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Abstract: A novel enantioselective (up to 90% ee)
Michael addition of a-substituted cyanoacetates to
a,b-unsaturated selenones in the presence of bifunc-
tional urea and thiourea organocatalysts is de-
scribed. The Michael adducts, containing an all-
carbon quaternary stereocenter, are smoothly con-
verted into synthetically useful polyfunctional com-
pounds by taking advantage of the excellent leaving
group ability of the selenone group.
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In recent years asymmetric organocatalysis has
emerged as a practical and powerful tool for the ste-
reoselective preparation of chiral molecules with an
impressive number of synthetic applications, also in
the field of natural or biologically active com-
pounds.[1,2] Fundamental carbon-carbon bond forming
processes, such as the Michael reaction, have been
widely investigated. Various catalysts, activating the
nucleophile or the electrophile by formation of cova-
lent bonds or weaker interactions, such as ion pairing
or hydrogen bonding, have found application for this
versatile transformation.[1,2] Among them, the so-
called bifunctional catalysts,[2] bearing an hydrogen-
bond donor group besides a basic site on a chiral scaf-
fold, have received great attention for the enantiose-
lective addition of 1,3-dicarbonyl compounds or their
equivalents to electron-deficient alkenes.[1,2] The si-
multaneous activation of both the nucleophile and the
electrophile allows an excellent level of stereocontrol
over the addition event. To date nitroalkenes[3] and
a,b-unsaturated carbonyl compounds,[4] imides,[5] ni-

triles[6] or sulfones[7] have been employed as Michael
acceptors. The discovery of novel substrate combina-
tions should provide a simple and convenient access
to highly functionalized adducts. Our interest in the
field of the organoselenium-based asymmetric synthe-
ses[8] prompted us to investigate the addition of
carbon-centered nucleophiles to vinyl selenones. Sele-
nones are well recognized intermediates in organic
synthesis with peculiar properties in respect to the
sulfur analogues. Thus, for instance, the selenonyl
group presents an exceptional aptitude to act as a
leaving group.[8b–e,9] Herein, we report the first enan-
tioselective addition of a-substituted cyanoacetates to
vinyl selenones. The use of these trisubstituted Mi-
chael donors in asymmetric conjugate addition repre-
sents one of the most attractive solutions to the chal-
lenging problem of generating selectively all-carbon
quaternary stereocenters.[10]

First experiments were effected on the a-phenyl cy-
anoacetate 2a and the vinyl selenone 3 in toluene.[11]

The easily accessible bifunctional catalysts 1a–f re-
ported in Figure 1, containing phenolic (1a), ureidic
(1b, 1d and 1e) or thioureidic (1c and 1f) hydrogen
donor groups, respectively, have been examined as
catalysts. Cinchonine, quinine and the commercially
available Cinchona alkaloid derivatives (DHQ)2Pyr
and (DHQ)2AQN, that lack an H-bond donor group,
have also been tested for comparison. The results of
the screening are reported in Table 1.

The urea or thiourea catalysts, particularly 1f, gave
the most promising results demonstrating that the co-
operation of urea or thiourea and tertiary amine func-
tionalities is significant to the enantiocontrol. This ob-
servation might indicate an activation of the selenone
by a double H-bonding interaction, as proposed for
the nitro[3b,e,h] and the sulfone groups.[7a]

The effect of catalyst loading and temperature have
also been investigated. Comparable results were still
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achieved when the loading of 1b was reduced to 10
mol%, although with an extended reaction time
(Table 1, entry 7). The best enantioselectivity was ob-
tained at �70 8C, with 20 mol% of 1f (Table 1,
entry 14). The a-phenylcyanoacetates 2b and 2c, con-
taining benzyl or isopropyl groups at the ester moiety,

gave products 4b and 4c with excellent yields, but
lower enantioselectivities (Table 1, entries 15 and 16).

The optimized reaction conditions proved to be ef-
fective for the addition of a wide range of a-arylcya-
noacetates with different electronic and steric proper-
ties. Highly functionalized addition products, bearing
an all-carbon quaternary stereocenter, have been iso-
lated in excellent yields and high enantiomeric excess-
es (Table 2).

a-Alkylcyanoacetates proved to be significantly less
reactive as Michael donors than the aryl-substituted
compounds.

In fact, the addition of the ethyl a-allylcyanoacetate
2k to selenone 3 gave the product 4k with 53% yield
and 70% ee, although the reaction was carried out at
higher temperature and for a longer reaction time
(Scheme 1).

The addition of a-substituted cyanoacetates to vinyl
selenones is a valuable tool for the preparation of a
range of synthetically useful compounds under mild
reaction conditions. In fact not only the phenylsele-
nonyl group activates the alkene toward the nucleo-
philic addition, but it also offers an electrophilic site
for further synthetic transformations. The excellent
leaving group properties of the phenylselenonyl
group[8b–e,9] have been exploited for the reactions de-

Figure 1. Bifunctional catalysts 1a–f.

