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LINTRODUCTION

N-heterocyclic compounds are the most abundant and
integral scaffolds that occur ubiquitously in a large number
of bioactive natural products, drug intermediates, pharma-
ceuticals, and agrochemicals. Benzimidazoles are a privi-
leged class of compounds among the N-heterocycles with a
diverse spectrum of biological activities and therapeutic po-
tentialities including anti-ulcers, anti-hypertensives, antivi-
rals, anti-fungals, anu-cancers, anti-histaminics, and also
exhibiting medicinal properties such as serotoninergic 5-HT3
and 5-HT4 receptors in the CNS [1, 2]. In addition, the
unique benzimidazole moiety plays a significant role in anti-
inflammatory, anti-analgesic, antioxidant, anti-diabetic, selec-
tve neurc peptide YY | receptor antagonists, anti-malarial,
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zinc sulfamate in ethanol at ambient temperature. As a result,
o of respective product yield with 100%
Meanwhile, eflect of reaction parameters, such as
temperalure on reaction product, was also stuche
¥ vanous substituted biological important benzimidazoles derivat
. reaction condition n good to efficient yield, In ad
of zinc sulfamate for the preparation of benzimida
senl green approach showed significances with faster reaction rate with mexpensive catalyst, which
showed excellent and clean yield of benzimidazole in mil

diamine reaction, green efficient catalysis, ambient reaction conditions,
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catalytic applications. The present paper descnbes
benzimidazole derivatives by reacting
aldehydes using a catalytic amount of
10 mol.% of Zinc sulfamate catalyst
@ conversion using short reaction period in cthanol
amount of catalyst, different solvents, and reaction
d. In addition, in the optimized reaction condition
ives were prepared by using optimized
dition, possible reactior mechamism in the presence
zole derivahive was sketched and discussed. The pre-

d reaction condition with easy work-up pto

anti-tubercular, ese, drugs [3-7]. Moreover, benzimidazoles
are very important intermediates in dyes and polymer syn-
thesis having widespread applications in fluorescence,
chemosensing, crystal engmeering, and corrosion science
(8] Additionally, with their pharmaceutical significance,
benzimidazoles form constant complexes with various transi-
bon group metals [9]. Some reports are available on the for-
mation of mono, bi and tridentate co-ordination structures
associated with 2-substituted imidazole and benzimidazole
based structures and the chelation with various ligands [10]
Some of the commercially important benzimidazole product
structures, which are industrially very important, are

illus-
trated in Fig. (1)

Due to thewr widespread use in different engincering ap-
plications, considerable efforts have been paid to develop effi-
crent methods for the preparation of benzimidazole dervatives
[11-14]). Some of the common methods inve
of o-phenylenediamine with uuhun_vI-L'uulaiumg compounds,
such as aldehydes, carboxylic acid, and acid halides, in the
presence of various catalysts and hazardous solvents [15-17]
Recently, countless catalysis and oxidative reagents have
been testified in literature for the synthesis of benzimidazole
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‘(i: I3. 2- fa<Tr ifluoromethvliphenyl]-1H-benzimidazole
2l

_ . HNMR (n & ppm): 8.50 (d. 1 H), 7.72 (d. | H), 7.65-
758 (m. 2 H). 7.36 (d, 1H), 7.28 (d. 1 H), 5.2 (s, 1H, NH);
CNMR (8): = 154.57, 1423, 137.82, 13205, 125.94,
1-;03. 123.89. 12287, 114.7; IR (in cm™'): 3440, 2350,
<134, 1656, 1034, 832 Analy. Caled. for Cy HoFiN::C
63.12, H3.46, F 21.73. N 10.68; Observed: C 64.16, H 3.44,
F 21.75. N 10.65: MS (m/z): 262.

3.3.04. 2-12-4 Tvdroxyphenyl)-1 H-benzimidazole (3n)

H NMR (mn ppm): 7.72-7.65 (m, 3H), 7.30-7.25 (m, 3
H). 705 (d, 2 H), 5.2 (s, IH. NH); ''C NMR (in 8ppm):
16028, 15860, 145.77, 13581, 133.52, 12805, 125.58,
120,57, 116.84, 115.69; IR (in cm'): 3585, 3470, 2198,
1659, 1607, 1096, 927, 756. Analy. Caled. for Cy3H oN2O:
C. 7427 H, 4.79; N, 13.33; O, 7.61; Observed: C, 74.28; H,
480:N, 1331: 0,7.61: MS (m/z): 211.
CONCLUSION

In conclusion, we have developed a simple and efficient
method for the synthesis of benzimidazole derivatives using
zinc sulfamate [Zn(NH,S0;),] as a catalyst under mild reac-
ton conditions with competitive and high yield. The advan-
tages of the present techniques are operational simplicity,
high efficiency, no side products formation, easy workup
procedure, and less reaction time. Additional reaction pa-
rameters, such as catalyst amount, effect of temperature, and
various organic solvents, were tested to obtamn optimized
reaction condition 1 give the satisfactory yield of benzimi-
dazole. A number of different structurally diverse benzimi-
dazole derivatives were prepared in optimized reaction con-
dition using zinc sulfamate as a catalyst. All different syn-
thesized benzimidazole moieties in this report are important
pharmacophores in several pharmaceutically important com-
pounds and useful intermediate for the synthesis of a wide
variety of bioactive natural products. Furthermore, a detailed
and probable sketched mechanism fits very well for the for-
mation of benzimidazole derivatives with zinc sulfamate
catalyst, providing secondary support to the proposed hy-
pothesis and obtained results, Thus, we believe that, the pre-
sent protocol is an efficient and simplest alternative path to
synthesize benzimidazole derivative on both small and large-
scale preparations.
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Zinc Sulfamare ¢ atalyzed Efficient Selective Synthesis of Benzimidazole

