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PHOSPHATES Field of the Invention This invention is
directed to the synthesis of phosphate-based inositol derivatives by
rapi d, econom c and efficient processes. 5 Background of the Invention
Many si gnaling nol ecul es, such as hornones and neurotransmtters, exert

ef fects on their target cell by binding to a receptor in the cell's
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Hydr ol ysi s of by rBpidrechnonfioandaificent piocessesy of a signalling nolecule to its
receptor, 1 results in the formati on of D nyo-inositol
1,4,5-trisphosphate ("D-1P[err]") and diacyl glycerol. D-IP[err] causes
cal cium to be Pagkgrounapiinedayenioly acel | ul ar, nonm tochondri al stores;

i ncreased i ntracel | phay signlify HéleduRédueh ab Rorrohss aridarfeutolrahdiiflery,adxirk bifectf
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toget her w th presshpé af thd\sigaaling meoieonid araitsCieueptoras transidted infy ari effett Ahin thenase
C. PKCis 11, kn h r t el..of .pr ' i | v .0y the
regul ati on 19f téaef\éﬁjeﬁgﬁgﬁ ?’g Eﬁ@a?e HO%CSIP'Q 10'2;‘4{28 \L'}@'cg‘}rgd'ﬁ %’g"@,ﬁe'[}nﬁﬁg[%’ﬁ&f)b@nd
ot her phosphat respxasible fonransdutingl éhei effect vk many signslingunolecules is believedrtoetey of
ways, includin RS IS Sbi id (ppat hways and necahni sns by which
25 external s?’éﬁgﬁ @1&% ('act " r{%gﬁal u ar?gr ocesses. For exanple, isolation
and identification of - intracellular D-I1P[err] receptors is helpful in

i Ilumi nating the rolpdrefsi€at PIRYMINBRING IbIRlingOsF & Rignalling Wdlec@ Yo HdYrREspPtargi cal

phar hacol odPcalr R e RERiaN & SRR, A P RE R BT L e ey gero

nobi | i zati on. D-IP; causes calcium to be released from intracellular, nonmitochondrial stores;

increased intracellular calcium levels, in turn, result in a variety of responses within the
cell, such as muscle contraction, cell aggregation and thromboxane B, release.
Moreover, diacylglycerol, together with phosphatidylserine and calcium, activates protein

20 kinase C. PKC is well known to phosphorylate a number of proteins involved in the
regulation of cell metabolism.

Accordingly, D-IP3 and other phosphate-based inositol derivatives are useful in a

variety of ways, including elucidative study of the pathways and mecahnisms by which

25 external signals affect intracellular processes. For example, isolation and identification of
intracellular D-IP5 receptors is helpful in illuminating the role of calicium mobilization in
various physiological and pathological processes, as well as for the development of

pharmacological agents capable of modulating the effects of caicium mobilization.

30 Synthesis of D-IP3 has previously been reported (see S. Ozaki et al., 1986).
However, Ozaki's process requires separation of several inositol diastereomers by column
chromatography, a costly, inefficient and commercially impracticable process requiring
silica gel that costs about $150/kilogram. Although others (see J. Gigg et al., 1985; R. de
la Pradilla et al., 1990; N. Noda et al., 1990; Chen et al., U.S. Patent No. 5,260,472) have

35 reported D-IP3 synthesis via fewer intermediates than arise in Ozaki’'s process, their
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15 This invention provides rapid, convenient and economical synthesis of 1-O-[(+)-

menthoxycarbonyl}-6-O-benzyl-2,3:4,5-di-O-isopropylidene-myo-inositol (“D4P”), D-myo-

inositol 1,4,5-trisphosphate (“D-1P3"), inosito! 6-O-benzyl-2,3:4,5-di-O-isopropylidene-myo-

inositol H-phosphonate (“3-HP") and L-myo-inositol 1,4,5-trisphosphate (“L-IP3"). The

syntheses require fewer chromatographic isolation steps than do previously known
20 reaction schemes.

DA4P is synthesized according to the practice of this invention from D-myo-inositol
via the intermediates (t)-2,3:4,5-di-O-isopropylidene-myo-inositol  (*()-2"), (+)-6-O-
benzyl-2,3:4,5-di-O-isopropylidene (“(+)-3") and 1-O-[(+)-menthoxycarbonyl}-6-O-benzyl-

25 2,3:4,5-di-O-isopropylidene-myo-inositol (“4P"), foliowing which D4P is isolated from the
racemic 4P by crystallization with methanol. - D-IP3 is made from D4P via the
intermediates (+)-6-O-benzyl-2,3-O-isopropylidene myo-inositol and 6-0-benzyl-2,3-0-
isopropylidene-myo-inositol 1,4,5-tris(dibenzyl phosphate). Chromatography is employed
during this synthesis only for the isolation of 6-O-benzyl-2,3-O-isopropylidene-myo-inositol

30 1,4,5-tris(dibenzyl phosphate).

