Polymer Bulletin 4, 491-495 (1981) Polymer Bulletin
© Springer-Verlag 1981

Copolymer Composition in the Cyclocopolymerization
of Diallyl Ether with Sulfur Dioxide

Kiyohisa Fujimori

Department of Chemistry, University of New England, Armidale, NSW 2351, Australia

SUNMARY

The copolymer compogition equation based on the intramolecular
cyclization and the intermolecular propagation model for the copoly-~
merization of 1,6~dienes and monoolefins was applied to the radical
eopolymerization of diallyl ether and sulfur dioxide. The ratio of
the rate constants of the heteropropagation and the cyclization of
the uncyclized diallyl ether radical,rb,was 0.7240,10 in benzene and
0460+0,10 in DMSO at 45°C,

INTRODUCT ION

Diallyl monomers and monoolefins were shown to cyclocopolymeri-
ze (AMEMIYA et al,1977;FUJIMORI and KH00,1978). The course of the cy-
elocopolymerization was thought to involve intra- and intermoleculax
propagation steps. The copolymer composition equation based on this
model has been proposed for the cyelocopolymerization of the mono-
olefin(A) and the 1,6-diene(B) that are incapable of homopolymeri-
zing (FUTIMORI,1978). 1

The radical of the diallyl monomer B-. is thought to go either
an intramolecular cyelization to form a cyclie radical 132- or an
intermolecular reaction to form the monoolefin radical A%,

cyclization
_ (1)
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The monoolefin radical A2' may attack the pendant allylic group of
the penultimate wunit, or it mey undergo reaction with another mole~
cule of the diallyl monomer, which would result in the produection
of pendant allylic groups.
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As the monoolefin and the diallyl monomer do not homopolymerize,
they undergo only cross: propagationg except for the possibility of
the intramolecular cyelization of B radical (Eqn.(1§).
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The copolymer composition equation based on this model is:
afAl/at ( r(B] + 1 1Al + 1/rb Y +[4)
a(Bjaz - ° = (U (Bl + 1 )( AT+ 1/r ) (8)

where, n is the mole ratio of A and B units in the copolymer,[A)
and [ B] are the molar concentrations of the monomers, and r =

k b/k and r. =kHw/k s which are the ratios of the rate Bonst-
aﬁ%s fs} the igte ale&%.lar propagation and the intramolecular cy-
clization.

Since the Equation (8) has been applied only to the maleic an-
hydride-diallyl ether and fumaronitrile-diallyl ether systems so far,
the copolymerization of sulfur dioxide and diallyl ether(DAE) was
carried out and the composition was analyzed by  Equation (8).

EXPERIMENTAL

DAE(Tokyo Kasel) was fractionally distilled after drying
over Na_SO,. Reagent grade SO (CIG) was used as received., Benzene
and dimSthyl sulfoxide(DMSO) Solutions of SO, were prepared and
the concentration of 50, was determined by mg.xing the 50, solution
with 1M NaOH solution atid back-titrating the mixture witﬁ 1M HC1,

The polymerization was carried out at 45 4+ 0.1°C in sealed
glass tubes in which DAE, the SO, solution, the solvent and azo-
bisisobutyronitrile were placed. The reaction mixture was degassed
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by the fgeeze-thaw method and the glass tube was sealed under vac-
uun (10 ”mm Hg)e The polymer prepared in benzene was separated and
purified by reprecipitating it in diethyl ether and the polymer pre-
pared in DMSO was reprecipitated in 1M NaCl aqueous solution, wash-
ed with water which was replaced with acetone, and vacuum dried over
CaCl,. The conversion was measured gravimetrically.
Ehe sulfur content of the polymers was measured by the Schéniger's
method (SCHONIGER,1956); about 10 mg of the sample was burnt in O, with
Pt catalyst in a flask that contained 5 ml of water and a few drops of
100 volume H,0,. The mixture was shalken vigorously for 15 minutes
and the contén% wes gently boiled for a few minutes., The sulfuric
acid formed was directly titrated with 0,05M NaOH with phenolphtha-
lein, The copolymer composition was calculated on the basis of the
sulfur content.

Perkin-Elmer Type 597 IR spectrophotometer and Varian Type 100
60 MHz NIMR spectrophotometer were used to register the spectra.

