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ABSTRACT: The partially benzyl protected myo-inositol derivatives 11a and 11b, the C4 and C-14
hydroxyl function(s) of which are protected with temporary transprop-1-enyl protecting group(s), were
readily converted into the respective tile compounds 18a and 18b by sequential methyiphosphonylation,
mild cleavage of the trans-prop-1-enyl group(s), phosphorylation and removal of all permanent benzyl
protecting groups.

It has been shown that agonist stimulation of several receptors results in the hydrolysis of
phosphatidylinositol 4,5-bisphosphate (Ptdins{4,5]P,) to give the second messengers diacylglycerol' and
myo-inositol  1,4,5-trisphosphate (Ins[1.4,5]P3)23. The intracellular second messenger Ins[1,4,5]P, mediates
the release of cakium ions from intracellular stores, initiating several physiological responses. The major
pathway for terminating the action of Ins[1,4,5]P, is dephosphorylaton by a specific 5—phosphatase“ to
give Ins[1,4]P,. The released Ins[1,4]P, is further metabolized via 1- and 4-phosphates to free myo-
inositol, which is recycled to Pidins[4,5]P,. The alternate pathway for Ins[1,4,5]P, inactivation involves the
phosphorylation by a 3-kinase® to give the putative second messenger Ins[1,345]P,°. Subsequent
hydrolysis of the 5-phosphate affords Ins[1,3,4]P37, which is ulimately degraded to myo-inositol via
ins[1,3]P, and/or Ins[3,4]P,.

The complexity of the signal transduction mechanism® has triggered a considerable interest”'® in
the chemical synthesis of myo-inositol phosphates. However, in order to get a deeper insight into the
biological pathways, the availability of myo-inositol phosphates having a modified phosphate at a specific
position would be highly desirable. Up to now, the preparation of 5-modified Ins[1,4,5]P, analogues which
act as long-lived Ca®-agonists, has been reported'™'2. As part of an ongoing programme'®" directed
towards the preparation of myo-inositol phosphates and analogues thereof, we here descrbe the synthesis
of the racemic myo-inositol 3,4-bis- and 1,3,4-trisphosphate analogues 18a and 18b, the 3-phosphate of
which is replaced by a methylphosphonate.

The synthetic route we adopted to attain our goal is based on the following heuristic sequence of
events. The first one comprises the preparation (see Scheme 1) of the precursors 11a and 11b both of
which have a free hydroxyl at C-3 required for the introduction of the methyiphosphonate modification. In
addition, mild cleavage of the temporary trans-prop-1-enyl group{s) at C4 and C-14 in 11a and 11b,
respectively, will engender the possibility to phosphorylate the free hydroxyl function(s). Finally, stepwise
introduction of the methylphosphonate and phosphate esters can be accomplished (see Scheme 2) using
the phosphonylating and phosphitylating reagents 12 and 13, respectively.
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The route to the key precursors 11a and 11b commences, as outined in Scheme 1, with the
preparation of racemic 1,2;4,5-di-O-cyclohexylidene-myo-inositol (1).
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Scheme 1: (a) BzlBr, BaO, Ba(OH),8H,0, DMF; (b) AlBr, NaH, DMF; (c) HOCH,CH,OH (1 eq), pTsOH (cat),
CH,Cl,; (d) BzlBr, NaH, DMF; () ACOHM,0 (41, wn), 95°C; (f) tertbutyldimethylsilyl chioride, pyridine, 50°C; (g)
BzIBr, NaH, DMF; (h) INCOD)[PMePh,LPF, (H,), CICH,CH,CI; 0.5 M tetrabutylammonium fluoride, dioxane.
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Thus reaction of myo-inositol with 1,1-diethoxycyclohexane in the presence of a catalytic amount of acid
at elevated temperature afforded a mixure of three di-O-cyciohexylidene derivatives, from which the
desired compound 1'*'® readily crystallized. Subsequent acid catalyzed treatment of the mother liquid
afforded, after work-up and crystafiization, another quantity of 1. Repetition of the lalter kstal exchange
process ultimately resulted in the isolation of 1 in a total yield of 75%. Regioselective benzylation of 1
according to Vacca et alV
inositol derivatives 2 and 3 in 16 and 48% yield, respectively. On the other hand, selective benzylation'®
of compound 1 in the presence of barium oxide - barium hydroxide afforded almost exclusively the 3-O-
benzyl derivative 3 in 70% yield. Subsequent allylation of the mono-benzyl derivative 3 with allyl bromide
and sodium hydride yielded the crystalline myo-inositol derivative 4a. The diallyl derivative 4b was
obtained after exhaustive allylation of starting compound 1. Stepwise transformation of the mono- and di-
allyl myo-inositol derivatives 4a and 4b into the key compounds 1ta and 11b could be executed in an

analogous way. Thus, selective removal of the trans-cyclohexylidene function in 4a,b to give crystalline

gave, after siica gel column chromatography, the mono-benzylated myo-

5a,b could be realized by trans-ketalization with ethylene glycol in the presence of a catalytic amount of
acid. Benzylation of 5a,b, followed by acidic hydrolysis of the cis-cyclohexylidene function in 6a,b afforded
the 23-diols 7a and 7b in 94 and 90% vyield, respectively. Regioselective silylation'® of the respective
diols 7a,b with tertbutyldimethylsilyl chloride in pyridine at elevated temperature gave exclusively the
mono-substituted derivatives 8a,b in excellent yields. Benzylation of 8a,b afforded the positional isomers
9a,b and 10a,b in a ratio of 4:1. After silica gel column chromatography, the desired myo-inositol
derivatives 9a,b could be isolated in high yield. Isomerization® of the allyl-group(s) in 9a,b into the
isomeric  trans-prop-1-enyl group(s) with 1,5-cyclooctadiene-bis[methyldiphenylphosphineliridium
hexafluorophosphate?’, and subsequent removal of the tertbutyldimethyisilyl group with fluoride ion,
afforded the crystalline trans-prop-1-enyl derivatives 11a and 11b in 86 and 83% vyield, respectively.

The stepwise introduction of the methylphosphonate and phosphate functions is illustrated in
Scheme 2. In the first step, the individual alcohols 11a,b were reacted with a slight excess of the
bifunctional phosphonylating agent  bis{1-(6-trifluoromethyl)benzotriazolyljmethylphosphonate  (12)2 for 15
min at 20°C to give the comesponding putative [1-(6-trifluoromethyt)benzotriazolyljmethyiphosphonate
intermediates. In situ treatment of the latter intermediates with benzyl alcohol in the presence of N-
methylimidazole gave, after 1 h at 20°C, the comesponding methylphosphonate diesters 14a,b. Mild acidic
hydrolysis of the trans-prop-1-enyl group(s) in 14a,b resulted in the isolation of the alcohols 15a,b. The
identity of compound 15a was firmly established by convering it via hydrogenolysis into the fully-
deprotected methylphosphonate derivative 16. 'H- and *'P-NMR data of 16 (see Table) were in excellent
agreement with the proposed structure. Introduction of the phosphate functions was now effected by 1H-
tetrazole-mediated phosphitylation of compounds 15a,b with N,A-dilsopropyl dibenzyt phosphoramidite’>®
(13) and subsequent oxidation of the intermediate phosphite-triesters with tertbutyl hydroperoxide® to
give, after purification by column-chromatography, the fully protected Ins[3,4)P, and Ins[1,3,4]P, analogues
17a and 17b, respectively.
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Scheme 2: (a) 12, dioxane; BzIOH, N-methyiimidazole; (b) 0.1 N HCl in CH,CL/MeOH (1/1, wi); (¢} H-Pd(C),

MeOHH,O /1, wv); (d) 13, 1Hdetrazole, CH,CNICHCI, (171, vi); tertbutyl hydroperoxide; (e) H,Pd(C),
MeOHH,O (4/1, V).

