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Stereoselective Synthesis of myo-Inositol-1,3,4,5-tetrakisphosphate Analogues
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Abstract: The synthesis of 6-deoxy-D-myo-inositol-1,3,4,5-tetrakisphosphates is described.

The access to optlcaly pure Ins(1,3, 4 5)P4 analogues was carried out from deoxy myo inositol
precursors derived from D-galactose. Modification of Ins(1,3,4,5)P4 analogues by lipophilic
substituents has been investigated in order to produce neutral phosphate derivatives aimed to be
incorporated in cell membrane for in vivo evaluation. © 1999 Elsevier Science Ltd. All rights reserved.

The invoivement of myo inositol polyphosphates in signal transduction via the polyphosphoinositide
pathway has justified the need for the synthesis of molecules that would somehow interfere with, or modulate,
the processes of cellular signalling.! Synthesis of structurally-modified analogues offers the prospect of
pharmacological intervention in this ubiquitous metabolism where the second messenger D-myo-inositol-1,4,5-
trisphosphate [Ins(1,4,5)P3] is deactivated to D-myo-inositol-1,4-bisphosphate [Ins(1,4)P5] or to D-myo-
inositol-1,3,4,5-tetrakisphosphate [Ins(1,3,4,5)P4] which is subsequently degraded to D-myo-inositol-1,3,4-
trisphosphate [Ins(1,3,4)P3].2 Ins(1,3,4,5)P4 metabolite is produced from the [Ins(1,4,5)P3] second

messenger by specific cytosolic 3-kinase. Its biological function as another second messenger involved in Ca2+
haemostasis at the p}asma membrane helping to control entry of extracellular CaZ* into the cell, has not been
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In support of this hypothesis, a sensitive Ca2+ permeable channel has been characterized from endothelial cells
and Ins(1,3,4,5)P4-binding proteins proposed as Ins(1,3,4,5)P4-receptor have been purified from pig and rat
cerebelum.4 Results of these experiments emphasized the extreme specificity for 1,3,4,5 configuration of

*Fax (33) 2 51 12 54 12; E-mail: dubreuil @chimie.univ-nantes.fr or cleophax @icsn.cnrs-gif.fr
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pﬂ sphiae gr‘oups The ideniification of a prL fic Dmamg l'CglOl'l of gUﬁDOSlﬂC mpnospna[ase—acuvatmg pl'O{Cln
(GAPIP4BF) stimulating activity against Ras 3, strongly increased the interest of synthetic natural and analogue
derivatives of Ins tetrakisphosphate.® Furthermore, Ins(1,2,4,5)P47 has been regarded as connected to
Ins(1,3,4)P3 with a charge phosphate at 2-position in comparison with 2-neutral analogues synthesized
previously.8 With respect to these considerations it was obvious, that preparation of 6-deoxy derivatives
analogues of Ins(1,3,4,5)P4 were of current interest. The strategy has been elaborated from deoxy inositol
precursors previously synthesized from the D-galactose,?10 already used for the preparation of chiral myo-

inositol-trisphosphate analogues (Scheme 1).
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Scheme 1
RESULTS AND DISCUSSION

The synthesis of the 6-deoxy Ins(1,3,4,5)P4 5 was firstly attempted by the selective equatorial
3-OH phosphorylation of the protected 6-deoxy-myo-inositol-1,4,5-tris(dibenzyl)phosphate 3,10 already
described , using the pyrophosphate method,!! in the presence of 1.2eq. of tetrabenzylpyrophosphate reagent
and n-BuLi (Scheme 2). Usual hydrogenolysis of the resuiting tertrakis(dibenzyl)phosphate intermediate 4, in
the presence of a catalytic amount of palladium on charcoal (Pd/C 10%) produced the targeted 6-deoxy
Ins(1,3,4,5)P4 5, with no migration of phosphate groups, in 70% overall yield isolated as octa-
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Scheme 2



After the success accounted in our previous paper on the transmembrane incorporation of lipophiiic
derivatives of Ins(1,4,5)P3,10 the transformation of the tetrakisphosphate derivatives into lipophilic analogues
seemed attractive. Two types of these analogues could be envisaged, by substitution on 2-hydroxy or on
phosphate groups. In both cases, the strategy required the prior preparation of a 2-O-protected 6-deoxy-myo-
inositol precursor which could be prepared from the 4-0-benzyl-2,3-O-cyclohexylidene-6-deoxy-myo -inositol
1% via the orthoformate 7 6k.11.12 (Scheme 3). The diol 12 was converted into the tetrol 6 under acidic
treatment before reacting with triethylorthoformate in N,N-dimethylformamide in the presence of a catalytic

amount of camphor sulfonic acid (10%) affording the orthoformate 7 in 97% yield. Myristoylation of 7 using
N in dichlaramathane in tha nrecance af 2 catalytie amannt af MM AD gavus tha intarmadiate € in ONOL viald
AN T VIV VLAV UGN 11 MW LIV OVlive UL A valdl yuiv GiituulLil Ul A71ving sav\r Uiv il nAldilals @ 11 7 " IVIA.

methanolic/HCI solution to remove the ketal protecting groups induced an intramolecular migration of the
myristoyl group from axial 2 position to equatorial 1 or 3 position leading to a mixture of 1- and 3-O-myristate
10 and 11 in 54 and 36% yields respectively.