3-HP is made from D-4P via the intermediate (-)-6-O-benzyl-2,3-0-
isopropylidene-myo-inositol. L-IP3 is made via the compounds (+)-8-O-benzyl-2,3:4,5-di-
O-isopropylidene-myo-inositol ((+)-3), 3-O-[(+)-menthoxycarbonyl}-4-O-benzyl-1,2:5,6-di-

35 O-isopropylidene-myo-inositol (4M), 4-O-benzyl-1,2-O-isopropylidene-myo-inositol 3,5,6-
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I's enpl oyed during this synthe5|s only for the isolation of
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phosphat e) . 3 HP i S made from D4P via the internediate

(-)-6-0benzyl-2,3-0 BNUQN [ Plerr] is nade

via the Corrpounds (Polibwirh b@’ézﬁﬂ)br&la%oﬂs 5ar€3 'the full names of chemical compounds
O isopropylid

3-O-[(+)-nent %ﬁ@ﬁ%?%iﬂ%ﬁ% %’bﬁﬁ'%é?rf{ﬂwf*fhzmy deyfoungdn this application: 1-O-[(+)-

O i sopropyl i danentimxpesriomgl]-6-di-bdndi2,3:4,5-di-O-isopropylidene-myo-inositol: D4P; (+)-2,3:4,5-
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tris(di benzyl mqﬂi@!s pfkBe) racdrieri(+)-menthoxycarbonyi}-6-O-benzyl-2,3:4,5-di-O-isopropylidene-

4- O benzyl - §0-ihSSHBF Qp%bln%ﬂﬁoswq 4 ﬂﬂ@bﬁd&bhatg’ §-IF§ m-chloroﬁeFdx%éWzQ@'%EMl
phosphate) . Chromato grap 'S ex uring I s synthesis only for the

i sol ation of 4DEFBRANBYsitohE '@ @"F%!‘@&%WT@'dﬁ?H’QPWS“q’WM%‘f"PWd H-phosphionate: 3-
3,5, 6-tris(di hemzylmyphinsstiat @)5-trisphobphate: L-IP3; and, 3-O-[(+)-menthoxycaibdmijlED:

i tDESCﬁJWl ) beggHyl% 1 r#%gg¢"s88'??ﬁ Y nﬂﬁrbesmyo-mosﬂ 4Movvl ng are abbreviations, and

This invention provides in general the synthesis of phosphoinositol derivatives,
using H-phosphonates as intermediates and (+)-menthyl chloroformate to separate the
various inositol derivatives. Moré specifically, a method is described of preparing D-1-O-

20 [(+)-menthoxycarbonyl]-6-O-benzyl-2,3:4,5-di-O-isopropylidene-myo-inositol ("D-4P") (see
scheme 1, hereinbelow). Also provided herein is a method of preparing enantiomerically
pure D-myo-inositol 1,4,5-trisphosphate ("D-IP3") (see scheme 1, hereinbelow).

The first step in the process of preparing D-4P involves conversion of myo-inositol

25 to
(+)-2,3:4,5-di-O-isopropylidene-myo-inositol ("(+)-2") by acetonation of myo-inositol so as
to give (+)-2,3-O-isopropylidene-myo-inositol, and acetonation of this product so as to give
(£)-2,3:4,5-di-O-isopropylidene-myo-inositol. Next, this (+)-2 is converted to (+)-8-O-
: benzyl-2,3:4,5-di-O-isopropylidene  (“(x)-3)") by stannylation of (%)-2,3:4,5-di-O-
30 isopropylidene-myo-inositol, followed by benzylation of this product so as to give (+)-6-

benzyl-2,3:4,5-di-O-isopropylidene. Benzylation is accomplished by a number of means
well known to ordinarily skilled artisans including, without limitation: reaction using cesium
fiuoride in benzyl bromide; sonication with silver oxide in benzyl bromide; phase transfer
catalysis using sodium hydroxide in benzyl bromide; and, reaction with thallous ethoxide




desi gnated by the abbreviations, which may be found in this application:
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nment hoxycarbonyl ] - 6- O benzyl - 2, 3: 4, 5-di - O-i sopropyl i dene-nyo-inositol: D4P;
()-2,3:4,5- 10 di - O-i sopropylidene-myo-inositol: ()-2;

()-6-0benzyl -2,3:4,5-di -0 isopropylidene-nyo- [ nosi tol: ()-3;
rac-1- O [ (+)-nment hoxycar bonyl]-6-0 benzy .2, 3: 4, 5-di - Oi sopropyl i dene-
nyo-inositol: 4P, D-nyo-inositol 1,4,5-trisphosphate: D-1P[err];

m chl or oper oxybenzoi c acid: nCPBA; i nositol

6- O benzyl - nabénﬁrm‘bmﬂej Pegterally,| bedzyksiomjobyi reestion atith ldegitro §pdtde ane bergy!
HP; L-nyo- inoni 145tr|sphosphate L-1P[err]; and,

3-O[(+)-nment %rQ %arbonyl] 4- 15

benzyl -1, 2: 5, 6-di - O-i sopropyl i dene nyo-inositol: 4M - Thi s
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of prepari ng athmexn¢dntpoendsc aiablg herein, ipave ebdennganduciess iby citantiad, Beansi sph@sphat e
("D-1P[err]™) §\§|§t§nﬁlﬁtﬂ%[& E}Q@Eﬂﬁﬂ.ﬁ@é @8Pkhe spectra of the compound!(@£3,'seé Thurig ep in
t he process of prepari ng I nvol ves™ conver si on of myo- i nositol 25
([err])-218: 4ar@-Ryiu, BHMPopr opyl i dene-nmyo-inositol ("()-2") by acetonatlon of
nyo-inositol so as to give ()-2,3-01isopropylidene-nyo-inositol, and
acetonation of this product so as to |v
()-2,3:4,5-di - O i st Brﬁwﬁeémér'engfscqsm.ﬂf%nafmg Reaqtiomericely pyre D-mko-f0BRIioky t ed
to ()- I6 Q 1,4, 5&@(payéphate?q 'DUPF") WeeGchanpt FRydinbdRIginvélves)coB)etgion dsy+)-6-O-
stannyl ati on [
Fol I oved by HEREYPAT PRSP REM o skt b BB bURIGA X iR Sl -
benzyl - 2, 354, Sludnesgiforatspr oy | Belerte. @mm@{(mmentgomammw%wzﬁ;z FHOnunber

