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INTRODUCTION

2-(p-tolyl)-1H-benzo[d]imidazole and their derivatives are

the important inter-mediate of a series of drugs. Many of them

show antifungal and antibacterial activity1,2, antiinflammatory

activity and analgesic activity3,4, antitubercular activity5, anti-

depressant activity6, anticancer activity7, antiviral activity8, and

antilishmanial activity9. Imidazole is incorporated into many

important biological molecules. The most important is the

amino acid histidine, which has an imidazole side chain.

Histidine is present in many proteins and enzymes play a vital

role in the structure and binding functions of hemoglobin.

Therefore, the imidazole compounds attracted the interest of

medicinal researchers. One-pot synthesis method is used to

the synthesis of imidazole and their derivatives10-13. 2-(p-tolyl)-

1H-benzo[d]imidazole was synthesized from multi-component

condensation of benzene-1,2-diamine, isothiocyanato methane

and 4-methyl benzaldehyde by one-pot synthesis method14.

There is no literature about the mechanism of synthesis of

2-(p-tolyl)-1H-benzo[d]imidazole The main purposes of this

paper are as follows: (1) to investigate the microscopic

mechanism of reaction among benzene-1,2-diamine, isothio-

cyanato methane and 4-methyl benzaldehyde for the synthesis

of 2-(p-tolyl)-1H-benzo[d]imidazole by way of density func-

tional theory (DFT); (2) confirm the rate-determining step of

the reaction.

COMPUTATIONAL METHODOLOGY

The mechanism of reaction among benzene-1,2-diamine,

isothiocyanato methane and 4-methyl benzaldehyde for the
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synthesis of 2-(p-tolyl)-1H-benzo[d]imidazole was investi-

gated by density functional theory (DFT). The geometries and

the frequencies of reactants, intermediates, transition states

and products were calculated at the B3LYP/6-311G(d) level.

Stable structures were obtained. The parameters of geometry

configuration are shown in Fig.1 (R1-P3). The vibration analysis

and the IRC analysis proved the authenticity of intermediates

and transition states. The reaction processes were confirmed

by the changes of charge density at the bond-forming critical

point (as shown by the numeric value in the parentheses in

Fig. 1)15-16. All calculations were carried out with the Gaussian
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Fig. 1. Optimized geometric configurations of various compounds in the

reaction: bond length in nanometers, bond angle in degree, charge

density at bond-forming critical point in a.u.

RESULTS AND DISCUSSION

The calculated energies (E) and relative energies (Erel) of

reactants, intermediates, transition states and products are listed

in Table-1. All energies (E) include zero-point energy (ZPE)

corrections. Vibration frequencies of reactants, intermediates

and products are positive and vibration frequencies of all

transition states have only one imaginary frequency. Fig. 2 is

a schematic map of energy levels for the reaction.

TABLE-1 
ENERGIES (E) AND RELATIVE ENERGIES (EREL) OF VARIOUS 
SPECIES AND IMAGINARY FREQUENCY OF TRANSITIONS 

Species E (a.u.) 
Erel  

(kJ mol-1) 
ν (cm-1) 

R1'(R1 + R2 + R3) -1258.697785 0.00    

IS1A'(TS1A + R3) -1258.653043 117.47  -1767.71 

IM1A'(IM1A + R3) -1258.721789 -63.02   

TS2A'(TS2A) -1258.646442 134.80  -1755.21 

IM2A'(IM2A) -1258.704724 -18.22   

TS2B'(TS2B) -1258.624072 193.53  -1933.93 

IM2B'(IM2B + P1) -1258.701926 -10.87   

TS2C'(TS2C + P1) -1258.642538 145.05  -67.30 

IM2C'(IM2C + P1) -1258.693203 12.03   

TS2D'(TS2D + P1) -1258.559463 363.16  -816.84 

IM2D'(IM2D + P1 + P2) -1258.681428 42.95   

TS2E'(TS2E + P1+ P2) -1258.581790 304.54  -1624.75 

IM2E'(IM2E + P1 + P2) -1258.651491 121.54   

TS2F'(TS2F + P1 + P2) -1258.634969 164.92  -225.54 

P3'(P3 + R2 + P1 + P2) -1258.696321 3.84    
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Fig. 2. Schematic map of energy levels in the reaction

Reaction mechanism and energies analysis of synthesis

of IM1A: Firstly, R1 reacts R2 to form IM1A through transi-
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tion state TS1A. This is a nucleophilic reaction. In TS1A, the

bond length and the charge density at the bond-forming critical

point of C1-N2, H4-N2, N3-H4 are 0.1527 nm and 0.2316

a.u., 0.1302 nm and 0.1478 a.u. and 0.1350 nm and 0.1245

a.u., respectively and the activation energy is 117.47 kJ mol-1.