H
| ~ R
Eto” OFt 0”7/ TO Myrstoicac. O 7\0
od Camphorsulfonlc ac. }O 7 DCC, DMAP o
OH —— HO 4 ——> R0
MeOH | 1
OBn CH,Cly OBn
6 7 an, _ U Uy N
4\ Q
. o7/ "o R.0 ) oPOR)
D R C ST N L
° 1-H-Tetrazole )
—— RQOM Raom,m oo 65> o
|~ MeQOH H 2)tBuOOH . 2 Al s
OH = ! (RO)2P ‘_‘[
O-P(OR
9 Ry = CH3(CHp)12CO 10 Ry = CH3(CHz)12CO, Rp, Ry =H (OR)2

13 Ry =propyl 11 Ry, Rg = H, Rg = CHa(CHz)12CO

H,5 si =|
14R;, Rs =H, Ry = Propyl 2 9P ]_ 15R =Bn

Pd/C 10%
EtOH — 16R =H

alle,l darvivyntiv 1
aliyl UULIVQL&VC B &

[=5

presence of Pd/C gave 13 (94%) by hydrogenolysm of the bcnzylether and reduction of the allyl- to propyl-
ether. Hydrolysis of orthoformate 13 by methanolic HCI solution afforded the 2-O-propyi 1,3,4,5-tetrol 14 in
98% yield. Compound 14 was submitted to the phosphorylation-deprotection procedure, in the presence of

bisbenzyloxy(diisopropylamino)phosphine reagent, to give the 6-deoxy-2-0O-propyl Ins(1,3,4,5)P4 16 in 65%
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overall yield isolated as octa-TRIS salt. This latter derivative could be of in 0 deiermine the infiuence of
the 2-hydroxy group in the degradation process of Ins(i,3,4,5)P4.
Another strategy was established to produce protected phosphate analogues from the 3,4-O-

cyclohexylidene-6-deoxy-myo-inositol 29 (Scheme 4).
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The tribenzoylation of triol 2 was carried out, in 96% yield, in the presence of benzoyl chloride in
pyridine to give the intermediate 17 which was hydrolyzed in acidic conditions into the diol 18 (90%) without
ester migration. Selective protection of 3-OH of compound 18 was achieved by trimethylacetylchloride (1.3

eq.) in pyridine in 80% yield. Benzylation of the resulting free 2-OH of alcohol 19 was performed, in 70%
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tetraester intermediate 20, under basic medium, afforded the tetrol 21 in 86% yield, which was allowed to be
phosphorylated in the presence of bisbutyloxy(diisopropylamino)phosphine and tetrazole, followed by
oxydation with ~BuOOH, leading to the tetrakis(dibutyl)phosphate 22 in 55% yield. Hydrogenation, in the

presence of Pd/C 10% in AcOEt, of intermediate 22 furnished the lipophilic tetrakis(dibutyl)phosphate 23.
CONCLUSIO

In conclusion of this work, we have illusirated the potentiality of deoxy cycliiol precursors,
stereoselectively produced from D-galactose,® to be used for the synthesis of optically pure D-Ins(1,3,4,5)P,
analogues. The strategy previously elaborated for the access to deoxy myo inositol trisphosphate analogues, 10
could be easily extended to a variety of 6-deoxy Ins(1,3,4,5)P4 derivatives, which might be modified at the 2-
hydroxy position or at the phosphate moieties using the selectively protected cyclitol intermediates described.
The quantity of material available allowed the study of their interaction with rapidly expanding range of
Ins(1,3,4,5)P4-binding proteins. Therefore, preliminary success encountered in vivo in the incorporation of

