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analyzed by infrared spectrometry. Later!! most of the
samples were reanalyzed by gus chromatography esseutially
as described previously.®* The retention voluines of the
aniine components were always much greater than those of
the olefin components (on Perkin—-Elmer packing B) so that
the two fractions could be very cleanly sepurated by gus
chiromatography. The results of these analyses indicated
that the separation by distillation alone was not as coin-
plete as might be desired but for most practical purpuses was
adequate,
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Tfor the isomerization studics described in Table IV, the
crude pyrolysate was washed with cold, dilute hydrochloric
acid, cold 5% sodium bicarbonate, and water, dried over
maguesium sulfate and analysed without further treatment.
In some experiments the olefin was picked up in z-pentance
prior to the washing. The presence of the z-pentane did not
mterfere in any way with the analysis by gas clhiromatog-
raphy.
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Using cither zine and aimnmonium cliloride, or aluminun amalgam in moist cther, v, m and p-nitrostyrenes, stilbenes and

-cinnainic acids are reduced to corresponding anines.

Derivatives of nitrosobenzene with vinyl or
substituted vinyl side-chains are desired mono-
mers in investigations on polymers containing
nitroso groups. There are apparently no known
examples of such polymerizable monomers; how-
ever, the literature describes nitrosocinnamic acids
and esters? and contains disputed reports for 4,4'-
dinitrosostilbene and derivatives.?

A transformation of a nitro group into a nitroso
group requires initial reduction into an hydroxyl-
amine followed by oxidation. In the present work
reduction of nitrostyrenes, -stilbenes and -cin-
namic acids using either zinc and amonium
chloride or aluminum amalgam in moist ether has
been investigated. These reagents are known
to rcduce uitrobenzene,* and derivatives with
deactivating® or weakly activating® substituents
attached to the aromatic ring, into corresponding
B-arylhydroxylamines. In contrast, strongly acti-
vating ring substituents on nitrobenzene promote re-

(1) Partial support of this work by the National Science Founda-
tion Grant No. (34240 is gratefully acknowledged.

(2) 1. J. Alway aud W. D. Bonner, Amer. Chem. J., 82, 392 (1904),
cluimed the preparation of m- and p-nitrosocinnamic acids and esters
by the oxidation, using ferric chloride, of corresponding unisvlated
hydroxylamines, in turn prepared in unspecified poor yield by the re-
duction of nitro compounds using zinc and acetic acid. 1n contrast,
G. Heller, Ber., 43, 1918 (1910), found that o-nitrocinnamic acid was
reduced by zinc and acetic acid buffered with sodium acetate into o-
aminocinuamic acid.

(3) O. IYischier and E. Hepp, sbid., 26, 2231 (1893); 28, 2281 (1895),
reported that p,p,-dinitrostilbene resulted from p-nitrotoluene and
slrong alkali in methanol; 1°., Bender, tbid., 28, 422 (1895), claimed
that alkaline treatment of 4-nilrotoluene-2-sulfonic acid resulted in the
formation uf a mixture of dinitroibenzyldisulfonic acid and azoxystil-
beunedisulfonic acid; A. G. Green, A. H, Davies and R. S. Horsfall,
J. Chem. Soc., 91, 2076 (1907), suggested that ‘“p,p’-dinitrosostilbene’’
aud derivatives were, instead, dinitroazodistilbenes,

(4) G. H, Coleman, C. M. McCloskey and F. A. Stuart, "Organic
Syntheses,”* Coll. Vol. 111, John Wiley and Sons, Inc., New York,
N. Y., 1955, p. 668, used zinc and ammonium chloride; H. Wislicenus
and I.. Kavfinann, Ber., 28, 1323 (1895), used aluminum amalgam,

(5) 1°. J. Alway and A. B. Walker, 1bid., 86, 2312 (1902), reduced o-
and m-unitrobenzoic esters using zinc and acetic acid; E. Bamberger
and I°. I,. Pyman, thid., 36, 2700 (1903), 42, 2306 (1909), used zinc and
ammoniwn cliloride; for a similar reduction of nitrobenzaldehydes see
A. Kirpual, ibid., 30, 1597 (1847), and F. J. Alway, 36, 2312 (1902),
aud for reductious of halonitrobenzenes see R. D. Haworth and A.
Lapworth, J. Chem. Soc., 119, 768 (1921).

