
Pyromellitic dianhydride (benzene-1,2,4,5-tetracarboxylic dianhydride) (1) was
reacted with s-valine (2) in acetic acid and the resulting imide-acid [N,N'-(pyromel-
litoyl)-bis-s-valine] (4) was obtained in high yield. The compound (4) was convert-

ed to the N,N'-(pyromellitoyl)-bis-S-valine diacid chloride (5) by reaction with thionyl chlo-
ride. The polycondensation reaction of this diacid chloride with several aromatic diamines
such as 1,4-phenylenediamine (6a), 4,4'-diaminodiphenyl methane (6b), 4,4'-diamin-
odiphenylsulfone (4,4'-sulfonyldianiline) (6c), 4,4'-diaminodiphenylether (6d), 2,4-
diaminotoluene (6e), and 1,3-phenylenediamine (6f) was developed by using a domestic
microwave oven in the presence of a small amount of a polar organic medium such as o-
cresol and trimethylsilyl chloride as an activating agent for diamines. The polymerization
reactions were also performed with two other methods: low-temperature and high-tem-
perature solution polycondensation in the presence of trimethylsilyl chloride. The poly-
merization reactions proceeded fast and produced a series of optically active poly(amide-
imide)s with good yield and moderate inherent viscosity of 0.25-0.43 dLg-1. One of the
polymers (7b) showed high thermal resistance, the temperature of 5 % weight loss for
(7b) was 490oC and the residual weight at 600oC was 76%. All of the above polymers
were fully characterized by IR, elemental analysis and specific rotation. Some structural
characterization and physical properties of these optically active poly(amide-imide)s are
reported.
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The demand of using materials with
high stability in microelectronics
industries has led to an increasing
development of hetrocyclic poly-
mers with targeted applications as
dielectric films or passivation coat-
ings in integrated circuits. Poly-
imides are one of the classes of high-

performance polymers widely used
in the microelectronics [1]. Howev-
er, most polyimides encounter pro-
cessing difficulty due to their rigidi-
ty and poor solubility in organic sol-
vents. Poly(amide-imide)s possess
desirable characteristics, having the
advantages of both polyamides and
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polyimides, such as high thermal stability, good
mechanical properties and easy processability [2]. On
the other hand, optically active polymers have found
interesting applications because of their specific proper-
ties. For example, these polymers have the ability of
molecular recognition, which cause to use them as a sta-
tionary phase in chromatography methods for enan-
tiomer separations [3-4]. They can also be used as chi-
ral media for asymmetric synthesis and chiral liquid
crystals in ferroelectric and nonlinear optical devices
[5]. Therefore, the synthesis and application of optical-
ly active polymers have been paid more attention.

Several approaches have been carried out success-
fully for the synthesis of PAIs. Our laboratory has devel-
oped two different methods for the synthesis of PAIs:
direct polycondensation that was reported by Yamazaki
and Higashi [6] and the reaction of diacylchloride with
aromatic diamines. We have prepared wide varity of
optically active PAIs with these methods [7-11].

Microwave irradiation has received growing appli-
cation in organic synthesis for optimizing and acceler-
ating of chemical reactions. These reactions are very
fast and completed within a short period of time [12].
Also it was found that N-trimethylsilylated aromatic
diamines were far more reactive than the parent
diamines toward diacid chlorides and hence higher
molecular weight polymers were readily prepared by
the low-temperature solution polycondensation of these
monomers under milder reaction conditions, compared
with the PAIs formed by the conventional diamine-
diacid chloride route [13].

This paper reports three efficient methods for the
synthesis of new optically active PAIs which contain
amino acid s-valine moieties from the polycondensa-
tion reaction of N,N'-(pyromellitoyl)-bis-s-valine
diacid chloride with aromatic diamines and compares
them with each other. The first method is polymeriza-
tion under microwave irradiation and the other methods
are low temperature and high temperature solution poly-
merization. Trimethylsilyl chloride (TMSCl) was used
as an activating agent for diamines in all of methods.

