
Pergamon 

S0040-4039(96)00169-4 

Tetrahedron Letters, Vol. 37, No. 12, pp. 1917-1920, 1996 
Copyright © 1996 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0040-4039196 $15,00 + 0.00 

Synthesis of Novel Metabolically Stable Analogues 
of D-myo-Inositol 1,4,5-Trisphosphate 

Abdul H. Fauq, *a Javid H. Zaidi, a Robert A. Wilcox, b Girlie Varvel, a Stefan R. Nahorski, b 

Alan P. Kozikowski c and Christoph6 Erneux d 

a Chemistry Core Facility, Mayo Clinic Jacksonville, Jacksonville, Florida 32224, USA; b Department of 

Cell Physiology and Pharmacology, University of Leicester, Leicester, LEI 9HN, UK; c Georgetown University, 

Medical Center, Institute for Cognitive and Computational Sciences, Washington, D.C., 20007-2197, USA; 

dFacult6 de M6decine, Institut de Recherche Interdisciplinaire en Biologie Humaine et Nucleaire, Universit6 Libre 

de Bruxelles, Campus Erasme, Belgique 

Abstract: Starting from L-quebrachitol, syntheses and biological activities of three novel analogues of 

the cellular second messenger D-myo-inositol 1,4,5-trisphosphate (IP3), 3-deoxy-3-fluoro-O-myo-inositol 1,4- 

bisphosphate 5-phosphorothioate ( la) ,  3-deoxy-3-fluoro-D-myo-inositol 1,5-bisphosphate 4-phosphorothioate 

(lb), and 3-deoxy-3-fluoro-D-myo-inositol 1-phosphate 4,5-bisphosphorothioate (le) are described. 

One of the major pathways of cellular signal transduction is a phospholipase C mediated hydrolysis of 

phosphatidylinositol 4,5-bisphosphate (PIP2) in the membrane to generate two second messengers, myo-inositol 

1,4,5-trisphosphate (IP3) and diacylglycerol.la The former binds to its receptor on the endoplasmic reticulum 

and mobilizes intracellular Ca 2÷, which then elicits a host of important cellular responses. The IP3 molecule is 

metabolized either by phosphorylation at the C-3 position by IP3-3-kinase, or dephosphorylation at the C-5 

position by an IP3-5-phosphatase resulting in the termination of the signal, lb A number of structural analogues 

of IP3 have been synthesized 2 and pharmacologically evaluated to establish structure-activity relationships with 

regard to IP3 receptor affinity 3a and activity as a substrate for the metabolic enzymes. 3b Since the bioisosteric 

substitution of fluorine atoms for alcoholic oxygens, 4 and of phosphorothioates 2 for phosphates have proved to 

be biologically useful, synthetic efforts have been mainly directed at substituting specific -OH groups by -F and 

phosphate groups by slow-hydrolyzing phosphorothioate groups.2, 5 Some of these compounds, e.g., myo- 

inositol 1,4,5-trisphosphorothioate, 5a the 5-phosphonate, 5b the 5-phosphorothioate, 5c and various C-3- 

substituted IP3 analogues, 5d have been reported to exhibit reasonable IP3-receptor binding and [Ca2+]i 

releasing ability, albeit with less than desirable metabolic and/or chemical stability. We considered substituting 

simultaneously both the 3-kinase and 5-phosphatase sensitive target positions of the IP3 molecule with a C-F 

bond and a phosphorothioate moiety, respectively, to obtain stable, enzyme-resistant IP3 analogues while 

minimally sacrificing biological activity. Herein, we report the syntheses of 3-deoxy-3-fluoro-D-myo-inositol 
1,4-bisphosphate 5-phosphorothioate ( la) ,  3-deoxy-3-fluoro-D-myo-inositol 1,5-bisphosphate 4- 

phosphorothioate ( lb),  and 3-deoxy-3-fluoro-D-myo-inositol l-phosphate 4,5-tfisphosphorothioate ( le)  along 

