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A CONVENIENT PREPARATION OF AN OPTICALLY ACTIVE TRIALKYLPHOSPHINE,
(+)-(S)-n-PROPYLMETHYLBENZYLPHOSPHINE, FROM (-)-(S)-S METHYL 0-ISOPROPYL
METHYLPHOSPHONOTHIOATE
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Abstract: Details are presented for the first convenient, reasonable-yield preparation of a
chiral trialkylphosphine. The material is of optical purity suitable for stereochemical studies
involving the phosphorus atom.

Optically active tertiary phosphines continue to be valuable substrates for the study of the
stereochemistry of reactions at phosphorus.1 Nonetheless, even the more recent synthetic routes2
to such compounds either have not been applied to the preparation of optically active
trialky]phosphinede"j or have met with very limited success.2C This is unfortunate since the
absence of aryl substituents can be a requisite condition in a particular stereochemical study.

We report here a facile preparation of n-propylmethylbenzylphosphine in reasonable overall
yield and optical purity sufficient for stereochemical studies. The only previous reference to
this phosphine concerns materia13 we now know to be only about 19% optically pure and for which
the method of preparation was not published. Our method is based on the easy availability of S-
methyl O-isopropyl methylphosphonothioate, 254 of high optical purity. Moreover, this new
approach potentially is applicable to the synthesis of a variety of optically active phosphines
including other trialkylphosphines.

The preparation of optically active n-propylmethylbenzylphosphine oxide, 4, from which the
target phosphine, 5, is derived is presented in Scheme 1. 0-isopropyl methylphosphonothioic
acids, 1, is readily resolved as the diasteomerically and enantiomerically pure 1l-phenyl-
ethylammonium salt, (')'(§p)‘(§c)'lz in just two recrystallizations using a literature method.®
By using both (R)-and (S)-amines, (-)-(§p)-(§c)1l_as well as its mirror image are isolated in
high yields. Therefore, both (+)-(S)- and (-)-(R)-5 are easily accessible. (This synthetic
flexibility is not generally true of synthetic methods for chiral phosphines.) Methylation of 1
by Mel in refluxing benzene yields the known4’7 S-methyl O-isopropyl methylphosphonothioate,
(-)-(5)-2, shown to be 98% 0.P. by comparison of its rotation [[a] ;” = -86.8° (c 1.48, CgHg)]
with the Titerature value for optically pure material, [a]gs = -87.8°.4 The high optical purity
of (-)-S-2 was confirmed by 14 NMR using the chiral shift reagent (—)-ic_—BuPhP(S)OH8 (MeP
resonance, C6D6 AS = 4.8 Hz, 90 MHz).
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SCHEME 1
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Conversion of (-)-{S)-2 to (-)-(S)-isopropyl methylbenzylphosphinate, 3, of close to 100%

optical purity, was readily accomplished in 42% yield on reaction with PhCHzMgC1. Thus, to (-)-
(S)-2 (5.0 g, 30 mmol) in 450 mL of dry toluene was added 150 mL of a 1-M ether solution of
PhCH2M901. After 8 h at reflux, the reaction mixture was cooled in ice and hydrolyzed with 100
mL of saturated NHaC1. The separated agueous layer was extracted several times with toluene, and
the combined organic phases were washed with saturated aqueous NaCl and dried over MgS0,.

Solvent removal and chromatography of the residue on Si0, with CHC1; as eluant yielded 2.7 g (42%
yield) of (-)-($)-3, an o0il1, 94% pure by GLC. Product from another reaction was further purified
to analytical purity (C,H,P), mp 50-51°, [al2® = -8.5° (c 1.96, CgHg), optical purity >99% [(-)-
t-BuPhP (S)OH, CCl,, 90 MHz, MeP doublet].

The subsequent reaction of (-)-(S)-3 with n-PrMgBr affords (-)-(R)-4 in 50-60% yield, 55-60%
optical purity. E.g., (-)-(S)-3 (4.1 g, 19 mmol), optical purity 85%, was dissolved in a solvent
mixture composed of 300 mL of toluene and 7.3 mL of diglyme. A quantity of 1-M ether solution of
n-PrMgBr was added such that the Grignard/ester ratio was 5/1. After a 6.5 h reflux, the
reaction mixture was quenched by the addition, with ice cooling, of about 250 mL of saturated
NH4C1 and worked up in the same manner as the Grignard reaction giving 3. Column chromatoaraphy
on Si0, (with successively, CHC14 and 50/1 CHC13/MeOH as eluants) followed by sublimation gave
(-1-(R)-4, 2.2 g (60%), mp 54-59°, [a]gs = -3.2°(c 4.4 MeOH), optical purity 55% [based on 1y
NMR with (-)-t-BuPhP(S)OH added (CgDg at 300 MHz, As= 10.6 Hz, MeP)], analytically pure
(C,H.P,).
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The absolute configuration of (-)-(R)-4 was assigned on the basis of that known for (-)-(S)-
2, 4,7 the retention of configuration normally accompanying reactions of Grignard reagents with
phosphonothioates like 27 9,10 [hence the assigment of S configuration to (-)}-3], and the well-
proven inversion of configuration at phosphorus which occurs in reactions of Grignards with
2,¢,7 1he assignment of the R, configuration to (-)-4 is consistent as well with

Zp
that established in the earlier report.3 To increase the reaction rate and optimize the

phosphinates.

stereochemistry of the conversion of 3 + 4, it is absolutely necessary to use diglyme in the
amount specified.

Trialkylphosphine (+}-(S}-5 is obtained in a completely straightforward manner on
stereospecific reduction of (-)-(R}-4 by PhS1H3.11 The assigmment of the S configuration to
(+)-5 also is consistent with that made earlier by Horner et al. 3 The y1e1d of isolated, pure
(+)-(S)-5 from (-}-(R}-4 was 85% even on a 300 mg scale and h1gher with larger amounts of (-)-
(R}-4. Thus reduct1on of (-)-(R)-4 of optical purity 552 [ H NMR with added {-)-t-BuPhP(S)-0H]
gave (+)-(S)-5, [a] = +21.5° {c 0.97, MeOH). The highest previously reported specific rotation
for (+)-(5)-5 of +7 3°, 3 therefore, corresponds to an optical purity of only 19%. The
stereospecific, retentive nature of the reduction is attested to by the fact that the t-BuOOH
reoxidation of (+)-(5}-5, to (-)-(R)-4, which proceeds with retention, 112
oxide of the same optical rotation as that reduced.

generated phosphine

The potential generality of this approach, which uses readily prepared optically active S-
alkyl O-isopropyl methylphosphonothioates as the source of optical activity at phosphorus, is
illustrated by the successful preparation of methylphenylbenzylphosphine oxide in 65-75% optical
purity. The SCH,CH,0CH,CH,0CH,CH3 group is used in the place of the SMe in 2 of Scheme 1. On
successive reactions with PhMgBr and PhCHzMgC1, the requisite phosphine is prepared in 50%
overall chemical yield. This method offers a great advantage in ease of preparation, yield and
time compared to the classical method using menthyl methy]pheny1phosph1’nate.za'c It also affords
both enantiomers of the phosphine with equal ease. Details concerning these reactions will
appear in a full paper. A variety of resolved 0-alkyl alkylphosphonothioic acids are available
which means that a number of substituent combinations at phosphorus potentially can be
realized. Moreover, the known stereospecific replacement of the benzyl substituent of optically
active tertiary benzylphosphines on nucleophilic attack by alkyl 1ithium reagents14 further adds
to the potential scope of the method.
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