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Abstract: Ganglioside lactams are potentially useful analogs of ganglioside lactones, which are highly immunogenic 
derivatives of gangliosides. The lactam corresponding to the G3-lactone saccharide has been synthesized by sialylation 
of a suitably protected lactose derivative carrying an azido group in the 2'-position, followed by reduction and ring 
closure to form GMs-lactam. Glycosylation in the 4-position of the central saccharide unit gave the Gz- and GI- 
lactam saccharides. By a similar route, a 2-azido-Gal derivative was sialylated and treated as above to give the 
G4-lactam saccharide. Deprotection gave the Gz-4-lactam saccharides in water soluble form, whereas attempted 
deprotection of the GI - l ac t am caused its degradation. The G ~ l a c t a m  saccharide was coupled to ceramide, to 
afford the ganglioside lactam analog, and via a spacer to bovine serum albumin (BSA). The BSA conjugate was 
used as immunogen to raise monoclonal antibodies that cross-reacted with a s - l ac tone .  The antibodies were used 
in a histological staining of murine melanoma cells, clearly showing the presence of &3-lactone on the cell surface. 
Keeping the G z - c l a c t a m  saccharides in DzO at 37 "C for 1 month caused marginal (0- 11%) hydrolysis of the 
lactam ring. 

Gangliosides are sialic acid-containing glycosphingolipids that 
are present in the outer membrane of living cells.' Their 
saccharide moieties are exposed to the medium surrounding the 
cell, thereby permitting recognition by saccharide-binding 
proteins. Gangliosides are tumor-associated  antigen^^,^ and also 
important cell-surface receptors, where they inter alia mediate 
the recruitment of leucocytes to sites of i n f l ammat i~n .~  Fur- 
thermore, gangliosides are efficient receptors for the adhesion 
of bacteria and viruses to cells, a prerequisite for i n f e c t i ~ n . ~  

The carboxylic acid group of gangliosides may enter into 
lactone formation with suitably placed hydroxyl groups in 
neighboring saccharide moieties, thus leading to the formation 
of &lactone rings. This is a facile process in vitro in acid 
mediuma6 It has been discussed for decades if ganglioside 
lactones are also present in vivo, thus being able to permit fine 
tuning of the ganglioside's receptor activity. Indirect evidence 
for the existence of ganglioside lactones has been obtained by 
sodium borotritide reduction of cells and detection of radioactive 
glycolipid products on chromatographic plates.6b However, the 
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possibility that the lactones are artifacts from manipulation of 
the cells cannot be ruled out. Additional evidence has been 
obtained by immunostaining of cells, using antibodies raised 
against preformed ganglioside lactones.' However, in most 
cases the antibodies were not lactone-specific but cross-reacted 
with the native ganglioside. For this reason, safe conclusions 
about the presence of ganglioside lactones on living cells could 
not be drawn, although recent studies seem to support their 
existence.8 It has also been suggested that ganglioside lactones 
are more immunogenic than their native counterparts, suggesting 
that the lactones may be of value as immunogens for raising 
tumor-specific antibodies and even for vaccination against 
tumors.' However, the hydrolytic lability of the lactones makes 
them less suited as immunogens, since it is difficult to maintain 
a high plasma concentration for the time needed to obtain a 
strong immune response. Hydrolytically stable and structurally 
similar lactone analogs are thus desired. 

In a preliminary paperg we described the synthesis of a lactam 
analog of the trisaccharide corresponding to ganglioside G 3 -  
lactone. Conformational analysis revealed a striking similarity 
between Gs- lac tam and h3- lac tone  [RMS = 0.097 8, ac- 
cording to molecular mechanics (MM2) calculations]. The G 3 -  
lactam was coupled, via a spacer, to bovine serum albumin 
(BSA), and the resulting neoglycoprotein was used as immu- 
nogen to raise monoclonal antibodies. lo G3-lactam-BSA was 
highly immunogenic, giving more than 300 hybridomas from 
immunization of one mouse. Random selection of eight of the 
hybridomas gave monoclonal antibodies that all were of the 
IgG type. Three of these antibodies recognized G3-lactone 
but not native G3-ganglioside. Immunohistochemical staining 
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of murine melanoma B16 cells (known to cany large amounts 
of G~~s-ganglioside on their surface) with one of the antibodies 
clearly demonstrated that G3-lactone was present on the cells.” 
We now disclose the full details of the synthesis of GM~-lactam 
and its derivatives (including G3-ganglioside lactam), as well 
as the synthesis of G M ~ ,  G M ~ ,  and GMl-lactam glycosides. 

Synthesis of G~s-Lactam. Glycosylation of the partially 
benzylated TMSEt glucoside 212 with the bromosugar 1,13 using 
silver silicate14 as promotor, gave the lactose azide derivative 
3 (61%). It should be noted that despite the nonparticipating 
character of the azide group in 1, a P-glycosidic linkage was 
formed in excess over the corresponding a-linkage, which is 
in accordance with the proposed mode of action of silver silicate. 
Compound 3 @ l a  mixture) was de-0-acetylated (-4, 97%), 4 
was 0-isopropylidenated (-+5,78%), 5 was 0-benzylated (46, 
86%), and 6 was de-0-isopropylidenated (-7, 94%). Com- 
pounds 6 and 7 were obtained as the pure /?-linked compounds 
after chromatography, wheras 4 and 5 were mixtures of isomers 
(see Experimental Section). 

Regioselective sialylation with the sialyl donor 815 at the 3’- 
position of 7 gave, after chromatography, the G3-trisaccharide 
analog 9 (71%). The corresponding /?-sialoside was isolated 
in 4% yield from the reaction mixture; no material from 
sialylation at the 4’-position was obtained. Similar selective 
sialylations of acceptors having two or even three unprotected 
hydroxyl groups are well-known; a recent review covers such 
reactions.16 

Reduction of the azide group in 9 was initially9 performed 
with “nickel boride”: However, we now favor the use of 
hydrogen sulfide J.ycause it gives a cleaner reaction and higher 
yield and the workup procedure is simpler. Thus, treatment of 
9 with hydrogen sulfide, followed by treatment with methanolic 
sodium methoxide (deacetylation) of the crude product, gave 
in a one-pot reaction the desired lactam 10 (97%). When the 
sodium methoxide treatment was omitted, 11 was obtained, 
albeit in lower yield (70%). Compound 11 is a valuable 
precursor for inter alia the synthesis of the G M ~ -  and GMI- 
lactams (see below). Hydrogenolytic removal of the 0-benzyl 
groups in 10 gave the lactam glycoside 12 (94%), which is 
useful for biochemical studies’O and as precursor for the 
preparation of the BSA conjugate 46 (Scheme 6) and the G M ~ -  
ganglioside lactam 56 (Scheme 7). 

The reason for the low yield of 11 is probably as follows. 
Reduction of 9 gives an intermediary amino ester, which cyclizes 
either to the desired lactam (11) or to the amino lactone 
(corresponding to 15), which is lost during the chromatographic 
purification of 11. This is supported by the fact that the azido 
lactone 14 (as well as the azido ester 13) gives a mixture of the 
lactam 10 and the amino lactone 15 on reduction with hydrogen 
sulfide (Scheme 1). Treatment of 15 with sodium methoxide 
caused its complete transformation into the lactam 10 (probably 
via the corresponding amino methyl ester). In summary, when 
the lactam 10 (and not 11) is desired, treatment of the crude 
reduction product with sodium methoxide produces 10 in 
practically quantitative yield (97%). When 11 is desired, a 
reagent that could transform the amino lactone byproduct into 
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the lactam 11 without removing the acetate protecting groups 
would be beneficial. 

Synthesis of Gm-Lactam. Glycosylation of the G3-lactam 
acceptor 11 with the galactosamine donor 1617 gave the desired 
GMz-tetrasaccharide 20 (61%) in an acceptable /?la ratio (93: 
7). In an attempt to raise the yield and also to obtain a 
tetrasaccharide with a protecting group pattern that would permit 
further glycosylation to the GM1-pentasaccharide lactam, ad- 
ditional thioglycoside donors (17-19) were investigated. The 
two isopropylidene-protected donors 18 and 1917 gave a much 
improved glycosylation yield, but the ,&a ratio dropped to an 
unacceptable level, as shown in Scheme 2.  A reason for the 
low ,!?la ratio with 17-19 might be that a “phthaloxonium” ion 
(a possible intermediate) cannot be developed as efficiently as 
with the more successful donor 16. 

Refurbishing of 20 was performed via a four-step procedure 
(hydrogenolysis of the benzyl groups, hydrazinolysis of the 
phthaloyl group, N- and 0-acetylation, and de-0-acetylation), 
which gave 24 in 48% overall yield. Compound 24 was inter 
alia used in specificity testing of monoclonal anti-GM3-1actam 
antibodies. lo 

Using a slightly altered sequence of events in the refurbishing 
procedure gave the fully acetylated GM2-lactam 25 (42%). 
Treatment of this TMSEt glycoside with acetic anhydride-boron 
trifluoride etherate12 gave the corresponding anomeric acetate 
26 in high yield and stereoselectivity (96%, ,&a 14:l). Com- 
pound 26 was then transformed into the spacer thioglycoside 
27 (50%, pla 4:1), suitable for coupling to proteins and other 
carriers. As for the G~3-laCtam spacer glycoside 45 (Scheme 
6), 27 carries a sulfur atom, which permits easy determination 
of the number of sugar residues in glycoconjugates by sulfur 
combustion analysis.18 

In an attempt to raise the yield and fila ratio in the 
glycosylation reaction, the azide ester 9 was treated with 16 
(Scheme 3). Thus, the yield increased to 66% and only the 
,&glycoside was isolated. However, the ensuing azide reduc- 
tion-lactamization sequence gave the GM2-lactam 29 in only 
29% yield. 

Synthesis of GM1-Lactam. Glycosylation of the G3-lactam 
acceptor 11 with the disaccharide 3019 gave the fully protected 
GMI-laCtam 31 (free of the corresponding a-glycoside) in a 
notoriously unpredictable reaction (Scheme 4). The reaction 
was performed several times, and the yields varied between 0 
and 45%. Furthermore, attempted deblocking of 31 was 
unsuccessful and only degradation products were observed. An 
extreme chemical shift (6.49 ppm) for the anomeric proton of 
the GalNPhth unit (H-1”‘) indicates that the compound is 
sterically strained. This strain might constitute a driving force 
for the degradation. 

Synthesis of GM4-LaCtam. The known19 glycoside 32 was 
0-isopropylidenated to give 33 (90%), which in turn was 
0-benzoylated and de-0-isopropylidenated to give the acceptor 
34 (98%) as shown in Scheme 5. Sialylation of 34 with the 
xanthate donor 8lS followed by chromatography permitted 
isolation, in 6% yield, of the P-sialoside corresponding to 35. 
Acetylation of the rest of the eluate and chromatography gave 
the desired G M ~  analog 35 (61%). As with 7 (Scheme I), 34 
carries two unprotected hydroxyl groups and the sialylation 
reaction is nevertheless completely regioselective. 

Deacetylation of 35 gave a 2: 1 mixture of the azido ester 36 
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and the azido lactone 37. Reduction of the 36/37 mixture with Treatment of the 36/37 mixture with aqueous sodium 
hydrogen sulfide, followed by treatment with sodium methoxide hydroxide gave the azido acid 39 (99%). Reduction of 39 with 
gave the desired Gd-lactam 38 (96%). The behavior of the hydrogen sulfide under slightly basic conditions furnished the 
&4 analogs is similar to that of the &3 analogs (cf. 9-15, amino acid 40 (53%), which was used as NMR standard in an 
Scheme 1). Compound 38 was used in the characterization of investigation of the hydrolytic stability of the G~z-4-laCtamS 
anti-GMs-lactam monoclonal antibodies. lo (see below). 
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Scheme 2 
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Synthesis of GM~-Lactam-BSA and G~s-GangIioside 
Lactam. The GM3-lactam-BSA conjugate 46 was prepared as 
follows. The unprotected GM3-saccharide 12 was acetylated to 
give 41 (90%) as shown in Scheme 6. Activation of the TMSEt 
group of 41 with a,a-dichloromethyl methyl etherZo fumished 
the a-chlorosugar 42 in quantitative yield. Glycosylation of 
2-bromoethanolzl with the donor 42 gave the 2-bromoethyl 

(20) Jansson, K.; Noon, G.; Magnusson, G. J. Org. Chem. 1990, 55, 
3181-3185. 

glycoside 43 (54%) as an inseparable Pla mixture (6:l). 
Treatment of 43 with methyl mercaptopropionate and cesium 
carbonatezz gave 44 (82%), and deacetylation of 44 gave the 
spacer glycoside 45 (86%). Transformation of 45 to the 
corresponding acyl azide and addition of BSA furnished the 

(21) Dahmbn, J.; Frejd, T.; Magnusson, G.; Noon, G.; Carlstrom, A.-S. 
Carbohydr. Res. 1984, 129, 63-71, and references cited therein. 
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&3-lactam-BSA conjugate 46. This coupling method has 
been used by us and others for coupling of a number of different 
saccharides to various  protein^.^^,^^ The number of saccharide 
molecules per molecule of BSA was determined by differential 
sulfur combustion analysisI8 to be -24. The conjugate 46 was 
used as immunogen to raise monoclonal antibodies'O that cross- 
reacted with G3-ganglioside lactone (but not with G M ~ -  
ganglioside), thereby showing that these entities are present on 
murine malignant melanoma cells. 

As shown in Scheme 6, the BSA conjugate 46 is a Pla 
mixture (6:l). Therefore, an alternative route to a pure 
,&glycosidic spacer saccharide was investigated. Treatment of 
the TMSEt glycoside 41 with acetic anhydride-boron trifluoride 
etherate gave the anomeric acetate 47 (100%) as a ,&a mixture 
(1O:l). Treatment of 47 with methyl mercaptopropionate-boron 
trifluoride etherate24 gave 48 (85%, Pla 96:4). Deacetylation 
of 48 gave the G~3-1acta1-11 spacer saccharide 49 (74%), useful 
for coupling to different types of carriers. 