with their IP3 receptor binding and functional characteristics, as well as their inhibitory effects on the metabolic 

enzymes. 6 
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The IP3 analogues l a ,  l b ,  and l c  were synthesized starting from L-quebrachitol (2) (Scheme 1), a 

waste product of the rubber industry. Conversion of 2 to 3-deoxy-3-fluoro-D-myo-inositol (3) has been 

reported. 7 The compound 3 was converted to a 2:1 mixture of regioisomeric hydroxydiacetonides 4a and 4b 

which could be readily interconverted under acid catalysis. After benzylation of the 6-OH of the diacetonide 4a, 

the trans acetonide group was selectively hydrolyzed with catalytic acetyl chloride in MeOH/CH2CI2 to give diol 

5 which served as the pivotal intermediate for the divergent syntheses of the IP 3 analogues la,  lb,  and lc. 

The diol 5 was reacted with one equivalent ofp-methoxybenzyl chloride in DMF to afford a 1:2 mixture 

of 4- and 5-hydroxyacetonides 6a and 6b. 8 This simple approach was more convenient and higher yielding 

than an alternative scheme based on the acetal formation with p-methoxybenzaldehyde, followed by hydride 

cleavage. The acetonides 6a and 6b were carried forward in a parallel fashion for the syntheses of the IP3 

analogues l a  and lb ,  respectively. The synthetic sequence for l a  was concluded by: (i) benzoylation of 6a, 

followed by acidic hydrolysis to yield the 1,2-cis diol 7; (ii) selective benzoylation of the equatorial 1-OH with 1 

equiv, of benzoyl chloride, followed by the protection of the axial 2-OH with a benzyloxymethyl (BOM) group 

to give a completely protected myo-inositol derivative 8; (iii) saponification of the two 1,4-benzoate ester 

groups, and direct phosphorylation of the resulting diol by treatment with sodium hydride/tetrabenzyl 

pyrophosphate 9 to provide a protected 1,4-bisphosphorylated myo-inositol derivative 9; (iv) oxidative removal 

of the PMB group at C-5, followed by phosphitylation of the resulting alcohol with dibenzyl N,N- 

diisopropylphosphoramidite and Sch6nberg oxidative sulfurization 10 with diphenyl disulfide to give 10, and 

finally, (v) one-step deblocking of the fully-protected precursor 10 to furnish, after Sephadex A-25 

chromatography, enantiopure la. 11 Conceptually similar syntheses, beginning with the alcohol 6b and the diol 

5, provided the optically pure IP3 analogues lb  and lc, respectively (Scheme 1).11 

The IP3 analogues la ,  lb,  and lc  were evaluated in the IP3 receptor binding assay using pig cerebeUar 

membranes, and in Ca 2+ release assays using saponin permeabilized neuroblastoma SH-SY5Y cells (Table 1). 

The order of potency of the analogues for the binding and the [Ca2+]i mobilization was l b  > l a  > lc .  The 

binding of lb  correlated well with the [Ca2+]i release which was only 4 times less compared to IP3. However, 

the IP3 receptor binding observed for the analogues l a  and l e  lead to considerably diminished [Ca2+]i release 

responses. The analogue la,  like lb,  was found to be a full agonist, while lc  was a partial agonist. These data 

indicate that the introduction of the 5-PS moiety is more perturbing for IP3 receptor binding and function than is 

4-PS, and that the 5-phosphate moity (vs the 4-phosphate) likely bears relatively higher structural importance 

vis-A-vis the 3-OH group in the IP3 molecule. Also, preliminary data indicate that while the IP3 analogues 1 a 

and lc  were intrinsically resistant to IP3-3-kinase and IP3-5-phosphatase, lb  and lc  were potent inhibitors of 

these metabolic enzymes, the order of potency of inhibition being lb  > lc  > la.  