EXPERIMENTAL

Materials
Pyromellitic dianhydride (benzene-1,2,4,5-tetracar-
boxylic dianhydride) (1) (Merck Chemical Co.) was

purified by recrystallization from the mixture of acetic
anhydride and acetic acid (1:5). 1,4-Phenylenediamine
(6a), 4,4’-diaminodiphenylmethane (6b), 4,4’-diamin-
odiphenylether (6d), 2,4-diaminotoluene (6e) and 1,3-
phenylenediamine (6f) were purified by sublimation.
4,4’-diaminodiphenylsulphone (6c) was used without
purification. N,N-Dimethylacetamide (DMAc) was
purified by distillation under reduced pressure over
barium oxide prior to polymerization. The other mate-
rials were used as obtained without further purification.

Techniques
The apparatus used for the polycondensation was a
Samsung (South Korea) domestic microwave oven
(2450 MHz, 900 W) without any modification, but all of
the polymerization reactions were carried out in a hood
with strong ventilation. IR spectra were recorded on
Shimadzu 435 IR spectrophotometer (Shimadzu Japan).
The spectra of solids were carried out using KBr pellets.
Vibrational transition frequencies are reported in wave
numbers (cm-1). Band intensities are assigned as weak
(w), medium (m), shoulder (sh), strong (s) and broad
(br). 1H NMR (90 and 500 MHz) spectra were recorded
on a Varian EM-390 (Varian Associates, Palo Alto, CA)
and Bruker (Germany), Advance 500 instrument,
respectively. Tetramethyl silane (TMS) was used as an
internal reference. Multiplicities of proton resonance are
designated as singlet (s), doublet (d), doublet of doublet
(dd) and multiplet (m). Inherent viscosities were meas-
ured by a standard procedure using a Cannon Fenske
Routine Viscometer (Germany). Specific rotations were
measured by a Perkin Elmer-241 Polarimeter (Ger-
many). Thermal Gravimetric Analysis (TGA) data for
polymers were taken on a Perkin Elmer 4 in nitrogen
atmosphere at a rate of 10oC/min and 30oC/min and Dif-
ferential Scanning Calorimetry (DSC) data for polymers
were taken on a Perkin Elmer 7 TAC in nitrogen atmos-
phere at a rate of 10oC/min. Elemental analyses were
performed by Malek-Ashtar University of Technology
(Tehran, Iran).

Monomer Synthesis

N,N'-(Pyromellitoyl)-bis-S-valine Diacid (4)

Into a 25-mL, round-bottomed flask, 1.0 g (4.58 mmol)
of pyromellitic dianhydride (1), 1.07 g (9.16 mmol) of
s-valine (2), 15.0 mL of acetic acid and a stirring bar
were placed. The mixture was stirred at room tempera-
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ture for 5 h and then was refluxed for 6 h. The solvent
was removed under reduced pressure and 25 mL of
cold HCl 10% was added to the residue and stirred for
1 h. A white precipitate was formed, filtered off,
washed with water and dried under vacuum at 80oC to
give 1.75 g (92%) of compound (4). Recrystallization
from methanol/water gave white crystals. mp: 265-
267oC, Rf = 0.85 (60:40; ethylacetate:cyclohexane),
[α]D

25= -116.0 [0.050 g in 10 mL N,N’-dimethylfor-
mamide (DMF)]. IR (KBr, cm-1): 2400-3500 (s, br),
1760 (s, sh), 1720 (s, br), 1460 (m), 1440 (m), 1380 (s),
1360 (s), 1260 (s), 1150 (m), 1080 (s), 1020 (m), 890
(s), 820 (m), 780 (m), 720 (s), 620 (m). 1H NMR (90
MHz, DMSO-d6, TMS)   0.8-1.3 (doublet of doublet,
12H), 2.5-2.9 (multiplet, 2H), 4.5 (doublet, 2H), 8.5
(singlet, 2H), 11.3 (a broad peak for two acidic -OH
protons). The 1H NMR spectrum of this compound is
shown in Figure 1. Found: C, 57.68%; H, 4.92%; N,
6.95% (C20H20N2O8 requires C, 57.69%; H, 4.84%; N,
6.73%). 

