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Abstract - Symmetrical and unsymmetrical stilbenes can be
prepared by pyrolysis of the corresponding aryl cinnamates.
The mechanism of product formation is discussed.

The pyrolysis and photolysis of aromatic esters with or without the presence of a
Lewis acid catalyst have beén widely studied and some of these reactions have
proved to be very useful in synthesis. An interesting observation was made by
Spatz1 in 1961 that the aryl fumarates 1 decarboxylated upon refluxing in Dow-Therm
to give stilbenes z, but even more fascinating was the discovery by Anschutz,2 one
century ago, and Skraup3 in 1927, that stilbenes were produced from the pyrolysis
of aryl cinnamates 3.
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In the light that stilbene derivatives are very useful and numerous methods have
been developed for their preparations4 it is surprising that these attractive
reactions have not been exploited. Understandably, the pyrolysis of fumarates has
limitations, being suitable only for the preparation of symmetrical stilbenes, but,
on the other hand, the pyrolysis of cinnamates appears to be a very good entry to
unsymmetrical stilbenes, providing that the reaction is general and the product
yield reasonable, and scrambling of the aromatic substitution pattern does not
occur. Hence we decided to reinvestigate this reaction for more information, and,
if possible, for a better understanding of the reaction mechanism.

Results and Discussion. Pyrolysis of Myl Cinnamates.

Aryl cinnamates 3 a-j were prepared and were respectively subjected to pyrolysis
in a sealed tube at 320° for 1.5 hr. This condition was found to be optimum for

the pyrolysis of phenyl cinnamate 3a and was used throughout this study.
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TABLE
Aryl cinnamate 3 Stilbene 2 +
% yield (isolated)
Ar !
0 r Ar
A O ArR
0

a. Ar = Ar' = Ph 59
b. Ar = Ph, Ar' = 2-(’}!'5-(3684 53
¢, Ar = Ph, Ar' = 3-—0249-(?684 49
d. Ar = Ph, Ar' = 4—0Me-C6H4 55
e, Ar = 2-OMe-C H4, Ar' = Ph 51
f. Ar = 3—0Me-C6H4, Ar* = Ph 49
g. Ar = 4-OMe-C/H,, Ar' = Ph 53
h. Ar = Ar' = 4-oﬁe-c H 46
1, Ar = 3,5-di OMe-C 33, Ar' = 2,4-di 0&-C6H3 17
j. Ar = B.napthyl, Ar' = 3—0Me-C6H4 47

‘Fstrongly polar, possibly polymeric material, was not investigated.

Stilbenes were isolated as major products and the results are summarised in Table.
It is apparent from the results obtained that the thermolytic decarboxylation
of aryl cinnamates does indeed give rise to stilbenes in reasonable yields with no

change in the position of ring substituents. The reaction is thus extremely
useful considering the availability of the starting cinnamates and the straight
forward technique employed.

Nature of the Reaction.

It was expected that if the decarboxylation had proceeded via a radical pathway
the biaryl 4 should be observable. However, no mass ion corresponding to biphenyl
could be detected in the crude pyrolysate of cinnamate 3a.
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In order to ascertain the intramolecular nature of the reaction an equimolar
mixture of 3d and 3g was heated under the above conditions. Mass spectral
analysis of the crude reaction mixture indicated not only the mass ion 210 of the
expected stilbene 2d (or 2g) but also small amounts of the mass ions 180 and 240,
belonging, apparently, to products 2a and 2h respectively. No biaryl ion could be
observed. Careful separation of this crude mixture by PLC (silica gel, 4% dichlo-
romethane in hexane) afforded the stilbenes 2d, 2a, and 2h in 52%, 4%, and 5.5%
respectively.

These results led us to suspect, at the time, that the reaction was an inter-,
molecular process. However, further experiments have proved that this is not the
case.

Repeated pyrolyses of the pure cinnamates 3d and 3g and mass spectral examina-
tion of each crude pyrolysate at 12 eV showed almost identical data to that
obtained from the above experiment (pyrolysis of an equimolar mixture of 3d + 3gJ.
PLC separation of the products from 3d gave stilbenes 2a, 2d, and 2h in 4.5%, 55%,
5.8% while separation of the products from 3g yielded the same compounds in 4%,53%,
and 6.2% respectively. Although the formation of stilbenes 2a and 2h was, atfirst,
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rather puzzling, we have now unambiguously proved that unsymmetrical stilbenes
disproportionate, to a certain extent, under the pyrolytic conditions employed.
Thus 2a (7%), 2d (71%), and 2h (8\) were obtained when a pure sample of 4-methoxy
stilbene 2d was subjected to pyrolysis under these conditions. The disproportion-
ation presumably takes place via a symmetry forbidden 2+2 cyclo-addition reaction
to give the cyclobutane i,s which can then revert to the three products as shown.6
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The ratio of the stilbene products from all three experiments (pyrolyses of:
3d + 3g mixture; 3d or 3g singly; 2d) correlate well. These findings indicate
that the cross-over products observed in the decarboxylation reaction arise from
the initially formed stilbene 2d and not from an intermolecular reaction of the
cinnamate.

On the Mechanism of Decarboxylation.

A feasible mechanism for the decarboxylation could involve a (3,3)-sigmatropic
rearrangement of the aryl cinnamate 3 to the dienone-ketene 6, followed by a cyclo-
addition reaction between carbonyl and ketene to give the reactive B-lactone 7,
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which could then decarboxylate either directly or via the cyclobutene 8 to the
stilbene product 2 as shown.

An inspection of molecular models has confirmed agreeable orbital interactions
and structures for the proposed intermediates in the mechanism shown, eventhough
our attempts to trap the ketene 6 have not been successful. This mechanism can
also explain the formation of stilbenes from fumarates, the pyrolysis of which, in
certain cases, have been known to give the corresponding cinnamates and

stilbenes.z'7

In our study, when diphenyl fumarate (1, Ar =Ar' =Ph)and its
dimethoxy derivative (1, Ar =Ar' = 4—0Me-C6HQ were subjected to pyrolysis under the
mentioned conditions, stilbene 2a and phenyl cinnamate 3a, and stilbene 2h and

cinnamate 3h were isolated respectively.

Although the yields of stilbenes from the pyrolysis of aryl cinnamates are not
very high, nevertheless the convenience of the method and the ready availability
of the starting materials both combine to make this reaction attractive.

An appropriate choice of aryl cinnamate can thus provide a simple and economical
route to the symmetrical and unsymmetrical stilbenes.

Experimentat
Pyrolysis of Ayl Cinmamates (3}: Typical procedure.

Aryl cinnamates 3 a-j were prepared according to the standard procedure by reacting equimolar
quantities of cinnamoyl chlorides with phenols in benzene solutions.

Phenyl cinnamate 3a (500 mg) was placed in a thick wall glaas tube which was flushed with °
nitrogen and sealed. The tube was heated in an oven at 320 for 1.5 hr, then cooled down to -78
before breaking open, to minimize the pressure from the liberated carbon dioxide. The crude
product was purified by preparative layer chromatography using silica gel and 2% ethyl acetate in
hexane as eluant to obtain pure stilbene 2a (237 mg, 59%).

The physical property data of the stilbenes from these pyrolytic experiments are in agreement
with the literature values.
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