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Allyl methacrylate, an unsymmetrical 1,6-
diene, is used in the reaction of the meth
acryloyl double bond with some participation 
of allyl bonds in radical polymerization. 1 •2 

Cyclopolymerization, though very low under 
the usual conditions, was highly enhanced 
with rise in temperature. 3 Ethylaluminum 
compounds as complexing agents caused 
great increase the cyclopolymerization of o
allylphenyl acrylate and methacrylate. 4 The 
addition of SnCl4 to allyl methacrylate in
duced partial cyclopolymerization, but that of 
AlEtuClu diminished the yield of polymer 
with increasing Al/M molar ratio. 5 Such 
behavior is suggestive of the formation of 
oligomers together with polymers. We reported 
that a dimer was produced by the reaction 
of allyl methacrylate with AlEt2Cl. 6 Methyl 
methacrylate also was oligomerized to give 
several cyclotrimers by AlEt2Cl7 . Dimethyl 
methylenesuccinate afforded various cyclo
dimers depending on the conditions in the 
presence of ethylaluminum compounds. 8 Here, 
further details of the oligomerization of allyl 
methacrylate with ethylaluminum compounds 
are reported together with isolation of its 
unimer and dimer, and a product arising from 
Friedel-Crafts type reaction. 

EXPERIMENT AL 

Polymerization 
All reactions were carried out in side-armed 

ampoules. Monomer, toluene, and AIBN were 
charged into the ampoules previously equipped 
with a serum stopper cap at the side arm. The 
ampoules were evacuated and sealed. The 
alkylaluminum compound solution was added 
by a syringe through the serum cap. The 
concentrations of the monomer and AIBN 
were 0.5 and 5 x 10- 3 mol 1- 1 , respectively. 
The molar ratio of alkylaluminum compound 
to the monomer (Al/M) was changed in the 
range from 0.05 to 2.0. The reaction mixture 
was maintained at 40°C for 10 h, after which 
it was poured into methanol and extracted 
with toluene. Evaporation of the toluene 
solution afforded the product as a sticky 
semi-solid or a viscous oil. 

2-Methyl-2-propyl-4-pentenoic acid (3) 
The reaction of the monomer in the pres

ence of AlEt3 at the Al/M molar ratio of 2.0 
gave the crude product, which was purified by 
liquid chromatography on Lichroprep Si-60 
(from Merck Ltd.) with hexane-ethyl acetate
ethanol (vol. ratio 24: 21 : 4.5) to yield a 
colorless liquid in pure form. Yield: 40%. IR 
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(NaCl): 2950, 1700, 1645, 1520, 1490, 1450, 
and 1380cm- 1 . 1H NMR (CC14 ): b=0.90 (t, 
1=6Hz, 3H), 1.13 (s, 3H), 1.17-1.74 (m, 
4H), 2.21 (dd, J = 14 and 7Hz, lH), 2.41 (dd, 
J = 14 and 7 Hz, lH), 5.08 (d, J = 12 Hz, 2H), 
5.60--5,90 (m, lH), and 12.30 (s, lH). 13C 
NMR (CDCl3): b= 14.5 (q), 17.8 (t), 21.1 (q), 
41.1 (t), 43.0 (t), 45.9 (s), 118.1 (t), 133.8 (d), 
and 184.0ppm (s). Anal. Calcd for C9 H 160 2 : 

C, 69.19%; H, 10.32%. Found: C, 69.52%, 
H, 10.29%. Mass spectra. Calcd for C8H 130 2 

([M-CH3]+): 141.092. Found: 141.093. 

I-Ally! Hydrogen 4-allyl-2,4-dimethyl-2-propyl-
glutarate (4) 
The reaction of monomer in the presence of 

A!Et2Cl at Al/M molar ratio of 2.0 gave the 
product in 23% yield as described in the 
previous paper. 6 

Ditolylpropanes (5) 
The reaction of monomer in the presence of 

AIEtC12 at an Al/M molar ratio of 2.0 gave 
the crude product, which was purified by 
distillation via Kugelrohr apparatus to yield a 
mixture of 1, 1- and 1,2-ditolylpropane (Sa 
and Sb) as a colorless liquid. Yield: 90%. IR 
(NaCl): 3040, 2930, 1610, 1500, 1460, and 
1380cm- 1 . 1H NMR (CCl4 ): b=0.85 (t, l= 
7Hz, 0.7H), 1.13 and 1.20 (dx2, 1=7Hz, 
2.3H), 1.80--2.40 (m; 6.4H), 2.50--3.00 (m, 
2.3H), 3.59 (t, 1=7Hz, 0.3H), and 6.60--
7.30ppm (m, 8H). Mass spectra. Calcd for 
C17H 20 (M+): 224.157. Found: 224.156. 