of neans isd)bpy Ny oL iRoRbIO IiTRR' drbdlici Isth,@aeﬂotauk%myaaagglg@b 3810 #ird hout
limtation: reactlon usi'ng cesi um fluoride in benzy m de
soni cati on wi ¢r8Q-peneyt- %&%@H’WVB@QEWWH?W'% . Thehereguct r°<§nt§'Fe1°‘teF’ IS then

catal ysi s usi ggversi td15-O%ehK 3D-isbpropyidste-MydRbsiol 1,484s(diismey! iphtsphate)
}32;?'} luggg / 8528@' fcljr(sat phospho\r/y\’lgati%g8 /(S?ézggenzyl-z,&O-isopropylidene-myo-inositol so_aj_to give 6-
20 O-benzyl-2,3-O-isopropylidene-myo-inositol 1,4,5-tris(dibenzy! phosphite).
Phosphorylation can be by any means generally accepted in the art for attaching

phosphorous atoms to compounds; preferably, this phosphorylation étep is conducted

with N,N-diisopropyl-di-benzyl phosphoramidite.

25 Following phosphorylation, the phosphite is oxidized in situ, e.g., with m-
chloroperoxybenzoic acid ("mCPBA”"), so as to give 6-O-benzyl-2,3-O-isopropylidene-
myo-inositol  1,4,6-tris(dibenzyl phosphate). 6-0-Benzyl-2,3-O-isopropylidene-myo-
inositol 1,4,5-tris(dibenzy! phosphate) is isolated from the resulting phosphate, for
example, using SiO, chromatography. D-IP3 is then formed by hydrogenolysis of 6-O-

30 benzyl-2,3-O-isopropylidene-myo-inositol 1,4,5-tris(dibenzyl phosphate), for example,
using palladium on charcoal, so as to give 2,3-O-isopropylidene-myo-inositol 1,4,5-
trisphosphate. Acidification of this product, e.g., with acetic acid, gives D-myo-inositol
1.4,5-trisphosphate.
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1, 4, 5-t r i sphosgebmbpgidene-myo-inositol 3,5,6-trisphosphate. This product is then acidified with acetic

acid so as to give L-myo-inositol 3,5,86-trisphosphate.

This invention will be better understood from the following examples. However,

25 those of ordinary skill in the art will readily understand that the examples are merely
illustrative of the invention as defined in the claims which follow thereafter. The
description given herein includes such modifications to its compounds, reactants, reaction'
schemes and other provisions, that are obvious to ordinarily skilled artisans given the

teachings of this invention.
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necessarily, by acylation with (-)-nmenthyl chloroformate. L4AMIi s
~crystallized fromthe product of this reaction, e.g., wth nethanol.
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illustrative of the inventio
thereafter. The

ois defined in the clains whiok foll ow

5 6
OoH
HO OPO4H,
H,0,,0 ¥ OH
OPO.H,
D-P;

P4 =-P(O)(OBn)y: Bn = -CHaCgHg: MNC = (+)-menthyl

SUBSTITUTE SHEET (RULE 26)



description given herein includes such nodifications to its conpounds,

react ant s; weasI3sTa0 schenes and ot her provisions, that XCEEB¥PBAS to
ofrdinarily skilled artisans given the teachi ngs of this invention.
PCT/ US98/ 02205 WD 98/ 33790 Schene 1: Synthesis of D IP[err]

-6- [err] -7
PCT/ US98/ 02205 Q.. : -7- Schene 2:
Synthesi's o CE?W\‘/%'Segg/F‘?’éz'gg”'"PPerr] WO 98/ 33790

PCT/ US98/ 0220E - 8- Szherre 3: Synthesis Oj 3HP
o .

o ©  ()-menthy! (] oMnc' Mnc'c o
chioroformate
_ﬁ

0

OH HO
o) OBn BnO () oV OBn BnO ()
+o o+ —*—o o—'L—
{£)-3 D4M L4M

1) (BnO)PNEP),.
1H-tetrazole Q
1) PPTS HO 2) mCPBA

(o] i ; P,0 o
2) K5CO. 3) SiO, chrorhatography ]
L4M 2%>3 4 2) AoOH

BnO™ OH BnO ™ 0P,
OH OP,
sa

OH
H,0,PO OH

Ho" OPO,H,
OPOH,

LIPy

SUBSTITUTE SHEET (RULE 26)



[err]. WD 98/ 33790

PCT/ US98/ 02 3790 PCI/US98/02205
EXAMPLES %R)B%?anpl el Chr omat ogr aphy Al'l flash and
Sigerr] chromat ography was conducted using Kieselgel[err] 60 (EM5
Science). Al conpounds made were judged to be pure using thin |ayer

- chr omat ogr aphy (Kieselgel[err] 60, im®«egnated on al um num sheets).
Exanpl e 2 SchemiymiSysthesis of SHRIP 10 Myo-i nositol was converted
(see schene 1) to ()-2,3:4,5-di-0isopropylidene- nyo-i nosi t ol

according to t met hods of G gg et al. or de la Pradillaget al. (the
contents of ghi ch are inco'gféﬁot ed heré’i"ﬁhg "ff’é'f*eref@)o )

