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Abstract

Single crystal X-ray diffraction analysis has revealed the solid-state conformation of the microtubule-stabilizing
diterpenoid eleutherobin (1). NOE data obtained for1 in CDCl3 and DMSO-d6 are consistent with solution
conformations that are virtually identical to the solid state conformation. © 2000 Elsevier Science Ltd. All rights
reserved.

Eleutherobin (1), initially isolated from a Western Australian octocoral in the genusEleutherobia
(possiblyalbiflora), represents one of a small number of antimitotic natural product families that are
known to stabilize microtubules.1 Other structural types possessing this important biological activity
are represented by paclitaxel,2 epothilones A and B,3 discodermolide,4 and the laulimalides.5 The
current excitement surrounding this group of compounds stems from the FDA approval of paclitaxel
for the treatment of ovarian (1992) and metastatic breast cancers (1994). Paclitaxel’s clinical utility has
generated great interest in developing additional anticancer drug candidates that exploit its mechanism
of action. One approach to designing the next generation of microtubule-stabilizing compounds has
been to create three-dimensional pharmacophore models that embrace all the available SAR data for the
known natural product structural types with these properties.6,7 The validity of this approach has been
demonstrated by the pharmacophore-guided design and subsequent synthesis of new hybrid structures
with demonstrated cytotoxic and tubulin binding abilities.6

Creation of predictive pharmacophore models depends on detailed knowledge about the conformation
of all the known structural types possessing microtubule stabilizing properties. To date, there have
been no published solid-state or solution conformational analyses of eleutherobin (1), although the
original report of the structure elucidation did provide a series of useful NOE constraints. Recently, we
discovered that the Caribbean octocoralErythropodium caribaeorumis a relatively high-yielding source
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of eleutherobin and several new structural analogs.8 During the course of characterizing the antimitotic
diterpenes from theE. caribaeorumextracts, several crystals of eleutherobin (1) were obtained by the
fortuitous slow evaporation of a concentrated NMR sample dissolved in DMSO-d6. The crystals proved
to be suitable for X-ray diffraction analysis, which has provided the first solid state conformation for
eleutherobin (1). ROESY and difference NOE data have also been collected for eleutherobin (1) in
DMSO-d6 and CDCl3 in order to facilitate a comparison of the solid state conformation with the solution
conformations in both a polar and a nonpolar solvent.

Eleutherobin (1) crystallized in space groupP212121 with a=12.8291(8), b=13.6209(6), and
c=19.168(1) Å. A crystal with dimensions 0.30�0.20�0.15 mm, was mounted on a glass fiber. Data
were collected at –100°C on a Rigaku/ADSC CCD area detector in two sets of scans (�=0.0 to 190.0°,
�=0°; and!=�18.0 to 23.0°,�=�90°) using 0.50° oscillations with 58.0 s exposures. The crystal-to-
detector distance was 40.55 mm with a detector swing angle of –5.52°. Of the 7035 unique reflections
measured (Mo-K� radiation, 2�max=55.8°, Rint=0.071, Friedels not merged), 4520 were considered
observed (I>3�(I)). The final refinement residuals wereR=0.046 (onF, I>3�(I)) andwR2=0.141 (on
F2, all data).9 The data was processed using the d*TREK program and corrected for both Lorentz and
polarization effects. The structure was solved by direct methods10 and all non-hydrogen atoms were
refined anisotropically, while all hydrogens involved in hydrogen-bonding were refined isotropically. All
other hydrogens were included in calculated positions. The enantiomorph shown in Fig. 1 was chosen
based on the known configuration of eleutherobin (1).11 All calculations were performed using the
teXsan12 crystallographic software package of the Molecular Structure Corporation.

Fig. 1. ORTEP drawing of eleutherobin (1). Hydrogen atoms have been omitted for clarity

ROESY (500 MHz) and difference NOE (400 MHz) data were collected for eleutherobin (1) dissolved
in DMSO-d6 and CDCl3. The NMR samples were degassed and purged of oxygen by freezing in a dry
ice/acetone bath and placing the frozen sample under vacuum. The degassed samples were then flushed
with argon and sealed. Table 1 lists the difference NOE results obtained in CDCl3 and the ROESY
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correlations observed in CDCl3 and DMSO-d6 along with the solid-state internuclear distances between
the relevant pairs of protons. A number of key NOEs indicate that the solution conformation of the
diterpenoid core of eleutherobin (1) in both CDCl3 and DMSO-d6 is identical to, or at least extremely
similar to, the solid state conformation. These include difference NOEs observed in the resonances
for H1, H10, and Me19 when the H8 resonance is irradiated and in H13� when H2 is irradiated.
The C8–C9–C10–C1 torsional angle in the solid state is�66°, which places H8 2.438 Å from H1
and 2.304 Å from H10, consistent with the difference NOEs observed. A C9–C10–C1–C14 torsional
angle of 177.7° in the solid state brings the Me19 protons into sufficient proximity to H8 to explain
the weak difference NOE observed between their resonances, and the C2–C1–C14–C13 torsional angle
of �61° in the solid state places H2 only 2.118 Å from H13� in agreement with the strong difference
NOE observed between their resonances. Molecular models indicate that the combination of H8 to H10,
H1, Me19 and H2 to H13� NOEs represent an extremely restrictive set of conformational constraints.
Any significant deviation from the solid–state conformation results in H8 to H1, H10, Me19 and H2 to
H13� interproton distances that would make the simultaneous appearance of the observed suite of NOEs
between these protons highly unlikely. The diagnostic dipolar couplings between H8 and both H1 and
H10, and between H2 and H13�, are all observed as ROESY correlations in both CDCl3 and DMSO-
d6, providing additional evidence that the solution conformations in both solvents must be essentially
identical to the solid-state conformation.

Table 1
Difference NOEa and ROESYb data for eleutherobin (1) in CDCl3 and DMSO-d6

It is interesting to compare the conformation of eleutherobin (1) revealed by the X-ray diffraction
and solution NOE data in the current study to the conformation used by Ojima et al. in constructing
their common pharmacophore for microtubule-stabilizing natural products.6 In order to generate a
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conformation for pharmacophore creation, Ojima et al. carried out molecular dynamic calculations on
eleutherobin (1) without using any constraints. The exact coordinates for the resulting conformation that
they used for1 were not available, but Figure 4 in their paper indicates that the modeled conformation
had a C8–C9–C10–C1 torsional angle of >�90° and a C2–C1–C14–C13 torsional angle approaching
180°. A conformation with those torsional angles would not be expected to give any of the NOEs
that are observed between H8 and H1 and Me19, or between H2 and H13� in CDCl3 and DMSO-
d6. The Ojima conformation gives their binding region B (C11–C12–C13) a much different spatial
relationship relative to the A (uroconic acid side chain) and C (D-arabinose residue) binding regions
compared to the solid-state conformation (see Scheme 1). This suggests that the solid-state and solution
conformations of eleutherobin (1) determined herein might have significantly different overlay fits with
the reference structure nonataxel and the other microtubule-stabilizing structures that were used to
construct the common pharmacophore. Therefore, it is anticipated that the availability of solid-state
and solution conformation data for eleutherobin (1) will facilitate further refinements of microtubule-
stabilizing pharmacophore models and, consequently, aid the eventual design of new compounds with
this important biological activity.

Scheme 1.
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