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N
ucleophilic substitution reaction of two moles of benzilic acid with terephthaloyl

chloride in the presence of triethylamine hydrochloride yielded terephthalic acid

bis-(carboxydiphenyl methyl)ester (TBE) as a new monomer for the prepara-

tion of polyesters. This diester-diacid (TBE) was converted to its acid chloride deriva-

tive, terephthalic acid bis-(chlorocarbonyldiphenyl methyl)ester (TBECl), using thionyl

chloride. Polymerization reactions of TBECl with different aromatic diols including

hydroquinone, 1,5-dihydroxy naphthalene, phenolphthalein, 1,4-dihydroxy anthra-

quinone, 1,8-dihydroxy anthraquinone, and bisphenol A in the presence of triethy-

lamine hydrochloride using high temperature solution polycondensation method

resulted in different polyesters. All the polymers were characterized and their physical

and thermal properties such as thermal behaviour, thermal stability, solution viscosity,

and solubility behaviour were studied. Polymers showed good thermal stability while

the presence of bulky groups improved their solubility. 

INTRODUCTION

One of the distinct areas within

polymer science is that of high

temperature or thermally stable

materials. It has been recognized as

a special area within polymer

chemistry for nearly 50 years. The

most important classes of these

polymers are polyimides, polyami-

des, polyarylates, and their copoly-

mers [1,2]. They show high ther-

mal and oxidative stability, good

chemical resistance, and excellent

mechanical properties. Because of

these properties, they are of major

commercial and industrial impor-

tance. However, the poor solubility

and high softening or melting tem-

perature caused by high stiffness
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and intermolecular bonding lead to difficult process-

ability of these polymers [3,4].

Polyarylates are one of the most important types of

heat-resistant polymers that are used as high perform-

ance engineering plastics. They are aromatic poly-

esters consisting of aromatic diols and aromatic dicar-

boxylic acids. The primary commercial polyarylates

available today are the copolyesters based on 2,2-bis-

(4-hydroxyphenyl)propane (bisphenol A) and a mix-

ture of isophthalic and terephthalic acids.

Polyesters are now widely used for textile fibres,

technical fibres, films, and bottles because of their

good mechanical properties, thermal stability, and low

production cost. Their demand has been estimated to

be about 35 million tons in 2006 and is expected to

grow annually by 9% [5-7]. There is still a need for

the polyarylates having high Tg while retaining good

solubility in organic solvents, thereby keeping the fea-

sible processability. 

Therefore, the main significant synthetic efforts in

this area have been focused on improving their

processability and solubility through the design and

synthesis of new monomers to obtain polymers with

improved solubility while maintaining thermal stabil-

ity [8-11].   

Here we wish to express the preparation of new

generation of thermally stable polyesters containing

bulky groups with improved solubility. In fact, our

strategy is the incorporation of pendant bulky groups

along the polymer backbone, which results in a poly-

mer matrix increasing the solubility characteristics

without affecting the thermal and mechanical proper-

ties to great extent. In this way, a diacid (TBE) was

synthesized via nucleophilic substitution reaction of

benzilic acid with terephthaloyl chloride. TBE was

converted to its acid chloride derivative and it was

subsequently polycondensed with different diols to

prepare related polyesters with built-in ester units and

bulky phenyl groups to induce specific property to the

final polymers including high thermal stability and

improved solubility. 

EXPERIMENTAL

Materials

All the chemicals were purchased either from Merck

or Aldrich Chemical Co. Terephthaloyl chloride

(TPC) and all diols were purified by sublimation

under reduced pressure. N-Methyl-2-pyrrolidone

(NMP), N,N-dimethylacetamide (DMAc), N,N-

dimethylformamide (DMF), and dimethylsulphoxide

(DMSO) were purified by distillation over calcium

hydride under reduced pressure. The other materials

were used as received. 

Instruments

Infrared analyses were performed on a Bruker-IFS 48

FTIR spectrometer (Ettlingen, Germany) in the range

of 400-4000 cm-1 after 32 scans. The 1H NMR spec-

tra were recorded in DMSO-d6 solution using a

Bruker Avance DPX 400 MHz (GmbH, Germany).

