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Abstract  

The title substances were prepared from intermediate, fully acetylated a-trimethylsilylethyl 
(SE) glycosides. The latter were assembled in a blockwise manner, using as the glycosyl donor the 
a-glycosyl chloride of a disaccharide bearing two 4-azido-4-deoxy functions. Next, the azido 
groups in the assembled hexasaccharides were converted to the corresponding amines, and these 
were acylated with 4-O-benzy l -3-deoxy-L-glycero- te tronic  acid in the presence of a water-soluble 
carbodiimide. The SE glycosides were then transformed to glycosyl imidates, and these were 
coupled with methyl 6-hydroxyhexanoate or methyl 2-(2-hydroxyethylthio)propionate. The agly- 
cons in the glycosides thus obtained were then converted to the corresponding carboxylic acids or 
acyl hydrazides. Such compounds are suitable for linking to proteins to obtain neoglycoproteins. 
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1. Introduction 

In the past, we synthesized various fragments of the O-antigen of the two main 
strains of V. cholerae, serotype Inaba and Ogawa [ 1-7]. As a further step in our effort to 
understand protective immunity to cholera, we also synthesized [8] glycosides of a 
disaccharide fragment of the O-specific polysaccharide (O-PS) of Vibrio cholerae O:1, 
serotype Inaba, equipped with functionalized spacers as aglycons rendering these 
substances amenable to conjugation to proteins. The linking of these molecules to 
suitable protein carriers and evaluation of the immunogenicity of the resulting neoglyco- 
conjugates is currently in progress, and the results of these studies will be published in a 
separate communication. Here we report on the synthesis of similar structures derived 
from hexasaccharides representing termini of the two main strains of Vibrio cholerae 
O:1. 

2. Results and discussion 

Two fundamentally different strategies for the assembly of N-acylated, perosamine- 
containing oligosaccharides have been proposed. That involving the use of glycosyl 
donors and glycosyl acceptors both having the required N-3-deoxy-L-glycero-tetronamido 
groups already in place was recently [2,6,7] developed in this laboratory. This is a 
variation of the approach originally introduced by Bundle et al. [9-13], which involves 
construction of azido oligosaccharides and their subsequent conversion, via the corre- 
sponding 4-amino derivatives, into oligosaccharides containing the requisite 4-acylamido 
group. We applied the latter chemistry in one of our two syntheses of the methyl 
o~-glycoside of the disaccharide intracatenary repeating unit of the O-PS of Vibrio 
cholerae O:1 [2]. This strategy is applied here for the syntheses of some related 
hexasaccharides. 

Compound 1 [8] was either treated with dichloromethyl methyl ether [14,15] to give 
the glycosyl chloride 2, or deacetylated to give the disaccharide glycosyl acceptor 3. The 
latter compound was coupled with 2 to give, after deacetylation of the intermediate 4, 
the tetrasaccharide glycosyl acceptor 5 (Scheme 1). This sequence of reactions was 
repeated to give 6. Subsequent deacetylation of 6 gave 7, the final glycosyl acceptor 
leading to the title hexasaccharides of the Inaba series. A portion of 7 was methylated 
(---> 17), to give eventually the upstream terminal hexasaccharide of the O-PS of Vibrio 
cholerae O:1, serotype Ogawa [16,17]. The azido groups in the building blocks 3, 5, 7, 
and 17 were then transformed to amino functions by treatment with H2S, to give the 
corresponding amines 8 -10  and 18 (Schemes 2). 

The next task was to introduce the N-3-deoxy-c-glycero-tetronoyl groups into the 
foregoing hexasaccharides. For N-acylation, we first tried 3-deoxy-L-glycero-tetronolac- 
tone 11 [2,4,18], which we had used successfully in previous syntheses of related 
substances [1-6]. However, treatment of amine 10 with 11 (not described in the 
Experimental), under conditions we commonly apply, resulted, inter alia, in the forma- 
tion of a relatively large amount of dark material insoluble in common organic solvents. 
Attempts to isolate any identifiable substance from the complex reaction mixture failed. 
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Scheme 3. 

Treatment of the lower oligosaccharide amines 8 and 9 with 11 met with mixed success. 
As the size of the starting amine increased, the yield of the desired 4-(3-de- 
oxytetronamido) derivatives decreased dramatically (cf., Experimental). These difficul- 
ties prompted us to synthesize [19] more efficient reagents for N-3-deoxy-L-glycero- 
tetronoylation of higher (1 -~ 2)-linked oligosaccharides composed of 4-amino-3-O-ben- 
zyl-4,6-dideoxy-c~-D-mannopyranose. One of these, 4-O-benzyl-3-deoxy-L-glycero- 
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Scheme 4. 

tetronic acid (19), when treated with amines 10 or 18 in the presence of 1-(3-dimethyl- 
aminopropyl)-3-ethylcarbodiimide hydrochloride (water-soluble carbodiimide, WSC) and 
N-hydroxybenzotriazol, readily yielded the desired hexasaccharides 20 and 21 in consis- 
tently high yields 3 

To convert the assembled hexasaccharides 20 and 21 into glycosides (38-45, Scheme 
4) suitable for coupling to proteins, the silyl glycosides were first converted to reducing 

Since our preliminary report on a portion of this work [20], we have been able to minimize manipulative 
losses of the product of the conversion 20 + 1 9 - ,  14 by exhaustive extraction of the desired material from the 
reaction mixture. 
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sugars by treatment with trifluoroacetic acid (TFAA). The use of neat TFAA as both 
solvent and reagent for this conversion resulted in a fast, one-product reaction, unlike 
that carried out according to the commonly applied protocol that requires the use of 
dichloromethane as a solvent [21]. Compounds 26 and 27 thus obtained were converted 
[22] into glycosyl trichloroacetimidates 28 and 29, respectively. Each of these were then 
coupled with methyl 6-hydroxyhexanoate [23] and methyl 2-(2-hydroxylethylthio)pro- 
pionate [8] to give glycosides 30-33. We previously [8] rationalized our choice of these 
aglycons for their future coupling to proteins. Deacetylation of 30-33, followed by 
hydrolysis of the methyl ester functions on one hand, and hydrazinolysis of the esters on 
the other hand, yielded the title glycosides 38-4K These were obtained, after freeze 
drying, as pure (TLC, NMR), white hygroscopic solids that gave NMR spectra consis- 
tent with the anticipated structures. 

3. Experimental 

General methods.-- Instruments  and laboratory techniques used were described in the 
previous part in this series [6]. Unless stated otherwise, optical rotations were measured 
at ambient temperature for solutions in chloroform (c ~ 1). All reactions were moni- 
tored by thin-layer chromatography (TLC) on Silica Gel 60 coated glass slides (What- 
man or Analtech). The following solvent mixtures were used: A, 4:1 hexane-EtOAc; B, 
15:1 CH2C12-MeOH; C, 5:1 CH:CIz-MeOH;  D, 30:1 CH2C12-MeOH; E, 1:1 
CHzCI2-MeOH; F, 1:2 CHzCI2-MeOH; G, 1:3:0.1 CH2CI2-MeOH-NH4OH. For 
column chromatography, solvent mixtures slightly less polar than those used for TLC 
were used at the onset of development. When reporting assignments of NMR signals, 
sugar residues in oligosaccharides are serially numbered, beginning with the reducing 
end or with the residue bearing the aglycone, and are identified by a Roman numeral 
superscript in listings of signal assignments. Nucleus assignments without a superscript 
notation indicate that those signals have not been individually assigned. Thus, for 
example, in a spectrum of a disaccharide, a resonance denoted H-3 can be that of H-3 of 
either sugar residue. Palladium (5%)-on-charcoal catalyst (ESCAT 103) was a product 
of Engelhard Industries. 

2-(Trimethylsilyl)ethyl (2-O-aceO, I-4-a=ido-3-O-benzyl-4,6-dideoxv-c~-D-mannopy- 
ranosyl)- (1 ~ 2)-(4-az.ido-3-O-ben=yl-4, 6-dideoxy- ~- D-mannopyranosyl)-(1 --* 2)-(4-azi- 
do-3-O-benzvl-4,6-dideox~'-C~-D-mannopyranosyl)-(1 ~ 2)-4-azido-3-O-benzyl-4,6-dide- 
oxy-c~-D-mannopyranoside (4) . - -A mixture of I ([8], 300 mg, 0.44 mmol), DCMME 
(0.5 g, 4.4 mmol) and freshly fused ZnCI 2 (40 rag) in CHzC1: was stirred at room 
temperature for 3 h (TLC, solvent A). The mixture was filtered through Celite, the filter 
pad was washed with toluene, and the combined filtrate was concentrated. Chromatogra- 
phy of the residue gave 2-O-(2-O-acetyl-4-azido-3-O-benzyl-4,6-dideoxy-o~-x~manno- 
pyranosyl)-4-azido-3-O-benzyl-4,6-dideoxy-o~-D-mannopyranosyl chloride (2, 215 mg, 
81%), CIMS: m/z 618 ([M + 18]+). 

AgOTf (1.3 g, 5.1 retool) was added to a stin'ed solution of 3 ([8], 2.7 g, 4.2 retool), 2 
(2.9 g, 4.6 mmol) and 2,6-di-tert-butyl-4-methylpyridine (1.2 g, 5.5 mmol) in CH2C12 
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(50 mL). After 1 h, when TLC (solvent A) showed that the glycosyl donor was 
consumed, saturated NaHCO 3 was added, and the mixture was filtered. The solids were 
washed with CH2C12, the combined filtrate was washed with NaC1 solution, dried, and 
concentrated. Chromatography of the residue gave 4 (4.19 g, 83%), [c e] D +95°; J H 
NMR (CDC13): 6 5.43 (dd, 1 H, Ji.2 1.7, J2.3 3.1 Hz, H-2W), 4.97, 4.91 (2 d, 1 H 
each, Ji.2 ~ 1.5 Hz, H-11Hu), 4.87 (d, 1 H, JL.2 1.5 Hz, H-lW), 4.76-4.54 (m, partially 
overlapped, 8 H, 4 CH, Ph), 4.66 (d, partially overlapped, J~.2 1.7 Hz, H-II), 3.90, 3.86 
(2 bdd, 1 H each, H-211'In), 3.84-3.80 (m, partially overlapped, H-21), 3.80 (dd, partially 
overlapped, H-31v), 3.77-3.68 (m, 4 H, H-31 HI, CH~CH2Si), 3.58-3.33 (m, 7 H, 
CHbCH2Si, H-5 I-Iv, 2 H-4), 3.26, 3.22 (2 t, 2 H, partially overlapped, 2 H-4), 2.13 (s, 3 
H, COCH3), 1.29, 1.22, 1.18 (d, 6 H, d, 3 H, d, 3 H, Js.~ 6.1 Hz, 4 H-6), 0.98-0.82 (m, 
2 H, CH2Si), and 0.03 (s, 9 H, 3 CH3); 13C NMR (CDCI3): 6 169.73 (CO), 100.35, 
100.04 (C-Ill'm), 99.08 (C-llV), 98.22 (C-11), 77.53, 76.79, 76.58 (C-31-nl), 75.39 
(C-3fv), 73.98 (C-2I), 73.48 (2 C, C-211'ul), 72.21, 72.06, 72.01, 71.50 (4 CH2Ph), 
67.76 (2 C), 67.13, 67.04 (C-5~-IV), 67.63 (C-2~v), 65.17 (CH2CH2Si), 64.45, 64.25, 
64.03, 63.82 (C-4~-w), 20.91 (COCH3), 18.54 (2 C) 18.44, 18.34 (C-6 ~ w), 17.73 
(CH2Si), and -1 .34  (3 CH3); CIMS: m/z 1222 ([M + 18]+). Anal. Calcd for 
C59H76NI2014Si: C, 58.79; H, 6.35; N, 13.94. Found: C, 58.92; H, 6.41; N, 13.76. 

2-(Trimethylsilyl)ethyl (4-azido-3-O-benzyl-4,6-dideoxv-c~-D-mannopyranosyl)-(1 --* 
2 )-[ ( 4-azido-3-O-benzyl-4,6-dideoxv-c~-D-mannopyranosyl )-( l ~ 2 ) ],-4-azido- 3-O-ben- 
zyl-4,6-dideox3,-a-D-mannopyranoside (5).--Zempl~n deacetylation of 4 afforded 5 in 
virtually theoretical yield, [ce] o + 147°; BH NMR (CDC13): 6 4.98 (d, 1 H, Jl._~ 1.7 Hz, 
H-1W), 4.96, 4.89 (2 d, 1 H each, Jl._~ 1.9 and 1.8, respectively, H-1H'm), 4.76-4.55 (m, 
9 H incl d at 4.64, JL2 1.9 Hz, H-I l, 4 CH2Ph), 3.99 (m, 1 H, H-2W), 3.94, 3.83 (2 bt, 
1 H each, H-2 Hln) 3.79 (bt, 1 H, H-2~), 3.75-3.66 (m, 5 H, CHCH2Si, H-31 w), 
3.56-3.39 (m, 6 H, CHCHzSi, H-4, 51 iv), 3.30, 3.25, 3.19 (3 t, 1 H, J ~ 10 Hz each, 
3 H-4), 2.31 (d, 1 H, J,_.oH 1.9 Hz, OH), 1.27, 1.26, 1.20, 1.17 (4 d, 3 H each, J.s.6 6.3, 
6.2, 6.0, and 6.1, respectively, 4 H-6), 0.95-0.79 (m, 2 H, CH2Si), and 0.01 (s, 9 H, 3 
CH3); 13C NMR (CDCI3): 6 100.43 (C-llV), 100.34, 100.19 (C-Ill'Ill), 98.21 (C-II), 
77.63, 77.51, 76.94, 76.58 (C-3~-w), 73.94 (C-21), 73.52, 73.22 (C-2H'm), 72.20, 72.19, 
72.04 (2 C, 4 CH2Ph), 67.76 (2 C), 67.32, 67.01, (C-51 iv), 67.12 (C-21v), 65.17 
(CH2CH2Si), 64.44, 64.17 (2 C), 63.81 (C-4 j Iv), 18.58, 18.54, 18.47, 18.27 (C-61-w), 
17.29 (CH2Si), and - 1.34 (3 CH3); CIMS: m / z  1180 ([M + 18]+). Anal. Calcd for 
C57H7zNI2OI3Si: C, 58.85; H, 6.41; N, 14.45. Found: C, 58.82; H, 6.45; N, 14.39. 

