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Since its discovery by Ono and Tanner in 1981,' the
radical-mediated reduction of nitroalkanes to alkanes with
stoichiometric BusSnH has become the most widely em-
ployed method for effecting this useful transformation.?—>
Because of the toxicity of certain tributyltin compounds,® as
well as the purification problems that often accompany the
use of BusSnH,” the development of equally efficient,
alternate methods that diminish the need for Buz;SnH has
obvious significance. Although silicon hydrides, in particular
(Me3Si)sSiH, can serve as substitutes for BusSnH in a
number of radical-mediated processes,® Chatgilialoglu has
established that (Me3Si)3;SiH cannot effect the reduction of
nitroalkanes to alkanes.®

We have recently reported the development of BuzSnH-
catalyzed variants of several families of reactions that had
previously been achieved with stoichiometric BugSnH.10.11
In the catalytic cycle for these processes, the first elementary
steps involve the known stoichiometric reduction chemistry
of BusSnH, and the subsequent steps effect regeneration of
the BusSnH catalyst with an otherwise innocuous reductant.
In this paper, we establish that this strategy can be applied
to the conversion of nitroalkanes to alkanes, using 10%
BusSnH as the catalyst and PhSiH3; as the stoichiometric
reducing agent (eq 1).
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Figure 1 provides a simplified version of a potential
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Figure 1. Proposed catalytic cycle for the BusSnH-catalyzed
reduction of nitroalkanes to alkanes.

catalytic cycle for the BusSnH-catalyzed reduction of a
nitroalkane to an alkane. Initially, reaction of a nitroalkane
with 1 equiv of BuzSnH produces an alkane and BuzSnONO
(Figure 1, “stoichiometric reaction”).1* In the regeneration
phase of the catalytic cycle, a second metal hydride (M—H)
reduces BuzsSnONO to BuzSnH (Figure 1, “turnover step”).

In our earlier work on BusSnH-catalyzed processes, we
established that, for reactions that produce Bu3zSnOR in the
“stoichiometric reaction” phase of the catalytic cycle, silanes
(M—H = Si—H) serve as effective reducing agents in the
“turnover step.”1% Because others had shown that the re-
duction of Sn—0 bonds by silanes proceeds more slowly as
the oxygen becomes less basic,2 we were initially somewhat
pessimistic about the likelihood that a silane would be able
to reduce BusSnONO to BusSnH. In the case of nitroalkane
reduction, the thermal instability of BusSnONO (almost
complete decomposition after several hours at 60 °C)!3 places
a stringent requirement on the efficiency of the turnover
step. Fortunately, our concern proved to be unfounded:
Treatment of BusSNnONO with PhSiH3; at room temperature
leads to immediate and quantitative formation of BusSnH
(eq 2).1

BusSn—ONO  PhSiHz d—> BusSn—H  (2)
g-toluene
1197 NMR: 5 83 rt. 11980 NMR: 5 -89
<10 min.
quantitative

Coupled with the previously reported stoichiometric reac-
tion, this new BuszSnH-forming process provides the basis
for a catalytic method for the reduction of nitroalkanes to
alkanes (Figure 1). Thus, treatment of any of a variety of
substrates with 10% BuzSnH and 0.5 equiv of PhSiH; in
refluxing toluene furnishes the desired alkane in good yield
(Table 1; catalyzed);*>~17 in the absence of BusSnH under
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Table 1. BusSnH-Catalyzed Reduction of Nitroalkanes
to Alkanes (Eq 1)

Isolated Yield (%)%

Entry Substrate Catalyzed” Stoich.’
TBSO— NO,
19 _>< 7 7
Me” "Me
Et. NO,
5 BnO\)ﬁ/OBn 71 74
Me  NO»
s O\'/\)<Me 75 78
Co
Q NO, o
4 WOH 76 79
Me NO,

5 e S en 70 67

MsO
NO,
6 MsO OMs 61 s8'
0 O
EtOMOEt
NO,

79 67 70

a Average of two runs. ° (1) 10% BuzSnH, 0.5 equiv of PhSiH3,
0.2 equiv of ACHN, toluene, 110 °C, 5 h; (2) 0.2 equiv of ACHN, 3
h. ¢ (1) 1.5 equiv of BusSnH, 0.2 equiv of ACHN, toluene, 110 °C,
5 h; (2) 0.2 equiv of ACHN, 3 h. 9Yields by GC vs an internal
standard: catalytic BusSnH, 90%; stoichiometric BuzSnH, 93%.
¢ These reactions were run at 80 °C with AIBN as the initiator.
fBased on 76% conversion. This reaction is slower than the
catalytic reaction, due to the low solubility of the substrate under
the stoichiometric reduction conditions. 9 These reactions were run
at 80 °C with AIBN as the initiator (8 h for the catalytic reaction;
2 h for the stoichiometric reaction). The yields were measured by
GC vs an internal standard.

(16) Reductions can be achieved with lower catalyst loadings, but longer
reaction times are required. The use of smaller amounts of initiator
sometimes leads to incomplete reduction.

(17) In several of our earlier studies of BuzSnH-catalyzed reactions, we
established that the presence of a primary alcohol can facilitate regeneration
of BusSnH (ref 10a—c). However, added primary alcohol is detrimental in
the case of Bus;SnH-—catalyzed reductions of nitroalkanes to alkanes
(possibly due to the formation of HNO,).
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otherwise identical conditions, <10% reduction is observed.
Importantly, the new catalytic reaction proceeds with ef-
ficiency comparable to the stoichiometric BusSnH method
(Table 1). Like the stoichiometric method, the catalytic
reaction is effective for the reduction of tertiary nitroalkanes
and activated secondary nitroalkanes and is compatible with
functionality such as ethers, acetals, ketones, esters, nitriles,
and mesylates.3

For the reduction of the TBS ether of 2-methyl-2-nitro-1-
propanol (Table 1, entry 1), we have determined that the
concentration of BusSnH remains constant throughout the
course of the reaction, consistent with our understanding
of the catalytic cycle. Reduction of this substrate on a 4-g
scale provides a 71% yield of the alkane (eq 3), illustrating
the practicality of the new catalytic process.

TBSO NO» 10% BugSnH TBSO H
N e N O
Me Me 1.0 PhSiH3 Me Me
40g initiator 71%
toluene, A

In conclusion, we have described the development of a
new BusSnH-catalyzed method for the reduction of nitroal-
kanes to alkanes. The catalytic cycle is based on a known
stoichiometric reaction and a previously unknown catalyst-
regeneration step. We have established that the catalytic
process is comparable to the stoichiometric in terms of
efficiency and that it is amenable to scale-up. In view of
the fact that the conversion of nitroalkanes to alkanes is
currently most often accomplished with stoichiometric
Bu3zSnH, we anticipate that this environmentally friendlier,
BusSnH-catalyzed variant may become the method of choice
for effecting this important transformation.
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