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The desymmetrization ring opening of meso epoxides using
trimethylsilyl cyanide catalyzed by organogallium and
indium complexes with binaphthol monoether derivatives as
chiral ligands gave b-isocyanohydrins with moderate to
excellent enantioselectivities of up to 95% ee.

The desymmetrization of meso epoxides via the enantiose-
lective addition of nucleophiles is an efficient strategy for
asymmetric synthesis since it simultaneously establishes two
contiguous stereogenic centers.1 This type of reaction has been
successfully accomplished with various nucleophiles.2 The
reaction of epoxide with trimethylsilyl cyanide (TMSCN) leads
to formation of either b-trimethylsilyloxy nitrile or b-trime-
thylsiloxy isocyanide depending on the kind of catalyst, due to
the ambident nucleophilic character of TMSCN (Scheme 1).3
The enantioselective addition of TMSCN to meso epoxides
catalyzed by hard Lewis acid (chiral Ti catalyst), first reported
by Hoveyda, gave b-trimethylsilyloxy nitriles with moderate to
high enantiomeric excess.4 We envisioned that the catalytic
asymmetric isocyanosilylation could be realized using soft
chiral Lewis acid as catalyst. In the course of our continuing
study on the synthesis and application of organogallium and
indium complexes,5 here we present the first enantioselective
isocyanosilylation achieved by the asymmetric opening of meso
epoxides using novel chiral organogallium and indium com-
plexes as catalysts.

The use of C2 symmetry as a chiral ligand design element is
a well-recognized strategy in metal-catalyzed enantioselective
process. However there is no fundamental reason why a C2-
symmetric ligand should necessarily be superior to a non-
symmetric counterpart.6 In fact, chiral nonsymmetric ligands
have also proven to afford excellent stereochemical control in
some processes.7 Considering that only one of methyl groups of
GaMe3 can be easily removed,8 we chose C1-symmetric
binaphthol monoether derivatives as chiral ligands in our
research. We supposed that the coordination between the
oxygen atom of the ether group and the metal not only help the
formation of the desired monomeric metal complex, but also be
beneficial to produce a favorable steric environment in
asymmetric catalytic process. The ligands (R)-2-hydroxy-2A-

methoxy-1,1A-binaphthyl (BINOL-Me) and (R)-2-hydroxy-2A-
phenylmethoxy-1,1A-binaphthyl (BINOL-Bn) were conven-
iently synthesized according to a literature procedure from
(R)-binaphthol,9 and (R)-2-hydroxy-2A-tert-butoxy-1,1A-bina-
phthyl (BINOL-tBu) was synthesized by adapting a literature
report of similar compounds.10

Treatment of the binaphthol monoethers (R)-BINOL-Me,
(R)-BINOL-Bn and (R)-BINOL-tBu with one equivalent of
trimethylgallium in benzene at ambient temperature gave chiral
organogallium complexes I, III, V, respectively, as shown in
Scheme 2.‡ The complexes have been characterized by 1H
NMR, IR, MS and element analysis. The mass spectra revealed
the molecular ion [M]+ or more commonly, the mass peak [M 2
CH3]+ resulting from monodemethylation at the gallium center.
No fragment greater than [M]+ was detected, thus suggesting
those complexes are monomeric. Reflecting the electropositive
character of the metal center, 1H NMR spectra of the
compounds consistently exhibited the dimethylgallium hydro-
gens (d 20.92 ~ 20.98 ppm) at significantly upfield of TMS.
As a typical example, the resonance of the –OCH3 group (d 3.64
ppm) in complex I appeared at upper field in comparing with
that of free ligand (d 3.86 ppm), this demonstrated that the
coordination bond was formed between the oxygen atom in the
ether group and the central metal.11 As a congener of gallium,
indium is similar in properties to gallium. For exploring the
application of organoindium compound as asymmetric catalyst,
we also synthesized chiral organoindium complexes II, IV, VI,
which showed similar spectra and structure features with those
of gallium complexes.

The reaction of TMSCN with cyclohexene oxide catalyzed
by complex I was initially examined in dichloromethane.§ The
reaction was started at 278 °C and then raised to room
temperature and stirred for 10 h, followed by treatment with a
methanolic solution of potassium fluoride, we found that, as
envisioned, the reaction gave the product of b-isocyanocyclo-
hexanol, which was identified by IR and 1H NMR analysis, with
54% yield and 52 ee%. After many attempts, we were pleased
to find that the addition of MS 4A (0.2 g mmol21 of substrate),
was extremely effective in increasing the enantioselectivity
(75% ee) and enhancing the reaction yield to 62%. In the case

† Electronic supplementary information (ESI) available: Characterization
data, chiral analysis and determination of absolute configuration. See http://
www.rsc.org/suppdata/cc/b2/b212511k/
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of prolonging the reaction time, no significant increase of yield
was found (entry 3 in Table 1). The reaction was also examined
in other solvents under identical experimental conditions. From
the results, we could see that polar solvents such as CH3CN and
THF showed higher reactivity but lower selectivity (entries 4
and 5), while the lower polar solvent toluene showed better
selectivity but lower reactivity (entry 6). Among the solvents
tested, dichloromethane proved to be the most favourable
solvent for the enantioselectivity of the reaction (Scheme 3).

