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SYNTHETIC STUDIES ON SIALOGLYCOCONJUGATES 8: 

SYNTHESIS OF 8-EPI-N-ACETYLENURAMINIC ACID DERIVATIVES 

Akira Hasegawa, Takatoshi Murase, Hideharu Ishida, and Makoto Kiso 

Department of Applied Bioorganic Chemistry 
Gifu University, Gifu 501-11, Japan 

Received November 20, 1988 - Final Form April 28, 1989 

ABSTRACT 

Methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-~-glycero- 
a-~-galacto-2-nonulo~~rano~~dlonate (6)  and its 8-e&-N-acetylneurainic 
acid derivatives were synthesized from methyl [2-(trimethylsilyl)ethyl 
5-acetamido-4,7-di-0-acetyl-3,5-dideoxy-~-glycero-a-D-galacto-~-nonulo- 
pyranosidlonate (1) and methyl [ 2-(  trimethylsily1)etryl 5-acetamido-3,5 
-dideoxy-4,7-di-0-2-(trimethylsilyl)ethox~ethyl-~-gl~cero-a-~-galacto- 
2-nonulopyranosid] onate (2). 

INTRODUCTION 

N-Acetylneuraminic acid, its derivatives and analogs play important 

roles in various biological pro~essesl-~ as the terminal units of the 
carbohydrate chain of cell-surface sialoglycoconjugates such as glyco- 
lipids and glycoproteins. It is of interest to study the relationship 
between the structure of the sialic acid moiety in sialoglycoconjugates, 

especially gangliosides, and the sialoglycoconjugate functions. We now 
describe the synthesis of 5-acetamido-3,5-dideoxy-~-glycero-a-~-galacto- 
2-nonulosonic acid (8-e-Neu5Ac) derivatives as the glycosyl acceptor 
or intermediate of the glycosyl donor for the synthesis of sialoglyco- 
conjugate analogs. 

RESULTS AND DISCUSSION 

acetyl-3,5-dideoxy-~-gl~cero-~-~-galacto-2-nonulopyranosid]onate5 (2) or 
methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-4,7-di-0-2-(tri- 
methylsilyl )ethoxymethyl-~-~lycero-a-~-galacto-Z-nonulopyranosid 1 onate (2) 

Treatment,of methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,7-di-g- 
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590 HASEGAWA ET AL.  

with methanesulfonyl chloride in pyridine afforded the corresponding 8,9- 
di-g-mesyl derivatives (2 and 4) in high yields, respectively. Treatment 
of compound 2 with cesium acetate in the presence of la-Crown-6 in X,N- 
dimethylformamide for 16 h at 110-120 O C ,  subsequent methyl esterification 
using methyl p-toluenesulfonate and triethylamine, and 9-acetylation, gave 
methyl [2-(trimethylsilyl)ethyl 5-acetamido-4,7,8,9-tetra-g-acetyl-3,5- 
dideoxy-~-gl~cero-a-~-galacto-2-nonulopyranosid]onate ( 5 )  as crystals in 
71Z yield. 1 The H NMR spectrum of 5 revealed the presence of one acetamido 

AcHN 
OR1 

- 1 R l = A c . R z = H  

- 2 R1 = SEM , R2 = H 

- 3 R 1  = Ac , R2 = Ms 

- 4 R1 = SEM , R 2  = Ms 

SE = Me3SiCH2CH2- 

SEM = Me3SiCH2CH20CHt- 

Ms = MeS02- 

AcHN 
OAc 

9 - 

AcHN 

AcH 

OAc 

10 - 

and four 2-acetyl groups at 6 1.86, 2.00, 2.01, 2.07, and 2.08, methyl 
ester group at 6 3.81, H-3e as a doublet of doublets at 6 2.59 (J3a,3e 
12.8 Hz, J3e,4 = 4.6 Hz), and H-7 at 6 5.30 (dd, J = 1.5 Hz, J7,8 = 