2-(Trimethylsilyl)ethyl (2-O-acetyl-4-azido-3-O-benzyl-4,6-dideoxv-cx-D-mannopy- 
ranosyD-(1 ~ 2 )-[( 4-azido-3-O-benzyl-4,6-dideoxv-ce-D-mannopyranosyl)-( l ~ 2)]4-4- 
azido-3-O-benzyl-4,6-dideoxy-~-D-mannopyranoside (6).--Compound 5, when treated 
with 2 in the manner described for the preparation of 4, gave 6 in 95% yield, after 
purification by chromatography (solvent A), [O~]D + 95°- Structurally significant signals 
in the IH NMR (CDC13) were at: 6 5.41 (dd, 1 H, Ji.2 1.7, "]2.3 3.1 Hz, H-2Vl), 
4.98-4.52 (m, 18 H, incl d at 4.85, J l ,2  1.8 Hz, H-1 vt, H-I I v, 6 CH2Ph), 2.10 (s, 3 H, 
COCH3), 1.26, 1.25, 1.21, 1.18, 1.16, 1.12 (6 d, 3 H each, J5.6 5.9, 6.1, 6.2, 5.8, 5.5, 
6.1, respectively, H-6 ~ w), 0.75-0.90 (m, 2 H, CH2Si), and ~ 0.0 (s, 9 H, 3 CH3); L~C 
NMR (CDC13): 6 100.30, 100.09 (2 C), 100.03 (c-In-v), 99.08 (C-lW), 98.21 (C-ll), 
77.51, 76.79, 76.64, 76.58 (2 C, C-31 v), 75.39 (c-3VI), 73.98 (C-21), 73.58, 73.44 (2 
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C), 73.37 (C-211 v), 72.15 (3 C), 72.06, 72.02, 71.52 (6 CHzPh), 67.80 (3 C), 67.73, 
67.63, 67.00 (C-5 ~ w), 67.13 (c-2W), 65.17 (CH2CH2Si), 64.45, 64.20 (3 C), 64.04, 
63.81 (C-41-vl), 20.94 (COCH3), 18.58, 18.54, 18.47 (3 C), 18.36 (C-61 vl), and 

- 1.33 (3 CH3); CIMS: m/z 1744 ([M + 18]+). Anal. Calcd for C85Hj06NlsO20Si: C, 
59.08; H, 6.18: N, 14.59. Found: C, 59.30; H, 6.28: N, 14.35. 

2-(Trimethylsilyl)ethyl (4-azido-3-O-benzyl-4 6-dideoxy-c~-D-mannopyranosyl)-(1 
2)-[(4-azido-3-O-benzyl-4,6-dideoxy-ce-D-mannopyranosyl)-(1 ~ 2)]4-4-azido-3-O-ben- 
zyl-4,6-dideoxy-c~-D-mannopyranoside (7).--Deacetylation of 6, as described for the 
preparation of 5, gave 7 in 91% yield, following purification by chromatography 
(solvent A), [ce] D + 112°; tH NMR (CDC13): 6 5.01 (d, 1 H, J1.2 1.9 Hz, H-lVl), 4.99, 
4.92, 4.89-4.87 (d, 1 H, Ji.2 1.9 Hz. d, 1 H, J~.~ 2.0 Hz, m, 2 H, H-I n v), 4.78-4.54 
(m, 13 H, 6 CHzPh, H-11), 4.03 (dd, 1 H, J2.3 3.1 Hz, H-2Vl), 3.97, 3.84-3.79 (bt, 1 H, 
J ~ 2.6 Hz, m, 4 H, H-21-v), 3.77-3.65 (m, 7 H, H-31 vl, CHCH2Si) ' 3.59-3.17 (m, 
13 H, H-41 w,5l-Vl, CHCH2Si), 1.29, 1.27, 1.24, 1.22, 1.19, 1.16 (6 d, 18 H, J_s.6 
~ 6.2 Hz, H-61-vl), 0.98-0.81 (m, 2 H, CH2Si), and 0.03 (s, 9 H, 3 CH3); 13C NMR 
(CDC13): 6 100.43, 100.30, 100.18, 100.09 (2 C, C-I n vi), 98.19 (C-II), 77.62, 77.49, 
76.92, 76.56, 76.52 (2 C, C-3J-v~), 73.98 (C-2~), 73.57, 73.42 (2 C), 73.24 (C-2 n v), 
72.14, 72.11 (3 C), 72.03 (2 C, 6 CH~Ph), 67.78 (3 C), 67.71, 67.32, 66.99 (C-5 ~ Vl), 
67.11 (c-2Vl), 65.16 (CH,CH~Si), 64.43, 64.17 (4 C), 63.80 (C-4 j Vl), 18.58, 18.53, 
18.48 (3 C), 18.28 (C-61 ~'q). ]7.71 (CH2Si), and -1 .34  (3 CH3); CIMS: m/z 1703 
([M + 18]+); IR (film) cm l 2110 (NO. Anal. Calcd for C83Hi04NlsO19Si: C, 59.13; 
H, 6.22; N, 14.95. Found: C, 59.24; H. 6.26; N, 14.96. 

2-(Trimethylsilyl)ethyl 3-O-benzyl-2-O-[3-O-benzyl-4,6-dideoxy-4-(3-deoxy-L- 
g~ycero-tetr~namid~)-c~-D-mann~pyran~sy~]-4~6-dide~xy-4-(3-de~xv-~-g~ycer~-tetr~n- 
amido)-~-D-mannopyranoside (12). A mixture of the 8 (prepared from 3 by treatment 
with H~_S as described previously [8], 250 rag, 0.43 mmol), 3-deoxy-L-glycero-tetrono- 
lactone (18) [4] (173 mg, 1.7 retool) and pyridine (0.1 mL) was stirred overnight at 110 
°C, when TLC (solvent C) showed that all starting material was consumed. Chromatog- 
raphy gave 12 (190 rag, 56%), mp 156-158 °C (from EtOAc-hexane), Joe] D + 10°; IH 
NMR ( ~  4:1 CDCI3-CD3OD): (5 5.00 (d, 1 H, JJ.2 1.8 Hz, H-1H), 4.80 (d, 1 H, Jl.z 
2.0 Hz, H-IJ), 4.70-4.47 (4 d, I H each, 2j ~ 11.7 Hz, 4 CH2Ph), 4.24, 4.22 (2 dd, 
partially overlapped, 2 H, J2.3~, ~ 3.8, '12,3b ~ 8.5 ttz, H-2'III), 4.18 (dd, 1 H, J2,3 3.0, 
H-2"), 4.13-3.99 (m, 2 H, H-4HI). 3.97 (bt, 1 H, H-2~), 3.84-3.66 (m, 9 H, 
H-31",51'n,41,1b ", CH~CH~Si), 3.51-3.42 (m, 1 H, CHhCH~Si), 2.08-1.96, 1.80-1.70 (2 
d. 2 H each, 3~.{; ), 1.20 (d. 6 H, Js.{ 6.2 Hz, H-6HI), and 0.02 (s, 9 H, 3 CH3); 13C 
NMR ( ~  4:1 CDC13-CD3OD): 6 175.31, 175.10 (2 CO), 101.24 (C-IH), 98.35 (C-II), 
75.97, 75.90 (C-31m), 73.78 (C-2~), 71.45, 70.87 (2 CH2Ph), 70.51 (2 C, C-2'H~), 
67.98, 67.77 (C-5Ln), 66.33 (c-2n), 65.14 (CHeCH2Si), 59.49 (2 C, C-4'l'n), 51.90, 
51.07 (C-4t"), 36.03, 35.96 (C-3'I'n), 17.71, 17.64, 7.96 (C-6 I'", CH2Si), and - 1.30 (3 
CH3). CIMS: m/z 810 ([M + 18]+). Anal. Calcd for C39H60N2OI3Si: C, 59.07: H, 
7.63; N, 3.53. Found: C, 58.81; H, 7.65; N, 3.51. 

2-(Trimethylsilyl)ethyl [2-O-acetyl-4-(2,4-di-O-acetyl-3-deoxy-L-glycero-tetronami- 
do )- 3-O-benzyl-4 6-dideoxy-c~-D-mannopvranosvl]-(1 -~ 2 )-4-( 2, 4-di-O-aceO,l-3-deoxy- 
L-glycero-tetronamido)-3-O-benzyl-4.6-dideoxy-c~-D-mannopyranoside (15).--Com- 
pound 12 (90 mg) was treated overnight with 2:1 pyridine-Ac20 (10 mL). Chromatog- 
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raphy (solvent D) of the residue obtained on concentration gave 15 (84 mg, 74%), [ c~ ]D 
- -  11°; ~H NMR (CDCI3): 6 5.82, 5.68 (2 d, 1 H each, J 8.7 and 9.0, respectively, 2 
NH), 5.49 (dd, 1 H, J~.2 2.0, J2.3 2.8 Hz, H-2"), 5.18 (in, 2 H, H-2'IJl), 4.83 (d, 1 H, 
H-lit), 4.74 (d, 1 H, Ji,2 2.0 Hz, H-It), 4.66, 4.60, 4.45, 4.40 (4 d, 1 H each, J ~ 12 Hz, 
2 CH2Ph), 4.31-3.98 (m, 4 H, H-4't'"), 3.96-3.88 (m, 3 H, H-41u,21), 3.82-3.68 (m, 5 
H, CH, CH2Si, H-3t'",5HI), 3.50-3.40 (m, 1 H, CHbH2Si), 2.28-2.10 (m, overlapped, 
H-3'ut), 2.09, 2.08, 2.04, 2.03, 2.02, (5 s, overlapped, 5 COCH3), 1.18, 1.16 (2 d, 
partially overlapped, H-6t'n), 1.00-0.82 (m, 2 H, CH2Si), and ~ 0.0 (s, 9 H, 3 CH3); 
I~C NMR (CDCI3): ~ 99.76 (C-11I), 98.31 (C-It), 75.20, 72.94 (C-3HJ), 74.48 (C-2~), 
71.17 (2 C, C-2'i'n), 71.02, 70.45 (2 CH2Ph), 68.76, 67.71 (C-5Ht), 66.87 (C-2"), 
65.29 (CH2CH2Si), 59.91, 59.88 (C-4't'n), 52.69, 51.74 (C-4t'll), 30.96, 30.78 (C-3't'n), 
18.03, 17.89 (C-6t'n), 17.72 (CHeSi), and -1 .36 (3 CH3); CIMS: m/z 1020 ([M + 
18]+). Anal. Calcd for C49H70N2OtsSi: C, 58.67; H, 7.03; N, 2.79. Found: C, 58.46; H, 
7.08; N, 2.74. 

2-( Trimethylsilyl)ethyl 2-O-aceo'l-4-( 2, 4-di-O-acet3,1-3-deoxv-L-glycero-tetronamido )- 
3-O-benzyl-4,6-dideoxy-c~-t)-mannopyranosyl-(1 ~ 2)-[4-(2,4-di-O-ace~l-3-deoxv-L- 
glycero-tetronamido )- 3-O-benzyl-4,6-dideoxy-ce-D-mannopyranosyl-(1 ~ 2 ) ~-4-( 2, 4-di- 
O-acet~l-3-de~x~-L-g~ycer~-tetr~namid~ )-3-~-benzyl-4~6-dide~xv-~e-~-rnann~pyran~side 
(16).--Amine 9 was prepared (89%) from 5 as described for the preparation of 8. ~H 
NMR (CDCI3): 6 5.07 (bd, 2 H, 2 H-l), 4.99 (bd, 1 H, H-l), 4.77 (d, 1 H, Ji,2 1.6 Hz, 
H-It), 4.69-4.36 (8 d, 1 H each, J ~ 11.5 Hz, 4 CH2Ph), 4.03 (m, 3 H, H-2 II iv), 3.91 
(bdd, 1 H, J2.3 2.4 Hz, H-21), 3.72 (m, 1 H, CH,~CH2Si), 3.64-3.38 (m, 9 H, 
H_3t-tv,5 t w, CHbCH,Si) ' 2.85-2.76 (m, 4 H, H-4 t w), 1.25-1.12 (m, 21 H, H-6 t iv 
4 NH2,OH), 0.92-0.84 (m, 2 H, CH2Si), and ~ 0 (s, 9 H, 3 CH3); 13C NMR (CDC13): 

101.08, 100.96 (2 C, C-111 iv), 98.76 (C-It), 79.70, 79.24 (2 C), 78.79 (C-3 ~ iv), 
73.11, 72.90 (2 C, C-2t-IH), 71.38, 71.15 (2 C), 71.06 (4 CHePh), 70.27 (2 C), 69.58 (2 
C, C-5 t iv), 66.45 (C-2W), 64.67 (CH2CH2Si), 53.64 (3 C), 53.26 (C-4ttv),  18.21 (2 
C), 18.12, 17.93, 17.74 (C-6 t t v ,  CH2Si) ' and -1.33 (3 CH3); C1MS: m/z 1059 
([M + 11+). 

