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Chiral phosphines, as the most fundamental ligands coordinated
to transition metals, have been extensively employed in asymmetric
catalysis to convert achiral compounds into enantioenriched prod-
ucts with high efficiency and enantioselectivity.1 However, the
preparation of chiral phosphine ligands usually starts from sto-
ichiometric amounts of chiral auxiliaries or involves optical
resolution of racemates.2 The synthesis of phosphorus ligands
through asymmetric catalysis is rare.3 Only recently have a few
effective catalytic methods with high stereoselection (up to 99%
ee) begun to appear, typical examples of which include asymmetric
arylation and alkylation of secondary phosphines,4,5 allylic phos-
phination,6 and hydrophosphination of methacrylonitrile and enals.7,8

In addition, several groups have reported the use of diaryl- or
diallylphosphine oxide-containing substrates in asymmetric addi-
tion,9 [2 + 2 + 2] cycloaddition,10 hydrogenation,11 and ring-
closing metathesis processes12 to provide optically active phosphine
oxide compounds with high enantioselectivity, which are very useful
precursors for chiral phosphines. However, to date there are no
examples of catalytic asymmetric additions of diarylphosphines to
�-substituted enones with stereoselection.13 In this communication,
we describe the first catalytic asymmetric addition of diarylphos-
phines to �-substituted enones using a pincer-palladium complex,
providing chiral phosphine derivatives in good yields with excellent
enantioselectivities (eq 1).14,15

Our initial experiment began with the addition of diphenylphos-
phine to 1,3-diphenyl-2-propen-1-one as the model reaction to
examine the effect of metal complexes as catalysts. After some
investigation, because of the strong binding ability of diphenylphos-
phine and its adduct to transition metals, which may deactivate the
catalyst by coordination or replacement of the ligand, the robust
and stable pincer-palladium complex 3 was selected as the
catalyst.16 The reaction proceeded smoothly in the presence of 2
mol % 3, furnishing the desired product in 70% yield (Table 1,
entry 1). Thus, we started to screen various chiral pincer-palladium
catalysts for this addition reaction. The employment of easily
prepared complex (S,S)-4,17 which is derived from optically active
binaphthol, gave the product in moderate yield but no stereoselec-
tivity (43% yield, 0% ee; entry 2). It was encouraging that the use
of chiral pincer-palladium complex (S,S)-518 furnished the hy-
drophosphination product in excellent yield and ee (95% yield, 97%
ee; entry 3). Changing the coordinating anion on palladium from

chloride to acetate without additional base further improved the
enantioselectivity to 99% (entry 4). The solvents had little influence
on the product yield and ee (entries 5-8).

Under these optimum conditions with (S,S)-6 as the catalyst,
various enones having electron-donating or -withdrawing groups
on the aromatic ring smoothly react with diphenylphosphine,
providing the chiral phosphine oxides uniformly in high yields with
excellent stereoselectivities (63-93% yield, 90-99% ee; Table 2,
entries 1-10). In addition, this process is also effective for the enone
substrate bearing a methyl moiety attached to the carbonyl group,
which gives the desired adduct in 71% yield with 96% ee (entry
11).19 Furthermore, besides diphenylphosphine, both electron-rich
and -poor diarylphosphines can be used as nucleophiles toward
enones under the current mild conditions, leading to the corre-
sponding products with excellent yields and enantioselectivities
(86-92% yield, 94-96% ee; entries 12 and 13).

This catalytic method was applied to the enantioselective
synthesis of a chiral pincer-PdCl complex16 with >99% ee and
71% yield in one step (eq 2); this complex proved to be an effective
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Table 1. Palladium-Catalyzed Addition of Diphenylphosphine to
Chalcone

entry catalyst base solvent time (h) yield (%)a ee (%)b

1 3 K2CO3 CH2Cl2 24 70 -
2 (S,S)-4 K2CO3 CH2Cl2 24 42 0
3 (S,S)-5 K2CO3 CH2Cl2 2 95 97
4 (S,S)-6 none CH2Cl2 2 93 99
5 (S,S)-6 none toluene 2 88 98
6 (S,S)-6 none THF 2 83 99
7 (S,S)-6 none t-BuOH 2 93 99
8 (S,S)-6 none CH3CN 2 91 99

a Isolated yields. b Determined by HPLC with hexane/2-propanol.
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catalyst for the addition of diphenylphosphine to chalcone under
the current conditions without further optimization (80% yield, 64%
ee).

A proposed catalytic cycle for this reaction is illustrated in Figure
1. On the basis of a preliminary NMR study,20 catalyst 6 may act
as a base toward the diarylphosphine instead of a Lewis acid toward
the enone. Thus, the transphosphination between the diarylphos-
phine and the pincer-PdOAc complex affords the palladium
phosphido complex. Next, addition of the diarylphosphido group
on palladium to the enone provides an oxa-π-allylpalladium
intermediate, which undergoes protonolysis with acetic acid in the
system, leading to the formation of the phosphine product along
with regeneration of the active catalyst 6.

In summary, we have developed a palladium-catalyzed asym-
metric addition of diarylphosphines to �-substituted enones that
provides the corresponding chiral phosphine derivatives in high
yields with excellent enantioselectivities. The current process can
tolerate various substrates under mild conditions, and the products
can be used as chiral phosphine ligands for asymmetric catalysis.

Further investigation of the detailed reaction mechanism and
application of this pincer-palladium catalyst in other asymmetric
reactions are in progress.
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2006, 359, 1767.

(18) For the synthesis and application of 6, see: (a) Longmire, J. M.; Zhang, X.
Tetrahedron Lett. 1997, 38, 1725. (b) Longmire, J. M.; Zhang, X.; Shang,
M. Organometallics 1998, 17, 4374.

(19) Moderate stereoselectivities were observed for 2-cyclohexen-1-one (52%
ee) and (E)-3-isopropyl-1-phenylprop-2-en-1-one (36% ee).

(20) The formation of the pincer-PdPPh2 intermediate from the reaction of
catalyst 6 with diphenylphosphine was observed and confirmed by 31P NMR
experiments (see the Supporting Information for details).

JA100606V

Table 2. Palladium-Catalyzed Asymmetric Addition of
Diarylphosphines to Enones

entry R1 R2 Ar yield (%)a ee (%)b,c

1 Ph Ph Ph 93 99
2 p-BrC6H4 Ph Ph 89 99
3 p-MeOC6H4 Ph Ph 75 98
4 m-BrC6H4 Ph Ph 93 97
5 p-O2NC6H4 Ph Ph 78 95
6 Ph p-BrC6H4 Ph 90 98
7 Ph p-O2NC6H4 Ph 88 99
8 Ph m-BrC6H4 Ph 90 99
9d Ph o-MeOC6H4 Ph 69 90
10d Ph p-MeC6H4 Ph 63 90
11 Me p-BrC6H4 Ph 71 96
12 Ph Ph p-MeOC6H4 86 94
13 Ph Ph p-ClC6H4 92 96

a Isolated yields. b Determined by HPLC with hexane/2-propanol.
c The absolute configurations of products were determined to be S
according to the X-ray crystal diffraction analysis of the product in entry
2; see the Supporting Information for details. d Using 5 mol % catalyst
and 16 h reaction time.

Figure 1. Proposed catalytic cycle for the palladium-catalyzed addition
of diarylphosphines to enones.
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