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ABSTRACT

Controlled drug release is one of the most important methods which is used

to increase therapeutic effects . It decreases the side effects of drug and,
therefore, it has attracted the interest of different research groups over the

past two decades. The application of polymers has been also extended in this
field . In this research the method employed is the chemically controlled

release of 4-hydroxyphenyl acetamide (acetaminophen) as a drug . In this

system the drug is chemically bonded to the polymer carrier backbone.

Release of the drug occurs by hydrolytic degradation of the appropriate
bonds. First, the monomer, 4-acetylaminobenzene p-styrene sulphonate was

synthesized, then the obtained product was characterized by 1 H NMR and IR

spectroscopies . After monomer attachment to the drug, the monomer drug

product was polymerized . Finally, the reieaseability of the polymer was tested
in buffer solution with pH=7 at temperatures of 37 and 40 °C . The latter

studies were carried out by UV-spectroscopy This test shows that the poly-
mer is able to release drug and this ability is a function of temperature.
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INTRODUCTION

	

and dominant biomaterials, because they can be desi-

gned and prepared in a wide range of compositions
To increase the therapeutic effects and decrease the

	

and properties, from hard and hydrophobic systems to
side effects of drugs, controlled drug release systems

	

highly hydrophilic and soft biomaterials when they
are used . The purpose is to design a system that main-

	

are in contact with the physiological fluids [2].

tains the optimum drug concentration within the ther-

	

Polymers may be used as carriers for pharmaceutical
apeutic range [1] . Polymers are the most important

	

agents [3] . Therefore, the drug is released in certain
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parts of the body in a required dose and desirable
specific rate which itself consists of various
techniques [4].

The synthetic macromolecules with functional
groups of potential pharmacological activity have
attracted considerable interest in the last 10 years [3,
5] . This system is called "chemically controlled
release system" in which the drug is chemically bond-
ed to the polymer carrier backbone as pendant, chain,
[6] . Drug can be released from polymeric carriers by
hydrolytic or enzymatic cleavages. The value of the
hydrolysis rate constant depends on the strength and
chemical nature of the agent-polymer chemical
bonds, the polymer structure and the surrounding
conditions [7] . Recently hydrolyses of synthetic
macromolecules with linked acetaminophen have
been investigated [2-4, 8-12].

The kinetic studies related to hydrolysis of
arylsulphonates were investigated in some reviews
[13, 14] . In this work, chemically controlled release
method has been applied in which the acetaminophen
(drug) with active group (-OH group) links up with

OH

the monomer (p-styrene sulphonyl chloride) by chem-
ical bond and then, the obtained monomer is polymer-
ized by AIBN as an initiator. Finally, hydrolysis
reaction was carried out in phosphate buffer with
pH-=7 at various temperatures . Scheme I depicts the
reactions followed in this work.

EXPERIMENTAL

Materials
Acetaminophen (obtained from the Ministry of Health
and Medical Education of Iran); 4-Vinyl benzene sul-
phonic acid sodium salt (Fluke AG); tetrahydrofuran
(THF) ; triethylamine (TEA); 2,2-azobisisobutyronitr-
ile (AIBN) ; chloroform, diethyl ether ; buffer solution
with pH=7 (KH2PO4 =0.026 moVL, Na2HPO4=0.041
molIL), all obtained from Merck.

Instruments
Infra-red spectra were taken on a Shimadzu 435-U-04
spectrophotometer using KBr pellet. 'H NMR Spectra
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were recorded on a JEOL FT-NMR 90 MHz
spectrophotometer using CDCl3 as a solvent. Ultra-
violet spectra were taken on a Shimadzu UV-265
spectrophotometer . Vapor pressure osmometry was
studied on VPO Knauer available at Iran Polymer
Institute.

p-Styrene Sulphonyl Chloride Synthesis
To prepare the monomer first, p-styrene sulphonyl
chloride was synthesized as follows:
p-Styrene sulphonyl chloride was prepared by the
reaction of 8 .7 g of 4-vinylbenzene sulphonic acid
sodium salt with 10.4 g of PCI 5 , as chlorination agent.
The product was separated from inorganic materials
by chloroform and water . The chloroform was
separated from the p-styrene sulphonyl chloride.
Experimental details are described in ref. 15.

