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By using a sequence of functionalization reactions, a series of crosslinked polymers with pendant 
sulfoxide units of the P-(CH2SOCH2)nR type with n = I, 2, 3 anej R = H, CH3 , where P is 
poly(styrene-co-divinylbenzene) (content of the crosslinking component 1%,2%) were prepared. 
The high reactivity of the crosslinked polymeric thiol P-CH2SH in alkylation reactions was 
used in the preparation. Conditions feF the selective oxidation of polymeric sulfides to sulfoxices 
were checked. 

Possibilities of using insoluble, suitably functionalized polymers as solid cosolvents 
have been pointed out earlier 1 -10. These possibilities, along with the concept of three­
-phase catalysis 1 , gave rise to a number of papers demonstrating the usefulness 
of polymers which contain structurally similar units, such as, e.g., those present 
in hexamethylphosphortriamide l -4, N,N-dimethylacetamide5 , linear polyethers deri­
ved from ethylene glycoI6 - 9 , N-methylpyrrolidone1o, crowns, and cryptands 12 ,13. 

Surprisingly enough, only very few papers have so far been published dealing with this 
subject in the case of dimethyl sulfoxide (DMSO). In the field of application of a poly­
meric analog of dimethyl sulfoxide as the solid cosolvent, only the activity of poly­
meric sulfoxide has been described in the reaction between I-bromobutane and 
cyanides under the conditions of three-phase catalysisl4 • Also, quite recently, 
Japanese authors have synthesized an uncrosslinked soluble analog of dimethyl­
sulfoxide and demonstrated its activity 1 5 • 
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This study is a continuation of the work reported earlier and concerning cross­
linked poly(1-[p-(methylsulfinylmethyl)phenyl]ethylene)14; it is dealing with the 
preparation and characterization of the polymer in which the crosslinked polystyrene 
carrier contains bound -CH2SOCH3 units and -(CH2SOCH2)nCH3 groupings 
(n = 2 or 3). Their preparation starts with chloromethylated poly(styrene-co-divinyl­
benzene) and continues according to Scheme 1. 

Oxidation of polymeric sulfides gave a series of crosslinked polymeric sulfoxides 
of the general formula 

P-(CH2SOCH2 )nR 

VI: n = I, R = H 
VII: n = 2, R = CH3 

VIII: n = 3, R = CH3 ' 

where P is the polymeric carrier - poly(styrene-co-divinylbenzene) containing 1% 
or 2% divinyl benzene units as the crosslinking agent, and -(CH2SOCH2)nR simply 
denotes numerous functional groups of the given structure. Polymers I with various 
chlorine contents were used in the reactions (Table I). 

The reaction of chloromethylated groups on the polymeric carrier with thiourea 
followed by hydrolysis leads without complications to polythiolsIIa-IId (ref.16 ,17), 

even though it may be assumed that the formation of the isothiouronium salt would be 
accompanied by considerable steric requirements and a strong ionic effect, especially 

TABLE I 

Conversion of chloromethylated poly(styrene-co-divinylbenzene) (I) to polythiol II. M2 denotes 
monomeric units of divinylbenzene 

Ml 
Chlorine content Substi- Sulfur content Substi-

I tution II tution % 
% mmol/g % calc./found mmol/g % 

la 23'70 6'68 100 IIa 21'05 
20'85 6'52 98 

Ib 2 23-66 6·66 100 lIb 21'05 
20'78 6·49 97 

Ie 2 16'90 4'76 63 lIe 15'16 
14'77 4·62 61 

Id 2 10'50 2·95 36 lId 9'32 
8'84 2·76 33 
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in cases la,b, It has been found earlier16 that polymer IIa may be transformed into 
the thiolate form by equilibration with anhydrous sodium methoxide. The process 
is accompanied by a strong swelling of the polymer, which also makes thiolate groups 
inside the crosslinked polymeric matrix readily accessible to reactions. This is why 
this polymer offers further opportunities for performing a number of functionaliza­
tion reactions18 • 