(23) Lemieux, R. U.; Bundle, D. R.; Baker, D. A. J. Am. Chem. SOC. 
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The GM~-ganglioside lactam 56 was also prepared from the 
key intermediate 41 (Scheme 7). Thus, treatment of 41 with 
trifluoroacetic acid'* gave the hemiacetal 50 (loo%), which was 
used without purification in the preparation of the trichloro- 
a ~ e t i m i d a t e ~ ~  donor 51 (96%, a/#l 3:l). Glycosylation of the 
azidosphingosine derivative 5226 with 51 gave a mixture (96: 
4) of the desired glycoside 53 and the corresponding orthoester 
54. Treatment of the mixture with aqueous acetic acid followed 
by chromatography gave pure 53 (44%). Reduction of the azide 
group of pure 53 with hydrogen sulfide and acylation of the 
corresponding amine with stearoyl chloride gave the ceramide 
derivative 55 (91%). Deacylation of 55 gave the G M ~ -  
ganglioside lactam 56 (92%), useful for coating of cells and 
hydrophobic surfaces and as a component of liposomes and other 
biologically valuable aggregates. 

Stability of G~z-d-Lactams in Aqueous Solution. The 
&2-4-lactams 12,24, and 38 were submitted to an investigation 
of their hydrolytic stability. The compounds were dissolved in 
D20, and the solutions were kept at 37 "C for 1 month. The 
Nh4R spectra were recorded at intervals. The &3-lactam 12 
suffered hydrolysis (-11% after one month) somewhat more 
readily than the '&-lactam 38, whereas the &a-lactam 24 was 
stable during the whole period of investigation. Since long- 
term studies of hydrolytic stability might be sensitive to traces 
of acids or bases, we realize that the differences observed might 
be insignificant. However, the fact that the bulk of the lactams 
was left unchanged for a month at 37 "C indicates the possibility 
that they also remain unchanged under truly physiological 
conditions. 

Experimental Section 
The structures of all new compounds were determined by careful 

NMR analyses, including sophisticated 2D methods such as COSY, 
TOCSY, HETCOR, long-range HETCOR, and NOESY. NMR spectra 
were recorded with a Bruker ARX 500 MHz or a Varian XL 300 MHz 
spectrometer. Melting points are uncorrected. Optical rotations were 
measured with a Perkin-Elmer 141 polarimeter. High-resolution mass 
spectra were obtained on a JEOL JMS SX 102 spectrometer. Con- 
centrations were made using rotary evaporation with bath temperature 
at or below 40 "C. TLC was performed on Kieselgel 60 F~54 plates 
(Merck). Column chromatography was performed using Si02 (Matrex 
LC-gel, 60A, 35-70 MY, Grace). 
2-(Trimethylsiyl)ethyl2~,6-Tri-U-benzyl-4-O-(3,4,6-tri-O-acetyl- 

2-a~do-2-deoxy-~-~-galactopyranosyl)-~-~-glucopyranos~de (3). A 
mixture of 113 (4.52 g, 8.22 mmol), 212 (2.90 g, 7.36 mmol), powdered 
molecular sieves (3 g, 4 A), and dry dichloromethane (50 mL) was 
stirred for 1 h under NZ with protection from light, and then silver 
silicate14 (8 g) was added. After 48 h, the mixture was filtered (Celite) 
and concentrated. The residue was chromatographed (SiOz, heptane/ 
EtOAc, 6:144:1) to give 3 (3.87 g, 61%), contaminated with 8% of 
the corresponding a anomer. 3: 'H NMR (CDCls) 6 7.40-7.28 (m, 
15 H, PhH), 5.19 (brd, 1 H, J = 3.4 Hz, H-4'), 4.92 (d, 1 H, J = 11.2 
Hz, CHzPh), 4.90 (d, 1 H, J = 10.5 Hz, CHZPh), 4.79 (d, 1 H, J = 
11.2 Hz, CHzPh), 4.75 (d, 1 H, J = 12.0 Hz, CHzPh), 4.71 (d, 1 H, J 
= 10.0 Hz, CHzPh), 4.60 (dd, 1 H, J = 3.3, 10.8 Hz, H-3'), 4.48 (d, 1 
H, J = 12.0 Hz, CHzPh), 4.41 (d, 1 H, J = 7.6 Hz, H-1), 4.39 (d, 1 H, 
J = 8.1 Hz, H-1'), 2.09-1.99 (3 s, 3 H each, OAc), 1.04 (m, 2 H, 
CHZSi), 0.04 (s, 9 H, SiMe3); d z  calcd for C~H57013N3Si (M + H) 
864.3738, found 864.3734. 
2-(Trimethylsiyl)ethyl2,3,6-Tri-O-benzyl-4-O-(2-azido-2-deoxy- 

/%D-gdactopyranosy~)-~-D-g~ucopyranoside (4). Methanolic sodium 
methoxide (2 M, 0.5 mL) was added to a solution of 3 (3.70 g, 4.28 
"01) in methanol (50 mL), and the mixture was stirred for 6 h and 
then neutralized with Duolite C-26 (H+) resin, filtered, and concentrated 

(25) Schmidt, R. R.; Michel, J. Angew. Chem., In?. Ed. Engl. 1980, 19, 

(26) (a) Schmidt, R. R.; Zimmermann, P. Angew. Chem., In?. Ed. Engl. 
1986, 25, 725. (b) Ito, Y.; Kiso, M.; Hasegawa, A. J. Carbohydr. Chem. 

731-732. 

1989, 8, 285-294. 
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Scheme 5 
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3 A, 
Et& 

-78 "C, 
MeOH. 

to give 4 (3.06 g, 97%), contaminated with 8% of the corresponding a 
anomer. 4: 'H NMR (CDCl3) 6 7.36-7.21 (m, 15 H, PhH), 4.42 (d, 
1 H, J = 7.7 Hz, H-1), 4.28 (d, 1 H, J = 8.1 Hz, H-l'), 1.05 (m, 2 H, 
CHZSi), 0.00 (s, 9 H, SiMe3); d z  calcd for C ~ ~ H ~ I O ~ O N ~ S ~  (M + H) 
738.3422, found 738.3452. 
2-(Trimethylsilyl)ethyl25,6-Tri-0-benzyl-4-0-(2-azido-2-deoxy- 

3,~o-~propyt idene-g-~-galactopyranosyl ) -~-~-~ucop~~~de (5). 
To a mixture of 4 (750 mg, 1.02 m o l ,  cdp 8:92) and 2,2- 
dimethoxypropane (25 mL) was added camphor-10-sulfonic acid (15 
mg), and the mixture was stirred for 48 h at room temperature and 
then neutralized with triethylamine (0.15 mL). The mixture was 
concentrated, and the residue was dissolved in methanol (40 mL) and 
water (4 mL), kept for 3 h at 85 "C, and then concentrated and 
coconcentrated with toluene. The residue was chromatographed (SiOz, 
heptane/EtOAc, 4:1-1:2) to give 5 (620 mg, 78%), contaminated with 
9% of the corresponding 4.6-0-isopropylidene derivative. 5:  'H NMR 
(cX13) 6 7.40-7.26 (m, 15 H, PhH), 4.94 (d, 1 H, J = 10.9 Hz, 
CHZPh), 4.87 (d, 1 H, J = 10.5 Hz, CHzPh), 4.79 (d, 1 H, J = 10.3 
Hz, CHzPh), 4.75 (d, 1 H, J = 11.0 Hz, CHZPh), 4.74 (d, 1 H, J = 
12.2 Hz, CHzPh), 4.48 (d, 1 H, J = 12.2 Hi, CHZPh), 4.40 (d, 1 H, J 
= 7.8 Hz, H-l), 4.21 (d, 1 H, J = 8.5 Hz, H-1'), 1.55 (s, 3 H, CCHs), 
1.33 (s, 3 H, CCHs), 1.05 (m, 2 H, CHZSi), 0.04 (s, 9 H, SiMe3); d z  
calcd for C41H5~01&Si (M - H) 776.3578, found 776.3558. 
2-(Trimethylsilyl)ethyl2~,6-Tri-0-benzyl-4-O-(2-azido-6-0-ben- 

zy~-~-deoxy-~,~-~-isopropy~idene-~-~-galactopyranosyl)-~-~-g~u- 
copyranoside (6). To a solution of 5 (2.35 g, 3.02 mmol) in NJV- 
dimethylfomamide (40 mL) was added sodium hydride (300 mg, 6.20 
mmol, 50% in mineral oil). The mixture was stirred for 1 h, and benzyl 
bromide (600 pL, 5.0 mmol) was added dropwise. After 16 h, excess 

sodium hydride was destroyed by addition of methanol (5 mL), and 
the mixture was diluted with dichloromethane, washed (saturated 
aqueous NaCl), dried (NazSOd), and concentrated. The residue was 
chromatographed (SiOz, heptanelEtOAc, 7:l-1:l) to give 6 (2.24 g, 

(m, 20 H, PhH), 4.92 (d, 1 H, J = 11.0 Hz, CHSh), 4.89 (d, 1 H, J = 
86%): [aIz5o +21" (C 1.4, CDC13); 'H NMR (CDC13) 6 7.40-7.22 

10.5 HZ, CHzPh), 4.75 (d, 1 H, J = 10.7 Hz, CHzPh), 4.73 (d, 1 H, J 
= 12.2 Hz, CHzPh), 4.72 (d, 1 H, J =  11.0 Hz, CHZPh), 4.51 (d, 1 H, 
J = 12.0 Hz, CHZPh), 4.49 (d, 1 H, J = 12.1 HZ, CHZPh), 4.40 (d, 1 
H, J =  7.8 Hz, H-1), 4.32 (d, 1 H, J =  10.9 HZ, CHSh), 4.29 (d, 1 H, 
J = 8.4 Hz, H-l'), 1.59 (s, 3 H, CCH,), 1.36 (s, 3 H, CCH& 1.04 (m, 
2 H, CHZSi), 0.04 (s, 9 H, SiMe3); d z  calcd for C4&~013N3Si (M + 
H) 868.4204, found 868.4216. 
2-(Trimethylsilyl)ethyl2~,6-Tri-0-benzyl-4-0-(2-azido-6-0-~n- 

zyb2-deoxy-B-D-gdactopyranosyl)-/h-ghcopyranoside (7). Com- 
pound 6 (2.20 g, 2.54 mmol) was dissolved in aqueous acetic acid (50 
mL, 85%), and the mixture was kept at 85 "C for 90 min and then 
concentrated and coconcentrated with toluene. The residue was 
chromatographed (SiOz, heptane/EtOAc, 4:1+2:1) to give 7 (1.96 g, 

(m, 20 H, PhH), 4.93 (d, 1 H, J = 11.0 Hz, CHZPh), 4.92 (d, 1 H, J = 
94%): [aIz5o +19" ( C  1.2, CDC13); 'H NMR (CDC13) 6 7.36-7.21 

11.0 Hz, CHZPh), 4.79 (d, 1 H, J =  11.2 Hz, CHzPh), 4.51 (d, 1 H, J 
= 12.2 Hz, CHZPh), 4.40 (d, 1 H, J =  7.6 Hz, H-l), 4.31 (d, 1 H, J =  
8.1 Hz,H-l'), 2.76(d, 1 H , J =  3.7Hz,OH), 2.56(d, 1 H , J =  8.0Hz, 
OH), 1.05 (m, 2 H, CHZSi), 0.04 (s, 9 H, SiMe3); d z  calcd for 
C45H5701&Si (M + Na) 850.3710, found 850.3732. 
2-(TrimethyWiyl)ethyl 25,6-Tn-0-benzyl-4-0-[2-azid~6-O-~n- 

zyl-Z-deoxy-3-0-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-~-~ycero-a-D-galacto-~-non~opyr~osylate)-~-~-gdacto- 
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AczO, pyridine, DMAP. ClZCHOMe, ZnClz, CHC13. CF3S03Ag, CHZC12, MS 3 A, -28 'C-room temperature. HSCHZCHzCOOMe, CszC03, 
DMF. MeONa, MeOH. fHzNNH2*H20, EtOH, then t-BuNOz, DMSO, HC1, HzNSO~H, then BSA, buffer. 8 BF3Etz0, AczO, CHzClz. ' BSEtz0, 
HSCHZCHzCOOMe, CHzClZ. MeONa, MeOH. 

pyranosyl]-~-~-ghcopyranoside (9). A mixture of 7 (610 mg, 0.74 
mmol), 8l5 (880 mg, 1.48 mmol), powdered molecular sieves (1.5 g, 3 
A), dry acetonitrile (15 mL), and dry dichloromethane (10 mL) was 
stirred under Nz for 90 min. Silver triflate (385 mg, 1.50 "01) was 
added, and the mixture was cooled to -78 "C and kept protected from 
light. Methanesulfenyl bromide (395 pL, 3.7 M in ClCHZCHzCl, 1.48 
mmol) was added in four portions. After 2 h, diisopropylamine (500 
pL) was added and the stirring was continued for 1 h at -78 "C. The 
mixture was diluted with dichloromethane, filtered (Celite), washed 
(saturated aqueous NaHCO3 and water), dried (NaZSOd), and concen- 
trated. The residue was chromatographed (SOa, heptaneEtOAc, 1: 1, 
then tolueneEtOAc, 1:141:5) to give 9 (681 mg, 71%) and the 
correspondingP anomer (37 mg, 4%). 9: [alZsD -13" (c 1.1, CDC13); 
'H NMR (CDC13) 6 7.37-7.19 (m, 20 H, PhH), 5.55 (ddd, 1 H, J = 
2.7, 5.8, 8.6 Hz, H-8"), 5.32 (dd, 1 H, J = 1.2, 8.7 Hz, H-7"), 5.12 (d, 
1H,J=9.7Hz,NH),4.97(d,1H,J=11.2Hz,CHzPh),4.94(m,1 
H, H-4"), 4.92 (d, 1 H, J =  11.1 Hz, CHzPh), 4.84 (d, 1 H, J =  11.1 
Hz, CH2Ph), 4.69 (d, 1 H, J = 11.1 Hz, CHZPh), 4.64 (d, 1 H, J = 
12.1 Hz, CHZPh), 4.62 (d, 1 H, J =  12.1 Hz, CH*Ph), 4.51 (d, 1 H , J  

