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Abstract - Condensation of a new glycosyl donor, methyl 5-acetamido- 
4,7,8,9-tetra-O-acetyl-2,3-dibromo-2,3,5-tridBoxy-B-P_ero-~~-2- 
nonulopyranosonate with various acceptors such as methyl 2,3,.!+-tri-g- 
benzyl-a-g-glucopyranoside, cholesterol, methyl 2,4,6-tri*-benzyl-S-D_ 
galactopyranoside, and methyl 5-acetamido-f,,7,9-tri-Q-acetyl?2,6-anhydro- 
3,5-dideoxy-pglycero-Pgalacto-non-2-enopyranosonate gave only the corre- 
sponding g-glycosides. The 3a_bromo group of the glycoaides obtained above 
was reduced with txibutylstannan e to the corresponding glycosidee, which 
were deprotected to give the free glycosides in high yields. 

One of the most important problems for the synthesis of gangliosides is the glycosylation of N- 

acetylneuraminic acid (NeuAc), which is the most common one of the sialic acids and plays an impor- 

tant role in a large number of biological processes as constituents of glycoproteina and glyco- 

lipids.2 The preparation of alkyl glycoaides of NeuAc is usually performed with methyl 5-acetam- 

ido-4,7,8,9-tetra-~-acetyl-2-chloro-2,3,5-trideoxy-B-P_glycero-P_galacto-2-nonulop~anosonate (1j3 

and the appropriate glycosyl acceptor under the Koenigs-Knorr-like conditions in the presence of 

silver carbonate or mercury(X) sa1ts.l When the reactivity of the glycoayl acceptor is low, 

methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-2,banhydro-3,5-dideolgr-P_glycero-P_aalacto-non-2-eno- 

pyranosonate (2)5V6 was produced as the major product without the desired glycosides by intramolec- 

ular dehydrochlorination reaction. We already reported6 the preparation of new glycosyl donors 

such as 2,3-dibromo-, 2,3-epoxy-, and 2-halo-3-hydroxy-NeuAc derivatives which were blocked at 3- 

position to prevent the elimination reaction. We report here a new glycosylation method by using 

methyl 5-acetamido-4,7,8,9-tetra-0_acetyl-2,3-dibromo-2~3,5-trideoxy-8-~-erytho-~m~o-2-nonulo- 

pyranosonate (3) to produce only S-glycosides in high yield.7 
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Condensation of the dibromide 3, prepared6 by the bromination of the 2,3-dehydro compound 2 

(Scheme l), with methyl 2,3,4-tri-tJ-benayl-a-pglucopyranoeide (L)8 (1.06 equiv.) in benzene at 

room temperature for 0.5 h in the presence of silver triflate (AgOTf) (1.06 equiv.) and disodium 

hydrogenphosphate (Na2HP04) as a buffer gave only the glycoside 5 in 70% yield (Scheme 2). Ano- 

merit configuration was determined by our empirical rule9 in 'H-NKR ape&rum. Thus, from the data 

that the coupling constant J7,8 and AdlH-9,-H-9( values were 2.0 Hz and 1.03 ppm, respectively, the 

structure of the anomeric position was estimated as !3 configuration. Debromination of 5 with tri- 

butylstannan e gave in 97% yield the corresponding glycoside 6,1° which was identical with the b 

glycoside obtained by glykosylation of 4 with the chloride 1 in the presence of AgOTf followed by 



5911 

Scheme 3 

no jl 

““~=-• 

OH 45%. 6h 73% 
OH 96% 

17 16 

OAc -20%. 0.1 h 767. OAc 

19 20 R=H 

21 RzAc 

Scheme 4 

Ad!piz$ooMe ~co#.__piqC~e 6r2 

-* c+t2c12 ACOW. 

OAc OAc 6r 
22 X=Br 25 X = Br (98%) 

23 x ‘~coLpE&ooM. 

26 X = Ii (99%) 

4 

* 

AgOTt, rt, O.Sh 

OAc 

A*+G?&+Me 

AcO$&fF& :z:H * 

27 X = Er (42%) 6” OMe 

26 X .H (69%) 

Aco H ~O~iy- 

0nO 

29 907. from 27 ‘no Ohle 

917. from 26 

separation of the mixture to a- and t3-glycosides, 7 (33% yield) and 6 (37% yield). The B-glycoside 

6 showed 2.2 Hz and 0.94 ppm as the J7,g and A61H-9'-H-91 values, respectively, in 'H-NM spectrum. 

And the fact that H-3eq and H-4 of NeuAc unit appeared at 2.47 and 5.16 ppm, respectively, confirm- 

ed the structure of 6 as B configuration." Since the J7,g and AblH-9'-H-91 values remained unal- 

tered even if the 3-position wae substituted by the bromo group, these values were applicable to 

the determination of the anomeric configuration of 3-substituted NeuAc derivatives.9 

Glycoeylation of cholesterol (1.06 equiv.) with 3 was carried out in benzene in the presence of 
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Generel. Melting points were taken on 8 Mltamure Riken flat-bulb thermometer with a heating metal 
block and uncorrected. Elemental analyaee were done on .z Perkln-Elmer 240C elemental analyzer. 

EXPWIMgNTAL 

Nuclear magnetic resonance spectra (NMR) were obtained with a JXOL GX-500 inetrument in the FT 
mode. Chemical ahifta were expreeeed In parts per q ilion from Internal tetramethylellane (6) 
unless otherwise noted. Coupling constants are in hertz (Hz) end eplitting pattern abbreviations 
are: 8, singlet; d, doublet; dd, doublet of doublets; ddd, doublet of double doublets; m, q utiplet; 
br, broad. Mess spectra (MS) were obtained on .z JEOL DX-300 spectrometer. Infrared spectra (IR) 
were recorded on a JASCO A-3 spectrophotometer. 
DIP-181 digital polerimeter. 

