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Abstract 
The molecular weight of liquid telechelic poly- 

isobutylene-diolefins was extended with the dithiol 
glycol-dimercaptoacetate in the presence of UV light. 
The mechanism of this polymerization was studied by 
model experiments. 

Introduction 
The addition of thiols to olefins has been known 

for many years (POSNER, 1905). It has been generally 
accepted that the process involves free radicals 
(GRIESBAUM, 1970; ABELL, 1973). Initiation occurs by 
homolysis of the thiol and can be accomplished by 
thermolysis of azo compounds or peroxides, by photo- 
lysis with UV-light, or by radiolysis (ABELL, 1973): 

RSH ~ RS- + H- 

RS- + R'-CH=CH2 = R'-CH-CH2-S-R 

R'-CH-CH2-S-R + HSR ~ R'-CHz-CH2-S-R + RS- 

The reaction between thiols and olefins catalyzed by 
peroxides or UV-light has been studied in detail and 
was applied to polymerization processes (MARVEL et al. 
1951; NUYKEN et al. 1980). 

+ HS~CH2~sSH { = S~CH2) 6- 

n 

n 
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This note concerns the UV light induced chain 
extension of ~,~-polyisobutylene-diolefins with a di- 
thiol i.e., glycol-dimercaptoacetate HS SH: 

HS 

Results and Discussion 
I. Model Experiments 

SH + ~%~PIB~*< 

S~_~p I B ~  
~n 

Prior to extension studies with the telechelic 
polyisobutylene diolefin, model experiments have been 
carried out using a small mono-olefin, 2,4,4-trimethyl- 
l-pentene TMP, whose olefin group exactly mimics the 
structure of the terminal olefin group in our tele- 
chelic polyisobutylene-diolefin, and a well defined 
readily available small diene, 1,6-heptadiene. 

A) Experiments with 2,4,4-Trimethyl-l-Pentene 
TMP has been found to react efficiently withgly- 

col-dimercaptoacetate in the presence of UV-light at 
room temperature in less than 30 min. 

CH31 ~CH2 

2 CH3-C-CH2-C + HS-CH2-CO-O-CH2-CH2-O-CO-CHzSH 
I 
CH 3 ~CH 3 

CH3 CH3 
h~ I I 

~--- CH3-C--CH2-CH-CH2-S-CH2-CO-O-CH2~2 

The reaction has been followed by IH NMR spec- 
troscopy by determining the disappearance of the reso- 
nances associated with the vinyl protons at 4.6 and 
4.8 ppm and the appearance of signals due to protons 
in alkyl groups between 2.8 and 1.0 ppm which arise as 
a consequence of the conversion of -CH2-C(CH3)=CH2 
into -CH2-CH(CH3)-CH2- groups. 

B) Experiments with 1,6-Heptadiene 
Stoichiometric 1,6-heptadiene/glycol-dimercapto- 

acetate mixtures in the presence of UV light rapidly 
yielded a polymer with the anticipated overall struc- 
ture: 

~S-CH2-CO-O-CH2-CH2-O-CO-CH2-S-(CH2)7~ n 

The molecular weight of the product is estimated to be 
~5000 i.e., n ~ 20 (data obtained by GPC using a poly- 
styrene calibration). 

II. Extension of Polyisobutylene-Diolefins with 
Dithiol 
Encouraged by the results of model experiments, 
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a series of extensions of telechelic polyisobutylene- 
diolefins with glycol-dimercaptoacetates have been 
carried out under conditions found to yield satisfac- 
tory results in model experiments. The polyisobuty- 
lene-diolefin M = 2,380 and M /M = 1.6 was prepared 
by the inifer t~chnique (KENNEDY St al. 1979). Table 
I shows the stoichiometric ratios used and molecular 
weights obtained. 

Table I. Reaction between ~,~-Polyisobutylene- 
diolefin and Glycol-dimercaptoacetate 

Extension a 

-SH/-C (CH 3 ) =CH2 Mn Mw Mw/Mn Mn/Mno Mw/Mwo 

o.9 5840 12900 2.2 24 3.4 

1 6760 14700 2.2 28 3.8 

11 s480 117oo 2.1 23 3.0 

aThe number-average and weight-average molecular weight 
of initial ~,~-polyisobutylene-diolefin are M n 
2380, M = 3840 o 

w 
o 

The initially liquid charges rapidly became very vis- 
cous and stirring became difficult. According to the 
molecular weight data shown in Table I the highest ex- 
tension (i.e. 3.8) was obtained with i:i -SH/-C(CH3)= 
CH2. This observation corroborates independent anal- 
ytical information according to which F (number aver- 

of the polylsobutylene dlolefln Is age functionality) . n ~ . . 
2.0. 

