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ABSTRACT: Benzimidazole is a potentially difunctional monomer; this paper describes our approaches to 
its polymerization using Reissert compound chemistry. Poly(benzimidazo1e Reiseert compound)s (29  in 
which both nitrogen atoms are part of amide linkages and a cyano group is pregent at the 2-position of the 
benzimidazole ring were prepared from benzimidazole itself or bis(l-benzimidazyl)adipoyl(24) by reaction 
with diacid chlorides in the presence of trimethylsilyl cyanide; however, low molecular weighta resulted under 
a variety of conditions. Attempts to synthesize polyethere by condensation of the new Reiseert compound 
l,3-bis@-fluorobenzoyl)-2-cyano-2,3-dihydrobenzimidazole (lab) and Bisphenol A failed due to hydrolysis 
of 14b under the reaction conditions. Surprisingly, 2-benzoylbenzimidazole (16b) wa8 formed from the base- 
induced rearrangement of 1,3-dibenzoyl-2-cyano-2,3-dihydrobenzimidamle (l4a); the presence of radical ion 
intermediates during the rearrangement reaction of 14a with NaH/DMF was proven by CIDNP and ESR 
experiments. 

Introduction 
Polybenzimidazoles are well-known for their excellent 

mechanical properties, high-temperature stability, non- 
flammability, and high chemical resistance.lg Thus, 
polybenzimidazoles have been extensively used for textiles 
(thermal and chemical protective clothing), in the re- 
placement of asbestos in fire blocking, and also in film, 
foam, paper, adhesive, ion-exchange resins, etc. 

Because their properties are not found in other synthetic 
fibers, polybenzimidazoles have been extensively in- 
vestigated.lq Traditionally, polybenzimidazoles have 
been prepared by the reaction of aromatic tetraamines 
with dicarboxylic acids and their  derivative^.^^^ Thus, the 
benzimidazole ring is formed in the polymerization process 
and the product polymer must be processed from the 
reaction mixture, typically poly(phosphoric acid). 

The low cost of benzimidazole and the high performance 
of polybenzimidazoles led us to look into new synthetic 
approaches to polybenzimidazoles starting from benz- 
imidazole. 

The Reissert reaction consists of the net addition of an 
acyl cyanide across a C=N bond (1; Scheme 1).8-8 The 
resultant Reissert compounds (2) have an acidic proton 
a to the cyano group; the conjugate bases react with a 
number of electrophiles.6-8 For example, reaction of 
2-benzoyl-l-cyano-l,2-dihydroisoquinoline (3) via ita anion 
4 with alkyl halides produces the alkylated derivative 6 
which by alkaline hydrolysis is converted to the rearo- 
matized alkylated isoquinoline 6. Similarly, condensation 
with aldehydes via the intermediate alkoxide 7 and cyclic 
alkoxide 8 produces the ester 9. In the absence of an 
electrophile the Reissert anion rearomatizes by an in- 
tramolecular process with elimination of cyanide ion to 
produce the ketone 10 (Scheme 2). 

Due to the reactivity of Reissert compounds, we have 
been interested in inserting them into the polymer 
ba~kbone.~JO The reactive sites in such polymer backbones 
can be conveniently used to chemically modify the 
polymers. We have recently reported the synthesis of poly- 
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(isoquinoline) Reissert compound)s1° and novel bis- 
(benzoxazoles) and attempta to synthesize polymeric 
benzoxazole Reissert compounds.ll In the present report 
we describe out attempts toward direct polymerization of 
benzimidazole under Reisaert reaction conditions and some 
related chemistry of benzimidazole Reissert compounds. 

