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ABSTRACT: The partially benzyl protected myoinosttol derivatives lla and 11 b, the C-4 and C-l .4 
hydroxyl function(s) of which are protected with temporary frans-proplenyl protecting group(s), were 
readily converted into the respective title compounds 18a and 18b by sequential methytphosphonylation, 
mild cleavage of the trans-prcpl-enyt group(s), phosphorylatfon 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-b&phosphate (Ptdlns[4,5]P,) to give the second messengers diacylglycerol’ and 

myoinositol 1,4,5-f&phosphate (lns[l ,4,5]P$3. The intracellular second messenger Ins[l,4,5lP, mediates 

the release of calcium ions from intracellular stores, initiating several physiological responses. The major 

pathway for terminating the action of ln~1,4,5]P, is dephosphorylation by a specific 5-phosphatase4 to 

give Ins[l,4]P,. The released Ins[l,rl]P, is further metabolized via I- and 4-phosphates to free my& 

inositol, which is recycled to Ptdlns[4,5]P,. The alternate pathway for lns[l,4,5]P, inactivation involves the 

phosphorylatlon by a 3-kinase’ to give the putative second messenger lns[1.3,4,5]P,6. SUbseqUent 

hydrolysis of the 5phosphate affords Ins[l,3,4]P3’, whit is ultimately degraded to myoinositol via 

Ins[l,3]P, and/or lns[3,4]P,. 

The complexity of the signal transduction mechanism’ has triggered a considerable interes?” in 

the chemical synthesis of myoinositol phosphates. However, in order to get a deeper insight into the 

biological pathways, the avatlabflity of myoinositol phosphates having a modiied phosphate at a specific 

position would be highly desirable. Up to now, the preparation of 5-modiffed Ins[l,4,5]P, analogues which 

act as long-lived Ca*‘-agonists, has been reported”~‘2. As part of an ongoing programme’~‘5 directed 

towards the preparation of myoinositol phosphates and analogues thereof, we here descdbe the synthesis 

of the racemic myoinositol 3,4-b& and 1.3.4~t&phosphate analogues 18a antI 18b, the 3phosphate 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 lla and 11 b both of 

which have a free hydroxyl at C-3 required for the introduction of the mettrytphosphonate mcdification. In 

addition, mild cleavage of the temporary rrans-prop-l-enyt group(s) at C-4 and C-1,4 in lla and 11 b, 

respectively. will engender the possibility to phosphoryfate the free hydroxyl function(s). Finally, stepwke 

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 lla and 11 b commencss, as outlined in Schema 1, with the 

preparation of rscsmic 1,2;4,5cli-Ocyclohexylidene-my~inositol (1). 

2 R, = H; R, = Bzl 4a R = Bzl 
3 R, = Bzl; R, = H 4b R = All 

OH OBzl OBzl 

5a R = Bzl 
5b R = All 

6a R = Bzl 
6b R = All 

7a R = Bzl 
7b R = All 

3a R = Bzl 
6b R = All 

Qa R, = TBDMS; R, = R, = Bzl 
Qb R, = TBDMS; R, = Bzl; R, = All 

10a R, = R3 = Bzl; R, = TBDMS 
10b R, = Bzl; R, = TBDMS; R, = All 

lla R = Bzl 
llb R = Prop 

Scheme 1: (a) BzlBr, BaO, Ba(OH),.8H,O, DMF; (b) AlIBr, NaH, DMF; (c) HOCH,CH,OH (1 ecf), pTeCH W). 
CH,CI,; (d) BzlBr, NaH, DMF; (e) AcOH/H,O (4/l, v/v), 95°C; (f) fe&butyldimethylsilyl chbride, pyddine, 50°C; (9) 
BzlBr, NaH, DMF; (h) Ir(COD)[PMePh&PF, (Hz), CICH,CH,CI; 0.5 M letrkutylammonium fluoride, diixane. 
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Thus reaction of myo-inositol with 1,ldiethoxycydohexane in the presence of a catalytic amount of acid 

at elevated temperature afforded a mixture of three di-0cyclohexylfdene derivatives, from whii the 

desired compound 113,16 readily crystallized. Subsequent acid catalyzed treatment of the mother liquid 

afforded, after work-up and crystallization, another quantity of 1. Repetition of the latter ketal exchange 

process ultimately resulted in the isolation of 1 in a total yield of 75%. Regioselective benzyiation of 1 

according to Vacca et a/.” gave, after silica gel column chromatography, the mono-benzylated myo 

inositol derivatives 2 and 3 in 16 and 48% yield, respectfvely. On the other hand, selective benzylation’8 

of compound 1 in the presence of barium oxide - barium hydroxide afforded almost exclusively the 3-0 

benzyl derivative 3 in 70% yield. Subsequent allylation of the mono-beruyl derivative 3 with ally1 bromide 

and sodium hydride yielded the crystalline myoinositol derivative 4a. The diallyl derivative 4b was 

obtained after exhaustive allylation of starting compound 1. Stepwfse transformation of the mono- and di- 

ally1 myoinositol derivatives 4a and 4b into the key compounds lla and 11 b could be executed in an 

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

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 c&cyclohexyliiene function in 5a,b afforded 

the 2,3diols 7a and 7b in 94 and 90% yield, respectively. Regioselective silylation’g of the respective 

dials 7a,b with tert-butyldimethylsilyl chloride in pyridine at elevated temperature gave exclusively the 

mono-substituted derivatives 8a,b in excellent yields. Senzylation of 8a,b afforded the positional isomers 

9a,b and lOa,b in a ratio of 4:l. After silica gel column chromatography, the desired myo-inositol 

derivatives 9a,b could be isolated in high yield. Isomerizaljon” of the allyl-group(s) in 9a,b into the 

isomeric ffans-prop-l -enyl group(s) with 1,5-cyclooctadiene-bis[methyldiphenylphosphine]iridium 

hexafluorophosphate”, and subsequent removal of the tert-butyldimethylsilyl group with fluoride ion, 

afforded the crystalline ffanspropl-enyl derivatives 118 and 11 b in 86 and 83% yield, respectively. 

The stepwise introduction of the methylphosphonate and phosphate functions is illustrated in 

Scheme 2. In the first step, the individual alcohols lla,b were reacted with a slight excess of the 

bifunctional phosphonylating agent bis(l-(6trifluoromethyl)benzotrfazolyljmethyfphosphonate (i2)= for 15 

min at 20°C to give the corresponding putative [1-(6-trifluoromethyl)benzottialyl]methylphosphonate 

intermediates. In situ treEdtm?nt of the latter intermediates with bsnzyl alcohol in the presence of N 

methylimidazole gave, after 1 h at 20°C the correspondfig methylphosphonate diisters 14a,b. Mild acidic 

hydrolysis of the trans-prop-l-enyl group(s) in 14a,b resulted in the isolation of the alcohols 15a,b. The 

identity of compound 15a was firmly established by converting it via hydrogenolysis into the fully- 

deprotected methylphosphonate derivative 16. ‘H- and 31P-NMR data of 16 (see Table) were in excellent 

agreement with the proposed structure. Intrcduction of the phosphate functions was now effected by 1H 

tetrazole-mediated phosphitylation of compounds 15a,b with AWdiisopropyl diinzyl phosphoramidiie’5~23 

(13) and subsequent oxidation of the intermediate phosphite-triesters with terl-butyf hydroperoxidez4 to 

give, after purification by column-chromatography, the fully protected lns[3,4]P, and Ins[l,3,4]P, analogues 

17a and 17b, respectively. 
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0 

OBZI OBzl 

14e R = Bzl l!iaR=Bzl 
14bR=Prop 15bR=H 

OH 

16 

OBzl OH 

118 R = Bzl 
llb R I Prop 

17a R = Bzl 
17b R = P(O)(OBzl), 

16aR=H 
18b R = P(O)(OH)* 

Scheme 2: (a) 12, diixane; BzIOH. /&rnethytimidezole; (b) 0.1 N HCI in CH,CQMeOH (I/l, viv); (c) H&W(C), 
MeOHH,O (4/l, v/v); (d) 13, l/f-tetrszole, CH,CfVCH,CI, (l/l, v/v); ferf-butyl hydroperoxide: (e) H,-W(C), 
MeOHH,O (4/I, v/v). 

