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ABSTRACT

Hydroxypropyl cellulose (HPC) was modified to camtzhloroacetate groups by the reaction of HPC with
chloroacetyl chloride in dried dichloromethane bsing pyridine as a catalyst. The coupling of paraiaobenzoic
acid (PABA) to HPC functionalized with chloroacetafroups was carried out in a homogenous reactietween
chloroacetylated HPC and sodium salt of PABA ineathglsulfoxide (DMSO). The structures of chlorogleged
HPC and HPC-PABA conjugates were well characteribgdFT-IR and'H-NMR techniques. The degree of
substitution (DS) per anhydroglucose unit (AUG)cbforoacetylated HPC and HPC-PABA ester conjugaes w
calculated by using integrated area frifaNMR spectra. Synthesis and structurhhracterizationof HPC-PABA
ester conjugate was successfully carried out ansl $trategy will contribute to the development opatential
macromolecular carrier for biomedical and pharmatieal applications.
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INTRODUCTION

For many years pharmacists have been employinglegdl as the most abundant natural material in nagpgcts
for drug development and research, but there igdib@dvantage of its insolubility to limit its apgdtiongl, 2].
Presently a number of water soluble cellulose d¢inres are available in the market and that camsee in different
pharmaceutical applications[3, 4]. HPC is one @& fiharmaceutically valuable cellulose ether duéstauitable
properties like safetypH insensitivity andcan be soluble both in water and polar organic estbf5-8].HPC is
routinely used as an excipient in a variety of phareutical dosage forms as a binder, film for cgatnd
thickening agent. Its applications immucoadhesive delivery systems have also been eghéot several different
drugs[9-12].

HPC is cheap and biocompatible pharmaceutical edipvith three hydroxyl groups per anhydroglucasé that
can be used in organic synthesis reactions andhwhakes it a valuable tool for the fabrication aiaromolecular
prodrugs[13, 14].The bioactive compounds can bepleauto the polymeric backbone by the participatafn
hydroxyl and carboxyl groups of the polymers anchpounds, respectively [15]. Carbohydrate polymeishsas
HPC can be modified into a useful reactive carigerthe attachment of the therapeutic agents ardttoduce a
spacer arm between the polymer and the therapaggats[16]. It was reported that therapeutic ageats be
attached directly to the polymer chain are stahtt @uld not split off easily due to the stericdrance effect since
enzyme could not reach and break down the covhlentl between drug and polymer[17]. PABA is an artiana
naturally occurring non-protein amino acid. It &fesand its absorption rate from the gastrointastiract is very
fast and completely metabolized by the liver[18tu8turally, PABA consists of a benzene ring subtid with an
amino and a carboxyl group. Through substitutioitsohmino and carboxyl group, PABA has also besttioned
as a structural moiety for many drugs with a widege of therapeutic applications. PABA was used ggacer in
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the synthesis scheme of dendrimer-5-aminosaliadid (5-ASA)azo conjugates and polyethylene ghE@ISA
prodrugs and it could facilitate 5-ASA release friira polymeric conjugates[19, 20].

The goal of the present study is to synthesize cdradacterize HPC-PABA ester conjugate in a two kngnd
homogeneous steps. During the first step, HPC Wmsaacetylated with chloroacetyl chloride, whifethe second
step the chloroacetate groups were reacted withugeg-aminobenzoate to give the desired HPC-PABA ester
conjugate. This strategy will contribute to the elepment of a novel polyaromatic polyamine macraroolar
carrier containing a pendant primary amine funatldy which can be used for different biomedicaldan
pharmaceutical applications.

EXPERIMENTAL SECTION

Materialsand instruments

HPC powder (Mw~100,000) was purchased from Signaxiéth (USA) and dried at 3€ under vacuum for 3 days
before use. PABA and chloroacetyl chloride werdydital grade and obtained from Merck (Darmstadtyi@any).
The rest of the chemicals and solvents were ofyéinal grade. FT-IR spectra were recorded on &iRdtimer FT-
IR model spectrum one spectrophotomefét-NMR spectra were recorded by the Varian Nucleaaghtic
Resonance Spectrometer (500 MHE)NMR spectra of the esters (10 mg sample/ml) weeasured in deuterated
dimethylsulfoxide (DMSO-g) at 60°C.

