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Abstract : The synthesis of opticaly pure deoxy-myo-inositol mono, bis and trisphosphate
analogues is described from 4-O-benzyl-2,3-di-O-cyclohexylidene-6-deoxy-myo-inositol and
corresponding 1,5 epimer chiro-inositol. These precursors, which derive from gaiactose, are used to
accede to a variety of cyclitol intermediates employing protection/deprotection sequence. The
phosphorylation procedure was performed to produce free and orlgmal substituted phosphate
derivatives aimed to be mcorporated through the lipidic cell membrane for in vivo evaluation. © 1999 Elsevier
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It is now well established that receptor stimulated hydrolysis of inositol phospholipids is a common
ial stimuli, such as hormones,
neurotransmitters, aniigens, light, growth factors, insulin, etc.! Phosphatidylinositol 1,4-bisphosphate (PIPy) is
a major inositol lipid hydrolysed by activated phospholipase C-B via G-protein , resulting into the simultaneous
generation of two "second messengers", the D-myo-inositol-1,4,5-trisphosphate [Ins(1,4,5)P3] and the
diacylglycerol (DG). Ins(1,4,5)P3 interacts at N-terminal binding site of a:tetrameric receptor to trigger
mobilization of Ca2* from non-mitochondrial stores and DG stimulates protein phosphorylation via the activation
of protein kinase C. These "second messengers" and their metabolites control and modulate vital physiological
processes by their independent, additive and synergetic effects. Ins(1,4,5)P3 was deactivated via two different
narhways to D-myo-inositol-1,4-bispho osp phate [Ins(1,4)P;] and then to D-myo-inositol-4- mon(mhnqnhdte
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[Ins(4)P] or to D-mya—mosxtol—l 34 5—tetrakxsphospha [Ins( 1,3,4,5)P4] which was subsequently degraded to
of the phosphoinositide cascade, as phosphatases or kinases, couid be of medicinal interest and aiso invaluabie
tools to clucidate the individual role of the metabolites in the regulation of cell functions.2 Recently, we have
described the synthesis of protected deoxy cyclitols from D-galactose (Retrosynthesis).3 These chiral
derivatives have been regarded as suitable precursors of deoxy-D-mye-inositol mono, bis, tris and
tetrakisphosphate analogues,
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believed to be the target for lithium therapy.4 Recently, 6-0 -substituted analogues of Ins(1)P were identified as
putative inhibitors of inositol monophosphatase. This observation is consistent with the fact that substitution of
6-OH group in inositols by hydrogen or small alkoxy groups gives potent competitive inhibitors which bind with
higher affinity than parent substrates.” With this considerations in mind, we proposed an easy access to three
deoxy cyclitol monophosphate analogues from cyclitol precursors 1, 2, 7 and 11, derived from D-galactose.3¢
6-Deoxy D-myo-inositol-I-monophosphate 4 [6-deoxy Ins(1)P] was prepared from 6-deoxy-D-myo-
1,5-diol 1 or 1,4,5-triol 2. The synthesis of 3-deoxy-chiro-inositol-4-monophosphate 10 and 6-deoxy-D-myo-

inositol-3-monophosphate 18 was achieved from chiro-inositols 7 and 11 respectively.
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presence of tetrabenzylpyrophosphate and r-Buli, afforded the dibenzyl monophosphate 3 in 65% yield
(Scheme 1). The total deprotection of the intermediate 3 was achieved in one-pot procedure by catalytic
hydrogenolysis using palladium on charcoal (Pd/C 10%) to give the 6-deoxy Ins(1)P 4 isolated as a bis-TRIS
salt. The acidity of the free phosphate group, resulting from the release of the benzyl substituents, induced
subsequent in situ hydrolysis of the ketal protecting group. The same monophosphate 4 was also prepared from
the myo-inositol 2. The treatment of the triol 2 with 1,1-dimethoxy cyclohexane in the presence of acid catalyst
led to the 6-deoxy-bis-cyclohexylidene inositol 5 in 99% yield. The phosphinylation of 5 using
bis(ben zyloxy)(diis nnvlammn\nhmnhme and 1-H-tetrazole, followed by oxidation of P(III) to P(V) with
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+-BuOOH (phosphoraxmdlte-ox1dat10n method)? yielded the di benzylphosphate intermediate 6. Hydrogenolysis
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urnished the 1
yieid. Foliowing a simiiar reaction sequence, the 3-deoxy-chiro-inositoi-4-monophosphate 10 was accessibie
from the chiro-inositol 7, via the intermediates 8 and 9, in 75% overall yield.

The synthesis of the 6-deoxy Ins(3)P 18 was carried out from the myo-inositol intermediate 16 obtained

in five steps from the 3-deoxy-chiro -inositol 11 (Scheme 2).

BnBr o . OH BnO
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The dibenzylation of compound 11, using benzyl bromide and sodium hydride in DMF, gave the tri-O-
benzyl derivative 12 in 93% yield. Hydrolysis of the cyclohexylidene acetal, under mild acidic conditions,
afforded the chiro-inositol 13 which presented two free hydroxyls at 5 and 6 positions. Phase transfer
benzylation of 138 occured selectively, in 80% yield, at the equatorial position of the cis hydroxyls. The
conversion of the chiro-inositol ring into the desired myo-inositol structure was accomplished in two steps by
epimerisation of the axial free hydroxyl of 14. First, the oxidation of alcool 14, by the tetra-n-propylammonium

er-ruthenate (10 %) in the p_cs e of N-oxy-4-methylmorpholine, 9 furnished the 3-deoxy inosose 15 in 98%

=
o
P



7254 M. Vieira de Almeida et al. / Tetrahedron 55 (199

phosphoramidite-oxidation method, followed by hydrogenolysis of the protected phosphate 17 in the presence of
Pd/C 10%, produced the 6-deoxy Ins(3)P 18 which was isolated as bis-TRIS salt,

BAC alt 2 b .

us the opportunity to easily prepare myo-inositol bi sphosphat alogue s. Ins(1,4)P; have

been n:u,nuy report » be allost 0 activate the
enzyme DNA pciymerase o.!! (Scheme 3)
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general procedure : i) 1) diol, #PraNP(OBn)2 , 1-H-Tetrazole, MeCN, 1h.; 2) -BuOOH, CHClp
if) Hg, 2-3psi, Pd/C 10%, EtOH

Scheme 3

Thus, using the phosphorylation-deprotection method described above, the 6-deoxy Ins(1,5)P; 20 and
the 5,6-dideoxy Ins(1,4)P3 23 were prepared from the 6-deoxy and 5,6-dideoxy-myo-inositols 1 and 21,
respectively. The same procedure starting from the 3-deoxy chiro inositol 11 afforded the 3-deoxy-chiro-inositol
2,4-bisphosphate 25.
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As a continuation of our efforts in the research of inositol metabolite analogues, the myo-inositol-1,4,5-

trisphosphate [Ins(1,4,5)P3] appeared as one of the most important target submitted to a lot of investigations
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This second messenger interacts with a family of receptor-operating calcium channels to mobilize intracellular
L‘ 3 | 1. L. 1.

Cat+ stores in many ceil types.!2 Iis activity is reguiated by a specific dephosphorylation by 5-phosphatase into
Ins(1,4,)P> or by a selective phosphorylation at the 3-hydroxyl by a 3-kinase leading to Ins(1,3,4,5)P4
derivative. Thus, the inhibition of the specific enzymes seemed attractive in view of the modulation of the

Ins(1,4,5)P3 metabolism. The critical importance of the 4,5-phosphate groups of Ins (1,4,5)P3 in receptor
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binding was recognized in studies that used stereoisomers and positional isomers, while the presence of
1 12 o
I-phn

osphate further enhanced receptor affinity.*~ The significance of the hydroxyl groups has promoted new
interest. The potential for 2,3 and 6 OH to form intermolecular hydrogen bonds with the receptor protein and to
fix the conformation of Ins(1,4,5)P3 in solution, via intramolecular hydrogen bonds to the neighbouring
phosphate groups, was emphasized.!4 Several ring- and phosphate-modified analogues have been synthesized
and progress has been made in understanding the role of phosphate and hydroxy! groups in determining activity
of second messengers.2:15 We already disposed of suitable protected 6-deoxy-D-myo- and chiro -1,4,5-triols3¢
which were good candidates to produce deoxy D-inositol-trisphosphate derivatives. Thus, the 6-deoxy-D-myo-

nositol 2, which was readily converted into the corresponding (dibenzyl)trisphosphate 26 in 75% yield, has
been regarded as an interesting intermediate able to generate several InsP3 analogues (Scheme 4).
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General procedure:i} 1) 2, i- t'erP(O )2, 1-H-Tetrazole, MeCN, 1h.; 2) t-BuOGH, C
26, R= But 30 and R = Hex 32;ii ) for 27: 1) 26, H,, Pd/C 10%, 5 psi, EtOH, 2) TRIS salt ; for 31
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and 33: 1) 30 and 32, BFs. Eth MeCN, 12h., r. t.; 2) Dloxane HCl 37%, 3h., r.v; iii) Palmitic acid,
DCC, DMAP, CH,Cly, 6h., r.t.; iv) 26, Ha, Pd/C 10%, 5 psi, EtOH; v) 26, Hy, Pd/C 20%, 2 psi,
EtOH; vi) 26, HC1 2M, MeOH 3h r.t.; vii) for 36: 35, B(BnO)myrlstlc acid (1.1leq.), DCC (1 leq.),
DMAP cat., (“Ho(‘lq 4h. r. t.; for 37 ’55 B-(BnO)myristic acid (2.4eq.), DCC (2.4eq.), DMAP cat.,
CH,Cl>, 4h r. t; vzu) Ho, Pd/C 10%, 5pS) EtOH 2) “TRIS salt.
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of Pd/C 10%, the protected phosphate 26, dissolved in ethanol (95 %) solution contammg a small amount of
water, afforded in one pot the 6-deoxy Ins(1,4,5)P3 27 isolated as its hexa-TRIS salt. Using a slightly modified
experimental procedure, the 6-deoxy-D-Ins-1,2-cyclic-4,5-trisphosphate 28 could be isolated in a quantitative
yield, as a white solid, when evaporation of the ethanolic solution to dryness was effected prior to addition of
TRIS. The reduction of charge in that product could be correlated with the required ionization state of the 4 and
5-phosphates.16:17 Alternatively, the hydrogenolysis at lower pressure (2 psi) of 26, dissolved in absolute
ethanol, left the ketal substituent untouched to give the 2,3-O-cyclohexylidene-6-deoxy-Ins(1,4,5)Pz2 29 isolated

as hexa-TRIS salt. The relative instability of the ketal group, due to the intrinsic acidity of the free phosphate,

racntltad in tha ramid nartial degradatian of 20

FCSUNEGR 1l Ul fapia paida GCgratGauiil Ut &7
M cm ek mzs e ambmcnnéd ad sl Tan § o JERN-UREPS IR U N R S A N U SR SR B S
1 0C paruicCuidr 1Ierest o1 3 111 e HHIoIon 01 Uit larget CnZymes, empnasiZea oy

preliminary in vitro studies on permeabiiized cells,!8 prompted us to attempt the transformation of 6-deoxy-
Ins(1,4,5)P3 derivatives into more lipophilic compounds. The use of such highly hydrophilic polyphosphate
derivatives, which expressed important charges, for in vivo experiments depended on their ability to be
incorporated into the lipidic cell membrane. Thus, the full or partial protection of alcohol and phosphate groups
by temporary protecting groups should be helpful to resolve. this problem as previously performed in case of
AMPc.19 This hypothesis was supported by the presence in cell membrane of a number of lipases, esterases and
phosphatases, able to release such protected analogues on their ionized form in the internal cellular medium.

