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A study is made of the photochemical sulfochlorination of polyvinyl- 
thiophene, and the optimum conditions for introducing the chlorosul- 
fonyl group determined. 

Of r e c e n t  y e a r s  t he r e  has been ex tens ive  use  of 
s imul t aneous  in t roduct ion  of ch lo r ine  a toms and c h l o -  
rosuI fonyl  groups  into m a c r o m o l e c u l e s  to i m p a r t  to 
p o l y m e r i c  m a t e r i a l s  a number  of va luable  p r o p e r t i e s  

[1,2]. The p r e s e n t  paper  r e p r e s e n t s  a f i r s t  study of 

su l foch lo r ina t ion  of polyvinyl th iophene (I), with a m i x -  
tu re  of sutfur  dioxide and ch lo r ine  in i t ia ted  by u l t r a -  
v i o l e t  l ight.  The l i t e r a t u r e  conta ins  a v e r y  l imi t ed  
amount  of in fo rma t ion  about the p r o p e r t i e s  of L It is 
known that  the l a t t e r  can be p r e p a r e d  by p o l y m e r i z i n g  

2 -v iny l th iophene  both by a r a d i c a l  and by an ionic m e -  
chan i sm [3-5] .  We used  t h e r m a l  p o l y m e r i z a t i o n  to 

p r e p a r e  L 
The s t a r t i ng  2-v iny l th iophene  (V) was p r e p a r e d  

thus f r o m  thiophene:  

~-~ c.3coc~ ~-co-c., L,^,... ~s-~_c.o,_c.3 ~.so I 
I l l  ' IV --H20 

.a ~ - - C H = C H ~  . 

V 

It may  be men t ioned  that  the above r educ t ion  of 2 -  
ace ty l th iophene  with l i th ium a luminum hydr ide  gave 
a good y ie ld  of the c o r r e s p o n d i n g  alcohol .  2 - V i n y l -  
th iophene  p o l y m e r i z e s  at  160 ~ C to g ive  a high yie ld  

of p o l y m e r i z a t i o n  product .  The I m o l e c u l e  contains  

8 - 1 0  thiophene r ings  in the s ide chains .  
It was of undoubted t h e o r e t i c a l  i n t e r e s t  to e l u c i -  

date the na tu re  of the p r o c e s s  of pho tochemica l  s u l -  

foch lo r ina t ion  of I, and the e f fec t  of m a c r o m o l e c u l e  
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s t r u c t u r e  on the d i s t r ibu t ion  of ch lo r ine  a toms  and 
ch lo rosu l fony l  groups  at the va r ious  bonds.  Also  
inves t iga ted  w e r e  the e f fec t s  of t e m p e r a t u r e  and t ime  
of i r r a d i a t i o n  on r e a c t i o n  ra te .  R e s e a r c h  led to the 

p r e p a r a t i o n  of modi f ied  I compounds conta in ing 4 2 -  

56% ch lo r ine  and 12-14% sul fur .  Change in t e m p e r a -  
t u re  over  the range  20~ ~ C has a cons ide r ab l e  
e f fec t  on the p r o c e s s  of su l foch lo r ina t ion  of I (Table 
1). Rate of r e a c t i o n  i n c r e a s e s  with i n c r e a s e  in t e m -  

p e r a t u r e ,  r e ach ing  a m a x i m u m  at 40 ~ F u r t h e r  i n -  
c r e a s e  in t e m p e r a t u r e  cuts the quant i ty  of SO2C1 

groups ,  and p r o m o t e s  s t r a igh t  ch lor ina t ion .  This  can 
be expla ined  by the d e c r e a s e  in solubi l i ty  of the g a s e s ,  
e s p e c i a l l y  SO2, in the l iquid  phase  on heat ing.  On 
r a i s i n g  the t e m p e r a t u r e  the d e g r e e  of s t r a igh t  c h l o r i -  
na t ion  at f i r s t  d e c r e a s e s ,  r e a c h i n g  a m i n i m u m  at 40 ~ 

then i n c r e a s e s .  
By studying the r e l a t i o n s h i p  be tween  s u l f o c h l o r i n a -  

t ion of I and i l lumina t ion  t ime ,  it was found that  the 

r e a c t i o n  is p r a c t i c a l l y  comple t e  in the  f i r s t  5 - 1 0  m i -  

nutes .  F u r t h e r  i l lumina t ion  only i n c r e a s e s  the ex ten t  

of s t r a igh t  ch lo r ina t ion ,  leading to d e c r e a s e d  SO 2 C1 
group  content .  Table  2 g ives  the r e s u l t s  of some  of 
the m o s t  c h a r a c t e r i s t i c  runs .  

