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Abstract—The structure of glabrescol has been proposed and revised. Could the revised structure have been predicted without the
need for total synthesis? Molecular modelling studies showed that the natural product structure proposed for glabrescol was not
the most thermodynamically favourable form. When a lithium ion was incorporated, the natural product proved to be the lowest
in energy of all symmetric isomers of glabrescol. Further modelling studies have led to the discovery of an asymmetric isomer
lower in energy than the natural product when bound to a variety of ions. © 2001 Elsevier Science Ltd. All rights reserved.

Glabrescol, a pentacyclic oxasqualenoid isolated from
Spathelia glabrescens1 was originally assigned the Cs-
symmetric structure 1. Total synthesis2 of this has
shown the initial assignment to be incorrect, and recent
total syntheses by Corey3 and Morimoto4 have proven
2 is the true structure of glabrescol (Fig. 1).

One possible reason why glabrescol has this C2-sym-
metric structure, rather than the alternative Cs-struc-
ture initially proposed, is that nature has selected this
structure to perform a particular function especially
well. The structures of ionophores lasalocid A, ula-
pualide A and nonactin have been investigated by
comparing the relative affinity of different isomers to a
cationic species. Still found that the natural form of
lasolocid A5 bound barium ions more tightly than any
of its epimers by two to three orders of magnitude.
Pattenden used molecular modelling in an ambitious
attempt to predict the then unknown stereochemistry of
ulapualide A,6 a prediction shown by a later total
synthesis7 to be largely correct. More recently, mod-
elling studies on nonactin8,9 have shown that the natu-
ral product is the most thermodynamically stable of all
possible isomers when bound to a potassium ion.

Molecular modelling studies were carried out on all 16
possible C2-symmetric isomers of glabrescol, along with
the initially proposed Cs-symmetric structure 1. A
genetic algorithm10 was used to search possible confor-
mations, and energies were minimised using the MM2*
force field within MacroModel11 to find the global
minimum energy conformation for each structure. The
natural product 2 was found to have only the fifth
lowest energy of the C2-symmetric structures, and was
also 3.65 kJ mol−1 higher in energy than Cs-symmetric
1. The role of glabrescol has been proposed to involve
ion binding,12 so the procedure was repeated using
ACCA13 to incorporate a lithium ion† in each structure,
and a modified version of the genetic algorithm to
search conformations. When bound to lithium, the
natural product 2 was found to be considerably lower
in energy than the originally proposed structure 1. The
calculated difference in energy (35.5 kJ mol−1) corre-
sponds to a ratio of about a million to one, whereas
without lithium the predicted ratio is approximately
1:5.‡ A summary table of calculated energies and pre-
dicted relative populations is available as supplemen-
tary information upon request.

Figure 1. Structures proposed for the natural product glabrescol.

* Corresponding author. E-mail: jmg11@cam.ac.uk
† Lithium was chosen for convenience, as parameters for this were already available (r=1.500 A� , �=0.050 kcal/mol).
‡ Energy differences are converted to relative populations using Boltzmann factors (Ref. 14), and assuming ions are in thermodynamic ratios.
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Figure 2. Three patterns possible with cis terminal and central rings

Modelling all 1024 possible isomers of glabrescol to
find which is the lowest energy would require unrealistic
computational power. It was, therefore, desirable to
eliminate some possibilities. Considering the symmetry
of the backbone and ignoring enantiomers reduces the
number of unique isomers. Further elimination is possi-
ble; of the cases considered, all structures with a cis
central ring bind more strongly to lithium than the
equivalent structure with a trans central ring, even
though natural product 2 has a trans central ring. cis
Terminal rings also appear to be favoured; in all cases
where a direct comparison was made, a structure with
trans terminal rings had an equivalent structure with cis
terminal rings that was lower in energy.

There are three possible patterns for the relative stereo-
chemistry of isomers with cis terminal and central rings
as illustrated in Fig. 2. Isomers with the pattern
dd..dd..uu (where ‘d’ indicates that a substituent is
pointing down, and ‘u’ indicates up) showed more
affinity for lithium than corresponding structures with
one of the other two patterns. This leaves only four

variable stereocentres and therefore 16 likely candidates
for the minimum energy structure. One of these iso-
mers, 3 (Fig. 3), differing from 2 only in the configura-
tion of one of its stereocentres, giving a cis central ring,
was found to bind lithium more strongly than the
natural product (E=+10.97 kJ mol−1 unbound, −3.2 kJ
mol−1 bound to Li+). Based on the trends observed, 3 is
likely to be the thermodynamically most favoured form
of glabrescol when bound to a lithium ion.

The conformations of the different isomers (Fig. 4) are
very similar and show, as expected, the seven oxygen
atoms pointing inwards towards the lithium ion.§ Aver-
age Li�O distances are greater for 1, indicating weaker
stabilisation of the cation, whereas those for 2 and 3 are
similar. It is likely that orientating the trans central ring
of 2 to obtain good Li�O interaction introduces more
strain than that for the cis central ring in 3.

Table 1. Energy (kJ mol−1) of glabrescol isomers incorpo-
rating a cation. Energies quoted relative to Li+(2)

Isomer Ion bound

Ca2+Li+ K+Na+

−320.61 35.5 42.3 121.3
−372.92 0 7.8 110.0

108.63 4.3 −382.8−3.2
Figure 3.

Figure 4. Minimum energy conformations of isomers of glabrescol bound to lithium. Note the difference between the top right
hand rings of 2 and 3.

§ Structures are available on the World Wide Web at http://www.ch.cam.ac.uk/MMRG/glabrescol/
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Table 2. Calculated change in energy for reaction shown (kJ mol−1)

ReactionEntry Ion (M)

Li+ Na+ K+ Ca2+

1 1+M(H2O)7�M(1)+7H2O 67.1 70.5 21.5 285.2
27.92 32.32+M(H2O)7�M(2)+7H2O 6.5 229.3
23.0 27.13+M(H2O)7�M(3)+7H2O 3.43 217.7

Li+(1)+M(H2O)7�M(1)+Li+(H2O)74 0 3.4 −45.6 218.1
0 4.45 −21.4Li+(2)+M(H2O)7�M(2)+Li+(H2O)7 201.3
0 4.1Li+(3)+M(H2O)7�M(3)+Li+(H2O)7 −19.66 194.6

The relative energy of 1, 2 and 3 when bound to
potassium, sodium and calcium was calculated in the
same manner as for lithium;¶ for all ions studied the
non-natural 3 was found to be lower in energy (Table
1).

The energies of the metal hydrates Mx+(H2O)7 were
calculated using MM2* for the same ions.�� The relative
affinity of isomers 1, 2 and 3 for the four ions studied
was estimated by calculating energies for the equilibria
shown in Table 2. This model predicts that, relative to
the metal hydrates, glabrescol will bind most strongly
to potassium, then to sodium and lithium, with calcium
showing the weakest binding (entries 1–3). The isomers
bind with similar selectivities, however the natural
product is predicted to bind potassium more selectively
than 3 (entries 5, 6).

Structure 2 is the lowest in energy of all C2-symmetric
isomers when bound to lithium, but one of the possible
non-symmetric structures is even more thermodynami-
cally favoured. It is possible that the symmetry of 2
may allow for a simpler biosynthesis, and the evolu-
tionary advantage gained by increased ion affinity
could be outweighed by the need for a more complex
route to produce it. Furthermore, the higher selectivity
for potassium ions of 2 may be necessary for the role of
glabrescol in natural systems, and compensate for its
slightly lower overall ion affinity.
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