Finally, removal of all benzyl protecting groups was accomplished by hydrogenolysis over palladium
on charcoal to afford the 3-methyiphosphonate analogues 18a and 18b without the occurrence of
phosphonate or phosphate migration to adjacent positions, as evidenced from the NMR data presented in
the Table. In addition, the structures of the analogues 18a,b could be further corroborated by selective
phosphorus decoupling experiments of the *H-NMR spectra.
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Table 'H- and *'P-NMR data® of compounds 16 and 18a,b.

Chemical shifts®

H-1 H-2 H3 H4 H-5 H-6 CH, P-1 P-3 P4
16 356 419 399 373 333 365 140 29.12
18a 358 417 419 431 349 370 144 3044 078
18b 404 437 424 435 356 383 146 025 3069 081

Coupling constants®

Hi-H2 H2-H3 H3-H4 H4HS HS-HE HE-H1 CH;-P  H1-P1 H3-P3 H4-P4
16 27 2.8 9.9 9.4 9.1 9.9 16.8 9.1
18a 27 28 8.6 9.0 9.3 9.9 171 9.7 85
18b 28 27 9.7 9.0 95 9.8 171 8.6 9.7 8.7

a) Samples of 16 and 18a,b are 20 mM in D,0 and adjusted to pH = 2.0 (T = 300 K). b) H-shifts (5) are given in
ppm relative 1o tetramethyisilane, but referenced to D,O at & 4.80. *'P-shifts (5) are given in ppm relative to the
extenal standard H,PO,. ¢) Coupling constants are in Hertz by first-order analysis.

The results presented in this paper clearly indicate that a judicious choice of protecting groups and
phosphorylating reagents may give access to myo-inositol phosphate analogues having a
methylphosphonate and natural phosphate functions at specific positions.

EXPERIMENTAL

General methods and materials

Acetonitrile, dichloromethane, pyridine and triethylamine were dried by heating with CaH, (10 g per lire), under
reflux, for 16 h and then distilled. Pyridine was redistilled from p-toluenesulfonyl chioride (60 g per litre) and KOH
(25 g per lire). N,N-dimethylformamide was stimed with CaH, (10 g per litre) for 16 h and then distiled under
reduced pressure. Dioxane and 1.,2-dichloroethane were distiled from LiAIH, (5 g per litre). Ether and toluene were
distiled from P,O;. Methanol and ethanol were dried by refluxing with the corresponding magnesium alkoxides and
then distiled. Methanol was stored over molecular sieves 3A. Acetontrile, dichioromethane, pyridine, NN-
dimethylformamide, 1,2-dichloroethane and ethanol were stored over molecular sieves 4A. Dioxane was stored over
molecular sieves 5A. Ether and toluene were stored over sodium wire. Triethylamine was stored over CaH,.
Methylphosphonic dichloride (Janssen, Belgium), benzyl alcohol and A-methylimidazole were distiled before use. 1H-
Tetrazole was purchased from Janssen (Belgium). Myo-inositol was purchased from Pfanstiehl Laboratories Inc.
(USA). Tertbutyl hydroperoxide (80% solution in di-tertbutyl peroxide) was purchased from Merck-Schuchardt
(Germany). Palladium on activated charcoal (10%) was purchased from Fluka (Switzerland). Sephadex C-25 was
purchased from Pharmacia (Sweden).

1-Hydroxy-6-trifluoromethylbenzotriazole® was dried in vacuo over P,O; for 70 h at 50°C.

Triethylammonium bicarbonate buffer (TEAB, 2 M): a midure of triethylamine (825 mlL) and water (2175 mlL) was
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saturated with carbon dioxide gas at 0°C until pH 7.0.

Schigicher & Schilll (Germany) DC Fertigiolien F 1500 LS 254 were used for TLC analysis. The following eluents
were used: A, hexane/Et,O, 50/50, vv; B, hexane/EtOAc, 50/50, viv; C, EtOAc; D, CH.Cl/facetone, 97/3, viv; E,
CH,CL/MeOH, 95/5, viv. Compounds were detected under UV light and by spraying with a solution of KMnO, (10 g)
in 2% aqueous Na,CO, or a soktion of ammonium molybdate (25 g) and ceric ammonium sulfate (10 g) in 10%
aqueous H,SO,, followed by heating at 100°C. Column chromatography was performed on Merck Kieselgel 60 (230-
400 mesh, ASTM). Metting points are uncorrected.

'HNMR spectra were recorded on a Bruker WM-300 spectrometer, equipped with an ASPECT-2000 computer
operating in the Fourier transiorm mode at 300 MHz. '°C- and 'P-NMR spectra were recorded on a Jeol JNM-FX
200 spectrometer on line with a JEC 980B computer at 50.1 and 80.7 MHz, respeciively. 'H- and '*C-chemical shifts
are given in ppm (5) relative to tetramethylsilane (TMS) as intemal standard and 3'p-chemical shifts in ppm (5) to
85% H,PO, as extemal standard.

1,1-diethoxycyclohexane

To a soltion of cyclohexanone (51.74 mL, 050 mol} and triethyl orthoformate (83.05 mL, 0.50 mol) in dry EtOH
(100 mL) was added pioluenesulfonic acid monohydrate (0.10 g, 0.53 mmol). The exothermic reaction was stired
for 3 h at 20°C, neutralized with NaOMe and concentrated .in vacuo. Distilation (94°C/4.67 kPa) of the crude
product afforded 1,1-diethoxycyclohexane (77.41 g, 90% vyield), as a colourless liquid.

“C{'H}-NMR (CDCL): § 1551 (2 x CH,, ethyl), 2295, 2567 and 33.79 (5 x CH,, cyclohexylidene), 54.69 (2 x CH,
ethyl), 99.96 (Cq, cyclohexylidene).

THNMR (CDCL): & 1.17 (1, 6H, 2 x CH,, ethyl, J = 7.0 Hz), 1.32-1.66 (m, 10H, 5 x CH,, cyclohexylidene), 3.46 (q,
4H, 2 x CH,, ethyl, J = 7.0 H2).

1,2:4,5-di-O-cyclohexylidene-myo-inositol (1)

A mixture of myo-inositol (27.00 g, 150.00 mmol), 1,1-diethoxycyclohexane (67.50 g, 39244 mmol) and p-
toluenesulfonic acid monohydrate (0.50 g, 2.63 mmol) in DMF (375 mL) was stired at 95°C for 2 h. The reaction
midure was cooled, diluted with CH,CL, and washed with H,0, 1 M NaHCO, and H,O. The organic layer was dried
over MgSO, and concentrated in vacuo. Crystallization from acetone/hexane afforded compound 1 (1275 g, 25%
yiekd). After concentration of the mother liquor the resulting syrup was dissoved in DMF (300 mL) and p-
toluenesulfonic acid monohydrate (0.40 g, 2.11 mmol) was added and stired for 2 h at 95°C. Workup and
crystallization as described above afforded another portion of 1 (9.25 g, 18% vyield). Repetition of this procedure
afforded 1,2:4,5-di-O-cyclohexylidene-myo-inositol (1) in a total yield of 75%. R, 0.12 (system D), R, 0.49 (system E).
Mp 179.5-180.5°C; fit.'® mp 172-174°C.

BCH}NMR (CDCL): § 2342, 2380, 24.70, 3484, 3621 and 3755 (10 x CH, cyclohexyliidene), 69.67, 74.84,
77.12, 77.38, 77.82 and 81.26 (C-1, C-2, C-3, C4, C-5 and C-6), 110.58 and 112.97 (2 x Cq, cyclohexylidene).

