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CCXC.—The Laws of Aromatic Substitution. Part I1X.
By BerNHARD FLURscHEIM and Eric LeiGHTON HOLMES.

IN Part VIII (this vol., p. 1607), the o-, p-, and m-percentages
produced by nitration of the complete series CqH;C(R,)(Ry)(R;)
(R; and R, = CI,CO,Et,H; Ry = Cl,CO,Et) have been accurately
determined. The results have shown that a polar effect, which had
long been recognised by one of us where o-substitution is con-
cerned and had been postulated by Robinson also for the m- and
p-positions, actually exists, and may be very pronounced, in all
positions. At the same time, an alternating effect (quantitative

factor “ ¢ ”’), as postulated by one of us (e.g., CgHy- - C/—-Cl and
4 AN

C¢H,—~C---CO,Et), has been found to be superposed on the
AN

polar effect, tending in the above series to reverse the relative order
in which the substituents would cause m-substitution if their polar
effects were the only factor.
The present investigation has been extended to compounds
wherein R, or R; and R, = CN and covers the following series :
CeH;-CH,:CN;
C¢H;CHCICN, CyH,-CH(CO,Et)-CN, CcH;-CH(CN),,
CH,.CH(OH)-CN;
CgH;-C(CO,Et),*CN, CgH;-C(CO,Et)(CN),;
also CgH;*CN and m-NO,C,H-N:CH-C.H ;.
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The new data are to be found in Table I. For comparison, the
ratios of m- to o- 4 p-substitution determined in Part VIII are
recapitulated in Table II.

TasLe I.
Nitration pro- Mean m
ducts, mol. %. mol. %, o+ p
No. Substance. Medium. o + p. m. m. (%)-
1 PhON HNO 12:0 8800 onk .
Q182 Ul sssos S828% 751
86-85  13-15 )
2 Ph-CH,CN . So8S 13a2} 120t 14t
3 Ph-CH(CO,Et)-CN . 6285 3151 3720 592
4 Ph-CH(CN), . 310 69-0
5 » » 32.70 67-30J 67-90 211-8
6 » » 32:55 67-45
29-85  70-15 , ,
7 Ph-C(CO,Et),-CN . e 900 6955 2286
12:10  87-90
8 Ph-C(CO,Et)(CN), . 1508 sroa) 875 6984
9 Ph-CHCI-CN . 46-20  53-80 x ot
10 N ” a0 3e) 5005t 100201
. ) (5615 43857 L. .
11 Ph-CH(OH)-CN . (o156  A380Y 4355 7725
HNO, + oo gras
12 Ph-CH:N-C,H,NO,(m) { H,SO, 1555 Soon) 8705  672:2
(49 SOy) 5 °
H .
13 . H,50, 1225 87101 8755 7032
(5%, SO,) 12-65 5
14 Same - 14-85 85-15
» (NH,),SO, L1395 86-055 8560 5944
HNO, + ' o). .
15 Ph-CHO [sto?, 210 T840Y 7865 3684
1(5% So,) ‘2115 7885

* Compare 80-53% and 413-69%, respectively (Baker, Cooper, and Ingold,
this vol., p. 426).

t Compare 14-259%, and 16-69, respectively (idem, tbid.).

i See p. 2240.

TasrLe II.
m m
ot pl%): o+ p %)
CeHyCH,Cl e, 13:35 CeH,CCly wevvreennnnn. 160-1
CeH,CH,CO,Et ...... 13-6 C¢H,CCl,-CO,Et ...... 156-8
CeH-CHCl, ............ 52-25 CeH,-CCI(CO,Et),...... 132-6
C.H,-CHCI-CO,Et ... 4335 C¢H,-C(CO,Et); ...... 1301
CoH,-CH(CO,Et), ...... 34.05 CH,-CH,Br ............ 7-45
CH,-CBr(CO,Et),...... 65-05

Discussion of Results.

