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A simple and practical method has been developed for the synthesis of bisbenzimidazoles. Iminoester
hydrochlorides of phenylacetic acids were used as intermediates in this reaction with 3,3’-diaminobenzidine
under microwave irradiation leading to the products with good yields and in short reaction times. This method
can be a general technique for the synthesis of bisbenzimidazoles.
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INTRODUCTION RESULTS AND DISCUSSION

The wide range of biological activities of Our studies on bisbenzimidazoles have shown that
bisbenzimidazole has made it a preferred structure for  iminoester hydrochlorides (3) could be useful intermedi-
modern drug discovery [1-4]. The structure of a recent ates in the reaction with 1 under microwave irradiation in
example, Hoechst 33258 [5—7], which is an enzyme inhibitor =~ methanol or under solvent-free conditions. Although the

and antitumor agent, is shown in Figure 1. synthesis of (mono) benzimidazoles from phenylendiamine
There are several methods known for the synthesis of = and iminoester hydrochlorides is a known reaction [11-14],

bisbenzimidazole derivatives. The most common proto- this method was used for the first time to prepare

col involves a cyclocondensation reaction of 3,3'- bisbenzimidazoles.

diaminobenzidine (1) with various groups such as The mechanism of reaction between an iminoester hy-

ketones [8], ortoesters [9], and 1,3-dicarbonyl com- drochloride and 3,3’-diaminobenzidine has been already

pounds [10] (Scheme 1). However, these protocols proposed in Ref. [15].

suffer from one or more disadvantages such as In this study, we developed three alternative protocols for

prolonged reaction time, use of special reagents, and  the synthesis of symmetric bisbenzimidazoles, which are
vigorous reaction conditions. Therefore, there is a need  highly efficient, environmentally friendly, and less time-
for a new synthetic method for bisbenzimidazoles (2), consuming (Scheme 2). These methods are very suitable for
which is short and economical. the synthesis of C(2)-substituted bisbenzimidazoles (Table 1).
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Hoechst 33258

Figure 1. Structure of Hoechst 33258.

Especially, the synthesis via process (ii), which requires no
solvents, is more eco-friendly, but the yields of the products
are lower.

Having in hand the symmetric bisbenzimidazoles 2d-i,
we synthesized their ester 4d-i and hydrazide derivatives
5d-i (Scheme 3) according to the literature [16,17] under
microwave irradiation with good yields. Simple alkylation
reaction was applied to 2d-i with methyl a-bromoacetate in
acetone and then, the MeO group was displayed by
treatment with NH,NH,.H,O in EtOH [18-20].

CONCLUSION

In conclusion, we have developed a convenient method
for the synthesis of bisbenzimidazole derivatives, which
can provide a suitable way of synthesizing potentially
bioactive bisbenzimidazoles.

EXPERIMENTAL

All the chemicals were supplied from Merck (Darmstadt,
Germany), Aldrich and Fluka (Buchs SG, Switzerland). Melting
points were determined on capillary tubes on a Biichi oil heated
melting point apparatus (Essen, Germany) and uncorrected.
"H-NMR spectra were performed on Varian-Mercury 400 and
200MHz spectrophotometer (Varian, Darmstadt, Germany) in
DMSO-ds using TMS as internal. The IR spectra were recorded
on a Perkin-Elmer 100 FTIR spectrophotometer (California, USA)
as KBr pellets. The elemental compositions were determined on a
Carlo Erba 1106 CHN (Heraeus, Hanau, Germany) analyzer; the
experimental values were in agreement (+0.4%) with calculated
ones. Mass spectra were recorded on Thermo Scientific Quantum
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Scheme 2. Synthesis of compound 2d-i.
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Access max LC-MS spectrophotometer (Thermo-scientific, Florida,
USA). A mono-mode CEM-Discover microwave (Linfort, Germany)
was used to carry out microwave reactions in 30 mL microwave pro-
cess vials with temperature control by infrared detection temperature
sensor. All reactions were monitored by TLC using precoated
aluminum sheets (silica gel 60 F 2.54 0.2 mm thickness).

We first synthesized iminoester hydrochlorides (3d-i)
according to the Pinner method [21,22]. Then, they were reacted
with 3,3’-diaminobenzidine (1) to obtain the corresponding
bisbenzimidazoles.