In conclusion, three novel, enzyme-resistant analogues of the second messenger molecule, IP3, that  

exhibit a range of biological activities have been synthesized. These analogues provide further insight into the 

structure-activity relationships of the 4- and 5-phosphorylated functionalities and their inter-relationship with the 

3-OH group in the IP3 molecule. We believe these compounds help fill the need for tools in IP3-receptor 

function studies targeted at, inter a//a, deciphering the mechanisms of Ca 2+ oscillations in relationship to the 

various modes of cellular Ca 2+ entry. Further studies related to their metabolic stability will be reported 

elsewhere. 
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Scheme 1. a Syntheses of Ins(1,4,5)P3 analogues la ,  l b ,  and l c  
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aReagents and conditions: (a) i) DAST, CH2CI 2, -40 °C to rt, 52%. ii) BBr 3, CH2CI2, rt, overnight, 85%; 
(b) 2-methoxypropene, CSA, DMF, 65 °C, 5 h, 80%; (c) separate regioisomers 4a and 4b (ratio 1:2.5); (d) 
i) Nail, BnBr, DMF, 0 °C, 95%. ii) CH2CI2/MeOH (2:1v/v), AcCI (cat), rt, 10 rain, 80%; (e) Nail, PMB-CI 
(1 eq), 0 °C, 5 h, then separate regioisomers, 60%, ratio 6a/6b 1:2; (f) i) BzCI, Py, 0 °C, 12 h. ii) Cone. 
HCI (cat), MeOH, rt, 12 h, 82-88%; (g) i) BzCI (1.1 eq), Py, 0 °C, 82-90%. ii) BOM-CI, DIPEA, THF, 
reflux, 72 h, 82-85%; (h) i) aq. NaOH, MeOH, rt, 80-95%. ii) Nail, tetrabenzyl pyrophosphate, DMF, 0 
°C, 92-95%; (i) i) DDQ, H20, CH2CI2, rt, 81-92%. ii) Nail, (BnO)2P-N(ipr)2, 1H-tetrazole, CH2CI2, rt, 2 h, 
then (PhCH2COS)2, rt, 15 rain, 85-87%; (j) Na, liq. NH 3, THF, -78 °C, 20 rain, then Ambedite H + form, and 
Sephadex A-25 chromatography, 62-71%; (k) i) Nail, PMB-CI, DMF, rt, overnight, 90%. ii) Conc. HCI, 
MeOH, rt, 8 h, 90-95%. 

Table 1 

IP 3 Analogue a IC5o b EC5o IP3 Analogue a IC5o b ECso 
Ins(1,4,5)P3 ._ 14 nM 99.2 nM l b  28 nM 424 nM 

l a  80r iM 3579 nM l c  109nM 11345 nM c 

a Determined by displacement of [3H]lns(1,4,5)P3 binding from pig cerebellar membrane IP3-receptors. 

b Determined by measuring [45Ca2+]i released from saponin permeabUized SH-SY5Y ceils. C'l'his EC5o 

value was calculated from the maximally effective concentration (64.3%) of the partial agonist le.  



1920 

References  

1. (a) Berridge, M. J. Annu. Rev. Biochem. 1987, 56, 159-193. (b) Berridge, M. J. Nature 1993, 315- 

325. (c) Shears, S. B. In Advances in Second Messenger and Phosphoprotein Research, Putney, J. W., 

Jr., Ed.; Raven Press Ltd., New York, 1992; Vol. 26; pp 63-92. 

2. Billington, D. C.; The lnositol Phosphates: Chemical Synthesis and Biological Significance; VCH 

Verlagsgesellschaft, Weinheim, FRG, 1993. 

3. (a) Potter, B. V. L. In Trends in Receptor Research; Classen, V., Ed.; Elsevier Science Publishers B. V. 

London, 1993; pp 185-214. (b) Nahorski, S. R.; Potter, B. V. L. Trends PharmacoL Sci. 1989, 10, 

139-143. 

4. (a) C-F bond: Welch, C. T. Selective Fluorination in Organic and Bioorganic Chemistry; American 

Chemical Society: Washington, D.C., 1991. (b) Filler, R.; Kobayashi, Y. BiochemicalAspects of 

Fluorine Chemistry; Elsevier Biomedical Press and Kodansha Ltd., New York, 1982. 

