
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthetic Studies on Sialoglycoconjugates 7: Synthesis of N-
Acetylneuraminic Acid Derivatives and Analogs
Akira Hasegawaa; Minoru Moritaa; Hideharu Ishidaa; Makoto Kisoa

a Department of Applied Bioorganic Chemistry, Gifu University, Gifu, Japan

To cite this Article Hasegawa, Akira , Morita, Minoru , Ishida, Hideharu and Kiso, Makoto(1989) 'Synthetic Studies on
Sialoglycoconjugates 7: Synthesis of N-Acetylneuraminic Acid Derivatives and Analogs', Journal of Carbohydrate
Chemistry, 8: 4, 579 — 588
To link to this Article: DOI: 10.1080/07328308908048018
URL: http://dx.doi.org/10.1080/07328308908048018

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308908048018
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, a(4), 579-588 (1989) 

SYNTHETIC STUDIES ON SIALOGLYCOCONJUGATES 7: 
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ABSTRACT 

Various types of the g-protected derivatives and the 9-bromo analogs 
of methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-D- 1 cero a-D- 
alacto 2-nonulopyranosidlonate were synthesized from methy7 ' h L e t R y 1 -  

: m i h y l  S-acetamido-4,7-di-Q-acetyl-3 ,S-dideoxy-P- 1 cero a-g-galacto- 
2-nonulopyranosid Jonate (1) or methyl [2-(trirnethylsi?hi S-acetamido- 
8,9-di-~-isopropylidene-~-~-a-~-galacto-2-nonulop~anosid] onate (2). 
INTRODUCTION 

Recently, many kinds of biological f~nctionsl-~ of sialoglycoconju- 
gates such as gangliosides and glycoptoteins have been revealed. In order 

to elucidate the structure-function relationship of gangliosides, synthe- 

sis of a variety of gangliosides and their various types of analogs are 
necessary. 
glycosidic linkage4 at the C-3 or C-6 position of galactose moiety, at C-6 
of the glucose, 3-acetylglucosamine or 3-acetylgalactosamine moiety, and 

at the C-8 or C-9 position of the sialic acid skeleton. 

high yield syntheses of a-glycoside~~ and a-thioglycosides' of kJ-acetyl- 

neuraminic acid, and synthesized gangliosides GM4 and its position isomer, 

GM3,* and GM4 thio-analog.' We describe here the synthesis of suitably 
protected sialic acid derivatives as the glycosyl acceptors, for obtaining 

a-Neu5Ac-(2*8)-Neu5Ac, a-NeuSAc-(2*9)-Neu5Ac, and S-a-Neu5Ac-(2+9)-Neu5Ac. 

Naturally occuring sialo-compounds contain sialic acids in an a- 

In the previous papers, we have demonstrated the stereoselective and 
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580 HASEGAWA ET AL. 