SPectra were recorded on a Perkin-Elmer spectrophotometer
l.l_smg_ |"(Hr pellets. "HMR spectra were recorded on Varian
(-emn‘n (200 MHz) spectrometer using DMSO-d,, as solvent
and TMS as internal standard, "C-NMR spectra were re-
QU“'CIJ on 50 MHz in DMSO-d, solvent, in & ppm. All chemi-
cal shifis values are reported in 6 scale downficld from TMS,

3.3. Spectral Study of Synthesized Products 3 (a-n)
3.3.1. 2-Phenyl-1H-benzimidazole (3a)

'H-NMR spectrum (200MHz, DMSO-d6, in & ppm): 8.15
(m, 3H), 7.92 (1,1H), 7.5-7.4 (m, 4H), 7.3 (1. LD, 24 (8, 1H
NH). "C-NMR (50 MHz, DMSO-d6. in & ppm): 114.7,
118.9,121.4, 1234, 126 .4, 129.0, 129.8. 130.1, 136 .4, 145.5,
153.0. FT-IR (KBr) in cm’': 3048, 2260, 1665, 1418, 1280;
Analy, Caled. for CisHoNy: € 80.39, H 5.19, N 14.42: Ob-
served: C 80.42 H 5.18 N 14.40; MS (m/z): 194

3.3:2. 2-(4-Methoxyphenyl)-1H-benzimidazole (3b)

'H NMR (in 3 ppm): 8.19 (dd, 2H), 7.66 (d, 1 H), 7.45 (d,
1 H), 7.24-7.10 (m, 2H), 7.13 (d, 2H), 5.2 (s. 1H. NEH), 3.86
(s, 3H); "'C NMR (in & ppm): 15838, 152.86. 139.88.
124.67, 124.19, 12220, 120.46, 114.30, 113.16.
58315 IR (in em™'): 3450, 2242, 2120, 1655, 1045; Analy.
Caled. for C4HpN,O: C 74.98, H 5.39, N 12.49, O 7.13:
Observed: C 75.02, H5.37,N 12.50, 0 7.11: MS (miz): 224.

3-.;3. 3. 4-(1H-benzoldfimidazol-2-yl)-N, N-dimeth vlaniline
(3c)

'H NMR (in & ppm): 8.20 (dd, 2 H), 8.15-8.05 (m, 2 H),
7.24-7.10 (m, 2 H), 7.13 (d, 2 H), 5.2 (s, 1H, NH), 3.21 (s, 6
H): “C NMR (in & ppm): 152.65, 152.06. 141.72, 130.09,
126.51, 124.82, 123.09, 120,66, 115.41, 112.93, 42.51: IR
(in em™): 3507, 2876, 2193, 2170, 1658, 1620, 1026,
970,749; Analy. Calcd. for C sHysN;: C, 75.92; H, 6.37: N,
17.71; Observed: C, 75.89; H. 6.38; N, 17.73; MS (m/z): 237

3.3.4. 2- [4- (2-propyl) phenylf- I H-benzimidazole (3d)

'H NMR (in & ppm): 8.15 (d, 2 H), 7.72 (d, 1 H), 7.58
(d,1H) 7.36 (d, 2 H). 7.22-7.15 (m, 2H), 5.2 (s, 1H, NH),
2.95 (m, 1 H), 1.26 (d, 6H); "'C NMR (in 8 ppm): 151.33,
149.40, 143.85, 136.16, 128.77, 126.94, 126.43, 12223,
120.65, 116.56, 112,20, 40.20, 24.00; IR (in cm '): 3456,
2350, 2127, 1665, 1073; Analy. Caled, for CigH¢Ny: C
81.32, H 6.82, N 11.85; Observed: C 81,32, H 6.80, N 11.87;
MS (m/z): 236.

3.3.5. 2-(4- Methylphenyl)-1H- benzimidazole (3e)

'H NMR (in 6 ppm): 8.09 (dd, 2 H), 7,65-7.52 (m, 2 H),
7.22-7.09 (m, 2 H), 6.87 (d, 2 H), 5.2 (s, |H, NH), 2.71 (s, 3
H); "*C NMR (in 6 ppm): 154.17, 144.68, 138.55, 130.92,
126.00, 123.94, 123,02, 120.87, 116.07, 115.06, 23.83: IR
(in cm'i): 3460, 2880, 2254, 1655, 1605, 980, 853, 762;
Analy. Caled. for C\4HjsN,: C, 80.74; H, 5.81; N, 13.45;
Observed: C, 80.75; H, 5.82; N, 13.43; MS (m/z): 208

3.3.6. 2-(2- Nitrophenyl)-1H- benzimidazole (31

'H NMR (in & ppm): 8.09-8.21 (m, 3 H), 7.58-7.43 (m, |
H), 7.38-7.24 (m, 2 H), 6.91 (d, 2 H), 5.2 (s, 1H, NH); "C
NMR (in & ppm): 153.09, 152.16, 142.75, 138.55, 1354],

Letters in Organic Chemistry, 2019, Vol, 16, No. 9 747

130.31, 127.20, 124.14, 122.89, 116.81; IR (in cm™'): 3503,
1660, 1603, 1425, 1284, 960, 865, 745; Analy. Calcd. for
C3HgN1O;: C, 65.27; H, 3.79: N, 17.56; O, 13.38: Observed:
C,65.30; H, 3.78; N, 17.55; O, 13.37: MS (m/z): 240 (M + [).

