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Abstract: A series of low molecular weight sialyl-LewisX analogs based on either rigid or
flexible replacements for the carbohydrates were designed as orally available anti-inflammatory
drugs, synthesized and tested in cell-based adhesion assays. The flexible glycomimetic 7a
lacking any glycoside or peptide linkage was prepared in 4 steps and 41% overall yield from
methyl 3,5-dihydroxybenzoate and the fucose derivative 18 and exhibited about equal binding

affinity to E- and P-sclectin compared to the parent tetrasaccharide.
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Figure 1: sialy]l LewisX
Introduction

Oligosaccharide molecules are not regarded as viable drug candidates if they are not designated for delivery

per injections or to treat gastrointestinal diseases.12 The sialyl LewisX tetrasaccharide (Figure 1: sLeX)

structure represents a prominent test case for the development of new drug concepts based on carbohydrates.

Sialyl LewisX was found on the termini of glycolipids and glycoproteins and is considered to be the minimal

recognition motif of the selectins, a group of cell surface lectins with a distinct carbohydrate recognition

domain (CRD).1b-h This binding event mediates the initial adhesion of several groups of leukocytes to areas

of inflammation. Antagonists of this process are therefore potential agents to prevent leukocyte adhesion and

their subsequent migration to the affected tissues in several acute and chronic inflammatory diseases. Some
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representative examples of selectin antagonists and potential new anti-inflammatory drug leads which were
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compiex tetrasaccharide sLe based on the knowledge about structure-activity relationships which had been

obtained by variation of functional groups of sLeX. For instance, it is well established that the L-fucose or a
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ICs, 1.0 mM (E); 0.7 mM (P)

ICs, 1.6 mM (E); 7.5 mM (P)

4 (Ref. 3b)

3 (Ref. 3a)
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reiated saccharide like D-mannose must be presented in a distinct distance and orientation reiative to the acid
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function being derived from the sialic acid moiety. In cell-based selectin adhesion assays, which are closer

lacking any glycoside or peptide moiety, while having receptor affinities equal or even better than the natural

tetrasaccharide ligand, thus far has been reported.4 The more potent compounds were either peptides,® quite

oral drug formulations. Similar arguments apply to other types of potent selectin antagonists including some

sugar conjugates carrying lipophilic tails and thus sharing common structural features with detergents,” and

A

dosage, molecular weight and negative charge distribution/density as was proven for simple polyanions.#

Those compounds seem to act by virtue of recognition mechanisms differing from sugar-specific binding to
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lipophilic sugar conjugates may act by distortion of the cell membranes in vivo.ll It remains undecided up to
now if orally available and much tighter binding small drug candidates which are lacking glycoside, peptide
and long-chain lipophilic moieties once can be developed. To achieve this goal, another issue to be addressed
here is the requirement for some rigid replacements to be incorporated in the glycomimetic design. Several
attempts towards this strategy have been published, especially using the (1R,2R)-1,2-cyclohexanediol system
to substitute the N-acetylgiucosamine for the proper arrangement of the critical functional groups in selectin
binding. 12 If both the O-a-fucose- and the O-B-galactose core structures were retained as the intact
carbohydrates, and malonic acid was attached in the 2-position of the galactose via a two-carbon spacer to
replace the carboxylic acid group of N-acetylneuraminic acid, about equal binding affinities to E- and P-
selectins could be obtained.42 Similar receptor affinities resulted from properly exchanging the galactose
moiety by short flexible spacers,122 but further attempts to replace the galactose by aromatic spacers
failed,12b or they gave puzzling results when an aryl-cyclohexylether was incorporated as a disaccharide
scaffold.12¢ In this study, the diastereomeric (1S,25)-1,2-cyclohexanediol moiety surprisingly exhibited the
highest inhibition of soluble E-selectin binding (IC5¢ 0.87 mM), while the ICs( of its properly arranged
(1R,2R)-diastereomer was reported to be only 3.3 mM (cell-free ELISAs). To achieve a deeper under-
standing of the structural requirements leading to more efficient sLeX mimetics, two different synthetic
strategies - either targeted at the rigid compounds 6 or at the very flexible mimetics 7 - were investigated
(Figure 3).
OH
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Figure 3: Designed rigid and flexible sLeX mimetics (6a-d) and (7a-d), respectively, with replacements A for
NAcNeu, G for GIcNAg, F for Fuc, and the substituted benzene derivative for Gal.

Preparative Results

The first strategy targeted at the rigid glycomimetics 6a-d incorporates the (1R,2R)-1,2-cyclohexanediol
scaffold, directly connected to a substituted phenyl ring as the galactose replacement. The (1R, 2R)-diol 9
was prepared by the Sharpless asymmetric dihydroxylation!3 using the ligand 1,4-bis-(9-dihydro-
chinidinyl)-phthalazine [(DHQD);-PHAL] to introduce the 2 stereocenters in onc step. The (1R)-hydroxyl
group might be removed with Raney-Ni with retention of configuration, in an analogous manner as described
for the synthesis of (1R, 2S)-trans-2-phenylcyclohexanol, 13 but it was decided to retain this functionality to

display additional receptor binding options. No additional reaction steps were required to protect this tertiary
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Scheme 1: Synthesis of type 6 mimetics, protocol A: a) +-BuOH, H70, AD-Mix-B, CH3SOyNHj>, 0°C, 17h (84%), b)
CH)Cly, pyridine, Ac;0, DMAP (97%); c) CCly, NBS, AIBN, rfx, 1 h (86%); d) i) diethyl malonate, CsF, DMF, 24
h, 20°C (71% 12a), ii) piperidine-4-carboxylic acid-ethylester, K2CO3, DMF, 4 h, 60°C (70% 12b); e)
MeOH/NaOMe, 3 h, 20°C f) 1.2 equiv. 13 in Ety0, mol. sieves 4 A, cat. TMS-OTY, 20°C (35% 14a from 12a; 21%
14b from 12b); g) MeOIl, Hp, 10%-Pd/C, 20°C; h) 2N NaOH/H,O, 20°C for 14 h, then HOAc¢ (61% 6a; 54% 6b).

neuraminic acid unit. Alkylations with the C- and N-nucleo
carboxylate, respectively, and subsequent deacetylation and fucosylation using the benzyl protected fucosyl-

trichloroacetimidate4 led to the a-fucosides 14a,b which were then deprotected by standard procedures to

and S-dcrivatives were not accessible by this sequence, the alternative procedure shown in Scheme 2 was
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Scheme 2: Synthesis of type 6 mimetics, protocol B: a) 0.9 equiv. 13 in Ety0, mol. sieves 4 A, cat. TMS-OT(, 20°C
(76.2%); b) MeOH, Hy, 10%-Pd/C, 20°C; ¢) CHCly, pyr., AcsO, DMAP (88%, 2 steps); d) CCly, NBS, AIBN, rfx
1 h (87%); €) HSCHpCOpMe (2.2 equiv.), K9CO3, THF, 20°C (55%); f) 2N NaOH/H,0, 20°C, then HOAc (91%);

g) methyl 2-mercaptobenzoate (2.2 equiv.), K»CO3, THF, 20°C (55%); h) 2N NaOH/H,O, 20°C; HOAc (87%).

