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Abstract 

The marine sponge Microciona prolifera and human coagulation factor IX (Christmas 
factor)-related mono- to tri-saccharide 5aminopentyl glycosides p-o-Galp-R (5), B-D- 
GlcpNAc-R (161, p-D-Galp-(1 + 4)-/3-D-GlcpNAc-R (26), ~I-D-G~cPNAc-~ + 3)-p-~- 
Fucp-R (39), p-D-GlcpNAc-(1 -+ 3)-wL-Fucp-R @3), B-o-Gal& + 4)-/3-D-GlcpNAc-(1 
+ 3)-/3-L-Fucp-R (45), and P-o-Galp-(1 + 4)P-D-GlcpNAc-(1 --) 3)_(Y-L-Fucp-R (471, 
where R is a S-aminopentyloxy spacer moiety, which allowed the construction of glycoconju- 
gates, were prepared. Thus, 3,4,6-~i-O-acetyl-2-deoxy-2-~2,2,2-trichloroetho~carbonyl- 
amino&-b-glucopyranosyl trichloroacetimidate (10) and 1,3,4,6-tetra-0-acetyl-2-chloro- 
acetamido-2-deoxy-/3-o-glucopyranose (13) were condensed with N-Z-protected Samino- 
pentanol (2) followed by conversion of the coupling products into the corresponding 
N-acetylglucosamine derivatives, to give compound 16 after deblocking. Similarly, the 
donors 10 and 13 were coupled to position 3 of suitably protected aminopentyl p- (32) and 
(Y- (37) -L-fucopyranosides, to give the disaccharides 39 and 43, respectively. Starting from 
lactose, 0-(2,3,4,6-tetra-O-benzoyl-~-o-galactopyranosy1)_(1 + 4)-3,6-di-O-benzoyl-2-deoxy- 
2-(2,2,2-trichloroethoxycarbonylamino)-ol trichloroacetimidate (23) was 
prepared and used as an efficient disaccharide donor for the construction of ligand 26 from 
2 and of the trisaccharide ligands 45 and 47 from fucosides 32 and 37, respectively. 

Key words: Christmas factor, human; Coagulation factor IX; Human marine sponge Mcro- 
ciona prolifera; Aminopentyl glycoside 
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1. Introduction 

The unique trisaccharide fragment /?-D-Galp-(1 --) 4)-p-D-GlcpNAc-(1 + 3)-L- 
Fucp, containing a 4,6-0_[1-Wcarboxyethylidenel substituent at the terminal 
galactosyl unit, has been identified as part of a proteoglycan isolated from the 
marine sponge Micro&ma prolifera [l]. Monoclonal antibodies raised against the 
proteoglycan revealed that this trisaccharide was a major constituent of the glycan 
and, furthermore, was responsible for the Ca2+-dependent reaggregation of disso- 
ciated cells of Microciona prolifera [1,2]. However, the anomeric configuration of 
the L-fucose residue, as well as whether this trisaccharide epitope was the repeat- 
ing unit or represented a part of the repeating unit of the proteoglycan remained 
undetermined. Recently, the same trisaccharide sequence, (r-(2 + 6) sialylated at 
the terminal galactose unit, has also been identified as an a-O-linked sugar moiety 
at serine 61 of human coagulation factor IX (Christmas factor) [3]. Nothing, 
however, is known so far about the distinct biological function of this rather 
unusual fucose-containing, serine-bound oligosaccharide. 

In this paper, syntheses of Saminopentyl mono- to tri-saccharide glycosides 
related to the title structure are presented in detail. The 5-aminopentyl aglycon 
was chosen for the fragments in order to confirm both a well defined anomeric a! 
and /3 configuration of the L-fucose residue as well as to provide a “spacer-sep- 
arated” amino group for the saccharides that allows the convenient preparation of 
the corresponding glycoconjugates for further biological studies. The ligand 5- 
aminopentyl 4,6-O-[l-(R)-carboxyethylidene]-B_D-galactopyranoside has recently 
been synthesized in our laboratory and was used both for the affinity purification 
of human serum amyloid P protein [4], and for the determination of the configura- 
tion of the pyruvic acetal of the Microciona prolifera proteoglycan via comparison 
of the NMR data [l]. 

2. Results and discussion 

Previously, a series of 6-aminohexyl mono- and di-saccharides, including the 
P-o-galactopyranoside, 2-acetamido-2-deoxy-P_D-glucopyranoside, N-acetyl-/3-D- 
lactosamine derivatives, have been prepared and successfully used as ligands for 
biological studies [5-91. These glycosides were synthesized by mercuric cyanide 
[5,7,9] or silver carbonate [S] promoted condensation of the respective acetylated 
glycosyl halides with N-trifluoroacetyl [5,7,81 and N-Z-protected ’ [91 6-amino- 
hexanol, respectively. Similarly, 2,3,4,6-tetra-0-acetylyl-cu-D-galactopyranosyl bro- 
mide (1) was condensed here with 5-(benzyloxycarbonylamino)pentanol [lo] (2) by 
promotion of Hg(C!N), and HgBr, to give first the blocked monosaccharide ligand 
3 (28%). Deacetylation (Zempltn) of the latter afforded the crystalline Z-protected 

’ Z = benzyloxycarbonyl. 
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Scheme 1. 

aminopentyl /!I-D-galactopyranoside 4 that was hydrogenolyzed to give the free 
l&and 5. 

For the preparation of the aminopentyl GlcNAc derivative two efficient altema- 
tive procedures using the glucosamine donors 10 and 13 were applied for the 
glycosylation step with the alcohol 2. Reacting 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2- 
trichloroethoxycarbonylamino)-o-glucopyranosyl trichloroacetimidate (10) with 2 
under boron trifluoride etherate catalysis afforded the glycoside 11(95%). Sequen- 
tial treatment of the latter with zinc in acetic acid followed by acetic anhydride in 
pyridine then gave the GlcNAc derivative 12 in 81% yield. The imidate 10 was 
obtained from the acetate 7 via bromide 8 and alcohol 9 as previously described 
[ll]. An alternative procedure to the original preparation [12] of compounds 7 and 
8 comprised the treatment of easily available [13] 1,3,4,6-tetra-0-acetyl-2-amino-2- 
deoxy+?-o-glucopyranose hydrochloride (6) with 2,2,2-trichloroethoxycarbonyl 
chloride (Teoc-Cl) in a biphasic system, to give 7 in practically quantitative yield. 
This approach was especially useful because the glucosamine 6 also served as the 
starting material for 1,3,4,6-tetra-O-acetyl-2-chloroacetamido-2-d~-~-D-glu~- 
pyranose [141(13). 

