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Ring-opening Polymerization of Oxepane
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ABSTRACT:

A method for the preparation of a seven-membered cyclic ether of

oxepane of high purity was established. The polymerization of oxepane was successfully
performed by cationic initiators such as Et;OBF,, Et;OSbClg, and SbCls-epichlorohydrin.
The product polymer (mol wt 2500) was a crystalline solid (26=19.6° and 24.1°, mp
56—58°C). The equilibrium monomer concentration [M]. was determined from the
equilibrated systems both of polymerization and depolymerization, [M]e=8 x 10-2 mol/l
at 30°C and 6x10-2mol// at 10°C. On the basis of [M]e, the strain energy of the

oxepane monomer was discussed.
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In ring-opening polymerization, the relation
between the ring-sizes and reactivities of a series
of cyclic monomers is one of the most funda-
mental problems. As to cyclic ethers, the
polymerizations of three-, four-, and five mem-
bered cyclic ethers have been widely studied.
The reaction rates of the cationic polymerizations
of four-' and five membered’ cyclic ethers
constitute a part of the basis for the quantitative
consideration of reactivity. The present paper
is concerned with seven-membered cyclic ether
of oxepane (oxacycloheptane). The polymeri-
zation of oxepane has been described very
briefly in a patent. In the present study, the
procedure of the preparation and purification of
oxepane is established, and the features of its
polymerization—depolymerization equilibrium,
as well as the basic characterization of polymer
are disclosed.

RESULTS AND DISCUSSION

Preparation and Purification of Oxepane

Several methods have been reported for the
preparation of oxepane. In the dehydrations of
hexamethyleneglycol by sulfuric acid and by
acidic metal oxide,”” the product mixture was
shown by GLPC analysis to contain several by-
products such as 2-methyltetrahydropyran and
2-ethyltetrahydrofuran which could not be sepa-
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rated from oxepane by fractional distillation.
The oxepane preparation by the treatment of 6-
bromohexyl methyl ether with ferric chloride'
also resulted in the formation of by-products
which were not separable from oxepane by frac-
tional distillation. The production of inseparable
by-products is due to the unavoidable side reac-
tion of the isomerization of the carbonium ion
intermediate, which is a perplexing problem in
these procedures. The ring-closure of a bromo-
hydrin by KOH" proved to be satisfactory for
the preparation of pure oxepane. The GLPC
analysis of the ring-closure mixture from 6-
bromo-1-hexanol showed only one by-product
of 5-hexen-1-ol, which was made readily separable
from oxepane by treatment with bromine water.
Repeated fractional distillation on sodium metal
gave pure oxepane, whose purity was shown by
GLPC analysis to be over 99.9%.

Polymerization of Oxepane

Oxepane was polymerized by various cationic
initiators (Table I). Except for SbCl;, Lewis
acid alone did not induce the oxepane polymeri-
zation. Similar behavior of Lewis acids was
observed also in the polymerization of tetra-
hydrofuran (THF).'? Without any initiating addi-
tive, SbCl; alone polymerizes both THF'? and
oxepane.

Addition of a small amount of epichlorohydrin
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(ECH) to the Lewis acid catalyst was quite effec-
tive. The effect of ECH is explained in terms
of the promoter.*’* Besides ECH, g-propiolac-
tone and oxetane were also effective as promoter
(Table II). The AIEt,—H,0 system did not
cause oxepane polymerization even in the pres-
ence of the ECH promoter. Trialkyloxonium
salts such as Et,OBF, and Et,OSbCl; were very
efficient initiators as in the polymerizations of
oxetane and THF.

