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ABSTRACT: An investigation of cyclopolymerization in the presence of alkylaluminum 
chlorides was extented to 2-[2-(o-allylphenoxy)ethoxy]ethyl acrylate and methacrylate, and higher 
homologues containing oligooxyethylene units capable of forming 14-, 17- and 20-membered 
rings, respectively. Although the effect of alkylaluminum chlorides was gradually reduced with 
increasing ring size, it was remarkable in the formation of 14-membered rings for methacrylates and 
even the 20-membered rings for acrylates. When combined with previous results for the analogues 
containing oligomethylene units, the present data showed that oxyethylene groups had favorable 
effects on cyclopolymerization. A plot of the extent of cyclization against ring size showed that 
monomers containing oligooxyethylene units had a greater cyclization tendency than those 
containing oligomethylene units. The relation oflog(k"lkJ against ring size gave a,straight line in 
the ring-size range from 11 to 20 for acry1ates. 
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The cyclopolymerization of nonconjugated 
dienes such as o-allylphenyl acrylate (APA) 
containing electropositive and electronegative 
double bonds greatly increased through treat
ment with alkylaluminum chlorides. 1 •2 The 
influence of ring size on cyclopolymerization 
for monomers 1 and 2 in the 11-19-
membered-ring region has already been re
ported. 3 The effects of alkylaluminum chlo
rides was remarkable in the formation of 
rings up to 13 members for acrylates and up to 
11 members for methacrylates, but dropped off 
for higher homologues. Oxygen atom effects 
arising from the replacement of a methylene 
group with an oxygen atom on the formation 
of aromatic ethers via intramolecular 
Williamson synthesis were generally found to 

facilitate ring closure by Illuminati et a/.4 •5 

Therefore, the introduction of oxygen atoms 
to a methylene chain should cause a cycli
zation reaction to occur more readily in cyclo
polymerization. A relative evaluation of oxy
gen atom effects on cyclopolymerization may 
be possible on the basis of a comparison of the 
experimental data on monomers 3 and 4 (eq 1), 
with that of monomers 1 and 2. We have 
already reported on the polymerizations of 
A(OE)A-11 2 and A(OE)M-11. 3 In this report, 
our study has been extended to the cyclopoly
merization of higher homologues in 3 and 4. 
The terms oligomethylene and oligooxy
ethylene are used as designations for mono
mers 1 and 2, and 3 and 4. 
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1. R=H (acrylates): n=2, A(OE)A-11 (ring size); n=4, 
A(OB)A-13; n=6, A(OH)A-15; n= 10, A(OD)A-19. 

2. R=CH3 (methacrylates): n=2, A(OE)M-11; n=4, A(OB)M-13; 
n=6, A(OH)M-15; n= 10, A(OD)M-19. 

(1) 

3. R=H (acrylates): n=1, A(OE)A-11 (ring size); n=2, 
A(OEhA-14; n=3, A(OE)3A-17; n=4, A(OE)4 A-20. 

4. R=CH3 (methacrylates): n=1, A(OE)M-11; n=2, A(OEhM-14; 
n=3, A(OEhM-17; n=4, A(OE)4 M-20. 

EXPERIMENTAL 

Monomers 
Monomers 3 and 4 were obtained by a 

reaction of the corresponding alcohols with 
acryloyl or methacryloyl chloride, following a 
procedure similar to that described in the 
previous papers.1 ·2 

2-[2-(o-Allylphenoxy)ethoxy]ethyl acrylate 
(A(OE)zA-14): bp 159-161 oc (2 torr); NMR 
(CC14) 63.30 (d, 2, -CH2CH=), 3.65 and 3.71 
(t x 2, 4, -CH20CH2-), 4.01 (t, 2, ArOCHz-), 
4.19 (t, 2, -COOCH2-), 4.90 (d, 1, cis
CH2 =CH-), 4.93 (d, 1, trans-CH2 =CH-), 
5.60-6.40 (m, 4, vinyl H), 6. 70 (t x 2, 2, 4- and 
5-ArH), 6.95 (d, 2, 3- and 6-ArH). 

Anal. Calcd for C16H200 4: C, 69.54%; H, 
7.30%. Found: C, 69.13%, H, 7.42%. 

