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1. Introduction

Benzimidazoles and benzothiazoles are vital pharmacophoric 
units that correspond to numerous biological activities such as 
antiulcer, antimicrobial, anticonvulsant, antiviral and anticancer.1 
Benzazol-based marketed drugs such as albendazole, 
lansaprazole, mebendazole, telmisartan, astemizole, riluzole, 
pramipexole, viozan and ethoxyzolamide further signifies the 
pharmaceutical importance of the above privileged structures 
(Figure 1). Moreover, these core units are prevalent in various 
natural products and functional materials.2 Due to their 
widespread applications; considerable efforts have been made 
towards the development of efficient methods for the synthesis of 
these molecules.

  Generally, benzimidazoles and benzothiazoles are synthesized 
by the condensation of amino aniline/2-aminothiophenol with 
aldehydes,3 carboxylic acids and their derivatives4 (Scheme 1a). 
Alternately, benzylalcohols,5 benzylamines,6 methylarenes7a and 
nitroaniline7b-7h have been used as substrates (Scheme 1b). For 
instance, Milstein and co-workers reported the synthesis of 
benzimidazoles from alcohols and diamines via cobalt catalyzed 
dehydrogenative coupling reaction.8 In 2018, Hikawa et al. 
reported the construction of 2-arylbenzimidazoles from various 
benzyl alcohols.9 Huang et al. reported the cobalt catalyzed 
electrochemical synthesis of  benzazoles from different 
alcohols.10 Srimani and coworkers reported the synthesis of 2-
substituted and 1,2-disubstituted benzimidazoles by coupling of 
diamine with alcohols.11 In addition, Bharate et al. reported metal 
free protocol for benzimidazoles from o-phenylenediamine and 
benzylamine in ionic liquid medium.12 Luo et al. reported 
benzimidazole  synthesis from primary amines via by ortho-

Scheme 1. Synthetic Approaches to Benzimidazole/   
Benzothiazole

quinone catalysis.13 Narender and coworkers reported the 
divergent synthesis of benzimidazoles and benzothiazoles from 
benzylamines.14 Moreover, β-keto esters,15 β-keto nitriles16 and β- 
diketones17 (Scheme 1c) have also been utilized as substrates for 
the synthesis of the title compounds. Likewise, recently, we have 
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reported molecular iodine catalyzed oxidative C-C bond 

cleavage reaction for the synthesis of benzimidazoles from 
acetophenones (Scheme 1d).18 However, use of terminal aromatic 
olefins as substrates for synthesis of titled compounds is not 
reported. Styrenes are readily available unactivated terminal 
alkenes and widely explored in both academia and industry for 
the preparation of complex organic molecules. Further, well 
known reactions of alkenes such as Heck reaction,19 olefin 
hydroformylation,20 Wacker process21 and olefin metathesis22 
ascertain their importance in modern synthetic organic chemistry. 
As part of our continuing interest in construction of privileged 
heterocyclic scaffolds from readily available substrates18,23 
herein, we report the first one-pot synthesis of benzimidazoles 
and benzothiazoles from aromatic terminal olefins.

   Based on the previous literature reports on alkene activation for 
its further functionalisation,24 we initiated our study with styrene 
1a and o-Phenylenediamine 2a in the presence of Pd(OAc)2 (5 
mol%), in AcOH under oxygen atmosphere. To our delight the 
desired product 3a was isolated with 42% yield in 12 h at 70 oC 
(Table 1, entry 2). Increase of temperature to 80 oC furnished 3a 
in 58% and to 90 oC offered 3a in 71% yield (entries 3 & 4). 
Additional increase in temperature did not improve the yield of 
the products (entry 5). Moreover, increase in catalyst loading did 
not enhance the yield of 3a (entry 6). Next, we have screened 
various solvents such as DMSO, DMF, 1,4-dioxane, acetonitrile 
and mixture of solvent like DMSO:AcOH (1:3) for further 
improvement in yield.  The results show that among the tested 
solvents, AcOH is effective for this reaction (entries 7-11). 
Conducting the reaction under open air and inert conditions 
decreased the yield of 3a to 26% and 10%. In the absence of 
catalyst, 3a formation was not observed (Table 1, entries 12-14). 
With the optimized conditions (entry 4 in Table 1) in hand, we 
next evaluated the generality of the method (Table 2).

Table 1. Optimization of the Reaction Conditionsa

                                                                                                       

Sr. 
No.

Catalyst
(mol %)

Solvent Temp
(oC)

Time
(h)

Yieldb

(%)

1 Pd(OAc)2 (5) AcOH rt 12 n.r
2 Pd(OAc)2 (5) AcOH 70 12 42
3 Pd(OAc)2 (5) AcOH 80 12 58
4 Pd(OAc)2 (5) AcOH 90 12 71
5 Pd(OAc)2 (5) AcOH 100 12 68
6 Pd(OAc)2 (10) AcOH 100 12 70
7 Pd(OAc)2 (5) DMSO 90 12 16
8 Pd(OAc)2 (5) DMF 90 12 trace

9 Pd(OAc)2 (5) Dioxane 90 12 n.r.
10 Pd(OAc)2 (5) CH3CN 90 12 n.r.
11 Pd(OAc)2 (5) DMSO: 

AcOH
(1:3)

90 12 66

12c Pd(OAc)2 (5) AcOH 90 12 26
13d Pd(OAc)2 (5) AcOH 90 12 10
14     -- AcOH 90 12 n.r.

a Reaction conditions : 0.25 mmol of  1a and 0.33 mmol of  2a in the presence of  
catalyst and  in solvent (1mL) at 90 °C for 12 h in oxygen atmosphere. b Isolated 
yields, c open air condition, d inert condition.

