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ABSTRACT: Cationic copolymerizations of 2-butyl-1,3-dioxepane (= 2-Bu-DOP) with 1,3-dioxolane (=
DOL) and with tetrahydrofuran (= THF) have been camed out. The copolymers have T,'s in accordance
with the Fox relationship. The reactivity ratios have been obtained by using Fmeman—Ross analysxs The
rate constants for 2-Bu-DOP (= a) and DOL (= b) copolymerization at —10 °C are k, , = 7.1 X 1074 ky, =
6.5 X 107, k,, = 3.3 X 107, and k,,, = 5.4 X 10™* in units of (M s)7; the corresponding rate constant val-
ues at 0 °C for the copolymerization of THF (= b) are 3.0 X 1073, 8.2 X 1075, 9 X 1074 and 7.4 X 107* (M
s)!. The mechanisms of the copolymerizations are discussed.

Introduction

In the polymerization of oxygen heterocyclic com-
pounds, the oxonium structure for the propagating spe-
cies is widely accepted, i.e. in the case of tetrahy-
drofuran (= THF).! For 1,3-dioxaalkanes, the acetal bond
is highly reactive and is easily opened in the presence of
acid catalysts.? The AG,, of cyclic acetal polymerization
has small negative or even positive value due to rela-
tively low negatlve AH ;; consequently the monomer and
polymer are in revers1b1e equilibrium.® Thermody-
namic parameters for polymerizations of DOL3* (= 1,3-
dioxolane), 4-Me-DOL,? DOP3* (= 1,3-dioxepane), 4-Me-
DOP %7 2-Me-DOP %7 TOC*89 (= 1,3,6-trioxocane), and
2-Bu-TOC have been reported. Because of the stabiliz-
ing effect of the a-oxygen atom, alkoxycarbenium, C*,
ions are in equilibrium with the cyclic oxonium ion, O*.
This is iHlustrated for DOL

e OCH,0CH,CH,022CH, == OCH2~:OVO (1)

Either ionic species can participate in propagation.
Penczek et al.! have argued that in the case of DOL
the O* ion is the dominant propagating species. The fact
that 2- and 4-Me-DOL/s!® form only oligomers seem to
be consistent with a steric effect in the O* mechanism.
However, recent observations that 2-alkyl derivatives of
DOP” and TOC? polymerize at the same or faster rates
than the unsubstituted monomers suggest the interme-
diacy of alkoxy carbenium ions in propagation. The cen-
tral objective of this work is to investigate the copoly-
merizations of THF and DOL, which are both thought
to polymerize via the cyclic oxonium ion, with 2-Bu-
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DOP, which may involve an alkoxycarbenium ion as a
propagating species.

Experimental Section

Materials. 2-Bu-DOP was prepared by the reaction of 1,4-
butanediol and valeraldehyde!! in the presence of a Dowex 50-
X8-100 ion-exchange resin as previously described.” THF, DOL,
triethylamine, methylene chloride, and 1,2-dichloroethane from
Aldrich were purified by usual procedures. Boron trifluoride
etherate was distilled immediately before use.

Copolymerizations. Copolymerization was carried out in a
Schlenk tube equipped with a magnetic stir bar and fitted with
a rubber septum. Tubes were flame-dried under vacuum and
filled with purified nitrogen. A mixture of monomers dis-
solved in either methylene chloride or 1,2-dichloroethane was
introduced by syringe and equilibrated at the thermostated reac-
tion temperature followed by injection of the catalyst solution.
The conversion versus polymerization time was followed by
quenching aliquot with a precisely weighed excess amount of
triethylamine. A known amount of tetralin was added as the
GC standard, and the sample was diluted with solvent. The
concentration of unreacted monomer in the mixture was ana-
lyzed with GC. The monomer concentrations were calculated
from calibration curves previously determined for known mix-
tures of 2-Bu-DOP/DOL and of 2-Bu-DOP/THF. The copol-
ymers were precipitated by addition of triethylamine, washed
with aqueous methanol, and evacuated at 100 °C to yield the
copolymers.

Methods. An Hewlett-Packard 5790A chromatograph was
used for GC using an OV-101 silicone packed column. A Varian
Associates XL-200 instrument was used for 'H NMR. A Per-
kin-Elmer DSC-II system was used to determine T, at a 20 °C/
min heating rate.

