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ABSTRACT

Radical cyclizations of alkenyl iodides in both 5- and 6-(π-exo)-exo-dig modes were effected by tributyltin hydride and AIBN to give exo-cyclic
dienes fused to five- and six-membered rings in good yields.

Exo-cyclic dienes are versatile and useful diene components
in Diels-Alder reactions.1 They are also characteristic
substructures of vitamin D3 and its derivatives,2 e.g., 1,
Scheme 1. Among various methodologies known for syn-
thesis ofexo-cyclic dienes, the palladium-catalyzed cycliza-
tion3 of enynes 2 to exo-cyclic dienes4 and anionic
cyclization4 of haloenynes3 to 4 are general and efficient.
Alternatively, the radical cyclizations of haloenynes3 to 4
would be straightforward.5-7 However according to the
previous study, only 5-(π-exo)-exo-digradical cyclization

was facile. The corresponding 6-(π-exo)-exo-digcyclization
was reported to be unfavorable.6 To the best of our
knowledge, there are only two cases of 6-(π-exo)-exo-dig
radical cyclization of poor yields reported in the literature.7

As an extension of our study in radical cyclization reactions,8

we have also investigated radical cyclizations of alkenyl
iodides. Contrary to the previous reports, we found that not
only 5-(π-exo)-exo-digbut also 6-(π-exo)-exo-digradical
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cyclizations proceeded smoothly to giveexo-cyclic dienes
in good yield. Herein we report our preliminary results.

Diynyl esters 11-16 were prepared by conventional
methods.9 Reaction of compounds5, 6, 7, 9, and10 with
n-butyllithium and methyl chloroformate gave acetylenic
methyl esters11, 12, 13, 15, and16. Double deprotonation
of 8 with n-butyllithium (2.2 equiv) followed by reaction
with methyl chloroformate (3 equiv) afforded diester14.
Treatment of esters11-16 with sodium iodide and acetic
acid at 65°C according to Lu’s method10 gaveâ-iodo R,â-
unsaturated esters17-22,Scheme 2. Radical cyclizations

of â-iodo R,â-unsaturated esters17-20 were effected by
the treatment with tributyltin hydride and AIBN to afford
exo-cyclic dienes23-26in 58-77% yield.11 In these 5-(π-

exo)-exo-dig cyclizations, theexo-cyclic dienes obtained were
all in E,E configuration, Table 1.

We then attempted the 6-(π-exo)-exo-digradical cycliza-
tion with â-iodo R,â-unsaturated esters21 and 22. Com-
pounds21 and22 were treated with tributyltin hydride and
AIBN by slow addition using a syringe pump. Surprisingly,
compounds21 and 22 also underwent radical cyclization
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127.4, 130.0, 130.3, 134.8, 137.0, 157.8; IR (CHCl3) 2938, 1607, 1509,
1247, 1094 cm-1; MS (EI) m/z256 (M+, 100); HRMS calcd for C17H20O2
256.1463, found 256.1464.
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Table 1. Radical Cyclization ofâ-Iodo R,â-Unsaturated Esters

a Isolated yield.b The structures of theexo-cyclic dienes were confirmed
by NOE experiments.c The ratios were determined by1H NMR integration.
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smoothly to give products27/28and29/30in 68% and 76%
yields, respectively, Table 1.

Encouraged by our success on6-(π-exo)-exo-digmode of
radical cyclization of21 and 22, we then examined more
reactions as shown in Table 2. The required radical precur-

sors were procured as outlined in Scheme 3. Treatment of
acetylenic alcohols31-36 with NaH in THF followed by

reaction with 3-bromo-2-iodocyclohex-1-ene gave com-
pounds37,38,40-43 in 76-86% yield. Reaction of37with
EtMgBr and TMSCl gave compound39 in 90% yield.

When compounds37-43 were treated with tributyltin
hydride and AIBN, once again we found that6-(π-exo)-exo-
dig radical cyclizations were facile, Table 2.12 In entries 1-3,
compounds37, 38, and39 underwent cyclization smoothly
to giveexo-cyclic dienes44, 45, and46 in good yield. It is
noteworthy to mention that a similar cyclization in the case
of acyclic substrate was reported as totally unsuccessful by
Crich et al.6 When the triple bond was substituted with a
isopropenyl group or aromatic rings, entries 4-7, the yields
of the exo-cyclic dienes47-50were improved, Table 2.

In conclusion, we have developed a new alkenyl radical
cyclization methodology for the construction ofexo-cyclic
dienes fused to five- and six-membered rings. Contrary to
the previous report,6 we found that 6-(π-exo)-exo-digcy-
clizations of alkenyl radicals are highly efficient. We believe
that this methodology is potentially useful in the total
synthesis of natural products.
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Table 2. 6-(π-Exo)-Exo-DigCyclization of Alkenyl Radicals

a Isolated yield.b The structures of theexo-cyclic dienes were confirmed
by NOE experiments, and the ratios ofE andZ isomers were determined
by 1H NMR integration.
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