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Graphical Abstract

Facile one-pot clean synthesis of benzimidazoleéfsa@xploration on bismuth nitrate acceleratedtleubatalysis
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The present letter, one pot clean synthesis ot3t#tuted benzimidazole and 1,2-disubstituted braidazole derivatives have been explored
using bismuth nitrate as an efficient catalyst.
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1. Introduction

At the beginning of this century, green chemistag lattracted a considerable importance in the dpuent of environmentally
benign routes to numerous materials. Green chemisinly emphasizes towards the pollution preventtoough eco-friendly design
of chemical products and processes [1]. The dewedop of greener methodologies for syntheses ofrbetelic compounds is still a
stimulating task in the field of organic synthegisaong the heterocycles, benzimidazole derivataresthe important class of nitrogen
containing heterocycles with a wide range of mewicproperties such as serotoninergic 5-HT3 andr8-keceptors in the CNS [2],
antihistamine [3], anticancer [4, 5], antibactefi], antifungal [7], anti-inflammatory, antianakje [8], antioxidant [9], antidiabetic
[10], selective neuropeptide YY1 receptor antagsr{itl], antimalerial, antitubercular [12], antietd13], etc. where moiety plays the
role of ‘Master Key' [14]. Therefore, it is an imagive anchor for development of new therapeutigdr as illustrated and supported
by some commercial benzimidazole products in Fig. 1
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Candesartan - Antihypertensive drug Bendamustine - Antitumor drug
Fig. 1. Benzimidazole containing important commercial drugs

Generally, the synthesis of benzimidazole involvee reaction ofo-phenylenediamine either with carboxylic acids,
carboxaldehydes or their derivatives (chlorideg,les, and orthoesters) under strongly acidic @ms with high temperature [15],
Furthermore, Cascade reactions ahaloaniline with amidine hydrochlorides [16] andtramolecular palladium-catalyzed aryl
amination are alternative ways for synthesis ofzbmitazole [17, 18]. A variety of catalysts are ggpd in the benzimidazole
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synthesis, such as Fg&loped polyaniline nanoparticles [19], solvent fi®&,/ZnCl, [20], cobalt (II) chloride hexahydrate [21],
[Sm(OTf)] [22], [In(OTH)4] [23], sodium metabisulfite [24], silphox[PO&h (SiQy),] [25], potassium persulfate-Cug@@®6], indion
190 resin [27], ammonium acetate [28], thiaminerbgdloride [29], SDS micelles, DBSA, ¥&@Si0.@ (NH,)s-M0;0,, magnetic
core-shell nanocomposite, boron trifluoride etre(&.OEL), Cu-nanoparticles/SiQLIBr [30] etc.

At present, bismuth (Ill) compounds have recenttyaated much attention in organic transformatidog to their high acidity,
thermal stability, low toxicity, low cost, and goathbility [31], Furthermore, bismuth nitrate ipoeted as an eco-friendly nitrating
agent for selective nitration of organic compoufid®, 33]. Current literature reveals that bismuttrate has been utilized as an
effective catalyst in the synthesis of 3,4-dihydmomidin-2(1H)-ones [34], guanidylation of N-benzoylthiourea$][3synthesis of
coumarins [36], Paal-Knorr synthesis of pyrroleg[8hemoselective synthesis of acylals [&8]

Nevertheless, most of the aforesaid methods ofibedazole synthesis have disadvantages like, ussxpénsive reagents and
catalysts, harsh reaction conditions and long r@adime etc. Moreover, several of these reactions have beeortexp at higher
temperatures which are not accepted as environihefriandly. Therefore, the search continues fobetter catalyst to synthesize
benzimidazoles in term of operational simplicityo &ddress this problem, in our present researcbstigation, we wish to report
bismuth nitrate as an efficient catalyst for systbeof 2-substituted benzimidazoles and 1,2-diswitstl benzimidazoles. Very
interestingly, herein, we revealed that a changsubktituent, specifically a replacement afd@ G, hydrogen by either hydroxyl or
methoxy group on the aldehyde unit, dramaticalfijuences the course of the reaction.

