TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetry 1 (2000) 549-566

Sulfonic acid analogues of the sialyl Lewis X tetrasaccharide

Aniké Borbas? Gabriella Szabovik,Zsuzsa Antaf, Krisztina FehéP, Magda Csavas,
Laszl6 Szilagyf, Pal Herczegh and Andras Liptak®

aResearch Group for Carbohydrates of the Hungarian Academy of Sciences, H-4010 Debrecen, PO Box 55, Hungary
bDepartment of Organic Chemistry, L. Kossuth University, H-4010 Debrecen, PO Box 20, Hungary
¢Research Group for Antibiotics of the Hungarian Academy of Sciences, H-4010 Debrecen, PO Box 70, Hungary
dDepartment of Biochemistry, L. Kossuth University, H-4010 Debrecen, PO Box 55, Hungary

Received 8 November 1999; accepted 7 December 1999

Abstract

Sulfonomethyl mimics of 2-ulosonic acids were prepared by addition of the ethyl methanesulfonate carbanion
on aldonolactone derivatives, and these were converted into new analogues of the sialyl Lewis X tetrasaccharide.
© 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Selectins are carbohydrate-binding transmembrane glycoproteins expressed on platelets (P-selectins),
leukocytes (L-selectins) and on the endothelial cells (E- and P-selectins), and their role is to mediate the
first steps of the recruitment of leukocytes from the blood stream in a series of normal and pathologic
situationst The carbohydrate ligands which are recognized by these selectins have been identified: E-
selectin recognizes the sialyl Lewis X (sLe X, or $)detrasaccharideon the surface of leukocytes,
P-selectin also binds sLe X on leukocyfemnd L-selectin weakly recognizes si.en endothelial cell§.

The selectin—carbohydrate interaction appears at the very early stage of the inflammatory reactions
or metastasis. When tissue injury occurs, cytokines are released to signal endothelial cells to synthesize
E-selectins which recruit leukocytes to the site of injury. The selectins slow down the leukocytes in the
blood vessels, which then roll along the endothelium by binding to glycoproteins bearing sialyl Lewis
X ligands. A subsequent tight interaction between integrins, leukocytes and the intercellular adhesion
molecule (ICAM-1) with the endothelial cells allows the extravasation of neutrophils to the site of
injury. When too many leukocytes are recruited, however, normal cells will also be damaged, causing
inflammation. Control of this process by inhibiting the adhesion step has been considered as a new anti-
inflammatory strategy(many acute inflammatory symptoms such as asthma, lung ihjmyocardial
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infarct and arthritié may be treated by this approach). New antitumor agents could also be developed on
the basis of the inhibition of this adhesion process.

Since one of the major natural ligands of the selectins is the sialyl Lewis X tetrasaccharide containing
glycopeptide, this tetrasaccharidg Gcheme 1) may be taken as a lead structure for the development
of glycomimetics which structurally resemble and functionally mimic the natural oligosaccharide. These
compounds, designed as selectin receptor antagonists, are currently being evaluated as potential anti-
adhesive, anti-inflammatory, and anti-metastatic drugs.
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Scheme 1. The sialyl Lewis X tetrasaccharlgdéhe Lewis X trisaccharid2a, and the sulfated Lewis X trisaccharidb

A structure—activity relationship of the functional groups of %lievolved in binding to selectins by
systematic replacement of the functional groups with hydrogen has been reported. It is known that the
fucose and some of the galactose hydroxyl groups are essential in binding. Furthermore, the acid function
in the sialic acid moiety is crucial but can be replaced, for example by sulfate gtoups.

Sulfated Lewis X trisaccharid2b exists as a natural analogue of $Land shows superior binding
to selectind® This paper describes the synthesis of sulfonic acid analogues of theetr@saccharide
in which the sialic acid is replaced by an anomeric sulfonomethyl-type sugar moiety. The sulfonic acid
analogue, being a stronger acid than its carboxylic counterpart, might bind effectively to the bioreceptors.
Moreover, it should be resistant against esterases.

2. Results and discussion

The synthesis of the sulfonic acid analogues of the‘sietrasaccharide was planned by the introduc-
tion of an anomeric sulfonic acid moiety into an sLe X mimic via a glycosylation reaction. Preliminary
results have been reportétiDirect substitution of the carboxyl group M-acetylneuraminic acid, or
aldose-2-ulosonic aciél in general, by an S¢H group would result in an unstab®S-acetaB, therefore
introduction of the sulfonomethyl moiety might be a more promising approach (Scheme 2).
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Scheme 2.
For the synthesis of the glycosyl donors typefirst the protected-aldonolactones,'? 7,2 and
the L-aldonolactonel0'* were prepared by the Dess—Martin periodinane méthadich permitted
higher yields in comparison to the previously published procedures. The lactones were reacted with the
ethyl methanesulfonate anion, generated wibutyllithium (Scheme 3). Nucleophilic addition of the
sulfonate ester carbanion to the lactones gave 1-ethylsulfodpt-2-ulosed, 8 or the 1-ethylsulfonyl-
L-hept-2-ulosdl ], respectively, each in the-anomeric form. The reaction df 8 or 11 with ethanethiol
in the presence of Lewis acid resulted in thethioglycosidesb, 9 or 12. The phenylthioglycosidé
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was also synthesized frod in this way. Because of the lack of an anomeric proton, the anomeric
configuration was determined on the basis of the NMR C1-H3 three-bond coupling cthethaith

is dependent on the dihedral angle in a manner similddig (the values ofJc1 1z proved to be less
than 5Hz in all cases).
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Scheme 3. Syntheses of anomeric sulfonic acid-type glycosyl donors

Since the objective was the substitutionMacetylneuraminic acid with sulfonomethyl derivatives
in sialyl Lewis X tetrasaccharide analogues, the glycosylation properti&swadre investigated. The
primary hydroxyl group in13'7 could be glycosylated stereoselectively by the van Boom activation
methodology® to obtain 14; however, formation of the elimination produ&f was also observed
(Scheme 4).
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Scheme 4. Glycosylation of the primary hydroxyl group with the sulfonomethyl donor

Attempted glycosylation of benzyl 2,4,6-fB-benzyl- -D-galactopyranosidé with 5 failed, presum-
ably because of steric congestion around the secondary 3-OH group. In this case only the elimination
productl5 could be detected.

Glycosylation 0f16,%° having two adjacent free hydroxyls, wifnafforded a separable 3:1 mixture of
the regioisomeric disaccharid&g and18 as reported earlier formation of the elimination produdt5
was also observed. Compoufhéf! was also glycosylated with and the same pattern of products was
observed as in the case of the aglycae€Scheme 5).

The main produc0 was originally planned to be converted to a glycosyl donor via debenzylation,
acetylation and thioglycoside formation. However, this route had to be changed, since catalytic hydro-
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Scheme 5. Glycosylation of the secondary hydroxyl group with the sulfonomethyl donor

genation of20 led to its decomposition, probably because of the cleavage of the sulfonic ester bond.
Nevertheless, deprotection of the disacchafideould be readily carried out when nucleophilic attack
by bromide ion was followed by catalytic hydrogenation to ob2&rfScheme 6).
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Scheme 6. Deprotection of the sulfonic acid-containing disaccharide

By this sequence, the sulfonomethyl moiety could be introduced into the sialyl Lewis X analogues
only in the final step. Consequently, the sulfonic acid mimics of the sLe X tetrasaccharide were planned
to be synthesized by the following method: (i) preparation of an aglycone molecule which structurally
resembles the Lewis X trisaccharide; (ii) glycosylation of this aglycone with an anomeric sulfonomethyl-
type donor; (iii) deprotection of the obtained sulfonomethyl analogue.

The pseudo-trisaccharide5 which was considered as a suitable aglycone was synthesized via
glycosylation of24 with 23?2 by using the methyl triflate (MeOTf) activation meth&d.

Compound25 can be considered as a mimic of the Lewis X trisaccharide containing all of the
hydroxyls which are essential for binding to selectins, and in which the GICNAc residue is substituted
by an ethylene glycol bridge. While GIcNAc contains none of the functional groups important for
binding, it is likely to be critical in the structural organization of the tetrasaccharide. For this purpose
a cyclohexyl group appears to be the best mimic of the pyranose ring. However, ethanediol-containing
analogue&' proved to be almost equally effective. Therefore, the latter strategy was chosen as a much
cheaper and simpler type of mimic. Following deisopropylidenatio@%f26 was glycosylated with
5 using N-iodosuccinimide—trifluoromethanesulfonic acid (NIS-TfOH) activation in dichloromethane.
The planned pseudo-tetrasacchai®@evas thus obtained in a regioselective reaction (Scheme 8) in a
low yield ( 35%), together with the elimination producs.!!

