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ABSTRACT

The enantioselective conjugate addition reaction of Et2Zn to Meldrum’s acid derived acceptors, mediated by a catalyst formed from
Cu(O2CCF3)2 and a phosphoramidite ligand, is reported. Adducts are obtained in useful yields and up to 94% ee.

The conjugate addition reaction of organometallic reagents
to acceptor substrates provides access to a number of useful
building blocks for the synthesis of complex molecules.
There have been recent exciting advances in this area of
synthetic methodology,1 including both cyclic as well as
acyclic acceptors.2-5 We have initiated a program focused
on acceptors derived from the condensation reaction of
aldehydes and Meldrum’s acid,6 because these are expected
to be reactive acceptors7 and the subsequent product hy-
drolysis to the acid is anticipated to be easy. Herein we report
preliminary studies involving the addition of Et2Zn to a wide
range of Meldrum’s acid derived acceptors in up to 94% ee.

Based on the impressive results reported by Feringa, we
decided to focus on the use of BINOL-derived phosphora-
midite ligands in Cu-catalyzed additions of Et2Zn to Mel-
drum’s acid derived acceptors. The work of Alexakis on

conjugate additions suggested that a screening of Cu-salts
could also be of significance.2m In initial experiments in-
volving Et2Zn additions to1a with ligand5 and a variety of
Cu salts, we observed the following selectivities for2a

(1) For reviews, see: (a) Tomioka, K.Synthesis1990, 541-549. (b)
Rossiter, B. E.; Swingle, N. M.Chem. ReV.1992,92, 771-806. (c) Kanai,
M.; Shibasaki, M. InCatalytic Asymmetric Synthesis, 2nd ed.; Ojima, I.,
Ed.; Wiley-VHC: New York, 2000; pp 569-592. (d) Feringa, B. L.Acc.
Chem. Res. 2000, 33, 346-353. (e) Alexakis, A.; Benhaim, C.Eur. J. Org.
Chem.2002, 3221-3236. (f) Feringa, B. L.; Naasz, R.; Imbos, R.; Arnold,
L. A. In Modern Organocopper Chemistry; Krause, N., Ed.; Wiley-VHC:
Weinheim, 2002; pp 224-258.

(2) (a) Soai, K.; Hayasaka, T.; Ugajin, S.; Yokoyama, S.Chem. Lett.
1988, 1571-1572. (b) Bolm, C.; Zehnder M.; Bur, D.Angew. Chem., Int.
Ed. Engl.1990,29, 205-207. (c) Alexakis, A.; Frutos, J.; Mangeney, P.
Tetrahedron: Asymmetry1993, 4, 2427-2430. (d) de Vries, A. H. M.;
Meetsma, A.; Feringa, B. L.Angew. Chem., Int. Ed. Engl.1996, 35, 2374-
2376. (e) Feringa, B. L.; Pineschi, M.; Arnold, L. A.; Imbos, R.; de Vries,
A. H. M. Angew. Chem., Int. Ed. Engl.1997, 36, 2620-2623. (f) Alexakis,
A.; Vastra, J.; Mangeney, P.Terahedron Lett.1997,38, 7745-7748. (g)
Sewald, N.; Wendisch, V.Tetrahedron: Asymmetry1998,9, 1341-1344.
(h) Versleijen, J. P. G.; van Leusen, A. M.; Feringa, B. L.Terahedron Lett.
1999, 40, 5803-5806. (i) Yan, M.; Zhou, Z.-Y.; Chan, A. S. C.Chem.
Commun.,2000, 115-116. (j) Degrado, S. J.; Mizutani, H.; Hoveyda, A.
H. J. Am. Chem. Soc.2001,123, 755-756. (k) Alexakis, A.; Trevitt, G.
P.; Bernardinelli, G.J. Am. Chem. Soc.2001, 123, 4358-4359. (l) Alexakis,
A.; Benhaim, C.Tetrahedron: Asymmetry2001, 12, 1151-1157. (m)
Alexakis, A.; Benhaim, C.; Rosset, S.; Humam, M.J. Am. Chem. Soc.2002,
124, 5262-5263. (n) Reetz, M. T.; Gosberg, A.; Moulin, D.Terahedron
Lett. 2002,43, 1189-1191. (o) Degrado, S. J.; Mizutani, H.; Hoveyda, A.
H. J. Am. Chem. Soc.2002, 124, 13362-13363. (p) Duursma, A.; Minnaard,
A. J.; Feringa, B. L.J. Am. Chem. Soc.2003,125, 3700-3701. (q) Hird,
A. W.; Hoveyda, A. H.Angew. Chem., Int. Ed.2003,42, 1276-1279.

