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Abstract 

The thesis contains five chapters. First two chapters focus on the copper-catalyzed synthesis of 

2-(arylthio)arylcyanamides and 2-(arylselanyl)arylcyanamides via domino C-S and C-Se cross-

coupling reactions. The chapter three describes copper-mediated three-component strategy for 

the synthesis of 5-aminotetrazoles. The chapter four deals with copper-catalyzed synthesis of 2-

azidobenzimidazoles and the chapter five having two parts focuses on copper-catalyzed synthesis 

of 2-aminobenzimidazoles and 2-(1H-1,2,3-triazo-1-yl)benzimidazoles, respectively.  

 

Chapter I. Copper(II)-Catalyzed Synthesis of 2-(Arylthio)arylcyanamides 

from N-(2-Iodoaryl)thiourea and Aryl Iodides 

Transition-metal catalyzed cross-coupling reactions provide effective method for the formation 

of carbon-carbon and carbon-heteroatom bonds. Among these, the construction of C-S
 
bond has 

received considerable attention due to their presence in many molecules that are of biological, 

pharmaceutical and material interest. This chapter describes copper-catalyzed synthesis of 2-

(arylthio)arylcyanamides by domino intra- and intermolecular C-S cross-coupling reactions of 

aryl thioureas with aryl iodides (Scheme 1).  

I

H
N NH2

R
S

+

I

R'

2.5 mol % CuSO4⋅5H2O

1.5 equiv Cs2CO3

DMSO, 90 °C, 5-8 h
S

NH

R

R'

CN

R = H, Cl, Me

R' = H, Cl, Me, OMe, NO2, NH2

 up to 98% yield  

Scheme 1 

 

Chapter 2. Copper(I)-Catalyzed Synthesis of 2-(Arylselanyl)arylcyanamides 

from N-(2-Iodoaryl)selenourea with Aryl Iodides  

Study of organoselenium compounds is an active topic due to their interesting biological and 

medicinal properties. This chapter describes synthesis of 2-(arylselanyl)arylcyanamides from 2-

(iodoaryl)selenourea with aryl iodides via domino intra- and intermolecular C-Se cross-coupling 

reaction in the presence of copper(I) complex under moderate temperature (Scheme 2). A variety 

of substrates undergo reactions to give the cross-coupled products in good yield.  
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I

H
N NH2

R
Se

+

I

R'

5 mol % CuI

1.5 equiv Cs2CO3

DMSO, 90 °C, 1-2 h
Se

NH

R

R'

CN

R = H, Cl, Me

R' = H, Cl, Me, OMe, NO2, NH2

up to 95% yield

10 mol % 1,10-Phen

 

Scheme 2 

 

Chapter 3. Copper(II)-Promoted Three-Component Synthesis of Substituted 

5-Aminotetrazoles  

Tetrazoles are an important class of heterocyclic compounds. Due to their unique structure and 

reactivity, they have attracted noticeable interest in medicinal applications. This chapter 

describes the synthesis of substituted 5-aminotetrazoles via copper-promoted three component 

reaction from isothiocyanates, bromoanilines and sodium azide via tandem addition, substitution 

and electrocyclization (Scheme 3). 

up to 97% yield

Br

NH2

R

+ R'NCS
1. DMF, RT, 14-22 h

2. 50 mol % Cu(OAc)2⋅H2O
    3 equiv NaN3, 3 equiv Et3N
    RT, 3-6 h

Br

N N

NN

HN R'

R

R = EWG, EDG

R' = aryl, alkyl

 

Scheme 3 

 

Chapter 4. Copper(II)-Catalyzed Conversion of 1-(2-Bromoaryl)-N-Aryl-1H-

Tetrazol-5-Amines to 2-Azidobenzimidazoles  

 “Benzimidazole” is an important structural unit present in many molecules that are of biological 

and medicinal interest. Development of effective method for the construction of benzimidazole 

structural framework has thus been important in organic synthesis. This chapter describes the 

synthesis of 2-azidobenzimidazoles from 5-aminotetrazoles via copper-catalyzed intramolecular 

C-N cross-coupling reaction followed by tautomerization (Scheme 4).  
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up to 96% yield

X

N
N

NN

HN R'

R

R = EWG, EDG

R' = aryl, alkyl

5 mol % Cu(OAc)2⋅H2O

10 mol % 1,10-Phen

2 equiv K3PO4⋅3H2O

THF, RT, 20-30 h

N

N
N3

R'R

X = Br, I  
Scheme 4 

 

Chapter 5A. Copper-Catalyzed Reduction of 2-Azidobenzimidazoles to 2-

Aminobenzimidazoles  

2-Aminobenzimidazols are privileged organic compounds due to their recognition in biological 

and therapeutic activities. This chapter focuses on copper-catalyzed reduction of 2-

azidobenzimidazoles to 2-aminobenzimidazoles at moderate temperature (Scheme 5). The 

reactions are simple, general and proceed reactions to provide the target products in high yield.  

 

N

N
N3

R'

R
N

N
NH2

R'

R
5 mol % Cu(OAc)2⋅H2O

DMF, 90 °C, 2 h

R = EWG, EDG

R' = aryl, alkyl

up to 94% yield
 

Scheme 5 

 

Chapter 5B. Copper(I)-Catalyzed Click Reaction of 2-Azidobenzimidazoles with 

Alkynes  

Click chemistry provides an effective route for the construction of five membered heterocycles 

with molecular diversity from readily available substrates precursors. This chapter demonstrates 

the copper(I)-catalyzed synthesis of substituted 2-(1H-1,2,3-triazo-1-yl)benzimidazoles from 2-

azidobenzimidazoles and alkynes by click chemistry. A series of substituted 2-(1H-1,2,3-triazo-

1-yl)benzimidazoles have been  synthesized via click reaction of 2-azidobenzimidazoles with 

substituted alkynes (Scheme 6).  

N

N
N3R

R'

+

5 mol % CuI
2 equiv Et3N

THF, RT, 5 h N

N
N

NN
R

R'

R''

R''

R = H, Me, iPr

R' = aryl, alkyl

R'' = Me, OMe

up to 82% yield  

Scheme 6 
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                                                                                                                                                                        Chapter 1 

Copper(II)-Catalyzed Synthesis of 2-(Arylthio)arylcyanamides from 
N-(2-Iodoaryl)thiourea and Aryl Iodides 

Transition-metal catalyzed cross-coupling reactions provide effective method for the formation 

of carbon-carbon and carbon-heteroatom bonds.1 Among these, the construction of C-S bonds 

has received considerable attention due to their presence in many molecules that are of 

biological, pharmaceutical and material interest.2 Organosulfur compounds also play an 

important role in synthetic chemistry as versatile reagents for synthesis and catalysis. Traditional 

methods for the formation of aryl chalcogen bond often require harsh reaction conditions such as 

the use of toxic solvents and elevated temperatures.3 Some of these limitations have been 

overcome by the recent developments in the cross-coupling reactions.  

Cyanamides have attracted much attention in biological, pharmaceutical and material sciences 

due to their unique structure4 and reactivities.5 For example, cyanamides are important 

intermediates for the synthesis of many biologically active compounds, such as minoxidil6 and 

herbicides.7 Cyanamides are also extensively used in agriculture, as precursors for the synthesis 

of pharmaceutically important heterocycles8 and N-alkyl  or  N-aryl  imides.9,10 Furthermore, the 

CN group can be easily removed from  cyanamides, and hence, they can be used as a protecting 

group for the synthesis of primary and secondary amines.  

N

N

N

NH2H2N

O

Minoxidil

Treatment of High Blood Pressure

N
N

S

HN

O

Herbicide (Cyprazole)

CH2Cl

Me Me

 

Figure 1. Examples of some biologically active compounds 
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1.1 Palladium Catalysts 

Palladium based catalytic systems have been extensively explored for the carbon-heteroatom 

bond formation via cross-coupling reactions for over the past three decades and considerable 

progress has been made. 

In 1980, Migita and co-workers first reported the synthesis of diphenylthioether from thiols 

and aryl halides using Pd(PPh3)4 in the presence of NaOtBu in tert-butanol. Aryl iodides and 

bromides are compatible with this procedure affording the cross-coupled products in high yield 

(Scheme 1).11a                                       

SH Br S

+
2 equiv NaOtBu
tBuOH, 100 °C, 10 h

1 mol % Pd(PPh3)4

up to 96% yield

SH Br S

+
2 equiv NaOtBu
tBuOH, 100 °C, 10 h

1 mol % Pd(PPh3)4

up to 96% yield  

Scheme 1 

 

Subsequently, the use of palladium(II) complex 1 has been demonstrated for the coupling of 

thiols with aryl bromides in the presence of NaOtBu. Both electron donating and electron 

withdrawing substituents on the phenyl rings work well under these conditions (Scheme 2).11b 

SH Br S

+
2 equiv NaOtBu
DMSO, 110 °C, 24 h

2.8 mol % 1
OH

tBu

tBu

OH

Pd tBuBut

Cl

Cl
1

up to 66% yield

 

Scheme 2 

 

Then, Itoh and co-workers have reported the cross-coupling of thiols with aryl bromides using 

in situ generated palladium(II) complex from Pd2(dba)3 and xantphos 2 in the presence of 
iPr2NEt in 1,4-dioxane  (Scheme 3).11c In contrast to the above methods that employ inorganic 

bases, the present protocol is compatible with organic base.  
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SH Br S

+

2.5 mol % Pd2(dba)3
5 mol %  2

NO2 NO2

O

PPh2 PPh2

O2N
MeMe

2

2 equiv iPr2NEt
1,4-Dioxane
110 °C, 6 h

up to 90% yield

 
Scheme 3 

 

While, Doi and co-workers have shown the intramolecular cyclization of N-

arylbenzothioamide via C-H functionalization/C-S bond formation employing PdCl2 and CuI in 

the presence of tetrabutylammonium bromide (TBAB). The presence of TBAB increases the 

yield of the target products (Scheme 4).11d     

S

NH
N

S

10 mol % PdCl2
50 mol % CuI

2 equiv TBAB
DMSO-NMP
120 C, 2 h

up to 90% yield
 

Scheme 4 

 

Furthermore, Batey and co-workers have described the synthesis of 2-aminobenzothiazoles 

from N-arylthiourea via C–S bond formation/C–H bond functionalization using Pd(PPh3)4 and 

MnO2 under oxygen atmosphere (Scheme 5).11e  

S

N
N

R

R'

3 mol % Pd(PPh3)4

10 mol % MnO2

R''

CH3CN, O2, 80 °C
R''

H
N

S

N

R

R'

R'' = H, Br, Cl, F, Me, OMe, OEt, NO2

NRR'  = 2°-amine up to 88% yield

 

Scheme 5 

 

1.2 Copper Catalysts 

Copper based catalytic systems have more advantages compared to palladium catalysis because 

copper based catalysts are generally less expensive, less toxic, less sensitive to air and free from 

the requirement of bulky phosphine ligands.  
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Copper(I) complex generated in situ from CuI and 1,2-ethylene glycol 3 has been used for the 

coupling of thiols with aryl iodides in 2-propanol. The procedure is effective and the target 

products are obtained in good to excellent yields (Scheme 6).12a 

SH S

+

I

Me Me
Me

Me5 mol % CuI
10 mol % 3

OHHO
3

2 equiv K2CO3
iPrOH, 80 °C, 24 h

up to 92% yield

 
Scheme 6 

 

A similar results are obtained using copper(I) complex derived from CuBr and β-keto ester 4 

for the coupling of thiols with aryl iodides in DMSO (Scheme 7).12b 

SH S

+

Me 4

O

OEt

O
10 mol % CuBr
20 mol % 4

2.1 equiv Cs2CO3
DMSO, 75 C up to 88% yield

Me

I

 

Scheme 7 

 

While Koten and co-workers have shown the cross-coupling of thiophenols with aryl iodides 

using CuI in the presence of K2CO3 in NMP (Scheme 8).12c 

+

2.5 mol % CuI

1.1 equiv K2CO3

2 equiv NMP

100 °C, 6 h

S

up to 82% yield

SH I

 

Scheme 8 

 

Our group showed the use of CuO nanoparticles for the coupling of both aryl and alkyl thiols 

with aryl iodides in DMSO (Scheme 9).12d The procedure involves ligand-free conditions and the 

catalyst can be recovered and recycled without loss of activity. 
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I

R
S

H

R = Alkyl, Aryl

+

S
R1.26 mol % CuO nanoparticles

1.5 equiv KOH, DMSO, 80 °C up to 92% yield
 

Scheme 9 

 

The above catalytic system is also effective for the cyclization of N,N-diaryl thiourea to afford 

2-aminobenzothiazole in quantitative yield (Scheme 10).12e  

S

N
NH R'

H
N

S

H
N

R'

Br

2.5 mol % CuO nanoparticles

0.5 equiv K2CO3
R R

DMSO, 80 °C up to 98% yield
 

Scheme 10 

 

The cyclization of o-halothiourea has also been carried out by Batey and co-workers using 

CuI/1,10-phenanthroline in the presence of Cs2CO3 in DME (Scheme 11).12f   

 5 mol % CuI
10 mol % 1,10-Phen

Br

N
H

N

S
R

2 equiv Cs2CO3
DME, reflux, 16-24 h

N

S
R NR'

R''

R'

R''

up to 96% yield  

Scheme 11 

 

While, Ding and co-workers have showed the synthesis of 2-aminobenzothioazoles from 2-

iodoanilines and isothiocyanates employing CuI/1,10-phenanthroline in the presence of DABCO 

at moderate temperature (Scheme 12).12g  

Toluene, 50 °C

10 mol % CuI

2 equiv DABCO

20 mol % 1,10-Phen
NH2

I N

S H
N+ R'-NCS R'

R R
R' = alkyl, aryl

R = H, F, Me, CF3

up to 98% yield

 

Scheme 12 
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The above reaction has been found to be effective by Bao and co-workers under ligand-free 

conditions (Scheme 13). The reactions of a variety of 2-haloanilines are demonstrated with 

isothiocyanates in good yields.12h  

1 equiv K2CO3

15 mol % CuI

Y

NH2

X Y N

S H
N+ R'-NCS R'

DMSO, N2, 95-115 °C

R R
R' = aryl, Bn

R = H, Cl, Me

X = Br, I

Y = CH, N
up to 92% yield

 
Scheme 13 

 

Li and co-workers have accomplished the above protocol at lesser temperature in the presence 

of TBAB under base free conditions (Scheme 14).12i  

X = Br, Cl, I DMSO, 40 °C

1 mol % CuBr

1 equiv TBAB

NH2

X N

S H
N+ R'-NCS R'R R

R' = alkyl, aryl

R = H, Cl, F, Me

up to 98% yield

 

Scheme 14 

 

1.3 Iron Catalysts 

Few studies are focused on the use of iron-catalyzed cross-coupling reactions. The use of iron 

catalysts is attractive because it is cheap, environmentally benign and non toxic.  

Li and co-workers have reported the synthesis of 2-aminobenzothiazoles from 2-haloanilines 

and isothiocyanates in the presence of FeF3/1,10-phenanthroline in moderate to good yield 

(Scheme 15).13a 

10 mol % FeF3
NH2

I 2 equiv Et3N N

S H
N+ R'-NCS R'

20 mol % 1,10-Phen

DMSO, 80 °C

R R
R' = alkyl, aryl

R = H, F, Cl, Me, CF3

up to 96% yield

 

Scheme 15 

The above reaction has also been found to be effective utilizing FeCl3 in water in the presence 

of octadecyltrimethylammonium chloride (ODTAC) (Scheme 16). The reaction media can be 

recovered and reused without loss of activity.13b 
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2 equiv DABCO

5 mol % 1,10-Phen

5 mol % FeCl3
NH2

I 10 mol % ODTAC N

S H
N+ R'-NCS R'

H2O, 80 °C

R R
R' = alkyl, aryl

R= H, F, Cl, Me, CF3

up to 97% yield

 

Scheme 16 

1.4 Cobalt Catalysts 

Cheng and co-authors have shown the synthesis of diaryl sulfide from aryl thiols and aryl iodides 

using CoI2(dppe)/Zn in CH3CN or toluene under reflux conditions (Scheme 17).14 Aryl bromides  

have also been used for S-arylation of thiols under above reaction conditions. 

+

1-2 mol % CoI2(dppe)/Zn

80 °C, 10 h

S

Pyridine, CH3CN or Toluene
up to 99% yield

ISH

 

Scheme 17 

 

1.5 Nickel Catalysts 

Few studies have also focused on nickel catalyzed C-S cross-coupling reactions. The 

combination of NiBr2-dppf [dppf =1,1’-bis(diphenylphosphino ferrocene)] and Zn has been used 

for coupling of  thiols with aryl iodides in the presence of K2CO3 at ambient temperature 

(Scheme 18).15a 

SH S

+

I
4 mol % NiBr2
0.2 equiv Zn

1 equiv K2CO3
NMP, 25 °C, N2, 24 h up to 95% yield

 

Scheme 18 

 

Our group has shown the synthesis of diaryl ether using NiCl2.6H2O in the presence of TBAB 

from thiols with aryl iodides (Scheme 19).15b The products were separated from the solid 
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material by extraction with diethyl ether and the insoluble catalyst can be recycled without loss 

of activity. 

SH S

+

I
10 mol % NiCl26H2O
2 equiv TBAB

1.5 equiv KOH
110 °C, 10 h up to 92% yield

 

Scheme 19 

 

1.6 Present Study 

The first report of the synthesis of 2-(arylthio)arylcyanamides has been accomplished from N-(2-

haloaryl)thiourea and aryl iodides employing copper-based systems. The reactions take place via 

intra- followed by intermolecular domino C-S cross-coupling reactions.  

The reaction of 2-haloaniline, benzoylchloride and ammoniumisothiocyanate gave Y in 

acetone, which could be treated with NaOH to afford required substrate precursor N-(2-

haloaryl)thiourea in good yield (Scheme 20).16   

 

X

NH2

R
NH4SCN
C6H5COCl

Acetone, 80 C X

H
N

H
N C6H5

S O

5% NaOH

 X

H
N NH2

R
S

X = Cl, Br, I

R = H, Cl, Me

R

Y

 
Scheme 20 

 
The optimization of the reaction conditions was carried out with N-(2-iodophenyl)thiourea 

and iodobenzene as model substrates using different bases, solvents and copper sources at varied 

temperatures  (Table 1). The best result was obtained when the reaction was pursued at 90 °C 

using 2.5 mol % of the copper salts such as CuSO4·5H2O, CuI, CuBr, Cu2O, CuBr2, CuCl2·2H2O 

and Cu(OAc)2·H2O in the presence of Cs2CO3 in DMSO affording the desired 2-

(phenylthio)phenylcyanamide A in 100% conversion.The reactions with solvent, DMF, and base, 

K2CO3, required longer reaction time to afford A in quantitative yield. In contrast, the solvents 

such as, toluene, 1,4-dioxane, CH3CN and 2-propanol, and base, K3PO4, were less effective   
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Table 1. Optimization of the Reaction Conditionsa 

S

NH

CN
H
N

S

NH2
Catalyst

Solvent, 90 °C
I

Base
+

S

N
NH2

A BPhI  
 

 

a N-(2-Iodophenyl)thiourea (0.5 mmol), iodobenzene (0.5 mmol), catalyst (2.5 mol %), base 

(0.75 mmol) and solvent (1 mL) were stirred at 90 °C. 
b Determined by 1H NMR.  
c Cs2CO3 (0.5 mmol) used.  
d Reaction temperature 80 °C. n.d. = not detected. 

 

Entry Catalyst Solvent Base Time (h)    Product(s) (%)b 

    A           B 

1 
2 

CuSO4·5H2O 

CuSO4·5H2O 

DMSO 

DMSO            

Cs2CO3 

K2CO3 

3 

6 

100         n.d. 

100         n.d. 

3 

4 

CuSO4·5H2O 

CuSO4·5H2O 

DMSO 

DMF            

K3PO4·3H2O  

Cs2CO3 

6 

5 

45          55 

100         n.d. 

5 

6 

CuSO4·5H2O 

CuSO4·5H2O 

Toluene 

1,4-Dioxane     

Cs2CO3 

Cs2CO3 

6 

6 

n.d.         100 

n.d.          100 

7 

8 

CuSO4·5H2O 

CuSO4·5H2O 

CH3CN  

2-Propanol 

Cs2CO3 

Cs2CO3 

6 

6 

40           60 

n.d.          100 

9c 

10d 

CuSO4·5H2O 

CuSO4·5H2O 

DMSO 

DMSO 

Cs2CO3 

Cs2CO3 

5 

5 

65           35 

59           41 

11 

12 

CuI 

CuBr 

DMSO 

DMSO 

Cs2CO3 

Cs2CO3 

3 

3 

   100           n.d. 

 100          n.d. 

13 

14 

Cu2O  

CuBr2 

DMSO 

DMSO 

Cs2CO3 

Cs2CO3 

3 

3 

   100           n.d. 

 100          n.d. 

15 

16 

CuCl2·2H2O  

Cu(OAc)2·H2O 

DMSO 

DMSO 

Cs2CO3 

Cs2CO3 

3 

3 

   100           n.d. 

 100           n.d. 
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Table 2. Copper(II)-Catalyzed Domino Reaction of Substituted Thioureas with Aryl Iodides a-b
 

I
H
N

S

NH2
2.5 mol % CuSO45H2O
1.5 equiv Cs2CO3

DMSO, 90 CI

R' = H, Cl, Me, NO2, OMe, NH2

R' S

NH

CN
R'

R R

R = H, Cl

S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me

S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me

1a 1b 1c 1d

5 h, 97%

Cl OMe

NO2

5 h, 96% 7 h, 83% 8 h, 90%

S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me S

NH

CN

Me

S

NH

CN

Me S

NH

CN

Me S

NH

CN

S

NH

CN

Cl

1i 1j 1k 1l

5 h, 89%

Me

Me

5 h, 89% 5 h, 87% 5 h, 94%

1e 1f 1g 1h

5 h, 95% 5 h, 98% 8 h, 88% 5 h, 95%

NH2 Cl OMe NO2

Me

Me
Me

Me

Me

Me

Me

Me

1m 1n 1o 1p

7 h, 98% 7 h, 90% 3 h, 95% 3 h, 95%

S

NH

CN

Me S

NH

CN

Me

1q 1r

3 h, 91% 3 h, 90%

1a-r

Me MeMe

Me Me

 

a N-(2-Iodophenyl)thiourea (0.5 mmol), aryl iodide (0.5 mmol), CuSO4·5H2O (2.5 mol  %) and 

Cs2CO3 (0.75 mmol)  were stirred at 90 °C in DMSO (1 mL).  
b Isolated yield. 
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Figure 2. ORTEP diagram of 2-(2,5-dimethylphenylthio)-4-methylphenylcyanamide 1j with 

50% ellipsoid. H-atoms are omitted for clarity. 

 

providing either aminobenzothiazole17 B or a mixture of A and B as the product(s). Similarly, 

lowering of the reaction temperature (80 °C) or base (1 equiv) led to the formation of a mixture 

of A and B. The control experiment confirmed that in the absence of the copper salts no reaction 

was occured.  

Encouraged by these results, we further pursued the scope of the process with respect to the 

other substrates. Aryl iodides having 2-Cl, 2-OMe, 3-NO2, 4-NH2, 4-Cl, 4-OMe, 4-NO2, 2,4-

dimethyl, 2,5-dimethyl, 2,6-dimethyl, 3,4-dimethyl and 3,5-dimethyl substituents and 1-naphthyl 

iodide proceeded reactions with N-(2-iodo-4-methylphenyl)thiourea to give the corresponding 

products 1a-n in 83-98% yield (Table 2). Similarly, N-(2-iodophenyl)thiourea having 4-Cl, 4-Me 

and 4,5-dimethyl substituents underwent reactions with 1-iodo-4-methylbenzene gave target 

molecules 1o-r in 90-95% yield (Table 2). These studies clearly reveal that the substrates having 

electron donating and -withdrawing groups are compatible with this process to afford the 

substituted 2-(arylthio)arylcyanamides in high yield. Recrystallization of 2-(2,5-dimethylphenyl-

thio)-4-methylphenylcyanamide in MeOH provided single crystals whose X-ray structure is 

shown in figure 2.  
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Next, the reactions of the aryl halides were screened (Table 3). Iodobenzene proceeded 

reactions with N-(2-iodophenyl)thiourea to give 2-(phenylthio)phenylcyanamide A in 100% 

conversion. In contrast, bromobenzene and chlorobenzene exhibited moderate reactivity and 

yielding either a mixture of A and B or B as the sole product(s). In contrast, N-(2-bromo) and N-

(2-chloro)phenylthioureas proceeded reactions with iodobenzene to afford A in <20% yield 

along with 2-halophenylcyanamide.  

 

 Table 3. Reactions of Aryl Halidesa 

H
N

S

NH2

2.5 mol % CuSO45H2O

DMSO, 90 °C, 3 hX

1.5 equiv Cs2CO3

X,Y = Br, Cl, I

Y

+
S

NH

CN

+
S

N
NH2

A B
 

 Entry X Y   Product(s) (%)b 

                   A           B 

 1 I I    100          n.d. 

 2c 

 3d 

 4 

 5 

Br 

Cl 

I 

I 

I 

I 

Br 

Cl 

     20          n.d. 

    <5            n.d. 

    10          90 

    n.d.       100 
 

a Thiourea (0.5 mmol), aryl halide (0.5 mmol), CuSO4·5H2O (2.5 mol %) and Cs2CO3 (0.75 

mmol) were stirred at 90 °C for 3 h in DMSO (1 mL).  
b Determined by 400 MHz 1H NMR. 
c N-(2-Bromophenyl)cyanamide obtained in 70% yield as a byproduct.  
d N-(2-Chlorophenyl)cyanamide obtained in 82%  yield as a byproduct. 

 

However, the reaction of N-(2-bromo)phenylthiourea could be carried out with iodobenzene in 

the presenc of 1,10-phenanthroline to afford the target 2-(arylthio)arylcyanmides  in excellent 

yield (Scheme 21). A sereis of substrates were examined and the reactions proceeded efficiently 

to afford the target products in 83-98% yield.   
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10 mol % 1,10-phen

S

NH

CN
H
N

S

NH2

5 mol % CuSO45H2O

1.5 equiv Cs2CO3

DMSO, 90 °C, 5-8 h
Br

R' = H, Cl, Me, OMe, NO2, NH2

R = H, Cl, Me

I

R R' R R'+

up to 98% yield

 

Scheme 21 

 

H
N NH2

S

N

Cu

NH2

S

S

N
NH2

X

Cu

S

N
C

N

H

H:B  +  X-

H
N

X

NH2

S H:B + X-

a b

c

d

oxidative 
addition

reductive
elimination

oxidative 
addition

reductive
elimination

:B NHCN

S

X = I, Br, Cl

CuII

CuI

+e

CuX

B

:B

:B

A

+ H:B

CuII

CuI

+e

Cu

X

 

Scheme 22. Proposed catalytic cycle 

The proposed catalytic cycle is shown in Scheme 22. Reduction of the copper(II) salt with 

thiourea18 can give copper(I) species which can undergo oxidative addition with N-(2-

iodoaryl)thiourea to yield copper(III) intermediate a. The latter can react with base to undergo 

intramolecular cyclization via b to give thiazole B. Oxidative addition of aryl iodide with 

copper(I) species can lead to the formation of c which can undergo intermolecular C-S cross-

coupling reaction with thiazole B to give the intermediate d that can complete the catalytic cycle 

by reductive eliminaton of 2-(arylthio)arylcyanamide A. For example, when N-(2-

iodoaryl)thiourea was reacted with CuSO4·5H2O in the absence of iodobenzene, thiazole B was 

obtained in 0.5 h with 100% conversion. Moreover, thiazole B readily underwent reaction with 

iodobenzene in the presence of 2.5 mol % of CuSO4·5H2O and 2.5 mol % of N-(2-

iodoaryl)thiourea to afford the cyanamide A quantitatively.  These studies clearly suggest that N-

(2-iodoaryl)thiourea first may undergo intramolecular C-S cross-coupling reaction to give 
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thiazole B which could be transformed to cyanamide A by intermolecular C-S cross-coupling 

reaction.  

In summary, the synthesis of 2-(arylthio)arylcyanamides has been accomplihsed from N-(2-

iodoaryl)thioureas and aryl iodides usisng copper-catalyzed intra- followed by intermolecular C-

S cross-coupling reactions under ligand-free conditions. In case of N-(2-bromoaryl)thioureas, the 

reactions are effective using CuSO4·5HO and 1,10-phenanthroline. However, the reactions are 

simple and general to afford the target products in hign yield under air.  