Optical rotations [a], were recorded on a JASCO 

Analytical thin layer chromatography (TLC) we8 conducted on precoeted TLC glass sheet.8 (silica 
gel 603-254, layer thlclmeaa 0.25 mm) manufactured by E. Merck. Detection was effected by dipping 
into 2% concentrated sulfuric acid ethanol solution followed by heating on 8 hot plate (ce 120 "Cl. 

Column chromatography wea performed with Merck allice gel 60 (70-230 mesh) or aluminum oxide 90 
(70-230 mesh) deactivated by addition of 4.4 utX water. 

'II-NMR data were summarized In Table 1 - 4 and MS, elemental analyses, Mp, Rf, [al,, end IR data 
were in Table 5. 

Tmhle 1. 'H-NMFI data for 18 - 21 in chloroform4 

Chemical shifts, 6 (multiplicities) 

pound H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-9' Me eater NH O-AC, N-AC 
(d) (dd) (ddd) (dd) (dd) (ddd) (dd) (dd) (a) (d) (8) 

188 
19d 

5.91 4.52b 3.93 3.96 3.58b 4.27 3.98 4.09 3.75 7.52 l.27,c1.30,c2.03 
5.94 5.67 4.23 4.41 5.39 4.38 3.97 4.14 3.81 5.54 1.36,'1.37,'1.94, 2.07, 2.13 

20e 5.92 5.58 4.48 4.56 5.03 4.05 3.53 3.70 3.81 6.18 1.92, 2.08, 2.16 
21 5.95 5.59 4.39 4.56 5.20 4.25 4.14 4.19 3.81 5.74 1.93, 2.08, 2.10, 2.12 

First-order coupling con&ants, Hz 
Com- 
pound J3,4 J4,5 J5,6 J5,NH J6,7 J7,8 J8,9 J8,9' J9,91 

l$ 2.4 10.2 4.6 0 7.4 6.1 - 8.6 
19 2.7 8.6 10.1 2.4 2:: 6.3 - 9.0 
20 2.4 8.5 10.0 8:: 2.0 ;:: -12.5 
21 2.8 8.2 10.1 9.5 2.7 7.9 

2:: ::: 
-11.9 

bMultiplicity: ddd. 'These values are 
br. s) was also observed. eHeesured in 

Table 2. 'H-NMR date for reducing unit (Glc, Gel) in chloroform-d_ 

Chemical shifts, 6 (multiplicities) First-order coupling constants, Hz 

pound H-l H-2 H-3 H-4 H-5 H-6 H-6' 
(d) (dd) (dd) (dd) (ddd) (dd) (dd) 

'1,2 '2,3 J3,4 J4,5 J5,6 J5,6' J6,6' 

2 4.88 4.89 3.61 3.67 3.98 3.97 
7 4.60 3.51 3.94 
14 4.33 3.77 3.87 

:B 4.34 4.37 3.65 3.75 4.09 3.74 
27c 4.71 3.59 3.98 
2Sc 4.72 3.62 3.98 
29c 4.69 3.55 3.97 

3.70 3.75 3.77 3.90 3.4 9.5 8.5 7.8 2.5 2.0 
3.70 3.74 3.80 3.81 3.7 9.5 9.2 10.1 2.5 2.0 
3.59 3.76 3.42 4.21 3.4 9.6 9.2 10.1 2.0 4.0 
4.02e 3.83 3.72 3.74 7.3 8.5 2.5 0 6.3 7.5 
3.9La 3.77 3.69 3.71 7.3 9.8 2.8 0 6.1 6.1 
4.28a 

3.7: 
d 

3.8: 
7.9 10.4 3.1 0 d d 

3.63 3.72 3.4 9.2 9.0 7.0 3.3 1.8 

3.67 3.78 3.82 3.99' 3.4 9.5 9.2 10.2 2.5 3.62 3.77 3.81 3.90 3.5 9.2 9.5 8.8 4.2 2.: 

-10.0 
-10.8 
-10.7 
-17.0 
- 9.8 

d 
-10.9 
-12.9 
-10.4 

Aglycon (cholesterol) 

Chemfcel shifts, 6 (multiplicities) First-order coupling constants, Hz 
Com- 
pound H-3 H-6 H-18 H-19 H-21 H-26 H-27 othera 

(m) (m) (a) (a) (d) (d) (d) 
J20,21 J25,26 '25,27 

lob t 

3.50-3.58 5.24-5.28 0.67 0.99 0.91 O.86e 0.87e d 

3.53-3.62 5.22-5.29 5.24-5.28 
0.67 1.00 0.86e 0.87e d 

3.62d3.68 
0.71 1.00 0.91 0.93 0.87e 0.88' d 

5.35-5.38 0.67 0.98 0.91 0.86' 0.87e d 
d 5.25-5.29 0.65 0.95 0.90 0.84e 0.85e d 
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l'mhle 2. (continued) 'Ii-NMR date for reducing or central unit (NeuAc) in chloroform-d 

Chemical shifts, 6 (multiplicities) 
Com- 
pound Ii-3eq H-311x H-4 H-5 H-6 H-7 H-8 H-9 H-9' Me eater NH 

(dd) (dd) (ddd) (ddd) (dd) (dd) (ddd) (dd) (dd) 
O-AC, N-AC 

(6) (d) (8) 

