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ABSTRACT: The polymerization of 3,3-diethoxy-1-propyne having acetal functional group by var-
jous Mo- and W-based catalysts. MoCl; and MoCls-organoaluminum catalyst systems give some
moderate yield of polymer (30~41%). Mo-based catalyst systems were found to be more effective
for the present polymerization of 3,3-diethoxy-1-propyne than W-based catalyst systems. The Mo-
Cl;-EtAICI, catalyst system yielded the best results. The resulting polymers were found to be
insoluble in most organic solvents regardless of the polymerization conditions and the catalyst
employed. The infrared spectrum of polymer showed neither the acetylenic hydrogen stretching
nor the carbon-carbon triple bond stretching frequencies in contrast with that of the monomer.
Thermal properties of the resulting polymer were also studied.

Introduction

The polymerization of acetylene and its deriva-
tives by various initiating systems was extensively
studied.! ? The unusual features of the reactivities
of acetylene derivatives are determined largely by
the high electron density in the triple bond, the
cylindrical symmetry of the electron distribution
relative to the molecular axis, and the weak polar-
izability of m-electrons, which hinder electrophitic
attack and facilitate nucleophilic attack on the triple
bond. Because of the above characteristics, the acet-
ylene derivatives readily form n complexes and met-
al acetylides." A number of transition metal-based
catalysts were used for the polymerization of
acetylene derivatives.” * Mo- and W-based catalysts
have been used for the polymerization of phenyl-
acetylene and its homologues in the past two dec-
ades.’ ™ In recent years we have studied the polym-
erization of acetylene derivatives carrying aromat-
ic heterocycles and the cyclopolymerization of non-
conjugated diynes.' ¥ The polymerization of acety-
lene derivatives containing oxygen atom was scarce
and restricted to some cases such as 2-propyn-1-
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ol propiolic acid,” propargyl ethers’'~* propargyl

acrylate,® etc. To our knowledge, there has been
no report on the polymerization of 33-diethoxy-1-
propyne (DEP) having diethyl acetal functional
group. This article deals with the polymerization
behaviors of DEP by various Mo- and W-based cat-
alysts and with the characterization of resulting
poly(DEP).

Experimental

Materials. Acrolein (97%, Aldrich Chemicals)
was dried with CaSQ, and fractionally distilled.
Triethyl orthoformate (98%, Aldrich Chemicals) and
sodium amide (95%, Aldrich Chemicals) were used
as received. MoCl; and WCls (Aldrich Chemicals,
resublimed, 99+ %), and organoaluminum com-
pounds (Et;Al, Et,AlCI, EtAICl, Aldrich Chemicals, 1.8
M solution in toluene) were also used as received.
WOCL, (Aldrich Chemicals, 98%) and transition met-
al alkoxides [ Mo(OE,)s, W(OE,)s, High Purity Chem-
icals] were used without further purification. All
polymerizationsolventswereanalyticalgradematerials.
They were dried with appropriate drying agents
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and fractionally distilled.

Instruments. NMR (‘H- and ¥C-) spectra
were recorded on a Bruker AM-200 spectrometer
using CDCls. Infrared spectra were recorded on a
Bio-Rad Digilab FTS-60 spectrometer. Elemental
analyses were carried out with a 240C Elemental
Analyzer. Thermogravimetric analysis (TGA) was
performed under nitrogen atmosphere at a heating
rate of 10 C /min up to 700 C using a DuPont 951
Thermogravimetric Analyzer. Thermal transitions
were measured by a DuPont 910 differential scan-
ning calorimeter under nitrogen atmosphere at a
heating rate of 10 C/min up to 400 C.

Preparation of DEP. DEP was prepared ac-
cording to a literature procedure.? This involved the
bromination of acrolein, the acetalation, the elimi-
nation of hydrogen bromide from the bromoacetals
BrCH,CHBrCH(OEt);, and the hydrolysis.

