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3- [p-Mcthoxyphenyl]-2-phenylscrylic acid yields p-anisidine, phenylacetaldehyde and p-methoxybcnzyl phenyl ketone on 
treatmcrit with hydrazoic acid. Cinnainyliderle acetic acid under similar conditions gives anilinc and benzaldehyde. These 
products may arisc by addition of hydrazoic acid both to the olefinic bonds and to the carboxyl carbonyl group, followed by 
rearrangements. 

Hydrazoic acid and cinnamic acid have been 
reported to  react in a sulfuric acid-chloroform 
medium to give, after neutralization, aniline, 
phcnylacetsldehyde, carbon dioxide, nitrogen, and 
ammonia.‘ The formation of aniline from cinnamic 
acid leaves two carbons unaccounted for in the iso- 
lated products, barring the unlikely possibility that 
they were oxidized to carbon dioxide. 
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The phenylacetaldehydc has been suggested as 
being derived from styrylamine formed via the 
usual mechanism for the Schmidt reaction.* 
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Our attempts to isolate a two-carbon fragment 
from the reaction were in vain. Under the reaction 
conditions the two-carbon fragment may have 
yielded the tar which was always found. 

Finding a larger fragment than a two-carbon 
one might be more successful and, accordingly, 
the reaction of 3-b-methoxyphenyl1-2-phenyl- 
acrylic acid with hydrazoic acid was studied. In  
this acid, an eight-carbon fragment (-CH= 
CCBHS-) corresponds to the two-carbon one 
(-CR=CH-) in cinnamic acid. 

The reaction of this substituted acrylic acid 
with hydrazoic acid gave phenylacetaldehydc, an 
eight-carbon compound which could only have come 
from the cinnamic acid side chain. Other products 
were p-anisidine and p-methoxybenzyl phenyl 
ketone (I). 
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Average yields of p-anisidine and phenylacet- 
aldehyde were roughly the same. The p-methoxy- 
benzyl phenyl ketone apparently was formed in the 
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same way as the phenylacetaldehyde from cin- 
namic acid itself. 
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The products (other than the p-methoxybenzy 
phenyl ketone) from 3- [p-methoxyphenyl]-2-phen- 
ylacrylic acid may be produced by addition of 
hydrazoic acid to the carbon-carbon double bond, 
followed by loss of nitrogen and a rearrangement. of 
the p-methoxyphenyl group to positive nitrogen. 
The “missiiig” two-carbon fragment from cinnamic 
acid would he predicted to be acetaldehyde which 
polymerizes in the strong acid used for the reaction. 
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Nothing is known about when the decarboxyla- 
tion step occurs. It may have occurred earlier than 
shown. 

Addition of hydrazoic acid to the carbon-carbon 
double bond in cinnamic acids has an analogy in 



the addition of hydrazoic acid to olefins.3 lpor 
example, 1,l -diphenylethylene gives ncetophenoiie 
and 

The p-anisyl group has been shown to have a 
high migr.at,ion aptitude in thc Schmidt reaction of 
 olefin^.^ Extensive rearrangements, presumably 
involving carbonium ions, have been obsrrved with 
triethylacctic acid.6 

In some cases, azidrs are formed from olefins 
or acetylenes and hydrazoic a d . '  In strong acid 
azides are decomposed with loss of nitrogen and 
rearrangement.* I t  is possible that an azide could 
be a transient intermediate in our reaction. 

It is interesting that cyclopropyl styryl ketone9 
and benzalacetone'o apparently yield no products 
derived by addition of hydrazoic acid to the olc- 
finic bond in strong acid. 
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Perhaps in the acids a ciirboxgl group or a pro- 
tonated carboxyl group is stabilized enough by 
resonance so that addition of hydrazoic acid may 
go elsewhere (Le , ,  to a carbon-carbon double bond). 

Anethole dibromide on treatment with hydrazoic 
acid yields p-anisidine and cu-bromopropionalde- 
hydc, presumably by displacement of the a- 
bromine by hydrazoic acid followed by migration of 
the pmethoxyphenyl group.2 

A strong acid is required in the Schmidt reaction 
of a,@-unsaturated acids. Csc of hydrochloric or 
phosphoric acids with cinnamic acid u r  'ab unsuc- 
cessful. Cinnamic acid is reported not to react with 
hydrazoic acid in refluxing glacial acetic acid.7b 
Polyphosphoric acid did yield some reaction. 
The latter has been used with good results in the 
Schmidt reaction of ketones." 