(

lipophilic analogues of InsP3 into the cell membrane, encouraged the investigation of lipophilic Ins(1,3,4,5)P4
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Phosphatidylinositol analogues represent now the logical attractive targets for chemical development
from deoxy cyclitol precursors and will be presented in the next paper.
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Institut. We thank Dr. E. Bischoff for biological investigations and Professor B. V. L. Potter for fruitful
discussions. This paper is dedicated to the memory of Dr. S. D. Gero.
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constants (J) are given in Heriz (Hz). Muitiplicities are recorded as s or bs (singiet or broad singiet), d
(doublet), t (triplet), q (quartet), and m (mulitiplet). The [a]p were recorded on Perkin-Elmer 241-MC sodium
absorbtion at 20°C. Mass spectra (m/z (% base peak) were recorded on Atlas CHy or AEI MS9 spectrometra.
Melting points were determined on a C. REICHERT microscope apparatus and are uncorrected. Elemental
analysis were carried out at the "Laboratoire de Microanalyse de I'.C.S.N." (CNRS, Gif/yvette). All solvents
were freshly distilled prior to use by standard methods.14- Flash chromatography was performed on silica-gel
Merck 60 230-400 mesh. Thin layer chromatography was performed on precoated plates of silica gel PFs4
cified. All

neutralized with sodium bicarbonate. All crvstallizations were obtained from A(‘(')Ft/ne ntane if n 10t Spec
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extractions were followed by addition of magnesium sulfate to the organic layer and filtration.

For general procedure for phosphorylation and deprotection process see the previous paper.
D-6-Deoxy-myo-inositol-1,3,4,5-tetrakis(dibenzyl)phosphate 4

1,4,5-tris(dibenzyl)phosphate 3 was phosphorylated using the method B in the presence of
tetrabenzy!pyrophosphate (1.2 eq.) to give 1,3,4,5-tetrakis(dibenzyl)-phosphate 4 (70%): [a]p +1° (¢ 0.98,
CHCl3); 'H NMR (400MHZ‘ CDCl3): & : 4.75 (t, 1H, H-4; J4.3=)4.5=8); 4.5 (bs, 1H, H-2); 4.35 (m, 1H,

H-1); 4.20 (m, 1H, H-5); 4.10-4.32 (m, 16H, H-3, CH20); 2.55 (dt, 1H, H-6eq, Jseq-6ax=12; Joeq-1=
J6eq-5=4)s 2.35 (q 1H, H 6ax; Jeq-6ax=J6ax-1=J6ax-5=12); 13C NMR (63MHz; CDCl3): &: 78.50 (C-2); 77.02
(C-4); 74.70 (C-3); 75.35 (CH,Ph); 73.23, 71.82 (C-1, C-5); 3!P NMR (8!MHz; CDCl3): 8 ppm: -1.52;
-1.38; -1.21; -1.09; (Py, P3, P4, P5); (Found C, 61.90; H, 5.15; P, 10.31; Cg2HgsO17P4 requires C, 61.79;

&

D-6-Deoxy -myo-inositoi-1,3,4,5-teirakisphosphate 5

Tetrakis(dibenzyi)phosphate 4 dissolved in the minimun amount of EtOH 95% was hydrogenated for
2h., under 4-5 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on
Whatman paper and washing with water. Tris(hydroxymethyl)aminomethane (TRIS, 2 eq. per phosphate) was
added and the aqueous solution was concentrated in vacuo then lyophilized.The tetraphosphate 5 was
precipitated as octa-TRIS salt; [a]p +0° (c 0.75, H20); (Found C, 30.21; H, 7.35; N, 7.52; C38H104041NgP4,

4H,0 requires C, 29.92; H, 7.40; N, 7.35).

D-4-0-Benzyl-6-deoxy-myo-inositol 6
Diol 1 (1g, 2.9 mmol.) was treated by aq. solution of HCI 1M for 1h. After evaporation to dryness the
tetrol 52 was isolated and crystallized from isopropanol/pentane (95%); m.p.130-131°C; [alp=+2° (c I,
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3.43 (m, iH, H-4); 3.40 (m, [H, H-5); 3.33 (m, 1H, H-3); 2.10 (m, 1H, H-6ax); 1.90 (m, 1H, H-6eq);

(Found C, 61.38; H, 7.26; O, 31.80; C{3H305 requires C, 61.40; H, 7.14; O, 31.46).

D-4-0-Benzyl-1,3,5-0-orthoformyl-6-deoxy-myo-inositol 7
To a solution of tetrol 6 (470 mg, 1.85 mmol.) in dry DMF (5 ml) was added triethyl orthoformate
(0.55 ml, 3.3 mmol.) and p-toluene sulfonic acid monohydrate (76 mg). The solution was stirred under argon

ered on celite

12h. at 60°C before neutralization with sodium bicarbonate aqg. solution, The mixture was then filt

I
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charcoal, 15 min. at 60°C and filtered on celite. The filtrate was concentrated and the orthoformate 7 was
. o 1
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5.50 (sl, 1H, H-7); 4.2 0(d, 2H, CH,0); 4.26 (t, 1H, H-4, J4.3=J4.5=2); 4.19 (m, 2H, H-1, H-5); 4.08 (t,
1H, H-3, J3.4=)3.2=2), 3.84 (t, 1H, H-2, J;.3=J;_|=2), 2.60 (m, 1H, H-6ax); 2.0 (m, 1H, H-6eq); 13C NMR
(50MHz; CDCl3): &: 104.0 (C-7); 73.3, 72.8, 71.4, 67.6, 64.8 (C-1, C-2, C-3, C-4, C-5); 72.0 (CH;Ph);
27.5 (C-6); (Found C, 62.59; H, 6.37; O, 31.12; C14H605,1/4 H,0 requires C, 62.56; H, 6.19; O, 31.23).

