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Abstract: D- and L-myo-inositol 1-phosphorothioate have been synthesized from 2,3,4,5,6-0
pentabenzyl- myo-inositol. Both enantiomers are slow substrates for inositol monophosphatase and
weak competitive inhibitors, therefore, ideal probes for the phosphatase reaction. D-glucose 6-
phosphorothioate did not serve as a substrate for the enzyme inositol synthase in an alternative
synthesis of L-myo-inositol 1-phosphorothioate.

Aspects of the metabolic pathways associated with the release of calcium from intracellular
stores during signalling processes have been defined recently.1 An important and key step
involves the hydrolysis of inositol 1-phosphate by the lithium-sensitive phosphoesterase, inosito!
monophosphatase, to give free inositol.2 Free inosito! is recycled to provide the precursor,
phosphatidylinositol 4,5-bisphosphate, for the two secondary messengers, diacylglycerol and
inositol 1,4,5-trisphosphate.

The monophosphatase is capable of hydrolysing both enantiomers of myo-inositol 1-
phosphate and myo-inositol 4-phosphate although the kinetic parameters, V44 and Ky, for each
substrate are different. The modes of inhibition by lithium cation are similar for the 1- and 4-
phosphates and both show apparent uncompetitive inhibition, but the K; value for inositol 4-
phosphate (0.11 mM) is 7-fold lower than that for the 1-phosphate 3:€4

Recently we proposed that the enzyme operated via a substituted enzyme mechanism in
which the phosphate group of the substrate was first transferred to an enzyme bound nucleophile,
and in a subsequent step to water.5 Based on the observation of the burst-phase release of [14C]-
inositol from [1 4C]—inositol 1-phosphate at high [Li*], together with the established uncompetitive
mode of lithium cation inhibition, we further proposed that Li* might act by retarding the rate of
conversion of the phosphory! enzyme to free enzyme relative to the rate of phosphorylated enzyme
formation.
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In order to further probe the mechanism of the phosphatase, we sought substrates which
might display more pronounced differences in the rates of formation and break-down of the putative
phosphorylated enzyme intermediate. Here we report on the synthesis of both enantiomers of
myo-inositol 1-phosphorothioate from inositol and demonstrate that both enantiomers are
substrates for inositol monophosphatase. In an alternative synthesis of the L-enantiomer, D-
glucose 6-phosphorothioate did not serve as a substrate for inositol synthase.

Racemic 2,3,4,5,6-O-pentabenzyl-myo-inositol (2) was prepared from myo-inositol (1) in six
steps using literature procedures.6 The alcohol (2) was then treated’ as outlined in Scheme 1 to
give the pentabenzyl-myo-inositol 1-phosphorothioate triester (5) in 75% overall yield from the
protected inositol. The phosphorothioate triester was converted to the dipotassium salt (6)
quantitatively via base catalysed B-elimination and the protecting groups were removed with
sodium and ammonia in tetrahydrofuran to give the disodium salt of myo-inositol 1-
phosphorothioate.8 After purification on Amberlite IR118H the compound was converted to the
crystalline bis-cyclohexylammonium salt (7), in 70% overall yield from the protected inositol (2).
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1. As ref. 6, 1. PryNCIPOCH,CH,CN, ProNEt, CHoCly; i, HOCHCHLCN, 1H-Tetrazole, MeCN;
v Sg, Pyndine; v MeOK, MeOH; vi Na, NH,; vi. Amberlite IR 118 [H*], H,0; wii CgH 3N

Scheme 1

To synthesise the enantiomers of the phosphorothioate (7), the racemic 2,3,4,5,6-O
pentabenzyl-myo-inositol (2) was resolved.® Treatment of each separate enantiomer in the manner
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outlined above gave the bis-cyclohexylammonium salt of the chiral inositol 1-phosphorothioates in
57% overall yield from the resolved alcohols.

