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Abstract

This paper concerns the cationic modification of poly-
styrene by the electophilic substitution of polystyrene
with S-methylthiocarbcxonium.The substitution is guanti-
tative and gives poly p-(methylthio)carbonylstyrene .
After hydrolysis and purification poly(p-carboxystyrene
is obtained. The polymers are formed without degrada-
tion after this cationic modification.

Introduction

Poly(p-carboxystyrene) is usually prepared from chloro-
methylated polystyrene (I). (I) is obtained by Pepper's
method (1}. (I) is oxidized to aldehyde (II) with

NaHCO, in dimethylsulfoxide and thence to poly(p-carbo-
xysty%ene) (IIT) with chromic acetic acid (2),

Na Cr,.O

n n 277 n
NaHCO,, (CHj),S0 I5504,CH§IDH
—_— >
155°
CH,C1 CHO OOH
(1) (I1) (I11)

We report here a new method for the synthesis of (III),
which is obtained in high yield by the hydrolysis of

a poly p-(methylthio)carbonylstyrene (IV). (IV) is
prepared by electrophilic substitution of polystyrene
with S-methylthiocarboxonium. This reaction was first
studied by Olah and al. (3) on aromatic hydrocarbons,
and we have adapted it to polystyrene, Methylfluoride
and- Antimony pentafluoride in SO, solution form the
complex (A) which is capable of &lkylating COS.

At -25°C S-methyltiocarboxonium fluorocantimonate (B)
is gquantitatively obtained.
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_700 _ _ + Py
CH,F + SbF, —§6;—E>[FH3 -0=5 = é] SbF (a)
A+ cos 222> cn, - 5 - c = 0| sbF ~ (B)
50, [%f3 6

(B) reacts on the polystyrene (I') according to the
following mechanism

(B)
O] — — —> ()) +HSbF
-6G°C =
. [ (v
H C-SCH, G-SCH C-SCH
g 3H—g+ 3 g 3

We have studied the experimental conditions to improve
functionalization,

Experimental

I - Materials

So., was distilled and condensed twice on PZO . SbF

waé distilled under high vacuum and stored“in a bulb
equipped with break-seals. COS and CH,F were passed
over molecular sieves to remove traced of moisture.

The polystyrene was prepared in benzene solution using
sec-butyllithium as an initiator. The polymer was pre-
cipitated by methanol and dried under vacuum. Mn=18000.

In a round flask equipped with an SbF_bulb, a magnetic
stirrer and a gas inlet tube, 100 ml 3f sulfur dioxide
was condensed at -80°, SbF_ was transferred into the
flask ; CH_F also condensea, followed by an excess of
COS, The (%) solution was warmed up to -25° and held
at this temperature for 30 minutes.

For the functionalization of polystyrene we used three
different processes

Process 1 : Polystyrene swells in SO, and gives an
emulsion, When the solution of "B" if poured rapidly
into a well stirred emulsion of polystyrene in SO, at
-40°, we observed a partial precipitation of poly%er.
After 30 minutes, the mixture was poured into methanol
(Run a,b Table 1) and the polymer was filtered. The
fraction soluble in benzene (60%) is the poly p-(me-
thylthio) carbonylstyrene, the other insoluble part is
a crosslinked polymer (40%).
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Process_2 : The polystyrene emulsion in SO, was added
slowly to a solution of thiocarboxonium (B¥Y ; the
polystyrene becomes soluble in SO, as the reaction
progresses (Run c, Table 1), Afteg 30 minutes the solu-
tion was poured into methanol to precipitate the poly
p- (methylthiocarbonylstyrene, After filtration, the

polymer was freeze dried in benzene.

Process_3 : A solution of polystyrene in CH Cl2 was
cooled to =-30° and added dropwise to the soiutlon of
"B". After 30 minutes, the solution was poured into

methanol (Run d, Table 1).

1,129 of polythiocester was refluxed for 5 hours in

20 percent sodium hydroxide solution. The poly(p-sodium-
oxycarbonylstyrene) became soluble. The solution was
acidified, and the precipitated polymer filtered and
dried under vacuum.

Results and discussion

To deteimine the ratio of functionalization we used
H™NMR, "H NMR spectra were carried out with a 250 Miz
Cameca apparatus (Table 2). The aromatic protons of
styrene units show broad signals at 7 ppm and 6.4 ppm,
while the aromatic protons of functionalized styrene
units show two broad signals at 7.6 ppm and 6.4 ppm
typical of AA' coupling of substituted aromatic hydro-
carbons. At 2.45 ppm we have the signal of the protons
of the methylthiocester groups. Using integration of
the peak areas the percentage of functionalization is
calculated,

Elemental analysis confirms the lH NMR results. By gel
permeation chromatography we could check that the reac-
tion took place without degradation. The polymers kept
the same narrow molecular weight distribution after
functionalization. When we used process 1, 40% cross-
linking is observed. Nevertheless, the soluble fraction
is 84% modified (Run b, Table 1) under the best condi-
tions, With process 2 the polymer became soluble as

the modification proceeded ; we found no crosslinked
polymer, but we observed less modification : 75%,

To obtain a complete functionalization (98% ; Run d,
Table 1), without crosslinking, we had to use a good
solvent for polystyrene : CH,Cl,, and dropwise addition
of the polymer solution to the gomplex solution,

Tg confirm the para substitution of the polystyrene,
C NMR spectra were recorded on a Brucker apparatus
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Table 2 : lH NMR spectrum of poly (p-methylthio)car-

bonylstyrene

a) 98% functionalyzed
b) 84% functionalyzed
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at 90 MHz. The chemical shifts of different units are
given in Table 1. To confirm the assignments of the
chemical shifts of the thioester polymer, we prepared
methyl benzene thiocarboxylate C_H.-C(0)-SCH,. We have
calculated the -C(0O)SCH, substitution effectg and
~COOH effects on the chémical shifts of polystyrene
benzene carbon. Theoretical and experimental values
are in good agreement (Table 3).

To conclude, the synthesis of a poly p-(methylthio)car-
bonylstyrene and a poly(p-carboxystyrene) were achie-
ved by an original modification of polystyrene. The
electrophilic substitution with S-methylthiocarboxonium
is easily carried out in one step (process 3) and the
substitution took place solely in the para position.
The poly(p-carboxystyrene)} is soluble in methanol ;

its sodium salt is soluble in water.
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