A mole  r a t io  SO2:C12 = 3.6:1, which favored  i n t r o -  
duct ion of the SO2C1 group into the I m o l e c u l e  [2], 
was used  when s tudying su l foch lo r ina t ion  of I. In ten-  
s i ty  of s t i r r i n g  subs tan t i a l ly  affectIng the k ine t i cs  of 
the p r o c e s s ,  in a l l  runs  the magne t i c  s t i r r e r  tu rned  

at the s a m e  speed.  
F r o m  data In the l i t e r a t u r e  [6], i t  is known that  

CH groups  a r e  ch lo r ina t ed  ( su l fochlor ina ted)  c o n s i -  

de rab ly  m o r e  r ead i l y  than me thy lene  groups .  It can 

Table  1 

Ef fec t  of T e m p e r a t u r e  on Su l foch lo r ina t ion  of Po lyv iny l th tophene  

Irradiation 
time, 
min 

Amounts of the gases 
passed in g 

SO 2 CI~ 

10,28 2.85 
10.28 2.85 
10.28 2.85 
10.28 2.85 
10.28 2.85 

20.56 5.70 
20.56 5.70 
20.56 5.70 
20.56 5.70 

Product content, 
% of 

S (total C1 (total O 
amount) amount) 

13.15 51.84 2.52 
13.71 48.6~ 2.7C 
16.06 47.8~ 3.21 
16.40 48.91~ 2.87 
12.83 48.9C 1.90 

12.25 53.04 1.50 
12.56 51.85 2.07 
12.78 51.02 3,19 
12.87 51,51 2.36 

SO2C1 
group* 

7.8t 
8.3~ { 
9.9~ 
8.92 
5.91 

4.66 
6.43 
9.92 
7.34 

Extent of Mass of 
straight polyvinyl - 
chlorination ~ thiophene 

% taken, g 

49.09 0.42 
45.67 0.42 
44.30 0.61 
45.80 0.61 
47.79 0.61 

51.38 0.42 
49.56 0.42 
47.48 0.61 
48.89 0.61 

15 
15 
15 

30 
30 
30 
30 

Mass of sulfo- 
chlorinated 
polyvinylthio- 

phene, g 

0.71 
0.69 
1.54 
1.49 
1.76 

0.71 
0.84 
1,72 
1.68 

m 

*The chlorosulfonyl group content (%) was calculated from the product~ O content. 
**The extent (%~ of straight chlorination was determined by taking the total chlorine (%), then allowing for the amount 

of C1 present in chlorosulfonyl groups, Thus the first run gave a product containing 51.88% CI and 2.52% O. The amount 
of oxygen corresponds to 2.79% C1 in chloromlfonyl groups, hence there was 49.09~ CI present due to straight chlorination, 
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Ilium - 
ination 

t i m e ,  
min 

5 
10 
15 
20 
30 
60 
90 

Table  2 

Effect  of I l lumina t ion  T i m e  on the Su l foch lo r ina t ion  of Po lyv iny l th iophene  

Amount of gases 
passed in, g 

s o  2 Cl~ 

3.43 0.95 
6.87 1.90 

10.29 2.85 
13.72 3.80 
20.57 5.71 
41.16 11.41 
61.71 17.12 

Product content, % 

S (total  Ct (total  

amount) amount) 

14.56 41.95 
14.55 42.33 
13.71 48.65 
12.63 50.53 
12.56 51.85 
12.52 52.25 
12.43 56.33 

0 SOzC1 
group i 

4.60 I 4.30 
4.92 [ 5.29 
2.70 8.39 
2.41 I 7.49 
2.07 1 6.43 
1.96 6.09 
0.36 1.12 

Extent of 

straight ch lo-  
r inat ion,  ~ 

36.85 
36.87 
45.67 
47.86 
49.56 
50.08 
55.94 

Mass  of poly-  
vinylthiophene 

! taken, g 
i 

0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 

Mass of sulfochlo- 
r inated polyvinyl-  

thiophene,  g 

0.80 
0.77 
0.69 
0,78 
0.84 
0.80 
0.82 
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be assumed that what is most  active in the sulfochlo-  
r inat ion of I is the alkyl chain, consis t ing of a l t e r n a -  
ting methylene and CH groups.  

J. 
! 

The resu l t s  obtained show that the Ctt groups of 
the polymer  chain p r i m a r i l y  undergo su l foehlor ina-  
tion, and that the secondary  chlorinat ion is due mainly 
to the methylene groups and to the poss ible  eh lo r ina -  
tion of the thiophene r ing i tself .  This is conf i rmed by 
the high degree  of s t ra ight  ehlorinat ion of I, and by 
IR spec t ra  data, given in the f igure.  

Fig.  
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IR spec t ra :  1) Polyvinylthiophene; 2) su l -  
fochlor inated polyvinyl~iophene .  

