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ABSTRACT 

O-cu-D-MannopyranosyI_(l + 4)-O-2-amino-2-deoxya_D-ghCopyranosyl-(1 + 6)-lo-myo-inositol l- 
(1,2-di-0-myristoyl-sn-glycer-3-yl hydrogen phosphate), a part structure of the glycosyl-phosphati- 
dylinositol (GPI) anchor of Trypanosomo brucei, was synthesised efficiently by the phosphonate 
approach. The glycobiosylinositol core was prepared in a stereocontrolled manner from lo-2,3,4,5- 
tetra-O-benzyl-l-O-(4-methoxybenzyl)-myo-inositol, tert-butyldimethylsilyl 2-azido-3,6-di-0-be@-2-de- 
oxy-cr-D-glucopyranoside, and methyl 3,6-di-O-acetyl-2,6-di-O-benzyl-2-thioa_ranoside. 

INTRODUCTION 

The glycosyl-phosphatidylinositol (GPI) anchor 2, which attaches surface pro- 
teins to the cell membrane, has been found in various eukaryotes. Recently, it was 

suggested that the GPI anchor was involved in the signal transduction of insulin3 
and in Qa-Zmediated T-cell activation4. 

Ferguson et al.5 elucidated the structures of the GPI anchor part of a variant 
surface glycoprotein (VSG) of the parasitic protozoan Trypunosoma brucei, and a 
typical structure may be depicted as 1. Subsequently, the structures for the GPI 
anchors of rat-brain Thy-l glycoproteix6’ and human erythrocyte acetylcholin- 
esterase’ were reported. These GPI anchors have a common structure composed 

of phosphatidylinositol, 2-amino-2-deoxyglucose, oligomannoside, and ethanol- 
amine linked by a phosphodiester bond. Recently, syntheses have been reported of 
a glycopentaosyl core* of 1 and the non-reducing-end mannobiosyl structure’, 
which was further linked to the peptide part via the phosphoethanolamine residue. 

Correspondence to: T. Ogawa, RIKEN (The Institute of Physical and Chemical Research), Wako-shi, 
Saitama, 351-01, Japan. 
* Synthetic Studies on Cell Surface Glycans, Part 83. For Part 82, see ref. 1. 
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As part of studies” of the synthesis of GPI anchors, we now describe an efficient 
synthesis of the glycobiosyl phosphatidylinositol 2, a part structure of 1. 

RESULTS AND DISCUSSION 

In planning the synthesis of 2, the phosphonate approach was chosen for the 
introduction of the phosphodiester function at O-l of lo-myo-inositol. The key 
intermediate 3 may be obtained from the o-mannose synthon 5; the putative 

2-amino-2-deoxy-D-glucose synthon 6, which carries an azido group as the latent 
amino function; and the lu-myo-inositol synthon 7, which was designed not only 
for the synthesis of 2 but also for the total synthesis of 1. 

~CYCVH, 
HO-~0~6)_a-D-Manp(l~P)-a-D-Manp~:l~6) 

0 1 
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The synthon 7 was prepared as follows. 2,3 : 4,5-Di-O-cyclohexyhdene-myo-in- 
ositol” (8) was treated with dibutyltin oxide, cesium fluoride, 4-methoxybenzyl 

chloride, and potassium iodide” to give 60% of the desired product 9 and 21% of 
10. The structure of 9 was confirmed by the ‘H NMR spectrum of the ( - )- 
camphanoyl derivatives 15a and 15b, in which signals of H-l were observed at 4.94 
(dd, J 2.4 and 10.3 Hz) and 4.87 (dd, J 2.4 and 10.4 Hz), respectively. Allylation of 

9 gave 11 (96%), acid hydrolysis of which followed by benzylation of the resulting 
tetraol 12 afforded 13 (68%). Treatment of 13 with potassium tert-butoxide in 

methyl sulfoxide and then with 0.1 M hydrogen chloride in aqueous acetone13 
removed the ally1 group and gave racemic 14 that was resolved by treatment with 

( - )-camphanoyl chloride14 to give 48% each of the desired ester 15a and the 

diastereoisomer 15b. The absolute structure of 15a was confirmed by conversion 

into known14 ( + )-lo-1,2,3,4,5-penta-O-benzyl-my&inositol (18). The synthon 7 was 

synthesised from 15a in 83% overall yield in 4 steps with the following reagents: 
(a) ammonium cerium(IV) nitrate in 4: 1 acetonitrile-wateri5, (b) ethyl vinyl 

ether-p-toluenesulfonic acid in dichloromethane, (c) sodium hydroxide in 
methanol-tetrahydrofuran, and (d) 4-methoxybenzyl chloride-sodium hydride in 

NJ-dimethylformamide and then acetic acid in methanol. 
The synthon 6 was prepared from tert-butyldimethylsilyl 2-azido-‘2deoxy+D- 

glucopyranoside’6 (19). Treatment of 19 with benzaldehyde dimethyl acetal in the 

presence of p-toluenesulfonic acid gave the 4,6-0-benzylidene derivative 20, 

6 R’=ti=H 

9 R’=MBn,ti=H 
10 R’=H,ff=MBn 

11 R’ = MBn, R2= ally1 

12 R’ =allyl, R*=H 

13 R’ = allyl. R* = En 

14 R’ = H. R2= Bn 

BnO O&l 

MBnW*%n + BnO*M 

15a 15b 

BllO OBfl BnO OBfl 

“O&k - B”O&% 

16 R = (-)-camphanoyl 17 R=MBn 

16 R=H 
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OAc 
( OBn 

L B"OB+, 

22 

benzylation of which afforded 21 (73% from 19). Reductive opening of the 
4,6-O-benzylidene ring of 21, using boron trimethylamine-aluminium chloride in 
tetrahydrofuran17, yielded 6 and the regioisomer, which were separated easily by 
selective silylation of the latter to afford 83% of 6 and 13% of 22. 

The synthon 5 was obtained (85%) by reaction of 1,3,6-tri-U-acetyl-2,4-diGben- 
zyl-cu-o-mannopyranosel* (23) with methyl tributyltin sulfide” in the presence of 

tin(W) chloride. 

