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Chiral desymmetrisation of myo-inositol 1,3,5-orthobenzoate
gives rapid access to precursors for second messenger analogues
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Abstract—Chiral desymmetrisation of myo-inositol 1,3,5-orthobenzoate via the formation of diastereoisomeric bis[(1.S)-(—)-camph-
anate] esters provides a convenient and fast route to precursors for biologically important inositol phosphates and lipids, and to
synthetic analogues and probes modified at O-1 or O-3 of the inositol ring.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

myo-Inositol 1,3,5-orthoesters' have been widely used in
recent years as intermediates in the synthesis of inositol
phosphates and lipids. The introduction of the adaman-
tane-like orthoester cage protects the O-1, O-3 and O-5
atoms of myo-inositol in a single step, leaving the OH
groups at C-2, C-4 and C-6 free for manipulation
(Fig. 1). The orthoester can also be cleaved with reduc-
ing agents to give different patterns of hydroxyl group
protection,? and in the case of the alkyl orthoesters, acid
hydrolysis can introduce an acyl ester at various posi-
tions on the inositol ring.? myo-Inositol orthoformate*
1 has been most extensively investigated, although
myo-inositol orthoacetate 234 and other orthoesters
with alkyl chains®®> have also been used. myo-Inositol
1,3,5-orthobenzoate 3 has not previously been exploited
as a synthetic precursor, although an obvious advantage
of 3 is that hydrolysis of the orthoester cage should leave
a stable benzoate ester on the inositol ring, giving greater
scope for subsequent elaboration.

Previously, we have shown that chiral desymmetrisation
of 1° and 2% by the formation of diastereoisomeric 2,4-
and 2,6-bis[(1S5)-(—)-camphanate] esters can provide
rapid routes to two physiologically important inositol
phosphates,” inositol 1,3,4,5-tetrakisphosphate [Ins-
(1,3,4,5)P,]° and inositol 1,4,5-trisphosphate [Ins(1,4,5)-
P3],% respectively. For ongoing investigations into the

* Corresponding author. Tel.: +44 1225 386693; fax: +44 1225
386114; e-mail: B.V.L.Potter@bath.ac.uk

0957-4166/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetasy.2005.12.008

biological roles of Ins(1,4,5)P; and Ins(1,3,4,5)P4, we
required a convenient route to precursors for synthetic
Ins(1,3,4,5)P, conjugates in which either the 1- or
3-phosphate group could be modified selectively, while
retaining the 3,4,5- or 1,4,5-trisphosphate pattern. Here
we show that by applying our desymmetrisation
approach to myo-inositol orthobenzoate 3, the metho-
dology can be developed and extended, giving fast
routes to the required chiral precursors for O-1 and
0-3 modified analogues of Ins(1,3,4,5)P4, and also for
analogues of Ins(1,4,5P; and phosphatidylinositol
3,4,5-trisphosphate [PtdIns(3,4,5)P3].8

2. Results and discussion
2.1. General strategy

Our synthetic strategy (Scheme 1) employs chiral desym-
metrisation of myo-inositol orthobenzoate 3 using (1S5)-
(—)-camphanic chloride, followed by isolation of the
required D-2,6-bis(camphanate) 4 by crystallisation.
The camphanate esters are then replaced with stable
benzyl ethers in a straightforward sequence of reactions
employing a methoxyisopropylidene (MIP) acetal for
the transient protection of the 4-OH group, thus retain-
ing the D-2,6 protection pattern. Acid hydrolysis of the
orthobenzoate cage now allows the creation of benzoate
esters at O-1 or O-3 of the myo-inositol ring, allowing dif-
ferentiation of either the 1- or the 3-hydroxyl group from
the other hydroxyl groups destined for phosphorylation.
Thus, p-1-0O-benzoyl-2,6-di-O-benzyl-myo-inositol 6 is a
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Figure 1. (a) myo-Inositol 1,3,5-orthoesters 1, 2 and 3; (b) Inositol 1,4,5-trisphosphate, inositol 1,3,4,5-tetrakisphosphate and phosphatidylinositol
3,4,5-trisphosphate; (c) Regioselectively modified analogues of Ins(1,4,5)Ps, Ins(1,3,4,5)P, and PtdIns(3,4,5)P; accessible from 3. Compounds are

shown with Ip-numbering. DAG = diacylglycerol.
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Scheme 1. Reagents and conditions: (a) Trimethyl orthobenzoate
(1.1 equiv), camphorsulfonic acid (0.02 equiv), DMSO, 80 °C, 5h,
84%; (b) (1S)-(—)-camphanic chloride (2.1 equiv), triethylamine
(2.3 equiv), DMAP (0.06 equiv), CH,Cl,, 0 °C to rt, 66%; (c) (i) 2-
methoxypropene (10 equiv), PTSA (0.02 equiv), THF, 0 °C to rt; (ii)
LiOH'H,O0 (10 equiv), THF, MeOH, H,O; (iii) NaH, BnBr, DMF; (iv)
wet CH,Cl,, trace of TFA, 85% from 4; (d) 1.0 M HCI, ethanol, 1:2,
reflux, Sh, 6: 48%, 7: 41%; (e) NaOH, H,0, reflux, 8: 98% from 5.
Bn = benzyl, Bz = benzoyl.

