
Synthesis and Characterization of Optically
Active Poly(amide-imide)s with Hydantoin and
Thiohydantoin Derivatives in the Main Chain

Hydantoin and thiohydantoin derivatives 4(a-e) were synthesized from reactions of
benzil and benzil derivatives 3(a-e) with urea and thiourea. 5,5-dimethylhydantoin
4f was synthesized from the reactions of acetone cyanohydrin 3f and ammonium

carbonate. Benzil and benzil derivatives 3(a-e) were obtained from oxidation of benzoin
and benzoin derivatives 2(a-e) with concentrated nitric acid. Benzoin and benzoin
derivatives were obtained from benzoin condensation of benzaldehyde and benzaldehyde
derivatives. Hydantoin and thiohydantoin derivatives 4(a-e) were characterized by
melting points, elemental analysis, FTIR, 1H NMR and 13C NMR spectroscopy. The
polycondensation reactions of 4,4-carbonyl-bis(phthaloyl-L-alanine) diacid chloride 5 with
six different derivatives of hydantoin and thiohydantoin compounds 4(a-f) were carried
out in DMAc solution in the presence of pyridine. The resulting poly(amide-imide)s, PAIs,
6(a-f) with inherent viscosities about 0.15-0.38 dL/g were obtained in high yield and were
optically active and thermally stable. All of the above compounds were fully characterized
by means of FTIR spectroscopy, elemental analysis, inherent viscosity (ηinh),
solubility test and specific rotation. Thermal properties of the PAIs 6(a-f) were
investigated using thermal gravimetric analysis (TGA). 
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A B S T R A C T

Key Words:

PAIs are useful high-performance
materials that exhibit better process-
ing characteristic with polyimide of
analogous structures [1,2]. They are
finding numerous applications in
adhesives, electronic wire enamel,
injection moulding, extrusion prod-

ucts and membranes [3-6]. They
inherit desirable characteristics from
both polyamide and polyimides and
possess good thermal properties
compared to polyamide, and better
melt processability than polyimides.
Many approaches have been investi-(*)To whom correspondence should be addressed.
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gated in attempting to improve the solubility of aromatic
polyamides include the addition of pendant groups to
polymeric backbone [7-8] and incorporation of bulky
[9-11] or flexible [12-13] and heterocycles [14-16]
units within the parent chain. 

Hydantoin and hydantoin derivatives are important
intermediates in the synthesis of several amino acids.
Hydantoin derivatives are used as anticonvulsants in
the treatment of epilepsy and heart arhythmia. In the
chemical industry various 5,5-disubstituted hydantoins
are the basic of new generation of weather-proof high-
temperature stable epoxy resins. Other hydantoin
derivatives are used in numerous consumer products,
such as hair sprays cosmetics, once utilized medica-
tions and photographic films [17].

The synthesis and application of optically active
polymers are the newly considerable topics, which
have been paid more attention recently. Because poly-
mers with chiral structures are biologically very impor-
tant [18], recently, we have synthesized optically active
polymers by different methods [19-21]. 

In a previous paper [14], we synthesized a series of
optically active PAIs containing tetrahydropyrimidi-
none and tetrahydro-2-thioxopyrimidine moieties as
well as two groups of chiral L-alanine by using
microwave irradiation. This paper describes the synthe-
sis and properties of novel optically active PAIs 6(a-f)
prepared by the solution polycondensation reactions of
4,4'-carbonyl-bis(phthaloyl-L-alanine) diacid chloride
5 as a chiral monomer with six different hydantoin and
thiohydantoin derivatives 4(a-f) as a heterocycles unit
in DMAc solution in the presence of pyridine. 

EXPERIMENTAL

Materials
All chemicals were purchased from Fluka Chemical
Co., Switzerland, Aldrich Chemical Co., Milwaukee,
WI, and Merck Chemical Co., Germany.

Techniques
Fourier transform infrared (FTIR) spectra were record-
ed on Galaxy series FTIR 5000 spectrophotometer
(England). Spectra of solids were performed using KBr
pellets. Vibrational transition frequencies are reported
in wavenumber (cm-1). Band intensities are assigned as
weak (w), medium (m), shoulder (sh), strong (s) and
broad (br). Inherent viscosities were measured by a

standard procedure using a Technico Regd. Trade Mark
Viscometer. Specific rotations were measured by an A-
Kruss polarimeter. Thermal gravimetric analysis
(TGA) data for polymers were taken on a Mettler TA
4000 system under N2 atmosphere at a rate of
10°C/min. Elemental analysis and 1H NMR and 13C
NMR (a Varian 500 MHz Inova NMR) were performed
by Department of Chemistry, Otago University, New
Zealand.

