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ABSTRACT

The polymerization of an ionic propargyl derivative, 4-dimethylamino-N-propargyl-

pyridinium bromide (DMAPPB), was carried out by palladium, platinum, and

ruthenium chlorides. The polymerization of DMAPPB by these transition metal
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catalysts proceeded well to give a relatively high polymer yield. The chemical structure

of the resulting polymer was characterized by such instrumental methods as elemental

analysis, infrared, NMR, UV–visible spectroscopies to have conjugated polymer

backbone system bearing 4-dimethylamino-N-methylenepyridinium bromide. The

polymer was soluble in DMF, DMSO, and formic acid, and found to be less

hygroscopic than those of similar homologues having more smaller substituents. The

resulting polymers were mostly black powders and showed the amorphous

morphology.

Key Words: Polymerization; Conjugated polymer; Ionic polymer; Transition metal

catalyst.

INTRODUCTION

Conjugated polymer systems have been studied as organic semiconductors,[1 – 3] as

membranes for gas separation and for liquid-mixture separation,[4 – 6] materials for

enantioseparation for racemates by high performance liquid chromatography,[7] side-chain

liquid crystal,[8 – 10] materials for chemical sensors,[11] and as materials for nonlinear

optical property and for photoluminescence and electroluminescence properties.[12 – 19]

Various conjugated polymers from acetylene derivatives have been prepared and

characterized.[10,20,21] We have also reported on the synthesis and characterization of

conjugated polymers from the monopropargyl monomers such as propargyl halides,[22]

propargyl ethers,[23,24] and amines,[25] and the dipropargyl monomers such as 1,6-

heptadiyne,[26] dipropargyl ethers,[27,28] diethyl dipropargylmalonate,[29,30] diphenyldi-

propargylmethane,[31] 9,9-dipropargylfluorene[32] etc.

Conjugated ionic polymers have potential as materials for mixed ionic and electronic

conductivity, energy storage devices such as batteries and permselective membrane, and

light-emitting devices, due to the their extensive conjugation and various functional-

ities.[21]

The synthesis of simple mono- and di-substituted ionic polyethynylpyridines had been

carried out with the activation of the acetylene bond in ethynylpyridines.[33,34]

We have also studied the polyacetylene materials having pyridine moiety such as

poly(2-ethynylpyridine),[35] poly(N-propargylpyridinium bromide),[36] poly(2-ethynyl-N-

propargylpyridinium bromide),[37,38] and poly(2-ethynylpyridinium bromide) having

peculiar functional groups such as carbazolyl and glycidyl moieties.[39,40]

In the polymerization of propargylamine derivatives such as propargylammonium

bromide, dipropargylammonium bromide, and tripropargylamine by transition metal

catalysts, the resulting polymers were mostly insoluble in organic solvents, although the

polymer yields were very high.[41 – 43] The ionic polymers from dipropargylammonium

derivatives having two n-hexyl substituents at N-atom were found to be completely

soluble in polar solvents such as methanol, DMSO, DMF, THF, chloroform, etc.[44,45] This

means that the solubility of polyacetylene derivatives depend on the substituents as well as

the polymerization methods. The soluble ionic conjugated polymers will be very

processible into thin homogeneous films, which may be an advantage for the applications

as materials of organic semiconductors, chemical sensors, etc.
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The present article deals with the synthesis of soluble conjugated ionic polymer from

a bulky ionic propargyl derivative, 4-dimethylamino-N-propargylpyridinium bromide

(DMAPPB), and the characterization of the resulting poly(DMAPPB).

EXPERIMENTAL

Materials

4-Dimethylaminopyridine (Aldrich Chemicals, 99%) was used as received. Propargyl

bromide (Aldrich Chemicals, 80 wt% solution of toluene) was dried with CaH2 and

distilled under reduced pressure. PdCl2 (Aldrich Chemicals, 99%), PtCl2 (Strem), RuCl3
(Aldrich Chemicals) were used as received. MoCl5 (Aldrich Chemicals, 99.9 þ %),

EtAlCl2 (Aldrich Chemicals, 25 wt% (1.8M) solution in toluene), and Me4Sn (Aldrich

Chemicals, 95%) were used without further purification. The solvents were analytical

grade materials. They were dried with an appropriate drying agent and fractionally

distilled.

