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The identification of D-myo-inositol 1,4,5-trisphosphate [Ins(1,4,5)P3] 1 as a cellular second 

messenger 1 has had a major impact on modern biology. In recent years, this seminal discovery has stimulated 

considerable activity in the chemical synthesis of inositol phosphates 2. As it is now believed to be a second 

messenger in its own right in phosphoinositide-mediated signal transduction, 1-O-stearoyl-2-O-arachidonoyl- 

sn-glycer-3-yl-D-myo-inositol 3,4,5-trisphosphate3, 4 [PtdIns(3,4,5)P3] 2 is currently also of great interest to 

biologists in the field. In order to make it more accessible, we have undertaken the chemical synthesis of 

Ptdlns(3,4,5)P3 2. We have also undertaken the synthesis of three of its stereoisomers. 
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The synthesis of analogues of Ptdlns(3,4,5)P3 2 with identical saturated fatty acids in the glyceryl 

moiety has been reported5-10. However, we are unaware of any previous report relating to the synthesis of the 

naturally-occurring material. Presumably one reason for this is that the unsaturated arachidonoyl residue would 

not have survived the conditions commonly used 2 to remove all of the protecting groups from the inositol 

moiety. The protecting groups that were used in our synthesis 11 of Ins(1,4,5)P 3 1 were all removable under 

either mildly basic or mildly acidic conditions. A similar strategy has proved to be particularly suitable in the 

synthesis of Ptdlns(3,4,5)P 3 2. 

The procedure used for the preparation of the partially-protected myo-inositol building block 18 required 

for the synthesis of Ptdlns(3,4,5)P3 2 is indicated in outline in Scheme 1. Reaction between myo-inositol 3 and 
p-anisoyl chloride 4 in pyridine solution (Scheme la) gave the penta-(p-anisoyl) derivative 12 5 in 72% isolated 

yield. Compound 5 was allowed to react with 5,6-dihydro-4-methoxy-2H-pyran 13 6 in the presence of 

triphenylphosphine hydrobromide 14 in dichloromethane and the products were treated with sodium methoxide 

in methanol - THF to give 2-O-(4-methoxytetrahydropyran-4-yl)-myo-inositol 7 which was isolated as a 

crystalline solid in 81% overall yield 15. When compound 7 was reacted with the Markiewicz reagent 16 8 in 

hexamethylphosphoric triamide (HMPA) solution, the 4,5-O-(1,1,3,3-tetraisopropyldisiloxan-1,3-diyl) deriv- 
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-ative 9 was obtained as the major product, and was isolated in 62% yield 17. The latter compound 9 reacted 

regioselectively with 2,7-dibromo-9-chloro-9-[3-(trifluoromethyl)phenyl]xanthene (Dtpx-Cl)18 I0 to give its 6- 

O-(Dtpx) derivative 19 11 which was isolated in 74% yield. Reaction between (-)-menthoxyacetyl chloride 12 

and the racemic material 11, followed by fractionation of the products gave the diastereoisomerically-pure 

menthoxyacetates 13 and 14 in 40.7 and 41.8% isolated yields 20, respectively. When compound 13 was 

treated first with 8M-ethanolic methylamine and then with tetraethylammonium fluoride in acetonitrile, the 

1,3,4,5-tetraol 15 was obtained (Scheme lb) in ca. 95% isolated yield 21. When this compound 15 was allowed 

to react with (4-chlorophenoxy)acetyl chloride (Cpac-Cl) 16 in the presence of 3-nitro-l,2,4-1H-triazole 17 and 

4-(dimethylamino)pyridine (DMAP) in acetonitrile - pyridine, a mixture of the required inositol building block 23 

18 and the corresponding tetra-(4-chlorophenoxy)acetate 19 was obtained. Compounds 18 and 19 were 

isolated in 59 and 22% yield, respectively. Tetraol 15 was recovered in 76% yield when the tetra-(4- 

chlorophenoxy)acetate 19 was treated with ethanolic methylamine. 