A solution of compound 9 (360 rag, 0.34 retool), and lactone 11 (277 rag, 2.7 retool) 
in pyridine (5 mL) was stirred at 110 °C for 40 h (TLC, solvent C). After cooling, 1:1 
pyridine-acetic anhydride (10 mL) was added, and stirring at room temperature was 
continued for 3 h. After concentration, the mixture was chromatographed (solvent D) to 
pre-purify the main product which was collected and deacetylated (ZemplEn). Chro- 
matography (solvent E) gave 2-(trimethylsilyl)ethyl 3-O-benzyl-(3-deoxy-L-glycero- 
tetronamido)-4,6-dideoxy-o~-D-mannopyranosyl-(1 --+ 2)-[3-O-benzyl-(3-deoxy-L-glycero- 
tetronamido)-4,6-dideoxy-c~-D-mannopyranosyl-(1 ~ 2)]2-3-O-benzyl-(3-deoxy-L-glyce- 
ro-tetronamido)-4,6-dideoxy-c~-D-mannopyranoside (13, 72 rag, 10%). Structurally sig- 
nificant signals in the ~H NMR (CD3OD) spectrum were at: 6 5.10, 5.06, 4.90, 4.79 (4 
d, 1 H each, JJ.2 ~ 1.6 Hz, H-I t iv) 2.06-1.89, 1.79-1.63 (2 m, 4 H each, H a,l-tv~ 
1,18, 1.16, 1.05, 1.03 (4 d, partially overlapped, 12 H, J5.6 6.2 Hz, H-6t--w), 0.99-0.81 
(m, 2 H, CH2Si), and ~ 0 (s, 9 H, 3 CH3); 13C NMR (CDCI3): 6 103.04 (C-lW), 
102.21, 102.12 (C-In'm), 99.85 (c-It), 77.25 (2 C), 77.18, 76.75, 76.00, 75.91, 75.24 
(C_2 t m31 tv), 73.10, 72.87, 72.83, 71.84 (4 CHePb), 70.79 (4 C, C-2'l-IV), 69.87 (2 
C), 69.65, 69.15 (C-5t-tv), 67.64 (C-2tv), 66.11 (CH2CHzSi), 59.80 (4 C, C-4 't tv), 



182 K Ogawa et al. / Carbohydrate Research 293 (1996) 173-194 

38.47 (4 C, C-3 'l tv), 18.57, 18.52 (2 C), 18.45, 18.36 (C-61 w, CHeSi) ' and - 1.19 (3 
CH3). 

Conventional acetylation of 13 (40 mg) with pyridine-AczO gave, after chromatog- 
raphy, 16 (40 mg, 83%), [o~] D - 14 °, t H NMR (CDC13, only definitely assigned signals 
are listed): 6 6.20, 6.05 (2 bs, 1 H each, 2 NH), 5.87, 5.70 (2 bd, 1 H each, J 9.0 Hz, 2 
NH), 5.42 (dd, 1 H, JJ.2 2.0, J2,3 2.9 Hz, H-2W), 5.20-5.14 (m, 4 H, H-2 't iv), 5.05, 
4.98 (2 d, 1 H each, JI.2 2.6 and 2.4 Hz, respectively, H-lmm), 4.76 (d, 1 H, JI,2 1.9 
Hz, H-IlV), 4.73 (d, I H, JLz 2 Hz, H-It), 3.90 (bd, 1 H, H-21), 2.25-1.95 (m, 35 H, 9 

t l  IV COCH~, H-3ab ), 1.16, I 15, 1 13, 1.10 (4 d. 3 H each, J5.6 ~6.2 Hz, H 6  Hv) 
0.95-0.85 (m, 2 H, CHzSi), and ~ 0 (s, 9 H, 3 CH3); t3C NMR (CDC13): 6 100.89, 
99.94, 98.70, 98.36 (C-I t w), 74.96. 74.42 (2 C), 74.11, 73.75, 73.51, 73.37 (C- 
2 j m,31-w), 71.11 (3 C), 70.98, 70.93, 70.86, 70.79, 70.59 (C-2 'l w, 4 CHzPh), 68.90 
(3 C), 68.03 (C-5 t tv), 67.09 (C-2tv), 65.45 (CH~CH~Si), 60.05, 59.96 (2 C), 59.90 
(C_4,t tv), 52.13, 51.89, 51.74, 51.67 (C-41 iv), 30.98"(3 C) 30.86 (C-3 ' t t v ) ,  18.15, 
18.09, 18.03, 17.91, 17.77 (C-61 tv  CHeSi) ' and - 1.31 (3 CH3); FABMS m/z 1846 
([M + 1]+); Anal. Calcd for C~)~H~:4N4034Si: C, 59.21; H, 6.77; N, 3.03. Found: C, 
59.28; H, 6.81; N, 3.00. 

2-(Trimethylsilyl)ethyl 4-azido-3-O-benzyl-4,6-dideoxv-3-O-methyl-~-e-mannopy- 
ranosyl-(1 ~ 2)-[(4-azido-3-O-benzyl-4,6-dideoxy-o~-D-mannopyranosyl)-(1 ~ 2)]4-4- 
azido-3-O-benzyl-4,6-dideoxv-o~-D-mamu~pyranoside (17).--Iodomethane (24 mg, 0.18 
mmol) was added to a mixture of 7 (200 mg, 0.12 mmol) and KOH (17 mg, 0.36 mmol) 
in DMSO (3 mL), and the mixture was stirred until TLC (solvent A) showed that all 
starting material was consumed ( ~  30-60 min). The mixture was partitioned between 
water and CH2C12, and the organic phase was dried and concentrated. Chromatography 
of the residue gave amorphous 17 (197 mg, 98%), [o~] D + 102 ° (c 1.2); IH NMR 
(CDC13): 6 4.98-4.52 (m, 18 H, H-I ~ vl, 6 CH:Ph), 3.99, 3.87, 3.85, 3.82, 3.79 (5 bt, 
partially overlapped, 5 H, H-2 ~ v), 3.23 (s, overlapped with signals of ring protons, 
OCH3), 1.36-1.08 (m, 18 H, H-61 vl), 0.96-0.81 (m, 2 H, CH~Si), and ~ 0 (m, 9 H, 3 
CH3); 13C NMR (CDCI3): 6 100.30, 100.21, 100.1 I, 100.07 (C-lit-v), 98.76 (C-lW), 
98.19 (C-lt), 77.49, 77.39 (2 C), 77.12, 76.53 (2 C), 76.34 (c-2V~,3t-vt), 74.01, 73.57, 
73.45, 73.27, 73.17 (C-2 t v), 72.34, 72.14 (3 C), 72.05, 72.01 (6 CH:Ph),  67.82 (2 C), 
67.79, 67.72 (2 C), 66.99 (C-51 vi), 65.15 (CHzCH2Si), 64.44, 64.29, 64.19 (3 C), 
64.08 (C-4 t vt), 58.87 (OCH3), 18.56, 18.52, 18.45 (3 C), 18.37 (C-6 t vt), and 17.71 
(CH2Si), - 1.37 (3 Ctt3); FABMS: m/z 1673 ([M + I - 26] +, reflecting the conversion 
R-N~ ~ R-NH 2 [24]). Anal. Calcd for Cs4Hi0¢~Nl~Ol9Si: C 59.35; H, 6.28; N, 14.83. 
Found: C, 59.44; H, 6.31; N, 14.74. 

2-(Trimethylsilyl)ethyl 3-O-benzyl-4-(4-O-benzyl-3-deoxv-L-glycero-tetronamido)-4,6- 
dideoxy-~x-D-mannopyranosyl ]-(1 --~ 2 )-[ 3-O-benzyl-4-( 4-O-benzyl-3-deoxy-L-glycero- 
tetronamido )-4,6-dideoxy-tx-D-mannol)yranosyl-( l ~ 2 ) ]4-3-O-benzyl-4-(4-O-benzyl-3- 
deoxy-L-glycero-tetronamido)-4,6-dideoxy-c~-D-manmq)yranoside (20).--Compound 7 
was treated with H e S as described for the preparation of 8 to give 2-(trimethylsilyl)ethyl 
4-amino-3-O-benzyl-4,6-dideoxy-c~-~mannopyranosyl-(1 ~ 2)-[(4-amino-3-O-benzyl- 
4,6-dideoxy-ce-b-mannopyranosyl)-(I ~ 2)]4-4-amino-3-O-benzyl-4,6-dideoxy-o~-D- 
mannopyranoside (10) in 82% yield. IH NMR (CDCI3): 6 5.10, 5.78, 5.01 (4 bd, 
partially overlapped, 5 H, H-111 vt), 4.77 (bd, 1 H, H-It), 4.73-4.36 (m, 12 H, 6 



Y. Ogawa et al. / Carbohydrate Research 293 (1996) 173-194 183 

CH2Ph), 4.08-4.01 (m, 5 H, H-2n-vl), 3.92 (m, 1 H, H-21), 3.74 (m, overlapped, 
CH, CH2Si), 3.74-3.40 (m, overlapped, CHbCH2Si, H-3 l-vl, H-5 ~ vl), 2.90-2.78 (m, 6 
H, H-41 vl), 2.40-1.02 (4 m, partially overlapped, 6 NH 2, OH, H-61 Vl), 1.00-0.8 (m, 
2 H, CH2Si), and ~ 0 (m, 9 H, 3 CH3); J3C NMR (CDC13): ~ 101.07, 100.91 (4 C, 
C-111-vt), 98.78 (C-lt), 79.67, 79.19 (2 C), 78.75, 78.65 (2 C, C-31 Vl), 73.16, 73.05, 
73.01, 72.95 (2 C, C-2l-v), 71.42, 71.17 (2 C), 71.12 (3 C) (6 CH2Ph), 70.30, (4 C), 
69.57 (2 C) (C-5I-Vl), 66.51 (c-2Vl), 64.75 (CH2CH2Si), 53.69 (5 C), 53.30 (C-4Z-Vl), 
18.25 (3 C), 18.16 (2 C), 17.97 (C-61-vl), 17.78 (CH2Si), and -1.31 (3 CH3); IR: 
absence of absorption at 2110 cm I (N3); CIMS: m/z 1530 ([M + 1]+). 

A solution of 10 (740 mg, 0.48 mmol), 19 (812 rag, 3.8 mmol), WSC (923 mg, 4.8 
mmol) and HOBT (652 mg, 4.8 mmol) in DMF (10 mL) was stirred overnight at room 
temperature. The mixture was extracted with CH2C12, and the extract was washed 
successively with 2 N HC1, sat aq NaHCO 3, and NaC1, dried, concentrated, and 
chromatography (solvent D) gave 20 (1.02 g, 79%), [c~] D - 5  °. Definite, structurally 
significant signals in the IH NMR spectrum (CDC13) were at: 6 6.96 (bd, 1 H, J4.NH 

9.2 Hz, NH), 6.83, 6.80 (2 bd, partially overlapped, 2 H, 2 NH), 6.70 (bd, 1 H, J4.NH 
8.9 HZ, NH), 6.61, 6.58 (2 d, partially overlapped, J4.NH ~ 9.5 Hz, 2 NH), 5.06, 5.05, 
5.04, 5.02 (4 bd, partially overlapped, 4 H, H-l It Vl), 4.90 (bd, 1 H, Jl.2 ~ 1.5 Hz, 
H-lVl), 4.74 (bd, 1 H, Ji.2 ~ 1.8 Hz, H-11), 3.94 (bdd, 1 H, H-2), 2.15, 1.90 (2 m, 6 H 
each, H-3'l-Vl), 1.21, 1.19, 1.12 (3 m, 18 H, H-61 Vl), and 0.20 (s, 9 H, 3 CH3); 13C 
NMR (CDCI3): 8 173.85, 173.66 (2 C), 173.53. 173.42, 173.28 (6 CO), 100.55 (C-lVl), 
99.81 (2 C), 99.52 (2 C, c-Ill-V), 98.35 (C-11), 76.42, 75.71, 75.37 (2 C), 75.14, 74.93 
(C_31 Vl), 73.45, 73.39, 73.34, 73.25 (2 C), 73.18, (C-4 '1 VI-ocH2Ph),  73.64, 72.96 (2 
C), 72.80 (3 C), 72.65, 72.49, 72.20 (2 C), 71.76 (C-21 v,2'x Vl), 71.14, 71.02 (5 C) 
(C-31-VI-OCH~Ph), 69.74, 69.51, 69.32, 69.11, 69.02, 68.91, 68.80 (4 C), 68.13, 67.96 
(C_4,J vt, C_5t-vj), 66.79 (c-2Vl), 65.04 (CH2CH2Si), 51.92, 51.82 (3 C), 51.64, 51.10 
(C_41 Vl), 33.79, 33.66, 33.58 (2 C), 33.44, 33.34 (C-3'l-Vl), 18.13 (3 C), 18.05, 18.00, 
17.76 (C-61-Vl), 17.71 (CH2Si), and - 1.39 (3 CH3); FABMS: m/z 2682 ([M + 1]+), 
2705 ( [M+ Na]+). Anal. Calcd for C~49HI88N60375i: C, 66.70; H, 7.06; N, 3.13. 
Found: C, 66.41; H, 7.09; N. 3.02. 