2. Experimental
2.1. Chemicals and instruments

All chemicals and materials are procured from SFiDe Chemicals Ltd. and Spectrochem ChemicalslRdt.and used without
further purification. Melting points were determiheith open capillary method and are uncorrectBdspectra were recorded in KBr
on Shimadzu IR Affinity-1 FT-IR spectrophotometerddH NMR spectra were recorded on a Bruker Avance0D and 400 MHz
NMR spectrophotometer in CDZIDMSO using TMS as internal standard. Mass specén@ recorded on Waters, Q-Tof Micromass
(LCMS) spectrometer and Varian Inc. 410 ProstaaBin.C with 500 Mass Spectrophotometer.

2.2. General procedure for the synthesis of 2-substituted benzimidazoles and 1, 2- disubstituted benzimidazoles

A mixture ofo-phenylenediamine (1 mmol), ethanol (5 mL), andrhith nitrate (10 mol %) was taken in a round-botftask. To
this mixture, a solution of aldehyde 1.1 mmol foe synthesis of 2-substituted benzimidazoles ahdrnol for the synthesis of 1,2
disubstituted benzimidazole in ethanol (5 mL) wdsledl dropwise with stirring and stirring was conéd until the completion of
reaction at room temperature. After completiontaf teaction (monitored by TLC, hexane: ethyl aedtahe reaction mixture was
poured into crushed ice to give solid product, \Wwhigas filtered, washed with water and dried. Thederproduct was recrystallized
from ethanol to afford pure 2-substituted benzimales or 1,2-disubstituted benzimidazoles in gandtbetter yields. Spectroscopic
data for all the synthesized compounds are depintedpplementary data, which is in harmony with structures.

3. Results and discussion

In this study, we examined the synthesis of 2-sulbetl benzimidazoles by the reaction @phenylenediamine with 4-
nitrobenzaldehyde using bismuth nitrate as catétysthanol at room temperature. The reaction vemspteted within 60 min to give
the 2-(4-nitrophenyl)-Hi-benzimidazole as a product with quantitative yi@dheme 1). Encouraged by this result, we studiiéerent
parameters of reaction and the obtained resultswaremarized in Tables 1-3. In order to find outirapim reaction condition for the
synthesis of 2-substituted benzimidazole, a sepastaidy with different catalysts and solvents wasdgmed. Bismuth nitrate was
found to be an efficient catalyst for synthesi®-afubstituted benzimidazoles over the other catatyslied.

CHO N —
NH, ) . N — N \
@: + AU Bi(NO2s5H,0 (10 mol %) \>_@ . N Zr
NH | . N R
2 /\R Ethanol, r.t. H
R =NO,, Cl, OH, 1a-i § -
OCH,, NN(CHy), R/ 2

Scheme 1. Bismuth nitrate mediated synthesis of 2-substitieazimidazole derivatives.

3.1. Effect of catalyst and solvent

In order to study the performance of catalyst, atmdled reaction was performed usirgphenylenediamine with 4-
nitrobenzaldehyde in ethanol without catalyst. Peecentages of products formed under controlledlition and with the different
catalysts are summarized in Table 1. The resultsated that, under the controlled condition theegetage of products were less even
after 8 h in most of the cases, whereas in theepoesof bismuth nitrate the obtained yield was ésghwithin a short reaction period of
1 h only. Amidst, in order to get more insides abitie amount of catalyst required for the efficieonversion, we performed the
experiments by using different percentage loadifigcatalyst in ethanol at room temperature (Tableehiries 4-7). The
experimentation revealed that 10 mol % loadingatélyst afforded the desired products with higlyéstl just within 1 h. Thus, it was
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found that bismuth nitrate plays a benign role afederator promoting the time and cost effectiveriation of product. In order to
study the effect of solvents over the oxidativeglmg of 4-nitrobenzaldehyde wittkphenylenediamine, we carried out the reaction in
different solvents. Less polar and aprotic solvéikesdichloromethane, toluene and tetrahydrofusene found to be unsuitable for the
reactions, whereas, more polar and protic solvésethanol, glycerol, polyethylene glycol (PE®g., were appropriate solvents to
afford the higher yields (Table 2).