8.8 Hz). 

= 

6,7 
Other NMR data are given in the Experimental Section, and are 
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SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES. VIII 591 

consistent with structure 5. 
in methanol gave compound 
as described for the preparation of 5, compound 4 afforded the desired 
8-epi-Neu5Ac derivative 7 in 802 yield. 
free hydroxyl group at C-8 was prepared from compound 7. 
of 1. and subsequent s - b u t y l d i m e t h y l s i l y l a t i o n  in pyridine gave methyl 
[2-(trimethylsily1)ethyl 5-acetamido-9-0-tert-butyldimethylsilyl-3,S-di- 
deoxy-4,7-di-~-2-(trimeth~lsil~l~ethox~ethyl-~-alycero-a-~-galacto-2-no- 

nulopyranosid]onate (S) in 89% yield. 

2-Deacetylation of 5 with sodium methoxide 
as crystals. According to a similar procedure 

8-&-Neu5Ac derivative having a 
9-Deacetylation 

On the other hand, the is~propylidenation~ of compound 6 using 2,2- 
dimethoxypropane in N,N-dimethylformamide containing a trace of E-toluene- 
sulfonic acid monohydrate, followed by 2-acetylation gave a mixture 

from which a crystalline product 9 in 542 yield and a syrupy compound 
in 272 yield were isolated by column chromatography. The H NMR spectrum 
of 9 showed the presence of one isopropylidene group at 6 1.28 and 1.36 
(2s. Me2C), one g-acetyl at 6 1.83. and two 2-acetyl groups at 6 2.00 and 
2.09, H-4 at 6 4.74 (J3a,4 = 12.1 Hz, J3e,4 = 4.8 Hz, and J = 10.3 Hz), 
and H-7 as a doublet of doublets at 6 5.05 (J6,,7 = 2.4 Hz, J7,8 = 8.4 Hz), 
and these data were consistent with the 8,9-9-isopropylidene derivative 9. 
Significant signals in the 'H NMR spectrum of lo were two three-proton 
singlets at 6 1.39 (Me2C), a three-proton singlet at 6 1.90 (g-acetyl), two 
three-proton singlets at 6 2.03 and 2.10 (2-acetyl), H'4 at 6 4.86 (ddd, 

J3a , 4 
(ddds J8,g a Jg,g~ = 4.4 Hz), indicating the structure of the 7,a-g-iso- 
propylidene derivative lo. 

1 

495 

- 4.8 Hz, and J = 10.3 Hz), and H-8 at 6 4.39 - 12.2 Hz, J3e,4 4,s 

EXPERIMENTAL 

General Procedures. Melting points were determined with a Yanagimoto 
micro melting point apparatus and are uncorrected. 
were determined with a Union PM-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. 
was performed on silica gel (Waco Co.; 200 mesh) with the solvent systems 
specified. 

Specific rotations 

Preparative chromatography 

Concentrations were conducted in vacuo. 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4,7-di-O-acetyl-3,5-di- 
deoxy-8,9-di-0-methanesulfonyl-D-glycero-a-D-~alacto-2-nonulopyranosid~ 

- onate (2). 
5-acetamido-4,7-di-~-acetyl-3,5-dideoxy-~-plycero-a-~-~alacto-2-nonulo- 

To an ice-cooled solution of methyl [Z-(trimethylsilyl)ethyl 
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592 HASEGAWA ET AL.  

