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ABSTRACT: A new bioactive diacid monomer, 5-(2-
phthalimidoethanesulfonamido) isophthalic acid (6),
was synthesized in three steps. This monomer can be
regarded as biologically active aromatic diacid and
may be used in the design of biodegradable and bio-
logical materials. This monomer was polymerized with
several aromatic diamines by step-growth polymeriza-
tion to give a series of biodegradable and highly ther-
mally stable polyamides (PAs) with good yield (70–
82%) and moderate inherent viscosity between 0.38–
0.68 dL/g in a system of triphenylphosphite/pyridine/
N-methyl-2-pyrolidone/CaCl2. The new aromatic diacid
6 and all of the PAs derived from this diacid and aro-
matic diamines were characterized by Fourier transform

infrared, 1H-NMR, 13C-NMR, and elemental analysis tech-
niques. The thermal stability of the PAs was determined by
thermogravimetric analysis and differential scanning calo-
rimetry techniques under a nitrogen atmosphere, and we
found that they were moderately stable. The soil biodegrad-
ability behavior of 6 and all of the PAs derived from
this diacid and aromatic diamines were investigated in cul-
ture media, and we found that the synthesized diacid 6 and
all of the PAs were biodegradable under a natural environ-
mental. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci 121: 2818–
2827, 2011
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INTRODUCTION

Polyamides (PAs) are a group of versatile polymers
containing widely different materials with large
applications and produced by a variety of manufac-
turing techniques. In the main chain, they have in
common the amide group, ANACOA, which is
polar and brings about intermolecular and intra-
molecular chain interactions that may be reflected in
some properties, such as a low solubility, mobility of
the chain, and high melting characterizations.

Aromatic PAs are widely used in technical appli-
cations as high-performance polymers because of
their combination of outstanding thermal, mechani-
cal, optical, and chemical properties. Patent evalua-
tions in the literature have shown that major
research activities in the past have been focused
on the improvement of the electrical, thermal, and

mechanical properties of these polymers. There is a
significant interest in polymers consisting of aro-
matic units linked directly or via ester, ketone, ether,
thioether, sulfone, and amide or imide moieties, as
they often form the basis of excellent high-perform-
ance materials. These polymers may also display liq-
uid-crystal properties;1 however, they can encounter
processing difficulties because of their high glass-
transition or melting temperatures coupled with
their insolubility in most organic solvents. Hence,
the development of polymers for use at high temper-
atures with better solubility is an important goal.
This problem has been conquered to some extent by
the use of a precursor monomer synthetic approach.
The solubility of the macromolecules without exces-
sive loss of their high thermal stability has been also
improved by the introduction of flexible and bulky
groups into the polymer backbone and the use of
asymmetrically substituted monomers or pendent
groups.2–5 In this approach, to promote the solubility
without sacrifice of the thermal and mechanical
properties to a great extent, the choice of bulky
pendent groups is important as it creates a separa-
tion of chains and lowers the chain packing with the
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growth of free volume. Thus, thermally stable PAs
with pendent aromatic or heteroaromatic rings have
been reported.6 The introduction of pendent imide
rings with their high thermoresistance will also
improve both the solubility and thermal stability.7,8

2-Aminoethanesulfonic acid or taurine (2) is an
organic acid that is also a major constituent of bile
and can be found in the small intestine, and in small
amounts, it can be found in the other tissues of
animals, including humans.9,10 Reports on the anti-
convulsant activity of 2 in animal models prompted
the synthesis and anticonvulsant evaluation of 2-con-
taining compounds.11–15 The introduction of 2 residues
into synthetic polymers is important because these
combinations generate new nonbiological macromole-
cules with biomimetic structures and properties and
that have many applications, including the control of
drug-release systems and the synthesis of biologically
active and degradable materials.16

We were interested in the synthesis of fully aro-
matic PAs containing 2-phthalimidyloethanesufonic
acid derived from 2 as pendent groups for two rea-
sons. First, the phthalimide moiety is stable at high
temperatures, and second, the 2 moiety can act as a
biologically active unit.

