ADDITIVE COMPOUNDS OF -DINITROBENZENE
by D. D. Karré and J. .J. A‘S’mlbo;ough.

In previous papers published in this journal attention has
been drawn to the coloured additive compounds formed by the
union of polynitro aromatic compounds with hydrocarhons, phenols,
phenolic ethers, arylamines of  different types and cyclic and
unsaturated compounds.

The following is a fairly complete list of papers dealing
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"The additive eompounds deseribed in these papers may
e elassified into the following groups.  The numbers given refer
to the papers enmunerated in the list on pp. 159—161.

Additive componnds of s-trinilrobenzene.

With aromatie hydrocarbons, 4, 54, 55

With phenols, phenolic ethers 42, 47, 57

With aromatic bases, 8,9, 17, 20, 26, 28, 35, 42, 53,55, 57
With amino derivatives of acenapthene, (luorene, phe-

nanthrene and anthracene, 52,

With naphthalene derivatives, 57
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6.  .Additive compounds of picryl chloride, CH,Cl (NO,);.

With hydrocarbons, 3, 36a
With bases, 11, 16, 18, 19, 36
With diazoaminobenzene, 43
With phenylhydrazones and indoles, 37, 44;, 45, 48.
With unsaturated (propenyl) compounds, 30.
7. ddditive compounds of picramide, NH,; CH, (NO,)s.
With hydrocarbons, 3
With arylamines, 17
With diphenylmethane bases, 18

8. Additive compounds of picrylaniline and picrylnaphthyla-
nines.

With « napthylamine, 36

9. Additire compounds of picrylmethynitrosamine, NO'N
(CH, O, (NO, ),

With naphthylunines, 16.

10. .'1111{111{:1"(:ump({m/dx ON, NO,
of Lrivit roquiinolone,

0
NO, NI

With hydrocarbons and phenols, 68

11.  Additive compounds of 2 : 4 - dichloro- 1: 3 : & - trinitro-
henzene.

With naphthylamines 36

12, Additive componnds of 2:4:6-trichloro -1:3: 6-tr-
nil robenzene.

With bases, 34, 36

13, Additive compounds of trinitroacel ylaminophenol.
With g-naphthol, 39

1. Additire compounds of trinitrocresol.
With naphthalene, 24

15.  Additire conpounds of lri- aud letranitro-naphthalenes.
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With hydrocarbons, phenols, phenolic ethers, aryvla-

mines and unsaturated compounds, 47, 60.
Addilice compouwnds of - dinitrobenzene.
With hydrocarbons, #, 28.
With bases, 8, 9, 28, 46, 50, 53, H4, €1,
Additive componnds of 2 : d-dinitrotoluene.
With hydrocarbons, 4, 28, 50.
With arylamines, 28, 53, 54,
Additive compounds of 2 : 4d-dinilrophenol.
With naphthalene, 22.

Additive componnds of 1-chloro-2: 4 - dinitroben-
sene.

With bases of diphenylmethane series, J8, 21.

Additive compouwnds of 1:5-dichloro-2 : J-dinitro-
benzene.

With naphthylamines, 36.

Additive componnds of 1: -dibrima - 2 : d-dinitro-
Lenzene.

With dimethylaniline, 34.

Additive compowmds of 1-chloro-2 : .4 : 6-{ribromo-
3 : 6 ~dinitrobenzene.

With dimethylaniline, 34.

Additive componnds of nitrophenols.
With naphthylamines, 28, 53, 54.

With ammonia, 39.

Additive componnds of nitrosodimel hylanilire.
With phenols and arylamines, 27, 29.

Additive compounds of s-hexanitroazobenzene.

With hydrocarhons, naphthol ethers and «-naph-
thylamine, 38.
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From the foregoing tabular statements it is clear that
the number of additive compounds prepared from s-trinitrobenzene
and its substituted derivatives is very large, and from the exami-
nation of these compounds a certain number of generalisations
have been drawn. Such generalisations include :—

() Relationships hetween the colour of the additive
compound and the constitution of the addendum,
more particularly the auxochrome effects of hydro-
xyl and amino or substituted amino groups (85, 43,
57).

(0) Relationships between the number of molecules of
nitro-compound combining with one molecule of
the addendum and the influence of the number of
phenyl or naphthyl groups in the addendum (36a, 57).

