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CLIV.—2: 3 : 5-T'rmnttro-4-aminophenol and Derivatives.
By Rarnaet Mewpors, F.R.8., and Jaues Gorvon Hay, A.LC.

Tre acetyl derivative of the above compound has been fully deseribed
in a series of papers published during the last few years (Trans., 1908,
89, 1935; 1907, 91, 1477 ; 1908, 93, 1659 ; 1909, 95, 1033), but
the corresponding trinitroaminophenol has only been incidentally
referred to (loc. cit., 91, 1477). As no trinitro-derivative of para-
aminophenol has hitherto been prepared, and as the acetyl derivative
has proved to be of especial interest on account of its reactivity, the
parent trinitro-compound seemed worthy of detailed study from several
points of view. In the first place, with respect to the pessibility of
catenation products being formed from this compound by interaction with
aminesin the same way as with the acetyl derivative, it may be pointed
out that, as no ring-formation would be possible in this ease, the
products would be ortho-amino-derivatives of substituted diaryl- or
arylalkcyl-amines :

0H OH
‘/\NO, . NO,
N0, JNo, —>  No\ JNHR
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CUompounds of this type have hitherto been but little studied on
account of the difficulty of preparing them, and it was therefore hoped
that the new trinitroaminophenol wounld prove to be a convenient
material for synthesising them according to the above ‘scheme. Our
experiments in this direction have, however, so far led to negative
results, and no definite compound bas been obtained by the interaction
of trinitroaminophenol and amines under any conditions, The addition
of the amine to the aleoholic solution of the trinitro-compound leads in
the first place to the formation of a highly coloured (generally violet)
salt, which rapidly decomposes at the ordinary temperature. The
trinitro-compound is apparently completely decomposed by amines, with
the formation of resinous products, Although the study of these
products of decomposition has for the present been abandoned, the
research will be continued at some future time, as it is nob improbable
that by modifying the conditions under which the reaction takes place
the required catenation products may be obtained.

The other direction in which the trinitroaminophenol has been
studied is its behaviour on diazotisation, as the conditions are apparently
most favourable for the elimination of a nitro-group in accordance
with the rule which has been found to hold good in the case of the
dinitroanisidines. It will be seen in the experimental part of this
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paper that the 3-nitro.group in the trinitro-compound is not eliminated
on diazotisation, a fact of considerable interest when considered in
connexion with the results made known in a former paper (Trans.,
1907, 91, 1482). It was shown in this last paper that 2 : 3-dinitro-
4-aminophenol does not lose the 3-nitro-group on diazotisation,
although the latter is in a favourable ortho-position with respect
to the amino-group. From this fact it was concluded that it is
the methoxy-group which is the *loosening” substituent in this
and analogous cases, since the corresponding dinitroanisidine
readily parts with the 3-nitro-group on diazotisation (loc. eit.,
p. 1484). This conclusion recoives confirmation from the fact made
known in the present paper that 2:3:5-trinitro-4-aminophenol also
retains the 3-nitro-group on diazotisation, since in this case the amine-
group (and therefore the diszonium group) is ortho with respect to
two nitro-groups. The corresponding trinitro-p-anisidine has not been
obtained by us, although attempts have been made to prepare this
compound by the direct methylation of the silver salt of the trinitro-
acetylaminophenol (Trans., 1906, 89, 1937), and by the extreme
pitration of aceto-p-anisidide. In the mean time a trinitroanisidine
of the required constitution appears to have been obtained in small
quantity by Reverdin by the extrome nitration of benzo-p-nnisidide in
acetic anhydride solution (Arch. Sei. phys. nat, 1909, 27, 395).