2-[2-(o-Allylphenoxy)diethoxy]ethyl acry-
late (A(OEhA-17): bp 142-143oC (2x 10- 5 

torr); NMR (CC14) b 3.30 (d, 2), 3.47-3.80 
(m, 8), 4.03 (t, 2), 4.18 (t, 2), 4.92 (d, 1), 4.94 (d, 
1), 5.60-6.41 (m, 4), 6. 71 (t x 2, 2), 6.96 (d, 2). 

Anal. Calcd for C18H240 5 : C, 67.48%; H, 
7.55%. Found: C, 67.03%; H, 7.62%. 

2-[2-(o-Allylphenoxy)triethoxy]ethy1 acry
late (A(OE4A-20): bp 159-163°C (2 x 10-s 
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torr); NMR (CC14) b 3.31 (d, 2), 3.52-3.79 
(m, 12), 4.04 (t, 2), 4.18 (t, 2), 4.93 (d, 1), 4.96 
(d, 1), 5.62-6.44 (m, 4), 6.73 (t x 2, 2), 6.98 
(d, 2). 

Anal. Calcd for C20H 280 6: C, 65.91%; H, 
7.74%. Found: C, 65.90%; H, 7.72%. 

2-[2-( o-Allylphenoxy)ethoxy ]ethyl methac
rylate (A(OE)2 M-14): bp 155-159oC (2 torr); 
NMR (CC14) b 1.89 (s, 3, -C(CH3)= ), 3.30 
(d, 2, -CH2CH=), 3.58-3.78 (m, 4, 
-CH20CH2-), 4.02 (t, 2, ArOCH2-), 4.16 (t, 2, 
-COOCH2-), 4.88 (d, 1, cis-CH2 =CH-), 4.91 
(d, 1, trans-CH2 =CH-), 5.40 (s, 1, cis-CH2 = 
C(CH3)-), 5.95 (s, 1, trans-CH2 =C(CH3)-), 

5.61-6.03 (m, 1, CH2 =CH-), 6.67 (t x 2, 2, 4-
and 5-ArH), 6.92' (d, 2, 3- and 6-ArH). 

Anal. Calcd for C17H220 4: C, 70.32%; H, 
7.64%. Found C, 70.24%; H, 7.65%. 

2-[2-( o-Allyl phenoxy )diethoxy ]ethyl meth
acrylate (A(OEhM-17): bp 143-145oC (1 x 
10-4 torr); NMR (CC14) b 1.88 (s, 3), 3.31 
(d, 2), 3.56-3.78 (m, 8), 4.02 (t, 2), 4.17 (t, 2), 
4.92 (d, 1), 4.94 (d, 1), 5.42 (s, 1), 6.00 (s, 1), 
5.65-6.09 (m, 1), 6. 71 (t x 2, 2), 6.93 (d, 2). 

Anal. Calcd for C19H260 5 : C, 68.24%; H, 
7.84%. Found: C, 68.20%; H, 7.87%. 

2-[2-( o-Allyl phenoxy )triethoxy ]ethyl meth-
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acrylate (A(OE)4 M-20): bp 162-163°C (5 x 
w-s torr), NMR (CC14 ) () 1.88 (s, 3), 3.25 
(d, 2), 3.47-3.77 (m, 12), 4.01 (t, 2), 4.12 (t, 2), 
4.87 (d, 1), 4.88 (d, 1), 5.37 (s, 1), 5.92 (s, 1), 
5.58-6.02 (m, 1), 6.63 (t x 2, 2), 6.88 (d, 2). 

Anal. Calcd for C21 H300 6 : C, 66.64%; H, 
7.99%. Found: C, 66.39%; H, 8.10%. 

Polymerization 
The polymerizations were carried out as 

described in a previous paper. 1 

Analysis 
The extent of cyclization in polymers was 

determined by the procedure described in the 
previous papers. 1•2 

RESULTS AND DISCUSSION 

Experimental results on conventional radi
cal polymerization without alkylaluminum 
chlorides are presented in Table I. The prod
ucts obtained were somewhat sticky semi
solids and soluble in benzene and chloroform. 
The IR spectrum of the polymer was indicative 
of a large amount of residual double bonds in 
the form of pendant allylic double bonds, since 
the characteristic absorptions due to acrylic 
and methacrylic double bonds had disappear
ed. In spite of the rate of the polymerization, 
the extent of cyclization was much higher for 
acrylates than for methacrylates. 