Results

Time Conversion of Polymerizations. The homopo-
lymerization time conversion curves at —10 °C are shown
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in parts A and B of Figure 1 for 2-Bu-DOP and DOL,
respectively. 2-Bu-DOP polymerizes slightly faster than
DOL, reaching equilibrium in ca. 30 h as compared to 45
h for the latter. Comparison of the homopolymeriza-
tions of 2-Bu-DOP and THF in Figure 2 showed the former
to be about 37-fold faster than the latter at 0 °C. At
this temperature the equilibrium was reached in ca. 10
h for 2-Bu-DOP polymerization. There was no induc-
tion period in any of these homopolymerizations nor in
the copolymerizations (vide infra). This is in contrast to
the long induction periods reported for the polymerlza
tions of DOL*® and DOP'2 initiated with Et,0*BF,”. THF
polymerized to only 8% conversion and its [M],  is 4.67
M. Subscripts T, P, and L are used to denote THF, 2-
Bu-DOP, and DOL respectively. The results of copoly-
merizations of 2-Bu-DOP with DOL and THF are given
in Figures 3 and 4, respectively. The rate of conversion
of 2-Bu-DOP and of DOL in the copolymerizations is
slower than in homopolymerizations. However, the oppo-
site is true in the case of THF monomer, which was con-
sumed much faster in copolymerizations with 2-Bu-
DOP than in its homopolymerization. The rate con-
stant of propagation (k,) was obtained from the slope of
plot for

MO B Me) _

In (M M, kylelt (2)
where [M],, [M],, and [M], are the monomer concentra-
tions at times zero and ¢ and at equilibrium, respec-
tively, and [c] is the catalyst concentration. Figure 5 illus-
trates this kinetic analysis for the homopolymerizations
of 2-Bu-DOP and of DOL at ~10 °C. The values of [M],
and k, are summarized in Table L

Copolymer Structures. Copolymerizations were con-
ducted to low conversions for a range of feed ratios. The
conditions employed for 2-Bu-DOP /DOL copolymeriza-
tions at —10 °C are given in Table II.

Figure 6 is a typical 'H NMR spectrum for a 2-Bu-
DOP/DOL copolymer containing 25 mol % of DOL. It
has six resonance signals centered at 0.87, 1.29, 1.60, 3.39,
3.56, and 4.42 ppm from TMS, the assignments for which
are

b c b a f 9
—({OCH,CH,CH,CH,OCH) — (OCH,CH,OCH,) -

From the intensities of the peaks at 0.87, 3.39, 3.56, and
4.42 ppm, the composition of the copolymers were obtained
and given in column 6 of Table II.

Several DSC curves for 2-Bu-DOP/DOL copolymers
are shown in Figure 7. The T, values thus obtained are
plotted against copolymer composmon in Figure 8.

2-Bu-DOP/THF copolymerizations over a wide range
of conomoner feed ratios were performed. The copoly-
merization conditions at —10 and 0 °C are given in Tables
III and IV, respectively.

'H NMR is used to determine the 2-Bu-DOP and THF
contents in the copolymers. Figure 9 is a typical spec-
trum for a polymer containing about 20% THF. The
spectra are characterized by six resonance signals cen-
tered at 0.85, 1.26, 1.60, 3.37, 3.53, and 4.41 ppm from
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Figure 1. Homopolymerization time conversion curves at ~10
°C using methylene chloride as the solvent and BF;-Et,0 (31
mM) as the initiator: (A) 2-Bu-DOP, initial concentration =
4.8 M; (B) DOL, initial concentration = 4.9 M.
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Figure 2. Homopolymerization time conversion curves at 0
°C using methylene chloride as the solvent and BF;Et,0 (31
mM) as the initiator: (0) 2-Bu-DOP, initial concentration =
4.8 M, (O) THF, initial concentration = 5.1 M.

TMS, which are assigned as follows:

b ¢ b a f g f
— (OCH,CH,CH,CH,0CH) — (OCH,CH,CH,CH,0} -

The compositions of the copolymers are obtained from
the intensities of the resonance peaks at 1.60, 3.37, 3.52,
and 4.41 ppm and given in column 6 of Tables III and
IV.

The T, of 2-Bu-DOP/THF copolymers were deter-
mined by DSC; the results of several samples are shown
in Figure 10. Figure 11 is a plot of T, versus copolymer
composition.

