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(+)-Discodermolide (1), a polyhydroxylated lactone isolated
from the marine spongeDiscodermia dissoluta,1 is currently a
high-profile substance for its promise as an immunosuppressive
agent1,2 and an anti-cancer drug. The compound induces apoptosis
in human breast cancer cells,3 inhibits the in vitro proliferation
of murine P388 leukemia cells,1 and combines synergistically with
Taxol to suppress the proliferation of human carcinoma cells.4

Biomechanistically, discodermolide resembles Taxol and epothilone
in its ability to bind to microtubules, effect tubulin polymerization,
and promote mitotic arrest.5 Not surprisingly, these optimistic
findings have stimulated a number of laboratories to pursue the
total synthesis of the compound.6,7

Reports that discodermolide binds stoichiometrically to mi-
crotubules and competitively blocks Taxol binding to the same
protein assemblage5 have encouraged the supposition that there
is a commonâ-tubulin (TB) binding pocket for compounds
capable of promoting tubulin polymerization. Several groups have
developed common pharmacophores on this basis.8 While the
electron crystallography structure of the discodermolide-TB
complex is under active investigation,9,10 an understanding of the
dynamic properties of the molecule in solution has the potential
to provide valuable insights into the binding conformation. This

has proven to be the case for both Taxol and epothilone, where
minor to moderate contributors to the solution conformer popula-
tions have surfaced as novel candidates for ligand binding to
â-TB.10-12 In the present report, we describe a high-field 2-D
NMR analysis of (+)-discodermolide6,13 followed by a NAMFIS
analysis (NMR analysis ofmolecularflexibility in solution)14,15

of the data to deconvolute the averaged NMR spectrum into a
collection of conformer populations. Three dominant families
emerge from the analysis.

Apart from lactone ring and C-OH isomerism, the acyclic C5-
C24 fragment of discodermolide presents 15 single bonds. Were
each of the five Csp2-Csp3 and nine Csp3-Csp3 attachments able
to adopt two and three conformations, respectively, a little over
600 000 local minima would result. Fortunately, the rotational
freedom of many of the single bonds is attenuated by the 10
tertiary centers along the C5-C24 backbone. Nonetheless, a
nontrivial number of conformers can be expected to contribute
to the observable NMR average, while an even greater number
with mole fractions less than 1% are undoubtedly accessible by
torsional interchange under appropriate conditions of solvent,
temperature, and induced selection.

In a preliminary attempt to identify the major forms that
contribute to the discodermolide average in DMSO at ambient
temperatures, we have intersected the averaged NMR-derived
distances and H-H coupling constants (see Tables 1 and 2,
Supporting Information) with the same variables across a range
of 1186 fully optimized MMFF(94)/GBSA/H2O16 discodermolide
conformations.17 Conformer deconvolution via the NAMFIS
protocol delivered 14 “best fit” conformations (Table 3) that, like
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those of Taxol,11 fall into three principal categories. The form
most populated (1, 2, 4, 6, 7, and 12, 68% total) can be
characterized as having a corkscrew shape (Figure 1b). The amide
and allylic diene at C19 form the two ends of the “handle”, while
C1-C18 assumes an approximate left-handed helical shape. A
sickle motif is adopted by the second largest family (3, 8, 9, and
11, 21% total, Figure 1c). The third grouping includes a trio of
extended or awl-like conformations (5, 10, and 13, 10% total;
Figure 1d). One other conformation (14, 1%), a corkscrew with
a right-handed helical twist, completes the set. Apart from the
selected torsional angles given in Table 3, the distance between
C5 and C22 is most characteristic of the classes: 7-10
(corkscrew), 9.5-11.5 (sickle), 13.5-16 Å (awl). For comparison,
the variables of the single-crystal X-ray structure are depicted in
Figure 1a (cf. Table 3). The helical solid-state conformation
belongs to the first class, but as a compressed variation (r(C5-
C22) ) 6.3 Å). A Boltzmann distribution of the NAMFIS mole
fractions at 298 K suggests a diminutive energy gap of 2.1 kcal/
mol (Table 3) across all three conformational classes

Examination of the crystal structure geometry in the context
of the NMR-derived distances and dihedral angles might suggest
it to be a reasonablesingle conformationmatch of the data.
However, including it with either conformers1-14 or the full
set followed by a subsequent 15 or 1187 conformation NAMFIS
analysis, respectively, illustrates that the structure contributes no
more than 1% to the overall conformational average. Although
mismatches between experimental and calculated18 3J(H,H)
coupling constants are no greater than 2.5 Hz, the structure
violates nine NOE distance constraints by 0.8-1.8 Å. Likewise,
a number of key cross-peaks that should appear from the X-ray
structure are missing. A basis for the absence of the X-ray form
in DMSO is suggested by inspection of the crystal coordinates
in the unit cell. Individual structures sustain no intramolecular
H-bonds, although they contact other copies through a small
number of bridging waters. Thus, intramolecular clustering of the
multiple hydrophobic centers appears to cause compression in

the solid state. DMSO solvation of the widely spaced OH and
NH groups in1 apparently counters the latter.

One additional interesting feature of the 14 bond-rotation
isomers concerns the conformation of the six-membered lactone
ring. The stereochemistry of the latter permits two axial and two
equatorial substituents for the ring as a chair, but four equatorial
placements for the twist or boat form. In the crystal, the lactone
adopts a slightly twisted boat shape with all pendant groups
equatorial. In the current model, only conformers3, 5-7, and14
express twist lactones, while the remaining nine adopt the classic
flattened chair motif.

We conclude that, in solution at 298 K, the flexibility of
discodermolide is expressed as a rapidly interconverting mixture
of over 10 conformations. In the present model of 14 conformers,
three separate families emerge. In order of decreasing population,
they are the corkscrew, the sickle, and the awl motifs. The single-
crystal X-ray structure belongs to the corkscrew family. It can
be anticipated that anysingle conformationmatching the NMR
geometric average with a high degree of accuracy will do so at
the expense of an energetically costly structural deformation, in
other words, by targeting a virtual conformation.11,19 The NMR
structure of discodermolide very recently determined by Smith,
LaMarche, and Falcone-Hindley20 may fall into this category.
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Figure 1. The X-ray structure and three conformational classes of discodermolide by MMFF/NAMFIS analysis of the 1D- and 2D NMR spectra in
DMSO-d6; (a) the X-ray conformation; (b)4, the corkscrew form; (c)3, the sickle motif, (d)5, an extended or awl form.
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