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Inclusion and Molecular Simulation Studies on Complex Formation

of Methyl Orange and its Homologs with Modified Cyclodextrin
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Summary

The inclusion complex formation of methyl orange and its homologs with modified cyclodextrins (CD) in
aqueous solution was studied by spectrophotometric measurement at 25 C. The binding constants were
determined on methyl orange derivatives of the alkyl groups with different lengths with modified CD.

Changing the length of alkyl groups in methyl orange derivatives modified the binding selectivity in favor

of hydrophobic interaction on the complex formation.

Molecular simulations were performed on the complex of methyl orange derivatives with modified CD to

explain the experimental results. The simulations in gas phase and water model showed that the inclusion

of the methyl orange derivatives into CD lead to stabilization of the total steric energy in agreement with

experimental findings.

Key Words: Modified cyclodextrin, Methyl orange and its homologs, Binding constant, Hydrophobic

interaction, Molecular simulation, Steric energy
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Modified Cyclodextrins

CH,0OR? CH,OR?® CH,OR?®
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—0
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1a; n=4, R'= R?= R%= H (aCD)
1b; n=4, R'= R*= CH3 R?= H (DMaCD)
1c; n=5, R'= R%= R3= H (BCD)
1d; n=5, R'= R3= CH; R?=H (DMBCD)

1e; n=5, R'= R%= R3= CH; (TMBCD)
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Methyl Orange Derivatives

R
2
2a; R=CH; (MO)
2b; R=CH;CH, (EO)
2¢; R=CH;(CH,); (BO)
2d; R=CH3(CH,)s (HO)
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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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Figure 2 Plot of Adsorption Changes of MO and BO on Complexation with DM 8 CD at 25 °C.

Table 1. Binding Constants for the Complex Formation of Methyl Orange Derivatives with Modified

Cyclodextrins®

Kb, M
aCD (la) DMaCD (1b) BCD (lc) DMBCD (1d) TMpACD (le)
MO (2a) 5780 17000 2200 14700 4130
EO (2b) 7140 30800 6060 41800 8550
BO (2¢) 12300 40500 6410 114300 13400
HO (2d) 3830 25800 5880 27900 7090

a) pH 7.0, 0.05M Phosphate Buffer, 25C

Table 2. Binding Constant Ratios for the Complex Formation of Methyl Orange Derivatives with Modified

Cyclodextrins®

10" Kb, M
fCD DM pCD TM pCD DMpCD/BCD TMBCD/BCD
MO (2a) 0.220 (1) 147 (1) 0413 (1) 6.69 1.88
EO (2b) 0.606 (2.75) 418 (2.84) 0.855 (2.07) 6.90 141
BO (2¢) 0641 (291) 1143 (7.78) 1.340 (324) 17.80 2.09
HO (2d) 0588 (2.54) 279 (1.72) 0.709 (1.72) 474 121

a) pH 7.0, 0.05M Phosphate Buffer, 25C
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Figure 3 Potential Energy Change Along the Path of Inclusion for Complex Formation of MO with 3CD

and DM B CD.
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Table 3. Change in the Energies and Their Components of Complex Formation of MO and BO with CD

Hosts in Gas Phase® ® ©

MO

aCD DMaCD BCD

DMBCD TMpBCD

TOTAL BOND STRAIN ENERGY

TOTAL ANGLE STRAIN ENERGY

TOTAL TORSION STRAIN ENERGY

TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY
TOTAL NONBONDED STRAIN ENERGY
TOTAL CHARGE INTERACTION ENERGY
TOTAL STRETCH-BEND ENERGY

TOTAL STERIC ENERGY

—0.0001 0.0000 0.0000
—00334 —17.6354

-0.0032 —-05833 —0.0008 0.0038 0.0008
—-0.0059 —-088%5 —00016 —00043 —0.0014
—0.0003  —0.0047 0.0013 0.0009 0.0007

—0.0001 0.0000
—12535 —19.2052 —16.6019

—77.2846 328328 —106.2027 —15.1611 —34.9276
00017  —-0.0363 —0.0051 0.0027  —0.0059
—77.3246 136872 —1074632 —34.3645 —51.5372

BO

aCD DMaCD BCD

DMBCD TMpCD

TOTAL BOND STRAIN ENERGY

TOTAL ANGLE STRAIN ENERGY

TOTAL TORSION STRAIN ENERGY

TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY
TOTAL NONBONDED STRAIN ENERGY
TOTAL CHARGE INTERACTION ENERGY
TOTAL STRETCH-BEND ENERGY

TOTAL STERIC ENERGY

0.0000  —0.5825 0.0043 00072 —0.0071
-0.0083 —0.8672 0.0036  —0.0143 0.0015
0.0007  —0.0046 0.0007 0.0021  —0.0009

—0.0001 0.0000 0.0000 0.0000 0.0001
—04909 —22.3470

—12833 —144647 —18.7837

—77.2290 331395 —107.8091 —39.9949 —29.7903
0.0000 —-00351 -00025 -00012 -0.0051
—77.7286 9.3025 —109.0857 —54.4660 —48.5849