N,N'-(Pyromellitoyl)-bis-S-valine Diacid Chloride (5)

Into a 25 mL round-bottomed flask were placed 0.50 g
(1.20 mmol) of compound (4) and 4.0 mL (an excess
amount) of thionyl chloride. The mixture was stirred at
room temperature for 2 h and then was refluxed for 1 h.
Unreacted thionyl chloride was removed under reduced
pressure and the residue was washed with n-hexane, to
leave 0.53 g (98.0%) of diacid chloride (5). mp: 138-
140oC,[α]D

25 = -137.2 (0.050 g in 10 ml DMF). IR
(KBr, cm-1): 3100 (w), 2950 (s), 2900 (m), 1820 (s, sh),
1790 (s), 1720 (s, br), 1460 (s), 1380 (s), 1360 (s), 1340

(s), 1270 (m), 1250 (w), 1150 (s), 1120 (m), 1080 (s),
1050 (s), 1020 (m), 990 (m), 910 (s), 860 (m), 840 (m),
810 (m), 770 (s), 730 (s), 620 (s), 580 (w). The IR spec-
trum of this compound is shown in Figure 2.

Polymer Synthesis
All of the polymers were synthesized by three different
methods.

Method 1: Polymerization Under Microwave Irradiation

with TMSCl

The PAIs were prepared by the following general pro-
cedure: Taking polymer (7aI) as an example, into a
porcelain dish were placed 0.10 g (2.20 × 10-4 mol) of
diacid chloride (5) and 0.0238 g (2.20 × 10-4 mol) of
diamine (6a). After the reagents were completely
ground for 5 min, 0.10 mL of o-cresol as a solvent was
added and the mixture was ground for 3 min, then
0.04 ml of TMSCl was added and the mixture was
ground for another 30 min. The reaction mixture was
irradiated in the microwave oven for 6 min at 100%
power. The resulting polymer film was isolated by
addition of 20 mL of methanol and trituration; it was
then filtered and dried at 80oC for 10 h in vacuo. This
yielded 0.07 g (61.0%) of pale yellow solid (7aI).

IR (KBr): 3300 (m, br), 2950 (m), 1770 (s), 1720
(s, br), 1610 (m), 1510 (s), 1460 (m), 1380 (s), 1350 (s),
1300 (s), 1240 (m), 1150 (m), 1080 (s), 1000 (w), 920
(m), 830 (m), 720 (s), 620 (w) cm-1. 1H NMR (500
MHz, DMSO-d6, TMS) 0.86-0.87 (doublet, 3H), 1.04-
1.05 (doublet, 3H), 2.83 (multiplet, 1H), 4.58-4.60
(doublet, 1H), 7.46 (singlet, 1H), 8.31 (singlet, 1H),
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Figure 1. 1H NMR (90 MHz) spectrum of monomer (4) in

DMSO-d6 at rt. Figure 2. IR (KBr) spectrum of monomer (5).
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9.99 (singlet, 1H).
The other PAIs (7bI-7fI) were prepared with a sim-

ilar procedure. 

Method 2: Low-temperature Solution Polycondensation with

TMSCl 

With polymer (7dII) as an example, the general proce-
dure consisted of adding 0.10 g (2.21 × 10-4 mol) of
diacid chloride (5) to a cooled (-5oC) and stirring solu-
tion of 0.04 g (2.21 × 10-4 mol) of diamine (6d) in
0.50 mL of N-methyl-2-pyrrolidone (NMP). After the
reagents dissolved completely, 0.04 mL of TMSCl was
added and the reaction was allowed to proceed for 4 h
under nitrogen atmosphere. Then, the temperature was
raised to room temperature and the reaction mixture
was stirred for 5 h. The viscous solution was poured
into 25 mL of methanol and the precipitated solid was
filtered off and dried at 80oC for 10 h in vacuo; this left
0.11 g (89.0 %) of yellow solid polymer (7dII).