Monomer Synthesis
Hydantoin and thiohydantoin derivatives 4(a-e) were
prepared according to a typical procedure that has been
shown in Scheme I. 4,4'-Carbonyl-bis(phthaloyl-L-ala-
nine) diacid chloride 5 was prepared according to our
previous work [20].

Benzoin and Benzoin Derivatives 2(a-e)
Benzaldehyde or benzaldehyde derivatives 1(a-e)
(0.23mol) were dissolved in 35 mL of ethanol (96%) in
a round-bottomed flask equipped with a reflux con-
denser. Then 2.50 g of potassium cyanide in 25 mL of
H2O was added. The mixture was heated under reflux
for half an hour. After cooling, the reaction mixture was
poured in an ice bath and crude benzoin or benzoin
derivatives 2(a-e) were precipitated. Then the solid was
collected and washed with H2O.

Benzil or Benzil Derivatives 3(a-e)
Crude benzoin or benzoin derivatives 2(a-e) and 50 mL
of concentrated nitric acid were placed into a round-
bottomed flask which was fitted with a reflux con-
denser. The mixture was heated under reflux for 2 h.
The reaction mixture was poured into 300 mL of cold
water and it was stirred until the oil crystallized out
completely and was converted to a yellow solid. Then
the crude benzil or benzil derivatives 3 (a-e) were fil-
tered and washed  them thoroughly with water to
remove nitric acid. The filtrated compound was recrys-
tallized from ethanol (96%).

Hydantoin and Thiohydantoin Derivatives
4(a-e)
Benzil or benzil derivatives (0.025 mol) 3(a-e), urea or
thiourea (0.05 mol), 15 mL of 30% aqueous sodium
hydroxide solution and 75 mL of ethanol were added to
a round-bottomed flask equipped with a reflux con-
denser. The mixture was heated under reflux for 2 h.
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After cooling to room temperature, the reaction mixture
was poured into 125 mL of water and it was mixed
thoroughly. The reaction mixture was allowed to stand
for 15 min and it was filtered under suction until an
insoluble by-product was removed. Then the filtrate
was acidified with concentrated hydrochloric acid and
the resulting precipitate was filtered off and washed
with water. The crude product was recrystallized from
an appropriate solvent (Table 1).

5,5-Dimethylhydantoin 4f
This monomer was prepared according to a different
procedure shown in Scheme I.

Acetone Cyanohydrin 3f
An amount of 11g sodium metabisulphite was dis-
solved into 20 mL of cold water and placed in a 100 mL
round-bottomed flask. Then 5.8 g of acetone was added
slowly whilst swirling the liquid mixture cautiously.
This was followed by adding 6 g of potassium cyanide
dissolved in 20 mL of cold water.

During this slow addition, cyanohydrin was sepa-
rated out as the upper layer. When the separation was
completed, the contents of flask was transferred to a
separating funnel and the lower layer was removed.
The upper layer was transferred to a flask, sodium sul-
phate was then added to dry the product. The dried ace-
tone cyanohydrin 3f 6 g (70%) results in being slightly
discoloured.
5,5-Diphenyl Hydantoin 4a: 1H NMR (500MHz):
7.32-7.41(10H), 9.31(1H), 11.11ppm (1H),13C NMR:
72.94, 126.54, 128.41, 128.74, 138.33, 175.16, 181.28
ppm. FTIR(KBr): 3273(s), 3207(s), 1772(s,sh),
1741(s), 1720(s), 1495(w), 1450(m), 1402(m), 1016
(m), 780 (m),769(m),730 (s), 698 (s), 653(m) cm-1. 