Application of the Theory of Varying Affinity Demand.—(1)
Relative polar effects of Cl, CO,Et, and CN. These can be ascertained
(compare J., 1909, 95, 726) from the influence on the dissociation
constants of benzoic acid and aniline exercised by these substituents
when they occupy the m- or p-positions. The steric effect from these
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positions is negligible, and the alternating effect can be eliminated
by averaging the changes in the dissociation constant which a
substituent produces when it occupies the m-position on the one
hand and the p-position on the other. It is at present uncertain
whether the average change should be calculated by the arithmetical
function, polar effect = (K, + K,)/2K,, or by the geometrical
function, polar effect = v/ K, K,/K,, where K,,, K,, and K, are the
constants for the m- and p-derivatives and for the unsubstituted
acid (or base) respectively, but the choice of function does not
affect the relative order of the polar effects of the above substituents.
In connexion with these, the following constants are available :

K. K.
m-Chlorobenzoic acid 1-59 x 10-4 Ethyl p-aminobenzoate 2-4 x 10712
Pp- ’s ’s 7-8 X107 Methyl p-aminobenzoate  2:9 x 10-12
Methyl hydrogen ., ~m-aminobenzoate 4-4 Xx10-11
tsophthalate 1-28 101 m-Chloroaniline ............ 3-45x10-u
m-Cyanobenzoic acid 1-99x 104 p- 55 eeerereenens 9-9 x 1011
Benzoic acid ......... 6-0 x10°6 Aniline ...ccooviiiininininnn.. 4-6 x 10710

The constants for ethyl and methyl p-aminobenzoate show that
ethyl has a slightly greater effect than methyl; and a comparison
of methyl p- and m-aminobenzoates, also of p- and m-nitrobenzoic
acids and of p- and m-nitroanilines, proves that the effect of m-direct-
ive substituents is greater in the p- than in the m-position. Taking
this into account, the following polar effects are obtained :

On benzoic acid. On aniline.
Arithmetical Geometrical Arithmetical Geometrical
mean. mean. mean., mean.
m- and p-Cl ...... 1-975 1-87 0-145 0-13
m- and p-CO,Me >2-13 >2-13 0-05 0-025
m- and p-CO,Et >2-13 >2-13 <0-05 <0-025
m- and p-CN ...... >3-32 >3-32 -— —

The sequence of ‘‘negative’ polarity is therefore, quite con-
clusively, CN>CO,Et>>Cl, in so far as the effect on the benzene
ring is concerned.

(2) Relative alternating (*“ quantitative ’) effects of Cl, CO,Et, and
CN. The affinity demand of methyl-carbon is approximately equal
to that of hydrogen, but when it is linked to an atom with higher
affinity demand (e.g., in toluene), then an equilibrium is established
resulting in an affinity content of the bond between the two which
is somewhat greater than in a bond between hydrogen and either
of the two atoms; for instance, 061{5—(5“}1 H-+ (compare Chem.
and Ind., 1925, 44, 249, and previous papers). Chlorine has a
moderate affinity demand, intermediate between those of hydrogen
and hydroxyl; when it is attached to an «-methyl carbon atom, it
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therefore reduces the affinity content of the bond between the latter
and the nuclear carbon atom, but only very moderately (see below).
Conversely, CO,Et has an affinity demand only slightly inferior to
that of hydrogen (see below); when CO,Ilt is attached to a-methyl
carbon, the affinity content of the bond between the latter and
nuclear carbon is therefore slightly raised. Since affinity demand is
at its maximum in tervalent nitrogen, the bond between CN and
a-methyl carbon has a lower affinity content than the corresponding
bonds in either of the other cases, and the affinity content of the
bond between methyl and nuclear carbon is correspondingly higher.

(8) Resulting directive effects of Cl, CO,Et, and CN. It follows
that the polar factor should cause m-substitution in the order
CeH,-CH,*CN>CH,CH,CO,Et>C;H,CH,Cl, and the quantit-
ative factor in the reverse order. Inaccordance with this, the degree
of m-substitution has been found to be practically identical in all
three cases. On the other hand, when the above substituents are
directly attached to the nucleus, both factors cause m-substitution
in the order CgH;CN>C,H;CO,Et>CH;Cl. For the last two
compounds this sequence is, of course, a commonplace, but it has
now been definitely proved to hold equally for benzonitrile, for which
the value obtained by Baker, Cooper, and Ingold (loc. cit.) was found
to be too low.

