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

STRUCTURAL DIFFERENCE OF 

KAZUKI SADA, YOSHIAKI MATSUURA, AND MIKIJI MIYATA~* 
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 smking 
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,la?b less 
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 deoxylcholic acid clathrates. Less 
polar guest molecules such as hydrocarbons, esters, nitriles, ethers and so on are 
accommodated in the channel.1 More recently, we reported cholanamide (2) as a new 
host compound that includes with a wide range of alcohols and cyclic ethers.3a 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 
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122 K. SADA et al. 

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:l clathrate of 1 with aniline was reported.l&h This prompts us to investigate 
crystal structure of 2 with aniline. Here, we present crystal structure of a 1:l 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. 

X=OH: Cholic Acid(1) 
X= N H2: C holanamide( 2) 

CRYSTAL STRUCTU RE OF 2 WITH ANTLINE 

Recrystallization of 2 from aniline yields fine inclusion crystals. TGA and solution NMR 
indicate a 1:l host:guest stoichiometry. Figure la 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 Channel 
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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HYDROGEN BOND “TRIPLE HOOKS’ IN AN INCLUSION CRYSTAL 123 

FIGURE 1 
of 1 with aniline. 

(a) Crystal structures of (a) 1:l complex of 2 with aniline; (b) 1: 1 complex 

hook’.(Figure 
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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E 2.849(6) 
,,,,t 

*'* 
2,878( 4)"'*'* 

FIGURE 2 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 8, and 
numbering scheme are shown. 
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HYDROGEN BOND “TRIPLE HOOKS’ IN AN INCLUSION CRYSTAL 125 

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 ANTLINE CLATHRATES 

Comparison of crystal structure of 1 and 2 provides us the important information of the 
host-guest interactions. Figure lb  shows a crystal structure of the aniline clathrate of 
l.%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 l.lg$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 025) 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 those in 1. Accordingly, 
host lattice 2 binds aniline much more strongly than 1. 
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126 K. SADA et al. 

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 smctures of both clathrates 
with other strong hydrogen bond donors and acceptors such as amides, acids, diols and so 
on. 
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