ed to neutralize the phnqnhate groups of the 6-deoxy-Ins(1.4, 5Pz 27 by dib tyl o
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analogue as phosphitylation reagents. The selective hydrolysis of the ketal group from the resulting protected
trisphosphates 30 and 32, under usual conditions (MecOH, HCI), afforded the expected 6-deoxy Ins(1,4,5)-
tris(dibutyl)- and tris(dihexyl)-phosphate 31 and 33 in 55% and 80% yields, respectively. The deprotection yield
was improved to 80% when a small amount of boron trifluoride etherate in acetonitrile was added prior to the
acidic treatment of 30 and 32 with HCI in dioxane.

On the other hand, we considered a more lipophylic analogue of the tris(dibutyl)phosphate analogue of 31
by substitution of the two free hydroxyls by a fatty acid. In the presence of palmitic acid, dicyclohexyl

carbodiimide (DCC) and a catalytic amount of dlmethylammopyndme (DMAP), the 6- deoxy -2,3-O-palmitoyl-
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two lipophilic trisphosphate analogues 38 and 39 following a similar approach startin
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dibenzylphosphates intermediate 26. These products should help for the determination of the minimum
modifications allowed for the incorporation of these analogues through the membrane barrier. Thus, the use of
1,1 eq. of (hydroxybenzyl)myristic acid, DCC and DMAP in CHClp, achieved the selective substitution of the
equatorial hydroxyl of 26 leading to the 3-O-(benzyloxy)myristoyl 36 in 60% yield. The corresponding
2,3-diester 37 was obtained in 84% yield from 26 in the presence of an excess of the latter reagents. Final

deprotection of the intermediates 36 and 37, under the hydrogenolysis conditions applied above, led to the
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Some recent publications described the potent inhibition of the 3-kinase by 2- or 3-deoxy fluorinated
Ins(1,4,5)P3 derivatives; these observations justified the synthesis of 3,6-dideoxy analogues.Z1 The 3,6-dideoxy
and the 3,6-dideoxy-3-fluoro Ins(1,4,5)P3 were prepared via the 2-0-benzyl-3,6-dideoxy-D-myo-inositol 40 and
the 3,6-dideoxy-3-fluoro-D-ntyo-inositol 43 derived from the 3-deoxy-chiro -1,2,4-triol 73¢ (Scheme 5).

The dideoxy triols 40 and 43 were submitted to the phosphorylation-deprotection procedure previously
discussed to give the corresponding 1,4,5-trisphosphate 42 and 45 respectively in 50% overall yields. We also
achieved the preparation of the lipophilic 2-O-benzyl-3,6-dideoxy-3-fluoro-Ins(1.4,5)-tris(dibutyl)phosphate 46
in 65% yield from the 3-fluoro cyclitol 43 using the (dibutyloxy)phosphitylation reagent. Deprotection of the

H h

benzylated intermediate unaGaer catary ich arogeno _‘y"ﬂS conditions had to mn i ctCAC o quz’u"nﬂtati‘v’c
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! ([ 40R=H T 43R=H
"L~ 41R=POOBn)2 | L~ 44R=POOBN), 42R'=H 45R'=H
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AN Q o
P(OBn)2 P(OH)

' (@)
: nv [ Y i
' 5P(0Bn), \"Y 6-POH),
o

P(OBn)2 O-P(OH);
48 o 49 ©
i) 140,43 or 7, 1Pr2NP(OBn)2, —H—Tetrazole MeCN, 1h.; 2) t-BuOOH, CH;Clj; i)

i-ProNP(OBut);, i-H-Tetrazole, MeCN, ih.; 2) t-BuOOH, Cszlz iir) for 42, 45 or 49: 41,

44 or 48, Hy, Pd/C 10%, 5 psi, EtOH, 2) TR_IS salt ; for 47; 46, Hp, Pd/C 10%, 5 psi, AcOEt,

20, 230, TN

2) TRIS salt.

Finally, following the phosphorylation-deprotection procedure, the access to an isomer 3-deoxy-chiro-
inositol-1,2,4-trisphosphate 49 was also performed in 70% yield from the 3-deoxy-chiro-1,2,4-triol 7. Since it
was unclear whether the substitution or the lack of hydroxyl or phosphate group at the inositol moiety was
responsible for the properties of inositol phosphates derivatives, these latter trisphosphate analogues represented

interesting supports for evaluation.
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CONCLUSION AND BIOLOGICAL RESULTS.
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From 6-deoxy-inositols derived from galactose,3¢ a range of deoxy analogues of inositol phosphate
metabolites were shown easily accessible and are regarded as potential regulators of the phosphoinositide
cascade. These cyclitol precursors presented an interesting flexibility in regards to their selective substitutions
using simple protection-deprotection procedures. The 6-deoxy analogues of the well known second messenger
Ins(1,4,5)P3 possessing a promising biological effect on permeabilized cells!® have been transformed into
lypophilic forms in order to assume their incorporation through the membrane of intact cells.

Biological evaluation of the activity of deoxy Ins phosphate analogues has been realized by Bayer

company. In order to illustrate the interest of such deoxy analogues

In order to assess the specificity of the deoxy analogues for Ins(i,4,5)P3 mediated actions, the
investigations started with Ins(1,4,5)P3 receptor assay. Purified endoplasmatic reticulum fractions from dog
cerebellum and 3H-Ins(1,4,5)P3 as radioligand, which binds highly selectively to the membranes and are
displaced by Ins(1,4,5)P3 with an ICsg of 2 10-8 mol/l, were used. 6-Deoxy Ins(1,4,5)P3 27 displaced the
radioligand with an ICsg of 2 pumol/l. But it became obvious that substitutions in position 2 and 3 had no
substantial influence on the receptor binding. Good examples for that are compounds 3,6-dideoxy Ins(1,4,5)P3
42 and 3,6-dideoxy-3-fluoro Ins(1,4,5)P3 45 with ICs¢ value of 9 and 3 pmol/l, respectively. Even

esterification of the 2- and 3- positions with long chain fatty acid residues did not reduce dramatically the
disnlacement of the radiolieand as shown with analocues 38 and 39 (IC:n : 4 and 3 umol/). Chanoses in the
‘Ut}l“v\.ll W EIV NFA LAANS Auulvllbtulu RAT A A8 VvV avax (szaia vbuuu A7 RAINSE W \AVJU ® A2 L Hlll\lll L, \/ll“llsvo 158k MidW

and 57. None of the compounds tested showed inhibitory effects in in vifro enzyme assays like protein kinase C
phospholipase A2, 5'-phosphatase of erythrocytes and protein-phosphatase. Unfortunately assays to test these
analogues against isolated phospholipase C which is the key enzyme of Ins(1,4,5)P3 release, could not be
performed in vitro.

In addition to the above mentioned enzymatic and receptor assays, efforts were made with functional
assays at the level of isolated cells and cell cultures.

It is well known that endogenous mediators formyl-methionyl-leucyl-phenylalanine (fMLP) activate white

hlnnd ralle acenecially nalvemaormmho-nneealeuencitec (P TYhy an Incfl 4 8YP, mediated intracallnlar (CaZ+
ULUUU LULLS, Lopluialiy pru HUT PAHIUTHIULLATIVULUSIILG \ D VLINLy) Uy dil A0S 1,5, 0 10 § ivldiacld HiuatLiiuial La
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1

degranulation of hydrolytic like B-glucuronidase. In the experimental model, fMLP produces a dose dependent
stimulation of Oy- release at concentrations ranging between Inmol/l and 10 pmol/l. 6-Deoxy Ins(1,4,5)P3 27 did
not influence this Oy~ generation in spite of its good binding to the isolated receptor. The same was true for the
myristoyl derivatives 38 and 39. However, administration of the 1,4,5-tris(dibutyl)phosphates analogues 30 and
31, 10 min. prior to the fMLP stimulation resulted in a dose dependent on inhibition of O~ generation. The ICsq
amount to 10 pmol/l for 30 and 3 umol/l for 31. In contrast to the stimulation with fMLP none of the compounds
is able to block the Oy formation initiated by the Ca-ionophore calmycin which raises the intracellular Ca2+-level

1dependently from Ins(1,4,5)P3. Compound 34 was not active under these conditions.
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above control. Both compounds 30 and 31 inhibit the fMLP induced release of p-glucuronidase from
cytochalasin B treated PMNL without affecting the stimulation by calimycin.

Stimulation of PMNL with fMLP at the same concentrations that used in the superoxide anion and
B-glucuronidase experiments caused a rapid increase in the fura-2 dependent fluorescence indicating an increase in
intracellular Ca2+ within 10 sec. Analogues 30 and 31 show a tendency to slightly increase the basal intracellular
CaZ*-level. At the applied highest concentration (10 wmol/l) both tris(dibutyl)phosphate compounds significantly
inhibit the rapid enhancement in intracellular CaZ*-level without affecting the velocity of the signal's decline. No

norescent an_a!ggl e of calimvrin) as aconist. In none of the
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added simultaneously with fMLP. These results can be explained by assuming that a distinct time interval is

necessary for the hydrolysis of butyiesters.

