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Reaction of a chiral oxygen–sulfur paired bidentate ligand with
nickel and iron boride: asymmetric borane reduction of ketones
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Abstract—An �-thio alcohol derived from camphor is anchored to nickel boride provided the nickel surface atoms have been
passivated. The resulting heterogeneous catalyst affords moderate enantioselectivity in the reduction of acetophenone. © 2001
Elsevier Science Ltd. All rights reserved.

Synthesising optically active secondary alcohols has
become a great challenge in organic chemistry. In
homogeneous medium, oxazaborolidines1 are used as
chiral inductors for the borane reduction of ketones
with excellent enantiomeric excess. After solvolysis two
difficulties are encountered: (i) the purification of the
product and (ii) the recovery of the catalyst precursor.
These two problems have been solved by the hetero-
genization of the system. Oxazaborolidines have been
anchored to a metallic surface (NiB2)2 by reacting an
amino alcohol with nickel boride nanoparticles.2,3 The
results are as good as those in homogeneous systems
with the advantages of easier separation (by decanta-
tion) and the option of immediate re-use of the catalyst
after the reduction.

It has been reported that the bidentate oxygen–sulfur
ligand (1R,2S,3R)-3-mercaptocamphan-2-ol catalyzes
the homogeneous asymmetric borane reduction of
ketones,4 a chiral boride–ketone complex was formed
and a second borane molecule was coordinated to the
ligand oxygen atom.

In order to test the potential of the readily available
nickel boride for heterogenization of enantioselective
homogeneous catalysts, we attempted to form a Ni-sup-
ported oxathiaborolidine. Herein, we describe the
results when (1R,2S,3R)-3-mercaptocamphan-2-ol4 is
reacted with nickel boride. We obtained low e.e. in the
borane reduction of acetophenone, which we attributed
to the competition of surface nickel atoms with boron

atoms for the thiol function disfavouring the formation
of the S–B–O ring. In order to test this explanation and
with the aim of preparing oxathiaborolidine, we pre-
pared iron boride particles.

In previous papers,2,3 we showed that a Ni-supported
oxazaborolidine was formed by reacting an amino alco-
hol with elemental boron in amorphous NiB2. In most
cases, the amino alcohols we used were commercial. In
order to form an oxathiaborolidine, we first synthesized
the chiral thio alcohol, (1R,2S,3R)-3-mercaptocam-
phan-2-ol.5,6

NiB2 was prepared by reducing nickel chloride with
lithium borohydride (Eq. (1)).7 Previously,2,3 we used
nickel iodide (from dehydration of NiI2·6H2O) for the
preparation of nickel boride particles. NiI2·6H2O is no
longer commercially available, so we reduced nickel
chloride (from dehydration of NiCl2·6H2O) instead.
The procedure is analogous2,3 but it is more difficult to
remove the water from nickel chloride and it remains as
the dihydrate.8

(1)

The thio alcohol (1 mmol in 10 mL THF) was reacted
with NiB2 (10 mmol in 80 mL THF) applying the same
procedure to that used for a �-amino alcohol. We
measured the volume of hydrogen evolved during the
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reaction and found that half an equivalent of hydrogen
gas was released at room temperature, which we
attributed to the reaction of the hydroxyl group as
observed previously in the same reaction of a �-amino
alcohol. Since it has been reported4 that with chiral
oxygen–sulfur bidentate ligands, maximum e.e. levels
were always obtained when the reaction temperature
was maintained at around 323 K, the suspension was
heated and maintained at this temperature. More than
half an equivalent of hydrogen was produced, which
showed that the addition of the thiol function to a
boron atom was not the only reaction of the thio
alcohol ligand. The poor e.e. values observed in the
reduction of acetophenone with the resulting hetero-
geneous catalyst (Table 1, entry 2), as compared with
the value seen under homogeneous conditions (Table 1,
entry 1), argued against an efficient cyclisation of the
thio alcohol on the particle surface. Although the sur-
face area of nickel in the nickel boride was low,3 we
assumed that the surface nickel atoms could compete
with boron for the thiol function, as shown in Fig. 1.
We have IR spectroscopic evidence for the hydrogen
bridge structure,3 the addition of the thiol function to
nickel atoms might break a hydrogen link and could
explain hydrogen production greater than that expected
by analogy with the amino alcohol reaction.

To test this assumption, we decided to poison the nickel
surface before adding the thio alcohol. Passivation of
the nickel surface was carried out by hydrodesulfuriza-
tion of 3-methylthiophene, a quantitative procedure9 in
which 3-methylthiophene reacted rapidly with nickel,
according to Eq. (2).

(2)

Poisoning the nickel had a beneficial effect on the
enantioselectivity (Table 1, compare entries 2 and 3)
but the e.e. value remained lower than that observed
under homogeneous conditions. In our opinion the
moderate e.e. values resulted mainly from the rigidity of
the chiral molecule, which has difficulty attaining the
requisite conformation required to react with the same
surface boron atom and form the oxathiaborolidine
ring. The solid surface has a positive effect with 2-
amino-1,2-diphenylethanol and norephedrine, since the
observed e.e.s were higher in the heterogeneous reduc-
tion than under homogeneous conditions;10 with
MerCO4 it seemed to be the opposite.11 Similar
difficulties were encountered in the formation of the

Table 1. Enantioselectivity in the reduction of acetophenone by borane, N-N-diethylaniline complex and oxathiaborolidine
catalyst13

E.e. (%) 2nd reductionE.e. (%) 1st reductionCatalyst

1 874 (92b)MerCOa4

2 27NiB2+MerCOa

NiB2+MerCOa+thiophene3 31.5 24
03.5FeB2+MerCOa4

5 13NiB2+CBSc 73

a (1R,2S,3R)-3-Mercaptocamphan-2-ol.
b Our experiment with the MerCO sample used for the reaction with NiB2 and FeB2.
c CBS: (S)-2-diphenylhydroxymethylpyrrolidine.

Figure 1.
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oxazaborolidine ring from (S)-2-diphenylhydroxy-
methylpyrrolidine and nickel boride, since this was the
most efficient catalyst for the homogeneous reduction
of ketone with borane. The NiB2/CBS system gave
product with only moderate e.e. in the first use, and an
unusual enantioselectivity fall when re-used (Table 1,
entry 5). The low e.e. observed with the catalyst pre-
pared by reacting MerCO with iron boride12 was unex-
pected (Table 1, entry 4). Iron being less reactive
towards sulfur compounds than nickel, competition
with boron for the thiol function does not explain these
results. This unexpectedly low enantioselectivity led us
to investigate the reaction between iron boride and
2-amino-1,2-diphenylethanol. We obtained an iron sup-
ported oxazaborolidine, which gave the same enantiose-
lectivity in the first reduction of acetophenone as
NiB2-0.1(oxaza)0.1, i.e. 96% e.e., however, we obtained
88% e.e. when the catalyst was re-used instead of 95%
e.e. with the nickel one. We attribute this difference to
a higher boron lability in iron boride than in nickel
boride.

In summary, the reaction of (1R,2S,3R)-3-mercapto-
camphan-2-ol with nickel boride affords oxathiaboro-
lidine anchored to the nanoparticles of nickel when the
nickel surface atoms have been passivated. However,
the rigidity of the chiral molecule prevents total hetero-
cyclisation and moderate e.e. values were observed in
the reduction of acetophenone.
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