Monomer Synthesis
4-Acetylaminobenzene -p-styrene sulphonate (I) was
prepared by the reaction of acetaminophen and p-
styrene sulphonyl chloride mixture of 6 g of aceta-
minophen, 15 mL triethylamine and 200 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 solution was
cooled to 0 °C and the prepared p-styrene sulphonyl
chloride dissolved in 50 mL of THF was then added
in dropwise.

The system was maintained in this condition
for 3 h . Finally, the formed precipitation was separat-
ed, washed with THF and dried. 1R spectrum,
solubility in water, chloroform and also melting point
(252–255 °C) confirmed that the precipitate was
triethylamine hydrochloride salt.

The amount of 25 mL of ether and water were
added to The remaining solution and the organic
phase was washed with 2M HCI, 5 % aqueous NaOH
and water, and then was dried with MgSO4. The
solvent was allowed to evaporate completely . The
yield was 79 %, based on initial salt . IR and 'H NMR
spectra confirmed the structure of product 1.

Polymer Synthesis
The prepared monomer (1) was polymerized at 80 °C

in a solution of THF by using AIBN as a free-radical
initiator . The reaction was carried out in a three-
necked flask and under nitrogen atmosphere.

The polymerization was continued for S h, then
the solvent was allowed to evaporate completely. The
melting point of polymer obtained is 75–79 C . IR and
'H NMR spectra confirmed that the product obtained
was poly(4-acetylaminobenzene)-p-styrene
sulphonate (2).

Drug Release Study
Drug release is in fact a hydrolysis reaction which
involves the break of a sferic bond in a buffer med-
ium . For this purpose, an amount of 0 .5 g of polymer
was transferred into the 7 test tubes and then 10 mL
of buffer solution with pH=7 was added to every one.
The test tubes were sealed with paraffin and put in a
water bath at 37 C. In specified time intervals
according to the Tables 1 and 2, the test tubes were
withdrawn from the water bath and 2 mL solution was
taken from each tube. The UV spectrum of each
sample was recorded after filtration.

RESULTS AND DISCUSSION

First, p-styrene sulphonyl chloride was synthesized.
The IR spectrum of this compound is presented in
Figure 1 . The spectrum shows stretching vibrations of
S=0 bond at 1370 cm ' and 1 150 cm- ' . The stretching
vibrations of aromatic –CH at 3100 cm -1 and aromat-
ic ring C=C at 1590 cm-' and 1490 cm-' have been

Table 1 . Hydrolysis results at temperature: 37 °C of 10 mL
samples.

Sample Time Absorbance Concentration Drug
(h) (gIL) released (%)

1 0 0 0 0

2 8 0.161 8.65x10 -3 3 .75

3 12 0.222 12x10-3 5 .30

4 18 0.233 12.8x10-3 5 .45

5 24 0 .300 16.8xi0-3 7.25

6 48 0 .377 21x10-3 9.20

7 72 0 .500 28x10-3 12.25
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Table 2 . Hydrolysis results at temperature : 40 °C of 10 mL
samples.

Sample Time Absorbance Concentration Drug
(l1) (g/L) released (%)

1 0 0 0 0
2 6 0.471 26.3210 -3 11 .5
3 12 0.527 29 .4210 -3 12 .5
4 18 0.554 31 .05x10'3 13 .6
5 24 0.646 36 .3210-3 15 .9
6 48 0.905 51 .11210-3 22 .35

observed . In acetaminophen IR spectrum (Figure 2)
there are the stretching vibrations of NH at 3320
cm ' I , OH at 3150 cm ' and aromatic C =C at 1500-
1610 cm' l , and C= 0 peak at 1650 cm''.

By comparing these results the following
information is obtained:

In monomer (1) spectrum (Figure 3), stretching
vibrations of NH at 3300 cm 'l , aromatic and aliphatic
C-H at 3070 cm ' and 3000 cm ' are observed, but
the OH peak has been eliminated and stretching
vibrations of the S=0 bond at 1370 cm ' and 1169
cm ' have appeared instead . There are also C=0 peak
at 1660 cm' and aromatic C=C at 1604 and 1500
cm' . In 'H NMR spectrum of prepared monomer
(Figure 4) there are peaks at 8 .7 ppm (s, 1, NH) ; 7.6
ppm (q, 4, benzene ring of styrenic part of molecule);
6.7 ppm (q, 4, benzene ring of acetaminophenic part
of molecule); 5 .6 ppm (q, 3, CH2=CH); 2 .1 ppm (s, 3,
CH3 ).
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Figure 1 . IR Spectrum of p-styrene sulphonyl chloride .
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Figure 2. IR Spectrum of acetaminophen.