In this article, we report the synthesis of a new de-
rivative of 2, which can be regarded as a biologically
active aromatic diacid monomer and may be used in
the design of biodegradable materials. Furthermore,
we also describe the synthesis and characterization
of PAs containing pendent groups through the poly-
condensation reactions of 5-(2-phthalimidoethanesul-
fonamido) isophthalic acid (6) with several aromatic
diamines to obtain a new series of biodegradable,
highly soluble and thermally stable PAs with a tri-
phenyl phosphate (TPP)/pyridine (Py)/N-methyl-2-pyr-
rolidone (NMP)/CaCl2 system as a condensing agent.

EXPERIMENTAL

Materials

All chemicals were purchased from Fluka Chemical
Co. (Buchs, Switzerland), Aldrich Chemical Co.
(Milwaukee, WI), Riedel-deHaen AG (Seelze,
Germany), and Merck Chemical Co (Darmstadt, Ger-
many). 4,40-Diaminodiphenylsulfone (7a), p-phenyl-
ene diamine (7b), 1,5-diaminonaphthalene (7c), and
4,40-diaminophenyl sulfide (7d) were used as
obtained without further purification.

Measurement

1H-NMR and 13C-NMR spectra were recorded
in hexadeuterated dimethyl sulfoxide (DMSO-d6),
deuterium oxide (D2O), or deuterated chloroform
(CDCl3) solution with a Bruker (Germany) Avance

500 instrument (Bruker, Germany). Fourier trans-
form infrared (FTIR) spectra were recorded on a
Bruker EQUINOX (model 55) spectrophotometer
(Bruker, Germany) with KBr pellets. The vibrational
transition frequencies are reported in wave numbers
(cm�1). The band intensities are labeled as weak (w),
medium (m), strong (s), or broad (br). The melting
points were determined with a Buchi melting point
B-540 B. V. CHI apparatus (Flawil, Switzerland). The
inherent viscosity of the polymer in an N,N-dimethyl-
formamide (DMF) solution was measured with a
Cannon-Fenske routine viscometer (Pyrex, Germany) at
a concentration of 0.5 g/dL at 256 0.1�C. The thermog-
ravimetric analysis (TGA) data for the polymers were
taken on a PerkinElmer thermogravimetric analyzer
(Polymer Laboratory, England) under a nitrogen atmos-
phere at a heating rate of 10�C/min. Differential scan-
ning calorimetry (DSC) was performed with a PL-1200
differential scanning calorimeter (Polymer Laboratory,
England) at a heating rate of 20�C/min under a nitrogen
atmosphere. Images from plate-cultured sample were
captured using a binocular equipped with a digital
DS126181Canon camera (Canon, Japan) by department
of plant protection, college of agriculture, isfahan uni-
versity of technology in Iran.

Synthesis of the intermediates and monomer 6

Monomer 6 was prepared in three steps with two
intermediates [2-phthalimidoethanesufonic acid (3)
and 2-phthalimidoethanesulfonyl chloride (4)] with
the following procedures.

Synthesis of the sodium salt of 3

The preparation of compound 3 was reported in the
literature.17,18 Here, the synthesis of this compound
is reported briefly, and its characterization is
reported in detail.
A suspension of phthalic anhydride (1) and 2 was

stirred under reflux conditions in an acetic acid
(AcOH) solvent containing anhydrous sodium ace-
tate (NaOAc) for 3 h until the solid materials were
first dissolved, and finally, the product was precipi-
tated. The white solid (product 3) was filtered off,
washed several times with AcOH and alcohol, and
purified by crystallization in water. Then, it was
dried in vacuo at 40�C [melting point ¼ 338–340�C
(literature value ¼ 339�C)].17,18

