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Fig. 1 Copolymerizations of CX, (X = 0, S)/epoxides catalyzed by
Zn-Co! DMCC catalyst
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Table 1 CS,/CHO copolymerization catalyzed by Zn-Col DMCC?
Catalyst CHO:CS, Temperature Reaction time  Total products® Polymer contentc
Run M, %1077 PDI°
Camount/mg) Cmolar ratio) Si%P) (h) () (%)
1 2.5 1:2 100 6 0.89 34.3 1.3 1.7
2 3.8 1:2 100 6 1.69 45.3 1.2 1.6
3 5.0 1:2 100 6 1.28 32.0 1.2 1.6
4 5.0 1:1 100 6 0.87 20.5 1.2 1.6
5 5.0 1:3 100 6 0.24 6.3 1.1 1.6
6 5.0 1:2 80 6 1.86 44.6 1.2 1.6
7 5.0 1:2 120 6 1.38 30.9 1.1 1.6
8 5.0 1:2 100 3 2.13 438.0 1.1 1.6
9 5.0 1:2 100 12 1.61 35.6 1.1 1.6

0.2 g PPG400 used as a starting material [8],3.8 mL. CHO and 4.5 mL CS,; " Total products: not containing the generated COS, CO, released after the

reaction; © Polymer content: the weight ratio of polymer Cprecipitated from CH, Cl,/CH; OH solution) and total products: ¢ M,, and PDI were determined

by gel permeation chromatography (GPC) .
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Fig. 4 BC-NMR spectrum of CS,/CHO copolymer
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Fig. 5 "H-NMR spectrum of CS,/CHO copolymer
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Fig. 6 GC-MS results of the by-products from CS,/CHO copolymerization
Table 2 Thiocarbonate units in copolymer and cyclic thiocarbonates from one-pot reaction of CS,/CHO
Possible ( thio)carbonate Found Possible cyclic Found
Run  Possible reactions
structure (BC-NMR; §) thiocarbonates (RT and m/z)
i o
1 CHO + CO & 154.21 O A N
: —7" No— u ():(P: ’
(@]
CHS + CO, ] 0 8.841 min
2 PO 169.45 >:o B
CHO + COS' —s7 0~ S 158
0]
3 CHS + COS! l 187.41 S>:O C 10-377 min
" S7TNs— e ' S 174
CHO + CS, ﬁ S
4 PN 212.38 >=S D No
CHS + COS* -8 "0— d 0
S
5 CHS + CS, l 22.62 S>:S E 11466 min
+ .
—¢ g e S 190
S
O
I 5
2 S F
6 CHO + COS _O/C\O_ £ No (j:o>: No

!'Supposed the sulfur atom of COS is preferential to coordinate with zinc center thermodynamically: > Supposed the oxygen atom of COS is preferential to

coordinate with zinc center thermodynamically: * Thiocarbonate unit b was mainly generated from the reaction of PO/COS for that the amount of produced

CO, was small in the reaction system: * Thiocarbonate unit f were not found from '* C-NMR spectrum of the copolymer: 3 Compound F was not detected by

GC-MS.
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COPOLYMERIZATION OF CARBON DISULFIDE AND CYCLOHEXENE
OXIDE WITH A DOUBLE-METAL CYANIDE COMPLEX CATALYST

ZHANG Xinghong' s HUANG Yijun’, LIU Fei's SUN Xueke', FAN Zhigiang'» QI Guorong'

(! Key Laboratory of Macromolecular Synthesis and Functionalization> Ministry of Education
Department of Polymer Science and Engineering, Zhejiang University> Hangzhou —310027)
(? QianJiang College, Hangzhou Normal University, Hangzhou 310036)

Abstract A novel alicyclic polythiocarbonate with a complex structure sequence has been synthesized by a
convenient one-pot polymerization of carbon disulfide (CS,) and cyclohexene oxide (CHO) with Zn-Co" double-
metal cyanide complex (DMCC) as the catalyst. The catalytic activity of the Zn-Co" DMCC could reach to 445
g polymer/g catalyst when the reaction temperature was 100°C and molar ratio of CHO/CS, was 2. Further increasing
or decreasing the temperature resulted in a decrease in the catalytic activity. The weight-average molecular weight
(M,) of the obtained copolymer was in the range of 1.1 x 10° ~ 1.3 x 10’ with a molecular weight distribution
(MWD) of 1.57 ~1.71.The copolymer has terminated —OH and —SH groups from the results of FTIR spectrum
and Raman spectrum. Furthermore, one carbonate unit —0(0) CO—; and four thiocarbonate units —S (0 )-
CO—>—S(0)CS—,—S(S)CO—, and —S(S)CS— in the copolymer were found from ' H and " C-NMR spectra;
and the monothiocarbonate unit (—S(0)CO—) was the main unit in the copolymer, which was consistent with the
results from FTIR spectrum. Cyclohexene sulfide, which was a direct evidence for O—S atom-exchange reaction, was
detected by GC-MS technique from the products. Only hexahydro-benzol 1,3 Joxathiol-2-one, hexahydro-benzo [ 1,3]
dithiol-2-one, and hexahydro-benzo [ 1,3] dithiole-2-thione ( theoretically six five-membered cyclic products) were
detected due to the monomer structural factors and thermodynamical factors. The copolymer chain structure and
variety of cyclic products indicates that an O—S atom-exchange reaction existed in the copolymerization. Further
efforts and experiments are on going in order to further explore the mechanism of the atom-exchange copolymerization
and with a view to synthesizing a sulfur-containing polymer with high molecular weights, controllable stereochemical
structures; as well as high catalytic activity.
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