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ABSTRACT

The synthetic utility of chiral N-heterocyclic carbenes, which have been used mainly in transition metal-catalyzed reactions as a ligand, was
demonstrated by the enantioselective acylation of secondary alcohols.

Efficient organocatalytic transformations that are catalyzed
by small organic molecules have been intensely investigated
in the past few years.1 In this area, thiazolium salts and
triazolium salts have long been known to catalyze the benzoin
condensation2 and the Stetter reaction3 under basic conditions,
and a number of asymmetric variants of these reactions have
been developed recently.1d In these transformations, actual
species as active catalysts are proposed to be nucleophilic
heterocyclic carbenes which are generated by the deproto-
nation of thiazolium salts or triazolium salts. On the other
hand, nucleophilicN-heterocyclic carbenes prepared from

imidazolium salts are used mainly in transition metal-
catalyzed reactions as ligands,4,5 and only a few organocata-
lytic transformations with such carbenes have been reported
to date.6-8 Although Hedrick and Nolan independently found
that the nonchiral nucleophilicN-heterocyclic carbenes
generated from imidazolium salts could catalyze transesteri-
fication reaction between esters and alcohols,6,9 there have
been only a few reports on the application of the chiral
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carbenes generated from the imidazolium salts to asymmetric
organocatalytic transformations. In this context, we are inter-
ested in the possibility of using the chiralN-heterocyclic
carbenes1 and2 in asymmetric organocatalytic transforma-
tions. Very recently, Suzuki reported the initial study of non-
enzymatic enantioselective acylation of secondary alcohols
catalyzed by chiral nucleophilicN-heterocyclic carbenes10

and the report prompted us to disclose our own result on
the synthetic utility of chiral carbenes to a useful level.11-17

The requisite chiral carbene catalysts (R,R)-1and (R,R)-2
were generated in situ by treatment of corresponding chiral
imidazolium salts with potassiumtert-butoxide (eq 1).5 We

first attempted to apply the chiral carbene (R,R)-1catalyzed
transesterification reaction to the enantioselective acylation
of secondary alcohols. Unfortunately, the reaction of 1-phen-
ylethanol with a large excess of methyl acetate proceeded
slowly at low temperature in the presence of 5 mol % of
(R,R)-1, and the resulting ester was found to be totally
racemic (Table 1, entry 1). We then investigated the use of
more reactive acylating agents such as vinyl esters, which
are often used in lipase-catalyzed kinetic resolution. Thus,
acetylation of 1-phenylethanol with vinyl acetate proceeded

smoothly to give the ester in 36% yield with an ee of 29%
(entry 2). This result encouraged us to explore the more
sterically hindered acylating agents. In fact, increasing the
steric bulk of vinyl esters could improve the enantioselec-
tivities of the resulting esters in the enantioselective acylation
of 1-phenylethanol catalyzed by (R,R)-1(entries 3 and 4).
Finally, the reaction with vinyl diphenylacetate indicated
satisfactory selectivity (entry 5).18,19

With vinyl diphenylacetate at hand, we then tested the
enantioselective acylation of various secondary alcohols, and
the results are summarized in Table 2. In general, use of

chiral carbene catalyst (R,R)-2 gave a slightly higher ee value
at the expense of the reaction rate (entries 2, 5, and 8).
Similar high levels of enantioselectivity were obtained when
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Table 1. Enantioselective Acylation of 1-Phenylethanol with
Chiral Carbene Catalyst (R,R)-1a

entry R1CO2R2 equiv
conditions

[°C, h]
ester

[% eeb (% yieldc)] s

1d MeCO2Me 10.5 -78 to -20, 5;
0, 2

0 (61) 1.0

2 MeCO2(vinyl) 0.5 -78, 1 29 (36) 2.2
3 i-PrCO2(vinyl) 0.5 -78, 1 67 (37) 7.8
4 t-BuCO2(vinyl) 1.5 -78, 1 76 (40) 12
5 Ph2CHCO2(vinyl) 0.75 -78, 3 93 (33) 46

a Unless otherwise specified, 1-phenylethanol (0.6 mmol) was treated
with 0.5-10.5 equiv of acylating agents in the presence of 5 mol % of
catalyst (R,R)-1in 2 mL of THF under the given reaction conditions under
argon atmosphere. Yield and enantiopurity of the remaining alcohol are
described in the Supporting Information.b Enantiopurity of the resulting
esters was determined by HPLC or GC analysis with use of chiral columns
(Daicel Chiralcel AD-H or Astec Chiraldex B-DM). Absolute configuration
was determined by the comparison of the HPLC retention time of the
recovered alcohol with literature data. See the Supporting Information for
more detail.c Isolated yield.d The reaction was carried out in the presence
of molecular sieves 4 Å.

Table 2. Enantioselective Acylation ofsec-Alcohols with
Chiral Carbene Catalysts (R,R)-1and -2a

a Unless otherwise specified, secondary alcohols (0.6 mmol) were treated
with 0.75 equiv of vinyl diphenylacetate in the presence of 5 mol % of
catalyst (R,R)-1or -2 in 2 mL of THF under the given reaction conditions
under argon atmosphere. Yield and enantiopurity of the remaining alcohol
are described in the Supporting Information.b Enantiopurity of the resulting
esters was determined by HPLC analysis with use of chiral columns.
Absolute configuration was determined by the comparison of the HPLC
retention time of the recovered alcohol with literature data. See the
Supporting Information for more detail.c Isolated yield.d 1.5 equiv of vinyl
diphenylacetate was used.
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1-phenylpropanol was used (entry 3). Neither the electron-
donating nor the electron-withdrawing groups on the aromatic
ring of secondary alcohols affected the enantioselectivity of
the reaction (entries 4-6). The chiral carbene catalyst could
discriminate between the enantiomers of allylic alcohols with
slightly lower enantioselectivity than arylalkyl carbinols
(entries 10 and 11).

In contrast to the enantioselective acylation of secondary
alcohols catalyzed by nucleophilic organic compounds (e.g.,
DMAP derivatives) with acid chlorides or acid anhydrides,
the present reaction proceeds via transesterification and can
be performed without a stoichiometric amount of base. While
an analogous reaction is known to be catalyzed by enzymes,
our results represent a rare example of the highly enantio-
selective transesterification of secondary alcohols with vinyl
esters mediated by artificial molecular catalysts.10,20

In summary, we have established that chiralN-heterocyclic
carbenes (R,R)-1 and (R,R)-2 serve as a new class of catalysts
for the nonenzymatic enantioselective acylation of racemic
secondary alcohols with vinyl diphenylacetate. An important
feature of this catalyst system is that theC2-symmetric chiral

imidazolium salts, the precursor of these chiral carbene cata-
lysts, can be readily synthesized from commercially available
chiral amines, paraformaldehyde, glyoxal, and tetrafluorobo-
ric acid in one step. Further investigations into the precise
mechanism of this reaction as well as the use of chiral car-
benes as organocatalysts in other asymmetric reactions are
currently underway in our laboratory.
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