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B(CeFs); promotes regio- and stereoselective cyclizations of unsaturated alkoxysilanes to generate oxasilinanes and oxasilepanes. The same
products are available directly from alkenols via tandem silylation and hydrosilylation.

Intramolecular hydrosilylation of alkenes is an important
transformation in organic synthesis. Initialy investigated
for unsaturated silanes® the methodology is now often
applied to unsaturated alkoxy- and aminosilanes,® where
stereospecific oxidative cleavage of the newly formed C—Si
bond enables stereodefined synthesis of diols and aminoal-
cohols.*® The majority of examplesinvolve metal-catalyzed
5-endo or 5-exo ring closures, athough six-membered
cyclizations have been reported.*® We now report regio-
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and stereoselective formation of oxasilinanes and oxas-
ilepanes via formation and cyclization of unsaturated alkox-
ysilanes in the presence of a nonmetal catalyst.

In the course of investigations into the influence of Lewis
acids on the ozonolysis of unsaturated silanes, we found that
addition of B(CgFs)3 to asolution of unsaturated alkoxysilane
1-Pr resulted in regiosel ective formation of oxasilinane 2-Pr
with high 3,5-trans diastereoselectivity (Table 1).”® The
cyclization proceeded efficiently at —78 °C or rt and in the
presence of either stoichiometric or catalytic B(CgFs)s.
Cyclization was also observed for the dimethylsilyl ether (not
shown),® but the hydrolytic instability of this class of

(6) Cyclizationsto form six- or seven-membered rings: (a) Widenhoefer,
R. A. Acc. Chem. Res. 2002, 35, 905. (b) Xin, S.; Harrod, J. F. J. Organomet.
Chem. 1995, 499, 181. (c) DeCamp, A. E.; Mills, S. G.; Kawaguchi, A. T.;
Desmond, R.; Reamer, R. A.; DiMichelg, L.; Volante, R. P. J. Org. Chem.
1991, 56, 3564. (d) Sibi, M. P. e EROS Encyclopedia of Reagents for
Organic Synthesis; John Wiley & Sons: New Y ork, 2001. (e) Widenhoefer,
R. A.; Krzyzanowska, B.; Webb-Wood, G. Organometallics 1998, 17, 5124.

(7) Reviews of B(CgFs)s: (a) Piers, W. E. Adv. Organomet. Chem. 2005,
52, 1. (b) Erker, G. Dalton Trans. 2005, 1883.

(8) Stereochemical assignments are based upon 3Jy couplings, NOE
correlations, and a literature correlation for diol 21.



Table 1. Cyclization of 1-Pr#

iPr\Si,iPr :3(|C6F5)3‘ iPOr?Si/iPr
Hohg oluene U\H
—_— Hex-J3 5)*
Hex/\)LMe H Me
1-Pr 2-Pr
BAr; (equiv) temp (°C)? t (h) yield (%) trans %
1.0 —78 <0.1 82 nd
0.4 rt <0.1 88 nd
0.1 —178 <0.1 93 nd
0.07 rt <0.1 84 94¢

a Prepared as illustrated in Scheme 1. P Final temperature; reactants
mixed at —78 °C. ©5% of the cis-diastereomer isolated.

reactants led us to abandon this thread following the
discovery of the tandem cyclizations discussed later.

Scheme 1. Preparation of Alkoxysilanes
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@ Inseparable 3:1 mixture with 1-chloro-1-akylcyclobutane.

The cyclization, apparently the first intramolecular example
of aknown intermolecular hydrosilylation,'° was investigated
further using alkoxysilanes prepared as illustrated in Scheme
1. 6-Endo cyclization onto an a-substituted styrene (3-Pr)
proceeded slowly but in high yield and with high trans
selectivity (Scheme 2). Cyclization onto a cyclobutene (5-
Pr) proceeded much more slowly through a 6-endo pathway

Scheme 2. Additional Cyclizations
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to furnish a modest yield of the cis-fused adducts (6-Pr) as
a5:1 mixture of side chain epimers. A bishomoallyl substrate,
7-Pr, reacted very dowly through a 6-exo pathway to furnish
a trans-3,6-disubstituted-2-oxa-1-silinane (8-Pr).

B(CeFs); also catalyzes the reductive silylation of
alcohols,™ and we became intrigued by the possibility of
tandem silylation/hydrosilylation (Table 2). B(CgFs)s-

Table 2. Tandem Silylation/Hydrosilylation

X5SiH; (1.1 equiv) X X

)O:V)LR B(CgFs)s (0.1-0.5 equiv) o

| )gv;VL
toluene, 0 °C

Hex R? Hex n R

n

subs n RLR? X t(h) prod yield (%) trans %"
1 1 MeH Et 0.1 2-Et 47 >90

1 1 MeH Ph 0.15 2-Ph 80 >90

3 1 PhH Ph decomp

5 1 (CHy); Ph decomp

9 1 (CHy), Et 05 10-Et® 39 90

9 1 (CHyy Ph 1 10-Ph® 73 84
11°¢ 1 HMe Et 0.1 12-Et 16 60
11°¢ 1 HMe Ph 1 12-Ph 24 ~50
13 2 MeH Et 0.1 14-Et 73 38

a3,5-Stereochemistry. P cis ring fusion; see Scheme 3 for structure of
10-Ph. ©3.3:1 mixture of E/Z isomers.