3.3.7. 2-(3-Nitrophenyl)-1 - benzimidazole (3g)

'H-NMR (in & ppm): 8.86(s, 1H), 8.46 (d,1H), 8.24 (d,
IH), 7.89 (m, |H), 7.53 (m, 2H), 7.24(m, 2H), 5.2 (s, 1H,
NH); "C-NMR (in 8ppm): 150.6, 144.82, 136.05, 132.20,
129.02, 128.95, 126.88, 123.74, 122.89, 119.02, 112.23. IR
(KBr in cm™): 3060, 1524, 1450, 1357, 973. 746: Analy
Caled. for C3HyN;O5: C 65.27, H 3.79, N 17.56, O 13.38:
Observed: C 65.32, H 3.77, N 17.55, O 13.36: MS (m/z):
239

3.3.8. 2-(4-Nitrephenyl)-1 H- benzimidazole (3h)

'H-NMR (in § ppm): 8.32 (d, 2H), 7.6-7.4 (m. 2H), 7.3-
7.1 (m, 4H), 5.2 (s, 1H, NH); ""C-NMR (in 6ppm): 155.17,
148.70, 142.85, 137.74, 127.90, 125.25, 123.97, 117.81. IR
(KBr in cm’'): 3385, 1675, 1602, 1524, 1457, 1286, 966,
887, 750; Analy. Caled. for C3HyN+Oy: C, 65.27; H, 3.79;
N, 17.56; O, 13.38; Observed: C, 65.25: H, 3:80: N, 17.58;
O, 13.37; MS (m/z): 239.

3.3.9. 2-(4-Ci hilorephenyl)- 1 H-benzimidazole (3i)

'"H-NMR (in & ppm): 8.25(d, 2H), 7.6 (d, 2H), 7.45 (m,
2H), 7.20 (m, 2H), 52 (s, |H, NH); ""C-NMR (in & ppm):
152.6, 145.9,134.3, 130.4, 129.7 128.9, 1282, 124.1, 116.4;
[R (KBr in cm™): 3045, 1670, 1603, 1460, 1400, 1285, 965,
750; Analy. Caled. for C;3HoCIN:: C 68.28, H 3.97, Cl
15.50, N 12.25; Observed: C 68.25, H 3.96, Cl 15.55. N
12.24; MS (m/z): 228.

3.3.10. 2-(2-Chlorophenyl)-1 H-benzimidazole (3

'H-NMR (in & ppm): 8.31 (d, 1H), 7.62 (t, 2H), 7.41 (d,
2H), 7.3-7.1 (m, 3H). 5.2 (s, 1H, NH):; ""C-NMR (in & ppm):
154.2, 143.7, 140.0, 134.4, 131.7, 130.3 129.2, 127.3. 124.6,
117.9; IR (KBr in em™): 3105, 1674, 1608, 1466. 1440,
1275, 960, 766; Analy. Caled. for C,sHsC\N,: C 6828, H
3.97, ClI 15.50, N 12.25; Observed: C 6827, H 3.95, Cl
15.55, N 12.23; MS (m/z); 228.

3.3.11. 2-(4-Bromophenyl)-1 H-benzimidazole (3k)

'H NMR (in & ppm): 8.20 (d, 2H), 7.66 (d, 2 H), 7.66-
7.48 (m, 2 H), 7.23-7.12 (m, 2H), 5.2 (s, IH, NH): '*C NMR
(ind ppm): 155.14, 142.06, 133.85, 131.74, 130.47, 124 56,
123.37, 115.22; IR (in em™): 3325, 2167, 2119, 1650, 1035,
827; Analy. Caled. for C,;Hy Br Not € 5717, H 332. Br
29.26, N 10.26; Observed: C 57.20, H 3.32, Br 29.24. N
10.25; MS (m/z): 272.

3.3.12. 2-¢4-F. luorophenyl)-1 H-benzimidazole (31)

'"H NMR (in & ppm): 8.26 (4, 2H), 7.55-7.46 (m, 2 H),
7.35 (dsi, 2 H), 7.26-7.15 (m, 2 H), 52 (s, I1H, NH); "“C
NMR (in Sppm): 165.62, 155.16, 145.86. 134.68, 130.14,
125.74, 124.26, 120.17. 114, 110.88; IR (in cm™'): 3450,
2268, 2120, 1659, 1026, 833, Analy. Caled. for Cj;HoFN,: C
73.57,H4.27, F 8.95. N 13.20; Observed: C 73.55, H 4.30, F
8.98 N 13.17;: MS (m/z): 212,

75
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Reaction conditions: diamine (0.01 mol), aldehyde (0.01mol), catalyst (10 mol. wt) Reaction time is monitored by TLC. (b) Isolated yicld

H

Benzimidazole

m Ph  Zn(OSONH.) @—{E}H £
@ 2 "'(k:‘)"j U T Ph [ I .
NH, . _T =

H ia. H
"i Air oxydation o N l;:._;{
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H

