Tetrahedron lLetters,Vol.30,No.8,pp 949-952,1989 0040~4039/89 $3.00 + .00
Printed in Creat Britain Pergamon Press plc

AN EFFICIENT SYNTHESIS OF CHIRAL, NONRACEMIC
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Summary: Enantiomerically pure {(S)- and (R)-isopropyl alkenylmethylphos-
phinates were obtained from the reaction of (R)- and (S)-isopropyl methylphos-
phinates, respectively, with alkenyl bromides via palladium-catalyzed formation
of carbon-phosphorus bond.

Optically active alkenylalkylphosphinates are largely unknownl), although

their racemates are useful intermediates for the synthesis of herbicides?),
Recently, we have studied the stereochemistry at the phosphorus atom during
palladium-catalyzed formation of carbon-phosphorus bonds and found that opti-
cally active (R)-(+)-isopropyl methylphosphinate (la) underwent the reaction
with bromobenzene in the presence of triethylamine to afford (8)-(-)-isopropyl
methylphenylphosphinate with complete retention of configuration at the chiral

3),

phosphorus center As a conseqguence, a novel route to optically active iso~

47, Herein, we wish

propyl arylmethylphosphinates has been developed thereafter
to report the synthesis of both the (S)- and (R)- enantiomers of a series of
hitherto unknown chiral isopropyl alkenylmethylphosphinates in high enantio-
meric purity via this palladium route (see Scheme).

The starting materials, optically active (R)-(+)- and (S)-(-)-isopropyl
methylphosphinates (la and 1b, respectively, e.e. >97%) were prepared according
to a known procedure5) from the corresponding optically active O-isopropyl
methylphosphonothiocic acide), which was easily obtainable in enantiomerically
pure form. In a typical experiment of the phosphinylation reactions, a mixture
of (R)-(+)-isopropyl methylphosphinate (la), [alp +32.3%, e.e.>97% (0.5 mmol),
(E)-B-bromostyrene (0.55 mmol), PA(PPhy}, (0.04 mmol) and Et3N (0.4 ml) was

placed in a thick~wall tube. The tube was flushed with nitrogen, capped and
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heated in an oil bath at 90°C for 3h. Ethyl acetate was added and then fil-
tered. The filtrate was concentrated in vacuo and the residue was purified by
flash column chromatography on silica gel, eluting with ethyl acetate-methanol
(10:1,v/v). The product was further purified by short-path distillation to
give (S}-(-)-isopropyl methyl [(E)-B-styryllphosphinate (3ac), b.p. 100°C/0.1mm,
98% yield, lalp -60.7° (c, 0.53, benzene), e.e.>97%.
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The results are summarized in the Table. Thus, enantiomerically pure iso-
propyl alkenylmethylphosphinates could be readily synthesized via this
palladium route in good yields. The (S) configuration of 3ac was assigned
by comparison of the optical rotation with an authentic sample of (S)-(-)-iso-
propyl methyl [{E)-B-styryl]lphosphinate prepared by the reaction of (S)-(-) S~
methyl O-isopropyl methylphosphonothioate (4) with (E)-B-styrylmagnesium
bromide at low temperatureg); the reaction of 4 with phenylmagnesium bromide
to give (8)-(-)-isopropyl methylphenylphosphinate with retention of configura-
tion at the phosphorus atom was knowng). Thus, the stereochemical outcome of
the present reaction further supports the notion that palladium-catalyzed
formation of carbon-phosphorus bond proceeds with complete retention of confi-
3)

guration The configurations of compounds 3aa, 3ab, 3bb, 3bc, 3bd were

assigned by deduction.
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Table. Optically active isopropyl alkenylmethylphosphinates prepareda) b}

Product alkenyl moiety b.p.c) Yield [a]p in Chirality te.e,d)
No. rl r2 g3 O¢ /mm % benzene at P

3aa H H H 75/2 64 -17.2%c, 0.57) S >97
3ab H H Me 90/5 71  -26.0%¢, 0.78) S >97
3ac Ph H H 100/0.1 98 -60.7%(c, 0.53) S >97
3bb H H Me 90/5 71 +26.1%(c, 0.46) R >97
3be Ph H H 100/0.1 98  +60.3%(c, 0.36) R >97
3bd H Ph H 100/0.1 98  -43.8%(c, 0.26) R >97

a) Reaction conditions: la or 1b (0.5 mmol), alkenyl bromide (0.55 mmol},

b}

c)
a)

Pd(PPh3), (0.04 mmol) and Et3N (0.4 ml), heated at 90°C for 0.5-3.5 h

{for 3ab, 3bb, 0.5 h; for 3ac, 3bc, 3bd, 3 h; for 3aa, 3.5 h).

All these compounds have been fully characterized spectrally(IR, 1H—NMR,
MS) and elemental composition determined by HRMS. 1In the case of 3ac, 3bc,
and 3bd, no contamination of the other geometric isomer was observed!0),
Short-path distillation, bath temperature given.

Determined by 200 MHz lp-nmr (CDCl3) in the presence of an equivalent
amount of (+)—t—Bu(Ph)P(S)OHll). No contamination of the other enantiomer
was observed in each case,
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