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Polymerization of 3-Ethynylphenol by Transition Metal Catalysts
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Abstract : The polymerization of 3-ethynylphenol, phenylacetylene having hydroxy functionality, was
carried out by tungsten and molybdenum-based transition metal catalysts. The polymerization pro-
ceeded to give a moderate yield of polymer. The effects on the mole ratio of monomer to catalyst (M/C),
initial monomer concentration ([M)), and the polymerization temperature for the polymerization of
3-ethynylphenol were investigated. The catalytic activity of W-based catalysts was found to be greater
than that of Mo-based catalysts. The resulting polymers were brown or black powders and mostly insoluble
in organic solvents. Structural analysis of the polymer by instrumental methods revealed the conjugated
polymer backbone structure carrying hydroxyphenyl moieties. Thermal and morphological properties of
the resulting poly(3-ethynylphenol) were also discussed.

Introduction

Conjugated polymers obtained from acetylene
derivatives have been applied as organic semi-
conductors,”> as membranes for gas separation
and for liquid-mixture separation,”™ as materials
for enantioseparation of racemates by high per-
formance liquid chromatograpy, "*? as a side-chain
liquid crystal,”"® as materials for chemical sen-
and as materials for nonlinear optical
property and for photoluminescence and elec-
troluminescence properﬁes.w'24

Various polyacetylenes have been prepared and
characterized."*'*” In our previous works, the

*e-mail : ysgal@bear.kyungil.ac.kr

231

results for the polymerizations of propargyl
halides,? ethers,”® and amines®* and the cyclo-
polymerization of dipropargyl derivatives such as
dipropargyl ether” sulfide,” silanes,* diethylma-
lonate,®* dihexylammonium salts”*® etc. have
been reported.

The polymerizations of acetylene derivatives
having hydroxy functional group are of interest
because of their unique structures and facile mod-
ification of hydroxy groups with other interesting
functional groups. The most simple hydroxy-con-
taining polyacetylene, poly(propargyl alcohol),
had been prepared by high pressure with radical
initiator,” PdCl,* Ni(CO)z(PPha)z,* Nilo(PPhs)z,”
Ni(NCS)(C=C-R)(PPhs),,” y-ray,” plasma,” MoCls,**
and Pd(C=CCH,OH),(PPhs)..** In most cases,
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the resulting poly(propargy! alcohol)s were insolu-
ble in any organic solvents.

Various substituents have been introduced into
the o-carbon of propargyl alcohol in order to
increase the solubility of polyacetylene derivatives
having hydroxy functional group.** Soluble poly
(1-ethynyl-1-cyclohexanol),®* poly(ethynylfluo-
renol),” poly(3-butyn-2-ol),”* poly(1-octyn-3-ol),*
and poly(2-phenyl-3-butyn-2-ol}* were prepared
and characterized.

To our knowledge, there has been no report on
the polymerization of phenylacetylene having
hydroxy functional group. 3-Ethynylphenol have
been used for the preparation of acetylene-ter-
minated prepolymer. These acetylene-terminated
prepolymers are good candidates for crosslinked
optical waveguide materials due to easy synthe-
sis, absence of an aliphatic C-H bond leading to
significant optical absorption loss, and absence of
catalyst and evolution of any volatile during the
curing process.”>

In this article, the results for the polymerization
of 3-ethynylphenal using transition metat catalysts
and the characterization of the resulting polymers
are reported.

Experimental

Materials. 3-Hydroxyphenol (Aldrich Chemi-
cals.,, 98%) and tert-butyldimethylsilyl chloride
(Aldrich Chemicals., 98%) were used as received.
(Trimethylsilyl)acetylene (Aldrich Chemicals., 98%)
was dried with calcium hydride and distilled.
WCls (Aldrich Chemicals., 99.9+%) and MoCl
(Aldrich Chemicals, 99.9+ %) were used without
further purification. EtAl, ELAICI, EtAICl(Aldrich
Chemicals, 25 wt% (1.8 M) solution in toluene),
and MeSn (Aldrich Chemicals, 95%) were used
as received. PhsSn (Aldrich Chemicals, 97%) was
purified by recrystallizing twice from carbon tetra-
chloride. The analytical grade solvents were dried
with an appropriate drying agent and distilled.

