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rivative11 and which has been inferred for the cobalt 
complex 2.3 
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Stereomutation of a Tetracoordinate Phosphorus 
Compound by Intramolecular Ligand Exchange1 

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 reduction3 of (+)-(i?)-allylmethyl-
phenylphosphine oxide ( I ) , 4 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: kreiQ X 106 (sec-1) = 3.53 (at 205°), 8.92 (at 
215°), 10.4 (at 221°), and 14.7 (at 225°), whence E3 = 
33 ± 2 kcal/mol and log A = 9.6 (AS-* - 1 8 eu). 
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According to the racemization route depicted in 
Scheme I, (5)-2 undergoes a [2,3] sigmatropic rearrange
ment6 to allyl (J?)-methylphenylthiophosphinite (3), 
which is converted to (S)-3 by pyramidal inversion at 
phosphorus. Allylic rearrangement of (5)-3 to (R)-2 
completes the conversion of (S)-2 into its enantiomer.7 
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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.8 That the rearrangement is concerted was 
demonstrated by the observation that crotyl diphenyl-
thiophosphinite and a-methylallyl diphenylthiophos-
phinite readily and completely ( > 9 5 % ) rearrange to 
a-methylallyldiphenylphosphine sulfide and crotyldi-
phenylphosphine sulfide, respectively.9 The rearrange
ment of racemic 31 0 in 1,2-C6H4(CDs)2 is also complete 
( > 9 9 % ) . a n d follows first-order kinetics:1 1 k X 104 

(sec-1) = 0.48 (at 21°), 1.27 (at 30°), and 5.18 (at 42°), 
whence Ea = 20 kcal/mol and log A = 10.8 (AS* - 1 1 
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.4 

The proposed mechanism for racemization of 2 is 
completely analogous to that of the racemization 
of allyl sulfoxides,2 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,12 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. l s 
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(9) The diphenylthiophosphinites were prepared from crotyl and 
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The sulfides from each rearrangement were >95 % homogeneous by pmr 
(CDCh), as gauged by the well-separated and characteristic methyl 
proton resonances. In crotyldiphenylphosphine sulfide these appear at 
T 8.26-8.52 (m), whereas in the a-methylallyl isomer the A portion of an 
A3BX spin system is centered at r 8.76, with /HCCH = 7 Hz and /HCCP = 
18 Hz. 

(10) Prepared from methylphenylbromophosphine and the lithium 
salt of allyl thiol. 

(11) As measured by the rate of attenuation of the methyl doublet 
(T 8.63, /HCP = 7.5 Hz) of 3 and the rate of growth of the methyl doublet 
(T 8.51,/HOP = 13 Hz) of 2. 
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also contribute to the ease of racemization of 2, relative to the cor
responding phosphine oxide, I.4 

0 ^ = P - C 3 H 5 
CH3^ 

(13) J. B. Lambert and D. C. Mueller, / . Amer. Chem. Soc, 88, 3669 
(1966). 

(14) P. Koch and A. Fava, ibid., 90, 3867 (1968). 
(15) For example, the racemization of allylic sulfoxides2 has been 

discussed in its relation to the rearrangement of sulfonium ylids (J. E. 
Baldwin, R. E. Hackler, and D. P. Kelly, Chem. Commun., 538 (1968)). 

(16) (a) National Science Foundation Trainee, 1968-1969; (b) 
National Science Foundation Postdoctoral Fellow, 1967-1968. 

William B. Farnham,16" Arthur W. Herriott,l6b Kurt Mislow 
Department of Chemistry, Princeton University 

Princeton, New Jersey 08540 

Received August 21, 1969 

Journal of the American Chemical Society / 91:24 / November 19, 1969 


