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SUBSTITUENT EFFECTS ON 2-AZA-5-HEXYNYL RADICAL CYCLIZATION REGIOCHEMISTRY
Joong-Kwon Choi, David J. Hart*, Yeun-Min Tsai
Department of Chemistry, The Ohio State University, Columbus, Ohio 43210

Summary: Cyclizations of several N-acyl-2-aza-5-hexynyl radicals are described. The regiochemi-
cal course of these cyclizations depend on the nature of substituents at the alkyne terminus.

We recently showed that the cyclization of N~-acyl-2-aza-5-hexenyl radicals of type % pro-
vides a promising new entry to pyrrolizidinones and indolizidinones.l During the course of this
work, we also examined the cyclization of several N-acyl-2-aza-5-hexynyl radicals of type %.
This report describes the initial results of this study and in particular documents the influ-

ence that substituents exert on the cyclization regiochemistry.
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We began our studies by examining the behavior of a-acylamino radical %ﬁ. Thus, treatment
of thiophenoxylactam %2 with tri-n-butyltin hydride and AIBN in benzene under reflux3 gave a 61%

yield of reduction product é and 27% of the endo cyclization product é. presumably via the inter-

Me ?e
SPh
“t/ nBuzSnH I
N PhH , AIBN k/N
o )
3 4 (61 %)
+
Ry ,,R& Me
-z
N Pd on C N
o EtOH 0
Ri=H ,Ry=Me 5 (27%)

PEVERS L. )

R|='Me s R2=H

4765



4766

4
mediacy of radical 2a. The structure of 2 was established by its conversion to a separable
mixture of known indolizidinones Q and 1 upon catalytic hydrogenation.l’5’6 It is noteworthy

that no products derived from exo cyclization were detected. Although only a few examples of

5-hexynyl radicals have been reported, in all cases only exo cyclization products were obtain~

ed.7
Although reduction of a-acylamino radical %% by tri-n-butyltin hydride was competitive
with cyclization, even under high dilution conditions, we undertook a substituent study to ex-

plore the generality of this approach to indolizidinones.8 To our surprise, when a-thiophen-

oxylactam §2’3 was treated with tri-n~butyltin hydride, a 927 yield of a 2:7 mixture of 2 and

kg + kk, respectively, was obtained.9’10 The structures of %2 and %% were proven by protode-
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1 to afford olefin }2 followed by catalytic hydrogenation to a separable mixture of

silylationl
1,12 Two effects of trimethylsilyl substitution are ap-

the known pyrrolizidinones }3 and }4.

parent from this result. First, the rate of cyclization, relative to reduction, is raised to a

synthetically useful 1eve1.13 Second, exo cyclization becomes the predominant regiochemical
14,15
course of the reaction, ’

In an attempt to determine whether silicon played a major role in the observed regiochemi-

cal reversal, the behavior of a-acylamino radical gg was examined. Treatment of a-thiophenoxy-

lactam ké2’3 with tri-n-butyltin hydride gave an 847 yield of roughly a 1:1.4 mixture of 16 and
A+ %@.10 Thus radicals 2b and 2¢ behave similarly and the role played by silicon appears to
' 2% v

be minor.
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From a mechanistic standpoint, it is apparent that subtle steric and electronic effects
which we do not yet thoroughly understand are responsible for the regiochemical results pre-
sented above and we defer speculationm until further experimental information is obtained.

From a synthetic standpoint, the cyclization of radical %k provides a potentially useful route
to l-methylene pyrrolizidin-5-ones and applications of this chemistry to alkaloid synthesis
are in progress.
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