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54 Scheme S-1. NH,Cl-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 ben21m1dazolyl N-5-aryl(1,3,5-
58 triazinane-4-thione) 13, and oxadiazinane-4-thione 14.
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59 R = H, CgHg, p-CICgH,, p-FCqH,, p-CHy0CeH,, m-CICgH,, m-FCgH,, CSNH,, CsH,NCO.
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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65
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66
67 Scheme S-5. Synthesis of some azo-substituted benzimidazolyl, benzoxazolyl and benzothiazolyl polycyclic
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.
o NH, i
~ NO, Raney Nickel,
\O NO, N3 NaH [9) DCM/MeOH, H,
+ —_— —_—
~ THF at0 °C NH (4atm),1h
F then 25°C, 15 h
Br NZ ‘
N
Br
o o)
NH . 3-aminophenylboronic acid,
™~ 2 trimethyl orthoacetate, \o N\ tetrakis(triphenyl)palladium(0)
NH reflux 15 h, p-TsOH, THF, N: K,COg, THF, reflux, 6 h
NZ N7\
\ —
Br
o Br o
~ N ™~
T >
N N
2-methyl-1H-benzimidazole-5-carboxylic acid
N\ HBTU, DIPE, DMF, 50 °C, 2 days N7\
— —
H
o) N
>&\©>/
NH. N N
2 (0] H
R N
R = N \>— amine
‘ HBTU NaOH aq solution
N N N DIPEA MeOH
SN > DMF 25°C, 15 h
(\O O N 74 \ 25°C,2h
\/\/NJ \/\/N —
\/\/

‘ H
\/V":\ ,\O\l/ 26 (60-94 %) R NY
PRYLN N»\gé
72 H

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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75 27 (65-67 %) 28 (58-68 %) 29 (60-69 %) 30 (6569 %) 31 (61-66 %) 32 (58-65 %) 33 (55-58 %)
76
77 Scheme S-8. Synthesis series of N-sulfoxyamide benzimidazoles 27-33.
78
OyN O,N
ON
N KOH, DMSO N \©V8r NeBT O ker, N pel
\> + R-Br \> \> \> °
N 100°C, 2 h N Dioxane N MeOH/H,0 N
H 40°C,2h | 100°C, 24 h | rt.,4h |
R R
34,35 a b c d e
R n-Pr n-Bu n-Pent n-Hex n-Hept
MeCN
Ag20 | 450C,24h
ON
N CH,
e :
) 0 N N
: e
34 (72-75 %) N N
R
35 (72-75 %)
79 NO,
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-(1 H-benzimidazol-2-yl)-3-(4-chloroanilino) propyl]-2,4-
84 dihydro-3H-1,2,4-triazole-3-thione.
Tt
\ /
OCH,CONHNH, @[N = e N
oy S R
CH,COOH o R
Reflux 10 h

-H, -2-Cl, -2-OH, -3-OH

39a- (60-69 %)
R "4OH, -2:NO, -3:NO,
~ -3-OCHj4-OH, -4-NO,
85

-4-CHj,, -4-OCHj;, -4-N(CHj,3),

86 Scheme S-11. The synthetic approach of benzimidazole-pyrazole derivatives.
H
/
N
CLp—=
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45 Et;N, EtOH
H H
/ /
N N
)—COOCH(CHy), E:[ /)—CONHCH(CHs),
N N
47 46 (85 %)
Q
H Ne—0CH, R = 48: CONHCH(CH3),
c
N/ / 49: CO,CH(CH3),
CICO,CH, THF N 50: CON(CHj),
/>*R —_ '%R 51: CN
N 52: CO,CHs
48-52 (60-80 %) u
o N
H Ng—OCH(CH,), 5% @ )
/ CICO,CH(CH;), / N
N pyridine N 54: CONH,
/>*R _— )—R 55: CONH(CH,),Cl
N N 56: SO,CH,4
87 53-57 (50-86 %) 57: CH2SCHs
88

Scheme S-12. 2-substituted benzimidazole-N-carbamates synthetic conditions.
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Br Br
NO,
Br, HNO,/H,S0,, 18 °C NO,
. P90, 1
4 Montmorillonite
7 0 - 2
Co,R K10,07C €O,CH, CO,CH;
R3 R®
NH, N
\>*R4
H, (100 psi), Pd/C, MeOH, Et;N N2 a) or (b) N
TO,CH;, TO,CH,
R3=H: 58 (74 %) 60-66
R® = Br: 59 (50 %) 60 (55 %): R®= R = H
(a) R*-CO,H, D 61 (67 %): R°=Br,R*=H
N . R3= 4 _
(b) CHy0,C-NH-C(SCH3)=N-CO,CHj, CH3CO,H, D 62 (70 %): R"=H, R = CH,
63 (44 %): R®=Br, R* = CH;
64 (70 %): R®= H, R* = CF,
65 (53 %): R°= Br, R* = CF,
89 66 (44 %): R®=H, R* = NHCO,CHj,
90 Scheme S-13. Synthetic pathway of tetracyclic fused benzimidazole, structural homologues of steroids 60-66 in four
91 steps.
COOH
NH, H
4 CH30H, Cu(Ac),, reflux, then Na,S
+  RICHO %RW
or CH30H, KzFe(CN)g, reflux. /)
NH, N
67 R' =4-Py; R?=Ph. 76 R' = 4-Py; R?=3-CO,CH;-4-OCOPh. COOH
68 R' =4-Py; R?=4-CI-Ph. 77 R'=2-Py; R?=H.
69 R1 =4-Py; R2=C,H,0OH. 78 R"=2-Py; R?=Ph. 4 L refl
70R'=4-Py; R2=4-F-Ph. 79 R'=2-Py; R?=4-Ph. ) SOCI, reflux| | o
71 R'=4-Py; R?=3-BrPh. 80 R'=2-Py; R* =C,H,OH. NH, (aq) DCC, DMAP,
72R'= 4-Py; 3-Me-Ph. 81R!=3-Py; RZ= H. or R23l\lHq " R2NH,, rt
73 R'= 4-Py; R?=4-NO,-Ph. 82 R'=3-Py; R?=Ph. 2
74 R'= 4-Py; R?=3-OH-Ph. 83 R'=3-Py; R?=2-F-Ph. H
75R'=4-Py; R?=2-OH-Ph 84 R' = 3-Py; R* = C,H,OH N
-
N
CONHR?
92 67-84 (Low yields)
93 Scheme S-14. Condition route of 2-pyridyn-2-, 3-, and 4-yl-1H-benzimidazole-4-caboxamide derivatives.
94
H
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R; K¢
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85-93
H .
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e 2
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N N = 2
87 (31%):R' = «4/7/ R?= CY 92 (64%): R' = O/ R? = J\
N
N NH N
N
NH, +CI N
88 (77%): R = AN\ CH, R’ 03 (52%): R = O/ R? = CY
— NH
2 X NH
. NH, +CI
89 (61%): R'= N\ ~CH; R°= J\
7< N
95 H
96 Scheme S-15. The condensation approach of imidazole, pyrrole and pyridine-1H-benzimidazole 85-93.
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98 Scheme S-16. Synthesis of the N-riboses 5-chloro-2-methoxy, -2-thioalcoxy and 2-thione benzimidazole derivatives