Crosslinked polymers III - V (polymeric sulfides) are obtained by Williamson's 
alkylation of the salt of thiol II with dimethyl sulfate or 2-chloroethyl derivatives 
of the type CICH1(CH1SCH1)nCH3' n = 1,2, prepared by using a sequence of known 
reactions from 2-mercaptoethanol; the results of alkylation reactions are summarized 
in Table II. The reactions with dimethyl sulfate proceed comparatively smoothly, 
while those with 1-chloro-3-thiapentane and with 1-chloro-3,6-dithiaoctane do not 
lead to complete conversions. A strong influence of network density in the poly­
meric matrix can be seen in this case (e/. entry 5 vs 6 and entry 9 vs 10). The degree 

TABLE II 

Conversion of crosslinked polythiols II to polymeric sulfides III 
- -~- ---- -- ---~~ 

T Time Sulfur content, % Conversion 
Entry II °c h III --------~-

% 
calc. found 

-------

Reaction of II with (CH3O)lSOZ 

lIa 40 27 IlIa 19'51 19·20 98 
1 110 40 68 IlIa 19·51 19·50 100 
2 lIb 40 69 IIIb 19·51 19'13 98 
3 lIe 40 69 Ilk 14·40 14'31 100 
4 lId 40 24 Illd 9·05 8·97 100 

Reaction of II with CICHzCHzSCHzCH3 

5 110 45 70 IVa 26'89 24'15 52 
6 lIb 45 70 IVb 26·89 22'25 19 
7 lIe 45 70 IVe 21·60 19'62 86 

Reaction of II with CICH1CHzSCHzCH1SCHzCH3 

8 110 55 190 Va 32'20 26'28 46 
9 /Ia 55 215 Va 32·20 26·78 51 

10 lIb 55 215 Vb 32'20 24·68 31 
11 lIe 55 215 Ve 27'00 23'68 70 
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of ring substitution also seems to be an important factor, because compared with II b, 

the starting thiol IIc can be alkylated very readily (cf. entry 6 vs 7 and entry 10 vs ll), 
although the network density of the polymer·c matrix is the same. Due to further 
uses of the polymers as polymer catalysts with pendant sulfoxide units, the formation 
of sulfonium groupings bound to the polymer had to be ruled out. For this reason, 
drastic reaction conditions (elevated temperature, large excesses of the low-mole­
cular weight reagent) must be avoided in such alkylation reactions. Polymers IV, V 
thus formed have absorption bands at 2 500 cm - 1 in the IR spectra corresponding 
to the unreacted -SH groups, while there is no band of the -SH vibration in the 
spectra of polymers III. 

lt has been verified earlier that oxidation of sulfide groups in polymer IIIa with 
an equivalent amount of 30% H20 2 in an aqueous medium in presence of acetic 
acid at -lOoC gives rise selectively to sulfoxide units, and that polymer VIa (the 
letter suggests that the polymer is related to the starting polymer, cf. Table I) does not 
contain detectable-S02- groupsl4. If, however, near the centre undergoing multi­
stage oxidation there is another centre which can be oxidized similarly, the reaction 
in the latter centre may be both favoured and disfavoured by transfer of new stereo­
electronic effects 19. The difference in the reaction mechanisms is also of importance. 
It was observed in the oxidation of low-molecular systems containing mutually 
close -SO- and -S- groups in one molecule that in the case where a nucleo­
philic mechanism (HOO-, R1R2CHOO-, R-COO-)s operative, the attack of the 
positively charged sulfur atom is preferred, and the sulfone-sulfide system is exclusi­
vely formed I9 - 21 . If the nucleophilic oxidation mechanism is not operative, selective 
oxidation can be performed in both centres, leading to the formation of bis(alkyl­
sulfinyl) derivatives 1 9. This is also confirmed by our results of the oxidation of cross­
linked polymeric sulfides. The procedure used for cases of the oxidation of polymers 
I V and V and verified earlier did not reveal any sulfonic groups in products VII 

and VIII (ref. 14). Oxidation of IVand V which contain free-SH groups gives rise 
to polymers with no absorption at 2 550 cm -1; it may be assumed, therefore, that 
-SH groups were oxidized with formation of disulfidic groups. Of course, the pre­
sence of -S02H groups (the absorption of which lies in the absorption in range 
of sulfoxides) in these polymers cannot be excluded either22. 