RESULTS AND DISCUSSION 

Treatment of methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,7-di-g- 
acetyl-3,5-dideoxy-~-~-a-~-galac~o-2-nonulop~ranosid]onate1o (1) 
with s-butyldimethylsilyl chloride (TBDMS chloride) in pyridine at room 
temperature gave the 9-e-TBDMS derivative 2 in 97% yield as crystals. 
When reacted with benzyl chloromethyl ether or 2-( trimethylsily1)ethoxy- 
methyl chloride using N,N-diisopropylethylamine in dichloromethane at 45 
"C, methyl [ 2-(trimethylsily1)ethyl 5-acetamido-3,5-dideoxy-8,9-~-isopro- 
pylidene-~-gl~cero-a-~-~alacto-2-nonulopyrano~id]on~t~~~ (3) gave the 4.7- 
di-2-benzyloxymethyl derivative ( A )  or the 4,7-di-0-2-( trimethylsilyl) 
ethoxymethyl derivative (5) in high yield, respectively. 
nation of compound 4 by mild, acid hydrolysis afforded 6 in good yield, 
which was converted by selective benzyloxymethylation to methyl [ 2-(tri- 
methylsily1)ethyl 5-acetamido-4,7,9-tri-~-benzyloxymethyl-3,5-dideoxy-~- 
gl~cero-a-~-ga~acto-2-nonu~opyranos~d]onate (8)  in 66% yield. Compounds 
- 6 and 8 were acetylated to 1. and 2, respectivaly. 
pounds (2-9) were unambiguously proved by 270-MHz H NMR spectroscopy. 
There were four significant signals in H NMR spectrum of compound 7, three 
three-proton singlets at 6 1.75 (N-acetyl), 2.05 and 2.06 (9-acetyl), and 
H-8 (ddd, J,,8 - 7.3 Hz, J 
of compounds (5,. 8, and 2) are given in the Experimental Section and are 
consistent with structures assigned. 
90% aqueous acetic acid, compound 5 gave methyl [ 2-(trimethylsilyl)ethyl 
5-acetamido-3,5-dideoxy-4,7-di-~-2-( trimethylsilyl )ethoxymethyl-g-glvcero- 
a-~-galacto-2-nonulopyranosid]onate (lo), which was acetylated to compound 
- 11. 
rating for three protons, at 6 1.95, 2.04, 2.09, and 3.75, which showed the 
presence of one y-acetyl, two 2-acetyl, and one methyl ester group; H-8 
appeared at 6 5.28 (ddd, S7,8 = 7.7 Hz, J = 4.8 Hz, Jgtg, = 2.2 Hz). 

dimethylsilyl chloride gave the corresponding, desired 8-hydroxyl free de- 
rivatives (12,13) in high yields, respectively. On the other hand, when 
treated with 5-bromosuccinimide in the presence of triphenylphosphine in 
N,N-dimethylformamide according to the procedure described by Hanessian et 
alyl', compound L gave methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,7-di- 
~ - a c e t y l - 9 - b r o m o - 3 , 5 , 9 - t r i d e o x y - ~ - g l y c e r o - a - ~ - ~ a l a c t o - 2 - n o n u l o ~ ~ r a n o ~ i d ]  

onate (2) as crystals in 82% yield, which was acetylated to compound 15. 

2-Deisopropylide- 

The structures of com- 
1 

1 

= 5.4 Hz, J8,g, = 2.0 Hz) at 6 5.29. 'H NMR 8.9 

When heated for on0 h at 45 "C in 

1 The H NMR spectrum of 11 exhibited four sharp singlets, each integ- 

899 
Treatment of compound lo with benzyl chloromethyl ether or w - b u t y l -  
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ye2 

OR OH 
U 

C02Me 
I 

AcHN A c w  OSE 

d A c  

1 R = H  
- 2 R = TBDMS 
- 

SE = Me3SiCHzCHz- 
TBDMS = Me3C(Me)zSi- 

R3 OR2 

AcHN 
OR 

- 3 R = H  
4 R = BOM 
5 R = SEM 
BOM = C6H5CH20CH2- 
SEM = Me3SiCHzCH2OCH2- 

- 
- 

6 R1 = BOM , R2 = R3 = H 

7 R1 = BOM , R2 = R3 = Ac 
8 R1 = R3 = BOM , R2 = H 
9 R1 = R3 = BOM , R2 = Ac 

10 R1 = SEM , R2 = R3 = H 
11 R1 = SEM , RZ = R3 = Ac 

12 R1 = SEM , R2 = H , R3 = BOM 
13 R1 = SEM , R2 = H , R3 = TBDMS 

- 
- 
- 
- 
- - 
- 
- 

BrH2C 

AcO 
AcHN 

dAC 

_. 14 R = H  

- 15 R = Ac 

EXPERIMENTAL 

General Procedures. Melting points were determined with a Yanagimoto 
micro melting point apparatus and are uncorrected. Specific rotations 
were determined with a Union F'M-201 polarimeter at 25 "C, and IR spectra 
were recorded with a Jasco IRA-1 spectrophotometer. 'H NMR spectra were 

recorded with a Jeol JNM-GX270 (270 MHz) spectrometer, and the NMR data 
were confirmed by use of decoupling techniques. Preparative chromato- 
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582 HASEGAWA ET AL. 

