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This article deals with the synthesis and characterization of poly [N-(propargyloxy)phthaIimide][poly (POPI)]. The 

polymerization of POPI was carried out by various transition metal catalysts. Mo(기시based catalysts were found to 

be more effective than WCU-based catalysts. However, the polymer yield was relatively low (maximum 35%). The 

polymerization of POPI by PdCl2 gave poly (POPI) in fair yields in DMF and pyridine. The resulting poly (POPI)s 

were mostly insoluble in organic solvents. The infrared spectrum of poly (POPI) showed no peak at 2135 cm-1 due 

to acetylenic C 三C stretching frequency. Instead, the carbon-carbon double bond stretching frequency was observed 

at 1600-1650 cm-1. The TGA thermogram showed that the present poly (POPI) is thermally stable up to 160^.

Introduction

During the past three decades, extensive studies on the 

polymerization of acetylene and its derivatives have been 

made.1 To date, various propargyl derivatives were polymeri

zed and characterized. The following propargyl derivatives 

were 해。lymerized: HC 三 CCH?X(X 드-Br, -Cl, -OH, -OMe, -0- 

m-Bu, -OPh, -OPh-/>-N()2, -OTHF, -NEt2, OAc, etc.).2 To our 

knowledge, there have been no reports for the polymerization 

of N-(propargyloxy)phthalimide (POPI). The polymerization 

of propargyl derivatives was attemped using catalyst systems 

such as PdCL,3 y-ray,4 Ni^CPhgP)^5 W(COVCC14-hv,6 MoC15i2c 

MoCk-polymerJ etc. In recent years, we reported8 that WCL- 

and MoCl5-based catalyst systems were very effective for 

the polymerization of some propargyl derivatives such as 

propargyl bromide, -chloride, and -alcohol. The present arti

cle deals with the polymerization of POPI by various transi

tion metal catalysts and the characterization of the resulting 

poly (POPI).

Experimental

POPI (Aldrich Chemicals., 97%) was purified by recrystal

lizing twice from toluene. Tungsten(VI) and molybdenum(V) 

chloride (Aldrich Chemicals, resublimed, 99+%) and palla- 

dium(II) chloride (Aldrich Chemicals, 99.999%) were used 

without further purification. Tetraphenyltin (Aldrich Chemi

cal, 97%) was purified by recrystallizing twice from carbon 

tetrachloride. Tetra-«-butyltin (Aldrich Chemicals, te가l, 93%) 

was used after fractional distil监tion. Organoaluminum com

pounds (Aldrich Chemicals, 25 wt% solution in toluene) were 

used as received. All polymerization solvents were EP grade 

and dried with appropriate drying agents (CaH2 for chlorobe

nzene, toluene, DMSO and Pyridine; MgSO4 for DMF and 

nitrobenzene) and then fractionally distilled. A typical poly

merization procedure is as follows; Into a 20 m/ ampule inc

luding solvent and POPI, sealed with rubber septum, the 

premixed catalyst solution (catalyst+cocatalyst) was added 

after shaking for 15 min at 30t to activate the transition 

metal chloride. After the ampule was stood for 24 hr 가 90t?, 

the polymerization was stopped by adding a small amount 

of methanol. Then 10 m/ of chloroform was added to the 

ampule. This solution was poured into excess methanol, fil

tered from the solution, and then dried under vacuum at 

40t for 24 hr to give a polymer. The polymer yield was 

calculated by gravimetry.

Infrared spectra were recorded on a Bio-Rad Digilab FTS- 

60 spectrometer using KBr pellet. Elemental analyses were 

performed with Carlo Erba EA 1108 Elemental Analyzer. 

Thermogravimetric analysis (TGA) was performed under ni

trogen atmosphere at a heating rate of lOt /min up to 40此 

with Dupont 951 Thermogravimetric Analyzer. Thermal tran

sitions were measured by a Dupont 910 differential scanning 

calorimeter under nitrogen atmosphere at a heating rate of 

lOt /min up to 300t.

Results and Discussion

The polymerization of POPI was carried out by various 

transition metal catalysts.

Table 1 아lows the results for the polymerization of POPI 

by WCl6-and MoCl5-based catalysts. In general, WCU-based 

catalysts gave only low yield of polymers in comparison with 

MoCl5-based catalysts. These results were consistent with 

those of some propargyl derivatives containing heteroatoms 

such as dipropargyl sulfur9 and propargyl ether.2d,2e

Ph4Sn10 and EtAlCl2,8bH typical cocatalysts for the poly

merization of acetylene derivatives by WCU or MoCl5r sho
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Table 1. Polymerization of POPI by Various Transition Metal 

Catalysts0

Exp. Catalyst system" M/Cc [MW Polymer yield" 

no. (mole ratio) (m시e ratio) (%)

1 WCL

2 wcu
3 WCl6-EtAiCI2(l: 2)

4 WCl6-Ph4Sn(l: 1)

5 MoC15

6 MoCls-PkjSnd : 1)

7 MoCl5-Et3Al(l: 2)

8 MoCls-EMlCKl: 2)

9 MoCl5-EtAlCl2(l: 2)

o

15
19

20
27
35

aPolymerization was carried out at 90C for 24 hr in chloro

benzene, Mixture of catalyst and cocatalyst in chlorobenzene 

was aged at 3此 for 15 min before use as catalyst, f Monomer 

to catalyst mole ratio, "Initial monomer concentration, ^Methanol- 

insoluble polymer.
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Figure 1. IR spectra of POPI and poly (POPI) in KBr pellet.
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Table 2. Polymerization of POPI by PdCl#

Exp.

no.