Cinnamylidene acetic acid with hydrazoic acid 
gave aniline, benzaldehyde, nitrogen, and carbon 
dioxide. There may have been other products. 
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In several instances, the odor of phenylacetaldchyde 
could be detected. The low yields inay be due to  the 
poor solubility of the acid in chloroform. 
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These products may be explained by a mechanism 
involving :tddition of hydrazoic acid to an olefinic 
bond followed by migration of alkyl or aryl groups. 
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EXPERIMENTAL 

3- [p-Methoxyphenyl]-2-phenyl acrylic acid. This was pre- 
pared by the method of Buckles, Bellis, and Coder from 
phenylacetic acid, anisaldchyde, and acetic anhydridc.I2 

lZeaction of 3- [p-methoxyphnyl]-2-phenyl acrylic acid with 
hydrazoic acid. Thc acrylic acid (12.5 g., 0.05 mole) was SUR- 
pended in 24 ml. of chloroform in a 250-ml., t>hree necked 
flask equipped with a dropping funnel, a mechanical stirrer 
and a gas outlct tube. The gascs from the reaction were 
passed through three washing bottles (one empty and two 
containing concentrated barium hydroxide solution) into nn 
inverted water-filled graduated cylinder. The barium hy- 
droxide absorbed t,hc carbon dioxide and t.he progress of t.he 
reaction was followed qualitatively by observing the dis- 
placement of the water level in the graduated cylinder by 
nitrogen. 

Concentrated sulfuric acid (10 1111.) and chloroform (20 
ml.) were added with vigorous stirring. Iluring 1 hr., 41 nil. 
(0.06 mole) of 1.581"; hydrazoic acid in chloroform (prepared 
from sodium azide m d  sulfuric acid2) were added slowly 
while the tempcraturc was kept at 52-55'. 

Thc acid reaction mixture was poured into 400 ml. of ice 
water and steam dist,illed. The distillation was continued 
until the odor of phenylacetaldehyde was no longer notice- 
able and a Schiff test13 for aldehydes was negative. About 
2 1. of distillatc were collected. 

This distillate was extmcted with five or six porbions of 
ether. The ether solut,ion was washed with a sat>urated soh- 
tion of sodium bisulfite, prcparcd by dissolving 400 g. of 
sodium bisulfite in 600 ml. of water, adding 180 ml. cthanol 
and filtering. Thc biriulfit,e solut,ion (containing the aldehyde 
as the bisulfite addition compound) was treated with sodium 
carbonate and extracted with ether. Thc ether extract, was 
dried over magnesium sulfate, the ether removed and t'he 
phenylacct,aldchyde converted to a met,hone derivative," 
m.p. 163-165' (lit.16 m.p. 164-185"). I t  was also identified 
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as its 2,4-dinitropheiiylhydrazone, m.p. 121--123" (lit..ls m.p. 
121"). 

The residue from the steam distillation (nonvolatile ma- 
tmial) was extrwted with ethor. The wireacted acrylic acid 
which was not extracted with thc ether was recrystallized 
from ethanol. The ether cxtrnct was washcd with sodium 
bicarbonate to rcmove unroactcd startsing material. The hi- 
carbonate extract was neutralized arid the 3- [p-mcthoxy- 
phenyl]-2-phenyl acrylic acid recovered by this process was 
cwmhined with that  recovered carlier. 

The ether extract from the steum distillate and from the 
residue were thcn combincd and dried over anhydrous mag- 
nesium sulfate. The ether was removed and tjhe p-met>hoxy- 
henzyl phenyl ketone, m.p. 94-96' (lit." m.p. 94.5-5') 
was converted to its 2,4-dinitrophenylhvdrnxone, m.p. 179- 
182". An oximc was prepared in several runs, m.p. 1332--333" 
(lit,.l* m.p. 1 8 X O ) .  

After thc above c,t,hcr ext,ract.ion, tho acidic rcsidue from 
the stcam distillation was mado basic with 10% sodium hy- 
droxide. The solution thcn was extracted witah ether, tho 
ether ext.rart dried ovcr anhydrous magne&m sulfatc, and 
t,he ether removed to yield p-anisidine. It. wa.s identified &s 

its henzeriesrilfonamide, m.p. 93-95' (Ii t . l9 m.p. 95"), p -  
tolueriesulforiamide, m.p. 108-110" (lit.19 m.p. 114') arid its 
acetamide, m.p. 134-126' (lit,.19 m.p. 127'). 

In  order to get an estimate of the yields, the phenylacct- 
aldehyde in several runs was convert.ed quantitatively to its 
methone derivative, the p-anisidine t,o its hydrochloride and 
the p-met,hoxybenzyl phenyl ketone to its 2,4-(linit,rophcnyl- 
hydrazone. The yield data arc summarized in Tahle I. 
Yields are based on t,he amount of the acrylic acid reacted as 
calculated from the amount recovered. In  all cases 13.5 g. 
(0.05 mole) of acid was used initially. The barium carbonate 
produced agreed well with the amount of acid consumed 
(over goyc). 