FTIR (cm�1): 1771 (m), 1710 (s, br), 1465 (w), 1406
(w), 1371 (m), 1346 (m), 1268 (m), 1185 (s, br), 1093
(m), 1039 (s), 976 (m), 725 (s). 1H-NMR (500 MHz,
D2O, d, ppm): 3.36 (t, 2H, J ¼ 6.25 Hz), 3.96 (t, 2H, J
¼ 6.25 Hz), 7.72 (s, 4H, ArAH). 13C-NMR (125 MHz,
D2O, d, ppm): 33.7 (CH2), 48.1 (CH2), 123.7 (2CH, ar-
omatic), 131.5 (2C, aromatic), 135.1 (2CH, aromatic),
170.2 (2C¼¼O, imide).
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Synthesis of 4

The synthesis of compound 4 was reported in the lit-
erature.17,18 Here, the preparation of this compound
is reported briefly, and its characterization is
reported in detail.

Phosphorus pentachloride (PCl5) was added to
finely powdered sodium salt of 3 in dry toluene and
stirred under reflux conditions for 1 h. Then, the tol-
uene and phosphorus oxychloride were removed by
vacuum distillation. The moist crystalline residue
was stirred with crushed ice, filtered, and washed
with water; the resulting precipitate (product 4) was
dried [melting point ¼ 160–161�C (literature value ¼
160–161�C)].17,18

FTIR (cm�1): 2983 (w), 1779 (m), 1712 (s), 1465 (w),
1435 (m), 1404 (m), 1365 (s), 1253 (w), 1190 (w), 1162
(s), 1058 (m), 979 (m), 866 (m), 773 (m), 710 (s). 1H-
NMR (500 MHz, CDCl3, d, ppm): 4.12 (t, 2H, J ¼ 6.48
Hz), 4.38 (t, 2H, J ¼ 6.48 Hz), 7.79 (dd, 2H, J1 ¼ 5.24,
J2 ¼ 3.04 Hz), 7.91 (dd, 2H, J1 ¼ 5.29, J2 ¼ 3.03 Hz).
13C-NMR (125 MHz, CDCl3, d, ppm): 33.1 (CH2), 61.7
(CH2), 124.2 (2CH, aromatic), 132 (2C, aromatic),
134.9 (2CH, aromatic), 167.7 (2C¼¼O, imide).

Synthesis of 6

A solution of 0.66 g (3.66 mmol) of 5-amino iso-
phthalic acid (5) in 5 mL of dry N,N-dimethylaceta-
mide (DMAc) in a round-bottom flask (25 mL) was
prepared. The mixture was heated in an oil bath at
80�C for 0.5 h and was then cooled to room temper-
ature. The solution of 1.00 g of acid chloride 4 in
5 mL of dry DMAc was added, and the mixture was

stirred for 3 h at room temperature. Then, triethyl-
amine (0.52 mL) was added to the mixture, and the
mixture was heated to 80�C with continuous stirring
for 4 h. Finally, the solution was poured into a mix-
ture of 50 mL of water and 5 mL of concentrated
hydrochloric acid, and the yellow precipitate was
collected by filtration. The precipitate (6) was
washed with water and was dried at 70�C for 10 h
to obtain 1.07 g of 6 (yield ¼ 70%, melting point ¼
290–292�C).
FTIR: 2500–3500 (br), 3233 (br), 1768 (m), 1690 (s),

1601 (m), 1399 (m), 1363 (m), 1329 (m), 1215 (m, br),
1145 (s), 1016 (m), 871 (m), 760 (m), 716 cm�1 (s).
1H-NMR (500 MHz, DMSO-d6, d, ppm): 3.55 (t, 2H, J
¼ 7.5 Hz), 3.95 (t, 2 H, J ¼ 7.5 Hz), 7.80 (s, 4H,
ArAH), 7.96 (d, 2H, ArAH, J ¼ 1.46 Hz), 8.14 (t, 1H,
ArAH, J ¼ 1.4 Hz), 10.43 (br, 1H, NH), 13.34 (br, 2H,
OH; Fig. 1). 13C-NMR (125 MHz, DMSO-d6, d, ppm):
32.95 (CH2), 49 (CH2), 123.8 (2CH, aromatic), 124.5
(CH, aromatic), 126 (2CH, aromatic), 132.4 (2C, aro-
matic), 133.3 (2C, aromatic), 135.2 (2CH, aromatic),
139.4 (C, aromatic), 166.9 (2C¼¼O, imide), 168.1
(2C¼¼O, acidic; Fig. 2). ANAL. Calcd for C18H14N2O8S
(418.38 g/mol): C, 51.67%; H, 3.37%; N, 6.7%. Found:
C, 49.2%; H, 3.8%; N, 7.1%.

