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Abstract—An optically pure C2-symmetrical diphosphine ligand containing two ester functional groups at the two chiral carbon
stereogenic centres was prepared efficiently from the asymmetric hydrophosphination reaction between diphenylphosphine and
dimethyl acetylenedicarboxylate in the presence of an organopalladium(II) complex derived from (S)-N,N-dimethyl-1-(1-
naphthyl)ethylamine.
� 2006 Elsevier Ltd. All rights reserved.
�Selected physical and spectroscopic data for (R,R)-3ÆCH Cl : mp
Enantiomerically pure diphosphines containing selected
functionalities have long been considered as powerful
auxiliaries for metal based homogenous asymmetric
catalysis.1 These chiral ligands have also been used
extensively in asymmetric organic synthesis,2 biochemis-
try3 and chemotherapy.4 We have recently reported a
new class of chiral phosphine-supported gold(I) antican-
cer complexes.5 These activities and selectivities can be
controlled efficiently by selected functionalities and their
stereochemistry within a particular chiral phosphine
supporter. Despite their important roles in many aspects
of science, the synthesis of these reactive and potentially
unstable chiral ligands remains a major challenge. We
have previously reported the asymmetric synthesis of a
series of functionalized phosphanorbornenes.6 Herein
we present the preparation of a di-ester-substituted
diphosphine via a simple chiral palladium template
promoted hydrophosphination reaction.

As illustrated in Scheme 1, the addition reaction be-
tween diphenylphosphine and dimethyl acetylenedicarb-
oxylate proceeded smoothly at �78 �C in the presence of
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.11.025

q Electronic Supplementary Information (ESI) available: 31P NMR of
crude product containing both complexes (S,RR)-2 and (S,SS)-2
along with 1H and 31P NMR of complex (RR)-3.
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the chiral palladium template (S)-1 and a trace amount
of NEt3 in CH2Cl2. The reaction was monitored by 31P
NMR spectroscopy and was found to be complete in 2 h
to give a 6:1 mixture of diastereomers (S,RR)-2 and
(S,SS)-2 in a quantitative yield. The 121 MHz 31P
NMR spectrum of each diastereomer in CDCl3 exhib-
ited a pair of doublets. For the major isomer (S,RR)-
2, the doublet resonances occurred at d 36.1 and 55.3
(JPP 39 Hz). For the minor isomer (S,SS)-2, the doublets
were observed at d 36.6 and 57.2 (JPP 37 Hz). The cat-
ionic diastereomers could not be separated efficiently
by chromatography or fractional crystallization. The
diastereomeric mixture was then treated with concd
HCl to remove the naphthylamine auxiliary resulting
in the dichloro complexes (RR)-3 and (SS)-3. Repeated
crystallization of the enantiomeric mixture from dichlo-
romethane and diethyl ether gave the optically pure
major isomer (RR)-3� as pale yellow prisms (40%),
[a]435 +110 (c 0.3, CH2Cl2). The 31P NMR spectrum of
(RR)-3 in CDCl3 exhibited a sharp singlet at d 58.0.
2 2