99 102-113 from 2-choro-4-nitrobezimidazole 99.
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X OCH;4 cl N
X 0 :@: »—Cl
S (i) 0.04 N HCI, reflux /\E>‘OAC N N 122
OO0 (i)AcO. Pyrdine
H3C/ \CH OAc (i) bis(trimethylsilyl)acetamide (BSA), CH3CN
3 (i) (TMSOT), CH,CN
a 123a (60 %): R=Ac, X=0Me  124a (80 %): R=H, X=0OMe
N\ 123b (78 %): R=Ac, X=0Et  124b (78 %): R=H, X = OEt
»—Cl 123c (55 %): R=Ac, X=0Bu  124c (80 %): R=H, X=OBu
al { 123d (87 %): R =Ac, X=F 124d (81 %): R=H, X=F
P 123e (55 %): R = Ac, X=Cl 124e (75 %): R=H, X=Cl
R 0 123f (95 %): R = Ac, X=Br 124f (82 %): R=H, X=Br
., X 1239 (70 %):R =Ac, X=1 1249 (70 %): R=H, X=1
i 123h (75 %): R = Ac, X=N, 124h (72 %): R=H, X =N,
RO 123i (65 %): R = Ac, X = SMe 124i (77 %): R=H, X =SMe
Na,COs, 123a-i (60 %)
aq EtOH. 124a-i (60 %)
Acetone, PPh;, CCl;, CHiCN
cl N 2,2-dimethoxypropane,  Cl N or d|ethy| azodmarboxylate_,
j@: \: < __Dowex 50 H j@i N PPh;,diphenyl phosphorazidate, THF
cl N o cl N
5 \\\\O CH3
125 126 (73 %) g CHa
‘OH
H
OH
cl N cl N
2 N) HCI
I e YT
cl N cl N
o OH
WOl ch, ) .
d 128a: (75 %), X =Cl
i CH 128b: (72 %), X=N
o 3 (72 %) 3 oH
127a: (48 %), X =Cl
100 X 127b: (71 %), X =N, X
101 Scheme S-17. Synthesis of 5'-modified 2,5,6-trichlorobenzimidazoles.
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rt. (53-86 %)

129a-f
129 a b c d e f
R'= H Me F COPh Me Cl R
R= H H H H Me Cl
130 a b c R?2 N
R'= H Br
R2= H OMe H NJ\S = R
131 a b c d e f g h i k H
R'= H F COPh Me CIl H H F F CI Cl o
R= H H H Me CI H H H H CI cCl .
R°= H H H H H H Br H Br H Br R
R = H H H H H OMe H OMe H OMe H 131a-k (35-86 %)
, " QAc Me;SiN=CMe(OSiMe); R,
R N AcO,, OAc MeSS|OTf >:S
j@i =S+ oac  CHN.80°C
R’ N AcO” O (51-69 %)
129a,e,f 132
AcO o
z Ac
AcO Ra
1.35 % NH,OH Ox O
2.130°C) AcO—_" 0
CHACN, H,0, rt. NYS X Ry e e boc
' 34a-e (53-86 %) Ri=R®= H Me ClI
Ry
134 a b c d e
R, R'= H Cl H o]
R?= H CI H I Cl
R®= H H Br Br H

R'= H H H H OMe
Scheme S-18. Synthesis condition of 2-sulfurmethylene-coumarine and 2-sulfurmethylene-coumarine N-(2,3,5-
triacetatooxypyran-4-yl) benzimidazoles 131a-k and 134a-e.

Nab /\)\ NeH. EH(CHy)
éﬁi S @[w

136-140
136 137 138 139 140 (75-85 %)
n= 0 1 2 3 5

Scheme S-19: One step synthesis of the 1-alkoxy-2-alkylbenzimidazoles 136-141.

141 (77 %)

Dioxane, triethyl amine

Reflux

o
Q
Zs 2T
+

(o)
O
Q
z ZT
IOC
I

Cl
145

Scheme S-20. Synthesis of 4-amino-5-phenyl-2,4-dihydro-[1,2,4]triazol-3-one benzimidazole derivatives.

R2
H 1 /
N N a N
N . HNT Y ) MeoH, )\
>fCHO g T L N
. N X rt.2h N N—NH
\ R3
s K 149 7

150 a-g (45-85 %) —
R'=H,CH,; Cl;  R®= H,CHj

R® = H, 2-F,3-F, 4-F, 2-Cl, 3-Cl, 4-Cl, 2,4-diCl, 2,5-diCl, 2,6-diCl,
2,4-diF, 4-OCF3, 4-Br, 2-Br, 4-OMe, 4-CN, 3,4-diCH;

Scheme S-21. Benzimidazole based Schiff base derivatives 150.
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H
/@ \O SnC|4/S|Oz J@iN>—<j>
/ hd

RW RW N \ 7, RZ

= H, CHy, NOy; 151a-g (86-97 %)
114 R2 = 4-F, 4-Cl, 4-Br, 4-NO,, 2,3-di(OH), 4-CH,CH,Ph

115 Scheme S-22. Microwave assisted and H,SO,/Si0O, catalysed synthesis of 2-(substituted phenyl) 4-substituted
116 benzimidazoles 151a-g

CHO
NH CH
2 Na,S,05 /DMF 3 N\ _NHNH, H,O/EtOH HZO/EtOH
+ el
MW N
CHj NH, H
& o

152 (86 %)

\©i: <:> /< _R-NCS/EIOH _ \©iN\> ¢ >(
HN—NH, TR N HWNH

N
53 (92 %) 154a: R'=CH, (78%) 134ab NH
%)

154b: R' = Ethyl (81 ¢
54b: v (@ JNaOH/EtOH

Reflux

3
\©i : N\N R
R2
R'= CHs, C,Hs

R2=H, F,Cl 155 (71-73 %) o)

R® = H,0H \
/k

R*=H, CHa, CN, F, CI, Br, OH
156 (74-83 %) ° o

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

K,COz/Acetone
Reflux
Rli

R? R

Iz /Z

—_— e —
—_ e —
O oo

R’ CH CH,Ph
CH,CH,Ph CH,CH,Ph

N 1 NHs
@U R, Sx o Ned | H
R? N R? N

(77 %) R &n, ,CH, Ph
157a (98 %): R' = CH,CH,, R?=H, X=I 157
157b (84 %): R' = CH,, R?=H, Xs=
157c (68 %): R = C,H,Ph, R,=H, X
157d (79 %): R" = C,H,0C, RZ=H, X=
157e (97 %): R' = C,H,0C,H;, R, =CHg, X=Br

PhNCSJ thcoJ JCS2 CH,;CN

H,CH,CPh Ph HiC-H,G P CH,CHyd

4 ol ot o

CH CH,Ph CH CH,Ph

Ph-H,C-H,C O

158 (76 %): R = C,Hs 160 (69 %) 161 (82 %): R = C,Hs 163 (83 %)
120 159 (89 %): R = CH, 162 (73 %): R = C,H,Ph

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.

H ©i \>fSH
N

©:/>*SH + CHs0C0,CoH, —2C2HOH c
) g

164 165 (74 %) NT
SH HS
N\/ \/N Q/ N
I —
@N\ /N\© =2 '
c—-C nz H

2
N
M j M = Cu(ll) and Ni(ll)
166 (62%) [N/ N Cl N/ \N Cl,
H, H

123 H, H,
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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R H
1 N
CO,CHj;
/@/ Na;$;05/DMF , CO,CH,
MWI 10 min

167a,b (75 %)

NHQNngHZO/EtOH CS,/NaOH, EtOH
CONHNH, _—
MWI 10 min Reflux, 8 h
168a,b (67 %)

