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. 4—Methoxy—N—naphthyl—1,2—phenylenediamine  4—fluoro—

benzoyl chloride N—(4—fluorobenzoyl) —4—methoxy—N ¢—naphthyl—1,2—phenyl—
enediamine demethylation 2—(4—fluoro—
benzoyl) —5—hydroxy—1—naphthylbenzimidazole . potassium carbo—
nate N—cyclohexyl—2—pyrrolidinone (CHP) .
N—methyl—2—pyrrolidinone (NMP) 0.38 dL/g (NMP at 30 )
(Iy) 270 5%
550 , 540

ABSTRACT Novel monomer for polybenzimidazole was prepared and polymerized via
aromatic nucleophilic substitution reaction. Thus, N—(4—fluorobenzoyl)—4—methoxy—
N'—naphthyl—1,2—phenylenediamine was synthesized from the reaction of 4—methoxy—N-—
naphthyl—1,2—phenylenediamine and 4—fluorobenzoyl chloride. N—(4—fluorobenzoyl)—
4—methoxy—N'—naphthyl—1,2—phenylenediamine was converted to 2—(4—fluorobenzoyl)—
5—hydroxy—1—naphthylbenzimidazole by ring closure and demethylation reaction. Poly—
merization was done in N—cyclohexyl—2—pyrrolidinone (CHP) containing potassium car—
bonate. The resulting polymer was soluble in N—methyl—2—pyrrolidinone (NMP) and had
inherent viscosity of 0.38 dL/g (NMP at 30 ). The glass transition temperature (7,) of the
polybenzimidazole was 270 . The thermogravimetric analysis (TGA) thermograms of this
polymer showed 5% weight losses at 550 in nitrogen and at 540 in air.

Keywords : polybenzimidazole, aromatic nucleophilic substitution reaction, heat resistant polymers.
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Figure 1. Structure of 2—(4-fluorobenzoyl)—-5—
hydroxy—1—naphthylbenzimidazole.
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. 4—Methoxy—2—nitroaniline (Aldrich), 1—
bromonaphthalene (Aldrich), nitrobenzene (Aldrich),
potassium iodide (Aldrich), copper(ll)sulfate penta—
hydrate (Aldrich), 4—fluorobenzoyl chloride (Ald—

rich) 1 . Po—
tassium carbonate (Aldrich)

180 18 . N—
methyl—2—pyrrolidinone (NMP) N—cyclohexyl—
2—pyrrolidinone (CHP) CaH. 24

4-Methoxy-N-naphthyl-2-nitrophenylamine(2)
500 mL 3
4—methoxy—2—nitroaniline (16.82 g, 0.1
mol), 1—bromonaphthalene (20.71 g, 0.1 mol),
potassium carbonate (13.82 g), potassium iodide
(1.00 g), copper powder (1.00 g)
(100 mL) 180 16

nitrobenzene

copper

, ni—
diethyl ether

diethyl ether

trobenzene
2 N HCI

column chromatography 14 g (53 %)
119-120 . IR(KBr, cm™): 3118, 3059
(C—H); 1520 (N-0), *H-NMR(DMSO—-d®, ppm):
9.5 (1H, s, NH); 8.1-6.6 (10H, m, ArH); 3.8 (3H,
s, OCHy).
4-Methoxy-N-naphthyl-1,2-phenylenediamine(3)

. 4—Methoxy—N—naphthyl—2—nitrophenyl—
amine (6.60 g 0.025 mol) (2) ethyl acetate(40
mL) 10 % palladium (0.509)

5

ethyl acetate
3.10 g (53%)
. 176-177
IR(KBr, cm™): 3473, 3381, 1612 (N—H), 1278,

798

1244 (C-N), *H-NMR(DMSO—-d°®, ppm): 8.3 (1H,
d, NH); 7.8—6.1 (10H, m, ArH); 4.8 (2H, s, NH);
3.7 (3H, s, OCHjy).

N-(4-Fluorobenzoyl)-4-methoxy-N'-naphthyl-1,2-
. 100 mL 3
4—methoxy—N-—naphthyl—1,2—phenylenediamine
3) (2.36 g, 0.01 mol) NMP (20 mL)

-5 4—fluorobenzoyl
chloride (1.59 g 0.01 mol)
0] 6

phenylenediamine (4)

3.48 g (90 %) 163—
165 . IR(KBr, cm™): 1643 (C=0); 1613
(N=H).