Results and Discussion 
One of the important requirements for step growth 

polymerization is the presence of difunctionality in the 
starting materials. Benzimidazole is difunctional in the 
sense that via Reissert compound formation two NCO 
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linkages can be formed. For example, Uff et al.12 have 
performed the Reissert reaction on benzimidazole (1 1) 
with chloroformates using trimethylsilyl cyanide as a 
cyanide source and produced 1,3-bis(phenoxycarbonyl)- 
2-cyano-2,3-dihydrobenzimidazole (12); Scheme 3). How- 
ever, our interest was to form amide linkages, rather than 
urethane moieties, so as to get higher performance 
materials. 
I. Chemistry of the Model Benzimidazole Rsissert 

Compound. We previously reported the synthesis of 1,3- 
dibenzoyl-2-cyano-2,3-dihydrobenzimidazole (14a) via a 
two-step process from benzimidazole via the intermediate 
1-benzoylbenzimidazole (13s; Scheme 4).15-16 One can vary 
the 1- and 3-substituents of 14 depending on the acid 
chlorides chosen in the two steps. Position 2 has a reactive 
cyano group and, most importantly, the hydrogen at  C-2 
is highly acidic. Thus, in principle, we have the ability to 
vary substituents on the N-1, C-2, and N-3 positions of 
the benzimidazole molecule, and this is not easily achiev- 
able with the routes available in the literature.l6 

On the basis of the well-documented chemistry of 
Reiseert c o m p o ~ n d s , ~ J ~  we expected Reissert compound 
14a upon (a) methylation to give 16, (b) treatment with 
NaH/DMF to form rearranged product 16, and (c) 
benzaldehyde condensation to yield 17 (Scheme 5).18 
Interestingly, we obtained (a) a very low yield (10% ) of 
methylated product 16, (b) 2-benzoylbenzimidazole (16b), 
and (c) benzoin benzoate (la), respectively, in the above 
reactions (Scheme 6). Earlier, we p r o p d  that these 

in the case of imidazole19 was thus envisioned, but such 
intermediates were ruled out by carrying out the NaH/ 
DMF reactions under anhydrous conditions and monitor- 
ing them at regular intervals by NMR. Generation of 
carbenes was ruled out by chemically induced dynamic 
nuclear polarization (CIDNP) (by both lH and 13C NMR) 
and also FTIR experiments. 

Finally, the electron spin resonance (ESR) spectrum of 
NaH/DMF reaction intermediates (Figure 1) clearly 
showed the presence of radical ions, hitherto not noticed 
in Reissert chemistry. However, the nature of the radical 
ion changed with time, as can be seen from Figure 1. Similar 
basecatalyzed (NaH/DMF) rearrangements of isoquino- 
line Reissert compound 3 and quinoline Reissert compound 
20 did not show radical ion intermediate formation. 
11. Benzimidazole-Based Monomers. Reaction of 

benzimidazole (1 1) with p-fluorobenzoyl chloride in the 
presence of a base, triethylamine, in DMF afforded a 
quantitative yield of 1-@-fluorobenzoyl) benzimidazole 
(13b; Scheme 4). 13b was then subjected to the Reissert 
reaction with p-fluorobenzoyl chloride and trimethylsilyl 
cyanide (TMSCN) in the presence of a catalytic amount 
of AlCls in dichloromethane. A quantitative yield of 
Reissert compound monomer 14b was obtained. 

We attempted to synthesize the reactive acryloylbenz- 
imidazole Reissert compound 22 in two steps. A complex 
mixture of products was obtained when benzimidazole 
was reacted wtih acryloyl chloride in the presence of 
triethylamine or pyridine as a base in DMF or chloroform 
as the solvent (Scheme 7). However, when benzimidazole 
itself was used as the base, that is, taking 2 equiv of 
benzimidazole per 1 equiv of acryloyl chloride, a new 
product was isolated, the dimer 1,3-bis(l-benzimidazyl)- 
1-propanone (23). Compound 23 probably formed via the 
intermediacy of 21, followed by the Michael addition of 
another benzimidazole moiety. 

