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Abstract: An efficient strategy for the deoxygenation of sulfoxides
and amine N-oxides using B(C¢Fs); and hydrosilanes has been
developed. The method affords the corresponding aromatic or
aliphatic products in good to high yields, and shows good functional
group tolerance under mild conditions.

Introduction

Boron Lewis acids have spurred widespread interest as powerful
tools for activaton of hydrosilanes®™ and related
transformations.? Meanwhile, hydrosilanes employed as low
toxic, highly active and handling easily substances have also
received considerable attention. Consequently, the combined
use of B(CsFs)s and hydrosilanes is found to be a method for the
deoxygenation of alcohols®! and ethers® as well as carbonyl
compounds and their derivatives.® The past decade has
witnessed spectacular advances in metal-free catalytic
reductions, particularly using B(CsFs)s/silanes.? In addition, the
reduction of sulfoxides and amine N-oxides into - their
corresponding sulfides and amines is an important reaction due
to its considerable utility in organic synthesis. Over the past
years, many systems have been employed for the
deoxygenation of sulfoxides including reagents such as
silane/Mo0,Cl,,®  oxo-complexes,”’  gold * nanoparticle,®
Zn(OTf)2/Bx(pin); or Zn(OTf)./boranes,”® SOCI,,* Fe powder,*"
ruthenium nanoparticle,*? and 1,.*® On the other hand, the
deoxygenation of amine N-oxides involved In,*¥ Mo(CO)s,™
cu,™ NbCls/zn,*? Raney nickel,™ diboron reagents,™ ‘and
gold nanoparticle.”” However, many reagents employed for
these deoxygenation processes are expensive,”® & 3 sensitive to
both air and moisture™ *? or using transition metal under harsh
conditions. Herein, a novel method, B(C¢Fs); deoxygenation of
sulfoxides and amine N-oxides with hydrosilanes is presented.

Results and Discussion

The deoxygenation of methyl phenyl sulfoxide was chosen as
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the model reaction for studying the influence of hydrosilanes,
and critical parameters such as solvents and temperature. In
order to compare the catalytic activities of several hydrosilanes,
phenylsilane, diethylsilane, and triphenylsilane as representative
primary, secondary, and tertiary silanes were investigated.
These reagents had a dramatic effect on the product yields. To
our delight, the addition of small bulk of silane sources such as
tetramethyldisiloxane (TMDS) and diethylsilane had positive
effects. While there was no reaction in the presence of
triphenylsilane, perhaps because the steric hindrance is involved
in the Si-H bond cleavage. Fortunately, using PhSiHs;, the
desired product was isolated in 85 % yield (Table 1, entry 2).
The influence of solvents was investigated as well. Since
tetrahydrofuran (THF) could interact with the B(CgFs)s,?! the
catalyst activity was reduced, giving the desired product in 42 %
yield. Using acetonitrile and 1,2-dichloroethane (DCE) as
solvents, the substrates were converted into the expected
products in 60 % and 75 % yields, respectively (Table 1, entries
8-9). Ultimately, the effect of temperature was studied. The yield
could be slightly increased by elevating the temperature to
100 °C (Table 1, entry 10). However, when the reaction was
carried out at room temperature (Table 1, entry 1), no product
was obtained. Considering lower temperature may be good for
functional group tolerance, and provide a mild condition, 60 °C
was selected as the optimized temperature. As a result, (Tablel,
entry 2) was selected as the standard condition.

Table 1. Optimization studies for the deoxygenation of methyl phenyl
sulfoxide catalyzed by B(CeFs)s."

