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SYNTHESIS AND CHARACTERISATION OF
NOVEL POLYBENZIMIDAZOLES
CONTAINING TETRA-PHENYLTHIOPHENE
GROUPS
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he preparation of a novel aromatic tetraamine
monomer 2,5-bis-(3,4-diaminophenyl)-3,4.- diphenyl - f
thiophene (X), its characterisation and the solution
polycondensation of (X) tetrahydrochloride with aromatic
dicarboxylic acid in polyphosphoric acid co give high

0
molecular weight polybenzimidazoles (PBI) are described. TP: W) [ )
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Physical characteristics, such IR, solutions viscosity, solubility
and thermal properties of a series of new aromatic co-PBI |
containing tetraphenylthiophene units are studied. OH

KEYWORDS: novel aromatic tetraamine , high molecular ,
solutions viscosity, solubility .

INTRODUCTION:

Aromatic polybenzimidazoles (PBI) are known for their
excellent high thermo-oxidative stability mechanical and
adhesive properties. Melt condensation (1) of suitable
aromatic tetramines, such as 3, 3 diaminobenzidine (DAB) ()
with the diphenylesters of aromatic dicarboxylic acids or

derivatives (ll) thereof produced linear, high molecular weight polybenzimidazoles. Imai etal. (2) reported solution
polymerization of DAB. 4 HC1 in polyphosphoric acid with aromatic. The aromatic polybenzimidazoles have
remarkable thermal stability but they dissolved only in solvents such as concentrated sulfuric acid. The
disiloxanebenzimidazole and aliphatic moiety containing polymers reported by Mulvaney and Marvel (3) were
soluble in a rather wide range of solvents Including sulfuric acid, formic acid, dimethylformamide,
dimethylsulfoxide and ethanol, however polymers melted at 215-220°C and had an Inherent viscosity of 0.12 dL/g
In ethanol. Srinivasan etal. (4) Investigated polybenzimdazoules containing cardo groups which dissolved in
dimethyl, formamide and chlorinated solvents like tetrachloroethane. Solution polymerisation technique was
reported by Ueda etal. to yield high molecular weight PBI utilising P,0,alongwith methanesulfonic acide (5)

We have reported the synthesis of modified polyamide, polyimide (6,7) by Introducing phenyl or bulky
groups (8) as the side chain/substituent to Improve the solubility and processability with some success, thereby
polymers dissolved in wide range of the organic solvenets. However, there is no report on the synthesis of
polybezimidazole cantaining pendant phenyl group. We now report the synthesis of new aromatic tetramine 2,5-
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bis — (3,4- diaminophynyl) -3, 4 diphenylthiophene (X) from benzyl chloride. Further we describe the
characterization of (VII-IX) intermediates and tetramine (X) and polycondensation of (X) tetrahydrochloride, in
combination with DAB.4HC1, with aromatic diacid viz. isophthalic acid to synthesize  novel
copolybenzimidazoles containing tetraphenylthiophene units in main polymer chain providing phenyl groups as
pendant substituents. These polybenzimidazoles were characterized by solution viscosity, IR spectroscopy, and
other properties to investigate the structure property relationships with a view to study the improvement in
solubility of polymersin organic solvents. Model compounds of Xand XI with monobasic acids are also reported.

EXPERIMENTAL:

Monomers: 3, 3’- Diaminobenzildine tetrahydrochloride (DAB.4 HCL): DAB tetrahydrochloride dihydrate was
prepared starting from benzidine in four steps (1). Phenylated tetramine (X) was synthesised as described below.

a)L 2,5-bis-4-aminophenyl-3,4-diphenylthiophene (VI) : compound (VI) was obtained as per procedure in literature
(6).

b)2,5-bis-(4-aminoacetyl phenyl)-3,4-diphenylthiophe (VIII) : In a 500mL flask were placed 24.418 g (0.06081 mol)
of VI and 210mL of glacial acetic acid. 15.2mL. (0.147 mol) of acetic anhydride was added maintaining temperature
at50-60°C over a period of 1.5 hand stirred at 100'C for 1.5 h. The solid was filtered recrystallised from glacial acetic
acid.

