This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

CYCLOPOLYMERIZATION OF DIPROPARGYL DERIVATIVES BY

Cp,MoCl -EtAICI, CATALYST SYSTEM

Yeong-Soon Gal*; Sung-Ho Jin®; Sung-Hyun Kim®; Hyung-Jong Lee; Kwang-Nak Koh?; Sung-Hoon
Kim¢; Dong-Won Kimf; Jang-Myoun Kof; Jong-Han Chunf; Sang-Yul Kims#

2 College of General Education, Polymer Chemistry Laboratory, Kyungil University, Hayang,
Kyungsangbuk-Do, Korea ® Department of Chemistry Education, Pusan National University, Pusan,
Korea ¢ Advanced Materials Research Institute, Taejon, Korea ¢ Department of Chemical Engineering,
Kyungpook National University, Daegu, Korea ¢ Department of Dyeing and Finishing, Kyungpook
National University, Daegu, Korea f Department of Industrial Chemistry, Hanbat National University,
Yusong-Gu, Taejon, Korea & Department of Chemistry, Korea Advanced Institute of Science and
Technology, Taejon, Korea

Online publication date: 24 June 2002

To cite this Article Gal, Yeong-Soon , Jin, Sung-Ho , Kim, Sung-Hyun , Lee, Hyung-Jong , Koh, Kwang-Nak , Kim, Sung-
Hoon , Kim, Dong-Won, Ko, Jang-Myoun , Chun, Jong-Han and Kim, Sang-Yul(2002) 'CYCLOPOLYMERIZATION OF
DIPROPARGYL DERIVATIVES BY Cp,MoCl -EtAIC], CATALYST SYSTEM, Journal of Macromolecular Science, Part A,
39: 3, 237 — 249

To link to this Article: DOI: 10.1081/MA-120013263

URL: http://dx.doi.org/10.1081/MA-120013263

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1081/MA-120013263
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 56 24 January 2011

Downl oaded At:

J. MACROMOL. SCI.—PURE APPL. CHEM., A39(3), 237-249 (2002)

NOTE

CYCLOPOLYMERIZATION OF DIPROPARGYL
DERIVATIVES BY Cp,MoCl,-EtAICl,
CATALYST SYSTEM

Yeong-Soon Gal,"* Sung-Ho Jin,” Sung-Hyun Kim,?
Hyung-Jong Lee,* Kwang-Nak Koh,® Sung-Hoon Kim,*
Dong-Won Kim,” Jang-Myoun Ko,” Jong-Han Chun,’
and Sang-Yul Kim®

'Polymer Chemistry Laboratory, College of General Education,
Kyungil University, Hayang 712-701, Kyungsangbuk-Do, Korea
’Department of Chemistry Education, Pusan National University,

Pusan 609-735, Korea
3Advanced Materials Research Institute, LG Chem,
Taejon, 305-380, Korea
“ZEN PHOTONICS Co., Ltd., 104-11 Moonji-dong,
Taejon, 306-230, Korea
*Department of Chemical Engineering and ®Department of Dyeing
and Finishing, Kyungpook National University, Daegu 702-701,
Korea
"Department of Industrial Chemistry, Hanbat National University,
Yusong-Gu, Taejon 305-719, Korea

8Department of Chemistry, Korea Advanced Institute of Science

and Technology, Taejon 305-701, Korea

ABSTRACT

A Cp,MoCl,-EtAICl, catalyst system was used for the cyclopolymer-
ization of various dipropargyl derivatives having different functionalities.
These catalyst systems were found to be very effective for the
polymerization of some dipropargyl monomers to give a relatively high
yield of polymer. The polymerization behaviors were strongly dependent
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238 GAL ET AL.

on the functionalities of dipropargyl monomers. The polymerization of
such dipropargyl monomers as 1,6-heptadiyne, diphenyldipropargyl
methane, diethyldipropargyl malonate, etc. proceeded well to give a
quantitative yield, whereas this catalyst system was found to be less ef-
fective for the polymerization of dipropargyl monomers having per-
fluoroalkyl groups and quaternary ammonium salts. The polymer
structure of the resulting polymers was characterized by various instru-
mental methods such as NMR, IR, and UV-visible spectroscopies to have
a conjugated polyene backbone system with cyclic recurring units. The
portion of 5- and 6-membered rings of the present conjugated cyclopo-
lymer were also discussed.