]

3

developed. The selective fucosylation proceeded more efficiently with the diol 9 to save one protection step,

but then the benzyl groups in the fucoside 15 had to be replaced by acetyl groups. NBS bromination yielded

eyl Bl mithet P 4 Yavwalalil

.

the building block 17 which was coupled to S-nucieophiies, thereby introducing the protected carboxylic
acid functions. The fully deprotected test compounds 6¢,d were obtained after hydrolysis of the esters, the

acidification steps - very worth mentionin

ing performed by acetic acid and not by using

resins.4 The structures of mimetics 6a-d were confirmed by H, H- and C, H-C
e 5,6
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E‘ﬂ

revealing an extremely strong diamagnetic high-field shift of th cose resonances due to the
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chemical shifts for the 5-Hs in the sugar moiety were moved from 4.83 up to ca. 1.83 ppm, and for the 6-H's
8

ppm. To synthesize the flexible mimetics 7a-d lacking any glycoside linkage, the

pyranosyl-1-propyl bromide 193D to carboxylated building blocks (similar to those already used for the type

6 mimetics) via stable ether bonds (Scheme 3). The mimetics 7a-c were then obtained using standard
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Scheme 3: Synthesis of type 7 sLeX mimetics. a) 3 equiv. 18, KoCO3, DMF, 0°C for 12 h, 20°C for 24 h (61%); b) 2
equiv. BrCHyCOyMe, K7CO3, DMF, 50°C, 5 h (84% 21a), or 2 equiv. BrCH(CO;Et);, NaHCO3, DMF, 0°C, 48 h
(50% 21b); c) 1.1 equiv. 4-nitrophenylchloroformate, NEt3, cat. DMAP, 0°C, then 2.5 equiv. ethyl piperidine-4-
carboxylate (95%); d) MeOH, HOAc, Hy, 10%-Pd/C; ¢) 2N NaOH, 20°C, then IN HCI (81% 7a, 71% 7b); f) MeOH,
HOAc, Hy, 10%-Pd/C, 3 h, 20°C, (65%); IN NaOH, 12 h, 0°C, then 1N HCl, MPLC on RP (32%).

in good overall yields, e.g. the sLeX mimetic 7a could be obtained in 4 steps and 41% overall yield from 19.
The alternative reaction sequence described in Scheme 4 allows to further modify the aromatic carboxyl
group before the last deprotection step. For instance, selective cleavage of the terz.-butyl ester group in 23 by
base treatment and heating the intermediate 24b together with an excess of ethanolamine, followed by
hydrogenolytic cleavage of the benzyl groups afforded the mimetic 7d.

The compounds 6a-d and 7a-d were then examined for their inhibitory potency towards the E- and P-selectin

receptors. The bioassays for cell binding to immobilized selectin receptor globulins were carried out as pre-
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24a: R = t-Bu
= 24h:R=H

Scheme 4: a) 1.5 cquiv. 23, K;CO3, DMF, 12 h at 20°C, 7 h at 60°C (98%, based on 19); b) 1N NaOH, 12 h at 0°C,
IN HCI (58%); ¢) ethanolamine, 1 h at 100°C (99%), then d) 1,4-dioxane, HOAc, Hp, 10%-Pd/C (71%).

viously described.82 The concentrations of the inhibitors required to block adhesion of 50% of the HL60
cells are given in Table 1: The simple glycomimetic 7a showed inhibitory activity equivalent to the parent
sLeX tetrasaccharide with IC50's of 2.4 mM and 1.6 mM for E- and P-selectin, resp ively. Very recently,
computational models for the rationalisation and prediction of bioactivity trends towards E-selectin binding
were reported.!5 The modelling procedures employed there are predicting that the ligand's ability to

preorganise its binding in the right manner is one fundamental requirement for bioactivity, mainly because of

rganise mann equirement f ti mainly because of
entropic factors. Not very surprisingly, this requirement was found to be perfectly fulfilled for a
pseudotetrasaccharide very similar to sLeX itself. It was assumed, that the lack of activity of other
compounds may be caused by their higher flexibility and thus lower reorganisation. In contrast, the data
presented here for the mimetic 7a rather suggest that a very tight ligand reorganisation may not necessarily
meet the qualification of the selectin receptors to adjust their binding properties to the relatively flexible
carbohydrates (and therefore to appropriate glycomimetics). Furthermore, quite drastic structural changes of
the complex tetrasaccharide, while retaining its biological activity appear to be possible, especially if suitable

hydrophobic and acidic replacements for the lactosamine and neuraminic acid moieties, respectively, can be

discovered. Future work will be directed at further improvements of this concept.

Selectin IC5¢ [mM] Table 1: Inhibition of HL60 cell adhesion to

E P recombinant E- and P-selectin-IgG fusion proteins by

R4 designed sLeX glycomimetics. ICs5q values are

refirence compound™= concentrations of inhibitors required to block adhesion
SLeX'lﬁ_O(CHZ)éNHZ 1.5 3.0 of 50% of the cells compared with the negative
sLeX glycomimetics control. Compounds not listed in the table had IC5
Ta 2.4 1.6 values >5 mM and were considered to be inactive in

Te 4.0 >10 this assay systern.

3771
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EXPERIMENTAL PART

General: Thin layer chromatography (TLC) was carried out on precoated Kieselgel 60 Fpq4 plates (0.25
mm thickness, E. Merck) with the specified solvent mixtures. Spots were visualised by spraying the plates
with sulphuric acid/anisaldehyde reagent, followed by heating. E.Merck silica gel (60, particle size 0.040-
0.063 mm) was used for flash column chromatography. Yields refer to chromatographically (TLC) and

spectroscopically (NMR) homogeneous materials. Optical rotations were measured using a Perkin Elmer 241

nalarimetor NIMBR cnactra wars nanardad an o Renbas T 200 7200 RATT2) AR | PRI | o omea ol
JSAS 20 B34 MECr. NMinv SpvLil LVAULIULG VUll d DIURLL VY L DUV (JUV LVILLZ ). 1‘41\’11\ cnémicai bulllb arc glVCH as

d-values with reference to tetramethylsilane (TMS) as internal standard, if not otherwise noted. The spectra
recorded in DO as solvent were locked to deuterium. Mass spectra were recorded on a TSQ 700,
Finnigan/MAT, electrospray ionisation (ESI), and MS/MS daughter ion scan.