D-4-0-Benzyl-1,3,5-0-orthoformyl-2-0O-myristoyl-6-deoxy-myo-inositol 8
To the alcohol 7 (264 mg, 1 mmol.) dissolved in dry CH;Cl, (20 ml) was added DCC (309 mg, 1.5
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filtered on celite and the filtrate was concentrated. The residue was chromatographed on silica ge
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d myristoic acid (342 mg, 1.54 mmol.). After 4h. of stirrin

gatrt
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1H, H-7); 5.05 (bs, 1H, H-2); 4.60 (dd, 2H, CH,Ph); 4.35 (m, 1H, H-4); 4.30 (m, 1H, H-3); 4.20 (m, ZH,
H-3, H-5); 2.61 (m, 1H, H-6ax); 2.12 (m, 1H, H-6eq); 13C NMR (50MHz; CDCl3): 8: 173.4 (C=0); 103.94
(C-7); 72.4, 70.36; 68.26, 67.68, 66.63 (C-1, C-2, C-3, C-5); 71.61 (CH2Ph); 14.06 (CH3); (Found

C, 65.68; H, 6.73; P, 7.47; Cq9Hg3016P3 requires C, 65.70; H, 6.73; P, 7.37).

D-6-Deoxy-2-0-myristoyl-1,3,5-0-orthoformyl-myo-inositol 9

Compound 8 dissolved in the minimun amount of EtOH 95% was hydrogenated for 4 h., under 3 psi
in tha nrecence of the came amaint of PA/C 109 The catalvct wae remaved hv filtration on Whatman naner and
RET LR lll\zo\zll\z\a MR Ui Ol GILINVWVEIL VL R W N AV /Y. AW v“‘“l]\’\- Y A2 LWikAV Y VS VJ ARAAVAGARAN/ALE VR VY REVALILESRAS yurvl L RN
R T V. iy Tha alanhal O Allicad Ffemn CLI_ALIIY M 0 cantitntiva viald
L€ 1iwrate was l.uu&.t:uuau:u H'l vacuo. 11€ aiconos » Llybldllll. U HTOUHL UV 12V T uaniuiau ve yioia,
m.p.99-101°C; {a]p=-4° (¢ I, CHCl3); IH NMR (200MHz; CDCl3): &: 5.6 (bs, 1H, H-7); 5.05 (bs, IH, H-

2); 4.6 (m, 1H, H l) 4.20 (m, 3H, H-3, H-4, H-5); 2.60 (m, 1H, H-6ax); 2.11 (m, 1H, H-6eq); }
(50MHz; CDCI3): &: 174.2 (C=0); 103.69 (C-7); 72.1, 70.36, 69.1, 68.4, 66.6, 65.7 (C-1, C-2, C-3, C4,
C-5); 14.1 (CH3); (Found C, 65.37; H, 9.56; O, 24.92; C»1H360¢ requires C, 65.60; H, 9.44; O, 24.97).

D-1-0O-Myristoyl-6-deoxy-myo-inositol 10 and D-3-O-myristoyl-6-deoxy-myo-inositol11
2-0-myristoyl orthoformate 9 was treated by a methanolic solution of HCI 1M, 2h. at r.t.. After
eutralization of the acidic mixture with sodium bicarbonate ag. solution and evaporation to dryness, the residue

rictovl 10 wacs eluted (549%) and then the 3-0-
ristoyl 10 was eluted (34%) and then the 3-0U

]

mvristovl 11
wyristoyl 11
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4H, Ogy 4.85 (bs, 1H, H-2); 4.6 (t, i1H, H-4; J4.3=J4.5=9); 4.20 (m, 1H, H- 5),405 (‘d 1H, H-3; J3.2=2,
J3.4=9); 2.9 (q, 1H, H-6ax; Jgax-6eq=J6ax-1=J6ax-5=12); 2.60 (m, 1H, H-6eq); 13C NMR (50MHz; CsDsN): &:
173.3 (C=0); 76.7; 74.79, 74.37, 70.96, 68.63 (C-1, C-2, C-3, C-4, C-5); 14.30 (CH3); (Found C, 63.94;
H, 10.19; O, 25.35; Cy9H380¢ requires C, 64.14; H, 10.22; O, 25.63).