Synthesis of 1-Bromo-3-(tert-butyldime-
thylsiloxy)benzene. 3-Bromophenol (5g, 28.9
mmol) in 10 mL of N,N-dimethyl formamide
(DMF) was added dropwise to 250 mL reaction
flask containing tert-butyldimethylsilyl chloride
{209 g, 34.68 mmol) and imidazole (2.36 g,

232

34.68 mmol) dissolved in 20 mL of DMF under
nitrogen. After being stirred at room temperature
for 24 h, the mixture was poured into water and
extracted three times by 50 mL of ether. The
organic layer was dried over anhydrous MgSQ.
After removal of the solvent, the mixture was dis-
tilled under vacuum to give the product (7.3 g,
88%): bp = 70°C /0.2 mmHg; 'H-NMR (CDCls)
6 0.19 (s, 6H), 0.97 (s, 9H), 6.76 {m, 1H), 7.00
(m, 1H), 7.08 (m, 2H).

1-(tert-Butyldimethylsiloxy)-3-({(trimethyl-
silyl)ethynyl)benzene. A stirred mixture of 1-
bromo-3-{tert-butyldimethylsiloxy)benzene (5.75 g,
20 mmol) and triphenylphosphine (0.037 g, 0.14
mmol) was dissolved in 12 mL. of DMAc under
nitrogen. (Trimethylsilyl)acetylene (2.36 g, 24
mmol) was added into the flask through a syringe.
PdCl,(PPhs), (0.02 g, 0.028 mmol) was washed in
with 15 mL of triethyl-amine. The mixture was
slowly heated to 60°C, and then Cul (0.008 g,
0.04 mmol) was added with 15 mL of triethyl-
amine. The reaction mixture was heated to 80°C
and maintained for 6 h with stirring. After cooling,
the reaction mixture was filtered to remove inor-
ganic salts and evaporated triethylamine. The
reaction mixture was poured into acidic water and
extracted with methylene chloride. The organic
layer was dried over anhydrous MgSQ;, and then
the solvent was evaporated. The product, 1-{ert-
butyldimethylsiloxy)-3-({trimethylsilyl}ethynyl) ben-
zene, was obtained by distillation with 74% yield:
bp = 92°C/0.3 mmHg; 'H-NMR (CDCl) § 0.19
{s, 6H), 0.25 (s, 9H), 0.98 (s, 9H), 6.80 (m, 1H),
6.94 (s, 1H), 7.11 (m, 2H).

3-Ethynylphenol (EP). Tetrabutylammonium
fluoride (45.0 mL, 1.0 M solution in THF, 45.12
mmol) was added dropwise to the solution of 1-
(tert-butyldimethylsiloxy)-3-({trimethylsilyl)ethynyl)
benzene in 15 mL of THE After being stirred for
4 h, the solution was poured into water. The orga-
nic layer was extracted with ether and dried over
anhydrous MgSQ,. After removal of the solvent,
the mixture was distillated under vacuum to pro-
vide 3-ethynylphenol: vield = 89%; bp = 46°C/
0.3 mmHg; 'H-NMR (CDCl) & 3.06 (s, 1H), 4.95
(bs, OH), 6.82 {m, 1H), 6.93 (m, 1H), 7.03 (m,
1H), 7.12 (m, 1H); ®C-NMR (CDCl) § 77.3, 83.2
{ethynyl), 116.3, 116.7, 123.3, 1249, 129.7,
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155.1 (phenyl).