Esterification of hydroxypropyl cellulose with chloroacetyl chloride

In the first step of the synthesis, 10.5 gH?C(93.8 mmol eq. to-OH groups) was dissolved in 120ofrdried
dichloromethane in a two-necked round bottom flagkh constant mechanical stirring at room tempematu
Pyridine (7.5 ml, 93.8 mmol) was added to the flaskan acid acceptor. Dried dichloromethane saiuti® ml)
containing 7.5 ml of chloroacetyl chloride (93.8 pijnwas then added drop wise at 0& with stirring. The
reaction mixture was kept stirring at 26 for overnight under nitrogen atmosphere. The sofuthat was obtained
after the required time gave clear and viscous Vigiht yellow color. The solution was evaporated femoving
dichloromethanend re-dissolved in DMSO in order to transfer into algsis bagMWCO = 12,000-14,000 Da)
The polymer product was purified by dialysis agtimsstiled water for at least 3 days. The purified
chloroacetylated HP@ster conjugate was finally obtained by lyophiiiza. The product was obtained in 78 %
yield with 0.52 degree of substitution (DS).

Reaction of chloroacetylated HPC with sodium-p-aminobenzoate

In the second step of synthesis, the resultingrohltetylated HPC (12.0 g, 31.58 mmoleq. to GICB- groups)
was dissolved in 120 ml DMSO at room temperatuie then 6.0 g sodium salt of PABA (37.9 mmol) wadext
slowly while stirring. The reaction was performed3® °C and under intense stirring for about 8 h. Thalfin
product was purified bylialysis against distilled water for at least 2 days. Theiflipd HPC-PABA adductvas
obtained by lyophilization in 88 %yield, based oithw2.53 degree of substitution (DS).

Calculation processfor the degree of substitution

The degree of substitution (DS) dfloroacetylated-HP@as calculated form the spectrum'sNMRby using the
integration ratio of the peaks arising due to theghyl protons of hydroxypropyl pendants and protohGICH,CO-
groupthat incorporated into HPC through esterificati8h On the other hand, the DS of HPC-PABA adduasw
also calculated form the spectruntt#fNMR by using the integration ratio of the peakpearing due to protons of
anhydroglucose unit of HPC and peaks appearingalpeotons of aromatic moiety of PABA[21].

RESULTSAND DISCUSSION

Cellulose derivatives containing Nfflinctionalized aromatic groups has been of intetesgreat expectations
concerning their suitability as support matricessfimcompounds. However, their synthesis pathwagdraquently
very complex and usually gave low product vyield. this study, we have tried to synthesfs
aminobenzoylydroxypropyl celluloseby the reaction of HPC witp-nitrobenzoyl chloride using pyridine as a
catalyst, the nitro group was then subjected tagedo an amino group by using sodium dithionite asn-toxic
reducing agent[22].The original HPC was solublevater but after the incorporation of aromatic nigroups to the
polymer chain, it could not preserve its water biity property. p-Nitrobenzoyhydroxypropyl cellulosehas
solubility only in organic solvents like dimethylfaxide (DMSO), dimethylformamide (DMF), dimetylaaenide
(DMA), tetrahydrofuran (THF) and etc., but on thber hand, sodium dithionite has not solubilitythese organic
solvents. Many efforts were performed to achievenglete conversion but could not find the satisfactesults,
which might be caused by reduction in heterogenpbase the reducing agent may not be in an adive. f
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For acquiring the primary amino functionality on ElPwe approached in another way that was estdidita
reaction between PABA and HP@ this method, the primary amino group of PABAswast protected by 98%
formic acid according to the method in the literaf@3]. The protection gbrimary amino group was helpful to
avoid from self-coupling of PABA during the reactiodue to its bi-functional groups naturd-N-
Formylaminobenzoic acid (4-f-PABA) was successfditerified with HPC usingi-(3-dimethylaminopropyl)N-
ethylcarbodiimide hydrochloride (EDC.HCI) as a censating agent and 4-(dimethylamino)pyridine (DMAiB)a
base[2]. Finally, the protecting group was tried@move by stirring the product in 0.5 mol/IHCI aoding to the
prescribed method[23]. However, HPC-PABA with fie®ino groupwas not successfully achieved by hydrolysis
of HPC4-f-PABA. The result demonstrated thhétester bond between HPC and protected PABA wasbr that
may be due to the strong acid strength and higpeeature assisted the hydrolysis of ester bond.

Finally, a novel and the simplest synthesis routéHBC-PABA ester conjugate was adopted for achipuime
macromolecular carrier with primary aromatic amifumctionality. HPC was first modified witlthloroacetyl
chloride to provide chloroacetate groups (Fig.1)ngissimilar process to the previously repavith some
modification [24].

O
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1 mol 1 mol
Figure 1 Reaction scheme for the synthesis of chlor oacetylated HPC ester conjugate

For achieving the proper distribution of chloroatetfunctionality irHPC chain,the esterification was performed in
dried dichloromethaneThe product, chloroacetylated HPC was easily inbthin high purity by dialysis against
distilled water, since the by-product of the reactpyridinium chloridewas soluble in water.

