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myo-Inositol 1,4,5-triphosphate has been identified as
an important secondary messenger which is involved in
many intracellular signaling events.® In particular, it has
been demonstrated to have a profound effect on neu-
rotransmitter release mechanisms.? Selective inhibition
of some of the enzymes involved in formation and
breakdown of myo-inositol 1,4,5-triphosphate is of po-
tential therapeutic value in conditions such as manic
depression.® A number of deoxy derivatives of myo-
inositol 1-phosphate have been demonstrated to be strong
inhibitors of myo-inositol monophosphatase, a key en-
zyme in recycling myo-inositol, which hydrolyzes both
myo-inositol 1-phosphate and myo-inositol 4-phosphate*
and of myo-inositol 1-phosphate synthase that catalyzes
the de novo biosythesis of myo-inositol 1-phosphate from
glucose 6-phosphate.> We now report a high yield ste-
reoselective deoxygenation of myo-inositol that allows
convenient entry into this series of compounds.

Existing methods for the selective deoxygenation of
myo-inositol have, at best, been achieved in four steps
with a overall yield of 30%.6 In an attempt to find a more
convenient route we initially investigated the possibility
of utilizing Barton's methodology’ for the reduction of
the phenoxythiocarbonyl derivative of 1 with tributyltin
hydride; however, this proved unsucessful because of the
formation of a stable cyclic thiocarbonate that could not
be reduced even under harsh conditions.®

Lithium triethylborohydride (LTBH) has been used for
the deoxygenation of primary alcohols by reduction of
their p-toluenesulfonyl esters.® It has only found limited
application with secondary tosylates owing to the reaction
being sluggish or not occurring at all if the alcohol is
hindered. The mechanism in these cases has been
demonstrated to occur by Sy2 displacement of the tosy-
late with the hydride from LTBH, but, if there is a
hydroxyl group next to the tosylate an alternative mech-
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anism is preferred which involves an interesting rear-
rangement.’® The hydrogen on the carbon with the
hydroxyl group undergoes a [1,2] shift to displace the
tosylate group with the probable formation of a ketone
intermediate that is quickly reduced by LTBH back to a
hydroxyl. This mechanism is less sensitive to steric
hinderance and it has been utilised to deoxygenate the
2' position of adenosine!® and some hexose sugars.!!

We wanted to explore whether this reactivity could be
utilized for the selective deoxygenation of myo-inositol
and other suitably substituted cyclohexanes. Racemic
3,4,5,6-tetra-O-benzyl myo-inositol*> 1 (1 mmol) was
selectively tosylated under solid/liquid phase-transfer
conditions?® at room temperature in CH3;CN using dibu-
tyltin oxide (2 mmol), tosyl chloride (1 mmol), and
benzyltriethylammonium chloride (0.2 mmol) for 24 h to
give 2a in 92% vyield. Reaction of 2a with LTBH in
anhydrous THF under argon at room temperature for 24
h, gave 2-deoxy-3,4,5,6-tetra-O-benzyl myo-inositol 3a in
79% yield. To investigate whether the tosylate group is
directly displaced or a more complicated mechanism
occurs, the reaction was carried out with lithium trieth-
ylborodeuteride (LTBD). The reaction proceeds smoothly
under the same conditions as before to give 3a with a
deuterium at the 1 position (Scheme 1). This eliminates
a simple S\2 displacement and implicates either a [1,2]
hydride shift as has been demonstrated in the deoxygen-
ation of 2'-O-tosyladenosine with LTBH? or elimination
of the tosylate followed by protonation of the resulting
enolate; in either case the final step would be stereose-
lective reduction of the derived ketone. To distinguish
between these two possible mechanisms, the deuterated
alcohol 2b (scheme 1) was prepared by oxidizing 2a using
pyridinium chlorochromate (PCC) to give the ketone 7,
which was then reduced with NaBD,.1* 2b was reacted
with LTBH at room temperature, which gave 3b with
the deuterium located solely in the axial position at C-2,
thus confirming a stereoselective [1,2] hydride shift.

A likely sequence for the conversion of 2a into 3a would
involve a conformational change of the alkoxide trieth-
ylboron complex towards a boat conformation 4 (Scheme
2) to allow antiperiplanar migration of the hydride and
the expulsion of the tosylate. The resulting 2-deoxy
1-ketone 5 could then be stereoselectively reduced by
LTBH to give 3a. An interesting difference in the
deoxygenation of 2'-O-tosyladenosine'® is that in that case
the hydroxyl group suffers an inversion of configuration,
whereas in the case of 2a complete retention of config-
uration of the hydroxyl group is observed. To investigate
whether the stereoselectivity arises from the reduction
of the ketone 5 or whether a more “concerted” sequence
occurs as suggested in the deoxygenation of 2'-O-tosy-
ladenosine, 5 was made by oxidation of 3a with PCC.
Reduction of 5 with LTBH under identical conditions to
those used for the conversions of 2a into 3a, yielded
exclusively 3a. Using 5 as a standard, it was possible to
isolate a small quantity of this compound in the reaction
mixture when 2a was converted into 3a at low temper-
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ature.’®> The existence of 5 as a free intermediate also
explains the formation of the phenolic compound 6, a
minor product in the conversion of 2a into 3a, as the keto
group would facilitate elimination of the benzyloxy
groups under the basic conditions.

The necessity of the free hydroxyl group next to the
tosylate prompted us to explore whether the deoxygen-
ation could be achieved if these two groups were trans
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to one another. Reduction of ketone 7 with LTBH gave
exclusively 8, and this reacted further in the presence of
LTBH to give two deoxygenated products, 10 in 60% yield
and 11 in 30% yield, which could be separated by
chromatography (Scheme 3). When this one-pot synthe-
sis was carried out using LTBD, the deuterium distribu-
tion in the products 10 and 11 was as outlined in Scheme
3. The labeling pattern is not consistent with a [1,2]
hydride shift, which would be unlikely to occur for
stereoelectronic reasons, but is consistent with formation
of an epoxide intermediate. Careful chromatography of
the reaction mixture resulted in isolation of the epoxide
9 (Scheme 3), thus confirming it as an intermediate in
the reaction. This deoxygenation, like that involving the
[1,2] hydride shift, proceeds in high overall yield.

This paper reports for the first time conclusive evidence
for the formation of a ketone intermediate (e.g. 5) during
the deoxygenation of cis-diol monotosylates using LTBH.
The observed stereoselectivity arises from the reduction
of the free ketone, which explains why opposite results
(complete retention of configuration during the formation
of 2-deoxy-myo-inositol and inversion of configuration of
the 3'-hydroxyl group in the attempted formation of 2'-
deoxyadenosine) were achieved with these two classes of
compounds.

The methodology described here involves a simple two-
step deoxygenation of tetra-O-benzyl-myo-inositol in high
overall yield (70%) which provides convenient access into
a range of compounds that are difficult to obtain by
conventional methods.
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