11: m.p. 136-137°C; [alp -35° (¢ 1, CsH5N); 'H NMR (250MHz; CsDsN + Dzo): 6: 5.90 (bs, 4H, OH);
5.45 (dd, 1H, H-3; J3.4=10; J3.2=2); 4.9 (sl, 1H, H-2); 4.80 (t, 1H, H-4; J4.

4-5=10); 4.20 (m, 2H, H-1,
H-5); 2.90 (q, 1H, H-6ax; Jgax-6eq=T6ax-1=J6ax-5=12); 2.6 (m, 3H, H-6eq, CH 2C 0); 1.00 (1, 3H, CH>); 13C
NMR (50MHz; CsDsN): : 173.87 (C=0); 76.83, 73.92, 72.72, 71.32, 68.39 (C-1, C-2, C-3, C-4, C-S);
14.38 (CH3); (Found C, 63.95; H, 9.98; O, 25.48; CyoH330¢ requires C, 64.14; H, 10.22; O, 25.63)
D-2-0-Allyl-4-0-benzyl-6-deoxy-1,3,5-0-orthoformyl-myo-inositol 12
To a solution of orthoformate 7 (7 mo 2 A5 mmal ) in DMFE (1§ ml wae addad cadinm hudrids QS
WO DUVURMUAVEAL W/ VA MIIVAVRARIWAW \ s ll&, o NSt ARRARBNSA , 413 A-LlVAR \J llll} VYV LD MUV OV URRRS u]ullu\: \IJ
mg, 3.97 mmol.) and allyl bromide (0.35ml, 3.9 mmol.). The mixture was stirred for 1h. before addition of

MeOH (5 mi) and the stirring was maintained for another ih.. Afier extraction with CH,Cly, the organic layer
was concentrated in vacuo The residue was chromatographed on silicagel to give the allylether 12 in 55% yield,
[alp=+ 11° (c 0.55, CH;Cly); 1H NMR (200MHz; CDCl3): 8: 6.13 (m, 1H, =CH-); 5.73 (bs, 1H, H-7); 5.4
(d, 2H, CHy=); 440 (m, 4H, H-1, H-2, H-5, CH,0); 4.20 (m, 1H, H-3); 3.76 (m, 1H, H-4); 2.6 (m, 1H,
H-6ax); 2.0 (m, 1H, H-6eq); (Found C, 67.25; H, 6.63; C17H,00s5 requires C, 67.09; H, 6.62).

D-6-Deoxy-1,3,5-0-orthoformyl-2-O-propyl-myo-inositol 13

Compound 12 dissolved in the minimun amount of AcOEt was hydrogenated for 1h., under 4 psi, in
the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on Whatman paper and
the filtrate was concentrated in vacuo The alcohol 13 was crystallized (94%): m.p.161-163°C; [a]p=+ 10°
(c 0.9, CH2Cly); 'H NMR (200MHz; CDCl3): 8: 5.56 (bs, 1H, H-7); 4.26 (m, 1H, CH20); 3.70 (ddd, 1H,

H-1. Jir=4 11 6, . =R Ji c..=2) 367 (ddd. 1H. H-5. Je 4=6_  Jc 2..=8 Je c..=2): 366 (dd. 1H. H-3 T2 .=7
H-1, J1.2=4, J1.6ax=8, J1-6eq=2); 3.67 (ddd, 1H, H-5, J5.4=6, J5.6ax=8, J5.6eq=2); 3.66 (dd, 1H, H-3, J3.4=7,
To AeAYe 2 EN (¢ TET TI.9 Th smTm omd) 2 A0 (dd 11 WA Ty o= 1. e} 2 &6 (Add 1 W &aw T, —Q
I3 =), 3.0U (L, 1K1, T1=4, J2.(=J2.3549, 5.4U (\(Q, 111, 137, J4.35=7, J4-537Y), £.00 1044G, 111, 11-04X, Jpax-]=0,
T 1N T (2R N NL s 117 IY £\ 1 £ (.n AYTY IY Y. NNL Fa ~IY ras 8 PR IYe N U Y o) g £1.
J6ax-6eq=12, J6ax-5=2); 2.06 (m, 1H, H-06eq); 1.60 (m, 2H, CHyj; 0.96 (&, 2H, CH3); (Found C, 55.51;
H, 7.23; C1oH1605 requires C, 55.54; H, 7.46)