General procedure for the synthesis of symmetric
bisbenzimidazole derivatives, under microwave irradation in
MeOH (method I) (3d-i). A mixture of 1 (0.010 mol) and 3d-i
(0.026 mol) in dry MeOH (15 mL) was irradiated with microwave
at 60°C for 10min at 300 W maximum power. After the
completion of the reaction (monitored by TLC, AcOEthexane,
3:1), the mixture was poured onto H,O. The precipitate was
collected by filtration and recrystallized from EtOH/H,O (1:3) to
give pure compounds 2d-i.

Scheme 1. Classical synthetic methods of bisbenzimidazoles.
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Table 1

Comparation of the yields and reaction times under microwave irradiation and the conventional methods for compounds 2d-i.

Method T* Method 11 Method 111
Compound no. Melting point (°C) Time (min) Yield (%) Time (min) Yield (%) Time (hour) Yield (%)
2d 265-266 13 93 16 58 13 80
2e 255-256 13 93 16 55 13 65
2f 284-285 13 98 16 63 13 93
2g 291-292 13 90 16 55 13 70
2h 264-265 13 90 16 55 13 68
2i 315-316 13 96 16 65 13 85

MW, MeOH, 60°C, 10 min. "MW, AL,Os, 85°C, 16 min. °RT, MeOH, 13 h.

Scheme 3. Synthesis of compounds 4d-i and 5d-i. Reagents and conditions: (i) Acetone, AcOMe, BrCH,CO,Me, K,CO3z, MW, 85°C, 7 min; (ii) EtOH,

NH,NH,.H,O, MW, 120°C, 5 min.
Rs

R

(o}

HN\
NH,

Under microwave irradiation, solvent-free (method II). A
mixture of 1 (0.010mol), 3d-i (0.026 mol), and acidic alumina
oxide (9 g) were taken in a 20 mL round flask and suspended in
CH,Cl, (10mL). The solvent was completely evaporated under
reduced pressure. The mixture was microwave irradiated at 85°C
for 4 x4 min at 60 W. After the completion of the reaction (TLC),
the mixture was applied to the described way.

Conventional method (method ITI). A mixture of 1 (0.010 mol)
and 3d-i (0.026 mol) in dry MeOH (30 mL) was stirred for 13 h atr.t.
Above purification methods were applied to give pure products 2d-i.

2,2'-Bis(2-chlorobenzyl)-1H,1'H-5,5'-bisbenzimidazole
(2d).  White solid, IR ( KBr, cm™'): 3382, 3026, 2931, 1626, 1531,
1444, 1278, 852, 803, 742cm™'; "H-NMR (400 MHz, DMSO-d,): 5
4.32 (s, 4H, 2CHy), 7.29-7.69 (m, 14H, Ar H), 12.34 (s, 2H, 2NH);
BBC-NMR (100 MHz, DMSO-d): & 32.65 (2CH,), 113.42, 114.37,
121.50, 127.81, 129.12, 129.75, 131.94, 133.71, 135.03, 135.77,
137.24 (Ar.C), 153.21 (2C=N); Anal. Calcd for C,gH,oClLN,: C,
69.57, H, 4.17, N,11.59; Found: C, 69.60, H, 4.18, N, 11.56.
ESI-MS m/z calculated CogHooCLN, [M+H]" 483.11, 485.10;
found 483.22, 485.18 and symmetric division signal 242.23.
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2,2'-Bis(3-chlorobenzyl)-1H,1'H-5,5"-bisbenzimidazole
(2e). White solid; IR ( KBr, cm™'): 3456, 3021, 2955,
1619, 1597, 1288, 1093, 863, 791cm™'; 'H-NMR (400 MHz,
DMSO-dy): 6 4.20 (s, 4H, 2CH,), 7.32-7.8 (m, 14H, Ar H), 12.36
(s, 2H, 2NH); '*C-NMR (100 MHz, DMSO-dj): 5 35.10 (2CH,),
113.23, 115.82, 121.71, 127.03, 128.02, 128.05, 128.09, 129.11,
129.15, 129.18, 130.78, 130.82, 133.52, 135.84, 140.52 (Ar.C),
154.20 (2C=N); Anal. Calcd for C,gH,,CI,Ny: C, 69.57, H, 4.17,
N,11.59; Found: C, 69.62, H, 4.19, N, 11.62. ESI-MS m/z
calculated CogH»oCLLN, [M+H]" 483.11, 485.10; found 483.16,
485.12 and symmetric division signal 242.23.