Synthesis of DMAPPB

The monomer, DMAPPB, was prepared by the reaction of 4-(dimethylamino)pyridine

and propargyl bromide as follows. In a 500 mL flask, benzene (150 mL), 20 g (0.164 mol)

of 4-(dimethylamino)pyridine, and 25.0 g (0.21 mol) of propargyl bromide were added

with stirring. After a while, yellowish powder was precipitated to the bottom. The reaction

was carried out for 6 hrs at 408C. And then the reaction mixture was filtered with glass

sintered filter, and washed twice by ethyl ether. The crude product was recrystallized twice

using ethanol/ether cosolvent. 31 g (0.129 mol, yield: 78%) of pure DMAPPB was

obtained. mp: 196.528C.
1H-NMR (d, ppm, DMSO-d6): 3.20 (6H), 3.84 (1H), 5.24 (2H), 7.11 (2H), 8.36 (2H);

13C-NMR (d, ppm, DMSO-d6): 40.07, 45.76, 77.28, 79.30, 108.12, 141.67, 156.19; FT–IR

(wavenumber, cm21): 3220, 3063, 2934, 2118, 1652, 1572, 1179, 837, 665.

Polymerization of DMAPPB by PdCl2

1 g ((4.15 mmol) of DMAPPB, 0.0292 g (0.1658 mmol) of PdCl2, and 10 mL DMF

ð½M�0 ¼ 0:38 MÞ were added in the order given, and the polymerization was carried out at

908C for 24 hrs under nitrogen atmosphere with magnetic stirring. The polymerization

proceeded mostly in the homogeneous manner. After a given time of polymerization,

additional 10 mL of DMF was added to the polymerization solution. The polymer solution

was preprecipitated into a large excess of ether, filtered from the solution, then dried under

vacuum at 408C for 24 h. The polymer yield was 81%.
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Instruments and Measurement

FT–IR spectra were obtained with a Bruker EQUINOX 55 spectrometer using a KBr

pellet. NMR (1H- and 13C-) spectra of polymers were recorded on a Varian 500MHz FT–

NMR spectrometer (Model: Unity INOVA) in DMSO-d6 and the chemical shifts were

reported in ppm units with tetramethylsilane as an internal standard. Elemental analyses

were performed with a FISONS EA1110 Elemental Analyzer. UV–visible spectra of

polymer solution were taken on a JASCO V-530 spectrophotometer. TGA/DSC

thermograms were obtained under a nitrogen atmosphere at a heating rate of 108C/min up

to 8008C with Rheometric Thermal Analyzer. X-ray diffractograms were measured with a

PHILIPS X-ray diffractometer (Model: X’Pert-APD).

RESULTS AND DISCUSSION

Polymerization

The polymerization of DMAPPB, a typical ionic acetylenic monomer, was carried out

by Pd, Pt, and Ru-chlorides (Sch. 1).

Table 1 shows a typical result for the polymerization of DMAPPB by Pd, Pt, and Ru-

chlorides. PdCl2 was found to be an effective catalyst for the polymerization of this ionic

acetylenic monomer, DMAPPB, to give a relatively high yield of polymer (81%) although

the reason is not clear in the present state. As the monomer to catalyst mol ratio (M/C) was

increased, the polymer yield was gradually decreased. This trend is general for the

transition metal-catalyzed polymerization of acetylenic monomers. A similar result was

also observed in the polymerization of 4-hydroxy-N-propargylpiperidine by the same

catalyst.[46] However, the insoluble polymeric products were obtained at the reaction

condition of relatively high initial monomer concentration ð½M�0 ¼ 1:0; Exp: no : 4Þ;
although the highest polymer yield (92%) was obtained. We used other solvents such as

DMSO, formic acid, and pyridine for the present polymerization. The polymerization

behaviors were found to be similar, regardless of the solvents used. PtCl2, RuCl3, and

(Ph3P)2PdCl2 catalysts also polymerized DMAPPB to give a moderate yield of polymer.

These polymerization behaviors were similar with those for the polymerization of similar

homologue, propargylpyridinium bromide, which did not have 4-dimethylamine

Scheme 1. Polymerization of DMAPPB.
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substituents.[36] The poly(DMAPPB) was less hygroscopic, whereas the simple

poly(propargylpyridinium bromide) was very hygroscopic.

