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Organotin reagents have become standard tools in
organic synthesis,1 with applications of radical processes
mediated by Bu3SnH being particularly widespread.2,3
One drawback associated with the use of Bu3SnH is the
toxicity of certain triorganotin species,4 and the develop-
ment of non-tin-based alternatives has therefore been the
focus of considerable attention. The pioneering studies
of Chatgilialoglu and Barton have established that tris-
(trimethylsilyl)silane5 and dimethyl phosphite6 may serve
as useful substitutes for Bu3SnH in many synthetic
applications. However, silicon, phosphorus, and tin
radicals are distinct chemical entities, and they can
therefore display disparate behavior, both in terms of
reactivity toward a given functional group7 and in terms
of stereoselectivity.8

Rather than seeking substitutes for organotin reagents,
we are developing tin-catalyzed variants of processes that
are known to be accomplished by a stoichiometric quan-
tity of an organotin compound.9 In one version of this
approach the tin catalyst effects the key transformation
of the substrate, and then an otherwise inert organosili-
con species regenerates the tin catalyst from the initial
reaction product.10,11 This strategy allows us to exploit
the relatively well-understood, sometimes unique, chem-
istry of tin, while greatly reducing the amount of orga-
notin reagent that is required. We describe herein the

successful application of this approach to the radical-
mediated conjugate reduction of R,â-unsaturated ke-
tones.12

The 1,4-addition of Bu3SnH to an enone via a radical
chain process (eq 1) was first reported by Pereyre and
Valade in 1965.13-15 Two years later, the same group
noted that a tin enolate can react with a silicon hydride
to generate a tin hydride and a silyl enol ether.16 We

have established that these two observations form the
basis for a new catalytic process, the Bu3SnH-catalyzed,
PhSiH3-mediated conjugate reduction of an R,â-unsatur-
ated ketone (Scheme 117 ). Treatment of a wide array of
enones with 10 mol % of Bu3SnH and 1.2 equiv of
PhSiH3

18 in refluxing toluene (di-tert-butyl peroxide as
initiator), followed by basic hydrolysis, provides the
saturated ketones in good yields (eq 2; Table 1). Hin-

dered â,â-disubstituted enones are cleanly reduced (Table
1, entries 3 and 4), and dienones undergo selective
monoaddition (Table 1, entries 5 and 619). Control
experiments for each substrate establish that little (0-
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Scheme 1. Proposed Catalytic Cycle for
Bu3SnH-Catalyzed Conjugate Reduction of Enones
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8%) reduction is observed in the absence of Bu3SnH
under otherwise identical conditions.
In conclusion, we have developed an organotin hydride-

catalyzed, silicon hydride-mediated method for effecting
the conjugate reduction of R,â-unsaturated ketones. This
catalytic process is mechanistically distinct from other
silane-based procedures for accomplishing this transfor-
mation, all of which rely upon catalysis by a transition
metal.20

Experimental Section

General Methods. All substrates were obtained from Ald-
rich, with the exception of (R)-(+)-pulegone, which was pur-
chased from Eastman Kodak. Each substrate was purified by
distillation immediately prior to use, except for (R)-(+)-pulegone
and trans,trans-dibenzylideneacetone, which were purified by
flash chromatography. Bu3SnH (Gelest) and PhSiH3 (Fluka)
were distilled, and di-tert-butyl peroxide (Aldrich) was used as
received. Toluene was distilled from sodium.

Analytical thin layer chromatography was accomplished using
EM Reagents 0.25 mm silica gel 60 plates. Flash chromatog-
raphy was performed on EM Reagents silica gel 60 (230-400
mesh).
All reactions were carried out in oven-dried, sealed Schlenk

tubes under an atmosphere of argon with magnetic stirring. All
yields reported in Table 1 are the average of two runs. Reaction
products for entries 1-5 (Table 1) were identical by 1H and 13C
NMR with authentic reduction products that were either com-
mercially available or prepared independently.
Representative Procedure: Conjugate Reduction of

3-Nonen-2-one (Table 1, Entry 1). PhSiH3 (130 mg, 1.2
mmol), Bu3SnH (29.1 mg, 0.1 mmol), and di-tert-butyl peroxide
(29.2 mg, 0.2 mmol) were added to a Schlenk tube containing a
colorless solution of 3-nonen-2-one (140 mg, 1.0 mmol) in 0.2
mL of toluene. The resulting homogeneous reaction mixture was
placed in a 120 °C oil bath and stirred for 12 h, at which time
GC showed the reaction to be complete. The mixture was diluted
with acetone (10 mL), and then 4 N NaOH (10 mL) was added
dropwise, leading to vigorous bubbling. The resulting orange
solution was stirred for 30 min, and then the product was
isolated by extraction (EtOAc). The organic layer was dried
(MgSO4) and concentrated, providing an orange oil. Flash
chromatography (10% EtOAc/hexanes) afforded 112 mg (80%)
of nonan-2-one, a colorless oil.
The conjugate reduction of 3-nonen-2-one on a 5 mmol scale

provided a 72% yield of nonan-2-one (average of two runs).
(E)-1,5-Diphenyl-1-penten-3-one:white solid; 1H NMR (300

MHz, C6D6) 7.50 (d, 1H, J ) 16.1 Hz), 7.30-7.10 (m, 10H), 6.62
(d, 1H, J ) 16.2 Hz), 3.06 (t, 2H, J ) 7.7 Hz), 2.68 (t, 2H, J )
7.6 Hz); 13C NMR (75 MHz, CDCl3) 199.1, 142.5, 141.1, 134.3,
130.3, 128.8, 128.4, 128.3, 128.1, 126.0, 42.3, 30.0; IR 3028, 2919,
1685, 1613, 1496, 1449, 999, 748, 696 cm-1; HRMS calcd for
C17H16O 236.1201, found 236.1202; mp 54.0-54.5 °C.
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(19) Because the enone product illustrated in entry 6 (Table 1) is
not revealed until hydrolysis of the initially formed silyl enol ether
occurs (Scheme 1), only one of the two carbon-carbon double bonds of
trans,trans-dibenzylideneacetone is reduced.
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Table 1. Bu3SnH-Catalyzed Conjugate Reduction of
Enones (eq 2)

a 1.8:1 mixture of diastereomers.
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