Finally, rernovai of all benzyl protecting groups was accomplished by hydrogenolysis over palladium 

on charcoal to afford the 3-methylphosphonate anaiogues 18a and 18b without the occurrence of 

phosphonate or phosphate migration to adjacent positions, as evidenced from the NMR data presented in 

the Tabie. In addition, the structures of the anabgues l&,b could be further corroborated by selective 

phosphorus decoupling experiments of the ‘H-NMR spectra. 
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Table ‘H- and 3’P-NMR dataa of ootnpounds 16 and 16a,b. 

Chemical shiftsb 

H-l H-2 H-3 H-4 H-5 H-6 CH, P-l P-3 P-4 

16 3.56 4.19 3.99 3.73 3.33 3.65 1.40 29.12 

18a 3.58 4.17 4.19 4.31 3.49 3.70 1.44 30.44 0.78 

16b 4.04 4.37 4.24 4.35 3.56 3.83 1.46 0.25 30.69 0.81 

Coupling constar& 

Hi-H2 H2-H3 H3-H4 H4-H5 H5H6 H6-Hl CHs-P Hi -Pl H3-P3 H4-P4 

16 2.7 2.8 9.9 9.4 9.1 9.9 16.8 9.1 

18a 2.7 2.8 9.6 9.0 9.3 9.9 17.1 9.7 8.5 

18b 2.8 2.7 9.7 9.0 9.5 9.8 17.1 8.6 9.7 8.7 

a) Samples of 16 and 18&b am 20 mM in D,O and ac#~sted to pH = 2.0 (l = 300 K). b) ‘H-shifts (6) are given in 

ppm relative to tetrarnethylsifane, but referenced to D,O at 6 4.80. 3’Pshiis (8) are given in ppm relative to the 

external standard H3P0,. c) Coupling oonstants are in Hertz by first-order analysis. 

The results presented in this paper clearly irtdkate 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 specifio positions. 

EXPERIMENTAL 

Ge:ieral methods and materials 
Aoetonitrfle, dichbromethane, pyridine and trfethylamine were dried by heating with Cal-f, (10 g per kre), under 

reflux, for 16 h and then diktilled. F’yricfine was redi.slilfed from ptoluenesulfonyi &bride (60 g per litre) and KOH 

(25 g per l&e). N,Ndimethylformamide was stirred with Cal-f, (10 g per life) for 16 h and then diiilled under 

reduced pressure. Diixane and 1,2diibroethane were diilled from LiiIH, (5 g per We). Ether and toluene were 

diiilled from P,Os. Methanol and ethanol were dried by refluxing wiih the corresponding magnesium afkoxides and 
then diiilfed. Methanol was stored over molewlar sieves 3A. Acetontrile, dichbmmethane, pyridine, N,K 

dimethylformamide, 1.2dichbtoethane and ethanol were stored over molecular sieves 4A. Diixane was stored over 
molecular sieves 5A. Ether and toluene were stored over sodium wire. T-mine was stored over CaH, 

Methyiphosphonic dichbride (Janssen, Belgium), beruyl alcohol and Nmethylimidazofe were distiUed before use. 1H 

Tetrazole was purchased from Janssen (Belgium). My&ositol was purchased fnm Pfanstiehf Laboratories Inc. 

(USA). Tert-butyl hydmpemxide (80% solution in df-k%+bulyl peroxide) was purchased from Meit%%huchardl 
(Germany). Palladium on activated charcoal (10%) was purchased from Fluka (Swberlancf). Sephadex C-25 was 

purchased from Pharmacia (Sweden). 

l-Hydroxy6trifluorom~~~t~o~~ was dried in vacua over P205 for 70 h at 50°C. 

Triethylammonium biitinate buffer (TEAB, 2 M): a mixture of trfethylamine (825 ml) and water (2175 ml) was 
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saturated wkh carbon dioxide gas at W: until pi-l 7.0. 

Schieiir & Schi.tii (Germany) DC Fertiiiiin F 1500 LS 254 were used for TLC anaiysb The foiiowbg eiuents 

were used: A, hexane/E&O, 50/50, v/v; B, hexane/EtOAc, 5Oi50, v/v; C, EtCAc; D, CH,Ci#cetone, 97& v/v; E, 

CH,Ci#&CH, 95/5, v/v. Compounds were detected under UV iigM and by spraying wkh a sobtbn of KMnC, (10 g) 

in 2% aqueous Na.$O, or a sobtion of ammonium rrbtyhdate (25 g) and cerb anxnonbm sulfate (10 g) in 10% 

aqueous H,SO,, foibwed try heating at 1ooOC. Cofumn chromabgraphy was performed on Merck Kiiseigei 69 (230- 
400 mesh, ASTM). Meiting points are uncorrected. 

‘H-NMR spectra were recorded on a Btuker WM-300 spectrometer, equipped with an ASPECT-2000 computer 

operating in the Fourier transform mxfe at 300 MHz. ‘k- and “P-NMR spectra were recorded on a Jeoi JNM-FX 

200 spectrometer on line with a JEC 960B computer at 50.1 and 60.7 MHz, respectively. ‘H- and 13C-chembai shifts 
are given in ppm (6) relative to tetramethyisiiane (TMS) as internal starxfard and 3’P-chembai shiis in ppm (6) to 

65% H,PO, as extemai standard. 

l,l-diethoxycyciohexane 
To a solution of cycbhexanone (51.74 ml, 0.50 mo9 and triethyi orthofonnate (63.05 mL, 0.50 mo9 in dry EtCH 

(100 ml) was added ptoiuenesuffonb acb monohydrate (0.10 g, 0.53 mrnoi). The exothermic reaction was stirred 
for 3 h at 2O”c, neutraiffed v&h NaCMe and concentrated in vacua. DiiBatfbn (94-4.67 kPa) of the crude 

product afforded 1,ldiixycycbhexane (77.41 g, 90% yield), as a coburfess iiiid. 

‘3C(‘H)NMR (CDCS): 6 15.51 (2 x CH,, ethyl), 22.95, 25.67 and 33.79 (5 x Ci$ cyciohexyibene). 54.69 (2 x CH,, 

ethyl), 9996 (Cq, cyciohexylikfene). 
‘H-NMR (CDCS): 6 1.17 (t, 6H, 2 x CH,, ethyl, J = 7.0 Hz), 1.32-1.66 (m, lOH, 5 x CH,, cycbhexyiiiene), 3.46 (q, 

4H, 2 x CH,, ethyl, J = 7.0 Hz). 

1,2:4,Cdi-~cyciohexylidene-rny~inositoi (1) 

A mixture of my~inosibi (27.00 g, 150.06 nxnoi), 1,ldiethoxycycbhexane (67.50 g, 392.44 mrrbi) and p 

toiuenesuifonb acid monohydrate (0.50 g, 2.63 mmoi) in DMF (375 ml) was stirred at 95°C for 2 h. The reaction 

m’tiure was cooled, diluted with CH&, and washed with H,O, 1 M NaHCO, and H,O. Ths organic iayer was dried 

over MgSO, and concentrated in wcuo. Crystaiiiiatiin from acetona/hexane afforded compound 1 (12.75 g, 25% 
yieid). After concentratiin of the mother iiior the resufting syrup was dissolved in DMF (300 mL) and p 

toiuenesuffonic acid monohydrate (0.40 g, 2.11 mrnoi) was added and stirred for 2 h at 95°C. Work-up and 

crystaiiiitbn as described ahove afforded another portion of 1 (9.25 g, 16% yieid). Repetittt of this procedure 

afforded 1,2:4,5di-Ocyclohexytbene-myoinosftoi (1) in a total yield of 75%. R, 0.12 (system D), R, 0.49 (system E). 
Mp 179.5-1605°C; lit.” mp 172-174°C. 

‘sC(1H)-NMR (CD(&): 6 23.42, 23.60, 24.70. 34.64, 36.21 and 37.55 (10 x CH,, cycbhexyiiine), 69.67, 74.64, 

77.12, 77.36, 77.62 and 61.26 (C-l, C-2, C-3, C-4, C-5 and C-6), 110.56 and 112.97 (2 x Cq cyciohexyiiine). 

‘H-NMR (CD&): 6 1.35-1.76 (m, 2OH, 10 x CH,, cycbhexyiiine), 2.54 (d, lH, 3CH (exchangeahie)), 2.63 (d, lH, 

6-OH (exchangeable)), 3.31 (dd, lH, H-5, Je6 = 10.5 Hz), 3.62 (dd, lH, H-4, J,, = 9.5 Hz), 3.66 (ddd, lH, H-6, Je,, 

= 6.5 Hz, J,,m = 3.0 Hz), 4.02 (ddd, lH, H-3, J,,., = 10.0 Hz, Jsa = 9.0 Hz), 4.07 (dd. lH, H-l, J,2 = 5.0 Hz), 4.46 

(dd, lH, H-2, Je, = 4.5 Hz). 