® B(CoFs)s (5mol %)
S< hydrosilane S<
solvents
temperature
8h

Entry Hydrosilane  Solvent T°C] Yield [%]™
1 PhSiH; toluene r.t. trace
2 PhSiH; toluene 60 85
3 TMDS toluene 60 75
4 Et,SiH, toluene 60 73
5 PMHS toluene 60 64
6 Ph3SiH toluene 60 trace
7 PhSiH; THF 60 42
8 PhSiH; MeCN 60 60
9 PhSiH; DCE 60 75
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10 PhSiH; toluene 100 86

[a] Reaction conditions: sulfoxide 1a (0.5 mmol, 1 equiv.) and hydrosilane (1
mmol, 2 equiv.) with B(CsFs)s (5 mol %) in solvent (1.5 mL) at the
investigated temperature for 8 h. [b] Yield of isolated product.

To probe the scope of the reaction, we applied the optimized
conditions to a variety of sulfoxides. The deoxygenation of
various sulfoxides to the corresponding sulfides was obtained in
high yields, including sulfides bearing electronwithdrawing or
electrondonating groups (Table 2). As shown in the Table 2, the
deoxygenation of halogenated sulfoxides proceeded smoothly
(Table 2, entries 4-6). Although the B(CgFs)s/EtsSiH was
reported to promote the hydrodefluorination of alkyl fluorides at
room temperature,® substrate 1d (Table 2, entry 4) was
tolerated under the standard reaction conditions giving the
desired product 2d in 60 % yield. Chloro and bromo substituted
sulfoxides afforded the corresponding products (2e, 2f, and 2h)
in moderate to high yields, which might be employed for further
structural manipulations such as the coupling reaction.

Table 2. Deoxygenation of various sulfoxides catalyzed by B(C4Fs)s

Q B(C4Fs)s (5mol %)
S\ T —— ls\ 2
RITTR? PhSiHs, toluene R*R
1 60°C 2
Entry  Substrate Product Yield™ (%) Entry Substrate  Product Yield (%)
Q
1 _S< 2a 85 ] .
~ 2 72
Ph”™"Me 9 P> Bn i
g Q
2 - 2b 65 Sa .
Ph™ B 10 B Me 2 62
(o]
n 2 g
N 75 ~
3 S Me Me
11 2k 60
(o] (o]
1" [
S*Me 12 X Swe 2 82
4 2d 60 \ o
F
o) q
5. SN
5 /©/ Me 2¢ 80 13 2m 82
Cl
o) (o]
1] g
S. N
6 Me ot 73 14 2n 81
HOL
Br B
o OH o
n 1"
[)/S‘Me 15 /©/S\ 20 87
7 o 29 77 HO
o—
9
cl S. 7 N\
Me N=
8 \Q/ 2h g7 16 /@EH » 7
/7S,
Cl \O N \b
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[a] Reaction conditions: sulfoxides (0.5 mmol, 1 equiv.) and PhSiH3 (1 mmol, 2
equiv.) with B(CsFs)3 (5 mol %) in toluene (1.5 mL) at 60 °C for 8 h. [b] Yield of
isolated product.

Particularly worth mentioning is the case that sulfoxide with —
NO, was not reduced to —NH, (Table 2, entry 7), despite the
B(CeFs)s/EtsSiH could reduce of aromatic and aliphatic nitro
groups with hydrosilanes,® perhaps because of the
temperature and the amount of hydrosilanes. In other words, S—
O bond is more active than the N-O bond. Furthermore,
aliphatic and heterocyclic  sulfoxides all  underwent
deoxygenation sufficiently, providing the corresponding sulfides
in good yields (Table 2, entries 11-12). Sulfoxides with —OH
afforded the desired products (2n and 20) in high yields. We
also tried the reduction of omeprazole 1p with the
PhSiH3/B(CsFs)s (5 mol %) system, ufiprazole 2p was obtained
in 71 % yield (Table 2, entry 16).

