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ABSTRACT: Rapid and highly efficient synthesis of novel poly(amide-imide)s (PAIs)
were achieved under microwave irradiation by using a domestic microwave oven from
the polycondensation reactions of 4,49-carbonyl-bis(phthaloyl-L-alanine) diacid chloride
[N,N9-(4,49-carbonyldiphthaloyl)] bisalanine diacid chloride (1) with six different deriv-
atives of tetrahydropyrimidinone and tetrahydro-2-thioxopyrimidine compounds (2a–
2f) in the presence of a small amount of a nonpolar organic medium that acts as a
primary microwave absorber. Suitable organic media was o-cresol. The polycondensa-
tion proceeded rapidly and was almost completed within 10 min, giving a series of PAIs
with inherent viscosities of about 0.25–0.45 dL/g. The resulting PAIs were obtained in
high yield and are optically active and thermally stable. All of the above compounds
were fully characterized by means of Fourier transform infrared spectroscopy, elemen-
tal analyses, inherent viscosity (hinh), solubility test, and specific rotation. Thermal
properties of the PAIs were investigated using thermogravimetric analysis. © 2001 John
Wiley & Sons, Inc. J Appl Polym Sci 80: 2416–2421, 2001
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INTRODUCTION

Recently, microwave irradiation has received
growing application in organic synthesis for opti-
mization and acceleration of chemical reac-
tions.1–6 In some cases, microwave heating is su-
perior to thermal heating and was shown to in-

crease reaction rates, yields of target products,
and selectivity, and reduce tarring.7 Microwave
energy is being investigated as a method to pro-
cess resins, such as epoxides,8–10 polyesters,11,12

polyurethanes,13,14 and more recently, polyim-
ides15–18 because of advantages of shorter pro-
cessing time, improved energy utilization, and the
potential for lower processing temperature and
improved product uniformity. The microwave en-
ergy is absorbed by the molecules through the
polarization or dipole reorientation of functional
groups, which is consequently converted to ther-
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mal energy. As a result, heat is generated within
each molecule, thereby creating conditions for a
homogeneous heating pattern in the material. In
the conventional heating process, the heat is
transferred from the outside to the inside of the
material, resulting in very long processing times
to achieve high product uniformity.

Monocyclic six-member ring nitrogen heterocy-
cles such as tetrahydropyr-imidinone and tetra-
hydro-2-thioxopyrimidine compounds are an ex-
tremely important class of compounds that occur
in a wide variety of natural products such as
purine, caffeine, nucleic acids (DNA, RNA), uric
acid, and synthetic products.19,20

However, monomers bearing carbonyl groups
attract considerable attention because of the pos-
sibility to use them in the preparation of polyim-
ides with enhanced solubility, thermal stability,
and improved processibility. Furthermore, the
use of monomers containing preformed imide
rings is one method of circumventing partial
crosslinking, because it avoids high-temperature
curing cycles and handles unstable intermediates
such as polyamic acids.21,22 The synthesis and
application of optically active polymers are the
newly considered topics that have been given
more attention recently. Polymers with chiral
structures are biologically very important. Most
of the natural polymers are optically active and
have special chemical activities such as catalytic
properties that exist in genes, proteins, and en-
zymes. Some other applications could be listed as:
1. constructing chiral media for asymmetric syn-
thesis; 2. chiral stationary phases for resolution of
enantiomers in chromatographic techniques; and
3. chiral liquid crystals in ferroelectric and non-
linear optical devices.23–26 These applications
have caused more consideration to improvement
of different synthetic procedures of optically ac-
tive polymers. Recently, we have synthesized op-
tically active polymers by different methods.27–29

In a previous article,30 we synthesized a series
of optically active PAIs containing one group of
hexafluoropropylidene as well as two groups of
chiral L-leucine by using microwave irradiation.
In this article, we report the synthesis and prop-
erties of novel optically active poly(amide-imide)s
(PAIs) prepared by the polycondensation reac-
tions of 4,49-carbonyl-bis(phthaloyl-L-alanine) di-
acid chloride (1) with six different derivatives of
tetrahydropyrimidinone and tetrahydro-2-thiox-
opyrimidine compounds (2a–2f) using a domestic
microwave oven.