We also attempted the polymerization of this ionic monomer by molybdenum and

tungsten chlorides such as MoCl5 and WCl6, which had been used as very effective

catalysts for the polymerization of some acetylene derivatives.[20,21,32] However, Mo- and

W-based catalyst systems did not give any polymeric products for the present

polymerization of DMAPPB, even when the cocatalysts such as EtAlCl2 and Me4Sn were

used. In our previous work,[36] we also did not obtain any polymeric products for the

polymerization of similar ionic acetylenic monomer by Mo- and W-based catalysts.

The ionic nature of these acetylenic monomers were thought to poison the active site of

Mo- and W-based catalyst system.

Polymer Structure

The chemical structure of a conjugated ionic polymer, poly(DMAPPB), was

characterized by various instrumental methods such as NMR (1H-, 13C-), IR, and UV–

visible spectroscopies. The IR spectra of DMAPPB and poly(DMAPPB) are presented in

Fig. 1. The IR spectrum of poly(DMAPPB) did not show the acetylenic C ; C bond

stretching frequency at 2118 cm21 and the acetylenic ;C–H stretching frequency at

about 3220 cm21. Instead, the CvC double bond stretching frequency peak of conjugated

polymer backbone at 1647 cm21 was more intensively observed, with the peaks of CvC

double bond stretching frequency peak of pyridyl substituents. The peak at 808 cm21 is

due to the CZH out-of-plane deformation of pyridyl substituents. The peaks at 1442 cm21

was originated from the CH2 scissor vibration frequencies.

Table 1. Polymerization of DMAPPB by transition metal catalysts.a

Exp. no. Catalyst M/Cb [M]0
c (M) Solvent P.Y.d (%)

1 PdCl2 25 0.38 DMF 81

2 PdCl2 50 0.38 DMF 73

3 PdCl2 100 0.38 DMF 46

4 PdCl2 25 1.00 DMF 92e

5 PdCl2 25 0.38 DMSO 85

6 PdCl2 25 0.38 Formic acid 74

7 PdCl2 25 0.38 Pyridine 62

8 PtCl2 25 0.38 DMF 65

9 RuCl3 25 0.38 DMF 77

10 (Ph3P)2PdCl2 25 0.38 DMF 57

a Polymerization was carried out at 908C for 24 hrs.
b Monomer to catalyst mol ratio.
c Initial monomer concentration (mol/L).
d Polymer yield (%).
e Mostly insoluble.
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Figure 2 shows the 1H-NMR spectrum of poly(DMAPPB) in DMSO-d6. In general,

the NMR spectrum of conjugated polymers having pyridyl moieties showed poor quality

due to the line-broadening effect of ionic pyridyl moieties.[15] We obtained the NMR

spectrum of reprecipitated poly(DMAPPB). The 1H-NMR spectrum of poly(DMAPPB)

showed the aromatic proton peaks of pyridyl moiety at 6.4–9.0 ppm. The vinyl proton of

conjugated polymer backbone was also observed broadly at the aromatic region of

pyridine moiety. The peaks of methylene protons adjacent to conjugated main chains was

also observed at 4.4–6.0 ppm. The peaks at 2.5–3.8 ppm are originated from the methyl

protons of 4-dimethylamine groups at the pyridyl substituents.

Figure 3 shows the 13C-NMR spectrum of poly(DMAPPB) in DMSO-d6. The 13C-

NMR spectrum of poly(DMAPPB) showed the peaks of aromatic carbons of pyridyl

substituents at 108, 142, and 156 ppm. This spectrum did not show any acetylenic carbon

peaks that were seen at 77.3 and 79.3 ppm in the 13C-NMR spectrum of DMAPPB

monomer. Instead, the olefinic backbone carbon peaks of the conjugated polymer were

observed broadly at 125–140 ppm. The peaks of the methylene carbons adjacent to the

conjugated vinylic carbons was observed at 52.1–59.3 ppm.

Figure 4 shows the UV–visible spectra of DMAPPB and poly(DMAPPB) in DMF

solvent. The UV–visible spectrum of poly(DMAPPB) showed the characteristic broad

absorption peak at the visible region, which is originated from the p! p* conjugation

band transition of the polyene main chain, which had not been observed at the UV–visible

spectrum of monomer, DMAPPB. The absorption peak of poly(DMAPPB) tailed upto

800 nm.