Discussion of Results
The copolymers of 2-Bu-DOP and THF have T, val-

ues that are related to the T p and TiT of the homopoly-
mers according to the Fox equatlon
W W.
1 _"r T (3)

+
where Wp and Wi are the welght fraction of 2-Bu-DOP
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Figure 3. Time conversion curves for 2-Bu-DOP/DOL copo-
lymerizations at -10 °C using methylene chloride as the sol-
vent and BF;-Et,0 (10.9 mM) as the initiator: (0) 2-Bu-DOP
conversion, initial concentration = 4.96 M; (O) DOL conver-
sion, initial concentration = 5.13 M.
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Figure 4. Time conversion curves for 2-Bu-DOP/THF copo-
lymerization at 0 °C using methylene chloride as the solvent
and BF,-Et,0 (10.9 mM) as the initiator: (O) 2-Bu-DOP con-
version, initial concentration = 5.0 M; (O) THF conversion, ini-
tial concentration = 4,94 M.
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Figure 5. Kinetic analysis of the data in Figure 1: (O) 2-Bu-
DOP; (0) DOL.

and THF, respectively. Table V compares the calcu-
lated (eq 3) and observed T, values. The solid curve in
Figure 10 is the curve for the Fox equation which fits

Cationic Copolymerizations of Cyclooxaalkanes 61

Table I
Homopolymerization Results®
monomer temp, °C M],, M kg, M)
2-Bu-DOP -10 1.87 7.1 X 1074
DOL -10 1.55 8.5 x 107
2-Bu-DOP 0 2.1 3.0x 1072
THF 0 4.67 8.2 x 1076

¢ Conditions: catalyst, BF;-0(C,H,),; solvent, CH,Cl,; temp, -10
°C.

Table I1
Copolymerizations of 2-Bu-DOP and DOL
DOL, mol DOL, mol

[comonomer], M fractn  time, conversn, fractn
DOL 2-Bu-DOP  in feed h % in copolymer
5.76 1.28 0.82 30 5 0.46
3.53 0.85 0.81 24 4 0.40
5.42 2.04 0.73 15 8 0.35
3.79 1.90 0.67 5 8 0.31
2.83 2.54 0.53 3 9 0.25
1.36 2.54 0.35 3 5 0.15
0.74 2.54 0.22 12 7 0.11

the experimental T, perfectly. Therefore, the two mono-
mers copolymerize randomly.

The range of composition of the 2-Bu-DOP/DOL co-
polymer is not as great as that of the THF copolymers.
However, the T, values for the available copolymers agree
well with the Fsox equation (Figure 8). Therefore, they
are random copolymers are well.

The variation of DOL in copolymer versus its amount
in feed is plotted in Figure 12. Figure 13 contains simi-
lar plots for THF copolymers. These results were ana-
lyzed by the method of Fineman and Ross,'® who casted
the copolymerization equation into the form

Ff-1)/f=rF*f-r 4)

where f = m;/mqo, F = M;/M,, and m; and M, are the
mole fractions of the ith monomer in the product and
feed respectively. Figures 14 and 15 are the Fineman-
Ross plots for the 2-Bu-DOP/DOL and 2-Bu-DOP/
THF copolymerizations, respectively. The reactivity ratios
and apparent rate constants thus obtained are given in
Table VI

In the present copolymerizations, each chain having
terminal A or B monomers units can exist as both cyclic
oxonium and alkoxycarbenium ions denoted by super-
scripts o and ¢, respectively. Their equilibria can be writ-
ten as

Ka

A’ = A° (5)
Ks

B°=B° (6)

At temperatures far below T, the propagation reactions
are

A+ A—A° K, )
A+ A— A K, 8)
A°+B— B K, 9)
A°+B—B° K (10)
B°+B—B° k%, 11)
B°+B—B° k%, (12)
B+ A— A° P (13)

BC+A— A° kS (14)
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Fiogure 6. 'H NMR spectrum of poly(0.75 2-Bu-DOP-¢0-0.25
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Figure 7. DSC curves: (A) poly(2-Bu-DOP); (B) poly(0.85 2-
Bu-DOP-¢0-0.15 DOL); (¢) poly(0.75 2-Bu-DOP-c0-0.25 DOL);
(D) poly(0.6 2-Bu-DOP-c0-0.4 DOL).
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Figure 8. T, of 2-Bu-DOP/DOL copolymers versus composi-
tion. The curve is for the Fox relationship.