These resuits lead to the conclusion that 6-deoxy-Ins(1,4,5)tris(dibutyl)phosphates 30 and 31 cross the
cell membrane, are hydrolysed and interfere with the receptor. The specificity of these effects is strengthened by
the fact that neither compound interferes with an activation independent of Ins(1,4,5)P3. Although 3,6-dideoxy-
3-fluoro-1,4,5-trisphosphate analogue 45 is comparable to compound 27 in receptor binding assay, the
corresponding 3,6-dideoxy 3-fluoro-1,4,5-tris(dibutyl)phosphate 47 was inactive. The same is true for
analogues 32 and 33. Up to now we have not found an explanation for this behaviour.

Additionallv. it was s well as recentor mediated nlatelet ageregation
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In the system of smooth muscle cell-proliferation stimulated by fetal calf serum, the 6-deoxy-
Ins(1,4,5)tris(dibutyl)phosphates 30 dose-dependent reduced the incorporation of 14C-thymidine. According to
the current literature, PLC activation does not play a role in the regulation of this process. Therefore, it is not clear
if these effects are due to the claimed specific interaction with the Ins(1,4,5)P3 pathway.

In none of the above mentioned assays did the tris(dibutyl)phosphate derivative of natural Ins(1,4,5)P3,
synthesized for comparison, elicit agonistic properties. However, in some systems, inhibitory effects occur at the
highest concentration (10 umol/l.). This could be due to its metabolic instability.

s oA

Intravenous administration of 10 mg/kg of 6-deoxy-Ins(1,4,5)tris(dibutyl)phosphates 31 reduced the
oedema between 66% after 30 min and 52% after 60 min of the application. These are highly significant
biological effects.

Further experiments concerning the inhibition of platelet aggregation in vivo and in a shock model are

under investigation with promising results.
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EXPERIMENTAL PART

IH NMR and 13C NMR spectra were recorded on a Bruker spectrometra WP 200, AC 200, AC 250, WM
400 or ARX 400 ; chemlcal ShlftS are expresscd in parts per million (ppm) referenced to residual chloroform
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ppm). Coupling constants (J) are given in hertz (Hz). Mul tiplicities are recorded as s (smglct), d (doublct),
ot) 1

a {ouartet) and m f nltinlet or ¢ nmr\!nx\ Th

vara rannrdad ~an n.-l,.—‘ .....

}. Lﬁ}D were recorded on Perkin-Elmer 24 1-MC sodium
absornuon at 20°C. Mass spectra (m/z (% base peak) were recorded on Atlas CHy or AEI MS9 spectrometra.
Meltmg points were determined on a C. REICHERT microscope apparatus and are uncorrected. Elemental
analyses 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 methods22. Flash chromatography was performed on silica-gel
Merck 60 230-400 mesh. Thin layer chromatography was performed on precoated plates of silica gel PFys4
neutralized with sodium bicarbonate. All crystallized compounds were obtained from AcOEvtpentane if not
specified.
General procedure for phosphorylation and deprotection steps.
Method A : phosphinylation-oxidation method.
a) Preparation of phosphinylation reagent dialkyloxy(diisopropylamino)phosphine

PCl3 (4.4 ml) was added under argon to freshly distilled diethyl ether (30 ml). The solution was cooled to

-10°C before diisopropylamine (14 mL) was added dropwise. The mixture was stirred over 1 h. at -10°C and then

T Jy M \(YWGitwLf, GAENS 12 \A.ll“ltlyl\rl. Ui Luiiiphv
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was aillowed to warm to 20°C before it was filtered. The filtrate was evaporated to aryncss and distiliated to glvc
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and the ~_~-luti n was maintained under argon. The solution was cooled to -10°C before ethy! diisopropylamine

(13.7 ml) was added. To this solution, maintained under argon at -10°C, benzyl alcohol (6.6 mL), butyl alcohol
(5.86 ml) or hexyl alcohol (8 ml) dissolved in acetonitrile (40 mL) were added dropwise. The solution was stirred
for 1.5 h before it was allowed to warm to 20°C. After 12 h of stirring, the solution was concentrated to dryness
and diluted with CH2Cl; (150 mL). Organic layer was washed with saturated Na;CO3 and then by water before it
was dried (MgSO4) and evaporated under reduced pressure. The yellow oil obtained (8.8 g) is used with no
further purification.

b) Phosphinylation reactions.

A mixture of cyclitol and dialkyloxy(diisopropylamino)phosphine (2 eq. per hydroxyl group) was dried
for 0.5 h under vacuum (0.05 mm/hg). Sublimated tetrazole (2 eq per phosphinylation reagent), dissolved in dry
actetonitrile was added under argon to the mixture. The solution was stirred under argon at r.t. for 1 h.
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d) Purification of phosphorylated nroducts.

Aqueous thiosulfate and sodium bicarbonate solution was added for neutralization. Organic layer was
extracted with CH2Clj and concentrated to dryness. The residue was separated by preparative chromatograhy on
silica gel or reverse phase.

Method B : Pyrophosphate method
a) Preparation of phosphorylation reagent: tetrauenzylpympnaspnaw

DCC (227 mg, 1.1 mmol) was dissolved in dry ethyl ether (1 ml). Dibenzylphosphate (556 mg, 2 mmol)
in dry acetonitrile (2ml) and dry ethyl ether (2 ml) were added to the solution. Acetonitrile was added to complete
dissolution of the mixture. The solution was stirred for 15 min, filtered through celite and eluted with hexane. The
filtrate was concentrated to dryness and crystallized from hexane to give tetrabenzylpyrophosphate (250 mg),
m.p. 61-62°C.

b) phosphorylation reactions.

Alcohol was dissolved in the minimun amount of auuyuxuua THFE.
solu

n-Buli (1.1 eq per free hvdro \(y] arnnn\ was added. The
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tetrabenzylpyrophosphate (1.3 eq per free hvdroxvl group) was added at -40°C The solutxon was stirred for 1 h
under argon. The mixture was filtered through silica gel and eluted with AcOEt. The filtrate was concentrated to
dryness and products were separated by preparative chromatograhy on silica gel, florisil or RP8.



D-4-O-Benzyl-2,3-0O-cyclohexylidene-6-deoxy-myo-inositol-1-(dibenzyl)phosphate 3

The diol 13¢ was converted to monophosphate 3 using method B with tetrabenzylpyrophosphate
(1.2 eq). Compound 3 was cristallized (65%); m.p. 91°C; [a]p -0.8° (¢ 0.95, CH,Cly); 1H NMR (200MHz,
CDCl3): §: 5.20 (m, 1H, H-1); 4.53 (t, 1H, Jj.o=J;.3=4, H-2); 4.20 (dd, 1H, J3.2=4, J3.4=8 Hz, H-3); 3.53
(dd, 1H, J4.3=8, J4.5=9, H-4); 3.53 (m, 1H, J5.4=9, J5.6ax=8, Js. 6eq—4 H-5); 2.13 (m, 1H, Jﬁcq 6ax=12,
J6eq-5=4, Jeeq-1=3 Hz, H-6eq); 1.73 (m, 1H, Jeax-6eq=12, J6ax-5=8, Jsax-1=8, H-6ax); (Found : C, 66.40;
H, 6.54; P, 5.00; C33H3903P requires C, 66.65; H, 6. 61 P, 5.21).

D-6-Deoxy-myo-inositol-1-monophosphate 4

From the (dibenzyl)phosphate 3: 3 dissolved in the minimun amount of EtOH 95% was hydrogenated for
1 h, under 3 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration and
washed with water. Tris(hydroxymcthyl)dminomethane (TRIS, 2 eq per phosphate) was added before

a1 F1NTy A

concentration of the filtrate. The aqueous solution was lyOpI’llllZCd and the msu)r' 4 was pI'CCII)lIa[CCl as bis

TRIS-salt; [a]p -10° (c 1.3, Hp0); 'H NMR (400MHz, D,0): &: 4.07 (m, 1H, H-2); 3.93 (m, 1H, H-1); 3.41
(m, 2H, H-3, H-5); 3.37 (g, 1H, H-4); 2.0 (m, 1H, H-6eq); 1.70 (g, 1H, H-6ax); !3C NMR (63MHz, D;0);
77.19 (C-3); 75.02 (C-5); 74.43 (C-4); 72.20 (C-2, C-1); 36.26 (C-6) (Found : C, 33.65; H, 7.46; N, 5.38;
C14H35014N7P, H2O requires C, 33.33; H, 7.39; N, 5.55)

D-2,3;4,5-Di-O-cyclohexylidene-6-deoxy-myo-inositol 5
Dimethoxycyclohexane (3.5 ml, 5.6 mmol) and camphorsulfonic acid (50 mg) were added to the triol 23¢
(459 mg, 1.88 mmol) dissolved in dry N,N- dlmcthylformamlde (5 ml). Methanol formed durmg the course of the

Asmmsniad TL o o T_el o o e PR PRI T |

reaction § evaporaied. ine Soiuiion was stirred under reduced pressui for 12 h then sodium bicarbonate was
added for neutralization. The solution was filtered on silica ge] and the solids washed with AcOFEt. The filtrate
was coevaporated with toluene. The residue was crystallized (n-pentane) to give dicyclohexylidene inositol §

(99%). m.p. 120-121°C; [a]p -1° (¢ 1.2, CHCl3); 'H NMR (200MHz, CDCl3): 8: 4.26 (m, 2H, J2.1=4, J».3=5,
J3.4=7 H-2, H-3); 4.10 (m, 1H, J12=4, J1.6ax=8, J1-6eq=0, H-1); 4.00 (1H, dd, J4.3=7, J4.5=10, J5.6eq=4, H-
4); 3.43 (m, 1H, J5.4=10, J5_6ax=10, J5.6eq=6, H-5); 2.33 (m, 1H, J6ax-6eq=12, J6eq-1=J6eq-5=6, H- 6eq);
1.86 (m, 1H, Jgax-6eq=12, J6ax-1=8, Jeax-5=10, H-6ax); (Found : C, 66.86; H, 8.67; C3H2305 requires
C, 66.64; H, 8.77).

hate 6

5 was phosphorylated using method A, in the presence of dibenzyloxy
(diisopropylammo)phosphme agent, to give the monophosphate 6 (70%); m.p. 76°C ; [a]p +5° (c 1, CH2Cly);
IH NMR (200MHz, CDCl3): &: 4.66 (1H, m, J1.2=4, J1-6ax=J1-6eq=6, H-1); 4.36 (dd, 1H, J2.1=4, J2.3=6,
H-2); 4.2 (dd, 1H, J3.0=6, J3_4=8, H-3); 3.76 (dd, 1H, J4.3=8, J4-5=12, H-4); 3.30 (m, 1H, J5.4=12, J5.6ax=3,
J5-6eq=12, H-5); 2.33 (m, IH, J6ax-6eq=J6cq-5=12, J6eq-1=10, H-6eq); 2. 05 (m, 1H, Joax-6eq=12, J6ax-1=J
6ax.5=3, H-6ax); (Found : C, 65.44; H, 6,99; P, 5.46; C3pH4,0gP requires C, 65.73; H, 7.01; P, 5.29).

