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toluene. Such large fractions of disproportionation 
between radicals would be unusual, although not im
possible.12 
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Lithium Aluminum Hydride Induced Stereomutation 
of Secondary Phosphine Oxides1 

Sir: 

Recent reports2'3 that the synthesis of optically active 
secondary phosphine oxides is accomplished by lithium 
aluminum hydride (LAH) reduction of diastereo-
merically enriched menthyl phosphinates appear to be 
at variance with our observation4 that tertiary phos
phine oxides undergo stereomutation in the presence of 
LAH prior to reduction. We now wish to report a 
resolution of this apparent discrepancy. 

Diastereomers (a and b) of phenyl-a-phenylethyl-
phosphine oxide (I)5 were separated by a combination 
of column chromatography (silica gel, benzene-
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chloroform) and fractional crystallization (benzene-
hexane). Diastereomeric compositions of 1 were 
measured by pmr spectroscopy.7 

Upon treatment with LAH at room temperature in 
tetrahydrofuran or diethyl ether (0.35 mmol of LAH/ 
mmol of 1), followed by hydrolysis with aqueous am
monium chloride, each diastereomer of 1 was rapidly 
(<30 sec) transformed into an approximately equimolar 
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(5) Alkylation6 of the sodium salt of n-butyl phenylphosphinate with 
a-phenylethyl bromide, followed by treatment with phosphorus penta-
chloride, afforded phenyl-a-phenylethylphosphinyl chloride, which 
yielded 1 upon reaction with lithium tri-/erf-butoxyaluminum hydride. 
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tions featured: CH3, dd, T 8.39, VPH = 17.5 Hz, VHH = 7.2 Hz; PH, 
dd, T 2.73, /PH = 468 Hz, VHH = 3.3 Hz. The pmr spectrum of the 
other diastereomer (lb), mp 110-111°, featured: CH3, dd, T 8.41, 
VPH = 17.5 Hz, VHH = 7.2 Hz; PH, dd, r 2.62, JtH = 468 Hz, VHH = 
1.3 Hz. Diastereomeric compositions were determined by integration 
of the low-field half of the characteristic PH resonances. Anal, of 1: 
CalcdforC»HisPO: C, 73.03; H, 6.57; P, 13.45. Found: C.72.77; 
H, 6.86; P, 13.50. 

mixture of la and lb. Although some decomposition 
occurred, recovery of 1 was at least 75-80%. Reaction 
of lb with an excess of LAH (2 mmol of LAH/mmol of 
1) also gave an approximately equimolar mixture of la 
and lb in <30 sec, but recovery of epimerized 1 was 
only 40-50 %.8 Reaction of 1 with less than 0.35 
mmol of LAH/mmol of 1 resulted in incomplete 
epimerization.9,10 

The observation of stereomutation of 1 with LAH 
is readily accommodated by a mechanistic model 
similar to that which was invoked4 for the tertiary 
phosphine oxides: addition-elimination of hydride 
reagent to the phosphine oxide.11 In contrast to 
tertiary phosphine oxide systems, however, pseudo-
rotation of the postulated trigonal-bipyramidal inter
mediate ([RiR2HH'P(OAlL3)]Li) is not required to 
account for epimerization of secondary phosphine 
oxides. In the intermediate in which both hydrogens 
are apical, or in the three intermediates in which both 
hydrogen atoms occupy equatorial positions, addition 
of H followed by loss of H ' leads directly to epimer
ization. For the other three isomers, such hydride 
exchange does not directly lead to epimerization. 

The LAH-induced epimerization of 1 clearly reveals 
that LAH reduction of phosphinates is not a suitable 
method for the preparation of optically active secondary 
phosphine oxides. Repeated attempts in this lab
oratory to obtain optically active benzylphenylphos-
phine oxide (2), employing conditions identical with 
those previously described,2 have provided only racemic 
2.14 Furthermore, la and lb do not undergo epimer
ization in methanolic solutions of dilute (0.05 M) 
hydrogen chloride or sodium methoxide during a 
12-hr period.15 The reported23 racemization in such 

(8) A sample of 1 recovered from a reaction mixture of lb and LAH 
(2 mmol of LAH/mmol of 1) which had been quenched with DzO 
showed no exchange of the benzylic hydrogen. It follows that epimer
ization at the chiral carbon center cannot be responsible for the stereo
mutation. 

(9) For example, treatment of lb with LAH (0.17 mmol of LAH/ 
mmol of 1) gave a 40/60 mixture of la/lb. 

(10) Some evolution of hydrogen was noted. While this observa
tion suggests the possibility that stereomutation of 1 may in part occur 
by way of intermediate i, assuming that i is pyramidally unstable under 
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the conditions of the reaction, such a mechanism is rendered less likely 
by the finding that no detectable hydrogen evolution occurred during 
the stereomutation of 1 by lithium tri-rer/-butoxyaluminum hydride. 

