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ABSTRACT The racemlc 5phosphonate analogues IV and V of myuinosltol 1,4,5trrsphosphate were 

readily accessible by btsphosphorylatlon of the common precursor 6, removal of the pmethoxybenzyl 
group, phosphonylabon and subsequent hydrogenolysls of the benzyl protectmg groups The 

methylphosphonate analogue IV acted as a calcium antagonist In permeablllzed human platelets, 

whereas the (difluoromethyl)phosphonate V exhibited only very little antagonlstlc acttvlty 

It IS generally accepted now that hydrolysis of phosphatldylmosltol [4,5]blsphosphate by receptor 

mediated actlvatlon of phosphollpase C results in the formation of myo-inositol 1,4,5-trrsphosphate 

(lns[l,4,5]P,)’ ’ and dlacylglycero13 The Intracellular second messenger Ins[l,4,5]P, IS responsible for 
the release of calcium Ions from Intracellular stores located in the endoplasmic reticulum Deactivation 

of lns[1,4,5]P, may proceed v/a two distinct pathways The mafor pathway for termination of the 

lns[1,4,5]P, actron IS dephosphorylation by a specific 5-phosphatase4 to give Ins[l,4]P,. whereas the 

alternative pathway Involves the phosphorylation of lns[1,4,5]P, by a specific 3-kinase’ to furnish the 

putative second messenger Ins[l ,3,4,5]P46 

The importance of lns[1,4,5]P, as a calcium mobilizing intracellular second messenger has 

stimulated a considerable Interest” in the synthesis of lns[1,4,5]P, (I) and denvatlves thereof Recently, 

the synthesis of the 5-phosphorothloate (I e II’) and 5-methylenephosphonate (1 e llllo) analogues of 

lns[1,4,5]P,, which both act as long-lived agonists, has been published 

As part of a continuous programme directed towards the synthesis of my&inositol phosphates and 

analogues thereof” 13, we now report a convenient synthesis of the racemic myc-inositol 1,4,5- 

tnsphosphate analogues IV and V the 5-phosphate of which IS replaced by a phosphonate function 

OH 0 

t 

I X=Y=Z=O 
II X=S,Y=Z=O 

Ill X = Z = 0, Y = CH, 
IV X = Y = 0, Z = CH, 
V X = Y = 0, X = CHF, 

The synthetic route we adopted for a successful conclusion of the racemlc target compounds IV 
and V commences (see Scheme 1) with the preparation of the common precursor 6 the C-5 hydroxyl 

function of which IS protected with a temporary pmethoxybenzyl protecting group Regioselectlve 
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Scheme 1 

~,ii-$:~~!iY:+J?j:r~~~I$): 

OH OR MeOBnO MeOBnO 

1 2R=H 4R=H 6 
3 R = pMeOBn 5R=Bn 

benzylatton of the known 1,4-dl-O-allyl-2,3-O-cyclohexylidene i-r!ycWnosltol (1)” l3 under phase transfer 

condltlons’4 (BnBr/5% NaOH/Bu,NHSOJCH,CI,, 24 h at 45°C) afforded the mono-benzyl derivative 

2 1516 In 53% yield Subsequent pmethoxybenzylation (pMeOBnCIINaHIDMF) of 2, followed by acidic 

hydrolysis (0 05 N HCI In MeOH) of the 1,2-crs-cyclohexylldene group from 3 gave the crystalllne drol 4 

(mp 97-98°C) In 87% yield Benzylatton (BnBr/NaH/DMF) of 4 furnlshed the fully protected myo-InOSitOl 

denvatlve 5 (mp 69 5-70 5°C) in 97% yield Isomenzation” of the ally1 groups in 5 with 1,5- 
cyclooctadlene-bis[methyldiphenylphosphine]iridium hexafluorophosphate” (activated with H, for 2 mln) In 

1,2-dlchloroethane, followed by mild acidic hydrolysis (0 1 N HCI in CH,CI,/MeOH (111, v/v)) of the 

Intermediate frans-prop-I-enyl groups, resulted in the isolation of the racemic 1,4-dial 6 (mp 97 5- 