Polymerizations in the presence of alkylalu-

minum chlorides were carried out at a mo
nomer concentration of 0.5 mol dm - 3 at 40°C. 
The reaction systems were homogeneous ex
cept that a precipitate was obtained in the case 
of A(OE)2A with A1EtC12 . The polymers were 
colorless powders for A(OEhA and A(OE)2M, 
colorless powders or semi-solids for A(OE)3A 
and A(OEhM, and somewhat sticky semi
solids for A(OE)4 A and A(OE)4 M. Some of 
polymers obtained from A(OEhA and 
A(OE)3A was insoluble in chloroform. TheIR 
spectrum of such polymers showed that the 
residual double bonds were allylic. The effects 

Table I. Radical polymerization of 2-[2-(o
allylphenoxy)ethoxy]ethyl, 2-[2-(o
allylphenoxy)diethoxy ]ethyl, and 

2-[2-(o-allylphenoxy)triethoxy]ethyl 
acrylates and methacrylates 

Time 
Monomer 

h 

Acrylate 
A(OE)2A-14 25 
A(OE)3A-17 18.5 
A(OE)4 A-20 12.5 

Methacrylate 
A(OEhM-14 18 
A(OE)3 M-17 8 
A(OE)4 M-20 5.5 

Conversion 

% 

23 
16 
14 

38 
33 
24 

Extent of 
cyclization 

% 

60 
62 
55 

30 
25 
23 

• Solvent, toluene; [M], 0.5 moldm- 3 ; [AIBN], 0.01 
mol dm - 3 ; temp, 60°C. 

I 00 .----------., a, __ _. __ _._._ ....... 
80 • 4 

c: 
60 

"' 
40 

.. .. -· ... -· 
A A A 

A "'lt/ 

c 

:/.3 4 
6 6 ......... 

4 6 

I 00 
0 

8 0 :g 
N 

60 ,., 
0 

40-
0 c: 

0 
u 20 

0 ..... 

0 0.5 1.0 1.5 2.0 
AI/M 

/ 

2 0 1: 
"' 0 ';( 
w 0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 

AI/M AI/M 

Figure 1. Effects of the Al/M molar ratio on the polymerization of 2-[2-(o-allylphenoxy)ethoxy]ethyl 
acrylate and methacrylate in the presence of (a) A!Et2Cl, (b) A!Et1.5Cl1.5 , and (c) AIEtCI2 : the conversion 
within I h for the acrylate (e) and 4 h for the methacrylate ( 0 ); the extent of cyclization for the acrylate 
(.A.) and the methacrylate (,6,); [M], 0.5 moldm- 3 ; AIBN/M molar ratio, 0.01; temp, 40oC. 
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Figure 2. Effects of the Al/M molar ratio on the polymerization of 2-[2-(o-allylphenoxy)diethoxy]ethyl 
acrylate and methacrylate in the presence of (a) AIEt2Cl, (b) AIEt1.5Cl1.5, and (c) AIEtC12 : the conversion 
within I h for the acrylate (e) and 4h for the methacrylate (O); the extent of cyclization for the acrylate 
(_.) and the methacrylate (L',); [M], 0.5 mol dm - 3 ; AIBN/M molar ratio, 0.01; temp, 40°C. 
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Figure 3. Effects of the Al/M molar ratio on the polymerization of 2-[2-(o-allylphenoxyl)triethoxy]ethyl 
acrylate and methacrylate in the presence of (a) A1Et2 Cl, (b) AlEt1.5Cl1 _5 , and (c) AlEtC12 : the conversion 
within 6h for the acrylate (e) and the methacrylate (O); the extent ofcyclization for the acrylate(_.) and 

the methacrylate (L); [M], 0.5 moldm- 3 ; AIBN/M molar ratio, 0.01; temp, 40°C. 