Attempts to reduce the proportion of elimination product including change of solvent and leaving
group were unsuccessful. The dorbwas unreactive, an overnight reaction at room temperature led
only to about 60% conversion and, unfortunately, the ratio of the elimination product was as high as
earlier. Therefore, to increase the yield of the glycosylation, the acceptor part was modified. Compound
25 was converted into a more reactive aglyc@®by changing the benzoyl ester groups into benzyl
ethers (Scheme 7). Th@®was glycosylated with using the above-mentioned activation. However, the
enhanced reactivity of the aglycone did not lead to an increased formation of the glycosylated product;
the yield of31was as low as 36% (Scheme 8).
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Scheme 7. Synthesis of the aglycone part of the'shanics
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Scheme 8. Synthesis of the sLmimic using NIS-TfOH activation

By application of methyl trifluoromethanesulfonate (MeOTf) as the promoter for coupliBgam29,
the formation of the elimination product decreased and the pseudo-tetrasac@iaraidd be isolated
with  48% yield (Scheme 9). The elimination proddétcould also be isolated in a yield of 30%.
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Scheme 9. Synthesis of st.enimics using methyl triflate activation

Two permethylated sulfonomethyl derivativBsand 12 were also used for the glycosylation of the
aglycone29 to obtain the sulfonic acid-type sLe X analogues possessing a partly apolar character. Data
in the literature suggest that introduction of a long-chain apolar aglyéanenydrophobic moiety at
3-position of the galactose residdef the sLe X mimics induces stronger selectin-inhibitory effects,
due to the interaction of these apolar moieties with the hydrophobic part of E- and P-selédtires.
goal was to study the influence of the decreased polarity on the ability of binding to selectins. Derivatives
containing permethylated sugar parts fulfill such an expectation concerning the apolar moiety.
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Since the methyl triflate-activation of the anomeric sulfonomethyl-type donor proved to be better than
the NIS-TfOH in decreasing the formation of the elimination product, this method was used in the further
coupling reactions. Thus, compou@ was glycosylated with the permethylated doBarsing MeOTf
as the promoter, to obtaB? with an isolated yield of 55%. Formation of the elimination prodd@with
moderate yield (20%) was also observed (Scheme 9).

Then the protecting groups were removed fr8inor 32 via nucleophilic attack by bromide ion and
subsequent catalytic hydrogenation to result in the tetrabutylammoniunm3dadisd 35 (Scheme 10).
Compound30 was also converted 84 by means of a three-step deprotection procedure starting with
catalytic debenzoylation. The pseudotetrasaccha®desnd 35 are sulfonic acid-type mimics of the
sialyl Lewis X tetrasaccharide.
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Scheme 10. Deprotection of the sLeimics

The donorl2 was also used for the glycosylation 20 to give a separable 4:1 mixture of the
regioisomeric pseudo-tetrasacchari@ésand 37. In this case the formation of the elimination product
from 12 was not observed, indicating the different ability of the various donors for elimination (Scheme
11).

Removal of the protecting groups frod® was attempted via nucleophilic attack by bromide ion and
subsequent catalytic hydrogenation. However, surprisingly, after the 2-step deprotection only the pseudo-
trisaccharide part of the molecule could be isolated in a free form (Scheme 12).

The syntheses of further sialyl Lewis X analogues combining sulfonyl moiety is in progress in our
laboratory.

3. Conclusion

Several new sulfonic acid-type analogues of the sialyl Lewis X tetrasaccharide were synthesized in
glycosylation reactions by using the sulfonomethyl analogues of aldose-2-ulosonic acids as donors.
However, formation of elimination products from the 1-sulfonomethyl-2-thioglycosides is a competitive
reaction. Decomposition of the sulfonic acid ethyl ester was observed during catalytic hydrogenation.
Therefore, in the deprotection procedure of this type of derivatives conversion of the sulfonic ester into
salt is necessary before catalytic hydrogenation.
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Scheme 11. Synthesis of the $Lmimic using theL-fucono derivative as the donor
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Scheme 12.

4. Experimental

Optical rotations were measured at room temperature with a Perkin—Elmer 241 automatic polarimeter.
TLC was performed on Kieselgel 6@4z (Merck) with detection by charring with 50% aqueous sulfuric
acid. Column chromatography was performed on silica gel 60 (Merck, 0.063—0.200 mm). The organic
solutions were dried over MgSCand concentrated in vacuo. TREl (200, 360 and 500 MHz) and
13C NMR (50, 90, 125 MHz) spectra were recorded with Bruker WP-200 SY, Bruker AM-360 and
Bruker Avance DRX-500 spectrometers in C@Gblutions. Chemical shifts are referenced to,Sie
(*H) or to the residual solvent signaf$C). The3C/*H correlations through one-bond as well as long-
range couplings were obtained from sensitivity enhafftgdadient HSQ& and gradient HMBE&°
experiments, respectively. Typical time domain data matrices for the heterocorrelated measurements
were of 2 K 512 data points in size. The band-selective 2D homo- and heterocorrelated experiments
were executed as described receptly.
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4.1. General method for the oxidation with Dess—Martin’s periodinane

A solution of a protected sugar with free anomeric hydroxyl group (10 mmol) in dichloromethane (50
mL) was treated with Dess—Martin’s periodindnél.2 equiv., 12 mmol) at room temperature and stirred
for a further 30 min. Usual work-up gave the aldono-lactones.

4.2. General metho8 for carbanion addition

A solution of diisopropylamine (1.1 equiv., 1.1 mmol) in dry THF (10 mL) was treated with 2.5 M
n-BuLi in hexane (1.1 equiv., 1.1 mmol) atl5°C under argon atmosphere. After 15 min the solution
was cooled to 60°C and ethyl methanesulfonate was added (1.1 equiv., 1.1 mmol). The mixture was
kept at 60°C for 15 min, then it was cooled to78°C and the aldonolactone derivative (1 equiv., 1.0
mmol) was added. The mixture was kept at8°C for 30 min, and then it was allowed to warm up to
room temperature, and concentrated. The residue was diluted with 10 ml of water and extracted with
dichloromethane (330 mL). The organic layer was dried and evaporated. The product was purified by
column chromatography.

4.3. General metho@ for thioglycoside formation

The protected 1-deoxy-1-ethylsulfonato-hept-2-ulose was dissolved in abs. dichloromethane, 1.1
equiv. of ethanethiol (or thiophenol) and 2 equiv. of BEt,O were added at 0°C, and the solution
was allowed to warm up to room temperature. When TLC showed complete conversidr) ©f the
starting material, the solution was diluted with dichloromethane, extracted with water until neutral and
the organic layer was dried and evaporated.

4.4. General methob for the coupling reaction using NIS-TfOH activation

The donor (1.2-1.6 equiv.) and the acceptor compounds were dissolved in abs. dichloromethane, 4 A
molecular sieves were added and the mixture was stirred for 3 h. It was then coold®tG and a
solution of 1.3 equiv. of NIS and 0.13 equiv. of TfOH in abs. THF was added. The mixture was kept at

45°C until the TLC showed the complete conversion of the don@0(min). After usual work-up the
product was purified by column chromatography.

4.5, 2,3,4,6-Tetrd>-benzylp-glucono-1.5-lacton8

2,3,4,6-Tetra@-benzyld-glucosé? was converted by method to 3 (85%), [ Jo +79.6 (c 0.3,
CHCL), Rr 0.5 (dichloromethane:acetone 99:1). 13t.[ ]p +78 (c 1.0, CHG). 13C NMR (CDCk,
50 MHz) (ppm): 169.28C-1), 137.49, 136.92 (quaternary aromatic), 128.41, 128.07, 127.95, 127.79
(aromatic), 80.95, 78.13, 76.6€, C-3, C-4), 73.89, 73.68, 73.540H,-Ph), 68.25 CH»-6). Anal.
calcd for G4H3406: C 75.82, H 6.36. Found: C 75.80, H 6.39.

