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Palladium-catalyzed reduction of ketones with nBu2SnH2
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Abstract—Whereas the Pd(PPh3)4-catalyzed reduction of ketones with nBu3SnH does not proceed at all, the use of nBu2SnH2,
instead of nBu3SnH, leads to the efficient reduction of a variety of ketones in the presence of a catalytic amount of Pd(PPh3)4

under mild conditions, providing the corresponding alcohols in good yields. The stereoselectivity in the reduction of cyclic ketones
is also investigated by using this Pd(PPh3)4/

nBu2SnH2 reduction system. © 2002 Elsevier Science Ltd. All rights reserved.

Organotin hydrides are extensively utilized in organic
synthesis as useful reducing reagents for alkyl halides
and carbonyl compounds under radical or ionic condi-
tions.1–3 In addition to these reactions, the tin hydride
reduction of acid chlorides,4 thioesters,5a and
selenoesters5b to the corresponding aldehydes is found
to take place very smoothly by using transition metal
catalysts such as palladium(0) catalysts. However, little
is known about the examples of transition-metal-cata-
lyzed reduction of ketones with nBu3SnH.6 In fact, the
attempted reduction of ketones such as 2-octanone with
tri(n-butyl)tin hydride (1.2 equiv.) in the presence of
Pd(PPh3)4 catalyst did not proceed at all (Eq. (1)).

(1)

Herein we report a novel finding that, when nBu2SnH2,
instead of nBu3SnH, is employed for the Pd(PPh3)4-cat-
alyzed reduction system, a variety of ketones can be
successfully reduced to the corresponding alcohols
under mild conditions (Eq. (2)).

(2)

As can be seen from Eq. (3), 2-octanone is efficiently
reduced with nBu2SnH2

7 in the presence of a catalytic
amount of Pd(PPh3)4, while, in the absence of
Pd(PPh3)4, the reduction does not proceed at all in the

dark. Even in the absence of Pd(PPh3)4, however, the
reduction of 2-octanone with nBu2SnH2 takes place if
the reaction vessel is not shielded from room light, most
probably by a radical mechanism induced by room
light. Therefore, the palladium(0)-catalyzed reductions
of ketones were carried out in the dark.8

(3)

Catalyst Mol% ConditionEntry Yield (%)

Pd(PPh3)4 Dark >951 1
0 Dark 02
0 Room3 84

light

Table 1 represents the results of the Pd(PPh3)4-cata-
lyzed reduction of ketones with nBu2SnH2.9,10 A variety
of ketones undergo the palladium-catalyzed reduction
with nBu2SnH2 conveniently, providing the correspond-
ing alcohols in good yields. Functionalities such as
olefinic (both unconjugate and conjugate11), ester,
alkoxyl, and fluoro groups, are tolerant to the reduc-
tion (entries 1, 4, 3, 6, and 7). On the other hand, the
palladium-catalyzed reduction of di(sec-alkyl) ketones
such as dicyclohexyl ketone led to the formation of the
corresponding alcohol in low yields (56%), probably
due to the sterical hindrance. Although aromatic
ketones, e.g. benzophenone, generally provide the low
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Table 1. Palladium(0)-catalyzed reduction with nBu2SnH2
a dium-catalyzed reduction. If radical species such as

nBu2SnH� participates in this reduction, cyclopropyl-
carbinyl radical intermediate (A) might be generated in
situ. Since the ring-opening rate for cyclopropylcarbinyl
radicals is known to be as fast as 108 s−1,12 a ring-
opened reduction products (2 or 3) might be formed.
However, such products were not observed at all and
only 1-cyclopropyl-1-heptanol (1) was obtained in the
palladium-catalyzed reduction (Scheme 1). In addition,
cyclopropyl n-hexyl ketone was not reduced with
nBu2SnH2 in the absence of Pd(PPh3)4, as can be seen
from Eq. (4). On the other hand, the reduction of
cyclopropyl n-hexyl ketone, upon irradiation with a
tungsten lamp through Pyrex (h� >300 nm), proceeded
and gave the alcohol (1) and the ring-opened alcohol
(3) in the ratio of 8:2 (Eq. (5)). These results suggest
that the present palladium-catalyzed reduction does not
involve the radical mechanism.

(4)

(5)

Moreover, the stereoselectivity of this reduction was
investigated by using several cyclic ketones (Table 2).
LiAlH4 and NaBH4, as general reducing agents for
carbonyl compounds, are known to indicate the axial
attack preferentially,13 whereas bulky reagents such as
Li[(CH3)2CHCH(CH3)]3BH prefer the equatorial attack

yield (32%) of the corresponding alcohols under the
standard reduction conditions, prolonged reaction time
(4 h) leads to the increase of the yield (91%).

To get insight into the reaction pathway, a cyclopropyl
n-hexyl ketone was used as a substrate for the palla-

Table 2. Stereoselectivity in the reduction of cyclic ketones

Scheme 1. Reduction of a cyclopropyl ketone.
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due to the steric repulsion with substrates.14 The
present reduction of cyclic ketones proceeded almost
quantitatively, and their stereoselectivities indicated
similar trends as the LiAlH4- and NaBH4-reduction.

In conclusion, we have developed the first example of
palladium-catalyzed reduction with nBu2SnH2.
Although the transition-metal-catalyzed reduction of
ketones with nBu3SnH does not take place at all, the
use of nBu2SnH2 in the palladium-catalyzed reduction
system makes it possible to reduce various ketones.
Further investigations to clarify the precise reaction
pathway are now in progress.
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