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C E. Dreef, C J J. ELe, GA van der Mare1 and J.H. van Boom 

Gorlaeus Laboratones, P.0 Box 9502, 2300 RA Lerden, The Netherlands 

ABSTRACT. The phosphonate anakgues I and II of Ptdlns and Ptdlns[4]P, respectwely, were prepared by alkylatlon of 
the a-llthlo anon of a properly protected D-my&lnosrtol methylphosphonate dlester wtth 1,2-sopropyl~dene-sn-glycerol 3- 
tnfluoromethanesutnate, followed by protective group manlpulatlon and deprotectlon 

It IS rxlw well established that cleavage of phosphatidyllnosrtol 45brsphosphate (Ptdlns[4,5]P,) by receptor 

medrated phosphollpase C upon stiiulatton by neurotransmrtters, hormnes and growth factors’, results in the formation 

of two second messengers eg D-myo-~nosrtol 1,4,5-fnsphosphate* and 1,2-d~acylglycerol~ The supply of Ptdlns[4,5]P, 

IS constantly replenished by sequential phosphorylation of phosphatidylinositol (Ptdlns)4 Inrllally, Ptdlns IS 

phosphorylated by a specrfc Ptdlns 4-kmase to give phosphatidylmosltol 4-phosphate (Ptdlns[4]P), which In turn IS 

phosphorylated by a Ptdlnsf4]P 5kinase IO generate the key lipid F’tdlns[4,5]P, 

Since the pioneering work of Shvets and others5, the synthesis of inosltol phosphollplds and analogues thereof 

has recerved renewed attention” For Instance, phosphorothloate anaiogues of F’tdlns have been prepared7 and applied 

to determine the sterecchemlcal cOurse of the cleavage reactlon by Ptdlns-specrhc phospholipase C 

Apart from this, It has been shown8 that phosphonate analogues of Ptdlns are effective phospholipase C 

inhrbrtors For example, the phosphonate analogue I (see Fgure) proved to be a potent anti-inflammatory and analgesic 

agent. The raceme isostelic analogue I of Ptdlns was prepared’ by tnchloruacetonltnle-mediated condensation of 

2,3,4,5,6-penla-Obenzyl-myoinosdolg with 3,4-dipalmrtoyloxybulyl-1-phosphontc acld”, followed by remval of all benzyl 

protecting groups As part of a programme directed towards the preparation of myo-mnosrtol phospholipids and 

phosphate analogues thereof, we now descnbs a versatile approach towards the synthesis of the optically active 

phosphonate anaiogues I and II of Ptdlns and Ptdlns[4]P, respectively 
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The synthesis of the phosphonate analogues I and II comprises three maln stages, (a) the preparation of a 

suitably protected D-my&nostol denvative, (b) the introducton of the optically active phosphotidic acid and finally the 

removal of all protecting groups 

In the first stage, 1,2.4,5dl-Ocyclohexylldene inosltol (1)” was converted into the properly protected D-myo- 

inosflol denvatlve 8 as depicted in Scheme 1 Thus, compund 1 was regioseletiively allylated wrth ally1 bromide in the 

presence of BaO/Ba(OH), in DMF” for 72 h at 20°C to afford, after workup and punftcation, the crystalline mono-ally1 

denvatlve 2i3 (mp. 1165-1175”(Z) In a yield of 68% Subsequent pmethoxybenzylatlon @MeOBzlCVNaH) of 2, 

followed by selective removal of the 4,5-cyclohexylidene group (0 IM HOCH,CH,OH in CH,C$) from J gave, after 

955 



Scheme I 

1 R, =R,=H 

2R,=All,R,=H 

3 R, = All, R, = pMeOBzl 

4R=H 6R=H 

5 R = Bzl 7 R = Bzl 

9R=H 

SR=Cam 

column chromatography, compound 4 (mp 142.143°C) in a yield of 71% After benzylatlon (BzlBdNaH) of 4, the 1,2- 

crs-cyctohexylklene group from 5 was removed by treatment with 0 05N HCI In MeOH to give crystallrne 6 (m p 112 5 

113.5C) in 89% yie!d. Benzylatlon (BzlBdNaH) of compound 6 fum&ed the fully protected myo~nosttol 7 In a ylefd of 

% Lsomenzatlonlq of ffie affyf group in 7 wrth 1,5cyclooctadiene-flrs[methy~lphenylphoum 

hexafluorophosphate’5 (acttvated with H, for 2 mw) In 1,2-dfchtoroethane, followed by hydrofysls of the intermediate 

trans-prop-1-enyl group with 0 1N HCI In CHzCIfleOH (l/l, v/v), resulted in the isolation of the racemlc I-OH- 

denvatrve 8 (m p 695-705X) In 95% yield Optlcal resolution of the alcohol 8 could be realized by converting it with 

