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Abstract : The polymerization of 2-propyn-1-ol, a propargyl derivative having hydroxy functional
group was carried out by various Mo-and W-based catalysts. The catalytic activities of MoCls-based
catalysts were found to be greater than those of WCls-based catalysts. MoCls-EtAICl, catalyst system
gave a quantitative vield of polymer. The polymerization was well proceeded in aromatic and haloge-
nated hydrocarbon solvents such as chlorobenzene, CCly, 1,1,2-trichloroethylene etc. The polymer
yield was increased as the polymerization temperature is increased. Mo(OEt); and Mo(OEt);-EtAICI,
catalyst systems gave some moderate polymer yields. The infrared spectra of the resulting poly(2-
propyn-1-ol) showed neither the acetylenic hydrogen stretching nor the carbon-carbon triple bond
stretching frequency. Instead, a new carbon-carbon double bond stretching frequency at about 1650
cra! appeared, which indicates that the highly conjugated polymer was formed. The resulting poly(2-
propyn-1-ol)s were black powder and mostly insoluble in any organic solvents regardless of the catal-
ysts and the polymerization conditions used.
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INTRODUCTION

The polymerization of acetylene and its deriva-
tives is one of the fundamental methods for the
synthesis of polymers with a conjugated system,
which can be used at present time as organic se-
miconductors.!? Polyacetylene has been the simp-
lest organic conductiong polymer, of which a rapi-
dly increasing interest is being aroused in recent
years, since the discovery of the high electrical co-
nductivity of the doped polyacetylene was found in
19773 A number of studies for polyacetylene such
as synthesis method, structure-properties correla-
tion, electric and optical properties, and various
cells for practical applications was carried out*™®

However polyacetylenes were insoluble in any
organic solvent and unstable to air oxidation. Thus
various mono- and disubustituted polyacetylene
derivatives were synthesized and characterized.”™®
In general, the study of substituted polyacetylenes
involves many subjects as follows : ? a) synthésis
of new monomers and polymers, b) design and
development of .active catalyst systems,'®~!! ¢)
polymer design(e. g., block and graft copolymers),
12 4) elucidation of polymer structure and proper-
ties,’>~ 1 and e) development of polymer functions
(e. g, electric and photoconductivities,16~17 gas
permeations,'®~! liquid mixture separation? etc.).

The polymerization of propargyl derivatives,
which are one of monosubstituted acetylenes was
scarce and restricted to some cases such as propa-
rgyl halide,?! phenyl propargyl ether,?! dipropargyl
ether,? etc.

In recent years we have reported the polymeri-
2324 hropargyl ethers®
and propargyl amines®® and the cyclopolymeriza-
tion of dipropargyl derivatives such as dipropargyl
ether,?” dipropargyl diphenylmethane ?® diproparg-
ylsilanes,29 dipropargylgermaniums,30 etc. The pol-

zation of propargyl halides,

ymerization of 2-propyn-1-ol, having a hydroxy fu-
nctional group, have been carried out by PdCl,*!
Nil,(PhyP),,% Ni(NCS)(C=CR)(Ph,P),*" y-rays,
32 plasma,33 etc.

The MoCls-catalyzed polymerization of 2-pro-
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pyn-1-ol briefly reported.34 However there have
been no reports for the systematic polymerizations
of 2-propyn-1-ol by various transition metal catal-
yst systems.

The present paper deals with the full accounts
for the polymerization of 2-propyn-1-ol, a propargyl
derivative containing hydroxy functional group,
and the characterization of the resulting poly(2-
propyn-1-ol).

EXPERIMENTAL

Materials

2-Propyn-1-ol(Aldrich Chemicals., 99%) was
dried and fractionally distilled by the recommen-
ded procedure. MoCl; and WClg(Aldrich Chemi-
cals, resublimed, 99+ %), and organoaluminum
compounds(Et;Al, (i-Bu);Al Et,AICI, EtAICl, Al-
drich chemicals,, 1.8M solution in toluene) were
used as recieved. Tetraphenyltin(Aldrich Chemi-
cals., 97%) was purified by recrystallizing twice
from carbon tetrachloride. Tetrabutyltin(Aldrich
Chemicals, 99%) and n-butyllithium(Aldrich
Chemicals., 2.5M solution in hexanes) were used
without further purification. Transition metal alko-
xides [Mo(OEt)5, W(OEt); High Purity Chemi-
cals.,] were used as received. All polymerization
solvents were analytical grade materials. They
were dried with apropriate drying agent and frac-
tionally distilled.