€)2, 5-bis- (3-nitro, 4-amino acetyl phenyl)-3, 4-diphenylthiophene (VIII): in a 500mL flask 14.73 g (0.249 mol) of
compound (VII), 12 mL glacial acetic acid, 15.63mL of distilled water and 1.1mL of acetic anhydride were added.
5.58mL concentrated nitric acid (63% HNO,, d.1.42) was added and stirred for 10 minut4es at 45°C and 10 minutes at
75°C. bright yellow solid was filtered, washed with cold glacial acetic acid and dried. Yield 7.4 g (50%) M.P. 2140C,
NMRH-110.5(s, 1H, exchange with D20) 6.7-8.7 (m, Aromatic 8H), 2.2 (s.CH,)

IR: 3340 cm (-NH), 1700 cm (c=0), 1540, 1350 cm (-NO,) Mass: (m/e) 592 M

d)2, 5-bis-(3-Nitro, 4-aminophyl)-3,4- diphenylthiophene (IX) : 7.41g (0.0125 mol) of VIIl, 50mL methyl alcohol, 1.25
g of solid potassium hydroxide stirred for 1 h. after one hour additional 1 g of potassium hydroxide was added and
stirring continued for 16 h. the volatile solvent was removed and the solid was treated with water, filtered, washed
with distilled water and dried, yield 6.2 g (97.6%) M.P. 220-222°C, IR 3520-3480, 3300-3260 (NH2), 1420 and 1350
cm (No, Mass: (m/e) 508 (M), NMRH1:(6)8.0(d,1H) 7.2-6.7 (m, 6H), 6.5 (d,2H), 5.95 (s, NH2, 2H)

e)2, 5-bis-(3,4-diminophenyl)-3, 4-diphenylthiophene (X): ina 250mL flask was placed solution of 68.7 g of stannous
chloride dehydrate (0.3045 mol) dissolved in 143mL concentrated hydrochloride acid and 11.45 g (0.225 mol) of (1X)
were added, and heated at 75-80°C for 15 h. The reaction mixture was cooled to 25°C and poured into water. (X)
hydrochloride was insoluble in water. The product was filtered, washed with cold water and dried under vacuum to
yield (XI) in almost quantitative yields, compound (X) was obtained by adding sodium hydroxide solution to (XI) and
extracting the liberated tetramine (X) with dichloromethane, and removing a solvent under nitrogen to produce (X),
M.P. 250°C IR (Nujol) 3400, 3370, 3350, 3220 cm (NH,), NMR C-13, (d DMS0) 138.24, 137.60, 137.47,135.03,130.99,
128.00126.64,123.11,118.77,115.40,114.43,114.04. Mass: (m/e) 448 (M+)

Model Compounds: Two Model compounds [MC-1 and MC-2) were prepared from (X) and (XIl) by reacting with
formic acid and benzoic acid, respectively.

Polymerisation: One typical example of polymerisation follows. In a 100mL flask 28.5 g of PPA (116%) was
prepared. To this 1 g (0.002525 mol) of DAB. 4 HCL was added and stirred at 140°C under nitrogen to effect the
dehydrochlorination. Isophthalic acid 0.419 g (0.002525 mol) was added and the mixture was stirred 6 h at 100°,
18 h at 140°c and at 240°c/4 h. Viscous mass was poured in about 200mL distilled water and methyl alcohol. The
productwasdried undervacuum.at 1000Cfor6h. Yield0.7719(91%).inh=0.77 dL/g.

Similarly other polymers reportedin table | was prepared.

Measurements: The IR spectra were recorded on Perkin-Elmer 883 spectrophotometer. The'HNMR
and C-13 spectra were recorded on a Varian FT-80A instrument. The viscosity measurements were made in Formic
acid/concentrated sulfuric acid at 30°C using an Ubbelhole viscometer at 0.2% polymer concentration. The
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thermogravemetric analysis and differential scanning calorimetry were made with Rigaku TG-DSC thermal analyser.
The mass spectrawere run on A-IMS-30 double beam mass spectrometer.

RESULTS AND DISCUSSION

Synthesis of tetramine X: The methodology adopted to synthesise (XI is shown in scheme-1. Diamine (V1)
was obtained as described previously (6). Acetylation of (VI) with acetic anhydride afforded diacetyl compound
(V) which was purified by recrystallisation from glacial acetic acid. Nitration af (V1) gave (VIII) and other isomers.
The desired dinitro compound (VIIl) was separated and purified by washings with cold acetic acid and then
methanol. Alkali hydrolysis of (VIIl) at ambient- temperature gave orange red (IX) in stannous chloride and
hydrochloric acid to give amine, hydrochloride (XI) which was purified by washing with cold concentrated
hydrochloric acid, The overall yield of (XI) starting from (VI) was 41.7%.(XI) on treatment with dichloromethane and
evaporation of solvent gave (X). All these manipulations were performed using oxygen free solutions and in inert
atmosphere.

All intermediates (VII-IX) and (X) were single spot on TCL, had sharp mps and showed characteristics
absorptions in the IR spectra, and ‘H NMR signals. C-13 NMR of (X) and mass spectra of (VII-X) agreed well with
theoretically predicted values.