=8.1Hz,H-l ' ) ,4 .41(d , lH,J=7.8Hz,H-l ) ,4 .36(d ,  1H,J=11.9  
Hz, CHzPh), 4.31 (d, 1 H, J = 11.9 Hz, CHzPh), 4.30 (dd, 1 H, J = 
2.7, 12.5 Hz, H-9"a), 4.18 (dd, 1 H, J = 3.2, 10.0 Hz, H-3'), 3.97 (brt, 
1 H, J = 9.3 Hz, H-4), 3.76 (s, 3 H, OMe), 3.44 (brt, 1 H, J = 5.6 Hz, 

12.0 Hz, H-3"eq), 2.10-1.89 (5 s, 3 H each, OAc, NHAc), 1.04 (m, 2 
H, CHIS), 0.03 (s, 9 H, SiMe3); 13C NMR 6 168 (C-1", JC-l":H-3"ax = 
4.5 HzZ7). Anal. Calcd for C6jHs4OzZN4Si: C, 60.0; H, 6.5; N, 4.3. 
Found: C, 59.9; H, 6.5; N, 4.2. 
2-(Trhethykilyl)ethyl2~,6-Tri-O-benzyl-4-U-[2-amino-6-U-ben- 

zyl-2-deoxy-3-U-(5-acetamido-3J-dideo~~-glycero-a-~-g~acto-2- 
nonulopyranosyloyl- 1"~2'-lactam)-~-~-galactopyranosyl]-~-~-~u- 
copyranoside (10). Hydrogen sulfide was bubbled through a mixture 
of 9 (30 mg, 0.023 mmol), pyridine (1.5 mL), triethylamine (0.75 mL), 
and methanol (0.75 mL) for 1 h at 0 "C. The mixture was kept under 

(27) (a) Prytulla, S.; Lautemein, J.; Klessinger, M.; Thiem, J. Curbohydr. 
Res. 1991, 215, 345-349. (b) Hori, H.; Nakajima, T.; Nishida, Y.; Ohrui, 
H.; Meguro, H. Tetrahedron Lett. 1988, 29, 6317-6320. 

H-5'), 3.40 (dd, 1 H, J = 7.8, 9.1 Hz, H-2), 2.65 (dd, 1 H, J = 4.4, 
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HzS at room temperature for 24 h. NZ was bubbled through the mixture 
for 1 h, and then it was concentrated and coconcentrated with toluene. 
The residue was dissolved in dry methanol (1.2 mL), methanolic sodium 
methoxide (2 M, 8 pL) was added under argon, and the mixture was 
stirred for 2 h 30 min, then neutralized with Duolite C-26 (Ht) resin, 
and concentrated. The residue was chromatographed (SiOz, CHzCld 
MeOH, 10:1+5:1) to give 10 (24 mg, 97%); -9” (c  0.98, 
MeOH); ‘H NMR (CD3OD) 6 7.41-7.18 (m, 20 H, PhH), 4.72 (d, 1 
H, J =  11.0 Hz, CHzPh), 4.67 (d, 1 H , J =  12.5 Hz, CHzPh), 4.65 (d, 
1 H, J = 10.8 Hz, CHzPh), 4.61 (d, 1 H, J = 11.9 Hz, CHZPh), 4.48 
(d, 1 H, J = 8.0 Hz, H-l’), 4.42 (d, 1 H, J = 7.8 Hz, H-1), 4.28 (d, 1 
H, J = 12.0 Hz, CHzPh), 3.81 (t, 1 H, J = 10.2 Hz, H-3), 2.50 (dd, 1 
H, J = 5.5, 13.0 Hz, H-3”eq), 2.00 (s, 3 H, NHAc), 1.65 (dd, 1 H, J 
= 11.0, 13.0 Hz, H-3”ax), 0.04 (s, 9 H, SiMe3); dz calcd for 
C56H74017N~Si (M -k Na) 1097.4654, found 1097.4662. 

2-(Trimethylsilyl)ethyl2J,6-Tri-O-benzyl-4-O-[2-amino-6-O-ben- 
zyl-2-deoxy-3-0-(5-acetamido-4,7,8,9-tetra-O-acetyl-3~-dideoxy-~- 
glycero-a-~-galacto-2-nonulopyranosyloyl- 1”-2’-lactam)./3-~-ga- 
~actopyranosyl]-/3-D-glucopyranoside (11). Hydrogen sulfide was 
bubbled through a mixture of 9 (1.60 g, 1.23 mmol), pyridine (70 mL), 
triethylamine (35 mL), and methanol (35 mL) for 90 min at 0 “C. The 
mixture was kept under HzS at room temperature for 16 h. Nz was 
bubbled through the mixture for 1 h and then it was concentrated and 
coconcentrated with toluene. The residue was chromatographed (SiOz, 
tolueneEtOAc, 1:l-1:2) to give 11 (1.07 g, 70%): [alZzD -5” (c  1.1, 
CHCls); ‘H NMR (CDCl3) 6 7.40-7.20 (m, 20 H, PhH), 5.65 (dt, 1 
H, J = 5.6, 10.6 Hz, H-4”), 5.29 (dd, 1 H, J = 2.3, 5.9 Hz, H-7”), 
5.20 (dt, 1 H, J = 2.6, 6.6, Hz, H-8”), 4.98 (d, 1 H, J = 11.5 Hz, 
CHzPh), 4.92 (d, 1 H, J = 10.8 Hz, CHzPh), 4.91 (d, 1 H, J = 12.1 

Hz, CHzPh), 4.80 (d, 1 H, J = 12.4 Hz, CHZPh), 4.74 (d, 1 H, J = 
12.3 Hz, CHzPh), 4.67 (d, 1 H, J = 10.9 Hz, CHzPh), 4.51 (d, 1 H, J 
= 8.0 Hz, H-1’), 4.39 (d, 1 H, J = 7.8 Hz, H-1). 4.39 (dd, 1 H, J = 
2.5, 12.4 Hz, H-9”a), 4.22 (dd, 1 H, J = 10.3, 20.5 Hz, H-5”). 4.07 

H-2’),3.73(dd, 1 H , J = 3 . 1 ,  11.6Hz,H-6a),3.52(dd, l H , J = 2 . 6 ,  
10.7 Hz, H-3’), 3.44 (dd, 1 H, J = 7.8, 8.9 Hz, H-2), 3.37 (m, 1 H, 
H-5’), 3.31 (dd, 1 H, J = 5.2, 9.4 Hz, H-6’a), 2.52 (dd, 1 H, J = 5.5, 
13.1 Hz, H-3”eq), 2.15-1.90 (5  s, 3 H each, OAc, NHAc), 1.88 (dd, 
1 H, J = 11.1, 13.1 Hz, H-3”ax), 1.04 (m, 2 H, CHZSi), 0.03 (s, 9 H, 
SiMe3). Anal. Calcd for C&zHsz021NZSi: C, 61.8; H, 6.6; N, 2.3. 
Found: C, 61.6; H, 6.7; N, 2.3. 
2-(Trimethylsiiyl)ethyl4-0-[2-Amino-2-deoxy-3-O-(5-acetamido- 

~,~-dideoxy-D-~ycero-a-D-g~acto-~-non~op~an~y~oy~-~-~-lac- 
tam)-/3-D-ga~actopyranosy~]-/3-D-glucopyranoside (12). Compound 
10 (164 mg, 0.16 “01) was hydrogenated (Hz, PdC, lo%, 300 mg, 
1 atm) in acetic acid (13 mL) for 4 h. The mixture was filtered (Celite) 
and concentrated. The residue was chromatographed (SiOz, CH2Cld 
MeOWH20,65:35:5) to give 12 (106 mg, 94%): [a124D -22’ (c 0.70, 
MeOH); ‘H NMR (DzO) 6 4.71 (d, 1 H, J = 8.1 Hz, H-1’). 4.48 (d, 1 

(dd, 1 H, J = 6.7, 12.4 Hz, H-9”b), 3.86 (dd, 1 H, J = 8.1, 12.5 Hz, 

H, J = 8.0 Hz, H-l), 4.34 (ddd, 1 H, J = 5.4, 10.0, 10.9 Hz, H-4”), 
4.06 (d, 1 H, J = 2.6 Hz, H-4‘), 4.02 (dd, 1 H, J = 2.6, 10.8 Hz, H-3’), 
3.93 (dd, 1 H, J = 3.0, 12.3 Hz, H-6a), 3.89 (t, 1 H, J = 10.2 Hz, 

H-4), 3.74 (dd, 1 H, J = 1.1, 10.5 Hz, H-6”), 3.70 (m, 1 H, H-8”). 
3.67 (t, 1 H, J = 9.2 Hz, H-3), 3.62 (m, 1 H, H-5), 3.62 (dd, 1 H, J = 
5.6, 12.0 Hz, H-Ya), 3.52 (dd, 1 H, J = 1.1, 9.4 Hz, H-7”). 3.28 (dd, 
1 H, J = 8.0, 9.2 Hz, H-2), 2.59 (dd, 1 H, J = 5.4, 13.3 Hz, H-3”eq), 
2.02 (s, 3 H, NHAc), 1.68 (dd, 1 H, J = 11.1, 13.3 Hz, H-3”ax), 1.00 

H-5”). 3.84 (dd, 1 H, J =  8.1, 10.8 Hz, H-2’). 3.79 (t. 1 H, J =  9.9 Hz, 
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( s ,  1 H, CHPh), 5.18 (d, 1 H, J =  10.4 Hz, H-1), 4.82 (t, 1 H, J =  10.5 
Hz, H-2), 4.56 (d, 1 H, J =  12.5 Hz, CHzPh), 4.48 (dd, 1 H, J =  3.4, 
10.6 Hz, H-3), 4.38 (d, 1 H, J = 12.5 Hz, CHzPh), 4.37 (dd, 1 H, J = 
1.6, 12.4 Hz, H-6a), 4.25 (brd, 1 H, J = 3.6 Hz, H-4), 4.04 (dd, 1 H, 
J = 1.7, 12.4 Hz, H-6b), 3.70 (s, 1 H, OMe), 2.24 (s, 3 H, SMe); m/z 
calcd for C30H~907NS (M + H) 548.1743, found 548.1732. 
Methyl 6-0-Acetyl-2-deoxy-3,4-O-isopropylidene-2-phthalimido- 

1-thio-B-D-galactopyranoside (18). Methyl 2-deoxy-3,4-0-isopropy- 
lidene-2-phthalimido-1-thio-~-~-galactopyranoside’~ (638 mg, 1.68 
mmol) was acetylated with acetic anhydride-pyridine (30 mL, 1:l) 
for 17 h. The mixture was concentrated and coconcentrated with 
toluene, and the residue was chromatographed (SiOz, heptane/EtOAc, 
2:l) to give 18 (682 mg, 96%); [ a I z 5 ~  +77’ (c 0.96, CHCl3); ‘H NMR 
(CDC13) 6 7.84-7.71 (m, 4 H, PhH), 5.08 (d, 1 H, J =  10.6 Hz, H-1), 
4.84 (dd, 1 H, J = 5.0, 8.9 Hz, H-3), 4.40 (m, 2 H, H-6a,b), 4.37 (dd, 
1H,J=8.8,10.6Hz,H-2) ,4 .19(m,1H,H-5) ,2 .14,2.11(2s,3H 
each, SMe, OAc), 1.63, 1.33 (2s, 3 H each, CCH3); m/z calcd for 
CZOHZ~O~NS (M + H) 422.1273, found 422.1286. 
2-(Trimethylsilyl)ethyl 2,3,6-Tri-O-benzyl-4-0-[2-amino-6-0- 

benzyl-2-deoxy-3-0-(5-acetamido-4,7,8,9-~tra-~-acetyl-3~-dideo~- 
~-glycero-a-~-galacto-2-nonulopyranosyloyl-l”+2’-lactam)-4-0- 
(3,4,6-tn-0-acetyl-2-deoxy-2-phth~do-~-~-galactopyranosyl)-~- 
D-gdactopyranosyl]-~-D-glucopyranoside (20). A mixture of 16 (297 
mg, 0.30 mmol), 11 (400 mg, 0.32 mmol), powdered molecular sieves 
(300 mg, 3 A), dry acetonitrile (2 mL), and dry dichloromethane (8 
mL) was stirred under argon for 90 min. The mixture was protected 
from light and cooled to -25 “C, and silver triflate (169 mg, 0.66 mmol) 
in dry acetonitrile (2 mL) was added, followed by methanesulfenyl 
bromide (161 pL, 4 M in ClCHzCHzCl, 0.64 “01) in four portions. 
After 4 h, diisopropylamine (2 mL) was added and the stirring was 
continued for 1 h at -25 “C. The mixture was diluted with 
dichloromethane, filtered (Celite), and successively washed (saturated 
aqueous NaHC03 and water), dried (NazS04), and Concentrated. The 
residue was chromatographed (SiOz, tolueneEtOAc, 1:3, then toluene/ 
EtOH, 3O:l-1O:l) to give 20 (306 mg, 57%) and the corresponding 
a-glycoside (23 mg, 4%). 20: [ a I z 5 ~  -18” (c 0.70, CHC13); ‘H NMR 
(CDCl3)67.90-7.18(m,24H,PhH),5.83(d, lH,J=8.5Hz,H-l”’), 

Hz, H-4”), 5.37 (brd, 1 H, J =  3.2 Hz, H-4”’), 5.32 (m, 2 H, H-7”,8”), 
5.55 (dd, 1 H, J = 3.3, 11.4 Hz, H-3”’), 5.42 (dt, 1 H, J = 5.7, 10.6 

