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54 Scheme S-1. NH4Cl-catalylic synthesis of the 2-(2-aminophenyl) and 2-benzyl-N-phenylsulfonyl) benzimidazoles 8 
55 and 9.
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57 Scheme S-2. The synthetic route of the potential antibacterial 2-substituted benzimidazolyl N-5-aryl(1,3,5-
58 triazinane-4-thione) 13, and oxadiazinane-4-thione 14.
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60 Scheme S-3. The synthesis sequence of 2-substituted benzimidazole isoxazole-5-one 16, pyrazol-3-ones 17 and 
61 pyrimidin-4-one 18 derivatives.
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63 Scheme S-4. Synthesis approach of methylene N-aryl 19, pyrazolo-3-ones 20 and (4-fluorophenyl) piperazin-2-
64 substituted benzimidazoles 21.
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68 derivatives.
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70 Scheme S-6. The synthesis process of benzimidazolyl 4 or 5-halo-benzo-aryl-triazines 24 and 25 from o-
71 phenylenediamines.
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73 Scheme S-7. Synthesis of the bis(benzimidazolyl) carbamide derivatives, spaced from biarylpyridino-phenyl 
74 derivatives were accomplished via multi-steps approach.
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77 Scheme S-8. Synthesis series of N-sulfoxyamide benzimidazoles 27-33.
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80 Scheme S-9. Synthesis of N-(p-nitrobenzyl)-N-alkyl NHC-silver(I) acetate and bis-NHC-silver(I) 
81 hexafluorophosphate complexes.
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83 Scheme S-10. The route synthesis of 4-amino-5-[2-(1H-benzimidazol-2-yl)-3-(4-chloroanilino) propyl]-2,4-
84 dihydro-3H-1,2,4-triazole-3-thione.
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88 Scheme S-12. 2-substituted benzimidazole-N-carbamates synthetic conditions.
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90 Scheme S-13. Synthetic pathway of tetracyclic fused benzimidazole, structural homologues of steroids 60-66 in four 
91 steps.
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93 Scheme S-14. Condition route of 2-pyridyn-2-, 3-, and 4-yl-1H-benzimidazole-4-caboxamide derivatives.
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112 Scheme S-21. Benzimidazole based Schiff base derivatives 150.
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116 benzimidazoles 151a-g

117

NH2

NH2CH3

CHO

OO

Na2S2O5 /DMF

MW

N

N
H

CH3 O

O

NH2NH2.H2O/EtOH

MW

N

N
H

CH3 O

HN NH2

R1-NCS / EtOH

Reflux

N

N
H

CH3 O

HN NH

S
NH

R1

NaOH/EtOH
Reflux

N

N
H

CH3 N

N

N

SH
R1

R4

R3

R2

O
Br

K2CO3/Acetone
Reflux

N

N
H

CH3 N

N

N

S
R1

O

R2
R3

R4

156 (74-83 %)

R1 = CH3, C2H5
R2 = H, F, Cl
R3 = H,OH   
R4 = H, CH3, CN, F, Cl, Br, OH

152 (86 %)

153 (92 %) 154a,b

155 (71-73 %)

154a: R1 = CH3  (78 % )
154b: R1 = Ethyl  (81 %)

+

+

118 Scheme S-23. Synthesis strategy of the triazolo-benzimidazole compounds.

119

120

N

N
CH2CH2Ph

N

NH
CH2CH2Ph

R2

R1

R1-X
X

NaH
N

N

CH2CH2Ph

N

N
R1

CH2CH2PhR1

N

N
C

H2CH2CPh

R

PhNCS

N

Ph

S

PhNCO CS2 CH3CN

N

N N

N

Ph-H2C-H2C

H3C-H2C

O

Ph
O

Ph

N

N
C

CH2CH2Ph

R

S

S N

N
CH2CH2Ph

H
CH2CN

CH2CH3

157a (98 %): R1 = CH2CH3,          R2 = H,      X = l
157b (84 %): R1 = CH3,                R2 = H,      X = l
157c (68 %): R1 = C2H4Ph,          R2 = H,      X = Br
157d (79 %): R1 = C2H4OC,         R2 = H,      X = Br
157e (97 %): R1 = C2H4OC2H3,    R2 = CH3,  X = Br

158 (76 %): R = C2H5
159 (89 %): R = CH3

160 (69 %) 161 (82 %): R = C2H5
162 (73 %): R = C2H4Ph

163 (83 %)

157

R2

R2

R2

(77 %)

121 Scheme S-24. Synthetic route of various benzimidazolium N-phenyl methylthioformiates 158, 159, spirano-
122 benzimidazolium 160, methyl dithioformic esters 161, 162 and 2-ethane nitrile -1,3-disubstituted benzimidazole 163.

123

H
N

N
SH + C2H5OCO2C2H5

-2 C2H5OH N

N
SH

C C

N

N

SHO

O

+

N
H2

M

H2
N

N
H2

H2
N

.Cl2

-2H2ON

N
HS

CC

N

N
SH

NN

.Cl2
M

N
H2

N
H2

M = Cu(II) and Ni(II)

165 (74 %)

166 (62%)

164

124 Scheme S-25. Synthesis of 1,2-bis-(2-mercapto-benzoimidazol-1-yl)-ethane-1,2-dione and the corresponding 
125 diiminic bis(2-thiol benzimidazole) complexes.
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126

NH2

NH2R1

+
Na2S2O5/DMF

MWI, 10 min

H
N

N
CO2CH3

NH2NH2xH2O/EtOH

MWI,10 min

H
N

N
CONHNH2

H
N

N

H
N

N

R1 = F, Cl;   
R2 = H, Cl; 
R3 = H, OH
R4 = H, CH3, Cl, Br, NO2, CN, Cl, OH

CO2CH3

OHC

R1

R1

Reflux, 8 h

CS2/NaOH, EtOH

R1
Phenacyl bromides

K2CO3, acetone

 r.t., 8 h

R1

N N

O S

R2

R3

R4

ON N

O SH

167a,b (75 %)

168a,b (67 %)

169a,b (77%)

170a-p (60-80 %)

