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methyl-, m.p. 258-260° (reported?? 259°); 3-methyl-, m.p.
205-206° (reported® 207°); and 2-bromo-, m.p. 249-250°
(reported?® 250-251°).

Pheny!l Azides,—All of the phenyl azides used in this work
are known compounds, and all were prepared by the reaction
of diazonium salts with aqueous sodium azide. The decalin
solutions resulting from the thermal decomposition experi-
ments were assayed for the corresponding aniline by ex-
traction with aqueous acid, neutralization, treatment with
acetic anhydride or benzoyl chloride, and isolation of the
solid anilide. p-Nitroaniline, however, precipitated with
much other material from the cold reaction mixture, and was
isolated with some difficulty by extractions and crystalliza-
tions with benzene, petroleum ether, and charcoal. The
major product was a nomn-basic, insoluble. high-melting,
dark brown solid. The results are given in Table I,

Phenyl azide was also decomposed in decalin solution con-
taining an equivalent amount of azobenzene. The volume
of nitrogen evolved, 1.32 moles per mole of azide, was not
significantly different from that from phenyl azide in decalin
alone; however, the rate was approximately half that in
the absence of azobenzene, 2-Azidobiphenyl, whicli 1or-
mally gives only 1 mole of nitrogen per mole of azide, gave
1.11 moles when an equivalent amount of azobenzene was

(25) S. H. Oakeshott and S. G. Plant, J. Chem. Soc., 1212 (1926).
(26) B. M. Barclay and N. Campbell, ibid., 530 (1945).
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present, but the rate was unchanged within experimental
error,

Kinetic Measurements.—Standard solutions of the vari-
ous azides were prepared in resorcinol dimethyl ether in
concentrations about 1 M. The reaction vessel, charged
with 110 ml. of decalin for each experiment, was immersed
in a thermostat bath and connected to a water-jacketed gas
buret by a capillary tube. The gas buret was kept at con-
stant temperature by circulating water of controlled tem-
perature through the jacket. Temperatures were controlled
to ==0.1°. The apparatus was allowed to come to tempera-
ture equilibrium1 for 2 hours before each experiment, At
time zero, 0.050 ml. of the standard azide solution was in-
troduced by inserting a syringe through a capillary tube that
opened into the reaction vessel beneath the liquid surface;
this tube was closed by a serum cap at other times. Violent
stirring was maintained with a magnetic stirrer. Volume
readings were made at intervals appropriate to the rate being
measured.

First-order rate constants were determined by the method
of Guggenheim,?” using a graphic plot of log AV us. time,
and a reference time corresponding to approximately two
half-lives. The enthalpies of activation were determined
graphically from log /T vs. 1/ T, and the entropies of acti-
vation were calculated from the Eyring equation for the
temperature of 156°,

(27) E. A, Guggenheim, Phil. Mag., 3, 238 (19286).
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Bromination of phenyl azide produces p-bromophenyl! azide, and of 2-naphthyl azide, 1-bromo-2-naphthy! azide.

Bro-

mination of equimolar mixtures of phenyl azide with benzene, toluene or anisole gives results that place the azido group

midway between methyl and metlioxy in activation toward electrophilic aromatic substitution.

The three azidobenzoic

acids and the three azidoanilines have been prepared and their dissociation constants have been measured. Tlie azido

group is acid-strengthening to about the same extent as fluoro.

chlorides, and some other aryl azides ate recorded.

The azido group has been the object of relatively
little investigation with respect to its influence on
the benzene ring and on other ring-attached sub-
stituents. We know only that nitration is directed
ertho and para to the azido group in phenyl azide?
and the naphthyl azides.® The question of the
effect of the azido group on the susceptibility of aro-
matic rings to electrophilic attack has not been
explicitly answered, although one can infer that it
is ring-activating from the fact that an azido group
allows three nitro groups to be introduced onto a
benzene ring by direct nitration,* and that nitration
of either a- or S-naphthyl azide takes place on the
ring bearing the azido group. In addition, the
effect of p-substituents on the ultraviolet absorption
spectra of phenyl azides has been investigated, and
from this a value of (.27 has been deduced for Tps
the Hammett substituent constant, for the azido
group.t

We have studied the bromination of phenyl and
@-naphthyl azides. Phenyl azide reacts readily with

(1) Partly from the doctoral dissertation of J. H. H., University of
Michigan, 1959. Supported in part by Allegany Ballistics Labora.
tories, Hercules Powder Co.

(2) P. Drost, Ann.. 807, 49 (1899).

