This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 10:54

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

- Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Hydrogen Bond “Triple Hooks’ in an
Inclusion Crystal of Cholanamide
with Aniline. Structural Difference of
Inclusion Crystals of Cholic Acid and

Cholanamide with Same Guest

Kazuki Sada ? , Yoshiaki Matsuura ® & Mikiji Miyata 2 °

# Department of Chemistry, Faculty of Engineering, Gifu University,
1-1 Yanagido, Gifu, 501-11, Japan

® Material and Life Science, Faculty of Engineering, Osaka

University, Yamadaoka, Suita, Osaka, 565, Japan
Version of record first published: 04 Oct 2006.

To cite this article: Kazuki Sada , Yoshiaki Matsuura & Mikiji Miyata (1996): Hydrogen Bond “Triple
Hooks’ in an Inclusion Crystal of Cholanamide with Aniline. Structural Difference of Inclusion Crystals
of Cholic Acid and Cholanamide with Same Guest, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 276:1-2, 121-127

To link to this article: http://dx.doi.org/10.1080/10587259608039368

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259608039368
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:54 18 February 2013

Mol. Cryst. Lig. Cryst., 1996, Vol. 276, pp. 121-127 © 1996 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science
Publishers SA

Printed in Malaysia

HYDROGEN BOND ‘TRIPLE HOOKS’ IN AN INCLUSION CRYSTAL OF
CHOLANAMIDE WITH ANILINE.  STRUCTURAL DIFFERENCE OF
INCLUSION CRYSTALS OF CHQLIC ACID AND CHOLANAMIDE WITH
SAME GUEST.

KAZUKI SADA, YOSHIAKI MATSUURA, AND MIKIJI MIYATAT*
Department of Chemistry, Faculty of Engineering, Gifu University, 1-1 Yanagido,
Gifu 501-11, Japan.

Abstract Crystal structure of an inclusion crystal of cholanamide with aniline is
described. Comparison of the crystal structure with that of the cholic acid clathrate
reveals both hosts have quite similar assembly mode. However, the most striking
difference is hydrogen bonding. Aniline is included in host lattice of cholanamide
by triple hydrogen bonds, whereas in that of cholic acid by double weak hydrogen
bonds. Difference of the molecular structure between them gives raise to change
the host-guest hydrogen bonding.

INTRODUCTION

Until we found channel-type inclusion compounds of cholic acid(1) in 1987,12.b Jess
attention had been paid in inclusion compounds of steriods other than deoxycholic acid.2
Extensive structural studies of the inclusion compounds of 1 reveal that they have
multibilayer structure with apolar channel similar to deoxylicholic acid clathrates. Less
polar guest molecules such as hydrocarbons, esters, nitriles, ethers and so on are
accommodated in the channel.l More recently, we reported cholanamide (2) as a new
host compound that includes with a wide range of alcohols and cyclic ethers.32 Crystal
structures of the clathrates of 2 indicates that they have similar channel structure to those
of 1. However, they have a hydrogen bond amide ‘hook’ on the wall of the channel to
bind hydrogen bond acceptors.3

Comparison of inclusion behavior and crystal structures between 1 and 2 provide us
121
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an insight for molecular design of host cavities as well as understanding of host-guest
interactions. However, comparison of crystal structures of 1 and 2 with same guest
molecule has been never accomplished, because their guest preference is much different.
Recently, 1:1 clathrate of 1 with aniline was reported. 18 This prompts us to investigate
crystal structure of 2 with aniline. Here, we present crystal structure of a 1:1 complex of
2 with aniline to compare the host-guest interactions. This paper deals with difference of
hydrogen bond network. Moreover, we introduce hydrogen bond ‘triple hooks’ in the
inclusion crystals of 2.

HO™

X=0H: Cholic Acid(1)
X=NH,: Cholanamide(2)

RYSTAL STR RE OF 2 WITH ANILINE

Recrystallization of 2 from aniline yields fine inclusion crystals. TGA and solution NMR
indicate a 1:1 host:guest stoichiometry. Figure 1a shows a crystal structure of the aniline
clathrate of 2. It has multibilayer structure with molecular channel. The multibilayer
structure is caused by hydrogen bonds between hydrophilic faces and van der Waals force
between lipophilic ones of host molecules. This structure is quite similar to those of
clathrates with 2-propanol and 1,4-dioxane. It belongs to one of the typical assembly
modes of bile acids and their derivatives.1-3

‘Triple Hooks’ in the Channe]