4.6. 3,4,5,7-Tetrd-benzyl-1-deoxy-1-ethylsulfonatob-gluco-hept-2-uloset
Compound3 was converted by methoB to yield 4 (80%), [ ]o 12.5 (c 0.3, CHQ), R 0.28

(hexane:ethyl acetate 7:33C NMR (CDCk, 50 MHz) (ppm): 138.17, 137.90, 137.78, 137.29
(quaternary aromatic), 128.64, 128.55, 128.27, 127.67 (aromatic), 95-8){ 82.79, 80.78, 77.85, 71.79
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(C-3,C-4,C-5,C-6), 75.03, 74.86, 73.29, 71.7€l,-Ph), 68.27, 67.83 (S4CH,CH3, CH»-7), 55.15
(CH2-1), 14.83 (SQCH2CH?3). Anal. calcd for G7H4209S: C 67.05, H 6.39, S 4.84. Found: C 67.02, H
6.33,S54.87.

4.7. Ethyl 3,4,5,7-tetré®-benzyl-1-deoxy-1-ethylsulfonato-2-thieb-gluco-hept-2-ulopyranoside5
and phenyl 3,4,5,7-tetr®-benzyl-1-deoxy-1-ethylsulfonato-2-thiep-gluco-hept-2-ulopyranosidé

Compound3 was converted t& or 6, respectively, by metho@. Compound (96%): [ ]p +59.9 (c
0.61, CHC}), R 0.5 (hexane:ethyl acetate 7:3JC NMR (benzene-g 125MHz) (ppm): 89.7 C-2),
84.7 (C-4), 80.7 C-3), 79.8 C-5), 75.0 C-6), 69.3 C-7), 66.8 (SQCH2CH3), 56.7 C-1, Jy3c1=2.7
HZ), 20.1 ($H2CH3), 15.1 (SQCH2CH3), 13.9 (SCHCH3). Anal. calcd for Q9H4603SQZ C 66.26, H
6.56, S 9.07. Found: C 66.22, H 6.58, S 9.05.

Compounds (91%): [ ]p +87.6 (c 0.44, CHG), R; 0.5 (hexane:ethyl acetate 738C NMR (CDCb,
50 MHz) (ppm): 91.92 C-2), 83.55 (C-4), 79.29 (C-3), 78.32 (C-5), 74.25 (C-6), 69.26 C-7), 67.33
(SOsCH2CHs3), 54.32 C-1), 14.78 (SCHCH3). Anal. calcd for G3H460s8S,: C 68.41, H 6.15, S 8.48.
Found: C 68.71,H6.17, S 8.50.

4.8. 2,3,4,6-Tetrdd-methylb-glucono-1,5-lacton&

2,3,4,6-Tetra®-methylD-glucosé3? was converted by method to furnish7 (85%), [ ]Jp +105.3 (c
1.5, CHCB), Rf 0.5 (hexane:acetone 65:35). L& [ ]p +107.4 (c 1.0 CHG), 1H NMR,130 15 NMR
(CDCl, 50 MHz) (ppm): 168.7 C-1), 81.2, 78.8, 77.3, 76.92, C-3, C-4, C-5), 70.8 C-6), 60.3,
59.1, 58.5, 57.9 (CH3). Anal. calcd for GoH180g: C 51.27, H 7.75. Found: C 51.25, H 7.73.

4.9. 1-Deoxy-1-ethylsulfonato-3,4,5,7-tefbamethyl- -D-gluco-hept-2-ulose3

Compound7 was converted by metho into 8 (50%), [ ]p +43.4 (c 0.6, CHG)), Rr 0.34 (hex-
ane:ethyl acetate 1:133C NMR (CDCk, 50 MHz) (ppm): 95.76 C-2), 84.39, 84.09, 79.50, 71.63
(C-3,C-4,C-5,C-6), 70.85, 67.99 (SE€CH,CH3, C-7), 61.27, 60.74, 60.39, 59.05 @Bl3), 55.36 C-1),
14.91 (SQCH>CHzs). Anal. calcd for GsH260¢S: C 43.57, H 7.31, S 8.95. Found: C 43.55, H 7.35, S
8.96.

4.10. Ethyl 1-deoxy-1-ethylsulfonato-3,4,5,7-te®ranethyl-2-thio- -D-gluco-hept-2-ulopyranosid®

Compound8 was converted by metho@ to give 9 (94%), [ ]po +119.8 (c 1.14, CHG), R 0.33
(hexane:ethyl acetate 7:3H NMR (CDCls, 500 MHz) (ppm): 4.29 (2H, q, J=7.3 Hz, SGH,CHs),
4.05 (1H, d, 44=9.5 Hz, H-3), 3.82 (1H, d,1J 1515 Hz, H-1a), 3.79 (1H,5k=9.7 Hz, 4 75:5.5 Hz,
J,7=1.8 Hz, H-6), 3.64 (1H, d, H-1b), 3.63 (3H, s, @), 3.63 (1H, t, d4=d15=9.5 Hz, H-4), 3.59
(3H, s, O®*H3), 3.56 (1H, dd, H-7a), 3.51 (1H, m, H-7b), 3.50, 3.33 @H, 2 s, 2 OCH3), 3.12 (1H,
m, H-5), 2.39 (2H, q, J=7.5 Hz, $SGCHs), 1.19 (3H, t, J=6.7 Hz, SC#CH3), 1.35 (3H, t, J=7.3 Hz,
SO3CH,CH3). 13C NMR (CDCh, 125 MHz) (ppm): 88.71 C-2), 85.63 C-4), 80.61 C-3), 79.62
(C-5), 73.70 C-6), 71.31 C-7), 67.27 (SQCH,CHjz), 61.27, 60.61, 60.46, 59.17 (DCH3), 55.90
(C-l, 3\]H3,Clz4-2 HZ), 19.71 (SH20H3), 15.10 (SQCH20H3), 13.88 (SCI‘jCH3). Anal. calcd for
C15H3008S;: C 44.76, H 7.54, S 15.93. Found: C 44.74, H 7.56, S 15.91.
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4.11. 2,3,4-TriO-methylt-fucono-1,5-lacton&0

2,3,4-Tri-O-methyl4 -fucoseé® was converted by metho#l to yield 10 (70%), [ o 124.3 (c 1.0,
CHCL), R 0.72 (hexane:acetone 1:1). Et.[ ]Jp 138 to 36 (c 1.0, HO). 13C NMR (CDCk,
50 MHz) (ppm) 170.38 C-1), 82.26, 78.56, 77.31, 75.6C{, C-3, C-4, C-5), 61.56, 60.99, 58.40
(OCH3), 17.01 CH3-6). Anal. calcd for GH160s: C 52.93, H 7.90. Found: C 52.94, H 7.93.

4.12. 1-Deoxy-1-ethylsulfonato-3,4,5-@Hmethyl- -L-fuco-hept-2-ulosel 1

Compoundl0 was converted by methdd to yield 11 (97%), [ 1o 34.7 (c 1.0, CHGJ), R; 0.54
(hexane:acetone 1:13°C NMR (CDChk, 50 MHz) (ppm): 96.06 C-2), 81.62, 80.35, 79.36, 67.73
(C-3,C-4,C-5,C-6), 67.94 (¥H,CH3), 61.84, 61.40, 57.95 (CH3), 55.54 C-1), 16.30, 15.02¢H3-7,
SO3CH,CH3). Anal. calcd for GoH240gS: C 43.89, H 7.37, S 9.76. Found: C 43.88, H 7.39, S 9.76.

4.13. Ethyl 1-deoxy-1-ethylsulfonato-3,4,5@imethyl-2-thio- -L-fuco-hept-2-ulopyranosidé?2

Compoundl1 was converted by metho@ into 12 (95%), [ ]o 119.2 (c 1.26, CHG), R; 0.41
(hexane:ethyl acetate 7:3H NMR (CDClz, 500 MHz) (ppm): 4.41 (1H, d, 34,=9.7 Hz, H-3), 4.37
(1H, m, SQCH,CHsa), 3.97 (1H, m,sls <0.5 Hz, 3 7=6.5 Hz, H-6), 3.89 (1H, d,1d 15=15.3 Hz, H-1a),
3.67 (1H, dd, 43=9.7 Hz, 3 5=2.5 Hz, H-4), 3.61 (1H, d, H-1b), 3.42 (1H, t, H-5), 3.30, 3.16 &H,

2 s, 2 OCHj3), 2.42 (1H, m, SEi,CHza), 2.32 (1H, m, S8,CHjzb), 2.07 (3H, s, OBl3), 1.35 (3H, t,
J=7.0 Hz, SQCH,CH3), 1.27 (3H, d, H-7), 1.21 (3H, t, J=7.8 Hz, S@EH3). 13C NMR (CDCh, 125
MHz) (ppm): 89.70 C-2), 83.34 C-4), 78.54 (C-5), 76.84 (C-3), 69.80 C-6), 67.98 (SQCH,CHa),
61.69, 61.41, 57.69 (30CH3), 56.78 C-1, 3Jy3,c1=2.4 Hz), 20.21 (8H,CHj), 16.44 (SQCH,CH3),
15.30 C-7), 14.20 (SCHCHSs). Anal. calcd for GaH2g07S,: C 45.14, H 7.58, S 17.21. Found: C 45.14,
H7.56,S 17.20.