M/C” 

(mole ratio)

[M* Solvent Polymer yi이# 

(%)

1 30 0.5 DMF 50

2 50 0.5 DMF 43

3 50 0.25 DMF 21

4 50 0.5 DMSO 29
5 50 0.5 Pyridine 42
6 50 0.5 Toluene 15

7 50 0.5 Nitrobenzene 17

8 50 0.5 Ethanol 11

Polymerization was carried out at 90t for 24 hr, b Monomer 

to catalyst mole ratio,r Initial monomer concentration, Methanol

insoluble polymer.

wed no enhanced cocatalytic activity. However, MoCl5-based 

catalysts were found to be effective catalyst system. MoC15 

itself gave a some moderate yield of polymer (15%). Organo

tin and organoaluminum compounds showed a cocatalytic ac

tivity. The polymer yield according to organoaluminum com

pound was as follows.

EtAlCl2>Et2AlCl>Et3Al

The higher catalytic activity of MoC^-based catalysts in 

comparison with those of WCU-based catalysts was consistent 

with that of acetylene derivatives containing oxygen (hy

droxyl carboxylic acid12), bromine」저 chlorine,", ester,15 and 

fluoroalkyl.16 These observations indicates that the polar func

tional group and halogen atom participates in the activation 

of M0CI5, although the mechanism is not fully understood.861214

The rekitively low polymer yield (maximum 35%) is due 

to the inhibition of polymerisation by the poor solubility of 

the resulting polymers formed.

Table 2 shows the results for the polymerization of POPI 

by PdCl2. Poly (POPI) was obtained in fair yields in DMF 

and pyridine. The polymer yields according to solvents were 

in the range of 11% and 50%. The polymerization at some

what low temperatures was also carried out. However, the 

polymerization did not proceed at 3此 and 6此.This indi

cates that the present catalyst systems for POPI are activated 

at 1■아ativ이y high temperature (90fc). The resulting poly 

(POPI) prepared by PdCh was dark black. On the other hand, 

the poly (POPI) prepared by W-and Mo-based catalysts was 

light brown and brown color.

The poly (POPI)s were insoluble in any organic solvents 

regardless of the catalysts used. The reason of insolubility 

is deduced to the crosslinking by active allyl protons of the 

resulting poly (POPI), during polymerization, by catalyst 

moiety. The similiar polymers obtained from some propargyl 

derivatives such as propargyl alcohol,8 methyl propargyl 

ether17 dipropargyl ether,18 etc have been known to be in

soluble in any organic solvents.

Figure 1 exhibits the infrared spectra of POPI and poly 

(POPI). The infrared spectrum of poly (POPI) showed no 

peaks at 2135 cm-1 and 3300 cm-1 due to the acetylenic 

C 三C and =C-H stretching frequencies, respectively. Instead, 

the carbon-carbon double bond (in the polymer backbone) 

stretching frequency was observed at 1600-1650 along 

with the aromatic double bond frequency.

The elemental analysis data for poly (POPI) agreed well 

with the theoretical value: Calcd for (C11H7NO3)#: C, 65.67%; 

H, 3.51; N, 696%; 0, 23.86% Found: C, 65.26%; H, 3.50%; 

N, 6.95%; 0, 24.29%.

The TGA thermogram (Figure 2) of poly (POPI) showed 

that poly (POPI) retained 98% of its original weight at 140t, 

60% at 257t, and 34% at 400t. The DSC thermogram of 

poly (POPI) did not show a characteristic peak of glass tran

sition temperature. The broad endothermic peak at about 

120t is deduced to be due to the increased side chain (me

thyleneoxyphthalimide) mobility.

In conclusion, this paper dealed with the systhesis and 

characterization of new conjugated polymer, poly (POPI). 

MoCk-based catalysts were more effective than those of WCU 

-based catalysts. The polymerization of POPI by PdCl2 gave
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Figure 2. TGA thennogram of poly (POPI).

poly (POPI) in fair yields in DMF and Pyridine s시vents. 

The relatively low polymer yields in the polymerization are 

thought to be due to the inhibition of polymerization by the 

poor solubility of the resulting polymers formed. The insolu

bility of the poly (POPI) were deduced to be due to some 

cross-linking of active allyl protons of poly (POPI), during 

polymerization, by catalyst moiety.

References

1. (a) M. G. Chauser, Yu. M. Rodionov, V. M. Misin, and 

M. I. Cherkashin, Russ. Chem. Rev., 45, 348 (1976); (b) 

H. W. Gibson, "Substituted Polyacetylenes**, Handbook 

of Conducting Polymers, Vol. I, Ed by Skotheim, Marc어 

Dekker Inc., New York and Basel, 1986, 405; (c) Y. S. 

