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a b s t r a c t

A catalytic conjugate addition reaction of 2-arylacetates and 2-arylacetonitriles having an electron-with-
drawing group to a,b-unsaturated ketones has been established using pyrrolidine as a catalyst. The
reagents having NO2

� , CO2Me-, and CN-functional groups on the aromatic ring can be used; the reaction
with various a,b-unsaturated ketones provided the Michael addition products in good yields.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1. Benzylcyanide derivatives having an electron-withdrawing group.
The conjugate addition reaction of carbon nucleophiles to elec-
tron-poor alkenes is a powerful tool for forming a carbon–carbon
bond formation in organic synthesis; consequently, it helps gener-
ate a diverse array of products.1 Versatile activated methylenes,
such as 1,3-diketones, 1,3-dinitriles, ketoesters, malonate esters,
and nitroesters are valuable nucleophiles for conjugate addition
to ,b-unsaturated nitriles and carbonyls. In particular, this reaction
has attracted attention in asymmetric organocatalytic reactions in
recent years.2 The adducts of conjugate addition provide syntheti-
cally useful blocks for the synthesis of biologically active natural
products and pharmaceutical compounds.3 However, despite
belonging to an important class of nucleophiles, simple less reac-
tive activated methylenes such as benzylesters are not employed
in asymmetric organocatalytic reactions since they do not easily
participate in conjugate addition of enones.4,5

A numerous natural products including rubioncolin B,6 flustr-
amine B,7 (�)-siccanin,8 and (�)-morphine9 have a chiral center
at the benzylic position. Many efforts have been made to introduce
a stereogenic center at the benzylic position. Therefore, less reac-
tive methylenes such as benzylesters to a,b-unsaturated carbonyls,
which enables the leading intermediates to be used in the synthe-
sis of natural products is of considerable importance. However,
developing these methylenes as nucleophiles in an asymmetric
organocatalytic reaction is still a challenging task. Herein, we re-
port the conjugate addition of 2-arylacetates and 2-arylacetonitr-
iles having an electron-withdrawing group to a,b-unsaturated
ketones using an organocatalyst.
ll rights reserved.

: +82 31 249 9639.
Benzylcyanide (pKa 22) and benzylester (ethyl 2-phenylacetate,
pKa 23) are less acidic than malonate esters (diethyl malonate, pKa

16) and 1,3-dinitrile (malononitrile, pKa 11), making it difficult to
use them as nucleophiles in an organocatalytic conjugate addition
reaction. However, addition of an electron-withdrawing group to
the phenyl ring lowers the pKa values of benzylcyanide and benzy-
lester. The pKa values for 4-(cyanomethyl)-benzonitrile and 2-(4-
nitrophenyl)acetonitrile are 16 and 12, respectively (Fig. 1).10 Thus,
we envisioned that organocatalytic conjugate addition would be
possible if benzylester containing an electron-withdrawing group
was used instead of just benzylester. However, to the best of our
knowledge, the use of this compound as nucleophile in conjugate
addition reactions has never been reported.

The conjugate addition reaction of methyl 2-(4-nitrophenyl)ace-
tate 2a to (E)-4-phenylbut-3-en-2-one 3a was selected as the model
reaction (Table 1). The pyrrolidinyl tetrazole catalyst 1a (Fig. 1) was
initially examined as an organocatalyst in this reaction since this
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Table 1
Organocatalytic conjugate addition of methyl 2-(4-nitrophenyl)acetate (2a) to (E)-4-
phenylbut-3-en-2-one (3a)a

+

catalyst
(10 mol%)
additive

Ph

O

Me

OMe

O

CH2Cl2, rt

O2N

Ph

O Me

O2N

OMe

O

2a

3a 4a

Entry Catalyst Additive Time (h) Yieldb (%)

1 1a — 24 No rxn
2 1a Bn2NH (1 equiv) 24 No rxn
3c 1a K2CO3 (1 equiv) 36 76
4 1a Piperidine (1 equiv) 56 72
5 1a Pyrrolidine (1 equiv) 12 89
6 1a Pyrrolidine (10 mol %) 36 85
7 1b Pyrrolidine (1 equiv) 12 91
8 1b Pyrrolidine (10 mol %) 32 84
9 — Pyrrolidine (1 equiv) 24 76
10 — Pyrrolidine (10 mol %) 24 90

a Unless otherwise specified, the reaction was carried out in CH2Cl2 (0.5 M) with
1.5 equiv of 2a relative to 3a in the presence of 10 mol % catalyst and additive.

b Isolated yield after chromatographic purification.
c Performed in DMF.

Table 2
Organocatalytic conjugate addition of 2-arylacetate and 2-arylacetonitrile to (E)-4-
phenylbut-3-en-2-one (3a)a

+

pyrrolidine 
(20 mol%)

Ph

O

Me

R1

CH2Cl2, rt Ph

O Me

R1
2

4a3

R2 R2

Entry R1 R2 Product Time (h) Yieldb (%) drc

1 CO2Me p-NO2 4a 24 95 53:47
2 CO2Me o-NO2 4b 48 64 60:40
3d CO2Me p-CO2Me 4c 48 54 54:46
4 CN p-NO2 4d 24 99 64:36
5 CN o-NO2 4e 24 71 53:47
6 CN p-CO2Me 4f 40 77 60:40
7d CN o-CO2Me 4g 48 65 52:48
8 CN p-CN 4h 24 90 64:36
9 CN o-CN 4i 40 99 51:49
10 CN H 4j 24 No rxn

a Unless otherwise specified, the reaction was carried out in CH2Cl2 (0.5 M) with
1.5 equiv of 2 relative to 3a in the presence of 20 mol % of pyrrolidine.

b Isolated yield after chromatographic purification.
c Determined by 1H NMR analysis.
d 1 equiv of pyrrolidine was added.