In order to test the phosphorothioates as inhibitors for inositol monophosphatase, the

compounds were added at various concentrations to standard activity assay incubations?
containing inositol 1-phosphate (1 mM). Analysis of the kinetic data indicated that each of the
enantiomers acted as a weak competitive inhibitor, K; = 1.0 and 1.0 mM for the D- and L-antipodes,
respectively.
In order to test the phosphorothioates as substrates for the enzyme, the phosphorothioates,
together with Mg2+ ions (2 mM) and ammonium bicarbonate buffer (20 mM), were incubated at 37
OC and at pH 7.8, with pure inositol monophosphatase. After 18 hours, the protein in each
incubation was denatured with ethanol and was then removed by filtration. Examination of the
lyophilised filtrate by TH-NMR spectroscopy indicated that each of the phosphorothioates were
converted to inositol, but more slowly than inositol 1-phosphate. The phosphorothioate ester
hydrolyses were inhibited by lithium cation and control experiments which contained the
phosphorothioates but, no enzyme, showed no reaction or decomposition. Thus, both of the
phosphorothioates were substrates and would be suitable as probes for a kinetic and mechanistic
study of the phosphatase.

In order to facilitate the introduction of labels into the inositol and phosphorothioate moieties
of the new substrates and, specifically to allow the synthesis of the 1‘*’C-compound and compounds
containing a chiral phosphorothioate group,9 a new synthesis using inositol synthase10 and D-
glucose phosphorothioate was examined, Scheme 2.
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Scheme 2
Accordingly, 1,2,3,4-tetraacety!-D-glucose (8) was prepared by the method of Stacey11 and was
converted to D-glucose 6-phosphorothioate dipotassium salt (12). Incubation of compound (12)
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with partially purified inositol synthase from bovine testes at pH 7.7 and at 37°C in the presence of
a catalytic amount of NAD, surprisingly, did not give inositol 1-phosphorothioate.12 Under similar
conditions D-glucose 6-phosphate was rapidly converted to L-myo-inositol 1-phosphate. This is a
curious result and suggests that the phosphate moiety serves a more important role in the synthase
reaction than we had expected. Just how the phosphate moiety interacts with the synthase and why
replacing just one phosphorus ligand by sulphur completely prevents reaction are not known.
Nevertheless, the finding excludes the possibility of using the synthase in the synthesis of inositol
1-phosphorothioate as outlined in Scheme 2.13

Acknowlegements

We thank the SERC and Merck, Sharp and Dohme for a CASE studentship to G.R.B.

References

1. For a recent review see Proceedings of the g27th Meeting of the Biochemical Society, Biochem.
Soc. Trans.1989, 17, 1.

2. Gee, N. S.; Reagan, C. I.; Watling, K. J.; Aspley, S.; Jackson, R. G.; Reed, G. G.; Gani, D.; Shute, J. K.
Biochem. J. 1988, 249, 883.

3. Shute, J. K.; Baker, G. R.; Cohen, M. A.; Gani, D. in preparation.

4. Attwood, P. V_; Ducep, J-B.; Chanel, M-C. Biochem. J. 1988, 253, 387.

5. Shute, J. K.; Baker, R.; Billington, D.C.; Gani, D. J. Chem. Soc., Chem. Comm. 1988, 626.

6. Billington, D. C.; Baker, R.; Mawer, |.; Kulakowski, J. J. J. Chem. Soc., Chem. Comm. 1987, 314.

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

8. During the course of this work a synthesis of the racemic material was published; Metschies, T.;

Schultz, C.; Jastorff, B. Tetrahedron Lett. 1988, 29, 3921.

9. Jarvest, R. L.; Lowe, G. J. Chem. Soc., Chem. Comm. 1979, 364.

10. Mauck, L. A.; Wong, Y-H.; Sherman, W. R. Biochemistry, 1980, 19, 3623.

11. Stacey, M. J. Chem. Soc. 1939, 1529.

12. No inositol 1-phosphorothioate was detected by chromatographic or by TH-NMR spectroscopic
analysis, and; no glucose 6-phosphorothioate was consumed, as determined using an NAD-

glucose 6-phosphate dehydrogenase assay for the glucose phosphorothioate.

13. All spectral and analytical data for the compounds and their intermediates were consistent with their
expected structures; full details will be reported elsewhere.