Compounds 5 and 6 were coupled in the presence of copper(H) bromide, 

tetrabutylammonium bromide, and silver triflate in nitromethane*’ to give the 
disaccharide derivative 24 (90%). The configuration at C-l’ in 24 was confirmed by 
the 13C NMR spectrum, which contained a signal for C-l’ at 99.8 ppm (‘Jc,n 167 

Hz). Compound 24 was converted into the glycosyl donor 26 @9%, cr,p-ratio 1: 2) 
by desilylation with tetrabutylammonium fluoride and acetic acid in tetrahydro- 
furan”, followed by fluorination with diethylaminosulfur trifluoride*l. 

Crucial glycosylation of 7 with 26 in the presence of zirconocene dichloride and 
silver perchlorate in dry ether*’ gave a mixture (93%) of the desired a-linked 
product 27 and its p isomer in the ratio 3.7: 1. The configurations at C-l” for 27 
and its p isomer were assigned from the ‘H NMR spectrum, which contained a 

signal for H-l’ at 5.60 ppm (J,,, 3.7 Hz) for 27 and at 4.97 ppm (J,,, 7.9 Hz) for its 

p isomer. Deacetylation of 27 afforded 28, which was benzylated to give the key 
intermediate 3 (95% from 27). The conversion of 3 into 29 (92%) was achieved, as 
described above, by reaction with ammonium cerium(IV) nitrate. 

The synthesis of the phosphatidylinositol derivative 32 as a model for the 
introduction of the phosphodiester function at O-l of lo-myo-inositol was studied 
first. Saponification of 15a gave 30, which was coupled in the presence of pivaloyl 
chloride in pyridine23 with 1,2-di-O-myristoyI-sn-glycerol 3-(hydrogen phospho- 
nate) (41, prepared according to the method of Lindh and StawinskiB, to afford 
the phosphonic diester 31 (80%) as a mixture of diastereomers. Oxidation of 31 
with iodine then yielded the phosphoric diester 32 (71%), which was hydrogenol- 
ysed (Pd/C) to give quantitatively the phosphatidylinositol 33. 



C. Murakata, T. Ogawa/Carbohydr. Res. 234 (1992) 75-91 79 

OBll 
.O 

5 + 6- :4 BllO 
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24 25 R-OH 

26 R=F 

7 + 26 - 

27 26 R’ = H, R2= MBn 

26 R’ = Bn. R2= H 

The introduction of the phosphodiester moiety into 29 was performed in the 
above manner to afford 34 and then 35 (70% from 29). The structure of 35 was 

confirmed by the presence in the 31P NMR spectrum of a signal at - 1.85 ppm. 
Hydrogenolysis (Pd/C) of 35 gave the target compound 2 (51%). The structure was 

confirmed by the ‘H and 31P NMR spectra, and the FAR-mass spectrum, which 

contained the [M’+ HI ion with m/z 1078 expected for 2. 

Compound 2 may be useful as a molecular probe for the elucidation of the 
physiological role of GPI anchors. 

31 R’.H.R2-B”,R’-ME,, 

32 R’-otl.R*.Bn.d.MBn 
33 R’-cni.RZ.R3.H 
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EXPERIMENTAL 

General.-Melting points were determined with a Yanagimoto micro melting- 
point apparatus and are uncorrected. Optical rotations were determined with a 

Perkin-Elmer Model 241 MC polarimeter for solutions in CHCI, at 25”, unless 

noted otherwise. Column chromatography was performed on silica gel (Merck, 

70-230 mesh). Flash-column chromatography was performed on Wako-gel C-300 
(200-300 mesh). TLC and high-performance (HP) TLC were performed on Silica 

Gel 60 F,, (Merck). Molecular sieves were purchased from Nakarai Chemicals. 

The ‘H, 13C and 31P NMR spectra were recorded with a GNM-GSX500, JEOL 
GX400, or FX90Q spectrometer for solutions in CDCI, (internal Me,Si), unless 
noted otherwise. Values of S,(D,O) are expressed in ppm downfield from the 
signal for Me,Si by reference to internal ‘BuOH, (1.230). The 31P resonances (6,) 

are referenced to external aq 85% H,PO, unless noted otherwise. 

( +)-2,3 : 4,5-Di-O-cyclohexylidene-6-0-~4-methoxybenzyl)-myo-inositol (9).-A 

mixture of 8” (120 mg, 0.35 mmol) and Bu,SnO (88 mg, 0.35 mmol) in toluene (5 

mL) was stirred for 2 h under reflux with continuous azeotropic removal of water, 
then concentrated in vacua. A mixture of the residue, CsF (69.2 mg, 0.45 mmol), 

4-methoxybenzyl chloride (71 pL, 0.52 mmol), and Kl (36 mg, 0.52 mmol) in 

N,N-dimethylformamide (3 mL) was stirred at 20” overnight, then diluted with 

EtOAc, washed with H,O and brine, dried (MgSO,), and concentrated in vacua. 

Preparative TLC (toluene-acetone, 9: 1) of the residue gave 9 (97 mg, 60%) and 

10 (33 mg, 21%). 
Compound 9 had R, 0.60. ‘H NMR data: S 1.42-1.72 (m, 20 H, 10 CH,), 2.58 

(d, 1 H, J 1.2 Hz, OH), 3.54 (dd, 1 H, J 7.9 and 10.7 Hz, H-51, 3.805 (s, 3 H, OMe), 
3.88 (dd, 1 H, .I 1.8 and 7.9 Hz, H-61, 4.01 (dt, 1 H, J 3.7 and 1.8 Hz, H-l), 4.18 

(dd, 1 H, J 7.6 and 10.7 Hz, H-41, 4.34 (t, 1 H, J 7.5 Hz, H-3), 4.43 (dd, 1 H, .I 3.7 
and 7.3 Hz, H-2), 4.60 (d, 1 H, J 11.6 Hz, CH,Ar), 4.714 (d, H, J 11.3 Hz, 

CH,Ar), 6.88 (d, 2 H, J 8.9 Hz, ArH), 7.31 (d, 2 H, J 8.9 Hz, ArH). 
Anal. Calcd for &H,,O,: C, 67.80; H, 7.88. Found: C, 67.71; H, 7.92. 
Compound 10 had R, 0.34. ‘H NMR data: 6 1.40-1.76 (m, 20 HI, 2.60 (d, 1 H, 

.I 2.1 Hz, OH), 3.30 (t, 1 H, J 9.8 Hz, H-5), 3.54 (dd, 1 H, J 4.6 and 7.0 Hz, H-l), 
3.76 (dd, 1 H, J 8.6 and 10.1 Hz, H-4), 3.81 (s, 3 H, OMe), 4.06 (ddd, 1 H, .I 2.1, 
7.2, and 9.3 Hz, H-6), 4.20 (dd, 1 H, J 5.5 and 8.6 Hz, H-3), 4.38 (t, 1 H, .I 4.9 Hz, 
H-2), 4.62 (d, 1 H, .I 11.6 Hz, CH,Ar), 4.72 (d, 1 H, J 11.6 Hz, CH,Ar), 6.89 (d, 2 
H, J 8.9 Hz, ArH), 7.31 (d, 2 H, J 8.6 Hz, ArH). 

