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Nicholas J Noble, Didier Dubreuil and Barry V L, Potter”
School of Pharmacy and Pharmacology

University of Bath
Claverton Down, Bath BA2 7AY, UK

(Received 28 February 1992)

Abstract: The synthesis of the novel analogues of myo-inositol 1,4,5-trisphosphate,
myo-inositol 1-phosphate 4,5-bisphosphorothicate and myo-inositol 1-phosphate 4,5-
pyrophosphate is reported; the latter was prepared via desulphurisation and intramolecular
coupling.

INTRODUCTION

It is now generally accepted that D-myo-inositol 1,4,5-trisphosphate (IP;) (1) (Fig. 1),
released by receptor-mediated phospholipase C-catalysed cleavage of phosphatidylinositol
4,5-bisphosphate, is the second messenger linking the spatially separated events of receptor
stimulation and release of intracellular calcium from internal storest2. IP; is metabolised
vig two pathways®: deactivation by a 5-phosphatase to 1,4-1P, or phosphorylation by a 3-
kinase to 1,3,4,5-IP,. The function of the Iatter still remains controversial and IP, may
gate a plasma membrane CaZ* channelt. 1P acts through an intracellular receptor which

has been isolated®, cloned and sequencedS.7 and reconstituteds,

We have sought to develop synthetic routes to inositol phosphates® and especially to
prepare non-hydrolysable analogues such as phosphorothioates®10.11,  Our synthesis of
myo-inositol 1,4,5-trisphosphorothioate (IPS,) (2)12 (Fig. 1) has provided an analogue that
is a potent releaser of caleium!3i5 and yet is resistant to phosphatase-catalysed
deactivation!s,  Other biologically potent Ca?+-mobilising synthetic phosphorothioate
analogues include myo-inositol 1-phosphorothioate 4,5-bisphosphate (3)!7 and myo-inositol
1,4-bisphosphate 5-phosphorothioate (4)18.19. It is clear that such analogues offer
considerable potential for investigation and modification of the complex metabolism of IP,

and this has been recognized by other groups20.21,
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X=Y=2=0 (1) X=Y=0;Z=S4)

X=Y=Z=S (2) X=O; Y=2=§ (5)
In structure-activity studies, the vicinal 4,5-bisphosphate moiety of IP, has been identified

X=S. Y=Z=0 (3)

as being crucial for intracellular Ca+ release3.%-11. Clearly, chemical modification at this
locus may be one of the keys for designing potential IP, receptor antagonists. An obvious
synthetically-challenging target 1s the pyrophosphate (6) where the 4,5-phosphate groups
have been linked together. As well as comprising a novel modification to the IP; structure,
formation of the pyrophosphate produces a less polar analogue that can potentially be
converted to IP; enzymatically in cells. We have previously reported a new route to such
seven-membered pyrophosphates by desulphurisation of a vicinal bisphosphorothioate using
N-bromosuccinimide (NBS)22. We report here the total synthesis of (6) via the novel

phosphorothioate analogue myo-inositol 1-phosphate 4,5-bisphosphorothioate (5).

Initial experiments on the feasibility of using polyphosphorothioate derivatives of inositol to
prepare cyclic pyrophosphates by our desulphurisation method?? were performed on (7), a
protected precursor of D-6-deoxy-myo-inositol 1,4,5-trisphosphate?3.  Thus, D-2,3-0-
cyclohexylidene-6-deoxy-myo-inositol**  (7) (Scheme 1) was converted into its
trisphosphorothioate ester (8) using bisbenzyl-diisopropylaminophosphine-tetrazole?5,
followed by oxidation of the resulting trisphosphite using sulphur in pyridine!2.
Deprotection using sodium in liquid ammonia26 removed the benzyl protecting groups and
purification of the crude product on DEAE Sepharose using a gradient of
triethylammonium bicarbonate (TEAB) gave D-2,3-O-cyclohexylidene-6-deoxy-myo-
inositol-1,4,5-trisphosphorothioate (9) as its triethylammonium salt. This compound has
the advantage that on NBS-mediated desulphurisation there are no neighbouring vicinal
hydroxyl groups to facilitate intramolecular cyclisation to form cyclic 5-membered

