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ABSTRACT: Copolymerizations of 3,5-dioxo-4,10-dioxatricyclo[5.2.0°5]dec-8-ene(DDTD) with vinyl-
acetate(VAc) were carried out in 2-butanone using AIBN as an initiator at 50C for 48 hrs. IR,
'H-NMR and “C-NMR spectra of polymer obtained by a copolymerization were consistent with
those of furan-maleic anhydride-vinylacetate terpolymer[ terpoly(F-MAH-VAc)] which was prepared
by terpolymerization of corresponding monomers such as furan(F), maleic anhydride(MAH) and
vinylacetate(VAc). Prepared terpoly(F-MAH-VAc) showed polyelectrolyte viscosity behavior at low
concentration in water or DMF. Average molecular weight of terpoly(F-MAH-VAc)s prepared under
initiator concentration of 1, 4 and 8 mol.% were 23,400, 19,500 and 7,200, respectively. NK activities
of terpoly(F-MAH-VAc) and 5-fluorouracil(5-FU) were evaluated in vitro. The NK activity of terpoly

(F-MAH-VAc) was better than that of 5-FU.

Introduction

The copolymer of diviny! ether with maleic anhy-
dride(DIVEMA) first reported by Butler' has been
extensively studied for its broad biological activities
such as antitumor, antiviral, antibacterial, interfe-
ron-inducing and antifungal activities. Afterwards,
many attempts?® have been made to obtain a poly-
meric drug such as DIVEMA. Ottenbrite ef al”®
synthesized poly(maleic anhydride-co-cyclohexyl-1,3-
dioxepin) and poly(4-methyl-2-pentenon-co-maleic
anhydride) and investigated their antitumor activi-
ties against Lewis lung carcinoma cells. Takemoto
et al® reported on the synthesis of poly(vinylade-
nine-g/t-maleic anhydride) and its immune activity
in vitro and in vive. Han'®" reported the synthesis
of biological activities copolymers containing cyclic
ether and carboxylic acid moieties. Several studies
have been made also in this laboratory in order
to develop a polymeric antitumor agent.’*!®

Synthetic polyelctrolytes such as DIVEMA or poly-
mers containing carboxylic acid moiety are known
to have antitumor,’ antiviral® properties and inter-
feron inducing ability on the in vivo test of animals,
whereas unionized water soluble polymer such as
poly(vinylalcohol) has little effect in the same test.

It has been reported that 3,5-dioxo-4,10-dioxatri-
cyclo[5.2.0?%]dec-8-ene(DDTD) containing carboxylic
anhydride moiety substantially dissociates to furan
and maleic anhydride in bezene at above 50C.2%#

The aim of this work is to synthesize a new bio-
logically active terpolymer by thermal copolymeri-
zation of DDTD and vinyl acetate using the disso-
ciation behavior of DDTD on heating, because this
terpolymer containing carboxylic acid moiety is ex-
pected to be polyelectrolyte.

In this work, terpoly(F-MAH-VAc) was prepared
by thermal copolymerization of DDTD and VAc
with AIBN at 50C. The structure of terpoly(F-
MAH- VAc) was identified by IR, 'H-NMR and **C-
NMR spectra. The polyelectrolyte behavior of ter-
poly(F-MAH-VAc) was examined by viscosity mea-
surement. Biological activities of terpoly(F-MAH-
VAc) and 5-FU were evaluated with NK activity.

Experimental

Materials. DDTD(Aldrich) was used as received
without further purification. Furan(F: Aldrich), mal-
eic anhydride(MAH: Aldrich), vinylacetate(VAc:
Aldrich) and 2-azobisisobutyronitrile(AIBN: Wako)
were purified by the conventional methods.
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Figure 1. Procedure to investigate the NK activity
of terpoly(F-MAH-VACc).

Instruments. IR spectra were recorded on a Ja-
sco FT/IR-5300 spectrophotometer using KBr disc.
'"H-NMR and “C-NMR spectra were taken on a FT-
300 MHz Bruker A-300 spectrophotometer. Visco-
sity measurement was carried out at 25+ 0.02 T
and pH 7 in thermostat(Sibata, Water bath VB-2).

Copolymerization of DDTD and VAc. 301g
(0.018 mol) of DDTD, 1.53 mL(0.018 mol) of VAc
and 1, 4, and 8 mol% of AIBN were dissolved in
25 mL of 2-butanone and placed in a dried polymer-
ization tube. The tube was sealed after flushing
twice by bubbling purified gaseous nitrogen and
placed in the regulated thermostat bath at 50+ 0.5
T for 48 hours. The polymer solution obtained was
precipitated into diethylether. The precipitated
polymer was filtered and washed twice with 2-buta-
none. Then the collected polymer was dried to a
constant weight in a vacuum oven at 30 T(yield;
16%).