4.14. Methyl 2,3,4-tr@-benzyl-60-(3,4,5,7-tetra©-benzyl-1-deoxy-1-ethylsulfonatcb-gluco-hept-
2-ulopyranosyl)- -D-glucopyranosidel4 and 2,6-anhydro-3,4,5,7-tet@-benzyl-1-ethylsulfonato-
gluco-hept-1-enitoll5

Compound13 was glycosylated wittb (1.2 equiv.) by method, to yield 14 and 15 which were
separated by column chromatography (hexane:ethyl acetate 8:2).

Compound14 (60%): [ ]o +55.4 (c 3.63, CHG), Rs 0.46 (hexane:ethyl acetate 7:34 NMR
(500 MHz, CDCk)  (ppm): 4.94-4.39 (14 d, 14H, TOCH,Ph), 4.48 (1H, d,1,=9.5 Hz, H-1), 4.11
(1H, d, ¥ £=9.5 Hz, H-3), 4.08 (2H, m, SQCH,CHjz), 3.98 (1H, t, & =9.5 Hz, H-4), 3.89 (1H, t,
3 2=%4=9.2 Hz, H-3), 3.77 (1H, m,5d6=10.5 Hz, & 79=1.0 Hz, % 7p=3.5 Hz, H-8) 3.65 (1H, H-5),
3.63, 3.55 (2H, dd,gdn=10 Hz, H-74, H-71) 3.62 (1H, t, H-8), 3.43, 3.33 (2H, 2 d,gdn=15.5 Hz,
H-1&, H-1%), 3.53, 3.39 (2H, 2d, H-6a,b), 3.37 (1H, & 9=9.5 Hz, H-2), 3.32 (1H, t, H-4), 3.25
(3H, s, OCH), 1.12 (3H, t, J=7.1 Hz, S§TLH,CH3), 1°C NMR (125 MHz, CDC})  (ppm): 99.20
(C-2), 97.74 (C-1), 82.97 (C%, 82.09 (C-3), 80.12 (C-2), 79.76 ()3 78.04 (C-4), 77.94 (C%,
75.76, 75.29, 75.02, 74.79, 74.70, 73.29, 73.17QTH,Ph), 72.96 (C-H, 69.67 (C-5), 68.69 (C%J,
67.60 (SQCH,CHs), 60.43 (C-6), 55.13 (OMe), 51.53 ()1 15.15 (SQCH,CH3). Anal. calcd for
CesH72014S: C 70.38, H 6.54, S 2.89. Found: C 70.36, H 6.57, S 2.90.

Compoundl5 (30%): [ ]p +64.1 (c 0.23, CHG)), Rr 0.54 (hexane:ethyl acetate 7:3 NMR (500
MHz, CDCk) (ppm): 5.79 (1H, s, H-1), 4.59-4.24 (8 d, 8H, @CH,Ph), 4.37 (1H, m, H-6), 3.96
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(1H, dd, 3 5=5.3 Hz, 36=9.8 Hz, H-5), 3.80 (1H, t,4sk=4.8 Hz, H-4), 3.76 (1H, d, H-3) 3.73 (1H,

dd, Ja75211.5 Hz, 3a6=2.0 Hz, H-7a), 3.62 (1H, ddg3=3.3 Hz, H-7b), 3.08 (2H, q,gdn=7.3 Hz,
SO3CH,CHg), 0.962 (3H, t, J=7.0 Hz, S{CH,CH3). 13C NMR (125 MHz, CDC})  (ppm): 161.54
(C-2), 105.37 (C-1), 82.50 (C-4), 78.56 (C-6), 77.44 (C-3), 77.27 (C-5), 73.58, 73.53, 72.9, 72.11
(4 OCH,Ph), 67.97 (C-7), 67.97 (SCH,CHz), 14.85 (SQCH,CH3).

4.15. Methyl 2,6-dP-benzyl-30-(3,4,5,7-tetra©-benzyl-1-deoxy-1-ethylsulfonatob-gluco-hept-
2-ulopyranosyl)- -D-galactopyranosidel? and methyl 2,6-dB@-benzyl-40-(3,4,5,7-tetra©-benzyl-
1-deoxy-1-ethylsulfonato-b-gluco-hept-2-ulopyranosyl)--D-galactopyranosidd 8

Compoundl5 was glycosylated wittd (1.5 equiv.) by metho®, to yield 15, 17 and 18 which were
separated by column chromatography (hexane:ethyl acetate 7:3) (conidowad isolated with a yield
of 13%).

Compoundl17 (58%): [ ]po +41.1 (c 0.59, CHG), R: 0.40 (hexane:ethyl acetate 7:3H4 NMR
(CDClz, 500 MHz) (ppm): 4.94, 4.71; 4.86, 4.45; 4.85, 4.77; 4.76, 4.49; 4.38, 4.22 (10 d, 10H,
5 OCH,Ph), 3.51 (2H, d, M1a,b), 4.23 (1H, d,a » =9.6 Hz, H-3), 4.22, 3.99 (1H, d, OB,Ph), 4.21
(1H, m, ¥ 79=3.5 Hz,  7p=1.0 Hz, H-6), 4.16 (1H, d, §,=7.7 Hz, H-1), 4.05 (2H, m, S§CH,CHj),
4.00 (1H, t, J £=9.3 Hz, H-4), 3.78 (1H, d, 94=3.0 Hz, 35 <0.5 Hz, H-4) 3.71 (1H, t,51 #=9.6 Hz,
HC-5), 3.70 (1H, H-3), 3.63 (2H, m, H-6), 3.46 (1H, t, H-2), 3.40 (1H;st=<5.8 Hz, H-5), 3.35 (1H, dd,
J;4#79=11.5 Hz, H-7a), 3.28 (1H, m, &7b), 1.05 (3H, t, J=7.0 Hz, S{TH,CH3). 13C NMR (CDCE,
125 MHz) (ppm): 104.80 C-1), 99.63 (C°-2), 83.00 (°-4), 79.88 (C°-3), 77.80 C-2), 77.80 (°-5),
75.38, 75.20, 75.04, 74.94 (DCH,Ph), 74.17 C-3), 73.66, 73.03 (20CH,Ph), 72.85 C-5), 72.47
(C°-6), 69.13 C-6), 68.82 C-4), 68.19 (°-7), 68.19 (SQCH,CHjz), 56.89 (CCH3), 53.26 °-1), 15.12
(SO3CH2CH3). Anal. calcd for GgHgs014S: C 68.35, H 6.53, S 3.15. Found: C 68.35, H 6.57, S 3.1.

Compound18 (19%): [ ]o +34.9 (c 0.73, CHQG), R: 0.29 (hexane:ethyl acetate 7:34 NMR
(benzene-gf 500 MHz)  (ppm): 5.16, 4.98; 5.05, 4.92; 4.74, 4.38; 4.70, 4.64 (8 d, each 1H,
4 OCHyPh), 4.58 (1H, d, # £=9.7 Hz, H-3), 4.42 (1H, m, %6), 4.38, 4.25 (2H, 2 d, O&,Ph),
4.29 (1H, d, 39 19=12.8 Hz, H-1a), 4.24 (1H, t, § £=9.4 Hz, H-4), 4.20 (1H, d, J,=7.2 Hz, H-1),
4.16, 4.10 (2H, 2d, OB,Ph), 4.08 (2H, m, SECH,CHg), 3.84 (1H, dd, Je+6.1 Hz, $265=9.7 Hz,
H-6a), 3.75 (1H, dd, H-2), 3.67 (1H, d,’Hb), 3.66 (1H, d, 45=1.0 Hz, J 5 <0.5 Hz, H-4), 3.65 (1H,
dd, 3¢ 79=10.5 Hz, 39 ¢=1.0 Hz, H-7a), 3.57 (1H, t, § ¢=9.5 Hz, H-5), 3.57 (1H, m, H-3), 3.50
(1H, m, H-6b), 3.50 (1H, dd,ed7;9=6.7 Hz, H-7b), 3.40 (1H, t, Je=6.1 Hz, H-5), 0.95 (3H, t, J=7.3
Hz, SGCH,CH3). 13C NMR (benzene- 125 MHz) (ppm): 105.43C-1), 99.73 °-2), 83.28 (°-3),
81.33 C’-4), 78.98 (°-5), 73.49 C°-6), 69.42 (-7), 67.65 (SQCH,CHjz), 80.95 C-2), 75.85, 75.22,
75.22, 74.90 (4 OCH,Ph), 73.99 C-5), 73.84 (C-3), 73.59, 72.97 (20CH,Ph), 72.95 C-4), 69.42
(C-6), 52.69 C°-1, oy ya <1 Hz), 15.00 (S@CH,CHs3).