&Dbenzyi-l,2:4,5di-0cyclohexyiidene-rrry~inosftol (2) and 3-~benzyl-l,2:4,5dl-0-cyclohexylldene-fny~ 

inositoi (3) 

To a suspension of compound 1 (6.60 g, 20.00 mno9, barium oxide (6.14 g. 40.00 mmoi) and barium hydroxide 

octahydrate (0.79 g, 2.50 mmoi) in DMF (100 mL) was added dropwise benzyl hrornkfe (2.65 mL, 22.26 mmol) at 
20°C. The reaction mixture was stirred for 72 h at 20°C. After addition of MeOH, the reaction mixture was 

neutralized wkh AcCH/H,O (l/l, v/v) and concentrated in vacua. The residue was taken up in CH,C&, washed wtih 

H,O (3x), 1 M NaHC03 and H,O. The organic layer was dried over MgSO, and concentrated in vacua. Silica gel 

column chromatography (125 g, eiutiin: CH,Ci+etone, 10010 to 97.512.5, vti) of the crude product afforded 

con-pound 2 (0.34 g, 4% yield). R, 0.17 (system A), R, 0.36 (system 0). Mp 132-133s (from Et,Omexane); lit.= np 

135-136C. 
13C(1H)-NMR (CD&): 6 23.45, 23.65, 23.91, 24.79, 24.66, 35.01, 36.21, 36.44 and 37.35 (10 x CH,, 

cycbhexyiiiene), 71.74 (CCH,. Bzi), 69.70, 77.15, 77.53, 76.11, 60.15 and 60.53 (C-l, C-2, C-3, C-4, C-5 and C-6), 
110.35 and 112.77 (2 x Cq cycbhexyiiine), 127.37-126.10 (5 x CH, aromatic), 136.06 (Cq Bzi). 

‘H-NMR (CDCi$ 6 1.34-1.73 (m, 2OH, 10 x CH,, cycbhexyiiiene), 2.40 (d, lH, 3-OH (exchangeable)), 3.36 (dd, 
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IH, HS. J,, = 10.5 Hz), 3.65 (dd, IH, H6, Ja, = 6.0 Hz), 3.76 (dd. IH, H-4, J,S - 9.5 Hz). 3.97 (ddd. lH, H-3, J%, 
= 10.0 Hz, Jsxwr = 9J Hz), 4.18 (dd, IH, Kl, JIp = 5.0 Hz), 4.45 (dd IH, H-2, J, = 4.5 Hz), 4.66 (8, 2H, CC&, 
Bzt), 7.26-7.44 (m, 5H, H arwnatic). 
and conpound 3 (6.04 g, 70% yietd). R, 0.16 (system A), R, 0.30 (system D). Mp lOSllO“C (frcm Et@@xa@. 
‘3C(‘H)NMR (WC&): 6 23.30, 23.46, 23.65, 24.67, 34.81, 35.96, 36.27 and 37.46 (10 x CH,, q’ckhexyltiene), 
71.26 (OCH2, Bzl), 74.37, 74.52, 75.77, 76.39, 78.14 and 81.06 (Cl, C-2, C-3;C4, C-5 and C-6), 110.26 and 
112.51 (2 x Cq, cyck&xylidene), 127.40-126.01 (5 x CH, aromatic), 137.79 (Cq Bzi). 
‘H-NW (CDCl$: 6 1.29-1.76 (m, 2OH, 10 x CH,, cycbhexylidsne), 2.52 (d, IH. 6-OH (a xchangeahle)), 3.26 (a, 
IH, H-5, Js,s = 10.0 Hz), 3.76 (dd, IH, H-3, J3,, = 10.0 Hz), 3.66 (ddd, lH, H-6, J,,, = 7.0 Hz, Js,W = 3.0 Hz), 3.94 

(dd, lH, H-l, J,2 = 4.5 Hz), 4.04 (dd, lH, H-4, J,,, = 9.5 Hz), 4.36 (dd, IH. H-2, J,:, = 4.0 Hz), 4.67 (AB, 2H, 
CCH,. Bzl), 7.25-7.45 (m, 5H, H ammatic). 

6-OallyC3-0benzyC1,2:4,5di-Dcyclohexylklenem~inoritol (4a) 
To a wbtiin of compound 3 (4.54 g, 1056 rrxnol) and Nat-l (0.32 g, 13.33 rrrnol) in dry DMF (50 ml) was added 
drop&e ally1 bromide (0.96 mL, 11.56 mmol) at 0°C. Ths readion rnkture was stirred for 2 h at 20°C. Excess 
NaH was destroyed with MeOH and the reaction mixture concentrated in vawo. The residue was taken up in 
CH,Ch, washed with H,O, 1 M NaHCOs and H,O. The organic layer was driad over MgSO, and concentrated in 
vawo. Crystalkation from EtOl+li,O afforded homogeneous 4a (4.81 g, 97% yield). R, 0.71 (system 0). Mp 69.5- 
9os”c. 
‘3C(‘H)-NMR (CDCg): S 23.45, 23.74, 24.66, 24.94, 35.13, 36.27, 36.36 and 37.49 (10 x CH,, cyclohexyliiene), 
71.07 and 71.46 (2 x OCH,, All and Bzl), 74.37, 76.12, 76.56, 76.26, 60.15 and 60.65 (C-l, C-2, C-3, C-4, C-5 ard 
C-6). 110.32 and 112.51 (2 x Cq. cydohsxykkne), 117.06 (=CH,, All), 127.60-126.22 (5 x CH, aromatic), 134.76 (- 
CH=. All), 137.94 (Cq, Bzl). 
‘H-NMR (CD&): S 1.29-1.63 (m, 2OH, 10 x CH,. ~dohexyliine), 3.26 (dd, IH, H-5, JsB = 10.5 Hz), 3.64 (dd, IH, 

H-6. J,,, Q 6.5 Hz), 3.74 (dd, IH, H-3, J.+, = 10.0 Hz), 4.00 (dd, IH. Kl, J,2 = 5.0 Hz), 4.03 (dd, IH, H-Q, J4,5 = 
9.5 Hz). 4.26431 (m, 2H, OCH,. All), 4.34 (dd, IH, H-2, J, = 4.0 Hz), 4.87 (AB, 2H, OCH,, Bzl), 5.15-5.36 (m, 
2H, =CH,, All), 5.89-6.02 (m, IH, -CH=, All), 7.26-7.42 (m, 5H, H aromatic). 

3,6-dl-0allyl-l,2:4,Cdl-U-cyclohexylMene-my~lnosttol (4b) 
To a solution of compound 1 (4.76 g, 14.00 rnrnol) and NaH (0.64 g, 35.00 rrrrol) in dry DMF (70 ml) was added 
dropwise ally1 bromide (2.61 mL, 30.65 mmol) at 0°C. The reaction mixture was stined for 2 h at 20°C. Excess 
NaH was destroyed with MeOH and the reaction mixhJre concentrated in vacua. The residue was taken up in 
CH,CI,, washed with H,O, 1 M NaHCOs and H,O. The organic layer was drisd over MgBO, and concentrated in 
vacua. Crystallization from EtOHIH,O afforded homogeneous 4b (5.53 g, 94% yield). R, 0.56 (system D). Mp 63- 
64.5%. 

‘3C{‘H)-NMR (CDCg): 6 23.42, 23.66, 23.77, 24.91. 35.13, 36.30 and 37.44 (10 x CH,, cycbhexyliine). 70.78 and 
71.07 (2 x CCH,, All), 74.66, 75.66, 76.42, 76.26, 80.18 and 60.65 (C-l, C-2, C-3, C-4, C-5 and C-6). 110.29 and 
112.45 (2 x q, cycbhexylidene), 117.03 and 117.66 (2 x =CH,, All), 134.64 and 134.73 (2 x CH=, All). 
‘H-NMR (CD&): 6 1.26-1.80 (m, 20H, 10 x CH,. cydohexyliiene), 3.32 (dd, IH, H-5, JsB = 10.5 Hz), 3.64 (dd, IH, 
H-6. A,, = 6.5 Hz), 3.76 (dd, lH, H-3, J,,d = 10.0 Hz), 3.97 (dd, IH, H-4, J4,5 = 9.5 Hz), 4.07 (dd, 1H. H-l, J,2 = 
5.0 Hz), 4.23-4.37 (m, 4H, 2 x CCH,. All), 4.46 (dd, IH, H-2, J,,, = 40 Hz), 5.17-5.37 (m, 4H, 2 x =CH,, All), 5.91- 
6.04 (m, 2H, 2 x -CH=, All). 