Terpolymerization of Furan, MAH, and VAc.
A solution of mixtures of equimolar(0.018 mol.) fu-
ran, MAH, VAc and 0.10 g of AIBN in 25 mL of
dry 2-butanone was introduced into a dry polymeri-
zation tube. Terpolymerization of furan, MAH and
VAc were carried out at 50 T by the same method
as copolymerization of DDTD and VAc. The terpoly-
mer was isolated and purified as described above

72

2 b c d e
o =gt a)
"
()
Hyt 1
b
a
b)
f
C
a b d
8.0 6.0 40 2.0 0.0

ppm
Figure 2. 'H-NMR spectra of terpoly(F-MAH-VAc)
(300 MHz, DMSO-ds). a) Terpoly(F-MAH-VAc) obtain-
ed by copolymerization of DDTD and VAc. b) Terpoly
(F-MAH-VAc) obtained by terpolymerization of F,
MAH and VAc.

(yield; 37%).

Measurement of Viscosity. Viscosities of ter-
polymers synthesized under several initiator concen-
trations were measured by Cannon-Fanske visco
meter at 25+ 0.02 T and pH 7.

NK Activity of Lymphocytes Treated with
Terpoly(F-MAH-VAc). Procedures to investigate
NK activity are shown in Figure 1. A given concen-
tration of polymers was added to 4X10° PBLs iso-
lated from blood to prepare polymer-treated lym-
phocytes, where the polymer concentration ranged
from 0.10 to 1.0 mg/mL. *'Cr-release assay was
used to test NK activity of polymer-treated lympho-
cytes. Lymphocytes(effector cells) treated with poly-
mers were added to 10" target cells in effector : tar-
get(E : T) ratio of 40 : 1. These were incubated for
4 hrs at 37 C in flat-bottomed microtiter 96 wells
in a total volume of 0.2 mL. After incubation, 0.1
mL of the supernatant was collected from each well
and its radioactivity was measured using an auto-
gamma counter.

Results and Discussion
Characterization of Terpoly(F-MAH-VAc).
The IR spectrum of terpoly(F-MAH-VAc) prepared

by thermal copolymerization of DDTD and VAc
shows characteristic absorption bands at 1,780 and
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Figure 3. “C-NMR spectra of terpoly(F-MAH-VAc)
(300 MHz, DMSO-de). a) Terpoly(F-MAH-VAc) obtain-
ed by copolymerization of DDTD and VAc. b) Terpoly
(F-MAH-VAc) obtained by terpolymerization of F,
MAH, and VAc.

1,735 cm ™ {(-C=0 of MAH and VAc) and 1,236 cm™!
(C-O-C of F and MAH). The absorption peak assign-
able to the C=C bond of furan moiety was observ-
ed at 1,620 cm™%. In Figure 2, '"H-NMR spectrum
of terpoly(F-MAH-VAc) shows the olefinic and me-
thine protons of furan unit at 6.2 and 5.5 ppm and
the methine protons of MAH unit at 3.6 ppm, and
the methylene, methine and methyl protons of VAc
unit at 2.0, 3.4 and 2.1 ppm, respectively. *C-NMR
spectrum of terpoly(F-MAH-VAc) is shown in Fig-
ure 3. Peaks in Figure 3 are assigned to the olefin-
ic and methine carbons of furan unit at 131.8 and
85.6 ppm and the methine and carbonyl carbons
of maleic anhydride unit at 49.1 and 171.8 ppm.
Peaks at at 33.0, 65.2, 174.6 and 20.9 ppm are attri-
butable to the methylene, methine, carbonyl and
methyl carbons of VAc unit.

IR, 'H-NMR and ®C-NMR spectra of polymer ob-
tained by the copolymerization of DDTD and VAc
were identical with that of the terpoly(F-MAH-VAc)
which was prepared by the terpolymerization of F,
MAH, and VAc

Contents of F, MAH and VAc moieties in terpoly
(F-MAH-VAc) calculated by intergration value of
characteristic peaks on 'H-NMR spectrum were
30.6, 48.0, and 21.4%, respectively. Terpoly(F-MAH-
VAc) is soluble in polar solvents such as water,
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Figure 4. Viscosity behavior of terpoly(F-MAH-VAc)
(M.W.=23,400).

DMF, DMSO, methanol and acetone but insoluble
in ethylacetate and chloroform.

