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Abstract : The polymerization of propargyl phenyl ether(PPE) was carried out by various transition
metal catalysts. MoCls-based catalysts were more effective than WClg-based catalysts. (n-Bu),Sn was
found to be very effective cocatalyst for the polymerization of PPE by MoCls. It was found that 1,2-di-
chloroethane, toluene, chlorobenzene are good solvents for this polymerization. The resulting poly
(propargy] phenyl ether){poly(PPE)] structure was identified by NMR, IR, UV-visible spectrosco-
pies to have highly conjugated polyene structure. The poly(PPE) was completely soluble in aromatic
and halogenated hydrocarbons such as benzene, chlorobenzene, and chloroform, but insoluble in me-
thanol, formic acid, and hexane. The poly(PPE) was thermally stable up to 200T.

INTRODUCTION atoms) in the conjugated polymer chain is a very

promising direction of development in the chemis-

The synthesis and study of the properties of try of high molecular weight polymer.‘”4 A chara-
polymers having conjugated double bonds and cteristic feature of such polymers is as follows.>~7
heteroatoms(sulfur, nitrogen, oxygen, and metal (a) conductivity(semiconductivity), (b) paramag-
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netism, (c¢) migration and transfer of energy, (d)
color, (e) chemical reactivity and complex forma-
tion ability. Because of these unique properties,
polyene-based polymers seems promising as spe-
cialty polymer materials, which might have unique
and useful functions. A number of substituted ace-
tylenes such as phenylacetylene? 2-ethynylacety-
lene,’ 2-ethynylfuran,'® t-butylacetylene,! etc. are
polymerized by various transition metal catalysts.

However, there have been a few study for the
polymerization of propargyl derivatives'? and the
polymers from propargyl derivatives such as pro-
pargyl bromide, propargyl chloride, and propargyl
alcohol are mostly insoluble in any organic sol-
vents.!>!* In recent years, we reported firstly the
synthesis of soluble poly(propargyl bromide) and
poly(propargyl chloride) by using TiCl,-EtAICl,
catalyst systems.’>'6 And also we used the W- and
Mo-based catalyst systems, which were very effec-
tive for the cyclopolymerization of dipropargyl
derivatives.!”~1°

The present article deals with the polymeriza-
tion of PPE and the characterization of the resul-
ting poly(PPE).

EXPERIMENTAL

Materials

Propargyl bromide (Aldrich-Chemicals., 80 wt %
solution in toluene) was dried over calcium hy-
dride and fractionally distilled. Phenol (Janssen
Chimica, 99%) and potassium hydroxide(Janssen
Chimica) were used as received. Tungsten(VI)
and molybdenum(V) chlorides (Aldrich Chemi-
cals,, resublimed, 99+ %) were used without fur-
ther purification. Tetrabutyltin (Aldrich Chemi-
cals,, tech., 93%), ethylaluminum dichloride (Ald-
rich Chemicals., 25 wt% (1.8 M) solution in to-
luene), and palladium(Il) chloride (Aldrich Che-
micals., 99.995% ) were used as received. All poly-
merization solvents were dried with a propriate
drying agent and fractionally distilled before use.

Instruments

'H-NMR spectra were recorded on a Varian FT
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T-80A NMR spectrometer. Infrared spectra were
taken on 2 BOMEN’s MB 100 spectrometer using
a potassium bromide pellets. UV-visible spectra
were obtained with a Cary spectrophotometer.
Number- and weight average molecular weights
of poly(PPE) were measured by means of GPC-
150C of Waters using a calibration curves for poly-
styrene. Thermogravimetric analysis (TGA) was
performed under nitrogen atmosphere at a heating
rate of 10C/min up to 800C with a Perkin Elmer
TGS-1 thermobalance.

