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5B-Petromyzonol does not form crystalline inclusion cbmpounds with organic sub-
stances in contrast to cholic acid, cholanamide and methyl cholate. The crystal structures
of these hosts give direct evidence for such an inclusion feature. 5B-Petromyzonol forms
greatly different bilayered crystals from other hosts with respect to the hydrogen bonding
networks, molecular arrangements, and stacking modes.

Cholic acid (1) and its derivatives are highly asymmetric and 23 2R4
facially amphiphilic compounds involving four discrete hydrogen 22/ Tail
bonding groups. Such characteristic molecular structures would en-
able us to study various features of asymmetric bilayered crystals from

various viewpoints.l’z) The one is how their functional groups affect
Head

their hydrogen bonding networks, leading to different molecular ar-

rangements and inclusion abilities. We have reported that 1 preferen-  HOY “OH Left
tially includes nonpolar substances such as aromatic compounds3b’e) R=CO;H; Cholic acid(1)
and lactones,3c) while cholanamide (2) includes polar substances suich ~ R=CONHj; Cholanamide(2)

as ethers4a) and alcohols,4b) and that methyl cholate (3) is intermediate R=CO,CHzs; Methyl cholate(3)
between them.>® In contrast, 53-petromyzonol (4) has not been con-  R=CHO0H; 58-Petromyzonol(4)
firmed to form the inclusion compounds with a variety of organic sub-

stances. We now found that the crystal of 4 has a specific molecular arrangement derived from a different
hydrogen bonding network from those of 1-3. This paper concemns with the interpretation of variable inclusion
abilities of these hosts on the basis of their crystal structures.

4 was prepared from commercially available 1 by the method described in literature.” 4 was recrystal-
lized from over fifty different organic substances, such as alcohols, carboxylic acids, esters, lactones, ketones,
nitriles, and so on. The resulting crystals gave no evidence for inclusion and polymorphism, because the crystals
had the same infrared spectra and diagrams of thermal analysis. For comparison Table 1 illustrates the inclusion
behaviour of 1-4 against eight kinds of alcohols together with data reported earlier. It can be seen that their
inclusion abilities vary from one case to another. That is, 2 included all the alcohols employed, whereas 1
included only methanol, ethanol, and 1-propanol. 3 exhibits another behaviour, especially in the case of bu-
tanols. In contrast, 4 did not include these alcohols at all. The disappearance of the inclusion ability of 4
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Table 1. Molar ratios of the inclusion compounds of cholic acid and its derivatives with various alcohols®

N}ms MeOH EOH PI'OH PrOoH Bu"OH Bu'OH Bu'OH Bu'OH
0OSts

1 19 119 119 B B _B _B  _b
2 1:19 1:19 1:19 1:1 1:1 1:1 1:1 1:1
3 1:19 1:19 1:19 1:19 —b b 1:1 21
4 _b _b b _b b _b b _ b

a) The inclusion compounds were prepared by the usual recrystallization method. Molar ratios were deter-
mined by thermogravimetry. b) Alcohols were not included. c¢) Ref.7. d) Ref.4a. e) Ref.5a.

suggests that 4 constitutes a molecular assembly different from those of 1-3. In order to clarify this from a
structural viewpoint, we carried out X-ray crystal structural analysis of 4.

Single crystals suitable for the analysis were grown at room temperature by slow evaporation of methanol
solutions of 4. They belong to a different crystal system (tetragonal, space group P 412;2) from those of 1-3
(monoclinic, P 2; or orthorhombic, P 212121).8) The observed bond distances and angles are the normal values
for the standard steroidal compounds within experimental errors. The side chain adopts frans conformation as in
the case of the inclusion compound of 1 with y—valcrolactone,3c’d) that of 2 with 1,4—dioxane4a) and that of 3 with
acrylonitrile.sc) The torsion angles of (C(16)-C(17)-C(20)-C(22)), (C(17)-C(20)-C(22)-C(23)), and (C(20)-
C(22)-C(23)-C(24)) are 60.8°, -169.6°, and 172.3°, respectively. Figure 1 shows the crystal packing viewed
along the diagonal a and b axes. It can be seen that the asymmetric molecules associate in a head-to-tail and
right-to-left fashion to yield asymmetric sheets which extend in the a and b directions. Each sheet is composed
of one hydrophilic and another lipophilic
sites. The amphiphilic sheets are stacked on
each site along the crystallographic ¢ axis to
produce bilayered crystals with no inclusion
spaces.