(4) The effects of lateral subsidiary bonds. A suggestion due to
Briihl (Ber., 1907, 40, 897; compare also Smedley, J., 1909, 95,
232), according to which there is an exchange of residual affinity
(subsidiary bond) between the oxygen atoms of a carboxyl group,
appears to have found general acceptance. It explains why the
two oxygen atoms in ethyl benzoate—although bivalent and there-
fore possessed of a marked affinity demand—are barely able to
reduce the affinity content of the bond between «- and nuclear
carbon to a level below the content of the hydrogen bond in benzene,
as shown by the fact that ethyl benzoate still yields about 309, of
0-, p-nitro-derivatives, notwithstanding that its m-substitution is
also favoured by the polar effect. Briihl’'s conception, already
extended by Smedley (loc. cit.) to a subsidiary N-O bond in amides,
must logically apply to all cases where two (or more) atoms possess
appreciable amounts of residual affinity,* provided, of course, that
the partial mutual saturation is not prevented by the spatial factor
(distance). The idea explains, for instance, why tellurium hexa-
fluoride is so much less stable than sulphur hexafluoride, since the

* The effect of such residual bonds on aromatic substitution was first
recognised in connexion with the lowering of the affinity demand of NH,
and OH brought about by acetylation (Fliurscheim, J., 1909, 95, 726,
footnote).
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greater distance between the fluorine atoms in the former, due to the
greater size of the central atom, involves a lower affinity content in
the residual bonds between them. When residual bonds between
atoms forming part of x-substituents in toluene are considered in
relation to their effects on affinity distribution (and thereby on
substitution), it becomes necessary to distinguish between three
distinct cases :

(a) Cases where residual bonds lower the total affinity demand
on the «-carbon atom, e.g.,

,+Cl .-+Cl
CeHyCH : ; CgHyCCl -
eH el

The formule show immediately why the alternating effect of the
a-chlorine atom is substantially less marked than in the case of
nuclear chlorine. Even three «-chlorine atoms can only produce
preponderating, but nothing like exclusive, m-substitution.

(b) Cases where residual bonds do not affect the total affinity
demand on the x-carbon atom, e.g.,

CHCH [0 CHCH —CH,CH N

CGH5’CH O - . %%
et N\¢o \eN ¢t
\OEt \OEt

It is seen that in the measure in which the content of the bond
between the a-carbon atom and another atom is reduced (broken
lines) the affinity content of the bond between the «-carbon and a
third atom is increased (thick lines) by the formation of a residual
bond.
(¢) Cases where residual bonds enkhance the total affinity demand
CiiN
on the a-carbon atom; e.g., C;H;CH
CiiiN
The observation that, whereas nitration of C¢H;-CH,-CN and
CgH;-CH,-CO,Et yields practically the same m/(o -+ p)-ratio,
C H;CH(CN),. and C4H;CH(CO,Et), yield, respectively, ratios of
211-8%, and 34-05%,, is at first sight puzzling, but is now seen to be
a necessary consequence of the theory. The residual bond is here
N ... NandnotN . .. H,since the tervalent nitrogen has a much
greater residual affinity than the hydrogen atom. Bivalent oxygen
has, ceteris paribus, always less residual affinity than tervalent
nitrogen, and when the carboxyl is compared with the cyano-group,
this difference is accentuated by the residual neutralisation of
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aftinity within the former group. In C;H,-CH(CO,Et), a residual
bond between the two carboxyl groups can therefore not have a
marked effect ; but in CgH,-CH(CN)(CO,Et), where a nitrogen atom
tends to saturate its residual affinity, the equilibrium principle
postulates a more pronounced effect than in the dicarbethoxy-
compound, although to a smaller degree than in the dinitrile, and the
observed ratio (59-2) is in accordance with this.