L-1,2;5,6-Di-O-cyclohexylidene-3-deoxy-chiro inositol 8

Dimethoxycyclohexane (1.7 ml, 2.68 mmol) and camphorsulfonic acid (23 mg) were added to triol 73¢
(327 mg, 1.34 mmol) in dry N,N-dimethylformamide (5 ml). Methanol formed during the course of the reaction
was evaporated. The solution was stirred under reduced pressure for 12 h. Sodium bicarbonate was added for
neutralization. The solution was filtered and the solids washed with AcOEt. The fiitrate was coevaporated with
toluene. The residue was purified by chromatograhy on silica gel to give dicyclohexylidene 8 (98%); [a]p 0° (¢ 1,

YY1 L LI OANIRATY ANANATIY . ATV Y. R4 A2 /oo 20T pa—. | —A H_1
CHpCLlig); *H NMK (LUUVIAZ, CDUIZE 00 4.4 (11, JI1, Jf, 5=4, J() 1-—-u J1 Z"J Jl Jax—:, .vl 5eq—u, Xi=i,
H-2, H-6); 4.23 (m, 1H, J5.4=7, J5.6=4, H-5); 3.70 (m, 1H, J4.5=7, J4.3ax=6, J4.3¢q=4, H-4); 3.00  (m,
1H, J3ax-3eq=8, J3eq-4=4, J3eq-2=6, H-3eq); | 90 (m, 1H, J3ax-3¢q=8, J3ax-4=6, 133,“2:4, H-3ax);
(Found : C, 64.84; H, 26.01; C1gH2305 + 1/2 H2O requires C, 64.84; H, 26 39).

L-1,2;5,6-Di-0O-cyclohexylidene-3- deoxy -chiro-inositol-4-(
1o )

Dicyclohexylidene 8 was converted into the mono{dibenzyl)phosphate % (65%), using phosphorylation
MM H . (o] .
method A in the presence of dibenzyloxy '(dxasopropy!ammc)p..osph'ne reagent; [alp -10° (¢ 1.02, CHCI3),



IH NMR (200MHz, CDCl3): 8: 4.50 (m, 1H, Jg.5=3, J.1=7, H-6); 4.40 (dd, 1H, J4.3ax=4, J4-3eq=8, H-4);
4.38 (m, 1H, J2.1=6 J2.3ax=3, J2.3¢q=6, H-2); 4.35 (d, 1H, J5.¢=3, H-5); 4.06 (dd, IH, J;.6=7, J1.2=6, H-1);
2.26 (m, 1H, J3ax-3eq—12 Jgeq-4—8 J3ax-2=7, H-3eq); 1.90 (m, 1H, J3ax 3eq=8, J3ax-4=4, J3ax.2=4, H-3ax);
(Found : C, 65.62; H, 6.97; P, 5.16; C32H4108P requires C, 65.73; H, 7.01; P, 5.29).

L-3-Deoxv-chiro -inogitol-d-mononhosnha
S=-11e0Xy gsphatle

hiro -inositel-4-meneph 10

te

The (dibenzyl)phosphate 9 dissolved in the minimun amount of EtOH 95% was hydrogenated for 1 h,
under 3 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration.
Tris(hydroxymethyl)aminomethane (TRIS, 2 eq per phosphate) was added before concentration of water
under vacum. The aqueous solution was lyophilized and the chiro inositol(4)P 10 was precipitated as bis TRIS-
salt; [a]p -10° (¢ 1.3, Hy0); 'H NMR (400MHz, D;0) §: 4.45-4.23 (m, 4H, H-6, H-5, H-4, H-2), 3.99
(m, 1H, H-1); 2.23 (m, 1H, H- 3eq) 1.92 (m, 1H, H-3ax); (Found : C, 33.15; H, 7.70; N, 5.62;
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C14H35014NoP+H20 requires C, 33.33; H, 7.39; N, 5.55).

2,4-Tri-O-benzyl-5,6-0-cyclohexylidene-3-deoxy-chiro-inositol 12

NaH (88mg, 3.66 mmol) was added, under argon, to diol 113¢ (410 mg, 1.22 mmol) dissolved in N,N-
dimethylformamide (5 ml). The mixture was stirred for 10 min before benzylbromide (0.44 ml, 3.66 mmol) was
added. The solution was stirred for 5 h then methanol was added. The reaction mixture was extracted and the
organic layers concentrated to dryness. Flash chromatography on silica gel gave the chiro inositol 12 (93%)

[a]p -39° (c 0.27, CH,Cly); 'H NMR (200MHz; CDCl3): 8: 4.37 (dd, 1H, H-6ax); 4.29

(dd, iH, H-1); 3.77 (m, iH, H-2); 3.51 (m, 1H, H-4); 2.00 (m, 2H, H-3ax, H-3eq); 13C NMR ( OMHz,
'i3): & 77.2, 76.3, 76.0; 74.6 (C-i, C-2, C-4, C-5, C-6 (C-3); 37.5, 35.1, 24.9, 239, 23.6

o 4 Y al P-4 ~
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L-1,2,4-Tri-O-benzyl-3-deoxy-chiro-inositol 13

Acetic acid (12 ml) and water (6 ml) were added to the chiro inositol 12 (581 mg, 1.13 mmol). The
solution was stirred at 60°C for 2 h. then cooled to r.t. and coevaporated with toluene under reduced pressure.
The residue was purified by flash chromatography on silica gel. The diol 13 was isolated by cristallization (95%);
m.p. 79-80°C; 1H NMR (200MHz; CDCl3): 6: 4.37 (dd, 1H, H-6); 4.29 (m, 1H, H-5); 3.95 (dd, 1H, H-1);
3.77 (m ,1H, H-2); 3.51 (m, 1H, H-4); 2 (m, 2H, H-3ax, H-3eq); 13C NMR (50MHz; CDCls): §: 76.5
(C-5, C-6); 74.7, 73.2, 70.3 (C-1, C-2, C-4); 29.3 (C-3); (Found : C, 74.18; H, 6.82; Cp7H3005 requires

Y

C, 74.63; H, 6.96).

1.-1,2.4,5-Tretra-Q-benzyl-3-deoxy-chiro-inositol 14

Sodium carbonate (107 mg, 0.78 mmol) was added to the diol 13 (340 mg, 0.78 mmol) dissolved in
CH,Cl5 (8 ml). KOH (123 mg, 2.2 mmol), Aliquot 336 (40 mg) and benzylbromide (0.09 ml, 0.78 mmol) were
added to the solution which was stirred for 5h. The reaction mixture was extracted and the organic layers

concentrated to dryness. Flash chromdtography on silica gel gave the tetrabenzylether 14 (80%); [alp -11° (¢ 1,
CH,Cl,); 'H NMR (400MHz CDCl3): 8: 3.96 (dd, 1H, J4.5=9, J5.6=3, H-5); 3.88 (dd, 1H, J|.¢= J5.¢=3, H-6);

3.81 (bs 1H, H- 1), 3.75 (ddd, 1H, 12 3ax= 12, Jo. 3eq=3 J] 2=2, nz), 3.6 (aaa iH, .l3ax4 11, J4.5=9,
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\u_')mru., L3}, 0. 713.06, 712U, 71, 1UV.U (71, Uol, W75, WoJ,y LTU ), LU0 \(WTd ), (HUU nag ., 77./4, n, 0.67,
CH bl O rannirec (1 77 83 607
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L-1,2,4,5-Tetra-0O-benzyl-3-deoxy-chiro-6-inosose 15
N-oxy-4-methylmorpholine (214 mg, 1.82 mmol), tetra-n-butylammonium per-ruthenate (43 mg, 0.12
mmol) and molecular sieves (600 mg) were added to a solution of 14 (639 mg, 1.22 mmol) in anhydrous

CH,Cl; (10 ml). The mixture was stirred for 45 min before addition of isopropanol (10ml). The stirring was
SRS B SR, H s virteatt me nmd Eilbentian theanalh flaricil falihvanmt + A ANEY Tha fGlieata o
maintained for another 30 min before concentration and filtration uuuusu 1101181 (Erudnt © npupt) 1ne iutrate was

concentrated under reduce pressure and used with no further purification (98 %); IR : 1738 cm!



D-1,2,4,5-Tetra-O-benzyl-6-deoxy-myo-inositol 16

NaBH4 (12 mg, 0.31 mmol) was added at 0°C to a solution of the ketone 15§ (104 mg, 0.21 mmol) in
EtOH (4ml). The solution was stirred for 30 min before addition of aqueous solution of NaCl. The mixture was
stirred overnight and then coevaporated twice with isopropanol and filtered through celite. The filtrate was
concentrated and chromatographed on silica gel to give the myo inositol 16 (75%); [ajp +21° (¢ 1.0, CHClp);
H NMR (400MHz; CDCI3): 8: 4.00 (m, iH, H-4); 3.87 (dd, 1H, J.3=J3.4=4.5, H-3); 3.82 (m,1H, H-2); 3.74
ad

10Y I’ 133
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IH, Ji.6ax=11, Ji. (wq—q 5, Ji.p=4, H-1); 3.62 (m, 1H, H-5); 2.20 (m, 1H, H-6eq); 2.00 (ddd, 1H,

—

j=> 2

G

=12 Ji-6ax=11, Jeeq-6ax=12.5, H-6ax); (Found : C, 77.96; H, 7.04; C34H3605 requires C, 77.83;
92).
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D-1,2,4,5-Tretra-O-benzyl-6-deoxy-myo-inositol-3-(dibenzyl)phosphate 17
Alcohol 16 was phosphorylated to the 3-monophosphate 17 using method A in the presence of
dibenzyloxy(diisopropylamino)phosphine reagent (71%); [o]p +8° (¢ 1,6 CH,Clp); 'H NMR (400MHz; CDCls):

< A 1'1 AN, Ar\1

0: 4.72 (m, 1H, H-3); 4.21 (m, 1H, H-4); 3.81 (m, 1H, H-1); 3.71 (m, 2H, H-2, H-5); 2.37 (ddd, iH, J;.
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6ax=J5-6ax=11, Jgeq-6ax=12, H-6ax); 1.85 (m, 1H, H-6eq); 1*C NMR (50MHz; CDCl3): &: 74.1, 73.55, 73.5 (C-
1 rals | A £ 0N YIS WANZ ke AY rg whs - 1 £ 1Y AL, LY £ AT e ) A N ~ Y Y Ty o enala o Y YD AL 1Y £ N0 ip)
i, C-2, C-4, C-6); 28.G (C-3); (Found : C, 73.46; H, 0.47; P, 4.03; CagH490gP requires C, 73.46; H, 6.28; P,
3.94)

D-6-Deoxy-myo-inositol-3-monophosphate 18
(Dibenzyl)phosphate 17 dissolved in the minimun amount of EtOH 95% was hydrogenated for 1 h, under
psx, m the presence of the same amount of Pd/C 10% The catalyst was removed by filtration.