6-Dallyl-~DbenzyM,2-Dcyclohexylldenemy~lnoslol (5a) 
A solution of cornpcund 4a (4.42 g, 9.40 nvnol) in 0.1 M ethylene glycol in CH& (94 ml, 9.40 mmol) in the 
presence of p-toluenesulfonic acid monohydrate (75 mg, 0.39 mrnol) was stirred for 2 h at 2ooC. After neutraliiation 
with E&N the reactbn mixture was washed with H,O, 1 M NaHCO, and H,O. The organic layer was dried over 
MgSO, and concentrated in vamo. Silii gel coturnn chromatcgraphy (40 g, elution: CH&WOH, lOan, to 95i5, 
WV) of the aude product affo&d pure 5a (2.93 g, 60% yield). R, 0.46 (system E). Mp 125.5-126.5% (fmm 
CH,Cl@exane). 
‘3C(‘H)NMR (CDCU: 6 23.56, 23.63, 24.66, 35.07 and 37.64 (5 x Cl-l,, cycbhexyliine), 71.36, 72.74, 73.36, 
77.12, 76.72 and 81.79 (C-l, C-2, C-3, C-4, C-5 and C-6). 72.33 (2 x OCH,, AU and Bzl), 110.35 (Cq 
cycbhexyliine). 117.24 (=CH,, All), 127.64-126.36 (5 x CH, aromatic). 134.87 (CH=, All), 137.66 (Cq. Bz9. 
‘H-NMR (CDCg): 6 1.22-1.81 (m, IOH, 5 x CH,, cydohexylidene), 2.70 (s (a), 2H. 4-W and 5-OH, 
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(exchangeab& 3.34 (dd (br), IH, H-5, Jss = 9.5 Hz), 3.46 (dd, IH, H-6, Ja, = 7.0 Hz), 3.52 (dd, IH, H-3, J,,, = 
9.5 Hz), 3.95 (CM (a), IH, H-4, J,s I 95 Hz), 4.01 (CM, IH H-l, JIp = 5.0 Hz), 4.16-4.23 (m, IH, OCH,, Aff), 4.31 

(dd, lH, H-2, J,,s = 4.0 Hz), 4364.45 (m, lH, OCH,, Aft), 4.77 (AB, 2H, CCH,, Bzf), 5.16534 (m, 2H, Icy, AH), 
5.66-6.03 (m, IH, CH=, AH), 7.30-7.44 (m, 5H, H aromatii). 

A sofutii of corqound 4b (5.25 g, 12.50 rrmnof) in 0.1 M ethyNne gfycol in CHzC4 (125 ml, 12.50 mmoi) in the 
presenceofgtoclenesuwonicactdmonLWr& (95 mg, 0.50 mrrtof) was stirred for 2 h at 20°C. After neutralizatii 
with E&N the reaction mixture was wasfted wfth HzO, 1 M NaHCO, and H,O. The organic fayer was dried over 
MgsO, and concentrated in vacua. Siiica gel cofurnn chromatography (40 g, efution: CHsCi&teDH, loQ/o to 955, 
WV) of the crude product affomed cure 5b (3.02 g, 71% yiefd). R, 0.35 (system E). Mp 126.512X (from 
CH&hexane). 
‘3C(‘H)-NMR (CDC5): 6 23.46, 23.60, 24.66, 35.16 and 37.56 (5 x CH,, cyctohexylidene), 71.34, 72.62, 73.26, 
76.66, 76.76 and 61.62 (C-l, C-2, C-3, C-4, CS and CS}, 72.30 (2 x CCH,. All), 110.46 (Cq, cydohexyrdene), 
117.27 and 117.62 (2 x PCH,, AU), 134.67 and 134.62 (2 x CH=, All). 
‘H-NMR (WC&): 6 1.27-1.63 (m, IOH, 5 x CHz. cydohexyfidene), 2.65 (d, IH. 4Xx-k (exchangeabfe)), 2.66 (d, lH, 
5-OH, (exchangeable)), 3.36 (ddd, iH, H-5, Js,, = 9.5 Hz, Jsp, = 2.0 Hz), 3.47 (dd, lH, H-6, J,,, = 7.0 Hz), 3.49 

W, lH, H-3, J,,., = 9.5 Hz), 3.90 (ddd, lH, H-4, J,,, = 9.5 Hz, J, = 2.0 Hz), 4.07 (dd, IH, H-l, J,, = 5.0 Hz), 
4.17-4.30 (m, 3H, 2 x OCH,, All), 4.39446 (m. lH, 2 x DCH,, All), 4.44 (dd, IH. H-2, J,,, = 4.0 Hz), 5.17-5.36 (m, 
4H, 2 x =CH,, All), 5.69-6.05 (m, 2H, 2 x -CH=, All). 

4-OallyCl,5,6-trl-DbenzyCm~lnoslol (7a) 
To a solution of compound 5a (2.77 g. 7.10 mmo9 and NaH (0.43 g, 17.92 mm09 in dry DMF (35 ml) was added 
drop&e benzyf bmmfds (1.66 ml, 15.64 nznol) at 0°C. Ths reaction mixture was stirred for 2 h at 20°C. Excess 
NaH was destroyed with MeCH and ths reactffn rrMture concentrated in vacua. The residue was taken up in 
CHzCI,, washed with HzO, 1 M NaHC03 and H,O. Ths organic layer was dried over MgSO, and concentrated in 
vacua. The aude 6a was stirned in a mixture of AcOH and Hz0 (35 ml, 4/l, viv) for 2 h at 95°C. The reaction 
mixture was cooled and concentrated in vacua and o~vaporated with tofuene (3 x 50 ml). The residue was taken 
up in CH,CI,. washed with H,O, 1 M NaHCO, ancf H,O. The organic layer was dried over MgSO, and concentrated 
in vacua. Silica gel column chromatography (30 g. efutiin: CH&iMeDH, 100/O to 95i5, v/v) of the crude product 
afforded pure 7a (3.27 g, 94% yield). R, 0.16 (system D), R, 0.59 (system E). Mp 96-99X (from Et@tIexane); lit?’ 
mp 99-101°C. 
‘3C(‘H)NMR (CD&): 6 69.35 and 71.71 (C-2 and C-3), 72.62, 74.34, 75.72 and 75.69 (4 x DCH, All and Bzl), 
79.69, 61.06, 61.53 and 63.25 (C-l, C-4, C-5 and C-6) 117.03 (=CH,, All), 127.60-126.51 (15 x CH, aromatic), 
135.17 (-CH=, All), 137.65, 136.56 and 136.73 (3 x Cq. Bzl). 
‘H-NMR (CDCg): 6 2.53 (s (br), IH, 2G-f. (exchangeable)), 2.54 (d, lH, 3-OH, (exchangeabfe)), 3.42 (dd, IH, H-5, 
J,,e = 9.5 Hz), 3.44 (ddd, lH, H-3, J3,4 = 9.5 Hz, J3,W = 5.0 Hz), 3.45 (dd, lH, H-l, J,p = 3.0 Hz), 3.71 (dd, IH, H- 
4, J4,s = 9.5 Hz), 3.93 (dd. IH, H-6, J6,, = 9.5 Hz), 4.22 (dd (br), IH, H-2, J2,3 = 3.0 Hz), 4.22429 (m, IH, CCH,, 
All), 4364.46 (m, IH, DCH,, All), 4.67492 (m, 6H, 3 x CCH,, Bzl), 5.15-5.31 (m, 2H, &Hz, Ail), 5.66602 (m, IH, 
-CH=, All), 7.25-7.36 (m, 15H, H aromatic). 