127 Scheme S-26. Four steps synthesized of targeted hybrid benzimidazole-thio-oxadiazole 170.

128

129

O

O R2

H
N

N
SH

R1

+
AcOH/H2SO4

  4-5 h

O

S
N

H
N

O

R1

R2

R2

O

N

S
N

R1

O

N

S
N

R3

R2

R1

PPA  Sec amines/HCHO

EtOH/AcOH

R1 = H, Br;    R2 = H, Br;   R3 = pyrrolidino, piperidino, morpholino

171a-d (85-90 %)

172a-d ( 82-85 %) 173a-l (73-84 %)



130 Scheme S-27. Three steps synthesis of fused benzimidazole-thiazole analogues.

131

132

NH2

NH2 N

H
N

X

R1

O

OHR1

X

i, ii

N
H

NH2
R2

iii

174a,b (70,73 %)

N

H
N

R1

N
H2N R2

Cl O

O
R3

iv

175a-g (51-63%)

N

N

N

N

O
R3O

O

R1
R2

176a-w (26-37 
%)

(i) 2-Chloroacetic acid or 2-bromopropionic acid,
0.15 g/mL hydrochloric acid/r.t., reflux, 4 h.
(ii) NaHCO3/r.t.
(iii) Substituted phenylhydrazines, Et3N,
MeOH/reflux, 4 h.
(iv) Et3N,chloroformates, THF/0–5 oC, 2–8 h.

R1 = H, Br
R2 = H, Br
R3 = Pyrrolidino, Piperidino, Morpholino

X = Cl or Br

133 Scheme S-28. Three step synthesis of 1,2,4-triazol-3-one fused benzimidazole.



Page 12 of 28

134

N

NO2N

Cl
H
N

N

Cl

N

NO2N

OR1N

N

Cl
R2

N

N

OR3

N

N

Cl
 acetone, 
phenols,

 reflux, 60 °C.
K2CO3

acetone, 
acyl chloride,

 0 °C
HN

N

O

Cl

toluene, 
(CH3O)2SO2

reflux

+

K2CO3
 acetone,
 phenols, 

reflux, 60 °C.

180a-q (80-85 %)

181a-c (68 %) 183a-q (80-88 %)

183                R1

      a: m-COCH3-C6H4
      b: o-COCH3-C6H4
      c: p-COCH3-C6H4
      d: p-COOC3H6-C6H4
      e: p-F-C6H4
      f: p-Cl-C6H4
      g: p-CHO-C6H4
      h: o-OCH3-p-C3H6-C6H3
      i: naphthylene
      j: p-COOC2H4-C6H4
      k: p-COOCH3-C6H4
      l: p-C(CH3)3-C6H4
      m: -C6H5
      n: m,p-(-OCH2O)2-C6H3

180                 R3

      a: m-COCH3-C6H4
      b: o-COCH3-C6H4
      c: p-COCH3-C6H4
      d: p-COOC3H6-C6H4
      e: p-F-C6H4
      f: p-Cl-C6H4
      g: p-CHO-C6H4
      h: o-OCH3-p-CH2CHCH2-C6H3
      i: naphthylene
      j: p-COOC2H4-C6H4
      k: p-COOCH3-C6H4
      l: p-C(CH3)3-C6H4
      m: C6H5
      n: m,p-(OCH2O)2-C6H3
      o: o-OCH3-p-CHO-C6H3
      p: o-OCH3-p-OCCH3-C6H3
      q: p-NO2-C6H4

181          R2

     a: -Ac
     b: -O2SCH3
     c: -O2SC6H4-p-Cl

177 (79 %)

178 (9%)179

Et3N

182 (71 %)

135 Scheme S-29. Synthesis of 2-chloromethyl-1H-benzimidazole derivatives 180a-q and 183a-q from o-
136 phenylenediamines and chloromethyl acetic acid.

137

NH2

NH2

R1
R2

H

H

OH

O

+

H
N

N
R1

H

H

R2

Ethylene glycol

6 hrs

R1 = a: -NO2, b: -Br
R2 = a: H , b: 3,4-(OCH3), c: 4-CH3, d: 3,4-CH2O2, e: 2,4-(Cl), f: 3-OH

184a-k ( 70-82 %)

138 Scheme S-30. Synthesized of 2-styrylbenzimidazoles 184a-k from substituted phenyl acrylic acids and substituted 
139 o-phenylenediamine.

140

N

H
N

NH2 + ClCH2COCl
N

H
N

NHCOCH2Cl

N

H
N

NH

S
N

O

N

N
NH

O

N

H
N

NH

S
N

O

R

Acetone

2h, reflux

NH4SCN, 
96%EtOH

8 h, 
reflux

Acetone,
K2CO3

 4 h, 
reflux

AcOH, 
AcONa

3-10 h, 
reflux

185

187

188a-k (52-96 %)

186 (50 %)

188    R              R
      a: H,          g: 3-NO2
      b: 2-Cl,      h: 4-NO2
      c: 3-Cl,      i: 4-CH3
      d: 4-Cl,      j: 3-OCH3
      e: 3-Br       k: 4-CHO
      f: 4-Br

OHC
R

141 Scheme S-31. Synthetic approach targeted 2-benzimidazolylimino-5-arylidene-4-thiazolidinones 188.

142
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143

NH2

NH2

OHC

R2

+
N

H
NSnCl4/SiO2

189    R1             R2      .
      a: H              H
      b: H              4-Cl
      c: H              2,3-di(OH)
      d: NO2         4-NO2
      e: NO2         2,3-di(OH)

R2R1 R1

189 (84-97 %)
189     R1            R2

       f: H             4-F
       g: H            4-Br
       h: CH3        4-NO2
       i: H             4-C2H4Ph
       j: NO2         4-OH

144 Scheme S-32. SnCl4 /SiO2 catalysed synthesis of 2-substituted aryl-benzimidazoles.

145

146

NHAr

Cl

OH
N

N
NH2

O2N

+
K2CO3

CH3CN

N

NO2N

NH2

NH

O

n

+
N

NO2N

NH2

O

N
H n

191a-h

192a-h

n = 0,1;  R = a: Ph, b: CH2-Ph, c: 4-F-, 4-Cl-, 4-CN-, 4-NO2-, 2.6-diCl-, 3-CF3

R

R

(60-94 %)

147 Scheme S-33. Synthesis mixture of regioisomers 4- and 5-nitro-3-aminobenzimidazole-N-arylacetamides products 
148 191 and 192.

