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trmnhosvhate (5) was designed and wnthe51zed as a novel IP3
compound bound strongly to IP3 receptor from porcine cerebella with an affmny
comparable to that of IP3. © 1998 Elsevier Science Ltd. All rights reserved.
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,4,5- nsphosphat (IP3), an

Considerable attention has been focused on D-myo-inositol 1
of its si

cellular Ca2+-mobilizing second messenger, because
portance [1,2]. Therefore, analogs of IP3 have been synthesized exte__s'v de
specific ligands for the IP3 receptors, which are very useful for proving the mechanism of
IP3 mediated Ca2+ signaling pathways However, none of these analogs has surpassed IP3
itself either in binding affinity for IP3 receptor or Ca2+-mobilizing activity [3]. Recently,
Takahashi and co-workers isolated adenophostin A and B from Penicillium brevicompactum
and found that these are very strong IP3 receptor ligands; 2 and 3 are 10 ~100 times more
potent than IP3 with regard to both the affinity for IP3 receptor and Ca2+-mobilizing ability
in cells [4-6]. These findings suggested that the o-D-glucopyranose structure may be a
bioisostere of the D-myo-inositol moiety in IP3, and the three phosphate groups of
adenophostins, which are essential for their biological activities [3], may be superimposed in
the same positions as those of IP3 in their three-dimensional location.
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ecently, two  groups {7,8] designed and synthesized 2-hydroxyethyi-a-D-
h 4 a simplified analog of adenophostins, and
with ~10-fold lower potency than IP3. It has
4 the receptor compared to those o
v of the in
this -[(35,4R)-3- hydrm(vrerr hyd ofuran-4- vll-n!-
D- glucopyranomde 3, 4 3- trlsphosphate (5) as a novel IP3 receptor ligand in which the
location of the 3'-phosphate group in space is restricted by a tetrahydrofuran ring as in
adenophostins. In this communication, we describe the synthesis and preliminary biological
effects of 5.
We planned to synthesize the target compound 5 via glycosidation reaction with fluoro-
glycosyl donor 6 and tetrahydrofurandiol derivative 7. The preparation of the glycosyl
donor is shown in Scheme 1. We found that the 2- hydroxyl group of 4,6-0- benzylidene-

gmcose derivative 8 was very selectively t Denzylatea by neatlng its 2,3-O-stannylidene
Ancivrntivra wxrs i4hh DD ¢ sivrm O s OKO <rinlAd hhnen talianins xxrao tzons arnliame TOT A Lo
UCllleIVC Wil DIHIDI1 W C 7 il 7070 lelu WIIEil LUIUUIIC was UDCU as a SoIvent Z]. AW

i
protected with an allyl group, the benzylidene moiety

10] to give 6-0O-benzyl deri
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was allylated and then acetolys1s of the resultmg fully protected sugar 12 w1th ¢20 and
H2SO4 gave 13 in 79% yield. In this reaction, both the 6-O-Bn and 1-O-Me groups were
replaced by an acetoxy group. After the 1-O-acetyl group of 13 was selectively removed
with piperidine in THF, the product 14 was treated with DAST in CH2Cl> to give fluoro-
glycoside 6.

The glycosyl acceptor 7 was synthesized from known enol ether 15, which was readily
prepared from D-isoascorbic acid by a previously reported method [11], as shown in
Scheme 2. Successive treatment of 15 with LiAlH4 in EtpO and TrCl in pyridine gave
tetraol derivative 16. After the free secondary hydroxyl of 16 was protected with an allyl
group, the isopropylidene and trityl groups were simultaneously removed with TsOH in
MeOH to give i8. Intramoiecular condensation of i8 was investigated under various
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conditions. When 18 was treated with 1I2U in lVleLl‘l the result was the most desirable to
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The glycosidation reaction with fluoro-glycosyl donor 6 and acceptor 7 was performed
o fod
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usual method to give the o- glveomde 20 in a pure form, after silica gel column
chromatography. The three allvl groups of 20 were sxmultaneously deprotected by heating
it with Pd-C and TsOH under reflux in aqueous EtOH [12], and the product was isolated as
the corresponding tri-O-acetate 21. Phosphate units were introduced using the
phosphoramidite method. Thus, after the three acetyl groups of 21 were removed, the
resulting trihydroxy product was treated with dibenzyldiisopropylphosphoramidite and
tetrazole in CH,Cl, followed by oxidation with m-CPBA [13] to give the desired
triphosphate derivative 22 in 46% yield Finally, all of the benzyl groups of 22 were
31multaneou51y removed by catalytic nyarogenanon th‘n Pd-C in EtOH to gwe the target

e = T — OO g | J mo o orlizzsee anls 4- wxretbhh T Awa hanan racse
Willl lUll CALIAII g TOS1L.

centor o narcine carahalla
t f hell
POT U1 pUICIIC CCiCotua

14]. As a result, 5 significantly
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Scheme 1
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i O Reagents and conditions: a) 1) Bu,SnO, benzene-MeOH, reflux,
Af«'\?m_.,x 2) BnBr, toluene, refiux, 95% ; b) NaH, AliBr, DMF, rt, 89%;
BnO c) NaBHscN HCI, MS 3A, Etgo -THF, 0 °C, 61%;
g 14: X = OH d) NaH, AliBr, benzen, refiux, 81%; e) Ac,0O, HpS0y4, 0 °C, 79%;
6:X=F f) piperidine, THF, room temp., 93%; g) DAST, CH.Cl,, 0 °C, 95%.
Scheme 2
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Rnagnm'c and conditions: A\ 1\ L IAIH Ff.-.ﬂ reflux, 9\ TrCl, py., room temp, | 65%; h\ NaH, AllBr, DMF|
room temp., 57%; c¢) TsOH MeOH room temp, o%, d) Tf20 Et3N DMAP MeCN room temp 41 Y.
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Reagents and conditions: a) TMSOTI, E3N, Et,0,
room temp., 78% (a:p = 94:6); b) 1) NaOMe, MeOH,

room temn.. 2) NaH BnBr. DMF room temp., Q49%:
np., ¥v&7%,
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¢) 1) Pd-C, TsOH, aq.EtOH, reflux, 2) Ac,0O, py., room temp.,
77%; d) 1) NaOMe/ MeOH, room temp., 2) (Br)O)gPNiPrz,
tetrazole, CHoCly, room temp., then m-CPBA,

-40 °C to room temp., 46%; e) 1) Hg, Pd-C, EtOH,

room temp., 2) Diaion WK-30 (Na*), 89% (sodium sait).
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mmoiea € oinaing OI {~rij iF3 wiln an 1Ls50 vaiue o1 £/ nivi winicn is mparame to the
affinity of IP3 itself (IC5p = 19 nM). This result is notable since all of the iP3 analogs
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the myo-in ckbone of IP3, and also adequate conformational restrictmn of the
phosphate group of the side-chain moiety attached at the lo-position [15] improves the
bmdmz affinity for IP3 receptor
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