The inositol building block 18 reacted readily (Scheme 2a) with di-(2-cyanoethyl) phosphorochloridite 24 

23 in the presence of 3-nitro-l,2,4-1H-triazole 17 to give the di-(2-cyanoethyl) ester of its 1-phosphite which 

was immediately u:eated with tert-butyl hydroperoxide 25 to give the di-(2-cyanoethyl) phosphate. Further 
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treatment with triethylamine in dry acetonitrile gave the triethylamrnonium salt of the corresponding mono-(2- 

cyanoethyl) phosphate 26 24. The latter phosphodiester 24, 1-O-stearoyl-2-O-arachidonoyl-sn-glycero127 25 

(2.0 mol equiv.), mesitylene-2-sulfonyl chloride 26 (5.0 tool equiv.) and 4-methoxypyridine-l-oxide 28 27 

(10.0 mol equiv.) were allowed to react together in acetonitrile - pyridine to give the fully-protected 

phosphotriester 29 28 in ca. 61% overall yield for the four steps starting from building block 18. This fully- 

protected phosphotriester 28 was treated first with a small excess of hydrazine hydrate in acetonitrile and the 

resulting 3,4,5-triol was phosphorylated [again by phosphitylation with di-(2-cyanoethyl) phosphorochloridite 

23, followed by oxidation with tert-butyl hydroperoxide] to give the hepta-(2-cyanoethyl) tetrakisphosphate 30 

29 in ca. 55% yield for the three steps. All of the protecting groups were then removed under very mild 

conditions by a two-step procedure. First, the hepta-(2-cyanoethyl) tetrakisphosphate 29 was treated with 

N 1 , N 1, N 3, N3-tetramethylguanidine (TMG) and chlorotrimethylsilane31 in dry acetonitrile at room temperature 
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to remove all seven 2-cyanoethyl protecting groups. The 

remaining 2-O-(4-methoxytetrahydropyran-4-yl) and 6- 

O- { 2,7-dibromo-9-[3-(trifluoromethyl)phenyl]xanthen-9-yl } 

protecting groups were then easily removed by treatment 

with acetic acid - water (2 : 1 v/v) at room temperature. The 

resulting completely unprotected PtdIns(3,4,5)P3 2 was 

converted into its ammonium salt, and isolated as an off- 

white hygroscopic powder 32 in virtually quantitative yield, 

based on the fully-protected material 29; its 31p NMR 

spectrum is illustrated in Figure 1. 

The enantiomeric inositol building block 21 (Scheme 

lc) was converted by the same nine step procedure (Scheme 

2b), involving the same enantiomer of 1-O-stearoyl-2-O- 

arachidonoylglycerol 25, into the ammonium salt of the 

diastereoisomer 3033 of PtdIns(3,4,5)P 3 2. In order to 

complete the synthesis of the other two possible myo-inositol 

der ived  s tereoisomers  of  PtdIns(3,4,5)P3 2, the 

phosphodiester 24 and its enantiomer were coupled in 

turn with 2-O-arachidonoyl-3-O-stearoyi-sn-glycerol 31. 

I I I 
5 0 - 5  

S 

Fi~;. 1 31p NMR Spectrum [161.98 IdHz, 
CD3OD - D20 (1 : 1 v/v)] of NH4 + salt of 
Ptcllns(3,4,5)P3 2 

The overall yields of all three stereoisomers of PtdIns(3,4,5)P3 were similar to that of Ptdlns(3A,5)P3 2 itself. 

Finally, the racemic phosphodiester 24 was coupled with racemic-l,2-di-O-linoleoylglycero127 32 leading, 

after a corresponding series of transformations (Scheme 2a) to the ammonium salt of the dilinoleoyl analogue of 

PtdIns(3,4,5)P3, obtained as a mixture of diastereoisomers 34. 

Both synthetic PtdIns(3,4,5)P3 2 and the corresponding diastereoisomer derived from 2-0-  

arachidonoyl-3-O-stearoyl-sn-glycerol 31 (i.e. the enantiomer of 30) were substantially more effective than the 

synthetic dipalmitoyl analogue of PtdIns(3,4,5)P3 2 in the activation 3 of protein kinase B. However, such 

biological activity was not shown by the other two stereoisomers (i.e. 30 and the enantiomer of 2). Thus 

biological activity in the system under consideration appears to depend on the absolute stereochemistry of the 

inositol moiety, and on the nature of the acyl residues rather than on the configuration at C-2 of the glycerol 

moiety. 
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(Received in Belgium 15 October 1997; accepted 10 November 1997) 


