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A new silyl group, the benzhydryldimethylsilyl group, has been developed that is easily synthesized and that undergoes facile oxidation. The
[3 + 2] annulation reactions of allylic silanes with this silyl group provide a variety of highly substituted five-membered carbocycles and
heterocycles with high stereoselectivities. The silyl groups of these cyclic compounds have been oxidized to hydroxyl groups to demonstrate
the general synthetic utility of the method.

The [3 + 2] annulation reactions of allylic silanefave migration leading to the [3+ 2] annulation products. The
received much attention because they provide highly ste-use of these hindered silanes has created other difficulties,
reoselective methods for the synthesis of functionalized five- such as attenuated reactivity of the allylic silane and difficult
membered-ring carbocycles and heterocyéiésSterically removal of the silyl moiety from the annulation prodégt.
demanding silyl groups have been previously employed to Meyers et al. have introduced the trityldimethylsilyl moiety
retard elimination processesind thus to favor the silyl  as a solution to these problems, because the allylic silane
bearing this group is highly reactive, and the trityl unit may
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rolidinones’ This silyl group has several attributes that render
it well suited for annulation processes: (1) it can be easily
introduced to allylic silanes, including highly substituted
allylic silanes; (2) it is bulky enough to suppress Sakurai-
type product$and to obtain [3+ 2] annulation products
with a variety of electrophiles; (3) it is tolerant to a variety
of synthetic procedures; and (4) it can be easily oxidized to
a hydroxyl group under mild conditions.

The utility of the benzhydryldimethylsilyl moiety was
demonstrated by the reactions of the simplest allylic deriva-
tive allylbenzhydryldimethylsiland with a,f-unsaturated
ketones. Allylbenzhydryldimethylsilariecould be prepared
by deprotonation of diphenylmethane followed by quenching
with commercially available allyldimethylchlorosilane (82%
yield, Scheme 1). The TiGlpromoted [3+ 2] annulation
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of allylic silane 1 with enone2 in the presence of 2,6-di-
tert-butylpyridine (DTBP) provided entirely the annulation
product3in 92% yield (Scheme B3<13Meyers’ procedure
for the oxidation of the trityldimethylsilyl grolf8oxidized
the corresponding benzhydryldimethylsilyl group smootfily.
Treatment of silan8 with n-Bu,;NF displaced the benzhydryl
group?® and the resulting reaction mixture was exposed to
the Tamao conditions to yield alcohélin high yield.
Allylbenzhydryldimethylsilanel can be used for the
synthesis of five-membered heterocycles as well as carbo-
cycles. The [3+ 2] annulation ofl and o-keto ester5*
gave tetrahydrofura@ in 81% yield (Scheme 2¥ Only 5%
of the Sakurai product was obtained, again indicating that

(12) (a) Smitrovich, J. H.; Woerpel, K. Al. Am. Chem. S04.998,120,
12998-12999. (b) Smitrovich, J. H.; Woerpel, K. A.Org. Chem2000,

the benzhydryldimethylsilyl group was sufficiently bulky to
undergo the 1,2-silyl migration over nucleophilic attack. The
benzhydryldimethylsilyl group of tetrahydrofura® was
oxidized to afford alcoho8 in good yield (Scheme 2). To
demonstrate that the benzhydryldimethylsilyl group could
withstand strongly reducing conditions, the ester moiety of
6 was reduced to provide alcoh®in high yield. Oxidation

of 9 provided diol10 cleanly.

Having demonstrated the utility of the simple benzhy-
dryldimethylsilyl allylic silane in the [3+ 2] annulations,
we were interested in the use of substituted allylic silanes to
prepare more functionalized annulation products. dsib-
stituted (E)-benzhydryldimethylcrotylsilanes were prepared
using the procedure developed in our laboratory (Scheme
3).22 The requisite chlorosilantl was prepared directly from
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(13) For the annulation produc® 6, and20, only one diastereomer

was detected byH NMR spectroscopy, and the stereochemistry was diphenylmethane and dichlorodimethylsilane in 70% yield.

assigned by comparison to the analogous reported compounds (see refs
4,5, and 7). Furthermore, spectral datid and13C NMR) obtained for4
were identical to those reported by Knélker and Meyers (refs 2c and 5c).

(14) The benzhydryl group was expected to be as good a leaving group
as the trityl group because they have comparable basicities: Bordwell, F.
G. Acc. Chem. Red988,21, 456—463.

(15) A recent work has shown that the benzylsilyl group can also be
oxidized to a hydroxy group with the same procedure: Miura, K.; Hondo,
T.; Nakagawa, T.; Takahashi, T.; Hosomi, @rg. Lett. 2000, 2, 385—

388.

1380

2Silylation of the THP ether of 3-butyn-2-0l12) with

chlorosilanell, followed by hydroboration and protonolysis
of the alkyne and removal of the THP group, afforded the
allylic alcohol with high g)-selectivity. This alcohol was
then treated with phenyl isocyanate to afford carbardte

The copper-mediatedyd' reactions ofl14 provided (E)-

crotylsilanesl5 and 16 with high selectivities?
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Highly substituted benzhydryldimethylsilyl allylic silanes Benzhydryldimethylsilyl allylic silanes can also be utilized
15and16 undergo annulation reactions with high efficiency. for the preparation of nitrogen-containing heterocycles.
In the presence of BFOE, allylic silane 15 reacted with Previous work from our laboratory has shown that the-[3
hydrocinnamaldehyde to give tetrahydrofura@ in high 2] annulation ofN-chlorosulfonyl isocyanate (CSI) with
yield as a single diastereomer B NMR spectroscopic allylic silanes provides a stereoselective synthesis of trisub-

ana|ysis (Scheme 4) The two S||y| groups]ﬂfcoukj then stituted 2-pyrro|idinone§‘ Benzhydrylsilanel6 underwent
annulation with CSI to furnish lacta20 in 88% yield as a

single stereoisomer after in situ reduction with 25%,Na
_ SGO; (Scheme 532 Oxidation of the benzhydryldimethylsilyl
Scheme 4
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group of20 provided 4-hydroxy-2-pyrrolidinon21 in 81%
yield without epimerization.

In conclusion, the benzhydryldimethylsilyl group has been
developed as a useful new silyl moiety for{32] annulation

be oxidized sequentially (Scheme 4). The benzhydryldi-
methylsilyl was first oxidized using the two-step, one-pot o4 tions of allylic silanes. We have utilized this group to
procedure (n-BiNF/H;O,) to afford alcohol18. Oxidation  hrenare 4 variety of oxygenated five-membered ring systems
of the terminal dimethylphenylsilyl group under acidic jn high yields and with high stereoselectivities. The utility
conditions® was not attempted because of concern about of henzhydryldimethyl allylic silanes in annulation processes
p-elimination:® Oxidation under basic conditionsBUOK/  has been demonstrated by our recent formal synthesis)ef (

DMSO)"" yielded none of the desired di@B*® Successful  peduncularine with a [3- 2] annulation as a key stép.
oxidation was achieved by one-pot bromodesilylation/oxida-

tion (AcOOH/KBr)}!® affording 19 in 75% vyield. The
stereochemistry of dial9 was proven by X-ray diffraction
analysis of its bis(3,5-dinitrobenzoate) derivatife.
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