(-)camphanic acid chbnde Into the corresponding drastereomenc can-phanate esters gi6 Separation of these 

diastereomers by skca gel column chromatography gave 9L (46% yield, m p 141-141 5°C [a]: +13.3”, c 1, CHCI,) 

and 9D (43% yield, mp. 152.5153 5’C, [a]: -18 8’, c 1, CHCI,) In greater than 98% drastereomehc excess, as 

gauged by ‘H-NMR spectroscopy Hydrolysis wtih 0 2N NaOH in droxane/MeOHIH,O (14/5/l. v/v/v) of the camphanate- 

ester groups of the mdfvtdual dfastereomers afforded the enanhomers 8L” (m p 73 5745*C, [a]: +I2 2’, c 1, CHCI,) 

and 80 (m p 73 574 5°C [a]: -12 2*, c 1, CHClJ in 98% and 99% ytefd, respectively. 

The next stage in the synthesis of the phosphenate analogues I and II of Ptdlns and Ptdlns[4]P conslsted (see 

Scheme 2) of the rntroduction of the phosphotrdlc acd functton’* In the first step, the alcohol 80 was reacted with a 

slight excess of the new biiunctronal phosphonylatlng agent b/$1 -[6-trrfluoromethyl]benzotnazolyl)methylpkosphonate’g 

(1 1 eq) in dtoxane for 15 min at 20°C to give the putative (1-[6-tnfluoromethyflbenzotnazolyl)methylphosphonate 

rntermediate In srtu treatment of the latter wrth benzyl alcohol (2 eq) m the presence of Nmethyllmdazole (5 eq) gave, 

after 1 h at 2O”c, the methylphosphonate 10 (drastereomenc mrxture, ratro l/3; Sp 31 07 and 32 88 ppm) in an overall 

yield of 90% Treatment of the a-lrthlo methylphosphonate, prepared from one diastereomer of the methylphosphonate 

Id0 (1 mmol) and butyllffhium (1 mmol) In THF (IO ml) at -78°C wrth 1,2-isopropyklene-snglycerol 3- 

trifluoromethanesuffonate II*' (1 05 mmol) at -40°C for 1 h, yielded after work-up and purtftcation, denvattve 12 

Hydrolysis of the rsopmpylfdene function of 12 wrth 005N HCI m MeOH gave, after work-up and punfiihon, dal 13 (Sp 

3536 ppm) In 45% overall ylefd Acylailon of 13 with palmitoyl chlonde (2 eq) and pyndine (2 eq) In CH,CI, for 2 h at 

35°C fumlshed the fully protected myo~nostfol phospholtptd analogue 14 (r$ 33 00 ppm) In 84% yield Cleavage of the 

pmethoxybenzyt group with 2 5% CF,COOH In CH,CI, gave the 4-OHdenvative 15 (4 33 12 ppm) In a yield of 86% 

Finally, hydrogenofysls (H~Pd(OH)~(EtOAciEtOHkl,0=70/25/5, WV)) of compound 15 under pressure for 16 h gave 

I=, which was isolated as the homogeneous ammonium-s&t 

On the other hand, phosphrtylabon of compound 15 with N,Ndlisopropyl dibenzyl phosphoramrdite23, In the 

presence of lhc-tetrazole, followed by oxidation of the intermedtate phosphtte-triester with t-BuOOH”, afforded the fully 

protected myo-~nosttol phosphol~ptd analogue 16 (Sr, -0 91 and 33 15 ppm) In a yteld of 85% l&protection of compound 

16, as described above, fumlshed the amrnonum-saft of II? 
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The results presented In this paper nrcely rllustrate the usefulness of the protected methytphosphonate denvakve 

10 Thus, the correspondrng a-lrthro anron of 1D coutd be readrly alkylated lo give an easy access to the phosphonate 
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analogues I and II, whrch are valuable tools to study rn detail the inhibitron of phospholrpase C Furthermore, we 

believe that the approach described herein promises to be of great value for the future synthesis of other isostenc 

phosphonate anatogues of naturally occumng phosphate esters 
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tnftate 11 afforded, after hydrolysis of the rsopropyldene fun&n, subsequent palmrtoylatron and hydrcgenolysrs, 
the correspondrng phosphonate anafogue of phosphatiic acid in an overall yield of 35% 
Brs(l~6-tnfluoromethyl]benzotriazolyl)methylphosphonate was prepared by droprse addrlron of commercrally 
available methylphosphonrc dchlonde (5 mmol) in doxane (5 ml) to a cooled soIutK)n (0°C) of 1-hydroxy-6- 
tnfluoromethylbenzotnazole (IO mmol) and pyndine (10 mmol) in droxane (20 ml) After strmng for 1 h at ZO”C, 
the salts were removed by frttrathon The thus obtained 02M stock solutron of (CF,BtO),P(O)CH, could be stored 
for several weeks at -20°C 