(6) 1. Baoerger amd A, Rising, Ann., 316, 278 (1901), reduced
uitrotolucues.

Intermediate hydroxylunines eannot be isolated.

duction by these mild reagents into anilines.” The
reductionn of m-nitroaniline into m-phenylenedi-
amine using aluminum amalgam has now confirmed
that even in a m-position the amino group may
not allow chemical reduction of an aromatic nitro
group to stop at the hydroxylamino stage.

A vinyl substituent attached at any available
ring position in 1itrobenzene has now been ob-
served to proniote chemical reduction to a prunary
amine. In no case was it possible to detect hy-
droxylamines in reductions, using zinc and am-
monium chloride, of nitrostyrenes, -stilbenes®
or -cinnamic acids. Instead, corresponding amines
were obtained in good to excellent yields. Similar
results were obtained in good to excellgnt yields.
Similar results were obtained from experiments on
nitrostyrenes and aluminum amalgam in moist
ether.  These results were unexpected insofar as
negatively substituted vinyl groups, such as is pres-
ent in cinnamic acid and presumably stilbene, de-
activate an attached aromatic ring.? In contrast
p-nitrobiphenyl has been reduced to p-hydroxyl-
aminobiphenyl with zine and ammonium chlo-
ride!'? and with aluminum amalgam 11

Experimental

o0- and p-nitrostyrenes were prepired by dehydrobromina-
tion of tlie corresponding bromides!? and m-nitrostyrene by
decarboxylation of m-nitrocinnainic acid with copper powder
and quinoline.!® ¢is-o-Nitrostilbene was prepared by decar-
boxylation of frans-B-phenyl-o-nitrocinnamic acid with Ad-

(7) With zinc dust and water, or zinc dust, water and culeinm
cliloride, o- and p-nitroplieuols awl o- aud p-uitrvanibues were reduced
to corresponding aminophenols and diawmines; 5. Bamberger, Ber.,
28, 215 (1895), and M. Lumniire and A. Seyewetz, Bull. soc. chim., [3]
11, 1038 (1894); see also R. D, Haworth and A. Lapworth, ref, 5,

(8) G. Drefuhl, O. Henning and . Rudakoff, Chem. Ber., 91, 286
(1958), reduced 4-nitrostilbene into azoxystilbene using magnesium
and ammonium chloride.

() 1. G. Bordwell aud K. Rulule, Tims Jouxnan, 70, 1191 (1948).

(10) H. Gilman aud 1. £, Kirby, tbid., 48, 2192 (19206).

(11) 1, Bell, J. Kenyou aud P 1, Robinson, J. Chem. Soc., 1239
(1920).

(12) R. W, Strassbury, R. A. Gregg asd C. Walling, Tuis Jour~arL,
69, 2112 (1947); E. L. Forcuswv and S. M. Mclilvain, tbid., 62, 1435
(1910).

(13) R. H. Wiley aud N. R. Smith, Org. Syntheses, 33, 62 (1953);
W. J. Dule and C. W. Strobel, Tuis JournaL, 76, 6173 (1951),
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kinn catalyst,'* frans-m-nitrostilbene by the Meerwein reac-
tion,!s trans-p-nitrostilbeie by condensation of benzaldehyde
with p-nitrophenylacetic acid'® and frans-p-, p’-dinitrostil-
bene by treating p-nitrobenzyl chloride with potassium hy-
(droxide.”” o-Nitrocinnamic acid was prepared by condensa-
tion of g-nitrobenzaldehyde with acetic anhydride.’8 The m-
isomer was prepared according to Wiley and Sinith!? and
comnercial p-nitrocinnamic acid was used.