Anal. Calcd for C26H3607. 0_33H,O: C, 66.93; H, 7.92. Found: C, 66.87; H, 

7.83. 
(+)-I-0-Allyl-2,3 : 4,5-di-O-cyclohexylidene-6-0-~4-methoxybenzyl)-myo-inositol 

(ll).-To a stirred mixture of 9 (93 mg, 0.16 mmol) and NaH (55% in mineral oil; 
14 mg, 0.32 mmol) was added ally1 bromide (21 pL, 0.24 mmol) at 0”. The mixture 
was stirred at 20” for 3 h, then poured into ice-water, and extracted with Et,O, 
and the extract was washed with H,O and brine, dried (MgSO,), and concentrated 
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in vacua. Flash-column chromatography (toluene-EtOAc, 95 : 5) of the residue 

gave 11 (76 mg, 96%); R, 0.42. ‘H NMR data: S 1.39-1.75 (m, 20 H, 10 CH,), 

3.50 (dd, 1 H, J 7.9 and 10.7 Hz, H-5), 3.67 (t, 1 H, J 3.2 Hz, H-l), 3.81 (s, 3 H, 
OMe), 3.81 (dd, 1 H, J 2.7 and 7.6 Hz, H-6), 4.08-4.11 (m, 3 H), 4.31 (t, 1 H, J 7.3 

Hz, H-3) 4.38 (dd, 1 H, J 3.7 and 7.0 Hz, H-2), 4.59 (d, 1 H, J 11.3 Hz, CH,Ar), 
4.69 (d, 1 H, J 11.3 Hz, CH,Ar), 5.16 (m, 1 H), 5.27 (m, 1 H), 5.87 (m, 1 H), 6.88 

(d, 2 H, J 8.9 Hz, ArH), 7.30 (d, 2 H, J 8.5 Hz, ArH). 
Anal. Calcd for C,,H,O,: C, 69.57; H, 8.05. Found: C, 69.38; H, 8.02. 

(+)-1-O-Allyl-6-0-(4-methoxybentyl)-myo-inositol(l2).-A solution of 11 (8.7 g, 
17.4 mmol) in 0.1 M HCI-MeOH (100 mL) was stirred at 20” for 1 h, then 

concentrated in vacua. Flash-column chromatography (CHCl,-MeOH, 92 : 8) of 
the residue afforded 12 (4.18 g, 71%); RF 0.25 (CH,Cl-MeOH, 9: 1). ‘H NMR 

data (CDCl,-CD,OD, 20: 1): 6 3.32 (t, 1 H, J 9.3 Hz, H-4, H-5, or H-6), 3.34 (dd, 
1 H, J 2.9 and 9.6 Hz, H-l or H-3), 3.38 (dd, 1 H, J 2.9 and 9.6 Hz, H-l or H-3), 

3.71 (t, 1 H, J 9.5 Hz, H-4, H-5, or H-6), 3.74 (t, 1 H, J 9.6 Hz, H-4, H-5, or H-6), 

3.81 (s, 3 H, OMe), 4.16 (m, 1 H, CH,CH=CH,), 4.18 (t, 1 H, J 2.9 Hz, H-2), 4.21 
(m, 1 H, CH,CH=CH,), 4.68 (d, 1 H, J 10.7 Hz, CH,Ar), 4.85 (d, 1 H, J 10.7 Hz, 

CH,Ar), 5.22 (m, 1 H, CH,CH=CH,), 5.33 (m, 1 H, CH,CH=CH,), 5.96 (m, 1 H, 
CH,CH=CH,), 6.89 (d, 2 H, J 8.6 Hz, ArH), 7.32 (d, 2 H, J 8.6 Hz, ArH). 

Anal. Calcd for C,,H,,O,: C, 59.99; H, 7.11. Found: C, 59.71; H, 7.08. 

(~)-I-O-Allyl-2,3,4,5-tetru-O-benzyl-6-0-(4-methoxybenzyl)-myo-inositol (13).- 
To a stirred mixture of 12 (4.18 g, 12.3 mmol) and NaH (55% in mineral oil; 3.2 g, 
74 mmol) was added benzyl bromide (7.3 mL, 61.5 mmol) at O”, and the mixture 

was stirred at 20” for 2 h. Work-up, as described for 11, followed by flash-column 
chromatography (toluene-EtOAc, 95 : 5), gave 13 (8.27 g, 96%); R, 0.56. ‘H NMR 

data: 6 3.24 (dd, 1 H, .I 2.3 and 9.9 Hz, H-l or H-3), 3.35 (dd, 1 H, J 2.3 and 9.9 
Hz, H-l or H-3), 3.43 (t, 1 H, J 9.3 Hz, H-4, H-5, or H-6), 3.78 (s, 3 H, OMe), 4.01 

(t, 1 H, J 9.5 Hz, H-4, H-5, or H-6), 4.02 (t, 1 H, .I 2.3 Hz, H-2), 4.06 (t, 1 H, J 9.5 

Hz, H-4, H-5, or H-6), 4.08 (m, 1 H, CH,CH=CH,), 4.12 (m, 1 H, CH,CH=CH,), 
4.60-4.91 (m, 10 H, 5 CH,Ar), 5.18 (m, 1 H, CH,CH=CH,), 5.31 (m, 1 H, 
CH,CH=CH,), 5.92 (m, 1 H, CH,CH=CH,), 6.82 (d, 2 H, J 8.5 Hz, ArH), 

7.23-7.43 (m, 22 H, ArH). 
Anal. Calcd for C45H4807. O.OStoluene: C, 77.21 H, 6.91. Found: C, 76.83; H, 