The mass spectrum was recorded on a Shimadzu GC-

MS-QP 1100-EX (Tokyo, Japan). Elemental analyses

were performed by a CHN-O-Rapid Heraeus elemen-

tal analyzer (Wellesley, MA). Differential scanning

calorimetry (DSC) and thermogravimetric analysis

(TGA) were recorded on a Stanton Redcraft STA-780

(London, UK) from 25-300ºC and 25-600ºC, respec-

tively. Glass transition temperature (Tg) was taken as

the midpoint of the change in slope of the baseline in

DSC curve after second scan. Inherent viscosities

were measured at a concentration of 0.5 g/dL in DMF

at 30ºC by using an Ubbelohde viscometer. The

weight-average molecular weight (Mw) was deter-

mined by gel permeation chromatography (GPC).

GPC was performed on a Waters 150-C instrument

using Styragel columns and a differential refractome-

ter detector. The molecular weight calibration was

carried out using polystyrene standards. Calibration

and measurements were made at a flow rate of 1

mL/min, and DMF was used as solvent.

Monomer Synthesis 

Synthesis of Terephthalic Acid Bis-(carboxydiphenyl
methyl)ester (TBE)
A 250-mL, three-necked, round bottom flask

equipped with a magnetic stirrer, nitrogen gas inlet

tube, condenser, and dropping funnel was charged

with 12.05 g (0.051 mol) of the benzilic acid and 

25 mL of 1,2-dichlorobenzene. The mixture was

stirred and 0.40 g of triethylamine hydrochloride was

added. Then, 4.57 g (0.0225 mol) of terephthaloyl

chloride was dissolved in 25 mL of 1,2-dichloroben-
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zene and it was added into the flask slowly. The mix-

ture was heated slowly to 180ºC and remained at that

temperature for about 10 h. During this time, the reac-

tion progress was followed by HCl evolution. The

mixture was cooled and the product was precipitated

by pouring the flask content into hexane. Then it was

filtered and washed with hot water. (Yield 75%) mp >

300ºC. [IR (KBr): ν 3200-3400, 1710, 1683, 1423-

1570, and 1285 cm-1; 1H NMR (DMSO-d6): δ 13.30

(s, 2H, OH), 8.07 (d, 4H, phenyl ), 7.98 (d, 8H,

phenyl), 7.26 (m, 8H, phenyl), 7.12 (d, 4H, phenyl);

mass spectrum: 586 m/z.

Synthesis of Terephthalic Acid Bis-(chlorocar-
bonyldiphenyl methyl)ester (TBECl)
TBE (0.014 mol) was refluxed in the presence of

thionyl chloride (80 mL) and two drops of dry DMF

for 4 h. Then the excess of thionyl chloride was

removed from the mixture by distillation. The crude

product was recrystallized from ether and vacuum

dried at 60ºC. (Yield 97%). [IR (KBr): ν 3101, 3055,

1792, 1728, 1408, 1198, and 854 cm-1.

Polyesters Synthesis

A typical synthesis of polyesters (TBE-HQ) was car-

ried out as follows:

In a round-bottom flask equipped with a stirrer,

nitrogen inlet tube, HCl outlet tube, and condenser

was placed 6 mmol (0.661 g) of HQ, 0.1 g of triethyl-

amine hydrochloride, and 12 mL of 1,2-dichloroben-

zene. The mixture was heated to 180ºC under nitrogen

flow and a solution of 6 mmol (3.738 g) diacid chlo-

ride (TBECl) in 12 mL of dichlorobenzene was added

dropwise through a funnel. The mixture was heated

until the evolution of HCl after a period of about 5 h

ceased. After cooling, the polymer was precipitated in

hexane and washed with methanol and water succes-

sively. The other polyesters were synthesized using

the same procedure.

RESULTS AND DISCUSSION

Polyarylates which have good thermal and mechani-

cal properties belong to the class of high-performance

engineering plastics and they are widely used in dif-

ferent industries [12-17]. However, polyarylates are

generally difficult to process because of their limited

solubility in organic solvents and their high melting or

high glass transition temperatures by virtue of their

rigid structures. There are some approaches to over-

come such a problem. Generally, main approaches to

obtain soluble and thermally stable polymers have

involved the following modifications: (a) introduction

of a bulky substituent along the polymer backbone;

(b) incorporation of flexible or kinked linkages in the

backbone; and (c) the disruption of symmetry and

regularity of the repeating unit through copolymeriza-

tion [18-25].