We first examined the reactions of 2-amino anilines with 
different styrenes under optimized reaction conditions. Simple, 
methyl and methoxy styrenes produced corresponding 
benzimidazoles 3a (71%), 3b (73%) & 3c (53%) in good yields. 

Styrene substituted with deactivating substituents such as 4-
fluorostyrene (3e), 4-bromo (3f) and 3-nitrostyrene (3q) 
produced corresponding benzimidazoles in 47%, 44% & 40% 
yields under optimized conditions25. Next, we have examined the 
differently substitued o-phenylenediamines reactivity in this 
reaction. Methyl substituted benzene-1,2-diamine reacted well 
with 1a to produce  3d in 72% yield. Furthermore, halogen 
substrates like 4-flouro, 4-chloro, 4,5 dichloro o-
phenylenediamines furnished the products 3g (49%), 3h (50%) 
3o (57%) and 3p (55%) in moderate yields. Furthermore, benzoyl 
substituted o-phenylenediamine reacted with simple, 4-methyl 
and 4-fluoro substituted styrenes gave desired product in low 
yield (Table 2, 3l-3n, 21-27%). Moreover styrenes with electron 
donating groups such as 4-methyl and 4-methoxy have produced 
corresponding bemzimidazoles (3i-3k) with 4-fluro and 4-chloro 
substituted o-Phenylenediamines in good yields (51-57%). 
 
Table 2. Scope of Styrenes and o-Phenylenediaminea

To further expand the scope of the reaction, we tested the 
reactivity of 2-amino thiophenol (4) with styrene (1a) under 
standard reaction conditions (table 3). To our delight 2-
phenylbenzo[d]thiazole (5a) was obtained with 60% yield. 
Furthermore, both electron-rich and electron-poor styrenes (Table 
3) reacted well with 4 and afforded the products 5b, 5c, 5d, 5e & 
5f in good yields (30-66%). To further expand the scope of the 
above reaction, we have tested the reactivity of 2-aminophenol 
with styrene 1a under standard conditions. Unfortunately, no 
desired product was obtained (no reaction between 2-
aminophenol and styrene), starting materials were isolated.

Table 3. Scope of Styrenes and 2-Aminothiophenol

Moreover, to enhance the substrate scope of styrenes, we have 
reacted 1-vinyl-1H- imidazole (6) in place of styrenes with o-
phenylenediamine (2) under standard conditions. Unfortunately, 
expected product (2-(1H-imidazol-1-yl)-1H-benzo[d]imidazole) 
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was not obtained. However, we have isolated 2-methyl-1H-
benzo[d]imidazole 7 via selective cleavage of the C–N bond of 
vinyl-1H- imidazole (Table 4). o-Phenylenediamines with 
different substituents successfully produced corresponding 2-
methyl-1H-benzo[d]imidazoles. Halogen substitutions like 4-
flouro, 4-chloro & 4-bromo o-phenylenediamines furnished 
products 7b (63%), 7c (68%) and 7d (65%) in good yields. Also, 
nitro & benzoyl substituted o-phenylenediamines reacted well 
with 6 and produced 7e (61%), 7f (49%) with moderate yields. 

Table 4. Scope of Vinylimidazole and o-Phenylenediamine

   Encouraged by these results, we became curious to test the fate 
of allylbenzene, as our next substrate with o-phenylenediamine. 
Interestingly, 2-aryl benzimidazole 3c was isolated with 61% 
yield via C(sp3)-C(sp2) bond cleavage(Scheme 2).

Scheme 2. Reactivity of Allylbenzene with o-Phenylenediamine

To gain a deep insight into the reaction mechanism, control 
experiments were conducted (Scheme 3). When benzaldehyde (9) 
was reacted with o-phenylenediamine under standard condition, 
3a was observed with 32% yield and 2-aryl-1-arylmethyl-1H-1,3-
benzimidazole (10) formed as by-product with 22% yield. 
However, we did not observe product 10 during reaction of 
styrene (1a) with o-phenylenediamine under standard condition, 
which ruled out the formation of benzaldehyde (9) as 
intermediate. Under standard conditions Phenyl acetaldehyde 
(11) afforded mixture of 3a & 12. Acetophenone (13) and 1-
phenylethane-1,2-diol (14) were independently employed to 
standard conditions. Acetophenone (13) smoothly produced the 
corresponding product 3a in 72% yield, whereas compound 14 
was found to be unreactive (Scheme 3d). Moreover, 
phenylglyoxal (15) produced 3a in 8% yield.

Based on the control experiments and a previous report26, we 
propose a possible mechanism as shown in Scheme 4. Initially, 
styrene (1a) undergoes oxidation in presence of catalytic amount 
of palladium to give acetophenone26. Subsequently, o-
phenylenediamine reacts with acetophenone to deliver A. 
Intermediate A then cyclizes to give dihydro benzimidazole B. 
Oxidation of intermediate B gives oxo derivative C. Subsequent 
aromatization process will leads to the final product 3a with the 
loss of formaldehyde.

Scheme 3. Control Experiments

Scheme 4. Proposed Mechanism

In summary, we have developed a palladium catalysed facile one 
pot synthetic method for the synthesis of benzimidazoles and 
benzothiazoles from readily available styrenes/vinyl imidazoles 
and 2-amino/2-mercaptosubstituted anilines. This method 
involves sequential C=C/C‒N bond cleavage followed by 
C−N/C−S bond formation. Molecular oxygen used as sole 
oxidant. Easy handling and smooth reaction conditions are the 
salient features of this method.
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 Practical synthetic method for Benzimidazoles 

and benzthiazoles has been developed.

 Easy handling & smooth reaction conditions are 
the salient features of this method.

 Molecular oxygen used as sole oxidant.

 Reaction involves Palladium Catalysed 
Oxidative C=C and C‒N bond Cleavage.