pyranosid]onate5 (1; 254 mg, 0.5 mmol) in dry pyridine (2 mL) was added 
methsnesulfonyl chloride (460 me), and the mixture was kept overnight at 
0 OC, The mixture was concentrated, the residue extracted with dichloro- 
methane, and the extract successively washed with 2M hydrochloric acid, 
M sodium carbonate, and water, dried (sodium sulfate), and concentrated. 
The residue was chromatographed on a column of silica gel (30 g) using 
(a) dichloromethane, (b) 150:1, and (c) 1OO:l dichloromethane-methanol as 
the eluants. Eluant (c) gave compound 2 (300 mg, 9 O X )  as an amorphous mass: 
mp 64-66 OC, [a], t1.l0 (c  0.2, chloroform); IR (KBr) 3400 (NH), 1750 and 
1240 (ester), 1670 and 1540 (amide), 1180 (SO2), and 860 and 840 cm-' (TMS); 
'H NMR (CDC13) 6 0.90 (m, 2H, Me3Si=,CH20), 1.88 (s, 3H, AcN), 1.93 (dd, 

= 12.8 Hz, J3a,4 Q 12.1 Hz, H-3a), 2.02, 2.16 (Zs, 6H, ZAcO), 
2.62 (dd, lH, J3e,4 = 4.8 Hz, H-3e), 3.07, 3.17 (2s. 6H, ZMeS), 3.84 (s, 

CHZB20), 4.01 (9, lH, J4,5 9.9 Hz, H-51, 4.09 (dd, lH, 
J 
4.77 (dd, 1H. JSlg 3 2.6 Hz, H-91, 4.92 (ddd, lH, H-4), 5.20 (ddd, lH, H-81, 
5.45 (dd, lH, J6,7 

lH, J3a,3e 

3H, MeO), 3.47, 3.88 (Zddd, 2H, Jgm = 7.0 Hz, J ~ ~ ~ ~ , ~ ~ ~  = 8.8 HZ, Me3Si- 

J5,6 * J 5.m 
= 1.8 Hz, H-61, 4.33 (dd, lH, J8,9, = 7.3 Hz, Jg,g, = 11.7 Hz, H-9'), 6,7 

1.8 Hz, J7,8 = 4.0 Hz, H-7). and 5.63 (d, lH, NH). 

Anal. Calcd for C23H41N015S2Si: 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-3,5-dideoxy-8.9-O-methane- 

C, 41.61; H, 6.22; N, 2.11. Found: 
c ,  41.53; H, 6.25; N, 2.18. 

sulfonyl-4,7-di-0-2-(tr~ethylsilyl)ethoxymethyl-D-~lycero-a-D-~alacto-2- 

nonulopyranosid]onate (4). 
methylsily1)ethyl S-acetamido-3,5-dideoxy-4,7-di-~-2-( trimethylsily1)ethoxy- 
methyl-~-~l~cero-a-~-galacto-2-nonulopyranosid]onate6 (2; 130 mg, 0.19 mol) 
in dry pyridine (1.3 mL) was added methanesulfonyl chloride (150 mg), and 
the mixture was kept overnight at 0 "C. Processing described in the pre- 
paration of 2 gave the 8,g-dimesylate 5 (150 mg, 95%) as a syrup: [a], 
-4.6' (5 1.9, chloroform); IR (film) 3300 (NH), 1740 and 1250 (ester), 1660 
and 1540 (amide), 1170 (SO2), and 860 and 840 cm-' (TMS); 'H NMR (CDC13) 

12.5 Hz, H-3a), 1.93 ( s ,  3H, AcN), 2.72 (dd, lH, J3e,4 = 4.6 Hz, H-3e). 
3.05, 3.14 (2.5, 6H, 2MeS). 3.78 ( s ,  3H, MeO), 4.15 (near d, lH, J = 10.2 

Hz, H-61, 4.48 (dd, lH, J8,g, = 7.3 Hz, Jg,g, = 11.9 Hz, H-9'). 4.61, 4.66, 
4.73, and 4.82 (4d, 4H, 20CH20), 4.84 (dd, lH, JaYg = 2.4 Hz, H-9), 5.00 
(m, lH, H-8). and 5.88 (d, lH, Jm,5 = 8.1 Hz, NH). 

C, 44.25; H. 7.90; N, 1.65. 

