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AbShWt: me qwh&s of mcemic myo-inosiwl 1,4.5-trisphophate 3- 
phos horothioate fizm niydnosiwl is dkstded umg a prvtem~onldepmuion sequence 

6W ‘ng idlyl, benzyl and pmethmybenzyi gmups to faciriate selecti~ 3-podion 
~&dwq?lolylation. 

D-nzydnositol 1,4,5-trisphosphate Ins(l,4,5)P, (1) (Fii 1). released by receptor-mediated 

phospholipase C-catdysed cleavage of phosphatidylinositol4,5-bisphosphate has emerged within the last 

decade as a second messenger linking the qtially sqamted events of receptor stimulation and release of 

intracellutar calcium from intemal storesl~2. Ins(1,4,5)P, sets thwgh an intracellular endoplasmic 

reticular receptor which has been isolated3, cloned and sequenced4~5 and recon~tituted~; Ins(1,4,5)P, is 

metabolised via two pathways? deactivation by a 5-phasphatase to Ins(l,4)P2 or phosphorylation by a 3- 

kinase to the tetrakisphosphate Ins(1,3,4,5)P4. The Unction of the latter still remains controversials and 

Ins(1,3,4,5)P4 may gate a plasma membrane Ca2+ channel9. 
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As part of an ongoing programme aimed to study strucmetivity rclatieps in inositol tris- 

and tetrakisphosphates7J* we have been engaged in the synthesis of my~-inositol polyphosphates and their 

analogues as potential enzyme inhibitors and rcqtor aMagonists. In particular, phosphorothioate 

andogues of lns(1,4,5)P, either with multiple or speeik substitutiona eg (2) - Q (Figure 1) have 

emerged as potent inhibitors of the metabolic enzyme Ins(1,4,5)P, 5-phosphata&. 
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Ins (1.45) Pa 3aase 

Figure 2 
Ins (1,3#4.5) p4v 
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A complication in studies designed to investigate the potential role of Ins(l,3,4,5)P4 in Caaf 

homeostasis has been the existence of the enzyme Ins(1,3,4,5)P4 3-phosphata& which converts the poor 

Caz+ mobiliser Ins(1,3,4,5)P, (6) into thepotent Ins(1,4,5)P, (Figure 2). While endogenous inhibitors of 

this enzyme, Ins(1,3,4,5,6)P~ and InaPe potently inhibit Ins(1,3,4,5)P4 3-phosphataae a~tivity~~J~, an 

inhibitor based upon Ins(1 ,3,4,5)Pa would facilitate inv&gations of the potential biological importance 

of this molecule independent of the 3-phosphatase catalysed conversion into Ins(1,4,5)P3. To this end, 

we have designed myo-inositol 1,4,5-trisphosphate 3-phosphorotbioate [Ins(l,3,4,5)P4-351 (7) as a novel, 

specifically phosphorothioate-substituted Ins(1,3,4,5)P4 analogue with potential as an Ins(1,3,4,5)P4 3- 

phosphatase inhibitor and we report here the synthesis of racemic (7). 

Conversion of the inositol 1,2:4,5 diketall (91, prepared from nryo-inositol (S), to the 3-Gallyl 

(10) and 3-@aUyM-0-benxyl (11) derivatives was achieved by treatment of (9) first with ally1 

bromide/barium oxide and barium hydroxide (63% yield) and then (10) with benxyl chhxidekodium 

hydride respectively (100% yield) (Scheme). Removal of the isopropylidene groups by treatment of (11) 
with p-toluene sulfonic acid in ethyl acetakfacetonekater afforded (12) (88% yield). Regiosekctive 

introduction of a I-O-p-methoxybenxyl ether in (l2) was achieved by treatment with dibutyhin oxide in 

refluxing toluene, followed by caesium fluoride@-methoxybenxyl bromide to give (13) in 74% yield. 

After reintroduction of the 4,5-O-isopropylidene ketal by use of 2-methctxypropene andptoluene sulfonic 

acid giving (14) (90% yield) the remaining 2-hydroxyl group was benzylated to produce (15) (94% yield). 

The isopropylidene group and the 1-0-p-methoxybenxyl ether were successively cleaved by treatment of 

(15) with refluxing hydrochloric acid to produce the trio1 3-~~yl-2,~-~~l~~~o-benzyl-myo-inositol(16)16 in 

90% yield. The ally1 group of (16) was isomerixed to ci.-propenyl using KOBut to give the key 

intermediate (17). Phosphitylation of (1’7) was effected using bisbenzyloxy(diisopropylamino)phosphin~ 

tetrazole in dichloromethanel7 to afford the corresponding trisphosphite which was smoothly oxidised 

with rerr-BuOOH to the fully protected trisphosphate (IS) in 80% overall yield from (17). The propenyl 

group of (18) was removed, avoiding phosphate migration, by use of trifluoroacetic acid to give the 

trisphosphate (19). @acemic (19) has been prepamd previously tiu a different rotnet*]. This was 

converted to the pro&c&d 3-phosphite as above and the crude intermediate sulfoxidised using sulfur in 
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pyridine to the fully pro&ted (20). Ben@ protecting groups of (20) were subsequently removed by 

treatment with sodium in liquid ammonia lg to provide crude (7) which was subjected to ion-exchange 

chromatography on Q-Sepharose eluting with a gradient of triethylammonium bicarbonate buffer, to 

afford pure (7) in 68% yield. As qected, 0 exhibited three singlets at 6 -0.42,0.23 and 0.6lppm in 

the Qklecoupled 31P NMR spectNm, corresponding to phosphate groups and a ainglet at S 49.89ppm 

corresponding to the unique 3-o-phosphorothioate. 

Racemic Ins(1,3,4,5)P,-3s was found to be a Ca2+ mobilising agonist in permeabilised 

neuroblastoma cells with a potency @c, = 4.7pMjm similar to Ins(1,3,4,5)P4 when assayed in the 

presence of InSpa as 3-phosphatase inhibitor @csO = 2.5+fJ. Ins(1,3,4,5)P,-3s will complement 

Ins(1 ,3,4,5)Pl-5S, for which a synthetic route has been ~ublished~~ and be an important tool for the 

identification of Potentially ~clusive Ins(1,3,4,5)P, second messenger functions, since its resistance to 3- 

phosphatase action will preclude the ineonveaien t ark&act of steady state Ins(1,4,5)Ps generation. It has 

already found use in demonstrating that Ins(1,3,4,5)P, can independeotly mobilise intracellular Caz+ via 

the Ins(l,4,5)P3 receptor20. 
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