(¢) The influence of substituents in the trinitrobenzene
molecule on its capacity for forming additive com-
pounds (36).

(d) The effect of a N :C linking in the addendum on the
colour of the additive compound and the deepening
of the colour produced when this grouping is
reduced to—NH CH<Z (43, 57).

(¢) The i:fluence of unsaturation in the addendum on
its comhining capacity with polynitro compounds
(8'7) and more especially the influence of a propenyl
as compared with an allyl group (25, 30, 47).

The number of compounds of m-dinitrobenzene and of
its substitution products hitherto known has been too small to
enable generalisations to he drawn and one of our objects has been
to prepare a larger number of such additive compounds in order to
ascertain whether in colour and composition these compounds
resemble those derived from s-trinitrcbenzene.

We have succeeded in isolating a number of additive
compounds by crystallising a mixture of the twocomponents from
alecohol. Where no definite compound could be isolated under
such conditions, we have, in many cases, determined the freezing
point curve—temperature-concentration curve—of the two com-
ponents. (Compare Philip, J.Chem. Soc., 1903, 83, 814 ; Kremann,
Monatsh., 1904, 25, 1215, 1271, 1311; Ahren’s Sammlung, 1909,

14, 213).
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FXPERIMENTAL.

1. New additive compovnds.

The compounds given helow were obtained by dissolving
molecular quantitics of the two substances in hoiling aleohol and
allowing the solution to cool.

&

CH,

1. The compound with acenaphthene G H<Z G’

4

CH,(NQ,),, erystallises from aleohol in lemon-yellow needles,
melting at 73:5".

0-2224 guve 1932 ce. N at 30" and 676:5 mm. N=871.
CH,O,N, requires N=869 per cent.

2. The compound with B-naphthylamine, (‘h,,li,'NH,_,,_, C.H,
(NO,),, erystallises from alcohol in dark red needles melting at
b7°.

01496 gave 2041 ce. N at 31'5° and 6756 mm.
N=135Y. C;;H,0,N, requircs N==13'51 per cent. ’

8. The compound with I-benzeneazo-2-naphthylamine,
C,H,N,CoH,NH,, ClIL, (NO,),, erystallises from aleohol in deep
red shining prisms melting at 66°.

01490 gave 25:11 c.c. Nat 29° and 6749 mm. N=16-92.
CoH ;O N, requires N=16'S7 per cent.

4. The compound with aminobenzeneazodimethylaniline,
NH, ¢,H,N,CH, N(CH,),, 2C,H,(NO,),, crystallises from al-
cohol in short deep brown needles melting at 115°.

. 00992 gave 191 c.e. N at 25:3° and 673mm. N=19"44.
CyH, 04N, requires N=1945 per cent.

5. The compound with 1:5-naphthalene - dinmine, (NH,),
Cyll;, CH,(NO,,, crystallises from alcohol in deep brown-black
crystals melting at 78—179°.

01444 cave 24:3 c.e. N at 26° and 6738 mm. N=1704.
CyH,,0,N, requires N==17-18 per cent.

6. The compound with 3: 3’-diaminoazobenzene, N1, G, .
NyGH,NH,, CH,(NO,),, crystallises from alcohol in shining
brown needles melting at 90—91°.

0-1294 gave 2845 c.c. N at 2405° and 6752 mm. N=21'9.
C,sH,;O, N, requires N=22-1 per cent.
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7. The compound with 4-aminoazonaphthalene, C, H, N,
C, My NH,, 2 CH,(NO,),, crystallises from alcohol in dark red
nicroscopic needles melting at 122°,

- 0°1576 gave 24°22 c.c. N at 27° and 674'9 mm. N=1553;
C,IT,;0N, requires N=1548 per cent.

8. The compound with  benzyl-a-naphthylamine, C,H,.
NITCITy G, GHL(NO,),, crystallises from alcohol in deep
orange needles melting at 63-5°.

‘ 0-1549 gave 1595 c.c. N at 24° and 674°9 mm. N=10'51;
Cyy L, 00N, requires N=1048 per cent.

0. The compound with 4 : 4-diaminodiphenylamine, NHy
CH NH-CH/NIH,, 2 CII,(NO,),, crystalliscs from alcohol in
deep violet, nearly black, needles melting at 91—92°.

0-1050 eave 188 c.e. N at 26° and 676°5 mm. N=1819;
C. 1T, 0N, requires N=18-31 per cent.