Ferric chloride-promoted [14] condensation of 13 and 2 gave the N-chloro- 
acetylated glycoside 14 (93%), reductive dehalogenation of which with Zn in acetic 
acid afforded compound 12 in 93% yield. Thus, the two procedures used here for 
the preparation of 12 from the relatively unreactive [15] alcohol 2 were equally well 
suited since the overall yields were excellent in both cases and, furthermore, all 
intermediates were crystalline compounds which facilitated their purification. The 
glucoside 12 was finally deacetylated (ZemplCn) to give compound 15 which 
afforded the GlcNAc ligand 16 upon hydrogenolysis. In general, the application of 
N-chloroacetylated and Teoc-protected glucosamine donors seemed promising for 
the introduction of a /3-D-GIcNAc moiety [11,14,16]. 

Originally it was planned to prepare the lactosamine ligand /3-D-Galp_(l + 4)_ 
p-D-GkpNAc-O(CH,),NH, by p-(1 + 4)selective galactosylation of a suitable 
GlcNAc acceptor. This approach was previously described for the corresponding 
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6-aminohexyl disaccharide [9]. Therefore, compound 15 was reacted with benzalde- 
hyde and zinc chloride to give the 4,6-O-benzylidene derivative 17 (86%). The 
latter was benzylated at position 3, to give the fully blocked glucoside 18 (99%) 
which afforded the crystalline acceptor 19 (93%) upon regioselective reduction of 
the benzylidene acetal with sodium cyanoborohydride [17]. All attempts, however, 
to galactosylate compound 19 failed. Not even a trace of the desired disaccharide 
could be detected on TLC when 1 and 19 were treated under various conditions 
(no further details in the Experimental section), although the similar galactosyla- 
tion of the corresponding 6-aminohexyl glycoside was reported to proceed in 89% 
yield [9]. 

In order to circumvent the difficulties encountered so far in the preparation of 
the desired disaccharide ligand, an alternative approach via the donor 23 was 
chosen. The latter imidate was synthesized from benzyl O-(2,3,4,6-tetra-O-benzoyl- 
/3-D-galactopyranosyl)-(1 + 4)_3,6-di-0-benzoyl-2-(benzoyloximino)-c~- 
hexopyranoside [18] (20) which was obtained in 5 steps from hepta-O-benzoyl-cu- 
lactosyl bromide via Lichtenthaler’s 2-oximinoglycosyl bromide route [M-201. 
Compound 20 was first reduced with diborane in THF as described [18], and the 
intermediate lactosamine derivative was treated with Teoc-Cl during workup. The 
urethane 21(76%), thus obtained, was hydrogenolyzed to give crystalline 22 which 
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Scheme 3. 

was converted into the imidate 23 in practically quantitative yield by reaction with 
trichloroacetonitrile and K&O,. When the disaccharide donor 23 was treated 
with 2 and boron trifluoride etherate, as was performed for compound 11, smooth 
condensation occurred, to give the protected aminopentyl glycoside disaccharide 
24 (76%). Reductive cleavage of the trichloroethoxycarbonyl group of the latter 
with zinc followed by acetylation of the amino function then afforded the disaccha- 
ride 25 (78%). The final deblocking of the latter (first Zemplen 0-deacylation, 
then catalytic hydrogenation) gave the 5-aminopentyl glycoside disaccharide 26 in 
83% yield. 

For the construction of the L-fucose-containing di- and tri-saccharide fragments 
suitably protected aminopentyl rAucopyranosides were needed, an a-fucoside for 
saccharides related to human coagulation factor IX, and both (Y- and /3-fucosides 
for the Mimxiona pro&&z-related fragments, since no information about the 
anomeric configuration of the latter is yet available [21]. Starting from the known 
ally1 2,4-di-0-benzyl-cu+fucopyranoside [22] (27), acetylation with acetic anhydride 
gave crude 28, deallylation of which with PdCl, in acetic acid 14,231 followed by 
reacetylation of the anomeric hydroxyl afforded a 1: 1 a$-mixture of compounds 
29 (78%). Treatment of the latter with ethanethiol and BF,-etherate gave crude 
ethyl 3-0-acetyl-2,4-di-0-benzyl-1-thio-L-fucopyra.noside (30) in 86% yield which 
was condensed with 2 under activation with N-iodosuccinimide and trifluo- 
romethanesulfonic acid to give almost exclusively the p-product 31 (84%). The 
final 0-deacetylation of position 3 afforded the desired acceptor 32 in 74% yield. 
The unexpectedly high p-selective glycosylation of the alcohol 2 implied that, on 
the other hand, the preparation of the corresponding aminopentyl (Y-L- 

fucopyranoside would be rather difficult. Indeed, the use of iodonium dicolli- 
dinium perchlorate (IDCP) [BII or CuBr,-DMF-Bu,NBr [251 as the activator, 
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both of which had been reported to give satisfactory cY-selectivities in similar 
fucosylations, did not improve the selectivity here (no further experimental details). 
However, it has been shown [26] that an electron-withdrawing acyl substituent at 
position 4 of a 1-thio+fucoside donor increased the a! : j3 ratio of the glycosylation 
step due to favouring an S,Ztype mechanism during reaction with an alcohol [27]. 
Therefore, ethyl 2-O-benzyl-1-thio-/3-L-fucopyranoside [2S] (33) was converted with 
trimethyl orthobenzoate, according to the procedure of Pozsgay [29], into the 
Cbenzoate 34 (78%), acylation of which at position 3 with chloroacetic anhydride 
[30,31] afforded the crystalline compound 35 (98%). The N-iodosuccinimide-pro- 
moted condensation of the latter with alcohol 2 revealed the formation of a single 
spot on TLC. However, inspection of the NMR spectra of the isolated product 36 
(92%) showed a 2 : 1 a#-mixture of anomers which could not be separated. No 
further improvement of this coupling reaction could be achieved with IDCP as the 
promoter. Separation of the anomers was possible in part only after O-dechloro- 
acetylation of 36 with thiourea. Thus, a 36% yield of pure (Y anomer 37 (and 38% 
of an anomeric mixture) was isolated from the mixture after a single chromatogra- 

phy. 
For the synthesis of the respective disaccharide aminopentyl glycosides, the 

@fucoside 32 was condensed with the donor 10, followed by stepwise conversion of 
the trichloroethoxycarbonyl group to acetyl, to give the disaccharide 38 in 66% 
overall yield. Deblocking of the latter then afforded the target fragment 39. 
Similarly, donor I.3 was coupled with the a-fucoside 37 using ferric chloride, to 
give compound 40 (71%); dechlorination of the latter with zinc in acetic acid gave 
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41(93%), Deblocking of 41 was, however, rather difficult, When compound 41 was 
deacylated (Zempl&n) for 4 days at room temperature, followed by hydrogenolytic 
cleavage of the Z and benzyl groups, compound 42, still containing a 4-U-benzoyl 
group, was obtained as the sole product in practically quantitative yield. Therefore, 
more drastic conditions for the deacylation step were required. Treatment of 
compound 41 with sodium methoxide for 2 days at So”6 removed the 4-U-benzoyl 
group and afforded the desired disaccharide fragment 43 (89%) after hydrogeno~~ 
sis. 

