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ABSTRACT 

Methyl 2-thioglycoside derivatives of 4-, 7-, 8-, and 9-deoxy-N-acetylneuraminic acids have been 
prepared as glycosyl donors for the synthesis of sialoglycoconjates. Reduction of a (phenoxyhhio- 
carbonyl group, selectively introduced at the 4 position of methyl [2-(trimethylsilyl)ethyl 5-acetamido- 
3,5-dideoxy-8,9-O-isopropylidene-o-g~ycero-~-D-ga~acto-2-nonulopyranosid]onate (i), gave the 4-deoxy 
compound, which was transformed via 0-deisopropylidenation, acetylation, selective removal of the 
2-(trimethylsilyl)ethyl group, subsequent acetylation, and displacement of the 2-acetoxy group by a 
methylthio group, into methyl (methyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideo~-2-thio-o-ma~~o-2- 
nonulopyranosid)onate (17). Methyl [2-(trimethylsilyl)ethyl 5-acetamido-S,9-di-0-acetyl-4-O-benzoyl- 
3,5,7-trideoxy-a-o-galacto-2-nonulopyranosid]onate, prepared from 1 in five steps, and methyl [Z(tri- 
methylsilyl)ethyl 5-acetamido-4,7,9-tri-O-acetyl-3,5,8-trideoxy-a-o-ga/acto-2-nonulopyranosid]onate, 
prepared from 1 in six steps, were converted via selective removal of the 2-(trimethylsilyl)ethyl group, 
0-acetylation, and displacement of the 2-acetoxy group by a methylthio group as described for 17, into 
the corresponding methyl 7- and X-deoxy-2-thioglycosides. Reductive dechlorination of methyl [Z(tri- 
methylsilyl)ethyl S-acetamido-4,7-di-O-benzoyl-9-chloro-3,5,9-trideoxy-o-g~ycero-~-~-ga/ac~~-2-non- 
ulopyranosidlonate, prepared from methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-p-g/ycero-a- 
o-galacto-2nonutopyranosid]onate by selective 9-O-tert-butyldimethylsilylation, benzoylation, removal 
of the Y-shy1 group, and selective chlorination, gave a 9-deoxy compound. This was transformed, via 
0-debenzoylation, 0-acetylation, selective removal of the 2-(trimethylsilyl)ethyl group, 2-0-acetylation, 
2-chlorination, displacement with potassium thioacetate, selective S-deacetylation, and S-methylation, 
into the methyl 2-thio-a-glycoside of 9-deoxy-N-acetylneuraminic acid. 

INTRODUCTION 

Sialic acids2-4 are well known as constituents of glycolipids of cell membranes 

and play important roles in biological systems. Recently, specific biological func- 
tions5@ of gangliosides have been revealed. These naturally occuring sialoglycocon- 
jugates contain sialic acid in a-glycosidic linkage. 
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We have demonstrated 7 that the methyl thioglycosides of sialic acid are useful 

glycosyl donors, affording a-glycosides when activated by dimethyl(methylthio)- 

sulfonium triflate” (DMTST) or N-iodosuccinimide-trifluoromethanesulfonic acid 

(NIS-TfOH)“~“’ m acetonitrile, and we have synthesized” a variety of gangliosides 

and their analogs. As a part of our continuing studies on the preparation and 
structure-function relationships of gangliosides, we describe here the synthesis of 

the methyl 2-thioglycosides of 4-, 7-, S-, and 9-deoxy-N-acetylneuraminic acids for 
use as glycosyl donors in generating cu-glycosides. This work is directed toward 

clarifying the requirements for the hydroxyl groups of N-acetylneuraminic acid 
(NeuSAc) in the biological functions of gangliosides. 

RESULTS AND DISCUSSION 

For the synthesis of the methyl 2-thioglycosides of four deoxy-N-acetylneur- 

aminic acids, protected suitably for use as the glycosyl donors, we set out to 
prepare methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-8,9-Gisopropyli- 
dene-4-O-(phenoxy)thiocarbonyl-o-~~ycero-cu-o-galucto-2-nonulopyranosid]onate 

(21, methyl [2-(trimethylsilyl)ethyl 5-acetamido-4-O-benzoyl-3,5-dideoxy-S,Y-@iso- 

propylidene-7-O-(phenoxy)thiocarbonyl-o-~~ycer~-~-D-~~~~cf~-2-nonulopyran~~sid]- 
onate (4), methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,9-di-0acetyl-3:5-didcoxy-8- 

O-(phenoxy)thiocarbonyl-o-gfycero-cu-o-~u~acfo-2-nonulopyranosid]onate (13). and 

methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,8-di-O-benzoyl-9-chloro-3,5,9-tride- 
oxy-o-~~ycero-a-D-~~~~c~~-2-nonulopyranosid]onate (26). We then planned to un- 
dertake reductive cleavage of these (phenoxy)thiocarbonyloxy derivatives, or reduc- 

tive dehalogenation of the chloro derivative, to afford the corresponding dcoxy 
compounds, and convert the appropriately derivatized intermediates by thiometh- 

ylation into the end products 17, 19, 21, and 32. 

Treatment of methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-8,Y-0iso- 
propylidene-D-g~ycevo-a-o-gu~uc~~-2-nonu~opyranosid]onate” (1) with phenyl chlo- 

rothionoformate’3 in pyridine-dichloromethane gave the 4-O-tphenoxyl- 
thiocarbonyl derivative (2) quantitatively, which was reduced with tributyltin hy- 

dride in the presence of ru,a’-azobis-isobutyronitrile (AIBN) to give the 4-deoxy 

compound (6) in 84% yield. Hydrolysis of the 8,9-O-isopropylidene group in 6 with 

aqueous 80% acetic acid, and subsequent O-acetylation gave 7 in 88% yield, and 
this on treatment with boron trifluoride etherate in dichloromethane and subse- 

quent 0acetylation afforded methyl 5-acetamido-2,7,8,9-tetra-O-acetyl-3,4,5- 
trideoxy-n-munno-2-nonulopyranosonate (16) in good yield. The repIacemcnt7” of 

the anomeric acetoxy group in 16 with methylthio by stirring for 10 h at room 

temperature with trimethyl(methylthio)silane in dry dichloromethane in the pres- 
ence of trimethylsilyl trifluoromethanesulfonate (TMS triflate) gave the methyl 
2-thioglycoside (17) of 4-deoxy-Neu5Ac in 93% yield as a - I : 1 anomeric mixture. 

In a similar way, when treated with phenyl chlorothionoformate in pyridine for 

1 h at 60”, methyl [2-(trimethylsilyl)ethyl 5-acetamido-4-0benzoyl-3,5-dideoxy-8,9- 



A. Hasegawa et al. /Carbohydr. Rex 230 (IW2) 257-272 259 

1 R’,R’,” 
2 R’ = C(SjOPh, R2 = H 
3 R’=Bz,R2=H 

4 R’ = Bz, R2 = C(S)OPh 
5 R’=Ac,R*=H 

R’ Rz R3 R4 

H OH -0.lpd - 

H OAc OAc AC 

OBz H -0.Ipd - 

OBz H OH H 

032 H OAc AC 

OAc OH OH H 

OAc OH OH AC 

OAc OH OC(S)OPh AC 

OAc OH H AC 

OAc OAc H AC 

R’, R2 R3 R4 RS 

16 COOMe,OAc H OAc OAc 

17 COOMe,SMe H OAc OAc 

18 COOMe,OAc OBz H OAc 

19 COOMe,SMe OBz H OAc 

20 COOMe, OAc OAc OAc H 

21 COOMe,SMe OAc OAc H 

SE = 2-(trimethylsilyl)ethyl 
Ipd = isopropylidene 
Bz = benzoyl 

O-isopropylidene-o-glycero-a-D-galacto-2-nonulopyranosid]onate (31, derived from 

1 by selective 0-benzoylation, afforded the 7-0-(phenoxy)thiocarbonyl derivative 

(4). Reductive cleavage of the 7-(phenoxyjthiocarbonyloxy group as described for 6 

gave the 7-deoxy-Neu5Ac derivative (81, and this was converted via O-deisopro- 

pylidenation, 0-acetylation, selective removal of the 2-(trimethylsilyljethyl group, 

2-0-acetylation (to give 181, and finally replacement of the 2-acetoxy group with 

methylthio in essentially the same way described for 17, into methyl (methyl 

5-acetamido-8,9-di-O-acetyl-4-O-benzoyl-3,5,7-trideo~-2-thio-~-galacto-2-non- 

ulopyranosidjonate (19) as a N 1: 1 anomeric mixture. 

