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Abstract: 2.4-Dichlorophenoxyacetyloxymethylstyrene {DOMS!} was synthesized by the reaction of so-
diurn salt of 2.4-dichlorophenoxyacetic acid (2,4-D) and p-chloromethylstyreng in chlorobenzene at 90
"C. DOMS was radically copolymerized with acrylamide {AM) in N,N-dimethylformamide at 70°C to
prepare hydrophilic poly{DOMS-co-AM). From the hydrolysis of the copolymer. it was shown that the
release of 2,4-D increased with increasing pH and temperature of the medium.

Introduction

Controlled activity or controlled release from
polymeric increasingly
portant in variety of pharmaceutical, medical,
and agricultural applications because it has ad-

systems becomes im-

vantages such as more efficient utilization of ac-
tive agents, possibility of targeting, less frequent
administration, and reduction in side effects.' Con-
trolled-release systems can be classified into cap-
sules of polymeric materials filled with the active
agents, hetero-
geneous solutions of the active agents in polymer
matrices, and chemical bonding of the active
agents to polymers, etc. The active molecules

heterogeneous dispersions or

which were anchored to hvdrophilic polymers
through the ester bonds were released by the
hydrolysis of the ester bonds.” The release rate
could be controlled by changing pH and tem-
perature of the medium.**

2 4-Dichlorophenoxyacetic acid(24-D} and its

derivatives are powerful herbicides in ordinary
field and orchard. etc. However, nowadays the
usage is decreased because of undesirable side
effects and environmental problems.” If we could
synthesize a polymer containing 2.4-D through
ester bond, and control the release through the
hydrolysis of the ester bond, the side effect and
environmental problems would be much reduced.
Accordingly, this communication deals with the
synthesis of hydrophilic polymer having 2.4-D
through ester bond and the release rate of the
polymer depending on pH and temperature of
the medium.

Experimental

Materials. p-Chloromethylstyrene (CMS, Al-
drich) was purified by vacuum distillation. 2.4-D
{Aldrich) was wused without further purifica-
tion. Both acrylamide (AM) and azobisisobu-
tyronitrile  (AIBN} of reagent grades were re-
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crystallized from chloroform and methanol,
respectively. Triethylarmine, benzoquinone, chloro-
benzene, ethylether, trifluorcacetic acid, Na:HPOa
and KH.PO. of reagent grades were used with-
out further purification. Dimethylformamide
(DMF) was purified by vacuum distillation. Cel-
lulose tubing membrane (Spectrum Medical,
molecular cut-off of 1000) was used for the
release experiment.

Measurements. 'H NMR spectra of the
monomer and the copolymer were recorded on
a Varian EM-360L spectrometer using CDCl:
and DMSO-ds, respectively. Infrared spectra were
obtained with a FT-IRIMIDAC) spectrometer. In-
trinsic viscosity was measured in trifluoroacetic
acid with an Ubbelohde viscometer at 30°C.
Elemental analysis of the copolymer was carried
out with a Perkin-Elmer elemental analyzer,
Model 240. The content of DOMS unit in the co-
polymer and the concentrations of 2.4-D released
from the copolymer were measured with a Shi-
madzu UV-2100 spectrophatometer.

Synthesis of DOMS. 24-Dichlorophenoxy-
acetyloxymethylstyrene {DOMS) was synthesized
by the method similar to ihe synthesis of benzyl-
benzoate® as shown in Scheme 1. 24-D {2.4-D
salt, 5g, 0.0206 mol) and triethylamine {0.0206
mol} were added to CMS (3 mL, 0.0206 mol) in
chlorobenzene (3 mL). A trace amount of p-ben-
zoquinone was also added to inhibit the poly-
merization of DOMS and CMS. After the reaction
mixture was stirred for 9 hrs at 90 °C, the solu-
tion was filtered to remove the precipitated
triethylamine salt. The solvent and the unreacted
CMS were evaporated. The product was washed
with water and dried under vacuum at room tem-

HCOONa + C EGN, ¢
T @

24D CMS
Scheme I, Synthesis of DOMS.
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DOMS Poly{DOMS-co-AM)

Scheme I, Synthesis of poly{DOMS-co-AM).

perature.

Yield, 84%(6.9 g): melting paint, 28 °C: IR (KBr,
em™) : 1757 (Carbonyl group) and 1584 (vinyl
group); 'H NMR {CDCl,, ppm) : 85.5 (CH,=CH).
6.7 (CH.=CH), 4.7 (Ph-CHy-), 5.2 (Ph-O-CH,"},
and 7.2~7.4 (benzyl group and phenoxy group).

Synthesis of Poly(DOMS-co-AM). Poly
(DOMS-co-AM) was synthesized according to
Scheme 1. The copolymerization of DOMS with
AM was conducted at 70°C for 48 hrs in DMF
using AIBN as an initiator. The concentration of
initiator was 0.1 mol% based on total monomer,
and the total amount of comonomers in the mix-
ture was 3 g, which contained 1.04 g {0.1 mole
fraction} of DOMS, The reaction mixture was
poured in a large excess of ethyl ether. The pre-
cipitated copolymer was filtered and dried under
reduced pressure at 50°C.

Release Experiment.”® The copolymer was
ground and sieved (100mesh, U. S. standards
testing tube) . The sample {10 mg) was placed in
a 5cm celiulose dialysis membrane. 1 mL of a
buffer solution {(pH 7 and pH 9) prepared by
using Na,HPQ, and KH,PO, was added to the
sample and dialyzed in the same buffer solution
(29 mL) in a test tube at constant temperatures
{20 °C and 30°C). Periodically, 1 mL of the buff-
er solution was taken from the tube and analyzed
with UV spectrophotometer. The molar extinction
coefficients (€) of 2,4-D at 283 nm in buffer solu-
tions of pH 7 and pH 9 were observed to be
22700 and 22800, respectively. These wvalues
were used for the determination of 2,4-D releas-
ed from the copolymer.

Results and Discussion
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Figure 1. 2.4-D released from the copolymer as a function
of hydrolysis time at different temperature and pH of the
medium : ((]) 20°C and pH=7; (W) 30°C and pH=7; (O}
20°Cand pH=9; (@) 30°C and pH=9.

IR absorptions of Poly(DOMS-co-AM} were
found near 3350 cm™ (N-H of amide) and 1660
cm™? {carbonyl group of amide). 'H-NMR peaks
of PolyiDOMS-co-AM) were not assigned be-
cause their peaks were broad and overlapped.
The yield of the copolymer was 72 percent. The
intrinsic viscosity of the copolymer was 0.19. The
mole fraction of DOMS unit in the copolymer de-
termined by UV spectroscopy was (.124 and
that determined by elemental analysis was 0.106.
The DOMS content in the copolymer was a little
larger than that in the feed (0.1 mole fraction).

Figure 1 shows the relationship between the hy-
drolysis time and the percentage of 2,4-13 releas-
ed from the copolymer depending on tem-
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perature and pH of the medium. The amount of
released 2,4-D increased with increasing tem-
perature. This could be attributed not only to the
increase of the hydrolysis rate but also to the in-
creased degree of swelling.?* The polymer inside
the particles could be hydrolyzed when the poly-
mer particles were swollen. As shown in Figure 1,
the amounts of 2,4-D released at pH=9 were
found to be larger than those at pH =7, which in-
dicated that the ester bond was more labile with
respect to hydrolysis due to the higher swellig de-
gree at pH =9 than pH =7 It is postulated that
the release rate of 2,4-D from the hydrophilic co-
polymer can be controlled by temperature and
pH of the medium.
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