synthetic precursor for Ins(3,4,5)P;, P-1-tethered
Ins(1,3,4,5)P,%° and PtdIns(3,4,5)P; analogues,® while
D-3-0-benzoyl-2,6-di-O-benzyl-myo-inositol 7 is a pre-
cursor for Ins(1,4,5)P; and P-3-tethered Ins(1,3,4,5)P,.
They are also precursors for potential Ins(1,3,4,5)P,4 bio-
isosteres, in which either the 1- or 3-phosphate group is
selectively replaced by a phosphate surrogate, such as
phosphorothioate,'® or methylphosphonate.!!

2.2. Synthesis of myo-inositol orthobenzoate 3
myo-Inositol orthobenzoate 3 was prepared by a method

similar to that reported for the preparation of myo-
inositol orthopentanoate,® using transesterification of

myo-inositol with a slight excess of trimethyl ortho-
benzoate in dry DMSO at 80 °C in the presence of a cat-
alytic amount of camphorsulfonic acid. By distilling off
formed MeOH (e.g., by carrying out the reaction in a
rotary evaporator), shorter reaction times can be used.
Alternatively, DMF can be used as a solvent, although
higher temperatures (>140 °C) and larger amounts of
catalyst and trimethyl orthobenzoate are required. After
neutralisation with triethylamine and removal of sol-
vents, a solution of the residue in hot EtOAc is filtered
through a silica pad to remove coloured and polar mate-
rials, then reduced in volume and allowed to cool, giving
crystals of 3 [Ry 0.40 (EtOAc); mp 213-214 °C] in 84%
yield. More 3 can be obtained by flash chromatography
of the mother liquor if required. A single-crystal X-ray
structure of 3'? was obtained (Fig. 2).

2.3. Isolation of p-2,6-di-O-|(—)-camphanoyl]-myo-inosi-
tol orthobenzoate 4

Reaction of 3 with (1S)-(—)-camphanic chloride
(2.1 equiv) in CH,Cl, in the presence of triethylamine
and a catalytic amount of DMAP'? gave a mixture of
the 2,6-bis(camphanate) 4, together with the more polar
2,4-bis(camphanate).'* The use of other solvents (pyri-
dine, acetonitrile or DMF) was less successful, giving
substantial amounts of mono- and tris(camphanate).
The p-2,6-bis(camphanate) 4, which is the required pre-
cursor for Ins(1,4,5)P3, Ins(3.4,5)Ps, Ins(1,3,4,5)P4 and
PtdIns(3,4,5)P; analogues, has low solubility in most
organic solvents, and can be easily isolated by crystalli-
sation. The absolute configuration of 4 was determined
as described below. Crystalline 4 is stable, although
neutral or alkaline solutions of 4 show slow hydrolysis
and migration of the camphanate group at O-6.

2.4. Conversion of 4 into p-2,6-di-O-benzyl-myo-inositol
orthobenzoate 5

In the next step, the camphanate esters in 4 are replaced
with benzyl ethers. This sequence of reactions was car-
ried out without isolation of intermediates, requiring
only a final purification step by flash chromatography.
Thus, the reaction of 4 with 2-methoxypropene in the
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Figure 2. Portion of lattice packing in 3, showing C-H- - - interactions. Ellipsoids are represented at the 30% probability level.

presence of a catalytic amount of PTSA in THF gives
the 4-O-MIP acetal, and addition of LiOH-H,O in
MeOH/H,O to the solution then cleaves the campha-
nate esters in situ. After evaporation of solvents and
aqueous workup, benzylation at O-2 and O-6 followed
by selective cleavage of the MIP acetal using a trace of
acid gives 5,'° isolated by flash chromatography in
85% yield from 4.'° Thus, pure 5 can readily be obtained
on a multi-gram scale from myo-inositol.