N £ Manwe P 12 I sseun_imnnciftnal 14

U'U‘UCUA"&'U‘PI Upyl' Ly Uu=1nudiItul 1%

Fa 11 s I LAY 2 A L£a_ PR S

Orthoformate 13 was treated by a methanolic solution of HCI 1M, 2h. at r.t.. After neutralization of the
acidic mixture with aq. sodium bicarbonate solution and evaporation to dryness, the residue was
chromatographed on silicagel and the tetrol 14 was crystallized from hexane; m.p. 138-140°C; [a]p + 6° (¢ 1.3,
CH30H); !H NMR (200MHz; CH30D): &: 3.7 (ddd, 1H, H-1, J1.20=4, Jj.6ax=10, J1-6ax=3); 3.59 (m, 1H, H-
2); 3.50 (q, 2H, CH;0); 3.44 (m, 1H, H-5); 3.33 (m, 1H, H-3); 3.29 (m, 1H, H-4); 2.06 (ddd, 1H, H-6ax,
Joax-1=10, Jeax-6eq=12, J6ax-5=8); 1.86 (m, 1H, H-6eq); 1.41 (m, 2H, CH>); 0.91 (t, 2H, CHj3); (Found C,
49.98; H, 8.80; CoH;305..1/2 H,O requires C, 50.22; H, 8.90).

D-6-Deoxy-2-O-propyl-myo-inositol-1,3,4,5-tetrakis(dibenzyl)phosphate 15
Tetrol 14 was phosphorylated using the method A in the presence of bisbenzyloxy-
(diisopropylamino)phosphine reagent to give the 1,3,4,5-tetrakis(dibenzyl)phosphate 15 (65%);
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4.20 (t, 1H, H-2, Jo.1=J2.3=4); 4.1 (m, 2H, H-3, H-4); 4.0 (ddd, 1H, H-5, J5.4=8, J5.6ax=12, Js. 6eq—b), 3.53
(q, 2H, CH;0); 2.46 (ddd, 1H, H-6ax, Jgax-1=12, Jgax-6eq=>20, Jeax-5=12); 2.26 (m, 1H, H-6eq); 1.46 (m,
2H, CHzy); 0.83 (t, 2H, CH3); 13C NMR (50MHz; CDCl3): 6: 77.8 (C-2); 75.9, 73.6, 73.3, 73.3 (C-1, C-3,
C-4, C-5); 75.6 (CH3Ph); 31.9 (C-6); 69.6, 23.5, 10.6 (propyl); (Found C, 62.46; H, 5.49; P, 9.90;
CesHeyO)7P4 requires C, 62.65; H, 5.58; P, 9.94).

N OO

-myo-inositol-1,3,4,5-tetrakisphosphate 16
d

te 15 dissolve 1

1
Tetrakis(dibenzyl)phospha in the minimun amount of EtOH 95% was hydroge!

an

2 h., under 4-5 psi in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on

h § 74 TP Sy ,.. I_-.I\__._Z._-_‘-_.A.L_..-_ STDYIO NY .y - PR VT I [ s [ TR
Yy lidiinan paper. i yuruxy yl)anmmmcm' ne (1K1, £ 4. per p p C) wds aadaeda ana tne aqueous
solution was concentrated in vacuo. After iyophiiization the tetraphosphate 16 was precipitated as a octa-TRIS-

salt; [aJp +0° (¢ 1.2, Hp0);1H NMR (250MHz D,0):8: 4.36 (m 1H, H-5); 4.20 (m, 1H, H-1); 4.10 (m, 2H,
H-2, H-3); 3.8 (m, 1H, H-4); 2.26 (m, 1H, H-6eq); 2.00 (m, 1H, H-6eq); (Found C, 31.20; H, 7.41;
N, 7.28; C41H109041NgP4+ 4H70 requires C, 31.44; H, 7.53; N, 7.15).

D-1,4,5-Tri-O-benzoyl-2,3-0O-cyclohexylidene-6-deoxy-myo-inositol 17

To a solution of triol 1 (1,22g, 5 mmol.) dissolved in dry pyridine, was added benzoyl chlroride (2,32

ml 20 mmnl nd the mixture was stirred for 3h. at r. t.. After extraction with ("Hn(‘ln the ore
mi, ZU mmol.) ang the ture was stirred 1or 2h. at r. .. Alter extractior rgan ay

concentrated in vacuo. The residue was chromatograph ed on silica gel to give crystalll e 17 (96%); m.p.
rsnnor- . ANO /.. N £ MIIAI-N. Q M T . IS, PR SN 7 MALTT4. LT ATAMAD /9SNRALT.. /ATYOT.). R
PAvIY) [U,jD -4U (L U.0O, LIIL13), 2.1V, L, 7OLAYIEL] T, TR ANIVAIN \LOULIVRILL, VLU 1Y), U

If‘\

iH, H-2; Jp.3=J3.1=4);
.76 (3C=0); 111.78 (O-

4.45 (dd, 1H, H-3); 2.50 (m, 2H, H-6ax H-6¢eq);
C-0); 76.62 (C-4); 75,14, 74.17 (C-2, C-3); 69.55, 67.
H, 5.90; C33H3,0g requires C, 71.21; H, 5.80).

