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THERMAL INTRAMOLECULAR CYCLIZATION OF 2~ETHYNYLPYRIDINE N-YLIDES
TO INDOLIZINES AND CYCLAZINES

*
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Kanagawa-machi, Kanazawa 920-11, Japan

Treatment of 2-ethynyl-l-phenacylpyridinium bromides Qii:SJI
prepared from 2-ethynylpyridines and phenacyl bromide, with a base, DBU,
in refluxing benzene gave 3-benzoylindolizines Q%), whereas heating the
salts Qi) in refluxing acetic acid afforded l-benzoylindolizines gg).
Upon similar treatment with the base, 2-ethynyl-6-methyl-l-phenacyl-
pyridinium bromides (l0a-¢) gave 2-phenylcycl[3.2.2]azines (12),
together with 3-benzoylindolizines (11). However, the reaction of
6-amino-2-ethynylpyridines (l7a-c) with phenacyl bromide resulted in
the formation of l-azaindolizines (18), which were treated with the base
to give l-azacycl[3.2.2]azines (19) . The mechanisms for these intra-
molecular cyclization via pyridine N-ylide intermediates are discussed.
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Ylides have been widely used as reactive intermediates in organic syntheses,l-B)

2) 3)

particularly in reactions involving either thermal or photochemical intra-

1,2)

molecular rearrangements and intermolecular cycloadditions. As for aromatic

amines, the intermolecular 1,3-dipolar cycloadditionz) of azine N-ylides and N-
imides to olefins or acetylenes and the intramolecular 1,5-dipolar cyclization4)
of azine N-vinylimides have been well investigated. However, few such reactions
of pyridines having an unsaturated substituent in the 2-position of the pyridine
ring were known. Therefore, we were interested in examining the thermal behavior
of 2-ethynyl- and 2-vinyl-pyridinium ylides in connection with studies of the

5,6)

thermal sigmatropic rearrangements of aliphatic allyl- and propynyl-amine

N-ylides and yfimides,7) and have already reported that the 2-ethynylpyridine
N-imides and related compounds undergo thermal intramolecular cyclization to

8)

give 3-azaindolizines. We report here the thermal intramolecular cyclization
of 2-ethynylpyridine N-ylides.

The starting 2-ethynyl-l-phenacylpyridinium bromides (la-c and l0a-c) were
prepared in high yields from the corresponding 2-ethynylpyridines by treatment

9)

with phenacyl bromide. The 2-ethynylpyridines used in the present work were

prepared from the corresponding 2-bromopyridines and acetylenes according to the
reported method.a’lo)

Treatment of the 6-unsubstituted pyridinium salts (la-c) with 1,5-diaza-
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bicyclo[5.4.0]undec-5-ene (DBU) or potassium tert-butoxide in refluxing benzene

) in 60-70% yields. Unexpectedly, heating

gave the 3-benzoylindolizines Qzlll
the salts Ql) in refluxing acetic acid also resulted in cyclization to give the
l-benzoylindolizines (2)11) in 50-70% yields, but no 3-benzoyl isomers Q&l'

Possible mechanisms for these reactions are shown in Chart 1, although none
of the intermediates could be isolated. The N-ylides (4) initially formed from
the salts gl) by the base treatment may cyclize to give the, l1-benzoyl products
gal via the zwitter ionic intermediates (5) and the cyclic ylides (6) successive-
ly. The propynylamine N-ylides and gfoxides are known to undergo a thermal

7)

[2,3]-sigmatropic rearrangement to generate allenic compounds. However, a
concerted mechanism for the present reaction seems unlikely because of prohibi-
tive ring strain in the corresponding five-membered cyclic allenic intermediates.
This behavior is analogous to that observed for 2-ethynylpyridine gfimides.s)
On the other hand, the formation of the l-benzoylindolizines gi) from 1 by the
acid treatment may proceed via the addition of an acetoxy anion to the triple
bond to produce allenic intermediates followed by cyclization to 7, which may
give the ylide intermediates (8) by ring fission. The ylides Sﬁ) may undergo
[2,3]-sigmatropic rearrangement to the bicyclic intermediates (9), which then
give the products (3) by elimination of acetic acid.

However, the 6-methylpyridinium salts (l0a-c), upon treatment with the base,
gave the 2-phenylcycl[3.2.2]azines (;g)lz) in 10-15% yields, together with the
3-benzoylindolizines (}l) in ca. 60% yields. In this case, the initial base-

induced deprotonation from the methyl group to 14 may also occur in competition
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with the deprotonation from the phenacyl group to the ylides (13). The inter-
mediates (;ﬂ) may cyclize to give the cyclic ylides (16) gigv¥§; The cyclic
yvlides gig) may further cyclize to the tricyclic products (}3), analogously to

the formation of 2 from 4. In addition, further treatment of the 3-benzoylindoli-
zines (;&) with the base did not give the cyclazines (lg) and heating the salts
(}2) in acetic acid also gave the l-benzoyl isomers of 11, but no cyclazines.

In contrast to the cases of 6-unsubstituted and 6-methylpyridines, treatment
of the 6-amino-2-ethynylpyridines (17) with phenacyl bromide did not afford the
l-phenacylpyridinium salts (20) and gave the l-azaindolizine hydrobromides (18) 3)
in 85-95% yields, presumably via the salts (20) and their Schiff bases (21).

The azaindolizines (18) were treated with sodium carbonate in water to give the
l-azacycl[3.2.2]azines (}2)l4) in 80-90% yields. The formation of the cyclazines
GEQ from 18 may also involve the cyclic ylide intermediates (33) via 21, as in
the formation of 12.

In conclusion, the present results provide useful new methods for preparing
15) and cyclazines,lG) although many synthetic routes for these
heterocyclic rings are known. Studies on applications of these results to other
systems are in progress. ‘

indolizines
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