Key Words: Cyclopolymerization; Dipropargyl derivatives; Poly-
acetylene; Bis(cyclopentadienyl)molybdenum dichloride; Conjugated
polymers

INTRODUCTION

During the past four decades, a large effort has produced a wide range
of mono-and disubstituted polyacetylenes with various pendant groups
[1-3]. Conjugated polymers obtained from acetylene derivatives have po-
tential as organic semiconductors [4—6], membranes for gas separation and
for liquid-mixture separation [7—9], materials for enantioseparation of ra-
cemates by high performance liquid chromatograpy [10, 11], a side-chain
liquid crystal [1, 12], materials for chemical sensors [13, 14], as materials for
nonlinear optical property [15—17], and for photoluminescence and electro-
luminescence properties [18—21].

Various catalyst systems have been used as the catalyst system for the
polymerization of acetylene derivatives having functionalities [1—3, 22—24].
The Mo-based catalyst systems have been known to be effective for the
polymerization of substituted acetylenes containing some polar functional
groups such as hydroxy [25, 26], carboxylic acid and ester [27, 28], and ethers
[29]. In recent years, it was reported that a novel molybdenum
oxytetrachloride (MoOCl,)-based catalyst (MoOCl4-Et;Al-EtOH, MoOCly-
Et,Zn-EtOH) induces the living polymerization of o-(trifluoromethyl)-
phenylacetylene [30, 31].

Group IV metallocene catalysts such as Cp,TiCl,, Cp,ZrCl,, and
Cp,HfCl,/R,AICI; _  have been applied for the polymerization of acetylene
derivatives [32]. We first used the bis(cyclopentadienyl)molybdenum
dichloride (Cp,MoCl,)-based metallocene catalysts for the polymerization of
phenylacetylene [33, 34]. The Cp,MoCl,-EtAICl, catalyst system were found
to be effective for the polymerization of phenylacetylene to give a relatively
high yield of polymer. The Cp,MoCl, was relatively stable to air conditions,
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thus easier to handle than the other molybdenum chlorides such MoCly,
MoCls, and MoOCl,.

Now we used this Cp>,MoCl, catalyst system for other acetylenic
monomers, especially dipropargyl derivatives, which can be cyclopolymer-
ized to give a conjugated polymer having cyclic recurring units.

The present article reports on the polymerization behaviors of various
dipropargyl monomers with Cp,MoCl,-based catalysts and the character-
ization of the resulting conjugated cyclopolymers.

EXPERIMENTAL

Materials

Cp,MoCl, (Aldrich Chemicals, 98%) and Organoaluminium com-
pounds such as Et;Al, Et,AlICIl, EtAICl, (Aldrich Chemicals., 25 wt% solu-
tion in toluene) were used without further purification. 1,6-Heptadiyne
(Farchan Laboratories) and tripropargylamine (Aldrich Chemicals, 98%)
were dried with calcium hydride and distilled. PhySn (Aldrich Chemicals,
97%) was purified by recrystallizing twice from carbon tetrachloride. Me4Sn
(Aldrich Chemicals, 95%) was dried with calcium hydride and distilled. The
analytical grade solvents were dried with an appropriate drying agent and
fractionally distilled.

Monomers

Diethyl dipropargylmalonate (DEDPM) was prepared by the reaction
of propargyl bromide and the sodium ethoxide solution of diethyl malonate
as described in the literature [28]. Diphenyldipropargylmethane was prepared
by the Grignard reaction [35]. The other dipropargyl monomers were syn-
thesized by reaction of the corresponding functional alcohols with dipro-
pargylmalonyl chloride or dipropargylacetyl chloride in the presence of
triecthylamine or pyridine as solvent. Details of the synthesis and character-
ization of the monomers have already been reported [3, 36].