The remaining trisaccharide aminopentyl glycosides 45 and 47 were prepared in 
an ahnost identical sequence from the di~~haride imidate 23. Condensation of 23 
with either 32 or 37, followed by stepwise sealant of the in~~ediates fit with 
zinc in acetic acid and then with acetic anhydride in pyridine, gave the trisaccha- 
rides 44 (40%) and 46 (49%), respectively. Deblocking of the latter, as descriied 
for compound 16, afforded the ~-~~ide~ntaini~ target fragment 45 in 72% 
yield, and the cu-fucoside-containing fragment 47 in 68% yield. 

Biological studies with the mono- to tri-saccharide fragments related to human 
coagulation factor IX and the proteoglycan from AScrucione prols@‘e~ thus pre- 
pared are now under investigation and results will be published elsewhere. Fur- 
thermore, syntheses of AI. probifam-related di- and tri-saceharide fragments con- 
taining a pyruvic acetal at the terminal galactose residue have also been performed 
according to the above strategies and results wit1 be published in a fo~~ming 
paper. 

3. Experimental 

General.-NMR data (Tables 1 and 2) were obtained from spectra measured in 
solutions of CDCl, for blocked compounds (with Me,Si as an internal standard) 
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and of D,O, acetone-d,, Me,SO-d,, and CD,OD for deblocked and partially 
deblocked compounds, respectively (with MeOH as an internal standard), at 25°C 
with a Bruker AC 250F spectrometer. Data in the first row refer to the first sugar 
residue. Proton-signal assignments were made by first-order analysis of the spectra. 
Of the two magnetically nonequivalent geminal protons at C-6 the one resonating 
at lower field was allocated H-6a and the one resonating at higher field H-6b. 
13C-Assignments were made by mutual comparison of the spectra, by DEPT 
spectra, and by comparison with spectra of related compounds. Optical rotations 
were measured at 25°C with a Perkin-Elmer automatic polarimeter, Model 241. 
Melting points were measured with a Biichi apparatus, Model SMP-20. Thin-layer 
chromatography (TLC) was performed on precoated plastic sheets, Polygram SIL 

UVz50 40 X 80 mm (Macherey-Nagel) using appropriately adjusted mixtures of 
Ccl,-acetone for development. Detection was effected with UV light, where 
applicable, by I,, and by charring with 5% H,SO, in EtOH. Preparative chro- 
matography was performed by elution from columns of Silica Gel 60 (Merck) using 
Ccl,-acetone. Solutions in organic solvents were dried with anhyd Na,SO,, and 
concentrated at 2 kPa, 6 40°C. 

5-(Benzyloxycarbonylamino~pentyl 2,3,4,6-tetra-O-acetyl-@-D-galactopyranoside 
(3).-A solution of compound 1 (5.14 g, 12.5 mmol), compound 2 (2.97 g, 12.5 
mmol), HdCN), (3.16 g, 12.5 mmol), and a catalytic amount of HgBr, (ca. 50 mg) 
in MeCN (50 mL) was stirred for 4 h at room temperature, diluted with CH,Cl,, 
washed with aq NaI and aq Na2S203, and concentrated. Chromatography of the 
residue gave compound 3 (1.97 g, 28%); [(Y]~ -8.8” (c 2.1, CHCI,). Anal. Calcd 
for C,,H,,NO,,: C, 57.14; H, 6.57; N, 2.47. Found: C, 56.87; H, 6.79; N, 2.43. 

.5-(Bemyloxycarbonylanino~pentyl P-D-galactopyranoside (4).-A solution of 
compound 3 (1.97 g, 3.47 mmol) in MeOH (50 mL) was treated with a solution of 
NaOMe in MeOH (1 M, 0.5 mL) for 24 h at room temperature. Dowex l-X8 (H+ 
form) was added until the solution became neutral. Filtration of the mixture, 
concentration of the filtrate and crystallization of the residue from EtOAc gave 

u+37 _ R~&~~&y” 

R% 
A&H 46 R’=Z,R2=Bn,R3=Bz 

47 R’=H2+Aco,R2=R?=H 

Scheme 6. 
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Table 2 
t3C NMR data a 

Comp. Chemical shifts (8) 

3 

j: 

11 
12 
14 
15 e 
16 d 
17 * 
18 
19 
21 

23 

24 

25 

26 d 

31 
32 
34 
35 
37 
38 

39 d 

48 

41 

42 d 

43d 

45 d 

47 d 

C-l c-2 c-3 c-4 c-s C-6 Others 

101.3 68.9 b 70.9 67.1 b 70.6 61.3 69.6 Z, 66.6 OCH,, 40.9 NCH, 
106.2 77.8 b 76.2 b 71.8 b 71.5 b 63.7 73.80cH,, 68.5 Z, 42.9 NCH, 
105.6 78.0 b 75.7 b 73.6 b 71.5 b 63.8 72.8 OCH,, 42.3 NCH, 
100.7 56.3 
100.7 54.8 
100.4 55.2 
102.7 57.4 
104.0 58.4 
105.8 62.5 
100.5 57.9 
99.9 56.9 
96.4 54.3 

101.2 70.0 
90.7 54.2 

101.3 70.0 
101.3 b 56.3 
101.0 b 70.0 
101.2 b 58.0 
101.0 b 70.0 
104.0 58.0 
105.8 73.9 

71.9 71.7 
72.3 71.7 
71.8 68.7 
76.1 72.1 
76.6 72.9 
70.8 86.5 
76.5 82.8 
80.4 73.2 
69.1 76.2 
71.9 67.4 
71.0 74.5 
71.8 67.4 
72.8 76.2 
71.9 67.5 
72.7 75.8 
71.7 67.5 
78.3 81.4 
75.3 b 71.5 

74.4 CH,CCl,, 91.9 Ccl,, 69.8 OCH, 
69.5 OCH,, 67.3 Z, 40.9 NCH, 
69.7 OCH,, 66.6 Z, 42.5 CICH, 
70.3 OCH,, 67.3 Z, 41.8 NCH, 
72.8 OCH,, 42.2 NCH, 
106.3 PhCH, 74.2 OCH, 
101.2 PhCH, 74.5 Bn, 69.7 OCH,, 68.8 Z 
74.273.6 Bn, 70.6 OCH,, 66.5 Z 
70.4 Bn, 76.3 CH,CCl,, 95.2 Ccl, 

68.7 62.1 
68.7 62.1 
71.8 62.1 
77.9 62.8 
78.7 63.6 
75.7 73.3 
65.9 66.6 
73.8 69.2 
71.6 b 60.9 
71.3 b 62.2 
71.0 61.0 
71.4 61.8 
73.3 61.1 
71.4 62.4 
73.2 61.1 
71.4 62.5 
75.4 b 63.0 
77.7 64.0 
75.6 b 16.6 
70.5 16.9 
73.4 b 16.7 
71.2 16.6 
65.1 16.3 
71.8 16.9 
68.7 61.9 
71.7 18.3 
76.5 63.5 
71.1 16.2 
72.2 62.0 
70.9 16.2 
72.7 62.0 
68.5 18.2 
76.1 63.6 
69.4 b 18.2 
76.5 63.7 
71.2 b 18.2 
77.6 63.8 
77.6 62.8 
69.2 b 18.2 
75.4 63.0 
77.7 63.9 