Selective 4-0-acetylation of 1 with acetyl chloride in pyridine, removal of the 

isopropylidene group from the resulting 5 with aqueous 80% acetic acid overnight 

at room temperature, and 9-0-acetylation of the deacetalated product 11 with 

acetyl chloride in pyridine-dichloromethane for 30 min at -45”, gave methyl 

[2-(trimethylsilyl)ethyl 5-acetamido-4,9-di-O-acetyl-3,5-dideoxy-o-g~yce~o-~-o- 

gulucto-2-nonulopyranosidlonate (12) in good yield. Treatment of 12 with phenyl 
chlorothionoformate in pyridine-dichloromethane at room temperature gave the 
8-0-(phenoxy)thiocarbonyl derivative 13, and this on reductive cleavage and subse- 

quent acetylation gave methyl [2(trimethylsilyl)ethyl Sacetamido-4,7,9-tri-o-acetyl- 



SE = ?-(tnmethylsilyl)ethyl 
Rz = benzoyl 
TBDMS = tert -hutyldimethylsilyl 

3,5,8-trideoxy-a-o-galacro-2-nonulopyranosid]onate (15) in good yield; significant 

signals in the ’ H-NMR spectrum of 15 were five three proton singlets at 6 2.02 

(N-acetyl), 2.05, 2.08, 2.10 (three O-acetyl), and 3.81 (COOMe), two one-proton 

doublets of doublets at 6 2.59 and 3.78 (J3a.r.3cr, 12.6. Jj,,., 4.8 Hz, H-k/; J,,, 

10.3, J(,., 2.0 Hz, H-6), a two-proton multiplet at 6 1.89-2.00 (H-&X’), and two 

one-proton multiple& at 6 4.85 (H-4) and 5.08 (H-7). indicating the structure 

assigned. Compound 15 was transformed, via sclectivc removal of the Z-ttrimethyl- 
silylkthyl group, 20acetylation, and replacement of the anomeric acetoxy group 

in 20 with mcthylthio as described for 17, into the X-deoxy-NeuSAc dcrivativc 21 in 

high yield. 

To get the methyl 2-thioglycosidc (32) of 9-deoxy-NeuSAc. methyl [2-ttrimethyl- 

silyljethyl 5-acetamido-3,5-dideoxy-D-glycera-ru-o-grrlacto-2-nonulopyranosid]- 
onatc’J (22) was used as the starting material. Treatment of 22 with rcrt-butyldi- 

methylsilyl chloride in pyridinc for 2 h at 0” selectively gave the 9-O-fert-hutyldi- 

methylsilyl derivative 23 in 91% yield, which was further substituted to give the 

4,8-di-O-benzoyl derivative 24. Hydrolysis of the 9-O-tour-butyldimethylsilyl group 

in 24 with aqueous 80% acetic acid afforded 25 quantitatively. When trcatcd” 

with carbon tetrachloride and triphenylphosphine in N,N-dimcthylformamide 

(DMF), compound 25 gave the 9-chloro derivative 26 in good yield, and this was 
reduced’” with tributyltin hydride-AIBN in toluenc to give the 9-deoxy-NeuSAc 

derivative 27. O-Debenzoylation of 27 with sodium methoxidc in methanol, and 

subsequent O-acetylation afforded methyl [2-(trimethylsilyl)ethyl S-acctamido- 
4,7.8-tri-~-acetyl-3,5,9-tridcoxy-D-glyc~~~~-2-n~~nl~l~~pyran~~sid]onate 

(28). The ‘I-I-NMR spectrum of 28 exhibited five sharp singlets, each integrating 

for three protons, at 6 1.86, 2.00, 2.08, 2.12, and 3.76, which showed the presence 

of one N-acetyl, three O-acetyl, and one methyl ester group: H-4 appeared at h‘ 

4.80 (ddd), H-7 at 6 5.13 (dd, Jh7 1.8, J,, 7.9 Hz), and H-8 at 6 5.19 (m), 

indicating the structure assigned. Selective removal of the 2-ttrimethylsilyl)ethyl 

group in 28 as described for 16, followed by O-acetylation, gave 29, which was 
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further converted” into the glycosyl chloride. Displacement by reaction with 

potassium thioacetate, selective S-deacetylation, and S-methylation gave methyl 

(methyl S-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-2-thio-o-g~yce~~-~-o-g~Z~cf~- 

2-nonulopyranosid)onate (32) in good yield. 

The methyl 2-thioglycosides 17, 19, 21, and 32 of deoxy-Neu5Ac obtained here 

have been effectively used as glycosyl donors affording a-glycosides of sialic acids, 

as described in the immediately following paperlx. 

EXPERIMENTAL 

General methods.-Optical rotations were determined with a Union PM-201 

Polarimeter at 25” and IR spectra were recorded with a Jasco IRA-100 spec- 

trophotometer. ‘H-NMR spectra were recorded at 270 MHz with a JEOL JNM-GX 

270 spectrometer. Preparative chromatography was performed on silica gel (Wako 

Chemical Co., 200 mesh) with the solvent systems specified. Concentrations were 
conducted in vacua. 

Methyl 12-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-8,9-O-isopropylidene-4-0- 

(phenoxy)thiocarbonyl-D-glycero-a-D-galacto-2-nonulopyranosid]onate (2).-To a 

solution of methyl [2-(trimethylsilyl)ethyl S-acetamido-3,5-dideoxy-8,90isopro- 

pylidene-D-g~ycero-c-D-ga~acto-2-nonulopyranosid]onate12 (1, 6.1 g, 13.2 mmol) in 

pyridine (50 mL) and CH,Cl, (50 mL) was added, with stirring, phenyl chloroth- 

ionoformate (2 mL) at O”, and stirring was continued for 7 h at 0”. Methanol (2 mL) 
was added to the mixture and it was concentrated and extracted with CH,Cl,. The 

extract was successively washed with M HCl and water, dried (Na,SO,), and 

concentrated. Column chromatography of the residue on silica gel (300 g) with 2 : 3 

EtOAc-hexane gave 2 (7.7 g, 97.5%) as an amorphous mass, [a], -94.6” (c 1.4, 

CHCl,); ‘H-NMR (CDCI,): 6 0.89 (m, 2 H, Me,SiCH,CH,), 1.36, 1.40 (2 s, 6 H, 

Me,C), 2.00 (s, 3 H, AcN), 2.07 (t, 1 H, J.lax,Jrq = J3ax,4 = 12.6 Hz, H-3ax), 2.67 (dd, 

1 H? J3ey,4 5.1 Hz, H-3eq), 3.53 (dd, 1 H, J5,6 10.4, J6,’ 2.4 Hz, H-6), 3.81 (s, 3 H, 

MeO), 4.05 (dd, 1 H, J,,, 6.6, J,,Yv 8.4 Hz, H-9), 4.10 (q, 1 H, H-5), 4.23 (m, 1 H, 

Me,SiCH,CH,), 4.33 (m, 1 H, H-8), 5.24 (ddd, 1 H, Jd,5 10.6 Hz, H-4), 6.25 (d, 1 

HY Jm 8.1 Hz, NH), and 7.03-7.44 (m, 5 H, Ph). 

