
The syntheses of a novel telechelic polymer and a polyfunctional dendrimeric
copolymer were achieved. For the synthesis of telechelic polymer, first a diacid of
poly(ethylene glycol) was chlorinated using thionyl chloride. Then 5-aminosalicylic

acid (5-ASA) was reacted with diacyl halide poly(ethylene glycol). The resulting polymer
containing drug molecule (5-ASA) (1) reacted with dicyclohexyl carbodiimide (DCC) in
dichloromethane and a polyfunctional copolymer (2) was obtained. The GPC measure-
ments confirmed the formation of a pentamer containing telechelic blocks type com-
pound. The thermoreversible behaviours of the prepared hydrogels of both telechelic
polymer and the polyfunctional dendrimeric copolymer have been investigated. The ther-
moreversible behaviour of telechelic polymer 1 in water was almost in contrast to the
thermoreversible behaviour of compound 2. The structure definition and analysis of the
synthesized new compounds was carried out using NMR, FTIR, UV-Vis spectrometry,
optical microscopy and viscosimetry methods.
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The synthesis of functional den-
drimers, hyperbranched and star
polymers has been well documented
[1-3]. Various methods to reduce the
synthetic steps of dendrimers have
been reported. The stepwise synthet-
ic schemes for the preparation of

dendrimers, usually limit their broad
range applications. From a techno-
logical point of view, the synthesis of
polymers possessing a high degree
of branching in a single step from
ABx monomers are highly attractive
[3-4]. A number of hyperbranched
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polymers involving polyesters, poly(ether ketones),
polyurethanes, polyamides, polycarbosilanes have been
explained. However, the structure of such hyper-
branched polymers is not as controlled as that of den-
drimers and functional groups are not located at an
ordered position. This is due to the statistical nature of
the coupling steps, steric hindrance of growing chains
and reactivity of functional groups, i.e. the propagation
occurs at only two sites among branching units which
gives irregular and linear segments. Therefore, the
hyperbranched polymers might have intermediate
properties between those found for linear and dendritic
polymers. The simplest branched materials are called
star polymers in which several linear polymer chains
are attached to only one branching point (core). These
polymers contain chemically the same or the different
arms (miktoarm star polymer) linked to the core. Star-
block copolymers that all the arms consist of block or
triblock copolymers have also been presented and sev-
eral methods have been utilized for the synthesize of
the star polymers [6-11]. One of the most intriguing
aspect in the hyperbranched polymers is how to obtain
hyperbranched polymers with narrow molecular weight
distribution and f n close to 1 in a one-pot polymeriza-
tion of ABx monomers and macromonomers. In princi-
ple, in addition to condensation polymerization, vari-
ous polymerization methods such as addition polymer-
ization and ring-opening polymerization can be utilized
for the synthesis of hyperbranched polymers. Some of
the polymers have relatively long chain lengths and
high molecular weights which may contribute to
improve the defects of the dendrimers and hyper-
branched polymers, i.e. lack of entanglements of poly-
mer chains which is necessary to enhanced mechanical
properties. The hyperbrached and dendritic macromol-
ecules have a unique architecture which is character-
ized by a high degree of branching that originates from
a central point at each monomer unit and a large num-
ber of chain ends or surface functional groups. A series
of these compounds having interesting characters, are
thermoreversible hydrogels which are playing an
important role in the living systems and are applied for
a large variety of industrial products (e.g., as storage
and separation media) [12-20]. Recently thermore-
versible hydrogels have attracted much attention,
because the viscoelastic characteristics could be easily
controlled by changing the temperature. They could be