5,5-Diphenyl Thiohydantoin 4b: 1H NMR(500MHz):
7.31-7.44(10H), 7.8(1H), 8.8-9.2 ppm(1H). 13C NMR:
70.27, 126.62, 128.08, 128.55, 139.95, 156.04, 174.87
ppm. FTIR(KBr): 3263 (m), 3161 (m), 1750 (s,sh),
1726 (s), 1534 (s), 1446 (m), 1381 (m), 1169 (s), 1157
(s), 1001 (m), 847 (w), 725 (s), 694 (s),534 (m) cm-1. 
5,5-Bis(4-chlorophenyl) Hydantoin 4c: 1H NMR
(500MHz): 7.35 (4H), 7.56 (4H), 7.96 (1H), 9.39 ppm
(1H). 13C NMR: 71.89, 128.71-131.11, 133.46, 136.89,
166.44, 174.62, 181.45 ppm. FTIR(KBr): 3187 (s),
3090 (s), 3070 (s), 1772 (s,sh), 1720 (s,br), 1491(s),
1431(m), 1400 (m), 1235 (m), 1096 (s), 1037 (s), 1010
(s), 826 (s), 773 (s,br), 637 (m), 517 (s), 455 (m), 447
(m) cm-1.
5,5-Bis(4-chlorophenyl) Thiohydantoin 4d: 1H NMR
(500MHz): 7.30-7.36(4H), 7.42-7.44(4H), 7.55-
7.57(1H), 7.93-7.94 ppm (1H). 13C NMR: 69.26,
129.63, 133.06, 138.10, 155.75, 166.44, 174.24 ppm.
FTIR(KBr): 3164 (s), 3101 (s), 2878 (w), 1740 (s,br),
1530 (s,br), 1487 (s), 1397 (s), 1254 (m), 1206 (m),
1167 (s), 1092 (s), 1011(s), 928 (s), 824 (s), 758 (m),
702 (m), 544 (s), 501(s) cm-1.

5,5-Bis(4-methylphenyl) Hydantoin 4e: 1H NMR

(500MHz): 2.82 (6H), 7.17-7.23 (8H), 7.8 (1H), 9.19

ppm (1H). 13C NMR: 20.56, 69.87, 126.46, 128.94,

137.16, 137.26, 155.98, 175.06 ppm. FTIR(KBr):

3219 (s), 3042 (s), 1776 (s), 1720 (s,br), 1510 (w),

1420 (w), 1182(w), 1036 (w), 814 (w), 758(m), 636

(w), 510(w), 499 (w), 455 (w) cm-1.

5,5-Dimethylhydantoin 4f: 1H NMR (500MHz):

1.24(6H), 7.92(1H), 8.4-8.6 ppm (1H). 13C NMR:

24.62, 58.86, 155.96, 179.16 ppm. FTIR(KBr):

3240(s), 3195 (s), 1770 (s), 1747 (s), 1718 (s,br), 1440

Table 1. Some physical properties of hydantion and thiohydantoin derivatives 4(a-f).

Monomer

4a

4b

4c

4d

4e

4f

Recrystallization
solvent

EtOH

EtOH:H2O (1:1)

EtOH

EtOH

EtOH:H2O (3:2)

H2O

mp (oC)

297-298

234-235

314-316

298-300

136-137

177-178

C (%)

71.43
71.72
67.16
66.79
56.07
54.74
53.41
54.22
72.85
72.85
46.87
47.03

H (%)

4.78
4.85
4.47
4.42
3.11
3.37
2.96
3.39
5.71
5.85
6.25
6.31

N (%)

11.11
10.97
10.44
10.49
8.72
8.59
8.30
6.46

10.00
9.85

21.87
21.51

Elemental
analysis

Claculated
Found
Claculated
Found
Claculated
Found
Claculated
Found
Claculated
Found
Claculated
Found

Formula

C15H12N2O2

C15H12N2OS

C15H10N2O2Cl2 

C15H10N2OSCl2

C17H16N2O2

C5H8N2O2
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(s), 1429 (s), 1381 (s), 1213 (s), 1148 (s), 1053 (s), 925

(s), 798 (m), 769 (s), 650 (s), 600 (m), 449(s) cm-1.

Polymer Synthesis
The PAIs 6f was synthesized by three different
methods:

Method A: Into a 25 mL round-bottomed flask was
placed a stirring bar and (0.20 g, 3.99 x 10-4 mol) of
diacid chloride 5, (0.05 g, 3.99 x 10-4 mol) of 5,5-

dimethylhydantoin 4f and 2 mL of CHCl3. The mixture
was heated at 75

o
C for 12 h. During this time the

polymer was precipitated and 2 mL of DMAc was
added and the reaction mixture was heated at 120

o
C for

12h. The resulting polymer was poured into 50 mL of
methanol. The polymer was filtered off, and dried to
yield 0.18 g (82%) of brown solid.

Method B: 0.20 g (3.99 x 10-4 mol) of diacid chlo-
ride 5, and 0.05 g (3.99 x 10-4 mol) of 5,5-dimethylhy-

Scheme I
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dantoin 4f and 2 mL DMAc were placed in a 25 mL
round-bottom flask . The reaction mixture was stirred
and heated at 120oC for 24 h, then it was poured into 50
mL of methanol. The resulting polymer was filtered off
and it was dried to yield 0.19 g (86%) of brown solid.