Bie(benzimidazo1e) 24 was prepared by reacting 2 equiv 
of benzimidazole with the diacid chloride in DMF in the 
presence of a base, triethylamine (Scheme 8).ao*21 
111. Poly(benzimidazo1e Reissert compound)s. We 

subjected benzimidazole (11) to Reissert reactions with 
adipoyl chloride or 4,4’-oxybis(benzoyl chloride) using 
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Figure 1. ESR spectra of NaH/DMF reaction intermediates 
from 14a: (a) 300 s, after addition of NaH; (b) after a 1-h reaction 
period. 
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TMSCN (Scheme 9). Several anhydrous, polar solvents 
(DMF, NMP, dioxane) were examined, along with two 
different bases (triethylamine or pyridine, 2 equiv), for 
various reaction periods (24-96 h). These reactions led to 
either very low molecular weight poIymer 25 as judged by 
low intrinsic viscosities ([VI I 0.1 dL/g) or the cor- 
responding bis(benzimidazo1e) 24. 

A two-step approach to poly(benzimidazo1e Reissert 
compound)s was then explored. The first step involved 
forming the bis(benzimidazole), followed by a second step 
involving acylation in the presence of trimethylailyl 
cyanide, i.e., the Reissert reaction. Thus, bistbenzimid- 
azole) 24 was reacted with adipoyl chloride in the presence 
of TMSCN to form 25 (Scheme 9).22 Again, only low- 
viscosity products were obtained. For a sample of 25, [SI 
= 0.1 dL/g, by thermogravimmetric analysis (TGA) in air 
10% weight loss was observed at 220 OC; no glass transition 
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( Tg) or melting (T,) was observed by differential scanning 
calorimetry in either the first or second heating up to 150 
"C. 

As an alternative means of incorporating the benz- 
imidazole Reissert compound structure into polymer 
backbones, we attempted to polymerize Reissert compound 
monomer 14b with isopropylidenebisphenol (Bisphenol 
A) under standard polyetherification reaction conditions 
(K2COdDMAc). A gummy, low molecular weight material 
was obtained, instead of the expected polyether 26 (Scheme 
9). Interestingly, we had observed at this point a mild 
hydrolysis of Reissert compounds, hitherto not observed. 

IV. Mild Hydrolysis of Benzimidazole Beissert 
Compounds. Hydrolysis of Reissert compounds to the 
parent heterocycle using common reagents under ambient 
conditions is highly desirable in the multistep synthesis 
of important heterocycles. Thus, the accidental finding 
of hydrolysis of an amide bond of a benzimidazole Reissert 
compound at room temperature was further explored. 
When 14a was reacted with K2COdDMAc at 25 OC, 
benzimidazole (11; 100%) and benzoic acid (27a; 88%) 
were obtained (Scheme 10). Similar results were obtained 
when the solvent was changed to DMF. The fluorobenzoyl 
analog 14b also behaved in the same manner as shown in 
Table 1 (Scheme 10). 

From these reaction conditions the isoquinoline Reissert 
compound 3 was recovered quantitatively (Scheme 10). 
However, when the quinoline Reissert compound, l-ben- 
zoyl-2-cyano-l,2-dihydroquinoline (201, was treated wtih 
(a) K&Os/DMAc or (b) PhCHO/K&Os/DMAc, the anion 
of this Reissert compound was evidenced by the formation 
of a deep pinkish coloration. Upon workup both reactions 
yielded a major and two minor products, which were not 
identified (Scheme 10). 
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HI, H,). Anal. Calcd for CZ2Hl3N30~Fz: C, 67.86; H, 3.37; N, 
10.80. Found C, 67.78; H, 3.43: N, 10.75. 
Attempted Methylation of 14a. To a well-stirred solution 

of 14a (0.423 g, 1.20 mmol) and methyl iodide (0.43 g, 3.0 mmol) 
in dry DMF (10 mL) in a nitrogen atmosphere was added NaH 
(0.048 g of 60% dispersion in oil, 1.2 mmol). After stirring 24 h 
at  25 "C, the reaction was quenched by pouring into water (200 
mL). It was extracted with dichloromethane (3 X 75 mL). 
Organic layers were pooled and washed with water (3 X 75 mL), 
dried over magnesium sulfate, concentrated, and dried to get a 
crudeproduct,0.33g (75%). ProtonNMRofthisproductshowed 
<10 % desired product 15 and the rest to be the starting material. 
2-Benzoylbenzimidazole (16b) from 14a. To a well-stirred 