The process originally described for the preparation of trinitro-
acetyl-p-aminophenol (Trans,, 1906, 89, 1936) has in the course of
our work been considerably improved, and we are now enabled to give
the details of the method finally adopted. In the earlier process the
diacetyl derivative of p-aminophenol was nitrated so as to furnish as
the first product the monomnitro-compound of Hihle, and this by further
nitration was converted into the trinitroacetylaminophenol. In a
subsequent communication we pointed ont that if the mononitro-
compound is partially hydrolysed so as to convert it into the 3-nitro-
4-acetylaminophenol, and the latter nitrated under regulated conditions,
2 : 3-dinitro-4-acetylaminophenol is formed (Trars,, 1907, 91, 1481).
In this last paper it was also stated that by extreme nitration the
mononitroacetylaminophenol is converted into the 2:3:05-trinitro-
compound. The formation of the latter from 2 :3-dinitro-4-acetyl-
aminophenol as well as from 3 : 5-dinitro-4-acetylaminophenol (Trans.,
19086, 89, 1936) thus furnishes an additional proof of the constitution
which we originally assigned to this eompound :
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From these results it appears, also, that the course of nitration is
different, according as the mono- or the di-acetyl derivative of the mono-
nitro-compound is used as the initial stage, although the final product
is the same in both cases. The orienting influence of the O-acetyl
group thus determines the entry of the second nitro-group into
position 5, leaving only position 2 (or 6) for the third nitro-group.
The hydroxyl group, on the other hand, sends the second nitro-group
into position 2, leaving positions 5 and 6 for the third nitro-group,
which in fact enters position 5.

EXPERIMENTAL.
Preparation and Properties of Trinitroacetylaminophenol.

3-Nitro-4-acetylaminophenol is prepared by bydrolysing the diacetyl
derivative in the way previously described (Trans, 1907, 91, 1481,
footnote). The success of this operation depends on the rapidity with
which the hydrelysis is effected, and the use of just sufficient alkali to
bring about solution at the ordinary temperature. If an excess of
alkali is present, or if the eclulion when once formed is not imme-
diately acidified, there is much loss of material, owing to the decom-
posing action of the alkali. The 3-nitroacetylamino-compound, after
precipitation, is collected, washed with water, dried, and further
nitrated by dissolution in fuming nitric acid (D 1-5). One hundred c.c.
of acid will nitrate 30 grams of the mononitro-compound, the latter
being gradually stirred into the acid kept cool in melting ice. When
all the substance has been dissolved in the acid, the solution is at once
poured on to ice, and the trinitro-compound collected as soon as it bhas
separated. As this last compound is decomposed on long standing in
presence of dilute nitric acid, it is advisable to collect the precipitate
and wash it free from acid with as little delay as possible. Owing to
the solubility of the trinitro-compound in water, the quantity of ice
used for precipitation must also be limited to a minimum, or eon-
siderable loss of material is incurred. The best solvent for gurifyiog
the crude product is acetic acid, one erystallisation being generally
sufficient to give a pure compound if the above method of preparation
is followed.

Some of the general properties of 2:3:5-trinitro-4-acetylaminophenol
havé been described in former papers. The extreme reactivity of the
compound renders it unsafe to dry it in contact with organic matter,
such as filter paper. If dried in the water-oven on a paper filter,
deflagration takes place, although it may be safely dried in contact
with glass or porcelain, The extreme readiness with which the 3-nitro-
group is climinated renders it impossible to prepare salts by combining
the compound with strong bases, as the latter cause complete decom-
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position. Attempts to replace the mobile nitro-graup by methoxy- or
ethoxy-groups by interaction with sodium methoxide or ethozide gave
only resinous products. The extremelyacid character of the compound
enables it to decompose metallie ralts containing weaker acid radicles,
and this property has enabled us to isolate the potassium and sodium
' salte, The formsr was prepared by dissolving the trinitro-compound
in a warm solution of potnssium cyanide or potassinm acetate ; the
salt separates out on cooling in splendid scarlet needles, which are very
goluble in eold water, but which, by rapid washing, can be freed from
mother-liguor. The salt was dried at the ordinary temperature in a
desiceator, as it deflagrates when heated in the water-oven :

00316 gave 0'0082 K,50,, K=11'64.

CgH,0,N,K,H,0 requires K =11'43 per cent.

The water of crystallisation could not be determined directly
by drying for the reason above stated. The sodium salt was uot
obtained in sufficient quantity for anpalysis, as its solubility is
greater than that of the potassium salt, and it could not be purified by
washing., Inappearance it resembles the potassium salt. This method
of obtaining salts of the trinitro-compound appears to be generally
_applicable, and the research is being continued in this direction.

Preparation and Properties of Trinitroaminophenol.