Figure 1. FT–IR spectra of DMAPPB (A) and poly(DMAPPB) in KBr pellet.
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The elemental analysis data of poly(DMAPPB) agreed well with the theoretical

values: Calcd. for (C10H13N2Br)n; C, 49.81%; H, 5.43%; N, 11.62%; Br, 33.14%, Found:

C, 49.10%; H, 5.47%; N, 11.27%; Br, 33.16%.

These spectral data indicated that the present poly(DMAPPB) have a conjugated

backbone system bearing the moiety of 4-dimethylaminopyridinium bromide.

Figure 3. 13C-NMR spectrum of poly(DMAPPB) in DMSO-d6.

Figure 2. 1H-NMR spectrum of poly(DMAPPB) in DMSO-d6.
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Polymer Properties

The resulting poly(DMAPPB)s were generally black powders. This polymer was

soluble in DMF, DMSO, formic acid, etc. In our another work,[36] it was found that

the similar poly(propargylpyridinium bromide)s are also completely soluble in polar

solvents, whereas some conjugated polymers obtained from propargyl derivatives are

insoluble in any organic solvents.[25,27,42] These observations mean that the

polymerization proceed in an ideal manner due to the bulky substituent under

somewhat mild reaction conditions. However, the same polymers obtained at the

reaction condition of high initial monomer concentration ð½M�0 ¼ 1:0 MÞ was

insoluble in organic solvents, which is originated from the cross-linking reaction of

the labile allylic hydrogen atoms of polymers. The inherent viscosities were in the

range of 0.06–0.15 dL/g, depending on the polymerization conditions. The

poly(DMAPPB) was found to be less hygroscopic than that of similar homologue,

poly(propargylpyridinium bromide), which did not have 4-dimethylamine sub-

stituent.[36] The resulting poly(DMAPPB) were also found to be stable to air

oxidation. Even after exposing for 3 months to air condition, the IR spectrum of

poly(DMAPPB) did not show any carbonyl carbon absorption peak, which may be

originated from the autooxidation of conjugated main chain.

Figure 5 shows the typical TGA/DSC thermogram of poly(DMAPPB) under

nitrogen atmosphere. This ionic polymer shows some weight loss at initial low

temperature (11% at 2008C). This weight loss at a relatively low temperature was

assumed to be due to the absorbed moisture and/or organic residues, which is a

characteristic phenomenon of the ionic conjugated polymer system.[40] This polymer

Figure 4. UV–visible spectra of poly(DMAPPB) in DMF solution.
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showed an abrupt weight loss at the temperature range of 240–4008C. The char

yield after heating up to 8008C was 13.5%.

The morphology of poly(DMAPPB) was also investigated by X-ray diffraction

analysis (Fig. 6). Because the peak in the diffraction pattern is broad and the ratio of the

half-height width to diffraction angle ðD2u=2uÞ is greater than 0.35,[20] the present

poly(DMAPPB)s are amorphous.

Figure 5. TGA/DSC thermogram of poly(DMAPPB).

Figure 6. X-ray diffractogram of poly(DMAPPB).
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CONCLUSION

The polymerization of an ionic acetylenic monomer, DMAPPB, was carried out by

Pd, Pt, and Ru-chloride catalysts. These polymerizations proceeded well by the above

catalysts to give a relatively high yield of polymer. On the other hand, the Mo- and W-

based catalysts did not polymerized this ionic monomer, owing to the deactivation of

MoCl5 and WCl6 catalyst by ionic pyridinium moieties. The resulting polymers were

mostly black powder and soluble in such organic solvents as DMF, DMSO, and formic

acid. The polymer structure was characterized by various instrumental methods to have the

conjugated backbone system bearing the moiety of 4-(dimethylamino)pyridinium

bromide. This polymer was found to be less hygroscopic than those of other similar

simple homologues. X-ray diffraction analysis revealed that the present polymer is mostly

amorphous.

ACKNOWLEDGMENT

This work was supported by the research fund of Kyungil University. The authors

thank S. E. Chae of Korea Basic Science Institute-Taegu Branch for the measurement of

the 500-MHz FT–NMR spectra of the polymer.

REFERENCES

1. Gal, Y.S.; Choi, S.K. Electrical conductivity and spectral properties of iodine-doped

poly(2-ethynylpyridine). J. Appl. Polym. Sci. 1993, 50, 601–606.