solution of 14a (0.707 g, 2.00 m o l )  in dry DMF (10 mL) in a 
nitrogen atmosphere was added in hexane (2 mL) NaH (0.096 g 
of 60% dispersion in oil, washed with hexane, 2.4 mmol). After 
stirring 24 h at 25 "C, the deep green solution was quenched by 
pouring into water (200 mL). The color of the solution turned 
to pale yellow. It was extracted with ethyl acetate (3 X 75 mL). 
Organic layers were pooled and washed with water (3 X 75 mL), 
dried over magnesium sulfate, treated once with Norit, concen- 
trated, and dried to get crude product, 0.36 g (81 % 1. 16b was 
purified by recrystallization from ethyl acetate. Mp: 210-211 
"C (lit.mmp 2W210 "C). FTIR: 3100-2300 (NH), 1657 (C-O), 
1598,1515 (aromatic), 1483,1436 cm-l. MS (EI): mle 222 (M+). 
MS (CI): mle 223 [(M + 1)+]. 'gC NMR (DMSO-&): 6 184.1 
(GO-), 148.2 and 135.9 (quaternary), 134.1, 131.2,128.8, 124.9 
(AI-CH). lH NMR: 6 13.65-13.35 (be, DzO exchangeable, lH), 
8.61 and 8.58 (d or two s,2H), 7.85-7.60 (m, 5H), 7.5-7.3 (m, 2H). 
Anal. Calcd for C1,Hl&l~O: C, 75.65; H, 4.54; N, 12.61. Found 
C, 75.23; H, 4.71; N, 12.85. 
Benzoylbenzoin (18) from 14a. To a well-stirred solution 

of 14a (0.707 g, 2.00 m o l )  and benzaldehyde (0.212 g, 2.00 mmol) 
in dry DMF (10 mL) in a nitrogen atomosphere was added in 
hexane (2 mL) NaH (0.096 g of 60% dispersion in oil, 2.4 mmol, 
washed with hexane). After stirring 24 ha t  25 "C, the deep green 
solution was quenched by pouring into water (200 mL). The 
color of the solution turned to pale yellow. It was extracted with 
ethylacetate (3 X 75mL). Organiclayers werepooledandwashed 
with brine (3 X 75 mL), dried over sodium sulfate, treated once 
with Norit, concentrated, and dried to get crude product, 0.85 
g (100%). 18waspurifiedbyrecrystallizationfromethylacetate. 
Mp: 124-125 OC (lit.*% mp 124-125 "C). FTIR: 3070 (Ar-H), 
2960 (CH), 1713,1696 (C-O), 1649,1599,1589,1583 and 1500 
cm-l. 13C NMR. 193.58 and 165.06 (-CO-),141.76, 135-133 (5 
peaks, aromatic CH), 125.7 (quaternary), 121.6 and 77.4 (CH). 
'H NMR 6 8.3-8.0 (m, 4H), 7.8-7.35 (m, lOH), 7.25-7.15 (m, 
2H). Anal. Calcd for CzlHlsOa: C, 79.73; H, 5.10. Found: C, 
79.72; H, 5.03. 
1,3-Bie( 1-benzimidazy1)-1-propanone (23). To a well- 

stirred solution of benzimidazole (23.6 g, 200 mmol) in dry 
chloroform (200 mL) was added drop by drop at  0 OC acryloyl 
chloride (9.995 g, 110 mmol), and stirring was continued for 24 
h. The reaction mixture was poured into water (1.5 L) and left 
overnight. The chloroform layer was separated, and the aqueous 
layer was extracted with chloroform (200 mL). The chloroform 
layers were pooled, washed consecutively with aqueous 8% HCl 
(2 X 100 mL), aqueous saturated NaHCOa (2 X 100 mL), and 
water (3 X 100 mL), dried over Na&O,, and concentrated, to get 
product 23, 3.34 g (12%, not optimized). Mp: 137-138 "C. 
FTIR 3400-2960,1676,1647,1539,1495,1450, 746 cm-1. 1H 