 

Experimental Section 

General Information. Iodobenzene, bromobenzene, chlorobenzene, CuSO4·5H2O (98%), CuI 

(98%), CuBr (98%), Cu2O (97%), CuBr2 (99%), CuCl2·2H2O (99%) and Cu(OAc)2·H2O (98%), 

Cs2CO3 and K3PO4·3H2O were purchased from Aldrich and used without further purification. 

Substituted aryl iodides ware prepared according to procedure.19 The solvents were purchased 

and dried according to standard procedure. 1H NMR (400 MHz) and 13C NMR (100 MHz) 

spectra were recorded with a Varian 400 spectrometer. Infrared (IR) spectra recorded on a Perkin 

Elmer Spectrum one FT-IR spectrometer. Melting points were determined with a Büchi B-545 

apparatus and are uncorrected. Elemental analyses were recorded with Perkin Elmer CHNS 

analyzer.  

General Procedure for the Synthesis of 2-(Phenylthio)phenylcyanamides. N-(2-

Iodoaryl)thiourea (0.5 mmol), aryl iodide (0.6 mmol), Cs2CO3 (244 mg, 0.75 mmol) and 

CuSO4·5H2O (2.5 mol %) were stirred at 70 oC for 0.5 h followed by 90 oC for the appropriate 

time in DMSO (1 mL). Progress of the reaction was monitored by TLC using ethyl acetate and 

hexane (1:9). The reaction mixture was then cooled to room temperature and diluted with ethyl 

acetate (10 mL). The solution was washed successively with 1 N HCl (1 x 3 mL) and water (3 x 

3 mL). Drying (Na2SO4) and evaporation of the solvent gave a residue that was purified on silica 

gel column chromatography using ethyl acetate and hexane as eluent to afford the titled 2-

(arylthio)phenylcyanamide. 

General Procedure for the Synthesis of N-(2-Haloaryl)thioureas. To a stirred solution of 

NH4SCN (0.55 mmol) in acetone (2 ml) was added benzoyl chloride (0.55 mmol) and 2-

TH-1149_09612212



                                                                                                               Synthesis of 2‐(Arylthio)arylcyanamides 

15 
 

haloaniline (0.5 mmol) at room temperature and the mixture is heated under reflux for 30 min, 

then poured onto excess cracked ice with vigorous stirring. The resulting solid pH is adjusted to 

8.5 with NaHCO3 to remove the benzoic acid, then the resulting precipitate was recrystallized 

from ethanol to afford the N-(2-haloaryl)thiourea with pure form.       

S

NH

CN

2-(Phenylthio)phenylcyanamide (Table 1, entry 1): White solid; yield 97%; 

mp 92-93 °C; 1H NMR (400 MHz, CDCl3) δ 7.56 (dd, J = 1.6 Hz, 7.6 Hz, 1H), 7.49 (td, J = 1.6 

Hz, 7.6 Hz, 1H), 7.32 (dd, J = 1.2 Hz, 8.4 Hz, 1H), 7.26-7.21 (m, 2H), 7.18-7.08 (m, 2H), 7.01-

6.99 (m, 1H), 6.95 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 139.9, 137.7, 135.1, 

131.9, 129.6, 127.1, 126.7, 124.3, 117.5, 115.4, 110.3; FT-IR (KBr) 3148, 2964, 2917, 2237, 

1590, 1578, 1490, 1438, 1409, 1288, 1261, 1078, 1023 cm-1. Anal. Calcd. for C13H10N2S: C, 

69.00; H, 4.45; N, 12.38; S, 14.17. Found: C, 69.10; H, 4.44; N, 12.35; S 14.11.  

N

S
NH2

2-Benzothiazolamine21 (Table 1, entry 6): White solid; mp 129-130 °C (lit.22 

mp 129 °C); 1H NMR (400 MHz, CDCl3) δ 7.57 (td, J = 8.0, 0.4 Hz, 1H), 7.51 (td, J = 8.0, 0.8 

Hz, 1H), 7.31-7.27 (m, 1H), 7.11 (dt, J = 7.6, 1.2 Hz, 1H), 5.62 (br s, 2H); 13C NMR (100 MHz, 

CDCl3) δ 167.0, 151.9, 131.0, 125.5, 121.4, 120.6, 118.2; FT-IR (KBr) 3396, 3063, 1626, 1530, 

1444, 1309, 1105 cm-1. Anal. Calcd. for C7H6N2S: C, 55.97; H, 4.03; N, 18.65; S, 21.35. Found: 

C, 56.08; H, 4.01; N, 18.60; S 21.31.   

Br

H
N

CN

N-(2-Bromophenyl)cyanamide (Table 3, entry 2): White solid; mp 95-96 °C 

(lit.23 mp 94 °C); 1H NMR (400 MHz, CDCl3) δ 7.50 (dd, J = 8.4, 1.6 Hz, 1H), 7.35 (dt, J = 8.0, 

1.6 Hz, 1H), 7.28 (dd, J = 8.0, 1.6 Hz, 1H), 6.96 (dt, J =  8.0, 1.6 Hz, 1H), 6.35 (br s, 1H); 13C 

NMR (100 MHz, CDCl3) δ 135.4, 133.0, 129.2, 124.8, 116.2, 110.3, 109.9; FT-IR (KBr) 3146, 

2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146, 1027 cm-1. Anal. Calcd. for C7H5BrN2: 

C, 42.67; H, 2.56; N, 14.22. Found: C, 42.80; H, 2.53; N, 14.16.   
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Cl

H
N

CN

N-(2-Chlorophenyl)cyanamide24(Table 3, entry 3): White solid; mp 105-106 °C 

(lit.25 mp 105-106 °C); 1H NMR (400 MHz, CDCl3) δ 7.36-7.27 (m, 3H), 7.05-7.01 (m, 1H), 

6.29 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 134.2, 129.9, 128.5, 124.5, 120.4, 116.2, 110.1; 

FT-IR (KBr) 3162, 2914, 2877, 2842, 2243, 1598, 1500, 1426, 1295, 1112, 1048 cm-1. Anal. 

Calcd. for C7H5ClN2: C, 55.10; H, 3.30; N, 18.36. Found: C, 55.23; H, 3.28; N, 18.29.    

S

NH

CN

Me
4-Methyl-2-(phenylthio)phenylcyanamide 1a: White solid; yield 97%; 

mp 127-128 °C; 1H NMR (400 MHz, CDCl3) δ 7.40 (s, 1H), 7.30-7.19 (m, 5H), 7.04-7.01 (m, 

2H), 6.81 (br s, 1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.0, 137.4, 135.3, 134.1, 

132.7, 129.6, 127.0, 126.7, 115.3, 110.0, 20.7; FT-IR (KBr) 3210, 2922, 2224, 1605, 1580, 1497, 

1439, 1405, 1388, 1286, 1154, 1025 cm-1. Anal. Calcd. for C14H12N2S: C, 69.97; H, 5.03; N, 

11.66; S, 13.34. Found: C, 70.09; H, 5.02; N, 11.62; S, 13.27.  

S

NH

CN

Cl

Me

2-(2-Chlorophenylthio)-4-methylphenylcyanamide 1b: White solid; 

yield  96%; mp 147-148 °C; 1H NMR (400 MHz, CDCl3) δ 7.38-7.27 (m, 4H), 7.12-7.05 (m, 

2H), 6.76 (br s, 1H), 6.54-6.51 (m, 1H) 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.4, 

137.9, 134.8, 134.5, 133.2, 131.6, 130.0, 127.8, 127.3, 126.9, 115.5, 110.4, 20.7; FT-IR (KBr) 

3132, 2923, 2233, 1683, 1604, 1495, 1449, 1290, 1154, 1115, 1028 cm-1. Anal. Calcd. for 

C14H11N2SCl: C, 61.20; H, 4.04; N, 10.20; S, 11.67. Found: C, 61.28; H, 4.02; N, 10.16; S, 

11.63.   
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S

NH

CN

OMe

Me

2-(2-Methoxyphenylthio)-4-methylphenylcyanamide 1c: White solid; 

yield 83%; mp 83 °C; 1H NMR (400 MHz, CDCl3) δ 7.40 (s, 1H), 7.25-7.18 (m, 4H),  6.89-6.84 

(m, 3H), 3.98 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 156.8, 138.0, 137.8, 133.9, 

132.3, 130.1, 128.7, 123.2, 121.9, 117.8, 115.1, 111.1, 56.12, 20.6; FT-IR (KBr) 3060, 2935, 

2242, 1670, 1579, 1499, 1473, 1388, 1270, 1243, 1023 cm-1. Anal. Calcd. for C15H14N2SO: C, 

66.64; H, 5.22; N, 10.36; S, 11.86. Found: C, 66.75; H, 5.19; N, 10.30; S, 11.81.   

S

NH

CN

Me NO2

2-(3-Nitrophenylthio)-4-methylphenylcyanamide 1d: White 

solid; yield 90%; mp 125 °C; 1H NMR (400 MHz, CDCl3) δ 8.01-7.98 (m, 1H), 7.85 (t, J = 1.6 

Hz, 1H), 7.43-7.34 (m, 3H), 7.28 (d, J = 8.0 Hz, 1H), 7.24-7.21 (m, 1H), 6.73 (br s, 1H), 2.34 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 149.1, 138.6, 138.2, 137.7, 134.8, 133.8, 132.0, 130.3, 

121.3, 115.9, 115.0, 110.1, 20.7; FT-IR (KBr) 3118, 2963, 2923, 2859, 2237, 1605, 1529, 1499, 

1345, 1261, 1022 cm-1. Anal. Calcd. for C14H11N3SO2: C, 58.93; H, 3.89; N, 14.73; S, 11.24. 

Found: C, 59.02; H, 3.86; N, 14.68; S, 11.20.   

S

NH

CN

Me

NH2

2-(4-Aminophenylthio)-4-methylphenylcyanamide 1e: White 

solid; yield 95%; mp 112-113 °C; 1H NMR (400 MHz, CDCl3) δ 7.30 (s, 1H), 7.17 (d,  J = 1.6 

Hz, 2H ), 7.03-7.01 (m, 2H), 6.84 (br s, 1H), 6.60 (d, J = 7.6 Hz, 2H), 3.74 (br s, 2H), 2.28 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 146.4, 136.2, 133.8, 131.5, 131.3, 121.8, 120.6, 116.2, 

115.2, 110.9, 20.7; FT-IR (KBr) 3380, 2961, 2925, 2057, 2222, 2091, 1621, 1597, 1496, 1385, 

1388, 1262, 1177 cm-1. Anal. Calcd. for C14H13N3S: C, 65.85; H, 5.13; N, 16.46; S, 12.56. 

Found: C, 65.96; H, 5.10; N, 16.41; S, 12.53.   
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S

NH

CN

Cl

Me
2-(4-Chlorophenylthio)-4-methylphenylcyanamide 1f: White solid; 

yield 98%; mp 104-105 °C; 1H NMR (400 MHz, CDCl3) δ 7.38 (s, 1H), 7.29 (d, J = 0.8 Hz, 1H), 

7.27-7.21 (m, 3H), 6.95 (d,  J = 8.4 Hz, 2H), 6.78 (br s, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 137.9, 137.4, 134.4, 133.9, 133.0, 132.7, 129.8, 128.4, 116.8, 115.5, 110.4, 20.7; FT-IR 

(KBr) 3183, 3028, 2921, 2960, 2853, 2232, 1892, 1605, 1580, 1563, 1495, 1473, 1387, 1288, 

1262, 1155, 1090, 1051, 1008 cm-1. Anal. Calcd. for C14H11N2SCl: C, 61.20; H, 4.04; N, 10.20; 

S, 11.67. Found: C, 61.31; H, 4.01; N, 10.14; S, 11.60.   

S

NH

CN

Me

OMe

2-(4-Methoxyphenylthio)-4-methyiphenylcyanamide 1g: Gum-

my liquid; yield 88%; 1H NMR (400 MHz, CDCl3) δ 7.33 (s, 1H), 7.23-7.18 (m, 2H), 7.10-7.07 

(m, 2H), 6.83-6.80 (m, 3H), 3.78 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.2, 

136.9, 136.6, 134.0, 131.9, 130.5, 125.3, 119.5, 115.3, 115.2, 110.7, 55.6, 20.7; FT-IR (KBr) 

2925, 2851, 2227, 1594, 1492, 1283, 1247, 1173, 1097, 1031 cm-1. Anal. Calcd. for 

C15H14N2SO: C, 66.64; H, 5.22; N, 10.36; S, 11.86. Found: C, 66.76; H, 5.19; N, 10.31; S, 11.80.   

  
S

NH

CN

Me

NO2

2-(4-Nitrophenylthio)-4-methylphenylcyanamide 1h: Gummy 

liquid; yield 95%; 1H NMR (400 MHz, CDCl3) δ 8.40 (dd, J = 2.0 Hz, 6.8 Hz, 2H), 7.65 (dd, J = 

2.0 Hz, 6.8 Hz, 2H), 7.12 (s, 1H), 6.92-6.90 (m, 1H), 6.50 (d, J = 8.0 Hz, 1H), 2.31 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 141.9, 137.9, 132.9, 131.0, 129.3, 126.9, 125.2, 124.5, 122.7, 121.2, 

110.0, 20.8; FT-IR (KBr) 2923, 2857, 2208, 1628, 1514, 1341, 1248, 1108, 1034 cm-1. Anal. 

Calcd. for C14H11N3SO2: C, 58.93; H, 3.89; N, 14.73; S, 11.24. Found: C, 59.04; H, 3.87 ; N, 

14.65; S, 11.19.   
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S

NH

CN

Me

Me

Me

2-(2,4-Dimethylphenylthio)-4-methylphenylcyanamide 1i: Gum-

my liquid; yield 89%; 1H NMR (400 MHz, CDCl3) δ 7.28-7.21 (m, 3H), 7.01 (s, 1H), 6.86 (d, J 

= 7.6 Hz, 1H), 6.72 (br s, 1H), 6.57 (d, J = 8.0 Hz, 1H), 2.36 (s, 3H), 2.30 (s, 3H), 2.27 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 137.1, 137.0, 136.7, 136.2, 134.2, 132.0, 131.7, 130.5, 127.9, 

127.1, 117.8, 115.3, 110.7, 21.0, 20.7, 20.2; FT-IR (KBr) 2923, 2857, 2235, 2098, 1615, 1498, 

1380, 1259, 1237, 1049 cm-1. Anal. Calcd. for C16H16N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. 

Found: C, 71.70; H, 5.98; N, 10.40; S, 11.92.   

 

S

NH

CN Me

Me

Me

2-(2,5-Dimethylphenylthio)-4-methylphenylcyanamide 1j: White 

solid; yield 89%; mp 155-156 °C; 1H NMR (400 MHz, CDCl3) δ 7.29-7.22 (m, 3H), 7.05 (d, J = 

8.0 Hz, 1H), 6.89 (d, J = 6.8 Hz, 1H), 6.66 (br s, 1H), 6.39 (s, 1H), 2.34 (s, 3H), 2.30 (s, 3H), 

2.15 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 137.6, 137.2, 137.0, 134.2, 133.8, 133.0, 132.3, 

130.7, 127.5, 126.9, 126.8, 115.3, 110.7, 21.3, 20.7, 19.8; FT-IR (KBr) 3144, 2984, 2917, 2859, 

2230, 1604, 1584, 1498, 1449, 1413, 1391, 1289, 1270, 1213, 1153, 1057 cm-1. Anal. Calcd. for 

C16H16N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.75; H, 5.99; N, 10.39; S, 11.87. 

S

NH Me

Me

CN

Me

2-(2,6-Dimethylphenylthio)-4-methylphenylcyanamide 1k: White solid; 

yield  87%; mp 128 °C; 1H NMR (400 MHz, CDCl3) δ 7.26-7.21 (m, 2H), 7.17-7.12 (m, 1H), 

6.99 (dd, J = 0.8 Hz, 8.4 Hz, 2H), 6.57 (s, 1H), 6.40 (br s, 1H), 2.38 (s, 3H), 2.32 (s, 3H), 2.17 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 143.2, 134.2, 133.4, 130.5, 130.0, 129.6, 129.0, 128.6, 

122.7, 115.5, 111.1, 22.1, 20.9; FT-IR (KBr) 3114, 2981, 2877, 2226, 1580, 1488, 1392, 1245, 
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1209, 1049, 1030 cm-1. Anal. Calcd. for C16H16N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95.  

Found: C, 71.69; H, 6.00 ; N, 10.40; S, 11.91. 

S

NH

CN

Me

MeMe
2-(3,4-Dimethylphenylthio)-4-methylphenylcyanamide 1l : Whi-

te solid; yield 94%; mp 95 °C; 1H NMR (400 MHz, CDCl3) δ 7.37 (s, 1H), 7.26-7.20 (m, 2H), 

7.00 (d, J = 7.6 Hz, 1H), 6.88 (s, 1H), 6.83 (br s, 1H), 6.79-6.76 (m, 1H), 2.31 (s, 3H), 2.26 (s, 

3H), 2.20 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.2, 137.5, 137.0, 135.7, 134.0, 132.2, 

131.6, 130.9, 129.0, 125.3, 118.2, 115.2, 20.7, 20.0, 19.5; FT-IR (KBr) 3175, 2917, 2226, 1892, 

1596, 1486, 1385, 1286, 1155, 1021 cm-1. Anal. Calcd. for C16H16N2S: C, 71.61; H, 6.01; N, 

10.44; S, 11.95. Found: C, 71.78; H, 5.99; N, 10.39; S, 11.84. 

S

NH

CN

Me

Me

Me
2-(3,5-Dimethylphenylthio)-4-methylphenylcyanamide 1m: Light 

yellow solid; yield 98 %; mp 136-137 °C; 1H NMR (400 MHz, CDCl3) δ 7.38 (s, 1H), 7.28-7.20 

(m, 2H), 6.81-6.80 (m, 2H), 6.65-6.64 (m, 2H), 2.32 (s, 3H), 2.23 (s, 3H), 2.22 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 139.4, 137.8, 137.3, 134.7, 134.0, 132.4, 128.7, 124.9, 117.6, 115.3, 110.6, 

21.4, 20.7; FT-IR (KBr) 3205, 2919, 2856, 2226, 1732, 1599, 1578, 1489, 1384, 1288, 1154, 

1037 cm-1. Anal. Calcd. for C16H16N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.72; 

H, 5.98; N, 10.38; S, 11.92. 

S

NH

CN

Me

4-Methyl-2-(naphthalene-1-ylthio)phenylcyanamide 1n: White 

solid; yield 90%; mp 104-105 °C;  1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.8 Hz, 1H), 7.85 

(d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.0 Hz,  1H), 7.60-7.51 (m, 2H), 7.38 (s, 1H), 7.30-7.25 (m, 3H), 

6.82 (dd, J = 0.8 Hz, 7.2 Hz, 1H), 6.75 (br s, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

137.8, 137.3, 134.3, 134.1, 132.5, 132.3, 131.1, 128.9, 127.2, 126.9, 126.8, 126.1, 124.4, 123.8, 
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116.8, 115.5, 20.7; FT-IR (KBr) 2925, 2851, 2214, 1625, 1511, 1382, 1251, 1031 cm-1. Anal. 

Calcd. for C18H14N2S: C, 74.45; H, 4.86; N, 9.65; S, 11.04. Found: C, 74.58; H, 4.88; N, 9.59; S, 

10.95. 

 
S

NH

CN

Me

2-(p-Tolylthio)phenylcyanamide 1o: White solid: yield 95%; mp 87 

°C; 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.33 (d, J = 

8.0 Hz, 1H), 7.12-7.07 (m, 3H), 6.97 (d, J = 7.2 Hz, 2H), 6.93 (br s, 1H), 2.30 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 139.6, 137.3, 137.1, 131.6, 131.3, 130.4, 127.9, 127.8, 124.3, 115.4, 110.3, 

21.1; FT-IR (KBr) 3153, 2964, 2238, 1616, 1588, 1577, 1488, 1407, 1287, 1164, 1019 cm-1. 

Anal. Calcd. for C14H12N2S: C, 69.97; H, 5.03; N, 11.66; S, 13.34. Found: C, 70.09; H, 5.00; N, 

11.60; S, 13.31. 

S

NH

CN

Me

Cl
2-(p-Tolylthio)-4-chlorophenylcyanamide 1p:  White solid; yield 

95%; mp 130-131 °C; 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 2.4 Hz, 1H), 7.40-7.37 (m, 

1H), 7.24 (d, J = 8.0 Hz,  1H), 7.10-7.06 (m, 2H), 7.02-6.99 (m, 2H), 6.84 (br s, 1H), 2.30 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 137.9, 137.8, 135.9, 131.1, 130.9, 130.6, 130.1, 128.9, 

121.1, 116.5, 110.0, 21.1; FT-IR (KBr) 3153, 2919, 2237, 1572, 1486, 1455, 1408, 1384, 1284, 

1260, 1100, 1017 cm-1. Anal. Calcd. for C14H11N2SCl: C, 61.20; H, 4.04; N, 10.20; S, 11.67. 

Found: C, 61.32; H, 4.01; N, 10.15; S, 11.60.  

S

NH

CN

Me

Me
2-(p-Tolylthio)-4-methylphenylcyanamide 1q: White solid; yield 

91%; mp 94 °C; 1H NMR (400 MHz, CDCl3) δ 7.37 (s, 1H), 7.27-7.20 (m, 2H), 7.06 (d, J = 8.8 

Hz, 2H), 6.97-6.95 (m, 2H), 6.83 (br s, 1H), 2.31 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 137.6, 137.1, 136.9, 134.0, 132.2, 131.5, 130.3, 127.7, 118.0, 115.3, 110.7,  21.1, 20.7; 

FT-IR (KBr) 3154, 2922, 2862, 2232, 1607, 1581, 1948, 1453, 1410, 1389, 1388, 1268, 1155, 
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1018 cm-1. Anal. Calcd. for C15H14N2S: C, 70.83; H, 5.55; N, 11.01; S, 12.61. Found: C, 70.98; 

H, 5.51; N, 10.97; S, 12.54. 

S

NH

CN

Me

Me

Me

2-(p-Tolylthio)-4,5-dimethylphenylcyanamide 1r: White solid; 

yield 90%; mp 95 °C; 1H NMR (400 MHz, CDCl3) δ 7.30 (s, 1H), 7.09 (s, 1H), 7.03 (d, J = 8.0 

Hz, 2H), 6.92-6.90 (m, 2H), 6.74 (br s, 1H), 2.28 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 141.5, 138.5, 137.7, 136.9, 133.2, 132.4, 130.6, 127.6, 116.8, 114.9, 111.1, 

21.4, 20.4, 19.4; FT-IR (KBr) 3157, 2917, 2230, 1608, 1567, 1498, 1411, 1272, 1197, 1081, 

1022 cm-1. Anal. Calcd. for C16H16N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.77; 

H, 5.98; N, 10.40; S, 11.85. 
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Crystal Data for 2-(2,5-dimethylphenylthio)-4-ethylphenylcyanamide at 296(2) K 

 

Identification code 1j 

Empirical formula C16H16N2S 

Formula weight 268.38

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system orthorhombic 

Space group Pna2(1)

Unit cell dimensions a = 22.1067(10)Å       α(°)= 90 

b = 8.7972(4) Å           β(°)= 90 

c = 7.6712(3) Å           γ(°)= 90 

Volume V = 1491.87(11) Å3

Z 4 

Density (calculated) 1.195 mg/m3

Absorption coefficient 0.315 mm-1 

F(000) 568.0 

Crystal size 0.40×0.35×0.20 mm3

Index ranges -29<=h<=29, -11<=k<=11, -10<=l<=9 

Reflections collected 2067 

Independent reflections 2023 [R (int) = 0.0640] 

Completeness to theta = 28.72° 98.1 % 

Max. and min. transmission   0.902 and 0.950 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3857 / 1 /179 

Goodness-of-fit on F2 1.005

Final R indices [I>2sigma (I)] R1 = 0.0396, wR2 = 0.0654 

R indices (all data) R1 = 0.0798, wR2 = 0.0705 
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           Chapter II 

Copper(I)-Catalyzed Synthesis of 2-(Arylselanyl)arylcyanamides 
from N-(2-Iodoaryl)selenourea with Aryl Iodides  

Selenium containing compounds like organoselenides are stable, easily handled, nucleophilic and 

radicophilic species. Thus, they have an important role in organic chemistry.1 They have been 

used as intermediates for the synthesis of important biologically and pharmaceutically active 

compounds such as selenoxides, selenimines and selenide dihalides (Figure 1).2  Hence, various 

traditional methods have been reported on the construction of C-Se bond formation.3 However, 

those reports often require photochemical, strong reducing reagents, highly toxic gas and harsh 

reaction conditions such as the use of polar solvents, high temperature, toxic solvents like 

HMPA. Some of these drawbacks have been recently overcome by the development of more 

sustainable C-Se cross-coupling reactions using copper, palladium and nickel based catalysts 

under comparatively milder reaction conditions.  

NH
HO

O NH2O

NH

HO

O
O

S Se S

HN

HO

O

O

NH
OH

OH2NO
Se

N

O

                                               

                              Selenodiglutathione                                               Ebselene                             

Figure 1. Examples of some biologically active selenium compounds 

 

2.1 Palladium Catalyst 

Noboru and co-workers have shown the use of Pd(PPh3)4 for the synthesis of diaryl selenides 

from tributylstannyl selenide (PhSeSnBu3) and aryl halides at moderate temperature (Scheme 

1).4 
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Pd(PPh3)4

Toluene, 90 C

up to 88% yield

SeSnBu3

+

X

X = I, Br

Se

 

Scheme 1 

 

2.2 Copper Catalysts 

Most of the C-Se cross-coupling reactions have been carried employing copper based catalysts. 

Suzuki and co-workers have accomplished the synthesis of dirayl selenides from areneselenolate 

and aryl iodides in the presence of CuI in hexamethylphosphoric triamide (HMPA) (Scheme 2).5a 

Se

I

+

Se-

Me

CuI

HMPA, 90 C

up to 74% yield  

Scheme 2 

 

Engman and co-workers have shown the synthesis of diaryl selenides from diphenyl diselenide 

and aryl halides using CuI and bipyridyl under microwave irradiation (Scheme 3).5b 

Mg, DMF
Microwave

Y = Cl, Br, I

CuI/bipyridyl

up to 70% yield

Y

+
Se

Se

Se

 

Scheme 3 

 

Later, CuO nanoparticles have been employed for the synthesis of diaryl selenides from diaryl 

diselenides and aryl boronic acid in DMSO (Scheme 4).5c 

Se

Se SeCuO nanoparticles

DMSO, 100 C, 24 h, air
up to 98% yield

B(OH)2

+

 

Scheme 4 
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Subsequently, the synthesis of diphenyl diselenide has been shown using CuO nanoparticles, 

selenium powder and aryl halides (Scheme 5).5d   

X Se powder

KOH, DMSO
90 C, 60 min

Se

Se

X = Br, I

CuO nanoparticles

up to 96% yield
 

Scheme 5 

 

2.3 Nickel Catalyst 

The synthesis of diaryl selenide has been accomplished from aryl bromide and sodium seleniate 

in the presence of (bpy)2NiBr2 in ethanol (Scheme 6).6   

NaSe

+

Br
Se20 mol % (bpy)2NiBr2

Ethanol, 120 C, 24 h
up to 98% yield

 
Scheme 6 

 

2.4 Present Study 

The success in the copper(II)-catalyzed synthesis of 2-(arylthio)arylcyanamides led to us to 

explore the construction of 2-(arylselanyl)arylcyanamides from N-(2-iodoaryl)selenoureas with 

aryl iodides. The reactions are found to be effective employing copper(I) complex derived from 

CuI and 1,10-phenanthroline and the target products are obtained in excellent yield. 