(B)

Zn(OSO,NH;), l
7 H

Zn{0OS0zNH3)» (A)

Zn(OSO,NH; ),

( Zn(OSO;NH; ),

Zn(QSO,NH;),

Scheme (1). Probable mechanism for Zn(NH,504); catalysedsynthesis of 2-substituted benzimidazoles.

we have carried out one more trial of the reaction of benzal-
dehyde with orthophenylene diamine in the presence of
nitrogen environment under same reaction conditions pre-
scribed in the manuscript. Surprisingly a minute amount of
respected product was obtained after refluxing reaction ves-
sels at 80°C temperature in ethanol for 68 hrs. This result
showed that inert atmosphere is not promising for current
transformation. Morcover, it can be concluded that the in-
termediate (B) was easily oxidized by oxygen and offered
2-substituted benzimidazoles in short reaction time. The ob-
tained result gives a strong provision to our sketched mecha-
nism.

3. EXPERIMENTAL SECTION
3.1. General

All reagents and intermediates were obtained from com-
mercial suppliers and used without any further purification.
Zinc oxide (99.0 %), sulphamic acid (99.0 %), acetonitrile
(HPLC grade), ethyl acetate (98.0 %), anhydrous sodium
sulfate (98.0 %), and all substrate for ester derivatives were
purchased from Sigma-Aldrich and used without any further
purification. All solvents were obtained from commercial
sources and were distilled with appropriate reagents prior 10
use. In the present approach, catalyst zinc sulfamate
(Zn(SO3NH). was prepared by using stoichiometry (2:1)
amount of sulfamic acid (NH;S0,) and zine oxide (Zn0),
The obtained final zinc sulfamate (Zn(SO;NH,); powder was
directly used as a catalyst for the preparation of benzimida-

zole derivative, Benzimidazole derivatives were character-

ized by using TLC, different spectroscopic methods such as

'H NMR, "*C NMR, FT-IR and elemental analysis. [n addi-

tion, obtained results were compared with reported literature )
values.

3.2. General Procedure for the Synthesis of Benzimida-
zole Derivatives

In a 50 ml round bottom flask, mixture of o-
phenylenediamine (0.01 mol), aromatic aldehydes (0.01 mol)
and ethanol (10 ml) was taken. To this solution, a known
amount of catalyst Zn(NH;S0;), (10 % mole) was added
carefully. The resulting reaction mixture was then heated at 2
80°C reaction temperature with constant vigorous stirring
using magnetic stirrer. The reaction progress was monitored
by thin layer chromatography (TLC). After completion of the
reaction indicated by TLC (TLC solvent system; CH,Cl, and
MeOH (90:10)), the reaction mixture was cooled at room
temperature and then poured into ice water. The reaction
gave a white solid precipitate in the ice-cold water, The pre-
cipitated solid was filtered out, washed with ice water three
times and further purified by recrystallization with hot etha- ¢
nol. In addition, purification of the product was carried out !‘ ¢
by passing_ sample through a short column of silica gel
whenever it is necessary. The obtained pure products were
then :ixamincd and confirmed by further characterization
using 'H and "C NMR spectroscopy and elemental analysis.
All the melting points of prepared compounds were deter-
mined in open capillary tubes and are uncorrected. The FT-IR
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Table 3 3 : e 2o o e ’
le3.  Synthesis of benzimidazole compounds 3(a-n) from diamine and aldehydes under optimized conditions' A, e

R *\\ Zn(NHS0;5), 80°C

L o/ e Y —
{ de -
e H — /™ 10 mol%, EIOH s ﬁ:, R

1 2a-n 3 a-n
T ..
Entry Product Time (h) | M.P. ("C) : Yield (%) "
N EIE
: = 2.00 290 92
N 5
H
& T
. |
2 ‘I | — ——OMe I| 2.10 | 234 f 94
U [ ‘
— il - _ﬂ_____ et e S BB R AT U i T A = L
N —— | |
a ‘ I
3 | N | 1.40 ! 238 90
o] |
|
= = 5 A
4 ; ‘ 1.50 : 243 93
g | ) |
e I e R e e s e e gl Rt D Joe 2
N f :
! |
5 s 1.50 i 224 | 92
Rl 5 i [ | ]
R < P g v, e et ¢
‘ |
6 ™ | |
| 2.40 256 84
N | ‘
-t — = = ;e e s L l [
i - e e I T = =5 e " - T
5 I
| |
74 ) |
7 } : . v ' 2.30 ' 146 | &8
H N | |
i Ao | ' :
N g e S =TI PR T B
|
g ; biO ’ 2.10 w 314 [ 90
N } '
B e ! 3
N |
| ™ | |
9 | \ / S y c I 1.40 l 293 ‘ §8
i e l 1 ‘
— L= = H = TR e N — A e e e < 2
c | | |
N | ‘l {
{ | |
10 ! l‘ | N | 2.50 i 235 | 7%
! u o | | |
sl FES N ERE e = SR T ~ - e el " | s |
‘! N S + i 5 o [
| | T4 i |
1 i | ! 7 \ . & I 2.10 | 260 90
| oo 2 | |
- N | |
12 0| I: \ y——F ' |
L / \ 1.50 . 245 90
‘ == H — |
.‘ .