149

X
R3

R2

CHO

R1

R4

CN

R3R2

R1 X
H
N

N

R4

NC

CN

R3R2

R1 X
H
N

N

R4 NH2

NOH

H2N

NOH

3,4-diaminobenzonitrile,
 1,4-benzoquinone,

EtOH, reflux t-BuOK

(a) AcOH/Ac2O
(b) H2/Pd-C, AcOH

R3R2

R1 X
H
N

N

R4 NH2

NH

H2N

NH

193a-i (57-82 %) 194 a-i (75-92 %)

195a-i ( 94-100 %) 196a-i ( 62-90 %)

        X     R1      R2          R3       R4      CN
a:    CH    H      OH         H        H      p-CN
b:    CH    H      OH         H        H     m-CN
c:    CH    H      OH       OCH3    H      p-CN
d:    CH  OH      H          H         H      p-CN
e:    CH    H      OCH3     H        H       p-CN

NH2OH HCl

       X     R1      R2      R3      R4      CN
f:   CH    H       H        H       H      p-CN
g:  CH    H       H        H      Me     p-CN
h:   N      H    OCH3    H       H       p-CN
i:     N      H       H        H      H       p-CN

150 Scheme S-34. Three steps synthesis of biphenyls benzimidazole diamidines 196.

151

N

NR2

R3

SH N

N

Cl

197

CH3CN, KOH 
or DBU

60 0C, 8 h

N

NR2

R3
R1

S

N

N

198

R1

+

197,198  a       b      c      d        e        f        g       h                 i                  j
     R1      H      H      H     CH3    CH3  CH3   CH3   H                 H                CH3
     R2      H      Cl     Cl     H        H      Cl      Cl      COOCH3    COOCH3     H
     R3      H      Cl     Cl     H        Cl     H       Cl      H                 Cl                COOCH3

197,198  k                  l                  m                n            o             p            q            r               s
     R1      CH3             CH3            CH3             H            H            CH3       CH3        CH3         CH3
     R2      Cl                COOCH3    COOCH3     OC2H5   OC2H5    H           Cl           OC2H5     COOCH3
     R3      COOCH3     H                H                 H            Cl           OC2H5   OC2H5   H              Cl

152 Scheme S-35. Synthetic approach of 2-{[2-(1H-imidazol-1-yl) ethyl] sulfanyl}-1H-benzimidazole 198.
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153

N

HN

S

O R1

R2
Cl N

HN

S

O R1

R2
N

N

R3

N

HN

S

O R1

R2

S

N

N

R4
R3

N

HN

S

O R1

R2

S

N

N

R4 R3
NaOH, 
benzimidazol-1-ylthiol
reflux

1) ethanol, NaOH, 
benzimidazoles, reflux 
2) acetonitrile, benzimidazole,
 K2CO3, TBAB.

199a,b (74, 85 %)
202 ( 51-75 %)

201
      a: R1, R2 = (CH2)4, R3, R4 = H.
      b: R1, R2 = (CH2)4, R3 = H, R4 = CH3.
      c: R1 = CH3, R2 = CO2C2H5, R3, R4 = H.
      d: R1 = CH3, R2 = CO2C2H5, R4 = CH3.
202
      a: R1, R2 = (CH2)4, R3 = H.
      b: R1 = CH3, R2 = CO2C2H5, R3 = H.
      c: R1 = CH3, R2 = CO2C2H5, R3 = NO2

201 (49-83%)
199
      a: R1, R2 = (CH2)4
      b: R1 = CH3, R2 = COOC2H5
200
      a: R1, R2 = (CH2)4, R3, R4 = H.
      b: R1, R2 = (CH2)4, R3 = CH3, R4 = H.
      c: R1, R2 = (CH2)4, R3 = C2H5, R4 = H.
      d: R1, R2 = (CH2)4, R3 = n-C3H7, R4 = H.
      e: R1, R2 = (CH2)4, R3 = NO2, R4 = H.
      f: R1 = CH3, R2 = CO2C2H5, R3, R4 = H.
      g: R1 = CH3, R2 = CO2C2H5, R3 = CH3, R4 = H.
      h: R1 = CH3, R2 = CO2C2H5, R3 = C2H5, R4 = H.
      i: R1 = CH3, R2 = CO2C2H5, R3 = H, R4 = Cl
      j: R1 = CH3, R2 = CO2C2H5, R3 = H, R4 = NO2
      k: R1 = CH3, R2 = CO2C2H5, R3 = H, R4 = CH3

200a-k ( 38-92 %)

NaOHBenzimidazol-2-ylmethanethiol

reflux

154
155 Scheme S-36. Synthesis of benzimidazole derivatives of thieno[2,3-d]-pyrimidin-4-ones

156

N

NR1

R2 OH

CH3

203

MnO2 (act.),
 CH2Cl2

N

NR1

R2

CHO

CH3

204

N

NR1

R2

O

NHCH3

CH3

(1) NH2CH3 in isopropanol, 0 0C
(2) MnO2 (act.), NaCN, 0 0C

206a-d (46-71 %)

N

NR1

R2

O

N(CH3)2

CH3

208a-d (46-69 %)

(1) NH(CH3)2 in isopropanol, 0 0C
(2) MnO2 (act.), NaCN, 0 0C

N

NR1

R2

O

NH2

CH3

205a-d (30-61 %)

(1) NH3 in isopropanol, 0 oC 
(2) MnO2 (act.), NaCN, 0 0C

N

NR1

R2

O

OCH2CH3

CH3

207a-d (48-64 %)

(1) MnO2 (act.), 
NaCN, ethanol, 0 oC

        203-208
a: R1 = H, R2 = Cl.
b: R1 = Cl, R2 = H.
c: R1 = R2 = Cl.
d: R1 = R2 = H.

157 Scheme S-37. The synthetic process of N-methylated benzimidazole ester and amides 205a-d-208a-d.

158

159

N

N
R2

CH3

R1

209a-i

N

NR1

R2

CH3

N

O

H

S

N
O2N

211a-i

N

N
R2

CH3
Cl

N

O

H

N

S
O2N

212a-d
209, 211
      a: R1 = R2 = H.
      b: R1 = H, R2 = CH3.
      c: R1 = H, R2 = CF3.
      d: R1 = H, R2 = SCH3.
      e: R1 = Cl, R2 = H.

