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ABSTRACT

The use of a silicon stereocontrol element in cyclobutanol and cyclopentanol-forming cyclizations mediated by SmI2 results in excellent
diastereocontrol. The C-Si bond in the products of cyclization provides a versatile handle for further manipulation. An asymmetric route to
cyclization substrates involving copper-catalyzed silyl transfer has also been developed.

Since its introduction by Kagan,1 samarium(II) iodide (SmI2)
has become one of the most important reducing agents in
organic synthesis.2 The versatile reagent has been used to
mediate many processes, ranging from functional group
interconversions to complex carbon-carbon bond-forming

sequences.2 Cyclization reactions are arguably the most
useful transformations mediated by SmI2, and these have
been used extensively in natural product synthesis.2b,d

We have developed a SmI2-mediated 4-exo-trig radical
cyclization3 to construct cyclobutanols and have employed
the transformation in an approach to the pestalotiopsin and
taedolidol natural products.4,5 Unfortunately, attempts to† University of Manchester.
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control facial selectivity in the SmI2-mediated 4-exo-trig
radical cyclization using a silyl ether stereocontrol element, as
in cyclization substrate 1, resulted in low diastereocontrol
(Scheme 1).4c Coordination to samarium(III) appears to com-

promise the role of the silyl ether as a “blocking” group. In
addition, elimination of the silyloxy group from the intermediate
Sm(III)-enolate 2 proved problematic (Scheme 1).4c

Here we describe a revised approach that exploits silicon
connected to carbon as a stereocontrol element and in which
cyclizations proceed with high to complete diastereocontrol.
To our knowledge, this is the first example of a silicon
substituent directing the stereochemical course of a cycliza-
tion reaction mediated by SmI2.

We proposed that attaching the silyl group directly to carbon
in substrates 3 (cf. 1) would remove the possibility of unwanted
coordination to Sm(III) and elimination (see Scheme 1).

The silyl group would control the outcome of the reaction
by blocking one face of the alkene, resulting in radical
addition from the other. Furthermore, the synthetic equiva-
lence of the C-Si bond to a C-O bond6 would allow silicon-
free cyclic products to be obtained and could minimize the
use of hydroxyl protecting groups (Scheme 2).

The construction of the C-Si bond was used to facilitate
the assembly of racemic cyclization substrates (Scheme 3). The
one-pot conjugate addition of silyl cuprates7 to (2H)-furanone

followed by quenching of the resultant enolate with aldehyde
43c gave aldol adducts 5 in good yield. Elimination of the
mixed aldol diastereoisomers 5a,b gave the required Z-
alkenes 6a,b as the major products (Scheme 3).8,9 Removal
of the thioacetal protection then gave the cyclization
substrates 3a,b. Thus, cyclization substrates 3 can be prepared
in three steps from simple starting materials.

Pleasingly, treatment of rac-3a with SmI2 in THF-MeOH
gave cyclobutanol 7a as the major product in high yield with
good diastereoselectivity (6:1 dr) (Scheme 4). Cyclization

of rac-3b bearing a more bulky silyl group gave 7b with
complete diastereocontrol.10 We were surprised to see that
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Scheme 1. Cyclization of a Silyl Ether Substrate

Scheme 2. Proposed Cyclizations Directed by a C-Si Bond

Scheme 3. Three-Step Synthesis of Cyclization Substrates

Scheme 4. SmI2-Mediated Cyclizations Directed by a Silyl Group
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in all cases the intermediate Sm(III)-enolate11 is protonated
on the same face as the silicon group. This may arise from
protonation by MeOH bound to the Sm(III) center (see
Scheme 4). The relative stereochemistry in the cyclobutanol
products was confirmed by NOESY experiments12 and X-ray
crystallographic analysis of 7a.13

We have also assessed the value of a silicon stereocontrol
element in SmI2-mediated reductive-aldol cyclizations de-
veloped in our group.14

The preparation of ketone cyclization substrates began with
conjugate addition of silyl cuprates to (2H)-furanone fol-
lowed by quenching of the resultant enolates with aldehyde
9.15 Adducts 10a,b underwent elimination to give alkenes
11a,b as inconsequential mixtures of isomers.16 Finally,
removal of the thioketal protection gave the cyclization
substrates 12a,b (Scheme 5).

Treatment of rac-12a,b with SmI2 in THF-MeOH gave
cyclopentanols 13a,b with complete diastereocontrol (Scheme
6). The stereochemistry of 13a and 13b was confirmed by
X-ray crystallographic analysis.13

The asymmetric synthesis of cyclization substrates is also
possible.

Silyl lactone R-14 can be synthesized from vinylsilane 15
by Sharpless dihydroxylation17 and conversion of the diol
to unsaturated alcohol 17 (77% ee).18 Oxidative cyclization
of 17 then gave R-14 (Scheme 7).19

A more direct asymmetric approach to silyl lactone R-14
utilizes Hoveyda’s recently reported copper-catalyzed silyl
transfer reaction.20 Unfortunately, Hoveyda’s optimal
precatalyst system proved ineffective for silyl transfer to
(2H)-furanone.21 However, new precatalyst 18 was de-
signed22 and was found to give R-14 in 67% yield and
82% ee (Scheme 8).
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Scheme 5. Four-Step Synthesis of Cyclization Substrates

Scheme 6. Reductive-Aldol Cyclizations Directed by a Silyl
Group

Scheme 7. Asymmetric Approach to Cyclization Substrates
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Enantiomerically enriched R-14 (70% ee) was then
converted to R-3a using the sequence outlined in Scheme 3:
aldol reaction with aldehyde 4, elimination and deprotection
gave R-3a in good overall yield. Subsequent treatment with
SmI2 in THF-MeOH gave enantiomerically enriched cy-
clobutanol (-)-7a (70% ee, HPLC) (Scheme 9).

Finally, the C-Si bond in the products of directed cycliza-
tions can be oxidized stereospecifically.6 For example, oxidation
of cyclobutanol 7a under Fleming-Tamao conditions23 gave diol
19 in moderate, unoptimized yield (Scheme 10). Alternatively,

the C-Si bond can be used as a precusor to alkenes in a
Peterson olefination:24 Reduction25 of 13a gave triol 20 which
underwent elimination under basic conditions to give 21
(Scheme 10).

In summary, we have shown the potential of a silicon
group bonded directly to carbon as a stereocontrol element
in SmI2-mediated cyclizations during which two or three new
stereocenters are formed. Preliminary studies show the value
of the C-Si bond in cyclization products as a synthetic
handle for further manipulation. A catalytic asymmetric route
to cyclization substrates has been developed.
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Scheme 8. Improved Asymmetric Approach to Cyclization
Substrates

Scheme 9. Cyclization of an Enantiomericaly Enriched
Substrate

Scheme 10. Manipulation of the C-Si Bond in Cyclization
Products
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