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Molecular Simulation Studies on Inclusion Complex Formation of
DDT and its Metabolite with Cyclodextrin
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Summary

The inclusion complex formation of DDT (4,4-Dichloro-Diphenyl-Trichloroethane) and its metabolite with
cyclodextrins (CD) was investigated by molecular simulation. Molecular modeling studies were performed
by means of Monte Carlo Simulation on Molecular Mechanics in order to determine the preferred complex
formation of cyclodextrins and guest molecules. The simulations in gas phase and water model showed
that the inclusion of the guest into CD lead to stabilization of the total steric energy. The formation of the
complex involves the one phenyl group of the guest molecules which mainly interact with electrostatic
interaction and hydrophobic interaction by van der Waals forces. Molecular mechanics (MM) calculations
served to investigate the molecular inclusion. The more energetically stable complexes by inclusion with
CD calculated based on semiempirical molecular orbital (MO) calculation were obtained by compared with
CD and guest alone, respectively.

Key Words : Cyclodextrin, DDT and its metabolite, Hydrophobic interaction, Molecular simulation,
Molecular mechanics calculation, Molecular orbital calculation, Total steric energy
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Figure 1 Sketch of the Different Topologies for the Entry of the Guest Molecule
into the Cavity of the CD Host.
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DDE(1b) BPA(1c)

DDT DDE BPA
HEAT OF FORMATTON” 2.43441 27. 02242 —55. 81469

TOTAL ENERGY” -3108. 85288 -2840. 11383 -2637. 12247
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COSMO AREA” 301.92 292. 62 257.68
COSMO VOLUME" 352. 70 327.67 289. 48

Based on Mopac (PM6) calculation
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Figure 2 Compute Properties of DDT, DDE and BPA based on MOPAC Calculation.
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Table 1. Total Steric Energies for the Complex Formation

of DDT,DDE and BPA with Cyclodextrins in Gas Phase®”

BCD(2a) DM B CD (2b) TMBCD(2¢)

T 674.206 1.336 744.510 0.000  796.462 1.919

O 672.870 0.000 749.295 4.785  799.113 4.570
DDT (1a) _

m 794.543 0. 000

v

T 649.927 2.593  719.058 0.000  768.233 0.000

O 647.540 0.206 721.614 2.556  771.935 3.702
DDE (1b)

M 647.334 0.000

V. 649.450 2.116

T 622.827 0.000 696.778 0.000  746.139 0.000

O 626.137 3.310 705.115 8.337  756.102 9.963
BPA (1c)

m 755.652  9.513

v

a) Based on MM (MMFF94s force field) Calculation
b) Kcal/mol

Table 2. Total Steric Energies for the Complex Formation
of DDT, DDE and BPA with Cyclodextrins in GB/SA Water Model”:"
BCD(2a) DM 3 CD (2b) TM B CD (2¢)

I 655.678 3.527  731.340 0.000 780.529  0.000

IO 652.151 0.000 735.162 3.822 780.695 0. 166
DDT (1a)

Il 658.750 6.599 781.612  1.092

v 783.568  3.039

I 637.752 2.699 709.173 0.000 755.559  0.000

IO 635.053 0.000 711.578 2.405 755.980 0.421
DDE (1b)

il

IV 640.107 5.0564

I 614.088 3.714 685.266 0.000  729.042 3.038

o 610.374 0.000 688.830 3.564 726.004  0.000
BPA(Lc)

il

v

a) Based on MM (MMFF94s force field) Calculation
b) Kcal/mol

D S NT2REHET IV TODDT ETM BCDA 5
DGFTHER L. TRTOHGTRIZCDOE 2 %%
REEFMZ FIC L CFER L7z FIZRK LR LW
WIREE LR L% — 2 o5 TR 5Nz,

SF NIRRTy Ialb—Y 3 VORsE,

DDT-TMBCD

Figure 3 Computer-simulated Molecular Models of Complexes Detected for the DDT with
TMBCD Host in Water Model
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Table 3  Change in the Energies and Their Components of Complex Formation
of DDT, DDE and BPA with CD Hosts in Gas Phase” " *”