Phenacyl bromides

\©i \’/ K,COj,, acetone
rt,8h
o R

169a,b (77%) Rs
R H
R'=F,Cl; ! N
RZ=H,Cl; )—©—< R,
R®=H, OH N
126 R* = H, CHj, CI, Br, NO,, CN, CI, OH 170a-p (60-80 %)
127 Scheme S-26. Four steps synthesized of targeted hybrid benzimidazole-thio-oxadiazole 170.
128
R2
| H
R N O ACOH/H,SO, =
SH + —_—
¢ 4 \ o Aash R H
T %
N 471a-d (85-90 %)
R2 R?
o~ [ONPZ
R! R
Sec amines/HCHO AN
= e T
A N//LS EtOH/AcOH N S
172a-d (82-85 %) 173a-1 (73-84 %)
129 R'=H,Br; R?=H,Br; R®=pymolidino, piperidino, morpholino
130 Scheme S-27. Three steps synthesis of fused benzimidazole-thiazole analogues.
131
O X
Rz@\ NH
= H 2
@E — @[ —~
X =ClorBr
174a,b (70,73 %)
Q 3
H,N R2 Q >L R
N ’ S i R »\N ©
@i >_< N\ /oo @»N =
V -
N R! iv N/)\(1 \/ /
175a-g (51-63%) R R2
(i) 2-Chloroacetic acid or 2-bromopropionic acid, :753‘\" (26-37
0.15 g/mL hydrochloric acidir ., reflux, 4 h. %)
(i) NaHCO,/r.t. R'=H, Br
(iii) Substituted phenylhydrazines, Et;N, R?=H, Br
MeOH/reflux, 4 h. R3 = Pyrrolidino, Piperidino, Morpholino
(iv) EtsN,chloroformates, THF/0-5 °C, 2-8 h.
132
133 Scheme S-28. Three step synthesis of 1,2,4-triazol-3-one fused benzimidazole.
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toluene,

N Cl N/ Cl
L~ O
N O,N N

reflux
(CH30),S0, 177 (79 %) 182 (71 %)
acetone, acetone,
EtsN | acyl chaloride, K,CO4 phenols,
0°C reflux, 60 °C.
\)L /
e /
178 (9% N cl N: PR
acetone, /; J©:N/
K,CO,4 phenols, N ON
/ reflux, 60 °C. 181a-c (68 %) 183a-q (80-88 %)
ORs 183 R 180 R®

—

L

180a-q (80-85 %)

181 R2
a: -Ac
b: -0,SCH;

c: -0,SCgHy-p-Cl

m: CgHs
n: m,p-(-OCH,0),-CeHs n: m,p-(OCH,0),-CgH3
0: 0-OCH-p-CHO-CgH
p: 0-OCHj3-p-OCCH3-CgH3
134 q: p-NOCgH,
135 Scheme S-29. Synthesis of 2-chloromethyl-1H-benzimidazole derivatives 180a-q and 183a-q from o-
136 phenylenediamines and chloromethyl acetic acid.
H o} oo —
NH - N
R*@ 2 RQWOH Ethylene glycol R*—}@ ) 7\ | /
ZNNH H 6 hrs Z N H R?
; 184a-k (70-82 %)
R'=a:-NO,, b: -Br
137 R?=a:H, b: 3,4-(OCH3), c: 4-CH3, d: 3,4-CH,0,, e: 2,4-(Cl), f: 3-OH
138  Scheme S-30. Synthesized of 2-styrylbenzimidazoles 184a-k from substituted phenyl acrylic acids and substituted
139 o-phenylenediamine.
H H
N Acetone N
NH, + CICH,COCI NHCOCH,CI
@EN% : : 2h, reflux ©[N/>7 :
NH,SCN,
reflux Q:gtg:e reﬂN\G"ZEtOH
QL Cop,,
186 (50 %) 187 S
o
188 R R 31 AcOH,
a: H, g: 3-NO,
b: 2-Cl,  h:4-NO,
c:3-Cl, i:4-CH;
d:4-Cl,  j: 3-OCH,
e: 3-Br k: 4-CHO
f: 4-Br
140 188a-k (52-96 %)
141 Scheme S-31. Synthetic approach targeted 2-benzimidazolylimino-5-arylidene-4-thiazolidinones 188.
142

a: m-COCH3-CgH,
b: 0-COCHj;-CgH,
c: p-COCH3-CgH,
d: p-COOC;Hg-CgH,

a: m-COCH4-CgHy
b: 0-COCH,;-CgHy
c: p-COCH;3-CgH,
d: p-COOC;3Hg-CgH,

e: p-F-CgHy e: p-F-CgH,

f: p-CI-CgH, f: p-Cl-CgH,4

g: p-CHO-CgH, g: p-CHO-CgH,

h: 0-OCH3-p-C3Hg-CgHs h: 0-OCHj3-p-CH,CHCH,-CoH3
iz naphthylene it naphthylene

j: p-COOC,H,-CeH
k: p-COOCH,-C4H,
I: p-C(CH3)5-CgH,4
m: -CgHs

j: p-COOC,H,-CgH,
k: p-COOCH;-C¢H,
I: p-C(CHy)5-CeH,
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ZI

NH
@ > OHC | X _SnClsio, /@:
+ /
R NH, /\RQ Rz

189 (84-97 %)

189 R R2 . 189 R! R?
a:H H f:H 4-F
b: H 4-Cl g:H 4-Br
c:H 2,34i(OH) h:CH;  4-NO,
d:NO,  4-NO, itH 4-C,H,Ph
143 e:NO,  2,3-di(OH) j:NO,  4-OH
144 Scheme S-32. SnCl,/SiO; catalysed synthesis of 2-substituted aryl-benzimidazoles.
145
NH
ON \©: ’
>fNH HL KOs >fNH
NHAr *>
Y/, 2 CHLON Y/ 2
191a-h \
n=0,1; R=a:Ph, b: CH,-Ph, c: 4-F-, 4-Cl-, 4-CN-, 4-NO,-, 2.6-diCl-, 3-CF, (60-94 %) \/\ N
146 R 192ah
147  Scheme S-33. Synthesis mixture of regioisomers 4- and 5-nitro-3-aminobenzimidazole-N-arylacetamides products
148 191 and 192.
—\_CN
R4 \ 7)
3,4-diaminobenzonitrile, H X
1,4- benzoqumone N NH,OH HCI
—_—
EtOH reflux \©i N/ t-BuOK
R3
193a-i (57-82 %) NOH 194 a-i (75-92 %)
Ri—{ ~S NH,
NOH R \ Y NH
H (a) ACOH/AC,0 H
HoN N (b) H/Pd-C, ACOH 1\ N
/) > /
N N
2 3 2 3
195a-i ( 94-100 %) R R 196a-i (62-90 %) R R
X R' R? R® R* CN x R' RZ R® R* CN
boGHH oM M H mo EomnomomH e
: m- g:CH H H H Me p-CN
c: CH H OH OCH; H p-CN h: N H OCH, H H p-CN
d: CHOH H H H pCN i N H H H H poCN
149 e CH H OCH; H H  p-CN
150 Scheme S-34. Three steps synthesis of biphenyls benzimidazole diamidines 196.
R! R!
2 / CHiCN,KOH g3 /
R N Oy or DBU R N
)—SH + @ - . )—s
. K = s0oc,8h N
197 198 Nj
197198a b ¢ d e f g h i i <\N
R" H H H CHy CH; CH; CH; H H CHs
RZ H C Cl H H Cl CI COOCH; COOCH; H
R® H C C H Cl H ¢ H cl COOCH;
197,198 k | m n o p q r s
R' CH; CHs CHs H H CH; CH;  CHs CHs
R2 ClI COOCH; COOCH; OC,Hs OC,Hs H cl OC,Hs COOCH,
151 R? COOCH; H H H cl OC,Hs OC,Hs H cl
152 Scheme S-35. Synthetic approach of 2-{[2-(1H-imidazol-1-yl) ethyl] sulfanyl}-1H-benzimidazole 198.