graphy was performed on silica gel (Waco Co.; 200 mesh) with the solvent 
systems specified. Concentrations and evaporations were conducted in vacuo. 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4.7 -di-O-acetyl-9-0- 
tert-butyldimethylsilyl-3,5-dideoxy-D-~lycero-a-D-~alacto-2-nonulouyranosid~ - 
- onate (2). 
acetamido-4,7-di-~-acetyl-3,5-dideoxy-~-plycero-a-~-~alacto-2-nonulopyra- 

nosid]onatel0 (1; 507 mg, 1 mmol) in dry pyridine (3 mt) was added E- 
butyldimethylsilyl chloride (302 mg, 2 mnol), and the mixture was stirred 
for one h at room temperature, and then methanol (1 mL) was added. 
mixture was concentrated to a syrup which was extracted with dichloro- 
methane. The extract was successively washed with 2 M hydrochloric acid, 
and water, dried (sodium sulfate), and concentrated to a syrup, which was 
chromatographed on a column of silica gel (50 g) using (a) dichloromethane, 
(b) 100: 1, and (c> 60: 1 dichloromethane-methanol as the eluants. Eluant 
(c) gave compound 2 (540 mg, 87x1 as crystals. 
ether-hexane gave needles: mp 117-119 "C, [a], -17" ( c  1.0, chloroform); 
IR (KBr) 3550 (OH), 3200 (MI) ,  1750 and 1240 (ester), 1670 and 1550 (amide), 
and 840-1 (TMS); 'H NMR (CDC13) 6 0.86-0.90 (m, 11H, Me3SiCH2CH20), Me3CSi), 
1.84 (s, 3H, AcN), 1.92 (dd, lH, J3a,3e - 12.8 Hz, J3a,4 = 11.7 Hz, H-3a), 
2.01, 2.06 (2s, 6H, 2Ac0), 2.63 (dd, lH, J3e,4 = 4.8 Hz, H-3e), 3.39, 3.82 

= 7.7 Hz, Me CH CH 01, 3.52-3.61 (m, 2H, H-9,9'), 
3.85 (s, 3H, MeO), 3.90 (dd, J5,6 = 10.3 Hz, J = 1.8 Hz, H-61, 4.07 (q, 

us J4,5 = '5,6 J5,NH 
.J7,8 = 8.8 Hz, H-7), and 5.90 (d, lH, NH). 

C, 52.31; H, 8.06; N, 2.33. 

To a stirred solution of methyl [2-(trimethylsilyl)ethyl 5- 

The 

Recrystallization from 

(2qr 2H* J g m  = JSiCH,CHO 3 2-2 
6,7 

10.3 Hz, H-51, 4.80 (ddd, lH, H-4), 4.99 (dd, lH, 

Anal. Calcd for C27H50NOllSi2: 

Methyl [2-(Trimethylsilyl)ethvl 5-Acetamido-4,7-di-O-benzyloxymethyl- 

C, 52.23; H, 8.11; N, 2.26. Found: 

3.5-dideoxy-8.9-0-iso~ro~ylidene-D-~lycero-u-D-~alacto-2-nonulo~yranosid~ - 
- onate (3)- 
acetamido-3,5-dideoxy-8,9-0-isopropylidene-~-pl~cero-a-~-galacto-2-nonulo- 

pyranosid]onatel0 (3; 770 mg, 1.7 mmol) in dry dichloromethane (20 mL) 

were added benzyl chloromethyl ether (1.1 g, 7 mmol) and N,N-diisopropyl- 
ethylamine (2.7 g), and the mixture was heated, with stirring, for 14 h at 
45 'C (bath), and more benzyl chloromethyl ether (1.0 g) was added to the 
mixture. 
course of the reaction being monitored by TLC. 
to the solution, and the mixture was heated for 30 min at 45 "C, and cooled. 
Dichloromethane was added, and the solution successively washed with 2M 
hydrochloric acid, M sodium carbonate, and water, dried (sodium sulfate), 