Table 3
Organocatalytic conjugate addition of methyl 2-(4-nitrophenyl)acetate (2a) to a,b-
unsaturated ketonesa

pyrrolidine 
(20 mol%)

CH2Cl2, rt+

R2

O

R1

OMe

O
O2N

R2

O R1

p-NO2Ph
OMe

O

2a

53

Entry R1 R2 Product Time (h) Yieldb (%) drc

1 Me p-MePh 5a 24 99 53:47
2 Me p-MeOPh 5b 48 79 53:47
3 Me p-ClPh 5c 48 88 53:47
4 Me p-BrPh 5d 48 93 53:47
5 Me p-NO2Ph 5e 48 63 58:42
6 Me 1-Naphthyl 5f 32 94 57:43
7 Me 2-Furyl 5g 48 60 55:45
8 –(CH2)2– 5h 24 93 59:41
9 –(CH2)3– 5i 24 99 52:48

a Unless otherwise specified, the reaction was carried out in CH2Cl2 (0.5 M) with
1.5 equiv of 2a relative to 3 in the presence of 20 mol % of pyrrolidine.

b Isolated yield after chromatographic purification.
c Determined by 1H NMR analysis
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catalyst 1a has gave the product in good yield with high enantiose-
lectivity for the conjugate addition reaction of malonate to
a,b-unsaturated enones.11 No reaction was observed in the absence
of additive base and when dibenzylamine was used as a base after
24 h at room temperature (entries 1 and 2). The reaction proceeded
to furnish the corresponding product 4a in moderate yields using
K2CO3 and piperidine as the base (entries 3 and 4). The pyrrolidine
additive afforded the desired product 4a with good reactivity
(entries 5 and 6) even using of catalytic amount. Under these
conditions, L-proline 1b readily catalyzed the conjugate addition
reaction of methyl 2-(4-nitrophenyl)acetate 2a to (E)-4-phenyl-
but-3-en-2-one 3a resulting in a good yield (entries 7 and 8).12

However, unfortunately, the pyrrolidinyl tetrazole catalyst 1a and
L-proline 1b did not provide the chiral product 4a in this reaction.
Additionally, we found that pyrrolidine alone could promote and
even more catalyze this reaction without 1a or 1b (entries 9 and
10).12

N
H HN N

N
N1a

N
H OH

O1b

Although this conjugate addition reaction does not achieve

enantiocontrol, we decided to explore the scope of this new pro-
cess. Firstly, this reaction proved to be general for a variety of ben-
zylcyanides and benzylesters having an electron-withdrawing
group 2. As revealed in Table 2, the reactions proceeded in good
yields in the case of both 2-arylacetate and 2-arylacetonitrile. Re-
agents having a CO2Me-functional group on the aromatic ring
showed relatively lower reactivities than those having NO2

� and
CN-functional groups (entries 3, 6 and 7). As expected, the conju-
gate addition reaction of 2-phenylacetonitrile (benzylcyanide) to
(E)-4-phenylbut-3-en-2-one 3a did not occur (entry 10).

The addition of methyl 2-(4-nitrophenyl)acetate 2a to various
a,b-unsaturated ketones 3 was also evaluated and some represen-
tative results are shown in Table 3. The conjugate addition of 2-(4-
nitrophenyl)acetate 2a to aromatic a,b-unsaturated methyl
ketones exhibited good results. Significant structural variation in
aromatic a,b-unsaturated methyl ketones was tolerated in this
reaction, which occurred efficiently, independent of the nature of
the substituents on the aromatic ring, where electron-donating
(entries 1 and 2) and electron-withdrawing groups (entries 3–5)
are presented. Furthermore, conjugate aromatic and heteroaro-
matic a,b-unsaturated methyl ketones can participate in the
processes as well (entries 6 and 7). Finally, we confirmed that
2-cyclopenten-1-one and 2-cyclohexen-1-one were suitable for
use in this reaction (entries 8 and 9).

We are also developing an asymmetric variant of this reaction.
For example, the reaction of methyl 2-(4-nitrophenyl)acetate 2a to
(E)-4-phenylbut-3-en-2-one 3a in the presence of catalyst 1c
furnished the corresponding product 4a in good yields and with
moderate enantioselectivities (Scheme 1).

In summary, we described organocatalytic conjugate addition
reaction of 2-arylacetates and 2-arylacetonitriles having an
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Scheme 1. Asymmetric organocatalytic conjugate addition of methyl 2-(4-nitro-
phenyl)acetate (2a) to (E)-4-phenylbut-3-en-2-one (3a).
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electron-withdrawing group to a,b-unsaturated ketones using pyr-
rolidine as a catalyst.

The reagents having NO2
�, CO2Me-, and CN-functional group on

the aromatic ring can be used and the reaction with various a,b-
unsaturated ketones provided the Michael addition products in
good yields. Current work focuses on expanding the scope of this
reaction to other substrates such as a,b-unsaturated aldehydes
and a,b-unsaturated nitriles, and on developing an efficient cata-
lytic asymmetric variant.
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