2. Jin, S.H.; Jin, J.E.; Moon, S.B.; Lee, H.J.; Gal, Y.S.; Kim, H.D.; Kim, S.H.; Kim,

S.H.; Koh, K.N. Synthesis and electrical properties of polyacetylene derivatives.

J. Polym. Sci.: Part A: Polym. Chem. 2002, 40, 958–964.

3. Tretiak, S.; Mukamel, S. Density matrix analysis and simulation of electronic

excitations in conjugated and aggregated molecules. Chem. Rev. 2002, 102,

3171–3212.

4. Tsuchihara, K.; Masuda, T.; Higashimura, T. Tractable silicon-containing

poly(diphenylacetylene): their synthesis and high gas permeability. J. Am. Chem.

Soc. 1991, 113, 8548–8549.

5. Han, S.H.; Kim, U.Y.; Kang, Y.S.; Choi, S.K. Cyclopolymerization of

bis(fluoroalkyl)dipropargylmalonate derivatives and characterization of the

products. Macromolecules 1991, 24, 973–976.

6. Kwak, G.; Masuda, T. Synthesis, structure, and properties of poly[1-(trimethylger-

myl)-1-propyne]. J. Polym. Sci.: Part A: Polym. Chem. 2000, 38, 2964–2969.

7. Yashima, E.; Matsushima, T.; Nimura, T.; Okamoto, Y. Enantioseparation on

optically active streoregular polyphenylacetylene derivatives as chiral stationary

phases for HPLC. Kor. Polym. J. 1996, 4, 139–146.

8. Nakano, T.; Okamoto, Y. Synthetic helical polymers: conformation and function.

Chem. Rev. 2001, 101, 4013–4038.

Gal et al.410

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



9. Cornelissen, J.J.L.M.; Rowan, A.E.; Nolte, R.J.M.; Sommerdijk, N.A.J.M. Chiral

architectures from macromolcular building blocks. Chem. Rev. 2001, 101,

4039–4070.

10. Choi, S.K.; Lee, J.H.; Kang, S.J.; Jin, S.H. Side-chain liquid-crystalline poly(1,6-

heptadiyne)s and other side-chain liquid-crystalline polyacetylenes. Prog. Polym.

Sci. 1997, 22, 693–734.

11. Furlani, A.; Iucci, G.; Russo, M.V.; Bearzotti, A.; D’Amico, A. Iodine doped

polyphenylacetylene thin film as humidity sensor. Sens. Actuators B 1992, 8,

123–126.

12. Samuel, D.W.; Ledoux, I.; Dhenaut, C.; Zyss, J.; Fox, H.H.; Schrock, R.R.; Silbey,

R.J. Saturation of cubic optical nonlinearity in long-chain polyene oligomers.

Science 1994, 265, 1070–1072.

13. Lee, H.J.; Kang, S.J.; Kim, H.K.; Cho, H.N.; Park, J.T.; Choi, S.K. Synthesis and

characterization of novel side-chain nonlinear optical polymers based on poly(1,6-

heptadiyne) derivatives. Macromolecules 1995, 28, 4638–4643.

14. Tada, K.; Hidayata, H.; Hirohata, M.; Teraguchi, M.; Masuda, T.; Yoshino, K.

Optical properties and blue and green electroluminescence in soluble disubstituted

acetylene polymers. Jpn J. Appl. Phys. 1996, 35, L1138–L1141.

15. Gal, Y.S.; Lee, W.C.; Lee, S.J.; Park, J.W.; Ko, J.M.; Chun, J.H. Synthesis and

electro-optical properties of poly(2-ethynylpyridinium tosylate) having propargyl

side chain. J. Macromol. Sci.—Pure Appl. Chem. 1999, A36, 1503–1519.

16. Shiga, K.; Inoguchi, T.; Mori, K.; Kondo, K.; Kamada, K.; Tawa, K.; Ohta, K.; Maruo,

T.; Mochizuki, E.; Kai, Y. Synthesis and nonlinear properties of poly[1,4-bis

(4-methylpyridinium)butadiyne triflate]. Macromol. Chem. Phys. 2001, 202, 257–262.