(3) M. O. Forster and H. E. Fierz, J. Chem. Soc.. 91, 1942 (1907).

(4) A.Manginiand D. D. Casoni, Boll. sci. facoltd chim. ind. Bologna,
3, 173 (1942): C. A., 38, 4918 (1944),

(6) C. N. R. Rao and C. W. W. Hoffman, Sci. and Culture (Cal-
cutia), 32, 463 (1957).

The electronic spectra of the azidoaniliues, tlieir hydro-

bromine at room temperature, with and without
ferric bromide catalyst, and the product is p-bro-
mophenyl azide in a high state of purity. When an
equimolar mixture of benzene and phenyl azide
was treated with a half equivalent of bromine, no
bromobenzene was found, but only p-bromophenyl
azide, apparently free from isomers. At the same
time, bromoaniline hydrobromide was formed in a
side reaction by the action of hydrogen bromide on
phenyl azide.®

Because of the sensitivity of azides to strong
acids, we did not try to evaluate the substituent
constant,” g5+, by direct measurement of the rate
of electrophilic substitution, but instead ap-
proached it by competition experiments by bro-
minating an equimolar mixture of anisole and
phenyl azide, with one-half molar equivalent each of
bromine and sodiumn acetate in glacial acetic acid.
There resulted 13 times as much p-bromoanisole as
p-bromophenyl azide. The composition of the
product was determined by first reducing the
azides to anilines with sodium borohydride, a proc-
ess that was demonstrated to be essentially quan-
titative with phenyl azide (and may be the method

(8) P. A. S, Smith and B. B, Brown, J. Am, Chem. Soc., 78, 2438
(1951).

(7) (a) H. C. Brown and Y. Okamoto, ¢bsd., 79, 1913 (1957); (b)
N. C. Deno and W. L. Evans, £b¢d., 79, 5804 (1957); (¢) H. C. Brown
and Y. Okamoto, ibid., 80, 4979 (1958).
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of choice). Vapor phase chromatography and ul-
traviolet absorption spectra gave mutually consist-
ent results, the former being apparently more reli-
able. Bromination of a toluene-phenyl azide mix-
ture resulted in 12 times as much p-bromophenyl
azide as p-bromotoluene. Froni these ratios and
the reported™ values of o,7, —0.76 for methoxy
and —0.31 for methyl, one can calculated o,* for
the azido group to be —0.54. This value is ob-
tained by first determining the rate constant ratios,
kcm/kn, and kcmo/kn,, from the integrated bi-
molecular rate equations, which yield the relation
Ao _ ks, By

log Z = 'k‘B' log f
Since in our experiments (Bry)g = A¢ = By (the ini-
tial substrate concentrations), and B = A,— 4 isa
consequence of complete consumption of the bro-
mine, the expression

ks log (4o/A)

kyp log [4o/(4o — A)]

can also be used to calculate the rate-constant
ratios. The results by either method were in ac-
ceptable agreement; kcm,/kx, = 0.018-0.040, and
kcmo/kx, = 30.5-37.1. The value of 0,7 is then
obtained from the Hammett equation in the form
log (ka/kB) = p(ca™—op™). The two independent
experiments allow o, to be evaluated without as-
suming a value for the reaction constant, p. From
the value of o, ™, p can then be calculated to have
the value —7.0 for the reaction conditions used, a
value considerably lower than that most recently
determined for bromination in acetic acid in the ab-
sence of sodium acetate, —12.14, but close to values
for other bromination conditions™ (use of the
higher value of p leads to values of —0.44 and to
—0.64 for o, ™ from the separate experiments).

The value —0.54 for o, is also consistent with
the position of the carbonyl stretching frequency of
p-azido-acetophenone, near 1680 cm.~!, While our
instruments do not permit the frequency to be
measured with the necessary precision to evaluate
op ™ quantitatively,’® the carbonyl band can be
stated to be of lower frequency than that of aceto-
phenone, slightly higher than p-acetamidoaceto-
phenone (oponu™ = —0.6), and markedly higher
than p-aminoacetophenone (onxg,™ = —1.3).

Bromination of §-naphthyl azide produced but a
single bromo azide, whose structure was established
as 1-bromo-2-naphthyl azide by conversion to the
known 1-bronio-2-acetnaphthalide.

N Br

SN 3 Bry X N,

SO O
P Z =

o0-, m- and p-azidobenzoic acids were prepared
from the corresponding aminobenzoic acids, and
their apparent K, values were determined by
potentiometric titration in aqueous methanol
(45.49%, by volume). The figures obtained are
given in Table I.