Regi osel ecti vg/ moblobgsgd at i on - 2 oH mpl i $hedl vi d-do oo in
O stannyl ated | edi at £29% 0 -Ob 223 4,5-0 )
: isopropylideng, g 0Si t ol (7 ( c;\ﬁ';rl‘dily purified bw -
. chromat ogr aphw 1 (hexane: et hyly acktate 4:1), in 60%yi ()-3 was
converted to'%c-e ic 4P using (FATerr] ment hyl chl o St nmat e.
¢ DAP (np 128-131[err]C.) was isolated fromthe racenic 4P by
recrystalli 24P (Bm 'sBheme 1) Mt hanol .(_)_%0 aHP
MnC = (+}-menthyl
BH‘CHzcsHs

| o oH e
HO ®
MP , 1-pyrenebutancl > —1° ¢
> ==Y
ol ©
OH _

4-0-(1'-pyrene-1-butyl)phosphoryl b-myo-inositol

SUBSTITUTE SHEET (RULE 26)



Exampl e 3 Synthesis of D-1P[err] Sel ective hydrol ysis of
t he transkeW@9%BMMUP (see scheme 1) with pyridinium p- CT/US98/02205

t ol uenesul fonate, foll owed by al kal i ne hydrolysis of the nmenthyl carbonate
in methanol, 25 gave the triol

(+)-6-0benzyl -2,3-0isopropylidene-nyo-gnositol (5, [err] 24[err] +21 (c

0. 43, CHCl[err]); lit (de la PradilTa et al.) [err] +15 (c 0.6,
CHerr]OH) in 40%.yield after purification by fl ash chronat ography.
The triol was also crystallized in BZMromthe crude reaction

m xture usi ng hexane: ethyl acetate (4 )~ sphitylation of the triol
W th NN\ Exdmpenr opyl di benzyl phosphoranm dite (Fraser-Reid reagent),
fol | oned by i Q. Sit dation 30 wth nCPBA, gave

6- O benzyl - 2, 3N yl i dene-nyo-inositol in 92%vyield, aft

purificati on by fAhdiesh end S ctypmplegraphy fwagr eRpEvied yriag d‘éﬁﬁélge'm 60 (EM
6- O benzyl ]5 %ctQi 3) Al cdﬁ@?@%%é’ﬁ% jiBGRa 1886 pli! ushg&hin ﬁ%@H é‘%zﬁﬁb?ﬁpp
ol by aci [err]

char coal , I cation w't acetic acid, gave D

in quantitati (Kesploei"teq. épprpgnatas qnalymigum st’-’é? r]O, pH 9); lit. (Liu et
al.): [err] -30[err] (c 0.5, Herr]O pH9.5)). WO 98/ 33790

PCT/ US98/ 02205 - 10-
Exanpl e 4 ExammplpZesis of L-1P[err] Reaction of ()-3,
prepared as dgguhesiyaf D4R Exanpl e 1 herei nabove, with (-)- ment hyl

- gave 5 enantlonerlc y pure L t'he enant
' D4P. Fol | owi ngiednesitah aecording todhshoethodssof $3igg ¢tl. tOhdHa @ﬁ@ﬂﬁﬁt@l 3thﬁé9'é9'ﬁ%1%ve

¢ but using L4Magn %P@ln%&@&hlé&%é@ﬁ%'r@erence) RGeS m@ﬁ‘ﬁeﬁ%uoﬁ%hm 2)

%SVEX;nLrgerSr Jwals gc%b}rgpmagrg O:?qupyllted mters'nedlate t°|%)’&r(61'§rb%e"6¥"2|ﬂzf€>}’ﬂ Wl‘

; pot assi um car opepgidérmemyshbsitoe  §)+)i3n, neédiynolpudfiede by ) flash  chromatography
15 (hexane:ethyl acetate 4:1), in 60% yield. (+)-3 was converted to racemic 4P using (+)-

chlorof orngte (see %mol 2as éﬂb%%%gg*fﬁﬁrf@?'*é I(z)aégegm&%mﬂ

menthyl chloroformate.

D4P (mp 128-131°C.) was isolated from the racemic 4P by recrystallization in
methanol.
20
Example 3
Synthesis of D-
Selective hydrolysis of the transketal of D4P (see scheme 1) with pyridinium p-
toluenesulfonate, foliowed by alkaline hydrolysis of the menthyl carbonate in methanol,
25 gave the triol (+)-6-O-benzyl-2,3-O-isopropylidene-myo-inosito! (5, [a]°24oc +21° (¢ 0.43,
CHCl,); lit (de la Pradilia et al.) [oc]D +15° (¢ 0.6, CH3OH)) in 40% yield after purification by
flash chromatography. The triol was also crystaliized in 32% yield from the crude reaction

mixture using hexane:ethyl acetate (4:1). Phosphitylation of the triol with N,N-
diisopropyldibenzyl phosphoramidite (Fraser-Reid reagent), followed by in situ oxidation

30 with mCPBA, gave 6-O-benzyl-2,3-O-isopropylidene-myo-inositol in 92% yield, after
purification by flash chromatography. Hydrogenolysis gave 6-O-benzyl-2,3-O-
isopropylidene-myo-inositol over palladium on charcoal, followed by acidification with
acetic acid, gave D-IP3 in quantitative yield ([a}°24oc -20° (¢ 0.05, H20, pH 9); lit. (Liu et
al.): (fo]° -30° (¢ 0.5, H20, pH 9.5)).