Preparation of PPE

In the three-neck flask, which is equipped with
an additional funnel for solid, a stirrer, and a ther-
mometer, 47g(0.5 mol) of phenol, 77g (0.65 mol) of
propargyl bromide and 400ml of ethanol were ad-
ded. Then machined powdered KOH (0.6mol) was
added in 30 min to the vigorously stirred mixture.
After the addition the mixture was heated under
reflux for 2 hr. The mixture was then cooled and
500 ml of ice-water added. The layers were sepa-
rated and the aqueous layer extracted one time
with a small amount of ethyl ether. Extract and
main portion were combined, washed with water
and dried over magnesium sulfate. PPE was obtai-
ned in a yield 75%, bp. 80C/20mmHg.

'H-NMR(Fig. 1, A. &, ppm) : 2.7(1H), 48(2H),
70~7.7(5H). IR(Fig. 1, B. wavenumber, cm!) :
3288(= C—H stretching), 2122(C= C stretching).

Polymerization

All polymerizations were carried out under dry
nitrogen atmosphere because the active species
of the catalysts are very sensitive to oxygen and
moisture. Catalyst solution consisting of two
components (e. g, WCl; and EtAICL,) were aged
at 30C for 15min before use to activate the
catalysts. A typical polymerization procedure is as
follows : In a 20ml ampoule equipped with rubber
septum, 3.04ml of 0.05M MoCl; solution, 0.76ml of
02M (n-Bu), Sn solution, and 2.8ml chloroben-
zene were injected. After aging at 30C for 15min,
1.0g of PPE was injected to this catalyst solution.
After standing at 60C for 24hr, the polymerization
was terminated with a small amount of methanol.
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Fig. 1. "H-NMR(A) and IR spectra(B) of phenyl pro-

pargyl ether(PPE).

Then, 10 ml of chloroform was added, and the
polymer was isolated by precipitation into a large
excess of methanol. The precipitated polymer was
filtered from the solution and dried under vacuum
at 40T for 24hr. The polymer yield was calculated
by gravimetry.

RESULTS AND DISCUSSION

Polymerization
The polymerization of PPE were carried out
with various transition metal-based catalysts.
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Table 1. Polymerization of Phenyl Propargyl Ether
(PPE) by Various Transition Metal Catalysts®

Exp. Catalyst Sys_temb [M] ?olymer
No. (mole ratic) " Yield(%)*

1 MoCls 1.0 52

2 MoCl-EtAICI,(1: 1) 1.0 10

3 MoCls-EtAICKL(1 : 1) 20 18

4  MoCl-(n-Bu),Sn(1:1) 1.0 72

5 MoCl-(n-Bu)Sn(1:1) 20 86

6 WCls 1.0

7  WCL-EtAICI(1: 1) 1.0 5

8 WCl-(n-Bu),Sn(1: 1) 1.0 10

9 PdCL* 1.0 30

 Polymerization was carried out at 60C for 24 hr in
CICH,CH,CL.

bMixture of catalyst and cocatalyst in CICH,CH,C!
and chlorobenzene was aged at 30T for 15 min.

¢ Initial monomer concentration(M).

¢ Methanol insoluble polymer.

¢ Polymerization was carried out at 90C for 24 hrs in
DMF.

Table 1 shows the results for the polymerization
of PPE by various transition metal catalysts. MoCl;
alone gives some moderate yield of polymer.
EtAICl,, which was very effective cocatalyst in
the polymerization of 2-ethynylpyridine®® and
propargyl chloride®™ even decreased the polymer
yield. However (n-Bu), Sn was found to be
very effective cocatalyst for this polymerization.
In general WCl; alone and WCls-based catalysts
were less effective than MoCls-based catalysts.
PdCl, polymerized PPE to give poly(PPE) in
the yield of 30%.

Fig.2 shows the time dependence curve in the
polymerization of PPE by MoCl;-(n-Bu), Sn. The
polymerization was proceeded rapidly within 2 hr
to the extent of about 50% and then polymeriza-
tion was proceeded more slowly.

Table 2 shows the solvent effect for the polyme-
rization of PPE by MoCl; at 60C. It was found that
1,2-dichloroethane, toluene, and chlorobenzene are
good solvents for this polymerization. On the other
hand, dioxane and monoglyme were found to be
poor solvent.
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Fig. 2. Time dependence curve in the polymerization
of phenyl propargyl ether by MoCls-(n-Bu),Sn at 60
t, [M1,=2.0, M/C(monomer to catalyst mole ratio)
=50.