(11) That stereomutation of 1 is not significantly due to a process 
involving reduction to a secondary phosphine12 followed by adventi
tious oxidation during work-up was shown by LAH treatment (0.18 
mmol of LAH/mmol of 1) of 180-labeled 1 (3.11 ± 0.15 atom % 
I80/mol).13 The recovered phosphine oxide contained 2.79 ± 0,15 
atom % lsO/mol. 

(12) Secondary phosphines can be obtained by treatment of the cor
responding phosphine oxide with excess LAH (L. Horner, H. Hoffmann, 
and P. Beck, Chem. Ber„ 91, 1583 (1958)). 

(13) Prepared by treatment of 1 with an HCl-saturated solution of 
180-enriched water (3.25 atom % lsO/mol) and dioxane (D. B. Denney, 
A. K. Tsolis, and K. Mislow, J. Amer. Chem. Soc, 86, 4486 (1964)). 

(14) Treatment of ( —)-menthyl benzylphenylphosphinate2 with a two
fold excess of LAH at 0° for 0.5 hr also gave racemic 2, even though the 
starting ester proved to be epimerically stable under these conditions. 

(15) The diastereomeric compositions of two different mixtures of 
la and lb remained invariant upon successive treatment with methanol-
d and methanol. Thus, hydrogen-deuterium exchange in 1 occurs with 
retention of configuration. 
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media cannot therefore be regarded as characteristic 
of secondary phosphine oxides. 

(16) (a) Public Health Service Predoctoral Fellow, 1969-1970; 
(b) Public Health Service Predoctoral Fellow, 1966-1969; (c) Public 
Health Service Postdoctoral Fellow, 1969-1970, supported by the 
National Cancer Institute. 

* Address correspondence to this author. 

William B. Farnham,16a Robert A. Lewis16b 

Roger K. Murray, Jr.,16c Kurt Mislow* 
Department of Chemistry, Princeton University 

Princeton, New Jersey 08540 
Received June 3, 1970 

Stereospecific Alkylation of Menthyl 
Phenylphosphinatel 

Sir: 

Diastereomerically enriched menthyl phosphinates 
are useful precursors in the synthesis of optically active 
tertiary phosphine oxides,2 phosphinamides,3 and 
phosphonothioates.4 We now report a significant 
broadening of the scope of this method: diastereo
merically enriched menthyl alkylarylphosphinates can 
be conveniently prepared by the stereospecific alkyl
ation of diastereomerically enriched menthyl aryl-
phosphinates, and a single precursor thus suffices for the 
synthesis of a wide variety of mixed alkyldiaryl- and 
aryldialkylphosphine oxides of known absolute con
figurations 

Partial separation of the diastereomers (a and b) of 
menthyl phenylphosphinate (I)6 was achieved by 

fractional crystallization.7 The salient features of the 
pmr spectra of la and lb are listed in Table I. Of 
particular interest are the isopropyl doublets, Ha and 
Hb. It has been established8 in analogous menthyl 
alkylarylphosphinates (e.g., menthyl methylphenyl-
phosphinate (2)2a) that both isopropyl doublets of the 
Sp epimer are shifted upfield relative to the corre
sponding signals for the RP epimer, and that the chem-
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Figure 1. CD spectra (isooctane solution) of menthyl phenylphos-
phinates: (—) for a 95/5 mixture of la/lb; (-—) for a 15/85 mixture 
of la/lb; ( ) for 2a; and (—) for 2b. The ordinate scale on 
the right refers to the long-wavelength transition, and the ordinate 
scale on the left to the short-wavelength transition. 

ical-shift difference is greatest for the Ha (upfield) 
proton signal. Accordingly, the chirality at phos
phorus in la may be assigned as R, and that in lb as S. 
In support of this conclusion, mixtures diastereomeri
cally enriched in la and lb display CD curves which are 
enantiomeric in type and which correlate well with the 
corresponding CD curves of (i?)P-2 (2a) and (S)P-2 
(2b), respectively (Figure I).9 

Table l.a<h Pmr Chemical Shifts and Coupling Constants of 
Menthyl Phenylphosphinate (1) Diastereomers 

P-H Ha 

-C-CH3-
Hb Hc 

la 
lb 

2.35(553) 
2.34(556) 

9.13(7.0) 
9.30(7.0) 

9.02(7.0) 
9.11(7.0) 

9.11(4.5) 
9.03(5.0) 

" Chemical shifts are given in r units, and coupling constants (in 
parentheses) are given in hertz. b Methyl doublets are assigned by 
comparison with corresponding signals of analogous menthyl 
alkylarylphosphinates.8 

A 95/5 mixture of la/lb (1.0 mmol) in dimethyl-
formamide (DMF) was added to a mixture of sodium 
hydride (1.0 mmol) and methyl iodide (10.0 mmol) in 
DMF, and the resulting suspension was heated to 50° 
for 0.5 hr. Work-up of the reaction mixture afforded 
a 95/5 mixture (by pmr8) of 2a/2b in 85 % yield. Sim-
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