EXPERIMENTAL

Materials

All chemicals were purchased from Fluka Chem-
ical Co. (Switzerland), Aldrich Chemical Co. (Mil-
waukee, WI), and Riedel-deHaen AG (Germany).

Techniques

Fourier transform infrared (FTIR) spectra were
recorded on a Shimadzu (Japan) 435 IR spectro-
photometer. Spectra of solids were performed by
using KBr pellets. Vibrational transition frequen-
cies are reported in wave number (cm21). Band
intensities are assigned as weak (w), medium (m),
shoulder (sh), strong (s), and broad (br). Inherent
viscosities were measured by a standard proce-
dure using a Cannon Fensk Routine Viscometer
(Germany). Specific Rotations were measured by
a Perkin (Germany) Elmer-241 Polarimeter.
Thermogravimetric analysis (TGA) data for poly-
mers were taken on a Mettler (England) TA4000
System under N2 atmosphere at a rate of 10°C/
min. Elemental analyses were performed by the
Research Institute of Petroleum Industry, Teh-
ran, I. R. Iran. As the source of microwave irra-
diation, we used a Samsung (South Korea) domes-
tic microwave oven (2450 MHz, 900 W) for carry-
ing out polycondensation reactions.

Monomer Synthesis

4,49-Carbonyl-bis(phthaloyl-L-alanine) (4) and
4,49-carbonyl-bis(phthaloyl-L-alanine) diacid chlo-
ride (1) were prepared according to our previous
work.31 Tetrahydropyr-imidinone and tetrahy-
dro-2-thioxopyrimidine compounds (2a–2f) were
synthesized according to the Biginelli method32 in
Scheme 1.

Polymer Synthesis

An equimolar mixture of diacid chloride (1) (0.2 g,
3.99 3 1024) and diamide (2a) (0.104 g, 3.99
3 1024) were placed in a reaction vessel and the
mixture was ground until fine powder was
formed. Then, 0.45 mL of o-cresol was added to
the mixture and mixed until a homogeneous so-
lution was formed. The reaction mixture was ir-
radiated in a microwave oven at full power for 10
min. The reaction mixture was poured into 25 mL
of methanol. The resulting polymer was filtered
off, and was dried, to yield 0.25 g (91%) of brown
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solid. All of the other PAIs 3a–3f were synthe-
sized by the above method.

Polymer 3a

FTIR (KBr): 3100 (w, CACOH), 2900 (w, COH),
1780 (s, sh, CAO), 1763 (s, sh, CAO), 1722 (s, br,
CAO), 1710 (s, sh, CAO), 1690 (s, sh, CAO,
overlapped with CAC), 1491 (w), 1456 (w), 1384
(s), 1296 (m), 1230 (m, sh), 1222 (s), 1170 (m),
1115 (m, sh), 1093 (m), 750 (w), 727 (m) cm21.
Anal: Calcd for C37H28N4O10: C, 64.56%; H,
4.06%; N, 8.13%. Found: C, 65.30%; H, 4.30%; N,
6.60%.

Polymer 3b

FTIR (KBr): 3100 (w, CACOH), 2900 (w, COH),
1776 (s, sh, CAO), 1760 (s, sh, CAO), 1720 (s, br,
CAO), 1690 (s, sh, CAO), 1620 (m, CAC), 1610
(m), 1491 (m), 1456 (m), 1384 (s), 1296 (m), 1230
(s, sh), 1222 (s), 1170 (s), 1160 (m), 1109 (m), 750
(m), 727 (m) cm21. Anal: Calcd for C36H26N4O9: C,
65.68%; H, 3.95%; N, 8.51%. Found: C, 67.80%; H,
4.50%; N, 6.30%.