Polymerization of EP by WCl,. In a 20 mL
ampule equipped with rubber septum, chloroberr
zene (2.32 mL, (M} = 1.0 M), 1.41 mL (1.41 mmol,
M/C: 30) of 0.1 M MoCls chlorobenzene solution,
and 0.5 g (4.23 mmol) of EP were added in that
order given. And the polymerization was carried
out at 60°C for 24 h under nitrogen atmosphere.
The polymerization proceeded in heterogeneous
manner. After a given time of polymerization,
10 mL of chloroform was added to the polymer-
ization solution. The polymer solution was pre-
cipitated into an excess of methanol, filtered from
the solution, and then dried under vacuum at 40°C
for 24 h. The polymer vield was 20%.

Polymerization of EP by WCl4-EtAICH,. In
a 20 mL ampule equipped with rubber septum,
chlorobenzene (1.61 mL, [M}, = 1.0 M), 1.41 mL
{1.41 mmol, M/C: 30) of 0.1 M chlorobenzene
solution of MoCls, and 0.71 mL (2.82 mmol) of
0.4 M chlorobenzene solution of EtAICk were
added in that order given. After shaking the cata-
lyst solution at 30°C for 15 min, 0.5 g EP {4.23
mmol) was injected. The polymerization also pro-
ceeded in heterogeneous manner. After a given
time of polymerization, 10 mL of chloroform was
added to the polymerization solution. The poly-
mer solution was poured into an excess of metha-
nol, filtered from the solution, and then dried
under vacuum at 40°C for 24 h. The polymer
vield was 45%.

Instruments and Measurement. 'H- and
“C-NMR spectra were recorded with a Bruker
AM-300 spectrometer. CDCk was used as a sol-
vent, and chemical shifts were reported in ppm
units, with tetramethylsilane as an internal stand-
ard. IR specira were obtained with a Bruker
EQUINOX 55 spectrometer using a KBr pellet.
Elemental analyses were performed with FISONS
EA1110 Elemental Analyzer. UV-visible spectra of
a slightly soluble polymer solution were taken on
a JASCO V-530 spectrophotometer. Thermo-
gravimetry (TG) was performed under a nitrogen
atmosphere at a heating rate of 10°C/min upto
800°C with a DuPont 2200 thermogravimetric
analyzer. X-ray diffractograms were obtained with
a PHILIPS X-ray diffractometer (Model: XPert-
APD).
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Scheme . Polymerization of 3-ethynylphenol.

Results and Discussion

Synthesis of EP. 3-Ethynylphenol (EP), phe-
nylacetylene derivative having hydroxy functional
group, was synthesized as shown in Scheme I.
Silylated 3-bromophenol was reacted with (trime-
thylsilyl)acetylene in the presence of Pd/Cu cata-
lyst. EP was easily prepared by the desilylation of
silylated phenol and acetylene moieties using tet-
rabutylammonium fluoride in high yvield (89%).

Polymerization of EP. The polymerization of
EP was attempted with W- and Mo-based transi-
tion metal catalysts (Scheme II).

Table I shows a typical result for the polymeriza-
tion of EP by tungsten-based catalysts. The poly-
merization of EP monomer with WCk alone gave
low vield of polymer (20%). WCk catalyst had
been known to be very effective for the polymer-
ization of phenylacetylene, a similar acetylene
derivative without hydroxy groups. A high yield
(80%) of soluble poly(phenylacetylene) having a
relatively high molecular weight (M,~15,000)
were obtained.*® However, only low yield of poly-
mer was obtained in the polymerization of EP
bearing a hydroxy group. The reason for this low
activity of WCls catalyst may be attributed to be
due to the poisoning effect of the hydroxy group
of EP and/or the poor solubility of the resulting
poly(EP).