5.17 (d, 1 H, J =  10.1 Hz, NH), 4.86 (d, 1 H, J =  11.1 Hz, CHzPh), 
4.58 (d, 1 H, J = 10.9 Hz, CHZPh), 4.52 (dd, 1 H, J = 8.4, 11.4 Hz, 
H-2”’), 4.34 (d, 1 H, J = 7.8 Hz, H-l’), 4.31 (d, 1 H, J = 7.8 Hz, 
H-1), 3.63 (dd, 1 H, J =  7.9, 10.8 Hz, H-2’), 3.50 (t, 1 H, J =  8.9 Hz, 
H-3), 3.38 (dd, 1 H, J = 2.3, 10.7 Hz, H-3’), 3.35 (dd, 1 H, J = 7.7, 
8.9 Hz, H-2). 2.37-1.82 (8 s, 3 H each, OAc, NHAc), 1.00 (m, 2 H, 
CHZSi), 0.58 (t, 1 H, J = 12.0 Hz, H-3”ax), 0.04 (s, 9 H, SiMe3). 
Anal. Calcd for CesHiolO3&Si: C, 61.5; H, 6.1; N, 2.5. Found C, 
61.4; H, 6.4; N, 2.5. 
Compounds 21-23. Treatment of 11 with 17-19 as above gave 

the &e-related saccharides 21 (50%. P /a  l:l),  22 (93%, P/a 1:2), and 
23 (78%. /3/a 1:2). The ‘H NMR spectra were in full accordance with 
the proposed structures. 
2-(Trimethylsilyl)ethyl4-0-[2-Amino-2-deoxy-3-0-(5-acetamido- 

~~-dideoxy-~-~ycero-a-~-~~acto-~-non~op~anosy~oy~-~”-~-~ac- 
tam)-4-~-(2-acetamido-2-deo~~-~-galactopyranosyl)-~-~-g~acto- 
pyranosyl]-~-~-glucopyranoside (24). Compound 20 (90 mg, 0.054 
“01) was hydrogenated (Hz, PdC, lo%, 50 mg, 1 atm) in acetic acid 
(3 mL) ovemight. The mixture was filtered (Celite) and concentrated. 
The residue was dissolved in a mixture of ethanol (3 mL) and hydrazine 
hydrate (300 pL), and the solution was kept at 85 “C for 80 min, and 
then diluted with ethanol (20 mL), concentrated, and coconcentrated 
with EtOH five times. The residue was acetylated with acetic 
anhydride-pyridine (3.5 mL, 1.5:2) for 1 h. The mixture was 
concentrated and coconcentrated with toluene, then stirred in methanolic 
sodium methoxide (0.05 M, 2 mL) for 2 h, and neutralized with Duolite 
C-26 (H+) resin, filtered, and concentrated. The residue was chro- 
matographed (SiOz, CHZC12/MeOWHzO, 10:5:1) to give 24 (24 mg, 
48%): [a]240 -29” (c 0.80, MeOH); ‘H NMR (DzO) 6 4.71 (d, 1 H, 

8.1 Hz, H-l), 4.35 (dd, 1 H, J = 9.2, 11.1 Hz, H-5”), 4.32 (brd, 1 H, 
J=8.6Hz,H-l”’),4.64(d,lH,J=8.1H~,H-l’),4.48(d,lH,J= 

J = 3.1 Hz, H-4’), 4.22 (dd, 1 H, J = 0.9, 11.2 Hz, H-6”), 4.18 (ddd, 
1 H, J = 5.6, 6.6, 9.1 Hz, H-4”), 4.13 (dd, 1 H, J = 2.5, 10.3 Hz, 

(m, 2 H, CH*Si), 0.02 (s, 9 H, SiMe3); 13C NMR 6 175.9, 169.6, 102.4, 
100.7, 98.8, 78.9, 78.9, 77.0, 74.9, 74.8, 73.9, 73.2, 71.0, 69.3, 68.6, 
68.6, 66.3, 64.1, 61.8, 61.5, 52.6, 51.6, 40.1, 22.9, 18.4, -1.7; m/z 
calcd for C2~H50017N2Si (M -k H) 715.2957, found 715.2958. 
2-(Trimethylsilyl)ethyl2,3,6-Tri-0-benzyl-4-0-[2-azido-6-O-ben- 

zyl-2-deoxy-3-O-(methyl5-acetamido-3~-dideoxy-~-glycero-a-~-ga- 
lacto-2-nonulopyranosylate)-~-~-g~actopyranosyl]-~-~-glucopyra- 
noside (13) and 2-(Trimethylsilyl)ethyl 2,3,6-Tn-O-benzyl-4-0-[2- 
~do-6-0-benzy1-2-d~xy-3-0-(5-acetamido-3~-dideoxy-~-glycero- 
a-~-galacto-2-nonulopyranosyloyl- 1”-4‘-lactone)-~-~-galacto- 
pyranosyl]-~-~-glucopyranoside (14). Methanolic sodium methoxide 
(2 M, 75 pL) was added to a solution of 9 (232 mg, 0.18 “01) in dry 
methanol (3 mL), and the mixture was stirred for 23 h and then 
neutralized with Duolite (2-26 (H+) resin, filtered, and concentrated. 
The residue was chromatographed (SiOz, tolueneEtOH, 5: 1) to give 
13 (89 mg, 44%) and 14 (94 mg, 48%). 13: IH NMR (CD30D) 6 
7.45-7.18 (m, 20 H, PhH), 4.43 (d, 1 H, J = 8.0 Hz, H-1), 4.37 (d, 1 
H , J =  8.1 Hz, H-l’), 3.81 (s, 3 H, OMe), 3.26 (dd, 1 H, J =  8.0, 9.1 
Hz, H-2), 2.77 (dd, 1 H, J = 4.5, 12.8 Hz, H-3”eq), 2.01 (s, 3 H, 
NHAc), 1.97 (dd, 1 H, J =  11.5, 12.7 Hz, H-3”ax), 0.04 (s, 9 H, SiMes). 
14: ‘H NMR (CDsOD) 6 7.42-7.17 (m, 20 H, PhH), 5.24 (brd, 1 H, 
J = 4.0 Hz, H-4’), 4.43 (d, 1 H, J = 7.8 Hz, H-l), 4.37 (d, 1 H, J = 
8.2 Hz, H-l’), 3.24 (dd, 1 H, J = 7.9, 9.2 Hz, H-2), 2.53 (dd, 1 H, J 
= 5.4, 13.2 Hz, H-S”eq), 2.03 (s, 3 H, NHAc), 1.74 (dd, 1 H, J = 
11.2, 13.1 Hz, H-3”ax), 0.04 (s, 9 H, SiMe3). 
2-(Trimethylsilyl)ethyl 2,3,6-Tri-0-benzyl-4-0-[2-amino-6-0- 

benzyl-2-deoxy-3-O-(5-acetamido-35-dideoxy-~-glycer~a-~-galacto- 
2-nonulopyranosyloyl-l”-4’-lactone)-~-~-galactopyranosyl]-~-~- 
glucopyranoside (15) and 2-(Trimethylsilyl)ethyl2,3,6-Tri-0-benzyl- 
4-0-[2-amino-6-0-benzyl-2-deoxy-3-0-(5-acetamido-3,5-dideoxy- 
~-glycero-a-~-galacto-2-nonulopyranosyloyl- l”+~-lactam)-/%D-ga- 
lactopyranosyl]-~-~-glucopyranoside (10). (a) Hydrogen sulfide was 
bubbled through a mixture of 14 (94 mg, 0.086 mmol), pyridine (5 
mL), triethylamine (2.5 mL), and methanol (2.5 mL) for 3.5 h at 0 “C. 
The mixture was kept under HzS at room temperature for 3 days. Nz 
was bubbled through the mixture for 1 h and then it was concentrated 
and coconcentrated with toluene. The residue was chromatographed 
(SiOz, tolueneEtOH, 5:l) to give 10 (47 mg, 51%) and 15 (44 mg, 
47%). 15: ‘H NMR (CD30D) 6 7.39-7.20 (m, 20 H, PhH), 5.25 (d, 
1 H, J = 3.9 Hz, H-4‘), 4.43 (d, 1 H, J = 7.8 Hz, H-1). 4.39 (d, 1 H, 
J=8.1H~,H-l’),3.25(dd,lH,J=7.9,9.1H~,H-2),2.80(dd,lH, 
J = 8.1, 10.1 Hz, H-2’). 2.52 (dd, 1 H, J = 5.5, 13.1 Hz, H-3”eq), 
2.02 (s, 3 H, NHAc), 1.77 (dd, 1 H, J = 11.0, 13.2 Hz, H-3”ax). 0.04 
(s, 9 H, SiMe3). (b) Compound 13 (89 mg, 0.078 “01) was treated 
as above, which gave 10 (42 mg, 49%) and 15 (39 mg, 46%). 
Methyl 4,6-0-Benzylidene-2-deoxy-3-O-@-methoxybenzyl)-2-ph- 

thalimido-1-thio-P-D-galactopyranoside (17). A mixture of methyl 
2-deoxy-2-phthalimido-1-thio-~-~-galactopyranoside’~ (292 mg, 0.86 
mmol), a,a-dimethoxytoluene (205 pL, 1.37 mmol), p-toluenesulfonic 
acid monohydrate (catalytic amount), and acetonitrile (10 mL) was 
stirred ovemight. Triethylamine (1 mL) was added and the solution 
concentrated. The residue was chromatographed (SiOZ, heptaneEtOAc, 
1:l + 0.1% Et3N) to give methyl 4,6-0-benzylidene-2-deoxy-2- 
phthalimido-1-thio-b-D-galactopyranoside (320 mg, 87%): [a]% +42” 
(c 0.97, CHC13); ‘H NMR (CDCl3) 6 7.88-7.42 (m, 9 H, PhH), 5.61 
(s, 1 H, CHPh), 5.28 (d, 1 H, J = 9.8 Hz, H-1), 4.60 (m, 2 H, H-2,3), 
4.43 (dd, 1 H, J =  1.5, 12.5 Hz, H-6a), 4.34 (dd, 1 H, J =  1.0, 3.3 Hz, 
H-4), 4.10 (dd, 1 H, J = 1.8, 12.5 Hz, H-6b), 3.74 (brs, 1 H, H-5), 
2.24 (s, 3 H, SMe). 

To a mixture of methyl 4,6-0-benzylidene-2-deoxy-2-phthalimido- 
1 -thio-P-D-gdactopyranoside (15 mg, 0.035 mmol), p-methoxybenzyl 
chloride (48 pL, 0.35 mmol), and dry Nfi-dimethylformamide (3 mL) 
was added NaH (4 mg, 0.14 ”01, 80% in mineral oil), and the mixture 
was kept at 50 “C for 6 h. Another portion of NaH (4 mg) was added, 
and the mixture was kept at 70 “C for 2 h; then methanol (1 mL) was 
added to destroy excess NaH. The mixture was partitioned between 
dichloromethane and water, the aqueous layer was extracted with 
dichloromethane, and the extract was washed (saturated aqueous 
NaHCO3 and water), dried (Na2SO4), and concentrated. The residue 
was chromatographed (SiOz, heptaneEtOAc, 1: 1 + 0.1% triethylamine) 
to give 17 (11.8 mg, 61%): [a]25D $61’ (c 0.60, CHC13); ‘H NMR 
(CDCl3) 6 7.86-7.38 (m, 9 H, PhH), 7.02-6.55 (m, 4 H, PhH), 5.52 



Synthesis of Ganglioside Lactams 

H-3’), 3.97 (dd, 1 H, J = 8.5, 10.9 Hz, H-2”’), 3.94 (d, 1 H, J = 3.4 
Hz, H-4”’), 3.90 (dd, 1 H, J = 2.6, 12.5 Hz, H-6a), 3.87 (dd 1 H, J = 
2.6, 11.8 Hz, H-Ya), 3.79 (t, 1 H, J = 9.4 Hz, H-4), 3.66 (dd, 1 H, J 

J = 6.2, 11.8 Hz, H-9”b), 3.60 (m, 1 H, H-5), 3.54 (dd, 1 H, J = 0.9, 

J = 8.1,9.2 Hz, H-2), 2.65 (dd, 1 H, J = 6.7, 15.0 Hz, H-3”eq), 2.02- 
2.01 (2 s, 3 H each, NHAc), 2.15 (dd, 1 H, J = 4.8, 14.9 Hz, H-3”ax), 
1.00 (m, 2 H, CHzSi), 0.00 (s, 9 H, SiMe3); 13C NMR (DzO) 6 175.9, 
175.4, 171.4, 103.2, 102.4, 100.6, 100.0, 78.4, 76.5, 75.9, 75.2, 74.9, 
74.0, 73.9, 73.1, 73.0, 71.8, 70.7, 69.3, 69.1, 68.6, 68.3, 64.0, 61.9, 
61.6, 61.3, 53.5,53.2, 52.0, 37.3,23.4, 22.9, 18.5, -1.6; d z  calcd for 
C ~ ~ H ~ ~ O Z Z N ~ S ~  (M + H) 918.3751, found 918.3729. 