The mechanism of the reaction is: R1 + R2 → TS1A → IM1A.

Reaction mechanism and energies analysis of synthesis

of P3: IM1A reacts with R3 to form IM2A through transition

state TS2A. This is a concerted reaction process with the bond-

forming of N3-C4 and the transfer of a hydrogen atom. In

TS2A, the bond length and the charge density at the bond-

forming critical point of H1-N3, H1-O2, N3-C4 are 0.1246

nm and 0.1703 a.u., 0.1347 nm and 0.1177 a.u. and 0.1651

nm and 0.1710 a.u., respectively, the charge densities of critical

points of (3, +1) rings of H1-O2, O2-C4, C4-N3 and N3-H1 is

0.0769 a.u. and the activation energy is 197.82 kJ mol-1.

IM2A forms IM2B and water through transition state

TS2B: This is a dehydration processes. In TS2B, the bond

length and the charge density at the bond-forming critical point

of H1-N3, H1-O2, O2-C4 are 0.1271 nm and 0.1563 a.u.,

0.1303 nm and 0.1302 a.u. and 0.1902 nm and 0.0870 a.u.,

respectively, and the activation energy is 211.75 kJ mol-1.

IM2B forms IM2C through transition state TS2C: This

is a closing-ring processes. In TS2C, the bond length of C1-N2

is 0.3225 nm and the activation energy is 155.92 kJ mol-1.

IM2C forms IM2D and hydrogen gas through transition state

TS2D. This is a dehydrogenating processes. In TS2D, the bond

length and the charge density at the bond-forming critical point

of H1-H2, H1-C3, H2-N4 are 0.1605 nm and 0.0328 a.u.,

0.2426 nm and 0.1052 nm and 0.2921 a.u., respectively and

the activation energy is 351.13 kJ mol-1. This is the determining

step.

IM2D forms IM2E through transition state TS2E: This

is a concerted reaction process with the closing-ring and the

transfer of a hydrogen atom. In this processes, the hydrogen

atom of N1 is transferred to position of the N2 atom and a

newly ring is formed. In TS2E,the bond length and the charge

density at the bond-forming critical point of N1-H3, H3-N4,

N1-C2 are 0.1440 nm and 0.1102 a.u., 0.1275 nm and 0.1617

a.u. and 0.2787 nm, respectively and the activation energy is

261.60 kJ mol-1.

IM2E forms P3 and R2 through transition state TS2F. In

TS2F, the bond length and the charge density at the bond-

forming critical point of N1-C3, C2-N4 are 0.1958 nm and

0.0866 a.u., 0.1466nm and 0.2593 a.u., respectively and the

activation energy is 43.38 kJ mol-1.

Mechanism of the reaction is: IM1A + R3 → TS2A →

IM2A → TS2B → IM2B + P1→TS2C + P1 → IM2C + P1 →

TS 2D + P1 → IM2D + P1+P2 → TS2E + P1 + P2 → IM2E +

P1 + P2 → TS2F + P1+ P2 → P1 + P2 + P3 + R2.

The overall reaction is R1 + R2 + R3 → P1 + P2 + P3 + R2.

The details of the reaction mechanism of the reaction are

shown as Fig. 3.

Conclusion

The mechanism of reaction among benzene-1,2-diamine,

isothiocyanatomethane and 4-methylbenzaldehyde for the

synthesis of 2-(p-tolyl)-1H-benzo[d]imidazole was investi-

gated by density functional theory (DFT). IM2C → IM2D is

the rate-determining step. The activation energy of the reaction

is 351.13 kJ mol-1. It is identical with Babu et al.14 conclusions.
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Fig. 3. Mechanism of Synthesis on 2-(p-tolyl)-1H-benzo[d]imidazole
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