To a stirred solution of methyl [ 2-( trimethylsily1)ethyl 5- 

Stirring was continued for 12 h at the same temperature; the 
Methanol (1 mL) was added 
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SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES. V I I  583 

and concentrated. 
gel (70 g) with dichloromethane, and 120:l dichloromethane-methanol. 
latter eluant gave compound 
0.75, chloroform); IR (film) 3300 (NH), 1750 and 1240 (ester), 1660 and 
1550 (amide), 860 and 840 (TMS), and 740 and 700 cm-I (Ph); 'H NMR (CDC13) 
6 0.87 (m, 2H, Me3SiE2CH20), 1.36, 1.39 (2.5, 6H. Me2C), 1.56 (s, 3H, AcN), 
1.73 (dd, 1H, J3a,3e = 12.7 Hz, J3a,4 = 12.2 Hz, H-3a), 2.82 (dd, lH, 

J3e, 4 
H-5), 3.39, 3.82 (2q, 2H. J 
(ddd, lH, H-4), 5.70 (d, lH, NH), and 7.14-7.40 (m, 10H, 2Ph). 

The residue was chromatographed on a column of silica 
The 

(1.07 g, 91.5%) as a syrup: [aID -24.6" (c 

4.8 Hz, H-3e), 3.23 (ddd, J4,5 = J5,6 = 10.3 Hz, J 5,NH = 7.1 Hz, 
= JSiCH,CHO - 8.1 Hz, Me3SiCH2CH20), 4.47 

gem 

Anal. Calcd for C36H53NOllSi: 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-3,5-dideoxy-8,9-O-iso- 

C, 61.41; H, 7.59; N, 1.99. Found: 
C, 61.40; H, 7.73; N, 1.85. 

propylidene-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-D-p;lycero-a-D-~alacto- - 
2-nonulopyranosid]onate (2). 
in dry dichloromethane (20 mL) were added 2-(trimethylsilyl)ethoxymethyl 
chloride (1.5 g, 8.8 mmol) and N,N-diisopropylethylamine (2.4 g), and the 
mixture was stirred for 14 h at 45 "C, and then more 2-(trimethylsilyl) 
ethoxymethyl chloride (500 mg) was added. 
stirring, for 2 h at 45 "C. After completion of the reaction, methanol (2 
mL) was added to the mixture, and the mixture was heated for one h at 45 "C, 
and cooled. The mixture was extracted with dichloromethane (100 mL), and 
the extract was successively washed with 2M hydrochloric acid, M sodium 
carbonate, and water, dried (sodium sulfate), and concentrated to a syrup, 
which was chromatographed on a column of silica gel (100 g) with dichloro- 
methane and then 120:l dichloromethane-methanol as the eluants. The latter 
eluant gave compound 5 (1.12 g,  77%) as a syrup: [aID -23" (E 0.46, chlo- 
roform); IR (film) 3300 (MI) ,  1745 and 1250 (ester), 1660 and 1550 (amide), 
and 860 and 840 cm-l (TMS, Me,C); 'H NMR (CDC13) 6 0.82-0.96 (m, 6H, 3Me3- 
SiCH2CH20), 1.35, 1.38 (2s, 6H, Me2C), 1.64 (dd, lH, Jqa,3e = 12.5 Hz, 

J3a,4 
H-3e), 3.80 (s, 3H, MeO), 4.05-4.08 (m, 2H. H-9,9'), 4.48 (ddd, lH, J4,5 = 

10.3 Hz, H-4), and 6.16 (d, 1H. J = 10.3 Hz, NH). 

To a stirred solution of 2 (927 mg, 2 m o l )  

The solution was heated, with 

- 
= 11.4 Hz, H-3a), 1.92 (s, 3H, AcN), 2.81 (dd. lH, J3e,4 = 5.1 Hz, 

NH,5 
Anal. Calcd for C32H65NOllSi3: 

Methyl [2-(Trimethylsily1)ethyl 5-Acetamido-4,7-di-O-benzyloxymethyl- 

C, 53.07; H, 9.04; N, 1.93. Found: 
C, 53.14; H, 9.21; N, 1.95. 