(IR, 2R)-1-(3-Methylphenyl)-cyclohexane-1,2-diol (9) (Protocol A, Scheme 1): 1-(3-Methylphenyl)-cyclo-
hexene (8) (25.0 g, 0.145 mol), tert.-BuOH (500 ml), HyO (500 ml), 203 g AD-Mix-f (from Aldrich,
contains the chiral ligand 1,4-bis~(9-dihydrochinidinyl)-phthalazine [DHQD]2-PHAL) and methanesulfone-
amide (13.8 g, 0.145 mol) were stirred at 0°C for 17 h. NapSO3 (220 g) was added at 0°C and stirring
continued for another 2 h. After separation of layers, the aqueous phase was extracted with ethyl acetate (3 x
300 ml). Combined organic phase was washed with agueous 0.1N NaOH and brine, dried (MgS0y), filtered
and concentrated. The residue was purified by filtration over silica gel 60 in n-hexane/ethyl acetate (7:1 —
2:1) to give the compound 9 as a white solid (25.2 g, 84%). [a]p20 +13.3° (¢ = 1.01, CgHg). 'H NMR (300
MHz, CDCl3): 1.30-1.92 (m, 9H, 1-OH, C4Hg), 2.37 (s, 3H, Me), 2.55 (d, ] = 0.8 Hz,1H, 2-OH), 3.98 (ddd,
J=11.0,3.4,0.8 Hz, 1H, 2-Heyclohex)s 7-07 (m, 1H, H-Ar), 7.22-7.34 (m, 3H, H-Ar).

(IR, 2R)-2-Acetoxy-1-hydroxy-1-(3-methylphenyl)-cyclohexane (10).Diol 9 (5.14 g, 0.025 mol), CH2Cl; (80
ml), pyridine (10 ml) and AcO (5 ml) were stirred for 6 h at 20°C. The reaction was washed with HyO (2 x
50 ml), aqueous 0.1N HCI (3 x 50 ml), NaHCO3 (50 ml) and brine, dried (MgSQOy), filtered, evaporated
twice with toluene (50 ml) and dried i.vac. to give the acetate 10 (6.03 g, 97%). 1H NMR (300 MHz,

I"‘T\("‘l\“)t1(\£/mﬂu1 s)

NLY 1 01 T NAA D24 {a
I3 )l 1.00-1.20 {0, 71, 1-uUll, \’4“8)’ 1.0 [

fo 2 2L 2 N
L A\Dd, J11, VAV, 407 o I

s Ji1,

1H, 2-Heyclohex): 7-05 (m, 1H, H-Ar), 7.16-7.29 (m, 3H, H-Ar).

(IR, 2R)-2-Acetoxy-1-hydroxy-1-(3-bromomethylphenyl)-cyclohexane (11):Acetate 10 (2.14 g, 8.61 mmol)
CCly (50 ml), N-bromosuccinimide (1.77 g, 9.95 mmol) and o,o’-azoisobutyronitrile (AIBN, 50 mg) were
heated under reflux for 1 h. The reaction was filtered, washed with brine, dried (MgSOy), filtered and
concentrated i.vac.. Flash chromatography on silica gel in n-hexane/ethyl acetate (10:1 — 5:1) gave the
compound 11 (2.88 g, 102%, incl. some dibromide, corr. yield 86%) IH NMR (300 MHz, CDCl3): 1.35-
1.97 (m, 9H, 1-OH, C4Hg), 1.84 (s, 3H, OAc), 4.49 (s, <2H, CH}Br), 5.26 (dd, J = 10.0, 5.4 Hz, 1H, 2-
Heyclohex), 7-20-7.40 (m, 4H, H-Ar). The signal at 8 = 6.65 ppm was assigned to the dibromide (ca. 16%).

(IR, 2R)-2-Acetoxy-1-hydroxy-1-[3-(2,2-diethoxycarbonyl-1-ethyl)-phenyl]-cyclohexane (12a): Bromide 11
(2.88 g, 7.40 mmol monobromide), diethyl malonate (2 ml, 13.2 mmol), CsF (2.00 g, 13.2 mmol) and DMF
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(30 ml) were stirred for 24 h at 20°C. The solvent was evaporated i.vac., the residue taken up in ethyl acetate
(100 ml) and washed with brine (3 x 50 ml). The dried organic phase was concentrated j.vac.and flash
chromatography on silica gel (n-hexane/ethyl acetate 8:1 — 3:1) gave 12a (2.14 g, 71%). 1H NMR (300
MHz, CDCI3): 1.20, 1.21 (2t, J = 7.0 Hz, 6H, CHyCH3), 1.38-1.95 (m, 8H, C4Hg), 1.80 (s, 3H, OAc), 2.24
(m, 1H, 1-OH), 3.23 (d, J = 7.7 Hz, 2H, ArCHy), 3.62 (t, J = 7.7 Hz, 1H, CHCO3), 4.15 (4q, ] = 7.0 Hz,
CHpCH3), 5.25 (dd, J = 10.0, 5.4 Hz, 1H, 2-Hcyclohex), 7-07 (m, 1H, H-Ar), 7.18-7.33 (m, 3H, H-Ar).

(IR, 2R)-1,2-Dihydroxy-2-0-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-1-[3-(2, 2-dimethoxycarbonyl-1-ethyl)-

phenyl]-cyclohexane (14a): A solution of 12a (2.14 g, 5.26 mmol in dry methanol (20 ml) was treated with a
35% solution of NaOMe/MeOH (1 ml). After 3 h, the reaction was neutralised with HOAc, filtered and
concentrated. The residue was taken up in CClyq and washed with water, the dried organic phase (MgSQy)
was evaporated and concentrated i.vac.to obtain 1.74 g (99 %) of the intermediate (1R, 2R)-1,2-dihydroxy-1-
[3-(2,2-dimethoxycarbonyl-1-ethyl)-phenyl]-cyclohexane [IH NMR (300 MHz, CDCl3): 3.16 (d, T = 7.8 Hz,
2H, ArCHy), 3.60 (t, ] = 7.8 Hz, 1H, CHCQ9), 3.62, 3.63 (2s, 6H, OMe), 3.88 (dd, J = 10.5, 4.5 Hz, 1H, 2-
Heyclohex] Which was dissolved in dry diethyl ether (30 ml) containing molecular sieves (4 A) and
trimethylsilyltriflate (56 ul, 0.31 mmol), and then fucosylated by dropwise addition of a solution of
trichloromethylimidoyl-0-2,3 4-tri-O-benzyl-L-fuconyranoside (13} (3.60 g 622 mmel) in dry 12-
dichloroethane during 20 min at 20°C. After further stirring for 2 h, the reaction was quenched with NEt3
(100 pl) and filtered. The product was washed with saturated aqueous NaHCQO3 solution and brine, the dried
organic phase (MgSQOy4) then concentrated in vac., and the residue chromatographed on silica gel (n-
hexane/ethyl acetate 4/1 — 2/1) to give the fucoside 14a (1.40 g, 36%). |H NMR (300 MHz, CDCl3): 0.68
(d, J 6.5 Hz, 3H, 6-Hg,c), 1.35-2.01 (m, 9H, 1-OH, C4Hg), 2.17 (m, 1H, 5-Hg,e), 2.95-3.82 (m, 5H, 3,4-
Hfye, ArCHpCH), 3.66, 3.67 (2s, 6H, OMe), 3.90 (m, 2H, 2-Heyclohex> 2-Hfuc), 4.45-4.95 (m, 6H,
OCH>Ph), 4.95 (d, 1H, J = 3.5 Hz, 1-Hfyc),, 6.98 (m, 1H, H-Ar), 7.10-7.40 (m, 18H, H-Ar, 3Ph).