6.86. 
(~)-2,3,4,5-Tetru-O-benzyl-6-0-(4-methoxybl (14).-A mix- 

ture of 13 (8.1 g, 11.6 mmol) and KO’Bu (13 g, 115 mmol) in Me,SO (200 mL) was 
stirred at 60” for 1 h, then poured into ice-water, and extracted with EtOAc . The 

extract was washed with H,O and brine, dried (MgSO,), and concentrated in 
vacua. To the residue was added 1: 9 M aq HCI-acetone (300 mL), and the 
mixture was heated under reflux for 10 min, then concentrated in vacua. Flash-col- 
umn chromatography (toluene-EtOAc, 95 :5) of the residue gave 14 (7.45 g, 
quantitative); R, 0.13. ‘H NMR data: 6 2.16 (d, 1 H, J 6.4 Hz, OH), 3.45 (dd, 1 H, 
J 2.4 and 9.8 Hz, H-3), 3.46 (t, 1 H, J 9.3 Hz, H-4, H-5, or H-61, 3.79 (s, 3 H, 
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3.63 (dt, 1 H, J 1.2 and 9.5 Hz, H-3), 3.78 (t, 1 H, J 10.2 Hz, H-6a), 429 (dd, 1 H, 
J5.0 and 10.5 Hz, H-6b), 4.65 (d, 1 H, J 7.16 Hz, H-l), 5.53 (s, 1 H, CHAr), 

7.16-7.49 Cm, 5 H, Ph). 
Anal. Calcd for C,,H,N,O,Si: C, 56.00; H, 7.17; N, 10.31. Found: C, 56.13; H, 

7.21; N, 9.95. 
tert-Butyldimethylsilyl 2-azido-3-O-benzyl-4,6-0-benzylidene-2-deo~-~-o-gluco- 

pyrunoside (21).-Benzylation of 20 (29.0 g, 71.2 mmol), as described for 13, 
flash-column chromatography (toluene-hexane, 7 : 3) of the product, and recrystal- 

lization from hexane gave 21 (27.8 g, 79%); R, 0.72 (toluene-EtOAc, 39 : 1); mp 
100-101”; [CX]~ - 85” (c 0.91). lH NMR data: S 0.15 (s, 3 H, Me), 0.16 (s, 3 H, 

Me), 0.94 (s, 9 H, ‘Bu), 3.36 (dd, 1 H, J 7.6 and 9.5 Hz, H-21, 3.38 (ddd, 1 H, J 4.9, 

9.5, and 10.4 Hz, H-5), 3.51 (t, 1 H, J 9.5 Hz, H-3 or H-4), 3.71 (t, 1 H, J 9.5 Hz, 

H-3 or H-4), 3.79 (t, 1 H, J 10.4 Hz, H-6a), 4.29 (dd, 1 H, J 4.9 and 10.4 Hz, H-6b), 
4.58 (d, 1 H, J 7.6 Hz, H-l), 4.79 (d, 1 H, J 11.6 Hz, CH,Ph), 4.90 (d, 1 H, J 11.3 

Hz, CH,Ph), 5.56 (s, 1 H, CNPh), 7.25-7.48 (m, 10 H, 2 Ph). 
Anal. Calcd for C,,H,,N,O,Si: C, 62.75; H, 7.09; N, 8.44. Found: C, 62.74; H, 

7.09; N, 8.34. 
tert-Butyldimethylsilyl 2-azido-3,6-di-O-benzyl-2-deoxy-P-o-g~ucopyranoside (6).- 

To a stirred mixture of 21 (27.7 g, 55.7 mmol), boron-triethylamine complex (55.9 
g, 779 mmoI), and powdered molecular sieves 4A (MS4A) (30 g) was added 

aluminum chloride (104.1 g, 78 mmol) at 0”. The mixture was stirred at 20” 
overnight, then extracted with EtOAc, and the extract was washed with Hz0 and 

brine, dried (MgSO,), and concentrated in vacua. Flash-column chromatography 
(toluene-EtOAc, 39: 1) of the residue gave a mixture of 6 and 22 (30.6 g). A 
solution of the mixture, imidazoIe (2 g, 30 mmol), and feert-butyldimethylsilyl 

chloride (4.5 g, 30 mmol) in N,N-dimethylformamide (300 mL) was stirred at 20” 
for 1 h, then extracted with EtOAc, and the extract was washed with brine, dried 

(MgSO,), and concentrated in vacua. Flash-column chromatography (toluene- 
EtOAc, 49: 1) of the residue gave 6 (23.2 g, 84%) and 22 (4.30 g, 13%). 

Compound 6 had R, 0,37 (toluene-EtOAc, 95 : 5); [a], - 32” (c O-42). ‘H 

NMR data: S 0.16 (s, 6 H, 2 Me), 0.94 (s, 9 H, tBu), 2.62 (d, 1 H, J 2.2 Hz, OH), 
3.21 (dd, 1 H, J 8.7 and 9.9 Hz, H-31, 3.31 (dd, 1 H, J 7.7 and 9.9 Hz, H-2), 3.42 
(dt, 1 H, J 9.5 and 4.9 Hz, H-5), 3.64 (ddd, 1 H, J 2.2, 8.8, and 9.5 Hz, H-4), 3.71 
(d, 2 H, J 4.9 Hz, H-6a,6b), 4.53 (d, 1 H, J 7.6 Hz, H-l), 4.55 (d, 1 H, J 11.7 Hz, 
0.5 CH,Ph), 4.59 (d, 1 H, J 12.2 Hz, 0.5 CH,Ph), 4.76 (d, 1 H, J 11.5 Hz, 0.5 

CH,Ph), 4.91 (d, 1 H, J 11.5 Hz, 0.5 CH,Ph), 7.26-7.40 (m, 10 H, 2 Ph). 
Anal. Calcd for C,,H,,N,O,Si: C, 62.50; H, 7.46; N, 8.41. Found: C, 62.19; H, 

7.48; N, 8.23. 
Compound 22 had R, 0.83; [ aID - 23” (c 2.52). ‘H NMR data: S 0.05 (s, 3 H, 

Me), 0.06 (s, 3 H, Me), 0.15 (s, 3 H, Me), 0.15 (s, 3 H, Me), 0.89 (s, 9 H, t Bu), 0.93 
(s, 9 H, ‘Bu), 3.24 (ddd, 1 H, J 2.2, 3.3 and 9.5 Hz, H-5), 3.29 (dd, 1 H, J 7.5 and 