D-~lycero-a-D-aalacto-2-nonulop~ranosid]onate ( 6 ) .  A solution of 4 (620 mg, 
0.88 mol) in 80Z aqueous acetic acid (20 mL) was heated for 1.5 h at 45 OC, 
and concentrated.The residue was chromatographed on a column of silica gel 
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5 84 HASEGAWA ET AL.  

(50 g) with (a) dichloromethane, (b) 100:1, and (c) 5O:l dichloromethane- 
methanol. 
(c  0.44, chloroform); IR (film) 3500 (OH), 3300 (NH). 1740 and 1230 (ester), 
1660 and 1550 (amide), 860 and 840 (TMS), and 740 and 700 cm-I (Ph); 'H NMR 
(CDCL,) d 0.87 (t, ZH, Jgem = JSiCH,CHO = 8.1 Hz, Me3Si&12CH20), 1.73 (s, 
3H, AcN), 1.83 (dd, lH, J3a,3e = 12.9 Hz, J3a,4 - 11.7 Hz, H-3a), 2.80 ( 

dd, I.H. J3e,4 
SiCH2g20), 3.58 (q, lH, JqS5 9.8 Hz, J 
MeO), 4.10 (near dd, IH, J = 1.7 Hz, H-6), 4.17 (ddd, lH, H-4), 4.51, 
4.59. 4.66 (21 ,  4.69, 4.75, 4.83, and 4.88 (8d, 8H, 2Phg20CH20), 6.60 
(broad d, lH, NH), and 7.21-7.39 (m, 10H, 2Ph). 

Eluant (c) gave compound 5 (430 mg, 74%) as a syrup: [a], -0.9" 

= 4.9 Hz, H-3e), 3.37 (9. 1H. J = JSiCH,CHO = 8.1 Hz, Me3- gem 
= 10.0 Hz, H-51, 3.79 (s, 3H, 5.6 

6.7 

Anal. Calcd for C33H49NOllSi: 

Methyl [2-(Trimethvlsilvl)ethyl 5-Acetamido-8.9-di-O-acetyl-4,7-di-O- 

C. 59.71; H, 7.44; N, 2.11. Found: 
C, 59.55; H, 7.65; N, 2.08. 

benzylox~ethyl-3,5-dideoxy-D-~l~cero-a-D-galacto-2-nonulo~yranosid]onate 

(I). Compound 5 (35 mg) was acetylated with acetic anhydride (0.5 mL) in 
pyridine (1 mL) in the usual way, to give 
[a], +2.3' (2 0.7, chloroform); IR (film) 3300 (NH), 1750 and 1240 (ester), 
1660 and 1550 (amide), 860 and 840 (TMS), and 740 and 700 an-' (Ph); 'H NMR 
(CDC13) 6 0.85 (m, 2H, Me3Sig2CH20), 1.75 (s, 3H. AcN), 2.05, 2.06 (2s, 
6H, 2AcO). 2.76 (dd, lH, J3a,3e = 12.7 Hz, J3e,4 = 4.6 Hz, H-3e), 3.31 (9, 

J5,6 = 10.5 Hz, J 
1.7 Hz, J 
(dd, lH, J8,g = 5.4 Hz, Jg,g, = 12.2 Hz, H-9). 4.24 (dd, lH, J8,9, = 2.0 
Hz, H-8). 5.68 (d, lH, NH), and 7.25-7.71 (m, 10H, 2Ph). 

as a syrup quantitatively: 

- 9.0 Hz. Me3SiCH2CH20), 3.55 (ddd, lH, J4,5 - 10.3 Hz, Jgem = JSiCH,CHO 
= 7.3 Hz, H-51, 3.75 (s ,  3H. MeO), 3.90 (dd, lH, J6,7= 

5,NH 
= 7.3 Hz, H-71, 4.14 (ddd, lH, J3a,4 = 11.7 Hz, H-41, 4.22 7,8 

Anal. Calcd for C37H53N013Si: 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4,7.9-tri-O-benzyloxv- 