(1R, 2R)-1,2-Dihydroxy-2-O-(a-L-fucopyranosyl)-1-[3-(2, 2-dicarboxy-1-ethyl)-phenyl]-cyclohexane (6a):
14a (1.30 g, 1.72 mmol) was dissolved in dry methanol (50 ml) and hydrogenated in the presence of 10%-
A L aé ANOT Tha wnnnbine szroo Fliamad 4l MNalit alind sl Ath ol Al
I'U/b \U ‘+U b) 1U1 4 11 dal LV . luc lcabuuu was 1incica uuuugu u cutc, Wasned wiin miuwiand: aiid
concentrated up to 20 ml under reduced pressure (20 ml). Then 2N aqueous NaOH (4 ml) was added. After
stirring at 20°C for 14 h and complete saponification of the intermediate monoester (monitoring by TLC),
the pH was adjusted to 4.5 with HOAc and the product was isolated by preparative MPLC (RP, H O 100%
— HpO/MeOH 1:1 - MeOH 100%) to give the compound 6a (0.475 g, 61%). MS: m/e = 454 (100%), 455

(16%) (CooH3001 0: 454.47), NMR see Table 2.

(IR, 2R)-2-Acetoxy-1-hydroxy-1-[3-(4-ethoxycarbonylpiperidin-1-yl-methyl)-phenyl]-cyclohexane (12b):
Bromide 11 (3.96 g, 10.17 mmol monobromide content), piperidine-4-carboxylic acid-ethylester (2.8 ml,
18.2 mmol), KpCO3 (3.34 g, 24.2 mmol) and DMF (50 ml) were stirred for 4 h at 60°C. The solvent was

s b e cnct A 4als As athar (NN =\ and runchad with o ~rre Hel! 1') x 80
cvdpulaicu l vac. uu: TeSiauc Laxxcu up jist uxbtu_yn Cuict \&UVU Llil) dlla vy asiici Wi cu,iuvuuo 1‘114\., ~SU
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Table 2: NMR assignments for 6a-d: (*) DO § [ppm], 4.80 (HDO); (**) D20 & [ppm], 0.00 (TMS-sodium-

propionate; (a) interchangeable resonances. Sample 6d contained 5% DMSO-dg,.

Fucose Cycohexane
C-1 C-2 C-3 C-4 C-5 C-6 C-1 C-2 C-3 C-4 C-5 C-6
H-1 H-2 H-3 H-4 H-5 H-6 H1  H2 H-3  H4 H-5 H-6
6a* |96.18 70.67 72.10 74.43 68.83 18.25 79.30 81.00 27.60 23.38 (a) 126.30 (a) | 40.57
408 3.65 347 335 2.09 0.81 3.85 1.80/2.6
6b* | 96.49 70.71 72.26 74.31 68.88 18.22 79.27 8136  |27.73 23.38 (a) | 26.33 (a) | 40.76
4.92 3.60 3.33 3.21 1.98 0.70 3.83 1.60/2.04 1.46/1.87 | 1.80/2.00

6c** 19629 {7076 7270 |7446  |68.86 1835  |79.28  |81.23  |27.68(a) |23.39  |26.33 (a) | 4046

4.92 3.59 3.45 3.29 2.02 0.7 3.79 1.78/2.06
6d** 19644 17064 {7205 17464 (6864 11904 {7521  [BLi6  [2752(a) [23.69  |26.57 (a) | 40.56
4.82 3.51 3.46 312 1.83 0.66 3.72
Aryl

C-1 c-2 c-3 c-4 c-5 c-6

H-1 H-2 H-3 11-4 H-5 H-6 CH»-4
6a* [ 149.86 |128.04(a) | 143.12 | 131.18(a) | 129.76(a) | 125.54(a) | 181.06 (C=0), 39.09 (CHA), 3.18 (CHA),

7.47 7.40 (@) |7.42() [7.18

6b* 15130 |130.55 |131.64 |13237 [13213  [129.74 | 184.68 (C=0), 63.26 (CHA), 4.30/4.34 (CHA), 54.55 (C-2),
7.63 7.40 7.54 7.65 3.05/3.44 (H-2), 29.04 (C-3), 44.04 (C-4), 2.34 (H-3)

6d** | 15099 |12921 [13948 [127.13 13052 [129.02 |176.77(C=0), 140.00 (1°-Ar), 138.70 (2"-Ar), 132.27/7.63 (3"-AD),
7.61 738 (@) |7.31 747 (a) | 127.89/7.22 (4"-Ar), 131.73/7.39 (5°-Ar), 133.50/7.43 (6'-Ar),

39.76 (CHA), 4.18 (CHA)

N and katsns Tha dviad cronmin mnhaoas (AMSQMN .\ wwrac acvamaratad and samcantratad 7 uan Blach alheasantés
1 ) Il Uriiic. 1110 ullcu 15 HU pP1asxc \lVlsﬂ\Jq,} wdaos LY PUI UL Allu CULILCLIUR alCul L. VUC.. 171adll LiNuUiliatv
PLSEPAN Py Trr 2T T3 78RN

graphy on silica gel in n-hexane/ethyl acetate (2:1) gave the compound 12b (2.88 g, 70%). 'H NMR (300

MHz, CDCl3): 1.17 (t, ] = 7.0 Hz, 3H, CHyCH3), 1.37-2.00 (m, 12H, 3"-CHpip, C4Hg), 1.72 (s, 311, OAc),
2.22 (m, 3H, CHCOp, 2'-CHpip), 2.73 (m, 2H, 2'-CHpjp), 3.43 (m, 2H, ArCHp), 4.05 (q, J = 7.0 Hz,
CH,CH3), 5.19 (dd, J = 10.0, 5.4 Hz, 1H, 2-Heyclohex)s 7.07-7.32 (m, 4H, H-Ar),

wilrin

/1T 1 I3 /A4 L SN

(IR, 2R)-1,2-Dihydroxy-2-0-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-1-[3-(4-ethoxycarbonylpiperidin-1-yl-
methyl)-phenyl]-cyclohexane (14b): The procedure to obtain 14b (0.454 g, 21% overall from 1.140 g of 12b
was identical to that for 14a. 1H NMR (300 MHz, CDCl3: 0.68 (d, T 6.5 Hz, 3H, 6-Hgye), 1.20-2.40 (m,
16H, 27, 3"-CHp;p, CHCO2Me, 5-Hfyc, C4Hg), 2.78 (m, 2H, 2'-CHpjp), 2.95-4.00 [m, 9H, 2.3,4-Hfy,
velohex), 4.45-4.90 (m, 6H, OCH)Ph), 4.95 (d, 1H, J = 3.5 Hz, 1-Hgy), 7.05-7.55

oz TR s £722C \d 1
frv 1010 T_A+ 2Dh)
Ull, L7101, ri-Al, Sriiy.
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(IR, 2R)-1,2-Dihydroxy-2-O-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-1-(3-methylphenyl)-cyclohexane  (15)
(protocol B, Scheme 2): Diol 9 (1.76 g, 8.55 mmol) was dissolved in dry diethyl ether (75 ml) containing
molecular sieves (4 A) and trim

nro

1ethylsilyltriflate (25 ul, 0.19 mmol) and then fucosylated by dropwise

11 & =i B 2R

further stirring for 6 h. The reaction was quenched by addition of triethylamine (100 pl) and filtered. The
product was washed with saturated aqueous NaHCO3 solution and brine, the dried organic phase (MgSOg4)
then concentrated in vac., and the residue chromatographed on silica gel (n-hexane/ethyl acetate 6/1 — 4/1)
to give the fucoside 15 (3.68 g, 76%). |H NMR (300 MHz, CDCl3): 0.69 (d, J 6.5 Hz, 3H, 6-Ha.c\ 1.35-

TTLIu

Y 210(m. 1 5-Hgsr), 2.3014s, 3H Arf‘“».\ 213 (m. 1H. 4.H¢
J WA 1 =

itk, 111, J=irfyic)s SJUS, Ji1y SMNLLS ), 1o (i1}, 111,

NnNnTY v
L

E
2
F
c
)
:-4
b
!