2.5. Hydrolysis and absolute configuration of 5

Hydrolysis of 5 using aqueous HCI in refluxing EtOH
gave a 1.2:1 mixture of 1-O-benzoate ester 6 and 3-O-
benzoate ester 7. No 5-O-benzoate was detected under
these conditions.!” The triols differ strikingly in their
polarity, and can be easily separated by flash chroma-
tography, giving 6 and 7 as crystalline solids.'® Hydroly-
sis of 5 followed by saponification of the resulting
mixture of 1- and 3-O-benzoates gave D-2,6-di-O-benzyl
myo-inositol 8. The absolute configuration of 8, and
thereby that of compounds 4, 5, 6 and 7 was established
by comparison of its specific rotation with the literature
values.!

2.6. Synthetic utility of benzoates 6 and 7

The benzoate esters 6 and 7 are key intermediates for the
synthesis of inositol phosphates and lipids. For example,
phosphitylation of 6 or 7 using bis(benzyloxy)diisoprop-
ylaminophosphine and 1H-tetrazole, followed by oxi-
dation of phosphites and cleavage of benzoate esters
gives D-2,6-di-O-benzyl-myo-inositol-3,4,5-tris(dibenzyl-
phosphate)?*?!->¢ and b-2,6-di-O-benzyl-myo-inositol-
1,4,5-tris(dibenzylphosphate),?® respectively, in which

the 1-OH or 3-OH group is now available for selective
modification. Alternatively, hydrogenolysis of 6 or 7
gives D-1-O-benzoyl-myo-inositol?> or D-3-O-benzoyl-
myo-inositol,>>23  respectively, precursors for Ins-
(2,3,4,5,6)Ps*>>* and Ins(1,2,4,5,6)P5.2%24

3. Conclusion

myo-Inositol orthobenzoate 3 is a versatile new starting
material for the synthesis of myo-inositol phosphates
and lipids. Chiral desymmetrisation of 3 allows fast
access to orthogonally protected chiral intermediates,
which are precursors for a range of analogues and
conjugates related to Ins(1,4,5)P;, Ins(1,3,4,5)P4 and
PtdIns(3.,4,5)Ps.
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When alcohol 5 was esterified with (1S)-(—)-camphanic
chloride, a single product was obtained, while esterifica-
tion of racemic 5 in the same way gave two diastereoiso-
meric products, clearly distinguishable by TLC and by
"H NMR spectroscopy. Thus, no detectable migration of
camphanate or MIP groups takes place during the
conversion of 4 into 5.

Acid hydrolysis of 2,6-di-O-benzyl-myo-inositol ortho-
acetate under similar conditions gives only 1-O-acetyl-2,6-
di-O-benzyl myo-inositol and tetraol 8 (Liu, C.; Potter, B.
V. L., unpublished results).

Data for 6: Ry 0.32 (EtOAc); colourless crystals from
ether/hexane, mp 110-110.5°C; [o]fy = —118.9 (¢ 1,
MeOH). Data for 7: Ry 0.70 (EtOAc); colourless crystals
from EtOAc/hexane, mp 171-173 °C; [oc}g) =+436.7 (¢ 1,
MeOH).

Data for 8: mp 144-146 °C (from CHCly); Lit,** 145.2—
146.1 °C; [o]py = —32.3 (c 1, EtOH); Lit* [o]f) = —29.3
(¢ 1, EtOH).

Desai, T.; Gigg, J.; Gigg, R.; Martin-Zamora, E. Carbo-
hydr. Res. 1996, 296, 97-133.

(a) Wang, D.-S.; Chen, C.-S. J. Org. Chem. 1996, 61,
5905-5910; (b) Aneja, S. G.; Parra, A.; Stoenescu, C.; Xia,
W.; Aneja, R. Tetrahedron Lett. 1997, 38, 803-806.
Chung, S. K.; Chang, Y. T.; Lee, E. J.; Shin, B. G.; Kwon,
Y. U.; Kim, K. C.; Lee, D. H.; Kim, M. J. Bioorg. Med.
Chem. Lett. 1998, 8, 1503-1506.

Bruzik, K. S.; Kubiak, R. J. Tetrahedron Lett. 1995, 36,
2415-2418.

Rudolf, M. T.; Kaiser, T.; Guse, A. H.; Mayr, G. W.;
Schultz, C. Liebigs Ann. Recl. 1997, 1861-1869.



	Chiral desymmetrisation of myo-inositol 1,3,5-orthobenzoate gives rapid access to precursors for second messenger analogues
	Introduction
	Results and discussion
	General strategy
	Synthesis of myo-inositol orthobenzoate 3
	Isolation of d-2,6-di-O-[( minus )-camphanoyl]-myo-inositol orthobenzoate 4
	Conversion of 4 into d-2,6-di-O-benzyl-myo-inositol orthobenzoate 5
	Hydrolysis and absolute configuration of 5
	Synthetic utility of benzoates 6 and 7

	Conclusion
	Acknowledgements
	References


