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may be possible to broaden the range of materials (co- 
polyester composition) that will form mesogenic polymers: 
materials ruled out as candidates for liquid crystallinity 
at  atmospheric pressures may be driven into ordered 
phases at  elevated pressures. (Similarly, flow fields may 
also induce liquid crystallinity in isotropic polymer solu- 
tions.18) Moreover, as elevated pressures are routine during 
polymer processing no additional complications are re- 
quired for practical application of these findings. For 
example, the evidence of a new pressure-induced crys- 
talline phase could have significant potential technological 
importance in optical storage applications: refractive index 
changes are expected to parallel changes in density, and 
changes in the latter quantity might be achieved locally 
by initiating the transformation K2 - K1 via laser irra- 
diation. 
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Cyclopolymerization of the Ether of Methyl 
a-( Hydroxymethy1)acrylate 

We have elsewhere reported the synthesis, purification, 
and characterization of several ethers and acetals of methyl 
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a-(hydroxymethyl)acrylate.2 We have also reported their 
use as cross-linking agents in the polymerization of various 
vinyl monomers including hydrolysis of 1 to the di- 
carboxylate and its use in cross-linking water-soluble and 
water-dispersible monomersa3 While bulk and solution 
polymerization of 1 generally leads to insoluble and highly 
cross-linked products,2 we have discovered conditions 
leading to soluble polymer of structure 2. We here report 
the synthesis and characterization of this new polymer and 
its partial hydrolysis to the water-soluble derivative 3. 

1 2 3 

Radical and photoinitiated bulk polymerization and 
radical solution polymerization of ether 1 in dimethyl 
sulfoxide gave only insoluble products. Anionic polym- 
erization has so far been unsuccessful in tetrahydrofuran 
and toluene with n-butyllithium as initiator. However, 
when a 3% benzene solution of 1 was polymerized with 
2,2'-azobis(isobutyronitrile) at 60 "C, polymer precipitated 
that was subsequently soluble in chloroform and methylene 
chloride. Reprecipitation into ether gave cyclopolymer 2 
as a white powder having a melt/decomposition temper- 
ature of 270-275 "C. DSC confirmed the melting transi- 
tion at  270 "C and also showed a strong glass transition 
temperature at  160 (onset) or 165 "C (midpoint). Intrinsic 
viscosity of this polymer was found to be 0.43 dL/g in 
CHC1, a t  25 "C. Polymerization was also successful in 
acetone, although both acetone and benzene gave insoluble 
material along with the soluble fractions. Chloroform gave 
good conversion to soluble polymer with viscosities of 

The IR spectrum of 2 showed two distinct carbonyl 
peaks centered at  1752 cm-' possibly corresponding to cis 
and trans carboxymethyl groups on the six-membered ring 
repeat units.4 Strong ether and ester bands were observed 
at  1150 and 1270 cm-', respectively. The lH NMR spec- 
trum contained only broad, overlapping peaks consistent 
with the proposed structure. The 13C NMR spectrum is 
given in Figure 1. Peak assignment is based on com- 
parison to monomer and model polymers as well as on the 
fully coupled spectrum also shown. The carbonyl carbons 
show a multiplicity which may be due to tacticity and/or 
&/trans ring substitution. No residual unsaturation due 
to pendent vinyl groups was observed in the IR and NMR 
spectra of reprecipitated samples. 

Cyclopolymer 2 was hydrolyzed under heterogeneous 
conditions in a 1:l mixture of methanol and water con- 
taining 5% NaOH at 65-75 "C overnight. Dissolution 
during reaction gave a viscous polymer solution which was 
then acidified to precipitate the poly(carboxy1ic acid) 
polymer. The precipitated polymer was subsequently 
soluble in aqueous base. The IR spectrum of this material 
showed strong, broad peaks at  3350 and 1770 cm-* at- 
tributed to the free acid groups. 13C NMR in dilute base 
(see the figure) showed a greatly reduced peak for the ester 
methyl carbon and two peaks for the carbonyl groups, 
corresponding to hydrolyzed (downfield) and unhydrolyzed 
ester units. The ratio of these latter two peaks was ap- 
proximately 3:l indicating ca. 75 % hydrolysis. Further 
work is under way to increase this to 100% and to com- 
pletely characterize these polymers. 

Proposed structure 3 is similar in overall composition 
to that of the pyran copolymer 4 obtained from the 2:l 
copolymerization of divinyl ether and maleic anhydrideP 
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0.15-0.45 dL/g. 
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structural differences between 3 and 4 are that the former 
has two less carbons in the repeat unit and has two rather 
than four carboxylate groups per pyran unit. From a 
synthetic perspective, cyclopolymerization of a single 
monomer (i.e., 1) offers several advantages over co- 
polymerization involving three monomer units in each 
propagation step. Specifically, material balance is inher- 
ent, and the probability of obtaining well-defined molec- 
ular weight fractions with structural uniformity along the 
polymer backbone is greater. Further interest in polymer 
3 centers on evaluating biological activity and synthesizing 
appropriate model compounds for confirmation of polymer 
repeat unit structure. 
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Figure 1. NMR spectra of cyclopolymer 2 proton decoupled 
(lower trace) and coupled (middle trace) in CDC13 and partially 
hydrolyzed polymer 3 proton decoupled in basic D20 (upper trace). 
although we have not ruled out possible formation of 
structure 5 .  Selected molecular weight fractions of 

-0,c v : O T  
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polymer 4 have been found to exhibit high activity as 
antitumor and antimetastatic  agent^.^-^ The major 
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