regarded as intermediates between solids and liquids,
which manifest in a rather complex mixture of the
properties of these limiting states [13-20]. A number of
elegant mechanisms for self-assembling hydrogels
have been proposed. De Jong et al. reported gels which
were formed by stereocomplexation between L-lactic
acid and D-lactic acid chains grafted on dextran mole-
cules [21]. The stereocomplex melts reversibly when it
is heated from 20 to 80oC without any distinct melting
temperature. Nagahara and Matsuda showed that gels
can be formed by complexation between complementa-
ry oligonucleotides grafted onto hydrophilic polymers
[22]. Miyata et al. prepared antigen-sensitive hydrogels
based on antigen-antibody binding [23]. Petka et al.
illustrated a gelation mechanism using triblock copoly-
mers containing a central hydrophilic core and terminal
leucine zipper peptide domains. The terminal domains
form coil-coil dimers or higher order aggregates to pro-
vide cross-linking when cooled from above its pH-
dependent melting point. Thermoreversibility was
demonstrated with some hysteresis due to the slow
kinetics of coil-coil interactions [24]. Another family of
peptide-based self-assembling gels reported by Cappello
et al. consists of block copolymers that contains repeat-
ing amino sequences from silk and elastin proteins
[25]. The polymeric compounds are the largest group
of materials being exploited for developing hydrogels.
They are used separately and/or as composites of natu-
ral and synthetic materials [26]. Considerable interests
have been shown in poly(ethylene glycol) (PEG)
hydrogels for diverse applications in food, drug and
cosmetic products and commercialization of PEG
hydrogels [27, 28]. Micellar aggregation induced ther-
moreversible gelation has also been observed in poly-
mer solutions, most notably the commercially available
family of triblock copolymers of ethylene oxide and
propylene oxide [29, 30].  A group led by Kim has
reported the development of thermosensitive
biodegradable hydrogels that self-assemble and form
gels containing  hydrophobic cores and hydrophilic
coronas. They have made diblock and triblock copoly-
mers of PEG and either poly(L-lactic acid) (PLLA) or
poly(lactide-co-glycolide) (PLGA). The triblock
copolymers synthesized have PEG segments on the two
ends to facilitate micelle formation e.g., PEG-PLGA-
PEG. Upon heating, the copolymers in water were
shown to undergo fluid-to-gel transitions, followed by
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gel-to-fluid transitions at even higher temperatures. Of
particular interest are the copolymers containing PEG
for example diblock copolymers PEG-PLGA and tri-
block copolymers PEG-PLGA-PEG that transform
from aqueous solutions into gels at 20oC to transition
temperatures between about 20oC and 40oC depending
on polymer composition and also concentration [31,
32]. Recently, the synthesis of some dendritic ther-
moreversible hydrogel from poly(ethylene glycol) and
citric acid which could be potentially applied as the
drug  delivery systems has been reported from our lab-
oratory [33, 34]. In this work a poly(ethylene glycol)
containing 5-aminosalicylic acid (5-AS A-PEG-5-
ASA) was prepared in reaction between diacyl halide
poly(ethylene glycol) and 5-ASA in basic DMF as solvent.
Then the isolated 5-ASA-PEG-5-ASA was applied for
the preparation of dendritic polyfunctional pentamer of
poly(ethylene glycol) and 5-ASA. Thermoreversibility
behaviour of synthesized compounds 5-ASA-PEG-5-
ASA and polyfunctional pentamer were investigated in
aqueous solution.

EXPERIMENTAL

Materials
Poly(ethylene glycol) 600 diacid (acid number 175, 96-
98%, from Fluka) was dried over Na2SO4. Thionyl
chloride from Merck was purified by refluxing a mix-
ture of 10 wt% linseed oil in thionyl chloride for 2 h
and subsequent distillation. 4,4-Dimethylaminopyri-
dine and dicyclohexyl carbodiimide (DCC) were pur-
chased from Merck. 5-Amino salicylic acid was pur-
chased from Aldrich and recrystallized from water.

Instrumental Measurements
The NMR spectra were recorded on FT-NMR 400 MHz
Brucker in DMSO-d6, acetone deuterium and acetone
in the presence of DMSO. FTIR Spectra were meas-
ured on a Shimadzu Model FTIR-8101M spectrometer.
For the investigation of bis-globular/drug complex
compounds a UV 2100 Shimadzu spectrophotometer
was applied. The optical microscopy was performed
using a Nikon microscope equipped with Nomarsky
optics. The molecular weight of the resulted polymers
was obtained with a maxima 820 GPC analysis instru-
ment using polystyrene (106, 105 and 104) calibration

standards with a THF mobile phase. Rheological meas-
urements were performed on a Carrimed CSL Rheome-
ter CSL-500. 