phosphates. Furthermore, we expected that conformational restriction of the cyclohexane
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ring, due to the presence of the 2,3-ketal might aid the ring closure of the trans-vicinat 4,5~
phosphates. Consequently, the I-phosphorothioate group should be desulphurised to the
corresponding phosphate and we expected intramolecular coupling of the activated 4,5-
bisphosphorothicate to form the cyclic pyrophosphate. Indeed, desulphurisation of (9)
using NBS gave D-2,3-O-cyclohexylidene-6-deoxy-myo-inositol-1-phosphate-4,5-cyclic
pyrophosphate (10) in > 90% yield, demonstrating the feasibility of our approach in the
inositol series. (10) Was purified by ion-exchange chromatography. 3!P nmr spectroscopy
of (10) (109.4 MHz, D,O pH9, ext. H,PO, ref.) showed clearly a peak at & -1.84 ppm
assignable to the 1-phosphate group and an AB system with 8 -12.52 and -13.02 ppm, 2Jpp
16.8 Hz, assignable to the 4,5-pyrophosphate system.
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Reagents and Conditions
o 0 ()4 0q, (BoO}LPINPY)), 4.25 eq tetrazole, in itri
1,0 o 1 h at i then 26 eq sulphur in pyridine, 1 hat 1L,
o—"%~o (ii) 14 eq sodium in liquid ammonia, 2 min. 8t -78 °C;
Npmr©O OPO* thea PrOH.
Rl (10) (iii) 8 oq. N-bromosuceinimide in dioxan-water (4:1);
o 1 min at m, then 2-mercaptocthanol (36 ul).

To avoid complications due to potential cyclisation of an activated 1-phosphorothioate
group during desulphurisation of IPS, (2) we have designed a synthesis of myo-inositol 1-
phosphate 4,5-bisphosphorothioate (5) as a precursor of {6). (£)-2,3,6-tri-O-benzyl-
1[bis(2,2,2-trichioroethyliphosphol-myo-inositol (12) was synthesised as described!9:27
from the protected mono-alcohol (11)?8. Bisphosphitylation of (12) with either bis(2-
cyanoethyl)diisopropylaminophosphine™ or bisbenzyldiisopropylaminophosphine?s gave the
corresponding  4,5-bisphosphites, which were oxidised to the respective 4,5-

bisphosphorothioates (13) and (14) with sulphur in pyridine (Scheme 2). Deprotection by
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RI=-CH,CCl, (12)

OBn
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R'=-CH,CCl3
R%=-CH,CH,CN (13)

R? =-Bn=Benzyl (14

Reagents and Conditions

(i) 1.25 eq. (R'0),P(0)Cl in pyridine, 12 h at rt; then
acetone-methanol-M HCI (5:6:1), 1h at rt.

(i) 4 eq. (RZ0),P(NPrl), 4.25 eq tetrazole, in acctonitrile,
1 h at rt; then 26 eq sulphur in pyridine, 1 h at rt.

(iii) 14 eq sodium in liquid ammmonia, 2 min. at -78 °C;
then Pr'OH.

(iv) 8 eq. N-bromosuccinimide in dioxan-water (4:1);

1 min at rt, then 2-mercaptoethanol (30 pl).
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sodium in liquid ammonia as above gave crude DL-myo-inositol-1-phosphate-4,5-
bisphosphorothicate (5) which was purified by ion-exchange chromatography on either
DEAE Sephadex A-25 or Q-Sepharose to give the pure triethylammonium salt of (5),
quantified by Briggs phosphate assay30, in 83% yield.

DL-(5) Was a potent agonist for intracellular Ca®+ mobilisation in permeabilised SH-SYSY
neuroblastoma cells?!. It mobilised Ca®* with a potency slightly less than IP; and similar
to IPS; (2). Having a 5-phosphorothioate group, (5) is resistant to degradation by IP,-5-
phosphatase and stimulated a persistant release of Ca?* like IPS; 331, It inhibited IPy-5
phosphatase potently with a K| of 1.3 + 0.3 gM similar to IPS; 32 suggesting that D-(5)
would have a submicromolar K| for this enzyme. Full biological details will be published

elsewhere.

(5) Was desulphurised with NBS and gave the crude pyrophosphate {6) in high yield with
some evidence of phosphate migration (24%) and straight desulphurisation to 1Py (7%).
(6) Was purified by anion exchange chromatography on Q-Sepharose as above to give the
triethylammonium salt (67% yield). 1t exhibited a 3P n.m.r spectrum (Figure 2) showing
clearly the presence of the 1-phosphate (5 3.04 ppm) and the 4,5-pyrophosphate [§ -11.61

{pos. 4) and -12.02 ppm (pos. 5), 2, 16.8 Hz], the latter resonating as the expected AB

PP

system. Biological evaluation of (6) is in progress.

ACKNOWLEDGEMENTS

This work was supported by SERC {Molecular Recognition Initiative) and in part by Merck
Sharp and Dohme (UK). We thank The Royal Society for a European Exchange
Fellowship (DD) and an equipment grant, S Safrany and Professor S R Nahorski for
preliminary biological evaluation of analogues, Dr R Gigg for an authentic sample of (12),
Drs Cleophax and Gero for an authentic sample of (7) and S Alston for manuscript

preparation. BVLP is a Lister Institute Fellow.

