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Abstract: The ground- and excited-state intramolecular proton transfer (GSIPT and ESIPT) reactions of 2-(3-
mercapto-2-pyridyl) benzimidazole (MPyBI) were studied at the B3LYP/6-31G(d,p) and TD B3LYP/6-31++G(d,p)//
CIS/6-31G  (d,p) levels. The effect of solvent (cyclohexane, benzene, chloroform, ethanol, acetonitrile,
dimethylsulfoxide and water) was studied. We studied the ground-state potential energy surface and discovered a
double proton transfer mechanism while a stepwise mechanism was observed to dominate the reaction kinetics. The
excited state proton transfer potential energy surface and the photophysical behavior of MPyBI were also studied.
Results show that a barrierless ESIPT for MPyBI probably exists and that as the polarity of the solvent increases, the
barrier in the GSIPT decreases. When the tautomer ratio is changed, the fluorescence intensity can be easily controlled.

Key Words: Density functional theory; 2-(3-mercapto-2-pyridyl)benzimidazole; Intramolecular proton transfer;
Polarizable continuum model
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Table 1 Total energies E, zero-point energies Ez,
dipole momentu and relative energies AE and relative

Gibbs free energy AG for the tautomers and transition
state of 2-(3-mercapto-2-pyridyl)benzimidazole at

B3LYP/6-31G(d,p) level
State E(Hartree) E(Hartree) AE AG w/D
(kJ-mol™)  (kJ-mol™)
E -1025.18221 0.18715 0.00 0.00 2.78
K -1025.18237 0.18971 6.30 7.21 6.18
Z1 -1025.17749 0.19072 21.77 22.32 5.14
TS1 -1025.17676 0.18457 7.53 9.26 4.30
TS2 -1025.15456 0.18594 69.40 70.92 5.32

TS3 -1025.14310 0.18266 90.88 92.32 5.33

E: enol form, K: keto form , Z1: zwitterionic form (1);

TS: transition state

2 2-(3-ERE-2-MLIEE)E KA Ry 1 T Ry
BRETRABERS REE
Fig.2 Partly Schemate of potential energy surface
sections obtained by scanning the Rg; y; and Ryg_y; of
2-(3-mercaptophenyl-2-pyridyl)benzimidazole
P1: pathway (1), P2: pathway (2)
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Fig.3 The ground-state intramolecular proton
transfer curve (E—Z1) obtained from X3LYP/6-311+
G(d,p) optimized structures
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Table 2 Selected chemical shifts (6) and NBO analysis parameters of tautomers E, K and Z1, transition state TS1
and TS2 at the B3LYP/6-311++G(d,p) level

NBO analysis
o . . ; - - E+/(kJ+mol™)
second order perturbation theory analysis natural atomic charge Wiberg bond index

E=K donor (i) acceptor (j) E(2)/(kJ-mol™)
H2 N1 H2 S3 N1—H2 S3—H2
E 11.51 LP(I)N1 BD'(1)S3—H2 65.44 -0.535 0.197  0.032 0.065 0.885 0.00
TS1 24.24  LP(1)N1 LP(1)H2 874.70 -0.555 0302 -0.130 0.338 0.548 10.55
LP(3)S3 LP'(1) H2 1570.96
K 17.58 LP(2)S3 BD'(1)N1—H2 129.03 -0.543 0442 -0.281 0.622 0.157 9.91
E<=Z1
H5 N4 H5 N6 N4—H5 N6—HS5
K 9.45 LP(1)N4 BD’(1)N6—H5 6.82 -0472 0444 -0.518 0.008 0.767 9.91
TS2 23.25  LP(1)N4 BD’(1)N6—H5 492.88 -0.580 0.464 -0.485 0.388 0.355 76.81
Z1 11.96 LP(1)N6 BD'(1)N4—HS5 14.90 -0.542 0447 -0.435 0.022 0.744 24.12
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Fig.4 The ground- and excited-state intramolecular proton transfer curves obtained of B3LYP/6-31G(d,p) and TD
B3LYP/6-31++G(d,p)//CIS/6-31G(d,p) levels
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Fig.5 Schematic diagram of energy differences for the tautomers of 2-(3-mercapto-2-pyridyl)benzimidazole in gas
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solvents : cyclohexane, benzene, chloroform, ethanol, acetonitrile, dimethylsulfoxide (DMSO), water.

The energy of E was taken as zero. ZPE is included.
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Table 3 The equilibrium constants (K) between the
tautomers E and K, and the reaction rate constant (k™") for
tautomers K to E at 298.15 K in different solvents

solvent K k™Ts™
CH1,, 3.59 3.36x10"
CHCl; 1.45%10* 2.60x10"
CH,CN 3.97x10° 3.19x10°
H,O 5.89x10° 1.37x10°
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K™ST AT SR R 9 S S5 1) 3 6 B (SC ik >[45] 4
B 2-(3- 78 FE-2- 0k BE ) 2R I K e ) 7 CHCL,
CH,CN \H,O H 9 it ) 3 5 5 B4 51 7 2.44x10°,
2.70x10%,2.94x10°%), X Ut I & &5 F N 7% 7%
T FRLE TR TS SR AT DAAR PR b i 261 7, [R] s el AR
Vo AR PT DL R A A ) 2-(3- B - 2- M e 3 ) 2K
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5T 25 T FEH, 2-(3-Fii3e-2- M IE J6) 28 I Kk fig
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b RTINS ILRE, 255 B A4y F N6 %, Tii
K Ml Z1 Z [8] SRR 5 58 K 016 fL e 7RI A2
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