'H-NMR (CDCL): & 1.35-1.76 (m, 20H, 10 x CH,, cyclohexylidene), 264 (d, 1H, 3-OH (exchangeable)), 2.83 (d, 1H,
6-OH (exchangeable)), 3.31 (dd, 1H, H-5, J;g = 105 Hz), 3.82 (dd, 1H, H4, J,5 = 9.5 Hz), 3.88 (ddd, 1H, H-6, Jg;
= 6.5 Hz, Jgo = 3.0 Hz), 4.02 (ddd, 1H, H-3, J;, = 10.0 Hz, Jion = 90 Hz), 407 (dd, 1H, H-1, J,, = 5.0 Hz), 448
(dd, 1H, H-2, J,; = 45 Hz).

6-O-benzyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol  (2) and 3-O-benzyl-1,2:4,5-dI-O-cyclohexylidene-myo-
Inositol (3)

To a suspension of compound 1 (6.80 g, 20.00 mmol), barium oxide (6.14 g, 40.00 mmol) and barium hydroxide
octahydrate (0.79 g, 250 mmol) in DMF (100 mL) was added dropwise benzyl bromide (2.65 mL, 22.28 mmol) at
20°C. The reaction mixture was stimed for 72 h at 20°C. Afler addiion of MeOH, the reaction mixiure was
neutralized with ACOH/H,O (1/1, wv) and concentrated in vacuo. The residue was taken up in CH,Cl, washed with
H,O (3x), 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentrated in vacuo. Silica gel
column chromatography (125 g, elution: CH,Cl/acetone, 100/0 to 97.525, vA) of the crude product afforded
compound 2 (0.34 g, 4% yield). R, 0.17 (system A), R, 0.36 (system D). Mp 132-133°C (from Et,Omexane); t%® mp
135-136°C.

BC{HL-NMR (CDCL): & 2345, 23.65, 2391, 2479, 2488, 3501, 3621, 3644 and 3735 (10 x CH,
cyclohexylidene), 71.74 (OCH,, B2l), 69.70, 77.15, 77.53, 78.11, 80.15 and 80.53 (C-1, C-2, C-3, C4, C-5 and C-6),
110.35 and 112.77 (2 x Cq, cyclohexylidene), 127.37-128.10 (5 x CH, aromatic), 138.06 (Cq, Bzl).

'H-NMR (CDCL): & 1.341.73 (m, 20H, 10 x CH,, cyclohexylidene), 2.40 (d, 1H, 3-OH (exchangeable)), 3.36 (dd,
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1H, HS5, Jss = 105 Hz), 3.65 (0d, TH, H6, Jg, = 6.0 Hz), 3.78 (dd, TH, H4, J,5 = 9.5 Hz), 3.97 (ddd, 1H, H3, J,,
= 100 Hz, Jyqy = 95 Hz), 4.18 (dd, 1H, H1, J,, = 5.0 Hz), 445 (dd, 1H, H-2, J,5 = 45 Hz), 486 (s, 2H, OCH,,
Bzl), 7.26-7.44 (m, 5H, H aromatic).

and compound 3 (6.04 g, 70% yiekd). R, 0.18 (system A), R; 0.30 (system D). Mp 108-110°C (from Et,Othexane).
BCHINMR (CDCL): & 23.30, 23.48, 23.65, 24.67, 34.81, 3598, 3627 and 3746 (10 x CH, cyclohexyiidene),
7128 (OCH,, Bz), 74.37, 7452, 75.77, 7639, 78.14 and 8106 (C-1, C-2, C-3,'C4, C5 and C#6), 11026 and
11251 (2 x Cq, cyclohexylidene), 127.40-128.01 (5 x CH, aromatic), 137.79 (Cq, Bzl).

'H-NMR (CDCL): & 1.20-1.78 (m, 20H, 10 x CH, cyclohexylidene), 252 (d, 1H, 6-OH (exchangeable)), 3.26 (dd,
1H, H5, Jsq = 10.0 Hz), 378 (d&d, 1H, H3, Jy, = 10.0 Hz), 388 (ddd, 1H, H6, Jg; = 7.0 Hz, Jgoy = 3.0 Hz), 394
(@d, H, H1, J,, = 45 Hz), 404 (dd, 1H, H4, J,; = 95 Hz), 436 (dd, 1H, H2, J,; = 40 Hz), 487 (AB, 2H,
OCH,, Bzl), 7.25-7.45 (m, 5H, H aromatic).

6-O-allyl-3-O-benzyl-1,2:4,5-di- O-cyclohexylidene-myo-inositol (4a)

To a solution of compound 3 (454 g, 10.56 mmol) and NaH (0.32 g, 13.33 mmol) in dry DMF (50 mL) was added
dropwise allyl bromide (0.98 mL, 11.58 mmol) at 0°C. The reaction mixture was stired for 2 h at 20°C. Excess
NaH was destroyed with MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in
CH,Cl,, washed with H,0, 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentraled in
vacuo. Crystallization from EtOHM,O afforded homogeneous 4a (481 g, 97% yiekl). R, 0.71 (system D). Mp 89.5-
90.5°C.

BC{'H-NMR (CDCL): § 2345, 23.74, 2488, 2494, 3513, 3627, 3636 and 3749 (10 x CH, cycichexylidene),
71.07 and 71.48 (2 x OCH,, Al and Bzl), 74.37, 76.12, 76.56, 78.26, 80.15 and 80.65 (C-1, C-2, C3, C-4, C-5 and
C-6), 110.32 and 11251 (2 x Cq, cyclohexylidene), 117.06 (=CH,, Al), 127.60-128.22 (5 x CH, aromatic), 134.76 (-
CH=, All), 137.94 (Cq, Bz).

'H-NMR (CDCL): 5 1.29-1.83 (m, 20H, 10 x CH,, cyclohexyiidene), 3.28 (dd, 1H, H5, J;g = 105 Hz), 364 (dd, 1H,
H6, Jg, = 65 Hz), 3.74 (dd, 1H, H-3, J;, = 10.0 Hz), 400 (dd, 1H, H-1, J;, = 50 Hz), 403 (dd, 1H, H4, J, =
95 Hz), 428-4.31 (m, 2H, OCH,, All), 434 (dd, 1H, H-2, J,5 = 40 Hz), 487 (AB, 2H, OCH,, Bzl), 5.15-5.36 (m,
2H, =CH,, All), 5.89-6.02 (m, 1H, -CH=, All), 7.26-7.42 (m, 5H, H aromatic).

3,6-dI-O-allyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol (4b)

To a soiution of compound 1 (4.76 g, 14.00 mmol) and NaH (0.84 g, 35.00 mmol) in dry DMF. (70 mL) was added
dropwise allyl bromide (2.61 mL, 30.85 mmol) at 0°C. The reaction mixture was stimed for 2 h at 20°C. Excess
NaH was destroyed with MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in
CH,Cl,, washed with H,O, 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentrated in
vacuo. Crystallization from EtOH/H,O afforded homogeneous 4b (553 g, 94% yield). R, 0.56 (system D). Mp 63-
64.5°C.

SC{'H}-NMR (CDCL): & 2342, 2368, 23.77, 24.91, 35.13, 3630 and 37.44 (10 x CH,, cyclohexylidene), 70.78 and
71.07 (2 x OCH,, All), 74.66, 75.86, 76.42, 78.26, 80.18 and 80.65 (C-1, C-2, C-3, C-4, C-5 and C-6), 110.29 and
112.45 (2 x Cq, cyclohexylidene), 117.03 and 117.68 (2 x =CH,, All), 134.64 and 134.73 (2 x -CH=, All).

'H-NMR (CDCLy): 3 1.26-1.80 (m, 20H, 10 x CH,, cyclohexylidene), 3.32 (dd, 1H, H-5, J;5; = 105 Hz), 364 (dd, 1H,
H-6, Js, = 6.5 Hz), 3.78 (dd, 1H, H3, Jy, = 10.0 Hz), 397 (dd, 1H, H4, J,5 = 9.5 Hz), 4.07 (dd, tH, H1, J,, =
5.0 Hz), 4.23-437 (m, 4H, 2 x OCH,, All), 4.46 (dd, 1H, H-2, Jz_3 = 4.0 Hz), 517537 (m, 4H, 2 x =CH,, All), 591-
6.04 (m, 2H, 2 x -CH=, All).

