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An X-Ray Determination of the Structure of an Antibacterial Compound from
the Sponge, Ianthella ardis

By D. B. CosuricH* and F. M. LoveELL )
(Lederle Laboratories Division, American Cyanamid Company, Pear! River, New York 10965)

Summary The molecular structure of an antibacterial
agent from the sponge Ianthella ardis was confirmed by
single crystal X-ray analysis as 3,5-dibromo-1{ax),6(ax)-
dihydroxy-4-methoxycyclohexa-2,4-diene-1-acetonitrile
).

THE structure (I) of the (—)-isomer of an enantiomorphic
pair of antibacterial compounds isolated from Ianthella
ardis was described by Fulmor et al.,! from a study of the
physical and chemical properties which also indicated that
the (4-)-isomer is aeroplysinin-1.2¢ An X-ray analysis was
undertaken to confirm both the stereochemical assignments
and the absolute configuration.!

Both enantiomorphs of (I) crystallized from cyclohexane—
ethyl acetatef in the hexagonol system and appear to be
isomorphous. The (—)-isomer has cell dimensions a = b
= 8676 (1), c = 25:980(9) A, a0 = B = 90°, y = 120°, with
Dy 1-968 g cm—2 (flotation in xylene—tetrabromoethane), D,
1993 gcm—2 for C,H Br,O,N with Z = 6. The space
group, determined subsequently from the anomalous
dispersion of the bromines, is P6,; 1011 independent
reflections, to # = 67°, of which 827 were above background,
I > 2-50(I), were measured on a CAD-3 Enraf-Nonius
automatic diffractometer in the #—26 scan mode with
Ni-filtered Cu-K, radiation. The structure was solved by
the heavy-atom method and was refined by block-diagonal
least-squares in space group P6,3 With anisotropic
thermal parameters ascribed to all atoms except hydrogens,
which were not included in the refinement at this stage, the
discrepancy index was 5-0%,; the stereochemistry of the
structure determined for (I) is in complete agreement with
that suggested by Fulmor et al., with the #rans hydroxy-
groups assuming the axial-axial configuration and the
cyanomethyl group equatorial.

To determine the space group and, hence, the absolute
configuration of the molecule, calculations with the imagin-
ary terms for bromine dispersion as +Af” and —Af"* were
made to obtain structure factors in P6; and P86, respect-
ively. The reliability indices for all data were 6-08%
(P6,) and 6-279% (P6;); the Hamilton significance test’
allowed the rejection of P6; at the 0-5%, significance level.
When a set of reflections sensitive to dispersion effects was
used the reliability indices were 6-059%, for P6, and 6-589,
for P6; with rejection of the latter at a significance level
< <(<C0-59%,. The determination of the space group as
P6, uniquely defines the absolute configuration which is in
agreement with that assigned by Fulmor ef a/.,! on the basis
of the negative Cotton effect.

The structure was refined anisotropically in P8, with the
bromine dispersion correction using full-matrix least-
squares® to R = 4-59, to remove polar dispersion errors.’
(A similar refinement in P6; yielded R = 4-8%,, a further

confirmation that P6, is the correct space group). A
difference Fourier at this stage revealed four C-H protons
but not the hydrogens on the methyl or the two hydroxy-
groups. In final full-matrix refinement, with the four
hydrogens included but not refined, R dropped to 4-29,.§

A view of the structure (I) projected on the ab plane is
shown in the Figure. The individual bond lengths are:

Ficure

Ce—N, 1-118; C,—Cp, 1-494; Cg-C(1), 1-491; C(1)-C(2),
1-530; C(2)-C(3), 1-330; C(3)—C(4), 1-461; C(4)-C(5), 1-309;
C(5)-C(6), 1-514; C(6)-C(1), 1-550; C(1)-O(1), 1-427; C(6)—
0(2), 1-446; C(4)-0(3), 1-384; O(3)-C(Me), 1-426; C(3)-Br(1),
1-910; C(5)-Br(2), 1-893 A ; the average e.s.d. for the bond
lengths is 0-017 A. The bond angles are unexceptional and
there are no unusual intermolecular interactions; the pack-
ing is a result of van der Waals’ forces only.

The dihedral angle around the twisted diene chromo-
phore is 17-3 4+ 1-0° and describes a left-banded helix in
agreement with the c.d. Cotton effect! which is [0
—4900. There are few existing correlations between
Cotton effects and experimental results from X-ray data
for skewed dienes to confirm the helicity rule.® Only three
previous reports are known to us and these include inferen-
tial data for dethiogliotoxin,® a lumisterol study using
X-ray data with unrefined positional parameters,’® and a
structure which does not obey the helicity rule.}! (—)-Aero-
plysinin-I, containing only the skewed diene chromophore,
provides a clear-cut example in which the helicity rule is

+ Mr. W. Fulmor and staff have found that a sample of the (4-)-isomer of (I) is indistinguishable from aeroplysinin-I, supplied by
Dr. E. Fattorusso, when compared by mixture m.p. and ir. analysis.

+ The samples were crystallized and prepared for the analysis by Messrs. R. D. Mills and R. W. Broschard.

§ A list of the observed and calculated structure factors may be obtained from the authors upon request.
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confirmed and furnishes accurate parameters to begin sign of Cotton effects and the magnitude and chirality of
possible correlation studies between the magnitude and the diene twist.
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