95.1, 94.7 Ccl,, 75.2 CI,CCH, 

95.5 Ccl,, 74.4 CI,CCH, 
69.6 OCH,, 66.5 Z, 40.9 NCH, 
69.2 OCH,, 66.4 Z, 40.9 NCH, 

73.0 OCH,, 42.2 NCH, 

74.6 OCH,, 69.6 Z, 41.0 NCH, 
75.3, 74.5,69.4 2xBn, OCH,, 41.0 NCH, 
75.5 Bn 

103.7 77.3 u 66.6 67.6 
103.6 79.4 b 74.4 78.4 b 
84.8 78.7 74.0 b 73.6 b 
85.2 76.5 75.9 73.0 
96.9 76.7 73.8 73.8 

103.7 79.5 78.0 78.0 
98.7 55.7 71.8 70.2 

105.2 78.7 82.8 72.7 
101.6 58.5 73.3 71.3 
91.2 72.9 74.3 64.7 
98.2 54.9 71.7 68.7 
95.8 73.4 73.7 64.5 
98.3 54.0 71.9 68.6 

101.1 b 76.5 78.6 72.9 
100.3 b 58.3 73.8 69.7 
100.9 78.8 80.0 72.0 
101.7 58.6 72.9 69.2 b 
105.7 73.6 82.6 71.3 b 
105.1 57.9 78.2 81.2 
101.4 73.8 75.1 71.6 
100.8 71.4 79.9 69.4 b 
105.8 58.1 78.3 81.4 
101.5 73.8 75.2 71.9 

75.6 Bn, 40.6 CH,Cl 
72.7 OCH,, 68.2 Bn, 66.6 Z, 41.0 NCH, 
75.0,74.22xBn, 69.5 OCH,, 66.5 Z 
41.0 NCH, 
728OCH,, 42.2 NCH, 

73.2 Bn, 68.3 OCH,, 66.5 Z 
42.1 C&Cl, 40.9 NCH, 
73.3 OCH,, 68.4 Bn, 65.6 Z 
40.9 NCH, 
71.0 OCH,, 42.2 NCH, 
137.3, 132.8, 131.9 Cw 
70.8 OCH,, 42.2 NCH, 

72.7 OCH,, 42.1 NCH, 

70.8 OCH,, 42.2 NC& 

a For solutions in CDQ, unless otherwise indicated. Data in the 1st row of each entry refer to sugar 
residue 1; data in the 2nd and 3rd row, if present, refer to sugar residues 2 and 3, respectively. 
b Assignments may be reversed. 
’ For solutions in acetone-d,. 
d For solutions in D,O. 
’ For solutions in CD,OD. 
* For solutions in MerSO-d,. 
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compound 4 (1.33 g, 96%); mp 136°C; [ (~1~ - 9.5” (c 0.4, MeOH). Anal. Calcd for 
C,,H,NOs: C, 57.13; H, 7.32; N, 3.51. Found: C, 57.09, H, 7.33; N, 3.30. 

5-Aminopentyl /3-D-galactopyranoside (5).-A suspension of compound 4 (1.0 g, 
2.5 mmol), AcOH (1 n&j, and a catalytic amount of Pd (10% on charcoal, 100 mg) 
in 1: 1 water-MeOH (20 mL) was treated with H, for 24 h at room temperature. 
The mixture was filtered and the filtrate was concentrated. Chromatography of the 
residue on Bio-Gel P2 with water followed by elution of the lyophilized carbohy- 
drate-containing fractions from a Dowex l-X8 (Cl- form) column gave compound 
5 (0.75 g, 99%); [(Y]o -5.5” (c 1.1, H,O). Anal. Cakd for C,,H,ClNO,: C, 43.78; 
H, 8.02; N, 4.64; Cl, 11.75. Found: C, 43.83; H, 8.00; N, 4.47; Cl, 10.26. 

1,3,4,6-Tetra-O-ace~yl-2-deoxy-2-~2,2,2-t~ch~oroetho~car~ny~ami~)-~-~-g~u- 
copyranose (7).-2,2,2-Trichloroethoxycarbonyl chloride (3.8 g, 18.0 mmol) was 
added to a mixture of compound 6 [13] (5.0 g, 13.0 mm00 in C&Cl, (100 mL) and 
NaHCO, (4.2 g, 50.0 mm00 in water (50 mL), and the mixture was vigorously 
stirred for 1 h at room temperature. The organic layer was separated, washed with 
aq HCI and aq NaHCO,, and concentrated, to give crude compound 7 (6.79 g, 
lOO%), that was homogeneous (TLC) and used without further purification for the 
preparation of compounds 8-10 as previously described [11,12]. 

5-(Benzyloxycarbonyfamino)pentyl 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-ttihloro- 
ethoxycarbony~ino)-P-D-g~o~rn~ide (ll).-BF,-etherate (251 pL, 2.0 mm011 
was added at 0°C to a solution of compound 10 [ill (1.25 g, 2.0 mmol) and 
compound 2 (0.45 g, 1.89 mm00 in CH,Cl, (20 mL), and the mixture was stirred 
for 0.5 h at 0°C. The mixture was neutralized by addition of pyridine, washed with 
aq NaHCO,, and concentrated. Chromatography of the residue gave compound 11 
(1.25 g, 95%); mp 74-75°C (acetone-hexane), [a],, +0.2” (c 0.2, CT-ICI,). Anal. 
Calcd for C,H,Cl,N,O,,: C, 48.12; H, 5.19; N, 4.01; Cl, 15.22. Found: C, 48.01; 
H, 5.36; N, 3.96; Cl, 15.17. 

5-(Benzyloxycarbonylamino)pentyl 2-acetamido-3,4,6-tri-0-ace@-2-deoxy-/3-D- 
glucopyranoszde (12).-_(a) A suspension of compound 11 (1.10 g, 1.57 mm00 and 
Zn (2.0 g, 30.5 mm00 in AcOH (50 mL) was stirred for 0.5 h at room temperature, 
filtered through a layer of Celite, and concentrated by repeated coevaporation of 
toluene. The residue was dissolved in pyridine (20 mL) and treated with AC,0 (10 
mL) for 24 h at 4°C. The mixture was diluted with a small amount of water in 
order to destroy the excess of AC,0 and partitioned between water and CH,Cl,. 
The organic layer was separated, washed with aq HCl and aq NaHCO,, and 
concentrated. Chromatography of the residue gave compound 12 (0.72 g, 81%); mp 
139°C (acetone-hexane); [a],, -8.0” (c 0.5, CHCI,). Anal. Calcd for C27H3sN2011: 
C, 57.24; H, 6.76; N, 4.94. Found: C, 56.95; I-J, 6.73; N, 4.74. 