Preparation of new generation of thermally stable

polyesters and improvement of their solubility were

our main objectives in this study. Therefore, a new

aromatic diacid (TBE) containing four bulky phenyl

units was synthesized via the nucleophilic substitution

reaction of two moles of benzilic acid with tereph-

thaloyl chloride in the presence of triethylamine

hydrochloride via high temperature solution polycon-

densation (Scheme I). The structure of TBE was fully

characterized using FTIR, 1H NMR, and mass spec-

troscopy and the spectra are shown in Figures 1a, 1b

and 2. In the FTIR spectrum, peaks at about 1730,

1686, and 1285 cm-1 were related to the carbonyl of

ester groups, carbonyl of acid groups, and ether units,

respectively.  

TBE was converted to terephthalic acid bis-

(chlorocarbonyldiphenyl methyl)ester (TBECl) by

using SOCl2 and catalytic amount of dry DMF in

order to activate the acidic groups toward nucleo-

philic attack (Scheme II). Disappearance of a broad

band at 3200-3400 cm-1 from  the FTIR spectrum of  
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Scheme I. Synthesis of terephthalic acid bis-(carboxydiphenyl methyl)ester (TBE).
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TBE and also presence of a band at 1792 cm-1 in the

spectrum of TBECl due to the generation of acid chlo-

ride were good evidence for confirmation of the struc-

ture of TBECl (Figure 1). 

High temperature solution polycondensation of

TBECl with six different diols including hydro-

(a)

(b)

Figure 1. FTIR Spectra of: (a) TBE and (b) TBECl. 

quinone, 1,5-dihydroxy naphthalene, phenolph-

thalein, 1,4-dihydroxy anthraquinone, 1,8-dihydroxy

anthraquinone, and bisphenol A in the presence of tri-

ethylamine hydrochloride in dichlorobenzene resulted

in new generation of aromatic and semi-aromatic

polyesters containing bulky groups (Scheme III).

Characterization of the polymers was achieved using

FTIR, 1H NMR, and elemental analysis techniques

and the results are shown in Table 1. A representative

FTIR spectrum for TBE-HQ is shown in Figure 3 

in which peaks at about 3079, 1794, 1733, and 

1221 cm-1 were related to aromatic C-H- bond, car-

bonyl of polyester units, carbonyl of ester groups, and

ether units, respectively. Also other polyesters peaks

in the range of 1789-1796 cm-1 were related to the

carbonyl of polyester units.   

The inherent viscosity of the polymers as a criteri-

on for evaluation of molecular weights was measured

in DMF at a concentration of 0.5 g.dL-1 at 30ºC and

the weight average molecular weights (Mw) deter-

mined by GPC were collected in Table 2. These

Figure 2. 1H NMR Spectrum of TBE.
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results reveal that the polymers are of reasonable

molecular weights. 

The solubility of the polymers was measured in

dipolar aprotic solvents including NMP, DMAc,

DMF, DMSO and also m-cresol. The polymers

showed solubility in the range of 2.0-2.9 g.dL-1 which

Figure 3. FTIR Spectrum of TBE-HQ.

was mainly attributed to the bulky groups.

Incorporation of phenyl groups disrupted the crystal

packing, reduced intermolecular interactions and

enhanced solubility of the resulting polyesters.  

According to the DSC analysis the prepared poly-

esters showed glass transition temperature (Tg) in the

range of 159-188ºC. TGA Analysis in air at a heating

rate of 10ºC.min-1 was used for evaluation of thermal

stability. The initial decomposition temperature (T0)

was about 251-291ºC. The 10% weight loss and the

char yield of polyesters at 600ºC were about 341-

376ºC and 36-53%, respectively and the maximum

decomposition temperature of the polymers (Tmax)

that was derived from the first derivative of TGA ver-

sus temperature was in the range of 338-408ºC.

Table 3 and a typical TGA curve are presented in

Figure 4. The obtained data showed that, these poly-

mers were high thermally stable polymers and more

rigid ones were showed greater heat resistant.