5. (a) Taylor, C. W.; Berridge, M. J.; Brown, K. D.; Cooke, A. M.; Potter, B. V. L. Biochem. Biophys. 

Res. Commun. 1988, 150, 626-632. (b) Willems, H. A. M.; Veeneman, G. H.; Westerduin, P. 

Tetrahedron Lett. 1992, 33, 2075-2078. (c) Dreef, C. E.; Mayr, G. W.; Jansze, J.-P.; Roelen, H. 

C. P. F.; van der Marel, G. A.; van Boom, J. H. BioMed. Chem. Lett. 1991, 1,239-242. (d) 

Wilcox, R. A.; Challiss, R. A. J.; Traynor, J. R.; Fauq, A. H.; Ognyanov, V. I.; Kozikowski, A. P.; 

Nahorski, S. R. J. Biol. Chem. 1994, 269, 26815-26821. 
6. None of the IP3 analogues showed any signs of decomposition over a period of several weeks at 25 °C. 

7. Kozikowski, A. P.; Fauq, A. P.; Rusnak, J. M. Tetrahedron Lett. 1989, 30, 3365-3368. 

8. The regioisomeric structures of 6a and 6b were confirmed by 1H NMR double resonance experiments. 

9. Khorana, H. G.; Todd, H. J. Chem. Soc. 1953, 2257. 

10. Kamer, P. C. J.; Roelen, H. C. P. F.; van der Elst, H.; van der Marel, G. A.; van Boom, J. H. 

Tetrahedron Lett. 1989, 30, 6757-6760. 
11. Physical and spectral data for the triethylammonium salt of: a) (la) [CX]D -1.05 ° (c = 9.5 mg/mL, H20); 

IH NMR (D20) fi (ppm) 4.60 (ddd, J = 47.0, 9.5, 3.0 Hz, 1H), 4.56 (dd, J = 19.0, 9.5 Hz, 1H), 4.52- 

4.46 (m, 1H), 4.25 (dd, J = 22.5, 9.5 Hz, 1H), 4.30 (t, J = 9.5 Hz, 1H), 3.92 (t, J = 9.5 Hz, 1H); 
31p NMR (D20, lH-decoupled) ~ (ppm) 59.94, 3.04, 2.49; 19F NMR (D20, 1H-decoupled) ~ (ppm) 

-199.06; MS (ESI, negative ion mode) m/z 437 (M+-I). b) (lb) [Ot]D -0.14 ° (c = 3.0 mg/mL, H20); 

IH NMR (D20) ~ (ppm) 4.90-4.70 (m, 1H), 4.60 (ddd, J = 47.0, 9.0, 2.5 Hz, 1H), 4.56-4.50 (m, 1H), 
4.10-3.90 (m, 2H), 3.94 (t, J =9.0 Hz, 1H); 31p NMR (D20, lH-decoupled) fi (ppm) 54.65, 3.96, 2.98: 

19F NMR (D20, IH-decoupled) ~ (ppm) -198.66; MS (ESI, negative ion mode) m/z 437 (M+-I). c) (lcl 

[C~]D -1.6 ° (c = 12.0 mg/mL, H20); IH NMR (D20) ~ (ppm) 4.80 (m, IH), 4.55 (ddd, J =  47.0, 9.4, 

3.0 Hz, 1H), 4.51-4.41 (m, 1H), 4.24 (dd, J =  19.0, 8.5 Hz, 1H), 4.02 (t, J =  8.5 Hz, 1H), 3.95 (t, J =  
9.3 Hz, 1H); 31p NMR (D20, 1H-decoupled) ~ (ppm) 54.09, 52.34, 3.00; 19F NMR (D20, 1H- 

decoupled) ~ (ppm) -197.86; MS (ESI, negative ion mode) rrgz 453 (M+-I). 

(Received in USA 4 December 1995; revised 16 January 1996; accepted 18 January 1996) 