Tablel
Effect of catalyst on synthesis of 2-(4-nitrophérbénzimidazolé.
CHO
NHz BI(NO,)55H,0) 10 mol % N
@[ + - @[ \>—@N02
NH, Ethanol, RT u
NO,

Entry Catalyst Temp?C) Time (h)  Yield (%)

None r.t. 8 45
2 None 78-80 7 60
3 L-Proline r.t. 8 52
4 Bi(NOs)3-5H,0 r.t. 1 96
5 Bi(NOg)s-5H,0° r.t. 1 84
6 Bi(NOs)3-5H,0" rt. 1 91
7 Bi(NOy)s-5H,0° r.t. 1 94
8 ZrO(NG;)-HO 78-80 4 61
9 1,10-Phenanthroline  r.t. 4 56
10 1,10-Phenanthroline  78-80 5 70
11 Cd(NQ)-5H,0 r.t. 4 67
12 Cd(NQ)-5H.0 78-80 4 74
13 Ba(NQ), r.t. 5 65
14 CsNQ r.t. 8 58
15 Pb(NQ), r.t. 8 71
16 Ca(NQ),.4H,0 r.t. 8 58

#Reaction conditiono-Phenylenediamine (1 mmol), 4-nitrobenzaldehyd# (@mol), catalyst (10 mol%) and ethanol 10 mL.
bIsolated yield.

¢ Catalyst loading: 5 mol%.

d Catalyst loading: 15 mol%.

¢ Catalyst loading: 20 mol%.

Table?2

Effect of solvent on synthesis of 2-(4-nitrophebgi)izimidazolé.
CHO

NH, Bi(NO3)3.5H,0) 10 mol % N
; Ll BB S g g =S
NH, N

Ethanol (10 mL)
RT

NO,
Entry Solvent Temp Time (h) Yield (%)
1 Solvent free r.t. 1 49

2 THF r.t. 4 21

3 Acetonitrile r.t. 2 63

4 DMF r.t. 2 65

5 Ethanol r.t. 1 96

6 Methanol r.t. 1 76

7 Dichloromethane r.t. 5 58

8 Glycerol r.t. 3 76

9 Glycerol 90°C 4 78

10 Toluene r.t. 6 40

11 PEG - 400 r.t. 7 81

12 PEG - 400 9eC 3 82

ZReaction conditiono-Phenylenediamine (1 mmol), 4-nitrobenzaldehyd#& (dmol), and bismuth nitrate (10 mol %) as catalyst
Isolated yield.

Under the optimized reaction conditions, we perfdnthe reactions of aromatic and heteroaromatiehgides witho-
phenylenediamine to give quantitative yields ofduats (Table 3). In some reactions, dialdiminesaermed as byproducts (1%-5%)
which were separated during recrystallization. $svéunctional groups such as CI, Br, NGDCH; and sensitive heterocyclic
molecules like indole-3-carboxaldehyde and pyrighdarboxaldehyde were compatible with the reactcamditions. All the
synthesized compounds were isolated, purified dratacterized by FT-IR'H NMR, and LC-MS spectroscopic techniques.'tth
NMR analysis (Supporting information), the compou@d) shows the two sharp singlets for -N£Hhis is due to conjugation of
unpaired electrons on the nitrogen atom with ar@matelectrons and this conjugation makes a partiabbobond between ipso
carbon and nitrogen atom.
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Table3
Synthesis of benzimidazole derivatives frorphenylenediamine and aldehydes.

