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1,4,5-TRISPHOSPHATE 3-PHOSPHOROTHIOATE
AS AN INHIBITOR OF MYO-INOSITOL
1,3,4,5-TETRAKISPHOSPHATE 3-PHOSPHATASE

Changsheng Liu and Barry V L Potter*

Department of Medicinal Chemistry, School of Pharmacy and Pharmacology
University of Bath, Claverton Down, Bath BA2 7AY, UK.

Abstract: The synthesis of racemic myo-inositol 1,4,5-trisphosphate  3-
DPhosphorothioate from myo-inositol is described using a protection/deprotection sequence
empﬁyl'ng allyl, benzyl and p-methoxybenzyl groups to facilitate selective 3-position
thiophosphorylation.

D-myo-Inositol 1,4,5-trisphosphate Ins(1,4,5)P, (1) (Fig 1), released by receptor-mediated
phospholipase C-catalysed cleavage of phosphatidylinositol 4,5-bisphosphate has emerged within the last
decade as a second messenger linking the spatially separated events of receptor stimulation and release of
intracellular calcium from internal stores!:2. Ins(l,4,5)P; acts through an intraceliular endoplasmic
reticular receptor which has been isolated®, cloned and sequenced®® and reconstituteds; Ins(1,4,5)P; is
metabolised via two pathways’: deactivation by a 5-phosphatase to Ins(1,4)P, or phosphorylation by a 3-
kinase to the tetrakisphosphate Ins(1,3,4,5)P,. The function of the latter still remains controversial® and
Ins(1,3,4,5)P; may gate a plasma membrane CaZ+ channel®.
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As part of an ongoing programme aimed to study structure-activity relationships in inositol tris-
and tetrakisphosphates”-1® we have been engaged in the synthesis of myo-inositol polyphosphates and their
analogues as potential enzyme inhibitors and receptor antagonists. In particular, phosphorothioate
analogues of Ins(1,4,5)P; either with multiple or specific substitutions eg (2) - (5) (Figure 1) have
emerged as potent inhibitors of the metabolic enzyme Ins(1,4,5)P; 5-phosphatasell,
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A complication in studies designed to investigate the potential role of Ins(1,3,4,5)P, in Ca2+
homeostasis has been the existence of the enzyme Ins(1,3,4,5)P, 3-phosphatasel? which converts the poor
Ca?+ mobiliser Ins(1,3,4,5)P, (6) into the potent Ins(1,4,5)P, (Figure 2). While endogenous inhibitors of
this enzyme, Ins(1,3,4,5,6)P5 and InsP, potently inhibit Ins(1,3,4,5)P, 3-phosphatase activityl14, an
inhibitor based upon Ins(1,3,4,5)P, would facilitate investigations of the potential biological importance
of this molecule independent of the 3-phosphatase catalysed conversion into Ins(1,4,5)P,. To this end,
we have designed myo-inositol 1,4,5-trisphosphate 3-phosphorothioate [Ins(1,3,4,5)P,-3S] (7) as a novel,
specifically phosphorothioate-substituted Ins(1,3,4,5)P, analogue with potentiali as an Ins(1,3,4,5)P, 3-
phosphatase inhibitor and we report here the synthesis of racemic (7).

Conversion of the inositol 1,2:4,5 diketal'5 (9), prepared from myo-inositol (8), to the 3-O-allyl
(10) and 3-O-allyl-6-O-benzyl (11) derivatives was achieved by treatment of (9) first with allyl
bromide/barium oxide and barium hydroxide (63% yield) and then (10) with benzyl chloride/sodium
hydride respectively (100% yield) (Scheme). Removal of the isopropylidene groups by treatment of (11)
with p-toluene sulfonic acid in ethyl acetate/acetone/water afforded (12) (88% yield). Regioselective
introduction of a 1-O-p-methoxybenzyl ether in (12) was achieved by treatment with dibutyltin oxide in
refluxing toluene, followed by caesium fluoride/p-methoxybenzyl bromide to give (13) in 74% yield.
After reintroduction of the 4,5-0-isopropylidene ketal by use of 2-methoxypropene and p-toluene sulfonic
acid giving (14) (90% yield) the remaining 2-hydroxyl group was benzylated to produce (15) (94% yield).
The isopropylidene group and the 1-O-p-methoxybenzyl ether were successively cleaved by treatment of
(15) with refluxing hydrochloric acid to produce the triol 3-0-allyl-2, 6-di-O-benzyl-myo-inositol (16)16 in
90% yield. The allyl group of (16) was isomerized to cis-propenyl using KOBu' to give the key
intermediate (17). Phosphitylation of (17) was effected using bisbenzyloxy(diisopropylamino)phosphine-
tetrazole in dichloromethane!? to afford the corresponding trisphosphite which was smoothly oxidised
with rerr-BuOCH to the fully protected trisphosphate (18) in 80% overall yield from (£7). The propenyl
group of (18) was removed, avoiding phosphate migration, by use of trifluoroacetic acid to give the
trisphosphate (19). [Racemic (9) has been prepared previously vie a different routel®]. This was
converted to the protected 3-phosphite as above and the crude intermediate sulfoxidised using sulfur in
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Scheme Reagents and conditions:

(1) (@) CHaC(CHz0)2CH,, PTSA, refiux, (b)) BzCL pyrkiine, (c) NaCH, reflux; (i#) allyl bromide, NaH;

