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SYNTHESIS OF D-myo-INOSITOL 1,4,5-TRISPHOSPHATE

Colin B. Reese* and John G. Ward

Department of Chemistry, King's College London, Strand, London WC2R 2LS, England

Summary: The conversion of myo-inositol into the ammonium salts both of racemic and enantio-
merically pure D-myo-inositol 1,4,5-trisphosphate (6) is described. The n.m.r. spectroscopic
properties and biological activity of synthetic and naturally-isolated (6) are virtually
identical.

The recent discovery that D-myo-inositol 1,4,5-trisphosphate (6) acts as a second
messengerl has, not unexpectedly, led to a renewed interest in synthetic studiesz’3 in the
area of inositol phosphate chemistry. We now report a synthesis of (6) using an approach
that should also be applicable to the preparation of analogues of (6) and other inositol
phosphates.

We first undertook the synthesis of the racemic modification of myo-inositol 1,4,5-tris-
phosphate. Treatment of racemic 1,4,5,6-tetra-O-benzyl-myo-inositol [(l), Scheme 1] prepared
in three steps from myo-inositol by a modification of the published procedurea, with an excess
of 1,1-dimethoxypentane in the presence of toluene-p-sulphonic acid in acetonitrile solution
gives its 2,3-cyclopentylidene derivatives, m.p. 72-73°C, in quantitative yield. When this
product is treated with sodium in liquid ammonia-tetrahydrofuran, racemic 2,3-cyclopentyl-
idene-myo-inositol (2), m.p. 156-158°C, is obtained in 707% overall yield. The latter com-
pound (2) is allowed to react first with t-butylchlorodimethylsilane [2.2 mol. equiv.] and
imidazole {6.6 mol. equiv.] in acetonitrile solution6 at room temperature for 5 hr, and then
with 9-chloro—2,7-dibromo-9-phen_leanthene7 [{(7), 1.2 mol. equiv.] in pyridine-acetonitrile
for 16 hr. Treatment of the products with an excess of tetraethylammonium fluoride in
acetonitrile solution for 48 hr at room temperature, followed by chromatography on silica gel
gives racemic 2,3-0-cyclopentylidene-6-0-(2,7-dibromo-9-phenylxanthen-9-yl)-myo-inositol (3_)9
as a crystalline solid [Found: C, 54.4; H, 4.2; Br, 24.4. C3oH,Br,;0; requires: C, 54.57;
H, 4.27; Br, 24.20%], m.p. 189-194°C, in 367 vield. Two, so far uncharacterized, more polar
putative isomers of (3) are also obtainedll.

A solution of bis(2-cvancethyl) diethylphosphoramidite12

((8)5 ca. 4.2 mmol] in dry
dichloromethane is added (Scheme 1) to a stirred solution of the racemic protected myo-inos-
itol derivative [(3); 0.32 mmol] and 1H-tetrazole [ca. 5.7 mmol] in drv dichloromethane at
room temperature. After 1 hr, tetrahvdrofuran-water (9:1 v/v) is added and, after a further
period of 30 min, 2,6-lutidine and a large excess of t-butyl hydroperoxide16 are added. The
products are worked up after 16 hr and chromatographed on silica gel to give the racemic

hexakis(2-cyanoethyl) ester of 2,3-0-cyclopentylidene-6-0-(2,7-dibromo-9-phenylxanthen-9-y1)-
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Reagents: (i) 1,1-dimethoxycyclopentane, TsOH, MeCN; (ii) Na, liq. NH3, tetrahydrofuran; (iii) ButSiMezCI, imidazole,
acetonitrile; (iv) 9-chloro-2,7-dibromo-8-phenylxanthene (7), pyridine; (v) EtuNF, acetonitrile;

(vi) (a) Et,NP(OCH,CH,CN),, tetrazole, CH,Cl,, (b) BulOOH; (vii) (Me,N),C==NH, EtOH-H,0 (4:1 v/v);
(viii) Dowex 50 (H+ form); (ix) aqueous NHj3; (%) AcOH~-H0 (2:1 v/v).

myo-inositol 1,4,5-trisphosphate (4a) as colourless crystals [Found: C, 47.3; H, 4.0; N, 6.9;
Br, 13.4; P, 8.15. C,gH,9gNgO; ¢P3Br, requires: C, 47.30; H, 4.05; N, 6.90; Br, 13.11;
P, 7.627], m.p. 133-135°C, in 507 yield.

The latter material [(4a); 0.07g] is readily unblocked (Scheme 1), under mild conditions,
to give the ammonium salt of racemic myo-inositol 1,4,5-trisphosphate. When (4a) is treated
with a large excess of N',N!,N3,N%-tetramethylguanidine in ethanol-water (4:1 v/v) at 37°C for
24 hr and then at room temperature for 48 hr, the N1, N!, N3,N3-tetramethylguanidinium salt of
(4; R = H) is obtained. When this product is dissolved in water (pH ~6) at room temperature,
the 6-0-(2,7-dibromo-9-phenylxanthen-9-yl) protecting group is spontaneously removed17 in ca.
1 hr. The aqueous products are passed through a Dowex 50 x 8 (H+ form) cation exchange
column, the eluate basified with aqueous ammonia and evaporated to dryness under reduced
pressure. The residue, which is assumed to be (5) is then dissolved in acetic acid-water
(2:1 v/v) at room temperature. After 2 hr, the products are evaporated to dryness under
reduced pressure, re-evaporated with absolute ethanol, triturated with ether and then dried
to give the putative hexa-ammonium salt of racemic myo-inositol 1,4,5-trisphosphate (6) as a
colourless solid [0.0l4g, 337 yield, based on (4a)l.
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Enantiomerically pure 1,4,5,6-tetra-0O-benzyl-D-myo-inositol (l) was obtained18 from its
1--D-(2,3,4,6-tetra-0~acetyl)glucopyranosyl derivative (9a) using a slight modification of
the procedure reported by Stepanov et al.lg; this compound was converted into the putative
hexa-ammonium salt of D-myo-inositol 1,4,5-trisphosphate (6) in the same way (see above,
including Scheme 1) as the racemic modification of (1) was converted into the racemic
modification of (6).

The n.m.r. spectra both of synthetic D-myo-inositol 1,4,5-trisphosphate20 (6) and the
racemic modification were identical to the spectra obtained21 from natural material.
Synthetic D-enantiomer (6) showed virtually identical activity to naturally-isolated (g)l in
causing unfertilized sea urchin eggs to elevate fertilization envelopeszz, in the activation
of transient hyperpolarisation following microinjection into Nl1l5-neuroblastoma cells23 and
in the release of calcium ions from permeabilised rat acinar cellsl. In the last system,
the racemic modification appeared to be significantly less active than the enantiomerically
pure material.
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