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Project Code : PDF/21/2544
Project Title : X-Ray Crystallographic Study on Molecular Recognition of Cgo
with Aromatic Hydrocarbons
Investigators and Institute : Dr. Thammarat Aree and
Assoc. Prof. Dr. Supot Hannongbua
Department of Chemistry, Faculty of Science,
Chulalongkorn University

E-mail Address : mam@atc.atccu.chula.ac.th

Project Period : 1 July 2001 — 30 June 2002
Abstract

The research project is aimed at studying the molecular recognition of convex Cgg
with planar polycyclic aromatic hydrocarbons (PAHs) that have different sizes
(naphthalene, anthracene, and coronene) by means of X-ray crystallography. This
method comprises three steps, i.e., crystallization, X-ray diffraction, and data processing.
Although several efforts were put into crystallization of the Cg-PAHs complexes using
different solvents, but it failed to obtain the desired crystals. This is probably due to the
low surface contacts between Cgz and PAHSs, resulting in a few numbers of m-n
interactions and the molecules do not cocrystallize to be a stable complex in crystalline
state. By contrast, Cg, and PAHs tend to crystallize separately. However, during this
project we did crystallization of the inclusion complexes between B-cyclodextrin and
carboxylic acids (benzoic acid, formic acid, and acetic acid), providing high quality
crystals, along with good X-ray diffraction data sets and new crystal structures. This
enabled us to conduct a complete crystallographic research. in addition, these crystal

structures have been accepted for publication in the international journals. The structural

details are described as attachments to the appendix.

Keywords: Crystal structure, X-ray analysis, Cg,, Polycyclic Aromatic Hydrocarbons
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Mitract

“he inclusion complex of B-cyclodextrin (B-CD) with benzoic acid (BA) has been characterized crystallographically. Two §-CDs
srystallize with two BAs, 0.7 ethanol and 20.65 water molecules [2(C,H,00--2(C,H,0,)0.7(C.H,0)20 65H,0] in the triclinic
sce group P1 with unit cell constants: @ = 15.210(1). 5= 15.678(1). ¢ = 15.687(1) A, 2 =8%131), £ =74.64(1). ;y = 76.40(1)".
E anisotropic refinement of 1840 atomic parameters against 16,201 X-ray diffraction data conierged at R = 0.078. In the crystal
vice, B-CD forms dimers stabilized by direct O-2(rm)_1/0-3(m)_1-0-2(n)_2 O-34n)_2 hydrogen bonds (intradimer) and by

irect O-6(m)_1---0-6(n)_2 hydrogen bonds with one or two bridging water molecules joined in between (interdimer). These
Plers are stacked like coins in a roll constructing endless channels where the guest molecules are included. The BA molecules
ptrude with their COOH groups at the B-CD O-6-sides and are maintained in positions by hydrogen bondmg‘to the surrounding
~%~H groups and water molecules. Water molecules (20.65) are distributed over 30 positions in the inlcrst_:ces between B-CD
‘mlecules, except the water sites W-1, W-2 that are located in the channel of the B-CD dimer. Water site W-2 is hydrogen bonded
+tthe disordered ethanol molecule (occupancy 0.7). € 2003 Elsevier Science Ltd. All rights reserved.

Mywords: p-Cyclodextrin: Benzoic acid inclusion complexes; Crystal structures; X-ray analysis; Hydrogen boand

1. Introduction

yclodextrin (B-CD) is a macrocyclic oligosaccharide
psisting of seven D-glucose units linked by a-(1 —4)
ycosidic bonds.! It has the shape of a truncated cone
is amphiphilic with apolar cavity coated by C-H
foups and O-4, O-5 atoms, and hydrophilic rims with
B-6~-H groups on the narrower side, and O-2-H, O-
~H groups on the wider side (Fig. 1).
CDs are well known for their ability to form inclu-
lon complexes® with various types of guest molecules
sRting partially or completely into the host CD cavity
% shown by crystallographic results.> Such beneficial
¥operty of CDs has been applied in many industries,
*8.. foods, pharmaceutics, agriculture.®* However, in-
dusion geometry and stoichiometry of the complexes
e different from guest to guest. Therefore, a gcnc_ral
tion for predicting the authentic CD inclusion
Complexes is not accessible.

* Corresponding author. Tel.: + 66-2-2187584; fax: + 66-
22541309

E-wail eddress: mam@atc.atccu.chula.ac.th (T. Aree).

Benzoic acid (BA) has been proven to form inclusion
complexes with both a-CD and B-CD.*"® Various tech-
niques have been emploved to investigate the com-
plexes, e.g.. in solution by NMR.* by potentiometric
titration;® in the gas phase by FAB mass spectroscopy,’
by theoretical calculations.® The results predicted that
the host-guest stoichiometry is 1:1, the BA aromatic

Fig. 1. Chemical structures and stomic numbering of p-CD
and BA.

W-6215033 - see front marter © 2003 Elsevier Scieoce Lid. All rights reserved. .
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