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SYNTHESIS OF DEOXYISOPODOPHYLLOTOXIN AND EPIISOPODOPHYLLOTOXIN.
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Abstract. Cyclisation of the tandem conjugate addition products }-3 by
displacement of either the OH or SPh group provides a short efficient synthesis
of lignan lactones including compounds of the clinically important
podophyllotoxin series.

In continuation of our earlier studies1 on the synthesis of lignan lactones
we have now prepared a number of aryltetralin lactones including deoxyisopodo-
phyllotoxin and epiisopodophyllotoxin by cyclisation of the tandem conjugate
addition products 1-3. The benzylic alcohols }-3 are readily prepared by
conjugate addition of appropriate sulphur-stabilised carbanions to butenolide
followed by trapping of the enolate anions so generated with an aromatic
aldehyde.2 Thus, the erythro isomer l (Scheme 1) was obtained in ca. 80%
yield by reacting the carbanion derived from 3,4-dimethoxybenzaldehyde
bis{phenylthio)acetal with butenolide and then with piperonal. Desulphurisation
of } with Raney nickel followed by treatment with trifluroacetic acid (TFA) gave
the aryltetralin 4 in 50% overall yield. However, treatment of } itself with
TFA gave retrochinensin §4 in 60% yield, indicating that under these conditions
the SPh group is the preferred leaving group. In contrast, treatment of 1 with
conc. aqueous perchloric acid gave a quantitative yield of two epimeric
rearrangement products 8. Direct cyclisation of [ could not be achieved
although after reduction of the deactivating ketone group followed by acylation,

cyclisation could be accomplished to give the aryltetralin 8 in 30% yield.
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Scheme 1

In an attempt to reduce the ease with which the SPh group was removed from l
we next prepared the corresponding adducts 22 and gb containing only one SPh
group (Scheme 2). Both 33 and gk were obtained as a mixture of isomers in 100%
and 51% yield respectively. Treatment of 2a with Meerwein's reagent gave the
dihydroretrochinensin 9a (40%), while treatment with TFA afforded cyclisation in
the alternative manner to give the aryltetralin lactone 1Qa (61% + 16% of minor
isomer), thus realising our objective1 of inducing cyclisation by displacement of
either the OH or SPh group leading selectively to either of the two series of
lignan lactones. We believe that this methodology will be general, and will

readily give rise to large numbers of similar compounds.
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Desulphurisation of QR followed by treatment with TFA gave deoxyisopodo-
phyllotoxin lkks’s in 60% overall yield. However, treatment of gk itself with
TFA gave only the retro-lactone lﬁk (58% + 8% of minor isomer), formed by
displacement and rearrangement of the SPh group. The difference in the modes of
cyclisation of gg and gk can be attributed in part to the poor stabilisation
afforded to an adjacent carbocation by the 3,4,5-trimethoxyphenyl group, in turn

due to the geometric disposition of the 4-methoxyl group.7'8

R%= R? = OMe, R4R5 = OCH,0, Ré= H
R2R3 = OCH20, R4= RS = R® = OMe
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Scheme 2
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Use of perchloric acid on gk instead of TFA did in fact give a low yield (21%) of
the required product AQb, in addition to the retro-lactone 12k The SPh group
of lﬁk could be readily replaced by OH by treatment with mercuric
trifluoroacetate followed by aqueous work-up which gave the alcohol lﬁk in 62%
yield.

Finally, in order to further reduce the leaving group ability of the SR
group we prepared the Buts analogue 3b. Treatment of 3h with perchloric acid
gave, in addition to the retro-lactone lﬁk (43%) the required 4-substituted
aryltetralin lactone kik (47%), formed by displacement of the OH group.

Treatment of ka with Raney nickel gave once again deoxyisopodophyllotoxin 1;R in
gquantitative yield, while treatment with mercuric trifluoroacetate gave

epiisopodophyllotoxin kag in 60% yield.
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