(b) Treatment of compound 14 (see below, 2.65 g, 4.3 mm011 with Zn (4.0 g, 60.9 
mm00 in AcOH (50 mL) for 1 h at room temperature, as described under (a) but 
without subsequent acetylation, gave compound 12 (2.28 g, 94%). 

5-(Beruykqwarbonylamino)pentyl 3,4,6-tri-0-acetyl-2-chloroacetamido-2-deoxy- 
/?-D-glucopyrarwse (14).-FeCl, (0.97 g, 6.0 mm00 was added in one portion at 
room temperature to a suspension of compound 13 [14] (2.5 g, 5.9 mmol), 3A 
molecular sieves (0.5 g), and compound 2 (1.42 g, 6.0 mmol) in CH,CI, (20 mL), 
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and the mixture was stirred for 3 h. The suspension was filtered through a layer of 
Celite, washed with aq HCI and aq NaHCO,, and concentrated. Crystallization of 
the residue from acetone-hexane gave compound 14 (3.30 g, 93%); mp 125°C; [a],-, 
-9.1” (c 0.5, CHCI,). Anal. Calcd for C,,H,,ClN,O,,: C, 53.96; H, 6.21; N, 4.66; 
Cl, 5.90. Found: C, 53.73; H, 6.26; N, 4.58; Cl, 6.09. 

5-(Bentyloxycarbony~mino)penbl 2-acetamido-2-deoxy-P-D-glucopyranoside (15). 

-Treatment of compound 12 (3.0 g, 5.3 mm011 with a solution of NaOMe in 
MeOH (10 mM, 30 mL), as described for compound 4, gave compound 15 (2.25 g, 
96%); mp 150-155°C (EtOH), [a]n -15.2” (c 0.4, MeOH). Anal. Calcd for 
C,,H,,N,O, b H,O: C, 56.11; H, 7.40, N, 6.23. Found: C, 56.50; H, 7.40, N, 6.17. 

5-Aminopentyl 2-acetamido-2-deoxy+h-ghcopyranoside (16).-Hydrogenolysis 
of compound 15 (0.5 g, 1.14 mmol) with Pd (10% on charcoal, ca. 50 mg) in 5 : 5 : 1 
MeOH-water-AcOH (11 mL), as described for compound 5, but without final 
exchange of acetate to chloride, gave compound 16 (415 mg, 99.7%); [(Y],, - 17.7” 
(c 0.2, H,O). FABMS: Calcd for C,,H,N,O,: 307 (M - AcO-1. 

5- (Benzyloxycarbonylamino)pentyl 2-acetamido-4,6-0-benzyiidene-2-deoxy_B-D- 
glucopyranosih (17X-Freshly molten Z&l, (5 gI was added at room temperature 
to a suspension of compound 15 (1.65 g, 3.75 mm00 in benzaldehyde (15 mL) and 
the mixture was vigorously stirred for 16 h. Water (50 mL) and hexane (100 mL) 
were added with stirring and the precipitate was collected by filtration. Recrystal- 
lization of the solid material from EtOH (containing a few drops of Et,N in order 
to ensure basic conditions) gave compound 17 (1.70 g, 86%); mp 222-223°C; [(~]n 
- 44.7” (c 0.2, CHCl,). Anal. Calcd for C,,H,N,O, * H,O: C, 62.56; H, 6.94; N, 
5.21. Found: C, 62.71; H, 6.76; N, 4.98. 

5-(Benzyloxycarbonylamirw)pentyl 2-acetamido-3-0-benzyl-4,6-0-bentylidene-2- 
deoxy-j?-D-glucopyranostie (IS).-To a suspension of compound 17 (1.48 g, 2.65 
mmol), BaO (6.7 g, 43.7 mmol), and Ba(OH), * 8H,O (2.75 g, 8.5 mmol) in DMF 
(45 mL) was added at 0°C benzyl bromide (6.7 mL and 3.3 mL after 0.5 h) and the 
mixture was warmed to room temperature. More benzyl bromide (3.3 mL) was 
added and stirring was continued for 3 h. The excess of benzyl bromide was 
destroyed by addition of MeOH (10 mL) at 0°C followed by stirring for 2 h at room 
temperature. CH,Cl, (100 mL) was added, the mixture was filtered through a 
layer of Celite, the filtrate was washed with water and aq NaHCO,, and concen- 
trated. Crystallization of the residue from acetone-hexane gave compound 18 
(1.62 g, 99%); mp 203°C; [a]n - 2.7” (c 0.6, CHCl,). Anal. Calcd for C,,H,2N,0,: 
C, 67.94; H, 6.84; N, 4.53. Found: C, 68.00; H, 6.88; N, 4.27. 

5-(Beruyl~carbonylamho)pentyl 2-acetamido-3,6-d&0-benzyC2-deoxy-#I-D- 
copyranoside (19).-Ethereal HCl solution was added in small portions at room 
temperature to a vigorously stirred solution of compound 18 (1.25 g, 2.0 mm00 and 
NaCNBH, (1.45 g, 23 mmol) in THF (50 mL) until the evolution of H, ceased. 
CH,CI, (100 mL) was added, and the mixture was washed with aq HCl and aq 
NaHCO,, and concentrated. Crystallization of the residue from acetone-hexane 
gave compound 19 (1.61 g, 93%); mp 127°C; [(~]n -3.6” (c 0.3, CHCl,); ‘H NMR 
(significant signals): 6 5.07 (s, 2 H, PhCH,O), 4.79 (d, 1 H, J,,, 8.1 Hz, H-l). Anal. 
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Calcd for C&H,N,Os: C, 67.72; H, 7.14; N, 4.51. Found: C, 67.64; H, 7.01; N, 
4.31. 

Benzyl 0-(2,3,4,6-tetra-O-bentoyl-~-D-galactopyranosyl~-(l + 4)-3,6-d&0- 
benzoyl-2-deoxy-2-(2,2,2-trichloroethoxyc (21).- 
BH, (1 M in THF, 15 mL, 15 mmol) was added under Ar at - 10°C to a solution of 
compound 20 [18] (1.47 g, 1.26 mmol) in THF (20 mL), and the solution was stirred 
for 3 h at room temperature. MeOH (12 mL) was added at 0°C followed by Et,N 
(12 mL) and 2,2,2-trichloroethoxycarbonyl chloride (1.0 mL) after 0.5 h. The 
mixture was stirred for 2 h at room temperature and concentrated. The residue 
was filtered with MeOH over a column of Dowex l-X8 (OH- form) and carbohy- 
drate-containing fractions were pooled and concentrated. Chromatography of the 
residue gave compound 21(1.18 g, 76%); [al,, +57.3” (c 0.2, CHCI,). Anal. Calcd 
for C,H,C13N0,,: C, 62.42; H, 4.42; N, 1.14. Found: C, 62.32; H, 4.68; N, 0.92. 

