Bull. Inst. Chem. Res., Kyoto Univ., Vol. 56, No. 6, 1978

Sulfur Ylides Attached to Some Condensation Polymers

-Shigeo TanimoTo,* Yoshihisa Imazu,** Toyonari SucmMoTo,*
and Masaya Okano*

Recetved September 13, 1978

In the present paper the syntheses of polymer-bound sulfonium salts and oxosulfonium salt
using a dichloromethyl derivative of methyl phenyl sulfide, 2, 4-bis(chloromethyl)thioanisole, and
the epoxidation reactions by use of polymeric sulfur ylides derived from them are described.

INTRODUCTION

In recent years the reactions of polymer-bound reagents with organic substrates
have been involved as an active area of chemical research. The first example of a
polymer-bound sulfur ylide was provided by us® That is, a cross-linked copolymer
of methyl p-vinylphenyl sulfide and divinylbenzene gave an insolubilized dimethy-
sulfonium methylide on treatment with methyl sulfate and #~BuOK, and the ylide
could be used to convert benzaldehyde to styrene oxide.

As an extension of our work, it seemed interesting to examine the possibility of
substituting condensation polymer for the copolymer of the styrene derivative and
divinylbenzene. Thus, we have taken three approaches for the synthesis of conden-
sation polymers containing sulfonium methylide groups which may be used for
similar purpose. All these attempts were successful to some extent and led to con-
densation polymers having sulfur ylides and consequently, effective on the conversion
of benzaldehyde to styrene oxide. These polymer-bound sulfur ylides have been
derived from the corresponding polymeric sulfonium salts or oxosulfonium salt by
treatment with the appropriate strong base such as +-BuOK or NaH.

In this paper we wish to report the syntheses of the polymer-bound sulfonium
salts and oxosulfonium salt using a dichloromethyl derivative of methyl phenyl sulfide
and the epoxidation reactions by use of the polymeric sulfur ylides (3, 6, and 9) derived
from them.

RESULTS AND DISCUSSION

Though relatively few reliable methods are currently available for the monochlo-
romethylation of methyl phenyl sulfide,” many descriptions of the synthesis of its
dichloromethyl derivative, 2, 4-bis(chloromethyl)thioanisole, are known since ages
ago.® The easily available 2, 4-bis(chloromethyl)thioanisole was condensed with
Na,S-9H,O in N,N-dimethylformamide to give a linear polysulfide (1). Reaction

* AAER, BAERK, MEEM : Laboratory of Petroleum Chemistry, Institute for Chemical
Research, Kyoto University, Uji, Kyoto.
*% A E /A ¢ Koei Chemical Co. Ltd., Joto-ku, Osaka.

(345)



S. TanmoTo, Y. Imazu, T. SucimoTo, and M. Oxano

of 1 with an excess of methyl iodide gave a hygroscopic polymeric sulfonium iodide
(2) in quantitative yield. Elemental analysis indicates that both sulfur atoms in 2,
one of which is that of the pendant methylthio group and the other constructs the
backbone of the polymer, are equally converted to sulfonium iodide.
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When 2 was treated with +-BuOK in dimethyl sulfoxide (DMSO) at room tem-
perature, a polymeric sulfonium methylide (3) was produced, which was able to
convert benzaldehyde to styrene oxide in much the same manner as dimethylsulfonium
methylide or dimethyloxosulfonium methylide. The charged 2 for the reaction was
recovered ‘in -the form of 1, which could be reused for epoxidation reaction upon
conversion to 2 by methyl iodide. - There was, however, some loss in activity of the
recycled polymer. :

‘The epoxidation of benzaldehyde could be effected even more cleanly and effi-
ciently (689%,) using a polymeric sulfonium methylsulfate (prepared by heating 1 with
an excess of methyl sulfate at 100°C for 6 hr) under the action of +~BuOK in DMSO.

On the other hand, treatment of 1 with hydrogen peroxide in acetone resulted in
the formation of a polymeric sulfoxide (4), which when treated with methyl sulfate
at 100°C with stirring is converted to a polymeric oxosulfonium methylsulfate (5).
Elemental analysis and IR spectrum of 4 are in good agreement with the expected
structure. In spite of recurring sulfoxide groups in the backbone and the pendant
groups, 4 is insoluble in water, but the corresponding polymer-bound oxosulfonium
methylsulfate (5) is water-soluble as expected.
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By treatment with NaH in DMSO 5 was converted to a polymeric oxosulfonium
methylide (6), which was able to use for the epoxidation reaction of benzaldehydé.
However, the yield of styrene oxide in the reaction was extremely low.

Lastly, the preparation of an insolubilized polymeric sulfide (7) via the conden-
sation of 2, 4-bis(chloromethyl)thioanisole with phloroglucinol and its conversion to
the corresponding insolubilized sulfonium methylsulfate (8), and further the use of 8
in the epoxidation reaction were attempted. Thus, we were able to obtain moderately
good vyield of styrene oxide from the reaction of benzaldehyde with 8 that had been
converted to the corresponding insoluble sulfonium methylide (9) with #BuOK in
DMSO.
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The insoluble sulfonium methylide (9) could be regenerated from the recevered 7.
However, some loss in activity of the recycled polymer was unavoidable.