DDT
BCD DM S CD M3 CD
TOTAL BOND STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL ANGLE STRAIN ENERGY 0. 0000 0. 0000 0.0001
TOTAL TORSION STRAIN ENERGY 0. 0005 0.0006  -0.0003
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0.0000  0.0000
TOTAL NONBONDED STRAIN ENERGY -20.1572  -24.0420 -22.8300
TOTAL CHARGE INTERACTION ENERGY -3.4141  -2.5610 -2.5257
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —23.5713 —26.6034 —25.3563
DDE
BCD DM CD TMB CD
TOTAL BOND STRAIN ENERGY 0. 0001 0.0000  -0.0001
TOTAL ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL TORSION STRAIN ENERGY 0. 0003 -0.0004  -0. 0005
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0.0000  0.0000
TOTAL NONBONDED STRAIN ENERGY -19.4644 -24.5160 -25.7282
TOTAL CHARGE INTERACTION ENERGY —2. 4865 -2.7981 -3.7344
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —-21.9497  -27.3143 -29.4617
BPA
BCD DM CD TMB CD
TOTAL BOND STRAIN ENERGY 0. 0001 0. 0001 0. 0000
TOTAL ANGLE STRAIN ENERGY 0. 0000 -0.0001  -0.0001
TOTAL TORSION STRAIN ENERGY -0. 0004 -0. 0003 0. 0001
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0.0000 0.0000
TOTAL NONBONDED STRAIN ENERGY -15.9207 -18.8680 -15.1215
TOTAL CHARGE INTERACTION ENERGY -17.7602 -17.5811 -19.9102
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —-33.6808 -36.4499 -35.0319

a) Based on MM (MMFF94s force field) Calculation

b) Kcal/mol

c) Change in the energy [total energy of indusion compound (Host-Guest) ]
[total energy of Guest) + (total energy of Host) ]
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Table 4  Change in the Energies and Their Components of Complex
Formation of DDT, DDE and BPA with CD Hosts in GB/SA Water Model” "+
DDT
BCD DM 3 CD T™MBCD

TOTAL BOND STRAIN ENERGY 0. 0000 0.0001 -0.0001
TOTAL ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL TORSTION STRAIN ENERGY 0. 0000 —0. 0002 0. 0000
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL NONBONDED STRAIN ENERGY -20.5065  -24.6390  -19.0771
TOTAL CHARGE INTERACTION ENERGY —2.3161 1.6211 -1.9073
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL GB/SA ENERGY (GB TERM) 6. 2328 3.8983 2.1538
TOTAL GB/SA ENERGY (SA TERM) 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —16. 5891 —22.3624 —18.8313
DDE
BCD DM CD ™S CD
TOTAL BOND STRAIN ENERGY 0. 0001 0. 0000 0. 0000
TOTAL ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL TORSTON STRAIN ENERGY 0. 0002 0. 0006 0.0001
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL NONBONDED STRAIN ENERGY -18. 7145 -23.9207 -23. 1088
TOTAL CHARGE INTERACTION ENERGY -1.3232 —2.3331 -3. 0305
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL GB/SA ENERGY (GB TERM) 4.5438 2.8618 2.7230
TOTAL GB/SA ENERGY (SA TERM) 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —15. 4944 —23. 3917 —23. 4161
BPA
BCD DM 3 CD ™S CD
TOTAL BOND STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL ANGLE STRAIN ENERGY 0. 0000 -0. 0001 0. 0000
TOTAL TORSION STRAIN ENERGY =0. 0007 0.0001 =0. 0002
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0. 0000 0. 0000 0. 0000
TOTAL NONBONDED STRAIN ENERGY -20. 6885 -20.0016  -18.8455
TOTAL CHARGE INTERACTION ENERGY -3.2652 —-8.4119  -11.8421
TOTAL STRETCH-BEND ENERGY 0. 0000 0. 0000 0. 0000
TOTAL GB/SA ENERGY (GB TERM) 5.4551 4.5735 1. 7545
TOTAL GB/SA ENERGY (SA TERM) 0. 0000 0. 0000 0. 0000
TOTAL STERIC ENERGY —18.4994 —23. 8399 —28. 9342

a) Based on MM (MMFF94s force field) Calculation

b) Kcal/mol

¢) Change in the energy [total energy of indusion compound (Host-Guest) ]—
[total energy of Guest) + (total energy of Host)
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Table 5. Heat of Formation for Complex Formation of
DDT, DDE and BPA with Cyclodextrins in Gas Phase®"

BCD(2a) DM 3 CD (2b) TM B CD (2¢)

I -1579.16  4.70 -1522.28  5.02 ~-1498.97 0.00

M -1583.86  0.00 —1527.30  0.00 —1486.57  12.40
DDT (1a)

m

v

I -1554.06  0.00 -1491.81  1.57 ~1452.78 0.00

O -1552.50  1.56 -1493.38  0.00 -1453.14 3.70
DDE (1b)

M -1553.04  1.02

IV -1550.55  3.51

I -1640.41  0.00 —-1574.74  3.16 —1554.55 0.00

M -1636.98  3.43 -1577.90  0.00 -1536.50  18.05
BPA(1c)

m

v

a) Based on Mopac (PM6) Calculation
b) Keal/mol

Table 6. Heat of Formation for Complex Formation of
DDT, DDE and BPA with Cyclodextrins in Water Mode1”"?
BCD(2a) DM B CD (2b) TM B CD(2¢)