2,2'-Bis(4-chlorobenzyl)-1H,1'H-5,5"-bisbenzimidazole
(2f).  White solid; IR ( KBr, cm™'): 3336, 3028, 2925, 1630,
1578, 1417, 845, 803, 752, 685cm '; 'H-NMR (400 MHz,
DMSO-dy): 6 4.20 (s, 4H, 2CH,), 7.36-7.70 (m, 14H, Ar H),
12.33 (s, 2H, 2NH); '*C-NMR (100 MHz, DMSO-dy): & 34.69
(2CH,), 121.64, 128.81, 128.85, 128.88, 128.98, 131.15, 131.74,
135.79, 137.08 (Ar.C), 154.17 (2C=N); Anal. Calcd for
Co3H,oCLNy: C, 69.57, H, 4.17, N,11.59; Found: C, 69.61, H,
4—15, N, 11.58. ESI-MS m/z calculated C28H20C12N4 [M+H]+
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483.11, 485.10; found 483.26, 485.22 and symmetric division
signal 242.30.

2,2'-Bis(2-methylbenzyl)-1H,1'H-5,5'-bisbenzimidazole
(2g). White solid; IR ( KBr, cmfl): 3392, 3026, 2972, 1626,
1536, 1281, 853, 802, 664cm™'; 'H-NMR (400 MHz, DMSO-dy):
8 1.70 (d, J=6.6Hz, 6H, 2CHy), 4.35 (q, J=6.6Hz, 4H, 2CH,),
7.22-778 (m, 14H, Ar H), 1222 (s, 2H, 2NH); ">C-NMR
(100 MHz, DMSO-dy): 6 21.13 (2CH3z), 38.90 (2CH,), 121.80,
127.05, 127.27, 127.72, 127.85, 128.10, 128.89, 128.96, 129.21,
135.10, 144.39 (Ar.C), 158.65 (2C=N); Anal. Calcd for C3oH,¢Ny:
C, 81.42, H, 5.92, N,12.66; Found: C, 81.40, H, 5.94, N, 12.66.
ESI-MS m/z calculated CsoHoeN4 [M+H]™ 443.22; found 443.34
and symmetric division signal 222.28.

2,2'-Bis(3-methylbenzyl)-1H,1'H-5,5'-bisbenzimidazole
(2h). White solid; IR (KBr, cm™'): 3442, 3016, 2915,
1629, 1524, 1273, 850, 803, 696cm™'; 'H-NMR (400 MHz,
DMSO-dy): 6 2.26 (s, 6H, 2CH3), 4.13 (s, 4H, 2CH,), 7.02-7.67
(m, 14H, Ar H), 12.28 (bs, 2H, 2NH); "*C-NMR (100 MHz,
DMSO-ds): 6 21.65 (2CHj3), 34.68 (2CH,), 113.10, 11547,
122.88, 126.66, 128.14, 129.20, 130.14, 136.40, 136.68, 137.21,
137.84, 138.40 (Ar.C), 154.74 (2C=N); Anal. Calcd for
C3oHy6Ny: C, 81.42, H, 5.92, N,12.66; Found: C, 81.41, H, 5.90,
N, 12.65. ESI-MS m/z calculated CioHogNy [M+H]" 443.22;
found 443.27 and symmetric division signal 222.35.

2,2'-Bis(4-methylbenzyl)-1H,1'H-5,5'-bisbenzimidazole
(2i). White solid; IR ( KBr, cmfl): 3340, 3007, 2918, 1628,
1577, 1273, 850, 808, 767, 673cm™'; 'H-NMR (400 MHz,
DMSO-dy): 6 2.25 (s, 6H, 2CH3), 4.13 (s, 4H, 2CH,), 7.10-7.67
(m, 14H, Ar H), 12.29 (s, 2H, 2NH); "*C-NMR (100 MHz,
DMSO-ds): 6 21.33 (2CH3), 35.30 (2CH,), 121.51, 129.02,
129.06, 129.12, 129.43, 129.54, 135.04, 135.73, 136.01 (Ar.C),
154.80 (2C=N); Anal. Calcd for C3oHpsN4: C, 81.42, H, 5.92,
N,12.66; Found: C, 81.38, H, 5.95, N, 12.62.ESI-MS m/z
calculated CioHoeNs [M+H]Y 443.22; found 443.27 and
symmetric division signal 222.35.