Cinnamylidene malonic acid. This was prcpared from cin- 
namaldehyde and malonic acid with pyridine as cata1yst.M 

Cinnamylidene acetic acid. This was prepared hy decar- 
boxylation of cinnamylidene malonic acid.21 

Reaction of cinnamylidene acetic acid with hydrazoic acid. 
Cinnaniylidcne acebic acid (17.4 g., 0.1 mole) was dissolved in 
50 ml. of chloroform in a 250-ml., three necked flask. The 
apparatus was the same as used in the previous reaction. 
Concentrated sulfuric acid (10 ml.) WLS addod, followd 
hy 70 ml. of 1.43iV hydraxoic acid (0.1 mole) i n  chloroform. 
The tcmperatura was maint,aincd at 51-52', Aftm about. an 
hour, the hrown reaction mixture mas poured into 500 ml. of 
ice water. The odor of benzaldehyde was observed. 

Neutrul and acidic substanccs were extracted with ether, 
and the acidic substances separated from neutral ones by 
extraction of the ether with sodium bicarbonate solution. 
Cinnamylidene arctic acid, 9.2 g., 5396, was recovered. 
Benzaldehyde w:w converted to  it,s methone dcrivat,ive,14 

(2.8 g., 1:3cjb), m.p. 192-193" (lit.22m.p. l!,S"). I t  was furthcr 
ident,ifcd as its semi(-arhazorie, m.p. 218-820" (lit..22 m.p. 
217"). 

Basic substances were ohtained from the acid reaction 
mixture by noutralizrition and extraction with ct>lier. Thc 
ether extract was dried and dry hydrogen chloride \Viis 
passed into i t  to give it precipitat,e of tin amine hydrochlo- 
ride. This was treated with 5 odium hydroxide, extracted 
with ether and the hydrochloride again madc. Tho amine w:ts 
identifed as aniline hy its hydrochloride ( m d e  quaiititn- 
tively), 0.41 g., 6.4%, m.p. 193-198" (lit,23 m.p. 1!)8"), its 
t)enzenesulfonainide, m.p. 100-1 12" m.p. 112') and its 
acetyl derivative, m.p. 114' (lit.23 ni.p. 114'). 

Thc barium carbon:ttc (0.47 g.) rccovcrtd amount,cd to 
only 5% reaction hased on acid consumed. 

Reaction of cin,namic acid with hlldmzoic a d .  Hydrazoic, 
acid (150 ml. of 2.125N solution in c,hloroform, 0.32 mole) 
wits addod dropwise to  a stirred solution of cinnamic acid 
(4R g., 0.33 molo), conccntmtcti sulfuric acid (08 ml.) and 
chloroform (150 ml.) in a three necked, 1-litor flask equipped 
with a inechanical st,irrcr, thermometer, gas outlet tube, and 
addition funnc~l. The temperaturc was hetwvotm 45-50". 

After the addition of hydrazoic rtcid was complctcd and gae 
evolution ceased, the mixturo was cooled, diluted with wtter, 
and stettm distilled. A tar was produced on dilution. The 
distillate yielded phenylacetaldehydf, idcntifiod as it,s 2,4- 
dinitrophenylhydrazorie, m.p. 120" (lit.I6 m.p. 121'). 

The rcsidue from the steam distillation W:LS made alkaline 
and steam-dist,illed again. The distillate was led into hydro- 
chloric acid solution which subsequent,ly WLS ovaporatcd to 
dryness. The residuc was treitted with sodium hydroxide to  
liherate anilinc which was idcritified as its phcnylbliiourea, 
m.p. 152-153' (lit.19 m.p. 154'). No rvidcnce could be ob- 
tained in this or any other run for the presence of acetalde- 
hyde or :my ot.hcr organic products (except the tar). Con- 
siderable amounts of cinnamic acid were usudly recoverod. 

When polyphosphoric acid was substituted for sulfuric 
acid, reaction occurrcd hut no new products were found. 
Hydrochloric acid or phosphoric acid could not replace 
sulfuric acid. 

Acetaldehyde with conrcntmtcd sulfuric arid gave a dark 
hrown viscous liquid. When acetaldehyde (0.2 mole) was 
added to the reaction mixture of cinnamic acid, hydrazoic 
acid, sulfuric acid, and chloroform during the reaction, 
only trace amountjs of the aldehyde or  none at a11 coiild he 
idcnt>ificd by the Simon's test.25 
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