Anal. Calcd for C,,H,,NO,,,SSi (599.8): C, 54.07; H, 6.89; N, 2.34. Found: C, 

53.86; H, 7.01; N, 2.36. 
Methyl [2-(trimethylsilyl)ethyl 5-acetamido-4-O-benzoyl-3,.5-dideoxy-8,9-O-isopro- 

pylidene-D-glycero-a-D-galacto-2-nonulopyranosid~o~ate (3).-To a stirred solution 

of 1 (5 g, 10.8 mmol) in pyridine (25 mL) and CH,Cl, (100 mL), cooled to - 5”, 

was added dropwise a cooled solution (-5”) of BzCl (2.1 mL) in CH,Cl, (1.5 mL) 
during 30 min, and the mixture was stirred for 15 min at 0”. Methanol (1 mL) was 

added to the mixture, and the solution was evaporated to a syrup. This was 

dissolved in CH,Cl, (100 mL), and the solution was successively washed with 2 M 

HCl and water, dried (Na,SO,), and then evaporated. The residue was chro- 

matographed on a column of silica gel (200 g) with 1: 1 EtOAc-hexane to give 3 



(6.1 g, quantitative) as an amorphous mass, [cyln -38.0” (C 0.1, CHCI,); IR: v 

3700-3200 (OH, NH), 1730 and 1220 (ester), 1660 and 1550 (amide), 860 and 840 

(Me,%, Me,C>, and 720 cm-’ (Ph); ‘H-NMR (CDCI,): 6 0.89 (m, 2 H, Me,SiC- 

H&HZ), 1.37, 1.41 (2 s, 6 H, Me&), 1.90 (s, 3 H, AcN), 2.10 (t, 1 H. Jsc,X.irq = 

&x,4 = 12.6 Hz, H-3~x1, 2.76 (dd, 1 H, J3rq.4 5.0 Hz, H-3eq), 3.53 (dd, 1 H, J5,(, 8.4. 

H-61, 3.81 (s, 3 H, MeO), 4.10 (m, 1 H, H-81, 4.10 (q, 1 H, H-51, 4.38 (m, 1 H, H-71, 

5.24 (ddd, 1 H, Jj,j 10.4 HZ, H-4). 6.13 (d, 1 H, I,.,,, 7.9 Hz, NH), and 7.25-8.00 

(m, 5 H, Ph). 
Anal. Calcd for C2,H,,N0,,,Si (567.7): C, 57.12: H, 7.28: N, 2.47. Found: C, 

57.08; H, 7.41; N, 2.45. 
Methyl (2-(trimethylsilyl)ethyl 5-acetamido-4-O-benzoyl-3,S-dideoxy-$,9-O-i.~op~u- 

pylidene-7-0-(phenoxy)thiocarbonyl-D-glycero-cu-D-gal~cto-2-non~~lopyranosid]o~ate 

(4).-To a solution of 3 (3.05 g, 5.4 mmol) in pyridine (140 mL) was added phenyl 
chlorothionoformate (3.7 mL), and the mixture was heated for 1 h at 60”. After 

completion of the reaction. MeOH (1 mL) was added to the solution, and it was 

concentrated, then extracted with CH,Cl, (200 mL). The extract was successively 

washed with 2 M HCI and water, dried (Na,SO,), and concentrated. Column 

chromatography (1 : 4 EtOAc-hexane) of the residue on silica gel (150 g) gave 4 

(1.83 g, 48.5%) as an amorphous mass, [cu], +23.6” (c 0.9, CHCljl; ‘H-NMR 

(CDCI,): 6 0.89 (m, 2 H, Me,SiCHzCHz), 1.37, 1.43 (2 s. 6 H, MelC), 1.73 (s, 3 H, 

AcN), 2.10 (t, 1 H, J3us.3cq = J3as,4 = 12.6 Hz, H-3~x1, 2.81 (dd, 1 H, J31~<,I.J 4.8 Hz, 
H-3eq), 3.46 (m, 1 H, Me,SiCH,CH,), 3.83 (s, 3 H, MeO), 4.08 (m, 1 H. 

Me,SiCHZCHz), 4.20 (dd, 1 H, H-91, 4.24 (dd, 1 H, JS,(, 10.6, J(,,, 1.8 Hz, H-6), 

4.28 (4, 1 H, J,,, ==~~,~ir = 10.6 Hz, H-51, 4.54 (m, 1 H, J,+, 6.6 Hz, H-81, 5.21 (m, 1 

H, H-4), 5.52 (d, 1 H, NH), 6.20 (dd, 1 H, J,,, 2.9 Hz, H-71, and 7.18-8.00 (m, 10 

H, 2 Ph). 

Anal. Calcd for CuH45N0,,SSi (703.9): C, 58.01; H, 6.44; N, 1.99. Found: C, 

58.05; H, 6.60; N, 1.82. 

Methyl /2-(trimethylsilyl)ethyl 5-acetamido-4-O-acetyl-_?,.j-dideoxy-8,9-O-i.sopro- 

pylidene-D-glycero-cr-D-galacto-2-nonulopyranosidlonate (5X--To a solution of 1 
(3.5 g, 7.6 mmol) in pyridine (50 mL1 and CH,CI, (30 mL1, cooled to -3.5”. was 

added, with stirring, a cooled solution of acetyl chloride (1.8 mL1 in CH,Cl? (18 

mL), and the mixture was stirred for 5 h. After completion of the reaction, MeOH 

(1 mL) was added to the mixture, and it was concentrated, then extracted with 

CHzClz (200 mL). The extract was successively washed with 2 M HCI and water, 

dried (Na,SO,), and concentrated. Column chromatography (2 : 3 EtOAc-hexanel 
of the residue gave 5 (3.45 g, 90%) as an amorphous mass? [NJ,) -32.9“ (c 1.8, 

CHCl,); ‘H-NMR (CDCI,): 6 0.89 (m, 2 H, Me,SiCH2CH,), 1.37, 1.40 (2 s, 6 H, 

Me&), 1.95 (t, 1 H, J31,L,3crl = Jj,, 4 = 12.7 Hz, H-3ax), 1.97 (s, 3 H, AcN), 2.09 (s, 
3 H, AcO), 2.63 (dd, 1 H, J3+ 5.i Hz, H-3eq), 3.43 (dd, 1 H_ Jj,(, 10.4 Hz, J(,,, 1.3 
Hz, H-6). 3.51, 3.89 (2 m, 2 H, Me,SiCHZCH2), 3.80 (s, 3 H, MeO), 3.92, 4.34 (2 

dd, 2 H, 1, ‘I 2.4, J, <)’ 6.2, 1, <), 12.5 Hz, H-9,9’), 3.94 (q, 1 H, J1.s =Js,(, = Jj,,,, = 10.4 
Hz, H-5), 4.08 (m, ‘2 H, H-7,8), 5.00 (ddd, 1 H, H-41, and 6.02 (d, 1 H, NH). 
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Anal. Calcd for C,,H,,NO,,Si (505.6): C, 52.25; H, 7.77; N, 2.77. Found: C, 

52.10; H, 7.80; N, 2.84. 