Scheme 1: Synthesis of tetramine (X)
CH,CI
O Q (I) NITRATION HNO3
REFU LUX / (1) SEPARATION

RED UCTION

SnCIle cl / \

O O AT T
O NITRATION

ACETYLATION / .

O O -
HyCCOHN NHCOCH3

O Q ALKALIHYDROLYSIS
HsCCOHN NHCOCHs
NO, NO,
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Reduction

>
SnCl, / HCI / \ 4HCI
9 ()
NH, HoN NH,
NH, NH,

NO2 NO,

O
8!

Model Compounds: The synthesis of PBI by the reaction of X or Xl with diacid has not been reported so far.
Therefore we first studied the reaction of X/XI with formic acid / benzoic acid respectively, to determine if the
method gave the desired model compound. These preliminary experiments revealed that condensation was
complete to give imidazole as evidenced by IR spectra.

Hydrolysis

Polymer Synthesis: Aromatic polybenzimidazoles were synthesised by polycondensation of XI and DAB.4 HCl with
IPA using solution polymerization in polyphosphoric acid as in 3 schene-2. The results of the preparation of aromatic
co-PBI series are summarized in Table-1. These polymers were obtained in (72-100%) yields with inherent viscosities
of 0.22-0.77 dL/g which imply the formation of high molecular weight polymers. It was observed that the
polymerisation of DAB.4 HCL with IPA in polyphosphoric acid proceeded in about 0.77 dL/g, while copolymerisation
with XI led to the polymer precipitation on therefore somewhat lower inherent viscosities obtained for these PBI-II
to IV. Polymerization involved formation of polyamide-amine and subsequent cyclodehydration by polyphosphoric
acid (P,0,) when heated at 140°C and finally 200°C under nitrogen; thereby the polyamide-amines formed initially
were converted to the corresponding PBI.

TABLE I: Synthesis of Copolybenzimidazoles

Tetramine hydrocholoride Polymer
DAB: 4 HCL (mol %) Xl Code Yiedl% Ninh (dl/g)
100 -- I 91 0.77
75 25 i 72 050¢c
50 50 i 99.8 0.30c
25 75 v 74 0.22¢c

(a) For Polymer |, condensation at 200°C/24 h. (b) Measured at a concentration of 0.2 g/dL in concentrated sulfuric
acid at 30'C (c) in formic acid (90%). The structure of the PBI thus formed was confirmed by characteristic
absorptions in the IR spectra. Thus the IR spectra of PBI-I showed, characteristic absorption at 3250-2750 cm
(imidazole), 1595 cm aromatic c=c, where as copolybenzimidazoles containing tetraphenylthiophene in addition to
above absorptions show 1380 cm absorption IR absorptions are similar to those for model compound-2 obtained
from XI and benzoic acid. There is also complete disappearance of absorptions due to acid (C=0) and amine (NH)
functional groups of monomers, suggesting that high molecular weight polymers were produced.
Polybenzimidazole | from DAB. 4 HCI dissolved in concentrated sulphuric acid, NMP and DMAC at room
temperature. It is soluble in formic acid on heating, however did not dissolve in m-cresol or DMSO4.
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Copolybenzimidazole 1I-IV dissolved readily sluble in amide solvents such as NMP, DMSO4 and DMAC. They also
dissolved readily in formic acid. The solubility of copolybenzimidazole II-IV may be attributed to the non linear
chain, the distortion of the phenyl groups in the tetraphenylthiophene unit and copolymerisation technique. All the
polymers are insoluble in benzene, acetone, methanol and water. PBI (1I-1V) gave red color solutions in concentrated
sulfuric acid. Itis Interesting to note that as percentage of X units increased in PBI, solubility increased relatively for
polymers Il to IV. Thermal behavior of the polymers evaluated by means of TGA will be discussed to illustrate
remarkable thermal stability of these PBI. The further work is aimed at utilizing these new polybenzimidazoles in
making membranes or hollow filmforming used for R.O. sea water desalination and for gas separations.

CONCLUSIONS: The main outcome of the present study can be summarized as given below

1) Novel Polyfunctional monomer aromatic tetramine, 2, 5-bis- (3,4-diaminophynyl) -3, 4-diphynylthiophene, has
been synthesized and utilized as co monomer to obtain fully aromatic PBI. 2) We have obtained new types of soluble
high temperature polybenzimidazoles by the introduction of bulky pendant phenyl groups along the polymer
backbone. 3) The solubility properties of the co-PBI can be explained by the characteristics pendant phenyl groups.
4) Some of these aromatic polybenzimidazole are promising candidates for soluble, high temperature engineering
plastic materials that can find many useful high performance applications and as reverse osmosis membranes.
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