General procedure for the synthesis of dimethyl 2,2’-[2,2’-bis
(substitetudbenzyl)-1H,1’H-5,5’-bisbenzimidazole-1,1’-diyl]
diacetates (4d-i). A mixture of compounds 2a-i (0.01 mol),
methyl o-bromoacetate (0.02mol) and K,COj3 (0.05mol) in
acetone (15mL) was irradiated with microwave at 85°C for
7 min, at 300 W maximum power. After the completion of the
reaction (monitored by TLC, AcOEt/hexane, 3:1), the mixture
was pured into H,O. The precipitate was collected by filtration
and recrystallized from acetone/water (1:3) to give pure 4d-i.

Dimethyl 2,2’'-[2,2'-bis(2-chlorobenzyl)-1H,1'H-5,5'-bisben-
zimidazole-1,1'-diyl] diacetate (4d).  White solid; Yield: 94%;
IR (KBr, cm ™ '): 3058, 2951, 1741, 1621, 1210, 1036, 749cm™';
"H-NMR (200 MHz, DMSO-d,): & 3.63 (s, 6H, 20CH3), 4.34
(s, 4H, 2CH.,), 5.30 (s, 4H, 2N—CH,), 7.32-7.88 (m, 14H, Ar H);
BC.NMR (50MHz, DMSO-d,): & 31.57 (2CH,), 45.20
(2N—CH,), 53.10 (20CHj3), 108.88, 108,98, 110.75, 110.80,
117.39, 117.50, 119.27, 121.58, 121.88, 122.20, 122.32, 127.71,
129.10, 129.71, 132.04, 133.85, 134.81, 136.00, 136.88, 141.02,
141.96, 143.33, 143.37 (Ar.C), 153.70, 153.93 (2C=N), 168.90,
168.95 (C=0); Anal. Caled for C34H,3CILN,O4: C, 65.07, H,
4.53, N,8.95; Found: C, 65.08, H, 4.50, N,8.93.ESI-MS m/z
calculated C34H28C12N404 [M+H]+ 62715, 62915, found
627.12, 629.22 and symmetric division signal 314.25.

Dimethyl 2,2’'-[2,2'-bis(3-chlorobenzyl)-1H,1'H-5,5'-bisben-
zimidazole-1,1'-diyl] diacetate (4e). ~ White solid; Yield: 95%;
IR (KBr, em™'): 3055, 2953, 1737, 1597, 1216, 1077,
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786cm™'; 'H-NMR (400MHz, DMSO-ds): & 3.54 (s, 6H,
20CH3;), 4.30 (s, 4H, 2CH,), 5.28 (s, 4H, 2N—CH,), 7.31-7.92
(m, 14H, Ar H); '>*C-NMR (100 MHz, DMSO-ds): & 32.07
(2CH,), 4499 (2N—CH,), 52.69 (20CH;), 109.09, 110.91,
117.43, 119.26, 122.39, 127.05, 128.21, 129.25, 130.69, 133.43,
135.47, 135.69, 136.03, 136.87, 139.43, 141.76, 143.28 (Ar.C),
154.24, 154.39 (C=N), 168.75, 168.81 (C=0); Anal. Calcd for
C34H25CLN4Oy: C, 65.08, H, 4.50, N,8.93; Found: C, 65.04, H,
4.52, N,8.90. ESI-MS m/z calculated C34H,3CLN,O, [M+H]*
627.15, 629.15; found 627.15, 629.25 and symmetric division
signal 314.24.