1,4-dl-Oallyl-5,6-dl-Dbenzyl-rny~lnosftol (7b) 
To a solution of compouncl 5b (2.66 g, 7.66 mmol) and NaH (0.47 g. 19.56 mmof) in dry DMF (40 ml) was added 
dropwise benzyf bromide (2.06 ml, 17.32 mmol) at 0°C. The reaction mbture was stirred for 2 h at 20°C. Excess 
NaH was destroyed with MeDH and the reaction mixture concentrated in vacua. The residue was taken up in 
CH,CI,, washed with H,O, 1 M NaHCO, and HzO. The organic layer was dried over MgSD, and concentrated in 

vacua. The crude 6b was stirred in a mixture of AcCH and Hz0 (40 ml, 4/l, WV) for 2 h at 95%. The reaction 
mixture was cooled and concentrated in vacua and coevaporated with toluene (3 x 50 rrL). Ths residue was taken 
up in CH,CI,, washed wkh HzO, 1 M NaHCO, and H,O. Ths organic layer was dried over MgSO, and concentrated 
in vacua. Silica gel column chromatography (40 g, elutiin: CH,CldMeOH, 100/O to 95/5, v/v) of the crude product 
afforded pure 7b (3.12 g, 90% yiekf). R, 0.11 (system D), R, 0.46 (system E). Mp 76.5-76X (from CH.&hexane); 
rti.= mp 7630°C. 
‘3C{‘H)-NMR (CDCQ: 5 69.29 anti 71.45 (C-2 and C-3), 71.54, 74.14, 75.45 and 75.69 (4 x OCH,, All and Bzl), 
79.46, 60.63, 61.26 and 62.96 (C-l, C-4, C-5 and C-6) 116.63 and 117.36 (2 x =CH,, MI), 127.37-126.13 (10 x CH, 
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aromatic), 134.41 and 134.93 (2 x cH=, All), 138.38 and 138.47 (2 x Cq, Bzl). 
‘H-NW (WC&): 6 2.75 (d, lH, 2G-l. (ex&ngeabk )), 2.77 (d, lH, 3-OH. (exchange-)), 3.36 (dd, 1l-L H-1, J,2 
= 3.0 Hz), 3.40 (dd, lH, H-5, J z; 9.5 WI 3.47 (ddd, ‘HI H-3. Jw = 9.5 Hz, Jqg.j = 5.0 Hz), 3.70 (dd, lH, K4, J15 = 9 5 Hz) 3 88 (dd lH 

. ,. ,,, ,, - 9.5 Hz), 4.16429 (m, 3H. 2 x Or& All). 4.20 (d&l, lH, H-2, Jw = 3.0 Hz, 
J 20,, = 1.0 Hz), 4.38-4.45 (m, lH, 2 x CC&, All), 4.77-4.89 (m, 4H, 2 x CCH, Bzl), 5.15-5.33 (m, 4H, 2 x =CHZ, 
Ali), 5.86-6.02 (m, 2H, 2 x CH=, All), 7.25-7.34 (m, lOH, H aromatic). 

4-OallyCl,5,6-tr~~nzyl-3-Dterl;knyldlmethylslly~~y~lnoslol (8a) 
A mixbre of conpound 7a (2.45 g, 5.00 rnmol) and te&Uyldimethykilyl r&lo& (1.65 g, 12.29 nn~to9 in pyridins 
(25 ml) was stirred for 16 h at 50°C. Ths reaction mixlure was a&d, concerrbated in vacua, taken up in CH,CI, 
and washed with H,O, 1 M NaHCOs and H,O. The organic layer was drkd over MgSC, and concentrated in vacua. 
Silica gel colurm chnxnat~ (35 g, eMion: hexansE&.O, 100/O to 5Oi50, v/v) of ths cruds produd afforded 
pure 6a (2.54 g, 84% yield). R, 0.44 (system A). Mp 62.5-63&X (from pentane). 
13C(1H)-NMR (WCS): 6 -4.93 and -4.55 (2 x si(CH& TBDMS), 17.99 (@II-&),, TSDMS), 25.78 (3 x CGHJ3, 
TBDMS), 70.93 and 73.32 (C-2 and C-3), 72.62, 74.46 and 75.60 (4 x OCH, All and Bzl), 79.39, 61.06 and 63.25 
(C-l, C-4, C-5 and C-6). 116.30 (&HZ, All), 127.4Gl26.33 (15 x CH, ammatic), 135.14 (CH=, All), 138.06, 136.67 
and 138.62 (3 x Cq, Bzl). 
‘H-NMR (WCS): 6 0.06 (s, 3H, si(CH&, TBDMS), 0.10 (s, 3H, Si(CH.& TBDMS), 0.90 (s, 9H, C(Cw3, TBDMS), 
2.43 (s (br), lH, 2.OH, (exchangeable)), 3.36 (dd, 1H. H-5, Jsg = 9.5 Hz), 3.37 (dd. 1H. H-l. J,, = 3.0 Hz), 3.45 
(dd, lH, K3, J3,4 = 9.5 Hz), 3.62 (dd, lH, K4. Jd5 = 9.5 Hz), 3.90 (dd (br), lH, H-2, JZ2 = 3.0 Hz), 3.97 (dd, lH, 
H-6, J,,, = 9.5 Hz), 4.21434 (m, 2H, OCH,, All), 4.68494 (m, 6H, 3 x OCH,, Bzl), 5.10526 (m, 2H, =CH,, All), 
5.67-6.00 (m, lH, CH=, All), 7.27-7.39 (m, 15H, H aromatic). 

1,4-dl-Dallyl-5,6-dl-ObenzylS~fert-butyldlmethylsIlyl-~y~lnositol (8b) 
A mixture of compound 7b (2.20 g. 5.00 mmol) and tert-butyldimsthykilyl chbride (1.65 g, 12.29 mmol) in pyridins 
(25 mL) was stirred for 16 h al 50°C. The reaction mixture was cooled, conc8ntrated in vacua, taken up in CH,CI, 
and washed with H,O, 1 M NaHCO, and H,O. The organic layer was dried over MgSO, and concentrated in vacua. 
Silica gel column chromatography (35 g, eiutiin: hexarWE&O. loo/o to 5OE0, v/v) of the crude produd afforded 
pure 8b (2.52 g, 91% yie!d). R, 0.46 (system A). Mp 59-60.5X (fmm pentane). 
‘3CcH)NMR (WCS): 6 -4.93 and -4.56 (2 x Si(CH&, TBDMS), 17.96 03, TBDMS), 25.75 (3 x C(GHJ3, 
TBDMS), 70.98 and 73.26 (C-2 and C-3), 71.95, 74.46 and 75.77 (4 x CCH,, AU and Bzi), 79.25, 81.00 and 83.16 
(C-l, C-4, CS and Ca)), 116.30 and 117.30 (2 x ZCH,, All), 127.43-126.22 (10 x CH, aromatic), 134.76 and 135.66 
(2 x -CH=, All), 138.61 and 138.73 (2 x Cq Szl). 
‘H-NMR (CDCL$ 6 0.13 (s, 3H, Si(CH& TBDMS), 0.14 (s, 3H, Si(CH.&, TBDMS), 0.93 (s. 9H, C(CHJ,, TBDMS), 
2.46 (s (br), 1 H, 2-OH, (exchangeable)), 3.31 (dd, lH, H-l, J,2 = 3.0 Hz), 3.36 (dd, lH, H-5, J,, = 9.5 Hz), 3.51 

W, lH, H-3, J,., = 9.5 Hz), 3.63 (dd, lH, H-4, J,,5 = 9.5 Hz), 3.93 (dd, lH, H-6, J,,, = 9.5 Hz), 4.01 (dd (a), lH, 
H-2, JPs = 3.0 Hz), 4.19436 (m, 4H, 2 x CCH,, All), 4.78491 (m, 4H, 2 x OCH,, Bzl), 5.11-5.63 (m, 4H, 2 x 
=CH,, All), 5.66-6.04 (m, 2H, 2 x GH=, All), 7.26-7.34 (m, lOH, H aromatic). 

