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Investigation of Excited-State Proton Transfer of 2-(3-Acetamido-
2-pyridyl)benzimidazole in the Confined
Nanocavity of Cucurbit[7]uril

Yi, Pinggui* Yang, Xichun Liu, Jin Hou, Bo Yu, Xianyong

Li, Xiaofang Wang, Zhaoxu Zheng, Baishu
(School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201)

Abstract The interaction of 2-(3-acetamido-2-pyridyl)-benzimidazole (2-3 Am2PyBI) with cucurbit[7]uril (CB7) macrocycle
and the effect of inclusion on the proton transfer of 2-3Am2PyBI were studied by using emission fluorescence, 'H NMR spec-
tra and quantum chemical calculation. By the way, the proton transfer of the dye with and without acetyl (2-3A2PyBI) was
also studied. The results indicate that the acetyl promoted the process of proton transfer of the benzimidazole and the cationic
form binds with CB7 easier than the other forms of the dye. The fluorescence studying at selected pHs suggest that the proton
transfer process of the dye was retarded by interacting with CB7 nanocavity and the molar rate is host : guest=1 : 1 analyzed
by the Benesi-Hildebrand method. The dye entered into the CB7 cavity with its benzene ring was proved by the 'H NMR titra-
tion experiment and the protonated forms were verified by the quantum calculation with fluorescence spectra.

Keywords proton transfer; cucurbit[7]uril; emission fluorescence; '"H NMR spectra; quantum calculation
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Figure 1 Fluorescence spectra of 2-3A2PyBI (10 umol/L) at
different pH values (Ax =346 nm)
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Figure 2 Fluorescence spectra of 2-3Am2PyBI (10 pmol/L) at
different pH values (4, =311 nm)
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Figure 3 Fluorescence spectra of 2-3Am2PyBI (10 pmol/L)
with CB7 (100 pmol/L) at different pH values (Ax =311 nm)
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Figure 4 The effect of CB7 concentration on fluorescence

spectra of 2-3Am2PyBI (10 pmol/L)
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Figure 5 The effect of CB7 concentration on fluorescence
spectra of 2-3Am2PyBI (10 pmol/L)
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Figure 6 Benesi-Hildebrand (1) plot of the complexation of
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HKIVEFIWET, £E CIS/6-31G(d,p)/KF-_E 454 pCM!
AR 2-3A2PYBI Ml 2-3Am2PyBI J% L it 1~ 5 #g 44
(Scheme 2)[JBURSHEAT T Mk, 2R)54E TD B3LYP/
6-31+ +G(d,p) 7K X AR IR 3 25 A EAT H 0
BEVESE, 70 TS AR () PRI B (D) Heds
AR (Eg)~ MR TR (N) WRAERREE(E)MLL AJE WK
AR FAE AR RER(AE), 450 WE 1 PR,

T 2-3A2PyBI, A 4 IEH AL, T1, T2 Ky 5l 155
BR iy, T3 XU TR, Eo tHE SR T, A 7Y
IE /N N RS AR e i T, M7 A TR & T
WTL T H688 I N 1) 45 TS RS R B 4. A R TR (1) 25k
RS KA SAE A 412 nm, 5 2-3A2PyBI % )it SE 06 JH i
B N, 1 T1, T2 A1 T3 (96 K S K Al
LSS E AR AL, X IEHT A FRT R £ R

B8 2-3Am2PyBI 5 CB7 /EHf# 'H NMR i
Figure 8 'H NMR spectra of 2-3Am2PyBI with CB7
(HH:G=0;(Q)H:G=05;(3)H:G=10; @) H:G=15;(5)H:G=2.0

1454 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2013, 33, 1451~1456



Chinese Journal of Organic Chemistry

ARTICLE

H H H H
/
H-N HN H-N 0N
SO OO0 O 0
N\ A\
\ \ N \
N N % N N / N N % N N /
H H H/ - H/ +
A T T2 T3
H3C H3C H3C H30

Mo =0 Y=o
HN H N HN H
CI=0 Cr0 T T
N N7 N N7 N’ N
H H
E K1 K2

=0
N
+ —
\
AN/
K3

Scheme 2

£ 1 2-3A2PyBI Fl 2-3Am2PyBI J5i 15 5% M A AR 25(S (m,m*) ) TS
Table 1 Calculations property for 2-3A2PyBI and 2-3Am2PyBI in the excited state (S,(m,1*)")

Tautomer 1D J/nm E/Hartree E,/Hartree AE/(kJsmol ")

A 1.8905 412 0.5794 —682.3634 —682.0619 0.00

T1 2.3558 521 0.3399 —682.3322 —682.0569 13.1275

T2 7.3725 493 0.1512 —682.3369 —682.0668 —12.8649
T3 3.4260 577 0.2774 —682.3282 —682.0654 —9.1893

E 2.9383 390 0.7893 —835.0326 —834.6699 0.00

K1 — — — — —

K2 43004 499 0.0411 —835.0071 —834.6823 —32.5562
K3 4.6697 575 0.0000 —834.9994 —834.6856 —41.2204
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