Dimethyl 2,2'-[2,2'-bis(4-chlorobenzyl)-1H,1'H-5,5"-bisben-
zimidazole-1,1'-diyl] diacetate (4f).  White solid; Yield: 97 %;
IR (KBr, cm™Y): 3047, 2950, 1738, 1623, 1221, 844, 799cm ™ ';
"H-NMR (400 MHz, DMSO-dy): & 3.54 (s, 6H, 20CH3), 4.28
(s, 4H, 2CH,), 5.24 (s, 4H, 2N—CH.,), 7.31-7.91 (m, 14H, Ar
H);"’C-NMR (100 MHz, DMSO-dy): 332.55, 32.66 (CH,), 44.97,
45.01 (N—CH,), 52.61, 52.67 (OCHs), 109.00, 110.77, 110.85,
117.34, 117.46, 117.50, 121.87, 122.23, 122.33, 128.79, 129.03,
131.31, 131.50, 131.57, 131.63, 131.67, 131.75, 131.85, 135.08,
136.05, 136.13 (Ar.C), 154.53, 154.57 (C=N), 168.75, 168.75
(C=0); Anal. Calcd for C34H,sCLN,4O4: C, 65.08, H, 4.50,
N,8.93; Found: C, 65.06, H, 4.53, N,8.91. ESI-MS m/z calculated
C34Ho5CLNLO4 [M+H]" 627.15, 629.15; found 627.15, 629.18
and symmetric division signal 314.10.

Dimethyl 2,2'-[2,2'-bis(2-methylbenzyl)-1H,1'H-5,5"-bisben-
zimidazole-1,1'-diyl]diacetate (4g). ~ White solid; Yield: 94 %;
IR (KBr, cm'): 3024, 2932, 1742, 1621, 1455, 1207, 699 cm ™ ';
'H-NMR (400 MHz, DMSO-d,): & 1.68 (d, J=6.8Hz, 6H,
2CH;), 3.41 (s, 6H, 20CH3), 4.52 (q, J = 6.8 Hz, 4H, 2CH,), 5.16
(s, 4H, 2N—CH,), 7.26-7.98 (m, 14H, Ar H); "C-NMR
(100MHz, DMSO-dy): 6 21.39 (2CH3), 35.22 (2CH,), 46.42
(2N—CH,), 52.02 (20CHj3), 108.85, 109.03, 110.76, 112.16,
117.10, 118.13, 124.21, 125.13, 126.63, 127.44, 12891, 135.51,
135.62, 136.53, 136.96, 137.07, 140.22, 141.59, 142.08 (Ar.C),
157.83, 157.95 (C=N), 168.43, 168.46 (C=0); Anal. Calcd for
C36H34N4O4Z C, 7370, H, 584, N,955, Found: C, 7375, H,
5.85, N,953 ESI-MS  m/z calculated C36H34N404 [M+H]+
587.26; found 587.33 and symmetric division signal 294.30.

Dimethyl2,2'-[2,2'-bis(3-methylbenzyl)-1H,1' H-5,5"-bisbenzi-
midazole-1,1'-diyl] diacetate (4h).  White solid; Yield: 94%; IR
(KBr, cm™'): 3020, 2950, 1742, 1607, 1513, 1209, 1092,
796cm™'; 1H-NMR (400 MHz, DMSO-ds): & 2.43 (s, 6H,
2CH3), 3.52 (s, 6H, 20CH;), 4.23 (s, 4H, 2CH,), 5.20 (s, 4H,
2N—CH,), 7.28-7.83 (m, 14H, Ar H); '*C-NMR (100 MHz,
DMSO-dy): 6 2145 (2CHj3), 33.40 (2CH,), 44.92, 45.02
(N—CH,), 52.61 (20CHgz), 109.03, 110.85, 117.36, 119.20,
121.79, 126.43, 127.68, 128.80, 129.89, 135.43, 135.88, 135.96,
136.72, 136.88, 137.98, 141.91, 143.32 (Ar.C), 154.82 (2C=N),
168.69 (2C=0); Anal. Calcd for C3¢H34N404: C, 73.70, H, 5.84,
N,9.55; Found: C, 73.72, H, 5.84, N,9.51. ESI-MS m/z calculated
C36H3uN,0, [M+H]" 587.26; found 587.33 and symmetric
division signal 294.30.