17. Gal, Y.S.; Lee, W.C.; Park, J.W.; Kim, B.S.; Jang, S.H.; Jin, S.H. Synthesis of

poly(2-ethynylpyridinum bromide) containing propargyl side chain and its

photoluminescence properties. Mol. Cryst. Liq. Cryst. 2001, 371, 289–292.

18. Jin, S.H.; Jang, M.S.; Suh, H.S.; Cho, H.N.; Lee, J.H.; Gal, Y.S. Synthesis and

characterization of highly luminescent asymmetric poly( p-phenylene vinylene)

derivatives for light-emitting diodes. Chem. Mater. 2002, 14, 643–650.

19. Jin, S.H.; Jung, J.E.; Yeom, I.S.; Moon, S.B.; Koh, K.N.; Kim, S.H.; Gal, Y.S.

Synthesis and characterization of poly( p-phenylene vinylene) based alternating

copolymers for light emitting diodes. Eur. Polym. J. 2002, 38, 895–901.

20. Masuda, T.; Higashimura, T. Polyacetylenes with substituents: their synthesis and

properties. Adv. Polym. Sci. 1987, 81, 121–165.

21. Choi, S.K.; Gal, Y.S.; Jin, S.H.; Kim, H.K. Poly(1,6-heptadiyne)-based materials by

metathesis polymerization. Chem. Rev. 2000, 100, 1645–1681.

22. Lee, W.C.; Sohn, J.E.; Gal, Y.S.; Choi, S.K. Synthesis of soluble poly(propargyl

bromide) and poly(propargyl chloride) by transition metal chlorides and

ethylaluminum dichloride. Bull. Korean Chem. Soc. 1988, 9, 328–329.

23. Lee, W.C.; Seo, J.H.; Gal, Y.S.; Jin, S.H.; Choi, S.K. Polymerization of p-

chlorophenyl propargyl ether by molybdenum- and tungsten-based catalysts. Bull.

Korean Chem. Soc. 1993, 14, 708–712.

24. Balcar, H.; Kalisz, T.; Sedlacek, J.; Blechta, V.; Matejka, P. Polymerization of

nitrophenyl propargyl ethers with transition metal catalysts and characterization of

polymers. Polymer 1998, 39, 4443–4447.

4-Dimethylamino-N-propargylammonium Bromide 411

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



25. Gal, Y.S.; Jung, B.; Lee, W.C.; Choi, S.K. Polymerization of propargylamine and

1,1-diethylpropargylamine by transition metal catalysts. J. Polym. Sci.: Part A:

Polym. Chem. 1992, 30, 2657–2662.

26. Gal, Y.S.; Lee, W.C.; Gui, T.L.; Jin, S.H.; Koh, K.N.; Kim, S.H.; Kim, D.W.; Ko,

J.M.; Chun, J.H. Cyclopolymerization of 1,6-heptadiyne by molybdenum and

tungsten-based catalysts. Kor. Polym. J. 2001, 9, 220–227.

27. Gal, Y.S.; Choi, S.K. Cyclopolymerization of dipropargyl ether by transition metal

catalysts. Polymer (Korea) 1987, 11, 563–571.

28. Lee, H.J.; Gal, Y.S.; Lee, W.C.; Oh, J.M.; Jin, S.H.; Choi, S.K. Synthesis of

unsymmetrically a-substituted poly(dipropargyl ether) derivatives by metathesis

catalysts. Macromolecules 1995, 28, 1208–1213.

29. Ryoo, M.S.; Lee, W.C.; Choi, S.K. Cyclopolymerization of diethyl dipropargylma-

lonate by transition metal catalysts. Macromolecules 1990, 23, 3029–3031.

30. Gal, Y.S.; Jin, S.H.; Kim, S.H.; Lee, H.J.; Koh, K.N.; Kim, S.H.; Kim, D.W.; Ko,

J.M.; Chun, J.H.; Kim, S.Y. Cyclopolymerization of dipropargyl derivatives by

Cp2MoCl2-EtAlCl2 catalyst system. J. Macromol. Sci.—Pure Appl. Chem. 2002,

A39, 237–249.

31. Jang, M.S.; Kwon, S.K.; Choi, S.K. Cyclopolymerization of diphenyldipro-

pargylmethane by transition metal catalysts. Macromolecules 1990, 23,

4135–4140.