promoted reaction of alkenol 1 with stoichometric Et,SiH,
or Ph,SiH, generated oxasilinanes 2-Et or 2-Ph with very
similar regio- and stereoselection as observed in the
stepwise cyclizations. Although alcohols 3 and 5 decom-
posed under the tandem conditions, cyclohexenol 9 reacted
to selectively furnish the 3,5-trans diastereomer of cis-
fused octahydrobenzooxasilinanes 10-Et and 10-Ph; the
lower yield for the Et,SiH, reaction is likely related to
undesired reductive deoxygenation (vida infra). Alkenol
11, which generates an intermediate siloxane capable of
undergoing cyclization through electronically comparable
5-exo or 6-endo pathways, reacted only through the latter.
Bishomoallyl alcohol 13 underwent selective reaction
through a 7-endo pathway to furnish oxasilepane 14-Et
as a 62:38 cis/trans mixture.

Reactions employing Et,SiH, often furnished a significant
amount of byproducts appearing to result from alcohol
deoxygenation.*? For example, reaction of benzylic alcohol
15 produced oxasilane 16-Et along with a byproduct identi-
fied as a disiloxane on the basis of mass spectrometry and
oxidative desilylation (Scheme 3).*34
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Scheme 3. Byproduct Formation
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In genera, reactions employing Ph,SiH, proceeded more
slowly but generated fewer byproducts; this can be seen, for
example, in the formation of 10-Et versus 10-Ph (Table 2).
The exception was cyclobutene 5, where decomposition was
observed for either silane.

Oxidative desilylation of the hindered siloxanes was
initially attempted under Tamao conditions (KF, KHCOs,,
aq H,0,, MeOH/THF).®> However, asillustrated in Scheme
4, the oxidations were found to proceed in higher yield using

Scheme 4. Oxidative Desilylation
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a procedure developed by Woerpel (t-BuOOH, CsOH-H,0,
n-Bu,;NF, DMF).® The stereochemistry of diols 19'° and 21'°
was determined by comparison with literature reports,
establishing (14-Et) or confirming (16-Et) the stereochem-
istry of cyclizations.

The cyclizations, clearly related to intermolecular B(CgFs)s-
mediated hydrosilylations'® and potentially related to cy-
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clizations of unsaturated silanes in the presence of triphe-
nylmethyl cation,*” amost certainly involve electrophilic
attack on an akene by a silylium-like species derived from
interaction of B(CsFs); with the Si—H (Scheme 5).181°

Scheme 5. Proposed Mechanism
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Reduction of the resulting carbocation by the hydridoboron
species would furnish the cyclized product and regenerate
the Lewis acid catalyst. The selective formation of 3,5-trans-
disubstituted oxasilinanes can be rationalized by hypercon-
jugation of the newly formed C—Si bond with the carboca
tion,?® with the resulting conformation dictating approach
of the hydride. Analogous stereoselectivity has been observed
in formation of siloxanes through hydrogen atom delivery
to carbon-centered radicals.?*

Although 5-exo cyclizations are well-established for Pt-
or Rh-catalyzed hydrosilylations,’® we observed selective
6-endo versus 5-exo cyclization with a substrate where either
mode would proceed via a secondary carbocation (Table 2,
substrate 11). We also observed very different rates for 6-exo
and 6-endo cyclizations involving electronically similar
carbocation intermediates (7-Pr vs 1-Pr). These results point
to the importance of interactions between the alkene and the
developing silylium-like species. The cis selectivity observed
for six-membered ring annelations, which complements
results from metal-catalyzed cyclizations,*?? presumably
reflects stereoelectronic requirements for trapping of the
B-silyl cations.?® The stereoselectivity of side chain introduc-
tion results from cyclization through the low-energy con-
former of a chairlike transition state (eq 1).

@Sl — s / — &?Q (1)
Hex Hex

Several lines of evidence indicate that the tandem and
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Both processes proceed with nearly identical regio- and
diastereoselectivity. Furthermore, diakylsilyl ethers are
observed (TLC) as intermediates in some of the slower
reactions and become the only product when cyclization is
disfavored, as for alylic alcohol 17 (Scheme 3). Finaly, a
diene substrate reacts selectively across the homoallyl alcohol

(eq 2).

Ph, _Ph
OH Ph,SiHy, o>
__BGfs My M@
Tol, 3h, 0°C Me
(CHy)7CH=CH, 66% (CH5)7CH=CH,

The formation of deoxygenated byproducts is observed
mainly in the tandem reactions. The chemosel ective deoxy-
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B(CsFs)3 has been postulated to involve attack of a silylium
ate complex on intermediate silyl ethers,™ suggesting the
deoxygenations result from intermolecular reductions directly
competing with cyclization.

Overdll, the transformation provides a new method for the
regio- and stereoselective synthesis of cyclic siloxanes and
derived diols. Given that B(CgFs); has been reported to
catalyze the hydrosilylation of ketones and aldehydes, it
islikely the method could be extended to allow the synthesis
of oxasilacycles from unsaturated aldehydes and ketones.
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