EXPERIMENTAL 

Chemicals 

2-Mercaptoethanol (Fluka) was used without previous purification. Samples of chloromethylated 
poly(styrene-co-divinylbenzene) were obtained by the chloromethylation of poly(styrene-co­
-divinylbenzene) (Spolchemie, Usti nad Labem) (extracted for 24 h with benzene) with chloro­
I:lethyl methyl ether using SnCI4 as the catalyst according to ref. 23 ; their reaction with thio­
urea (reagent grade, Lachema) and alkaline hydrolysis of isothiouronium salts14 gave ri~e 
to the respective polythiols. 
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Preparation of Low-Molecular Weight Sulfides 

I-Ch/oro-3-thiapentane was prepared from 3-thiapentan-1-01 and SOCI2. I H NMR spectrum 
C2 HCI 3, 0, ppm): 3·60 (t, 2 H, CICH2), 2,50-2,90 (m, 4 H, S-CH2), 1·20 (t, 3 H. CH3). The 
~tarting 3-thiapentan-I-ol was prepared by reacting 2-mercaptoethanol with ethyl bromide 
according to ref.24. 

3,6-Dithiaoctan-I-o/: To sodium ethoxide prepared from 1'29 g Na (56 mg-atom) and 30 ml 
ethanol, 4'380 g (3'93 ml, 56 mmol), 2-mercaptoethanol was added, and after that, 7·000 g 
(56 mmol) l-chloro-3-thiapentane was added dropwise with stirring at 40°C. The mixture was 
stirred at 40°C for 7 h. After the solvent was diMilied off, 20 ml water was added to the residue. 
and the mixture was extracted three times with 50 ml CH2CI2. The organic layer was dried 
with Na2S04' the solvent was distilled off, and the raw product was distilled in vacuo. Yield 6'805 g 
(41 mmol, 73%) of the product, b.p. 101-105°C/0'20 kPa, n~o 1·5355. IH NMR spectrum 
(C2HCI 3 , t5, ppm): 3·70 (t, 2 H, CH2-O). 2,42-2,78 (m, 9 H. CH2-S, 0-H), 1·22 (t, 3 H, 
CH 3 )· 

1-Ch/oro-3,6-dithiaoctane: To 4·68 g 3,6-dithiaoctan-I-ol (28'2 mmol), 3·60 g (2·2 mi. 30 mmol) 
SOCl2 was added with stirring and cooling. The mixture was maintained at 70°C for 3 h, on cool­
ing added to 20 ml of 10% NaHC03 , extracted with CH2CI2 , the extract was washed twice 
with 50 ml of 10% NaHC03 and 50 ml water and dried over Na2S04' Distillation gave 3·40 g 
(18·4 mmol, 65%) of the product, b.p. 74-76°C/0'07 kPa. 1 H NMR spectrum (C2HCI 3• t5, ppm): 
3'60 (t, 2 H, CI-CH2 ), 2,50-2,90 (m, 8 H. CH2-S). 1·20 (t. 3 H, CH3). 

Preparation of Polymeric Sulfides (General Procedure) 

To 1·5 g of the given polythiol, a corresponding amount of IM-CH30Na in CH30H was added 
with exclusion of moisture, and the mixture was kept 2 h at 50°C. After that, a corresponding 
amount of the alkylating agent was added at once (c/. Table II), and the mixture was left to stand 
under the given conditions under nitrogen. The polymers were first washed with water and me­
thanol and then by stirring with 50 ml of nlethanol and ether for 24 h, and dried at 50°C/0'13 kPa 
for 48 h. 

Oxidation of Polymeric Sulfides (General Procedure) 

A mixture of I g polymeric sulfide and 2 m199% CH3 COOH was maintained at room tempera­
ture for 12 h. On cooling to -10°C, an equivalent amount of 30% H2 0 2 and 1 ml glacial acetic 
acid were added at once. The mixture was left to stand at - 10°C for 8 h. The strongly swollen 
polymers were then washed on the glass filter successively with 50% CH3COOH, water, methanol 
and ether and dried at 50°C/0·13 kPa for 48 h. IR spectra (7·2 mg/0·37 g KBr) have a common 
band at I 020 cm -1, but not bands at 1 300-1 340 and 1 150 cm -1 corresponding to antisym. 
or sym. vibrations of the sulfonic group. 

The determined sulfur content (%) in the polymeric sulfoxides thus obtained: VIa 17'48, 
Vlb 17'05, VIc 13'00, Vld 8'82; Vila 19'73, Vllb 19·45. Vllc 17·45; VIlla 23'15, Vlllb 21-64. 
Vlllc 20·22. 
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