The coupling of bioactive carboxylic acid of PABA HPC functionalized with chloroacetate groups wasied
out by using thesodiump-amino benzoatén DMSO (Fig.2). The sodium salt of PABA was éagirepared by
reacting equivalent amounts of the acid with sodiydroxide. The solution was left standing ovehmigo

evaporate slowly. It was a novel methodology far Hynthesis of macromolecular carrier and intanghtithere
was no need of any coupling agent and base for ketimg this type of esterification reaction. Hightyire HPC-
PABA ester conjugate was fabricated by this elegaathod because the impurity (NaCl) was solubldigtilled

water, hence removed simply by dialysis. In stimtegythere were no hard challenges like complete rasluof

nitro group or complete deprotection of protectatnm group that were faced in the beginning of teisearch
work. Regarding solubility, HPC-PABA ester conjugatas soluble in many organic solvents like DMS®A)

DMF, THF, MeOH and EtOH, but it was not solublenater.
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Figure 2 Synthesis scheme for the preparation of HPC-PABA ester conjugate

Figures 3a-c show the FT-IR spectra of unmodifiddCH(Fig. 3a), partially modified HPC with chlorotate
groups (Fig. 3b), and HPC-PABA ester conjugate.(B. Unmodified HPC (Fig. 3a) showsoad transmission
bands at 3600-3100¢tnf hydroxyl stretching vibration.This band is obviously reduced after modificatiorthe
spectrum of the obtained chloroacetylated HPC (8. Moreover, FT-IR of chloroacetylated HPC thss new
characteristic bands of the attached ester groppsased at 175ém*belongs to the stretching vibration of carbonyl
of the ester, at 1754 cthelongs to —C-O stretching vibration, and at #&i‘of -CH,CI. In addition, the FT-IR
spectrum of HPC-PABA ester conjugate (Fig. 3c) destrated the absorption bands of —C=0 stretchihgatibn

at 1757 crit (HPC-OC=0) and a new band at 1711¢mf -CH,-O-C=0. Moreover,since the final product of
HPC-PABA ester conjugate contained 4-aminobenzoatety, therefore the characteristic peaks of prjnzamnine
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which shows two N-H stretching vibration at 335 83244m*, C-N stretching at 128in*, N-H bend at
1619cm* and -C=C, and C-H in the benzene ring at16057atidcm" were observedThe FT-IR results indicated
that the desired product was successfully obtayetthis procedure.
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Figure 3FTIR spectra of: a) HPC, b) chloroacetylated HPC (DS 0.52), c) HPC-PABA ester conjugate (DS = 2.53)
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Figure 4'H NMR spectra of HPC-PABA ester conjugate (500 MHz, in DM SO-dg)

The structure of modified HPC was confirmed#yNMR spectra with a 500 MHz Unity Inova, Varian dlear
Magnetic Resonance Spectrometer in DMS@nd displayed in Fig.4. The peak at 2.49 ppm & tduDMSO-¢.

The spectrum of HPC-PABA ester conjugate shows braeake at 1.0 -1.25 ppm frothe methyl groups in the
hydroxypropyl moietiesPeaks in a range of 3.19 — 4.2 ppm belong to psomicyclic glucose units. The
characteristics resonance peaks at 7.67 and 6r8%pp ascribed to the protons of aromatic moietl? ABA. The
peak at 5.86 ppm belongs to protons of the priraanino group of PABA and a characteristic peak otqms of —
CO-CH,-O- appeared at 4.72 ppm. A tiny peak detected @ ppm belongs to the resonance of the methine
protons of modified HPC. The DS of HPC-PABA estenjagate can be easily calculated form the spectrfih-
NMR by using the integration ratio of the peaksegng due to protons of the cyclic glucose unftéiBC and
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peaks appearing due to protons of aromatic moiétRABA and the result demonstrated that the produves
obtained with2.53 degree of substitution (DS).

Both FT-IR and’H-NMR characterization results confirmed that HPABR ester conjugate was synthesized
successfully and could be obtained in purified form

CONCLUSION

Fabrication of a novel macromolecular carrier ikdiPC-PABA ester conjugat®as completed in a two easy steps
that were performed homogeneously. Organosolubleran@lecular conjugate with primary aromatic amine
functionality were synthesized and characterizéecéfely with excellent percentage yield and puritPC-PABA
ester conjugatean be a useful carrier for different biomediaad @harmaceutical applications.
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