(Table 3) Contd....
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Tabie 2. Influence of reaction parameters on the benzimidazole yield".
/‘ka__\ o Ny O ; . : N —
i e NN _zenmison @[ STy
e i " A\R Solvent '\:/ DR
Diamine (a) Aldehyde (b) ﬂruuir;'lid azole (c)
Entry Amount of Zn({NH,50,), | Solvent Reaction Temp. (“C) ‘I Reaction Time (h) | Yield (%)™
nai 5 mol.% i E{OH 80 5.0 ' 56
g J_T : A b 2 77I0n:0I."., : _: S T e 20 ‘[ 92
AT Ty T T e TR T 5 S
i ‘_“ = “_ 77[0111_0I..';.-._. A {.__ _-_E_I_OI'-[—;i__ ___f;o-_ T WFV % 5.0 - L 62 Eren e
TR o _h_ 10 mol.%% | Eon A golitn ’ '__5.6__" _—1'_ b e s S
6 | _IUm;‘-’.'. S ____EEI:I S 7717*_ 2.0 IL 72
Ay _ lomol% 7+_ T i R T TR s o o b 65
k) 1S 1o nn;]-,';-._ v # ¢ fld_:m___ : i &0 ; __1* he a0 19 | _ 78
Sude T L R TN Uty s TCRERL SRR it
o Sl S o I SETRE b, % PSS
BT e e NGSE S SR PSSR TR SR M R T L R
¥ 12 10 mol % [ Toluene 80 ‘ 10.0 | 40
13 i e I‘U:l:)l,"u B f_ I Y jiﬁ o Ru_ N I oA R.b_ : f7 38

Reaction conditions (u) o-Phenylenediamine (0.01 mol), benzaldehyde (0.01mol). Reaction tune ismonitored by TLC. (b) lsolated yicld

In this regard 1, 2-diamine was reacted with unsubsti-
tuted benzaldehyde in the presence of 10 mol.% of a catalyst
which showed 92% selective yield of respective benzimida-
zole in 2 h reaction time (Entry 1). Later on, reactions were
performed using electron donating organic group associated
4-methoxy benzaldehyde, which gave us 94% competent
yield in 2.10 h (Entry 2). Similarly, the same reaction was
also preceded very well with electron-rich substituent as
N(CH3);, CH(CHs),, and CH; which also resulted in respec-
tive efficient 90%, 93% and 92% vyield of benzimidazole
(Entry 3-5). In the next step, nitro-substituted functionality at
ortho, meta and para on the benzaldehydes showed 84%,
B8% and 90% yield of respective benzimidazole using 10
mol.% Zn(NH;50;); as a catalysi (Entrics 6-8). In addition,
aldehydes with chloro substituent also showed efficient per-
formance and obtained quantitative yield (Entries 9 and 10).
Whereas, Br, F and CF; moieties containing aldehydes also
gave moderated yields of benzimidazole respectively (90%,
90% and 88%) (Entries 11-13). Under the given reaction
condition, 1,2-diamine reacted with salicyaldehyde showed
poor yield and obtained 76% yield of benzimidazole deriva-
tive in 3.20 h (Entry 14). However, from these results, 1t can
be concluded that zinc sulfamate is a highly suitable catalyst
for the synthesis of benzimidazole with different functional
substituents on the aldehyde rings. In addition, these substi-
tuted functionalities were preserved throughout the course of
reaction in the presence of the prepared catalyst in optimized
reaction condition. Additionally, result revealed that aro-
matic aldehydes with different substituents at meta or para
positions showed comparable results towards the formation
of benzimidazole derivative. On the other hand, aromatic
aldehydes with ortho substitution afforded the desired prod-

uct in lower to moderate yields (Entries 6, 10 & 14). We be-
licved that in these reactions, the steric hindrance caused a
major impact on the yield of respective benzimidazole prod-
uct formation. In the case of salicyaldehyde along with steric
effect, inductive effect directed reaction output. Additionally,
intramolecular hydrogen bonding is more effective and
stronger in salicyaldehyde than 2-nitrobenzaldehyde which
causes the lowering of yield of ortho-hydroxy benzaldehyde
reaction. All these synthesized benzimidazole moieties have
confirmed the basis of comparing our obtained results and
spectral data with physical and spectral data (FT-IR,
HINMR and C13NMR) available in the literature.

2.3. Probable Benzimidazole Formation Mechanism

In order to understand in depth reaction mechanism with
zine sulfamate catalyst for the development of benzimidazole
derivatives, the possible reaction mechanism is depicted in
Scheme (1). A possible mechanism for this one-pot reaction
15 sketched based on reported literature [44] and obtained
results in this study. It is proposed that at the initial stage, a
lone pair of electrons on the oxygen atom of aldehyde inter-
acts with zine sulfamate, which leads to the activation of
carbonyl carbon to generate the carbonium ion, resulting in a
facile nucleophilic attack of diamine yielding imino com-
pound (A). Furthermore, zine sulfamate again forms bonding
with the nitrogen of the imino group, which activates it and
undergoes ring closure by intra molecular attack of the
second amino group to obtain (B) followed by air oxidation
to offer the desired 2-substituted benzimidazoles. This prom-
Ising mechanism confirmed that the role of zinc sulfamate is
to activate the aldehyde and facilitate facial cyclization, lead-
ing to rapid and high yield of benzimidazole. Additionally,
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:bff{““‘g“ﬂd to efficient yield of respective ¢ and ended with
7% yield in 12 k reaction time (Table 1, Entry 9).

