
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:50
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

Combinatorial Chemistry of
Inclusion Compounds by using
Steroids
Mikiji Miyata a , Kazuki Sada a & Yasuhito Miyake a
a Material and Life Science, Graduate School of
Engineering, Osaka University, Yamadaoka 2-1,
Suita, Osaka 565, Japan

Version of record first published: 04 Oct 2006

To cite this article: Mikiji Miyata, Kazuki Sada & Yasuhito Miyake (1998):
Combinatorial Chemistry of Inclusion Compounds by using Steroids, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 313:1, 173-178

To link to this article:  http://dx.doi.org/10.1080/10587259808044271

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044271
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

50
 2

0 
A

ug
us

t 2
01

2 



Mol C'ri,.\r f.iy. C'rv .w,  1998. Vol. 313. pp 173- 178 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 1998 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

under the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

COMBINATORIAL CHEMISTRY OF INCLUSION COMPOUNDS 
BY USING STEROIDS 

MIKIJI MIYATA*, KAZUKI SADA AND YASUHITO MIYAKE 
Material and Life Science, Graduate School of Engineering, Osaka University, 
Yamadaoka 2- 1, Suita, Osaka 565, Japan 

Steroidal acids and their derivatives form inclusion compounds with a variety 
of organic substances. Over one thousand derivatives are candidates for hosts 
of the compounds. The study on steroidal inclusion compounds provides 
systematic data for considering relationships between molecular structures and 
molecular assemblies, indicating that combinatorial chemistry can be applied 
to inclusion chemistry. 

Kevwords: steroids; bile acids; inclusion compounds; host-guest assemblies; 
hydrogen bonding networks; combinatorial chemistry 

INTRODUCTION 

We have been studying on inclusion compounds of steroids, particularly bile 
acids and their derivatives'l'. The reason is that the steroids are regarded as 

FIGURE 1 Information carriers composed of sequential carbon-chains. 
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174 M. MIYATA et al. 

(6) + 

(15) ++ 

sequential carbon-chain oligomers, which are conceptually made by removal of 
amide groups from peptides (Fig. 1). The units of the chains are substituted 
methylenes which may combine to yield practically infinite kinds of latent 
hosts (Fig. 2). This means that these hosts may function as information carriers 
at a molecular level[,]. This idea directed us to combinatorial chemistry of the 
inclusion compounds by using the steroids. 

Here we describe some relationships between molecular structures and 
assemblies of the steroids, leading to an interpretation of their inclusion behaviors. 

(5) * nd POH 
(10) + (12) -- H 

R,; R,; R, : H, a-OH, P-OH 
R, : CO,H, C%CO,H, C~CH,CO,H 

CONH,, CH,CON%, CH,CH,CONH, 
CO,CH,, CH,CO,CH,, CH,CH,CO,CH, 
CYOH, CH,CH,OH. CH,CYCH,OH 

R, & R, etc. 

FIGURE 2 Steroids composed of substituted methylene units. 

TABLE 1 Approximate inclusion abilities of steroidal acids (R =CH,CO,H) 
towards organic substances. The acids are designated by numbers 
in parentheses in the text. 

I (8) +and - I (7) + I nd I POH 
(+ ): hydrophilic guests included, (++): more hydrophilic guests included; 
( - ): lipophilic guests included; 
( * ) : guest-free crystals obtained; (nd): more research needed. 

(- -) : more lipophilic guests included; 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

50
 2

0 
A

ug
us

t 2
01

2 



COMBINATORIAL CHEMISTRY 175 

INCLUSION BEHAVIORS AND ASSOCIATION MODES OF THE 
STEROIDAL ACIDS AND THEIR DERIVATIVES 

Starting from commercially available bile acids,such as cholic acid(l), 
deoxycholic acid(4), chenodeoxycholic acid(9), lithocholic acid( 14), their 
epimerization affords many kinds of the steroidal derivatives. They have 
different inclusion abilities towards various organic guests, as shown in Table 
1; ones include hydrophilic guests, while others include lipophilic guests. 
Such selectivities are attributed to diversible association modes of the host 
molecules through intermolecular hydrogen bonds. 

These host molecules associate to give a crossing, a layered and a helical 
structures, as schmatically shown in Fig. 3. Fig. 4 exemplifies a schematic 
representation of a hydrogen bonding network in the layered structure. 

id (21 Cholic Acid (1) -c 
1 includes only methanol, ethanol and 1-propanol among saturated aliphatic 
alcohols involving one to six carbon atoms, while 2 includes most of the alcohols. 
In the case of the layered structure, 1 forms cyclic hydrogen bonding networks 
by using four hydogen bonding groups which belong to different molecules 
(Fig. 5(a)). The alcoholic guests do not join the network, explaining the limited 
inclusion ability of 1. On the other hand, 2 forms branched networks, since the 
directional change forces 3-positioned hydroxy groups to combine with carboxyl 
groups of the side-chains (Fig. 5(b)). The alcoholic guest is inserted between 
the 3-positioned hydroxy group and the 1Zpositioned one, enabling us to explain 

. .  

