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SYNTHESIS OF PHOSPHONATE ANALOGUES OF MYGO-INOSITOL PHOSPHOLIPIDS

CE. Dreef, CJ J. Elle, GA van der Marel and J.H. van Boom
Gorlaeus Laboratones, P.O Box 9502, 2300 RA Leiden, The Netherlands

ABSTRACT. The phosphonate analogues | and I of Ptdins and Ptdins[4]P, respectively, were prepared by alkylation of
the o-lithio anon of a properly protected D-myo-nostol methylphosphonate diester with 1,2-1sopropylidene-sn-glycerol 3-
trfluoromethanesulfonate, followed by protective group manipulation and deprotection

It 15 now well establshed that cleavage of phosphalidylinostol 4.5-bisphosphate (Pidins[45]P,) by receptor
mediated phospholipase C upon stimulation by neurotransmitters, hormones and growth factors', results in the formation
of two second messengers eg D-myo-inostol 1,4,5—!m~:phosphate2 and 1,2-diacylglycerol® The supply of Ptdins[4 5]P,
)5 constantly replenished by sequential phosphorylaton of phosphatidylinositol  (Pidins)®  Intally, Pidins s
phosphorylated by a specfic Pidins 4-kinase to give phosphatidyinostol 4-phosphate (Ptdins[4]P), which i turn s
phosphorylated by a Ptdins[4]P 5-kinase io generate the key lipid Ptding4,5]P,,.

Since the pioneering work of Shvets and others®, the synthesis of inositol phospholipids and analogues thereof
has recewed renewed attenton® For instance, phosphorothicate analogues of Ptdins have been prepared” and applied
to determine the stereochemical course of the cleavage reaction by Ptdins-specrfic phospholipase C

Apart from this, t has been shown® that phosphonate analogues of Pidins are effective phospholipase C
inhibitors  For example, the phosphonate analogue 1 (see Figure) proved to be a potent anti-inflammatory and analgesic
agent. The racemic isosteric analbgue | of Pidins was preparedB by tnchloroacetonitrie-mediated condensation of
2,3,4,5,6-pen1a»Obenzyl-m_ycHnosrtolg with  3,4-dipaimitoyloxybutyl-1-phosphonic acd®, followed by removal of all benzyl
protecting groups As part of a programme drected towards the preparaton of myo-nositol phospholipids  and
phosphate analogues thereof, we now descnbe a versatle approach towards the synthesis of the optically actve
phosphonate analogues | and Il of Ptdins and Ptdins[4]P, respectively
Figure
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The synthesis of the phosphonate analogues | and U comprises three main stages, (a) the preparaton of a
suttably protected D-myo-nositol denvative, (b) the ntroduction of the optically actve phosphotidic ackd and finally the
removal of all protecting groups

In the frst stage, 1,2.4,5-di-C-cyclohexylidene inostol ()" was converted o the properly protected D-myo-
inostol dervative 8 as depicted in Scheme 1 Thus, compound 1 was regioselectively allylated with allyl bromide in the
presence of BaQ/Ba(OH), in DMF'2 for 72 h at 20°C to afford, after work-up and punfication, the crystaline mono-allyl
denvatve 2" (mp. 1165-1175°C) 1n a vyeld of 88% Subsequent p-methoxybenzylaton (pMeOBzICUNaH) of 2,
followed by selectve removal of the 45-cyclohexyldene group (01M HOCH,CH,OH in CHCL) from 3 gave, after
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column chromatography, compound 4 (mp 142-143°C) in a yield of 71% After benzylation (BzIBr/NaH) of 4, the 1,2-
ois-cyclohexylidene group from § was removed by treatment with 005N HCI in MeOH to gwe crystaline 6 (mp 1125-
113.5°C} in 89% yield. Benzylation (Bz/Br/NaH) of compound 6 furmished the fully protected myo-inositol 7 in a yield of
98% Isomenzaton® of the allyl group in 7 with  15cyclooctadiene-Bisimethyidiphenylphosphinef-indium
hexafluorophosphate'® (actvated with H, for 2 min) n 1,2-dichioroethane, followed by hydrolysis of the intermediate
trans-prop-1-enyl group with 01N HCl in CH,CIyMeOH {1/1, viv), resulted in the isolaton of the racemic 1-OH
denvative 8 (mp 695-705°C) in 95% yield Optical resolution of the alcohol 8 could be realized by converting it with
{(-)-camphanic acid chiorde Into the corresponding diastereomenc camphanate esters 9'®  Separation of these
diastereomers by silica gel column chromatography gave 9L (46% yield, mp 141-1415°C, [o}® +13.3% c¢ 1, CHCl)
and 9D (43% yield, mp. 15251535, [o]Y’ -188° ¢ 1, CHCl) in greater than 98% diastereomenc excess, as
gauged by 'H-NMR spectroscopy Hydrolysis with 02N NaOH in dioxane/MeOHM,C (14/5/1, viw) of the camphanate-
ester groups of the individual diastereomers afforded the enantiomers 8L {mp 735-745°C, [l +122°, ¢ 1, CHCI)
and 8D (mp 73574 5°C, [of’ -122°, ¢ 1, CHCl,) in 98% and 99% yeld, respectively.