IR (KBr): 3600 (s), 3300 (m), 2990 (m), 2985 (m,
sh), 1775 (s), 1720 (s), 1600 (s), 1530 (s, sh), 1500 (s),
1460 (m), 1400 (m, sh), 1380 (s), 1340 (s), 1300 (m,
sh), 1220 (s), 1150 (m), 1060 (s), 1000 (w), 910 (w),
820 (s), 720 (s), 620 (m) cm-1. 1H NMR (500 MHz,
DMSO-d6, TMS) 0.86-0.87 (doublet, 3H, -CH3), 1.04-
1.05 (doublet, 3H), 2.84 (multiplet, 1H), 4.59-4.61
(doublet, 1H), 6.90-6.92 (doublet, 1H), 7.49-7.5 (dou-
blet, 1H), 8.33 (singlet, 1H), 10.04 (singlet, 1H).

The other PAIs were synthesized with a similar pro-
cedure.

Method 3: High-temperature Solution Polycondensation

with TMSCl

Taking polymer (7cIII) as an example, into a 5 mL
round-bottomed flask were placed 0.10 g (2.21 ×

10-4 mol) of diacid chloride (4), 0.05 g (2.21 × 10-4

mol) of diamine (6c), 0.04 ml TMSCl and 0.20 mL of
dry DMAc. The mixture was refluxed for one minute
and then the reaction temperature reached to room tem-
perature. The viscous solution was poured into 30 ml of
methanol and the precipitated solid was filtered off and
dried at 80oC for 10 h under vacuum to leave 0.13 g
(94.0 %) of white polymer (7cIII).

IR (KBr): 3300 (m, br), 2950 (s), 1775 (s), 1720 (s,
br), 1590 (s), 1520 (s), 1460 (m), 1380 (s), 1340 (s),
1310 (m, sh), 1240 (m), 1150 (s), 1100 (s), 1070 (m),
910 (w), 830 (m), 720 (s), 620 (m), 560 (w) cm-1.

The other PAIs were synthesized with a similar pro-
cedure.

Polymer (7b)
IR (KBr): 3300 (m, br), 2950 (m), 1775 (s), 1720 (s),
1600 (s), 1510 (s), 1460 (m), 1410 (m), 1380 (s), 1340
(s), 1240 (m), 1150 (m), 1070 (s), 1010 (w), 910 (m),
810 (m), 720 (s), 620 (w) cm-1.

Polymer (7e)
IR (KBr): 3300 (m, br), 2930 (s), 1775 (s), 1720 (s),
1600 (s), 1520 (s), 1450 (m), 1380 (s), 1350 (s), 1210
(m), 1140 (m), 1080 (s), 1000 (w), 910 (w), 860 (m),
810 (m), 720 (s), 650 (w), 620 (w) cm-1. 

Polymer (7f)
IR (KBr): 3300 (m, br), 2930 (m), 1775 (s), 1720 (s),
1600 (s), 1530 (s), 1480 (s), 1420 (s), 1380 (s), 1340
(s), 1300 (m, sh), 1200 (m), 1150 (m), 1070 (m), 1000
(w), 910 (w), 860 (w), 780 (m), 720 (s), 680 (m), 620
(w), 560 (w) cm-1.