It has been known that the addition of a small
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Table 1. Polymerization of 3-Ethynylphenol by WCl ;-Based Catalysts®

Exp. No Catalyst System® M/C* M)e Temp. (°C) PY (%)°
1 WCls 30 10 60 20
2 WCls /Me,Sn(1:2) 30 1.0 60 23
3 WCls /Ph,Sn(1:2) 30 1.0 60 27
4 WCls /Et:Al(1:2) 30 1.0 60 15
5 WCls /EtAICI(1:2) 30 1.0 60 32
6 WCl, /EtAICL, (1:2) 30 1.0 60 45
7 WCls /EtAIC, (1:2) 50 1.0 - 60 21
8 WCls /EtAIC, (1:2) 100 1.0 60 trace
9 WCls /ELAICL (1:2) 30 05 60 21

10 WCls /EtAIC, (1:2) 30 2.0 60 40
11 WCls /EAICI, (1:2) 30 1.0 20 5
12 WCl; /EtAICL, (1:2) 30 1.0 40 17
13 WCls /EtAIC, (1:2) 30 1.0 80 46

“Polymerization was carried out for 24 h in chlorobenzene.

®Mixture of catalyst and cocatalyst solution was aged for 15 min at 30 °C before use.

‘Monomer to catalyst mole ratio.
“Initial monomer concentration.
*Methanol-insoluble polymer vield.

amount of reducing agents such as Ph,Sn and n-
BusSn increases the polymer yield and molecular
weight in the WCls-catalyzed polymerization of
2-ethynylthiophene® and 1-butyl-2-trimethylsilyl-
acetylene.”® And also the organoaluminum com-
pounds such as EtAICl, and EtAICl were very
effective cocatalyst in the polymerization of 1-
ethynylcyclohexene.” In this work, the organotin
and organoaluminum compounds besides EtAl
also increased the catalytic activities of WCk. The
best result was obtained when EtAICk was used
as a cocatalyst.

As shown in Table I (Exp. No, 6-8), the polymer
vield was significantly decreased with increasing
the M/C ratio. The decreasing extent of polymer
yield according to the M/C value was higher than
that of the polymerization of phenylacetylene
bearing no hydroxy group, probably because the
poisoning effect of the hydroxy group of phenyl
substituents to WCl,.

The effect of initial monomer concentration
{{M],) was also tested (Exp. No: 6,9,10). At the
low initial monomer concentration ([M}: 0.5), the
polymerization proceed in homogeneous manner,
but the polymer vield was low {21%). At the ele-
vated temperature (80°C, Exp. No: 13), the poly-
merization proceeded vigorously, and then the
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Table II. Polymerization of 3-Ethynylphenol by

MoCls-Based Catalysts®
Exp.No.  Catalyst System® M/IC°  PY. (%)
1 MoCls 30 trace
2 MoCls /PhsSn(1:2) 30 7
3 MoCls /Et,AICI(1:2) 30 12
4 MoCls /EtAICL, (1:2) 30 15

“Polymerization was carried out at 60°C for 24 h in
chlorobenzene. Initial monomer concentration was
1.0M.

Mixture of catalyst and cocatalyst solution was aged
for 15 min at 30°C before use.

‘Monomer to catalyst mole ratio.

“Methanol-insoluble polymer yield.

black polymeric powders were adhered to the
bottom and wall of reactor. However, the polymer
yield was similar to that of the polymerization at
60°C.

" Table Il shows the polymerization results of EP
by Mo-based catalysts. In general, the MoCl-
based catalysts showed relatively low catalytic
activity in this polymerization. The higher catalytic
activity of W-based catalysts than that of Mo-
based catalysts was similar to the polymerization
of phsgnylacetylene using W- and Mo-based cata-
lysts.

Korea Polym. J., Vol. 8, No. 5, 2000
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Figure 1. The time dependence curve of polymer vield
for the polymerization of EP by WCle-EtAICL, catalyst
system.
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Figure 2. FTIIR spectrum of poly(EP) prepared by
WCls-EtAICI; in KBr pellet.

Figure 1 shows the typical time dependence
curve of polymer yvield for the polymerization of
EP by WCI-EtAICl; in chlorobenzene (M/C: 30,
[M]o: 1.0 M, polymerization time: 24 h). As shown
in this figure, the polymerization of EP by WCL-
EtAIC), catalyst system proceeded more slowly to
give a low vield of polymer.

