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Summary: R-Thioboronate esters are obtained directly
in high yield and selectivity from metal-catalyzed ad-
ditions of B-X bonds (X ) H, B) to thiocarbonyl
compounds and vinyl sulfides.

Compounds containing boronic acids [RB(OH)2] or
boronate esters [RB(OR′)2] have received considerable
attention as synthons for catalyzed carbon-carbon bond
formation,1 in solid-phase synthesis,2 macrocyclic chem-
istry,3 and organometallic4 and organic synthesis,5 and
as glucose sensors for diabetes therapy.6 Interest in
these compounds also arises from their potent biological
activities.7 For instance, R-aminoboronic acids are ef-
fective and reversible inhibitors of serine proteases.8
Recent work has also shown that the bioisosteric
R-phosphonoboronate esters show biological activity in
noninvasive cancer therapy.9 As part of our ongoing
investigation into generating biologically active boron
compounds,10 and considering the biological importance
of organosulfur compounds,11 we decided to examine

novel metal-catalyzed boration reactions as direct routes
to R-thioboronate derivatives (Figure 1). Initial results
are presented herein.

Although the hydroboration of C-C multiple bonds
is an extremely important reaction in organic synthesis,
relatively little is known about the reduction of carbon-
sulfur double bonds with boron hydride reagents.12 We
found that addition of 9-H-BBN (BBN ) borabicyclo-
[3.3.1]nonane) to thiocarbonyl compounds 1a-d pro-
ceeds smoothly to give the expected borylsulfide prod-
ucts 2a-d (Figure 2). Reactions were monitored by 1H,
11B, and 13C NMR spectroscopy.13 In contrast to diaryl
ketones, however, no reaction of 1a was observed with
either catecholborane (HBcat, cat ) O2C6H4) or pina-
colborane (HBpin, pin ) O2C2Me4) at room temperature.
In the presence of 5 mol % RhCl(PPh3)3, the same
reaction proceeded to give borylsulfides RR′CHSBcat
along with varying amounts of the corresponding thiols
RR′CHSH (up to 50% for 1d), the latter products arising
from degradation of the borane.14 Analogous catalyzed
hydroborations of 1a-d using less reactive HBpin15 in
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Figure 1. R-Heteroatom-substituted boronate esters.
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C6D6 at 60 °C gave the borylsulfides 3a-d in higher
yields (by NMR).16 Reactions carried out in THF gave
significantly more of the thiol. In contrast, catalyzed
hydroborations of aliphatic (1R)-(-)-thiocamphor (4)
with HBcat at room temperature or HBpin at elevated
temperature gave a single isomer of the corresponding
boryl sulfide 5 accompanied by minor amounts of
boronate ester degradation products B2(cat)3 and
B2(pin)3, respectively.14,17

While hydroborations of thiocarbonyl compounds give
boryl sulfides, which can be hydrolyzed to the corre-
sponding thiols, diboration reactions are unique in
delivering a boryl fragment (BR2) to the R-carbon as
well. Aqueous workup of the diborated products should
then provide a direct route to R-thioboronic acids.
Although attempts to diborate thiocarbonyl compounds
1a-d proved unsuccessful using a number of different
metal catalysts, we have found that B2(cat)2 adds to
(1R)-(-)-thiocamphor (4) in high yields using a catalytic
amount of RhCl(PPh3)3 to give a single isomer of the
diborated product 6.18 Aqueous workup provided the

corresponding thiol 7, but we have not yet been able to
deprotect the carbon-bound boryl group to the corre-
sponding boronic acid (Figure 3). The reactions de-
scribed here are the first examples of metal-catalyzed
boration reactions of a thiocarbonyl group.

A second potential route to thioboronate esters in-
volves the hydroboration of organosulfur-substituted
alkenes. Recent reports on hydroborations of related
enamines using 9-H-BBN generated R-boronated amine
intermediates.19 Hydroboration of phenyl vinyl sulfide
8 with HBcat at elevated temperatures gave the ex-
pected anti-Markovnikov organoboronate ester 9 along
with products arising from Lewis base-mediated deg-
radation of the borane reagent. In the presence of a
rhodium catalyst, typically 2 mol % RhCl(PPh3)3, 8
reacts with HBcat to give selective formation of the
desired R-thioboronate ester 10 resulting from an
exclusive Markovnikov addition (Figure 4; as ascer-
tained by multinuclear NMR spectroscopy).20 Prelimi-
nary results show that similar selectivities are observed
in reactions with PhCH2SCHdCH2. These results are
particularly intriguing, as Markovnikov additions have
only been observed in appreciable amounts in catalyzed
reactions of styrenes,21 fluoroalkenes,22 and allyl sul-
fones.23 A η3-benzyl intermediate has been invoked to
rationalize the styrene selectivity, and that for the
sulfones has been attributed to a directing effect of the
sulfone oxygens.

Organosulfur compounds with boryl groups on both
the R- and â-carbons were obtained by catalyzed dibo-
rations of phenyl vinyl sulfide. While Wilkinson’s cata-
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Figure 2. Hydroboration of thiocarbonyls 1a-d with 9-H-
BBN.
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lyst and Rh(acac)(L2)24 (L2 ) 1,4-bis(diphenylphosphino)-
butane and 1,1-bis(diphenylphosphino)methane) both
gave significant amounts of hydroboration and boryla-
tion products, the Pt(dba)2 (dba ) dibenzylideneace-
tone)25 catalyst afforded diboron addition product 11 in
high yield (Figure 5).26

In summary, we have found three direct metal-
catalyzed routes to alpha-thioboronate esters. We are
currently exploring the scope of the substrate, the
asymmetric hydroboration of alkenyl sulfides, and
biological testing of these new compounds and will
report our findings in due course.
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Figure 3. Hydroboration and diboration of (1R)-(-)-thiocamphor (4).

Figure 4. Hydroboration of phenyl vinyl sulfide (8) with
catecholborane.

Figure 5. Diboration of 8 with B2(cat)2.
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