RESULTS AND DISCUSSION

Monomer Synthesis 

N,N'-(Pyromellitoyl)-bis-s-valine diacid chloride (5)
was prepared by the three-step procedure as shown in
Scheme I. The symmetric diacid compound (4) was
synthesized by the condensation reaction of dianhy-
dride (1) with two moles of s-valine (2) in acetic acid.
The intermediate amic-acid (3) was not isolated, and
dehydration was performed under refluxing condition.
The resulting symmetric diacid (4) was converted to its
diacid chloride derivative (5) by reaction with thionyl
chloride. The monomer (5) was purified by washing
with n-hexane to remove SOCl2 (thionyl chloride).
Chemical structure and purity of the optically active
monomers (4) and (5) were proved using elemental
analysis, IR and 1H NMR spectroscopic techniques.
The 1H NMR spectrum (90 MHz) of compound (4) is
shown in Figure 1. The broad peak at 11.3 ppm is
assigned to the carboxylic acid protons (H5) and the
absorption of aromatic protons (H4) has been appeared
as a singlet at 8.5 ppm. The protons of the chiral center
(H3), which appeared as a doublet at 4.5 ppm have the
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Scheme I. Synthesis of monomer (5).
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coupling constant of 6.0 Hz. Absorption of the proton
(H2) appears as a multiplet from 2.5 to 2.9 ppm. The
peaks of CH3 protons have been appeared as a doublet
of doublet at a range of 0.8-1.3 ppm which is due to
diastrotopic methyl protons.

The IR spectrum of compound (4) showed a broad
and strong peak at 2400-3500 cm-1 which was assigned
to the COOH groups and two absorption bands at 1720
and 1760 cm-1 are characteristic peaks of imide rings.
Disappearance of strong acidic hydroxyl peak in IR
spectrum of compound (5) confirmed a complete con-
version of diacid (4) to diacid chloride (5). On the other
hand, because of the electron withdrawing character of
the Cl groups, the two carbonyl peaks of diacid chlo-
ride in comparison with its starting diacid, were shifted
to higher frequency. The reaction was completed after
3 h. The IR spectrum of diacid chloride (5) is shown in

Figure 2. The resulting monomers showed optical rota-
tions, which indicated that they are optically active.
Then, they were used for the synthesis of optically
active polymers. 

Polymer Synthesis
PAIs (7a-7f) were synthesized by microwave-assisted
polycondensation and solution polycondensation reac-
tions of an equimolar mixture of monomer (5) with six
different aromatic diamines (6a-6f) in the presence of
TMSCl as shown in Scheme II. The microwave-assist-
ed polycondensation reactions were performed under
different conditions of the power of irradiation to
obtain the optimum conditions of polymerization. It
was selected as 6 min irradiation with 100% radiation
power. At longer time, the products were dark and the
reaction had low yield. The reactions were performed
in the presence of small amount of a polar organic
medium such as o-cresol as a solvent and primary
microwave absorber and TMSCl for activating
diamines. Experiments showed that the using of
TMSCl, as an activating reagent for diamines, gave the
better results. 

Also the polymerization reactions were performed
under low-temperature solution polymerization
(Method 2) and high-temperature solution polymeriza-

Scheme II. Polycondensation reactions of monomer (5) with aromatic diamines.
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tion (Method 3). In the low-temperature solution poly-
merization, the reactions were performed in NMP sol-
vent in the presence of TMSCl that acts as a diamine
activator. The polymerization reactions were carried
out at low-temperature (-5oC) in a period of 4 h and
then at room temperature for 5 h. In the high-tempera-
ture solution polymerization, the reactions were per-
formed in dry DMAc solvent in the presence of

TMSCl. In this method the polymerization reactions
were carried out at the refluxing condition in a period
of 1 min. We obtained comparable yields and viscosi-
ties of PAIs from these three methods. The reaction
yields and some physical data of the polymers are list-
ed in Tables 1, 2 and 3.

The resulting polymers showed optical rotations,
which indicated that, they are optically active and chiral-

Table 1. Some physical properties of PAIs (7aI-7fI). 

(a) Measured at a concentration of 0.5 gdL-1 in DMF at 25oC; (b) Measured at a concentration of 0.50 gdL-1 in DMF at 25oC; (c) PY= pale-yellow, Y= yellow, W= white.

(a) Measured at a concentration of 0.5 gdL-1 in DMF at 25oC; (b) Measured at a concentration of 0.50 gdL-1 in DMF at 25oC; (c) PY= pale-yellow, Y= yellow, W= white.