Asymmetric ring openings of cyclohexene oxide (a), norbo-
nylene oxide (b), and cyclooctene oxide (c) with TMSCN were
investigated in the presence of various kinds of chiral gallium
and indium catalysts under optimized reaction conditions. As
summarized in Table 2, the expected b-isocyanohydrins have
been obtained in yields varying from 45% to 80%, with the
enantioselectivity varying from 10% to 95% depending on the
nature of the epoxide and the catalyst used. The isocyanosilyla-
tion of meso cyclohexene oxide catalyzed by catalyst III gave
the best selectivity, up to 95% ee, with a yield of 70% (entry 3).
We found that gallium complexes gave better enantioselectiv-
ities but lower yields than indium complexes. By the way, to the
best of our knowledge, this is the first example of asymmetric
indium catalysts. It is particularly noteworthy that the sub-
stituents in the ether group of catalysts had a significant effect

on the enantioselectivity of the asymmetric ring opening of
epoxides. This is exemplified by a comparison of catalysts I,
III, V. Sterically hindered ligand (R)-BINOL-tBu (entries 5 and
6) produced b-isocyanohydrins with lower enantioselectivity,
maybe due to steric factors decreasing the coordinative ability
between the oxygen atom in the ether group and the central
metal. A higher degree of enantioselectivity was obtained using
(R)-BINOL-Bn as ligand (entries 3, 9, 13), in which the benzyl
group might provide the most suitable steric and electronic
effects.

In conclusion, we put forth the first example of a catalytic and
enantioselective method for isocyanosilylation of meso ep-
oxides with TMSCN. This reaction, promoted by a new
catalytic system consisting of novel chiral organogallium or
indium complexes, can give b-isocyanohydrins with moderate
to high enantiomeric excess. Further studies for improving the
enantioselecvitity of this reaction are currently under in-
vestigation.
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Notes and references
‡ General procedure for the synthesis of the complexes: Trimethylgallium
(1.5 mmol in 2 cm3 benzene) was added dropwise to a stirred solution of the
binaphthol monoether (1 mmol) in benzene (2 cm3) at room temperature
(ca. 15 min). During the addition of trimethylgallium, a vigorous evolution
of gas was observed. The solution was stirred for another half an hour.
Volatiles were removed in vacuo and the residue was recrystallized from
benzene and petroleum ether to give a white solid complex.
§ General procedure for the ring opening of meso epoxides with TMSCN:
A mixture of catalyst (0.2 mmol) and 0.4 g molecular sieve (4A) in
dichloromethane (15 cm3) was stirred at 278 °C. After 15 min, meso
epoxide (2 mmol) and trimethylsilyl cyanide (2.4 mmol) were added and the
resulting mixture was gradually increased to room temperature and stirred
for another 10 h, followed by treatment with a methanolic solution of
potassium fluoride (0.8 g in 10 cm3 methanol) for 5 h. The reaction mixture
was filtered, concentrated and separated by flash chromatography (petro-
leum ether and ethyl acetate as the eluent) to give the b-isocyanohydrin.
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Table 1 Asymmetric ring opening of cyclohexene oxide with TMSCN
catalyzed by complex I under various conditions

Entry Solvent Time (h) Yield (%)a Ee (%)b

1c CH2Cl2 10 54 52
2 CH2Cl2 10 62 75
3 CH2Cl2 20 64 75
4 THF 10 65 56
5 CH3CN 10 68 60
6 Toluene 10 50 71
a Isolated yield of b-isocyanocyclohexanol based on cyclohexene oxide.
b Enantioselectivity excess values were determined by HPLC analysis using
a DAICEL CHIRAL OD-H column. c Without MS 4A.

Scheme 3

Table 2 Asymmetric ring openings of various meso epoxides with TMSCN
catalyzed by different catalysts

Entry Epoxide Catalyst Yield(%)a Ee (%)b (config.)c

1 a I 62 75 (1R, 2R)
2 a II 72 41 (1R, 2R)
3 a III 70 95 (1R, 2R)
4 a IV 80 47 (1R, 2R)
5 a V 45 47 (1R, 2R)
6 a VI 58 10 (1R, 2R)
7 b I 55 54
8 b II 68 21
9 b III 61 69

10 b IV 69 42
11 c I 52 55 (1R, 2R)
12 c II 65 49 (1R, 2R)
13 c III 58 72 (1R, 2R)
14 c IV 72 68 (1R, 2R)
a Isolated yields of b-isocyanohydrins based on epoxides. b Enantioselectiv-
ity excess values were determined by HPLC analysis using a DAICEL
CHIRAL OD-H column. c The absolute configurations of entries 1–6 and
11–14 were determined by converting b-isocyanohydrins to corresponding
b-aminohydrins and then comparing the optical rotations with literature
values.12,13 The configurations of entries 7–10 were not determined.
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