of alkylaluminum chlorides on the polymeri
zation are shown in Figures 1, 2 and 3. The 
rate of the polymerization was indicated by a 
conversion within 1 hr for A(OE)2A and 
A(OEhA, 4 hr for A(OE)zM and A(OEhM, 
and 6 hr for A(OE)4 A and A(OE)4 M. Each 
alkylaluminum chloride was effective for in
creasing the extent of cyclization and the rate 
of the polymerization for all monomers. There 
was a subtle difference in the rates and cycli
zation extent among the alkylaluminum chlo
rides. The effects of alkylaluminum chlorides 
were reduced with increasing ring size. Plots of 
cyclization vs. ring size are shown in Figures 4 
and 5 along with data from the oligometh
ylenes. The cyclization was maximum under 
the following conditions: a monomer con
centration of 0.5 mol dm- 3 and temperature of 
40°C, at various A1/M ratios. Polymerization 
with or without alkylaluminum chlorides 
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caused greater cyclization for the oligo
oxyethylenes than the oligomethylenes, and 
also for the acrylates than the methacrylates 
also, there was considerable difference in the 
degree of cyclopolymerization. For the oligo
oxyethylene acrylates, cyclization without 
alkylaluminum chlorides exceeded 50% and 
was essentially independent of ring size. The 
effects of alkylaluminum chlorides were so 
prominent as to cause the cyclization to exceed 
90% in 14 member ring and was 71% even in 
20 member ring. For the oligooxyethylene 
methacrylates, the cyclization decreased sharp
ly with increasing ring size, following from 
90% in 11 member ring to 35% in 20 member 
ring even in the presence of alkylaluminum 
chlorides. 

A quantitative comparison of cyclopolym
erization was possible on the basis of the val
ues for kP/ kc, the ratio of the rate constants 
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Figure 4. Extent of cyclization in the polymerizations 
of oligooxyethylene and oligomethylene (----) 
acrylates: without alkylaluminum chlorides (O); in the 
presence of AlEt1.5Cl1.5 (6); in the presence of A!EtC12 

(.A.); (M], 0.5 mol dm _,; temp, 60 and 40°C without and 
with alkylaluminum chlorides, respectively. 
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Figure 5. Extent of cyclization in the polymerizations 
of oligooxyethylene (---) and oligomethylene (----) 
methacrylates: without alkylaluminum chlorides (0); in 
the presence of AlEt1.5Cl1.5 (6); in the presence of 
AlEtC12 (A.); [M], 0.5 mol dm - 3 ; temp, 60 and 40°C 
without and with alkylaluminum chlorides, respectively. 

Table II. The values of k"/k, for the cyclopolymerization of oligooxyethylene 
and oligomethylene acrylates in the presence of AlEtC12 a 

Monomers 3 

A(OE)A-11 2 

A(OE)zA-14 
A(OE)3A-17 
A(OE)4 A-20 

a A1/M molar ratio, 1.0. 

Temp 

20 
40 
40 
40 

1.0 

01 
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8 
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/ 
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/ 
/. 
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dm3 mol- 1 

/ 
/ 

/ 
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7 

Temp kp/k, 
Monomers 1 

oc dm3 mol- 1 

APA-86 40 0.045 
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A(OB)A-133 20 0.27 
A(OH)A-153 40 0.99 
A(OD)A-19 40 10.3 

17 

Figure 6. Variation in the values of k"/ k, according to ring size: for the o1igooxyethy1ene acrylates (e); 
for the oligomethy1ene acrylates (0); for the oligomethylene methacrylates (6). 
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for linear propagation and cyclization, deriv
ed from 1/fc=l+(kP/kJ [M]. The estimated 
values are summarized in Table II along with 
data previously reported for oligomethylene 
acrylates.3 As shown in Figure 6, plots of 
log (kP/kJ vs. ring size give an approximately 
linear relation for the oligooxyethylene ac
rylates, as well as the oligomethylene acrylates 
and methacrylates. The slope corresponds to 
the difference in the free energy of activation 
against a one-membered increase in ring size3 

(L1(L1Gc * -L1G/)) according to the equation, 
log(kp/kc)=(L1G/-L1G/)/RT, and was 
found to be about 0.21 kJ mol- 1 for oligo
oxyethylene acrylates against about 0.57 
kJ mol- 1 for oligomethylene acrylates and 
methacrylates. Since a reduction in cyclopo
lymerization with increasing ring size describ
able in terms of the slope, it is clear that 
oligooxyethylenes are better than oligometh
ylenes for producing polymers with macrocy
clic rings. 

In +CH2-0+ bonds, the potential barrier 
for rotation is considerably lower than in 
+CH2-CH2+ bonds. The molecular chain, 
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therefore, becomes kinetically more flexible by 
the introduction of oxygen atoms to the meth
ylene chain. Because the flexibility of a mol
ecule decreases the strain energy of transition 
state in intramolecular cyclization, transition 
should occur more easily for oligooxyethylenes 
than oligomethylenes. Our results support this 
expectation. 
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