Reduction of o-, m-, and p-Nitrostyrenes with Aluminum
Amalgam.—To 10.0 g. of aluminuin amalgam!® and 400 ml.
of cther in a 1-liter, 2-necked flask equipped with a reflux
coudenser and a dropping funnel, 12.0 g. of nitrostyrene dis-
sulved in 50 ml. of ether is poured mto the flask in small por-
tions from the top of the condenser. The flusk is occasion-
ally shaken while 8 ml. of water is added slowly from the
dropping funnel. A vigorous reaction occurs and addition
of tlie nitrostyrene is regulated to give a gentle reflux.  After
all of the nitrostyrene and water have beenr added the mix-
ture is left until tlie reaction subsides, refluxed for 10 minutes
on a water-bath, and filtered. The precipitate is washed
several times with cther and the washings are combined with
the filtrate which is dried with anhydrous sodium stilfate and
evaporated first on a water-bath and later under reduced
pressurc.

o-Nitrostyrcue gives 9.0 g. (93%) of undistilled p-amino-
styrenc, n¥*p 1.5839, and after distillation fromi 0.5 g. of
hydroquinoue, 5.1 g. (58%), b.p. 93-96° (10 inm.), n%p
1.6065 (lit.2 b.p. 102-104° (12 nun.), »'%p 1.608). A red-
brown tough polymer remained.

m-Aminostyreue, 6.2 g. (74%), distilled from liydroqui-
none, has b.p. 82--85° (6 nun.), #%p 1.6069 (lit.?! b.p. 93.5°
(8 mm.), #%p 1.6068); benzoyl derivative, m.p. 91° (lit.22
nt.p. 90-91°). About 0.9 g. of polymeric material is ob-
tained.

p-Nitrostyrene yields 8.6 g. (89%) of undistilled amine,
n®p 1.5950. After distillation from hydrogninone, 5.8 g.
(61%), b.p. 74-77° (2 1nm .}, n%p 1.6185 (lit.?3 b.p. 76-81°
(2.5 mun.), n%¥p 1.619), is obtained. An acetyl derivative
Las m.p. 1356~136° (lit.2 m.p. 135-136°).

m-Nitrostyrenc is quantitatively recovered fromn tested
aluminum amalgam in ntoist cther at 0° for 6 hours.

Reduction of m-nitroaniline with aluminum amalgam
and moist ether follows the same procedure, ‘The final hot
reaction mixture is filtered and the filtrate dried with an-
hydrous sodium carbonatc and sodiunt hydroxide. The sol-
vent is reinoved on a water-bath and the residuc is distilled
under reduced pressure. The product, obtained in 809%
yield, erystallizes in the recciving flask, in.p. 63°.

Reduction of p-Nitrostyrene with Zinc and Ammonium
Chloride.—To a solution of 7.0 g. (0.05 mole) of p-nitro-
styrene in 75 inl. of acctone is added a solution of 5.0 g.
of ammonium chloride in 20 ml, of water., The mixture is
heated to boiling on a water-batli. The bath is removed and
10.0 g. of zine dust is added in small portious to maiutain a
moderate reaction.  After the ziice is added and tlie reaction
subsides five additional grams of zince dust is added and the
mixture refluxed ot the water-bath for 30 minutes. The
solution is then filtered while hot and the precipitate is
waslied twice with acetone. The combined washings and
filtrate is coneentrated on the water-bath to about 30 ml.
and the crude amine is converted with sodium acetate and
acetic anhydride into p-acetamidostyrene, m.p. 134°,%
5.9 g. (74%).
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Reduction of mono- and di-nitrostilbenes and o-, m- and p-
nitro-cinnamic acids with zinc and ammonium chloride is
carried out in the same manner. In tlie case of o-aminostil-
bene the final acetone solution is evaporated on a water-
bath until red droplets of tlie antine appear on the surface.
These are taken up in ether and dried with anliydrous sodiim
sulfate. As the cther solution is saturated with dry Lydro-
gen chloride the amine hydrocliloride appcars as a white crys-
talline precipitate which is filtered, washed with ether and
recrystallized froin a small amount of alcoliol, in.p. 199-
201° (lit.14 202-203°), (72%). Tlc reaction carried out in
alcohol gives a yield of 51%,.