Ax-H), 7.44-7.40 (m, lH, AI-H), 7.29-7.09 (m, 3H, Ar-H), 3.34 

Bis(l-benzimidazyl)-1,6-dicarbonylhelrane (24). To awell- 
stirred solution of benzimidazole (22 mmol, 2.6 g) and triethyl- 
amine (11 mmol, 1.1 g) in DMF (10 mL) was added adipoyl 
chloride (10.0 mmol, 1.83 g) in dichloromethane (10 mL). The 
resulting reaction medium was stirred at  25 "C for 24 h. The 
reaction mixture was poured into water and stirred for 3 h. An 
essentially quantitative yield of the product was obtained by 
filtering the solid. The solid was washed with water, ethanol (2 
X 10 mL), and ether (2 X 25 mL) and dried. The crude product 
was taken up in hot DMF (35 mL) and precipitated into water 
(250 mL), filtered, crystallized from tetrahydrofuran, and dried. 

NMR 6 9.26 (8, lH, Hz), 8.2 (s, lH, Hy), 7.64 (t, J =  6.6 Hz, 2H, 

(t, J = 6.1 Hz, 2H, COCHz), 2.86 (t, J = 6.4 Hz, 2H, N-CHz). 

Table 1. Mild Hydrolysis of Reissert Compounds 
cpd reaction conditione products (% yield) 
14a KzCOa, DMAc, 25 OC, Nz, 3 days 11 (100) + 27a (88) 
14a KzCO3, DMF, 25 O C ,  Nz, 3 days 11 (92) + 27a (52) 
14b K&Os, DMAc, 25 "C, N2,3 days 11 (100) + 27b (100) 
3 KzCOs, DMAc, 25 OC, Nz, 3 days no reaction 
20 KzCOs, DMAc 25 "C, Nz, 2 days or 20 & minor amounts of 

KzCO3, DMF, 25 OC, Nz, 3 h or several rearranged 
KzCO3, DMAc, PhCHO, 25 "C, products 
Nz, 2 days 

Conclusions 
Polymerizations of benzimidazole and 1,l-coupled bis- 

(benzimidazo1e)s have been carried out by reaction with 
diacid chlorides in the  presence of trimethylsilyl cyanide 
(the Reissert reaction); however, under a variety of 
conditions only low molecular weight products resulted. 
Attempts to synthesize polyethers by condensation of the 
new Reissert compound 1,3-bis@-fluorobenzoyl)-2-cyano- 
2,3-dihydrobenzimidazole (14b) and Bisphenol A failed 
due to hydrolysis of 14b under the reaction conditions. 
Benzimidazole Reissert compounds display unusual chem- 
istry such as hydrolysis to the parent heterocycle under 
very mild conditions and generation of radical ion 
intermediates in the  presence of base. 

Experimental Section 
Melting points were determined on a Haake-Buchler melting 

point apparatus and are corrected. Proton nuclear magnetic 
resonance (NMR, DMSO-&) spectra were recorded on a Bruker 
270-mHz instrument and a Hewlett Packard 7550A graphics 
plotter. A Varian 40@rnHz instrument was used for the l9C NMR 
spectra (DMSO-&) and CIDNP experiments. Fourier transform 
infrared (FTIR, KBr) spectra were recorded on a Nicolet MX-1. 
Elemental analyses were performed by Atlantic Microlab (Nor- 
cross, GA). ESR experiments were carried out in a Bruker 
instrument with a 200-5 sweep time. Thermogravimetric analysis 
(TGA) was carried out on a DuPont 951 TGA coupled to a DuPont 
instruments thermal analyst 2100. Transition temperatures were 
determined by a dual-cell DuPont instrument 912 differential 
scanning calorimeter (DSC) coupled to the same data station as 
in TGA at a heating rate of 10 "C min-l. 
1-(pFluorobenzoy1)benzimidazole (13b). To a well-stirred 