The polymerization rate of oxepane was found
to be very slow. In the cases of polymerizations
with the above oxonium salt initiators, an almost

Table I. Polymerization of oxepane®
Catalyst Té;r)l,e, Con\%rswn,
Polymerization at 30°C
Et;OBF, 8.5 83
Et;08bClg® 38 97
BF;THF 8.5 0
BF;THF/ECH* 8.5 41
AlEts—H:0 8.5 0
AlEt;—H:0/ECH 8.5 trace
SnCl, 8.5 0
SnCl,/ECH 8.5 26
SbCls 8.5 30
SbCl;/ECH 8.5 88
Polymerization at 10°C
Et;OBF, 65 944
Et;OSbClg 38 98
BF;THF/ECH 14 53
AlEt;—H.0O/ECH 26 trace

s Solution polymerization in CH:Cl,. Oxepane,
8.62 mmol; [M]y, 4.31 mol//; [Cat],, 2 mol%.

b [M]o, 3.45 mol/l.

¢ ECH: epichlorohydrin (as a promoter), 2 mol%.

¢ The vpo mol wt 2500.

Table II. Polymerization of oxepane
(Effect of promoter)®

Promoter Té;r;’e, Con\%rsmn,
No promoter 8.5 0
Epichlorohydrin 38 41
B-Propiolactone 38 14
Oxetane 38 18

& Solution polymerization in CH)Cl, at 30°C.
Oxepane, 8.62mmol; [M]o, 3.45 mol//. BFsTHF
and promoter were each 2 mol%.
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quantitative conversion percent was attained only
after about one month both at 10 and 30°C.
The extent of polymerization at the same reac-
tion time differed according to the nature of
the intiator. It seems probable that the con-
version percent is controlled mainly by the
stability of the propagating species. As will be
reported in a separate paper, the decrease rate
of the concentration of the propagating species
is generally high in oxepane polymerization.
Further, it is relevantly mentioned that a big
change of the termination rate according to the
nature of the initiator has been observed in THF
polymerization.®

Polymer Characterization

The oxepane polymer is a crystalline solid.
It is soluble in chloroform, 1,2-dichloroethane,
THF, ether, benzene, cyclohexane, and petroleum
ether, and insoluble in water, methanol, acetone,
and dimethyl sulfoxide. The X-ray diffraction
pattern shows two crystalline peaks at 20=19.6°
and 24.1°. A polymer sample having a molec-
ular weight of 2500 melted at 56—58°C. The
IR spectrum has an vc_o_c absorption at 1120
cm™. The NMR spectrum consists of two
broad absorptions centered at ¢ 6.6 and = 8.6,
which are assigned respectively to the two
methylene groups adjacent to oxygen (total 4H)
and to the remaining four methylene groups
(total 8H).

Polymerization Equilibrium
Polymerization equilibrium of cyclic ether is
well exemplified by the THF polymerization.**'*®

Mf)/\l + 0/\| — —ocHy)—& \|
NS

p—
The monomer-polymer equilibrium in the oxepane
polymerization was examined. The results are
shown in Table III. By using Et;OSbCl, as the
initiator, oxepane was polymerized in CH,CI,
for 38 days, and the monomer concentration at
the final stage was determined by GLPC analysis.
On the other hand, purified polymer was treated
with the same initiator in CH,Cl, for 18 days.
The amount of monomer produced from linear
polymer was also determined by GLPC. The
two values of the final monomer concentrations
derived from polymerization and depolymeriza-
tion experiments agreed within experimental error.
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Table III. Equilibrium monomer concentration®

Equili-
Monomer®?/  brium
Time, Polymer monomer
day (at equili- concn,
brium  [M]ex 102,
mol/!
At 30°C
From monomere¢ 38 2.7/97.3 9.3
From polymer? 18 2.4/97.6 7.0
av 8
At 10°C
From monomere® 38 2.1/97.9 7.2
From polymer? 18 1.6/98.4 4.9
av 6

¢ Polymerization and depolymerization were car-
ried out with Et;OSbCls (2 mol%) in CH:Cls.

» The monomer concentration in the system was

determined with GLPC analysis by using

1,1,2,2-tetrachloroethane as internal standard.