0-(2,3,4,6-Tetra-0-benzoyl-/3-D-galactopyranosyl~-(l + 4)-3,6-di-O-benzoyl-2- 
deoxy-2-(2,2,2-trichloroethoxycarbonylamino)~-~glucopyranose (22X-A suspen- 
sion of compound 21 (0.58 g, 0.47 mmd) and a catalytic amount of Pd (10% on 
charcoal, 12 ms) in AcOH (20 mL) was treated for 24 h with H,. Filtration of the 
mixture, concentration of the filtrate, and crystallization of the residue from 
acetone-hexane gave compound 22 (0.5 g, 93%); mp 135-142°C (with softening at 
133°C); [o]o +54.1” (c 0.3, CHCl, + 1 drop of pyridine, after 1 h standing at room 
temperature); NMR (significant signals of the (Y anomer): 6 5.76 (d, 1 H, JIz 2.8 
Hz, H-l’), 92.9 (C-l’), 4.78 (d, 1 H, Jr,, 7.1 Hz, H-12), 101.2 (C-12>, 95.7 (Ccl,). 
Anal. Calcd for C,,H,Cl,NO,,: C, 59.98; H, 4.24; N, 1.23; Cl, 9.32. Found: C, 
60.07; H, 4.42; N, 1.25; Cl, 9.47. 

0-(2,3,4,6-Tetra-O-benzoyl-~-D-galactopyranosyl~-(l * 4)-3,6-di-0-benzoyl-2- 
deoxy-2-(2,2,2-t~chbr~thoxycarbonylamino}-cr-D-gluco~ranosyl trichloroacetimi- 
a&e (23X-A suspension of compound 22 (0.45 g, 0.39 mmol), trichloroacetonitrile 
(1 mL), and finely ground K2C03 (1 s) in CH,Cl, (10 mL) was stirred for 3 h at 
room temperature, filtered through a layer of Celite, and concentrated. Chro- 
matography of the residue gave compound 23 (0.50 g, 99.7%); [al,, + 64.9” (c 0.4, 
CHCI,). Anal. Calcd for C,,H,Cl,N,O,,: C, 55.12; H, 3.76; N, 2.18; Cl, 16.54. 
Found: C, 55.00; H, 3.80; N, 2.03; Cl, 16.04. 

5-(Benzyloxycarbonylamino)pentyl O-(2,3,4,6-tetra-O-benzoyl-/3-D-galactopy- 
ranosyl)-(1 + 4)-3,6-di-O&n@-2-deoxy-2- (2,2,2-trichloroethoxycarbonylamino&I- 
D-glucopyranoside (24).-BF,-etherate (30 PL, 0.25 mrnol) was added at 0°C to a 
solution of compound 23 (0.25 g, 0.19 mmol) and compound 2 (47.5 mg, 0.2 mmol) 
in CH,Cl, (2 mL). The mixture was stirred at CC for 15 min, neutralized with 
pyridine, and concentrated. Chromatography of the residue gave compound 24 
(196.3 mg, 76%& [(~]o -t28.4“ (c 0.5, CHCI,). Anal. Calcd for C,,H,Cl,N,O,,: C, 
61.79; H, 4.82; N, 2.06; Cl, 7.82. Found: C, 61.55; H, 4.76; N, 2.01; Cl, 8.10. 

5-(Benzyloxycarbonylamino)pentyl O-(2,3,4,6-tetra-O-benzoyl-/3-D-galactopy- 
ranosyl)-(1 --) 4)-2-acetamido-3,6-di-O-berazoy62-deary-B-D-glucopyranosi (25).- 
Treatment of compound 24 (190 mg, 0.14 mmol) with Zn in AcOH followed by 
acetic anhydride in pyridine, as described for compound 12 (a), and chromatogra- 
phy gave compound 25 (134 mg, 78%); [a], +27.3” (c 0.3, CHCl,); ‘H NMR 
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(significant signals): S 4.91 (d, 1 H, Jr,, 7.9 Hz, H-l’), 5.02 (d, 1 H, Jr,, 7.9 Hz, 
H-1’). Anal. Calcd for C,,H,N,O,,: C, 67.53; H, 5.42; N, 2.28. Found: C, 67.35; 
H, 5.42; N, 2.05. 

5-Aminopentyl O-~-D-galactopyranosl-(1 + 4)-2-acetamido-2-deoxy-fh-gluco- 
pyranoside (26).-Deblocking of compound 25 (125 mg, 0.1 mmol) with a catalytic 
amount of NaOMe for 24 h at room temperature as described for compound 4, but 
with chromatography (silica gel, 1O:l CH,Cl,-MeOH) of the intermediate, fol- 
lowed by hydrogenolysis, as described for compound 16, gave compound 26 (44.7 
mg, 83%); [cl&, - 14.5” (c 4.4, H,O). FABMS: Calcd for C,,H,,N,O,,: 469 
(M - AcO -). 

Al&l 3-0-acetyl-2,4-di-O-benzyf-a-L-fucopyranoside (28).-A mixture of com- 
pound 27 [22] (2.5 g, 6.5 mm00 and Ac,O (5 mL) in pyridine (15 mL) was stirred 
for 7 h at room temperature, poured into water, stirred for 16 h, and extracted 
with CH,Cl,. The combined organic layers were washed with aq HCl and aq 
NaHCO,, and concentrated. Chromatography of the residue gave crude compound 
28 (2.36 g) that was used without further purification. 

1,3-Di-0-acetyl-2,4-di-0-benzyhfucopyranose (29).-A solution of crude com- 
pound 28 (2.36 g) and PdCl, (150 mg, 0.85 mmol) in degassed aq 90% AcOH (100 
mL) was heated for 15 h at 95°C while N, was bubbled through the solution. The 
mixture was concentrated, the residue was suspended in CH,Cl, (100 mL), and 
filtered through a layer of Elite. The material obtained after removal of the 
solvent was dissolved in pyridine (20 mL) and treated for 7 h at room temperature 
with Ac,O (10 mL). Work-up, as described for compound 28, and chromatography 
gave compound 29 (2.17 g, 88% from 27), as a 1: 1 anomeric mixture; NMR 
(significant signals): 6 6.38 (d, 1 H, Jr,, 3.7 Hz, H-la), 5.59 (d, 1 H, Jr,, 8.1 Hz, 
H-1/3), 94.2 (C-lb), 90.5 (C-la). Anal. Calcd for C,H,O,: C, 67.28; H, 6.59. 
Found: C, 67.37; H, 6.64. 

Ethyl 3-O-acetyl-2,4-di-O-benzyl-l-thi&L-fucopyranoside (30).-A solution of 
compound 29 (1.17 g, 2.7 mmol), ethanethiol(O.22 mL, 3.0 mmol), and BF,-etherate 
(0.38 mL, 3.0 mmol) in CH,Cl, (20 mL) was stirred for 0.5 h at room temperature, 
washed with aq NaHCO,, and concentrated, to give crude compound 30 (1.0 g, 
85%), as an anomeric mixture that was used without further purification. 