3.43 H, 3-Hfyyc), 3.88 (m, 2H, 2-Hcyclohex, 2-Hfuc), 4.45-4.88
4.95(d, 1H, J=3.5 Hz, I—Hfuc), 7.00-7.40 (m, 19H, H-Ar, 3Ph).

].5 (3.65 g 588 mmol) was dlSSOlVSd in dry MeOH (50 ml) .._nd hydr gen n the presence of 10%-Pd/C
IV AN = £ 17 L ¢ INOMN Tha wanmé:ime szrae filéinemad FOA12464  cormales ARANTTIN nn ] bl n T s o oo n ]
\U.‘IU B} 101 LZ I1 dl LU U 11O 1 CLIUII Wdd LIILCICU \L»Ul lU}, waaucu \ Ul_l) dallll tHIC BOULVOIIL ICHIOVEU [

vac.. The residue was taken up in CH7Cly (5 mi), pyridine (2.5 mi), AcyO (1 mi) and DMAP (20 mg) and
stirred for 12 h at 20°C. The reaction was washed with water (2 x 10 ml), aqueous 0.1N HCI (2 x 10 ml),
NaHCO3 (20 ml) and brine, dried (MgSOy), filtered, evaporated twice with toluene (50 ml) and dried 7.vac.
to give compound 16 (2.45 g, ca. 88%). IH NMR (300 MHz, CDCI3): 0.65 (d, T 6.5 Hz, 3H, 6-Hg uc), 1.87,

S5/ fuc

207 INOR e O DALY 228 (m TH S M-~ \’)QQ(n QLT Ar(CHAY 2 29 (44 T;Aﬂ 110 Hz 1H 2
&LV, 4.U0 IS, Fr, VAL, £.5J \IN, 111, JTI{jie)s L0719, I, HdLLi3), J.00 (ul, J .U, 11.U 114, 111, &
Heyclohex), 4-81 (m, 1H, 4-Heye), 4.93 (m, 2H, 2,3-Hfye), 5.15 (d, 1H, 1-Hg,e), 7.05-7.35 (m, 4H, H-Ar)

(IR, 2R)-1,2-Dihydroxy-2-O-(2,3,4-tri-O-acetyl-a-L-fucopyranosyl)-1-(3-bromomethyl-phenyl)-cyclohexane
(17): The procedure to obtain the bromide 17 (crude 1.20 g, ca. 97% from 1.06 g of 16) was identical to that
for 11. 1H NMR (300 MHz, CDCl3): 0.65 (d, J 6.5 Hz, 3H, 6-Hg;c), 4.53 (s, 2H, CHBr) The signal at § =

» WA My v Adw FAEL

7z
0.

(IR, 2R)-1,2-Dihydroxy-2-O-(a-L-fucopyranosyl}- I-[3-(carboxymethyl-thiomethyl)-phenyl) ] -cyclohexane

(6¢): The crude bromide 17 (0.417 g, ca. 0.67 mmol), THF (10 ml), HSCH2COyMe (134 pl, 1.49 mmol) and
K2CO7 (0.310 g, 2.24 mmol) were stirred for 16 h at 20°C. The solvent was exchanged for CH2Cly and the
reaction was washed with aqueous }"14 1 (2 x 30 ml) and brine, and dried {MgSQy4). Flash chromato-

ccar. 111 W\

graphy on silica (n-hexane/ethyl acetate 2:1) gave the intermediate methyl ester {0.211 g, 55%;
(CDCl3): 0.65 (d, J 6.5 Hz, 3H, 6-Hgye), 1.94, 2.07 (3s, 9H, OAc), 2.47 (m, 1H, 5-Hge), 3.12 (s, 2H,
SCHy), 3.74 (s, 3H, OMe), 3.86 (m, 2H, ArCH3S), 3.90 (m, 1H, 2-H¢yclohex)» 4-84 (m, 1H, 4-Hfyc), 4.94
(m, 2H, 2,3-Hge), 5.15 (d, 1H, 1-Hfye), 7.05-7.35 (m, 4H, H-Ar)] whith was saponified as described for 6a.
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The purification was identical to that of 6a to give 6¢ (0.145 g, 91%). MS: m/e = 441 [M-H]- (C1H3(0gS:
442.52), NMR see Table 2.

(IR, 2R)-1,2-Dihydroxy-2-O-(a-L-fucopyranosyl)-1-[3-(2-carboxyphenyl-thiomethyl)-phenyl)]-cyclohexane
(6d): The procedure to obtain 6d was identical to that for 6c [alkylation of 2-mercapto-benzoic acid-
methylester with 416 mg (ca. 0.67 mmol) of 17 to give the intermediate sulfide (0.238 mg, 55%), which was

CIILIGAULIALG SUILIND £20 2215 7 aians

then saponified. Yield: 0.162 g (87%)]. MS: m/e = 503 [M-H]~ (C24H3208S: 504.59), NMR see Table 2.

3-[3-(Tri-O-benzyl-a-L-fucopyranosyl)-1-propyloxy]-5-hydroxybenzoic  acid-methylester (20): 3-(Tri-O-
benzyl-a-L-fucopyranosyl)-1-propyl bromide3b (19) (1.44 g, 2.66 mmol), 3,5-dihydroxybenzoic acid-
methylester (18) (1.34 g,7.98 mmol) and K»CO3 (0.553 g, 3.99 mmol) in DMF (20 ml) were stirred at 0°C
for 12 h and then at 20°C for 24 h. The reaction was taken up in ethyl acetate and saturated NH4Cl solution
(50 mi). The aqueous iayer was extracted with ethyl acetate (4 x 25 mi) and the combined organic layers
were washed with sat. NaHCOj3 solution (50 ml) and brine , followed by drying (MgSO4). After concentra-
tion i. vac., the reside was taken up in toluene/ethyl acetate to give 1.03 g (61%) of 20 as a white solid. IH
NMR (300 MHz, CDCl3): 1.26 (d, I = 6.5 Hz, 3H, 6-Hg;e), 1.60-1.90 (m, 4H, FucCH>CH»), 3.88 (s, 3H,
OMe), 3.70-4.07 (m, 7H, 1,2,3,4,5-H¢,c, ArOCH»), 4.50-4.80 (m, 6H, OCHpPh), 5.33 (s, 1H, OH), 6.56 (t,
J=2.0Hz, 1H, 4-Hay), 7.10, 7.13 (2dd, ] = 2.0, 0.7 Hz, 2H, 2-Hay, 6-Hay), 7.23-7.37 (m, 15H, Ph).