Polymer 3c

FTIR (KBr): 3100 (w, CACOH), 2900 (w, COH),
1771 (s, sh, CAO), 1763 (s, sh, CAO), 1720 (s, br,
CAO), 1672 (s, sh, CAO, overlapped with CAC),
1491 (m), 1456 (w), 1384 (s), 1296 (m), 1248 (m,
sh), 1222 (s), 1170 (s), 1109 (m), 750 (m), 727(m)
cm21. Anal: Calcd for C37H28N4O9S: C, 63.09%;
H, 3.98%; N, 7.95%. Found: C, 64.40%; H, 4.10%;
N, 6.40%.

Polymer 3d

FTIR (KBr): 3100 (w, CACOH), 2900 (w, COH),
1772 (s, sh, CAO), 1763 (s, sh, CAO), 1720 (s, br,
CAO), 1674 (s, sh, CAO), 1610 (m, sh, CAC),
1599 (m), 1491 (m), 1456 (m), 1384 (s), 1296 (m),
1248 (m, sh), 1221 (s), 1172 (s), 1109 (m), 752 (m),
727 (m), 704 (w) cm21. Anal: Calcd for
C36H26N4O8S: C, 64.12%; H, 3.86%; N, 8.30%.
Found: C, 65.40%; H, 4.40%; N, 6.20%.

Scheme 1

Scheme 2

Table I Synthesis and Some Physical
Properties of PAIs 3a–3f

Diamine

Polymersa

Polymer
Code

Yield
(%)

hinh

(dL/g)b [a]D
25b

2a 3a 91 0.25 218.00
2b 3b 90 0.35 225.00
2c 3c 95 0.41 210.00
2d 3d 95 0.32 215.00
2e 3e 92 0.45 220.00
2f 3f 90 0.40 218.00

a All polymerization reactions were performed in o-cresol
under 10-min irradiation time.

b Measured at a concentration of 0.5 g/dL in DMF at 25°C.
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Polymer 3e

FTIR (KBr): 3100 (w, CACOH), 2900(w, COH),
1776 (s, sh, CAO), 1760 (s, sh, CAO), 1720 (s, br,
CAO), 1674 (s, sh, CAO, overlapped with CAC),
1491 (m), 1456 (m), 1384 (s), 1296 (m), 1248 (m,
sh), 1221 (w), 1184 (m), 1109 (m), 752 (w), 727 (m)
cm21. Anal: Calcd for C37H26N4O9SClF: C,
58.72%; H, 3.44%; N, 7.40%. Found: C, 59.90%; H,
3.70%; N, 8.50%.

Polymer 3f

FTIR (KBr): 3100 (w, CACOH), 2900 (w, COH),
1772 (s, sh, CAO), 1763 (s, sh, CAO), 1732 (s,
CAO), 1712 (s, CAO), 1680 (s, sh, CAO, over-
lapped with CAC), 1491 (s), 1462 (m), 1383 (s),
1340 (m), 1296 (s), 1230 (s, sh), 1222 (s), 1185 (s,
sh), 1172 (s), 1109 (s), 1100 (s, sh), 752 (s), 727 (s)
cm21. Anal: Calcd for C37H27N4O9SCl: C, 60.15%;
H, 3.65%; N, 7.58%. Found: C, 61.50%; H, 4.20%;
N, 5.30%.

RESULTS AND DISCUSSION

Polymer Synthesis

PAIs 3a–3f were synthesized by microwave as-
sisted polycondensation reactions of an equimolar
mixture of monomer (1) with six different deriv-
atives of tetrahydropyrimidinone and tetrahydro-
2-thioxopyrimidine compounds (2a–2f) in o-cresol
as organic solvent by using a domestic microwave
oven, as shown in Scheme 2.

The o-cresol was used as polar organic medium
that acts as a primary microwave absorber and as
a solvent for both of the starting monomers and
the resulting polymers which allows inducing of
effective homogeneous heating of the reaction

mixture and thereby subsequent polycondensa-
tion reaction leading to the polymer formation.
The optimum period of reaction time (irradiation
time) was found to be 10 min. Below this time
produces polymers with lower inherent viscosi-
ties, and above this time the materials will deg-
radate.

Polymer Characterization

Synthesis and some physical properties of PAIs
(3a–3f) are summarized in Table I. These poly-
mers have inherent viscosities in a range of 0.25–
0.45 dL/g. PAIs derived from monomer (1) may
range in color from cream or off-white to brown.
All of the resulting polymers show optical rotation
and are optically active.

