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A NEW PHOSPHINE-SULFIDES-TO-PHOSPHINE-OXIDES TLXCHANGE REACTION
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Research Laboratories, Eastman Kodak Company,
Rochester, New York 14650

Summary: An unusual phosphine sulfide to phosphine oxide exchange reaction was
found during the study of the annulation of (3,5-dimethylphenyl)-(2-hydroxy-2-
methylpropyl)methylphosphine sulfide (3) using the mi1ld cyclodehydration reagent
methanesulfonic acid/phosphorus pentoxide.

In our work on the synthesis of the highly strained C-P heterocycle
1,1,5,5,6,8-hexamethylphospholanc|[3,2,1-hi]lphosphindoline sulfide (‘_l_,)2 from 3,5~
dimethylphenylphosphine sulfide (g),3 we found an intercsting phosphine sulfide

to phosphine oxide exchange reactilon which apparently 1s unprecedented.
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Lithiation of 2 followed by the addition of acetone produced 3,5-dimethyl-
phenyl (2-hydroxy-2-methylpropyl)methylphosphine sultide (3) in 47% yield.
Polyphosphoric acid (PPA) treatment of the latter at 140-150° for 4 h unexpect-
edly gave mostly 1,3,3,4,6-pentamethylphosphindoline oxide (4) and a relatively
small amount of the desired phosphine sulfide 23 in a ratio of ca. 3:1 (lH NMR
assey) These results suggest that under the strenuous reaction conditicons of
annulation, the P=S5 bond 1s also attacked by Lhe reagent. In seeking milder
reaction conditions for the annulation of 3, we used methanesulfonic acid/P205
at ambient temperature. following a literature procedureA4 We 1solated in 72%
vield an isomer to which we assigned the structure (3,5-dimethylphenyl)-(2-
mercapto-2-methylpropyl)methylphosphine oxide (6), based on its characteristic
IR absorptions at 1170 (P=0) and 2510 (SH) cm T and 1ts YH and 13C NMR spectra.>

The high-resolution mass spectrum of 6 showed a molecular ion m/e (%) at 256.1048

(11%) (" for ¢, H, OSP = 256.1050) and 167.0618 (1003) (M* - C,ligS), and the
i1someric starting material 3 had m/e (%) at 256.1051 (37%) M" and a major frag-
ment of 183.0000 (100%) for (M+—C4H90). The formation of 4 from the PPA annula-

tion of 3 presumably resulted mostly from the mercaptan 6 formed in situ prior

to ring closure. This is supported by the reaction of 6 with PPA under identical
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condltlons; in which the 1mmediate evolution of st was detected and 4 was

isolated 1n 70% yield.
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The mechanism cf the sulfur-oxygen exchange reaction

on the guaternary

phosphorus in the 1somerization of alcohol 3 to mercaptan 6 apparently involves

the carbonium ion A formed by dehydration of 3 under acidic conditions.

A 1s

presumably short-lived, as it is quickly captured intramolecularly by the

neighboring phosphine sulfide to form the gquasi-phosphonium thlaphosphetane5 B,

which 13 1inactive for annulation.

The strained four-membered thiaphosphetanium

ion B with tetrahedral phosphorus 1s expected to react rapidly with the solvent

methanesulfonic acid, to release the ring strain upon passing from the tetra-

hedral to the trigonal bipyramidal structure C, 1in

. . 6
spans an apical-equatorial orientation.
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reagent, methanesulfonic acid/phosphorus pentoxide, 1s not known, 1t was

reported4 that the solubility of P 1n methanesulfonic acid at room tempera-

O
ture 1s about 10%. The normal apiiai—aplcal dlsplacement7 in D should follow,
after proton transfer, to give § upon agueous workup.

This unusual sulfur-oxygen exchange reaction 1is 1nteresting because the
synthesis of phosphine oxides from the corresponding sulfides generally involves
strong oxidizing agents, such as KMnO4, HNOB, Br2 in alkaline solution, hydrogen
peroxide, or thionyl chloride.8 These reactions have certain disadvantages.

For instance, alkyl side chains on aryl groups of tertiary phosphine sulfides
were often oxidized to the carboxylic acids by potassium permanganate 1n pyri-
dine.9 Nitric acid also nitrated triphenylphosphine sulfide to tris-(m-nitro-
phenyl)phosphine ox1de.9 With excess thionyl chloride, tertiary phosphine
sulfides gave dichlorophosphoranes.lO

Thus, PPA and methanesulfonic acid/P reactions offer certain advantages
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in the conversion of phosphine sulfides to the corresponding oxides if non-

oxidative and mild reaction conditions are to be met. Thig is exemplified by

the conversion of 2 and triphenylphosphine sulfide to the corresponding phos-
phine oxides i1n yields of 65% and 63% by heating at 60°/24 h and 100°/48 h
respectively with methanesulfonic acid/P205. Although PPA was also effective in
these cases, vields were lower than 1in the methanesulfonic ac1d/P205 reactions,
presumably due to the lower solubility of these compounds in PPA and the hagher
reaction temperature (140-150°) needed for reaction.

Both the acyclic traiphenylphosphine sulfide and 2 require considerable heat
and longer reaction times to complete the sulfur-oxygen exchange reaction. This
may be attributed, in part, to the lack of relief of ring strain in these
acyclic systems upon passing from the tetrahedral to the trigonal bipyramidal

intermediates before displacement.7
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