghewt. Pharm. cixxiv. 269,

5 Tomassi and David, ibid. elxix, 167,

¢ Compt. Bend. xxxix. 8525 _fvw, Chene. Phoavw. xcii. 325,
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which naturally enters into solution when water is added, while
the pure componnd is not attacked even by boiling water.!

Chlorotrinitrebenzene crystallizes from alcohiol in almost
colourless needles, and from ether in amber-coloured monoclinic
tables, melting at 83°2

By boiling it with soda solution it gives picric acid, and by
heating it with an aqueous solution of ammonis it is converted
into trinitraniline or picramide, C;H,(NO,),NH,.

Picryl chloride, like picric acid, forms compounds with aromatic
lhydrocarbons, which crystallize well? The benzene compound
CH,(NO,)Cl + C H,, crystallizes in large, pale yellow prisms,
which very quickly lose benzene in the air*

g81 Lsopurpuric acid or Picrocyamic acid, C;HyN,O,, is as little

. known in the free state as its isomeride purpuric acid (Vol. III.
Part 1L pp. 307, 313), but many of its selts, which arc very
similar to the purpurates, have been prepared.

Potassium tsopurpurate, CH,EN Oy, is obtained when picric
acid is warmed with water and potassium cyanide : 8

CoHNg0; + 3KCN + 2H,0 = C;H,KN,O, + K,CO,y + NH,,

It crystallizes in brownish-red scales, having & greenish metallic
lustre ; is slightly soluble in cold water, more readily in het,
forming a fine red solution; on heating, or in contact with
concentrated snlphuric acid, it explodes. On adding an acid to
the aqueous solution it is colonred brownish-yellow, evolving a
pungent odour, and then deposits a brown flocculent precipitate.
Oun evaporating the solution, a brownish-yellow amorphous mass
remains behind.

Ammonsum Isopurpurate, CHINH)NO,, is obtained by the
addition of sal-ammoniac to a concentrated solution of the
potassium salt. It forms small brownish-red crystals, with a
green metallic lustre, which are analogous in optical properties
and crystalline form to murexide (ammonium purpurate). It
is employed as a dye for wool and silk, and called in commercc
Grénat soluble.

982 B-Trimtrophenol, CgHy(NO,),0H(3; 4: 6), is obtained by
nitrating - and 3-dinitrophenol; it crystallizes from hot water
in white, satin-like needles or scales, melting at 96°. The

Y Journ. Prakt. Chem. [2), i. 145. 2 Bodewig, Jakhresh. 1879, 394.

3 Liebermann and Pabm, Ber. Deutseh. Chem. Ges, viii. 337,

4 Mertens, thid. xi. 844.

5 Baeyer, Jahresh. 1859, 458 ; Hlasiwelz, Auun, Chem. Phaym. cx. 289 ; Kopp,
Pev. Devisch. Chem. Ges, v. 6441,
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potassium salt forms hght rcd, bnlhmxtly-slunung erystals, which
are soluble with diffienlty in water, forming a light-ycllow
solution.

oy-Trinitrophenol, CH(NO,)OH(2: 3 :6), is obtained from
ry- and e-dinitrophenol, and forms white needles, melting at 117
118°. The potassium salt, easily soluble in water, forms brilliant
red needles; its aqueous solntion colours wool and silk a fine
orange shadc.

Both trinitrophenols taste bitter and detorate on heating;
their salts are, like the picrates, very cxplosive! By the con-
tinued action of nitric acid they are converted into styphnic
acid or trinitroresorcinol, CH(NO,)(OH), By nitrating y-di-
nitrobenzene, besides trinitroresorcinol and the two trinitro-
phenols, a tetranitrodihydroxybenzene, Cy(NO,),(OH),, probably
tetranitroresoreinol, is formed.

The production of styplmic acid by the nitration of dinitre-
phenol had already been observed by Bantlin,and the compound
described under the name of isopicric acid.

The following graphic formulke show the connection between
the different nitro-substitution products of phenol :

Orthenitrophenol. Patanitrophenol. Metanitrophenol.
OH OH OH
‘/ \,NOT l/ \‘ N\
NS ’\./ L 7 IN O'-'
NO..
Dinitrophenols,

10)5% OH on OoH OH
1'\N0 I\O{B\NO ( NO,. \ / \\vo
NS N NO.;,\/ /\O \ Pz NO

NO, »O0,.

‘Trinitrophenols.
OoH OH OH
I\'O,i/a\INO,. NOZ,/B\I N01/ \NO,
¢ NN
NO.. NO..

! Henriques, Aan. Chemt. Pharm. cexv. 321,
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PHENOLMONOSULPHONIC ACIDS, C.H,OH)SOH.

983 By dissolving phenol in sulphuric acid Laurent obtained
his “Acide sulphophénique.”! Kekulé then found that a mixture
of ortho- and parasulphonic acids 2 is thns formed,

Orthophenalsulphonic acid is principally formed in the eold; it
isnot known in thc free state, because by evaporating its solution
on the water-bath it is partly, aud by strong heating, completely,
converted into the para-componnd? In order to prepare the
potassium salt, equal volumes of phenol and sulphuric acid are
mixed, diluted with water and, aftcr some days, the excess of sul-
phuricacid removed by lead oxide, and the filtrate neutralized with
potassium carbonate. On concentrating the solution the pars-
salt separates out in anhydrous plates, and then the ortho-salt
crystallizes in rhombie prisms, which contain two molecules of
water of crystallization and effloresce in the air; by this means
the para-salt is easily separated.*

Metapherolsulphonic acid is formed by heating the potassium
salts of the two phenoldisulphonic scids with some water and
two or three times their quantity of ceustic potash to 178 to
180°, till a uniform thick mass is produced® The acid, which
crystallizes in fine needles containing two molecules of water,
produces a vislet colour with ferric chloride,and on heating with
caustic potash to 250° is converted into resorcinol.

Puaraphenolsulphonic acid —The preparation of this body has
already been described. It isalso obtained by the action of chloro-
sulphonic acid on phenol? as well as by warming paradiazo-
benzenesulphonic acid with water” In the free state it isa
syrup. By oxidizing its sodinm salt with mangancse dioxide and
sulphuric acid quinone is obtained

v Ann. Chim. Phys. [3], 293. ¥ Zeitschr, Chem, 1867, 199,
3 Kekuld, Ber. Deutsch, Chem. Ges. i, 830. 4 Post, Lichig’s Aun. cel. 64,
& Barth aud Senhofer, Ber. Deutsch. Chem. Ges. ix. 969,

¢ Engethardt and Latschinow, Zeitschr., Chem. 1869, 298,

? Schmitt, Auw. Chemt. Pharm. exx. 148.

8 Gehrader, Ber. Deutsch. Chem, Ges. viii. 760,
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PHENOLDISULPHONIC ACIDS, C,H,(OH)(SO0,H),

0%4 a- Phenoldisulphenie acid is formed by the action of
concentrated sulphuric acid on diazobenzene sulphate,!

In order to prepare it, onc part of phenol is heated with
four parts of a mixture of ordinary and fuming sulphuric acids
on the water-bath, until snlplmr dioside is cvolved ; it is then
diluted with water and saturated with baryta? From tha
barium salt, purified by recrystallization, the free acid is easily
prepared ; it erystallises in deliquescent warty ncedles and is
coloured a ruby red by ferric chloride.?

B-Fhenoldisulphonic acid is obtained by heating phenoltrisul-
phonic acid with csustic potashand water. Tt forms a syrup and
decomposes on heating.

Phenoltrisulphonic acid, CH{OH)(SOH), is formed when
two parts of phenol arc heated with ten parts of snlphuric acid
and five parts of phosphorus pentoxide to 180°3 It crystallizes
in vacud in necdles containing water or in short prisms, which
give an intense blood-red colewr with ferric chonde.

Hydroxysutphobenzide ov Hydroxyphenylsulphone,(C.H,0H),S0,,
is a by-product of the action of sulphuric acid on phenol® In
order to prepare it, fuming snlpluric acid is heated with double
its weight of phenol for from three to five hours at 180°-190° and
the still warm mass gradually poured into a little water, It is
almost insoluble in cold water, crystallizes from boiling water in
long prismatic needles, and from glacial acetic acid in rhombic
prisms mclting at 239°.  On heating with faming sulphuric acid
it is converted into phenoltrisnlphonic acid Like phenol, it
forms salts, which have been examined by Glutz.

Substituled Phenolsulphonic Acids.—The phenolsulphonic acids
being phicnols and powerful acids at the sume time, form various
series of salts. By the action of chlorine, bromine and nitric
acid, substitution prodncts may be obtained, which may also be
prepared from the substituted phenols by the action of sulphuric
acid. As in the case of phenol, so it is found that in these

1 Griogs, dnn. Chem. Pharm, exxxvii, 89, 3 Keknlg, Echeb. iii. 263.
3 Senhwofer, Jaliresb, 1879, T490.
¢ Senhofer, Anu. Chem. Pharm. elxx. 110, 3 Glmz, vord, cxlivii. 52,

S Annsheim, tbid. clxxil. 38 ; Ber. Peutsch. Chem. tirsix, 1118,
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bodies the larger the number of negative elements or hydroxyls
in the componnd, the more casily is the hydrogen of the phenol
hydroxyl replaceable by metals; the stability of the compound
is, however, correspondingly deereased,

SULPHUR COMPOUNDS OF PHENOL.

985 Phenyl hydrosulplide, or Thiophenol, CyH (SH.—Vogt first
obtained this compound, which is also called phenyl mercaptan,
by the action of zinc and dilute snlphuric acid on benzene-
sulphony] chloride, and named it benzyl mereaptan.! In order
to obtain & good yield, the chloride is first reduced to benzene-
sulphinic acid, and the ernde zinc salt s obtained put into a
well-cooled mixture of zinc and hydrochlorie acid, It is thus
obtained together with phenyl disulphide. To the lignid, which
now only contains a little free hydrochloric acid, zinc-dust is
added to convert the disulphide into zinc thiophenate :

(C.HQ.S, + Zn=(CHS)Zn.

It is then treated with hydrochloric acid and the thiophenol
distilled off2 Stenhonse obtained it, together with phenyl
sulphide and diphenylene sulphide, C,,H,S, by the dry distillation
of sodium benzenesulphonate in aniron retort, but when he used
one of copper he only obtained a trace of thiophenol® It is
also formed by the action of phospherus pentasulphide on
phenolt  The reaction, according to Geuther, is as follows :

8CH,OH + P8, = 2CH,SH + 2P0 (C,H,), + 3H,S.

At the same time, small guantities of phenyl sulphide and
phenyl disulphide, which are decomposition products of thio-
phenol, and also some benzene, are produced by the action of
the intermixed phosphorus trisulphide ; when phenol is heated
with the latter, the following reaction takes place :

8C,H,OH + P,S,=2C;H, + 2PO,(C;H,); + 3H,S.

A little thiophenol and phenyl sulphide are formed at the
same timeS Thiophenol is also formed, together with the

3 Anw. Chem. Pharm. cxix. 142,

2 Otto, Ber. Deulsch, Chem. Ges. x. 939,

8 Roy. Soc. Pro. xvii. 62

4 Keokulé and Szuch, Zeitschr. Chem, 1867, 193,
& Licbig’s Ann. cexxi. 55,
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sulphide, when benzene is warmed with sulphur and aluminium
chloride.?

Thiophenol is a colourless, strongly refractive liquid, boiling
at 172-5° and having at 21°a specific gravity 1078.  In the pure
state it has an aromatic and somewhat aliaccons odonr; it pro-
duces on the skin & burning pain.  Its vapour attacks the eyes
and canses temporary dizziness. It is readily converted by
oxidation into phenyl disulphide ; even the oxygen of the air
effects this conversion in presence of ammonia.

As with other mercaptans, the hydrogen combined with the
sulphur is easily replaceable by metals. It acts quickly on
mercuric oxide, with formation of mercury thiophcnate,
(C,H,S),Hg, which crystallizes from boiling alcohol in white,
sitky needles.

Lead thiophenate (C,H,S),Pb, i3 obtained by the addition of
thiophenol to an alcoliolic solution of lead acctate, as a yellow,
crystalline precipitate, which dccomposes on dry distillation,
forming lead sulphide and phenyl sulphide.

Ethyl thiophenate, CH SC,H;, is formed when sodinm thio-
phenate is heated with ethyl iodide to 120°; it isan unpleasantly
smelling liquid, boiling at 204°2

Phenyl orthothioformate, CH(SCyHS),, is prepared by heating
an aqueons solntion of sodiwm thiophenate with chloroform. It
crystallizes from a mixture of alcohol and a small quantity of
benzcne in short, thick prisms, melting at 39-5°, Like the cor-
responding oxy-compound, it is not decomposed at 120° by
caustic sods, bnt fuming hydrochloric acid decomposes it at
120°, under pressure, into formic acid and thiophenol 3

Phenyl thiecetale, C;H;O.SCH,, is formed by the action of
acetyl chloride on thiophenol; it is an unpleasantly smelling
oily liquid, boiling at 228°-230° and dissolving in alcoliol and
ether; phenyl disnlphide separates out from the solution on
standing exposed to the air.  When the etherenl salt is boiled
with concentratcd caustic potash it is decomposed into thiophenol
and acetic acid.*

986 Phenyl sulphide, (C;HL,),S, was first obtained by Stenhonse
by the dry distillation of sodinm benzencsulphonate? Other
micthods of preparation have already been described under

! Fricdel and Crafts, Ball, See. Chewr. xxxi. 464,
* Beckmann, Jowrs. Peakt, Chem. [21, xvii. 457.
3 Gubriel, Jer. Deulsch. Chowm, Ges. x. 185,

4 dnn, Chem. Pharw. elxxvi. 177,
3 Ibid, exl. 287,

X 2
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thiophcnol. To prepare it, sodium benzencsulphonate is treated
with phosphorus pentasulphide, the crude product rectified over
powdered copper and then purified by fractional distillation.!

Phenyl sulphide is o hquid possessing an aliaceous odour,
boiling at 272:3° and having asp. gr. 11119, Nitric acid oxidizes
it to sulphobeazide, (CgHy), 30,

Phenyl disulplide, (C;H,),S, is obtained, as already stated, by
the oxidation of thiophenol; it is best to cmploy nitrie acid of
sp. gr. 1'11 to 1122 It is also obtained by the action of iodine
on sodium thiophenate:3

C,H,SNa CH,S
+ 1= [ + oNal.
CH, SN2 CH,S

It is further formed when benzenesulplinic acid 13 heated with
thiophenol to 110°4

C,H,SOH + 3C,H,SH = 2(C;H,),8, + 2H,0.

This reaction explains the fact that, by the action of nascent
lhydrogen on hot benzenesulphinie acid, the disnlphide is formed,
but that when the solution is kept cool, thiophenol is formed.
Phenyl disulphide erystallizes from aleotiol in brilliant needles,
melting at 60°-61°. It boilsat 310°% and decomposes on continued
boiling into sniplmr and phenyl sulphide. Reducing agents
quickly convert it into thiophenal, and concentrated nitric acid
oxidizes it to benzencsulphonic acid.

On heating it with alcoholic potash it forms thiophenol and
benzenesulphinic acid.  Its solution in concentrated sulphurie
acid is colonred cherry-red and then blue on warming. Thio-
phenol gives the same reaction,® as it is oxidized by the acid to
phenyl disnlphide (Stenhonse).

Thiopicric acid, CgH{NO,),SH.—The potassium salt of this
body scparates in reddish-brown needles when & hot aleoholic
solution of picryl chloride is gradually added to an alcobelic
solution of potassium sulphide, which mnst be well cooled, and
the wholc allowed to stind ; it dctonates violently at 140° and
on percussion. The acid thus obtained, or a-trinitrethiophenol,

! Spring and Ryafft, Ber. Dew’sch. Chem. Ges. vil, 384,
2 Otta, Aan. Chaw. Pharm, clxiii. 213,

a Jhiber and Alsberg, did, elvi. 330.

4 Schiller and Otto, Ber. Dientsch, Cheme Ues, ix. 1589,
5 Gealwe, dua. Chem. Pharm. clxxiv, 189,

& Banmann and Preusse, Zettochr, Phys. Chem. v. 321,
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is easily soluble in water, alcohol, and cther, tastes. bitter, and
crystallizes in yellowish ncedles, melting at 114° and exploding
at 115°.

Pieryl sulpliide, [C;H4(NO,),LS, is formed by mixing 10 cc.
of an alcoholic solution of 10 grmns. potassmm sulphide with
44 grms. of picryl chloride dissolved in aleohol. It crystallizes
from glacial acetic acid in golden-co'onred leaves or whitish-
gellow prisms, melting at 266°,

DIHYDROXYBENZENES, C,H,(OH), AND RE-
LATED COMPOUNDS,

ORTHODIHYDROXYBEN ZENE, PYROCATECHIY oR CATECHOL.

987 Reinsch first obtained this body by the dry distillation
of catechin? and it was further examined by Zwenger, who
named it ** Brenzeatechin.”? In his investigations on worin-
tannic acid contained in fustic, R. Wagner observed that 1t is
converted on heating into pyromorintannic acid,! which, he
afterwards found, was idcntical with pyrocatechin, which
he had preparcd by heating catechn, and named, according
to Erdmann’s proposal, oxyphenic acid® Je obtained it also
by the dry distillation of gum-ammoniac, from the agneons
extract of the bilberry plant, and generally from the extracts of
all plants which contain tannic acid® It is also obtained
when filter paper, starch, or sugar is heated to 200°—280°7
as well as by the dry distillation of wood ; it therefore occurs
in crnde pyroligneous acid.®

Catechol is also found in the autunmnal leaves of the Virginia
creeper (Ampclopsis hederacea)® and in kino, the beiled juice of
diffevent species of Pterocarpus, Butea and Euenlyptus'

It is likewise obfaincd when ortho-iodophenol ™ or orthy-
phenolsulphonic acid ? is fused with caustic potash. In order

‘ \\'lllgcrodt, Ber. Deulsch, Chem, Gles. xvii. ; ref’ 353,
3 Rep. Phurm. lxviii. 54
3 Aun, Chem. Pharm. xxxvii. 327 ; aud also Wackenvoder, 61, 309,
¢ Journ. Prakt, Chem. hii. 450. s 16id, v, 63,
¢ Uloth, Ann. Chem. Phurm. exi. 215,
7 Hoppe-Scyvler, Ber. Dewdscl.. Chem, firs, iv, 15,
8 l’cttcnkofcr. Jeehresb, 1854, 651 ; Bm.hner, Am, Chem. Phnrm, xevi 188,
2 Gorup- Besanez, Bcr Deutsch. Chem. Ges, 1v. 906,
1o Fliickiger, wid. v. 1.
" Korner, Zetlechr, Chem, 1868, 322
2 Keknlé, thid, 1867, 613.
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to prepare it according to the latter method, the proportion of
1 molecnle of the acid to 24 molecules of caustic potash is
taken and the melt heated for some time to 320°—3860°, when
the yield amounts to 20 per cent. of the theoretical. By using
less potash or by not heating so strongly, the yield is rendered
smaller, as is also the case when the mass is heated to 400°, t

1t is best obtained from the fraction of beechwood-tar creosote,
boiling between 200°—205°, the chief portion of which consists
of the monomethy! ether of catechol, by heating it to 195°—
200° and passing in hydriedic acid as long as methyl iodide
distils over. The catechol is separated by fractional distillation
from the product.?

Catechol is readily soluble in water, and crystallizes therefrom
in thin prisms, and from benzene in broad plates. It is very
soluble in alcohol and ether, melts at 104°, and boils at 240°—
245°. Tts alkaline solution gnickly turns brown in the air; it
readily reduces solutions of the noble metals, and precipitates
Fehling’s solution on warming. On passing nitrogen trioxide
through its ethereal solution it forms dioxytartaric acid (p. 58).
Ferric chloride produces in an aqueous solution of catechol an
emerald green colour, which on addition of sodium carbonate, or
better, bicarbonate, gives a beautiful violet red.

The metallic compounds of catechol are very unstable, with
the exception of the lead salt, CgH,O,Pb., which forms a white
precipitate readily soluble in acetic acid.

988 Catechol monomethyl ether or Guaiucol, C.;H4{ 8(I;.IH , Was
3

first found in the distillation products of guaiacnm,®and was after-
wards noticed as an ingredient of beechwood-tar creosote. This
is a mixture of phenols with the mounomethyl ethers of catechol
and its homologues, and will be further described under creosol,
C,H,(CH,)OH(OCH,).

In order to prepare guaiacol, the crude componnd, obtained
from creosote by fractional distillation, is repeatedly shaken with
moderately strong ammonia, washed and rectified. The oil is
then dissolved in an equal volume of cther, and a small excess
of concentrated alcoholic potash added to it. The potassium
salt separates out, and is then recrystallized from aleohol and
decomposed by dilute sulphuric acid.*

' Degoner, Jowrn, Prakt. Chem. {2}, xx. 304,

* Bacyer, Ber. Dewtsch, Clem. Ges. viil. 153,

¥ Unverdorben, Pogg. Ann.viii. 402; Ann. Chem, Phys. [3}, xii. 228 ; Solwero,
Ann. Chem. Pharm. xlvill. 16; Volkel, ibid. taawix. 345,

4 Hlasiwetz, ibid cvi. 865.
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1t is also obtained when equal molecules of catechol, caustic
potash and potassinm methyl sulphate are heated together,! or
when vaniliic acid, C,H(OCH,)(OH)COH, is distilled with
lime.?

(luaiacol is a strongly refractive liquid, having an aromatic
smell, reminding one of Peru balsam. It boils at 200° has at
13° a sp. gr. of 1'117, is slightly soluble in water, but readily in
alealol ; itg solution gives with ferric chloride an cmerald green
colouration.

The metallic compounds of guaiacol are not very stable; the
formation of potassimn guaicate, C;H,0,K + 2H,0, is described
above. By adding a little potash or potassium to guaiacel
heated to 90°, the compound C,H,0, + C;H,0,K + H,0 is formed,
which crystallizcs from alcolol in shining prisms and dissolves
in water with decomposition (Gorup-Besancz).

Calechol dimethyl ether, or Veratrol, C,H (OCH,),, was first
obtained by distilling veratric acid, C,H,(OCH,),CO,H, with
canstic baryta,® and is also formed when potassinm guaicate is
lheated with methyl jodidet It is a liquid with en aromatic
odour, boils at 205°—206°, and solidifies at + 15° to a crystalline
1nass.

Cateehol sulphuric acids are not known in the free state. On
warming a solution of catechol in caustic potash with potassinm
disnlphate, the salts CH,(S0K), and CH(OH)SOK are
formed. On treating the mixture with absolute alcohol, the first
salt remains behind as a crystalline powder, and on evaporating
the solution the second scparates out in shining plates?

These solts, or one of them, form a normal constituent of the
urine of the horse and man®

Catechol carbonate, C;H,CO,, is obtained by the action of
ethyl chlorocarbonate on a mixinre of caustic potash and
catechol or on the sodinm salt:

N
OH/O Y L CICOOCH. =
TN O “ A

/

! Gornp-Besanez, Ann. Chem. Pharm. exhii. 248,
2 "Piomann, Ber. Dewtsch. Cheom. Ges, viii. 1123,
3 Meorck, dnn. Chem. Pharm. cviii, 60; Kolle, ibid. clix, 243.

4 Marasse, thid. clii, 74. % Baumann, Ber. Dertsch. Chem. Ges. xi. 1913,
® Baumann, Zedtschr, Phys. Chow. i, 244,

O
0h: 74 O\Co + CO(OC,H,), + 2NaCl
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It crystallizes from aleohol or benzene in fine four-sided
prisms, melting at 118°, and boils without decomposition
between 225°—230°1! By the action of acetyl chloride on
catechol, the diacetate, C;H,(OC,H;0),, is formed, which cry-
stallizes in needles.?

On heating guaiacol with acetic anhydride, aceto-gnaiacol,
CoH,(OCH,)OC,H,0, a limpid liquid, boiling at 235°—240°32 is
formed.

Tetrabromocatechol, C;Br,(OH),, is obtained by triturating
together catechol and bromivef as well as by heating proto-
catechuic acid, CgHy(OH),CO,H, with bromine ¢ ; it crystallizes
in long needles which melt at 187° and are inscluble in water.
Its aleoholic solution is coloured dark blue by ferric chloride.

Nitrocatechol, CgHy(NO),(OH),, is obtained by the addition
of sulphuric acid to an aqueons solution of catechol and potas-
sium nitrate. It is readily soluble in water, and crystallizes
from benzene in yellowish necdles, melting at 157>, It dissolves
in caustic potash, forming a splendid purple solution. This
reaction is so delicate that nitrocatechol makes an excellent
indicator for volumetric analysis$

989 Orthohydreayphenyl hydrosulplide, C,,H;{ 8}1_—11 ,is obtained
when sodium phenate is heated with sulphnr to 180°—200°,

2C,H,0Na + S = C‘GH‘{ 0 + GHOH

This body can be indirectly separated from the product by oxida-
tion, the effect of which is to form dihydroxyphenyl disutphide.

oH
e
ey OB \g
2¢! =
e sh +0 ,é + H,0.
COHvl/
oH

The latter is isolated by acidifying with snlphuric acid and
distilling with steam. The distillate is neutralised with soda

! Bender, Bir. Dewtsch, Chew. Ges. xiii, 697 ; Wallach, Aun. Chem, Pharm,
cexxvi. 34,

2 Nachbanr, iid, cvii. 246.

3 Tiemann and Boppe, Ber. Dowtsch. Chem. Ges. xiv. 2020,

4 Hiasiwetz, dun. Clenm. Pharue. exlii. 250,

8 Stenbonse, Chem. News, xxix. 95.

¢ Benedikt, Ber. Dewtsch. Chem. Ges, xi. 362.
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and concentrated to obtain the salt (CyH,),S,(OH)ONa, which
forus in white crystalline crusts, dissolving in water and pro-
ducing an intensely yellow solution. On addition of sulphuric
acid and extraction with ether, the frec dihydroxyphenyl di-
sulphide is obtained ; it is a thick oil, possessing o faint smeli,
and decomposing at 200° Xt forms two series of salts; of these
the normal are decomposed by carbon dioxide.

The dimethyl ether, S,(C;H,0CH,),, is obtained when the
sodium salt is heated with canstic soda, ethyl iodide, and methyl
sleohol. It crystallizes from aleohol in odourless needles, melt-
ing at 119°, 1t is also formed by replacing the hydrogen of the
hydroxyl in potassium orthoplienolsulphonate, C,H (OH)SO,K,
by methyl, converting the potessinm anisolsulphonate so ob-
tained, by means of phosphorus chloride, into the corresponding
sulphonyl chloride, and treating this, in alcoholic solution, with
zinc dust. On oxidation with chromic acid, the methyl ether
isreconverted into anisolorthosulphonic acid, which, on fusion
with caustic potash, yiclds catechol.

In order to prepare ortholiydroxyphenylmercaptan, sodium

amalgam is added to a solution of the above-mentioned sodium
salt.

/ONa.
CH
¢ 4\S ONa
+ SNaOH + H,=2C,H, < + 3H,0.
s SNa
;8¢ o

By the decomposition of the product with dilute sulphnric
acid, orthohydroxyphenyl hydrosulphide is obtained ns a strongly
refractive liquid, having a penetrating smell and, like phenol,
coroding the skin. It solidifies at o low temperature to a
crystalline mass, similar to phenol, which melts at 3°—6° It is
» tolerably strong acid, decompesing carbonates; its aqueous
solution reddens litmus. On the addition of a little ferric
chloride and carbonate of soda a very intense green colonr is
obtained, which, by adding cansticsoda, is changed toa deep red.
Oxidizing agents readily convert it again into dihydroxyphenyl
disulphide, which is also formed by exposing an alkaline solution
of the mercaptan to the air.!

' lairinger, Monatsh. Chrm. iv. 133,
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METADIHYDROX YBENZENE, RESORCIN, OR RESORCINOL,
CoH,(OH),.

990 This body was first obtained by Barth and Hlasiwetz by
fusing galbannm or gum-ammoniac with caustic potash, and since
it is very similar to orcin (dihydroxytoluene), its higher homo-
logue, and is obtained from resins, it was nained resorcin It is
also obtained in a similar way from Asufotide? Sagapenum, and
Acareid® Tt is also abundantly produced when impure brasilin,
which separates ss a crust from Brazil wood cxtract on standing,
is subjected to dry distiliation.

Resorcinol is further obtained by fusing meta-iodophenol?
phenolmetasulphonic acid,® or benzenemetadisnlphonic acid with
caustic potash. But it is also formed in this way from benzene-
paradisulphonic acid? and parabromophenol, while metabromo-
phienol and orthobromophenol give catechol in addition.® During
fusion with potash, intermolecular changes frequently take place.
On fusing phenol for a long time with an excess of caustic
soda, hydrogen is evolved, and resorcinol, catechol, phloroglucinol,
C,H,(OH),, and diresorcinol, C,,H,(OH),}? are formed.

That resorcinol belongs to the meta-serics is shown by the
fact that it is casily obtained by the diazo-reaction from meta-
amidophenol.1?

Resorcinol is employed in the manufacture of different colour-
ing matters. To prepare it on the large scale, 90 kilos of
faming sulphuric acid, of sp. gr. 2:244, are put into a cast-iron
apparatus furnished with an agitator, and 24 kilos of pure
benzene gradually added, the mixture gently heated for some
hours, and the temperature then raised to 275° in order to
convert the benzenc completely into the disulphonic acid.
After cooling, the mass is poured into 2000 kilos of water,
heated to boiling, neutralized with milk of lime, and the
gypsum removed by the filter press. The calemlated quantity
of soda is then added to the solution, the calcium carbonate
separated by the filter press, the solution evaporated to dryness,
and 60 kilos of the product thus obtained fused with 130

v Aun. Chem. Pharm. exxx. 334,

2 Ibid, exxxviii. 63. 2 Lhid. exxxix. 18.

4 Kopp, Ber. Deutsch, Chem. Ges. vi. 446.

S Korner, Zeilschr. Chem. 1888, 322,

¢ Barth and Senhofer, Ber. Deutsch. Chew. Ges. ix. 969,

7 Barth and Senhofer, bid. viii. 1483,

¢ Flittig and Mager, zbid. vii. 1175 ; viil. 365. !
9 Barth and Schreder, bid. xii. 417. ¥ Banthn, ibid, xi. 2101,
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kilos of caustic soda in an iron vessel for eight to nine lours at
270°. 'The cooled melt is then dissolved in 500 kilos of boiling
water and the solution boiled with hydrochloric acid as long
as sulphur dioxide is given off. The cooled liquid is then sys-
tematically extracted with ether in a copper extraction-apparatus
and the ether distilled off. The crude resorcinol thus obtained
is heated up to 215°, in order to free it from water and ad-
hering ether, the loss of which amounts on the whole to about
1 per cent. The residue, which contains 92 to 94 per cent.
of resorcinol, forms the commereial product! In order to pre-
pare the pure compound, this crude product is distilled, when
first water, then phenol, and, lastly, resorcinol comes over. This
can be further purified by recrystallization from benzene, or by
sublimation.

Resorcinel is very readily soluble in water, still more readily
in alcohol and ether, but only with difficulty in cold benzene.
It crystallizes in large rhombic prisins or tablets. It melts at
118, boils at 276°5°, but readily sublimes at a lower tempera-
ture in lustrous silky needles. Its taste is intensely sweet,
bnt canses subsequent irritation. In the warm state it re-
duces ammonincal silver solution and Fehling’s solution. It
is distinguished from catechol by the fact that its solntion
produces a violet colour with ferric chloride, and is not pre-
cipitated by lead acetate,

In order to detect small quantities of resorcinol, it is heated for
some mimites with phthalic anhydride almost to boiling,and the
residue dissolved in dilute snlphuric acid. If resorcinol be
present, the alkaline solution exhibits a fine green fluoreseence,
flnorescein, which will be snbsequently described, being formed,

991 Resorcinol cther, C,H, Oy, is the name given to a body
which is obtsined by heating resorcinol with faming hiydrochloric
acid to 180°, when it separates ont like a resin? It is also formed
when resorcinol is heated with resorcinoldisulphonic acid? as
well as by the action of fuming sulphuric acid on resorcinol.4
By dissolving the latter in a large excess of the acid an orange-
coloured golution is obtained, which gradnally darkens, and turns
greenish-blue, green, and finally a beantiful blue. On then
heating it to 100° it is coloured purple-red, and on the addition
of water, yellow (Kopp). The resorciuol ether obtained by

3 Binscheller and Buseh, Jaliresd. 1878, 1137, aml 1184,

2 Barth, Ann, Chem. Pharm. clxiv. 122 ; Ber. Dewtsch. Cliem. Ges. ix. 308,
3 Hazura and Julins, Mouatsb. Chewt. v. 191.

4 Kopp, Ber, Dewtsch. Chem. Ges. vi. 447 ; Aunaheim, ibil. x. 976,
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means of hydrochloric acid contains the compound C,H,O,.
To separate these bodies, the erude product is dissolved in strong
aleohol, and an alcoholic sqlution of lead acetate added, the lead
compound of the ether being precipitated, filtered off, dissolved
in glacial acetic acid and decomposed by hydrochloric acid ; or
it may be covered with alcohol and treated with sulphuretted
hydrogen gas! Resorcinol ether is a resinous mass, or a fiery,
brownish-red powder, showing when pressed a greenish metallic
lastre. It dissolves in alkalis forming a decp red solution, which,
when dilute, exhibits a besutiful green fluorescence. On fusing
it with caustic alkali, resorcinol, together with other bodies, is
obtained.

Resorcinol monomethyl ether, CgH (OH)OCH,, is formed, to-
gether with the dimethyl ether, when resorcinol is heated with
caustic potash and potassium methylsulphate? or when resorcinol
and sodium arc dissolved in methyl alcohol and then boiled with
methyl iodide3 The monomethyl etheris an oily liquid, soluble
with difficulty in cold water, but readily soluble in hot water;
its solution is coloured light violet by ferric chloride, It is
readily soluble in dilute caustic soda, and boils at 243°—244°,

Resorcinol dimethyl cther, CgH(OCH,),, isa light mobile lignid,
having an aromatic smell. It boils at 214° is not soluble in
caustic soda and is not coloured by ferric chloride.

Resoreinol diethyl carbonate, CgH,(0.C0.C,H,),, is obtained by
the action of ethyl chloroformate on the sodium compound of
resorcinol. It is a thick oily lignid boiling at 208°—302°#

Diacetoresoreinol, CH (OCH;0),, is obtained by the action of
acetyl chloride on resorcinol and is & strongly refractive liquid,
bofling with slight decoraposition at 2785

Thioresorcinol, CgH(SH),, is obtained by the action of tin
and hydrochloric acid on benzenemetadisulphonic chloride,
CGH,(80,C1),* and forms crystals, which have a penetrating
odour. It melts at 27°, and boils at 243°. Its lead salt, C;H,S,Pb,
is a yellowish-red precipitate which on heating with cyanogen
iodide and alcohol yields the thiocyanate, CH,(SCN),, which
crystallizes in shining needles and melts at 54°7

Thioresoveinol is sometimes found in commercial resorcinol,

1 Barth and Weidel, Ber. Deudsch. Chem. Ges. x. 1464,

3 Habermann, ibid. x. 867. 2 Tiemann and Parrisino, 0l xiii. 2362,

¢ Wallach, Ana, Chem. Pharm, cexxvi. 84,

‘flia};;, wid. exxxviii. 78; Nencki mml Sicber, Journ, Prakt. Chewm. {2],
xxiii. 149,

8 Korner and Monselise, Jahresh. 15i6, 450 ; Pazschké, Junra. Praké, Chem.
f2], ii. 418. 7 Gabricl, Ber. Deutsch, Chem. Glea. x. 184,
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CHLORINE SUBSTITUTION PRODUCTS OF
RESORCINOL.,

MeHing-  Boiiing-
Point. Poiut.

Monochlororesorcinol, CH,CI(OH),, {“;‘gm?}- 80°  256°

Dichlororesorcinol, C,;H,CL(OH), rhiombic prisms 77°  249°
Trichlororesorcinol, C;HCL(OH),, fine ncedles 83 —

992 Thesc bodies are obtained by the action of suiphuryl
chloride on resorcinol. Trichlororesorcinol is also obtained when
chlorine is passed through an aqneous solution of resorcinol. The
aqueous solutions of the first two arc coloured a bluish-violet by
ferric chloride.!

Pentachlororesoreinol, C;HCL{OCI),, is obtained by the action
of potassium chlorate and hydrochloric acid on resorcinol? It
crystallizes from carbon, disnlphide in flat prisms, melting at
92:5°. It may be heated to its boiling-point without decomposi-
tion, but a concentrated solution of acid potassinm sulphite
converts it into isotrichlororesorcinol, CHCL(OH), which
crystallizes in needles melting at 69°3

Pentachlororesorcinol effloresces in the air, being converted
into a modification which melts at 65°. This is obtained directly
when pentachlororesorcinol is dissolved in hot water, and separates
out ¢n cooling in indistinet crystals.*

BROMINE SUBSTITUTION PRODUCTS OF
RESORCINOL.

. . Melting.Pt,
a-Dibromoresorcinol (*) CgH,Br,(OH), necdles . . . . 92°—93°

B-Dibromoresorcincl (%) C;H,Br,(OH), long needles . 83°—83°

993 Tribromoresorcinol, C;HBr,(OH),, is obtained by the action
of bromine water on resorcinol? It crystallizes in small needles

! Reinhavd, Jousn, Prakt, Chon. [2], xvii, 321.

2 Stenhouse, Koy. Soc. Pro, xx. 72,

3 Claassen, Ber. Denlsth, Chem, Ges, xi. 1441,

4 Licbermann and Dittler, Ann. Chem. Pharm. clxis. 265.

S Bneyer, thid, clxxxiii. 57 ; Hofnanw, Bcr. Dentech. Chem. Ges. vili. 64.
& Zehentor, Monalsh. Chem. ii. 478,

7 Hlasiwetz aud Barth, dan. Chem. Pharm, cxxx. $57.
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which melt at 104°, are soluble with difficulty in cold water,
and readily in alcohol.

Tetrabromoresorcinol, CyBr(OH),, is obtained on warming
pentabromoresorcinol with sulphuric acid ;! it crystallizes from
dilute alcohol in ncedles melting at 167°,

Pentabromoresorcinol, C;HBry(OBr),, scparates out when a
concentrated aqueous solution of resorcinol ® is poured into bro-
mine ; it crystallizes from carbon disulphide in tetragonal tables
melting at 113'5°.

Hydviodic acid and other reducing agents convert it into
tribromoresorcinol3 On heating to 160° it gradually decom-
poses into bromine and tribromoresoguinone, C;HBr,O,, crystal-
lizing from alcohol in small orange-coloured needles, which are
decomposed on heating.¢

Hesbromoresorcinol, CBr, (OBr),, is obtained by dissolving
tetrabromoresorcinol in caustic potash, and then adding hydro-
chloric acid and bromine water, It forms monoclinic crystals
which melt at 136°, and by the action of tin and hydrochloric
acid are again converted into tetrabromoresorcinol.®

IODINE SUBSTITUTION PRODUCTS OF
RESORCINOL.

Mono-iodoresoreinel, CH,I(OH),, was obtained by Stenhouse
by gradually adding lead oxide to a solution of resorcinol and
iodine in ether. It crystallizes in rhombohedral prisms melting
at 67°¢

Pri-iodoresoreinol, C;HL(OH),, is obtained when chloride of
iodine is added to an aqueous solution of resorcinol,” or when
this body is placed in a solntion of potassium iodate and iodine
in potassium iodide.® It crystallizes from carbon disulphide in
ncedles melting at 154°,

' Classsen, Ber. Deidsch, Chem. (Yes, xi. 1440,

2 Stenhonse, Loy. Soc. Pro. xx. 72.

2 Benedikt, Monalsh. Chem. 1. 351,

4 Liebermann and Dittler, 4nn. Chan, Pharmn. clxix. 259,
5 Benedikt, Monalsh. Chem. i. 366,

6 Stenhouse, Chem. News, xxvi. 279.

7 Michacl and Norton, Ber. Dewlsch. Chem. Ges. ix. 1752,
8 Claassen, . ii. 1442.
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NITRO-SUBSTITUTION PRODUCTS OF
RESORCINOL.

934 Mononitroresorcinol, CgHy(NO,)(OH),, is obtained in two
isomeric forms, together with other produets, which will be
described later on, when an ethereal solutionr of resorcinol is
treated with nitric acid containing nitrons acid. They can
readily be separated by distillation with steamn. The volatile
nitro-resorcinol, (OH:NO,:O0OH = 1:2:3), crystallizes from
dilute alcohiol in orange-red prisms melting at 85°, and having
an intense smell like that of orthonitrophenol.

The non-volatile nitroresorcinol, (1 : 4:3),forms lemon-colonred,
hair-like needles melting at 115°, Its salts, which crystallize
well, have a deep yellow to orange-red colour.!

Fuming sulphurie acid converts it into nitroresorcinol ether,
[CH(NO,)OH],0, which crystallizes in light rose-coloured
needles, or in brown warty masses containing one molecule of
water. It forms two barium salts, and is converted by con-
centrated nitric acid into trinitroresorcinol.?

Dinitrovesorcinol, CHy(NO,)(OH),, is formed by passing
nitrogen trioxide throngh an ethereal solution of dinitroso-
resorcinel. Tt crystallizes from alcohol in swall, light yellow
plates which melt at 142°, and are converted by dilute nitric
acid into trinitroresorcinol3

Isodinitrovesorcinol, CyH,(NO,),(OH),, is obtained when di-
acetylresorcinol is converted by the action of concentrated nitric
acid into the dinitro-componnd, and this decomposed by hydro-
chloric acidt It forms small, light-brown, shining plates, which
melt at 212:5°, and are not attacked by boiling nitric acid
(Benedikt and Hiibl).

Triuttroresoreinol, or Styphnic Acid, CGH(NO,),(OH),~—On
boiling logwood extract with nitric acid, Chevreul in 1808
obtained a crystalline body, which he considered to be a coimn-
pound of an oil, or resinous matter with nitric acid ; not only is
its mode of preparation very nearly identical with that of Welter’s
Bitter (Picric Acid), but it also forms explosive salts like this

1 Tlitz, Ber. Deulsch. Chem. Ges, viil, 631,

2 Weselsky and Benedikt, Monatsh. Chem. i. 887 ; 1lazura and Julius, donatsb.
Chene, v, 188,

3 Benedikt and Hiibl, Monatsh. Chen. ii. 323,
4 Typke, Ber. Dewtsch. Chems Ges. xvi. 531,
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body.! Exdmann then found, in 1846, that by theaction of nitric
acid on cuxanthic acid, C\gH,0,,, the maguesium salt of which
occurs in commerce nnder the naame Purrée or Indian yellow, an
acid is obtained to which he gave the name of oxypicric acid,
because it contained an atom of oxygen more than picric acid.?
About this time Bottger and Will observed that when certain
gum-resins or vegetable gums, as well as the extracts of different
dye-woods, bodies which we now know yield resorcinol on fusion
with potash, are boiled with nitric acid, an acid similar to pieric
acid is obtained, which they named styphnic acid, because it
does not taste bitter, but astringent (oré¢pros)® They per-
ceived that this body is identicel with Chevreul’s substance, and
supposed that this was also the case with oxypicric acid, a view
which Erdmann confirmed:t Schreder showed that it is tri-
nitroresoreinol? and Stenhouse afterwards obtained it by the
action of nitrosulphuric acid on resorcinol® It isalso formed by
the continued action of fuming nitric acid on metanitrophenol ?

To prepare styphnic acid, dissolve finely-powdered resorcinol,
gradually and with continual stirring, in 5 to 6 parts of
.concentrated sulphuric acid warmed to about 40°; then cool
down to 10°—12°, and add by degrees 2 to 25 times the theo-
retical quantity of nitric acid, adding at first concentrated acid
mixed with 10 per cent. by weight of water, then concentrated
acid without admixture of water, and finally fuming acid;
during this operation the mixture mnust be continually agitated.
It is now allowed to stand overnight, and is then brought into
1'5 tp 2 volumes of cold water and passed through a vacuum
filter to separate the crystals from the mother-liquor. On
cvaporation o further crop of crystals is obtained.®

Styphnic acid separates from its solution in dilute alcohol in
large, sulphur-coloured, hexagonal crystals, which melt at 175°5°,
and dissolve in 165 parts of water at 14°, more abundantly in
hot water, and readily in alcohol and ether. From its aqueous
solution, which has an acid reaction, it is precipitated by even a
small quantity of & strong acid (Stenhouse).

The Styphneles—Styphnic acid forms two scrics of yellow
coloured salts, most of which are only slightly soluble, and, on

v duan, Chem. Ixvi, 246 ; Ixxiit. 43. 2 Journ. I'ralt. Chene. xxxvii. 409,
3 dnn. Chem. Pharm. lviii, 273. & Jowrn. Prakt, Chom. xxxviii. 353.
3 Ann, Chem, Pharm, clviii. 244. 6 Chow., Newg, xxit, 98,

7 Bantlin, Ber. Dettsch. Chem. Ges. xi. 2101 ; Henriques, Licbig's Aua. 215,
321,
8 Merz aml Zetler, Lichiy's Ana. xii. 2037,
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heating, explode more violently than the picrates (Bottger and
will),

Dimethyl styphnate, CH(NO,);(OCH,),, was obtained by Konig

by the action of nitrosulphuric ucld on resorcinol dimethyl
ether; it crystallizes in small plates, melting at 123°—124°2

Dicthyl styphmate, CH(NO,),(OC,H,),, is obtained by the
action of ethyl iodide on silver styphuate, and crystallizes in
long plates, which melt at 1205°, and are quickly coloured
orange-brown in the light (Stenhouse).

By the action of alcoholic ammonia it is easily converted
into trinitrometadiamidobenzene, CH(NO,),(NH,),. a yellow
crystalline powder, which is only soluble with difficulty in the
ordinary solvents, and on heating with dilute caustic soda is
converted into sodium styphnate.

Styphnic acid can only have one of the following formule,’
because it is obtained from metanitrophenol.

OH OH
/7 \\ro NO,_.l/ NO,”/\NO,
No‘ /L)H NO,\_/OH \ )OH
2 NO,

In the first, as well as in the sccond formula, two nitroxyls
are found in adjacent positions ; and, according to Laubenheimer’s
rule, by the action of amnionia or alkalis one of these shonld
be replaced by the amido-group or hydroxyl, which is not the
case ; therefore the third formula represents the constitution of
styphnic acid*

Resorcinol  tndophane, CH N ,Og—The potassium  salt,

K,N,O, + HO, separates as a dark-brown, metallic
looking, crystalline mass, when warm solutions of potassium
cyanide and potassinm styphnate are mixed. It explodes on
heating, and yields, on decomposition with dilute sulphuric acid,
free resorcinol indophane, which forms needles having a metallic
lustre and dissolving in water forming a bluish-violet solution?

Tetranitroresoreinol, C(NO,),(OH),, is obtained, as already
stated, together with trinitrophenol and styphnic acid, by the
farther nitration of y-dinitrophenol. It is only slightly solnble
in water, but readily in alcohol, and crystallizes in colourless or

v Ber, Dewtseh, Clew, Ges. xl. 1042,
* Naolting and Coili, id. xvii, 259.
% Selireder, Anu, Chent. Phana, clxiii, 208,

VOL., {LL—PART IEL, k.
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yellowish needles, which melt at 166° and sublime easily. It is,
however, still questionable whether this compound isa derivative
of resorcinol.

PARADIHYDROXYBENZENE, HYDROQUINONE, OR QUINOL,
C,H(OH),.

995 By the dry distillation of quinic acid, Caventon and
Pelletier obtained a crystalline body, which they did not tho-
roughly examine, but named pyroquinic reid.  Woliler,! however,
gave it the name of hydroquinone, becanse it is readily formed
by the combination of hydrogen and quinone, C;H,O,, which is an
oxidation product of quinic acid and will be described later on.
He found that this reduction can be performed with hydriodic
acid and telluretted hydrogen, but that hydroquinone is best ob-
tained when snlphur dioxide is passed through a warm saturated
solution containing some nndissolved quinone,

CH O, + 2H,0 + 80, = CH,0, + SOH,

Besides these, almost all other reducing agents convert quinone
into quinol.

Quinol is also formed by fusing para-iodophenol with caustic
potash,? and by boiling paradiazobenzene sulphate with ditute
sulphuric acid?

The formation of quinol from succinic acid and acetoacetic
acid is very interesting, By the action of sodium on the ethyl-
ether of the former, succino-succinic ether (Vol. 111, Part II.
p- 189) is obtained, which is also formed when bromaceto-acetic
cther is treated with sodium.4

C0,C,H,
CH,
1 CH,—CH
Co I |
2| +2Na= (O CO  +H, + 2NaBr.

CHBr { |
| (J;H—-Cﬁﬁ
CO,CH,

+OH C0,C,H,

' dun Chem. Pharm, li. 145 ; Ixv. 349,

? hijrner, Zedteeh, Chem. 1866, 622 and 731.

# Weselsky and Schuler, Bar. Dewtsch. Clew, Givs, ix. 1150,
3 Duisherg, shid, xvi. 138.
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By thc action of bromine this is converted into the dicthyl-
ether of quinoldicarboxylic acid, C;HO,(CO,H),. The free acid
crystallizcs from hot water in hair-like needles. Its solution is
coloured pure blue by ferric chloride. On dry distillation the
acid i8 decomposed into quinol and carbon dioxide.!

Quinel is also found in the distillation products of the salts of
succinic acid.?

In order to prepare it, quinone, which is best obtained by the
oxidation of aniline, is employed : 1 part of aniline is dissolved
in 8 pts. of sulphuric acid and 30 pts. of water, and a solntion of
25 pts. of powdered potassium bichromate gradnally added to
the cooled solution. Potassinm sulphite is added to the brown
liquid tlns obtained, and the whole extracted with cther3
The latter is then distilled off, the residue dissolved in the
smallest possible quantity of lot water, sulplmrons acid and
animal charconl added, and the solution boiled and filtered.t On
standing, the quinol separates ont from the filtrate in hexagonal
rhombohedral prisms, which sublime on heating in monoclinic
plates. These, on recrystallization from hot water, reproduce
crystals of the former kind® Quinol is thercfore dimeorphous;
it has a slightly sweet taste, melts at 169", and distils without
decomposition. It is readily soluble ip hot water, alcohol, and
ether, and slightly in cold benzene. On fusing with canstic
potash it remains unchanged ; if its vaponr be passed through o
tube at a low red hecat it is decomposed into lhydrogen and
quinone® The latter is also very casily formed by the action of
oxidizing agents, for which reason quinol reduces silver nitrate
solntion on warming, and Fehling’s solution even in the cold.
Ferric chloride also easily oxidizes it, by means of which re-
action it can be readily distinguished from its isomerides. Italso
differs from catechol in not being precipitated by lead acetate.
On dissolving it in a hot: selution of this salt, the compound
2ACHO, + (C,H,0,),Pb] 4 3H,O separates out on esoling in
oblique, rhombic prisms (Wohler). On passing sulphuretted
hydrogen throngh a cold saturated solution of quinol, gently
warming nntil crystals appear, amd then allowing the gas to
Ol Herrmam, Ber, Deatsch. Chem, Ges. xvi. 1411 ; Jun, Chem. Pharm, cexi.
3 g.Richtcr, Jowrn, Pralt. Chew. [2], xx. 207.

3 Nietzki, Ber. Deutsch, Chom. Ges, x. 2003 ; xi. 1102,
¥ Ekstoand, thid. xt. 713 sce also Seyda, i, xvi. 637,

S Lehmann, Jakresh. Chene, 18717, 566.
¢ Masiwetz, fan. Chem. Pharm. elxcv, 6% clvesii. 836 : Howso, il xiv,

207,

L2
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stream through until these are redissolved, the compound
(CH405),SH, separates out on cooling in colourless, transparent
rhomboliedra, which are odourless, and stable in the dry state.
Cold water decomposes them slowly, hot water quickly, into
their constituents, By employing a saturated solution warmed
to 40°, long, colourless prisms of the composition (C;H0,),SH,
are obtained, which behave like the preceding compound.! On
pessing sulphur dioxide through a solution of quinol, yellow
rhombohedra of the composition (CH¢0O,),SO,, are formed, which
decorapose on heating?

996 Quinol methyl ether, CH (OCH,)OH, was first obtained,
together with quinol, as a decomposition product of arbutin. It
is formed together with the dimethyl ether by heating quinol with
caustic potash and potassium wcthyl sulphate to 170°3 It is
more easily obtained by digesting 1 pt. of potash, 2 pts. quinol,
3 pts. methyl iodide, and some methyl alcohiol in a flask connected
with an inverted condenser, untit the alkaline reaction disap-
pears. The methyl alcohol is evaporated off and the residuc
distilled in o current of steam, when the dimethyl ether comes
over. The residue is then extracted with ether and the latter
distilled off, the monomethyl ether, together with some quinol,
remaining behind. These are then separated by cold ben-
zene, in which the methyl ether is readily solublc ; after the
removal of the benzene this is rectified.* Tt crystallizes in
rhombic plates or prismatic tables melting at 53° and boiling
at 243> It is not oxidized by ferric chloride, but reduces silver
nitrate solution on warming.

Quinol dimethyl ether, CH,(OCH,),, is best obtained by
warming 10 pts. of quinol, 12 pts. of caustic potash, and 30 pts.
of methyl iodide diluted with double the volnme of wood spirit,
under an extra pressure of 200 mm. in an apparatus counected
with an inverted condenser. On recrystallization from methyl
alcohol or ordinary aleohol, 1t i3 obtained in splendid plates
melting at 56°5 It behaves towards ferric chloride and silver
nitrate like the preceding compound. When 15 to 20 volumes
of ether are added to a concentrated solution of the methyl
ether and caustic potash, the phenate, C;H ,(OCH,)OK,separates

' Wahler, un. Chent. Pharm. Isix. 204,

% Clemm, tbid. ex. 357 ; see also Hesse, ibid. exiv, 300.

3 Ilasiwetz and Haberwann, dbid. clxxvii. 338,

4 Hesse, ibid, ce. 254 : Tiemann, Ber, Devisch, Chem, Ges, xiv. 1989,
¥ Mhikthansor, Aun. Chew. Pharne. cevii. 2592,
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out as a crystalline powder, or, when the materials are not
anhydrous, in crystalline tablets

Quinol ethyl ether, CH,(OC,H)OH, is readily soluble in hot
water, and crystallizes in very thin, satin-like needles; it mclts
at 66° and boils at 246°—247°2

Quinol dicthyl ether, CH,(OC,H,),, forms large thin plates,
which melt at 72° and are volatile in steam}

Fiala* has prepared the following mixed ethers of quinol;
these bodies possess an aromatic odour rescmbling feunel, and
have & burning taste:

Mching Point.

C‘,H*{ 88%5 erystals. 39°
CH, { 83% erystals 26°.
o, { OO

4] 0C, H (CH,), liquid —

997 Arbutin, C,H, 0, ~—This glucoside was found by Kawalier
in the leaves of the bearberry (Arbutuss. Arctostaphylos wva-urs:),
and he showed that it is decomposed by emulsin into glncose
und arctuvin®  Strecker, who recognised the latter compound as
quinol, proved the composition of arbutin, and salso cffected its
decomposition by boiling with dilnte sulplmric acid® He also
found it in the lcaves of the wintergreen (Pyrole wmbellata)”
In order to prepare it, the leaves are boiled with water, lead
acetate added to the solution to precipitate tannic acid, &c., and
the filtrate treated with sulphuretted hydrogen and evaporated.
Arbutin crystallizcs from boiling water in long silky needles
containing half a molecule of water of crystallization, which is
driven off at 100°. It tastes bitter, and gives a light blue colour
with ferric chloride. By heating it with acetic anhydride,
the pentacetate, C,,H,,(C;H;0),0,, which crystallizes from hot
alcohol in needles or plates, is obtaincd.

These different reactions show that arbutin is an ether of

! Michael, Amezic. Chem. Journ, v. 176.
Hmltzsch, Jowrr. Prakt. Chem. [2], xxit. 246 ; Wichclhans, Her, Dewdsch.
Chem. Ges. xit. 1561,
3 Rokowski, Neues Handudrierb. ii. 560.
& Monalsh, Chem. v. 232,
& Ann, Chem. Pharw. Ixxxiv. 856, S Ibid, evii, 298.
? Zwenger and Hivunchaann, ibid. exxix. 205,
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dextrose, and at the same time a phenol: its constitution is
therefore expressed by the following formula (Schiff):!

(I)HO
(CHOH),

CH,0C,H,0H.

Hlasiwetz and Habermann proposed for arbutin the for-
mula C,H,0,,, because they found that on decomposition it
yielded equal molecules of quinol and quinol methyl ether.®
Arbutin is, however, more probably, a mixture of the gluco-
sides of both compounds? and, indeed, the analyses of different
preparations show varying relations. By the fractional erystal-
lization of such a mixture, Schiff succeeded in obtaining a
pure normal arbutin crystallizing in needles, 2 to 3 centimetres
in length, which, after being dried at 110°—115° melt at
165°—166°*

On the other hand, he could not then obtain & methylarbuiin,
C,oH5(CH)O,, free from arbutin. Michael, however, obtained
it artificially, by allowing a solution of 11 parts of the above-
mentioned potassium compound of iethylquinol, and 25 parts
of aceto-chlorohydrose, in absolute alcohol to stand for several
days (see Phenolglucoside, p.107). It crystallizes from water in
long, silky needles, containing hslf a molecule of water of
crystallization, and melting in the anhyd rous state at 168°—169°.
Methylarbutin gives no colonr with ferric chloride; it is easily
decomposed on heating with acids or In presence of emulsin?

Schiff then obtained this compond by heating a solution of
ordinary arbutin, methyl iodide, and caustic potash, in methyl
alcoliol. Tt contained one molecule of water of erystallization,
and melted in the anhydrous state at 175°—176°. He also
found that mixtures of both glucosides melt lower than either
of them separately, and believes that the true melting-point of
pure arbutin is somewhat higher than 180'5°, the tewmperature
which he had previously observed$

Diacetoguinol, CH (OC,H,0),. is obtained by heating quinol
with acetic anhydride or acetyl chloride, and crystallizes in tables

' Schiff, Ann. Chem. Pharm. cliv, 237,

2 Ibid. clxxvii. 342.

3 Pittig, Org. Chem. 10 Aufl. 638 4 Ann, Chem. Pharw. cevi, 159,
8 Americ. Chem. Jowrn. v. 176 5 Ber. Deutseh, Chem. Ges. xiv. 2078,

¢ Ber. Deutsch. Chem. Ges, xv. 1841 ; scenlso Lichig’s Aun. cexxi. 865
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or plates, melting at 123°—124°, and readily snbliming in needles.
It is readily soluble in benzene and ether, and slightly in alechol
and hot water.t

Quinol ethylearbonale, CH,(0.CO,C,H,),, is obtained by the
action of ethyl chlorocarbonate on a mixture of caustic potash
and quinol ; it crystallizes from absolute alcohol in large necedles,
which melt at 101°, boil at 310°, and are not attacked by alkalis
or acids even on warming.?

Acctonequanol, C;H,0,CHO, is obtained by the direct com-
bination of its constituents and forms beautiful, transparent,
monoclinic crystals, which give off acetone in the air and
become opaque without falling to powder. This body hasan
anglogous composition to quinhydrone (see p.164).3

Thioquinol, C;H,(SH),, may be obtained by the action of
tin and hydrochloric acid on benzenedisulphouyl chloride; it
crystallizes in small six-sided plates, melting at 98°. Its lead
salt, C;H,S,Pb, is a yvellowish-red precipitate.!

CHLORINE SUBSTITUTION PRODUCTS OF
QUINOL.

998 These bodies are not formed by the dircet action of
chlorinc on quinol, because the lIatter is thereby counverted into
quinone. They can, however, be obtained by reducing the substi-
tution prodnets of quinone, as well as by treating them with
hydrochloric acid.

Chlavoquinol, CH,CI{OH),, is obtained by treating quinone
with concentrated hydrechloric acid (Wéhler)s, and by the
action of sulphurous acid on chloroquinone (Stiideler).® It
is readily soluble in water and crystallizes in prisms melting
at 98°F

a-Dichloroquinel, CgH,Cl(OH),(Cl : C1 = 2 : 5), was prepared
by Stideler from the corresponding dichloroquinene ; it is alo
obtained by the combination of monochlorogninel with hydro-

' Rokowski, Neues Handuebrlerb. it. 560 ; Hesse, Ann, Chem. Pharw. ce. 248
Nielizki, Ber. Deulseh, Chom. Ges, xi. 470

¥ Bender, Ber. Doulsch. Chem. Ges. xiti. 697 ; Wallach, Ann. Chem. Pharm,
cexxvi. 85,

3 Habermann, Monaish. Chent. v. 329.

4 Kdrmer and Monselise, Jakresber. 1876, 450,

S dan. Chem. Pharm. N, 155. ’ & Ihid. Ixix. 307,

¢ Levy and Schultz, Ber. Dentsch. Chem. Ges, xiil. 1427,



152 AROMATIC COMPOUNDS,

chloric acid (Levy and Schultz). It is much more readily
soluble in hot water than in cold, and crystallizes in very long
needles, or short, thick prisms, melting at 164",

B-Dichloroguinol (Cl:Cl = 2 :6), is obtained by reducing
B-dichloroquinone. It crystallizes from dilute alcohol in small
yellow plates, melting at 157°--158"1

Trichloroquinol, CHCL(OH),, is formed by the action of
sulphurous acid on trichloroquinone,? and, together with tri-
chloroguinone and other products, when benzene is treated with
potassium chlorate and dilute sulphuric acid3 It is slightly
soluble in water, readily in alcohol, and crystallizes in prisms
melting at 134°.

Tetrachloroguinol, CClL(OH),, is obtained by the reduction of
tetrachloroquinone (Stddeler, Griibe). It forms plates which
are insoluble in water, but which readily dissolve in alcohol and
alkalis, and reduce silver solution. On heating in a current of
sir it sublimes in long flat needles, with partial decomposition,

Its dimethyl ether, C,CL,(OCH),, is formed by treating a
solution of quinol dimethyl ether in acetic acid with chlorine.
It crystallizes in needles, which melt at 133°—154° and sublime
without decomposition*

BROMINE SUBSTITUTION PRODUCTS OF
QUINOL.,

999 These are formed in a similar way to the correspond-
ing chlorine substitution products, but can also be obtained
by the direct bromination of quinol.

Bromeguinol, C;HBr(OH),, is obtained by the combination of
quinone and hydrobromic acid,” as well as by acting upon an
ethereal solution of quinol with a solution of bromine in
chloroform.? It is very readily soluble in water, and crystallizes
from petrolcum spirit in lustrous silky plates, melting at 110°
—111°

Dibromogquinol, C;H,Bry(OH),, is obtained by the action of
bromine on a warm solution of quinol in acetic acid,” and is also

‘ Faust, Ann. Chem. Pharm. Suppl. vi, 154,

2 Stideler, Griibe, 2hid. extvi, 25 ; Stenbouse, Journ. Chem, Soc. xxi. 146.
3 Krafly, Ber. Dantsch. Chem, Ges. x. 797,

4 Habermann, did. xi. 1035. 5 Wichelhaus, #id. xii. 1504.

¢ Sarauw, Lichiy's Ann. ecix. 105,

7 Benedikt. Monalst, Chem, i, 845,
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formed when quinone (Wichelhaus) or bromoquinone (Sarauw)
is heated with hydrobromic acid. It is scarcely soluble in cold
water, and crystallizes from & boiling solution in long needles
melting at 186°. By mixing solutions of bromine and quinone
in chloroform, a compound isomeric with dibromoquinol is
obtained, which crystallizes from petroleum spirit in sulphur-
coloured needles melting at 86°—87°; on heating with water it
quickly decomposes, hydrobromic acid and bromine being formed,
but on standing it is gradually converted into dibromequinol
(Sarauw). This peculiar addition product has probably the

following constitution, CH,Br { 8%,-

Tribromoquinol, C;HBry(OH), is formed by the action of
hydrobromic acid on dibromoquinol, as well as by that of
bromine on quinol or quinone (Sarauwy).

C¢H,0, + 2Br, = C;H,Br,0, + HBr.

Itis very slightly soluble in cold water, readily in hot, and
crystallizes in silky needles melting at 136°.

Tetrabromoguinol, CyBr,(OH), is obtained by the action of
sulphurous acid on tetrabromoquinone! or by treating it with
hydriodic acid and phosphorus? It is further obtained by the
combination of tribromoquinol with hydrobromic acid, and by
the action of bromine en a solntion of quinol in acetic acid
(Sarauw)

NITRO-SUBSTITUTION PRODUCTS OF QUINOL.

1000 Nitrogninol, C;H,(NO,)(OH),, is not known in the free
state; but several of its ethers have been obtained by the
action of nitri¢ acid on quinol ether.

Melting
Point.
ge yell
Mouomethylether,CaHs(NOZ)(OCHS)OH,{ orange yellow } 8%°

Dimethyl ether, C;H(NO,)(OCH,),, golden yellow needles 71:5°
Monoethyl ether,C;Hy(NO,)(OC,H,)OH,deepyellowneedles §3°
Diethyl ether, CH(NO,)(OC,H,),, golden yellow needles 49°

! Stenhonse, Aun, Chrm. Pharm. xci. 310,
1 Stenhonse, Journ. (hem. See. xxiii, 11.
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Dunitroquinol, 2CH,(NO,),(OH), + 3H,0, was obtained by
Strecker by boiling dinitro-arbutin with dilute sulphuric acid,!
and by Nietzki by treating the diacctate, described below, with
cold eaustic soda? It crystallizes from hot water in fine flat
needles having a golden lustre, which lose water of erystal-
lization at 100° with disintegration, and then turn brown and
melt at 135°—136°. It colonrs the skin s carmine red. Its
yellow solution i3 coloured first blood-red, and then bluish-
violet by the gradual addition of an alkali. Its ammoniacal
solution is coloured purple-red on boiling, leaving metallic-green
erystals on evaporation.

Its ethers are obtained similarly to those of nitr oquinone.?

Melting
. Point.
Monomethyl ether, C,;H,(NO,),(OCH,)OH, {gnl‘::gll:il}_ 102°
Dimethyl et.her,CcHZ(NO,),(OCHS).,{c{_’;g&‘l\;} 160°—170°
brownishl
Monoethyl ether, C;H,(NO,),(OC,H,)OH, - yellow n
needles

a-Diethyl cther) y | lemon yellow plates 176°
B8-Diethyl ethery C H"(\Toﬁ)z(OC’H”)*l " - . 130°

Diacetodinitroquinol, CjH,(NO,),(0C,H,0),. is obtained by
dissolving guinol diacetate in fuming nitric acid,® and crystallizes
from aleohol in sulphur-colonred needles melting at 96°.

Trinitroquinol, CH(NO,)y(OH),—The dimethy] ether of this
substance is obtained by adding a solution of yuinol dimethyl
ether in acetic acid to a wcll-cooled mixture of nitric and
sulphuric acids; it crystsllizes from aleohol in long, yellow
needles which melt at 100°—101° (Haberann).

The diethyl ether is obtained by the nitration of both the di-
nitroquinol diethyl cthers, and forms long, straw-colonred ncedles
melting at 133° (Nietzki).

v Aun, Chew, Pharm. Snppl. exviii. 203,

2 Ber, Dentsch, Cheve. Ues. xi. 470.

3 Weselsky aml Bevedikt, Monatsb. Chem. ii. 369 ; Mihlheimer, Licbiy's Ann.
207, 253; llabermann, Ber. Deuisch. Chem. Qe xi. 1037 ; Nietzks, tbid, xi.
148 ; xil, 39; Liehig’s Ann. 215, 125,

4 \u-lzkl, Ber. Deutsch. Chem. Ges. xi. 470,
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QUINONE, OR BENZOQUINONE, CH,0,

100t Woskresensky obtained this body by oxidizing quinic
acid with manganesc dioxide and sulphuric acid, and named
it quinoyl! a name which was changed by Berzelius to that
now used. It is also obtained by the oxidation of quercitol,
CyH,(OH),, (vide p.193).2 caffetannic acid, the extract of coffee-
beans, the leaves of the coffee shrub, the holly, and other
plants? as well as several para-disnbstitution products of benzene,
stch as paradiamidobenzene,? paramidophienol,® paramidobenzene-
sulphonic acid (sulphanilic acid),® phenolparasulphonic acid,” &c.
It is also formed by the oxidation of aniline (Hofmann), in
which way it is best obtained. The method of preparation is
the same as that described under quinol, but anotber part of
potassium bichromate is added o the brown solution, and the
whole heated for some hours to about 35°. The cooled solution
is then cxtracted with cther, which on evaporation yields the
quinone in golden-yellow plates® It can also be obtained by
the direct oxidation of benzenc. When 4 parts of this are
gently heated with 1 part of clrominm oxychloride, CrO,Cl,
hydrochloricacid gas is evolved, and a brown precipitate separates
out, which probably lias the fornmla, C;H,(OCrOCl),, since it is
decomposed by water into chrominm trioxide, hydrochloric acid,
and quinone, which remains dissolved in the excess of benzene?

Wohler, who first closely examined the quinone prepared from
quinic acid, describes it as follows:1® “ There are probably few
substances which have so great a power of crystallization as
this. When even small quantities of it are sublimed, crystals
are obtained an inch in length.  After being welted it solidifies
to a crystalline mass. 1t dissolves in quantity in boiling water
with a reddish-vellow eolour. and, when this solution 1s cooled,
crystallizes ont in long but less transparent pwisies, which are

Y Ann, Chem, Pharm. xxvii. 268.

2 Pronier, Compt, Jeend. Ixxsii. 1118,

3 Stenhouse, Meve. Chem. Soc. i, 226 ; Ixxxix. 244.

4 Hofmann, Jalresh. 1863, 415,

5 Kimer, Kekulé's Org. Chem iit. 103 Andresen, Jowrn., Prali, Chem. [2],
axiii, 178

¢ Ador and Meyer, .4nn. Chem. Pharm clix, 1.

7 Sclireder, Ber, Dewutsch. Chew. Ges. viii, 760.

8 Nietzki, tbid. x. 1934.

® Ktard, Ann. Chine, Phys. [5], xxit. 270,

Y Ann. Chem. Pharm. B 148 lxv. 340,
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somewhat darker and of a less beautiful yellow than those
obtained by sublimation.”

“Its solution stains the skin permanently brown. It is so
volatile, that, even at the ordinary temperature, it sublimes
from one side of the vessel to the other. Its strong odour,
which irritates both the eyes and nose, causes an after-effect
similar to that produced by iodine or chlorine.”

Quinone is readily solnble in hot alcohol and petroleum spirit,
crystallizing from the latter in besutiful yellow prisms} which
melt at 1157°% Hofmann found its vapour density to be 3-72-
379, by means of which determination its then somewhat
doubtful molecular weight was confirmed.® Its alkaline solution
quickly turns dark brown, and its aqueous solution a dark
yellowish-red in the air, and the latter deposits a blackish-
brown substance (Wohler). In presence of sodium acetate
this decomposition takes place more rapidly, particularly on
warming, the acetate, however, remaining unchanged. At the
same time a certain quantity of quinol is obtained, which can
be isolated by extracting with ethert That itis easily converted
into the latter substance by reducing agents has beeu already
stated. It acts therefore as a strong oxidizing ageut, and
decomposes hydrisdic acid with separation of iodine. It is
not poisonous, in spite of its strong smell and its action on
the living skin; 05 and even 1 gnn. given to a dog prodnced
no effect. It could not be found in the urine, and what had
become of it could not be ascertained.®

To detect quinone dissolved in water,a few drops of a saturated
solution of hydrocaerolignone, C,.H,(OCH,),(OH),, are added.
The solution immediately turns a yellowish-red, and then, with
a further colouration, deposits steel-blue, iridescent needles of
caerolignin, C,,H,(OCH,),0,. In this way 1 part of quinone in
200,000 parts of water can be detected. In more dilute solu-
tions the scparation of crystals does not take place, but the
colouration is still produced by ¥ part of quinone in 1,000,000
parts of water.8

Dikydroxyquinone, C{H,(OH),0,, is not known; its dimethyl
ether, C,H,(OCH,),0,, is obtained by oxidation of the dimethyl
cthers of propylpyrogallol and acetopyrogallol (vide post). It

! Hesse, Ann. Chem. Pharm. ce. 240, 2 [lease, bid. exiv. 300

3 Ber. Deutsch. Chem. Ges. ifi. 683. 4 Hesse, Lichig’s Ana. cexx. 365.
3 Wihler and Frerichs, Ann. Chem. Pharne. lxv. 343.

¢ [ichermann, Ber. Dewisch. Chemn. Ges. x. 1615,
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crystallizes in yellow needles, and is converted by reduction
into tetrahydroxybenzene dimethyl ether, C,H,(OCH,),(0H),,
which forms colourless needles melting at 160°. Equal mole-
cules of the two ethers form a compound, which crystallizes
in beautiful red needles! (see Quinhydrone).

Trilydroxyqinone, C;H(OH),0,, is obtained when the hydro-
chloride of amidedi-imidoresorcinol is heated with hydrochloric
acid to 140°—150°

CoH(NH,)(OH),(NH), + 3H,0 = C;H(OH),0, + SNH,

It forms dark, brass-coloured scales, or an amorphous, almost
black powder insoluble in water, scarcely soluble in ether, and
slightly soluble in boiling alcohol. It dissolves in alkalis, form-
ing & brown solution, which is precipitated by metallic salts.
Thus, by addition of silver nitrate to its alcoholic solution, the
gilver salt, CGH(Ag0),0,, is obtained as a blackish-brown pre-
cipitate, which on drying becomes almost black with a shade of
green, and by reflected light exhibits a yellow metallic lustre.
Acetyl chloride forms the triacctate, C;H(OC,H,0),0,, which
crystallizcs from glacial acetic acid in dark, ill-defined scales?

CHLORINE SUBSTITUTION PRODUCTS OF
QUINONE.

1002 AMonochloroquinene, CgH,ClO,, is obtained by distilling
a salt of quinic acid with common salt, manganese dioxide and
dilute sulphuric acid,} as well as by oxidizing chloroquinol with an
ice-cold solution of potassium bichromate in dilute sulphuric
acid* It is readily soluble in water, alcohol, and cther, and
forms yellowish-red rhombic crystals, smelling Like quinone,
melting at 57°, and volatilizing at the ordinary temperature.

Paradichloroquinone, CHCL0,(Cl : Cl = 2: 5), was obtained
by Stideler, togcther with the preceding compound; Carius
prepared it by the action of chlorous acid on benzene® It is
also obtained when a-dichloroguinol is oxidized with dilute
nitric acid, or paradichloraniline with a solution of chromic acid
(Levy and Schultz), and crystallizes in dark yellow, monoclinic
tables melting at 159°. It is volatile in steam, insoluble in

! 1lofmann, Ber. Dewlseh. Chent. Ges. Xi. 332.
2 Merz ami Zotter, ibid. xii. 2043. 3 Ktiideler, 0. Ixix, 302,
¢ Levy aml Selmltz, b, cex. 144, P fan. Chem, Pharw. exliii. 318,
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water, scarcely soluble in cold aleohol, but readily in boiling
aleohol,

Metadichloroquinone (Cl : Cl = 2 : 6) is obtained by the
action of cold fuming nitric acid on trichlorophcnol,! or by
passing nitrogen trioxide through its aqueous solution? It is
slightly soluble in water and cold alcohol, and crystallizes from
boiling alcohol or petroleum spirit in large rhombic straw-
coloured prisms, melting at 120°, and subliming readily. It is
also obtained by the oxidation of metadichloroparadiamido-
benzene 3

Trichloroquinone, C;HCLO,—Woskresensky, by the action of
chlorine on quinone, obtained & compound of this composition,
which he named chloroquinoyl, but according to his statement,
which is supported by the experience since gained concerning
chlorinated quinones, this was a mixtnre. Trichloroquinone
was first obtained pure, together with tetrachlorogninone and the
above-mentioned compound, by Stiideler, by the chlorination of
quinic acid. By the action of hydrochloric acid and potassium
chloratc on many aromatic snbstances, a mixture of trichloro-
quinone and tetrachloroguinone is obtained, as has been shown
by Griibe,! whereas it was formerly believed that ouly the
latter compound is produced.