10.  The compound with 3:3-diaminostilbene, NH,CH,
CH:CIT'CH NH,, CJII(NO,),, erystallises from alcohol in thin
feathery orange needles melting at 108—109°,

0-0690 gave 1300 c.e. N at 232 and 6747 mm. N=
14-93. C,H,0,N,| requires N=14"82 per cent.

T
11. The compound with 3-animocarbazol, C,JJIT, NI C.H, NIL,
C,HI,(NO,),, erystallises from alcohol in violet brown prisms
melting at 83-- 847,

0:1016 gave 16:04 c.e. N at 26” and 6767 mm. N=1611;
C I, O,N, requires N=16-00 per cent.

12. The compound with o-aminoquinoline, (NII,)GHN,
G (NOL,, crystallises from aleohol in feathery orange leaflets
melting at 103--101°, :

0-1164 aave 20056 c.e. N at 245 and 676:0 mm. N=
18-03. €. ,O,N, requires N=17-94 per cent.

13. The corresponding compound with p-aminoquinoline
erystallises from aleohol in shining red pointed prisms melting
at 8RHO—90",

0-1213 eave 2162 c.c. N at 27° and 674 mm. N=17-99;
CILL, 00N, vequires N=17-94; per cent.
14. The compound with  p-aminotetrahydroquinoline, NI,

G,II,,N, C.H,(NO,),, cryvstallices from alcohol in thin pale hrown
needles melting at 91—92°,
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01366 gave 236 c.c. N at 27° and 676 mm. N=175;
C;H,,O,N, requires N=17'72 per cent.

15. The compound with o-amino-p-toluquinoline, CH, C,H,N*
NH,, CH,(NO,),, crystallises from alcohol in deep orange-red
shining plates melting at 74—74-5°.

01160 gave 1985 c.c. N at 25° and 677 mm. N=17-46;
C,H,,O,N, requires N=17"18 per cent.

2. Freezing point curves.

The determinations of the freezing points were con-
ducted in a small hard glass test tube, fitted with a glass stirrer
and a short normal thermometer The mixture was at first
completely melted and then allowed to cool, being all the while
kept vigorously stirred. The temperature generally fell 2-—3°
below the correct freezing point and then rose. The highest
point reached was taken to be the correct freezing point. Three
consecutive readings never differed by more than + 0-5°. The
proportion of one of the constituents was then changed and the
ohservations repeatel. The results were then plotted on square
paper as molecular percentages of m - dinitrobenzene against the
correIsponbding freezing point. The curves are given in figures I
and IIL.

The curves clearly show that there is no compound
formation except in the case of 4 - aminoazonaphthalene which
also gives the compound when the two constituents in molecular
proportions are crystallised from alcohol.

3. Non formation of compounds.

It has been found impossible to prepare compounds from
the following substances. Those marked with an asterisk, gave
only V.shaped freezing point curves, thus confirming the results
of the crystallisation experiments.

Hydrocarbons :—TFluorene, anthracenc, *phenanthrene,
diphenyl, triphenylmethane and retene.

Primary amines :—* 2 : 4-dichloraniline, 2 :6-dibroma-
niline, 2:4: 6 - tribromaniline, *o-nitraniline, * p-nitraniline,
*m-nitraniline, 4 - acetyl-amino - 1 -phenylazonaphthalene, p-ami-
nobenzophenone, p-leucaniline. ,

. Secondary amines :—*Diphenylamine, p-aminodiphenyl-
amine, thiodiphenylamine, phenyl-g-naphthylamine, acetanilide.
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_ Tertiary  amines :—Dimethylaniline, dimethyl-a-naph-

1t}1y1:umnv, tetramethyldiaminothiohenzophenone, * dibenzylani-
ine.
) Heterocyelic  nitrogen  compounds :— * Carbazol, aw-
diphenylpyridine, B-imino-a-cyanohydrindene, 3-phenylpyrazo-
lone, I-phenyl-3-methylphrazolone, *phenylacridine, quinoline,
ixoquinoline, tetrahydro-quinoline, tetrahydroisoquinoline, o- and
p-toluquinoline and the corresponding tetrahydro-compounds,
«- arul B-naphthaquinoline, carbostyril, 2: 3 : 5-triphenylpyrrol.