5.978 5.55f 
5.52f 

4.50 4.56 5.53 
5.99 

4.35 4.17 4.63 3.81e 6.32 
2.06, 2.07, 

2.1Ee 

4.52f 
4.52 4.55 5.51 4.53 4.15 

6.03* 
4.61 3.82e 6.24 1.91, 1.89 

24 
5.52f 

4.06 4.29 3.85 4.51 4.66 4.89 2.06Q 
2.04, 2.07, 2.16e 

25 5.05e 
5.51f 

4.83 4.62 5.53 4.35 4.17 4.60 3.89e 6.52 
1.93, 

2.06, 
2.11, 

2.21e 

5.42f 
4.82 4.59 5.52 4.02 4.18 4.57 3.92e 6.52 

1.89, 2.03, 2.12, 
2.1Ee 

5.43f 
4.43 4.60 5.34 4.27 4.18 4.70 3.76e 5.99 

1.91, 2.02, 2.06, 
2.1Ee 

28' 4.38 4.58 4.49 
29c 

5.24 4.03 4.57 3.77e 5.78 
1.89. 1.96, 2.03, 

2.14e 
2.46 1.88 5.26 4.12 4.36 5.27 4.51 4.06 4.71 3.7Le 5.93 1.87, 1.97, 2.01, 2.14e 

First-order coupling constants, Hz 
Com- 
pound 

J3es,3ax J3eq,4 J3ax,4 J4,5 J5,6 J5,NH '6,7 J7,8 J8,9 J8,9' J9,91 

22 2.4 11.5 10.5 -12.8 

zb 2.5 2.4 9.7 8.5 10.8 9.5 0.5 7.0 7.9 -12.8 -11.9 
3.4 10.7 10.4 10.1 1.5 1.8 -12.6 

10.3 10.5 10.4 2.1 2.0 -12.3 
27c 10.6 d -12.5 
2a= 3.4 10.5 10.1 -11.1 
29c -13.5 5.2 11.2 10.5 10.4 -11.2 

aMu.ltipllcity: d. 

$ 

bHeasured in D20 (s-NuOH=l.23 ppm). 'Measured et 50 'C. dNot easigned owing 
o the complexity of the spectrum. 'Aaeignments may be interchanged with non-reducing unit. 
Multiplicity: dd. gMeasured in dlmethylsulfoxide-dd. hMeaaured In methanola_L. 

Methyl 2.3.4-tri-O-benzyl-6-0-[methyl (5-acetamido-4. 7,8,9-tetre-O-acetyl-3-bromo-3.5-dideoxy-H- 
D-e&, hro-L:menno-2-nonulopyr.sno~yl)onate]-o-D-glucopyranoaide (5). To e stirred solution of the 
dibromlde 3o ( 400 mg, 0.63 mmol), 4 (310 mg, 0.67 mmol), end anhydrous Ne HP04 (340 mg) in benzene 
(6 ml) wes‘edded a solution of AgOTf (170 mg, 0.66 mmol) in benzene (6 ml et room temp under ni- 1" 
trogen. The mixture we8 stirred for 30 min and filtered through Celite 545 bed and the solid we8 
washed with ethyl acetate. The combined filtrates and washings were evaporated in vacua to a resi- -- 
due. A solution of the residue in ethyl acetate WBB washed with 5% Na S 0 
dried over enhydrous Na2S04, end evaporated in vecuo to give a syrup, 

f, 2 3, 5% &_HC03, and brine, 
w -- ich wee chromatographed on 

a ailica gel column (benzene-acetone, gradient elution from 5:l to 3:l) to give 5 (450 mg, 70%) es 
a Byrup. 

,3-0-[Methyl (~-acetam1do-4,7,8,9-tetre-0-ecety1-3-bromo-3.~-dideoxy~-D-erytfo-Gmanno-2-nonu- 
1opyranosyl)onete)cholesterol (8). A mixture of 3 (310 mg, 0.49 mmol), cholesterol (200 mg, 0.52 
mmol), AgCTf (135 mg, 0.52 mmol), and anhydroua Na2HP04 (250 mg) in benzene (10 ml) WBB treated in 
the 8ame manner a8 described above to give a crude material, which wae chrometogrephed on a ailica 
gel column (benzene-acetone, gradient elution from 5:l to 3:l) end crystallized from hexane-ethyl 
acetate to give 8 (405 mg, 88%) as white crystals. 

Methyl 2.4.6-tri-O-benzyl-3-O-[methyl (5 -acetemido-4,7,8.9-tetre-0-acetyl-3-bromo-3.~-dideoxg- 
S-D-cry thro-L-manno-2-nonulopyranosyl)onete]-B-D-uelectopyranoside (14b A mixture of 3 (350 mg, 
0.55 mmol), 13 (270 mg, 0.58 mmol), AgOTf (150 mg, 0.58 mmol), and anhydrous Ne2HP04 (300 mg) in 
benzene (11 ml) wee treated in the oame manner 8s described above. The crude syrup was chrometo- 
graphed on a silica gel column (benzene-acetone, 5:l) to give 14 (280 mg, 50%) aa a syrup. 

Methyl ~-ecetamido-2,6-enhydro-3,~-dideoxy-8,9-0-isopropylidene-D-~lycero-D-~lecto-non-2-eno- 
pyranoaonete (182. A mixture of 17' (470 mg, 1.54 mmol) and Dowex 5OW-X8 [HII (250 mg) was stirred 
et 40 'C for 5 h under nitrogen. The resin was removed by filtration and washed well with acetone 
and the combined filtrates end washings were condensed to a solid, which was recrystallized from 
chloroform-hexane to give 18 (390 mg, 73%) as white crystals. 

Methyl ~-acetemido-4.7~l-0-acetyl-2,6-anhydro-3.~-dideo~-8,9-O-ieopropylidene-D-~lycero-D- 
palacto-non-2-enopyranoeonate (192 A solution of 18 (360 mg, l.OL~mmol) in acetic anhydride (2.0 
ml) and py-rldine (4.0 ml) wan heated at 60 'C for 6 h under nitrogen. The reaction mixture was 
condensed to a syrup which was chrometogrephed on a silica gel column (ethyl acetate-acetone, 6:l) 
and recrystallized from carbon tetrechloride to give 19 (440 mg, 98%) es white crystals. 