The reaction of N-(2-iodoaryl)thiourea with iodomethane  gave X, which could be treated with 

aqueous ammonia to yield the intermediate Y. The latter proceeded reaction with NaHSe to 

afford the desired substrate precursor N-(2-iodoaryl)selenoureas Z in high yield (Scheme 7).7  

First, the reaction conditions were optimized with N-(2-iodo-4-methylphenyl)selenourea and 

iodobenzene as model substrates (Table 1). Among the set of ligands L1-7 examined, 1,10-

phenanthroline L7 afforded the best results giving selectively the product A in 99% yield. In 

contrast, ethylene diamine L1, ethylene glycol L2, L-proline L3, 2,2'-bipyridine L4, 
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H
N

S

NH2

I

CH3I

Acetone, RT

H
N

S

NH2

I Me

I
NH3/H2O, 0 °C

-NH4I

N

S

NH2

I Me

NaHSe/Ethanol

N

SeH

NH2

I

H
N

Se

NH2

I

-CH3SH

X Y

Z  

Scheme 7 

8-hydroxyquinoline L5 and dibenzoylmethane L6 were found to be less selective giving B or C 

or both as by-products along with the target molecule A. The catalytic activity of different 

copper sources was evaluated, and CuI was found to be superior to CuBr, Cu2O and 

CuSO4·5H2O. DMSO was found to be the solvent of choice, whereas DMF, toluene and 1,4-

dioxane gave inferior results. Of the screened bases, K2CO3, K3PO4·3H2O and Cs2CO3, the 

former gave the best results. Reaction temperature was another important factor to affect the 

results and 90 oC was found to be the optimum temperature. A control experiment confirmed that 

a mixture of A, B and C were detected without the aid of the ligand L7 (entry 2). Blank reaction 

without copper salt gave C as the sole product and the formation of A was not observed. This 

result suggests that, in the absence of copper(I) complex, the base promoted deselenization takes 

place to afford the cyanamide C. 

Next, to reveal the scope of the procedure, the reaction of a series of substituted aryl iodides 

was explored with N-(2-iodophenyl)selenourea (Table 2). Aryl iodides having 2-Cl, 2-OMe, 3-

NO2, 4-NH2, 4-Cl, 4-OMe and 4-NO2 substituents were readily proceeded the C-Se domino 

cross-coupling to give the target molecules 2a-h in 1-2 h with 75-95% yields. Similarly, aryl 

iodides with 2,4-dimethyl, 2,5-dimethyl and 2,6-dimethyl groups, and 1-naphthyl iodide 

underwent reactions to give the corresponding 2-(arylselanyl)arylcyanamides in high yield. 

Recrystallization of A in MeOH gave single crystals whose X-ray analysis is presented in figure 

2. 
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Table 1. Optimization of the Reaction Conditionsa 

Me

H
N NH2

I
Se

Copper source
Ligand, base

Solvent, 90 °C

I

+

Se

NH

Me

CN

+

Me I

NHCN
+

Se

N

Me

NH2

A B C

H2N NH2 HO OH
N
H

COOH Ph Ph

O O

N N N

OH
N N

L1 L2 L3 L4 L5 L6 L7

 

Entry     Copper source Ligand Solvent       Time (h)  Product(s) (%)b 

 A       B       C 

  1          CuSO4·5H2O     -              DMSO      1                    n.d.    n.d.    95 
  2               CuI      -                    DMSO                 3                 30     45      20 
  3        CuI     L7              DMSO      1                 95     n.d.    n.d. 
  4c              CuI     L7              DMSO      3                 43     37      15 

  5d              CuI     L7              DMSO      3                 53     26      16 

  6               CuI     L7              DMF                   3                 49     35      15 

  7               CuI     L7              Toluene      1                 n.d.   n.d.    94 

  8               CuI     L7              1,4-Dioxane        1                 n.d.   n.d.    94 

  9        CuI     L1              DMSO      3                  45    35      15 

  10        CuI     L2              DMSO      1                 n.d.   n.d.    32   

  11             CuI     L3              DMSO      3                  25    45      25 

  12             CuI     L4              DMSO      3                  37    35      23 

  13             CuI     L5              DMSO      3                  25    60      10   

  14             CuI     L6              DMSO      3                  35    45      18  

  15             CuBr     L7              DMSO      3                  55    25      15 

  16             Cu2O     L7              DMSO      1                  95    n.d.   n.d. 

  17e            CuI     L7              DMSO      4                  62    n.d.    33 

  18f             CuI     L7              DMSO      4                  49    n.d.    46 

 
a Substrate (0.5 mmol), copper source (5 mol %), L1-7 (5 mol %), Cs2CO3 (0.75 mmol) and 

iodobenzene (0.5 mmol) were  stirred 90 °C in solvent (1 mL).  
b Determined by 400 MHz 1H NMR. 
c K2CO3 used. d K3PO4 used.  
e Temp = 80 °C. f Cs2CO3 (1 equiv.) used. n.d. = not detected.  
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Table 2. Copper(I)-Catalyzed Domino Reaction of Substituted Selenoureas with Aryl Iodides.a-b
 

I
H
N

Se

NH2
5 mol % CuSO45H2O

1.5 equiv Cs2CO3

DMSO, 90 C
I

R' = H, Cl, Me, NO2, OMe, NH2

R' Se

NH

CN
R'

R R

R = H, Cl, Me

Se

NH

CN

Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Me

Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Me

2a 2b 2c 2d

1 h, 95%

Cl OMe

NO2

1.5 h, 85% 2 h, 89% 1.5 h, 85%

Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Me

Se

NH

CN

Me Se

NH

CN

Me Se

NH

CN

Se

NH

CN

Cl

2i 2j 2k 2l

1 h, 92%

Me

Me

1 h, 94% 1.5 h, 88% 1 h, 90%

2e 2f 2g 2h

2 h, 87% 1.5 h, 89% 2 h, 91% 1.5 h, 75%

NH2 Cl OMe NO2

Me

Me
Me

Me

Me

Me

Me

Me

2m 2n 2o 2p

1 h, 92% 1.5 h, 93% 1 h, 95% 1 h, 91%

Se

NH

CN

Me Se

NH

CN

Me

2q 2r

1 h, 95% 1 h, 90%

2a-r

Me MeMe

10 mol % L7

Me Me

 

a N-(2-Iodophenyl)selenourea (0.5 mmol), aryl iodide (0.5 mmol), CuI (5 mol %), 1,10-

phenanthroline L7 (5 mol %) and Cs2CO3 (0.75 mmol)  were stirred at 90 °C in DMSO (1 mL) 

under air.  
b Isolated yield. 
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Finally, the reactions of the substituted N-(2-iodo-4-methylphenyl)selenoureas with aryl iodide 

were studied. For example, N-(2-iodo-4-methylphenyl)selenourea having 4-Cl, 4-Me and 4,5-

dimethyl substituents proceeded the domino C-Se cross-coupling with 1-iodo-4-methylbenzene 

to afford the respective target molecules 2o-r in 1 h with 90-95% yields. These results clearly 

suggest that the present protocol can be used for the one-pot synthesis of 2-

(arylselanyl)arylcyanamides. 

 

Figure 2. ORTEP diagram of 2-(phenylselanyl)-4-methylphenylcyanamide with 50% ellipsoid. 

H-Atoms omitted for clarity. 

 

The reactivities of other aryl halides were further compared (Table 3). The reactions with 

bromobenzene and chlorobenzene gave B as the only product. Likewise, N-(2-bromo-4-

methylphenyl)selenourea with iodobenzene gave a 1:10 mixture of A and 2-bromo-4-

methylphenylcyanamide in >99% yield, whereas N-(2-chloro-4-methylphenyl)selenourea did not 

undergo any reaction with iodobenzene and afforded 2-chloro-4-methylphenylcyanamide as sole 

product in >99% yield.  

 

 

C8

C7

C5

C4
C9

C12

C11

C10

C6

C3

C2
C1

N2

N1

C14

C13 Se1
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Table 3. Reactions of Aryl Halidesa 

H
N

Se

NH2

DMSO, 90 °C, 1 hX

1.5 equiv Cs2CO3

X,Y = Cl, Br, I

5 mol % CuI, 5 mol % L7

Me
PhY

S

NH

CN

+
S

N
NH2

A B
Me Me

 
 

 Entry X Y Product(s) (%)b 

 A           B 

 

 1 I I                              100         n.d. 

 2c 

 3d 

 4 

 5 

Br 

Cl 

I 

I 

I 

I 

Br 

Cl               

     10         n.d. 

       2          n.d. 

      20         75 

     n.d.        94 

 

 

a Selenourea (0.5 mmol), aryl halide (0.5 mmol), CuI (5 mol %), L7 (5 mol %) and Cs2CO3 (0.75 

mmol) were stirred at 90 °C for 1 h in DMSO (1 mL).  
b Determined by 1H NMR.  

c N-(2-Bromophenyl)cyanamide obtained in 90% yield as a byproduct.  

d N-(2-Chlorophenyl)cyanamide obtained in 95%  yield as a byproduct. 

Regarding the mechanism, control experiments were pursued. The cyclization of (2-iodo-4-

methylphenyl)selenourea was studied with 0.5 equiv of Cs2CO3 in the absence of aryl iodide 

(Scheme 8). The cyclization occurred to give 2-aminobenzoselanazole F in 0.5 h with 100% 

selectivity. Next, the reaction of F was studied with iodobenzene in the presence of 1 equiv of 

Cs2CO3  and 2-(arylselanyl)arylcyanamide was obtained as a sole product (Scheme 9).  

 

 

5 mol % L7

0.5 equiv Cs2CO3

DMSO, 90 °C, 0.5 h

H
N NH2

Me I
Se Se

N

Me

NH2

5 mol % CuI

>99% conversion
F

 
Scheme 8 

 

TH-1149_09612212



                                                                                                         Synthesis of 2‐(Arylselanyl)arylcyanamides 

39 
 

Me1 equiv Cs2CO3
DMSO, 90 °C

5 mol % CuI

F
5 mol% L7

+

I

>99% conversion
D

Se

NH

CN

 
Scheme 9 

 

Based on the above experimental observations a plausible pathway for the synthesis of 

substituted 2-(arylselanyl)arylcyanamides has been proposed (Scheme 10). Benzoselanazole F 

underwent reaction in the presence of CuI-1,10-phenanthroline to give D in quantitative yield. 

The intramolecular cyclization was found to be faster compared to the intermolecular reaction. 

These results suggest that the reactions involve intra- followed by intermolecular C-Se domino  

 
 

III

III

H
N NH2

Se

N

Cu
Ln

NH2

Se

Se

N
NH2

I

Ln
Cu

Se

N
C

N

H

CsI  + 1/2H2CO3

H
N

I

NH2

Se CsI  + 1/2H2CO3

a
b

d

oxidative 
addition

reductive
elimination

oxidative 
addition

reductive
elimination

1/2Cs2CO3
NHCN

Se

CuILn

F
1/2Cs2CO3

1/2Cs2CO3

D

+ 1/2H2CO3

CuILn

LnCu

I

R

R
R

R

R

R

R

R
R

III

c

CuLn

I
R III

 

Scheme 10. Plausible reaction pathway 
 

cross-coupling reactions. Thus, the selenourea may undergo chelation followed by oxidative 

addition with copper(I)-1,10-phenanthroline complex to give the metallocycle b that could lead 

to the formation of F by the reductive elimination. The cross-coupling of F with c may afford the 

intermediate d that could complete the catalytic cycle by the reductive elimination of the target 

molecule D. 

In conclusion, a novel copper-catalyzed domino C-Se cross coupling of (2-

iodoaryl)selenoureas with aryl iodides has been developed to afford the substituted (2-
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selanylaryl)arylcyanamides. The procedure involves intra- and intermolecular C-Se cross 

coupling reactions at moderate temperature.  

 

Experimental Section 

General Information. Iodobenzene, bromobenzene, chlorobenzene, CuSO4·5H2O (98%), CuI 

(98%), CuBr (98%), Cu2O (97%), K2CO3, Cs2CO3 and K3PO4·3H2O were purchased from 

Aldrich and selenium powder (99%) was obtained from SRL and used without further 

purification. Substituted aryl iodides10 according to literature. The solvents were purchased and 

dried according to standard procedure prior to use. 1H NMR (400 MHz) and 13C NMR (100 

MHz) spectra were recorded with a Varian 400 spectrometer. Infrared (IR) spectra recorded on a 

Perkin Elmer Spectrum one FT-IR spectrometer. Melting points were determined with a Büchi 

B-545 apparatus and are uncorrected. Elemental analyses were recorded with Perkin Elmer 

CHNS analyzer.  

General  Procedure for the Synthesis of 2-(Arylselanyl)arylcyanamide. To a stirred solution 

of 1,10-phenanthroline (5 mol %) and CuI (5 mol %) in DMSO (1 mL) was added N-(2-

iodoaryl)selenourea (0.5 mmol), aryl iodide (0.5 mmol) and Cs2CO3 (244 mg, 0.75 mmol) at 

ambient temperature and the mixture was allowed to stir at 90 oC for the appropriate time (Table 

1-3). Progress of the reaction was monitored by TLC using ethyl acetate and hexane as solvent. 

The reaction mixture was then cooled to room temperature and diluted with ethyl acetate (10 

mL). The solution was washed successively with 1 N HCl (1 x 3 mL) and water (3 x 3 mL). 

Drying (Na2SO4) and evaporation of the solvent gave a residue that was purified on silica gel 

column chromatography using ethyl acetate and hexane to afford 2-(arylselanyl)arylcyanamide 

in analytically pure form. 

General Procedure for the Synthesis of N-(2-Iodoaryl)selenourea. To a stirred solution of N-

(2-haloaryl)thiourea (0.5 mmol) in acetone was added iodomethane (0.5 mmol) and NaHSe 

(NaBH4 was added dropwise over 30 min to suspension of selinium powder in dry ethanol under 

nitrogen atmosphere). The mixture is allowed to stnd at room temperature overnight. Progress of 

the reaction was monitored by TLC using ethyl acetate and hexane as a solvent and evaporation 
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of solvent gave residue that was purified on silica gel column chromatography using ethyl 

acetate and hexane to give N-(2-iodoaryl)selenourea. 

 

Me I

H
N

CN

2-Iodo-4-methylphenylcyanamide (Table 1, entry 1): White solid; mp 141-

142 °C ; 1H NMR (400 MHz, CDCl3) δ 7.56 (s, 1H), 7.20-7.12 (m, 2H), 6.12 (br s, 1H), 2.29 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 139.6, 135.5, 135.4, 130.8, 115.5, 110.8, 84.2, 20.3; FT-IR 

(KBr) 3146, 2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146, 1027 cm-1. Anal. Calcd. for 

C8H7IN2: C, 37.23; H, 2.73; N, 10.86. Found: C, 37.34; H, 2.71; N, 10.81.  

N

Se
NH2

Me
5-Methylbenzo[d][1,3]selenazol-2-amine (Table 3, entry 5): White solid; 

mp 151-152 °C; 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 2.8, 2H), 7.10 (d, J = 4.0, 1H), 5.52 

(br s, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 165.7, 151.3, 134.6, 132.4, 127.5, 124.6, 

120.0, 21.3; FT-IR (KBr) 3396, 3063, 1626, 1530, 1444, 1309, 1105 cm-1. Anal. Calcd. for 

C8H8N2Se: C, 45.51; H, 3.82; N, 13.27;  Found: C, 45.61; H, 3.79; N, 13.22.  

Br

H
N

CN

Me
N-(2-Bromophenyl)cyanamide (Table 3, entry 2): White solid; mp 94-95 

°C (lit.9 mp 94 °C); 1H NMR (400 MHz, CDCl3) δ 7.52-7.49 (dd, J = 8.4, 1.6 Hz, 1H), 7.37-7.33 

(dt, J = 8.0, 1.6 Hz, 1H), 7.30-7.27 (dd, J = 8.0, 1.6 Hz, 1H), 6.99-6.94 (dt, J =  8.0, 1.6 Hz, 1H), 

6.35 (br s, 1H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 135.4, 133.0, 129.2, 124.8, 116.2, 

110.3, 109.9, 20.3; FT-IR (KBr) 3146, 2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146, 

1027 cm-1. Anal. Calcd. for C8H7BrN2: C, 45.53; H, 3.34; N, 13.27. Found: C, 42.63; H, 3.31; N, 

13.22.   
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Cl

H
N

CN

N-(2-Chlorophenyl)cyanamide (Table 3, entry 3):10 White solid; mp 105-106 

°C ; 1H NMR (400 MHz, CDCl3) δ 7.36-7.27 (m, 3H), 7.05-7.01 (m, 1H), 6.29 (br s, 1H); 13C 

NMR (100 MHz, CDCl3) δ 134.2, 129.9, 128.5, 124.5, 120.4, 116.2, 110.1; FT-IR (KBr) 3162, 

2914, 2877, 2842, 2243, 1598, 1500, 1426, 1295, 1112, 1048 cm-1. Anal. Calcd. for C7H5ClN2: 

C, 55.10; H, 3.30; N, 18.36. Found: C, 55.23; H, 3.28; N, 18.29.    

Me Se

NH

CN

4-Methyl-2-(phenylselanyl)phenylcyanamide  (Table 1, entry 3): White 

solid; yield 95%; mp 138-139 °C; 1H NMR (400 MHz, CDCl3) δ 7.53 (s, 1H), 7.29-7.25 (m, 

5H), 7.17 (d, J = 6.8 Hz, 2H), 6.84 (br s, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

139.2, 137.23, 134.2, 132.6, 130.5, 129.9, 129.7, 127.3, 115.0, 114.7, 110.8, 20.65; FT-IR (KBr) 

3205, 2922, 2220, 1496, 1405, 1283, 1020 cm-1. Anal. Calcd. for C14H12N2Se: C, 58.54; H, 4.21; 

N, 9.75; Found: C, 58.64; H, 4.19; N, 9.71. 

Se

NH

CN

2-(Phenylselanyl)phenylcyanamide 2a: White solid; yield 95%; mp 120-121 

°C; 1H NMR (400 MHz, CDCl3) δ 7.53 (dd, J = 1.6 Hz, 7.6 Hz, 1H), 7.47 (td, J = 1.6 Hz, 7.6 Hz, 

1H), 7.28 (dd, J = 1.2 Hz, 8.4 Hz, 1H), 7.25-7.19 (m, 2H), 7.18-7.08 (m, 2H), 7.01-6.99 (m, 1H), 

6.92 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 138.9, 137.7, 134.1, 132.9, 129.6, 

127.1, 125.3, 121.3, 117.5, 115.4, 111.3; FT-IR (KBr) 3148, 2964, 2917, 2237, 1590, 1578, 

1490, 1438, 1409, 1288, 1261, 1078, 1023 cm-1. Anal. Calcd. for C13H10N2Se: C, 57.15; H, 3.69; 

N, 10.25. Found: C, 57.27; H, 3.67; N, 10.18.  

TH-1149_09612212



                                                                                                         Synthesis of 2‐(Arylselanyl)arylcyanamides 

43 
 

Se

NH

CN

Cl

Me

2-(2-Chlorophenylselanyl)-4-methylphenylcyanamide 2b: White 

solid; yield  85%; mp 104-105 °C; 1H NMR (400 MHz, CDCl3) δ 7.53 (s, 1H), 7.37-7.28 (m, 

3H), 7.15 (t, J = 7.6 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.79 (br s, 1H), 6.58 (d, J = 8 Hz, 1H) 2.34 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.8, 139.6, 137.8, 134.6, 133.3, 130.9, 129.9, 128.9, 

128.0, 127.9, 115.4, 115.2, 110.6, 20.6; FT-IR (KBr) 3137, 2921, 2220, 1573, 1495, 1386, 1285, 

1020 cm-1. Anal. Calcd. for C14H11N2SeCl: C, 52.28; H, 3.45; N, 8.71;  Found: C, 52.38; H, 3.43; 

N, 8.67.   

Se

NH

CN

OMe

Me

2-(2-Methoxyphenylselanyl)-4-methylphenylcyanamide 2c: White 

solid; yield 89%; mp 130-131 °C; 1H NMR (400 MHz, CDCl3) δ 7.53 (s, 1H), 7.28-7.20 (m, 

3H), 7.09 (br s, 1H), 6.87 (d, J = 8.4 Hz, 1H), 6.81 (t, J = 8 Hz, 2H), 3.93 (s, 3H), 2.31 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 156.8, 139.6, 137.9, 134.0, 132.5, 130.3, 128.6, 122.2, 119.4, 

114.7, 113.8, 111.0, 110.8, 56.1, 20.5; FT-IR (KBr) 3233, 2218, 1574, 1472, 1382, 1271, 1020 

cm-1. Anal. Calcd. for C15H14N2SeO: C, 56.79; H, 4.45; N, 8.83;  Found: C, 56.89; H, 4.44; N, 

8.80.    

Se

NH

CN

Me NO2

2-(3-Nitrophenylselanyl)-4-methylphenylcyanamide 2d: White 

solid; yield 85%; mp 118-119 °C; 1H NMR (400 MHz, CDCl3) δ 8.07-8.04 (m, 2H), 7.55 (s, 

1H), 7.41 (t, J = 7.2 Hz, 2H), 7.36 (d, J = 9.6 Hz, 1H), 7.30 (t, J = 11.2 Hz, 1H), 6.70 (br s, 1H), 

2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 149.0, 139.4, 137.4, 134.9, 133.6, 133.1, 130.5, 

124.0, 122.0, 115.5, 113.1, 110.4, 20.6; FT-IR (KBr) 3191, 2224, 1495, 1403, 1386, 1341, 1286, 
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1061 cm-1. Anal. Calcd. for C14H11N3SeO2: C, 50.61; H, 3.34; N, 12.65. Found: C, 50.70; H, 

3.32; N, 12.63.  

Se

NH

CN

Me

NH2

2-(4-Aminophenylselanyl)-4-methylphenylcyanamide 2e: Gum-

my; yield 87%; 1H NMR (400 MHz, CDCl3) δ 7.46 (s, 1H), 7.19-7.17 (m, 4H ), 6.56 (d, J = 7.2 

Hz, 2H), 3.72 (br s, 2H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.7, 137.9, 136.5, 133.8, 

133.4, 131.6, 117.3, 116.7, 116.4, 114.9, 111.1, 20.6; FT-IR (KBr) 3454, 2923, 2238, 1626, 

1493, 1385, 1285 cm-1. Anal. Calcd. for C14H13N3Se: C, 55.64; H, 4.34; N, 13.90. Found: C, 

55.75; H, 4.33; N, 13.86.   

Se

NH

CN

Cl

Me
2-(4-Chlorophenylselanyl)-4-methylphenylcyanamide 2f : Gum-

my; yield 89%; 1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.30-7.26 (m, 2H), 7.22-7.19 (m, 

2H), 7.11-7.08 (m, 2H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.0, 137.2, 134.3, 132.8, 

131.0, 130.8, 129.9, 128.7, 115.2, 114.5, 110.7, 20.6; FT-IR (KBr)  2922, 2237, 1644, 1473, 

1385, 1089 cm-1. Anal. Calcd. for C14H11N2SeCl: C, 52.28; H, 3.45; N, 8.71. Found: C, 52.38; H, 

3.43; N, 8.67.  

Se

NH

CN

Me

OMe

2-(4-Methoxyphenylselanyl)-4-methylphenylcyanamide 2g: Wh-

ite solid; yield 91%; mp 107-108 °C; 1H NMR (400 MHz, CDCl3) δ 7.49 (s, 1H), 7.23-7.18 (m, 

4H), 6.81-6.80 (m, 2H), 3.77 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.6, 138.4, 

136.7, 134.0, 132.7, 132.0, 120.0, 116.4, 115.6, 115.0, 110.9, 55.5, 20.6; FT-IR (KBr) 3271, 

2960, 2924, 2213, 1727, 1588, 1489, 1386, 1288, 1247, 1174, 1024 cm-1. Anal. Calcd. for 

C15H14N2SeO: C, 56.79; H, 4.45; N, 8.83. Found: C, 56.90; H, 4.42; N, 8.78.  
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Se

NH

CN

Me

NO2

2-(4-Nitrophenylselanyl)-4-methylphenylcyanamide 2h : Block 

solid; yield 75%; mp 124-125 °C; 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 2.4 Hz, 2H), 7.90 

(dd, J = 2.4 Hz, 8.4 Hz, 2H), 6.92 (s, 1H), 6.86 (d, J = 8.0 Hz, 1H), 6.53 (t, J = 7.6 Hz, 1H), 6.27 

(br s, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.2, 136.7, 133.5, 128.9, 128.4, 124.5, 

124.2, 115.8, 113.4, 111.7, 110.7, 20.2; FT-IR (KBr) 3322, 2919, 2227, 1606, 1572, 1470, 1275, 

1229, 1117 cm-1. Anal. Calcd. for C14H11N3SeO2: C, 50.61; H, 3.34; N, 12.65. Found: C, 50.70; 

H, 3.32; N, 12.59. 

Se

NH

CN

Me

Me

Me

2-(2,4-Dimethylphenylselanyl)-4-methylphenylcyanamide 2i: 

Gummy liquid; yield 92%; 1H NMR (400 MHz, CDCl3) δ 7.46 (s, 1H), 7.28-7.23 (m, 2H), 7.02 

(s, 1H), 6.83 (d, J = 8 Hz, 1H),  6.66 (d, J = 8.4 Hz, 1H), 2.36 (s, 3H), 2.31 (s, 3H), 2.26 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 138.6, 137.0, 136.9, 133.8, 131.9, 131.3, 128.7, 127.8, 126.9, 

114.7, 114.2, 110.5, 21.4, 20.6, 20.3; FT-IR (KBr) 3304, 2922, 2241, 1627, 1603, 1495, 1408, 

1386, 1287, 1233, 1030 cm-1. Anal. Calcd. for C16H16N2Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 

61.05; H, 5.10; N, 8.84.   

Se

NH

CN

Me

MeMe
2-(3,4-Dimethylphenylselanyl)-4-methylphenylcyanamide 2j: 

White solid; yield 90%; mp 107-108 °C; 1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.24-7.20 

(m, 2H), 7.01 (d, J = 9.6 Hz, 1H), 6.99 (s, 1H), 6.92 (dd, J = 1.6 Hz, 8.0 Hz, 1H), 6.83 (br s, 1H), 

2.31 (s, 3H), 2.20 (s, 3H), 2.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.8, 138.5, 137.0, 

136.3, 134.0, 132.2, 131.5, 131.1, 127.9, 126.6, 115.6, 115.0, 110.9, 20.6, 20.0, 19.5; FT-IR 

(KBr) 3181, 2919, 2224, 1636, 1491, 1447, 1404, 1285, 1154, 1040 cm-1. Anal. Calcd. for 

C16H16N2Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.08; H, 5.10; N, 8.84.  
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Se

NH

CN Me

Me

Me

2-(2,5-Dimethylphenylselanyl)-4-methylphenylcyanamide 2k: White 

solid; yield 94%; mp 125-126 °C; 1H NMR (400 MHz, CDCl3) δ 7.47 (s, 1H), 7.31-7.25 (m, 

2H), 7.07 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 6.74 (br s, 1H), 6.54 (s, 1H), 2.35 (s, 3H), 

2.33 (s, 3H), 2.16 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.2, 137.4, 137.1, 134.2, 132.5, 

130.7, 130.6, 129.1, 128.1, 115.0, 114.2, 110.9, 21.2, 21.1, 20.6; FT-IR (KBr) 3149, 2918, 2225, 

1600, 1494, 1410, 1385, 1273, 1042 cm-1. Anal. Calcd. for C16H16N2Se: C, 60.95; H, 5.12; N, 

8.89. Found: C, 61.04; H, 5.11; N, 8.86.  

Se

NH Me

Me

CN

Me

2-(2,6-Dimethylphenylselanyl)-4-methylphenylcyanamide 2l: White solid; 

yield  88%; mp 134-135 °C; 1H NMR (400 MHz, CDCl3) δ 7.22-7.17 (m, 2H), 7.13 (d, J = 8.4 

Hz, 2H), 7.06 (d, J = , 8.8 Hz, 1H), 6.97 (s, 1H), 6.35 (br s, 1H), 2.43 (s, 6H), 2.18 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 142.8, 135.2, 134.4, 134.3, 130.5, 130.1, 129.5, 128.7, 118.4, 115.5, 

111.2, 24.5, 20.7; FT-IR (KBr) 3094, 2921, 2867, 2222, 1574, 1486, 1456, 1374, 1241, 1208, 

1027 cm-1. Anal. Calcd. for C16H16N2Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.06; H, 5.10; N, 

8.85.  