RESULTS AND DISCUSSION 

Polymerization Behavior in the Presence of 
Ethylaluminum Compounds 
Spontaneous polymerization, i.e., in the 

absence of a free radical initiator, occurred in 
the presence of A!Et3 , A!Et2Cl, or AIEtC12 . 

The addition of the radical initiator caused 
great increase in the rate of polymerization at 
40°C. The rate increased with the Al/M molar 
ratio and reached a maximum at a ratio of 
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Figure 1. Effects of the Al/M molar ratio on the 
polymerization of ally! methacrylate in the presence of 
AIEt2Cl: Conversion within 10 h ( O ); molecular weight 
of the product ( e ); [M], 0.5 M; AIBN/M molar ratio, 
0.01; temp, 40°C. 
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Figure 2. Effects of the Al/M molar ratio on the 
polymerization of ally! methacrylate in the presence of 
A1Et3 : Conversion within !Oh (O); molecular weight of 
the product ( e ); [M], 0.5 M; AIBN/M molar ratio, 0.01; 
temp, 40°C. 

1.0, as shown in Figures 1 and 2. The molecu
lar weight (Mn) of the products sharply 
decreased with increasing Al/M molar ratio 
and gave a constant value at ratio of 1.0 
or above. A!Et3 and A!Et2Cl produced the 
oligomers with the Mn of 410 and 900 at a 
ratio of 2.0, respectively. 

A plot of reciprocal degree of polymeriza
tion (1 / P n) against the Al/M molar ratio gave 
a good straight line in the ratio range from 
0.05 to 0.5 for A!Et3 and that from 0.1 to 1.0 
for A!Et2Cl. The slope was found to be 2.6 x 
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10- 1 for A!Et3 , and l.3x 10- 1 for A!Et2 Cl, 
giving the large transfer constant ( C1r). Ethyl
aluminum compounds were involved in chain 
transfer in addition to initiation in the polym
erization of ally! methacrylate in the same 
manner as reactions of methyl methacrylate 7 

and dimethyl methylenesuccinate. 8 

There was a serious difference of character 
on the reactions at Al/M molar ratios below 
and above 1.0 in the addition of ethylalumi
num compounds. IR spectral analysis showed 
that the polymerization at a ratio below 1.0 
gave polymers having a many residual double 
bonds as pendant allyl ester, as indicated by 
absorptions at 910 and 990 cm - 1 due to allylic 
double bonds. Absorptions due to carbonyl 
groups were detected at 1720 and 1765 cm - 1 . 

The former, strong absorption is attributed to 
the pendant esters and i5-lactone units, and 
the latter, weak to y-lactone units. The y
lactone content of the cyclized units was 
estimated to be 5% for A!Et3 and 0% for 
AIEt2 Cl at the AI/M molar ratio of 0.5 using 
the calibration curve presented by Matsumoto 
et al. 3 1 H NMR spectroscopy, cyclization was 
calculated at 23% for A1Et3 and 30% for 
AIEt2Cl at an AI/M molar ratio of 0.5. The 
addition of A1Et3 and A!Et2Cl to ally] meth
acrylate caused increase in cyclopolymeriza
tion, because the common radical polymeriza
tion gave the polymer with cyclization below 
10% under similar conditions. No cyclized 
unit, however, was found in the polymers ob
tained in the presence of AIEtC1 2 • 

The polymers indicated that absorptions 
newly appeared at 1700 cm - 1 and alternative
ly weakened at 1765 cm - l with increasing 
Al/M molar ratio for A1Et3 and A1Et2Cl. 
Extraction of the polymers with alkaline 
solution clarified that the former absorption 
was only in the soluble part, but the latter one 
in the insoluble part. The soluble part consists 
of carboxylic acids likely derived by a mech
anism similar to the Claisen-type rearrange
ment as reported in the previous paper. 6 The 
insoluble part comprises polymers according 
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Figure 3. Gas chromatogram of oligomers prepared 
from the reactions of ally! methacrylate with (a) AlEtCl2 , 

(b) A1Et2Cl, (c) A1Et 3 : [M], 0.5 M; AIBN/M molar ratio, 
0.01; temp, 40°C. Al/M, 2.0; AIBN/M, 0.01; time, !Oh; 
temp, 40°C. The column was 5% Thermon-3000 and the 
temperature was programed at I0°Cmin- 1 from 150 to 
250"C. 

to a cyclization mechanism. Having no ab
sorption at 1765 cm - l, the soluble part is 
formed by reactive species different from the 
radical mechanism in the cyclopolymerization. 