N

N
R2

CH3
Cl

210a-d

HO

O

HO

O

CDI, 2-amino-5-nitrothiazole,
solvent, 60 oC

CDI, 2-amino-5-nitrothiazole,
solvent, 60 oC

210, 212
       a: R1 = H.
       b: R1 = CH3.
       c: R1 = CF3.
       d: R1 = NHCO2CH3.

f: R1 = Cl, R2 = CH3.
g: R1 = Cl, R2 = CF3.
h: R1 = H, R2 = NHCO2CH3.
i: R1 = H, R2 = NHCO2CH3.

160 Scheme S-38. Synthetic approach of new benzimidazole-benzothiazole 211a-i and 212a-d.
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161

NH2

NH2 N

H
N

CF3N

H
N

N
(i)(ii)

(iii)(iii)

213 214

N

N

NH

R

N

215a-e 216a-e
N

N

HN

R

CF3

(a) 3-Trifluoromethly cinnamic acid, boric acid, toluene, 100 oC, 48 h.
(b) Isonicotinic acid, boric acid, o-xylene, 140 oC, 16 h.
(c) Substituted amino pyridine, HCHO, MeOH, 300 W, 8-9 min, MW

N N

N

N

N
O C6H5

CH3

a: b:

c: d:

e:

R:

162 Scheme S-39. Synthesis of amino methyl N-substituted benzimidazole derivatives 215a-e and 216a-e.

163

N

N

R2
NH

R1

CN

R4

R3

N

N

R2
Cl

R1

CN

NH2

R3

R4

Et3N, THF/DMF, MWI, 80 °C, 20 min
or EtOH, HCl, MWI, 80 °C, 1.30 h

R5

R5

223 (51 %)R1 = 4-CF3Ph, CF3;  R2 = H, F;  R3 = F, OH, CH2N(CH2CH3)2;
R4 = OH, CH2NH(CH2CH3), CH2N(CH2CH3)2;  R5 = H, 7,8-diF.

222221

164 Scheme S-40. The microwave assisted synthesis of fused pyrido benzimidazole 223.

165

166

CHHO2C

O

NH2

NH2

4 N HCl

O
H
N

N
CH3

Glycerol,
 Boric acid(10-20 mol%), 
160-180 °C, 3-5 h

NH2

NH2

O2N

(4 N) HCl/
H
N

N
CH3

O2N

ArCH2O

Glycerol/
 170-180 °C, 3-4 h

H
N

N

O2N Ar

O
H
N

N

Ar

227a-e (80-92 %)

226 a-i (82-92 %)

CH-Ar

CH3CO2H

Ar-CHO

CH3CO2H
3 h

Method 1

Method 2

Method 3

++

+

+

167 Scheme S-41. Synthesis of 2-styryl-benzoyl-1H-benzimidazol 226a-i and the 5-nitro homologue structures 227a-e 
168 via two methods.
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169

H
N

N
SCH3

Chloroacetyl 
chloride, NaH

N

N
SCH3

O
Cl

N

N
SCH3

S

N

NH2

Thiourea, ethanol, 
reflux, 6 h

then NH4OH

 benzoyl chloride,
 triethyl amine,
 THF, r.t. 12 h

chloroacetone,
K2CO3, acetone, r.t 2 h 
then reflux 7 h

N

N
SCH3

S

N

N
H

N

N
SCH3

S

N

N
H

O

R1
O

CH3

R1 = H, Cl, CH3Phenyl thiosemicarbazide,
glacial acetic acid, 
ethanol, reflux, 10 h

N

N
SCH3

S

N

N
H

CH3

N
N
H

N
H

S

1) p-(un)substituted phenacyl 
bromide, ethanol, reflux 20-24 h
2) Sodium acetate

1)Methyl bromo acetate, 
ethanol, reflux, 12 h 
2) Sodium acetate

N

N
SCH3

S

N

N
H

H3C

N
N N

S

R2

R2 = H, Cl, CH3

N

N
SCH3

S

N

N
H

H3C

N
N N

S

O

p-Chloro phenacyl 
bromide, sodium acetate, 
ethanol, reflux, 12 h

N

N
SCH3

S

N

N
H

O

Cl

phenacyl bromide, 
acetone, reflux, 8 h

N

N
SCH3

S

N
O

NH

N

N
SCH3

S

N

N

Hydrochloric acid (2 N) 
reflux, 4 h, 
then NH4OH (15 %)

233 (74 %)

234 (75 %) 235 (73 %) 235 (85 %) 236a-c (72, 80, 78 %)

237 (83%) 238 (82 %)

239a-c (82, 85, 84 %) 240 (80 %)

2-Chloro-1-(2-methylsulfanyl-benzoimidazol-1-yl)-ethanone

HBr

DMF, 0 °C, 9 h

170 Scheme S-42. Conversion of 4-(2-methylthiobenzoimidazol-1-yl)-thiazol-2-ylamine 233a-c to corresponding 
171 benzimidazole derivatives bearing thiazole ring.

172

H
N

N

Cl
R

H2N

R1

KI, EtOH
H
N

N

HN
R

R1

R = H, Br, NO2;   R1 = H, Cl, Br, CH3, OCH3

241a-k (85 %)

KOH, 80 °C
+

173  Scheme S-43. Substituted benzoimidazol-2-methyl anilines 241a-k prepared from the N-alkylation of 2-
174 chloromethylbenzoimidazole and p-substituted anilines.

175

NH2

NH2

R OH

CHO

Toluene

N
H

N
R

HO

NaH, R1-I, THF

N

NR
HO

R1

243a-f (50-95 %)

R = H, OCH3, 6-NO2.  
R1 = H, CH3, C4H9.

242 a-c (85, 77, 54 %)

reflux, 5 h reflux, 2 h

R = H, OCH3, 6-NO2.

