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A FIRST EXAMPLE OF CONJUGATED IONIC POLYMER FROM 

YNYLSULPHONIUM BROMIDE) 
ACETYLENIC SULPHONIUM SALT: POLY(DIMETHYLPROP-2- 

Yeong-Soon Gal 

Agency for Defense Development, 4-4-5, P. 0. Box 35, Yuseong 305-600, 
Taejeon, Korea, 

(Keywords: conjugated salt polymer, dimethylprop-2-ynylsulphonium bromide, 
polymerization, trasition metal catalysts) 

ABSTRACT 

Novel conjugated phosphonium salt polymer from dimethyl 
prop-2-ynylsulphonium bromide was prepared by using various 
transition metal catalysts. The polymerization was proceeded 
well to give a moderate yield of polymer. Palladium, platinum, 
and ruthenium chlorides were found more effective for the 
polymerization of acetylenic sulphonium salt than those of Mo- 
and I-based catalysts. The resulting polymers were brown or 
black powder. The instrumental analyses indicated that the 
polymer have a conjugated backbone structure carrying the 
methylene dimethylsulphonium bromide substituent. 

INTRODUCTION 

In recent years considerable effort has been directed to the synthesis of 
novel conjugated polymers because of a variety of functions such as 
electrical conductivityl. 2 ,  gas and liquid mixture separations. 4 ,  radiation 
degradattons*6, and polyelectrolytes7. It has been known that 
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sulfur-containing polymers exhibit moderate hydrophilicity, complex-froming 
properties, chemical reactivity in hydrolysis and oxidation, and so on8. 
To our knowledge, an example of polyacetylene derivatives having sulfur 
atom have been virtually restricted to a few cases such as 
poly(3-thienylacety1ene)s and poly[l-(n-alkylthio)-l-propyne]1*. We have 
also studied the polymerization of mono- and di-acetylenic monomers having 
sulfur atom and the characterization of resulting polymersll-13. However 
there have been no reports on the polymerization of acetylenic sulphonium 
salts. This paper deals with the polymerization of 
dimethylprop-2-ynylsulphonium bromide (DPSB) as a first example of 
conjugated sulphonium salt polymer and the characterization of the 
resulting ~o~~(DPsB). 

Me CHz 
I 

Me- S+ -Me 

Br- 

Polymerization of DPSB 

EXPERIMENTAL 

Materials. Propargyl bromide (Aldrich Chemicals, 80wtX solution in 
toluene) and methylsulf ide (Aldrich Chemicals, 99tX) were dried and 
fractionally distilled. PdClz (Aldrich Chemicals, 99.995%), PtClz (Strem), 
and RuC13 (Aldrich Chemicals) were used as received. Mock and WCl6 
(Aldrich Chemicals., resublimed, 99+X) and EtAlClz (Aldrich Chemicals, 1.8M 
solution in toluene) were used as 0.1 or 0.2 M chlorobenzene solution, All 
polymerization solvents were analytical grade materials. They were dried 
with apropriate drying agents and fractionally distilled. 

Preparation of DPSB. DPSB was prepared by the reaction of propargyl 
bromide and methylsulf ide in acetonitrile as reported method14 (yield 85%). 
DPSB was purified by the recrystallization from ethanol-ether, m.p.=llO-- 
112oC (lit.14=112.5-113.5°C). IH-NMR (6, pp, DMSO-d6): 4.05, 4.32, 6.01; 
IR (wavenumbers. cm-1) : 3188 (IC-H stretching), 2116 (C4 stretching). 
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Polymerization of DPSB. A polymerization ampule equipped with rubber 
septum was flushed with dry nitrogen. Injections of solvent and catalyst 
solution were done by means of hypodermic syringes from which air and 
moisture were carefully excluded. A typical polymerization procedure of 
salt monomer is as follows. Into a 20101 ampule, DPSB (0.5g, 2.76 mmol), 
PdClz (16.31mg. O.O92ml), and DbW (5.02mL, [Mlo=0.5M) were added in that 
order given, and sealed with rubber septum after flushing with nitrgen. 
After standing at 90 O C  for 24hrs, lOml of ethanol wzs added to the ampule. 
This polymer solution was precipitated into an excess ether, filtered from 
the solution, and then dried under vacuum at 40Y: for 24 hrs to give a 
black powder. The polymer yield was calculated by gravimetry. 

