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ABSTRACT

A new general route for preparing enantiomerically pure P-stereogenic phosphine oxides has been developed by exploiting the Staudinger
reaction between racemic tertiary phosphines and an enantiomerically pure organoazide. The resulting phosphinimines are easily resolved by
either crystallization or flash chromatography and serve as synthetic intermediates toward enantiomerically pure phosphine oxides.

Asymmetric synthesis mediated by transition metals bearing
enantiomerically pure phosphine ligands has become a
cornerstone of organic chemistry and has allowed for the
preparation of a variety of complex natural products.1 As a
result, much effort has been directed toward the rational
design, synthesis, and testing of new enantiomerically pure
phosphines for various synthetic purposes. A diverse range
of enantiomerically pure phosphines is now commercially
available, and numerous other ligands have been reported
in the literature.2 Among these known phosphines, however,
the vast majority of examples are predicated upon carbon-
based central or axial chirality rather than asymmetry about
a tetrahedral phosphorus atom. The low abundance of

P-stereogenic phosphines for asymmetric transformations is
due, in part, to the relative difficulty of obtaining such
compounds by resolution procedures or diastereoselective
synthesis.3 While there have been several recent advances
in the diastereoselective synthesis of P-stereogenic materials,4

there are still relatively few resolution methods available for
obtaining enantiomerically pure tertiary phosphines. We
herein report a new, simple, and effective method for
obtaining P-stereogenic phosphine oxides using an enantio-
merically pure organoazide resolving agent.

We rationalized that a Staudinger reaction between a
racemic tertiary phosphine and an enantiomerically pure
azide could potentially furnish a 1:1 mixture of diastereo-
meric phosphinimines if the PdN bond rotational barrier was
low enough to prevent geometrical isomerism.5 To our
delight, treatment of racemic phosphine1awith (1S)-camphor-
sulfonyl azide26 afforded an equimolar mixture of dia-
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stereomeric phosphinimines, without complication by po-
tential bond isomers, as evidenced by1H and 31P NMR
analysis. However, conditions could not be found to separate
the resulting mixture by chromatography or crystallization.
This disappointing result led us to screen a variety of other
enantiomerically pure azides7 in hopes of finding an efficient
resolving agent. We were pleased to find that the dia-
stereomeric phosphinimines produced from the reaction of
(1S,2R)-O-(tert-butyldimethylsilyl)isobornyl-10-sulfonyl azide
(3) with various racemic phosphines were easily separable
by fractional crystallization or flash chromatography.

This new, effective resolving agent can easily be prepared
on a large scale by the three-step sequence shown in Scheme
1 from known isoborneol derivative4.8

Treatment of racemic phosphines10 1a-f with (1S,2R)-
sulfonyl azide3 in THF at 60°C smoothly affords the desired
phosphinimine mixtures11 in high yield (Table 1). Separation

of the resulting mixtures may be accomplished by fractional
crystallization from petroleum ether or acetonitrile.12 In some
cases, resolution may be obtained by simple flash chroma-
tography using hexane/ethyl acetate eluent mixtures.13 Only

in the case of isopropylmethylphenylphosphine (1c) could
the diastereomers not be fully separated since the first
diastereomer to crystallize was always found to contaminate
the mother liquor to a small degree.15 Cleavage of the
isomerically pure phosphinimines via acid hydrolysis was
found to afford stereochemically pure16 phosphine oxides
8a-f (Table 2), which were easily separated from the
sulfonamide byproduct17 via column chromatography.

To investigate the stereochemical course of the hydrolysis
step, a single-crystal X-ray structure determination of phos-
phinimine 6c was performed from which the absolute
configuration of the phosphorus center was determined to
haveR configuration (Figure 1).
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Scheme 1. Synthesis of the Resolving Agent9 a

a Reagents and conditions: (a) TBSCl, Et3N, DMF, rt, 3 h; (b)
SOCl2, C6H6, DMF; reflux 12 h; (c) NaN3, DMA, H2O, 60°C 12
h, 57% isolated yield from4.

Table 1. Treatment of Racemic Phosphines with Azide314

Diastereomer

entry R1 R2 R3 yield (%)

1a Ph Me C6H11 94
1b Ph Me C5H9 90
1c Ph Me CH(CH3)2 87
1d Ph Me 1-naphthyl 94
1e Ph Me 9-phenanthryl 89
1f Ph 1-naphthyl p-PhC6H4 91

Table 2. Hydrolysis of Isomerically Pure Phosphinimines

SM R1 R2 R3 yield (%)

6a Ph Me C6H11 93
7b Ph Me C5H9 93
6c Ph Me CH(CH3)2 94
6d Ph Me 1-naphthyl 96
6e Ph Me 9-phenanthryl >99
7f Ph 1-naphthyl p-PhC6H4 93
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Treatment of phosphinimine6c with 3 M H2SO4 in
refluxing 1,4-dioxane for 12 h furnished (-)-phosphine oxide
8c known to be ofS configuration.19 Hence the phosphin-
imine hydrolysis proceeds stereospecifically with inversion
of configuration. Moreover, this relationship, in conjunction
with literature data, may be used to unambiguously assign
some of the phosphinimine absolute configurations (Table
3). Although the stereochemical configuration and optical

rotation data have not been reported for phosphine oxides
8b and 8e, we are confident that we have obtained these
compounds in optically pure form on the basis of the good
agreement observed in the optical rotation data for known

oxides 8a, 8c-d, and 8f. In addition, we found that the
phosphine oxide obtained from the hydrolysis of6b or 6e
exhibited a rotation equal in magnitude but opposite in sign
to the hydrolysis product of7b or 7e, respectively.

Since reliable methods have been developed to stereo-
specifically reduce phosphine oxides to the corresponding
phosphines with either retention or inversion of configuration
at phosphorus,20 our new resolution protocol also serves as
a route to enantiomerically pure tertiary phosphines. We are
currently investigating the direct reduction of phosphinimines
6a-f and 7a-f to give enantiomerically pure phosphines.
The results of these studies will be disclosed elsewhere.

In summary, we have developed a novel, facile method
for the resolution of P-stereogenic phosphine oxides using a
Staudinger reaction with enantiomerically pure organoazide
3. The resulting phosphinimine diastereomers may be
separated by crystallization or flash chromatography and used
as synthetic intermediates toward enantiomerically pure
phosphine oxides and phosphines.
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Figure 1. ORTEP drawing of phosphinimine6c18 drawn with 30%
probability ellipsoids, except for the hydrogen atoms which are
represented as spheres of arbitrary size.

Table 3. Assignment of Phosphinimine Absolute Configuration
from Hydrolysis Product Optical Rotation Data

configuration

SM yield (%) product R20
D (c, solvent) product 8 SM

6a 93 +19.2 (0.93, MeOH)21 RP SP

7b 93 +33.3 (1.62, MeOH)
6c 94 -22.6 (1.00, MeOH)22 SP RP

6d 96 +19.8 (2.92, MeOH)23 SP RP

6e >99 +71.4 (1.14, MeOH)24

7f 93 +26.9 (0.62,CHCl3)25 RP SP
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