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Abstract—The addition of catecholborane (HBcat; cat = 1,2-O2C6H4) to a wide range of sulfoxides affords the corresponding sul-
fides, dihydrogen, and catBOBcat. The diboron compound catBOBcat acts like a Lewis acid and will coordinate one molecule of the
starting sulfoxide. Although deoxygenations with bulky or electron withdrawing sulfoxides are slow, these reactions can be greatly
accelerated with the use of excess HBcat or by employing a rhodium catalyst.
� 2004 Elsevier Ltd. All rights reserved.
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The reduction of sulfoxides to the corresponding sulfides
is an important reaction that has found considerable
utility in organic synthesis1 and in biochemical reac-
tions.2 While numerous methods are available for the
deoxygenation of sulfoxides, they often suffer from seri-
ous disadvantages, such as the use of expensive reagents
that are difficult to handle, functional group incompati-
bility, difficult work-up procedures or harsh reaction
conditions (i.e., low pH, high temperatures, or long
reaction times).3 For instance, a recent report describes
the reduction of sulfoxides using 2,6-dihydropyridine;
however, reactions must be carried out at elevated tem-
peratures and for the case of diphenyl sulfoxide, tetra-
methylene sulfone must be used as a solvent to ensure
complete conversion.4

Although a number of borane reagents, such as thexyl-
chloroborane-methyl sulfide5 and BBr63 have also been
used for these deoxygenation reactions, the difficulty in
handling these highly reactive reagents makes their use
somewhat impractical. In this study, however, we report
that catecholborane (HBcat; cat = 1,2-O2C6H4),
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is a more stable and easily handled dialkoxyborane,
can be used for the gentle and efficient deoxygenation
of a wide range of sulfoxides.8

We have found that reactions can be carried out at
room temperature using 3equiv of HBcat to give the
corresponding sulfide in quantitative yield along with
dihydrogen and the diboron compound catBOBcat
(Scheme 1).9 Related chelating diborane derivatives
have found recent utility as co-initiators in the polymer-
ization of isobutene and other boronic anhydrides
derived from the hydrolysis of B–X (X = H or Cl) have
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Scheme 1. Deoxygenation of sulfoxides using catecholborane.
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Table 1. Deoxygenation of sulfoxides using 3 HBcat in C6D6

Entry R R 0 Time (h) 11B NMRa

1 CH3 CH3 48 14.8

2 –(CH2)4 0.25 14.8

3 PhCH2 CH3 0.5 16.2

4 Ph CH3 150 17.5

5 4-CH3C6H4 CH3 150 17.9

6 Ph Ph >500 18.4

7 Ph CH@CH2 — 18.9

8 4-ClC6H4 4-ClC6H4 >500 20.8

9 4-O2NC6H4 4-CH3C6H4 >500 21.3

10 CF3CH2 CH2Ph >500 21.4

a 11B NMR of catBOBcatÆOSRR0 adduct in ppm, which could also be

obtained by independent 1:1 reaction of catBOBcat with sulfoxide.
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Scheme 2. Possible mechanistic pathway for the deoxygenation of

sulfoxides using HBcat.

Figure 1. Molecular structure of catBOBcat dmso, with displacement

ellipsoids drawn at the 30% probability level. Hydrogen atoms have

been omitted for clarity. Selected bond lengths [Å]: B(9)–O(7) 1.464(3);

B(9)–O(8) 1.469(3); B(9)–O(10) 1.430(3); B(9)–(20) 1.534(3); B(11)–

O(10) 1.324(3); B(11)–O(12) 1.393(3); B(11)–O(13) 1.400(3).
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also been reported.10 The formation of two B–O bonds
provides an enormous enthalpic driving force (DH
180kcal/mol) for these deoxygenations.11 Not surprising
is that reactions of sulfoxides containing bulky (Table 1,
entries 6, 8, and 9) or electron withdrawing groups (en-
tries 9 and 10) take considerably longer for complete
conversion. Reactions with phenyl vinyl sulfoxide (entry
7) are complicated by competing addition of HBcat to
the activated alkene.