3 [eryr] -17.4[err] (c 1.69, CHCl [err]); lit. (Chen et al.): [err] -16 (c
0.9, CHO [ eryblosrzsivo quantitative yield after colum chronptosssY0s
(hexane: et hyl acetate 4:1). Conversion to 15 the corresponding

H phosphonate with PCl[err] and im dazole gave the product 3-HP in 70%
yield. 3-HP was a colorless liquid that was stable for several nonths at

-20[err]C WO 98/ 33790 -10 -
PCT/ US98/ 02205 - 11 -
What is clained is: 1. A nethod of preparing

1- G [ (+) - ment hexvspdd Honyl ] - 6- O benzyl - 2, 3: 4, 5-di - O
i sopropylidene-nyo-inositol which conprises: 5 (a) converting

D nyo-i nosi tolﬁﬁm 5-di - O i sopropyl i dene-myo-inositol by

the steps of: Reaction of {)-3, prepareti asadasoiibedfin fixempleot ineinabevea withd-)yi ve
()-2,3-Oi SOprl%?tﬁJg’l q:ﬁlgg)ﬂ]%gfe (see schece 2), fc:'llcS‘aGb':d| byP J: st@lﬂfgtlon wnth methanol, id )

acet onati on of 2 as to I% 1-0O 10
i sopropyl i déneeWmQﬂ@%‘lthre Lam (mP 13 31°Cl the eGAt |°f184 h@'l??”df@l}t‘,? SYPe st ep

(?) to ()-6- O&‘ﬁ(@ﬁ%las?set?’fcﬂh% ttiarfiple 3 heremabove but 66y 0MY |dsCtReé) etaliting triterdll €ps
F 0 ann

at | o
()-2, 3: 4, 5-di '@t%%?fr%’y sFﬁéé@"}?yﬁ !?*}Ysé-l'{’%)f" singiiag vield ((le] 24°c +17° {6 430, Hz0,
benzyl ation ofpd hg).product of step (i) so as to give ()-6-0 benzyl-2,3:4,5-

15 di - O-i sopropyl i dene nyo-inositol; - (c) converting
the product of step (b) to 1-O[(+)-nent hoxycar bonyl ] - 6- O benzyl -
2,3:4,5-di 1@ i Exqmpjpyl i dene-nyo-inositol; and, (d)

i sol ation o] : +) - ment hoxycar bonyl ) - 6- O benzyl - 2, 3: 4, 5- di

i sopropyl i dene- oSitol fromthe product of step
The nethod of cl ai nH!drolm%Pfé?‘}? WilpotasEiv| caftopgte &?eeﬁ'éeg“%@)"z methapal 9BXP -
reaction With 3 (oPyec -17.4° @569 NTHEYRMit.AEhan et mzid]~ breni(el@.9, CHCly)) in

quantitative yield after column chromatography (hexane:ethyl acetate 4:1). Conversion to
15 the corresponding H-phosphonate with PCl; and imidazole gave the product 3-HP in 70%
yield. 3-HP was a colorless liquid that was stable for several months at -20°C.




3. . The method of claim1, wherein the conversion of step (c) is by
cacyl ati on wWitgwogiasyeo 25 ment hyl chl or of or mat e. PC/US98/0230se
met hod of claim 1, wherein 1-O [ (+)-nmenthoxycarbonyl)-6-0 benzyl -2, 3: 4, 5-
' di - O-i sopropylidene-nyo-inositol is recrystallized in step (d) with

met hanol 30 5. A met hod of preparing

6- O benzyl -2, 3: 4, 5-di - O i sopropyl i dene--nyb=-i nositol H -

P o pemt 16 o hanoni -2, 3: 4, 5. i - | AR RARY SR
i sopropyl i denwhatjis claimesiisiol of claim 1 so as to give xocoLomoson

(-)-6-0Obenzyl-2,3:4,5-0O | sopropyl i dene-nyo-inositol; and,
WD 98/ 33790 4, A method of preparing 1-O-{(+)-menthoxycarbonyl]-6-O-beRzyl-2,3:4,5-di-O-
(b) converting the ,%;)odulct of st %gi@i%icrtm gom ises: _ _

6- O benzyl - 2, 3: 4, 5gPrpYidERHMEBIN £ prises. myo- i nosi t ol

H phosphonat e by r ¢acéonverting DampASinpsitol Yo &)el, 3. 46 diDeibapropylidene-myb-inositol Byhe
nmet hod of claimb5, vm§rei°r} the hydrolysis of step (a) is with potassium 5

carbonate in met hahls SePs 7. The nethod of claim 5, wherein
(-)-6- 0O benzyl - 2, 34, 5- @cetoogtion f Inyddnasitohap- as to give (+)-2,3-O-isapapylidghe-myo-
converted by reactijgn.ith PC[err] and im dazole 10 8. A net hod of

preparing enantiomerically pure D-nyo-inositol 1,4,5-trisphosphate
whi ch conprises: (i)  acetonatiopzpf theo prpduatich §tep- (hae anipsgiveto (4)-2,3:4,5-di-O-

()-2,3:4, 5di - O i sqQypRPpYideR&yo68itdnosi t ol by
(b) converting the product of step (a) to (z)-6-O-benzyl-2,3:4,5-di-O-
isopropylidene by the steps of:
® stannylation of (+)-2,3:4,5-di-O-isopropylidene-myo-inositol; and,
(ii) benzylation of the product of step (i) so as to give (+)-6-O-benzyl-2,3:4,5-

15 di-O-isopropylidene myo-inositol;
(c) converting the product of step (b) to 1-O-[(+)-menthoxycarbonyi}-6-O-benzyl-
2,3:4,5-di-O-isopropylidene-myo-inositol; and,
(d) isolation of 1-O-(+)-menthoxycarbonyl}-6-O-benzyl-2,3:4,5-di-O-
isopropylidene-myo-inositol from the product of step (c).