In order to prepare trichloroguinonc, Griibe'’s process modified
by Knapp and Schunltz is employed.®> 1 part of phenol is dis-
solved in an cqual weight of sulphuric acid at 100° The
phenolsulphonic acid thus obtained is bronght into a hot
aqueous solution of 4 parts of potassinm chlorate, and an excess
of crude hydrochloric acid added. An energetic reaction soon
commences, which is finished after standing twenty-four hours
by passing in steamn. The mixture of trichloroquinonc and
tetrachloroquinone is washed with hot water and eold alcohol,
then suspended in water and the liquid saturated with sulphur
dioxide, and sallowed to stand until the crystals have become
colourless. Boiling water then only extmcts trichloro-
quinol, while tetrachloroquinol remains behind. By the addition
of fuming nitric acid to the hot solution of the former,
trichloroquinone separates ont. According to Stenhonse, it is
better to dissolve in hot water containing sulphmric acid and

! Faust, Ann. Chem, Pharm, cxlix. 153,

2 Weselsky, Ber. Detsch., Chem. Ges, iil. 6 46,

* Levy, ibid. xvi. 1444,

4 dna. Chem. Pheerm, oxlvi, 1, & Jbid. cex. 174
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add potassinm bichromate to it.! The trichloroquinone is then
purified by recrystallization from alcohol.

It is also obtained by the action of chromium oxychloride on
benzene.?

4Cr0,Cl, + C,H, = C{H(1,0, + 2Cr,0, + 5HCL

It is further obtained, together with tetrachloroquinone, when
bleaching powder is added to a boiling solution of paramido-
phenol 3 in hydrochloric acid, or by decomposing trichloramido-
phenol with bromine watert It crystallizes in large yellow
plates melting at 165°—166°. It is insoluble in cold water,
slightly soluble in cold, and readily in hot alcohol.

1003 Tetrachloroguinonc or Chloranil, C,CLO,—Erdmann first
obtained this compound by passing chlorine through an alcoholic
solntion of chlorisatin, and termed it chloranil? a nume which is
still employed. [Fritzsche obtained it by the action of hydro-
chlorie acid and potassium chlorate on aniling® and Hofmann,
from phenol, quinone, chloraniline, salieylic acid, salicyl aldehyde,
isatin, &c.? It has sincc been frequently observed as a final
product of the action of the above reagents on aromatic bodies.
That the substance thus obtained always contains trichloro-
quinouc has alrcady been stated. It is also obtained when
symumetrical tetrachlorobecuzene is oxidized with concentrated
nitric acid, but is not formed from the isomerides of this comn-
pound? Perchlorophenol is similarly converted into chloranil?

Its preparation from phenol has been already described ; it is
isolated as tetrachloroguninel, and this is oxidized by nitric acid,
and repeatedly extracted with boiling alcoliol, in order to remove
any admixed trichloroquinone. If it be required to convert the
trichloroquinone, formed at the same time, into chloranil, the
solution must be boiled for a long time with concentrated hydre-
chloric acid, and the tetrachloroquinol so obtained, oxidized
with fuming nitric acid (Knapp and Schultz).

The mixture obtained by the action of hydrochloric acid and
potassium chlorate on phenol can, according to Stenhouse, also

v Jourw, Chem. Soe. xxi. 149,

3 ('nrstanjen, Ber. Dewtsch. Chew. Ges, ii. 633.

3 Schmitt and Aundresen, Journ. Prakt. Chem. [2], xxiti. 430,
4 I, xxiv, 434,

5 Awmn. Chem. Pharm, xlviii. 309.

$ Newes Handwsdrierbuch, ii. 561.

7 Ann, Chem. Pharm. lil. 5%.

& Beilstein and Kurbatow, thid. exeii 204,

? Merz and Weith, Ber, Destsch, Chem. (frs v, $60,
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be converted into chloranil by dissolving it in an equal weight
of water, adding half its weight of iodine, and passing in
chlorine, until it is only slowly absorbed ; the chloranil formed is
then distilled off.

Chloranil is employed in the colour industry, and is obtained
on the large scale as stated above, or by the oxidation of tri-
chlorophenol with potassium bichromate and sulphuric acid,

Chloranil is insoluble in water, very slightly soluble in cold,
only slightly in boiling alcohol, and somewhat more easily in
ether, It crystallizes in small gold-coloured plates, or from
boiling benzene in light-yellow, transparent prisms;! it begins
to vapourize at 150° and sublimes rapidly at 210°. It melts at
a high temperature and boils with partial decomposition. It is
not attacked by concentrated sulpburic acid, nitric acid, or
aqua regia, and this explains why it is so frequently obtained as
a final product of the action of oxidizing and chlorinating agents
on & large number of bodies. By heating it with phosphorous
pentachloride to 180°, hexchlorobenzene is obtained (Griibe):

CL1,0, + 2PCl; = C,Cl; + 2POCI, + CL.

By heating with acetyl chloride to 160°—180° it is converted
into di-acetotetrachloroquinol :

C,C1,0, + 2C,H,0C1 = C,Cl,(0OC,H,0), + Cl,.
It has already been stated, that redncing agents convert it

into tetrachloroquinol; this also takes place on boiling with

concentrated hydrochloric acid, or still more readily with hydro-
bromic acid s 2

C,C1,0, + 2HBr = C,Cl(OH), + Br,

By adding chloranil to a dilute solution of acid potassium
sulphite, the potassium salt of dichloroquinoldisulphonic acid is
formed : 3

CyCL0,+3S0,KH+H,0 =C,Cl,(OH){(SO0,K), +2HCl+ SO,k H.

This crystallizes in colourless tables. The frec acid is only
known in aqueous solution. It, and the solutions of its salts,
are coloured indigo-blue by ferric chloride.

! Levy and Schultz, Licbiy's Anu. cex. 154.

2 Levy and Schultz, Ber. Deutsch. Chem, Ges. xiii. 1430; Sarauw, Lichiy's
Ann, ceix, 125,

8 Hesse, ibid, exiv. 324 ; Greilf, Jahresd. 1863, 382,
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On treating chlorauil with a concentrated solution of acid, or
better, normal potassium sulphite, the potassium salt of thio-
chronic acid is the chief product, the preceding compound being
also formed :!

C,C1,0, + 580,K, + H,0 = C4(OH)(SO,K)(SO,K) ++KCI+KOH.

It crystallizes from hot water in yellow rhombic prisms con-
taining 4 molecules of water, and its solution is coloured a deep
brownish red by ferric chloride. The free acid is only known in
agneous solution, and decomposes when this is gently heated.

On hLeating the potassium salt with water to 130°—140°,
potassiumn quinoldisulphonate, C,H,(OH),(SO,K), + 4H,0,
is obtained, together with acid potassinm sulphate. The free
acid crystallizes in thick tablets, deliquesces in the air, and is
coloured blne by ferric chloride (Gribe).

Hesse obtained an acid isomeric with the above by the
action of fuming sulphuric acid on quinic acid. It forwrs a
syrup which readily dissolves in water; its salts are coloured
deep blue by ferric chloride.?

1004 Chloranilic Aeid or Dichlovodihydroxyquinone, CCl,
(OH),0, + H,0. IErdmann obtained the potassism salt by
dissolving chloranil ix dilute caunstic potash:

C:CLO, + 4¢KOH = C,CL,(0K),0, + 2KCI + 4H,0.
Oriibe obtained it as follows from trichloroguinone :
2C¢HCL0.+ 3KOH=C,CL(0K),0,+C,HCI(OH),+KCl+H,0.

In order to prepare chloranilic acid, 3 parts of chloranil are
moistened with aleohol, and a cold solution of 6 parts of caustic
potash in 100 parts of water added. When the chloranil is
completely dissolved, the potassium salt thus formed is pre-
cipitated by the addition of 10 to 15 parts of common salt.
The precipitate is redissolved in boiling water and repeatedly
purificd by preeipitation with common salt. It is then dissolved
in 100 parts of boiling water, and 10 parts of liydrochloric acid
are added to precipitate the free chloranilic acid® Tt is thus
obtained in red crystalline grains, or, if it scparates ont slowly,
in small, yellowish red, lnstrous plates. It loses its water of
crystallization at 115°, and sublimes, undergeing considerable

' Hesse, loc. cil. ; Grabe, Ann. Chene. Pharm. cxlvi. 40.
2 Hesse, Awn. Chom. Pharm ex. 195.
3 Stenhouse, Joarn. Chem. Soc. xxiit. 6.
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decomposition, at a higher temperature. It dissolves in water
forming a violet-red solution; on addition of hydrochloric or
sulphuric acid the solution is decolourized, most of the acid
being precipitated.

Potasstum. chlorantlate, CCLOLOK), + H,O, crystallizes in
purple prisms or needles, readily soluble in hot water, less so in
cold, and still less in water containing free alkali or common
galt. On warming it with phosphorus pentachloride, chloranil
is formed.!

Sodinm  chloranilate, CLlL0,(ONa), + 4H;O, forms dark
carmine-red needles. Like the potassium salt, it dissolves in
water with an intense violet colour, and detonates on heating.

The ammonium salt resembles the potassium salt; the barium
salt is a rust-coloured, and the silver salt a reddish brown
precipitate,

Ethyt chloranilate, C(Cl,0,(OC,H,),, is obtained by the action
of ethyl iodide on the silver salt, and crystallizes from alcohol
in light red, flat prisins, melting at 107° (Stenhouse).

Hydrockloranilic acid or dichlorotetrahydroxybenzene, CCly
(OH),, is obtaincd when chloranilic acid is heated to 100° in
a sealed tube, with o concentrated solntion of sulphurous acid
(Koch, Griibe). On cooling, it separates out in long needles.
In the moist state and in alkaline solution it absorbs oxygen,
forming chloranilic acid.

When chloranilic acid is treated with only a small quantity of
sulphurous acid, the compound, CCl,(OH),0, + C,Cl(OH),, is
obtained, which crystallizes in fine, black needles, and belongs to
the class of the quinhydrones.

BROMINE AND IODINE SUBSTITUTION
PRODUCTS OF QUINONE.

l{elti:g

"oin
Monobromoquinone? C;H,BrO,, yellow tables or needles 55°—36°
. . small lustrous o
a-Dibromoquinone? C H,Br.0,, { grg?den pslai;(; S }- 188
B-Dibromoguinone,! C;H,Br,0,, lustrons yellow plates 122°

. . How fib =no
«y-Dibromoquinone’ C;H,Br,0,, {c r_ggm(l)s or n;oegfes } 76

' Koch, Zvitachr. Chem. 1868, 202,

3 Saurow, Lichigs Ann. ccix. 102, 106.

* Saurow; Benedikt, Mfonatsh. Chem. i. 134.
¢ Levy and Schulte, Lichig's Ann. cox, 158,

s Bohmer, Journ, Prakt. Chem. (2) xxiv. 264,
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Meltin,
I’oinl:.g

Tribromoquinone,! C;HBr,0,, lustrous golden plates 147"
golden rhombic
Tetrabromoquinone,? C,Br,0,, {plates or t.hick} —
tablets
reddish scales
Bromanilic acid,* C,Br,(OH),0,, { with a metallic } —
lustre

Melting Point.
Di-jodoguinonet CH, 1,0, small golden plates 177°—179°

NITRO-SUBSTITUTION PRODUCTS OF
QUINONE.

1005 Nitroguinone, CH,(NO,)0,—Chromium oxychloride
acts on nitrobenzenc just as on benzene (p. 153), the body,
CeH,(NOY(OCrOQl),, which is decomposed by water, being
obtained :

C,H,(NO,)OCIOQN, + H,0 = CH(XN0,)0, + Cr,0,
+ 2HCL

The product is shaken with dilute caustic soda, filtered,
and the nitroquinone precipitated from the filtrate by hydro-
chloric acid. It forms small yellowish brown plates which melt
at 232°, and arc tolerably soluble in hot water and readily in
alcohol.5

a-Dinitrodihydrozyquinone or Nitranilic acid,Cy(OH)y(NO,),0,,
is obtained by passing nitrogen trioxide into an ethereal solution
of quinol kept cool by ice, or better when diacetylquinol is
added to a well-cooled mixture of concentrated sulphuric and
nitric acids.®

Nitranilic acid is insoluble in ether and alcohol, but readily
soluble in water, from which it crystallizes in long, golden-
yellow prisms contaimng water, which is given off at
100°; the sanhydrous acid detonates at about 170°. It

! Saurow, Zoc. il

2 Stenhouse, Anm. Chenm. Pharm. xei. 307 ; Journ, Chem. Soc. xxdii.10 ; Sauvow.

3 Stenhouse ; Sanrow, loc. cit.

 Scifort, Journ. Prakt. Chem. (2), xxviii. 437.

5 Etard, Ann. Chim. Phys. (5), xxii. 212.

8 Niotgki, Ber. Deutsch, Chem. Gles. x. 21475 xi 1170 @ wvi. 2092 ; Nietaski
awd Renckiser, xviii. 499.
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tastes acid and astringent like iron, and forms salts which
crystallize well.

Potassium nitranilate, Cy (OK)(NO,),0, is very slightly
soluble in cold water, and crystallizes from hot water in light
yellow needles with a blae surface lustre, which detonate
violently on heating.

B-Dinitrodihydrozyquinone is obtained in small quantity, to-
gether with other bodies, when nitrogen trioxide ispassed through
an ethereal solution of pyrocatechuic acid, C,;H,(OH),COH, kept
cool by ice. It is readily soluble in water, and slightly in cther;
it crystallizes in greenish yellow needles, and is a very nnstable
substance, Its sodium salt is slightly soluble in cold water,
more readily in hot, and forms brass-coloured spangles with a
metallic lustre, which detonate violently on heating.!

QUINHYDRONES.

Quinhydrone, C\H,,0, = C;H,0, + C,H,(OH),

1006 This compound, which Wohler deseribed as 'grecn
hydroquinone,” is formed by the partial reduction of quinone
or the cautious oxidation of quinol. He makes the following
remarks: “In all cases in which the grecn compound is
obtained, it separates out in the crystalline state, the liquid
being momentarily coloured a deep red, and then snddenly
becoming full of the most beautiful green metollic prisms,
which, even with small quantities, are frequently an inch
in length.”

“It is most readily obtained by adding ferric chloride to a
solution of the colourless hydroquinone.”

It is prepared from quinone by mixing a saturated solution
with sulphurous acid, which, in order to obtain large crystals,
must be added all at once, but only in such quantity that some
quinone still remains unchanged; otherwise the action will
proceed further with formation of the colourless hydroquinone.”

“The most remarkable method of formation of grecen hydro-
quinone is by the mutual action of the colourless componnd and
quinone ; when their solutions are mixed, they instantancously
combine forming the green crystals, no other compound being
produced.” '“Green hydroquinone is one of the most beautiful

' Gruber, Ber. Deutsch. Chem. Ges. xii. b14.
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substances which organic chemistry has produced. It is very
similar to murexide, but excels it in Justre and beauty of colour.
In this respect it bears the greatest resemblance to the metallic
green of the rose-chafer, or of the feathers of the humming-
bird. The erystals are generally very fine, and often very long.
Under a high magnifying power the finer ones are seen to be
transparcat showing a reddish-brown colour. It has o sharp
taste and a weak quinone-like odour ; it readily fuses to a brown
liquid, and at the same time a portion of it sublimes in small
green plates, whilo another portion decomposes with formation of
quinone, which sublimes in its characteristic yellow crystals. It
is slightly soluble in cold water, while it dissolves in greater
quantity in hot water forming & brownish red solution, from which
it again crystallizes out on cooling. The green hydroquinone
is readily soluble in aleohol and ether with a yellow colour;
on evaporation it retains its green metallic lustre, and, in the
crystalline condition, presents, especially on white porcelain, &
very striking and beautiful appearance,”

It crystallizes from hot glacial acetic acid in greenish black
tablets or prisms (Hesse).

Quinhydrone is a compound consisting of equal molecules of
quinone and quinol. On boiling with water it is decomposed
into its constituents, quinone volatilizing and quinol remaining
behind. Oxidizing agents convert it into the first and reducing
agents into the sccond. “It dissolves in ammonia with a deep
green colour, whicl in presence of air immediately changes
into a dark, brownish red. On evaporation it remains behind
as a, brown, amorphous masgs” (Wéhler).

Quinkydrone dimethyl ether, CigH, ,04(CHy), =C,H,0,+2C,H,
(OCH,)OH, is formed by the combination of quinonc with quinol
methyl cther,! when the solutions of these in hot petroleum
spirit are mixed.? On cooling, the compound separates out in
beautiful greenish black prisms with a metallic lustre, which
become reddish brown in the light, The ether dissolves in
warm water with decomposition, and on reduction with sul-
phurons acid, gives two molecules of quinol methyl ether for
cach molecule of quinol.

1007 Chlorine substitution products of quenhydrome are not
formed by the combination of a chlorinated quinol with quinone,

' Wichelhaus, Ber. Deviseh. Chem. Ges, xii. 1501 ; llesse, Lichig's Anu. ce. 254,
? Nietzki, Ber. Dewlsch. Chewme Ges. xii. 1082,
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nor of a chlorinated quinone with quinol, quinhydrone being
always formed when these are brought together.!
C.H,0, + 2CH,CI0, = C,H,0, + C;H,CLO,.
C.H,CI0, + 2CH,0, = C,,H,,0, + C;H;CIO,.
2CH,0,+ CoH,CLO, = C,.H, 0, + CHLCLO,

Chlorinated quinones, on the contrary, combine with chlori-
nated quinols.

Dichloroquinkydrone or brown chloroquinol, C ,HCLO,, was
obtained by Wohler by the oxidation of chloroquinol with ferric
coloride. It is also obtained by the combination of chloro-
quinone with chloroquinol, and is the first product of the action
of hydrochloric acid on quinone (Stideler). It separates out at
first as an oil and solidifies after some time to a greenish brown
crystelline mass which, when left in a glass tube, sublies in
fine, long, brown needles, which stain the skin a dark purple-
red colour. i

Tetrachloroguinkydrone or violet bichlorgguinel, C,,H,C10, +
2H,0, is obtained by warming dichloroquinol with a solution of
dichloroquinone, as well as by the oxidation of the former with
ferric chloride (Stideler). It erystallizes in small violet prisms,
or long, flat, dwk green needles, which lose their water of
crystallization over sulphuric acid, or at 70°. At 120° they
melt and decompose into their constituents. It is insoluble in
water, and dissolves in alcohol forming a yellow solntion, whilst
its solution in ammonia is green.

Hexehlorogquinhydrone or yellow trichloroguinel, C, . HCLO,, is
formed, according to Woskresensky, by passing chlorine over
quinone, or by the oxidation of trichloroquinol (Stideler)? 1t
crystallizes in small, yellow, lustrous plates, which are slightly
solnble in boiling water and more readily in boiling aleohol.
It melts and sublimes a few degrees above 100°, and possesses
a penetrating aromatic odour.

By the action of an insufficient quantity of cold nitric acid
on trichloroquinol, Griibe obtained long, black ncedles, which he
considered to be hexchloroquinhydrone, but which are more
probably a hydrate of this.

Resorcinolguinone, C,H,0, = CH,0, + C;H,(OH),, is iso-
meric with quinhydronc, and is obtained by dissolving equal
molectles of resorcinol and quinone in warm benzene, It forms
almost black needles, which In transmitted light appear of a

! Wichelhaus, iid. xii. 1503.
2 Journ. Prakt, Chem, xviil 419.
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garnet-red colour, and have & green surface lustre. They melt
at 90° and are readily soluble in water and alcohol.!

Phenoguinone, CiH, 0, = CH,O0, + 2CH,.0OH, was first
obtained by Wichelhaus by the oxidation of phenol in aqueous
solution ; it is also obtained by thedirect combination of quinone
with phenol,’ when the solutions of these in hot petroleum ether
are mixed® It crystallizes in splendid red ncedles, the broad
faces of wlhich show a green lustre. They have a slightly sharp
gsmell, meltat 71°, and are very volatile. Phenoquinone is soluble
in cold water, but more readily in alcohol and ether, as well as
in petroleum spirit, by means of which it may be separated from
quinone and quinhydrone. It is split up by alkalis or acids into
quinone and phenol. On the addition of potash the red needles
become blue, and with baryta or ammonia, green.

1008 Constitution of the Quindydroncs. Various views have
been advanced concerning the constitntion of these compounds,
which are formed by the direct combination of phenols with
quinone. Quinhydrone was first looked upon as a compound
of equal molecules of quinone and quinol, and Gribe gave the
following conatitutional formula :*

OH
GBS
N

>

O/

C,H4<OH

Wichelhaus opposed this view; he explains the formation of
phenoquinone according to the following equation :

0. 0.0CH
CHL S + 2HO.C,,H5=C°H4< ** L H,
AUd 0.0C,H,
Quinhydrone and its methyl ether are formed in a similar
manner :

_0.0.CH,0H

+ H,
0.0.C;H,0H

0
q,H,<O> + 2HO.C,H,OH = C,H

! Nietzki, Ber. Dewlsch. Chem. Ges. xii. 1982

3 Wichethaus. Ber. Deulsch. Chem. Ges. v. 248, 346.

* Nietzki, tbid. xii. 1981; Hesse, Licdig’s Ann. cc. 251.
4 Ann. Chem. Pharm. ex]vi. 61.
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The hydrogen formed acts as a reducing agent, changing, for
cxample, 2 portion of the quinonc into quinol! Liebermann,
however, showed by quantitative researches that quinone is a
componnd of cqual moleeules of its constitucuts ;2 Nietzki then
found that quinone can be volumetrically determined by sul-
phurous acid and iodine solution. He thns obtaincd the formula,
CoH, 0, = C;H,0, + C;HO, for quinhydrone,® and CH, O, =
CH,0, + 2CH,O for phenoquinonet He also found that if
phenol and quinone are dissolved in the cotrect proportions in
petroleum spirit, they combine completely to form phenoquinonc,
an observation which was also made by Hesse. The latter
found a further proof of the accuracy of thc old formula for
quinhydrone in the fact that when it is heated with acetic
anhydride, quinone is set free, and 83 to 87 per cent. of diaceto-
minol is formed, instoad of the theovetical 889, while accord-
ing to the formula of Wichelhans only 595 per cent. should be
formel. Finally, he proved thiat quinhydronc dimethyl ether is
a compound of one molecule of quinone with two molccules of
quinol methyl ether.

Tt follows, therefore, that one molecnle of quinone combines
with one molecule of a phenol, which contains two hydroxyls, and
with two molecules of one which contains only onc hydroxyl, or
with their ethers.

Quinone fetrahydride, CH,O,, is obtained by heating succino-
succinic acid (p. 146), and crystallizes on the gradual evaporation
of its aqueous solution in short, flat, lustrous prisms, having a
peculiar, faint odour, and a cooling taste, and melting at 75°
Bromine converts it into bromanil :

co /c\o
i
H,C }H.‘, BrC CBr
bob ¥0Bn= || || +8HBr
HC CH, BrC CBr
\C/ N/
0 ¢o

! Hesse, Ber. Dewlsch, Chem. Ges. x. 1781, 2005 ; xii. 1500.
2 Ibid, x. 1614 ; 2000,

3 Ibid. x. 2003.

4 Ibid, xii, 1279.

3 Licbig's Ann, cc. 248,
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1009 The Constitution of Quinom —It has already been stated
that the constitution of quinone is oxpressed by one of the
following formulwm (p. 44):

c Co
Z 1\ N\
HC O CH Hﬁ, CI-H
l
H(l, (lm HC é)H
\J/ N/
co

According to the former, quinone would be o peroxide ; this
theory, which until lately was universally aceepted, explains its
formation from quinol in & simple manner,as well as the easy
conversion of the latter into quinone by oxidation. Griibe, who
first proposed it, has used it,as we have seen, to explain the
constitution of the quinhydromes. According to the second
formula, quinone would be & ketone-like compound ; in this case
we should expect that it would combine with four atoms of
hydrogen to form a body of an alcoholic mature, and that
phosphorus pentachloride would convert tetrachloroquinone into
the compound C,Cl,, and not into hexchlorobenzene.

The formation of B-trichloracetylacrylic acid by the action.
of chlorous acid on quinone (p. 59), as well as the above
formation of bromanil from succinosuccinic acid, speak for the
sccond formula, which is rendered very highly probable by the
behaviour of quinone towards hydroxylamine. V. Meyer and
Janny have found that this converts aldehydes and ketones
into oximes, the oxygen of the carbonyl being replaced by
the divalent radical oximide, N.OH.

Ethyl Aldehyde. Ethyl Aldoxime.
CH,
| + H,NOH = | + H,0
CHO CH=N.0H
Dimethylacetone. Dimethyl JAcetoxime.
i T
(;o +HNOH = C=NOH + HO
|
CH, CH,

The diketones which contain two carbonyls in adjrcent
positions thus give di-oximide-componnds. If, however, the
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carbonyls are not adjacent, only one of them usually enters into
the reaction. Now quinone behaves exactly in this manner:

Quinonoxime.
/CH:::CH\ CH::.CH\
Co CO + H,NOH= CO ‘=N.OH+H20.
\CH=CH" \CH=CH”

The hydrogen of the hydroxyl group, as in other oximes, can
be replaced by metals and radicals! The fact that dimethyl-
ketone forms a compound with quinol which corresponds to
quinhydrone is in favour of the supposition that quinone is a
ketone. On the other hand, it must be remarked that quinone
differs from other diketones, in being a powerful oxidizing agent
like the peroxides. If it be regarded in this light, the action of
hydroxylamine can also be easily explained.

e el

QUINONOXIMES OR NITROSOPHENOLS.

x010 Guinonoxime, C;H, ONOH). Baeyer and Caro first
obtained this compound, together with dimethylamine, by boiling
nitrosodimethylaniline with caustic soda.? They found thatit may
also be obtained by treating an aqueons solution of phenol and

! The researches of Meyer and his pupils, which are referred to_below, show
that not only nldch{ldes and ketenes but also aldehydo-acids, ketonie acids, and
kotone-nlcohols readily give oxiinide-compounds, and further, in doubtful enses it
can be determined by neaus of hydroxylaminewhether tho compound contains a
carbonyl group or not. The oximide compounds belonging to the aromatic group
will be deseribed in tho sequel. In the preceding volumes various nitroso-com:
pounds have been deseribed, obtained by theaction of nitrous acid on compounds
containing the group CH,. Among thesc ave nitrosc-malonic acid, nitroso.
aceto.ncetic ether and the nitroso.acetono obtained from it by decomposition.
These bodies are likewise oximide.compounds and are now termed isonitroso-
compounds. On heating these with concentrated hydrochloric acid they yicld
hydroxylamine, and they can be preparcd by means of this reagent. Thus
isonitrosomalonic acid, C(NOH)(C lg‘,, may bo obtained by tho action of
liydroxylamine on mesoxalic acid, CO{CO,Hj,. To the isonitroso-compounds
belong also the nitrolic acids, while the psendonitrols and the uitroso-amnines,
which are formed by the action of nitrous acid on tho groups CH or NH, contain
the monovalent radical uitms,yl, KO. Thesc, Kke all other nitroso-compounds,
give Liebermanu’s reaction with phenol and sulphuric acid. This reaction is not
yielded by the isonitroso-compounds. Cf. Ber. Deulsch. Chem. Qes, xv. 1164,
1324, 1525, 2778, 2783, 2786, 3076; xvi. 167, 170, 177, 183, 500, 822, 833,
1616.

3 L. Claisen, Private Communication.

3 Ber. Deutsch. Chem. Ges. vii. 809.
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potassium nitrite with acctic acid,) and considered it to be
nitrosophenol, CH (NOJOH. Itsexact constitution was proved
by Goldschmidt, whe found that it is formed by the action of
hydroxylamine on quinone. In order to prepareit in this way,
the free base must not be nsed, because it reduces the quinone
to quinol. The hydrochloride of hydroxylamine does not act in
this way ; in concentrated solutions, however, it produces such a
violent reaction that the mass commences to char, and hence dilute
solutions must be employed. This reaction has already been
explained ; in the formation of quinone-oximes from phenol and
nitrous acid, we must assume that the former is oxidized to
quinone and the latter reduced to hydroxylamine. 1If we give

to it the second of the proposed formulm, the reaction may be
represented by the equation ;

O
CH,OH + ONOH = CH,{ dog +HO
“N.O

Quinonoxime is best obtained by the action of nitrosulphonic
acid on phenol. The reagent, which Groves and Stenhouse
call nitrosyl sulphate, is prepared by warming 200 ce. of
nitric acid, of specific gravity 1'3, with arsenic trioxide to 70°,
passing the nitrogen trioxide evolved through an empty flask,
and then absorbing it in 250 cc. of concentrated sulphuric acid.
Sulphuric acid is then added until the solution contains 15 per
cent. of nitrogen trioxide, Somewhat more than the theoretical
quantity of this is added to a solution of phenol in 30 parts of
water. After twenty minutes the separated crystals must be
filtered off, because if allowed to stand they are rendered impure
by a tar-like mass which is formed.* Qnuinonoxime crystallizes
in light brownish green, thin, rhombic tablets, and is more readily
soluble in hot water than in cold, forming a green solution. On
rapidly cooling it separates out in snall, almost colourless,
needles, but on slowly cooling in brownish green plates, It
dissolves in alkalis forming a brown solution from which it
separates on the addition of acids as an almost white, amorphous
precipitate. It is also readily soluble in alcohol, ether and
acetone, forming green solutions.

In the moist state the crystals rapidly turn brown, and
hence it is best dried on a porous earthenware plate. Quinon-
oxime is thus obtained as  yellowish powder (Goldschmidt) ; on

' Ber. Deutsch. Chem. Gles. vii. 963,
2 Journ. Chem. Soc. 1877, i. 544.
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heating to 120°—130° it decomposes with a slight detonation ;
by dissolving it in phenol and adding a little concentrated
sulphuric acid, & dark cherry-red solution is obtained, which on
the addition of water and caustic potash is changed into a
beautiful blue (p. 176). Hydrochloric acid converts it into
chlorophenol. It is oxidized by an alkaline solution of potassium
ferricyanide, as well as by nitric acid, into paranitrophcnol. As
long as it was supposed to be nitrosophenol this reaction was
very easily explained, but we must now assume that the
quinonoxime first combines with water, and that the corpound
thus formed is then oxidized ;!

CH—CH
(1) HO. Necl \CO + HOH.

N\cH=CH”
HO CH—CH
= OAN—C \¢.0H.
H0”  N\CH—CH”
_OH
@ OQH*< \OH +0 = CH< \cI) +HO.

The salts of quinonoxime, which were named nitrosophenates,
have been examined by ter Meer.®

Potassirem quinonoximate, C;H,O(NOK), is obtained as a
beautiful amorphous green precipitate, by mixing an ethereal
solution of nitrosophenol with alcoholic potash, It is very
readily soluble in water, and crystallizes from acetone or aleohol
in thin bluish green tablets; sometimes it is also obtained in
red crystals. On heating it detonates.

Sodiwm. quinonenimate, CHLO(NONa) 4+ 2H,0, isa vermilion-
coloured amorphous precipitate, which crystallizes from alcohol
in beautiful short, red needles, and is readily soluble in water,
forming a reddish brown solntion.

Stlver quinonoximate, C;HO(NOAg) + H,0, is obtained by
the addition of silver nitrate to a hot, dilute solution of the
sodium salt, in small, dark violet crystals, which under the
microscope appear red in transmitted light, and in sunlight show
& green reflection.

! Goldschmidt, Ber. Dextschy Chem. Ges, xvii. 805.
3 Goldschmidt, 1b7d. ix. 622.
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Quinonoxime cthylearbonate, CH,O(N.0.CO.0C,H,), is formed
by treating the sodiumn compound in presence of ether with
ethyl chlorocarbonate. Itcrystallizes in golden-coloured needles
melting at 109°, slightly soluble in ether, but readily in alcohol
and chloroform.!

1011 Quinone chlorimide,CyH,0(NCI), was obtained by Schmitt
and Bennewitz by the action of bleaching powder on a solution
of paramidophenol, CH (NH,)OH, in hydrochloric acid, and was
considered to be dichlorazophenol, C,,HCL,N(OH),? Hirch?

then showed that it was quinone chlorirside, and gave to it the
following constitutional formnla:

0
H{ |
Xl
It is thus quinone in which an oxygen atom is replaced by
NCJ, and according to the more recent views concerning quinone,
its constitution is represented by the following formula:

CH—=CH
co >(z:x01.
“CH—=CH

From this it appears thet it stands in close relationship to
quinonoxime, from which it is derived by replacement of the
hydroxyt by chlorine; it has not, however, been hitherto ob-
tained in this way. Schmitt found that it is also formed by
the action of bleaching powder on ethylparamidophenate,
CeH,(NH,)OC,H,*

It is obtained as a crystalline precipitate when a concentrated
solution of bleaching powder isadded to 100 grms. of a solu-
tion of 5 grms. of para-amidophenol hydrochloride. The liquid
first assumes a deep violet colour which, on further addition of
biaaching powder, becomes gradually paler, until it suddenly
changes to yellow when the reaction is complete. The solntion
is then rendered faintly acid with hydrochloric acid, care being
taken to prevent a risc of temperatnre. The product of the
reaction is extracted with cther, the latter distilled off and the
residue crystallized from glacial acctic acid (Hirsch).

1 Walker, Ber. D:atsch. Chem. Ges. xvii, 300,
2 Jowrn, Prakt, Chew. (2) viii. 1.

3 Ber. Denlsch, Chan. (h s, xiii, 1903.
4 Jarern, Prakt. Chen. (2), six, 515,
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Quinope chlorimide forms golden crystals, which are probably
triclinic, melt at 85° and detonate at a higher temperature,
but are volatile in steam with partial decomposition. It is
scarcely soluble in cold water, but readily in hot water, alcohol
and acetic acid. It has a persistent odour, similar to that of
quinone, and like this stains the skin a permanent brown.
Reducing agents easily reconvert it into paramidophenol, while
sulphur dioxide converts it into the sulphonic acids of this. It
is converted by strong hydrochloric acid into chlorophenol, and
on heating with water to 100° forms ammoninm chloride, quinone,
and oxidation products of the latter:

C,H,ONCI + 2H,0 = NH,Cl + C;H,0, + O.

Tt dissolves in cold, concentrated sulphuric acid, and in fuming
nitric acid without decomposition. On dissolving it in phenol
and adding some sulphuric acid, o dark cherry-red coloured
solntion is obtained, like that produced by quinenoxime, which
on eddition of water and caustic potash is converted into a
splendid blue.!

Trichloroquinone chlorimide, C,HCLO(NCI), is obtained in a
similar manner to the preceding compound, from trichlorophenol.
It is scarcely soluble in cold water, readily in hot, and crystallizes
from alcohol in long, yellowish, lustrous prisms, melting at 118°2

Concentrated hydrobromic acid converts it, with separation of
bromine, into trichtoroquinone.?

CH=CCI
/S N _

co SC=NCI + H0 + 2HBr
N\ CCI=Cof

CH=CCl
-~ 00 CO.+ NHCI + B,
Nec=cel

Quinons dicklorimide, CH (NCI),, is obtained by the aetion
of bleaching-powder on a solution of paradiamidobenzene,
C,H,(NH,), in hydrochloric acid. It is scarcely soluble in cold
water, and slightly in boiling water, from which it crystallizes in
needles; it is readily dissolved by warm alcohol and acetic acid,

! Schmitt and Andresen, Jowrn, Praki. Chem, (2), xxiii. 435,
? Schmitt and Andresen, ibid. (2), xxiv. 426
3 Iid. xxviii. 436



QUINONOXIMES. 1%5

forming solutions which stain the skin brown. Onreduction it is
reconverted into diamidobenzene!

rot2 Ilydroxyquinonozincornenenitrosoresoreinol, C;H(OH)O
(NOH). Bindschedler and Busch first obtained this compound
by the action of amyl nitrite on monosodiumresorcinol? and it
was then further examined by Févre® In order to prepare it,
concentrated alcoholic solutions of equal molecules of sodium
ethylate and resorcinol are mixed and the calculated quantity
of amyl uvitritc added, the mixture being kept well ayitated.
The solid mass which separates out is pulverized and freed
from amyl alcohol by washing with waterd It crystallizes from
dilute aleohol in golden needles, which contain one molecule
of water, and on heating become black and decompose without
melting.

Its salts are not very characteristic ; stannous chioride reduces
it to amidoresorcinol, concentrated nitric acid converts it into
trinitroresorcinol, and by passing nitrogen trioxide through its
ethereal solution dinitroresorcinol is obtained.

It gives colour-reactions with all phenols (p.177), as wellas with
amido-compounds, With aniline acetate it forms the compound
C\oH,(N,O, which is insoluble in alkalis, and crystallizes from
chloroformin small, lustrons stecl-blue needles, which dissolve in
concentrated hydrochloric acid with a blue, and in snlphuric
acid, with a green colour (Févre).

Quinonedioxime or dinitrosoresorcinol, CH,0,(NOH),, is ob-
tained by the action of sotium uitrite on a very dilute solution
of resorcinol in acetic acid.  After some time the liquid is poured
into dilute sulphuric acid, and the compound which separates out
purified by crystallization from alcohol® It is wore easily
obtained by gradually mixing 2 dilute solution of resorcinol
with nitrosyl-sulphate ¢ (p. 171).

Dinitrosorcsorcinol crystallizes in yellowish brown or green
plates which detonate at 115°; it decomposes earbonates, and,
to a slight extent, ncetates, With the alkali metals it readily
forms soluble normal salts and acid ones such as, CH,0,{NOH)

(NONa), which are obtained as slightly solnble, grcen crystalline
powders.

! Krouse, Ber. Dewlsch, Chem. Ges. xit. 47 : Hirseh, loe, it
3 Krauso, Ber. Deuisch. Cheni. Ges. xvii. 1850,

3 Ibid, xvi. 1101,

4 Walker, #0id, xvil. 399.

5 Fitz, ibid. viii. 631.

¢ Stenhouse and Groves, Joern. Chem. Soe, xxxvi, 550,
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COLOURING-MATTERS FROM QUINONOXIMES
AND PHENOLS.

rorz Liebermann observed that a solution of nitrous acid
in sulphuric acid gives with different phenols a brown solution,
which quickly becomes green and then deep blue. The reagent
for the preparation of this colour i8 obtained by dissolving
5 per cent. of potassinm nitrite in concentrated sulpburic acid ;
the salt is gradually added with continual shaking in order that
the nitrous acid may be completely absorbed.

To propare the phenol colouring-matter, 5 grms. of phenol
are mixed with an equal volume of sulphuric acid and 20 ce.
of the reagent gradually added, the liquid well agitated, and the
temperature not allowed to cxceed 40°—50°.  After cooling, the
solution is poured into & large quantity of cold water, when the
colouring-matter separates out as an amorphous, reddish brown
powder, which is washed and dried at 130°. It has the com-
position C,;H;;NO,, and dissolves in concentrated sulphuric acid
and in alkalis with a splendid blue colour! Its fornation is
explained by the quinonoxime, which is first formed, taking up
the elements of water and the compound so obtained umting
with phenol as follows :

OH OC,H,
HOGHNS  + 2HO.GH, = HOGHNS  © +2H,0.
\OH NoC

Together with this compound another body is obtained, which
can casily be separated since.it is insoluble in ether; it is an
oxidation-product, for on allowing the original blue liquid to stand
in the air it becomes green, and then only contains the second
componnd.  After precipitation and washing with water, it forms
o black mass which dissolves in sulphuric acid with a green, and
in alkalis with a brown colour. The latter solution gradually
turns violet in the air, but immediately on the addition of a
solution of a hypochlorite. The colouring matter dried at 100°
has the composition C,gH,,NO,.2

1014 Azeresorcin, C,HyNO,, was discovered by Weselsky, and
described as diazo-resorcin, CH,,N,0,3 Since however it is

v Ber, Dewlsch., Cheme. Ges. vit, 247, 1098.

% Krimer, #bid. xvit. 1875
3 dnn. Chem. Pharne. clxii. 274.
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not a diazo-compound, Weselsky and Benedikt decided to call it
tem porarily * Weselsky's diazoresorcin.” Brunner and Krimer,
who determined its exact composition, changed the name to
azoresorcin, in order to indicate that it only contains onc atom
of mitrogen in the molecnle, and not to make too great a change
from the nomerclaturc which had been in use for twelve yeavs.
It would have been better to have given it an entirely new name,
gince azoresorcin has nothing to do with either the azo-, or
diazo-compounds.  Azoresorcin! is formed by the action of
nitrogen trioxide or tetroxide 2 on resorcinol ; in order to prepare
it Weselsky’s reagent is used. This is obtained by saturating
well-cooled nitric acid of specific gravity 1-25 with the nitrous
gases evolved from starch and nitric acid, 40 to 50 drops of
this solntion are added to a solution of 4 grms. of resorcinol in
300 co. of ether. After two days the mother-liquor, containing
the two isomeric nitroresorcinols, is poured off from the crystals,
which are washed with ether and water, and reerystallized from
glacial acetic acid.?

Azoresorcin forms small, dark red crystals having a bectle-green
lustre, dissolving with difficulty in aleohol with a yellow colour,
and readily in alkalis to a splendid violet liqnid, which cxhibits
a blue fluorescence and gives dark violet precipitates with salts
of the metals of the earths.

It is formed, like “ Liebermann’s phenol colour,” from nitroso-
resorcinol and resorcinol, and has therefore the following
constitution : HO o

SeHN  SCH,
no” 0 N0/

By heating azoresorcin with acetyl chloride, no acetate is
obtained, but the compound, C;H;CI(OH)N(HCI)O,C,H,, which
crystallizes from glacial acetic acid in small, lustrons golden
plates, is formed.

Dibromazoresorcin  hydrobromide, C\,H,Br,NO HBr, is ob-
tained by the addition of brominc to a solution of azoresorcin
in caustic soda, as a brown precipitatc, which dissolves in alcohol
forming a deep blue solution with a brownish red fluorescence,
and remains behind on cvaporation as a beetle-green mass.

' The name azoresorcin is usee instead of azoresorcinol to show that it is merely
arbitrary and does not exjress the constitution of the compound.

3 Weanlsky and Benedikt, Monalsk. Chene. i, 886,

3 Seo also Monafsh. Chem. v. 605.

VOL. III~—PART III. N
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Trimitro-azoresorcin, C,,H(NO)NO,, was described by
Weselsky as tetrazoresorcin nitrate, CyH,,NO,,(NOy),. Itis
obtained by cautiously warming azoresorcin with ten times its
weight of nitric acid of specific gravity 13-7, until an evolution
of red vapours commences, when the flame is removed and the
solution allowed to stand until a drop of the dark carmine-red
liquid gives a brown colouration with ammonia. It is then -
filtered through glass-wool and the filtrate cooled by ice.
Trinitro-azoresorcin separates out in small crystals, with a
beetle-green lustre, readily soluble in water and more so in
aleohol, forming o besutiful blue liquid; the sleoholic solution
decomposes slowly in the cold and rapidly on warming. It
dissolvesin alkalis with decomposition, forminga brown solution.
When heated on platinnm foil it detonates (Brunner and
Krimer).

1015 Azoresorufin, CoH (N0, Wesclsky obtained this com-
pound by heating azoresorcin with sulphuric acid to 210° and
named it diazoresorufin, C(H N, O, It is formed according

to the following equation :
HO

HO \ Coll,N <0/ CoH,

omN CoH = O Hoo.
Ho/ No / HO\CanN\O NCeH,

Brunner and Krimer found that it is also formed when
5 grms. of resorcinol are dissolved in 15 cc. of sulphuric acid,
40 grs. of Liebermann's reagent gradually added, and the splendid
blue solution heated to 140°, a violot colour being produced. The
liquid is diluted with water, neutralized with carbonate of soda
and cvaporated. The sodium compound of the azoresorufin is
extracted from the residue by alcohol, and formsa solution with a
cinnabar-red fluorescence, Glauber’s salts and & colonring matter
rernaining behind. The latter is soluble in water, forming a
red solution with a brown flnorescence.

Azoresorufin is also obtained by heating resoranol with nitroso-
resorcinol and sulphurie acid, or by heating the first with nitro-
benzene and sulphuric acid to 170°.

It is insoluble in water, slightly soluble in aleobol, and
crystallizes from hot hydrochloric acid in small garnet-red
prisms. It dissolves in concentrated sulphuric acid with a
bluish violet colour; with alkalis, particularly in aleoholic
solution, it forms a carmine-red liquid with a splendid cinnabar-
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red fluorescence. This colour is so intense that azoresorufin
may be used as a delicate reagent for alkalis, inasmuch as one
drop of a millenormal solution of canstic soda gives the
eolouration.

Diacelylazoresorufin, CyH \N,0,(OC,H0),, is obtained by
heating azoresorcin with acctic anhydride and anhydrous
sodium acetate to 133°; it is a yellowish brown amorphous mass,
which on evaporation with hydrochloric acid is colonred beetle-
green, the hydrochloride being formed. On heating with alkalis
it forms azoresorufin, which is converted by the action of acctic
anhydride and sodium acetate into diacetyl azoresornfin cther,
CgHy,N,0,,(0OC,H,0),, crystallizing from glacial acetic acid or
benzene in lustrous orange-coloured plates.!

If azoresorein be heated with hydrochloric acid to 100°, the
hydrochloride of azoresorufyl chloride, C,H, N,0,CL,(HCI),, is
formed, crystallizing from an cthereal solution in small red
plates with a metallic lustre.

Tetrahydrazoresornfin, CoH,oN 0, When azoresorcin is
warmed with zinc and hydrochloric acid, first a red and then a
blue solution is formed ; op cooling, dark blue erystals of the
hydrochloride, €, H,,N,0,(HCI),, having a cupreous lustre, are
obtained, which are rapidly converted into azorcsorufin by
oxidizing agents.

Hydrazoresorufin ether, CgH,(N,O,;. By the continned action
of zinc and hydrochloric acid, the bluc solution of the preceding
compound is coloured green, and on cooling deposits colourless
plates, having the formula CgH, N,0,,(HCI),, which rapidly
oxidize in the air, becoming bluc and showing the metalkic Instre
of sublimed indigo. By rapidly drying the hydrechloride
on the water-bath, and dissolving the blue powder thus
obtained in aleohol and a few drops of hydrochloric acid, an
indigo-blue solution is obtained from which crystals of the
composition CH,N,0,,/HCl),, resembling potassinm per-
manganate, separate out on cooling. By using acetone instead
of alcohol, similar crystals of the composition C,H, N0, (HCI)
are obtained.

Hexlbromazoresorufin  hydvabromide, C,H, Br,N,O,.HBr, is
obtained by the action of bromine on an alkaline solution of
azoresorufin as a brownish red, amorphous, precipitate, whose
violet alcoholic solution has a splendid bluish red fluorescence.

Another bromine derivative of azoresorufin is the *finorescent

' Brunner, Ber. Dewtssh. Chew. Ges. xviil. 580,
N 2
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resorcinol blue ” which is obtained by dissolving azoresorufin in
potash, adding bromine and precipitating with hydrochlorie acid,
The precipitate may be converted into the sodium or ammonium
salts, which erystallize in green lustrous needles, slightly solnble
in water and absolute alcobol, and more readily in dilute
alcolhol ; the blue solutions possess a splendid red fluorescence.
The free colouring matter, obtained by addition of hydrochloric
acid, crystallizes from toluene in brown needles; it dyes wool
and silk & fast blue with a splendid red fluorescence. By de-
composing a dilute, alkaline solution of azoresorcin with
bromine, the * non-fluorescent resorcinol blue” is obtained,
crystallizing from alcohol in green needles. Its solution is not
fluorescent, it dyes wool and silk pure blue, but the colour
readily changes on steaminginto the reddish blne of the preceding
body.!

Heanitro-azoresorufin, CoH, (N OQ)GN O,. is obtained in =
similar manner to trinitro-azoresorcin; Weselsky described it
as tetrazoresorufin nitrate. It is soluble in alcohol and water
with a purple colour, and crystallizes in needles with a beetle-
green lustre, which detonate on heating.

Resorcinol blue. When 3 parts of resorcinol are heated with
1 part of sodium nitrite to 130°, an intensely blue mass is
formed, an cvolution of ammonia accompanied by violent
frothing taking place. On dissolving the mass thus obtained in
a little water and adding common salt, the sodium compound
of the colouring matter is thrown down. This is readily soluble
in water, from which it scparates out in indistinct crystals,
which on drying assume a metallic lustre. Acids precipitate
the colouring matter in dark red flocks, which readily dissolve
in aleohol, and are reprecipitated by water. It dissolves in
concentrated sulphuric acid with a bluc colonr; its alkaline
solution is decolourized by zinc dust, but rapidly becomes blue
again in the air? On account of its great similarity to litmus,
Traub and Hock, who discovered this colouring matter, named
it “ lackmoid.” 3

! Wesclsky and Benarlikt, Monalsh, Cliene. v. 605,

2 Benedikt and Julins, Monatsh. Chem. v. £34.
8 Ber. Dentsch. Chem. Ges. xvii. 2615,
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TRIHYDROXYBENZENES.

1016 We are scquainted with the three theorctically possible
compounds :

Pyrogaliol. Phlorogtucinol. Ilydroxyyguinol.
OH

A S A
K/Og OHOOH ko/?{oﬁ

- Pyrogallol is obtained by the separation of carbon dioxide
from gallic acid, C,H,(OH),CO,H, which, as will be shown later
contains the three hydroxyls in the aljacent position. Hydroxy-
quinol is obtained from quinol, which, as a para-compound, can
only yield onc trihydroxybenzene. In phloroglucinel, therefore,
the hydroxyls must occupy the symmetrical position, and its
gencral behaviour agrees with this view.

PYROGALLOL, C,H (OH),

1017 Scheele, who was the first to obtain pure gallic aeid,
C,H,(OH),CO,H, in 1786, showed that on dry distillation it
yields a sublimate which, like gallic acid, forms a precipitate with
ferrons sulphate. This he thought to be remarkable} and it
thus appears that he considered the bodies to be different.
Later chemists, ncvertheless, considered this sublimate to be
pure gallic acid, until Braconnot, in 1831, showed that sublimed
is different from ordinary gallic acid,? in which eonclusion he was
confirmed by Pelonze in 1838% It was then called pyrogallic
acid, which name is still employed.

In order to prepare pyrogaliol in small quantitics, gallic acid,
dried at 100°, is placed in a tubnlar retort and leated in an oil
bath to 210°—220° but no higher, carbon dioxide being passed
through the apparatus ; a yicld of 80 per cent. is thus obtained,
To obtain larger quantitics, gallic acid is heated with 2 to 3
parts of water for half an honr in an autoclave to about 210°—
220°. A paper ring is placed betwecn the vessel and its cover

! Opuse. ii. 226, 2 Auwa. Chom, Phys. alxi, 206.
3 Anw. Chem. Phys. liv, 378.
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to allow the carbon dioxide to escape. The solution is boiled
with animal charcoal, filtered and concentrated. The pyrogallol
which*crystallizes out on cooling must be distilled i wacuo to
render it perfectly pure! The yield is almost theoretical.

Pyrogallol crystallizes in thin plates, or white lustrous needles,
melting at 115° and boiling with slight decomposition at 210°
It is readily soluble in water, alcohol and ether, tastes bitter and
is poisonous; 2 to 4 grains given to s dog, kill it, producing
the same symptoms as phosphorus poisoning.®? 1lts alkaline
solution rapidly turns brown and black in the air, and then
contains carbonic acid, acetic acid, and black humus-like bodics.
Oxygen is most rapidly absorbed by it when a solution of
025 grms. of pyrogallol in 10 cc. of caustic potash of specifie
gravity 1705 3 is used. Its alkalinc solntion is therefore used
in gas analysis (Liebig), but the fact that carbonic oxide is
always given off has to be borne in mind,* the quantity of this
being larger when pure oxygen is absorbed, than when it is
absorbed from the air®

Pyrogallol reduces solutions of gold, mercury, and silver. A
perfectly pure solution of  ferrous salt produces a white turbidity
in a solution of pyrogallol, but if the smallest trace of & ferric
salt be present the liquid iscoloured bluc. Ferric chloride produces
o red colour (see pyrogelloquinone). A very delicate reaction
of pyrogallol is, that its aquoous solution is coloured brown by
nitrous acid : it can hence bc employed s a test for the latter
compound.® Pyrogallol is employed as a developer in photo-
graphyas it reduces silver salts. Since its price is seven times
that of gallic acid, a solution available for dry plate work can be
cheaply prepared by heating 10 gims. of gallic acid and 30 grms.
of glycerol to 190°—200° as long as carbon dioxide is evolved.
The theoretical yield is thus obtained. After cooling, the residue
is dissolved in 1 litre of water” Pyrogallol is also employed as
a hair dye and for different analytical purposes. It is further
made use of in the manufacture of some colouring matters, such
as gallein and coérulein.

' De Luynes and Esperandien, Ann. Chem. Pharm, cxsxriii, 60.
* Personne, Zeitschr. Chem. 1869, 728,

3 Weyl and Zeitler, Lichiy's Ann. cov, 264,

4 Calvert and Cloez, Aun. Chem. Pharm. cxxx. 248.

5 Boussingnult, bid. exxx. 249.

8 Schonbein, Yeitschr, Analyt. Chem. i, 819.

7 Thorpe, Chen, News. xUiv. 109,
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1018 Pyrogallol dimethyl cther, CH(OCH,),0H, is found in
beechwood creasote, and is formed when one molecule of
pyrogallol, with two molecules of caustic potash and two
_molecules of methyl iodide, is dissolved in absolute aleohol
and heated to 150°—160°. It crystallizes from boiling water
in white prisms, melting at 51°—352° and boiling at 253°. It forms
finc, crystalline salts with the alkalis, which donot become black
in the air!

The ethyl cthers of pyrogallol are obtained when pyrogallol is
heated with canstic potash, ethyl iodide and absolute alcohol to
100°% After evaporating off the aleohol the residne is distilled
with steam. The triethyl ether comes over together with some
diethyl cther, from which it can be separated by means of caustic
potash, in which the first compound is insoluble. In order to
separate the residual mono-ethyl ether from any adhering diethyl
cther, the latter isextracted with cold benzene®

Pyrogallol mono-cthyl ether, CH(OC,H,}OH),, is tolerably
soluble in cold, readily in hot water and in alcohol, but very
slightly in cold benzene. It crystallizes in needles melting nt
95°. Its aqueons solntion is coloured bluish violet by ferrous
sulphate, and its alkaline solution turns brown in the air.

Pyrogallol diethyl cther, CH(OCH,),(OH), is readily solnble
in cold benzene, slightly in cold dilute alcohol, and readily in
hot. It forms crystals melting at 79° and boiling at 262°, and
its alkaline solution is not coloured brown in the air.

Pyrogaliol tricthyl ether, C;H,(OC,H,),, crystallizes from aleohol
in fine needles, melting at 39° and boiling at about 250°.

Triacctopyrogallol, C;H,(OC,H,0),, is ebtained by the action
of acetyl chloride on pyrogallol, and forms crystals which
can be sublimed and are almost insoluble in water.!

Pyrogallsquinone, C\gH, 0, =CH0, + 2CH.O,, is obtained
by the direet combination of pyrogallol with quinone. Tt dis-
solves in ammonia with a deep blue colour which soon dis-
appears. According to Wichelhaus it has the formnla C; H, 0,8
(See p. 167).

Purpurogallin, CyH (O,  Girard obtained this compound by
oxidizing pyrogallol with silver nitrate or potassiuin permanganate
and sulphuric acid® According to Wichelhaus, who prepared it

! Hofmann, Ber. Dewdseh. Chem. Ges. xi. 333,

2 Benedikt, Ber. Deutsel. Chem. Ges. ix. 125 ; Hofmann, dbid. xt. 798.
3 Benedikt and Weselsky, Honatsh. Chew. ii. 212,

4 Nachbaur, Ann. Chem. Pharw. evii, 244,

& Ber, Denlsch. Chem, Ges, v. 8§46. S Ihd, 1. 562,
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by the action of chromic acid solution on pyrogallol, it has the
formula C,gH,,0,' This body was then observed by Struve
in his investigations on the action of nascent oxygen on pyro-
gallol. He fonnd that it is formed when a dilute solution of
pyrogallol is brought in contact with saliva, malt extract, &c., and
allowed to stand in presence of air. It is more readily obtained
by using a dilute solution of gum arabic? Loew, who obtained
this compound by allowing a solution of pyrogallol and sodinm
phosphate to stand in the air, believed it to be identical with
pyrogelioquinone?  Clermont and Chautard, who, like Girard,
prepared purpurogallin by the oxidation of pyrogallol with silver
nitrate, found the same composition as the latter, and observed
that pyrogallogninone and another body, which has not yet been
examined, are also formed. Thebest method for the preparation
of purpurogallin is that of Struve; 10 grms. of pyrogallol are
dissolved in 500 cc. of a 10 per cent. solution of gum, and
the solution allowed to stand in a large bolt-head for several
weeks. By this wethod a yield amonnting to 67 per cent. by
weight of the pyrogallol used is obtained.

Purpurogallin crystallizes from alcoliol in brown, velvet-like
needles, melting at 256° It forms a sodium salt, CyH,,Na, Oy,
which crystallizes with diffionlty in deliqgnescent needles, and
gives with bartum chloride an almost insoluble precipitate of
Cyll B0, By heating it with acetic anhydride, we obtain
the acetate, €, H,,0,(C,H,0),, crystallizing from alcohol in
lustrous, brown ncedles, melting at 186°. By leating with
concentrated hydriodic acid, purpurogallin is converted into
the hydrocarbon C, H,, which boils at 195° and undergoes
polymerisation.*

T'ricklorapyrogallol, C,Cl(OH),, is obtained by passing dry
chlorine throngh a well-cooled mixture of pyrogallol and acetic
acid, and crystallizes in fine ncedles containing 3 molecules of
water. On adding baryta water to its etheresl solution a blue
colonration is prodiced.?

Tribromopyrogallol, CBry(OH), is formed by triturating a
mixture of bromine and pyrogallol, and crystallizes from hot
water in lustrous, flat, rhombic needless

v Ber. Devisch. Chew. Ges. v. 848,

2 _Anun. Cheam. Pharm, clxiii. 162.

3 Journ. Prakt. Chem. (2), xv. 322,

3 Compt. Reud. xeiv. 1189, 1254, 1362,

8 Webster, Jowrn. Chem. Soc. 1884, i. 205,
¢ Hlasiwetz, Anu. Chem, Pharm. exlit, 250.



PHLOROGLUCINOL. 185

Nurop yrogallol, C Hz(\IO,)(OH)a‘+ H,0, is obtained by pass-
ing nitrogen trioxide throngh a solutlon of pyrogallol in ten
times its quantity of cther nntil carbon dioxide commences to
be evolved. It crystallizes from boiling water in long, thin,
brownish yellow needles or thick rhombic prisms, which become
anhydrous at 100°, and wmelt with decomposition at 205°. Its
solution is coloured deep red by linc-water, and grecen by
ferric chloride.

PHLOROGLUCINOL, C,H,OH), + 2H,0.

1019 Hlasiwetz first prepared this body by heating phloretin,
C,;H,,05 with caustic potash. This substance is thus decom-
posed into phloretinic acid, CH (O H)C,H,CO,H, and phloro-
glucinol, which obtained this name on acconnt of its exceedingly
sweet taste.! It is also formed from1 vanous glucosides, plant-
extracts, resins, &c., such as quercetin, maclurin, catechin, kino,
gamboge, dragon’s blood and others, by fusing them with canstic
potash.? It islikewise obtained by the action of sedinm amalgam
or caustic potash on morin$ C,,H O, which ocenrs together with
maclirin, C,H, 0, in fustic. The latter compound, which is
obtained in the inpure state as refusc in the preparation of
fustic cxtract, is well adapted for the preparation of phloro-
glucinol! It is fused with 3 parts of canstic potash and some
water until the mass becomes pulpy. After cooling it is dis-
solved in water, ncidified with sulphmric acid, and extracted
with ether; on distilling off the latter, the residne is dis-
solved in water and lead acetate added to precipitate the proto-
catechuic acid The solution is then treated with hydrogen
sulphide, and the phloroglucinot obtained from the filtrate cither
by evaporation or by exhaustion with ether (Hlasiwetz and
Pfaundler).

It can also be advantageonsly prepared from resorcinol by
fusing this with a tolerably large escess of caustic soda, until
the violent cvolittion of gas, which commences after some time,
moderates and the mass has become light chocolate-colonred.
The solution is acidificd with snlphurie acid, extracted with cther,

! Ann, Chem. Pharm. x2vi, 118,

* Hlasiwetz, @i cxii. 88; cxxxiv, 118 exxxviii. 190; Hlasiwetz and
Plaundler, exxvii. 357 3 Hlasiwetz and Barth, exsxiv, 283 ; exxXViii. 68.

2 Jhid. exhiit. 207.

4 Benedikt, 10dd. clexxv. 114,
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and the phloroglucinol obtained by evaporation, and recrystal-
lized! Aceording to Tiemann and Will, the adhering resorcinol
may be removed by heating the phloroglucinol to 100° and
oisteningat intervals, the resorcinol being thus sublimed. They
also notice the curious facts that ether dissolves phloroglucinol
more readily from a neutral than from an acid solution, and that
if the solution be saturated with common salt, a large portion
of the phloroglucinol separates out? Phloroglucinol is also
obtained by fusing benzenetrisulphonic acid with an excess of
caustic soda’

Baeyer has recently succeeded in synthesising phloroglucinol ; ¢
by the action of ethyl malonate, CH,(CO.OC,H,),, on sodium
ethyl malonate he obtained the ethyl ether of phloroglucinol-
tricarboxylic acid, CH,0;(C0,C,H,),, which on fusion with
caustic potash yields phloroglucinol.  From this it would appear
that it has the following constitution :

This vicw is confirmed by the fact that it forms a trioxime,
C,H(N.OH);. On the other hand, phloroglucinol behaves in
many reactions as a trihydroxybenzene, and it appears to cxist
in both forms, one easily changing into the other.?

It is readily soluble in water, alcohol, and ether, and erystallizes
in small plates or rhombic tablets, which lose their water of
crystallization at 100°, and melt at 209°. At a higher tempera-
ture it partially sublimes without decomposition. It reduces
Fehling’s solution ; dilute nitric acid converts it into nitrophloro-
glucinol, while the concentrated acid oxidizes it to oxalic acid.
Aqueous ammonia converts it into phloramine, C,H,(OH),NH,,
which will be subsequently described. This reaction is very
remarkable, since the other phenols only exchange a hydro;.)l
group for an amido-group with difficnlty. Its aqueous soiution
is colonred a binish violet by ferric chloride. As already stated,
it is, in presence of hydrochloric acid, a delicate reagent for
woody substances, which produce with it a reddish violct

! Barth and Sehreder, Ber. Deutsch. Chem. Ges. xit. 503,
2 Jiid, xiv. 964, 3 Iind. xii. 422, .
4 Ibid. xviii. 3454 ; xix. 159. 5 See also Laar, thid. xviii. 618.
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colonration (Vol. IIL Pt. IT, p. 584). A solution containing 001
per cent. of phloroglucinol colours pieces of pine wood, moistened
with hydrochloric acid, a distinct red, and cven when only 0:001
per cent. is present, the reaction takes place if the wood be
allowed to remain in the solution for twenty-four hours. In
this way a lignification of the tissuc can be recognised in the
very earliest stages of vegetable growth. Phloroglucinol is only
a weak antiseptic, and, mulike its isomeride pyrogallol, it is not
poisonous.!

By mixing a very dilutc aqucous solntion of phloroghicinol
and aniline nitrate, or toluidine nitrate, with potassinm nitrite,
a vermilion-colonred precipitate of azobenzene-phloroglucinol or
azotoluene-phloroglucinol 2 separates out after & short time.

1020 Phioroglucinol dicthyl ether, CH(OC,H,),0H, is obtained
by saturating an alcoholic solution of phloroglucinol with hydro-
chloric acid. It crystallizes from hot water in long, lustrous,
snow-whitc crystals, melting at 75°.

Fhloroglucinol trvethyl ether, CH(OC,H,),, is obtained when
the preceding componnd is heated with caustic potash, ethyl
iodide, and aleohol. Water precipitates it from its alcohwlic
solution in fine crystals melting at 43°.3

Triacetoplloroglucinol, CHLOC,H,0),, is formed by the
action of acetyl cliloride on phloroglncinol, and crystallizes from
alcohol in small prisins, insoluble in water.!

Trichlorophloroglucinol, C,Cl(OH),+ 8H,0. When an aqucons
solution of phloroglucinol is treated with chlorine, dichloracetic
acid is formed thus affording a proof of its symmetrical strneture
(p. 181):

CHO, + SH,0 + 6CL = 3C,H,(1,0, + 6CIH.

H, however, the rcaction be carried on in absence of water,
and if chloring be passed throngh a mixture of phloroglucinol and
tetrachloromethane surrounded by a freezing mixture, trichloro-
phloroglucinol is obtained. It is almost insoluble in cold water,
crystallizing from warm water or alecohol in fine needles, which
lose their water of crystallization over sulphuric acid, melt at
136°, and sublime below this temperature. By the spontaneons
evaporation of the alcoholic solntion it is obtained in large
transparent needles.
' tndreer, Ber Dentseh. Cheni. Ges. xv ii. Ref. 534.
? Wesclsky, ihid. ix. 216: Weselsky and Benedikt, xii. 226.

* Will and Albrecht, Ann, Chow, Pharm, xvii, 2107,
4 1Hasiwetz, Zbid. exix. 201.
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By acting on the mixture of phloroglucinol and tetrachloro-
methane at the ordinary temperature, chlorine substitution-
products of acetaldehyde and acetic acid, especially trichloracetic
acid, are obtained.!

Tribromophloroglucinol, CoBry(OH), + 3H,0, is obtsined by
the action of bromine water on phloroglncinol, and crystallizes
in prisms® Cold nitric acid converts it into tribromodinitro-
propionic acid < 3

CeH;Br;0; 4+ GNO,.OH = C;HBry(NO,),0, + 3C0, + 2NO
+ N,O; + 4H,0.

By gradually adding 10 parts of bromine to an aqueous
solution of 1 part of phloroglucinol, phlorobromine, C;HBr,O,
is formed, crystallizing from chloroform in lustrous rhombic
prisms, mclting at 152°. They are not attacked by boiling
caustic potash, sodium amalgam or concentrated nitric acid, but
dissolve in warm alcohol forming pentabromacetone.!

Nitrephloroglucinol, CH,(NO,)(OH),, isobtained by dissolving
phloroglucinol in warm dilute nitric acid, from which it separates
in reddish yellow scales, dissolving in hot water and crystallizing
in plates. .

Trinitrophloroglucinol, Cy(NO,),(OH),, is obtained by adding
the potassium salt of trinitrosophleroglucinol, which is deseribed
below, to & mixture of equal parts of concentrated sulphuric acid,
and nitric acid of specific gravity 1'40, in very small quantities
at o time with continnal agitation. Pieces abont as large as a
pea kindle on the surface of thc lignid and swim about as
glowing balls with a hissing noise until they are dissolved. I
larger pieces are added, violent explosions may occur.

Trinitrophloroglucinol crystallizes from hot water in yellow
hexagonal prisms containing 8 molecule of water which they
lose ot 100°, It commences to sublime at 130° melts at 138°,
and explodes when more strongly heated. Like picric acid, it
dyes wool and silk, but produccs fuller and more beautiful tonces.
1t gives the isopurpuric acid reaction with potassim cyanide,
ond decomposes carbonates forming three series of explosive
salts; of these the most remarkable arc:

(1) Co(NOys(OK), forms orange-red needles, often an inch
long, having a diamond-like lustre.

! Webster, Journ. Chem. Soc. 1885, 1. 423,
* Hlnsiwetz, Jakresher. 1855, 702,

3 Benedikt, Ana. Chewm. Pherm. elxxxiv. 255.
4 Jbid. elxxxix, 165,
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(2) Cy(NO,)4(OK),OH occurs in deep yellow crystals, which
have less lustre than thosc of the normal salt.

(8) G4(NO,);OK(OH), + H,O crystallizes in long, very fine,
sulphur-yellow needles with a silky Instre,

Trinitrosophloroglucinol or Quinonetrivzime, CO,(NOH),.
When 10 grms. of phloroglucinol are dissolved in 300 ec. of
water containing 12 grms of acetic anhydride, and a well-cooled
concentrated solution of 16 grams of potassium nitrite is added
to this liquid, cooled to 8°—9° an acid potassium salt of this
compound separates out in grecn crusts. If it be allowed to
stand for half an hour and treated with excess of caustic potash
and then alcohol, the neutral salt, Co(NO),(OK),, is precipitated
in fine green needles, which are very explosive.

By adding lead acclate to its dilute aqueous solution, a yellow
precipitate of the lead salt is obtained, forming, when dry, a
cinamon-brown powder, which explodes on heating with the
greatest violence. By decomposing it with dilute sulphuricacid
in presence of alcohol and allowing the filtrate to evaporate,
trinitrosophloroglucinol is obtained in warty needles! It
probably has the following constitution:

/C(NOH)CO

N
Co CNOH.
\C(NOH)CO

According to what has slready been said on the constitution
of quinonoxime (p. 70), this may also be considered as being
derived from benzene, cach pair of hydrogen atoms being replaced
by the divalent gronp, —N(OH)—O—.

Phloroglucinolriozime, CHy(NOH),, is obtained by the action
of hydroxylamine on phloroglucinol, and forms a sandy powder
which is very sparingly soluble in water and alcohol, blackens
when heated to 140°, and explodes with a red flame at 155°
It has undoubtedly the following constitution :

CH,

N\
HON=C C=NOH
[

HC CH,
N/
¢

I
N.OH.

v Bonedikt, Bev. Dewdsch. Chem. Ges. xi. 1374,
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As alrcady stated, phloroglucinol is also obtained by fusing
phenol with caustic soda. According to Gautier the isomeric
phenoglucinol, C;H,(OH); + 2H,0, is obtained in this way.
'Tlis crystallizes from water in large prisms melting at 200°3,
possesses & very sweet taste, but only gives a faint violet colour
with ferric chloride. According to him, the trihydroxybenzene
obtained by fusion of quercitol, is also different from phloro-
glueinol, aud he has named it “querciglucin,” 3C,H;(OH), +
2H,0. Tt loses its water and melts at 174°, and has a slightly
sweet taste. This substance lias been found to be simply impure
phloroglucinol.! Finally he obtained “ oenoglucin” by fusing the
colouring matter of red wine from Cerignane with potash. This
substance is very similar to phloroglucinol, but is only coloured
a light violet by ferric chloride?

HYDROXYQUINOL, C,H,(OH),

1021 This compound is obtained, together with diquinol,
CH(OH),, and hcxhydroxydiphenyl, C,;H,(OH), by fusing
quinol with ten times its quantity of caustic soda until the evolu-
tion of hydrogen ceases. It crystallizes from ether in microseopic
monoclinic plates or tablets, melting at 140™5. Its aqueons solu-
tion becomes rapidly coloured in the air, but more rapidly when
a drop of a solution of an alkali is added; it is in this respect
as scnsitive as a solution of catechol. When applied to the skin
it produces & brown colouration, which after some honrs turns
black. By adding s little ferricchloride to the dilute solution, a
brownish green colouration is produced which rapidly disappears ;
on addition of a little carbonate of soda it becomes a fine dark-
blue, and on addition of more, wine-red. Ferrous sulphate gives
no colouration, but after the addition of a little carbonate of soda
the solntion turns violet, and on a further addition becomes
intensely blne. Hydroxyquinol dissolves in sulphuric acid form-
ing a green solution, which gradually turns violet,and on heating
cherry-red.

When hydroxyquinol undergoes dry distillation, part is vola-
tilized undecomposed, and the remainder is reduced to quinol,
the mass becoming charred?®

v Journ. Chem. Soc. 1886, 232, 2 Bull. Soc. Chim. xxxiii. 583.
3 Barth aml Schreder, Monatsh. Chew. iv. 176 ; v, 459.
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Hydroxyquinol tricthyl ether, C;H,(OCH,),, is obtained by
heating the calcinm salt of the corresponding triethoxybenzoic
acid, and forms crystals melting at 34°!

Triaectohydronyquinol, CH,(OC;H 0)y,is obtained by heating
hydroxyquinol with acetic anhydride and anhydrous sodium
acetate. It crystallizes from alcohol in fine, white, bushy
needles, melting at 96>5.

Hydroxyquinhydrone, CHy(OH); + CHy(O,)0H, is formed
by the addition of nitric acid to a cold, aqueons solution of
hydroxyquinol, in small, dark, grey-blue crystals with a slight
surface lustre,

Tribromohydroaygquinone, CBr,0,(OH), isobtained by triturat-
ing a mixture of hydroxyquinol and dry bromine, and separates
from chloroforin in splendid, orange-red, crystalline granules.

HEXHYDROXYBENZENE, C,OH),

1022 By the reduction of nitranilic acid (p. 163), diamidotetra-
hydroxybenzene, C,(NH,)(OH),, is formed, as will be after-
wards described. By oxidizing the hydrochloride of this
compound with strong nitric acid, a colourless solid body is
obtained, the analysis of which gave the formula CH,0,,,
which at first sight appears very singular, On adding this
substance to a solution of stannous chloride, made strongly
acid with hydrochlorie acid, hexhydroxybenzene scparates out
after some time in greyish-white needles. It is slightly soluble
in cold, more readily In hot water, and is reprecipitated by
hydrochioric acid.

It is only slightly soluble in alcohol, cther and benzene, and
the solntions turn violet in the air. It rednces silver solution
quickly in the cold ; on distillation with zinc dust it forms some
benzene, together with a solid body, which appears to be diphenyl,
CH,,

Hezacetohydrozybenzene, C(OC,H,0), is obtained by hcating
hexhydroxybenzene with acctic anhydride and sodium acetate.
It is o crystalline powder, almost insoluble in aleohol, ether and
benzene, and crystallizes from boiling glacial acetic acid in
small, beautifully-developed, apparently rhombic prisms, con-
taining acetic acid, which cscapesat 130°. It melts at 203°, and
on cooling solidifies to a colonrless erystalline mass.

' Will and Albreeht, Der. Daulsch, Chewm. Ges. xvii. 2108.
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Tetrahydrowyquinone, CO,(OH),—On decomposing a cold
solution of hexhydroxybenzene, which has been saturated while
hot with sodium carbonate, the surface is coloured deep yellow,
and almost black, stellate needles separate out, having the
formula C,0,(0H),(ONa),. These crystals have a green metallic
lustre, and their formation is hastened by the introduection
of air,

The barium salt is a dark red precipitate, which on drying
shows a green metallic lustre.