In this paper monomer A corresponds to 2-Bu-DOP and
monomer B is either DOL or THF. The new oxonium
ions formed equilibrate according to eq 5 and 6. It can
be shown that the form of the Mayo copolymerization
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Table III
Copolymerizations of 2-Bu-DOP and THF at -10 °C®
[comonomers],  THF, mol THF, mol
mol X 10 fractn time, conversn, fractn
THF 2-Bu-DOP  in feed h %o in copolymer
7.64 1.09 0.88 22 15 0.62
6.93 1.39 0.83 25 2 0.53
5.55 1.85 0.75 23 5 0.38
4.99 2.53 0.66 16 3 0.21
3.50 2.28 0.61 10 7 0.20
3.12 3.17 0.50 7 6 0.12
3.17 3.13 0.50 13 21 0.13
1.89 3.80 0.32 6 5 0.08
1.19 3.12 0.20 2 10 0.05
0.73 3.53 0.17 2 15 0.06
¢ Conditions: catalyst, BF,;-0(C,Hy),; solvent; CH,Cl,; temp, -10
°C.
Table IV
Copolymerization of 2-Bu-DOP and THF at 0 °C*
[comonomer],  THF, mol THF, mol
mol X 10 fractn  time, conversn, fractn
THF 2-Bu-DOP  in feed h % in copolymer
6.93 1.40 0.83 25 2.0 0.55
6.34 1.91 0.77 20 2.2 0.42
4.99 2.54 0.66 15 4.2 0.34
3.13 3.18 0.50 7 7.0 0.19
1.93 3.80 0.34 2 11.1 0.13
1.15 3.18 0.27 2 15.0 0.09

@ Conditions as in Table IV, except temperature at 0 °C.
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Figure 9. 'H NMR spectrum of poly(0.8 2-Bu-DOP-co-0.2 THF).

et

equation is unchanged if the reactivity ratios are rede-
fined in terms of £%s and k“’s

- koaa + kcaaKA = kaa

-2 (15)
Kooy + KK

a

kab

_ R+ KpKp _ Ry
’ Ko + k3 Ky Fbe
The rate constants without superscripts are the experi-
mentally determined values in Table VI. The determi-

nation of the individual £°'s and ks would be a really
formidable and arduous task.

Iy (16)
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Figure 10. DSC curves: (A) poly(2-Bu-DOP); (B) poly(0.81 2-
Bu-DOP-c0-0.19 THF); (¢) poly(0.62 2-Bu-DOP-c0-0.38 THF);
(D) poly(0.38 2-Bu-DOP-c0-0.62 THF).
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Figure 11. T, of 2-Bu-DOP/THF copolymers versus compo-
sition. The curve is for the Fox relationship.

Table V
Glass Transition Temperatures (°C) for 2-Bu-DOP/THF
Copolymers
THF mol fraction T, obsd T, caled with
in copolymers by DSC Fox eq 2
0 -67.7 -67.7
0.08 -69.8 -69.6
0.19 -73.2 -72.1
0.38 -77.2 -76.4
0.62 -82.7 -81.4
1.0 -89.0 -89.0

Let us first consider the evidence that led Penczek et
al.! to conclude that the cationic polymerization of DOL
proceeds via the O* mechanism. They used methoxy-
methylium cation (I), dimethoxymethane (II), and the
adduct of I and IT (III) as the models for C*, substrate,
and O*, respectively. The equilibrium constant for [III]/
[I] was found to be 3 X 10® M in liquid SO, at -70 °C.
Furthermore, Penczek and Szymanskil* used dynamic
NMR line broadening to estimate the rate constants for
the addition of II to model ions I and II to be 2 X 10°
and 1.9 X 10* (M s)7}, respectively. Under these condi-
tions, even though C* is much more reactive than O™;
the latter is favored over the former by a factor of 30 as
the propagating species by virtue of the difference in con-
centrations of the ionic species. In the case of 2-Bu-
DOP the greater stabilizing effect of the butyl substitu-
ent on the alkoxycarbenium ion than it has on the cyclic
oxonium ion suggests a significant decrease in the equi-
librium constant to increase [C*]. Since 2-Bu-DOP is a
stronger nucleophile than DOL, then the former should
homopolymerize much faster via the C* mechanism”’ if
the latter propagates by the O* mechanism as sug-
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Figure 12. Mole fraction of DOL in copolymer versus in feed.
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Figure 13. Mole fraction of THF in copolymer versus in feed

for 2-Bu-DOP/THF copolymerizations: (0) at -10 °C; (O) at 0
-]
C.
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Figure 14. Fineman-Ross plot for 2-Bu-DOP/DOL copoly-
merizations at -10 °C.

gested.! The results of this study showed the two mono-
mers to have the same values for the rate constant of
propagation. Furthermore, the value of k,, is only 60%
larger than &, instead of the much larger difference sug-
gested by the estimated rate constants for the model sys-
tems. In these qualitative considerations the counter
effects of nucleophicity and steric hinderance for the two
monomers may be mutually compensatory.