To an ice-cooled solution of methyl [ 2-(  tri- 

- 6 0.81-0.96 (m, 6H, 3Me3SiCH2CH20), 1.69 (dd, lH, J 3a,3e 12.8 Hz, J3a,4 - 

5,6 

Anal. Calcd for C31H65N015S2Si: C, 44.31; H, 7.71; N, 1.67. Found: 
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SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES. VIII 593 

Methyl [2-(Trimethylsily1)ethyl 5-Acetarnido-4.7.8.9-tetra-0-acetvl- 
3.~-dideoxv-L-~~ycero-a-D-~a~acto-~-nonulo~yranos~d]onate - (5) .  To a sol- 
ution of 3 (332 mg, 0.5 mmol) in dry N,N-dimethylformamide (DMF; 3 mL) 

were added cesium acetate (500 mg) and 18-Crown-6 (264 mg), and the mixture 
was heated, with stirring, for 16 h at 110-120 "C (bath); the course of 
the reaction being monitored by TLC. 
a syrup which extracted with dichloromethane, and the extract successively 
washed with 2M hydrochloric acid and water, dried (sodium sulfate), and 
concentrated. 
methyl 2-toluenesulfonate (115 mg) and triethylamine (1.3 mL), and the 
mixture was stirred for 7 h at room temperature. 
and pyridine (2 mL) were added into the mixture, and it was heated over- 
night at 45 OC, and then concentrated to a syrup which was extracted with 
dichloromethane. 
acid, M sodium carbonate, and water, dried (sodium sulfate), and concent- 
rated to a syrup, which was chromatographed on a column of silica gel (30 
g) using dichloromethane and 100 : 1 dichloromethane-methanol. 
eluant gave compound 3 (210 mg, 71x1 as crystals. 
ether-hexane gave needles: mp 149-151 "C, [a], -19.5" (2 0.2, chloroform); 
IR (KBr) 3310 (NH), 1750 and 1230 (ester), 1660 and 1550 (amide), and 860 
and 840 cm-' (TMS); 'H NMR (CDC13) 6 0.90 (m, 2H, Me3SiZ2CH20), 1.86 (s,  

3H, AcN), 1.94 (dd, lH, J3a,3e = 12.8 Hz, J3a,4 = 12.4 Hz, H-3a), 2.00, 2.01, 
2.07, and 2.08 (4s, 12H, 4Ac0), 2.59 (dd, lH, J3e,4 = 4.6 Hz, H-3e), 3.81 
(5, 3H, MeO), 3.43, 3.88 (Zddd, 2H. J = 7.1 Hz, JSiCH,CHO = 8.4 Hz, Me3- 
SiCH2Z20), 3.98-4.11 (m, 2H, H-5,6), 4.50 (dd, lH, JSpg, = 4.4 Hz, Jg,gl = 
12.6 Hz, H-9'), 4.60 (dd, lH, JSlg 
5.27 (d, lH, J = 9.7 Hz, NH), 5.30 (dd, lH, J = 1.5 Hz, J = 8.8 
Hz, H-7), and 5.39 (ddd, lH, JgP9, = 4.4 Hz, H-8). 

C, 50.68; H, 6.83; N, 2.35. 

The mixture was concentrated to leave 

To a solution of the residue in dry DMF (2 mL) were added 

Acetic anhydride (1 mL) 

The extract was successively washed with 2M hydrochloric 

The latter 
Recrystallization from 

gem 

2.4 Hz, H-91, 4.88 (ddd, lH, H-41, 

NHP5 6,7 7,8 

Anal. Calcd for C25H41N013Si: C, 50.74; H, 6.98; N, 2.37. Found: 

~-~alacto-2-nonulo~~ranosid]onate - (6).  
mmol) in methanol (50 mL) was added sodium methoxide (50 mg). and the mix- 
ture was kept for one h at room temperature, and then treated with Amber- 

t lite IR-120 (H ) resin to remove the base; the resin was filtered off, and 
washed with methanol. 
centrated, whereupon the residue crystallized. Recrystallization from 
methanol-ether gave compound 6 (890 mg, 96%) as needles: mp 214-215 OC, 
[a], -1.0" (5 0.2, methanol); IR (KBr) 3400 (OH), 3300 (NH), 1740 and 1240 
(ester), 1640 and 1580 (amide), and 860 and 840 cm-' (TMS); 'H NMR (1:l 

To a solution of 5 (1.3 g, 2.2 

The filtrate and washings were combined, and con- 
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594 HASEGAWA ET AL. 