Benwtriquinone, or triminoyl, C0, + 8H,0.—This is the
compound, C;H ,0,,, mentioned above, which is also obtained by
oxidation of the preceding compound, as well as by oxidizing
hexhydroxybenzene with nitric acid. It is almost insoluble m
cold water and alcohol, and crystallizes from warm dilute nitre
acid in colourless, microscopic needles.

Dihydrozybenzodiguinone, or dikydrorydigquinoyl, C;0,(OH),
is obtained by warming triguineoyl with aqueous sulphurous
acid to 40°—50°, and saturating the yellow solution with carbonate
of soda ; the sodium salt, C,0,(ONa),, scparates out in splendid,
lustrous violet needles, which on drying assume a green metallic
lustre. Its solution gives a bright vermilion precipitate with
barium chloride.

When triquinoyl is heated to 100° or boiled with water, and
caustic potash added to the residue, potassium croconate is
obtained :

C0, + H0 = CH,0, + CO,

This body is also obtained by the action of an excess of caustic
potash on tetrahydroxyquinone and dihydroxybenzodigninone,
as well as by boiling diamidotetrahydroxybenzene with caustic
potash in presence of air:

CH,0,(NH,), 4+ 4KOH + O = C,K,0; + 2NH,
+ K,CO, + HO.

This reaction and the properties of hexhydroxybenzene make
it appear very probuble that the substance in question is
identical with the trihydrocarboxylic acid, C,)H, 0, which
Lerch obtained by the action of hydrochloric acid on freshly-
prepared potassium carboxide (COK), By oxidation with
nitric acid he obtained oxycarboxylic acid, C,H,,0,, which is
probably triquinoyl, while tetrahydroxyquinone appears to be
identical with dihydroxycarboxylic acid, and dihydroxybenzodi-
quinone with earboxylic acid (Vol. IL Pt. 11, p. 634).
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This has been confirmed by further researches, by which it
has been shown that rhodizonic acid is identical with carboxylic
acid.!

Croconie Aeid, C,OH,. is dibasic, and forms two series of
salts, C;0,KNa, C,0,K,, C,0,KH. The leuconic avid obtained
by its oxidation has the formula C,0; + 4H,0, and is converted
by hydrozylamincinto a pentoxime, C,(N.OH),, a yellow crystal-
line body, forming an explosive potassium salt, C;H,K,N,O,.
Leuconic acid, therefore, corresponds to triquinoyl:?

Lenconic Acid. Triquinoyl.
(ljouco co
VAN
co c';o co o
Y |
Co. CO o
NS

Co.

It also follows from the above observations that potassimm
carboxide has the formula Cy(OK), or that this compound is
contained in it. Licbig, who prepared it by heating potassimm in
a current of carbonic oxide, says that the devclopment of the
idea that carbonic oxide is a radiesl has led to most singular
and remarkable results3 The most remarkable, however, of
which Liebig could have no conception, is a direct synthesis of
benzene- derivatives from inorganic bodies,! which is more simple
than any other,

QUERCITOL, C,H,(OH),.

roz3 This body was found by Braconnot in the acorn (the fruit
of Querens racemosaand Quercus sessiliflora), and considered by him
to be milk-sugar (sucre de lait).* Dessaignes found that this “acorn-
sugar” (suere de glands) is a distinet compound, and gave to it
the name now generally used® Fealso found it in the rind of
the acern,”and the leaves of the fan-palm (Chamercps humelis)3

v Rer, Dewlsch. Chem. Ges. xviii. 1833,

2 Nietzki and Benekiser, ihid. xix. 203.

3 dnn. Chem. Pharm. xi. 182, .

4 Nietzki aud Bewckiser, Ber. Denlsch. Chem. Ges. xviii. 449,

5 Ann. Chim. Phys, (3), xxvii. 392,

¢ Aun. Chem. Pharm. Ixxxi. 103, 251 ; Compl. Rend, xxxiii. 503 ; 462,
7 Rottinger, Lichig's Aun, ecil. 269,

8 Hngo Miller, private communuieation.

VoL, IIL—PART ilL, N
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In order to prepareit, the cold concentrated extract of the acorn is
decomposed with lead acetate to precipitate tannin, colouring
atters, &c., and ycast added to the filtrato to remove glucose.
The liquid, freed from lead, is evaporated until crystallization
commences, and the crystals, to which inorganic salts still adhere,
purified by recrystallization from dilute hydrochloric acid.!

Quercitol has a sweet taste, and is more readily soluble in hot
water than in cold, but is insoluble in absolute alcohol or ether.
It crystallizes in monoclinic prisms, melting at 225°, and is
dextrorotatory2 On dry distillation it decomposes with for-
madtion of quinel, quinhydrone, and other bodies, These are also
formed, together with benzene, phenol, and iodophenol, when it
is heated with concentrated hydriodic acid. Volatile iodides are
obtained at the same time, which on heating with an excess of
liydriodic acid are transformed into hexane (Prunier). Quercitol
is also obtained as already stated by the oxidation of quinone
(p. 155).

The five hydroxyls of quercitol can be successively replaced
by acid radicals. By heating with hydrochloric acid, chlorides are
formed, the final product being pentaquercylchloride, C;H,Cl;,
which crystallizes in needles melting at 102°,

LPentanitroxygquercitol or witroguercitol, CgH,(NOy),, is obtained
by the action of 2 mixture of concentrated sulphuric and nitric
acids, and forms a transparent, resin-like mass, insoluble in water,
but readily soluble in alcohol.® Various ethereal salts are ob-
tained by heating quercitol with fatty acids or their anhydrides.

Pentacetoquerciivl, C;H,(OC,H,O),, is obtained by the continued
heating of quercitol with acetic anhydride, and is an amorphous
mass which is readily soluble in alcohol, slightly in water, and
tastes very bitter.*

Quercitol probably has the following constitution :—

CH,

N\
HOHC CHOH
Hont {riom

N/

HO.CH.

' Prunier, dwn. Chimt. Phys. (5), xv. 1.

2 Berthelot, Chsut. Org. ii, 218 ; Prunicr, loe. it

% Hofmann, Ann. Chen. Pharm. cxe. 282.

* For other cthereal salts see Prauier, loc. cit,, and Perthelot, Chini. Org. and
Ann, Chin. Phys. (3), liv. 82.
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AMIDO-DERIVATIVES OF BENZENE.
AMIDOBENZENE, ok ANILINE, CH NH,.

1024 By the dry distillation of indigo, Unverdorben in 1826
obtained, together with other products, a peculiar liquid body,
which combined with acids to form crystallizable salts, and
which he named *“ crystalline.”!

Runge, in 1834, found a volatile basic compound in coal-tar
oil, which gave an azure-blue colouration with bleaching powder
solution, while the solutions of its salts were coloured violet-
blee. He accordingly named the new compound * blue-oil ” or
“kyanol”2 He also found that it coloured pine-wood and the
pith of the clder-tree yellow, and that when a solution of cupric
chloride is spread on a porcelain plate heated to 100°, and after
it has become dry a drop of kyanol nitrate solution added, a
greenish-black spot is obtained.?

Fritzsche, in 1840, cxamined the products whick are ob-
tained when indigo is distilled with caustic soda or caustic
potash, and found among them a basic oil, which has the
formula C,H,N, and forms salts which crystallize well. This he
named aniline, the word being derived from anil (nila, Indian,
blue; antl, Arabic, the blue), under which designation the
Portuguese introduced indigo ({v8ixov, indicum, the Indian
colonr), which was known to the Greeks and Romans, into
Europe.

In a postscript to this memoir, Erdmann says that aniline is
undoubtedly identical with kyanol.

Two years later Zinin found that when an alcoholic solntion of
nitrobenzide (nitrobenzene) is saturated with ammonis and then
treated with sulphuretted hydrogen, an oily, basic liquid, which
he named benzidam, is obtained, which forms crystallizable salts
and has the formnla C;H, N Fritzsche then observed that this
substance is simply aniline.

The identity of the three bodies was then experimentally
proved by Hofmann® who proposed to name the substance

t Pagg. Aun. viil. $97.

? Ibid. xxxi. 65, 513 ; xxxii. 331.

3 Runge was therefore tite first to observe the formation of aniline black

¢ Journ Praki, Chem. xx. 453, 5 Ibig, xxvii. 149,
8 Ann. Chem. Pharm. xlvii. 87.

o2
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phenamide, but when aniline was recognized as a compound
ammonia this term was altered to phenylamine. Since, however,
the aromatic amines differ in many points from those of the
fatty bodies, they were called amido-com pounds, according to the
proposal of Griess, and hence aniline obtained thc name amido-
benzene (p. 22).

Aniline is not only found in the distillation products of coal,!
but also in those of bonc? and peat. In order to prepare it,
nitrobenzene is always used. Zinin's method is not generally
vmployed, although it is convenient for the reduction of other
nitro-compounds. In the casc of nitrobenzenc the reaction
proceeds as follows :

C.H,NO, + SH,S = C,;H,NH, + 2H,0 + 35.
Hofmann found that zinc and hydrochloric acid can also be used
for the reduction,?® and Wohler showed that aniline is obtained
when nitrobenzene is treated with caustic soda aud arsenic
trioxide.® Tu place of the latter grape-sugar may be employed.®
In the prepamation of small guantities it is best to use tin and

eoncentrated hydrochloric acid, or & svlution of stannous chloride
in hydrochioric acid (Beilstein):

CH,NO, + 38nCl, + 6HCI = C,H, NH, + 38nCl, + 2H,0.

When all the nitrobenzene has goue into solution, the tin is
removed by sulphmretted hydrogen, and the solution of the
hydrochloride evaporated to dryness or decomposced by an alkali.

1025 In the manufacture of aniline, iron filings and acctic
acid werc previously employed as reducing agents according
to Béchamp's method. Since 1864 the cheaper hydrochloric
acid has been gencrally used :

CelIuNO, + 8Fe + 6HCl = CH,.NH, + 3FeCl, + 2H,0.

The quantity of acetic acid or of hydrochloric acid which is
employed is much less than this equation represents. Ferrous
chloride in presence of hydrochloric acid actsas a further reducing
agent :

C,H, NO, + 6FeCl, + 6HCl = C,H, NH, + 3Fe,Cly+ 2H,0.

This reaction goes on as long as frce acid is present; this is
not long the case, as the aniline which is produced combines to

' Anderson, Ann. Chem. Pharm, 1xx. 32
.2 Vohl, ibid. cix. 200. 3 JIbid. 1v. 200,
4 Ibid, cii. 127, 5 Yohl, Jahresd, 1563, 410.
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form the hydrochloride. This, however, in presence of iron and
nitrobenzene, behaves exactly like hydrochloric acid, free aniline
being formed, which then reacts with the ferric chloride in
presence of water, ferric oxide and auiline hydrochloride being
produced. According to the theory, therefore, & small amount
of acid is sufficient, when enough iron is present, to convertan
unlimited amount of nitrobenzene into aniline.

R, 11,

_ The cast-iron apparatus which is generally ciployed is slown
in Fig. 11. It consists of three parts, the lower half being inade
in two pieces, so that that which is first destroyed by the acid
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can be easily renewed. In the cover are the necessary openings
for the agitator and the condenser, and a manhole for the in-
troduction of the materials, closed by a wooden stopper. In the
bottom is an opening through which the iron residues can be
removed.

40 parts of water, 25 parts of finely-divided cast-iron filings,
and 8 to 10 parts of hydrochloric acid are placed in the vessel,
and 100 parts of nitrobenzene (generally 500 kilos) allowed
to flow in, the agitator being kept in motion. In order to
start the reaction, steam is blown through, and this is kept up
during the gradual addition of 75 parts of damp iron filings,
which are added as soon as the first violent reaction has ceased,
the mixture not being allowed to getcool. If the filings are
added too quickly the reaction becomes so violent that some of
the aniline isreduced to benzene and ammonia. Finally, from
10 to 20 parts of dry filings are adled. Any nitrobenzene
which is volatilized during the opevation is condensed in a
vertical cooler and flows back into the vessel. If all the nitro-
benzene has been reduced, the residue consists of aniline, its -
hydrochloride, and fervic oxide. Milk of lime, or sifted slaked
lime, is then added, and the aniline distilled off in a current of
high-pressure steam blown through the hollow agitator. The
distillate separates into two layers; the lower is aniline, the
upper is an aqueous solution of aniline containing 2 to 3 per
cent. of the oil, and is used to provide the steam for the next
operation. The aniline is then purified by distillation from
iron vessels. The iron residues are sent to the blast furnaces.

According to Laurent, small quantities of aniline are formed
by heating ammonium phenate to 300° for some time.! Berthelot,
who repeated this experiment, did not obtain a trace even at
360°;2 it is obtained, however, together with diphenylamine, by
heating phenol with sal-ammeoniac and fuming hydrochloric acid
to 810°% and also by the continued heating of phenol with
ammoniacal zinc chloride to 280°—300°¢ phenyl cther being
formed at the same time.

When pure benzene is used in the preparation of aniline, the
aniline obtained is likewise pure, but this is not the case with the
“pure” aniline of commerce. In order to obtain perfectly pure
oniline from this, it ia converted by continued boiling with glacial

1 Comrt. Rend, xvii. 1366, 2 Bull, Soe. Chim. xiii. 314,
4 y and Dusart, Compt. Eend. Yxxiv, 183,
¢ Merz and Weith, Ber. Deutsch. Chem. Ges. xiih. 1299,
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acetic acid into acetanilide, CH, NH(C,H,0) (p. 210), which is
purified by distillation, washing with carbon disulphide and re-
crystallization from hot water until its melting-point reaches
112°, and is then decomposed by caustic soda (Beilstein).

1026 Properties.—Aniline is a colourless liquid possessing a
peculiar and characteristic odour, and boiling under the normal
pressure at 183>7.1 It has at 0° o specific gravity of 1088, and
solidifies at a low temperature to a crystalline mass, melt-
ing at —8. Anilinc which is not perfectly pme remains liquid
even at —20°2 On exposure to light and air it becomes brown,
and the more impure it is the more rapidly does this colouration
take place. It is tolerably soluble in water, 100 parts of the
solution containing at the ordinary temperature abont 3 parts of
aniline ; the solubility increases with the temperature. Water
also dissolves in aniline, so that 100 parts of aniline dissolve 5
parts of water at the ordinary temperature, and somewhat more
at higher temperatures3

It is misvible with alcohol, ether, and benzene in every pro-
portion. The aqueous solution neither colours red litmus paper
blue, nor turns turmeric paper brown, but changes the violet
colour of the dahlia to green. Although it has snch a weak
alkaline reaction it precipitates the salts of zine, alumimium, and
iron, and decomposes ammonium salts on lieating.

Runge long ago pointed out that anaqueoussolntion of aniline
is coloured blne by a hypochlorite, or if the aniline be not quite
pure, bluish violct, the colour of the solution quickly changing to
brown. Very dilute solutions either give no colouration or only
a very faint one, but on the addition of a few drops of a very
dilute solution of ammonium hydrosulphide the liquid becomes
rose-red colonred. The limit of this reaction is 1 part of aniline
in 250,000 parts of water.

When eniline, or one of its salts, is mixed with concen-
trated sulphuric acid and a drop of a solution of potassivin
bichromate added, a pure blue colouration is obtained which soon
disappears’

Aniline coagulates albnmen and acts as a powerful poison, its
action, according to Letheby and Turnbull, being chiefly on
the nervonssystem. According to Grandhomme the first symptom

! Thorpe, Jowrn. Cheme. Soc. 1880, i. 291,

2 Lucius and Hofmann, Ber. Doutsch, Chens. Ges. v. 154,
3 Alexejew, ihid. x. 709.

+ Jacquemin, thid. ix. 1433,

% Beissenhirtz, Anu. Chem. Pharm, Ixxxvii. 376.
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observed in slight cases of poisoning, caused by inhaling the
vapour, i8 & blue colour on the edge of the lips, accompanied by
a state of mild inebriation; the gait becomes reeling, the speech
thick, the head affected, and the face pale, while the appetite
fails completely. In such cases aperients, such as Epsom salt,
Carlsbad salt, &. are administered ; the use of alcohol aggravates
the symptoms. In more severe cases, such as arise, for example,
from saturation of the clothes with auniline, the lips become
dark blue or even black, and the vertigo so violent that the
patient falls. In such cases a stimulus in the form of a cold
shower, internal application of ether, &c. must be applied:?

Aniline is chiefly used in the colour industry. In the
laboratory it is frequently employed as a solvent, since it dis-
solves many substances—e.g. indigo-blue—which are insoluble in
the ordinary reagents.

SALTS OF ANILINE.

roz7 Although its basic properties ave feeble, aniline combines
with acids, forming well-crystallizable salts. Hence Unverdorben,
as has been already remarked, gave to it the name of crystalline.
The salts of aniline have been carefully examined, but we shall
here only refer to those which have received technical applications,
or are specially characteristic.

Aniline hydrochloride, CH,N.C1H, is readily soluble in water,
and crystallizes in needles or large plates, which melt at 192°,
and sublime unchanged. It is prepared on the large scale,
and generally called “aniline salt”; the platinum chloride,
(CH,;N.HCI),PtCl,, crystallizes from hot waterin yellow needles.

Aniline sulphate, (CH,N) SO H,, forms a crystalline powder,
readily soluble in water, slightly so in aleohol, and insoluble in
ether. This last property istaken advantage of in the separation
of aniline from methylaniline.

-Aviline nitvate, CH,N.NOH, crystallizes in large rhombic
prisms or needles, which decompose at 190° with formation of
nitraniline and other products (Béchamp).

Aniline ozalate, (C;H,N),C,0,H,, is very slightly soluble in
cold water, and crystallizes fromn a hot solution in fine triclinic
prisms ; it is slightly soluble in aleohol, and insoluble in ether,

! Crandhomme, loc. cit.
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Aniline phenate, CH NH, C;H O, is formed by heating a
mixture of aniline and phenol to boiling for some time, or more
slowly when the mixture is allowed to stand in the cold. It
forms lustrous tablets, which,nfter recrystallization from petroleum
spirit, melt at 31° and boil at 181°.  Its smell resembles that of
phenol, but is weaker; it does not attack the skin like the
latter.!

Aniline, like ammonia, combines with many salts, ¢.¢. metallic
chlorides, and also with trinitrobenzene. By mixing the warm
alcoholic solutions of these, the compound CgH,N.CHy(NO,),,
separates out in orange-red needles, crystallizing from benzene in
splendid lustrous plates, which melt at 123°—124° and rapidly
give off aniline in the air.?

SECONDARY AND TERTIARY ANILINES,

1028 Methylaniline, CH,N(CH,)H, is obtained, together with
dimethylaniline, by the action of methyl iodide, methyl bromide,
or methyl chloride, on aniline,* as well as when the latter is
heated with methyl nitrate,® or when its hydrochloride or
hydriodide is heated with methyl alcohol :3

C,H,NH,HCI + CH,OH = C,H,N(CH)H.HCI + H,0.
C,H,NH,HCI + 2CH,OH = C,H, N(CH,),HCI + 2H,0.

In all cases dimethylaniline is preferably formed, and there-
fore a portion of the aniline remains unattacked. In order to
separate the three bases, dilute sulphuric acid is added as long as
aniline sulphate separates out. After the sulphuricacid solution
and the free bases have been separated by pressing through a
linen cloth, caustic soda is added, and the mixture which
separates out dried and treated with acetyl chloride until no
further heating takes place; it is then poured into hot water.
On cooling, mcthylacetanilide, C;H, N(CH,)C,H,0, separates
out in fine, long needles, dimethylaniline hydrochloride remain-
ing in solution. The former is then decomposed by boiling

! Dale and Schorleramer, Lichig's Aun. cexvii. 387 ; G. Dyson, Journ, Chem.
Soe. 1883, i. 466

2 Hepp, Aun. Chem. Pharm. cexv. 356.
3 Hofmann, sbid. Ixxiv. 150 ; Ber, Deutseh, Chem. Ges. x. 688, 591,
4 Bardy, Dingler's Polyt. Journ. cexxxiv, 233.

& Poisricrand Chappot, Buil. Soc. Chiw. ii. (6), 502 ; Reinhardt and Staedel,
Ber. Deutsch. Chers. Ges. xvi, 29,
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with hydrochloric acid (Hofmann). The moderately concentrated
solution of the hydrochlorides of the three bases may also be
treated with sodium nitrite in the cold, when diazobenzene
chloride and nitrosodimethylamine hydrochloride remain in
solution, while nitrosomethylaniline, C;H N{CH,NO, separates
out as an oil, which is extracted with ether and converted into
methylaniline by treatment with tin and hydrochloric acid.!
Pure methylaniline is also obtained by the action of methyl
iodide on sodium acetanilide, C;H,N(C,H;0)Na,and the decom-
position of the compound thus obtained by caustic potash.?

Methylaniline is a liquid resembling aniline, boiling at 192°,
and giving no colouration with bleaching powder solution.

Nitrosomethylaniline, C;HN(CH,)NO, is a light yellow oil
possessing an aromatic odour. It is not volatile in steam?

1029 Dimethylanitine, C;H; N(CHy),, iseasily obtained pure by
heating trimetliylphenylainmonium iodide* in a current of
hydrochloric acid, as well as by the dry distillation of its
hydroxide. It forms with trinitrobenzene tbe compound
C H, N(CH,),, C;Hy(NO,),, which crystallizes in fine, lustrous,
dark violet needles (Hepp). It is a colourless liquid, boiling at
192°, and solidifying at 0-5°,

Itis manufactured on the large scale, and employed for making
colours, but the material used for this purpose, as already
explained, is not the pure compound, but contains more or less
methylaniline, and sometimes aniline. It was first prepared
with methyl iodide, which is still used in the colour industry for
other purposes, but when the price of iodine rose methyl nitrate
was employed as a substitute. By the use of this very explosive
substance, however, many fatal accidents were caused, and com-
mercial “ methylaniline ” was then prepared from aniline hydro-
chloride and wood-spirit—a method which is still employed.
The mixture is heated for some hours in an autoclave (Figs. 12
and 13) to 250°—280°,a mixture of 100 parts of aniline hydro-
chloride with 50 to 80 parts of methyl alcohol, or 40 parts of
aniline hydrochloride, 30 parts of aniline,and 45 parts of methyl
alcohol being wsed. The latter must be pure and quite free
from acetone, because this not only diminishes the yield of
dimethylaniline, but yields a product which is of little value
for the preparation of methyl-violet®

! Nolting snd Boasson, Ber. Deulsch. Chem, Ges. x. 795.

2 Hepp, tbid. 327, 3 Fischer, Lickig's Ann. exe, 15,

4 Mesril, Jowrn. Prakl. Chem. (2), xvii. 286.
5 Kréimer and Grodzky, Ber. Deutseh. Chem. Ges, xiii. 1008,
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In addition to methylaniline and dimethylaniline, the pro-
duct contains higher boiling bases, such as dimethyltoluidine,
C H,(CH,)N(CH,),, dimethylxylidine, C;H,(CH,),N(CH,), etc.,
which are obtained by the entrance of methyl into the benzene
nucleus! The portion boiling between 198°—205° forms the
technical methylaniline,

e, 12, Fic 13.

As methyl chloride is now prepared on the large scale it is
used in the manufacture of *methylaniline.” A mixture of
caustic soda, or milk of lime, and aniline is heated to 100° and a
stream of wiethyl chloride passed in, the mixture being well
agitated (Fig.14). The proportions of the materials correspond
to the following equation :

C,H,NH, + 2XaOH + 2CH,Cl = 2NaCl + 2H,0 +
O,H, N(CHy),

! 1lofinann and Martius, Ber. Dentsch, Chem, Ges. iv. 742; vi. 345,
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The pressurc must not cxceed six atmospheres. The methyl-
aniline is then driven over with steam, and contains about 5 per
cent, of monomethylaniline, but no other by-products,

Trimethylphenyloammonsum todide, (CH,)gC ,H; N1, is a crystal-
line body which is formed by a violent reaction when methyl
iodide and dimethylaniline are brought together. The hydroxide,
obtained by means of silver oxide, is crystalline and very corro-
sive, and tastes very bitter. It is very deliquescent, but its salts
crystallize well, the picrate being very slightly soluble in water.

Paranitrosodimethylaniline, C;H,(NO)N(CH,),, is obtained by
the action of amyl nitrite, or sodium nitrate, on dimethylaniline
hydrochloride? It is prepared on the large scale as follows:
10 parts of dimethylaniline are dissolved in 50 parts of concen-
trated hydrochlorie acid and 200 parts of water, and the coll
solution gradually mixed with a solution of 37 parts of sodium
nitrite in 200 parts of water. The hydrochloride is thus ob-
tained, crystallizing in small sulphur-yellow needles. By de-
composition with potassium carbonate the free base is obtained,
which crystallizes from ether in large green plates. On boiling
with caustic potash it splits up completely into dimethylanilino
and nitrosophenol, or quinonoxime, C;H,O(NOH).

It has therefore the following constitution :

o CH=CH,_
I \cH=CH"
N——0

i
N(CH.),.

The foregoing decomposition is especially adapted for the
preparation of pure dimethylaniline ;3 nitrosodimethylaniline is

also employed in the manufacture of colouring matters, such as
methylene blue.

Boiling-!;oint‘
Ethylaniline, CHN(CH)H . . 204
Ethylmethylaniline, C;H, N(C,H,)(CH,) . 201°
Diethylaniline, ~ C;H,N(C,H,), . . . 2135,

Hofmann has prepared several aniline derivatives containing
other alcohol radicals!

! Lauth, Bull. Soe. Chim. vii. 448.

* Baoyer aud Carvo, Ker. Lewlsch. Chem. Ges, vii. 963 ; Schraube, ib:d. viii.
€16 ; Wurster, iid. xii. 523 ; Mecldols, Journ. Chem. Sve. 1881, 1. 87.

3 Baeyer and Caro, Ber, Dewtsch. Chem. Ges. vii, 963.

¢ Aan. Chem. Pharm. Ixxiv,
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A. Autoclave for the preparation of the methyl chloride, with manometer G, and tap R 3 it is placed in o steam chest E, which is heated
by the pipe F. 'B. Receiver. in which the methyl chloride is condensed by its own Juessure, with manonioter, gauge, p, and taps O
and 7. c. Autoclave tn which the methylation takes place ; it is placed in & water bath, R, which is heated by steam from K. QXN.
Delivery tube. ». Screw valve by which the pressure can be lessened. L. Shaft for moving the agitator. . Lid to cover the mrtoclave
during the operation.

ANITINVIABRLINIA 40 TANIOVIANY
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By the action of ethylene bromide on aniline he obtained the
following compounds: !

Melting. point.
/\IH .C.H,
Ethylenc-aniline, C,H,{ small lustrous plates 63°
“NH.C,H,
C.H,

Diethylene-aniline, C H; N< >‘ CoH; needles . . 157°

Hydrozyethylaniline, C‘,HB.NH.C?H,.OH, is obtained by
warming aniline with ethylene oxide, and is an oily liquid,
which boils at about 280° and gives a green colouration with
bleaching-powder solution. Its salts are very soluble and crystal-
lize with difficulty.?

Hydrozyethylmncthylaniline or methylphenylethylalline, CH,N
(CH,)C.H,OH, is obtained by the continued heating of methyl-
aniline with ethylene chilorhydrin. Itis a Jiquid pessessing a weak
smell similar to that of aniline, and distilling under diminished
pressure without decomposition. On continued standing in the
air it is converted into a fine, blue, thick, syrupy liguid, which
dissolves in water and still more readily in alcohol. Its salts are
readily soluble and very deliquescent.?

Phenyliaurine, CHNH.C,H_SOH, is obtained when the
aniline salt of chlorisethionic acid, C,H,CLSOH (Vol. III. Part
1L p. 53), is heated with aniline. It crystallizes from hot water
in fine thin plates which have a silky lustre and an acid re
action and taste. It gives an intense violet colouration with
bleaching-powder solution, and on warming its solution with ferric
chloride it is coloured green and then gradually indigo-blue}

1030 Phenylaniline or diphenylamine, (CgH,), NH.— Hofmann
first obtained this compound by the dry distillation of aniline
blue,® and then of aniline and related bodies. It is more simply
obtained by heating aniline hydrochloride with aniline : &

C,H,NH, + C,H, NH,CIH = (C;H,),NHCIH + NH,

It is prepared in this way on the large scale, by heating 6 parts
aniline and 7 parts auniline hydrochloride under a pressure of four
to five atmospheres, and at a temperature of 250° for twenty-four

Y Jakresb, Chemn. 1358, 332; 1859, 388 ; Grotillat, i2id, 1873, 698 ; Morley,
Der. Deutsck, Chem. Ges. xii. 1794

3 Demolo, Ann. Chem. Pharm, clyxiii. 196,

3 Laun, Ber, Deulsch. Chem. Ges, xvii. 673.

* James, Jowrn. Chem, Soc. 1885, i. 367, 5 Aun. Clevr, Pharm. exxxii. 160.

¢ De Lairo, Girard and Cllapoteaut, ibid. oxl, 844.



DIPHENYLAMINE. 207

lours, From time to time the ammonia formed must be allowed
to escape to prevent a transformation of the diphenylamine into
aniline. The product is treated with warm hydrochloric acid,
and then a large quantity of water i3 added to dissolve the
aniline hydrochloride. Free diphenylamine separates out, and
may be purified by distillation,

It is almost insoluble in water, readily soluble in alcohol and
ether, and crystallizes in small monoclinic plates, which have an
agreeable odour of flowers, and melt at 54°. It boils at 310°
and is a weak bage, its salts being decomposed by water. A dcep
blue colowration is produced by dissolving it in hydrochloric
acid and adding nitric acid drop by drop ; this also takes place
when its solution in pure sulphuric acid is mixed with sulphuric
acid containing nitrous acid, and for this reason it is employed
as & test for nitrous acid.!

Of its wumerous substitution products only the following will
be mentioned here:

Hexnitrodiphenylamine ov dipicrylemine, (CH,(NO,),),NH.,,
is obtained by the action of nitric acid on diphenylamine and
methyldiphenylamine? It is almost insoluble in water, but
dissolves somewhat more readily in alcohol, and crystallizes from
hot glacial acetic acid in light yellow prisms, melting at 238"
The hydrogen of the imido-group can be replaced by metals;
the ammonium salt, C,H (NO),N(NH,), oceurs in commerce
under thename Aurantic; it forms reddish-brown crystals, and
dyes wool snd silk & beautiful orange. Goods dyed with this
colouring matter produce an irritation of the skinand exanthema
in certainindividuals, while on otherseven concentrated solutions
produce no effect. Martius has never observed these poisonous
effects, and considers that they arise from an impurity.?

Methyldiphenylamine, (CgH,),NCH,, is obtained when di-
phenylamine is heated with methyl iodide, as well as by the
action of wood -spirit on diphenylamine at 250°—300°* On the
large scale it is prepared by heating a mixture of 100 parts of
diphenylamine, 68 parts of hydrochloric acid of specific gravity
1'17, and 24 parts of methyl alcohol for about ten hours, under
a pressure of fifteen atmospheres, to 200°—250°,

The base is separated from the product by caustic soda, dis-
tilled, and shaken with double its volume of concentrated hydro-

' F. Kopp, Ber. Deutsch. Chem. Grs, v, 284,

* Gnehm, thid, vii. 1399 ; ix. 1245 ; Mertens, xi. 8435,
3 Ber, Dentsch, Chem, Ges, ix. 1247,

i Bardy, thd. iti. 838.
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chloricacid, when the diphenylamine hydrochloride separates out
in the solid form, while the salt of the methyl compound remains
liquid, and by treatment with a large quantity of water is
decomposed.!

Methyldiphenylamine is & liquid boiling at 282° Oxidizing
agents give various colour reactions with it; with dilute
sulphuric acid a solution is obtained which is very similar to
that of potassium permanganate. It is employed in the
preparation of blue colouring matters.

Tripheny’amine, (CyHy),N.—Potassium dissolves in aniline
with elimination of hydrogen, and formation of the compounds,
C,H;. NHK and C,H,NK,, nasmuch as by the action of bromo-
benzene a mixture of diphenylamine and triphenylamine is
obtained. Fused diphenylamine likewise dissolves potassium,
the product thus obtained yielding triphenylamine when
treated with bromobenzene. It crystallizes from ether in
splendid, vitreous, mondclinic pyramids, melting at 127°. Its
solution in glacial acetic acid is coloured green by a little nitric
acid, but violet, and then blue by sulphuric acid2 It does not
combine with acids, and forms no compound with picric acid.

Parahydroxydiphenylamine, CCH, NH.C;H,OH, is obtained by
heating quinol with aniline and calcium chloride to 250° for ten
hours. It is scarcely soluble in cold, slightly soluble in lot
water and petroleum spirit, but readily dissolves in alcohol and
benzene, from which it erystallizes in small plates, melting at
70°, and solidifying to a scaly mass; it boils above 340° without
decomposition. As it is at the same time a phenol and an
amido-base it forms compounds with bases as well as with acids.

By heating it with methyl iodide and caustic potash, the methyl
ether of methylhydroxydiphenylamine, C;H,(NCH,)C H,OCH,,
is obtained as a yellow oily liquid, boiling at 313°, and smelling
like the violet or geranium.

Metakydrocydiphenylamine is obtained in an analogous manner
to the para-compound from resorcinol, and crystallizes in small
plates having a pearly lustre, and melting at 81%5.

Both compounds are reduced to diphenylamine by heating with
zinc dust, while bycontinued heating with aniliuc, calcium chloride,
and zinc chleride, they are converted into diphenyldiamido-
benzenes, C,H (NHC;H,),, whicl: will be subsequently described.s

! Girard, Dull. Soc. Chim. xxiii. 2.
2 Merz and Weith, Ber. Deufsch, Chem. Ges. vi. 1514
¥ Calm, ibid, xvi. 2786 ; Calm and Vhilip, @id. xvii. 2431,
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ANILIDES.

x031 These bodies are obtained by replacing the hydrogen of
the amido-groupby acid radicals. They areformed by the action
of aniline on the ethers, anhydrides, and chlorides of the acids,
and also by heating salts of aniline. If more than one hydrogen
atomn in aniline be replaced by halogens or nitroxyls, and its
basicity thus weskened, or entirely destroyed, no anilide is
formed on heating with a strong acid, such as aceti¢ acid, and
even acetic anhydride has often po action. An anilide is, how-
ever, nearly always obtained by heating with an acid chloride
in a sealed tube.

‘When anilive i3 treated with an acid chloride, aniline hydro-
chloride is formed, and, being & solid, readily incloses some free
aniline, thus rendering the action of the chloride incomplete.
It is therefore better, especially in the preparation of acetyl
derivatives, to dissolve the aniline, or substituted aniline, in 2
molecule of the acid, and then to add a molecule of the chloride.

The anilides are decomposed by boiling with caustic soda
into the aeid and aniline. In the case of the higher substituted
anilides it is often better to effect the decomposition by heating
with alcoholic ammonia, or hydrochloric acid in a sealed tube,
It is, however, more convenient to heat with concentrated sul-
phuric acid to 100°, almost all anilides being in this way readily
decomposed. The acid is then diluted with water and neutra-
lized with an alkali, the substituted aniline being extracted with
ether, chloroform, &c., or obtained by distillation.

The anilides are generally slightly soluble in cold water, crys-
tallize well, and are, by reason of their chemical indifference and
stability, peculiarly adapted for the preparation of substituted
anilines, which cannot be obtained by the direct action of halo-
gens or nitric acid, since these act too violently wpon aniline.
Acetanilide is generally employed in the preparahon of sub-
stitution products of aniline.

Formanilide, CH N(CHO)H, was obtained by Gerhardt,
together with oxa.nilide, aniline, carbon dioxide and water, by
heating normal aniline oxalate? According to Hofmann, the

! Beilstein, Org, Chem, 891,
* Ann, Chem. Pharm, Ix. 310,

VOL., I1L,—PART 1T, v
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chief product is oxanilide, but when acid aniline oxalate is
rapidly distilled, formanilide is almost exclusively formed :

C,H,NH, + C,H,0, = C,H,N(CHO)H + CO, + H,0.

At the ssme time by-products arc obtained insmall quantityl
Pure formanilide iseasily obtained when ethyl formate is digested
with anilinc.2

Formanilide is tolerably soluble in cold, and somewhat more
readily in hot water, and crystallizes on spontaneous evaporation
of its solution in long, flat, four-sided prisms, melting at 46°.

Diphenylformamide, (CH;),N(CHO), is obtained as a by-
product in the preparation of diphenylamine-blue, which is
formed by heating diphenylamine with oxalic acid. It is also
obtained from formic acid and diphenylamine. It is insoluble
in water, and crystallizes from alcohol in splendid orthorhombic
crystals, which melt at 73°—74°;

Thioformanilide, C;H N(CHS)H, is obtained by the direct
combination of sulphuretted hydrogen with phenyl carbamine !
as well as by the action of phosphorus pentasulphide on form-
anilide® It crystallizes from boiling water in long white needles,
which melt at 137>5,and have an intensely bitter taste.

1032 Acctanilide or phenylacctamide, C;H, N(C,H,0)H.—QGer-
hardt prepared this substance by the action of acetyl chloride or
aceticanhydride on aniline® In order to obfain it,aniline is boiled
with glacial acetic acid for one or two days, and the acetanilide
isolated from the product by fractional distillation,” It can be
farther purified by recrystallization from benzens, It is moder-
ately soluble in ether and alcohol, and slightly in water, from
which it crystallizes in lustrous tablets, consisting of small
rhombic plates, It meltsat112°,and boils at 205° On heating
it for a long time with sodium ethylate in a sealed tube to 170°
—200°, it forms ethylaniline, but when the mixture is distilled
from & retort, ethyl alcohol and sodium acetanilide are formed 3

Sodiwm acetanilide, CH,N(C,H;O)Na, is also obtained by
adding sodium to & solution of acetanilide in xylene;® it i3 &
crystalline powder, or a radiating crystalline mass,

' Ann. Chem Pharm. exli. 121,

2 Hofmann, Jahresh, 1865, 410.

3 @irard and Willm, ibid, viii. 1195,

4 Hofmann, tbid, x. 1095, o Ibid, xi. 838.
8 Ann. Chom. Pharm. Ixxxvil, 164,

¥ Williams, thid. cxxxi. 288.

8 Seifert, Ber. Dendsch, Chem, Ges, xviii, 1355 1338.
$ Bunge, Aan. Chem. Pharm, Suppl. vii. 122.
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Mercuric acetanilide, (CgH NC,H,0),Hg, is obtained by heat-
ing acetanilide with mercuric oxide; it crystallizes from alcohol
in small needles.

Acetanilide hydrochloride, C;H NH(C,H;0)HCl, is formed by
passing hydrochloric acid through a solution of acetanilide in
acetone, 1t crystallizes in pliabl2 needles, which are decomposed
by water into their components, and are gradually converted into
aniline hydrochloride and acetic acid in the air?

When acetanilide is heated with zinc chloride for several hours
to 250°—260°, Flavaniline, CH N, CIH, a beautiful yellow
colouring matter, is obtained, having a splendid moss-green
fluorescence, which shows brilliantly on silk® This body will
be more fully described later on.

Di-acetanilide, CH N(C,H,0),, is formed by leating glacial
acetic acid with phenyl mustard oil to 130°—140°:

CH,NCS + 2C,H,00H = CH,N(C,HO), + HS + CO,.

It resembles acetanilide in its properties, and melts at 111°#

Acetylmethylanilide, CH, N(CH,)C,H,0, crystallizes from hot
water in splendid long needles. which melt at 99°5 and boil at
245°3

Dipnenylacetamide, (CgH,),N(C,H,0), crystallizes from petro-
leum spirit in large tablets having a pearly lustre, and melting
at 99>5.%

Thiacetanilide, CH,CSNH(CH,), is obtained by heating
acetanilide with phosphorus pentasulphide. It crystallizes from
boiling water in splendid yellowish needles, melting at 75°7 and
is soluble in caustic soda, forming a sodium salt which can be
obtained in compact crystals. By the action of methyl iodide
a compound is obtained which has the compesition of methyl-
thiacetanilide, but which is entirely different from the substance
obtained by the action of phosphorus pentasulphide on methyl
acetanilide, and is therefore named methylisothiacetanilide. It
is decomposed by hydrochloric acid with formation of methyl-
thiacetate and aniline, from which it follows that the methyl is
combined with the sulphur, and that in the formation of the

! Pfaff and O }{enhclm, Ber. Dewlsch, Chem. Ges. vii. 6%4.
2 Nolting aud Weingirtner, $id, xviii. 1340,

3 Fischer and Rudol b, thid. xv. 1500,

4 Hofmann, . iil. 170,

5 Hofmann, ibid, x, 599,

¥ Merz and Weith, thid. vi. 1511,

7 Hofinann, thid. xi. 338,
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isothiacetanilide a molecular change has taken place. The con-
stitution of these isomeric compounds is shown by the following
furmule :

Methylthiacetanilido, Methylisothincetanilide.
CH, SCH
CH08—N  ° cEcd °
\CH, N'NC,H,

Methylthincetanilide, CH,CS.N(CH,)C H;, crystallizes from
chloroform in monoclinie tablets, melting at 58—59°. It is
insoluble in water and alkalis, and boils, with slight deecomposi-
tion, at 290°1

MHethylisothiacetanilide, CH,C(SCH)NCH,, is readily ob-
tained by the action of methyl iodide on au alkaline solution
of thincetanilide? It is an oily liquid, boiling at 244°—245°3
On heating it with methyl iodide to 100°, s crystalhne mass is
obtained, which is decomposed by water with formation of
methyl thiacetate and methylaniline hydriodide, the following
reactions probably taking place : 4

) CH o> CH,I =C 0/1
1 C: +
( 3 \\‘NCOHﬁ H:l \ HS
\\Qa
/SCH
@ CH,CZI +HO
\N(CH,)C,H,

= CH,COSCH, + NH(CH,)C,H,HL.

Eihylisothiacctanilide, CHC(SC,H,)NCH,, is formed when
alcoholic solutions of sodium ethylate and thiacetanilide are
mixed (Wallach). It is a liquid which is heavier than water,
boiling at 255°—257° (Wallach and Bleibtreu). On passing
hydrochloric acid through its ethereal solution, a white mass
separates out, which is very solublc in water, and forms with
platinum chloride theslightlysolubledoublesalt (C, ,H,, N.SHC).-
PiCl,

W:tllach and Bleibtreu have also prepared several other
isothiacctanilides.

1033 Giyeolylanilide, C;H NH(CO.CH,.0H), is obtained by
Lieating glycclide with aniline to 130°. It is moderately soluble

! Wallach, Ber. Dewtsch. Chem, Ges. xiii, 528,

1 \Vullacb ibid. xi, 1595. 3 Watlach and Bleibtreu, ibid. xii. 1061
4 Wallach, #bid. xiii. 529,
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in cold and very readily in hot water, from which it crystallizes
in long prigmatic needles, melting at 108°}

LPhenylglycocollor phenylamido-aceticacid (C;H;)NH.CH,.CO,H,
is isomeric with the preceding compound. It is obtained by
heating chloracctic acid with aniline and water, and is tolerably
soluble in the latter. It forms imperfect crystels, melting at
126°—127°, and does not dissolve freshly precipitated mercuric
oxide, or silver oxide, but, on the other haud, forms & salt with
copper hydroxide, which crystallizes in small dark green plates.
In other respects it behaves very similarly to amido-acetic acid.®

Several homologues of phenylamido-acetic acid are known.

Phenyl betaine—The chloride of this body is obtained by
heating dimethylaniline with chloracetic acid :

CH c Cl
"\N_GH, + CHOCOH~ "N O,
cH,/ cH,” \CH,Co,H.
Ether precipitates it from its concentrated aqueous solution in long
white needles. Its ethyl ether is obtained in a similar manner to
cthyl chloracetate. With moist silver oxide both componnds give
the corresponding strongly alkaline, and deliquescent hydroxides3

By heating the cthyl ether for a long time to 130°, and
warming the residue with concentrated hydrochloric acid,
phenylmethylglycocoll hydrochloride is obtained :

C,H,N(CH,),01.CH, CO, C,H,

= C,H,N(CH,)CH,C0,C,H, + CH,CL
C,H,N(CH,)CH,CO, C,H, + 2CIH

= C,H,N(CH,)CH,CO,H,CIH + C,H,Cl.

1t crystallizes in prisms, which arc readily soluble in water, and
slightly in alcohol; on continued heating with water it decom-
poses into carbon dioxide and dimethylaniline hydrochloride.

Phenyl betatnamide~—The chloride of this body is formed by
heating an alcoholic solution of chloracetamide and dimethyl-
aniline. It forms colourless crystals, which on heating to 110°—
120° decompose into methyl chloride and ethylphenylglycol-
amide :

CH, Ol CH
CnH;‘i‘.N’\/ : - 3>N—CH.,CO‘NH2+ CH,CL
CH,/" \CH,CONH, CH,

! Norton and Tscherniak, Bull. Soc. Chint, xxx. 104,
2 Ber, Deutsch, Chew. Qes. x, 2046,
¢ Zimmermaun, Ber, Deulsch. Chem. Ges, xii. 2206,
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Methylphenylglycolamide is also obtained when methylaniline
is heated with chloracetamide. It is shghtly soluble in cold,
more readily in hot water and alcohol, and crystallizes in small
plates or prisms, having a satin-like lustre, and melting at 163°}

Phenylimido-acids are obtained by the action of aniline on
ketonic acids, the oxygen of the ketone being revlaced by the
divalent group C,H,N.

Anilpyrotartaric acid or phenyl- a- imidopropionic  acid,
CH;C(NCH;)CO,H, is obtained by mixing ethereal solutions of
pyrotartaric acid and aniline, the mixture being kept cool® It
formssmall crystals, which melt at 122° with evolution of carbon
diozide. On boiling it with water, carbon dioxide, aniline, and
aniluvitonic acid, C,;H,NO,* which will be described later on,
are formed.

Anilacetic  acid  or  phenyl - B - tmidobutyric  acid,
CH,;C(CH,N)CH,.CO,H, is obtained by heating aniline with
aceto-acetic ether to 150°—160°:

CH,
C.H,NH, + co< =C, N:C< (
CH, CO,C,H, CH,C0,C,H,
CH,
+ H,0 = CH,N=C + HO.C,H,.
\CH,.COH

It forms crystals which are tolerably soluble in water, and very
reedily in alcohol and benzene. It is coloured dark violet by
ferric chloride, and combines with acids and bases.*

Ozanilide, Cy,0,(NH.CjH;),. is obtained by heating aniline
oxalate to 160°—180° till no more gas isevolved ; the formanilide
produced at the same time can be removed by weshing with cold
alcohol® Tt is also formed when cyananiline is evaporated with
dilute hydrochloric acid.® Oxanilide is insoluble in water, ether,
and cold alcohol, slightly soluble in boiling alcohol, and more
readily in benzene, from which it crystallizes in white pearly
scales, which melt at 245° solidifying on cooling to a radiating
mass. It boils at 320°, but sublimes at a lower temperature in
small iridescent plates; its vapour has a penetrating odour
similar to that of benzoic a.id

! Bilberstein, Ber. Deutsch, Chem, Ges. xvii, 2660,

¢ Bottinger, Ann. Chem. Pharm. clxxxviii, 336 ® Ibid, cxci. 321
4 Knorr, Ber. Dewlsch. Chem. Ges. xvit. 540,

3 Gerhardt, Ann. Chem. Pharm. 1x. 308.

6 Hofmann, thid. lxxiii. 180.
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Thiozanilide, C.Sy(NH.CgH),—When oxanilide is warmed
with phosphorus pentachloride and the product then treated
with sulphuretted hydrogen, thioxanilide is obtained, together
with an intensely red-coloured body, which is removed by dis-
solving the product in caustic soda and passing in carbon dioxide ;
the sulphuretted anilide separates out in splendid plates similar
to those of mosaic gold, and melts at 133°1

Oxanilic acid, NH{C;H,)C,0,.0H, is obtained by strongly
heating aniline with a large excess of oxalic acid for ten minutes?
The fused mass is extracted with water, the solution boiled
with lime, and the filtrate after being acidified with sulphuric
acid extracted with ether? The residue remaining after dis-
tilling off the ether is then recrystallized from boiling water, It
is thus obtained in satin-like needles containing a molecule of
water ; it crystallizes from benzene in long, fine, lustrous needles,
melting at 150°* It forms crystallizable salts.

Bthyl oxandlate, NH(CH,)C,0,.OCH,, is obtained by the
continued heating of ethyl oxalate and aniline, It erystallizes
from alcohol in tablets or prisms, melting at 66°—~67°. On
adding ammonia to its alcoholic solution, phenyl oxamide,
(CeH-H.N.C,0, NH,, is precipitated (Klinger). This is also
obtained by the action of hydrochloric acid on cyananiline. It
separates fiom its hot alcoholic or aqueous solution in snow-
white, bairlike flakes with a silky lustre, which melt at 224°
and are easily sublimed; “the sublimate is as light and mobile
a8 precipitated silica” (Hofmann).

Malonavilic acid, NH(CH;)CO.CH,CO,H—By heating
equal molecules of melonamide and aniline to 200°—220°,
phenyl malonamide, NH(C,H,)CO.CH,CO.NH,, is obtained,
crystallizing from hot water in fine, matted needles, melting
at 163° and yielding the calcium salt of malonanilic acid on
boiling with milk of lime5 Itis also formed by heating malonic
acid with aniline,® and by the following remarkable reaction. On
passing carbon dioxide through sodium acetanilide, sedium
acetylphenylcarbonate is obtained a8 & crystalline powder,

' Wallach and Pirath, Ber. Dewlsch. Chem. Ges. xii. 1083; Wallach, bid,
xifi. 527.

2 Gerhardt and Laurent, dan. Chem. Pharm. Ixviii, 15.

3 Claus, Zeilschr. Chemn. 1868, 158,

4 Rlinger, Ann. Chem. Pharm. clxxxiv. 265,

5 Fround, Ber. Dewtsch. Chem. Ges. xvif. 133,

& Riigheimer, thid. xvii. 235.
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which on leating to 130°-~140° undergoes an intermolecular
change :

CH CH
nLobona = NECO8H,C00Na,
\COCH, \H

Malonanilic acid crystallizes from warm water in oblique,
lustrous prisms, which melt at 132°, and completely decompose,
on continued heating, into carbon dioxide and acetanilide.

Anilides of the homologues of malonic, malic, and tartaric
acids, &c. are also known.

PHENYLAMIDINES.

1034 Wallach® designated by the term amidines & series of
bases which are obtained from the acid-smides by replacing the
oxygen atom by the group NR, in which R signifies & monad
radical or hydrogen. The simplest amidine isacetdiamine, which
NH,
has already been described as acetamide CHB.C< :

*NH.

The phenylated amidines are obtained by treating a mixture
of aniline and an anilide with pliosphorus trichloride, which
acts as a dehydrating agent;?® when acctanilide is employed
ethenyldiphenylamidine is obtained :

CH,.?I.NH.CGH,, + NH,CH, = CH,CNHCH, + H,0
o NC,H,

Lippmann obtained this compound by the action of phosphorus
pentachloride on acetanilidet According to Wallach and
Hoffman ® the following reactions take place :

(1) CH, CONECH, + FCl, = CH, 0L, NHC,H, + POCI,
(2) CH,CCLNH.GH, + NH,C.H, = CH,C(NC,H,)NHC,H,
+ 9HCL

! Seifert, Ber. Deutsch, Chem. Ges, xvhii, 1858,
3 Wallach, #bid., viii. 1575.

3 Hofmann, Zevsehr, Chem. 1866, 161,

3 Ber, Deulsch. Chem, Ges, vil. 541,

5 Ibid. viii. 1567.
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The phenylated amidines are monacid bases, which are scarcely
soluble in water but tuke up its elements when boiled with
dilute alcohol, decomiposing into aniline and an anilide.

On heeting those amidines which contain the group NH with
carbon disulphide, a thio-anilide is formed, together with thio-

cyanic ecid, which combines with a part of the amidine
(Bernthsen) :—

CH,C(NH)NHCH, + CS,= CH,CSNHCH, + CNSH.

Methenyldiphenylamidine, CH(NCHNH CH,—Hofmann
first obtained this compound by heating chloroform with aniline
to 180°—190°, and named it formyldiphenyldiamine! Ethyl
orthoformate can be cuployel instead of chloroform? It is
likewise obtained when formic acid is boiled with aniline, or
when the latter is hecated with phenyl carbamine :3

NC

CN.CH, + NH,C, = He o

N(CHHH.
It erystallizes from hot alcohol or benzene in long needles, melt-
ing at 135°—136°, and volatilizing at a higher temperature with
partial decomposition. On hesting it to 140°—150° in & stream
of sulphuretted hydrogen, it decomposes into aniline and
thioformanilidet

Likenylphenylamidine, CH,C(NH)NHC H,, is prepared by
heating sniline hydrochloride and acetonitril to 170°. It is
an oily liquid having an alkaline reaction, and is decomposed
on heating®

Bthenyldiphenylamidine, CH,C(NCH,)NH.C;H,—The for-
mation of this compound has sleeady been explained. It is also
obtained when acetanilide hydrochloride (p. 211) is heated to
250°, or when aniline hydrochloride is hcated with acetonitrile

to 230°—240° (Bernthsen), as well as by the action of aniline on
the isothiacetanilides: ¢

C,H, NHCH,

\<§ *% | NH,CH, = CHS.C< o
CH; N.CH;

In order to prepare it, 2 parts of phosphorus trichloride are

gradually added to & well-cooled misture of 1 part of acetic
Y Jahresh. 1858, 354, % Wichellinus, Brr. Denlsch. Chem. Ges. ii. 1186,

B Wolth, thid, ix. 454. - * Bernthsen, ZLichig's Ann. cxcii. 35.
5 Ibid. elxxxiv. 358.

8 Wallach and Bleibtreu, Basr, Dewdsch. Chem. Ges, xii. 1063,

CH,C +HS.C,H,
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acid and 3 parts of aniline, and the whole heated for some hours
to 160°. 'The resinousmass thus obtained is dissolved in boiling
water, the cooled filtrate treated with caustic soda, and the
precipitate recrystallized from aleohol.!

It forms small needles, melting at 131°—132°2 and having a
neutral reaction. The hydrochloride, C, H, , N, HCI, crystallizes
in small tablets. The nitrate, C,,H,,N, HN O, is very character-
istic, and first forms an oily liquid, which soon solidifies to a
crystalline mass.

FBthenylisodiphenylomidine, CHy C(NH)N(C;H,),, is obtained
by heating dipkenylamine and acetonitrile to 140°—150°. Tt
;srms monoclinic crystals, melting at 62°—63°, and is & strong

e

Zsopentenyldiphenylumidine, (CHy),C,H, C(NCH, NH.CH,,
is a crystalline body, melting at 111°, and obtained by Hofmann
from valerianic acid.

CYANOGEN COMPOUNDS OF BENZENE,

1035 Phenyl carbamine, C;H, NC.—When chloroform is grad-
ually added to a saturated alcoholic solution of caustic potash
mixed with aniline, an energetic reaction is set up, and the
carbamine, which is also called phenyl isocyanide, is formed.
On distillation it passes over together with aniline; this is
removed by oxalic acid, and the residual brown oil dried over
potash and rectified.

Phenyl carbamine is a mobile liquid which appears green by
transmitted, and blue by reflected light; it possesses the un-
pleasant, penetrating smell of carbamine,and its vapour produces
ou the tongue & characteristic bitter taste, and in the throat a
sticky sensation. When it is distilled a portion boils constantly
at 167°, the thermometer tlien rises rapidly to 230° and it is
converted into an odourless liguid, which solidifies on cooling to
o splendid crystalline mass.*

On heating phenyl carbamine to 200°—220°, a crystalline body,
probably identical with the preceding compound, is obtained,
while another portion of the carbamine is converted into the

! Hofmann, Jahresb. 1865, 414.

2 Biedermann, Ber. Deutsch. Chem. Ges. vil. 540,
3 Bernthsen, Liebig's Ann. cxcii. 25.

¢ Hofmann, Aan. Chem. Pharm. cxliv. 117,
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isomeric benzonitrile, CH,CN.! The aqueous mineral acids
readily decompose plenyl carbamine, forming aniline and formic
acid ; formanilide occursinthis reaction as an intermediate product.
It combines with sulphuretted hydrogen to form thioformanilide.

Phenyl isocyanate or phenylecarbimide, CO.N.C,H, Hofmann
obtained this body, which was formerly called anilocyanic acid, or
carbanil, by distilling diphenyicarbamide with phosphorus pent-
oxide; he then found that it is better to use phenyl urethane:?

N(C,H)H
Co{ ngﬁ:) ~ CONC,H, + HO.GH,

It is still more readily prepared by the action of carbonyl
chloride on dipheny! ures or aniline hydrochloride : *

C,H,NH, + 00Cl, = C;H,NCO + 2HCL

In this manner it can be readily prepared on the large scale.t

It is a colourless liquid, the vapour of which has a very
penetrating odour and produces a flow of tears. It readily unites
with the alcohols to form ethers of carbanilic acid.

Phenylearbimide hydrochloride, CO(C;H,YNHCI, is obtained
by passing hydrochloric acid through pure phenyl isocyanate,
heat being evolved. Itis a crystalline mass, melting at 45°°

Phenyl di-isocyanate, (CO),(NC Hy),, is obtained in a remark-
able manner when the preceding compound is treated with a
drop of triethylphosphine. If, however, the isocyanate be
present in great excess, crystals appear after some time and
gradually increase in number, but the liquid does not become
golid even when allowed to stand for months® It crystallizes
from hot ether in thin iridescent plates, which melt at 175° and
on strongly heating arereconverted into the monomolectlar com-
pound.” By treatment with alcoholic ammonia it is converted
into 8-diphenylbiuret:

co Cco
C°H5N<CO>NC,H_,, = NH, = (CGHS)HIIqu CO>NC¢,H5.

' Weith, Ber. Dewlsch. Chem. Ces, vi, 213,

% Hofmann, Ann. Chem, Pharm., Ixxiv. 9 and 33 ; Jakresber. 1858, 348 ; Ber.
Devtsch. Chem., Ges. iii. 654,

3 Hentsehel, Ber, Dewtsch, Chem. Ges, xvii. 1284,

& Ibid. xviii. Ref, 12,

s Ibid. xviil. 1178.

¢ Hofmann, iid. xviii. 764

* Ber. Dewtseh, Chemes Ges. iit. 735 ; iv. 246,
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This body crystallizes in prisms, which melt at 164°, and are
decomposed by hydrochloric acid with formation of phenyl iso-
cyenate and ammonia,

a-Diphenylbinret, NH(CON.H.CgHy),, is obtained by heating
biuret or ethyl allophanate (Vol. IIL, Part L, p. 873) with
aniline. It forms crystals which are slightly soluble in alcohol,
melt at 210°, and are converted by dry hydrochloric acid into
aniline, cyanic acid, and phenyl isocyanate.!

Phengl  dsocyanurate, (CO),(NCJH,), is formed when an
alcoholic solution of phenyl isocyanuramide is boiled for a short
time with hydrochloric acid, or by heating 5 parts of phenyl
isocyanate with 8 parts of potassium acetate for three hours
to 100°, while if 10 parts of isocyanate are employed the com-
plete polymerization only occurs at 188°—200° (Hofmann).
Phenyl isocyanurate crystallizes from hot alcobol in prisms,
melting at 270°.

Phenyl eyanurate,(CN),(OCH;),,is formed on passing cyanogen
chloride through an alcoholic solution of sodium phenate. It is
insoluble in water and crysiallizes from alcohol in long, fine
needles, melting at 224°2

1036 Phenyl cyanamide orcyanarilide, CH;NH(CN).—Cahours
and Clogz obtained this substance by passing cyanogen chloride
through an ethereal solution of aniline® It is also obtained
by the action of lead oxide on an alcoholic, or better, alkaline
solution of phenyl thio-carbamide.# On evaporating the alcoholic
solution it remains beliind as a tenacious mass, which becomes
crystalline inmoist air or on continted contact with alcohol, and
then crystallizes from ether inneedles containing three molecules
of water, and melting at 36°—37°. When water is added to its
alcoholic solution, it combinesto form phenyl ures,and on passing
sulphuretted hydrogen through its solution in benzene, phenyl
thio-carbamide is formed.?

Phenyl cyanuramide or triphenyimelamine, (CgH NH),(CN),,
is formed from the preceding compound on standing, or more
rapidly on heating, and crystallizes from alcobol in fine prisms,
melting at 162°—~163°. On adding platinum chloride to its

1 Hofmann, Ber. Dewtseh. Chem. Ges. iv. 265 ; Peitzsch and Salomon, Jowrn.
Prakt. Chem. [2}, vii. 475,

3 Hofmann and Olshausen, Ber, Deulsch. Chem. Ges. iii. 257,

3 Ann. Chem. Pharm, xe. 91,

4 Hofmann, Ber. Deutsch. Chem. Ges. iii. 266; Rathke, ibid. xii. 733;
Feuerlein, ibid, xii. 1802; Berger, Monalsh, Chem. v. 217. :

s Weith, ib1d. ix. 820, :
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golution, a crystalline precipitate of (CN)g(C,H NH),PtCl H, is
formed.?

Cyananiline, C, H ,N,, is obtained when cyanogen is passed
through an alcoliolic solution of aniline :

CHNH, ON CJis.NH.([J:NH
+ =
C,H,NH, bn = opNrb—Nu

It is insoluble in water, slightly soluble in alcohol, and crystallizes
in small lustrous plates showing a play of colours; they melt at
210°—220°, and are decomposed at a higher temperature? As
a diacd basc it forms salts with acids, but they are rather
unstable ; when heated with agueous mineral acids it is con-
verted into oxanilide and oxamide.

Phenyt thiocyanate, CH,SCN, is formed by the action of
thiocyanic acid on diazobenzene sulphate, or by passing cyanogen
chloride through alcololic lead thiophenate :—

(C,H,S),Pb + 20NCI =2CHS.CN + Phol,.

Itis acolourless liquid boiling at 231°, which on standing becomes
yellow. An alcoholic solution of potassium hydrosulphide de-
compeses it into thiophenol and potassium thiocyanate3

Phenyl thiccarbimide or phenyl mustard oil, CH N.CS.—
Hofinann obtained this body by the distillation of diphenyl-
thiocarbamide (sulphocarbanilide) with phosphorus pentoxide,
and named it sulphocarbanil or phenyl sulphocyanidet It may
be more simply obtained by heating the thio.carbamide with
concentrated hydrochloric acid :®

L
\NH.C,H,

It is also formed by the action of thiecarbonyl chloride, CSCL,
on aniline ! as well as by the direct combination of sulphur with
phenyl carbamine,” anl when phenyl isocyanate is heated with
phosphorus pentasulphide.?

= CS=N.C/H, + NH,CH

! Hofmann, Ber, Deulsch, Chem. Ges. iii 267,

2 Hofinann., Ana, Cheme. Pharm, lxvi. 129 + Ixxiii. 180,
3 Billeter, Ber. Dentsch, Clom. Ges, vil. 1753

4 Jahresh, 1858, 349,

5 Morz and Weith, Zeitschr. Chrm, 1869, 589,

8 Rathke, Ber. Dewdsch. Chem. Ges. iii. 861.

7 Weith, 16id. vi, 211,

& Michael and Valmer, Amer, Chem, Journ, i, 257,
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B ——

It is a liquid having a smell similar to that of ordinary
mustard oil, boils at 222°, and combines with ammonia and the
amines to form ureas. It also combines with alcohols, forming
ethers of thiocarbanilic acid (p. 224).

When chlorine is passed through its solution in chloroform,
isocyanphenyl chloride, C;H,N.CCl,, is obtained as a heavy,
yellow liquid, boiling at 211°—212°. It possesses a very un-
pleasant pungent odour, and its vapour attacks the eyes and
mucous membrane. Dry silver oxide acts on it violently with
partial carbonization and formation of phenylearbimide.!

PHENYLCARBAMIDES,

1037 Phenyl wrea or carbanilamide, H(C H;)N.CO.NH,—
Hofmann obtained this substance by passing the vapour of cyanic
acid through cold aniline, and also by the action of ammonia on
phenylearbimide, C;H,N(CO). It is, however, most readily pre-
pared by mixiug a solution of aniline hydrochloride or sulphate
with potassium cyanate, the phenyl urea soon separating out.
It is also obtained by heating urea with the theoretical quantity
of aniline in a sealed tube to 150°—170.3 It crystallizes from
hot water in monoclinic needles, melting at 147°% It does not
combine with nitric or oxalic acids,

Symmetrical diphenyl uren or carbanilide, COONH.CH,),, is
formed by the combination of saniline with phenylcarbimide,
or by the action of water on the latter, as well as on heating
phenyl ures, or when aniline is treated with carbonyl cliloride,
&

To prepare it, one part of ures is heated with three parts of
aniline to 150>—170°% or equal molecules of phenyl urea and
aniline are heated to 180°—190°7

It is scarcely soluble in water, readily in alcohol and ether,
and crystallizes in prisms, melting at 235° (Weith). On heating

! Sell and Zierold, Ber. Deutsch. Chem, Qes, vil. 1298,

2 Ann. Chem. Pharm. Yiii. 67 ; lvil. 265; Ixx. 130 ; Txxiv. 14 : Weith, Zer,
Dewtseh, Chem, Ges. ix. 820,

3 Fleischer, thid. ix. 820,

4 Stelner, thid. viii, 518.

& Hofmann, Ann, Chem. Pharm. Ixx. 138 ; Ixxiv. i5.

¢ Baeyer, thid. exxxi, 252.

7 Weith, Ber. Deutsch. Chem. Ges. ix. 821.



PHENYL UREAS. 223

it with alcoholic ammonia to 140°—150°, it decomposes into
aniline and ureal!

Asymmetrical diphenyl wrea, (C;H;),N.CONH,).—~When the
vapour of carbonyl chloride is passed through a solution of
diphenylamine in chloroform, diphenylamine hydrochloride
separates out, and the solution contains the chloride of di-
phenyl urea, (C;H,),N.COCI, which crystallizes from alcohol in
beautiful small plates, melting at 85°. By the action of alcoholic
ammonix it is converted into the urea, which crystallizes in long
needles, melting at 189°.  On distillation with caustic potash,
it decomposes into diphenylamine, ammonia, and carbon dioxide,
and on dry distillation, into cyanic acid and diphenylamine ?

Triphenyl urea, (CH) N.CON(CH,)H, is obtained by the
action of aniline on the diphenyl urea chloride described ahove,
and crystallizes from alcohol in needles, melting at 136°
{Michler).

Tetraphenyl urca, CO(N(C,H,),),, s formed when the chloride
is heated for some minutes with diphenylamine and zinc dust3
It is readily soluble in boiling alcohol and forms small erystals,
melting at 183"

Carbanilic acid, CO{?;E(C“HQ, is not known in the free

state; its ethers, the phenyl urethanes (Vol. ITL, Part L, p. 163),
are obtained by the action of aniline on the ethers of chloroformic
aeid.

Ethyl carbanilate, CO(OC,H)NHC,H,), crystallizes from hot
wadter in long needles melting at 51°¢ it boils at 237°—23%°,a
small quantity decomposing into phenylcarbimide and alcohol,*
while in the cold these combine to form the original
compound.

Phenyl carbanilate, CO(OCHINH(CH,), is formed by the
action of phenol on phenyl isocyanate and phenyl di-isocyanate’
It is more readily obtained, and at a lower temperature, when
aluminium chloride is added to the mixture;® it is readily
soluble in alcohol, slightly in water, and crystallizes in needles
melting at 121°7

' Clans, Ber. Denlsch, Chemn. Ges. ix. 693

? Michler, ¢bid. ix. 396 ; 715.

3 Michler and Zimmerman, 76id. xii. 1166.

4 Wilm and Wischin, Ann. Chem, Pharm. exlvil, 157,
& Hofmann, Ber. Deulsch, Chem. Ges, iv. 248,

¢ Lenckart, thid, xviil. 873,

? Gumpert, Jowrn. Prakt. Chem. 2], xxxi. 119,
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1038 Phenyl thio-carbamide, H(C;H)N.CS.NH,, is formed by
the action of ammonia on phenyl mustard oil! and by heating
ammonium thiocyanate with aniline hydrochloride? It is slightly
soluble in cold, more readily in boiling water, and still more
readily inalcohol; it has & bitter taste, and crystallizes in needles
melting at 154°.

Bihyl phenyl thio-carbamide, H{CHI)N.CSN(CHH, is
obtained by the action of ethylamine on phenyl mustard oil, or
of aniline on ethyl mustard oil, and forms monoclinic crystals
melting at 99°5°3 ‘

Diphenyt thio-carbamide or thiccarbanilide, CS(NH.C;H,),, is
formed, together with ammonia thiocyanate, when aniline
thiocyanate is distilled : ¢

2C,H,NH,CNSH = CS(NHC,H,), + CNS(NH,).

It is likewise obtained by boiling an alcokolic solution of
carbon disulphide with aniline, the sulphuretted hydrogen formed
being removed by the addition of caustic potash.?

Diphenyl thio-carbamide is scarcely soluble in water, readily
in alcohol, and crystallizes in small plates melting at 144°,

On heating it with alcoholic ammonia to 100°,it is decomposed
into phenyl thio-carbamide and aniline$

Thiocarbanilic acid, CS { NH(C Hs)

state; its ethyl ether, or phenyl thio-urethane, is obtained by
lheating phenyl mustard oil with alcolol,” a3 well as by treating
it at the ordinary temperature with alcoholic potash® Ethyl
thiocarbanilate forms triclinic prisms melting at 71°—72°,

It behaves as a mercaptan; by the action of ethyl iodide on
its silver salt, phenyl urethane ethyl ether is obtained, which
forms beautiful crystals, melting at 29-5°-—305°. On heating
with dilute sulphuric acid to 180°—200°, it is split up into
aniline and ethyl thioxycarbonate, from which it follows that it
has the following constitution :—

i3 not known in the free

/SCH SC,H,
LNGH, + H,0 = H,N.C.H, + Co
0CH,’ \OC,H,.

' Hofmann, Jakresh, 1858, 349.

2 Schifl, Anu. Chem. l’)mrm cxlvm 838 ; Clermont, Ber, Deritsch. Chem, fes.
ix. 446 ; x. 494, 3 Weith, Ber. Deutsch. Chem. Gos. viii. 1524,

4 Hofmnnn, Ann. Chem. Pharm. Ixx. 142.

5 Weith, Ber, Deutsch, Chem, Ges. vi. 967.

¢ Gorhardt 7hid, xvii, 3043, 7 Hofmann, thd. ii. 120 ;iii. 772

8 R Schiﬂ' #bid. ix. 1316,
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From this we may further conclude that of the following
formulse,

SH NH(C,H
¢ANC,H, s " )
\OC,H, -0C,H,,

the first, and not the second, which is generally accepted, re-
presents thie constitution of phenyl urethane. It is also possible,
however, that the second represents the compound in the fiec
state, and that on the formation of & salt, an iutermolecular
rearmngemént takes place!

PHENYLGUANIDINES.

1039 Phenylguanidine, C(INH) { g}}%%caﬁ B),is obtained by the
action of alcoholic ammonia en phenyl thiocarbamide, and is a
solid body which on standing decomposes into ammonia and
phenyleyanamide 2

Diphenylguanidine or melaniline, C(NH)(NH.C;H,), —Hof-
mann obtained this substance by passing cyanogen chloride
through anilinc® Cyananilide and aniline hydrochloride are first
formed and then react on each other :—

CN.NH.C,H, + NH, C,H,.HCl = C(NH)(NH.C,H,),HCL

It is, therefore, nlso obtained by heating the alcoholic solutions
of these two compounds,* aswellas by the action of lead oxide on
a solution of thiocarbanilide in alcoholic ammonia® In order
to prepare it, the thiocarbanilide is first treated with concentrated
caustic potash, concentrated solution of ammonis and washed
litherge are then added, and the whole digested on the water
bath, the liquid decanted off, and the melaniline extracted from
the residue by hydrochloric acid® It crystallizes from alcohol
in moneclinic needles melting at 147°, and is a monacid base
forming salts which crystallize well. On heating it under pressure
with concentrated hydrochloric acid, it forms carbon dioxide,
ammonia, and aniline,

! Licbermann, Ann. Chem. Pharm. cevil. 142,

2 Fenerlein, Ber. Dewtsch, Chew. Ges. xii. 1602,

3 dwn. Chem, Plarm. Ixvil, 129,

4 Cahours and C!néz, #bid. xc. 93,

8 Holmanu, Ber, Dewlsch. Chem. Ges. il 460 ; Sehrivler and Weith, i, vil.
933’m:hko, ihid, xit. 772,
VOL. IIL—PART IIL Q
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a-Triphenylguanidine, C(NC;H)(NH.CgH,),, is best obtained
by decomposing & boiling alcoholic solution of equal molecules
of thiocarbanilide and aniline with lead oxide.!

It crystallizes from alcohol in hexagonal rhombic prisms,
melting at 143°, and combines with acids to form crystalline salts.

8- Triphenylguanidine, C(NH) { g(}%&ﬁi), is obtained when
cyananilide and diphenylamine hydrochloride are heated to
100°—125° It erystallizes from alcohol in large, strongly refrac-
tive tablets, melting at 131°. The hydrochloride, C,,H,,N ;HCI +
H,O, forms thick tablets or prisms? When it is heated with
concentrated hydrochloric acid to 260°—270°, it takes up water,
and splits up into carbon dioxide, ammonia, aniline, and
diphenylamine, while the a-compound, under the same con-
ditions, only yields carbon dioxide and aniline.

Tetraphenylguenidine, C(INH)(N(C H,),),, is formed by passing
cyanogen chloride into diphenylamine heated to 150°—170°
It crystallizes from petroleum ether in rhombic prisms, melting
at 130°-131°, and is a monacid base, most of its salts being
only slightly soluble in water. Concentrated hydrochloric acid

decomposes it at 330°—340°, forming carbon dioxide, ammonia,
and diphenylamine.®

HALOGEN SUBSTITUTION PRODUCTS OF
ANILINE.

1040 In 1842 Fritzsche found that three of the hydrogen
atoms in aniline can be repleced by bromine, the tribromaniline
which was thus formed being called by him broma.mlond 4 This
compound was investigated three years later by Hofmann, who
observed that, unlike aniline, it does not combine with acids,
the basic .character of the aniline having been neutralized by
the presence of the electronegative element. He therefore
endeavoured to obtain compounds in which ouly one or two
of the hydrogen atoms had been replaced by a halogen. The
action of chlorine did not yield the desired result, as this
substance acts very violently on anilinc, forming resinous pro-
duets, among which, however, he was able to recognize

! Hofmann, Ber. Deutsch, Chem. Gra ii. 458,
¥ Weith and Schrider, ibid. viti. 204,

3 Weith, ibid. vii. 843.
¢ Journ. Prakt. Chem. xxviii. 204,
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trichloraniline. He was wore successful when he started with
isatin, CgH,NO,, which is an oxidation product of indigo, and
yiclds aniline on distillation with caustic potash. When the
substitution products of this substance, which had previously
been prepared by Laurent, were heated with caustic potash he
obtained the bases monochloraniline and monobromauiline,
and also dibromaniline, the basic propertics of which are much
feebler than those of the monosubstitution products!

It has been stated in the introduction that these important
rescarches were chiefly instrumental in securing universal
recognition for the substitution theory. Hofmann himself says
that it undoubtedly follows from the facts observed by him,
that chlorine or bromine can take the part of hydrogen in
organic compounds, that these preservc their electronegative
charscter in the new compounds, and impress it the more
strongly upon them the greater the number of hydrogen atoms
replaced by halogens.