The relatively low extension obtained in these 
preliminary experiments are probably due to a combi- 
nation of factors, i.e., rapid increase in the viscos- 
ity of the charge, unsuitably thick layers of samples 
preventing the efficient absorption of UV radiation, 
the use of a non-optimum UV sensitizer (benzophenone), 
and possibly some side reactions. Experiments are in 
progress to raise the degree of extension by improving 
mixing, using thinner layers of materials, searching 
for better sensitizers, etc. 

Experimental 
I. Model Reaction 

2,4,4-Trimethylpentene and Glycol-dimercapt0/' 
acetate 
Two parts of 2,4,4-trimethyl-l-pentene (2.24 mg) 

and 1 part of glycol-dimercaptoacetate (2.0 mg) were 
dissolved in 5 ml CDCI3, and a catalytic amount of 
benzophenone (sensitizer) was added. The mixture was 
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irradiated by UV light (Sylvania sun lamp) at room 
temperature and the reaction was followed by iH NMR 
spectroscopy. 

Final product: 

CH3 CH3 
J i 

CH3-C CH2-CH-CH2-S-CH2-CO-O-CH2~2 
i 
CH3 

IH NMR(CDCI3): ~(ppm):4.3(4H,s,-S-CH2-CO); 3.3(4H,s, 
-O-CH2-); 2.8-1.0(34H,m,alkyl) 

1,6-Heptadiene + Glycol-dimercaptoacetate 
One part 1,6-heptadiene (960 mg) and 1 part 

glycol-dimercaptoacetate (2.10g) and a catalytic 
amount of benzophenone (2 mg) were dissolved in tol- 
uene and irradiated with UV light at room temperature. 
After a few minutes a noticeable increase of the vis- 
cosity indicated the onset of polymerization. The 
polymer was precipitated in methanol. 

IH NMR(CDCI3) : 6(ppm) : 4.3(4H,S,-S-CH2-CO-) ; 3.2 (4H,S, 
-O-CH2-) ; 2.8-2.5(4H,t,-S-CH2- 
CH2-) ; 1.4-1.0(10H,m,alkyl) 

II. Extension of ~,~-Polyisobutylene-Diolefins 
Different ratios of e,~-polyisobutylene-diole- 

fins (M = 2380) and glycol-dimercaptoacetate and a 
catalytlc amount (~2 mg) of benzophenone were rapidly 
mixed in bulk. The viscosity of the mixture rapidly 
increased. After 20-30 min of UV irradiation the vis- 
cosity did not seem to increase further. The polymer 
was washed and dried. 

IH NMR spectra showed in addition to the typical 
signals of polyisobutylene, the signals due to the 
-S-CH2-CO-(4.3 ppm) and -O-CH2- (3.2 ppm) units. There 
was no evidence for the presence of olefinic endgroups. 

Acknowledgement 
Financial support by NSF Grant DMR-77-27618 

Polymer Program and the Deutsche Forschungsgemein- 
schaft (to O.N.) is gratefully acknowledged. We wish 
to thank Evans Chemetics, Darien, Connecticut 06820, 
for a sample of glycol-dimercaptoacetate. 

References 
ABELL, P.I.: "The Addition of Thiols and H2S to Ole- 
fins" in "Free Radicals", Editor: KOCHI, J. K., John 
Wiley, New York, Vol. II1 p. 80, 1973 
GRIESBAUM, K.: Angew Chem. Int. Ed. Engl., 9, 373 
(1970) 
KENNEDY, J. P., CHANG, V.S.C., SMITH, R.A. and IVAN, 
B.: Polymer Bulletin, !, 575 (1979) 



65 

MARVEL, C.S. and MARKHART, A.H.: J. Polym. Sci., 6, 
711 (1951) 
NUYKEN, 0., HOFINGER, M. and KERBER, R.: Polymer 
Bulletin, 2, 21 (1980) 
POSNER, T.: Ber. Dtsch. Chem. Ges., 38, 646 (1905) 

Received December 12, 198o 


