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Abstract: Natural phosphatidylinositol 3,4,5-trisphosphate which has been believed to 
have stearoyl and arachidonoyl groups at the sn-1 and -2 positions, respectively, has 
been synthesized using 1,2-O-cyclohexylidene-3,4-O-disiloxanyl-myo-inositol as the 
pivotal intermediate. © 1998 Elsevier Science Ltd. All rights reserved. 

Since the discovery of phosphatidylinositol specific 3-kinase which is activated by tyrosine kinase, the 

biological importance of its 3-phosphorylation products, PI(3,4,5)P3, PI(3,4)P2, and PI(3)P has been 

emphasized. 1 However, the scarcity of the natural products has delayed investigation of their physiological 

roles. While saturated acyl chain analogs of PI(3,4,5)P3 and PI(3,4)P2 prepared chemically 2 have contributed 

to disclosure of the roles, supply of natural and closely related unsaturated chain substances would be much 

more useful for the study, considering the facts that: 1) saturated long chain analogs are sparingly soluble in 

water, 2) the role of fatty acid moieties in physiological action of the phosphoinositides is unclear. From these 

standpoints, we have tried to prepare unsaturated phosphatidylinositol phosphates. During this project, the 9- 

fluorenylmethyl group (Fm) was recently found to be quite promising as a phosphate protecting group. 3 Using 

this strategy, synthesis of natural PI(3,4,5)P3 which has been believed to have the stearoyl and arachidonoyl 

groups at the sn-1 and-2 positions in the glycerol moiety, respectively, will be reported here. Very recently, 

Reese's group has completed the synthesis of the same molecule. 4 

"HO3P(~ O'O'O" 
PI(3,4,5)Pa: R=R'=PO3H" 
PI(3,4)P2: R=PO3H', R'= H 
PI(3)P: R=R'= H 

The useful synthetic intermediate 1, which can be derived readily in two steps from myo-inositol, 5 was 

transformed to diastereomeric 6-mandelates by the regioselective reaction with (S)-(+)-O-acetylmandelyl 

chloride. 6 The two diastereomers 2 were isolated after 5-O-triethylsilylation by flash column chromatography 

[Rf values (AcOEt/n-C6H14, 1:12) and yield for 3 and the other diastereomer: 0.25, 36% and 0.30, 42%],  

while 2 could not be separated. The silyl mandelate 3 with a lower Rf value had the desired absolute 

configuration. 7 Hydrazinolysis of 3 followed by levulinoylation yielded 5 which was then desilylated to give a 

triol. Phosphorylation of the triol was performed via phosphitylation with difluorenylmethyl phosphoramidite 3 

6 which was developed recently to prepare unsaturated-type phosphoinositides, giving trisphosphate 7. The 

cyclohexylidene group in 7 was removed to phosphorylate the resultant 1,2-diol 8 regioselectively using the 
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reaction with a phosphite and pyridinium tribromide, 8 which is generally applicable to the regioselective 

phosphorylation of 1,2-free myo-inositol derivatives. However, this attempt for the diol 8 failed. Therefore, 8 

was transformed to 1-monool 12 via silylation, chloroacetylation, and desilylation. Selective triethylsilylation of 

$ was also difficult according to common procedures, 9 by which a serious amount of the 1,2-disilyl derivative 

was formed. Eventually, after several experiments, we found that a highly reactive silyltriflate combined with a 

bulky base, 2,6-di-t-butyl-4-methylpyridine was effective, resulting in the formation of 1-silyl ether 10 in 75% 

yield. Phosphorylation of the I-OH free derivative 12 via the amidite method using 1-stearoyl-2-arachidonoyl- 

sn-glyceryl phosphoramidite 13 gave the fully protected tetrakisphosphate derivative 14 in 79% yield. 10 

Deprotection of the four phosphate functions was accomplished smoothly by treatment with triethylamine for 14 

h at room temperature. Removal of the chloroacetyl group as well as the levulinoyl was achieved simultaneously 

by using the reported procedure for deprotection of the chloroacetate, 1 1 to give the final product, 

PI(3,4,5)P3.12 

0 { ~ C O C I  ~'- S ~ - 0 % . ~ 0  ~ NH2NH2 

OH ~ - _ ~ O  O 77% 
92% ~ OR OAc 

1 Et3SiCI C 2: R=H (DL form) 
/-Pr2NEt, DMAP 3: R=Et3Si (D form) 

36% and 420 
(for 3 and the other diastereomer) 

017H35C(O)O"~ 
ClrH=C(O)O- I 

N ~  O. , O'J 
#Pr2 NP 

13 

Tetrazole 
then t-BuO2H 

79% 

R@ 
(FmO)2P(O) OR 

CF3CO2H 

(FmO)2P(O)O" Y "OLev CH2CI2 
(FmO)2P(O)O 93% MeOH 

Et3Si-OTf, 9~ 8: R=R'=H 
ICH ,--10: R=Et3Si, R'=H 75% 

(C 2CO)20 ~11: R=Et3Si, R,=CICH2COo 81% 
TsOH, AcOH ~. 12: R=H, R'=CICH2CO 90'/o 

Y ys o o 
OSiEt 3 

Lay-OH f 4: R=H 
DCC, DMAP',= 5: R=Lev 

98% 

1. n-Bu4NF, PhCO2H 78=/o 
2.6, Tetrazole | 97% 

then mCPBA 

o© (FmO)2P(O)~,.. 0 
(FmO)2P(O)O"y"OL~v 

(FmO)2P(O)O 
7 

CICH2C(O)Q O .......... 

(FmO)2 P ( O ) ( ~  - P" OCH2~ CH2CN 21H'i3N' "1~1 ~1C(3S"); o ~ ' 

,,yo 
L,.-- 0 . o  ~ _ (FmO)2P(O)O 

14 o - v ~  

PI(3,4,5)P3 

6 9 
Py=pyridine, Lev-OH=levulinic acid, DCC=dicyclohaxylcarbodiimide, DMAP=4- 
dimethylaminopyridine, mCPBA=m-chloroperbenzoic acid, Tf=tdfluoromethanesulfonyl 
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The product was soluble in methanol and showed relatively clear 1H NMR signals, while the saturated 

distearoyl analog 2a,e had opposite properties. Biological activities of the present synthetic natural product are 

now under investigation. 
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