20
2. The method of claim 1, wherein the benzylation of step (b)(ii) is by reaction with
cesium fluoride and benzy! bromide.
3. The method of claim 1, wherein the conversion of step (c) is by acylation with (+)-
25 menthyl chloroformate.
4. The method of claim 1, wherein 1-O-[(+)-menthoxycarbonyl]-6-O-benzyl-2,3:4,5-
di-O-isopropylidene~-myo-inositol is recrystallized in step (d) with methanol
30 5. A method of preparing 6-O-benzyl-2,3:4,5-di-O-isopropylidene-myo-inositol H-

phosphonate which comprises the steps of:

(a) hydrolysis of the 1-O-[(+)-menthoxycarbonyl}-6-O-benzyl-2,3:4,5-di-O-
isopropylidene-myo-inositol of claim 1 so as to give (-)-6-O-benzyl-2,3:4,5-0-
isopropylidene-myo-inositol; and,




i a A s L

T, ere ! s I 5 st

acetonation of the product of step (5§ ) tsou |ve to ()-2,3:4,5-di-

i sopropyl i dene-myo-inositol; (b) convertlng t he product of
step (a) to ()-6-0Obenzyl-2,3:4,5-di-0O | sopropylidene by t
steps of: 20 (1) stannyl at-i bh- of

()-2,3:4,5-di -0 isopropylidene-nyo-i n05| tol; and,

benzyl ati on of the product. of ste

di - O i sopropyl i dene&rﬁB erigd thes ?roé)uc of 189 () To %&2'@?“28‘041%/8?ﬂ("}ﬁ?fs?ﬂ'iée/“yb‘f%&uc
of step (b) to 1- O mie-jnosiehtiipbospbandteiylehstion @ith BGizydnd imidazole.

2,3:4,5-di -Oisopropylidene-nyo-inositol; 25 (d) i sol ation

- of 1- G- [ (+) - nent hoxycar bonyl ] - 6- Obenzyl 2,3:4,5-di-O
. i sopropyl i deneb.nyo- Throgiethed of rciaim tSh avhereind thet hnﬂf°‘3§tse?f §tep (a) is with potassium (

fconverti ng g ladbdriate)in FRtNeh@Xycar bonyl ] - 6- O-benzyl -2, 3: 4, 5-di - &

i sopropylidene-nyo-inositol to (+)-6-0 benzyl-2,3-Ci sopropyl i dene

nyo-i nosi t ol by the steps of: 30 (1) hydr ol ysi
of 1- G [ (+) - ment huky eetrioanyfl diaifr §> WRéren! ()26~ &b@niﬁ-dj3~4€5-o-isopropysidene-myo-
'gls\‘jg”;pg' dene-myo- | BRI E Qnvikdd by bdioh Mei PR zh§lnigiigRy! fonate so as to
[ (+) - ment hoxycar bonyl ] - 6- O benzyl -2, 3- O-i sopropyl i dene-nyo-inositol; and,
(i) al kahi ng hyd % t

(+)-6-0 beﬁ? l? E\%é@ﬁddsofogrtiﬁagﬁ%%ﬂgg@%rbc% Iy %’%éb % m?%to@% 4 ftﬂ%h%@ph%
98/ 33790 which comprises: PCT/ US98/ 02205

- 13 - a) dohvertfrigN.SH dbllﬁ&lt&hg (@f@dﬂ@dl—@f-ls@@@h&éﬂa rﬁﬂ—mosxto! by
(-)-6-0 benzyl - | sopr opyl i dene- nmyo- I nosi t

1,4,5-tris(di benzyl hﬁtﬁ?ggﬁ%t e) by the steps of: (|)
phosphi tyl ati on of tihe pacstbratiordf Ay®Podiv) ssas &sgive (fi/BO-isopropylidene-myo-
)-6-0C ber)'é O i sopropyl i dene-myo-inositol
4,5-tris( |benzyl | NGBk ARGt e) . 5 (ii) in situ oxidation of
roduct of step (i)(§o aac&tmagm/ef he pr@3iu@® dfaatapy (i) & 8s to give to (+)-2,3:4,5-di-O-
[

I sopropyl i dene- W%bﬁr@&ﬁiﬁén%'—mﬂa-iﬁo&blt ri s(di benzyl phosphate); and,
(b} converting the product of step (a) to (+)-6-O-benzyl-23:4,5-di-O-
-isopropylidene by the steps of:

(-
1,
pr
o

20 0] stannylation of (1)-2,3:4,5-di-O-isopropylidene-myo-inositol; and,
(ii) benzylation of the product of step (i) so as to give (1)-6-O-benzyi-2,3:4,5-
di-O-isopropylidene myo-inositol;
(c) converting the product of step (b) to 1-O-{(+)-menthoxycarbonyl}-6-O-benzyl-
2,3:4,5-di-O-isopropylidene-myo-inositol;

25 (d) isolation of 1-O-[(+)-menthoxycarbonyl]-6-O-benzyl-2,3:4,5-di-O-
isopropylidene-myo-inositol from the product of step (c);
(e) converting 1-O-{(+)-menthoxycarbonyl}-6-O-benzyl-2,3:4,5-di-O-
isopropylidene-myo-inositol to (+)-6-O-benzyl-2,3-O-isopropylidene myo-inositol
by the steps of:

30 (i) hydrolysis  of  1-O-[(+)-menthoxycarbonyl}-6-O-benzyl-2,3:4,5-di-O-

isopropylidene-myo-inositol with pyridinium p-toluenesulfonate so as to give 1-O-
[(+)-menthoxycarbonyl}-6-O-benzyl-2,3-O-isopropylidene-myo-inositol; and,

ii) alkaline hydrolysis of the product of step (i) so as to give (+)-6-O-benzyl-
2,3-O-isopropylidene-myo-inositol;

ive

he

t

e)

S

t he



[T

(iii). isolation of (-)-6- Olsopropylldene nyo-i nosi tol
$11,4,5- - -wo9s/33790 tri s( imﬂ “ ‘e) from t he product RET/EI98(92705i )
(9)

using Sierr] chromat ogr
converting the product of step (f) to Drryo |n05|tol 1,4,5-trisphosphate by

t he steps of: gé_ hydrogenol ysis of the
product of step (b) so as to give D2, 3-T
i sopropyl i dene-nyo-inositol 1,4,5-trisphosphate; and, (i)

acidification of t
A Qst ﬁ@ﬂﬁgﬁnﬁémﬂc@& dtdp () &p( )as‘uotsenngaat %é&bﬁbp'yd Ro W o

wherei n t he phosphcwoflt%lﬂ|4Eﬁ1tﬂéﬁd'b§t‘7é'bpl'(°ﬁb”(ﬁt3) Wéheoi’eﬁse%fct i on with
wi th NN-dii sopropylgdi - isagphitylaitnsds brerpaddudi dfatep (aPéd as thGive (-)-6tadenat-28d of
claim8, wherein the in situ omdahomg%ts& 19 (zl)pﬁ: hith)S with m

chl or oper oxybenzoi >5EPGP ylidgRefaye-nositol 1,4,5-tn ‘f enzy ma)f hod of claim 8,
wher ei n t hes hydr oggmol ysih sitinbxidetienmof(the piojludt of step ti) gaias tadiiverfr)-6-O-benzyl-2,3-  on

h . 25 dif
gf a;fgg (@) (i) is Wspﬂroggﬂgnﬁg&ﬂgs@ 12%%@%&%%%&& OSCIOf ' C: S?H gn

wherein the benzyl dfi) on isdlatione pof( bﬂﬁﬂbqnsvlﬁ;&@emmmwenpwmnosﬁol 1,4.5-
cesi um fluoride and;OgB&ns ;mb.%ﬁa fro%Qhe product bf'step (ii) -Eﬁﬁg (Sﬂjﬂ"é}ﬁorﬁitogihﬁlym 8,

wherein the conversion of "step ( is by acylation with
nment hyl chl or of or neg"d: 15 The method of claim8, wherein

1- O [ (+) - megt hoxy c ygpeshyedingthe phsdingtdf sip3f) 4o B-mydBinositol 1,4,5-trisphosphate by the
di - O i sopropyl i dene- na/o inositol is recrystallized in step (d) with
met hanol .

(i) ~ hydrogenolysis of the product of step (b) so as to give D-2,3-O-

isopropylidene-myo-inositol 1,4,5-trisphosphate; and,
(i) acidification of the product of step (ii) so as to give D-myo-inositol 1,4,5-
16 trisphosphate.

9. The method of claim 8, wherein the phosphorylation of step (f)(i} is by reaction
with with N, N-diisopropyl-di-benzyl phosphoramidite.

20 10. The method of claim 8, wherein the in situ oxidation of step (f)(ii) is with m-
chloroperoxybenzoic acid (“mCPBA”").

11. The method of claim 8, wherein the hydrogenolysis of step (g)(i) is with palladium
on charcoal.
25
12. The method of claim 8, wherein the acidification of step (g)(ii) is with acetic acid.

13. The method of claim 8, wherein the benzylation of step (b)(ii) is by reaction with
cesium fluoride and benzy! bromide.
30
14. The method of claim 8, wherein the conversion of step (c) is by acylation with (+)-
menthyl chioroformate.

18. The method of claim 8, wherein 1-O-[(+)-menthoxycarbonyl}-6-O-benzyl-2,3:4,5-
35 di-O-isopropylidene-myo-inositol is recrystallized in step (d) with methanol.



WO 98/ 33790

PCT/ US98/ 022 98133790 508/02205
16. A nmet hod of preparing enantiomerically pure L-nyo-inosi t
1,4,5-trisphosphate whi ch conprises the.steps_of.:

(a) hydr ol ysi s of _

1-O[ (+)- ment hoxycar bony! ] -6- O-benzyl -2, 3: 4, 5- i - O 4Ill!lllIHIHIII!HIIIIIHII!
i sopropyl i dene-nyo-inositol so as to gi~vket - !
(-)-6-0Obenzyl -2,3:4,5-0isopropylidene- nyo- i Nosi toI
(b) converting the product of step (a) to ()6-0O benzyl-2,3:4,5-di- O
i sopropyl i denetary o- A methddodf prepaking pnlmﬂahfncbuy m.eamtmmnwtbm,E’,@ltﬁspaaébhate
i m dazol e; n o

() - 6- O benzyl - 2, 3: 4" @C“ﬁ"ﬁ&%es%?%‘%é Fdene with (-)-nmenthyl 10 .
chloroformate so as(al o glyQI‘QlYSIS of 1-O-{(+)-menthoxycarbonyl]-6-O-benzyl|-2,3:4,5-di-O-