Oxepane, 8.62 mmol; [M],, 3.45 mol/l.

The initial concentration of the monomeric units

in polymer was 2.87 mol/l.

a o

Thus, the average value was taken as the equi-
librium monomer concentration [M],; 8x107*
mol/l at 30°C and 6x107* mol// at 10°C.

The [M], is related to the equilibrium constant
K and to the free energy change of the mono-
mer-to-polymer conversion, AP,

K
P, +M — P,

— [P'rHJ]>k — 1
[P*M]e  [M].

AF’=—RTIn K=RT In [M],

It has been reported that the polymerization of
oxetane (four-membered cyclic ether) is not
reversible.® On the other hand, the THF poly-
merization is reversible and the conversion per-
cent at equilibrium in bulk polymerization is
not very high, e.g., it is 83% ([M].=2.1 mol/l)
at 10°C and 73% ([M].=3.4mol/l) at 30°C.
The free energy decrease of the oxepane poly-
merization is intermediate between the corre-
sponding values of the polymerizations of
oxetane and THF. This finding qualitatively
agrees with the results of the thermochemical
estimation of free energy change of the cyclic
ether polymerizations based upon the hypothetical

)

Figure 1. A molecular model for oxepane.

polymerizations of cycloparaffins.’’

The free energy decrease of the polymerization
of cyclic compounds is ascribed mainly to the
strain energy of monomer.'” Thus the strain
of oxepane is higher than that of THF. As
depicted in the “molecular model of Figure 1,
the strain of oxepane may be attributed to the
transannular repulsion between the pseudo-axial
hydrogen atoms.”® The kinetic study of the
oxepane polymerization is now in progress, which
will be published elsewhere.

EXPERIMENTAL

Reagents

THF and CH,Cl, were commercial reagents
and purified as described previously.®'* Oxetane
was prepared according to Rose'® and rectified
over KOH and metallic sodium, successi'vely.
BF,THF complex was prepared by passing BF,
gas into THF at 0°C and was purified by distil-
lation under reduced nitrogen pressure, bp 69°C
(4mm).® Et,OBF, was prepared by the method
of Meerwein, et al.,” and purified by reprecipi-
tation (CH,Cl,—ether) and dried in vacuo at room
temperature. Et,OSbCl, was prepared similarly,
recrystallized from 1,2-dichloroethane—ether sys-
tem, and dried irn vacuo. AlEt;—H,O (1:0.5)
system was prepared as described before."

Other reagents were purified by ordinary
procedures.

Preparation of Oxepane

6-Bromo-1-hexanol 1. Commercial reagent of
hexamethylene glycol was treated with hydro-
bromic acid at 80°C under continuous extraction
of the reaction product with petroleum ligroin.

Polymer J., Vol. 3, No. 1, 1972
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The extract was washed successively with aq
alkali solution and water, subjected to evapo-
ration of ligroin at 50—60°C. under reduced
pressure, and finally distilled at reduced nitrogen
pressure to give a 36-9 yield of 1, bp 85°C
(0.7 mm).**

Oxepane. Oxepane monomer was prepared by
the reaction of KOH" on 1 at 140°C in tetralin.
The reaction product was continuously distilled
out at 150 mmHg and purified by repeated frac-
tional distillations over sodium metal after the
treatment with bromine water. The purity of
the product oxepane was over 99.9% by GLPC
analysis (yield 12%): bp 120.5°C, di® 0.862;
NMR (CDCl,) 7 6.3 (m, 4H, CH,0OCH,) and
8.3ppm (m, 8H, CH,~(-CH,-),-CH,).
Polymerization

Polymerization was carried out in CH,CL,
solution under nitrogen atmosphere. The reac-
tion was initiated by the addition of a catalyst
solution to 1 m/ (8.62 mmol) of monomer. After
a desired time of reaction, the polymerization
system was terminated by the addition of excess
methanol.
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