The acetyl derivative cannot be hydrolysed by alkalis, owing to its
inatability in presence of such reagents. The early attempts to
hydrolyse by means of sulphuric acid also failed, as the spocial
properties of the compound were not at the time sufficiently familiar
(Trans,, 1906, 89, 1937). 'We have now found that the acetyl group
can be completely removed by sulphuric acid and without any decom-
position of the trimitroamino-compound if the following method is
closely adhered to.

The acetyl derivative is dissolved by stirring in an excess of con-
centrated sulphuric acid at the ordinary temperature of the laboratory.
The vessel containing the solution is then plunged into a bath of
boiling water for a few minutes and immediately withdrawn. The
course of the hydrolysis must be followed by rapid tests, a drop of the
solution being withdrawn on a glass rod at short intervals and diluted
with water on a watch-glass. When hydrolysis is complete, a scarlet,
crystalline precipitate is formed, and the sulphuric acid solution must
be cooled at once by immersion in cold water, or the hydrolysis proceeds
too far and decomposition takes place. A brownish tinge shown by
the precipitate indicates that the action of the sulphuric acid has been
too prolonged, as the pure compound is bright red. The whole operation
takes but a few minutes, and its success depends mpon arresting the
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action of the acid at the critical stage, When the latter point has
been reached and the solution cooled, the trinitroamino-compound is
precipitated by pouring the solution on to ice. The red, crystalline
deposit can be collected and washed with water until free from acid.
It cannot be dried at 100° without decomposition. Tt ean he ecrystal-
lised in small batches from acetic acid, from which it separates in deep
red needles having a decomposing point of about 145°;

0-0671 gave 1265 c.c. Ny (moist) at 0:5° and 767 mm. N=22-84.

C;H,0,;N, requires N =22'96 per cent.

The compound is but feebly basie, the sulphate being completely
dissociated by water. The salts formed with ammonia, allyl- and
aryl-amines, alkaline hydroxides, ete., are of an intense violet colour,
but are so unstable that they undergo immediate decomposition,

Diazotisation of the Trinitroaminophenol.

The compound does not diazotise satisfactorily in acetic acid solu-
tion, the amino-group being no doubt * protected” by the nitro-
groups on either side. In order to effect diazotisation, the substance is
dissolved at the ordinary temperature in concentrated sulphuric acid,
the solution diluted with a little water, and, when cold, an excess of
solid sodium nitrite stirred in in small portions, The course of the
diazotisation can be followed by mixing a drop of the solution with
water on a watch-glass ; the diazonium salt iz decomposed by water
with the precipitation of a bright yellow diazo-oxide (quinonediazide),
so that the appearance of a yellow instead of a red precipitate on
dilution indicates the completion of the reaction.

2 1 3 : 5-Trinitrophenol.

The solution of the diazonium sulphate prepared as above under-
goes the usual “ diazo-decompositions "’ with various reagents. On
boiling with excess of absolute alcohol as long as nitrogen is evolved,
evaporating the solvent, and diluting with water, trimtmpbenol
crystallises out in ochreous needles. This compound, which is of
interest as being an isomeride of picric acid, has been bneﬂy referved
to in a recent note (J. Soc. Dyers, 1909, 25, 12). It is slightly
soluble in boiling water, from which it separates in yellow needles,
melting at 119—120°, and becoming ochreous and opaque on drying
ab 100°. It is readily soluble in alcohol, acetic acid, or benzene :

0-0852 gave 13:35 c.c. N, (moist) at 17° and 764 mm, N=1824.

CyH, O, N, requires N = 1834 per cent.

This trinitrophenol dyes silk and wool with a more orange shade

than picric acid. The hydroxyl group is so effectively protected that
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the compound could not be satisfactorily methylated or acetylated by
any of the ordinary methods. On dissolving in hot potassium earbonate
solution, a potassium salt separates out on cooling in red needles,
which contain no water of erystallisation :

0:1672 gave 0°0554 K,80,. K=14'81.

O H,0,N,K requires K =14'66 per cent.

