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Molecular Simulation on Interaction of Polychlorodibenzofurans and Cyclodextrins

Summary

FRIR G

Yasuji Thara

Molecular mechanics (MM) and molecular orbital (MO) calculations served to investigate the interaction of

B-cycolodextrin (CD) and polychlorodibenzofurans (PCDF) . Calculated values of absolute hardness(z) and

absolute electronegativity (x) on 135 PCDF based on MO calculations showed the linear relationships between

chlorinated positions of PCDF. The more energetically stable complex formation of PCDF with CD calculated

based on MM were obtained compared with CD and PCDF alone, respectively. Moreover, » and x obtained

by complex formation indicated higher values compared with PCDF alone. The results of the present MM and

MO calculations were discussed and compared with chemical structures and the biological toxicity of PCDF.
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Table 1. Calculated HOMO, LUMO energies and values of absolute hardness(7) and absolute electronegativity (y) for PCDF

ELUMO (EV)

No. Chlorinated Position om0 (EV) x 7
1 1.6 —9.067 ~0.773 4.9200 4.1470
2 2,7 —9.043 —0.819 4.9310 4.1120
3 3,7 —8.936 —0.850 4.8930 4.0430
4 1,3,6 —9.086 —0.944 5.0150 4.0710
5 1,4,7 —8.976 —0.949 4.9625 4.0135
6 2,4,6 —9.048 —0.895 4.9715 4.0765
7 1,2,4,7 —9.042 —1.058 5.0500 3.9920
8 1,2,4,9 —9.009 —1.018 5.0135 3.9955
9 2,3,4,7 —9.035 —1.066 5.0505 3.9845
10 3,5,8 —9.070 —0.908 4.9890 4.0810
11 2,3,7,8 —9.035 —1.074 5.0545 3.9805
12 1,2,3,7,8 —9.021 —1.272 5.1465 3.8745
13 1,2,3,6,7,8 —9.099 —1.262 5.1805 3.9185
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Figure 2 : Relationship between Calculated Values of Abso-
lute Hardness(z) and Adsolute Electronegativity(x)
on PCDF
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Figure 3 : Energy Diagrams by Distance for Complex For-
mation of PCDF(1) with CD(4). (A) 1-11/CD Nor-
mal Model (B) 1-11/CD Reverse Model
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Figure 4 : Energy Diagrams by Rotation for Complex For-
mation of PCDF(1) with CD(4). (A) 1-11/CD Nor-
mal Model (B) 1-11/CD Reverse Model
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Table 2. Calculated energies for complex formation of PCDF with CD®:®»

No. 1-11/CD(A) 1-11/CD(B) 1-12/CD(A) 1-12/CD(B) 1-13/CD(A) 1-13/CD(B)
FINAL STERIC ENERGY  —29.7499 —30.9765 —30.8125 —22.1407  —35.8375 —31.3975
COMPRSSION 0.0565 —0.1462 —0.3441 —0.1324 —0.5710 —0.0114
BENDING 0.4102 0.1812 0.3133 —0.1052 0.2399 1.2192
BEND-BEND 0.0288 0.0218 0.0059 0.0070 0.0205 0.0414
STRETCH-BEND 0.1368 0.0731 0.0329 —0.0073 —0.0229 0.0565
VANDER-WAALS

1,4-ENERGY —0.0553 0.1302 0.5870 0.6551 —0.2899 0.8429

OTHER —29.2666 —30.2021 —30.5105 —22.2197  —31.0072 —35.3583
TORSIONAL 1.1582 —0.0266 0.7386 0.3665 0.2210 1.3186
TORSION-STRETCH —0.0997 0.6922 —0.0471 0.0132 0.0066 —0.0638
DIPOLE-DIPOLE —2.1188 —1.7001 —1.5911 —0.7179 —5.4343 0.5574
CHARGE-DIPOLE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CHARGE-CHARGE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

a Based on MM calculation

b kal/mol

¢ Change in the total energy [total energy of the inclusion compound (Host-Guest) ]— [ (total energy of Guest) + (total energy
of Host)]

1-12(B)

Figure 5 : Molecular Structures of Complex Formation of PCDF(1) with CD(4). (a) Normal model (B) Reverse Model
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Table 3. Calculated values of absolute hardness(yx) and absolute electronegativity () for complex formation of PCDF with CD

1—CD Complex (A)

1—CD Complex (B)

No. Chlorinated Position 4 i X 7
1 1,6 5.2640 4.0920 5.2655 3.9995
2 2,7 5.0855 4.1195 5.0885 4.0565
3 3,7 5.0850 4.0400 5.1730 4.0630
4 1,3,6 5.2265 4.0695 5.0510 4.0830
5 1,4,7 5.2310 4.0220 5.1075 4.0815
6 2,4,6 5.2085 4.1045 5.1490 4.1550
7 1,2,4,7 5.2025 3.9825 5.1890 3.9840
8 1,2,4,9 5.2655 3.9995 5.2025 3.9825
9 2,3,4,7 5.3080 3.9830 5.1385 4.0185
10 3,5,8 4.9865 4.1735 5.1295 4.0995
11 2,3,7,8 5.2710 3.9810 5.2665 3.9855
12 1,2,3,7,8 5.2955 3.9255 5.1975 3.9295
13 1,2,3,6,7,8 5.4060 3.9040 5.3145 3.9105
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Figure 6 : Absolute Hardness(z)-Absolute Electronegativity(x) Compensation for Complex Formation of PCDF(1) with CD(4)
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