2-( Trimethylsilyl)ethyl 3-O-benzyl-4-( 4-O-benzyl-3-deoxv-L-glycero-tetronamido)-4,6- 
dideoxv-2-O-methyl-~-D-mannopyranosyl-(1 --* 2)-[3-O-benzyl-4-(4-O-benzyl-3-deoxv-L- 
glycero-tetronamido)-4,6-dideoxy-~-D-mannopyranosyl-(1 ~ 2)]4-3-O-benzyl-4-(4-O- 
benzyl-3-deoxy-L-glycero-tetronamido)-4,6-dideoxv-a-D-mannopyranoside (21).--Hy- 
drogen sulfide was passed through a solution of 17 (900 rag) in 7:3 pyridine-triethyl- 
amine (20 mL) for 1 h, and the mixture was kept at room temperature overnight. After 
concentration, the residue was chromatographed on neutral alumina (solvent D) to give 
amorphous 18 (640 mg, 78%). IH NMR (CDCI3): ~ 5.07 (d, 1 H, Ji,2 1.8 Hz, H-l), 
5.06 (bs, 2 H, 2 H-l), 5.04 (d, I H, J1.2 1.6 Hz, H-l), 4.97 (d, 1 H, JJ.2 1.3 Hz, H-lW), 
4.76 (d, 1 H, JL2 1.6 Hz, H-ll), 4.74-4.35 (m, 12 H, 6 CH~Ph), 4.08, 4.03, 3.91 (3 m, 
5 H, H-21 v), 3.79-3.67 (m, 1 H, CHaCH~Si), 3.63-3.38 (m, 14 H, H-2Vl,31-Vl,51 Vl, 
CHbCH2Si), 3.26 (s, 3 H, OCH3) , 2.92-2.75 (m, 6 H, H-41-Vl), 1.36-1.06 (m, 30 H, 
H_61 w, 6 NH2), 0.98-0.80 (m, 2 H, CH2Si), and ~ 0 (m, 9 H, 3 CH3); 13C NMR 
(CDCI:~): 6 101.02, 100.93 (3 C, C-1 II v), 99.15 (C-lVl), 98.79 (C-11), 79.63, 79.25, 
79.18, 78.79, 78.73 (2 C, C-3I-vl), 75.86 (c-2Vl), 73.06 (2 C), 73.02, 72.64 (C-2 II v), 
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72.94 (C-2~), 71.64, 71.28, 71.11 (4 C, 6 CH2Ph), 70.31 (3 C), 70.25 (2 C), 69.61 
(C_51 vl), 64.70 (CH2CH2Si) ,  58.85 (OCH3), 53.84, 53.68 (3 C), 53.59 (2 C, C-4'l-vI), 
18.23 (4 C), 18.15, 18.06 (C-6 ~ vi), 17.71 (CH~Si), ~ -1 .2  (3 CH3); FABMS: m/z 
1544 ([M + 1]+). 

A solution of 18 (590 rag, 0.38 retool), 19 (800 mg, 3.8 retool), WSC (730 mg, 3.8 
mmol) and HOBT (520 rag, 3.8 retool) in DMF (17 mL) was stirred at room 
temperature overnight. The mixture was partitioned between CHeC12 and 2 M HCI, and 
the organic phase was washed successively with aqueous NaHCO 3 and NaCI solutions, 
dried, and concentrated. Chromatography of the residue gave amorphous 21 (872 rag, 
87%), [ce] D -6°;  IH NMR (CDCI3): 6 7.4-7.2 (m, 60 H, 12 Ph), 6.94-6.49 (m, 6 H, 6 
NH), 5.04, 5.02, 5.01, 4.98 (4 d, 1 H each, Ji,2 ~ 2.5-2.9 Hz, H-Ill-v), 4.90 (d, 1 H, 
Ji.2 1.2 Hz, H-lVl), 4.72 (d, 1 H, JI.2 1.8 Hz, H-II). 4.68-4.40 (m, 24 H, 12 CHePh), 
4.38-4.00 (m, 17 H, H-4 j vl,2II vl,2'l-vl), 3.95 (bs, 1 H, H-21), 3.82-3.54 (m, 26 H, 
H-2Vl,31 vJ,51-vl,4 'l-vl, CH~,CH2Si). 3.50--3.39 (m, 1 H, CHbCHzSi), 3.21 (s, 3 H, 
OCH3), 2.15, 1.89 (2 m, 6 H each, H-3'J-vJ), 1.27-1.01 (m, H-61 Vl), 1.00-0.80 (m, 2 
H, CH2Si), and ~ 0 (m, 9 H, 3 CH~); 13C NMR (CDC13): 6 100.74, 100.02, 99.67 (2 
C, C-111 v), 98.67 (C-lVI), 98.44 (C-I~), 76.17, 75.99, 75.65 (2 C), 75.38, 75.01 
(c_2Vl,3 i vl), 73.55, 73.48, 73.41, 73.37, 73.30, 73.26 (6 CH2Ph), 73.25, 73.13, 72.71 
(4 C), 72.54 (2 C), 72.35 (2 C, C-2 II v,2'~ v~), 71.47, 71.21, 71.07 (3 C), 70.63, 69.98, 
69.76, 69.49, 69.39, 69.23, 69.13 (C-4 '~-vI, 6 CH2Ph), 68.96 (4 C), 68.89, 68.01 
(C-51-Vl), 65.06 (CH2CH2Si) ,  59.06 (OCH3), 52.00, 51.85, 51.80, 51.70, 51.63, 51.54 
(C-4~-v~), 33.77, 33.57 (3 C), 33.35 (2 C) (C-3'~-v~), 18.22, 18.18, 18.14 (2 C), 18.08, 
17.98 (C-6J-w), 17.75 (CH2Si), ~ -1 .2  (3 CH~); FABMS: m/z 2696 ([M + 1]+), 
2718 ([M+Na]+).  Anal. Calcd for ClsoHi,mN6037Si: C, 66.80; H, 7.10; N, 3.12. 
Found: C, 66.67; H, 7.05; N, 3.06. 

2-(Trimethylsilyl)ethyl 2,3-di-O-acetyl-4-(2,4-di-O-acetyl-3-deoxy-L-glycero-tetron- 
amido )-4,6-dideoxv-tx-D-mannopyranos yl-( l ~ 2 )-[ 3-O-acet),l-4-( 2, 4-di-O-ace~l- 3-de- 
oxv-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyranosyl-(1 ~ 2)]4-3-O-acet)'l-4- 
( 2, 4-di-O-acetyl- 3-deoxy-L-glycero-tetronamido )-4, 6-dideoxy-ce-D-mannopyranoside 
(23).---A solution of the foregoing compound 20 (1.02 g) in 90% acetic acid (55 mL) 
was stirred overnight at room temperature in a hydrogen atmosphere in the presence of 
5% palladium-on-charcoal catalyst (I g). One product was formed as shown by TLC 
(solvent E). The peak at m/z 1623 ([M + Na] +) present in the FABMS spectrum 
showed that 2-(trimethylsilyl)ethyl 4-(3-deoxy-L-g/ycero-tetronamido)-4,6-dideoxy-ce-D- 
mannopyranosyl-(l ~ 2)-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-c~-D-manno- 
pyranosyl-(l ~ 2)]4-4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyran- 
oside (22) was formed. After filtration through a Celite pad, the solids were washed with 
90% acetic acid, the combined filtrate was concentrated, and a solution of the residue 
was treated with 2:1 pyridine-Ac~O (60 mL) overnight at room temperature. Afer 
concentration, the residue was eluted from a small silica gel column (solvent D) to give 
pure 23 (790 rag, 87%), mp 112-113 °C (from ether-hexane), [ o~ ]D + 30°. Characteris- 
tic signals in the ~H NMR (CDCI 3) spectrum were at: 6 6.58-6.48 (m, 4 H, 4 NH), 
6.37 (d, 1 H, J4.NH 9.3 Hz, NH), 6.04 (d, 1 H, J4.Nn 9.4, NH), 5.27 (dd, I H, J23 3.2, 
J.~.4 10.9 Hz, H-3), 5.24-5.14 (m, 7 H, H-2Vl,3 ~ w) 4.97 (2 bd, partially overlapped, 2 
H, 2 H-l), 4.93 (bd, 1 H. H-I), 4.88, 4.86 (2 bd, partially overlapped, 2 H-l), 4.73 (bd, 
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1 H, H-I~), 3.84 (bdd, 1 H, H-2), 3.60 (m, 1 H, H-5), 3.46 (m, 1 H, CHCH2Si), 
2.18-1.96 (m, COCH 3 signals overlapping H-3 't vt resonances), 1.15 (m, 18 H, 
H-61-vI), 0.90 (m, 2 H, CHeSi), and ~ 0.0 (s, 9 H, 3 CH3); 13C NMR (CDCI3~: 
100.21, 99.97, 99.77 (2 C), 99.17 (C-I" vl), 97.94 (C-IJ), 76.35, 75.67, 75.21, 75.01, 
74.73 (C-2J-v), 70.80 (6 C, C-2'I-vl), 70.03 (c-2Vl), 69.74, 69.61, 69.40, 69.34, 69.29, 
69.15, 69.08, 68.97 (2 C), 68.73, 68.20, 68.00 (C-3 x vl,51 Vl), 65.44 (CH2CH2Si), 
60.24, 59.79 (5 C, C-4 'x v~), 52.13, 51.70 (2 C), 51.61, 51.59, 51.31 (C-4~-w), 30.54 (4 
C), 30.46 (2 C, C-3 '1 vl), 17.74 (7 C, C-61 vl, CHeSi) ' and - 1.48 (3 CH3); FABMS: 
m/z 2399.9 ([M + 1]+). Anal. Calcd for CIo3H154N6056Si: C, 51.54; H, 6.47; N, 3.50. 
Found: C, 51.83; H, 6.49; N, 3.46. 

2-( Trimethylsilyl)ethyl 3-O-ace~l-4-( 2, 4-di-O-ac eO'l-3-deoxy-L-glycero-tetronami- 
do)-4,6-dideoxy-2-O-methyl-ce-D-mannopyranosyl-(1 ~ 2)-[3-O-acetyl-4-(2,4-di-O-ace- 
Oq-3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce-D-mannopyranosyl-( l --~ 2)]4_3_ 0_ 
ace~-4-( 2~ 4-di-~-ace~. ~-3-de~xv-L-g~ycer~-tetr~namid~ )-4~6-dide~xy-c~-D-mann~pyra- 
noside (25).--A mixture of compound 21 (790 rag) and 5% palladium-on-ch:~icoal 
catalyst (700 mg) in 90% acetic acid (55 mL) was stirred overnight at room temperature. 
The catalyst was filtered off, washed with 90% acetic acid, and the filtrate was 
concentrated. The residue, containing 24, was treated with 2:1 pyridine-Ac20 (60 mL), 
at room temperature overnight, and the mixture was processed as described for the 
preparation of 23, to give 25 (525 mg, 76%), [ce]i) +28°; JH NMR (CDCI3): 6 
6.60-6.10 (6 d, partially overlapped, 6 NH), 5.26-5.13 (m, 6 H, H-3 ~ w), 5.09-4.88 
(m, 11 H, incl 3 bs at 4.97, 4.99, and 4.88 for 3 H-l, 2 H-l, H-l, 2 'l vl), 4.74 (bs, 1 H, 
H-ll), 4.31-4.00 (m, 22 H, H-2n-v,41 vl,4'I vl), 3.89 (bs, 1 H, H-21), 3.80-3.60 (m, 8 
H, incl bs at 3.63 for H-2Vt,H-51 vl  CH~CHzSi), 3.53-3.44 (m, 4 H, incl s at 3.51 for 
OCH 3, CHbCH~Si), and 2.30-1.90 (m, ~_a,l w _ "" ~,b , 18 COCH3), 1.24-1.14 (m, 18 H, 
H_61 vl), 1.01-0.82 (m, 2 H, CH~Si), ~ 0.0 (s, 9 H, 3 CH3); 13C NMR (CDC13): 6 
100.15, 99.97, 99.63, 99.50, 99.12 (C-I II Vl), 97.85 (C-1I), 77.54 (c-2Vl), 75.14 (C-21), 
74.72 (2 C), 74.45, 74.15 (C-211 v), 70.72 (3 C), 70.60 (3 C, C-2'~-w), 70.46, 69.90, 
69.84, 69.54, 69.50, 69.22 (2 C), 68.93, 68.72 (2 C), 68.42, 67.90 (C-31-vl,51 vl), 65.16 
(CH2CH2Si), 59.66 (6 C, C-4:-vl), 59.38 (OCH3), 52.20, 51.55 (2 C), 51.45 (2 C), 

tl VI 51.22 (C-41 vl), 30.31 (6 C, C-3~. b ), 17.67 (4 C), 17.59 (2 C, C-6J-vl), 17.52 
(CH2Si), and -1 .64  (3 C, 3 CH3); FABMS: m/z 2371.9 ([M + 1]+), 2394.9 ([M + 
Na]+). Anal. Catcd for Ct02HI54N6055Si: C, 51.64; H, 6.54; N, 3.54. Found: C, 51.50; 
H, 6.52; N, 3.50. 