Mcanwhilc. we have also tested some solid supported
catalyst because supported materials have much attention in
Organic synthesis and transformation owing to their charac-
teristic properties such as enhance reactivity, casy separation
and selectivity, Taking into account ZnCl; (10 mol. %) sup-
ported on fumed Si0, catalyst were prepared and tested for
the Catalytic application. This prepared solid supported
LC_WI_S acid catalyst also failed to give the desired product in
Efflt‘l_e:n_t Yyield. As a result, this catalyst showed 63% yield of
benzimidazole product in 12 h reaction time (Table 1, Entry
10). We have also compared our results with sulfamic acid
bcp’mse sulfamic acid (Bronsted acid) is one of the excellent
acid catalysts in many organic transformations. The catalytic
reaction with sulfamic acid for the benzimidazole formation
showed good conversion (82 %) of reactant but did not show
nut_slund[ng selectivity for the formation of benzimidazole.
This catalyst showed 56% selective benzimidazole yield with
other byproducts at 80°C in 12h reaction time in ethanol
(Table 1, Enty 11) [20-22]. Whereas, the reaction in the
presence of zinc sulfamate gave 100% conversion with the
selective product in 92% yield in 2h. Thus, zine sulfamate is
of the most effective and selective catalyst for the formation
of 2-substituted benzimidazole derivatives in mild reaction
condition. Therefore, for further study in this report, we have
used and described the results based on Zn(NH,S05), cata-
lyzed reactions.

2.2. Influence of Reaction Parameters on the Synthesis of
Benzimidazole

As mentioned earlier in this report, lower amount of
Zn(NH2S0,), (5 mol.%) catalyst needs longer reaction time,
whereas 10 mol.% catalyst showed outstanding results for
the formation of benzimidazole product (Table 2 entry | and
2). Furthermore, in order to study in detail the effect of the
amount of catalyst in achieving higher yield of benzimida-
zole, we performed the experiments by using a higher
amount of Zn(NH,S0;), catalyst in ethanol under similar
reaction condition. 15 mol. % of Zn(NH.SOs), catalyst
showed 100% conversion of both reactants a and b but ob-
tained 67 % yield of benzimidazole ¢ at 80°C reaction tem-
perature (Table 2, Entry 3). This reveals that a higher amount
of Zn(NH,S80,); catalyst (more than 10 mole%) showed an
adverse effect on the selectivity of benzimidazole and pro-
duced some side products [20-22]. The experimental results
revealed that 10 mol. % loading of catalyst efficiently util-
ized 100% reactants and afforded the desired product yield
(92%) in short reaction time, Therefore, for further study, 10
mol% of Zn(NH,S0,), catalyst with 80 °C reaction tempera-
ture and 2 h time in ethanol is the optimized reaction condi-
tion for this protocol.

Furthermore, to study the effect of temperature on the
efficiency of catalytic activity, we have conducted various
reactions with 10 mol. % of Zn(NH,50;), catalyst in the
reaction temperature range from 60-100 °C in ethanol. En-
tries 4 and 5 in Table 2 show the yield for lower temperature
60 °C and 70 °C, respectively. At these lemperatures, reac-
tion showed 62 and 68% yield of benzimidazole correspond-
ingly in 5 h reaction time. However, the reactions performed

Letters in Organic Chemistry, 2019, Vol. [6, No. ¥ 743

at 90 and 100°C resulted in lower yield compared with reac-
tion at 80°C temperature. These reactions at 90 and 100 °C
resulted in 72% & 65% yield of product, respectively (Table
2 Entries 6 & 7). These results at high temperature indicate
that high temperature condition produced some byproducts
and lowered the yield of benzimidazole and proved harmftul
condition for the selective formation of product [20-22]. On
the other side, the reaction at 80 °C resulted in outstanding
yield of benzimidazole using 10 mol. % catalysts in ethanol.
Based on these temperature-screening activities, it is indi-
cated that, 80°C reaction temperature is the most favorable
condition for this protocol to produce selective benzimida-
zole. Therefore, for further study, we have considered 80°C
reaction temperature as the optimized condition in this study.

In order to study and understand, the effect of different
solvents on the synthesis of selective benzimidazole deriva-
tive using Zn(NH;S0;), catalyst, we have performed various
reactions in different solvents using optimized reaction con-
dition and the results are summarized in Table 2 (Entries 8-
12). Initially, the synthesis of C was carried out in methanol
as solvent using 10 mol % Zn(NH,SO.), catalyst at 80°C
temperature. This reaction showed 78% yield of selective
formation of benzimidazole in 3 h reaction time (Entry 8).
Entries 9 & 10 show the synthesis of benzimidazole in di-
methylformamide (DMF) and water (H,O) respectively
These reactions revealed an efficient conversion of reactants
but provided only 60% and 42% of the desired benzimida-
zole produet, correspondingly in 6 h and 12 h reaction pe-
riod. Solvents such as tetrahydrofuran (THF) and toluene
were found to be inactive for this protocol. These reactions
were very sluggish and completed after 12 h & 10 h reaction
time. 21% & 40% of selective benzimidazole unsatisfactory
yields were obtained in these solvent systems (Entries 11 &
12). However, in the absence of any solvent using 10 mol. %
Zn(NH280;), catalyst showed highly efficient conversion
but the output of the reaction was 38% yield of product in 8
h and at 80 °C temperature (Entry 13). Drastic decrease in
the yield of the product under solvent-free condition was due
to the improper solubility of reactant in the reaction system
without solvent and eventually the catalytic activity was re-
duced. These results clearly indicate that the presence of
ethanol solvent displays the highly effective catalytic activ-
ity, which is a key advantage of this protocol in the synthesis
of benzimidazole derivatives.