Structure and Properties. The resulting
poly(EP)s were mostly insoluble in common
organic solvents regardless of the polymerization
conditions and catalysts used. Thus it was very
difficult to identify the exact polymer structure in
solution state.

The IR spectrum (Figure 2) of poly(EP) did not
show the acetylenic C=C bond stretching fre-
quency at 2107 cm’ and the acetylenic =C-H

Korea Polym. J., Vol. 8, No. 5, 2000
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Figure 3. UV-visible spectrum of poly(EP) (in CHCls).

stretching frequency at about 3292 cmi’*. Instead,
the C=C double bond stretching frequency peak
of conjugated polymer backbone at 1610 cmi’
was clearly observed. A small peak at 3018 and
3066 cm” is originated from the vinylic =C-H
stretching frequencies of the conjugated polymer
backbone and the phenyt! substituents.

Figure 3 shows the UV-visible spectra of poly
{EP) solution soluble slightly in chloroform (only
color change). The UV-visible spectrum exhibits
the characteristic broad absorption peak at the
visible region was originated from the x — n* con-
jugation band transition of the polyene main
chain, which had not been observed at the UV-
visible spectrum of monomer.

The elemental analysis data of poly(EP) agreed
with the theoretical value though it has a slight
deviation: Caled for (CsHeO).: C, 81.34%; H,
5.12%; O, 13.54%, Found: C, 80.12%; H, 5.01
%; O, 12.95%. Inspite of exhaustive washing pro-
cedures, ash due to the catalyst residues was
always present because of its insolubility to the
washing solvents. The Mo and Al catalyst residues
were detected by energy dispersive X-ray analy-
sis.

Structural analysis of the polymer by various
instrumental methods revealed the conjugated
polymer backbone structure with 3-hydroxyphenyl
substituents although the exact molecular structure
of polymer was not clear due to its poor solubility.

The poly(EP)s were generally dark-brown or
black powders. The final poly(EP)s were insoluble
in any organic solvents regardless of the catalysts
and the polymerization methods. The reason for
the insolubility was assumed to be due to the
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Figure 4. TGA thermogram of poly(EP) prepared by
WCle-EtAICI,.
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Figure 5. X-ray diffractogram of poly(EP) prepared by
WCls-EtAICl,.

increased crosslinking reaction of polymer by the
hydroxy group of phenyl substituents during the
polymerization.

The poly(EP) was also found to be stable to air
oxidation. Even after standing at air for 1 month,
the IR spectrum of poly(EP) did not showed any
carbonyl carbon absorption peak around 1710
cm™, which is usually observed with conjugated
polymers due to the spontaneous air-oxidation.

Figure 4 is the typical TGA thermogram of
poly(EP) prepared by WCk-EtAICL catalyst sys-
tem. It shows that the polymer retains 98% of its
original weight at 100°C, 95% at 261°C, 90% at
333°C, 80% at 516°C, and 70% at 665°C. The
char yield after heating upto 800°C was 60.5%.

The morphology of poly(EP) was also investi-
gated by X-ray diffraction analysis (Figure 5). The
broad diffraction pattern and the ratio of the half-
height width to diffraction angle (A208/26) which
is greater than 0.35% indicated that the poly(EP)s
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are amorphous.
Conclusions

A conjugated polymer bearing hydroxy-group,
poly(EP), was successfully synthesized via the
polymerization of the corresponding monomer
(EP) with various transition metal catalysts. The
catalytic activity of WCls-based catalyst system
was found to be greater than that of MoCk-based
catalysts. The extent of decrease of polymer vield
according to the M/C and [M], values was found
to be more severe because of the poisoning effect
of the phenyl hydroxy group. The resulting
poly(EP)s were mostly insoluble in common
organic solvents regardless of the catalyst and the
reaction conditions. The conjugated polymer
backbone structure with 3-hydroxyphenyl substit-
uents was characterized by various instrumental
methods. The resulting poly(EP) was found to be
stable to air oxidation.
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