
Iranian Polymer Journal / Volume 6 Number I (1997)

	

1026-12651i7

Synthesis and Characterization of Acrylic Monomer and its

Polymer with Pendant Acetaminophen and Investigation

of Polymer Ability for Drug Release

Zahra Momenkhany and Seyyed Mojtaba Taghizadeh
Polymer Research Center of Iran, Tehran, LR .Iran

Received: 14 September 1996; accepted 1 December 1996

ABSTRACT

Nowadays, the increasing consumption of drugs have strongly propounded
problems such as drug accessibility, on-time usage with exact dose, daily
multiusage, and the side effects being the most serious of all . The scientific
community has always been searching ways for reduction of these diffi-
culties. Drug controlled release system is one of the ways which has
attracted considerable attention in recent years, and it is defined as the
release of drug in specified pads of the body with a required dose and
desirable specific rate which itself consists of various techniques. in this
research the method employed Is the chemically controlled release with
4- hydroxyphenyl acetamide (acetaminophen) as the drug. Thus, aceta-
minophen and acryloyl chloride are converted to an acrylic monomer, then
the obtained monomer is polymerized, and finally the drug release ability of
the polymers is tested in buffer solution . These tests show that the polymers
are able to release drug but with insignificant amount and this as a
preliminary step is a good sign and satisfactory.
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INTRODUCTION

Study and research on drug controlled release sys-
tems go back to 1964 [II . At that time, silicon was
used to increase the drugs effective period . Despite
many attempts, there is yet no reliable and accept-
able system . Practical use of these systems goes
back to the last decade . These systems reduce the
poisonous side effects of drugs by providing an
effective doses for the body. In these systems,

polymers are used in various methods [2-4].
Acetamihophen is one of aniline derivatives.

In 1886, two scientists Hepp and Chan discovered
that aniline derivatives have analgesic effects.

Acetanilide was one of these derivatives
which was used most often, but subsequently it was
discovered that acetanilide produces aniline in
human body which itself is a poison . Therefore, in
order to stop these fatal side effects, they worked
on acetanilide and aniline derivatives .
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Hydroxyanilines (aminophenols) were one of
these derivatives that among them pa ra -amino-
phenol was proved to be safer than meta and ortho
isomers.

Thus, acetaminophen was obtained with the
acetylation of its amine group.

A lot of research has been carried out to
study the controlled release of this drug, but in
most of them such as membrane systems or matrix
systems, the permeability property of polymers has
been used for the system design [5—8].

In this work, we show that "chemically
controlled release method", in which a drug with
active groups such as —OH or —NH form links to
polymer chain by chemical bonds and, therefore,
this polymeric drug [6] in specific parts of the body
releases the drug with a special rate, due to
hydrolysis or enzyme catalysis.

Because acrylates are biocompatible and
have been widely used in the synthesis 'of polymeric
drugs [5, 9, 10,], in our effort according to the
Scheme I, first acetaminophen was converted to an
acrylic monomer, then this monomer was polymer-
ized and finally the drug releaseability of the
polymer was investigated [11].

EXPERIMENTAL

Materials
Acetaminophen (obtained from the Ministry of
Health and Medical Education of Iran) ; acryloyl
chloride (AC, Aldrich); tetrahydrofuran (THF,
Merck) ; triethylamine (TEA, Merck) ; 2,2-azobis-
isobutyronitrile (AIBN, Merck) ; hydroquinone,
diethylether, heptane and dioxane (Merck) and
buffer solution with pH =7 (KH2PO 4 =0.026 mol/L,
Na2HPO4 =0.041 mol/L, Merck).

Instruments
IR spectra were taken on a Philips PU9712
spectrophotometer using KBr pellet . 1 H NMR
spectra were recorded on a JEOL-PMX 60MHz
spectrophotometer using DMSO-d 6 as a solvent.
Melting point was determined by a Buchi 535
apparatus . Average molecular weights were found
by gel permeation chromatography (GPC ; Waters
150-C) . The amount of the released drug was
determined by a Waters 510 HPLC.

Monomer Synthesis
The acrylic monomer, 4-acetamidophenyl acrylate,
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Table 1 . The properties of the drug, monomer synthesized and the salt formed.

Sample Apparent properties Melting point (C) Melt appearance Solvent

Acetaminophen white powder 168 .1–168.3 clear liquid ethanol, THF, dioxane and acetone
Trlethylamina translucent white 253 .5–255.1 brownish-red liquid water, ethanol and chloroform
hydrochloride salt
Pharmaceutical

and acicular crystal
translucent white 119.5–120 .5 .