It might be thought that the high m-ratio from the dinitrile
could be due to a primary replacement of the mobile «-hydrogen
atom by NO,, with subsequent migration of the latter into the
m-position. This possibility has been excluded by nitration of
CeH;:C(CN),(CO,Et), resulting in a m-ratio of 698-4. This com-
pound and CH,C(CN)(CO,Et),, both new compounds, constitute
two further cases of the examination of directive effects in toluene
derivatives in which all the «-hydrogen atoms are replaced by
substituents which, in direct linking with the nucleus, would be
m-directive, the first such case investigated having been the nitration
of C¢H,+C(CO,Et);, described in Part VIII.

(8) Directive effect of R*-N—. It appeared desirable to examine
the directive effect of an «-substituent which, in contrast to those
already discussed, would combine weak polarity with a high affinity
demand. Such a substituent is to be found in benzylidene-m-nitro-
aniline, which, unlike benzylamine, would even in concentrated acid
preserve its nitrogen chiefly in the tervalent state and would not,
in contrast to acetylbenzylamine, have the residual affinity of its
nitrogen largely neutralised by a subsidiary bond. The group
R-N== would obviously exercise a smaller polar effect than O—;
if, notwithstanding this, the m-ratio were found to be higher for
benzylidene-m-nitroaniline than for benzaldehyde, the expected
effect of the postulated higher affinity demand of tervalent nitrogen
would be established. Benzaldehyde, according to Brady and
Harris (J., 1923, 123, 484), in mixed acid yields 819, of m-nitro-
derivative [m/(o + p) = 426-3%,], a value with which our own
determinations [78-:659%, m-nitration; m/(o 4 p) = 368-4%,] are in
good agreement, allowing for the difference of method. Schwalbe
(Z. Farb. Textilchem., 1902, 1, 628) obtained essentially m-nitro-
benzaldehyde from benzylidene-m-nitroaniline in mixed acid, but
he neither determined the proportions of the isomerides formed,
nor showed whether or not hydrolysis to the aldehyde preceded
nitration.

Our own experiments prove that in the absence of hydrolysis,
in a still stronger acid than Schwalbe’s, the m-percentage 87-5
[m/(o + p) = 703%,] is obtained (nitration No. 13); that the com-
pound during nitration is largely present as the free anhydro-base,
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as shown by the intensely yellow colour of its solution in concen-
trated sulphuric acid, compared with its colourless hydrochloride
obtained by precipitating the base with dry hydrogen chloride; and
that the high m-ratio is not attributable to nitration of the m-direc-
tive cation (compare Part V) of the sulphate of the anhydro-base.
This last fact was established by testing the effect of added ammon-
ium sulphate on the m-ratio, since m-nitration of the cation would
thereby be appreciably reduced by what Pollard and Robinson
(J., 1927, 2770) have named the ‘ Fliirscheim effect.”” A comparison
of nitrations Nos. 13 and 14 with Nos. 7 and 8 of Part V (J., 1926,
1569) shows that in the present case, notwithstanding a slightly
higher concentration of ammonium sulphate, this effect is very
much less marked than with diethylbenzylamine. This is what
would be expected since, on the basis of any theory, even that
relatively small portion of the very weak base benzylidene-m-nitro-
aniline which may be present as salt will be less m-directive (accord-
ing to us, less electrolytically dissociated) than the diethylbenzyl-
ammonium salt, and since even the latter, at similar concentration,
is chiefly o-, p-directive. Obviously, the presence of any benzylidene-
m-nitroaniline as sulphate would therefore lower the m-ratio, and
the value for the latter found in nitration No. 14 must be regarded
as a lower limit for the free anhydro-base. The greater affinity
demand of nitrogen in this compound thus clearly outweighs the higher
polarity of oxygen in benzaldehyde.

Conclusion.

The theory of varying affinity demand, relying on one single
mechanism, provides a consistent interpretation of our observations.
When we examine the results recorded in this paper in the light of
the electronic theory of valency, we find that our remarks in Part
VIII (this vol., p. 1609, last sentence of section 3) appear to apply
with even greater force. It is, however, by considering the effect
of substituents on equilibria (electrolytic and thermal dissociation)
that we hope to obtain a clear-cut decision between these ideas,
since the effect of a passing phase (conjugation) on a permanent
equilibrium must be negligible, so that one of the two alternative
electronic mechanisms can be eliminated.

EXPERIMENTAL.