solution of benzimidazole (200 mmol, 23.6 g) and triethylamine 
(220 mmol, 22.36 g or 31 mL) in DMF (200 mL) cooled in an 
ice-water bath under dry conditions (Nz) was added benzoyl 
chloride (220 mmol, 30.92 g or 26 mL) during a 30-min period. 
Stirring was continued for 2 days at  25 "C. The reaction mixture 
was poured into water (3 L) and stirred for 6 h. The solid obtained 
was stirred in water (4 L) for 1 h, filtered, and dried. The product 
obtained was treated once with Norit and recrystallized from 
ethyl acetate and hexane, 48.20 g (100%). Mp: 140-141 "C. 
FTIR 3123, 3080 (C-H), 1707 (C=O), 1601,1507 (aromatic), 
1476,1448,1408,1400,1369,1341,1306,1290,1241,1224,1206 
cm-'. 'H NMR: S 8.48 (8, lH,  Hz), 8.3-7.78 (m, 4H, H,-H,), 
7.7-7.4 (m, 4H, p-fluorobenzoyl HI. Anal. Calcd for C14HgNz- 
OF: C, 69.99; H, 3.78; N, 11.66. Found C, 69.82; H, 3.83; N, 
11.63. 
2-Cyano- 1,3-bis(pfluorobenzoy1)-2,3-dihydrobenzimid- 

azole (14b). p-Fluorobenzoylchloride (50.0 mmol, 7.93 g or 5.91 
mL) and TMSCN (52 mmol, 7.4 mL) were addtd to a well-stirred 
solution of 13b (60.0 mmol, 12.05 g) and AlCla (200 mg) in CHzClz 
(100 mL). The resulting solution was stirred at 25 OC for 36 h, 
and CHzClz was removed by rotary evaporation. Water (300 
mL) was added to the reaction mixture, which was then stirred 
for 5 h. The pale yellow solid obtained was filtered and dried 
(19.5 g, 100%). The crude product was treated with activated 
carbon (Norit brand) and recrystallized from ethyl acetate and 
hexane. Mp: 145.7-146.5 OC. FTIR 3077, 2675 (C-H), 1681 
(N-CO), 1606,1510 (aromatic), 1490,1410,1387,1373,1367,1351, 
1278 cm-l. 1H NMR 6 7.85-7.75 (m, 4H, AI-H), 7.50-7.40 (m, 
4H, Ar-H), 7.03-6.92 (m, 3H, HP, Ha, Hs) and 6.65-6.45 (be, 2H, 
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Reaction of 20 with K&Oc in  the  Pmeenee of PhCHO. A 
mixture of 20 (2.0 mmol, 0.52 g), K&Oa (2.2 mmol,0.304 g), and 
PhCHO (2.2 mmo1,0.23 mL) in DMAc (10 mL, dry) was stirred 
for 2 days at 25 "C under dry conditions. It was then poured into 
water (500 mL) and stirred overnight. The solid obtained was 
filtered, washed with excess water and hexanes (100 mL), and 
dried (0.71 9). The crude product contained at least three 
products, purification of which by flash column (silica) chro- 
matography was unsuccessful. 

Acknowledgment. This work was supported in full 
by AKZO America Inc., to whom we express our gratitude. 
We are thankful to Prof. Tanko for his helpful discussions 
as well as helping us to run ESR experiments and to Mr. 
T. Glass for running CIDNP experiments. 

References and Notes 
(1) Hergenrother, P. M. Heat Resistant Polymere. In Encyclopedh 

of Polymer Science and Engineering, 2nd ed.; Wiley: New York, 
1989; Vol. 7, p 639. 