Isolation of the Oligomerization Products 
The addition of A!Et3 , A!Et2Cl and AIEtCl2 

at the Al/M molar ratio of 2.0 induced three 
different reactions characterized by forming 
predominantly compounds 3, 4, and 5, as gas 
chromatograms indicated in Figure 3. Com
pound 4 with two carbonyl absorptions at 
1700 and I 720 cm - 1 was identical to a dimer 
of ally! methacrylate, 1-allyl hydrogen 4-allyl-
2,4-dimethyl-2-propylgultarate, reported in the 
previous paper. 6 Compound 3 posseses two 
functional groups of carboxylic acid and 
allylic double bond, but no ester group, thus 
being identified as a unimer of ally! methacry
late, 2-methyl-2-propyl-4-pentenoic acid. The 
analytical data in the experimental section 
substantiate the assignment. The Claisen-type 
rearrangement, which converted the ally! ester 
to y,i5-unsaturated carboxylic acid, resulted in 
the production of compounds 3 and 4. 

The IR and the 1 H NMR spectrum of 
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Scheme 1. 

compound S exhibited characteristic absorp
tions of aromatic hydrocarbons capable of 
recognizing an isomeric mixture of ditolyl
propanes. The triplet signal at 6 = 0.85 and 
doublet one in the range of 1.15 are assigned 
to the methyl protons in 1, 1- and 1,2-
ditolylpropanes (Sa and Sb), respectively. The 
relative intensities of all signals indicated in 
the experimental section are fitted to the 
2.3: 0.7 mixture of Sa and Sb. AlEtC12 may 
act as a Friedel-Crafts catalyst to utilize ally! 
methacrylate as an alkylating agent. Under 
the reaction conditions Friedel--Crafts alkyla
tion of toluene with ally! methacrylate oc
curred easily to produce mixture of Sa and Sb. 
Simple assisted ionization of the ally! ester, 
followed by alkylation on toluene, may give 
l-phenyl-2-propyl cation through an intra
molecular 1,4-shift of proton. The resulting 
ion may produce Sb by the second alkylation, 
or after a favorable hydride shift, lead to Sa. 
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The products were formed at an Al/M molar 
ratio of 1.0 or above for AlEtCl2 , the yield of 
which increased with the AI/M molar ratio. 

Significant effects of the ethylaluminum 
compounds upon ally! methacrylate are sum
marized in Scheme 1. There is essential 
difference of reactive species between the 
formations of the lactone ring in compound 2 
and of the carboxylic acid in compounds 3 
and 4, because the functional group cannot 
coexist in a molecule as mentioned above. 
Cyclopolymerization should be carried out by 
radical species and Claisen-type rearrange
ment by nucleophilic species. In the presence 
of AlEtCl2 the polymerization introduced 
polymer 2 without the cyclized unit by radical 
species and the Friedel-Crafts alkylation pro
duced compound S by an electrophilic species. 

In conclusion, differences in relative Lewis 
acid strength among ethylaluminum chlorides 
gave an interesting variety to the polymeriza-
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tion of allyl methacrylate. The characteristics 
are the predominant formation of the unimer 
and dimer in the presence of A1Et3 and 
A1Et2Cl, and occurrence of Friedel-Crafts 
alkylation in the presence of A1EtC12 • 

REFERENCES 

I. J. P. J. Higgins and K. E. Weale, J. Polym. Sci., 
A-1, 6, 3007 (1968). 

2. W. Kawai, J. Polym. Sci., A-1, 4, 1191 (1966). 

Polym. J., Vol. 25, No. 6, 1993 

3. A. Matsumoto, H. Ishida, and M. Oiwa, J. Polym. 
Sci., Polym. Chem. Ed., 20, 3207 (1982). 

4. K. Yokota, T. Kakuchi, T. liyama, and Y. Takada, 
Polym. J., 16, 145 (1984), and earlier communica
tions in this series. 

5. T. Otsu and Y. Horimoto, Mem. Fae. Eng., Osaka 
City Univ., 18, 99 (1977). 

6. K. Yamaguchi, K. Yokota, and Y. Takada, 
Makromol. Chem., Rapid Commun., 3, 791 (1982). 

7. K. Yamaguchi, K. Yokota, and Y. Takada, 
Makromol. Chem., Rapid Commun., 2, 645 (1981). 

8. K. Yamaguchi, K. Yokota, and Y. Takada, Chem. 
Lett., 543 (1984). 

643 


	Oligomerization of Allyl Metha~rylate in the Presence of Ethylaluminum Compounds and Isolation of Its Unimer and Dimer
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	REFERENCES