3-[3-(Tri-O-benzyl-a-L-fucopyranosyl)-1-propyloxy]-5-methoxycarbonyi-phenoxyacetic acid-methylester

(21a): Compound 20 (0.839 g, 1.34 mmol), bromoacetic acid-methylester (0.247 ml, 2.68 mmol) and
K2CO3 (0.555 g, 4.02 mmol) in DMF (10 ml) were stirred at 50°C for 5 h. The reaction was taken up in
ethyl acetate and 50 mi of saturated NH4CI solution. The aqueous layer was further extracted with ethyl
acetate (4 x 25 mi) and the combined organic layers were washed with saturated NaHCO3 solution (30 ml)
and brine, followed by drying (MgSQOy4) After evaporation i. vac., the product was purified by silica gel
chromatography (n-hexane/ethyl acetate 3:1) to give 0.78 g (84%) of 21a. lH NMR (300 MHz, CDCl3):
1.26 (d, J = 6.5 Hz, 3H, 6-Hgc), 1.60-1.92 (m, 4H, FucCH»CHy»), 3.80 (s, 3H, OCH»CO2Me), 3.88 (s, 3H,
OMe), 3.73-4.05 (m, 7H, 1,2,3,4,5-Hp;c, ArOCHCH)), 4.50-4.80 (m, 8H, OCH,Ph, OCHCO9Me), 6.67
(t,J=2.0Hz, 1H, 2-Hp,), 7.14,7.22 (2 dd, 1 = 2.0, 0.7 Hz, 2H, 4-Hpy, 6-HAy), 7.23-7.37 (m, 15H, Ph).

5-Carboxy-3-[3-(a-L-fucopyranosyl)-I-propyloxy]-phenoxyacetic acid (7a): Compound 21a (0.782 g, 1.12
mmol) was dissolved in dry methanol (15 ml) and acetic acid (0.5 ml) and hydrogenated in the presence of
10%-Pd/C (0.10 g) for 2 h at 20°C. The reaciion was fiitered through Celite, washed with methanoi and the
solvent removed under reduced pressure to give the hydrogenated intermediate 3-[3-(a-L-fucopyranosyl)-1-
propyloxy]-5-methoxycarbonyl-phenoxyacetic acid-methylester {0.40 g, 83%; IH NMR (300 MHz,
CD2OD): 1.24 (d, J = 6.0 Hz, 3H, 6-Hgye), 1.60-2.00 (m, 4H, FucCHyCHp), 3.81 (s, 3H, OCH2COzMe),
3.90 (s, 3H, OMe), 3.60-4.10 (m, 7H, 1,2,3,4,5-Hg;c, ArOCH»CH»), 4.73 (m, 2H, OCHCOyMe), 6.72 (t, J
=2.0Hz, 1H, 2-Hpy), 7.13, 7.21 (2dd, 1 = 2.0, 0.7 Hz, 2H, 4-HAy, 6-Hap)} which was subsequently stirred
in an aqueous 2 N NaOH solution for 0.5 h at 20°C. The reaction was acidified with aqueous IN HCI,
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filtered (0.45um) and concentrated to dryness. MPLC on RP-18 phase gave the compound 7a (0.389 g;
98%). TH NMR (300 MHz, D70, Sgop = 4.78): 1.11 (d, J = 6.0 Hz, 3H, 6-Hgy), 1.65-1.97 (m, 4H,
FucCHpCHy), 3.74-3.86 (m, 3H, 3,4,5-Hfyc), 3.93-4.07 (m, 2H, 1,2-Hgye), 4.19 (m, 2H, ArOCH,CH)),
4.51 (s, 2H, OCHCO2H), 6.70 (t, T = 2.0 Hz, 1H, 2-Hp), 7.05, 7.17 (2 dd, J = 2.0, 0.7 Hz, 2H, 4-Hp,, 6-
Hay). 13C NMR (75.4 MHz, APT, 8 [ppm], D20): 176.48, 174.55 (C=0), 158.90, 158.73 1,3-C,), 138.98

(5-CAr). 108.24, 107.96 (4,6-CAy), 104.39 (2-Cpy), 75.68, 71.81, 69.77, 67.99, 66.78 (1,2,3,4,5-Cisc),

68.23 (A_rO(“Ho(‘Ha\ 6691 (()(“H ()»;H\ 24,77,19.74 mnpr*nar'uf.\ 18 87 (6-C'r_ )\
{ CHHYC OCH> 12002), 1557 (6-Chye)

3-[3-(Tri-O-benzyl-a-L-fucopyranosyl)- 1 -propyloxy]-5-methoxycarbonyl-phenoxymalonic-acid-dimethyl-

ester (21b): Compound 20 (0.493 g, 0.788 mmol), 0.172 ml (0.87 mmol) bromomalonic acid-diethylester
0.10 g (1.2 mmol) NaHCO3 in 20 ml DMF were stirred at 0°C for 48 h. The reaction was taken up in ethyl
acetate and 50 ml of saturated NH4Cl solution. The aqueous layer was further extracted with cthyl acetate
and the combined organic layers were washed with sat. NaHCO3 solution (30 ml) and brine. After
evaporation i. vac., the product was purified on silica gel (n-hexane/ethyl acetate 3.5:1) to give 0.31 g (50%)
of 21b. lH NMR (300 MHz, CDCl3): 1.25 (d, ] = 6.5 Hz, 3H, 6-Hgy,c), 1.28, 1.31 (2 t, ] = 7.0 Hz, 6H, 2
OCHCH3), 1.58-1.92 (m, 4H, FucCHyCHp), 3.88 (s, 3H, OMe), 3.73-4.05 (m, 7H, 1,2,3,4,5-Hgc,
ArOCHCHjp), 431 (q, J = 7.0 Hz, 4H, 2 OCHCH3y), 4.45-4.80 (m, 6H, OCH,Ph), 523 (s, 1H,

FaYal & FaVaN T _ANTT- 117 A TY \ "I 1 £ A (111 11T DL £ TAITT 3
ULJl'lL U2Dl), 0 IJ \ J— L.V T1, LI, LT AY), O (111, ll,'l, |vjn AI)’ / .4.) I .)7 UII 1o, rii, U‘[‘fJnAr .