Phenols and phenol ethers :—B-naphthol, * g-naphthol-
ethyl ether. .
Sulphur compound :—*Dimethylaniline disulphide.

Orines and phenylhydrozones :— Acetophenone-oxime,
Benzaldehyde-phenylthydrazone.

For the sake of comparison, the following new compounds
of B-tefranitronaphthalene were prepared.

B=Tet ranitronaphthalene - p- aminoazonaphthalene, 2 C,,
I(NO,,, NH;C H/N,CH,, erystallises from a mixture of
aleohol and acetone as a deep chocolate crystalline powder melting
at 240% 0-308 gave 0-1136 hydrochloride of the base=32'8 and
0208 B-tetranitronaphthalenc=67-3. (This Journal, 1916, 1,
161). C,Hu,0, Ny, requires 325 and 675 per cent respectively.

B=Tetranilronaphthalene-aminobenzencazodimethylani-
line, 2 CH,(NO,,, NH;/CH N,CH N(CH,),, ecrystallises
from a mixture of alcohol and acetone in shining jet black leaf-
lets melting at 206—207°.  0°1010 gave 2026 c.c. N at 29° and
677 mm. N=202. C,H,0,N, requires N=19'65 per cent.

B-Tetranitronaphthalene-tetramel hyl-diaminobenzophe-
none 2C H(NOY,, [(CHY,N-C,H,], : CO, crystallires from a
mixture of aleohol and acetone in shining black plates melting at
207—208°  0:342 when treated with dilute hydrochloric acid
gave (235 B-tetranitronaphthalene=687. C,II,,0,N,, requires
697 per cent.
B-Totranitronaphthalene does not form an
compound with tetramethyldiaminodiphenylmethane.

4. Colonred Meltls

Tt has been observed by many chemists, that nitro-com-
pounds like di- and tri-nitrobenzene, di- and tri-nitrotoluene and
even tetranitromethane give deeply colored mixtures with amino-

additive



170

compounds at high temperatures, even when no definite com-
-pound can be isolated. (Compare Korezynski, Bull. Acad. Sei.
Cracow, 1908, 383 ; Werner, Ber., 1909, 42, 3424; Ostromiss-
lensky, ibid, 1910, 43, 197; Jsakalotos, Bull. Soc. Chim., 1912
[1IV] 11, 284 ; Clarke, Macbeth and Stewart, Proc. Chem. Soc.,
1913, 29, 161 ; Tinkler, J. Chem. Soc., 1913, 103, 2171; Biron
and Morguleva, J. Russ. Phys. Chem. Soc., 1914, 46, 1598 ; Giua,
Gazetta, 1915, 45, ii, 348).

The same phenomenon has been observed in the case of
mixtures of im-dinitrobenzene with many amines. Thus the
melted mixtures of dinitrobenzene and diphenylamine (deep red),
aminodiphenylamine (violet) dibenzylaniline (bright orange red)
m-nitraniline (deep orange), dimethylanilinedisulphide (hright
red) completely lose their color when they solidify. Various hypo-
theses for explaining the formation of these colours have been
brought forward, some depending upon the formation of an
unstable compound, others on the change of structure of the nitro-
group (¢f. Giua and especially Tinkler (loe. ¢it.) who brings forth
arguments against the supposed formation of additive compounds.)

m-Dinitrobenzene, when mixed with tetrahydro deri-
vatives of quinoline and 4so-quinoline, gives intensely colored
solutions even at the ordinary temperature. This may be an
extreme case of the same general phenomenon described above,
the colour persisting even at the ordinary temperature, owing to
the mixture remaining liquid.

GENERALISATIONS.

The following generalisations arc based upon the obser-
vations described in previous papers hy others and on the
experiments described in this paper.

(1). Aromatic hydrocarbons, as a rule, do not form additive
compounds with m-dinitrobenzene. This is based on both crystal-
lisation experiments and also on freezing point determinations.
The only exception appears to be acenaphthene.