5.85 (dd, 1H, H-4; J4.3=8; J4.5=10); 5.55 (m, IH
i

D-1,4,5-Tri-O-benzoyl-6-deoxy-myo-inositol 18

Tribenzoyl 17 was treated by a methanolic solution of HCl 37¢

of the acidic mixture with sodium bhicarbonate aq noration to drvness. the sidue wasg

sodium bicarponate aq. u poration {0 aryness, e resicue was
Alramantagrambhad Aam cilicagal ta giva tha ~rryctallina Ainl 12 IQﬂUL\- mn INT1_1N00M% Tl _1RC ¢~ 1 A5 (CHC12)-
bluUulal.UslayllGu s alubasbl w EIV\/ uie bl]alalllllb uiuvi sv \JU U} 1. LUVLITIUJ oy luju 10 AV Ry IRy,
S.M. (1.C; isobutanol; m/z): 477 [MH]*; 1H R (200MHz; CDCl3): 8: 5.85 (t, 1H, H-4; J4.3=J4.5=10); 5.40

(m, 1H, H-5); 5.25 (m, 1H, H-1); 4.40 (sl, 1H, H-2); 3.90 (dd, 1H, H-3; J3.2=2.5, J3.4=10); 3.70 (bs, 2H,

20H); 2.50 (m, 2H, H-6ax, H-6eq); 13C NMR (63MHz; CDCl3): 8: 167.41; 165.89; 165.69 (3 C=0); 75.04
(C-4); 71.40; 71.26 (C-2, C-3); 69.61; 69.56 (C-1, C-5); 29.00 (C-6); (Found C, 66.46; H, 5.24;
Ca7H2403,1/2 Hp0 requires C, 66.79; H, 5.19).

A solution of diol 18 (400 mg, 0.84 mmol.) in dry pyridine under argon, was cooled to 0°C before

addition of nivalovl chloride (0.135 ml, 1.00 mmol.). The mixture was stirred 4h. at r.t. and extracted with
pivaioyi CiuOriGe (V.122 i, nmo 1€ MIXWUTIC S 8

M M. Tha ~Arannis mhaca ag ranrantratad jm varna and tha racidnse shramatnoranhed an cilica gal tn oive

U2\ 07, LT UIZdIlC pliadt wad Lulittiuaiuug ol valu alli uiv 1Vaiuue VITVIHAIVET APV ULl SIUVG £l W 51V
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; *H NMR (200MHz; CDCis): 6: 6.15 (i, iH
H-4; J4.3=J4.5=10); 5.4 (m, 2H, H-1 et H-5); 5.30 (dd, 1H, H-3; J3.2=2.5, J3.4=10); 4.05 (bs, 1H, H-2);
2.60 (m, 3H, OH; H-6ax, H-6eq); 1.05 (s, 9H, (CH3)); 13C NMR (50MHz; CDCl3): §: 177.32 (C=Opivaloyl);
165.91; 165.77; 165.47 (3C=0penzoy1); 71.38; 71.17; 69.90; 69.46; 69.15 (C-1,C-2, C-3, C4, C-5); 39.00
[C(CH3)3]; 28.97 (C-6); 27.00 [(CH3)3]; (Found C, 68.37; H, 5.85; C32H3,09 requires C, 68.56; H, 5.75).

Arvotalliag
Ul yolailllis

£

1j..¢

(0.1 ml). After 6h. of stirring and neutralization with aq. sodium bicarbonate solution, the mixture was
extracrea Wllﬂ Lﬂ2bi2 1ne Ol'gdl’llc ldyCI’ was concenirated in vacuo and ihe residue cnromalograpneu on
silicagel to give the crystalline benzylether 20 (70%); m. p. 128-129°C; [ajp -13° (¢ 1.25, CHCl3); S.M. (1.C;
isobutanol; m/z): 651 [MH]*; ITH NMR (250MHz; CDCl3): 8: 6.15 (t, 1H, H-4; J4.3=J4.5=10); 5.35 (m, 3H,
H-1, H-3, H-5); 4.80 (dd, 2H, CH,Ph); 4.35 (bs, 1H, H-2); 2.55 (m, 2H, H-6ax, H-6eq); 1.05 [s, 9H,
(CH3)]; 13C NMR (63MHz; CDCl3): 8: 177.20 (C=Opivaloyl); 165.66 (3C=Openzoy1); 77-10 (C-2); 75.35
(CH3Ph); 71.67 (C-3, C-4); 69.98; 69.36 (C-1, C-5); 38.79 [C(CH3)3]; 29.62 (C-6); 26.93 [(CH3)3]; (Found
C, 71.57; H, 5.95, 0,22.52 C39H330g requires C, 71.98; H, 5.89; O, 22.13).