4-Oallyl-1 ,2,5,6-tetra-Obenzyl-3Dterf-butyldlmethylsIlyl-m~lnosltol (9a) and 4-DallyI- ,3,5,&tetra-Dbenzyl-2- 
Otef&bulyldlmethylsllyl-rny&nosltol (loa) 
To a solution of compound 8a (2.02 g, 3.34 mmol) and benzyi bromide (0.45 ml, 3.78 mmol) in DMF (15 mL) was 
added NaH (0.10 g, 4.17 mmo9. The reaction mkturs was stirred for 2 h at 20°C. Excess NaH was destroyed with 
MeOH and the reaction mixlure concentrated in vacua. Ths residue was taken up in CH,Ch, washed with H,O, 1 M 
NaHC03 and H,O. The organic layer was died over MgSO, and concentrated in vacua. Silica gel cah~mn 
chromatography (30 g, elutiin: hexaneE&O, 100/O to 80/20. v/v) of ths ctuds product alforded pure con-pound 9a 
(1.72 g, 74% yield), as an oil. R, 0.55 (system A). 
‘3C[‘H)-NMR (CDCl$ 6 -4.64 (2 x Si(CH&, TBDMS), 16.05 (QCH&, TBDMS), 25.90 (3 x C(QQ,, TBDMS), 
72.60, 74.43, 74.90, 75.74 and 75.89 (5 x OCH,, All and Bzl), 73.93 (C-2). 79.42, 60.53, 61.36, 81.73 and 63.69 (C- 
l, C-3, C-4, C-5 and C-6), 116.16 (=CH, All), 127.17-126.28 (20 x CH, aromatic), 135.40 (-CH=, All), 136.40, 
136.79, 136.93 and 139.25 (4 x Cq Bzl). 
‘H-NMR @DC&): 6 0.04 (s, 3H, +.X&, TBDMS). 0.10 (s, 3H. Si(CH.&. TBDMS), 0.91 (s, 9H, C(CQ3, TBDMS), 
3.37 (dd, lH, H-l, J,z = 2.5 Hz), 3.36 (dd, lH, H-5, J,, = 9.5 Hz), 3.45 (dd, lH, H-3, J3,, = 9.5 Hz), 3.74 (dd, lH, 
H-2, J, = 2.5 Hz), 3.77 (dd, lH, H-4, Jd5 = 9.5 Hz), 4.01 (dd, lH, H6, JB,, = 9.5 Hz), 4.29431 (m, 2H, CCH,, 
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Att), 4.8O4.92 (m, 8H, 4 x CCH,, Bzl), 5.10528 (m, 2H, =CH,, All), 5.88-8.O3 (m, lH, -CM, All), 7.24-7.34 (m, 
20H, H aromattc). 

and corqmund 1Oa (0.42 g, 18% yield), as an oil. R, 0.50 (system A). 

‘3CfHINMR GDCQ: 6 4.73 (2 x SW.&, TBDMS), 18.49 (z;(CH&, TBDMS). 25.84 (3 x C&&)3. TBDMS), 89.53 
(C-2) 72.85, 72.77, 74.37, 75.83 and 78.04 (5 x CCH,, AH and Bzl), 80.53, 80.71, 80.97, 81.32 and 83.54 (c-l, c- 
3, C-4, C-5 and C-8), 118.54 (=CH2, All), 127.37-128.13 (20 x CH, aromatic), 135.34 (-CH=, Att), 138.23, 138.32 and 
138.76 (4 x Cq, Bzt). 

‘H-NMR (CDCQ: 6 0.04 (s, 3H, Si(CH&, TBDMS), 0.05 (s. 3H, Si(CH&, TBDMS), 0.88 (s. 9H, C(CH&, TBDMS), 
3.20 (dd, lH, H-3, Jap = 9.5 Hz), 3.28 (dd, lH, H-l, J,, = 2.0 Hz), 3.40 (dd, lH, H-5, Js,s = 9.5 Hz), 3.84 (dd, lH, 

H-4, J4,5 = 9.5 HZ), 3.93 (dd, lH, H-8, JB,, = 9.5 Hz), 4.21 (dd, lH, H-2, J2,e = 2.0 Hz), 4.27441 (m, 2H, CCH,, 
Ati), 4.81490 (m, 8H, 4 x OCH,, Bzl), 5.135.30 (m, 2H, &Hz, All), 5928.05 (m, lH, -CH=, Ait), 7.28-7.38 (m, 
20H, H aromatic). 

1,4-dl-0allyl-2,5,6-1rl-Dbenzyl-3-Dt~~butyldlmethylsl~~~~lnoslol (Sb) and 1,4_dl-~allyE3,6,6rl-~~n~~ 
2-Dfe~butyldlmethylllyl-rn~lnosttol (lob) 
To a sot&n of corrpound 8b (1.99 g, 3.57 mmol) and benzyl bromide (0.47 ml, 3.95 mmot) in DMF (17.5 ml) 
was added NaH (0.11 g, 4.58 mmol). The reaction rntxture was stirred for 2 h at 20°C. Excess NaH was destroyed 
with MeOH and the reaction mixture concentrated in vacua. The residue was taken up in CHzCI,, washed with H,O, 
1 M NaHCO, and H,O. The organic iayer was dried over MgSO, and concentrated in WXJO. Siii gel column 
chromatography (30 g. elution: hexane/Ett,O, 100/O to 50150, v/v) of the crude product afforded pure compound 9b 
(1.86 g, 81% yield), as an oil. R, 0.67 (system A). 
‘3C(‘H}-NMR (CDCQ: 5 -4.67 (2 x Si(Ct-L&, TBDMS), 18.02 c(CH&, TBDMS), 25.87 (3 x C(@i.j,, TBDMS), 
71.54, 74.37, 74.81, 75.83 and 75.77 (5 x CCY, All and Bzl), 73.82 (C-2). 79.19. 80.39, 81.32, 81.84 and 83.80 (C- 
l, C-3, C-4, C-5 and C-6). 116.01 and 116.51 (2 x =Cy, All), 127.11-128.16 (15 x CH, ammattt), 134.96 and 
135.37 (2 x -CH=, All), 138.79, 138.93 and 139.17 (3 x Cq, Bzl). 
‘H-NMR (CDCQ: 6 0.11 (s, 3H, SiiCH&, TBDMS), 0.12 (s, 3H, Si(CH& TBDMS), 0.93 (s. 9H, C(CtQ,, TBDMS), 
3.29 (dd, lH, H-l, JIp = 2.5 Hz), 3.37 (dd. lH, H-5, Js,s = 9.5 Hz), 3.50 (dd, lH, Ha, J,,, = 9.5 Hz), 3.76 (dd, lH, 
H-4, J,,, = 9.5 Hz), 3.84 (dcf, lH, H-2, J, = 2.5 Hz), 3.98 (W, 1H. H-6, J,,, = 9.5 Hz), 4.07420 (m, 2H, 2 x CCH,, 

All), 4294.31 (m, 2H, 2 x OCH,, All), 4.754.95 (m, 6H, 3 x OCH,, Bzt), 5.10-5.36 (m, 4H, 2 x =CH,, All), 5.88802 
(m, 2H, 2 x -CH=, All), 7.22-7.45 (m, 15H, H aromatic). 
and compound lob (0.39 g, 17% ytekt), as an oil. R, 0.61 (system A). 
‘3C(‘H}-NMR (CDCQ: 6 4.87 and 4.84 (2 x Si(CH& TBDMS), 18.52 (@Xt&,. TBDMS), 25.87 (3 x CEH&, 
TBDMS), 89.50 (C-2), 71.88, 72.77, 74.43, 75.72 and 76.07 (5 x OCH,, All and Bzl), 80.53, 80.82, 81.00, 81.32 and 
83.51 (C-l, C-3, C-4, C-5 and C-6) 116.54 and 116.82 (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 (CDCQ: 6 0.08 (s, 3H, Si(CH,),, TBDMS), 0.09 (s, 3H, St(CH&, TBDMS), 0.89 (s, 9H, C(CH& TBDMS), 
3.14 (dct, lH, H-l, J,p = 2.0 Hz), 3.21 (ckt, lH, H-3, J3,d = 9.5 Hz), 3.38 (dd, lH, H-5, J,,, = 9.5 Hz), 3.83 (dd, lH, 
H-4, J.,5 = 9.5 Hz), 3.86 (dd, lH, H-8, JB,, = 95 Hz), 4.03417 (m, 2H, 2 x OCH,, All), 4.18 (dd, 1H. H-2, J,,, = 2.0 

Hz), 4.26-4.41 (m, 2H, 2 x OCH,, All), 4.674.87 (m, 6H, 3 x OCH,, Bzl), 5.11-5.32 (m, 4H, 2 x =CH,, All), 5.84-8.C5 
(m, 2H, 2 x -CH=, All), 7.27-7.36 (m, 15H, H aromatic). 

l,2,5,8-tetra-Dbenzyl-4-Ofrans-prop-l-enyl-my~lnoeltol (lla) 
To a sotutiin of compound 9a (1.40 g, 2.02 mmol) in 1,2diibroethane (15 mL) under an inert helium atmosphere 
was added 1,5cycloodadiene-bisImethyldiphenylphosphm hexaftuorophosphate*’ (25 mg) in 1,2- 

diihbroethane (0.5 ml). The cataiyst was activated by passing over a stream of hydrogen for 2 min. The sotution 
was degas& and left under a stream of helium for 4 h. After concentration of the reaction mixture, the restdue was 
dissolved in diixane (10 mL). 1 M tetratutytammontum fiuoride in dioxane (10 mL, 10.00 mmol) was added and the 
reaction mixture was stirred for 1 h at 20°C. The reaction mixture was diluted with CH,CI,, washed with 1 M 
NaHC4 and a saturated NaCl sotutttn. The organic layer was dried over MgSC, and concentrated in vacua. Silica 
gel column chromatography (15 g, et&on: hexane/Et,O. 100/O to 50/50, v/v) of the crude prcduct afforded pure 118 
(1.01 g, 86% yield). R, 0.26 (system A), R, 0.57 (system B), R, 0.82 (system D). Mp 84.5-85.5”c (from pentane). 