5-(Benzyloxycarbonylamino)pentyl 3-0~cetyl-2,4-di-O-~ntyl-B-L-fucopyronoside 
(31).-Trifluoromethanesulfonic acid (27.5 pL, 0.3 mmol) was added under Ar at 
-30°C to a suspension of crude compound 30 (1.0 g, 23 mmol), compound 2 (0.71 
g, 3.0 mmol), 3A molecular sieves (0.5 g), and N-iodosuccinimide (0.67 g, 3.0 
mmol) in CH,Cl, (30 mL), and the mixture was stirred for 45 min at - 30°C. 
Pyridine was added, the mixture was filtered through a layer of Celite, and the 
filtrate was washed with aq Na,S,O, and aq NaHCO,. Concentration of the 
solution and chromatography of the residue gave, first, compound 3lt1.17 g, 84%); 
[al, -38.7” (c 0.4, CHCl,); ‘H NMR (significant signals): 6 4.36 (d, 1 H, Jr,, 7.7 
Hz, H-l), 1.20 (d, 3 H, J5,6 6.4 Hz, H-6). Anal. Calcd for C,,H,,NO,: C, 69.40; H, 
7.16; N, 2.31. Found: C, 69.01; H, 7.15; N, 2.24. 

Eluted next was a mixture of anomers of compound 31 (0.21 g, 15%). 
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5-(Benzyloxycarbonyiamino)pentyl 2,4-di-0-benzyl-p-@copyranoside 02).- 
Treatment of compound 31 (0.75 g, 1.2 mm00 with methanolic NaOMe (10 mM, 
10 mL) as described for compound 4, and chromatography gave compound 32 (0.5 
g, 74%); [cr]o -13.4” (c 0.3, CHCl,). Anal. Calcd for C,,H,,NO,: C, 70.32; H, 
7.33; N, 2.48. Found: C, 70.07; H, 7.44, N, 2.45. 

Ethyl 4-O-bentoyl-2-O-bentyl-l-thio-~-L-fiscogyra~s~ 04).-A solution of 
compound 33 [28] (2.98 g, 10 mmol), trimethyl orthobenzoate (5 mL), and a 
catalytic amount of p-toluenesulfonic acid (ca. 20 mgI in DMF (25 mL) was treated 
as described in ref [29], to give compound 34 (3.15 g, 78%); [a],, -38.6” (c 0.8, 
CHCl,). Anal. Calcd for C,,HZO,S: C, 65.65; H, 6.51. Found: C, 65.70; H, 6.59. 

Ethyl 4-O-benzoyl-2-O-benzyl-3-O-c~roacetyl-l-thio-~-~-fucopyranoside (35X- 
A suspension of compound 34 (1.87 g, 4.6 mmol), chloroacetic anhydride (1.71 g, 
10.0 mmol), and NaHCO, (1.0 g) in DMF (20 mL) was stirred for 2 h at room 
temperature, poured into water, and extracted with CH,Cl,. The combined 
organic layers were washed with aq NaHCO, and concentrated. Chromatography 
of the residue gave compound 35 (2.15 g, 98%) that crystallized slowly; mp 103°C 
(without recrystallisation); [ aID -63.1” (c 0.4, CHCl,). Anal. Calcd for 
C,,H&IO,S: C, 60.18; H, 5.68; Cl, 7.40; S, 6.69. Found: C, 60.02; H, 5.80; Cl, 
7.41; S, 6.62. 

5-(Benzyloxycarbonylamino)pentyl 4-0-benzoyl-2-0-benzyL3-O-chloroacetyl-L- 
fucopyranoside (36X-Trifluoromethanesulfonic acid (11 pL, 0.12 mm00 was added 
under Ar at 0°C to a suspension of compound 35 (1.14 g, 2.38 mmol), compound 2 
(0.83 g, 3.5 mmol), 3A molecular sieves (0.5 g), and IV-iodosuccinimide (0.68 g, 3.0 
mm00 in CH,CI,/Et,O (1: 10, 15 mL), and the mixture was stirred for 15 min at 
0°C. Work-up as described for compound 31 gave compound 36 (1.43 g, 92%) as a 
2 : 1 q/3-anomeric mixture; 13C NMR (significant signals): 6 103.6 (Glp), 97.5 
(Gla). Anal. Calcd for C,H,CINO,: C, 64.26; H, 6.16; N, 2.14. Found: C, 64.51; 
H, 6.30; N, 2.14. 

5-(Benzyloxycarbonylarino)pentyl 4-0-benzoyl-2-0-benzyl-a-L-ficopyranoside 
(37).-A solution of compound 36 (1.43 g, 2.19 mm00 and thiourea (0.38 g, 5.0 
mm00 in MeOH (20 mL) was stirred for 3 days at 40°C and concentrated. 
Chromatography of the residue gave, first, compound 37 (0.45 g, 36%); [a], 
-92.8” (c 0.3, CHCI,). Anal. Calcd for C,H,,NO,: C, 68.61; H, 6.81; N, 2.42. 
Found: C, 68.85; H, 6.77; N, 2.34. 

Eluted next was a 1: 1 anomeric mixture of compound 37 (0.48, 38%). 
5- (Benzyloxycarbonylamino)pentyl (2-acetamido-3,4,6-tri-0-acetyl-2-deoxy-P-D- 

glucopyranosyl)-(1 + 3)-2,4-di-O-benzyl-#kfucopyranoside (38).-Trimethylsilyl 
trifluoromethanesulfonate (TMSOTf) (6.6 pL, 0.04 mmol) was added under Ar at 
-20°C to a solution of compound 32 (352.5 mg, 0.625 mmol) and compound 10 
(437.5 mg, 0.7 mm00 in CH,Cl, (12 mL), and the mixture was stirred for 0.5 h at 
- 2o”C, neutralized by the addition of pyridine, and concentrated. The residue was 
dissolved in AcOH (10 mL) and treated with Zn followed by Ac,O in pyridine as 
described for compound 12. Chromatography gave compound 38 (366.1 mg, 66%); 
[al,, - 6.7” (c 0.2, CHCl,); ‘H NMR (significant signals): 6 4.30 (d, 1 H, Jr,, 7.4 
Hz, H-l’), 5.20 (d, 1 H, J1,2 8.2 Hz, H-12), 1.19 (d, 3 H, J5,6 6.3 Hz, H-6’). Anal. 
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Calcd for C,,H,N,O,,: C, 63.22; H, 6.77; N, 3.14. Found: C, 63.02; H, 6.75; N, 
3.13. 

5-Aminopentyl O-(2-acetamido-2-aYeoxy-/3-D-glucopyranosyl,L(l + 3)+.-@copy- 
ranoside (39).-Treatment of compound 38 (244 mg, 0.27 mmol) with methanolic 
NaOMe (10 mM, 10 mL) for 24 h at room temperature, followed by hydrogenolysis 
as described for compound 26, gave compound 39 (132.8 mg, 96%); [(Y],, - 13.2” (c 
0.5, H,O). FARMS: Calcd for C1sH,N,O,,: 453 (M - AcO-). 