With sulfochlor inated polyvinylthiophene II, the 
CH group valence vibra t ions  band intensi ty in the 
2900-2960 cm -~ region is less  than for I; the CH 2 
group deformat ion vibra t ions  band intensi ty in the 
1420-1460 cm -1 region is a lso  l ess  for II than for 
the ini t ia l  polyvinylthiophene. Cha rac t e r i s t i c  a b s o r p -  
tion bands in the 1325 and 730 cm -1 regions must  be 
a sc r ibed  to SO 2 C1 group and C--C1 bond vibra t ions  
respec t ive ly .  

n~ 1.5738. Found: C 65.32; 65.67; H 5.64; 5.76; S 
29.31; 29.14%; MR D 34.61. Calculated for C6H6S: C 
65,45; H 5.46; S 29.09%; MR D 33.57. 

Polymer iza t ion  of 2-vinylthiophene. 10 g (0.09 
mole) V was placed in a th ick-wal led ampul, af ter  
which it was evacuated,  and fi l led with N. The ampul 
was heated for 4 hr  in a g lycero l  bath at 160 ~ C. After  
cooling the product was a pa le -orange  viscous mass .  
It was d issolved in 15 ml CHC13, and with vigorous 
s t i r r ing ,  p rec ip i ta ted  with 200 ml pe t ro l  ether .  After  
two fur ther  prec ip i ta t ions ,  the polyvinylthiophene I 
was vacuum-dr ied  to constant  weight. Yield 8.9 g 
(89.4% by weight), mp 85 ~ M 800 (Rast in camphor).  
It was a white amorphous powder, r ead i ly  soluble in 
benzene, acetone, CHCI~, and dichloroethane,  inso-  
luble in water ,  EtOH, and pe t ro l  ether .  

Sulfochlorination of L 40 ml of a 1.5% (in some 
runs 1.0%) solution of I in CC14 was placed in a c y -  
l indr ica l  quar tz  vesse l .  A magnetic s t i r r e r  was used 
to s t i r  and heat. The chlorine and SO 2 were passed  
through H2SO 4 washbott les ,  CaC12 drying tubes, and 
graduated f lowmeters ,  and thence to a mixer .  The 
chlorine feed ra te  was 1 m o l e / s e c ,  that of SO 2 4 m l /  
/ s e c  (mole ra t io  SO2:C12 = 3.6:1). 

UV light f rom a PRK-2 quar t -Hg lamp 30 cm from 
the reac t ion  vesse l  was used to s t a r t  the sul fochlo-  
r inat ion of I. The reac t ion  was run for var ious  i l lu -  
mination t imes  and at var ious  t e m pe r a t u r e s .  Tables  
1 and 2 give the r e su l t s .  

The sulfochlor inated polyvinylthiophene II was 
p rec ip i t a t ed  with pe t ro l  e ther ,  and vacuum-dr ied  to 
constant  weight. It formed a pa le -ye l low powder, 
read i ly  soluble in acetone, dichloroethane,  and ben-  
zene, insoluble in water ,  EtOH, and pe t ro l  e ther ,  
mp 210~ ~ C (for II p r epa red  at 30 ~ using an i l lu -  
mination t ime of 15 rain). 

The IR spec t r a  were de te rmined  with an IKS-14 
inst rument ,  using tablets  with KBr. 

EXPERIMENTAL 

2-Acetyl thiophene (Ill). 52 g (0.2 mole) f r e s h l y -  
d i s t i l l ed  SnC14 was added over  a per iod  of 40 min, to 
a mix ture  of 16.8 g (0.2 mole) thiophene and 15.7 g 
(0.2 mole)  AcOC1 in benzene,  cooled to 0 ~ C. The r e -  
action product  was hydrolyzed with 10% HC1, the ben-  
zene l aye r  s epa ra t ed  off, dr ied ,  the benzene d i s t i l l ed  
off, and the res idue  vacuum-dis t i l l ed ,  to give 22.1 g 
(87.7%) III, bp 89o-90 ~ (9 mm), n~ 1.5671. 

2- (a -Hydroxyethyl ) th iophene  (IV). 25.2 g (0.2 mole) 
HI in dry  e ther  was added dropwise  into excess  LiA1H 4 
in e ther  at such a ra te  that the e ther  ref luxed s teadi ly .  
Excess  hydride was decomposed with water ,  and the 
product  hydrolyzed  with 10% HC1, yield 23.4 g (91.7%), 
bp 94~ ~ (12 mm), n~ 1.5442. The l i t e r a t u r e  [8] 
g ives :  bp 91~ ~ (11 ram), n~  1.5422. 

2-Vinylthiophene (V). This was p repa red  by dehy-  
dra t ing  38.4 g (0.3 mole) IV at  180~ ~ C (100 ram) 
in the p re sence  of 1.5% by weight KHSO~ and 1% by 
weight of hydroquinone. The d i s t i l l a te  was d isso lved  
in e ther ,  and the water  s epa ra t ed  off. The e ther  l ayer  

was d r i ed  and f rac t ionated ,  to give 16.1 g (48.8%) 2-  
vinylthiophene,  bp 64o-65 ~ (49 ram); d l  ~ 1.0475; 
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