The striking feature is that the stacking
modes of 4 are greatly different from those of
1-3 on both hydrophilic and lipophilic sites
of the sheets. Figures 2 (a) and (b) show an
overlap and a rotation of steroidal skeletons
on the hydrophilic and lipophilic sites, re-
spectively. The overlap is caused by a
unique hydrogen bonding network among
the host molecules. Figure 3 shows a sche-
matic representation of the network of 4 as
compared with those of 1-3. 1 and 2 form

similar networks of the cyclic sequence of

OH[C(3)]---OH[C(12)]---0=C(24)-OH--- Fig.1. The crystal structure of 4 viewed down
OH[C(7)]---OH[C(3)], where four different along the diagonal a and b axes.
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host molecules provide each one functional
group. 3 forms open networks of the similar
sequence. On the other hand, 4 forms another
networks with the different sequence of
OH[C(7)]---OH[C(12)]---OH[C(24)]---
OH[C(3)].'?  The introduction of a hydroxyl
group into the side chain led to the greatly dif-

ferent hydrogen bonding networks.

Such different networks cause different
arrangements of the host molecules, as sche-
matically shown in Figs. 4 (a) and (b). Inthe
case of 1-3 the molecules locate on vertices and
long sides of rectangles (Fig. 4(a)), while in
the case of 4 the molecules locate on vertices
and diagonals of squares (Fig. 4(b)). In the
former case guest molecules are trapped into
the concavity on the lipophilic site of the bilay-

ers. 2 has additional hydrogen bonding hooks Fig.2. Stacking of amphiphilic sheets of 4 on hydro-

thereon suitable for inclusion of ethers and philic sides (a) and lipophilic sides (b) viewed
alcohols. On the other hand, in the case of 4 down along the crystallographic ¢ axis.
Guest O ([)(szf(7I)I]
Host II T Host 1 g(()isltét)l K
.”.O[C(7)] Host I 0[C(7)] ~_Host II 3‘[’?;‘(3)]
0) é‘% C(24 m---ﬁi 0 o*(‘,‘:.}}“O[CU)] :
4 b k :

. 0&) %3:) Host 1 7
\ ‘@‘C%"St 111 ,, )ost I AHost i VTCEHTH ,
Host IVE™  OICX) Host IV®” OICO)] Host vg” OICA)N  Host 1T

0[C(12)] 0[C(12)] 0[C(12)] 0[C(3)]
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Fig.3. Schematic representation of hydrogen bonding networks ; (a) 1 - benzene,3e)

b2- 2-propanol,4b) ©3- acrylonitn'le,sc) and (d) 4.10)

Fig.4. Schematic representation of different molecular arrangements for the hosts 1-3 (a) and 4(b).
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the concavity in the center of squares are compensated by the convexity of the neighboring sheet, explaining the
fact that 4 has no inclusion ability. In this way the crystal structures give us clear evidence for variable inclusion
abilities of 1-4 on the basis of different molecular arrangements.

In conclusion, this study demonstrates that molecular associations greatly or slightly change with the
transformation of functional groups of the flexible side chains attached to the rigid skeletons. Although the
molecular design for multimolecular inclusion compounds has so far been concentrated on rigid skeletons,g) this
study indicates that the side chains could play a fascinating role in determining the inclusion abilities.

This work was supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Sci-
ence and Culture, Japan and by the Izumi Science and Technology Foundation.
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