Due to the compatibility with a range of functional groups
clarified in the reduction of sulfoxides, it seems possible to be
suitable for reduction of other organoheteroatom oxides. To
evaluate the general applicability of the PhSiH3/B(CsFs)s (5
mol %) system, we also made an investigation of the
deoxygenation of various aromatic and aliphatic amine N-oxides
listed in the Table 3. The deoxygenation of quinoline N-oxide
afforded quinoline 4a in 84 % yield (Table 3, entry 1), and the
reduction of isoquinoline N-oxide provided 4b in 82 % yield
under mild conditions (Table 3, entry 2). The remarkable
functional group tolerance of our experimental conditions was
observed in the deoxygenation of amine N-oxides with functional
groups such as nitro, halogeno and carbonyl groups, to the
corresponding amines in good to excellent yields (Table 3,
entries 4, 6, 11, and 12).

Furthermore, examples for the deoxygenation of aliphatic
amine N-oxides, including alicyclic and phenylic and substituted
phenylic N-oxides to amines showed in high yields (65-75 %;
Table 3, entries 9-11). This methodology had a positive effect on
complex molecules. It worked well when we use this
methodology to obtain complex natural products 4l (Table 3,
entry 12).

Based on previous reports®! and our results, we assume that
the B(CsFs); acts as a Lewis acid (Figure 1). Initially, interaction
of the hydrosilane with the Lewis-acidic boronic center activates
the Si—H bond, in order to facilitate sulfoxides attacking at the
silicon atom, thus an activation of the S=O bond occurs.
Subsequently, the complex reacts further with another
equivalent of hydrosilane to afford [R'R?SH]". Finally,
protonation of [HB(CsFs)s] by the [R'R*SH]* liberates free Hs,
sulfide and B(C¢Fs)s. This mechanism is closely related to that
described for the deoxygenation of phosphine oxide by
Oestreich and Stephan.” In addition, the mechanism for the
deoxygenation of amine N-oxides is similar to that reported by
Namboothiri.”® The activated silane reacts with the N-oxide
substrate with simultaneous hydrogen transfer at C,. The
transient intermediate then rearomatizes with concomitant
elimination of silanol, affording corresponding products.

This article is protected by copyright. All rights reserved.
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Table 3. Deoxygenation of various amine N-oxides catalyzed by B(CgFs)s.””

Q B(CeFs)s (5mol %) \
AN
) PhSiHa, DCM ,

3 60°C 4

Entry Substrate Product Yield (%) Entry Substrate Product Yield®! (%)

Ph
1 N  4a 84 8 [ 4n 78
+7, +7,
N N
| [
o} o}
o
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CO C
2 4b 82 9 4i 65
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N Br 12 a 82
o}
B
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[a] Reaction conditions: amine N-oxides (0.5 mmol, 1 equiv.) and PhSiH; (0.75
mmol, 1.5 equiv.) with B(CgFs); (5 mol %) in DCM (1.5 mL) at 60 °C for 8 h.
[b] Yield of isolated product.
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Figure 1. Proposed catalytic cycle for the reduction of sulfoxides and N-oxides.
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Conclusions

In conclusion, the PhSiH3/B(CsFs)s System serves as an efficient
methodology for deoxygenation of a wide range of sulfoxides
and amide N-oxides with other reducible substituents intact
(such as —F and —NO,) in good to excellent yields without any
additives. This approach also features a mild condition, high
chemical selectivity, and good functional group tolerance to
obtain drug intermediate and natural product. This protocol
should be very useful in future because of the ease of operation,
the environmentally friendly reaction conditions, and its wide
scope.

Experimental Section

General Procedure for the Deoxygenation of Sulfoxides and Amine
N-oxides: To a mixture of an appropriate sulfoxides or amine N-oxides
(0.5 mmol) and B(CsFs)s (5 mol %) in a standard Schlenk tube, 1 mmol of
PhSiH; for sulfoxides (0.75 mmol for amine N-oxides) was added. The
mixture was evacuated and backfilled with N (3 times). Then, the solvent
(1.5 mL) was added via syringe, and the mixture was stirred at 60 °C for
8 h. The resulting reaction mixture was concentrated under reduced
pressure and purified by column chromatography using petroleum
ether/ethyl acetate to afford the corresponding products.
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