Methyl ~-ecetamldo-4.7~i-O-ecetyl-2,6-anhydro-3.5~ideoxy-D-alycero-D-~~ecto-non-2-enoo~~o- 
aonete (20). A aolution of 19 (E 140 mg, 1.96 mmol) in 80% acetic acid was heated et 60 'C for 1 h 
and evaporated in vecuo to give an oil, which wea chrometographed on a silica gel column (ethyl -- 
acetate-acetone, gradient elution from 4:1 to 2:l) end recrystallized from hexene-ethyl acetate to 
give 20 (620 mg, 81%) as white crystala. 

Methyl ~-ecetemido-4.7,9-tri-0-acetyl-2.6-enhydro-3,~~ideoxy-D-~lycero-D-~lecto-non-2-eno- 
py-ranosonete (21). To a stirred solution of 20 (620 mg, 1.59 mmol) in pyridine (6 ml) wee added 
dropwise ecetyl chloride (0.12 ml, 1.68 mmol) at -20 "C under nitrogen. The mixture wea stirred 
for 30 mln et the same temp end condensed to a syrup, which was ,chromatogrephed on a elllca gel 
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Tahb 3. 'H-NMH data for non-reducing unit (NeuAc) in chloroform_d 

Chemical shifts, 6 (multiplicities) 

pound Ii-3eq H-3ax H-4 H-5 H-6 H-7 H-8 H-9 H-9' Me ester NH O-AC, N-AC 
(dd) (dd) (ddd)(ddd) (dd) (dd) (ddd) (dd) (dd) (a) (d) (8) 

7 
8 

4.6La 
2.47 1.88 
2.65 1.97 
4.64a 
2.52 
2.45 1.5; 
2.59 1.96 
2.54 1.52 
4.73a 
2.70 1.80 
2.50 1.73 
4.58a 
2.49 1.84 
2.31 2.15 
4.60* 
2.52 1.84 
4.60a 
2.42 1.81 
2.43 1.80 

5.35b 4.35 4.49 
5.16 4.11 4.27 
4.85 
5.52b 

3.99 4.09 
4.26-4.33 

5.25 4.09 4.11 
4.02 
4.86 4.k4.8' 

5.05 4.5; 3.:7 'b 

4.98 3.99 3.91 
4.20 
5.22b 4.6; 4.5: 
5.09 4.08 4.62 
4.05 
5.24b 

3.90b 4.02 
4.61 4.46 

5.17 
5.21b 

4.11 4.47 
4.65 4.61 

5.15 4.12 4.68 
5.11 4.11 4.63 

5.34 5.27 4.16 5.19 
5.38 5.27 4.13 5.07 
5.25 5.33 3.78 4.05 
5.32 5.17 4.22 4.84 
5.38 5.06 4.15 4.88 

5.3: 5.3: 4.1; 4.3; 
c 

5.09 5.1; 4.0; 5.2; 
5.15 5.15 4.00 4.99 

5.2; 5.3; 4.0; 5.0; 
5.37 5.31 4.01 4.92 
3.59 3.69 3.61 3.79 
5.25 5.39 4.03 5.20 
5.34 5.33 3.97 5.06 
5.34 5.34 4.10 5.08 
5.46 5.33 4.07 5.02 
5.41 5.33 4.07 4.96 

3.75 5.53 
3.72 5.49 
3.73 5.12 
3.82 5.38 
3.80 5.52 

5.21 

3.51 
3.86 

6.08 
6.06 

5.96 
6.14 
6.20 
6.29 
6.12 

1.87,1.97,2.06,2.07,2.17 
1.86,1.97,2.01,2.05,2.13 
1.82,1.85,2.00,2.01,2.12 
1.91,2.02,2.07,2.08,2.16 
1.87,2.02,2.02,2.08,2.13 
2.00 
1.88,2.02,2.02,2.12,2.14 
1.90 
1.59,1.97,2.02,2.05,2.08 
1.64,1.98,2.00,2.03,2.06 

::~.2.05.2.06.2.13,2.2~ 
1.87~1.99;2.05;2.11,2.17~ 
2.03k 

First-order coupling constants, Hz 
-_- 
pound J3eq,3ax J3eq.4 J3ax,4 J4,5 '5,6 J5,NH '6,7 J7,8 J8,9 J8,9' J9,9T 

2 
7 

t 
lad 
11 
12e 
l4 
15 
16f 
22 

gf 

2 

is 
29h 

-12.9 
-12.8 

-13.1 
-12.5 
-12.5 
-12.5 

-13.4 
-13.1 

-13.3 
-13.1 

-13.2 

-13.3 
-13.5 

3.7 9.8 10.2 9.5 1.8 2.0 
5.1 10.8 11.2 10.4 10.4 2.3 

;:: 

;:: 2.1 
2.2 

4.9 12.3 10.4 10.7 10.1 2.1 2.6 
::; 

11.; 12.8 

10.3 10.1 10.: ;:; 2.: 2.4 2.0 
t; 
719 2 I:8 1 

::: 10.1 c c c 9.8 1.: 7.: 5.; 2.; 
4.5 11.3 

::: 11.6 10.; 11.2 10.7 8.; 10.3 10.4 2.; 1.8 2.; 2.1 9.: 8.5 2.: 2.1 
4.6 11.7 10.5 
3.4 10.1 10.; 9.8 2.; 2.; 9.; 2.; 
4.7 10.5 11.3 10.6 10.1 2.5 8.9 2.4 

f:Z 11.9 10.4 

10.7 ;:: 

10.1 10.1 

;:; 

9.2 2.1 1.1 1.9 ;:i 2.4 2.1 

f::: 11.8 10.4 10.3 10.4 10.1 2.1 1.8 2.0 0 ;:; 2.1 2.4 
5.0 11.0 10.9 11.0 10.7 2.7 1.9 2.3 
4.9 11.3 10.3 10.4 10.7 2.4 2.4 ;:i 2.4 

-12.5 
-12.5 
-12.5 
-12.5 
-12.5 

-12.; 

-11.; 
-12.5 

-12.: 
-12.2 
-11.9 
-12.2 
-12.2 
-12.2 
-12.2 
-11.8 

*Multiplicity: d. b14ultiplicity: dd. 
dMeasured in methanol-d 

'Not Resigned owing to t e 

gAssignmente may be in&hanged with reducing unit. 
%easured in dimethyleulfox&de+. f 

complexity of the spectrum. 
Measured in D20 (i-E?uOH=1.23 ppm). 