32. Gal, Y.S.; Jin, S.H.; Park, J.W.; Lee, W.C.; Lee, H.S.; Kim, S.Y. Cyclopolymeriza-

tion of dipropargylfluorene by transition metal catalysts. J. Polym. Sci.: Part A:

Polym. Chem. 2001, 39, 4101–4109.

33. Subramanyam, S.; Blumstein, A. Conjugated ionic polyacetylenes. 2: A new

polymerization method for substituted acetylenes. Makromol. Chem., Rapid

Commun. 1991, 12, 23–30.

34. Subramanyam, S.; Blumstein, A. Conjugated ionic polyacetylenes. 3: Polymeriz-

ation of ethynylpyridinium salts. Macromolecules 1991, 24, 2668–2674.

35. Gal, Y.S.; Cho, H.N.; Kwon, S.K.; Choi, S.K. Polymerization of 2-ethynylpyridine

by transition metal chloride and organoaluminum compounds. Polymer (Korea)

1988, 12, 30–36.

36. Gal, Y.S.; Jung, B.; Lee, W.C.; Choi, S.K. Polymerization of propargylpyridinum

bromide by palladium and platinum chlorides. Bull. Korean Chem. Soc. 1994, 15,

267–268.

37. Gal, Y.S.; Lee, W.C.; Gui, T.L.; Lee, S.S.; Bae, J.S.; Kim, B.S.; Jang, S.H.; Jin, S.H.

Synthesis and properties of poly(2-ethynyl-N-propargylpyridinium bromide). Bull.

Korean Chem. Soc. 2001, 22, 183–188.

38. Lee, C.Y.; Kim, H.M.; Park, J.W.; Gal, Y.S.; Jin, J.I.; Joo, J. AC electrical properties

of conjugated polymers and theoretical high-frequency behavior of multilayer films.

Synthetic Metals 2001, 117, 109–113.

39. Gal, Y.S.; Lee, S.S.; Bae, J.S.; Kim, B.S.; Jang, S.H.; Jin, S.H. Synthesis and optical

properties of poly[60-(N-carbazolyl)hexyl-2-ethynylpyridinium bromide]. Bull.

Korean Chem. Soc. 1999, 20, 451–455.

40. Gal, Y.S.; Lee, W.C.; Lee, S.S.; Bae, J.S.; Kim, B.S.; Jang, S.H.; Jin, S.H.; Park, J.W.

Synthesis and optical properties of poly(2-ethynylpyridinium bromide) having

glycidyl functionality. Kor. Polym. J. 2000, 8, 131–136.

Gal et al.412

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



41. Gal, Y.S.; Jung, B.; Lee, W.C.; Choi, S.K. Synthesis and properties of conducting

polymers from propargylammonium salts by transition metal catalysts. Synthetic

Metals 1995, 69, 549–550.

42. Gal, Y.S.; Choi, S.K. Cyclopolymerization of dipropargylamine and dipropargy-

lammonium bromide by transition metal catalysts. Eur. Polym. J. 1995, 31,

941–945.

43. Gal, Y.S.; Lee, W.C.; Choi, S.K.; Kim, Y.C.; Jung, B. Polymerization of

tripropargylamine by transition metal catalysts and molecular structure of

poly(tripropargylamine). Eur. Polym. J. 1996, 32, 579–585.

44. Kang, K.L.; Kim, S.H.; Cho, H.N.; Choi, K.Y.; Choi, S.K. A new class of conjugated

ionic polyacetylene. Cyclopolymerization of dihexyldipropargylammonium salts by

metathesis catalysts. Macromolecules 1993, 26, 4539–4543.

45. Kim, S.H.; Choi, S.J.; Park, J.W.; Cho, H.N.; Choi, S.K. A new class of conjugated

ionic polyacetylene. 2. Cyclopolymerization of dihexyldipropargylammonium salts

by metathesis catalysts. Macromolecules 1994, 27, 2339–2341.

46. Lee, W.C.; Gal, Y.S.; Kim, S.H.; Jin, S.H.; Jang, S.H.; Choi, S.K. Polymerization of

4-hydroxy-N–propargylpiperidine by transition metal catalysts. J. Macromol. Sci.-

Pure Appl. Chem. 1999, A36, 531–547.

Received June 23, 2002

Revised October 11, 2002

4-Dimethylamino-N-propargylammonium Bromide 413

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