Page 13 of 28



153
154

155

156
157

158

159
160

1) ethanol, NaOH,
benzimidazoles, reflux
2) acetonitrile, benzimidazole,
C'VYN S K,COs, TBAB.
‘ P R2 >

HN

o R

199a,b (74,85 %)  Bengp,
Tefly, 9azg
7
NaOH, ane”,,-
benzimidazol-1-ylthiol /
reflux

Y \/\;p »
4< iy 199
a: R1 R? = (CH,),

:R", R? = (CH,),, R®=H.
b: R' = CH3, R? = CO,C,Hs, R® = H.
¢:R' = CH;,, R2 = CO,C,Hg, R® = NO,

D

202 (51-75 %) (0]

R4

)v

201 (49-83%)

R

R" = CH;, R2 = CO,C,Hs, R® = CoHg, R* = H.
R' = CH,, R2= CO,C,Hs, R® = H, R* = CI
R' = CH,, R2= CO,C,Hs, R3 = H, R = NO,

b: R' = CHj, R? = COOC,Hy
200a-k ( 38-92 % 200
a:R", R2 = (CH,),, R3 R4 =H.
201 b: R', R? = (CH,),, R3 = CH;, R* = H.
a:R', R? = (CH,),, R% R* = H. c: R', R? = (CH,);, Ry = C,Hs, R* = H.
b: R", R, = (CH,),, R®= H, R*= CHj. d: R", R? = (CH,),, R® = n-C3H,, R* = H.
c:R' = CH;,, R? = CO,C,Hg, R®, R* = H. e: R*, R? = (CH,),, R®=NO,, R* = H.
d:R' = CHj, R? = CO,C,Hs, R* = CH,. f: R" = CH3, R? = CO,C,Hs, R®, R* = H.
202 g: R"' = CHj, R? = CO,C,Hs, R®=CH3, R* = H.
h:
i:
i
k:

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

CHj
R2 /

R' = CHj, R? = CO,C,Hg, R®=H, R* = CH,

N OH
CH —
;R N/ CH,

R? N NH, R’
R! N (e}

R2 N NHCH,
T
R N (o]

MnO, (act.),
205a-d (30-61 %) CH,Cl, 206a-d (46-71 %)
(1) NH3 in isopropanol, 0 °C CH (1) NH,CH in isopropanal, 0 °c
(2) MnO, (act), NaCN. 0 °C ) (2) MnO, (act.), NaCN, 0 °C

204
(1) MnO,, (act.),
NaCN, ethanol, 0 °C
CH, 203-208

/ . - -
R? N OCH,CH, a:R'=H,R2=Cl. R2 N
H b:R'=Cl, R2 = H. /> g
R! N o) c:R'=R%2=Cl N S

d:R'=R?=H.
207a-d (48-64 %)

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

CH
o

HO N
/FR
R N

209a-i

solvent, 60 °C

N o
CH
N
2
) Y
R N

l CDI, 2-amino-5-nitrothiazole,

211a-i
209, 211
a:R'=R?=H. f: R' = Cl, R? = CHj.
b: R' = H, R?= CHs. g:R"=CI,R? = CF,.
c: R'=H, R2=CF,. h: R' = H, R? = NHCO,CHj,.
d: R" = H, R2=SCH,. i: R = H, R? = NHCO,CH;.
e:R'"=Cl,R?=H.

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

R2 N
/)—cHo
R! N

(1) NH(CHjs), in isopropanol, 0°C
(2) MnO, (act.), NaCN, 0 °C

CH,
N(CHy),

208a-d (46-69 %)

CH,
Cl

N

N 2

/ R
HO. N
o 210a-d

CDlI, 2-amino-5-nitrothiazole,
solvent, 60 °C

S evet

212a-d
210, 212

a:R'=H.

b: R" = CHj.

c: R'=CF,.

d: R' = NHCO,CHs.
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161
162

163
164

165

166

H NH H
L~y -2 O 2 (L
N \_/ NH, N
2

CF,
214
(a) 3-Trifluoromethly cinnamic acid, boric acid, toluene, 100 °C, 48 h.
(iii) (b) Isonicotinic acid, boric acid, o-xylene, 140 °C, 16 h. (iii)
(c) Substituted amino pyridine, HCHO, MeOH, 300 W, 8-9 min, MW
R X X
L g . R
~ R: a: [ N LN
e S B
d: 3
N ‘ fj\ N
CL—~O) /
N /
N CF3

o 0o
215a-e 216a-e

Scheme S-39. Synthesis of amino methyl N-substituted benzimidazole derivatives 215a-e and 216a-e.
cl R
NH, — N .
R Et,N, THF/DMF, MWI, 80 °C, 20 min R4 Ny R?
AN N / or EtOH, HCI, MWI, 80 °C, 1.30 h
: Rsm 7 VR
R = N CN (i@i"‘ /)
RS— /
R® 221 222 = N CN

=4-CF4Ph, CF5; R%=H, F; R3= F, OH, CH,N(CH,CHj3),; 223 (51 %)
R*= OH, CH,NH(CH,CH3), CH,N(CH,CHy),; R°=H, 7,8-diF.

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

NH,
+  HO,C—CH=CH-Ar
Method 1 Glycerol,
Boric acid(10-20 mol%), Ar
4N HCI l CH,CO,H 160-180°C, 35 h h?_f

O 0y

u Method 2 226 a-i (82-92 %)

N

/>*CH3 + ArCHO

N

Method 3

RI!

Glycerol/A

ZT

NH O,N
z _(aN)HCUA N) HCl/A 170-180 °C,3-4h  ° Y/
+ CHyCO,H >*CH3 + ACHO ———— P
N NH, N

227a-e (80-92 %)

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

170
171

172

173
174

175
176

Chioroacetyl Thiourea, ethanol,

H !

N chloride, NaH \ reflux, 6 h N\
/>—SCH3 >*SCH§ _— >—SCH3
N DMF,0°C,9h then NH,OH N

9
g \ y ‘N 233 (74 %)
ST N,
2-Chloro-1-(2-methylsulfanyl-benzoimidazol-1-yl)-ethanone ‘

. - chloroacetone, benzoyl chloride.
phenacyl bromide, p-Chloro phenacyl K,CO,, acetone, rt 2 h enzoyl chl )
acetone, reflux, 8 h bromide, sodium acetate, 2~ ~3 triethyl amine,

ethanol, reflux, 12 h then reflux 7 h THF, rt.12h

N
(ji%—scn—«:g ©iN\>*SCH3 ©iN\>75CH3 (ji’?—sc»—i3
N N

N N
Y d o g
5 S CH, S N
NH NW N
HBr I}
234 (75 %) 235 (73 % 235 (85 %) 236a-c (72, 80, 78 %) R’
. . . =H, Cl, CH;
Hydrochloric acid (2 N) Phepyl th|0§emlgarbaZ|de,
reflux, 4 h, glacial acetic acid,
then NH,OH (15 %) ethanol, reflux, 10 h
N N
\>*SCH3 \>*SCH3
N
<) S
~
S N /k
N
o H
237 (83%) 238 (82 %) H,
1) p-(un)substituted phenacyl 1)Methyl bromo acetate,
bromide, ethanol, reflux 20-24 h ethanol, reflux, 12 h
2) Sodium acetate 2) Sodium acetate

N N
%\\N S 8/\/’1 s
S*”/YN\N%}\Q\Rz S N/YN\NANTA\O
H,C HsC

R?=H, Cl, CH,4
239a-c (82, 85, 84 %) 240 (80 %)

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

N cl H2N SN R'
N Kl, EtOH X
R >_/ . bt L >_/
R1

P KOH, 80 °C =

241a-k (85 %)
R=H,Br,NO, R'=H, Cl, Br, CH,, OCH,

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

CHO HO
R\\ NH, OH _ Toluene _ N NaH, R-I, THF R\\ N
= reflux 5h N reflux, 2 h Z~N
NH,
H ‘ 1 O
R

243a-f (50-95 %)

242 a-c (85, 77, 54 %) R OCH. ENO
3 2

R =H, OCHj3, 6-NO,. R'=H, CHg, C4Hq

Scheme S-44. Synthesis of targeted substituted-2-(2-hydroxynaphtyl)-3-alkyl benzimidazoles 243a-f.
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yo% "yo%

>_Q _heat, 120°C__ @

248 (65 %)