The next stage n the synthesis of the phosphonate analogues | and il of Ptdins and Ptdins[4]P consisted {see
Scheme 2) of the introduction of the phosphotidic acd function'® In the first step, the alcohol 8D was reacted with a
sight excess of the new bifunctional phosphonylating agent brs{1-[6-tnfluoromethyllbenzotriazolylymethyliphosphanate™
(11 eq) n dooxane for 15 min at 20°C to give the putatve (1-{6-trfluoromethyllbenzotnazolylimethylphosphonate
intermediate  /n situ treatment of the latter with benzyl alcohol (2 eq) In the presence of A-methylimidazole (5 eq) gave,
after 1 h at 20°C, the methylphosphonate 10 (diastereomeric mixture, ratio 1/3; 8, 3107 and 3288 ppm) in an overal
yeld of 90% Treatment of the o-ltho methylphosphonate, prepared from one diastereomer of the methylphosphonate
107 (1 mmol) and butylithium (1 mmoly in THF (10 ml) at -78°C, with 1,2-isopropylidene-sn-glycerol 3-
trifluoromethanesutfonate 112" (105 mmol) at -40°C for 1 h, yielded after work-up and purfication, denvative 12
Hydrolysis of the isopropylidene function of 12 with 005N HC! n MeOH gave, after work-up and purtfication, diol 13 &,
3536 ppm) in 45% overall yiekd Acylation of 13 with palmitoyl chionde (2 eq) and pyndine (2 eq) In CH,CI, for 2 h at
35°C furnished the fully protected myo-inositol phospholipd analogue 14 (8, 3300 ppm) In 84% yweld Cleavage of the
p-methoxybenzyl group with 25% CF,COOH in CH,CI, gave the 4-OH-derwvative 15 (8p 3312 ppm) In a yield of 86%
Finally, hydrogenolysis (H,/Pd(OH)/(EtOAC/EYOHMH,O=70/25/5, vA/v)) of compound 15 under pressure for 16 h gave
1?2, which was isolated as the homogeneous ammonium-salt

On the other hand, phosphtylaton of compound 15 with NN-dusopropyl dibenzyl phosphoramidite®, in the
presence of 1Hdetrazole, followed by oxidation of the ntermediate phosphre-triester with +~BuOQOH?*, afforded the fully
protected myo-inositol phospholipid analogue 16 (8, -091 and 3315 ppm) In a yeld of 85% Deprotection of compound
16, as described above, furnished the ammonium-satt of 112,
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The results presented In this paper nicely lllustrate the usefulness of the protected methylphosphonate denvative

10 Thus, the coresponding o-lthio anion of 10 could be readlly akylated to give an easy access to the phosphonate
analogues | and 1, which are valuable fools to study in detai the inhibiton of phospholipase C Furthermore, we
beleve that the approach described herein promises to be of great value for the future synthesis of other isosteric
phosphonate analogues of naturally occurmng phosphate esters
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