I -1641.19  3.02 -1565.79  0.00 -1521.98 0.00

I -1639.14  5.07 -1561.33  4.46 -1519.69 2.29
DDT (1a)

M -1644.21  0.00

v

I -1614.74  1.48 -1541.52  0.00 -1494.53 4.96

o -1614.12  2.10 -1539.00  2.52 -1499.49 0. 00
DDE (1b)

m

V. -1616.22  0.00

I -1707.56  0.00 —1626.47  0.00 —1589.08 0.00

M -1699.03  8.53 -1626.08  0.39 -1580.18 8.90
BPA(1c)

m

v

a) Based on Mopac (PM6) Calculation
b) Keal/mol
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DDE-DMBCD BPA-DMBCD

DDT-TMBCD DDE-TMBCD BPA-TMBCD

Figure 4 Computer-simulated Molecular Models of Complexes Detected for DDT, DDE, and
BPA with CD Hosts in Gas Phase
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Figure 5 Computer-simulated Molecular Models of Complexes Detected for DDT,
DDE, and BPA with BCD Hosts in Water Model
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Table 7 Change in the Energies and Their Components of Complex
Formation of DDT, DDE and BPA with CD Hosts in Gas Phase” "

DDT

BCD DM B CD TMBCD
HEAT OF FORMATION®' -20. 7792 -22. 9939 -23.3621
TOTAL ENERGY? -0. 9011 -0.9971 -1.0131
ELECTRONIC ENERGY? — -96067.6373 ~-114211.8609 ~-117601.0407
CORE-CORE REPULSIONY ~ 96066.7362  114210.8638  117600. 0276
TONIZATION POTENTIALS -10.3191 -9. 8377 -9. 7479

DDE

BCD DM B CD TMBCD
HEAT OF FORMATTON® ~14. 8527 -17.1122 ~21. 3541
TOTAL ENERGY" -0. 6441 -0. 7421 0. 9260
ELECTRONIC ENERGY® ~ -88354.0342 -105533.0830 -108266. 2980
CORE-CORE REPULSTON® ~ 88353.3901  105532.3409  108265. 3720
TONIZATION POTENTIALS -10. 2363 -9. 8284 -9.5916

BPA

BCD DM B CD TMBCD
HEAT OF FORMATTON® ~21. 0402 ~18.7936 ~23. 9652
TOTAL ENERGY? -0.9124 -0. 8150 -1.0392
ELECTRONIC ENERGY? ~ -87429.3588  -98999. 1386 -108268. 7238
CORE-CORE REPULSTON® ~ 87428.4464  98998.3236  108267. 6845
TONIZATION POTENTIAL -10.1892 -9. 7873 -9. 7898

a) Based on Mopac (PM6) calculation

b) Change in the energy [total energy of indusion compound (Host-Gues
[total energyof Guest) +total energy of Host) ]

c) KCAL

d) EV
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Table 8 Change in the Energies and Their Components of Complex

Formation of DDT, DDE and BPA with CD Hosts in Water Model” **
DDT
BCD DM CD TV B CD
HEAT OF FORMATION” -3.3251 ~7.0124 5. 2491
TOTAL ENERGY? 0. 1442 -0.3041 0. 2276
ELECTRONTC ENERGY? ~ -18669.0160 -36530.2827  -38458. 4310
CORE-CORE REPULSTON”  18668.8718  36520.9786  38458.2034
TONIZATION POTENTIALY  -10.3966 -10. 1628 ~10. 0645
DDE
BCD DM 3 CD M B CD
HEAT OF FORMATTON® ~14. 8527 ~4.3900 6. 2140
TOTAL ENERGY® 0. 6441 0. 1904 0. 2695
ELECTRONIC ENERGY? ~ -88354.0342 -31991.2255  -35250. 0336
CORE-CORE REPULSION®  88353.3901  31991.0351 35249, 7642
TONTZATION POTENTIALY  -10.2363 -10. 1265 -9. 8653
BPA
BCD DM 3 CD TV B CD
HEAT OF FORMATTON® ~4.7619 ~3.9635 3. 7142
TOTAL ENERGY® 0. 2065 ~0.1719 0. 1611

ELECTRONIC ENERGY? —19547. 1394 -27879.8982  —-34955. 1978
CORE-CORE REPULSTON" 19546. 9329  27879. 7263 34955. 0367
TONIZATION POTENTIALY —10. 1650 —10. 2452 —9. 9494

a) Based on Mopac (PM6) calculation

b) Change in the energy [total energy of indusion compound (Host-Guest)

[total energy of Guest) + (total energy of Host) ]
c) KCAL
d) EV
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