With a slight excess of HBcat, reactions proceed initially
to give varying amounts of deoxygenation product
along with catBOBcat (by 1H NMR spectroscopy).
However, the formation of this latter species signifi-
cantly retards reaction rates as it forms a relatively sta-
ble Lewis acid–base bond with any unreacted sulfoxide.
For instance, with 3equiv of HBcat, complete conver-
sion of dimethyl sulfoxide (dmso) to dimethyl sulfide oc-
curs in 48h (entry 1). Presumably the long reaction time
is due to strong adduct formation with the small and
basic dmso substrate and the diboron compound. Inter-
estingly, no adduct formation is observed between the
softer sulfide and HBcat, or catBOBcat. At higher
HBcat concentrations, however, the hydroborating rea-
gent is presumably able to compete with catBOBcat and
form a more reactive Lewis acid–base adduct, which
then goes on to rapidly deoxygenate the sulfoxide. For
instance, the reaction with dmso is complete within
10min, if 6equiv of HBcat are used to facilitate the
deoxygenation. This rate increase with excess HBcat is
observed in all reactions, including those involving the
bulky and sluggish aryl sulfoxides (entries 6, 8, and 9).

Deoxygenations of sulfoxides with boranes and substi-
tuted boranes (R2BH) are believed to proceed via initial
Lewis acid–base adduct formation followed by loss of
the desired sulfide along with the R2BOH species
(Scheme 2).5,6 This latter transient species reacts rapidly
with another equivalent of the hydroborating agent to
give dihydrogen and R2BOBR2.

A single crystal X-ray diffraction study was conducted
on the dmso catBOBcat adduct, the molecular structure
of which is shown in Figure 1.12 The diboron catBOBcat
acts like a Lewis acid and coordinates with the sulfoxide
through the basic oxygen atom to only one of the boron
atoms. Related compounds of diborane(4) have been
reported where mono-adduct formation with strong
nucleophiles, such as pyridine, occurs rapidly but bis-ad-
duct formation is slow on the NMR time scale.13 Previ-
ous studies have also shown that trivalent catBOBcat
shows slow binding with PMe2Ph to afford an adduct
which undergoes rapid intramolecular phosphine
exchange on the NMR time scale.11 The 11B NMR data
for this latter species shows a time average peak at
16.5ppm, indicative of both three and four coordinate
boron atoms.14 In contrast, a peak at 21.6ppm is ob-
served for the uncoordinated catBOBcat. The 11B
NMR chemical shifts of the adducts formed in this
study are shown in Table 1. Similar data are observed
from the independent 1:1 addition of sulfoxide to pre-
formed catBOBcat. The electron rich dmso and tetra-
methylene sulfoxide derivatives, have time averaged
peaks at 14.8ppm. The boron chemical shifts and sulf-
oxide deoxygenation rates are consistent with known
basicities of the sulfoxides.15 As expected, the bulky aryl
and electron withdrawing sulfoxides show resonances in
a continuum between three coordinate and four coordi-
nate species.

While reasonable reaction rates can be achieved using a
large excess of the borane, this incurs a considerable
amount of waste and would prove to be an expensive
procedure for the deoxygenation of sulfoxides. More
remarkable, however, is the observation that a catalytic
amount of a rhodium complex (usually RhCl(PPh3)3 or
Rh(acac)(dppe),16 where acac = acetylacetonato and



H

Bcat

H

Bcat

R2S

O

H

Bcat

R2S

O
catB

R2S

O H

[Rh(I)]
[HBcat]

[Rh(III)]
R2SO

[Rh(III)]

[Rh(III)][Rh(III)]

R2S + HOBcat

Figure 2. Rhodium-catalyzed deoxygenation of sulfoxides using

HBcat.
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dppe = 1,2-bis(diphenylphosphino)ethane) can be used
to facilitate this addition using only 2equiv of HBcat.17

Reactions proceed cleanly at room temperature to give
the desired product and are usually complete within
1h. Unfortunately, reactions with phenyl vinyl sulfoxide
are also complicated by a competing catalyzed hydro-
boration of the vinyl group.

The proposed reaction pathway for these rhodium-cata-
lyzed deoxygenations involves initial oxidative addition
of HBcat to the metal center,18,19 followed by insertion
of the basic oxygen into the rhodium boron bond (Fig.
2). Reductive extrusion would afford the transient cat-
BOH species, which would react with another equivalent
of HBcat to give dihydrogen and catBOBcat. Unfortu-
nately, we were not able to observe the formation of
HOBcat in these reactions using multinuclear NMR
spectroscopy, even at �80 �C. Further work in this area
will examine the use of HBcat for the deoxygenation of
other heteroatom oxides and will be reported in due
course.

In summary, catecholborane can be used as a gentle,
efficient, and selective reagent for the deoxygenation of
a wide range of sulfoxides. Although excess HBcat is re-
quired for bulky sulfoxides or sulfoxides containing elec-
tron withdrawing groups, the use of a rhodium catalyst
greatly accelerates these reactions while allowing a min-
imal loading of borane.
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