(a) Measured at a concentration of 0.5 gdL-1 in DMF at 25oC; (b) Measured at a concentration of 0.50 gdL-1 in DMF at 25oC; (c) PY= pale-yellow, Y= yellow, W= white.

Table 2. Some physical properties of PAIs (7aII-7fII). 

Table 3. Some physical properties of PAIs (7aIII-7fIII). 

Entry Diamine
Polymer

Polymer Yield (%) η
inh(dL/g)a [α]

25
D

b Colourc

1

2

3

4

5

6

6a

6b

6c

6d

6e

6f

7aI

7bI

7cI

7dI

7eI

7fI

61

77

87

85

85

70

0.28

0.42

0.25

0.43

0.26

0.25

-97.2

-52.0

-101.4

-63.0

-26.7

-44.0

PY

PY

PY

Y

Y

Off-W

Entry Diamine
Polymer

Polymer Yield (%) η
inh(dL/g)a [α]

25
D

b Colourc

1

2

3

4

5

6

6a

6b

6c

6d

6e

6f

7aII

7bII

7cII

7dII

7eII

7fII

76

96

91

89

52

61

0.22

0.28

0.14

0.22

0.06

0.10

-105.6

-48.0

-94.8

-110.4

-22.7

-64.0

PY

PY

PY

Y

Y

Off-W

Entry Diamine
Polymer

Polymer Yield (%) η
inh(dL/g)a [α]

25
D

b Colourc

1

2

3

4

5

6

6a

6b

6c

6d

6e

6f

7aIII

7bIII

7cIII

7dIII

7eIII

7fIII

92

91

94

92

72

85

0.30

0.22

0.20

0.24

0.12

0.20

-79.8

-38.8

-80.0

-60.8

-42.4

-40.6

PY

PY

PY

Y

Y

Off-W
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ity was introduced into the backbone of the polymers.

Polymer Characterization
The structures of polymers were confirmed as PAIs by
means of elemental analysis, IR and 1H NMR (500
MHz) spectroscopy. Elemental analysis values of the
resulting polymers are listed in Table 4. The IR spectra
of all polymers exhibited the characteristic absorptions
of the imide groups at 1680, 1720 and 1775 cm-1 due to
the symmetrical and asymmetrical carbonyl stretching
vibrations. The absorptions of amide groups appeared
around 3300 cm-1 (N-H) and an overlapped peak
(shoulder like) around 1650 cm-1 (C=O). All of them
exhibited strong absorptions at 1340-1380 cm-1 and
680-720 cm-1, that shows the presence of the imide het-
erocycle in these polymers (imide ring deformation).
The polymer (7c) showed characteristic absorptions at

1310 and 1070 cm-1 due to the sulfone moiety (SO2
stretching). 

The 1H NMR (500 MHz) spectra of PAIs (7a) and
(7d) are shown in Figures 3 and 4, respectively. The
pattern of spectra is similar to those of diacid monomer
and corresponding diamine. The two equivalent amide
hydrogens are seen with similar chemical shift. The
solubility of PAIs was tested quantitatively in various
solvents and listed in Table 5. All of the polymers are
soluble in polar aprotic solvents such as DMAc, DMF,
NMP, DMSO (dimethylsulphoxide) and protic solvent
such as sulfuric acid and are insoluble in organic sol-
vents such as THF (tetrahydrofuran), chloroform, ace-
tone, methanol, ethanol, benzene and toluene. 

Thermal Properties
The thermal decomposition temperature of PAIs (7b)

Table 4. Elemental analysis of PAIs (7a-7f).