The three azidoanilines were prepared from the
corresponding nitrophenylphthalimides by way of
the amino and the azidophenylphthalimides.

(8) R. N. Jones, W. F. Forbes and W. A. Mueller, Can. J. Chemn.,
35, 504 (1957).
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TABLE 1
APPARENT IoNIZATION CONSTANTS OF AZIDOBENZOIC ACIDS
IN 45.4%, AQUEOUS METHANOL AT 25°
Benzoicacid TUnsubstd. o-Azido m-Azido p-Azido
Ko X 108 5.76 29.5 13.5 6.92

Their K values were determined by potentio-

metric titration in aqueous methanol. The con-
stants obtained are reported in Table II.
TaAsLE II
IoN1zATION CONSTANTS FOR AZIDOANILINES IN 45.49;
METHANOL AT 25°
Aniline TUnsubstd. o¢-Azido m-Azido p-Azido
Ky X% 101 25.7 2.30 3.31 12.6

The ultraviolet absorption spectra of the azido-
anilines were measured in iso6ctane and in meth-
anol, and the spectra of their hydrochlorides were
measured in 0.1 NV hydrogen chloride in methanol.
The absorption maxima and extinction coefficients
are reported in Table III.

TABLE III

ULTRAVIOLET SPECTRA OF PHENYL AZIDES
Molar extinction

Substituent Solventa Amax. My coefficient, e

0-Amino I 310 6,450
252 9,880

225 21,500

M 309 4,800

252 9,210

225 17,600

m-Amino I 301 2,790
230 23,500

M 302 2,660

233 23,000

p-Amino I 307 3,100
260 18,100

M 267 16,100

0-Amino, HCI M 249 13,300
m-Amino, HCl M 250 13,600
p-Amino, HC! M 249 14,400
p-Nitro I 299 17,000
220 14,000

m-Nitro I 315 1,600
242 20,500

p-Bromo I 297 2,100
285 3,000

255 17,800

m-Broimo I 203 1,500
283 2,000

251 12,000

6 ] = isobctanc, M = wethanof,

Discussion

The azido group behaves as an electron-with-
drawing group in azido aliphatic acids,® and dipole
monient measurements of substituted phenyl azides
show the dipole to be directed with the negative
pole away from the ring.'® Our measurements of
the effect of the azido group on the dissociation con-

(9) J. H. Boyer and F. C. Canter, Chem. Revs., 54, 1 (1954).

(10) E. Bergmann and W. Schutz, Z. physik. Chem., 19B, 389
(1932); L. E. Sutton, Nature. 128, 639 (1934); G. Favini, Gazz. chim.
ital., 91, 270 (1961).
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stants of benzoic acid and aniline are qualitatively
in agreement with the foregoing observations; the
azido group is acid strengthening in all positions on
the ring, albeit to a considerably different degree.
Comparison with the effect of fluorine or acylamino
substitution shows that the inductive electron-
withdrawing effect of the azido group is very simi-
lar. The currently accepted value™ for the Ham-
mett substituent constant, ¢, for the fluoro group,
0.337, is bracketed by the values for the azido
group calculated from our measurements: 0.37
from the benzoic acids, and 0.33 from the anilines.
Conjugative electron release is of the same sign for
both groups, but may be very slightly greater for
the fluoro group, the value for o, 0.062, being just
under the values 0.08 and 0.11 calculated for the
azido group from our measurements on benzoic
acids and anilines, respectively. The corresponding
values!! for the benzamido group are ¢, = 0.217,
op = 0.078.

The electromeric influence of the azido group on a
benzene ring must be strongly electron donating to
account for its ortho—para orienting character and
its marked activating influence on electrophilic
substitution. The large value, —0.54, of ¢, ™ shows
that in this respect the effect is much greater than
for the fluoro substituent (¢,* = —0.073), and is
more like that for acetamido!! (—0.6). This im-
plies that the structure I is of considerable impor-
tance in describing the influence of the p-azido
group. As a result of the strong electromeric effect,

R;C>=N~R?EN

I

the azido group thus resembles acylamino somewhat
more than halogen in its interaction with the ben-
zene ring and other substituents on it.

