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Stereospecific Free-radical Addition of Menthyl Methylphosphinate to Alkenes: 
Evidence for Inversion of Configuration at Phosphorus 

By H. P. BENSCHOP* and D. H. J. M. PLATENBURG 
(Chemical Laboratory of the National Defence Research Organization TNO, Rijswijk, Z.H., The Netherlands) 

Summary Free-radical addition of menthyl methylphos- 
phinate to alkenes and its free-radical reaction with 
dimethyl disulphide proceed probably with inversion and 
retention of configuration, respectively. 

REPORTS on the racemization of a phosphinium radical 
cation1 and on a retention mechanism involving phosphor- 
any1 radicals2 led us to investigate the stereochemistry of 
free-radical reactions of optically pure menthyl methyl- 
phosphinate (Ia) .3 We have found that the addition of (Ia) 
to alkenes, initiated by dibenzoyl peroxide or U.V. light, is 
completely stereospecific, or very nearly so. The free- 
radical nature of this reaction is well establi~hed,~ presum- 
ably involving phosphinyl radicals in the chain-propa- 
gating steps : 
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Gradual addition of dibenzoyl peroxide (5 mol yo) to an 
equimolar mixture of (Ia) (m.p. 42°)3 and cyclohexene in 
n-heptane a t  80°, leads to a 95% conversion (g.1.c.) of (Ia) 
into optically pure (R) ,-menthy1 cyclohexylmethylphos- 
phinate (IIa) .6,6 The proton-decoupled slP n.m.r. spectrum 
of crude (R),-(IIa) shows a single absorption a t  -52.2 
p.p.m. (in benzene, relative to external 85% H3P0,), 
whereas an additional singlet of approximately equal 
intensity is observed at -51.0 p.p.m. in the spectrum of 
(11), obtained from the epimeric mixture of (I). Crystal- 
lization of crude (R),-(IIa) from n-pentane gave analytically 
pure (R),-(IIa) {m.p. 1 1 ~ 1 1 1 ' ,  [a]: -54.1' (c 0.9, 
benzene) ; lit.6 map. 110-11 lo, [aID - 54' (benzene) }. 
Optically pure? (R),-(IIa) was also obtained from an 
equimolar mixture of (Ia) and cyclohexene in n-heptane by 
irradiation with a low-pressure mercury lamp (A,,, 253.7 
nm) (86% conversion (g.1.c.) ; m.p. 110-11l0, [a]i6 -53.6' 
(c 0.8, benzene), after crystallization from n-pentane }. 
Similarly, passage of ethylene through a u.v.-irradiated 
solution of (Ia) in n-heptane gave optically pure? (R)P- 
menthyl ethylmethylphosphinate6 (98% conversion (g.1.c.) ; 
m.p. 80-81", [a]: -68.8' (G  0.7, benzene), after crystalliza- 
tion from n-pentane-isopentane (lit.6 m.p. 73-76") ; lH 
n.m.r. (CCl,, internal Me4Si) r 8-71 p.p.m. (CN,P, J 13.4 Hz) ; 
@lP(benzene) - 51.8 p.p.m. : compare (S),-epimer: 

8.68 p.p.m. (CH3P); 6 31P -51.1 p.p.m. (as derived from 
the epimeric mixture) }. 

The stereochemical course of the free-radical alkylations 
of (Ia) was compared with that of the free-radical reaction 
of (Ia) with dimethyl disulphide.' No reaction occurred 
when (Ia) was heated with a five-fold molar excess of 
dimethyl disulphide in n-heptane a t  50'. However, U.V. 

irradiation of (Ia) for 5 h a t  50' resulted in a complete 
conversion of (Ia) into the earlier reported3 optically pure? 
epimer of menthyl S-methyl methylphosphonothioate 
(IIIa) {m.p. 45-47", [a]E -37.1' (c 1.4, benzene)}, with 
evolution of methanethiol.: Reaction of (IIIa) with 
phenylmagnesiurn bromide8 gave optically pure? (I?),- 
menthyl methylphenylphosphinate (IVa)6 {m.p. 87-88', 
[a]: -16-Oo (c 0-6, benzene); lit.S m.p. 89', [aID -16O 
(benzene) ). 

Since the formation of (R),-(IVa) from (IIIa) proceeds 
with inversion,s the chirality of (IIIa) is (S)p. This assign- 
ment is confirmed by the negative Cotton effects (trough at 
215 nm, EtOH) in the 0.r.d. spectra of menthyl methylphos- 
phonothioic acid, from which (IIIa) is obtained by methyla- 
tion with re ten t i~n ,~  and of (+)-(S),-isopropyl methyl- 
phosphonothioic acid.899 Based on the tentative assign- 
ment of the (I?),-chirality to (Ia) by Meppelder et al.,10 we 
suggest that the free-radical reaction of (Ia) with dimethyl 
disulphide, and the addition of sulphu3 to (Ia) , occur with 
retention. This conclusion is supported by the recently 
reported retention mechanism for the addition of sulphur 
to cis-4-methyl- 1,3,2-dioxaphosphorinan 2-0xide.u Con- 
sequently (see Scheme), the free-radical addition of (Ia) to 
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SCHEME. R = Menthyl. Reagents: (i) Cyclohexene in n- 
heptane with 5 mol % of dibenzoyl peroxide (15 h a t  SO") or u . ~ .  
irradiation for 15 h a t  50"; (ii) Dimethyl disulphide in n-heptane 
with U.V. irradiation for 5 h. a t  50"; (iii) PhMgBr in tetrahydro- 
furan, 30 min under reflux. 

cyclohexene (and ethylene) would lead to inversion of 
configuration a t  phosphorus. 

It has been assumed that phosphinyl radicals [RO(Me)- 
P(O)*] are involved in the aforementioned reactions of (I) 
with alkenes4 and with dimethyl disulphide.73 If this is so, 

7 An epimeric mixture of starting materials yields an epimeric mixture of reaction products. 
2 The formation of (111) also occurs readily upon U.V. irradiation of (I) and dimethyl disulphide in a molar ratio of 2 : 1. Molecular 

tj A priori, the reaction could also proceed via the phosphoranyl radical RO(Me)P(OH)SMe, by addition of a thiyl radical to the 
hydrogen is evolved from the reaction mixture under these conditions. 

tervalent form of (I) (see ref. 2 and ref. 4, pp. 22 and 34). 
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our experiments show that these free radicals are chiral and, 
unlike phosphinium radical cations,’ sufficiently optically 
stable to give completely, or almost completely, stereo- 
specific reactions. Esr .  evidence for the non-planarity of 
the related free radical (EtO),P(O). is consistent with our 
stereochemical studies.= Similar results were recently 
reported on silyl radicals.= 

The stereospecific addition of (Ia) to alkenes represents a 
synthetically useful extension to Mislow’s method for the 

preparation of optically active phosphine oxides from 
menthyl phosphinates.5~6 Further studies will be necessary 
to clarify the mechanism of the addition reaction, which to 
our knowledge provides the first evidence for inversion of 
configuration in a free-radical process.l* 
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