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Summary: The synthesis of 1D-myo-inositol 1,4,5-
trisphosphate 3-phosphorothioate, a 3-phosphatase-
resistant analogue of 1,3,4,5-InsP, is reported, and this
compound is shown to elicit 45Ca?* release with an ECso
which is comparable to that of the natural metabolite,
thus supporting the idea that 1,3,4,5-InsP, can interact
with the 1,4,5-InsP3 receptors.

The intracellular second messenger molecule, 1D-myo-
inositol 1,4,5-trisphosphate (1,4,5-InsP3), has been the
subject of intense interest among both chemists and
biologists.! This messenger molecule whichis formed upon
degradation of the minor membrane phospholipid, phos-
phatidylinositol 4,5-bisphosphate, plays a key role in the
release of intracellular calcium pools.l? One mechanism
by which the 1,4,5-InsP; calcium-mobilizing signal is
terminated is through the action of a 5-phosphatase which
yields in turn 1D-myo-inositol 1,4-bisphosphate, a com-
pound that fails to mobilize intracellular calcium. A second
route of metabolism of 1,4,5-InsP; involves the action of
an ATP-dependent 3-kinase that converts it to 1D-myo-
inositol 1,3,4,5-tetrakisphosphate (1,3,4,5-InsP4)! (Figure
1). Considerable controversy exists as to whether this
particular metabolite plays an independent or accessory
second messengerrole.l3 Some evidence exists that1,3,4,5-
InsP,may stimulate the entry of calcium across the plasma
membrane.t Additionally, 1,3,4,5-InsP, has also been
found to mobilize intracellular calcium stores in several
cell types,5 albeit less potently than 1,4,5-InsP3, and at
leastin SH-SY5Y cells this action appears to occur via the
intracellular 1,4,5-InsP3 receptor population.® However,
many of these latter results have been viewed with
skepticism, since exogenous 1,3,4,5-InsP; may itself be
converted to 1,4,5-InsP3 through the action of a 3-phos-
phatase (Figure 1), thus explaining its putative activity at
the 1,4,5-InsP3 receptors.f2 Contamination of some com-
mercially available samples of 1,3,4,5-InsP4 with 1,4,5-
InsP; has also plagued some of these studies.t®
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Figure 1. Some aspects of the phosphatidylinositol cell signaling
pathway.

In order to help resolve this controversy, we felt it would
be valuable to prepare the 3-phosphorothioate analogue
of 1,3,4,5-InsP,, for a number of studies have demonstrated
that the phosphorothioate group is resistant to the action
of intracellular phosphatases.” To prepare this compound
in the enantiomerically correct form, we chose to start our
synthesis from the natural product L-quebrachitol, a
byproduct of latex production. As shown in Scheme 1,
this compound was converted through a sequence of steps
involving acetonide formation, mesylation, demethylation,
and reformation of acetonides to a 1:1 mixture of 2 and
3. The regiochemistry of these diacetonides was estab-
lished by double resonance experiments. The mesylate
group served as the only viable protecting group for the
axial 8-hydroxyl in 1, since it was capable of surviving the
harsh demethylation conditions employing boron tribro-
mide. Crystallization afforded pure 8, and the undesired
regioisomer 2 was recycled through an acid-catalyzed
equilibration process to provide additional quantities of
3. The free hydroxyl group of 3 was benzylated, the
mesylate group removed by LAH reduction without any
evidence of competing deoxygenation, and the newly freed
hydroxyl inverted by an oxidation/reduction protocol.
After protection of the C-3 hydroxyl of 4 as its PMB ether,
the more strained trans-acetonide was cleaved selectively,
the resulting diol benzoylated, and then the cis-acetonide
hydrolyzed to afford 5. The equatorial hydroxyl group of
5 was selectively benzoylated, and the lone axial alcohol
was protected at its (benzyloxy)methyl ether to give 6.
The benzoate groups were removed by treatment with
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sodium methoxide in methanol, and the resulting triol
was directly phosphorylated with NaH/tetrabenzyl py-
rophosphate® in DMF to provide the fully protected
derivative 7. Selective removal of the PMB group from
the trisphosphate 7 by use of wet DDQ now allowed for
phosphitylation at the 3-position. Exposure of the phos-
phite to phenylacetyl disulfide™? followed by deprotection
with sodium in ammonia gave the target compound 8.
Since the sodium salt of 8 was found to be unstable, this
InsP, analogue was best isolated and stored as its
triethylammonium salt. The 'H NMR of the product was
similar to the published spectrum of natural 1,3,4,5-
InsP, 1011

Binding and calcium release experiments were carried
out at the 1,4,5-InsP3 receptor to compare the respective
ICso and ECsp values of 1,4,5-InsP3, 1,3,4,5-InsP,, and 8.
Statistical analysis of the logio (ICs) and logio (ECso) values
reveal that while 8 and 1,3,4,5-InsP, were equipotent, both
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Table 1. Binding and Calcium Release Data for 1,4,5-InsP;,

1,3,4,5-InsP,, and 8
compd binding (ICso, nM) 4Ca release (ECs, nM)
1,4,5-InsP; 44 +0.1 52+£2
1,3,4,5-InsP, 1523+ 4.4 2436 £+ 303
8 279.9 £ 189 2530 % 260

¢ Displacement of specific InsP3 receptor [¥H]InsP; binding from
bovine adrenal cortex membranes and Ca?* release via the intrac-
ellular InsPg receptor of SH-SY5Y cells were used to determine ICso
and ECg values, respectively. Results represent the average SEM
of at least three experiments.

were significantly less potent ligands and agonists than
1,4,5-InsP3. Moreover, the concentration-response curve
for 8, in contrast to that of 1,3,4,5-InsP,, was not shifted
significantly in the presence of 10 uM InsPg, a potent
inhibitor of 3-phosphatase,!? thus indicating that this
analogue is metabolically resistant to 1,3,4,5-InsP4 3-phos-
phatase activity. These findings thus provide confirmatory
evidence that 1,3,4,5-InsP, can elicit calcium release at
the 1,4,5-InsP; receptor in SH-SY5Y neuroblastoma cell
line independent of its conversion to 1,4,5-InsP3 (Table
1). Complete details of the biological experiments will be
reported elsewhere.

Insummary, a route to an optically pure 3-phosphatase-
resistant analogue of 1,3,4,5-InsP, is disclosed starting from
L-quebrachitol. The synthesis takes on added significance
in view of the fact that the late introduction of sulfur will
allow for the preparation of 35S-labeled material. The
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' ready availability of 8 will aid in furthering our under-
standing of the phosphatidylinositol signaling cascade.
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