The aliphatic azido group has been reported to
absorb ultraviolet radiation weakly in the region
2800-2900 A.!? The ultraviolet spectra of a num-
ber of aryl azides have been reported®1%.14; all show
strong absorption in the near ultraviolet, at wave
lengths similar to those of the corresponding acet-
anilides, as Grammaticakis has pointed out.!?
An empirical relationship between substituent-
induced wave-length shifts and Hammett substit-
uent constants has been described by Doub and
Vandenbelt,!® and we were interested to see if it
could be applied to the azido group. Unfortunately,
a marked discrepancy between the two reported
determinations of the spectrum of #-nitrophenyl
azide exists, and we felt it desirable first to redeter-
mine some of the reported examples while deter-
mining certain new ones. Our results for m-nitro-
phenyl azide as well as the others listed in Table I1I
confirm those of Grammaticakis, insofar as one can
interpret them from the small-scale, graphic form
in which all his results are presented. It is of in-

(11) H. H. Jaffé, Chem. Revs., 83, 191 (1953).

(12) G. A. Reynolds, J. A. Van Allen and J. F. Tinker, J. Org. Chem.,
24, 1205 (1959); P. A. Levene and A. Rothen, J. Chem. Phys., 5, 985
(1937).

(13) P. Grammaticakis, Compt, rend., 244, 1517 (1957).

(14) E. E. Lieber, C. N. R. Rao, T. $. Chao and W. H. Wahl,
J. Sci. Ind. Research (India), 16B, 95 (1957).

(13) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc.. 69. 2714
(1947).
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terest that the three azidoanilines have quite dif-
ferent spectra, but those of their salts are superim-
posable, and very similar to phenyl azide.

Rao and Hoffman® have applied the Doub and
Vandenbelt correlation of the value of As¢ (o, -
o) with the shift of the primary absorption band,
and calculated a value of 0.5 for Ac from the
spectra of p-tolyl and p-anisyl azides. This value
is nearly double that obtained from our equilibrium
constant measurements. Their value, however, is
incorrectly obtained, for they utilized compounds
in which the ortho—para-directing azido group is
opposed to other groups of the same directional
type; Doub and Vandenbelt pointed out that their
correlation is reliable only when p-substituents are
of different directional types. The value of the
wave-length shift, A\, obtainable from the spec-
trum of p-azidobenzoic acid illustrated by Gram-
maticakis (Amax 268 mu) allows the magnitide of
Ac to be estimated as 0.25, in good agreement with
our measurements (0.29). The value of 0.27 for
op for the azido group calculated by Rao and Hoff-
man is also probably unreliable for similar reasons;
it is clearly in disagreement with the value 0.08 ob-
tained from our equilibrium measurements on p-
azidobenzoic acid.

Experimental®®

Bromination of Phenyl Azide. A. In the Absence of Iron
Salts.—A solution of 11.9 g. (0.1 mole) of pheny! azide
in 60 ml, of carbon tetrachloride was cooled to 0-10°
and a solution of 19.2 g. (0.12 mole) of bromine in 20 ml.
of carbon tetrachloride added dropwise with stirring over
a period of 10 hours. After stirring an additional hour,
the mixture was filtered and the solid washed thoroughly
with carbon tetrachloride. The filtrate was washed with
109% hydrochloric acid, 109, sodium hydroxide solution
and finally with water. It was dried over magnesium sul-
fate and the solvent removed. The residual oil was distilled,
giving two fractions. The first fraction (0.54 g., b.p.
30-62° (1.0 mm.)) was recovered phenyl azide. The
second fraction (10.62 g., b.p. 62-63° (1.0 mm.), m.p.
21.0-21.8°) was p-bromophenyl azide (549,), as shown by
a mixed melting point with material prepared from p-
bromoaniline.

The solid insoluble in carbon tetrachloride was stirred with
sodium hydroxide solution and the liberated amines ex-
tracted into ether. Evaporation of the ether gave 3.89 g.
of a mixture of bromoanilines.

B. In the Presence of Iron.—The foregoing procedure
was repeated with the addition of 0.56 g. (0.01 mole) of
powdered iron. After a total reaction time of 2 hours, the
mixture was worked up as before, to give 8.94 g. (459%) of
p-bromophenyl azide and a small amount of recovered
phenyl azide.

