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Experimental and Theoretical Studies on Molecular Encapsulation of Porphyrin Derivatives with Cyclodextrins

Summary

BIRIE >, AFF R
Yasuji Thara, Chikara Imamura

The molecular encapsulation of porphyrin derivatives having different functional groups with «-, 8-, and

y-cyclodextrins (CD) in aqueous solution was investigated by spectrophotometric measurements at 25C. The

binding constants were calculated for each system imposing 1 : 1 and 1 : 2 stoichiometries. 3~-CD showed

the highest binding constant among the three complexes. The fitness of the guest to the cavity of CD was

suggested to affect the binding constant. Molecular mechanics(MM) and semiempirical molecular orbital

(MO) calculations served to investigate the molecular encapsulation. The more energetically stable complex-

es by encapsulation with CD calculated based on MM were obtained compared with CD and porphyrin alone,

respectively. The structural information about the preferred complex formation by encapsulation from the MO

calculations was also obtained and the results were compared with experimental data.
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Figure 1 : Encapsulation of Porhyrin Subunit via the Secon-
dary Face of CD.
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Figure 2 : Plot of Adsorption Changes of Polphyrin Deriva-
tives(1a and 1b)on Complexation with CD
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Figure 3 : Encapsulation Process via Two-step Binding
Process
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Table 1 : Binding Constants for Encapsulation of Porpyrine
Derivatives with Cyclodextrins®®

a-CD(2a) B-CD(2b) y-CD(2c)

Ku 330 3860 1780
TCPP(la) K, 267 295 427
Ratio (K1) 1 11.7 5.4
Ku "94.1 1770 1270
TPPS(b) Ki. 50 260 225
Ratio (K;;) 1 18.8 13.4

a) At pH 7.0, 0.05 M phosphate buffer, 25C.
b) Binding constants(L/mol), Ky;; 1: 1 complexes Ki;;
1: 2 complexes.
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Figure 4 : Optimized Molecular Structures of Polphyrin
Derivatives (1a and 1b)obtained by MO calcu-
lation(PM 3)
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Table 2 : Calculated molecular properties for hosts, guests,and their encapsulated complexes®

HEAT OF TOTAL

ELECTRONIC CORE-CORE

FORMATION ENERGY ENERGY  REPULSION @g%gé; jg@? jﬁg? x 7
(KCAL) (EV) EV) (EV)
la 29.1484  -9080.1085  -100932.3778 91852.2693  0.5689  -1.4110 4.7060 -1.6475 3.0585
1b -206.0461  -10526.2500  -117623.1455  107096.8955  0.5337  -1.7930 4.3850 -1.2960 3.0890
2a -1240.9963  -14002.5781  -192881.2227  178878.6447  6.0578 -10.8940 1.4570 4.7185 6.1755
2b -1453.3454  -16336.5803  -240010.6593  223674.0791  7.5843  -10.8900 1.4890 4.7005 6.1895
2¢ -1665.5754  -18670.5773  -291827.3465  273156.7691  8.6176 -10.8010 1.4910 4.6550 6.1460
la-2a [1]  -1306.3975  -23084.2586  -462188.2450  439103.9864  73.3640 -1.7260 4.2810 -1.2775 3.0035
la-2a [2]  -2581.5270  -37088.3168  -956662.1797  919573.8629  3.4610  -1.8550 3.8330 -0.9890 2.8440
la-2b [1]  -1542.4618  -25419.2892  -53935.1800  513935.8908  63.6952  -1.7590 4.2270 -1.2340 2.9930
1a-2b [2]  -3048.6316  -41758.1602 -1165490.5059  1123732.3457  10.8861  -2.3130 3.7650 -0.7260 3.0390
la-2c [1]  -1760.9869  -27753.5592  -624049.8274  596296.2681  45.0291  -1.8800 4.1330 -1.1265 3.0065
la-2c [2]  -3475.9906  -46426.2800 -1500384.0724  1453957.7924  15.3883  -2.1950 4.0110 -0.9080 3.1030

a) Based on mopac(PM 3) calculation
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Figure 5 : Potential Energy Changes Along the Changes of
Distance and Dihedral Angles for Encapsulation of
TCPP(1a)with g-CD(2b).
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Figure 6 : Molecular Structures of Complex Formation of TCPP(1a) with CD(2). [1] 1:1 Complex, [2] 1:2
Complex
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Figure 7 © Final Steric Energy Changes by Distance for Encap-
sulation of TCPP(1a)with CD(2).
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F/2lat2bnl 1RV 288K TEHES
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N-3.847 & AR OME- 4 & H<0.078 % 100,153 &
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Table 3 : Changes in the energies for complex formation of TCPP(1a) with CD(2) #%9

No. la-2a [1] la-2a [2] la-2b [1] la-2b [2] la-2c [1] la-2c 2]
FINAL STERIC ENERGY —36.4133 —75.0342 —54.0362 —110.1536 —64.1964 —116.6860
COMPRSSION 0.0177 —0.0052 —0.3232 0.0056 —0.0267 —0.8440
BENDING 2.9786 5.3431 0.4189 0.5206 1.4925 2.9016
BEND-BEND 0.0556 0.1036 0.0216 0.0459 0.0475 0.1078
STRETCH-BEND 0.2092 0.3393 0.1601 0.2016 0.1825 0.5729
VANDER-WAALS

1,4-ENERGY —0.0138 0.2208 —0.4109 —0.1097 1.4846 1.1964

OTHER -18.3939 —38.0027 —27.9542 —54.1733 —38.1780 —75.8013
TORSIONAL 0.3210 2.3492 0.5650 0.1551 3.7145 8.2131
TORSION-STRETCH -0.0230 —0.1860 0.2637 0.0563 —0.2596 -0.1823
DIPOLE-DIPOLE -0.5115 —0.3316 0.8268 —0.6919 5.0778 7.0840
CHARGE-DIPOLE -21.5797 —43.3524 —28.0202 —56.4811 —38.7328 —61.5473
CHARGE-CHARGE -0.0378 —0.0728 0.0400 0.1256 1.0180 2.1143

a) Based on MMS3 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)]
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Table 4 : Changes in the energies for complex formation of TCPP(1a) with CD(2) #»

HEAT OF TOTAL ELECTRONIC CORE-CORE TOTAL

FORMATION ENERGY ENERGY REPULSION ENERGY

(KCAL) (EV) (EV) (EV) (KCAL)

la-2a [1] -36.2593 -1.5724 -168377.9716 168376.3992 -36.2584
la-2a [2] -73.7817 -3.1995 -468255.1381 468251.9387 -73.7800
la-2b [1] -60.9625 - -2.6436 ~198269.1422 1982664986 -60.9611
la-2b [2] -114.2962 -4.9563 ~584895.0277 584890.0713 -114.2934
la-2c¢ [1] -70.2297 -3.0454 ~232180.5705 232177 .5251 -70.2281
la-2c [2] -115.1152 -4.9919 -814840.0685 814835.0766 -115.1125

a) Based on mopac (PM3)calculation

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

of Host)]
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la -LUMO(4.706eV) 1a-2b[1] LUMO@4.227eV) 1a-2b[2] LUMO(3.765eV)
Figure 8 : Optimized Molecular Structures and HOMO, LUMO Distribution Diagrams obtained by MO Calculation(PM 3 )..
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Figure 9 : Electrostatic Potential(ESP) Changes for Encapsulation
of TCPP(1a) with 8-CD(2b).
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