
O

O
P

O

O
P

O

O
P

O

O
P

Fe

2a
b
c

R = H
R = CH3
R = C6H5

1

R

R

R

R

a
b

n = 1
n = 2

3

O

(  )n

+ Et2Zn
1 mol-% Cu(OTf)2

2 mol-% ligand
THF/-30 °C/20 h

O

(  )n

a
b

n = 1
n = 2

4

TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 1189–1191Pergamon

Copper-catalyzed enantioselective conjugate addition of
diethylzinc to �,�-unsaturated carbonyl compounds using

diphosphonites as chiral ligands†

Manfred T. Reetz,* Andreas Gosberg and Dominique Moulin

Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470 Mülheim/Ruhr, Germany

Received 12 December 2001; accepted 13 December 2001

Abstract—BINOL-based diphosphonites in which ferrocene functions as the achiral backbone are excellent chiral ligands in the
Cu(OTf)2-catalyzed conjugate addition of Et2Zn to enones, enantioselectivities of up to 99% being observed. © 2002 Elsevier
Science Ltd. All rights reserved.

We have previously shown that BINOL-based diphos-
phonites of type 1 and 2 are excellent bidentate ligands
in the asymmetric Rh-catalyzed hydrogenation of prochi-
ral olefins, enantioselectivity typically being in the range
of 97–99% ee.1 Since these results constitute the first cases
of high asymmetric induction in catalytic hydrogenation
using chiral diphosphonites as ligands,2 it was of interest
to study the behavior of 1 and 2 in other types of transition
metal-catalyzed reactions. We now show that these

ligands are also well suited for asymmetric conjugate
addition of Et2Zn to prochiral enones.3–5

Upon adding Et2Zn to a cooled (−30°C) mixture of
cyclohexenone (3a) and catalytic amounts of Cu(OTf)2

(1 mol%) in the presence of the chiral ligand 1a
(Cu:ligand=1:2) and allowing the mixture to react for 20
h, an excellent conversion to the product 4a was observed,
enantioselectivity amounting to 95% ee (Table 1, entry
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Table 1. Cu(OTf)2-catalyzed conjugate addition of Et2Zn in the presence of chiral diphosphonites

Ligand Temperature (°C) Conversion (%)Substrate % ee (abs. config.)Entry

1 1a3a −30 89–94 95 (R) (+)
1a −203a 1002 92–94 (R) (+)

3a3 1b −30 72–88 93–99 (R) (+)
1b −20 1004 95 (R) (+)3a
1c −203a 1005 38 (R) (+)
2 −306 53–653a 29–46 (R) (+)
1a −303b 86–927 90–93 (+)

58 1a −30 100 87a

1a −205 1009 84a

510 1b −30 87 88a

11 1a7 −30 29–37 69–71 (R) (−)
1a 227 91–9212 8 (R) (−)
1a 013 1007 55 (R) (−)
1b 07 10014 64 (R) (−)

715 1c 0 100 24 (S) (+)

a Absolute configuration not determined.

1).6 At −20°C enantioselectivity turned out to be a little
lower (entry 2). The use of the dimethyl-analog 1b led
to an increase in enantioselectivity, whereas the phenyl
derivative 1c resulted in only 38% ee (Table 1, entry 5).
Surprisingly, the ethano-bridged diphosphonite 2 failed
to afford acceptable results (Table 1, entry 6), which
means that the nature of the achiral backbone is cru-
cial.

Similar results were observed in the case of the pyra-
none 5, enantioselectivity comparing well with the best
results previously reported by Chan who used a chiral
diphosphite7 (Table 1, entries 8–10). In contrast, chal-
cone 7 reacted with considerably lower asymmetric
induction (ee=64–71%; Table 1, entries 11–15). Thus,
the general trend that a given ligand system seldom
works well for both cyclic and for acyclic substrates3–5

seems to pertain in our system as well.

The ligands described herein are easy to prepare and
belong to the best systems currently available, although
the chiral phosphoramidites described by Feringa5b

result in slightly higher enantioselectivities. The study
of other transition metal-catalyzed reactions using our
ligands is in progress.

References

1. Reetz, M. T.; Gosberg, A.; Goddard, R.; Kyung, S.-H.
Chem. Commun. (Cambridge) 1998, 2077–2078.

2. (a) Nifant’ev, I. E.; Manzhukova, L. F.; Antipin, M. Y.;
Struchkov, Y. T.; Nifant’ev, E. E. Russ. J. Gen. Chem.
1995, 65, 682–685; (b) Ni-catalyzed hydrocyanation using
chiral diphosphonites as ligands: Goertz, W.; Kamer, P. C.
J.; van Leeuwen, P. W. N. M.; Vogt, D. Chem.-Eur. J.
2001, 7, 1614–1618; (c) Rh-catalyzed hydrosilylation of
ketones using chiral monophosphonites as ligands: Haag,
D.; Runsink, J.; Scharf, H.-D. Organometallics 1998, 17,
398–409; (d) Sakaki, J.; Schweizer, W. B.; Seebach, D.
Helv. Chim. Acta 1993, 76, 2654–2665.

3. For general reviews of enantioselective conjugate addi-
tions, see: (a) Sibi, M. P.; Manyem, S. Tetrahedron 2000,
56, 8033–8061; (b) Krause, N.; Hoffmann-Roder, A. Syn-
thesis 2001, 2, 171–196.

4. For early representative papers concerning the conjugate
addition of diethylzinc using various catalysts, see: (a)
Bolm, C.; Ewald, M. Tetrahedron Lett. 1990, 35, 5011–
5012; (b) Bolm, C.; Felder, M.; Müller, J. Synlett 1992,
439–440; (c) Soai, K.; Okudo, M.; Okamoto, M. Tetra-
hedron Lett. 1991, 32, 95–96; (d) Jansen, J. F. G. A.;
Feringa, B. L. Tetrahedron : Asymmetry 1992, 3, 581–582.



M. T. Reetz et al. / Tetrahedron Letters 43 (2002) 1189–1191 1191

5. For the copper-catalyzed conjugate addition of diethyl-
zinc, see: (a) Alexakis, A.; Frutos, J.; Mangeney, P. Tetra-
hedron : Asymmetry 1993, 4, 2427–2430; (b) Feringa, B. L.
Acc. Chem. Res. 2000, 33, 346–353; (c) Alexakis, A.;
Burton, J.; Vastra, J.; Benhaim, C.; Fournioux, X.; van
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