Instruments

Infrared spectra were recorded on a Bio-Rad
Digilab FTS-60 spectrometer using KBr pellet.
Thermogravimetric analysis(TGA) was performed
under nitrogen atmosphere at a heating rate of 10
C/min up to 750C with Dupont 951 Thermogravi-
metric Analyzer.

Polymerization Procedures

All procedures for catalyst solution preparation
and polymerization were carried out under dry ni-
trogen atmosphere because the active species are
sensitive to moisture or oxygen. Transition metal
catalysts and organoaluminum compounds were
dissolved in each solvent before use as 0.05, 0.1,
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0.2 and 0.4M solutions. A polymerization ampule
equipped with rubber septum was flushed with ni-
trogen.

Injections of catalyst solution and monomer
were done by means of hypodermic syringes from
which air and moisture were carefully excluded.
After a given polymerization time, the polymer so-
lution was diluted with chloroform, and the poly-
mer was purified by pouring into a large excess of
methanol. The polymer was filtered from the solu-
tion and dried to a constant weight under vacuum
at 40T for 24hr. The polymer yield was calculated
by gravimetry.

Polymerization of 2-Propyn-1-ol by MoCl;

A solution of MoCl;(1.78ml 0.06M chloroben-
zene solution, 0.0892mmol) and chlorobenzene(2.
18ml, [MJ,=2) is prepared. To this solution is
added 2-propyn-1-01(0.5g, 9.33mmol) at room tem-
perature, the polymerization was proceeded at 60T
for 24hr. Polymer yield 87%.

Polymerization of 2-Propyn-1-ol by MoCl;-

EtAICI,

A catalyst solution is prepared by mixing MoCls
(1.78m] 0.05M chlorobenzene solution, 0.0892
mmol), EtAICL,(0.892ml 0.2M chlorobenzene solu-
tion, 0.178mmol), and chlorobenzene(1.29ml, [M],
=2) and aged by keeping at 30C for 15min. Poly-
merization was carried out at 60T for 24hr. Poly-
mer yield 99%.

Polymerization of 2-Propyn-1-ol Mo(OEt);-

EtAICl,

A catalyst solution is prepared by mixing Mo
(OEt)5(0.446ml 0.2M chlorobenzene solution, 0.08
92mmol), EtAIC1,(0.892ml 0.2M chlorobenzene so-
lution, 0.178mmol), and chlorobenzene(2.622ml,
[M],=2) and aged by keeping at 30C for 15min.
Polymerization was carried out at 60C for 24hr.
Polymer yield 53%.

RESULTS AND DISCUSSION
The polymerization of 2-propyn-1-ol containing

hydroxy functional group, was carried out by va-
rious transition metal-based catalysts.

Zp|H A16W A535 19923 94

Table 1 shows the results for the polymerization
of 2-propyn-1-ol by WClg-, MoCls-, and TiCl,-based
catalysts. WCl;, and WClg-cocatalyst(Cocatalyst :
Ph,Sn, n-Bu,Sn, EtAICl,) systems show only a low
yield of polymer. However MoCl; and MoCl;-Ph,
Sn catalyst systems showed a high catalytic acti-
vity for this polymerization of 2-propyn-1-ol. TiCl,.
TiCl,-EtAICl, catalyst systems, which gave some
moderate yied of polymer in the polymerization of
propargyl halides such as propargyl bromide and
propargyl chloride, give no polymer.

Table 2 shows the results for polymerization of
2-propyn-1-ol by MoCls-based catalysts. Organotin
and organoaluminum compounds, typical cocataly-
sts for the polymerizatio of substituted acetylenes
and cycloolefins, were used. And also n-BuLi and
ethanol were used as cocatalyst(reducing agent).
In present polymerization of 2-propyn-1-ol, MoCly
alone shows a high catalytic activity. Ph,Sn and n-
Bu,Sn did not show a enhanced cocatalytic acti-
vity. Four organcaluminum compounds such as Et;
Al, Et,AICI, EtAICl,, and (i-Bu);Al were used as
cocatalyst. Then the polymer yields were some-
what increased when Et,AICl and EtAICl, are used