Table 2. Solvent Effect in the Polymerization of Phe-
nyl Propargyl Ether(PPE)?

Exp.No. Solvent [M]p»  Folymer

Yield( % )*
1 CICH.CH,C1 1.0 52
2 CICHCH.CI 2.0 80
3 Toluene 1.0 48
4 Toluene 2.0 78
5 Chlorobenzene 1.0 46
6 Chlorobenzene 2.0 66
7 Monoglyme 1.0 0
8 Monoglyme 2.0 5
9 Dioxane 1.0 8
10 Dioxane 20 17
11 Ethyl acetate 1.0 48
12 Ethyl acetate 2.0 50

2 Polymerization was carried out by MoCls at 60C for
24 hrs. Monomer to catalyst mole ratio(M/C) was
50.

® Initial monomer concentration(M).

¢ Methanol insoluble polymer.

Polymer Structure

The structure of poly(PPE) was characterized
by NMR, IR, and UV-visible spectroscopy. Fig. 3
shows the "H-NMR and IR spectra of poly(PPE).
IH-NMR spectrum shows the aromatic and vinyl
protons at 6.3~ 7.7 ppm, and it also shows methy-
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Fig. 3. '"H-NMR(A) and IR spectra(B) of Poly(phenyl
propargyl ether).

lene protons at 3.5~5.2 ppm. The IR spectrum of
poly(PPE) shows neither acetylenic carbon-hydro-
gen stretching frequency nor carbon-carbon triple
bond stretching frequency.

Fig. 4 shows the UV-visible spectra of PPE and
poly(PPE) in 1,2-dichloroethane. A characteristic
peak of conjugated polymer appeared in visible re-
gion in the case of poly(PPE). From these obser-
vations, it is concluded that the present poly(PPE)
have a highly conjugated structure.

Physical Properties

Poly(propargyl ethers) having aliphatic substi-
tuents such as methyl, ethyl, propyl, n-butyl, and
tetrahydrofuryl substituent were mostly insoluble
in any organic solvent except for the polymers
prepared by PdCl,. These insolubility of poly(pro-
pargyl ethers) prepared by W- and Mo-based cata-
lysts is assumed to be due to the crosslinking of
active allyl protons in polymers by catalysts or
other factors. However, the present poly(PPE)
was completely soluble in aromatic and halogena-
ted hydrocarbons such as benzene, chlorobenzene,
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Fig. 4. UV-Visible spectra of phenyl propargyl ether

(----- ) and poly(phenyl propargyl ether)(

1,2-dichloroethane.

) in

Table 3. Molecular Weights of Poly(phenyl propargyl
ether)?

Sample M, M. M./M,
1-4 3,200 10,600 33
1-5 5,700 14,800 26
2-2 3,600 11,700 33
2—4 5,800 16,400 28
2-5 2,800 7,400 2.6

* Molecular weights were measured by GPC using ca-
libration curves for polystyrene in tetrahydrofuran
solution.

a ; table number, b : experiment number.

chloroform, etc., but insoluble in methanol, formic
acid, and hexanes. The poly(PPE) prepared by W-
and Mo-based catalysts was brown and dark-red
powder whereas the poly(PPE) prepared by PdCl,
has black color.

Table 3 shows the number- and average mole-
cular weights of some poly(PPE). In general, the
average molecular weights (I\_'In=2,700~5,800,
M, =7,400~16,400) were relatively low. The
polydispersity (M,/M,) was in the range of 2.6
and 33.

Fig. 5 shows the TGA thermogram of poly
(PPE). The poly(PPE) is thermally stable up to
200C and decomposes above this temperature. It
shows that poly(PPE) retained 95% of its original
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Fig. 5. TGA Curve of Poly(phenyl propargyl ether).

weight at 225C, 70% at 360C, 50% at 560, and
46% at 800C.

Further works on the electrical and morphologi-
cal properties of poly(PPE) are in progress.
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