2-(Trimethylsilyl)ethyl2~,6-Tri~-acetyl-~0-[6-O-acetyl-2-amino 
2-deoxy-3-0-(5-acetamido-4,7,8,9- tetra-O-acetyl-3,5-dideoxy-~- 
~ y C e r o - a - D - g ~ a c t o - 2 - n O ~ I d O ~ y r a n ~ ~ O y l - ~ ~ 2 ’ - ~ ~ C ~ ) ~ - ~ - (  2-ac- 
e~do-3,4,6-tri-O-acetyl-2-d~xy-~-~-g~actop~an~yl)-~-~g~c- 
topyranosy~]-~-~-glucopyranoside (25). Compound 20 (278 mg, 0.17 
mmol) was hydrogenated (HI, PdC, lo%, 210 mg, 1 atm) in acetic 
acid (20 mL) overnight. The mixture was filtered (Celite) and 
Concentrated. The residue was dissolved in methanol (10 mL), 
methanolic sodium methoxide (2 M, 0.4 mL) was added, and the 
mixture was stirred for 4 h, neutralized with Duolite C-26 (H’) resin, 
filtered, and concentrated. The residue was dissolved in a mixture of 
ethanol (9 mL) and hydrazine hydrate (0.9 mL), and the solution was 
kept at 85 “C for 80 min, then diluted with ethanol (20 mL), 
concentrated, and coconcentrated with EtOH five times. The residue 
was acetylated with acetic anhydride (10 mL), pyridine (10 mL), and 
DMAP (catalytic amount) overnight and then concentrated and cocon- 
centrated with toluene. The residue was chromatographed (SiOz, CH2- 
CIzEtOH, 25:l-15:l) to give 25 (96 mg, 42%): [a]24D -22“ (c 1.0, 

= 3.4, 10.9 Hz, H-3”’), 3.65 (t, 1 H, J = 9.2 Hz, H-3), 3.63 (dd 1 H, 

9.7 Hz, H-7”). 3.45 (dd, 1 H, J = 8.1, 10.3 Hz, H-2’), 3.27 (dd, 1 H, 

CHCl3); ‘H NMR (CDC13) 6 5.58 (ddd, 1 H, J = 5.5, 9.9, 11.1 Hz, 
H-4”), 5.39 (d, 1 H, J = 2.7 Hz, H-4”’), 5.25 (d, 1 H, J = 8.4 Hz, 
H-1”’), 5.05 (dd, 1 H, J = 3.3, 11.4 Hz, H-3”’), 4.88 (dd, 1 H, J = 7.9, 
9.5 Hz, H-2), 4.51 (t, 1 H, J = 9.3 Hz, H-3), 4.48 (d, 1 H, J = 7.9 Hz, 
H-1), 4.21 (d, 1 H, J = 8.1 Hz, H-l’), 3.58 (m, 1 H, OCHz), 2.47 (dd, 
1 H, J = 5.3, 13.2 Hz, H-3”eq), 2.19-1.89 (13 s, 3 H each, OAc, 
NHAc), 1.80 (dd, 1 H, J = 11.5, 12.9 Hz, H-3”ax), 0.93 (m. 2 H, 
CHzSi), 0.01 (s, 9 H, SiMe3); I3C NMR 6 100.1 (C-1’), 99.9 (C-l), 
98.8 (C-l”’), 97.6 (C-1”), 38.4 (C-3”), -1.4 (SiMe3). Anal. Calcd 
for CssH85033N3Si: C, 50.5; H, 6.2; N, 3.0. Found: C, 50.3; H, 6.2; 
N, 2.8. 

1,2,3,6-Tetra-~-acetyl-4-0-[6-~-acetyl-2-amino-2-deoxy-3-0-(5- 
aceta~d~,7,8,9-tetra-O-acetyl-3~-did~~~-glycero~-~g~act~ 
2-nonulopyranosyloyl- 1”-2’-lactam)-4-0-(2-a~etamido-3,4,6-tri-O- 
acety~-~-deoxy-~-D-ga~actopyranosy~)-~-D-ga~actopyranosy~]-~-D- 
glucopyranose (26). To a solution under argon of 25 (30.5 mg, 0.022 
“01) in dry dichloromethane (1 mL) was added acetic anhydride (94 
pL, 0.99 m o l )  and boron trifluoride etherate (28 pL, 0.22 mmol). 
After 2 h 10 min, the mixture was diluted with dichloromethane, washed 
(saturated aqueous NaHC03), dried (Na2SO4), and concentrated to give 
crude 26 (28 mg, 96%. Bla 141): ‘H NMR (CDC1,) 6 6.27 (d, 1 H, 
J = 4.3 Hz, H-la), 5.70 (d, 1 H, J = 8.3 Hz, H-lp), 5.39 (brd, 1 H, 
J = 2.4 Hz, H-4”’). 5.23 (d, 1 H, J = 8.4 Hz, H-1”’), 5.04 (dd, 1 H, 
J = 8.3, 9.5 Hz, H-2), 4.20 (d, 1 H, J = 7.3 Hz, H-1’). 2.44 (dd, 1 H, 
J = 5.6, 12.7 Hz, H-3”eq), 2.18-1.89 (14 s, 3 H each, OAc, NHAc), 

2-(Methoxycarbony1)ethyl 4-0-[2-Amino-2-deoxy-3-0-(5-aceta- 
mido-3,5-dideoxy-~glycero-a-~-galacto-2-non1dopyranosyloyl-l”~2’- 
~actam)-~-~-(~-acetamido-~-deoxy-~-~-galactopyranosyl)-~-D-ga- 
lactopyranosy~]-l-thio-aj%~-glucopyranoside (27). To a solution of 
crude 26 (28 mg, 0.021 “01) in dry dichloromethane (0.5 mL) was 
added methyl mercaptopropionate (12 pL, 0.11 “01) and boron 
trifluoride etherate (28 pL, 0.22 m o l )  under argon. After 2 h 10 min, 
the mixture was diluted with dichloromethane, washed (saturated 
aqueous NaHC03), dried (NaZSOd), and concentrated. The residue was 
passed through a short column (SiOz, CHZCldEtOH, 2O:l-lO:l), and 
the eluate was dissolved in dry methanol (1 mL). Methanolic sodium 
methoxide (2 M, 8 pL) was added, and after 3 h, the mixture was 
neutralized with Duolite C-26 (H’) resin and concentrated. The residue 
was chromatographed (SiOz, CH2C12/MeOWH20,5:5: 1) to give 27 (9.5 
mg, 50%) as an alp mixture (1:4): ‘H NMR (DzO) 6 5.42 (d, 1 H, J 

1.76 (dd, 1 H, J = 11.7, 12.9 Hz, H-3”ax). 
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= 5.5 Hz, H-la), 4.63 (d, 1 H, J = 8.6 Hz, H-1”’), 4.57 (d, 1 H, J = 

10.0, 10.8 Hz, H-5”), 4.25 (brd, 1 H, J = 3.1 Hz, H-4’), 4.15 (brd, 1 
H, J = 10.7 Hz, H-6”), 4.11 (m, 1 H, H-4”), 4.05 (dd, 1 H, J = 2.4, 

OMe), 3.38 (dd, 1 H, J = 8.3, 10.1 Hz, H-2’), 3.27 (dd, 1 H, J = 9.2, 
9.5 Hz, H-2), 2.90 (m, 2 H, SCHz), 2.72 (t, 2 H, J = 7.0 Hz, CHZ- 
COO), 2.58 (dd, 1 H, J = 6.4, 14.8 Hz, H-3”eq), 2.06 (dd, 1 H, J = 
5.2, 14.7 Hz, H-3”ax), 2.03-2.01 (2 s, 3 H each, NHAc); d z  calcd 
for C35H57023N3S (M + H) 920.3182, found 920.3199. 
2-(Trimethylsilyl)ethyl23,6-Tri-0-benzyl-4-0-[2-azido-6-O-ben- 

zyl-2-deoxy-3-O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
d~deoxy-~-glycero-a-~-galacto-2-nonulopyranosylate)-4-0-(~,4,6- 
t~-O-acetyl-2-deoxy-2-phthal~do-~-~-galactopyr~osyl)-~-~-ga- 
lactopyranosyl]-~-~-glucopyranoside (28). A mixture of 16 (36 mg, 
0.077 mmol), 9 (50 mg, 0.038 mmol), powdered molecular sieves (0.1 
g, 3 A), dry acetonitrile (0.5 mL), and dry dichloromethane (2 mL) 
was stirred under NZ for 2 h. The mixture was protected from light 
and kept at -25 ‘C. Silver triflate (21 mg, 0.081 “01) and dry 
acetonitrile (0.5 mL) were added, followed by methanesulfenyl bromide 
(20pL, 4 M in ClCHZCHzCl, 0.08 mmol), added in four portions. After 
4 h 20 min, diisopropylamine (250 pL) was added, and the stirring 
was continued for 30 min at -25 “C. The mixture was diluted with 
dichloromethane, filtered (Celite), washed (saturated aqueous NaHCO3 
and water), dried (NazS04), and concentrated. The residue was 
chromatographed (SiOz, CHZC12/MeOH, 50:l) to give 28 (44 mg, 

(m, 24 H, PhH), 6.14 (dd, 1 H, J = 3.4, 11.6 Hz, H-3”’), 5.52 (m, 1 H, 
H-8”), 5.50 (brd, 1 H, J = 3.6 Hz, H-4”’), 5.38 (d, 1 H, J = 8.4 Hz, 
H-l”’), 5.32 (dd, 1 H, J = 2.1, 9.2 Hz, H-7”). 4.93 (d, 1 H, J = 11.0 
Hz, CH2Ph), 4.84 (d, 1 H, J = 10.0 Hz, CHzPh), 4.81 (m, 1 H, H-4”), 

Ph), 4.58 (dd, 1 H, J = 8.3, 11.7 Hz, H-2”’), 4.51 (d, 1 H, J = 11.9 

8.1 Hz, H-l’), 4.50 (d, 1 H, J = 9.9 Hz, H-lB), 4.27 (dd, 1 H, J = 

10.3 Hz, H-3’), 3.89 (dd, 1 H, J =  8.8, 11.3 Hz, H-2”’), 3.65 (s, 3 H, 

66%): [ a ] ” ~  +4” (C 0.98, CHCl3); ‘H NMR (CDC13) 6 7.92-7.17 

4.78 (d, 1 H, J =  11.1 Hz, CHzPh), 4.59 (d, 1 H, J =  11.8 Hz, CHz- 

Hz, CHzPh), 4.39 (d, 1 H, J =  7.8 Hz, H-1). 4.37 (d, 1 H, J = 8.0 Hz, 
H-l’), 4.29 (d, 1 H, J = 12.0 Hz, CHzPh), 4.20 (d, 1 H, J = 12.0 Hz, 
CHzPh), 4.17 (dd, 1 H, J = 2.7, 10.2 Hz, H-3‘), 3.9 1 (dd, 1 H, J = 2.1, 
10.7 Hz, H-6”). 3.82 (s, 3 H, OMe), 3.35 (dd, 1 H, J = 7.9, 9.1 Hz, 
H-2),2.88(dd, 1H, J=4 .1 ,  13.0Hz,H-3”eq),2.85(dd, l H , J = 7 . 9 ,  
10.1 Hz, H-2’), 2.23-1.85 (8 s, 3 H each, OAc, NHAc), 1.71 (t, 1 H, 
J = 12.8 Hz, H-3”ax), 1.03 (m, 2 H, CHzSi), 0.01 (s, 9 H, SiMe3). 
2-(Trimethylsilyl)ethyl2~,6-Tri-0-benzyl-4-0-[2-amino-6-O-ben- 

zyl-~-deoxy-~-~-(~-acetamido-~,~-dideo~-~-glycero-a-~-g~acto-2- 
nonulopyranosyloyl-l”-2’-lac~m)-4-0-(2-deoxy-2-phth~do-~- 
n-galactopyran~l)-~-~alactopyranoeyl]-~-~~ucop~an~ide (29). 
Methanolic sodium methoxide (2 M, 8 pL) was added to a solution of 
28 (24.5 mg, 0.014 “01) in methanol (1 mL), and the mixture was 
stirred for 1 h 30 min, then neutralized with Duolite C-26 (H’) resin, 
filtered, and concentrated. The residue was dissolved in pyridine (2 
mL), triethylamine (1 mL), and methanol (1 mL). Hydrogen sulfide 
was bubbled through the mixture for 1 h at 0 “C, and the mixture was 
then kept at room temperature ovemight. NZ was bubbled through the 
mixture for 1 h and then it was concentrated. The residue was passed 
through a short column (SiOz, toluene/MeOH, 4:l). The eluate was 
concentrated and dissolved in pyridine (5 mL), DMAP (catalytic 
amount) was added, and the mixture was kept at 50 “C for 25 h and 
then concentrated and coconcentrated with toluene. Column chroma- 
tography (SiOz, toluene/MeOH, 4:l) gave 29 (6.0 mg, 29%). The 
structure of 29 was proven by acetylation, which gave 20. 
2-(Trimethylsilyl)ethyl 2,3,6-Tri-0-benzyl-4-0-{2-amino-6-0- 

benzyl-2-deoxy-3-0-[5-ace~do-3~-did~xy-~-glycero-a-~-g~cto- 
2-nonulop yranosyloyl- 1”-2’-lactam)-4-0-[4,6-di-O-acetyl-2-deoxy- 
2-phthalimido-3-0-(23,4,6-tetra-O-acetyl-B-~-galactopyran~yl)-~- 
~galactopyranosyl]-~-~-galactopyranosyl} -/?-wglucopyranoside (31). 
A mixture of 11 (30 mg, 0.024 mmol), 3019 (24 mg, 0.032 mmol), 
powdered molecular sieves (0.2 g, 3 A), dry acetonitrile (3 mL), and 
dry dichloromethane (1 mL) was stirred at room temperature for 1 h 
under Nz and then cooled to -45 “C. N-Iodosuccinimide (8 mg, 0.036 
“01) in dry acetonitrile (200 pL) was added, followed by trifluo- 
romethanesulfonic acid (1 pL, 0.011 “01). After 2 h 40 min, 
triethylamine (250 pL) was added, and the mixture was filtered (Celite), 
washed (saturated aqueous Na2S~04 and saturated aqueous NaHC03), 
dried (Na2S04), and concentrated. The residue was chromatographed 
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(SiOz, tolueneEtOH, 30:l) to give 31 (21 mg, 45%): [aIz5o +27' (c 
0.95, CHC13); 'H NMR (CDC13) 6 7.86-7.13 (m, 24 H, PhH), 6.49 

5.24 (brd, 1 H, J = 3.0 Hz, H - 4 ) ,  5.01 (dd, 1 H, J = 7.8, 10.3 Hz, 
(d, 1 H, J = 9.1 Hz, H-1"'), 5.41 (dt, 1 H, J = 5.7, 10.8 Hz, H-4"), 

H-2""), 4.81 (dd, 1 H, J = 3.4, 8.3 Hz, H-3"'), 4.48 (d, 1 H, J = 7.8 
H~,H-l'),4.45(d, lH,J=7.8H~,H-1""),4.38(d,lH,J=7.8Hz, 
H-l), 3.10 (t, 1 H, J =  9.6 Hz, H-5"), 2.67 (dd, 1 H, J =  5.3, 12.7 Hz, 
H-3"eq), 2.19-1.45 (11 s, 3 H each, OAc, NHAc), 1.56 (dd, 1 H, J = 
11.8, 13.0 Hz, H-S"ax), 1.03 (m, 2 H, CHzSi), 0.02 (s, 9 H, SiMe,); 
d z  calcd for C96H117038N3Si (M + Na) 1970.6982, found 1970.6992. 