CD30D-CDC13) 6 0.85 (t, 2H, Jgem = JSiCH,CHO = 8.1 Hz, Me3SiS2CH20), 1.70 

(t, J3a,3e J3a,4 
J3e, 4 
Hz, J 
SH, H-5,8,9,9', Me3SiCH2gzO), and 3.80 (s, 3H, MeO). 

C, 48.15; H, 7.85; N, 3.26. 

= 12.5 Hz, H-3a), 1.99 (s, 3H, AcN), 2.63 (dd, lH, 
= 4.4 Hz, H-3e), 3.39 (9, lH, Me3SiCH2CH20), 3.52 (dd, lH, J5,6 = 9.9 

= 1.8 Hz, H-6), 3.53 (dd, lH, J7,8 - 7.0 Hz, H-71, 3.74-3.87 (m, 
6,7 

Anal. Calcd for C17H33NOgSi: 

Methyl [Z-(Trimethylsilyl)ethvl 5-Acetamido-8,9-di-O-acetyl-3,5-di- 

C, 48.20; H, 7.85; N, 3.31.. Found: 

deoxy-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-L-~lycero-a-D-~alacto-2-no- - 
nulopyranosid]onate ( I ) .  
DMF (1.5 mL) were added cesium acetate (300 mg) and 18-Crown-6 (150 me), 
the mixture was heated, with stirring, for 19 h at 110-120 "C (bath), and 
then concentrated. The residue was extracted with dichloromethane, and the 
extract successively washed with ZM hydrochloric acid and water, dried 
(sodium sulfate), and concentrated. The residue was dissolved in dry DMF 
(1.5 A), and methyl 2-toluenesulfonate (110 mg), triethylarnine (1.1 mL), 

and Drierite (50 mg) were added in situ, and the mixture was stirred over- 
night at room temperature. Pyridine (2 mL) and acetic anhydride (1 mL) 
were added to the Bolution, and the mixture was kept for 8 h at room temp- 
erature and concentrated to leave a syrup, which was extracted with di- 
chloromethane. 
compound 1. (110 mg, 801) as a syrup: [a], -21" (5 0.2, chloroform); IR 
(film) 3280 (NH), 1750 and 1220 (ester), 1650 and 1550 (amide), and 860 
and 840 cm-I (TMS); 'H NMR (CDC13) 6 0.83-1.00 (m, 6H, 3Me3SiCH2CH20), 1.66 
(dd, 1Hs J3a,3e = 12.6 Hz, J3a,4 = 11.2 Hz, H-3a), 1.95 (s, 3H, AcN), 2.03, 

2.08 (2s, 6H, 2Ac0), 2.80 (dd, lH, J3e,4 = 4.8 Hz, H-3e), 3.24-3.94 (m, 8H, 
H-5,7, 3Me3SiCHzE20), 3.82 ( s .  3H, MeO), 4.26 (ddd, lH, J3a,4 = 11.2 Hz, 

1.7 Hz, H-6). 4.50 (dd, lH, J8,gl = 2.4 Hz, Jg,gl = 12.6 Hz, H-9'1, 4.60 
(dd, lH, J 
5.37 (ddd, lH, J7,8 = 7.9 Hz, H-81, and 5.95 (d, lH, J 

C, 51.43; H, 8.69; N, 1.80. 