Method C: Into a 25 mL round-bottomed flask fit-
ted with a stirring bar was placed 0.05 g (3.99 x10-4 mol)
of 5,5-dimethylhydantoin 4f and 1.2 mL of DMAc. The
mixture was cooled in an ice-water bath. To this solu-
tion 0.06 g (7.98 x 10-4 mol) of pyridine was added.
Then 0.20 g (3.99 x 10-4 mol) of solid diacid chloride
5 was added all at once. The polymerization proceeded
as the acid chloride was dissolved. The reaction mixture
was stirred in ice-water bath for 1h and the cooling bath
was removed and the stirring was continued at room
temperature for overnight and  then it was heated at
80oC for 12h. The reaction mixture was poured into

50 mL of water. The precipitated polymer was collect-
ed by filtration and washed thoroughly with water and
it was dried at 80oC for 8 h under vacuum to leave to
0.2 g (90%) of brown solid.
Polymer 6a 
FTIR(KBr): 1776 (s,sh), 1750 (s,sh), 1718 (s,br), 1672
(m), 1384 (s,br), 1296 (w), 1250 (m), 1222 (m), 1170
(m), 1145 (m), 1084 (w),752 (m), 727 (w) cm-1.
Polymer 6b 
FTIR(KBr): 1764 (s,br), 1720 (s,br), 1674 (m), 1491
(w), 1384 (s,br), 1296 (w), 1250 (m), 1221(s), 1170
(s), 1145 (m), 1109 (m), 1090 (m,br), 750 (m), 727

Scheme II

Table 2. Synthesis and some physical properties of PAIs 6f.

(a) Measured at a concentration of 0.5g/dL in DMF.

Polymer

6f

6f

6f

Method

A

B

C

Yield (%)

82

86

90

ηinh(dL/g)a

0.11

0.14

0.38

(a,b) Measured at a concentration of 0.5 g/dL in DMF at 25oC.

Table 3. Synthesis and some physical properties of PAIs
6(a-f).

Hydantoin     
Polymer

derivatives
Yield
(%) ηinh(dL/g)a [α]

D
25b

4a

4b

4c

4d

4e

4f

6a

6b

6c

6d

6e

6f

90

80

78

80

82

90

0.25

0.30

0.22

0.15

0.20

0.38

-18.00

-25.00

-10.00

-15.00

-20.00

-18.00



(m, br) cm-1.
Polymer 6c 
FTIR(KBr): 1776 (s), 1750 (s,sh), 1722 (s,br), 1672
(m), 1448 (w), 1383 (s,br), 1296 (m), 1251 (m), 1118
(w), 871(m), 727 (m, br) cm-1.
Polymer 6d
FTIR(KBr): 1776 (s,sh), 1750 (s,sh), 1720 (s,br), 1672
(m), 1491 (m), 1384 (s,br), 1248 (m), 1221 (m), 1168
(s,br), 1093 (m), 750 (w), 727 (m) cm-1.
Polymer 6e 
FTIR(KBr): 1776 (s,sh), 1750 (s,sh), 1718 (s), 1672
(m), 1384 (s,br), 1296 (w), 1248 (m), 1221 (m), 1170
(m), 1108 (w), 750 (w), 727 (m) cm-1.
Polymer 6f 

FTIR (KBr): 1764 (s,sh), 1720 (s,br), 1672 (m), 1491
(w), 1384 (s,br), 1250 (w), 1222 (m), 1170 (m), 1095
(w), 1108 (w), 748 (w), 727 (w) cm-1.

RESULTS AND DISCUSSION

Polymer Synthesis 
PAIs 6(a-f) were synthesized by solution polycondensa-
tion reactions of an equimolar mixture of monomer 5
with six different derivatives of hydantoin and thiohy-
dantoin derivatives 4(a-f) in DMAc in the presence of
pyridine as shown in Scheme II. PAIs 6f were prepared
from the monomer 5 and 5,5-dimethylhydantoin 4f
by three different methods. In method A, the polymer-
ization was carried out in CHCl3/DMAc solution at
high temperature, without any scavenger such as pyri-
dine and the resulting polymer has low inherent viscos-
ity. In method B, the polymerization was performed in
DMAc solution at high temperature, in the absence of
acid scavenger, and the resulting polymer has still low
inherent viscosity.

In method C, the polymerization was carried out in
DMAc solution at low temperature and then it was
heated at higher temperature in presence of pyridine,
and the resulting polymer has higher inherent viscosi-
ty (Table 2). According to these results we selected the
method C for the synthesis of the other PAIs.