2-(Trimethylsilyl)ethyl2-Azido-2-deoxp-3,4-O-isopropylidene-/3- 
D-galactopyranoside (33). To a solution of 3219 (6.50 g, 21.3 "01) 
and 2,2-dimethoxypropane (95 mL) was added p-toluenesulfonic acid 
(catalytic amount) and the mixture was stirred ovemight and then 
neutralized with triethylamine. The mixture was concentrated, dissolved 
in methanol (65 mL) and water (6.5 mL), and stirred for 5 h at 80 "C. 
The mixture was concentrated and the residue was chromatographed 
(SiOz, heptaneEtOAc, 2:l-1:l + 0.1% triethylamine) to give 33 (6.66 
g, 90%). An analytical sample was recrystallized from heptane. 33: 
[a]% +40" (c 0.9, CHC13); mp 82-83 "C; 'H NMR (CDC13) 6 4.25 

(m, 1 H, OCHZ), 1.54 (s, 3 H, CCH3), 1.34 (s, 3 H, CCH3), 1.05 (m, 
2 H, CHzSi), 0.04 (s, 9 H, SiMe3). Anal. Calcd for C1&705N3Si: 
C, 48.7; H, 7.9; N, 12.2. Found: C, 48.4; H, 7.6; N, 12.2. 
2-(Trimethylsilyl)ethyl2-Azido-6-O-benzoyl-2-deoxy-/3-~-galac- 

topyranoside (34). Compound 33 (5.48 g, 15.9 "01) was dissolved 
in pyridine (60 mL), and benzoyl chloride (2.40 mL, 20.6 "01) was 
added at 0 "C. After 1 h, water (2 mL) was added and the mixture 
was stirred for 10 min, then diluted with dichloromethane, washed 
(saturated aqueous NaHC03 and saturated aqueous NaCl), dried (Naz- 
sod), and concentrated. The residue was dissolved in aqueous acetic 
acid (100 mL, 80%), and the mixture was kept at 80 "C for 100 min 
and then concentrated and coconcentrated with toluene. The residue 
was chromatographed (SiOz, heptaneEtOAc, 3:2) to give 34 (6.69 g, 
98%). An analytical sample was recrystallized from ether-heptane. 
34: [a]% +38" (c 1.0, CHCl3); mp 55-57 "C; 'H NMR (CDC13) 6 
7.42-8.05 (m. 5 H, PhH), 4.63 (dd, 1 H, J = 6.9, 11.4 Hz, H-6a), 

4.01 (m, 1 H, OCHz), 3.93 (dd, 1 H, J = 1.0, 3.2 Hz, H-4), 3.77 (m, 
1 H, H-5), 3.64 (m, 1 H, OCHz), 3.55 (dd, 1 H, J = 7.7, 10.1 Hz, 
H-2), 3.47 (dd, 1 H, J = 3.2, 10.1 Hz, H-3), 1.05 (m, 2 H, CH2Si), 
0.01 (s, 9 H, SiMe3); d z  calcd for C18H300&Si (M + m) 427.2013, 
found 427.2012. 

2-(Trimethylsilyl)ethyl4-0-Acetyl-2-azido-6-0-benzoyl-2-deoxy- 
3-O-(methyl ~-ace~do-4,7,8,9-tetra-O-acetyl-3,5-~deo~y-~-glyc- 
ero-a-D-galacto-2-nonulopyranosylate)-/3-D-galactopyranoside (35). 
A mixture of 34 (100 mg, 0.244 mmol), 8 (218 mg, 0.366 "01). 
powdered molecular sieves (300 mg, 3 A), dry acetonitrile (4.2 mL), 
and dry dichloromethane (3.2 mL) was stirred under argon for 2 h. 
The mixture was protected from light, silver triflate (95 mg, 0.371 
"01) in dry acetonitrile (0.6 mL) was added, and the mixture was 
cooled to -72 "C. Methanesulfenyl bromide (133 yL, 2.75 M in 
ClCHzCHzCl, 0.366 "01) was added in four portions. After 2 h, 
diisopropylamine (200 pL) was added and the stimng was continued 
for 1 h at -72 "C. The mixture was diluted with dichloromethane, 
filtered (Celite), washed (saturated aqueous NaHCO3 and water), dried 
(NaZS04). and concentrated. The residue was chromatographed to give 
the /? anomer corresponding to 35 (13 mg, 6%). The remaining 
fractions were pooled and concentrated, and the residue was acetylated 
with pyridine-acetic anhydride (20 mL, 1:l) and DMAP (catalytic 
amount) for 5 h. The solvent was removed, and the residue was 
chromatographed (Si02, tolueneEtOH, 20:l) to give pure 35 (139 mg, 

(m, 5 H, PhH), 5.61 (m, 1 H, H-8'), 5.35 (dd, 1 H, J = 2.0, 9.3 Hz, 
H-7'), 5.06 (d, 1 H, J = 10.0 Hz, NH), 4.98 (m, 2 H, H-4,4'), 4.62 (dd, 

l H , J = 2 . 5 , 1 2 . 7 H z , H - 9 ' a ) , 4 . 2 4 ( d d , l H , J = 6 . 2 , 1 1 . 4 H z , H - 6 a ) ,  
4.10 (dd, 1 H, J = 4.8, 12.7 Hz, H-9'b). 3.81 (s, 3 H, OMe), 3.64 (m, 
1 H, OCHz), 2.64 (dd, 1 H, J =  4.6, 12.5 Hz, H-3'eq), 2.02-2.13 (9 
s, 3 H each, OAc, NHAc), 1.95 (t, 1 H, J = 12.5 Hz, H-3'ax), 1.06 (m, 
2 H, CHzSi), 0.01 (s, 9 H, SiMe3); 13C NMR (CDC13) 6 170.8, 170.5, 

(d, 1 H, J = 8.5 Hz, H-1), 4.10 (dd, 1 H, J = 2.0, 5.4 Hz, H-4), 3.62 

4.50 (dd, 1 H, J = 6.6, 11.4 Hz, H-6b), 4.32 (d, 1 H, J = 7.6 Hz, H-l), 

61%): [aIz5o -45" (C 1.0, CHCls); 'H NMR (CDC13) 6 7.40-8.05 

1 H, J =  3.4, 10.1 Hz, H-3), 4.37 (d, 1 H, J = 8.1 Hz, H-1). 4.31 (dd, 

170.4, 170.2, 170.1, 170.0, 167.9 ( J c ~ ' - H ~ ' ~ ~  = 3.7 H z ~ ~ ) ,  165.8, 133.1, 
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129.7, 129.6, 128.3, 100.5,96.7,72.5,71.9,70.5,69.0, 68.0, 67.6,67.1, 
67.0, 62.4, 62.2, 62.0, 53.0, 49.2, 37.0, 23.2, 21.3, 20.8, 20.7, 20.6, 
18.1, -1.5. Anal. Calcd for CaH560~N4Si: C, 51.9; H, 6.1; N, 6.1. 
Found: C, 51.9; H, 6.1; N, 5.8. 

2-(Trimethylsiyl)ethyl 2-Amino-2-deoxy-3-0-(5-acetamido-3,5- 
dideoKy-D-glycero-a-D-galacto-2-nonulopanyloyl- l'-Z-lactam)- 
/3-D-galactopyranoside (38). Methanolic sodium methoxide (2 M, 75 
pL) was added to a solution of 35 (150 mg, 0.162 mmol) in dry 
methanol (10 mL) under argon. The mixture was stirred for 4 h, then 
neutralized with Duolite C-26 (H+) resin, and concentrated to give a 
mixture (2:l) of 36 and 37 (99 mg, 100%). A portion of the mixture 
(3 1.2 mg, 0.051 "01) was dissolved in pyridine (3 mL), triethylamine 
(1.5 mL), and methanol (1.5 mL), and hydrogen sulfide was bubbled 
through the solution for 1 h at 0 "C. The mixture was kept under H2S 
at room temperature ovemight. Nz was bubbled through the mixture 
for 1 h, and then it was concentrated and coconcentrated with toluene. 
The residue was dissolved in dry methanol (1.2 mL), methanolic sodium 
methoxide (2 M, 8 pL) was added under argon, and the mixture was 
stirred for 150 min, then neutralized with Duolite C-26 (H+) resin, and 
concentrated. The residue was chromatographed (SiOz, CHZClfieOW 
H20, 65:35:5) to give 38 (27 mg, 96%): [aIz5o -13" (c 0.98, HzO); 
'H NMR (Dz0) 6 4.58 (d, 1 H, J = 8.1 Hz, H-1), 4.34 (ddd, 1 H, J = 
5.4, 10.2, 11.1 Hz, H-4'), 4.04 (d, 1 H, J = 2.8 Hz, H-4), 3.98 (dd, 1 
H, J =  2.8, 10.8 Hz, H-3), 3.88 (t, 1 H, J =  10.3 Hz, H-5'), 3.70 (ddd, 
1 H, J 2.7, 5.3, 11.4 Hz, H-8'), 3.68 (dd, 1 H, J = 1.1, 10.5 Hz, 
H-6'), 3.62 (dd, 1 H, J = 5.4, 11.9 Hz, H-9'a), 3.52 (dd, 1 H, J = 1.1, 
9.5 Hz, H-7'), 2.57 (dd, 1 H, J = 5.4, 13.3 Hz, H-3'eq), 2.02 (s, 3 H, 
NHAc), 1.68 (dd, 1 H, J = 11.1, 13.3 Hz, H-3'ax). 1.03 (m, 2 H, CHz- 
Si), 0.01 (s, 9 H, SiMe3); d z  calcd for C22H40012NZSi (M + H) 
553.2429, found 553.2444. 

Z-(Trimethylsilyl)ethyl Z-Azido-Z-deoxy-3-0-(5-acetamido-3,5- 
dideoxy-D-%ycero-a-Dgalacto-2-nonulopyraylonic acid)-p-D-ga- 
lactopyranoside (39). Methanolic sodium methoxide (2 M, 75 yL) 
was added to a solution of 35 (150 mg, 0.162 "01) in dry methanol 
(10 mL) under argon, and the mixture was stirred for 4 h, then 
neutralized with Duolite (2-26 (H') resin, and concentrated to give a 
mixture (2:l) of 36 and 37 (99 mg, 100%). A portion of the mixture 
(20 mg, 0.033 m o l )  was dissolved in water (1 mL), and sodium 
hydroxide (2 M, 49 pL) was added. After 90 min, the mixture was 
neutralized with Duolite C-26 (H') resin, filtered, and concentrated. 
The residue was chromatographed (Si02, CH~ClfieOWH~0,65:35:5 
+ 0.1% acetic acid) to give 39 (19 mg, 98%): [a]'% -24' (c 1.0, 

J = 3.1, 10.4 Hz, H-3), 4.02 (m, 1 H, OCHz), 3.50 (dd, 1 H, J = 8.4, 
10.3 Hz, H-2), 2.77 (dd, 1 H, J = 4.6, 12.6 Hz, H-S'eq), 2.01 (s, 3 H, 
NHAc), 1.82 (t, 1 H, J = 12.1 Hz, H-3'ax), 1.01 (m, 2 H, CHzSi), 0.00 
(s, 9 H, SiMe,); d z  calcd for C~~H40013N4Si (M + Na) 619.2259, found 
619.2241. 

2-(Trimethylsilyl)ethyl Z-Amino-Z-deoxy-3-0-(5-acetamido-3,5- 
dideoxy-D-glycero-a-D-galacto-2-nonulopyc acid)-B-D-ga- 
lactopyranoside (40). Hydrogen sulfide was bubbled through a mixture 
of 39 (10.6 mg, 0.018 mmol), pyridine (2 mL), triethylamine (1 mL), 
and methanol (1 mL) for 1 h at 0 "C. The mixture was kept under 
H2S at room temperature for 48 h, NZ was bubbled through the mixture 
for 1 h, and then it was concentrated and coconcentrated with toluene. 
The residue was chromatographed (SiOz-C18, MeOWHzO 1:9-1:l) 
to give 40 (5.4 mg, 53%): [a122D -21" (c 0.37, MeOH); 'H NMR (D20) 

H-3), 4.03 (m, 1 H, OCHz), 3.91 (d, 1 H, J = 3.2 Hz, H-4), 3.89 (m, 
1 H, H-8'), 3.85 (dd, 1 H, J = 2.6, 12.0 Hz, H-9'a). 3.83 (t, 1 H, J = 
10.1 Hz, H-5'). 3.75 (m, 1 H, OCHz), 3.68 (m, 1 H, H-4'), 3.63 (dd, 1 

2.76 (dd, 1 H, J = 4.6, 12.4 Hz, H-3'eq), 1.75 (t, 1 H, J = 12.1 Hz, 
H-3'ax), 1.00 (m, 2 H, CHzSi), 0.00 (s, 9 H, SiMe3); I3C NMR (DzO) 
6 176.6, 175.2 (NHAc, CO), 104.0 (C-2'), 101.2 (C-1), 76.5 (C-5), 

HzO); 'H NMR (Dz0) 6 4.41 (d, 1 H, J =  8.3 Hz, H-l), 4.18 (dd, 1 H, 

6 4.42 (d, 1 H, J = 8.3 Hz, H-1), 4.05 (dd, 1 H, J = 3.1, 10.6 Hz, 

H, J = 6.3, 12.0 Hz, H-Yb), 2.93 (dd, 1 H, J = 8.4, 10.4 Hz, H-2). 

