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Cationic polymerization of oxiranes is known to 
produce a considerable amount of cyclic oligo
mers1-3 as well as high polymers. Recently, much 
attention have been given to these oligomers in 
connection with the direct synthesis of crown 
ether.4 However, it is not known whether oligo
merization conditions can be controlled to give 
specific cyclic oligomers. In order to investigate 
the factors influencing cyclic oligomer formation, 
cationic oligomerization of epichlorohydrin (ECH) 
under various conditions was carried out in this 
study. 

EXPERIMENTAL 

ECH was distilled over calcium hydride. Boron 
trifluoride diethyletherate (BF30Et2) was distilled 
under a nitrogen atmosphere and stannic chloride 
(SnC14), and trifluoromethanesulfonic acid 
(CF3S03H) were used as supplied. Solvents 
were purified by conventional methods. The 
oligomerization reaction was carried out under 
a nitrogen atomosphere by the dropwise addition 
of the monomer to the initiator solution while 
being stirred and cooled in order to control the 
vigorous exothermic reaction. The overall mono
mer concentration was 0.20 to 2.9 moljl and that 
of initiator was about 50 mmolfl. The reaction 
was terminated with a 5-% aqueous NaOH solu
tion and the product was then extracted with ethyl 
ether. Viscous products were obtained after 
evaporating off the solvents under reduced pres
sure. Product distribution was determined by 
GPC, Toyo Soda HLC 802UR equipped with 
4 feet of G2000 H8 (nominal porosity 2.5 x 102 A 

TP/F 8000) columns eluted with CHC13. The 
peak position and intensity (area) were calibrated 
using the cyclic oligomers which had been isolated, 
as will be described later. The tetramer peak inten
sity per unit weight relative to dimer was 1.38, 
and that of trimer was assumed to be equal to the 
dimer; those of the heptamer and the higher oligo
mers were assumed to be equal to the tetramer. 
Relative error involved in determining the amounts 
of the products is believed to be within ±20%. 
The dependence on conversion was scarcely ob
servable. During distillation, needle-like crystal 
sublimed at 60/0.15 mmHg and was identified as 
the cyclic dimer: mp (recrystallized from toluene) 
108.9-110.7°C (Iit.5 109-l10°C); 1H NMR 
(CDC13) o 3.3-4.2 (m); 13C NMR (CDC13, o ppm 
from TMS) 42.74, 69.05, 74.01; mass spectrum 
mfe 184, 186, 188. Anal. Calcd for (CaH5ClO)n: 
C, 38.94; H, 5.45; Cl, 38.32. Found: C, 38.92; 
H, 5.21; Cl, 37.28. The fraction at 185-195/ 
0.5 mmHg (lit.2 195-205/1 mmHg), a viscous 
liquid, was diluted with toluene and cooled over
night. The needle-like crystal formed was identi
fied as the cyclic tetramer I: mp (recrystallized from 
toluene) 135.2-136.6°C (lit. 2 ' 6 133-136°C, 136-
1380C); 1H NMR (CDC13) o 3.3-4.2 (m); 13C 
NMR (CDC13, o ppm from TMS) 43.45, 72.02, 
80.56; mass spectrum mfe 368, 376, etc. Anal. 
Found: C, 38.75; H, 5.22: Cl, 36.99. The simpli
city of the 13C-NMR peaks suggests that tetramer I 
has a configuration like that either of all trans or 
all cis. Later another crystal, formed from the 
same fraction, was identified as cyclic tetramer II 
which has not yet been reported on: mp (recrystal
lized from toluene) 150.9-152.1 oc; 1H NMR 
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(CDC13) a 3.3-4.2 (m); 13C NMR (CDCla, a ppm 
from TMS) 42.98, 43.17, 70.24, 71.75, 79.96, 80.28; 
mass spectrum m/e 368, 376, etc. Anal. Found: 
C, 38.90; H, 5.22; Cl, 37.04. The multiplicity of 
the peaks suggests the tetramer II to be a irregular 
stereochemical isomer such as cis-cis-cis
trans. The 1H NMR or IR spectra of each frac
tion revealed the absence of any characteristic end 
groups (carbonyl, hydroxyl, double bonds) which 
could possibly be present in linear chains. 

RESULTS AND DISCUSSION 

The cationic oligomerization of ECH was 
conducted under a variety of conditions and the 
product distribution was analyzed by GPC. 
Figure 1 shows the typical GPC chromatograms 
and the results are summarized in Table I. The 
GPC chromatograms showed products having a 
rather wide range of molecular weight involving 
principally the dimer, tetramer and pentamer. 
Only a little trimer could be detected. 

The product distribution was critically depen
dent upon the initiators employed. With BF3-

0Et2 as an initiator, the product had molecular 
weights of 200 to 2000. On the other hand, with 
SnC14 , there were considerably more high mole
cular weight oligomers. A low molecular weight 
oligomer formation would not be typical of Lewis 
acid initiators. CF3S03H was considerably ef-
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Figure 1. Typical GPC chromatograms of the pro
ducts of ECH oligomerization in 1,2-dichloroethane 
at C. Initiator: (a) BFsOEt2; (b) CF3SOsH. 

Table I. The product distribution of ECH oligomerization in various systems• 

[M]o 0 , [Ilo d, Time, Yield, Product distribution b, wt% 
Initiator Solvent mol// mmoljl h % n=2 n=3 n=4 n=5 n=6 

A-1 BF30Et2 1 ,2-Dichloroethane 2.2 50 4.0 98 2 0 43 14 6 35 
A-2 Dioxane 2.1 50 4.0 11 18 1 4 22 20 35 
A-3 Toluene 1.8 50 4.0 88 0 26 12 7 54 
A-4 Ethyl ether 1.8 50 4.0 5 3 2 13 22 19 41 
A-5 1,2-Dimethoxyethane 1.8 50 4.0 19 5 0 60 31 4 0 
A-6 1 ,2-Dichloroethane 0.27 50 4.0 30 3 1 52 15 12 17 
A-7 Ethyl ether 0.20 50 4.0 3 7 4 40 26 11 21 
B-1 SnC14 1,2-Dichloroethane 2.7 50 3.0 75 5 0 9 11 7 68 
B-2 Dioxane 2.5 63 2.5 50 15 0 5 6 6 68 
B-3 Toluene 1.9 43 23.5 73 9 0 12 12 11 56 
C-1 CF3S03H 1 ,2-Dichloroethane 2.5 57 7.0 2 45 0 8 21 16 10 
C-2 Dioxane 2.9 77 23.0 12 32 0 13 17 14 24 

• Temp., (dioxane systems, 15°C). 
b Oligomer distribution by GPC. n, (ECH)n. 
c Overall monomer concentration. 
d Overall initiator concentration. 
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fective in this respect, but with low conversion. In 
this system, low molecular weight oligomers, espe
cially the dimer, were the main product, regardless 
of the solvent. This result may be explained by 
considering that the propagation species in this 
system may be a less reactive ester and unsuscep
tible to solvent. 

The solvent effect in the product distribution 
was observed with BF30Et2. In 1, 2-dichloro
ethane or toluene, the reaction was rapid and the 
molecular weight distribution was wide. It was 
noted that as much as 40% of the tetramer was 
obtained in the system with BF30Et2 in 1, 2-
dichloroethane (A-1). With ethereal solvents, the 
reaction was slow as might be expected. By 

This is in contrast with the case of styrene oxide or 
isobutylene oxide7 which involves a carbonium ion 
intermediate isomerized through a hydride transfer 
(SN1) to give oligomers with acetal linkage. 
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