Polymer synthesis

The PAs were prepared by the following procedure.
The synthesis of polymer PA8a is used as an exam-
ple. A mixture of 0.100 g (0.24 mmol) of 6, 0.06 g
(0.24 mmol) diamine 7a, 0.128 mL of TPP, 0.1 mL of
Py, 0.08 g of calcium chloride, and 0.5 mL of NMP

Figure 1 1H-NMR spectrum (500 MHz) of monomer 6 in DMSO-d6.
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was refluxed for 5 h. After cooling, the reaction mix-
ture was poured into 30 mL of methanol with con-
stant stirring. The precipitate was collected on filter
paper and was washed with methanol and hot
water, respectively. Then, the solid was dried
in vacuo at 40�C, and 0.11 g of PA8a (70% yield) was
obtained. The inherent viscosity of the resulting PA
in DMF was 0.55 dL/g (measured at a concentration
of 0.5 g/dL at 25�C); the other PAs, PA8b–PA8d,
were prepared by a similar procedure.

PA8a: Brown solid. FTIR (KBr, cm�1): 3346 (br),
1663 (m, br), 1197 (s), 1119 (s), 1034 (s), 985 (s), 910
(s). 1H-NMR (500 MHz, DMSO-d6, tetramethylsilane,
d, ppm): 3.54 (t, 2H, J ¼ 7.02 Hz), 3.94 (t, 2H J ¼ 7.05
Hz), 6.02 (s, 4H, ArAH), 7.25 (s, 4H, ArAH), 7.78 (s,

4H, ArAH), 7.96 (s, 2H, ArAH), 8.14 (s, 1H, ArAH),
8.56 (s, 2NAH), 8.57 (s, NAH) (Fig. 3).
PA8b: Brown solid. FTIR (KBr, cm�1): 3351 (w),

1660 (m, br), 1405 (w), 1196 (s), 1119 (s), 1091 (m),
1061 (m), 907 (s, br), 759 (w), 669 (m).
PA8c: Black solid. FTIR (KBr, cm�1): 3262 (br),

1645 (s, br), 1196 (s), 1121 (s), 913 (s), 660 (w).
PA8d: Brown solid. FTIR (KBr, cm�1): 3356 (br),

1665 (m, br), 1198 (m), 1121 (s), 1038 (s), 985 (m), 914
(m), 639 (w). 1H-NMR (500 MHz, DMSO-d6, tetrame-
thylsilane, d, ppm): 3.54 (t, 2H, J ¼ 6.65 Hz), 3.94 (t,
2H, J ¼ 7.39 Hz), 6.02 (s, 4H, ArAH), 7.25 (s, 4H,
ArAH), 7.78 (s, 4H, ArAH), 7.96 (s, 2H, ArAH), 8.14
(s, 1H, ArAH), 8.56 (s, 2H, amide NAH), 8.57 (s, 1H,
amide NAH; Fig. 4).

Figure 2 13CA NMR spectrum (125 MHz) of monomer 6 in DMSO-d6.

