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Asymmetric catalysis of ene reactions with trifluoropyruvate
catalyzed by dicationic palladium(II) complexes
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Abstract—Chiral dicationic SEGPHOS–Pd(II) complex achieves a high chemical yield, (E)-olefin selectivity, anti-diastereoselec-
tivity, along with high enantioselectivity even with less reactive mono- and 1,2-disubstituted olefins in this much less reactive ketone–
ene reactions. The high levels of enantioselectivity stem from the effective shielding with diphenyl groups on phosphines caused by
the narrow dihedral angle of metal complexes with SEGPHOS.
� 2003 Elsevier Ltd. All rights reserved.
n CO2Et

CF3 OH

*

O

F3C CO2Et
+

O
Ph2

n

cat. Pd (5 mol%)

CH2Cl2, r.t. 15 min
AgSbF6 (10 mol%)

n = 1: 84% yield, 97% ee
n = 2: quant., 96% ee

R

O
O

CX3
OH*

*
*

R
CX3
OH* *

O OEt

R
O

X3C CO2Et
+

ene reaction

Scheme 1.
Carbonyl–ene reactions with ketones are synthetically
important as a short access to chiral tertiary alcohols
with homo-allylic functionality.1 However, there has
been essentially no successful example on the asym-
metric catalysis of ketone–ene reactions except for the
recent report by Evans,2 because of low ene reactivities
of ketones as compared with aldehydes. We report
herein the success in asymmetric catalysis of the ketone–
ene reaction by a dicationic SEGPHOS–Pd(II) complex
[SEGPHOS¼ (4,40-bi-1,3-benzodioxole)-5,50-diylbis(di-
arylphosphine)]3 rather than the nitrile-coordinated
dicationic BINAP–Pd(II) complexes4 to construct the
corresponding quaternary carbon centers5 as conceptu-
ally exemplified in the retro-synthesis of steroid side
chains (Scheme 1).

The asymmetric catalysis of ketone–ene reactions was
first investigated with 1,1-disubstituented olefins and
ethyl trifluoropyruvate by dicationic Pd(II) complex
bearing chiral diphosphine ligands, SEGPHOS, in par-
ticular. The dicationic SEGPHOS–Pd(II) was prepared
in situ from SEGPHOS–PdCl2 and two equimolar
amount of AgSbF6 in CH2Cl2. Fortunately, the ene
products were obtained with high chemical yield and
high enantioselectivity (96–97% ee) in the catalytic re-
actions at room temperature within 15min (Scheme 2).6
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As suggested by the results above, the SEGPHOS–
Pd(II) complex is the suitable catalyst for ketone–ene
O

O

O

P

P
Ph2

Pd
Cl

Cl
cat. Pd =

(S)-SEGPHOS-PdCl2

Scheme 2.

mail to: kmikami@o.cc.titech.ac.jp

mail to: kmikami@o.cc.titech.ac.jp



CO2Et

F3C OH

cf. SnCl4; 34% yield, 100% (E), anti/syn = 91/9

anti-product

P

P

O

O

CF3

EtO
Pd

H

Ph2

Ph2

*

65% yield, 100% (E), anti/syn = 96/4, 96% ee

Scheme 3.

eq.

ax.

Pd(1)

Cl(1)

P(2)P(1)

Cl(2)

O

O

Figure 1. ORTEP drawing of (S)-SEGPHOS–PdCl2.

Table 1. Asymmetric ene reactions with a variety of olefins

Entry Olefin Ene product Time (h) Yield (%) % ee Ratio

1

CO2Et

CF3 OH

**
0.5 80 84 anti/syn¼ 98/2

2
n-C3H7

CO2Et

CF3 OH

*
n-C3H7

0.5 79 97 100% (E)

3
Ph

CO2Et

CF3 OH

*
Ph 0.5 quant. 96 100% (E)

4
CO2Et

CF3 OH

**
1 64 92 anti/syn¼ 91/9

5
CO2Et

CF3 OH

**
1 65 96 100% (E)

anti/syn¼ 96/4

184 K. Aikawa et al. / Tetrahedron Letters 45 (2004) 183–185
reactions with ethyl trifluoropyruvate. A variety of ole-
fins were then examined under the same conditions
(Table 1). Trisubstituted olefin gave the ene product in
good yield and enantioselectivity (entry 1). Significantly,
the reaction of mono-substituted olefins with low ene
reactivity proceeded with high levels of enantioselectiv-
ity and exclusively (E)-selectivity (entries 2 and 3). In
spite of decreased yield, less reactive 1,2-disubsituted
olefins also exhibited high diastereo- and enantioselec-
tivity (entries 4 and 5). An electron-withdrawing tri-
fluoromethyl substituent might be important for
accelerating inter-molecular electrophilic attack onto
the less ene reactive mono- and 1,2-disubstitued olefins.
The dicationic SEGPHOS–Pd(II) complex-catalyzed
ketone–ene reactions can proceed only 1,1-di-substi-
tuted methylenecyclohexane with the less electrophilic
nonfluorinated ethyl pyruvate (47% yield, 98% ee).

The stereochemical assignment of the diastereomeric
products deserves comment. Based on the similarity of
the anti-diastereoselective reaction catalyzed by SnCl4,
the major isomers of the ene products were determined
to be anti (Scheme 3).7

Encouraged by the success in ketone–ene reactions with
SEGPHOS–Pd(II) complex, the dihedral angle of metal
complexes with various diphosphine ligands was exam-
ined. Indeed, the X-ray analysis of SEGPHOS–PdCl2
complex8 shows that the dihedral angle is significantly
narrower (60.1�) than that of BINAP–PdCl2 complex
(70.2�)9 (Fig. 1). As already reported dihedral angle of
SEGPHOS–Ru is narrower (64.99�) than BINAP–Ru
73.49�.3 The enantioselectivity with methylenecyclohex-
ane is thus inversely correlated to the dihedral angles of
the diphosphine ligands from SEGPHOS (96% ee) to
BINAP (95% ee), by virtue of the effective shielding with
diphenyl groups on phosphines caused by the narrower
dihedral angle of metal complexes with SEGPHOS,
in particular.

In summary, we have demonstrated the ketone–ene re-
actions of even with the less ene reactive mono- and 1,2-
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disubstitued olefins catalyzed by chiral dicationic SEG-
PHOS–Pd(II) complex, which provides an important
and short access to chiral quaternary carbon with homo-
allylic tertiary alcohol and trifluoromethyl functionalities
of which the latter is of material and pharmaceutical
interests.
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