The observed peaks at 1 .2 ppm and 3 .7 ppm are
pertained to the solvents (ether and THF) . The form-
ation of the insoluble salt as a by-product confirms
the proceeding of reaction. In Figure 5, the spectrum
shows stretching vibrations of C-H bond in CH 2 and
CH3 groups at 2930 cm', bending vibration of CH3
groups at 1390 cm ' and CH2 groups at 1470 cm ' l .
The observation of the intensive peak at 2590 cm-'
confirms the formation of NH* bond and demonst-
rates the insoluble salt as triethylamine hydrochloride.

Polymer Synthesis
In Figure 6 the IR spectrum of synthesized polymer
(2) is shown . There are stretching vibrations of NH at
3320 cm ', aromatic =CH at 3080 cm 'l ; C=0 at 1669
cm' ; aromatic C=C at 1500-1630 cm' and S .".) at
1370 cm' and 1170 cm ' Stretching vibrations of
aliphatic CH2 and CH3 are observed at 1960 cm ' and
aliphatic -C112 peak at 1445 cm ' identify the

Figure 3. IR Spectrum of 4-acetylaminobenzene-p-styrene
sulphonate monomer.
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Figure 4. I N NMR Spectrum of 4-acetylaminobenzene-p-

styrene sulphonate.
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Figure 5. IR Spectrum of triethylamine hydrochloride salt
obtained from monomer synthesis reaction.
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Figure 7 . 1 H NMR Spectrum of poly(4-acetylaminoben-

zene)-p-styrene sulphonate.

Figure 8. UV Spectrum of obtained samples from hydroly-
sis at 37 °C.

Figure 9. UV Spectrum of obtained samples from hydroly-
sis at 40°C.
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Figure 6 . IR Spectrum of poly(4-acetylaminobenzene-)-p-

	

and 6 .82 ppm (benzene ring of styrenic and the acet-
styrene sulphonate .

	

aminophenic parts, respectively); 2 .5 ppm (CH 3 ) and
the observed peaks at range of 1 .8–3 .8 ppm are all

cleavage of the double bond .

	

pertained to the hydrogens of the polymer chain . The
'H NMR spectrum of polymer is observed in

	

molecular weight of polymer was determined by VPO
Figure 7. There are peaks at 9.98 ppm (NH) 7.5 ppm

	

and found to be 4300.
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Figure 10. Standard curve of acetaminophen.

Drug Release Tests

In order to study the possible applications of this type
of polymer as a pharmacologically active compound,
we have studied from a chemical point of view the
hydrolysis of the synthesized polymer in buffer
solution with pH=7 at 37 and 40 °C.

The results are obtained on the basis of UV
curves observation.

The released drug concentration is proportional
to measured absorption that is shown in Figures 8 and

Figure 12. Hydrolysis profile of polymeric prodrug (40 °C).

9 at 37 and 40 °C, respectively . The of acetamin-
ophen is at the wavelength of 245 nm . Quantitative
measurements have been carried out using the stand-
ard curve (Figure 10) . The obtained results are quoted
in Tables 1 and 2.

In Figures 11 and 12 the hydrohysis profile of
polymeric prodrug is presented.

CONCLUSION

4-Acetylaminobenzene -p-styrene sulphonate was syn-
thesized from reaction between p-styrene sulphonyl
chloride and acetaminophen.

The monomer was polymerized with AIBN.
The melting point of polymer is 75–79 °C. The
molecular weight of obtained polymer was 4300.
Drug release tests in buffer solution at different
temperatures and various times showed this polymer
is able to release drug.

The monomer was polymerized with AIBN.
The melting point of polymer is 75–79 °C . The
molecular weight of obtained polymer was 4300.
Drug release tests in buffer solution at different temp-
eratures and various times showed that this polymer is
able to release drug. The effect of temperature on
drug release was completely investigated. At 40 °C
the value of drug release is more than 37 °C.
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Figure 11 . Hydrolysis profile of polymeric prodrug (37 °C).
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