Meaeured at 50 'C. 

Table 4. 'H-NMR data for other groups in chloroform-d 

Chemical shifta, 6 (multiplicities) First-order coupling constanta, Hz 
-_- 
pound 0-CH3 

(8) 
PhCH 

CAB quarZet) 
Ph 
(m) 

Jgem 

2 3.38 3.35 4.69 4.70 and and 4.78, 4.74 4.75 and and 4.87, 4.79 and and 4.92 
4.87, 4.82, 4.84 4.97 

7 3.36 4.65 and 4.79, 4.75 and 4.90, 4.78 and 4.84 

;.:!$ 

2+ 3160 3.41 

4.574andB4.58, * 9 4.75 4.68 and and 4.86, 4.88, 4.83 4.79 and and 4.91 4.80 
16 

28b 3.38 
4.67 and 

and 4.77, 
4.71 and 

4.89, 
4.79 and 4.93 

29b 3.39 4.69 4.68 and 4.78, 4.78, 
and 

4.74 4.72 and 4.86, 4.87, 4.79 4.79 
and 
and 4.92 4.93 

%utiplicity: 8. bHeasured at 50 "C. 

7.2-7.5 -11.9, -10.7, -11.0 
7.2-7.4 -10.8, -12.0, -11.0 
7.2-7.5 -13.1, -11.0, -11.0 
7.2-7.5 -12.0, -11.6, -13.7 
7.2-7.5 -11.0, -12.5 

7.2-7.4 -11.3, -11.3, -11.0 
7.2-7.5 -11.9, -10.7, -11.0 
7.2-7.4 -11.9, -11.0, -11.3 
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Table 5. Me, elemental analyses, Mp, Rf, [a],, and IR data for 5 - 29 

Anal. v gB* 
Formula 

(Z) 
Rf 

rnM com- 
pound XC Xii XN N&OH ester amide1 II 

5 C48H58N0,8Br 1017b Calcd. 56.69 5.75 1.38 0.57~ t49.6"tl.l) 3400 1750 1660 1542 

6 c48H59N018 938d 
Found 56.98 5.54 1.04 (27°C) 
Calcd. 61.46 6.34 1.49 0.52' t23.3"tl.O) 3400 1748 1665 1540 

C48H59N018 938d 
Found 61.59 6.34 1.31 (29°C) 

7 Calcd. 61.46 6.34 1.49 103-105e 0.42' 3300 1742 1660 1540 

C47%2N013Br 938d 

Found 61.23 6.27 1.08 
+ l.O;i;.;{ 

0 
8 Calcd. 60.12 7.73 1.49 224-225e 0.58' -15.0"(1.1) 3400 1745 1660 1533 

C47H73NO13 ;$jd 
Found 60.46 7.46 1.32 (29'C) 

9 Calcd. 65.63 8.56 1.63 119-120f 0.54' -4O.O"(l.l) 3400 1755 1665 15.50 

C38H63N09 678d 
Found 65.52 8.28 1.37 (29'C) 

lo Calcd. 67.32 9.37 2.07 156-157g 0.62~ -41.5"(1.1)' 3430 174Oj 1630 1580 

11 C471$3N013 860d 
Found 67.30 9.78 2.00 (26'C) 
Calcd. 65.63 8.56 1.63 105-106e 0.49' -24.l;il.l; 3400 1753 1667 1545 

C38H63N09 678' 

Found 65.43 8.74 1.39 0 
" Calcd. 67.32 9.37 2.07 170-171g 0.58h -11.3;~~.~~" 3400 1723J 1640 1570 Found 67.15 9.26 1.98 0 
14 C48H58N0,8Br 1017b it;. ;;.$ ;.;; 0.65' 3405 1750 1685 1530 

l5 C48H59N018 938d Calcd. 61146 6134 

;.:; 

1149 

'34.4;;;:;; 

0.58' 3400 1743 1685 1540 

C18H31N014 486d 
Found 61.23 6.27 1.08 e 

l6 Calcd. 44.54 6.44 2.88 215-217l 0.17h 

+ 5.3;&.;; 

-18.3"(1.2)' 3500 173Oj 1660 1570 

C15H23N08 346d 
Found 44.55 6.62 2.92 (23“C) 

l8 Calcd. 52.17 6.71 4.06 166-167m 0.34" +50.8"(1.1) 3350 1715 1660 1536 

C19H27N010 430d 
Found 52.38 6.73 3.88 (27°C) 

l9 Caled. 53.14 6.34 3.26 77-78' 0.59p 3310 1747 1658 1552 

C16H23N010 390d 
Found 53.31 6.74 3.33 

'46.7;;;:;{ 

20 Calcd. 49.36 5.95 3.60 190-192e 0.24" +44.5"(1.1) 3320 1738 1660 1545 

C18H25N011 432d 
Found 49.31 5.98 3.85 (26'C) 