4.16. Benzyl 2,6-dD-benzyl-30-(3,4,5,7-tetra©-benzyl-1-deoxy-1-ethylsulfonatob-gluco-hept-
2-ulopyranosyl)- -D-galactopyranoside20 and benzyl 2,6-d®-benzyl-40-(3,4,5,7-tetra©-benzyl-
1-deoxy-1-ethylsulfonato-b-gluco-hept-2-ulopyranosyl)--D-galactopyranosid@1

Compoundl9 was glycosylated wittd (1.5 equiv.) by metho®, to yield 15, 20 and21 which were
separated by column chromatography (hexane:ethyl acetate 7:3) (coniiowad isolated with a yield
of 15%)).

Compound20 (59%): [ ]o +27.6 (c 0.59, CHG), R: 0.35 (hexane:ethyl acetate 7:3H4 NMR
(CDCls, 500 MHz) (ppm): 4.93, 4.70; 4.92, 4.43; 4.85, 4.55; 4.83, 4.75; 4.73, 4.45 (10 d, each 1H,
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5 OCH,Ph), 4.49 (2H, sDCH,Ph), 4.35, 4.18 (2H, 2 d, O8,Ph), 4.34 (1H, d,4),=8.0 Hz, H-1), 4.23
(1H, d, H-1a), 4.22 (1H, d, 3 £=9.5 Hz, H-3), 4.16 (1H, m, $ ¢=9.8 Hz, & 74=3.0 Hz, & 7,p=1.0
Hz, H’-6), 4.03 (2H, m, S@CH,CHs), 3.99 (1H, t, & 5=9.2 Hz, H-4), 3.77 (1H, d, 45=3.2 Hz, 5
<0.5 Hz, H-4), 3.70 (1H, dd,3}=9.0 Hz, H-3), 3.68 (1H, t, 45), 3.65 (2H, d, d5s=5.7 Hz, H-6a,b),
3.54 (1H, dd, H-2), 3.50 (1H, d,HLb), 3.39 (1H, t, H-5), 3.27 (1H, ddydp=11.5 Hz, H-7a), 3.21
(1H, dd, H-7b), 1.03 (3H, t, J=7.0 Hz, S{TH,CH3). 13C NMR (CDCk, 125 MHz) (ppm): 102.25
(C-1), 99.59 (°-2), 82.96 C’-4), 79.81 (°-3), 77.72 C°-5), 77.72 C-2), 75.33, 75.15, 74.93, 74.86
(4 OCH,Ph), 74.26 C-3), 73.50, 72.98 (20CH,Ph), 72.91 C-5), 72.43 (C°-6), 70.65 (OCHPh),
69.13 C-6), 68.78 C-4), 68.17 (SQCH,CHj3), 68.10 C°-7), 53.15 (°-1), 15.07 (SQCH,CH3). Anal.
calcd for G4H70014S: C 70.17, H 6.45, S 2.92. Found: C 70.34, H 6.47, S 3.01.

Compound1(18%): [ ]p +30.55 (c 0.63, CHG), R; 0.24 (hexane:ethyl acetate 7:3 NMR (500
MHz, benzene¢) (ppm): 5.16, 4.99; 5.05, 4.90; 4.89, 4.57; 4.73, 4.38; 4.71, 4.65 (10 d, each 1H,
5 OCH,Ph), 4.59 (1H, d, M3), 4.47 (1H, d, §,=7.4 Hz, H-1), 4.43 (1H, m, H6), 4.39, 4.26 (2H,
d, OCH,Ph), 4.29 (1H, d, 1} 19=14.8 Hz, H-1a), 4.26 (1H, t, § p=Jp £=9.5 Hz, H-4), 4.19, 4.14
(2H, d, OH,Ph), 4.11 (2H, q, J=7.1 Hz, SCH>CHg), 3.81 (1H, m, H-2), 3.79 (2H, m, H-6a,b), 4.73,
4.38 (2H, d, OCHPh), 3.67 (1H, d, M1b), 3.66 (1H, d, J4=1 Hz, H-4), 3.66 (1H, dd, H7a), 3.60
(1H, dd, 3 2=9.9 Hz, H-3), 3.56 (1H, t,51=9.5 Hz, H-5), 3.49 (1H, dd, A 7p=10.2 Hz, & 7p=7.0
Hz, H'-7b), 3.44 (1H, m, H-5), 0.98 (3H, t, J=7.1 Hz, $TH,CH3). 13C NMR (125 MHz, benzene-
de) (ppm): 103.20 C-1), 99.67 (°-2), 83.21 (°-4), 81.15 (°-3), 80.86 C-2), 78.89 C°-5), 75.80,
75.22,75.22, 74.99 (4OCH,Ph), 74.11C-5), 73.79 C-3), 73.54 (OCHPh), 73.36 C°-6), 72.94 C-4),
72.94, 70.92 (2 OCH,Ph), 69.56 C-6), 69.34 (°-7), 67.83 (SQCH,CH3), 52.52 C°-1, kp yx=4.5
Hz), 15.02 (SQCH2CHj).

4.17. Methyl 30-(1-deoxy-1-tetrabutylammoniumsulfonatep-gluco-hept-2-ulopyranosyl)--D-
galactopyranosid@?2

Compoundl7 (120 mg, 0.1 mM) was treated with BNBr (40 mg, 1.2 equiv.) in acetonitrile (3 mL)
at reflux temperature for 1 h, when TLC showed the disappearanteé dhe mixture was evaporated,
the residue was dissolved in ethanol (3 ml), and 10% Pd-C (10 mg) was added. The mixture was stirred
for 2 days under bl when TLC (acetone:water 9:B; 0.3) indicated a complete conversion, then it was
filtered and concentrated. Column chromatography (acetone:water 9:1) of the residi2 ¢aséo),
having [ 1o +44.3 (c 1.10, HO). 'H NMR (500 MHz, D;0) (ppm): 4.84 (1H, dd, 2 79=12.5 Hz,
H-7&), 4.38 (1H, m, & 74=2.6 Hz, & 7p=5.2 Hz, H-6), 4.36 (1H, d, §,=7.9 Hz, H-1), 4.12 (1H, d,
Jp £=9.8 Hz, H-3), 4.00 (1H, H-3), 4.00 (1H, H-4), 3.85 (1H, t&=9.8 Hz, H-4), 3.78 (1H, H-6a),
3.74 (1H, dd, H-7}, 3.73 (1H, H-6b) 3.72 (1H, H-5), 3.59 (1H, H-2), 3.53 (1H, ¢4 Jy=14.0 Hz,
H-1d), 3.47 (1H, d, H-1P), 3.46 (1H, t, $ =9.7 Hz, H-8), 3.18, 1.64, 1.35, 0.93 (nBu)>C NMR
(125 MHz, D,O) (ppm): 106.52 (C1), 102.78 {e), 77.28 (C5), 75.82 (), 75.62 (C3), 75.32 (@),
74.80 (C3), 72.37 (C2), 71.95 ), 71.60 (C4), 63.75 (C6), 63.46 (D), 56.96 (C1, Iy 4=2.0 Hz),
60.82, 25.82, 21.84, 15.58Ku). Anal. calcd for GoHe1014SN: C 52.08, H 8.89, S 4.63, N 2.02. Found:
C 52.06, H 8.90, S 4.61, N 2.00.