Se

NH

CN

Me

Me

Me
2-(3,5-Dimethylphenylselanyl)-4-methylphenylcyanamide 2m: 

White solid; yield 92 %; mp 142 °C; 1H NMR (400 MHz, CDCl3) δ 7.52 (s, 1H), 7.28-7.22 (m, 

2H), 6.84-6.80 (m, 3H), 2.33 (s, 3H), 2.23 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 139.6, 139.0, 

137.1, 134.0, 132.4, 129.8, 129.3, 127.5, 114.9, 110.9, 109.9, 21.4, 20.6; FT-IR (KBr) 3197, 

2920, 2854, 2222, 1598, 1573, 1492, 1402, 1383, 1286, 1261, 1040 cm-1. Anal. Calcd. for 

C16H16N2Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.04; H, 5.09; N, 8.84.   
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Se

NH

CN

Me

4-Methyl-2-(naphthalene-1-ylselanyl)phenylcyanamide 2n: White 

solid; yield 93%; mp 112-113 °C;  1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.86 

(d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.62-7.53 (m, 3H), 7.31-7.25 (m, 3H), 7.02 (d, J = 

7.2 Hz, 1H), 6.78 (br s, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.1, 137.4, 134.2, 

132.5, 129.4, 129.0, 127.9, 127.6, 127.0, 126.7, 126.4, 125.5, 115.4, 115.2, 114.2, 110.8, 20.6; 

FT-IR (KBr) 3199, 2921, 2216, 1560, 1493, 1385, 1283, 1260, 1022 cm-1. Anal. Calcd. for 

C18H14N2Se: C, 64.10; H, 4.18; N, 8.31. Found: C, 64.21; H, 4.16; N, 8.27. 

 
Se

NH

CN

Me

2-(p-Tolylselanyl)-phenylcyanamide 2o: White solid: yield 95%; mp 

83-84 °C; 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.33 

(d, J = 8.0 Hz, 1H), 7.12-7.07 (m, 3H), 6.97 (d, J = 7.2 Hz, 2H), 6.93 (br s, 1H), 2.30 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 139.6, 137.3, 137.1, 131.6, 131.3, 130.4, 127.9, 127.8, 124.3, 115.4, 

110.3, 21.1; FT-IR (KBr) 3153, 2964, 2238, 1616, 1588, 1577, 1488, 1407, 1287, 1164, 1019 

cm-1. Anal. Calcd. for C14H12N2Se: C, 58.54; H, 4.21; N 9.75. Found: C, 58.63; H, 4.19; N 9.72.  

Se

NH

CN

Me

Cl
2-(p-Tolylselanyl)-4-chlorophenylcyanamide 2p:  White solid; 

yield 91%; mp 130-131 °C; 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 2.4 Hz, 1H), 7.40-7.37 

(m, 1H), 7.24 (d, J = 8.0 Hz,  1H), 7.10-7.06 (m, 2H), 7.02-6.99 (m, 2H), 6.84 (br s, 1H), 2.30 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 137.9, 137.8, 135.9, 131.1, 130.9, 130.6, 130.1, 128.9, 

121.1, 116.5, 110.0, 21.1; FT-IR (KBr) 3153, 2919, 2237, 1572, 1486, 1455, 1408, 1384, 1284, 

1260, 1100, 1017 cm-1. Anal. Calcd. for C14H11N2SeCl: C, 52.28; H, 3.45; N, 8.71. Found: C, 

52.38; H, 3.44; N, 8.67.  
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Se

NH

CN

Me

Me
2-(p-Tolylselanyl)-4-methylphenylcyanamide 2q: White solid; 

yield 95%; mp 107-108 °C; 1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.26-7.20 (m, 2H), 7.10 

(d, J = 8.2 Hz, 2H), 7.05 (d, J = 7.6  Hz, 2H), 6.84 (br s, 1H), 2.31 (s, 3H), 2.29 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 138.5, 137.1, 136.7, 133.7, 131.9, 130.3, 129.9, 126.2, 115.1, 114.6, 

110.6, 20.8, 20.2; FT-IR (KBr) 3143, 2923, 2854, 2228, 1604, 1488, 1386, 1153, 1015 cm-1. 

Anal. Calcd. for C15H14N2Se: C, 59.81; H, 4.68; N, 9.30. Found: C, 59.89; H, 4.67; N, 9.27. 

Se

NH

CN

Me

Me

Me

2-(p-Tolylselanyl)-4,5-dimethylphenylcyanamide 2r: White solid; 

yield 90%; mp 91-92 °C; 1H NMR (400 MHz, CDCl3) δ 7.30 (s, 1H), 7.09 (s, 1H), 7.03 (d, J = 

8.0 Hz, 2H), 6.92-6.90 (m, 2H), 6.74 (br s, 1H), 2.28 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 141.5, 138.5, 137.7, 136.9, 133.2, 132.4, 130.6, 127.6, 116.8, 114.9, 

111.1, 21.4, 20.4, 19.4; FT-IR (KBr) 3157, 2917, 2230, 1608, 1567, 1498, 1411, 1272, 1197, 

1081, 1022 cm-1. Anal. Calcd. for C16H16N2Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.05; H, 

5.10; N, 8.86.  
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Crystal Data for 2-(phenylselanyl)-4-methylphenylcyanamide at 298(2) K 

Identification code Table 1, entry 3 

Empirical formula C14H12N2Se 

Formula weight 287.22

Temperature 298(2) K 

Wavelength 0.71073 Å 

Crystal system orthorhombic 

Space group Pca21 

Unit cell dimensions a = 8.0688(3) Å        α(°)= 90 

b = 19.6845(9) Å      β(°)= 90 

c = 15.9556(7) Å      γ(°)= 90 

Volume V = 2534.23(19)  Å3

Z 8 

Density (calculated) 1.506 mg/m3

Absorption coefficient 2.941 mm-1 

F(000) 1152.0 

Crystal size 0.30×0.20×0.20 mm3

Index ranges -9<=h<=8, -21<=k<=20, -17<=l<=18 

Reflections collected 1895 

Independent reflections 1845 [R (int) = 0.0640] 

Completeness to theta = 23.25° 98.0 % 

Max. and min. transmission   0.555 and 0.499 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3551 / 1 / 313 

Goodness-of-fit on F2 0.905

Final R indices [I>2sigma (I)] R1 = 0.0636, wR2 = 0.1617 

R indices (all data) R1 = 0.0771, wR2 = 0.1721 
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    Chapter III 

Copper(II)-Promoted Three-Component Synthesis of Substituted 5-
Aminotetrazoles  

Tetrazoles are an important class of heterocyclic compounds. Due to their unique structure and 

reactivity, they have attracted noticeable interest in medicinal applications1 and are also applied 

as ligands in coordination chemistry.2 They also have been used as important synthetic 

intermediates for the preparation of imidoylazides.3 In recent years, substituted tetrazoles have 

found common usage as an isosteric replacement for the carboxylic acid moiety in biologically 

active molecules.4 Carboxylic acid counterparts and tetrazoles do exhibit a planar structure. 

However, anionic tetrazoles are ten times more lipophilic in nature than the corresponding 

carboxylates, which is an important factor in design of a drug molecule to pass through cell 

membrane.5 5-Aminotetrazoles are found in compounds bearing antiasthmatic,6 antiviral,7 anti- 
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Figure 1. Some examples of biologically active tetrazole compounds 
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inflammatory,8 antineoplastic9 and cognition disorder activities.10 Tetrazoles also possess 

pharmacological and receptor modulator activities (Figure 1).11 Thus owing to their synthetic and 

medicinal importance, significant efforts have been made on the development of effective 

methods for the construction of the 5-aminotetrazole structural frameworks.  

 

3.1 Electrocyclization  

Most of the classical methods used for the synthesis of 5-aminotetrazoles involve 

electrocyclization. As an example diazotization of amino guanidine with NaNO2 followed by 

electrocyclization in aqueous acid gives 5-aminotetrazoles in high yield (Scheme 1).12a  

N
H

N
H

NH2R

NH
NaNO2

R = aryl

N

N N

N
NH2

R
up to 92% yield  

Scheme 1 
 

Oe and co-workers accomplished the synthesis of 5-aminotetrazoles from carbodiimides and 

hydrazoic acid in benzene at 60 °C with good yield (Scheme 2).12b   

R N C N R'
HN3

Dry benzene

N

N N

N

R

NH

R, R' = aryl, alkyl

R'

up to 87% yield  
Scheme 2 

 

Nasrollazadeh and co-workers reported the synthesis of substituted arylaminotetrazoles from 

arylcyanamides and NaN3 using zeolite in DMF under heating (Scheme 3).12c   

NH

CN

R
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DMF, 115 oC
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N N

NHN

R R
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Scheme 3 
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Later, the above reaction has also been demonstrated using ZnCl2 in water under reflux 

conditions (Scheme 4).12d 

 

NH

CN

R

NaN3, ZnCl2 N
N

N
N

H2N

R = EDG

H
N

N N

NHN

R R
R = EWG

+
H2O

 

 Scheme 4 

  

While Khamooshi and co-authors showed the above reaction employing Al(HSO4)3 at 70 °C 

under neat conditions (Scheme 5).12e 

NH

CN

R

N
N

N
N

H2N

R = EDG

H
N

N N

NHN

R R
R = EWG

+
Al(HSO4)3, 70 oC

NaN3

 

Scheme 5 

 

3.2 Nucleophilic Substitution 

Teutsch and co-workers showed the synthesis of 5-aminotetrazoles from 5-chlorotetrazole and 

amines by nucleophilic substitution under heating conditions (Scheme 6).13a 

 

 

Scheme 6 
 

While, Ried and co-workers demonstrated the synthesis of 5-aminotetrazoles via nucleophilic 

substitution followed by electrocyclization from sodium azide and α-chloroformamidine 

(Scheme 7).13b  

up to 80% yield

N

N N

N
Cl

R

+

NH2

N

N N

N
NH
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up to 80% yield

Cl N
H

N
R

R' NaN3 N

N N

N

R

NH

chloroformamidine

R'

 

Scheme 7 

 

Similarly, Miller and co-workers reported the synthesis of tetrazoles by nucleophilic 

substitution followed by electrocyclizaiton from sodium azide and aminoiminomethanesulfonic 

acids (Scheme 8).13c 

up to 82% yield

HO3S N
H

N
R

R' NaN3 N

N N

N

R

N
H

Aminoiminomethane
  sulfonic  acids

R'

 

Scheme 8 

 

The synthesis of 5-aminotetraozle has also been shown by nucleophilic substitution followed 

by electrocyclization from thiourea and sodium azide in the presence of Hg, Pb or I2 (Scheme 

9).13d-g This method has been employed for the synthesis of mono-, di- and tri substituted 

tetrazoles.     

R

H
N

H
N

R'

S

Hg/Pb/I2

NaN3, DMF

N

N N

N

R

NH
R'

 
Scheme 9 

 

Most of these existing methods involve either toxic reagents or harsh reaction conditions such as 

high temperature and lack of regioselectivity.14 Thus, the development an effective method for 

the regioselective synthesis of 5-aminotetrazoles will be valuable in organic synthesis.  

 

3.3 Present Study 

The recent development in organic synthesis using transition metal based systems provides 

effective method for the construction of valuable heterocyclic compounds. Copper based 
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catalytic systems find extensive applications in the construction of heterocyclic compounds that 

led us to explore the synthesis of 5-aminotetrazoles from isothiocyanates, bromoanilines and 

sodium azide in the presence of copper salts via tandem addition, substitution and 

electrocyclization processes. 

Firstly, the optimization of the reaction conditions was carried out with 4-methyl-2-

bromoaniline, phenylisothiocyanate and sodium azide as model substrates using different copper 

sources, solvents and bases (Table 1). The best result was obtained when the reaction was 

pursued at room temperature using 50 mol % the copper salts such as CuSO4·5H2O, 

Cu(OAc)2·H2O, CuI  

 

Table 1. Optimization of the Reaction Conditions for the Synthesis of Tetrazolea  

Br

NH2

NCS

+
Br

N N
NN

HN

1. Solvent, RT, 14 h

2. 50 mol % Catalyst
    3 equiv base
    3 equiv NaN3, RT, 4 h

MeMe
3a

 
 

Entry Catalyst Solvent  Base   Product (3a) (%)b  

1 Cu(OAC)2·H2O DMF  Et3N    100 
2 
3 

Cu(OAC)2·H2O 
Cu(OAC)2·H2O 

DMSO 
THF 

 Et3N 
Et3N 

   75 
   60 

4 Cu(OAC)2·H2O Toluene  Et3N    60 
5 Cu(OAC)2·H2O DMF  Cs2CO3    60 
6 
6 
7 
8 

Cu(OAC)2·H2O 
CuSO4·5H2O 
CuI 
CuCl 

DMF 
DMF 
DMF 
DMF 

 K2CO3 

Et3N 

Et3N 
Et3N 

   70 
   100 
   100 
   100 

 

 a Reaction conditions: Phenyl isothiocyanate (1 mmol), 2-bromo-4-methylbenzenamine (1 

mmol), solvent (1.5 mL), room temperature, 14 h, then NaN3 (3 mmol), base (3 mmol) and 

catalyst (50 mol %), room temperature, 4 h.  
b Determined by 400 MHz 1H NMR. n.d. = not detected.  

and CuCl in the presence of Et3N in DMF affording the desired tetrazole 3a in 100% conversion. 

The reaction in solvents such as DMSO, THF and toluene were less effective and gave the target 

product in 60-70% conversion. The reactions with inorganic bases such as Cs2CO3 and K2CO3  
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Table 2. Substrate Scope of the Formation of Substituted 5-Aminotetrazolesa-b 

Br

NH2

Br

N N
NN

HN

NCS

R R
R'

1. DMF, RT

2. 3 equiv NaN3, 3 equiv Et3N
    50 mol % Cu(OAC)2H2O, RT

+

R'

Br

N N
NN

HN
Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me

Me OMe

Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me

CF3 NO2 CNF

Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me

Me MeC2H5

Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me

R = EWG, EDG
R' = aryl,alkyl

Me

Me Me

Me

Me

Me

Cl

Me

Me

Me

Me

95% 90% 96% 97%

89% 85% 82% 84%

96% 92% 90% 91%

95% 87% 82% 77%

3b 3c 3d 3e

3f 3g 3h 3i

3j 3k 3l 3m

3n 3o 3p 3q

3b-ab
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Table 2 conti……….   

Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me Br

N N
NN

HN
Me

O O

70% 67% 75% 72%

3r 3s 3t 3u

Br

N N
NN

HN
Br

N N
NN

HN
Br

N N
NN

HN
Cl

OMe OMe

Br

N N
NN

HN
Me

Br

N N
NN

HN
Me Br

N N
NN

HN
Br

N N
NN

HN
MeO

OMe OMe OMe

OMe

Me Me

Me

Me

Me

Me

75% 89% 92% 92%

85% 86% 95%

3v 3w 3x 3y

3z 3aa 3ab

 

a Reaction conditions: Isothiocyanate (1 mmol), 2-bromo-4-methylbenzenamine (1 mmol), 

DMF (1.5 mL), room temperature, 11-22 h, then NaN3 (3 mmol), Et3N (3 mmol) and 

Cu(OAc)2·H2O (50 mol %), room temperature, 3-6 h. 
b Isolated yield. 

 

gave inferior results. Both copper(I) and copper(II) were effective affording the target product in 

100% conversion. Control experiments without the copper source showed no 5-aminotetrazole 

formation and thiourea was obtained as a sole product.  
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Next, the scope of the procedure was explored for the reaction of substituted isothiocyanates, 

2-bromoanilines and sodium azide. A series of substrates proceeded reaction to give the 

corresponding tetrazoles 3a-ab in moderate to high yield. Aryl isothiocyanates having electron 

donating substituents on the aryl ring  (4-Me, 4-OMe, 4-iPr, 4-Et, 2,4-dimethyl, 3,4-dimethyl, 

2,5-dimethyl, 2,6-dimethyl and 3,5-dimethyl groups) were more reactive than that bearing 

electron-withdrawing substituents (4-NO2, 4-CN, 4-Cl, 4-F and 4-CF3 groups), whereas, 

naphthyl isothiocyanate and aliphatic isothiocyanates gave the corresponding tetrazoles 3q-v in 

67-77% yield. In case of 2-bromoainiline component, the use of both 2-bromoaniline and 

substituted 2-bromoaniline with the 4-Me, 4-iPr, 4-Cl, 4-OMe, 2,4-dimethyl and 3,4-

dimethylbromoaniline groups gave the tetrazoles 3w-ab in good yield. Recrystallization of 3a in 

MeOH gave crystals whose structure was confirmed by single-crystal X-ray analysis (Figure 2). 

 

 

 

 

 

 

 

Figure 2. ORTEP diagram of 1-(2-bromo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 3a 

with 50% ellipsoid. H-Atoms are omitted for clarity. 

To reveal the reaction pathway, a 1:1 mixture of 4-methyl-2-bromoaniline and phenyl 

isothiocyanate was stirred in DMF at room temperature for 14 h to afford the corresponding  

Me Br

NH2 1. PhNCS, DMF, RT, 14 h

2. 50 mol % Cu(OAc)2H2O
    3 equiv Et3N, 3 equiv NaN3
    RT, 4 h

Me Br

N N
NN

HN
Ph

 

Scheme 10 
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thiourea.15a The latter when treated with a mixture of 3 equiv sodium azide, 3 equiv Et3N and 50 

mol % Cu(OAc)2·H2O, the reaction proceeded to give the tetrazole in 100% conversion (Scheme 

10).  

 
Figure 3. Powder XRD plot of isolated CuS 
 
 

 

Element Weight% Atomic%

S K 40.56 57.48 

Cu L 59.44 42.52 

Totals 100.00 

 

 

 

Figure 4. EDX spectrum of isolated CuS 
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Figure 5. SEM image of isolated CuS and S 

 

 

Br

NH2
H
N

H
N

R'

Br
S

N N
NN

HN
R'Br

R R'NCS
R

Et3N N
H
N
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S
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N
H
N

R'
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R
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b
3a-ab

[Cu] [Cu]

+ CuS
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Scheme 11. Proposed catalytic cycle 
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These results clearly show that the reaction of 2-bromoaniline and isothiocyanate gives a 

thiourea, which in the presence of copper source and Et3N may give intermediate a (Scheme 11). 

Nucleophilic substitution of a with sodium azide gives b with CuS and a sulphide as byproduct, 

which were characterised by SEM and powder XRD analysis (Figures 3-5). Electrocyclization of 

b gave the tetrazole derivatives 3a-ab in high yield.15b 

In conclusion, copper-promoted three-component synthesis of substituted 5-aminotetrazoles 

has been developed from the readily accessible isothiocyanates, bromoanilines and sodium azide 

at room temperature. This procedure is simple and has wide substrate scope to afford the target 

products with excellent regioselectivity and yield. 

Experimental Section 

General Information. NaN3 and Et3N were obtained from Merck. Substituted isothiocyantes16 

and bromo anilines17 were prepared according to reported procedure. Product purification was 

carried out by silica gel column chromatography using Rankem silica gel (60-120 mesh). All 

reactions were monitored by analytical TLC on Merck silica gel G/GF 254 plates. NMR (1H and 
13C) spectra were recorded on DRX-400 Varian spectrometer and the data are accounted as 

follows: chemical shifts (δ ppm) (multiplicity, coupling constant (J Hz), integration).The 

abbreviations for multiplicity are as follows: s = singlet, d = doublet, t = triplet. Melting points 

were determined by Buchi B-540 melting point apparatus. FT-IR spectra of air-dried samples 

were recorded on PerkinElmer Spectrum One FT-IR spectrometer using KBr disks and are 

reported in frequency of absorption (cm-1). Elemental analyses were recorded using PerkinElmer 

CHNS analyzer. Powder X-ray diffraction (XRD) pattern of dried crystalline catalyst was 

recorded on a X-ray diffractometer with Cu Kα irradiation (λ = 1.54 Å) at 40 kV and 40 mA with 

a scan rate of 0.1°/s for 2θ in the range of 20-80°. SEM image was recorded with Leo 1430vp 

instrument. For single crystal X-ray analysis the intensity data were collected using Bruker 

SMART APEX-II CCD diffractometer, equipped with 1.75 kW sealed-tube Mo Kα irradiation (λ 

= 0.71073 Å) at 296(2) K and the structures were solved by direct methods using SHELLX-97 

(Göttingen, Germany) and refined with full-matrix least squares on F2 using SHELXL-97.  

General Procedure for Regioselective Synthesis of Substituted Tetrazoles. Isothiocyanate (1 

mmol) and substituted 2-bromoaniline (1 mmol) were stirred at room temperature in DMF (1.5 

mL) for 11-22 h. Then, NaN3 (3 mmol), Cu(OAc)2·H2O (50 mol %) and Et3N (3 mmol) were 
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added. The resulting mixture was stirred for 3-6 h at room temperature. The black colored CuS 

precipitate formed was removed from the reaction mixture by centrifugation, and the solution 

was extracted with EtOAc (3 x 10mL) and washed with brine (1 x 5 mL) and water (2 x 5 mL). 

Drying and evaporation of the solvent provided a residue which was purified by silica gel 

chromatography using ethyl acetate and hexane as eluent to provide the titled compound. 

N N
NN

Me
HN

Br

   1-(2-Bromo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 3a: 

White solid; yield 95%; mp 146-147 °C; 1H NMR (400 MHz, CDCl3) δ 7.62 (s, 1H), 7.52 (d, J = 

8 Hz, 2H), 7.36-7.28 (m, 4H), 7.03 (t, J = 14.8 Hz, 1H), 6.55 (br s, 1H), 2.44 (s, 3H); 13C NMR 

(100 MHz, CDCl3 + DMSO-d6 ) δ 152.7,142.4, 138.7, 133.2, 128.8, 128.7, 128.0, 121.6, 120.8, 

117.7, 20.1; FT-IR (KBr) 3285, 3056, 1603, 1574, 1534, 1497, 1456, 1321, 1234, 1121, 1085 

cm-1. Anal. Calcd. for C14H12N5Br: C, 50.93; H, 3.66; N, 21.21. Found: C, 51.06; H, 3.64; N, 

21.14.  

N N
NN

HN
Br

    1-(2-Bromophenyl)-N-phenyl-1H-tetrazol-5-amine 3b: White solid; 

yield 95%; mp 159-160 °C; 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8 Hz, 1H), 7.46 (d, J = 8 

Hz, 2H), 7.39-7.33 (m, 4H), 7.15 (t, J = 15.2 Hz, 2H), 6.9 (br s, 1H); 13C NMR (100 MHz, 

CDCl3 + DMSO-d6) δ 152.0, 138.4, 132.8, 131.6, 129.2, 128.5, 128.1, 127.8, 121.5, 120.9, 

117.6; FT-IR (KBr) 3076, 2924, 1614, 1574, 1529, 1497, 1485, 1318, 1242, 1082 cm-1. Anal. 

Calcd. for C13H10N5Br: C, 49.39; H, 3.19; N, 22.15. Found: C, 49.51; H, 3.18; N, 22.07.   

TH-1149_09612212



                                                                                                         Synthesis of 5‐Aminotetrazoles 

67 
 

N N
NN

HN
BrMe

Cl
1-(2-Bromo-4-methylphenyl)-N-(4-chlorophenyl)-1H-tetrazol-

5-amine 3c: White solid; yield 90%; mp 137-138 °C; 1H NMR (400 MHz, CDCl3) δ 7.77 (s, 

1H), 7.50 (t, J = 9.2 Hz, 2H), 7.26 (d, J = 7.6 Hz 2H), 7.16 (d, J = 8.8 Hz, 2H), 4.66 (br s, 1H), 

2.40 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 151.1, 141.7, 136.9, 132.3, 128.3, 

128.1, 127.7, 127.0, 124.7, 120.0, 118.1, 19.2; FT-IR (KBr) 3076, 2958, 2150, 1637, 1504, 1421, 

1374, 1330, 1256, 1207, 1030 cm-1. Anal. Calcd. for C14H11ClN5Br: C, 46.12; H, 3.04; N, 19.21. 

Found: C, 46.22; H, 3.03; N, 24.14.   

Me

N N
NN

HN
Br

Me
1-(2-Bromo-4-methylphenyl)-N-p-tolyl-1H-tetrazol-5-amine 

3d: White solid; yield 96%; mp 144-145 °C; 1H NMR (400 MHz, CDCl3) δ 7.63 (s, 1H), 7.45-

7.32 (m, 4H), 7.12 (d, J = 8 Hz, 2H), 5.98 (br s, 1H), 2.46 (s, 3H), 2.29 (s, 3H); 13C NMR (100 

MHz, CDCl3 + DMSO-d6) δ 152.3, 142.2, 135.9, 133.0, 130.8, 129.8, 128.7, 128.5, 123.2, 120.6, 

117.8, 20.0, 19.6; FT-IR (KBr) 3256, 3095, 1613, 1574, 1514, 1315, 1234, 1120, 1094, 1017 cm-

1. Anal. Calcd. for C15H14N5Br: C, 52.34; H, 4.10; N, 20.35. Found: C, 52.48; H, 4.08; N, 26.26.   

Me

N N
NN

HN
Br

OMe
1-(2-Bromo-4-methylphenyl)-N-(4-methoxyphenyl)-1H-tet-

razol-5-amine 3e: White solid; yield 97%; mp 131-132 °C;  1H NMR (400 MHz, CDCl3) δ 8.28 

(d, J = 8.4 Hz, 1H), 7.46-7.42 (m, 2H), 7.30 (s, 1H), 7.16-7.08 (m, 3H), 7.00 (br s, 1H), 3.87 (s, 

3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 154.7, 153.1, 142.9, 133.7, 132.6, 

129.7, 129.5, 129.3, 126.1, 121.3, 114.9, 55.02, 20.56; FT-IR (KBr) 3345, 2857, 1567, 1535, 

1506, 1321, 1271, 1235, 1182, 1123, 1074, 1033 cm-1. Anal. Calcd. for C15H14N5OBr: C, 50.02; 

H, 3.92; N, 19.44. Found: C, 50.14; H, 3.91; N, 19.38. 

TH-1149_09612212



                                                                                                         Synthesis of 5‐Aminotetrazoles 

68 
 

Me

N N
NN

HN
Br

F
1-(2-Bromo-4-methylphenyl)-N-(4-fluorophenyl)-1H-tetrazol-

5-amine 3f: White solid; yield 89%; mp 147-148 °C; 1H NMR (400 MHz, CDCl3) δ 7.62 (s, 

1H), 7.49-7.34 (m, 4H), 7.00 (t, J = 8.4 Hz, 2H), 6.14 (br s, 1H), 2.45 (s, 3H); 13C NMR (100 

MHz, CDCl3 + DMSO-d6) δ 158.2, 155.8, 152.1, 142.1, 134.7, 133.0, 128.6, 128.4 (d, 3JCF = 9.9 

Hz), 120.6, 119.2 (d, 4JCF = 7.6 Hz), 114.2 (d, 2JCF = 22.8 Hz), 20.0; FT-IR (KBr) 3266, 3105, 

1622, 1587, 1533, 1587, 1319, 12261087, 1018 cm-1. Anal. Calcd. for C14H11FN5Br: C, 48.29; H, 

3.18; N, 20.11. Found: C, 48.42; H, 3.17; N, 20.03.  

Me

N N
NN

HN
Br

CF3
1-(2-Bromo-4-methylphenyl)-N-(4-(trifluoromethyl)-phe-

nyl)-1H-tetrazol-5-amine 3g: White solid: yield 85%; mp 186-187 °C; 1H NMR (400 MHz, 

DMSO) δ 7.81 (d, J = 8.4 Hz, 2H), 7.65 (s, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.43-7.36 (m, 2H), 

2.49 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 151.9, 142.8, 142.1, 133.5, 129.0, 

128.7, 125.3, 125.1, 123.0, 122.7, 122.4, 121.0, 117.3, 20.3; FT-IR (KBr) 3284, 3127, 1613, 

1576, 1534, 1499, 1402, 1338, 1252, 1198, 1164, 1115, 1016 cm-1. Anal. Calcd. for 

C15H11F3N5Br: C, 45.25; H, 2.78; N, 17.59. Found: C, 45.40; H, 2.75; N, 17.51. 

