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Introduction

Enantiomerically pure phosphines are without doubt the
most powerful and versatile ligands for use in asymmetric
catalysis involving transition metals.1 The C2-symmetric
bis-phosphines, such as BINAP and DuPHOS, have been
most widely applied,2 although unsymmetric chiral phos-
phines, usually incorporating additional metal-coordinating
groups, have also been shown to have important applica-
tions, Hayashi’s ferrocene derivatives being prime ex-
amples.3 Although many chiral phosphines and bis-phos-
phines have been prepared, there remains a need for novel
and easily accessible examples, with the potential for
structural fine-tuning, which may give improved results in
processes that at present give only modest selectivities.4
We became interested in the development of a novel access

to chiral phosphines, incorporating an alicyclic backbone (cf.
the phospholane unit of DuPHOS), involving a symmetry-
breaking chiral base reaction, exemplified in its simplest
form by the conversion of 1 into 2.5,6

As in the analogous reactions of cyclic sulfoxides,7 kineti-
cally controlled discrimination between the two acidic sites
(R and R′) should result in a chiral metalated intermediate,
which on electrophilic quenching would give a phosphine

oxide product having at least two asymmetric centers.
Bearing in mind structural features that might be desirable
in the final chiral phosphine, we realized this plan using
the readily available 1,2,5-triphenylphospholane oxide (3),8
by reaction with the chiral base 4 in THF at -100 °C, Table
1.

As can be seen, useful levels of asymmetric induction of
around 90% ee were achieved, it being possible to further
enrich several of the products to at least 97% ee by simple
recrystallization.9

Limited literature precedent suggested that the relative
configuration of the alkylated phosphine oxides should be
as shown for 5.10,11 Using enriched samples, X-ray crystal-
lography allowed both the relative and absolute configura-
tions to be assigned for 5e and for the major adduct 5f from
reaction with PhCHO (as shown);12 the other products are
assumed to belong to the same diastereo- and enantiomeric
series. Evidence that the anion alkylations had indeed
occurred in the same diastereomeric sense as the carbonyl
addition reactions (i.e., syn to the PdO bond) was obtained
from NOE studies of 5a, 5b, and 5d (see structure).
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Table 1. Enantioselective Deprotonation of Phosphine
Oxide 3

electrophile product yield (%) eea (%) [R]Db

MeI 5a 87 85 36
EtI 5b 89 90 55
BnBr 5c 62 c 117
allylBr 5d 72 87 92
MeCOMe 5e 85 87 100
PhCHO 5f 82d 92e 97
cyclohex-CHO 5g 74 82f
PhSSO2Ph 5h 60 82 100
a Measured by HPLC using a Chiralcel OD column, with 30%

iPrOH in hexane as eluant (1 mL/min) and UV detection at 256
nm. b All positive in sign, measured in CHCl3 (c ) ca. 0.8-1.1).
c The ee could not be determined by HPLC. d Yield of 7:1 mixture
of diastereomers. e The ee shown is for the major diastereomer.
f Determined using the inseparable 1:1 mixture of diastereomers
([R]D values not measured for this mixture).
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In order to allow access to additional types of product,
especially those having a functional group “handle”, we
briefly examined further metalation-electrophilic quench
sequences using enantiomerically pure 5a as the starting
material. For example, reaction with nBuLi in THF, followed
by addition of either PhCHO or Ac2O, gave 6a and 6b in
87% and 53% yields, respectively.13

Finally, we have shown that reduction of such phosphine
oxides can be carried out employing a mixture of Cl3SiH and
pyridine,14 for example, to give 7a-c in the yields indi-
cated.15
Many recent syntheses of phosphines and bis-phosphines

have focused on the C2-symmetry element as a key design

feature,16 cf. 8, in which access to the reactive center is
possible via two equivalent open quadrants.

Although these systems have been very successful, the
requirement for C2-symmetry poses quite a serious limita-
tion on the structures available. We considered that a
design in which one of the quadrants is closed to give a
situation such as 9 where only one carefully tailored “open
site” is available may offer some advantages, particularly
with respect to steric fine-tuning. The product phosphines
available from our new chiral base chemistry, described
above, appear to conform to this design, as indicated by 10,
and give substantial flexibility in the choice of R. The ability
to prepare simple phosphines and bifunctional systems, of
either absolute configuration, starting with a readily avail-
able phospholane is clearly attractive. Further studies of
the asymmetric deprotonation, along with application of the
product ligands in asymmetric catalysis, are ongoing.
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