R1-CHy-Br, K,COj,

DMF, 80 °C
, A
Yo
TFA, CH,Cl,, N N
N
R2(=0)H, Na(OAc);BH N>—Q

S
(LY |

or R2-X, Et3N, THF

177 250 (70-85 %) 249 (45-90 %)
178 Scheme S-45. Double alkylated benzimidazole-piperidine derivatives 250.
NH, NH
/@i RCOCI, Et;N /@: _HCI, CoHsOH /@i
reflux
O,N NH, THF O,N N K,CO;,
252a-d CH3COCH3,
O R reflux
251a-d NaOH, H,0,
CH,OH,
O | reflux
Benzoyl chlorlde
NBS, AIBN, CCl,_ N
DMAP, CH,Cl, reflux g
o Br 253
ON N\ ON N
Ty
N
2-fluorobenzonitrile, NaOH, H,0, CH,OH
: K,CO;4 a 2
2 DMF, reflux reflux
O,N N '
254a-d (18-37 %) HOOC N
254, 255 and 256
a:R=Et, b:R=n-Pr
c:R =n-Bu, d: R =n-Amy
179 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.
R? Br
RZ
A < X NaH N N
4 + N R'—( )
N _ DMF, 50 °C N
P R
R’ H COOCH;, A R3
257a+
N
COOCH;,
258a,b ( 90, 87 %)
a: 4-CH,Br
b: 5-CH,Br

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

NaOH, H,0 | CH,0H, Reflux

RZ
N N
, ; 4
261and262 R' R2 R® R’ 7
: Et Me H N
: I8

a

b n-Pr Me H

c: n-Bu Me H

d Et H Me

e: n-Pr H Me N
f n-Bu H Me

COOH

261a-e (43-49 %) and 262a-e (43-49 %)
Scheme S-47. Synthesis of targeted benzimidazole-oxazole-indole carboxylic acid 261 and 262.

——
o e]e o]
DN —
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NH 0 !
2 // Na,8,0s N =
o o 7N/
NH, MW R’ NN
RZ

263a-g (46-94 %)

263 a b c d e f g
R H CH,  NO, H CH, NO, CF,
183 R? 2'0H 2-OH 2-OH 4-OCH, 4-OCH, 4-OCH, 2-OH
184 Scheme S-48. 2,5-disubstituted benzimidazoles 263 as anti-hypertensive agents.
NC
N NaOH, H,0,
_KiCO; _CH4OH, reflux reflux
/ TowmF
Br 264 265a-e (82-88 %) 266 (85-93 %
265and266 a b c d COzH
185 R Me Et n-Pr nBu n- Pent
186 Scheme S-49. Reported series of bis-benzimidazole-indole-benzoic acids derivatives 266.
N CISOgH ClozS
3
@ N e L o
N HOOC ozc
267 O Q 268 (56 %)
1) RNH,, 10-15 °C
2) dil HCI
0,
R\N/S
H \}cm9
269 a b c d e f g h 020
R=H Me Et n-Pr iso-Pr n-Bu {-Bu Cyclohex
63% 51% 53% 42% 52% 54% 47% 43% 269a-h
187
188 Scheme S-50. 4’—2-buty1—5—sulfamoylbenz01m1dazolmethyl—b1phenyl—2—carboxyhc acid 269.
H
N EtOH N
@ />*SH +  CICH,CO,CoHy ——— %SCHzCOzCsz
N N
273 | EtOH,
NH,NH,.H,0
, o
/_< R'-COOH, H
\ POCI N )k
—N 3
Cry- LS s
N
275 (64-70 %) 274 J 82 CHO
H Re H
HSCH,COOH,
N )\S DMF,ZnCl, N
/>‘SCHZCONH N>]) - />*SCHZCONHN=CH-R2
N N
277a- (68-78%) © 276
R' = Ph, 4-OH-Ph, 4-CI-Ph, 4-NO,-Ph,4-NH,-Ph, ~ R?= Ph, 4-OH-Ph, 4-Me-Ph, 4-CI-Ph,
3-OH-Ph, 3,5-di(OH)-Ph, 2-Cl-4-NO,-Ph, 2-OH-Ph, 4-NH,-Ph, 4-MeO-Ph,
189 4,5-tri(OH)-Phl, 3-Pyridine 2-OH-3-MeO-Ph, 2-OH-Naph, 2-Furan
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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cl R3 R! K,CO3,
. Acetonltrlle
/> />
N H R? R?
R'=CHO,R?=H, R®=H

Piperidinium benzoate, \/4
1= 2 - 3 -
R'=CHO,R"=H, R"=0CH, Toluene i

R'"=H, RZ?=CHO, R®=0CH;,

H
N

R'=TzD,R?=H, R®=H. ‘/> / s 0

R'=TZD, R®=H, R3=0CH;. N _ \f

R'=H, R?=TzD,R%®=0CH; NH
192 279 a-c (31-85 %)
193 Scheme S-52. The predicted (52)-5-[3(4)-(1 H-benzimidazol-2-yl-methoxy)benzylidene]-1,3-thiazolidine-2,4-diones
194 279.
N N
©:N/>7R1 K,COj, propargyl bromide @: \>7R1
N N
R'= CH,, SCH i .
3 NaN3, CuSO, 5H,0,
R?= CgHs, 2-CI-CgHy, 2-NO,-CgH,, BI'\)4LN/R2 sodijm asco:batez DMF/
2-CH30-CgHy, 3-F-CgHy, 4-CH3-CgHy, H H,O (8:2), 50 °C, Stiring
4-CHy-O-CgH,, 4-F-CgHy, C1oHy- 5.6 h
C} B
R2
N/
195 280 (54-85 %)
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.
l
00
u
NH; NayS,05 N o—
" ' DMF, reflux, 6h N/: i:: So\
: 281
O/ NyH, H,O
EtOH, reflux, 6 h,
80-90 °C

o]
N 0 )k N HN—NH
N A H 2
/) - /
N HN—N N (¢}
\

EtOH, reflux, 3 h,

283 R drops of AcOH 282
Phi(AcO), Ar = at: 2,3-(OH),Ph, a2: 2,5-(OH),Ph, a3: 3,4-(OH),Ph, a4: 3,5-(OH),Ph,
DCM, rt. a5: 2,4(0H),Ph, b1: 2-OHPh, b2: 3-OHPh, b3: 4-OHPh,
¢1: 3-(OCH,)-4-OH-Ph, ¢2: 2-OH-4-OCH,Ph, ¢3: 3-OH-4-OCH,Ph,
H R c4:2-OH-5-0CHsPh, c5: 3-(OCHs)-4-OH-Ph,
N 0 d1: 4-CHyPh, d2: 2-CH,Ph, e1: 4-OCH,Ph, e2: 3-OCH,Ph, f: 3,4-(OCH,),Ph,
/ N ‘N g: 3-Br-4-OHPh, h: 4-F-Ph, i: 4-CI-Ph, j: 4-NO4Ph, k1: 2-Py, k2: 3-Py, k3: 4-Py,
N N~ 1: 2-Furyl, m: 2-Thiofuranyl,
198 284a-m (80-88 %)
199 Scheme S-54. Hybrid Benzimidazole-oxadiazole as a—glucosidase inhibitor.
NH
+
NH, OH DMF reflux
s
HN. NH
Ar 2 HN)LNH' 2

HoN
H \ SH
-
N\
R-COOH N N/N

287 (75-85 %)

Ar = 4-NO,-Ph, 3,4-di(OH)-Ph, 2-(OH)-4(OCHs)-Ph, 2-(OCH3)-Ph, 3-CHy-Ph, 2,4-di(OH)-Ph, 4-(OH)-
Ph, 2-(OH)-5-(OCH3)-Ph, 2,4-di(CI)-Ph, 2(OH)-Ph, 4-Py, 2,3-di(OH)-Ph, 2-NO,-Ph, 3-(OH)-4-(OCH,)-

200 Ph, 4-CHy-Ph, 3-F-Ph, 2,5-di(OH)-Ph, 4-F-Ph, 3-(OH)-Ph, 2-F-Ph, 2-CI-Ph, 3-CI-Ph, 4-(OCHj)-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 [-glucuronidase inhibiting agents.
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203

204
205

206
207

208
209

o
\ 10 mol % of NH,CI,

O O 7 1 equiv of NaZS Os >_<:>
¥
S

NH, R/\ EtOH reflux

289a-h (57-92 %)

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

Scheme S-56. benzoyl aryl benzimidazoles were also synthesized using ammonium chloride, or a mixture of

ammonium chloride and sodium metabisulfite as a catalyst.

