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Abstract: Optically active myo-inositol 1,4,5-tris(phosphate) has been
synthesized starting from myo-inositol.

Since the recent claim that D-myo-inositol 1,4,5-tris(phosphate) (1) acts
as a cellular second messenger,l) biological interest in it has been increased
remarkably. Even though this material which is prepared by chemical hydrolysis
of bovine brain phosphoinositides is commercially available, the isolation
process is enormously tediousZ) and a supply of a large quantity of ] is much
difficult. It is also difficult to obtain radiocactive derivatives ofgL.Chemical
synthesis of 1 must resolve such problems. In this communication, we describe
the first total synthesis of optically active myo-inositol tris(phosphate) 1
starting from readily accessible myo-inositol (2) which is meso form.
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For the performance of our project, it was particularly necessary to
explore the followings; 1) suitable protection of the six hydroxyl groups in
myo-inositol, 2) convenient optical resolution, 3) efficient phosphorylation
of the vicinal hydroxyl groups at the 4 and 5 positions. Concerning the first
item, Gigg et a1.3) have very recently reported the synthesis of racemic 1,2,4-
tri-O-benzyl-myo-inositol (racemic Ak) which is the same intermediate that we
prepared.A)

Dibenzyl ether 4 was prepared by an ordinary procedure (Scheme 1, 90%
yield) from l,2:4,5-bis-0-cyc10hexy1idene-myo-inositolS) which was readily
derived from myo-inositol. Selective removal of the 4,5-cyclohexylidene group
was achieved in 807 yield on treatment with ethylene glycol in the presence of
p-toluenesulfonic acid in chloroform at room temperature.6 Allylation on two
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Bn = benzyl, All = allyl
Compounds 3, Q, 2 6, L4l are racemic.

a, BnCl/NaH/DMF; b(4-—=3), HO(CHZ)ZOH 1 eq.)/TsOH/CHCl3/r.t.; c, Al1lBr/
NaH/DMF; d(g-2d1), AcOH/H20/9O°C; e, l1-Menthoxyacetylchloride/Pyridine;
f, aq.NaOH/MeOH; g, All1Br/NaOH/Benzene/refl.; h(10-=11), RhCl(PPh3)3/
DABCO then HC1/MeOH; i, (PhNH) ,P(0)C1/DMAP/Pyridine; j, i-AmONO/AcOH/
Pyridine/Ac,0; k(13-=1), 5%-Pd-C/H,/aq.MeOH

hydroxyl groups at C-4 and -5 in 3 (quantitative yield) followed by hydrolytic
removal of the residual cyclohexylidene group (88% yield) gave the diol ;ﬁl.
This racemic diol was subjected to optical resolution in the next step.
There have been known several methods for resolution of myo-inositol deriva-
tives.7) Among them, the orthoester method developed by Shvets and co—workers7b)
has been shown to have some generality. However, yields of the formation of
diastereomers are not always good, and orthoesters are inherently too sensitive

towards acidic media to separate them by chromatography using silica gel which
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provides a suitable tool for purifing a large quantity of a mixture of materials
with similar Rf values. These considerations directed us to devise a more
efficient resolution method which allows utilization of silica gel chromatography as
well as recrystallization. After a number of examinations, we found that a dia-
stereomeric mixture of the 1-£-menthoxyacetyl derivatives &d and’gl prepared in
a regioselective manner by the reaction of the diol 7dl with the corresponding
acid chloride, could be separated efficiently. Thus, recrystallization of the
reaction mixture from hexane afforded the desired diastereomer é} (mp 67.5-68.5
°C), free from the other 8d which was oily. Flash chromatography (SiOz, hexane
-ether 2:1) of the residue obtained from the mother liquor of the first recrys-
tallization gave pure 81 (total 39% yield) and 8d (43% yleld) Alkaline hydroly-
sis of 81 and 8d gave enantiomerically pure diols 71 (EX]D 14.3°(CHC13), 987%
18 and 7d (o 28
of the diol 71 was checked by HPLC analysis of the menthoxyacetyl derivative
prepared again from the resolved 41 and also by 1
acid (R(+)- MTPA)9)
The optically pure diol /1 thus obtained was selectively transformed to 1-
allylated alcohol 2/(76% yield) which was then benzylated to furnish the fully
protected derivative 1Q (98% yield) of myo-inositol. Deallylation of kg/by iso-

yield +14,2° (CHCl ), 997 yield), respectlvely. Optical purity
H NMR analysis of Mosher's
ester of 2- acetylated’ZI.

merization of double bond in the presence of Wilkinson catalyst and subsequent
aCldlC methanolysis yielded the key intermediate, trihydroxy tribenzyl ether 11

( @q +15.5° (CHC13), mp 117-9°C, 58% yield), whose structure was characterlzed
by spectroscopic data (IR, NMR, MS) and combustion analysis. This pertinently
protected triol 11 was subjected to phosphorylation by the use of dianilido-
phosphoric chlorlde 10) in the presence of DMAP in pyridine to givetris(phosphate)
12 (ca. 41% yleld).ll) Successive deprotection of phosphoryl (isoamyl nitrite

in pyridine-acetic acid— acetic anhydride 1:1:1)12) and hydroxyl (HZ/SZ Pd-C)
groups in 12 gave the desired final product, D-myo-inositol 1,4,5-tris(phosphate)
(ammonium salt) which was indistinguishable on cellurose TLC and PC from natural

origin 3.13) Study on 1H and 13C NMR spectra which involved spin decoupling and
two-dimensional NMR experimentslh) supported unambiguously the structure of
15)
1.
~nS

At the present time, phosphorylation and subsequent deblocking reaction
are not satisfactory. Improvement of these steps and biological assay of the
syntheticré are now under way.
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The spectra were recorded on a JEOL JNM-GX400 spectrometer.

IH NMR (12 mg in 0.4 ml D20, pH ca. 6, ext. ref. 4.80 ppm); § = 4.31-4.24
(m, 2H), 4.05-3.99 (m, 2H), 3.92 (dd, J1-¢ = J5.¢ = 9 Hz, 1H = H-6), 3.71
(dd, J3-4 = 10 Hz, J2.3 = 3 Hz, 1H = H-3). Chemical shift and coupling
pattern of H-1, -2, -4, and -5 were disclosed mainly by two-dimensional
correlation experiments as follows; &= 4.28 (dd, Jj-2 = 3 Hz, H-2), 4.26
(ddd, J4.5 = J4_py = 9 Hz, H-4), 4.01 (ddd, Jj-p1; = 9 Hz, H-1), 4.01 (ddd,
J5-p? = 9 Hz, H-g).

14, 13C, and 31P NMR spectra of natural ) have recently been reported by
Lindon et al. (J. C. Lindon, D. J. Baker, R. D. Farrant, and J. M. Williams,
Biochem. J., 233, 275 (1986)). These were different in chemical shift and
coupling constant from those of the present synthetic L presumably because
their sample was the potassium salt and measurement conditions (pH, concen-
tration, and temperature) were different.
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