Bromination of Phenyl Azide in the Presence of Benzene.
—To a solution of 11.9 g. (0.1 mole) of pheny! azide and
7.8 g. (0.1 mole) of benzene in 60 ml. of carbon tetrachloride
was added dropwise a solution of 16.0 g. (0.1 mole) of bro-
mine in 20 ml. of carbon tetrachloride over a period of 6
hours, with stirring and cooling to 0-10°. After an addi-
tional 2 hours, the solution was filtered and the solid washed
with carbon tetrachloride. The solid bromoaniline hydro-
bromides (8.25 g.) were discarded. The filtrate was
extracted twice with 109, hydrochloric acid, then twice
with 109, sodium hydroxide, dried over magnesium sulfate
and then distilled. The residue after removal of carbon
tetrachloride and benzene was distilled under vacuum,
giving three fractions: I, 1.04 g., b.p. 66-68° (20 mm.);
II, 1.25 g., b.p. room temperature (1.0 mm.); and III,
8.25 g., b.p. 63-64° (1.0 mm.), The infrared spectra of
I and II were identical and contained bands at 4.75 u
characteristic of the azido group. Fraction I contained no
bromine, and its boiling point is in agreement with that re-

(18) Melting and boiling points are uncorrected,
Spang Microanalytical Lab.. Ann Arbor, Mich.

Analyses by
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ported? for phenyl azide (66-68° (21 min.)). No bronio-
benzene could be detected. Fraction III was p-bromno-
phenylazide (42%,).

1-Bromo-2-azidonaphthalene.—A solution of 7.04 g.
(0.044 mole) of bromine in 10 ml. of carbon tetrachloride
was added dropwise with stirring to a solution of 6.76 g.
(0.04 mole) of 2-azidonaphthalene in 40 ml. of carbon
tetrachloride chilled in an ice-bath. The addition was
coniplete after 3 hours. After stirring for another hour,
the solvent was removed under vacuuin at room tempera-
ture, The residue was heated with 100 inl. of petroleunt
ether (b.p. 90-100°) aud the solution filtered hot. On
cooliug to 5° 4.83 g. of l-bromo-2-azidonaphthalene
separated, m.p. 110.5-111.5°. Concentration of the
filtrate to 15 ml. gave an additional 0.80 g., nm.p. 108-111°,
giving a total yield of 5.63 g. (57%). An analytical sample,
prepared by recrystallization front 95¢, ethanol, melted at
111.0-111.5°, undepressed by mixture with a sample of 1-
bromo-2-azidonaphthalene prepared from 1-bromo-2-naph-
th}:ilamine by diazotization and treatment with sodium
azide.

Anal. Caled. for CpHgBrN;: C, 48.38; H, 2.44.
C,48.34; H, 2.45.

Bromination of Phenyl Azide in the Presence of Toluene
or Anisole.—Equimolar mixtures of phenyl azide and toluene
or anisole were dissolved in glacial acetic acid containing a
half-equivalent of sodium acetate (prepared by adding the
calculated amount of sodium bicarbonate). A half-equiva-
lent of bromine was added, and the mnixtures were allowed
to stand at room temperature for 16 hours; a trace of
bromine still remained in the toluene reaction mixture,
The reaction mnixtures were then diluted with water, a
little potassium pyrosulfite was added to destroy residual
bromine, and the mixtures were extracted with several
portions of petroleum ether (b.p. 30-40°). The solvent
was removed through a fractionating column, and the resi-
due was refluxed with excess sodium borohydride in iso-
propy! alcohol for 2 hours. The resulting niixture was di-
luted with water and acidified, and extracted with four
portions of petroleum ether (b.p. 30-40°). Tlie acidic
aqueous solution was made strongly basic with potassium
hydroxide and extracted with five portions of petroleum
ether. The separated extracts were dried over potassium
hydroxide or alumina and analyzed both by vapor phase
chromatography and by ultraviolet spectroscopy, using both
the primary and secondary absorption bands of each com-
ponent, The spectroscopic method gave results which
vary considerably from one reference wave length to another,
and are believed to be of qualitative value only. For the
toluene-pheny! azide reaction, the proportion of p-bromo-
aniline in the aniline-p-bromoaniline mixture was 88%
(v.p.c.), or 76 =£ 18%, (ultraviolet); the proportion of
bromotoluenes (assumed to be #/; p-isomer) in the toluene—
bromotoluene mixture was 7% (v.p.c.) or 21 =& 8%, (ultra-
violet); v.p.c. ratio bromotoluene: bromophenyl azide,
1:12. For the anisole-phenyl azide reaction, the proportion
of p-bromoaniline in the bases was 7% (v.p.c.) or 6 = 5%
(ultraviolet); the proportion of bromoanisoles in the
neutral fraction was 929, (v.p.c.) or 85 =% 4% (ultraviolet);
v.p.c. ratio bromoanisole: bromophenyl azide, 13:1.