C, 59.42; H, 7.14; N, 1.87. Found: 
C, 59.31; H, 7.25; N, 1.95. 

methyl-3,5-dideoxy-D-glycero-a-D-~alacto-2-nonulopyranosid]onate (g). To 
a stirred solution of 5 (663 mg, 1 mmol) in dry dichloromethane (10 A) 
were added benzyl chloromethyl ether (235 rag. 1.5 mmol) and N,N-diisopro- 
pylethylamine (400 mg). and the stirring was continued for 12 h at room 
temperature. Benzyl chloromethyl ether (200 mg) and E,N-diisopropylethyl- 
mine (300 mg) were added to the solution, and the mixture was stirred for 
another 7 h at room temperature; methanol (1 mC) was added, and the so- 

lution was kept for 30 min at room temperature. 
was added, and the solution successively washed with 2M hydrochloric acid, 
M sodium carbonate, and water, dried (sodium sulfate), and concentrated to 
leave a syrup, which was chromatographed on a column of silica gel (50 g) 

Dichloromethane (100 mL) 
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SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES. VII 585 

with (a) dichloromethane, (b) 150: 1, and (c) 120:l dichloromethane-methanol. 
Eluant (c) gave compound (520 mg, 66x1 as a syrup: [a] -8.5" (c 0.66, 
chloroform); IR (film) 3500 (OH), 3300 (NH), 1730 and 1240 (ester), 1660 
and 1550 (amide), 860 and 840 (TMS), and 740 and 700 cm-l (Ph); 'H NMR 
(CDC13) 6 0.87 (t, 2H, J gem - J SiCH,CHO = 7.8 Hz, Me3SiCH,CH20), 1.73 ( s ,  

3H, AcN), 1.85 (dd, lH, J3a,3e = 12.7 Hz, J3a,4 = 12.4 Hz, H-3a), 2.85 (dd, 
lH, J3e,4 = 4.6 Hz, H-3e), 3.38, 3.89 (2q, 2H, J gem JSiCH,CHO = 7'8 Hzs 
Me3SiCH2CH20), 3.62 (ddd, lH, J4,5 = 10.0 Hz, J = 10.7 Hz, Js,NH = 8.1 
Hz, H-5). 3.80 (s, 3H, MeO), 4.00 (dd, lH, J = 2.7 Hz, H-6). 4.11 (ddd, 
lH, J7,8 = 7.8 Hz, J = 2.7 Hz, J8,9, = 5.1 Hz, H-81, 4.16-4.28 (m, 2H, 
H-4,7), 4.51-4.91 (m, 12H, 3PhCH20CH20), 5.82 (d, lH, NH), and 7.26-7.35 
(m, 15H, 3Ph). 

D 

596 

6,7 
8,9 

Anal. Calcd for C41H57NOllSi: 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-8-0-acetyl-4,7,9-tri-O- 

C, 62.81; H, 7.33; N, 1.79. Found: 
C, 62.63; H, 7.48; N, 1.77. 

benzyloxymethyl-3,5-dide0~~-D-~lycero-a-D-~alacto-2-nonulo~yranosid]onate 

( 9 ) .  
mL), by heating for 3 h at 45 "C, gave 2 quantitatively: [a] 
chloroform); IR (film) 3300 (NH), 1750 and 1250 (ester), 1660 and 1550 
(amide), 860 and 840 ( T M S ) ,  and 740 and 700 cm-' (Ph); 'H NMR (CDCl,) 6 

0.84 (t, 2H, J 
gem 

2.09 (s, 3H, AcO), 3.30, 3.88 (Zq,  2H, Jgem = JsicH,cHo = 7.8 Hz, Me3SiCH2- 
CH 0), 3.47 (ddd, lH, J4,5 = J -2 596 5,NH 
(s, 3H, MeO), 4.28-4.34 (m, 2H, H-4,6), 4.49-4.95 (m, 12H, 3PhCH20CH20), 
5.26 (m, lH, H-8), 5.68 (d, lH, NH), and 7.25-7.38 (m, 15H, 3Ph). 