76.1 (C-3). 74.4 (C-6'), 73.2 (C-8'), 70.0 (OCHz), 69.9 (C-4'). 69.7 
(C-7'), 67.8 (C-4), 64.3 (C-9'), 62.6 (C-6), 53.3 (C-5'), 53.0 (C-2). 41.6 
(C-3'), 23.6 (CH3), 19.2 (CHZSi), -0.9 (SiMe3); m/z calcd for 
CZZH~ZOI~NZS~ (M + H) 571.2534, found 571.2535. 
2-(Trimethylsilyl)ethyl2,3,6-Tri-0-acetyl-4-0-[4,6-di-0-acetyl-2- 

amino-2-deoxy-3-0-(5-acetamido-4,7,8,9-tetra-0-ace~l-3,5-dideo~- 
D-glycero-a-D-galacto-2-nonulopyranosyloyl-l"--2'-lactam)-/3-D- 
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gdactopyranosy~]-~-D-glucopyranoside (41). Compound 12 (106 mg, 
0.148 mmol) was acetylated with acetic anhydride ( 5  mL), pyridine ( 5  
mL), and DMAP (catalytic amount) overnight. The mixture was 
concentrated and coconcentrated with toluene, and the residue was 
chromatographed (Si02, tolueneRtOH, 51 )  to give 41 (146 mg, 
90%): [a]% -32” ( c  0.80, CHCl,); IH NMR (CHC13) 6 5.46 (dt, 1 
H, J = 5.5, 10.8 Hz, H-4”), 5.38 (brs, 1 H, H-4’), 5.29 (dt, 1 H, J = 
3.0, 7.0 Hz, H-8”), 5.23 (t, 1 H, J = 9.1 Hz, H-3), 5.21 (dd, 1 H, J = 
1.8, 7.0 Hz, H-7”), 4.86 (dd, 1 H, J = 7.9, 9.3 Hz, H-2), 4.56 (d, 1 H, 
J = 7.9 Hz, H-1), 4.40 (d, 1 H, J = 8.0 HZ, H-l‘), 4.25 (dd, 1 H, J = 
3.0, 12.0Hz,H-9”a),4.18(dd, 1 H , J = 6 . 1 ,  11.0Hz,H-6’a),4.16(t, 
1 H , J =  10.2H2, H-5”), 4.11 (dd, 1 H,J=7.2 ,  11.2Hz, H-6‘b), 4.05 
(dd, 1 H, J = 7.0, 12.2 Hz, H-9”b), 3.88 (t, 1 H, J = 9.4 Hz, H-4), 
3.53 (m, 1 H, OCHZ), 2.41 (dd, 1 H, J =  5.5,  13.2 Hz, H-3”eq), 2.21- 
1.90 (10 s, 3 H each, OAc, NHAc), 1.80 (dd, 1 H, J =  11.2, 13.2 Hz, 
H-3”ax). 0.92 (m, 2 H, CHZSi), 0.01 (s, 9 H, SiMe3); 13C NMR (CDC13) 

(C-4”), 69.2 (C-8”). 67.4 (C-7”), 65.0 (C-4‘), 1.4 (SiMe,); d z  calcd 
for (M + H) 1093.3908, found 1093.3920. Anal. Calcd for C&Od2- 
Si: C, 50.5; H, 6.3; N, 2.6. Found C, 50.8; H, 6.4; N, 2.5. 
23,6-Tri-0-acetyl-4-0-[4,6-di-0-acetyl-2-ano-2-deoxy-3-0-(5- 

acetamido-4,7,8,9-tetra-O-acetyl-3,5-~deo~~-glycero-a-~-gdacto- 
2-nonulopyranosyloyl-l”-2’-lactam)-~-~-galactopyranosyl]-~-~- 
glucopyranosyl Chloride (42). Compound 41 (167 mg, 0.153 m o l )  
was dissolved in dry chloroform (4 mL) under nitrogen. Zinc chloride 
(fused, 20 mg, 0.144 mmol) was added followed by dichloromethyl 
methyl ether (105 pL, 1.18 m o l ) .  The mixture was stirred at room 
temperature overnight, then diluted with chloroform, washed (saturated 
aqueous NaHCO3 and water), dried (NazS04), and concentrated to give 
42 (156 mg, 100%). The crude product was used without further 
purification in the preparation of compound 43. 
2-Bromoethyl2~,6-Tri-0-acetyl-4-0-[4,6-di-0-acetyl-2-~0-2- 

deoxy-3-0-(5.acetamido-4,7,8,9- tetra-O-acetyl-3,5-dideoxy-~-glyc- 
ero-a-~-galacto-2-nonulopyranosyloyl-l”-~-lactam)-~-~-galacto- 
pyranosyl]-B-~-g~ucopyranoside (43). A solution of 42 (156 mg, 
0.154 mmol) in dry dichloromethane (1 mL) was added to a stirred, 
cooled (-28 “C)  mixture of bromoethanol (lOOpL, 1.4 mmol), silver 
trifluoromethanesulfonate (52 mg, 0.202 mmol), and molecular sieves 
(0.1 g, 3 A) in dry dichloromethane (1 mL). The mixture was kept 
under nitrogen and protected from light. After 4 h, the mixture was 
allowed to attain room temperature, the stirring was continued overnight, 
and the mixture was filtered (Celite), washed (saturated aqueous 
NaHC03 and water), dried (NazS04), and concentrated. The residue 
was chromatographed (SiOz, tolueneRtOH, 1O:l) to give 43 (90 mg, 
54%) as an inseparable mixture (dp 1:6): ‘H NMR (CDC13) 6 5.04 
(d, 1 H, J = 4.3 Hz, H-la), 4.90 (dd, 1 H, J = 8.0, 9.4 Hz, H-2), 4.69 
(d, 1 H, J = 8.0 Hz, H-lp), 3.42 (brt, 2 H, J = 5.8 Hz, CH2Br), 2.39 
(dd, 1 H, J = 5.6, 13.2 Hz, H-3”eq), 2.21-1.89 (10 s, 3 H each, OAc, 
NHAc); d z  calcd for C43H59026NzBr (M + H) 1099.2617, found 
1099.2600. 
2-[[2-(Methoxycarbonyl)ethyllthio]ethyl2,3,6-Tri-0-acetyl-4-0- 

[4,6-di-0-acetyl-2-~no-2-deoxy-3-0-(5-ace~do~,7,8,9-tetra-0- 
acety~-~,~-dideoxy-D-g~ycero-a-~-galacto-2-nonulopyranosy~oy~- 
1”-2’-lactam)-B-~galactopyranosyl]-B-~glucop~~de (44). Methyl 
mercaptopropionate (37 pL, 0.33 mmol) was added to a mixture of 43 
(90 mg, 0.082 mmol) and cesium carbonate (32 mg, 0.100 mmol) in 
dry dimethylformamide (1.5 mL) under nitrogen. After 2.5 h, the 
mixture was diluted with dichloromethane, washed (water), dried (Naz- 
Sob), and Concentrated. The residue was chromatographed (Si02, 
tolueneEtOH, 15:l-1O:l) to give 44 (77 mg, 82%) as an inseparable 
mixture ( d B  1:6). 44B: ‘H N M R  (CDC13) 6 4.88 (dd, 1 H, J = 8.0, 
9.5 Hz, H-2), 4.62 (d, 1 H, J =  8.0 Hz, H-1). 3.69 (s, 3H, OMe), 2.78 
(brt,2H,J=7.3H~,SCHz),2.69(brt,2H,J=7.0H~,CHzS),2.58 
(brt, 2 H, J = 8.6 Hz, CH2CO), 2.38 (dd, 1 H, J = 5.8, 13.4 Hz, 

6 100.6 (C-l’), 99.7 (C-l), 97.8 (C-2”), 73.4 (C-3), 72.2 (C-2), 70.2 

H-3”eq), 2.19-1.89 (10 s, 3 H each, OAc, NHAc), 1.74 (t, 1 H, J = 
12.4 Hz, H-3”ax); d z  calcd for C47HM028NZS (M + H) 1139.3601, 
found 1139.3610. 

2-[[2-(Methoxycarbonyl)ethyllthio]ethyl4-0-[2-Amino-2-deoxy- 
~-0-(~-acetamido-~,~-dideoxy-D-~ycero-a-~-gdacto-2-nonulopyra- 
nosyloyl- 1”-2’-lactam)-~-~-galactopyranosyl]-~-~-glucopyrano- 
side (45). Methanolic sodium methoxide (2 M, 20 pL) was added to 
a solution of 44 (49 mg, 0.043 mmol) in dry methanol (2 mL), and the 
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mixture was stirred for 4 h, then neutralized with Duolite C-26 (H+) 
resin, and concentrated. The residue was chromatographed (SiO2, CH2- 
C12/MeOH/HzO, 1051)  to give 45 (28 mg, 86%) as an inseparable 
mixture (db 1:6): ‘H NMR (DzO) 6 5.92 (d, 1 H, J = 4.1 Hz, H-la), 

(s, 3H, OMe), 3.50 (brd, 1 H, J = 9.3 Hz, H-7”), 3.31 (t, 1 H, J = 7.6 
Hz, H-2), 2.58 (dd, 1 H, J =  5.4 13.2 Hz, H-3”eq). 2.02 (s, 3 H, NHAc), 

169.6, 103.1, 100.7,98.2, 78.7,78.7, 77.0,75.0, 74.6,73.8, 73.2, 71.0, 
69.9, 68.6, 66.2, 64.1, 61.8, 61.5, 53.1, 52.6, 51.6, 40.1, 35.0, 31.6, 
27.3, 22.9, 12.9, 12.9; d z  calcd for C Z ~ H ~ ~ O L ~ N ~ S  (M + H) 761.2650, 
found 761.2664. 

GMB-Lactam-BSA Conjugate (46). A solution of 45 (22 mg, 
0.029 mmol) and hydrazine hydrate (85%, 0.25 mL) in ethanol (2 mL) 
was stirred overnight. The mixture was concentrated, and the residue 
was lyophilized and dissolved in dimethyl sulfoxide (0.5 mL). 
Hydrogen chloride in dioxane (4 M, 53 pLJ and a solution of tert- 
butyl nitrite (9 pL, 0.075 mmol) in dimethyl sulfoxide (0.05 mL) were 
added. The mixture was stirred at room temperature for 30 min, and 
a solution of sulfamic acid (5  mg, 0.055 mmol) in dimethyl sulfoxide 
(0.05 mL) was added. After 15 min, the mixture was added dropwise, 
with stirring, to a solution of BSA (27 mg, 0.00041 mmol) in sodium 
tetraborate-potassium hydrogen carbonate buffer (1 mL, 0.08 M 
NazB407 and 0.35 M KHco3) at 4 “C. The pH was maintained at 
8.5-9.5 by addition of 1 M sodium hydroxide. The mixture was stirred 
at 4-15 “C for 1 h and at room temperature overnight, then dialyzed 
(HzO, 96 h), and lyophilized to give 46. The degree of binding (number 
of hapten molecules per molecule of protein) was 24, as determined 
by differential sulfur combustion analysis.18 
1~~,6-Tetra-O-acetyl-4-0-[4,6-di.0-acetyl-2-~0-2-deoxy-3-0- 

(5-acetamiao-4,7~,9-tetra.O-acetyl-35-did 
2-nonulopyranosyloyl-l”-2’-lactam)-~-~-galactopyranosyl]-~-~- 
glucopyranose (47). To a solution of 41 (25.5 mg, 0.023 mmol) in 
dry dichloromethane (1 mL) was added acetic anhydride (99 pL, 1.05 
m o l )  and boron trifluoride etherate (29 pL, 0.233 m o l )  under argon. 
After 1 h, the mixture was diluted with dichloromethane, washed 
(saturated aqueous NaHC03), dried (Na2SO4), and concentrated to give 
crude 47 (24 mg, loo%, p/a 91:9): IH NMR (CDC13) 6 6.25 (d, 1 H, 
J = 4.1 Hz, H-la), 5.82 (d, 1 H, J = 8.5 Hz, H-lP), 5.29 (m, 1 H, 

13.2 Hz, H-3”eq), 2.22-1.89 (11 s, 3 H each, OAc, NHAc), 1.76 (dd, 

2-~ethoxycarbonyl)ethyl2J,6-Tri-O-acetyl-4-U-[4,6-di-O-acetyl- 
2-amino-2-deoxy-3-0-(5-acetamido-4,7,S~-~~~-acetyl-3~~d~xy- 
~-glycero-a-~-galacto-2-nonulopyranosyloyl-l”-2’-lactam)-~-~- 
galactopyranosyl]-I-thio-~-D-glucopyranoside (48). To a solution of 
crude 47 (24 mg, 0.023 m o l )  in dry dichloromethane (0.5 mL) was 
added methyl mercaptopropionate (12.6 pL, 0.116 m o l )  and boron 
trifluoride etherate (29 pL, 0.233 mmol) under argon. After 1.3 h, the 
mixture was diluted with dichloromethane, washed (saturated aqueous 
NaHCO3), dried (Na~S04), and concentrated. The residue was chro- 
matographed @ioz, CHZClfitOH, 20:l) to give 48 (21.7 mg, 85%) 
containing traces of 47a and 48a: IH NMR (CDC13) 6 4.94 (t, 1 H, J 

Hz, H-l’), 3.68 (s, 3 H, OMe), 2.90 (m, 2 H, SCHz), 2.72 (t, 2 H, J = 
7.0 Hz, CHzCOO), 2.38 (dd, 1 H, J = 6.0, 13.8 Hz, H-3”eq), 2.20- 
1.89 (10 s, 3 H each, OAc, NHAc); m/z calcd for C ~ ~ H ~ Z O Z ~ N Z S  (M + 
H) 1095.3339, found 1095.3319. 