2~3-Di-O-ace~-4-(2~4-di-O-ace~-3-de~xy-L-g~ycer~-tetr~namid~)-4~6-dide~xy-c~-D- 
mannopyranosyl-(1 ~ 2)-[3-O-aceo'l-4-(2,4-di-O-acet3,1-3-deoxy-L-glycero-tetronami- 
do )-4,6-dideoxv-c~-D-mannopyranosyl-(1 ~ 2) ]4-3-O-ace~. "l-4-(2, 4-di-O-ace~,l-3-deoxy- 
k-glycero-tetronamido)-4,6-dideoxv-ol-D-mannopyranose (26).--A solution of 23 (790 
mg) in TFAA (20 mL) was stirred for 4 h (TLC, solvent B), and concentrated at room 
temp. The residue was chromatographed to give amorphous 26 (700 rag, 92%), [o~] D 
+ 19°; 13C NMR (CDC13): 6 100.15 (2 C), 99.91, 99.70, 99.30 (C-lll-Vl), 93.01 (C-ll), 
59.82 (3 C), 59.79 (3 C, C-4'l-Vl), 51.89 (3 C), 51.59 (3 C, C-41 vl), 30.82 (2 C), 30.66. 
30.52 (3 C, C-3 'l Vl), 18.09 (3 C), and 17.84 (3 C, C-61 Vl); FABMS: m/z 2299.8 
([M + 1]+). Anal. Calcd for C98HIJ.2N6056: C, 51.17; H, 6.22; N, 3.65. Found: C, 
50.90; H, 6.28; N, 3.43. 
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3-O-Ace~l-4-(2, 4-di-O-aceOq- 3-deoaT-L-glycero- tetronamido)-4, 6-dideoxy-2-O-me- 
thyl-a-D-mannopyranosyl-(1 ~ 2 )-[ 3-O-aceo, l-4-(2,4-di-O-aceO,1-3-deoxy-L-glycero-te- 
tronamido)-4,6-dideoxy-c~-D-mannopyranosyl-( l ~ 2)]4-(1 ~ 2)-3-O-aceo,l-4-(2,4-di-O- 
ace~l-3-cleoxy-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyranose (27).--A solu- 
tion of 25 (505 mg) was treated with TFAA (16 mL) for 3 h as described for the 
preparation of 26. Chromatography yielded 27 (439 rag, 90%), [ol] D + 19°; FABMS: 
m / z  2271.8 ([M + 1]+), 2293.8 ([M + Na]+). Anal. Calcd for C97HI42N6055:  C, 51.27; 
H, 6.30; N, 3.70. Found: C, 51.05; H, 6.47; N, 3.47. 

2~3-Di-~-ace~l-4-(2~4-di-~-ace~q-3-de~xy-~-g~ycer~-tetr~namid~)-4~6-dide~xv-c~-D- 
mannopyranosyl-( l ~ 2)-[3-O-aceO, l-4-(2,4-di-O-aceo,l-3-deoxy-L-glycero-tetronami- 
do)-4,6-dideoxy-c~-D-mannopyranosyl-( l -~ 2)]4-3-O-ace~l-4-(2,4-di-O-acetyl-3-deoxv- 
L-glycero-tetronamido)-4,6-dideo.rv-c~-D-mannopyranosyl trichloroacetoimidate (28).-- 
1,8-Diazabicyclo[5,4,0]-undec-7-ene (DBU, 5.6 rag) was added at 0 °C to a solution of 
compound 26 (170 mg) and CC13CN (3.2 g) in CH2C12 (3 mL). The mixture was stirred 
for 5 min at 0 °C, and directly chromatographed (solvent B), to give 28 (140 mg, 78%), 
[c~] D +21°; IH NMR (CDCI3): 6 6.50-6.10 (m, 7 H, include bs at 6.26, H-I vl, 6 NH), 
5.33-5.20 (m, 6 H, H-31-vl), 5.12-4.97 (m, 12 H, H-11 vl,2'l vl), 4.32-4.13 (m, 24 H, 
H-21-w,41-vl,4"IbVl), 3.98-3.52 (m, 6 H, H-51 vi), 2.22-2.03 (m, overlapping signals, 
H_a,l vl 19 CH3CO), and 1.30-1.16 (m, 18 H, H-61 w); 13 C NMR (CDC13): 6 160.19 ~a,b ' 
(CC13C=NH), 100.45, 100.25, 100.07 (2 C), (C-II~-V), 99.36 (C-lYe), 96.17 (C-11), 
77.20, 76.39, 75.26, 74.82, 73.00 (C-21 v), 71.17, 70.83 (5 C, C-2'l-Vl), 69.74, 69.55, 
69.36 (3 C), 69.30 (2 C), 69.17 (3 C), 69.04 (2 C), 67.96 (c-2Vl,31 vl,51 W), 59.76 (6 
C, C-4'I-W), 52.00, 51.69 (3 C), 51.43, 51.18 (C-4 x vI), 30.53 (6 C, C-3'l-vl), 17.78 (3 
C), and 17.63 (3 C), (C-61 vl); FABMS: m/z 2464.7 ([M + Na]+). 

3-~-Acet3~-4-(2~4-di-~-ace~l-3-de~.rv-~-g~ycer~-tetr~namid~)-4~6-dide~xy-2.~-me- 
thyl-c~-D-mannopyranosyl-(1 --* 2 )-[ 3-O-ace~. 'l-4-( 2, 4-di-O-aceO'l-3-deoxv-L-glycero-te- 
tronamido)-4, 6-dideoxy- e~-D-mannopyranosyl-( 1 --* 2) ]4-3-O-acetyl-4-(2, 4-di-O-ace~l-3- 
deoxv-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyranosyl trichloroacetoimidate 
(29).--The title compound 29 was obtained (333 mg, 73%) from 27 (430 rag) as 
described for the preparation of 28, [c~] D +33°; IH NMR (CDCI3): 6 6.48-6.04 (7 d, 
partially overlapped, incl bd at ~ 6.27 for H-1 I, 6 NH), 5.31-5.18 (m, 6 H, H-31-Vl), 
5.10-4.98 (m, 12 H, H-I l vl,2'l~vl), 4.15-4.05 (m, 24 H, H-21-v,4 i w,4~l~Vl), 
3.95-3.70 (m, 6 H, H-51-w), 3.65 (dd, Jl.z 1.8, J~ ~ 3.0 Hz, H-2V~), 3.54 (s, 3 H, 

H_3,1 V~ and 18 COCH3), and 1.28-1.17 OCH3), 2.22-2.04 (m, overlapping signals of _ ~.~ 
(m, 18 H, H-6~-v~); 13C NMR (CDC13): 6 160.01 (CC13C=NH), 100.32, 100.17, 99.86 
(2 C), 99.28 (C-I ~ v), 96.07 (C-I~), 77.60 (c-2W), 77.20, 74.99 (2 C), 74.50, 72.73 
(C-2~-v), 70.98, 70.73 (3 C), 70.64 (6 C, 2 '~ w), 70.50, 69.87, 69.57, 69.42, 69.32 (4 
C), 69.03, 68.84 (3 C, C-3 ~ vl,5~ v~), 59.71 (5 C), 59.49 (C-4 '~ v~), 52.04, 51.61(2 C), 
51.51, 51.31, 51.01 (C-4~-v~), 30.35 (C-3 'l w), 17.75 (3 C), 17.68 (2 C), and 17.52 
(C_6 ~ v~); FABMS: m/z 2414.4 ([M + 1]+), 2436.6 ([M + Na]+). 

5-Methoxycarbonylpentyl 2,3-di-O-acetyl-4-(2.4-di-O-acetyl-3-deoxy-L-glycero- 
tetronamido)-4,6-dideoxy-ce-D-mannol)yranosyl-( l --~ 2 )-[3-O-acetyl-4-(2,4-di-O-acet3'l- 
3-deoxy-L-glycero-tetronamido)-4,6-dideox3'-a-D-mannopyranosyl-(1 -~ 2)]4-3-O-aceO,1- 
4-(2~4-di-~-ace~,l-3-de~xv-L-g~ycer~-tetr~namid~)-4~6-dide~xv-c~-D-mann~pyran~side 
(30).--To a mixture of 28 (140 mg, 57/zmol), methyl 6-hydroxyhexanoate [23] (83 mg, 
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0.57 mmol) and 4 A molecular sieves (500 mg) in CH2C12 (8 mL) was added, at - 2 0  
°C, triethylsilyltrifluoromethanesulfonate (TESOTf, 1 drop). The mixture was stirred at 
- 2 0  °C for 1 h and directly chromatographed to give 30 (100 rag, 72%), [c~] D +28°; 
IH NMR (CDC13): 8 6.58 (bs, NH), 6.51, 6.50, 6,48, 6.45, 6.34 (5 d, partially 
overlapped, J4NH ~ 9  Hz, 5 NH), 5.31 (dd, I H, J ~  3.2, J ~  10.9 Hz H-3Vl), 
5.27-5.18 (m, 6 H, H-31-v,2vl), 5.12-4.90 (m, 11 H, H--'in-v,2 'l-v'l, incl d at 4.95, Jl.~_ 
1.7 Hz, H-lVt), 4.73 (d, 1 H, Ji.2 1.7 Hz, H-11), 4.31-4.00 (m, 22 H, H- 
2 u v,41 Vl,4"IbVI), 3.92 (dd, 1 H, J2.3 2.9 Hz, H-21), 3.89-3.62 (m, l0 H, H-5 l-vl, 
OCH a, COOCH0, 3.46-3.38 (m, 1 H, OCHb) , 2.37 (bt, 2 H, CHACO), 2.26-2.02 (m, 
H_3,1 vl, 19 COCH3), 1.75-1.57 (m, 4 H, OCH2CH2CH2CH2)fl.48-1.35 (m, 2 H, 
OCH2CH2CH2), and 1.24-1.17 (m, 18 H, H-61 vl); t3 C NMR (CDC13): 6 100.32, 
100.17, 99.92, 99.82 (c-In-v), 99.29 (C-lVl), 98.52 (C-11), 76.38, 75.46, 75.30, 75.03, 
74.65 (C-21-v), 70.98, 70.86 (2 C), 70.81 (3 C, C-2'l-vl), 70.05 (c-2Vl), 69.75, 79.70, 
69.31 (2 C), 69.14 (2 C), 68.98 (2 C), 68.67 (2 C), 67.84 (C-31-v,51 vl), 67.98 (c-3W), 
67.08 (OCH2), 59.87 (3 C), 59.80 (3 C, C-4'l-V~), 52.27, 51.67 (2 C), 51.60 (2 C), 
51.41 (2 C, C-41-Vl,OCH3), 33.78 (CHzCO), 30.54 (6 C, C-3 'j vl), 28,55, 24.16 
(OCH2CH2CH2CH2), 25.34 (OCH~CHzCH2), 17.84 (3 C), and 17.76 (3 C, C-6l-vl); 
FABMS: m/z 2427.8 ([M + 1]+), 2450.8 ([M + Na]+). 