C,,H& catc. C 76.53 H 6.94 
(580.7) fcund 76.23 6.86 

‘k(‘H)-NMR (CDCI,): 6 12.12 (CH,, Prop), 71.51, 76.94, 80.85, 81.41, 82.72 and 84.04 (C-l, C-2, C-3, C-4, C-5 
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and C-6), 72.97, 74.75, 7554 and 7588 (4 x OCH, Bzi). 99.98 (-U-k Prop), 127.57-128.30 (20 x CH, arOmatic). 
138.12,138.23, 138.50 and 138.87 (4 x q, Bzi), 148.42 (ocH=, prop). 

‘H-NW (CDCg): 5 1.52 (dd, 3H, C&, Pmp), 227 (d, lH, 3-OH, (exchargeable)). 3.39 (dd, lH, H-5, JsB = 9.0 Hz), 

3.45 (dd. lH, H-l, J,2 = 2.5 Hz), 3.51 (ddd, lH, H-3, &A = 9.5 Hz, J9,0H = 85 Hz), 3.88 (dd, lH, H-4, J,5 = 9.5 

Hz), 4.02 (dd, lH, H-8, J6,, = 10.0 Hz), 4.05 (dd, lH, H-2, J,, = 2.5 Hz), 4.70489 (m, 8H, 4 x OCH, Bzf), 4.99 

(drf, 1H. -CH=, Prop, J, = 8.5 Hz), 8.27 (dq, lH, 0Ci-k Prop, J,, = 12.0 Hz, Jld = 1.5 Hz), 7.27-7.35 (m, 20H, H 

arOmatic). 

2,5,6-tetr&Dbenzyi-l,~dCQt~~prop-l-enycmy~inos~Oi (lib) 

To a sobtion of compound 9b (1.30 g, 2.02 mmof) h 1,2di&iometf~fe (15 ml) under an inert helium atmsspherr? 

was added 1,5i@ooctadbne-bis@Wly 16phenylphosphinelfrfdffm hexafbomphosphatez’ (25 mg) in 1,2- 

dfbhbmemans (0.5 ml). Ths ca~iyst was actfvatsd by passing over a stream of hydmgen for 2 min. The solution 
was degassed and ieft under a stream of h&m for 4 h. The reaction mtxtum was concentrated in vacua and thr? 

residue was dbsofved in dbxans (10 ml). 1 M tehakRylamn0 nbm ffuoride in dbxana (10 mL, 10.00 mmol) was 

added and ths mactbn rnfxture was stirred for 1 h at 20%. The reaction mixture was diluted wfth CH,C4, washed 

with 1 M NaHCO, and a saturated NaCf solution. The organb fayer was drbd over MgSD, and concentrated in 

vacua. Silba get cobrm chmmabg@ty (15 g, eiutbn: hexane/Et.zO, loolo to 5060, v/v) of the crude psxbct 

afforded pure llb (0.89 g, 83% yield). R, 0.31 (system A), R, 0.81 (system B). R, 0.84 (system D). Mp 8283°C 

(from pentane). 

Q%Llr% dab. C 74.89 H 7.22 

(530.7) found 74.81 7.29 

‘3C(‘H)NMR (CDCf$: 8 12.09 and 12.27 (2 x C\, Prop), 71.01, 77.44, 80.82, 81.82, 82.34 and 83.89 (Cl, C-2, 

C-3, C-4, C-5 and C8), 74.90, 75.54 and 75.80 (3 x DCH,, Bzi). 99.88 and 101.29 (2 x -CH=, Prop), 127.57-128.19 

(15 x CH, arornatfb), 138.12 and 138.38 (3 x q, Bzl), 148.20 and 148.39 (2 x OCf-f=, Prop). 
‘H-NMR (CDCg): 8 1.51 (dd, 3H, Cf-&, Prop). 1.58 (dd. 3H, CH,, Prop), 2.25 (d, lH, 3-W (exchangeabfe)), 3.39 
(dd. IH. H-5, J,,, = 9.5 Hz), 3.54 (ddd, lH, H-3, J3,4 = 9.5 Hz, J, = 7.0 Hz), 3.84 (dd. lH, H-l, J,p = 2.5 Hz), 

3.88 (dd, lH, H-4, J,, = 9.5 Hz), 3.97 (dd, lH, H-6, J,,, = 10.0 Hz), 4.08 (dd, 1H. H-2, JZ8 = 3.0 Hz), 4.81484 (m, 

8H, 3 x OCH,, Bzl), 4.99 (dq, lH, -CH=, Prop, Jss = 7.0 Hz), 5.00 (dq, lH, -CH=, Pmpp, Jza = 7.0 Hz), 8.19 (dq, 
lH, OCH=, Prop. J,2 = 12.0 Hz, J,s = 1.5 Hz), 8.28 (dq, lH, OCK. Prop, J,,, = 12.0 Hz, J,, = 1.5 Hz), 7.20-7.39 
(m, 15H. H aromatic). 

B/a(1-[6_trifiuoromethyi]benzdtriazoiyi)mathyiphosphonate (12) 
A solution of methyfphosphonfc dbhbrfde (1.33 g, 10.00 mmol) in anhydrous dfbxans (10 ml) was added dmpwiss 

to stirred solution of cby l-hydmxy8trffbo~ otrbzofe (4.08 g, 20.00 rnmoi) and pyrkiins (1.82 mL, 20 
mmoi) in anhydmus dfbxane (40 III_) at 20%. The sofutbn was stirred for 1 h at 20% and the salts were removed 

hy filtration. Ths 0.2 M stock sobtfbn of 12 $‘P-NMR: 6 47.80) thus ohtafnsd could hs stored for several weeks at - 
20°C. 

N,Ndiiadpropyt dibanzyi phosphoramidite (13) 

To a cooled (-10%) solution of N,k%opmpyi dbhbn@osphoramfdiie~ (10.1 g, 50.00 mmsi) in anhydrnus Et,0 
(150 ml) was added dropwbe a solution of henzyl afcohof (10.35 mL, 100.15 rnmoi) and E&N (15.30 mL, 109.98 

mrnol) in anhydrous E&O (100 ml) over 1 h. Ths reactbn mfxtum was stfrred for 2 h at 20% and the sah were 

filtered off. The ethereal phase was washed with 1 M NaHCOs and a saturated NaCl solution, dried over MgSO, 

and concentrated in vacua. Siiba get coiumn chromatography (250 g. ebtiin: hsxane@N, 97.52.5 to 955, W) of 

the crude prcdud afforded 13 (15.35 g, 89% yfekf), as an oil. 

3’P-NMR (CHsCN): 6 148.99. 

1,2,5,8-tatra-DbenzyCmyc&inoaitoi 3-(banzyi methyiphosphonaW (ISa) 
A sofutbn of conpound 12 in dbxans (0.2 M, 7.00 ml, 1.40 mm@ was added to 118 (OX3 g, 1.28 mrrbl), whbh 
had been dried hy repeated coevapomtbn wfth pyrfdfna. Ths maUbn was stirred for 5 ti at 20°C. SuhseWently 

hsnzyl alcohol (0.28 ml, 2.52 nxrbi) and Nrneti’rjitmbazob (0.50 ml, 8.28 mnoi) ware added and the reaction 
mfxtum was stirred for another 1 h at 20°C. After &fdiUon of 1 M T5AB ths readfon rrktum was diluted with 
CH,C4 and washed wfth H,O, 1 M TEAB and H,O. Tha organic iayer was drbd over MgSD, and concentrated in 

vacua. R, 0.33 (system B), R, 0.31 (system 0). “P-NMR (CHsC4): 6 30.82 and 33.70 (ratio, l/4). 