Me

N N
NN

HN
Br

NO2
1-(2-Bromo-4-methylphenyl)-N-(4-nitrophenyl)-1H-tetra-

zol-5-amine 3h: White solid: yield 82%; mp 186-187 °C; 1H NMR (400 MHz, DMSO) δ 8.92 

(br s, 1H), 8.09-8.05 (m, 2H), 7.78-7.75 (m, 2H), 7.26 (s, 1H), 7.07-7.04 (m, 2H), 2.45 (s, 3H); 
13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 152.8, 146.3, 143.8, 141.8, 137.3, 129.6, 127.1, 

125.6, 121.0, 120.7, 118.0, 21.5; FT-IR (KBr) 3314, 3109, 2115, 1619, 1509, 1330, 1250, 1112, 

1088, 1025 cm-1. Anal. Calcd. for C14H11BrN6O2: C, 44.82; H, 2.96; N, 22.40. Found: C, 44.95; 

H, 2.94; N, 22.34. 
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Me

N N
NN

HN
Br

CN
4-(1-(2-Bromo-4-methylphenyl)-1H-tetrazol-5-ylamino)-be-

nzonitrile 3i: White solid: yield 84%; mp 186-187 °C; 1H NMR (400 MHz, DMSO) δ 7.66 (d, J 

= 7.6 Hz, 2H), 7.46 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 2.30 (s, 3H); 13C 

NMR (100 MHz, CDCl3 + DMSO-d6) δ 152.0, 143.5, 143.2, 133.8, 132.7, 129.4, 128.9, 121.2, 

118.0, 117.4, 104.0, 20.7; FT-IR (KBr) 3269, 3188, 2227, 1602, 1532, 1324, 1248, 1175, 1085 

cm-1.  Anal. Calcd. for C15H11BrN6: C, 50.72; H, 3.12; N, 23.66. Found: C, 50.86; H, 3.10; N, 

23.59. 

Me Br

N N
NN

HN

C2H5
1-(2-Bromo-4-methylphenyl)-N-(4-ethylphenyl)-1H-tetraz-

ol-5-amine 3j: White solid; yield  96%; mp 139-140 °C; 1H NMR (400 MHz, CDCl3) δ 7.63 (s, 

1H), 7.42 (d, J = 8.4 Hz, 2H), 7.37-7.35 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.00 (br s, 1H), 2.62-

2.56 (q, 2H), 2.46 (s, 3H), 1.20 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 

151.5, 141.5, 136.3, 135.8, 132.4, 128.3, 128.1, 126.4, 122.8, 120.0, 117.1, 26.3, 19.3, 14.3; FT-

IR (KBr) 3250, 3090, 2928, 1610, 1574, 1496, 1449, 1309, 1246, 1125, 1096 cm-1. Anal. Calcd. 

for C16H16N5Br: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.49; N, 19.48.   

Me Br

N N
NN

HN

Me

Me
2-1-(2-Bromo-4-methylphenyl)-N-(4-isopropylphenyl)-1H-

tetrazol-5-amine 3k: White solid; yield 92%; mp 144-145 °C; 1H NMR (400 MHz, CDCl3) δ 

7.64 (s, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.37-7.32 (m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 5.99 (br s, 

1H), 2.88-2.83 (m, 1H), 2.46 (s, 3H), 1.20 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3 + 

DMSO-d6) δ 151.7, 141.6, 141.2, 135. 9, 132.5, 128.4, 128.2, 128.1, 125.0, 120.1, 117.2, 31.6, 
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22.6, 19.4; FT-IR (KBr) 3251, 3090, 2960, 1611, 1574, 1496, 1447, 1307, 1243, 1126, 1097 cm-

1. Anal. Calcd. for C17H18N5Br: C, 54.85; H, 4.87; N, 18.81. Found: C,54.98; H, 4.86; N, 18.75.  

Me Br

N N
NN

HN

Me

Me

1-(2-Bromo-4-methylphenyl)-N-(2,4-dimethylphenyl)-1H-

tetrazol-5-amine 3l: White solid; yield 90%; mp 138-139 °C; 1H NMR (400 MHz, CDCl3) δ 

7.57 (d, J = 8 Hz, 1H), 7.22 (s, 1H ), 7.16 (d, J = 8 Hz, 1H), 7.10 (t, J = 7.2 Hz, 2H), 6.71 (s, 

1H), 2.43 (s, 3H), 2.39 (s, 1H), 2.02 (s, 1H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 154.9, 

143.4, 135.3, 134.8, 134.1, 133.2, 133.1, 131.4, 130.0, 129.9, 127.1, 125.5, 121.4, 21.0, 20.9, 

18.1; FT-IR (KBr) 3156, 2976, 1607, 1573, 1495, 1447, 1244, 1122, 1088, 1070 cm-1. Anal. 

Calcd. for C16H16N5Br: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.74; H, 4.49; N, 19.50.  

Me Br

N N
NN

HN

Me

Me

1-(2-Bromo-4-methylphenyl)-N-(3,4-dimethylphenyl)-1H-

tetrazol-5-amine 3m: White solid; yield 91%; mp 120-121 °C; 1H NMR (400 MHz, CDCl3) δ 

7.58 (s, 1H), 7.30-7.22 (m, 4H), 7.01 (d, J = 8.0 Hz, 1H), 6.59 (br s, 1H), 2.41 (s, 3H), 2.19 (s, 

3H), 2.15 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 151.4, 141.5, 135.7, 134.8, 132.2, 

128.3, 128.0, 127.8, 119.9, 118.0, 114.2, 19.0, 18.1, 17.1; FT-IR (KBr) 3275, 2923, 2856, 1574, 

1533, 1498, 1455, 1375, 1315, 1254, 1218, 1168, 1115, 1092, 1020 cm-1. Anal. Calcd. for 

C16H16N5Br: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.77; H, 4.48; N, 19.47.  

Me Br

N N
NN

HN

Me

Me
1-(2-Bromo-4-methylphenyl)-N-(2,5-dimethylphenyl)-1H-tetra-

zol-5-amine 3n: White solid; yield 95%; mp 120-121 °C; 1H NMR (400 MHz, CDCl3) δ 7.78 (s, 
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1H), 7.65 (s, 1H), 7.38-7.33 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 5.90 (br 

s, 1H), 2.47 (s, 3H),  2.34 (s, 6H), 2.11 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 

154.2, 142.8, 136.7, 135.4, 133.7, 130.3, 129.6, 129.4, 129.3, 126.1, 125.2, 121.0, 20.6, 20.5, 

17.4; FT-IR (KBr) 2921, 1587, 1527, 1492, 1462, 1381, 1306, 1263, 1088 cm-1. Anal. Calcd. for 

C16H15N5: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.47; N, 19.48.   

Me Br

N N
NN

HN

Me

Me

1-(2-Bromo-4-methylphenyl)-N-(3,5-dimethylphenyl)-1H-

tetrazol-5-amine 3o: White solid; yield 87%; mp 132-133 °C; 1H NMR (400 MHz, CDCl3) δ 

7.64 (s, 1H), 7.35 (d, J = 7.6 Hz, 2H), 7.15 (s, 2H), 6.70 (s, 1H), 5.93 (br s, 1H), 2.46 (s, 3H), 

2.29 (s, 6H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 152.9, 142.9, 139.1, 138.0, 133.8, 

129.5, 129.4, 129.3, 123.9, 121.4, 116.1, 21.2, 20.7; FT-IR (KBr) 3267, 3104, 1624, 1587, 1540, 

1502, 1327, 1175, 1126, 1088 cm-1. Anal. Calcd. for C16H15N5: C, 53.64; H, 4.50; N, 19.55. 

Found: C, 53.75; H, 4.49; N, 19.47.   

 

  

Me Br

N N
NN

HN

Me

Me
1-(2-Bromo-4-methylphenyl)-N-(3,5-dimethylphenyl)-1H-tetr-

azol-5-amine 3p: White solid; yield 82%; mp 147-148 °C; 1H NMR (400 MHz, CDCl3) δ 7.63 

(s, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 1H), 5.96 (br s, 

1H), 2.46 (s, 3H), 2.28 (s, 6H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 153.4, 152.3, 143.5, 

139.8, 138.5, 134.4, 130.1, 129.9, 124.5, 122.1, 116.7, 21.8, 21.4; FT-IR (KBr) 3267, 3104, 

2920, 1624, 1587, 1540, 1501, 1326, 1175, 1126, 1088 cm-1. Anal. Calcd. for C16H15N5: C, 

53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.48 ; N, 19.49.   
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Me Br

N N
NN

NH

1-(2-Bromo-4-methylphenyl)-N-(naphthalen-1-yl)-1H-tetrazol-5-

amine 3q: White solid; yield 77%; mp 123-124 °C; 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 

7.6 Hz, 1H), 7.85 (s, 1H), 7.71-7.63 (m, 3H), 7.51-7.47 (m, 2H), 7.35 (d, J = 8 Hz, 1H), 7.26 (d, 

J = 5.2 Hz, 2H), 6.60 (br s, 1H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 154.6, 

142.6, 134.2, 133.8, 133.6, 131.2, 129.4, 129.1, 128.8, 128.3, 127.8, 127.2, 125.8, 125.4, 122.4, 

121.1, 120.8, 20.6; FT-IR (KBr) 3205, 3052, 1599, 1523, 1392, 1313, 1263, 1088, 1015 cm-1. 

Anal. Calcd. for C18H14N5Br: C, 56.86; H, 3.71; N, 18.42. Found: C, 56.96; H, 3.70; N, 18.36.   

 
Me Br

N N
NN

HN
C4H9

1-(2-Bromo-4-methylphenyl)-N-butyl-1H-tetrazol-5-amine 3r: Wh-

ite solid; yield 70%; mp 123-124 °C; 1H NMR (400 MHz, CDCl3) δ 7.61 (s, 1H), 7.30 (d, J = 8.8 

Hz, 2H), 3.99 (br s, 1H), 3.48 (t, J = 6.8 Hz, 2H), 2.45 (s, 3H), 1.67-1.58 (m, 2H), 1.42-1.32 (m, 

2H), 0.95 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 154.8, 141.9, 133.1, 

128.6, 128.0, 120.5, 42.6, 30.3, 19.9, 18.7, 12.8; FT-IR (KBr) 3274, 2955, 2869, 1617, 1526, 

1498, 1453, 1313, 1086, 1014 cm-1. Anal. Calcd. for C12H16N5Br: C, 46.46; H, 5.20; N, 22.58. 

Found: C, 46.59; H, 5.18; N, 22.50. 

Me Br

N N
NN

HN

1-(2-Bromo-4-methylphenyl)-N-cyclohexyl-1H-tetrazol-5-amine 

3s: White solid; yield 67%; mp 132-133 °C; 1H NMR (400 MHz, CDCl3) δ 7.40 (s, 1H), 7.12 (d, 

J = 8.8 Hz , 2H), 4.57 (d, J = 8 Hz, 1H), 2.38 (s, 3H), 1.54-1.40 (m, 3H), 1.20-0.89 (m, 7H); 13C 

NMR (100 MHz, CDCl3 + DMSO-d6) δ 153.6, 141.2, 132.4, 128.4, 128.1, 128.0, 120.0, 51.9, 

31.2, 23.9, 23.6, 19.4; FT-IR (KBr) 3242, 2920, 2852, 1587, 1510, 1452, 1132, 1093 cm-1. Anal. 

Calcd. for C14H18N5Br: C, 50.01; H, 5.40; N, 20.83.  Found: C, 50.12; H, 5.39 ; N, 20.75. 
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Me Br

N N
NN

HN

N-Benzyl-1-(2-bromo-4-methylphenyl)-1H-tetrazol-5-amine 3t: Wh-

ite solid; yield 75%; mp 124-125 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (s, 1H), 7.34-7.32 (m, 

4H), 7.30-7-28 (m, 3H), 4.64 (d, J = 5.6 Hz, 2H), 2.41 (s, 3H); 13C NMR (100 MHz, CDCl3 + 

DMSO-d6) δ 154.2, 141.3, 137.3, 132.2, 128.0, 127.9, 126.5, 125.6, 125.3, 119.7, 45.3, 19.0; FT-

IR (KBr) 3183, 3002, 1614, 1524, 1497, 1145, 1093 cm-1. Anal. Calcd. for C15H14N5Br: C, 

52.34; H, 4.10; N, 20.35. Found: C, 52.48; H, 4.09; N, 20.28. 

Me Br

N N
NN

HN

O
O

N-((Benzo[d][1,3]dioxol-5-yl)methyl)-1-(2-bromo-4-methyl-phe-

nyl)-1H-tetrazol-5-amine 3u: White solid; yield 72%; mp 159-160 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.64 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 6.82 (t, J = 6 Hz, 1H), 6.76 (s, 1H), 6.70 (d, J = 

7.6 Hz, 1H), 6.61 (d, J = 8 Hz, 1H), 5.82 (s, 2H), 4. 33 (d, J = 5.6 Hz, 2H), 2.35 (s, 3H); 13C 

NMR (100 MHz, CDCl3 + DMSO-d6) δ154.2, 145.8, 144.8, 141.4, 132.3, 131.2, 128.1, 119.9, 

119.1, 106.5, 106.3, 99.3, 45.3, 19.2; FT-IR (KBr) 3360, 2933, 1622, 1516, 1463, 1257, 1232, 

1154, 1091, 1026 cm-1. Anal. Calcd. for C16H14N5O2Br: C, 49.50; H, 3.63; N, 18.04. Found: C, 

49.61; H, 3.61; N, 17.98. 

Me Br

N N
NN

HN Me

1-(2-bromo-4-methylphenyl)-N-(1-phenylethyl)-1H-tetrazol-5-

amine 3v: White solid; yield 75%; mp 124-125 °C; 1H NMR (400 MHz, CDCl3) δ 6.64 (s, 1H), 
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7.42-7.3 (m, 3H), 7.30-7-26 (m, 4H), 5.11-5.08 (q, 1H), 2.47 (s, 3H), 1.60 (d, J = 6.8 Hz, 3H); 
13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 154.6, 143.4, 142.3, 133.4, 129.3, 129.1, 128.2, 

127.7, 126.4, 125.6, 121.1, 53.2, 22.1, 20.4; FT-IR (KBr) 3349, 3083, 2902, 1614, 1524, 

1497,1201, 1145, 1093, 1101 cm-1. Anal. Calcd. for C16H16BrN5: C, 53.64; H, 4.50; N, 19.55. 

Found: C, 53.78; H, 4.48; N, 19.49. 

N

Br

N
NN

HN

OMe
1-(2-Bromophenyl)-N-(4-methoxyphenyl)-1H-tetrazol-5-amine 

3w: White solid: yield 89%; mp 150-151 °C; 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.6 Hz, 

1H), 7.54-7.47 (m, 3H), 7.40 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 6.02 (br s, 1H), 3.76 ( 

s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 155.0, 153.0, 133.4, 132.1, 131.9, 129.7, 

128.5, 121.7, 120.2, 114.6, 113.6, 55.0; FT-IR (KBr) 3057, 2961, 2835, 1616, 1513, 1498, 1431, 

1331, 1301, 1292, 1253, 1183, 1035 cm-1. Anal. Calcd. for C14H12N5OBr: C, 48.57; H, 3.49; N, 

20.23. Found: C, 48.68; H, 3.48; N, 20.15. 

 

N

Br

N
NN

HN

OMe

Cl

1-(2-Bromo-4-chlorophenyl)-N-(4-methoxyphenyl)-1H-tetra-

zol-5-amine 3x: White solid; yield 92%; mp 171-172 °C; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, 

J = 2.0 Hz, 1H), 7.47-7.44 (m, 1H), 7.40-7.37 (m,  2H), 7.10 (d, J = 9.2 Hz, 1H), 6.94 (br s, 1H), 

6.81 (dd, J = 7.2, 2.4 Hz, 2H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 153.9, 

152.1, 135.8, 131.9, 131.2, 130.1, 129.9, 127.9, 121.8, 119.2, 112.7, 54.04; FT-IR (KBr) 3275, 

3085, 2834, 1607, 1579, 1486, 1302, 1233, 1179,  1085, 1036 cm-1. Anal. Calcd. for 

C14H11ClN5OBr: C, 44.18; H, 2.91; N, 18.40. Found: C, 44.30; H, 2.90; N, 18.34.  
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N

Br

N
NN

HN

OMe

Me

Me

1-(2-Bromo-4,6-dimethylphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3y: White solid; yield 92%; mp 167-168 °C; 1H NMR (400 MHz, CDCl3) δ 

7.46-7.42 (m, 3H), 7.19 (s, 1H), 6.87 (d, J = 7.2 Hz, 2H), 5.8 (br s, 1H), 3.89 (s, 3H), 2.42(s, 

3H), 2.10( s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 152.5,  152.4, 131.8, 130.7, 130.3, 

127.6, 121.8, 119.9, 113.2,  54.6, 20.2, 17.3; FT-IR (KBr) 3289, 2957, 1607, 1575, 1516, 1301, 

1261, 1235, 1182, 1113, 1094, 1033 cm-1. Anal. Calcd. for C16H16N5OBr: C, 51.35; H, 4.31; N, 

18.71. Found: C, 51.47; H, 4.29; N, 18.64. 

N

Br

N
NN

HN

OMe

Me

Me

1-(2-Bromo-4,5-dimethylphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3z: White solid; yield 85%; mp 148-149 °C; 1H NMR (400 MHz, CDCl3) δ 

7.76 (s, 1H), 7.57 (s, 1H), 7.50 (d, J = 7.6 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 2.37 (s, 

3H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 153.3, 151.6, 140.3, 136.3, 132.3, 

131.2, 129.1, 127.8, 118.6, 116.6, 112.3, 53.6, 17.6, 17.3; FT-IR (KBr) 3306, 2920, 2847, 1603, 

1515, 1444, 1302, 1236, 1302, 1236, 1191, 1115, 1095, 1020 cm-1. Anal. Calcd. for 

C16H16N5OBr: C, 51.35; H, 4.31; N, 18.71. Found: C, 51.49; H, 4.30; N, 18.65. 

N

Br

N
NN

HN

OMeMe

Me

1-(2-Bromo-4-isopropylphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3aa White solid; yield 86%; mp 137-138 °C; 1H NMR (400 MHz, CDCl3) δ 

7.64 (s, 1H), 7.41-7.37 (m, 4H), 6.85 (dd, J = 3.2, 9.2 Hz, 2H), 5.98 (br s, 1H), 3.76 (s, 3H), 

3.02-2.96 (m, 1H), 1.29 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 155.7, 
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154.2, 153.9, 132.9, 132.1, 130.2, 127.4, 122.2, 121.2, 114.3, 55.7, 34.1, 24.0; FT-IR (KBr) 

3307, 2956, 1608, 1578, 1513, 1466, 1301, 1266, 1232, 1180, 1112, 1092, 1039 cm-1. Anal. 

Calcd. for C17H18N5OBr: C, 52.59; H, 4.67; N, 18.04. Found: C, 52.70; H, 4.65; N, 17.97. 

N

Br

N
NN

HN

OMe

MeO

1-(2-Bromo-4-methoxyphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3ab: White solid; yield 95%; mp 125-126 °C;  1H NMR (400 MHz, CDCl3) δ 

8.13 (s, 1H), 7.45-7.42 (m, 2H), 7.35 (d, J = 8.8 Hz, 1H), 6.98 (dd, J = 2.8, 8.8 Hz, 1H), 6.77 (dd, 

J = 2.0, 9.2 Hz, 2H), 3.83 (s, 3H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3 + DMSO-d6) δ 

160.5, 154.0, 152.5, 131.6, 129.7, 123.6, 121.8, 119.3, 117.7, 113.2, 112.8, 54.9, 54.2; FT-IR 

(KBr) 3259, 3103, 2839, 1621, 1582, 1600, 1497, 1295, 1237, 1222, 1100, 1029 cm-1. Anal. 

Calcd. for C15H14N5O2Br: C, 47.89; H, 3.75; N, 18.62. Found: C, 48.04; H, 3.73; N, 18.55. 
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Crystal Data and Structure Refinement for 3a at 296(2) K 

Empirical formula C14 H12 Br N5 

Formula weight 330.20 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Orthorhombic 

Space group Pbca loop_ _symmetry_equiv_pos_as_xyz  

'x, y, z'  '-x+1/2, -y, z+1/2'  '-x, y+1/2, -z+1/2'  

 'x+1/2, -y+1/2, -z'  '-x, -y, -z'  'x-1/2, y, -z-1/2'  

 'x, -y-1/2, z-1/2'  '-x-1/2, y-1/2, z' 

Unit cell dimensions a = 8.3365(5) Å            α(°)= 90.00 

b = 10.4832(5) Å          β(°)= 90.00 

c = 32.5401(17) Å         γ(°)= 90.00 

Volume 2843.8(3) Å3 

Z 8 

Density (calculated) 1.542 Mg/m3 

Absorption coefficient 2.888 mm-1 

F(000) 1328 

Crystal size 0.26 x 0.22 x 0.16 mm 

Theta range for data collection 1.25 to 28.36° 

Index ranges -11<=h<=11, -13<=k<=12, -42<=l<=43 

Reflections collected 3545 

Independent reflections 1589 [R (int) = 0.3143] 

Completeness to theta = 28.36° 99.9 % 

Absorption correction Multi-scan 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3545 / 0 /182 

Goodness-of-fit on F2 0.928 

Final R indices [I>2sigma (I)] R1 = 0.0422, wR2 = 0.0943 

R indices (all data) R1 = 0.1129, wR2 = 0.1168 
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                                                                                                  Chapter IV 

Copper(II)-Catalyzed Conversion of 1-(2-Bromoaryl)-N-Aryl-1H-
Tetrazol-5-Amines to 2-Azidobenzimidazoles  

The recent advances in transition-metal-catalysis led to the development of effective methods for 

the construction of carbon-carbon and carbon-heteroatom bonds via cross-coupling reactions.1 

Among them, the construction of C-N  bond has received considerable attention due to the 

presence of the moiety in many molecules that are important in biological, medicinal and 

material sciences.2 Benzimidazole is an important structural motif present in several compounds 

that are of biological and medicinal importance (Figure 1).3 For example, benzimidazole subunit 

can be found in commercially available drugs such as  prilosec, nexium, protonix, atacand, 

famvir etc.4  

N

N
N

Me

Me
COOH

OEt

Bilastine

N

N

F
Astemizole

N

NHOOC

OBn
N

N

N

N
Me

OH
O

Telmisartan
Treatment of High Blood Pressure

Antihistamine Drug

Hepatitis C virus (HCV) NS5B

Me

Polymerase Inhibitor

N

N
NH

F

NH

Norastemizole

N
OMe

 

Figure 1. Some examples of pharmacologically important substituted benzimidazoles  
 

Furthermore, they exhibit several other pharmacological activities including antidiabetic,5a 

antiinflammatory,5b antiviral,5c antiparasitic,5d antibacterial5e and antimicrobial properties.5f 

Other medicinal chemistry applications of these compounds include neuropeptide YY1 receptor 
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antagonist,6a N-methyl-D-aspartate (NMDA) antagonist,6b factor Xa(FXa) inhibitor,6c  

poly(ADP-ribose)polymerase (PARP) inhibitor6d and nonpeptide thrombin inhibitor.6e 

Substituted benzimidazoles are also described  as intermediates for the preparation of dyes and 

high-temperature resistance polymers.7  

The classical methods used for the synthesis of 2-azidobenzimidazoles involve diazotization on 

1-benzimidazolylidenehydrazine8 which can be prepared from the reaction of  1,2-diamino 

benzene, carbon disulfide and ethyliodide.9 Although, substituted benzimidazoles can be 

generated through condensation of 1,2-diaminoarene with either carboxylic acids or aldehydes 

followed by oxidation10 and some other traditional methods,11 most of these protocols suffer 

from major shortcomings such as limited substituents, strong alkaline conditions, troublesome 

management of the chemical process and elevated temperature. Some of these drawbacks have 

been recently overcome by the development of more sustainable cross-coupling reactions for the 

synthesis of benzimidazoles using transition-metal-catalysis.  

 

4.1 Palladium Catalysts 

Few studies are focused on the use of palladium catalysis for the synthesis of benzimidazoles via 

intramolecular C-N cross-coupling reaction. For example, Brain and co-workers have reported 

the synthesis of substituted benzimidazoles using Pd(PPh3)4 via intramolecular C–N cross-

coupling of 2-haloarylamidines in toluene under reflux condition (Scheme 1).12a 

N R'

HN
R''

N

N
R'

Br R''

5 mol % Pd(PPh3)4
1.6 equiv K2CO3

1.6 equiv NaOtBu

Toluene, reflux

R R

up to 99% yield  
Scheme 1 

 
 

They have also further showed the construction of substituted benzimidazoles using Pd2(dba)2 

and PPh3 under microwave conditions in aqueous DME (Scheme 2).12b   
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N R'

HN
R''

N

N
R'

Br
R''

5 mol % Pd2(dba)3
8 mol % PPh3

2 equiv NaOH

50% H2O/DME

160 °C, microwave

R R

up to 98% yield
 

Scheme 2 
 

The synthesis of substituted benzimidazole has been described by You and co-workers through 

domino C-N cross-coupling reaction using palladium-catalyst in the presence of Cs2CO3 in 

toluene under reflux conditions (Scheme 3).12c 

X

X

H
N R'

NH

X = Br or Cl

R, R' = aryl, alkyl or -NHPh

+

2.5-5 mol % [Pd]
2.5-5 mol % xanthos

4 equiv Cs2CO3
Toluene, 140 °C

N

N
R'

R

up to 99% yield

R

 
Scheme 3 

 
4.2 Copper Catalysts 

Most of the cross-coupling reactions for the synthesis of benzimidazoles employ copper-based 

catalytic systems. Deng and co-workers have employed CuI and N,N’-dimethylethylenediamine 

for the synthesis of substituted benzimidazole from 1,2-dihaloarenes and amidines through 

domino inter- and intramolecular C-N cross-coupling reactions (Scheme 4).13a 

N

N
R

R'

15 mol % CuI
30 mol % DMEDA

4 equiv Cs2CO3

100-170 °C, 1,4-Dioxane

X

X
R NHR'

NH N R

HN
R'

X

X = Br, Cl, I

R'' R'' R''

DMA or NMP
up to 66% yield

 
Scheme 4 

 
 

Batey and co-workers have described the construction of substituted benzimidazole via an 

intramolecular aryl guanidinylation using CuI/1,10-phenanthroline in the presence of Cs2CO3 at 

moderate temperature (Scheme 5).13b    
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N N

HN
R'''

N

N
N

Br
R'''

5 mol % CuI

10 mol % 1,10-Phen

2 equiv Cs2CO3

80 °C, DME, 16 h

R'

R''

R'

R''R
R

up to 98% yield  
Scheme 5 

 
Bao and co-authors have shown the synthesis of substituted benzimidazoles from amines and 

o-haloarylcarbodiimides using CuI and L-proline in the presence of Cs2CO3 at moderate 

temperature via cascade intermolecular addition/C–N cross-coupling reaction (Scheme 6).13c  

N

N
N

R'

10 mol % CuI

2 equiv Cs2CO3

70-80 °C, 1,4-Dioxane, 20 h

R''

R'''

N

X
R

C N
R'

X = Br, I

HN
R'''

R''

+ R
20 mol % L-proline/1,10-phen

R1 = H, Me, Cl, Br, NO2

R2 = aryl, alkyl; R3, R4 = alkyl

up to 92% yield

 
Scheme 6 

 
Chen and co-authors have synthesized substituted benzimidazoles from 2-haloarylamidines by 

intramolecular cyclization using Cu2O-DMEDA in water (Scheme 7).13d 

N
H

NH

R

R'
X

N

H
NR'

R

5 mol % Cu2O
10 mol % DMEDA

K2CO3, H2O

100 °C, 30 h
X = Cl, Br, I

up to 99% yield
 

Scheme 7 

 
Our group has showed the use of CuO nanoparticles for the cyclization of 2-haloarylamidines 

to afford substituted benzimidazoles that is effective under ligand free conditions (Scheme 8).13e 

N

HN
R''

X

R'

R
N

N
R'

R''

R
5 mol % CuO nanoparticle

1.5-3.0 equiv KOH

DMSO, 110 C
X = Br, I up to 97% yield

 
Scheme 8 
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4.3 Cobalt-Catalyst 

The cyclization of o-haloarylamidines has also been found to be effective using  Co(acac)2·2H2O 

and 1,10-phenanthroline in the presence of K2CO3 in toluene under reflux conditions (Scheme 

9).14 This process is more attractive in terms of toxicity. 