To a solution of 4 (150 mg, 0.36 mol) in dry 

The same procedure as used for the preparation of 5 gave 

= 10.1 Hz, H-41, 4.33 (dd. lH, J = 12.3 Hz, J = 
5,6 6,7 J3e,4 = 4.8 Hz, J4,5 

= 5.5 Hz, H-9). 4.65, 4.70, 477, and 4.80 (4d, 4H, 20CH20), 
= 7.5 Hz, NH). 

899 
NH.5 

Anal. Calcd for C33H65N013Si3: 

Methyl [Z-(Trimethylsilyl)ethvl 5-Acetamido-9-0-tert-butyldimethyl- 

C, 51.60; H, 8.52; N, 1.82. Found: 

silyl-L-nlycero-a-D-~alacto-2-nonulopyranosid]onate (8).  
- 7 (385 mg, 0.5 mmol) in dry methanol (10 mLf was added sodium methoxide 
(30 mg), and the mixture was kept for one h at room temperature, and treat- 
ed with Amberlite IR-120 (H') resin to remove the base. 
dissolved in pyridine (5 mL), and E-butyldimethylsilyl chloride (110 mg) 

To a solution of 

The product was 
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was added. The mixture was stirred at room temperature; after 2 h, the 
reaction was complete. Methanol (1 mL) was added, and the solution was 
concentrated to a syrup, which was extracted with dichloromethane. The 
extract was successively washed with 2M hydrochloric acid, M sodium carbo- 
nate, and water, dried (sodium sulfate), and concentrated. The residue 
was chromatographed on a column of silica gel (30 g) using dichloromethane 
and then 1OO:l dichloromethane-methanol as the eluants. The latter eluant 
gave compound 8 (355 mg, 89x1 as a syrup: [a], -7.5" (5 0.4, chloroform); 
IR (film) 3300 (NH), 1750 and 1250 (ester), 1660 and 1560 (amide), and 860 
and 840 an-' (TMS); '€I NMFt (CDC13) 6 0.83-0.99 (m, 15H, 3Me3SiCH2CH20, M e 3 -  

CSiMe2), 1.74 (dd, lH, J3a,3e = 12.7 Hz, J3a,4 = 11.7 Hz, H-3a), 1.92 (s, 
3H, AcN), 2.74 (dd, lH, JjePG 4.4 Hz, H-3e), 3.38 (9, lH, Jgem = JSiCH, 

= 8.6 Hz, Me3SiCH2CH20), 3.55-3.93 (m, 10H, H-5,7,8,9,9', and 3Me3- CHO 
SiCH2CH20), 3.99 (ddd, 1H. JqP5 = 10.3 Hz, H-4), 4.06 (near d, lH, J5 - 
10.3 Hz, H-6), 4.66, 4.70, 4.73, and 4.89 (4d, 4H, 20CH20), and 5.65 (d, lH, 

Anal. Calcd for'C29H61N010Si3: C, 52.65; H, 9.46; N, 1.75. Found: 

Methyl [ 2-(Trimethylsilyl)ethyl 5-Acetamido-lI7-di-0-acetyl-3 ,5-di- 
deoxy-8,9-O-isopropylidene-L-~lycero-a-D-~alacto-2-nonulo~yranosid]onate 

(9)  and Methyl [2-(Trimethylsilvl)ethyl 5-Acetamido-4,9-di-O-acetyl-3,5- 
dideoxy-7,8-O-isopropylidene-~-~lycero-a-D-aalacto-2-nonulo~yranosid~onate - 
(lo). 
2,2-dimethoxypropane (2 mL) and E-toluenesulfonic acid monohydrate (15 mg). 
The mixture was stirred at room temperature while the progress of the re- 
action was monitored by TLC; after 2 h, the starting material was no longer 
detectable. 
stirring mixture, and it was kept for 4 h at 60 "C, and then concentrated 
to a syrup, which was extracted with dichloromethane. The extract was 
successively washed with 2M hydrochloric acid, M sodium carbonate, and 
water, dried (sodium sulfate), and concentrated to a syrup, which was chro- 
matographed 
(b) 150: 1, and (c) 100: 1 dichloromethane-methanol as the eluants. 
(b) gave compound lo (300 mg, 27X) as a syrup, and eluant (c) afforded 9 
(590 mg, 54X) as crystals. Compound 2 had mp 74-76 "C, [a], -25" ( 2  0.2, 
chloroform); IR (KBr) 3300 (NH), 1750 and 1230 (ester), 1660 and 1550 
(amide), and 850 cm gem 