Gal and S. K. Choi, Polymer (Korea), 13, 188 (1989).

2. (a) L. A. Akopyan, Vysokomol, Soedin., Ser. A.t 17, 2517 

(1975); (b) L. S. Meriwether, E. C. Colthup, G. W. Kenner- 

ly, and R. N. Resuch, J. Org. Chem.t 그6, 5165 (1961);

(c) M. G. Voronkov, V. B. Pukhnarevich, S. P. Sushchins- 

kaya, V. Z. Annenkova, V. M. Annnenkova, and N. J. An- 

ndreeva, J. Polym. Sci. Poym. Chem. Ed., 18, 53 (1980);

(d) W. C. Lee, M. W. Huh, Y. S. Gal, and S. K. Choi, 

Polymer (Korea), 13, 520 (1989); (e) W. C. Lee, Y. S. Gal, 

M. S. Ryoo, S. H. Han, and S. K. Choi, Polymer (Korea), 

15, 283 (1991).

3. L. A. Akopyan, S. G. Grigoryan, G. A. Zhamkochyan, and 

S. G. Mastoyan, Polym. Sci. USSR., 17, 2896 (1976).

4. S. Okamura and K. Hayshi, Japan Pat., 7889 (1963). Chem. 

Abst., 59, P 7672a.

5. A. Fulani, N. V. Russon, P. Carusi, S. Licocia, E. Leoni, 

and G. Valenti, Gazz. Chim. Ital., 113, 671 (1983).

6. T. Masuda, Y. Kuwane, K. Yamamoto, and T. Higashi- 

mura, Polymer, 22, 823 (1980).

7. A. D. Pomogailo, S. Kiyashkina, A. L Kuzaev, S. B. Yech- 

maev, I. N. Ivleva, and F. S. Dyachkovskii, Vysokomol. 

Soedin., 17, 707 (1985).

8. (a) W. C. Lee, J. E. Sohn, Y. S. Gal, and S. K. Choi, 

Bull. Korean Chem. Soc., 9, 328 (1988); (b) W. C. Lee, 

J. E. Sohn, Y. S. Gal, and S. K. Choi, Polymer (Korea), 

12, 720 (1988).

9. Y. S. Gal and S. K. Choi, J. Polym. Sci. Polym. Lett. Ed., 

26, 115 (1988).

10. T. Masuda, K.-Q. Thieu, N. Sasaki, and T. Higashimura, 

Macromolecules, 9, 661 (1976); (b) T. Higashimura, Y-X. 

Deng, and T. Masuda, Macromolecules, 15, 234 (1982).

11. Y. S. Gal, H. N. Cho, and S. K. Choi, Polymer (Korea), 

9, 361 (1985).

12. T. Masuda, M. Kawai, and T. Higashimura, Polymer, 23, 
744 (1982).

13. T. Yamagata, T. Masuda, and T. Higashimura, J. Polym. 

Sci. Polym. Chem. Ed., 22, 2279 (1984).

14. T. Masuda, M. Yamagata, and T. Higashimura, Macromo

lecules, 17, 126 (1984).

15. M. S. Ryoo, W. C. Lee, and S. K. Choi, Macromolecules, 

23, 3029 (1990).

16. S. H. Han, U. Y. Kim, Y. S. Kang, and S. K. Choi, Macro

molecules, 24, 973 (1991).

17. T. J. Katz, T. H. Ho, N. Y. Shih, Y. C. Ying, and V. I. 

W. Stuat, J. Am. Chem. Soc., 106, 2659 (1984).

18. Y. S. Gal and S. K. Choi, Polymer (Korea), 11, 563 (1987).

Iridium(III) Insertion into an Aromatic C-H Bond and Si-H Bond

Nam Keun Yang, Dae-Eun Chung, Jaejung Ko*, and Sang Ook Kang1

Department of Chemical Education, Korea National University of Education, Chungbuk 363-791 

Department of Chemistry, College of Natural Sciences, Korea University, Chochiwon 339-700 

Received May 8, 1992

The dihydrido iridium(III) complex [IKPPhGzHdacBJBFq (ac=acetone) reacts with 2-phenylpyridine and 7,8-benzoqui- 

noline to yield the C-H activated complexes [Ir(PPh3)2H(ac)(L)]BF4 (L=phenylpyridine: 7t8-benzoquinoline). The dihy

drido iridium(III) complex ClR(PPh3)2H2(ac)2]BF4 also reacts with triaklysilane via an oxidative addition reaction to 

yield the trihydrido iridium complexes [IR(PPh3)2H3SiR3]BF4 (R=Et and Ph). The structural configuration was studied 

by conventional spectroscopy.

Introduction

The activation of carbon-hydrogen bonds by homogeneous 

transition metal complexes is a topic that has received a 

great deal of attention1. Interest in reactions of alkanes and 

arenes with metal complexes has led to the discovery of