For each of m- and p-aininostilbenes the final acctone solu-
tion is treated witli 15 1nl. of 3 N ammoninmn hydroxide solu-
tion to dissolve zine hydroxide and the solution is concen-
trated on a water-bath to about 30 1nl. Sullicicut water
containing a few drops of concentrated anumoniun hy-
droxide is added to precipitate the product. The solution is
filtered and the precipitate washed with 5% amnmtoniuin hy-
droxide solution and with water and dried. In the case of
m-aminostilbene the product is dissvulved in ether and fil-
tered of remaining zine hydroxide. Removing cether by dis-
tillation on a water-bath leaves the produet, m.p, 120-121°
(lit.% m.p. 120-121°) (77%). With the p-isonier the yield
was 849, after rcerystallization from a small amount of
dilute aleohol m.p. 150-151° (lit.?** n.p. 151°). Tlic reac-
tions carried out in alcohol give yields of 59 aud 619, for the
m- and p-isomers, respectively.

The crude precipitate of p,p’-dinminostilbene obtained
after removal of the solvent and dilution with water is dried
at 100° for 30 minutes, boiled with chlorobenzene and 0.5 g.
of activated carbou, filtered while hot, allowed to cool in an
ice-bath for 6 honrs, filtered and dried. A yicld of 609%
of p,p’-diaminostilbene, m.p. and mixture m p. 227-228°,%
is obtaincd.

The rcaction niixture for cacli of the isouteric amninocin-
namic acids is filtered while hot and the precipitate is ex-
tracted 3 times with a warm solution of 15 ml. of 3 N amuno-
nium hydroxide. The acctone filtrate is concentrated on a
water-bath to about 30 1nl. and combined with the aminon-
ium hydroxide solutions. p-Aminocinnamic acid is obtained
by acidifying the ammonium hydroxide solution withi ex-
cess acetic acid.  The precipitate is filtered, washed once
with cold dilute acetic acid and vnce with icc-cold water and
dried. The ernde produet (74%), m.p. 172°, recrystallizes
fromn boiling water with about 20% loss duc to partial de-
compuosition, m.p. 175~176° dee., (lit.* m.p. 175-176° dee.)
The solution containing the m-isomer was acidilied with 30
nil. of concentrated hydrochlorie aeid, cooled i1 an ice-bath
for 3 hours, filtered, dissolved in boiling water and tlic anino
acid, precipitated by addition of exeess sodium acctate, ap-
pears as siall yellow erystals which arc filtered and washed
with ice-cold water, boiled witli 50 1l. of water, filtered while
hot and cooled in an ice-batli.  An additional portion from
acidifying the filtrate from reerystallization with hydrochlo-
ric acid, filtering, boiling with water and preeipitating with
sodiunt acctate gives a total yield of 709, m.p. 181° (lit.”
181.5-183°). The o-isoiner is obtained by acidifying the
ammonium hydroxide solution and concentrating the solu-
tion to about half its volume. A stream of hydrogen ehloride
is then passed througl the mixture until saturation. The
mixture is stored overnight at 0-5°, liltered, the precipitate
dissolved in boiling water and reprecipitated with sodiunt
acetate. The proditet waslied with ice-cold water, dried and
recrystallized from toluence gives ut.p. 157-158° (lit.?¢ 157—
158°), (63%).

Attempts to repeat Alway and Bonuer’s preparation? of
m- and p-nitrosocinnamic acids were unsnceessful.  In cach
case reduction of nitrocinnamic acids afforded amines and
not hydroxylamines.

NEW ORLEANS, LA.

(24) R. Stoermir and . Oclilert, Ber., 85, 1239 (1922).

(25) A. Albert, J. A, Mills and R. Royer, J. Chem. Soc., 1452 (1947).

(26) 8. Gabriel, Ber., 18, 2299 (1882),

(27) 1. R. Blout and 1. C. Silverinau, '111s JoUurRNaL, 66, 1412
(1944),

(28) G. lleller, Ber., 48, 1918 (1910).