Preparation of Materials.—(a) Ethyl phenylcyanomalonate. 15 G.
of ethyl phenylacetate and 1-5 g. of sodium wire in 50 c.c. of dry
ether were left over-night, and 10 c.c. of ethyl chloroformate were
then added. Onshaking, the white crystalline sodium salt gradually
changed to a jelly-like mass. After the suspension had been shaken
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for 7 hours and kept over-night, water was added, and the ethereal
layer dried and distilled; 15 g. of a thick oil were obtained which,
on redistillation, boiled at 140—141°/1 mm. (Found: C, 64-4;
H, 58; N, 53. C,,H,;0,N requires C, 64-4; H, 5-8; N, 54%,).

(b) Ethyl phenyldicyanoacetate. 4 G. of phenylmalonitrile and
0-8 g. of sodium in 75 c.c. of dry absolute ether were left for 20
hours. Evolution of hydrogen was slow. After filtration, the
white sodium salt was separated mechanically from unchanged
sodium, introduced into 40 c.c. of sodium-dried benzene, and 5 c.c.
of ethyl chloroformate were added. After 7 hours’ shaking and
standing over-night, a gelatinous mass had formed. The whole
was then shaken with water, the benzene layer separated, and the
benzene removed at reduced pressure. On recrystallising the
residue from alcohol, 49 g., m. p. 58—59°, were obtained, showing
after further recrystallisation the constant m. p. 60° (mixed m. p.
depression with phenylmalononitrile) (Found: C, 67-2; H, 4.9;
N, 13-3. C,,H,,O,N, requires C, 67-3; H, 47; N, 13-1%).

(¢) Phenylmalononitrile was prepared according to Hessler (4dmer.
Chem. J., 1904, 32, 119), who obtained it from dilute alcohol with
m. p. 68—69°. By using absolute alcohol, we found m. p. 70—71°
Benzylidene-m-nitroaniline had m. p. 72:5—73°; benzyl cyanide,
b. p. 229—230°; benzonitrile, b. p. 190—191°; mandelonitrile
solidified at 5°, m. p. 13° (clear); ethyl phenylcyanoacetate, b. p.
125—126°/1 mm.; o«-chlorobenzyl cyanide, b. p. 135—136°/40 mm.

Methods.—(a) Nitration. The experimental conditions and yields
for each nitration are given in Table III. Apart from the nitrations
of benzylidene-m-nitroaniline (see below), where hydrolysis on
subsequent dilution withdrew most of the aniline portion of the
anhydro-base from the weighings, the yields were excellent in all
cases.

(b) Determination of the isomerides. Oxidation of the products
of nitration to the acids was carried out as described in Part VIII.
Ethyl phenylcyanomalonate, however, like ethyl phenylmethane-
tricarboxylate, had to be treated differently (see below). Our
remark (this vol., p. 449) that our modification of the permanganate
method had not failed in a single instance must therefore, in the
light of our subsequent experience, be qualified in the sense that
compounds which—owing to steric inhibition—are exceptionally
resistant to lateral oxidation are prone to nuclear destruction by
permanganate. It appears that, in such cases, Baker and Ingold’s
modification of the nitric acid method, followed by the application
of our modification of the permanganate method, gives trustworthy
results. The composition of the acids obtained was in all cases
determined by our method described in Part VI.
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Details of Nitrations.—The conditions and actual weighings in
connexion with the nitrations are to be found in Table I1I, in which
the numbers in column 1 correspond with those in column 1 of
Table I. The following additional information appears desirable.

Benzonitrile (No.1). By pouring the nitration product on ice,
11521 g. of precipitate, m. p. 108—111°, were obtained, and by
extracting the filtrate with ether a further 1-621 g. were recovered
which solidified on standing. By recrystallising the 11-521 g. twice
from water, 8-440 g. of pure m-nitrobenzonitrile (m. p. 117-5°) were
obtained. The mother-liquors together with the above 1-621 g.
were in this case not oxidised, but hydrolysed to the acids by boiling
1 part for 8 hours with 9 parts of 15%, hydrochloric acid, and com-
pleting the hydrolysis by boiling with 0-15 part of permanganate
and a little potassium hydroxide in 15 parts of water for 14 hours.

