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Air-stable diphosphine ligand, (R,R)-2,3-bis((1-adamantyl)-
methylphosphino)quinoxaline, was prepared by the reaction of
enantiomerically pure (S)-(1-adamantyl)methylphosphine–bor-
ane with 2,3-dichloroquinoxaline. The ligand exhibited excellent
enantioselectivities in Rh-catalyzed asymmetric hydrogenation
and Pd-catalyzed asymmetric ring-opening reaction.

Optically active phosphine ligands play an important role in
transition-metal-catalyzed asymmetric reactions.1 While numer-
ous chiral phosphine ligands have been designed and synthe-
sized for almost four decades, it is still necessary to develop
new ones for the establishment of more efficient catalytic proc-
esses of various asymmetric reactions.2 Previously, we reported
new P-chiral phosphine ligands, BisP� and MiniPHOS, that pos-
sess a bulky alkyl group such as tert-butyl group and the smallest
alkyl group (methyl group) on the same phosphorus atom, and
demonstrated their exceedingly high enantioselectivity in rhodi-
um-catalyzed asymmetric hydrogenation reactions.3–5 However,
the fact that these ligands are quite sensitive to air has hindered
their widespread application in various asymmetric catalyses.
In order to overcome this difficulty, we recently synthesized
an air-stable P-chiral phosphine ligand, t-Bu-QuinoxP�.6 This
ligand exhibits very high to almost perfect enantioselectivities
not only in rhodium-catalyzed asymmetric hydrogenation but
also in rhodium- or palladium-catalyzed asymmetric reactions.
We are interested in examining the catalytic activity of structur-
ally analogous ligands possessing a bulkier alkyl group at the
phosphorus atoms. Here, we report the synthesis of (R,R)-2,3-
bis((1-adamantyl)methylphosphino)quinoxaline (1) (abbreviat-
ed as Ad-QuinoxP�) and its enantioselectivities in representative
catalytic asymmetric reactions.

The synthesis of Ad-QuinoxP� (1) was carried out according
to the procedure that uses phosphine–boranes as key intermedi-
ates (Scheme 1). 1-Adamantyl(dimethyl)phosphine–borane (2)
was subjected to enantioselective deprotonation with (�)-spar-
teine/sec-BuLi at low temperature and the generated organo-
lithium compound was treated with oxygen gas to give optically
active hydroxy derivative 3 with 88% ee in 60% yield. In order
to increase the ee of the alcohol, it was converted into benzoyl
derivative 4, which was recrystallized from methanol two times
to afford an enantiomerically pure compound.7 Hydrolysis of
this ester and subsequent oxidative one-carbon degradation pro-
duced enantiomerically pure secondary phosphine–borane 5.8

Deprotonation with n-BuLi and subsequent substitution reaction
with 2,3-dichloroquinoxaline, followed by treatment with tetra-
methylethylenediamine to remove the boranato groups, afforded
the desired ligand 1 as an orange air-stable amorphous solid in
75% yield.9 We expected to obtain this ligand as a crystalline
solid similar to t-Bu-QuinoxP�. Unfortunately, however, numer-
ous attempts at the crystallization of 1 have proved unsuccessful.

This ligand was reacted with PdCl2(cod) to afford complex

6.10 Its molecular structure was determined by single-crystal
X-ray analysis.11 As shown in Figure 1, the complex is rigid
owing to the quinoxaline backbone, and the five-membered pal-
ladium chelate forms an almost flat plane. Also worth noting is
that the two Pd–Cl bonds deviate by approximately 16� from the
chelate plane due to steric repulsion between the chlorine
atom and the bulky adamantyl group. Side views of the X-ray
structure clearly show that the second and forth quadrants
are effectively shielded by the adamantyl groups and the
other diagonal quadrants are occupied by the methyl groups.
This imposed asymmetric environment would lead to excellent
enantioselectivity in asymmetric catalysis.
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Scheme 1.

Figure 1. Molecular structure of PdCl2(Ad-QuinoxP
�).

2CHCl3: The two chloroform molecules and hydrogen atoms
are omitted for clarity.
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The enantioinduction ability of the ligand was examined in
the typical Rh-catalyzed asymmetric hydrogenation. The hydro-
genations of methyl (Z)-�-acetamidocinnamate and 1-acetyl-
amino-1-phenyl-2-methylpropene afforded the corresponding
reduction products both with 99.9% ee.12 These results suggest
the high utility of this ligand for the asymmetric hydrogenation
of similar prochiral substrates.
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This ligand was successfully used also in the palladium-
catalyzed asymmetric ring-opening reaction.13 Thus, reactions
using a premixing catalyst with PdCl2(cod) and 1 provided
products with 96–98% ee in almost quantitative yields.14 It is
worthy to note that the ee’s obtained in this study are about
1% higher than the ee’s by the use of t-Bu-QuinoxP�.6 The
excellent enantioselectivities indicate the high utility of this
ligand in this class of asymmetric catalyses.
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In summary, we have prepared a new air-stable P-chiral di-
phosphine ligand possessing adamantyl groups (Ad-QuinoxP�)
and demonstrated extremely high enantioselectivity in rhodi-
um-catalyzed hydrogenation and palladium-catalyzed ring-
opening reaction.
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