Methyl [2-(trimethylsilyl)ethyl 5-acetamido-8,9-O-isopropylidene-3,4,5-trideoxy-a- 

D-manno-2-nomdopyranosid]onate (f&To a solution of 2 (1.0 g, 1.7 mmol) in 

toluene (50 mL) were added tributyltin hydride (2.0 mL) and AIBN (50 mg), and 

the mixture was stirred for 20 min at 100” then concentrated. Column chromatog- 

raphy of the residue on silica gel (50 g) with 110: 1 CH,Cl,-MeOH gave 6 (650 

mg, 84%) as an amorphous mass, [al, - 1.7” (c 2.0, CHCl,); IR: v 3700-3200 

(OH, NH), 1750 and 1230 (ester), 1660 and 1550 (amide), and 860 and 840 cm-’ 

(Me&, Me,(Z); ‘H-NMR (CDCl,): 6 0.87 (m, 2 H, Me,SiCH,CH,), 1.38, 1.42 (2 

s, 6 H, Me,(Z), 1.40 (m, 1 H, H-4ax), 1.79 (ddd, 1 H, JJax,3eq 13.4, J.luX,4Cq 4.4 Hz, 

H-3ax), 2.00 (s, 3 H, AcN), 2.01 (m, 1 H, H-4eq), 2.36 (ddd, 1 H, H-3eq), 3.42 (m, 1 

H, Me,SiCH,CH,), 3.44 (m, 1 H, Js,6 10.3, Jh,, 2.6 Hz, H-61, 3.80 (s, 3 H, MeO), 

3.93 (m, 1 H, H-5), and 6.17 (d, 1 H, J5,+, 8.4 Hz, NH). 

Anal. Calcd for C20H37NORSi (447.6): C, 53.66; H, 8.33; N, 3.13. Found: C, 

53.62; H, 8.30; N, 3.10. 
Methyl [2-(trimethylsilyl)ethyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-ff-D- 

manno-2-nonuEopyranosid/onate (7).--A solution of 6 (200 mg, 0.5 mmol) in aq 

80% acetic acid (6 mL) was stirred for 15 h at room temperature, and concen- 

trated. The residue was acetylated with acetic anhydride (7 mlkpyridine (10 mL) 

overnight at room temperature. The product was purified by chromatography on a 

column of silica gel (50 g) with 2:3 EtOAc-hexane to give 7 (210 mg, 88%) as an 

amorphous mass, [al,, +26.7” (c 0.6, CHCI,); ‘H-NMR (CDCI,): 6 0.86 (m, 2 H, 

Me,SiCH,CH,), 1.28 (m, 1 H, H-4~1, 1.76 (m, 1 H, H-3ax), 1.89-2.12 (4 s, 12 H, 

3 AcO, AcN), 2.27 (m, 1 H, J.lax,3eq 13.7, J3eq,4ax 3.5 Hz, H-3eq), 3.25 (m, 1 H, 

Me,SiCH,CH,), 3.74 (s, 3 H, MeO), 3.81-3.94 (m, 2 H, H-5, Me,SiCH,CH,), 

4.02 (dd, 1 H, J5,6 10.4 Hz, H-6), 4.11 (dd, 1 H, J,,, 5.3, J,,,, 12.5 Hz, H-9), 4.30 

(dd, 1 H, J,,,, 2.6 Hz, H-9’), 5.27 (d, 1 H, JS,NH 9.3 Hz, NH), 5.33 (dd, 1 H, J6,, 

2.2, J,, 10.8 Hz, H-71, and 5.40 (m, 1 H, H-8). 

A&. Calcd for C,,H,,NO,,Si (533.7): C, 51.76; H, 7.37; N, 2.62. Found: C, 

51.79; H, 7.40; N, 2.61. 

Methyl [2-(trimethylsiLyl)ethyl Sacetamido-4-0-benzoyl-8,9-O-isopropylidene- 

3,5,7-trideoxy-a-D-galacto-2-nonulopyranosid]onate (8).-To a solution of 4 (1.83 g, 

2.6 mmol) in toluene (92 mL) were added tributyltin hydride (3.6 mL) and AIBN 

(110 mg), and the mixture was heated for 1 h at 100”. After completion of the 

reaction, the mixture was concentrated to a syrup that was chromatographed on a 

column of silica gel (200 g), with 1: 3 EtOAc-hexane, to give 8 (1.36 g, 92.5%) as 

an amorphous mass, [a], -25.6” (c 1.4, CHCl,); ‘H-NMR (CDCI,): 6 0.89 (m, 2 
H, Me,SiCH,CH,), 1.37, 1.43 (2 s, 6 H, Me&), 1.82 (s, 3 H, AcN), 1.74-1.85 (m, 2 

H, H-7,7’), 2.03 (t, 1 H, J3ax,3eq = J3ax,4 = 12.6 Hz, H-3ax), 2.77 (dd, 1 H, J3eq,4 4.8 

Hz, H-3eq), 3.46 (m, 1 H, Me,SiCH,CH,), 3.64 (m, 1 H, Js,h 10.3 Hz, H-6), 3.82 (s, 

3 H, MeO), 3.84 (m, 1 H, Me$iCH,CH,), 4.05 (q, 1 H, J4q5 = J5,6 = J5,NH = 10.6 
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Methyl [2-(trimethylsilyl)ethyf 5-acetamido-4,9-di-O-acetyl-3,Pdideoxy-D-glycero- 

cr-D-galacto-2-nonulopyranosid/onate (12).-To a solution of 11 (2.91 g, 6.3 mmol) 
in pyridine (25 mL) and CH,Cl, (30 mL), cooled to - 45”, was added a solution of 

acetyl chloride (1.5 mL) in CH,Cl, (16 mL), the mixture was stirred for 30 min at 

-45”, and then MeOH (1 mL) was added. The solution was concentrated to a 

syrup that was chromatographed on a column of silica gel (150 g) with 50: 1 

CH,Cl,-MeOH, to give 12 (2.1 g, 63%) as an amorphous mass, [(~]o -30.6” (c 1.0, 

CHCl,); ‘H-NMR (CDCl,): 6 0.88 (m, 2 H, Me,SiCH,CH,), 1.99 (s, 3 H, AcN), 

2.02 (t, 1 H, J3ax,3rq = J3ax,4 = 13.0 Hz, H-3ux), 2.06, 2.11 (2 s, 6 H, 2 AcO), 2.68 

(dd, 1 H, J3eq,4 4.9 Hz, H-3eq), 3.39, 3.91 (2 m, 2 H, Me,SiCH,CH,), 3.47 (dd, 1 
H, J5,6 10.3, J6,, 2.6 Hz, H-6), 3.85 (s, 3 H, MeO), 4.10 (m, 1 H, H-8), 4.20, 4.47 (2 

dd, 2 H, J,,, 6.6, J,,,, 2.0, J,,,, 11.4 Hz, H-9,9’), 4.90 (ddd, 1 H, H-4), and 6.04 (d, 1 

H, NH). 

Anal. Calcd for C,,H3,N0,,Si (507.6): C, 49.69; H, 7.35; N, 2.76. Found: C, 

49.58; H, 7.39; N, 2.68. 