Based on these screening results experiment, the most
advantageous reaction condition was identified as one equiy.
of diamine and aldehyde with 10 mol. % of Zn(NH,S80,); in
ethanol at 80 °C reaction temperature. With this optimized
reaction condition, we have proceeded to investigate the
scope and generality of this protocol using a collection of
various substituted aromatic aldehydes and diamine in etha-
nol as a solvent. Consequently, a diversity of commercially
accessible ditferent structurally substituted aldehydes was
treated in the optimized reaction conditions to obtain ben-
zimidazole derivatives and obtained results are summarized
in 'l_‘allale 3. As shown in Table 3, all substituted aldehydes
participated well in this cyclization reaction and afforded the
desired products of benzimidazole in good to efficient yields
using the catalytic amount of Zn(NH,80,),.
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the eas ~ . - 3

Wlliclﬂ‘}t{l separation of products from the reaction mixture,

s 111{3 ows unique efficient and facile, low-cost green pro-
ol for the preparation of benzimidazole derivative.

2. RESULTS AND DISCUSSION

i:l;: Influence of Catalyst on the Synthesis of Benzimida-

rCaJ:;:::;a:fj‘ zc began with gata]yst—frec reaction by stirring
A x re of a and ‘b in ethanol at room temperature.
; itionally, SCV_t:raI reactions were performed using various
:—;glcy?tcsal_llr_ldcr ('1|rTcrf:nl rgnction conditions and outcomes of
Sy clions are given in Table 1. The catalyst-free reac-
: ailed to produce selective benzimidazole and conver-
El‘on of reactants in long reaction time and obtained only 21
“o conversion with 13 % selective yield of ¢ after 48 h reac-
tion time (Table 1, Entry 1). Later on. the same reaction was
performed at 80°C reaction temperature in ethanol without
any catal}fst. This reaction obtained 21% improved yield in
24h reaction time with a number of known side products
(Table 1. Entry 2). Moreover, the same catalyst-free reaction
was also carried out in DMF to see the effect of solvent on
catalyst-free reaction to develop selective product formation.
However, this reaction obtained 28 % yield of respective
product ¢ in 24h reaction time (Table 1, Entries 3). All these
catalyst-free reactions gave unsatisfactory results and
indicated that use of a catalyst is essential for effective and
selective yield of benzimidazole.

Later on, to_ determine the effect of Zn(NH>SOa), catalyst
on the benzimidazole synthesis, we carried out the reaction

Mathapati ¢t al.

at the same reaction conditions using 5 tmol.% of the catalyst
Tremendously, this reaction showed outstanding results in just
5 h reaction time. As a result, this reaction obtained 56 % se-
lective benzimidazole yield in 5 h reaction time Further-
more, the same reaction with increased catalyst amount 10
mol. % showed 92 % selective yield of ¢ in similar reaction
condition. These reaction results reveal that Zn({NH:50,);
catalyst has outstanding catalytic property for the synthesis
of selective benzimidazole in short reaction period at 80°C in
ethanol (Table 1, Entries 4 and 5). Meanwhile, to compare
our catalytic reaction results with some other Lewis and
Bronsted acidic catalysts, we performed a number of other
reactions using 10 mol. % of different catalysts in the same
reaction condition.

Primarily, we performed the reaction of same molar
quantity of a and b at 80°C with a catalytic amount of
I-Proline in ethanol, this reaction consumed 8 h reaction time
with 52 % selective yield of benzimidazole formation (Table 1,
Entry 6). This reaction with L-Proline not only showed poor
yield but also obtained some known side products with the
benzimidazole [20-22]. However, under similar reaction
condition, we have also used poly phosphoric acid (PPA)
and Sc(OTH): as catalyst for the benzimidazole formation n
ethanol. These reaction results obtained, 61% and 28% selec-
tive yield of benzimidazole in 12 h reaction time (Table I,
Entries 7 and 8). Furthermore, the reactions in the presence
of PPA and Sc(OTf); have certain drawbacks such as long
reaction time, in-efficient vield and highly expensive cata-
lysts and lengthy product separalion process. Additionally,
we have also tested ZnSOy as a catalyst for the same reaction
under the same reaction condition. This catalyst also failed to

Table 1.  Effect of various catalysts and solvents on the reaction of o-phenylencdiamine with benzaldehyde®.