Table 1. Polymerization of 2-Propyn-1-ol by Transition
Metal Catalysts®

Exp. Catalyst System® Polymer
. Solvent .
No. (mole ratio) Yield(%)
1 WCls Chlorobenzene 7
2 WCl-PhSn(1: 1) Chlorobenzene 10
3  WCls-n-Bu,Sn(1 : 2) Chlorobenzene 7
4  WCI-EtAICL(1 : 2) Chlorobenzene
5 MoCls Chlorobenzene 87
6 MoCl-Ph,Sn(1 : 1) Chlorobenzene 90
7 TiCl, Benzene 0

8 TiCl-EtAICL(1 : 2) Benzene 0

“ Polymerization was carried out for 24hr at 60C.
Monomer to catalyst mole ratio(M/C) and initial
monomer concentration([MJy) were 100 and 2M,
respectively.

b Mixture of catalyst and cocatalyst was aged at 30T
for 15min before use.
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Table 2. Polymerization of 2-Propyn-1-ol by MoCls-
Based Catalysts?

Table 3. Solvent Effect for the Polymerization of 2-
Propyn-1-ol by MoCl;s

Exp. Catalyst System” Polymer Yield* Exp. Solvent Temperature Polymer
No. (mole ratio) (%) No. () Yield* (%)
1 MoCls 87 1 Chlorobenzene 60 87
2 MoClL;-PhsSn(l @ 1) 90 2 Toluene 60 71
3 MoCls-n-Bu,Sn(1 : 2) 85 3 Benzene 60 65
4 MoCl:-Et;Al(1 © 2) 84 4 CCl, 60 84
5 MoCl;-EtAICI(T : 2) 95 5 Chloroform 20 53
6 MoCl-EtAICL(1 : 2) 99 6 CH.Cl, 20 25
7 MoCls-(i-Bu)sAl(1 © 2) 86 7 CHCl=CCl, 60 82
8 MoCls-n-BuLi(1 : 1) 73 8 THF 60 33
9 MoCls-n-BuLi(1 : 3) 50 9 MEK 60 15
10 MoCls-n-BuLi(1 : 5) 44 10 Hexane 60 0
11 MoCl:-EtOH(1 : 2) 84 11 Nitrobenzene 60 0

* Poiymerization was carried out for 24hr in chlorobe-
nzene at 60C. Monomer to catalyst mole ratio(M/C)
and initial monomer concentration([M],) were 100
and 2, respectively.

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

as cocatalyst. MoCl;-EtAICl, catalyst system sho-
wed a quantitative yield of polymer. n-Butyllithium
and ethanol were also used as cocatalyst. However
the polymer yield was rather decreased. The high
catalytic activity of MoCl; alone in the polymeriza-
tion of 2-propyn-1-ol may be explainable as the co-
catalytic activity of 2-propyn-1-ol itself by reducing
MoCl; although the mechanism is not fully under-
stood. The similiar high catalytic activity of MoClg-
based catalyst was also observed in the polymeri-
zation of propiolic acid containing polar carboxylic
acid. %

Table 3 shows the solvent effect for the polyme-
rization of 2-propyn-l-ol by MoCl.. It was found
that aromatic and chlorinated hydrocarbon solve-
nts are good solvents for this polymerization. Tet-
rahydrofuran and methyl ethyl ketone solvents
gave relatively low yields of polymer. Nitroben-
zene and hexane solvents give no polymers.

Table 4 shows the temperature effect for the po-
lymerization of 2-propyn-1-ol by MoCls. In general,
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* Polymerization was carried out for 24hr. Monomer
to catalyst mole ratio(M/C) and initial monomer co-
ncentration([MJ,) were 100 and 2M, respectively.