+

176 Scheme S-44. Synthesis of targeted substituted-2-(2-hydroxynaphtyl)-3-alkyl benzimidazoles 243a-f.
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177

NH2

NH2

N
O

HO

O

O

heat, 120 °C N
O

O

N
H

N

N
O

O

N

N

R1-CH2-Br, K2CO3,
DMF, 80 °C

R1

TFA, CH2Cl2,

R2(=O)H, Na(OAc)3BH
or R2-X, Et3N, THF

250 (70-85 %) 249 (45-90 %)

248 (65 %)

N
R2

N

N

R1

+

178 Scheme S-45. Double alkylated benzimidazole-piperidine derivatives 250.

179

NH2

NH2

O2N

NH2

O

NH

R

O2N

H
N

NO2N

R
RCOCl, Et3N

THF

HCl, C2H5OH
reflux

H
N

N

O

N

O

Br

254, 255 and 256
      a: R = Et,  b: R = n-Pr
      c: R = n-Bu,  d: R = n-Amy

Benzoyl chloride,
 Et3N

DMAP, CH2Cl2

NBS, AIBN, CCl4

251a-d

252a-d

253

K2CO3, 
CH3COCH3,
reflux

NaOH, H2O, 
CH3OH,
reflux

N

NO2N

R

NH

N

NO2N

R

NNC

N

NO2N

R

NHOOC

2-fluorobenzonitrile, 
K2CO3

DMF, reflux

NaOH, H2O, CH3OH

reflux

reflux

254a-d (18-37 %)

255a-d (74-84 %) 256 a-d ( 47-61%)

180 Scheme S-46. Synthesis of 1-(1H-indol-4-ylmethyl)-5-nitro-2-alkyl-1H-benzoimidazole-benzoic acids 256.

181

N

COOCH3

Br

257a-f
R1

N

N
H

R3

R2

N

O

+
NaH

DMF, 50 °C

R2

R3

N

O

N

N
R1

N

COOCH3

R2

R3

N

O

N

N
R1

N

COOH

261a-e (43-49 %) and 262a-e (43-49 %)

259a-e (40 %) and 260a-e (40 %)

261 and 262       R1         R2         R3

                  a:      Et         Me         H
                  b:     n-Pr       Me         H
                  c:     n-Bu      Me         H
                  d:      Et          H         Me
                  e:     n-Pr        H         Me
                  f:      n-Bu       H         Me

NaOH, H2O CH3OH, Reflux

258a,b ( 90, 87 %)
      a: 4-CH2Br
      b: 5-CH2Br

182 Scheme S-47. Synthesis of targeted benzimidazole-oxazole-indole carboxylic acid 261 and 262.
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183

NH2

NH2 N

NR1

H

R22'

4'

263a-g (46-94 %)

Na2S2O5

MW

263        a              b             c              d                 e               f                g
R1         H             CH3        NO2              H                CH3          NO2       CF3
R2       2'-OH        2'-OH      2'-OH      4'-OCH3      4'-OCH3    4'-OCH3    2'-OH

Ar

O

+

184  Scheme S-48. 2,5-disubstituted benzimidazoles 263 as anti-hypertensive agents.

185

NaOH, H2O, 
CH3OH, reflux

264 265a-e (82-88 %) 266 (85-93 %)

265 and 266      a       b       c         d            e
                 R     Me     Et     n-Pr    n-Bu    n-Pent

N

NC

Br

K2CO3

DMF

N

N N

N
R

N

CN

N

N N

N
R

N

CO2H

186 Scheme S-49. Reported series of bis-benzimidazole-indole-benzoic acids derivatives 266.

187

N

N
O2
S

N
H

R

C4H9

HO2C

N

NClO2S

C4H9

HO2CN

N
C4H9

HOOC

269    a      b       c       d        e          f          g          h
  R = H     Me     Et     n-Pr   iso-Pr   n-Bu    t-Bu  Cyclohex
        63% 51%   53%  42%   52%    54%    47%   43%

267 268 (56 %)

269a-h

ClSO3H

10-15 oC

1) RNH2, 10-15 0C
2) dil HCl

188 Scheme S-50. 4’-2-butyl-5-sulfamoylbenzoimidazolmethyl-biphenyl-2-carboxylic acid 269.

189

H
N

N
SH ClCH2CO2C2H5

H
N

N
SCH2CO2C2H5

H
N

N
S-CH2

O

NHNH2

H
N

N
S

O

NN

R1

H
N

N
SCH2CONH N

S

R2

O

EtOH

EtOH,
NH2NH2.H2O

R1-COOH, 
POCl3

277a-j (68-78%)

275 (64-70 %)

R2 = Ph, 4-OH-Ph, 4-Me-Ph, 4-Cl-Ph,
        2-OH-Ph, 4-NH2-Ph, 4-MeO-Ph,
        2-OH-3-MeO-Ph, 2-OH-Naph, 2-Furan

R1 = Ph, 4-OH-Ph, 4-Cl-Ph, 4-NO2-Ph,4-NH2-Ph, 
        3-OH-Ph, 3,5-di(OH)-Ph, 2-Cl-4-NO2-Ph, 
        4,5-tri(OH)-Phl, 3-Pyridine

H
N

N
SCH2CONHN=CH-R2

HSCH2COOH,
DMF,ZnCl2

R2 -CHO

273

274

276

+

190 Scheme S-51. 2-mercapto-benzimidazole 1,3,4-oxadiazole 275 and 2-mercapto-benzimidazole thiazolidin-4-one 
191 277 were cited as antidiabetic agents.
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192

R3

HO

R1

R2

H
N

N

Cl K2CO3, 
Acetonitrile

R2

R1O

R3

H
N

N

Piperidinium benzoate, 
Toluene

H
N

S

O O

O

R3

H
N

N
NH

S

O

OR1 = TZD , R2 = H,      R3 = H.
R1 = TZD,  R2 = H,      R3 =OCH3.
R1 = H,      R2 = TZD, R3 = OCH3

279 a-c (31-85 %)

278

R1 = CHO, R2 =H,      R3 =H
R1 = CHO, R2 = H,    R3 = OCH3 
R1 = H,      R2 = CHO, R3 = OCH3

+

193 Scheme S-52. The predicted (5Z)-5-[3(4)-(1H-benzimidazol-2-yl-methoxy)benzylidene]-1,3-thiazolidine-2,4-diones 
194 279.