(i) BnCl, NaH; (iv) PTSA, ethyl acetate/acetone/water; (v) (a) dibutyltin oxide, reflux, (b) CsF,
(p-MeO) BnCl; (vi) 2-methoxypropene, PTSA; (vil) BnCl, NaH; {vii) M HCI, reflux; () fer+BuOK;

(x) (a) P/oNP(OBn),, tetrazole in CHXCla, (b) 70% tertBuQOH; (xi) CFaCOOH in EtOH:;

(xi) (a) P/2NP(OBn)2, tetrazole in CHClp, (b) sulfur in pyridine; (xii) (a) Na/liq, NHg, (b) H20
All compounds are racemic.
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pyridine to the fully protected (20). Benzyl protecting groups of (20) were subsequently removed by
treatment with sodium in liquid ammonial® to provide crude (7) which was subjected to ion-exchange
chromatography on Q-Sepharose eluting with a gradient of triethylammonium bicarbonate buffer, to
afford pure (7) in 68% yield. As expected, (7) exhibited three singlets at 5 -0.42, 0.23 and 0.61ppm in
the 1H-decoupled 3P NMR spectrum, corresponding to phosphate groups and a singlet at & 49.89ppm
corresponding to the unique 3-O-phosphorothioate.

Racemic Ins(1,3,4,5)P,-3S was found to be a Ca?+ mobilising agonist in permeabilised
neuroblastoma cells with a potency [ECso = 4.7uM]2° similar to Ins(1,3,4,5)P, when assayed in the
presence of InsPs as 3-phosphatase inhibitor {ECsq = 2.5uM]. Ins(1,3,4,5)P,-3S will complement
Ins(1,3,4,5)P,-5S, for which a synthetic route has been published?! and be an important tool for the
identification of potentially exclusive Ins(1,3,4,5)P, second messenger functions, since its resistance to 3-
phosphatase action will preclude the inconvenient artefact of steady state Ins(1,4,5)P, generation. It has
already found use in demonstrating that Ins(1,3,4,5)P, can independently mobilise intracellular CaZ+ vig
the Ins(1,4,5)P; receptor29,

ACKNOWLEDGEMENTS:

We thank SERC (Molecular Recognition Initiative) for financial support and S Alston for
manuscript preparation. BVLP is a Lister Institute Fellow.

REFERENCES

1 Berridge, M.J. Annu. Rev. Biochem. 1987, 56, 159-193.

2. Berridge, M.J. Nature 1993, 361, 315-325.

3. Supattapone, S.; Worley, P.F.; Baraban, J.M.; Snyder, S.H. J. Biol. Chem. 1988, 263, 1530-
4

1534.

5351115121158'1‘, Yoshikawa, S.; Miyawaki, A.; Wada, A; Maeda, N.; Mikoshiba, K. Narture 1989,
5. Mi ’ne?, G.A.; Newton, C.L.; Archer Il, B.T.; Siidhof, T.C. J. Biol. Chem. 1990, 265,

12679-13685.

6. Ferris, C.D.; Huganir, R.L.; Supattapone, S.; Snyder, S.H. Nature 1989, 342, 87-89.

7. Nahorski, S.R.; Potter, B.V.L. Trends Pharmacol. Sci. 1989, 10, 139-144,

8. Irvine, R.F. in Advances in Second Messen er and Phosphopm:em Research, J.W. Putney Jnr.
ed., Raven Press, New York, 1992, ppl161-1

9, Luckhoff A.; ClaphamD E. Nature 1992 355 356-358.

10. Potter, B.V.L.; Nahorski, S.R. Biochem. Soc. Trans. 1992, 20, 434-442,

11.  Potter, B.V.L.; Nahorski, S.R. in Drug Design for Neuroscience, A.P. Kozikowski ed., Raven
Press, New York, 1993, pp383-416.

12, Nogimori, K.; Hughes; P.J.; Glennon, M.C.; Hodgson, M.E.; Putney, J.W. Jnr.; Shears, S.B.
J. Biol. Chem., 1991, 266, 16499-16506.

13.  Hughes, P.J.; Shws, S.B. J. Biol. Chem. 1990, 265, 9869-9875.

14.  Hoer, A.; Oberdlsse E. BiochemJ. 1991, 278, 219-224.

15. Gigg, I.; Glgg, R.; Payne, S.; Conant, R. Carbahydr. Res. 19858, 142, 132-133.

16. Liu, C.; Thomas, NF Pother B.VLL J. Chem. Soc. Chem. Commun. 1993, 1687-1690.

17. Yu, K.-L Fraserkeld B. Tetrahedron Lett. 1988, 29, 979-982.

18.  Desai, T.; Fenmldez-Mayoralas A.; Gigg, J.; R Jaramillo, C.; Payne, S.; Penades, S.;
Schnetz, 'N. ACS Symposiwn Series 463, A.B. Reitz ed., American Chemical Somety,
Washington DC, 1991, pp86-102.

19. Cooke, AM.; Gigg, R Potter, B.V.L. Tetrahedron Lett. 1987, 28, 2305-2308.

20. Wﬂcox R.A; Wh1tha.m EM., Liu, C.; Potter, B.V.L; Nahorsln S.R. FEBS Lert. 1993, in
press.

21.  Dreef, C.E.; Mayr, G.W.; Jansze, J.P.; Roelen, H.C.P.F.; van der Marel, G.A.; van Boom,
ILH. Bzoorg Med. Chem. Lett. 1991, 1, 239242

(Received in UK 10 December 1993; revised 23 December 1993; accepted 7 January 1994)