Liebig adds in 2 note : “The author seems to me to have
definitely proved by this research that the chemical nature of a
compound does not in any way depend upon the nature of the
elements contained in it, as is assumed by the electrochemical
theory, but entirely on their arrangement.”

Aniline forms a large numiber of halogen substitution products,
which are prepared by the following methods :—

1. An anilide, generally acetanilide, is treated with chlorine
or bromine, the sction proceeding much more quietly and
smoothly than with anilive or its salts. The substituted
anilides are then decomposed by being heated with an alkali or
fuming hydrochloric acid. In many cases it is better to de-
compose the anilide by strong sulphuric acid; the solution is
diluted with water, neutralized with caustic soda, and the
substituted sniline extracted with ether. Iodine and chloride
of iodine act upon amiline or the anilides with formation of
iodine substitution products.

2. Substituted anilines are also readily obtained by -the
reduction of the substituted nitrobenzenes with tin and hydro-
chloric acid or stannous chloride.

As already mentioned, the replacement of hydrogen by a
halogen weakens the basic character of the aniline. In all cases
the presence of the amido-group can readily be proved by the
action of acetyl chloride, which forms substituted anilides.

1 Ann, Chem, Pharm, liii, 1.
q 2
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CHLORANILINES,

1041 Orthochloraniline, CH,CL.NH,, is obtained by reducing
ortliochloronitrobenzene, and is a liquid which does not solidify at
—14°, and boils at 207°. The hydrochloride, C;H,CLNH,CIH,
crystallizes in large rhombic tablets. The picrate is almost
insoluble in cold water, and only slightly soluble in hot water;
it is much less soluble in alcohol than the picrate of the para-
compound. This property is made use of in the scparation
of the two chloranilines. As it is very difficult to obtain
orthochloronitrobenzene free from parachloronitrobenzene, a
mixture of the choranilines is obtained on reduction, which can
readily be separated by means of picric acid. Another method
of separation depends upon the fact that orthochloraniline is
a much weaker base than parachloraniline,. When, therefore,
the cquivalent quantity of sulphuric acid is added to the
mixture of the two bases and the whole distilled with water
the sulphatc of orthochloraniline completely decomposes, and
the basc passes over mixed with only a little parachloraniline!

Mclachloraniline may be obtained by reducing metachloro-
nittobenzene with stannous chloride (Beilstem and Kurbatow).
It is o liquid boiling at 230°, and is as strong a base as the
ortho-compound, its salts being only partially decomposed on
boiling with water.

LPearachloraniline—Hofmann first obtained this compound
by distilling chlorisatin with caustic potash, it is also formed
by the action of chlorine on acetanilide® but it is best prepared
by reducing parachloronitrobenzene with stannous chloride
(Beilstein and Kurbatow).

It is very slightly soluble in boiling water, but readily in
alcohol, and forms diamond-like crystals, very similar to regular
octahedra, but which belong to the rhombic system,® and melt
at 70°—~71°. It can be distinguished from parabromanilize,
which is very similar to it, as it boils without decom position
at 230°—231°,

Parachloraniline is a powerful base, but its salts have an acid
resction. It does not decomipose the salts of aluminium and
zne.

! Beilstein and Kurbatow, Aun. Chem. Pharm. clxxvi. 36.

2 Mills, Jahresber, 1860, 349,
3 Groth, Ber. Dewtsch. Chem. Ces. iii. 453,
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Parachloraniline  hydrockloride, CH,CLNH,HCI, crystal-
lizes in large, monoclinic prisms. The platinum chloride forms
small plates, soluble in water, alcohol, and even a mixture of
the Iatter with cther (Hofinann).

Dicaroranivizes, CHCL. NH,.!

1042 These may be distinguished according to the position of
the chlorine atoms as ortho-, meta-, and para-compounds ; in the
following tables this is expressed by the numbers, the amido-
group being assumed to have position 1.

Orthodichloranilines.
Mclting. Boiling:
point. point,
(@) Asymmetric (3 : 4) broad needles . . 71'5° 272°
(o) Adjacent  (2: 3)needles . . . . 23-24° 252°
Metadichlorandlines,
Asymmetric (2 : 4)2 long needles . . . 63° 245°
Symmetric (3:3) mneedles . . . . . 503  230—260°
Adjacent  (2:6) mneedles . . . . . 39° —
Paradichloraniline (2 : 5) thick needles . 50° 251°

TricuLoraNILINES, CH,Cl, NH,?
Asymmetric (2 : 4:5)*needles . . . . 95—96° 27¢°
Symmetric (2:4:6) long needles . . 775° 262°
Adjacent (2:3:4) needles . . . . 675" 202°

The second of these was first prepared by Hofmann.

TErRscHLORANILINES, CHCI, NH,,

Asymmetric (2:3:4:6)5needles . . . 8% —
Symmetric (2:3:5:6)%uneedles . . . 90° —
Adjacent (2 :3:4 :5)7 broad ncedles . 118 —

Pentachloraniline? C,Cl, N H,, crystals.

! Beilstein and Kurhatow, Zoc. ci?.

2 Beilstein and Kurbatow, 4 wa. Chem., Pharm. elxxxii, 93 ; Witt, Ber. Deulsch,
Chem. Qes. vii, 1602,

3 Beilstein and Kurbatow.

¢ Lesimple, Aun. Chem. Pharm, exxxvii, 125.

5 Beilstein and Knrbatow, S estmple, Zevlschr. Chom. 1868, 227,

? Beilstein and Kurbatow, 8 Jangfleiseh, Jakresber. 1868, 354,
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BROMANILINES.

1043 These are best obtained from the three nitrobromo-
benzenes.

Orthobromaniline is insoluble in water, but readily dissolves in
alcohol. It crystallizes in colourless needles, melts at 31°5, and
boils without decomposition at 229°,

Metabromaniline forms a colourless, crystalline mass melting
at 18°—185, and boiling at 251°2

Pagabromaniline was, as already explained, first obtained by
Hofmann. It is also obtained by the action of bromine on
aniline,® or better, acetanilide,* and forms large, well-formed
crystals, similar to regular octahedra, but belonging to the
rhombic system,® which melt at 664°% On heating more
strongly the liquid suddenly becomes a deep violet colour, and
between 190° and 270° a liquid distils over, while & residue is
left which forms o splendid blue solution in alcohol. The
distillate shows similar phenomena when redistilled, and can be
split up by fractionation into aniline, ordinary dibromaniline, and
tribromaniline.”

Paorabromaniline hydrochloride, C,H BrNH,HCI, is iso-
morphous with choraniline hydrochloride (Hofmann).

DisromaniLINEs, C;H Br, NH,

Mel_tin:’g.

poin

Orthodibromaniline (3 : 4) white crystals . . . . 804°
Metadibromeanilines.

(a) Asymmetric (2 :4) ?small long plates . . . 795°

(0) Symmetric  (3:5)"Wneedles . . . . . . . 56°5°

Poradibromaniline(2 : )M prisms . . . . . . 31°—52°

a-Metadibromaniline was first obtained by Hofmann. It is
also obtained by the action of bromine on ortho- and para-
cetanilide, Its hydrochloride forms arborescent crystals.

! Fittigand Mager, Ber. Deutsch. Chom. Ges. vii. 1179, 3 Ibid. viii. 864.

3 Rekulé, Zeitschr. Chem, 18686, 687. 4 Mills, {id. 1860, 834,

5 Azruni, Ann. Chem. Pharm., clxxxviii, 23,

8 Komner, Jakhresber. 1875, 342

? Fittig and Buchner, Ann. Chem. Pharm. clxxxviii. 23.

8 Kémer, Jahresber. 1875, 842,

¢ Hofraann, loc. cit. ; Griess, dun., Chem. Pharm. cxxi. 268 . Komer, loc. oil.:
‘Wurster, Ber. Drutsch, Chem. Ges. vi. 1486 ; Meyer and Stiiber, Anun. Chewm.
Pharm. clxv. 169,

W Korner. 1! Meyer and Stiiber.
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TriBroMANILINES, C,H,Bry NH,,
Melting-
point.
Symmetric (2: 4:6)!long needles . . . . . . . 118°

Adjacent (3:4: 5)2crystals —_

L

The first of these is slso called ordinary tribromaniline, be-
cause it is obtained by the direct bromination of aniline, Unlike
the isomeric compound, which is obtained by the reduction of
the corresponding nitrobromobenzene, it does not combine with
acids. This compound doesnot melt even at 130°, and decomposes
when more strongly heated.

Melting-

point.
Tetrabromanitine, C;HBr NH, (2 : 3 : 4 : 6) 3 needles 1158°

Pentabromaniline, CBr NH,* lustrous needles . . 222°

IODANILINES.

1044 Mele-ioduniline, C;H I NH,.—QGriess obtained this sub-
stance by reducing mctanitro-iodobenzene; it crystallizes in
small plates melting at 25°3

Para-ivdaniline. While chlorine and bromine readily form
substitution products, iodine does not act directly on most
carbon compounds. Aniline is among the exceptions to this
rule, and is readily converted by iodine into iodaniline hydrio-
dide.’ The basc may be obtained by the reduction of paranitro-
iodobenzene.” To prepare it, acetanilide is dissolved in glacial
acetic acid and the equivalent quantity of iodine chloride
added, para-iodacetanilide, which crystallizes in rhombic tablets,
being formed. This is then boiled with concentrated hydro-
chloric acid, and the solution decomposed with ammeonia.®

Para-todaniline crystallizes in needles or prisms melting at 60°,
1t precipitates aluminium salts, but not those of zinc or iron.
On heating it with ethyl iodide, ethylaniline, diethylaniline, and
free iodine are obtained. Its hydrochloride crystallizes from hot
water in plates, or bread thin needles.

! Kérner ; Fittig and Biichuer, 4nn. Chen. Pharm. clxxxviii, 962 ; Wurster
aud Nolting, Ber. Deutseh. Chem. Ges. vii, 1564, 2 Koruer.

3 Warster and Nolting ; Eorrer. 4 Korner,

8 Griess, Zedtschr. Chem. 1866, 218.

¢ Hofmann, Ann. Chem. Pharm. Ixvii, 61 ; Mills, €bid. elxxvi. 854.

? Griess, Zedlschr. Chem. 1866, 218 : Kekulé, thid. 687,

# Michael and Norton, Ber. Dewtsch, Chan. Ges. xi. 108.
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Metadi-iodaniline, CgHLI NH(2 : 4).—When hot solutions
of aniline and wmercuric chloride are mixed, mercuric phenyl-
ammonium chloride, N(C,H, HHg)Cl, separates out as a yellow
amorphous precipitate, which is converted into di-iodaniline
by an alcoholie solution of iodine.! This compound may also
be obtained by passing the vapour of two molecules of iodine
chloride into & solution of aniline in acetic acid? It crystallizes
in needles melting at 95°—96°, and forms salts which are de-
composed by cold water, It is converted by the diazo-reaction
into metadi-iodobenzene.

Triodanitine, C;H,I. NH,, is obtained by passing three
molecules of iodine chloride into a solution of aniline in hydro-
chloric acid. It crystallizes from boiling alcohol in long needles
melting at, 185°5°3%

NITRO-SUBSTITUTION PRODUCTS OF
ANILINE.

1045 Hofmann and Muspratt found that when ordinary dini-
trobenzene (metadinitrobenzene) is treated with alcoholic am-
monium sulphide, only one nitroxyl is reduced, and nitraniline,
CH(NO,NH,, is formed* This is also the case with the
two isomeric dinitrobenzenes® "Che nitranilines are also obtained
when the monochloronitrobenzenes, or the corresponding
bromo- or iodo-compounds, are heated with ammonin :

C,HCI(NO,) + 2NH, = C,H,(NH,NO, + NHI

This reaction takes place most readily with the ortho-com-
pounds. The substituted nitrobenzenes containing more than
one halogen are still more readily attacked by ammonia, but
only one halogen atom is replaced by the amido-group.

Nitro-substitution products of aniline are also obtained by
heating the methyl- or ethyl-ethers of the nitrophenols with

ammonia :
CH(NO,)OCH, 4 NH, = C.H,(NO,)NH, + HO.CH,.

! Rudolph, Ber, Duulsch. Chem. Ges. xi. 18.

3+ Michacl and Norton, lfoe. cit,

2 Stenhouse, Journ. Chem. Soe. xvif. 820 ; Michael and Norton.
& Ann, Chem. Pharm, Yvil, 201,

3 Zincke and Rinne, Ber. Dewtsch. Chem. Qes. vii. 869 and 1372,
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The basic character of aniline iz weakened much more by the
introduction of nitrogyl than by that of a halogen atom ; hence
the mononitranilines are very weak bases, while the dinitrani-
lines do not combine with acids, and trinitraniline behaves as
an acid-amide, being decomposed by alkalis with formation of

amomonia and trinitrophenol (picric acid), on account of which
reaction it was first named picramide.

Nrrranmixes, C;H(NONH,,.

1046 Orthowitraniline may be obtained by the methods given
above from orthodinitrobenzene, orthonitrobromobenzene,! and
orthonitranisol? It is best obtained from sulphaanilic acid or
anilineparasulphonic acid, CH,(NH,)SO.H, by converting its
sodium salt into sodium scetanilidesulphonate by means of
acetic anhydride. This is dissolved in 5 parts of sulphuric acid,
well cooled, and heated with the calculated quantity of nitric
acid. The solution is poured on to ice, neutmlized with lime, and
the filtrate evaporated to & small bulk and boiled with dilute
sulphuric acid in order to remove the acetyl gronp. Potassium
nitranilinesulphonate is prepared from this, and is then decom-
posed by heating with concentrated hydrochloric acid to 170°—
180° ; orthonitraniline separates out from the solution thus ob-
tained on addition of ammonia It crystallizes in orange-yellow
needles melting at 71%5, which dissolve in hot water and
volatilize when the solution is boiled. Its yellow salts are very
unstable.

BMetanitraniline is best obtained by mixing 10 parts of meta-
dinitrobenzene, 30 parts of 90 per cent. alcohol, and 5 parts
of concentrated ammonia, and passing sulphuretted hydrogen
through the mixture, which is warmed from time fo time,
until 5 parts by weight have been absorbed. The solu-
tion is then precipitated with water, the precipitate boiled
with dilute hydrochloric acid, and the filtrate ve-precipitated
with ammonia, the metanitraniline being erystallized from
boiling water! It crystallizes in long yellow needles melting

at 1147, and subliming in small plates at 100°% It has a swect

' Walker and Zincke, Ber. Deulsch. Cheni. Ges, v. 114,

3 Satkowski, Anun. Chem, Pharm. clxsiv. 278,

3 Nictzki and Benckiser, Ber, Deutsch, Chem. Ges. xvifi. 204,
4 Beilstein and Knrbatow, dun. Chowm. Pharm, elxxvi. 44,

§ Hiibner, Ber. Dewlsch. Chem., Ges. x. 17186,
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burning taste, boils at 285°, and does not precipitate metallic
salts, Its salts are much more stable than those of the ortho-
compound, but are decomposed by aniline. It is not attacked
by boiling caustic soda.!

Paranitraniline is obtained in a similar manner to the ortho-
compound from the corresponding para-compounds, as well as,
together with the former, by the nitration of the anilides?

To prepare it, 1 part of acetanilide is dissolved in 8 parts of
cooled nitric acid of sp. gr. I'5, the solution precipitated with
ice-water, and the paranitracetanilide filtered off. The filtrate
contains orthonitracetanilide, which can be extracted with
chloroform ; both anilides are then decomposed with boiling
hydrochloric acid® According to Nolting and Collin, acetanilide
is dissolved in 4 parts of sulphuric acid, and to thissolution, which
is kept cold by a freezing mixture of ice and salt, the calculated
quantity of 85 per cent. nitric acid is gradually added, the para-
compound being formed, together with a little orthonitracet-
anilide.t If aniline be dissolved in concentrated sulphurie acid,
well cooled, and then treated with nitric acid largely diluted
with sulphuric acid, all three nitranilines are formed. In order
to separate them, the solution is precipitated by ice-water, neu-
tralized with carbonate of soda, and distilled, the ortho- and
meta-compound being found in the distillate, while the para-
compound remains behind.®

It crystallizes from hot water in lony, yellow, monoclinic
needles, which are almost tasteless, and melt at 147°. It is a
very weak base, and on beiling with concentrated caustic soda
forms paranitrophenol (Wagner). Its salts are less stable
than those of the meta-compound, but more so than those of

orthonitraniline.®

Dixrrranmanes, CHy(NO,),NH,.
1l odlini edl Melting.point.
. . yellow monoclinic needles 0
Asymmetrical (2 : 4)7{ having a bluish lustre } 182
Adjacent (2:6)® long yellow needles. . . . 138

' Wagner, Ber. Deutsch, Chem. Ges. vii, 77,

2 Arp%e, Ann. Chew. Pharm. xciii. 357 ; Hofmann, Jakresh, 1860, 349,

3 Grethen, Ber. Deutsch. Chon. Ges. ix. 775 ; Beilstein and Kurbatow, Zicbig's
Ann. exevii, 83; Witt, Ber. Deutsch, Chem. Ges. viti 144,

4 Ibid. xvii. 261, 5 Hiibner, . x. 1716,

§ Lellinann, ibid. xvii. 2719,

7 tiottlieb, Aun. Chem. Pharm. lxxxv. 2i; Rodnew, Zeifsch, Chem. 1871,
202 ; Engelhardt and Latschinow, ibid. 1870, 233 : Clemm, Jonrs. Prekt. Chem.
[2]. i. 145 ; Salkowski, Ann. Chem. Pharm. clxxiv. 283 : Schaumann, Ber.
Deuwisch, Chem. Ges. xii. 1345, 8 Salkowski, Korner,
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TRINITRANILINE, CH,(NO,),NH; (2:4:6).

This compound, which is also named picramide, is obtained
by the action of ammonia on ethyl picrate and chlorotrinitro-
benzene.! It crystallizes from glacial acetic acid in dark yellow
monoclinic tablets with a violet lustre, melting at 188°,

Like picric acid, it combines with benzene to form C;H,(NO,),
- NH; + CgH,, crystallizing in broad, light yellow transparent

prisms, which rapidly lose benzene in the air. It also combines
with other hydrocarbons and with amido-bases.

Picramide-aniline, C;H(NOH,NH, + CHNH,, crystallizes
in thick, black, lustrous prisms or very long needles with a
dark purple reflection, which form a blood-red powder, and melt
at 123°—125°

Picramide-dimethylaniline, CHy(NO,),NH, + C,H, N(CH,),,
forms dark blue, lustrous crystals melting at 139°—141°

Both these compounds decompose in the air, picramide being
left behind.?

CuroroN1TRANILINES, CH,CI(NO,)NH,,

1047 These compounds are obtained by the nitration of the
monochloracetanilides, as well as by heating the dichloronitroben-
zeneg with ammonia. The following are known (the first of the
subjoined numbers gives the position of the chlorine, and the
second that of the nitroxyl, the amido-group occupying position 1) :

Melting.point.
Orthochlorometanitraniline (2 : 5)® yellow needles . 117°—118°

Orthochloroparanitranline (2 : 4)4 {‘igr?ete{ﬁg""} 104—105°
Matachlorothonitraniline (3 : 6)° yellow needles . 124°—125°
Motachloroparanitraniline (3 : 4)¢ smally ellow} 156°—157°

plates
Parachlororthonitraniline (4 :2)7 -{ or::egglgd } 115°

! Pisani, Ann. Chem. Pharm. xcit. 326,

3 Mo\;gus, Ber, Deutsch, Chewm. Ges. si. 843 ; Hepp, Anu. Chem. Pharm.
cexv, 358,

3 Beilstein and Knvbatow, Aws. Chem, Pharm, clexxii, 98, 4 Ibid.
5 Korner, loe. cit. ; Lanbenheimer, Bev. Denlsch, Chem. Ges. ix. 1826,
§ Ioid. 7 Korner,
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BroMONITRANILINES, CoH Br(NO,)NH,.
Melting-point,

Orthobromoparanitraniline (2 : 4)! yellow needles .  1045°

reddish
Metabromorthonitraniline (3 : 6)2 yellow 151+4°
needles

orange-
Parabromorthonitraniline (4 : 2)* { yellow } 111-4°

needles
IoDONITRANILINES.
Melting.point.
Ortho-iodoparanitraniline (2 : 4)* long needles . . 1055°

Meta-iodorthonitraniline (3 : 6)® { St;eﬁtgl:e

orange-
Para-iodorthonitraniline (4 :2)¢ yellow 122°
needles
Besides these substitution products of aniline, many others
can be prepared containing several halogens, and also nitroxyl

AMIDOBENZENESULPHONIC ACIDS,
C,H(NH,)SO,H.

1048 Gerhardt, by heating formanilide, oxanilide, or aniline
with sulphuric acid, obtained an acid which he called sulphanilic
acid.” Lauvent considered that he had obtained this compound
by the reduction of his nitrobenzenesulphonic acid, but Schmitt
showed that this was a different substance® Limpricht, who
first prepared the three nitrobenzenesulphonic acids in the pure
state, found that they are readily converted into the amido-
acids by treating their ammonium salts with concentrated am-
monia and passing in hydrogen sulphide as long as heat is
evolved. The solution is then evaporated until all the am-
monium sulphide is driven off, filtered from the precipitated
sulphur, and acidified with hydrochloric acid. The amido-acid,

! Kamer ; Hiibner, Bor. Deutsch, Chem. Ges. x. 1709,

2 Korner ; Warster, ibid, vi. 1542,

3 Kimer ; Meyer and Wurster, 4nn. Chem. Pharin. clxxi. 59.

4 Michael and Norton, Ber. Dewdsch. Chem. Ges. xi. 113.
5 Kirner, 6 Michael and Norton,

T Ann, Chem. Pharm. 1x. 308, 8 Jbid, exx. 164,
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which separates out after long standing, is purified by recrystal.
lization from hot water.!

Orthamidobenzenesulphonic acid has been carefully examined
by Limpricht and Berndsen® It is obtained by converting
nitrometabromobenzenesulphonic acid into the amido-acid and
heating this with hydriodic acid and phosphorus3® It is scarcely
soluble in cold water, somewhat more readily in hot, and crystal-
lizes in anhydrous clull-white rhombohedral forms, or sometimes
in thick rhombic plates, mixed with transparent, four-sided,
pointed prisms, containing half & molecule of water,

Metamidobenzenesulphonic acid has also been examined by
Berndsen ;¢ it crystallizes in long, fine, anhydrous needles, or,
on gradual evaporation of its solution, in transparent monoclinic
prisms, which contain 1'5 molecules of water. It is prepared on
the large scale from the crude metanitro-acid, and is employed
in the manufacture of colours.

Paramidobenzenesulphonic acid is formed by the above reac-
tions, and also on leating aniline ethylsulphate® and aniline
parabenzenesulphate, which decomposes into phenol and sul-
phanilic acid?

According to Schmitt it is prepared by pouring 2 parts of
fuming sulphuric acid into 1 part of aniline, warming the mix-
ture to 180° till sulphur dioxide begins to escape, allowing it to
cool, and then pouring it into water. The acid separates out as
a crystalline mass, which can be purified by recrystallization from
hot water. It is employed in the coal-tar colour industry, and
is prepared on the large scale by heating 3 parts of concen-
trated sulphuric acid with 1 part of amiline to 195°; if fuming
sulphuric acid be used, the reaction proceeds more rapidly, but
the wixture must not be so strongly hecated (Busch and
Bindschedler).

Sulphanilic acid is slightly soluble in cold, readily in hot water,
and crystallizes in rhombic tablets which contain 1 molecule of
water, and rapidly effloresce in the air. Dilute chromic acid
oxidizes it to quinone.

v A, Chew, Plarm, clxxvii, 79.

2 Ibid. clxxvii, 18,

3 Ibid, clxxxvi. 128,

$ Ind. clxxvii. 82.

S Limpricht, Ber. Dewlsek. Chem. Ges. vil, 1349,
8 Pratesi mul Kopp, 1.4, iv. 978,



238 AROMATIC COMPOUNDS.

DIAMIDOBENZENES OR PHENYLENEDIA.-
MINES, C,H,(NH,),

1049 Zinin first obtained the meta~compound of this group in
an impure state by the continued action of ammonium sulphide
on ordinary dinitrobenzene, and called it “semibenzedam,”* while
Gerhardt gave to it the name of azophenylamine. Hofmann first
obtained it pure by reducing dinitrobenzene with iron and acetic
acid, and described it as a-plicnylenediamine, to distinguish it
from B-phenylenediamine, which he had obtained from para-
nitraniline? Besides their preparation from dinitrobenzene and
nitraniline, the three diamidobenzenes can be obtained from
the six diamidobenzoic acids, C;H,(N'H,),CO,H, by the elimina-
tion of carbon dioxide, as shown by Griess, who first prepared
the ortho-compound in this way.3

ORTHODIAMIDOBENZENE,

This body may be obtained by the above-mentioned reactions*
and also by the action of sodium amalgam and water on para-
bromonitraniline® It crystallizes from hot water in colourless
or slightly reddish tablets, and from chloroform in quadratic
plates; it melts at 102°—103° (Hiibner), and boils at 252°
(Griess).

On throwing a crystal inte water it acquives an extremely
rapid rotation in dissolving, which is still more striking than
that which is exhibited by camphor. Its isomerides and homto-
logues behave in a similar manner®

Orthodiamidobenzene hydrochloride, C;H,(NH,CI),, is readily
soluble in water, and crystallizes in groups of radiating needles.
On adding ferric chloride to its solution, ruby-red needles
separate out” having the formula C,,H,,N,0(CIH), + 5H,0.2

v Journ. Prakt, Chem. xxxiii. 84.

3 Jahvesb. 1883, 42i.

3 Ber. Devdsch, Chem., Gles, v. 201,

4 Zincke and Siptenis, Ber, Deutsch. Chem. Ges. vi. 128 ; Zincke and Rinne,
ibid, vii. 1374,

-; Meyer and Wurster, Ann. Chem. Pharm. clxxt. 68 ; Hibner, #bid. ocix.

8 Gattermann, Ber. Doulsch. Chem. Ges. xvili. 1484,
¥ Criegs,
¢ Rudolph, Ber. Deutsch. Chem. Ges. xii. 2211,
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On treating an alcoholic solution of the base with a drop of a
solution of phenanthraquinone, C, H0,, in hot glacial acetic
acid, and boiling for a short time, a bright yellow precipitate of
diphenylenequinoxaline, CyH,,N,, separates out, consisting of
small needles, which are coloured deep-red by concentrated
hydrochloric acid. In this way 05 mgms. of orthodiamido-
benzene can be detected. Orthodiamidotoleene behaves in a
similar maoner.!

On adding a dilute solution of potassium nitrite to a very
dilute solution of orthodiamidobenzene sulphate, amido-azo-
phenylenc separates out as any oily liquid, which soon solidifies:

NH,
H/ NOH = C % \N H.0.
() 4\NH2 + BH'I + 2 2

This body crystallizes from & mixture of benzene and toluene
in needles, vith a pearly lustre, which melt at 98°5 and are not
acted on by ferric chloride?

Dicyanorthodiomidobenzene, CgH N, is obtained by passing
cyanogen through a concentrated alcoholic solution of orthodi-
‘amidobenzene :

UNH,  CN _NH—C=NH
e "+ | o=cEl |
NH, CN \NH—C=NH.

It crystallizes from hot water in pale yellow rhombic tablets
readily soluble in alcohol, which sublime when cautiously heated,
but do not melt even at 280°3 On heating it with hydrochloric
acid to 150° the following reaction takes place:

NE—C—NH N=COH
C.H, + 2H,0 = CH4< o T

\N¥E—dxm
The dioxyquinoxyline formed will be described later on.

! Hinsberg, Ber. Dewlsch. Chem. Ges. xvill, 1228,
2 Ladenburg, ibid, ix. 221
3 Bladin, ibid. xviii. 672.
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METADIAMIDOBENZENE.

1050 This compound is obtained by reducing metanitraniline,
metadinitrobenzene,! bromodinitrobenzene,? and 8-dinitrobenzoic
acid, with elimination of carbon dioxide in the latter case? It
is also obtained by heating §-dismidobenzoic acid with baryts,*
and was found by Hofinann in aniline oil® It is prepared
from its hydrochloride by heating with caustic baryta. It
generally remains liqnid for a long time,but solidifies gradually,
or, when a crystal of the base is thrown in, suddenly to a crystal-
line mass_ which is searcely soluble in water but readily in alcohol.
It melts at 63°, boils at 287°, and Lias an alkaline reaction.

Metadiamidobenzene hydrockloride, CH,(NH,CI),, is obtained
by the evaporation of its aqueous solution in concentrically
arranged erystals. It is employed in the manufacture of colour-
ing matters, for which it is prepared by adding tin to & mixture
of hydrochloric acid and dinitrobenzene; zine is gradually
added to the solution to precipitate the metallic tin and so
bring it into action again. After the dinitrobenzene has dis-
solved, the metadiamidobenzenc hydrochloride is precipitated
by concentrated hydrochloric acid. It is also obtained on the
manufacturing scale by reducing dinitrobenzene with iron and
hydrochloric acid, the solution thus obtained being directly
employed for the preparation of colouring matters.

On adding potassium nitritc to the neutral solution of the
hydrochloride, & yellow to brown colouration is produced accord-
ing to the degree of concentration; this reaction is so delicate
that even less than 0'1 mgrra. of nitrous acid in 1 litre of water
can be detected by means of it® The substance formed is
trinmido-azobenzene or phenylene brown.

Tetramethylmetadiamidobenzene, CH, N,(CH,),, is obtained by
heating metadiamidobenzene with methyl alcohol and hydro-
chloric acid to 180°—190°, and decomposing the product with
caustic soda.

It is an oily liquid, boiling at 256°, and having a peculiar
smell. With methyl iodide it fonns the compound C;H,N,(CH,),I,
which can be obtained in splendid crystals by evaporating the

;Iigfmann. Jahresh, Chem., 1861, 512 ; 1863, 422 ; Gerdemann, Zetlschr, Chem.
1865

2 7mckc ad Sintenis, Ber, Dewlsch. Chrm. Ges. v, 792,

3 Wurster, ifnd. vii, 149, 3 Ambihl and Wurster, whid, vii. 214,

5 Jbird, vii. 812 ¢ Criess, thid, xi. 624,
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aqueous solution ; this body is both an ammonium iodide and
an amidobase, and therefore combines with ecids?

Nitrosotetramethylmetadiamidobenzene,  CHANO)N(CH,),,
is obtained by adding sodium nitrite to & solution of the
tetramethyl-base in hydrochloric acid. The hydrochloride,
C,Hy(NO)N,(CH,),CH, thus obtained crystallizes in lustrous,
deep garnet-red, almost black, needles, which dissolve in water
vith a fine wine-red colour. On adding caustic soda the solution
becomes orange-yellow, with formation of the frec nitro-basc
which may be extracted with ether, and is thus obtained as a
deep brown oil, which gradually solidifies. It forms colouring
matters of various shades with phenols and amido-bases.?

Hexmethylorthodiphenylammonium iodide, CoH N(CH,)oX, . was
obtained by Hofmann, together with the preceding compound,
as a final product of the alternate treatment of metadismido-
benzene with methyl iodide and silver oxide ; it formssmall plates
readily soluble in water.3

Diphenylmetadiamidobenzene, CH(NH.CH,),, is obtained by
heating resorcinol with aniline, caleium chioride and & little zinc
chloride. It readily dissolves in benzene and hot alcohol, and
crystallizes in flat ncedles melting at 95°. Its hydrochloride,
C H,(NH.CH,),(CIH),, forms dcliquescent needles, Nitrie
acid added to its solution in concentrated sulphwric acid pro-
duces a yellowish green colouration which soon changes to
a bluish violet.

Metaphenylene-oxamic acid, CH,(NH,)NH.C,0, OH, is formed
when metadiamidophenol is added to a boiling solution of oxalic
acid ; it is slightly soluble in water, and crystallizes in bushy
needles, which melt at o very high temperature, undergoing
considerable carbonization ®

PARADIAMIDOBENZENE.

1051 This is obtained in a similar manner to its isomerides$
It is best prepared by the reduction of parauitracetanilide with
tin and hydrochloric acid?

' Whrster and Morley, Ber. Dewtscl, Chem. Ges, xii. 1814,

2 Witt, ibid. xvili, 877. 3 Hofinaun, Jakresher. 1863, 422.

4 Calm, Ber. Dowtsel, Chem., Ges, xvi, 2792,

% Klasemann, ibid. vii. 1262, L

8 Hofmann, Joe. ¢it. 3 Zincke and Rinne, Ber. Dewelsch, Chan. Gles. vii. 871 ¢
Martins and Griess, Zeitochr. Chem. 1866, 136 ; Gricss, Ber, Denlsch, Clem. Ges,
v, 201,

7 Horbrecker, Ber. Dewlsch. Chem. Ges. v, $20,
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To prepare the free base, the hydrochloride is distilled with
anhydrous sodium cerbonate.! It is slightly soluble in water,
more readily in alcohol and ether, erystallizing from the latter
in tablets melting at 140°; it sublinmes in small plates, and boils
at 267°. It is distinguished from its isomerides by the fact
that on heating with manganese dioxide and dilute sulphuric
acid it is oxidized to quinone.

Paradiamidobenzene hydrochloride, C;H,(NH,.Cl),, is readily
soluble in water and crystallizes in tablets which are scarcely
soluble in hydrochloric acid. Bleaching powder precipitates
quinone-dichlorimide from its solution (p. 174).

Dimethylparadiomidobenzene, CH (NH,)N(CH,),, is obtained
by the reduction of nitrodimethylaniline or nitrosodimethyl-
aniline? Tt clissolves readily in water, melts at 41° and boils at
257°. It is employed for the manufacture of colouring matters,
and as a rcagent for the detection of sulphuretted hydrogen.
The sulphate, which is employed for this purpose, may be readily
prepared from Helianthin, CHN(CH,),N,CH SO,NH,, a
commercial azo-colour, by heating it with ammonium sulphide
on the water-bath until the orange colour disappears. In this
way it is decomposed into the ammonium salt of sulphanilic
acid and the free base; this is extracted with cther, the solu-
tion shaken with lead hydroxide suspended in water, and an
ethereal solution of sulphuric acid added to the filtrate. The
ether is then poured off from the pulpy mass, and the residue
wermed on the water-bath with 4 to 5 parts of absolute alcohiol
until the salt separates out in fine needles. It is then washed
with akeoliol on to a filter pump and dried. Ou treating it with
a hydrochloric acid solution of sulphuretted hydrogen, a splendid
blue colonr is obtained, methylene blue being formed?3

Tetramcthylparadiamidobenzene, CH(N(CH,),),, is obtained
by heating the preceding componnd with hydrochloric acid and
methyl alcohol to 170°—180°, aud then gradually to 200°. Tt is
slightly soluble in cold, more readily in hot water,and readily in
alcolol, crystallizing in small, lustrous, colourless or yellowish

_tablets melting at 51°,and boiling at 260°. Its aqucous solution
beecomes deep violet-blue in the air, and its salts are also
coloured on addition of oxidizing agents, while its acetic acid

1 Biedermann and Ledonx, Ber, Deutsck. Chem. Ges. vii. 1581
2 Schraube, t61d. viii, 619 ; Waber, b, x, 762 ; Wurster, ibid. xii. 522 and

528.
3 E. Fischer, ibvd, xvi, 2234.
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solntion is converted by sodinm nitrite into nitrosotrimethyl-
peradismidobenzene, CJH No(CH,),NO, which crystallizes from
water in small greeunish yellow plates, melting at 98"—99°, and
giving Licbermann’s reaction. Tin and hydroechloric acid con-
vert it into trimethylparadiamidobenzene, C;H,N,(CH,);H, an
oily liquid, the salts of which give a splendid reddish-violet
colouration with weak oxidizing agents.

On adding potassium ferricyanide to a solution of the sulphate
of the tetramethyl-base, small blue needles are precipitated,
possessing a cupreous lustre similar to that of indigo; these are
a ferrocyanide, C, H, N, Fe,(CN);H,.

The tetramethyl-base combines with methyl iodide to form
the compound CgH,N,(CH,),I, which crystallizes in small plates.!

Heaxmethyiparadiphenylommoninm  iedide, CH,N(CH;) I,
Hofmann obtained this compound by the alternate action of
wethyl iodide and silver oxide on paradiamidobenzenc; it
crystallizes in small plates (Hofmann).

Ethylparadiemidobenzene, CH (NH)NH(C,H,), and Diethyl-
paradismidobenzens, CH (NH)IN(C,H,),, way be obtained from
cthylaniline and dicthylaniline by the nitroso-rcaction, and like-
wise give colouring matters.?

Diphenylparadiamidobenzene, CH (NH.CJH,),, is obtained by
heating quinol with aniline, calcium chloride and a little zinc
chloride, and crystallizes in lustrous plates melting at 152°.
Its solution in concentrated sulphuric acid is coloured cherry
red to magenta red by nitric acid3

Acetylparadiamidbenzene or Amido-acctanilide, CH (NH,)
(NH.C,H0), may be obtained by thc reduction of nitro-
acetanilide with iron and acctic acid, and crystallizes from hot
wadter in clusters of long, thin needles melting at 161°. It is a
monacid base, and forms crystalline salts®

Amidediphenylamine, NH(CH,)CH, NH,, is obtained by the
action of acetic acid and zinc dust on nitrediphenylamine,
phenylamido-azobenzene, CgH, N, CH, NH(C,H,), and phenyl-
amido-azosulphonic acid, the potassivm salt of which is knownin
comunerce wnder the name Trepacolin 00. The product is
extracted with water, saturated with caustic potash, and cx-
tracted with ether. On shaking the ethercal solution with

! Wusster, loe. cit. ; Warster and Schobig, Brr. Dewlsch. Chem. Ges. xit. 1807,
? Ochler, thid, xiv. 558 ; Nietzki, @#id, xvi. 470,

$ Calm, bid, xvi. 2805,

4 Nictzki, bid. xvii. 343,

R 2
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dilute sulphuric acid, amidodiphenylamine sulphate separates
out in small fine plates with a silver lustre.

On adding ammonia to the hot aqueous solution of the salt,
and allowing it to cool, the base crystallizes out in small lustrous
plates which melt at 61°, and are coloured green by the air.
Ferric chloride added to solutions of its salts, produces a red
colouration which saon changesinto green, while on strongly con-
centrating the solution a green precipitate is obtained, which
dissolves in concentrated sulphuric acid with a carmine-red colour.!

Diamidediphenylamine, NH(C,H, NH,),, is formed, together
with paradiamidobenzene, when aniline-black is boiled with tin
an hydrochloric acid, or with hydriodic acid and phosphorus.?
It crystallizes from hot water in small, feather-like plates
which melt at 158° and yields a diazo-compound which is con-
verted by boiling alcohol into diphenylamine. On oxidation
it yields quinone, and ferric chloride colours its solution dark
green.

Diphenylamine gives two dinitro-compounds, one of which is
yellow and yields diamidodiphenylamine on reduction, while
the isomeric one is red and yields an oily base (Nietzki and
Witt).

CARBAMIDE.DERIVATIVES OF THE DIAMIDO-
BENZENESS3

1052 On treating solutions of the diamido-benzene hydro-
chlorides with a solution of petassium cyenate, phenylene-
carbamides are obtained :

NH.CO.NH,
e
NH.CO.NH,.

Orthophenylene dicarbamide is readily soluble in water and
alcohol, and crystallizes in delicate needles, which melt at 290°
and sublime in small plates showing a play of colours.

Motaphenylone dicarbamide is ouly slightly soluble in Lot water,
and less so in alcohol ; it forms crystals which melt above 300°
and sublime, with considerable decomposition, in stellate-grouped
needles*

3 Nietzki and Witt, Ber. Deutsch. Chem, Ges. sii. 1399,

2 Niatzki, thd. xi. 1097,

3 Lellmann, Ann. Chem, Pharm. ccxxi, 1; Lellmann and Wiirthner, ibid.
cexxviii. 199,

4 Warder, Der. Dowtsch. Chem. Ges. viii, 1186,
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Poraphenylene dicarbamide forms small plates with a silver
lustre, which are extremely difficelt to dissolve in the ordinary
solvents, and on heating decompose with carbonization.

The diamidobenzencs combine with phenylisocyanate to form
compounds which decompose on heating into aniline and
phenylene carbamides :

NH.CO.NHC,H, NH(
O e, = G L0 + NH,CH,

Orthoplenylene carbamide is also obtained by heating orthoni-
traniline with ethyl chlorocarbonate and converting the nitro-
phenyl urethane formed, by means of tin and hydrochloric acid,
into the amido-compound, which erystallizes in long needles,
melting at 86° and decomposing on strongly heating.

_NHCOOCH,

NH
CH = N\eo + HOCH
(i3 C\NH G ‘\VH/ Rt it 3
. :

Orthophenylene carbamide crystallizes from hot water, in
which it is only slightly soluble, and from alcohol in bright,
lustrous plates, which become coloured brown and melt at 305°!

Metaphenylene carbamide is also obtained by the action of car-
bonyl chloride on metadiamidobenzene. It is 2 white amorphous
insoluble powder, which commences to cliar at 300° without
melting. On heating with hydrochloric acid to 160°—170°, it
decomposes into carbon dioxide and metadiamidobenzene?

Paraphenylene carbamide is a brown, insoluble powder which
carbonizes on heating.

On mixing solutions of the diamidobenzene hydrochlorides
with ammonium thiocyanate, thiocyanates of these bases are
obtained ; those of the meta- and para-compounds are converted
on heating into the isomeric phenylene-dithiocarbamides, while
that of the ortho-compound is converted into phenylenc-mono-
thiocarbamide :

NH,SCN NH XTI,
el =cHS s+ sl
\NHSCON SN 4 \xT,

' Rudolph, Ber, Dewtseh. Chewm, Grs, xii. 12935,
2 Wichler and Zimmermaun, i, xiv, 2177,
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The diamidobenzenes also combine with phenyl mustard oil
forming amidediphenyl-thiocarbamides, of which the meta.
compound melts on heating without decomposition, while the two
isomerides lose aniline without melting :

NH.CSNHC,H, NH
cHS =cHC \CS+NH,C,H,.
o ‘\N}l; S A\NE” 6

This is therefore an example of condensation taking place in
the para-series.

Urthophenylene thicearlamide is slightly soluble in water,
readily in alcohol, and crystallizes from ammonia in large,
colourless plates, which blacken and melt at about 200°, giving
off a vapour which condenses forming plates exhibiting a
play of colours, and produces on inhalation an intensely bitter
taste.

Orthamidcediphenyl thiocarbamide forms colourless, lustrous
prisms, which are readily soluble in alcohol and glacial acetic
acid, with difficulty in benzene, and insoluble in ether,

Metaphenylenc dithiocarbamide is only slightly soluble in the
ordinary reagents; it is more readily soluble in alkalis, and is
precipitated byacids in microscopic plates, melting at 215°,

Metamidodiphenyl thiccarbamide forms a yellow, amorphous
powder, or colourless prisms, melting at 147°—148°, and solidify-
ing to a vitreous mass,

Paraphenylene thiocarlamide forms light brown, almost in-
soluble microscopic plates, melting at 270°—271°,

Laraphenylene dithiocarbamide is insoluble in water, slightly
soluble in alcohol, and crystallizes from aqueous ammonia in
small needles, melting at 218",

Paramidodiphenyl thiocarbamide crystallizes from alcohol
in red prisms, which begin to fuse at 163° with separation
of aniline, this being formed in much larger quantity at 185°

TRIAMIDOBENZENES, C,H,(NH,),

1053 Two of these are known at present:

a-Triamidoltenzene (1 : 2 : 3), is obtained by the dry distil-
lation of triamidobenzoic acid, and is a red or brown crystalline
mass, melting at 108°, and boiling at 330°. It is a diacid
basc and forms crystallizable salts. If it be dissolved in con-
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centrated snlpburic acid and a tracc of nitric acid added, the
liquid is coloured a greenish bluc and then a fine dark blue.!

B-Triamidobenzene, (1 : £ : 4), is formed by the reduction of
the asymmetrical dinitraniline? as well as by the action of tin
and hydrochloric acid on dinitro-azobenzeneparasulphonic acid,
C H;(NO,),N=NCH,SO,H? It is a crystalline mass which
soon turns red, melts at 182°—183°, and boils at about 340°
Like the preceding compound it is & diacid base; its dilute
solutions arve coloured emerald green by ferric chloride or
potassium dichromate.

AMIDOPHENOLS, C,H,(NH,)OH,

1054 These compounds are obtained by the reduction of the
nitrophenols as well as by heating amidosalicylic acid, C;H;(NH,)
(OH)COOH, and its isomeridcs with caustic baryts. They are
weak bases; their halogen substitution products, on the other
lLand, behave like phenol, their acid character increasing with the
number of hydrogen atoms replaced. The rcplacement of
hydrogen by nitroxyl acts still more strongly in this way.

In thesc compounds, as in other amido-derivatives, hydrogen
can be replaced by acid radicals. It is a characteristic property
of ortho-amidophenol that its acid derivatives, like those of
many othcer ortho-amido-compounds, readily lose water aud form
anhydro-componnds :

Acetylamidophenol. Ethenylamidophenol.
CO.CH, o H/* \\\CC
C‘,H*\OH‘ M | SOCH,

Ortho-amidophenol was discovered by Hofmann, who obtained
it by the action of sodium sulphide on orthonitrophenol ;* the
reduction may be more readily effected by tin and hydrochloric
acid It crystallizes in small rhombic plates with a pearly lustre,
which melt at 170° but sublime at a lower temperature., Its
hydrochloride is readily soluble in water and crystallizes in long
necdles.

I Satkowski, Aun. Chem. Pharn. elyiii. 23.

% lbid. elxxiv. 265,

3 Janowsky, donatsh. Chem, v, 1359,

4 Ann. Chem. Pharm, ciii. 851,

5 Cook and Schmitt, Kekulé's Lehrh. iii. 61 ; Ber. Dewdsch, Chem. frs. i. 61,
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Methylortho-amidophenateor Ortho-anisidine, C;H(NH,)OCH,,
is formed by the reduction of orthonitranisol, CgH,(NO,OCH,,
and is & mobile, strongly refractive liquid, having o peculiar
odour, end boiling at 226>5. It forms salts which crystallize
well. Methyl iodide acts violently upon it; if the two substances
be mixed and kept cool by a freezing mixture, methylortho-
anisidine, C;H(NH.CH)OCH,, is formed as a liguid boiling
at 218°—220°%

Trimethylovtho-amidophenel  or  Trimethylhydrozyphenylam-
moniumhydrozide, HO.CH N(CH,);OH, is obtained by treating
a solution of ortho-amidophenol hydrochloride in methyl alcohol
with 3 parts of methyl iodide, adding & considerable excess of
caustic potash and allowing the whole to stand, with repeated
additions of potash, until an acid reaction isno longer produced.?
The hydriodide thus obtained is decomposed by freshly pre-
cipitated silver oxide. The base is readily soluble in water and
alcohol, but not in ether, and crystallizes in white prisms which
have an intensely bitter taste. On heating to 105° it forms
the anhydride :

N(CH,)
C H4< c;) ’

On distillation it is converted into the isomeric orthodimethyl-
amido-anisol, CH,0.C;H,N(CH;,),. a basic, strongly refractive
liquid, boiling at 210°—212° (Griess, Mithlhiiuser). The corre-
sponding orthodimethylamidophenol, HO.C;H,N(CH,),, is
formed, together with methyl chloride, by the dry distillation of
trimethylamidophenol hydrochloride, and crystallizes in rhombic
prisms, which melt at 45° and form an amorphous hydrochloride,

N
Methenylamidophenol, CH 4\ /CH is prepared by heating

ortho-amidophenol with formic acid. It crystallizes in prisms,
melting nt 30°5, and boiling at 18254

e\
Ethenglamidophend, C,,H‘\O >C.CH3, is obtained by heating
ortho-amidophenol with acctic anhydride, and is a basic liquid

boiling at 200°—201° It is converted by Licating with dilute

I Mithhinser, Lichly's Ann. covii, 235, 3 Ibid.
2 Griess, Ber. Deoulseh. Chem, Ges., xiti. 246.
¢ Ladenburg, bid. x. 1124,
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acids into acetylamidophenol, HOCH, NH(COCH,);! which is
also formed by the action of tin and acctic acid on orthonitro-
phenol® It crystallizes from dilute alcohol in small plates,
melting at 201°.

1055 Metamidephenol is not known in the free state, asitisa
very unstable substance. Its hiydrochloride is obtained by the re-
duction of metanitrophenol with tin and hydrochloric acid; it
forms hard, colourless grauules, an aqueous solution of which
soon decomposes and becomes brown3

Paramidophencl. Fritsche obtained this compound by the
action of acetic acid and iron filings on paranitrophenol! It is
best prepared by reducing the latter compound with tin and
hydrochlolic acid® It crystallizes in small colourless plates,
which rapidly tum brown aud melt, with decomposition, at 184°8
Its alkaline solution becomnes coloured violet in the air, and it is
readily converted into quinone by oxidizing agents” Tle hydro-
ckloride crystallizes in prisms, which readily dissolve in water,
forming a solution which is coloured first violet and then green
by bleaching powder (Lossen).

Bethylparamidephenale or Paranisidine, CH(NH)OCH,, has
been prepared by the reduction of paranitranisol,® and forms
large rhombic tablets, melting at 55°5--363.? and boiling at
245°—246°1°  Tts hydrochloride crystallizes in long needles, and
gives a violet colouration with ferric chloride.

Trimcthylparamidephenol, HO.CH,N(CH,),0H, is obtained
m asimilar manuer to the ortho-compound, and crystallizes in
small plates or prisms. On distillation it is converted into
paradimethylamido-anisol, CHO0.C;H,N(CH,),, which crystal-
lizes from alcohol in small rhombic plates (Gricss).

1056 «-Nitramidophenol, C{Hy(NO,)NH,(OH), is formed by
the reduction of a-dinitrophenol. Tt crystallizes with one
molecule of water in orange-red prisms, which lose their water of
arystallization on heating, and then melt at 142°—143°1

Y Bor. Denlsch. Chen. Ges. ix, 1524,

2 Morse, thid. xi. 232, 3 Dantlin, ¢hid. xi. 2099,

& Awn, Chem, Pharw, ex. 166,

® Cook and Schmitt, A Lw/s Lehrd, tit, 62.

S Lossen, Aun. Chon, Plisom. elxxv. 296,

7 Kéruer, Jahresh, 1867, xxiii. and clxxiil. ; Schmitt, Journ. Praki. Chem.
[21. xix. 317 ; Awdresen, 760, xgil. 178,

& Cahionts, Anw. Chem. Pharm, Ixxiv, 300 ; Brunck, Zeilseh, Chem. 1867,

”.Losscn, Ann, Cham, Pharm, clxxv, 324,
10 Sallcowski, Ber. Peulecl, Chen, Ges, vii, 1009,
" Stuckenberg, fidig's A na. cev, 66,
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B-Nitramidophenol crystallizes in red ncedles, melting at
110°—111° (Stuckenberg).

«-Nitramidophenol is obtained by boiling nitrometadinmido.
benzene with caustic potash, and crystallizes in yellowish red
plates, melting at 133°—134°1

a-Dinitramidophenol or Picramic acid, C;Hy(NO,),NH,(OH).
By the action of milk of lime or baryta on & mixture of ferrous
sulphate and picric acid (carbazotic acid), Wohler obtained a blood-
red solution, and found that it contained the salts of a peculiar
crystalline acid, which he called “ reduced earbazotic acid,”? while
Berzelius nemed it “nitrohaematic acid.”® Girard, by treating
picric acid with ammonium sulphide, obteined a similar com-
pound, and named it picramic acid;* Pugh then showed that this
is identical with Wohler's acid, and that it is also formed by
the action of stannous chloride on picric acid.® It may also be
obtained by nitrating a-nitramidophenol (Stuckenberg). In order
to prepare it, an alcoholic solntion of picric acid is evaporated
with an excess of amnmonium sulpbide, the residue extracted with
water, and the filtrate decomposed by acetic acid

Picramic acid (OH : NO, : NH, : NO,=1:2 : 4 : 6), erystal-
lizes in dark red needles or monoclinic prisms, melting at 163,
and forming orange-red solutions in water and alcohol, which are
rendered more deeply coloured by alkalis,

Potassium picramate, CyHy(NOy),NH,(OK), crystallizes in
long, red, rhombic tablets.

Ammonium  picramate, CH,(NO) NH(ONH,), forms dark,
orange-red rhombohedra,

Sitver picramate, CH(NO,),(NH,)(OAg), is an amorphous,
red precipitate.

Bethyl picramate or Dinitranisidine, CgH,(NO,),NH,(OCH,).
Cahours prepared this compound by the action of alcoholic
ammonium sulphide on methyl picrate. It crystallizes from hot
alcohol in darke violet needles, and, like picramic acid, combines
with acids to form unstable salts.

B-Dinitramidophenol, (OH : KO, : NH;: NO,=1:4:6:2).
This compound, which is also known as isopicramic aeid, is
preparéd by heating a solution of benzoylamidosalicylic acid,
CHy(NH.CH,)(OH)CO,H, in glacial acctic acid with nitric

! Barhaglia, Ber. Deutsch. Chem. @es. vii. 1257,
2 Pogg. Aun. xiii. 488, 3 Lekrd, iv. 875,
4 Ann. Chem. Pharm. Ixxxviil. 281 ; Jakresh, 1855, 535.

% Anw. Chem. Pharm. xevi, 83,
S Les, Chen. News, iv. 193 5 Detetsen, Zeilsch, Chem, 1868, 377,
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acid; carbon dioxide is thus eliminated with formation of
benzoylisopicramic acid, which is then decomposed, by heating
with hydrochloric acid, into benzoic acid and isopieramic acid.
This erystallizes from hot water in lustrous yellow plates or
needles, which become brown on drying, dissolve in alcohol
or water with a cherry-red colour, and melt with decompesition
at 170°

Potassium sopieramate, C;H,(NO,),NH,(OK),is readily soluble
in water, and crystallizes in dark blue needlest

Diamidophenol, Cauig NHy),OH, is formed by the reduction
of a-dinitrophenol,® and is scarcely known in the free state,
as it is very readily decomposed. Its salts crystallize well;
their aqueous solutions rapidly tern brown in the air, and are
coloured an intense dark red by ferric chloride or potassium
dichromate,

Priomidophencl, CH,(NH),0H. By the action of iodide of
phosphorus and water on picric acid, Lautemaun obtained a salt
which lie named picrammonium iodide, C;H,(NHgl),# Heintzel,
however, found* that by the reduction of picric acid with tin
and hydrochloric acid, the hydrochloride of triamidophenol,
C,H,(OH)(NH,CI),, is formed, and that Lautemann’s compound
is the corresponding hydriodide. Gauhe® denied this, but
Heintzel then proved® that triamidophenol, and not triamido-
benzene, is obtained by the reduction of picric acid. It is also
formed by the action of tin and hydrochloric acid on picramide,”
one amido-gronp being replaced by hydroxyl. It is very un-
stable in the free state, and its salts also readily oxidize. Its
dilute solution is coloured a decp blue by ferrie chloride,

amidodi-imidophenol, HO.CGH,(NH,_,)< | being formed. ‘This
N

i8 o monacid base, the hydrochloride of which crystallizes in
brown needles with a blue lustre (Heintzel).

! Dobney, Amer, Cheme. Jowrn, v, 20.

3 Gauhe, Anw. Chene. Pharne. exlvii. 68 ; Stuckenberg, 25vd. cev. 66 ; Hemilian,
Ber. Dadsch. Chem. Ges, <iii. 768,

3 Ann. Chem. Pharm. exxv. L. 4 Zevteeh, Chem, 1867, 338,

> Jhid, 1868, 90, 8 Ber, Dentsch. Chewm. Ges, 1. 111,

¢ Hepp, Ann. Chem. Pharm. cexv. 350,
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AMIDODIHYDROXYBENZENES,

r057 Amidocatechol, C;H,(NH,)(OH), is obtained by the
reduction of nitrocatechol with tin and hydrochloric acid; its
hydrochloride forms long, dark coloured needles, When the
free base is separated by an alkali it immediately oxidizes in
the air and dissolves with a dark violet colour!

Amideresorcinol, CH,(NH,)(OH,),, is formed by the action of
tin and hydrochloricacid on nitroresorcinol ? and phenylazoresor-
cinol, CH N, CH,(OH),* The hydrochloride, C;H,NO,HCI
+ 2H,0, crystallizes in large ublique prisms or flat plates, which
appear colourless when the light passes through the broad faces,
but olive-brown when it passes through the narrow ones. They
become coloured green in the air; when coustic soda is added to
the solution a deep blue colonration is produced, which then
becomes green and finally yellowish brown, IFerric chloride
produces a deep brown colouration, and then un almost black
Precipitate.

Diamidoresorcinol, CH,(NH,),(O H),, has been prepared from
dinitrosoresorcinol ¢ (p. 143), and from phenyldisazoresorcinol,
(CH,N,),CH,(OH),® The hydrochloride, C;H,N,0,(HCI),, is
rather unstable ; the sulphate, 2C;H N, 0,80, H, + 3H,0, forms
slightly soluble needles. The free base, which is scparated by
alkalis, rapidly decomposes and becomes brown; if, how-
ever, the salt be suspended in chloroform, shaken with a few
drops of caustic soda solution, and then largely diluted with
water, it is colonred bright blue. Ferric chloride produces the
same colouration, which, however, soon changes into a dirty
brown.

Triamidoresorcinol, CH(NHL,),(OH),, is prepared from trinitro-
resorcinol, and is very unstable in the free state. The hydro-
chloride, CgHyN,O,(HCI); + H,0, erystallizes in needles, which
dissolve very readily in water, and are reprecipitated by hydro-
chloric acid. They decainpose in the air, and becowme coloured
red.

3 Benedikt, Ber. Deutsch. Chem., Ges. xi. 368,

2 Weselsky, Ann. Chem, Pharne, elxiv. 6.

3 Meyer and Krels, Ber, Doutseh, Chem. Ges, xvi. 1330,
4 Fitz, ibid. viii, 643

3 Licbermam and Kostanceki, £&1d. xvii. §S1.
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Awidodi-imidoresoeinol, CH;N,O,+ H,0, is obtained by the
oxidation of the preceding compound, either by passing air
through its conccntrated solution, or by the addition of ferric
chloride :

/NHz /NH
C(,H(OH),,(NHQ)\NHz + O = C;H{OH),(N Hz}i\l\‘}H +H,0.

Ammonia, precipitates the compoun:] in green needles, having a
metallic lustre, which are insoluble in alcolhiol and dissolve in
caustic potash with a deep blue colour. The hydrochloride
crystallizes in splendid red needles, being only very slightly
soluble in water, and reprecipitated by hydrochloric acid.!
When it is heated with an acid to 170° trihydroxyquinone
(p. 157) is formed.

Phloramine, CH(NH,}(OH),(1 ;3:3), is formed when phloro-
glucinol is dissolved in ammonia. This reaction is very re-
markable, as in other phenols the hydroxyl can only be replaced
by the amido-group with great diffienlty. It crystallizes from
warm water in small micaccons plates, whicl in the demp state
rapidly become brown, but when dry do not change. In this
it differs from amidoresorcinol, which contains the hydroxyls
in the same positions. Phloramine has a slightly astringent
taste, gives no colouratiou with ferric chloride, and only
reduces silver solution when warmed; most of its salts
crystallize well.

Phloramine hydrochloride, CH;NO,HCI + H,0,forms needles
or small plates; the nitrate, CHNO, HNO,, crystallizes in
bronze-coloured, and the sulphate (C;H,NO,),H,80, + 2H,0,
in yellow, ncedles.?

Amidodimethylguinol, C;H(NH)(OCH,),, is formed by the
action of tin and hydrochloric acid on nitrodimethylquinol ;3
it is, however, much more readily prepared by gradually adding
sodium amalgam to an alcoholic solution of this containing
acetic acid!

It crystallizes from Lot water in small plates with a pearly
lustre; it separates from lot benzene in brown crystals, and
from petroleum spirit in scales with a silver lustre, which in
thick layers show a brown reflection. It readily decomposes

? Schreder, Ann. Chem. Pharm. clviii. 250,

$ Hlasiwets, id, exix. 202,

3 Muhlhiuser, 75, covii. 254 3 Margatti, Ber. Deutseh, Chem. Ges, xiv. 31,
4 Bagssler, ihid. xvii. 2118,
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cven in vacno and changes into a black mass. Its hydrochloride
crystallizes in white, efflorescent necdles,

The aqueous solution of the base reduces silver solution, a
mirror being formed; on heating it with ferric chloride, amall
greenish plates separate out, which dissolve in water with a
red colour.

Dimethylquinolirimethylammonium  dodide, CH(OCH,),N
(CH,),l, is formed when the base is heated to 150° with methyl
iodide and a little wood spirit. It crystallizes in fine white
needles, which melt at 202° and dissoive readily in water, but
with some difficulty in alcohol. Moist silver oxide converts
it into the hydroxide, which .las a strong alkaline reaction,
is exceedingly soluble in water, and crystallizes in transparent
ueedles; the chloride forms white, readily soluble ncedles, which
melt at 172° (Baessler).

Diamidodimethylquinol, C.H(NH,),(OCH,),, is prepared by
reducing the corresponding nitro-compound, dissolved in acetic
acid, with tin and hydrochloric scid. The hydrochloride erystal-
lizes in long, lustrons needles, which melt at 169°, and when
dried at 100° have the composition C,H,,N,0,HCI!

AMIDOTRIHYDROXYBENZENES.

1058 Amidopyrogailol, C;H(NH,)(OH),, is obtained by the
action of tin and hydrochloric acid on nitropyrogallol. The
hydrochloride forms brown needles, which become a greyish
black on standing; its solution soon becomes dark and deposits
a floceulent blue precipitate ; if, however, it bo rapidly evaporated,
a dark blue mass separates out, and the concentrated liquid
then deposits aggregates of short dark prisms, which dissolve in
water with a deep bluish violet colour. These become black on
standing, and then only partially dissolve in water with a brown
colour, When a freshly prepared solution of the hydrochloride is
shaken up with caustic soda, a deep blue colouration, which
remains for some time, is produced.?

1 Kariof, Ber. Druwctsch. Chem. Ges. xifi. 1676.
2 Barth, Movolsh. Chem. i. 882
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AMIDOTETRAHYDROXYBENZENES.

1050 Amidonitrotetrahydroxybenzene, Cy(NOHY(NHL)OH), is
prepared by reducing the potassium salt of nitranilic acid (p. 163)
vith & solution of stannous cliloride in hydrochloric acid; it
separates out in long, brownish violet needles. Its solution in
caustic potash or potassium carbonate rapidly blackens in the
air, the corresponding quinone being formed,

Dismidotetrakydroxybenzene, C(NH,),(OH),, In order to
obtain this substance the method described for the preparation
of the preceding compound is followed, and, after this has
scparated out, zinc is added until the solution becomes colour-
less. The hydrochloride of the base, Cy(NH,HCI),(OH),, is
then precipitated in long needles by a strcam of hydrochloric
acid gas. The base, which is separated by canstic soda, rapidly
decomposes and becomes brown; nitric acid oxidizes it to
triquinoyl (p. 193).

AMIDO-DERIVATIVES OF QUINONE.

wbo Dicklorodiamidoquinone or  Chloranilamide, CCCl,
(NH,);0,,is formed by the action of alcoholic amnmonia on
chloranil! It forms a dark red crystalline powder with a semi-
metallic lustre, sublimes when heated, and is insoluble in water,
alcobol, ether, and ammonia. It dissolves in slcoholic potash
with & violet-red colour, but is decomposed when the solution is
boiled, chloranilic acid and anmmonia being formed. Its violet-
red solution in sulplnric acid is coloured blue by a little water ;
when more is added the colour changes to wine-red and the
compound is precipitated.

Amidonitrodikydroxyguinone, Cy(NO)NH,)0,(OH),, When
the solution of amidonitrotetrahydroxybenzene in potassinm
carbonate is sufficiently concentrated, the salt, C,(NO,)(NH,)O,
(OK),, separates out in black necdles which lhave a cupreons
lustre, The black solution of this compound is turned yellow
by hydrochloric acid, and on standing deposits small orange-red
prisms of the componnd Cy(IN 0,)(NH,)O(OH}OK.

¥ Lauvent, Bers, Jakresh, xxv. §50 ; Knapp and Schultz, duva, Chew, Pharm,
cex, 180,
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Diimidodikydrozyquinone, Co(NH,)O,(OH),, is obtained in
small, almost black plates with a green lustre, by the addition
of ferric chloride or some other oxidizing agent to a solution of
diamidotetrahydroxybenzene hydrochloride :

_NH, _NH
C,,(OH),\ + 2Fe,Cl,=C 0,(0H)2\| +2Fe,Cl+4HCL.

It is scarcely soluble in the ordinary solvents, but imparts a
yellowish red colour to them. It forms a brown solution in
sulphuric acid, but is partially decomposed ; nitric acid oxidizes
it to triquinoyl!

Dianilidoquinone or Quinonanilide, C;Hy(NH.CH,),0,, is
formed when quinone is boiled with aniline and aleohol;? in
this reaction quinol and a brownish red substance, insoluble in
water, are formed :3

8C,.H,0, + 2NH,.CH,=CH,(NHC,H,),0, + 2CH,(OH),

It crystallizes in small, reddish brown plates with a metallic
lustre, which formn a magenta-coloured solution in sulphuric
acid.

Chiorodianilidoguinone, CHCI(NH.C H,),0,, is prepared from
trichloroquinone, and forms small brown plates witl a metallic
lustre, which form a blue solution in sulphuric acid.*

Dichloranilidogrinone, CCL(NH.CH,),0,. This compound,
which has also been called chloranil-anilide, is obtained by
boiling ehloranil with aniline and alcohol (Hoftaann, Kuapp, and
Schultz). It is insoluble in water, scarcely soluble in aleohol,
but somewhat more readily in boiliug benzene and glacial acetic
acid, from which it crystallizes in small, square, brownish black
plates, which form a bluish violet solution in sulphuric acid.

By the action of aniline on an aleoholic solution of trichloro-
quinone chlorimide, CHCL,O(NCI),a compound is obtained which
is probably identical with dichloranilidoquinone. It crystallizes
from hot benzene in small, yellowish brown plates with a slight
metallic lustre, which form a deep blue solution in sulphuric
acid ®

1 Niotzki, Ber. Dentsch. Chem. Ges, xvi. 2092; Nietzki and Benckiser, ibid.
xviii. 499,

G’ Hotsrm{nn, Jahrest, Chem. 1863, 415; Wichelhaus, Ber. Deulsch. Chewt.
cs. v, 85

3 I\naﬁp and Sehultz, Aun, Chem. Pharm. cex. 78,
Q: l?eu éfer and Schnltz, Ber. Duutsch. Chem. Ges. x. 1793 ; Knapp and
chnltz,

% Schmitt and Andreson, Jonrn. Prakt. Chent. 23, xxiv, 426,
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The three preceding compounds are converted by reduction
into the corresponding quinel derivatives, which rapidly oxidize
again in the air.

1061 Trichloroquinonedimethylanilenimide, C,H, CLN,0.—
Schmitt and Andresen give tlis namne to a compound which is
obtained by adding dimethylaniline to & warm aleoliolic solution
of trichloroquinone chlorimide :

C,HCLO.NC1 + C,H, N(CH,),=C,HCL,0.NC,H, N{CH,),+ HCI.

The liquid becomes coloured a deep blue, and after some hours
deposits needles an inch in length, which appear golden green
when the beam of light falls in one plane with the longer axis,
and deep red when it is perpendicnlar to this axis. They
give a sky-blue streak aml are very clastic and tough, and
therefore difficult to pulverize. Hot water is coloured blue by
them, but only a trace dissolves; they are slightly soluble in
cold aleohol, worc readily in hot, and easily in ether and
benzene, forming a greenish blue solution,

This compound iz converted by reduction into (ricklvrod:-
methylanilenamidophenol, CHCL(OH) NH.CH, N(CH,),, which
crystallizes from hot alcohol in fine white prisms, fusing at
188°—189° to a dcep blue liquid.  As it is a phenol it dissolves
in alkalis forming selutions which rapidly absorb oxygen, the
quinonimide being re-formed.  On the other hand it gives stable,
crystalline salts with acids.

Dianilidoquinonanilide, CHNH.C/H,),0(NC¢H,), is ob-
tained by heating a solution of 1 part of quinone and 2 parts
of aniline in 20 parts of hot glacial acetic acid for a short time
on the water bath. The anilide separates out on cooling in
brownish red ueedles which melt at 202°—203> and form a
blood-red solution in sulphuric acid. It forms salts which
are very soluble, and therefore difficult to obtain pure.

Anilidohydroryguinenanilide, C;H.O(NCHXNH.C,H,;)OH.
—The methyl ctler of this compound is formed when the
preceding compound is warmed with methyl alcohol and
sulphuric acid :

SNH.CH,

C HO(NCH,; 4 HOCH,
“\NH. CH, :
NHC,H,
= cHonNeHY + C;H,NH,.
N\OcH,

YOI, HL—PART L ]
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It crystallizes in large, brownish red plates, which melt at
188°>—189°, and form soluble blue salts. The platinum chloride
is deposited from its solution in small, dark, lustrous plates; the
pictato forms small, brownish violet, lustrous crystals,

The ethyl ether crystallizes in small red plates or prisms,
melting at 134°.

When the ether is decomposed with very dilute alcoholic
potash, the free anilidohydroxyquinonanilide is obtained, It
crystallizes in scales with o metallic lustre, which form a green
powder, slightly soluble in alcohol and readily in acetic acid.
It forms very soluble salts; those of potessium and sodium
crystallizing in small brown needles with a silky lustre.

Anilidohydrozyquinone, CH,O,(NH.C;H,)OH, is prepared by
heating the above compound with dilute caustic potash until
the dark red solution becomes brighter. It is set free by acids
as & blue crystalline precipitate, which dissolves readily in hot
alcohol and glacial acetic acid, and forms & brown solution in
sulphuric “acid, from which it is reprecipitated by water. It
forms soluble alkaline salts.

When dianilidoguinonanilide is heated with alcoliolic potash,
the compound C H,N,O; is formed; this crystallizes in small
red needles melting at 191°—192°, is readily soluble in alcohol
and benzene, dissolves in sulphuric acid with a green colour, and
forms metallic salts. Its constitution is expressed by one of the
following formulse :!

Arilidodihydroxyquinonanilido. Dinnili&ohydroxyqumono.

/
CHONCH)—NHC,H
() ( () 5)\01 (‘3 3

Dihydrozyanitidoquinone, COH,(NH.C‘,HrOH)gOz, is formed
when quinone is added to & hot solution of paramidophenol in
hydrochloric acid. It crystallizes in small, violet-brown, lustrous
plates, which are insoluble in the ordinary solvents, but dissolve
readily in alkalis,

Orthamidophenol does not give an analogous compound, but
is oxidized by the quinone:

4C,H,NO + 5CH,0, = C,H,N,0, + 5C,H,(OH),.

Inorder to prepare the condensation product which is formed in
this reaction, 4—45 parts of quinone are added to a hot, con-

v Zineke, Ber. Dewlsch. Chem, Ges. xviii. 785.
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centrated, alcoholic solution of ortho-amidophenol. It separates
out on cooling in small violet needles, melting at 250°, and
subliming at & higher temperature in small, red, lustrous needles,
which are slightly soluble in alcohol and benzene, and more
readily in aniline. It dissolves in acids with a deep red colour.

Thehiydrochloride, CoH, N O,(HCI), crystallizes in arborescent
needles with a beetle-green lustre, and readily forms double
salts with several metallic chlorides, The sulphate is a grecn
crystalline powder, the oxalate erystallizes in green, and the
picrate in stecl-blue needles with & green reflection,

When the base is boiled with acetic anhydride, the compound
C, H,((C;H;0),N,0, is formed; this crystallizes in yellowish
brown ueedles or small plates, melting at 285°.

Ortho-amidophenol methyl ether, NH,.C H,.O CHgreacts with
quinone in an analogousmanner to aniline and paramidophenol,
orthodimethoxyanilidoguinone, C;H(NH.CH, OCHy),0,, being
formed; tlis substance crystallizes in reddisli violet needles
melting at 230°, and forms a bemtiful blue solution in
sulplmric acid. Quinone, on the other kand, does not act upon
acetylortho-amidophenel, C;H (OH)NH(C,H,0), and from this
it follows that both the hydroxyl and the amido-gronp take part
in the formation of the base from ortho-amidophenol.!

THIO-AMIDO-COMPOUNDS.

1062 Thio-aniline or Diemidophenyl sulphide, S(CH, NH,),,
is obtained by heating aniline to 150°—160° with sulphur:
CH . NH
498 = § < 6thy 2
C,H,NH,
The reaction proceeds more rapidly if litharge be gradually added
to take up the sulphuretted hydrogen which is formed.2
Thio-anilinc may also be prepared by dissolving phenyl sul-
phide in concentrated nitric acid and reducing the nitro-com-
pound thus formed? It is slightly soluble in hot water, readily

in a’cohol and ether, and crystallizes in long, thin, odourless
necedles, melting at 105°.

2C,H,.NH, + HS.

! Zincke and Hobebrand, dun, Chew, Pharm, cexxri. 60,
2 Mz and Weith, Ber. Deutsch. Chem. Ges. iv. 384.
3 Kraflt, fhid, vit. 354.
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Thio-amiline kydrochloride, C\JH , N S(HC), + 2H,0, is readily
soluble in water, slightly in hydrochloric acid and aleohol, and
crystallizes in lustrous prisms or needles.

Thio-aniline swlphate, C,H,,N,8,S0H, + H,0, is slightly
soluble in cold water, more readily in hot, and almost insoluble
in alcohol ; it forins short prisms or pointed needles,

Thio-anitine oxalate, C,H,\,N,8,CH,O,, crystallizes in fine
needles, whick are ouly slightly soluble in hot water.

The solutions of theso salls have an acid reaction, and, even
when very dilute, colour pine wood a fine orange. Ferric
chloride produces a deep violet or blue colouration on warming.
When thio-aniline is hicated with concentrated sulphuric acid, a
colourless solution is obtaiued, which soon becomesdeep blue, and
tinally vislet. If the bluc Liquid be poured into water, a splendid
red solution is formed.

Ortho-amidothiophenol, C;H(NH,)SH, is obtained by the
action of tin and hydrochloric acil on orthonitrobenzenesulphonic
chloride.! It boils at 234°, aud solidifies in the cold to needles
melting at 26°. When cyanogen is passed through its alcoholic
solution, oxalanidothiophenol is formed :

NH, N N
zcu.m<qn‘ + NO—ON = CH,7 3>C—~C<Q>CGH4

’

+ 2XH,.

This compound may alsv be prepared by adding phosphorus
oxychloride to a solution of anhydrous oxalic acid in ortho-amido-
thiophenol, or, together with sixty per cent of other products
which have not yct been investigated, by heating acetanilide
with sulphur for some time; inspite of the small yield this is the
best method of preparation. Oxalamidothiophenol crystallizes
in lustrous plates, which melt at about 300°, and arc almost
unaffected by the ordinary solvents. It distils almost without
decomposition; when heated to 200° with caustic potash it de-
composes completely into oxalic acid and ortho-amidothiophenol,
so that the latter is most readily prepared from acetanilide.?
Metamidothicphenol 1s obtained by the reduction of metanitro-
benzenesulphonic chloride. It is an oily liquid, smelling of
mushiooms ;? its hydrochloride, C;H (SH)NH,.CIH, is readily

! Heftmann, Ber. Denlsch, Chenve Ges, xiii. 19,
2 Jbid. xiif. 1223.
3 Glutz and Sclaanck, Jowr. Prakt, Chem. [2], i 223,
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soluble in water and crystallizes in lustrous, warty masses,
melting at 232°, and subliming at higher temperatures!