(2) Cassidy, P. E. Thermally Stable Polymers, Synthesis and 
Properties; Dekker: New York, 1980. 

(3) Critchley, J. P.; Knight, G. J.; Wright, W. W. Heat-Resistant 
Polymers; Plenum: New York, 1983. 

(4) Evers, R. C.; Arnold, F. E.; Helminiak, T. E. Macromolecules 
1981, 14, 925. 

(5) Katritzky, A. R.; Sakizadeh, K.; Swinson, J.; Heilmann, S. M.; 
Rasmussen, J. K.; Krepski, L. R.; Moren, D. M.; Smith, H. K., 
II; Pathre, S. V. J. Polym. Sci., Part A: Polym. Chem. 1989,27, 
1781. 

(6) Popp, F. D. Heterocycles 1973,1, 165. 
(7) Popp, F. D. Adv. Heterocycl. Chem. 1979,24,187. 
(8) Cooney, J. V. J. Heterocycl. Chem. 1983,20,823. 
(9) Jois, Y. H. R.; Gibson, H. W. Polym. Commun. 1991,32,168. 

Gibson, H. W.; Pandya, A.; Rasco, M. L.; Guilani, B.; Hermann, 
C. K. F.; Leblanc, J.-P.; Jois, Y. H. R. Makromol. Chem., 
Macromol. Symp. 1992,54155,413. Leblanc, J.-P.; Jois, Y. H. 
R.; Gibson, H. W. Macromolecules 1992,25,6752. Leblanc, 
J.-P.; Gibson, H. W. Macromolecules 1993,!26,4963. 

(10) Jois, Y. H. R.; Gibson, H. W. Macromolecules 1993,26,6151. 
(11) Jois, Y. H. R.; Gibson, H. W. J. Heterocycl. Chem. 1992, 29, 

1365. 
(12) Uff,B.C.;Ho,Y.P.;Burford,D.L.W.;Popp,F.D.J.HeterocycZ. 

Chem. 1987,24,1349. 
(13) Presented orally in the Organic Division, 199th American 

Chemical Society National Meeting, April 22-27,1990; paper 
no. 441. 

(14) Jois, Y. H. R.; Gibson, H. W. J. Org. Chem. 1991,56, 865. 
(15) Jois, Y. H. R.; Gibson, H. W. U.S. Patent 5,001,239, 1991. 
(16) Preston, P. N. Chem. Rev. 1974, 74, 279. Preston, P. N. 

Benzimidazoles and Congeneric Tricyclic Compounds; Wiley: 
New York, 1981; Part I. Preston, P. N. Benzimiduzoles and -_ Congeneric Tricyclic Compounds; Wiley: New York, 1980; Part 

The yield was 3.2 g (93% 1. Mp: 250-252 OC (dec). FTIR 3150- 
2900 (C-H), 1721 (N-CO), 1680, 1677, 1610, 1507 (aromatic), 
1477,1451,1419,1387,1348,1335,1309,1284,1235,1204,1165 
cm-'. IH NMR 6 8.96 (s, 2H, Hz), 8.25-8.15 (m, 2H, Ar-H), 
7.78-7.74 (m, 2H, Ar-H), 7.45-7.35 (m, 4H, Ar-H), 3.3-3.2 (8,  
4H, COCH2) 1.95-1.80 (8, 4H, CHZCHZ). Anal. Calcd for CN- 
HleN4Oz.0.25HzO: C, 68.46; H, 5.32; N, 15.97. Found: C, 68.53; 
H, 5.24; N, 16.02. 