Preparation of Telechelic Compound 5-ASA-PEG-
5-ASA (1)
A solution of 5-ASA (2 g, 1.3×10-2 mol) in 20 mL dry
basic DMF (DMF containing 1.3×10-2 mol NaOH) was
placed in a round-bottom flask equipped with a reflux
condenser, dropping funnel, argon inlet and magnetic
stirrer. The mixture was stirred for 2 h at room temper-
ature. Then a solution of diacyl halide poly(ethylene
glycol) (4.37 g, 2.6×10-2 mol) in 10 mL DMF was
added to this solution at room temperature on 15 min
through dropping funnel and mixture was stirred for
additional 6 h at room temperature. The product was
precipitated in diethyl ether, then dissolved in
dichloromethane and precipitated in diethyl ether for
several times. The product was obtained as red oil.
Yield 90%. 13C NMR (CDCl3, ppm)δ: 68 (-OCH2-), 70
(-CH2CH2O-), 112-145 (6C, aromatic Cs), 160-172
(4C, carbonyl groups); IR: 2400-3600 cm-1 (COOH),
1760 cm-1 (esteric carbonyl group), 1690 cm-1(acidic
carbonyl group), 1600 cm-1(aromatic, C=C), 1117 cm-
1(C-O of PEG).

Preparation of Denderimeric  Polyfunctional
Copolymer (2)
A solution of 5-ASA-PEG-5ASA (1) (2 g, 2.21×10-3

mol) in 15 mL dry dichloromethane was placed in a
round-bottom flask equipped with a reflux condenser,
dropping funnel, argon inlet and magnetic stirrer. A
solution of dicyclohexyl carbodiimide (DCC) (1.82 g,
8.86×10-3 mol) in 5 mL dichloromethane and ( 300 mg,
2.45×10-3 mol) dimethylamino pyridine was added to
this solution at 0oC for 15 min through dropping  fun-
nel and then the mixture was stirred for additional 12 h.
The product was filtered off and precipitated in diethyl
ether, then dissolved in dichloromethane and precipitat-
ed in diethyl ether for several times. Then the product
was dissolved in 10 mL water and stirred at 30oC for
24 h and then filtered off and water was removed at
40oC under vacuum. The purified product was obtained
as a red adhesive solid. Yield 60%. 13C NMR (CDCl3,
ppm) δ:68 (-OCH2-), 70-75(-CH2CH2O- of PEG-Cs),
112-145 (6C, aromatic Cs), 160-172(4C, carbonyl
groups); IR: 1760 cm-1(esteric carbonyl group),

Synthesis of Polyfunctional Dendrimeric Type...Namazi H. et al.

Iranian Polymer Journal / Volume 14 Number 11 (2005) 944



1690 cm-1 (acidic carbonyl group), 1660 cm-1(amidic
carbonyl), 1600 cm-1(aromatic C=C), 1117 cm-1(C-O
of PEG).

Preparation of Hydrogels for Optical Microscopy  
The 2%, 4%, 6% and 8% (w/v) solutions of the 5-ASA-
PEG-5-ASA in hot water and hot ethanol/water were
prepared and filtered to exclude dust particles. When
these solutions were cooled below the transition tem-
perature they became opaque with the formation of
gels. For dendritic polymer the above solutions were
prepared in cooled water and then the solutions were
heated until above transition temperature. The solutions
in above transition temperature were opaque and gels
were formed. 

RESULTS AND DISCUSSION

The 5 ASA-PEG-5 ASA (1) was prepared from reaction
between diacyl halide poly(ethylene glycol) (ClCO-
PEG-COCl) and 5-ASA in a basic solution of DMF
(Scheme I). 1H NMR Spectrum of the compound dis-
plays the protons of poly(ethylene glycol) (-OC2H4O-)
at 3.8 ppm, methylene protons of esteric bonds
(-CH2COO-) at 4.2 ppm, methylene protons of amidic
bonds (-CH2CONH-) at 4.25 ppm, aromatic protons of
5-ASA at 6.9 and 7.8-7.95 ppm, phenolic protons at 8.1
ppm, amidic protons at 8.9 ppm and  acidic protons of
5-ASA at 9.3 ppm (Figure 1a). The macromonomer
5ASA-PEG-5ASA was reacted with DCC for the
preparation of a hyperbranched copolymer with a den-
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Scheme I. The synthesis of polymer containing drug molecule (1).



