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The Polymerization of Trioxane Catalyzed by Rhenium Pentachloride
and Molybdenum Pentachloride

By Hajime MivyaMA and Mikiharu KAMACHI

(Received August 24, 1963)

It is well known that the polymerization of
trioxane is catalyzed by such Lewis acids as
boron fluoride, tin(IV) chloride and antimony-
(V) chloride.”> Also, it has been recently
found? that rhenium pentachloride and molyb-
denum pentachloride act as Lewis acids and

1} S.Okamura, T. Higashimura and M. Fugawa, J. Chem.
Soc. Japan, Ind. Chem. Sec. (Kogyo Kagaku Zasshi), 66, T12
(1962); S. Okamura, T. Higashimura and K. Takeda,
Makromol. Chem., 51, 217 (1962).

are effective catalyst for alkylation and carbo-
nylation. Therefore, the present authors have
tried to polymerize trioxane by using these
catalysts. Three types of polymerization, that
is, solid state polymerization by the simultane-
ous sublimation of monomer and catalyst,®

2) J. Tsuji and M. Morikawa, Private Communication.
3) H. Mivama and M. Kamachi, J. Polymer Sci., B 1,
465 (1963).
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solution polymerization, and bulk polymeri-
zation, were performed.

In the solid state polymerization by simul-
taneous sublimation, commercial trioxane
(American Celanese Co.) was purified by re-
peated sublimation at a high vacuum and then
introduced, at the pressure 10~*~10-°mmHg,
into an ampoule cooled by liquid nitrogen.
At the same time, the desired quantity of
rhenium pentachloride or molybdenum penta-
chloride, which had also been purified by re-
peated vacuum sublimation, was introduced into
the ampoule. After it had been sealed off, the
ampoule was placed in a thermostat of a definite
temperature for a definite time and then
opened. In this reaction, as soon as the poly-
merization occurred, the color of the reaction
system changed from yellow to blue-violet in
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the case of rhenium pentachloride, and from
light yellow to dark yellow in the case of
molybdenum pentachloride. The polymer ob-
tained was washed completely with benzene,
methyl alcohol, and water to remove any un-
reacted monomers and catalyst. The inherent
viscosity of the polymer was measured in a
p-chlorophenol solution (0.1 g./100 ml.) con-
taining 2% of a-pinene by using a Ostwald
viscometer at 60°C. The results obtained are
shown in Table I.

In the solution polymerization, 0.1g. of the
catalyst was dissolved or suspended in 50 cc.
of benzene or another solvent. This solution
was then mixed with a solution consisting of
20cc. of benzene and 10g. of trioxane. The
mixture was made to react in the stream of nitro-
gen. The color of the system changed as soon as
the polymerization occurred. For example,
when rhenium pentachloride was used in a
benzen-ethyl chloroacetate solution, the color

Catalyst ngf;l's?f P(;]i)r’nn;n' P?clr}ggfl' Yf;fld pian  changed from green to gray-green. The results
wt. %  min. °C e are shown in Table II where “ solvent ” means
ReCl; 0.6 60 62 90.5 2.60 the reagent used for dissolving of dispersing
65  84.5 2.81 the catalyst.
3 81.4 2.77 In the bulk polymerization, 2 g. of trioxane
_10 25.0 3.11 and 0.01 g. of the catalyst were dispersed into
10 cc. of petroleum ether. After moisture and
MoCl; 0.6 30 62 93.3 1.36  air had been removed by evacuation at the
50 82.7 0.71  temperature of liquid nitrogen, the petroleum
30 63.1 1.43  ether was evaporated; the reaction vessel was
21 64.3 1.47  then sealed off and kept at 80°C for one hour.
0 23.9 2.14  Results are shown in Table IIIL
—10 20.7 1.77 In the solid state polymerization of trioxane
—20 20.1 1.82 by the simultaneous sublimation of monomer
TaBLE II
Catalyst Solvent Potli):rlirén' P?gnmp?' Yi,'ﬂd Ninh
hr. °C %
ReCl; Benzene 4 60 88 0.63
Benzene 2 40 34 0.63
Benzene 4 40 46 0.80
Ethylene dichloride 2/3 40 91 0.37
Cyclohexane 1 40 48 0.85
Acetone 1 40 62 0.64
Methyl ethyl ketone 1 40 54 0.81
Tetrahydrofrane 1 40 18 0.59
Ethyl chloroacetate 2/3 40 93 0.65
Ethyl chloroacetate 1 25 90 0.76
MoCls Benzene 4 60 54 0.65
Benzene 4 55 52 0.71
Benzene 3 40 47 0.64
Cyclohexane 3 55 69 0.88
Cyclohexane 5.5 40 66 0.78
Acetone 3 40 T4 0.66
Acetone 3 25 52 0.73
Ethyl chloroacetate 3 40 91 0.75
Ethyl chloroacetate 3 25 87 0.68
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TaABLE III
Catalyst Yield, % Ninh
ReCl; 90 1.6
MoCl; 70 1.4

and iodine,® it was once suggested by the
present authors that the initiation of radical
polymerization takes place in association with
the crystal dislocations caused by the simul-
taneous sublimation and that polymerization
occurs in the temperature range between 0°C
and 15°C. However, the situation is very dif-
ferent for the present case because the poly-
merization occurs even at the temperature of
—20°C and also in solution and in bulk.
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Moreover the color of the polymerization
system changes as soon as the polymerization
occurs, and the coexistence of a polar solvent
increases the polymer yield markedly. On the
basis of these findings, it is considered that
rhenium pentachloride and molydenum penta-
chloride catalyze the ionic polymerization of
trioxane by forming a complex with trioxane.

The authors wish to express their thanks to
Dr. Jiro Tsuji and Mr. Masanobu Morikawa
for their advice.

Basic Research Laboratories
Toyo Rayon Company, Ltd.
Kamakura