Ar,-CO,H, 290 NHNH,
POCI, Ar,-CHO
i
N N—N N S._Cu N AP
X N
O sond 3w AR
N o NH
H 299 292
HSCH,COOH,
Ar' = a: Ph, b: 4-CI-Ph, ¢: 3-HO-Ph, d: 4-HO-Ph, DMF, ZnCl,
e:3,5-di(OH)-Ph, f: 3,4,5-tri(OH)-Ph, g: 4-NH,-Ph, N
h: 4-NO,-Ph, i: 2-CH;-4-NO,-Ph, j: 3-Py > s o
V \ /
Ar2 = a: Ph, b: 4-CI-Ph, ¢: 2-HO-Ph, d: 4-HO-Ph, N 8
e: 4-CHy-Ph, f: 4-CH;0-Ph, g: 2-HO-3-CH,0-Ph, HN—N
h: 2-Furyl, i: 2-HO-Naphtyl, j: 4-NH,-Ph 293a-j (80-88 %) >/S
Ar?

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

S0 Q00 TR

(0]
N
\>*Ar“
N
H

(50-90 %)

H

N
SAr

N
\>*Ar1

N

H

Ary-CHO, nitrobenzene, H
NH, microwave irradiation, N KMnO,4, NaOH, H,0O
A 50 W, 200 °C, 20 min 70-95 % ~N \}AH reflux, 12 h, 50-90 %
— N
N NH, N H
294 295a-1 (70-95 %) 296a-1
Pybop, Et;N, R-NH,,
Arl AR DMF, 2-10 h, 5095 %,
3-Thiophenyl Pyridin-3-yl Ar' Ar?
: 4-Phenylpyrrolidine  4-CH,-Pyridin-3-yl g: 4-CH30-Ph 4-CH3-Pyridin-3-yl o
-(CHy),N-Ph 4-CHy-Pyridin-3-yl ~ h: 3-CHz0-Ph  4-CHj-Pyridin-3-yl
: 4-F-Ph 4-CHz0-Pyridin-3-yl iz 3-Py 4-EtO-Pyridin-3-yl
: 4-F-Ph 4-EtO-Pyridin-3-yl j: 3-CH30-Ph 4-EtO-Pyridin-3-yl
: 4-F-Ph 6-CHg-Pyridin-3-yl k: 3-CI-Ph 4-CH30-Pyridin-3-yl
I: 4-Pyr 4-CH,0-Pyridin-3-yl

297a-1 (50-95 %)
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Scheme S-58. Synthesis approach of the 7-methyl-3H-imidazo[4,5-b] pyridine 2, benzimidazole analogues 297a-i.



o}
/(;[NHZ 0 OBt . N OEt
OO OO
O,N NH, H (55%) N
298

HoN
299
liii iv
i) 5-nitrophenylenediamine, oxone, DMF/H,0 (10/1), 25 °C, 24 h, 69 %; o
ii) 10% Pd/C, Hy, EtOH, 1. t., 18 h, 79 %; { OEt
iii) electrophiles, EDCI, HOBT, TEA or DIPEA, CH,Cl,, r. t.
iv) LiOH, H,O, THF/H,O/EtOH, 25 °C Ar<_ N/
N
H
300 Ar 300
H CHs
"~ 7 g
(@] N\
a e
©/ [¢] %{ ! — m ®/<N
(0] o) O
CF.
b HzNw/ /0 O\‘N o s
f / i \, N /<\ \
S N
; [¢] (o} o
c N CF3 o CF3
Y g \
k N l o \
S N N
5 0 ci 0
CF
d h S N CF3 O ’
= | N/ : p \N \
o o) (:;
210 o CF, 0]

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

N\
N* (CHa)n
/)*NH
N
4-Bromomethyl-biphenyl ethyl 4-(bromomethyl)benzoate,
MeNO,, reflux 301-1: (n = 1) MeCN, reflux
301-2: (n=2)
301-3: (n=3)
N
N (/CHZ)n
=N N/w
N /EN CN
N

0

N
O 302 O 304
R 303
: R

a:R=H
302-1a-d:n=1 b:R=CN
302-2a-d:n=2 ¢:R=CO,Me 47 % HBr 303-1a: R = CO,Et 47 % HBr
212 302-3a-d:n=3 d:R=COMH reflux. 303-1b: R = CO,H - reflux.

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

o
~

cucl,

\\N 307
ZnCl, >/N cl 'T'ﬁN
HsC Zn—NYN\/N\ i >
214 “ HaC
215 Scheme S-61. Synthesis of bidental complex species 305, 306 and 307 from 1-(2-methyl-benzoimidazol-1-
216 ylmethyl)-1H-benzotriazole and CuCl,, Cu(NO;), and ZnCl, salts.
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, MWI o
¢ - ) N
R1\\ _
N
o
311
Q , MW 0
N2 _
+ o] > N
R«/ 2 R Rz
312
HO,C
e
HO,C \/ P
a b c d e f R N/
R1=56-(CHs), H, 4-CHs 6-CHs 5NO, 5Cl,
311 (75 %) (68 %) (70%) (64 %) (55 %) (41 %) 313
312 (76%)  (75%) (83%) (80%) (54 %) (41%)
217 33 (64%)  (71%)
218  Scheme S-62. A one step microwave assisted of fused tetracyclic benzimidazole imidazolyl products 311, 312 and
p y ylp
219 313.
R® O R?
R 1 3
CH, AcOH R R POCI,
+
R HzN\N /N\N DMF
H H
CH,
RO R R e
< U .
N
=N H =N
Y \_N O,MeOH ©:N/ 7 NN
314 315
315 a b c d e f g h i j
R'=NO,  Cl, CHs OCH; Cl, CH,; H. F, B, H
RE=H, H C, H H H C, H H H
R¥= H, H  ClL H H, H  H, H, H, H
220 (78 %) (91 %) (87 %) (93 %) (90 %) (92 %) (88 %) (82 %) (85 %) (93 %)
221 Scheme S-63. Synthesis of the hybrid cyano-benzimidazole-pyrazole compounds 315.
RN M RN Na,CO
H2S0, /ACOH _NaCO,
\ + —_ s 0
WIN}SH /\O Ar reflux for 1 h RwIN/>7 r.t, 3 h \g
R A %
H HSO, 1 Ar
772 R=H, (CH);~; R'=H, (CH),~; Ar=Ph, 4-CH;0-C4H,, thien-2-yl 316
223 Scheme S-64. Identification of 2-((imidazole/benzimidazole-2-yl)thio)-arylethanones derivatives 316 as anticancer
224 agents.
N N//©/ N
) o ) ot N
@ \/CO N> CO l(? co PFe ) PFg )
?\‘ M '\(‘30 OC-y-CO OG-/ €O N €0 { coortt
2\ 7N PN JNTUNTR OCN\Mn NCO 0C--CO
= = = = L 7\ N 7N N
225 - 317a - 317b - 317¢c - 317d - = 317e =
226 Scheme S-65. Hexacoordinated manganese complexes 317 of 1-benzyl-1H-benzimidazoles and 2,2’-bipyridine.
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Toluene