Onthodiamidophenyl disulpliide, So(CyH, NH,),, is formed by
the oxidation of ortho-amidothiophenol in the air. or more rapidly
by the addition of ferric chloride to its solution in liydrochloric
acid. It is jusoluble in water, and crystallizes from Lot alcohol
in small plates melting at 93°. Its hydrochloride forms small
plates, which are scarcely soluble in hydrochloric acid, even
when very dilute. When sulphuretted hydrogen is passed
through 2 solution of the base, amidothiophenol is regenerated
(Hofmann) :

S.CH,NH,
S.CH,NH,

DParadiamidophenyl disulphide, S,(CH NH,),—When acet-
anilide is heated to 100° with chloridc of sulphur, two compounds
are formed, dithio-acetanilide, 8,(C;H,.NH.C,H,0),, am] trithio-
acetanilide, S(CH NH.C,H,0),, both of which erystallize from
glacial acetic acid in small plates. When the former is heated
with dilute sulphuric acid, the sulphate of paradiamidophenyl
disulphide, S,(C;H NH,).S0H, + 2H,0, is obtained; it crys-
tallizes i very fiue needles, and when treated with an alkali
yiclds the free base. This is slightly soleble in hot water, and
crystallizes in long, thin, greenish needles, which have a vitreous
lustre, and melt at 78°—79°,

Schmidt calls this componnd psendothio-aniline,and gives the
name dithio-aniline to an isomeric resinous substance, which is
prepared by the action of bromide of sulphur on aniline, and
possesses basic propertics.®

1063 Thiodiphenylamine, S(C;H,),NH. is obtained by heating
diphenylamine with sulphur to 250°—300°. It crystallizes
from hot alcohol in yellowish, lustrous plates, melting at 180°,
distilling at a higher temperature almost without decomposition,
and solidifying to o coarse radiating mass?  Moderately concen-
trated nitricacid converts it into nitrodiphenylamine sulphoxide,
SO(C\.H,NO,)NH. This substance has not yet been obtained
pure, but the following compound has been obtained from it :

Amidothiodiphenylemine, S(C\,H, NH,)NH, may be prepared
either by reducing the nitro-compound with stannous chloride

+ HS = 2MSCILNIL + 8.

! Biedermam, Ber. Dewtech, Chem. Ges. viii. 1674,
3 Jbwd, xi. 1168, 3 Bernthsen, bid. xvi, 2396,
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and hydrochloric acid in presence of metallic tin, or by heating
amidodiphenylamine with sulphur:

CH, CH
B +28 =8N ° N8  +HS
CH,—NH, NCH,LNH,

It is slightly soluble in hot water, readily in alcobol, and
crystallizes in small plates with a satin lustre.

Ferric chloride oxidizes its solution in hydrochloric acid to
imidothiodiphenylimide, C ), H,N.S, a violet-red colouring matter,
which will be subsequently described. Alcoholic ammonium
sulphide reduces it again to mmnidothiodiphenylamine, which
is most readily purified in this manner?

Fuming nitric acid converts thiodiphenylainine into two iso-
meric dinitrodiphenylamine sulphoxides, SO(C,H,NO,),NH *

a-Dindtrodiphenylamine sulphoxide soon separates out from
the solution in small, bright yellow crystals, almost insoluble in
aleohol, and only slightly soluble in glacial acetic acid: it
crystallizes from hot aniline in small yellowish red needles or
prisms,

B-Dinitrodiphenylamine sulphoaide is precipitated by water
from the nitnc acid solution, and after being boiled with aleohol
forms & fine, bright yellow powder.

Both these compounds are reduced by tin and hydro-
chloric acid to the corresponding diamidothiodiphenylamines,
S(C,H,NH,),NH, the oxygen of the sulphoxide being elimin-
ated ; these compotinds and the colouring matters which are
readily obtained from them by oxidation will be subsejuently
described. Owing to this formation of colouring matters, even
fractions of a milligramme of thisdiphenylamine can be detected
with case. The substance to be tested is dissolved in a few
drops of glacial acetic acid, treated with fuming nitric acid and
diluted with water. The nitro-compound which is precipitated
is then boiled with an acid solution of stannous chloride, the tin
precipitated from the colourless solution by zinc, and an excess
of ammonia added ; the solution on standing in the air soon
becomes coloured a deep violet. If ferric chloride be added
instead of ammonia, a deep violct colouration is produced
if the solution be dilute, while if it be concentrated a reddish
violet precipitate is thrown down.

! Bernthsen, Bor. Deutsch. Chewn. Ges. Xvii. 2857,
2 Jbid. xvii. 611,
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Methylthiodiphenylamine, S(CH,),NCH,, is obtained by
heating thiodiphenylamine with methyl iodide and wood spirit,
and crystallizes from hot alcohol in splendid long prisms,
melting at 99™3. Potassium permanganate, added to its boiling
aqueous solution, oxidizes it to methyldiphenylamine sulphone,
S0,(C,H,),NCH,, crystallizing in masses of small needles, and
melting at about 222°, Like other sulphones it has neither acid
nor basic properties; it forms a deep blue solution in boiling
sulphuric acid, which becomes a brownish violet on dilution
with water.

Dinitrometlyldiphenylamine sulphowide, SO(CH NO,),NCH,,
is formed by the action of fuming nitric acid on the preceding
compound, It is more soluble in glacial acetic acid than the
dinitrodiphenylamine sulphoxides, but, unlike these, is insoluble
in dilute alkalis, the hydrogen of the imido-group, which is re-
placeable by metals, being absent. On reduction it is converted
into  diamidomethylthicdiphenylomine, S(CH, NH,),NCH,,
which rapidly oxidizes to a very unstable bluish green colouring
matter?

Ethylthiodiphenylamine, S(C;H,),NC,H,, crystallizes from
alcohol in long, thin, white prisms, melting at 102°.

Acetylthiodiphenylamine, S(CH,),NC,H 0, is obtained in
thick, colourless crystals by heating thiodiphenylamine with
acetic anhydride; it is slightly soluble in alcobol and is de-
posited from its solution in long, thin, glittering prisms.

DIAZO-DERIVATIVES OF BENZENE.

1064 The formation and constitution of these important com-
pounds have been discussed in the Introduction, They are
much used in the laboratory, as well as in colour works, for
the preparation of substitution-products, azo-colours, &. For
these purposes it is generally unnecessary to prepare the pure
diazo-salt, a solution of it being all that is required. A solution
of the chloride is obtained by adding sodium nitrite to a cooled,
dilute solution of one molectile of aniline and two of hydrochloric
acid, which is well stirred during the addition. The end of the
reaction is recogniscd by the evolution of free nitrous acid, which
may be detected by its smell, or by holding seme paper soaked

Y Ber, Dowtsch, Chon, Ges. 2vii, 2854,
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o — s

in potassium iodide and starch over the liquid. In this way
either sodium nitritc or aniline in solution ean be roughly
estimated.!

When the solution is treated with strong hydrochloric acid
and heated, a mixture of phenol and chlorobenzene is formed.?
If, however, the solution be heated nearly to boiling, and then 2
solution of cuprous chloride in hydrochloric acid added, pure
chlorobenzene is obtained3 In a similar manner Sandmeyer
has replaced the amido-groups of metanitraniline, orthamido-
phenol, paradiainidobenzene, and metadiamidobenzene directly
by chlorine!

A solution of diazobenzene uitrate or sulphate is often used
instead of the clloride, and is obtained in a similar manner.
When a solution of the sulphate is boiled, pure phenol is formed,
and by means of this reaction many amido-bases can be com-
pletely converted into phenols.®

Diazobenzene chloride, CHN,C], is only known in solution;
when hydrochloric acid and stannic chloride are added to a con-
centrated solution, the double salt, (C;H,N,Cl),SnCl,, separates
out in small, white, indistinct plates, whicl are only very slightly
soluble in aleohol and ether, but readily in lukewarm water,
from which they are reprecipitated by concentrated hydrochloric
acid. The dry compouud decomposes on heating with vigorous
decrepitation; on boiling with water it yiclds phcnol. When
allowed to stand in the air for a considerable time, the compound
undergoes a decomposition in which the greater portion of it is
apparently converted into paradiphenol, OH.C,H,.C;H OH*

Diazobenzene bromide, CH N, Br, is prepared by the addition
of bromine toan ethereal solution of diazo-amidobenzene :

CH,N—=N—NH.CH, + 3Br, = C;H,N="NBr
+ C,H,Br, NH, 4+ 2HBr.
The tribromaniline remains in solution, whil2 the bromide
separates ont in small plates with a mother-of-pearl lustre,
which arc very cxplosive in the dry state. By shaking its
aqueons solution with silver cliloride, a solution of pure diazo-
benzene chloride is obtained.

Diczobenzene perbromide, CGH,NBr—NBr,, is formed when a
solution of the nitrate is treated with hydrobromic acid and

' Nietzki, Ber. Dovlsch, Chem, Ges, xvii. 1351,
* Gasiorowsky nnd Wayss, ibid, xviii. 337,

3 Randmeyer, ébid. xXvii, 1633, $ Thid. xvii, 2650,
5 V. Meyer, tbid, viii, 1074, § Ciriess, thid., xviii. 905,
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T Yo

bromine. It separates out as & browu il, which, after being
washed with ether, solidifies in large yellow plates. It is toler-
ably stable in the dry state, but on standing in contact with water
or ether,in which it is insoluble, or with alcobul, in which it
dissolves to a slight extent, it rapidly decomposes. On heating
it detonates violently ; when it is heated with anhydrous car-
bonate of soda, or boiled witli absomte alcohol, bromobenzene
is formed, This can also be obtained from aniline by means of
the diszo-reaction in the follbbwing manner; a solution of
12'5 grms. of eopper sulphate, 36 grms. of potassium bromide,
and 11 grms. of sulphuric acid, sp. gr. 1'8, in 80 grms. of water
is lieated with 20 grms, of copper filings until the colour has
nearly disappeared; 9'3 grms. of aniline are then added, the
whole heated nearly to boiling, and a solution of 7 grms, of
sodium nitrite added gradually. In this way 9 grins. of bromo-
benzene are obtained (Sandmeyer).

1065 Diazobenzene malrate, C;H, N, INO,, was fust obtained by
Griess, and used as o starting-point for other diazobenzene com-
pounds! In order to prepare it, the nitrons gases evolved from
o mixture of arsenic trioxide and nitric acid are led slowly
into a well-cooled paste of aniline nitrate and water, until the
addition of caustic potash to a small portion ccases to set frce
aniline. It is then filtered from a brown resinouns body which is
generally formed, and the diazobenzene nitrate precipitated in
long, white needles by the addition of alcohol and cther to the
filtrate. It is readily soluble in water and slightly in alcohol,
but is insoluble in ether; in the dry state it cxplodes when
gently heated, or on percussion, even more violently than
fulminating - mercury or iodide of nitrogen.

If its cold, saturated solution be allowed to drop into con-
centrated ammonis, dinzo-amidobenzenc, an amorphous brownish
red body, C\gH, N,O and a compound, which has the formula
C,H;N;O, arc formed. This last componud may be obtained
in yellow prisms by the spontancous evaporation of its deep
yellow solution,and explodes even ynore readily and with greater
violence than the nitrate. On boiling with hydrochloric acid it
decomposes with formation of phenol and aniline :

C.H,N0 = CHO + GHN + oX,

Acid dinzolcnzene sulphate, CH NSO, is obtained by the
addition of dilute sulphuric acid to an aqucous solution of the

v Ann, Chem. Pharm. exxxvii, 39,
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nitrate. The nitric acid and excess of sulphuric acid are re-
moved by washing with alcohol and ether, and the solution is
then allowed to evaporate over sulphuric acid; a little phenol
and free sulphuric are thus formed and must be removed by
absolute alcohol. Thecrystals are then dissolved in the smallest
possible quantity of water, treated with alcolol and ether, and
the aqueous layer again allowed to evaporate,

Acid diazobenzene sulphate crystallizes in white prisms
which decompose and deliquesce in the air, It detonates at
about 100°,

Diazobenzene platinichloride, C;HN PtCly, is formed when an
acid solution of platinum chloride is added to the solution of
& diazobeuzene salt ; it crystallizes in fine, yellow prisms, slightly
soluble in water and insoluble in alcohol. When it is ignited
with carbonate of soda, chlerobenzene is obtained,

This reaction is used to replace the amido-group by chlorine,
but this may be more simply effected by Sandmeyer’s method.

Dhigzobenzene awrichloride, CHN,AuCl,, crystallizes from
warm alcohol in splendid small plates with a golden lustre, which
are insoluble in water.

Diazbenzene cyanide, CHN,CN + HCN, is obtained by the
addition of the sulphate to a cooled solution of potassium
cyanide, and crystallizes in orange-yellow prisms, which melt
at 69° and are very unstable.!

Driazobenzene picrate, CHN,0CH,(NO,),, is a yellow, crystal-
line precipitate, insoluble in water, alcohol, ether and benzene?

Potassium, diazobenzencsulphonate, CHN,SOK, is prepared
by adding diazobenzene nitrate to a cooled, slightly alkaline
solution of potassium sulphite and then treating with caustic
potash; this precipitates the compound in yellow crystals which
detonate violently when heated. Like all the dinzo-compounds,
it gives Liebermann’s reaction (p. 176) with phewol aud sul-
phuric acid® On reduction it is converted into potassium
phenylhydrazinesulphonate, C;H, . N,H,SO;K.

1066 Diazobenzencsnlphonic acids are obtained by the action
of nitrous acid on the anilinesulphonic acids according to the
following equation :

N
+NOH = ¢ DN 4 2HLO.

cH
*\so,H N\so,”

! Gabriel, Ber. Dewtsch. Chem, Ges. xii. 1638, . .
3 Baeyer and Jiiger, 10id. vifl. 893. 3 Tigcher, Iichig's Aun. exe. i3,
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As may be seen from this formula, they are not true acids, but
must be considered as salts of diazobenzene.

Metadiazobenzenesulphonic acid forms small, reddish yellow
prisms, which readily dissolve in cold water, but are decom-
posed by water at 60° with formation of metaphenolsulphonic
acid. It is not attacked by boiling absolute alcohol, and in the
. dry state detonates violently when heated}

Paradinzobenzenesulphonic acid was first obtained by Schmitt?
To prepare it, rather more than the calculated quantity of sodium
nitrite is added to a solution of sulphanilic acid (paramido-
benzenesulphonic acid) in dilute caustic sods, and the mixture
poured into cooled, dilute sulphuric acid. The diazo-compound
separates out in white crystals? which are insoluble in cold
water, and readily soluble in water at 60°—70°, but are decom-
posed by it at higher temperatures with formation of para-
phenolsulphonic acid, while boiling alcohol converts them into
benzenesulphonic acid.  Gaseous ammonia decomposes the
diazo-compound with explosive violence; it is not attacked by
phosphorns pentachloride even at 100°4

Diazobenzenedisulphonic acids are formed by the action of
nitrons acid on the amidobenzenedisnlphonic acids® They are
monobasic acids of the following constitution :

N
HO.SO,.C,,H,<SO Pt
3

Diazobenzene potassoxide, C;HN,OK, is obtained, according to
Giriess, by gradually adding a cold saturated solution of diazo-
benzene nitrate to a large excess of concentrated caustic potash
and evaporating the yellow liquid, which has a peeuliar aromatic
odour, until it solidifics as & crystalline mass. It is then well
pressed between porous plates, extracted with aleohol, the
solution cvaporated, and the residue again pressed, dried over
sulphuric acid and washed with cther to remrove & brownish red
decomposition product. In order to obtain it perfectly pure,
ether is added to its solution in & little absolute alcohol ; the
diazobenzene potassium is thus precipitated in small white plates
which have an alkaline reaction and absorb carbon dinxide very
readily. It detonates fecbly at 130°, and decomposes iu aqueous

! Berndsen, Lichig®s Ann. elxxvii, 83 3 Ihid, exx. 144,

3 Flscher, dbid, exe. 76, 4 Laar, Jowrn. Prakt. Chew. [2], xx. 263.

5 Drebes, Ber, Denlsch. Chem, Ges, ix. 553; Heinzelmann, Lichig's Ann.
elxxxviii, 157, cxe. 223 ; Zander, ibid. cxevili. 5 and 24.
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solution, glowly in the cold, more rapidly on heating, with
separation of a brownish red substance.

Diazobenzenc argentoaide, CHN,OAg, is obtained as a greyish
white precipitate by mixing a solution of the potassium compound
with a silver solution. It can be preserved without undexgomg
any change, and detonates violently on heating.

Griess has prepared several other compounds of diazobenzenc
with the metals!

Diazobenzene hydroride, C;H N,OH.—Griess prepared this
compound by the addition of an eyuivalent of acetic acid to an
aqueous solution of diazobenzene potassoxide. He looked upon it
as free dinzobenzene, C;H,N,, and assumed the existence of this
group of atoms in its derivatives, giving, c.g. to the nitrate, the
formula CHN,NO,H. It is a thick yellow oil, which has an
aromatic odour, begins to evolve nitrogen a few minutes after it
has been isolated, and soon changes to & brownish rcd elastic
substance ; with larger quantities the spontancous decomposition
proceeds with cxplosive violence. The formula given for this
substance is deduced from the fact that when freshly prepared
it combines with ecaustic potash, nitric acid, &c, to form the
diazo-derivatives which have just been described.

1067 Diazo-amidobenzene, CgH,N =N NH.(( H,—Griess ob-
tained this compound by passing nitrous acid into an alcoholic
solution of aniline! He also prepared it by the action of
aniline on diazobenzenc nitrate : 3

C,H,N,NO, + 2C,H,NH, = C,H,N,NHC,H,
+ CoH,NH,NOH.

In order to prepare it, a solution of pure potassinm nitrite of
sp. gr. 15, cooled to 5°, is gradually allowed to run on to pure
dry aniline hydrochloride, and the residne washed with cold
water,} or two molecules of auiline are dissolved in ether, exactly
a molecule of amyl nitrite added, and tha mixture allowed to
evaporate over stlphuric acid®

R. Fischer adds one molecule of sodium nitrite to a well-
cooled aqueous solution of two molecules of aniline and three
molecules of hydrochloric acid, and then a concentrated solution
of two molecules of sodium acetate, when the diazo-amidobenzene
separates out as a crystalline precipitate.®

v guw, Clem. Piarm, exxxvii. 57, 2 Ibid, xxi. 258,

3 Jbid. exxxvii. 58 ; sce also Kekuié, Lehrb, ii. 726,

4 Martius, Zat.fchrw Chenr, [2], 381 ; Saraww, Der. Doutsch, Cham. Ges. xiv.
2442, Meyer, thid. vitl, 1074, 8 Jbid. xvii. 641,
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Diazo-amidobenzene i8 insoluble in water, slightly soluble in
cold, more readily in hot alcolol, and crystallizes in golden-
yellow plates, or from benzene in large flat prisms, fusing at 91°
to a reddish brown oil which detonates at a higher tem-
perature, On warming with strong hydrochloric acid it de-
composes iuto nitrogen, aniline, and phenol,

1t forms no salts with acids, but chloroplatinie acid produces
a precipitate of (C\.H,,N,),PtCly, in small red needles or prisms,
which readily decompose. Diazo-amidobenzene, in presence of
salts of aniline, is, as already cxplained, readily converted into
amido-azobenzene, C;H, N,.C.H . NH,.

Diazobenzenc-amidobromacbenzene CH N, NH.CyH, Br.—Griess
obtained this compound by the action of parabromaniline on
diazobenzene nitrate; it crystallizes in yellow needles or small
plates! When he treated aniline with diazobromobenzene
nitratc he did net obtain the isomeric compound CHBr.N,.
NH.CH,, but the same substance as beforc? A similar result
wus obtained in the preparation of other diazo-compounds;
whether a molecnlar change takes place, or whether, as Griess
assumes, the diaze-anndo-compounds have a different constitution
from that which is generally assigned to thein, has not yet been
determined. He gives the following formula to diazo-amido-
benzene :

CH—=NH=NH=NH=CH,

Diazobenzenc-cthylameive, CHN, NH(CH,), is obtained by
the action of cthylamine on an aqueous solution of diazobenzene
nitrate; it is an oily liquid, very similar to the following
compound, which has becn more carcfully examined.

Diazotenzenedimethylamine, CH, N, N(CH,),, is a ycllowish
oil having a peculiar aromatic adour, and can be distilled iu
small quantities without decomposition, but in large quantities
decomposes with a tolerably violent explosion, forming di-
methylamine. It is a weak base, and forms salts which are
slowly decomposed by water in the cold. more rapidly on
heating :

CH.N,N(CH,), + H,0 = CH,OH + N, + N(CH,),H.

The alcoholic solutions of both these compouuds yicld amido-
azobenzene when treated with a salt of aniline, ethylamine or
dimethylamine being formed at the sume time?

v inn, Chem, Phann exxxvii. 60.
2 Ber. Deulych, Cham, Ges. vii. 1618,
3 Baeyer amd Jiiger, ibidd, viil. 148,
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Diazobenzenimide, CJI,N,—Griess first obtained this com-
pound by the action of aqueous ammonia on diazobenzene
perbromide :1!

C,H,NBr—NBr, + NH, = CH,N—N - 3HBr.
. N~

N

It is also obtained by the action of hydroxylamine on an
alkaline solution of diazobenzene sulpbate (Fischer), as well as
by the decomposition of nitresophenylhydrazine, which will be
subsequently deseribed :

NH, N
NG = l .
CHNC * = GEN(L + HO

To prepare it, crude phenylhydrazine hydrochloride is dissolved
in 15 parts of water, an excess of sodium nitrite gradually added,
and the mixture heated to boiling in an apparatus connected
with an inverted condenser until the gentle evolution of gas
censes?

Diazobenzenimide is a yellowish, oily liquid having a stupefy-
ing, ammoniacal and aromatic odour. It is insoluble in water,
and can be distilled with steam, or in a vacuum, but explodes
on distillation under the ordinary pressure.

Amidodiazobenzene-compounds.—By passing nitrousacid through
n solution of paradiamidobenzene hydrochloride and adding gold
chloride, a precipitate of paramidodiazobenzene surichloride,

NH,.AuCl,
, i3 obtained, from which other salts of par-

\N =NAuCl,
amidodiazobenzene can be prepared; these have not yet been
described 3

The two other diamidobenzenes are not converted into
diazo-compounds by nitrous acid. Metadiamidobenzene yields
triamido-azobenzene, C;H(NH,)N,CH(NH,),, while orthodi-
amidobenzene is converted into the following compound :

Azo-imidobenzene, CHN,—Ladenburg obtained this com-
pound byadding potassium nitrite to a solution of orthodiamido-
benzene sulphate, and named it amido-azophen ylene!

CoH,

1 4nu, Chem, Pharm. oxxxvii, 65,

3 Jbid, cxe. 92, 96,

3 Griess, Ber, Dentsch, Chem. Ges. xvii. 603,
4 Ladenburg, ivd. ix. 222 ; xvil. 147,
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Its formation is expressed by the following equation:

NH N
S = v \N H
C‘,H‘\NHZ +HNO, = CHL L H + 2H,0.

It crystallizes from benzene in needles having a mother-of-
pear] lustre, and melting at 98™5.

Metamidodiazobenzenimide, C;H (N;)NH,—This interesting
base was obtained by (iriess, who converted metaphenylene
oxamic acid (p. 241) into the diazo-chloride by means of sodium
nitrite and hydrochloric acid, and from this prepared the
perbromide, which gives the following reaction with ammonia :

NH.C,0,0H NH.C,0,0H + 3NH,B
Wb PG S o
\NBr—NBr, N—N
¥

The new acid is almost insoluble in cold water, and crystallizes
in white needles. On boiling with concentrated caustic potash
it decomposes according to the equation :

NH.C,0,0H NH,

cHL : 0 =CH{ C,0,(0H

s 4\N—N + H, BH-I\N_N + C,04(0OH),.
N4 Y

Amidodiazobenzenimide is a yellowish, oily liquid, having a
slight smell resembling bitter almonds, is volatile in steam, but
detonates on heating. It tastes at first as sweet as sugar, and
then extremely bitter. It forms salts which crystallize well,

Amidodiazobenzenimide hydrochloride, C,H (N JNHCI, erys-
tallizes from hot water in small, white, pointed rhombic plates
platinum chloride precipitates the double salt from its dilute
solution in small, greyish yellow needles.

The hydrochloric acid solution of the basc gives with nitrous
acid a diazo-compound which has the formula CH(NIN,CI,
and combines with phenols and amido-compounds to form azo-

compounds, which are colouring matters possessing very
remarkable properties!

Y Ber. Deutsch. Chem. Ges. xviii. 963,
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1068 Diazohydrovybenzens compounds are obtained by treating
alcololic solutions of the salts of the amidophenols with nitrogen
trioxide. ‘They are decomposed by hydriodic azid in the cold with
formation of the iodophenols, Alcoholic solutions of the sub-
stituted amido-phenols are not converted by nitrous acid into

diazohydroxybenzene salts, but into anhydrides of the substituted
dinzophenols :

/OH AN
C‘,Hs(m)z)\l\m2 + NOH = O, W0 BN + 280,

When, on the contrary, the ethers of thesc amidophenols are
employed, the formation of such anhydrides is impossible, and
they behave like the amidoplenols or aniline.

Orthodiazophenol chloride, CH(OH)NC), is obtained by
treating ortho-amidophenol hydrochloride with absolute alcohol
saturated with nitrogen trioxide, the mixture being cooled by
ice-water. An indigo-blue solntion is first formed, and soon
changes to brown. On addition of ether theé chloride is pre-
cipitated and crystallizes in beautifel rhombohedra, which are
readily soluble in alcoliol and become milk-white in the air,
losing their water of crystallization. It forms a platinum
chloride wbich erystallizes well and yiclds orthochlorophenol
on heating.!

Paradiazophenol chloride, CH(OH)N,CI, is obtained in a
similar nanncr to the preceding compound, from paramidophenol
hydrochloride_and erystallizes in long needles, slightly soluble in
alcohol (Schmitt). The platinwin chloride, [CH OH)N,],PtCl,,
on ignition yields parachlorophenol, and quinol is obtained by
heating the chloride with concentrated hydrochloric acid.2

Paradiazoplhenol nitrate is formed in a peenliar manner by

passing nitrogen trioxide through a well-cooled ethereal solution
of phenol:

C,H,(OH) + 2N,0, = C,H(OH)N,.NO, + NOH.

The free nitric acid formed converts a portion of the phenol
into ortho- and metanitrophenol? The nitrate is also obtained
when nitrogen trioxile is passed through an etheroal solution of
nitrosophenol! It is readily soluble in aleoliol, inseluble in

' Sehmitt, Ber, Dewtseh, Chens. Ges, i, 61.
* Weselsky and Schuler, iid. ix. 1160,
3 Weselsky, thid vifi, 98, 4 Jiger, Pvd, viii. 891
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ether, and crystallizes in light brown needles which are very
explosive and fire like gunpowder, leaving a large residue of
carbon, By dissolving it in dilute sulphuric acid, and adding
alcohol and then ether, the sulphate is obtained as a splendid
crystallive mass. This is not explosive, and is converted by
barium chloride into diazoplienol chloride, which is identical with
that obtained from paramidophenol (Weselsky and Schuler).

Paradiazo-unisol nitrate, CH,(OCH,)N,NO,, is obtained when
nitrogen trioxide is passed through water containing nitrate of
anisidine (methyl paramidophenyl ether) in suspension, It forms
colourless crystals which explede on percussion, and gradually
decomposc on boiling with water, move rapidly on heating to
140°, with formation of quinol}

NN

Diazonitrophenl ankydride, CJH,(NO) \O>N. Griess ob-
tained this compound by passing nitrogen trioxide through
an ethereal solution of paramido-orthonitrophenol. It is o
brownish yellow, granular mass, which is slightly soluble in
hot water, and explodes at 100° with extremc violence? Its
methyl ether, diazonitranisol, is only known as the nitrate,
CH,(NO,)(OCH,)N, NO,, and ey be obtained from nitranisi-
dine nitrate ; it crystallizes in small plates3

NN
Diazodinitrophenol anhydride, Cqu(N02)2\O>N, was pre-

pared by Griess from amidodinitrophenol; it crystailizes from
alcohol in small plates, which explode violently on heating!

Diazo-amidonitranisol, C,H,(NO,)(OCH,)N,NHCH,NO,)
OCH,. Griess obtained this compound by passing nitrogen
trioxide throigh an alcoholic solution of nitranisidine. It
forms yellow microscopic needles, insoluble in water, sud only
soluble in hot aleohol ®

Diazonitrodihydroayquinone, When amidonitrotetrahydroxy-
benzene (p. 235) is made into a paste with dilute hydrochloric
acid, well cooled with ice, and a solution of sodium nitrite added
drop by drop, nitric oxide is evolved and a clear solution is
obtained, which after some time solidifies to a pulpy mass, con-
sisting of long, golden-yellow ncedles, having the composition

Y Qalkowski, Ber, Dowtsch. Chaw. Ges. vii. 1009,
2 Ann, Chom. Pharm. cxiii. 212. 3 Jahresh, Chrm, 1886, 459,
& Ann, Chem, Pharm. exiii. 205. S Fhid. cxxi. 278.
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C,H\NaNO, This compound is also obtained by dissolving
amidonitrotetrahydroxybenzene in cold dilnte nitric acid, and
partially neutralizing the golden-ycllow solution with carbonate

of soda. Tts constitution is expressed by one of the following
formule :

HO NO
>c‘,oz/ : 4 H0 or N co< '
HO—N = N \oXa OXa

+ 2H.0.
It is readily soluble in water and 13 rcprecipitated by alcohol.
It can be recrystallized from water at 50°, but decomposes on
boiling with & violent evolution of gas. In the dry state it
explodes with great violence.

When potassium nitrite is used in its prcparation, the less
soluble potassinm salt is obtained, which is nuch more explosive,
while the silver salt, obtained in snwll yellow plates by pre-
cipitating the sodium selt with silver nitrate, explodes by pres-

sure or percussion with almost greater violence than silver
fnlminate.!

HYDRAZINE DERIVATIVES OF BENZENE,

1069 These bodies, as will as those of the fatty series, were
discovered and carefully examined by E. Fischer? The yellow
diazobenzene  potassium  sulphonate, CHN—=NSO/K, is
formed, as already explained, by the action of a weak alkaline
solution of potassiun sulphite on diazobenzeno witrate, This
is converted by reducing ageats into the whito phenylhydrazine
potassium sulphonate, which is also obtained by acting on
diazobenzene nitrate with an excess of acid potassium sulphite :

CH,N=N.NO, + 3S0,KH = C,H,NH—NHSO,K +
SOKH + NOK + SO,

On beiling this salt with hydrochloric acid, phenylhydrazine

hydrochloride is obtained :

CH NH—NHSO,K + HCI + HO = CH,NH—-NH,HCI
+ 80,KH.

! Nietzkt aud Benckiser, fler. Dewlsch, Chem. Ges. xviit. 499,
? Liecbig's Aun, exe, 67.
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Plenylhydrazine is also obtained, together with aniline, when
a1 alcoholic golution of diazo-amidobenzene is treated with zine
dust and acetic acid :

CHN, NH.CH, + +H = CH, NI, + NH,C,,

Phenylhydrazine, CH, N,H;, may be readily prepared in the
following manner: 20 parts of aniline are dissolved in 30
parts of hydrochloric acid of sp. gr. 1:19, and 80 parts of water;
the calculated amount of sodium nitrite, dissolved in twice its
quantity of water, is then added to the cold solution, which
is slightly acidified with hydrochlori¢ acid, and the mixture
poured into an cxcess of an ice-cold solution of sodium sulphite;
the following reaction takes place :

C,H,N,Cl + 280,Na, + H,0=C,H,N,H,S0,Na + SONaH.

There isalways a certain quantity of the yellow diazobenzene-
salt formed, most of which is reduced by the sulphur dioxide
evolved on neutralizing the solution with hydrochloric acid.
The warm solution is afterwards treated with acetic acid and
zinc dust, to convert the remainder into the white salt. A third
of its volume of concentrated hydrochloric acid is then added to
the hot filtrate ; phenylhydrazine hydrochloride separates out
on cooling, and o further quantity may be obtained by concen-
trating the mother-liquor. This is decomposed with caustic
soda, when most of the phenylhydrazine is precipitated as an
oil, that remaining in solution being extracted with cther. The
crude phenylhydrazine is dried over fused potash and purified by
fractional distillation ; the portion distilling between 223°—235°
is sufficiently pure for the preparation of all its derivatives,

Phenylhydrazine may be more readily prepared by the method
of Meyer and Lecco:? 10 grms. of auiline are dissolved in 200
grma. of concentrated hydrochloric acid, and to this solution,
which is kept cool, & cold solution of 7-5 grms. of sodinm nitrite
in 530 parts of water is gradually added, and then a solution of
45 grms. of stannous chloride in 45 grms. of concentrated
hydrachloric acid, the liquid forming a crystalline pulpy mass
of phenylhydrazine hydrochloride :

C,H,N=NCI + 4HCI+28n(1, = C, H, NH—NH, HC + 2SnCl,.

Phenylhydrazine is a colourless oily liquid having a faint aro-
matic edour, Tt boils at 233°—234° and solidities at a low

v Ber, Devdsch, Chera, fes, xvi 2078,
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temperatare in tablets, melting at 23°. It is very readily
oxidized, and absorbs oxygen from the air, becoming red to
dark brown; it reduces Fehling’s solution in the cold with
evolution of nitrogen and separation of cuprous oxide, aniline
and benzene being formed. “This property can be employed
as a delicate reaction for all primary hydrazines, and also, in-
directly, for the diazo-compounds; in order to detect the latter
in an aqueoussolution, it is treated with acid potassium sulphite
in excess, heated to boiling, neutralized with caustic potash, and
tested with copper solution. The salts of the hydrazinesul-
phonic acid, which are formed in the liquid from the diazo-
compounds, without exception produce the immediate
precipitation of euprous oxide; if the presence of hydroxyl-
amine, which is readily formed by the reduction of nitrous
acid, is to be feared, the alkaline solution must be boiled for
some time in order to destroy it ” (Fischer). On adding mercuric
oxide to an ethereal solution of phenylhydrazine, nitrogen is
evolved and aniline and benzene formed, as well as & considerable
quantity of mercury diphenyl (C;H;),Hg!

While ethylhydrazine is a strong diacid base, phenylhydrazine
only combines with one equivalent of an acid, and is conse-
sequently a weaker base. This is easily explained, since
phenylhydrazine stands in the same relation to ethylhydrazine
as aniline to ethylamine.

Phenylhydrazine hydrochloride, CH N,H HCl, which, as
already described, is employed as a reagent, may be obtained
perfectly pure by dissolving the base, freed from ammonia by
distillation, in ten parts of aleohol, ncutralizing with concen-
trated hydrochlorie acid, and washing the separated crystals
with alcohol and ether until they are perfectly colourless,
Phenylhydrazine hydrochloride crystallizes from hot water in
small, thin, lustrous plates, which sublime on cautious heating ;
it is almost completely precipitated from its aqueous solution
by concentrated hydrochloric acid, by which means phenyl-
hydrazine can be separated from oniline and several other
amido-bases. It reduces the salts of silver, mercury, gold and
platinum in the cold.

Phenylhydrazine sulphate, (CHg NH ). HSO,, forms small
plates, readily soluble in hot water, and slightly soluble in
alcoliol,

! Fischor and Ehrhard, Ann. Chem, Pharm, excix. 332,
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Phenylhydrasine oxalate, (C,H NH),H,C,0, crystallizes
from hot water in small plates, which are slightly soluble in
cold water.

Fhenylhydrazine picrate, CH NH(OH)CHNO,),, erys-
tallizes in fine yellow needles, slightly soluble in water, readily
in aleohol, and deflagrates explogively on heating.

1070 Nitrosophenylhydrazine, C;HN(NO)N H,, is obtained by
adding sodium nitrite to a well-cooled dilute solution of phenyl-
hydrazine hydrochloride; the yellow flocks which separate are
dissolved in ether, and the compound is precipitated in small
yellow plates by the addition of petroleum spirit. It isa very
unstable body. The extremely poisonous action of its vapour is
rematkable, the action being similar to that of amyl nitrite,
but more intense, If even a small quantity of the vapour
be inhaled, determination of blood to the head, violent head-
ache,and nausea are produced. On warming with dilute canstic
potash, it is completely converted into diazobenzene-imide
(p- 270). The latter compound is also obtained, together with
aniline, by mixing the aqueous solutions of diazobenzene nitrate
and phenylhydrazine hydrochloride.

Phenylhydrazinesulphonic acid, CH NHNHSO,H, is ouly
known as the potassium salt, the formation of which has been
already described ; it is also obtained, together with the hydra-
zine sulphate, by heating the base with potassium disulphate
to 80°:

4CH, N H, + 2K,;8.,0, = 2CH N,H,S0,K
+ (CHN,Hy),SOH, + KSO,

It forms colourless scales, soluble with difficulty in cold water.
By the action of mercuric oxide, or potassium dichromate, on its
hot aqueous solution, it is oxidized to yellow diazobenzene
potassium sulphonate, C;H, N,.SO,K.

The salts of phenylhydrazine in aqueous solution are con-
verted by mercuric oxide into diazobenzene salts; aniline and
diazobenzene-imide being, bowever, simultaneously formed, as
may be readily understood.

Melhylphenylhydrazine, CH N (CH;)NH,, is obtained by re-
ducing nitrosomethylaniline in aleokolic solution with zinc-dust,
and acetic acid.

NO NH,
7 - /
CHNC -+ 4H = GHNC _° 4 H.

3 3
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It is a liquid, boiling at 220°—224°, and reduces Fehling’s
solution on warming, methylaniline and free nitrogen being
formed.

Dimethyldiphenylictrazone, C,JII,;N,, is formed when methyl-
phenylhydrazine is dissolved in chloroform and wercuric oxide
gradually added, the mizture being kept cool :

C,H,N(CH)—NH, C,H,X(CH)N
HNOLTTH: | ongo= ||+ 2Hg + 2H,0,
¢, H,N(CH)—NH, C,HN(CH) N

The compound crystallizes in small platcs, slightly soluble in cold
alcohol and ether, readily in chloroform, and melts at 133° with
evolution of gas. It can be boiled with water without undergoing
decomposition ; on adding hydrochloric acid to the alcoholic solu-
tion, the tetrazone decomposes into nitrogen and methylaniline,
and on adding iodine to its solution in chloroform, dimethyl-
diphenyltetrazone iodide, C,;H,,N,I, is formed as a black
crystalline precipitate, which deflagrates in the dry state spon-
taneously,end when suspended in carbon bisulphide and shaken
with silver-dust is reconverted into the original compound.

1071 Elhylphenylhydrazine componnds., On heating phenyl-
hydrazine with ethyl bromide, a mixture of the hydrobromides
of different ethylated bases is obtained, as:

Asymmelric ethplphenylhydrazine, CH,N(C,H,NH,.
Symmetric cthylphenylhydrazine, CCHNH—NH(C,H,) ;

together with compounds containing more ethyl groups, and
diethylphenylhydrazonium bromide, H,N —N.C H;(C,H,), Br.!

On dissolving the product of the reaction in water, decom-
posing with caustic soda, and cxtracting with ether, the ethyl
bases, together with the unattacked phenylhydrazine, go into
solution. On adding concentrated hydrochloric acid, after the
evaporation of the ether, the hydrazine hydrochloride separates
out. The solution is then again made alkaline, the bases ex-
tracted with ether, and the liquid treated with mercuric oxide;
the asymmetric ethylphenylhydrazine is thus converted into
the non-volatile tetrazone, and the symmetric compound into
the volatile azophenylethyl, C;H,N—NC,H,, which will be
subsequently described.

Symmelric cthylphenylhydrazine or Hydrvazophenylethyl way
be obtained in the pure state by the action of sodium amalgam

! Fischet aml Ehrhavd, Lickigs 4 a. cxcix. 825,
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on an alcoholic solution of azophenylethyl. It is an oily liquid,
which can be distilled without decomposition. It reduces
Fehling’s solution in the cold, and is oxidized by the oxygen of
the air. By the continued action of acetic acid and zinc-dust
it is gradually split up into aniline and ethylamine.

Asymmelric cthylphenylhydrazine may be prepared pure by
the action of zinc-clust and acetic acid on nitroso-ethylamline,
It is an oily liquid, which can be boiled without decomposition,
and reduces Fehling's solution on warming. It combincs with
cthyl bromide to form diethylphenyihiydrazonium bromide, whick
is readily soluble in water but is precipitated by concen-
trated caustic soda. It forms rhombic erystals, and is con-
verted by moist silver oxide into the strongly alkalinc hydroxide
NH,— N(C,H,)(C,H,),0H.

On adding zinc-dust and hydrochloric acid to a warm aqueous
solution of the bromide it is decomposed iato dicthylaniline,
ammeonia, and hydrobromic acid :!

C(,Ha>N<;3 P oM = cH > + NH, + 1iBr,
T

Dz'cthyldqnlmcyltetm:ouc /V NN=N , Crys-
M, \(‘
tallizes from alcohwl in nionoclivie prisms, which mclt at 108°
with evolution of gas.

Diphenylhydrazine, (C;H,),N —NH,, is obtaincd by reducing
nitrosodiphenylamine with acetic acid and zinc-dust. It is a
yellow oily liquid, which on distillation partially decomposcs
into diphenylamine, ammonia, and resinous prodnets. It is
almost insoluble in water, and for this reason scarccly acts on
Fehling’s solution even on boiling. On the other hand it is
readily oxidized by mercuric oxide, ferric chloride, &c., frce
nitrogen, diphenylamine, and a bluish violet colouring matter
which contains nitrogen, being obtained, especially if the mix-
ture be not cooled. When, however, it is shaken with a very
dilute neutral and well-cooled solution of fervic chloride, the
following compound is obtained as chief product, together with
the above:

Tetraphenylictrazone, (CgH,),N — N N = N(C,H,),, scparates

¥ Fischer, Ber, Deutsch, Chem, Ges, xvil, 2841,
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from carbon disulphide in colourless crystals, melting at 123°
without decomposition.

Metamidophenylhydrazine, HN.CH NHNH, When the
diazochloride obtained from phenylene-oxamic acid (p. 271) is

treated with a solution of stannous chloride in hydvochloric acid,
the following reaction occurs:

g/ TEC:0;OH op o/ VL0, 0H

H +3HC + 9800, =

T \N=NC : “H‘\NH—NH,
+ 28nCl,.

The new acid separates out in white crystalline grains, which
are almost insoluble in alcohol, ether, and boiling water. On
boiling it with strong hydrochloric acid, amidophenylhydrazine
hydrochloride is obtained :

oy VECO:OH

NH,
“U\NHN +HO=GH

CNNENH,
+ C,0,(OH),.

On adding strong caustic potash to the solution and concentra-
ting on the water bath, the base separates out. At the ordinary
temnperature it forms a varnish-like mass, converted on warming
iuto an oil, which is almost odourless and has & very bitter
taste. It is slightly soluble in water, readily in alcohol and
ether, and is very easily oxidizable, reducing Fehling's solution
immediately with evolution of gas.

Its salts crystallize well; the lhydrochloride is precipitated
by hydrochloric acid from a concentrated solution in small
pointed plates. Gold chloride and platinum chloride are
immediately reduced by it

Dicyanphenyllydrazine, CHN,. 'This substance, together
with the isomeric dicyanorthodiamido-benzene (p. 239), is
obtained by passing cyanogen through an aqueous solution of
phenylhydrazine. It is scarcely soluble in cold water, readily
in dilute hydrochloric acid and alcohol, and melts above 160°
with decomposition (E, Fischer). On heating with acetic anhy-
dride, the compound C,F,N, is obtained; it is very slightly
soluble in water, and crystallizes from alcohol in hard prisms;
its furination is explained by the following equation :

¥ Griess, Ber. Dentsch. Chem, Ges. xvili. 964,
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?cHB (f“HG

N-NH, /0 CH, N—N,

; A /C CH,+HO.CO.CH,
C=NH \co CH, C=N

(I:N CN  +HO.

Its constitution is deduced from the fact that on heating with
alcoholic potash it is converted into the ncid CH N (C,H,)
C.CO.H, which is slightly soluble in cold, readily in hot water
and aleohol,and is converted on heating into the basic compound
C,H,;N;(C,H;)CH with evolution of carbon dioxide ; the latter
is a yellowish oily liquid, possessing & peculiar aromatic odour,
and boiling at 240°!

ACID DERIVATIVES OF PHENYLHYDRAZINE
OR PHENYLHYDRAZIDES,

1072 The hydrogen in phenylhydrazine can be replaced by acid
radicals, just as iw ammonia, the amines, and the amido-bases,
Phenylhydrazine also combines directly with carbon dioxide and
carbon disulphide, forming compounds anelogous to ammonium
carbamate, &c.

Acetylplenylhydrazide, CH;N,H,C,H,0, is readily formed
by the action of acetic anhydride on phenylhydrazine, as well as
by boiling the latter with glacial acetic acid. It crystallizes
from hot water in hcxagonal prisms or tablets having a silky
lustre, and melting at 128°5. On dissolving it in chloroform
and adding mercuric oxide, it is oxidized to an oily liguid, which
hias a penetrating odour, and is probably accty'diazobenzene
C,H,N=NC,H,0.:2

Ozalyldiphenyidilydrazide, (CgH,;.N,H,),(L0,, is obtained by
heating phenylhydrazine with ethyl oxalate ; it forms a foliated
erystalline mass, melting at 277°—27¢°,and distilling at a Ligher
temperature almost undecomposed.

NH.NH.C,H,

Phenylhydrazine phenylearbazide, OO< may be

O.N,H,C.H,
obtained by passing carbon dioxide through a well-cooled cmul-
sion of 1 part of phenylhydrazine with 10 parts of water. It

' Bladin, Ber. Dewtsch. Chem. Ges. xvili. 1544,
2 Fischer, Lichig’s Ann. exc. 120.
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forms a fine, soft crystalline mass, which deliquesces in the air,
giving off carbon dioxide.

Phenylsemicarbazide, C;H.NH -NH.CONH,. This eom-
pound ures is formed on nixing solutions of potassium cyanate
and phenylhydiazine hydrochloride; it crystallizes from hot
water in white plates, melting at 170°,

Erhylphenylsemicarlazide, C,H, NH.-NHCONHC,H,), i
obtaincd by the direct combination of ethyl isocyanate with
phenylhydrazine, and crystallizes from hot, dilute aleohol in
transparent, monoclinic tablets, melting at 151°.  Its aqueous
solution gives a bluish-black colouration and a precipitate of
the same colour with Fehling's solution, the reaction being very
delicate. This colour is rapidly converted into yellow in a closed
vessel, but on shaking the liquid in the air it reappears. On
gently warming, completc decomposition takes place with
separation of cuprous oxide.  Nitrous acid converts it into
nitrosophenylethylsemicarbazide, the fine yellow needles of
which decompose on boiling with alkalis into carbon dioxide,
diazobenzenc-imide and ethylunine ;t

XO
VHNC = C,H, N/||+co + NHLC,H,).
\NH.CO.NH(C,IT,)

_NHNHCH,
NS.NH,CH,

is formed by the addition of carbon dlsulphl‘le to an ethereal
solution of phenylhydrazine, and crystallizes in hexagonal tab-
lets or prisms, melting at 98°—97". Ou dissolving it in weak
caustic potush and adding dilute sulphuric acid, phenylthio-
carbazic acid, GH, N, H,CS.SH, separates out in lustrous
plates, which decompose on heating. forming carbon disulphide,
sulphuretted hydrogen, ammouia, and the following compound.

Diphenylthiocarbazide, (CH N,H,).CS, crystallizes from hot
alcohol in hard, colourless, three-sided prisms, which form a
dark red solution in warm caustic potash. On the addition of
an acid, blue-black flocks separate ont, which are converted by
precipitation with alcohol from solution in warm chloroform into
blue-black microscopic needles, which seem to be isomeric with
diphenylthiocarbazide.  Its sotution, which has a slight alkaline
reaction, dyes wool and silk red ; the solution of the colouring

! Fischer, Lichig’s Aun. exe, 109,

Thenglhydrazive phenylthivearbazide CS
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matter in cliloroform is distinguished by its fine dichroism. The
colour, which is dark red when secn in thick layers, is converted
on dilution inte a vivid green, which is so intense that the
formation of this body, together with the copper test, can be
employed as a delicate reaction for phenylhydrazine.
Driplenylitkiossmicarbazide, CgH, N, H,.CS.NH(C;Hy), is formed
when alcoliolic solutions of phenyl mustard oil and phonylhydra-
zine are mixed ; itcrystallizes from hot aleohol in prisins, melting

-t p 0

at 177°

COMPOUNDS OF PHENYLHYDRAZINE WITH
ALDEHYDES AND KETONES,

1073 These compounds are readily formed with elimination
of water according to the followiug equations:

Ethidenephenythydrazive.
C,H,N,H, + CHO.CH, = C;H.N,H == CHCH, + H.0.

. Propidencphenylhydmzire.
C.H,N,H, + CO(CHy), = C;H, N,H—C(CH,), + H.0.

On heating with hydrochloric acid, the original substances are
again formed. The hydrazine compounds of the aldehydes and
ketones of the fatty scries are oily liquids; other aldehyides and
ketones, on the contrary, form crystalline compounds, which are so
characteristic that phenylhydrazine can beemployed for detecting
even small quaatities of them.!

The combination of the bodics is usually best bronght abong
in an acetic acid solution; the reagent, which onght always to
be freshly preparcd, is obtained by clssolving 1 part of pure
phenylhydrazine hydrochloride and -3 parts of crystallized
sodinm acetate in 10 parts of water. Anexcess of this is
added to the aqueous solution to be tested for an aldehyde
or ketone ; if any be present, the condensation-product soon
soparates out as an oily or erystalline precipitate. Frec mincral
acids, which hinder or retard the reaction, are neutralized by a
]revious adilition of sodium carbonatc. Special care niust be
taken that no nitrous acid is present, because this gives rise to
diazobenzene-imide or other products : it can be readily removed,
liowever, by warming with nrea.

1 Fischer, Ber. Dewtsch. Chem, Ges. xvif, 572,
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The aldehydo- and ketonic acids likewise form very charac-
teristic compounds with phenylhydrazine.

Acetonephenylhydrazine or Propidencphenylhydrazine, CH,,
N,H=C(CH,),, i3 an oily liquid which boils at 165° under a
pressure of 91 ram. Oun adding rodium nitrite to its solution
in dilute sulphuric acid, it decomposes into diazobenzene-imide
and acetone.!

C,H;N,H—C(CH,), + NO.OH = CH,N; + CO(CH,), + H,0.

Ocnantholphenylhydrazine, CH N,H = CH.Cjl,,, is a yellow-
ish oil, boiling at 240° under & pressure of 77 mm. (Reisenegger).

Glyoxalphenylhydrazine, CGH N H = CHCH—=NH.CH,, is
almost insoluble in water, very dilute acids and alkalis. It crystal-
lizes from alcohol in small plates melting at 169° to 170°. By
means of this compound the smallest quantity of the very
soluble and non-volatile glyoxal can be readily detected.

Phenylhydrazine glyoxylic acid, CH,N ,H — CH.CO,H, crystal-
lizes from hot water in fine, yellow needles, which are coloured
brown at 130° and decomposed at 137° with evolution of gas.
It is readily soluble in alkalis, from solution in which it is pre-
cipitated by acids, and by this means it can be separated from the
hydrazinc compounds of the aldehydes and ketones, as well as
from the scarcely soluble pheuythydrazine oxalate,

Phenylhydruzidacetic acid, CgH, N, ¥ ,CH,CO,H, is obtained
by the action of sodium amalgam and water on the preceding
compound, and crystallizes fromx hot alcohol in splendid plates
having a silver lustre and melting at 157° with decomposition.
Ammoniacal copper solution ® reconverts it into phenylhydrazine
glyoxylic acid.

Plenylhydrazine mesoxalic acid, C;H, N,H—C(CO,H),, cry-
stallizes in fine, yellow needles melting between 158°—164",
and decomposing almost completely at a higher temperature
(Elbers).

Phenylhydrazine pyrovacemic acid, C;H N,H—C(CH,)CO,H.
Phenylhydrazine and pyroracemic acid combine with such vio-
lence that complete decomposition of the products ensues. To
obtain the compound, the solutions must be diluted with ether
and gradually mixed in the cold.

Phenylhydrazine pyroracemic acid crystallizes from boiling
alcohol in hard, light yellow, lustrous needles, which melt at

! Rciscncgcr, Ber, Denlsch, Chem. Gles, xvi. 661.
2 Elvers, dnan. Chen. Pharm. cexxvii. 354.
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169° with evolution of gas, and decompose at a higher tempera-
ture into carbon dioxide and ethidene phenylhydrazive. While
the ketone phenylliydrazines are readily decomposed on heating
with acids, plienylhydrazinc pyroracemic acid can be boiled with
dilute hydrochloric or sulphuric acids without undergoing any
change. On heating it with alcoholic sulphurie acid, the ethyl
ether, C;H,N,H:—C(CH,)CO0,C,H,. is obtained mclting at
114°—115".

Phenylhydrazine glyoxylic acid behaves in a similar manner
towards acids, while the analogous phenylhydrazine lacvulinio
acid, CH N, H—=C(CH,)CH,.CH,.CO,H, is rcadily decomposed
by them,

The formation of phenylhydrazine pyroracemic acid takes place
so readily in aqueons, acetic acid, and weak hydrochloricacid solu-
tions, that by this reaction pyroracemic acid can be readily detected
in very dilute solutions, and in solutions containing other bodies,
The test is best applied in a weak hydroekloric acid solution;
after a short time a voluminous crystalline precipitate is pro-
duced, which is filtered off and recrystallized from hot water or
alcobiol ; it is then only necessary to dry the substance and de-
termine the melting-point, in order to detect pyroracemic acid
very rapidly and with great certainty.

Phenylhydrazidoprepionic acid, CH,. N, H,.CH(CH,)CO,H, is
obtained, together with aniline, by the action of sodium amalgnm
and water on the preceding compound; it crystallizes from
boiling alecohol in very fine white ncedles, which melt with
evolution of gas at 152°—153°. Ammoniacal copper solution
reconverts it into phenylhydrazine pyroracemic acid.!

Phenylhydrazincaceto-aceticacid,C H N, H—C{CH,)CH,CO,H,
is not known in the free state ; its ethyl ether is readily formed
when phenylhydrazine is treated with aceto-acetic ether; its
exact description las not yet beengiven. On heating it to 100°,
elcohol is eliminated andoxymethylquinizine, C,gH,,N,0, formed;
this is preparcd on the large scale and employed in the manu-
facture of oxydimethylquinizine, or antipyrine, C,;HyN,(CH,)O.
The latter, which is obtained by the action of methyl iodide, is
frequently used in place of guinine on account of its powerful
antipyretic action. These compounds belong to the guinoline
group, and will be subsequently described.

Furfurphenylhydrazine, C,H, N, H—CH.C,H,0, separates out
at firstas & yellowish oil, which soon solidifics to a crystalline

! Fischer and Jourdan, Ber. Deutsch. Chem, Ges, xvi. 2241,
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mass. On dissolving it in ether and adding petrolewn spirit,
small yellowish plates are obtained, melting at 97°—93°, By
means of this reaction 1 part of furfurol can be detected in
10,000 parts of water ; by dissolving it in 1,000 parts of water
and bringing a drop of the solution under the microscope to-
gether with a drop of the above-mentioned reagent, a turbidity
is immediately obtained, followed by the formation of the
characteristically gronped plates.

The sromatic aldehydes and ketunes behave like farfurol ;
their phenylhydrazine compounds will be described under their
respective headings.

Phenylhydrazine also forms compounds with those sugars
which reduce alkaline copper solution and are either aldehydes
or ketones (Vol. IIL Pt. II, p. 493). The reaction does not,
however, procced so simply as with the ordinary aklehydes and
ketones.!

Phenylglucosazone, C\HuN,O,, is formed when dextrose is
warmed on the water-bath with the hydrazine solution ; it forms
fine, yellow needles, almost insoluble in water, but readily soluble
in boiling alcohol. They fuse at 204°—203°, forming a dark-
red liquid, s small quantity of gas being evolved. The com-
pound is formed according to the followiny equation :

CoH,,04 + 2N,CH, = C H, N0, + 2H,0 + H,.

No free hydrogen is, however, evolved, s simultaneous reduc-
tion probably taking place, and the yield is, therefore, far below
the theoretical, being equal in the miost favourable case to the
quantity of dextrose employed.

The same compound is obtained from laevulose and therefore
from invert-sugar, as well as, more slowly, from cane-sugar, which
is inverted by the hydrazine solution.

Phenylgelactcsazone, CiH,,N,0,, i3 prepared from galactose,
and is very similar to the preceding compound, but melts at
182° without any evolution of gas.

Phenyl-lactosazone, Co H,,N,Oy. While canc-sugar only reacts
with phenythydrazine after inversion, milk-sugar does so directly.
The compound obtained is tolerably soluble in hot water and
crystollizes in yellow needles, melting at 200° with decom-
position.

' B, Fischer, Ber. Devdsch. Chew. Ges. xvii. 579
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Phenylmaltosazone, C;H N O, is obtained from maltese, and
crystallizes from hot water in fine, yellow needles, melting at
190°—191°,

Sorbin also forms a hydrzine compound, while inosite and
trebalose do not.

COMPOUNDS OF PHENYLHYDRAZINE WITH
THE CYANHYDRINS.!

1074 Plenglhydrazine not only forms compounds with alde-
hydesand ketones, but also with the cyanhydrins, or nitriis of the
lactic acid group, which are obtained by the combination of the
former with hydrocyanic acid.

a-LPhenylhydrazidopropiowitril, CyII NH, CH(CH,)CN, i3
formed by the continued heating of ecthidene cyanhydrin
(lactonitril) with phenylhydrazine to 100°. 1t separates from
hot petroleum spirit in colourless crystals, which are scarcely
soluble in water, but dissolve readily in alcohol, and melt at
58°. On heating with alkalis or dilute acids it is split up into
hydrocyanic acid and ethidene phenylhydrazine. Cold concen-
teated hydrochloric acid converts it into

a-Phenylhydrazopropionumide, CgH, N,H,CH(CH,)CO.NH,,
which forms hard, readily soluble crystals meltmd at 124°. On
boiling with caustic soila it forms a-phcnylbydrazidopropionic
acid, CgH;. N H, CH(CH,)CO,H, which is slightly soluble in cold
water, readily in alcoliol, and crystallizes from liot dilute aleohol
in lustrous white necdles, melting at 187°. If the solution of
the nitril in absolute alecohol be saturated with hydrochloric
acid, the ethyl ether, C;H N, H, CH{CH,)CO,.C,H,, is obtained
in crystals, readily soluble in alecohol, and melting at 116°. When
the acid is boiled with tin and hydrochloric acid it splits up inta
ammouia and a-anilidopropionic acid, thus indicating its con-
stitution, which is expressed by the first of the following
formulie, while the second probably represents that of the phenyl-
hydrazidopropionic acid obtained from pyroracemic acid :

0\N~— ‘H/ C,H,NH—NH. CH/
N Neo,it \00 H

! Refusort, ibid, xvii, 1451,
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a-Phenylhydrazido-isobutyronitril, CH N, H, C{(CH,).CN, is
formed when the acetone cyanhydrin obtained by the action of
nascent hydrocyanic acid on acetone dissolved in ether, is heated
with phenylhydrazine. It is insoluble in water and crystallizes
from petroleum spirit in needles melting at 70°. Cold concen-
trated hydrochloric acid has no action on this compound ; when
" it is carefully dissolved in sulphuric acid and gently warmed, it
yields the anhydride of a-phenylhydrazidobutyric acid, which
forms white crystals, melting at 175°, readily soluble in acids and
gradually in boiling caustic soda. On the addition of acids to
the alkaline solution, the anhydride agein separates out ; it has
the following constitution :

AZO.DERIVATIVES OF BENZENE.

1075 Azophenylethyl, CH N, C,H,, is formed, as already
mentioned, by the oxidation of the symmetric ethylphenyl-
hydrazine (p. 278), and is a yellow oil which has a piercing
odour, volatilizes with steam, and distils at 175°—185° with
slight decomposition.

Azophenylnitro-cthyl, C;H N, C,H,(NO,), is formed by the
setion of sodium nitro-ethane on diazobenzene nitrate! and
crystallizes from hot alcohol in small rectangular plates melting
at 136°—137° with decomposition. If it be triturated with
alcoholic potash, the potassinm salt, C;H,N,0,K, + 4H,0, is ob-
tained ; it crystallizes in small orange-coloured plates and is
decomposed by hydrochloric acid with re-formation of azophenyl-
nitro-ethyl.

Azophenylnitro-propyl, CoH N, CH(NO,)CH,.CH,, has been
obtained from potassium nitropropane and diazobenzene nitrate ;
it crystallizes in broad, deep orange-coloured ncedles, readily
goluble in alkalis?

Azophenylnitro-isoprepyl, CsH N, C(NO,)(CHy),, is obtained
in a similar manner from nitro-isopropane, and is & non-volatile,
golden-yellow oil, which is insoluble in alkalis, and forms no
metallic compounds® The counstitutions of azophenylnitro-¢thyl

! Meyer and Ambahl, Ber. Dewtsch. Chem. Qe viii. 751, 1078,
3 Meyer, ibid. ix. 886, 3 Jbid. viii. 1076.
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and of the isopropyl-compound are expressed by the {ollowiug
formulee :

CHCH-N=NCJH,  CHy
NO, CHy” |

The fact that the latter forms no metallic compounds is readily
explicable (Vol. IIL, Part I, p. 188), while the behaviour of the
former as & dibasic acid is very singular. Several salts have
been prepared, all containing two equivalents of a metal, They
are probably tobe looked upon as basic salts, the formula of the
potessium compound being C;H,N,0,K + KOH + 3H,0. It
ts, however, rematkable that the normal salts have not been
obtained,

Azobenzene acclo-acetic acid, C;H, N, CH(CO,CHg)CO,H, The
ethyl ether of this componnd is formed by the action of diazo-
benzene nitrate on a solution of aceto-ncetic acid in caustic
potash.! In order to prepare it, sodium is dissolved in alcohol,
the necessary amount of aceto-acetic ether added, and the

cooled mixture treated with an agueous solution of diazobenzene
chloride :*

(l)H3 CH,
|
Cco Cco
| + CIN=NC,H, = |
CH.Na CHN==NCH; + NaCl
|
C0,.C,H; (E‘Oq_.C,HT

The ether is very readily saponified by warming with alkalis.
The addition of hydrochloric acid to the solntion separates the
free acid, which erystallizes from alcohol in small, golden-
yellow plates, melting at 154°— 155°. The potassium salt,
C\ H,N,O4K, forms small, light-yellow plates with a satin
lustre.

Azobenzene acelo-acetic ether, C,HN,CH(CO.CH,CO,C.H;,,
crystallizes from alecohol in hard, lustrous, honey-yellow prisms,
melting at 75° (Richter and Miinzer).

Azobenzene dimethylketone, CH, N, CH, CO.CH,. is formed by
warming the ether with alcoholic seda, as well as by heating the
Y Ber. Deutsch, Chem, Ges. x. 2075 1 Zublin, bid, xi. 1417,

2 Richter and Miinzer, 1bid. xvii. 1926,
VOL. IIE—PART 11l v
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free acid to 178°—180° It crystallizes from warm alcohol in
lustrous, leather-yellow prisms, and from hot water in fine, light~
yellow needles, which melt at 148°—149°, and have a peculiar
odour rendered specially noticeable on warming,

Nitro-azobenzene aceto-acetic acid, CH,(NO,).N,.CH.(CO.CH,)
CO,H. The ethyl ether is obtained by adding & dilute solution
of sodium nitrite to a well-cooled solution of orthonitraniline in
hydrochloric acid, allowing the mixture to stand for a consider-
able time and then adding an alkaline solution of aceto-acetic
ether. It crystallizes from alcohol in splendid golden-lustrous
plates, melting at 92°—93°. On heating it with caustic potash
the potassium salt is formed; this is decomposed by hydro-
chloric acid with formation of the free acid, which crystallizes
from hot aleohol in small, yellowish-brown plates resembling
mosaic gold, and formns yellow salts.

On heating with ammoniaand ferrous sulphate, it is converted
intoamido-azobenzene acclo-acetic acid, C;H (NH,)N,CH(CO.CHy)
CO,H, crystallizing from acetic acid in small, orange-red tablets
with a satin lustre, which melt at 157°, with evolution of gas
and partial blackening, and are changed by continued heating
at 100° into a black syrupy mass.

Nitro-azobenzene dimethyliztone, C;H,(NO,).N,.CH,CO.CH,,
is obtained by treating the ethyl ether with warm caustic soda,
or by heating the acid. It is best prepared by passing nitrous
fumes into a solution of orthonitraniline, dissolving the white
needles of orthonitrodiazobenzene nitrate thus obtained in water,
and adding an alkaline solution of aceto-acetic ether without
cooling. The product is freed from the nitro-azobenzene aceto-
acetic ether, which is formed, by alcoholic potash, and the ketone
is recrystallized from hot water ov alcohol. It crystallizes in
long, sulphur-yellow needles with a silky lustre, which melt at
123°—124°2

1076 Azabenzene, C;H N:-—=NC H,. Mitscherlich obtained this
compound by distilling nitrobenzene with alcoholic potash, and
named it nitrogen benzide? Zinin then showed that the first
product of this reaction is azohydroxybenzene, C,,H, N,O, which
decomposes on distillation with formation of azobenzene, aniline,
and other products3 Azobenzene is also formed, together with
combustible gases, aniline, ete., by heating nitrobenzene with

' Bamberger, Ber. Deutsch. Chew, Ges, xvii, 2415,
2 Pogg. Ann, xxxii. 224,
3 Jowrn. Peakt, Chem. xxxvi. 93,
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aniline,! or by treating it with acetic acid and an cxcess of iron.?
Alexejew has not been able to obtain it by this last method3
According to him and Werigo,! azobenzene is readily obtained
by acting upon an aleoholic solution of nitrobenzene with sodium
amalgam, or with zinc dust and caustic soda: ®

¢,H,NO, CH N
+ $H= I+ 4H,0.
C,H,NO, C.H, N

It is also formed when nitrosobenzene is heated with aniline
nitrate : ¢

CH,NH, + CH,NO = CHN=NCJH, + H,0.

It may also be obtained by the oxidation of aniliue liydro-
chloride with potassium permanganate (Glaser),’ amumonia and
oxalic ncid being also formed if the oxidation be carried on
in an alkaline solution?®

Schmidt has obtained it by the action of bleaching powder on
a solution of aniline in chloroform.’

In order to prepare it, caustic soda and zine dust ave added
to an aleoholic solution of nitrobenzene, and, when the reaction
is over, nitrogen trioxide passed in to oxidize the hydrazoben-
zene, Cy,H),N,, which is always formed (Alexejew). Azoben-
zene crystallizes from alcohol or petroleum spirit in yellowish-
red plates which melt at 68° and have a faint odour of roscs.
It boils at 203°, and its vapour has a sp. gr. of 6:53.!° On the
spontaneous evaporation of its solution in benzene, the com-
pound C I, (N, + C,H, separates out in long, thick, yellowish-
red prisms, which effloresce in the air If hydrochloric
acid gas be passed into a solution of azobenzene in carbon
disulphide, a yellow crystalline compound, (C,.H,,No),3HCI, is
formed ; the analogous hydrobrotnic acid componad is a car-
mine-red crystalline mass. Bromine, gradually added to a solu-
tion of azobenzene in ehilorofurm, forms the addition product

' Merz and Coray, Der, Dentsch, Chan. Ges, iv. £S1.
2 Nolle, Ann. Chem. Panrm. xeviii, 253,

3 Lell. Soe, Clnwe. [2], 1, 234,

4 dun. Chem. Pharm. exxxv, 176.

5 Alexcjow, Beilst, OUrg. Chim. 971,

8 Baeyer, Ber. Dealseh, Chem, Gey. vii. 1638,

7 Ano. Chem, Pharn. exhii. 365,

8 Hoagewerlf and Derp, Ber, Denlseh, Chemn, Ge %, 1936,
O Jouwrt, Prakt, Chem., [2], xviil, 196,

1 Hofmanu, Anu, Chem. Pharm, cxiv, 362.

" Schmidt, Fec, Thulsch, Chem, ties, v. 1106,
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CyHyoNoBrg, which separates out in large dark-red prisws.
All these compounds decompose in the air, leaving a residue of
azobenzene.!

1077 Substitution-products of azobenzene. These are either
formed by direct substitution, or by the oxidation of the ¢orrc-
sponding hydrazo-compounds.

Metadichl Meitingspoint.
beuz:n e";’” o orange-red needles 101°
Paradichlorazo- (- CizHsClaN, < yellow needles with R .
benzene? a silky lustre . 183°—184
Metadibromazo-
benzene} C.H.BrN hair-like needles . 125°5°
Paradibromazo- (" ~1" '8¢ 2 ] largeyellow needles 205°
benzene?
M(I:Jtadi-iodazo- 1 noedl
enzene, orange-red needles 150°
Paradi-todazo- CyHsLN, red scales . . . . 237°
benzene,!

Mononitro-azobenzene, C,Hy(NOpN,, is obtained by treating
azobenzene with fuming nitric acid® It crystallizes from alcohol
in small yellow needles, melting at 137° It is reduced by
ammonium sulphide to amido-azobenzene, but is split up by
the continued action of tin and hydrochloric acid into aniline
and paradiamidobenzene.”

Paradinitro-azobenzene, C, ,Hg(NO,),N,, is formed by the
action of warm nitric acid, and can readily be separated from
the preceding compound, since it is almost insoluble in cold
acetone. It crystallizes from glacial acetic acid in fine orange-
red needles, melting at 206°, and is slightly soluble in alcohol
and ether. Ammonium sulphide reduces it in the cold to
dinitrohydrazobenzene, on warming to diamidohydrazobenzene,
while it is split up by the continued action of tin and hydro-
chilorie acid into two molecules of paradiamidobenzene.

Metadinitro-azobenzene is a red oil, which is formed together
with the para-compound, and was not further investigated by
Gerhardt and Laurent. It dissolves readily in alcohol, ether

' Worigo, Anw. Chem. Pharm. clxv, 189,

* Laubenheimer, Ber. Deutsch. Chem. Ges. viii. 1625,

? Houmann, tbid. v, 813,

4 Gabriel, ibid. ix. 1407.

& Werigo, Ann, Chem. Fharm. exxxv. 178,

6 Laurent and Gerhardt, @bid. Ixxv. 73.

7 Janovsky und Erb, Ber. Deulsch. Chem. Ges, xviii. 1183,
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and acetone, and solidifies, after standing for some weeks at 15°
to an orange-red crystalline magma. On heating with tin and
hydrochloric acid it splits up into two molecules of meta-
diamidobenzene (Janovsky and Erb).

a-Trinitro-azobenzene, C H,(NOg,N,, is obtained by the
action of cold, fuming nitric acid on paradinitro-azobenzene. It
crystallizes from acetone in chamois-coloured needles with a
silky lustre, and from alcohol in long, sulphur-yellow needles,
fusing at 169° to a red liquid, which detonates violently on
further heating,

B-Trinitro-azobenzene is formed by the action of the warm
acid, and forms ecrystals with a silky lustre, less soluble in
aleohol than the a-compound, and melting at 180°,

- Trindtro-azobenzene, C H N, CH,(NO,),. Fischer obtained
this compound by the action of yellow mercuric oxide on a
warm alcoholic solution of trinitrohydrazobenzene. It crystal-
lizes in fine, dark-red prisms, melting at 142°)

Azobenzenenitrolic acid, C,H,\N,O, is formed by adding
aqueous ammonium sulphide to a hot alcoholic solution of
nitre-azobenzene, until the colour becomes olive-brown and a
permanent precipitate is formed, The compound separates out
on cooling in yellow flocks, crystallizing from alcolil in small,
brownish-red needles. It forms a decp bluc solution in cold
alcoholic potash, and in warm caustic potash solution, and is
reprecipitated by carbon dioxide. An alcoholic solution of
potassium ferricyanide oxidizes it again to nitro-azobenzene.

Netro-uzobenzenenitrolic acid, C\,Hy(NO,N,O, is obtained in a
similar mannner to the preceding componnd, paradinitro-azo-
benzene being employed, and crystallizes from acetone in lus-
trous, amber-coloured, monoclinic prisms, which have a blue
fluorescence, and melt at 218°, It readily dissolves in aqueous
alkalis and baryta water, forming splendid blue solutions.

Metadinitro-azobenzene gives an oily nitrolic acid, which also
dissolves in alkalis with a blie colonr.

Janovsky and Erb consider that the following formule
express the constitutions of these acids:

CH,N=NCHNOH  NO,CH, N=NCHNOH
CHN=NCHNOH  NO,CH, N=NCHN.OH.

v Aun, Chem, Pharm, cxe, 133,
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078 Azobenzencsulphonic actd, C,,H,N SO,H + 8H,0. Griess
obtained this compound by dissolving uzobenzene in 5 parts of
fuming sulphuric acid heated to 130°1 It is scarcely solubls
in dilute mineral acids, slightly in alcohol and ether, tolerably in
cold, and very readily in hot water, crystallizing in large, deep
orange-red plates, which lose their water of crystallization above
100°, and melt at 127°2 It forms salts which crystallize well
and are only slightly soluble,

Potassium azobenzenesulphonate, CysHN,SOK, is formed when
a solution of any potassium salt, except the sulphate, is treated
with & hot solution of the acid, and separates out on cooling in
large, yellowish red plates.

Azobenzenesulphonic acid is, therefore, a very strong acid,
decompesing even chlorides and nitrates,

Azobenzenesulphonie  chloride, C\,HN,SO,Cl, forms orange-
yellow warty masses, insoluble in water, and only slowly decom-
posed by boiling water3

Azobenzenesulphonamide, Cy HyN SO, NH,, is a powder, slightly
soluble in boiling alcohol.

Azobenzenedisulphonic acids, C\,H,N,(SO;H),. By dissolving
azobenzene in 5 to 8 parts of fuming sulphuric acid heated to
130°, and then keeping the temperature for two hours at 150°—
170°, two isomeric acids are formed, and can be separated by
means of their potassium salts,*

a-Azobenzenedisulphonic acid crystallizes with one molecule of
water in deliquescent, red, eoncentrically grouped needles ; the
potassium salt, 2C,,H N, (SO,K), +-5H,0, forms red prisms,
slightly soiuble in cold, readily in hot water.

The chloride, C\,H,N,(SO,Cl),, crystallizes from ether in small,
brownish-red needles, melting at 220°—222°; and the amide,
C s HgNy(80. NH,),, forts yellowish-red needles or small plates
which do not melt below 300°.

If the hot, concentrated solution of the potassium salt be
treated with stannous chloride, a-hydrazobenzenedisulphonic acid,
C,.H (Ny(SO.H),, is formed, and crystallizes in transparent,
lustrous tablets, containing water of crystallization.

B-Azobenzenedisulphonic acid forms a syrup; its potassiuin
salt, 2C,,H N, (SO4K), -+ 5H,0, is exceptionally soluble in water,
and crystallizes from alcchol in decp-yellow needles.