Dimethyl2,2'-[2,2'-bis(4-methylbenzyl)-1H,1' H-5,5"-bisbenzi-
midazole-1,1'-diyl] diacetate (4i). ~ White solid; Yield: 94%; IR
(KBr, cm ™ 1): 3015, 2950, 1742, 1621, 1513, 1209, 802, 766 cm ™ ';
'H-NMR (400 MHz, DMSO-dy): & 2.45 (s, 6H, 2CH3), 3.51 (s, 6H,
20CHj;), 4.20 (s, 4H, 2CH,), 5.18 (s, 4H, 2N—CH,), 7.11-7.88
(m, 14H, Ar H); '*C-NMR (100 MHz, DMSO-dy): & 20.71
(2CHs3), 35.28 (2CH,), 44.87, 44.98 (N—CH,), 52.64 (20CH5),
108.84, 108.99, 110.80, 117.30, 117.35, 119.18, 121.56, 121.77,
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122,11, 122.22, 129.11, 129.20, 129.43, 133.74, 135.56, 135.87,
136.07, 136.96, 141.79, 141.91, 143.33 (Ar.C), 154.90, 155.06
(C=N), 168.71 (2C=0); Anal. Calcd for C36H34N4O4: C, 73.70,
H, 5.84, N,9.55; Found: C, 73.73, H, 5.86, N,9.56. ESI-MS m/z
calculated CscHauN,O, [M+H]" 587.26; found 587.40 and
symmetric division signal 294.30.

General procedure for the synthesis of 2,2'-[2,2’-bis
(substitutedbenzyl)-1H,1’H-5,5’-bisbenzimidazole-1,1’-diyl]
diacetohydrazides (5d-i). A mixture of compounds 4d-i
(0.01 mol) and NH,NH,.H,O (0.05 mol) in abs. EtOH (15 mL)
was irradiated with microwave at 120°C for 5 min, at 300 W
maximum power. After the completion of the reaction
(monitored by TLC, AcOEt/hexane, 3:1), the mixture was
cooled to RT. The precipitate was washed with EtOH dried
over CaCl, to give pure 5d-i.

2,2'-[2,2'-Bis(2-chlorobenzyl)-1H,1' H-5,5"-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5d). ~ White solid; Yield: 82%; IR
(KBr, cm™'): 3281, 3195, 1662, 1588 cm™'; '"H-NMR (400 MHz,
DMSO-dy): & 4.29 (s, 4H, 2CH,), 4.40 (s, 8H, 2NH, +2CH,),
491 (d, J=17, 4H, 2N—CH,), 7.31-7.77 (m, 14H, Ar H), 9.59
(s, 2H, 2NH); '*C-NMR (100 MHz, DMSO-dj): & 31.49 (2CH,),
45.08 2N—CH,), 108.71, 108.82, 110.65, 117.23, 119.17,
121.39, 121.71, 121.89, 122.04, 127.73, 129.03, 129.66, 131.99,
133.83, 135.21, 135.39, 135.81, 135.96, 136.70, 143.32 (Ar.C),
153.99, 154.25 (C=N), 166.39 (2C=0); Anal. Calcd for
C3,H,5CLNGO,: C, 61.25, H, 4.50, N,17.86; Found: C, 61.28, H,
451, N,1783 ESI-MS m/z calculated C32H23C12N302 [M+H]+
627.17, 629.17; found 627.33, 629.21 and symmetric division
signal 313.12.

2,2'-[2,2'-Bis(3-chlorobenzyl)-1H,1'H-5,5'-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5e).  White solid; Yield: 82%; IR
(KBr, cm ™ '): 3277, 3202, 1659, 1597 cm ™ '; "H-NMR (400 MHz,
DMSO-dy): & 4.15 (s, 4H, 2CH,), 4.39 (s, 4H, 2NH,), 4.85
(s, 4H, 2N—CH,), 7.27-7.81 (m, 14H, Ar H), 9.48 (s, 2H, 2NH);
BC-NMR (100MHz, DMSO-dg): § 3224 (2CH,), 44.86
(2N—CH,), 108.30, 110.22, 116.66, 118.62, 120.96, 121.55,
126.44, 127.77, 128.81, 130.10, 130.48, 132.81, 134.60, 134.76,
134.97, 135.31, 136.07, 139.18, 139.36, 141.23, 142.75 (Ar.C),
154.01, 154.19 (C=N), 165.86 (2C=0); Anal. Calcd for
C5,H,3CLNgOs: C, 61.25, H, 4.50, N,17.86; Found: C, 61.23, H,
4.52, N,17.86. ESI-MS m/z calculated C5,H,5C1,N5O, [M+H]*
627.17, 629.17; found 627.12, 629.22 and symmetric division
signal 314.18.