4.18. Hydroxyethyl 2,3,4-tt®-benzyl- -L-fucopyranosid@4
To a solution of ethyl 2,3,4-tri-O-benzyl-1-thio- -L-fucopyranosid®® (500 mg, 1.0 mM) and

ethylene glycol (0.58 mL, 10.4 mM, 10 equiv.), in dichloromethane:DMF 3:1, 4 A molecular sieves
were added, and the mixture was stirred overnight under Ar. TheN Bar* (330 mg, 1.0 mM, 1 ekv.)
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and CuBp (348 mg, 1.56 mM, 1.5 ekv.) were added, and stirring was continued overnight, when TLC
(dichloromethane:ethyl acetate 85:15) showed the formation of a single main pré&d@f%). The
mixture was filtered through a layer of Celite, diluted with dichloromethane, and washed with water,
until neutral. After concentration, column chromatography (dichloromethane:ethyl acetate 85:15) of the
residue gave?4, as a colorless syrup (410 mg, 829%; 0.25 (dichloromethane:ethyl acetate 85:15),

[ 1o 40.74 (c0.45 CHG); 1°C NMR (CDCh, 50 MHz): (ppm): 141.97, 141.72, 141.47 (quaternary
aromatic), 101.99 (C-1), 77.01, 76.32 (BH2CgHs), 74.26, 65.06 (-ChtCH>-), 19.85 (C-6).

4.19. 1,2-(2,6°-Di-O-benzoyl-84°-O-isopropylidene- -nD-galactopyranosyloxy)-(2,3,4-t®-benzyl-
-L-fucopyranosyloxy)etharizb

A mixture of 23?2 (675 mg, 1.47 mM, 1.5 equiv.24 (470 mg, 0.98 mM), and molecular sieves (4 A, 3
g) in dichloromethane was stirred overnight. MeOTf (1.2 mL, 6.86 mM, 7 equiv.) was added, and stirring
was continued overnight, when TLC (dichloromethane:ethyl acetate 95:5) showed the reaction to be
complete 25, R; 0.6). The mixture was neutralized &), filtered through a pad of Celite, diluted with
dichloromethane, washed with water and concentrated. Column chromatography (dichloromethane:ethyl
acetate 98:2) of the residue afford28, as a syrup (700 mg, 80%), [p 13.05 (c 0.45, CHG).
13C NMR (CDChk, 50 MHz), (ppm): 166.17, 165.14 (2COCgHs), 110.63 C(CHs)y), 99.58 (C-1),
97.8 (C-9), 74.64, 73.31, 72.85 (3CsH5CH,-), 67.89, 67.012 (-ChCH,-), 63.69 (C-8), 27.59, 26.24
(C(CHa),), 16.48 (C-6). Anal. calcd for &Hs¢013: C 70.25, H 6.35. Found: C 70.23, H 6.30.

4.20. 1,2-(2,6°-Di-O-benzoyl- -p-galactopyranosyloxy)-(2,3,4-t®-benzyl- -L-fucopyranosyloxy)-
ethane26

To a solution 0f25 (140 mg, 0.15 mM) in methanol (2 mL) 0.3 mL of ag. 1 M HCI was added.
The mixture was stirred at 40°C overnight, when TLC (dichloromethane:ethyl acetate 7:3) revealed the
disappearance &5. The mixture was concentrated, diluted with dichloromethane, washed with ag. 5%
NaHCG; and water, dried, filtered and concentrated. Column chromatography (dichloromethane:ethyl
acetate 7:3) of the residue afford@6 as a syrup (110 mg, 83%), [o 32.9 (c 0.36, CHG), R
0.37.13C NMR (CDCk, 50 MHz): (ppm): 166.45 (2 COCsHs), 100.45 (C-1), 97.92 (C-1), 67.58
(-CH2CH,-), 62.98 (C-6), 16.47 (C%. Anal. calcd for GoHs2013: C 69.33, H 6.17. Found: C 69.34, H
6.18.

4.21. 1,2-(8,4°-O-Isopropylidene- -D-galactopyranosyloxy)-(2,3,4-td-benzyl- -L-fucopyranosyl-
oxy)ethane7

To solution 0f25 (700 mg, 0.78 mM) in methanol (8 mL) NaOMe was added (pH 9). The mixture was
stirred overnight, when TLC showed the appearance of a single prdguzi22, dichloromethane:ethyl
acetate 1:1). The mixture was neutralized with Amberlite IR-120, filtered, and concentrated. Column
chromatography (dichloromethane:ethyl acetate 1:1) of the residue2@488%), [ |0 18.8 (c 0.21,
CHCl). 13C NMR (CDChk, 50 MHz):  (ppm): 138.23, 138.45,138.72 (quaternary aromatic), 110.2
(C(CHg),), 102.96 (C-1), 97.9 (CY, 73.11, 73.04, 73.02 (3CH,CeHs), 68.91, 67.02 (-ChICH,-),

62.71 (C-6), 28.0, 26.24 (QTH3)2), 16.53 (C-6).



562 A. Borbas et al./ TetrahedrorAsymmetry11 (2000) 549-566

4.22. 1,2-(2,6°-Di-O-benzyl-8,4°-O-isopropylidene- -D-galactopyranosyloxy)-(2,3,4-t®-benzyl- -
L-fucopyranosyloxy)ethar8

To a cooled solution 027 (300 mg,0.35 mM) in dry DMF, 80% NaH (35 mg, 3 equiv.) and benzyl
bromide (90 L, 0.7 mM, 2 equiv.) were added. TLC (hexane:ethyl acetateR3256) indicated the
benzylation to be completed in 2 h. After destroying the excess of NaH with MeOH the mixture was
diluted with ethyl acetate, washed with water {3dried, filtered, and concentrated. Compo@7dvas
converted td@9 without further purification.

4.23. 1,2-(2,6°-Di-O-benzyl- -D-galactopyranosyloxy)-(2,3,4-td-benzyl- -L-fucopyranosyloxy)-
ethane29

Compound28 was converted int@9 as described above for the synthesis26f The product was
purified by column chromatography. Compou2@(81% from27) hasRs 0.38 (dichloromethane:ethyl
acetate 7:3), [[p 20.9 (c 0.59, CHG); 'H NMR (500 MHz, CDC%) (ppm): 4.89-4.48 (10H,
5 CHzPh), 4.75 (1H, d,1),=3.8 Hz, H-1), 4.35 (1H, d,19»=6.7 Hz, H-2), 3.99, 3.71 (2H, -CHCH,-

), 3.91 (1H, d, 45=10.2 Hz, H-2), 3.85 (1H, d,3dp=2.3 Hz, H-4), 3.80 (1H, m, H-5), 3.78 (1H, d,
Js.4=3.2 Hz, H-3), 3.69 (2H, -CkCHy-), 3.68 (1H, m, den=9.8 Hz, H-68), 3.63 (1H, m, H-68), 3.50
(IH, m, ¥ 64=4.4 Hz,  ¢9=5.6 Hz, H-5), 3.41 (1H, m, H-4), 3.40 (1H, d, H%p, 3.40 (1H, d, H-3),
0.99 (3H, d, §6=5.6 Hz, H-6).13C NMR (125 MHz, CDC4) (ppm): 103.28 (€1), 98.16 (C1), 79.30
(C3), 78.97 (€2), 77.61 (C4), 76.39 (C2), 74.75, 74.36, 73.65, 73.12, 73.1CHSPh), 73.26 (€5),
73.00 (C&3), 69.36 (C6), 68.82 (C4), 68.16, 67.45 (GH,CH0), 66.27 (C5), 16.63 (C6). Anal. calcd
for C49H56011: C 71.69, H 6.88. Found: C 71.68, H 6.85.

4.24. 1,2-[26°-Di-O-benzoyl-30-(3%,4% 500 700_tetra-O-benzyl-1°-deoxy-1’-ethylsulfonato- -D-
gluco-hept-2°-ulopyranosyl)- -p-galactopyranosyloxy]-(2,3,4-t®-benzyl- -L-fucopyranosyloxy)-
ethane30

Compound26 was glycosylated wittb (1.6 equiv.) by method to yield 30 (35%) and15 (50%),
after column chromatography (toluene:acetone 85:15). Comp8ahds [ Jp +22.6 (¢ 0.17, CHG);
13C NMR (125 MHz, benzene): 166.2, 165.3 (2 CO), 100.6 (C-1), 100.3 (€%298.1 (C-1), 64.0
(C-6), 67.5, 67.7, 68.6 (CHCHj, C-7°, SO3CH,CHj3), 53.9 (C-£°, 3430 cp0 <1 Hz) 16.9 (C-6), 15.1
(SO3CH2CH3); ESI+Q1MS: M+N4d 1515.7.