5-Carboxy-3-[3-(a-L-fucopyranosyl)-1-propyloxy]-phenoxymalonic acid (7Tb): The procedure to obtain 7b
(90 mg, 71% from 0.30 g of 21b) was identical to that for 7a. 1H NMR (300 MHz, D70, dyop = 4.77):
1.11 (d, ] = 6.0 Hz, 3H, 6-Hgyc), 1.65-2.00 (m, 4H, FucCH»CHp»), 3.70-3.86 (m, 3H, 3,4,5-Hg;c), 3.90-4.05
(m, 2H, 1,2-Hgye), 4.19 (m, 2H, ArOCH7CHy), 6.77 (m, 1H, 2-Hpyp), 7.07, 7.13 (2 m, 2H, 4,6-Hpy). 13¢
NMR (75.4 MHz, APT, & [ppm], D>0): 158.90, 158.18 (1,3-Cay), 138.59 (5-Cap), 108.45, 108.36 (4,6-
CAp), 104.86 (2-Cpp), 75.65, 71.81, 69.74, 67.97, 66.75 (1,2,3,4,5-Cfyc), 68.23 (ArOCHCHy), 24.74,
19.73 (FucCHCHpy), 15.56 (6-Cgyc)- MS (ESI, NH40Ac/CH3CN): [M-H] = 443.
3-[3-(Tri-O-benzyl-a-L-fucopyranosyl)-1-propyloxy]-5-[ (4-ethoxycarbonylpiperidinyl)- 1 -carbonyloxy| -
benzoic acid-methylester (22): Compound 20 (0.690 g, 1.10 mmol), 4—mtrophenylchloroformate (0.245 g,
1.21 mmol), 4-dimethylaminopyridine (DMAP, 15 mg, 0.12 mmol) and NEt3 (0.17 ml, 1.21 mmol) in
CH,Cly (10 ml) were stirred for h at 0°C. After addition of N,N-diisopropyl-ethylamine (DIPEA, 0.47 ml,

2.76 mmol) and f\thpndn‘m 4_carboxvlic angd-efhvlmfer (0.187 ml, 1.21 mmoi), the reaction was stirred at

N Axikiavsa PApvaaliuat Tt TR VWA Y R vl (V.20 a22d; 2:& CallVit 114V

0°C for 12 h, diluted (CH,Clp), washed mit sat. NaHCO3 solution (3 x 25 ml), dried (MgSQOy4) and
evaporated. The product was purified by flash chromatography (Biotage?™-Flash-40, cartridge 40 M, 90 g
silica gel, 32-63 p, ethyl acetate/n-hexane 1:4 -» 1:3 —1:2) to give 22 (0.85 g, 95%). 1H NMR (300 MHz,
CDCl3): 1.26 (d, J = 6.5 Hz, 3H, 6-Hgc), 1.28, (1, J = 7.0 Hz, 3H, OCHCH3), 1.60-2.04 (m, 8H, 3'-
CHapip, FucCH7CHp), 2.50 (m, 1H, CHCOZEY), 2.96-3.20 (m, 2H, 2'-CHpjp), 3.78-4.05 (m, 7H, 1,2,3,4,5-
Hfic, 2'-CHpip), 3.88 (s, 3H, OMe), 4.17 (g, m, J = 7.0 Hz, 4H, OCHCH3, ArOCH»CHj3), 4.49-4.80 (m,

6H, OCH Ph),thS (t, J=2.0 Hz, 1H, 2-Hpy), 7.36, 7.40 (Z m, 2H, 4,6- -HAr), 7.23-7.35 (m, 15H, Ph).

37717
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5-[(4-Carboxvpzperidinyl)‘l-carbonyloxy]—3-[3~( a-L-fucopyranosyl)-1-propyloxy]-benzoic acid ( 7¢): Com-
pound 22 (0.835 g, 1.03 mmol) was dissolved in drv MeOQH (30 ml) and HOA¢ (0.5 m!) and

hudranoanata
27 o2 L2202 A \PV i) Qaans ik V.ot 11k QI 1) 18]

ydrogenated in
he reaction was filiered (Celite), washed with MeOH
and the soivent removed i. vac.. Purification by flash chromatography on silica gel (CH>Clr/MeOH 17:1)
gave the hydrogenated intermediate (0.37 g, 65%) which was subjected to saponification by stirring with 1N
NaOH (5 ml) for 12 h at 0°C. The solution was acidified to pH 3 with IN HCI, filtered (0.45um) and

cvaporated i.vac.. The product was purified by MPLC on RP phase (MeOH/H,O 1: yield the compoun

Liapr S
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th
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8

To (D110 o 20y 1T NIMR 7200 MLz DA

TN \Ved LV &£y JL/U). L2 LNIVUN \ VUV VIR Ly N

\/
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Hfue
CHopip, FucCHYCHY), 2.44 (pseudo-ii, j = 11 Hz, j = 3.0 Hz, iH, CHCO,H), 2.90- 3 20 (m, 2H, 2'-CHpjp),
3.71-4.35 (m, 7H, 1,2,3,4,5-Hfy¢, 2'-CHpjp), 4.18 (m, 2H, ArOCHCH)), 6.90 (t, J = 2.0 Hz, 1H, 2-Hay),
7.22,7.37 (2 dd, J = 2.0, 0.7 Hz, 2H, 4,6-Hpp). 13C NMR (75.4 MHz, APT, D50): 183.94 (pipCO»H),

173.78 (ArC=0), 158.61, 155.18 (3,5-Cay), 151.59 (NC=0), 139.01 (1-Ca,), 114.96, 112.96, 112.42 (2,4.6-

2

(‘A__\ 75.63, 71.78, 69.76, 67.96, 66.76 (1,2,3,4,5-Cgic), 68.38 (ArO-CH,CH»5), 43,97 (2°-C - ) 43 01 (4"
...... SIUCH VOI8O NRTRAL ALy B2 NE TepIpss TS T
N NQ £ [ A A 10T AT LYY YT N 18 oM L A
\..,plp), £0.23 (D 'bplp} /4, 1770 (FUCL LU Iy ), 15.37 \O-L{y¢)-

3-[3-(Tri-O-benzyl-a-L-fucopyranosyl)- 1-propyloxy]-5-methoxycarbonyl-phenoxyacetic acid-tert.-butylester
(24a): 3-Hydroxy-5-methoxycarbonyl-phenoxyacetic acid—tert.-butylester (23) was obtained in 78% vield by

alkylation of 18 with bromoacetic acid-tert.-butylester and KoCO73 in DMF {(IH NMR, 300 MHz, CDCl5:
150¢5 OH +Bu) 23 8{s 10 OMe) 454 (s 20 OCH-) 620{s 1H OHY 667+ T=20T7 14 2.1,

LIV S, 711, tmDUj, 7.0 S, JI3, uxvu.:), T.I9 5, £11, U1y V.SV NS, 101, UL, U.U7 (L J .U IhE, 111, L"llAr},
7.07, 7.17 (dd, 1 = J = 2.0, 0.7 Hz, 2H, 4,6-HA)}. Tri-O-benzyl-a-L-fucopyranosyi)-i-propyi bromide3b