Anchor molecular shape of the host produces one-dimensional host cavity, channel, running
along two-fold screw axis. In the channel, guest molecules are included. Host lattice of
2 has a hydrogen bond donor on the wall of the channel. Hydrogen bond networks and
distances of the clathrates of 2 are shown in Figure 2. One amide proton of the host is free
and acts as a hydrogen bond donor, because it is not used in a cycle of host-host hydrogen
bonding. Accordingly, the guest molecule is caught up by the hydrogen bond ‘hook’.
Hydrogen bond single donors such as 1,4-dioxane are entrapped by the amide ‘single
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FIGURE 1 (a) Crystal structures of (a) 1:1 complex of 2 with aniline; (b) 1:1 complex
of 1 with aniline.

hook’.(Figure 2c)3a

On the other hand, there are many hydrogen bond acceptors around the hydrogen
bond amide ‘hook’ on the surface of the channel. All four oxygen atoms of host 2 can act
as hydrogen bond acceptors. However, they may be relative weak because they already
take part in the cyclic host-host hydrogen bond network. Indeed, in the clathrate of 2-
propanol that has one hydroxy group as a hydrogen bond donor, the alcoholic oxygen is
caught by the amide ‘hook’. Simultaneously, an additional hydrogen bond from the
hydroxy group of the guest molecule to the oxygen atom (012) of adjacent host molecule
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FIGURE2  Schematic representation of hydrogen bond netwroks: (a) 2-aniline,
(b) 2-2-propnaol, (c) 2-1,4-dioxane, (d) 1-aniline. Hydrogen bond length in Aand
numbering scheme are shown,
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is forms(Figure 2b).3b  Therefore, 2-propanol are included in 2 by ‘double hooks’.
Primary amines such as aniline have one acceptor and two donors for hydrogen bonding.
Three hydrogen bonds are available between host molecules and the guest in the aniline
clathrate. The nitrogen atom of aniline is caught up by the host amide ‘hook’ and two
oxygen atoms (012 and 024) of two different neighboring host molecules are linked with
the amine protons.(Figure 2a) Therefore, aniline is hold in the channel by hydrogen bond
‘triple hooks’.

COMPARISON OF CRYSTAL STRUCTURE OF ANILINE CLATHRATES

Comparison of crystal structure of 1 and 2 provides us the important information of the
host-guest interactions. Figure 1b shows a crystal structure of the aniline clathrate of
1.1&h  They are isomorphrous. Conformation of the steroidal side chain of both hosts is
identical, which is referred to gauche-type. Host arrangements are quite similar and they
have same stacking manner in both lipophilic and hydrophilic layers. Moreover, orientation
and location of the guest are similar in the channels.

Most characteristic difference between them is hydrogen bonding. Figure 2d
indicates hydrogen bond scheme of the aniline clathrate of 1.1&h Carboxyl host 1 has no
more hydrogen bond donors, because one carboxyl proton is used in a host-host hydrogen
bond cycle. However, amide host 2 has one amide proton as the hydrogen bond ‘hook’
as discussed above. Accordingly, 1 can not form any hydrogen bonds from a host to a
guest in this channel-type structure. In the lipophilic channel, weak hydrogen bond
acceptors or apolar guest molecules are easily included. However, in the aniline clathrate,
there are two weak host-guest hydrogen bonds. Two oxygen atoms (012 and O25) on the
surface of the channel act as hydrogen bond acceptors for two amine protons of aniline.
Consequently, aniline is included in the lattice of 1 by hydrogen bond ‘double hooks’
from the guest to the host as well as by steric fitness between host cavities and guest
molecules.

The amide host 2 with aniline forms the triple hydrogen bonds, whereas the carboxy
host 1 forms the double hydrogen bonds. We think that the hydrogen bond from amide
nitrogen to aniline in 2 is most important among the host-guest interactions. This hydrogen
bond not only contributes to host-guest binding itself, but also enable to the nitrogen atom
of aniline to contact closely to oxygen atoms on the surface of the channel. As a result,
the hydrogen bonds from aniline to host in 2 are much shorter than thosein 1. Accordingly,
host lattice 2 binds aniline much more strongly than 1.
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CONCLUDING REMARKS

Host-host hydrogen bonds of 2 are unchanging. However, host-guest hydrogen bonds are
dependent on hydrogen ability of guest molecules. 1,4-Dioxane, 2-propanol, and aniline
are included in 2 by single, double and triple hydrogen bonds. In order to understand the
host-guest interactions of 2, it is necessary to investigate crystal structures of both clathrates
with other strong hydrogen bond donors and acceptors such as amides, acids, diols and so
on.
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