(2). Primary arylamines combine with s-dinitrobenzene in
equimolecular proportions (e. g. aniline, «- and B-naphthyl-
amines). The stability of compounds derived from naphthalene
bases is more pronounced than that of the compounds derived
from the corresponding benzene derivatives (¢f. Sudborough
J. Chem. Soc., 1910, 97, 774). Thus Romburgh (loc. ¢it.) has
obtained a compound with aniline which slowly loses aniline on
exposure to the atmosphere, and gives back the dinitrobenzene,
while the naphthylamine compounds are thoroughly stable.
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(3). The introduction of negative substituents into the
arylamine inhibits the formation of additive compounds, Thus,
2 : 4-dichloraniline, 2:6-dibromaniline, 2:4:6-tribromaniline,
0-, p-,and m-nitranilines, and acetanilide give no compounds.

(4). No definite rule can be laid down in the ease of second-
ary amines. Thus benzyl- @ -naphthylamine and diamino-
diphenylamine form stable compounds, while diphenylamine,
p-amino-diphenylamine and phenyl-8-naphthylamine do not
combine with m-dinitrobenzene.

Similarly with tertiary amines; the dimethyl - 8-naph-
thylamine and dimethyl-p-toluidine compounds have been
prepared by Romburgh (loc. ¢it.) but we have failed to obtain
compounds with dimethylaniline and dimethyl-a-naphthylamine.

(5). The presence of an additional amino- or azo- group
seems to facilitate the formation of a compound, Thus diamino-
diphenylamine forms a compound when both diphenylamine and
p-aminodiphenylamine give none. Aminobenzeneazo-dimethy-
laniline gives a compound while dimethylaniline does not give

any.

(6). Phenols and phenolic ethers do not combine with
m~dinitrobenzene, neither do oximes or phenylhydrazones.

(7). Cyeclic nitrogen compounds do not form compounds.
If, however, an additional amino group is present, addition takes
place. Thus carbazole, phenylacridene, substituted pyrazolones,
quinoline, isoquinoline, and their tetrahydro - derivatives and
carbostyril form no compounds, while definite compounds can be
obtained with 3-aminocarbazole, o- and p-amino-quinolines,
o-amino-p-tolu-quinoline.

(8). The combining capacity of m-dinitrobenzene is much
less pronounced than that of s-trinitrobenzene or of @ - and B-tetra-
nitronaphthalenes. Many addenda which combine with these latter-
do not form definite compounds with m-dinitrobenzene. Among
the compounds that have been prepared, the molecular ratio
between the nitro-compound and the addendum is however the
same with sm-dinitrobenzene as with s-trinitrobenzene. The
colours of the dinitro-compounds are a shade lighter and the
melting points considerably lower than those of the correspond-
ing trinitro-compounds (see Table I.)

(9). Theintroduction of CH,, Cl, Br, OH into the molecule
of m-dinitrobenzene does not affect the relative proportions of the
combining compounds provided addition occurs, ¢. g. the com-
pounds with naphthalene, aniline, «- and B-naphthylamines.
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Exceptions however, arc met with in the additive compounds
formed from totramethyl-diaminodiphenylmethane and  tetra-
methyldiamino-benzophenone and m-dinitrobenzene and chloro-
m-~dinitrobenzene. (e¢f. Nos. 18 and 46.)

(10). Similarly the introduetion of CH,, OH, OCH,, C.H
CO,G,11,, Cl, Br, NII,, NHC, into the trinitrobenzene mole-
cule does not affect the molecular composition of the additive
compound provided addition takes place, e.g. the compounds
with benzene, naphthalene, anthracene, aniline, e-naphthyla-
mine, B-naphthylamine, dimethylaniline, ethyl-«-naphthyla-
mine, dimethyl-e-naphthylamine, p-toluidine, benzidine, the
phenylhydrazones, substituted indoles and unsaturated com-
pounds.

An exception is met with, however, in the case of
s-trichloro-trinitrobenzene which unites with «-naphthylamine
in the molecular proportions 2:1 (¢f. 36) whereas s-trinitro-
benzene and «-naphthylamine unite in equimolecular propor-
tions.

(11). On the whole there is greater similarity between the
additive compounds of sm-dinitrobenzene, s-trinitrobenzene and
B-tetranitronaphthalene as regards the molecular proportions in
which they combine with the various addenda than in the case
of a-trinitronaphthalene.

DEPARTMENT OF GENERAL AND OrGANIC CHEMISTRY,
InpIax INsTITUTE OF SCIENCE,
BANGALORE.

I. 1. 8. No. 76 —R. P. B.—4-1913,—~500.
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Ficuore 1

Freezing point Curves m-Dinitrobenzene with
various Aromatic Compounds.
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