Methyl [2-(trimethylsilyl)ethyl S-acetamido-4,9-di-0-acetyl-3,Pdideoxy-8-O-(phen- 

oxy)thiocarbonyl-D-glycero-~-D-galacto-2-nonulopyranosid]onate (13X---To a solu- 
tion of 12 (1.99 g, 3.9 mmol) in pyridine (35 mL) and CH,Cl, (35 mL) was added 

phenyl chlorothionoformate (1.4 mL), and the mixture was stirred for 3.5 h at room 
temperature. A workup similar to that described for 2 gave 13 (1.76 g, 70%) as an 

amorphous mass, [a], + 7.2” (c 1.1, CHCI,); IR: I/ 3700-3300 (OH, NH), 1750 and 

1230 (ester), 1660 and 1550 (amide), 860 and 840 (Me,Si, Me&), and 700 cm-’ 
(Ph); ‘H-NMR (CDCI,): 6 0.88 (m, 2 H, Me,SiC H&H,), 1.96 (s, 3 H, AcN), 2.03 

(t, 1 H, J3ax,3eq = J3aw,4 = 12.8 Hz, H-3ux), 2.10, 2.15 (2 s, 6 H, 2 AcO), 2.67 (dd, 1 

H7 J3eq,4 4.8 Hz, H-3eq), 3.32, 4.16 (2 m, 2 H, Me,SiCH,CH,), 3.86 (dd, 1 H, J5,h 

10.4, J6,, 1.7 Hz, H-6), 3.88 (s, 3 H, MeO), 4.04 (q, 1 H, J4,5 = J5,6 = J5,Ntl = 10.4 Hz, 

H-5), 4.16 (d, 1 H, J,,,, 7.1 Hz, OH-7), 4.49, 4.91 (2 dd, 2 H, J,,, 3.5, J,,,, 2.4, J,,,! 

12.6 Hz, H-9,9’), 4.99 (ddd, 1 H, H-4), 5.81 (m, 1 H, H-8), 6.08 (d, 1 H, NH), and 

7.28-7.48 (m, 5 H, Ph). 
Anal. Calcd for C,,H,,NO,,SSi (643.8): C, 52.24; H, 6.42; N, 2.18. Found: C, 

52.31; H, 6.58; N, 2.15. 
Methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,9-di-0-acetyl-3,5,8-trideoxy-a-D- 

galacto-2-nonulopyranosid/onate (14).--To a solution of 13 (1.76 g, 2.7 mmol) in 

toluene (80 mL) were added tributyltin hydride (5.8 mL) and AIBN (155 mg), and 
the mixture was stirred for 2.5 h at 100”. A workup similar to that described for 6 

gave 14 (1.2 g, 87%) as an amorphous mass, [a], -31.5” (c 1.35, CHCl,); 

‘H-NMR (CDCl,): 6 0.89 (m, 2 H, Me,SiCH,CH,), 1.85-2.00 (m, 2 H, H-8,8’), 
1.99 (s, 3 H, AcN), 2.01 (t, 1 H, J3ax,3eq = J3ax,4 = 12.6 Hz, H-3ax), 2.03, 2.09 (2 s, 6 

H, 2 AcO), 2.62 (dd, 1 H, JJeq/, 4.8 Hz, H-3eq), 3.44, 4.19 (2 m, 2 H, Me,Si- 

CH,CH,), 3.67 (m, 1 H, H-7), 3.81 (s, 3 H, MeO), 3.93 (m, 1 H, J4,5 10.4, Js,h 10.3, 

J 5,NH 8.1 Hz, H-5), 4.18-4.35 (m, 2 H, H-9,9’), 4.40 (d, 1 H, J,,,, 4.6 Hz, OH-7), 

4.93 (ddd, 1 H, H-4), and 6.03 (d, 1 H, NH). 



Anal. Calcd for C,?tH,,NO,,,Si (491.6): C, 51.30; H, 7.59; N, 2.85. Found: C, 

51.13; H, 7.64; N, 2.80. 
Methyl /2-(trimethylsilyl)ethyl 5-ucetamido-4,7,9-tri-O-acetyi-3,5,8-trideoxy-cu-r~- 

galacto-2-nonMl~~yr-anosidlonate (1.5).-Acetylation of 14 (1.88 g, 3.9 mmol) with 

acetic anhydride (10 ml)-pyridine (15 mL) overnight at room temperature, and 

purification by column chromatography (1 : I EtOAc-hexane) on silica gel t 100 g) 

gave 15 (1.78 g, 91%) as an amorphous mass, [nJr> -24.0” (c 0.9, CHCI,); 

‘H-NMR (CDCI,): 6 0.88 cm, 2 H, Me,SiCH,CH12), 1.89-2.00 (m, 2 H, H-8,8’), 

1.94 (t, 1 H, J.wcr, = Jjm.4 = 12.6 Hz, H-~Qx~), 2.02 (s, 3 H, AcN), 2.05. 2.08, 2.10 

(3 s, 9 H, 3 AcO), 2.59 (dd, I H, J3<,q,4 4.8 Hz, H-3ey), 3.45, 3.88 (2 m. 2 H. 

Me,SiCH,CN,), 3.78 (dd, 1 H, J,,, 10.3, J(,,, 2.0 Hz, H-6), 3.81 (s, 3 I-i, MeO). 4.11 

(41 J%S = J5,h = Js,,,, = 10.3 Hz, H-5), 4.03-4.27 (m. 2 H, H-9,9’), 4.85 (ddd, 1 H, 

H-41, 5.08 cm, 1 H, H-71, and 5.32 (d, 1 H, NH). 

Anal, Calcd for C,,H ,,,NO,,Si (533.7): C, 51.76; H, 7.37; N, 2.62. Found: C, 

51.69; H, 7.30; N, 2.61. 

Methyl S-acetamido-2,7,8,9-tetru-O-ncetyl-3,4,5-trideo~y-v-manno-2-rlorrulo~yr- 

anosonate (16).-To a stirred solution of 7 (200 mg, 0.4 mmol) in CHzClz (5 mL), 

cooled to o”, was added dropwise BF, . OEt, (0.15 mL). The mixture was stirred 

for 2 h at O”, CH,Cl, (50 mL) was added, and the solution was successively washed 

with M Na,CO, and water, dried (Na,SO,), and concentrated. The residue was 

acetylated with acetic anhydride (5 mlkpyridinc (8 mL) overnight at room 

temperature. Column chromatography of the product on silica gel (50 g) with 3 : 2 

EtOAc-hexane gave 16 (120 mg, 67.5%) as an amorphous mass, [cu], - 40” (c 0.5, 

CHCl,); IR: v 3500 (NH), 1750 and 1220 (ester), and 1660 and 1550 cm--’ (amide). 

Anal. Calcd for C,,,H,,NO,, (475.5): C, 50.52; H, 6.15; N, 2.95. Found: C, 

50.31; H, 6.24; N, 2.YO. 

Methyl (methyl _~-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideieo~-2-thio-u-manno-2- 

nonul~pyranosid)onate (17).-To a stirred solution of 16 (500 mg, 1.0 mmol) in dry 

CH,Cl, (20 mL), cooled to O”, were added trimethyl(methylthio)silane (Me,Si . 

SMe, 400 mg, 3.33 mmol) and TMS triflate (120 mg, 0.05 mmol), and the mixture 

was stirred for 10 h at room temperature, the course of the reaction being 

monitored by TLC. Aqueous M Na,CO, (10 mL) was added to the mixture, the 

organic layer was separated, washed with water, dried (Na2S0,), and concentrated 

to a syrup that was chromatographed on a column of silica gel (60 g), with 2: 1 

EtOAc-hexane, to give 17 (4.50 mg, 92.5%) as an amorphous mass, [(Y&, -45” (c 

0.8, CHCIJ; IR: v 3450 (NH), 1760 and 1230 (ester), and 1680 and 1560 cm-’ 

(amide); ‘H-NMR (CDCI,): 6 3.79, 3.80 (2 s, MeO), 4.35 (dd, Jj,(, 11.5, I,,: 2.3 Hz, 

H-61, 4.85 (dd, J,,, 2.2, .I,,,, 12.4 Hz, H-9@, 5.16 (dt, H-8P), 5.36 (dd, J,,, 8.5 Hz, 

H-7a), 5.40 (m, H-8cu), 5.46 (m, H-7P), 5.82, and 6.06 (2 d, NN); the anomeric 

ratio (a : p> was estimated as _ 1 : 1 from the ratio of the intensities of the 
ester-methyl signals. 