	

clear liquid THF,acetone,ethanol and dioxane
monomer powder

was prepared by reaction of acetaminophen and
acryloyl chloride in presence of triethylamine and
hydroquinone in THF solvent. A mixture of 8 .0 g
of acetaminophen, 5 .4 g of triethylamine, a trace of
hydroquinone and 150 mL of twice distilled THF
were poured in a three-necked flask equipped with
a reflux condenser, dropping funnel, thermometer
and a magnetic stirrer . The mixture was stirred at
room temperature for 15 min . Then, 4.4 mL of
acryloyl chloride dissolved in 50 mL of THF was
added to the flask by a dropping funnel for 30 min.
The system was maintained in warm water bath
under steady rbflux condition (50–60 `C) for 4 h.
Finally, a large amount of white precipitate in the
flask was obtained . Evaluation of the precipitate by
solubility in water, melting point, appearance and
IR spectrum confirmed that the precipitate was
triethylamine hydrochloride salt. The salt was sepa-
rated, washed with THF and dried. The obtained
salt was a white translucent acicular crystal with
253 .5–255.1 `C melting point. Then, n-heptane as
a non-solvent was added to the remaining solution
and the obtained precipitate was separated and
dried . The precipitate was a white powder, mp

119 .5–120 .5 °C and 40% yield which was confirm-
ed by IR and 'H NMR spectra to be the acrylic
monomer, 4-acetamidophenyl acrylate . For purifi-
cation the monomer was dissolved in diethylether,
filtered and the solvent was allowed to evaporate
completely (Table 1).

The monomer was repeatedly synthesized in
acetone in the same manner, but the yield of the
reaction was much lower (15 .5%).

Polymers Synthesis
Polymers were prepared by free radical polymeri-
zation using solution method . The solvent used was
redistilled dioxane, with reaction temperature of
60 °C and AIBN used as an initiator . The solution
(3mL) with . specific amounts of the monomer,
initiator and solvent (according to Table 2) was
introduced into the glass tubes, solidified in liquid

N2, and it was sealed under vacuum. Then, the
sealed tubes were maintained in a thermostatic
bath at 60 'C for 3 h. Finally, the tubes were
removed from the bath and the resulting white
powder polymer was separated and washed three
times with dioxane and it was dried under vacuum.

Table 2 . Investigation of the effect of different initiator concentrations on molecular weight and
yield percentage of poiy(4-acelamidophenyl acrylate).

Polymer Initiator concentration (gIL) Yield (%) Mw M n PDI

PM1 4.0 98.04 201,015 73,405 2.74

PM2 2 .7 96.79 258,358 85,526 3 .02
PM 3 2 .1 92 .83 298,516 77,797 3.84
PM 4 1 .5 85 .23 336,243 68,087 4.94

PM 5 1 .1 65 .57 374,874 71,791 5 .22

Monomer conoentralion: 166.67 g/L ; Polymerization time: 3 h.

Iranian Polymer Journal ! volume 6 Number 1 (1997)

	

65



Synthesis and Characterization of Acrylic Monomer and its Polymer

Table 3. Results of the first 2 mL samples.

Polymer Drug released

(ppm)
Drug released

(%b)

PMI 0 .300 0 .066

PM3 0 .147 0.032

PM 4 0.195 0 .042

PM S 0 .310 0 .067

IR and 'H NMR spectra identified the obtai-
ned precipitate polymer as poly(4-acetamidophenyl
acrylate) . In these experiments, polymers with
different average molecular weights were obtained
by changing the initiator .concentration.

Measurement of Molecular Weight
The average molecular weights of the polymers
were determined by GPC instrument using 10 3 and
104 A ultrastyragel columns and monodisperse
polyethylene oxide (PEO), with peaks Mw between
26,000 and 885,000 as a standard, with a refractive
index (RI) detector. The mobile phase was DMF
with the flow rate of 1 mLlmin and 25 min run
time at 60 C . The concentrations of the polymers
were 0.25% (w/v) or less and the injection volume
was 100 µL.

Drug Release Study
Drug release is in fact a hydrolysis reaction which
involves the break of a steric bond in buffer media.
For this purpose, 0.05 g of each one of PMI , PM3,
PM4 and PMS polymers (see Table 2) was transfer-
red in one of four identical glass beakers, and 80
mL of buffer solution with pH=7 was added to
each beaker. The glass beakers were covered and
sealed with Parafilm, and put in a water bath at
37 C. After 7 days, the first 2 mL sample was
taken from each glass beaker and 2 mL buffer
solution was added instead. The amount of drug in
these samples was determined and the results have
been recorded as shown in Table 3 . Then, the
sealed glass beakers were maintained in water bath
at 40 'C for 8 days . Finally, the second 2 mL
samples were taken and the test was terminated.
The amount of the drug present in the samples are

Table 4. Results of the second 2 mL samples.

Polymer Drug released Drug released

(ppm) (%)

PM I 0.68 0 :147
PM3 0.54 0 .116

PM4 0.38 0.082

PMS 0.48 0.104

shown as in Table 4.

Quantiative Determination of the Released Drug
The amount of the released drug was measured by
HPLC instrument using 3 .9 mmX 30 cm bonda-
pak Cl s column in 242 nm wavelength and drawing
the calibration curve . The mobile phase was buffer
solution, pH=7 with the flow rate of 1 mL/min, 25
min run time and 25 ,uL injection volume.

RESULTS AND DISCUSSION

Monomer Synthesis
4-Acetamidophenyl acrylate was prepared accord-
ing to Scheme II.