Polymer Formula
Elemental analysis

Moisture intake (%)a
C (%) H (%) N (%)

7a

7b

7c

7d

7e

7f

(C26H24N4O6)n

(488)n

(C33H30N4O6)n

(579)n

(C32H28N4O8S)n

(629)n

(C32H28N4O7)n

(581)n

(C27H26N4O6)n

(502)n

(C26H24N4O6)n

(488)n

Calcd

Found

Corrb

Calcd

Found

Corrb

Calcd

Found

Corrb

Calcd

Found

Corrb

Calcd

Found

Corrb

Calcd

Found

Corrb

63.93

63.23

63.92

68.50

67.81

68.38

61.14

60.82

61.45

66.20

65.92

66.70

64.53

63.92

64.36

63.93

63.89

64.21

4.95

5.32

5.26

5.23

5.51

5.46

4.49

4.83

5.78

4.86

5.00

4.94

5.21

5.42

5.38

4.95

5.11

5.08

11.47

12.11

12.24

9.68

10.07

10.15

8.91

9.35

9.45

9.65

9.90

10.09

11.15

11.39

11.45

11.47

10.99

11.04

1.10

0.80

1.05

1.20

0.70

0.50

(a) Moisture intake(%)= (W - W0)/ W0 × 100; W= weight of the polymer sample after standing at room temperature; W
0
= weight of the polymer sample after drying in

vacuo at 100oC for 10 h.

(b) Corrected value for C and N = found value  × (100 + moisture intake)/100; and corrected value for H= found value ×  (100 - moisture intake)/100. 



and (7e) was evaluated by means of thermogravimetric
analysis (TGA) under nitrogen atmosphere at a rate of
heating of 30oC/min and 10oC/min respectively. The
PAI (7b) exhibited good resistance to thermal decom-
position up to about 450oC in nitrogen with minimum
decomposition and PAI (7e) exhibited resistance to
thermal decomposition up to about 280oC in nitrogen
with minimum decomposition, but above this tempera-
ture the decomposition was faster. The temperature of
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Figure 4. (a) 1H NMR (500 MHz) spectrum of PAI (7d) in

DMSO-d6 at room temperature; (b) Expanded region for the

aromatic protons (δ = 4.5-10.0 ppm).

Figure 3. (a) 1H NMR (500 MHz) spectrum of PAI (7a) in

DMSO-d6 at room temperature; (b) Expanded region for the

aromatic protons (δ = 4.5-10.0 ppm).

(a) Concentration: 5 mg mL-1; (+); Soluble at room temperature, (-); Insoluble.

Table 5. Solubility of PAIs (7a-7f)a.
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Figure 5. TGA of PAI (7b) with a heating rate of 30oC/min in

nitrogen atmosphere.

Figure 6. TGA of PAI (7e) with a heating rate of 10oC/min in

nitrogen atmosphere.



5% weight loss for (7b) was 490oC and for (7e) was
290oC, the temperature of 10 % weight loss was 540oC
and 330oC, respectively and the residual weight for PAI
(7b) at 600oC was 76% but PAI 7e did not have any
residual weight. Figures 5 and 6 show the TGA curves
of PAIs (7b) and (7e), respectively. The glass transition
temperature (Tg) of PAI (7d) as an example was evalu-
ated by means of DSC. Figure 7 shows DSC curve of
PAI (7d). It showed a Tg of about 270oC and a melting
point (Tm) of higher than 300oC.

CONCLUSION

The present work shows that N,N'-(pyromellitoyl)-bis-
s-valine diacid chloriden (5) is an interesting monomer
which contains both a pyromellitimide group as well as
chiral s-valine groups. A series of new optically active
PAIs having inherent viscosities of 0.25-0.43 dLg-1

were synthesized for the first time by three different
methods polycondensation reaction of the optically
active monomer (5) with six different aromatic
diamines (6a-6f). These aromatic PAIs show optical
rotation and are soluble in polar aprotic solvents and

have good thermal stability. The resulting novel poly-
mers have potential to be used in the column chro-
matography technique for separation of enantiomeric
mixtures. Furthermore, the above results demonstrate
that all of methods are efficient for synthesis of PAIs,
but the microwave technique is superior to the conven-
tional solution method (lower reaction time and high
efficiency of energy). We are currently using these
methods for the synthesis of novel polymers and mod-
ification of polymers.
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Figure 7. DSC curve of PAI (6d) with a heating rate of 10oC/min

in nitrogen atmosphere.
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