N .
o O\ / \ Catalyst \ g
| 5L + [+ \\ ———l- ) \ \_.\r
~ H i — i Solvent T( R
Diamine Aldehyde Benzimidazole
(=) () (<)
Sr. No. : Catalyst Solvent Reaction Temp. ("C) Reaction Time (h) | Yield (%) "™
| I i Catalyst free Ethanol RT l 48 | 13
N T RO R e
: S __Ea_lah(st free Ethanol 80 [ 24 | 21
Tt 1__{ # __C?!,:-.\.!yf!_frcc o 2 DMF 80 oA i 2-4_ __: < 28
- Zn(NH;S0;): e --{ ROV = 5%
Ethanol |
(5 mol.%) unol 80 1 5 | 56
Wi e e b e il ety PR RS e AR s 1 el St s SR P v (i
. Za(NH:580;)- |
Ethanol
(10 mol %) i 80 * l o
A - LR B R & ST E
I 6 L-Proline Ethanol 80 8 52
7 PPA Ethanol g0 oy ST 7]‘2’ i i 777r7li
£k A el o £ by ey 5
s b ~ Se(OT, Ethanol 80 12 gt
9 ZuS0, ; Y R A T R R e T Y e
Bl P ni S i T ety TROMBOR: S L AALIIERO Y 12 47
10 ZnCl-Si0: Sth Y R R S
R ™ iy B - Ethanol 80 | 12 63
11 Sulfamic acid Eth 7 i ks R e 3
hanol 80 | 12 |,_ 56

*Reaction conditions: o-Phenylenediamine (0.01 mol), benzaldehyde (0.0 imol). "Isolated yield.
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Fig. (1). Examples of important commercial drugs containing benzimidazole structural moiety as well as the structure of zinc sulfamate cata-

lyst,

d‘criva(ives from the cyclo-condentation of 1,2-arylene-
diamines with aldehydes. Some of these reagents arc summa-
rized here, sulphur, Sc(OTf); or Yb(OTH);[18], H>O,-HCI
[19], Silica-Sulphuric acid [20-22], NH4Br (23], nitroben-
zene (high boiling oxidant/solvent) [24], Lewis acids like
pyridinium-p-toluene sulfonate, ionic liquids [25] like poly-
aniline-sulfate and zeolite. Furthermore, FeCls-doped
polyaniline nano-particles [26], and some of the solid acids
have been also reported for the preparation of benzimidazole
in solveni-free condition [27]. Catalysts such as Si0./ZnCl,
[28], cobalt(Il) chloride hexahydrate [29], [Sm(OTH);] [30],
[In(OTf);] [31], sodium metabisulfite [32], silphox
[POCl;_n(Si0,),] [33], potassium persulfate-CuSO, [34],
mdion 190 resin [35], ammonium acetate [36], thiamine hy-
drochloride [37], SDS micelles, DBSA, Fe;04@SiO@
(NH.)sMo;02, magnetic core-shell nanocomposite, Boron
tri-fluoride etherate (BF,.OEL), Cu-nano particles/SiO,,
LiBr, and GO-HSO, [38-41], were utilized in the same pro-
cedure. On the other hand, a number of available protocols
have not been entirely satisfactory because of some disad-
vantages like unpleasant yields of product, side product for-
mation, elongated reaction period, and lengthy and harsh
workup technigues. Additionally, hazardous acidic environ-
ments, the necessity of additional amounts of co-catalyst,
cumbersome experimental processes and use of moisture-
sensitive and costly catalysts have some negative impacts on
the reported methods, Therefore, the development of simple,
efficient, high yield green synthetic approach for the synthe-
sis of biologically active compounds is one of the major
challenges in organic synthesis. To overcome all these dis-
advantages, a practical, inexpensive and green method for
the synthesis of benzimidazole derivatives with a readily
available catalyst is required in the scientific community.

Sulfamates are the derivatives of sulfamic acid, It is a
well known concept that sulfamic acid readily forms various
derivatives of metal sulfamates with the metal or with re-

spective carbonates, oxides, or hydroxides. Zinc sulfamate is
one of the efficient, non-toxic, inexpensive and readily avail-
able sulfamic acid derivatives and can act as a “Lewis acid”™
catalyst in a number of organic transformations. Zinc sul-
famate is commercially available but still it has not been
much explored. Recently, the catalytic activity of zinc sul-
famate was found prominent for the synthesis of
dihydropyrimidone derivative [42]. Zinc triflate very much
resembles with zinc sulfamates. Ramineni Srinivasulu and
coworkers evaluated the catalytic activity of zinc triflate for
the synthesis of benzimidazole and described excellent re-
sults [43]. Based on these results and in view of the efforts
toward the development of a simple, mild, eco-friendly reac-
tion protocol, we explored the potential of zinc sulfamate as
a catalyst for the synthesis of benzimidazoles. We have
found that zinc sulfamate can smoothly catalyze the selective
cyclo-condensation reaction efficiently with the advantages
of rapid reaction rates, high yields, no corrosion of equip-
ment, ease of manipulation, and low-cost catalyst. These
characteristics prompted us to extend the scope of zinc sul-
famate catalyzed cyclization for the synthesis of benzimida-
zole derivatives.

Herein, we present the efficient, simple, and economical
cheap method for the preparation of benzimidazole deriva-
tives catalyzed by readily available zinc sulfamate catalyst.
']_“hc present reaction protocol was found to be highly selec-
tive, efficient, and gave high yield of respective product in
short reaction period. To optimize the reaction condition, we
have also studied the influence of reaction parameters such
as ‘Lhe concentration of catalyst, the effect of solvent, and the
cftect of temperature on benzimidazole yield and selectivity.
At t_hc optimized reaction condition, various substituted ben-
zimidazole derivatives were prepared by using o-
phenylenediamine and various substituted aldehydes in the
presence of zince sulfamate in ethanol. We found that the
present protocol has easy and simple workup procedure with
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