195

N

H
N

R1 K2CO3, propargyl bromide R1
N

N

Br

O

N
H

R2 NaN3, CuSO4 5H2O, 
sodium ascorbate DMF/ 
H2O (8:2), 50 oC, Stiring 
5-6 h

N

R1
N

N
N

N O

N
H

R2

280 (54-85 %)

R1 = CH3, SCH3
R2 = C6H5, 2-Cl-C6H4, 2-NO2-C6H4,
       2-CH3O-C6H4, 3-F-C6H4, 4-CH3-C6H4,
       4-CH3-O-C6H4, 4-F-C6H4, C10H7-

196 Scheme S-53. N-substituted-2-[4-(2-substituted-benzoimidazol-1-ylmethyl)-[1,2,3]triazol-1-yl]-acetamide 280 
197 synthesized via the Click Chemistry reaction.

198

NH2

NH2

O

OO

Na2S2O5

DMF, reflux, 6h

O

O

H
N

N

HN

O

H
N

N

NH2

EtOH, reflux, 3 h,
drops of AcOH

N2H4.H2O

EtOH, reflux, 6 h,
80-90 °C

HN

O
H
N

N N

Ar H

O

R

PhI(AcO)2

DCM, r.t.

N

O
H
N

N N

R

284a-m (80-88 %)

281

282283

Ar = a1: 2,3-(OH)2Ph, a2: 2,5-(OH)2Ph, a3: 3,4-(OH)2Ph, a4: 3,5-(OH)2Ph,
        a5: 2,4(OH)2Ph,  b1: 2-OHPh, b2: 3-OHPh, b3: 4-OHPh, 
        c1: 3-(OCH3)-4-OH-Ph, c2: 2-OH-4-OCH3Ph, c3: 3-OH-4-OCH3Ph,
        c4: 2-OH-5-OCH3Ph, c5: 3-(OCH3)-4-OH-Ph,
        d1: 4-CH3Ph, d2: 2-CH3Ph, e1: 4-OCH3Ph, e2: 3-OCH3Ph, f: 3,4-(OCH3)2Ph,
        g: 3-Br-4-OHPh, h: 4-F-Ph, i: 4-Cl-Ph, j: 4-NO3Ph, k1: 2-Py, k2: 3-Py, k3: 4-Py, 
        l: 2-Furyl, m: 2-Thiofuranyl,

+

199 Scheme S-54. Hybrid Benzimidazole-oxadiazole as α-glucosidase inhibitor.

200

NH2

NH2

+
O

OH

O Na2S2O5

DMF reflux

H
N

N O

OH

HN NH

S

NH2H2N

H
N

N

N

N
N

H2N
SH

POCl3
H
N

N

N

N N

N
S

Ar

287 (75-85 %)

R-COOH

286

285

Ar = 4-NO2-Ph, 3,4-di(OH)-Ph, 2-(OH)-4(OCH3)-Ph, 2-(OCH3)-Ph, 3-CH3-Ph, 2,4-di(OH)-Ph, 4-(OH)-
Ph, 2-(OH)-5-(OCH3)-Ph, 2,4-di(Cl)-Ph, 2(OH)-Ph, 4-Py, 2,3-di(OH)-Ph, 2-NO2-Ph,    3-(OH)-4-(OCH3)-
Ph, 4-CH3-Ph, 3-F-Ph, 2,5-di(OH)-Ph, 4-F-Ph, 3-(OH)-Ph, 2-F-Ph, 2-Cl-Ph, 3-Cl-Ph, 4-(OCH3)-Ph, 3-Py

201 Scheme S-55. Fused bicyclic 6-substituted-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole benzimidazole derivatives 287 as 
202 β-glucuronidase inhibiting agents.
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203

O

NH2

NH2

+

O

EtOH, reflux

H
N

N

O

289a-h (57-92 %)
288

10 mol % of NH4Cl, 
1 equiv of Na2S2O5

R

R

R = 4-Cl, 4-Br, 2-OH, 2,4-di(Cl), 4-OH, 4-F-,4-CO2H

204 Scheme S-56. benzoyl aryl benzimidazoles were also synthesized using ammonium chloride, or a mixture of 
205 ammonium chloride and sodium metabisulfite as a catalyst.

206

H
N

N
S

NHNH2

O

Ar2 CHO
290

292

HSCH2COOH, 
DMF, ZnCl2

N
H

N
SCH2

O

NN

Ar1

293a-j (80-88 %)

291
NH

N S C

O

N
H

N Ar2

H
N

N
S

C
O

HN N
S

O

Ar2

Ar1 = a: Ph, b: 4-Cl-Ph, c: 3-HO-Ph, d: 4-HO-Ph,
         e: 3,5-di(OH)-Ph, f: 3,4,5-tri(OH)-Ph, g: 4-NH2-Ph,
         h: 4-NO2-Ph, i: 2-CH3-4-NO2-Ph,  j: 3-Py

Ar2 = a: Ph, b: 4-Cl-Ph, c: 2-HO-Ph, d: 4-HO-Ph,
         e: 4-CH3-Ph, f: 4-CH3O-Ph, g: 2-HO-3-CH3O-Ph,
         h: 2-Furyl, i: 2-HO-Naphtyl, j: 4-NH2-Ph

Ar1-CO2H,
POCl3

207 Scheme S-57. Benzoimidazol-2-yl-thio-N-2-methyl-4-oxothiazolidin-3-yl-acetamide 293.

208

N N N
H

N
Ar1

NH2

NH2

Ar1-CHO, nitrobenzene, 
microwave irradiation,
50 W, 200 oC, 20 min 70-95 %

294 295a-l (70-95 %)

N N
H

N

H
NO

Ar1

Ar2

N N
H

N

HO O

Ar1

KMnO4, NaOH, H2O
reflux, 12 h,  50-90 %

Pybop, Et3N, R2-NH2,
DMF, 2-10 h, 50-95 %.