4720 
C. E. DREEF er al. 

To a sobtiin of ths uude 14s in CH,CI, (7.5 ml) was added 0.2 N HCi in MeCH (7.5 ml) and the readion mixture 

was stirred for 1 h at 20°C. Ths readfon mfxture was dfbted with CH&& and washed wffh HsO, 1 M TEAB and 

H,O. The organfc layer was dried over MgSC, and ccncentrWd in vawo. Stfica gel colurrsr chmmatography (12.5 

g, ebtiin: hexane/EtCAc, 100/o to 50150, v/v) of the crude pmduct afforded plre 15a (0.79 g, 89% yield’), as an oil. 

Rr 0.50 (system C). 

C42H45C~P cafe. C 71.17 H 6.40 P 4.37 

(708.8) found 70.97 6.32 4.30 

3’P-NMR (CH,Cf.j: 6 31.62 and 34.51 (ratii, l/4). 

25,~trCDber~yl-fn~nosftpl 3-(benzyl msthylphosphonate) (Mb) 
A solution of ccmpnmd 12 in dkxans (0.2 M, 7.00 ml, 1.40 mm~l) was addsd TV llb (0.66 g, 1.25 rnnwl), which 
had been dried by repeated ccevaporation with pyrklfne. The reactbn was stirred for 5 min at 20%. subsequently 
benzyf alcohol (0.26 ml. 2.52 mmof) and Nmethyffmidazots (0.50 ml, 6.28 mmof) were added and ths reaztiin 

mixture was stirred for ancther 1 h at 20%. After add&on of 1 M TEA6 the mactii rnbrtum was difuted witf~ 

CH,C4 and washed with H,O, 1 M TEAEI and H,O. The organic layer was dried over MgSO, and ccncentrated in 

vacuc. R, 0.36 (system 8) R, 0.31 (system D). “P-NMR (CH.&: 6 30.92 and 33.62 (ratii, l/4). 
To a s&tii of the crude 14b in CH& (7.5 ml) was added 0.2 N HU h MeOH (7.5 ml) and the reaction mixture 

was stirred for 1 h at 20%. The reactbn mfxture was diluted with CH,C4 and washed wfth H,O, 1 M TEAEI and 

H20. The organic layer was drfed over MgSO, and concentrated in vacua. Sifii gel cckrrm chrcmatography (10 g, 

elutiin: hexane/EtOAc, 100/O to 5060, v/v) 01 the crude product afforded pure 15b (0.68 g, 88% yield), as an oil. R, 
0.32 (system C). 

C&f3OC~P talc. C 67.95 H 6.35 P 5.01 

(618.7) found 67.78 6.38 5.09 

3’P-NMR (CH,CI,): 6 32.40 and 34.63 (ratio, l/4). 

fW~lnOSltOl 3-(methylphoaphonate) (Na’-form) (16) 
Cwqxund 15a (0.14 g, 0.20 mrnof) was dissolved in a mixture of MeCH and H,O (25 ml, 4/l, v/v) and 

hydmgenated over 10% paffadiim on charcoal (0.20 g) at 500 kPa for 16 h af 20 “c. The solution is filtered and 
concentrated in vacua (30%) to a small voiums. After Sephadex C-25 @a*-form, 0.9 g, 2.1 mmol) catiin-exchange 

and fyqzhilfation, 16 (49 mg, 89% yield) was obtained, as a white solid (see Table). 

C,H,,O,PNa cafe. P 11.06 
(280.2) found 10.88 

1,2P,6-tetra-DbenzyC~y~l~s~ol B(benzyi methylphosphonate) 4-(dfbenzylphcmphata) (17a) 

A mixture of compound 15a (355 mg, 0.50 rnmol) and amidite 13 (0.26 g, 0.75 mmol) was coevapcrated with 

ttiene (2 x 10 ml) and dissolved in CHsC4 (3 ml). Subsequentiy a sobtii of 1Htetrazofe (65 mg, 0.93 mmcl) in 

CH,CN (3 ml) was added and ths reaction mixture was stirred for 15 min. 3’P-NMR showed the presence of four 

Peaks (6 32.06 and 33.57 (ratio, l/4), 142.91 and 143.09 (ratio, l/4)). The reaction mixture was cooled (0°C) and 

fed-tWl hydroperoxide (0.36 mL) was addsd and stintng was continued for 45 min af 0%. Ths reaction mixture 
was diluted with CH,Cl, and washed with H,O, 1 M TEAB and H,O. The organic layer was dried over MgSO, and 
concentrated in vacua. Sifiia gel cofumn chromatography (7.5 g, elutffn: hexane/EtOAc, 100/O to 5(Y50, v/v) of the 

CrUde product afforded homogeneous 17a (432 rng, 89% yield), as an oil. R, 0.51 (system C). 

C,H&, , Pz cafe. C 69.41 H 6.03 P 6.39 
(969.0) found 69.27 6.12 6.21 
3’P-NMR (CH,CI,): 6 -1.00, 33.82 and 34.03 (ratio, 4/l). 

2,5,6-trl-Gbenzyl-mya-lnosltol S(benzyl methylphosphonate) 1,4-bk?(dlbenzylp~sphste) (17b) 
A m’mture of corrpcund 15b (0.31 g, 0.50 mrnol) and anWife 13 (0.52 g, 1.51 mmof) was ccevapcrated with toluene 
(2 x 15 ml) and diihred in CH,CI, (5 ml). Subsequentiy a sobtfon of 1Htetrazofe (0.13 g, 1.66 mmcl) in Cf-f&N 

(5 ml) was added and ths reaction mfxture was stirred for 15 min. 3’P-NMR showed the presence of fiie peaks (6 
32.24 and 33.70 (rat@ l/4), 141.22, 142.94 and 143.30 (ratio, l/4)). Ths reaction mixture was cooled (0%) and 

fedbutyl hydropemxide (0.75 mL) was added and stii was ccntiied for 45 min at 0°C. The reacfiin mixture 
was diluted with CH,CI, and washed with H,O, 1 M TEAB and H,O. Ths organic layer was drfsd over MgSO, and 
concentrated in vacua. Silica gel ccfumn chromatography (7.5 g, eiutiin: hexaneK%Xc, 100/O to 5W50, v/v) of the 



3-Methylphosphonate analogues 
4721 

CfU%pRXhJCtdlOrdedhO lTlqwmus 17b (525 ITIQ, 92% yield), as an oil. Rf 0.42 (sy&sm C). 

%&3&P, cak. C 86.43 H 5.75 P 8.16 
(1139.1) found 66.65 5.72 8.94 
3’P-NMR (CH,CI,): 6 -1.08, -0.94, 33.91 at-d 34.06 (ratio, 4/l). 

IJ7YdnOSltOl B(methytphoaphonate) 4-phosphate (Na’-form) (18a) 
Compound 178 (198 rn~, 0.20 tm109 was d&oh& in a mkh~re of MsCH and H,O (25 ml 4/l, v/v) and 

hydtogenated over 10% palladium on charcoal (0.20 g) at 500 kPa for 16 h al 20%. The sown was filtered and 

concentrated in vacua (30°C) lo a small volume. After Seph&x C-25 (Na+-form, 2.6 g, 6.0 mmol) cation-exchange 

and lyophilization 16a (72 mg, 87% yield) was obtained, as a white solid (see Table). 

C7H&,PzNa3 talc. P 15.33 
(404.1) found 15.12 

myMwt3ltol 3-(methylphospftonate) 1,4-b/s(phosphate) (Na*-fotm) (Mb) 
Corrpound 17b (219 rng, 0.19 mmol) was diihwd in a mixture of MeOH and H,O (25 mL, 4/l, v/v) and 
hydrogenated over 10% palk&m on charwal (0.20 g) af 500 kPa for 16 h al 20°C. The solution was fiiered and 

concentrated in vacua (30%) to a small volume. After Sephadex C-25 (Na+-form, 4.2 g, 9.7 rrmwl) cation-excharge 

and lyophiliiatiin 16b (66 mg, 85% yield) was obtained, as a white solid (see Table). 

C,H,,C,,P,Na, talc. P 17.60 
(526.0) found 17.48 
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