Anal. Calcd for C,9H,,N0,,,S (463.5): C, 49.23; H, 6.31; N, 3.02. Found: C, 

49.00; H, 6.48; N, 2.94. 
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Methyl 5-acetamido-2,8,9-tri-Oacetyl-4-O-henzoyl-3,5,7-trideoxy-D-galacto-2- 

nonulopyranosylonate (18).-To a solution of 10 (1.63 g, 2.7 mmol) in CH,Cl, (25 

mL), cooled to O”, was added BF, . OEt, (2.8 mL), and the mixture was stirred for 

9 h at O”, and then extracted with CH,Cl, (100 mL). The extract was successively 

washed with M Na,CO, and water, dried (Na,SO,), and concentrated. The 

residue was acetylated with acetic anhydride (10 ml)-pyridine (8 mL) overnight at 

room temperature. Column chromatography (1: 1 EtOAc-hexane) of the product 

on silica gel (100 g) gave 18 (1.29 g, 88%) as an amorphous mass, [a],, - 44.5” (c 

1.0, CHCl,); v 3400 (NH), 1740 and 1220 (ester), 1660 and 1540 (amide), and 710 

cm-’ (Ph). 

Anal. Calcd for C,SH,,NO,, (537.5): C, 55.86; H, 5.81; N, 2.61. Found: C, 55.63; 

H, 5.99; N, 2.60. 

Methyl (methyl 5-acetamido-8,9-di-0-acetyl-4-0-benzoyl-3,5, 7-trideoxy-2-thio-D- 

galacto-2-nonulopyranosid)onate (19).-To a solution of 18 (1.29 g, 2.4 mmol) in 

CH,Cl, (25 mL), cooled to O”, were added Me,Si . SMe (1.4 mL) and TMS triflate 

(0.7 mL), and the mixture was stirred for 5.5 h at room temperature. Processing as 

described for the preparation of 17 gave 19 (960 mg, 72%) as an amorphous mass, 

[(XI, -70.4“ (c 1.0, CHCl,): IR: v 3500 (NH), 1740 and 1230 (ester), 1660 and 1550 

(amide), and 710 cm-’ (Ph); ’ H-NMR (CDCl,): 6 2.29 (dd, J3ax,3fq 12.4 Hz, J.3uw,4 

11.7 Hz, H-3ax-/3>, 2.67 (dd, J3eq,4 4.7 Hz, H-3eq-P), 2.90 (dd, H-3eq-cu), 3.80 (s, 

MeOp), 3.82 (s, MeOa), 5.06 (ddd, J4,s 10.3 Hz, H-4/3), 5.24 (m, H-SP), 5.38 (m, 

H-&Y), 5.48 (ddd, H-4a), 5.57 (d, NHcY), and 5.75 (d, NH/3); the anomeric ratio 

(a: p> was estimated as N 1 : 1 from the ratio of intensities of the ester-methyl 

signals. 

Anal. Calcd for C,,H,,NO,,S (525.6): C, 54.84; H, 5.95; N, 2.67. Found: C, 

54.60; H, 6.15; N, 2.64. 

Methyl 5-acetamido-2,4,7,9-tetra-O-acetyl-3,5,8-trideoxy-D-galacto-2-nonulopyr- 

anosonate (20).-To a solution of 15 (1.78 g, 3.3 mmol) in CH,Cl, (25 mL), cooled 

to o”, was added BF, - OEt, (5.3 mL), the mixture was stirred for 12.5 h at o”, and 

then CH,Cl, (100 mL) was added. The solution was successively washed with M 

Na,CO, and water, dried (Na,SO,), and evaporated. The residue was acetylated 

with acetic anhydride (18 ml)-pyridine (16 mL) overnight at room temperature. 

Workup as described for 16 gave 20 (1.4 g, 85%) as an amorphous mass, [al, -41” 

(c 0.9, CHCl,); IR: v 3500 (NH), 1740 and 1220 (ester), and 1660 and 1540 cm-’ 

(amide); the anomeric ratio (a : p) was estimated as N 1: 5 from the ratio of 

intensities of the ester-methyl signals. 

Anal. Calcd for C2,,H,,N0,, (475.5): C, 50.52; H, 6.15; N, 2.95. Found: C, 

50.53; H, 6.25; N, 2.81. 
Methyl (methyl 5-acetamido-4,7, 9-tri-0-acetyl-3,5,8-trideoxy-2-thio-D-galacto-2- 

nonulopyranosid)onate (21).-To a solution of 20 (1.29 g, 2.7 mmol) in CH2C12 (25 
mL), cooled to o”, were added Me,Si . SMe (2.3 mL) and TMS triflate (0.8 mL), 
and the mixture was stirred for 2 h at 40”. Workup as described for 17 gave 21 

(1.25 g, quantitative) as an amorphous mass, [al, -56.7” (c 0.8, CHCl,): IR: v 



3500 (NH), 1740 and 1230 (ester), and 1660 and 1540 cm-’ (amide); ‘H-NMR 

KDClJ: 6 2.52 (dd, J3ay,3rc, 13.5, 53c,9,1 5.0 Hz, H-3eq-@I, 2.76 (dd, H-3eq-a), 3.82 

(s, MeOP) 3.84 (s, MeOcu), 4.92 (ddd, H-4a), 5.12 (dt, J6,, 2.2, .17.X =,I,,,, = 7.0 Hz, 

H-71, 5.19-5.37 (m, H-4P,7), S.37, and 5.54 (2 d, N1-I); the anomeric ratio (a : PI 

was estimated as - 1 : 1 from the ratio of intensities of the ester-methyl signals. 

Anal. Calcd for C,,Hz,NOloS (463.5): C, 49.23; H, 6.31; N. 3.02. Found: C. 

49.19; H, 6.38; N, 2.91. 

Methyl /2-(trimethylsil~l)eth~l S-uceta~~~ido-9-O-tert-h~rtyldinzeth~~l,silyl-3,S-dide- 

o~~~-r,-glycero-cx-D-galacto-2-~~ot~~~~o~~~~~~~sid~~~ute (23bTo a solution of methyl 

[2-(trimethylsilyl)ethyl S-acetamido-3,S-dide~~-~)-~l~~~~~~-~-t~-~u/~ct~-2-nonulopyr- 

anosidlonate’” (22, 8.2 g, 19.4 mmol) in pyridine (40 mLJ, cooled to 0”. was added, 

with stirring. tert-butyldimethylsilyl chloride (7.0 g), and the mixture was stirred for 
2 h at 0”. Methanol (2 mL) was added to the mixture, and it was stirred for 1 h and 

concentrated to a syrup that was chromatographed on a column of silica gel (200 

g), with 4: 1 EtOAc-hexane, to give 23 (9.45 g, 91%) as an amorphous mass, [a],, 
- 10.6” (c 1.4, CHCI,); ‘H-NMR (CDCI,): 6 0.33 (s, 6 H. MezSi), 0.85 (m, 11 H, 

Me,SiCHzCH2, Me,C), 2.01 (s, 3 H, AcN), 2.73 (dd, 1 H, J.lok,i~z,, 13.0, .131,1/,1 4.3 
Hz, H-3ey), and 3.82 (s, 3 H, MeO). 

Anal. Calcd for Cz3HJ7N07Si2 (537.8): C, 51.36; H, 8.81; N, 2.60. Found: C. 

