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1 Introduction

When we consider that most chemical reactions take place in solution, evaluating “solvent
effect” becomes the most important aspect in many fields including organic and biological
chemistries. Actually most of experiments in chemistry have been done in liquid state, and
growing attention has been paid to the chemical processes occurring in liquids and liquid
mixtures. Thus, theoretical interpretations of such experimental data have an essential
importance in order to understand the “solvent effeét”. The recent development in the
theories of molecular liquids enables us to correlate their experimental data with the theo-
ries in the comparable level of resolution which the molecular simulations can provide. The
purpose of this study is to investigate the chemical processes in solution, which include the
chemical reaction of drganic compounds and the structural stability of biomolecules;, with

the latest development in the theory of molecular liquids.

2 The Diels-Alder Reaction-in Ambient and Super-
critical Water

The Diels-Alder reaction is a synthetic method which has been most widely employed
for the production of polycyclic ring system. In the early 1980’s, Breslow et al. have
shown that using water as solvent accelerates the Diels-Alder reaction dramatically. The
observation has reversed the traditional notion that pericyclic reactions are insensitive to
solvent effects. However, the low solubility of nonpolar solute to aqueous solvents restricts
choicg of reagents, or requires special additives. In this regard, the supercritical water
(SCW) deserves attention due to its unique properties; it can dissolve a variety of solute,
both polar and non-polar, depending on temperature and pressure. A Diels-Alder reaction
in supercritical water is studied by means of combined electronic structure and liquid state
theories. The target system is the cycloaddition of cyclopentadiene with methyl vinyl

ketone. The rate and the yield of the reaction in supercritical water are calculated and
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compared with those in ambient water. The activation free energies of the two isomers, cis
and trans, are compared. The results are in agreement with the experimentally observed
increase of the rate and the yield. The solvation effect for the rate constant is decreased in
supercritical water, but the rate is increased because of the thermal excitation rather than
the solvation effect. The trans-conformer has shown less activation energy in ambient water
and supercritical water compared to the cis-conformer. The estimated yield in supercritical
water is more than six hundred times higher than in ambient water. The high yield in
supercritical water is due to the high solubility of the reactants to supercritical water.

Solvent effects on endo/ezo selectivity of an asymmetric Diels-Alder reaction in ambient
and supercritical water is also studied by means of combined electronic structure and
liquid state theories. . The rate constant and the equilibrium constant are obtained from
the activation free energies and the free energy change of reaction for the two isomers. The
results for the equilibrium constant are in qualitative agreement with the experimentally
observed endo/ezo selectivity. The relative rate constants show that the endo reaction
occurs preferentially in wide range of solvent conditions. Difference of the solvation free
energy shows that endo/ezo selectivity is enlarged in ambient water by hydrophobic effect
and that it disappears cbrnpletely in supercritical water.

The theoretical results are analyzed in the light of the frontier orbital theory in order
to acquire physical insight of solvent effects on the steréo—selectivity of the Diels-Alder

Reaction.

3 Partial Molar Volume of Biomdle‘cules

The partial molar volume is a thermodynamic quantity which contains important infor-
mation of solute-solvent and solute-solute interactions in solution. The thermodynamic
quantity has played an essential role in the analysis of pressure effects on chemical reac-

tions, chemical equilibrium as well as reaction rate in solutions, from the view point of Le
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Chatelier’s law, or more precisely, in terms of the thermodynamic relation,

OlnK AV ' :
( gP )T"'ﬁ’ (1)

where K is the equilibrium constant, and AV is difference in the partial molar volumes
between reactants and products. The partial molar volume has been attracting increas-
ing attention from a field of biophysics, where pressure effect on protein conformation is
of a point of focus: the pressure induced denaturation of protein has been continuously
investigated since Bridgman observed an egg white gel under a pressure of 7000 atm.

The partial molar volume (PMV) of the 20 amino acids in aqueous solution at infinite
dilution are calculated by a Kirkwood-Buff equation derived from the three-dimensional
reference interaction site model (3D—RISM) of molecular liquid. The results are discussed
in comparison with both ﬁhe experimental data and the previous work that is based on the
one-dimensional reference interaction site model (1D-RISM).

The results from the 3D-RISM are in good agreement with experimental data, comparing
the results from the 1D-RISM. For the relatively large amino acids, however, their PMV
are underestimated, indicating that contribution from “ideal fluctuation volume” must be
taken into account for large polyatomic system. Furthermore, the PMV of poly-glutamic
acids are also calculated. The difference between the PMV calculated with the 1D-RISM
and that calculated with the 3D-RISM increased as the number of residue is increased. In
the case of the polypeptide in a-helix, the PMV calculated with the 1D-RISM are decreased
as soon as its backbone makes a complete turn, showing an unreasonable result. These
results indicate that the 3D-RISM is an indispensable approach when applying the RISM

theory to a huge system such as a protein.
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