10.1 Hz, H-2), 3,80-3.81 (m, 2 H, H-6a$b), 4,49 (d, 1 H, J 7,7 Hz, H-l), 4.66-4.88 
(m, 4 H, 2 CH,Ph), 7.25-7.38 (m, 10 H, 2 Ph). 
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Anal. Calcd for C,2H,,N,0,Si,: C, 62.60; H, 8.37; N, 6.85. Found: C, 62.34; H, 

8.39; N, 6.75. 
Methyl 3,6-di-O-acetyl-2,6-di-O-benzyl-l-thio-a-D-mannopyranoside W-To a 

stirred mixture of 23r8 (9.72 g, 20 mmol) and methyl tributyltin sulfide (6.8 mL, 
22 mmol) in dichloroethane (200 mL) was added tin(W) chloride (2.6 mL, 22 mmol) 
at 0”. The mixture was stirred at 0” for 3 h, then washed with aq NaHCO, and 

brine, dried (MgSO,), and concentrated in vacua. Flash-column chromatography 

(toluene-EtOAc, 9: 1) of the residue gave 5 (8.06 g, 85%); RF 0.62 (toluene- 

EtOAc, 3: 1); [a], + 53” (c 0.35). NMR data: ‘H, 6 1.97 (s, 3 HI, 2.06 (s, 3 H), 2.12 
(s, 3 H), 3.96 (t, 1 H, .I 9.5 Hz, H-41, 3.97 (dd, 1 H, J 1.8 and 3.4 Hz, H-2), 4.21 (dt, 

1 H, .I 3.7 and 9.8 Hz, H-5), 4.33 (d, 2 H, J 3.7 Hz, H-6a,6b), 4.51 (d, 1 H, J 12.2 
Hz, 0.5 CH,Ph), 4.58 (d, 1 H, J 12.2 Hz, 0.5 CH,Ph), 4.68 (d, 1 H, J 12.2 Hz, 0.5 

CH,Ph), 4.70 (d, 1 H, J 11.3 Hz, 0.5 CH,Ph), 5.18 (dd, 1 H, J 3.4 and 9.5 Hz, 
H-3), 5.24 (d, 1 H, J 1.5 Hz, H-l), 7.26-7.35 (m, 10 H, 2 Ph); 13C, 6 83.0 (J,_,,,_, 

167.2 Hz, C-l). 
Anal. Calcd for C,,H,,O,S: C, 63.28; H , 6.37. Found: C, 63.01; H, 6. 42. 
tert-Butyldimethylsilyl-2-azido-3,6-di-O-benzyl-2-deoxy-4-O-~3,6-di-O-acetyl-2,4- 

di-O-benzyl-cY-wnannopyranosyl)-~-D-glucopyranoside (24).-A mixture of 6 (49.9 
mg, 0.1 mmol), 5 (71.1 mg, 0.15 mmol), silver trifluoromethanesulfonate (69 mg, 
0.27 mmol), tetrabutylammonium bromide (12 mg, 0.038 mmol), CuBr, (60 mg, 

0.27 mmol), and MS4A (200 mg) in nitromethane (2 mL) was stirred at 20” for 2 h, 
then neutralised with Et,N, and filtered through Celite. The filtrate was diluted 

with EtOAc, washed with aq NaHCO, and brine, dried (MgSO,), and concen- 
trated in vacua. Flash-column chromatography (toluene-EtOAc, 95 :5) of the 

residue gave 24 (92 mg, 90%); R, 0.46 (toluene-EtOAc, 9 : 1); [alo + 5.4” (c 0.35). 

NMR data: ‘H, S 0.17 (s, 3 H, Me), 0.18 (s, 3 H, Me), 0.94 (s, 9 H, ‘Bu), 1.96 (s, 
3 H, AC), 1.98 (s, 3 H, AC), 3.34-3.39 (m, 2 HI, 3.46 (ddd, 1 H, J 1.8, 5.2, and 9.8 
Hz, H-5), 3.69 (dd, 1 H, .I 5.3 and 11.1 Hz, H-61, 3.75 (t, 1 H, .I 2.6 Hz, H-2’), 3.88 
(t, 1 H, .I 9.7 Hz, H-4’), 4.06 (d, 1 H, .I 12.2 Hz, 0.5 CH,Ph), 4.16 (d, 1 H, J 11.9 

Hz, 0.5 CH,Ph), 4.16 (dd, 1 H, J 2.0 and 11.8 Hz, H-6’a), 4.20 (dd, 1 H, J 4.1 and 
12.1 Hz, H-6’b), 4.53 (d, 1 H, .I 12.2 Hz, 0.5 CH,Ph), 4.54 (d, 1 H, J 11.3 Hz, 0.5 
CH,Ph), 4.55 (d, 1 H, J 6.1 Hz, H-l), 4.60 (d, 1 H, J 12.2 Hz, 0.5 CH,Ph), 4.66 (d, 

2 H, J 11.3 Hz, CH,Ph), 5.02 (d, 1 H, J 11.6 Hz, 0.5 CH,Ph), 5.21 (dd, 1 H, J 2.9 
and 8.1 Hz, H-3’), 5.24 (d, 1 H, J 2.4 Hz, H-l’), 7.09-7.36 (m, 20 H, 4 Ph); 13C, 6 

97.2 (‘Jo,, 162.3 Hz, C-l), 99.8 (l&u 167.2 Hz, C-l’). 
Anal. Calcd for C5,,H63N3012Si * 0.2toluene: C, 65.35; H, 6.89; N, 4.45. Found: 

C, 65.64; H, 6.89; N, 4.46. 
2-Azido-3,6-di-O-benzyl-2-deoxy-4-0-~3,6-di-O-acetyl-2,4-di-O-benzyl-cY-~-man- 

nopyrunosylj-D-glucopyranose (25). - A mixture of 24 (77 mg, 0.083 mmol), AcOH 
(43 pL, 0.78 mmol), M Bu,NF in tetrahydrofuran (0.33 mL), and tetrahydrofuran 
(3 mL) was stirred at 20” overnight, then extracted with EtOAc. The extract was 
washed with brine, dried (MgSO,), and concentrated in vacua. Flash-column 
chromatography (toluene-EtOAc, 4: 1) of the residue gave 25 (60 mg, 89%) as a 
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2: 1 cY,p-mixture; R, 0.22. ‘H NMR data: S 5.24 (dd, 0.59 H, J 2.9 and 8.7 Hz, 
H-3’), 5.34 (t, 0.59 H, J 3. 5 Hz, H-la). 