Incorporation of flexible groups from the diol moiety 
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decreased the thermal stability and increased the sol-

ubility of the polymers. Thus, TBE-HQ polyester with

Table 2. Yield, viscosity, and molecular weight of the poly-

mers.

(a) Measured at a concentration of  0.5 g/dL in DMF at 30ºC.

(b) According to GPC measurement in g/mol.

high rigid and symmetric structure showed the high-

est thermal stability and lowest solubility, while TBE-

Figure 4. TGA Curve of TBE-HQ.
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Polymer

Elemental analysis

Calculated                 Found H NMR (DMSO-δ-ppm) FTIR (KBr-cm-1)

C H C H

TBE-HQ

TBE-DHN

TBE-PhP

TBE-1,4-DHAQ 

TBE-1,8-DHAQ 

TBE-BPA

76.36

77.75

77.42

75.95

75.95

78.66

4.24

4.22

4.15

3.80

3.80

4.88

76.04

78.00

77.13

75.68

75.72

78.42

4.64

4.05

4.36

3.98

3.97

5.01

8.16 (d, 4H), 

7.23-7.27 (m, 20H)

7.06 (d, 4H)

8.18 (d, 4H), 7.75 (d, 2H)

7.52 (dd, 2H), 

7.24-7.29 (m, 20H)

7.14 (d, 2H)

8.20 (d, 4H), 7.92 (d, 1H) 

7.42 (dd, 1H), 7.33 (dd, 2H)

7.24-7.30 (m, 20H),

7.18 (d, 4H), 7.03 (d, 4H)

8.17 (d, 4H), 7.83 (d, 2H) 

7.58 (dd, 2H), 7.36 (d, 2H)

7.23-7.28 (m, 20H)

8.15 (d, 4H), 7.64 (d, 2H) 

7.55 (dd, 2H), 7.40 (d, 2H)

7.21-7.25 (m, 20H) 

8.13 (d, 4H),

7.18-7.22 (m, 20H),

7.11 (d, 4H), 7.04 (d, 4H)

1.68 (s, 6H)

3079, 1794, 1733, 

1503, 1221, 1179

3068, 1791, 1742

1507, 1210, 1159

3075, 1789, 1738, 

1505, 1212, 1173

3083, 1790, 1741, 

1596, 1195, 1163

3081, 1792, 1744,

1593, 1192, 1160

3087, 2968, 1796, 

1736, 1504,1202

1169    

Table 1. Characterization of polymers.

Polymer Yield (%) Inherenta

viscosity (dL/g)

Mw
b

TBE-HQ

TBE-DHN

TBE-PhP

TBE-1,4-DHAQ

TBE-1,8-DHAQ

TBE-BPA

93

91

87

86

89

86

0.42

0.40

0.38

0.37

0.39

0.38

33600

32700

32600

31500

33100

31900

 



BPA with flexible unit showed the lowest thermal sta-

bility and highest solubility among the prepared poly-

mers. Also the other polyesters were between two

extremes.

Thus, incorporation of bulky groups and disrup-

tion of symmetry enhanced the solubility of the relat-

ed polyesters while the presence of ester groups and

phenylation of backbone improved the thermal stabil-

ity of the polymers. In this way, polyesters with high

thermal stability and improved solubility were

obtained. 

CONCLUSION

Patterned polyesters were prepared via polycondensa-

tion reactions of a diacid containing ester groups with

different diols. Therefore, a diacid (TBE) with pre-

formed ester groups and bulky groups were synthe-

sized by nucleophilic reaction of benzilic acid with

terephthaloyl chloride. Polycondensation reactions of

its acid chloride derivative (TBECl) with different

diols via high temperature solution method yielded

different polyesters. All the polymers were fully char-

acterized and their physical and thermal properties

were studied. Due to the introduction of ester units

and pendant groups the obtained polymers showed

agreeable balance of properties including good ther-

mal stability and improved solubility. 
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Tg: glass transition temperature; T0: initial decomposition temperature; T10: temperature for 10% weight

loss; Tmax: maximum decomposition temperature; char yield: weight of polymer remained at 600ºC.
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