Poly(benzimidazo1e Reiseert compound)s 26 (Repre- 
sentative Procedure). To a well-stirred suspension of 24 (10.0 
mmol, 3.46 g) in N-methylpyrrolidinone (35 mL) was added 
adipoyl chloride (10.0 mmol, 1.83 8). The clear solution obtained 
after the addition of trimethylsilyl cyanide (22 mmol, 5.0 mL) 
was stirred at 25 "C for 24 h. The reaction mixture was quenched 
by pouring into water (600 mL). The precipitate obtained was 
treated with 8% aqueous HC1 and then thoroughly washed with 
water, ethanol, and ether and dried (90 "C, 0.8 Torr, overnight). 
The crude product weighed 4.9 g. [VI = 0.1 dL/g (NI", 25 "C). 
TGA(inair): 10% weightloesat220°C. DSC: noglasstransition 
( Tg) or melting (T,J observed in either the fiist or second heating 
UP to 150 'C. FTIR: 3125-2910 (C-H), 1721,1680,1677 (C-O), 
1607,1507,1477,1451,1419,1387,1348 cm-'. lH NMR: 6 8.3- 
6.7(m,5H,Ar-H),3.2-2.2(m,4H,COCH2),2.0-1.4(m,4H,CH2- 
CH2). The above workup was repeated, and it was found that 
the polymer was degrading during the viscosity measurements 
([TI = 0.03 dL/g, NMF, 25 "C). 

Hydrolysis of 14awithK&Oa. Amixture of 14a (2.00mmo1, 
0.707 g) and K2COs (2.20 mmol, 0.304 g) in DMAc (10 mL, dry) 
was stirred for 3 days at 25 OC under dry conditions. It was then 
poured into water (500 mL), stirred overnight, and extracted 
with ethyl acetate (3 X 100 mL). Organic layers were pooled, 
washed with water (4 X 100 mL), dried over Na,SO,, and 
concentrated to get crude benzimidazole (0.24 g, 100%). It was 
then purified by recrystallization from ethyl acetate. Mp and 'H 
NMR matched those of benzimidazole. The aqueous layer was 
acidified (to pH 2) and extracted with ethyl acetate (3 X 100 
mL). The organic layer was washed with water (3 X 100 mL), 
dried over Na2S04, and concentrated to get benzoic acid, 0.43 g 
(88 % 1. 

Hydrolysis of 14b with KsCOs. Amixture of 14b (2.0 mmol, 
0.78 g) and K&03 (2.2 mmol, 0.31 g) in DMAc (10 mL, dry) was 
stirred for 3 days at 25 "C under dry conditions. It was then 
poured into water (500 mL), stirred overnight, and extracted 
with ethyl acetate (3 X 100 mL). Organic layers were pooled, 
washed with water (4 X 100 mL), dried over NazSO4 and 
concentrated to get crude benzimidazole, 0.24 g (100%). It was 
then purified by recrystallization from ethyl acetate. Mp and lH 
NMR matched those of an authentic sample of benzimidazole. 
Anal. Calcd for C,HeNz: C, 71.16; H, 5.12; N, 23.72. Found C, 
71.55; H, 5.31; N, 23.56. The aqueous layer was acidified (to pH 
2) and extracted with ethyl acetate (3 X 100 mL). The organic 
layer was washed with water (3 X 100 mL), dried over NazSOd, 
and concentrated to get p-fluorobenzoic acid, 0.564 g (100%). 

Hydrolysis of 3 with &COS. A mixture of 3 (2.0 mmol, 0.52 
g) and K&Os (2.2 mmol, 0.304 g) in DMAc (10 mL, dry) was 
stirred for 3 days at 25 "C under dry conditions. It was then 
poured into water (500 mL) and stirred overnight. The solid 
obtained was filtered, washed with excess water and hexanes 
(100 mL), and dried (0.5 g, 96%). Mp and lH NMFt matched 
those of the starting material. 

Hydrolysis of 20 with K&Oa. A mixture of 20 (2.0 mmol, 
0.52 g) and K&03 (2.2 mmol, 0.304 g) in DMAc (10 mL, dry) was 
stirred for 3 days at 25 "C under dry conditions. It was then 
poured into water (500 mL) and stirred overnight. The solid 
obtained was filtered, washed with excess water and hexanes 
(100 mL), and dried (0.42 g). The crude product contained at 
least three products, purifkation of which by flash column (silica) 
chromatography was unsuccessful. 
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