Anal. Calcd for C,H,,N,O,,: C, 65.01; H, 6.08; N, 5.18. Found: C, 65.06; H, 

6.18; N, 5.05. 
2-Azido-3,6-di-O-benzyf-2-deoxy-4-0-(3,6-di-O-acetyl-2,4-di-O-benzyl-cu-~-man- 

nopyranosyl)-D-glucopyranosyl fluoride (26).-A mixture of 25 (375 mg, 0.46 mmol) 

and Et,NSF, (73 pL, 0.55 mmol) in dichloroethane (10 mL) was stirred at -23” 
for 0.5 h, then poured into ice-water, and extracted with CHCI,. The extract was 

washed with brine, dried (MgSO,), and concentrated in vacua. Flash-column 

chromatography (toluene-EtOAc, 9: 1) of the residue gave 26 (375 mg, quantita- 
tive) as a 1: 2 a&mixture; R, 0.44. ‘H NMR data: S 5.11 (dd, 0.66 H, J 7.0 and 

52.4 Hz, H-lp), 5.25 (dd, 0.34 H, J 3.3, 8.4 Hz, H-3’), 5.68 (dd, 0.34 H, J 2.2 and 

52.8 Hz, H-la). 
Anal. Calcd for C,H,,FN,O,,: C, 64.93; H, 5.95; N, 5.16. Found: C, 64.91; H, 

6.00; N, 5.06. 
0-(3,6-Di-O-acetyl-2,4-di-O-be~~-~-~-mannopl)-(l + 4)-O-(2-azido-3,6- 

di-0-benzyl-2-deoxy_cY-D-glucopyranosylh(1 + 6)-1s2,3,4,5-tetra-0-benzyl-I-O-(4- 

methoxybenzyl)-myo-inositof (27).-A mixture of 26 (596 mg, 0.63 mmol), 7 (300 
mg, 0.45 mmol), Cp,ZrCl, (857 mg, 2.93 mmol), AgClO, (608 mg, 2.93 mmol), and 
MS4A (1 g) in Et,0 (15 mL) was stirred at 0” overnight, then neutralised with 

Et,N, and filtered through Celite. The filtrate was washed with aq NaHCO, and 

brine, dried (MgSO,), and concentrated in vacua. Flash-column chromatography 
(toluene-acetone, 95 : 5) of the residue gave 27 (480 mg, 73%) and the /3 isomer 

(130 mg, 20%). 
Compound 27 had R, 0.60; [a], + 49” (c 0.60). NMR data: ‘H, 6 1.92 (s, 3 H, 

AC), 1.96 (s, 3 H, AC), 3.19 (dd, 1 H, J 3.7 and 10.4 Hz, H-2’), 3.26 (dd, 1 H, J 2.1 
and 10.1 Hz, H-l or H-3), 3.36 (dd, 1 H, J 2.3 and 9.9 Hz, H-l or H-3), 3.62 (s, 

3 H, OMe), 3.73 (dt, 1 H, J 9.8 and 3.2 Hz, H-5’), 3.79 (t, 1 H, J 2.6 Hz, H-2”), 
3.98 (bs, 1 H, H-2), 3.99 (d, 1 H, J 12.8 Hz, 0.5 CH,Ph), 4.08 (d, 1 H, J 10.7 Hz, 
0.5 CH,Ph), 4.37 (bd, 1 H, J 9.8 Hz, H-5”) 4.39-5.06 (m, 16 H, 8 CH,Ph), 5.19 (d, 
1 H, J 2.1 Hz, H-l”), 5.29 (dd, 1 H, J 3.1 and 9.5 Hz, H-3”), 5.60 (d, 1 H, J 3.7 Hz, 
H-l’), 6.84 (d, 2 H, J 8.6 Hz, ArH), 7.07-7.36 (m, 42 H, ArH); 13C, S 97.6 (‘JC,” 

177.0 Hz, C-l’), 100.3 (‘J,,, 172.1 Hz, C-l”). 
Anal. Calcd for C,,H,,N,O,,: C, 71.00; H, 6.31; N, 2.89. Found: C, 70.70; H, 

6.31; N, 2.73. 
The p isomer had R, 0.67; [a], + 6.7” (c 0.82). NMR data: ‘H, 6 1.94 (s, 3 H, 

AC), 1.95 (s, 3 H, AC), 3.36 (dd, 1 H, J 2.3 and 9.9 Hz, H-l or H-3), 3.37 (dd, 1 H, J 

8.1 and 9.9 Hz, H-2’), 3.41 (dd, 1 H, J 2.1 and 9.8 Hz, H-l or H-3), 3.62 (dd, 1 H, 

J5.0 and 12.4 Hz, H-6’a), 3.75 (t, 1 H, J 2.8 Hz, H-2”), 3.83 (s, 3 H, OMe), 3.89 
(ddd, 1 H, J 1.8,4.6, and 9.8 Hz, H-5”), 4.00 (bs, 1 H, H-2), 4.07 (d, 1 H, J 11.6 Hz, 
0.5 CH,Ph), 4.15 (dd, 1 H, J 4.9 and 11.9 Hz, H-6”a), 4.16 (d, 1 H, J 11.9 Hz, 0.5 
CH,Ph), 4.21 (dd, 1 H, J 1.8 and 11.9 Hz, H-6”b), 4.34 (d, 1 H, J 11.9 Hz, 0.5 
CH,Ph), 4.45-4.85 (m, 13 H, 6.5 CH,Ph), 4.97 (d, 1 H, J 7.9 Hz, H-l’), 4.98 (d, 
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(+)-1~-2,3,4,5-Tetra-O-benzyl-6-0-(4-methoxybenzyl)-~yo-inositol (30).-A 

mixture of 15a (500 mg, 0.55 mmol) and NaOH (120 mg, 3 mmol) in MeOH (5 mL) 
and tetrahydrofuran (3 mL) was stirred at 20” for 4.5 h, then extracted with 
EtOAc. The extract was washed with H,O and brine, dried (MgSO,), and 
concentrated in vacua. Flash-column chromatography (toluene-EtOAc, 9 : 1) of 
the residue gave 30 (380 mg, 97%); R, 0.20; [a], + 12” (c 0.71). ‘H NMR data: 6 
3.45 (dd, 1 H, J 2.4 and 9.8 Hz, H-l or H-3), 3.46 (t, 1 H, J 9.3 Hz, H-4, H-5, or 

H-61, 3.78 (s, 3 H, OMe), 3.80 (t, 1 H, J 9.5 Hz, H-4, H-5, or H-6), 4.02 (t, 1 H, 
J 2.4 Hz, H-21, 4.05 (t, 1 H, J 9.5 Hz, H-4, H-5, or H-6), 4.66-4.99 (m, 10 H, 
5 CH,Ar), 6.84 (d, 2 H, .I 8.6 Hz, ArH), 7.24-7.35 (m, 22 H, ArH). 