475



476

N.J. NOBLE er al.

REFERENCES

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

2. Berridge, M.J.; Irvine, R.F. Narure 1989, 341, 197.

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

4, Liickhoff, A.; Clapham D.E. Nature 1992, 355, 356.

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

6. Furuichi, T.; Yoshikawa, S.; Miyawaki, A.; Wada, A; Maeda, N.; Mikoshiba, K.
Nature 1989, 342, 32.

7. Mignery, G.A.; Newton, C.L.; Archer III, B.T.; Siidhof, T.C. J. Biol. Chem.
1990, 265, 12679.

8. Ferris, C.D.; Huganir, R.L.; Supattapone, S.; Snyder, S.H. Narure 1989, 342, 87.

9. Potter, B.V.L. Nat. Prod. Rep. 1989, 7, 1.

10.  Potter, B.V.L. in Transmembrane Signalling, Intracellular Messengers and
Implications for Drug Development Nahorski, S.R. ed., Wiley, Chichester 1990
pp207-2365.

11. Potter, B.V.L. in Inositol Phosphates and Derivatives. Synthesis, Biochemistry and
Therapeutic Potential. ACS Symposium Series 463, Reitz, A.B. ed, American
Chemical Society (1991) pp186-201.

12. Cooke, A.M.; Gigg R.; Potter, B.V.L. J. Chem. Soc. Chem. Commun. 1987,
1525.

13.  Taylor, C.W.; Berridge, M.J.; Cooke A.M.; Potter, B.V.L. Biochem. J. 1989,
259, 645,

14. Strupish, J.; Cooke, A.M.; Potter, B.V.L.; Gigg, R. Nahorski, S.R. Biochem. J.
1988, 253, 901.

15. Safrany, S.T.; Wojcikiewicz, R.J.H.; Strupish, J.; McBain, J.; Cooke, A.M.;
Potter, B.V.L.; Nahorski, S.R. Mol. Pharmacol. 1991, 39, 754.

16. Willcocks, A.L.; Cooke, A.M.; Potter, B.V.L.; Nahorski, S.R. Eur. J.
Pharmacol. 1988, 155, 181.

17. Lampe, D.; Potter, B.V.L. J. Chem. Soc. Chem. Commun. 1990, 1500.

18. Cooke, A.M.; Noble, N.J.; Payne, S.; Gigg, R.; Potter, B.V.L. J. Chem. Soc.
Chem. Commun. 1989, 269.

19, Noble, N.J.; Cooke, A.M.; Potter, B.V.L. Carb. Res. 1992 submitted.

20. Dreef, C.E.; Mayr, G.W.; Jansza, J.P.; Roelen, H.C.P.F.; van der Marel, G.A_;
van Boom, J.H. Bioorg. Biomed. Chem. Letr. 1991, 1, 239,

21.  Folk, P.; Kmonickova, E.; Krpejsova, L.; Strunecka, A. J. Labelled Comp.
Radiopharm. 1988, 25, 793.

22.  Noble, N.J.; Potter, B.V.L. J.Chem. Soc. Chem. Commun. 1989, 1194,

23. Safrany, S.T.; Wojcikiewicz, R.J.H.; Strupish, J.; Dubreuil, D., Cleophax, J.;
Gero, S.D.; Nahorski. S.R.; Potter, B.V.L. FEBS Let. 1991, 278, 252,

24, Dubreuil, D.; Cleophax, J.; Potter, B.V.L.; Gero, S.D. unpublished results.

25. Baudin, G.; Glinzer, B.I.; Swaminathan, K.S.; Vasella, A. Helv. Chim. Acta
1988, 71, 1367.

26. Cooke, A.M.; Gigg, R.; Potter, B.V.L. Tetrahedron Lert. 1989, 28, 2305.

27.  Desai, T.; Fernandez-Mayoralas, I.; Gigg, J.; Gigg. R.; Payne, S. Carb. Res.
1992, submitted.

28.  Gigg, R.; Gigg, J.; Payne, S.; Conant, R. J. Chem. Soc. Perkin Trans. I 1987,
423.

29. Bannwarth, W.; Trzeciak, A. Helv. Chem. Acta. 1987, 70, 175.

30.  Briggs, A. J. Biol. Chem. 1922, 53, 13.

31. Safrany, S.; Wojcikiewicz, R.J.H.; Strupish, J.; McBain, J.; Cooke, A.M.; Potter,
B.V.L.; Nahorski, S.R. Mol. Pharmacol. 1991, 39, 754.

32. Cooke, A.M.; Nahorski, S.R.; Potter, B.V.L. FEBS Lerr. 1989, 242, 373.