' Ann, Chem, Pherm. cliv, 208, 2 Janovsky, Nounateh, Chen. ii. 221
3 Skandarow, Zeitsehr. Chem. 1870, 613,
4 Limpricht, Ber, Deutsch. Chem, Ges. viv. 1256,
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The chloride crystellizes froni ether in fine, red needles, melt-
ing at 123°—125°, and the amide forms yellowish needles, melting
at 238°.

No B-liydrazobenzenedisulphonic acid could be obtained by
treating the potassium salt with tin and hydrochlorie acid.

Meta-nzobenzenedisulphonic acid. Claws and Moser obtained
this compound by the action of sodiwin amalgam on a solution
of sedium metanitrobenzenesulphonate ;! it may be more readily
obtained by using zinc dust and caustic potash? The free acid
crystallizes in pale-yelow, deliquescent, monoclinic prisms, con-
taining three molecules of water; it forms yellow to dark-red
salts.

The potassium salt crystallizes in yellowish-red ncedles, which
are sometimes anhydrons and sometiies contain water,

The chloride separates from ether in ruby-red needles, and
melts at 166°, while the amid: crystallizes from alcohol in yellow
needles, melting at 295°,

On reduction the acid yields melahydrazobenzenedisulphonic
acid, C,oH,(Ny(SOH),, erystallizing in fine, colourless, mono-
clinic prisms, scarcely soluble in alcohol and ether, slightly in
cold, and somewhat more readily in warm water,

Para-azobenzenedisulplonic acid is formed by the oxidation of
sulphanilic acid with potassium permanganate in the cold. The
potassivm salt, 20, H N, (S0,K), + 5H,0, is thus obtained in
red crystals, slightly soluble in water® The amide crystallizes
from hot water in yellow tablets, melting at 176° (Marenholz
and Gilbert).

1079 Azoxybenzenc, C,,H) N0, is, as alveady mentioned, the
first product of the action of caustic potash or sodium amalgam,
in presence of alcohol, on nitrobenzene :

)

N\
Gl CoH, N+
+6H = | >0+ 3H,0.
0 CH, N
cHNS
N0

It is also obtained by oxidizing azobenzene, dissolved in acetic
acid, with chromic acid,* as well as, together with azobenzene, by

v Ber. Drntseh. Chem, Ges. xi. 162,
* Marenholz and Gilbert, Ana. Chem. Pharm. ccii. 351,
3 Laar, Journ. Prakt, Chem. [2], xx. 2684, 4 Petriew, ibid, vi 557,
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the action of potassium permanganate on aniline hydrochloride
(Glasger).

Methyl alcohol is used in its preparation instead of ethyl
alcohol, as the oxidation products of the latter seem to take
part in the reaction and form black masses, which were found by
Mitscherlich and Zinin to consist of the salts of coloured acids.

Ten parts of sodium are dissolved in 230 parts of methyl
alcohol, the solution mixed with 30 parts of pure nitrobenzene,
and the whole allowed to boil gently for 5 to 6 hours,in an
apparstus connected with an inverted condemser. The liquid
becomes coloured brownish-red, but, if pure nitrobenzene has
been used, remains perfectly clear, the reaction proceeding
according to the following equation :

4C,H,NO, + 3CH,0Na = 2C,,;H,)N,O + SHCO,Na, + $SH,0.

The alcohol is then distilled off, the residue of sodivm formate
and azoxybenzene extracted with water, ond the azoxybenzene
allowed to crystallize out ; the yield amounts to 90 to 92 per
cent. of the theoretical.!

Alexejew obtained it by the action of sodium amalgam on an
alcoholic solution of nitrobenzene, kept acid by acetic acid.
According to Moltschanowsky, 87 per cent. of the theoretical
yield is obtained.?

Azoxybenzene is insoluble in water, but readily soluble in
alcohol, and crystallizes in long, yellow, rhombic needles, or, on
the gradual evaporation of its ethereal solution, in prisms an
inch in length. It fuses at 36°to a yellow, strongly refractive
liquid, which solidifies on cooling in a radiating mass (Zinin).
If small quantities are carefully heated, it volatilizes undecom-
posed ; when larger quantities are distilled, & portion decom-
poses into azobenzene and aniline, carbonized products being
formed. By the addition of three parts of iron filings, the yield of
azobenzene is increased to 725 per cent., aniline and decomposi-
tion products being also obtained. This behaviour adapts it
for the preparation of azobenzene® While azoxybenzene in
alkaline solution is reduced by sodium amalgam to azobenzene
and hydrazobenzene, the greater portion of it is converted by
stannous chloride, in an acid alcoholic solution, into aniline
(Schmidt and Schultz). On heating with concentrated sul-

! Klinger, Ber. Dentsch. Chem. Qes. xv. 865. See also Moltschanowsky, ibid.
xvi. 81.

* Ibid. xv. 1575,

3 Schmidt and Schinlts, Licbig’s dnn. ecvii. 329.
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phuric acid it is converted into the isomeric hydroxyazoben-
zene :1

NCH, NCH,

|

S
\NCH,  NCHOH.

Substitution products of Azerybemzens. The halogen com-
pounds are obtained from the substitution products of mitro-
benzene, just a8 azoxybenzene is obtained from nitrobenzene.
They are converted by reduction into substituted hydrazo-
benzenes, and these again by oxidation into substituted azo-

benzenes. The nitro-compounds are formed by the nitration of
azoxybenzene,

0

Melting-
polut.
Metadichlorazosy- flat long ochre-
benzene 2 CHCLN,0 colouved needles 97
Paradichlorazoxy- 137872 Jlight  yellow
benzene? peedles . . 155°
Metadibromazoxy- light yellow
benzene,* C.H.Br.N.O { broadprisms111—1115°
Paradibrotnazoxy- 1275502 ) small yellow
benzene, { plates . . . 175°
Met.agi-iodaz%xy- 3 flat yellow
nzene, needles . . —
Paradi-iodazoxy- % Cy,H,L.N.O light yellow
benzene plates . .199—1995°
Orthgr;itro-azgxy- l yellow prisms or
nzene,’ needies . . 49°
Paranitro-azoxy- S C.H,(NO)N,0 lightyellowhair-
benzene,” like ncedles . 153

Meta-azovyhenzenedisulplonic acid, C,HSOH),N,0, is
formed by heating metaunitrobenzenesulphonic acid with aleoholic
potash. It is readily soluble in water and alcohol, and forms
microscopic yellow needles inelting at 125°. Sodium amalgam
reduces it to meta-nzobenzencdisulphonic acid, and stannous
chloride to the hydrazo-compound®

' Wallach and Belli, Ber. Deutsch. Chem, Ges. xbi, 525 ; Wilsing, Aun. Chem,
Pharm, cexv, 218,

2 };\\:i‘bcnheimcr, Ber, Deutsch. Chem, Ges, viil. 1623,
3 Ih
4 Gabriel, thid. ix, 1405,

5 Hofnlann and Geyger, @id. v, 810 ; Werigo, Am. Chemn, Pharm. clxv. 198,
¢ Gabriel,

7 Zinin, Aan, Chem. Pharm, exiv. 218,

¥ Bruunermann, ibid, ccii. 340.
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1080 Hydrazobenzene, C\,;H,,N,. Hofmann obtained thiscom-
pound in 1863 by the reduction of azobenzene with ammonium
sulphide :

CH,N C,H, NH
s 5{\5 FHS= 0 5| L8,
OUHG

CH,NH
In order to prepare it, an alcoholic solution of azobenzene or
azoxybenzene is boiled with zinc-dust until it has become
colourless, filtered, and precipitated with water (Alexejew). It
is slightly soluble in water, readily in alcohol, and crystallizes in
colourless tablets, smelling like camphor, and melting at 136°.
On distilletion it decomposes into aniline and azobenzene

2C,H,N, = C,H, N, + 2CH,N.

On oxidation it is readily reconverted into azobenzene; in the
damp state, therefore, 1t becomes coloured in the air, and its
alcoholic solution readily absorbs oxygen.
Hydrochloric or sulphuric acid converts it into benzidine:
CH,NH C,H, NH,

C,H, NH C,H,NH,

The product thus obtained is & mixture of two isomeric diamido-
diphenylenes. It is also formed by passing sulphur dioxide
through an aleoholic solntion of azobenzene:

CH,N C,H,.NH,

| + 2H,0 + SO, = + H,S0,
J\J o : é,,H,‘ NH, *

When azobenzene is heated with a considersble excess of acid
ammonium sulphite and alcohol, the ammonium salt of amido-
diphenylsulphamic acid is obtained; this is converted by sul-
phuri¢ acid into benzidine, and has, therefore, the following
constitution : 2

C.H.NH,

. H, NH(SO,H).
These compounds will be described under diphenyl.

v Jahresh, 1883, 424,
* Spiegel, Ber, Deutsch. Clem. Ges, xviii. 1478,
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Diucetylhydrazobenzene, C\H,(NCH,0),, is formed by boiling
hydrazobenzene with acetic anhydride, and forms large, thick,
yellow, vhombic crystals, slightly solublo in cold water, more
readily in hot, and readily in alcohol (Schmidt and Schultz).

Substitulion products of lydrazobenzene arve obtained by the
reduction of the substituted azobenzenes or azoxybenzenes, as
well as from the substituted nitrobenzenes. Monesubstitution
products have not yet been obtained,

Meltiug-
point.

Mc:adichlorohy- crystals resembling
drazobenzene,! gypsum. . . . 04°
Parad ichlorohy- s CrHy CLN, l
drazobenzene? crystals . . . . 128
Metadibromohy-
drazobenzene? C,.H,Br,N short thick prisms 107—109°
Pum(hbromohy S 1ot
drazobeunzenc* fine needles , , .  130°
Metadl-lodohy- Y gsphcncal aggrega-
drazobenzene? tion of crystals . 89—90°
P'v.radl-lodohy-
drazobenzene? flat meedles . . . —
-Dinitrohydra-

oy }cuﬂm(xogz;\;{yellow ncedles . .  220°

Trinitrohydrazobenzene, C,,H(NO,),N, Fischer obtained

this compound by the action of picryl chloride on phenyl-
hydrazine :

O, H,NH -~ NH, + CH,CI(NO,), = CH,NH— NHC,H,NO,),
+ HCL

It crystallizes from glacial acetic acid or acetone in short, dark-
red prisms, which melt at 181° with evolution of gas, and
deflagrate when more strongly heated. Mcrcuric oxide con-
verts it, in alcoholic solution, into «y-trimitro-axobenzene (p.
293).7

a-Diamidohydrazobenzene, CyH,o(NH,),N;. Gerhardt and
Laurent prepared this substance by boiling paradinitro-azoben-
zene with alcoholic ammonium sulphide; they gave to it the

¥ fanbenhenner, ibid, viii. 1621,

2 Hofmann, ibid. v, 818 ; Calmx and Heumann, bid. xiii. 1181

3 Galbyiel, 161, ix- 1405,

: Wonmo, Ann. Chem. Pharm, elxv. 192; Cahn and Heunyum.
Gabri l

¢ Julie Levmontow, Ber, Dewtsch. Chem, Ges, v, 231.

¥ Aun. Chem. I’Imrm. exe. 132,



300 AROMATIC COMPOUNDS,

formula, C,oH,(NH,),N,, and named it diphenine, Julie Ler-
montow subsequently showed that when dinitro-azobenzene is
treated with ammonium sulphide in the cold, dinitrohydrazo-
benzene is formed, and that this is converted into diamidohydra-
zobenzene by warming with the sulphide. It isslightly soluble
in cold, more readily in hot water, and forms a yellow crystalline
powder, melting at 145°. It is converted into paradiamido-
benzene by heating to 100°in a sealed tube with ammonium
sulphide, and into quinone by oxidation with manganese dioxide
and sulphuric acid. Its hydrochloride, CH, N (NHCI),,
crystallizes in red scales, slightly soluble in water.

B-Diamidohydrazobenzene. Huarhaus obtained this compound
by the action of sodium amalgam on an alcoholic solution of
metanitraniline, and samed it hydrazo-aniline! Jt may be
readily prepared by the reduetion of metanitraniline with zine
dust and alcololic potash? and is slightly soluble in water,
readily in alcohol, and erystallizes in golden-yellow needies,
melting slightly higher thau 140°. On heating to 100° with
ammoninm sulphide it is converted into pardiamidobenzene
(Lermontow), Its hydrochloride crystallizes in small golden-
yellow plates.

" HYDROXY- AND AMIDO-DERIVATIVES OF AZO-
BENZENE.

THE AZO-DYES.

1081 All azo-compounds are coloured. but only those which
contain an amido- or hydvoxyl-group are dyes. In 1876 the only
azo-dyes in use were amido-azobenzene, or aniline yellow, and
trismido-azobenzene, or phenylene brown. Since that time,
however, & large number of azo-dyes has been discovered
through the labours of Caro, Griess, Poirrier, Witt, and others,
and, owing to their simple formation from the numerous amido-
compounds and phenols, they have come into very general use.

The simplest compound of this class is aniline yellow or
amido-azobenzene, obtained by the action of aniline on diazo:
benzene chloride; diazo-amidobenzene is first formed, and is
converted, in presence of aniline, into amido-azsbenzene :

CH N=N.NH.C,H, = CH,N=N.C,H,NH,

Y Aun. Chem. Pharni. exxxv, 164,
? Limpricht, Ber. Dewtsch. Chem. Ges. xviii. 1403,
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When potassium phenate is added to diazobenzene nitrate,
hydroxyazobenzene is directly obtained :

CHN=N.NO, + CH,OK = C;H,N=NC,H,0H +KNO,

The formation of an intetinediate diazohydroxy- or diazo-
amido-compound has not been observed in the preparation of
this and other azo-dyes, Among the diamido-compounds only
those of the meta.series form colouring matters. Metadiamido-
benzene combines with diazobenzene chloride, diamido-azoben-
zene or chrysoidine being formed :

CH N=NCi + CH,(NH,),=CHN=NC H(NH,), +HCL
Metadihydroxybenzene or resorcmol yields metadihydroxyazo-
benzene, CH N=—=CH(OH),.

According to Witt's proposal, the dyes obtained from meta-
diamido-compounds are called chrysoidines, and those obtained
from metadihydroxy-compounds, chrysoins) The colour of these
compounds is darker the higher the molecular weight; thus
amido-azobenzene is yellow, dismide-azobenzene orauge, and
triamido-azobenzene brown.

If paradiazobenzencaulphouic acid be used instead of a
dinzo-salt, the sulphonic acids of the azo-dyes are obtained ;
these arc called #ropacoling, because the shades of colour which
they produce resemble those of the flowers of Tropacolum majus.
They are distinguished in trade according to their shades as
Tropacotin ¥ (yellow), Tropacolin O (orange), and the deeper,
redder ones as 00, 000, ete*

These sulphonic acids may also be ebtained by the action of
sulphuric acid on the azo-dyes.

When nitrogen trioxide is passed into an alcoholic solution of
amido-azobenzene hydrochloride, a diazo-compound

CH N=NCH N=NC],

is formed, and this is converted by aniline into an amido-
azo-compound, CHN—=NCHN=—NCH NH, which is a
colouring matter. Similar reactions with other amido- and
hydroxy-compounds, as well as with their sulphonic acids, lead
to the bailding up of very complicated azo-dycs.®

Among these numerous compounds those derived from
naphthalene are of special importance, but only these of the
benzene group will be described af present.

' Ber. Dentecli. Chent. Ges. x. 654. 2 Witt, tbid. xii. 258.
3 Cara and Seliraube, ihid. x. 2230.
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At first only the water soluble sulphonic acids were com-
mercially employed as dyes, since the application of the spuri¢
soluble colouring matters was prevented hy practical difficulties
these have now been overcome, it having been found that the azo-
compounds combiue with acid sodium or ammonium sulphite to
form soluble compounds, decomposed by steaming or by the
action of alkalis, and that the dye can thus be fixed directly on
the fibre.!

The sulphonic acids give analogous compounds, which form
yellow solutions when the azo-dye has a red colour,and red
solutions when they are derived from blue colouring matters,
All these sulphite-compounds are characterized by a great power
of crystallization, and their crystals possess in greater or less
degree a dark colour and metallic lustre; shice, as already
mentioned, they readily decompose with formation of the
original colouring matter, they do not correspond to the
amidodiphenylsulphamic acids (p. 208), but are addition-products
of the general formula :2

X—N—H
|
Y—N—SO0,Na.

1082 Hydrowyazobenzene, CgH N,.CH OH. Griess obtained
this substance, together witl: plenolbidiazobenzene (p. 304), by the
action of barium carbonate on diazobenzene nitrate, and named it
phenoldiazobenzene? He then found that the same compound
is formed when azobenzenesulphonic acid is fused with caustic
potash,* while Kekulé and Hidegh prepared it by the action of
potassivm phenate on dinzobenzene nitrate® It mayalso be
obtained by heating the isomeric azoxybenzene with sul-
phuric acid (Wallach and Belli)® To prepare it, 30 grms. of
potassium nitrite dissolved in 4 litres of water are added to 20
grms, of phenol and 20 grms. of aniline nitrate dissolved in 2
litres of water, the mixture allowed to stand for two hoeurs, and
the precipitate filtered off. On treatment with ammouin a
resinous substance remains undissolved and is separaied by
filtration, the filtrate being then precipitated with hydrochloric
acid.”

! Caro and Schraube, Ber. Denlsch. Chem. Ges. xvii. refl. 452, xviii. rel. 10
wn 89xegel thid. xviil. 14789, 2 Ann. Chem, Pharm. cxxavil. 84.

Jbid, eliv. 208, > Ber. Dewdsch. Chewt. Ges. iil. 324,
" Ioid. xiii. 525 ¥ Mazzars, Jahresh. 1879, 465.
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Hydroxyazobenzone is slightly soluble in water, readily in
alcohol, and crystallizes in yellowish-red rhombic prisms, melting
at 152°—154°, It readily dissolves in alkalis and forms metallic
salts. The silver compound is a ycllow precipitate which
detonates at 100°.

a- Hydroeyazobenzenesuéplonds acid, CH, (SO, H)N,CH OH,
is formed when hydroxyazobenzenel or more simply azoxy-
benzene? is heated to 100°—110° with 5 parts of fuming
sulphuric acid until & small portion is completely soluble in
water. Ondilution with water the monosulphonic acid separates
out after twenty-four hours, while the di- tri- and tetrasulphonic
acids remain in solution.

1t forms small, reddish plates with a metallic lustre, which
are readily soluble in water and alcohol. The potassium salt,
C.H,(SO,K)N,CH,.OH + H, crystallizes in small, yellowish-
red, lustious plates or flat necdles, tolerably soluble in cold,
readily in hot water. When it is reduced with stannous chloride
no anilineis formed, whenceit follows that the sulpho-group and
the hydroxyl are not situated in the same benzenc nucleus.

B- Hydrowyazobenzencsulphonic acid, C,H,(SO,H)N,C.H,.0H, is
obtained by dissolving 1 part of phenol in 10 parts of o 10 per
ceut. solution of caustic potash, and adding the corresponding
amount of diazesulphanilic acid. The yellowish-red solution is
saturated after sorue time with acetic acid, the potassinm salt,
C,H,(SO,K)N,C,H.OH, being thus preeipitated in small, an.
hydrous, lustrons plates® which are still less soluble than those
of the isomeric compound {Wilsing). The acid, which is obtained
from the salt, crystallizes in yellowish-red prisins, having & blue
surface lustre, which are readily soluble in pure water, but only
slightly in acidulated water. It is split up by the action of tin
and hydrochloric acid into sulphanilic acid and paramidophenol.

The sodium salt, C,H (SO,Na)N,CH, OH, occurs in cornmerce
under the name of Zropacolin Y, as a pale yellow powder, which
has not much value as a dye.

y-Hydroxyazobenzenesulphonic actd, CH (SO0,H)N,C,H OH.
Qriess obtained this substance by the action of metadinzoben-
zenesolphonic acid on an alkaline solution of phenol. It is
readily soluble in water and crystallizes in long, narrow, pent-
agonal plates having a violet surface lustre.  Tin and hydrochloric

' Pschirwinsky, Ber, Dowtsele, Chent, Ges, vi. 560,
*? Wilsing. Aure. Chem. Pharus. coxv. 228,
¥ Griess, Ber. Dentseh, Chem, g, xi. 2191,
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acid decompose it into metamidobenzenesulphonic acid and
paramidophenol. The potassium salt, C,,HyN,SO.K, crystallizes
in long needles.

8- Hydrozyazobenunesulphonic acid, CgH,N,C.H, (30,H)OH, is
obtained by the action of diazobenzene nitrate on an atkaline
solution of phenolorthosulphonic acid, and is precipitated by
strong hydrochloric acid from a concentrated aqueous solution,in
small, lustrous yellow plates. On the gradual evaporation of its
solution it is also deposited in large, cherry-red, rhonbic tablets
or prisms. On reduction it yields aniline and amidophenolsul-
phonte acid.

The potassium salt, C,,H,N,SO,K, forms small, narrow,
lustrous plates or needles (Griess).

Plenolbidiazobenzene, C\gH,;N,O. This name has been given
by Griess to & compound wlich he obtained, together with
hydroxyazobenzene, by the action of barium carbonate on
diazobenzene nitrate. It isalso formed liy treating dinzebenzene
chloride with caustic soda, or by adding dinzobenzene nitrate to
an alkaline solution of hydroxyazobenzene,! and crystallizes
from hot alcohol in brownish red needles or small plates, which
melt at 131° and have a metallic lustre. It is split up by
the action of tin and hydrochloric acid into aniline and dianido-
phenol,2 CH(NH,),0H (4:2:1). It must therefore have the
following constitution :—

N—NC,H,
HO.CGH,,< ("
N=NCH,

Caro and Schraube?® obtained an isomeric compound by the
action of potassium plenate on tle diazo-compound of amido-
azobenzene, concerning which they only state that it is split up
by nascent hydrogen into aniline, paradiamidobenzene, and
paramidophenol :

CHN=NCH,N-=NC;H,OH.

1083 Dihydrozyazobenzencs, C HN,(OH), According to
theory twelve isomerides can exist, six containing the hydroxyls
in the same benzene nucleus, and six containing one hydroxyl
in each nucleus. The latter, termed azophcnols, arc obtained
by fusing the nitrophenols with caustic potash.!

U Griess, Rer. Deulseh, Chem. Ges. ix. 627.
2 Perey Frankland, Jowrn. Chem. Soc. 1880, i. 751,

* Ber. Denlseh. Chemt. Ges. x. 2230.
* Benedikt and Weselsky, Aun. Chent. Pharm. exevi. 339.
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Ortho-azophensl, CH(OH)N,CH OH, crystallizes in small,
golden, lustrous plates, melting at 171°, and subliming with-
out decomposition. It is insoluble in water, slightly soluble
in alcohol and readily in ether; it forms a yellow solution in
the alkalis.

Para-azophenol is formed by adding a solution of potassium
phenate to diazoparaphenol nitrate, as wefl as by the action
of caustic potash on nitrosophenol! It is slightly soluble in
water, readily in alcohol, and forms light-brown triclinic prisms,
melting with decomposition at about 204°,

Metadilydroryazobenzence, Phenylazoresorcinol, or Resoreinolazoben
zene, CHN,C;H (OH),, is obtained by the action of diazobenzene
nitrate on an alkaline solution of resorcinel ; it crystallizes in
red needles, which melt at 168°, and are readily soluble in alcohol
and alkalis?

Drlydroxyazobenzenesulphonic acid, CH (SO )N CH(OH),,
is formed by the saction of fuming sulpburic acid on the
preceding compound, as well as by that of paradiazobenzene-
sulphonic acid on an alkaline solution of resorcinold It is
slightly seluble in cold, somewhat more readily in hot water and
in alcohol, and crystallizes iu small, ruby-red, pointed rhombic
plates with a steel:blue surfacc-lustre. 1t is split up by the
action of tin and hydrochloric acid into sulphanilic acid and
amidoresorcinol.

The acid potassium salt, C;H (SO,K)N,C,H,(OH),, crystal-
lizes in small, yellowish-red, rhombic plates; botl: it and
the corresponding sedinm salt occur in commerce under the
vames Tropacolin O or R, Chrysoin, &c.; it is chiefly used,
in combination with other dyes, for olive-greens, chestnut.
browns, &e.

Phenyldisazoresorcinol, or Resorcinoldisazobenzene,

(CoHN,)C,H, (OB,
is obtalwed in the preparation of phenylazoresorcinol; it is
ouly slightly solublc in alcoliol, aud crystallizes in broad, red
necdles, which melt at 220°—222° and form a brownish-yellow
solution in alkalis or sulphuric acid. On reduction with tin

and hydrochloric ncid it yiclds diamidoresorcinol and aniline
{Licbermann and Kostanccki).

t Jaeger, Bar. Dentach, Chem. Ges. viil. 1499,

? Baeyer and Jueger, ibid. ix. 151; Typke, ihid. x. 13768 Lichermann and
Kostanecki, #id. xvii. 880.

3 Griess, iid. xi. 2195.
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a-Lesorcinoldisazobenzene is formed, together with the §- com-
pound, by the action of diazobenzene chloride on an alkaline
solution of phenylazoresorcinol :

C,H,N=NCH,(OH), + C;H,N=NCI

COHS N_N o HCL
oy SO
It is slightly soluble in alcohol and ether, more readily in chloro-
form, and crystallizes in brownish red, matted needles melting
at 213~ 215° it forms & bordeaus-red solution in caustic soda,
and colours sulphuric acid a pure red.

B-Resoreinoldisazobenzene is a red erystalline powder, insoluble
in caustic soda ; 1t dissolves in alcoholic potash with a brownish
red, and in sulphuric acid with an indigo-blue colour?

Benzenedisazobenzeneresorcinol, or  Azo-azbenzeneresorcinol,
CeH N=NCH,N—=NCH,(OH),, is obtained in two isomeric
modxﬁcatxons bv dissolving equal molecules of amido-azobenzene
and resercinol in aleohol, adding sufficient acetic acid, and treating
the well-cooled liquid with an aqueous solution of one molecule
of sodium nitrite, the mixture being well agitated. The a-
compound is & brownish red crystalline powder, soluble in
alcohol, and melting at 183°-184°. It dissolves in aqueous
alkalis and in concentrated sulphuric acid with a carmine-red
colour.

The B-compound is also a brownish red powder, which takes
a metallic lustre when rubbed, melts at 215°, and is insoluble in
alcohol and aqueous alkalis; it dissolves in alcoliolic potash with
a bluish violet, and in sulphuric aecid with a pure deep blue
colour (Wallach and Fischer).

1084 Ainido-azobenzene, CH,N==NC,H,NH,. In the year
1863 the firm of Simpson, Maule, and Nicholson brought into
the market a new dye called aniline-yeliow, obtained by the
action of nitrous acid on aniline? Martius and Griess found
that this was the oxalate of a base, which they named amido-
diphenylimide, C,;H,, N, At thesame time Kekulé showed that
this body is formed by a molecular change from the isomeric
diazo-amidobenzene when the latter is allowed to stand in contact
with an aaniline salt,and must therefore be considered as amido-
azobenzene ;¢ this observation was confirmed by Schmidt, who

! Wallach and Fischer, Ber. Deulgeh. Chem. Ges. xv. 2818,

$ Méne, Jakresh. 1861, 496.
3 Zeitach. Chem. 1866, 132, 4 1bid. 1866, 689.
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obtained the samesubstance bythe reduction of nitro-azobenzene.!
It is also formed by heating an aniline salt with sodium stannate.?
To prepare it, 2 parts of aniline hydrochloride are gradually
mixed with an aqueous solution of 1 part of sodium nitrite, the
temperature not being allowed o rise above 60°. After some
time an excess of hydrochloric acid is added, and then water, the
amido-azobenzene separating out, while the excess of aniline
remains in selution and may be recovered?

Amido-azobenzene is scarcely soluble in water, but readily in
alcohol, and crystallizes in yellow rhiombic needles or prisms,
melting at 127>4. It boils above 300° without decomposition,
is oxidized by manganese dioxide and sulphuric acid to quinone,
and reduced by nascent hydrogen with formation of aniline and

paramidobenzene ; its constitution is, therefore, represented by
the following formula:

<__/> N=N <M>L\YH2‘
Amido-azobenzene is a weak monacid base, and its salts are
readily deccomposcd by water.

Awido-azobenzene hydrochloride, C\,H, N,.CIH, ecrystallizes
from a slightly acid, boiling, saturated solution in lustrous,
bluish violet necdles or scales. This salt, or the oxalate, forms
the commercial aniline-yellow; it dyes wool and silk a fine
yellow, but, as it is volatile in steam, is not much employed
for dyeing goods; it is, however, used for the preparation of
other dyes.

Amido-azobenzencsulphonic acid, C,H (SO;H)N=NCH, NH,,
is obtained from sulphavilic acid by converting this into
paradiazobenzenesulphonic acid by means of sodium nitrite and
hydrochloric acid, adding aniline, removing the excess of the
latter by hydrochloric acid, and precipitating the sulphonic acid
with common salt. It is also prepared by treating amide-
azobenzene with strongly fuming sufphuric acid, and washing
the product until it is frec from sulphuric acid* The substance
thus obtained, which contains the disulphouic acid,® oceurs com-
mercially as a paste, under the names Acid-yellow or Echtgelb,

Y Ber, Dewlsch, Chem. Ges. v. 480,
t Schill, Ann. Chem. Pharn. exsvii. 346,

3 Gritssler, Dingl. Polyt. Jowrn. cexxvii. 192: Thomas and Witt, Jour.
Chan. Soc, 1883, 1. 112.

4 Grissler, Chem. Ind. ii. 48, 346 {ii. 171.
% Nietzki, Ber. Dentseh. Chem. Ges. xiii. $00.



308 AROMATIC COMPOUNDS.

and is used as a yellow dye for wool and silk; it is also
cmployed in the preparation of Biebrich scarlet, a colouring
matter which will be described under naphthalene,

Methytamiido-azobenzene, CH N, C,H,N(CH)H, is obtained
by heating amido-azobenzene with methy! iodide; it crystallizes
in brick-red needles melting at 180°; its hydrochloride forms
violet needles!

Dimethylamido-uzobenzene, CqH N, C;H N(CH,), Griess ob-
tained this substance by the action of dimethylaniline on a
diazo-salt.2 It is also formed when equal molecules of the
hydrochlorides of aniline and dimethylaniline are dissolved
in water and treated with an alkaline solution of sodium
nitrite:8

CoH, NH,Cl + CH, N(CH,),HCl + NaNO, + NaHO =
CH, N, C,H,N(CH,), + 2NaCl + 3H,0,

It may also be prepared by the action of methyl iodide on
the preceding compound ; it crystallizes in small yellow plates
melting at 115°,and its hydrochloride forms purple-red, hair-like
needles.

Thecorrespondingsul phonicacid, C,H,(SO,H)N,C HN(CH,),,
is obtained by the action of dimethylamline on paradiazo-
benzenesulphonic acid, as well as by dissolving dimethylamido-
azobenzene in fuming sulphuric acid containing 30 per cent. of
sulphur trioxide, allowing the solution to stand for twenty-four
Lours and precipitating with water (Mshlau). Hydrochloric acid
precipitates it from a boiling alkaline solution in microscopic
needles, which soon change into small, strongly-lustrous, vielet
plates or prisms (Griess). It forms a solution in concentrated
sulphuric acid with a yellowish-brown colour, which on dilution
becomes o splendid red.

The ammonium saft occurs in commerce under the names
Golden-orange, Helianthin, Tropaeolin D, and Orange III., and
is used for dyeing wool and silk. Its aqucous solution, even
when dilute, has a dark, reddish yellow colour, which is changed
by the slightest quantity of frec acid into a light red; it is
therefore used instead of litmus in titrations, its solution being
much more stable and more sensitive towards acids.*

* Botju, Ber, Deutsch. Chem. Ges. xvii. 1400.

% lbid, x. 528.

3 Mahlan, Ber. Daulsch, Chem. Ges, xvii. 1490,
4 Lunge, xi. 1941
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Phenylamido-azobenzene, CH,N,C,H,NH(CH,), is formed by
the actionof diphenylamine ondiazobenzene chloride in aleoholic
solution. It is readily soluble in alcohol and ether, and crystal-
lizes in small, golden-ycllow, lustrous plates or fine prisms,
melting at 82°. Analcoholic solution is first coloured a splendid
violet by acids, and then depeosits the salts in grey crystals. This
compound dissolves in concentrated sulphuric acid with a green
colour, which is converted into indigo-blue, and then into
reddish violet by the addition of water.

Phenylamido-azobenzenesulphonic acid, C,H (SO H)N ,C,HNH
(C,Hy), is obtained by acting on paradiazobenzenesulphonic
acid with diphenylomine, and crystallizes in grey, hair-like
needles with a steel.blue lustre ; it is only shgbtly soluble in
water, forming a light-red solution, but somewhat more readily
in alcohol and acetic acid. The potassium salt, CH, N,SO,K,
occurs in commerce as Trepacilin 00, Orange IV, or Orange N.
It is only slightly soluble in cold, but readily in lot water, and
crystallizes in flat, dichroic needles, generally arranged in the
shape of a fan, which appear light- and dark-golden-yellow, and
are often an inch long! Small quantities of the mineral acids
diminish its solubility ; its slightly acid solution dyes silk and
wool o fiery golden-yellow. This trepaeolin is, like helianthin,
an cxcellent indicator for titrations, since its solution is coloored
red by the slightest excess of a free acid, while carbon dioxide
and sulphuretted hydregen produce no change.?

1085 Asymmetric diamido-azobenzene, CHNCH,(NH,),,
was prepared almost simultaneously by Care and Witt;3it is
obtained by the action of metadiamidobenzene on diazobenzene
chloride ; it is slightly soluble in water, readily in alcohol, ether,
&c., crystallizes in fine yellow needles, melting at 117°5, and is
split up by reduction with stannous chloride into aniline and
1:2: 4 triamidobenzene. Its constitution is, therefore, expressed
by the following formula :

..NHZ'
=N\
7 __
It is a monacid base ; its hydrochloride, C,,H,,N . HCI, occurs
in commerce under the name of Chrysoidin, and forms lustrous

! 'Witt, Ber. Deutsch. Chem. Gres, xii. 238,
2 v. Miller, ¥bid. xi 460 ; Danilewski, #bid. xiv. 113 ; Tropacolin OO0 or
naphtholuzobenzene.sulphonic acid, C,oHgOH)N,.CiH,.50,H, behaves in a

Jrecisely opposite manner, since it is turmed red by ‘alkalis, aud is & most delicate
veagent for these.

S Ber. Deatsck. Chem. Ges. x. 888.

7
N
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needles, greenish black by reflected light and deep-red by
transmitted light, which form a brownish red solution in water.

Chrysoidin dyes wool and silk orange-red; it absorbs the
chemically active rays of the spectrim to a very large extent,
and is thercfore used, dissolved in dilute shellac varnish, by
photograplers for covering the window of the dark room ; it is,
however, gradually decomposed by the action of the light.

Diamidodisazobenzene, CH,N,.C.H,(NH,), N,.C.H,, is formed
by the action of chrysoidin on diazobenzene nitrate, and
crystallizes from chloroform in dark-red lustrous needles or
emall plates, which melt at 250° and detonate when more
strongly heated. It is a weak monacid base and forms salts
which are decomposed by water.

Paradiamido-azobenzene or Parazo-aniline,

NH,.CH,N,C,H, NH,.

In order to prepare this compound, an alkaline solution of
patanitracetanilide is treated with ammonia, zine dust and &
little platinum chloride ; after some days, para-szoxyacetanilide,
N,(C,H, NH.C,H,0),0, separates out,and on evaporation of the
mother liquor, paradiamidobenzene and para-azo-acetanilide
Ny(CH,NH.C,H,0),, are obtained; the former of these is
removed by dilute hydrochloric acid and the latter then
converted into parazo-aniline by heating with liydrochloric acid.2

This is also formed by reducing paranitracetanilide with iron
and acetic acid, and then diazotizing. On adding aniline to the
neutral solution thus obtained, a bright-yellow diazo-amido-
compound scparates out, and is converted by heating with
aniline and aniline hydrochloride into acetyldiamilo-azobenzenc,
NH,CH, N, CH,N(C,H,0)H; this is then decomposed by
heating with dilute sulphuric acid 3

Parazo-aniline crystallizes from dilute alcohol in long, flat,
golden-yellow ncedles, melting at 235°. On gradually adding
hydrochloric acid to the alcoholic solution, the colour is first
chenged io & dark-green, which is then converted into red ; this
is caused by the formation of & normal and an acid salt, the
former of which, C,,H,N,(HCI),, crystallizes in ahnost black
needles with a green surface lustre.

Paramidobenzenc-azodimethylaniline,

C H,(NH,)N,C,H,N(CH,),.

' Griess, Ber. Deutsch, Chem. Qes. xvi, 2028.
2 Mixter, dmeric Chem. Journ. v. 1 and 282,
3 Nietzki, Ber. Deulsch. Chewm. Ges. xvii. 343,
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Meldola has given this name to a base which is obtained
by adding an aqueous solution of diazoparanitrobenzene
chloride to a well-cooled solation of dimethylaniline hydro-
chloride ; the hydrochloride of paranitrobenzene-azodimethyl-
aniline is thus formed, and crystallizes in long red needles
with a splendid blue metallic lustre. On treatment with
ammonia this yields the free base, which separates from solution
in hot alcohol in reddish-brown, mecroscopic needles, melts at
220°—~280°, and is reduced by smmoninm sulphide to the
amido-compound. This crystallizes from dilute alcohol in small
brick-red needles having a feeble metallic lustre, and melting
at 182°~183°; its salts readily dissolve in water forming red
solutions. Its alcoholic solution is coloured green by acetic and
oxalic acids, and red by the addition of water. On heating the
base with aniline and aniline hydrochloride, a violet dye, which
is one of the indulines (p. 313), is obtained.

Nitrous acid converts the ‘base into & diazo-compound, the
very dilute, ncutral or slightly ammeniacal solution of which
assumes a splendid blue colour in the air; this soon disappears,
brown flocks being deposited.  Traces of nitrous acid can be
detected by means of this reaction more readily and with greater
certainty than by metadiamidobenzene (p. 240), since 1 part
of sodium nitrite in 64,000 parts of water gives a distinet
eolouration.

If the base be dissolved in hydrochloric acid and treated with
zing dust, dimethyldiamidobenzene is obtained.!

1086 Azylines. Lippmann and Fleissner? have given this
name toagroup of compounds obtained by the action of nitrogen
dioxide on tertiary amido-compounds :

2CH N(CHy), + 2NO = (CH,),N.CgH,N=NCH,N(CH),
+ Hzo + 0.

No oxygen is set free but resinous oxidation products are
formed.

Nolting obtained the same compound by treating a well-
cooled solution of dimethylparadiamnidobenzene in hydrochloric
acid with sodinm nitrite and, after some time, adding a solution
of dimethylaniline in glacial acetic acid :

(CHy),NC,H,—=NCl+C,H,N(CH,), =
(CH,),NC,H N=NC,H,N(CH,), + HCI.

' Jowrn. Chem. Soc. 1884, i 106
= Monatsh. Chem. il 705 5 Ber. Denlseh, Chen, Ges, xiii. 2163 ; xvi. 1415,
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It is also formed by the action of methyl iodide on paramido-
benzene-azodimethylaniline,!

Dimethylanitine-azyline, Ny(Cy H, N(CH,),),, separates from
benzene in red crystals, fusmg at 266° to a green liquid, and
forming a deep-green solution in glacial acetic acid.

Diethylaniline-azyline, No(CoH, N(C,Hj),),, is slightly soluble
in cold, more readily in hot aloohol and crystallizes in reddish-
brown, monoclinic needles which have a blue surface lustre and
meltat 170°, Onadding potassium nitrite to its solution in acetic
acid, paranitrosodiethylaniline is formed, and it is split up by re-
ducing agents into two molecules of diethylparadiamido-benzene.

The azylines are dyes, but they have received no application
on account of their costly prepsration. They are derived, like
amidobenzene-azodimethylaniline, from parazo-aniline ; this may
therefore be called azyline, the other compounds being most
conveniently designated as follows :

Dimethylparazo-aniline or dimethylazyline,
Tetramethylparazo-aniline or tetramethylazyline.
Tetra-ethylparazo-aniline or tetra-ethylazyline.

Triamido-azobenzene, NH, C H, N, CHy(NH,),. The hydro-
chloride of this base, C;,;H ;N (CIH),, is & splendid brown dye,
which was first manufactured by Roberts, Dale, and Co., and
brought into the market under the name of Manchester brown ;
it bas also been called Phenylene brown, Vesuvin, &e. It is
obtained as a brown crystalline mass by treating a cold dilute
hydrochleric acidsolution of metadiamidobenzene, generally called
plenylene diamine, with sodium nitrite, and is much used in
wool dyeing. On account of the ready formation and intense
colour of this dye, metadiamidobenzene is, as already mentioned
(p- 240), employed as & delicate reagent for nitrous acid.

The commercial product also contains other bases in small
quantities, When it is decomposed with ammonia and the
mixture extracted with boiling water, triamido-azobenzene goes
into solution, and on cooling crystallizes in small yellowish-red
plates, melting at 137°.2

Its constitution follows from that of chrysoidin, and is ex-
pressed by the following formula:

NH, _ NH,
s

¥ Nolting, fbid. xviii. 1143,  * Caro and Griess, Zeilschr. Chem. [2], iti. 278,
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Azodibenzenephenylencdiamineg, CyH N, CiH, Ng.CiH(NH,),.
Griess obtained this compound by the action of diazobenzene
chloride on metadiainidobenzene. It erystallizes from chloroform
in fine, brownish-red necedles, melting at 185°. It differs from
the isomeric diamidodis azobenzene (p. 310) in being a tolerably
strong diacid base,!

THE INDULINES.

1087 This name has been given by H. Caro to a peculiar
group of blue, violet, and black dyes, wbich occur in commerce
under the names Jrdige sustitule, Bengaline, Nigrosine, Blew-Noir,
Bleu-Couprier, Gris-Coupier, &c, These are employed in dycing
and ecalico-printing, and are chiefly used for the production of
the so-called fancy shades; they give fast colours, but no brilliant
shades. They are also used in the preparation of inks and
varnishes.?

The water-sofuble indulines are the alkali salts of induline-
sulphonic acids, while the spirit-soluble consist of the hydro-
chlorides or sulphates of the bases, and are readily soluble in
alcohol, and also, to a slight extent, in water,

Azodiphenyl Blue, 'Yl fivst colouring-matter of this group,
the mduline, par cxccllcnee, was prepaved by John Dale and
II. Caro in 1863 by leating o solution of sodium nitrite with
aniline hydrochloride® Aecording to Hofmann and Geyger, the
amido-azobenzene first formed acts upon the excess of aniline in
the following manner:

CleuNs + CaHvN = ClsHme + NH,

The hydrochloride is a crystalline powder which is insoluble
in water, and forms a violet-blue solution in hot aleohol?

" Azodiphenyl blue is also formed when phenylamido-azobenzene-
sulphonic acid (p. 309) is heated with aniline :4

CH SO H)N==NCH, NH(CH,) + CH,N =
C.H,(SO;H)NH, + C H, N,
It is further obtained by heating aniline with nitrobenzene; at a
higher temperature, and in presence of hydrochloric acid it is

Y Ber. Dewlsek. Chew, Ges. xvi, 2093,
2 Caro, Die Indulive, Newcs Hawduirlerb. d. Chemt. fii. 789,
2 Ber. Deutsch, Chem. Ges. v. 472, + YYitt, ibid, xvit. 74
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converted into triphenylenediamine, C;H N, a substance which
is similar to azodiphenyl blue, and may be prepared by heating
diphenylamine hydrochloride with nitrobenzene :1

CuH,N + GH,NO, = C,H,N, + 2H,0.

Violaniline, Thissubstance, obtained by heating aniline with
arsenic acid’ and formed as a by-preduct in the manufacture
of rosaniline, is isomeric, or perhaps identical, with azodiphenyl
blue; it is prepared from the residue left in the purification of
rosaniline.

According to the researches of Thomas and Witt it appears
that the reaction which takes place when aniline hydrochloride
is heated with amido-azobenzene is not so simple as has hitherto
been assumed ; but that, as well as azodiphenyl blue, the typical
induline, & whole series of other indulines is obtained 3

In order to prepare these a mixture of 4 parts of aniline,
1 part of aniline hydrochloride, and 2 parts of diazo-amide-
benzene isallowed to stand for twenty-four hours, the latter being
thus converted into amido-azobenzene. If the mixture be now
heated to 100° the first product of the reaction is azophcnine,
C,eHx N, a monacid base which was first obtained by Kimich by
heating nitrosophenol with aniline acetate. It crystallizes from
hot aniline in small, garnct-red plates, melting at 236°—237°,
and forms a violet solation in sulphuric acid, which becomes
azure blue at 300°, and shows a carmine-red fluorescence when
diluted with water. By the action of tin and hydrochloric
acid on azophenine, various substances, among which aniline and
paradiamidobenzene have been recognised, are formed.

When the mixture is heated up to 125°—130°, after the for-
mation of the azophenine, this disappears, the liquid becomes
blue, and in twelve hours the formation of a new colouring-
matter is complete. On cooling, the hydrochloride of induline 35,
CyoHy N HC, crystallizes out in small, lustrous, brown plates.
The base forms warty crystals, dissolving in aniline and alcohol
with a purple colour: its salts dye wool and silk a light blue,
while the silphonic acid gives a deep blue, and they are
employed for producing a fine, fast grey on cotton,

The mother liquid from the 84 contains the hydrochloride of
an induline, C;gH (N;HCI, which is identical with azodiphenyl

3 Wichelhaus and Dechond, ihid. viii. 1608,

2 Girard Dolaire and Chapoteaut, Ann. Chem. Pharm. exhi. 309.
3 Journ. Chem. Soc. 1883, i. 112 ; Witt, loc. et
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blue ; it yields an insoluble sulphonic acid, while its salts form
reddish blue solutions and readily dye silk.

Induline 6B, Cy H.,NS.HCI, is formed when the temperature
is allowed to rise to 165°-—170°; it is, however, best obtained
by heating a mixture of 100 parts of amido-azobenzene,
130 parts of aniline hydrochloride, and 300 parts of aniline for
four to five hours to 110°, then adding 65 parts of aniline hydro-
chloride, and maintaining the whole for tweuty-four hours at a
temperature of 165°—170°.

The salt forms green lustrous crystals which readily lose
hydrochloric acid. The base crystallizes from aniline in needles
with a green metallic lustre. On heating with sulphuric acid,
sulphonic acids are formed, the salts of which ave valuable
blue dycs.

Blue induline colours arc also obtained when amido-azo-
naphthalene, C, H, N, is employed instead of amido-azobenzene,
&e.; if, however, the aniline be replaced by orthotoluidine,
C,H,(NH,)CH,, or amidonaphthalene, C,;H,(NH,), red dyes are
formed.

When & mixture of aniline, nitro-benzenc, and hydrochlorie
acid is heated with iron filings, indulives of a deep blue-black
colour are obtained. The nigrosines, which also give blue-black
shades, are formed when, instead of iron filings, oxidizing agents
such as arsenic acid, stannic chloride, &c., are added.

They are employed for producing grey, and greyish blue, to
black-blue shades on sitk, wool, leather, &e.

Various indulines may be prepared by heating violoniline

" with aniline and acetic acid.'

The water-soluble indulines are used in the preparation of
coloured inks; according to R. Bottger, an ink which does not
attack steel pens and is not altered by acids or alkalis, may be
prepared by triturating 4 grms. of migresine? with a mixture
of 24 grms. of alenhol and 60 dvops of hydrocliloric acid, and
diluting the deep blue liquid with a het solution of 6 grams. of
gum arabic in 100 grms. of water. If, instead of the gum,a
solution of 6 grms. of shellac in 100 grms. of alcohol be added,
& varnish is obtained which gives a fine black surface to specially
prepared wood, leather, or brass.

1088 Aniline-black is an oxidation product of aniline, and is
much: employed in calico-priuting, since it gives a deep, fast

' Wollf, Jahresh, Chan. 1879, 1159,
2 Erroncously called aniline.-black by him ; Schltz, Chem. Steinkohlentheer,
1046,
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black,and can be produced on the fibre itself in conjunction with
any other colours which can be fixed by steaming.

As early as 1834, Runge observed that when a solution of
cupric chloride is spread on a porcelain plate heated to 100°,
and a drop of & solution of aniline uitrate added to the dry
residue, a greenish black stain is obtained (p. 195).

Fritsche, in 1843, found that a derk-blue precipitate is ob-
tained by the action of potassium chlorate on a solution of
aniline hydrochloride,! and Hofmann obtained the same result
with chlorous acid.2 In 1860 Wilm used this reaction for dyeing
cotton, and in the same year Calvert, Cliff and Lowe, of Man-
chester, found that when a pieee of cotton-cloth is saturated with
a dilute solution of potassinm clilorate, dried and treated with a
solution of aniline liydrochloride, a green colour is gradually
developed, which is fixed in the fibre and cannot be removed
by washing. If the material be then passcd through a solution
of potassium dichromate the Emeraldine is converted into the
black-blue Azurine.

In 1863, John Lightfoot, of Acerington, found that when the
cloth is printed with a mixture of potassium chlorate, aniline
hydrochloride, and cupric chloride, and hung up in the ageing-
room, & deep green is produced, which is converted into a fine
deep black by soaping.

On aceount of its fastness, aniline-black soon came into
general use. It was then found that the above mixture attacked
the metallic portions of the printing machines, and also the
fibre of the material, and must therefore be improved. Of the
various methods proposed for this purpose, that of Lauth has
proved the most convenient; copper sulphide, obtained by
decomposing copper sulphate with sodium sulphide, is used
instead of a soluble copper salt; it is only gradually oxidized,
and prevents the presence of free hydrochloric acid or oxides
of chlorine.

Lightfoot also observed that salts of many other metals,
¢g. iron, cerium, vanadium, &e. could be employed instead of
those of copper. The compounds of cerium and vanadium were,
however, so scarce that no one thought of applying them to
calico-printing. Ammonium vanadate has since that time
become an article of commerce, and is largely used, in accordance
with Guyard's proposal, instead of copper sulphide, since an
exceedingly small quantity is required, a very fine black obtained,

L Journ. Prakt, Chem. xxviii. 202, 2 Auwn. Chem. Pharm., xlvil. 67.
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and the rollers and doctors of the printing machines are not
attacked by it. Chlorate of sodium or barium is now generally
employed instead of the less soluble potassium salt.

In the formation of aniline-black, the metallic compounds act
as oxygen carriers, and thercfore only those metals can be
employed, the compounds of which are readily brought from a
higher to a lower state of oxidation, and can then be reoxidized
by the chlorate !

The colour obtained in the manner described above was, how-
ever, found not to be 2 permanent black ; on exposure for some
time it takes a dirty green shade. This alteration is caused by
the action of sulphur dioxide, formed in the combustion of
imperfectly purified illuminating gas; other dilute mineral acids
produce the same shade, which may be removed by washing and
soaping. This discolouration may be prevented by passing the
cloth, after the black has been developed, through a dilute solu-
tion of potassium dichromate to which sniphuric acid has been
added (Jeanmaire).

According to Kéchlin, aniline black only turns green when it
has been prepared in the cold ; while when it has been developed
at a temperature of 70° no change takes place.

Aniline-black is also formed by the action of potassium
permanganate ou aniline sulphate® and separatcs out at the
positive pole wlen salts of aniline are electrolysed.?

The homelogues of aniline take no sharc in the formation of
the black, and the finest, deepest colour is, therefore, obtained
in calico printing when pure aniline is employed.

Aniline-black is an amorphous powder, insoluble in all
ordinary reagents; it is a weak base, which has received the
name nigraniline, Co,H, N, and combines with two equivalents
of an acid to form dark-green unstable salts, which are partially
decomposed by water. On treating these, or the basc itself, with
a solution of potassium dichromate to which sulphuric acid has
been added, the unalterable black is obtained as a violet-black
powder, which tekes a yellowislkk metallic lustre when rubbed.
According to Nietzki, this is the chromatc and contains shout
82 per cent. of chromic acid, CrO,. Aqueous sulphurous acid
decomposes it, forming the alterable black, while chromjum
sesquioxide goes into solution (Nietzki).

! Guynrd, Buil, Soc. Chim. [2], xv. 58.
2 R. Moyer, Bero Dewtseh, Chem. Gles. ix. 144,
& Coquillon, 24d. vili. 1345 ; ix. 352; Goppclsroder, lid. ix. 59, 357, 1033,
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Liechti and Suida differ entirely from Nietzki as to the ¢om-
position of aniline-black and its derivatives. By the action of
barium chlorate on aniline sulphate, they obtained aniline
chlorate, crystallizing in absence of air in colourless prisms; in
presence of air these take a steel lustre, become blue-black, and
are completely converted iato pseudomorphs of aniline-black or
emeraldine, C\¢H,,CIN,. All the salts of this compound contain
chlorine, which cannot be removed even by the action of silver
oxide. The unalterable black is not a chromate but contains
chromium sesqaioxide, Cr.Oy, and is also formed by the action
of bleaching powder solution and other oxidizing agents on
emeraldine; it is an oxidation product of this, and therefore
contains oxygen, while a portion of the carbon is evolved as
carbon dioxide during its formation.!

Aniline-black dissolves in concentrated sulphuric acid with
formation of sulphonic acids, the alkali salts of which dissolve
in water with a blue-black colour. The solution is decolourized
by reducing agents, but regains its original tint on exposure to
the air.

_ On-heating aniline-black with aniline acetate, an induline is
formed, the hydrochloride of which crystallizes in needles having
a cupreous lustre.

When aniline-black is oxidized with chromic acid solution, a
considerable quantity of quinone is formed, while on treatment
with tin and hydrochloric acid,or kydriedic acid and phosphorus,
it yields paradiamidobenzene and paradiamidediphenylamine,
together with resinous products containing hydrocarbons?

On heating with zinc dust, diphenylamine, diphenylene-
diamine, and diamidodiphenylamine, together with smaller
quantities of aniline, paradismidobenzene and ammonia are
formed (Liechti and Suida).

MAUVEINE AND THE SAFRANINES,

1089 The first aniline dyc which received practical applica-
tion was discovered by W. H. Perkin in the Easter vacation,
18563 He writes:

“It has been known for many years that the hypochlorites
react on aniline or its salts, producing » purple solution. In

Y Dingl. Polyt. Journ. ccliv. 265.
* Nietzki, Ber. Deulsch. Chems. Ges. xi. 1093,
* Private communication.
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fact, hypochlorites are the distinguishing test for aniline ; but
nothing definite was known of the nature of this purple solution
it being simply stated that aniline produced with hypochlorites
a purple liuid, but that its colour was very fugitive.

“ As many absurd statements have been made respecting the
discovery of aniline purple, I will briefly mention how it was
that I first became sequainted with it.

“ In the early part of 1856 I commenced an investigation on
the artificial formation of quinine. To obtain this base, I
proposed to act on toluidine with iodide of allyl, so as to form
sltyl-toluidine, which has the formula:

CH,
ngs}N = CtlN,

thinking it not improbable that by oxidizing this I might obtain
the desired results, thus :

ACHN) + 0y = CH,NO, + HO.
e s N
Allyl-toluidine. Quinire.

“For this purpose I mixed the neutral sulphate of allyl-
toluidine with bichromate of potassium; but, instead of quinine,
I obtained a dirty reddish brown precipitate. Nevertheless,
being anxious to know more about this curious reaction, I
proceeded to examine a more simple base under the same
circumstances. For this purpoese I seclected aniline, and treated
its sulphate with hichromate of potassium. The mixture pro-
duced nothing but & very unpromising precipitate; but, on
investigating this precipitate, I found it to contain that substance
which is nmow, I may say, & commercial necessity, namely,
aniline purple”’?

The first aniline colour made a great semsation; Perkin
patented it on August 26th, 1856, and prepared it on the large
scale. Other patents were soon taken out for the preparation of
this colour, and it came into the yoarket under different uames,
such as Tyrian purple, Aniline violet, Perkins violet, Mallow
dye or Mauve, &ec. ; the last of which is most generally used.

After Perkin had discovered the dye, he naturally investigated
the action of bleaching powder on salts of aniline, to determine
whether aniline purple was formed or not, but he obfained no
definite results.  Some years after, however, manve was prepared

v Quart, Journ, Chen. Soc. xiv. 232,
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on the large scale in France by Runge’s reaction, and" Perkin
found that it can readily be obtained in this manner; but that
it is not the first product of the reaction. Runge, as we have
seen (p. 195), stated that a blue colouration is produced, and
gave the name kyanol to anilinc on account of this reaction.
This eolouration is obtained when a dilute solution of bleaching
powder is added in small quantities at a time to a solution of
aniline hydrochloride. If, however, too much bleaching powder
be added, brown products are formed and the solution takesa
dirty violet tint. Common salt added to the pure blue solution
precipitates a dark tarry mass, from which cold benzene extracts
a brown, resinous substance. The residue, which Perkin names
Runge’s blue, forms a fine blue solution in alcohol, and dyes sitk
blue. On heating the solution, however, mauve is formed, so
that this substance is obtained by heating to hoiling the
product of the action of bleaching powder on an aniline salt!

To prepare mauve according to Perkin’s method a solution of
aniline sulpliate, containing toluidine, is treated with sufficient
potassium dichromate to allow of the formation of normal
potassiuin sulphate. After about twelve liours a black pre-
cipitate settles out and is washed, dried at 100°, and extracted
with light coal-tar eils to remove resinous products. The colour-
ing matter is obtained from the residue by treatment with boiling
wood-spirit or ordinary alcohol, the yield amounting to 4 to 5 per
cent. on the aniline employed.

According to the method patented by Dale and Caro, which
was employed for a long time by Roberts, Dale and Co., of Man-
chester, for the manufacture of mauve, a salt of aniline is heated
with cupric chloride, the solution being kept neutral. A black
precipitate is formed, which is. purified by the method just
described.

The residue left after the extraction of the colouring matter is
aniline-black, or some very similar substance, and is used asa
black pigment.

Mauve is the oldest of the so-called aniline dyes, but it was
soon superseded by others, such as Hofmann's violet, Paris blue,
&c., which are much more fugitive, but at the same time much
finer colours. At the present time mauve is only manufactured
by Poirricr, of Paris, in small quantities, and occurs in commerce
as a paste; it is used for English stamps, and for gi ing a white
appearance to skeins of silk.?

v Quart. Journ. Chem. Soc. [2), vii. 25.  Schultz, Steinkohlentheer, 1049,
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According to Perkin’s researches, mauve is the sulphate of &
powerful base, which he names Mauveine, CuH, N, and which
will be subsequently described,

Mauveine is not, as was assumed, a derivative of pure ben-
zene, and Perkin found that paratoluidine is necessary for its
formation, which proceeds according to the following equation :

CH,N + 3C;H\N + 50 = C,H,N, + 5H0.

The aniline which was used for the manufacture of the mauve
only contained a few per cent. of paratoluidine, and hence only
& small yield conld be obtained. Mauveine should therefore be
described among the derivatives of toluene, but as its constitu-
tion is still completely unknown, it may find its place here as
the first, aniline dye.

In the preparation of mauve a similar, but much more
soluble, colouring matter is formed ; Perkin Las named.the base
of this substance Pscudomauveine, CoH, N, and, as seen from
the formula, it is not a lower homologue of mauveine. Perkin
considers it to be a derivative of pure aniline, as by the oxida-
tion of the latter he obfained a eolouring matter which resembles
psendomauveine in every respect. It seems not improbable
that the mauve obtained from aniline by the action of bleaching
powder is a salt of pseudomauveine.

1090 Previous to his discovery of pseudomanveine, Perkin
had observed a fine red colouring matter which is obtained from
mauveine by oxidation. This was brought into trade for a long
time under the name of dnilinepink, or Sgfranine, bot its
preparation was given up on account of its costly nature.

At a somewhat later period a safranine with very similar pro-
perties was introduced and is still manufactured. It is a
derivative of orthotoluidine, has the formula Cp,H, N,Cl, and is
decomposed by silver oxide, but not by alkalis (Hofmann and
Geyger).! Tt is now called tolusafranine, to distinguish it from
the compound obtained from mauveine, which is the next lower
homologue,® and has been named parasafranine by Perkin.

An entire series of safranines is now known. A general
method for their formation is the oxidation of & mixture of one
molecule of a paradiamido-base with two molecules of a mono-
amido-base in a hot, neutral, aqueous solution. Potassium
dichromate is generally used as the oxidizing agent. The

v Ber, Dewlseh. Chem. Ges. v. 526.
? Dale and Schorlemmer, Journ, Chem, Sve. 1879, i. 882 ; Perkin, ihid. 728.
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simplest compound, phenosafranine, is obtained from paradi-
amdobenzene and aniline :

CoH,N, + 2CH,N + 40 = CH,N, + 4H,0.

As it is necessary to work with the salts of the amido-bases,
n salt of the safranine, and not the free base, is formed. When
the hydrochlorides are used, thechiloride, C,;H, ;N Cl, is obtained ;
this is generally cousidered as phenosafranine liydrochloride,
CsH, N, HCI, although, like all safranine salts, it behaves as a
salt of a compound ammonium, the base being probably a
hydroxide, C,;H;N,.OH. The formule which have hitherto
been given to these bodies will be used in the sequel.

Safranines are also formed when one molecule of aniline and
one molecule of orthotolnidine or metatoluidine, or two meole-
cules of the latter are substituted for the two molecules of ani-
line. One molecule of the mounamido-base may also be replaced
by paratoluidine, but if two molecoles of this be used, the form-
ation of the colouring matter does not take place. A molecule
of monomethylauiline, dimethylaniline, &c., may be substituted
for one of the molecules of aniline, but if two molecules of a
secondary or tertiary monamine arc employed, no safranines are
obtained. They are also formed when easymmetric diethyl-
diamidobenzene, NH, C;H,N(C,H,),, is used, but this cannot be
replaced by the symmetric compound CH(NHC,H), The
paradiamines may be replaced by substances such as the
dichloroquinonc-imides, or the tertiary nitrosamines, which
yield a paradiamido-compound on reduction, and have a direct
oxidizing action on the monamines.

On oxidizing a mixture of a paradiamine and a monamine at
the ordinary temperature, blue, green, or violet substances are
obtained, some of which remain unchanged, while others decom -
pose, forming safranines and other compounds. If, however, the
oxidation be carried on in a warm solution in presence of a
monamine, the formation of the saframines proceeds smoothly.!

These have the general formulx C Hz-22N,, or more prob-
ably C,Ha,.aN,OH; the free bases are almost unknown, but
they form salts which, in most cases, crystallize well, are not
decomposed by alkalis, and are red to violet dyes. On treat-
ment with reducing agents, they take up four atoms of hydrogen,
and are converted into colourless substances, or leucosafranines,®

v Witt, Journ. Soe. Chem. fud, 1882, 255 ; Nietzki, Ber. Drufseh. Chem. Ges.
xvi. 464. 3 Bindschedler, ibid. 869,
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which are readily re-oxidized, even by exposure to the air.
According to Nietzki, they behave like other colouring matters,
and only take up two atoms of hydrogen on reduction.!

All safranines form splendid green solutions in sulphurie acid ;
on the gradual addition of water, the colour changes first into a
bluish green, and then into a pure blue. If more water be then
added, the solution becomes coloured purple-blue, and passes
through all intermediate shades back to the eriginal colour of
the safranine.

This, as well as some other facts, which will be subsequently
mentioned, points to the conclusion that the safranines not only
form a normal salt contaiming one equivalent of an acid but
also a monacid blue, and a diacid green compound, both of
which are decomposed by water. This is confirmed by the
observations of Laudauer, who has found that each of the
coloured solutions possesses a chatacteristic absorption speetrum :
“The green solution absorbs the violet, blue, and red rays, the
bluish green behaves similarly, bnt absorbs less in the red ; the
blue solution only absobs yellow light, and as the aolour
changes to violet aund red, the region of absorpiiva approaches
the green.”

Landauer lias alse observed that the change of colours takes
place in the inverse order when the solution is evapornted, and
is reproduced on re-dilution as described above, By soaking a
piece of filter-paper in a concentrated solution of the sulphate,
warming it until it had become green, and then allowing a drop
of water to fall upon it, he obtained immediately a red spot
surrounded by a deep blue ring. He avgues from this that the
change of colour is due to the formation of differeut liydrates,?
but it seems more probable that the otlicr explanation is correct,
and that Landauer’s substance contained free acid.

1091 Manveine, C,H, N,. Perkin obtained the free base by
adding eaustic potash to a boiling solution of commercial crystal-
lized aniline-purple or mauve, which he fouud tobe the sulphate,
(C,;H,N),SOH, The base separates out on cooling as an
almost black, glistening, crystalline powder. It is almost in-
sotuble in ether and benzene, but forms a violct solution in
alcohol, which becomes purple on the addition of an acid ; strong
acids change the colour to blue, and, on further addition, to

t Ber. Dentsch, Chem. Ges. xvii. 293,
* Jbid, xi. 1772,
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dirty green. Mauveine is & strong base, and readily decomposes
ammonium salts.!

Meuveine hydrochioride, CpH, N, HC), separates from a boil-
ing aleoholic solution in small prisms having a strong green
metallic lustre. It is moderately soluble in alcohol, less 8o in
water, and almost insoluble in ether. If a solntion of platinum
chloride be added to the warm alcoholic solution, mauveine
platinichloride, (CpH,N,),H,PtCl; separates out in crystals
with a splendid green surface lustre, which become golden-
coloured on drying.

When strong hydrochloric acid is added to a concentrated
solution of mauveine acetate, the blue liquid soon deposits
crystals which bave a cupreous lustre and appear blue by trans-
mitted light. This compound is the acid salt C,H,N,(HCl),,
for it gives a platinichloride, C,H, N, H,PtCl,, which also
possesses a blue colour and a cupreous lustre. Both compounds
are decomposed by water.?

Mouveine hydrobromide, CyH, N, HBr, is similar to the
hydrochloride but less soluble,

Mawveine hydriodide, CpH, N HI, crystallizes in prisms with
a green metallic lustre and is still less soluble than the hydro-
bromide.

Acid mauveine carbonate, Cp H, N H,CO5.  When a solution
of the base is allowed to stand over mercury in contact with
carbon dioxide, the latter is rapidly absorbed, and the violet
solution becomes pwrple. In order to prepare the carbonate,
carbon dioxide is passed through boiling alcohol containing
mauveine in snspension. The salt separates out on cooling in
prisms having a green metallic lustre, which are apparently
mixed with a little of the normal carbonate. It rapidly loses
carbon dioxide in the air, and is completely decomposed at 100°.

Hawveine acctate, CypH,N,.C,H,0,, also forms fine crystals
with a green metallic lustre,

Ethylmawveine was formerly prepared on the large secale; it
is formed when the acetate is heated with ethyl iodide and
alcohol. The cooled solution is filtered from the crystals of
mauveipe hydriodide which are deposited, the excess of cthyl
iodide removed by distillation, and the residue diluted with
alcohol and brought into the market under the name of dahlia,
It dyes a shade which lies between those of mauveine and

Y Ann, Chem. Pharm. exxxi. 201.
2 Porkln, Journ. Chem. Soe. 1879, i. 717.
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rosaniline, and is as fast as mauve. In its preparation, splendid
crystals with a golden green metallic lustre and of the composi-
tion CyoH,o(CH )N HLT, are frequently formed,

Ethylmawveine hydrochloride, CpH,(C,H N, HCL is prapared
from the hydriodide by double decomposition with common salt.
It is a brownish red, crystalline powder, which forms a purple-
red solution in alcohol and is not decomposed by alkalis. The
nitrate forms crystals having a green metallic lustre.

Pspudomauvdine, Co J1,N,, is very readily soluble in alcohol ;
on allowing the solution to evaporate and grinding the residue
with water, the liquid takes a satin lustre, showing that the
bese is probably crystalline. It dyes the same shade as
mauveine, gives the same reactions with sulphuric acid, and
readily absorbs carbon dioxide.

Pseudomauveine hydrochloride, C,H, )N HCY, is procipitated
by strong hydrochloric acid from & selution of the base in dilute
hydrochloric acid. It is tolerably soluble in water, and so readily
in alcohol that the solution can be evaporated to asyrup without
the salt separating out; on evaporating to dryness, a residue
having a golden green metallic lustre is left behind.

1092 Parasafranine, C,H,/N,, is obtained by the gradual
addition of lead peroxide to a boiling solution of mauve acidified
with acetic acid ;! manganese dioxide and sulphuric acid may
also be employed as oxidizing agents? In this rcaction there
is also formed a wmuch less soluble purple colouring matter,
which yields colourless products on further oxidation. This
persistently adheres to the parasafranine and can only be
removed by adding caustic soda to the concentrated solution,
filtering, precipitating the parasafranine by common salt, and
repeating the operation wmtil the purification is complete. The
product, eonsists of the hydrochloride and is obtained pure by
recrystallization from water and dilute hydrochloric acid.

Perasafranine hydrockloride, Cy,H, N, HCl, forms crystals
similar to those of magents, which have a green metallic
lustre, are readily dissolved by water, and dye silk a splendid
scarlet-red.

Parasafranine nitrate, CooH N HNO,, is slightly soluble in
cold, more readily in hot water, and crystallizes from hot
aleohol in long needles with a dark green metallic lustre, which
appears dark garnet-red by transmitted light.

! Porkin, Journ. Chem. Soe. 1879, i. 728.
* Dale and Schorleminer, ibid. 682.
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Phenosafranine, C\oH N, is formed by oxidizing a hot
solution of two molecules of aniline and one molecule of
paradismidobenzene,! or of equal molecules of aniline and para.-
diamidodiphenylamine with potassium dichromate? or by
treating aniline with nitrous acid, reducing the product, which
contains amido-azobenzene, with tin and hydrochloric ncid, and
then oxidizing with a boiling solution of potassium dichromate.®

When psendomauveine is oxidized, a colouring matter re-
sembling parasafranine and which is perhaps phenosafranine, is
obtained (Perkin).

Phenosafranine kydrochloride, C,gH, N HCI, crystallizes in
flat needles having a beetle-green lustre, which are slightly
soluble in cold, readily in hot water. Hydrochloric acid pre-
cipitates it almost completely from its aqueous solution. The
nitrate is a similar substance, and the sulphate forms long, steel-
blue needles. On heating the hydrochloride with acctic anhydride,
diacetylphenosafranine hydrochloride, C,gH, N (C,H;0),HC], is
formed in small, brownish red plates having a metallic lustre,
which are insoluble in the ordinary solvents, but form a violet-
red solution in weak alcoholic caustic soda, while on heating
with a strong alkaline solution they are decomposed into acetic
acid and phenosafranine.

When sodium nitrite is added to a solution of phenosafranine
acidified with hydrochloric acid, a blue colouration is produced,
and on the addition of gold chloride, fine, greenish grey needles of
diazophenosafranine aurichloride, C,gH 3N Cl,(AuCly),. separate
out. The corresponding chloride has, therefore, the composition
CH s N;CIN=NCL Since the salts of the diacid diazopheno-
safranine are coloured blue, ike the unstable monacid salts of
phenosafranine, it seemed probable that green diacid salts of a
diazo-compound, the chloride of which would have the formula
CHN,CI(N,Cl),, might be obtained. Nietzki, therefore,
added water to the green solution of phenosafranine in
sulphuric acid until the colour began to change to bluish
green, cooled the Liquid with ice, and then added sodium nitrite.
The solution thus obtained was coloured green and was not
altered by thc addition of water; clearly, therefore, a diazo-
compound had been formed, but could not be further investi-
gated on recount of its instability.

v Witt, Jowrn, Chem. Indust. 1882.
2 Nietzki, Ber. Diwlsch. Chenz. Gs. xvi. 466,
3 Bindschedler, iut. xvi. 870.
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On heating phenosafranine to 170° with strong hydrochloric
acid, ammonia is climinated and a substance is formed which
resembles aniline black very closely (Nietzki),

1093 Dimethylphenylene-green,C\;H N, When an aqueous
solution of cqual molecoles of dimethylaniline and dimethyl-
paradiamidobenzenc, containing zine chlotide, is heated to about
80° and trested with sufficient potassiom dichromate to liberate
two atoms of oxygen, splendid crystals of (C,gH,,N.CI),ZnCl,
separate out after a fow minutes ; these have a cupreous lastre,
and arc insoluble in algohol but readily form a green solution
in water. The somtion dyes silk a yellowish green but the
colour is not very fast.! Alkalis change the colour into blue,
and acids inte dirty violet ; the aci:l solution is decolourized on
heating, quinone being formed.

The iodide, C\jH,,N,I, crystallizing in splendid green needles,
is obtained by the action of potassiom iodide on the zinc
double salt?

If meveuric cliloride be used instead of zine chloride in the
preparation of the green, the compound (C, H,,N,Cl),HgCt,,
which also erystallizes well, is formed. On decomposing this
with sulphuretted hydrogen and making the solution alkaline,
lewcodimethylphenylene-gveen, C H Ny is obtained and may
be extracted witl: ether; it erystallizes from petroleum spirit in
large, yellow, quadratic plates, melting at 119° (Bindschedler).
This is undoubtedly tetramcthyldiamidodiphenylamine, for on
oxidizing an ice-cold mixture of paradiamidobenzene and
aniline, 2 blue solution is obtained which contains a compound
C,,Hy N;, corresponding to the green; this is so cxtremely
unstable that it cannot he isolated. On treating its solution
with zine-dust and hydrochloric acid, patadiamidodiphenylamine
(p- 244), C,H N, is formed and is reconverted into the blue
compound on osidation, just as the lenco-compound of the green
is changed mto dimethylene-green.

The formation of the bluc compound may be simply explained
by the following equation :

NH.CH, NH, /I\T.C,,IL.’L\IH2
C“HJ\\'H +0 = CGH“‘\I\IIH + H,0.
4 2

! Bindschedler, Ber. Dewtseh. Chem. Ges. xvi. 864,
= Nietzki, tdad. xvi. 472,
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Methylene-green is an ammonium compound, and is probably
formed from the hydrochloride of the leucobase as follows:

oy NEGHNCE, | NOHNCH),
+ 0= '+
“ N\~ (cH,),HCI “T\N.(CH,),Cl

Its formation from dimethylaniline and dimethylparadiamido-
benzene ean also be readily understood.

Tetramethylphenosafranine, CgH, N (CH,),, is obtained when
a boiling solution of equal molecules of the zinc double salt of
the green and of aniline acetate is oxidized with potassium
dichromate. Its hydrochloride is remarkably soluble in water -
and alcohol. The nitrate, Cp,H,, N, HNO, + H,0, separates from
solution in brownish violet, prismatic masses which are aggrega-
tions of gmaller crystals of varying length, and therefore have
rough surfaces. The salt loses its water at 130° (Bindschedler).

a~Diethylphenosafranine, C,H N, (C,H),, is prepared from
the asymmetric diethylparadiamidobcnzene and aniline; its
hydrochloride crystallizes in fine needles with a green reflection.
Its solution, acidified with hydrochloric acid, is colowred blue by
the addition of sodium nitrite. The diazo-compound which is
formed gives a platinichloride, C, H,, N (C;H,),PtCl, erystallizing
in ahnost black needles.

B-Diethylphcenosafranine is obtained by oxidizing equal mole-
cules of paradismidobenzene, aniline, and diethylaniline; its
hydrochloride is much more soluble than that of the a-com-
pound. Its diazo-platinichloride forms crystals having a cupreons
lustre.

