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The concerted interactions observed between five conju-
gated double bond CHs and four hydroxy Os in the crystal of
chainin, a polyene macrolide antibiotic, clarified the ex-
istence of unprecedented, weak =C-H---O interactions,
which is important for forming its intrinsic molecular
assembly.

Polyene antibiotics are clinically important as potent antifungal
agents. They have amphiphilic structures with multiple polar
OH groups and conjugated double bonds within the molecule.
Chainin (1; Scheme 1), which isa pentaene macrolide antibiotic
isolated from Chainia species,* has four linearly arranged OH
groups oriented toward a pentaene structure. We are interested
in determining how these amphiphilic structural elements exert
their different physicochemical characteristics in terms of
molecular conformation and molecular association, because
polyene macrolides have been believed to exert their function
against a virus or cell through the formation of an ion channel
via self-formation in the lipid membrane.2

Here, we report that the concerted =C—H---O interactions
between conjugated double bonds and multiple hydroxy groups
represent ahitherto unrecognized, significant contribution to the
molecular association of 1 and its related antibiotics. This type
of intermolecular interaction, in which the lone pair of O in the
OH group chelates in part to two neighboring H atoms
covaently bonded to the unsaturated carbon atoms, has not been
recognized as a weak, but authentic interaction. However, it is
important for the molecular association, because it has been
commonly observed in the crystal structures of 1, its p-
bromobenzene sulfonate (2) and amphotericin B (3).3

r=H: 1

R=—S OZ—O—Br: 2

Scheme 1 Chemica structures of 1, 2 and 3, together with atomic
numbering of 1.

T Electronic supplementary information (ESI) available: ab initio calcula-
tion data for isolated (4 and 5) and associated (6) model compounds; IR
charts of 1 in KBr and chloroform. See http://www.rsc.org/suppdata/cc/b3/
b303047d/
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The molecular conformation of 14 (Fig. 1), the absolute
configuration of which was determined by a crystal structure
analysisof 25 because there are not enough heavy atomsin 1 for
an absolute structure determination, is characterized by the
coplanar orientation of four OH groups on one side and the
conjugated unsaturated plane on the other side. This forms a
planar and rectangular form of approximately 5 A in width and
15 A in length. Twelve carbon atoms of the unsaturated plane
(C15-C26) forms a trans-zigzag plane with dihedral angles of
26.7° and 6.4° with respect to the facing plane of five OH
groups for 1 and 2, respectively, thus allowing a certain extent
of freedom in the rotation of the unsaturated plane. The four OH
groups participated in forming the concerted intramolecular
hydrogen-bonded six-membered ring.

Thecrystal structure of 1 could be characterized by molecular
stacking along the c-direction. This one-dimensional molecular
packing is primarily formed in conjunction with weak inter-
actions between the conjugated ol efinic =C—H moieties on one
face of the molecule and the oxygen atoms of the hydroxy
groups on the opposite side of an adjacent molecule, translated
by one unit cell, in addition to a O(26)-H---O(3) hydrogen
bond. Characteristically, the C—H groups are at the mid-position
of the OH groups of adjacent molecules, thus forming a
bifurcated CH---O interaction. The intermolecular H---O
distancesand C-H---O anglesarein theranges of 2.816t0 3.249
A (average 3.059 A) and 145 to 166° (average 155°),
respectively. Since these H---O distances are significantly
longer than the minimum van der Waals contact (=2.6 A), in
general, it may be considered that thereisno specificinteraction
between the olefinic C—H and OH groups. However, such
molecular stacks via such concerted =C-H---O interactions
have also been observed in the crystal structures of 2 and 3, and
thus these conjugated interactions should be considered as a
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Fig. 1 An ORTEP drawing of two adjacent 1 molecules with 50%
probability ellipsoids and intermolecular H---O distances (A).
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structural element for intermolecular assembly based on the
structural features of polyene macrolide antibiotics. The IR
spectra also support this=C—H---O interaction. The stretching
wavenumbers of the C—H bond are given in Table 1.6 The O—H
and C—H stretching frequencies in crystalline 1 (in KBr) are
reduced by Av = —120 and —22cm—1, respectively, as
compared with those of the diluted chloroform solution of 1.
The respective low-field shifts indicate the appreciable O—
H---O and =C—H---O interactions, although the strength of the
latter would be considerably weakened as compared with
conventional hydrogen bonds, because its Av is less than one-
quarter that of a conventional intermolecular O—H---O hydro-
gen bond.”

In order to confirm this conjugated =C-H---O interaction, the
atomic charges of two model compounds (4 and 5), in the cases
of these being separated and associated in the same manner as
chaininin Fig. 1, were calcul ated at the Hartree—Fock level with
the double-C 6-31G basis set, performed with the program
system Gaussian 98,8 where the cal culations consisted of single
points (Fig. 2). When both molecules are associated, it was
shown that separation of electronegative and positive chargesis
caused at the olefinic C—H bond and at hydroxy O-H/O-C
bonds. This suggests the existence of intermolecular =C—H---O
interactions. The total energy of the associated form was more
stable by —14.76 kJ mol—1 than the summation of the isolated
models, indicating the structural stabilization due to multiple
=C—H---O interactions.

The molecular association patterns formed in the crystal
structures of 1, 2, and 3 are schematicaly illustrated in Fig. 3.

Table 1 Stretching wavenumbers in cm—1, observed at 20 °C

Sample VoH VecH
Crystal (in KBr) of 1 3352 2938
Dilute solution of 1 in CHClz2 3472 2960

aValues unchanged by repeated dilution with CHCl.
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Fig. 2 Difference between the atomic charges (atomic units) of C-H/O-H
groups of 4 and 5 in the isolated and associated states.

Fig. 3 (Upper) Variation of molecular association formed by =C—H---O

interactions. The rectangular or lozenge boxes represent the polyene

macrolide molecules of 1, 2 or 3. The broken lines represent =C—H---O
interactions. (Lower) A tentative column structure.

According to the requirement of the crystal packing, some
variations are observed in the molecular assembly. However, a
common feature is that these macrolides are arranged in a
paralel or antiparallel side-by-side structure by multiple =C—
H---O interactions. Generally, it has been considered that their
biochemical action is based on the formation of an ion-
permeable channel across the lipid bilayer.® It is interesting to
note that the combination of molecular association patterns of 1,
2, and 3 alows column formation without imposing any
structural constraint. A tentative model isshown in Fig. 3. Such
column formation may be very easy in a nonpolar lipid
environment. In conclusion, the conjugated =C—H---O inter-
action, which has not been remarked upon so far, isfunctionally
important and should be considered as a new structural element
for molecular assembly.
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