Reduction of Phenyl Azide by Sodium Borohydride.—
A mixture of 1.10 g. of pheny! azide and 0.25 g. of sodium
borohydride in 10 ml. of isopropyl alcohol was refluxed
for 2 hours, cooled, diluted with concentrated aqueous
potassium hydroxide, and treated with 1.5 ml. of benzoyl
chloride. The white, crystalline precipitate of benzanilide
weighed 1.77 g. (97.5%), m.p. 162-163° (reported® m.p.
163°); a small second crop was obtained from the filtrate.

In methanol solution very little reduction was obtained.
It appears from the present results and the reported failure
of reduction in aqueous dioxane! that reduction is too slow
to compete effectively with protolytic destruction of boro-
hydride unless the proton-donating power of the solvent is
kept low.

Reduction of 1-Bromo-2-azidonaphthalene.—1-Bromo-2-
azidonaphthalene (1.24 g., 0.005 mole) and phenol (1.0
g.) were placed in 15 ml. of benzene, To this mixture

Found:

(17) R. O. Lindsay and C. F. H, Allen, " Organic Syntheses,”’ Coll.
Vol. II1, John Wiley and Sons, Inc., New York, N, Y., p. 710.

(18) I. Heilbron and H, M. Bunbury, * Dictionary of Organic Com-
pounds,” 2nd Ed.. Oxford University Press, New York, N, Y., 1953,

(19) J. H. Boyer and S. E, Ellzey, Jr.. J. Org. Chem., 28, 127 (1838).
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was added 15 nil. of hydrobromic acid (489, aqueous solu-
tion) and the mixture was refluxed for 3 hours. The mix-
ture was cooled and the precipitated solid filtered off. The
benzene laver was separated from the aqueous layer and
discarded. The solid was suspended in the aqueous layer
and the mixture made basic with sodium hydroxide. The
resulting solid was filtered off and recrystallized from 809,
ethanol. The first crop was found to be the original azide,
mn.p. 106-109°., Addition of water to the filtrate precipi-
tated crude 1-bromo-2-naphthylamine, m.p. 58-59°, re-
ported® m.p. 63-64°. Acetylation with acetic anhydride
in acetic acid gave 1-bromo-2-acetamidonaplithalene, m.p.
139-140°, reported?! m.p. 140°.

Repetition of the above procedure using ethanol in place
of benzene to give a homogeneous solution resulted only in
the formation of 2-naphthylamine. 'Attempts to use stan-
nous chloride in aqueous ethanol gave the same result, in
agreement with the reported?? loss of the bromo group from
1-bromo-2-naphthylamine by reduction.

Ultraviolet Spectra of Azidoanilines and Azidoeaniline
Hydrochlorides.—The ultraviolet spectra of ¢-, m- and p-
azidoanilines were determined in isodctaiie and methanol.
Tlie ultraviolet spectra of ¢-, m- and p-azidoaniline hydro-
chlorides were deternmiined in methanol which was approxi-
mately 0.1 N in hydrogen chloride. A Cary recording
spectrophotometer, niodel 11, was used.

Aminophthalimides.—The preparation of the three amino.
phthalinides lias been described by Meyer and Maier?
by the reduction of the nitrophtlialimides by iron and acetic
acid. However, owing to the sensitivity of tlie reactions
to changes in the amounts of acetic acid, iron and water,
their directions are inadequate for reliable repetition. OQur
experience has led to the following method as being optimum
for the reduction of p-nitrophenylphthalimide.

To a solution of 13.4 g. (0.05 mole) of p-nitrophenyl-
phthalimide in 2 1. of boiling acetone was added 200 ml. of
water, 200 ml. of acetic acid and 34 g. (0.6 tmole) of powdered
iron, and the niixture was stirred rapidly while being re-
fluxed for 3 hours. The hot solution was filtered, and a
saturated aqueous solution of sodium carbonate was added
slowly until the acetic acid was neutralized. The upper
layer that resulted was separated from the lower aqueous
slurry of iron hydroxides and tlien diluted with 12 1. of water.
Upon chilling for 2 hours in ice and filtering there was ob-
tained 11.8 g. (999%,) of N-(p-aminopheny!)-phthalimide,
ni.p. 248-249.5° (reported?® m.p. 250°). By a precisely
similar procedure, m-nitrophenylphtlialimide gave an 879%
vield of N-+(m-aminophenyl)-phthalimide, m.p. 188-189°
(reported? m.p. 188-189°),

In a procedure similar except for quantities, 23.8 g.
(0.089 mole) of o-nitrophenylphthalimide in 1.5 1. of ace-
tone with 150 ml. of acetic acid, 150 ml. of water and 58
g. (1.07 mole) of powdered iron, refluxed for 1 hour, gave
a 909, vield oi N-(¢-aminopheny!)-phthialimide, m.p. 190-
193° (reported?® m.p. 184-186°).

