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Abstract: The reaction of silylated thioacetals 2a, b with different bisepoxides 1, 4, § is investigated. The
silicon-induced domino reaction opens a short route from D-mannitol to the highly functionalized

carbocycles 7-10. Using this cascade, 4-epi-validatol (12) is synthesized. © 1999 Elsevier Science Ltd. All rights
reserved.

Recently, we have reported the one-pot synthesis of 1,3-difunctionalized cyclopentanes, -hexanes and
-heptanes by a silicon-induced domino reaction.' This reaction proceeds via a 1,4-shift of the silyl group from
carbon to oxygen” after nucleophilic attack of a silyl-substituted sulfur-stabilized carbanion on an epoxyalkyl
tosylate, followed by intramolecular displacement of the tosylate group (Scheme 1).
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Though a competition between the oxirane and the tosylate units as electrophilic centers might be
anticipated, the nucleophilic attack of the carbanions on the epoxyalkyl tosylates occurs chemo- and
regioselectively on the unsubstituted carbon of the epoxide; an analogous selectivity was shown by
chlorohydrines.” Thus, the reaction leads to carbocycles as only products. However, the use of bisepoxides with
two nearly identical oxiranes as biselectrophiles would lead to a mixture of cyclization products due to
comparable reactivity towards carbanions. Only meso or C,-symmetrical bisepoxides should prevent formation
of different regioisomers.

To investigate the general suitability of bisepoxides in the silicon-induced domino reaction 2,3-dimethyl-
1,2-3,4-diepoxy butane (1), obtained from the corresponding butadiene by epoxidation,’ was chosen as a simple
biselectrophile. Reaction with the lithiated silylthioacetals 2a, b yielded the cyclopentanediols 3a, b (Scheme
2).}

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
P1l: S0040-4039(99)00386-X



2922

SMe3 RS _ SR

0 aR: Me
mCPBA
6% §\f b Q b R: <(CHy)y-
OHOTMS

1 (rac/ meso 2:1) 3a, b (45-55%,

Scheme 2 rac/ meso 2:1%)

The carbohydrate-based C,-symmetrical bisepoxides 4, 5* > are other interesting biselectrophiles for this
domino reaction. In analogy to the cyclization of 4, S with amines to give piperidines and azepanes, 8¢ we
expected two different cyclization products. In fact, reaction of 4, 5§ with C, bisanion equivalent 2a yielded the

cyclohexanes 7, 8 as well as cycloheptanes 9, 10 along with acyclic by-products 6 (Scheme 3, Table 1).7
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Table 1. Yields of Cyclization Products and Reaction Conditions

Entry Bisepoxide Reaction Conditions Cyclohexane Cycloheptane acyclic Product

1 4 -40°C- -20°C, 7 (23 %) 9a (29 %) ---
1 day 9b (11 %)
2 4 -80°C- -20°C, 7 (29 %) 9a (20 %) -—
1 day 9b (10%)
3 4 -80°C, 1 day 7 (30 %) 9a (16 %) -
-80°C- -20°C, 8 (21 %) 10 (10 %) 6a (11 %)
1 day 6b (3 %)
5 5 -80°C, 1 day 8(19%) 10 (16 %) 6a (12 %)

Cyclohexanes 7, 8 are results of a 6-exo-fer-cyclization while cycloheptanes 9, 10 arise from an equally
favored® 7-endo-fet ring closure. Unfortunately, the selectivity with regard to 6-exo-ter~/ 6-endo-tet-cyclization
is not very pronounced. It varies between nearly 2:1 (Table 1, entries 3 and 4) and 0.6:1 (Table 1, entry 1).
There is some effect of the reaction temperature on the ratio of carbocycles, but in contrast to similar problems
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known in the literature,>®° variation of the protective groups failed to give a more chemoselective reaction.
Thioacetal 2b as bisanion equivalent turned out to be less reactive than 2a and gave no satisfactory results.

The silicon-induced domino reaction opens a very short way of converting sugars into highly functiona-
lized carbocycles. Thus, cyclohexanes 7, 8 are epimeric at C-4 to validatol. In fact, following simple

deprotection protocols cyclohexanes 7, 8 were converted into 4-epi-validatol (12) in one or two steps,
9.10

respectively (Scheme 4).
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In spite of the lack of selectively in the ring closure step, this approach represents a short and efficient

route to 4-epi-validatol (12) in only 7 steps and up to 6 % overall yield.
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