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Molecular structure of estradiol-cyclodextrin inclusion complexes;
strategy for estimation of multi inclusion complexes

Keiko Takahashi'' Wako Kaburagi*2 Toshiaki Narusawa

Abstract

The optimized structure and the heat of formation of 17p estradiol (E2), a-, B- and y-cyclodextrins (CyD)
and their inclusion complexes were calculated using semi-empirical molecular orbital method in order to
predict the stability of each inclusion complexes and understand NMR spectra. Six types 1:1 structures_(s1,
s2, s3, s4, s5 and s6) and four types of 1:2 structures, head to tail (d1 and d2), head to head (d3) and tail to
tail (d4) with a-, B- and y-CyD were configured. Permutation of the heat of formation (HOF) of the
inclusion complex among E2 and CyD were determined. In the a-CyD system, stability permutation were
As2>As6, Ad3, As1>Ad2>Ad1>>Ad4>>As5, As4, As3, in B-CyD system, Bd4>Bd2, Bd1>Bd3, Bs6>
Bs1,Bs2, Bs5> Bs3, Bs4 and in y-CyD system Gd4>Gd1l, Gd2>>Gd3>Gs3>Gs6, Gsl, Gs4, Gs2>Gs5.
Owing to the permutations, the cross peaks of NOE in NMR of the CyD complexes were able to be
assigned and the inclusion complex structures were determined. The method is useful to estimate the hetero
complex systems taking with NMR spectroscopy.
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Fig. 1. Structure of 17-estradiol (E2).
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Fig.2. Molecular structure of E2.
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Fig.3. Molecular drawing of a-CyD (left), B-CyD (middle) and y-CyD (right).

Tablel. Heat of formation of CyDs and a-D-glucose.

Compound BHGRF-E— A > ~D HOF/kcal/mol(AHOF%)
(0-D-glucose), *
o-D-glucose 2.7 -303.7
a-CyD 4.6 -1422.9 (+22) -1822.2
B-CyD 6.7 -1662.5 (+22) 21259
y-CyD 6.8 -1895.4 (+22) 24296

a: n= number of glucose group consisting cyclodextrin molecules.
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a-, -, y-CyD ZHZIIZHNT 1:1 D 6 O
(s1, s2, 83, s4, 55, s6) & 1:2. head to tail (d1, d2), had to

Table 2. Comparison among heat of formation and dipole moment values calculated with MOPAC.

a-CyD B-CyD v-CyD
type HOF/kcal/mol /D* type HOF/kcal/mol /D type HOF/kcal/mol /D?
(AHOF%) (AHOF%)  * (AHOF%)
E2 -107.6 33
CyD -1422.9 4.6 -1662.5 6.7 -1896.4 6.8
E2 & CyD -1530.5 -1770.1 -2004.0
s1 Asl  -1532.0(-0.1) 55 Bsl -1773.1(-02) 7.7 Gsl -1995.1(+0.4) 8.4
s2 As2  -1533.7(-0.2) 6.2 Bs2 -1772.3(-0.1) 4.6 Gs2 -1994.1(+0.5) 8.1
3 As3  -15024(+1.8) 3.4 Bs3 -1767.9(+0.1) 45 Gs3 -1996.5(+0.4) 9.5
s4 As4  -1506.6(+1.6) 6.2 Bsd -1766.5(+0.2) 2.5 Gs4  -1994.2(+0.5) 8.7
s5 As5  -1507.1(+1.5) 14 Bs5 -1772.5(-0.1) 43 Gs5 -1991.1(+0.6) 10.1
s6 As6 -1532.4(-0.1) 3.2 Bs6 -1773.7(-0.2) 53 Gs6 -1995.3(+0.4) 9.1
E2 & (CyD), -2953.4 -3432.6 -3900.4
d1 Adl  -2947.3(+0.2) 3.4 Bdl -3448.0(-0.5) 9.7 Gdl1 -3897.2(=0) 18.7
d2 Ad2 -2952.4(=0) 8.0 Bd2 -3448.6(-0.5) 104 Gd2 -3898.0(=0) 14.1
d3 Ad3 -2956.5(-0.1) 3.6 Bd3 -3440.0(-0.2) 53 Gd3 -3890.6(+0.3) 4.7
d4 Ad4 -2937.3(+0.6) 4.6 Bd4 -3454.8(-0.7) 47 Gd4 -3910.5(-0.3) 10.5

a: dipole moment
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Fig.4. Dependency of HOF on the complex structure after optimization.
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Fig.5. "H-NMR spectra of E2 in CD;0D (a) E2
with a-CyD (b), B-CyD, (c), y-CyD in D,0, (d) .
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Fig.6. NOESY spectra of E2-B-CyD system
in D,O/NaOD solution.
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Fig.7. Possible inclusion complex structures of E2-B-CyD speculated only with NOE cross peaks.
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Fig.8. Possible inclusion complex structures E2-y-CyD speculated only with NOE cross peaks.
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IS % SIS E X | BHER TOS T HEIE R E DL
B TEFICBW AR, AR a s Ba—Zick
LIRS LI LA TH D, BT, BHL
BT O S REENC X D BFFRERRG O — ] & 22X
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&F Lz, (B BFoargemirse 8 1 =2 it

SHEE Lo oL v LET, A
FI SR E M 7 v v 7 T HEEEE CEARLL 3
FERE~R L THARED) ICH DR LR TEKRY
KRZFPpE LR 2 BRI v % — ok
KXW TITbivE Lz, 7/ BFEstE s 2 —o0
BN TR Wl Wi h x| BIOB| & &
F E RIS TBIAWE DTS 2 TSR
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Fig.9. Gd4 type inclusion complex among 2 y-CyDs and E2.
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