N-(o-Azidophenyl)-phthalimide.—To a suspension of 18.8
g. (0.079 mole) of N-(c-aminophenyl)-phthalimide in 1 1.
of water was added 100 ml. of coned. hydrochloric acid all
at once. The resulting slurry was chilled to 0-5° and di-
azotized by the addition of 6 g. of sodium nitrite in 25 ml,
of water; after 3 hours of stirring nearly all solid had dis-
solved. The solution was filtered, a small amount of ether
wuas added to reduce foaming, and a solution of 5.7 g. of
sodium azide in 25 ml, of water was added dropwise. When
gas evolution had ceased, tlie residual ether was evaporated
in an air stream, tlie mixture was stirred for an hour, and
thie precipitated azide (19.6 g., 96%) was filtered off and
washed with water. It ttelted with decomposition at 191°,
botlt crude and after repeated recrystallization froni ben-
zene.

Amnal. Caled. for CiyHsN(O,: C, 63.63; H, 3.05.
C,63.57; H,3.13.

N-(m-Azidophenyl)-phthalimide.—By an essentially simi-
lar procedure, 12.9 g. of N-(m-aminophenyl)-phthalimide
was converted to 19.9 g. (82%) of N-(m-azidophenyl)-
phthalimide, m.p. 145-146°, Repeated recrystallization
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from ethanol or benzene gave a product that softened at
133° and melted at 142-144°, When the melt was allowed
to solidify, the new m.p. was 146-147°. These intercon-
versions were reproducible.

Anal. Caled. for C14HaN,O2: C, 63.63; H, 3.05.
C, 63.59; H, 3.26.

N-(p-Azidophenyl)-phthalimide.—Owing to the insolu-
bility of the salts of N-(p-aminopheny!)-phthalimide with
common acids, resort was made to isethionic acid (2-hy-
droxyethanesulfonic acid) in the diazotization procedure.
A solution of this acid was prepared from 51 g. of commercial
sodium isethionate, which was first freed from sulfate by
filtering its hot solution in 400 ml. of 95% ethanol and 50
ml. of water through a layer of Celite. The addition of 700
ml. of absolute ethanol to the ice-cooled filtrate precipitated
44 g. of product which did not give a precipitate with barium
chloride. A water solution of the sulfate-free salt was then
passed through a column comntaining 150 g. of 20-30 mesh
Dowex ion-exchange resin in the acid form. The effluent
solution, approximately 0.29 N, was used directly in the
diazotization.

To a slurry prepared from 16.9 g. (0.0712 mole) of finely
powdered N-(p-aminophenyl)-phthalimide and 500 ml. of
water was added 365 ml. of 0.29 N isethionic acid; much of
the salt formed precipitated. After 15 minutes of stirring,
the mixture was cooled to 0-5° and diazotized by the addi-
tion of 5.4 g. of sodium nitrite in water. After 5 hours of
stirring at 0-5° the salt had dissolved, leaving only a small
amount of a finely divided solid. The filtered solution was
treated with a solution of 5.1 g. of sodium azide, in the
presence of a little ether to reduce foaming. When gas
evolution ceased, the ether was evaporated in an air stream,
and after a further 20 minutes the precipitated azide was
collected and washed with water; wt. 17.0 g. (90%), m.p.
187° dec. An analytical sample recrystallized from benzene
had m.p. 190° dec.

Anal. Caled. for C1HsNO2: C, 63.63; H, 3.05. Found:
C,63.61; H,3.11.

o-Azidoaniline.—A slurry of 19.6 g. (0.0742 mole) of
powdered N-(¢-azidophenyl)-phthalimide in 200 ml. of 95%,
ethanol was stirred with 3.72 g. (0.0742 mole) of hydrazine
hydrate for 90 minutes, wliereupon 100 ml. of water fol-
lowed by 30 ml. of 209, sodium hydroxide solution was
added. Most of the solid dissolved in a few minutes; filtra-
tion gave 0.35 g. of unreacted starting material. Dilution
of the filtrate with 2 1. of water and chilling in ice precipi-
tated 4.4 g. of o-azidoaniline, m.p. 61-63°. The mother
liquors yielded a further 1.3 g., m.p. 56-69°, by extraction
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with ether; total yield 57%. Several recrystallizations
from aqueous methanol gave an amnalytical sample, m.p.
63-63.5°. o0-Azidoaniline decomposes to an intensely red
substance at about 65°; consequently, all operations in its
preparation and purification must be carried our at mild
temperatures.