98 5OC) In 92% yield 

The next stage in the synthesis of the lns[1,4,5]P, analogues IV and V entalled (see Scheme 2) 

phosphorylation of the properly protected myo-inositol derivative 6, subsequent removal of the temporary 

protecting group and introduction of the respective phosphonate functions Thus, phosphltylation of dlol 

6 with rV,N-diisopropyl dibenzyl phosphoramidite’2 ” in the presence of 1 /-I-tetrazole, followed by 
oxidation of the intermediate phosphate-tnesters with ferf-butyl hydroperoxide2’ afforded the fully 

protected my@inositol 1,Cbisphosphate 10 in 94% yield Cleavage of the pmethoxybenzyl group from 

10 was effected by acldolysls (2 5% CF,COOH in CH,CI,) to afford the 5-OH-denvake 11 in 82% 

yteld Hydrogenolysis of compound 11 resulted IFI the isolation of myo-inositol 1,4-bisphosphate (12), 

confirming that no phosphate migration had occurred during the removal of the pmethoxybenzyl group 

from 10 

The methylphosphonate function was introduced at the 5-position of 11 by a two-step one-pot 

phosphonylatlon procedure2’ Thus, phosphonylatlon of alcohol 11 with an excess of the blfuncttonal 

agent bis[6-(trifluoromethyl)benzotnazol-1-yl] methylphosphonate (7) gave, after 15 min at 20°C the 

putative [6-(tnfluoromethyl)benzotnazol-l-yl] methylphosphonate intermediate The latter was treated /n 

SI~U with benzyl alcohol in the presence of Kmethylimidazole to give, after 1 h at 2O”C, the fully 

protected lns[1,4,5]P, analogue 13 (diastereomenc mixture, ratio 1 3) in 75% overall yield Finally, 

hydrogenolysis (HdPd(C)l(MeOHIH,O, 4/l, v/v)) of compound 13 under pressure for 16 h gave the 5- 

methylphosphonate analogue of Ins[l,4,5]P, (IV), which was isolated as its sodium-sal?2 

On the other hand, the mtroductton of the (difluoromethyl)phosphonate function at the 5-position of 

11 employing the reactive blfunctlonal agent bls(benzotnazol-I -yl) (difluoromethyl)phosphonate (8)23 was 

unsuccessful The enhanced reactivity of 8 may be explained by the presence of the strongly electron 

withdrawing difluoromethyl group We reasoned that replacement of the benzotnazolyl- by tnazolyl- 

groups would provide a less reactive phosphonylating agent Indeed, treatment of the alcohol 11 with an 

excess of the new bifunctional agent (difluoromethyl)phosphonic di(l,2,4-triazolide) (9)24, followed by the 
addition of benzyl alcohol to the IntermedIate (dlfluoromethyl)phosphonlc 1,2,4-tnazollde in the presence 
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Scheme 2 
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of N-methyllmldazole, afforded compound 14 (dlastereomenc mixture, ratlo 1 1) In 70% yield Finally, 

deprotectlon of compound 14 by hydrogenolysrs (H,/Pd(C)I(MeOHIH,O, 4/l, v/v)) under pressure for 16 

h yielded the sodium-salt of compound Vz2 
Preliminary biological evaluation of the lns[1,4,5]P, analogues IV and V indicated that the 

methylphosphonate analogue IV acted as a calcium antagonist in permeabked human platelets, when 
lns[1,4,5]P, was used to stimulate calcium release The calcium antagonistic effect of compound IV was 

not due to a chelation of calciumz5 The lns[1,4,5]P, analogue V exhibIted only very little antagonistic 

actWy Full biological data of the compounds IV and V will be pubkhed elsewhere in due course 
In conclusion, the results presented In this paper clearly demonstrate that the 5phosphonate 

analogues IV and V are readily accessible from the common precursor 6 Furthermore, we believe that 
the myo-inositol derivative 11 may be of great value for the preparation of other 5modified lnS[1,4,5]P, 

analogues At present, we are Investigating the feaslblllty to prepare the corresponding 5-modified 

analogues of Ins[l,3,4,5]P,, which may be of great value to study in detail the precise role of the 

putative second messenger Ins[l,3,4,5]P, 
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