Anal. Calcd for C,,H,O,: C, 76.33; H, 6.71. Found: C, 76.14; H, 6.75. 
1,2-Di-0-myristoyl-sn-glycerol 3-(hydrogen phosphonate) (4).-To a stirred solu- 

tion of imidazole (1.7 g, 24.5 mmol) in toluene (20 mL) was added dropwise a 

solution of PCl, (0.47 mL, 5.4 mmol) in toluene (5 mL) at O”, then a solution of 
Et,N (1.95 mL, 14 mmol) in toluene (5 mL). Stirring was continued for 10 min, a 
solution of 1,2-O-myristoyl-sn-glycerol (922 mg, 1.8 mmol) in toluene (20 mL) was 

added dropwise during 50 min at -5”, the mixture was stirred for 1 h, and the 
reaction was quenched by the addition of aq 20% pyridine (100 mL). After 15 min, 
the mixture was extracted with CHCl,, and the extract was washed with brine, 

dried (Na,SO,), and concentrated in vacua. Flash-column chromatography 
(CHCl,-MeOH-H,O, 100 : 10 : 1) of the residue gave 4 (365 mg, 35%). The Na 
salt of 4 had R, 0.22; [(~]o + 4.6” (c 0.63, CHCl,-MeOH, 9: 1). NMR data 
(CDCI,-CD,OD, 10: 1): ‘H, 6 0.88 (t, 6 H, J 7.0 Hz, 2 CH,CHJ, 1.26 (m, 40 H), 

1.58 (m, 4 HI, 3.90 (m, 2 H), 4.18 (dd, 1 H, J 6.7 and 11.9 Hz, Glo H-la), 4.39 (dd, 
1 H, J 2.8 and 12.2 Hz, Glo H-lb), 5.22 (m, 1 H, Glo H-21, 6.70 (d, 1 H, .I 629 Hz, 
PHI; 31P, 6 6.85 (d, ‘Jr,, 631 Hz). 

Anal. Calcd for C3,H,Na0,P: C, 62.18; H, 10.10. Found: C, 62.17; H, 10.19. 

ID-2,3,4,5-Tetra-O-benzyl-6-0-(4-methoxybenzyZ)-myo-inositol l-(2,2-di-O- 

myristoyE-sn-glycer-3-yl phosphonate) (30-A mixture of 30 (26 mg, 0.04 mmol), 4 
(46 mg, 0.08 mmol), and pivaloyl chloride (0.03 mL, 0.24 mmol) in pyridine (1 mL) 
was stirred at 20” for 5 h, then quenched with H,O, and extracted with EtOAc. 
The extract was washed with brine, dried (Na,SO,), and concentrated in vacua. 
Preparative TLC (toluene-EtOAc, 9 : 1) of the residue gave 31 (39.1 mg, 80%); R, 

0.38 and 0.41. NMR data: ‘H, S 0.88 (m, 6 H), 3.78 and 3.79 (2 s, 3 H, OMe); 31P, 
6 9.79 (dd, $,n 727, 3Jp,_, 8.8 Hz), 8.54 (dd, IJ,,, 721, 3Jp,n 8.8 Hz). 

Anal. Calcd for C73H1030,3P * H,O: C, 70.84; H, 8.55. Found: C, 70.62; H, 8.66. 
(-)-l~-2,3,4,5-Tetra-O-benzyl-6-O-(-methoxybenzyl)-myo-inositol I-(1,2-di-O- 

myristoyl-sn-gfycer-3-yl triethylammonium phosphate) (32).-A mixture of 31 (24 
mg, 0.02 mmol) and iodine (10 mg, 0.04 mmol) in aq 2% pyridine (1 mL) was 
stirred for 20 min at 20”, then diluted with CHCl,, washed with M Et,HN * HCO, 
and brine, dried (Na,SO,), and concentrated in vacua. Preparative TLC (CHCI,- 
MeOH-Et,N, 95:4: 1) of the residue gave 32 (19 mg, 71%), R, 0.48 (MeOH- 
CHCI,-Et,N, 5 : 93: 2), [cylD - 10” (c 1.50). NMR data: ‘H, 6 0.88 (t, 6 H, J 7.1 
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HZ, 2 CH,CH,), 1.10-1.53 (m, 51 H), 2.17-2.21 (m, 4 H), 2.90-2.95 (m, 6 H), 3.49 

(dd, 1 H, J 2.1 and 10.0 Hz, H-3), 3.74 (s, 3 H, OMe), 4.16 (ddd, 1 H, J 2.1, 9.7, 
and 11.0 Hz, H-l), 4.55 (bs, 1 H, H-2), 4.60-4.97 (m, 10 H, 5 CH,Ar), 5.19 (m, 1 

H), 6.78 (d, 2 H, J 8.7 Hz, ArH), 7.20-7.43 (m, 22 H, ArH); 31P, 6 -0.775. 
Anal. Calcd for C,,H,,O,,P. 0.66Et3N: C, 70.97; H, 8.74; N, 0.72. Found: C, 

71.03; H, 8.72; N, 0.40. 
(+)-ID-myo-Inositol I-(1,2-di-0-myristoyl-sn-glycer-3-yl hydrogen phosphate) 

(33).-A mixture of 32 (40 mg, 0.03 mmol) and 20% Pd(OH),/C in CHCI, (3.6 
mL) and MeOH (1.2 mL) was stirred under H, at 20” for 40 min, then filtered 

through Celite. 4 M NH,OH was added to the filtrate which was concentrated in 

vacua. Chromatography of the residue on SiO, (CHCl,-MeOH- M NH,OH, 
9: 6: 1) and then on LH20 (CHCI,-MeOH-H,O, 60: 30 :4) gave 33 (28 mg, 

quantitative); R, 0.64 (CHCl,-MeOH- M NH,OH, 9: 7: 2); [cx]~ + 13” (c 0.41, 
CHCl,-MeOH, 5: 1). NMR data (Me,SO-d,): ‘H, 6 0.85 (t, 6 H, J 6.9 Hz, 