6-O-allyl-3-O-benzyk1,2- O-cyclohexylidene-myo-inositol (5a)

A solution of compound 4a (442 g, 940 mmol) in 0.1 M ethylene glycol in CH,Cl, (94 mL, 9.40 mmol) in the
presence of poluenesulionic acid monohydrate (75 mg, 0.39 mmol) was stired for 2 h at 20°C. After neutralization
with Et,N the reaction mixture was washed with H;O, 1 M NaHCO, and H,O. The organic layer was dried over
MgSO, and concentrated in vacuo. Siica gel column chromatography (40 g, elution: CH,CL/MeOH, 100/0 to 95/5,
vA) of the crude product afforded pure 5a (293 g, 80% yiel). R, 046 (system E). Mp 1255-1265°C (from
CH,Cl,/hexane).

BC{'H}-NMR (CDCL,): & 2356, 23.83, 24.88, 3507 and 3764 (5 x CH, cycihexylidene), 71.36, 72.74, 7338,
7712, 7872 and 8179 (C1, C-2, C3, C4, C5 and C6), 7233 (2 x OCH, Al and Bz), 11035 (Cq,
cyclohexylidene), 117.24 (=CH,, All), 127.84-128.36 (5 x CH, aromatic), 134.87 (-CH=, All), 137.88 (Cq, Bzl).

'HNMR (CDCL): & 1.22-181 (m, 10H, 5 x CH, cyclohexylidene), 270 (s (br), 2H, 4-OH and 5-OH,
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(exchangeable)), 3.34 (dd (br), 1H, H5, Jg, = 95 Hz), 3.46 (dd, 1H, H-6, Jg, = 7.0 Hz), 352 (dd, 1H, H3, Jy, =
95 Hz), 395 (dd (b, 1H, H4, J,s = 95 Hz), 401 (dd, 1H, H-1, J,, = 50 Hz), 416423 (m, 1H, OCH,, All, 431
(dd, H, H2, J,5 = 40 Hz), 438445 (m, 1H, OCH, AN, 477 (AB, 2H, OCH,, Bzl), 516-534 (m, 2H, =CH, AW,
5.88-6.03 (m, 1H, -CHw, All, 7.30-7.44 (m, 5H, H aromatic).

3,6-di-O-allyl-1,2-O-cyclohexylidene-myo-inosiol (Sb)

A solution of compound 4b (5.25 g, 1250 mmol) in 0.1 M ethylene glycol in CH,Cl, (1256 mL, 1250 mmol} in the
presence of ptoluenesulfonic acid monohydrate (95 mg, 0.50 mmol) was stimed for 2 h at 20°C. After neutralization
with Et,N the reaction mixiure was washed with H,0, 1 M NaHCO, and H,0. The organic layer was dried over
MgSO, and concentrated in vacuo. Silica gel column chromatography (40 g, elution: CH,Cl/MeOH, 100/0 to 955,
vA) of the crude product afforded pure 5b (3.02 g, 71% yield). R, 0.35 (system E). Mp 1265-127°C (from
CH,Cl/hexane).

BC{H]-NMR (CDCL): & 2348, 23.80, 24.88, 3516 and 3758 (5 x CH, cyclohexylidene), 71.34, 7282, 73.26,
76.88, 78.78 and 8182 (C-1, C-2, C-3, C4, C5 and C-6), 7230 (2 x OCH,, All), 11046 (Cq, cyclohexylidene),
117.27 and 117.82 (2 x =CH,, All), 134.67 and 134.82 (2 x -CH=, All).

'H-NMR (CDCL): & 1.27-1.83 (m, 10H, 5 x CH,, cyclhexylidene), 2.85 (d, 1H, 4-OH, (exchangeable)), 2.86 (d, 1H,
5-OH, (exchangeable)), 3.36 (ddd, 1H, H-5, Jsg = 95 Hz, Jso = 20 Hz), 347 (dd, 1H, H-6, Jg; = 7.0 Hz), 349
(dd, 1H, H3, J,, = 95 Hz), 390 (ddd, 1H, H-4, J,5 = 95 Hz, J,o = 20 Hz), 407 (dd, TH, H-1, J,, = 5.0 Ha),
4.17-430 (m, 3H, 2 x OCH,, All), 439-4.46 (m, 1H, 2 x OCH,, All), 4.44 (dd, 1H, H-2, Jza 40 Hz), 5.17-5.36 (m,
4H, 2 x =CH,, Ali), 5.89-6.05 (m, 2H, 2 x -CH=, All).

4-O-allyl-1,5,6-tri-O-benzyl-myo-inositol (7a)
To a solution of compound 5a (277 g, 7.10 mmol) and NaH (0.43 g, 17.92 mmol) in dry DMF (35 ml) was added
dropwise benzyl bromide (1.86 mL, 15.64 mmol) at 0°C. The reaction mixture was stimed for 2 h at 20°C. Excess
NaH was destroyed with MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in
CH,Cl,, washed with H,0, 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentrated in
vacuo. The crude 6a was stired in a mixture of AcOH and H,O (35 mL, 4/1, vv) for 2 h at 95°C. The reaction
mixture was cooled and concentrated in vacuo and coevaporated with toluene (3 x 50 mlL). The residue was taken
up in CH,Cl,, washed with H,O, 1 M NaHCO, and H,Q. The -organic layer was dried over MgSO, and concentrated
in vacuo. Silica gel column chromatography (30 g, elution: CH,Ci/MeOH, 1000 to 95/5, vi) of the crude product
afforded pure 7a (3.27 g, 94% yield). R, 0.16 (system D), R; 0.59 (system E). Mp 98-99°C (from Et,Ormexane); iit”
mp 99-101°C.
3C{'H}-NMR (CDCl,): & 69.35 and 71.71 (C-2 and C-3), 7262, 74.34, 75.72 and 75.89 (4 x OCH, Al and Bz,
79.89, 81.06, 8153 and 83.25 (C-1, C4, C5 and C-6) 11703 (=CH,, All), 127.60-12851 (15 x CH, aromatic),
135.17 (-CH=, All), 137.85, 138.58 and 138.73 (3 x Cq, Bzl).
1H NMR (CDCL): & 253 (s (br), 1H, 2-OH, (exchangeable)), 254 (d, 1H, 3-OH, (exchangeable)), 3.42 (dd, 1H, H-5,
= 95 Hz), 344 (ddd, 1H, H3, J;, = 95 Hz, Jyq = 5.0 Hz), 345 (dd, 1H, H1, J;, = 3.0 Hz), 3.71 (dd, 1H, H-
4 J,,‘5 9.5 Hz), 393 (dd, 1H, H6, Js, = 95 Hz), 422 (dd (br), 1H, H2, J,; = 3.0 Hz), 422429 (m, 1H, OCH,,
All), 4.38-446 (m, 1H, OCH,, All), 467-4.92 (m, 6H, 3 x OCH,, Bzl), 515631 (m, 2H, =CH,, All), 5.88-6.02 (m, 1H,
-CH=, All), 7.25-7.36 (m, 15H, H aromatic).