Other ealts were prepared and examined qualitatively. When
dry, they deflagrate on heating, and dre not at all comparable in
explosive power with the picrates. The solutions of the trinitrophenol
are much more bighly coloured than the solid compound, a property
which, taken in connexion with the deep red colour of the salts,
suggests the usual fsonitro-tautomerism ;

OH

D ~ ‘NOH(E, ete.)
N0,0 0, — NO,J\>

The trinitrophenol appears to form a molecular compound with
naphthalene, which crystallises from alcohol in orange needles melting
at 100—~101° This componnd is, however, much less stable than the

_corresponding picrate, and the successive analyses following the
orystallisations indicated that dissociation talkes place in aleoholic
solution.

From the foregoing results, it follows that there is no loss of a
nitro-group on diazotisation.

2: 3 : 5-Trinitroquinonediazide,

. 9
NO Ogg’ NO: -
2 S :\/ s
N, Ns

The diazonium sulphate prepared as déscribed is immediately
decomposed on dilution with water, with the formation of a quinone-
diazide, which separates as a dense, yellow, micro-crystalline powder,
After being washed free from acid, the compound, although highly
explosive, can be safely dried in the water-oven. It has been found
very difficult to obtain the substance perfectly pure, as it is decom-
posed by most solvents, and tends to retain those which do not inter-
act with it chemically. The analytical results are, however, perfectly
definite in establishing the fact that no loss of a nitro-group occurs on
the tmnafurmation of the diazonium salt into the quinonediazide. The
latter is, in fact, unchanged by a solution of sodium acetate at the
ordinary temperature, although complete decomposition with the
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formation of resinous products is caused by the action of solutions of
alkalis or of alkaline carbonates. The compound can be crystallised
from boiling glacial acetic acid, provided the quantity is limited to
about half a gram. Boiling with this solvent causes some amount of
decomposition, as shown by the evolution of nitrous fumes, but the
logs is not serious if the scale of working is not too large. From the
hot saturated solution, the compound separates on cooling in dense,
ochreous prisms, the decoinposing point of which was not determined on
account of the highly explosive character of the substance. Analysis
indicates that all the nitro-groups are retained :

0-0574 gave 13:06 c.c. N, (moist) at 13° and 765 mm. N=26'08,
00574 , 1323 ,, N, , , 14° , 7643 mm N=2725.
O,HO,;N, requires N =374 per cent.

This quinonediazide couples with B-naphthol with extreme diffi-
culty, a property which is probably due to the protective action of
the 3- and 5-nitro-groups on the intermediate diazo-group. In the
presence of pyridine or an alkali, an azo-compound is formed, but there
is also further decomposition, due to the elimination of ome of the
nitro-groups, the mobility of which is increased by the proximity of
the azo-naphthol complex. The azo-compound thus formed appears to
be a mixture of extremely insoluble products, which will require
further study before any definite conclusion concerning their nature
can be drawn.

The 3-nitro-group in the quinonediazide being in a favourable
position for displacement, attempts were made to arrive at definite
products by the substitution of other radicles for this group. Boiling
with sodium acetate solution or with absolute aleohol brings about
definite decomposition, the latter in' a quite unexpected way.

Dinitrohydroxyquinonediazide,
OH o
AN B
NOI I%oﬂ or N0 !gg_ﬂ (or the corresponding cross-linking).
i N
N, N,
|
The trinitro-compound dissolves in a strong boiling solution of
sodium acetate without any considerable evolution of nitrogen, and,
on cooling, a dense, orange, crystalline sodium salt separates. The
latter was collected, washed, redissolved in a small quantity of hot
water, and acidified with hydrochloric acid. Large, golden scales
separated on cooling, and these had all the properties of a quinone-
diazide, being highly explosive and coupling readily with S-naphthol
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in presence of alkali. From this result it appears that the 3-nitro-
group is more readily removed than the diazo-group:

0:0614 gave 13:05 c.c. N, (moist) at 18° and 767'1 mm. N =24TC.

CoH,O,, requires N =24-78 per cent.

The compound may have esither of the above formule. Although
the ortho-quinonediazide must be the first product resalting from the
displacement of the 3-nitro-group, it may easily undergo isomeric
transformation into the para-compound if the latter configuration is
the more stable. In view of the explosive character of the compound,
we are inclined to believe that it possesses the para-constitution, as
the ortho-quinonediazides are not, as a rule, so highly explosive.
It is, however, impossible at present to decide conclusively between
these formulee.