Ethyl phenylcyanoacetate (No. 3). Nitration in acetic anhydride
reduced the m-percentage in this case as in phenylmalononitrile, but
not nearly to the same extent, no doubt on account of the less pro-
nounced reactivity of the side-chain. Two nitrations in acetic
anhydride (one shown in parentheses) gave, from 1-000 (0-700) g. of
oxidation acids, 1-000 (0-865) g. of tribromoaniline and 0-640 (0-514)
g. of tribromoaminobenzoic acid.

Phenylmalonitrile (Nos. 4—6). That nuclear nitration was
practically complete, followed from the results of the reduction
and bromination of the acids. To eliminate the possibility that
the high m-percentage might in part have been due to another
nitro-group having become attached to the z-carbon atom prior to
nuclear nitration, experiment No. 4 was repeated and the freshly
prepared nitration product brought to constant weight in a vacuum
over caustic potash (Found : C, 56-5; H, 2-6. C,H;0,N; requires
C, 57-7; H, 2-79,). The product therefore contained only one
nitro-group. In nitrations Nos. 5 and 6, the product of nitration
was extracted with benzene before being extracted with ether as
usual. The upper figures in the column headed * Yield >’ in Table
IIT are the weights of the benzene extracts, the lower figures being
those of the ether extracts for these two nitrations. Nitration of
phenylmalononitrile in the presence of acetic anhydride appeared to
be preceded by some side-chain reaction, since the preponderating
m-nitration observed in its absence was completely reversed. Thus
7-9 g. of phenylmalononitrile in 7-9 c.c. of acetic anhydride, to which a
mixture of 8 g. of acetic anhydride and 8 g. of nitric acid (d 1-52) was
added at 15—20° during 20 minutes, with subsequent standing for
30 minutes, yielded 10-35 g. of a whitish, solid mass. This gave the
following results on oxidation (those of a second oxidation are added
in parentheses) : 2-14 (2-45) g. of nitration product gave 1-123
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(1-325) g. of acids; 1-000 (1-000) g. of these gave 0-203 (0-193) g. of
benzoic acid, 1-392 (1-412) g. of tribromoaniline, and 0-102 (0-110) g.
of tribromo-m-aminobenzoic acid, thus indicating almost exclusive
0-, p-substitution.

Ethyl phenylcyanomalonate (No. 7). On adding this substance to
the nitrating acid, a pale red colour was produced, which gradually
changed to green. Oxidation by permanganate yielded only 0-2 g.
of acids from 2-3 g. of nitration product, but when 3-775 g. of the
latter were boiled for 4 hours with 40 c.c. of nitric acid {(d 1-125) and
then successively with 2 g. and 1 g. of permanganate, a yield of
1-348 g. of acids (nearly 709, of the theoretical) was obtained.

Ethyl phenyldicyanoacetate (No. 8). A cyano-group being smaller
than a carbethoxyl group, oxidation by permanganate succeeded in
this case, but the yields were still not quite as good as usual. The
nitration product, ethyl m-nitrophenyldicyanoacetate, a pale yellow
solid, gave a deep red colour in alcohol, and in dilute acetone. It
crystallised from alcohol in white crystals, m. p. 130—133-5°, from
chloroform with m. p. 133—134-5°, and from benzene with m. p.
132—134°. 1In all three cases the fused specimens were red, and lost
this colour on solidification; they were soluble in cold alcohol or
acetone with a strong reddish-orange colour, which deepened on
adding water, but the solution in benzene or chloroform was colour-
less (Found : N, 16-68. C,,HyON; requires N, 16-229,}.