80°C 12h
68"/

@i%ﬁ\j

"Bnl" Ligand

©if/}NHQ + O\VLS

318
M(acetate),'nH,0
80°C,6h
MeOH

73 %
\& v

M = Cu (ll) and Zn (Il) CK/ /Q

227 319
228  Scheme S-66. Copper (I1) and zinc(IT) complexes 319 elaborated from Schiff base 318 as ligand prepared from 2-
229 amino-benzoimidazoles and 1-methyl-imidazole-2-carbaldehyde
o \
NH, S MeOH,
5 . N o MW30W_ O O Ny
&N O O N, S \<o HN% T ew %
230 |
231 Scheme S-67. Synthesis of 5-[4-(methyl-oxetan-3-yl-amino)-benzoyl]-1H- benzmmldazol 2-yl}-melthyle carbamate
232 320 under microwave irradiation.
CH30,C NH CO,CH;, BnO COzH
AcOH, (5N) NaOH, N
120 130°C \ __THF /
T e N 97 % N
H H
CO,CH, H u o e
SOCl,, NH, N AcOH N>—© N
reflux NH, N/ 120_(;130'00 N/ Hﬁ/{:g: N/
Pyridine, CH,Cl, BnO 85% 100 %
56 % HN™ O N7 "NH N7 ONH
H,N
CH30,C CH;0,C
CH10,C
233 324 325 326
234 Scheme S-68. Synthesis of 2'-(2-hydroxyphenyl)-1H,1'H-[2,4'bibenzoimidazolyl-4-methyle carboxylate 326.
HO
N H N HO
o Yy =
Ly b\ D)
g |
"bimnap"
. O
_N
LA 50| 30
N\/CU — N A~ N/ \ \ N
d d
\N%EN/ pe {*i
235 328 329 @ 330

236 Scheme S-69. Schiff base 327 prepared from 2-aminobenzimidazole and 2-hydroxynaphthaldehyde, which was used

237

Page 23 of 28

to elaborate bidentate Cu(Il), Co(II), and Zn(II) complexes 328, 329 and 330.



O
H C NHNH, Dry ethanol,
reflux 24 h
/
N

32 a b ¢ d e f g h i i k 1
R' Cl Cl Cl CHy CH; OCH; CH; CH; CH, OH OH OH
238 R Cl Br F Cl Br F cl Br F Cl Br F
239  Scheme S-70. Benzimidazole-biphenyl-pyrazolo-ethanones 332 synthesized from Benzoimidazol-acetic hydrazide
240 with chalcones 331.
N
\
N HOZC\@i ‘f H,N, _R
HO,C N N
; \>—/Z>/§
336a (91 %) s” S
336b (95 %) N
334 (52 %) H
\©\ 335b,,b,
4o CHO HSCH,COzH bs: R = CH,CeHs (51 %)
% by: R = CgHs (48 %)

o R N CN
(. D
R N (CH), N HO,C N CN
CN \
N / 333a,b \©i \
N\ N 8

a:R=Cl
b: R = CO,H R*/N\KO
337a,b (CHa)
’ RNCS / KOH OOO\ 338a,b
= 5
P 12 (ég o//:’); 0\0\'\"“ . R' = Cydlohexyl (63 %)
R N oN O b: R" = CgH5 (72 %)
S N \ Se K
w H

8,

5 Y
e s "y,
o C,
&t Wo NS
’\’/06 4’0/7 e/\\/;
R N CN <
\©i b KoH  —co,cHB
N \ S 2\/‘ / 2
H R CN

e

341a (78 %) N
341b (83 %) 34020, b, s30a 4
a: = CgHs R?=4-CI-CsgH, (82 %) R a: R'= CgH; (88 %)
by: R1 Cyclohexyl RZ = 4-Br -CgH, (87 %) 2 b: R" = Cyclohexyl (93 %)
241 by R'=4-Br-CgH, R?=2-CH;0-CgH, (91 %)
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.
NFz  HOG Reflux NP chgconn N9
+ >— o oo \>—< —z \>_<
N CH Cro; N
NH, CH3 N 3 N CHy

Ethanol,
NaOH J ArCHO

Ar

u
N N

©: y NH _ NHNH;2H,0 >_g—<
V
N Ethanol

i S :
N /N\ N
m
N
344 Ar

343 Ar
342,343 & 344 CgHs-NHNH, | Ethanol
a b c d e f g
Ar = Ph. 4-CH;0Ph, 4-CI-Ph, 4-Br-Ph, 4-F-Ph, 3,4-(CH;0),-Ph, 2,6-(Cl),-Ph

244

245  Scheme S-72. Synthesis of 2-[5-(3,4-dimethoxyphenyl)-1-phenyl-4,5-dihydro- 1 H-3-pyrazolyl]- 1 H-benzimidazoles
246 344, which were found to be the most active for anticancer activity.

247
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o R{ R2
~ NH, Na,S,05
3
oy R EtOH/water (1:1)
NH, (¢} 800C, 3-4 h
R4
345a-d
LiAIH, | dry THF
0°C,r.t,12h
R! R?
MnO, N
% ko \ s
dry THF N
rt., 48h H
R* R*
347a-d 346a-d
o]
Cat. Piperidine . - .
350a-d Thiazolidine-2,4-dione,
dry Tol. reflux or MW Cat. piperidine HN ~
dry toluene refux >]/3
0 R3 R4 or microwave o
y N 348a- d
1
Ry N A\ RS * (61 %, 63 %, 61 %, 71%)
/N{ >//s N ** (79 %, 85 %, 82 %, 86 %)
R? o O H R6 o RS R*
349e-k 351a-d or 352 N
Cat. Piperidine N ~ \ RS
dry Tol. reflux or MW %S N
H
Va o) R6
O 0 R' a: R', R? = Morpholine 349]-t
S% N b: R, R = Piperidine Y %
N \R2 ¢: R, R2 = Pyrrolidine 349
d: R", R? = 2,6-di(CH;)Morpholine a:R'=H, R R3 R*=CH;0
350a-d b: R, R*=H, R%, R®= CH;0
S c:R',R3 R*=CH;0,R?=H
o d: R',R*=H, R?= CH;0, R®=iso-Bu
e: NR'R?= Morpholine, R®= H, R*, R5, R® = CH;0; * (67 %), ** (79 %)
Z N aXY Z=H f: NR'R? = Morpholine, R®, R® = H, R*, R%= CH,0; * (57 %), ** (74 %)
S 351a-d b: X = bHa Y Z=H g: NR'R?= Morpholine, R?, RS, R® = CH,0, R*= H; * (64 %), ** (76 %)
v >// ¢: X, Y,Z=CH,0 h: NR'R? = Piperidine, R®= H, R*, R®, R® = CH30; * (65 %), ** (78 %)
0 i: NR'R2 = Piperidine, R3, R%, R = CH30, R*=H; * (59 %), ** (76 %)
X j: NR'R? = Pyrrolidine, R® = H, R%, R%, R®= CH,0; * (61 %), ** (78 %)

agly

* Conventional method
* Microwave method

248 tX,Y,Z=H,R®, Ré=H,R* R®=CH;0O; * (66 %), ** (88 %)
249 Scheme S-73. Multistep synthesis of 5-methylenebenzimidazole-3-substituted thiazolidine-2,4-diones 349-352.
y N
/ - CdCI26H20 _FeCly6H,0 cl
() e L e M
o Cl— E
o (HaL) 363
ZrCI4J (85%)
H
N
crh
N ¢ N
A8a
—0
Cl K
250 cl 364
251 Scheme S-74. Chemical structure of Zr (IV), Cd(II) and Fe (IIT) benzimidazole complexes 362-364.
o R
XR Polyphosphoric acid, )é
@i . RO 145-150 °C ©i />_©
! 3-6 h, NaOH -
NH, = (83-95 %) N :
252 R=H, CHs X=N,0; R'=F,Cl; R® = H, OH. 367
253 Scheme S-75. Polyphosphoric acid catalysed synthesis of 2-substituted benzimidazoles and benzoxazoles 367.

