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Synthesis and evaluation of six-membered GDP-iminocyclitol
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Abstract—Fructose-diphosphate aldolase was employed in the chemoenzymatic synthesis of six-membered GDP-iminocyclitols.
These compounds were evaluated for activity against �-1,3-fucosyltransferases and found to be potent inhibitors. © 2002 Elsevier
Science Ltd. All rights reserved.

Glycoconjugates are important mediators in many
molecular recognition processes and thus have gained
attention as possible targets for drug discovery.1 An
attractive and highly studied target for therapeutic
intervention is the interaction of sialyl LewisX (SLeX)
with cell-surface receptors.2,3 This binding event occurs
early in the inflammation cascade, ultimately leading to
the recruitment of leukocytes to damaged tissue.4–6 The
over-recruitment of leukocytes can damage healthy
cells, but attenuation of the presented SLeX ligand may
provide a therapeutic benefit. Although development of
SLeX mimetics to block the SLeX receptor interaction
represents a viable approach, inhibition of SLeX biosyn-

thesis may be an effective alternative. The terminal step
in the biosynthetic pathway of SLeX is the addition of
the fucose moiety by �-1,3-fucosyltransferase (FucT).7–9

Ligands lacking the fucose moiety are unable to sup-
port the leukocyte rolling, a requisite event in the
inflammatory cascade.10–12 Thus, potent inhibitors of
FucT may be novel anti-inflammatory agents.

The transition state of FucT is thought to exhibit a
flattened half-chair conformation with substantial oxo-
carbenium ion character at the anomeric position (Fig.
1).13 Iminocyclitols mimic the partial positive charge in
the transition state and are good inhibitors of glycosi-

Figure 1. The proposed transition state of FucT exhibits a flattened half-chair conformation and oxocarbenium ion character.
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Scheme 1. (a) DHAP, FDP aldolase, pH 6.7, 70%; (b) H2, Pd/C, H2O/MeOH, 41%; (c) GMP-morpholidate, tetrazole, pyr, 13%.

the phosphate cleavage. In our case, the phosphate
group made separation of the diastereomers too
difficult. Catalytic hydrogenation with palladium on
carbon furnished iminocyclitol-phosphate 7 and 7a in
41% overall yield (2:1 ratio by 1H NMR), although the
reductive cleavage of the phosphate was a competing
side reaction. Reaction of the phosphate mixture with
GMP-morpholidate afforded 1 and 1a in a 2:1 ratio
after purification.25

The GDP-iminocyclitol was evaluated using a fluores-
cence-based assay that couples the production of GDP
to the consumption of NADH with pyruvate kinase
(Sigma) and lactate dehydrogenase (Sigma).13 The inhi-
bition constants were determined for FucT V and VI
(Calbiochem) at pH 7.4, 10 mM MnCl2, and LacNAc
(2Km, 70 and 10 mM, respectively). GDP-iminocyclitol
(1+1a) is one of the most potent inhibitors known for
FucT V and VI,26 with KI values of 6 and 10 �M,
respectively. The electrostatic interactions of the ring
nitrogen and the pyrophosphate with active site
residues are most likely responsible for the tight binding
observed. The higher affinity of 1 versus 2 may be due
to the higher affinity of the parent iminocyclitol. An
asymmetric synthesis of diastereomerically pure 1 (Ki=
13 and 11 �M for FucT V and VI, respectively) will be
reported in due course.
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