- 
Acetylation of 8 (20 mg) with acetic anhydride (0.2 A)-pyridine (0.5 

-14.5" (2 0.5, D 

= JSiCH,CHO = 7.8 Hz, Me3SiC€&CH20), 1.71 (s, 3H, AcN), 

= 10.0 Hz, J = 7.8 Hz, H-51, 3.75 

Anal. Calcd for C43H59N013Si: 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-3,5-dideoxy-4,7-di-O-2- 

C, 62.53; H, 7.20; N, 1.70. Found: 
C, 62.34; H. 7.35; N, 1.75. 

(trimethylsilyl)ethox~ethyl-D-~lycero-a-D-galacto-2-nonulopyranosid]onate - 
(lo). 
was heated for one h at 45 "C, and concentrated to leave a syrup, which was 
chromatographed on a column of silica gel (100 g) using (a) dichloromethane, 
(b) 100: 1, and (c) 40: 1 dichloromethane-methanol as the eluants. Eluant 
(b) gave the starting material 5 (350 mg, 3 0 X ) ,  and eluant (c) gave com- 
pound lo (670 mg, 62%) as a syrup: [a], -2.0" (2  0.7, chloroform); IR (film) 
3500 (OH), 3300 (NH), 1740 and 1250 (ester), 1660 and 1560 (amide), and 
860 and 840 cm-l (TMS); H NMR (CDC13) 6 0.81-0.96 (m, 6H, 3Me3SiCH2CH20), 
1.74 (dd, lH, J3a - 12.9 Hz, J3a,4 = 12.5 Hz, H-3a), 1.93 (5, 3H, AcN), 
2.70 (dd, 1H. J3e,4 = 4.6 Hz, H-3e), 3.35 (9, lH, Jgem = JSiCH,CHO = 7.8 Hz, 

A solution of 5 (1.15 g, 1.6 mmol) in 9OZ aqueous acetic acid (50 A) 
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Me SiCH2B20), 3.82 (s, 3H, MeO), 3.47-3.97 (m, 12H, H-4-H-9', Me3SiCHZg20), 
4.63, 4.67 (2), 4.74 (4d, 4H, 20CH20), and 6.56 (d, N, J 

C, 51.15; H, 9.05; N, 2.13. 

3 
= 8.3 Hz, NH). 

NH,5 
Anal. Calcd for C29H61N011Si3: 

Methyl [2-(Trimethylsily1)ethyl S-Acetamido-8.9-di-O-acetyl-3.5-di- 

C, 50.91; H, 8.98; N, 2.05. Found: 

deoxy-4,7-di-0-2-(trimethylsilyl)ethox~ethyl-D-~lycero-a-D-~alacto-2-nonu- 

lopyranosid1onate (11). Acetylation of (30 mg) with acetic anhydride 
(0.2 A)-pyridine (1 mL), by heating for 3 h at 45 "C, gave 11 as a syrup 
quantitatively: [a], -8.0" ( c  0.8, chloroform); IR (film) 3280 (NH), 1750 
and 1220 (ester), 1650 and 1550 (amide), and 860 and 840 cm-l (TMS); 'H NMR 
(CDC13) 6 0.77-0.98 (m, 6H, 3Me3SiCH,CH20), 1.65 (t, lH, J3a,3e a J3a,4 = 

J3e,4 

12.3 Hz, H-3a). 1.95 (s ,  3H, AcN), 2.04, 2.09 (Zs, 6H, ZAcO), 2.74 (dd, lH, 
= 4.4 Hz, H-3e), 3.75 ( s ,  3H, MeO), 4.16 (dd, lH, J8,g, = 4.8 Hz, 
= 12.5 Hz, H-9'), 4.25 (dd, lH, J5,6 = 10.6 Hz, J = 1.5 Hz, H-61, J9,9' 6.7 

4.57 (dd, lH, J8,g 
OCH20), 5.28 (ddd, lH, J7,8 = 7.7 Hz, H-8). and 5.88 (d, IJI, J 

2.2 Hz, H-91, 4.63, 4.68 (Zd, 2H, OCH20), 4.73 (s, 2H, 
= 5.9 Hz, 

NH,5 
MI).  

