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Abstract: The thiazolidines 2, derived from L-cysteine methyl ester and aromatic aldehydes, react with silver
carbonate and DBU to give methyl 2-(arylidencamino)acrylates 1. These 2-azadienes undergo Diels-Alder reactions
with both electron rich dienophiles and electron deficient dienophiles.

Oxazoles and 1,2,4-triazines are well known to act as 2-azadienes in the Diels-Alder reaction; their
cycloaddition to alkenes provides an important method of synthesis of pyridines.] Acyclic 2-azadienes can
similarly be used as precursors to dihydropyridines and tetrahydropyridines;! examples include species which
are electron rich,2 those which are electron deficient,3 and those which are unactivated.4

In 1979 Ohler and Schmidt reported a method of preparation of the N-arylidenedehydroamino esters 1
by reaction of the thiazolidine esters 2 with silver carbonate and DBU.5 These compounds were later prepared
by Wulff and BShnke by an altemnative route, which involved the dehydration of Schiff bases 3 of serine
methyl ester with N,N'-dicarbonylimidazole and triethylamine.6 This procedure allowed the dehydroamino
esters to be isolated and characterised. Subsequently Wulff and his co-workers have shown that these
compounds undergo dimerisation by a stereoselective Diels- Alder reaction in which one molecule acts as the
dienophile and another as a 2-azadiene. The dimers 4 can then cyclise to produce the bridged aminoesters §.7
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We have found that if the dehydroaminoesters 1 are generated in the presence of a suitable dienophile,
cycloaddition to the dienophile can compete with this dimerisation process. We have used both the literature
procedures for the generation of the dehydroaminoesters 1 and have found that a modification of the method of
Ohler and Schmidt gives cycloadducts in better yields. Both electron rich and electron deficient dienophiles
can be used in the reaction.

Thiazolidines 28, prepared as described by Ohler and Schmidt, were dissolved in dry acetonitrile and
the dienophile was added in excess. Silver carbonate was added in equimolar amount to the cooled solution,
followed by DBU. The reaction mixtures were stirred overnight and the products were isolated by flash
chromatography. Cycloadducts were, with a few exceptions, isolated in moderate to poor yield. In all cases
cycloaddition was highly regioselective but not endo—exo stercoselective, It is apparent that the primary
cycloadducts can undergo a variety of reactions, including prototropy, oxidation? and elimination, under the
conditions used, and this results in mixtures of products in several of the reactions which we have examined.

Examples of the reactions are as follows. The thiazolidine 2a reacted with 1-pyrrolidinocyclohexene to
give the cycloadducts 6 (37%) and 710 (20%). Compound 2a with 1-pyrrolidinocyclopentene gave a single
adduct (of structure analogous to 7) in 35% yield. On the other hand a reaction of the thiazolidine 2b with 1-
pyrrolidinocyclohexene (carried out to determine whether a more electron deficient aryl substituent would
improve the efficiency of the Diels-Alder reaction) gave two different types of adduct: an elimination product 8
(53%) and the tetrahydroisoquinoline 9 (20%) presumably derived from 8 by oxidation.!!
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No cycloadduct was obtained from a reaction carried out with compound 2a in the presence of ethyl
vinyl ether. With methyl vinyl ketone and several other electrophilic alkenes, however, cycloadducts were
isolated in moderate to low yield. The reaction products obtained from 2a and methyl vinyl ketone proved to
be dependant upon the reaction conditions. Three products were identified from a reaction carried out as



described earlier. These were identified as compounds 10a (20%), 11a (5%) and 12 (51%).12 ‘The major
product, 12, must be derived from one or both of the primary cycloadducts by prototropy. A reaction carried
out using silver carbonate on Celite (Fetizon's reagent) gave only compounds 10a (27%) and 11a (4%). The
reaction with methyl vinyl ketone was also carried out with the intermediate 1 (Ar = Ph) generated from serine
methyl ester by the method of Wulff and Bihnke; the only product isolated was the tetrahydropyridine 12
(17%). The more electron rich azadiene 1 (Ar= 4-MeyNCgHy), derived from the thiazolidine 2¢ and silver
carbonate, reacted with methyl vinyl ketone to give a single product, the cis isomer 10b (39%). On the other
hand the only product isolated (7%) from 2a and acrylonitrile was the trans isomer 11b. Although all these
reactions show the same regioselectivity it is difficult to draw any firm conclusions about the endo—exo
selectivity of the initial reaction because of the easy prototropy in the adducts.
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Cycloadducts were also isolated in low yield and characterised from reactions with methyl acrylate,
diethyl fumarate and ethyl propiolate. The products were partially or fully oxidised: for example, diethyl
fumarate gave 3,4-bis(ethoxycarbonyl)-6-methoxycarbonyl-2-phenylpyridine (15%). No adducts could be
isolated from reactions with dimethyl acetylenedicarboxylate, dibenzoylacetylene and diethyl azodicarboxylate.
An attempt to carry out an intramolecular cycloaddition to an unactivated double bond (using a thiazolidine
derived from 2-allyloxybenzaldehyde) was also unsuccessful.

This chemistry is not limited to thiazolidines derived from aromatic aldehydes. Phenylglyoxal and
cysteine methyl ester gave the thiazolidine 13.13 This compound reacts with silver carbonate in the presence
of enamines in the same way as the thiazolidines 2: for example, with pyrrolidinocyclohexene it gave
compounds 14 (35%) and 15 (14%).
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column chromatography.
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