51.29; H, 8.85; N: 2.52. 

Methyl /2-(trimethylsilylkthyl 5-ucetamido-4,8-di-0-hen~o~l-9-O-tert-hut~~ldimetlz- 

~lsil~l-3,5-dideo~~-D-glycero-cu-D-galacto-2-12onlll~p~r~~iz~~.sid~~)~~ute (24).-To a solu- 

tion of 23 (9.0 g, I .67 mmol) in pyridine (25 mL) and CH .Cl 7 ( 100 mL), cooled to 

-5“. was added, with stirring, a solution of BzCl (10 mL)in CH,CI, (20 mL), and 

the solution was stirred for I h at -5”. Methanol (2 mL) was added and the 

mixture was concentrated to a syrup, which was extracted with CH,Cl, (200 mL). 

The solution was successively washed with 2 M HCI and water, dried (Na,SO,), 

and concentrated. Column chromatography (2 : 3 EtOAc-hexane) of the residue 

on silica gel (200 g) gave 24 (10.0 g, 80%) as an amorphous mass, [a],, -33.0” (c 

0.8. CHCli): ‘H-NMR (CDCI,): 6 0.33 (s, 6 H, Mc,Si). 0.84 (m. 11 H. 

Mc,SiCH,CH,, Me,C), 1.92 (s, 3 H, AcN), 2.09 (t, 1 H, 1, ,,.,. 3rr, = J,, ,.,, q = 12.5 Hz. 

H-3ux), 2.73 (dd, 1 H, Jx+ 4.3 Hz, H-3eq), and 3.82 (s, 3 H, Me()). 

Anal. Calcd for Ci7HSjN0,,Si2 (730.0); C, 51.36: H, X.81: N. 2.60. Found: C. 

51.29; H. 8.85; N, 2.52. 

Methyl 12-Ctrimethylsilyl)ethyl S-acetun~ido-4,8-di-O-herlzo!:l-3.5-dideeoxy-I~-gly- 

cero-cr-D-galacto-2-tz~~rlL~l~p~r~ltzu~si~~]~~natc (25).--A solution of 24 (9.5 g. 12.7 mmol) 

in aq 80% acetic acid (320 mL) was heated, with stirring, for 4 h at 40”. and 

concentrated. Column chromatography (3:2 EtOAc-hexane) of the residue on 

silica gel (200 g) gave 25 (8.0 g, 99%) as an amorphous mass. [ CIY]~, - 42.0” (c 0.6, 

CHCI;); IR: v 3700-3200 (OH, NH), 1730 and 1230 (ester), 1660 and 1550 

(amide), 860 and 840 (Me;%), and 710 cm-’ (Ph); ’ H-NMR (1: 1 CDCl,-CD,OD): 

6 0.85 (m, 2 H, Me,SiCH,CH,), 1.90 (s, 3 H, AcN), 2.00 (t, 1 H, J3r,.L,jC.il = J3n,,J = 

12.6 Hz, H-30x- 1, 2.69 (dd, 1 H, J3<+ 4.8 Hz, H-3ey), 3.27 (s, 3 H, MeO). 3.36 (m, 1 
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H, Me,SiCH,CH,), 3.73 (dd, 1 H, J,,, 10.4, J(,,, 1.6 Hz, H-6), 4.15 (t, 1 H, H-5), 
5.15 (ddd, 1 H, H-4), 5.38 (m, 1 H, H-8), and 7.25-8.06 (m, 10 H, 2 Ph). 

Anal. Calcd for Ca,H,,NO,,Si (631.8): C, 58.93; H, 6.54; N, 2.22. Found: C, 

58.69; H, 6.77; N, 2.18. 

Methyl (2-(trimethylsilyl)ethyl 5-acetamido-4,8-di-O-benzoyl-9-chloro-3,5,9-tride- 

oxy-D-g~ycero-a-D-ga~acto-~-nonulopyranosid/onate (26).-TO a solution of 25 (5.05 

g, 8.0 mmol) in NJ-dimethylformamide (50 mL), cooled to o”, were added, with 

stirring, Ccl, (10 mL) and triphenylphosphine (6.0 g), and the mixture was stirred 
for 3 h at room temperature. Methanol (2 mL) was added and the solution was 

concentrated. Column chromatography (1:4 EtOAc-hexane) of the residue on 

silica gel (150 g) gave 26 (4.12 g, 81%) as an amorphous mass, [(Y],, -68.5” (c 0.8, 

CHCl,); ‘H-NMR (CDCI,): 6 0.84 (m, 2 H, Me,SiCH,CH,), 1.91 (s, 3 H, AcN), 

2.05 k 1 H> J3ax,3ry = J3ax.4 = 12.6 Hz, H-3ax), 2.67 (dd, 1 H, J.ieq,4 4.8 Hz, H-3eq), 
3.25 (s, 3 H, MeO), 3.38 (m, 1 H, Me,SiCH,CH,), 3.70 (dd, 1 H, J5,6 10.4, J6,, 1.7 

Hz, H-6), 5.17 (ddd, 1 H, H-4), 5.58 ( m, 1 H, H-8), 6.18 (d, 1 H, NH), and 

7.22-8.04 (m, 10 H, 2 Ph). 

Anal. Calcd for C,,,H,,ClNO,,Si (636.2): C, 56.64; H, 6.02; N, 2.20. Found: C, 
56.51; H, 6.24; N, 2.15. 

Methyl (2-(trimethylsilyl)ethyl 5-acetamido-4,8-di-O-benzoyl-3,5,9-trideoxy-D-gly- 

cero-a-D-galacto-2-nonulopyranosid/onate (27).--To a solution of 26 (760 mg, 1.2 
mmol) in toluene (20 mL), were added tributyltin hydride (1.0 mL) and AIBN (20 

mg), and the mixture was heated for 1 h at loo”, and then concentrated. Column 

chromatography (1: 4 EtOAc-hexane) of the residue on silica gel (100 g) gave 27 

(480 mg, 657) o as an amorphous mass, [(xl,, + 7.7” (c 0.6, CHCl,); ‘H-NMR (1: 1 

CDCl,-CD,OD): 6 0.88 (m, 2 H, Me,SiCH,CH2), 1.47 (d, 3 H, J,,g 6.0 Hz, 

CH,CH), 1.91 k, 3 H, AcN), 1.98 (t, 1 H, J3ax,3Erl = J3ax,4 = 12.6 Hz, H-3ax), 2.71 

(dd, 1 H, J3ey,4 4.8 Hz, H-3eq), 3.30 (s, 3 H, MeO), 3.39, 3.95 (2 m, 2 l-I, 

Me,SiCHzCH,), 3.65 (dd, 1 H, Jh,7 1.7, J,,s 8.1 Hz, H-7), 3.75 (dd, 1 II, J5,h 10.4 

Hz, H-6), 4.17 (t, 1 H, J4,5 10.4 Hz, H-5), 5.15 (ddd, 1 H, H-4), 5.38 (m, 1 I-I, J,,, 6.2 
Hz, H-8), and 7.28-8.02 (m, 10 H, 2 Ph). 

Anal. Calcd for Cs,H,,NO,,,Si (615.8): C, 60.46; H, 6.71; N, 2.27. Found: C, 

6.41; H, 6.84; N, 2.20. 

