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Unexpected Reversal in Stereochemistry of Radical Alkyne Cyclisation
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Abstract : Reductive cyclisation with BusSnH (0.07 M) of the secosteroidal alkyne iodide 2 and
alkyne dithiocarbonate 3 gave stereoselectively E-21-methoxy-pregna-5, 17(20)-diene, 4. With
BuaSnH (2.4 M) 2 again gave only 4 whereas 3 gave a 7:3 ratio of the Z:E isomers 5:4. An
explanation is put forward invoking a Barton intermediate.

As a part of our investigation of the stereochemistry of radical alkyne cyclisations
using secosteroidal substrates® we converted the alcohol 1 to the iodide 2 and the
dithiocarbonate (xanthate) 3° to be used as substrates for the study of reductive
cyclisation with BuzSnH. Scheme 1 gives the structures of the three products expected
namely 4, 5 and 6.
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These should arise from reaction of the intermediate primary radical 7 expected to be
produced by the action of BuzSnH on both the iodide 2 and the xanthate 3. Mechanism of
formation of 7 from xanthate is given in Scheme 24, Irrespective of its mode of formation,
radical 7 is expected to attack the unactivated alkyne irreversibly5 to generate a mixture
of fast interconverting vinyl radicals®. Hydrogen atom abstraction from BuszSnH is the next
step and should lead to 4 and/or 5. The relative amounts of these E, Z isomers should be
the same irrespective of whether 2 or 3 is used as the actual amounts produced is
determined by the relative energies of the transition states leading to 4 and 5. Apparently
formation of 5 is disfavoured and hence 4 was the sole isolable product obtained in the
reaction of both 2 and 3 with low concentration of BuzSnH (0.07 M). The yield was 85%
and 73% from 2 and 3 respectively. A most unexpected result was obtained when a high
concentration (2.4 M) of the reagent was used’. Whereas the iodide 2 gave only the E
isomer 4 in 70% yield, the xanthate 3 gave a €0% vyield of a mixture of Z and E isomers
with the former predominating. The ratio of 5:4 was 7:3. Any explanation for the "reversal
of sterochemistry” on using the xanthate must take into account that the same xanthate
gave exclusively the E isomer 4 when a low concentration of BuzSnH was used.
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A reasonable explanation is that an intramolecular hydrogen atom abstraction Ieadlng
to the Z isomer intervenes in the case where "reversal" is observed. Fortunately Barton
had obtained hemithioacetals in the reaction of xanthates with BusSnH. According to him
the diversion to these from fragmentation to alkyl radical is due to the reaction of its
immediate precursor with additional molecules of BuzSnH. The path proposed by him for
formation of a thioformate intermediate is followed in Scheme 2. We propose that the
radical formed by attack of BusSn”" on the thioformate 8, takes part in a concerted reaction
which involves fragmentation, cyclisation and intramolecular hydrogen atom abstraction
by a vinyl radical.
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The methoxy group is not the primary cause of the "reversal". Thus the desmethoxy
analogue of 2 gives the desmethoxy analogues of 4 and 5 in the ratio of 70:30 with
BusSnH (2.4 M) while with the desmethoxy analogue of 3 a “reversal" to a ratio of 43:57
results under the same conditions.
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