296a-l (50-90 %)

297a-l (50-95 %)

           Ar1                                 Ar2

a: 3-Thiophenyl              Pyridin-3-yl 
b: 4-Phenylpyrrolidine    4-CH3-Pyridin-3-yl 
c: 4-(CH3)2N-Ph             4-CH3-Pyridin-3-yl 
d: 4-F-Ph                        4-CH3O-Pyridin-3-yl 
e: 4-F-Ph                        4-EtO-Pyridin-3-yl 
f:  4-F-Ph                        6-CH3-Pyridin-3-yl

          Ar1                            Ar2

g: 4-CH3O-Ph       4-CH3-Pyridin-3-yl
h: 3-CH3O-Ph       4-CH3-Pyridin-3-yl
i: 3-Py                   4-EtO-Pyridin-3-yl
j: 3-CH3O-Ph        4-EtO-Pyridin-3-yl
k: 3-Cl-Ph             4-CH3O-Pyridin-3-yl
l: 4-Pyr                  4-CH3O-Pyridin-3-yl

209 Scheme S-58. Synthesis approach of the 7-methyl-3H-imidazo[4,5-b] pyridine 2, benzimidazole analogues 297a-i.
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210

OEt
O

298
H

O
i, ii

OEt
O

N

H
N

N
H

Ar

iii, iv

300

i) 5-nitrophenylenediamine, oxone, DMF/H2O (10/1), 25 oC, 24 h, 69 %;
ii) 10% Pd/C, H2, EtOH, r. t., 18 h, 79 %;
iii) electrophiles, EDCI, HOBT, TEA or DIPEA, CH2Cl2, r. t.
iv) LiOH, H2O, THF/H2O/EtOH, 25 oC
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O
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O
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CF3
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O
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O
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CF3
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O
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CF3

CF3

O

O

N

CF3
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p

NH2
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O2N
+

OEt
O

N

H
N

H2N
299

300                 Ar

b

c

d

f

g

h

j

k

l

m

n

(55 %)

211 Scheme S-59. N-arylamide and arylthioamide benzimidazole phenylcyclohexylethyle ethanoates 300.

212

N

N
NH
(CH2)n

N

N

R

N

(CH2)n

N

N

N

O

CN

4-Bromomethyl-biphenyl
 MeNO2, reflux

ethyl 4-(bromomethyl)benzoate, 
MeCN, reflux

47 % HBr,
 reflux.

301-1: (n = 1)
301-2: (n = 2)
301-3: (n = 3)

302-1a-d: n = 1
302-2a-d: n = 2
302-3a-d: n = 3

N

N

N

R

303-1a: R = CO2Et
303-1b: R = CO2H

47 % HBr,
 reflux.

a: R = H
b: R = CN
c: R = CO2Me
d: R = CO2H

302
303

304

213 Scheme S-60. Synthesis of expected products N-benzyl, N-benzoyl and N-diphenyl benzimidazoles 302, 303 and 304.

214

N
N

N

N

N

CuCl2

Cu(NO3)2

N N

N
N

N

Cu

Cl

Cl

N N

CH3

N N
N

H3C

N
N

N
N

N

Cu
N N

CH3

N N
N

H3C

O
NHO

OH

O

N

HO
OH

N
N

N
N

N

Zn N

NN

NH3C N

H3CCl

ClZnCl2

304

305

306

307

215 Scheme S-61. Synthesis of bidental complex species 305, 306 and 307 from 1-(2-methyl-benzoimidazol-1-
216 ylmethyl)-1H-benzotriazole and CuCl2, Cu(NO3)2 and ZnCl2 salts.
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217

NH2

NH2

O

HO2C

HO2C

O

O

O

O

O N

O

N
R1

R1

N

O

N
R1

N

N

O

R1
                a               b            c           d            e          f
 R1 = 5,6-(CH3)2,     H,      4-CH3,   6-CH3,   5-NO2,    5-Cl, 
311    (75 %)         (68 %)   (70 %)   (64 %)   (55 %)   (41 %)
312    (76 %)         (75 %)   (83 %)   (80 %)   (54 %)   (41 %)
313    (64 %)         (71 %)

311

312

313

, MWI

, MWI

, MWI

218 Scheme S-62. A one step microwave assisted of fused tetracyclic benzimidazole imidazolyl products 311, 312 and 
219 313.

220

N
H

H2N

R3

R2

R1

CH3

O

R3

R2

R1

N

CH3

AcOH

N
H

POCl3

DMF

R1 R2

R3

N

O N
N
H

MeOH

N

H
N CN

R1
R2

R3

N

N

CNN

H
N

315     a             b          c          d           e           f         g           h          i            j
 R1 = NO2,        Cl,       CH3,   OCH3,     Cl,       CH3,     H.          F,        Br,        H
  R2 =  H,          H,        Cl,         H,         H,         H,        Cl,         H,        H,         H
  R3 =  H,          H,        Cl.         H          H,         H,        H,          H,        H,         H
        (78 %)  (91 %)  (87 %)  (93 %)  (90 %)  (92 %)  (88 %)  (82 %)  (85 %)  (93 %)

,

315314

221 Scheme S-63. Synthesis of the hybrid cyano-benzimidazole-pyrazole compounds 315.
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N

N
H

SH

R1

R

ArO

OO
H2SO4 /AcOH Na2CO3 N

N

S

R1

R

H

O

Ar
reflux for 1 h r.t, 3 h

R = H, (CH)4-;  R1 = H,  (CH)4-;  Ar = Ph, 4-CH3O-C6H4, thien-2-yl 316

H
N

N
S

R1

R

HHSO4
-

O

Ar
+

223 Scheme S-64. Identification of 2-((imidazole/benzimidazole-2-yl)thio)-arylethanones derivatives 316 as anticancer 
224 agents.
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N N
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N
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N
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N N

N

N
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OC CO

N N

PF6
OTf

317a 317b 317c 317d 317e

226 Scheme S-65. Hexacoordinated manganese complexes 317 of 1-benzyl-1H-benzimidazoles and 2,2’-bipyridine.
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O

Toluene
80 oC, 12 h

H
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N
N N

N

"Bnl" Ligand

M(acetate)2
.nH2O

80 oC, 6 h
MeOH

M = Cu (II) and Zn (II)

N

N N

M

N
N

N

N
N

N
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+

318

319

68 %

73 %

228 Scheme S-66. Copper (II) and zinc(II) complexes 319 elaborated from Schiff base 318 as ligand prepared from 2-
229 amino-benzoimidazoles and 1-methyl-imidazole-2-carbaldehyde.
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MeOH, 
MW, 30 W
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320

68 %

231 Scheme S-67. Synthesis of 5-[4-(methyl-oxetan-3-yl-amino)-benzoyl]-1H-benzoimidazol-2-yl}-melthyle carbamate 
232 320 under microwave irradiation.
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321 322 323