21 Calcd. 50.11 5.84 3.25 0.34" 3380 1740 1660 1543 

C38H51N2023Br 983d 

Found 50.32 5.57 3.35 
'48.1;&.;{ 

0 
22 Calcd. 46.40 5.22 2.85 0.319 3400 1752 1665 1540 

C38H52N2023 905d 

Found 46.33 5.12 2.42 
'57.1;&.$ 

0 
23 Calcd. 50.44 5.79 3.10 0.259 '11.2;;;:;; 3400 1745 1662 1538 

C22H34E2016 583d 
Found 50.64 5.66 3.49 

24 Calcd. 45.36 5.83 4.81 232-235* 0.51s +42.6'(1.1)t 34CG 172Oj 1630 1570 
Found 45.22 5.98 4.48 (25°C) 

25 C38H51N2023Br3 Calcd. 39.91 4.50 2.45 0.349 3400 1752 1670 1548 

C38H52N2023Br2 1065d 

Found 39.89 4.10 2.18 
t ".O;;;.;{ 

0 
26 Calcd. 42.87 4.92 2.63 0.289 -15.6"(0.6) 3400 1748 1650 1538 

C66H82N2029Br2 1526b 
Found 42.19 5.30 2.46 (25°C) 

n Calcd. 51.91 5.41 1.83 0.46s 
1528 Found 51.85 5.13 1.67 

'31.7;$.$ 3420 1752 1685 1535 
0 

28 C66H83N2029Br Calcd. 54.73 5.78 1.93 0.429 + 8.6;;;:;{ 3420 1750 1685 1530 
Found 54.55 5.U 1.87 

29 C66H84N2029 1368b Calcd. 57.89 6.18 2.05 0.334 - 2.OOcO.3) 3410 1750 1685 1535 
1369 Found 57.64 6.09 1.52 (24'C) 

aMeasured in chloroform. bField disorption method. 
dFast atom bombardment method. eRecrystallized 
pentane. gRecrystallized from met anal-water. 

s 
i! 

'Solvent system is benfene-acetone (2:l). 
rom hexane-ethyl acetate. Recrystallized from l- 
Solvent 

iMeasured in methanol. 
system is 1-butanol-acetic acid-water 

(3:l:l). Absorption of carboxylic acid. kMeasured in chloroform-methanol 
(1:l). 'Triturated with ether-methanol. mRecrystallized from hexane-chloroform. "Solvent system 
is chloroform-methanol (1O:l). 
ethyl acetate-acetone (6:1). 

oRecrystallieed from carbon tetrachlorlde. PSolvent s$tem is 
qSolvent system is benzene-acetone-methyol (30:20:1). Trlturated 

with chloroform-methanol. SSolvent system is 1-propanol-water (7:3). Measured in water. 

column (ethyl acetate-acetone, gradient elution from 8:l to 5:l) to give 21 (525 mg, 76%) as a col- 
orless viscous syrup. 

Methyl 5-acetamido-4,7,9-tri-0-acetyl-2,~a~y&o-3,5-dideoly-8-0-(met~l (5-acetamido-4.7,8.9- 
tetra-O-acetyl-3-bromo-3.5-dideoxy-8-D-erythro-L--o-2-nonulowranosyl)onate]-D-alycero-~a~aC- 
to-non-2-enonyranosonate (22). A mixture of 3 (720 mg, 1.14 mmol), 21 (490 mg, 1.14 mmol), AgOTf 
7300 mg, 1.17 mmol), and anhydrous Na2HF0 
ner as described above to give a crude ma 4 

(600 mg) in benzene (20 ml) was treated in the same man- 
erial, which was chromatographed on a silica gel column 

(ethyl acetate-acetone, gradient elution from 5:l to 3:l) to give 22 (650 lag, 58%) as a viscous 
syrup. 

Condensation of the chloride 1 with 4. To a mixture of l3 (200 q g, 0.39 mmol), 4 (400 mg, 0.86 
mmol), and anhydrous Na2HP04 (385 mg) in benzene (3 ml) was added a solution of AgOTf (220 mg, 0.86 
mmol) in benzene (3 ml) at room temp under nitrogen. After stirring for 12 h, the mixture was fil- 
tered and the solid was washed with ethyl acetate. The combined filtrates and washings were con- 
densed to a residue, which was dissolved in ethyl acetate, washed with 5% Na2S203, 5X NaHC03, and 
brine, dried over anhydrous Na2S04, and evaporated in vacua to give a crude syrup. This syrup was 
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chro~atographed on a silica gel column (benxene-acetone, gradient elution from 6:l to 2:l). The 
fast migrating some w'u mot&y1 2,3,4-tri-@enzyl-6-@[methyl (5-acetamido-4,7,8,9-tetra-G-acetyl- 
3,5-d%deoq-&~@x.ero-&ala&o-2 -nonulopyranosyl)onatel-o-jJ-glucopyranoside (6) (130 mg, 35%) es 
a syrup and the elow one was the &leomer, which wee cryetalllaed from hexane-ethyl acetate to give 
7 (95 mg, 26%). 

M&&X 2.3.4-tri-0-benayl&O-[methyl (5-acetamido-4.7.8.9-tetre-O-acetyl-3.5-dideoxy-8-D-~ly- 
cero-D-ualacto-2-nonulouyrmnoayl)onate]-a-D-gluco~anoslde (6 . To a solution of 5 (380 mg,0.37 
mmol) in tetrahydrofuran (5 ml) was added tributylrtannane (0.2 ml, 0.74 mmol) under nitrogen. The 
mixture was heated at 60 *C for 30 min and condenred to a residue, which waft chrometogrephed on an 
aluminum oxide 90 column (benaene-ethyl acetate, 1:l) to give 6 (340 mg, 97%) aa a syrup. 