5-(Benzylo~carbonylamino)pentyl O-(3,4,6-tti-0-ace@-2-chlroacetamido-2-de- 
oxy-/3-D-glucopyranosyl)-(1 + 3)-4-0-benzoyl-2-0-benzyl-cu+fucopyranoside 
(40).-Treatment of compound 37 (0.26 g, 0.45 mmol) and compound 13 (0.21 g, 
0.5 mmol) with FeCl, (113.5 mg, 0.7 mmol) in CH,Cl, (10 mL) for 24 h at room 
temperature, as described for compound 14, and chromatography gave compound 
40 (0.30 g, 71%); [cylo -48.5” (c 0.5, CHCl,); ‘H NMR (significant signals): 6 4.78 
(d, 1 H, J,,, 3.7 Hz, H-ll), 4.93 (d, 1 H, JIs 9.0 Hz, H-12), 1.11 (d, 3 H, J5,6 6.3 Hz, 
H-6’). Anal. Calcd for C,,H&IN,O,,: C, 59.96; H, 6.10; Cl, 3.77; N, 2.98. Found: 
C, 59.92; H, 6.20; Cl, 4.06; N, 2.83. 

5-(Benzyloxycarbonylamino)pentyl 0-(2-acetamido-3,4,6-tri-0-acetyl-2-deoxy_P- 
D-glucopyranosyl)-(1 + 3)-4-0-~n~oyl-2-O-bentyl-cw-L-fucom)ranoside (41).-Treat- 
ment of compound 40 (0.30 g, 0.32 mmol) with Zn (0.5 g) in AcOH (5 mL) for 3 h 
at room temperature, as described for compound 12 (b), and chromatography gave 
compound 41 (0.27 g, 93%); [a]o -56.9” (c 0.6, CHCl,); ‘H NMR (significant 
signals): 6 4.79 (d, 1 H, JIz 3.4 Hz, H-l’), 5.12 (d, 1 H, J,,, 7.9 Hz, H-12), 1.12 (d, 3 
H, JSh 6.5 Hz, H-f?). Anal. Calcd for C4,H58N2016: C, 62.24; H, 6.45; N, 3.09. 
Found: C, 62.14; H, 6.47; N, 2.99. 

5-Aminopentyl 0-(2-acetamido-2-deoxy-/3-D-glucopyranosylj-(1 + 3)-a-~- 

fucopyranoside (42).-Treatment of compound 41 (236 mg, 0.25 mmol) with 
methanolic NaOMe (10 mM, 10 mL) for 4 days at room temperature, followed by 
hydrogenolysis as described for compound 26, gave compound 42 (155 mg, 100%); 
[(Y], -67.2” (c 0.7, H,O). FABMS: Calcd for C,,H,N,O,,: 557 (M - AcO-). 

5-Aminopentyl 0-(2-acetamido-2-deoxy-/3-D-g~ucopyranosyl~-(l + 3)-a-~- 
fucopyranoside (43).-Treatment of compound 41 (180 mg, 0.18 mmol) with 
methanolic NaOMe (5 mM, 10 mL) for 2 days at SO“C, followed by hydrogenolysis 
as described for compound 26, gave compound 43 (87 mg, 89%); [a]o -53.8” (c 
0.7, H,O). FABMS: Calcd for C,,H,,N,O,,: 453 (M - AcO-). 

5-(Benqloxycarbony~amino)pentyl O-(2,3,4,6-tetra-0-benzoyl-@D-galactopyrano- 
syl)-(1 --+ 4)-0-(2-acetapraido-3,6-di-O-benwyl-2-de~~-~g~~o~~nosyl~-~l + 3)- 
2,edi-0-benzyl-P-L-firco~ra~i~ @I).-TMSOTf (6.6 PL, 0.04 mmol) was added 
under Ar at 0°C to a solution of compound 32 (225.5 mg, 0.4 mmol) and compound 
23 (433.9 mg, 0.337 mmol) in CH,Cl, (6 mL), and the mixture was stirred for 0.5 h 
at O”C, neutralized by addition of pyridine, and concentrated. The residue was 
dissolved in AcOH (10 mL) and treated with Zn followed by Ac,O in pyridine as 
described for compound 12. Chromatography gave compound 44 (215.3 mg, 40%); 
[a]o + 20.0” (c 0.3, CHCl,); 13C NMR (significant signals): 6 103.6 (C-13), 100.8 
(C-12), 99.3 (C-11), 54.8 (C-22), 16.8 (C-6l). Anal. Calcd for C,,H,,N,O,,: C, 
68.80; H, 5.71. Found: C, 68.80; H, 5.65. 
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5-Aminopentyl O-/3-D-galactopyranosyl-(1 + 4)-0-(2-acetamido-2_deary_B_D_glu- 
copyranosyl)- (1 + 3) -/3-L-fu co py ranoside (45).-Treatment of compound 44 (200 
mg, 0.129 mmol) with methanolic NaOMe (1 mM, 100 mL) followed by hy- 
drogenolysis as described for compound 26, gave compound 45 (63 mg, 72%); [a]o 
- 12.4” (c 0.3, H,O). FABMS: Calcd for CUH47N2015: 615 (M - AcO-1. 

5-(Benzyloxycarbonylamino)pentyl 0-(2,3,4,6-tetra-O-benzoyl+D-galactopyra- 
rwsyl)-(1 -P 4)-0-(2-acetamido-3,6-di-O-bentoyl-2-~o~-~-~glucoWranosy)- 
(1 + 3)-4-0-benwyl-2-O-b nzy -a-L-fucopyranoside 1 (46).-TMSOTf (5.5 pL, 0.03 
mmol) was added under Ar at -20°C to a solution of compound 37 (214.9 mg, 
0.372 mmol) and compound 23 (303.5 mg, 0.236 mm00 in CH,Cl, (4.5 mL), the 
mixture was stirred for 45 min at -2o”C, neutralized by addition of pyridine, and 
concentrated. The residue was dissolved in AcOH (10 mL) and treated with Zn 
followed by Ac,O in pyridine as described for compound 12. Chromatography gave 
compound 46 (181.3 mg, 49%); [aID - 14.5” (c 0.1, CHCl,); 13C NMR (significant 
signals): 6 100.9 (C-13), 98.4 (C-12), 96.5 (C-11), 53.8 (C-22>, 16.3 (C-6l). Anal. 
Calcd for C,,H,N,O,: C, 68.19; H, 5.53. Found: C, 68.10; H, 5.53. 

5-Aminopentyl O-/3-D-galactopyranosyl-(1 + 4)-O-(2-acetamido-2-deoxy-fl-r_h 
glucopyranosyl)-(1 + 3)-a-L-f~opyrarwside (47).-Treatment of compound 46 (127 
mg, 0.082 mm00 with methanolic NaOMe (1 mM, 20 mL) for 2 days at 50°C 
followed by hydrogenolysis, as described for compound 26, gave compound 47 
(37.5 mg, 68%); [a]D - 12.4” (C 0.3, H,O). FABMS: Calcd for &H,,N,O,,: 615 
(M - AcO-1. 
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