1,4-di- O-allyl-5,6-di- O-benzyl-myo-inositol (7b)

To a solution of compound 5b (2.68 g, 7.88 mmol) and NaH (0.47 g, 19.58 mmol) in dry DMF (40 mlL} was added
dropwise benzyl bromide (2.06 mL, 17.32 mmol) at 0°C. The reaction mixiure was stimed for 2 h at 20°C. Excess
NaH was destroyed with MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in
CH,Cl,, washed with H,0, 1 M NaHCO, and H,O. The organic layer was dried over MgSO, and concentrated in
vacuo. The crude 6b was stired in a mixture of AcOH and H,O (40 mL, 4/1, viv) for 2 h at 95°C. The reaction
mixture was cooled and concentrated in vacuo and coevaporated with foluene (3 x 50 mL). The residue was taken
up in CH,Cl,, washed with H,0, 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentrated
in vacuo. Silica gel column chromatography (40 g, elution: CH,Cl/MeOH, 100/0 to 95/5, vA) of the crude product
afforded pure 7b (3.12 g, 90% yiekl). R, 0.11 (system D), R, 048 (system E). Mp 76.5-78°C (from CH,Cl/hexane);
it mp 78-80°C.

BC{'H}NMR (CDCl,): & 69.29 and 71.45 (C-2 and C-3), 71.54, 74.14, 7545 and 7569 {4 x OCH,, Al and Bz),
79.48, 80.83, 81.26 and 8296 (C-1, C4, C-5 and C-6), 116.83 and 117.38 (2 x =CH,, All), 127.37-128.13 (10 x CH,
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aromatic), 134.41 and 134.93 (2 x -CH=, Al), 138.38 and 138.47 (2 x Cq, Bz)).

'"H-NMR (CDCL): 8 275 (d, 1H, 2-OH, (exchangeable), 277 (d, 1H, 3-OH, (exchangeable)), 3.36 (dd, 1H, H1, J,,
= 30 Hz), 340 (dd, 1H, H5, Jg, = 95 Hz), 347 (ddd, 1H, H3, Jy, = 95 Hz, Sy = 50 Hz), 370 (dd, 1H, H4,
s = 95 Hz), 388 (dd, 1H, H8, Jg, = 95 Hz), 4.164.28 (m, 3H, 2 x OCH,, All, 4.20 (ddd, TH, H2, J,5 = 30 Hz,
J,on = 10 Hz), 438445 (m, 1H, 2 x OCH,, Al), 477489 (m, 4H, 2 x OCH,, Bal), 515533 (m, 4H, 2 x =CH,,
All), 5.86-6.02 (m, 2H, 2 x -CH=, All), 7.25-7.34 (m, 10H, H aromatic).

4-O-allyl-1,5,6-tri- O-benzyl-3-O-tert-butyidimethyisiiyl-myo-inoshol (8a)

A mixture of compound 7a (245 g, 5.00 mmol) and tertbutyldimethyisilyl chioride (1.85 g, 12.29 mmol) in pyridine
(25 mL) was stimed for 16 h at 50°C. The reaction mixture was cooled, concentrated in vacuo, taken up in CH,CL,
and washed with H,0, 1 M NaHCO, and H,0. The organic layer was dried over MgSO, and concentrated in vacuo.
Sitica gel column chromatography (35 g, elution: hexane/Et,0, 100/0 to 50/50, wv) of the crude product afforded
pure 8a (254 g, 84% yield). R, 0.44 (system A). Mp 62.5-63.5°C (from pentane).

BC'HINMR (CDCL): & 493 and 455 (2 x SHCHy, TBDMS), 17.99 (C(CH,), TBDMS), 2578 (3 x C(CHy),
TBDOMS), 7093 and 73.32 (C-2 and C-3), 72.82, 74.46 and 75.80 (4 x OCH, Al and Bzl), 79.39, 81.06 and 83.25
{C1, C-4, C5 and C-6), 116.30 (=CH,, All), 127.46-128.33 (15 x CH, aromatic), 135.14 (-CH=, All), 138.06, 138.67
and 138.82 (3 x Cq, Bzl).

'H-NMR (CDCL): § 0.06 (s, 3H, SiCH), TBDMS), 0.10 (s, 3H, S{CH,),, TBDMS), 0.90 (s, 9H, C(CH,), TBDMS),
243 (s (br), 1H, 2-OH, (exchangeable)), 3.36 (dd, 1H, H-5, J;q = 95 Hz), 337 (dd, 1H, H1, J,, = 3.0 Hz), 345
(dd, 1H, H3, Jy, = 95 Hz), 3.62 (dd, 1H, H4, J,5 = 9.5 Hz), 380 (dd (br), 1H, H2, J,5 = 3.0 Hz), 3.97 (dd, 1H,
H-6, Jg, = 95 Hz), 421-434 (m, 2H, OCH, All, 468-494 (m, 6H, 3 x OCH, Bz), 5.10-5.26 (m, 2H, =CH,, All),
5.87-6.00 (m, 1H, CH=, All), 7.27-7.39 (m, 15H, H aromatic).

1,4-dI-G-allyl-5,6-di- O-benzy|-3- O-tert-butyldimethyisilyl-myo-inositol (8b)

A mixture of compound 7b (220 g, 5.00 mmol) and tertbutyldimethylsilyl chloride (1.85 g, 12.29 mmol) in pyridine
(25 mL) was stired for 16 h at 50°C. The reaction mixture was cooled, concentrated in vacuo, taken up in CH,Cl
and washed with H,0, 1 M NaHCO, and H,O. The organic layer was dried over MgSO, and concentrated in vacuo.
Silica gel column chromatography (35 g, elution: hexane/ELO, 100/0 to 50/50, wv) of the crude product afforded
pure 8b (252 g, 91% vyield). R, 0.48 (system A). Mp 59-60.5°C (from pentane).

SC{'H}-NMR (CDCL): & 493 and 458 (2 x Si(CH,), TBDMS), 17.96 (C(CH,), TBDMS), 2575 (3 x C(CHy),
TBDMS), 70.98 and 73.26 (C-2 and C-3), 71.95, 74.46 and 75.77 (4 x OCH,, All and Bzl), 79.25, 81.00 and 83.16
(C-1, C-4, C-5 and C-6), 116.30 and 117.30 (2 x =CH,, All}, 127.43-128.22 (10 x CH, aromatic), 134.76 and 135.08
(2 x -CH=, All), 138.61 and 138.73 (2 x Cq, B2l).

'H-NMR (CDCL): & 0.13 (s, 3H, Si(CH,),, TBDMS), 0.14 (s, 3H, Si(CH;),, TBDMS), 093 (s, 9H, C(CH,), TBDMS),
246 (s (br), 1H, 2-OH, (exchangeable)), 3.31 (dd, tH, H-1, J,, = 3.0 Hz), 336 (dd, 1H, H5, J;5 = 95 Hz), 351
(dd, 1H, H3, J,, = 95 Hz), 363 (dd, 1H, H4, J,5 = 95 Hz), 393 (dd, 1H, H6, Jg; = 95 Hz), 401 (dd (bv), 1H,
H-2, J,5 = 3.0 Hz), 419-436 (M, 4H, 2 x OCH,, All, 478-491 (m, 4H, 2 x OCH,, Bzl), 5.11-563 (m, 4H, 2 x
=CH,, All), 5.88-6.04 (m, 2H, 2 x -CH=, All}, 7.28-7.34 (m, 10H, H aromatic).

4-O-allyl-1,2,5,6-tetra- O-benzyl-3- O-tert-butyldimethyisilyl-myo-inositol (9a) and 4-O-allyl-1,3,5,6-tetra-O-benzyl-2-
O-tert-butyldimethy!sityl-myo-inositol (10a)

To a solution of compound 8a (2.02 g, 3.34 mmol) and benzyl bromide (0.45 mL, 3.78 mmol) in DMF (15 mL) was
added NaH (0.10 g, 4.17 mmol). The reaction mixture was stimed for 2 h at 20°C. Excess NaH was destroyed with
MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in CHCl, washed with H,0, 1 M
NaHCO, and H,O. The organic layer was dred over MgSO, and concentrated in vacuo. Siica gel column
chromatography (30 g, elution: hexane/Et,0, 100/0 to 80/20, vi) of the crude product afforded pure compound 9a
(1.72 g, 74% yield), as an oil. R, 0.55 (system A).