Methyl /2-(trimethylsilyl)ethyl .5-acetamido-4,7,8-tri-O-acetyl-3,.5,9-trideoxy-D-gly- 

cero-cu-D-galacto-2-nonmlopyrunosid]onate (28).-To a solution of 27 (2.1 g, 3.4 

mmol) in MeOH (20 mL) was added 3 mL of 28% NaOMe in MeOH, and the 
mixture was stirred for 30 min at room temperature. After completion of the 

reaction, the solution was neutralized with Amberlite IR-120 (H+) resin and 

filtered. The resin was washed with MeOH, and the combined filtrate and 

washings were concentrated. Acetylation of the residue with acetic anhydride (10 

ml)-pyridine (15 mL) overnight at room temperature gave 28 (1.55 g, 85%) as an 

amorphous mass after column chromatography (2 : 3 EtOAc-hexane) on silica gel 

(140 g), [a]o - 13.5” (c 0.81, CHCl,); IR: v 3500 (NH), 1740 and 1230 (ester), 1670 

and 1550 (amide), 860 and 840 cm-’ (Me,Si); ‘H-NMR (CDClJ: 6 0.87 (m, 2 H, 



Me,SiCH,CH,), 1.18 (d, 3 H: .I,,, 6.0 Hz, CIf,CH). 1.86 (s, 3 H, AcNJ, 1.96 (tl I 

H. J 3O.I .3cq = J,, ,,., 1 = 12.6 Hz, H-3~x1. 2.00, 2.08, 2.12 (3 s. Y H. 3 AcO), 2.56 (dd, 1 

H, -1, cc,.4 4.6 Hz, H-3ecf), 3.32, 3.86 (2 m. 2 H, Me,SiCHLCH2), 3.76 (s, 3 H, McO), 

4.02 (dd, 1 H, J,,, 10.6, J,., 1.8 Hz, H-6), 4.08 (q. 1 H, .I.,,, =Jic, = Ji N,, = 10.6 Hz, 

H-5), 4.80 (ddd, 1 H, H-41, 5.13 (dd. 1 H, J,., 7.Y Hz, H-71, 5.19 (m, i H, H-8), and 

5.31 (d, 1 H, NH). 
Anal. Calcd for C,,H,,,NO,,Si (533.7): C. 51.76: H. 7.37; N: 2.62. Found: C, 

51.51; H, 7.40; N, 2.65. 

Methyl S-crcetamido-2,4, 7,8-tetl-a-O-acet~~l-3,5,9-trideun-~~-~~-glycero-l,-galacto-2- 

~?O~IzII~~~YaIzO.~Ollate (29).---To a solution of 28 (1.51 g, 3.X mmol) in CH,CII (30 

mL). cooled to O”, was added BF, . OEt, (0.62 mL), and the mixture was stirred for 

3 h at O”, then extracted with CHzCl-z (200 mL). The extract was successively 

washed with M Na>CO, and water, dried (Na?SO,), and concentrated. The 

residue was acetylated with acetic anhydride (7 mlbpyridine (IO mL) overnight at 

room temperature. Workup as described for 16 gave 29 (1.22 g, 91%) as an 

amorphous mass, [(ulv -41J0 (c 1.1, CHCI,); IR: v 3500 (NH), 1740 and 1220 

(ester), and 1660 and 1550 cm ~’ (amide); the anomeric ratio (N : ,!3) was estimated 

;lS - 1 :5 from the ratio of intcnsitics of the ester-methyl signals. 

Arzal. Calcd for Cz,,H ?,,NO,? (475.5): C, 50.52; H. 6.15; N, 2.Y5. Found: C, 

50.58: H, 6.20; N. 2.71. 

M.dyl 5-acetamido-4, 7,8-tn-O-acet~l-~-S-acet~l-S,5,9-tri~ieox~~-2-thio-I~-glycero-cu- 

D-galacto-nonlrlopyr~nosonate (31X-Hydrogen chloride was bubbled through a 

solution of 29 (1.5 1 g, 3.2 mmol) in CH ,CI, (30 mL) for 10 min while the solution 

was cooled to -20”. The mixture was kept for 24 h at room temperature and 

concentrated. Drierite (2 g) was added to a solution of the residue in acetone (10 

mL) and CH ,Cl, (15 mL), and the mixture was stirred for 1 11 at room tempera- 

ture. Potassium thioacetate (1.36 g, 11.9 mmol) was added, and stirring was 

continued for 3 h at room temperature. The mixture was filtered, the insoluble 

material was washed with CH,C12, and the combined filtrate and washings was 

concentrated. Column chromatography (1 : 1 EtOAc-hexanc) of the residue on 

silica gel (60 g) gave 31 (1.22 g, 78%) as an amorphous mass, [ur],, + 35.0” (c 1 .(I. 

CHCI,); ‘H-NMR (CDCIJ: 6 1.25 (d, 3 H, Jsu 6.4 Hz, CH,CH). 1.8’) (s. 3 H. 

AcN), 1.94 (t. I H, J3<,., .?<,<, = Jjol J = 12.8 Hz, H:3a.u), 2.02, 2.04. 2.14. 2.16 (4 s, 12 

H. 3 AcO, AcS), 2.68 (dd, 1 H I’ , . 3c,c,l.4 4.8 Hz. H-.?ec/), 3.79 (s, 3 H, MeO), 4.12 (q, I 
H, J,,, = J,., = J,.,lI = 10.4 Hz, H-5). 4.53 (dd, I H, Jh.7 2.1 Hz, H-61, 4.Y3 (ddd. 1 

H. H-4). 5.07 (m, 1 H, H-8), 5.1’) (dd, 1 H, .17,K 7.0 Hz, H-7), and 5.54 (d, 1 H. Nti). 

And. Calcd for C,,,H.,,NO,,S (491.5): C. 48.87; H. S.Y.5; N1 2.X5. Found: C, 
48.85; H, 6.20; N, 2.83. _ 

Methyl (methyl 5-acetamido-4, 7,8-tri-O-acc~~l-3,5,9-triderox~-2-thio-u-glycero-cu-r,- 

galacto-2-norlul~a~~~id~~~~zat~~ (32).--To a stirred solution of 31 (080 mg, 2.0 

mmol) in dry MeOH (4 mL), cooled to - 40”, was added a solution of Na metal (47 

mg) in MeOH (2 mL). The mixture was stirred for 5 min at -40”. and concen- 

trated at 0” to an amorphous mass. which was dissolved in dry N.N-dimethylform- 
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amide (12 mL). Methyl iodide (1 mL) was added to the stirred solution, stirring 
was continued for 3 h at room temperature, and the mixture was concentrated. 
Column chromatography (1: 1 EtOAc-hexane) of the residue on silica gel (60 g) 

gave 32 (820 mg, 89%) as an amorphous mass, [(Y],, -23.5” (c 1.1, CHCI,); 

‘H-NMR (CDCl ,I: 6 1.25 (d, 3 H, &j 6.4 Hz, CH,CH), 1.88 (s, 3 H, AcN), 1.99 (t, 

1 H, J3ax 3eq = J3ax.4 = 12.6 Hz, H-3ux), 2.04, 2.12, 2.13, 2.16 (4 s, 12 H, 3 AcO, 

MeS), 2.72 (dd, 1 H, J3eq,4 4.8 Hz, H-3eq), 3.79 (dd, 1 H, J5,h 10.4, Jh,7 2.2 Hz, 
H-61, 3.80 (s, 3 H, MeO), 4.12 (q, 1 H, J4,5 = J5,6 = JS,NH = 10.4 Hz, H-51, 4.86 (ddd, 

1 H, H-4), 5.15 (dd, 1 H, .I,,, 8.4 Hz, H-7), 5.23 (m, 1 H, H-81, and 5.38 (d, 1 H, 

NH). 

Anal. Calcd for C,,H,,NO,,,S (463.5): C, 49.23; H, 6.31; N, 3.02. Found: C, 

49.19; H, 6.35; N, 2.95. 
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