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SzGmmary Contrary to expectation, displacement of the 
thiomethyl group in menthyl S-methyl phenylphos- 
phonothioate by methoxide ion occurs with inversion of 
configuration at  phosphorus. 

DISPLACEMENT of the thiomethyl group in menthyl S- 
methyl (S),-phenylphosphonothioate (la) by methyl- 
magnesium bromide affords menthyl (R) ,-methylphenyl- 
phosphinate (2a) with retention of configuration (Scheme) .l 
It was recently reported2 that alkaline hydrolysis of the 
phosphonium hexachloroantimonate (3a) also gives phos- 
phinate (2a) with retention of configuration, and that this 
result is consistent with a mechanism involving apical 
attack of hydroxide ion to give the stereoelectronically 
favoured phosphorane (5)  , followed either by equatorial 

loss of the thiomethyl group, or by one pseudorotation and 
loss of the thiomethyl group from an apical position 
(Scheme).* By analogy, i t  might thus be predicted that 
apical attack of methoxide ion on (la) would give (6), the 
similarly favoured diastereomer in the set of phosphoranes 
derived from (la), and that loss of the thiomethyl group 
from this intermediate would afford menthyl methyl 
phenylphosphonate (4a) , again with overall retention of 
configuration at  phosphorus (Scheme). We now report 
that, contrary to this expectation, reaction of (la) yields 
(4b) with inversion of configuration. f 

Reaction of diastereomerically pure (> 95%) menthyl 
S-methyl (S),-phenylphosphonothioate (la) $ with an 
equimolar quantity of sodium or lithium methoxide in 
methanol a t  room temperature for ca. 20 h gave diastereo- 

t This finding is in accord with the tentative conclusion (H. S. Aaron, R. T. Uyeda, H. F. Frack, and J. I. Miller, J .  Amer. Chem. 
SOL , 1962, 84, 617) that the displacement of the thiomethyl group by ethoxide ion from isopropyl S-methyl methylphosphonothioate 
proceeds with inversion of configuration. 

The 
lH n.m.r. spectrum of (lb) featured isopropyl methyl doublets at 7 9.16 ( 3 J n ~  7.0 Hz) and 9.31 ( S J ~ ~  6.9 Hz). 

$ The lH n.m.r. spectrum (CDC1,) of (la) featured isopropyl methyl doublets at T 9.04 7.0 Hz) and 9.10 ( 8 J ~ ~  6.9 Hz). 
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merically pure (> 95%) menthyl methyl phenylphosphonate 
(4b).§ 

Because assignment of the configuration a t  phosphorus 
in ( 4 ~ )  and (4b) based upon an extension of the lH n.m.r. 
empirical co rrela,tion for menthyl alkylarylph~sphinates~ 
seemed somewhat risky, the structure of phosphonate (4a) 
was established by X-ray analysis. Suitable crystals were 
obtained by evaporation of a 2,2,ktrimethylpentane 
solution of (4a). Precession photographs showed 
monoclinic diffraction symmetry with the only observed 
extinction being OK0 for k odd. The lattice con3tants 
are a = 17.184(14), b = 6-162(5), c = 8-653 (5)A, ,8 = 
102-97(5)'; D, = 1.153 g cm-3; Z = 2. Since the molecule 
is chiral, the space group is determined uniquely as P2,-C22. 
A total of 1609 reflections above background was observed 
with Cu-K, radiation using the moving crystal-moving 
counter technique. The structure was solved by Patterson 
and Fourier methods. The final value of B after full- 
matrix least-squares refinement which allowed for anisotropic 
thermal motion of all 21 non-hydrogen atoms and which 
ignored the hydrogen atoms, is 13.7%. A stereographic 
view of the molecule is shown in the Figure. The config- 
uration of (-)-menthol, used in the preparation of (4a) is 
lR, 3R, 4S,5 and it follows that the configuration a t  
phosphorus is R. 

Systematic analysis3 does not reveal a simple rationale 
(e.g., nucleophilic attack a t  phosphorus on the face opposite 

Similar treatment of (lb): gave (4a).§ 

Ph, + ,,OR /Me 

( 4 b )  
SCHEME. R = (-)-menthyl. 

the ligand 'OMen', followed either by equatorial departure 
of the thiomethyl group or by pseudorotation and apical 
departure of the leaving group) which satisfactorily accounts 
for the stereochemical course of both (1)-+(4) and (3)+(2). 
Although ad JZOG hypotheses may be formulated to account 
for the present and related1,2 results, such schemes in our 
view lack the generality of a unifying hypothesis and there- 
fore cannot be relied upon to predict the stereochemistry 
of many other displacement reactions a t  phosphorus in 
which restraints3 are lacking. 

FIGURE. Stereoview of menthyl methyl (R)p-phenylphosphonate (4a). 
T h e  hydrogen atoms are not shown. 
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5 Satisfactory elemental analyses were obtained. The lH n.m.r. spectrum (CDCl,) of (4b), m.p. 59-61', [ a ] ~  -41" (benzene), 
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displayed isopropyl methyl doublets at T 9.20 ('JHH 7.0 Hz) and 9-46 ('JHH 6.9 Hz). 
[a]D - 58' (benzene), displayed isopropyl methyl doublets a t  T 9.06 (,JHH 7.0 Hz) and 9-14 ("HH 6.9 Hz). 
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