BC{'H}NMR (CDCL): & 464 (2 x Si(CH,), TBDMS), 18.05 (C(CH,), TBDMS), 2580 (3 x C(CH,), TBDMS),
72.80, 74.43, 74.90, 75.74 and 75.89 (5 x OCH,, All and Bzl), 73.93 (C-2), 79.42, 80.53, 81.38, 81.73 and 83.89 (C-
1, C3, C4, C5 and C-6), 116.16 (=CH,, Al), 127.17-12828 (20 x CH, aromatic), 13540 (-CH=, Al), 138.40,
138.79, 138.93 and 139.25 (4 x Cq, Bzl).

'H-NMR (CDCL): & 0.04 (s, 3H, =i(CH,), TBDMS), 0.10 (s, 3H, SiCH,), TBDMS), 091 (s, 9H, C(CH,), TBDMS),
337 (dd, 1H, H-1, J,; = 25 Hz), 3.38 (dd, 1H, H5, Jsg = 95 H2), 345 (dd, 1H, H3, J;, = 95 Hz), 3.74 (dd, 1H,
H-2, J,5 = 25 Hz), 3.77 (dd, 1H, H4, J, = 95 Hz), 401 (dd, 1H, H6, J;, = 95 Hz), 429431 (m, 2H, OCH,,
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All), 4.60-492 (m, 8H, 4 x OCH,, Bzl), 5.10-5.28 (m, 2H, =CH,, Al), 5.88-6.03 (m, 1H, -CH=, Al), 7.24-7.34 (m,
20H, H aromatic).

and compound 10a (0.42 g, 18% yield), as an oil. R, 0.50 (system A).

“C{'H}-NMR (CDCL): 8 4.73 (2 x Si(CH,),, TBDMS), 18.49 (C(CH,);, TBDMS), 2584 (3 x C(CHy), TBDMS), 69.53
(C-2), 7265, 72.77, 74.37, 75.63 and 76.04 (5 x OCH,, Ak and Bzi), 80.53, 80.71, 80.97, 81.32 and 83.54 (C-1, C-
8, C-4, C-5 and C-6), 11654 (=CH,, All), 127.37-128.13 (20 x CH, aromatic), 135.34 (-CH=, All), 138.23, 138.32 and
138.76 (4 x Cq, Bzi).

'H-NMR (CDCL): & 0.04 (s, 3H, Si(CH,),, TBDMS), 0.05 (s, 3H, Si(CHy),, TBDMS), 0.88 (s, 9H, C(CH,),; TBDMS),
3.20 (dd, 1H, H-3, J;, = 95 Hz), 3.26 (dd, 1H, H-1, J,, = 20 Hz), 3.40 (dd, 1H, H-5, J;5 = 95 Hz), 384 (dd, 1H,
H-4, J,5 = 95 Hz), 393 (dd, 1H, H-6, J;, = 95 Hz), 421 (dd, 1H, H2, J,5 = 20 Hz), 4274.41 (m, 2H, OCH,,
All), 461-490 (m, 8H, 4 x OCH,, Bzl), 5.13-5630 (m, 2H, =CH,, All), 592-6.05 (m, 1H, -CH=, Al), 7.26-7.36 (m,
20H, H aromatic).

1,4-di-O-allyl-2,5,6-trl-O-benzyl-3-O-tert-butyldimethyisity-myo-Inositol (9b) and 1,4-dl-O-allyl-3,5,6-tri-O-benzyl-
2-O-tert-butyldimethyisilyl-myo-inositol (10b)

To a solution of compound 8b (1.98 g, 3.57 mmol) and benzyl bromide (0.47 mlL, 3.95 mmol) in DMF (17.5 mL)
was added NaH (0.11 g, 458 mmol). The reaction mixture was slived for 2 h at 20°C. Excess NaH was destroyed
with MeOH and the reaction mixture concentrated in vacuo. The residue was taken up in CH,Cl, washed with H,0,
1 M NaHCO, and H,O. The organic layer was dried over MgSO, and concentrated in vacuo. Silica gel column
chromatography (30 g, elution: hexane/Et,0, 100/0 to 50/50, vv) of the crude product afforded pure compound 9b
(1.86 g, 81% yield), as an oil. R; 0.67 (system A).

SC{'HINMR (CDCL): & -467 (2 x Si(CH,), TBDMS), 18.02 (C(CH,), TBDMS), 2587 (3 x GC(CHy), TBDMS),
7154, 7437, 74.81, 7563 and 75.77 (5 x OCH,, All and Bzl), 73.82 (C-2), 79.19, 80.39, 81.32, 81.64 and 83.80 (C-
1, C3, C4, C-5 and C-6), 116.01 and 11651 (2 x =CH,, All), 127.11-128.16 (15 x CH, aromatic), 134.96 and
135.37 (2 x -CH=, All), 138.79, 138.93 and 139.17 (3 x Cq, Bz).

H-NMR (CDCL): & 0.11 (s, 3H, Si(CHy), TBDMS), 0.12 (s, 3H, Si(CH,), TBDMS), 093 (s, 9H, C(CH,);, TBDMS),
3.29 (dd, 1H, H-1, J, 2= 25 Hz), 3.37 (dd, 1H, H-5 s = 9.5 Hz), 350 (dd, 1H, H3, Jy, = 9.5 Hz), 3.76 (dd, 1H,
H4, J,5 = 95 Hz), 3.84 (dd, 1H, H-2, J,5 = 25 Hz), 396 (dd, TH, H-6, Js, = 9.5 Hz), 4.07-4.20 (M, 2H, 2 x OCH,,
All), 429-431 (m, 2H, 2 x OCH,, All}, 475-485 (m, 6H, 3 x OCH,, Bzl), 5:10-5.36 (m, 4H, 2 x =CH,, All), 5.86-6.02
(m, 2H, 2 x -CH=, All), 7.22-7.45 (m, 15H, H aromatic).

and compound 10b (0.39 g, 17% yield), as an oil. R; 0.61 (system A).

BC{'H)-NMR (CDCL): & -4.87 and 4.64 (2 x Si(CH,), TBDMS), 1852 (C{CH,), TBDMS), 2587 (3 x C(CHy),
TBDMS), 69.50 (C-2), 71.66, 72.77, 74.43, 75.72 and 76.07 (5 x OCH,, All and Bzl), 80.63, 80.62, 81.00, 81.32 and
8351 (C-1, C-3, C4, C5 and C-6), 11654 and 116.62 (2 x =CH,, All, 127.37-128.25 (15 x CH, aromatic), 134.87
and 135.40 (2 x -CH=, All), 138.47, 138.82 and 138.88 (3 x Cq, Bzl).

'H-NMR (CDCL): & 0.06 (s, 3H, Si(CHs),, TBDMS), 0.09 (s, 3H, SKCH;), TBDMS), 0.89 (s, 9H, C{CH,); TBDMS),
3.14 (dd, 1H, H-1, J, 2 = 20 Hz), 321 (dd, 1H, H-3, J,, = 95 Hz), 3.38 (dd, 1H, H-5, J;¢ = 95 Hz), 383 (dd, 1H,
H-4, J4'5 = 8.5 Hz), 3.86 (dd, 1H, H-6, Jﬁ'1 = 95 Hz), 403-417 (m, 2H, 2 x OCH,, All), 418 (dd, 1H, H-2, J,; = 20
Hz), 4.26-4.41 (m, 2H, 2 x OCH,, All), 467-4.87 (m, 6H, 3 x OCH,, Bzl), 5.11-632 (m, 4H, 2 x =CH,, All), 5.84-6.05
{(m, 2H, 2 x -CH=, All), 7.27-7.36 {m, 15H, H aromatic).