231–232 �C; [a]435 +110 (c 0.3, CH2Cl2). Anal. Calcd for
C31H30Cl4O4P2Pd: C, 47.9; H, 3.9. Found C, 47.7; H, 3.8. 31P
NMR (CDCl3) d 58.0 (s); 1H NMR (CDCl3) d 3.40 (s, 6H, CH3), 4.23
(d, 2H, JPH = 6.2 Hz, CH), 7.52–7.93 (m, 20H, aromatics).
For (R,R)-4: [a]D �109 (c 0.6, CHCl3). 31P NMR (CDCl3) d �6.1 (s);
1H NMR (CDCl3) d 3.41 (s, 6H, CH3), 4.19 (d, 2H, JPH = 5.9 Hz,
CH), 7.26–7.69 (m, 20H, aromatics).
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The molecular structure and the absolute stereochemis-
try of (RR)-3 were determined by X-ray crystallogra-
phy� (Fig. 1). The five-membered chelate ring has the
�Crystal data for (R,R)-3ÆCH2Cl2: C31H30Cl4O4P2Pd; FW = 776.69;
light yellow prisms; space group P1, a = 8.9387(3), b = 9.6553(3),
c = 10.4811(4) Å, V = 843.89(5) Å3, Dc = 1.582 Mg m�3 for Z = 1;
k(Mo-Ka) = 0.71073 Å; Bruker Kappa Apex II CCD diffractometer
(298 K); A total of 10051 unique data were collected in the range
4 6 2h 6 69� of which 6939 were refined [I > 2r(I)]. The structure was
solved by direct methods and refined on F2 by full-matrix least-
squares techniques giving R and Rw values of 0.0478 and 0.0955,
respectively. The absolute configuration of the complex was deter-
mined unambiguously using the Flack parameter [final value
v = �0.05(3)]. All non-hydrogen atoms were refined anisotropically
while all hydrogen atoms were introduced at a fixed distance from
carbon atoms and were assigned fixed thermal parameters. CCDC
612065. An ORTEP plot of complex (R,R)-3 with numbering scheme
was given in Figure 1. Hydrogen atoms except the two on the chiral
centres and a CH2Cl2solvent molecule have been omitted for clarity.
Selected interatomic distances (Å) and angles (�) are as follows:
Pd(1)–P(2) 2.228(2), Pd(1)–P(1) 2.239(2), Pd(1)–Cl(2) 2.346(2), Pd(1)–
Cl(1) 2.353(2), P(2)–Pd(1)–P(1) 87.44(6), P(2)–Pd(1)–Cl(2) 88.14(7),
P(1)–Pd(1)–Cl(2) 174.43(8), P(2)–Pd(1)–Cl(1) 174.11(7), P(1)–Pd(1)–
Cl(1) 90.97(7), Cl(2)–Pd(1)–Cl(1) 93.77(7).
asymmetric skew conformation of k helicity with both
ester substituents on the asymmetric carbon centres of
R absolute configuration occupying equatorial sites.

Treatment of a CH2Cl2 solution of (R,R)-3 with aqueous
potassium cyanide liberated the optically pure diphos-
phine (R,R)-4� as a white solid in a quantitative yield,
[a]D �109 (c 0.6, CHCl3). The 31P NMR spectrum of
the free diphosphine in CDCl3 exhibited a sharp singlet
at d �6.1. As illustrated in Scheme 2, the optical purity
of (R,R)-4 was confirmed by the quantitative reprepara-
tion of (S,RR)-2 from the liberated ligand and (S)-1; the
202 MHz 31P NMR spectrum (CDCl3) of the crude
product exhibited only a pair of doublet signals at d
36.1 and 55.3 (JPP 39 Hz). These signals are identical to
those recorded for the major diastereomer (S,RR)-2 gen-
erated directly from the asymmetric hydrophosphination
reaction. As a further test of the optical purity of the lib-
erated ligand and to confirm the identity of the minor
product generated in the addition reaction, (R,R)-4 was
recoordinated to the equally accessible (R)-1. The 31P
NMR spectrum of the crude recomplexation product in
CDCl3 exhibited only a pair of doublets at d 36.6 and
57.2 (JPP 37 Hz). These signals were identical with those
observed for the minor product generated from the
hydrophosphination reaction. Hence, it could be con-
firmed that diastereomer (S,SS)-2 was indeed the minor
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product of the asymmetric synthesis and the liberated
diphosphine (R,R)-4 is optically pure.

In conclusion, the hydrophosphination described is very
efficient and the diester-substituted diphosphine can be
prepared in a large quantity without the involvement
of the tedious and inefficient resolution steps. We are
currently preparing a range of functionalized diphos-
phines in their enantiomerically pure forms using a sim-
ilar synthetic scheme.
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