Separation of the indtvrdual drastereomenc methylphosphonate dresters 10 could be accomplished by silica gel 
column chromatography (elutron, nhexaneiethyl acetate, l/O to l/l, v/v. Only the lower-running diastereomer was 
used to facilitate the interpretatron of the ‘H- and 13C-NMR spectra. 

The tnflate 11 was prepared starting from commercially avarlable 1,2-isopropylrdene-snglycerol (R W Brnkley, 
M.G Ambrose and D G Hehemann, J Org Chem 45, 4387 (1980)) 
Compound I 3’P-NMR (CH,CI&H,OHH,O, 70/30/3, v/v!v) 6 2756 ppm. ‘H-NMR (CDCl&D,OD/D,O, 70/30/3, 
v!w‘v) 6 088 (1, 6 H, 2 x CH,, palmitoyl, J = 7.0 Hz), 1.20-1.46 (m, 46 H, 24 x CH,, palmrtoyl), 154-l 78 and 
1 82-l 95 (m. 8 H, 2 x H-l (butyl), 2 x H-2 (butyl) and 2 x C(=O)CH,CH, palmrtoyl), 230 (t, 2 H, C(=O)CH,, 
palmfioyl, J = 75 Hz), 232 (t, 2 H, C(=O)CH,, palmrtoyl, J = 75 Hz), 325 (dd, 1 H, H-5 (~nosrtol), J,, = 90 Hz), 
346 (dd, 1 H, H-3 (~n~sltol), J,, = 10 0 Hz), 363 (dd, 1 H, H-4 (inosrtol), J,, = 90 Hz), 374 (dd, 1 H, H-6 
(rnosdol), J,, = IO 0 Hz), 4 03 (m, 1 H, H-l (~nostol), J,, = 25 Hz), 464 (&I, 1 H, H-4a (butyl), J,,,, = 120 Hz), 

414 (dd, 1 H, H-2 (~rwtol), J,, = 25 Hz), 429 (W, 1 H, H-4b (butyl)), 5.13 (m, 1 H, H-3 (btiyl), J,, = 75 Hz, 
J,,, = 3 0 Hz). 
CompourKf II’ “P-NMA (CH,CI$CH,OHM,O, 70/3013, vA~/v) F 251 and 2699 ppm ‘H-NMR (CDCl&D,OD/D,O, 
70/3013, v/viv) 8 0 89 (t, 6 H, 2 x CH,, palmrtoyl, J = 7 0 Hz), 1 21-i 31 (m, 48 H, 24 x CH,, palmrtoyl), 1 52. 

180 and 1631.97 (m, 8 H, 2 x H-l (bulyl), 2 x H-2 (butyl) and 2 x C(=O)CH,Cs, palmrtoyl), 230 (t. 2 H, 
C(=O)CH,, Palmtioyl, J = 80 Hz), 233 (t, 2 H, C(=O)CH,, palmtoyl, J = 8 0 Hz), 348 (br, 1 H, H-5 (rnosrtol)), 
3 67 (br, 1 H, H-3 (~nosrtol)), 381 (br, 1 H, H-6 (~nosrtol)), 400-425 (m, 2 H, H-l (inosrtol) and H-2 (rnosrtol)). 
405 (dd, t H, H-4a (butyl), J,,, = 12.0 Hz), 432 (dd, 1 H, H4b (butyl)). 4 19 (br, 1 H, H-4 (mosffol)), 5 13 (m, 1 
H, H-3 (butyl), J,, = 7 5 Hz, J,,, = 3 0 Hz) 

a K-L Yu and B Fraser-Rerd, Tetrahedron Lett , 29, 979 (1988): b C E Dreef, R J. Turnman, C J.J Eke, GA 
van der Mare1 and J H van Boom, Reel Trav Chim. Pays-Bas, 107, 395 (1988) 
J Engels and A Jager, Angew Chem Suppl, 2010 (1982) 

ACKNOWLEDGEMENT 
This investgatron was supported by the Netherlands Organtzation for Scientific Research (NWO) 

(Received in UK 14 December 1990) 