The yield and boiling point were 65% and 73
C /40 mmHg (lit b.p. 38 T /10 mmHg), respectively.
% 1H-NMR (5, ppm, Figure 1): 1.25 (6H), 2.56 (1H),
3.45~3.85 (4H), 5.28 (1H). ®*C-NMR (8, ppm, Figure
2): 15.0, 16.0, 73.5, 78.0, 91. IR (wavenumber, cm !,
Figure 3): 3279, 2979, 2124, 1739, 1341, 1112, 1057,
1015. Anal. Calcd for C;H202: C, 65.59%; H, 9.44%;
0, 24.97%. Found: C, 65.70%; H, 9.42%; 0, 24.88%.

Polymerization Procedures. All procedures
for catalyst solution preparation and polymerization
were carried out under dry nitrogen atmosphere
because the active species are sensitive to oxygen
and moisture. Transition metal catalysts, and organo-
aluminum and tin compounds were dissolved in
each solvent before use as 0.05, 0.1, 0.2, and 04
M solutions. A polymerization ampule equipped
with rubber septum was flushed with nitrogen.

Injections of solvent, catalyst solution, and mono-
mer were done by means of hypodermic syringes
from which air and moisture were carefully ex-
cluded. After a given polymerization time, the reac-
tion solution was diluted with chloroform, and then
the polymer was purified in the presence of a large
excess of methanol. The polymer was filtered and
dried to a constant weight under vacuum at 40 C
for 24 hr. The polymer yield was calculated by gra-
vimetry.

Polymerization of DEP by MoCls. A solution
of MoCl; (0.78 mL, 0.1 M chlorobenzene solution,
0.078 mmol) in chlorobenzene (0.61 mL, [M],=2
M) was prepared. To this catalyst solution was add-
ed DEP (0.5 g, 3.9 mmol) at room temperature. The
polymerization was carried out at 60 C for 24 hr.
Polymer yield 35%.

Korea Polym. J., Vol. 1, No. 1, 1993

70 60 50 40 30 20 10 00
PPM

Figure 1. 'H-NMR spectrum of DEP.

Polymerization of DEP by MoCl;-Ph,Sn (1 :
1). A catalyst solution was prepared by the injec-
tion of MoCl; (0.78 mL, 0.1 M chlorobenzene solu-
tion, 0.078 mmol) into the polymerization ampule
of chlorobenzene (2.56 mL, [M],=1 M) and Ph,Sn
(33.3 mg). This catalyst solution was activated by
being held at 30 C for 15 min. To this catalyst
solution, DEP (0.5 g, 3.9 mmol) was added at room
temperature. The polymerization was carried out
at 60 T for 24 hr. Polymer yields 23%.

Polymerization of DEP by WOCI,-E.AICI, (1
:2). A catalyst solution was prepared by mixing
WOCI; (0.2 M, 0.39 mL chlorobenzene solution, 0.078
mmol), EAICL; (0.2 M, 0.78 mL chlorobenzene solu-
tion, 0.156 mmol), and chlorobenzene (2.17 mL, [M],
=1 M). This catalyst solution was activated by
being held at 30 C for 15 min. DEP (0.5 g, 3.9
mmol) was added at room temperature. The polym-
erization was carried out at 60 C for 24 hr. Poly-
mer yield 25%.

Results and Discussion

The polymerization of diethyl acetal containing
propargyl derivative, 3,3-diethoxy-1-propyne was
carried out by various Mo- and W-based catalysts
(Scheme I). In previous works for the polymeriza-
tion of acetylene derivative containing oxygen atom
such as 2-propyn-ol," propiolic acid,”” and propargyl
ethers?! it was known that Mo-based catalyst sys-
tems were more effective than W-based catalyst sys-
tems. Table I shows the results for the polymeri-
zation of DEP by Mo-based catalysts. MoCl; alone
gives some moderate vield of polymer (35%). PhySn
and n-Bu,Sn, which were found to be effective co-
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Table 1. Polymerization of 3,3-Diethoxy-1-Pro-
pyne by Mo-Based Catalysts*