RESULTS AND DISCUSSION

The copolymer precipitated in benzene as the polymerization
proceeded. A slightly crosslinked polymer was obtained possibly
due to the precipitation of the propagating radical, In DMSO sol-
ution, the polymerization was homogeneous. The copolymer was sol-
uble in DMSO,DMF and concentrated HZSO but insoluble in less po-
lar solvents., The IR spectra of the copolymers obtained in DMSO
and those obtained in benzene showed identical peeks that indicat-
ed complete absence of absorptions for C=C unsaturati?n. The ab-
sorption in the copolymers at 1115(§) and 1290(s) em” ' indicated
the presence of sulfone group. The H-NMR spectra of the copolymer
from the viscous solution in conec.H,SO, at 37°C showed broad peaks
centered at 4.0 for the protons ne%t %o the ether oxygen, and at
30,06 for the protons adjacent to the sulfone group. Clusters of
multiple peaks centered at 2,208 for the tertiary protons and at
1.958 for the methylene protons were present. These are consistent
with the proposed repeating units of 1 and 2.

o O

1:1 repecating unit 1:2 repeating unit

The copolymerization was carried out to & limit in benzene.
As shown in Fig.1, the limiting yield was in between the theoretical
1imits of 1:1 and 1:2 (=DAE:SO ) regular copolymerizations. This
corresponds to the simultaneous formation of repeating units such
as 1 and 2,

Since the copolymer was soluble and lacked C=C unsaturation,
it is thought that the reaction such as (4) is absent, i.e., r =
0. The Equation (8) reduces to be: 8

n=(2rfa)+1)/(rla]+1) (9)
The copolymer composition which was calculated on the basis of the
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Pig.1., The limiting conver-
sion in the copolymerizetion
of DAE with SO, in benzene:
56 hours,at 45 C.EDAEéSO =
1.65M, [AIBNI=1,22x10" M,
(a)The theoretical limiting
conversion for 1:1 copoly-
mer. (b)The theoretical lim-
iting conversion for 1:2 co-
polymer.

Fig.2., The copolymer compo-
sition of DAE-SO. copolymer
prepared in benzéne at 45°C,
fDM_E!éSOz] =1, 65M, [AIBNJ=2.44
x10 M.

n = 40503/ ALPAE}in polymer.
The solig lines are calcu-
lated by Eqn.(9) for r =
0.80(1), r =0,72(2) and T

3. ®

=0.62(3 P

Fig.3. The copolymer compo-
sition of DAE-302 copolymer
prepared in DISO“at 45°C.
EDAE§SOZJ=1.6%M,CAIBN]=2.47
x10- M,

n = d[50.1/ A[DAEJin polymer.
The solia lines are calcu~
lated by Ean, (9) for r, =
0.70(1) rb=0.60(2) an

=o. 55(350

Ty
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sulfur contents is shown in Fig.1 and Fig.2. In all cases the con-
version was well below 10 %. The agreement between the calculated
curves by Equation (9) with the experimental results indicate that
the repeating unit 1 is formed through the Reactions (1) and (5),
and the repeating unit 2, through (§§ and (6); the propagation in-
volves the intramolecular cyclization and intermolecular catenations.
The r, values, which are the ratios of the rate constant of Re-
action (2? to that of Reaction (1), in DMSO and in benzene were 0,60
+ 0410 and 0,72 3 0010, respectively., Since the electrostatic inter-
action between B+ radical and the electron-accepting SO, is more pro-
nounced in less polar benzene than in DISO, it appears %hat the tran-
sition state of the Reaction (2) is better stabilized in benzene.
The r, values show that the cyclization of the DAE radical, B., is
more Hominant reaction compared to its heteropropagation with SO2
despite the fact that DAE does not homopolymerize. Solomon et al
proposed that the proximity of the pendant double bonq to the in-
tramolecular radical allowed the cyclizatiorn of the B. radical
kinetically (sox,or\aom,nm'mi{om,1976). RButler proposed sn electronic
interaction between the B: radical and its pendant double bond to
explain the cyelization in the polymerization of 1,6-dienes (BUD-~
LER,1960). The r, is the measure of reactivity of monoolefin to-
word the umcyclized radical of DAE., In benzene, the r, was 0,35
fo¥ the DAE-maleic anhydride system and 0.15 for the BAE-fumaro—
nitrile system at 60°C (FUJINORI,1978), while the DAE-SO, system
gave r =0,72 at 45°C, Both the steric and polar factors Seem to
play roles; the sterically less bulky SO, has an advantage to re-
act with B:, and more polar maleic anhydriqe(Alfrey—Price e=2,25,
Q=0.23) shows larger reactivity with the B- radical than fumaro-
nitrile(e=1.96,Q=0,80(YOUNG,1964)).
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