Since our experimental conditions are very different
from those used to estimate concentrations and reactiv-
ities of the ionic species and choice between mechanistic
pathways for complex chemical processes cannot be made
unambiguously on the basis of experimental results, we
thought computational chemistry may be useful to clar-
ify matters. The results of an AMI computational study
using restricted Hartree~Fock wave functions of the cat-
ionic polymerization mechanism of cyclic acetals have been
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Figure 15. Fineman-Ross plot for 2-Bu-DOP/THF copoly-
merizations at 0 °C.

Table VI
Copolymerization Kinetic Parameters with 2-Bu-DOP
comonomer
THF
DOL

temp, °C -10 -10 0
s 2.13 £ 0.05 5.1 £0.04 3.3+ 0.03
ry 0.12£0.05 0.08 £ 0.02 0.11 £ 0.04
oy 0.26 0.41 0.36
koo Mg)? 7.1 %1074 3.0x10°°
kyy M 9! 6.5 x 1074 8.2x 107
kop (M, s)7! 3.3x 107 9.1 X107
kpo (M, 8)7! 5.4 x 1074 7.4 X 107

obtained;!® they are in fairly good agreement with the
results of Penczek and co-workers.>!*

The enthalpy changes for ring opening, AH® ., of six
cyclic acetals have been calculated. The results summar-
ized in Table VII showed no strong dependence of
AH°_ . on the ring size. On the other hand, there are
very large decreases of AH® ., due to alkoxy substituent
at the C(2) carbon. In the case of DOL, AH®,,, = +3.9
kcal mol™t. If AS®,,, is small, then the gas-phase predic-
tion for [C*]/[0*] ~ 1072 is comparable to that esti-
mated by Penzeck et al.! When one compares DOL with
2-Me-DOL, then the difference between AH® . is -10.3
kcal mol™*. Since the TAS®,,, should be comparable for
the ring opening of the two molecules, the [C*]/[0*] ratio
is greater by 3 X 107-fold with the 2-Me substituent as
without. The computational results leave no doubt that
the open alkoxycarbenium ion is the dominant species
in the cationic polymerization of cyclic acetals.

The activation energies have also been computed®® for
the formation of the oxonium ion substitution ring-
opening transition state for the O* mechanism

Me\ol 2.--0/\0
S O3 \""/
4
v

and of the carbenium ion addition transition state for
the C* mechanism

5 4

Me—0" 30,
1

N
CH2---O/>
Lo

v

The formation of IV involves a sharply rising barrier as
0O(1") approaches within 2.1 A of the C(2) atom. The
overall E, ~ 4.9 kcal mol™ at a C(2)-0(1") transition
distance of 2.34 A, The formation V in the C* mecha-
nism shows only a gentle rise to an E, ~ 1.3 kcal mol™

Macromolecules, Vol. 23, No. 1, 1990

Table VII
Heats of Formation and Enthalpy Change for Ring Opening

heat of formation, kcal mol™!

cyclic oxonium carbenium AH® L,

acetal ion ion keal mol™?
DOL 97.3 101.2 +3.9
2-Me-DOL 90.6 84.2 6.4
DOP 79.9 84.4 +4.5
2-Me-DOP 75.3 68.1 -7.2
TOC 47.7 52.5 +4.8
2-Me-TOC 42.3 39.5 -2.8

at a C(2)-0(1") distance of 2.28 A. Thus, the AMI com-
puted activation energy difference contribution to &, at
263 °C is ca. 10® greater for the C* mechanism than the
0% mechanism. According to these calculations there is
no difference in the relative rates of dioxolane polymer-
ization, for the two mechanisms, i.e. [C*]k,°/[0O%]k,° ~
1.

The fact that all the &’s in Table VI for dioxolane copo-
lymerization differ less than a factor of 2 can be inter-
preted as propagation via C* mechanism for both mono-
mers. The AH® ., for ring opening of dioxolane may be
more negative than the value given in Table VII; and
the rate constant for the ring opening of dioxolane O*
to form C* is estimated’* to be 1.9 X 10* s' by NMR
line-broadening measurements'* (vide supra).