(3) For early reports on the Cu-catalyzed additions of organozinc reagents,
see: (a) Nakamura, E.; Kuwajima, I.J. Am. Chem. Soc.1984,106, 3368-
3370. (b) Lipshutz, B. H.; Wood, M. R.; Tirado, R.J. Am. Chem. Soc.
1995,117, 6126-6127.

ORGANIC
LETTERS

2003
Vol. 5, No. 24
4557-4558

10.1021/ol035575q CCC: $25.00 © 2003 American Chemical Society
Published on Web 11/01/2003



(Scheme 1): Cu(OTf)2, 71% ee; Cu(OAc)2‚H2O, 76% ee;
Cu(O2CCF3)2, 78% ee; CuTC, 81% ee (TC: 2-thiophene
carboxylate). Although the best Cu salt proved to be CuTC,
the convenience of using the trifluoroacetate salt as well
as the fact that in other test cases the difference in selec-
tivity compared to CuTC was minimal led us to employ
Cu(O2CCF3)2 in subsequent studies.

A particularly attractive feature of the phosphoramidite
ligands is the convenience with which its structure can be
varied. We thus screened a number of phosphoramidites with
the aim of identifying a ligand that gave highest enantiose-
lectivity. It is interesting to note that in the addition of
Et2Zn to 1a the use of the phenethylamine ligand4 that has
been most commonly employed was not optimal; instead,
the use of the (R,R)-bis-(1-cyclohexylethyl)amine analogue
3 furnished optimal enantioselectivity (Scheme 2). To the

best of our knowledge, ligand3 has not been previously
reported in conjugate addition reactions.

As shown in Table 1 and Scheme 2, the conjugate addition
reaction can be carried out with a wide range of Meldrum’s

acid acceptors including those bearing aliphatic and aromatic
substituents in yields ranging from 61 to 94%. The aliphatic
substrates elicit the highest selectivity (92 and 94% ee), while
the aromatic substituted acceptors show an interesting trend.
Electron-rich aryl groups as substituents on the acceptor
afforded the highest enantioselectivity 80-88% ee, with the
p-dimethylamino substituted arene proving optimal. It is thus
interesting that it is not the best acceptor that affords the
highest selectivities or yields. These observations are con-
sistent with a transition-state structure in which association
of the metal with the carbonyl of the acceptor is critical.

In conclusion, we have expanded the scope of Cu-cata-
lyzed enantioselective conjugate addition reactions of dieth-
ylzinc to include Meldrum’s acid derived acceptors, which
are conveniently accessed through simple condensation reac-
tions. We have found that the previously unreported ligand
3 in combination with Cu(O2CCF3)2 is optimal for selectivity
in the conjugate addition, proceeding in up to 94% ee. The
study opens up the possibility of using Meldrum’s acid
derived acceptors in other useful catalytic processes, which
are the subject of ongoing investigations at present.
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Table 1. Et2Zn Additions to Meldrum’s Acid Derived
Acceptorsa

entry substrates (R) yield (%) ee (%) major isomer

1 i-Pr 1a 87 92 R-(-)
2 C6H11 1b 84 94 R-(-)
3 Ph 1c 94 40 R-(+)
4 C6H4-p-OMe 1d 71 87 R-(+)
5b C6H4-p-NMe2 1e 89 88 (-)
6 C6H4-p-Cl 1f 66 44 (+)
7 C6H4-p-Br 1g 61 45 (+)
8 C6H4-p-Me 1h 78 47 (+)
9b C6H4-p-CF3 1i 72 62 (+)

10 2-naphthyl 1j 83 67 (+)
11 2-furanyl 1k 64 80 (+)
12 2-thiophenyl 1l 89 82 (+)

a The reactions were conducted at-78 °C in THF with 2 mol %
Cu(O2CCF3)2 and 6 mol %3 with 0.16 mmol of1a-l and 1.2 equiv of
Et2Zn (Scheme 2).b 1 mol % Cu(O2CCF3)2 and 3 mol %3 was used.
c Enantioselectivity was assayed by chiral HPLC of the anilides derived
from 2a-l; see the Supporting Information.d For entries 1-4, the config-
uration of the adducts was correlated to known compounds, for entries 5-12,
it was correlated by analogy.
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