3-O[(+)-negt hOXyC&iEWMe‘h@ rholaRN 56 s g%ffg')sg O-Qénzg'

i sopropyl i dene-nmyo-i nosi't
3-O-[(+)-nent hoxyca’?’b%ﬁ??"}’u O benzyl -1, 2: 5, 6-di - O

i sopropyl i dene- rryo (b OBbrivetting I g td’r‘&iugtr asfugtepot(apt @P ﬁ(tf@-@-benzygzg4 T (e)
fggg?g;'y |n|g dene- myo- IF?{%éqy% rgg_r)’%yg_?r%( ft:ozliy-l-p(l)'lggph!anate by re%gtlzon with PCl3 and imidazole;
+-4- O benzyl - 1, 2- O-(ck ogmylafion ide KNQ-SFQ-benZWQBIB 4,61di-O-isopropylidene  with (-gmenthyl

2oLt EAg ey cRABSHAN £ ot s 81 eon b p bt b

i sopropyl i dene- nyo- Ismyhdﬁnewomsm gi ve

4- O benzyl -1,2-0 i sg pr O g_

35 6 tl’?/S(dl benzyl CH?;)gthdlﬂggfb% gléf’ 38[(+) menthoxycar{;bri}?ﬁ 153 nzyk1.2:86-di0y .
of the product of ‘g’b" ‘59"8‘67}’83"%'&?' foro the-profuct i stepye). 1, 2-

O-i sopropyl i dene- myey i nosicbidertidg 5, 6- t3- o%ﬂméﬁﬁa)&harﬁ&@gﬂrt?fggezyl ? ,2:5,6-di-O-

f | at f o+ opr

g )5 IGSS? r?s?%l)lnbgnzyl'sop pyF&nX'my&'"°B'g E’n allf"?"&}'r'ﬁ%gy FRPERYidengmYeingsitle) ;
(g) hydrogenol ysi s 3,a6-tris{dibefzyh psphatd), bQ-tI@sthsmmpyl i dene- nyo-i nosi t ol
U1 2.0 1 sopropyl i dlne. ths Rpakn B SSE TR bniSyBiubind: Shomizsp o g
(h)acidifi cgt i g% of'smor@%dewwemogwm @8 e givg d-O-besavl-6P-WBiseprepyiderephs phat e

aF]4l -0 tlsogropyhdege-

so as |ﬁ&|t61|3\,4¥,8 {ris@ibendyNshokptRb); and. 6-tri sphosphate. 30  17.
':I;hg F?E,;‘ Ogétﬁz hgl(;‘l: ?P)bon)/f’ ]SELIAfO)é]athQf)}pe aro@.:og-)osttep (i) so as to give +-4-O-benzyl-1,2-

O-isopropylidene-myo-inositol 3,5,6-tris(dibenzy! phosphate);

(f) isolation of +-4-O-benzyl-1,2-O-isopropylidene-myo-inositol 3,5,6-tris(dibenzyl

phosphate) from the product of step (e);

(9) hydrogenolysis of +-4-O-benzyl-1,2-O-isopropylidene-myo-inositol  3,5,6-
25 tris(dibenzyl phosphate) so as to give L-1,2-O-isopropylidene-myo-inositol 3,5,6-

trisphosphate; and,

(hacidification of L-1,2-O-isopropylidene-myo-inositol 3,5,6-trisphosphate so as
to give L-myo-inositol 3,5,6-trisphosphate.

30 17, The method of claim 16, wherein 3-O-[(+)-menthoxycarbonyl}-4-O-benzyl-1,2:5,6-
di-O-isopropylidene-myo-inositol is recrystallized in step (b) using methanol.

18. The method of claim 16, wherein the phosphitylation of step (c)(i) is with N,N-
diisopropyl-dibenzyl phosphoramidite.
35
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di =& | soprop‘xll i dene-myo-inositol is recrystallized in step (b)_usin

met hanol . D 98/33790 The nethod of claim 16, wherein the phBEWF 92203 on
of*step (c)(i) is with NN\ di i sopropyl! -di benzyl

phosphoram dite. 35 WO 98/ 33790 ﬁi

PCT) USO8 02205 s, HNIM A, [ |/

The method of claiml16, wherein the in situ oxidatioh of stepr (c)(ii) is
with m chl or oper oxybenzoi ¢ aci d. 20. The met hod of

‘claim 16, whengi n Fh&rhetimzlydf-claiA-16; wbenenolby |in cién exidation iof eteipt (0)(i))Fs with m-
3,5,6-tris(di benzyl th:%ggpﬁFﬁgmégm solated in step (d) is using SO

chr omat ogr aphy iod of claim 16, wherein the

;hydrogenol ysis of strep (d) is using pal | adi um on charcoal. 10
i22.  The nethgd OfThs'raétmdléﬁ clmei@'vﬂhééh‘? 429G oBhzyl- celo-eaprsﬁynsér@nn d-ihodits! Wi t h
jacetic acid. met hod of ¢l aim 16 erelngjh Ig%s of
istep (a) i$wth p@b5d§g|s(ﬂlhenzyl phosphate) cisr gerigied M §i8R h oIls

chromatography

21. The method of claim 16, wherein the hydrogenolysis of strep (d) is using

e

palladium on charcoal.
22. The method of claim 16, wherein the acidification of step (f) is with acetic acid.

23. The method of claim 16, wherein the hydrolysis of step (a) is with potassium

carbonate in methanol.

15