D-2-0-Benzyl-6-deoxy-myo-inesitol 21
Tribenzoate 20 (300 mg, 0.46 mmol.) was treated by a sodium hydroxide (600 mg) solution in
methanol (10 ml), 2h. at reflux. After neutralization of the mixture with HCI aq. solution and evaporation to

yness, the residue was chromatographed on silicagel to give the crystalline tetrol 21 from CH30H/H,0
(86%): m.p. 138-140°C; [aln=+16° (¢ 1.7, CH30H); TH NMR (200MHz: CsDsN): &: 6.00 (m, 4H, OH); 5.05
\OU /G, P, 12071V Uy W™ T IV \V 247 SeRd)irdd),; AL ANIVLIR \&UVATRL AL, e 54 g5 B PUR 7

(dd, 2H, CH,Ph); 4.2
6eq=4: J1-6ax=12); 3.80 (m, 2H, H-3, H-5); 2.45 (q, IH, H-6ax; Jax-1=J6ax-5=J6ax-6eq=12); 2.3 (mn H-

6eq); 13C NMR (50MHz; CsDsN): &: 83.84 (C-2); 77.11 (C-4); 75.50 (CH2Ph); 74.68 (C-3); 71.4 (C-S‘);
68.91 (C-1); 38.17 (C-6); (Found C, 61.11; H, 7.12; C13H 305 requires C, 61.40; H, 7.14).

D-2-0-Benzyl-6-deoxy-myo-inositol-1,3,4,5-tetrakis(dibutyl)phosphate 22

Tetrol 21 was phosphorylated using the phosphorylation method A in the presence of
bisbutyloxy(diisopropylamino)phosphine to give 1,3,4,5-tetrakis(dibutyl)phosphate 22 (55%); [¢]p=+7°
(c 1, CHCl3); 'H NMR.(400MHz; CDCI3): 8: 4.90 (dd, 2H, CH,Ph); 4.75 (t, 1H, H-4; J4.3=J4.5= 9); 4.5

(bs, 1H, H-2); 4.35 (m, 1H, H-1); 4.20 (m, 1H, H-5); 4.10 (m, 17H, H-3, CHz()) 2.55 (dt, 1H, H-6eq,
J6eq-6ax=12; J6eq-1=J6eq-5=4); 2.35 (q, 1H, H-6ax; Jgeq-6ax=J6ax-1=J6ax-5=12); 13C NMR (63MHz; CDCl3): :
78.00 (C-2); 76.81 (C-4); 75.56 (C-3); 75.23 (CH,Ph); 73.00, 71.73 (C-1, C-5); 67.90 (8CH20); 31.96 (C-6
et 8SCH,CH,0); 18.38 (8CH,CH3); 13.30 [8CH3(CH2)3]; 31P NMR (81MHz; CDCl3): 6: -1.32; -0.86 (P,
P3, P4, Ps); (Found C, 53.05; H, 8.51; P, 11.82; C4sHgeO17P4 requires C, 52.83; H, 8.47; P, 12.11).
D-6-Deoxy-myo-inositol-1,3,4,5-tetrakis(dibutyl)phosphate 23
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Whatman paper and the filtrate was concentrated to give the tetrakisphosphate 23 quantitatively; [a]p +1°
fa T OLI Y. 11T WAATY /ACNAATY <, ~ , YT YT AN, A A= 2
{c 0.7, CHCl3); *H NMR (250MHz; CDCl3): 6: 4.75 (q, 1H, H-4; J4.3=J4.5=9); 4.6 (bs, 1H, H-2); 4.35 (m,

2H, H-1, H-5); 4.10 (m, 17H, H-3, CH,0); 3.2 (bs, 1H, OH): 2.55 (dt, 1H, H-6eq, J6eq-6ax=12; J6eq-1=
Joeq-5=4); 2.35 (q, 1H, H-6ax; Jeeq-6ax=Jsax-5=J6ax-1=12); 13C NMR (50MHz; CDCl3): §: 76.91 (C-4);
76.39 (C-3); 73.18 (C-2); 71.92; 69.72 (C-1, C-5); 67.90, 68.15 (8CH,0); 32.27 (8CH,CH>0); 31.41 (C-6);
18,65 (8CH,CH3); 13.53 [8CH3(CH2)3]; 3!P NMR (81MHz; CDCl3):8 : -1.69, -1.43, -1.21, -0.97 (P, P3,
P4, Ps); (Found C, 49.02; H, 8.70; P, 12.98; C33HgpO17P4 requires C, 48.92; H, 8.64; P, 13.28).
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