dritic structure. 1H NMR of copolymer 2 displays the pro-
tons of poly(ethylene glycol) at 3.8 ppm, methylene groups
of esteric and amidic bonds at 4.2 and 4.25 and a broad
peak at 6.85-8.9 ppm for aromatic, phenolic, amidic and
acidic protons. 13C NMR of compound 1 (Figure 1c) dis-
plays the aliphatic carbons of -CH2-CH2-O- at 70 ppm, -
OCH2- at 68 ppm, six peaks for aromatic carbons at 112-
145 ppm and four peaks for carbons of carbonyl croups at
160-172 ppm. Figure 2b displays the 13C NMR of com-
pound 2 which is similar to the 13C NMR of compond 1.
However, the number of peaks for the carbons of carbonyl
groups and aromatic carbons have been increased. This is
related to the condensation and formation of the carbonyl
and aromatic groups during the reaction (Scheme II).

The small peak of phenolic proton at 8.1 ppm and a

small peak for methylene protons of amidic bond in
comparison to the methylene protons of estric bonds in
1H NMR spectra, esteric and acidic carbonyl groups at
1757 cm-1 and 1690 cm-1 in FTIR spectra of compound
1 (Figure 1b) are distingished. On the other hand the
amidic carbonyl group at 1660 cm-1 in FTIR spectra for
compound 2 (Figure 2a) confirmed that phenolic group
of 5-ASA was reacted with acyl halide much more than
NH2 group of 5-ASA.

As mentioned above the narrow polydispersity is
one of the most important properties of the hyper-
branched and dendrimers. As shown in Figure 3 the
molecular weight and polydispersity of hyperbranched
copolymeric compound containing 5-ASA was meas-
ured by GPC. Molecular weight and polydispersity of
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Figure 1. (a) 1H NMR spectra of compound 1 in CDCl3; (b) FT-IR spectra of compound 1; (c) 13C NMR spectra of compound 1 in
CDCl3.

(a)

(b)

(c)

(d)
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Figure 2. (a) FTIR spectra of compound 2; (b) 13C NMR
spectra of compound 2 in CDCl3.

Figure 3. The GPC chromatogram of compound 2.  

Scheme II. The synthesis of polyfunctional copolymer (2).



this compound was 4678 and 1.14, respectively. The
polydispersity of the polyfunctional copolymer, which
was obtained using this procedure is comparable with
dendrimers and polymers which are prepared through
living polymerization procedures.

Aggregation Behaviour
Thermoreversible studies of the hydrogel compound 1
showed an inverse behaviour in comparison with the

synthesized hydrogelic dendritic copolymer 2. The
compound 1 was soluble in hot solution of water and
ethanol/water (1:4, v/v) up to 8 wt%. When the solution
was cooled, it was opaque (transition temperature was
measured by viscometry and is shown in Table 1. On
the other hand, the compound 2 was soluble in cool
solution of water and ethanol/water (1:4, v/v) up to 20
wt%. However, on heating the solution of compound 2,
it was changed to opaque and then the gel was formed.
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Figure 4. The optical microscopy micrograph of hydrogel of compound 1 at: (a) 30oC; (b) 28oC; (c) 27oC; (d) 26oC.

(a)

(b)

(c)

(d)

Table 1. Phase-transition temperatures (gel to solution) for aqueous solutions of compounds

1 and 2.

Compound Concentration, wt% Temperature (gel to sol.), oC

1

2

3%

3%

Gel        26-30oC    Solution

Solution 20-27oC    Gel Solid



At higher temperature a white solid compound was
formed and in all cases the transition temperature was
measured using viscometry (Table 1). 

To examine the aggregation properties in aqueous
media, a solution of 0.1 mmol of either compound 1 or
compound 2 in 8 mL of water were prepared in a test
tube (10 mL). The resulting mixture was heated to
above the transition temperature (26-30oC) (for com-
pound 1) and cooled to below transition temperature
(20-27oC) (for compound 2) to produce a clear homo-
geneous solution that on cooling the solution of com-
pound 1 was opaque and aggregation was observed.
However, on heating the solution of compound 2 it was
opaque and aggregations were observed. Therefore, the
produced aggregation probably was due to the gelation

of either compound 1 or compound 2 in water.