2-(Methoxycarbonyl)ethyl 4-0-[2-Amino-2-deoxy-3-0-(5-aceta- 
mido-3~-dideoxy-~-glycero-a-~-galacto-2-nonulopyranosyloyl-~-~- 
lactam)-~-~galactopyranopyranosyll-l-thio-B-Pg (49). Meth- 
anolic sodium methoxide (2 M, 7 pL) was added to a solution of 48 
(16.2 mg, 0.015 m o l )  in dry methanol (2 mL) under argon, and the 
mixture was stirred for 2 h 40 min, then neutralized with Duolite C-26 
(H+) resin, and concentrated. The residue was chromatographed (SiOz, 
CH2CldMeOWH20, 65355) to give 49 (7.6 mg, 74%) as an 
inseparable mixture (alp 4:96): ‘H N M R  (D20) 6 5.44 (d, 1 H, J = 
5.6 Hz, H-la), 4.70 (d, 1 H, J = 8.1 Hz, H-1’), 4.55 (d, 1 H, J = 10.0 
Hz, H-lp), 4.32 (dt, 1 H, J = 5.2, 10.3 Hz, H-4”), 3.70 (s, 3H, OMe), 
3.50 (brd, 1 H, J = 9.3 Hz, H-7”), 3.33 (t, 1 H, J = 8.9, 9.9 Hz, H-2), 
2.97 (m, 2 H, CHzS), 2.77 (t. 2 H, J = 7.0 Hz, CHzCO), 2.58 (dd, 1 
H, J = 5.4, 13.4 Hz, H-3”eq), 2.02 (s, 3 H, NHAc), 1.68 (dd, 1 H, J 

4.70 (d, 1 H, J =  8.1 Hz, H-1’), 4.49 (d, 1 H, J =  8.1 Hz, H-lp), 3.70 

1.68 (dd, 1 H, J = 10.3, 13.2 Hz, H-3’”); I3C N M R  (DzO) 6 175.9, 

H-S”), 5.03 (dd, 1 H, J = 8.3, 9.4 Hz, H-2), 2.28 (dd, 1 H, J = 5.2, 

1 H, J = 11.2, 13.3 Hz, H-3’”). 

= 9.8 Hz, H-2), 4.67 (d, 1 H, J = 10.0 Hz, H-l), 4.13 (d, 1 H, J = 8.0 
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= 11.1, 13.3 Hz, H-3”ax); d z  calcd for Cz7&018NZS (M + H) 
717.2398, found 717.2371. 
2~,6-Tri-0-acetyl-4-0-[4,6-di-0-acetyl-2-~no-2-deoxy-3-0-(5- 

acetamido-4,7,8,9-tetra-O-acety~-3,5-~d~xy-~-g~ycero-a-~-g~acto- 
2-nonulop yranosyloyl- 1“-2‘-lactam)-~-~-galactopyranosyl]-@-~- 
glucopyranose (50). Compound 41 (59 mg, 0.054 “01) was 
dissolved in dichloromethane (270 pL) ,  trifluoroacetic acid (540 pL) 
was added, and the mixture was stirred for 1.3 h. n-Propyl acetate 
(1.6 mL) and toluene (3.2 mL) were added, and the mixture was 
concentrated to give 50 (60 mg, 100%). The crude product was used 
without further purification in the preparation of 51. 
2,3,6-Tri-0-acetyl-4-O-[4,6-di-O-acetyl-2-~no-2-deoxy-3-0-(5- 

acetamido-4,7,8,9-tetra-O-acetyl-3,5-did~xy-~-glycero-a-~-g~acto- 
2-nonulopyranosyloyl-l”-2’-lactam)-~-~-galactopyranosyl]-@-~- 
glucopyranosyl Trichloroacetimidate (51). DBU (6.4 pL,  0.043 
“01) was added to a solution of 50 (60 mg, 0.054 “01) and 
trichloroacetonitrile (170 pL, 1.7 mmol) in dry dichloromethane (0.8 
mL) at 0 “C under argon. After 50 min, the mixture was concentrated 
and the residue was chromatographed (SiOz, tolueneEtOH, 5:l) to give 
51 (59 mg, 96%) as an CUP mixture (3:l): ‘H NMR (CDC13) 6 8.71 
(s, 1 H, NHa), 8.60 (s, 1 H, NHP), 6.48 (d, 1 H, J = 3.7 Hz, H-la), 
5.90 (d, 1 H, J =  7.8 Hz, H-lP), 5.58 (d, 1 H, J =  9.8 Hz, NH), 5.48 
(dt, 1 H, J = 5.2, 10.7 Hz, H-4”), 5.26 (dd, 1 H, J = 1.8, 7.2 Hz, 
H-7”), 5.19 (m, 1 H, H-S”), 5.08 (dd, 1 H, J = 3.7, 10.0 Hz, H-2a), 
3.76 (dd, 1 H, J = 1.8, 10.4 Hz, H-6”), 2.39 (dd, 1 H, J = 5.6, 13.4 
Hz, H-3”eq), 2.35-1.88 (10 s, 3 H each, OAc, NHAc), 1.78 (dd, 1 H, 
J = 11.5, 13.2 Hz, H-3”ax). Anal. Calcd for C43H5602&C13: C, 
45.4; H, 5.0; N, 3.7. Found: C, 45.0; H, 4.9; N, 3.6. 

(2S,3R,4E)-2-Azido-3-(benzoyloxy)octadec-4-enyl 2,3,6-Tri-O- 
acetyl-40-[4,6-di-0-acetyl-2-amino-2~~xy-3-0-(5-ace~d~,7,8,9- 
tetra-~-acety~-~,~-dideoxy-D-~ycero-a-~-ga~acto-~-non~opyrano- 
syloyl-1”-2‘-lactam)-B-Pgalactopyranosy (53). 
Boron trifluoride etherate (46 pL,  0.365 “01) was added to a mixture 
of 51 (45.1 mg, 0.037 mmol), the azidosphingosine derivative 52 (31.5 
mg, 0.073 mmol), and powdered, acid-washed molecular sieves (0.1 
g, AW 300) in dry dichloromethane (1.1 mL) at -33 “C under argon. 
After 1 h 35 min, triethylamine (100 pL)  was added, and the mixture 
was immediately chromatographed (SiOz, CH2ClfltOH. 35: 1) to give 
53 and the corresponding orthoester 54 as an inseparable mixture (22.8 
mg, 53/54, 96:4). The mixture was dissolved in aqueous acetic acid 
(5 mL, 90%). After 1.5 h, toluene was added, and the mixture was 
concentrated. The residue was chromatographed (SiOz, CH2ClfltOH, 
20: 1) to give pure 53 (22.3 mg, 44%): [a]25D -37” (c 0.90, CHC13); 
‘H NMR (CDC13) 6 (assignments of aglycon protons are shown in italic 
type) 8.06-7.32 (m, 5 H, PhH), 5.92 (dt, 1 H, J = 6.8, 15.0 Hz, H-5),  

5.55 (m, 1 H, H-4),  5.42 (dt, 1 H, J = 5.5, 10.7 Hz, H-4”), 5.37 (brs, 
5.71 (d, 1 H, J = 6.4 Hz, NH), 5.60 (dd, 1 H, J = 4.2, 8.0 Hz, H-3), 

lH,H-4’),5.29(dt, lH , J=3 .1 ,6 .9Hz ,H-8” ) ,5 .26 ( t , lH , J=8 .8  
Hz, H-3), 4.92 (dd, 1 H, J = 7.6, 8.8 Hz, H-2), 4.64 (d, 1 H, J = 7.5 
Hz,H-l),4.39(d3 lH,J=7. lHz,H-l’) ,4 ,24(dd,  1H, J=3 .1 ,  12.1 
Hz, H-9”a), 4.17 (dd, 1 H, J = 6.3, 11.2 Hz, H-Ua), 4.14 (t, 1 H, J = 
10.3Hz,H-5”),4.12(dd,1H,J=7.1,11.3Hz,H-6‘a),4.04(dd,1H, 

(m, 1 H, H-5), 3.69 (dd, 1 H, J = 1.7, 10.4 Hz, H-6”), 3.59 (dd, 1 H, 
J = 5.3, 10.0 Hz, H-1). 2.41 (dd, 1 H, J = 5.6, 13.3 Hz, H-3”eq), 
2.21-1.89 (10 s, 3 H each, OAc, NHAc), 1.78 (dd, 1 H, J = 11.3, 
13.2 Hz, H-3”ax). 1.40-1.20 (m, 22 H, CHz), 0.88 (t, 3 H, J = 7.0 

Found: C, 56.4; H, 6.4; N, 4.8. 

J =  6.9, 12.1 Hz, H-9’%), 3.87 (dd, 1 H, J =  6.8, 10.0 Hz, H - I ) ,  3.77 

Hz, CHj). Anal. Calcd for C66H93028N5: C, 56.4; H, 6.7; N, 5.0. 
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(zs,3R,4E)-3-(-~(~d~do~d~~~nyl2,3,6- 
Tri-O-acetyl4O-[4,6-di-O-acetyl-2-amino-2~eoxy-3-0-(5-a~~do- 
4,7,8,9- tetra-~-acety~-~,~-dideoxy-~-glycero-a-~-ga~acto-~-nonu- 
lopyranosyloyl-l”-2’-lactam)-~-~-ga~actopyranosyl]-~-~-gluco- 
pyranoside (55). Hydrogen sulfide was bubbled through a mixture of 
53 (22.3 mg, 0.016 “01) and aqueous pyridine (5  mL, 83%) for 1 h 
45 min at 0 “C. This mixture was kept under HzS at room temperature 
for 48 h. Nz was bubbled through the mixture for 1 h, and then it was 
concentrated and coconcentrated with toluene. The residue was 
dissolved in dry dichloromethane (0.5 mL) and octadecanoic acid (13.2 
mg, 0.053 mmol), and l-ethyl-3-[3-(dimethylamino)propyl]carbodjimide 
hydrochloride (EDC) (9.5 mg, 0.053 “01) was added. After 1 h 50 
min, the mixture was chromatographed (SiOz, CH2ClfltOH, 25: 1) to 
give 55 (23.9 mg, 91%): [a]% -20“ (c  0.79, CHCl3); ‘H NMR 
(CDC13) 6 (assignments of aglycon protons are shown in italic type) 
8.06-7.45 (m, 5 H, PhH), 5.88 (dt, 1 H, J = 6.8, 15.1 Hz, H-5) ,  5.71 
(d, 1 H, J = 9.3 Hz, NH), 5.53 (brt, 1 H, J = 7.3 Hz, H-3), 5.46 (m, 
1 H, H-4),  5.39 (m, 1 H, H-4”), 5.37 (brs, 1 H, H-4’), 5.27 (dt, 1 H, J 
= 2.8, 6.7 Hz, H-S”), 5.21 (dd, 1 H, J = 1.7, 6.9 Hz, H-7”), 5.18 (t, 
1 H, J = 9.2 Hz, H-3), 4.88 (dd, 1 H, J = 7.8, 9.4 Hz, H-2), 4.55 (d, 
1 H, J = 7.8 Hz, H-l), 4.32 (d, 1 H, J = 7.3 Hz, H-1’), 4.22 (dd, 1 H, 
J = 3.0, 12.1 Hz, H-Ya), 3.83 (t, 1 H, J = 9.4 Hz, H-4), 3.59 (dd, 1 
H, J = 4.5, 10.0 Hz, H-1), 2.35 (dd, 1 H, J = 5.6, 13.3 Hz, H-S”eq), 
2.21-1.89 (10 s, 3 H each, OAc, NHAc), 1.74 (dd, 1 H, J = 11.5, 
13.0 Hz, H-3”ax), 1.58 (m, 2 H, H - ~ u ) ,  1.30-1.20 (m, CHz), 0.88 (m, 
6 H, CHj). Anal. Calcd for C&129029N3: C, 61.3; H, 7.9; N, 2.5. 
Found: C, 63.0; H, 8.1; N, 2.3. 
(2S,3R,4E)-3-Hydroxy-2-(octadecanamido)~tad~-4-enyl4-0-[2- 

Amino-2-deoxy-3-0-(5-acetamido-3~-dideoxy-~-glycer~a-~-galac~ 
2-nonulopyranosyloyl-l”-2’-lactam)-~-~-galactopyranosyl]-~-~- 
glucopyranoside (56). Methanolic sodium methoxide (2 M, 5 pL) 
was added to a solution of 55 (13.8 mg, 0.0084 “01) in dry methanol 
(2 mL) and dry dichloromethane (0.2 mL), and the mixture was stirred 
ovemight, then neutralized with Duolite C-26 (H+) resin, and concen- 
trated. The residue was chromatographed (SiOz, CHZCldMeOH, 4: 1) 
to give 56 (9.0 mg, 92%): [aIz5o - 6” ( c  0.56, CHCl&IeOH, 1:l); 
‘H NMR (DzO) 6 (assignments of aglycon protons are shown in italic 
type) 5.66 (dt, 1 H, J = 6.8, 15.0 Hz, H - 3 ,  5.42 (brd, 1 H, J = 7.7, 
15.3 Hz, H-4),  4.56 (d, 1 H, J = 8.1 Hz, H-1’), 4.35 (dt, 1 H, J = 5.5, 
10.4 Hz, H-4”), 4.26 (d, 1 H, J = 7.7 Hz, H-l), 4.04 (t, 1 H, J = 7.9 
Hz, H - I ) ,  3.97 (dd, 1 H, J = 8.1, 10.8 Hz, H-2’), 3.93 (brs, 1 H, H-4’), 

2.48 (dd, 1 H, J = 5.4, 13.1 Hz, H-3”eq), 2.14 (t, 2 H, J = 7.6 Hz, 
H-Z’), 2.00(~ ,  3 H, NHAc), 1.62 (dd, 1 H , J =  11.0, 13.1 Hz, H-3”=), 
1.55 (m, 2 H, H - Y ) ,  1.36-1.07 (m, 50 H, CH2), 0.86 (t, 6 H, J = 6.9 
Hz, CHj); 13C NMR (DzO) 6 174.1, 173.7, 167.3, 133.6, 128.9, 102.6, 
100.4, 97.3, 78.8, 77.3, 75.8, 73.8, 73.7, 72.8, 72.1, 71.2, 69.5, 68.1, 
67.9, 66.8, 65.3, 63.4, 60.8, 60.6, 52.6, 52.1, 49.4, 48.2-47.2, 39.6, 
35.7,31.7, 31.2, 29.0,28.8, 28.7,28.6,25.3, 22.0,21.3, 13.0; dzcalcd 
for C59H107019N3 (M + Na) 1184.7396, found 1184.7401. 

3.56 (t, 1 H, J =  9.1 Hz, H-3), 3.52 (dd, 1 H, J =  3.2, 10.1 Hz, H-1), 

Acknowledgment. This work was supported by the Swedish 
Natural Science Research Council and the Swedish Research 
Council for Engineering Sciences. 

JA9501833 