EXPERIMENTAL

Reaction of 2, 4-Bis(chloromethyl)thioanisole with Na,S-9H,0. 3.3¢g
(14.9 mmol) of 2, 4-bis(chloromethyl)thioanisole is dissolved in 60 ml of N,N-dimethyl-
formamide and added to a solution of 4.8 g (20.0 mmol) of Na,S-9H,O in 20 ml of
water while maintaining the temperature at 20°C. The mixture is stirred at 100°C
for 2 hr and further at 230-240°C for 2 hr, and then poured into a large quantity of
water. The resulting precipitate is collected on a funnel. It is washed thoroughly
with boiling water and then with warm ligroin. Yield 2.5g (92%), mp 58-62°C,
76 =0.29 (0.3 g/100 ml hexamethylphosphoric triamide, 30°C) Found: C, 58.11;
H, 5.71%. Caled for (CoHySs),: C,759.29; H, 5.53%,.

. Reaction of a Polysulfide (1) with Methyl Iodide. A mixture of 2.0 g of 1
and 100 g methyl iodide is boiled under reflux for 6 hr, and then poured into a large
quantity .of ether: The resulting precipitate. is .collected by filtration and washed
thoroughly with ether. Yield 5.1 g (100%). Found: C, 27.04; H, 3.90%,. Calcd
for (CyiHielsS2),: C, 28.34; H, 3.469%,. '

(347)



S. Tanmoro, Y. Imazu, T. SuciMoro, and M. OxaNo

Epoxidation Reaction Using a Polymeric Sulfonium Iodide (2) and t-BuOK.
To a mixture of 4.5g of 2, 1.0 g (9.4 mmol) of benzaldehyde and 30 ml of DMSO
is added 3.2 g (28.5 mmol) of ~-BuOK in 20 ml of DMSO while maintaining the
temperature at 20°C. The mixture is stirred at 20-25°C for 3 hr, and then poured
into a large quantity of water. The resulting precipitate (1.9 g), which is recovered 1,
is collected by suction filtration, and washed twice with small portions of ether. The
combined filtrate and washings are extracted with ether. The ether solution is washed
with water and dried over anhydrous MgSOy. The solvent is removed on a rotary
evaporator, and the residue is distilled to yield 0.60 g (539%,) of styrene oxide.

Oxidation of a Polysulfide (1) by Hydrogen Peroxide. To a solution of
1.5 g of 1 in 40 m! of acetone is added 1.94 g (20.0 mmol} of 359, hydrogen peroxide,
and the solution is stirred at room temperature for 24 hr. The mixture is poured into
40 ml of water, and the resulting precipitate is collected on a funnel. After thorough
washing with water, 1.6 g (919,) of a light yellow powder, mp 90-98°C, is obtained.
Found: C, 49.53; H, 6.30%,. Calcd for (CgH;y0,S,),: C, 50.44; H, 4.709%,.

Reaction of a Polysulfoxide (4) with Methyl Sulfate. A mixture of 0.9 ¢
of 4 and 30 ml of methyl sulfate is stirred at 100°C for 6 hr. The reaction mixture,
which has become dark brown, is poured into a large quantity of ether. The resulting
precipitate is collected and washed with ether. Yield 1.9g (97%). Found: C,
32.81; H, 5.589%,. Calcd for (Ci3H201654).: C, 33.47; H, 4.75%.

- - Epoxidation Reaction Using a Polymeric Oxosulfonium Methylsulfate
(5) and NaH. To a stirred mixture of 1.8 g of 5, 0.60 g (5.7 mmol) of benzaldehyde
and 50 ml of DMSO is added 0.2 g (8.3 mmol) of NaH in small portions. The NaH
has been washed thoroughly with petroleum ether before use. The mixture is stirred
at 25°C for 1 hr and further at 40°C for 1 hr, and then poured into a large quantity
of water. Extraction with ether followed by vacuum distillation give styrene oxide.

Yield 0.10 g (159%).

Reaction of 2, 4-Bis(chloromethyl)thioanisole with Phloroglucinol. To a
solution of 5.0 g (22.6 mmol) of 2, 4-bis(chloromethyl)thioanisole and 2.44 g (15.0
mmol) of phloroglucinol (CgHgO3-2H;O) in 30 ml of DMSO is added 2.0 g (50 mmol)
of finely powdered NaOH. The mixture is stirred at 120°C for 3 hr. The resulting
precipitate is isolated by filtration, washed successively with 10%NaOH aqueous
solution, water, 109,HC], and water, and then dried. Yield 4.0 g (76%,), mp>360°C.
Found: C, 65.83; H, 6.98%,. Calcd for (C3H306S3),: C, 67.21; H, 5.219%,.

Reaction of an Insolubilized Polymeric Sulfide (7) with Methyl Sulfate.
A mixture of 2.0 g of 7 and 40 g of methyl sulfate is stirred at 110-120°C for 3 hr. The
resulting 8 is collected by suction filtration and washed thoroughly with ether; yield
3.2 g (100%). TFound: C, 49.11; H, 6.81%,. Calcd for (CiHgO455),: C, 50.27; H,
5.06%,.
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Epoxidation Reaction Using an Insolubilized Sulfonium Methylsulfate (8)
and -BuOK. To a stirred mixture of 4.0 g of 8 and 0.60 g (5.7 mmol) of benzal-
dehyde in 50 ml of DMSO is added 4.2 g (37.4 mmol) of :-BuOK. The mixture is
stirred at 25°C for 1 hr and further at 50°C for 2 hr, and then poured into a large
quantity of water. The polymeric material is removed by filtration and washed with
ether, the ether being combined with an ethereal extract of the filtrate. After washing
with water and brine, drying over anhydrous MgSO, and removing the solvent,
styrene oxide is obtained by distillation; yield 0.35 g (529%,). The recovered 7 weighs

2.5g (97%).
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