Polymerization of DEDPM by Cp,MoCl,-EtAICl, Catalyst System

Cp>2MoCl; (24.32mg, 0.082mmol) and chlorobenzene (4.12mL, [M]y:
0.8 M) are introduced to the polymerization ampoule, flushed with dry ni-
trogen, then equipped with a rubber septum. This catalyst solution was aged
at 30°C for 15 minutes after the addition of EtAICI, (0.41 mL 0.4 M chlor-
obenzene solution, 0.16 mmol). To this solution, 1.0 g (4.1 mmol) of DEDPM
is injected. In a short time, the polymerization solution changed to a red color
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and the solution viscosity was gradually increased. After standing at 80°C for
24 hours, the polymerization was stopped by adding a small amount of
methanol. The resulting polymer was dissolved in chloroform, followed by
precipitation with excess methanol. The precipitated polymers were filtered
from the solution and dried to constant weight under vacuum at 40°C for 24
hours. The polymer yield was 98%.

Instruments

NMR ('H- and "*C-) spectra of polymers were recorded on a Varian
500 MHz FT-NMR spectrometer (Model: Unity INOVA) in CDCIl; and
chemical shifts were reported in ppm units with tetramethylsilane as an in-
ternal standard. FT-IR spectra were obtained with a Bruker EQUINOX 55
spectrometer using a KBr pellet. UV-visible spectra were placed in chloro-
form on a JASCO V-530 spectrophotometer.

RESULTS AND DISCUSSION

The cyclopolymerization of dipropargyl monomers by Cp,MoCl,-based
catalyst systems was carried out as follows (Sch. 1):

R1 Rz R1 RZ
Cp,MoCl, / EtAICl,
n
Chilorobenzene P
I ,,
Scheme 1.

Cp,MoCl, itself was tested for the cyclopolymerization of DEDPM.
However, Cp,MoCl, did not give any polymeric product. Cp>MoCl, itself
was mostly insoluble in the polymerization solvent (chlorobenzene). The
inactivity of Cp,MoCl, itself for the polymerization of DEDPM was as-
sumed to be mainly due to the poor solubility of Cp>MoCl, catalyst to the
polymerization solvent.

In our previous works [33, 34], we found that the addition of orga-
noaluminium compounds such as Et;Al, Et,AlCl, and EtAICI, to Cp,MoCl,
catalyst made the catalyst solution into a dark-purple suspension phase, and
this catalyst solution obtained from Cp,MoCl, and organoaluminium
compound polymerized phenylacetylene effectively to give a high yield of
polymer.
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In the present cyclopolymerization of dipropargyl monomers, we used
this binary catalyst system composed of Cp>MoCl, and organoaluminium
compounds. In the polymerization of DEDPM by Cp,MoCl,, the other
organoaluminium compounds such as Et,AlCl and Et;Al showed lower co-
catalytic activities than that of EtAICl,. Thus the EtAICl, was selected as a
typical cocatalyst for the cyclopolymerization of dipropargyl monomers. The
organotin compounds such as PhySn and MeysSn, which showed some co-
catalytic activity for the polymerization of acetylene derivatives by MoCls
and WClg [37, 38] were also used as a cocatalyst. However these organotin
compounds did not show any cocatalytic activity for this polymerization by
Cp,MoCl,. The reason was assumed to be due to the insufficient activation of
Cp,MoCl, by organotin compounds.