Figure 3 1H-NMR spectrum (500 MHz) of PA8a in DMSO-d6.
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Soil biodegradability

For the soil biodegradation test, 30 mg of each com-
pound (3, 5, 6, and PA8a–PA8d) were separately
mixed with 1.5 g of clay–loam soil, and the mixture
was transferred into 2-mL plastic vials in three repli-
cates. The samples were incubated at 23–25�C in sat-
urated humidity in the dark for 3 months. Then, the
water extracts of the soil samples were inoculated
by streak culture on a culture media of potato dex-
trose agar. The number of bacterial and fungal colo-
nies formed on the media was counted and was
reported as the colony forming units per 100 lL
of water extract. The results were compared with
control soil in which no compound was added
(Table IV and Fig. 7, both shown later).

RESULTS AND DISCUSSION

Monomer synthesis

Compound 3 was synthesized by the condensation
reaction of an equimolar amount of 1 and 2 in an
AcOH solution of NaOAc under reflux conditions
(Scheme 1, step 1). The chemical structure and pu-
rity of product 3 were proven by FTIR, 1H-NMR,
and 13C-NMR spectroscopy techniques and com-
pared with values from the literature.17,18 The 1H-
NMR data of this compound showed the characteris-
tic absorptions of two triplet peaks for methylene
groups at 3.36 and 3.96 ppm and aromatic ring pro-
tons of phthalimide at 7.72 ppm. The 13C-NMR data
showed two different peaks for methylene groups of
aliphatic segments at 34 and 48 ppm, three different
peaks for aromatic rings at 125–135 ppm, and one
peak at 170 ppm for imide carbonyl groups. Com-

pound 3 was refluxed with PCl5 in toluene, and sul-
fonyl chloride 4 was obtained in high yield (77%;
Scheme 1, step 2). The 1H-NMR and 13C-NMR data
of this compound showed a pattern similar to that
of compound 3, but the peaks were shifted down-
field. The reaction of compound 4 with 5 was per-
formed in dry DMAc in the presence of triethyl-
amine at 80�C, and the novel aromatic diacid 6 with
pendant sulfonamide and imide functional groups
was obtained in high yield (Scheme 1, step 3). The
purity and chemical structure of the compounds
were detected by elemental analysis and FTIR, 1H-
NMR, and 13C-NMR spectroscopy. The 1H-NMR
spectrum of monomer 6 showed the characteristic
absorptions of two methylene groups, NAH amide

Figure 4 1H-NMR spectrum (500 MHz) of PA8d in DMSO-d6.

Scheme 1 Synthesis of monomer 6.
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groups and acidic OAH at 3.55, 3.94, 10.43, and
13.34 ppm, respectively. The 13C-NMR spectrum of
compound 6 showed two different carbons for
the aliphatic segment and nine different carbons for
the aromatic parts, imide, and acid carbon groups.
The 1H-NMR and 13C-NMR spectra of this monomer
are given in Figures 1 and 2, respectively.

Polymer synthesis

The direct polycondensation of a dicarboxylic acid
with aromatic diamines and a TPP/Py/NMP/CaCl2
system as a condensing agent to form amide bonds
is an efficient way to obtain PAs with moderate to
high degreed of polymerization on a laboratory
scale. This method was successfully applied for the
preparation of PA8a–PA8d from 6 with various aro-
matic diamines (7a–7d; Scheme 2). All of the poly-
merization reactions in NMP in the presence of
CaCl2 proceeded homogeneously. The physical
properties of the prepared PAs, which were synthe-
sized in good yields (70–82%), are listed in Table I.
The inherent viscosities of the resulting polymers
under optimized conditions were in the range 0.38–
0.68 dL/g. With respect to the straight relation
between the inherent viscosity and the molecular

weight of structurally similar polymers, it was possi-
ble to judge the molecular weight of the PAs. They
were estimated to be in the range of roughly 3.4 �
104 to 4.3 � 104 g/mol.19,20

FTIR study of PAs

The structures of these polymers were confirmed as
PAs by means of FTIR spectroscopy. The FTIR spec-
tra of all of the polymers showed absorptions
around 3300 cm�1 related to NAH stretching, 1200
cm�1 for SO2 asymmetric stretching, 1100 cm�1 for
SO2 symmetric stretching, and two overlapping car-
bonyl groups of amide and imide C¼¼O absorptions
at 1660 cm�1.