3
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07 (m 2
(m, 1H, H-6eq); 13C NMR (50MHz; CDCl3): §: 79.
2 ound : C, 34.61: H, 7.37: N
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D-4-0-Benzyl-2,3-0-cyclohexylidene-6-deoxy-myo-inositol-1,5-bis(dibenzyl)phosphate 19
Tredlment of diol 1 by method Ain the preqcnce of dlbenzyloxy(dmopropylammo)phosphme gave the

i
8: 5.00 (d, 1H, J1.o=4, H-1); 4.56 (dd, iH, J5.4=8, J5.6ax=12, H-5); 4.33 (dd, iH, Jp.1=4, Jo.3=5, H-2); 4.20
(dd, 1H, J3.2=5, J5.4=7, H-3); 4.06 (dd, 1H, J4.3=7, J4.5=8, H-4); 1.96 (m, 2H, H-6ax, H-6eq);
(Found C, 66.19; H, 6,35; P, 7.18; C47H520]P7 requires C, 66.03; H, 6.13; P, 7.24).

D-6-Deoxy-myo-inositol-1,5-bisphosphate 20

Bis(dibenzyl)posphate 19 dissolved in the minimun amount of EtOH 95% was hydrogenated for 1 h,
under 4-5 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration.
Tris(hydroxymethyl)aminomethane (TRIS, 2 eq. per phosphate) was added before concentration in vacuo. The

aananne enlntion wae luanhilized and the mvun inagitalf 1 SYPA 20 was nrec initated ac tatra TDIQ calt: I'rﬂn -3e {(‘
cu.luuuub SUIULIUIL WAd LYUPIIMILVAL QI Ll 7k yu 1y ALVA\A,J/A L ™YV VWAO PINVVIPILGAIVW GO WL RT L ARG T oA,y (W1

13 H-0O)» 1TH NMR (A00MHz. D2O): §: 4.41-3.64 (m. 4H. H-1. H-3. H-4. H-5): 2.08 {(m. 1] H-6eq): 1.74
1.5, T2/ ), " & INIVIIN \SUVLIVALLL, 27280, O, &.51-2.05 Ui, 4%, 1371, 1372, Ii7%, 2172, &0 Ui, 4%, 22 vv L
(m, 1H, H-6ax); 13C NMR (63MHz; D,0): &: 76.8 (C-3); 75.1, 74.7 (C-1, C-2, C-4); 29.7, 27.2 (C-5, C-
£y 31D NMD /QIMITL. T.NY K06 15_6122 (P1 DS (Fannd (¢ 29 A2- H 7492 N A R4- P 7 24-
v, O INIVIIN (O 1IVINL, WU ). UTULLI7ULL T 1, £ J), \TUUNQR oy J&.Ud, 11, .94, 1Y, U.UF, L, 7.&7,
CanHzogDA2N P reaunires C. 32.67- H. 7.23: N. 6.93: P. 7.66)

L220a58023.18N4072 194uiils o, 2407, I3, /.82, AN, U.FD2, 5, 100

D-2,3-0-Cyclohexylidene-5,6-dideoxy-myo-inositol-1,4-bis(dibenzyl)phosphate 22
Treatment of the 5,6-dideoxy myo inositol 21 by method A in the presence of dibenzyloxy

LY AT AND

(diisopropylamino)phosphine reagent gave the bis(dibenzyl)posphates 22 as a yeliow oil (72%); [a]p +20° (c

1.8, CHCI3); |H NMR (250MHz; CDCi;) 6. 5.00 (m 8H, CH,Ph); 4.51 (m, 1H, H-4);
3); 3.93 (1, 1H, J;.2=Jp.3=4, H-2); 2.00-1.20 (m, 4H, H-5ax, H-5eq, H-6ax, H-6eq),
(

-6 e
CDCl3): 8: 111.0 (0-C-0); 78.1 (C-3); 74.7, 74.1, 74.0 (C-1, C-2, C-4); 69.3

P
w W
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(C-5, C-6); 3P NMR (81MHz; CDCl3): &: -1.06 (Py, P4); (Found: C, 63.34; H, 6.26; P, 7.41;
C40H46010P2,1/2H70 requires C, 63.40; H, 6.25; P, 8.17)
D-5,6-Dideoxy-myo-inositol-1,4-bisphosphate 23

Bis (dlbenzyl )pnospnates 22 dissoived in the minimun amount of EtOH 95% was hydrogenated for 1 h,
ndan A & 2 noee tha cama amani N - 7 V7o N WV, N, o N T
unacr 4-o psi, in the presence of the same amount of Pd/C 10%. The cat: lyst was removed oy filtration.
TristhvdroxymethvDaminomethane (TRIS. 2 eqa. ner nhosnhate) wac added hefore concentration in vari Tha
ARAS\IJWIVA JUIVUL Y R JRILLVIMVIIRLL | £ 23300, & VY, PV POHUSEHIIGLY ] VA auuva uvivl buuuuuuauuu u; Vacuo. 1ne

aqueous solution was lyophilized and the myo inositol(1,4)P; 23 was precipitated as tetra-TRIS-salt; [a]p -3° (¢
1.0, H,0); 'H NMR (400MHz, D,0): &: 4.80 (s, I1H, OH); 4.20-3.90 (m, 3H, H-1, H-3, H-4); 2.00

o~
-
W

(m, 1H, H-6eq); 1.80 (m, 2H, H-6ax, H-5eq); 1.30 (m, 1H, H-5ax); 13C NMR (63MHz; 20): &: 76.8 (C-3);
75.1, 74.7 (C-1, C-2, C-4); 29.7, 27.2 (C-5, C-6); 31P NMR (81MHz; D;0): §:46.26 (P1, P4);
(FoundC 31.71; H, 7.81; N, 6.64; C2HsgN40O23P2, 2H70 requires C, 31.88; H, 7.54; N, 6.76).

L-1-0-Benzyl-5,6-0-cyclohexylidene-3-deoxy-chiro-inositol-2,4-bis(dibenzyl)phosphate 24
Cyclohcxylidene diol 11 was converted into the bis(dibenzyl)phosphate 24 (68%), using phosphorylation

nethod A in the presence of dibenzyloxy(diisopropylamino)phosphine reagent; [a]p -7° (c 1, CHCly),

IH NMR (200MHz, CDCl3): &: 5.00 (m, 1H, J4.3=8, J4.3ax=4 , J4. 3eq=8, H-4); 4.80 (m, 2H, CH,Ph); 4.70
{fm TH T. .— T~ =2 Iy o =& H. N A6 (A4 1T T .8 T, .6 T AN A9 /44 1T T, __A T. -
U, 151, J2-§=4, J2-3ax=0, J2-3eq=Y, 114, 720 (U4, 101, J6-57J, 46-1=0, 11-0); 4.22 (04, 11, J].2=4, J]-6=0,
H-1); 4.00 (dd, 1H, J5.4=8, J5.6=5 H-5); 2.23 (m, 2H, J3ax.3eq=12, J3ax-4=4, Jaax.2=3, J3eq4=8, J3eq.2=6, H-
3ax, H-3eq); (Found C, 66.26; H, 6.39; P, 7.49; C47H5,0(P; requires C, 66.03; H, 6.13; P, 7.24)

L-3-Deoxy-chire-inositel-2,4-bisphosphate 25

The (dibenzyl)phosphate 9 dissolved in the minimun amount of EtOH 95% was hydrogcna[cd for 1 h,
under 3 pSI in the PI'CbCﬂCC Ol me same amounti OI l"(.llL. lU‘70 The Cd[dlySI was removea Dy rlltrauon,
Tris(hydroxymethyl)aminomethane (TRIS, 2 eq per phosphate) was added before concentration in vacuo. The
aqueous solution was lyophilized and the chiro inositol(2,4)Py 25 was precipitated as tetraTRIS-salt. [alp -3° (¢
1.2, HyO); (Found C, 32.70; H, 7.32; N, 7.00; P, 7.43; Cp2H530723N4P; requires C, 32.67; H, 7.23;
N, 6.93; P, 7.66).

Tericnhngenhat Y& wac nranarad v nhaenharvlatin mathnd A f'rnm teind in tha meacann~a nf
i1 IDIJIIUDIJllal. ~T ¥V ao l.‘l u}.uu v PHUOPLIVI yidativil 1iviiva A livin l.l 1us ﬁ 111w PI\IOUII\—U UL
ibenzyloxy(diisopropylamino)phosphine reagent. Compound 26 was crystallized (75%); m.p. 76°C; [a]p +4° (¢

C Hz; CHCl3): 8: 4.80 (dd, 1H, J3.4=7, J4.5=9, H-4); 4.50 (m, IH A
11 Gax_u 5 (,eq_4 H-1); 4.40 (dd, 1H, J.1=3, J2.3=5, H-2); 4.20 (m, 1H, J5.4=9, J5.6ac=12, J5. 6eq=4, H-5);
4.00 (dd, 1H, J3.0=5, J3.4=7, H-3); 2.45 (m, 1H, Joeq-6ax=13, Joeq-1=4, Jgeq-5=12, H-5); 2.22 (m, 1H,
Jgeq-6ax=13, J6ax-1=12, Joax-5=4, H-5); (Found C, 63.18; H, 6.10; P, 9.09; Cs4Hs5904P3 requires C, 63.27;

H, 5.80; P, 9.07).