k: NR'R? = 2,6-di(CHz)Morpholine, R, R®= H,

R*= CH30, R®= 1-iso-Bu; * (65 %), ** (85 %).
I:X,Y,Z=H,R®=H,R* R’ R®=CH;0; * (64 %), ** (80 %)
m: X=CH,, Y, Z=H, R®=H, R* R R®=CH,0; *(66 %), ** (80 %)
n: X =CHs, Y, Z=H,R3R5 R®=CH;0, R*=H; * (58 %), ** (78 %)
0:X,Y,Z=CH,0, R¥=H, R4 R’ Ré=CH;0; * (67 %), ** (84 %)
p: X, Y, Z=CH,30, R® Ré=H, R4 R5= CH;0; * (62 %), ** (88 %)
q: X, Y, Z=CH;0, R% R®= H, R*= CH;0, R® = iso-Bu; * (70 %), ** (91 %)
rX,Y,Z=H,R®=H,R% R’ R®=CH;0; *(63 %), * (95 %)
s:X,Y,Z=H,R% R% R®=CH;0, R*=H; * (79 %), ** (92 %)
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CH,

/
H
N PHBr N R _ CHiCONa _ \’/
/ + W R >_</
N o

S
R = CHj, C,Hg, n-C3Hy, CH(CHy),, n-CyHg
254 Y=61%,62%, 71%, 65% 81%
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.
0
CoHs
H 1. K,CO3, Acetone
N r.t., 30 min
0L
N
2. Br
rt, 4h (720/)JNH 2NHyH;0
(81 %) EtOH, r.t., 2h

oS
)
N

H2NHNT€
a (55 %)

b (98 %)  Aldehyde, EtOH O (98%)
c (76 %) reflux, 4 h 369

d(30%) a (89 %)J RNCS/EtOH

N\ b (90 %) | refiux, 3 h ;@i%_@
N>—< > N
H
N
370 H( /jg\ ;@i @ P \

H HS—N\ _N
NHNHWN\Rs N~

S R® = CHj, C,Hs

1. CS;, KOH, EtOH/H,0
reflux, 3 h

2. HCI

O 3

1.NaOH, EtOHH,0 M8
reflux, 4h )\ R3
7 N

a(90%) a (93 %)\ 2-H.S0, N
b (93%) b (92 %) N’;S

N

N R'=H, H, ,

1. Con.cold H,SO,4
15 min,0°5°C, 1 h, .t

R3

\ N

HN\( \/N 2.NH,4
S«S

R?=H, Cl (CH3 2
257 374 RP=H, CyHs
258 Scheme S-77. Synthesis of [1,2,4] triazole-3-thiol benzimidazoles 373 and [5-(5,6—D1methy1-2—pheny1—
259 benzoimidazol-1-ylmethyl)-[1,3,4] thiadiazol-2-yl] alkylamine 374 respectively.
_ NH,
H Propalrgyclgz)mide, N// @:NHZ H
@1/8 Dry acetone, @1/8 AcOH, CHCI;, reflux, 6 h ©i 7
Reflux, 4 h
CHO CHO 375

Ar-Ng, Cul, DMF/H,0(1:3),
80 °C,12 h or

376 MWI, 180 W, 8 min

Ar=  Ph, 2-Cl-Ph, 4-CI-Ph, 3-CHy-Ph, 4-CH,-Ph,
Y (%) (*, **) = (51, 81), (52,76), (47,80), (40, 85), (51,79)

Ar = 2-CH30-Ph, 4-CH;0-Ph, 2-NO,-Ph, 3-CF;-Ph, Bz.
Y (%) (*, **) = (42,77), (50, 82), (50, 80), (45,76), (52,77) H
*c tional, ** MWI) ©i /) N:N\
onventional,
N \ NVK/N\Ar

260
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.
R! R2 R2
R NH,, N
\©: ,  EIOH.(25N)Na;8;05 \©i \: iz
+ OHC R
NH, reflux 24 h
RS R (76-95 %)
R =H, CN, CO,H, SO;H
263 R', R? R% R*and R®=H, HO, CH;0, C,H;0, Cl, Br, N(Et),, 2-HO-naphthyl, 4-HO-styryl
264 Scheme S-79. A facile synthesis of three series of arylbenzimidazole derivatives 377.
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NO,
NO 1
/@i 2 [Nj K,CO3, DMF, 120 °C, 24 h /@i
+ N NH
cl NH, or K,CO3, DMF, ﬁ 2

X Microwave 120 °C, 15 min xd

X=0, NCH;3 Na,S,0,, Etng reflux 5 h

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

Ar-CHO Na,S,0,, EtOH,
Microwave 150 °C, 15 min

\N
(Conventional, MWI) K/ /\
N

H
K/ N N
379 Ar = a: Ph (72, 90), b: 2-Py (75, 89), c: 4-HO-Ph (75, 90), %Ar />*Ar
d: 3,4(HO),-Ph (74, 93), e: 4-CI-Ph (77, 89), f: 3-Br-4-F-Ph (75, N

265 81), g: 3-MeO-4-HO-Ph (71, 91), h: 4-N(CHy),-Ph (78, 84). 37831 790
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.
N N
X
s — SH
/
RQi N>: @N}
H
DMF \ methyl
refluxing | acrylate
Q O/ Q. H
f}/ j N\
NH,
R N hydrazine hydrate,
s ethanol solution s
\©1N>: refluxmg >:
NH,
380a-e o 381a-e N
N\ d H
R a:H b: CH; ¢:NO, d:Cl e:CgHsCO
380 (75%) (67%) (62%) (60%)  (62%)
268 381 (77%) (77%) (75%) (64%) (67 %)
269 Scheme S-81: Synthetic approach of 5-substituted-1,3-dihydrobenzoimidazole-2-thione 380a-e bearing two
270 propanoic hydrazide 381a-e.
H
Absol. EtOH, r. t.
NH, N
a:R =CI (31 %), b: R = Br (29 %), c: R = F (25 %), 384a-e
271 d: R = CH;0 (28 %), e: R = NO, (40 %)
272 Scheme S-82. Synthesis of 2-(4-substituted phenyl)-5-methyl-1H-benzoimidazoles 384a-e.
NH; COH N
N\ 1 _KOHITHF N\
+ HO.c—N — H
@N \_@ @ aIIyI bromide N / N
(61 %)
385
273 babb Precursor babb
274 Scheme S-83. Benzylamine linked with two allyl benzimidazoles 386 used as ligand in the preparation of Ni
275 complexes.
G NaOH
T0°c.1n i . J Trteh
to Reflux
T
Rf/ NH
" DPATBTU
rt.12h \\'\‘
R 390a-j
390 a b c d e f g h i j
R= H  4CH,0 4-F 34di(Cl) 2-Cl 35-di(CFs) 3-(CH30) 4-(CHs) 4-(H;NCH,)Py 3-(H,NCH,)Py
276 (T4 %) (78%) (76%) (72%) (80%) (82%)  (84%) (78%)  (80%) (84 %)
277 Scheme S-84. Synthesis, of benzimidazole carboxamide derivatives as potent antioxidant agent 390a-j.
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H
N S “4H,0
Cr—<a |
N N
R=H

N Lacl
——— HN TS0
(75 %)
H o
NH, H N
e} 391

NS
o
Kf 1. NaOH @N/HN]

HN 2. CuCl,2H,0 methanol, H s HO
60°C,4h 2
O;\OH @,\‘2 i\N] T
R = CH,CH(CH), P /<C'
- HN QO
(68 %)
H o
N
o) 392
278
279 Scheme S-85. Two new complexes, 2-(4'-thiazolyl)benzimidazole based Cu(II)-dipeptide complexes, [Cu(Gly-
280 Gly)(TBZ) (C1)]4H,0 391 and [Cu(Gly-LLeu) (TBZ) (C1)]'H,O 392 synthesized as antioxidant agents
281
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