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The Barton-McCombie procedure for the deoxygenation of
alcohols (Figure 1)1,2 is an extremely useful method that has
found widespread application in synthetic organic chemistry.3

This radical-mediated process typically employs 1.5-3 equiv
of Bu3SnH as the reducing agent. In this paper, we describe
the first catalyzed variant of the Barton-McCombie deoxy-
genation reaction, using Bu3SnH as the catalyst and polymeth-
ylhydrosiloxane (PMHS; TMSO-(SiHMeO)n-TMS) as the sto-
ichiometric reductant (eq 1).

Bu3SnH is an extraordinarily versatile reagent for organic
synthesis.4 Unfortunately, some tributyltin-containing com-
pounds are toxic,5 a fact that has stimulated the development
of alternatives to Bu3SnH.6 Silicon hydrides have been the
primary focus of attention, and in a number of instances they
have been shown to serve as suitable substitutes for Bu3SnH.7

However, disparate reactivity has also been observed,8 as would
be expected for fundamentally distinct families of compounds.
Rather than forsaking Bu3SnH due to concerns about toxicity,

we are developing processes in which it is employed as a
catalyst in conjunction with an innocuous stoichiometric re-
ductant.9,10 This strategy allows us to exploit the well-
developed, sometimes unique, chemistry of Bu3SnH while
greatly diminishing the quantity of organotin residue that is
generated. The application of this approach to a Bu3SnH-
catalyzed variant of the Barton-McCombie deoxygenation
reaction is outlined in Figure 2. The reduction of a thionocar-
bonate by Bu3SnH affords COS, the desired alkane, and Bu3-

Sn(OPh) (Figure 2, left-hand side; cf. Figure 1);11 Bu3Sn(OPh)
then reacts with the stoichiometric reductant, M-H, to regener-
ate the Bu3SnH catalyst (Figure 2, right-hand side).
We chose to focus on the use of PMHS (TMSO-(SiHMeO)n-

TMS) as the stoichiometric reductant for our tin-catalyzed
Barton-McCombie process, based on the report of Itoi that
PMHS can reduce Bu3Sn(OPh) to Bu3SnH.12 Furthermore,
PMHS possesses the attributes of being nontoxic,13 easily
handled,14 and inexpensive.15

We have successfully developed a Bu3SnH-catalyzed, PMHS-
mediated Barton-McCombie reaction based on the strategy
illustrated in Figure 2. Thus, treatment of a thionocarbonate
with 7.5 mol % of (Bu3Sn)2O, 5 equiv of PMHS,16 5.5 equiv
of n-BuOH, and 2,2′-azobisisobutyronitrile (AIBN) in toluene
(80-110 °C) provides the desired reduction product in good
yield (eq 1; Table 1, catalyzed),17,18comparable to that observed
for reactions that employ Bu3SnH as the stoichiometric reductant
(2.0 equiv; Table 1, stoichiometric).19 Thionocarbonates derived
from simple alcohols (entries 1 and 2), as well as from
carbohydrates (entries 3 and 4), are smoothly deoxygenated.
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Figure 1. The Barton-McCombie deoxygenation reaction.

Figure 2. Proposed catalytic cycle for the Bu3SnH-catalyzed Barton-
McCombie deoxygenation reaction.

6949J. Am. Chem. Soc.1997,119,6949-6950

S0002-7863(97)01400-5 CCC: $14.00 © 1997 American Chemical Society



Reduction of a 2,3-epoxy alcohol derivative affords an allylic
alcohol (entry 5), as expected for a radical-mediated process.20

We have also effected the Bu3SnH-catalyzed deoxygenation of
a phenylthionocarbonate derived from a primary alcohol,
1-octadecanol (entry 6).21 In the absence of (Bu3Sn)2O under
otherwise identical conditions, no reaction (<2% conversion)
is observed for any of the substrates illustrated in Table 1.
The use of (Bu3Sn)2O, rather than Bu3SnH, and the inclusion

of n-BuOH in our tin-catalyzed Barton-McCombie reduction
(eq 1) warrant explanation. In initial studies, we established
that Bu3SnH itself does indeed serve as an effective deoxygen-
ation catalyst. On the basis of reports that treatment of (Bu3-
Sn)2O with PMHS at 80°C (neat) affords 1 equiv of Bu3SnH,22

we explored the viability of (Bu3Sn)2O as a precatalyst in our
Barton-McCombie reduction, and we determined that Bu3SnH
and (Bu3Sn)2O can in fact be employed interchangeably.

Compared with Bu3SnH, (Bu3Sn)2O has advantages from the
standpoints of cost23 and stability.24 Furthermore, we established
that the presence ofn-BuOH leads to more efficient utilization
of (Bu3Sn)2O: whereas, treatment of (Bu3Sn)2O with PMHS
at 80 °C in the absence ofn-BuOH provides 1 equiv of Bu3-
SnH, 2 equiv of Bu3SnH is produced in the presence ofn-BuOH
(eq 2).25

In addition to aiding the initialgenerationof Bu3SnH from
the precatalyst,n-BuOH serves a second important functionsit
facilitates theregenerationof Bu3SnH from Bu3SnOPh (eq 3;
∼10-fold acceleration versus non-BuOH), which represents the
turnover step for the catalytic reaction (Figure 2, right-hand
side). Indeed, when the Barton-McCombie reduction of the

thionocarbonate derived from cyclododecanol (Table 1, entry
1) is run under the standard catalytic conditions,17 but without
n-BuOH, less than 10% conversion to cyclododecane is
observed.
In summary, we have developed a novel Bu3SnH-catalyzed,

PMHS-mediated variant of the Barton-McCombie deoxygen-
ation reaction; the reduction of Bu3SnOPh to Bu3SnH in the
presence ofn-BuOH provides the critical turnover step for the
catalytic cycle. Compared with the original procedure, which
requires stoichiometric Bu3SnH, this catalytic process is superior
from the standpoints of decreased cost and tin waste, as well as
increased ease of product purification. The development of
other Bu3SnH-catalyzed processes is underway.
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Table 1. Bu3SnH-Catalyzed Barton-McCombie Deoxygenation of
Alcohols (eq 1)

a Average of two runs.b Twelve mol % (Bu3Sn)2O was used.
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