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Determining accurate quantitative values for the changes in the thermodynamic functions caused by molecular
inclusion in the liquid phase is essential, since the thermodynamic functions constitute basic information required for
understanding the mechanisms of molecular recognition and discrimination. In this study, ideal gas phase enthalpies,
entropies, and Gibbs free energies of the inclusion of alcohols and diols into cyclodextrin (CyD) cavities were
determined on the basis of experimentally measured calorimetry data and hydration thermodynamic functions.
Hydration Gibbs energies of guest molecules were predicted using the SM8 model with dispersion-corrected density
functionals. To clarify details related to the interaction energies of B-CyD-drug complexes, pair interaction energy
decomposition analysis (PIEDA) was carried out. Further, in order to reveal the mechanism involved in the inclusion
phenomenon in these complexes, binding free energies were determined using a molecular
mechanics/Poisson-Boltzmann surface area (MM/PBSA) analysis. By examining three-body interactions with the
molecular orbital method, the differences between homochiral interactions and heterochiral interactions were found to
correspond to the excess enthalpies of mixing of the enantiomers. The relationship between molecular interactions and
changes in thermodynamic quantities examined by precise microcalorimetry has been reinforced using computational
chemistry methods.
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Fig.1 Molar enthalpies of inclusion of guest molecules into o
-cyclodextrin at 298.15 K: filled circle : n-alkane-1-ols, open
circle 1: 2-propanol; open circle 2 : cyclo-hexanol: open triangle
3: 1,2-butanediol; open triangle 4: 1,3-butanediol; open
triangle 5:1,4-butanediol: open triangle 6: 2.3-butanediol.
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Fig.2 Enthalpy diagram of molecular inclusion of alcohols into
a-cyclodextrin cavity in aqueous solutions alcohols.
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Fig.3 Molar enthalpies of inclusion of guest molecules into
oa—cyclodextrin cavities from an ideal gas state at 298.15 K:
filled circle : n-alkane-1-ols , open circle 1 : 2-propanol; open
circle 2 : cyclohexanol ;open triangle 3: 1,2-butanediol; open
triangle 4: 1,3-butanediol; open triangle 5: 1,4-butanediol; open
triangle 6 : 2.3-butanediol.
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Fig.4 Comparison of the predicted hydration Gibbs energies at
CM3/MPWX/6-31G* level and experimental hydration Gibbs
energies of organic compounds.
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Fig.5 Molar Gibbs energies of inclusion of guest molecules
into a-cyclodextrin cavities from an ideal gas state at 298.15 K:
filled circle : n-alkane-1-ols , open circle 1 : 2-propanol; open
triangle 3: 1,2-butanediol ; open triangle 4: 1,3-butanediol; open
triangle 5: 1,4-butanediol; open triangle 6 : 2,3-butanediol.
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Fig.6 Molar entropies of inclusion of guest molecules into a-
cyclodextrin cavities from an ideal gas state at 298.15 K: filled
circle : n-alkane-1-ols , open circle 1 : 2-propanol; open triangle
3: 1,2-butanediol ; open triangle 4: 1,3-butanediol; open triangle
5: 1,4-butanediol; open triangle 6 : 2,3-butanediol.
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Fig.8 Hydration Gibbs energies of inclusion complexes for the
system of a- cyclodextrin + alchols and diols; filled circle :
n-alkane-1-ols; open circlel : 2-propanol; open triangle 2:
2,3-butanediol ; open triangle 3: 1,4-butanediol; open triangle 4:
1,3-butanediol; open triangle 5 : 1.2-butanediol.
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(2M14BD) B X V3-7 v m-12-FTa X U4 — )b

(3C12PDO) DR,S-=F v FA~—FLOEE =< ¥ v
v 2B 572012, WRICBT S SRR AR %
MP2iEEE L DFTE A W CRE LTz, 3R A/ER = %
JU X — XL FBIF AR O AT b 2K o F[FHIF A
ERZEZELBIC Z LIk TELE,

AwoiEeoop = aBcEaBc — (aBcEa - aBcEB -aBcEC) (16)
ApinEeoop = aBcEa — (aBcEa TaBcEB) T apcEac — (aBcEa

+ascEc) T apcEsc — (aBcEB TaBcEc) 17
AlemEconp = AtotEcoop - AbinEcoop

= aBcEaBc — aBcEAB —aBcEAc —aBcEBC TaBcEA T
aBcEBtaBcEc

(18)

(R)-3CI12PDO  + (R)-3CI12PDO  + (R)-3C12PDO >

(R)-3C12PDO  + (8)-3CI12PDO + (§)-3CI12PDO >
(R)-3C12PDO + (R)-3C12PDO + (§)-3C12PDO DJiF, F7=
(R)-2M14BDO + (R)-2M14BDO + (S)-2M14BDO >
(R)-2M14BDO + (R)-2M14BDO + (R)-2M14BDO >
(R)-2M14BDO + (S5)-2M14BDO + (S5)-2M14BDO DJIEIZ 3 {&
MHHAAERNRE S Ie>7-, 3CI12PDO % TiE~7 = [ijtH
HAEA L REMMAAEERICHL D RZENRD BT,
2M14BDO D% Cldmizr D ZIF/hE <, 3C12PDO ZEB IV
2M14BDO ZDI@E|= > ¥ L E—D1HE, 22.54kImol” 35 L O
2.25kImol ZFAT 5 Z LN TE T,

4. BhHYIC

W OB EER 2R ET 2 53~ & 5708,
BEOLBERSMETE, HFHITH0TLISNOHEEMZ D
TR ARERADORBEEEBETHNEL LRV ORE
HETH D, BGIEILY THEERZBLRTHERC, ol
Hip LB LEBRTHI L0, BT DORRDay 71 2
— v a BT IR —EHET HICIIAMEIRED
BN, FHEAFHTEEEDED 2 EICL > TELITH
Ny —n & 5%,
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