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a b s t r a c t

N-Heterocyclic carbenes have been employed as highly efficient organocatalysts to mediate silyl-
Reformatsky type reaction. In the presence of only 0.5 mol % nucleophilic carbene 1, various aldehydes
coupled with a-trimethylsilylethylacetate very smoothly in DMF at room temperature to provide the
corresponding b-hydroxyesters in moderate to high yields. a-Trimethylsilylketone and a-trimethylsily-
lamide can also undergo the addition reaction to give b-hydroxyketone and b-hydroxyamide in moderate
yields.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The reaction of a-halogenated esters, zinc dust, and carbonyl
compounds, named Reformatsky reaction,1 is one of the most
fundamental organic transformations, which provides a convenient
synthesis of b-hydroxyesters and their derivatives.2 Over the past
half-century, great efforts have been made to develop these
reactions, mainly involving heterogeneous reaction with activated
zinc reagents or other metals,3 homogeneous reaction with dia-
lkylzincs4 as well as catalytic enantioselective Reformatsky
reaction.5 However, some drawbacks, such as using stoichiomeric
amounts of metals, unselective dehydration of the desired prod-
ucts, low yield, and poor stereoselectivity restrain the application of
this classical reaction. Therefore, the development of efficiently
catalytic method for Reformatsky-type reaction is extremely
desirable.

As an important type of organocatalyst, N-heterocyclic carbenes
(NHCs) have been applied widely in the formation of CeC bond via
umpolung strategy.6 Recently, we and other groups have demon-
strated the remarkable ability of NHCs to activate organo-silicon
reagents in some important reaction, such as Mukaiyama aldol

reaction,7 Cyanation reaction,8 Pudovik reaction,9 Cyanomethyla-
tion reaction,10 and other transformation.11 Herein, we would like
to disclose our preliminary results of NHCs catalyzed silyl-
Reformatsky reaction of a-silylester with aldehydes. This type of
reaction mainly mediated by several fluorides12 or organo-
phosphines,13 giving b-hydroxyesters in moderate to high yields.

2. Results and discussion

Initially, we have selected the coupling of benzaldehyde with
a-trimethylsilylethylacetate as a model reaction for the optimi-
zation of various reaction parameters. The results are summa-
rized in Table 1. It was observed that 1,3-bis (2,6-
diisopropylphenyl)imidated-2-ylidene (IPr)14 can initiate the re-
action in DMF, giving b-hydroxyester 9a in 68% yield (Table 1,
entry 1). Encouraged by this result, several different types of NHC
generated in situ from the corresponding precursor and a base
were screened. It was found that NHC derived from imidazolium
salt 2 and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in situ can
catalyze the reaction efficiently (Table 1, entry 2). Whereas NHC
generated from saturated imidazolinium salt 3 only promote the
reaction with low efficiency (Table 1, entry 6). To our surprise,
NHCs derived from thiazolium salts 4, 5, and triazolium salt 6
cannot initiate the reaction at the same conditions (Table 1, en-
tries 7e9). Other media, such as toluene, THF, dichloromethane,
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ether, and acetonitrile were also evaluated and the results
indicated that DMF was the best choice with respect to yield
(Table 1, entries 10e14). Lowered catalyst loading to 5 mol %, no
obvious effect to the yield was found (Table 1, entry 15). Further
decreased the NHC to 0.5 mol %, good yield was maintained
(Table 1, entry 16). However, lowering the NHC loading to
0.1 mol %, led a dramatic decrease in the yield (Table 1, entry 17).
Finally, a control experiment confirmed that the reaction did not
occur in the absence of NHC (Table 1, entry 18).

The optimized reaction conditions (0.5 mol % IPr, DMF) were
then applied to a variety of aldehydes to investigate the generality
of the reaction. As indicated in Table 2, aryl aldehydes bearing
both electron-donating and electron-withdrawing groups worked
well to give the corresponding b-hydroxyesters in high yield
(Table 2, entries 1e7), while the position of the substituents had
no obvious impact on the yield (Table 2, entries 8e14).
Interestingly, b-naphthaldehyde, heliotrapine as well as hetero-
aromatic aldehyde, such as furfural were also proved to be good
candidates for the coupling, gave b-hydroxyesters in high yield
(Table 2, entries 15e17). Gratifyingly, cinnamaldehyde was also
good reactant for the addition, offered 9t in 80% yield (Table 2,
entry 18). It is noteworthy to mention that aliphatic aldehydes,
such as phenylpropionaldehyde and cyclohexanecarboxaldehyde
can also react with a-trimethylsilylethylacetate, but only provided
the alkyl-substituted b-hydroxyester in 32% and 31% yield,
respectively (Table 2, entries 19 and 20).

Table 2
Survey of aldehydes in NHC-catalyzed silyl-Reformatsky reactiona

RCHO +

1) IPr (0.5 mol%)
DMF, rt

2) HCl, 0.5 h R

OH
CO2Et

8a 97

Me3SiCH2CO2Et

Entry Aldehydes Time
(h)

Product Yieldb

(%)

1
CHO

24

OH
CO2Et 72

2

CHO

Me
24

OH
CO2Et

Me

76

3

CHO

MeO
23

OH
CO2Et

MeO

84

4

CHO

F
24

OH
CO2Et

F

83

5

CHO

Cl
24

OH
CO2Et

Cl

89

6

CHO

F3C
24

OH
CO2Et

F3C

82

7c
CHO

O2N
22

OH
CO2Et

O2N

76

8
CHOMeO

23

OH
CO2EtMeO 90

9
CHOBr

24

OH
CO2EtBr 80

10
CHOO2N

21

OH
CO2EtO2N 87

11

CHO

Cl
21

OH
CO2Et

Cl

82

12

CHO

CF3
24

OH
CO2Et

CF3

93

Table 1
Evaluation of NHCs and conditions for silyl-Reformatsky reactiona

CHO
+ Me3SiCH2CO2Et

1) NHC, solvent

2) HCl, 0.5 h

OH
CO2Et

N N ArAr

1

Ar=2,6-(i-Pr)2C6H3

N N ArAr

2
Ar=1,3,5-Me3C6H2

N N ArAr

3
Ar=2,6-(i-Pr)2C6H3

S N Bn

4

OH N
N
N

Ph

6

8a 9a7a

S N MeOH

5

Cl I Cl

Cl Cl

Entry NHC Solvent Time (h) Yieldb (%)

1 1, (10 mol %) DMF 24 68
2c 2, DBU (10 mol %) DMF 24 54
3c 2, KO-tBu(10 mol %) DMF 24 29
4c 2, Cs2CO3(10 mol %) DMF 24 41
5c 2, DIPEA(10 mol %) DMF 24 24
6c 3, DBU (10 mol %) DMF 24 17
7c 4, DBU (10 mol %) DMF 24 NR
8c 5, DBU (10 mol %) DMF 24 NR
9c 6, DBU (10 mol %) DMF 24 NR
10 1, (10 mol %) toluene 24 38
11 1, (10 mol %) DCM 24 51
12 1, (10 mol %) Et2O 24 36
13 1, (10 mol %) THF 24 17
14 1, (10 mol %) CH3CN 24 41
15 1, (5 mol %) DMF 24 71
16 1, (0.5 mol %) DMF 24 72
17 1, (0.1 mol %) DMF DMF 24 52
18 No catalyst 36 d

a 8a (1.5 equiv), 7a (1.0 equiv), solvent: 1.0 mL rt.
b Isolated yields.
c Using 12 mol % NHC-precursors and 10 mol % base.
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