Table 1 shows the results for the polymerization of dipropargyl mono-
mers having different functionalities by Cp>MoCl,-EtAICl, catalyst system.
The polymerization of DEDPM by Cp,MoCl,-EtAICl, catalyst proceeded
well to give a high yield of polymer. The polymerzation solution changed into
a red color and the solution viscosity was gradually increased as soon as the
DEDPM was added to the catalyst solution. The polymerization behaviors of
diphenyldipropargylmethane and dipropargyl monomers carrying tri-
methylsilyl groups (exp. no. 4, 5) were similar with that of DEDPM. The
polymer yields were generally quantitative. In the polymerization of 1,6-
heptadiyne, the polymerization solution changed into red color and the
solution viscosity was quickly increased as soon as this monomer was injected
to the Cp,MoCl,-EtAICl, solution. This polymerization seemed to proceed in
a homogeneous manner. However, the precipitated poly(1,6-heptadiyne) was
insoluble in any organic solvent though the polymer yield was quantitative.

The catalytic activity of the Cp,MoCl,-EtAICl, catalyst system were
found to be very low for the polymerization of dipropargyl monomers having
perfluoroalkyl groups and quaternary ammonium salt. This phenomenon
may be explained by the catalytic poisoning effect of the Cp>MoCl,-EtAICl,
catalyst system by these functional groups although the exact reason is not
fully understood in the present time.

This Cp,MoCl,-EtAICl, catalyst system was also applied for the
polymerization of tripropargylamine (exp. no. 9). The polymerization of
tripropargylamine gave the corresponding polymer in relatively low yield
(35%). In particular, the poly(tripropargylamine) was a black powder and
insoluble in any organic solvents. The molecular weights of the polymers
obtained by Cp,MoClL-EtAICl, catalyst system were in the range of
16,500—27,000, depending on the monomers. These values are relatively
lower than those of the same polymers obtained by MoCls or Mo(CO)e
catalyst [3, 36, 39—41].

EtAICI, itself was also tested for the polymerization of DEDPM in
order to check the possibility of cationic polymerization of dipropargyl
monomers with EtAICI2. However, any polymeric product was not obtained.
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Table 1. Cyclopolymerization of Dipropargyl Monomers by Cp,MoCl,-EtAICl, Catalyst
Systems

Exp. No Monom Polymer Yield °(%) M,

1 98 insoluble
i

2 Ph. _Ph 95 16,500
lml

3 98 27,000

2 9
Et—0-C__C-0-Et

y

4 O(CH)x S 99 22,100

¢=0
Iml

5 o o 95 25,600

M 381-(H 5C) 3—~0—C.__.C—O~(CH 2)3-5iMe 5
|ml

J 9
i =C—(CF 2)2CF 3

2 ?
F3C{F 2C) ~C ~&—(cF 202°CF 3

\_\x
"

9 A/’ 35 insoluble
i

“Polymerization was carried out in chlorobenzene at 80°C for 24 hours. Initial monomer
concentration ([M],) and monomer to catalyst mole ratio (M/C) were 0.8M and 50,
respectively; The mixture of Cp,MoCl, and EtAICl, solution was aged at 30°C for 15 minutes
before use; "Methanol-insoluble yield; “Determined by GPC analysis with polystyrene
standards.

X
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This fact revealed that the present polymerization of dipropargyl monomers
with Cp,MoCL-EtAICl, catalyst system proceed in classical metathesis
polymerization mechanism via metallacyclobutene intermediate though the
exact mechanism is not fully understood.

The solubility tests were performed for the powdery samples in a large
excess of solvents. The poly(DEDPM) prepared by Cp,MoCl,-EtAICl,
catalyst system was soluble in methylene chloride, chloroform, THF, ethyl
acetate, and DMF, but insoluble in ethyl ether, hexanes, methanol, toluene,
etc. The other three homologues (exp. no. 2, 4, 5) were also soluble in
halogenated and aromatic hydrocarbons such as methylene chloride,
chloroform, chlorobenzene, and toluene. On the other hand, the poly(1,6-
heptadiyne) and poly(tripropargylamine) were insoluble in any organic
solvents although the polymerization solution seems to be homogeneous
during the polymerization of 1,6-heptadiyne. The insolubility of poly(1,6-
heptadiyne) and poly(tripropargylamine) was thought to be the cross-
linking reaction by the activated allyl protons of the resulting polymers
[42—44].