D-6-Deoxy-myo-inositol-1,4,5-trisphosphate 27

Tris(dibenzyl)phosphate 26 dissolved in the minimun amount of EtOH 95% was hydrogenated for 1 h,
under 3 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration.
Tris(hydr—oxymethyl)aminomethane (TRIS, 2 eq. per phosphate) was added before concentration in vacuo. The
aqueous solution was lyophilized and the Ins(1,4,5)P3 27 was precipitated as hexa TRIS-salt; [a]p -3° (¢ 1.08,
H,0); 'H NMR (400MHz; D70): 6: 4.10 (m, 1H, H-2); 4.06 (m, 1H, H-5); 3.90 (m, 1H, H-1); 3.60 (bs, 1H,
H-3); 3.59 (dd, 1H, H-4); 2.20 (m, 1H, H6-eq); 1.90 (m, 1H, H6-ax); 13C NMR (50MHz; CDCl3): &: 79.5
(C-3); 74.4 (C-1); 73.8 (C-4, C-5); 71.4 (C-2); 349 (C-6); (Found C, 30.37; H, 7.39; N, 6.83;
C30Hg1032N6P3+ 3 H20 requires C, 30.40; H, 7.40; N, 7.09).
D-6-Deoxy-myo-inositol-1,2-cyclic-4,5-trisphosphate 28

Tri(dibenzyl)phosphate 26 dissolved in the minimun amount of EtOH 95% was hydrogenated for 1| h
under 2 psi in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration and water
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was removed in vacuo then the residue was lyophilized to give the cyclic phoshate 28 quantitatively;
[alp -0.5° (c 0.92, H;0); 3P NMR (81MHz; D,0): &: - 5.85 (P1,2), + 6.34 (P4, P5); (Found C, 18.64;
H, 3.17; P, 24.30; C¢H3013P3 requires C, 18.66; H, 3.39; P, 24.07).

n 1N rclohexvlidene-6-deoxy foncibal 1 A B sl Athaide Nk L5 AN

D-4,5-0- \,‘ynluuc yiiGene-6-aeox _y'lll)’U’llanll.Ul'l,"',J tris(dibu ityijpnospnaie Ju
Treatement of triol 2 bv nhosphorvlation method A in the opresenc ihutvlavy
vvvvvvvvvvvv ‘1 A - ~J llvu IIVLJ l“‘lvll BAAVVIAN WS PN L2 F A g yl Wwowilw ivs I.J ivuna

(dt, 1H, Jéeq—()ax=12§ J6eq-l=J63q-5=4o H-66q); 2.3 (q, 1H, J6ax-6eq =J6ax_1=J6ax_5:12, H-6ax); 1.60 (m, 34H,
OCH,CH>, C¢H10); 0.90 (t, 18H, CH3); 13C NMR (50MHz; CDCl3): 8: 111.4 (O-C-0); 80.8 (C-4); 77.4
(C-3); 74.8 (C-2); 73.0 (C-5); 70.6 (C-1); 67.7 (6CH0); 32.4 (6CH,CH>0); 31.8 (C-6); 18.7 (6CH,CH3);
13.6 (6CH3). 3P NMR (81MHz; CDCl3): §: -1.35, -1.10, -0.75 (P;, P4, Ps); (Found C, 52.61; H, 8;94;
P, 10.92; C3H71014P3 requires C, 52.67; H, 8;72; P, 11.32).

D-6-Deoxy- myo- -inosiioi-1 4,' i is(dibutyi)phosphate 31
T~ omliatiaem ~F wicnbhanmbhiata TN MMMy N IA vae Y Dol s nmbeamitaile SN 1Y DE. De M
10 a bUlUllUll Ui uumpuuap iaie ov \LVVILIE, V.24 llllllUl) UlbbUlVCu lll Llly dCCLONITC \ 1VUIIlL), D.l"3 DlZU

(0.5 ml) was added and stirred 12 h at r.t.. After evaporation to dryness, the residue was diluted with dioxane
(10ml) and aq. HCI 37% (1ml) was added. The mixture was stirred over 3 h before neutralization with sodium
bicarbonate and evaporation of organic layer. The residue was chromatographed on silica gel to give 31 (88%);
m.p. 139-141°C; [a]p -17° (¢ 1.1, CHCI3); IH NMR (250MHz; CDCl3): 8: 4.40 (q, 1H, J4.3 =J4.5=9, H-4);
4.30 (m, 1H, H-1); 4.20 (m, 2H, H-2, H-5); 4.0 (m, 12H, CH20); 3.5 (dd, 1H, J3.4=9; J3.2=3, H-3); 2.40
(m, 1H, H-6eq); 2.30 (q, 1H; Jeax-6eq=J6ax-1=J6ax-5=12, H-6ax); 1.60 (m, 12H, CHoCH70); 1.35 (m, 12H,
CH,CH3); 0.90 (t, 18H, CH3). 13C NMR (63MHz; CDCl3): 6: 80.51 (C-4); 73.57 (C-5); 72.29 (C-1); 71.30
(C-2, C-3), 68.48, 67.87 (6CH20); 32.31 (6CH7;CH70); 31.54 (C-6); 18.70 (6CH2CH3); 13.61 (6CH3);
3ip NMR (81MHz; CDCi3): &: -1.23, +0.80 (P;, P4, Ps); (Found C, 47.90; H, 8.86; P, 12.09;
C30Hg3014P3+1/2 HyO requires C, 48.05; H, 8;61; P, 12.39).

D-2,3-0-Cyclohexylidene-6-deoxy-myo-inositol-1,4,5-tris(dihexyl)phosphate 32
Trisphosphate 32 was prepared by phosy horylauon method A from triol 2 in the presence of
dihexyloxy(diisopropylamino)phosphine reagent (60%) [alp +3° (c 0.6, CHCI3); 1H NMR (400MHz, CDCl3):
8: 4.65 (m, 1H, H-1); 4.45 (dd, 2H, J3 4=]4 5=10, H-2, H-4); 4.15 (m, 1H, H-5); 4.05 (m, 13H, H-3, OCH3);
2.50 (dt, 1H, Jeeq-6ax=12, J6eq-1=J6eq-5=4, H-6eq); 2.20 (q, 1H, Jeax-6eq =J6ax-1=J6ax-5=12, H-6ax); 1.60
(m, OCH,CH3, CgH10); 1.30 (m, CHoCH3, CgHp); 0.85 (t, 1H, CH3); 13C NMR (63MHz; CDCl3): &: 111.8
(O-C-0); 80.9 (C-4); 77.5 (C-3); 74.8 (C-2); 72.9 (C-5); 70.6 (C-1); 68.2 (CH,0); 31.9 (C-6); 22.6
(6CH,CH3); 14.0 [6(CH3CH3)s]; 31P NMR (81MHz; CDCl3)' 8: —1 33, -1.08, -0.84 (Py, P4, Ps); (Found
C, 57.95; H, 9.52; P, 9.75; C48Hg5014P3 requires C, 58.28; H, 9.68; P, 9.40).
D-6-Deoxy-myo-inssitel-1,4 5-tris(hexyl)phospha
To a solution of trisphosphate 32 (99 mg, 0.1 mmol) dissolved in dry acetonitrile (5 ml), BF3.Et;0 (0.25
ml) was added and stirred 12 h at r.t.. After evaporation to dryness, the residue was diluted with dioxane (5 ml)
and aq HCI 37% (0.5 ml) was added. The mixture was stirred over 3 h before neutralization with sodium
bicarbonate and evaporation of organic layer. The residue was chromatographed on silica gel to give 33 (80%);
[a¢]p -15° (c 0.4, CHCI3); S.M. (FAB): 909 [MH]+; lH NMR (400MHz, CDCl3): 8: 5.20 (bs, 1H, OH);
4.40 (q, 1H, H-4); 4.30 (m, 1H, H-1); 4.25 (bs, 1H, H-2); 4.20 (m, 1H, H-5); 4.05 (m, 12H, OCHy); 3.60
1

(d, 1H, H-3); 3.05 (bs, 1H, OH); 2.40 (m, 1H, H-6eq); 2.35 (q, 1H, J6ax-6eq =J6ax-1=I6ax-5=12, H-6ax); 1.70

MET  ANFITT NET N 1 AN s 1ATT VT LE N, 0O S TQLY IY A, 137 AINAD 7£INATY.. MM v, R 0N £1

(m, 12H, OCH,CH>); 1.30 (m, 12H, CH»CHj3); 0.90 (t, ish, CH3); *°C NMR (65vMnz; CUCI3): 00 6U.01

VAN, TTY L A RN IV A O 1N T2 LD O QN AN (ACTANY 21 7 (C_AY DA (RCHAOCH-Y 141

(C=4), 12.0 \C-J), 72.94 \(~1), 711.0 (vl UmJ), UZ.UTUOLWY (Uil ), Jl.d \VmUJ, L&.U \Uled i d14), 17701

(6(CH3CH>)s); 31P NMR (8 1MHz; CDCl3): 8: -1.33, -0.99, +1.73 (Py. P4. Ps); (Found C, 55.23; H, 9.61;
P. 9.97: CssHe7014P1 requires C, 5549; H, 9.65; P, 10.22)
3 ZeZ iy QAR NS GE 5 AVHUILS oy SO, RR, FWUT, 1, SV s
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D-6-Deoxy-2,3-di-O-palmitoyl-myo-inositol-1,4,5-tris(dibutyl)phosphate 34
To a solution of diol 31 (74 mg, 0.1 mmol), dissolved in anhydrous CH»Cl (10 ml) were added palmitic
acid (77 mg, 0.3 mmol), dxcyclohexyl carbodiimide (62 mg, 0.3 mmol.) and DMAP (20 mg). The solution was

PSSy | _.s..m £ilemond ac ~al PR s NN L‘h»_.. ..--..‘_ PUPRPS RN [T T |

stirred 6 h at 1.t., filiered on celite and the filtrate was concentrated under reduced pressure. The residue was flash
crystalline diester

r‘hrnmatnorar\h A nn cilica cel ta oive the \ A (TR m o V7209 Tl 29097~ 1 Q LI\

Cgrapied on suica ge: o give e crysia CSIET 38 /870y, MLP. 37-377C0 (0D +6~ (C 1.5, Liili3);
IH NMR (250MHz, CDCI3): §: 5.60 (bs, 1H, H-2); 4.90 (dd, 1H, J3.5,=2.5, J3.4=10, H-3): 4.70 {g. 1H
;;;;;;;;; \&LoVIVAR L, LAaG ). LA A0S, i, 1iv4&), 5.0 (UG, 7 V3-Z=aedy 33471V, X1m0), TV, 111,
J4.3=J4.5=10, H-4); 4.50 (m, 1H, H-1); 4.30 (m, 1H, H-5); 4.05 (m, 12H, OCH>); 2.65 (m, 1H, Joeq-6ax=12,