324 325

56 %

85 %

AcOH,
120-130 oC

100 %

234 Scheme S-68. Synthesis of 2'-(2-hydroxyphenyl)-1H,1'H-[2,4']bibenzoimidazolyl-4-methyle carboxylate 326.
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+

328 329 330

236 Scheme S-69. Schiff base 327 prepared from 2-aminobenzimidazole and 2-hydroxynaphthaldehyde, which was used 
237 to elaborate bidentate Cu(II), Co(II), and Zn(II) complexes 328, 329 and 330.
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238

O

Dry ethanol,
reflux, 24 h

N

H
N C N

NO

331

332322        a      b       c      d        e           f             g          h          i          j        k          l
  R1        Cl     Cl      Cl    CH3    CH3    OCH3      CH3      CH3     CH3    OH    OH      OH
  R2       Cl     Br      F     Cl        Br         F            Cl         Br         F        Cl      Br        F

N

H
N C NHNH2

O

+

R1 R2

R2

R1

239 Scheme S-70. Benzimidazole-biphenyl-pyrazolo-ethanones 332 synthesized from Benzoimidazol-acetic hydrazide 
240 with chalcones 331.
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335b1,b2

334 (52 %)

333a,b
a: R = Cl
b: R = CO2H

338a,b
a: R1 = Cyclohexyl (63 %)
b: R1 = C6H5 (72 %)

a: R1 = C6H5 (88 %)
b: R1 = Cyclohexyl (93 %)

337a,b

a: n = 1 (48 %)
b: n = 2 (56 %)

341a (78 %)
341b (83 %) 340a,b1,b2

a:   R1 = C6H5             R2 = 4-Cl-C6H4   (82 %)
b1: R1 = Cyclohexyl    R2 = 4-Br -C6H4  (87 %)
b2: R1 = 4- Br-C6H4     R2 = 2-CH3O-C6H4 (91 %)

336a (91 %)
336b (95 %)

242 Scheme S-71. Synthesis of variety thiazole and thiazinane benzimidazole derivatives 334-341 starting from 5-chloro 
243 and carboxy-1H-benzoimidazol-2-yl-acetonitrile.
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245 Scheme S-72. Synthesis of 2-[5-(3,4-dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-3-pyrazolyl]-1H-benzimidazoles 
246 344, which were found to be the most active for anticancer activity.

247
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249 Scheme S-73. Multistep synthesis of 5-methylenebenzimidazole-3-substituted thiazolidine-2,4-diones 349-352.
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251 Scheme S-74. Chemical structure of Zr (IV), Cd(II) and Fe (III) benzimidazole complexes 362-364.
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253 Scheme S-75. Polyphosphoric acid catalysed synthesis of 2-substituted benzimidazoles and benzoxazoles 367.
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255 Scheme S-76. Synthesis of alkyl-[4-(1-methyl-1H-benzoimidazol-2-yl)-thiazol-2-yl]-amine 368 from Alkyl-thiourea 
256 and 2-bromo-1-(1-methyl-1H-benzoimidazol-2-yl)-ethanone.
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258 Scheme S-77. Synthesis of [1,2,4] triazole-3-thiol benzimidazoles 373 and [5-(5,6-Dimethyl-2-phenyl-
259 benzoimidazol-1-ylmethyl)-[1,3,4] thiadiazol-2-yl] alkylamine 374 respectively.
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261 Scheme S-78. Cu(I) catalysed Click Chemistry reaction, that lad the 2-[1-(1-aryl-1H-[1,2,3] triazol-4-ylmethyl)-1H-
262 indol-3-yl]-1H-benzoimidazole moieties 376.
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264 Scheme S-79. A facile synthesis of three series of arylbenzimidazole derivatives 377.



Page 27 of 28

265

NO2

NH2Cl
+

X

H
N

NO2

NH2N

X

H
N

N
Ar

N

N

K2CO3, DMF, 120 °C, 24 h

or K2CO3, DMF,
 Microwave 120 °C, 15 min

Na2S2O4, EtOH  reflux 5 h
 or 

 Na2S2O4, EtOH, 
 Microwave 150 °C, 15 min

X = O, NCH3

H
N

N
Ar

N

O

378a-h 379a-h

Ar-CHO378 Ar = a: Ph (72, 93), b: 2-Py (75, 86), c: 4-HO-Ph (78, 88), 
d: 3,4(HO)2-Ph (71, 91), e: 4-Cl-Ph (74, 90), f: 3-Br-4-F-Ph 
(77, 95), g: 3-MeO-4-HO-Ph (71, 88), h: 4-N(CH3)2-Ph (78, 89)

379 Ar = a: Ph (72, 90), b: 2-Py (75, 89), c: 4-HO-Ph (75, 90), 
d: 3,4(HO)2-Ph (74, 93), e: 4-Cl-Ph (77, 89), f: 3-Br-4-F-Ph (75, 
81), g: 3-MeO-4-HO-Ph (71, 91), h: 4-N(CH3)2-Ph (78, 84).

(Conventional, MWI)

266 Scheme S-80. Microwave assisted synthesis of 6-morpholin-4-yl and 6-(4-methyl-piperazin-1-yl)- -2-aryl-1H-
267 benzoimidazoles 378a-h and 379a-h.
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269 Scheme S-81: Synthetic approach of 5-substituted-1,3-dihydrobenzoimidazole-2-thione 380a-e bearing two 
270 propanoic hydrazide 381a-e.
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272 Scheme S-82. Synthesis of 2-(4-substituted phenyl)-5-methyl-1H-benzoimidazoles 384a-e.
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274 Scheme S-83. Benzylamine linked with two allyl benzimidazoles 386 used as ligand in the preparation of Ni 
275 complexes.
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277 Scheme S-84. Synthesis, of benzimidazole carboxamide derivatives as potent antioxidant agent 390a-j.
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279 Scheme S-85. Two new complexes, 2-(4′-thiazolyl)benzimidazole based Cu(II)-dipeptide complexes, [Cu(Gly-
280 Gly)(TBZ) (Cl)].4H2O 391 and [Cu(Gly-LLeu) (TBZ) (Cl)].H2O 392 synthesized as antioxidant agents

281