Viscosity and Average Molecular Weight of
Terpoly(F-MAH-VAc). Viscosity numbers of ter-
poly(F-MAH-VAc)s prepared under different initia-
tor concentrations were 0.762, 0.873, and 0.953
when the concentration of terpolymers is 1.0 g/dL
(beyond polyelctrolyte viscosity range). The visco-
sity behavior of terpoly(F-MAH-VAc) in water is
shown in Figure 4. The reduced viscosities of ter-
poly(F-MAH-VAc) were found to increase sharply
as their concentrations were reduced. Terpoly(F-
MAH-VAc) exhibited the polyelectrolyte behavior
at low concentration in water and DMF. This result
was consistent with viscosity behavior of poly(divinyl-
ether-co-maleic anhydride) which showed polyelec-
trolyte behavior?® It was reported® that the re-
duced viscosity of dilute aqueous polyelectrolyte solu
tion such as polyacrylic acid increased with decreas-
ing concentrations. Because the random-coil shape
of polyacrylic acid in concentrated solution was
changed to the expanded-coil shape by the electro-
static repulsions and charge density between the
polyanions(-COO") produced by the dissociation of
polyacrylic acid in dilute solution. It was also report-
ed that there is the relationship between the re-
duced viscosity and molecular weight of polyelec-
trolyte as shown in the following equation.”®

A

2= 1vB c”

+D 1)

where Z is the reduced viscosity, C is the concent-
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Table 1. Effect of Initiator Concentration on Con-
version and Average Molecular Weight of Terpoly

(F-MAH-VAC)
Initiator ~ Conversion  nsp/C Viscosity
concentration (%) (1 dL/g) average
Molecular
weight
1 17 0.952 23,400
4 33 0.873 19,500
8 46 0.762 7,200

Table II. NK Activity of Lymphocytes Treated
with Terpoly(F-MAH-VAc) and 5-FU

Sample Concentration  Cytotoxicity(%)
(mg/mL)
1.0 7
Terpoly 8? 3(5)
(F-MAH-VAc) 0.03 84
0.01 65
control 43
1.0 17
0.3 32
5-FU 0.1 38
0.03 36
0.01 30
control 43

ration of polymer, A is a constant which depends
on the molecular weight of the polymer and the
extent to which the polymer coil can expand at
infinite dilution owing to the intramolecular cou-
lomb repulsion between charges attached to the
chain. The value of A at inifinite dilution is known
to be the intrinsic viscosity, which is related to the
molecular weights of the polyelectrolytes. B is a
constant that increases with decreasing dielectric
constant of the solvent, and D is the parameter
for linearizing the plot of 1/(Z-D) vs. C2. Molecular
weight of terpoly(F-MAH-VAc) was calculated from
following values: D was found to be O since plots
of 1/Z vs. C¥? gave straight lines with slopes of
B/A and intercepts of 1/A and the proportionality
constant® between A and M'* is 1.3X1077. Molecu-
lar weights calculated according to equation (1)
were listed in Table L

NK Activity of Terpoly(F-MAH-VAc). Natural
killer(NK) cells have been recognized as natural
effector cells of nonspecific resistance against tu-
mors and some microbial infections.?”? It has been
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reported that NK cell activity in mice,® rats® or
humans® is closely associated with large granular
lymphocytes. DIVEMA was reported to be capable
of augmenting NK activity.®** Lymphocytes were
treated with polymer and cultured with K-562 hu-
man leukemia cells in order to investigate their
NK activity. NK activities of lymphocytes treated
with terpoly(F-MAH-VAc) (M.W.=23,400 ) or 5-FU
at 0.1 mg/mL were 90% or 38% as known in Table
II. It should be pointed out, however, that in the
case of 5-FU the NK activity was lower than that
of control group over all the concentration ranges
except the highest concentration(1.0 mg/mL). The
result may be ascribed to the immunosuppressive
property of 5-FU. The immunosuppressive property
of 5-FU had been stressed in medical literatures®%

Conclusion

Terpoly(F-MAH-VAc) was prepared by thermal
copolymerization of DDTD with VAc using AIBN
in 2-butanone at 50 C.

The synthesized terpoly(F-MAH-VAc) was chara-
cterized by IR, 'H-NMR and C-NMR spectroscopy.
The structure of polymer synthesized by thermal
copolymerization of DDTD and VAc was consistent
with that of terpoly(F-MAH-VAc) prepared by ter-
polymerization of F, MAH and VAc.

Terpoly(F-MAH-VAc) was soluble in water,
DMSO, DMF, methanol and acetone but insoluble
in ethylacetate and chloroform. Terpoly(F-MAH-
VAc) exhibited the polyelectrolyte behavior at low
concentration in water and DMF. Viscosity average
molecular weight of terpoly(F-MAH-VAc)s prepared
under initiator concentration of 1, 4, and 8 mol.%
were 23,400, 19,500, and 7,200 respectively. NK ac-
tivities of lymphocytes treated with terpoly(F-MAH-
VAc) showed highest at 0.1 mg/mL.
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