The quinonediazide in a pasty and moist condition combines with
B-naphthol dissolved in sodium hydroxide, giving a highly-coloured
and dense, crystalline deposit of a sodium salt having a bronzy lustre.
This salt can be collected and washed with a dilute solution of sodium
hydroxide until free from excess of naphthol. The azo-compound,
liberated by hydrochloric acid from the sodium salt, dissolves very
sparingly in boiling glacial acetic acid, from which it separates on
cooling in dull red needles, which begin to blacken about 240°, but do
not melt at 320° The azo-compound is phenclic in character, dis-
solving in aqueous ammonia or very dilute sodium hydroxide with an
indigo-blue colour, which changes to red on adding more sodium
hydroxide, This colour change most probably indicates the formation
of a disodium salt from a mono-sodium salt, as there are two hydroxyl
groups in the molecule, and it seems unnecessary in such a case to
introduce any hypothesis of structural change on the chemical evidence
only. From its mode of formation, the compound must be an azo-
naphthol derivative of 2 : b-dinitroresorcinol :

OH
/\NOS
No,'\)oa '
NyCyHy"OH(B)
0-070 gave 895 c.c. N, (moist) at 13° and 7597 mm. N=151.
CpH O, N, requires N = 1514 per cent,

Concentrated sulphuric acid dissolves the compound with a reddish-
violet colour, which becomes redder, and finally gives an orange,
gelatinous precipitate on dilution with water. It is probable that
this same azo-componnd is among the products of the action of the
trinitroquinonediazide on B-naphthol in presence of alkali.

The decomposition of the trinitroquinonedinzide by boiling absolute
alecohol leads to the formation of a compound the analysis of which

VOL. XCV. 4x
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indientes that a nitro-group is replaced by the ethoxy-gronp. The
study of this reaction is being continued.

The cost of this research has been partly met by a grant from the
Government Grant Fund of the Royal Society, a source of assistance
which we have much pleasure in acknowledging.

Fixngsury TECHNICAL COLLEGE.

CLV.—The Particl Racemism of Menthyl r-Mandelate.
By AvexanpEr Finpray and Everyy Marioxy Hrcemans, M.Se.

It has already been shown (Trans., 1907, 91, 905) from a study of the
freezing-point curves of the J-menthyl ester of the mandelic acids that
I-menthyl r-mandelate exists as a definite compound with the melting
point 83:7°, It was of importance, therefore, to investigate the
stability of the compound at lower temperatures, in order to ascertain
whether the transition point below which the partial racemate would
be unstable is sufficiently accessible to allow of the resolution of
r-mandelic acid by erystallisation of the /-menthyl ester.

The experiments of A. McKenzie (Trans., 1904, 85, 1255) indicated
that the partial racemate is stable also at the ordinary temperature,
but nothing was known as to how far the transition point might lie
below this. For the investigation of this point, experiments based on
fractional erystallisation, although frequently employed in other cases,
are very unsuitable, owing to the possible occurrence of supersatnra-
tion, difference.in velocity of crystallisation, ete. . These factors may
complicate, and apparently in some cases have complicated, the problem
and led to false conclusions,*

* In this connexien, reference may be made to a paper recently published by
Professor Kipping (Trans., 1909, 95, 408), in which he points out that whereas, for
ple, @-hydrindamine r-mandelatc can be resolved by crystallisation from
aqueous solution, the dl-hydrindamine d-mandelate could not be so resolved. This
behaviour is considered as indicating the existence of partially racemic molecules in
solntion. Although the writer is also of opinion that racemic and partially racemic
moleciles ean exist in the liquid state and in solution (compare Trans. Faraday
Soe,, 1907, 3, Part 2), he does not eonsider that this {s of particular importance for the
question of the resolution of & racemic componnd by crystallisation, What is «f
importance is not what compounds exist in solution, but What solid substances can
exist in equilibrium with the solution. Although, no doubt, the substances dAIB
and IAdB (in the nomenclature of Professor Kipping) have the same solubility, the
partially racemic compounds @AIB+dAdB and dAdB+IAdB are two distinet com-
pounds with their own solubility and stability conditions, including trapsition