1,2,5,6-tetra-O-benzyl-4- O-trans-prop-1-enyl-myo-inositol (11a)

To a solution of compound 9a (1.40 g, 2.02 mmol) in 1,2-dichloroethane (15 mL) under an inert helium atmosphere
was added 1,5-cyclooctadiene-bigmethyldiphenylphosphineliridium hexafluorophosphate?? (25 mg) in 1.2
dichloroethane (0.5 mL). The catalyst was aclivated by passing over a stream of hydrogen for 2 min. The solution
was degassed and left under a stream of helium for 4 h. After concentration of the reaction mixiure, the residue was
dissolved in dioxane (10 mL). 1 M tetrabutylammonium fluoride in dioxane (10 mL, 10.00 mmol) was added and the
reaction mixture was stimed for 1 h at 20°C. The reaction mixture was diuted with CHCL, washed with 1 M
NaHCO, and a saturated NaCl solution. The organic layer was dried over MgSO, and concentrated in vacuo. Silica
gel column chromatography (15 g, elution: hexane/Et,0, 100/0 to 50/50, viv) of the crude product afforded pure 11a
(1.01 g, 86% yiekl). R, 0.26 (system A), R, 0.57 (system B), R, 0.62 (system D). Mp 84.5-85.5°C (from pentane).

CyHenOs calc. c 7653 H 6.94

(580.7) found 76.23 6.86

C{'H}-NMR (CDCLy): & 1212 (CH,, Prop), 71.51, 76.94, 80.85, 81.41, 8272 and 84.04 (C-1, C2, C3, C4, C5
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and C-6), 7297, 7475, 7554 and 7586 (4 x OCH,, Bzl), 99.98 (-CH=, Prop), 127.57-128.30 (20 x CH, aromatic),
138.12, 138.23, 138.50 and 138.67 (4 x Cq, Bzl), 148.42 (OCH=, Prop).

'H-NMR (CDCL): 5 1.52 (dd, 3H, CH, Prop), 227 (d, 1H, 3-OH, (exchangeable)), 3.39 (dd, 1H, Hb5, Jgg = 9.0 Hz),
345 (dd, 1H, H-1, J;, = 25 Hz), 351 (ddd, TH, H3, Jy, = 9.5 Hz, J; = 65 Hz), 3.88 (dd, 1H, H4, J,; = 95
Hz), 4.02 (dd, 1H, H-6, J;; = 10.0 Hz), 405 (dd, 1H, H-2, J,5 = 25 Hz), 470489 (m, 8H, 4 x OCH,, Bzl), 499
(dg, 1H, -CH=, Prop, J,, = 65 Hz), 627 (dg, 1H, OCH=, Prop, J,, = 120 Hz, J,5 = 1.5 Hz), 7.27-7.36 (m, 20H, H
aromatic).

2,5,6-tetra- O-benzyi-1,4-dl- O-trans-prop-1-enyl-myo-inositol (11b)

To a solution of compound 9b (1.30 g, 2.02 mmol) in 1,2-dichloroethane (15 mL) under an inert helium atmosphere
was added 1.5-<cyclooctadiene-bismethykiphenyiphosphineliidium  hexafiuorophosphate® (25 mg) in 1,2
dichloroethane (0.5 mL). The catalyst was activated by passing over a stream of hydrogen for 2 min. The solution
was degassed and left under a stream of helium for 4 h. The reaction mixture was concentrated in vacuo and the
residue was dissolved in dioxane (10 mL). 1 M tetrabutylammonium fluoride in dioxane (10 mL, 10.00 mmol) was
added and the reaction mixture was stimed for 1 h at 20°C. The reaction mixture was diluted with CH,Cl,, washed
with 1 M NaHCO, and a saturated NaCl soltion. The organic layer was dried over MgSO, and concentrated in
vacuo. Siica gel column chromatography (15 g, elution: hexane/Et,0, 10000 to 50/50, viv) of the crude product
afforded pure 11b (0.89 g, 83% yield). R, 0.31 (system A), R, 0.61 (system B). R; 0.64 (system D). Mp 62-63°C
(from pentane).

CaaHasOs calc. Cc 74.69 H 722

(530.7) found 7481 7.29

C{'H}I-NMR (CDCly): & 1209 and 1227 (2 x CH,, Prop), 71.01, 77.44, 80.62, 81.82, 82.34 and 8389 (C-1, C2,
C-3, C-4, C-5 and C-6), 74.90, 7554 and 75.60 (3 x OCH,, Bzl), 99.86 and 101.29 (2 x -CH=, Prop), 127.57-128.19
(15 x CH, aromatic), 138.12 and 138.38 (3 x Cq, Bzl), 146.20 and 148.39 (2 x OCH=, Prop).

'H-NMR (CDCL): & 151 (dd, 3H, CH,, Prop), 1.56 (dd, 3H, CH, Prop), 225 (d, 1H, 3-OH, (exchangeable)), 3.39
(dd, 1H, H5, J;q = 95 Hz), 354 (ddd, 1H, H-3, J,, = 95 Hz, Jy, = 7.0 Hz), 364 (dd, 1H, H-1, J,, = 25 Hz),
386 (dd, 1H, H-4, J,5 = 95 Hz), 3.97 (dd, 1H, H6, J;, = 10.0 Hz), 406 (dd, 1H, H-2, J,, = 3.0 Hz), 461-484 (m,
6H, 3 x OCH,, Bzl), 499 (dq, 1H, -CH=, Prop, J,; = 7.0 Hz), 5.00 (dq, 1H, -CH=, Prop, J,; = 7.0 Hz), 6.19 (dq,
1H, OCH=, Prop, J,, = 120 Hz, J,; = 1.5 Hz), 626 (dg, 1H, OCH=, Prop, J,, = 12.0 Hz, J,; = 1.5 Hz), 7.20-7.39
{m, 15H, H aromatic).

Bis(1-[6-trifluoromethyi]benzotriazolyl)methylphosphonate (12)

A solution of methylphosphonic dichioride (1.33 g, 10.00 mmol) in anhydrous dioxane (10 mL) was added dropwise
to stired soltion of dry 1-hydroxy-6-trifluoromethybbenzotriazole (4.06 g, 20.00 mmol) and pyridine (1.62 mL, 20
mmol) in anhydrous dioxane (40 mL) at 20°C. The solution was stimed for 1 h at 20°C and the salts were removed

by fitration. The 0.2 M stock solution of 12 (°‘P-NMR: 5 47.60) thus obtained could be stored for several weeks at -
20°C.

N,N-dlisopropyl dibenzyl phosphoramidite (13)

To a cooled (-10°C) solution of N,N-diisopropyl dichiorophosphoramidite® (10.1 g, 50.00 mmol} in anhydrous Et,O
(150 mlL) was added dropwise a solution of benzyl alcohol (10.35 mL, 100.15 mmol) and Et;N (1530 mL, 109.98
mmol) in anhydrous Et,O (100 mL) over 1 h. The reaction mixture was stimed for 2 h at 20°C and the salts were
fitered off. The ethereal phase was washed with 1 M NaHCO, and a saturated NaCl solution, dried over MgSO,
and concentrated in vacuo. Silica gel column chromatography (250 g, elution: hexane/Et,N, 97.525 to 95/5, vi) of
the crude product afforded 13 (15.35 g, 89% yield), as an oil.

*P-NMR (CH,CN): 5 148.99.