polymer
experiment catalyst system’ yield
1no (mole ratio) M1, (%)
1 MoCls 2 35
2 MoCls-PhySn (1: 1) 1 23
3 MoCls-n-Bu;Sn (1:2) 1 27
4 MoCls-Et;Al (1:2) 1 30
5 MoCl;-EtAICI (1:2) 1 38
6 MoCls-EtAICL, (1:2) 1 41
7 Mo(OEt); 1 0
8 Mo(OEt):-EtAICL (1:2) 1 9

“Polymerization was carried out for 24 hr in chlorobe-
nzene. Monomer to catalyst mole rati (M/C) was 50.
*Mixture of catalyst and cocatalyst was aged at 30 C
for 15 min befor use. “Methanol-insoluble polymer.

catalyst for the polymerization of some acetylene
derivatives such as 2-ethynylthiophene™ and 2-eth-
ynyfuran' by MoCls;, shows no enhanced cocatalytic
activity. Three organoaluminum compounds such
as Et;Al, Et,AICI, and EtAICL, were also used as
cocatalysts. The polymer yield increased in the fol-
lowing order.

EtAICl, > EtAICI > Et;Al

This result consisted with that for the polymeriza-
tion of some acetylene derivatives such as 2-ethynyl-
pyridine®® and dipropargy! sulfide.” The best re-
sult (the highest polymer yield) was obtained when
MoCls-EtAICl, catalyst system was used. Mo(OEt)s
and Mo(OEt);-EtAICl,, which gave some moderate
polymer yield for the polymerization of 2-propyn-
1-ol and 3-chloropropyne,® were also tested for the
present polymerization. However, Mo(OEt); yielded
no polymer and only Mo(OEt)s-EtAICl, catalyst sys-
tem gave a low polymer yield.

Table II shows the results for the polymerization
of DEP by W-based catalysts. In comparison with
the results for the polymerization of DEP by Mo-
based catalysts, W-based catalysts were found to
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Table II. Polymerization of 3,3-Diethoxy-1-Pro-
pyne by W-Based Catalysts’

experiment catalyst system’ polymer yield
no (mole ratio) (%)
1 WCls 3
2 WCls-PhySn (1:1) 5
3 WClg-n-Bu,Sn (1:2) 6
4 WCl-Et:Al (1:2) 12
5 WCI-EtAICI (1:2) 17
6 WCI-EtAICL, (1:2) 23
7 WOCl, 0
8 WOCL-EtAICL, (1:2) 25
9 W(OEt)s 0
10 W(OE)s-EtAICL (1:2) 0

“ Polymerization was carried out for 24 hr in chlorobe-
nzene. Initial monomer concentration ((MJy) and mo-
nomer to catalyst mole ratio (M/C) were 1 M and
50, respectively. *Mixture of catalyst and cocatalyst
was aged at 30 T for 15 min before use. ‘Methanol-
insoluble polymer.
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Figure 2. "C-NMR spectrum of DEP.

be less effective. These behaviors consist with the
polymerization of acetylene derivatives carrying ox-
ygen atom.®?*% From these results it can be de-
duced that the oxygen atom in the monomer activates
MoCl;, although the mechanism is not fully under-
stood. In our previous work® it was also found that
the acetylene derivatives (carrying oxygen atom)
such as 2-propyn-1-ol, DL-3-butyn-2-ol, and propio-
lic acid activate MoCls resulting in an enhanced
polymer yield for the polymerization of phenylacet-
ylene. In W-catalyzed polymerization of DEP, organ-
oaluminum compounds also showed some cocatalytic
activity, but the polymer yields were generally low.
WOCI, produced no polymer, however, WOCl,-EtA-
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Figure 3. FT-IR spectra of DEP (A) and poly(DEP)
(B).