2,2'-[2,2'-Bis(4-chlorobenzyl)-1H,1'H-5,5'-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5f).  White solid; Yield: 83%; IR
(KBr, cm™'): 3288, 3207, 3049, 1655, 1581cm™'; 'H-NMR
(400 MHz, DMSO-dy): 6 4.27 (s, 4H, 2CH,), 4.46 (s, 4H, 2NH,),
4.85 (s, 4H, 2N—CH,), 7.36-7.79 (m, 14H, Ar H), 9.56 (s, 2H,
2NH); "*C-NMR (100 MHz, DMSO-ds): & 32.07 (2CH,), 45.47
(2N—CH,), 108.27, 110.15, 116.63, 118.58, 121.17, 121.38,
128.21, 130.81, 131.01, 134.65, 134.94, 135.31, 135.40, 135.79,
136.12, 141.34, 142.74 (Ar.C), 154.17, 154.35 (C=N), 165.83
(2C=0); Anal. Calcd for C3,H,3CIL.NgO,: C, 61.25, H, 4.50,
N,17.86; Found: C, 61.30, H, 4.55, N,17.88. ESI-MS m/z
calculated C5,H,sCLNgO, [M+H]|" 627.17, 629.17; found
627.22, 629.18 and symmetric division signal 314.24.

2,2'-[2,2'-Bis(2-methylbenzyl)-1H,1'H-5,5"-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5g).  White solid; Yield: 80%; IR
(KBr, cm™'): 3295, 3144, 1659, 1597 cm™'; "H-NMR (400 MHz,
DMSO-dy): & 2.49 (s, 6H, 2CHy), 4.21 (s, 4H, 2CH,), 4.33
(s, 4H, 2NH,), 4.88 (s, 4H, 2N—CH,), 7.31-7.91 (m, 14H, Ar H),
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9.55 (s, 2H, 2NH); ">C-NMR (100 MHz, DMSO-dy): & 22.32
(2CH;), 37.57 (2CHp), 44.77 (2N—CH,), 110.72, 11741,
122.12, 127.12, 127.87, 129.10, 135.33, 135.91, 143.19, 143.44
(Ar.C), 15849 (2C=N), 166.31 (2C=0); Anal. Calcd for
C34H34Ng0,: C, 69.61, H, 5.84, N,19.10; Found: C, 69.66, H,
5.87, N,19.13. ESI-MS m/z calculated C34H34,NgO, [M+H]*
587.29; found 587.33 and symmetric division signal 294.20.

2,2'-[2,2'-Bis(3-methylbenzyl)-1H,1'H-5,5'-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5h).  White solid; Yield: 80%; IR
(KBr, cm™'): 3304, 3136, 1659, 1507 cm™'; "H-NMR (400 MHz,
DMSO-dy): & 2.27 (s, 6H, 2CH3), 4.22 (s, 4H, 2CH,), 4.33
(s, 4H, 2NH,), 4.84 (s, 4H, 2 N—CH,), 7.06-7.72 (m, 14H, Ar H),
9.53 (s, 2H, 2NH); "*C-NMR (100 MHz, DMSO-d): & 21.48
(2CH3), 33.44, 33.48 (CH,), 45.00, 45.08 (N—CH,), 108.88,
110.72, 117.20, 117.26, 119.13, 121.43, 121.97, 126.44, 127.67,
128.82, 129.93, 135.85, 135.89, 136.81, 137.14, 137.17, 138.01,
141.87, 143.41 (Ar.C), 155.08, 155.24 (C=N), 166.38 (2C=0);
Anal. Caled for C34H34NgO,: C, 69.61, H, 5.84, N,19.10; Found:
C, 69.62, H, 5.88, N,19.15. ESI-MS m/z calculated C34H34NgO,
[M+H]* 587.29; found 587.30 and symmetric division signal
294.00.

