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Substitution on the phosphoryl group with Grignard reagents2 and organo-
lithiums® has been known and used as a synthetic method. However, it has
recently been reported that phosphoric esters having cne benzyl or allyl group

undergo a facile Wittig type rearrangement via a carbanion.4

On the other hand,
it was disclosed that benzyl ester does not rearrange to phosphoryl group when
it is linked with methylamine group.5 Thus, rather simple reaction of phos-
phoryl group with organo-metalloids shows intriguing and unique feature
depending on heteroatoms surrounding the phosphoryl group. We now wish to
report evidences for direct attack of organometalloids on the sulfur atom of
phosphinodithioate esters.

The reaction of methyl diphenylphosphinodithioate (1a) with n-butyllithium
in tetrahydrofuran (THF) proceeded rapidly at -78°C to afford methyldiphenyl-
phosphine sulfide Qz) quantitatively by quenching the reaction mixture with
excess methyl iodide, It was shown that the sulfide Q%) was obtained almost
quantitatively by a similar reaction with benzyl (1b) and phenyl (;5) esters.

In each case, a considerable amount of the corresponding n-butyl sulfide Qé) was
obtained accompanied by methylated sulfonium iodide. When the reaction mixture
was quenched with methanol or water, the corresponding n-butyl sulfides (3) were
obtained in excellent yields. This method is applicable to the preparation of
the sulfides.6

When n-butylmagnesium chloride was used as a nucleophile, the same products

181



182 Fo. 3

were obtained in moderate yields by refluxing the THF solution for 3 hr.

These results show that diphenylphosphinothioylide anion {(A) was generated in
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situ together with the corresponding sulfide gz) almost quantitatively. These
results are in sharp contrast with the reaction of phosphinate esters with

nucleophiles where substitution occurs on phosphorus atom exclusively.z’3
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In order to prove the intermediacy ofaﬁlin the reaction (1),
chemical shifts’ were measured for the reaction mixtures of 1, with n-butyl-
lithium and n-butylmagnesium chloride. All reaction mixtures of 1 with n-butyl-
lithium showed a single peak at -21.2 ppm and with n-butylmagnesium chloride at
-14.3 ppm. These facts clearly show the generation of A as an intermediate,
which was confirmed by the observation of the same chemical shifts in the
treatment of diphenylphosphine sulfide with n-butyllithium and n-butylmagnesium
chloride in THEF,

There are three possible mechanisms for the generation of diphenyl-
phosphinothioylide anion (ﬁ). When 1b is treated with a nucleophile, one of
the methylene protons is abstracted to form the carbanion (g) (see Scheme 1],
which decomposes to A spontaneously (path a), or rearranges to thiolate anion

4 rre resulting thic-

QQ to give ﬁ/(gath b}, as was evidenced for phosphates.
aldehyde should react with organometalloids to give sulfides (E).a The third
possibility is that the nucleophile attacks the ester sulfur atom dircctly to
give A and the sulfide Qé) (path ¢).

According to paths a and b, two moles of n-butyllithium should be consumed
per one mole of lg or 1b, but the reaction proceeded almost quantitatively with
an equimolar mixture of the two reagents. Furthermore, benzvl ester (1h) was

treated with n-butyllithium and rapidly quenched by deuterium oxide at -78°C.

The careful integration of the 1H NMR signals of the resulting benzyl n-butyl
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sulfide (;]_q) revealed that no deuterium was incorporated in the sulfide. This
result was also supported by analysis of the mass spectrum of the sulfide.
These results can exclude the possibility of paths a and b. Above conclusion

. path a R
Ph,P(8)-5-CH,R + n-BuM —— Ph,P(S8)-S-CHR ——— [Ph,PS] + R-CHS
3
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Scheme 1

was also supported by the fact that phenyl ester (;5) afforded £>a“d 3¢
quantitatively.

Thus it is now concluded that the formation of A and the sulfide (3)
proceeds through path c, that is the direct attack on the sulfur atom by
organometalloids.

In the reaction of S-benzyl diphenylphosphinothioate (4) with n-butyl-
lithium (1.8 eqv.), several products were obtained after quenching with methyl

@

iodide as shown in equation (2}); E’(57%), E,(54%]’ 7(11%), 8(14%), and 3b (12%)
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Though formation of major products 5 and 6 indicates that the main reactioen
was nucleophilic substitution on phosphorus, the formation of 7 shows that
carbanion (Ej) formed by the abstraction of the methylene proton rearranged to
thiclate anion EE}), which was quenched by methyl iodide. The second methyl

group of 5 and 7 was introduced by excess n-butyllithium and methyl iocdide.
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Above result shows that rearrangement of the carbanion (B') (path b) and
direct attack on the sulfur atom ({path c) compete with the nucleophilic
substitution reaction on phosphorus,

Further study has been continued on the nature of phosphoryl and thiophos-

phoryl groups towards organometalloids.
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