The chemical structure of the resulting polymers were characterized
by NMR ('H- and *C-), IR, and UV-visible spectroscopies. Figure 1
shows the FT-IR spectrum of poly(DEDPM) in KBr pellet. This spectrum
did not show any absorption at the acetylenic =C-H stretching frequencies
(3310cm ~ ') and the acetylenic C=C stretching frequencies. Figure 2
shows the "H-NMR spectrum of a typical poly(DEDPM) in CDCl;. The
peaks at 5.6—7.2 ppm, which are assigned to the vinyl protons of con-

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 1. FT-IR spectrum of poly(DEDPM) prepared by Cp,MoCl,-EtAICl, catalyst system
(KBr pellet).
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Figure 2. '"H-NMR spectrum of poly(DEDPM) prepared by Cp,MoCl,-EtAICI, catalyst
system (solvent: CDCly).

jugated double bonds, were newly observed. The peaks at the 2.6—3.6
ppm and the 4.2 ppm are due to the methylene protons adjacent to the
conjugated carbons and the methylene protons of ethyl groups, respec-
tively. From peak shapes at 2.6—3.6 ppm, it was anticipated that more
complicated microstructures besides the ideal six-membered structure are
presented.

Figure 3 shows the "*C-NMR spectrum of poly(DEDPM) in CDCl;.
This spectrum did not show any acetylenic carbon peaks, which was seen at
72.9 and 79.6 ppm in the '*C-NMR spectrum of DEDPM monomer. Instead,
the carbon peaks of conjugated polyene backbone appeared recently at 123
and 136 ppm. More information on the polymer microstructure was obtained
from the resonance of the quaternary carbon atoms [45]. It was reported
that the two clusters of resonances for the quaternary carbon atoms in
poly(DEDPM) can be assigned to quaternary carbons in five-membered rings
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Figure 3. C-NMR spectrum of poly(DEDPM) prepared by Cp-MoClL-EtAICl, catalyst
system (solvent: CDCl;).

(57—58 ppm), and in six-membered rings (54—55 ppm), respectively [45]. As
shown in this figure, there are relatively small peaks at 54.18 ppm, which may
correspond to the quaternary carbon atoms of six-membered rings moieties.
On the other hand, some characteristic peaks at 57.10 and 58.01 ppm, which
are due to the quaternary carbon atoms of five-membered rings moieties were
extensively observed. From these observations, it was judged that the present
poly(DEDPM) was consistent with a mixture of five and six-membered ring
moieties and the extent of five-membered ring moiety was higher than that of
five-membered ring moiety. The two allylic methylene carbon peaks at 40.19
and 41.29 ppm can be ascribed to the carbons in different local environments
within the polymer chain and/or to the presence of cis/trans isomerism in the
double bond formed between monomer ring units.

Figure 4 shows the UV-visible spectrum of the resulting poly(DEDPM)
in chloroform. A characteristic peak of the conjugated polymer, broad
I1—II  transitions which are absent in monomer, appeared at longer
wavelength up to 675nm (Aya: 532 nm).

These spectral data indicated that the present poly(DEDPM) have a
conjugated polyene backbone structure with cyclic recurring units.
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Figure 4. UV-visible spectrum of poly(DEDPM) prepared by Cp,MoCl,-EtAlCl, catalyst
system (solvent: chloroform).

CONCLUSION

In this study, we used the Cp,MoCl,-EtAICI, catalyst system for the
ring forming polymerization of dipropargyl monomers carrying various
functionalities. This catalyst system was found to be effective for the
cyclopolymerization of some dipropargyl derivatives. It was thought that the
addition of organoaluminium compounds made the insoluble Cp,MoCl,
catalyst into an activated suspension catalyst solution. These Cp>,MoCl,-
organoaluminium compound catalyst systems may be applied to the poly-
merization of other functional acetylenic and vinyl monomers. The polymer
structure of the resulting polymers was characterized by various instrumental
methods such as NMR, IR, and UV-visible spectroscopies to have a con-
jugated polyene backbone system with cyclic recurring units.
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