1H-NMR and elemental analysis study of the PAs

In the 1H-NMR spectra of PA8a and PA8d, two sig-
nals for NAH protons of amide groups appeared
around 8.56 ppm; these indicated two different am-
ide groups in the polymer backbone and pendant
groups. The signals of the two methylene groups
and aromatic protons appeared in the range 3–4 and
6.50–8.50 ppm, respectively. As an example, the 1H-
NMR spectra of PA8a and PA8d are shown in Fig-
ures 3 and 4, respectively. The elemental analysis
data of the PAs are shown in Table II, and they
were in good agreement with those of the calculated
theoretical values.

Scheme 2 Polyamidation reaction of monomer 6 with
aromatic diamines.

TABLE I
Some Physical Properties of PA8a–PA8d

Diamine Polymer Yield (%) Viscosity (dL/g)a Color

7a PA8a 70 0.55 Brown
7b PA8b 82 0.38 Brown
7c PA8c 80 0.68 Black
7d PA8d 75 0.49 Brown

a Measured at a concentration of 0.5 g/dL in DMF at
25�C.

TABLE II
Elemental Analysis of Typical PAs

Elemental
analysis (%)

Polymer Formula C H N

PA8a C30H22N4S2O8 (630.65)n Calcd 57.14 3.52 8.88
Found 58.90 3.82 8.41

PA8d C30H22N4S2O6 (598.65)n Calcd 60.19 3.70 9.36
Found 61.50 4.05 8.91

TABLE III
Solubility Behavior of PAsa,,b

Solvent PA8a PA8b PA8c PA8d Control PA21

DMAC þ þ þ þ �
DMF þ þ þ þ �
DMSO þ þ þ þ �
CHCl3 � � � � �
Cyclohexane � � � � �
Water � � � � �

a, The solubility of the PAs in different solvents at 3%
(w/v) was tested.

b þ, soluble at room temperature; �, insoluble at room
temperature.
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Solubility of the PAs

The solubilities of the PAs and control PA21 in sev-
eral organic solvents at 3% (w/v) were tested, and
the results are summarized in Table III. All of the
PAs were soluble at room temperature in aprotic sol-
vents, such as DMAc, DMF, and DMSO. The
improved solubility of these PAs was attributed to
the presence of flexible pendent groups. The data
indicated that the incorporation of the bulky 2-
phthalimidyloethanesufonic acid as a pendant group
improved the solubility of the resulting polymers
more than that of the control PA without the pend-
ant group21 because the flexible and hydrophobic
pendant groups created a separation of chains and

lowered the chain packing with the growth of free
volume and caused the obtained novel PA to be sol-
vated in a polar solvent.

Thermal properties of the PAs

The thermal properties of PA8c and PA8d were
evaluated by TGA and DSC at heating rates of 10
and 20�C/min, respectively, under a nitrogen atmos-
phere. TGA of the PAs showed that the polymers
were thermally stable up to 210�C (Fig. 5). The ther-
mal analysis data of these polymers are summarized
in Table IV. The 10% weight loss temperatures of
the aromatic PAs under a nitrogen atmosphere were
found to be 238 and 213�C for PA8c and PA8d,

Figure 5 TGA of PA8c and PA8d at a heating rate of 10�C/min under a nitrogen atmosphere.

TABLE IV
Thermal Behavior of Typical PAs

Polymer

Decomposition temperature (�C)a

Glass-transition temperature (�C)b Char yield (%)c5% weight loss 10% weight loss

PA8c 188 238 154.7 89.4
PA8d 178 213 118.1 83.3
Control PA21 470 490 —d 20

a Recorded by TGA at a heating rate of 10�C/min in a nitrogen atmosphere.
b Recorded by DSC at a heating rate of 20�C/min in a nitrogen atmosphere.
c Percentage of the weight of the material that was undecomposed after TGA at the maximum temperature of 600�C in

a nitrogen atmosphere.
d Not detected under 360�C.
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respectively. The amounts remaining of these poly-
mers (char yield) were found to be 89.4 and 83.3,
respectively, at 600�C (Table IV). Typical TGA and
DSC curves for the PAs (PA8c and PA8d) are shown
in Figures 5 and 6, respectively. The experimental
glass-transition temperatures for PA8c and PA8d are
listed in Table IV.