ICl, catalyst systems produced poly(DEP) in 25%
yield. Tungsten ethoxides such as W(OEt); and W
(OEt)s-EtAICI, were also tested for the present poly-
merization, but the polymerization did not proceed.
The resulting poly(DEP)s were insoluble in most
organic solvents regardless of the polymerization
conditions and the catalysts employed. The insolu-
bility of the present polymers may be ascribed to
the cross-linking of poly(DEP) by activated allyl
proton adjacent to oxygen atom. A number of poly-
acetylene carrying allyl proten [poly(propargyl de-
rivative)s] have been known to be insoluble in or-
ganic solvents regardless of the polymerization
conditions.”**?® The elemental analysis data for poly
(DEP) prepared by MoCls-EtAICl, agreed reasona-
bly well with the calculated value. Calcd for (C;H,»
0,),: C, 65.59%; H, 9.44%; 0, 24.97%. Measured:
C, 64.28; H, 9.12%.

Figure 3 shows the infrared spectra of DEP and
poly(DEP) in KBr pellet. The infrared spectrum of
poly(DEP) showed neither the acetylenic hydrogen
stretching = C-H, 3279 cm !) nor the carbon-carbon
triple bond stretching (C=C, 2124 cm ') vibration
which appears in the infrared spectrum of the mono-
mer, DEP. Instead, a new carbon-carbon double
bond stretching (—C=C—) vibration at about 1620
cm™! appeared, indicating that a highly conjugated
polymer was formed. The aliphatic C-H stretching
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Figure 4. TGA thermogram of poly(DEP) prepared
by MoCls-EtAICL,.
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Figure 5. DSC thermogram of poly(DEP) prepared by
MOC[;'EtAlclg

vibration and C-O-C stretching vibration were also
observed at 2870~2974 c¢cm ' and 1095 cm !, re-
spectively.

As a result of the insolubility of the present poly-
mer, the identification of the exact polymer struc-
ture by various instrumental methods such as
NMR, GPC, UV-visible spectroscopies could not be
carried out. Although the spectral data for poly
(DEP) structure was insufficient, it can be said that
there is no possibility for other structures besides
the desired poly(DEP) structure to be formed. Of
course, as was previously mentioned, the present
poly(DEP) seemed to have some cross-linked part,
possibly due to the active allyl protons of the result
ing poly(DEP). Figure 4 shows the TGA thermo-
gram of the poly(DEP) prepared by MoCls-EtAICL.
It shows that the poly(DEP) retained 95% of its
original weight at 100 C, 77% at 300 C, 68% at
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400 T, and 52% at 700 C. The small weight loss
of the poly(DEP) at relatively low temperatures
seems to be due to the desorption of volatile sub-
stances such as moisture, solvents, and/or the cata-
lyst residues. The DSC thermogram (Figure 5) of
poly(DEP) shows a broad featureless peak (maxi-
mum peak temperature: 144 C). This peak is de-
duced to be the increased side chain [CH(OEt),]
mobility. A broad exothermic peak at about 340 C
can be assigned to the cross-linking and decomposi-
tion of poly(DEP) backbone.

Conclusions

In present paper polyacetylene derivative contain
ing acetal functional group, poly(DEP), was syn-
thesized and characterized. [n general, Mo-Based
catalyst systems were found to be more effective
than W-based catalyst systems. It was thought that
the enhanced catalytic activity of Mo-based catal-
ysts was ascribed to the activation of molybdenum
chloride by oxygen atom-containing monomer, DEP.
Organoaluminum compounds, especially EtAICl,,
were found to be effective as cocatalyst. The result-
ing poly(DEP) was insoluble in most organic sol-
vents regardless of the polymerization conditions and
the catalysts employed, and it was brown or balck
powder form. The structure of poly(DEP) was char-
acterized to have a conjugated double band in the
polymer backbone with some cross-linked portion,
which may be caused by active allyl protons of the
resulting poly(DEP).
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