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PREPARATION OPTICALLY ACTIVE a,B-UNSATURATED PHOSPHONATES
AND SULFOXIDES FROM PHENYLSULFENYLMETHANEPHOSPHONATES1)

* .
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University, Sugitani 2630, Toyama 930-01, Japan

The first preparation of optically active a,B-unsaturated phospho-
nyl compounds from chiral phenylsulfenylmethanephosphonates 1 and 2
has been described. The optically active o, B-unsaturated sulfoxides
have also been prepared by the Emmons-Horner reaction of phenylsulfinyl-
methanephosphonamidate 4 with several aldehydes.
KEYWORDS —= chiral o,f-unsaturated phosphonate; chiral o,B-unsaturated

sulfoxide; absolute configuration; chirality transfer reaction

In the preceding paper%) we reported the preparation of the optically active
phenylsulfenylmethanephosphonate 1 and phosphonamidate 2 whose absolute configu-
rations were determined by chemical correlation. Here we describe the first
synthesis of optically active o,B-unsaturated phosphonates from 1 and 2 (Chart 1).
Furthermore, the transformation of the phosphonamidate 2 to optically active a,B8-
unsaturated sulfoxides by the chirality-transfer reaction is described (Chart 2).

Optically active ethyl methyl styrenephosphonate was prepared according to our
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recently developed method: Thus, optically active ethyl methyl phenylsulfenyl-

methanephosphonate (—)—(S)P—l in anhydrous THF was treated with 1.3 eq of n-Buli
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followed by the addition of benzyl bromide (2.5 eq) to afford the corresponding mono-
benzylated product which, without further purification, was treated with 1.3 eq of
m-chloroperbenzoic acid (MCPBA) to afford the corresponding sulfoxide. The crude
sulfoxide was heated under reflux in toluene and the product was purified by silica
gel column chromatography to givé the optically active styrenephosphonate (—)—(S)P—§
in 61% yield?) similarly, (+)-(R),-1 afforded (+)-(R) -3 in 52% yiled:  The optical
purities of the both enantiomers were determined to be no less than 93% by the NMR
method using chiral shift reagent Eu(hfc)3.

Next the conversion of phenylsulfenylmethanephosphonamidate (S)Pﬁg to the o, B~
unsaturated phosphonamidate 5 was undertaken. The alkylation of 2 using n-BulLi was
not successful, probably due to the undesired n-butylation of the ester site of
ethyl L-prolinate. So we attempted an alternative route which involved MCPBA oxida-
tion of the sulfide followed by alkylation and a subsequent desulfenylation reaction.
The MCPBA oxidation of the phosphonamidate (S)Pjg at room temperature provided almost
quantitatively a diastereomeric mixture of the sulfoxide (S)P—g_which, without
separation, was treated with 1.5 eq NaH and ethyl iodide in HMPA-THF to give the
corresponding monoethylated product. The reaction mixture was heated in toluene
under reflux for 3-4 hr and the product was purified by silica gel column chromato-
graphy to give the 1-propenephosphonamidate (S)P1§ in overall yield of 50% as a
1:5 mixture of Z and E isomers. The separation of the Z and E isomers was effected
agaih by silica gel column chromatography (AcOEt as an eluent) to give Z—(S)P—Q_and
E-(S)55 in 9 and 39% yields respectively®’ Similarly, (R),-2 afforded Z-(R),-5 and
E-(R)P-é in 8 and 25% yields respectively?) Since the synthetic utilé?y of a,B-

unsaturated phosphonyl compounds has recently received much attention,’ their first
preparation in optically active form could be important in terms of asymmetric
organic syntheses?)

We next turned our attention to the newly formed chiral ceter at sulfur of
the above-mentioned phosphonamidate 4. If one could separate these diastereomers,
they should become good precursors for the preparation of chiral sulfoxides such
as phenyl a,B8-unsaturated sulfoxides. Fortunately, the diastereomeric mixture

(S)P—ﬂ showed two distinct spots on TLC and the diastereomers were quite easily10)
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separated by silica gel chromatography to give (R)S-(S)P—é and (S)S~(S)P—i11) in

48 and 20% yields respectively]z) The sulfoxide (R)S-(S)P-g was then subjected to
the Emmons-Horner reaction with formaldehyde using NaH as a base to afford the

phenyl vinyl sulfoxide, (-)-(S)g-6(R=H) in 47% yield!) The same reaction of (S)g-
(S)P~£ gave (+)—(R)S—6(R=H) in 46% yield?4) The absolute configurations of both
enantiomers were determined by comparing the CD spectra with that of (+)-(R)S-p—toly1
vinyl sulfoxide?s) Similarly, the reactions of (R)S— and (S)s-(S)P—A with benzalde-
hyde and p-chlorobenzaldehyde afforded optically active phenyl styryl sulfoxides,
(-)-(S)S-Q(R=Ph) and (+)—(R)S—§(R=Ph), in 74 and 63% yields, and the phenyl p-chloro-
styryl sulfoxides, (—)—(S)S—Q(R=p-Cl—Ph) and (+)-(R)S—§(R=p—Cl-Ph), in 86 and 75%
yields respectively?G) The optical purities of these a,B-unsaturated sulfoxides
should be very high because little racemization occurs during the Emmons-Horner
reaction. The a,B~unsaturated sulfoxides have been successfully employed as the

effective chirality inducing agents(or substrates)17) However, their preparation

method is gquite limited, mostly starting from optically active sulfinic esters?7b' 18)
Our present investigation may provide another useful method of preparing these com-
pounds and research along this line is now ih progress in this laboratory.
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