Anal. Caled. for CeHgNy: C, 53.72; H, 4.51.
C, 53.79; H, 4.58.

m- and p-azidoanilines were prepared from the correspond-
ing azidophenylphthalimides by procedures essentially
similar to that described for the ¢-isomer. p-Azidoaniline
was obtained in 469, yield and had m.p. 65-68° (reported?*
m.p. 65°); it turns dark red at its melting point. m-
Azidoaniline was obtained as an oil from its ether solution
in 479, yield, b.p. 76° (0.6 mm.), 70° (0.4 mm.), nDp
1.6251. Its preparation has been reported,® but neitlier
properties nor analysis were given.

Anal. Caled. for CsHsNyg: C, 53.72; H, 4.51.
C, 53.79; H,4.56.

Azidobenzoic Acids.—o-, m- and p-azidobenzoic acid were
prepared from the corresponding aminobenzoic acids by
diazotization and coupling to sodium azide%®; the samples
used were purified by repeated recrystallization from aque-
ous ethanol.

Ionization Constants of Azidoanilines and Azidobenzoic
Acids.—Samples of approximately 0.0015 mole of the
benzoic acids were accurately weighed, dissolved in a mix-
ture of 100 ml. of methanol and 100 ml. of water, and ti-
trated with 0.03721 N aqueous sodium hydroxide, using
a Beckman model G pH meter. The apparent ionization
constants were determined from the pH at the half-neutrali-
zation points, at which the solvent composition was 45.4
=£0.29% methanol by volume, taking pKw = 14.00. Three
determinations were made for each acid, and the average
for each is reported in Table I; the average deviations of
pK, were 0.03 or less. The neutralization equivalents were
from 163.3 to 164.3 (caled. 164.1).

Samples of approximately 0.0017 mole of the anilines
were treated similarly, using 0.04429 N hydrochloric acid
for titration. The solvent composition at the half neutral-
ization point was 45.4 =& 0.49%,, and the average deviation
of pKy among determinations was 0.02 or less. The average
value for each compound is given in Table II.
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A Crystalline Hexamer from Acrylonitrile

By Naomitsu TaxasHINA! AND CHARLES C. PRICE
RECEIVED AuUGUST 21, 1961

In the presence of several aleohols, triphenylphosphine has been found to catalyze tlie conversion of acrylonitrile to a
crystalline hexamer, m.p. 240°, wlich has been shown to be identical with the cyanoethylation product of 1,4-dicyano-trans-

2-butene and is assigned the structure of 1,1,4.4-tetra-(2-cyanoethyl)-1.4-dicyano-trans-2-butene (I).

The corresponding

acid and methyl aud ethyl esters liave been prepared and characterized.

In view of the stereoregular polymerization of
vinylic compounds containing electron-donating
groups by a wide variety of Lewis acids, the cor-
responding possibility of stereoregular codrdination
polymerization of vinylic compounds containing
electron-withdrawing groups by hindered Lewis
bases seemed worthy of investigation. While
this objective has not been achieved in experiments
described herein, we have obtained a new crystal-
line hexarer of acrylonitrile,

(1) Supported in part by a grant from the General Tire and Rubber
Co.

Experimental?

1,1,4,4-Tetracyanoethyl-1,4-dicyano-trans-2-butene (I).
A, From Acrylonitrile Polymerization.-—A mixture of 16 g.
of acrylonitrile, 0.4 g. of triphenylpliosphine and 5 ml. of
ethanol was sealed under nitrogen and heated in the dark at
80° for 2-4 weeks. The resulting mixture of crystals and
viscous brown oil was extracted with acetone. The insoluble
crystalswererecrystallized from dimethylformamide( DMF)-
ethanol (or acetonitrile); 4.5 g. (28%), m.p. 240°.
Anal. Caled. for CGGH;N: C, 67.90; H, 5.69; N, 26.40.
Found: C, 68.04; H,6.17; N, 26.36.

(2) Analyses by Midwest Microlab, Inc.. Indianapolis, Ind., and
Galbraith Laboratories, Knoxville, Tenn, All m.p.'s are uncor-
rected,