FIGURE 3 Representative assemblies; crossing(a), layer(b) and helix(c). 
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FIGURE 5 Changes of hydrogen bonding networks in the layered structures 
in the case of hosts; 1 (a), 2 (b), 3(c), and 4(d). 

the inclusion of the alcohols. 
In contrast, 3epideoxycholic acid (3) includes only 2-methyl- 1-propanol 

among four kinds of butanols, 2-pentanol and 2-methyl- 1-butanol. The common 
alcoholic guests yield isomorphous bilayered crystals in the case of both 2 and 
3. Removal of 7-positioned hydroxy group from 2 may weaken the branched 
hydrogen bonding network (Fig.5 (c)), explaining that 3 includes a limited range 
of the alcohols. 

Dolic Brid (1) and Dee- Acid (4 
4 does not include methanol, ethanol and 1-propanol, in contrast to 1. This is 
based on different polymorphic crystals of these hosts. 1 employs a crossing 
structure for the alcohols, while 4 does not. Both the hosts can include a wide 
range of lipophilic substances by using bilayered structures. But their hydrogen 
bonding networks are greatly different. Namely, 4 takes a stable helical network, 
as can be seen in Fig. 5(d). This difference brings about a reverse arrangement 
of the host molecules in the hydrophilic sites of the bilayers. An antiparallel 
arrangement gives 1 large pockets at the channel walls, while a parallel 
arrangement gives 4 very small pockets. 
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COMBINATORIAL CHEMISTRY 111 

12-Epicholic acid (5) does not include organic guests employed, while 
12-epideoxycholic acid (6) includes only 2-methyl-2-butanol. 3.12-Epicholic 
aicd (7) includes methanol, acetonitrile and so on. In contrast, 3.12- 
epideoxycholic acid (8) includes both hydrophilic and lipophilic guests. This 
is because the host molecules form a helical assembly with a channel. Further 
three kinds of epimers of 1 remain unclarified. 

W i c  Acid (1) Acid (91 
Removal of 12-positioned hydroxy group from 1 causes a dramatic change of 
the molecular arrangements. It is known that 9 forms a helical assembly with a 

large channel (Fig. 3 (~ ) ) [~ ] .  Therefore, 9 may include a wide range of organic 
guests. However, there are only several reports about the inclusion abilities so 
far. Recently, we have found that 9 forms large crystals in the presence of 
some esters. The usage of the crystals enables us to obtain various inclusion 
compounds of 9 by spontaneous replacement of the included guests. 

In contrast, 3-epichenodeoxycholic acid (10) includes only 3-methyl-2- 
pentanol among aliphatic alcohols involving one to six carbon atoms. Moreover, 
7-epichenodeoxycholic acid (ll), called ursodeoxycholic acid, does not form 
the inclusion compounds at all. However, we have found that 3,7- 
epichenodeoxycholic acid (12) and 3,7-epicholic acid (13) include various 
organic substances, such ketones and naphthalene derivatives. This finding is 
attributed to large channels between monolayers. An additional hydroxy group 
of 13 is expected to function as a hydrogen donor to catch the polar guests. 

Cholic Acid (1) a n d u c  Acid (141 
There is a report on a crystal structure of 14 without guest[41. We have searched 
the inclusion ability of 14 towards various organic substances. This thorou 
investigation brought us the finding of inclusion of aromatic guests, but further 
X-ray structural study is necessary for describing the compounds. 

On the other hand, 3-epilithocholic acid (15) clearly forms the inclusion 
crystals with many aliphatic alcohols. Until1 now we obtained only thin inclusion 
crystals which are not suitable for X-ray crystallographic analysis. 
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178 M. MIYATA et al. 

We observed dramatic changes of inclusion behaviors of the hosts by 
transformation of hydrogen bonding groups of steroidal side-chains. For 
example, an amide derivative of 1 includes all  of the aliphatic alcohols mentioned 
above, in contrast to 1. This can be interpreted by an additional hydrogen 
which functions as a hydrogen donor for catching the alcoholic guests. On the 
other hand, an alcohol derivative of 1 does not include any organic guests. 
Both elongation and shortening of the side-chains cause subtle or great changes 
of the inclusion behaviors as compared with the original hosts. For example, 
norcholic and nordeoxycholic acids with one less carbon than 1 and 4 include 
various aliphatic alcohols, similar to amide derivatives of 1 and 4, respectively. 

CONCLUDING REMARKS 

In principle we can get more than one thousand derivatives of bile acids. We 
aim to search for the inclusion abilities of as many hosts as possible. This is 
because such studies may lead us to establishment of the concept; information 
and expression by small molecules which are composed of sequential and chiral 
carbon-chains. 
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