RESULTS and DISCUSSION 

The polymerization of DPSB was carried out by various transition metal 
catalysts as shown in Table 1. The polymerization of DPSB by classical 
palladium, platinum, and ruthenium chlorides was proceeded well to give a 
moderate yield of polymer. In the polymerization of DPSB by PdC12, the 
polymer yield generally decreased as the monomer to catalyst mole ratio 
(M/C) increased. The polymerization was also proceeded at the solvents of 
DMSO, pyridine, and nitrobenzene as like with DMF. PtClz and RuC13 also 
polymerized DPSB to give 36-373 yield. Mo- and W-based catalysts, which 
have been found to be effective for the polymerization of acetylene 
derivatives such as 2-ethynylthiophenel l , 2-ethynylpyridinels. propargyl 
bromidels, and dipropargyldihexylanium bromide.' However the polymer 
yield was generally lower than those when palladium, platinum, and 
ruthenium chlorides are used. MoCls and WCl6 alone failed to polymerize 
DPSB. However when EtAlClz cocatalyst was used, a low yield of polymer was 
obtained. 
Figure 1 shows the IR spectra of DPSB and poly(DPSB) prepared by PdClz. IR 
spectrum of polymer showed neither the acetylenic =C-H stretching 
(3188un-1) nor the C d  triple bond stretching (2116 cm-1) observed in the 
IR spectum of monomer. Instead the C=C double bond stretching of polymer 
backbone was newly observed at about 1624~0-1. The magic angle spinning, 
cross-polarization 13C-NMR spectrum (Figure 2) of poly(DPSB) showed two 
peaks. The chemical shift at about 133pp is due to the carbons on the 
conjugated double bond, and the methyl and methylene carbon peaks were 
observed at 37 ppm and 70 ppm, respectively. These instrumental analyses 
indicated that the poly(DPSB) have a conjucated backbone structure carrying 
the methylene dimethylsulphonium bromide substituent. 
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Table 1 Polymerization of Dimethylprop-2-ynylsulphonium Bromide by 

Transition Metal Catalysts. 

Erp.No Catalyst Systemb M/Cb CM1.d Solvent Polymer Yield 
(mole ratio) ( X )  

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 
11 

12 
13 
14 

PdClz 
PdClz 
PdClz 
PdClz 
PdClz 
PdC12 
PdClz 
PtClz 
RuC13 

MoCls-Ph4Sn(l: 1) 
MOC15 

MoC15-EtAlClz(I:Z) 
WClS 

WCls-EtAlC1~(1:2) 

30 0.5 
50 0.5 
100 0.5 
30 0.5 
30 0.5 
30 0.5 
30 0.5 
30 0.5 
30 0.5 
30 1 .o 
30 1 .o 
30 1 .o 
30 1 .o 
30 1 .o 

DMF 
DMF 
DMF 
DMSO 
Pydidine 
HCOzH 
Nitrobenzene 
DMF 
DMF 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 

51 
42 
17 
62 
49 
44 
45 
36 
37 
0 
0 

19 
0 
21 

'Polymerization was carried out at 90 T for 24hrs. 
bMixture of catalyst and cocatalyst was aged at 30oC for 15 min before 

use. 

CMonomer to catalyst mole ratio. 

dInitial monomer concentration (M). 

The TGA thermogram of poly(DPSB) indicated that two major weight losses 
occur at the temperatures of about 100 and 2500C. The first weight loss at 
about lOOOC corresponds to the absorbed moisture and/or organic residues in 
the polymers. The second weight loss at about 250oC is due to the 
elimination of dimethylsulfide and hydrogen bromide, yielding double bond 
moiety in the p0lymer.1~.1* Because the peaks in X-ray diffraction 
patterns of polymers are all broad and the ratio of half-height width to 
diffraction angle (A20/28) is greater than 0.35,19 the present 
conjugated sulphonium polymer is amorphous. The resulting poly(DPSB) were 
mostly insoluble in organic solvents, regardless of the catalysts used and 
the polymerization conditions. The insolubility may be originated from the 
cross-linking of polymer by the activated methylene protons. The color of  
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Figure 1 FT-IR spectra of DPSB [A] and poly(DPSB) [ B l  in KBr pel le t .  

150 

~~~ 

100 5 0  0 
PPm 

Figure 2 13C-magic angle spinning-cross polarization M(R spectrum of 
poly(DPSB). 
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polymers prepared by PdClz and PtClz were mostly black. On the other hand, 
the polymer prepared by MoC15-EtAlClz was brown color. 
The further works on the synthesis of soluble derivatives and the 
electrophysical properties of the resulting polymer are in progress. 
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