Anal. Calcd for C33H65N013Si3: C, 51.60; H, 8.52; N, 1.82. Found: 

C, 51.65; H, 8.73; N, 1.70. 
Methyl [ 2 - ( Tr ime thy 1s i ly 1 ) e t hy 1 5 -Ace tamido - 9 -0- benz y loxymethy 1 - 3.5 - 

d~deoxy-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-D-~lycero-a-D-p;alacto-2- 

nonulopyranosidlonate (a). 
in dry dichloromethane (10 mL) were added benzyl chloromethyl ether (235 
mg, 1.5 mmol) and N,g-diisopropylethylamine (400 mg), and the mixture was 
stirred for 24 h at room temperature; the course of the reaction being 

monitored by TLC. 
ture was stirred for one h to decompose the reagent. The extractive pro- 
cessing and column chromatography, as described for the preparation of 8, 
gave compound 12 (650 mg, 812) as a syrup: [a], t0.lo (c 0.4, chloroform); 
IR (film) 3500 (OH), 3300 (NH), 1730 and 1240 (ester), 1660 and 1550 
(amide), 860 and 840 (TMS), and 740 and 710 cm-I (Ph); 'H NMR (CDC13) 6 
0.83-0.97 (m, 6H, 3Me3SiE2CH20), 1.74 (t, l H ,  J3,,3e = J3a,4 = 12.7 Hz, 
H-3a), 1.95 (s, 3H, AcN), 2.77 (dd, lH, J3e,4 = 4.9 Hz, H-3e), 3.84 (s, 3H, 
MeO), 3.33-4.22 (m, 13H, H-4-H-9', 3Me3SiCH2CH20), 4.58-4.81 (m, 8H, 20CH20, 
PhCH20CH20), 6.29 (d, lH, J 

To a stirred solution of lo (685 mg, 1 mmol) 

Methanol (1 mL) was added to the solution, and the mix- 

= 7.8 Hz, MI), and 7.24-7.35 (m, 5H. Ph). 
NH,5 

Anal. Calcd for C37H69N012Si3: 

Methyl [2-(Trimethylsily1)ethyl 5-Acetamido-9-0-tert-butvldimethvl- 
silyl-3,5-dideoxy-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-D-ulycero-a-D- 

galacto-2-nonulop~ranosid1onate (13). To a solution of lo (570 mg, 0.83 

C, 55.26; H, 8.65; N, 1.74. Found: 

c, 55.10; H, 8.79; N, 1.70. 
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mol) in dry pyridine (6 mL) was added s-butyldimethylsilyl chloride 
(253 mg, 1.68 mol), and the mixture was stirred for 1.5 h at room tempera- 
ture; methanol (1mL) was added, and the solution was concentrated to a 
syrup which was extracted with dichloromethane. 
ly washed with 2M hydrochloric acid, M sodium carbonate, and water, dried 
(sodium sulfate), and evaporated to leave a syrup, which was chromatographed 
on a column of silica gel (50 g) with dichloromethane and then 1OO:l 
dichloromethane-methanol. 
as crystals: mp 92-94 OC, [aID -23.0" ( 2  0.8, chloroform); IR (KBr) 3540 
(OH), 3290 (NH), 1730 and 1240 (ester), 1660 and 1560 (amide), and 860 and 
840 an-' (TMS, Me2Si); 'H NMR (CDC13) 6 0.80-0.98 (m, 15H, 3Me3SiCH2CH20, 
Me3C), 1.69 (dd, lH, J3a,3e = 12.8 Hz, J3a,4 * 11.7 Hz, H-3a), 1.88 (s, 3H, 
AcN), 2.80 (dd, lH, J3e,4 = 4.8 H2, H-3e), 3.22-3.90 (m, 11H, H-5, H-7-H-9', 
C, 45.30; H, 6.38; N, 2.21. 

The extract was successive- 

The latter eluant gave compound 12 (640 mg, 96Z) 
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