2-[2-(Methoxvcarbonyl)ethylthio]ethyl 2,3-di-O-acetyl-4-(2,4-di-O-ace~.'l-3-deoxv-L- 
glycero-tetronamido)-4,6-dideoxy-a-D-mannopyranosyl-(1 ~ 2)-[3-O-ace~. l-4-(2,4-di-O- 
ace~'l-3-deoxv-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyranosyl-(1 --* 2)]4-3-0- 
acetyl-4-(2,4-di-O-ace~l-3-deoxy- L-glycero-tetronamido)-4, 6-dideo©'- C~-D-mannopyran- 
oside (31).--Compound 31 (95 rag, 71%) was prepared from 28 (135 mg) and methyl 
2-(2-hydroxyethylthio)propionate [8] (90 mg) as described for the preparation of 30, 
[o~] D +28°; IH NMR (CDCI3): 6 6.60-6.23 (m, 6 H, 6 NH), 5.30 (dd, 1 H, J,s 3.2, 
J3.4 11.1 Hz, H-3W), 5.27-5-.18 (m, 6 H, H-2VJ,31-v), 5.12-4.89 (m, H-1 n v~},~-Vl, 
incl d at 4.95, Jl ~ 1.7 Hz, H-lVl), 4.79 (d, J1.,, 1.8 Hz, H-lt), 4.32-4.02 (m, 22 H, 
H-2 n v,41-Vl,4'l-tq), 3.97 (dd, 1 H, J2.3 2.9 Hz, H-21), 3.90-3.64 (m, 11 H, H-5 ~ Vl, 
OCH 2, incl s at 3,72, OCH3), 3.00-2.82 (m, 2 H, CHzCH2CO), 2.80-2.72 (m, 2 H, 
OCH2CH2), 2.70-2.56 (m, 2 H, CH2CO), 2.24-2.03 (m, H-3 l-vl, 19 COCH3), and 
1.25-1.18 (m, 18 H, H-6 l-vI ); 13C NMR (CDC13): 6 100.29, 100.20, 99.94, 99.85 
(C-In-V), 99.33 (C-lVI), 98.70 (C-11), 76.37, 75.24, 74.98, 74.60, 74.65 (C-21-v), 75.09 
(c-2VJ), 70.91, 70.87 (2 C), 70.82 (2 C), 70.76 (C-2 '~ v~), 69.88, 69.77, 69.69 (2 C), 
69.39, 69.33, 69.18 (2 C), 69.00 (2 C), 68.75, 68.33, 68.00 (c-2W,31 w,51-vl), 68.05 
(OCH:), 59.85 (3 C), 59.80 (3 C, C-4'~-w), 52.27, 51.87, 51.72 (3 C), 51.44, 51.32 
(C_41 w, COOCH3), 34.53 (CH2CO), 31.80 (OCH2CH2), 30.53 (6 C, C-3'I-Vl), 27.85 
(CHeCH,CO), 17.85 (3 C), and 17.79 (3 C, C-l-Vl); FABMS: m/z 2445.9 ([M + 1]+), 
2467.9 ([M + Na]+). 

5-Methoxycarbonylpentyl 3-O-Acetyl-4-(2,4-di-O-acetyl-3-deoxy-L-glycero- 
tetronamido)-4,6-dideoxy-2-O-methyl-c~-D-mannopyranosyl-(1 --* 2)-[3-O-ace~l-4-(2,4- 
di-O-ace~l- 3-deoxy-L-glycero-tetronamido )-4,6-dideoxy-ce-D-mannopyranosyl-( l 
2)]~-3-~-acetyl-4-(2~4-di-~-ace~l-3-de~xv-L-g~ycer~-tetr~namid~)-4~6-dide~xy-~e-D- 
mannopyranoside (32).--Compound 32 (105 mg, 70%) was obtained from 29 (150 rag) 
and methyl 6-hydroxyhexanoate (90 mg) as described for the preparation of 30, [C~]D 
+32°; ~H NMR (CHCI3): 6 6.54-6.38 (m, 4 H, 4 NH), 6.34, 6.26 (2 d, J4.NH 8.7 and 
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9.1 Hz, respectively, 2 NH), 5.38-5.18 (m, 6 H, H-3 r vi), 5.12-5.00 (m, 9 H, H-2 'l vl, 
3 H-l), 4.97 (bd, partially overlapped, H-l), 4.91 (bd, I H, J 2 ~ 2.6 Hz, H-l), 4.74 
(bd, 1 H, J1.2 ~ 2.0 Hz, H-lJ), 4.36-4.06 (m, 22 H, H-2 II v,41'-vl,4' -v ), 3.93 (bdd, 1 
H, H-21), 3.86-3.15 (m, 11 H, H-5 ~ vJ, OCH~, incl s for COCH 3 at 3.72 and bdd for 
H-2 vl at 3.66), 3.55 (s, 3 H, OCH~), 3.46-3.36 (m, 1 H, OCHb), 2.40-2.32 (m, 2 H, 
CH2CO),  2 .24-2 .04 (m, H-3 'l-vl, 18 COCH3),  1.84-1.56 (m, 4 H, 
OCH,CH~CH~CH,),  1.50-1.35 (m, 2 H, OCH~CH~CH~), and 1.27-1.17 (18 H, 
H-6'-M); i3C NMR (CDCI3): 6 100.37, 100.25, 99.88~ 99.:/2, 99.37 (C-l"-V'), 98.75 
(C-IJ), 77.05 (c-2V~), 75.27 (C-2~), 74.95 (2 C), 74.78, 74.36 (C-2n-v), 70.96, 70.85 (2 
C), 70.73 (3 C, C-2'x-w), 70.61, 70.03 (2 C), 69.67 (2 C), 69.42, 69.31, 69.12, 68.90 (2 
C), 68.58, 67.76 (C-31-vl,51 vl), 67.01 (OCHe), 59.87, 59.78 (5 C, C-4'l-vl), 59.55 
(OCH3), 52.35, 51.70, 51.61, 51.52, 51.40 (3 C, C-41 vL, COOCH3), 33.72 (CH2CO), 
30.46 (6 C, C-3'I-vl), 28.49, 24.12 (OCH2CH2CH2CH2), 25.28 (OCHzCHzCH2), 
17.84 (3 C), 17.80 (2 C), and 17.72 (C-6X-v~); FABMS: m/z 2399.9 ([M + 1]+), 2421.9 
([M + Na] +). 

2-[2-(Methoxycarbonyl)ethylthio]ethyl  3-O-acetyl-4-(2,4-di-O-acetyl-3-deoxy-L- 
glycero-tetronamido)-4,6-dideo.D,-2-O-methyl-c~-D-mannopyranosyl-(1 ~ 2)-[3-O-aceO'l- 
4~(2'4~di-~ace~l~3~de~xv~L~g~ycer~-tetr~namid~)~4~6~dide~xv~e~-D~mann0pyran~syl] 4- 
3-O-acetyl-4-(2,4-di-O-aceo, l-3-deoxy-L-glycero-tetronamido)-4, 6-dideoxy-c~-D-manno- 
pyranoside (33).--This compound was obtained (100 rag, 64%) from compound 29 
(157 rag) and methyl 2-(2-hydroxyethylthio)propionate (106 mg), as described for the 
preparation of 30; [or] n +31°; JH NMR (CDC13): ~ 6.56-6.22 (m, 6 H, 6 NH), 
5.26-5.18 (m, 6 H, H-3'-v'), 5.10-4.90 (m, 11 H, H-2 'l-vl, incl 3 d, 4.99, 4.96, 4.90, 
J~,, ~ 2  Hz, H-In-V), 4.78 (d, Jl.,_ 1.7 Hz, l-/-lJ), 4.35-4.07 (m, 22 H, H- 
2H_v,4,_v,,4,1 w), 3.97 (bdd, 1 H, H-2'), 3.91-3.63 (m, 12 H, H-51 vl  OCH2 ' incl s, 
3.72, COOCH3. bdd, 3.65, H-2VJ), 3.54 (s, 3 H, OCH3), 3.01-2.78 (m, partially 
overlapped, CH2CH2CO), 2.77 (t, partially overlapped, OCH2CH2), 2.75-2.55 (m, 
partially overlapped, CH2CO), 2.20-2.0 (m, 19 COCH 3 overlapping C-3 '~-v' signals), 
1.26-1.15 (m, 18 H, H-61-vl); ~3C NMR (CDC10:6  100.36 (2 C), 100.04, 99.97, 99.48 
(C-In-w), 98.71 (C-I~), 77.77 (C-2W), 75.24 (2 C), 75.15 (2 C), 74.73 (C-2t-v), 70.90 
(3 C), 70.81 (3 C, C-2'l-v), 70.71 (c-3V~), 70.04, 69.89, 69.73, 69.67, 69.48, 69.40, 
69.21, 69.01 (2 C), 68.81, 68.37 (C-31 v,51-w), 68.10 (OCHe), 59.87 (6 C, C-4 'l vl), 
59.69 (OCH3), 52.24 (COOCH3), 51.92, 51.75 (2 C), 51.66, 51.47, 51.35 (C-4J-Vl), 
34.55 (COCH2), 31.84 (OCHeCH2), 30.55 (6 C, C-3 'l vl), 27.89 (CH2CH2CO), 17.93 
(3 C), 17.89 (2 C), 17,78 (C-6' v,); FABMS: m/z 2417.8 ([M + 1]+), 2439.8 ([M + 
Na]+). 

5-Methoxycarbonylpeno,  l 4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ee-D- 
mannopyranosyl-(1 --+ 2)-[4-(3-deo.D,-L-glycero-tetronamido)-4,6-dideoxv-C~-D-mannopy- 
ranosyl-( l --+ 2 )]4-4-(3-deoxy-L-glycero-tetronami&#-4,6-dideoxy-c~-D-mannopyranoside 
(34).--A solution of 30 (83 mg) in MeOH (8 mL) was treated with a catalytic amount 
of NaOMe for 1 h at room temperature. After neutralization with Amberlite IR 120 
(H +) resin and concentration, the product was freeze-dried to give amorphous, hygro- 
scopic 34, [o~] D + 2  ° (c 1, MeOH); ~H NMR (CD3OD): 6 5.13-5.10 (m, 3 H, 3 H-l), 
5.09 (d, I H, Ji.2 1.7 Hz, H-l), 4.97 (d, 1 H, Jt,e 1.8 Hz, H-lVl), 4.79 (d, 1 H, Ji.2 1.6 
Hz, H-ll), 4.20-4.15 (m, 6 H, H-2 'l vl), 4.08-4.05 (m, 4 H, H-2 H v), 4.03-3.35 (m, 



E Ogawa et al. / Carbohydrate Research 293 (1996) 173 194 189 

37 H, 2 H-2, H-31-Vl,41-Vl,5 l-vl, OCH2, incl m at ~ 3.72 for H-4'alff vl, and s for 
COOCH 3 at 3.64), 2.31 (t, 2 H, J ~ 7.5 Hz, CH2CO), 2.06-1.93, 1.86-1.74 (2 m, 6 H 
each, H-3 'l vl), 1.68-1.53 (m, 4 H, OCH,CH~CHoCH~), 1.44-1.33 (m, 2 H, 
OCH2CH2CHe), and 1.18-1.10 (m, 18 H, C-6 t vq); l.r C NMR (CD3OD): 6 103.78 
(C-lVt), 102.72, 102.47 (3 C, C-In-V), 100.23 (C-lJ), 79.81 (C-2t), 79.18 (2 C), 78.99, 
78.92, (c-2tt-v) ,  70.98 (c-2Vt), 70.68 (6 C, C-2 'l vl), 70.04, 69.66, 69.46 (8 C), 69.31, 
68.77 (C-3~-vl,5r-vt), 68.45 (OCH2), 59.45 (6 C, C-4'I-vt), 54.74, 54.61 (4 C), 54.16 
(C-4t-vx), 52.08 (COOCH3), 38.25 (6 C, C-3't-vt), 34.64 (CH20), 30.04 (OCH2CH2) , 
26,73 (OCH2CH2CH2) , 25.62 (CH2CHeCO), 18.31 (5 C), and 18.20 (C-6~-vl); 
FABMS: m/z 1651.7 ([M + Na]+). 

2-[2-(Methoxycarbonyl)ethylthio]ethyl 4-(3-deoxy-L-glycero-tetronamido)-4,6-dide- 
oxy-ce-D-mannopyranosyl-(1 --4 2 )_[ 4_( 3_deo.D,_L_glycero_tetronamido )_4,6.dideoxy_ce_ D. 
mannopyranosyl-(1 ~ 2)]4-4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy_Ce-D_mann o_ 
pyranoside (35).--This compound was obtained (58 rag, 98%) from 31 (88 mg), as 
described for the preparation of 34, [ex]D +2 ° (c 1, MeOH); IH NMR (CD3OD): 6 
5.13-5.11 (m, 4 H, H-l"-V), 4.97 (bd, 1 H, Ji.2 1.7 Hz, H-lW), 4.83 (bd, 1 H, Jt.2 1.6 
Hz, H-It), 4.20-4.15 (m, 6 H, H-2 'I vt), 4.09-4.05 (m, partially overlapped, H-2n-v), 
4.03-3.78 (m, partially overlapped, incl 2 m at 4.01 and 3.81 for H-2 vt and H-2 ~, 
respectively, H-3t-Vl,4t-Vl,5 t-vl, OCHa) , 3.73 (m, partially overlapped, H-4~thvt), 3.68 
(s, partially overlapped, COOCH3) , 3.67 (m, partially overlapped, OCHb) , 2.88-2.78 
(m, partially overlapped, CH:CH2CO) , 2.75 (bt, partially overlapped, J 5.8 Hz, 
OCH2CH2), 2.65-2.60 (m, 2 H, CHoCO), 2.08-1.94, 1.89-1.75 (2 m, 6 H each, 
H_-vI vt "~.b ), and 1.19-1.11 (m, 18 H, H-61 vl); t3 C NMR (CD3OD): 8 103.71 (C-lVl), 
102.60, 102.38 (3 C, C-ln-V), 100.33 (C-It), 79.44 (C-2~), 79.07 (2 C), 78.92, 78.80 
(C-2n-v), 70.91 (c-2VI), 70.62 (6 C, C-2'l-vl), 69.97, 69.40 (10 C), 68.94 (C- 
3t-vl,51-vl), 68.69 (OCH2), 59.40 (6 C, C-4 'I Vl), 54.54 (5 C), 54.09 (C-4 t vt), 52.35 
(COOCH3), 38.18 (6 C, C-3 'l vt), 35.58 (CH2CO), 32.50 (OCH2CH~), 28.40 
(CH2CH2CO), 18.28 (5 C), and 18.19 (C-6 t vt); FABMS: m/z 1647.7 ([IVl + 1]+), 
1669.7 ([M + Na]+). 

