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Abstract—Treatment of racemic P-stereogenic tertiary phosphines with enantiomerically pure bis-phosphoryl and bis-thiophos-
phoryl disulfides under kinetic resolution conditions (2:1 ratio) afforded enantiomerically enriched tertiary phosphine oxides or
phosphine sulfides with ee values up to 39%. In a similar way from racemic tert-butylphenylchlorophosphine, optically active
tert-butylphenylphosphinoyl chloride with 50% ee was obtained. The same reaction performed under dynamic kinetic resolution
conditions (1:1 ratio of reagents) in the presence of chloride ions gave phosphinoyl chloride with 70% ee. © 2001 Elsevier Science

Ltd. All rights reserved.

Asymmetric synthesis mediated by transition metal
complexes bearing optically active phosphine ligands is
the field which has grown enormously in the last three
decades.! The first important landmark was the prepa-
ration of the soluble Wilkinson phosphine-rhodium
complexes containing enantiomerically pure, P-stereo-
genic tertiary phosphines.? Although it was later discov-
ered that chiral phosphine ligands with carbon-based
central or axial chirality are more easily prepared and
their transition metal complexes are more effective in
asymmetric catalysis,* the search for efficient and gen-
eral methods for the synthesis of chiral, non-racemic
phosphines and related compounds such as phosphine
oxides and phosphine sulfides continues to be of prime
importance.* As part of our continuing interest in chiral
phosphine ligands with applications in catalysis,” we
decided to explore a new procedure for preparing opti-
cally active tertiary phosphines. Our attention was
focused on kinetic resolution of P-chiral phosphines. In
this context, it is interesting to point out that the first
and only example of the kinetic resolution of a phos-
phine is due to Wittig and co-workers who were able to
partially resolve p-biphenylyl-1-naphthylphenyl-phos-
phine by means of its quaternization with half-molar
amounts of paraformaldehyde and (+)-camphor-10-sul-
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fonic acid.® Here we describe the results of our prelimi-
nary study on kinetic resolution of the title racemic
compounds which takes place when they are treated
with enantiomerically pure bis(phosphinoyl) or bis(phos-
phinothioyl) disulfides. The choice to study this reac-
tion under kinetic resolution conditions was mainly
dictated by the fact that mechanistic features (interme-
diates, steps, rearrangements) of the desulfurization
and/or deoxygenation of achiral bis(phosphinoyl)
disulfides by achiral three-coordinate phosphorus com-
pounds are well-known as a result of recent careful
investigations by Krawczyk et al.”

In the first place, the reactivity of two enantiomerically
pure disulfides 2 and 3 was investigated. The enan-
tiomerically pure (+)-(R,R)-bis(tert-butylphenyl-phos-
phinoyl) disulfide 2 we prepared by oxidation of the
(-)-a-phenylethylammonium  salt of (+)-(R)-tert-
butylphenylphosphinothioic acid by iodine under two-
phase conditions (CHCI;/H,0). Its stereostructure was
confirmed by a single-crystal X-ray analysis (see Fig.
1).% Disulfide 3 was prepared according to a previously
described procedure.® Racemic phosphines la—c were
obtained via known general methods starting from
phenyldichlorophosphine.*
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Figure 1. The molecular view of the disulfide (+)-(R,R)-2
with atom numbering scheme.

As expected, treatment of the racemic phosphines la—c¢
with half-molar amounts of the disulfide (+)-(R,R)-2
at low temperature afforded an equimolar mixture of
optically active phosphine oxides 4a—c¢ and unreacted
starting phosphines.'® Addition of elemental sulfur to
this mixture resulted in the conversion of the latter
into the corresponding optically active phosphine
sulfides Sa—c. Both reaction products, after typical
work-up (washing with 5% aq. solution of NaHCO,
and H,O) were easily isolated by column chromatog-
raphy. The results of this set of experiments are sum-
marized in Scheme 1.
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Scheme 1.

In all the investigated cases, the phosphines la—¢ with
the R-configuration at phosphorus were found to react
faster with the disulfide (+)-(R,R)-2. Their conversion
into the phosphine oxides (-)-(S)-4 may be easily
explained by the sequence of events shown in Scheme 2.
Nucleophilic attack of (R)-1 at sulfur in (R,R)-2 leads
to the first phosphonium intermediate 6 that undergoes
intramolecular thiolo-thiono isomerization to 7 with
retention of configuration at phosphorus. Decomposi-
tion of the latter results in the formation of (-)-(S)-4
and dithioanhydride.'®

When racemic tert-butylmethylphenylphosphine 1d was
treated with half molar amounts of the disulfide (+)-
(R,R)-2, the corresponding phosphine oxide (—)-(S)-4d
with 39% of enantiomeric purity was obtained. How-
ever, the phosphine sulfide (+)-(R)-5d exhibited lower
enantiomeric purity (Scheme 3).

Similarly, partial resolution was observed in the reac-
tion of racemic phosphines 1 with enantiopure (+)-
(Sp,Sp)-bisfmenthoxy-phenyl(phosphinothioyl)]  disul-
fide 3'! used in a 2:1 ratio. In this case, the reaction
took the desulfurization course and gave optically
active phosphine sulfides 5. The remaining phosphines
1 were oxidized to the corresponding phosphine oxides
4. The absolute configurations, optical rotations and ee
values of both separated products are shown in Scheme
4.

A very important extension of our approach to opti-
cally active phosphorus compounds involves Kkinetic
resolution of P-chiral chlorophosphines. Thus, treat-
ment of two moles of tert-butylphenylchlorophosphine
8 with one mole of the disulfide (+)-(R,R)-2 afforded
(+)-(S)-tert-butylphenylphosphinoyl chloride 9 and (-)-
(R)-tert-butylphenylphosphinothioyl chloride 10, which
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was obtained by sulfurization of the unreacted
chlorophosphine 8 (Scheme 5).

In contrast to much higher enantiomeric purity (50%)
of the phosphinoyl chloride 9, the chloride 10 is formed
with a lower ee value (28%). This is most probably due
to partial racemization of the unreacted chlorophos-
phine 8 caused by trace amounts of the chloride anion

[a]p = - 35.0 (CgHg) (ee 70%)
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2: mp 152-154°C; [o]p,=+183.8 (0.77, C¢Hy); 3'P NMR
(CDCLy): 68.4 ppm; 'H NMR (CDCL,): 1.14 (d, 18H,
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Jou=173 Hz, t-Bu) 7.14-7.64 (m, 10H, Ph).
Orthorhombic non-centrosymmetric, P2,,2,,2;; M=
426.51; dx=1.316 g cm™3%; u=4.081 cm™!; a=7.4824(6),
b=10.2879(8), ¢=27.9659(18) A; V'=2152.8(3) A3; Z=4;
R=0.0203; wR=0.0227, Flack’s parameter [Bernar-
dinelli, G.; Flack, H. D. Acta Crystallogr., Sect A 1985,
41, 500-511]=-0.04(5). Crystallographic data (excluding
structure factors) for the structure in this paper have been
deposited with the Cambridge Crystallographic Data
Centre as supplementary publication number CCDC
163287. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Read, Cam-
bridge CB2 1EZ, UK [fax: +44(0)-1223-336033 or e-
mail:deposit@ccdc.cam.ac.uk].
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In the case of the phosphoryl compounds 4a—d and 9, the
enantiomeric excess values were also determined by 'H
NMR method using (-)-(S)-¢-butylphenylphosphino-
thioic acid as chiral solvating agent. The ee values
obtained in this way were in good agreement (+1.5%)
with the calculated ones.
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