Polymer Characterization
Synthesis and some physical properties of PAIs 6 (a-f)
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Table 4. Elemental analysis of aromatic PAls 6(a-f).

Polymer

6a

6b

6c

6d

6e

6f

Formula

C38H24N4O9

(680.62)n

C38H24N4O8S

(696.69)n 

C38H22N4O9Cl2
(749.51)n 

C38H22N4O8SCl2
(765.58)n 

C40H28N4O9

(708.68)n 

C28H20N4O9

(556.48)n 

C (%)

67.06

68.67

65.50

64.00

60.88

60.78

59.61

60.53

67.79

68.52

60.43

59.29

H (%)

3.53

3.94

3.45

4.02

2.95

3.86

2.89

3.73

3.98

4.03

3.62

3.97

N (%)

8.23

8.08

8.05

8.23

7.47

6.30

7.32

6.03

7.90

8.01

10.06

9.80

Elemental analysis

Claculated

Found

Claculated

Found

Claculated

Found

Claculated

Found

Claculated

Found

Claculated

Found

Figure 1. FTIR Spectra of  PAIs 6a.



are summarized in Table 3. These polymers have inher-
ent viscosities in a range of 0.15-0.38 dL/g. PAIs
derived from monomer 5 may range in colour from
cream or off-white to brown. All of the resulting poly-
mers show optical rotation and are optically active.

The structures of these polymers were confirmed as
PAIs by means of FTIR spectroscopy and elemental
analyses (Table 4). 

The representative FTIR spectra of PAIs 6a is
shown in Figure 1. The polymers show absorption

bands around 1780-1670 cm-1 due to amide, imide
and benzophenone carbonyl linkages. Absorption
bands around 1390-1370 cm-1 and 755-710 show the
presence of the imide heterocycle in this polymer. The
other spectra show a similar pattern.

The elemental analysis values of the resulting poly-
mers are in good agreement with the calculated values
for the proposed structures (Table 4). 

The solubility of PAIs 6(a-f) was investigated as
0.01 g of polymeric sample in 2 mL of solvent. All of
the polymers are soluble in organic solvents such as
DMF, DMAc and DMSO at room temperature, and are
insoluble in solvents such as chloroform, methylene
chloride, methanol, ethanol and water.

Thermal Properties
The thermal properties of PAIs (6c, 6d, 6f) were eval-
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Figure 3. TGA and DTG thermogram of polymer 6d.

Figure 4. TGA and DTG thermogram of polymer 6f.Figure 2. TGA and DTG thermogram of polymer 6c.

Table 5. Thermal behaviour of aromatic PAls 6c, 6d & 6f.

Polymer
Decomposition

temperature(oC), T5
a

Char yield (%)b

6c

6d

6f

260-265

250-255

275-280

23.13

18.60

27.61

a Temperature at which 5% weight loss was recorded by TGA at
heating rate of 10oC/min in N2 .
b Percentage weight of material left undecomposed after TGA analy-
sis at maximum temperature 600oC in N2 .
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uated by means of TGA/DTA in nitrogen atmosphere
(Table 5). All of the polymers show similar decomposi-
tion behaviour (Figures 2-4). For 6c it started to decom-
pose at 260oC, and lost 5% of  its weight due to decom-
position by  265oC and by 600oC only had 23.13% of
original weight. For 6d it started to decompose at
250oC, and lost 5% of  its weight due to decomposition
by 255oC and by 600oC only had 18.60% of original
weight. For 6f it started to decompose at 275oC, and lost
5% of its weight due to decomposition by 280oC and by
600oC only had 27.61% of original weight. An exami-
nation of the data reveals that all of the above polymers
are thermally stable up to around 250oC.

CONCLUSION

The present work has shown that 4,4'-carbonyl-bis
(phthaloyl-L-alanine) diacid chloride 5 is an interesting
monomer which contains both benzophenoneimide
group as well as chiral L-alanine groups. Thus, a series
of new optically active PAIs 6(a-f) having inherent vis-
cosities of 0.15-0.38 dL/g were synthesized by solution
polycondensation reaction of the optically active
monomer 5 with six hydantoin or thiohydantoin deriv-
atives 4(a-f). These aromatic PAIs are optically active
and are soluble in various organic solvents and have
good thermal stability. These novel polymers obtained
have potentials to be used in a proper column chro-
matography technique for the separation of the enan-
tiomeric mixtures. PAIs 6c, and 6d could have flame
retardant properties. Furthermore, the above results
demonstrate that the hydantoin derivatives can be used
as heterocycles units in the synthesis of polymer with
proper properties. 
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