Table 1. Screening results for the Michael addition of 2a–c
to vinyl selenone 3.

Entry Catalyst t
[h]

T
[8C]

Yield[a]

[%]
ee[b]

[%]

1 cinchonine 2a 15 r.t. 4a 94 22
2 ACHTUNGTRENNUNG(DHQ)2Pyr 2a 15 r.t. 4a 91 16
3 ACHTUNGTRENNUNG(DHQ)2AQN 2a 15 r.t. 4a 94 6
4 quinine 2a 15 r.t. 4a 88 6[c]

5 1a 2a 15 r.t. 4a 85 34
6 1b 2a 9 r.t. 4a 88 44[c]

7 1b[d] 2a 17 r.t. 4a 85 44[c]

8 1c 2a 15 r.t. 4a 80 32[c]

9 1d 2a 15 r.t. 4a 74 40
10 1e 2a 8 r.t. 4a 91 44
11 1f 2a 8 r.t. 4a 96 52
12 1b 2a 66 �70 4a 97 70[c]

13 1e 2a 48 �70 4a 87 74
14 1f 2a 66 �70 4a 90 80
15 1f 2b 66 �70 4b 97 62
16 1f 2c 66 �70 4c 99 70

[a] Yields determined on isolated compounds after flash
chromatography.

[b] Determined by chiral HPLC analysis.
[c] The opposite enantiomer was obtained.
[d] 10 mol% of 1b have been employed.

Table 2. Enantioselective conjugate addition of a-aryl cya-
noacetates to vinyl selenone 3.

Entry Ar Yield[a,b] [%] ee[c] [%]

1 2a Ph 4a 90 80
2 2d p-MeO-C6H4 4d 88 90
3 2e p-Me-C6H4 4e 80 90
4 2f p-F-C6H4 4f 97 82
5 2g p-Cl-C6H4 4g 93 80
6 2h p-Br-C6H4 4h 90 80
7 2i 2-naphthyl 4i 93 82
8 2j m-Me-C6H4 4j 75 76

[a] The reactions were run with 0.2 mmol of 3 and 0.3 mmol
of 2 in 0.8 mL of toluene.

[b] Determined on isolated compounds after flash chroma-
tography.

[c] Determined by chiral HPLC analysis.

Scheme 1. Conjugate addition of ethyl a-allylcyanoacetate
2k to vinyl selenone 3.
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scribed in Scheme 2. The enantiomerically enriched
compounds 5–8 have been isolated in good to excel-
lent yields without loss of enantiomeric purity. Com-
pound 8, as suggested by the TLC analysis, is formed
by elimination of the intermediate iodide 7.

Finally, 1b[12] revealed to be an effective catalyst for
the stereocontrolled creation of adjacent quaternary
and tertiary stereocenters by conjugate addition of 2a
to the b-substituted selenone 9 (Scheme 3) at room
temperature. Compound 10 was formed with moder-
ate diastereo- and good enantioselectivity. Treatment
of the mixture of the diastereoisomers with KCN in
DMF gave the cyclopropane 11 as the single Z
isomer[13] in 70% ee. This transformation can be ra-
tionalized as a Krapcho-type deethoxycarbonyla-
tion,[14] followed by a ring closure reaction mediated
by nucleophilic substitution of the selenone.

In summary, the enantioselective addition of a-sub-
stituted cyanoacetates to vinyl selenones represents a
new process catalyzed by bifunctional ureidic or thio-
ureidic catalysts. The simple protocol constitutes the
first access to highly functionalized, enantioenriched
selenones bearing an all-carbon quaternary stereocen-
ter with good to excellent ees.

Moreover, the great nucleofugal ability of the sele-
none group has been used for the preparation of
some synthetically valuable polyfunctional com-
pounds under mild experimental conditions and with-
out loss of the enatiomeric purity.

Attempts to expand the scope of these reactions to
other nucleophiles and to develop sequential or
domino reactions employing vinyl selenones as Mi-
chael acceptors are currently underway.

Experimental Section

General Procedure for the Enantioselective Michael
Addition of a-Substituted Cyanoacetates 2a–k to
Vinyl Selenones 3 or 9

In an ordinary vial equipped with a Teflon-coated stir bar,
catalyst 1f or 1b (0.04 mmol, 20 mol%) and selenone 3 or 9
(0.2 mmol) were dissolved in undistilled toluene (0.8 mL)
with 20 mg of 4 � MS without any precaution to remove air.
The a-substituted cyanoacetate 2a–k (0.3 mmol, 1.5 equiv.)
was added at �70 8C or at room temperature and the result-
ing solution was stirred for 66 or 90 h. The reaction mixture
was directly poured into a flash chromatographic column
and the crude products 4a–k and 10 were purified using mix-
tures of hexane/ethyl acetate as eluent.
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