a-Chlorobenzyl cyanide (Nos. 9 and 10). Nitration in acetic
anhydride at 15° only took place to the extent of about 1-5%,.
Since, moreover, other «-cyano-compounds behaved abnormally
in this medium, it became necessary to operate in nitric acid (d 1-52)
alone, although appreciable hydrolysis could not be avoided. In
No. 9 the spent acid gave 1-2401 g. AgCl, corresponding to 16-99, of
hydrolysis, and in No. 10, where exposure to the acid was shorter,
0-3306 g. AgCl (hydrolysis = 10-0%)). The calculated m-figures
(marked }) in Table I have therefore been based on No. 10 alone.
Since No. 9, with greater hydrolysis, gave a higher m-percentage
than No. 10, whereas mandelonitrile yielded a lower m-percentage
than No. 10, it is obvious that a product other than mandelonitrile
is initially formed by hydrolysis, and nitrated. This can only be
mandelonitrile nitrate. This result is entirely in agreement with
the high m-percentage observed in the nitration of benzyl bromide
in nitric acid alone (see Part VIII); in this case benzyl nitrate must
have been the initial product of hydrolysis, since benzyl alcohol
would obviously lead to even less m-derivative than mandelonitrile.
On adding o-chlorobenzyl cyanide to nitric acid, a red colour was
observed, which disappeared on shaking.

Benzylidene-m-nitrogniline (Nos. 12, 13, and 14). The yields
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given in Table ITI were obtained by pouring the acid, without
cooling, into water in order to hydrolyse most of the anhydro-base
and leave the aniline portion in solution. The aldehyde portion was
extracted with benzene. The fact that no appreciable hydrolysis
occurred during nitration, even in No. 12 where only 4%, SO,; was
present as against 5%, in Nos. 13 and 14, was proved by pouring
exactly one-half of the acid from No. 12 on a mixture of ice and
excess of bicarbonate, whereupon 7-044 g., m. p. 142-—143°, were
precipitated. From 1 g. of this ochre-coloured product, recrystallised
from petrol (b. p. 100—120°), 0-710 g. of almost pure m-nitrobenzyl-
idene-m-nitroaniline, m. p. 148—154°, mixed m. p. higher, was
obtained. A synthetic sample prepared by us had m. p. 160°
(literature 153°). The yield given in No. 12 is double the amount
recovered from the remaining half of the acid by pouring it into
water. The proportion of nitric acid used in Nos. 13 and 14 was
only one-half of that in No. 12. That no appreciable portion of the
anhydro-base would be sulphonated in our conditions appeared
probable from the stringent conditions which Schwalbe (loc. cit.)
had to resort to for its sulphonation. We have confirmed this by
leaving the base (5-5 g.) in 59, oleum (30 g.) for 2 hours at room
temperature, then pouring it into 50 c.c. of water, whereby 2-313 g.
of benzaldehyde were recovered.

In order to prove that the tendency to salt formation in benzyl-
idene-m-nitroaniline is even less than in m-nitroaniline (which
in turn is already millions of times weaker than diethylbenzylamine,
the salt solution of which is still chiefly o-, p-directive under similar
conditions), a comparison was made of the relative thermal stabilities
of the hydrochloride of benzylidene-m-nitroaniline with that of m-nitro-
aniline. The former salt was obtained by passing dry hydrogen
chloride through a solution of 1 g. of the base in 30 c.c. of dry
benzene, and keeping the filtered salt for 48 hours in a desiccator
over potassium hydroxide [Found : Cl (Carius), 13-5. C,3H,,0,N,Cl
requires Cl, 13-5%,]; this salt is colourless. Carbon dioxide (purified
by passage successively through water, silver nitrate solution, and
concentrated sulphuric acid) was passed through flasks containing
the two hydrochlorides, which were immersed side by side in an
oil-bath. Until the temperature of the bath reached 110° no silver
chloride was deposited in 2 hours in silver nitrate solutions through
which the carbon dioxide passed on leaving the flasks. At 120°
the benzylidene-m-nitroaniline salt began to give off hydrogen
chloride, whereas the m-nitroaniline hydrochloride was still stable
at 145°, and only began to yield a deposit at 150°. The anhydro-
base could be recovered mostly unchanged by shaking 0-200 g. of
the salt with benzene and potassium bicarbonate solution until
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everything was dissolved. The dried benzene solution left 0-174 g.
of the base (m. p. 55—57-5°, mixed m. p. 57—59-5°).
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of the Department of Scientific Research, and to the Government
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(E. L. H.); also to Sir W. H. Bragg and the Royal Institution, who
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Laboratory, where the work was carried out.
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