Table 4. Temperature Effect for the Polymerization of
2-Propyn-1-ol by MoCly*

Exp. No. Temperature Polymer Yield

© (%)
1 r. t 0
2 r. t(48hr) + 60 65
3 40 73
4 60 87
o 90 93
6 120 94

* Polymerization was carried out in chlorobenzene for
24hr. The polymerization solvent was chlorobenzene.
Monomer to catalyst mole ratio(M/C) and initial
monomer concentration([M],) were 100 and 2M,
respectively.

the polymer yield was increased as the polymeri-
zation temperature is increased. The polymeriza-
tion did not proceed at room temperature(at about
20C). The polymerization was proceeded at 60C
even after the polymerization solution(mixture of
monomer, catalyst, and solvent) was stood for 48hr
at room temperature. This phenomenon indicates
that the catalyst(MoClg) did not deactivate though
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Table 5. Polymerization of 2-Propyn-1-ol by Transition
Metal Alkoxides®

Exp. Catalyst System®
p YEOVE Micr M3 Py

No. (mole ratio)
1 Mo(OEt)s 50 1 42
2 Mo(OEt)s 100 2 21
3 Mo(OED-EtAIC, 50 1 53
(1:2)
4 W(OEt)s 50 1 0
5 W(OEt)-EtAICL, 50 1 10
(1:2)

“ Polymerization was carried out at 60C for 24hr.

b Mixture of catalyst and cocatalyst in chlorobenzene
was aged at 30T for 15 min before use.

¢ Monomer to catalyst mole ratio.

dInitial monomer concentration ([M]y).

the polymerization solution has been stood for 48
hr at room temperature.

Table 5 shows the results for the polymerization
of 2-propyn-1-ol by transition metal alkoxides.
Transition metal alkoxides such as Mo(OEt)5 and
W(OEt),, have not been used for the polymeriza-
tion of acetylene derivatives. Mo(OEt); alone gi-
ves some moderate yield of polymer(42%).
EtAICl, shows somewhat cocatalytic activity for
this polymerization of 2-propyn-1-ol by Mo(OEt)s.
W(OEt); alone gives no polymer. However W
(OEt)5-EtAICl, catalyst system gives a lower yield
of polymer(20%). In the polymerization of 2-pro-
pyn-1-ol by transition metal alkoxides, the catalytic
activity of Mo(OEt).-based catalysts was also
found to be greater than that of W(OEt)g-based
catalysts.

The resulting poly(2-propyn-1-ol)s were insolu-
ble in any organic solvents regardless of the poly-
merization conditions and the catalysts used and
were mostly black powder.

Fig. 1 shows the infrared spectra of poly(2-pro-
pyn-l-ol)s. The infrared spectrum of polymers
showed neither the acetylenic hydrogen stretchi-
ning nor the carbon-carbon triple bond stretching
frequencies presented in the infrared spectrum of
the monomer, 2-propyn-1-ol. Instead, new carbon-

Ea2|H A16A A53 1992'd 9¢

Transmittance( % )

4000 3000 2000 1000 400
Wavenumbers(cm™')
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Fig. 2. TGA thermogram of poly(2-propyn-1-ol) pre-
pared by MoCls.

carbon double bond stretching frequency at about
1650cm™ appeared, which indicates that a highly
conjugated polymer was formed. As the result of
insolubility of present polymers, the identification
of polymer by various instrumental methods
[(NMR('H-, *C-), GPC, UV-visible] was not car-
ried out. Although the spectral data is insufficient,
it was thought that there is no any possibility of
other structure besides ideal poly(2-propyn-1-ol)
structure. Of course, the present polymer was seen
to have some cross-linked part, which may be cau-
sed by activated allyl protons of resulting poly(2-
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propyn-1-ol) and/or the hydroxy functional group.

Fig. 2 shows the TGA thermogram of poly(2-
propyn-1-ol). It shows that the poly(2-propyn-1-ol)
retained 92% of its original weight at 200C, 80%
at 300, 54% at 500C, and 37% at 700C.

CONCLUSIONS

In this study, poly(2-propyn-1-ol) containing po-
lar hydroxy functional group, was synthesized by
various transition metal catalysts. The catalytic ac-
tivities of Mo-based catalysts were found to be
greater than those of W-based catalysts. EtAlCl,
were found to be effective cocatalysts for the poly-
merization of 2-propyn-1-ol by MoCl; and Mo
(OEt)5. The polymerization was well proceeded in
various aromatic and halogenated hydrocarbon so-
lvents except for nitrobenzene, hexanes. The resu-
lting poly(2-propyn-1-ol)s were insoluble in any
organic solvents regardless of the polymerization
conditions and the catalysts used. This insolubility
is assumed to be due to the crosslinking of resul-
ting polymers by the active allyl protons and/or
the hydroxy functional group during polymeriza-
tion.
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