N R'

HN
R''

X

R

X = Br, I
R1 = H, Br, Cl, Me

10 mol % Co(acac)22H2O

20 mol % 1, 10-phen

2 equiv K2CO3

Toluene, 100 °C

N

N
R'

R''

R

R2 = alkyl, Ph; R3 = aryl

up to 97% yield

 
Scheme 9 

 

 

4.4 Present Study 

The tetrazoles reported in the last chapter readily proceed cyclization in the presence of copper 

based complexes to afford 2-azidobenzimidazoles at ambient temperature. The procedure is 

simple and has wide substrate scope to afford the target molecules in high yield.  

Firstly, the optimization of the reaction conditions was performed with 1-(2-bromo-4-

methylphenyl)-N-phenyl-1H-tetrazol-5-amine as a model substrate (Table 1). The best result was 

obtained when the reaction was carried out at room temperature using 5 mol % of copper sources 

such as CuI, CuBr, Cu2O, CuSO4·5H2O, Cu(OAc)2·H2O and 10 mol % 1,10-phenanthroline (L5) 

in the presence of K3PO4·3H2O in THF or toluene affording the desired 2-azido-6-methyl-1-

phenyl-1H-enzo[d]imidazole 4a in 100% conversion.  In contrast, the processes employing 

solvents such as DMSO, DMF and CH3CN, and bases such as KOH, Cs2CO3, Et3N and DABCO, 

and ligands such as ethylene diamine L1, ethylene glycol L2, L-proline L3, DMEDA L4 gave 

inferior results. Similarly, either lowering the amount of the base (1.5 equiv) or the quantity of  

 

H2N NH2 HO OH N
H

COOH HN NH
Me Me N NL1 L2 L3 L4 L5  
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Table 1. Optimization of the Reaction Conditionsa 

Br

N N
NN

HN

5 mol % copper source
10 mol % L1-L5

Base, solvent, RT, 30 h N

N
N3

N

N
NH2+

Me Me Me

4a 5a3a

 

 

a Reaction conditions: Tetrazole 3a (1 mmol), copper catalyst (5 mol %), ligand (10 mol %), base 

(2 mmol) and solvent (1 mL) were stirred at room temperature.  
b Determined by 400 MHz 1H NMR.  
c Catalyst (2.5 mol %) was used.  
d K3PO4·3H2O (1.5 equiv) was used.  

 

Entry 
 

Copper source Solvent Base Ligand Product(s) (%)b 
4a         5a 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19c 
20d 
21 

CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuI 
CuBr 
Cu2O 
CuSO4·5H2O 
Cu(OAc)2·H2O 
Cu(OAc)2·H2O 
Cu(OAc)2·H2O 
- 

DMF 
DMSO 
1,4-Dioxane 
CH3CN 
THF 
Toluene 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 

K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
Et3N 
DABCO 
KOH 
Cs2CO3 

K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 
K3PO4·3H2O 

L5 
L5 
L5 
L5 
L5 
L5 
L5 
L5 
L5 
L5 
L1 
L2 
L3 
L4 
L5 
L5 
L5 
L5 
L5 
L5 
- 

90          10 
80          20 
90          10 
75          25 
100        n.d. 
100        n.d. 
       n.d. 
       n.d. 
18          n.d. 
45          n.d. 
15          n.d. 
20          n.d. 
25          n.d. 
30          n.d. 
100        n.d. 
100        n.d. 
100        n.d. 
100        n.d. 
70          n.d. 
50          n.d. 
        n.d. 
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Table 2. Copper(II)-Catalyzed Cyclization of 1-(2-Bromoaryl)-N-Aryl-1H-Tetrazol-5-Amines a-b 

5 mol % Cu(OAc)2H2O
10 mol % L5

2 equiv K3PO43H2O
THF, RT

Br

N N
NN

HN N

N
N3

R2

R1 R1

N

N
N3

N

N
N3

Me N

N
N3

Me N

N
N3

Me

N

N
N3

Me

Cl Me OMe

F

N

N
N3

N

N
N3

Me N

N
N3

Me

N

N
N3

Me N

N
N3

Me

NO2 CN

C2H5

Me

CF3

Me
Me

N

N
N3

N

N
N3

Me

N

N
N3

Me N

N
N3

Me N

N
N3

Me

Me

Me

Me

N

N
N3

N

N
N3

Me N

N
N3

Me N

N
N3

Me

Me

N

N
N3

Me

Me

Me

Me

Me Me

Me

Me

Me

Me

R2
R1 = EWG, EDG
R2 = aryl, alkyl

3b-ab 4b-y

4b 4c 4d 4e

4f 4g

4h 4i 4j 4k

4l 4m 4n 4o

4p 4q 4r

30 h, 87% 28 h, 83% 29 h, 92% 24 h, 95%

30 h, 72% 30 h, 55% n.d. n.d

30 h, 90% 30 h, 91% 30 h, 90% 30 h, 95%

30 h, 96% 30 h, 90% 30 h, 81% 30 h, 61%

30 h, 63% 30 h, 67% 30 h, 70% n.d.
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Table 2 Conti… 

N

N
N3

Me N

N
N3

N

N
N3

Cl N

N
N3

Me

N

N
N3

Me

OMe OMe OMe

OMe

O O

Me

Me

N

N
N3

N

N
N3

MeO

OMe OMe

Me

Me

4s 4t 4u 4v

4w 4x 4y

30 h, 57% 23 h, 89% 25 h, 90% 27 h, 95%

27 h, 95% 27 h, 90% 20 h, 96%
 

a Reaction conditions: Tetrazole 3b-ab (1 mmol), Cu(OAc)2·H2O (5 mol %), L5 (10 mol %),   

and K3PO4·3H2O (2 mmol) were stirred in THF (1 mL) at room temperature.  
b Isolated yield. 

 

 

 

 

 

 

 

 

 

Figure 2. ORTEP diagram of 2-azido-1-(4-chlorophenyl)-6-methyl-1H-benzo[d]imidazole 4c 

with 50% ellipsoid. H-Atoms are omitted for clarity  
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the catalyst (2.5 mol %) led to the formation 4a in <70% conversion (Table 1, entries 19-20). 

The control experiments without the copper source confirmed that the formation of the target 

product was not observed and the starting material was recovered intact (Table 1, entry 21). 

Next, the scope of the protocol was explored for the cyclization of substituted tetrazoles 

(Table 2). The substrates readily proceeded cyclization to give the corresponding 2-

azidobenzimidazoles 4a-y in good to excellent yield. The substrates having electron donating 

groups on the aromatic rings exhibited greater reactivity compared to that bearing electron 

withdrawing groups. For examples, the substrates having 4-Me, 4-OMe, 4-Et and 4-iPr 

substituents in aromatic ring gave the target products in 87-96% yield, while the substrates 

containing 4-Cl, 4-F and 4-CF3 groups in the aromatic nucleus underwent reaction with 55-83% 

yield. However, the substrates with strong electron withdrawing substituents, 4-NO2 and 4-CN, 

on phenyl ring showed no reaction and the starting material was recovered intact. Under these 

conditions, the substrates having N-alkyl group proceeded reactions to give the desired products 

in good yield. In case of N-α-methyl benzyl substituent no cyclization was observed which may 

due to the steric hindrance. However, the substrate bearing N-naphthyl substituent underwent 

reaction with 61% yield. Recrystallization of 4c in MeOH gave crystals whose structure was 

confirmed by single X-ray analysis (Figure 2). 

To reveal the relative reactivity of other halogenated tetrazoles, the cyclization of 1-(2-iodo-4-

methylphenyl)-N-phenyl-1H-tetrazol-5-amine and 1-(2-chloro-4-methylphenyl)-N-phenyl-1H-

tetrazol-5-amine were investigated. 1-(2-iodo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 

underwent reaction with greater reactivity compared to 1-(2-bromo-4-methylphenyl)-N-phenyl-

1H-tetrazol-5-amine. In contrast, 1-(2-chloro-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 

showed no cyclization and the starting material was recovered intact (Scheme 11).  

Me I

N N
NN

HN

5 mol % Cu(OAc)2H2O
10 mol % L5

2 equiv K3PO43H2O

THF, RT, 20 h

N

N
N3

Me

4a
 

Scheme 10 
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Me Cl

N N
NN

HN

5 mol % Cu(OAc)2H2O
10 mol % L5

2 equiv K3PO43H2O
no reaction

THF, RT, 20 h
 

Scheme 11 

 

The proposed catalytic cycle is shown in Scheme 12. The observed results suggest that the 

tetrazole could undergo oxidative addition with copper(I) species (could be derived from 

copper(II) species)15 to provide intermediate a. N-Arylation followed by tautomerism of a can 

lead to the formation b that may complete the catalytic cycle by reductive elimination to give the 

target molecules 4a-y. 

N N
NN

HN
R2

X

N N
NN

N
Cu

X

N

N

N

Cu

N

N

a

b

N

N

R2

N3

-
+

R2

R1

R2

R1

R1

[Cu]

R1

4a-y

H:B  +  X-

oxidative 
addition

reductive
elimination

:B

X = I, Br

 

Scheme 12. Proposed catalytic cycle 

 

In conclusion, copper-catalyzed cyclization of 1-(2-bromoaryl)-N-aryl-1H-tetrazol-5-amines 

to 2-azidobenzimidazoles has been accomplished at room temperature. The procedure is simple, 

general and efficient to provide the target products in moderate to high yield. The substrates 

having electron donating groups on the aromatic ring showed enhanced reactivity compared to 

that bearing electron withdrawing groups.  
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Experimental Section 

General Information: CuSO4·5H2O (98%), CuI (98%), CuBr (98%), Cu2O (97%),    

Cu(OAc)2·H2O (98%), Cs2CO3 (99%), K2CO3 (99%) and K3PO4·3H2O (98%) were purchased 

from Aldrich. Product purification was carried out by silica gel column chromatography using 

Rankem silica gel (60-120 mesh). All reactions were monitored by analytical TLC on Merck 

silica gel G/GF 254 plates. NMR (1H and 13C) spectra were recorded on DRX-400 Varian 

spectrometer and the data are accounted as follows: chemical shifts (δ ppm) (multiplicity, 

coupling constant (Hz), integration).The abbreviations for multiplicity are as follows: s = singlet, 

d = doublet, t = triplet. Melting points were determined by Buchi B-540 melting point apparatus. 

FT-IR spectra of air-dried samples were recorded on PerkinElmer Spectrum One FT-IR 

spectrometer using KBr disks and are reported in frequency of absorption (cm-1). Elemental 

analyses were recorded using PerkinElmer CHNS analyzer. For single crystal X-ray analysis the 

intensity data were collected using Bruker SMART APEX-II CCD diffractometer, equipped with 

1.75 kW sealed-tube Mo Kα irradiation (λ = 0.71073 Å) at 296(2) K and the structures were 

solved by direct methods using SHELLX-97 (Göttingen, Germany) and refined with full-matrix 

least squares on F2 using SHELXL-97.  

General Procedure for the Synthesis of 2-Azidobenzimidazoles:  Tetrazole (1 mmol), 

K3PO4·3H2O (2 mmol), Cu(OAc)2·H2O (5 mol %) and 1,10-phenanthroline L5 (10 mol %) were 

stirred at room temperature in THF for appropriate time. Progress of the reaction was monitored 

by TLC using ethyl acetate and hexane as eluent. The reaction mixture was extracted with ethyl 

acetate (2 x 10 mL) and the organic layer was washed successively with brine (1 x 5 mL) and 

water (2 x 5 mL). Drying and evaporation of the solvent provided a residue which was purified 

by silica gel chromatography using ethyl acetate and hexane as eluent to provide the titled 

compounds in analytically pure form. 

N

N
N3

Me

2-Azido-6-methyl-1-phenyl-1H-benzo[d]imidazole 4a: White solid; yield 

80%; mp 81-82 °C; 1H NMR (400 MHz, CDCl3) δ 7.56-7.52 (m, 3H), 7.49-7.47 (m, 1H), 7.39  
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(d, J = 8 Hz, 2H), 7.09 (dd, J = 8.8, 0.8 Hz, 1H), 6.97 (s, 1H), 2.40 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 146.7, 139.5, 135.5, 134.4, 132.8, 129.7, 128.7, 126.4, 124.5, 117.9, 110.0, 21.8; FT-IR 

(KBr) 3056, 2920, 2139, 1597, 1508, 1411, 1331, 1262, 1209, 1032 cm-1. Anal. Calcd. for 

C14H11N5: C, 67.46; H, 4.45; N, 28.10. Found: C, 67.55; H, 4.43; N, 28.03.  

N

N
N3

2-Azido-1-phenyl-1H-benzo[d]imidazole 4b: White solid; yield 72%; mp 

85-86 °C; 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.47 (t, 

J = 6.8 Hz, 1H), 7.40 (d, J = 7.2 Hz, 2H), 7.29-7.24 (m, 1H), 7.18 (d, J = 4.4 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ147.5, 141.5, 135.5, 134.4, 129.9, 128.9, 126.6, 123.3, 122.8, 118.5, 110.1; 

FT-IR (KBr) 3056, 2920, 2139,  1590, 1578, 1490, 1438, 1409, 1288, 1261, 1078, 1023 cm-1. 

Anal. Calcd. for C13H9N5: C, 66.37; H, 3.86; N, 29.77. Found: C, 66.47; H, 3.83; N, 29.70.   

 

N

N
N3

Me

Cl
2-Azido-1-(4-chlorophenyl)-6-methyl-1H-benzo[d]imidazole 4c: White 

solid; yield 65%; mp 96-97 °C; 1H NMR (400 MHz, CDCl3) δ 7.55-7.50 (m, 3H), 7.36-7.33 (m, 

2H), 7.09 (d, J = 8.4 Hz, 1H), 6.95 (s, 1H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.6, 

139.5, 135.3, 134.5, 132.9, 132.8, 129.9, 127.7, 124.7, 118.1, 109.8, 21.8; FT-IR (KBr) 2213, 

2150, 1627, 1514, 1498, 1421, 1400, 1330, 1297, 1207, 1090 cm-1. Anal. Calcd. for C14H10ClN5: 

C, 59.27; H, 3.55; N, 24.68. Found: C, 59.39; H, 3.53; N, 24.60. 
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N

N
N3

Me

Me
2-Azido-6-methyl-1-p-tolyl-1H-benzo[d]imidazole 4d: White solid; 

yield 75%; mp 87-88 °C; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8 Hz, 1H), 7.34 (d, J = 8 

Hz, 2H), 7.27 (d, J = 8 Hz, 2H), 7.08 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 2.45 (s, 3H), 2.40 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 146.9,139.5, 138.9, 135.7, 132.7, 131.7, 130.3, 126.3, 124.4, 

117.9, 110.0, 21.7, 21.3; FT-IR (KBr) 3034, 2921, 2859, 2139, 1626, 1510, 1327, 1274, 1205, 

1107, 1005 cm-1. Anal. Calcd. for C15H13N5: C, 68.42; H, 4.98; N, 26.60. Found: C, 68.52; H, 

4.95; N, 26.53.   

N

N

Me

N3

OMe
     2-Azido-1-(4-methoxyphenyl)-6-methyl-1H-benzo[d]imidazole 4e: 

White solid; yield 77%; mp 77-78 °C;  1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.4 Hz, 1H), 

7.29 (d, J = 8.4 Hz, 2H), 7.09-7.02 (m, 3H), 6.92 (s, 1H), 3.87 (s, 3H), 2.39 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 159.9, 147.2, 139.6, 136.2, 132.8, 128.0, 127.1, 124.5, 118.0, 115.1, 110.1, 

55.8, 21.9; FT-IR (KBr) 3009, 2842, 2149, 1624, 1519, 1427, 1327, 1305, 1254, 1031 cm-1. 

Anal. Calcd. for C15H13N5O: C, 64.51; H, 4.69; N, 25.07. Found: C, 64.61; H, 4.67; N, 25.01. 

N

N
N3

Me

F
2-Azido-1-(4-fluorophenyl)-6-methyl-1H-benzo[d]imidazole 4f: White 

solid; yield 60%; mp 106-107 °C; 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.4 Hz, 1H), 7.41-

7.38 (m, 2H),  7.27-7.25 (m, 2H), 7.11 (d, J = 8 Hz, 1H), 6.94 (s, 1H), 2.42 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 156.4 (d, 1JCF = 9.2 Hz), 146.9, 139.5, 135.7, 133.0, 130.4, 128.5 (d, 3JCF = 
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9.2 Hz), 124.7, 118.1, 116.9 (d, 2JCF = 22.9 Hz), 109.9, 21.8; FT-IR (KBr) 2962, 2143, 1509, 

1429, 1329, 1261, 1093, 1021 cm-1. Anal. Calcd. for C14H10FN5: C, 62.92; H, 3.77; N, 26.20. 

Found: C, 63.04; H, 3.75; N, 26.13.   

N

N

Me

N3

CF3
2-Azido-1-(4-(trifluoromethyl)phenyl)-6-methyl-1H-benzo[d]imidazo-

le 4g: White solid: yield 45%; mp 135-136 °C; 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 8.4 

Hz, 2H), 7.56 (dd, J = 2.4, 8.4 Hz, 3H), 7.11 (d, J = 8.0 Hz, 1H), 7.00 (s, 1H), 2.41 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 146.6, 139.7, 137.7, 135.1, 133.4, 127.0 (q, 1JCF = 99.9 Hz), 125.1, 

123.1, 118.3, 113.3, 109.9, 21.9; FT-IR (KBr) 3072, 2923, 2416, 2218, 2141, 1614, 1507, 1434, 

1167, 1005 cm-1. Anal. Calcd. for C15H10F3N5: C, 56.78; H, 3.18; N, 22.07. Found: C, 56.91; H, 

3.17; N, 22.00. 

 

N

N
N3

Me

Me
2-Azido-1-(4-ethylphenyl)-6-methyl-1H-benzo[d]imidazole 4h: White 

solid; yield  70%; mp 59-60 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 1H), 7.40 (t, 

J = 8.8 Hz 2H), 7.34-7.31 (m, 2H), 7.10 (d, J = 7.2 Hz, 1H), 6.99 (s, 1H), 2.79-2.73 (q, 2H), 2.42 

(s, 3H), 1.32 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 145.2, 139.5, 135.8, 132.7, 

131.9, 129.2, 127.8, 126.4, 124.5, 117.9, 110.2, 34.1, 24.1, 15.5; FT-IR (KBr) 2963, 2140, 1623, 

1516, 1434, 1329, 1261, 1210, 1095, 1024 cm-1. Anal. Calcd. for C16H15N5: C, 69.29; H, 5.45; N, 

25.25. Found: C, 69.40; H, 5.42; N, 25.17.   
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N

N
N3

Me

Me
Me

   2-Azido-1-(4-isopropylphenyl)-6-methyl-1H-benzo[d]imidazole 4i: 

Thick liquid; yield 75%; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.4 Hz, 1H), 7.40 (t, J = 8.4 

Hz, 2H), 7.33-7.26 (m, 2H), 7.09 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 3.03-3.00 (m, 1H), 2.41 (s, 3H), 

1.32 (d, J = 6.46 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 147.0, 139.6, 135.8, 132.8, 132.0, 

129.2, 127.8, 126.5, 124.5, 117.9, 110.2, 34.1, 24.1, 21.8; FT-IR (KBr) 2963, 2140, 1623, 1516, 

1434, 1329, 1261, 1210, 1095, 1024 cm-1. Anal. Calcd. for C17H17N5: C, 70.08; H, 5.88; N, 

24.04. Found: C, 70.17; H, 5.86; N, 23.97.  

N

N
N3

Me

Me

Me

   2-Azido-6-methyl-1-(2,4-dimethylphenyl)-1H-benzo[d]imidazole 4j: 

White solid; yield 70%; mp 112-113 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8 Hz, 1H), 

7.22 (s, 1H ), 7.16 (d, J = 8 Hz, 1H), 7.10 (t, J = 7.2 Hz, 2H), 6.71 (s, 1H), 2.43 (s, 3H), 2.39 (s, 

3H), 2.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.4, 140.1, 139.7, 136.2, 132.8, 132.2, 

130.4, 128.2, 128.0, 124.3, 117.9, 110.1, 21.8, 21.4, 17.6; FT-IR (KBr) 2964, 2919, 2138, 1591, 

1567, 1495, 1315, 1120, 1088, 1029 cm-1. Anal. Calcd. for C16H15N5: C, 69.29; H, 5.45; N, 

25.25. Found: C, 69.39; H, 5.43; N, 25.17.   

N

N
N3

Me

Me

Me

2-Azido-6-methyl-1-(3,4-dimethylphenyl)-1H-benzo[d]imidazole 4k: 

White solid; yield 77%; mp 108-109 °C; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.4 Hz, 1H), 

7.29 (d, J = 8 Hz, 1H), 7.15-7.07 (m, 3H), 6.96 (s, 1H), 2.40 (s, 3H), 2.34 (s, 6H); 13C NMR (100 
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MHz, CDCl3) δ146.9, 139.5, 138.3, 137.7, 135.8, 132.6, 131.9, 130.7, 127.4, 124.3, 123.8, 

117.8, 110.1, 21.7, 20.0, 19.6; FT-IR (KBr) 3024, 2916, 2148, 1611, 1510, 1483, 1424, 1323, 

1276, 1207, 1021 cm-1. Anal. Calcd. for C16H15N5: C, 69.29; H, 5.45; N, 25.25. Found: C, 69.37; 

H, 5.43; N, 25.18.   

N

N
N3

Me
Me

Me
  2-Azido-6-methyl-1-(2,5-dimethylphenyl)-1H-benzo[d]imidazole 4l: 

White solid; yield 65%; mp 104-105 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 1H), 

7.28 (t, J = 8 Hz, 2H), 7.11-7.08 (m, 1H), 7.03 (s, 1H), 6.71 (s, 1H), 2.39 (s, 6H), 2.01 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ147.5, 141.1, 139.7, 136.2, 132.8, 132.2, 130.4, 129.1, 128.0, 

124.3, 117.9, 110.1, 21.4, 17.6; FT-IR (KBr) 2961, 2923, 2854, 2144, 1508, 1426, 1399 cm-1. 

Anal. Calcd. for C16H15N5: C, 69.29; H, 5.45; N, 25.25. Found: C, 69.39; H, 5.43; N, 25.17.   

N

N
N3

Me

Me

Me
2-Azido-6-methyl-1-(3,5-dimethylphenyl)-1H-benzo[d]imidazole 

4m: Thick liquid; yield 74%; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8 Hz, 1H), 7.10 (t, J = 

6.8 Hz, 2H), 7.00 (s, 2H), 6.96 (s, 1H), 2.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 146.8, 

139.6, 139.5, 135.7, 134.1, 132.6, 130.5, 124.3, 124.2, 117.8, 110.1, 21.7, 21.3; FT-IR (KBr) 

2925, 2851, 2227, 1594, 1492, 1283, 1247, 1173, 1097, 1031 cm-1. Anal. Calcd. for C16H15N5: C, 

69.29; H, 5.45; N, 25.25. Found: C, 69.40; H, 5.42; N, 25.17.   

  

N

N
N3

Me Me

Me

2-Azido-6-methyl-1-(2,6-dimethylphenyl)-1H-benzo[d]imidazole 4n: 

White solid; yield 59%; mp 109-110 °C; 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8 Hz, 1H), 

7.13-7.19 (m, 2H), 7.00-6.96 (m, 3H), 2.42 (s, 9H); 13C NMR (100 MHz, CDCl3) δ146.9, 139.7, 
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135.8, 134.2, 132.7, 130.6, 124.4, 124.3, 117.9, 110.2, 21.8, 21.4; FT-IR (KBr) 2919, 2152, 

1595, 1505, 1485, 1409, 1337, 1276, 1032 cm-1. Anal. Calcd. for C16H15N5: C, 69.29; H, 5.45; N, 

25.25. Found: C, 69.37; H, 5.44 ; N, 25.18.   

N

N
N3

Me

   2-Azido-6-methyl-1-(naphthalen-1-yl)-1H-benzo[d]imidazole 4o: 

White solid; yield 50%; mp 112-113 °C; 1H NMR (400 MHz, CDCl3) δ 8.38 (d, J = 8.0 Hz, 1H), 

8.15 (d, J = 7.6 Hz, 1H), 8.03 (d, J = 8 Hz, 1H), 7.72-7.59 (m, 4H), 7.49 (d, J = 8.0 Hz, 1H), 7.20 

(d, J = 8.4 Hz, 1H),  6.76 (s, 1H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 152.7, 143.7, 

134.8, 134.4, 133.3, 132.7, 132.1, 129.7, 128.9, 128.2, 127.9, 125.6, 125.4, 122.1, 119.2, 112.1, 

20.6; FT-IR (KBr) 2919, 2152, 1625, 2098, 1615, 1498, 1380, 1259, 1237, 1049 cm-1. Anal. 

Calcd. for C18H13N5: C, 72.23; H, 4.38; N, 23.40. Found: C, 72.33; H, 4.36; N, 23.32.  

 

N

N

Me

N3

C4H9
2-Azido-1-butyl-6-methyl-1H-benzo[d]imidazole 4p: Thick liquid; yield 

52%; 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 7.00 (s, 

1H), 3.91 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 1.74-1.68 (m, 2H), 1.35-1.29 (m, 2H), 0.93 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 146.8, 134.6, 131.8, 129.6, 123.6, 121.1, 109.2, 44.8, 

31.2, 21.7, 21.0, 13.6; FT-IR (KBr) 2960, 2929, 2870, 2139, 1623, 1432, 1282, 1261, 1095, 1021 

cm-1. Anal. Calcd. for C12H15N5: C, 62.86; H, 6.59; N, 30.54. Found: C, 62.97; H, 6.56; N, 30.46. 

Me N

N
N3

2-Azido-1-cyclohexyl-6-methyl-1H-benzo[d]imidazole 4q: Thick liquid; 

yield 55%; 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8 Hz, 1H), 7.17 (s, 1H), 7.01 (d, J = 8 Hz, 

1H), 4.10 (t, J = 9.8 Hz, 1H), 2.45 (s, 3H), 2.16-1.75 (m, 7H), 1.46-1.25 (m, 3H); 13C NMR (100 

MHz, CDCl3) δ 143.5, 139.9, 134.1, 131.6, 123.6, 118.0, 110.9, 55.6, 31.3, 26.2, 25.4, 22.0; FT-
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IR (KBr) 2932, 2856, 2142, 1505, 1484, 1424, 1283, 1257 cm-1. Anal. Calcd. for C14H17N5: C, 

65.86; H, 6.71; N, 27.43.  Found: C, 65.95; H, 6.69 ; N, 27.36. 

Me N

N
N3

2-Azido-1-benzyl-6-methyl-1H-benzo[d]imidazole 4r: White solid; 

yield 60%; mp 132-133 °C; 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.4 Hz, 1H), 7.31-7.26 

(m, 3H), 7.17-7-15 (m, 2H), 7.02 (dd, J = 8 Hz, 0.4 Hz, 1H), 6.94 (s, 1H), 5.11 (s, 2H), 2.39 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 147.2, 139.7, 135.7, 134.9, 132.4, 129.0, 128.1, 126.9, 

124.1, 118.0, 109.6, 46.5, 21.9; FT-IR (KBr) 2963, 2135, 1623, 1493, 1438, 1363, 1260, 1026 

cm-1. Anal. Calcd. for C15H13N5: C, 68.42; H, 4.98; N, 26.60. Found: C, 68.52; H, 4.95; N, 26.53. 

N

N

Me

N3

O O
2-Azido-1-((benzo[d][1,3]dioxol-5-yl)methyl)-6-methyl-1H-benzo[d]-

imidazole 4s: White solid; yield 49%; mp 101-102 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (s, 

1H), 7.49 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 6.98 (s, 1H), 6.75-6.73 (m, 2H), 5.93 (s, 

2H), 5.02 (s, 2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ155.5, 148.1, 147.5, 134.7, 131.4, 

129.9, 129.3, 124.1, 121.5, 121.2, 120.7, 117.9, 101.3, 48.4, 21.2; FT-IR (KBr) 3275, 2962, 

2149, 1610, 1500, 1448, 1260, 1097, 1038 cm-1. Anal. Calcd. for C16H13N5O2: C, 62.53; H, 4.26; 

N, 22.79. Found: C, 62.64; H, 4.24; N, 22.72. 

 

N

N
N3

OMe
2-Azido-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4t: White solid: yield 

74%; mp 96-97 °C; 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 1H), 7.33-7.26 (m, 2H), 

TH-1149_09612212



                                                                                                   Synthesis of 2‐Azidobenzimidazoles 

103 
 

7.21-7.13 (m, 3H), 7.05 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.9, 

147.8, 141.5, 135.9, 127.9, 126.9, 123.1, 122.7, 118.4, 115.0, 110.1, 55.7; FT-IR (KBr) 3057, 

2961, 2835, 2138, 1616, 1513, 1498, 1431, 1331, 1301, 1292, 1253, 1183, 1035 cm-1. Anal. 