1,2,5,6-tetra-O-benzyl-myo-inositol 3-(benzyl methylphosphonate) (15a)

A solution of compound 12 in dioxane (0.2 M, 7.00 mL, 1.40 mmol) was added to 11a (0.73 g, 1.26 mmol), which
had been dried by repeated coevaporation with pyridine. The reaction was stited for 5 min at 20°C. Subsequently
benzyl alcohol (0.26 mi, 252 mmol) and Atmethylimidazole (0.50 ml, 6.28 mmol) were added and the reaction
mixture was stimed for another 1 h at 20°C. After addition of 1 M TEAB the reaction mixture was diluted with
CH,Cl, and washed with H,0, 1 M TEAB and H,0. The organic layer was dried over MgSO, and concentrated in
vacuo. R, 0.33 (system B), R, 0.31 (system D). *'P-NMR (CH,CL): 5 30.82 and 33.70 (ratio, 1/4).
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To a solution of the crude 14a in CH,Cl, (7.5 mlL) was added 0.2 N HC! in MeOH (7.5 mL) and the reaction mixture
was stimed for 1 h at 20°C. The reaction mixture was dikted with CH,Cl, and washed with H,0, 1 M TEAB and
H,O. The organic layer was dried over MgSO, and concentrated in vacuo. Siica gel column chromatography (125
g, elution: hexane/EtOAc, 100/0 to 50/50, viv) of the crude product afforded pure 15a (0.79 g, 89% yield), as an oil.

R; 0.50 {system C).
CoH,O5P calc. c 7117 H 6.40 P 437
(708.8) found 7097 6.32 430

%P.NMR (CH,CL,): & 31.82 and 34.51 (ratio, 1/4).

2,5,6-trl-O-benzyl-myo-inositol 3-(benzyi methylphosphonate) (15b)

A solution of compound 12 in dioxane (0.2 M, 7.00 mL, 1.40 mmol) was added to 11b (0.66 g, 1.25 mmol), which
had been dried by repeated coevaporation with pyridine. The reaction was stimed for 5 min at 20°C. Subsequently
benzyl alcohol (0.26 mL, 252 mmol) and N-methylimidazole (0.50 mL, 6.28 mmol) were added and the reaction
mixture was stimed for another 1 h at 20°C. After addiion of 1 M TEAB the reaction mixdure was diuted with
CH,CL, and washed with H,O, 1 M TEAB and H,0. The organic layer was dried over MgSO, and concentrated in
vacuo. R, 0.36 (system B), R, 0.31 (system D). *'P-NMR (CH,CL): 5 30.92 and 33.82 (ratio, 1/4).

To a solution of the crude 14b in CH,Ci, (7.5 mlL) was added 0.2 N HCI in MeOH (7.5 mL) and the reaction mixture
was stived for 1 h at 20°C. The reaction mixture was diluted with CH,CL, and washed with H,0, 1 M TEAB and
H,O. The organic layer was dried over MgSO, and concentrated in vacuo. Silica gel column chromatography (10 g,
elution: hexane/EtOAc, 100/0 to 50/50, vAv) of the crude product afforded pure 15b (0.68 g, 88% yield), as an oil. R,
0.32 (system C).

CasHas0P cak. c 67.95 H 6.35 P 5.01

(618.7) found 67.78 6.38 5.09

¥'P-NMR (CH,CL,): 5 32.40 and 34.63 (ratio, 1/4).

myo-inositol 3-(methylphosphonate) (Na*-form) (16)

Compound 15a (0.14 g, 020 mmol) was dissoived in a mixture of MeOH and H,0 (25 mL, 41, vwv) and
hydrogenated over 10% palladium on charcoal (0.20 g) at 500 kPa for 16 h at 20 °C. The solution is fitered and
concentrated in vacuo (30°C) to a small volume. After Sephadex C-25 (Na'form, 0.9 g, 2.1 mmol) cation-exchange
and lyophilization, 16 (49 mg, 89% yield) was obtained, as a white solid (see Table).

C,H,,0,PNa calc. P 11.06

(280.2) found 10.88

1,2,5,6-tetra-O-benzyl-myo-inasiol 3-(benzyl methyiphosphonate) 4-(dibenzylphosphate) (17a)

A mixture of compound 15a (355 mg, 050 mmol) and amidite 13 (0.26 g, 0.75 mmol) was coevaporated with
toluene (2 x 10 ml) and dissolved in CH,Cl, (3 mL). Subsequently a solution of 1H-etrazole (65 mg, 0.93 mmol) in
CH,CN (3 mL) was added and the reaction mixture was stired for 15 min. ¥'P-NMR showed the presence of four
peaks (5 32.06 and 3357 (ratio, 1/4), 14291 and 143.00 (ratio, 1/4)). The reaction mixture was cooled (0°C) and
tertbutyl hydroperoxide (0.38 ml) was added and stiming was continued for 45 min at 0°C. The reaction mixture
was diluted with CH,CI, and washed with H,0, + M TEAB and H,O. The organic layer was dried over MgSO, and
concentrated in vacuo. Siica gel column chromatography (7.5 g, elution: hexane/EtOAc, 100/0 to 50/50, vwv) of the
crude product afforded homogeneous 17a (432 mg, 89% yiekd), as an oil. R, 0.51 (system C).

CgHss044P> calc. c 69.41 H 6.03 P 6.39

(969.0) found 69.27 6.12 6.21

STP-NMR (CH,CL,): § -1.00, 33.82 and 34.03 (ratio, 4/1).

2,5,6-trli-O-benzyl-myo-inositol 3-(benzyl methyiphosphonate) 1,4-bis(dibenzyiphosphate) (17b)

A mixture of compound 15b (0.31 g, 0.50 mmol) and amidite 13 (0.52 g, 1.51 mniol) was coevaporated with toluene
(2 x 15 mL) and dissolved in CH,Cl, (5 mL). Subsequently a solution of 1Htetrazole (0.13 g, 1.86 mmol) in CH,CN
(5 mL) was added and the reaction mixture was stimed for 15 min. 3'P-NMR showed the presence of five peaks (5
3224 and 3370 (ratio, 1/4), 141.22, 14294 and 143.30 (ratio, 1/4)). The reaction mixiure was cooled (0°C) and
tertbutyl hydroperoxide (0.75 mlL) was added and stiting was continued for 45 min at 0°C. The reaction mixture
was diluted with CH,Cl, and washed with H,0, 1 M TEAB and H,O. The organic layer was dried over MgSO, and
concentrated in vacuo. Silica gel column chromatography (7.5 g, elution: hexane/EtOAc, 100/0 to 50/50, vv) of the



472
3-Methylphosphonate analogues 721

crude product afforded homogeneous 17b (525 mg, 92% yield), as an oil. R; 0.42 (system C).
CeaHes0414Pa calc. c 66.43 H 575 P 8.16
(1139.1) found 66.65 572 8.04
3P-NMR (CH,CL): § -1.06, -0.94, 33.91 and 34.06 (ratio, 4/1).

myo-inositol 3-(methyliphosphonate) 4-phosphate (Na*-form) (18a)

Compound 17a (198 mg, 0.20 mmol) was dissolved in a mixture of MeOH and H,O (25 mL, 4/1, v&) and
hydrogenated over 10% palladium on charcoal (0.20 g) at 500 kPa for 16 h at 20°C. The solution was fitered and
concentrated in vacuo (30°C) to a small volume. After Sephadex C-25 (Na*form, 2.6 g, 6.0 mmol) cation-exchange
and lyophilization 18a (72 mg, 87% yiekd) was obtained, as a white solid (see Table).

C;H,;0,,P.,Na, calc. P 1533

(404.1) found 15.12

myo-inositol 3-(methyiphosphonate) 1,4-bis(phosphate) (Na‘-form) (18b)

Compound 17b (219 mg, 0.19 mmol) was dissolved in a mixdure of MeOH and H,O (25 mlL, 41, vv) and
hydrogenated over 10% palladium on charcoal (0.20 g) at 500 kPa for 16 h at 20°C. The solution was filered and
concentrated in vacuo (30°C) to a small volume. After Sephadex C-25 (Na*form, 4.2 g, 9.7 mmol) cation-exchange
and lyophilization 18b (86 mg, 85% yiekd) was obtained, as a white solid (see Table).

C,H,,0,,P,Na; calc. P 17.60
(528.0) found 17.48
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