* 7.7 Hz, Me3SiC&2CH20>, 1.28, 1.36 (Zs, 6H, Me2C), 1.83 (s, 3H, JS iCH , CHO 
= 12.8 Hz, J t AcN), 2.00, 2.09 (2s, 6H, ZAcO), 2.51 (dd, lH, J3a,3e 

4.8 Hz, H-3e), 3.34 (q, lH, Jgem = JSiCHPCHO = 7.7 Hz, Me3SiCH2CH20), 3.78 

9 .  

- 8.3 Hz, NH). JNH, 5 

C, 52.56; H, 9.60; N, 1.75. 

To a solution of 2 (850 mg, 2 mmol) in dry DMF (10 mL) were added 

Pyridine (5 mL) and acetic anhydride (4 mL) were added to the 

on a column of silica gel (100 g) using (a) dichloromethane, 
Eluant 

-1 (TMS, Me2C); 'H NMR (CDC13) 6 0.84 (t, 2H, J = 

3e.4 
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(9 ,  3H, MeO), 3.97 (9, 1Hs J4,5 55.6 J5,w = 10.3 Hz, H-51, 4.12 (dd, 

Q 6.2 Hz, Jg,g, 9.0 Hz, H-9), 4.35 (ddd, lH, J7,8 = 8.4 Hz, J8,9 
J8,9 J8,9' 
(dd, lH, J - 2.4 Hz, H-71, and 5.82 (d, 1H, NH). 5 6.2 Hz, H-8), 4.74 (ddd, lH, J3a,4 = 12.1 Hz, H-41, 5.05 

697 
Anal. Calcd for C24H41N011Si: C, 52.63; H, 7.54; N, 2.56. Found: 

C, 52.58; H, 7.60; N, 2.58. 

1750 and 1240 (ester), 1660 and 1550 (Aide), and 860 and 850 cm-l ("MS, 
Compound had [aID -54.5" ( 2  1.9, chloroform); IR (film) 3300 (NH), 

Me2C); 'H NMR (cDci3) 6 0.85 (t, IH, J~~~ = J ~ ~ ~ ~ , ~ ~ ~  = 8.1 HZ, Me3SiE2- 
CH O), 1.39 (9, 6H, Me2C), 1.90 (s, 3H, AcN), 2.03, 2.10 (2s. 6H, 2Ac0), 

= 12.5 Hz, J3e,4 = 4.8 Hz, H-3e), 3.62 (dd, lH, J 2.52 (dd, lH, J3a,3e 
10.3 Hz, J 2.6 Hz, H-6), 3.77 (dd, lH, J = 8.8 Hz, H-71, 3.80 (s, 
3H, MeO), 3.43, 3.83 (29, 2H, Jgem = JsicH,cHo = 8.1 Hz, Me3SiCH2s20), 
4-04 (4, 1H, 54,s 55.6 = J5,m = 10.3 Hz, H-5), 4.20 (m, 2H, H-9,9'), 

H-4), and 5.54 (d, 1H. NH). 

2 = 
596 

6 . 7  7,8 

4.39 (ddd, lH, JStg = J81g, = 4.4 Hz, H-8), 4.86 (ddd, lH, J3a,4 = 12.2 Hz, 

Anal. Found: C, 52.49; H, 7.66; N, 2.51. 
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