5-Methoxycarbonylpentyl  4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-2-O- 
methyl-ce-D-mannopyranosyl-(1 ~ 2)-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce- 
D-mannopyranosyl-( l --4 2) ]4-4-( 3-deoa3'-L-glycero-tetronamido)-4, 6-dideoxy- Ce-D manno- 
pyranoside (36).--This compound was obtained (122 rag, 98%) from compound 32 
(180 rag) as described for prepatation of 34, [ce] D - 2  ° (c 1, MeOH); JH NMR 
(CD3OD): 8 5.14-5.12 (m, 3 H), 5.10 (2 d, overlapped, J~.2 1.7 Hz, 5 H total, 
H-l/t-v1), 4.81 (d, H-I, Ji.2 1.6 Hz, H-It), 4.21-4.15 (m, 6 H, H-2'l-w), 4.11-3.57 (m, 
40 H, H-3t-vl,41-vt,5 t vt, OCH,, incl m for H-2 n v at ~ 4.11-4.05, m for H-2 t at 
~ 3.75, m for H-4 '~-vl at ~ 3.72, s for COOCH 3 at 3.68 overlapping m for H-2Vl), 
3.40 (s, OCH~ overlapping m for OCHh), 2.33 (t, 2 H, J ~ 6 Hz, CH,CO), 2.07-1.95, 
1.87-1.76 (2-m, 6 H each, H-3't-vl'), 1.68-1.56 (m, 4 H, OCIq2CH2CHzCH2) , 
1.47-1.37 (m, 2 H, OCH2CH~CH2), and 1.18-1.12 (m, 18 H, H-6 t vt); 13 C NMR 
(CD3OD): 8 102.66, 102.38 (3 C, C-ln-V), 100.43 (C-lW), 100.17 (C-It), 80.64 
(c-2Vt), 79.73 (C-2I), 79.06 (2 C), 78.91 (2 C, C-2n-v), 70.68 (6 C, C-2 'j vl), 69.72, 
69.63, 69.41 (9 C), 68.72 (C-31-v],51 vl), 68.41 (OCH2) , 59.43 (6 C, C-4't-vt), 59.12 
(OCH3), 54.71, 54.57 (3 C), 54.51 (2 C, C-4 ~ vt), 52.06 (COOCH3) , 38.19 (6 C, 
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C-3'~-vz), 34.60 (CH2CO), 29.98, 25.56 (2 CH2), 26.67 (OCH2CH2CH2) , 18.30 (2 C), 
18.27 (2 C), 18.24, and 18.19 (C-61 Vl); FABMS: m/z 1643.8 ( [M+ 1]+), 1665.8 
([M + Na] +). 

2-[2-(Methoxvcarbonyl)ethylthio]ethyl 4-(3-deo.~v-l-glycero-tetronamido)-4,6-dide- 
ox~,-2-O-methyl-e~-D-mannopyranosyl-( l ~ 2 )-[4-(3-deoxy-L-glycero-tetronamido)-4,6- 
dideoxy-e~-D-mannopyranosyl-( l ~ 2 ) ]4-4-( 3-deoxv-l.-glycero-tetronamido)-4,6-dideoxy- 
Ce-D-mannopyranoside (37).--Compound 33 (80 rag), when treated as described for the 
preparation of 34, gave amorphous 37 (47 rag, 85%), [ol] D - 4  ° (c 1, MeOH); IH NMR 
(CD3OD): 6 5.13-5.11, 5.10 (m, d. partially overlapped, J o 1.8 Hz, 5 H total, 

- 1 9 ~ '~ t l  VI H-I xl vI) ,4 .87(d,H-l ,  Jr.2 1.6Hz, H- I ) ,4 . ,1 -4 .1 .  (m, 6H, H-2 ),4.11-3.57(m, 
41 H, H-41-vl,5 j-vl, OCH a, incl m for H-2 H v at ~ 4.11-4.05, m for H-31 Vl at 

3.93-3.87, m for H-2 ~ at ~ 3.81, m for H-4 'I w at 3.77-3.69, s for COOCH 3 at 
3.68, m for H-2 vl at 3.66 and m for OCH h at 3.62), 3.46 (s, 3 H, OCH3), 2.89-2.76 (m, 
partially overlapped, CH2CH2CO), 2.75 (bt, partially overlapped, OCH2CH2), 2.65- 
2.60 (m, 2 H, CH2CO), 2.07-1.94, 1.88-1.75 (2 m, 6 H each, H-3 'I w), and 1.18-1.10 
(m, 18 H, H-6 t Vl); 13 C NMR (CD3OD): 6 102.66, 102.43 (3 C) (C-1H-v), 100.53 
(C-lW), 100.40 (C-II), 80.71 (c-2VI), 79.53 (C-21), 79.16 (2 C), 79.00 (2 C, C-2H-v), 
70.73 (6 C, C-2'l-w), 69.80, 69.61, 69.48 (9 C), 69.02 (C-31-vl,5I-Vl), 68.75 (OCH,), 
59.46 (6 C, C-4 'l Vl), 59.15 (OCH3), 54.63 (3 C), 54.56 (3 C, C-41 vi), 52.80 
(COOCH3), 38.24 (6 C, C-3 '~ w), 35.65 (CHeCO), 32.59 (OCHzCH2), 28.48 
(CH2CH2CO), 18.35, 18.30 (3 C), and 18.21 (2 C, C-61 vi); FABMS: m/z 1661.7 
([M + 1]+), 1683.6 ([M + Na]+). 

5-Carboxypentyl 4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce-D-mannopy- 
ranosyl-(1 --* 2)-[4-(3-deoxv-L-glycero-tetronamido)-4,6-dideoxy-ce-D-mannopyrano.2vl- 
(1 ~ 2)]4-4-(3-deoxv-L-glycero-tetronamido)-4,6-dideoxy-c~-D-mannopyranoside (38).-- 
2 M NaOH (1 mL) was added to a solution of 34 (26 mg) in MeOH (1 mL), and the 
mixture was kept at room temperature for 3 h, when TLC (solvent G) showed that the 
reaction was complete. After processing, as described for the preparation of 34, the 
freeze-dried, title substance showed [c~] D - 3  ° (c 1, MeOH); JH NMR (CD3OD): 
5.14-5.12 (m, 3 H, 3 H-l), 5.10 (d, 1 H, JJ.2 1.8 Hz, H-I), 4.97 (d, 1 H, Ji.2 1.9 Hz, 
H-lV~),4.81 (d, 1 H, Ji.2 1.6 Hz, H-11), 4.20-4.15 (m, 6 H, H-2 'l Vl), 4.10-4.05 (m, 4 
H, H-2 H v), 4.03-3.65 (m, 33 H, incl m at 3.74 for H-41,1b v, H-2 j'vl, H-31-w,41-vl,5 l-vt, 
OCHa), 3.47-3.30 (m, 1 H, OCHb), 2.31 (t, 2 H, J 7.5 Hz, CHACO), 2.08-1.97, 

H , /  w 1.88-1.78 (2 m, 6 H each, -3~,.b ), 1.67--1.57 (m, 4 H, OCIq2CHzCHoCH2), 
1.47-1.36 (m, 2 H, OCH2CH2CH2), and 1.17-1.14 (m, 18 H, C-61-w); 13C NMR 
(CD3OD): 6 103.86 (C-lW), 102.72, 102.47 (3 C, C-IH-v), 100.25 (C-1I), 79.85 (C-2J), 
79.25, 79.18, 79.04, 78.97 (C-2H-v), 71.01 (C-2VI), 70.74 (6 C, C-2 'l vi), 70.11, 69.50 
(9 C), 69.38, 68.83 (C-31 vl,51-vl), 68.56 (OCH2), 59.48 (6 C, C-4'l-Vl), 54.78, 54.68 
(4 C), 54.20 (C-41-v~), 38.28 (6 C, C-3 'l vI), 35.21 (CH20), 30.17 (OCH2CH2), 26.86 
(OCH~CH2CH2CH2), 25.90 (OCH2CH2CH2), 18.33 (5 C), and 18.21 (C-61 Vl); 
CIMS: m/z 1637.8 ([M + Na]-). 

2-[2-(Carboxy)ethylthio]ethyl 4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce-D- 
mannopyranosyl-(1 ~ 2 )-[ 4-( 3-deoxy-L-glycero-tetronamido)-4,6-dideoxv-~-D-manno- 
pyranosyl-(1 ~ 2) ]4-4-(3-deoxv-L-glycero-tetronamido)-4,6-dideoxy-~-D-mannopyrano- 
side (39).--The title compound 39, [a]  D - 2  ° (c 1, MeOH), was prepared (22 mg, 
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89%) from 35 (25 mg) as described for the preparation of 38. I H NMR (CD3OD): 6 
5.13-5.11 (m, 4 H, H-ln-v), 4.97 (bd, 1 H, J1,2 1.7 Hz, H-lVl), 4.88 (bd, 1 H, JL,2 1.6 
Hz. H-11), 4.21-4.16 (m, 6 H, H-2 'l vl), 4.09-4.05 (m, partially overlapped, H-2 u v), 
4.03-3.60 (m, 38 H, H-31-vl,41-Vl,51 vl, OCHb ' incl 2 m at 3.99, 3.81 for H-2 vl and 
H-2 l, respectively, m at 3.73 for H-4'al, b vl, and m at 3.64 for OCH~), 2.88-2.78 (m, 
partially overlapped, CH2CH2CO), 2.76 (bt, partially overlapped, J ~5.8  Hz, 
OCH2CH2), 2.58-2.52 (m, 2 H, CH2CO), 2.08-1.94, 1.89-1.75 (2 m, 6 H each, 
H-3'J, bVl), and 1.19-1.11 (m, 18 H, H-6I-vl); 13C NMR (CD3OD): 6 103.80 (C-lVl), 
102.61, 102.43 (3 C, C-I" v), 100.37 (C-I~), 79.46 (C-2~), 79.16 (2 C), 78.96, 78.91 
(C_2 n v), 70.97 (c-2VX), 70.71 (6 C, C-2 '~ v~), 70.08, 69.60, 69.47 (8 C), 69.34, 69.04 
(C-31 vl,5f-Vl), 68.64 (OCH2), 59.48 (6 C, C-4'I-vI), 54.62 (4 C), 54.53, 54.18 
(C-41-vl), 38.22 (6 C, C_3,1 vl), 36.44 (CH2CO), 32.61 (OCH2CH2), 28.79 
(CH2CHzCO), 18.32, 18.29, 18.26 (3 C), and 18.19 (C-61 vi); FABMS: m/z 1633.6 
([M + 1]+). 

5-Hydrazinocarbonylpentyl 4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce-D- 
mannopyranosyl-(1 ~ 2 )-[4-( 3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-a-D-manno- 
pyranosyl-( l -+ 2)]4-4-(3-deoxv-L-glycero-tetronamido)-4,6-dideoxy-ce-D-mannopyrano- 
side (40).--A solution of 34 (26 mg) in MeOH (1 mL) was treated with hydrazine 
hydrate (0.2 mL), and the mixture was stirred at room temperature overnight. After 
concentration the residue was was eluted from a column of Sephadex LH-20 to give 40 
(24 mg, 92%), [or] D - 4  ° (c 1, MeOH); 'H NMR (CD3OD): ~ 5.14-5.12 (m, 3 H, 3 
H-l), 5.10 (d, 1 H, Ji.2 1.6 Hz, H-l), 4.97 (d, 1 H, Ji,2 1.8 Hz, H-lVl), 4.80 (d, 1 H, 
Ji.2 1.8 Hz, H-11), 4.20-4.18 (m, 6 H, 2 'I vL), 4.09-4.05 (m, 4 H, 4 H-2), 4.03-3.80 
(m, 19 H, H-2,31-w,4I-w,51-vl), 3.78-3.64 (m, 14 H, H-2,4~lb vl, OCH~), 3.44-3.35 
(m, 1 H, OCHb), 2.16 (t, J 7.5 Hz, CH2CO), 2.07-1.94, 1.88-1.75 (2 m, 6 H each, 
H-3'~l.bVl), 1.70--1.53 (m, 4 H, OCH2CH2CH2CH2), 1.48-1.33 (m, 2 H, 
OCH2CH2CH2), and 1.15 (bd, 18 H, J ~ 5.6 Hz, H-61-vl); 13C NMR (CD3OD): 6 
103.84 (C-lW), 102.74, 102.48 (3 C, C-1 n v), 100.18 (C-I'), 79.91 (C-2~), 79.22 (2 C), 
79.01, 78.95 (C-2n-v), 71.00 (c-2Vl), 70.74 (6 C, C-2 'l vl), 70.11, 69.67, 69.49 (8 C), 
69.37, 68.72 (C-31 w,51-w), 68.28 (OCH2), 59.48 (6 C, C-4 'l w), 54.84, 54.65 (3 C), 
54.57, 54.19 (C-41 vl), 38.28 (6 C, C-31-vl), 34.75 (CHzCO), 30.02, 26.24 
(OCH2CH2CH2CH2), 26.75 (OCH2CH2CH2), 18.32 (5 C), and 18.21 (C-61 vl): 
CIMS: m / z  1629.8 ([M + 1]+), 1651.8 ([M + Na]+). 