J6eq-1=J6eg-5=4, H-6€q); 2.35 (m, 4H, CH2CO); 2.20 (q, 1H, J6ax-1=J6ax-5=T6ax-6eq=12, H- 6ax) 1.70 (m, 16H,
CH_2CH2CO CH,CH20); 1.40 (m, 60H, (CHz2)12, CH2CH3); 0.9 (m, 24H, CH3), 13C NMR (63MHz;
CDCl3): 8: 172.6, 172.4 (2C=0), 76.9, 73.3 (C-1, C-4, C-5); 69.5 (C-2; C-3); 68.0 (6CH,0); 32.3
(6CH,CH70); 32.0 (C-6); 18.7 (CH,CH3); 14.2, 13.7 (CH3(CH3)3, CH3(CH3)14); 3'P NMR (81MHz;
CDCl3): &: -2.58, -2.30 (Py, P4, Ps); (Found C, 61.55; H, 10.24; P, 7.49; C¢2H12306P3 requires C, 61.16;
H, 10.18; P, 7.63).
D-6-Deoxy-myo-inositol-1,4,5-tris(dibenzyl)phosphate 35

Trisphosphate 26 (163 mg, 0.15 mmol) was treated with a HC] (1N)/ methanol solution for 2 h at r.t..
The mixture was evaporated to dryness and the residue was purified by flash chormatography on silica gel.
Crystallization gave the tris(dibenzyl)phosphate 35 (76%); m.p. 122°C; [a]p -1° (¢ 1, CH2Cly); 1H NMR
(200MHz, CDCl3): 8: 4.50 (t, 1H, J4-3=J4-5=10, H-4); 4.20 (m, 3H, Jo_3=2, H-1, H-2, H-5); 3.40 (m, 1H,
H-3); 2.30 (m, 2H, H-6ax, H-6eq); (Found C, 64.05; H, 5.27; P, 9.63; C43H5,014P3 requires C, 63.99;
H, 5.47; P, 9.56).

-E

-}v
o~ -
—

mmol), DMAP (10 mg) and [3 benzyloxymymtlc ac1d (40 mg, 0. 12 mmol) 4h of stirring at r.t., the mixture
was filtered on celite and the filtrate was concentrated. The residue was chromatographed on silica gel to give the
crystalline monoester 36 (60%); m.p. 88-90°C; [a]p 0° (c 1, CH,Clp); '"H NMR (200MHz; CDCl3): 8: 4.85
(m, 13H, H-3 et CHyPh); 4.70 (g, 1H, J4.3=J4.5=9, H-4); 4.45 (bs, 2H,CH;Ph); 4.10 (m, 1H, H-1); 4.00 (bs,
1H, H-2); 3.65 (m, LH, H-5); 3.40 (m, IH, CHOBn); 2.50-2.00 (m, 4H, H-6eq, H6ax, CH,C=0); 0.80
(t, 3H, CH3); '3C NMR (50MHz; CDCl3): &: 172.3 (C=0); 79.1 (C-4); 77.1, 76.4, 75.7 (C-1, C-5, C-2); 71.0
(C-3); 33.0 (C-6); (Found C, 65.68; H, 6.73; P, 7.47; Cg9Hg30,¢P3 requires C, 65.70; H, 6.73; P, 7.37).

L o 2 hanevlavelmuniagtnol _meun ievacs Al 1 A8 ¢terdiharouyNabhacebhata 17
V-9« UK)‘A,J Ul‘ p'ul:llLleAy}lllyl I"l-Uyl'l’ll_y(l'lllUDllUl Ly g0 =1L la\u:ucxu._yl/puuap 1dic J

To the diol 35 (95 mg, 0.1 mmol) dissolved in dry CH>Cl» (10 ml) were added DCC (82 mg, 0.24
mmol), DMAP (20 mg) and B-benzyloxymyristic acid (80 mg, 0.24 mmol). After 4h of stirring at r.t., the mixture
was filtered on celite and the filtrate was concentrated. The residue was chromatographed on silica gel to give the
diester 37 (84%); [a]p 0° (¢ 1, CH,Clp); 'H NMR (200MHz; CDCl3): &: 5.65 (bs, 1H, H-2); 5.00 (m, 14H, H-
3, H-4, CH,Ph); 4.40 (m, 6H, H-1, H-5, CH,;Ph); 3.80 (m, 1H, CHOBn); 3.65 (m, 1H, CHOBn); 2.50 (m,
5H, H-6eq, 2CH,C=0); 2.20 (m, 1H, H-6ax); 0.85 (t, 6H, 2CH3); !13C NMR (63MHz; CDCl3): : 170.8,
170.2 (2C=0); 77.1 (C-4); 75.7, 75 .2 (C-1, C-5); 73.4 (C-2); 69.3 (C-3); 32.5 (C-6); (Found C, 68.32; H,
7.06; P, 5.88; CooH11501P3 requires C, 68.51; H, 7.35; P, 5.89).

D-6-Deoxy-3-0-(B-hydroxy)myristoyl-myo-inositol-1,4,5-trisphosphate 38
Tris(dibenzyl)phosphate 36 dissolved in the minimun amount of EtOH 95% was hydrogenated for 2 h
under 4-5 psi in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on
Whatman paper. Tris(hydroxymethyl)aminomethane (TRIS, 2 eq. per phosphate) was added and the aqueous
solution was concentrated in vacuo. After lyophilization, the trisphosphate 38 was precipitated as hexa TRIS-

salt.;[alp 0° (c 0.92, Hy0); 'H NMR (400MHz; D,0): §: 4. 80 (m, 38H, OH, NHj3); 4.40 (m, 1H, OH); 4.10

(m, 2H, H-2, H-5); 3.80 (m, 1H, H-1); 3.50 (dd, 1H, H-4); 2.10 (m, 1H, H-6eq); 2.00 (m, 1H, H-6ax); 1.45
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(m, 2H, CH,CO); 1.20 (m, 20H, (CH»>);0); 0.80 (t, 3H, CH3); (Found C, 38.75; H, 7.72; N, 7.42; P, 7.02;
C47H107034NgP3 requires C, 38.93; H, 7.95; N, 6.10; P, 6.85).

D-6-Deoxy-2,3-di-O-(p-hydroxy)myristoyl-myo-inositol-1,4,5-trisphosphate 39
Trnis(dibenzyi)phosphate 37 dissoived in the minimun amount of EtOH 95% was hydrogenated f or 2 h
mot t1x tha srvncneina AF tha camia nmaATIn ~AE DA INOL Tha ~Aataleat < sl ks £3
1 UIC >dAllIC cuuuuut O1 rase i1v7. 11€ Cat lybl wa

i 1
minomethane (TRIS, 2 eq. per nh snhate) was added and ¢

uly:amnonmaeina NAS, L 4. per Al was atQol al

solutlon was concentrated in vacuo. After lyophilization, the trisphosphate 39 was precipitated as hex
[alp 0° (¢ 1, Hp0); 'H NMR (250MHz; D;0): 8: 4.80 (m, 38H, OH, NH»); 4.40-3.00 (m, 43H, H-1, H-2,
H-3, H-4, H-5, CH(CH3)0, 6 (CH2OH)3); 2.80-2.00 (m, 6H, H-6eq, H-6ax, 2CH;C=0); 1.60-1.00 (m, 40H,
2(CH»)10): 0.80 (t, 6H, 2CH3); (Found C, 44.01; H, 8.52; N, 5.27; P, 6.00; CsgH33036NgP3 requires
C, 43.98; H, 8.46; N, 5.31, P, 5.87)
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™Y o Wy _.F ¥ L MW oo oo 2o ta 11 OAE e s BN __ . N L s A1
D=4=-U=DENZY1-0,0-01QCOXY~mMyQ-=1NO5ILOI=1,4,0=LI IS UIDCENZY 1 PROSPHALE 41

Trial 40 wace rconverted tao the tricfdibenzvlinhacnhate 41 ucine methad in the nrecance of

L1iUY FOU Yy 4o WLl Y Wi bw ww TRl "l‘l’\ul lelu] J}tlllvuyllutv v A uJ“‘E EY R A PAVAN N U 9 9 ) 13 94~ PlvovllVV Vi
dihanzulavuldiiconranviaminonhacnhine reacent (55 ' 1” N (')ann’l CDHCla): S 456 (he TH H-4)
GIDUIAY10A Y GLISUPIOP y1QIRHO Pu S pPiliilt 10aglil (2270, 722 ANV (& VAVARRZ, LA i3 ). O 520 0\06, 103, 4375,
4.3 (m, 2H, H-1, H-5); 3.73 (m, 1H, H-2); 2.43 (m, 1H, H-3ax); 2.33 (m, 2H, H-6ax, H-6eq); 1.33 (m, 1H,
H-3eq); 13C NMR (63MHz; CDCl3): : 75.1, 74.4, 73.7 (C-1, C-2, C-4, C-5); 32.3, 311 (C-3, C-6); (Found
C, 64.19; H, 5.67; O, 21.30; P, 9.12; C55H57013P3,1/2 H20 requires C, 64.27; H, 5.68; O, 21.00; P, 9.04)

D-3,6-dideoxy-myo-inositol-1,4,5-trisphosphate 42
Tris(dibenzyl)phosphate 41 dissolved in the minimun amount of EtOH 95% was hydrogenated for 2 h,

under 4-5 psi, in the presencc of the same amount of Pd/C 10%. The catalyst was removed by filtration on
atmian naner roxvmethvDaminomethane (TRIS. 2 eq. per phosphate) was added and the agueous
ll timaii papcl. uw\uyuxUAy HICULy 1jallnulivuiailc (1o, & Uiy, pul puaus 4alv ] wad aulcu daliu uiv aguouus
SO L..xon was concentrated in vacuo. After lyophilization, the trisphosphate 42 was precipitated as hexa TRIS-salt;
IH NMR (250MHz; CDCl3): 8: 3.70 (m, 4H, H-1, H-2, H-4, H-5); 2.29 (m, 4H, H-3ax, H-3eq, H-6ax H-6eq);
13C NMR (63MHz; CDCl3): 8: 75.6, 73.6, 73.0 (C-1, C-4, C-5); 69.7 (C-2); 35.4, 34.5 (C-3, C-6); 3P NMR
(RIMHz: D-OY: §: 647 (Py. Ps. Pe): (Found : C. 33.13: H 741: N. 7.04: P, 7.04: CanHo1O2:1 NP2 EtOH
\O LIVIN1L, M7 RJJ. UL USTT (L |y, 1 4y X))y (& VHiIN Ny FId Ty KR, TTA, AN, TS, D, T.UT, NJUARR [N 34N 04 5y v aa
requires C, 33.11; H, 7.53; N, 7.23; P, 8.00)