The structures of these polymers were con-
firmed as PAIs by means of FTIR spectroscopy
and elemental analyses. The FTIR spectra of all
polymers showed five overlapped carbonyl groups
(amide, imide, ketone, and ester CAO,) of absorp-
tions between 1780 and 1672 cm21. All of them
exhibited strong absorbance between 1370–1380
cm21 and 710–720 cm21, which shows the pres-
ence of the imide heterocycle in these polymers.

The elemental analysis values of the resulting
polymers are not in good agreement with the cal-
culated values. This could be due to some impu-
rities and end groups in the resulting polymers.

The solubility of PAIs are listed in Table II.
Most of the polymers are soluble in organic sol-
vents such as N,N-dimethylformamide (DMF),
N,N-dimethylacetamide (DMAc), and dimethyl-
sulphoxide (DMSO) at room temperature, and are
insoluble in solvents such as chloroform, methyl-
ene chloride, methanol, ethanol, and water.

Table II Solubility of PAIs 3a–3f

Solvents 3a 3b 3c 3d 3e 3f

DMAc 1 1 1 1 1 1
DMF 1 1 1 1 1 1
THF 2 2 2 2 2 2
DMSO 1 1 1 1 1 1
MeOH 2 2 2 2 2 2
EtOH 2 2 2 2 2 2
CHCl3 2 2 2 2 2 2
CH2Cl2 2 2 2 2 2 2
H2O 2 2 2 2 2 2

1, Soluble at room temperature; 2, insoluble.
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Thermal Properties

The thermal decomposition temperature of three
PAIs, 3b, 3c, and 3d, were evaluated by means of
TGA and differential thermal analyis, respec-
tively. Table III shows a summary of the thermal
properties of some of the PAIs.

The PAIs 3b, 3c, and 3d exhibited good resis-
tance to thermal decomposition up to 230–255°C in
nitrogen and began to decompose gradually above
that temperature. The temperature of 5% weight
loss for all of the polymers ranged from 250 to 316°C
and the residual weight for these polymers at 600°C
ranged from 11.76 to 13.24% in nitrogen.

CONCLUSIONS

The present work has shown that 4,49-carbonyl-
bis(phtaloyl-L-alanine) diacid chloride (1) is an in-
teresting monomer which contains both benzophe-
noneimide groups as well as chiral L-alanine
groups. Thus, a series of new optically active PAIs
having inherent viscosities of 0.255–0.45 dL/g were
synthesized by microwave-assisted polycondensa-
tion reaction of the optically active monomer (1)
with six different derivatives of tetrahydropyrimidi-
none and tetrahydro-2-thioxopyrimidine com-

Figure 1 TGA and derivative thermogravimetric
DTG curves of PAIs 3b under nitrogen atmosphere.

Figure 2 TGA and derivative thermogravimetric
DTG curves of PAIs 3c under nitrogen atmosphere.

Table III Thermal Properties of Some
Aromatic PAIs 3b–3c

Polymer

Decomposition
Temperature

(°C) T5
a

Char
Yield
(%)b

3b 316 13.24
3c 267 10.29
3d 250 11.76

a Temperature at which 5% weight loss was recorded by
TGA at a heating rate of 10°C/min in N2.

b Percentage weight of material left undecomposed after
TGA analysis at maximum temperature of 600°C in N2.
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pounds (2a–2f). These aromatic PAIs are optically
active and are soluble in various organic solvents
and have good thermal stability. The resulting
novel polymers have potential to be used in a proper
column chromatography technique for the separa-
tion of enantiomeric mixtures. PAIs 3e and 3f also
could have flame-retardant properties. Further-
more, the above results demonstrate that micro-
wave heating is an efficient method (shorter reac-
tion time and high efficiency of energy) for the poly-
condensation reactions. We are currently using this
method for the synthesis of novel polymers and
modification of polymers.

We thank Amine Pharmaceutical Center, Isfahan, I. R.
Iran for recording optical rotations.
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