4.25. 1,2-[26°-Di-O-benzyl-30-(3%,4% 5% 70-tetra-O-benzyl-1°-deoxy-1°-ethylsulfonato- -D-
gluco-hept-2°-ulopyranosyl)- -D-galactopyranosyloxy]-(2,3,4-t®-benzyl- -L-fucopyranosyl-
oxy)ethane31l

(A) Compound29 was glycosylated with (1.6 equiv.) by metho® to yield 31 (36%) andl5 (46%).
(B) A mixture 0f29(1 g, 1.22 mM)5 (1.28 g, 1.82 mM) and molecular sieves (4 A) in dichloromethane
was stirred overnight under Ar. Then MeOTf (1.6 mL, 14.56 mM, 8 equiv.) was added, and the stirring
was continued for 2 days, when TLC (hexane:ethyl acetate 3:2) showed the disappearantaeof
mixture was neutralized with B, diluted with dichloromethane, filtered, washed with water X3
dried, and concentrated. Column chromatography (toluene:acetone 85:15) of the residue &ftorded
(1.27 g, 48%) as a colorless syrup, atfl(30%). Compoundl has [ ]p +6.44 (c 0.62, CHG); 1H
NMR (500 MHz, benzenegdTMS)  (ppm): 5.55, 4.24; 5.17, 5.02; 5.52, 4.02; 4.98, 4.89 (8 d, 8H,
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4 OCHyPh), 4.92 (1H, d, ,=3.6 Hz, H-1), 4.84, 4.55 (d, O&;Ph), 4.72 (1H, d, 3b 00=9.4 Hz, H-

3), 4.67, 4.47; 4.52, 4.46 (2 d, 2H, DCH,Ph), 4.49 (m, go 50=10 Hz, H°-6), 4.44 (1H, H-1), 4.43,
4.24; 4.39, 4.33 (2 d, 2H, 20CH,Ph), 4.32 (1H, t, Jo 0=9.4 Hz, H’-4), 4.18 (1H, dd, 85=10.2 Hz,
H-2), 4.05 (2H, q, J=7.0 Hz, S{CH,CH3), 3.99, 3.75 (OEI,CH,0), 3.96 (1H, m, I¥-5) 3.94 (1H, dd,
Js,4=3.0 Hz, H-3), 3.92 (1H, M-1a), 3.84 (1H, %4), 3.83 (1H, m, d4=1.1 Hz,  =6.5 Hz, H-5), 3.83
(1H, H-1b), 3.81 (1H, dd, gl e=10.0 Hz, 9 £=7.0 Hz, H-6a), 3.79 (1H, I*3), 3.79 (1H, H-2),
3.70 (1H, dd, g¢ £=5.9 Hz, H-6b), 3.70, 3.57 (OCLCH,0), 3.40 (2H, m, i¥’-7a,b) 3.36 (1H, &5),
3.29 (1H, dd, H-4), 1.22 (3H, dg3=6.5 Hz, H-6), 0.89 (3H, t, J=7.1 Hz, SOH,CH3). 13C NMR
(125 MHz, benzened) (ppm): 103.83 (€1), 100.22 (¢°2), 98.32 (C1), 83.63 (¥4), 80.80 (&°3),
79.48 (C3), 78.84 (C4), 78.43{®5), 78.42 (¢2), 77.43 (C2), 75.73, 75.52, 75.34, 75.20, 74.97, 73.66,
73.41,73.23, 72.87 (90CH,Ph), 74.77 (€5), 72.96 (&%), 73.37(C€3), 69.99 (¢6), 69.38 (¢4), 68.65
(C7), 68.21, 67.76 (QH2CH,0), 67.87 (SQCH,CHjz), 66.77 (C5), 53.93 (€1, 10 yx0 <0.5 Hz),
17.02 (C6), 15.13 (SECH,CH3). Anal. calcd for GgHggO10S: C 70.47, H 6.60, S 2.19. Found: C 70.45,
H6.62,S2.19

4.26. 1,2-[26°-Di-O-benzyl-30-(3%,4% 5% 70_tetra-O-methyl-2°-deoxy-1’-ethylsulfonato- -D-
gluco-hept-2°-ulopyranosyl)- -p-galactopyranosyloxy]-(2,3,4-t®-benzyl- -L-fucopyranosyloxy)-
ethane32, and 2,6-anhydro-3,4,5,7-tetr@-methyl-1-ethylsulfonato-gluco-hept-1-enitoB3

Compound29 was glycosylated witl® as described for synthesis 81 by using MeOTf (8 equiv.).
The products were separated by column chromatography (toluene:acetone 9:1) t@2I§5&i#o) and
33(20%). Compoun®2: [ ]p +3.8 (c 0.63, CHG); 'H NMR (500 MHz, benzeneddTMS)  (ppm):
5.19, 4.55; 5.02, 4.53 (4H, 4 d, DCH,Ph), 4.91 (1H, d, 1,=3.7 Hz, H-1), 4.70, 4.51; 4.55, 4.49
(4H, 4 d, 2 OCH2Ph), 4.48 (1H, %1), 4.42, 4.38 (2H, 2d, OG,Ph), 4.30 (1H, m, gh 50=10.2 Hz,
Jgo 20=2.6 Hz, H-6), 4.18 (1H, dd, #3=10.2 Hz, H-2), 4.17 (1H, d,33 40=9.2 Hz, H-3), 4.11 (2H,
m, SGCH,CHs), 4.00, 3.76 (OEI,CH;0), 3.95 (1H, dd, 9,=3.0 Hz, H-3), 3.86 (1H, M6a), 3.83 (1H,
H1a), 3.83 (1H, t, g4 <0.5 Hz, 3¢=6.4 Hz, H-5), 3.78 (1H, M4), 3.77 (1H, H-6b), 3.77 (1H, t,
Jym 50=9.2 Hz, H%-4), 3.75 (1H, H-2), 3.75 (1H, H-5), 3.73 (1H, H’-1b), 3.69, 3.57 (OCKCH,0),
3.59,3.51,3.37,3.01 (12H, 4 s, ®Me), 3.40 (1H, ¥-3), 3.37 (1H, m, ¥-5), 3.30 (1H, dd, H-4), 3.16
(2H, HY-7a,b), 1.22 (3H, t, H-6), 0.98 (3H, t, J=7.0 Hz, §&H,CH). 13C NMR (125 MHz, benzene-
ds) (ppm): 103.82 (€1), 100.08 (&°2), 98.34 (C1), 85.57 (€4), 81.49 (€°3), 79.70 (&’5), 79.50
(C3), 78.78 (C4), 78.29 (), 77.39 (C2), 75.37, 74.77, 73.71, 73.23, 72.9CKp-Bn),74.41 (C5),
73.41 (C3), 72.64 (&%), 70.87 (&°7), 70.03 (C6), 69.32 (¢4), 67.96, 67.90 (OCKCH,0), 67.90
(SOsCH,CHg), 66.77 (C5), 60.82, 60.40, 60.10, 58.59 (OMe), 53.921Ck w0 a0 <0.5 Hz), 20.58
(C6), 17.01 (S@CH2CH?3). Anal. calcd for G2HgpO19S: C 64.12, H 6.94, S 2.76. Found: C 64.14, H
6.96, S 2.77.

Compound33:[ ]p +97.59 (c 0.30, CHG). 13C NMR (CDCk, 90 Hz) (ppm): 161.69 (C2), 103.94
(C1), 83.59 (C4), 79.33 (C6), 78.15 (C3), 77.88 (C5), 70.31 (C7), 66.59¢HH3), 59.40, 58.99,
58.65, 58.26 (4 OCHg), 14.79 (SQCH,CH3).

4.27. 1,2-[30-(1°-Deoxy--tetrabutylammoniumsulfonato-b-gluco-hept-2°-ulopyranosyl)- -p-
galactopyranosyloxy]-(-L-fucopyranosyloxy)ethargt

Compound31was converted t84 as described for synthesis2®2. Compound4(84%);[ 1o 11.7
(c 0.79, HO); 'H NMR (500 MHz, D;0): 4.9 (1H, d, H-1, §,=4.5 Hz), 4.5 (1H, d, H-% J» »=8.8
Hz), 3.4, 3.5 (2H, 2 d, H-£°, H-1,"°, Jjenm14 Hz).13C NMR (125 MHz, O): 105.7 (C-%), 101.7
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(C-1), 75.8 (C-&), 75.3 (C-4%), 74.9 (C-3%), 72.0 (C-8°), 71.7, 69.8 (-CH-CH,-), 63.7 (C-79), 63.5
(C-6), 59.1 (C-2°, Jopo00 a0 <1 Hz), 18.0 (C-6). Anal. calcd for £H73019SN: C 51.20, H 8.48, S 3.69,
N 1.61. Found: C 51.21, H 8.49, S 3.68, N 1.60.