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 4. Change in the Energies and Their Components of Complex Formation of MO and BO with CD

Hosts in GB/SA Water Model® * ©

MO
aCD DMaCD fCD DMBCD TMpBCD
TOTAL BOND STRAIN ENERGY 00011  —-0.7906  —0.7225 15141  —-0.7943
TOTAL ANGLE STRAIN ENERGY -0.0012 -31069 —2.2809 53866  —3.1435
TOTAL TORSION STRAIN ENERGY 0.0003 —0.0015 -0.0023 0.0042  —0.0012
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY ~ —0.0001 0.0000 0.0000 0.0000  —0.0005
TOTAL NONBONDED STRAIN ENERGY —-166105 —182898  —0.9755 26548 —20.1720
TOTAL CHARGE INTERACTION ENERGY —4.3588 391030 —188772 —24.5846 49.0553
TOTAL STRETCH-BEND ENERGY -0.0004 -00571 —-0.0232 -00546 —0.0635
TOTAL GB/SA ENERGY (GB TERM) 79692 —51.1214 —17.0500 —491842 —62.6444
TOTAL GB/SA ENERGY (SA TERM) 0.0000 0.0000 0.0000 0.0000 0.0000
TOTAL STERIC ENERGY —13.0005 —342649 —39.9317 -—333233 —37.7642
BO
aCD DMaCD fCD DMBCD TMpBCD
TOTAL BOND STRAIN ENERGY -00052 -07701 -08421 —0.7851 —0.8297
TOTAL ANGLE STRAIN ENERGY 00045  —-31920 —-32757 —32268  —3.2569
TOTAL TORSION STRAIN ENERGY —-0.0006 —-0.0027 -00017 -00023 —0.0022
TOTAL OUT-OF-PLANE ANGLE STRAIN ENERGY 0.0000 0.0001 0.0001 0.0000 0.0000
TOTAL NONBONDED STRAIN ENERGY —19.1085 —22.1027 —206308 —209003 —26.9166
TOTAL CHARGE INTERACTION ENERGY —1.0257 514348 47.3482 48.3703 43.8054
TOTAL STRETCH-BEND ENERGY -0.0015 -00612 —-00545 -0.0648 —0.0581
TOTAL GB/SA ENERGY (GB TERM) 47949 —-595995 —-56.3424 —579310 —56.9574
TOTAL GB/SA ENERGY (SA TERM) 0.0000 0.0000 0.0000 0.0000 0.0000
TOTAL STERIC ENERGY —153432 —342928 —337996 —34.5404 —44.2155

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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Figure 4 Computer-simulated Molecular Models of Complexes Detected for the MO and BO with a CD

Host in Gas Phase and Water Model.
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Figure 5 Computer-simulated Molecular Models of Complexes Detected for the MO and BO with BCD
Host in Gas Phase and Water Model.
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Figure 6 Computer-simulated Molecular Models of Complexes Detected for the MO and BO with DM
CD Host in Gas Phase and Water Model.
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Table 5. Change in the Energies and Their Components of Complex Formation of MO and BO with CD

Hosts in Gas Phase®
MO
a CD DM a CD S CD DM S CD TM BCD
HEAT OF FORMATION® —84.3037 —46.0303 —85.9508 —47.2532 —415767
TOTAL ENERGY? —3.6558 —-1.9961 - 37272 —2.0491 —1.8029
ELECTRONIC ENERGY? —893325257 —107554.5731 —97034.3678 —117731.7792 —122657.8807
CORE-CORE REPULSIONY 89328.8699 107552.5770 97030.6406 117729.7301 122656.0777
IONIZATION POTENTIALY -9.1089 —38.8531 -8.9209 —8.7235 - 84778
BO
a CD DM a CD LCD DM S CD TM SCD
HEAT OF FORMATION® —84.9505 —45.5585 — 874775 —49.6693 —34.8030
TOTAL ENERGY? —3.6838 -1.9756 -37934 —2.1539 —1.5092
ELECTRONIC ENERGY? —105747.3170 —1313404838 —120051.0654 —147704.6521 —159615.9415
CORE-CORE REPULSION? 105743.6332 131338.5082 120047.2720 147702.4983 159614.4323
IONIZATION POTENTIAL? -9.2512 -8.9579 - 88772 - 88178 —8.8877

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) ]
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Figure 7 Optimized Molecular Structures and HONO, LUMO Energies Obtained by MOPAC Calculation
(PM3).

Table 6. Calculated HOMO, LUMO Energies and ESP Charges of Complex Formation of BO and DM 3 CD?

Gas Phase Water Model
BO Complex BO Complex
HOMO” -6.122 - 6.766 - 8855 —8.754
LUMO" 1416 1.725 -1.175 -1.135
S 1.782 1.804 1.900 1914
ESP 01 -0.794 -0.791 -0.929 -0.931
02 -0.796 —-0.786 -0.927 -0.935
03 -0.792 -0.829 -0.902 -0.907
a) Based on Mopac2002 (PM3) calculation
b) EV
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