2-(4-Fluorobenzoyl)-5-methoxy-1-naphthylbenzimidazole
®) . N—(4—Fluorobenzoyl) —4—methoxy—N —
naphthyl—1,2—phenylenediamine (4) (3.86 g,
0.01mol) 250 6

236 g 188—

189 . IR(KBr, cm™): 1618 (C=N), H-—
NMR (DMSO—-d®, ppm): 8.0—6.6 (14H, m, Ar—
H); 3.8 (3H, s, OCHj3).

2-(4-Fluorobenzoyl)-5-hydroxy-1-naphthylbenzimidazole
(1) . 250 mL 3 2—(4-
fluorobenzoyl) —5—methoxy—1—naphthylbenzimi—
dazole (5) (2.58 g, 0.007 mol), 48% hydrobromic
acid (30 mL) acetic acid (15 mL) 6

5% NaHCO3;
1.94 g (55 %)

. 238-240 . H-
NMR(DMSO—d®, ppm): 9.2 (1H, s, OH); 8.0-6.6
(14H, m, Ar—H).

Poly(N-naphthylbenzimidazole) (8) .
, 100 mL 4
2—(4—fluorobenzoyl)-5—hyd—
roxy—1—naphthylbenzimidazole (1) (1.7714 g,
5.0 mmol), CHP (10 mL) potassium carbo—
nate (0.4492 g, 3.25 mmol) 150 6

)
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Figure 2. IR spectrum of 4—methoxy—N—naphthyl—
2—nitrophenylamine.
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Figure 3. 'H—NMR spectrum of 4—methoxy—N—
naphthyl—2—nitrophenylamine.

NMP nitrobenzene
4—methoxy—2—nitroaniline

column chromatography
4—methoxy—N-—naphthyl—2—nitrophenyl—

amine (2) .Figure 2 (2) IR spectrum
Figure 3 NMR spectrum . Figure 2

3118 3059 cm™ aromatic C—H stretch,

1520 cm™ asymmetric N—O stretch band

. Figure 3 9.5 ppm

NH proton peak, 8.1—-6.6 ppm aromatic proton
peak 3.8 ppm methoxy group proton peak
(2) palladium
4—methoxy—N—naphthyl—1,2—phenyl—
, (3 4—fluorobenzoyl
N—(4—fluorobenzoyl)—4—
methoxy—N'—naphthyl—1,2—phenylenediamine
@®» - @ 250 6
2—(4—fluorobenzoyl) -5—methoxy—1—

enediamine (3)
chloride

naphthylbenzimidazole (5)
hydrobromic acid 2—(4—fluoro—
benzoyl) —5—methoxy—1—naphthylbenzimidazole

(5) methoxy group hydroxy group

. Figure 4 2—(4—fluorobenzoyl)-5-—
hydroxy—1-—naphthylbenzimidazole (1) IR
spectrum 3050 cm™ aromatic C—
800
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Figure 4. IR spectrum of 2—(4—fluorobenzoyl)-5—
hydroxy—1—naphthylbenzimidazole.

Figure 5. "H—NMR spectrum of 2—(4—fluorobenzoyl)—
5—hydroxy—1—naphthylbenzimidazole.

H stretch, 1600 cm™ C=N stretch, 1326 cm™

C—N stretch band .
Figure 5 2—(4—fluorobenzoyl)—5—hydroxy—1—
naphthylbenzimidazole (1) NMR spectrum

3.8 ppm methoxy group proton peak

, 9.5 ppm hydroxy group
proton peak methoxy group hyd—
roxy group .
. 2—(4—Fluo—
robenzoyl) —5—hydroxy—1—naphthylbenzimida—

zole (1)

Poly(N-naphthylbenzimidazole)

potassium carbonate CHP
(Scheme 2). CHP 80

. 2—(4—Fluorobenzoyl)-5—hydroxy—1—
naphthylbenzimidazole (1) A-B
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Figure 6. IR spectrum of poly(N—naphthylbenzimida—
zole).

, 15%
hydroxy potassium
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230
48
poly(N—naphtylbenzimidazole)
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. Poly(N—naphtylbenzimidazole) hjx 0.38

dL/g (30 in NMP) . Figure 6 poly(N—
naphtylbenzimidazole) IR spectrum . 3000
cm™ aromatic C—H stretch, 1600 cm™
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band .
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Figure 7. DSC thermogram of poly(N—naphthylbenz—
imidazole).
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Figure 8. TGA thermogram of poly(N—naphthylbenz—
imidazole).
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