When cither of these isomeric compounds is heated with
acetic anhydride, only one atom of hydrogen is replaced by
acetyl. The compounds thus obtained crystallize in needles
having a brown reflection, and have only  slight dyeing power,
while the two dicthylphenosafranines dye silk a magenta-red
(Nietzki).

Tetra-cihylphenosafranine, C g H, N (C,Hy),, is formed when a
mixture of diethylparadiamidobenzene, diethylaniline, and ani-
line is oxidized. A purer product may be obtained by converting
the two diethyl bases into the compounds corresponding to
Bindschedler's green, and heating these in aqucous solution
with aniline hydrochloride and potassiun dichromate. The
hydrochloride is very readily soluble in water, and forms a zinc
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double salt crystallizing in small lustrous, golden plates. The
colouring matter dyes silk and wool violet, producing a beautifuf
fluorescence in the former ; it is, howcver, very fugitive.

Tetra-ethylphenosafranine is not sttacked either by nitrous
acid or acctic anhydride (Nietzki).

Constitution of the Safranines. These compounds are formed
from one molecule of a paradiamine and two molecules of a
meonamine by the elimination of cight atoms of hydrogen. Two
of these are derived from one amido-group of the diamine, and
an equal number from that of the aniline or other monamine. This
follows from the facts that phenosafranine undoubtedly contains
two amido-groups, and that di- and tetra-ethylphenosafranine
can be prepared. The four remaining atoms of hydrogen must
- therefore be removed from the aromatic uuclei. The stability of
the safranines and their derivatives renders it probable that two
of the aromatic nuclei are directly united, while the third is con-
nected with one of the others by a nitrogen atom, as is shown
by the formation of phenosafranine from paradiamidediphenyl-
amine, and of tetramethylphenosafranine from Bindschedler's
green, It must also be borne in mind that the safranines
behave as ammonium compounds and, therefore, contain penta-
valent, nitrogen.

The following formula for phenosafranine is consistent with
all these facts, and at the same time explains why four atoms of
hydrogen are required for its reduction to a lenco-compound:

C,H,NH, H,NH,

m\*< ¢ +4H = HN< o + HCL
| N, CH,NH,
N—C,H, H,NH,

This formula also explains the existence of two isomeric
diethylsafranines, each contaiming an amide-group.

The composition of pseudomauveine corresponds to that of a
phenylphenosafranine.  Since, however, its salts are decomposed
by alkalis, it cannot belong to this class, and is therefore, an
amido- or imido-base.

1094 The Indophenols. These blue colouring matters werc
discovered by Kichlin and Witt. They are formed when equal
molecules of a paradiamine and a phenol are oxidized in a
nentral or slightly alkaline solution, or when the alkaline solu-
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tion of & phenol is heated with & tertiary nitrossmine! They
are converted by reduction into colourless compounds which
unite with acids to form salts. In the presence of alkalis, how-
ever, they are rapidly reoxidized, the original colouring matters
being formed.

Phenol-ble, C, H,,N,0, occurs in commerce asg s paste, and is
prepared by oxidizhig a mixture of phenol and dimethylpara-
dismidobenzene :

C,H,OH + NH,C;H,N(CH,), + 20 = C,H,0:NC,H,N(CH,),
+ 2H,0.

It isalso obtained from phenol and nitrosodimethylaniline :
C,H;,0H + NO.C H,.N(CH,), = C,H,0:N.C;H . N(CH,), + H,0.

On heating dimethylphenylene-green with caustic soda, di-
methylamino is formed together with a colouring matter, which
is probably plenol-blue.?

Trichlorophenol-blne, C H, CLN,0. Smith aud Andresen
obtained this compound, which they term trichloroquinonedi-
methylanilenimide, by the action of trichloroquinenoxime chloride
on dimethylaniline. It crystallizes in needles, which are very
elastic and tough, give an azure-blue streak, and appear golden
green by refiected light when the beam of light falls in one
plane with the longer axis, but deep-red when it is perpendicalar
to this axis, It is almost insoluble in water, slightly soluble in
cold, nore readily in hotalcohol, and readily in ether and benzene,
forming deep greenish-blue solutions, which produce fast colours
on animal fibres.

Reducing agents convert it into érichlorodimethylanilonamido-
phenol, C H ,CLN,OH, crystallizing in colourless needles,
which become decp blue and fuse at 138°—139°. It forms
stable salts with acids, and, as a phenol, also combines with
bases; the compounds thus formed, however, canunot be isolated,
as they are reoxidized with great rapidity on exposure to air.3

The constitution of these compounds may be deduced both
from their formation and their decomposition. Phenol-blue is
decomposed by heating with hydrochloric acid into quinone and

v Journ. Chem. Indust. 1882, 255.
? Mohlaw, Ber. Deutsch. Chem. Ges. xvi. 2855,
3 Journ. Prakt. Chem. [2], xxiv. 434.
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dimethylparadiamidobenzene; its constitotion is therefore ex-
pressed by one of the following formula (p. 169) :

o N = o N(CH,)
Nep=cH” o ° i

SN

1N CH—CHY |

O INCH,N(CH,),

By combination with hydrogen, the leuco-compound,
HO.CH, NH.C,H N(CH,),, is formed.

Gallocyanine and naphthel-blue, which is usually cafled “indo-
phenol,” are more important compounds of this class and will
be subsequently described.

Dibromoguinonrphenobimide, C,H,Br,O : N.C;H ,OH, is formed
by the action of dibromoquinonoxime chloride on a solution of
phenol in caunstic soda, or when dibromoparamidophenol and
phenol are oxidized in alkaline solution. The sodinm salt
is first obtained in golden-green crystals, which form a blue
solution in water. On treating this with acetic acid, the phenol-
imide is obtained, erystallizing in dark-red prisms with a metallic
lustre, which dissolve in water with a magenta-red colour.
Hydrochloric acid decomposes it into quinone and paramidodi-
bromophenol, while sulphurous acid reduces it to the lenco-
compound, HO.C H,Br,. NH C;H,.OH.

Méhlau considers dibromoquinonephenoiimide as an indo-

phenol, and proposes to name the colouring-matters previously
mentioned indoanils!

SULPHURETTED COLOURING MATTERS
DERIVED FROM AMIDO-BASES.

1095 These compounds were discovered by Lanth, who found
that when the aromatic diamines arc heated with sulphur, com-
bination takes place and bases are formed which yield splendid
violet colouring matters on oxidation ; he also obtained them in
a more simple manner by dissolving the hydrochloride of the

L Ber. Dentsch, Chem. €les. xvi. 2843.
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diamine in & large amount of sulphuretted hydrogen water and
then adding ferric chloride

The colouring matter obtained from paradiamidobenzene has
been carefully investigated by Koch? and subsequently by
Bernthsen3 The latter found that it is alse obtained when
paradiamidodiphenylamine is lieated with sulphur and the pro-
duct treated with ferric chloride, as well as by first reducing the
product obtained from paranitraniline and then oxidizing with
ferric chloride. Finally, he prepared it from thiodiphenylamine.

Lauth’s Violet or Thionine* hydrochloride, C,, H,N;S.HC], is
only slightly soluble in cold, somewhat more readily in het
water, with an intense violet colour, which appears violet-red
by transmitted, and violet-blue by reflected light. It crystallizes
from a very slightly acid solution in thin prisms or small needles
with a beetle-green lustre. It is almost completely precipitated
from its aqueous solution by concentrated hydrochloric acid, but
on the addition of an excess of the acid it redissolves with a fine
dark-blue colour. Both the free base and its salts dissolve in
concentrated sulphuric acid with a fine green colour, which is
first turned blue and then violet by the addition of water, just
as in the case of the saframines. Like most of the other colouring
matters of this group, Lauth’s violet forms a compound with
filter-paper ; on allowing a drop of the solution to fall on a piece
of paper, a tolerably well-defined violet stain is produced, round
which the paper becomes moist, but is not coloured.

Thionine, C\,H NS, is obtained by the precipitation of its
salts with amumonia or caustic soda, as a black crystalline powder,
or, from & hot solution, in small needles with a feeble green
surface lustre. It is only slightly soluble even in hot water, and
somewhat more readily iu alcohol ; its selution is a redder shade
of violet than the solutions of iis salts, and showsa fine brownish
red fluorescence.

Leucothionine, or Lautl's White, C,;H;)NgS, is obtained by
treating a boiling alcoholic solution of the violet with a mixture
of ammonia and ammonium sulphide until it has become light
yellow, and then diluting with an equal volunie of water. The
base separates out on cooling in small, colourless or slightly
yellow plates, which are re-oxidized in the air with great rapidity,

L Ber. Devlsch, Chem. @es. ix. 1085, ¥ Ibid, xii. 2069.

8 Ann. Chem. Pharm. ccxxx. 73 and 108.

l‘ {’rom O¢iov, sulphur, and rd foy, the violet, since it is a violet dye containing
sulphur.



METHYLENE-BLUE. 33

and on drying in en atmesphere of carbon dioxide become
superficially coloured dark-green or black-blue.

The compound is much more stable in the dry state or in acid
solution than in a moist condition; its solution is coloured a
splendid vielet by ferric chloride.

The two other isomeric diamidobenzenes do not yield ana-
logous colouring matters (Koch), while, on the other hand,
similar compounds may be obtained frora methylparadiamido-
benzene and dichloroparadiamidobenzene?

Similarly, the diamidobenzene obtained from nitracet~toluide
yields a reddish violet, while paradiamidotoluene yields & violet-red
{Lauth).

Lauth’s colouring matters have received no practical applica-
tion, since equally fine vielets can be more cheaply prepared.
Methylene-blue, on the other hand, which was discovered by
Caro and belongs to this group, soon came into general use.

In order to prepare it, a solution of dimethylaniline in hydro-
chloric acid is treated with nitrous acid or sodium nitrite, and
then with sulphuretted hydrogen, the nitrosodimethylaniline first
formed being thus converted into dimethylparadiamidobenzene.
The treatment with sulphurctied hydrogen is continued until
the solution has lost its yellow colour and is covered with a blue
scum, ot which stage ferric chloride or potassiun dichromate is
added until the smefl of sulphuretted hydrogen has disappeared.
The liquid is then saturated with common salt and treated with
zine chloride to precipitate the colouring matter, which is
filtered off, redissolved in water, aud reprecipitated by common
salt and ziic chlovide; the residue is then filtered off, pressed,
and dried.

Methylene-blue may also be prepared by heating helianthine,
C,H,(SO,NH)) N,C;H,NH,, with ammonium sulphide to 105°—
110° and oxidizing the product with ferric chloride. It is
also formed when tetramethyldiamidodiphenylamine, obtained
by the reduction of Bindschedler's-green, is treated with sul-
phuretted hydrogen and ferric chloride3

Methylene-blue produces a fine, fast blve on cotton mordantad
with tannate of antimony; it dyes wool and silk directly, but
does not give a fast shade. It is also employed for dyeing
leather and jute, the latter of which readily takes up the colour.

{ Beruthsen nnd Frinkel, dnn. Chem. Pharm, cexxx. 116.
2 Ber. Dewlsck. Chem, Ges xi. 1705,
3 Bornthsen, Jbid. xvi. 2003 ; Ann. Chem. Pharm. ccxxx. 157.
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Koch was the first to investigate this compound, but he
obtained an Incorrect formula for it;! this lias been accurately
determined by Bernthsen, who bas alse pointed out the constitu-
tion of these sulphur-containing colouring matters (p. 336)°

096 Methylenc-biuc orTetramethylthionine chloride,C,gH g N,SCl
+ 3H,0. When the precipitate obtained by common salt
and zinc chloride is dissolved in water and the solution evapor-
ated,a mixture of the cliloride and its zine double-galt is ocbtained
in erystals having a cupreous lustre.  After ropeated crystalliza-
tions from hot, dilute hydrochloric acid, these consist of the
pure chloride, crystallizing in small tablets, the surface planes
of which have a copper- or bronze-lustre, while that of the
planes of fracture is beetle-green. It yields a lustrous, bronze-
coloured powder, which loses all its water and becomes coloured
dark indigo-blue at 150°. It dissolves in cold water, forming o
splendid blue solution, which appears greenish-blue in thin, and
bluish violet in thick layers. When a drop of the solution is
placed on filter-paper it behaves in a similar manner to Lautlh’s
violet ; the colour is not altered by dilute acids or alkalis.

Methylene-blue dissolves in concentrated sulphuric acid with
a dark-green colour, which is changed to blue by the addition
of water.

Potassium iodide precipitates the iodide, C\gH N ST quanti-
tatively from an aqueous sohution of the chloride or the commercial
product; it crystallizes from hot water conteining a little hydr-
iodic acid in needles having a dark bronze lustre. Potassium
dichromate precipitates the colouring matter completely as the
purple-violet chromate.

Tetramethylihionine hydroxide, C\gH ;NS OH, is most readily
obtained by treating a solution of the chloride or iodide with
freshly-precipitated silver oxide. On evaporating in vacuo, the
base is left a8 a dark, amerphous mass, which takes a green
metallic lustre when rubbed, dissolves in water forming o syrup,
and is readily soluble in alcohol. It precipitates metallic salts,
eg. ferric chloride, the hydroxide of the metal being formed,
and is very unstable, especially in solution. Its decomposition
products will be subsequently described.

Methylenc-white, or Tetramethyl-lewcothionine, CH, NS, is
best obtained by reduction of the blue with an alkaline solution
of sodium hyposulphite. It crystallizes from cthier in fiat needles
having a satin lustre and a penctrating smell resembling that of

! Ann. Chem. Pharm. xii. 592. ? Ibid. cexxx. 137,
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the lobster, and from alcohol in long, yellow, lnstrous needles,
rcadily soluble in water. It rapidly reoxidizes even when quite
dry, the change being effected in solution as rapidly as in the
case of indigo-white, methylene-blue and decompesition products
of this being formed. It is morc stablo in acid solution. Its
zinc double-salt, 2C, HyNSCl + ZnCl,, forms prisms readily
soluble in water.

In the preparativn of methlyene-blue, a red colouring matter,
which is not precipitated by zine chloride, is also formed, and
will be described luter on.

The formation of methylene-blue i employed as the most
certain and delicatc reaction for the detection of sulphuretted
hydrogen in neutral or acid solution.!

In testing for a trace of the gas in an aqueous solution, 2 per
cent. by volume of fuming hydrochloric is added; a few grains
of dimethylparadiamidobenzene sulphate are then dissolved in
the liquid, and one or two drops of ferric chloride added. The
addition of a large quantity of acid is necessary to prevent the
formation of the red colouring matter.

In a litre of water containing 0°00009 grns. of sulphuretted
hydrogen, the colouration became visible after a few minutes, and
after half an hour the liquid was coloured & pure blue. This
solution, before the addition of the acid, ouly gavea faint brown
colouration with lead acetate, and in the presence of acid remained
perfectly colourless.

A litre of water containing only 00000182 grms. of sulphur-
etted hydrogen after standing for half an hour showed o distinet
colouration when the vessel containing it was placed on white
paper and the solution cxamined from above. The pure blue
colour remained, as in the preceding case, for several days, while
the presence of sulphurctted hydrogen in the solution could not
be detected by means of lead acetate or sodium nitroprusside.

Methylenc-blue has also been applicd in physiological re-
scarches? “Itisan important bacterioscopic reagent. According
to Ehrlich, Koch, and others, it surpasses the greater number of
colouring matters which liave been employed, especially for dry
preparations. The baceilli of tuberculosis, of glanders, and of
cholera, were first discovered by the aid of methylene-blue.”

It is especially adapted to serve as a measurcof the reducing
power of tle organism. Dreser and Ehrlich simultaneously

' E. Fischer, Ber. Drulsch. Chem. Ges. xvi. 2234,
t Ann. Chan. Pharm. cexxx. 164.
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found that methylene-blue is reduced to methylene-white in the
parenchyma of the body, thus affording & new proof of the
powerful reducing action of the parenchyma of certain portions
of the body, ¢g. the kidneys.”

“ Elixlich has found that in the higher animals the peripheral
extremities of the sensitive nerve fibres are deeply coloured by
injections of methylene-blue, and that it is thus possible to in-
vestigate the finest ramifications of the nervous system even in
the living animal.”

1097 Constitusion of the Sulphuwrcited Colowring Mutiers.
Bernthsen has found that thiodiphenylamine is the mother-
substance of these compounds. Fuming nitric acid converts it
into two isomeric dinitrodiphenylaminesulphoxides, which yield
the corresponding diamidothiodiphenylamines, S(C H, N1,),NH,
on reduction ; one of these, the a-compound, iz identical with leu-
cothionine, snd is, therefore, oxidized by ferric chloride to thionine
or Lauth’s violet. Methylene-white is tetramethyl-thionine :

Leucothionine. Tetramethyl-leucothionine.
cH cH :
s< ““N\NH s< "H”>NH
COHS\ COH3
NH, \N(CH,),

On heating with methyl iodide and methyl alcohol, both com-
pounds are converted into heptamethylthiodiphenylammonium

iodide : /N(CH;,)J

This crystallizes from hot water in white or yellow tablets
having a pearly lustre, or in needles, and yieldsthe corresponding
strongly alkaline hydroxide on treatment with moist silver oxide,
the solutionof which dries to an amorphous mass. These results,
taken 1n connection with the formation of methylene-blue from
Bindschedler’s green, lead to the following formule for the
colouring matters:

Lautlt's V}oqlﬁ Methylene blue.
J/ 2 Vs 2
S /Can>N, S /CoH:s \ N
e | el
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Lauth’s violet is therefore the hydrochloride of a-amimido-
thiodiphenylimide, while methylene-blue is an ammonium
chioride, a view which is sapported by the properties of the
compounds in question.

The conversion of methylene-white into methylene-blue is
efficted by the addition of hydrochloric acid to the former,
accompanied by the elimination of two atoms of hydrogen.
The idea that in the formation of the colouring matter a hydro-
gen atom of one of the methyl groups is removed, together with
that of the imido-group, might be suggested by the choice of
the name methylene-blue, but this name is not intended to
represent the constitution of the compound any more than in
the case of Bindschedler’s green and other colowing matters.

It may be remarked, as already mentioned, that methyldi-
amidothiodiphenylamine also yieldsa colouring matter on oxida-
tion (p. 263), which is precipitated by zine chloride and common
salt in needles which have a bronze-lustre, and, immediately
after their preparation, dissolve in water with a bluish green
colour. This compound is, however, very unstable, and decom-
poses very rapidly, thus showing that it does not correspond to
Lauth’s violet,and that the formation of the coloured compound
proceeds very differently when the hydrogen of the imido-group
is replaced by methyl.

1098 Methylene-red, C,H,\N S (HCl),, is formed, as already
mentioned, in the preparation of the blue, and remains in the
mother-liquor after the precipitation of the Iatter by salt. Its
presence in the oririnal solution can be shown by allowing a
drop to fall on filter-paper, a well-defined blue spot being formed,
srrounded by a rose-red zone. It crystallizes from alcohol in
small, green, glittering prisms ; its solution has a splendid fiery
purple colour. Potassinm iodide produces a precipitate of the
hydriodide, crystallizing from a large quantity of water in
thick needles or prisms.

Boiling hydrochloric acid has no action upon methylene-red;
the alkalis, however, their carbonates and even sodinm acetate
or phosphate, decolourize the red solution, the colonr not being
restored by acids; oxidizing agents, on the other hand, produce
o blue colouration, especially after previous reduction.

Reducing agents also decolourize the solution, sulphuretted
hydrogen being evolved; commercially the acid solution is
first treated with zinc-dust and then with ferrie chloride, an

YOL. IIL—PART IIL z
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additional quantity of the blue being thus formed; this, how-
ever, probably differs from methylene-blue (Bernthsen).!

In addition to these colouring matters, Bernthsen has prepared
the following closely-related compounds:

Tsothionine, or B-amimidothiodiphenylimide, C,,H NS, is ob-
tained from the S-dinitrosulphoxide, and differs from thionine in
being a diacid base.

Its hydrochloride is readily soluble, and crystallizes in small
dark needles; the violet-red solution dyes silk a fine amethyst
with a shade of grey. The colour of the solution is not
changed by concentrated hydrochloric acid, and the salt forms a

" violet solution in strong sulphuric acid, which is searcely changed
by the addition of water. Xt behaves towards filter-paper like
thionine and methylens-blue. )

The free base forms a dark greyish brown, glistening, crystalline
powder, which is only slightly soluble in water, but dissolves
readily in alcohol with a violet-red colour, On reduction it is
converted into the leuco-base, or B-diamidothiodiphenylamine,
which has not been investigated. The constitution of these
compounds is probably expressed by the following formule :2

Leuco.isothionine. Isothionine,
AN LN
s -
S\, NA
NH,—C,H,~NH, NH,—C,H,~NH,

Imidothiodiphenylimide, C,HN,S, is formed, as already men-
tioned, by the oxidation of amidothiodiphenylamine (p. 262) :

C,H CH,
s<° ‘>NH +o=s< ¢ >1;I +H,0.
C,HNH, CoHNH

It crystallizes from hot alcobol on cooling, or on the addition
of water, in small, reddish brown needles, or separates out as a
crystalline, brick.red powder, which assumes a greenish metallic
lustre when rubbed. Its hydrochloride readily dissolves in
water with a violet-red colour, and combines with zine chloride
to form the double salt, (C,H;N,S.HCI),ZnCl, crystallizing in
long, dark violet needles. Its solution, like that of the hydro-

v Ann, Chem. Pharm, coexxx, 165. 2 Ibid. cexxx. 188,
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chloride, dyes silk an almost neutral shade of greyish violet.
The hydrochloride dissolves in concentrated sulphurie or hydro-
chloric acid, forming & dark grey solution, which becomes violet-
red on the addition of water. Its solution does not give a
well-defined spot on filter-paper, like that produced by Lauth’s
violet or methylene-blue, but diffuses uniformlyl

Ozythiodiphenylimide, C,,H,NSO. When parahydroxydi-
phenylamine iz melted with sulphur at the lowest possible
temperature, hydroxythiodiphenylamine, C,,H,NSOH, is formed ;
this is precipitated by waterfrom an alcoholic solution containing
stannous chloride in greenish white flocks, and oxidizes very
readily,. oxythiodiphenylimide being formed :

CoHL CH

s PNE 0= DN 4HO.
Ny’ AN
CoH,~OH CoHH;—0

This substance is best prepared by decomposing the alcoholic
solution with water until it has become turbid, adding a few
drops of hydrochloric acid, and then treating with ferric
chloride; an amorphous, chocolate-brown precipitate of the
compound is thus obtained, which is insoluble in water, slightly
soluble in glacial acetic acid, and somewhat more readily in
alcohol, benzene, and toluene, crystallizing from the latter in
indistinct needles. It readily dissolves in aniline and is pre-
cipitated on the addition of ether; it forms s blue-black solution
in concentrated sulphuric acid, from which it is precipitated by
water.

Reducing agents reconvert it into hydroxythiodiphenylamine,
which as a phenol dissolves in alkalis. The colourless solution
may be used for dyeing, materials dipped in it becoming coloured
reddish brown on exposure to air. Oxythiodiphenylimide dyes
silk rose with a shade of violet?

x009 Diozythiodiphenylimide, or Thionol, C,,H,NSO,, is formed,
together with other products, when thiodipkenylamine is heated
for a long time to 150°—160" with coucentrated sulphuric acid,
to which one-fifth of its weight of water has been added :

C.H,NS + 8H,S0, = C,H,NSO, + 3S0, + 4H,.
v Ann, Chem. Pharm. cexxx, 100,

2 Ibid, cexxx. 182 ; Simon, Disserlation.
z2
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It is also readily formed when thionine is heated with sul-
phurie acid containing 70—75 per cent. of sulphur trioxide:

C,H,~—NH, CoHy—OH
sC. DN yremo=s¢ N yovm,
AN yal AN e
GH;—NH CHy—0

Thionol is a brown powder which takes a green metallic lustre
when rubbed; it is only slightly soloble even in boiling water,
but dissolves in alcohol with a purple colour and in glacial acetic
acid with a yellow to blood-red colour; from the last of these
it crystallizes in forms resembling oak leaves. It dissplves in
concentrated sulphuric acid forming a splendid blue solution,
which becomes violet and then reddish brown on the addition
of water.

Under certain conditions, which are not accurately known,
the sulphate, (C,,H,NSO,),SO,H,, crystallizes from 40 per cent.
sulphuric acid in fine, green needles.

Thionol forms & violet solution in concentrated hydrochlorie
acid, and the hydrochloride crystallizes from the dilute solution
in splendid green needles which readily lose acid.

Thionol also dissolves in the alkalis, or their carbonates and
in hot sodium acetate solution, forming splendid violet solutions.
The potassium salt is partislly precipitated by an excess of caustic
potash as & tenacious mass. When thionol is boiled with baryta
and a large quantity of water, and the solution evaporated, the
barium salt, C,;H,NSO,Ba, is obtained in crusts consisting of
small, green, lustrous plates. From a solution of this, silver nitrate
precipitates the brown amorphous silver salt, C,H;NSO,Ag,.
In the formation of salts, therefore, thionol takes up s molecule
of water and the metal replaces two atoms of hydrogen.

A solution of thionol in an alkaline carbonate dyes sitk and
mordanted cotton violet; the colour acquires a reddish shade in
the air.,

Dihydroxythiodiphenylamine, C,HS(NH).(OH,), is the leuco-
compound of thionol and is best obtained by reducing an
ammoniacal solution of thionol with zinc-dust in absence of air.
It forms small needles, slightly soluble in watcr, more readily
in alcohol and ether. It is tolerably stable in acid solution, but
rapidly reoxidizes in the presence of alkalis.

Triasetyl-leucothionol, CyoHS(NC,H,0)(0C,H,0), is formed
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on heating th¢ above with acetic anhydride, and separates from
hot alcohol in sinall, tough, yellowish erystals, which are stable
in the air and melt at 135°—156°.

The constitution of thionol has already been given; that
of the hypothetical hydrate corrcsponding fo its salts, and of
Jeucothionol, are expressed by the following formule :*

Thionol hydrate. Leucoth ionol.
C,H,—OH C,H,—OH
’  ONoH ¢ OnH
AN \. ./
C,H,.-0H C,H,—OH.

2000 Thionoline, C H,N,SO. This compound, which lies
between thionine and thionel both in its composition and pro-
perties, was discovered by Bernthsen, who saturated a solution
of paramidophenol in hydrochloric acid with sulphuretted hy-
drogen and then added ferric chloride. It crystailizes from hot
alcohol in small, narrow plates or flat needles, which transmit
yellowish brown light, have an intense green metallic lustre
and are only slightly soluble in cold alcohol. The solution is
purple-red and has a splendid brownish red fluorescence. It
dissolves in hot dilute hydrochloric acid forming a purple-violet
solution, from which the hydrochloride separates out on cooling
in fine black needles ; thionoline hydriodide and chromate also
crystallize in fine needles, almost insoluble in water.

Thioneline is also formed when thionine is boiled with water
for a long time:

NC, HS(NH,)NH + H,0 = NC, HS(NH,)O + NH,.
It dissolves in concentrated sulphuric acid, forming a splendid
blue solution, which is decomposed on heating, thienol being
formed :
NC,,H,OS.NH, + H,0 = NC_;H,08.0H + NH,.

Leucothionoline, C,H (N,SO, is obtained by the reduction of
thionoline and is a very unstable compound. As it is both a
base aud a phenol, it dissolves in acids as well as in alkalis;
materials dipped in the alkaline solution become coloured on

exposure to the air.
Thionoline. !.euc(othiouolige.

H,NH, H,-NH,

¢ >N s’ SnH
1

C,H,2-0. C,H,ZOH.

v dun. Chem. Phaywm. cexxx. 187,
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Dimthyithionoline, or Methylene-vivlet, C, H ;N 80. A solu-
tion of methylene-blue to which an excess of an alkali has been
added, changes slowly in the cold, more rapidly on boiling,
dimethylamine, methylene-white, methylene-azure, and methy-
lene-violet being formed. The last of these is most readily
obtained by boiling a solution of methylene-blue, or its iodide,
with silver oxide ;

CH,—N(CHy), CoH—N(CHy),
s W - N + N(CH,)H,

CGHﬂ-—N(OHS)QOH CcHs"—'

It crystallizes in small plates which dissolve slightly in hot
water with o blue colour, more readily in alcohol with a colour
approaching violet, and in chloroform and ether with a red
colour. All its solutions, with the exception of that in aniline,
which is violet-red, show & splendid brownish red fluorescence.
It crystallizes from cumene in tough needles, and forms a violet-
blue solution in concentrated snlphuric acid.  Its hydrochloride,
C, H,,N,SO.HCI, crystallizes in very thin, black needles having
a feeble green lustre ; its aqueous solution dyes silk and cofton
& grey shade of violet.

Leucodimethylthionokine, SC,,H(NH)N(CH,),0H, is readily
obtained by warming the colouring matter with dilute alcohol
and ammonjum sulphide. It crystallizes in needles; materials
dipped in an alkaline solution become coloured on exposure to
the air, while it is so stable in acid solution that its hydrochloride
can be obtained in crystals!

Methylene-azure, remains, together with some methylene-violet,
in the mother-liquor obtained in the preparation of the latter.
In order to separate them, they are converted by stannous
chloride in alkaline solution into the leuco-compounds, that of
the violet being soluble, while that of the azure is insoluble in
alkelis. The latter is then dissolved in hydrochloric acid,
oxidized with ferric chloride, precipitated with common salt,
and the chloride thus obtained, which resembles the zine
double salt in being very difficult to purify, converted into the
iodide by precipitation with potassium iodide.

Methylene-azure todide, C\H,NgSO,I, crystallizes from hot
water in fine needles having a green lustre, which take a brassy

v Ann. Chem. Pharm, cexxx. 169,
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lusire on being rubbed. It forms a blue solution in water which
is more violet than that of methylene-blue ; alkalis precipitate the
free base which hes not yet been obtained pure. The chloride
is very soluble and crystallizes with difficulty in small needles;
its solution dyes silk a splendid blue, which can scarcely be
distinguished from methylene-blue. I& dissolves in concentrated
sulphuric acid forming a green solution which is changed to
blue by the addition of water.

Methylene-azure is clearly an oxidation preduct of methylene-
blue, since it is formed by the action of silver oxide; it is
probably the corresponding sulphone:

C,H—N(CH,),

z
S0 ¥
L NCH)L

PHOSPHORUS DERIVATIVES OF BENZENE,

2001 Pho@hzyl chloride, CH,PCl, i8 formed when the
vapours of phosphoros trichloride and benzene arc repeatedly
passed through a red-hot porcelain tube:!

CH; + PCL = CH,PCL, + HCL

It is also obtained by boiling 3 parts of aluminium chloride, 30
parts of phosphorus trichloride, and 50 parts of benzene for
36 hours in an apparatus connected with an inverted condenser.
According to this method, which is more especially adapted for
the preparation of small quantities, 33 grammes of the pure
compound may be obtained from 500 grammes of benzene,
while according to the first method, with the necessary appa-
ratus at least 500 grammes can be obtained in the same
time.2

It is also formed when mercury phenyl, (CH;),Hg, is heated
with phospherus trichloride to 180° (Michaelis) :

Hg(C,H)), + PCl, = Hg(C,H,)Cl + C;H,PCL,

! Michaclis, Lichig's Ann. clxxxi. 280 ; whoro the apparatus for the preparation
of large quantities is described in detail.
2 Ber. Dewisch. Chem. Gles. xii. 1009.



344 AROMATIC COMPOUNDS,

Tt is & strongly refractive liquid, which fumes in the air, has a
very penetrating smell, and boils at 224°8 (Thorpe). It is
decomposed by water with formation of phosphenylous acid.

Phosphenyl tetrachloride, CH PCl,, is readily formed by the
combination of dry chlorine with the preceding compound, and
crystallizes in white prisms, probably belonging to the mono-
clinic system. They melt at 73° and partially sublime when
more strongly heated, another portion being deecomposed into
chlorine and phogphenyl chloride. On hesting to 180° in &
sealed tube, it decomposes into chlorobenzene and phosphorus
trichloride, 'With water it first forms phosphenyl oxychloride,
which is converted by the further addition of water into
phosphenylic acid.

Phosphenyl oxychloride, CHPOCl,, is also obtained by passing
air or oxygen into heated phosphenyl chloride; this must be per-
fectly pure, or, especially when pure oxygen is employed, very
violent explosions may occur. It is also formed, together with
acetyl chloride, by the action of phosphenyl tetrachloride on
acetic acid; it is however best prepared by passing sulphur
dioxide into the tetrachloride:

C,H,PCl, + 80, = C,H,POCI, + SOCI,

The thionyl chloride, boiling at 80°, can readily be separated
from the oxychloride, which is a thick liquid having a fruity
smell, and boiling at 258°.

It follows from the foregoing decompositions that phospheny!
tetrachloride behaves similarly to phosphorus pentachloride, and
Michaelis considers that it might be advantageously employed
in organic chemistry in place of the latter for the preparation of
chlorides, since, on account of its high boiling point, it can be
more readily separated from these than can phosphorus oxy-
chloride, boiling at 110°,

Michaelis has also prepared several bromine derivatives of
phosphenyl.

Phosphenyl bromide, C;H,PBr,, may be obtained by heating
mercury phenyl with phosphorus tribromide, or by passing
dry hydrobromic acid gos into boiling phosphenyl chloride. It
is a liquid boiling at 257°.!

2002 Phosplenylous acid, CH,PO,H,, is obtained by allowing
phospheny! chloride to drop gradually into water; the solution is
then heated to boiling and rapidly evaporated in an atmesphere

L Kobler and Michaclis, Ber. Deutsch, Chem, Ges. ix. 519,
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of carbon dioxide. The acid isslightly soluble in cold, very readily
in hot water, and crystallizes in tablets melting at about 70°.
When more strongly heated, it decomposes into phenylphosphine,
P(CH),, phosphenylic acid, C;H,PO,H,, and water.

It is & monobasic acid; its alkaline salts form deliquescent
crystals; the barium salt, (C;H,PO,H),Ba + 4H,0, crystallizesin
fine, oblique, rhombic prisins, and the lead salt, (C;HPO,H),Pb,
separates out in scales having a mother-of-pearl lustre, when
the solution of the sodium salt is treated with lead acetate
and acetic acid. The salts of the other hieavy metals are
insoluble in water; the ferric salt, (C;H,PO,H),Fe, is a
characteristic, granular, white precipitate, insoluble in cold
concentrated sulphuric acid but soluble in the hot acid. On
cooling it separates out as a tough, white mass, which after
some time becomes brittle and crystalline ; when again heated,
the salt fuses to.an oily liquid which gradually dissolves, When
the dry salt is heated to 180° it ignites and burns with a
yellowish Aame.

Diicthyl phosphenylite, C;H PO,(C,H,),, is obtained by the
action of phosphenyl chloride on sodium ethylate free from
alecobol; in order to diminish the violence of the reaction a
quantity of anhydrous ether is added as & diluent. It isa
mobile liquid, which boils at 235° and has an overpowering
smell, It dissolves gradually in water with formation of ethyl
phosphenylous acid, CH,0,(C,H,)H, which is left on the
evaporstion of the solution as a thick liquid possessing an
aromatic odour. It is monobasic and is gradually decomposed
by water mto phesphenylous aeid and alcohol }

The action of phosphorus pentachloride on the latter acid
shows that it only contains one liydroxyl (Michaelis):

C,H,PHO(OH) + 2PCl, = C4H,POCI, + POCI, + PCl, + 2HOL

Phosphenyl oxychloride is tlus formed, while if the acid
contained two hydroxyls, as might be cxpected from its pre-
paration from phosphenyl eliloride, the following reaction would
take place :

G, P(0H), + 2PCL = CHPCl, + 2POCI, + 2HCL
Michaelis has farther shown by the action of plosphenyl

' Kihler and Michaclis, Zer. Dewdseh. Chent. Gles. x. 816,
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tetrachloride on phosphorous acid that this only contains two
hydroxyls:

PHO(OH), + 3C,H,PC], = POCI, + 2C,H,POC, + C,H,PCl,
+ SHCL

1f it had the formula P(OH),, es was generrdly supposed, the
following reaction would occur:

P(OH), + 8C,H,PCl, = PCl, 4 3C,H,POC], + SHCL.

These two acids, therefore, contain pentavalent phosphorus,
and have the following constitutions:

A /H
O —=P_OH 0 =P~C,H
\OH \oh

2003 Phosphenylic acid, CH,PO(OH),, is best obtained by
gradually adding phosphenyl tetrachloride to water, and finally
warming the solution in order to decompose all oxychloride. It
crystallizes in small, oblique, rhombic plates, having a vitreous
lustre, which melt at 158" and solidify in a radiating crystalline
mags. On heating to 200°it is converted into diphosphenylie
acid, (C,H;PO),0(0OH),, which is changed at 210° into triphos-
phenylic acid, (CgH,PO),0,(OH),. Both these compounds are
tough, transparent masses, and recombine with water to form
phosphenylic acid. The following formule explain the constitu-
tion of these substances:

Phosphenylic acid.  Diphosphenylic acid. Triphosphenylic acid.

CHPOS
OH CH PO< o >o
c,H,P0{ Sh:A ¢
NOH CH PO\ 0
OH CoH5P0<
OH

‘When phosphenylic acid is rapidly heated to 100°, it decom-
poses into benzene and metaphospheoric acid :

C,H,POH, = C,H, + POH.

If it be fused with caustic potash, benzene is also formed,
together with orthophosphoric acid.
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Phosplienylic acid is & strong dibasic acid and is not precipi-
tated by barium chloride or silver nitrate ; ammonia produces a
white precipitate, while ammonium molybdate does not give any
precipitate.

Normal sodium phosphenylate, CH,PO(ONn), 4 12HO,
forms long pointed crystals which readily lese water when
allowed to stand over sulpluric acid.

Acid sodium phosphenylate, CH PO, NaH, crystallizes in prisms
which contain water of crystallization, but eforesce exceedingly
rapidly. The normal potassium salt only crystallizes with great
difficulty and in indistinet forms, while the anhydrous acid salt
forms microscopic rhombic plates.

Normal calcivm phosphenylate, CH,PO,Ca 4+ 2H,0, is a pre-
cipitate consisting of small plates having a silky lustre.

Acid calciiom phosphenylate, (CH PO,),Call,, separates from
solution in acetic acid in smell lustrous plates or in lustrous,
moss-like aggregates.

All the other metallic salts of phosphenylic acid are insoluble
in water.

Aeid ethyl phosphenylate, C;H,PO4(C,H,)H, is obtaincd by the
action of phosphenyl tetrachloride on absolute alcohol, and is a
gyrupy liquid which has an acid reaction and is monobasic,

Normal ethyl phosphenylate, C;H,PO(OC,H,),, is obtained by
heating the silver galt with ethyl iodide. It is a thick liquid
boiling at 267°, and having a peculiar smell resembling that of
mustard oif. The dimethyl ether, which is very similar in its
properties and boils at 247°, has & perfectly different smell.

Normal phenyl phosphenylate, C;H,PO(OCH,),, is formed by
the action of phosphenyl tetrachloride on phenol:

C,H,PCL, + 3C,H,OH = CH,PO(OC,H,), + C,H,C1 + SHCL

It is very readily soluble in alecohol and ether, and crystallizes
from hot, dilute alcohol in very thin, long needles, melting at
63%3, which are not attacked by hot aqueous caostic soda,
but are decomposed by alcoholic soda. Tts boiling point lies
above 360°; it is also formed, together with the cliloride of
phosphenylic acid, C;H,PO(OCH,CI, by the action of phos-
phenyl oxychloride on phenol. The acid obtained by the
decomposition of the chloride with water, ie. acid pheayl phos-
phenylate, C,H,PO(OC;H,)OH, is only slightly soluble in water,
and crystallizes from aqueousalcohol in hair-like needles melting
at 57°. It forms salts which erystallize well.
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. Nitrophosphenylic acid, CoN (NO)POH,, is obtained by
heating phosphenylic acid with seven parts of fuming nitric
acid in o sealed tube for five or six lLours to 100°—110°, It
crystallizes from ether in white, concentrically arranged needles,
which deliquesce in the air and form an intense yellow solution
in water, On evaporation of the solution it separates out in
white, cauliflower-like masses. It melts at 132° and deflagrates
explosively at 200°; on heating with soda-lime it decomposes
into phesphoric acid and nitrobenzene, which is converted by
the action of the alkali into aniline, It is a strong dibasic
acid, the alkali salts of which do not crystallize; the normal
barium salt, C,H,(NO)PO,Ba + 2H,0, crystallizes from water
in lustrous yellow tablets, and the more soluble acid salt,
(CH,(NO0,)PO,H),Ba, forms small white plates.

Amidophosphenylic acid, C.H (NH)PO,H,, is obtained by the
action of tin and hydrechloric acid on the preceding compound.
Tt crystallizes in fine, white, lustrous -needles, slightly soluble in
water, more readily in hydrochloric acid, no compound being, how-
ever, formed. At 280° it decomposes without melting, and becomes
coloured bluish-green, On heating with soda-lime it decomposes
into phosphoric acid and aniline. Bleaching powder added to its
solution in hydrochloric acid produces a dark-red colouration,
which is neither destroyed by boiling nor by standing. The
solutions of its salts with the metals of the alkalis and alkaline
earths are coloured red on evaporation, even when exposed in
vacuo over sulphburic acid. The silver salt, C;H,(NH,)PO,Ag,,
is a yellowish white precipitate.

The action of sodium amalgam ou a solution of nitrophos-
phenylic acid does not produce azophosphenylic acid, but sodium
amidophosphenylate, CH (NH,)PO;Na, + 3H,O, crystallizing in
white prisms.

Diazophosphenylic acid nitrete, CH (N, NO)YPOH, + 3H,0,
is obtained by passing nitrogen trioxide into a boiling solution
of amidophosphenylic acid in nitric acid. Tt crystallizes in
colourless prisms, which are readily soluble in water and
aleoliol with a yellow colour, melt at 188°, and explode violently
at a slightly higher temperature. It is a very stable compound,
and is not decomposed by long-continued boiling with water.
Ttssalts, which ave coloured yellow to red, are explosive; those of
the metals of the alkalis and alkaline earths are soluble in water
and crystallize ; those of most of the other metals are insoluble.!

1 Michaelis and Benzinger, Liehig's Ann. clxxxviii, 275.
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2004 Phenylphospline, or Phosphanibine, C;H, PH, Michaclis
first prepared this compound by passing hydriodic acid inte
phosphenyl chloride, the hydriodide of phosphenyl iodide,
C,H,PL.HI, being obteined as a dark mass; on treatment with
absolute alcohol and subsequent distillation, this yields phenyl-

phosphine, the formation of which is explained by the following
equation :

8C,H,P1, HI + 9C,H,0H = ¢,H,PH, + 2C,H,PO.H, +
9C,H,I + 3H,O.

Later researches, however, have shown that the reaction is
not completely represented by this equation, but that the
following also takes place :

C,H,PLHI + 3C,H,OH = C,H,POH, + 3C,H] + H,0.

The phosphenylous acid is then resolved, as already described,
into phenylphosphire and phosphenylic acid, a decomposition
which is quite anslogous to that of hypophosphorus acid inte
phosphine and phosphoric acid. Phenylphosphine is there-
fore best prepared by gradually adding crude phesphenyl
chloride, which has only becn submitted to a few distilla~
tions, to an excess of alcohol with continual agitation, distilling
off the greater portion of the alcohol in a stream of carbon
dioxide, and then further heating the residue over the naked
flame.

The distillation of the phenylphosphine, accompanied by
violent frothing, commences at 250°; the flame can now be
removed as the distillation proceeds spontaneously, frequently
with almost explosive outbursts. If it ceases, the flask must
again be warmed until the formation of two non-miscible
liquids is rendered evident by the turbidity in the condenser.
These are water and benzene, formed by the decompesition of
the phesphenylic acid. Pure phenylphosphine is readily ob-
tained from the product by distillation in an atmosphere of
carbon dioxide.l!

It is a colourless liquid, beiling at 160°—161°, aud possessing
a most repulsive, penetrating smell, which is so iutense that
the mere opening of a flask containing the compound is
sufficient to contaminate the air of a tolerably large room. Tt
rapidly absorbs oxygen with evolution of heat and formation of
phosphenylous acid.

t Khler and Michaclis, Ber. Devlsch. Chem, Ges, x. 607,
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When oxygen is passed into uncooled phenylphosphine, the
rise of temperature is so great that ignition tekes place. It
also combines with sulphur on gentle warming, to form phenyl-
phosphine sulphide, CH,PH,S, a thick liqguid having an
exceedingly unpleasant smell

Thenylphosphonium todide, CH ,PH,I, is formed by the
combination of dry hydriodic acid with phenylphosphine.
It is decomposed by heating or by the addition of water;
it may, however, be sublimed in needles in a cwrent of
hydriodic acid gas.

Phenylphosphonium platinichlorid:z,(CH PH,)PtCl, Phenyl-
phosphine is only slightly soluble in concentrated hydrochloric
acid ; 'on the addition of platinum chloride, the platinichloride is
obtained in yellow crystals almost insoluble in water.

2005 Dicthylphenylphosphine, PCHL(CH,),, is obtained by
allowing zinc ethyl, diluted with benzene, to drop into a mixture
of phospheny! chloride and benzene contained in o flask which
has been filled with carbon dioxide and is surrounded by a
freezing mixture; a vielent hissing takes place, and so much
heat is evolved that the liquid soon begins to boil. When the
reaction is complete, a compound of the base with zinc chloride
separates out as a viscous liquid, which is then decomposed by
caustic soda.

Diethylphenylphosphine is a light, strongly refractive liquid,
boiling at 220°, and possessing & characteristic, disagreeable,
penetrating odour, which clings to all objects end is difficult
to remove,

Dicthylphenylphosphine hydrochloride, PCH(CH)HCL, is
formed by combination of the base with hydrochloric acid, and
is 4 white crystalline ‘mass which deliquesces in the air, forming
o liquid smelling like the base. It readily combines with
another molecule of hydrochloric acid, forming the liquid di-
hydrochloride, PC;H(C,H,),(HCl),, which is decomposed on
distillation into the base and free hyydrochloric acid, a portion of
which recombines in the condenser to form the monohydro-
chloride.

Drcthylphenylphosphonivan chloride, P(C;H,)(C.H,)Cl, When
chlorine is passed into diethylphenylphosphine, a separation of
carbon takes place accompanied by deflagration. If, however,
the chlorine bediluted with airand cooled by a freezing mixture,
the chloride is formed as a pale yellow liquid possessing a some-
what penetrating but not unpleasant odour. It solidifies in a
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crystalline mass when cooled by a freezing mixture; when
heated it decomposes with carbonization.

Disthylphenylphosphine oxide, PCH(C,H,),0, is only slowly
formed when the base is kept in contact with air or oxygen,
while on heating, a more complete oxidation, accompanied by de-
flagration, takes place. The oxide is, however, readily obtained
by decomposing the chloride with water, removing the greater
portion of the hydrochloric acid by evaporation, and treating
the residue with silver oxide. It forms colourless, transparent
needles, which are very hygroscopic, exceptionally soluble in
water and have an aromatic, fruity odour, It melts at 55°—56°,
and boils above 360°.

Tricthylphenylphosphoniwm todide, PCH(CH,),L, is formed
by the combination of diethylphenylphosphine with ethyl
iodide. It is soluble in water, and crystallizes from aleohol in
radiating needles, melting at 115°.

Pricthylphenylphosphonium  hydroxide, PCH(CH,),0H, is
obtained by boiling the aqueous solution of the iodide with
silver oxide. It is a crystalline mass which is exceptionally
soluble in water, and attracts both moisture and carbon dioxide
from the air. The platinichloride, (PC,H (C,H,),).PtCly, ery-
stallizes in fine, orange-yellow tablets, slightly soluble in alcohol
and readily in water.

2006 Diphenyl phosphorns chloride, (C4H,),PCl, is formed
when mercury phenyl is heated with an excess of phosphenyl
chloride for one hour to 220°—230° in an apparatus connected
with an inverted condenser:?

C,H,PCl, + Hg(C,H,), = (C,H,),PCl + Hg(C,H,)CL

It is also formed when phosphenylcliloride is kept for some time
at a temperature of 280°:2

2ACH)PCL, = P(C,HY,Cl + PCL,.
It is & colourless, oily liquid, beiling at 320°.

Diphenyl phosphorus trichloride, (CH,),PCly, is readily formed
by the combination of the preceding compound with chlorine,
and is a crystalline mass.

Diphenylphosphinic acid, (C;H;),PO(OH), is obtained by the
oxidation of diphenyl phosphorus chloride with nitric acid
(Michaelis), or by the decomposition of the trichloride with

L Michaelis, Ber. Doutsch. Chem, Ges. x. 627 ; Michaclis and Link, Ann. Chem.

FPharm. ecvil, 208 ; Michaelis and La Coste, Ber. Deutsch, Chem. Ges. xviii. 2109,
% Broglie, ibid. x. 628.
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water. It is, however, best prepared by warming one molecule
of phosphenyl chloride to 100°, and then allowing one molecule
of water to flow in gradually, heating first to 200° aud then
to 260°. On cooling, & very hard, bright yellow mass is ob-
tained, from which water extracts phosphenylic acid, together
with a little phospbenylous acid. The diphenylphosphinic
acid is obtained from the residue by treatment with alcohol,
a yield of about 30 per cent. on the phosphenyl chloride em-
ployed being obtained, a tough, yellow mass, which will be sub-
sequently mentioned, is left behind, being insoluble in alcohol.

Diphenylphosphinic. acid forms large, apparently triclinic
crystals, which melt at 190° and are insoluble in water, stightly
soluble in cold, readily in hot alcohol. It dissolves in hot nitrie
acid, and erystallizes from this solution in necdles, which lose a
molecule of water at 230°, and are converted into the anhydride
(CH{),PO),0.

Iis soluble salts also crystallize very well, the most characteristic
being the calcium salt, ((CgH,),PO,),Ca + 8H,0, which forms tri-
clinic crystals, and is much more soluble in cold water than in hot.

Ethyl diphenylphosphinate, (CH,),PO(OC,H,), crystallizes in
colourless needles melting at 165°.

The yellow mass mentioned above contains the compound
CH P H, which is, therefore, phenylated solid phosphuretted
hydrogen, and is formed in larger quantities when phosphenyl-
chloride is allowed to decompose gradually in damp air. Itis a
dark yellow, amorphous powder, having a fecble odour re-
sembling that of phenylphosphine; it is insoluble in water,
alcohol, ether and cold earbon disulphide, kindles when warmed
in the aiv, and is oxidized by nitric acid to phosphenylic acid
and phoesphorie acid.

Together with this body, occurs a compound, (C;H,),P,0,H
or C;H,P,.0.PO(CH)H, which is very soluble in carbon di-
sulphide, crystallizes in yellow needles, and yields the same
oxidation products as the insoluble compound.

The compounds described above are also formed by the action
of phosphenyl chloride on phosphenylous acid :!

C,H,PCl, + C,H,PO,H,=2C,H,PO + 2HCI
3C,H,PO = (C;H,),P,04+ P, + C,H,PO,.
5CH,PO + H,0 + 3P, = 2CH,P H + 3C,H,PO,
= 2(C,H,),P,0,H + C,H,PO,.
} Michaclis and Gotter, Ber. Deulsch. Chem. Ges. xi. 885,
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The anhydrides, P,(CH,),0; and, P(C{H)O,, then combine
with water forming diphenylphosphinic and phosphenylic acids.

2007 Diphenylphosphine, (CH),PH, is formed, together with
diphenylphosphinic acid, by allowing diphenyl phosphoruschloride
to dropintoe a dilute solution of caustic soda, the operation being
carried on in an atmosphere of hydrogen. Diphenylphosphinous’
acid Is first formed in this reaction but is iLmmediately de-
composed by water:

2(C,H,),POH = (C,H),PH + (C,H,),PO.0H.

Tlis behaviour corresponds to the decomposition of phos-
phenylous acid into phenylphosphine and phosphenylic acid,
which, however, only takes place on heating.

Diphenylphosphine is a liqaid beiliug at 280° and possessing
a very unpleasant smell, which, however, is not so penetrating
as that of the primary basc. It disselves in concentrated hiydro-
chioric and hydriodic acids, but is reprecipitated Ly water. Itis
oxidized by nitric acid or chlorine water to diplienylphosphoric
acid.!

Methyldiphenylphosphine, (CH,),PCH,, is obtained by the
action of zinc methyl on diphenyl phosphorus chiloride. 1t is
a colourless, strongly refiactive liquid, boiling at 284° (Michaelis
and Link), and having a penetrating odour.

Methyldiphenylphospline oxide, (CgH,),CH,PO, is formed by’
the oxidation of the preceding compound in the air, as well as
by treating an aqueous solution of triphenylmethylphosphonium
iodide with silver oxide, the Liydrexide, which is first formed,
decomposing cven in the cold, more 1apidly on warming, with
separation of benzene, thus showing that the methyl group is
more firmly connected with the phosphorus than is the phenyl:

P(CH),(CH,OH = P(CH){CH)O + C.H,

Methyldiphenylphosphine oxide crystallizes from boiling ether
in prisms which melt at 110°—111°, and are odeurless in the
purc state. In the preparation of this compound, as well as of
its homologues, from the pliosphonium iodides, resinous by-
products are formed, smelling like peppermint or chloral?

Ethyldiphenylphosphine, (GH;),PCH,, is a liquid boling at
293°; its oxide, P(C H,),(C,H,)O, forms lustrous prisms melting
at 121°,

 Michaclis and Gleichmann, Ber Detdsch. Chen. Ges. xv. 80%.
? Michaelis aud v, Saden, Ame. Chew. Pharm, exxxix. 315,
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Dicthyldiphenylphosphonium  dodide, P(CH(CH,).I, 18
formed by the combination of ethyldiphenylphosphine with
ethyl iodide, and forms fine colourless crystels, having a bitter
taste and mclting at 204°.

Derivatives of phenylphosphine and diphenylphosphine con-
taining both methyl and othyl, and others containing ethylene,
have also been obtained.!

Phenoxydiphenylphosphine, P(CH,),0CH,, is obtained by
warming diphenyl phosphorus chloride with phenol in an atmo-
sphere of hydrogen. The mass is then heated somewhat more
strongly in a current of hydrogen to remove the hydrochloric
acid formed by the reaction, and the temperature is finally
raised to 200° and any unaltered phenol distilled off.

Phenoxydiphenylphosphine is a thick, colourless oil, which is
goluble in ether and alcohol, boils at 265°—270° under a presswre
of 62 mm, and becomes very viscous, without, however, solidify-
ing when cooled in a freezing mixture. As it does not beil
under the ordinary pressure without decomposition, its vapour
density was determined under diminished pressure and found
to be 9:97—10-07.

On boiling with water it decomposes into phenol, diphenyl-
phosphine and diphenylphosphinic acid. This decomposition,
which is analogous to that of diphenyl phosphorus chleride, is
more rapidly bronght about by caustic soda.

Plenoxydiphenylphosphine oxide or Phenyl diphenylplosphinate,
(CH,),PO(OCH,), is obtained by the direct combination of
phenoxydiphenylphosphine and oxygen. This also combines
with bromine to form the compound (CyH,),PBr,(OC,Hy), which
has not been obtained pure, but is converted by treatment with
water or boiling with caustic soda into the oxide. This crystal-
lizes from alcohol in small needles or prisms melting at 135°—
136°

Phenorydiphenylphosphine sulphide, (CHj;),PS(OCH)), is readily
obtained by mixing solutions of phenoxydiphenylphosphine and
sulphur in carbon disulphide. It crystallizes from hot alcohol
in fine needles, and from ether in small transparent prisms
melting at 124°,

The analogous selenium compound bas also been prepared.

Phenoxydiphenylmethylphosphonium dodide, (CgH),P(OCH,)
CHy,l, is obtained by the continued heating of phenoxydiphenyl-
phosphine with methyl iodide ; it forms a crystalline mass, which

t Gleichmann, Ber. Dowdsch. Chem, Ges. xv. 198,
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deliquesces in damp air, and is decomposed by beiling water
with formation of hydriodic acid, phenol and diphenylmethyl-
phosphine oxide.!

2c08 Triphenylphosphine, P(CH,), is obtained by adding
sodinm to an cthereal solution of phosphenyl chloride and
bromobenzene (Michaelis and Gleichmann). It may bo obtained
in & more simple manner by replacing the phosphenyl chloride
by phesphoerus trichloride :*

PC, + 3C,H,Br + 6Na = P(C,IL,), + 3NaCl + 3NaBr.

The cheaper chlorobenzene may bhe employed instead of
bromobenzene.?

Triphenylphosphine crystallizes inimperfect, short, transparent
prismsor tablets, which from their optical properties mnust belong
to the monosymmetric systein ; they are almost odourless
and dissolve rcadily in alcohol and ether. It melts at 79, but
the melting-poin’, is lowered by small traces of impurities. In
an atmosphere of any indifferent gas it boils above 360° with
slight decomposition, and hence the determinations of its
vapour density give too high a number—963—10'61 instead
of 9°07.

It is not attacked by dry cliburine even on heating ; it readily
dissolves in concentrated hydiochloric acid even at the ordinary
temperature, but is reprecipitated by water. On adding
platinum chloride to the hydrochloric acid solution, an amorphous
yellow precipitate of (P(C H,)H),PtCl, is obtained.

Triphenytphosphontem dodide, P(CH),HI, is obtained by
dissolving the phosphine in hot hydriodic acid; on cooling it
separates out in fine needles, while it crystallizes from hot glacial
acetic acid in long prisms. It is resolved inte its components
by water; it melts at 215° with decomposition, a portion
subliming unaltered.

Triphenylphosphine also cowbines with the elements of the
chlorine group, but t;ie compouuds formed cannot be obtained
pure.

Triphenylphosphine oxide, P(C;H,),0. Oxygenisnot absorbed
by the phosphine even when the latter is fused. The hydroxide,
P(C,Hy),'OH),. may, hiowever, be obtained by treating it with
un excess of water, adding the necessary amount of bromine,

! Michaelis and La Coste, Ber. Denbach. Chem. Ges. xviii. 2109,
% Michnelis and Reese, bid. xv. 1610,
3 Michaclis and v. Soden, Anu. Chem. Plarm. cexxix. 295,

VA2



3466 AROMATIC COMPOUNDS.

PP

warming, and then beiling with coustic soda until the oily
product has become colourless, or by adding potassium chlorate
to the warm solution of the pliosphine in hydrochloric acid. Tt
18 slightly soluble in hot water, readily in aleohol, and erystal-
lizes from & mixture of petroleum ether and benzene in well
developed prisms. It readily loses water and is converted at
100° into the oxide, melting at 153>3 and boiling at 860° with-
out decomposition ; the vaponr density was found to be 979, the
theoretical value being 9-68.

Triphenylphosphine oxide is not acted on by bromine, oxygen,
sulphur, methyl iodide, &c, while the isomeric phenoxydiphenyl-
phosphine, like triphenylphosphine, readily combines with these.
‘This is due to the fact that the phosphorus is trivalent in the
two latter, and pentavalent in their oxides:?

Triphenylphosphine. Triphenylphosphine Oxide.
Jpatia Ol
P—CH, 0 = PG,
CH,. \C,H,
Phenoxydiphenylphosphine. Phenoxydiphenylphosphine Oxide.
L et Co
P—O0CH, 0 = P--0CH,
C,H, NCH,.

Triphenylphosphine nitrate, P(CgH)5(NOy),, is obtained by
dissolving the phosphine in fuming nitric acid and cvaporating
the solution. It forms a yellow, radiating, crystalline mass
which continually gives off nitric acid, and on standing over
sulphuric acid and slaked lime is changed into the basic salt
P(C,H,);NO0,OH, which melts at 73°, and is converted into the
hydroxide on boiling with water.

Priphenylphospline sulphide, P(C,H,),S, is obtained by
evaporating a solution of the phosphine and sulphur in carbon
disulphide ; it crystallizes from hot alcohol in long needles
having a silky lustre, melting at 1575, and boiling with slight
decomposition above 360°

T'riphenylphospline selenide, P(CgH),Se, is a very similar
substance, which melts at 183°—184°, and is obtained by heat-
ing the phosphine with selenium.

! Michaelis and La Coste, Ber. Deutseh. Chem, Grs. xviil. 2118,
3 Ibid.
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Compounds of triphenylphosphine with the alcoholic dodides are
very readily obtaincd; they are only slightly soluble in water,
and rcadily in alcohol, but almest insoluble in ether, have a
bitter taste and become coloured yellow in the air.

Triphenylmethylphosphoninm icdide, P(CH,),CHGI. Methyl
iodide combines cnergetically with the phosphine to form this
compound, which crystallizes from water in small plates having
o vitreous lustre ; the melting point of these crystals lies at first
between 165° and 166°, but after repeated recrystallizations rises
gradually to 182°—183°, at whirh point it remains constant.

On boiling its aqueous solution with silver chloride, the
chloride, P(C,H,),CH,Cl+H,0, is formed and may be obtained by
evaporation as 2 crystalline mass, losing water at 100°—110°, and
meltingat 212°—213°. The pla.tlmchlorlde, (B(C, II:,)S ,)2PtClc,
is & precipitate crystalhzmg from water or alcohol in yellowish
red needles,

Melting-point.

Triphenylethylphoesphonium iedide,

P(CH,),C,H,T, broad, colonrless tablets ., . . 164—165°
Triplienylpropylpliosphonium iedide,

P(CH,),C,H, I, strongly lustrous, thick, mono-

sytmetrical plates . . . . e e 201-5°
Triphenylisopropylphosphionium lOdlde

P(CH,),CH(C,H,),I + 2H,0, thick, opaque

plates . . . . . ... Lo oo —
Triphenylisobutylphosphoninm iodide,

P(C,H,),C,HyI, small lustrous plates ar needles . 176°—177°
Triphenylamylphosphonium iodide,

P(CH,),CsH,, I, colourless prisms . . ., . . 174°

By the action of freshly precipitated silver oxide on these
compounds the corresponding hydroxides are obtained; these,
as already mentioned, are rapidly resolved into benzene and
diphenylphosphine oxides, containing an alcohol radical.

Methylenehexpheny'phosphonium ivdide, Py(CHy),CHI, is
formed when the phosphine is dissolved in methylene iodide, and
erystallizes in small lustrous needles.

Eithylenchoxphenylphosphonium bromide, P(CiH,)C,HBr, is
a crystalline powder, slightly soluble in water!

t Michaclis and Gleichmann, Bir. Dewtsch. Chem. Ges. xv. 503 ; Ann, Chern,
Phara. cexxix. 318.
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2000 Trinitroliphenylphospline oatde, P(CH,.NO,),0. One
part of triphenylphosphine oxide is carefully added to a mixture
of two parts of fuming nitric acid and five parts of concentrated
sulphuric acid, so that the temperature docs not become higher
than 15° or 20°, and the mixture then poured into cold water. A
mixture of two isomeric nitro-compounds then separates out,
one of which can be casily removed by boiling alcohol. This
is & bright yellow resinous body, aud has not been obtained
perfectly pure. The chief product, amounting to from 85 to 90
per cent. of the theoretical yicld, remains belind as a yellowish
white crystalline powder. It is then dissolved in boiling glacial
acetic acid, and precipitated {rom solution in the form of long,
yellowish, oblong plates by the addition of four volumes of
alcohol. These can be obtained nearly colourless by re-
erystallization from glacial acetic acid, with or without sub-
sequent addition of aleohol. The crystals melt at 224 and
deflagrate at a higher temperature.

T'riemidotriphenylphosphine oxide, P(CJH NH,),0, is obtained
by reducing the nitro-compound with tin and hydrochloric acid.
It crystallizes from alcohol in colourless prisms containing &
molecule of alcohol, which is driven off at frorn 100° to 110°
It separates from a large quantity of hot water in anhydrous,
glittering, reddish-coloured plates melting at 258°.  Its salts are
very soluble and remain on evaporating their solutions as gum-
like or vitreous masses.

When the base is boiled with acetic anhydride a triacetyl
compound, P(CH NHC,H0),04H,0, is formed. This
separates from solution in dilute acetic acid or alcohol in warty
crystals, which do not become perfectly anhydrous until 130°—
130°, and then fuse at 186°-—187° with evolution of gas.

Hexmethyltrianidotriphenylphosphine oxide, PICH, N(CH,),},0,
is formed when the amido-compound is heated with mnethyl
iodide and wood-spirit. Tt crystallizes from alcohol either in
needles containing one moleculs of alcohol, or in crystals free
from aleohol, melting between 149° and 152° If an excess of
bromine-water be added to the hot aqueous solution of the
amido-compound containing hydrochloric acid, a light reddish
grey precipitate of P(CH Br,NH,);0 is formed, whilst chlorine
water gives a brown precipitate (Michaelis and von Soden).

Diphosphubenzene hydroaide, CH ,P—POH, is prepared by the
action of spontaneously inflammable hydrogen phesphide on
phosphophenyl chloride, thie product being rubbed up and washed
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with alcohol. It is a yellow powder, readily soluble in carbon
disulpbide, which takes fire when warmed in the air, and is
oxidized to phosphenylic and phosphoric acids when heated with
nitric acid!

Diphosphenyl, C;HP—PC-H,, corresponds to azobenzene, as
the foregoing compound docs to diazobeuzenchydroxide ; hence
it has been tcvmed phosphobenzene. o prepare it, phenyl-
phosphine is brought into a flask through which a current of dry
hydrogen is passing, and phosphophenyl chloride allowed to
drop in :

C,H,P
CH,PCl, + CH,;PH, = [}! + 2HCL

65

The mass isgently warmed, and the product washed first with
water and then with pure ether. It is a yellowish powder
readily soluble in lot benzene, melting at 149° to 130° and
solidifying to a crystalline mass. It gradually oxidizes in the
air forming oxyphesphobenzenc, (C,H P),0. On heating with
concentrated hydrochloric acid it splits up into phenylphosphine
and phoesphophenyl chloride, which latter is, however, at once
converted by the water present into phosphophenylous acid.
This acid is also formed by oxidation with dilute nitric acid,
whilst the concentrated acid converts it into pliesphophenylic
acid (Kohler and Michaelis).

ARSENIC DERIVATIVES OF BENZENE,

2010 Arsenphenylchloride, CH;AsCl,. Thisis formed together
with diphenyl, Cj,H,,, when the vaponrs of benzene and arsenic
trichloride are passed together through a red-hot tube. The two
compounds cannot be separated either by ecrystallization or
distillation, and hence the chloride is best prepared by the action
of arsenic trichloride on mercury phenyl® It is a colourless,
powerfully refracting, not very mobile liquid, boiling at from
252° to 235° and not fuming in the air. When cold it possesses
a faint unpleasant smell, but when warm its odonr is penetrating ;
it acts on the skin as a powerful canstic. It is not attacked by

' Michnelis, Ber. Dentsch. Chewm. Ger. viii. 499,
? La Coste aud Michaehs, Licbiy's Ann. cel 191.
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water even when boiling. With chlorine it combines to form a
tetrachloride, but bromine decomposes it with formation of
paradibromobenzene.

Arsenphenyl oxide, CH,AsO, is prepared by the action of a
solution of carbonate of soda on the chloride ; it separates from
alcoholic solution in crystalline crusts, which melt at from 119°
to 120° and possess when cold a peculiar odour resembling that of
aniseed, but when hot have a very penetrating smell, the vapour
attacking the mucous membrane of the nose violently. It does
not dissolve iu water but is soluble in alkalis. When strongly
heated it decomposes into arsenic trioxide and triphenylarsine.

Arsenphenyl bromide, CH,AsBr,, is obtained by warming the
oxide with an excess of concentrated hydrobromic acid. It isa
liquid possessing a faint smell and boiling at 285 with decom-
position. It is readily converted by bromine into bromobenzene
and arsenic tribromide.

Arsenphenyl isdide, CH,AsL, is a heavy, oily, red-colowred
liquid. When its alcoholic solution is treated with phosphorous
acid, iodarscnobenzene, C,H;AsLAsICH,, is formed. This
separates out in bright yellow ncedles, which on addition of
iodine ara converted iuto the original compound. Ttis a very
unstable body, and deliquesces in the atr!

Arsenphenyl tetrachloride CJH,AsCl, crystallizesm hroad yellow
needles melting at 45°, which fume in the air and are readily
decomposed by water. It behavesin quite a different manner
with acids from the corresponding phospharus compound ; it dis-
solves readily in cold glacial acetic acid; on warming no acetyl
chlovide is formed, but chloracetic acid is obtained, whilst sul phur
dioxide does not act upon it. When leated in an open vessel,
or when carbon dioxide is led through the warm liquid, it is
decomposed into chlorine and arsenphenyl chloride. When
heated to 130° in a closed vessel, it is converted into arsenic
trichloride and monochlorobenzene,

Arsenphenyl oxychloride, CH,AsOCl,, is formed when the
tetrachloride is allowed to drop into the necessary quantity of
water ; it may, however, be obtained more easily and in a purer
condition by the combination of chlorine and arsenphenyl oxide.
It is a white crystalline mass which fuses about 100° and fumes
slightly in the air.

Phenylarsinic acd, CH,AsO(OH),, is prepared by acting on
the oxychloride or tetrachloride with water. It is slightly

! Michaelis and Schulte, Ber. Deutsch. Chem. Ges. xiv. 913.
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soluble in cold, readily in hot water, and crystallizes from aleohol
in long prisms and compact masses. When heated to 140° it is
converted into the anhydride, C;Fl;As0,, an amorphous powder
wlich readily re-combines with water. It is a very stable
compound which resists the action of powerful oxidizing agents,
and is scarcely acted on by reducing agents; on boiling with
iodine and amorphous phosphorns it yields arsenphenyl iodide.
When it is heated with soda-lime, benzene is formed, and
this together with phenol is obtaiued on fusing it with
alkalis!

Phenylarsinic acid is poisonous; the symptoms begin and
death follows rather more slowly than is the cnsc with animals
poisoned by arsenious acid, but hardly less rapidly than with
arsenic acid. The phenylarsinates of the alkali metals are
acid salts, bat possess a ncutral reaction, and, with the excep-
tion of the aminoniun salt, they do not crystallize. The wctals
of the alkaline eavths also readily form acid salts, which how-
ever crystallize well.  The lieavy metals replace two atoms of
hiydrogen, and their salts are either stightly soluble or inseluble
in water,

Dimethylphenylarsine, AsCH(CH,), is formed when zinc
methyl acts on the dichloride. It is a thin lignid which boils
at 200° and possesses a pungent diszgrecable smell?

Dicthylphenylarsine, AsCH,(C,H,),. is acolourless, powerfully
refmeting liqoid which possesses a disagreeable smell and boils
at 240°. It combines with chlorine forwing diethylphenylarsine
chloride, AsCH(C,H,),Cl, which forms fine erystals.

Tricthylphenylirsonuem dcdide, AsCJIT(CH,),T, is obtained
by heating diethiylphenylarsine with cthyl iodide to100°. It
crystallizes from aqueous solution in prisms which Lave & very
bitter taste, fuse at 112°--113° and arc resclved into their con-
stituents when heated in a current of carbon dioxide. The
strongly alkaline hydroxide aud the chloride obtained from the
above compound are syrupy masses {La Coste aud Michaclis).

2011 drsendiphenyl chloride, (CjH,),AsCl, is prepared by boil-
ing an excess of arsenphenyl chloride with mercury phenyl. Tt
is & light yellow, oily, non-fuming liquid which when Leated
has a powerfally pungent smell, and attacks the skiu, though
less violently than arsenphenyl chloride. It boils at 280° and
is converted by alcololic potash into arsendiphenyl oxide,

! Ta Coste, Lichig's Ann. ceviii. 9.
* Link and Michaelis, €bid. cevii. 208,
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{(CyV5),As),0, which forms a warty crystalline mass melting
at 91°—92°.

Arsenaiphenyl trichloride, (C;H,),AsCl,. This compound is
formed by the combination of the monochloride with chlorine ;
it crystallizes from benzene in tablets which melt at 174°. On
heating to 200° it decomposes into chlorobenzene and arsen-
phenyl chloride.

Arsendiphenyl oxychloride, [(C,H,),AsCL],0, isa white powder
melting at 117°, and formed by the direct union of chlorine with
diphenylarsine oxide. Water decomposes it with formation of
diphenylarsinic acid.

Diphenylarsinie acid, (CH,),AsO(OH), is prepared by the
action of water on the trichloride. It crystallizes in long
needles welting at 174°, and is a weak acid which, together with
its soluble salts, acts as & strong poison, being more rapid in its
action than phenylarsinic acid. Boiling concentrated nitric
acid does not attack it.

Diphenylmethylarsine, As(C;H,),CHg, is obtained by the action
of zinc methyl on the chloride. It is an oily, powertully refrac-
tive liquid, boiling at 206° and possessing a very penetrating
smell. .

Diphenylethylarsine, As(CH,),C,H;, boils at 220°, and has a
not unpleasant fruity smell. 1t combines with chlorine to
form dipbenylethylarsine chloride, crystallizing from benzene in
long needles fusing at 137°.

2012 T'riphenylarsine, As(C4H,),, is formed when arsenphenyl
oxide is heated to 180°—200°:

3CH;AsO = (CjH,As + As,0,.

It can however be prepared more readily by acting on a
mixture of arsenic trichloride, bromobenzene and ether with
sodium.! It erystallizes from arsendiphenyl chloride in thin,
brittle plates having a vitreous lustre, and melting at 58°—59°.
In a current of carbon dioxide it boils above 360° and does not
combine with ethyl iodide even on heating.

Triphenylarsine chloride, (CgHy),AsCL, crystallizes from hot
benzene in plates which fume slightly in the air and melt at
171°. When heated in a clesed tube it decomposes into
arsendiphenyl chloride and chlorobenzene.

Triphenylarsine hydrozide, (CH,);As(OH),, is formed by

t Michaelis and Reese, Ber. Doulseh. Chem. Ges. xv. 2878,
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boiling the chloride with water, or better with dilute ammonia.
1t crystallizes on evaporation in plates or white needles which
melt at 108" Over sulphuric acid it effloresces at 105°—110°,
forming triphenylarsine oxide, (CgH,),AsO, melting at 189°

Triphenylarsine sulphide, (CH,),AsS, is obtained by fusing
triphenylarsive with sulphur, or more easily by boiling tri-
phenylarsine chloride with yellow amwonium sulphide. It is
insoluble in water and the alkali-sulphides, but crystallizes from
hot alcohol in silky needles melting at 162° (La Couste and
Michaelis).

Arsenohenzene, CH As—AsCH,. This body is formed by
the action of mest reducing agents on an alcoholic solution of
arsenphenyl oxide, C;H;As0 ; the best method is to boil it with
crystallized phosphorous acid -

C.HAs
2CH;AsO + 2POH, = [| + 2POH,
CH,As
It crystallizes in yellowish needles, melting at 196°, slightly
goluble in slcohol, but readily in benzene; the solution soon
becomes resinous.  On heating strongly it decomposes into

triphenylarsine and metallic arsenic; chlorine converts it into
arsenphenyl chloride !

ANTINONY DERIVATIVES OF BENZENE.