The products spectra confirm the formation
of the monomer . In Figure 1, the spectrum shows
stretching vibration of C—H bond in CH 2 and CH3
groups at 2930 cm- 1 , bending vibration of CH3
groups at 1390 cm-' and CH2 groups at 1470 cm-1 .
The observation of the intense peak in 2590 cm-1
confirms the formation of NH bond and identifies
the insoluble salt as triethylamine hydrochloride. In
acetaminophen IR spectrum (Figure 2) there are
the stretching vibrations of NH at 3320 cm- I , OH
at 3150 cm-' and aromatic CC at 1500—1640
cm- l . By comparing the Figures 2 and 3 together,
the following information is obtained:

Stretching vibrations of NH at 3300 cm- ' and
aromatic —CH at 3070 cm-' are observed, but the
OH peak has been eliminated and C=0 peak at
1740 cm-' has appeared instead. Also bending
vibrations of =CH 2 at 910 and 1000 cm- 1 were
appeared which explain the formation of the steric
bond and the existing of ethylene group in the
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Figure 1 . IR spectrum of triethylamine hydrochloride salt obtained horn monomer synthesis reaction.
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Figure 2. IR spectrum of acetaminophen.
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Figure 3. Monomer IR spectrum (4-acetamidophenyl acrylate).

product that means the formation of 4-acetamido-

	

and in Figure 5 although peaks at 10.05 (s,1,NH),

phenyl acrylate.

	

7 .4 (q,4,benzene ring) and 2.1 ppm (s,1,CH3 ) exist,
In Figure 4 peaks at 9 .6 (s,1,NH), 9.1(s,1,-

	

but the OH peak has been eliminated and a peak

OH), 7 .1(q,4,benzene ring) and 2 ppm (s,3,CH 3 )

	

at 6.4 ppm (m,3,CH2 =CH) has appeared, which

related to acetaminophen 1H NMR are observed,

	

verifies the monomer formation.

Figure 4. Acetaminophen 1 H NMR spectrum.
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Figure 5. 1H NMR spectrum of 4-acetemklophenyl acrylate monomer.

Polymers Synthesis

	

CH3 stretching absorption band at 2930 cm -1 and
In Figure 6 peaks related to NH at 3280 cm-',

	

aliphatic -CH2 peak at 1445 cm-' identify the
aromatic =CH at 3060 cm—1 , C=O at 1745 cm- 1 ,

	

breaking of the double bond, as it is shown in
and aromatic C-C at 1500-1650 cm' are

	

polymer 1 H NMR spectrum with more clarity (see
observed as well, but occurring aliphatic CH2 and

	

Figure 7).
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Figure 6. IR Spectrum of poiy(4-acetamldophenyl acrylate).
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Figure 7 . 1 H NMR spectrum of poly(4-acetamldophenyl acrylate).

In this spectrum there are peaks at
9 .95(NH), 7.25 (benzene ring) and 2.05 ppm
(CH3 ), but the peaks of alkene hydrogens have
been completely eliminated and a peak at 3 .36
ppm –(CH2 CH)– is observed instead, which
confirms the formation of poly(4-acetamidophenyl
acrylate) polymer.

Results of Table 2 show that the yield per-
centage of polymerization decreases with lowering
initiator concentration which is due to decreasing
reaction rate. On the otherhand, because of dec-
reasing termination reactions the average molecul-
ar weight increases.

Drug Release Tests
In order to study this polymer as a pharmacologi-
cally active compound, the hydrolysis of this
polymer, from a chemical point of view has been
studied in buffer solution with pH=7. The results
obtained are quoted in Tables 3 and 4 . However,
the amounts of the drug release are so far insigni-
ficant, and only a sign of the drug release is
evident, but as a preliminary step it is promising
and satisfactory.

Several parameters affect the rate of the
drug release from a polymer, for example, molecul-
ar weight, particle size, and medium conditions
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Figure B. A typical GPC chromatogram of poly(4-aceta-

	

Figure 9. A typical HPLC chromatogram of acetamino-

midophenyl acrylate) .
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such as temperature, pH and the enzymes [10-12j.

CONCLUSION

4- Acetamidophenyl acrylate monomer is synthesiz-
ed in THF and in the presence of triethylamine
with 40% yield . This monomer is a translucent
white powder with mp 119.5-120 .5 'C and soluble
in ethanol, acetone, TNF and dioxane. This
monomer is also synthesized in acetone with much
lower yield.

Poly(4-acetamidophenyl acrylate) with differ-
ent molecular weights (Figure 8) is synthesized
through solution free radical polymerization of
4-acetamidophenyl acrylate in dioxane with differ-
ent concentrations of AIBN initiator at 60 'C for 3
h. This polymer is a translucent white powder and
soluble in DMIF. Drug release tests in buffer solu-
tion showed that this polymer is able to release
drug but with insignificant amount (Figure 9),
therefore the . tangoing steps should be based on
increasing the drug release level and investigating
factors that have influence on it.
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