Soil biodegradability

The soil biodegradability of diacid monomer 6 and
the prepared PAs were studied, and the images of
the plate-cultured samples of compounds 3, 5, 6,
PA8a, PA8d, PA8b, and PA8c were prepared with
a binocular equipped with a digital DS126181Canon
camera [Fig. 7(b–h), respectively]. For comparison,
the control soil image [Fig. 7(a)] is also given. The
results of the fungal and bacterial colonies counts
are given in Table V. As Table V reveals, the high-
est number of colonies was formed from water
extracts of soil in which compounds 6, PA8b, and
PA8c were buried. On the basis of these observa-
tions [Fig. 7(c,g,h), respectively], we concluded that
these compounds were more biologically active.
Also, the results of Table V indicated that the fun-
gal and bacterial colonies counts from soil extracts

of compound 6 were higher; thus, it was biologi-
cally more active than compound 5 [Table V, and
Fig. 7(c) vs Fig. 7(d)]. Although compound 6 was
derived from compound 5, with a lower biological
activity but under microorganism attack, it showed
good activity. This could have been related to the
introduction of 2 residues as biologically active
moieties into the synthetic diacid monomer 6,
which could have made the monomer more degrad-
able. Also, there was lower colonial growth of

TABLE V
Number (6 Standard Deviation) of Bacterial and Fungal

Colony Forming Units in Water Extracts of Soil
Containing 3, 5, 6, and PA8a–PA8d

Compound

Bacterial colony
forming units
per 100 lL

Fungal colony
forming units
per 100 lL

3 180 6 20 20 6 8
5 220 631 0 6 0
6 200 6 22 20 6 10

PA8a 280 6 36 80 6 20
PA8b 330 6 28 200 6 12
PA8c 300 6 30 100 6 12
PA8d 340 6 38 62 6 15

Control (soil) 250 6 26 120 6 20

Figure 6 DSC of PA8c and PA8d at a heating rate of 20�C/min under a nitrogen atmosphere.
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fungal saprophytes from soil water extracts of sul-
fur-containing polymers (PA8a and PA8d) than
polymers containing free sulfur atoms (PA8b and
PA8c), probably because of the toxic properties of
free sulfur atoms for fungal microorganisms22–25

[Fig. 7(e,f) vs 7(g,h), respectively].

CONCLUSIONS

A new biologically active dicarboxylic acid monomer
(6) containing a derivative of 2 was successfully pre-

pared in three steps. This monomer was used to
synthesize of a series of PAs via its condensation
with different aromatic diamines. The prepared
novel PAs were thermally stable because of the pres-
ence of imide linkages, which were readily soluble
in polar aprotic organic solvents because of the pres-
ence of bulky pendant groups, and the presence of 2
in the side chain increased the biological activity
and degradability of the resulting materials.

The authors thank the Research Affairs Division of the Col-
lege of Agriculture of Isfahan University of Technology for

Figure 7 Bacterial and fungal colonies grown from (a) control soil and (b–h) water extracts of soil containing compounds
3, 6, 5, PA8a, PA8d, PA8b, and PA8c, respectively, on Petri plates with potato dextrose agar. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]
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the preparation of the material images, the Research Affairs
Division of Sharif University for the NMR spectra, and the
Research Affairs Division of the Iran Polymer and Petro-
chemical Research Institute for TGA, DSC, and elemental
analysis measurements. They also thank S. Dadfarnia and
A. Kazemi for their helpful language assistance.
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