Characterization of Gels
To discern the aggregate textures and morphologies,
the hydrogel samples were examined by optical
microscopy. The optical microscopy each of these
hydrogel formulations revealed the existence of a range
of micron-scale protrusions and surface patterns (Fig-
ures 4 and 5). The temperature-dependent dynamic
phase transitions of compounds 1 and 2 were moni-
tored by optical microscopy. Typical images taken dur-
ing the phase transition are presented in Figures 4a-d
and 5a-d. For compound 1 the black-dots were not
observed when the sample was cooled to 30oC. At 30oC
first black-dots were observed (Figure 4a). Domain

949

Synthesis of Polyfunctional Dendrimeric Type... Namazi H. et al.

Iranian Polymer Journal / Volume 14 Number 11 (2005)

Figure 5. The optical microscopy micrograph of hydrogel of compound 2 at: (a) 20oC, (b) 22oC, (c) 24oC and (d) 27oC.

(a)

(b)

(c)

(d)



number of black-dots increased slightly with further
cooling (28oC) (Figure 4b). On further cooling, a rapid
increase in domain number was observed at lower tem-
peratures (27oC and 26oC, as persented in Figures 4c
and 4d). In the second heating procedure, the number
of black domains decreased in a comparable direction.
The reversible change of domain number with temper-
ature indicates a thermoreversible transition. For com-
pound 2 the black-dots were not observed when the
sample was heated to 20oC. In this temperature the first
black-dots were observed (Figure 5a). The Domain
number of black dots increased slightly with further
cooling (22oC, Figure 5b). On further cooling, a rapid
increase in domain number was observed at higher
temperatures so, the number and the size of the black
dots would inverse to a network (24oC and 27oC, Fig-
ures 5c, 5d). In the second cooling procedure, the num-
ber of black domains decreased in the comparable
direction. The reversible change of domain number
with temperature indicates a thermoreversible transi-
tion. Because with onset of gelation, the viscosity
increased and the solution became opaque. Therefore,
from these results and the literature reports we could
conclude that the formation of gels probably causes
thorough aggregation phenomenon of dendimeric com-
pounds. Further studies warranted to evaluate the exact
mechanism of gelation.  

Rheological Studies for Determination of Transition
Temperature 
Rheological studies of gelated samples of compound 1
(Figure 6a) and compound 2 (Figure 6b) provide fur-
ther insights into the behaviour of these hydrogels.

Representative plots of the intrinsic viscosity changes
for the hydrogels of compound 1 or compound 2 as a
function of temperature are given in Figure 6. The plots
show that the viscosity of compounds 1 and 2 are
decreasing with heating. The flat gradually decreases in
the plateau regions at T< 26oC for 1 and T< 20oC for
compound 2, as soon as the gel-to-sol conversion is
completed, the viscosity of the sample compound 1
drops abruptly at 26-30oC. On a reverse run, when the
sol was cooled from 52 to 14oC the viscosity is sudden-
ly increased at 30-26oC for compound 1. In contrast to
compound 1 the viscosity of the compound 2 is
increased abruptly at 20-27oC as soon as the sol-to-gel
conversion is completed. On a reverse run, when the
sol was cooled from 52 to 14oC, the viscosity suddenly
decreased form 27 to 20oC for compound 2.  

CONCLUSION

In this work we report a novel and an easy synthetic
route for the preparation of new thermoreversible
hydrogels of 5-ASA which could be potentially pro-
drugs with very defined chemical structures. The ther-
moreversible behaviour of the synthesized compounds
1 and 2 are completely in contrast to each other. The
polydispersity of hyperbranched was narrow as it is
comparable to the best methods of preparation for the
well-defined polymers. 
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Figure 6. Rheological plot of viscosity against temperature showing the thermoreversiblility and transition temperature of the
hydrogels of: (a) compound 1 and (b) compound 2.

(a)
(b)
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