Triphenyistibine, Sb(CgHg), is formed when a mixture
of bromobenzene and antimony chloride dissolved in ben-
zene is heated with sodinm. It is slightly soluble in alcohol,

and crystallizes in small plates which have a faint unpleasant
smell, and fuse at 483°2

BORON DERIVATIVES OF BENZENE,

2013 Phenylboron chlcride, CH BCl,, When boren trichicride
is heated to 180°—200° with mercnry phenyl, this body is
formed. Itis a colourless liquid which fumes in the air, and is
violently decomposed by watcr. It boils at 175°, solidifying at
the ordinary temperature to s crystalline mass which melts

' Michaclis and Sehinlte, Ber. Deutsch, Chem. Ges. xiv, 912,
* Michaclis and Reese, thid, xv. 2576.
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about 0°. At the ordinary temperature it does not absorb
chlorine, but when placed in a freezing mixture it takes up
about two atoms, becoming liquid. If the freezing mixturc be
removed, a portion of the compound produced is resolved into
chlorine and phenylboron chloride, another part yielding chloro-
benzene and boron trichloride :

C,H,BCl, = CJHCl + BCL,

This decomposition corresponds exactly to that of arsenmethyl-
tetrachloride into methyl chloride and arsenic trichloride.

DPhenylborie acid, C;H,B(OH),, is obtained by slowly dropping
the chloride into water. It crystallizes from warm water in
aggregations of needles melting at 204° and volatilizing slightly
in o current of stcam. Tho acid reddens litmus feebly and
yiclds crystallizable salts.

Scdinm phenylborate, CH,B(ONa),, is soluble in water and
crystallizes in large quadratic tablets.

deid caleium phenylborate, (CH;BO,)CuH, forms warty
druses.

Agid silver phenylborate, CH BOAg(OH), is a yellow precipi-
tate which rapidly undergees change on exposure to light. It
is formed by adding silver nitrate and some ammonia to a
solution of the acid. Heated with water it decomposes into
benzene, boric acid, and silver oxide:

2CH,BOAgH + SH,0 = 2CH, + 2B(OH); + Ag,0.

EBthylphenylborate, C;HB(OCHy),, is formed by acting on
the chloride with absolute alcohol. It is a colourless, pleasantly
smelling liquid, boiling at 176° and readily passing into the acid
on standing in moist air.

A characteristic reaction for phenylboric acid is that, even in
very dilute solutions, it gives a precipitate of phenylmercuric
chloride with cerrosive sublimate solution :

CoHsB(OH)s + HgCl, + HO = CGH3H301+ B(OH), + HCL

By this test onc part of the acid in 25,000 parts of water
can be detected.

Phenylboron oxide, CgHBO. Thisanhydride of phenylboric
acid is obtained when the latter compound is heated above its
melting-point. It furms a colourless crystalline mass which
melts at 190° and beils without decomnposition above 360°,
It is soluble in alcohol and ether, but not in water, although it
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combines with water on long continted boiling, yielding phenyl-
boric acid}

Boric acid possesses well-known amtiseptic properties, and it
was natural to expect that its plienyl compownd would exhibit
similar propertics in even a more marked degree.  The experi-
ments of Fileme and Rothaas scem to promise a future for
plienylboric acid in therapeutic p:actice, as it possesses a
mild aromatic taste. and even when tuken in large doses does
not produce aoy corrosive action, only giving rise in the human
subject to singing in the cars, giddiness, and headache, which
soon disappear, though it acts as a powerful poison on the lower
animals. Thus, 2 mgm. acts fatally on a frog, whilst §°5 grm,
can be given to a ralibit without producing any serious effects.
Its antiseptic action is from five to ten times as powerful as
that of its sodium salt ; a solution of the acid of the strength
of 1 to 100,000 diminizhes the rate of putrefactive decom-
position, and meat can be preserved fresh in a solution of 1 to
5,000 provided the quantity of preservative solutivn employed
is large enough to prevent the acid from being weutralized by
the alkaline salts contained in the flesh. The formation of
bacteria i8 prevented by 2 solution containing 1 to 1,000, and
greatly retarded by one of from 1 to 10,000.2

SILICON DERIVATIVES OF BENZENE.

2014 Phenylsilicon chlopide, CHSIClL,, is obtained by heating
silicon tetrachloride with mercury phenyl to 800° It is a
powerfully refractive Hquid which fomes in the airand pussesses
a smell similar to that of silicon chiloride. It boils at 197°, and
on ignition burns with a strong, smoky, green-mantled flame,
leaving a residue of silica.

Phenylsilicie acid, or Silico-benzoic acid, CH Si0.0H, isformed
when the chloride is added drop by drop to an excess of dilute
ammonia. The acid which separates out is dissolved in ether,
and on cvaporation remains as a transparent mass resembling
solidified beads of molten glass. From alcoholic solution it
separates out as a syrup which dries to a solid mass and is then
insoluble in alcohol though dissolving in ether. It melts at 92°,

t Michaclis and Becker, Ber. Dendsch. Chan. Ges. xiih. 58 ; xv. 180.
3 Michaelis and Becker, ibid. xv. 182.
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and dissolves in caustic potash, from which it is not reprecipi-
tated by hydrochleric acid, but if this solution be allowed to stand
in the air, or if ammonia be added to the acid solution, the acid
separates out. On evaporating the alkaline solution and heating
the residue, benzene distils over:

C,HSiO,K + KOH = CH, + SiO;K,.

This decomposition corresponds to that of benzoic acid into
benzene and carbon dioxide.

The salts of this acid have not been prepared. If the acid
be dried at 100° it is converted into silicobenzoic anhydride,
(C.H8i0),0, an amorphons powder which, like the acid, burns
with a smoky flame, silica coloured black by carbon remaining
behind.

Lhenylsilicon ether, or Ethyl orthosilicobenzoate, CCHSI(OC,H,),,
is formed by the action of the chloride on abselute alcoliol, and
is a pungent smelling ethercal liquid boiling at 235°. When
heated with concentrated hydriodic acid, silicobenzoic acid is
formed :

C,H,Si(OC,H,), + 3HI = C,H,Si0,H + 3C,H,I + H0.

Silicontricthylphenyl, CHSI(C,H,), is obtained when the
chloride is heated with zime ethyl from 130°—165°. It is a
coloutless liguid boiling at 230° its vapour posse:sing a faint
smell of oil of cloves. The chloride, SiC,H,,Cl, is formed by
pas<ing chlorine into the above compound, kept well cooled ; it
is & thick liquid boiling between 260° and 265°, and possessing
a faint aromatic odonr. Itisnot converted into an acetate when
treated with an alcoholic solution of potassium acetate even at
250° and it is therefore probably silicon chlorophenyltriethyl,
C.H CISi(C,H,),.!

Silicontetraphenyl, or Stlicontetraphenylmethane, Si(CH,),, is
formed by the violent reaction of sodium on a mixture of silicon
tetrachloride and chlorobenzene, diluted with ether, to which
some acetic ether has been added. It is sparingly soluble in
alcohol and ether but readily in hot benzene, separating from
this solution as a crystalline powder, or in larger ill-defined
crystals; it melts at 228° and boils above 360°. On heating
in the air it burns with separation of light flocks of silica
which are carried off by the products of combustion, leaving no

residue.?
! Ladenburg, Ana. Chens, Pharn. clxxiil. 151
3 Polis, Ber. Deutsch. Chem. Gles. xviii. 1540,
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TIN DERIVATIVES OF BENZENE,

2015 T¥n dricthylphenyl, CH Sn(C,H,), is formed when a
mixtue of tricthy! tin iodide and bromobenzene diluted with
ether is heated with sedium :

CH;Br + (C;H,)Snl + 2Na=(C,H,)SnC;H; + NaBr + Nal.

It is a colourless, powerfully refractive liquid possessing rather
a pleasant smell, and boiling at 234°. Itz vapour undergoes
partial oxidation on exposure to air,and on ignition it burns
with a luminous smoky Hame leaving a residue of tin. If its
alcoholic solution be warmed with silver uitrate, a fine silver
mirror is deposited and diphenyl, C,,H,,, and triethyl tin nitrate
are formed. When acted on by iodine it decomposes into iode-
benzene and triethyl tin iodide, while fuming hydrochloric acid
converts it into benzene and triethyl tin chloride.

Ethylphenyl tin chloride, CH;(C,H,)SnCl,, is formed by the
action of tin tetrachloride on the last named compound :

C,H,(C,H,),;Sn + SnCl, = C,H,(C,H,)SnCl, + (C,H,),SnCl,

It crystallizes from ether in scales which melt at 43° and ave only
glightly soluble in water and hydrochloric acid, but dissolve
readily in absolute alcohol.t

Diphenyl tin chloride, (CH,),SnCl,. In order to prepare this
compound, a mixture of equal parts of tin tetrachloride and
mercury phenyl with petroleum spirt is boiled in a flask con-
nected with a reversed condenser for twelve hours,and the liquid
then distilled at & temperature below 160°. The product obtained
from 300 grms. of mercury phenyl is next poured into 500 to
730 cbe. of cold water and the mixture well shaken. The
squeous solution contains hydrochloric acid, stannic chloride, and
diphenyl tin chlorile; it is warmed on the water-bath from 85°
to 90°, when, after standing for a short time, a part of the
dipheny! tin chloride separates out as a heavy oil. The aqueous
solution is then powed off and again warmed for two hours,
a gummy powder being deposited. This consists of a miixture
of the chloride and hydroxychloride; this is then removed, and
after keating for two hours almost pure hydroxychloride sepa-
rates out,and at last a mixture of this compound with diphenyl-

! Ladenburg, Ann. Chen. Pharm. clix. 251.
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tin oxide and stannic oxide. The pure chloride is obtained from
this last named mixture and from that of diphenyl tin chloride
and biydroxychloride by passing liydvochloric acid gas over the
substance and finally warming to 45°1 The product is then
extracted with petroleum spirit.

Diphenyl tin chloride is readily soluble in alcohol and petro-
leum spirit, crystallizing from the latter solvent in compact,
transparent prisms often an inch in length, which have a
diamond lustre and belong to the triclinic system. It possesses
& penctrating sweetish taste, melts at 42° and boils with partial
decompusition at from 333° to 337°. When heated with con-
centrated hydrochloric acid to 100° it decomposes into benzene
and stannic chloride.

Diphenyt tin hydrozychloride, (C,H.)Sn(OH)C, is formed
when the chloride is gently warmed with water, or when it is
exposed to most air.  As stated above, it is also obtained in the
preparation of the cliloride, and it is prepared iu the pure state
from the product, containing some chloride, by washing it with
aleohol and then allowing the residuc to stand for some time in
contact with water.

It is an amorphous powder, fusing at 187°and insoluble in the
ordinary solvents. Concentrated hydrochloric acid converts it
into the chloride.

Diphenyl tin oxide, (CgH;),SnO0, is obtained by the decompo-
sition of the chloride or hydroxychloride by alkalis. It is a
white powder which after drying does not fuse, and possessas
analogous properties to tlie hydroxychloride.

Diphenyl tin chlordbromide, (CyH,),SnCIBr. When hydro-
bromic acicl gas acts upon the chloride or oxyehloride, this com-
pound is formed. It closely resembles the chloride but possesses
a more powerful odour, and separates from its solutions as an
oily liquid which is converted into o mass of crystals on bring-
ing into it a fragment of the crystallized compound. These
crystals fuse at 37°.

Diphenyl tin chloriodide, (C;H),SnCll, is formed in a similar
way to the above-mentioned compound. It crystallizes in trans-
parent, glistening monoclinic prisms melting at 69°.

A fact worthy of notc is that by the action of hydrobromic or
hydriodic acids on the chloride, the weaker halogen displaces
the strongar. just as phosphenyl chloride is converted by hydro-
bromic acid inte plosphenyl bromide. This shows that diphenyl

v Aronheim, Aun. Chean. Pharm. exqiv, 145,
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tin chloride does not act like the chloride of an organo-metallic
radica) but like that of & non-metal.

Diphenyl tin bromide, (CH;),5aBr,, is formed by the action of
hydrobromic acid on the oxide. Itis a thick oily liquid, which
on standing for some days does not solidify, but does so at ouce
when a crystal of the chiorobromide is placed in the liquid,
showing that this latter compound is isomorphous with the
bromide, which it otherwise closely resembles. It melts at 38"
Hydriodic acid acts in a similar way on the oxide, but the iodide
has not yet been isolated as it at once undergoes the further
change into benzene and stannic iodide :

(C,H,).8n1, + 2HI = °C,H, + SnT,.

Diphenyl tin di-sthyl ether, (CHp)Su(OCH,),. Thiscompound
is prepared by addiug sodiumm to a solution of the chloride in
absolute alecohol. It separates from this solution iu very bright
cube-shaped crystals or in long prisms which melt with decom-
position at 124° and arc readily decomposed by water into the
oxide and alcohol.

Triphenyl tea chloride, (CF),SnCl,is prepared by the action of
sodimm amalgam on an ethereal solution of diphenyl tin chloride,
or by heating the latter ina current of ammonia from 100° to
200°, Alcohol extracts from this triphenyl tin chloride and
stannic chloride, whilst diphenyl tin Liydroxychloride remains
behind.  This latter compound is probably derived from
(C.H,),SuCI(NH,) which is previously formed. The reaction,
donbtless, takes place in two scparate stages:

(1) 3(CgH.).SnCl, = 2(C,H.),SuCl + SnCl,.
(2) (C,H,).8nC), + 2NH, = (C,H,),SnCI(NH,) + NH,CL

The best mode of preparing triphenyl tin chilotide is to dissolve
one part of diphenyl tin chloride in from four to five parts of
glacial acetic acid, and to add one molecule of sodium nitvite for
every molecule of tho former compound.  Triphenyl tin clhlovide
is here formed in the same way as above but,in this case, it is the
chief product. At the same time nitrosobenzene? is produced :

(C,H,)SuCl, 4+ N,0; = 2CH,NO + SnOCl,.
Triphenyl tin chioride separates from solution in large crystals
melting at 100°. Iis alcoholic solution yields a gelatinous

v Aronheint, 7or Penisch Chem. Ges. xii. 509,
VOL, [IL—PART I, B R
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precipitate with ammonia, and this on drying forms a whitc,
*strongly electric powder which melts at 117° to 118°, and has the

formula 2(CH,);SnOH +3H,0, or [(C;H,)8n],0+4H,0. Itis

soluble in hot water and yields stable, crystallizable salts,

MERCURY DERIVATIVES OF BENZENE.

2016 Mercury phenyl, Hg(C,H;)e was prepared by Drelier and
Otto by acting on bromobenzene with sodium smalgam?

The best yield is obtained by boiling & mixture of bromo-
benzene with its own volume of anhydrous coal-tar naphtha
boiling between 120° and 140°, one-tenth of its weight of acetic
ether and an excess of 2-7 per cent. sodium amalgam,? for some
hours in conneetion with a reversed condenser. The product
is filtered whilst hot, and the crystals which deposit purified by
recrystallization from benzene and absolute alcohol.

This compound crystallizes from its saturated benzene solution
in small, brilliant necedles, which have a strong lustre and
resemble asbestos. It separates from dilute solutions in long
white prisms, which melt at 120°, and with care can bo
sublimed. It is somewhat volatile in a current of steam, but
boils far above 300°, being then partially converted into
mercury, benzene, diphenyl, and charcoal, and completely
converted into these products at a red-heat.

It is odourless, perfectly insoluble in water, slightly soluble in
cold, more readily in hot alcohol and ether, but very soluble in
benzene, carbon disulphide, and chloroform.

Ladenburg, when working with this compound, suffered
severely from the irritant power of its vapour, especially on the
eyes, and became so sensitive to its action that he found himself
unable to remain in the room where it was being prepared.

When hydrechloric acid gas is passed over it, this compound
gplits up into benzene and mercuric chloride ; the concentrated
aqueous acid acts in & similar way, as does strong hydriodic or
moderately concentrated sulphuric acid, &. The halogens
decompose it, according as an excess is employed or not, either
into monechloro-substitution-products of benzene and salts of
mereury, or into those of mercury phenyl. On heating it with

v Ann. Chem. Pharm. cliv. 3. 3 1bid. exciv. 148,
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sodium, benzene and sodiunt amalgam are obtained. It com-
bines with sulphur trioxide forming mercuric benzenesulphonate
(C.H,S0y),Hg.

Phenyl mercury hydrowide, CHHgOH, is readily formed by
the decomposition of the haloid salts by alkalis, but is best
prepared by actiug on the alcoholic solution of the chloride with
moist oxide of silver.! It forms small rhombic crystals slightly
soluble in cold but readily in hot water, benzene and alcohol.
It acts as a powerful base; its aqueous solution has a strong
alkaline reaction, precipitating alamina from its salts, decom-
posing ammonium salts and absorbing carbon dioxide from
the air.

Phenyl mercury chlorvide, C;HHgC], is best obtained by heat-
ing equal molecules of mercury phenyl and mercuric chloride
together with alcohol in a sealed tube at 100°—110°. It crystal-
lizes in rhombic scales melting at 250° and subliming when
gently heoted ; thesc are insoluble in water and slightly seluble
in cold alcohol.

Phenyl merewery bromide, C,H,HgBr., is formed, together with
bromobenzene, when equal molecules of mercury phenyl and
bromine dissolved in carbon disulphide are brought together.
It crystallizes from a hot mixture of alecohol and benzene in
glistening rhombic scales melting at 275°—276°2

Phenyl mercury iodide, CH Hgl, is prepared in a similar way
to the bromide, and also forms rhombic scales melting at 265°—
266°. Sodium amalgam decomposes it into wmercury, mercnry
phenyl, and sodium iodide.

Phenyl meveury nitrate, CH;HgNO,. This bedy is prepared
by boiling the chloride with alcohol and silver nitrate. It is
insoluble in water, but dissolves slightly in cold and readily in
boiling alcohel and benzene, crystallizing in fine rhombic tablets
possessing a silky or pearly lustre,

Phenyl mercwry carbonate, (CHHg),CO,, is obtained by the
action of silver carbonate on the chloride. It crystallizes in
small white needles slightly soluble in boiling water, readily so
in aleohol.

Phenyl mercury cyanide, CHHgCN. This is formed when
mercury phenyl is heated with mercuric cyanide and alcohol
to 120°. It crystallizes in long, glistening, rhombic prisms,
fusing at 203°—204°. When heated to 120° with strong hydre.

' Qtto. Journ, Prakt. Chem, [2], 1. 139,
2 Ivd. i, 186.
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chloric acid, it decomposes into benzene, formic acid, sal-ammoniac,
and mercuric chloride, whilst when heated with alcobolic potash
it yields mercury, benzene, and potassium cyanate :

C,H,HgCN + KOH = Hg 4+ CH, + CNOK.

Phenylmercury formate, CH HgCHO, When mercury phenyl
is heated with concentrated formic acid this compound is pro-
duced together with benzene, It crystallizes on cooling in small
plates having a vitreous lustre, and fusing at 171°

Plenyl merewry acetete, C;HHgC,H,0,, is obtained in a
similar way, and crystallizes from boiling water in small, oblique,
rhombic prisms having o vitreous lustre, which are usually
grouped in star-shaped masses and fuse at 148°—149°) It
is also easily prepared by boiling phenyl mercury iodide with
silver acetate or by heating mercuric acetate with mercury
phenyl and aleohol to 120° (Otto).

Phenyt meronry myristate, CHHgC, H,,0,, is formed when
equal molecules of mercury phenyl and inyristic acid are heated

with alcohol t0120°. It is deposited in rhombic scales possessing
an unctuous touch.

! Otto, Jourw. Pralt. Chem. [2), i. 156.
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A

ACETANILIDE, 210

Acotanilide hydrochloride, 211

Acctonophenylhydruzine, 284

Acetie acid, 13

Acsto-guaiacol, 136

Acetoncguinol, 151

Aaetylumidox;henol, 247, 249

Acetylmethylanilide, 211

Acetylparadiamidobenzeno, 243

Acetylphenylhydrazide, 281

Acetylthiodiphenylzmine, 263

Acid caleium phenylborate, 364

Acid calcium pbos})henylntc. 347

Acid derivatives of phenylhiydrazine or
henylhydrazides, 281

Acid diazobenzene sul{»hute. 25, 265

Acid ethyl phosphenylate, 347

Acid mattveine earbonate, 324

Acid phenol ethers, 21

Acid phenyl phesphenylate, 347

Acid silver plienylborate, 364

Acid sodium phosphenylate, 847

Acid-yellow, 307

Actde chlorophéuesipue, 113

Acide chlorphénusigue, 114, 115

Acorn sugar, 193

Aaditive produets of the aromatic com-

unds, 16

Alﬁihydes of aromatic oxyacids, 32
Allylbenzene, 12
Amido compounds, 22 ; converted into

acids, 31
Amido-zeetanilide, 243
Amido-anmylbenzene, 23
Amido.azobenzene. 27, 306
Amido-azobenzeneaceto-acotic acid, 200
Amido-azobenzene hydrochiloride, 807
Amido-azohenzenesulphonie acid, 307
Awido-azophienylene, 62, 236
Amidobenzene, 22, 195
Amidobenzenesulphonie acids, 236
Amidobenzoic acid, 34, 41
Amidobromotoluens, 50

Amidoeatechol, 252
Awmido-derivatives of benzene, 195
Amido-derivatives of quittone, 256
Amido-diazobenzene-compotinds, 270
Amido-diazobenzenimide hydrochlo.
ride, 271
Amidodi. imidoresorciiol, 253
Amidodimethylquinol, 253
Anido-diphenylamine, 248
Amido-diphenylitnids, 306
Amido-drecylio acid, 34, 41
Amido-cthyﬁbcnzeno, 23
Amidohydroxybenzenes, 252
Amidomesitylene, 46
Amidonitrodihydroxyquinone, 255
Amidonitrotetraliydroxyhenzene, 265
Antidonaphthalene, 39
Amidophenol, 48, 247
Amidophosplien tie acid, 348
Amidopyrogallol, 254
Amidoresorcinol, 252
Amidotetrahydroxybenzencs, 235
Amidothiodiphenylamine, 261
Amidotoluene, 10, 22, 50
Amidotrihxdmxybenmnes, 254
Anilidohydroxyquinone, 258
B-Amintidothiodiphenylimide, 338
Ammonium isopurpurate, 126
Ammonium nitrite, 63
Antmonium picramate, 250
Ammonium picrate, 124
Amylaniline, 23
Anilpyrotartaric acid, 214
Anilacetic acid, 214
Anilides, 209
Aunilidodihydroxyquinonanilide, £58
Auilidohydroxyquinonanilide, 257
Aniline, 22, 195, 306 ; manufacture of
197 ; properties, 189
Auiline black, 315
Aniline converted ito phenol by nitrous
acid, 25
Aniline, halogen substitution products
of, 226
Aniline hydrochloride, 27, 200



316

INDEX.

Aniline nitrate, 200

Anili;c, nitro-substitution preducts of,
28

Anilino ogalate, 200

Auiline phenate, 201

Aniline pink, 321

Auilino purple, 819

Aniliue salts, 200

Anilines, secondary and tertiary, 201

Aniline sulphate, 200

Auniline yellow, 306

Anisio acid, 42

Anigol, 108

Anthracene, 60

Antliracene oil, 70

Anthronilic acicd, 84, 41

Antimony derivatives of benzoue, 363

Arbutin, 148

Arvomatic acids, 80

Arotnatic alcohols aud acids, 29

Aromatic bodies, characteristic proper.
ties of, 8

Aromnatic bodies, Kokulds theory of
the constitution of, 6

Aromatic compounds, 3, 34 ; additive
products of the, 16

Avotnatie group, isomerism iv, 7, 33

Aromatie g;drocnrlmus, 16, 15 ; denvas
tives of, 16 ; formation of, 13

Aromatic nitriles, 31

Aromatic oxyacids, 32

Avongatic sories, orfentation in the, 38

Arsendiphenyl clilotids, 381

Argendiphenyl oxychlotide, 362

Arsemdiphenyl trichloride, 362

Avsenic derivatives of benzeue, 359

Arsenobenzene, 363

Argenphenyl bromide, 360

Arsenphenyl ehloride, 859

Argenphony! {odide, 360

Arsonphenyl oxide, 360

Arseuplienyl oxycliloride, 360

Arsonphcnyl tetrachloride, 360

Asymmetris dismldo.azobenzene, 309

Asy_; nmetric etlyylphonylhydrazine, 29,

8, 279

Asymmetrical diphenyl ures, 223

Azonmidobenzene, 62

Azobenzene, 24, 290

Azobeuzene aceto-acetic acid, 289

Azobenzene aceto-ncetic ether, 289

Azobenzene dimuethylketone, 289

Azobenzenedisulphonie achls, 294

« Azobenzenedisulphionie acid, 204

B Azebenzenedisulphonie acid, 204

Azobonzene disulphonic chloride, 294

Azobonzone, hyilroxy- and amido-deri-
vatives of, 300

Azobonzenenitrolic aeid, 293

Azo-azobenzenoresorcinot, 306

Azobonzenie, substitution products of,
202

Azobenzenesulphonamide, 294

Azobenzenesulphonie acid, 294

Azobenzenesulphonie chlovide, 294

Azo-colours, 24

Azo-gompounds, 24

Azo-derivatives of henzene, 288

Arodibenzencphenylenediamine, 813

Azodiphenyl blue, 313

Azo-dyes, 300

Azoh.ydmxybeuzeuc. 200

Azo-imidobenzene, 270

Azophenine, 314

Azophenylethyl, 288

Azophenylnitro-othyl, 28, 288

Azoplienylnitro-propsl, 288

Azophenyluitro.isopropyl, 288

Azoresorvin, 178

Azovesorulin, 178

Azoxybonzone, 293 ; substitution pro.
ducts of, 297

Azurine, 316

Agzylines, 28, 811

B

Bariry henzencsulphonate, 95

Benzaldehyde, 11, 62

Hengaline, 313

Benzene, 11, 18, 14, 64 ; constitution
of, 52; history of, 64 : sources of,
65 ; mannfacture, 68 ; distillation of,
7Y ; stills, 78 pwiificatlon, 74 5 pro.
};;rtics, 75: colowr, . ; remctiony,

Benzenie, adiitivo products of, 78
Benzene, anilo derivatives of, 195
Bouzeue, antimeny derivatives of, 363
Benzene, arseuic derivatives of, 859
Benzene, boron derivatives of, 363
Benzette, browiue substitution pro-
ducts of, 84
Beunzone, chlorine substitution pro.
. ducts g_f. 80

{ ] nol, 306
Beuzenedisnlphonie scids, 96

Bcn?elxo, fluoriue, substltution products

of, 88

Benzetre gmﬂ\ 64

Bonzene hexchloride, 78, 79

Benzene hexhydride, 78

Benfcg;, fodine substitution products
o L4

Benzene, mercury derivatives of, 370

Benzenemetndisulphonic acid, 96

Benzene, nitroso-substitution products
of, 88, 89

Beuzencorthodisulplonic acid, 96

Dznzeneparadisulphonie acid, 96

Bc;:;nc, phosphorus  derivatives of,

Benzene, silicon derivatives of, 365
Benzenesulphiuic acid, 97
Benzenesulphouawido, 95
Bouzeucsulphonic acid, 10, 04
Benzenesulphonie chloride, 95
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Benzene, tin devivatives of, 367

Benzene trichlorohydrin, 79

Benzenctrisulphonic aeid, 97

Benzoic acid, 11, 12, 30, 76

Renzonitrile, 31

Bonzoquinone, 155

Benzotriquinone, 192

Benzyl ateohol, 11

Bonzylamie, 10, 22

Benzyl chlorde, 10, 30

Benzyl nitrate, 11

Bleu.coutpier, 313

Bleu.noir, 313

Borou derivatives of henzene, 363

Bromaniline, from aniline, 41

Bromaniline, $5, 230

Bromanitie acid, 168

Bromitie and iodive, substitution pro-
duets of quinone, 162

Bromine substitution products of Len.
zene, 84; of pheuol, 115 ; of quinel,
152 ; of resorcinol, 141

Bromobonzene, 51, 84

Bromobonzoic acid, 41

Bromodeacylic acid, 41

Bromonitranilines, 23¢

Bromutitrobenzenes, 41, 83

Brontonitroplietiols, 120

Bromoguinol, 152

Bromotolucne, 34

Browy chloroquinel, 166

Butylbenzene, 11

C.

CARDANILANIDFE, 222

Carbanilie acid, 223

Carbunilide, 222 .

Carbamide, derivatives of the dinmido-
benzenes, 244

Carbon dioxide, 13

Catechol, 133, 138

Catechol carbonnte, 135

Catechol derivatives, 137

Catechol dimethyl cther, 135

Catechol monotnethyl cther, 134

Catechol sulphuiric acids, 133

Cinnamie acid, 12, 32

Cinnamie aleoliol, 12

Cinnamicaldehyde, 12

Characteristic propertics of aromatic
bodies, 8

Chloranil, 159

Chloranilamide, 255

Chlomnil-nnili(ie. 256

Chloranilic acid, 161

Chloraniline, 85, 228

Chlovine substitution products of ber.
zene, 80 ; of phenol, 113; of quin-

hydrone, 165; of quinol, 151 ; of

T:inonc, 157 ; of regorciuol, 141
Chlorobenzoic acid, 34, 41

Chlorobenzyl aleohiol, 11

Chlorobenzylamine, 11

Chlorobenzyl ehloride, 1l

Chlorodianilidoquinone, 256

Chlorodmeylic acid, 34

Chloreniteanilines, 285

Chloronitrobenzencs, 93

Chloronitrophenols, 120

Chloroyhenol, 43

Chloroquinol, 151

Ch.rosalicylic acid, 34, 41

Chlorosulphonic acid, 19

Chlorotrinitrobenzene, 125

Chlorure de pieryle, 125

Chrysowin, 309

Chrysoidine, 63

Chrysonlines, 301

Chrysoins, 301, 305

Conl-gns, compornds from, 15

Coal-tar, 85, 66

Colouring matters from quinonoximes
and phenols, 176

Compounds of phenylhydrazing with
aldehydes and ketones, 283

Compounds of phienylhydrzine with
the cyanhydrins, 287

Compounds of triphenylphosphine with
the aleoholie jodides, 357

Copper benzenesulplionate, 95

Creasoto oil, 70

Cresel, 11

Cresolmethyl ether, 21

Croconir acid, 193

Crotonylbenzene, 12

Crude naphitha, 70

Cunnnrio acid, 61

Cutnariy, 61

Cumidine, 28

Cyananilide, 220

Cynnaviline, 221

Cyanogen cotpottttds of benzene, 218

Cymene, 16

b.

Daunrm, 324

Derivatives of aromatic hydrocarbons,
16

Di-acetanilide, 211

Diacetodinitroquinnal, 154

Diacetogqninol, 150

Diacetoresorcinol, 140

Diacetotetrachloroquinel, 160

Dincetylnzoresornfin, 178

B Diacctyldiamido. benzene, 62

Disncotythyilrazobenzene, 299

Diacetylplicnosafranine hydrochloride,
326

Dinmidonzo-compounuds, 63
Dimmnidobenzene, 23, 44, 238
Dinmidobenzoic acid, 43
Diumidodimethylquinol, 254
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Diamidodisazobenzene, 310
Diamidodi{:henylamine, 244
a-Diamidohydrazobenzene, 299
B-Diamidohydrazobenzens, 300
Dismidomethylthiodipheuylamine, 263
Diamidophenol, 251
Dismidoplieny! sulphide, 259
Diamidoresorcinel, 252, 305
Diamidotetrahydtoxybenzene, 255
Dianilidohydroxyquinone, 268
Dianilidoguinonanilide, 257
Dianilidoguinone, 256
Dinzo.amidobenzene, 268
Dissoamido-compounds, 27
Dinzo-amidonitranisol, 273
Dinszoamines, 28
Diazobenzene.amidobromobenzene, 769
Diazobenzene argentoxide, 268
Diszobenzeno aurichloride, 266
Diszobenzene bromide, 264
Diazobenzene chloride, 264
Diazobenzeno cyanide, 266
Dinzobenzene-dimethiylamine, 28, 269
Diezobenzene disulphonie acids, 267
Dinzobenzene-ethylawniue, 28, 269
Diazobenzeue hydroxide, 268
Diazobeuzeno nitrate, 25, 265
Diazobenzeue perbromide, 26, 264
Diazobenzone picrate, 266
Diazobenzene platinichloride, 266
Diazobenzene petussoxide, 267
Diuzobenzcncsul‘{:honic acids, 266
Diazobenzenimide, 270
Diazo.compounds, 24
Dinzo.derivatives of benzene, 263
Dinzohydroxybenzeuo compounds, 272
Dinmnxtmdxhydmx{quinoue, 28
Diaszonitrophenol anhydride, 278
Diazopara-amidotoluette, 27
Diazophenosafranine aurichloride, 326
Dinzophosphenylic acid nitrate, 348
Dibaste isophthalic acid, 31, 38
Dibenzyl, 60
Dibromanilines, 230
Dibromazoresorcin hydrobromide, 177
Dibromobenzense, 35, 41
Dibromophenol, 116
Dibromoguinol, 162
a.Dibromoguinone, 162
B-Dibromoguinone, 162
4-Dibromoquinone, 162
Dibromo-quinonephenolimide, 331
a-Dibromovresoreinol, 141
B-Dibromoresorcinol, 141
Dichlorodiamidoguinone, 255
Dichloranilidoquinone, 256
Dichlornnilines, 229
Dichlorobenzene, 35
Dichlorobenzene hexchlorido, 82
Dichlorodihgdroxyquinone, 161
a-Dichlorophenol, 113
8-Dichlorophenol, 114
Bchhlomghenol, 114
ichloroquinhydrone, 166

INDEX.

a-Dichloroquinol, 151
8-Dichloroguinol, 152
Dichlororesorcinol, 141
Dichlorototrahydroxybenzene, 162
Dieyanorthodismidobenzene, 239
Dncynn{»heu.ylhydmzine, 280
Disthylaniline, 204
Diethylaniline-azyline, 812
Diethylbenzene, 14
Diethyldiphenyltetrazone, 20
Diethyleno-aniline, 206

Diethy! cther, 153

a-Dicthyl ether, 154

B-Diethyl ether, 164
Diethylparadinmidobenzene, 243
a-Diethylplienosafranine, 328
B-Diethylphenosafranine, 328
Dicthylphenylarsive, 361

Dlggl;yl iphenylphosphonium iodide,

Dietléylpbenylhydmzonimn bromide,
27

Diethylphenylphogphine, 350
Diothylphcnylghosphiuo hydrocklo.
yide, $50
Diethylphenylphosphine oxide, 351
Dlgghylphonylphosphonimn chloride,
50

Diothyldi |lxonf'ltetmzone, 279

Diethyl phosphenylite, 345

Diethyl styphnate, 145

Dihydroxyanilidoquinone, 258

Dihydroxyazobenzenes, 304

Dibydroxybenzenes aud related com.

founds. 133

bi |())r;lmxyambnnzcne sulphonic acid,

305

Dihydroxybenzodiquinone, 192

Dihydroxydiqninoyl, 192

Dihydroxypheuy! disulphide, 136

Dihydroxyca:linonc, 156

Dihydroxythiodiphenylamine, 340

Di.imidodihydroxyquinons, 256

Di-iodobenzens, 35

a:Di-iodoplicnol, 117

B8-Di-odophenol, 117

Di.iodoquinone, 163

Dimethylaeotone, 168

Dimethyl acetoxime, 169

Ditnethylamido-nzobonzene, 308

Dimesthyhnilinc, 202 ; manufacture of,
20

Dimethylaniline-azyline, 312

Dimethylazyline, 812

Dimethylbenzene, 11, 13, 14, 13, 38

Dintethyleumidine, 23

Dimethyldiphenyltetrazone, 278

Dimethylphenylarsine, 861

Dimethyl ether, 137, 153, 164

Dimethylparadiamidobenzene, 242

Dimethylparazo-aniline, 312

Dimethylphenylene-green, 327

Dimethylquinoltrimothylammonimn
iodide, 254
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Dimethyl styphuato, 145
Dimethylthionoline, 342
Dimethyltolaidine, 23
Dimethylxylidine, 23
a-Dinitramidophenol, 250
B-Dinitramidophenol, 250
Dinitranilines, 234
Dinitranisidine, 250
Dinitrobenzone, 85, 41, 91; eooling
apparatus, 15.
«.Dinitrodihydroxyquinone, 163
B- Dinitrodihydroxyquinone, 164
Dinitroliydrazobenzene, 299
«-Dinitrodiphenylmnine sulphoxide,
262

B-Dinitrodiphenylamine sulphoxide,
262

Dinitromesitylene, 46
Dinitromcthyldiphenylamine sulph-
oxide, 263
a-Dinitroplenol, 121
B-Dinitrophenol, 121
+-Dinitrophonol, 121
- Dinitrophenol, 121
e.Dinitrophenol, 121
Dinitrophenols, 121, 127
Dinitroquinol, 154
Dinitroresorcinol, 143
Dinitrosoresorcitol, 175
Dinitrotoluene, 42
Dihydroxybenzenes converted into di-
hydroxy-acids, 38
Dioxythiodiphenylimide, 339
Diphenylacetamide, 211
Diphenylamine, 208
Diphenylarsiuie acid, 362
Dilgbenylbenmno, 80
a-Diphenylbiuret, 220
Diplienylethane, 60
Diphenyt ether, 105
Diphenylothylnrsine, 362
Diphenyl ethylene ether, 107
Diphenylformamide, 210
Diphenylguanldinc, 225
Diphenylhydrazine, 29, 279
Diphenylketone, 30
Diphenylmetadiomidobenzene, 241
Diphenylmethane, 60
Diphenyhnethylersine, 362
Diphenyl methylene ether, 107
Diphonyt oxide, 28
Diphenylparsdiamidobenzene, 243
Diphonylphosphine, 353
Diphenylphosphoric acid, 109
Diphenylphosphinic acid, 351
Diphenylphosphoric chloride, 110
Dipheny! phosphorus chloride, 351
Dipheny! phosphorus trichloride, 851t
Diphenylsulphone, 21, 97
Diphenyl thio-carbamide, 224
Diphenylthiocarbazide, 282
Diphenylthiosemicarbazide, 283
Diphenyl tin bromide, 369
Diphenyl tin chloride, 387

Diphenyl tin chloriodide, 368

Dipheny! tin chlorobrotnide, 368

Diphenyl tin di-ethyl other, 369

Diphenyl tin hydroxyohloride, 368

Dipheny! tin oxide, 363

Diphosphenyl, 3569

Diphosphenylic acid, 348

Diphos&)hobenzene hydroxide, 358

Dipierylamine, 207

Diresorcinol, 138

Di-substitation products, characteristic
reactions of the, 61

Diéssubstimtion products of benzese,

Disulphonic aeids, 18
Dithio-acctanilido, 261
Durene, 14

I,

¥eirrarrns, 807

Emeraldine, 316

Ethenylamidophenol, 247, 248

Ethenyldiphenylamidiue, 217

Fthenylisodiphenylamidine, 218

Kthenylphenylamidine, 217

Ethereal oils, hydrocarbons of, 16

Ethereal salts of phenyl with inorganic
acids, 103

Ethereal salts of phenyl with organic
acids, 111

Fthyl aldchyde, 160

¥thyl sldoxime, 169

Fthylaniline, 204

Ethylbenzene, 11, 14

Etliyl benzenesulplionate, 95

Ethyl earbanilnte, 228

Ethyl chloranilate, 162

Ethyl dl]l)henyl hoslihinutc. 352

Ethyldiplienylphosphine, 353

Ethylene-aniline, 206

F.'thylcncgllcn{loncdimnino. 62

Ethylenchexphenylphosphonium  bro.
mide, 357

¥ehyl cthor, 32

Rthyl cthers of pyrogallol, 133

Ethylisothiacetanilide, 212

Ethylmauveine, 324

Ethylniatveine hydrochloride, 323

Fthylmethylaniline, 204

Ethyl orthosilicobenzoate, 366

Ethyl oxanilate, 215

Ethylperadiantidobenzene, 243

Fthylparamidophenate, 173

Ethylphenylborate, 864

Ethyl phenylglycollate, 112

Etbylphenylhydrazine compounds, 278

Ethylphonylsemicarbazide, 282

Fthyl phenyl thio-carbamide, 224

Ethylpheny!l tin chloride, 367

Ethyl pierate, 125

Ethylt iodirheuylamine, 263

Jithyt thiophenate, 18t
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FravANILIRR, 211

Fluorino, substitution products of ben-
zone, 88

Formanilide, 31, 209

Formicacid, 76

Farfurphenylhydrazine, 285

G.

GLycoLplc AclD, 25
Glycolylanilide, 212
Glyoxalphenylhydrazine, 284
Golden-orange, 308

Grénat soluble, 126
Gris-Coupier, 313

Guaiacol, 134

H.

Havooky, substitution preduets, 16 ;
of aniline, 226 ; of the mouohitro.
plienols, 120

1leavy or dead oil, 70

Holianthin, 242, 308 .

Heptamethylthiodiphonylammonimn
iodide, 336

Hexacotohydroxybevzeng, 191

Hexbromazoresornfin hydrobromide,
179

Hexbromobenzene, 17, 86

Hexbromopheuol, 116

Hexbromoresorcinol, 142

Hoxchlotobenzene, 17, 83, 160

Heschloroquisthydrone, 166

Hexhydrobenzone, 16, 78

Hexhydrodimethylbenzene, 16

Hexhydromothylbenzeno, 16

Hexhydroxybonzene, 191

Hexmethylbenzone, 11, 14 .

Hextnethylorthodiphenylammonitm
iodide, 241 -

Hexmethylparadiphenylammonim jo.
dide, 243

Hoxmethyltriamidotriphe:nylphesphine
oxide, 358

Hexnitro-azoresoritfin, 180

Hoxnitrodiphenylamine, 207

Hexylbenzene, 11

Hydrazine derivatives of benxone, 274

Hydrazines, 28

Hydrazobenzene, 24, 298

Hydrazobenzene, substitution products

of, 299
Hydrazophenylethyl, 29, 278
Hydmmr-)esorgﬁn ctll,er,, ,179
Hydrocarbons in Baku petroleum, 18
Hydrocarbons in Caueasian petrolenm,
16

Hydrocarbons of cthereal oils, 16
Hydrochloranilic acid, 162

Hydrochloric acid, 14
Hy&%oquinone, 35, 36, 89, 41, 48, 45,

Hydroxy- and amido-derivatives of
azohetizene, 300

Hydroxyazobonzene, 302

a gggmxynzobuumucsulphonie acid,

B-;I(_)\gh'oxyazohcnzcncsulphonle aeid,

7-glgglroxyazobcnzcucaulphonic acid,

a-lgydroxynzolwuzeuwnlphonic acid,
04

Hydroxybenzenes and allied bodies, 99
Hydroxyothylaniline, 206
Hydroxyethylmethylaniline, 206
Hydroxyphenylpropylene, 12
Hydroxyphenylsulphone, 129
Hydroxyquinhydrone, 191
Hydroxyquinol, 190

Hydroxyquinol triethyl cther, 101
Hydroxyquinonoxime, 175
Hydroxysulphobenzide, 12¢

L

IMIDOTHIODIPNEXYLIMIDE, 338

Indigo snbstitute, 313

Indonnils, 331

Indo‘)henols, 329

Indnline hydrochloride, $14

1nduline, 6 B., 315

Indulines, water-soluble, and apirit.
soluble, 313

Tadanilines, 35, 231

Todine substitution products of ben.
#zene, 87 ; of pheuol, 116 ; of resor:
cinol, 142

lodobenzene, 17, 87

lodonitraniliues, 236

Iodonitrobenzenes, 94

Todonitrophenols, 120

odoparanitrophonol, 120

lodoplienol, 85

a.fodorthonitrophenol, 120

8-Todorthonitropkenol, 120

1sobntytic acid, 12

Isodinitrovesoreinol, 143

Isomerie compounds, 35

Isoslgoﬁsm in the aromatic group, 7,

Isopentenyldipheuylamidine, 218
Isophthalie acid, 81, 89, 41, 45
Isopurpuric acid, 126
Isothionine, 338

E.

Krrere's thoory of the constitution of
aromatie bodies, 6
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I.

Lacquer, 66

Lanth’s white, 332

Lauth’s violet, 331, 332

Lead pierate, 125

Lead thiophenate, 131
Leucodimethylpheuylene green, 327
Lencodimethylthionoline, 342
Leuco-isothioniue, 338
Leucottic acid, 193
Leucosafratines, 322
Leucothionel, 341
Leucothionine, 832, 336
Lencothionoline, 341

Light oil, 70

M.

MAvic acip, 24

Malonanilic acid, 215

Manchester brown, 312

Mauve, 319, 320

Mauveine, 321, 323

Mauveine acctate, 324

Mauveine and the safranines, 318

Mauveine hydriodide, 324

Mauveino hydrobrowmide, 324

Mauvoine hydrochloride, 324

Mauveine platinichloride, 324

Melaniline, 225

Mercurie acetonilide, 211

Mereury derivatives of benzoue, 376

Mcmurty phenyl, 370

Mesitylene, 14, 87, 88

Mesitylenic ncid, 38

Meta-azobenzencdisulphonic acid, 205

Meta - azoxybenzenodisulphonic  aeid,
297

Metabronianiline, 230

Metabromaniline from bromonitroben.
zetie, 41

Metabrowobenzoie aciid, A0

Metahromonitrabenzene, 43

Meotabromophenol, 113

Metabromorthonitraniline, 236

Metabromotolucne, 41, 45, 50

Moetachloraniline, 228

Metachloroparanitraniline, 233

Metachlororthonittaniline, 235

Motachlorophenol, 113

Meta-cotupounds, 35

Metadiamidobenzene, 44, 45, 62, 210

Motadiamidobenzene  hydrochlovide,
240

Motadiazobenze nesulphionic acbl, 257

Metadibromunilines, 230

a-Mctadibrowmaniling, 230

Metadibromazobenzene, 292

Metadibrownnzoxybenzene, 297

Metadibrowmohydrzobenzene, 299

Metadihronobenzene, 435, 86

Metadichloranilines, 229

Motadicklorazobenzeue, 292
Moetadichlovazoxybeusene, 207
Metadichlorobenzeno, 82
Metadichloroliydrazobenzene, 269
Metadichloreqttinono, 168
Metadihydroxyazobenzene, 305
Mctn.dihydroxg‘benzeno, 138
Metadi-iodaniline, 232
Motndi -iodazobenzene, 292
Metadi-iodazoxybenzene, 297
Mectadi-iodobenzene, 88
Metadis-iodohydrazabenzene, 209
Metudinitro-nzoberizene, 292, 293
Metadinitrobenzeno, 45, 92
Mgtnhydmzubenzonedisulphonic acid,
95
Mctahydroxydipheitylamine, 208
Meta-iodaniline, 231
Meta-iodophienol, 35, 117
Meta.iodopliettol, from phenol, 41
Meta-iodorthonitraniline 256
Metamidabenzenesulphonic acid, 237
Bletantido-dinzobenizenimide, 271
Metamidodiplienyl thioewrbamide, 246
Metamtidophietiol, 249
Metamidophenylhydrazine, 280
Metamidothiophenol, 260
Metanitraniline, 233
Metanitrohienzoic acid, 43
Metauitrotoluene, €1, 45
Mectanitroplienol, 119, 147
Meta-oxybetizoic acii, 45
Mectatoluidine (liquid), 4
Metaphenolsniphonie acid, 128
Metaphenylene enrbamide, 245
Metaphenylene dicarbamide, 244
Metaphenylene dithiocarbstnide, 216
Mctaphenylenc.oxninie acid, 241
Metaphosphoric acid, 346
Metatoluidino, 45
Metaxylene, 41, 45
Metheuylumidophenol, 248
Mothonyldiphenylawidine, 217
Methylamido-nzobenzens, 308
Methylmiline, 201
Methylbenzene, 10, 11
Methyldiphenylphosphine, 353
Methylliphenylpliosphineoxide, 353
Methyldiphieuylatine sulphone, 263
Methylenc-azure, 342
Methiylenc-azure iodide, 342
Methylene-blue, 333, 33t
Methy leneliexphenylphosphionium  fo-
dide, 357
Mathylenc.red, 337
Methylene-violet, 312
Methylenc-white, 334
Methylisothincetanilide, 212
Methylmetanitroplienate, 119
Muthylortho.amidoplienate, 248
Mothylorthonitrophenats, 119
Methyloxybenzoic acid, 2t
Methylparamidophenate, 249
Methylparanitrophenatr, 120
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* Methyldiphenylamine, 207
Methylphenylethylalkine, 206
Methylphenylglycolamide, 214
Methylphenythydrazine, 277
Methylphenylketoue, 13
Methylphenyltoluene, 60
Methyl picramate, 250
Methyl g}t;zate, 128
Methylthiacetanilide, 212
Methylthiodiphenylamine, 263
Middle oil, 70
Monobasie toluic acid, 13
Monobenzonesulphonic acid, 94
Monobromobenzene, 84
Monohromophenols, 115
Bonobromequinone, 162
Monochlorobenzene, 89
Monochlorobenzene hoxchloride, 81
Monochlorophenols, 113
Monochloroquinone, 157
Monochlororesorcinol, 141
Monochilovotoluene, 10
Monoftuobenzene, 88
Mono-iodobenzene, 87
Mono-iodoresorcinol, 142
Mono-iodophenols, 116
Monomethyl ether, 153, 154
Mononitro-azobenzene, 292
Monenitrephenol, 118

. Mononitroresorcinol, 143
Mononitrosoresovcinol, 175
Monophenylphosphoric aeid, 109
Monosulphonie acids, 18

N.

NAPETHA, 65; crude, 70

Naphthalene, 14, 186, 61

Nigreniline, 317

Nigrosine, 318, 315

a-Nitramidophenol, 249

A-Nitrantidophenol, 250

+-Nitramidophenol, 250

Nitmnilie acid, 163

Nitvanilines, 85, 43, 63, 233

Nitranisic acid, 42

Nitrenlsol, 119

Nitro-amidobenzoie acid, 42

Nit;«())-azobenzene sceto-acetic acid,
2

Nitro-azobenzeno dimethylketono, 290

Nitro-azobenzenenitrolic acid, 203

Nitrosobenzene, 88

Nitrobenzene, 89 ; light for blue or
black, 80 ; heavy for red, 4.

Nitrobenzenesulphonamides, 99

Nitrobenzeuesulphonic acids, 98

Nitrobenzencsulphonyl chlorides, 39

Nitrobenzoie acid, 34

Nitrobromobenzene, 35

Nitrobromotoluene, 50

Nitrobromotoluidine, 50

Nitrocatechel, 136

Nitro-chlorobenzene, 85
Nitro-cresol, 11
Nitvo-iodobenzene, 85
Nitvomesitylene, 46
Nitronaphthaleue, 38,30
Nitrophenol, 10, 20, 43
Nitrophloroglucinol, 188
Nitrophosphenylic acid, 348
Nitrophthalic acid, 88
Nitropyrogallol, 185
Nitroquercitol, 194
Nitroquinol, 153
Nitroquinone, 163
Nltrosomethylaniline, 22, 202
Ritrophenols, 118
Nitrosophenols, 170
Kitrosophenylhydrazine, 277
Nitroso-substitution products of ben-

zene, 88

Nitro-substitution products, 18

Nitro-substitution preducts of aniline,
232

Nitro-substitution produets of benzenc,
89

Nitro-substitution products of phenol,
118

Nitro-substitution products of quinol,
153

Ninéo-subsﬁtution products of guinone,

163

Nitro-substitution products of resorei-
nol, 143

Nitrosotetramethylmetadiamidoben.
zene, 241

Nitrosyl sulpliate, 171 .

Nitrotoluene, from tolueue (liquid),
41

Normal ethyl phosphenylate, 347

Normal calcium pliosphenylate, 347

Normal phenyl phosphate, 110

Normal phonyl phosphenylate, 347

Normal sodivm phosphenylate, 347

0.

OENANTHOLPRENYLIYDRAZINE, 284
Oil, light, 70; crude, ib. ; heavy, i ;
creasots, tb. ; anthracene, ib,
Orangs N., 309
Orange 111., 308
Orauge 1V., 309
Orientation in the aromatie series, 35
Orthamidodiphenyl thiocerbamide, 246
Orthamidobenzene sulphonic acid, 237
Ortho-amidophenol, 247, 260
Ortho-anisidine, 248
Ortho-azophenol, 305
Orthobromaniline, 230
Orthobromonitrobenzene, 45
Orthobromopargnitranilive, 236
Orthobromophenol, 115
Orthobromotoluens, 45
Orthochloraniline, 228
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Orthochlorometanitraniline, 235
Orthechloroparanitraniline, 235
Orthochloroplienol, 113
Ottho-compounds, 35
Orthodinmidobenzenc, 43, 45, 82, 238
Orthodiamidobenzene hydrochloride,
238
Orthodiamidopheny! disulphide, 261
Orthodiazophenol chloride, 272
Orthadibromaniline, 230
Orthodibromobeazone, 45, 85
Orthodicklornilines, 229
Orthodichlorobenzene, 83
Orthedihydroxybenzene, 133
Orthodimethoxyanilidoquinone, 259
Orthodinitrobenzene, 45, 92
Orthodi-fodobenzene, 88
Orthmlihdydmxybenzene, 43 .
Orthohydroxypheny! hydrosulphide,
136, 137
Orthohydroxyphenyhmercaptan, 137
Ortho-iodoparaunitraniline, 236
Ortho-iodophenol, 117
Ortho-odoplienol, from
Orthonitraniline, 68, 23
Orthonitro-azoxybenzene, 297
Orthonitrophenol, 63, 119, 127
Orthonitrotoliene, 42, 45
Orthophenol sulphonic acid, 198
Orthophenylenc carbamide, 245
Orthophenylene dicarbamide, 214
Orthophenylene thio-carbamide, 246
Orthophosphoric acid, 346
Orthotoluic acld, 49
Orthotoluidine, 43
Orthotoluidine (liquid), 41
Orthoxybenzole acid, 32
Orthoxybenzyl aleohol, 30
Orthoxylene, 41, 45
Oxalamidothiophenol, 260
Oxalyldiphenyldihydrazide, 251
Oxaunilic acid, 215
Oxanilide, 214
Oxy-acids, 33
Oxynzobenzene, 28
Oxybouzeie acid, 25, 34, 39, 41
Oxythiodiphenylimide, 339
Oxytoluene, 11

enol, 41

P,

Parn-azobenzenedisulphonic acid, 295
Para.azophenol, 305
Parabromaniline, 35, 280
Parabromaniline, from dinitrobenzeue,
41
Parabromaniline hydrochloride, 230
Pambromonitrobenzene, 45
Parabromophenol, 115
Parabromorthonitraniline, 236
Parabromotoluene, 41, 45
Parabromotoluidine, 50
Parachloraniline, 35

Parachloraniline hydrochloride, 220
Parachlorophenol, 113
Parachlororthonitraniline, 235
Para-compounds, 35, 36
Parndiamido-azobenzene, 310
Paradiamidobonzcne, 45, 241
Paradiamidobenzene hydrockloride,

249
Paradiamidophenyl disulphide, 261
Paradiazo-anisel nitrate, 273
Panadiazobenzenesulphonie neid, 267
Paradinzophenol chloride, 272
Paradiazophenol nitrato, 272
Paradibromaniline, 230
Paradibromazobenzene, 292
Paradibromazoxybenzene, 207
Paradibromobenzene, 43, 45, 85
Pamdibromohydrazobenzenc, 299
Paradichlomniline, 229
Puradichlorazobenzene, 292
Paradichlorazoxybenzene, 207
Pamdichlorobenzene, 81
I'aradichlorohydrazobenzene, 299
Lamdichloroguinone, 157
Paradihydroxybenzene, 146
Paradi-iodazobenzenc 292
Patadi-iodazoxybenzene, 267
Paradi-iodobenzene, 87
Paradi-iodoltydrzobenzene, 209
Paradinethy lamido-avisol, 249
Puradinitro-azobenzene, 202
Paradinitrobenzene, 45, 93
Parhydroxy diphenylawmite, 208
Para-iodaniline, 35, 231
Yara-iodophenol, 85, 41, 117
Para-iodorthonitmniline, 236
Paramidobenzene-nzodimethylaniline,

310
Paramidobenzencsulphonic aeld, 237
Paramidophenal, 249
Paramidodiphenyl thiocarbamide, 246
Paeanisidine, 249
Paranitragiline, 35, 234
Patanitro-azoxybenzene, 297
Prranitrobenzene, 43
Paranitrobromobenzene, 35
Paranitrochlorobenzene, 35
Parauitro-ioctobenzene, 35
Pavanitrophenol, 118, 119, 127
Paranitrosodimethylaniline, 204
Paranitrotoluene, 42, 45
Paranitrotoluene, from toluene (solict),

41

Para.oxybenzoie acid, 34, 39, 41, 45
Paraphenolsulphonie acid, 128
Parphenylencdiamine, 35, 41
Paraphenyleno carbamide, 245
Paraphenylene diearbamide, 245
Paraphenyleno dithiccarbamide, 246
Paraphenylene thiocarbamide, 246
Purasafeaitine, 321, 325
Parasafranitie hydrochloride, 325
Pamsafranitto nitrate, 325
Paratolnidine, 45
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Paratoluidiue (solid), 41
Paraxylene, 84, 41, 45
Parazo-anilize, 310
Pentabromaniline, 231
Pentabrotnobenzene, 86
Poutabrontophenol, 116
Yentabromoresoreinol, 142
Pentachloraniline, 229
Pentachlorobenzeno, 53
Pentachlorobenzidene dichloride, 17
Pentacetoguercitol, 194
Pentachlorotesorcinol, 141
Poytamethylbetzene, 11, 14
Pentanitroxyquercitol, 194
Pentylbenzens, 11
Perachloraniline, 228
Perbrouiophenol bromide, 116
Perchloroplienol, 114
Perchlorophenol chloride, 115
Porchlorophenylente oxido, 115
Yetrolowm, hydrocatbons in, 16
Thenanthrene, 81
Pheunates, 104
Pheuolbidinzobanzene, 304
Phenol-blue, 330
Phenol, 99 ; reactions of, 103 ; uscsof,
104
Phenol, chlorine substitution produets

of, 113
Phenoldisulphonic acids, 129
- Phenoldisulphonie acid, 129
B-Phenoldisulphonie acid, 129
Phenol ethers, 20
Pheuolghucoside, 107
Phenolmonosulphonic acids, 128
Phenol, nitro-substitution produsrts of,
118
Phenol potassium, 105
Thenols, 19
Phenols, colouring matters from,
176

Phenols, the colour reactions, 21

Phenolsulphonic aeid, 10

Phenolsulphonio acid, 20

Phenol, sulylmr compounds of, 130

Phenoltrisulphonic acid, 129

Phenoquinono, 167

Phenosafwanine, 326 .

Phcnosafeanine hydrochloride, 322,
826

Phenoxydiphenylmothy Iphosphonium
{odide, 354 .

Phenoxydiphenylphosphiue, 354, 356

Plonoxydiphenyiphosphine oxide, 354,
356

Phenoxydiphenylphosphine  sulphids,
354

Phenylacetamide, 219
Phenyl acctate, 111
Phenylscrylaldehyde, 12
Phenylacrylic aeid, 12
Phenyl aleohol, 10
Phenylallgrl aleokol, 12
Phenyl aliyl ether, 107

Phenylamidines, 218

Phenylsmido-aectic acid, 213
Thenylamido-azobenzene, 309
Ph;(l’xglnmido-azobenzenesl\lphonicaeid,

Phenyl amyl ether, 107
Phonylenilive, 208
Phenylarsinio acid, 360
Phenylazoresorcinol, 305
Phenylbetizaldchydine, 62
Phenylbenzeune, 60
Phenyl betanmamide, 213
Phenyl betaine, 213
Phenylboric aeid, 364
Phenylboren chioride, 363
Phenylboron oxide, 364
Phenylbutylene, 12
Phenyl carbamate, 110
Phenylearbamides, 222
Phenyl earbamine, 218
Phenylearbanilate, 223
Phenylearbintide, 219
Plienylearbimido hydreelilovide, 219
Phonyl earbonate, 110
Phenyl cliloracetate, 111
Phenyl eyunamide, 220
Plienyl eyanuramide, 220
Phenyl eyatturate, 220
Phenyl di-isocyanate, 219
Pheuyldimothyt carbinel, 29
Phenyl diphenylphosphiuate, 354
Phienyldisazoresorcinol, 305
Phenyl disulphide, 132
Fheuylene-brows, 62, 812
Phenylene carbamides, 245
Phenylenediamine, 28, 35, {1, 43,
238

Phienyl ethers, 103

Phenylethiyl aleohol, 29

Phenyl otliyl carbonato, 110

Phenyl ethiylene, 12

Phenylethyloue slycol, 30

Phenyl cthyl ether, 106

Phenylformamide, 31

Thenylgalactosazono, 286

Phenylglucosazone, 286

Phenyl glyceerol, 80

Phenylglyeoeoll, 213

Phenylglycollic acid, 111

Phenylgnanidines, 225

Phenyllydrazidasetic acid, 281

Phenylhydrazidepropionic ncid, 285

a-Pheaylh yclmzogropionnmide, 287

a-Phenylliydrazidoproprionitril, 287

. Phenylliydrazhlo-isobutyronitril, 288

Pheuythydrazine, 275

Phenythy drazineacsto-acetic neid, 283

Phenythydrazine glyoxylic acid, 284

Phenylhiydrazine hydrochbloride, 28,
270, 276

Phenythydrazine lnevulinic acid, 285

Phenythydrazine mesoxalic acid, 284

Phengthydrazine oxnlate, 277

Phenylhydrazine phenylearbazile, 251
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Pl;egzylhydmziuo phenylthiocarbazide,

Phenylhydrazine picrate, 2717
Phenylhydrazine pyroracemic neid, 284
Phenylhydrazine sul);lhate, 276
Phenylhydrzinesulphonic acid, 277
Pheny! hydrosulphide, 130
Phenylimido-acids, 214
Phenyl-a-imidopropionic acid, 214
Phonyl-g-imidobutyric acid, 214
Phenyl isobatyl ether, 107
Phouyl isocyanate, 219
Phenyl isocyanurate, 220
Pheny! isopropyt ether, 107
Phenyllactic acid, 112
Phenyl-luctosazonc, 286
Phenylmaltosazone, 287
Pheny] niercury acetate, 372
Phenyl mereury bromide, 371
Pheny! wercury carbonute, 371
Phenyl mercury chloride, 371
Phenyl mercury eyavide, 371
Phenyl mercury formate, 872
Phenyl mercary hydroxide, 371
Pheny! mercury iodide, 871
Phenyl mercury myristate, 372
Phonyl mercury nitrate, 371
Phenylmothano, 10
Phenylmethyl carbinol, 29
Phenyl methyl ether, 106
Phenyl mustard-oil, 221
Phenyl ortheformate, 111
Phenyl orthothioformate, 131
Pheny! oxalate, 112
Pheny! oxide, 105
Phenylphosphine, 349
Phenylphesphoric ehloride, 110
Phenyljthosphonium todide, 350
Phenylphosphonium platinichloride,
0

85
Phenyl picrate, 125
Phenylpropylene, 12
Phony! propyl ether, 107
Phenylsemicarbazide, 282
Phenylsilicie acid, 365
Phenylsilicon chloride, 365
Phenylsilicon cther, 366
Phenyl suceinate, 112
Pheny! sulphide, 131
Phenylsulpluric ackd, 108
Phenyltanrine, 206
Pheny! thiacetate, 131
Pheny! thio-carbemide, 22¢
Phenyl thio-carbimide, 221
Phenyl thio-cyanate, 221
Phenyltoluene, 60
Phenyltolylmethane, 60
Phenyl nres, 222
Phloramine, 258
Phloramine hiydrochloride, 253
Phloroglucinol, 138, 185
Phloroglucinol dicthyl ether, 187
Phloroglucinol triethyl ether, 187
Phloreglucinoltrioxime, 189

Phosphaniline, 349

Phogphate of phezr , 108

Phosphenyl bromide, 344

Phosphenylous acid, 844

Phosphenyl chloride, 843

Bhosphenyl oxychlotide, 844, 345

Phospheny] tetrachloride, 344

Phosphenylic acid, 346

Phespliobenzene, 3569

Phosphorus derivatives of benzene, 343

Phthalic scid 38, 89, 41, 45, 76

Phthalic acius, constitution of, 48, 49

Pievemic acid, 250

Picramide-aniline, 235

Picramide.dimethylaniline, 235

Pierates, 124

Pierie acid, 122

Picrocyzmie acid, 126

Picryl chloride, 125

Picry! sulphide, 138

Potassium azobenzenesulphonate, 294

Potassium chloranilate, 162

Potassim dinzobenzenesul phonate, 266

Potassium nitranilate, 164

Potassium isopieramate, 251

Potassium isopurpurate, 126

I'otassium perchlorophenate, 115

Potassium phenate, 105

Potassium picramate, 250

Potassium pierate, 124

Potassimn guaieate, 135

Potassimin quinoldisnlphonate, 161

Potassium quinonoximate, 172

Potassium salt of dichloroquinoldi-
sulphonic acid, 160

Potassinm  salt of phenylhydmzenc.
sulphonic acid, 28

Potassium salt of thiochronic acidl, 181

Propidenephenythydrazine, 284

Propylbenzene, 11

Propylmethylbenzene, 16

Pgeudomauveine, 321, 325

Pseudomanveine hydrochloride, 325

Vseudothio-aniline, 261

Purpurogallin, 183

Pyrocatechin, 35, 39, 41, 43, 4%, 138
rogallol, 181

Pyrognllol diethyl ether, 183

Pyrogallol dimethyl ether, 133

Pyrogallol weno-cthyl ether, 183

Pyrogalloquinene, 183

Pyragallol triethyl cther, 183

Q.

Quencirtos, 193
Quinhydrone, 164 ; chlorine substitu-
tion produets of, 165
Quinhydrone dimethy! ether, 165
Quinhydrones, constitution of the, 167
Quino 6
ccC
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Quinol, chlorine substitution products
of, 151} bromine substitution pro.
ducts of, 152 ; nitro.substitution pro.
duots of, 153

Quinol derivatives, 151

Quinol diethyl ether, 149

Quinol dimethyl cther, 148

Quinol ethylearbonate, 151

Quinol ethyl ether, 149

Quinol methyl ether, 148

Quinonanilide, 266

Quinone, 39, 63, 155

Quinone, chlorine substitution products
of, 157 ; nitro-substitution pmducts
of, 163; bromine aud iodine sub.
stitution products of, 162

Quinoue chiorimide, 173

Quinone, constitution of, 169

Quinone dichlorimido, 174

Quinonedioxime, 175

Quinone tetrahydride, 168

Quinonetrioxime, 189

Quinonoxime, 170

Quinogoxime ethylearbonate, 173

Quinonoxirues, colouring matters from,
176

Quinonoximes or nitrasophenols, 170

R.

RANGOOY TAR, 67

Resorcin, 35, 39, 41, 45, 138

Resorcinol, 138 ; chlorine substitution
products of, 141; bromine substi-
fution products of, 141; iodine
substitution products of, 142 ; uitro
substitution products of, 143

Resorcinol blue, 180

Resorcinolazobenzene, 305

Resorcinol diethyl carbonate, 140

Resorcinol dimethyl other, 140

Resorcinoldisazobonzene, 305

a-Resorcinoldizazobenzené, 306

B-Resorcinoldisazobenzone, 308

Resorcinol ether, 139

Resoreinol indophane, 145

Resoreinol monomethyl ether, 140

Resoreinolquinoue, 166

8.

SArrANINES, 321, 322

Safranines, constitution of the, 329
Salts of aniline, 200

Salicylic neid, 32, 84, 39, 41, 45
Silico-benzole aeid, 365

Silicon derivatives of benzene, 365
Silicoutetraphenyl, 366
Silicontetraphenylmothane, 366
Silicontriethylphenyl, 366

Silver picramate, 250

Silver plcrate, 125

Bilver quinonoximate, 172

8odium acetanilide, 210

Sodinm chioranilate, 162

Sodivm phenate, 105

Sodium phenylborato, 364

Bodiunm picrato, 12¢

Sodium quinonoximate, 172

Styphnates, the, 144

Styphnic aeid, 127, 14§

Styrolene, 12, 14

Bnlx;tituted phenolsulphonic  acids,
129

Sug;gtutiou products of azobenzene,

Suzl:;;itution products of azoxybenzene,
Su;);gtution products of hydrazobeno,

Suceino-succinic other, 146

Sulphanilic acid, 237

Sulphate of phenyl, 108

Sulphinic acids, 19

Sulphonie acids, 18, 19

Sulphonic acids, water and spirit
zolnble and azo-dyes, 302

Sulphur compounds of phenol, 130

Sulphuretted colouring matters, con-
stitution of the, 336

Sulphuretted colouring matters derived
from amido.bages, 331

Sy;n;getrie ethylphenythydrazine, 278,

Symwetric diphenyl ures, 22%
Symmetric trimethylbonzene, 14

T.

TEREPHTHALIC ACLD, 84, 39, 41, 45
Terpenes, 16

Tetrabromaniline, 231
Tetrabromobenzene, 17
Totrabromobenzenes, 86
Tetrabromocatechol, 136
‘Tetrabroraophienol, 116
Tetrabromophenol bromide, 116
Totrabromoquinol, 163
Tetrabromoquinono, 163
Tetrabromoresorcinol, 142
Tetrachloranilines, 229
Tetrachlorobenzenes, 83
Tetrachlorobenzenyl trichloride, 17
Tetrachloromethane, 17
‘Tetrachloroguinhydrone, 166
Tetrachlorequinol, 152, 160
Tetrachloroquinone, 1598
Totra-ethylazylino, 812
Totra.ctliylparazo-aniline, 312
Tetra-ethylphenosafranine, 328
Tetrahydroxyquinone, 192
Tetrahydrazovesorufin, 179
Tetramethylmetadiamidobenzene, 240
Tetrainethylazyline, §12
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Tetramethylhenzene, i1, 14
Tetramethyldiamidadiphonylamine,
327

Tetramethyl-loucothionine, 334, 336

Tetramethylparadinmidobenzene, 242

Tetramethylparazo-anillne, 312

Tetramethy!phencsafranine, 328

Tetramethylthionine, 336

Tetratnethylthionine chloride, 334

Tetramethylthionine hydroxido, 334

Totranitrodihydroxybenzeue, 127

Totranitroresorcinol, 145

Tetraphenylethane, 60

Tetraphenylguanidine. 228

Tetmpheuyltetrazone, 279

Tetraphenyl urea, 323

‘Thiscetantlide, 211

Thio-amido-compounds, 259

Thio-aniline, 259

Thio-aniline hydrochloride, 260

‘Thio aniline oxalate, 260

Thio-anfline sulphate, 260

Thioearbanilic ncid, 224

Thiocarbanilide, 224

Thiodiphenylamine, 201

Thiofermantlide, 210

Thionine, 332

Thionine hydrochloride, 332

Thienol, 339

Thionol hydrate, 341

Thionoline, 341

Thiophene, 75

Thiophenols, 21, 130

Thiopierie acid, 132

Thiequinol, 151

Thioresorcinol, 140

Thioxauilide, 215

Tin derivatives of benzene, 367

Tin triethylphenyl, 367

Tolane, 686

‘Toluene, 10, 15

Toluic acid, 34

Toluidine, 10, 22, 28

Tolusafranine, 321

Toluylene, 60

Toly! nlcoiml, 20

Tolylene glycol, 30

TFrapeolin Y ; 0 ; 00 ; 000 ; 801, 303,
865

’l‘riaoemhgdroxyquinol, 191

Triacetophloroglucinol, 187

Triacetopyrogallol, 183

Triacety)-leucothionol, 340

Triamidoazobenzene, 62, 312

a-Triamidobenzens, 246

B-Triamidobenzene, 247

Triamidobenzenes, 246

Triamidophencl, 251

Triamidoresorcinol, 252

Trinmidotriphanylphosphino oxide, 358

Tribasio benzenetricarboxylic acid, 13

Tribesic isophthalacetic acid, 18

Tribromanilines, 231

Tribromobenzenes, 86

Tribroniohydroxyquinoue, 191
Tribromophenel, 116
Tribromophenol bromide, 116
Tribrotmopliloroglucinol, 188
‘Tribromopyrogullol, 184
Tribremoquinol, 158
Tribromoguinone, 168
"Pribromoresorcinol, 141
B-Trichloracetylacrylic acid, 59, 169
Trichloracetyldibromopropionicacid, 50
Trichloranilines, 229
Trichlorobenzenes, 82
Trichlorodimet hylanilenamidophenol,
257, 330
Trichloraphenol, 114
Triehlorophonol.blue, 330
Trichlovopbloroglucinol, 187
Trichloropyrogullol, 184
Trichloroquinol, 152
‘Trichloroquinone, 158
Trichloroquinone chlorimide, 174
'l‘ridl?loroquinone diwethylanilenimide,
25
Trichlororesarcinol, 141
Triethylbonzene, 14 .
Triethylphenylarsonium iodide, 36t
Triethylphenylphosphoniumiodide, 351
Triethylphenylphosphonium  hydrox.
ide, 351
Trihydroxybenzenes, 181
Trihydrexyquinone, 157
Tri.iodanifine, 232
‘Tri-iodobenzene, 88
Tri.iodophenol, 117
i-todoresorcinol, 142
Trimethylbenzene, 11, 14, 15, 87
Trimethylhydroxyphenylammonium
hydroxide, 248
Trimet hylortho-amidophenol, 248
Trimethylparadismidobenzenc, 243
Trimethylparamidophenol, 249
Frimethylphenylmmonium iodide, 204
Trinitraniline, 285
Trinitranisol, 125
a-Trinitro-azobenzeno, 203
B-Trinitro-azobenzene, 293
v-Trinitro-azobenzene, 203
Trinitro. azoresorcin, 178
Trinitrobenzene, symmetrical, 93
Trinitrohydrazobenzene, 299
a-Trinitrophenol, 121
B-Trinitrophenol, 126
y=Trinitrophenol, 127
Trinitrophenols, 121, 127
Trinitrophenyl acetate, 125
Trinitroquinol, 154
Trinitroresorcinol, 127, 143
Tn'nih*osophlo tueinol, 189
Trinitrotriphen plxo:,phine oxide, 358
Trinitropbloroglucinol, 188
Triphonylamine, 208
Triphenylarsine, 362
Triphonylarsine chloride, 362
Triphenylarsine hydroxide, 362
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Triplienylarsine oxide, 363
Tripheuylnrsine sulphide, 368
Triphenylbenzeno, 60
Triphenylethylphosphoninm iedide, 867
a.Triphenylguanidine, 226
B—Triphuny]ﬁ:mnidim, 2%
'l‘ris%l;enylm utylphosphonium iodide,

Trgphenylisopmpylphospho niumiodide,
57

Triphettylmelamine, 220
Triphenylmethane, 60
’l'r;;él;enylmethylphosphouium iodido,

Triphenylphosphine, 356, 8566
Tripbenylphosphino nitrate, 356
Triphenylphosphine oxide, 355, 356
‘Triphenylphosphine selenide, 356
Triphenylphosphine sulphide, 356
Triphenylamylphosphonium iodide, 357
‘T'riphenylphosplioninm iodide, 8565
Triphenylpropylphosphonium iodide,
357

Triphenylstibine, 363
Triphenyl tin chloride, 869
Tripheny! uree, 223

Triphosplienylic aeid, 346
Triquinoyl, 192, 198
Trisulphonic acids, 19
Trithio-acetanilide, 261
Tropeolin, 243
Tropeeolin D, 808
Tropeeolin 00, 809
Tropeolius, $01

iR
Uvirie Acip, 88

VERATROL, 135

Vesuvin, 812

Violaniline, 314

Violet bieklorvquinol, 186

Y.
YeLuow trichloroquinol, 166

THE END.

RICHARD CLAY AND EON3, LORDOR AND BUNGAY.