(19) (0.885 g, 1.64 mmol), 23 (0.695 g, 2.46 mmol) and KpCO3 (0.51 g, 3.69 mmol) in DMF (10 ml) were
stirred for 12 h at 20°C and then for 7 h at 60°C. The reaction was taken up in ethyl acetate and 50 ml of
saturated NH4Cl solution. The aqueous layer was further extracted with ethyl acetate (4 x 25 ml) and the
cllowed

nic lavers were washed with saturated NaHCOn solution (30 mD and brine (20 mD
iayers seiution (2U mi) an Tine LV mi)

mbined organic lay saturated NaHCOj5 solution

Cu -~
-
]
=

Q —

by drying (MgS0y4). Afier evaporation i. vac. the product was purifie
hexane/cthyl acetate 5:1) to give 1.20 g (98%, based on 19) of 24a. IH NMR (300 MHz, CDCl3): 1.25(d, J
= 6.3 Hz, 3H, 6-Hgyc), 1.49 (s, 9H, t-Bu), 1.60-1.90 (m, 4H, FucCH»CH)>), 3.89 (s, 3H, OMe), 3.70-4.10 (m,
7H, 1,2,3,4,5-Hg,c, ArOCH>CH3), 4.52 (s, 2H, OCH»CO»tBu), 4.50-4.80 (m, 6H, OCH»Ph,). 6.67 (1, ] =
2.0Hz, 1H 2-Hp,), 7.13,7.20(2 dd, 1 =2.0, 0.7 Hz, 2H, 4,6-H;), 7.24-7.38 (m, 15H, Ph).

by silica gel chromatography (n-

3-/3-(Tri-O-benzyi- a-L-fucopyranosyi)- I-propyioxy]-5-methoxycarbonyi-phenoxyacetic acid (24b): Com-
pound 24a (0.901 mg, 1.22 mmol), MeOH (20 ml) and aqueous 1IN NaOH (2.5 ml) were stirred for 12 h at
0°C. After acidification (1N HCI, pH 5.3), the reaction was taken up in ethyl acetate (200 ml), washed with

agueous citric acid solution, dried (MgSO4) and evaporated to dryness. The product was purified by flash
el, ethyl acetate/n-hexane (1:1, 1% HOAc) to give 24b (0.48

a gel, ethy tate/n-hex

~Nr / ATY b3 & VS 1 N 1 .r\(\ o ATY T2 _TT_ 1Y _N\

iHz, CDCi3): 1.26 (d, J = 6.4 Hz, 3H, 6-Hfyc), 1.60-1.90 (m, 4H, FucCH7CH2), )
3.70-4.10 (m, 7H, 1,2,3,4,5-Hp,;c. ArOCH»CHjy), 4.67 (s, 2H ()C_zu)zﬂ) 4.50-4.80 (m, 6H, OCH,Ph,).
6.68 (t, ] =2.0 Hz, 1H, 2-Hp,), 7.15,7.23 (2dd, 1 =2.0, 0.7 Hz, 2H, 4,6-HAy), 7.26-7.38 (m, 15H, Ph).
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3-{3-(a-L-Fucopyranosyl)-1-propyloxy]-5-(. 2—hydroxvethyl- I-aminocarbonyl)-phenoxyacetic acid (7d):
Compound 24b (0.462 g, 0.675 mmol) and ethanolamine (7 ml) were heated for 1 h at 100°C. Afer coclin

ted with ethyl! acetate (50 u}) and washed with brine (5 x 20 mi). After drying
(MgS0y4) and concentration i.vac., the residue was filtered over silica gel (CHyCly/MeOH 10:1, 1% HOAc)
to give the 3-[3-(tri-O-benzyl-a-L-fucopyranosyl)-1-propyloxy]-5-(2-hydroxyethyl-1-aminocarbonyl)-phen-
oxyacetic acid {482 mg, 99%; 1H NMR (300 MHz, CDCl3): 1.25 (d, ] = 6.2 Hz, 3H, 6-Hg;,), 1.60-1.88 (m,
4H, FucCH>CH»), 3.47 (m, 2H, NCH3), 3.69 (m, 2H, NCH»CH70), 3.70-4.10 (m, 7H, 1,2,3.4 5-Hg

uc»
ArQCHACHAY 4 45-4 R0 (m_ 8H OCHADhL (\(‘I—L\F‘(\AU\ 650 (m. 1H 2.4, ARY £ QT (D) hua NI AL
SRS A SN AL )y TTSTRLON i,y Dl NNaaga sy WAL SN /) A 2 PO & B PRy ) AlAr] V.0, V.O/ \L UTI Dy, L1E, F,U-
Tr . A\ T NE M A 1277
Ay), /-45-71.050 6 (m, 15H, Ph)} which was nyarogenalea in i,4-dioxane (6 mi ) and acetic acid (0.2 mi) at

20°C in the presence of 10%-Pd/C (0.10 g) for 2 h. The reaction was filtered (Celite), washed with MeOH
and the solvent removed under i. vac.. The residue was dissolved in water and freeze-dried to give the
compound 7d (0.213 g, 71% based on 24b). IH NMR (300 MHz, 8,1, = 4.78, D70): 1.12 (d, J = 6.0 Hz,
3H, 6-Hg.0), 1.68-1.94 (m, 4H, F‘nr("H’a(“Ha\ 351 (¢, J=55Hz 2H, T\T(‘I—Iq\ 3.69 {m, 2 NCH (*uan\

==1ucs, v L2 YA
277297 fams L&LT MIT-AIT 2T AC IT- N 20N A 1N fn  ATT - ANAYY AIT, N A £Q /o ATT
J.fa=3.00 I, Jrn, Ljun, J3,%.0-rifye), 2.7V-4.1u (i, 401, ,A-ﬂtuc, Arulnjyeriy), 4.0 (S, on,

P 17 _

ULHZLUQH), 6.65 (pseuda -t,J = 2.0 Hz, 1H, 2- HAr) 0. 87 6.93 (Z m, 2H, 4, 6- HAI‘) 12C NMR (75 4 MHz,
APT, D0): 174.57, 169.75 (C=0), 159.37, 158.56 (1,3-CAy). 135.81 (5-Cap), 106.77, 105.92, 104.83
(2,4,6-Cay), 75.61, 71.74, 69.80, 67.92, 66.77 (1,2,3,4,5-Cfuc), 68.21 (ArOCH,CH»), 65.75 (OCH,COH),
59.93 (CHoOH), 42.01 (CHN), 24.84, 19.76 (FucCH2CH3), 15.58 (6-Cyye).

Bioassay for celi binding to immobilized selectin recepior giobulins: The bioassays for cell binding to
immobilized selectin receptor globulins were performed as previously described.82 Briefly, the soluble
recombinant E- and P-selectin-IgG fusion proteins which contain the signal sequence, the lectin-like domain,
the EGF (epidermal growth factor) repeat domain and six (E-selectin) and two (P-selectin) of the CR-like

(complement regulatory) domains obtained from transfected COS cells were adsorbed on anti-human-IgG-
e e L1 nr A s a e 1iaalead fmmcanzion gt et mmme) salmdae A ALt L1113 YIT £N
d,IlLlUUUlUb 1ImMinoonilized o DLJ \ )’ 1€-111KEA 1TTMuiiOSOrociit ass Y) pl LTS, AULICSIVUILL Ul 14DCIICU MLOVV

tumour cells was quantitatively measured in a cytofiuorometer, and the specific cell binding in the presence
of a potential inhibitor, e.g. 7a, was calculated compared with non-specific binding to the CD4-IgG fusion

protein.

The author wishes to thank Christopiz Hiiis for performing ihe in viiro ceil assays, Manjred Krause for his

technical assistance and Christian Schumann for NMR measurements.
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