2,2'-[2,2'-Bis(4-methylbenzyl)-1H,1'H-5,5"-bisbenzimidazole-
1,1'-diyl]diacetohydrazide (5i).  White solid; Yield: 81%; IR
(KBr, em™): 3298, 3151, 1659, 1512cm™"; "H-NMR (400 MHz,
DMSO-dy): & 2.33 (s, 6H, 2CH3), 4.20 (s, 4H, 2CH,), 4.30
(s, 4H, 2NH,), 4.83 (s, 4H, 2 N—CH,), 7.17-7.83 (m, 14H, Ar H),
9.51 (s, 2H, 2NH); >*C-NMR (100 MHz, DMSO-d): & 20.55
(2CH3), 32.49 (2CH,), 44.41 (2N—CH,), 108.18, 110.10,
116.60, 118.53, 120.84, 121.28, 128.64, 128.91, 133.59,
134.70, 134.86, 134.92, 135.24, 135.35, 135.44, 136.19,
141.23, 14277 (Ar.C), 154.64, 154.86 (C=N), 165.84
(2C=0). Anal. Calcd for C;34H;34NgO,: C, 69.61, H, 5.84,
N,19.10; Found: C, 69.65, H, 5.83, N,19.16. ESI-MS m/z
calculated C34H34NgO, [M+H]* 587.29; found 587.30 and
symmetric division signal 294.30.

Acknowledgment. This study was funded by the Turkish Scientific
and Technical Research Institute (TUBITAK, Project No: 108T356).

REFERENCES AND NOTES

[1] Mann, J.; Baron, A.; Opoku-Boahen, Y.; Johansson, E.;
Parkinson, G.; Kelland, L. R.; Neidle, S. J Med Chem 2001, 44, 138.

[2] Reddy, B. S. P.; Sondhi, S. M.; Lown, J. W. Pharmacol Ther
1999, 84, 1.

[3] Lammler, G.; Herzog, H.; Saupe, E.; Schutze, H. R. WHO Bull
1971, 44, 751.

[4] Kraut, E.; Fleming, T.; Segal, M.; Neidhart, J.; Behrens, B. C.;
MacDonald, J. Invest New Drug 1999, 9, 95.

[5S] Breusegem, S. Y.; Sadat-Ebrahimi, S. E.; Douglas, K. T.;
Bichenkova, E. V.; Clegg, R. M.; Loontiens, F. G. J Med Chem 2001,
44, 2503.

[6] Yang, Y. H.; Cheng, M. S.; Wang, Q. H.; Nie, H.; Liao, N.;
Wang, J.; Chen, H. Eur J] Med Chem 2009, 44, 1808.

[7]1 Sann, C. L.; Baron, A.; Mann, J.; Van Den Berg, H;
Gunaratnam, M.; Neidle, S. Org Biomol Chem 2009, 4, 1305.

[8] Hao, J. Y.; Ge, Z. Y.; Yang, S. Y. Synth Commun 2003,
33, 79.

[91 Zhang, Z. H.; Li, J. J.; Gao, Y. Z.; Liu, Y. H. J Heterocyclic
Chem 2007, 44, 1509.

[10] Wang, Z. X.; Qin, H. L. J Heterocyclic Chem 2005,
42, 1001.

DOI 10.1002/jhet



980 B. Kahveci, E. Mentese, M. Ozil, F. Yilmaz, and M. Serdar

[11] Hunger, A.; Kebrle, J.; Rossi, A.; Hoffmann, K. Helv Chim
Acta 1960, 43, 1727.

[12]  Mousseron, M.; Kamenka, J. M.; Stenger, A. Chim Ther 1967, 2, 95.

[13] De Selms, R. C. J Org Chem 1962, 27, 2165.

[14] Martin, R. F.; Kelly, D. P.; White, J. M. Patent, Appl. No. WO
1996 Au.00467 19960726.

[15] King, F. E.; Acheson, R. M. J Chem Soc 1949, 1396.

[16] Desai, K. G.; Desai, K. R. Bioorg Med Chem 2006, 14, 8271.

Journal of Heterocyclic Chemistry

Vol 53

[17] Ansari, K. F.; Lal, C. Eur ] Med Chem 2009, 44, 4028.

[18] Amir, M.; Shikha, K. Eur J Med Chem 2004, 39, 535.

[19] Demirbas, A. Turk J] Chem 2004, 28, 311.

[20] Holla, B. S.; Veerendra, B.; Shivananda, M. K.; Poojary, B.
Eur J Med Chem 2003, 38, 759.

[21] Pinner, A. Die Imidoether und ihre Derivate; 1.Auflage,
Oppenheim, Berlin, 1892.

[22] Kahveci, B. Molecules 2005, 10, 376.

DOI 10.1002/jhet