Condensation of the chloride 1 with cholesterol. To a stirred mixture of 1 (350 mg, 0.69 mmol) 
cholesterol (530 mg, 1.37 mmol), and anhydrous Ne HFC (400 mg) in benzene (10 ml) was added a 
solution of AgOTf (200 mg, 0.78 mmol) In benzene 4 m i! h et room tamp under nitrogen. The mixture 
wee stirred for 12 h and filtered. The Insoluble solid wae washed well with ethyl acetate and the 
combined filtrates end washinga were condensed in vacua to a eyrup. A solution of the residue in -- 
ethyl acetate was washed with 5% Ne S 0 
in vacua to give a crude eyrup, whit $2 3' 5% NaHco3, and brine, dried over Na2S04, and evaporated 
-- was chromatographed on a ailice gel column (ethyl acetate- 
hexane, &$). The fast eluted ieomer wae e S-ieomer and the slow one was an o-isomer, which were 
recrystallized from hexane-ethyl acetate to give the 3_O=[methyl (5-ecetamido-4,7,8,9-tetra_O-ace- 
tyl-3,5~ldeoxy~-P-glycer~~galacto-2-nonulop~o~yl)o~telcholesterol (11) (200 mg, 33%) end 
the corresponding S-glycoside 9 (220 mg, 37%). 

3-0-(Methyl (5-acetamido-4.7,8.9-tetre-O-ecetyl-3,5-dideoxy-~-D-~lycero-~~lacto-2-nonulop~a- 
nosyl)onate]cholesterol (9): A solution of 8 (300 mg, 0.32 mmol) and tributylatannane (0.21 ml, 
0.78 q mol) in tetrahvdrofuran (5 ml) was heated et 60 "C for 30 minn with stirrina under nitroeen. 
After condensation, the residue-waa.chrometographed on an aluminum oxide 90 column (benzene-ethyl 
acetate, 1:l) end crystallized from pentane to give 9 (265 mg, 96%) 88 white crystals. 

Methyl 2.4.6-tri-O-benzyl-3-O-[methyl (5-acetamido-4.7,8.9-tetre-O-ecetyl-3.5-dideoxy-~-D-~lyc- 
erb-D-aalacto-2-nonulonyrano~yl)onetel-S-D-~alactorrpranoeide (152. A solution of 14 (145 mg, 0.14 
mmol) and tributylstannan e (0.08 ml, 0.30 mmol) in tetrahydrofuren (3 ml) was stirred et 60 'C for 
30 min under nitrogen. The mixture was condensed to a residue, which wea chrometogrephed on an 
aluminum oxide 90 column (benzene-ethyl acetate, 1:l) to give 15 (128 mg, 96%) es a syrup. 

Methyl 5-acetamido-4.7.9-trl-C-acetyl-2.6-anhydro 3.5-dideoxy-8-G[methyl (5 -acetamido-4.7.8.9- 
tetra-O-acetyl-3.5-dideoxy -&D-alyoero-D-~lacto-2-no~ulo~~~o~yl)onatel-D-~lycero-D-~alacto-non- 
2-enonyranoaonate (232 A mixture of 22 (120 mg, 0.12 mmol) and tributylstannane (0.07 ml, 0.26 
mmol) in tetrahydrofurn (3 ml) was stirred at 60 “C for 2 h under nitrogen. The mixture we8 con- 
densed in vccuo to a residue, -- which VBB chromatogrephed on a silica gel column (ethyl acetate-ece- 
tone, l:l), tritureted with hexane-ethyl acetate, and weehed with hexane to give 23 (105 mg, 95%) 
aa a white powder. 

3-O-(5-Acetemido-3,5-dideoxy-~-D-~lycero-D-~elacto-2-nonulopyr~osyl)cholesterol (10). A mix- 
ture of 9 (330 ma. 0.38 mmol) and uotassium t-butoxide (cat. amount) in absolute methanol (25 ml) _. 
wea stirred for 1 h at room temp under nitrogen. To the above mixture was added 1N NaOH (3.b ml) 
and after stirring for 2 h the mixture wa8 cooled (0 "C), acidified with Dowex 5OW-X8 (H+l, and 
filtered. The resin waa washed well with methanol and the combined filtrates and washings were 
condensed to give a crystal, which was recrystallized from methanol-water to give 10 (250 mg, 96%) 
a8 white crystals. 

~-O-(5-Acetamido-3.5-dideoxy~-D-~lycero-D-~lecto-2-nonulopyrano~yl)cholesterol (12). To a 
aolution of 11 (110 mg, 0.13 mmol) in absolute methanol (10 ml) was added potassium A-butoxide 
(cat. amount) et room temp under nitrogen. The mixture waa stirred for 1 h end 1N NeOH (1.5 ml) 
wea added to it. After stirring for fyther 2 h et room temp. the reaction mixture wa8 cooled 
(0 "C), acidified with Dowex 5OW-X8 [H I, and filtered. The resin was washed with methanol end 
the combined filtrates end washings were condensed to a residue, which was recrystallized from 
methanol-water to give 12 (80 mg, 92%) aa white crystals. 

Mehtyl 3-0-(5-ecetamido-3.5-dideo~-~-D-~lycero-D_Ralacto-2-nonulop~anoay1)-~-D-~elactopyrano- 
side (16). A mixture of 15 (110 mg, 0.12 mmol) end 10% palladium on carbon (200 mg) in methanol 
(15 ml) was stirred vigorously for 2 days under hydrogen. The catalyst was removed by filtration 
and washed well with methanol. The combined filtrates and washings were condensed to a residue. 
To a solution of the residue In abaolute methanol (8 ml) wa8 added potassium &-butoxide (cat. 
amount) end the mixture wae stirred for 30 min at room temp under nitrogen. After addition of 1N 
NaOH $0.8 ml), the mixture was stirred for additional 1 h, cooled (0 "C), acidified with Dowex 5OW- 
X8 (H I, and filtered. The resin wea washed with methanol end the combined filtrates end washings 
ware evaporated & vacua to give a viscous syrup, 
the white powder lmmmg, 90%). 