The homopolymerization rate constant for THF is much
smaller than that for 2-Bu-DOP. This is attributable to
the lower nucleophilicity of THF and lower reactivity of
its 0. The copolymerization results are 10-fold greater
in value of k,, than ky,), is due to the higher reactivity
of O* toward 2-Bu-DOP. Conversely, the lowering of
ky, o compared to k, , may be the result of lower reactiv-
ity of C* toward THF. The chains with THF terminus
must be in the oxonium ion state because there is no a-
oxygen to stabilize a carbenium ion.

In conclusion, the copolymerizations of 2-Bu-DOP with
THF gave results consistent with propagating species hav-
ing the C* or O* structure depending upon whether the
last added monomer is 2-Bu-DOP or THF, respectively.
The copolymerization data of 2-Bu-DOP with DOL can
be interpreted as propagation predominantly via the C*
mechanism. AMI computation showed that DOL prop-
agation can proceed also through the O mechanism.
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ABSTRACT: A new room temperature polymerization method has been developed for the synthesis of
high molecular weight polyesters directly from carboxylic acids and phenols. The solution polymerization
reaction proceeds under mild conditions, near neutral pH, and also avoids the use of preactivated acid
derivatives for esterification. The reaction is useful in the preparation of isoregic ordered chains with
translational polar symmetry and also in the polymerization of functionalized or chiral monomers. The
conditions required for polymerization in the carbodiimide-based reaction included catalysis by the 1:1
molecular complex formed by 4-(dimethylamino)pyridine and p-toluenesulfonic acid. These conditions
were established through studies on a model system involving esterification of p-toluic acid and p-cresol.
Self-condensation of several hydroxy acid monomers by this reaction has produced routinely good yields of
polyesters with molecular weights greater than 15 000. It is believed that the high extents of reaction
required for significant degrees of polymerization result from suppression of the side reaction leading to
N-acylurea. The utility of this reaction in the formation of polar chains from sensitive monomers is dem-

onstrated here by the polycondensation of a chiral hydroxy acid.

Introduction

Polymerization by condensation reactions has several
synthetic limitations which include lack of methodolo-
gies for precise control of chain length and few known
reactions that take place under extremely mild condi-
tions. This last limitation is an obstacle to synthesis of
high molecular weight products from sensitive mono-
mers that are functionalized or chiral. A related prob-
lem is the general need to convert condensation mono-
mers to an activated derivative prior to polymerization.
This precludes the direct self-condensation of “A-B” type
monomers, important in the formation of isoregic poly-
mers that have translational polar symmetry. The term
isoregic is used in this manuscript to describe a form of
regiochemical order, specifically that of a chain with molec-
ular direction. This term was adapted from the defini-
tions of Cais and Sloan® describing directional isomer-
ism (regioisomerism) in vinyl polymers. As illustrated
in Scheme I, condensation polymers derived from A-B
monomers form chains with isoregic order. Synthetic
access to this class of chain structures is only possible
through this type of monomer and therefore methodol-
ogies of broad scope for its polymerization are essential.
We report here on a new polymerization method, which
yields high molecular weight polyesters at room temper-
ature directly from carboxylic acids and phenols under
extremely mild conditions.

Although several reactions have been developed for
direct condensation of acids and amines leading to
polyamides,? few methods currently exist to construct poly-
esters directly from unactivated monomers. Melt-phase
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Scheme 1
Regiochemical Order in Condensation Polymers

A»B —p {—A»B—A»B—A»B—|

Isoregic

A» <A « BB — {—Am<«A—BB—A»«A—BB—{

Syndioregic

A=A «BB  —» {—A«A—BB—A<A—BB—A»A—BB—} Aregic

transesterification has been used extensively although reac-
tion temperatures greater than 250 °C are generally
required to obtain high molecular weight polymers. The
high temperatures employed prevent application of this
reaction to the polymerization of monomers that con-
tain sensitive functional groups. Also, if ester bonds pre-
exist in the monomer, transesterification will lead to
sequentially random polymer chains.® Recently, solu-
tion procedures for direct polyesterification have been
reported by Higashi et al.* One of these procedures
involves in situ activation of carboxylic acids with diphen-
yl chlorophosphate,*® while a second procedure employs
arylsulfonyl chloride condensing agents.**™® These reac-
tions are carried out in pyridine at temperatures near
120 °C. In our experience, the method based on arylsul-
fonyl chloride reagents leads to undesirable phenyl tosy-
lates as a significant side product and hence gives low
molecular weight polymers. Moreover, use of milder con-
ditions such as lower reaction temperatures gives increas-
ing amounts of tosylate ester side products. When the
mixed anhydride is allowed to form before the diphenol
is introduced, good results can be obtained. This modi-
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