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rivative!! and which has been inferred for the cobalt
complex 2.3
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Stereomutation of a Tetracoordinate Phosphorus
Compound by Intramolecular Ligand Exchange!
Sir:

It has been established that the thermal racemization
of allyl sulfoxides proceeds by a concerted, reversible,
and intramolecular rearrangement mechanism.?2 We
now wish to report the first example of an analogous
process in which phosphorus is the chiral center.

Hexachlorodisilane reduction? of (4)-( R)-allylmethyl-
phenylphosphine oxide (1),* followed by treatment of
the resulting phosphine with elemental sulfur, gave
(—)-(S)-allylmethylphenylphosphine sulfide (2),5 which
was found to racemize in o-xylene with first-order ki-
netics: K. X 10° (sec™!) = 3.53 (at 205°), 8.92 (at
215°), 10.4 (at 221°), and 14.7 (at 225°), whence E, =
33 = 2 kcal/mol and log 4 = 9.6 (AST —18 eu).

Scheme I
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According to the racemization route depicted in
Scheme I, (S)-2 undergoes a [2,3] sigmatropic rearrange-
ment® to allyl (R)-methylphenylthiophosphinite (3),
which is converted to (S)-3 by pyramidal inversion at
phosphorus. Allylic rearrangement of (S)-3 to (R)-2
completes the conversion of (S)-2 into its enantiomer.”
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(7) It is not known which of the two steps is rate determining.

The rearrangement step is reversible: allyl diphenyl-
thiophosphinite rearranges to allyldiphenylphosphine
sulfide.® That the rearrangement is concerted was
demonstrated by the observation that crotyl diphenyl-
thiophosphinite and «-methylallyl diphenylthiophos-
phinite readily and completely (>959) rearrange to
a-methylallyldiphenylphosphine sulfide and crotyldi-
phenylphosphine sulfide, respectively.® The rearrange-
ment of racemic 3'° in 1,2-C¢H,(CD3), is also complete
(>99%) .and follows first-order kinetics:!! k X 10%
(sec™!) = 0.48 (at 21°), 1.27 (at 30°), and 5.18 (at 42°),
whence E, = 20 kcal/mol and log A = 10.8 (ASF¥ ~11
eu). The negative entropy of activation attests to the
cyclic character of the transition state in the rearrange-
ment of 3 to 2. It is interesting to note that the rear-
rangement of allyl thiophosphinites such as 3 is con-
siderably more facile than that of the analogous allyl
phosphinites.*

The proposed mechanism for racemization of 2 is
completely analogous to that of the racemization
of allyl sulfoxides,? the chief difference residing in
the nature of the conformational interconversions
which take place at the intermediate stage; whereas
both torsion and pyramidal inversion are required
to interconvert enantiomeric thiophosphinites,'? tor-
sion alone (about single bonds) suffices to intercon-
vert enantiomeric conformers of sulfenates. Racemi-
zation in either system may thus be viewed as an intra-
molecular ligand exchange which proceeds in two dis-
crete steps:  a rearrangement step, in which bonds are
made and broken in a concerted [2,3] sigmatropic pro-
cess, and the racemization step proper, a conformational
change in which bonds are neither made nor broken.

Extensions of the processes herein described to those
in isoelectronic phosphorus-containing systems are
readily envisaged. s
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also contribute to the ease of racemization of 2, relative to the cor-
responding phosphine oxide, 1.4
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