2-[2-(Hydrazinocarbonyl)ethylthio]ethyl 4-(3-deoxv-L-glycero-tetronamido)-4,6-dide- 
oxv-c~-D-mannopyranosyl-(1 --+ 2)-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ee-D- 
mannopyranosyl-(1 ~ 2) ]4-4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxv-ce-D-manno- 
pyranoside (41).--Compound 41 [(83 rag, 92%), [a]  D - 1  °, (c 1, MeOH)], was 
prepared from 35 (90 mg) as described for the preparation of 40. ~H NMR (CD3OD): 
5.13-5.11 (m, 4 H, H-111-v), 4.98 (d, 1 H, Ji.2 1.8 Hz, H-lVl), 4.87 (bd, 1 H, Ji.2 1.6 
Hz, H-11), 4.21-4.16 (m, 6 H, H-2 '1 Vl), 4.10-4.06 (m, partially overlapped, H-211-v), 
4.03-3.81 (m, partially overlapped, incl 2 m at 4.03 and 3.82 for H-2 v~ and H-21, 
respectively, H-3J-vl,41-w,5 l-vl, OCH,,), 3.73 (m, partially overlapped, H-4~lbVl), 
3.73-3.65 (m, partially overlapped, OCHb), 2.98-2.78 (2 m, partially overlapped, 
CH2CH2CO), 2.75 (bt, partially overlapped, OCHzCH2), 2.50-2.38 (m, 2 H, CH2CO), 

I4 2tl-V¿~ 2.07-1.95, 1.89-1.76 (2 m, 6 H each, -~-o~.h ,, and 1.18-1.16 (m, 18 H, H-61 vl); 13 C 
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NMR (CD3OD): ~ 103.76 (C-lVl), 102.63, 102.40 (3 C, C-1 ll v), 100.35 (C-lJ), 79.49 
(C-21), 79.10 (2 C), 78.90, 78.85 (C-2 II v), 70.96 (c-2Vl), 70.71 (6 C, C-2 'l vl), 70.04, 
69.46 (9 C), 69.35, 69.00 (C-31 vl,51 vl), 68.91 (OCH2), 59.45 (6 C, C-4'l-vl), 54.71, 
54.60 (3 C), 54.52, 54.16 (C-4 i vJ), 38.20 (6 C, C-3 'l vt), 35.32 (CH2CO), 32.58 
(OCH2CH2), 29.16 (CH2CH~CO), 18.35, 18.31 (4 C), and 18.21 (C-61-vl); CIMS: 
m/z 1647.7 ([M + 1]+). 

5-CarboxvpenO, l 4-(3-deoxy-L-glycero-tetronanlido)-4,6-dideoxy-2-O-methyl-ce-D- 
mannopyranosyl-( l --* 2)-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxv-ee-D-manno- 
pyranosyl-( l ~ 2)]4-4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-ce-D-mannopyrano- 
side (42).--Compound 36 (18 rag), when treated as described for the preparation of 38, 
gave 42 (14 rag, 79%), [c~] D - 2  ° (c I, MeOH); IH NMR (CDBOD): 6 5.13-5.11, 5.10 
(m, d J ~, 1.6 Hz, 5 H, 5 H-l), 4.80(d, 1 H, Jl~ 1.6 Hz, H-It), 4.21-4.15 (m, 6 H, 
H-2' -v j~ 4.11-3.65 (m, 37 H, incl m for 2 "-v at"4.11-4.04, m for H-21 at ~ 3.75, m 
for H-4 'l-vl at ~ 3.73, and m for H-2 w at ~ 3.67, H-31-w,41 vl,51 vl, OCH~), 3.47 (s, 
OCH3), 3.49-3.39 (m, overlapped, OCHb), 2.30 (bt, 2 H, CHzCO), 2.07-1.95, 
1.89-1.75 (2 m, 6 H each, H-3'~,l.t, vl), 1.67-1.57 (m, 4 H, OCH2CH2CH2CH2), 
1.49-1.37 (m, 2 H, OCH2CH2CH_~), and 1.18-1.11 (m, 18 H, H-6I-vl); IBc NMR 
(CD3OD): 6 102.70, 102.42 (3 C. C-l It v), 100.50 (C-lVX), 100.22 (C-1I), 80.70 
(c-2W), 79.81 (C-21), 79.15 (2 C), 78.99 (2 C, C-2H-v), 70.73 (6 C, C-2 'l vl), 69.79, 
69.68, 69.47 (9 C), 68.78 (C-31 vl,51 vl), 68.51 (OCH:), 59.46 (6 C, C-41-v~), 59.14 
(OCH3), 54.76, 54.62 (3 C), 54.56 (2 C, C-4 ~ Vl), 38.24 (6 C, C-3'l-vl), 34.70 
(CH2CO), 30.07 (OCH2CH2), 25.66 (OCH2CH2CH2CH2), 26.75 (OCH2CH2CH2), 
18.30 (4 C), 18.26, and 18.21 (C-6 ~ v~); FABMS: m/z 1629.7 ([M + 1]+). 

2-[2-(Carboxy)ethylthio]ethyl 4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-2-O- 
methyl-ce-D-mannopyranosyl-(1 ~ 2)-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxv-ce- 
D-mannopyranosyl-(1 ~ 2 ) ]4-4-( 3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-~x-D-man- 
nopyranoside (43).--Compound 43 was obtained (20 mg, 81%) from 37 (25 mg), as 
described for the preparation of 38, [ol] D - 1 ° (c 1, MeOH); IH NMR (CDBOD): 
5.13-5.10 (m, partially overlapped, 4 H- 1), 5. I 0 (d, partially overlapped, JL2 ~ 1.8 Hz, 
H-I), 4.88 (d, 1 H, Ji.2 1.6 Hz, H-ll), 4.21-4.15 (m, 6 H, H-2'I-vl), 4.11-3.55 (m, 38 
H, H-,3"-v,41-vl,51 vl, OCH~,, incl m for 2" v at 4.11-4.05, m for H-2 t at ~ 3.81, m 
at 3.75-3.70 for H-4 'l Vl, m for H-2 vl at ~ 3.66, and m for OCH b at ~ 3.61), 3.47 (s, 
3 H, OCH3), 2.85-2.75, 2.76 (m, bt, partially overlapped, 4 H, CH2CHeCO and 
OCH2CH 2, respectively), 2.62-2.56 (m, 2 H, CH2CO), 2.07-1.94, 1.88-1.75 (2 m, 6 
H each, H-3',,lbvl), and 1.18-1.10 (m, 18 H, H-61 vl); 13 C NMR (CD3OD): 6 102.69, 
102.45 (3 C, C-lXl-V), 100.52 (C-lVI), 100.41 (C-If), 80.73 (c-2W), 79.55 (C-21), 79.20 
(2 C), 79.03 (2 C, C-2" v), 70.75 (6 C, C-2 'l vl), 69.82, 69.64, 69.50 (8 C), 69.42, 
69.05 (C-31 vl,51 vl), 68.65 (OCH2), 59.48 (6 C, C-41-vI), 59.15 (OCH3), 54.64 (3 C), 
54.55 (3 C, C-41 vl), 38.26 (6 C, C-3'~-w), 35.73 (CH2CO), 32.66 (OCH2CH2CO), 
18.37, 18.33, 18.33, 18.31 (2 C), 18.29, and 18.22 (C-6I-Vl); FABMS: m/z 1647.7 
([M + 1]+), 1669.7 ([M + Na]~). 

5-Hydrazinocarbonylpentyl  4-(3-deoxv-L-glycero-tetronamido)-4,6-dideoxv-2-O- 
methyl-c~-D-mannopyranosyl-( l ~ 2 )-[4-(3-deoxy-L-glycero-tetronamido)-4,6-dideoxy-~- 
D-mannopyranosyl-( l --* 2 ) ] 4-4-( 3-deo.~:v-L-glycero-tetronamido )-4,6-dideoxy-cc-D-man- 
nopyranoside (44).--Treatment of 36 (55 rag), as described for the preparation of 40, 
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gave amorphous 44 (50 mg, 91%), [O/]D --1 ° (C 1, MeOH); IH  NMR (CD3OD): 
5.14-4.99 (m, 5 H, H-lll-VI), 4.80 (d, l H, JI.2 1.7 Hz, H-1I), 4.22-4.16 (m, 6 H, 
H-2'l-Vl), 4.12-3.65 (m, 37 H, H-3 n v,41 Vl,51-vI, OCH, incl m for 2 n-v at 4.12-4.04, 
mforH-21 at ~3.76, ma t  ~3.73 forH-4 '1 Vl, a n d m f o r H _ 2  vl at ~3.67~),3.47(s,  
partially overlapped, O C H 3 )  , 3.45-3.35 (m, overlapped, OCHb), 2.76 (bt, 2 H, CH3CO), 

M" ,~rl-Vl~ 2.07-1.87, 1.84-1.74 (2 m, 6 H each, "'-"~.b :, 1.69--1.53 (m, 4 H, 
OCH,CH,CH2CH,) ,  1.47-1.32 (m, 2 H, OCH2CH2CH2), and 1.18-1.08 (m, 18 H, 
H-61-TvJ); r3C NMR-(CD3OD): ~ 102.68, 102.41 (3 C, C-ln-v), 100.49 (C-lVt), 100.15 
(C-11), 80.68 (c-2W), 79.82 (C-21), 79.12 (2 C), 78.97 (2 C), (C-2 II v), 70.72 (6 C, 
C_2,1 w), 69.75, 69.64, 69.45 (9 C), 68.72 (C-31 vl,5I-vI), 68.33 (OCH2), 59.44 (6 C, 
C-4'l-Vl), 59.18 (OCH3), 54.80, 54.60 (2 C), 54.54 (3 C, C-4l-w), 38.20 (6 C, 
C_3,I vl), 34.75 (CH2CO), 29.99, (OCH2CH2), 26.24 (OCH2CH2CH2CH2), 26.72 
(OCH2CH2CH2), 18.32 (2 C), 18.29 (3 C), and 18.20 (C-61-vl); FABMS: m/= 1643.9 
([M + 1]+), 1665.9 ([M + Na]+). 

2-[2-(Hydrazinocarbonyl)ethylthio]ethyl 4-(3-deoxv-L-glycero-tetronamido)-4,6-dide- 
oxy-2-O-methyl-ce-D-mannopyranosyl-(1 ~ 2 )-[ 4-( 3-deoxy-L-glycero-tetronamido )-4,6- 
dideoxy-ce-D-mannopyranosyl-( l --+ 2)]4-4-(3-deo,D'-L-glycero-tetronamido)-4,6-dideoxv- 
Ce-D-mannopyranoside (45).--Treatment of 37 (20 mg), as described for the preparation 
of 40, gave 45 (19 mg, 95%), [c~] D - 1  ° (c 1, MeOH); IN  NMR (CD3OD): 
5.14-5.12, 5.10 (m, d, partially overlapped, 5 H-l), 4.87 (d, 1 H, Jr.2 1.4 Hz, H-11), 
4.21-4.16 (m, 6 H, H-2 'I w), 4.11-3.59 (m, 38 H, H-31 vl,41 vl,5I-VI, OCH2, incl m 
for2 H V at 4.11_4.04, mforH_2 la t  ~ 3 . 8 1 , m a t  ~ 3 . 7 3 f o r H - 4  'l w a n d m f o r H - 2  w 
at ~ 3.66), 3.47 (s, 3 H, O C H 3 ) ,  2.99-2.77 (2 m, partially overlapped, ~ 2 H, 
CH2CH2CO), 2.75 (bt, 2 H, OCH2CH2), 2.46-2.34 (m, 2 H, CH2CO) 2.07-1.87, 
1.84-1.95, 1.87-1.75 (2 m, 6 H each, H-3 'l w), and 1.18-1.10 (m, 18 H, H-61 vl); 13 C 

NMR ( C D 3 O D ) :  ~ 102.68, 102.45 (3 C, C-1 n v), 100.51 (C-lVl), 100.40 (C-11), 80.73 
(c-2Vl), 79.58 (C-21), 79.20 (2 C), 79.01, 78.98 (C-2 n v), 70.76 (6 C, C-2 'l w), 69.81, 
69.50 (9 C), 69.42, 68.98 (C-3J-vJ,51 vx), 69.03 (OCH2), 59.48 (6 C, C-4'l-w), 59.14 
(OCH3), 54.76, 54.64 (3 C), 54.57 (2 C, C-41-vl), 38.27 (6 C, C-3 'I vl), 35.32 
(CH2CO), 32.61 (OCH2CH2), 29.21 (CH2CH~CO), 18.35, 18.31 (4 C), and 18.22 
(C_61 w); FABMS: m/z 1661.8 ([M + 1]+). 
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