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Abstract: Intramolecular Diels-Alder reaction of a series of pyrazines bearing a 5-membered-w-alkene side chain in
refluxing trifluoroacetic acid led to the formation of bridged tricvclic compounds. These cycloadducts undenvent
Retro Diels-Alder reaction in refluxing nitrobenzene to give original pyrazines.Copyright © 1996 Elsevier Science Ltd

Intramolecular Diels-Alder (IMDA) reactions' of pyrazines,” pyrimidines, 1,2,4-triazines and other
electron-deficient heterocycles with an appropriate alkynyl moiety as side-chain dienophile have received
considerable attention. The intermediate cycloadducts which were unable to be isolated underwent Retro Diels-
Alder reaction to give terminal fused heterocycles or fused aromatic rings. This method provided flexible
synthetic approaches to a variety of fused-ring compounds. On the other hand, few examples have been reported
on the IMDA reactions of these heterocycles bearing an alkenyl side chain® Most of these examples were
concentrated on 1,2,4-trizines and the unstable cycloadducts were decomposed via Retro Diels-Alder reaction
and oxidation to give fused pyridines. To our best knowledge, no literature has reported on the intramolecular
Diels-Alder reaction of pyrazine with an alkenyl dienophilic side chain. Herein we report our study employing
alkylpyrazines as azadienes with a -CH,-X-CH,-CH=CHj, side chain (X=0, S, SO, SO»).

The synthesis of substrate 4 was summarized in Scheme 1. 2-Hydroxymethyl-3,5.6-trimethylpyrazine (3),
conveniently prepared from tetramethylpyrazine (1), was efficiently alkylated with allyl bromide to form
compound 4 ° using tetrabutylammonium bromide (TBAB) as a phase transfer catalyst.® Substrate 4 underwent
intramolecular cycloaddition in refluxing trifluoroacetic acid (TFA) for 2.5 hours to give bridged tricyclic
compound 5. This cycloaddition is the first example to our knowledge of the intramolecular inverse electron
demand Diels-Alder reaction of pyrazines. The structure assignment of § was based on spectral evidence and its

elemental analysis.®
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Scheme 1

In order to investigate the behavior of other alkylpyrazines carrying a 5-membered-w-alkene side chain in
this reaction condition, compounds 8a-c '* were prepared according to the route showed in Scheme 2.
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Scheme 2

Compounds 8a-c were also found to undergo intramolecular cycloaddition in refluxing TFA, resulting in the
formation of cycloadducts 9a-¢ '* (Scheme 3). From reaction time for the intramolecular cycloaddition of 4 and
8a-c, it can be seen that the reactivity of the pyrazines increases in the order X=S0, < X=SO < X=0 < X=§.
This order showed that the reactivity of the pyrazines was largely depended on steric effect, not electric effect.
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The molecule was able to form the favorite conformation to take place cycloaddition when X was S.

Compound 8¢ was the most difficult in the four pyrazines to form the ideal conformation to react.
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Taylor and Seitz found that the supposed tricyclic intermediates, formed by intramolecular cycloaddition
of 1,2,4-triazines bearing an alkenyl side chain, could undergo nitrogen extrusion and dehydrogenation to
aromatize to condensed pyridines under thermal conditions. ™ Considering that these four cycloadducts 5 and
9a-¢ might also aromatize to condensed pyridines through elimination of acetonitrile and oxidation at high
temperature, we heated them in refluxing nitrobenzene. To our surprise, all of these four cycloadducts turned
back into their original substrates 4 and 8a-c¢ via Retro Diels-Alder reaction (Scheme 4). The result
demonstrated that these cycloadducts were unstable at high temperature and the cleavage in manner A was
easier than that in manner B or C.
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The presence of this Retro Diels-Alder reaction indicates that it was impossible for pyrazines carrying an
alkenyl side-chain dienophile to give intramolecular Diels-Alder adducts at high temperature. In fact, heating
compounds 4 and 8a-c in refluxing nitrobenzene did not provide cycloadducts § and 9a-c or condensed

pyridines. If the compounds 4 and 8a-c were heated at low temperature, only trace cycloadducts yielded.

In conclusion, our study showed that pyrazines as azadienes could react with appropriate alkenyl side
chains in refluxing TFA to give cycloadducts and these cycloadducts returned to the original pyrazines at high

temperature.
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