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Theoretical study of the inclusion interaction of
B-cyclodextrin with trans-Resveratrol
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Abstract: The inclusion process of g-cyclodextrin (8-CD) with trans-Resveratrol was studied by the ONIOM ( B3LYP/
6-31G" ;PM3) method. The passing process and cycling process were simulated using B-cyclodextrin (B3-CD) with
trans-Resveratrol as monomers respectively. The two processes probed the stability of trans-Resveratrol entering into the
cavity of g-cyclodextrin from the narrow side ( the primary hydroxyl group side) compared with its wide side (the sec-
ondary hydroxyl group side) , the possible driving forces for the inclusion compounds, the factors influencing stability of
the inclusion compounds and the driven type of forming inclusion compounds in the gas phase. The calculated data indi-
cated that the trans-Resveratrol could easily tend to enter into the cavity of -cyclodextrin from the narrow side, the pos-
sible driving forces for the inclusion compounds were the charge transfer and dipole-dipole interactions, hydrogen bonds
played an important role in the stability of the inclusion compounds, and the formation of natural 8-CD inclusion com-
pounds was an enthalpy-driven process with temperature of 298. 15 K and pressure of 1 atm in the gas phase.
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Fig. 1 Molecular structure of cyclodextrin
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Fig.2 The structural sketch of trans-Resveratrol
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Table 1 The bond lengths, bond angles and dihedral angles of
the B-CD crystalline" and the PM3-optimized B-CD
(the element serial number can be seen from Fig. 1)

B-CD Calculated

Crystalline B-CD Difference
Bond lengths/nm
Cl-C2 0.1519 0.1558 0.0039
C2-C3 0.1530 0.1552 0.0022
C3-C4 0.1520 0.1558 0.003 8
C4-C5 0.1529 0.1554 0.0025
C5-Co6 0.1523 0.1546 0.0023
05-Cl1 0.1398 0.140 1 0.000 3
C1-01 0.1425 0.1413 -0.0012
C2-02 0.1439 0.1399 -0.0040
C3-03 0.1443 0.1403 -0.0040
Bond angles/ (°)
C1-C2-C3 109. 94 109.91 -0.03
C2-C3-C4 109. 18 108. 75 -0.43
C3-C4-C5 111. 06 109. 86 -0.12
C4-C5-Co 113. 63 113.45 -0.18
06-C6-C5 110. 37 114. 14 3.77
05-C1-C2 111.14 111.93 0.79
02-C2-C3 110.93 113.61 2.68
03-C3-C4 110. 04 112.35 2.31
Dihedral angles/ (°)
Cl1-C2-C3-C4 -53.81 -55.74 -1.93
C2-C3-C4-C5 55.11 54. 60 -0.51
C3-C4-C5-05 -55.93 -52.21 3.72
C4-C5-05-C1 59.29 53.29 -6.00
C5-05-C1-C2 -60. 10 -54.18 5.92
05-C1-C2-C3 56.02 54.82 -1.20
02-C2-C3-C4 -176.03  -177.71 -1.68
03-C3-C4-C5 175. 57 179. 19 3.62
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Fig.3 The coordinate systems used to define the inclusion processes of 8-CD with trans-Resveratrol
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mized by ONIOM (B3LYP/6-31G" : PM3) method
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Table 2 The thermodynamic parameters of the isomers of C, D, E, C', D' and E’ calculated by ONIOM

(B3LYP/6-31G* .PM3) method (T =298.15 K)

e AE"/(kJ-mol ") AH"/(kJ-mol™") AG*/(kImol ')  AS*/(J-mol “K)
CHERY -56.39 -48.18 35.38 -280.28
PP, D 545 -40.92 -35.20 35.28 -236. 38
E S48y -45.98 -39.10 39. 85 -264.79
C'EALY -50.73 —42.49 .27 -284.27
PPsion D SEEEY -35.31 -37.16 34. 89 -241.64
E'SH8Y -52.25 -41.10 42.18 -279.28
“IR AE = Ecnmplex - E;;fcr) —En; AH= HC(\mp]ex - Hgfcr) —Hp; AG = Gcomplex - G/;rcn -G AS=(AH-AG)/T,
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Table 3 The NBO charges (e) of the C and O atoms (see Figure 2) of trans-Resveratrol, charge transfer (C-T, e)
and dipole moment ( Debye) calculated by B3LYP/6-31G ™ method

Atoms TR PP\ ugup PP, ud.down
CRtfsY DRUufsY ESEEY ChRtay DAfasY  EXasy

C1 0.35 0.35 0.35 0.36 0.33 0.35 0.35
C2 -0.16 -0.16 -0.16 -0.16 -0.16 -0.18 -0.16
C3 -0.21 -0.23 -0.23 -0.22 -0.22 -0.21 -0.22
C4 0.18 0.18 0.19 0.17 0.19 0.19 0.18
C5 -0.19 -0.19 -0.19 -0.18 -0.23 -0.22 -0.18
C6 -0.19 -0.19 -0.21 -0.20 -0.19 -0.20 -0.20
Cc7 -0.18 -0.21 -0.20 -0.18 -0.20 -0.21 -0.20
C8 -0.20 -0.21 -0.22 -0.22 -0.19 -0.21 -0.21
9 0.19 0.17 0.18 0.17 0.17 0.18 0.19
Cl10 -0.23 -0.24 -0.25 -0.24 -0.24 -0.25 -0.23
Cl1 0.37 0.37 0.36 0.36 0.38 0.37 0.35
C12 -0.24 -0.24 -0.24 -0.24 -0.24 -0.23 -0.23
C13 0.36 0.35 0.35 0.35 0.37 0.35 0.34
Cl14 -0.28 -0.28 -0.28 -0.29 -0.33 -0.29 -0.30
027 -0.64 -0.65 -0.63 -0.64 -0.66 -0.64 -0.64
028 -0.65 -0.65 -0.65 -0. 65 -0.64 -0. 65 -0.66
029 -0.65 -0.65 -0.65 -0.67 -0.65 -0. 66 -0.66

C-T" 0. 00 0.02 0.02 0.03 0.02 0. 02 0.03

D-M* 2.63 4.74 4.31 4.05 4.17 4.43 5.40

TR TEERS; C FE B HLSE ; TR 45 trans-Resveratrol,
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