2 CH,CH,), 1.18 (t, 9 H, J 7.3 Hz, 3 Me), 1.24 (m, 40 H), 2.26 (m, 4 H), 2.91 (bt, 
1 H, J 8.9 Hz, H-5), 3.08 (q, 6 H, J 6.9 Hz, 3 NCHzCH,), 4.08 (dd, 1 H, J 7.0 and 

11.9 Hz, Glo H-la), 4.28 (dd, 1 H, J 2.9 and 12.1 Hz, Glo H-lb), 5.08 (m, 1 H, Glo 

H-2); 31P, 6 1.87 (s). 
Anal. Calcd for C,3H,,30,,P * Et,N *0.5H,O; C, 59.69; H, 10.14; N, 1.62. 

Found: C, 59.39; H, 10.05; N, 1.63. 
O-(2,3,4,6-Tetra-O-benzyl-a-D-mannopyranosy&(l + 4)-O-(2-azido-3,6-di-O- 

benzyl-2-deoxy-a-D-glucopyranosyJ)-(1 + 6)-ID-2,3,4,5-tetra-O-benzyl-myo-inositol l- 

(1,2-di-0-myristoyl-sn-glycer-3-yl phosphonate) (34).-Coupling of 29 (32 mg, 0.022 

mmol) with 4 (26 mg, 0.044 mmol), as described for 31, and preparative TLC 
(toluene-EtOAc, 95 : 5) of the product gave 34 (34.4 mg, 79%); R, 0.41 and 0.45. 

NMR data: ‘H, 6 0.88 (m, 6 H), 3.25 (dd, 1 H, J 3.5 and 9.9 Hz, H-2’), 5.26 and 
5.28 (2 d, 1 H, J 2.0 Hz, H-l”), 5.60 (d, 1 H, J 3.7 Hz, H-l’), 7.16-7.34 (m, 50 H, 10 

Ph); 31P, 6 8.36 (dd, ‘I,,, 723, 3Jp,H 9.8 Hz), 9.18 (dd, ‘.I,,, 719, 3JP,H 8.8 Hz). 

Anal. Calcd for Cl,,Hl,,N30,,P: C, 71.84; H, 7.60; N, 2.11. Found: C, 71.93; H, 
7.68; N, 2.24. 

O-(2,3,4,6-Tetra-O-benzyl-cw-D-mannopyrunosy&(l --) 4)-O-(2-azido-3,6-di-O- 
benzyl-2deoxy-a-o-glucopyranosyl)-(1 + 6)-ID-2,3,4,5-tetra-O-benzyl-myo-inositol 

I-(l,2-di-0-myristoyl-sn-glycer-3-yl hydrogen phosphate) (35).-Oxidation of 34 (30 
mg, 0.015 mmol) with iodine (7.6 mg, 0.03 mmol), as described for 32, with 

preparative TLC (CHCl,-MeOH, 95 : 5) of the product, gave 35 (26.8 mg, 89%); 
R, 0.24 (CHCl,-MeOH, 97 : 3); [a], + 19” (c 2.1). NMR data: ‘H, 6 0.88 (t, 6 H, J 

7.0 Hz, 2 Me), 1.24 (m, 40 H), 1.54 (m, 4 H), 2.21 (t, 4 H, J 7.5 Hz, 2 COCH,), 3.31 
(dd, 1 H, J 3.7 and 10.4 Hz, H-2’), 3.71 (bs, 1 H, H-2), 5.20 (d, 1 H, J 1.6 Hz, 
H-l”), 5.21 (m, 1 H, Glo H-2), 5.42 (d, 1 H, J 3.7 Hz, H-l’), 7.13-7.37 (m, 50 H, 10 

Ph); 31P, 6 - 1.85 (s). Mass spectrum: m/z 2026 (M++ Na). 
Anal. Calcd for C119H150N3022P * H,O: C, 70.63; H, 7.57; N, 2.08. Found: C, 

70.76; H, 7.61; N, 2.00. 
0-a-D-Mannopyranosyl-(1 + 4)-O-2-amino-2-deoxy-o-D-gtucopyranosyt-(1 -+ 6)- 
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ID-myo-inositol I-(1,2-di-0-myristoyl-sn-glycer-3-yl sodium phosphate) (2).-A mix- 

ture of 35 (19 mg, 9.4 I.LL) and 20% Pd(OH),/C (30 mg) in CHCI, (1.2 mL), 
MeOH (0.6 mL), and H,O (0.08 mL) was stirred under H, at 20” for 2 h, then 

filtered through Elite, and concentrated in vacua. A mixture of the residue and 
Amberlite IRCSO (NaC) resin in 9: 7: 2 CHCl,-MeOH-H,O (5 mL) was stirred 

for 2 h, then filtered, and concentrated in vacua. Chromatography of the residue 
on LH20 (CHCI,-MeOH-H,O, 9: 7:2) gave 2 (5.1 mg, 51%); R, 0.43 (CHCl,- 

MeOH- M NH,OH, 9 : 7 : 2); [a]o + 64” (c 0.37, CHCl,-MeOH-H,O, 9 : 7 : 2). 

NMR data (Me,SO-d,-D,O, 49: 1): ‘H, S 0.86 (t, 6 H, J 6.9 Hz, 2 Me), 2.81 (dd, 1 

H, J 3.1 and 10.4 Hz, H-2’), 4.05 (t, 1 H, J 2.4 Hz, H-21, 4.10 (dd, 1 H, J 7.3 and 
11.9 Hz, Glo H-la), 4.20 (ddd, 1 H, J 2.6, 7.8, and 10.5 Hz, H-l), 4.31 (dd, 1 H, 
J 3.1 and 11.9 Hz, Glo H-lb), 5.09 (m, 1 H, Glo H-21, 5.23 (d, 1 H, J 1.5 Hz, 

H-l”), 5.27 (d, 1 H, J 3.4 Hz, H-l”); 3’P, 6 0.284 (s). Mass spectrum: m/z 1078 

(M++ H). 
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