Calcd. for C14H11N5O: C, 63.39; H, 4.18; N, 26.40. Found: C, 63.51; H, 4.16; N, 26.33. 

N

N
N3

OMe

Cl

  2-Azido-6-chloro-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4u: 

White solid; yield 70%; mp 104-105 °C; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.8 Hz, 1H), 

7.29-7.20 (m, 3H), 7.11 (s,  1H), 7.04 (d, J = 7.2 Hz, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 160.2, 147.2, 136.5, 128.4, 127.9, 126.4, 123.7, 119.2, 115.1, 110.3, 55.8; FT-IR (KBr) 

3066, 2965, 2147, 1610, 1514, 1410, 1326, 1304, 1253, 1207, 1108, 1031 cm-1. Anal. Calcd. for 

C14H10ClN5O: C, 56.10; H, 3.36; N, 23.37. Found: C, 56.23; H, 3.33; N, 23.30.  

N

N
N3

OMe

Me

Me

2-Azido-1-(4-methoxyphenyl)-4,6-dimethyl-1H-benzo[d]imidazole 4v: 

White solid; yield 75%; mp 111-112 °C; 1H NMR (400 MHz, CDCl3) δ 7.27 (d, J = 9.2 Hz, 2H), 

7.02 (d, J = 8.8 Hz, 2H), 6.89 (s, 1H), 6.74 (s, 1H), 3.86 (s, 3H), 2.59 (s, 3H), 2.35 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 159.7, 146.3, 138.7, 135.7, 132.5, 127.9, 127.3, 124.9, 114.9, 107.5, 

55.7, 21.7, 16.6; FT-IR (KBr) 2953, 2137, 1629, 1496, 1257, 1107, 1032 cm-1. Anal. Calcd. for 

C16H15N5O: C, 65.52; H, 5.15; N, 23.88. Found: C, 65.62; H, 5.14; N, 23.81. 
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N

N
N3

OMe

Me

Me

2-Azido-1-(4-methoxyphenyl)-5,6-dimethyl-1H-benzo[d]imidazole 

4w: White solid; yield 75%; mp 107-108 °C; 1H NMR (400 MHz, CDCl3) δ 7.42 (s, 1H), 7.28 

(d, J = 9.2 Hz, 2H), 7.02 (d, J = 9.2 Hz, 2H), 6.90 (s, 1H), 3.86 (s, 1H), 2.34 (s, 3H), 2.28 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 159.7, 146.7, 139.9, 134.3, 131.8, 131.7, 127.8, 127.2, 

118.6, 114.9, 110.3, 55.7, 20.5, 20.4; FT-IR (KBr) 2925, 2153, 1518, 1465, 1414, 1297, 1249, 

1033 cm-1. Anal. Calcd. for C16H15N5O: C, 65.52; H, 5.15; N, 23.88. Found: C, 65.65; H, 5.13; 

N, 23.80. 

N

N
N3

OMe

Me

Me

2-Azido-6-isopropyl-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 

4x: White solid; yield 70%; mp 106-107 °C; 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.4 Hz, 

1H), 7.34-7.31 (m, 2H), 7.18 (dd, J = 0.8, 8.4 Hz, 1H), 7.08-7.06 (m, 2H), 6.98 (s, 1H), 3.89 (s, 

3H), 2.98-2.95 (m, 1H), 1.25 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 159.8, 147.2, 

144.1, 139.7, 135.9, 127.9, 126.9, 121.9, 118.0, 114.9, 107.3, 55.6, 34.5, 24.5; FT-IR (KBr) 

2961, 2136, 1619, 1586, 1508, 1430, 1330, 1105, 1035 cm-1. Anal. Calcd. for C17H17N5O: C, 

66.43; H, 5.58; N, 22.79. Found: C, 66.53; H, 5.57; N, 22.73. 

N

N
N3

OMe

MeO

2-Azido-6-methoxy-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4y: 

White solid; yield 78%; mp 122-123 °C;  1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.8 Hz, 1H), 

7.29-7.26 (m, 2H), 7.03 (dd, J = 2.0, 8.8 Hz, 2H), 6.86 (dd, J = 2.4, 8.8 Hz, 1H), 6.59 (d, J = 2.4 
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Hz, 1H), 3.86 (s, 3H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.9, 156.6, 146.5, 136.4, 

135.7, 127.9, 126.9, 118.8, 115.0, 111.5, 94.3, 55.9, 55.7; FT-IR (KBr) 2950, 2839, 2144, 1630, 

1516, 1484, 1422, 1408, 1329, 1276, 1243, 1204, 1147, 1025 cm-1. Anal. Calcd. for C15H13N5O2: 

C, 61.01; H, 4.44; N, 23.72. Found: C, 61.15; H, 4.42; N, 23.64. 
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Crystal Data and Structure Refinement for 4c at 296(2) K 

Identification code 4c 

Empirical formula C14H10ClN5 

Formula weight 283.80 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P -1 

Loop xyz 

‘x, y, z’ ‘-x, -y, -z’   

Unit cell dimensions a = 7.5072(7) Å          α(°)= 86.685(4) 

b = 13.4813(12) Å       β(°)= 77.589(3) 

c = 14.4703(13) Å         γ(°)= 77.539(3) 

Volume 1396.5(2) Å3 

Z 4 

Density (calculated) 1.397 Mg/m3 

Absorption coefficient 0.272 mm-1 

F(000) 624.0 

Crystal size 0.32 x 0.26 x 0.14 mm 

Theta range for data collection 1.44 to 25.25° 

Index ranges -8<=h<=8, -15<=k<=15, -17<=l<=13 

Reflections collected 3762 

Independent reflections 2422 [R (int) = 0.0339] 

Completeness to theta = 25.25° 74.4 % 

Absorption correction Multi-scan 

Data / restraints / parameters 3762 / 0 /363 

Goodness-of-fit on F2 1.086 

Final R indices [I>2sigma (I)] R1 = 0.0471, wR2 = 0.0928 

R indices (all data) 

CCDC 

R1 = 0.0817, wR2 = 0.1064 

871225 
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                                        Chapter VA 

Copper-Catalyzed Reduction of 2-Azidobenzimidazoles to 2-
Aminobenzimidazoles  

Nitrogen containing heterocyclic compounds occur widely in drugs and possess pharmacological 

properties.1 For example, 2-aminobenzimidazole derivatives exhibit antiaggregatory,2a anti-

inflammatory,2b antitumoractivity,2c antimicrobial,2d antiallergic,2e antiviral2f and antibacterial 

activity (Figure 1).2g-h  They have been also used as a benzodiazepine receptor,3a  mare selective 

inhibitors of nitricoxide3b and  neuronal calcium channel blockers.3c In addition, 2-

aminobenzimidazoles serve as versatile synthetic intermediates for the construction of  drugs.4 

They also show biological activities such as antihistaminic,5a-c diuretic,5d immunotropic5e-f and 

highly selective p38a MAP inhibition properties.5g-h Thus, the development of effective methods 

for the construction of the substituted 2-aminobenzimidazole structural framework has been 

important in organic synthesis. 

N

N N

N
NH2 H2N

N

Me

Cl

Cl Cl

Cl N

N N

N
NH2 H2N

N

Me

F3C CF3

N

N
H

H2N

H
N

CO2HO

Cl

Cl

Cl

Cl

A B

C  

Figure 1. Examples of some antibacterial active compounds.         

5.1 Classical Methods 

Guida and co-workers have reported the synthesis of 2-aminobenzimidazole from substituted 

1,2-diaminoarenes and cyanogen bromide (Scheme 1). 6a The resulting product can be reacted 

with alkyl halide in the presence of KOH to give 1-alkyl-2-aminobenzimidazole.  
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NH2

NH2

CNBr

N
H

N
NH2

RX

KOH/Acetone N

N
NH2

R
R = Alkyl  

Scheme 1 

 

The reaction of 2-fluoronitrobenzene with aniline in the presence of hunig’s base gives 1 that 

could be converted into 1-aryl-2-aminobenzimidzole 2 by reduction using Zn or Pd followed by 

condensation with cyanogen bromide (Scheme 2).6b   

NO2

F
N

N
NH2+

NH2

Hunig's base

DMSO, 60 °C, 18 h
NH

NO2 1. Ammoniumformate
Zn/Pd, EtOH, 60 °C, 2 h

2. CNBr, EtOH, 18 h

1 2

up to 50% yield

Scheme 2 

 

Vilarrasa and co-authors have showed the preparation of 2-aminobenzimidazoles from 2-

azidobenzimidazoles by reduction using tin hydride (Scheme 3).6c  

N
H

N
N3

N
H

N
NH2

[Et3NH][Sn(SPh)3]
           or

Benzene, 15 C

Bu2SnH2

up to 91% yield  

Scheme 3 

 

They also subsequently have demonstrated the reduction azide functional group into amine 

using tin complex 3 and NaBH4 in THF-buffer with quantitative yield (Scheme 4).6d  

N
H

N
N3

N
H

N
NH2

S
Sn

S

S

S

3

5 mol % 1, NaBH4

THF-buffer, 15 °C

up to 100% yield
 

Scheme 4 
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Most of these existing protocols require stochiometric amount of the reagents and some of 

them are toxic. The development of effective methods is thus important for the construction of 

the target heterocyclic compounds.   

 

5.2 Present Study 

The direct conversion of 2-azidobenzimidazole to 2-amino-benzimidazoles has been described 

using copper-catalysis. The procedure is simple, efficient and affords a general method for the 

reduction of azides to amines under air. 

Table 1. Optimization of the Reaction Conditionsa 

5 mol % copper source

N

N
NH2

Me

5a

N

N
N3

Me Solvent, 90 C, 2 h

4a
 

 
Entry Copper source Solvent   Product (5a) (%)b 

1 Cu(OAc)2·H2O DMF   100  
2 Cu(OAc)2·H2O DMSO   100  
3 Cu(OAc)2·H2O CH3CN   100  
4 Cu(OAc)2·H2O Toluene   100  
5 CuI DMF   100 
6 Cu2O DMF   100 
7 
8 

CuBr 
CuSO4·5H2O 

DMF 
DMF 

 100 
100 

 

a  Reaction conditions: 2-Azidobenzimidazole 4a (1 mmol) and copper catalyst (5 mol %) were 

stirred at 90 °C in solvent (1 mL).  
b Determined by 400 MHz 1H NMR. 

 

First, the optimization of the reaction conditions was carried out with 2-azido-6-methyl-1-

phenyl-1H-benzo[d]imidazole 4a as a model substrate using different solvents and copper  
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Table 2. Substrate Scope of the Formation of 2-Aminobenzimidazolesa-b 

5 mol % Cu(OAc)2H2O

DMF, 90 C, 2 h N

N
NH2R

R'

N

N
NH2

N

N
NH2

Me

N

N
NH2

N

N
NH2

Me

Me

Me

OMe

N

N
NH2

Me

Me
Me

N

N
NH2

N

N
NH2

Me

Me

N

N
NH2

Me Me

CF3

Me

Me

Me

N

N
NH2

N

N
NH2

Me N

N
NH2

N

N
NH2

Me

OMe

N

N
NH2

Cl

OMe

Me

N

N
NH2

OMe

N

N
NH2

OMe

Me

Me

Me

Me

R = H, Me, Cl
R' = aryl, alkyl

5b

5h

5c 5d 5e

5i5f 5g

5j 5k 5l 5m

5n 5o 5p

86%

90%

93% 95% 92%

55%87% 88%

65% 77% 67% 92%

89% 94% 94%

5b-p

Cl

N

N
N3R

R'

 

a Reaction conditions: 2-Azidobenzimidazoles (1 mmol) and Cu(OAc)2·H2O (5 mol %) were 

stirred at 90 °C in DMF (1 mL).  
b Isolated yield. 
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sources at varied temperatures. The reaction proceeded to afford the target 2-amino-6-methyl-1-

phenyl-1H-benzo[d]imidazole 5a in 100% conversion when the substrate was stirred at 90 °C  

using 5 mol % of the copper salts such as Cu(OAc)2·H2O, CuI, Cu2O, CuBr and CuSO4·5H2O 

(Table 1, entries 1 and 5-8). The reaction was effective in solvents such as DMF, DMSO, 

CH3CN and toluene affording the target product 5a in 100% conversion (Table 1, entries 1-4). 

The control experiments confirmed that without the copper source the target molecule 5a was not 

formed, and the starting material was recovered intact.  

Next, the scope of the procedure was examined for the reduction a series other substituted 2-

azidobenzimidazoles (Table 2). The reactions proceeded efficiently to afford the target products 

in moderate to high yield. The substrates having electron-donating groups (4-Me, 4-OMe, 4-iPr, 

3,4-Dimethyl and 2,5-Dimethyl) on the 1-aryl ring underwent reduction to give the target 

molecules 5b-g in 86-95% yield, while the substrates having electron withdrawing substituents 

(4-Cl, 4-CF3) proceeded the reaction to provide 5h-i in 55-90% yield. Furthermore, the substrates 

having 1-naphthyl and 1-alkyl substituents underwent reactions to give 5j-l in 65-77% yield. In 

addition, the substrates having both electron donating and electron withdrawing substituents 

(Me, iPr and Cl) on the fuzed aromatic nucleous proceeded reaction to give 5m-p in 62-72% 

yield. Recrystallization of 5m in MeOH gave crystals whose structure was confirmed by single 

crystal X-ray analysis (Figure 2). 

 

Figure 2. ORTEP diagram of 1-(4-methoxyphenyl)-1H-benzimidazol-2-amine 5m with 50% 

ellipsoid. H-Atoms are omitted for clarity. 
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The observed experimental results suggest that 2-azidobenzimidazole may react with copper 

salts to give the intermediate a that could be transformed into the target 2-aminobenzimidazoles 

5a-p on protonation followed by the emission of N2.
7            

N

N
N

R'

N

N
+

[Cu]N

N

R'

N3

[Cu]
-

N2

+H+

a

R R

N

N
NH2

R'

R

5a-p
 

Scheme 5. Proposed catalytic cycle 

 

In conclusion, copper-catalzyed reduction of 2-azidobenzimidazoles to 2-aminobenzimidazoles 

has been accomplished with moderate to excellent yield at moderate temperature. The procedure 

is simple, general and effective at moderate temperature under air.  

 

Experimental Section 

General Information: CuSO4·5H2O (98%), CuI (98%), CuBr (98%), Cu2O (97%) and   

Cu(OAc)2·H2O (98%) were obtained from Aldrich. Product purification was carried out by silica 

gel column chromatography using Rankem silica gel (60-120 mesh). The solvents were 

purchased and dried according to standard procedure prior to use. All reactions were monitored 

by analytical TLC on Merck silica gel G/GF 254 plates. NMR (1H and 13C) spectra were 

recorded on DRX-400 Varian spectrometer and the data are accounted as follows: chemical 

shifts (δ ppm) (multiplicity, coupling constant (Hz), integration). The abbreviations for 

multiplicity are as follows: s = singlet, d = doublet, t = triplet. Melting points were determined by 

Buchi B-540 melting point apparatus. FT-IR spectra of air-dried samples were recorded on 

PerkinElmer Spectrum One FT-IR spectrometer using KBr disks and are reported in frequency 

of absorption (cm-1). Elemental analyses were recorded using PerkinElmer CHNS analyzer. For 

single crystal X-ray analysis the intensity data were collected using Bruker SMART APEX-II 

CCD diffractometer, equipped with 1.75 kW sealed-tube Mo Kα irradiation (λ = 0.71073 Å) at 

296(2) K and the structures were solved by direct methods using SHELLX-97 (Göttingen, 

Germany) and refined with full-matrix least squares on F2 using SHELXL-97.  
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General Procedure for the Synthesis of 2-Aminobenzimidazoles. 2-Azidobenzimidazole and 

Cu(OAc)2·H2O (5 mol %) were stirred at 90 °C in DMF for 2 h under air. Progress of the 

reaction was monitored by TLC using ethyl acetate and hexane as eluent. The reaction mixture 

was cooled to room temperature and extracted with ethyl acetate (3 x 10 mL), and the organic 

layer was washed with brine (1 x 5 mL) and water (1 x 5 mL). Drying and evaporation of the 

solvent gave a residue that was purified by silica gel chromatography using ethyl acetate and 

hexane as eluent to provide the titled compounds in analytically pure form. 

N

N

Me

NH2

6-Methyl-1-phenyl-1H-benzo[d]imidazol-2-amine 5a: White solid; 

yield 89%; mp 104-105 °C; 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.6 Hz, 2H), 7.54 (d, J = 

7.2 Hz, 2H), 7.42 (d, J = 7.6 Hz, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.75 (s, 1H), 2.33 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 146.8, 137.5, 135.6, 134.4, 132.8, 129.7, 128.8, 126.5, 124.5, 117.9, 

110.1, 24.8; FT-IR (KBr) 3153, 2919, 1572, 1486, 1455, 1408, 1384, 1284, 1260, 1100, 1017 

cm-1. Anal. Calcd. for C14H13N3: C, 75.31; H, 5.87; N, 18.82. Found: C, 75.40; H, 5.86; N, 18.74.  

 

N

N
NH2

1-Phenyl-1H-benzo[d]imidazol-2-amine 5b:6b White solid; yield 86%; mp 

96-97 °C; 1H NMR (400 MHz, CDCl3) δ 7.54-7.26 (m, 5H), 7.11-6.97 (m, 4H), 6.00 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 147.9, 142.7, 135.2, 133.5, 129.8, 128.0, 126.6, 123.4, 122.9, 119.5, 

110.2; FT-IR (KBr) 3277, 2963, 2832, 1601, 1573, 1494, 1416, 1247, 1176, 1110, 1012 cm-1. 

Anal. Calcd. for C13H11N3: C, 74.62; H, 5.30; N, 20.08. Found: C, 74.72; H, 5.28; N, 20.00. 

TH-1149_09612212



          Synthesis of 2‐Aminobenzimidazoles 

120 
 

N

N

Me

NH2

Me
6-Methyl-1-p-tolyl-1H-benzo[d]imidazol-2-amine 5c: White solid; 

yield 93%; mp 108-109 °C; 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 7.2 Hz, 3H), 7.28 (d, J = 

7.2 Hz, 2H), 6.99-6.95 (m, 2H), 2.44 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.7, 

139.1, 132.2, 132.0, 131.7, 130.4, 127.7, 124.1, 123.4, 115.6, 109.0, 21.5, 21.2; FT-IR (KBr) 

3307, 2918, 1639, 1542, 1515, 1470, 1441, 1259, 1210, 1043, 1018 cm-1. Anal. Calcd. for 

C15H15N3: C, 75.92; H, 6.37; N, 17.71. Found: C, 75.99; H, 6.35; N, 17.66. 

N

N

Me

NH2

OMe
1-(4-Methoxyphenyl)-6-methyl-1H-benzo[d]imidazol-2-amine 5d: 

White solid; yield 95%; mp 124-125 °C; 1H NMR (400 MHz, CDCl3) δ 7.25-7.22 (m, 4H), 6.98 

(d, J = 8.0 Hz, 2H), 6.88 (s, 1H), 6.61 (br s, 2H), 3.78 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 159.7, 147.6, 144.1, 139.3, 135.6, 127.9, 127.3, 122.4, 118.0, 114.5, 107.7, 55.9, 24.7; 

FT-IR (KBr) 3157, 2917, 1663, 1515, 1468, 1408, 1256, 1211, 1027 cm-1. Anal. Calcd. for 

C15H15N3O: C, 71.13; H, 5.97; N, 16.59. Found: C, 71.25; H, 5.96; N, 16.52. 

N

N
NH2

Me

Me
Me

1-(4-Isopropylphenyl)-6-methyl-1H-benzo[d]imidazol-2-amine 5e: 

White solid; yield 92%; mp 112-113 °C; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.0 Hz, 2H), 

7.33 (d, J = 8.0 Hz, 3H), 6.93 (d, J = 5.6 Hz, 1H), 6.79 (d, J = 8.8 Hz, 1H), 5.01 (br s, 2H), 3.03-

2.96 (m, 1H), 2.34 (s, 3H), 1.30 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 147.0, 

139.5, 136.8, 134.8, 132.0, 129.2, 128.8, 126.4, 124.5, 118.9, 111.1, 34.2, 23.2, 20.7; FT-IR 
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(KBr) 3248, 3190, 3078, 2960, 1642, 1584, 1475, 1447, 1377, 1263, 1166, 1077 cm-1. Anal. 

Calcd. for C17H19N3: C, 76.95; H, 7.22; N, 15.84. Found: C, 77.07; H, 7.19; N, 15.75. 

N

N

Me

NH2

Me

Me

6-Methyl-1-(3,4-dimethylphenyl)-1H-benzo[d]imidazol-2-amine 5f: 

White solid; yield 87%; mp 87-88 °C; 1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 8.0 Hz, 2H), 

7.18-7.13 (m, 2H), 6.94 (s, 1H), 6.77 (s, 1H), 6.11 (br s, 2H), 2.34 (s, 6H), 2.32 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 146.8, 139.1, 137.9, 132.2, 132.0, 131.4, 130.1, 127.7, 124.1, 123.2, 

115.0, 109.0, 21.5, 19.9, 19.6; FT-IR (KBr) 3253, 2920, 1644, 1436, 1407, 1384, 1261, 1206, 

1172, 1012 cm-1. Anal. Calcd. for C16H17N3: C, 76.46; H, 6.82; N, 16.72. Found: C, 76.56; H, 

6.80; N, 16.64.  

 

N

N
NH2

Me Me

Me
6-Methyl-1-(2,5-dimethylphenyl)-1H-benzo[d]imidazol-2-amine 5g: 

Thick liquid; yield 88%; 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 1H), 7.30 (t, J = 6.8 

Hz, 2H), 7.11-7.08 (m, 1H), 7.03 (s, 1H), 6.72 (s, 1H), 5.43 (br s, 2H), 2.38 (s, 6H), 2.11 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 147.6, 141.4, 139.6, 136.0, 132.9, 132.2, 130.5, 129.2, 128.0, 

125.0, 118.5, 110.1, 24.1, 21.6, 17.7; FT-IR (KBr) 3267, 3098, 2912, 2842, 1651, 1579, 1523, 

1496, 1423, 1345, 1277, 1178, 1025 cm-1. Anal. Calcd. for C16H17N3: C, 76.46; H, 6.82; N, 

16.72. Found: C, 76.55; H, 6.81; N, 15.64. 
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N

N
NH2

Me

Cl 1-(4-Chlorophenyl)-6-methyl-1H-benzo[d]imidazol-2-amine 5h: Thick 

liquid; yield 90%; 1H NMR (400 MHz, CDCl3) δ 7.54-7.50 (m, 3H), 7.38-7.33 (m, 2H), 7.09 (d, 

J = 8.4 Hz, 1H), 6.95 (s, 1H), 6.61 (br s, 2H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.7, 

138.6, 135.2, 133.5, 133.0, 132.1, 128.9, 127.7, 124.9, 119.1, 111.8, 22.7; FT-IR (KBr) 3209, 

3089, 2963, 2893, 1666, 1577, 1513, 1476, 1416, 1297, 1207, 1155, 1021 cm-1. Anal. Calcd. for 

C14H12ClN3: C, 65.25; H, 4.69; N, 16.30. Found: C, 65.37; H, 4.68; N, 16.23. 

N

N
NH2

Me

CF3
1-(4-(Trifluoromethyl)phenyl)-6-methyl-1H-benzo[d]imidazol-2-ami-

ne 5i: White solid; yield 55%; mp 129-130 °C; 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.4 

Hz, 2H), 7.25-7.22 (m, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.88 (s, 1H), 6.61 (br s, 2H), 2.24 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 147.6, 139.8, 137.6, 135.0, 133.0, 128.0, 126.7, 124.1, 123.1, 

119.3, 109.9, 22.0; FT-IR (KBr) 3278, 3177, 3058, 2958, 2863, 1633, 1545, 1499, 1422, 1377, 

1292, 1195, 1114, 1023  cm-1. Anal. Calcd. for C15H12F3N3: C, 61.85; H, 4.15; N, 14.43. Found: 

C, 61.99; H, 4.14; N, 14.36. 

N

N
NH2

Me

6-Methyl-1-(naphthalen-1-yl)-1H-benzo[d]imidazol-2-amine 5j: Wh-

ite solid; yield 65%; mp 110-111 °C; 1H NMR (400 MHz, CDCl3) δ 8.34 (d, J = 5.2 Hz, 1H), 

8.11 (d, J = 6.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.70-7.56 (m, 4H), 7.47 (d, J = 6.0 Hz, 1H), 

7.20 (d, J = 6.4 Hz, 1H), 6.66 (s, 1H), 4.70 (br s, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) 
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δ 153.7, 143.7, 134.8, 134.4, 133.4, 132.8, 132.1, 129.4, 128.9, 128.4, 127.1, 126.6, 124.9, 122.1, 

119.3, 112.1, 21.1; FT-IR (KBr) 3288, 3158, 3088, 1646, 1574, 1510, 1453, 1392, 1252, 1194, 

1071, 1015  cm-1. Anal. Calcd. for C18H15N3: C, 79.10; H, 5.53; N, 15.37. Found: C, 79.20; H, 

5.51; N, 15.29. 

N

N
NH2

Me

1-Benzyl-6-methyl-1H-benzo[d]imidazol-2-amine 5k: White solid; 

yield 77%; mp 122-123 °C; 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 7.2 Hz, 3H), 7.28 (d, J = 

6.4 Hz, 2H), 6.99-6.93 (m, 3H), 5.21 (s, 2H), 4.04 (br s, 2H), 2.34 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 147.2, 138.9, 135.7, 133.9, 132.3, 129.1, 127.1, 127.0, 124.2, 117.6, 110.6, 45.9, 22.0; 

FT-IR (KBr) 3205, 3053, 2912, 2863, 1606, 1574, 1501, 1466, 1416, 1271, 1123, 1076 cm-1. 

Anal. Calcd. for C15H15N3: C, 75.92; H, 6.37; N, 17.71. Found: C, 76.00; H, 6.35; N, 17.65. 

N

N
NH2

Me
C4H9

1-Butyl-6-methyl-1H-benzo[d]imidazol-2-amine 5l: Thick liquid; 

yield 67%; 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 7.00 

(s, 1H), 3.07 (t, J = 7.2 Hz, 2H), 2.33 (s, 3H), 1.74-1.68 (m, 2H), 1.34-1.31 (m, 2H), 0.94 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 147.1, 134.7, 132.8, 129.7, 123.6, 120.9, 110.0, 

43.8, 31.7, 21.5, 21.0, 14.1; FT-IR (KBr) 3227, 3167, 3067, 2963, 2854, 1621, 1587, 1513, 1474, 

1426, 1281, 1187, 1121, 1025 cm-1. Anal. Calcd. for C12H17N3: C, 70.90; H, 8.43; N, 20.67. 

Found: C, 71.12; H, 8.40; N, 20.58. 

N

N
NH2

OMe
1-(4-Methoxyphenyl)-1H-benzo[d]imidazol-2-amine 5m: White solid; yield 

92%; mp 101-102 °C; 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 8.8 

Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.99 (t, J = 8.0 Hz, 1H), 6.91 (d, J = 
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7.2 Hz, 1H), 4.70 (br s, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.9, 147.8, 141.5, 

135.9, 127.9, 126.9, 123.1, 122.7, 118.4, 115.0, 110.0, 55.7; FT-IR (KBr) 3154, 2922, 2862, 

1607, 1581, 1948, 1453, 1410, 1389, 1388, 1268, 1155, 1018 cm-1. Anal. Calcd. for C14H13N3O: 

C, 70.28; H, 5.48; N, 17.56. Found: C, 70.41; H, 5.47; N, 17.49. 

N

N
NH2

Cl

OMe
6-Chloro-1-(4-methoxyphenyl)-1H-benzo[d]imidazol-2-amine 5n: 

Thick liquid; yield 89%; 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 4.8 Hz, 1H), 7.29-7.20 (m, 

3H), 7.10 (s, 1H), 7.03 (d, J = 6.0 Hz, 2H), 5.80 (br s, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 160.8, 147.0, 136.4, 128.9, 127.1, 125.3, 123.7, 119.2, 116.1, 110.2, 56.8; FT-IR (KBr) 

3268, 3157, 3072, 2982, 1633, 1582, 1501, 1476, 1416, 1277, 1151, 1100, 1038 cm-1. Anal. 