which was trlturated with ether-methanol to give 

$-Acetamido-2.6-anhydro-3.5-dideoxy-8-O-(5-acetamido-3.5-dideo~-~-D-~lycero-D-~electo-2-nonulo- 
pyranoayl)-D-alycero-D-ualecto-non-2-enoyranose (&I_. To a solution of 23 (70 mg, 0.077 mmol) in 
absolute methanol (7 ml) was added notesaium t-butoxide (cat. amount) under nitrocen. The mixture 
wa8 stirred for 30 min et room tern;, and to tka wae added 1N NaOH (1.0 ml). Aft&stirring for 
additional 1 h, the resulting mixture was cooled (-10 "C), acidified with Dowex 5OW-X8 [H+l, and 
filtered. The resin wea washed with methanol-water (1:l) and the combined filtrates and washings 
wera condensed to e residue, 
ea white powder. 

which wea triturated with chloroform-methanol to give 24 (42 mg, 93%) 
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Methyl 5-ace~mido-4.7,9-tri-O-acetyl-2,3~ibrom~2,3,5-trideo~-8-O-[methyl (5 -acetamido- 
4.7.8.9 -tetra-O-acetyl-3-bromo-3.5~ideow-6-D-eruthro-Gmanno-2-nonulou~osyl)o~te]-8-D-e~th- 
ro-L-manno-2-nonulonyranosonate (25).. To a solution of 22 (35 mg, 0.036 mmol) in dichloromethane 
12 ml) was added bromine (2 dropa) at 0 'C under nitrogen. The mixture was stirred for 10 ain and 
the solvent was removed in vacua to give a crude material, -- which was chromatographed on a silica 
gel column (ethyl acetate-acetone-mathanol, 5:5:1) to give the trlbromide 25 (40 mg, 98%) as a syr- 
up* 

Methyl 5-acetamido-4,7.9-tri-0-acety1-2.3ilibromo0-2.3.5-trideoxy-8-0-[methy1 (5 -acetamldo- 
4.7,8.9 -tetra-0-acetyl-3.5~ideoxy-8-D-glycero-~~lacto-2-nonulooyr~csyl)onate]_B-D-e~hro-G 
manno-2-nonulopyranosonate (262. A mixture of 23 (30 q g, 0.033 nmol) and bromine (2 drops) in 
dichloromethane (2 ml) was treated in the same manner as described above to give a crude material, 
which wae chromatographed on a silica gel column (ethyl acetate-acetone-methanol, 5:5:1) to give 
the dibromide 26 (35 mg, 99%) as a viscous syrup. 

Condensation of the tribromide 25 with 4. To a stirred mixture of 25 (15 mg, 0.014 mmol), 4 
(7 mg, 0.015 mnol), and anhydrous Na HP04 ( 10 mg) in benzene (0.3 ml) was added a solution of AgOTf 
(4 mg, 0.016 mmol) in benzene (0.5 m 1 ) under nitrogen. The heterogeneous mixture was stirred for 
30 min at room temp. The solid was removed by filtration and washed well with ethyl acetate. The 
combined filtrates and washings were condensed in vacua to a residue. The residue was dissolved in -- 
ethyl acetate, washed with 5% Na2S 0 , and brine, dried over anhydrous , and evap- 
orated in vacua to give a syrup. &3 

5% NaHC03, Na2S0 
s was chromatographed on a silica gel column (ethy I acetate- -- 

acetone-methanol, 24:4:1) to give the methyl 2,3,4-tri-c-benzyl&c-[methyl (5-acetamldo-4,7,9-tri- 
~-acetyl-3-bromo-3,5-dideoxy-8-&[methyl (5-acetamido-4,7,8,9-tetra-0_acetyl-3-bromo-3,5-dideoxy-B- 
~-erythro-~manno-2-nonulopyranosyl)onate~-6-D-er~hro-~-manno-2-nonulopyranosyl)onate~~-~-gluco- 
pyranoside 09 mg, 42%) as a syrup. 

Condensation of the dibromide 26 with 4. A mixture of 26 (35 mg, 0.033 mmol), 4 (17 mg, 0.039 
mmol). anhvdrous Na,HPO, (20 ms). and AzOTf (10 ms. 0.039 mmol) in benzene (1 ml) was treated in 
the same minner as sesc*ibed above to g;ve a-syru& which was chromatographed on a silica gel col- 
umn (benzene-acetone-methanol, 3O:2O:l) to give the methyl 2,3,4-tri-g-benayl-6-_0-[methyl (5-acet- 
amido-4,7,9-tri-~-acetyl-3-bromo-3,5~ideoxy-8-~-(methyl (5-acetamido-4,7,8,9-tetra-&acetyl-3,5- 
dideoxy-B-~-erythro-~-o-2-nonulop~~osyl)o~te]-8-~glycero-pgalacto-2-nonulopyranosyl)- 
onatel-o-g-glucopyranoside (28) (33 mg, 69%) as a syrup 

Methyl 2.3.4-tri-O-benzyl-6-O-[methyl (5-acetamido-4,7.9-tri-O-acetyl-3,5-dideo~-8-O-[methyl 
(5-aaetamido-4.7.8.9-tetra-O-acetyl-3,5~ideo~-8-~~lycero-D-ua~cto-2-non~op~~osyl~o~te~-8-D- 
lycero-D-galactc-2-nonulop~~osyl)onate]~-D-~lucopyranoside (29). From 27. To a solution of 27 
9 mg, 0.0058 mmol) in tetrahydrofuran (0.5 ml) was added tributylstannane (30 ~1, 0.11 mmol) under 
nitrogen. The mixture was stirred at 60 "C for 3 h and the solvent was removed in vacua to a resi- -- 
due, which -58s chromatographed on a silica gel column (senzene-acetone-methanol, 15:10:1), tritu- 
rated with hexane-ethyl acetate, and washed with hexane to give 29 (7.3 mg, 90%) as a powder. 

From 28. A mixture of 28 (11 q g, 0.0076 mmol) and tributylstannane (25 ul, 0.093 mmol) in tet- 
rahydrofuran (0.5 ml) was treated in the same manner as described above to give 29 (9.5 mg, 91%) as 
a powder. 
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