. . ) M.P. (C)

Entry R Product Time (min) Yield (%) Found Reported Ref
1 4-NO-CeHa la 60 96 314-316 317 [21]
3-NQ-CeH.4 1b 90 97 144-146 144 [21]
3 2-NQ-CgH,4 1c 60 95 264 260-263 [25]
4 2-Cl-GH4 1d 55 76 234 234 [25]
5 4-CI-GH,4 le 60 84 290 292 [29]
6 3-Pyridinyl 1f 90 73 246 241-243 [26]
7 3-Indolyl 1g 60 85 222-224 225 [26]

8 2, 5-(OCH),-CeH3 1h 60 86 218-220 - -
9 2-OH-GH. i 90 85 242 242 [24]
10 3-OH-GH,4 2j 300 49 250-252 255-257 [39]
11 4-OH-GH,4 2k 300 50 210-212 222 [39]
12 4-OH,3-OCH-C¢H3 2l 300 48 214-216 190-192 [39]
13 3,4 (OCH)-CsH3 2m 300 48 168-170 170-172 [39]
14 4-(CH),N-CeH4 2n 300 42 172-174 165-167 [40]

aReaction conditiono-Phenylenediamine (1 mmol), 4-nitrobenzaldehyd& fdmol), bismuth nitrate (10 mol%) as catalyst.
b .
Isolated yield

From the above data, it was observed that all #eections would have offered the expected correspgnd-substituted
benzimidazoles, but surprisingly the reactions weitbmatic aldehydes carrying either hydroxyl or &y groups atneta or para
positions, resulted in the formation of 1,2-disitostd benzimidazoles. As per the optimized coondgj we have used-
phenylenediamine: aldehydes (1:1.1 mmol), and fahad still after 5 lo-phenylenediamine was unreacted whereas other rsiarcu
i.e. aldehyde gets completely consumed. After isolagind purification of product it was observed ttneg bbtained products was 1,2-
disubstituted benzimidazoles and not expected &tsuted benzimidazole. With this observation, enped to set the reactions with
two equivalents of aldehydes and one equivalenv-phenylenediamine under the optimized conditionkens, 1,2-disubstituted
benzimidazoles was obtained as major product witeleent yields (Table 4, Scheme 2).

-0

)

@[NH2+ @ Bi(NOg)55H,0 (10 mol %) N VIR
NH, 2 X Ethanol, r.t. Cﬁ
S/

R
R = OH, OCH, NN(CHg),
2j-2n
Scheme 2. Bismuth nitrate mediated synthesis of 1, 2-distiogtdl benzimidazole derivatives

Table4
Synthesis of 1, 2-disubstituted benzimidazole deives fromo-phenylenediamine and aldehydes
Entry Product Time (min) Yield (%}
1 2 60 90
2 2k 65 81
3 2l 75 91
4 2m 60 84
5 2n 60 85

ZReaction conditiono-Phenylenediamine (1 mmol), 4-nitrobenzaldehyd#& @mol), and bismuth nitrate (10 mol%) as catalyst.
Isolated yield.

3.2. Plausible mechanism

At the initial stage of synthesis of 2-substituteghzimidazoles, bismuth nitrate forms hydrogen bopavith aldehyde which
leads to the activation of carbonyl carbon and sgbsntly facile attack of diamine over aldehydenf®r2-substituted benzimidazoles.
Furthermore, In the synthesis of 1,2-disubstitdtedzimidazoles, aldehyde initially reacted withndiiae to form Schiff base as an
intermediate in the presence of electrophilic gatalfollowed by intramolecular 1,3-hydride migatiled to the formation of 1,2-
disubstituted benzimidazoles (Scheme 3).
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Scheme 3. Plausible mechanism for synthesis of (i) 2-subttd benzimidazoles (a) and (ii) 1,2-disubstitutedzimidazoles (b).

4. Conclusion

In summary, bismuth nitrate played a crucial ralenild and efficient green catalyst for the synge®of 2-substituted and 1,2-
disubstituted benzimidazoles in quantitative yiefdsm o-phenylenediamine and a wide variety of aldehydédss methodology
followed column chromatography-free protocol avajlithe abolishment of large amount of organic sdk/ieA one pot synthesis with
short reaction time; use of inexpensive, non-toait] easily available catalyst; easy isolationrofipcts with higher yields are the key
leads of the methodology executed herein. Thustlork furthered a green, time as well as costéffe route to researcher’s further
dealing with these scaffolds in future.
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