4.28. 1,2-[30-(3,4,5,7-Tetra®-methyl-2°-deoxy--tetrabutylammoniumsulfonato-p-gluco-hept-
2%0-ulopyranosyl)- -p-galactopyranosyloxy]-(-L-fucopyranosyloxy)-ethar8s

Compound32 was converted t85 as described for synthesis 22. Compound35 (87%): [ 1p +4.7
(c 0.04, HO); 'H NMR (500 MHz) (ppm): 4.84 (1H, d, 1J,=4.0 Hz, H-1), 4.51 (1H, m,gb 50=10.2
Hz, H°-6), 4.39 (1H, d, $ »=7.9 Hz, H-1), 4.05 (1H, q, J4 <0.5 Hz, 36=6.7 Hz, H-5), 4.02, 3.80
(2H, OCH,CH,0), 3.99 (1H, d, go 0=9.8 Hz, H°-3), 3.89 (1H, H-4), 3.87 (1H, H-3), 3.81, 3.64 (2H,
OCH,CH0), 3.79 (1H, H-3), 3.71 (1H, H-4), 3.69 (1H, H-2), 3.68 (1HH), 3.67 (2H, H-6a,b),
3.60 (1H, H-5), 3.58 (2H, H’-7a,b), 3.55 (1H, dd,.d%=10.0 Hz, H-2), 3.60, 3.58, 3.47, 3.35 (12H, 4
s, 4 OMe), 3.40 (1H, d, ¥-1a), 3.35 (1H, d, ¥1b), 3.18 (1H, t, o g=Jsw £0=9.8 Hz, H’-5), 3.12,
1.57,1.30, 0.89 (Bu), 1.14 (3H, 05 §56.7 Hz, H-6).23C NMR (125 MHz, :O) (ppm): 104.24 (€1),
101.32 (€°2), 99.91 (C1), 84.90 (€4), 81.85 (¢°3), 80.44 (¢°5), 75.72 (€5), 74.29 (¢3), 73.05 (C4),
72.19 (&°7), 72.00 (&%), 70.78 (€2), 70.78 (C3), 70.09 (@), 70.11, 68.25 (CH,CH0), 69.32 (C2),
67.78 (C5), 62.20 (&), 61.60, 61.29, 60.84, 59.75 (OMe), 54.86%(3, 59.23, 24.31, 20.34, 14.01 (Bu),
16.48 (C6). Anal. calcd for £2Hg1019SN: C 53.29, H 8.83, S 3.47, N 1.52. Found: C 53.27, H 8.80, S
3.45,N 1.51.

4.29. 1,2-[26°-Di-O-benzyl-30-(3%,4% 5%-tri- O-methyl-1°-deoxy-1’-ethylsulfonato- -L-fuco-hept-
2%-ulopyranosyl)- -D-galactopyranosyloxy]-(2,3,4-ti®@-benzyl- -L-fucopyranosyloxy)-ethar@6 and
1,2-[2°6°-di-O-benzyl-40-(3%0,4% 5%-tri- O-methyl-2°-deoxy-1-ethylsulfonato- -L-fuco-hept-2°-
ulopyranosyl)- -D-galactopyranosyloxy]-(2,3,4-ti®-benzyl- -L-fucopyranosyloxy)etharg?

Compound29 was glycosylated witi2 as described for synthesis 81 by using MeOTf (8 equiv.).
The products were separated by column chromatography to $&{82%) and37 (12%). Compound
36has[ o 42.9 (c 0.24, CHG); *H NMR (500 MHz, benzenegTMS) (ppm): 5.08, 4.86; 5.03,
4.53 (4H, 4 d, 2 OCH,Ph), 4.98 (1H, d,4J,=3.6 Hz, H-1), 4.73, 4.55; 4.59, 4.50 (4H, 4 d,@CH,Ph),
4.53 (d, dno =10.1 Hz, H°-3), 4.41, 4.35 (2H, 2 d, O&,Ph), 4.34 (1H, d, g »=7.4 Hz, H-1), 4.21
(1H, dd, 35=10.1 Hz, H-2), 4.09 (1H, g,6d 50 <0.5 Hz, Jn 20=6.6 Hz, H’-6), 4.04, 3.92 (2H, 2
d Qg0 190=15.9 Hz, H-1a,b), 4.04, 3.74 (2H, OE;CH,0), 4.03, 3.99 (2H, m, SELH,CHg), 4.02
(1H, dd, 3 4=2.3 Hz, H-3), 4.01 (1H, M4), 3.92 (1H, H-5), 3.89 (1H, ddgU»=9.9 Hz,  »=4.0 Hz,
HC-3), 3.82 (1H, dd, I%2), 3.81 (1H, dd, g 50=2.9 Hz, H-4), 3.81, 3.66 (2H, M6a,b), 3.74, 3.63
(2H, OCH,CH;0), 3.67, 3.33, 3.20 (9H, 3 s, DMe), 3.38 (1H, dd, 45=1.1 Hz, H-4), 3.34 (1H, 4
5), 2.99 (1H, dd, ¥5), 1.24 (3H, d, d5=6.5 Hz, H-6), 1.22 (3H, d, M7), 0.932 (3H, t, J=7.0 Hz,
SO3CH,CHs). 13C NMR (125 MHz, benzeneg) (ppm): 104.00 (€1), 101.30 (¢°2), 98.38 (C1),
82.47 (C€%4), 79.49 (C3), 78.92 (€5), 78.87 (C4), 78.62 (€3), 78.33 (&2), 77.36 (C2), 75.81, 75.39,
73.57, 61.26, 57.27 (50CH,Ph), 74.22 (€3), 73.01 (&5), 69.70 (C4), 69.48 (C°6), 69.45 (C6),
68.83, 67.48 (@H,CH,0), 67.10 (SQCH,CHz), 66.83 (C5), 54.63 (€1, k1 13<0.5 Hz), 17.05 (C6),
16.36 (&°7), 15.02 (S@CH,CHj3). Anal. calcd for GiH7g018S: C 64.76, H 6.95, S 2.83. Found: C
64.44,H6.96, S 2.79.

Compound37: [ Jo 34.3 (c 0.29, CHG); 'H NMR (500 MHz, benzenegfTMS) (ppm): 5.19
(2H, s, OQH,Ph), 5.04, 4.53; 4.77, 4.57; 4.61, 4.35; 4.58, 4.52 (8H, 8 dP@H,Ph), 5.00 (1H, d,
J1,2=3.7 Hz, H-1), 4.88 (1H, BOH), 4.65 (1H, d, go =10.0 Hz, H°-3), 4.42 (1H, d, g »=7.0 Hz,
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HC-1), 4.20 (1H, dd, #5=10.2 Hz, H-2), 4.11 (2H, m, S{TH,CHs), 4.01 (1H, H-6), 4.00 (dd, 94=3.0
Hz, H-3), 3.97, 3.82 (2H, OB,CH,0), 3.90, 3.77 (2H, 2 d,1$ 1p=13.7 Hz, H%-1a,b), 3.88 (1H, d,
%4 <05 Hz, 3=6.4 Hz, H-5), 3.84 (d,d=2.4 Hz, ks <0.5 Hz, H-4), 3.68 (2H, OCHCH0),
3.60 (1H, H-2), 3.60 (1H, H-3), 3.60, 3.26, 3.06 (9H, 3 s, DMe), 3.54 (2H, 2 d, g 5=7.0 Hz, H-
6a,b), 3.41 (1H, dd g g0=2.9 Hz, H%-4), 3.33 (1H, d, H-4), 3.24 (1H, #6), 2.72 (1H, d, Jo g0 <0.5
Hz, H-5), 1.23 (3H, d, H-6), 1.10 (3H, dgd0=6.4 Hz, H-7), 0.96 (3H, t, J=7.1 Hz, S{TH,CH3).
13C NMR (125 MHz, benzeneg)l (ppm): 104.29 (€1), 99.51 (¢°2), 98.52(C1), 83.11 (€4), 80.62
(C'2), 79.44 (C3), 78.92 3), 78.92 (&'5), 78.92 (C4), 77.56 (C2), 75.43, 74.53, 73.66, 73.38, 73.02
(5 OCH,Ph), 74.33 (€3), 72.59 (¢4), 72.41 (€5), 69.35, 67.52 (CH,CH,0), 68.40 (¢%6), 68.32
(C°6), 67.89 (S@CH,CHs), 66.79 (C5), 61.26, 60.67, 57.90 (®Me), 53.57 (1, k1 s <0.5 Hz),
17.03 (C6), 16.31 (€7), 15.03 (SGCH,CHg).
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