D-2-0-Benzyl-3,6-dideoxy-3-fluoro-myo-inositol-1,4,5-tris(dibenzyl)phosphate 44
3-Fluoro triol 43 was converted to the tris(dibenzyl)phosphate 44 using phosphorylation method A in the

presence of dibenzyloxy(diisopropylamino)phosphine reagent (50%); [a]p -10° (¢ 0.4, CHCI3); 'H NMR

(250MHz; CDCl3): 8: 5.00 (m, 12H1/2, 1/2H-3, 6PhCH,OP); 4.85 (d, 1/2H, J3.4=8, 1/2H-3); 4.75 (m, 1H,
H-1); 4.60 (m, 2H, H-4, H-5); 4.55 (dd, 2H, C2-O-CH;,Ph); 3.95 (bs, 1H, H-2); 2.35 (m, 1H, H-6eq); 2.20
K} \s VA an ~
/

Fl AN 1 7Y TR TY /AR AYT . AT N Qr Y sy T 108N sy
(q, !H Jﬁax 6eq™ Jﬁax_]=.l63x.5=l 1, H-UaX), 20 NMR (03vinz; LDy ) 0. 55’./, 60.7 (L-3; JC3-F=108D); /OU
7N AN, IS N A "l 7oV . | — NI, TAN O A ML DL T T T RN £0 7 (ALY _DLY. 21 Q8 (Y AN
(L~2), 72U, 7147 (L-4, JC4-F= £1); 14U \(L2-U-Lni)rll), /4.0 ("1, L-J), UZ./ (ULTI1Jr1}, J1.0U0 {(--U),
31D WA (QINATY .. AT K. 1 &8 1122 1 N0 /D, D. D\ (Fannd (¢ £7 Q. 1T &§&87. D Q Q9
CAHE INIVIRK (O LIVINEZ, CCi3) 0. -1.wWD9, —1.00, -1.U7 (\I'f, I'4, r'j), \LFUulu , UlL.v0o, 11, J.J7, 1, 0.04,
Cs5H56013FP3, 1/2 H,0 requires C, 62.62; H, 5.54; P, 8.81)

D-3,6-Dideoxy-3-fluoro-myo-inositol-1,4,5-trisphosphate 45
Tris(dibenzyl)phosphate 44 dissolved in the minimun amount of EtOH 95% was hydrogenated for 2 h,
under 4-5 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on

Whatman paper. Tns(hydroxymethyl)ammomethan e (TRIS, 2 eq. per phosphate) was added and the aqueous
me s A et A . Ao T BTl it tho hicmhacmbhnta AR sirnc svranimitatad nec hava TDIC oalts
SOlu[lOﬂ was concentre u:u in vacuo. After 1YOPpPnuiZauoil, e viSpnospidi€ 4o was preCipitalca as ncid i Nio-sdit,
NO /7~ N £ TI M. LY NIMD /ANANRIT. MY R0 &€ 1/kd 11T To... e AQ 1T 2N A4 785 fhe 7 NN A4 985 (mm
L(IJD U~ (C U.O, 12, *I1 INIVIIN \GUULVLILZ, VU ). U0 J. 10U, 1XL, JH3-F=5%0, 1i-J), 7.7 0 \Ud, L1711, Uil), F.40 i,
ATY TY ¢ YT A YT A YT SN, N AL /L. 1T IF £...\. 1 QN 7L 1LY 1T £ !3(“ NRMMD (LANMI. T-NY X. Q00 Q QNN
4H, H-1, i1-2, -4, f-J3); £.23 (DS, 11, n-0€q), 1.7V (DS, 111, I1-Vai), U INIVER \VDIIZ, U ). U0 74.0, UV
(C-3; Jc3.p=175); 73.6, 73.4 (C-2; Jca.p=15); 70.4, 69.6, 69.1, 68.7 (C-1, C-4, C-5); 32.4 (C-6) 31p NMR
JQIMMLI-. VAN R £ EN/D. D, Do (Fannd « O 21 79 T A0 T A CanHonDa 1 NFPA reantires C 31 R0
(O1IVINZ, LU3U). 0. U.IULL], T4, U5), \(FOULU . L, D174, I, 1.5U, 1N, 1.99, L3(MIZ(V 514504 43 Ivyulits o, J1.04,
H 712N 742
Khy {.1&y LN, 1574y
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D-2-0-Benzyl-3,6-dideoxy-3-fluoro-myo-inesitol-1,4,5-tris(dibutyl)phosphate 46

3-Fluoro triol 43 was converted to the tris(dibenzyl)phosphate 44 using phosphorylation method A in the
presence of dibutyloxy(diisopropylamino)phosphine reagent (65%); [a]p -12° (c 0.8, CHCIl3); 'H NMR
(250MHz; CDCl3): &: 5.05 (dd, 1H, Jg3.p=48; J3.4=8, H-3); 4.75 (dd, 2H, CH;Ph); 4.65 (m, 1H, H-1); 4.55

ATXY TY A OTY A S NTY NN A A s 1YY YY -~

(m, 1H, H-5); 4.05 (m, 14H, H-2, H-4, 6CH,0) 2.50 (m, iH, H-6eq); 2.30 (q, IH, Jeax-6eq=T6ax-1= 6ax-5=12,

L ’ 0 £ ’

I Loy 171 (e 19T OLI_ OO0 1 AN (v 191 CLILOIT N A QN 4 191 ALY . 130 NIMR /SNNLT. OO0
n-6axj, 1./1 (in, 120, COjyunzuj, 1.4U (i, 1200, Chguni), UV (I, 1650, UH3), “7U INWVIR (OUMIINZ; CUUI3 )
S8 0N QEE (.2 Voo —wal1Q2 TEQR TR T TR A TFAQ (D (AN 740 (CH_DhLY. 721 /.1 £7Q
0. JU.3, 80.0 \UL-3, JC3-F=103); /3.0, 12./, 13.49, [84.7 \(L-4, U-%), /.o \1nj3rilj, 74.1 (L-1, \,,-.)), U/7.7
(6CH»0); 32.5 (6CH2CH70); 32.1 (C-6); 18.8 (6CH,CH3); 13.6 (6(CH3)3); 31P NMR (81MHz; CDCl3):
d: -129 -1.14. -.093 (P:. P4 P<): (Found C. 53.22: R.14: P, 10.81: C27Hz2O12FPa2 reauires C. 53.36:
Q! -1.29, ~1.14, V.22 (], ¥4, £'5), Found L, 22,24, 1, 8,14, I, 1081, L3768V 13503 requires “, 22.20 M
H, 8.23; P, 11.16)

D-3,6-dideoxy-3-fluoro-myo-inositol-1,4,5-tris(dibutyl)phosphate 47
Tris(dibenzyl)phosphate 46 dissolved in the minimun amount of AcOEt was hydrogenated for 2 h, under
4-5 psi, in the presence of the same amount of Pd/C 10%. The catalyst was removed by filtration on Whatman

o ~ ,I:J_A P D

paper. The organic layer was removed in vacuo to give the dideoxy tris(dibutyl)phosphate 47 quantitatively;
N

NNO £ e BV alhrall TIADN. "TAA TNALT4HT.
[alp -20° (c 0.7, CHCl3); S.M. (FAB): 744 [MH*};

rn
3); 4.65 (m, 1H, H-4); 4.55 (m, 2H, H-1, H-5); 4.35 (bs,

H-6eq); 2.25 (q, 1H, Joax-6eq=Y6ax-1=J6ax-5=12, H-6ax); 1.70 (m, 12H, OCH2CH,); 1.40 (m, 12H, CH2CH3);
0.90 (g, 18H, rﬁg), 13C NMR rmM,sz CDC13): 5:91.2, 88.2 (C-3 Jr~3=;:=18()‘|' 75.5 (C-4); 73.2, 7;; (C-1,

O’\

(SIMHZ CDC]-;) 8 -1 49 -125 -1 15 (PI,P4, P5) (Found C 488
requires C, 48.51; H, 8.41; P, 12.51).

L-5,6-0-cyclohexylidene-3-deoxy-chiro-inositol-1,2,4-tris(dibenzyl)phosphate 48

Cyclohexylidene diol 7 was converted into the tris(dibenzyi)phosphate 48 (75%), using phosphorylation
method A in the presence of dibenzyloxy(diisopropylamino)phosphine reagent; [a]lp -14° (c 0.63, CHClIs);

1Y NIRAD /DINNANATIY. ATV Y. R & n') fm 1\'_7 T, ~—Q T. - A T. - Q LY AN A TN (14
S0 INNIVEIRN (LUUIVITL N 11, 111, J4.3~0 e SRAY)

L-3-deoxy-chiro-inositol-1,2,4-trisphosphate 49
Tris(dibenzyl)phosphate 48 dissolved in the minimun amount of EtOH 95% w

P oW 7o BR WaVs ] o,

under 3 psi, in the presence of the same amount of Pd/C 10%. The catalyst was remov
was dx]uted with water and tris(hydroxymethyl)aminomethane (TRIS, 2 eq per ph
concentration in vacuo. The agueous solution was lyophilized and the Ins(1,4,5)Pz2

alt. 'TH NMR (400MHz, D70): 8: 4.70 (m, 1H, H-4); 4.46 (m, 1H, H-2); 4.23 (m, 2H, H-6, H-5); 3.92

SRS s

-sa 20
H H-1); 2.20 (m, 2H, H-3eq, H-3ax); 3'P NMR (81MHz; D70): &: 6.42-6.33 (P, P2, P4); (Found C,

e 2 4

30.39; H, 7.35; N, 6. 85 C 0H31032N6P3+3 H,O0 requires C, 30.40; H, 7.40; N, 7.09).

hydrogenated for 1 h,

as
/ed by filtration. The filiraie
osphate) was added before

27 was precipitated as hexa

3 &~
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