Calcd. for C14H12ClN3O: C, 61.43; H, 4.42; N, 15.35. Found: C, 61.57; H, 4.40; N, 15.28. 

 

N

N
NH2

OMe

Me

Me

1-(4-Methoxyphenyl)-4,6-dimethyl-1H-benzo[d]imidazol-2-amine 5o: 

White solid; yield 94%; mp 96-97 °C; 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.0 Hz, 2H), 

7.07 (d, J = 8.0 Hz, 2H), 6.81 (s, 1H), 6.56 (s, 1H), 3.87 (s, 3H), 2.50 (s, 3H), 2.28 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 159.2, 146.2, 138.7, 134.9, 132.9, 127.9, 127.7, 124.5, 114.9, 108.2, 

55.9, 21.7, 16.9; FT-IR (KBr) 3157, 2963, 1666, 1547, 1513, 1440, 1416, 1277, 1247, 1185, 

1104, 1025 cm-1. Anal. Calcd. for C16H17N3O: C, 71.89; H, 6.41; N, 15.72. Found: C, 72.00; H, 

6.40; N, 15.66. 
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N

N
NH2

OMe

Me

Me

6-Isopropyl-1-(4-methoxyphenyl)-1H-benzo[d]imidazol-2-amine 

5p: White solid; yield 94%; mp 112-113 °C; 1H NMR (400 MHz, CDCl3) δ 7.33-7.26 (m, 3H), 

7.10-7.05 (m, 4H), 3.89 (s, 3H), 2.92-2.89 (m, 1H), 1.21 (d, J = 6.8 Hz, 6H); 13C NMR (100 

MHz, CDCl3) δ 160.0, 146.3, 144.1, 139.7, 136.2, 128.8, 127.0, 121.8, 118.1, 114.3, 107.0, 56.0, 

33.9, 24.6; FT-IR (KBr) 3266, 3148, 3058, 2898, 1628, 1575, 1508, 1444, 1397, 1310, 1248, 

1150, 1079 cm-1. Anal. Calcd. for C17H19N3O: C, 72.57; H, 6.81; N, 14.94. Found: C, 72.68; H, 

6.80; N, 14.88. 
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Crystal Data and Structure Refinement for 3m at 296(2) K 

Identification code 5m 

Empirical formula C14H13N3O 

Formula weight 239.27 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P -1 

Loop xyz 

‘x, y, z’ ‘-x, -y, -z’   

Unit cell dimensions a = 9.0574(7) Å           α(°)= 101.776(4) 

b = 11.6659(9) Å       β(°)= 97.499(5) 

c = 12.1521(8) Å         γ(°)= 94.819(5) 

Volume 1238.12(16) Å3 

Z 4 

Density (calculated) 1.284 Mg/m3 

Absorption coefficient 0.084 mm-1 

F(000) 504.0 

Crystal size 0.33 x 0.24 x 0.16 mm 

Theta range for data collection 1.73 to 25.25° 

Index ranges -10<=h<=10, -14<=k<=11, -14<=l<=14 

Reflections collected 4408 

Independent reflections 2737 [R (int) = 0.0375] 

Completeness to theta = 25.25° 98.3 % 

Absorption correction Multi-scan 

Data / restraints / parameters 4408 / 0 /327 

Goodness-of-fit on F2 0.966 

Final R indices [I>2sigma (I)] R1 = 0.0505, wR2 = 0.1368 

R indices (all data) 

CCDC 

R1 = 0.0865, wR2 = 0.1619 

871224 
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              Chapter VB 

Copper(I)-Catalyzed Click Reaction of 2-Azidobenzimidazoles with Alkynes  

Click chemistry1-“a modular synthetic approach towards the assembly of new molecular 

entities”-finds extensive applications, ranging from functionalizing biological molecules,2 

solubilizing carbon nanotubes,3 to forming supramoleculer assemblies.4 Among these, in 

particular, five-membered nitrogen containing heterocyclic compounds substituted with 1,2,3-

triazoles have been found to have industrial applications and biologically importance.5 These 

compounds have been synthesized by Huisgen 1,3-dipolar cycloaddition of azides with alkynes.6 

Out of these, the copper(I)-catalyzed [3+2]-cycloaddition also known as click chemistry of 

organic azides and terminal alkynes is emerged method for the synthesis of substituted 1,2,3-

triazole compounds.7 Thus, this method has been developed by several groups using Cu(I) salts 

along with triphenylphospine,8 mono- or polydentate ligands,9 as N-heterocyclic copper carbene 

complexes.10 Recently, few groups have also demonstrated via Cu(I) species with various 

supports such as silica,11 zeolites,12 amine-functionalized polymers13 and activated charcoal.14 

Cu(II) salts have been used in which the designed reaction conditions reduce the Cu(II) to Cu(I) 

by reducing agents such as sodium ascorbate,15 elemental copper,16 phosphorus(III) agents,17 

electro chemical reduction,18 which further carried out the click chemistry.  

 

5.4 Copper Catalysts  

Most of the click reactions are based on copper-catalyzed systems. Sharpless and co-authors 

have demonstrated the copper-catalyzed azide-alkyne cycloaddition reaction for the synthesis of 

1,4,5-trisubstituted 1,2,3-triazoles. Substituted azides readily undergo reaction with 1-iodoalkyne 

in the presence of CuI, Et3N in THF at room temperature to give triazoles in high yield (Scheme 

1).19a 

R N3 + R' I

5 mol % CuI
5 mol % TTTA

THF, RT, 2 h

NN
NR R'

I

up to 90% yield  
Scheme 1 
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4-Substituted 1-(N-sulfonyl)-1,2,3-triazoles have been prepared via copper(I)-catalyzed azide–

alkyne cycloaddition of sulfonyl azides with alkynes in good yield (Scheme 2).19b 

R'O2S N

+

H R

NN
N SO2R'R

N N CuI catalyst

2,6-lutidine

CHCl3, 0 C

R, R' = alkyl, aryl
up to 85% yield

 
Scheme 2 

 

Fokin and co-authors have showed the synthesis of 1,4-disubstuted 1,2,3-triazoles employing 

CuSO4·5H2O and sodium ascorbate in water (Scheme 3).16b   

R' N

+

H R

1 mol % CuSO45H2O

5 mol % sodium ascorbate

H2O/tBuOH (2:1), RT

NN
N R'R

N N

up to 92% yield

 
Scheme 3 

 

Pitchumani and co-workers have showed the regiospecific synthesis of 1,4-disubstituted 1,2,3-

triazoles from organic azides and terminal alkynes using CuII-HT at room temperature (Scheme 

4).19c 

R
N N N + R'

CuII-HT

CH3CN, RT
N

N
NR

R'

up to 89% yield
 

Scheme 4 
 

Gonzalez and co-workers have utilized [CuBr(PPh3)3] for the neat reaction of azides with 

alkenes to afford 1,4-disubstituted 1,2,3-triazoles with wide substrate scope (Scheme 5).19d  

 

R N3
+ R' N

N
NR

R'

0.5 mol % [CuBr(PPh3)3]

neat, RT

R, R' = aryl, alkyl

up to 99% yield
 

Scheme 5 
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Alonso and co-workers have demonstrated the use of Cu nanoparticles for the synthesis of 1,4-

disubstitued 1,2,3-triazoles from azides and terminal alkynes (Scheme 6).19e 

R
N N N + R' N

N
NR

R'

10 mol % Cu nanoparticles

Et3N, THF, 65 C

up to 98% yield  

Scheme 6 

 

While, Meldal and co-workers have showed copper(I)-catalyzed [3+2] cycloaddition of 

terminal alkynes and azides on solid-phase. The reactions of alkyl- and aryl azides have been 

demonstrated (Scheme 7).7a 

R N N N
+

H peptide

Cu(I)-catalyst

DIPEA

NN
N peptidepeptide

or
NN

NR peptide
 

Scheme 7 

 

5.5 Ruthenium Catalysts 

Few studies are focused on the ruthenium-catalyzed click reactions. Jia and co-workers have 

shown the regioselective synthesis of 1,5-disubstituted 1,2,3-triazoles from organic azides and 

terminal and internal alkynes using ruthenium complex at moderate temperature  (Scheme 8).8a  

R' N

+

H R

NN
N R'

N N

R1, R2 = alkyl, aryl
R

1 mol % Cp*RuCl(PPh3)2

Benzene , 60 C

up to 80% yield
 

Scheme 8 

 

Weinreb and co-workers have also employed the above described catalytic system for the 

construction of trisubstituted-1,2,3-triazoles from alkyl azides with unsymmetrical internal 

alkynes (Scheme 9).19f 
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+R R'
10 mol % Cp*RuCl(PPh3)2

R''N3
N

N

N N

N

N

Benzene, reflux

R''

R'

R

R''

R

R'

and/or

 

Scheme 9 

 

5.6 Present Study 

2-Azidobenzimidazole is an important structural motif present in numerous compounds that are 

important in biological and medicinal sciences. Thus the development of effective method for the 

construction of analogue 2-(1H-1,2,3-triazo-1-yl)-benzimidazoles will be valuable in organic 

synthesis. In this context, the click reaction of 2-azidobenzimidazoles and aryl alkynes has been 

described using copper(I)-catalysis in the presence of Et3N at moderate temperature. 

First, the optimization of the reaction conditions was carried out with 2-azido-6-methyl-1-

phenyl-1H-benzo[d]imidazole 4a and 3,5-dimethylphenyl acetylene as model substrates 

employing the Sharpless procedure, 5 mol % CuI and 2 equiv Et3N in THF solvent at room 

temperature.21a The reaction proceeded efficiently to afford the target 6-methyl-2-(4-(3,5-

dimethylphenyl)-1H-1,2,3-triazo-1-yl)-1-phenyl-1H-benzo[d]imidazole 8 in 75% yield. The 

reactions of a series of substituted 2-azidobenzimidazole and aryl alkynes were next investigated 

(Table 1). The reactions with phenyl acetylene were found to be more effective affording the 

product in 75-82% compared to that bearing electron donating group in the aromatic ring and 

naphthyl acetylene that underwent reaction with 35-40% yield. Furthermore, phenyl acetylenes 

bearing the disubstituted groups could afford the target products 8-11 in 72-80% yield. 

Recrystallization 10 provided crystals whose structure was confirmed by X-ray analysis (Figure 

1).  

The observed results suggest that  the reaction of 2-azidobenzimidazole with σ-acetylide a, 

which might be generated from Cu and substituted aryl acetylenes, can lead to the formation of 

b. Intramolecular cyclization of b may lead to the generation of the intermediate c that  on 

protonation can furnish the target molecules 1-11 to complete the catalytic cycle.20 
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Table 1. Substrate Scope of the Formation of 2-(1H-1,2,3-Triazo-1-yl)benzimidazolesa-b

N

N
N3R

R'

+

5 mol % CuI
2 equiv Et3N

THF, RT, 5 h N

N
N

NN
R

R'

R''

R''

N

N
N

NN

Me

Me

Me

N

N
N

NN

Me N

N
N

NN

Me

OMe

N

N
N

NN

Me

N

N
N

NN

Me

N

N
N

NN

Me

Me

Me

Me

Me

Me

Me

Me

Me

N

N
N

NN

Me N

N
N

NN

Cl

N

N
N

NN

OMe

OMe

Me

Me

N

N
N

NN

Me N

N
N

NN

Me

Me

OMe

Me

Me

Me

OMe

Me

Me

8

1 2 3

9

4 5 6

7

10 11

1-11

R = H, Me, iPr

R' = aryl, alkyl

R'' = Me, OMe

75%

35% 40% 77%

72%

79% 80% 82%

75%

78% 80%

 
a Reaction conditions: 2-Azidobenzimidazole (1 mmol), aryl alkyne (1 mmol), CuI (5 mol %), 

and Et3N (2 mmol) were stirred at  room temperature in THF (6 mL).  

 b Isolated yield.  
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Figure 1. ORTEP diagram of 1-(4-methoxyphenyl)-4,6-dimethyl-2-(4-(3,4-dimethylphenyl)-1H-

1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 10 with 50% ellipsoid. H-Atoms are omitted for 

clarity. 

R'' C H

R'' C [Cu]

N

N

R'

N
N- N
+

C R"Cu

N

N

R'

N
NN

[Cu]
R"

+H+

b

c

R

R

[Cu]

-[Cu]N

N

R'

N
NN

R"

R

a

N

N

R'

N3

R

1-11  

 

Scheme 10. Proposed catalytic cycle  
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In summary, copper(I)-catalyzed synthesis of 2-(1H-1,2,3-triazo-1-yl)benzimidazoles has been 

described from 2-azidobenzimidazoles and alkynes by click chemistry. The cyclization takes 

places with moderate to good yield.  

 

Experimental Section 

General Information: CuI (98%) and Et3N were purchased from Aldrich and Merck 

respectively. The solvents were purchased and dried according to standard procedure prior to 

use. Product purification was carried out by silica gel column chromatography using Rankem 

silica gel (60-120 mesh). All reactions were monitored by analytical TLC on Merck silica gel 

G/GF 254 plates. NMR (1H and 13C) spectra were recorded on DRX-400 Varian spectrometer 

and the data are accounted as follows: chemical shifts (δ ppm) (multiplicity, coupling constant (J 

Hz), integration).The abbreviations for multiplicity are as follows: s = singlet, d = doublet, t = 

triplet. Melting points were determined by Buchi B-540 melting point apparatus. FT-IR spectra 

of air-dried samples were recorded on PerkinElmer Spectrum One FT-IR spectrometer using 

KBr disks and are reported in frequency of absorption (cm-1). Elemental analyses were recorded 

using PerkinElmer CHNS analyzer. For single crystal X-ray analysis the intensity data were 

collected using Bruker SMART APEX-II CCD diffractometer, equipped with 1.75 kW sealed-

tube Mo Kα irradiation (λ = 0.71073 Å) at 296(2) K and the structures were solved by direct 

methods using SHELLX-97 (Göttingen, Germany) and refined with full-matrix least squares on 

F2 using SHELXL-97.  

General Procedure for the Synthesis of 2-(1H-1,2,3-Triazo-1-yl)benzimidazoles : 2-

Azidobenzimidazoles (1 mmol), aryl alkyne (1 mmol), CuI (5 mol %) and Et3N (2 mmol) were 

stirred in THF at room temperature. Progress of the reaction was monitored by TLC using ethyl 

acetate and hexane as eluent. After completion, the reaction mixture was quenched with NH4OH 

solution and partitioned between ethyl acetate and water. The organic layer was washed with 

water (1 x 5 mL) and brine (1 x mL).  Drying (Na2SO4) and evaporation of the solvent gave a 

residue that was purified by silicagel chromatography using ethyl acetate and hexane as eluent to 

give the titled compound in analytically pure form.  
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N

N
N

NN

Me

OMe

2-(4-(2-Methoxyphenyl)-1H-1,2,3-triazol-1-yl)-6-methyl-1-

phenyl-1H-benzo[d]imidazole 1: White solid: yield 35%; mp 188-189 °C; 1H NMR (400 MHz, 

CDCl3) δ 8.73 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.36-7.33 (m, 4H), 7.17 (d, J = 8.4 Hz, 1H), 7.06 

(t, J = 8.8 Hz, 2H), 6.98 (d, J = 7.6 Hz, 2H), 6.89 (d, J = 6.8 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 

3.34 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.5, 148.5, 140.9, 137.9, 137.4, 

136.9, 134.8, 130.9, 130.4, 128.1, 127.9, 127.4, 125.6, 124.0, 121.1, 115.6, 108.5, 56.8, 20.0; 

FT-IR (KBr) 3131, 3092, 2854, 1646, 1592, 1521, 1468, 1424, 1392, 1298, 1138, 1024 cm-1. 

Anal. Calcd. for C23H19N5O: C, 72.42; H, 5.02; N, 18.36. Found: C, 72.54; H, 4.99; N, 18.30. 

 

N

N
N

NN

Me

6-Methyl-2-(4-(naphthalen-1-yl)-1H-1,2,3-triazol-1-yl)-1-

phenyl-1H-benzo[d]imidazole 2: White solid: yield 40%; mp 208-209 °C; 1H NMR (400 MHz, 

CDCl3) δ 8.43 (s, 1H), 7.89-7.70 (m, 4H), 7.53-7.41 (m, 5H), 7.13-7.06 (m, 3H), 6.96 (d, J = 8.4 

Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 6.67 (d, J = 6.4 Hz, 1H), 2.46 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 153.0, 143.8, 136.2, 134.8, 134.0, 133.3, 133.0, 131.6, 129.7, 128.9, 128.1, 127.9, 

125.3, 124.9, 122.1, 119.2, 115.1, 114.1, 112.1, 110.0, 21.1; FT-IR (KBr) 3112, 3058, 2963, 

2852, 1642, 1612, 1536, 1492, 1424, 1373, 1312, 1298, 1021 cm-1. Anal. Calcd. for C26H19N5: C, 

77.79; H, 4.77; N, 17.44. Found: C, 77.89; H, 4.75; N, 17.36. 
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N

N
N

NN

Me

Me

Me
6-Methyl-1-(3,4-dimethylphenyl)-2-(4-phenyl-1H-1,2,3-tria-

zol-1-yl)-1H-benzo[d]imidazole 3: White solid: yield 77%; mp 191-192 °C; 1H NMR (400 

MHz, CDCl3) δ 8.49 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.44-7.33 (m, 4H), 7.23 (d, J = 8.4 Hz, 

2H), 7.14 (s, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 2.45 (s, 3H), 2.32 (s, 3H), 2.28 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 147.9, 143.6, 141.8, 138.2, 137.9, 135.2, 130.6, 130.0, 129.5, 

128.4, 126.0, 123.9, 121.0, 120.0, 115.9, 114.6, 113.9, 111.6, 22.6, 21.5, 18.5; FT-IR (KBr) 

3135, 2922, 1616, 1555, 1501, 1492, 1414, 1372, 1308, 1255, 1188, 1021 cm-1. Anal. Calcd. for 

C24H21N5: C, 75.97; H, 5.58; N, 18.46. Found: C, 76.08; H, 5.55; N, 16.38. 

N

N
N

NN

Me
MeMe

6-Methyl-1-(2,6-dimethylphenyl)-2-(4-phenyl-1H-1,2,3-tria-

zol-1-yl)-1H-benzo[d]imidazole 4: White solid: yield 79%; mp 198-199 °C; 1H NMR (400 

MHz, CDCl3) δ 8.49 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.45-7.36 (m, 4H), 7.12 (s, 1H), 7.02-6.96 

(m, 4H), 2.47 (s, 3H), 2.35 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 147.7, 143.4, 140.7, 138.7, 

137.8, 135.2, 130.9, 130.0, 129.5, 127.4, 124.4, 123.9, 120.9, 120.0, 116.0, 110.0, 20.1, 21.5; 

FT-IR (KBr) 3162, 2952, 1625, 1556, 1516, 1484, 1464, 1398, 1322, 1298, 1145, 1021 cm-1. 

Anal. Calcd. for C24H21N5: C, 75.97; H, 5.58; N, 18.46. Found: C, 76.06; H, 5.56; N, 18.39. 

N

N
N

NN

Me

1-Benzyl-6-methyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)-1H-be-

nzo[d]imidazole 5: White solid: yield 80%; mp 172-173 °C; 1H NMR (400 MHz, CDCl3) δ 8.64 

(s, 1H), 7.90 (d, J = 7.2 Hz, 2H), 7.69 (d, J = 8.4 Hz, 1H), 7.46 (t, J = 7.2 Hz, 2H), 7.39 (d, J = 
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6.4 Hz, 2H), 7.26-7.15 (m, 6H), 5.86 (s, 2H), 2.49 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.8, 

142.4, 141.8, 139.7, 136.9, 135.2, 130.7, 130.0, 129.3, 127.4, 125.9, 123.9, 120.6, 115.6, 111.0, 

48.5, 22.5; FT-IR (KBr) 2993, 2872, 1678, 1541, 1502, 1428, 1363, 1304, 1263, 1112, 1024  cm-

1. Anal. Calcd. for C23H19N5: C, 75.59; H, 5.24; N, 19.16. Found: C, 75.70; H, 5.21; N, 19.08. 

N

N
N

NN

Cl

OMe
6-Chloro-1-(4-methoxyphenyl)-2-(4-phenyl-1H-1,2,3-triazol-

1-yl)-1H-benzo[d]imidazole 6: White solid: yield 82%; mp 171-172 °C; 1H NMR (400 MHz, 

CDCl3) δ 8.51 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.45-7.21 (m, 6H), 7.02 

(d, J = 8.8 Hz, 2H), 3.88 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.6, 147.0, 140.9, 139.9, 

137.9, 136.9, 134.8, 130.4, 128.8, 128.2, 127.8, 127.0, 126.7, 125.0, 121.0, 114.8, 108.8, 56.9; 

FT-IR (KBr) 3093, 2992, 2840, 1606, 1572, 1516, 1474, 1424, 1392, 1321, 1298, 1255, 1158, 

1041 cm-1. Anal. Calcd. for C22H16ClN5O: C, 65.76; H, 4.01; N, 17.43. Found: C, 65.89; H, 4.00; 

N, 17.36. 

 

N

N
N

NN

OMe

Me

Me

6-Isopropyl-1-(4-methoxyphenyl)-2-(4-phenyl-1H-1,2,3-

triazol-1-yl)-1H-benzo[d]imidazole 7: White solid: yield 75%; mp 200-201 °C; 1H NMR (400 

MHz, CDCl3) δ 8.47 (s, 1H), 7.85-7.82 (m, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.43-7.28 (m, 6H), 

7.02-7.00 (m, 3H), 3.85 (s, 3H), 3.04-2.97(m, 1H), 1.20 (d, J = 6.8 Hz, 6H); 13C NMR (100 

MHz, CDCl3) δ 160.0, 147.9, 141.3, 138.4, 137.9, 136.9, 135.4, 130.9, 130.1, 129.7, 127.9, 

127.0, 126.1, 124.1, 120.6, 115.5, 108.1, 55.7, 34.1, 22.1; FT-IR (KBr) 3121, 2962, 2860, 1627, 

1586, 1521, 1492, 1414, 1372, 1282, 1255, 1175, 1096, 1021 cm-1. Anal. Calcd. for C25H23N5O: 

C, 73.33; H, 5.66; N, 17.10. Found: C, 73.47; H, 5.64; N, 17.03. 
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N

N
N

NN

Me

Me

Me

6-Methyl-2-(4-(3,5-dimethylphenyl)-1H-1,2,3-triazol-1-

yl)-1-phenyl-1H-benzo[d]imidazole 8: White solid; yield 75 %; mp 201-202 °C; 1H NMR (400 

MHz, CDCl3) δ 8.44 (s, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 4H), 7.38-7.35 (m, 2H), 

7.26-7.22 (m, 2H), 7.03-7.00 (m, 2H), 2.47 (s, 3H), 2.31 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

147.7, 142.4, 141.7, 138.7, 136.8, 135.2, 130.6, 130.0, 129.5, 127.4, 125.7, 123.9, 120.5, 119.9, 

115.6, 110.0, 22.1, 21.5; FT-IR (KBr) 3151, 2962, 1632, 1537, 1502, 1483, 1261, 1096, 1028 

cm-1. Anal. Calcd. for C24H21N5: C, 75.97; H, 5.58; N, 18.46. Found: C, 76.06; H, 5.56; N, 18.39. 

N

N
N

NN

Me Me

Me

Me Me

6-Methyl-1-(3,5-dimethylphenyl)-2-(4-(3,5-dimethyl-

ph-enyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 9: White solid; yield 72%; mp 208-209 

°C;  1H NMR (400 MHz, CDCl3) δ 8.42 (s, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.67 (s, 1H), 7.55 (d, J 

= 7.6 Hz, 2H), 7.22-7.18 (m, 2H), 7.11 (s, 1H), 7.02 (s, 1H), 2.47 (s, 3H), 2.34 (s, 6H), 2.30 (s, 

3H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.7, 142.6, 141.7, 138.2, 137.4, 135.2, 

131.0, 129.5, 127.9, 125.4, 123.9, 120.9, 119.9, 115.6, 114.6, 113.4, 111.6, 104.0, 23.1, 22.1, 

21.5, 17.9; FT-IR (KBr) 3024, 2963, 2858, 1618, 1541, 1492, 1408, 1333, 1263, 1124, 1024 cm-

1. Anal. Calcd. for C26H25N5: C, 76.63; H, 6.18; N, 17.19. Found: C, 76.73; H, 6.16; N, 17.11. 

 

N

N
N

NN

Me Me

Me

OMe

Me

1-(4-Methoxyphenyl)-4,6-dimethyl-2-(4-(3,4-dimethyl-

phenyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 10: White solid: yield 78%; mp 180-181 
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°C; 1H NMR (400 MHz, CDCl3) δ 8.35 (s, 1H), 7.65 (s, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.23 (d, J 

= 3.2 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.00 (s, 1H), 6.95 (d,  J = 9.2 Hz, 2H), 6.81 (s, 1H), 3.82 

(s, 3H), 2.66 (s, 3H), 2.40 (s, 3H), 2.28 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

160.2, 147.5, 141.3, 137.9, 137.4, 136.9, 135.0, 130.4, 130.1, 128.7, 127.7, 127.4, 126.1, 123.6, 

120.6, 115.1, 108.1, 55.7, 20.1, 20.0, 19.9, 16.7; FT-IR (KBr) 3153, 2917, 1609, 1537, 1514, 

1479, 1451, 1250, 1164, 1027 cm-1. Anal. Calcd. for C26H25N5O: C, 73.74; H, 5.95; N, 16.54. 

Found: C, 73.86; H, 5.94; N, 16.47. 

N

N
N

NN

Me Me

OMe

Me

Me

1-(4-Methoxyphenyl)-5,6-dimethyl-2-(4-(3,4-dimethyl-

phenyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 11: White solid: yield 80%; mp 188-189 

°C; 1H NMR (400 MHz, CDCl3) δ 8.41 (s, 1H), 7.66 (s, 1H), 7.60 (s, 1H), 7.54 (d, J = 8.0 Hz, 

1H), 7.28 (d, J = 8.8 Hz, 2H), 7.18 (d,  J = 8.0 Hz, 1H), 6.99 (d, J = 8.8 Hz, 3H), 3.85 (s, 3H), 

2.41 (s, 3H), 2.35 (s, 3H), 2.30 (s, 3H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.2, 

146.5, 141.3, 139.9, 137.4, 136.9, 135.0, 130.4, 129.1, 128.2, 127.8, 127.7, 126.7, 123.5, 120.9, 

115.1, 108.5, 56.7, 23.1, 20.5, 19.9, 17.7; FT-IR (KBr) 3153, 2962, 1616, 1536, 1516, 1492, 

1464, 1322, 1298, 1255, 1021 cm-1. Anal. Calcd. for C26H25N5O: C, 73.74; H, 5.95; N, 16.54. 

Found: C, 73.87; H, 5.93; N, 16.47. 
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  Crystal Data and Structure Refinement for 10 at 296(2) K 

Identification code 10 

Empirical formula C26H25N5O 

Formula weight 423.51 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group P2(1)/c Loop xyz 

‘x, y, z’ ‘-x, y+1/2, -z+1/2’ ‘-x, -y, -z’ ‘x, -y-

1/2, z-1/2’   

Unit cell dimensions a = 20.414(4) Å           α(°)= 90.00 

b = 8.9183(18) Å       β(°)= 95.601(13) 

c = 12.332(3) Å         γ(°)= 90.00 

Volume 2234.5(8) Å3 

Z 4 

Density (calculated) 1.259 Mg/m3 

Absorption coefficient 0.080 mm-1 

F(000) 896.0 

Crystal size 0.33 x 0.25 x 0.16 mm 

Theta range for data collection 1.00 to 25.25° 

Index ranges -22<=h<=24, -10<=k<=8, -14<=l<=13 

Reflections collected 3845 

Independent reflections 1890 [R (int) = 0.3143] 

Completeness to theta = 25.25° 94.7 % 

Absorption correction Multi-scan 

Data / restraints / parameters 3845 / 0 /294 

Goodness-of-fit on F2 1.397 

Final R indices [I>2sigma (I)] R1 = 0.1986, wR2 = 0.4543 

R indices (all data) 

CCDC 

R1 = 0.2589, wR2 = 0.4716 
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