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Abstract: The synthesis of smlyl-Lewst (1b), Lewi (2 and N-acetyllactosamine (3), each
being attached tu the 1B-0O-(6-amino)hexyl ha..d} e s

sufficient material for thorough pharmaceutical evaluations and for derivatisations aimin,
more potent selcctm antagomsts. Thc dlsacchande 3 was synthesised from inexpensive lactose
to provide a versatile building block, either to be used for alternative approaches to the Lewis

type oligosaccharides, or to prepare polyvalent LacNAc templates to be further elaborated by
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glycosyltransferase reactions. All syntheses were directed to reasonable large scale procedures,
pcnpmq"v hu mn—ummn'm the numbher of steng and the use of heavv metal salts in glvcosvlations

specially by minimisin 1e number of steps and the use of heavy metal salts in glycosylations.
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A variety of disease states are characterised by excess inflammation, including arthritis, allergies and the

tissue damage (reperfusion injury) suffered following lung injury or heart attack. Much of the recent interest

surrounding potential new anti-inflammatory drugs has been centred on the sialyl LewisX (sLeX , Figure 1)

tetrasaccharide and the proteins that bind it, known as the selectins, owing to their roles in inflammatory

responses.l The recognition of cell-surface glycoproteins bearing the sLeX epitopes by selectins, present

either on the walls of blood vessels (E-, P-selectins) or on leukocytes (L-selectin), causes the leukocytes to
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move into sites of injury or infection from the bloodstream. This migration involves three distinct steps in
which the leukocytes initially roll along the vascular surface because of sLeX binding by selectins, before
adhering firmly to the vascular endothelium by protein-protein interaction, and finally escaping through the
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Scheme 1: Synthesis concepts for (s)LeX oligosaccharides reported in the literature.

vessel wall into surrounding tissues. Consequently, the blocking of the initial adhesion mechanism with
soluble sLeX itself or with glycomimetics derived therefrom is seen as a way of counteracting excess
inflammation. Furthermore, the sLeX-type carbohydrate determinants are involved in the adhesion of cancer
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cells to the vascular endothelium and thus contribute to hematogenous metastasis of cancer through selectin
mediated recognition processes.2 Although sLeX and a sLeX-propanolamine conjugate recently became
available as tools in glycobiology research, gram amounts of material required for preclinical research
studies are neither available nor affordable from commercial sources.3 Similar arguments apply to the

biomimetic syntheses of structures closely related to 1a, in particular performed by the Cytel Corp. to
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attached to a suitable linker group was needed in quite large amounts, exceeding one gram quantities, to
prepare and cvaluate reduced derivatives, clustered conjugates,® and some more complex model
compounds” to study in detail the inhibition of leukocyte adhesion in vitro and in vivo. The flexible 1B-O-
linked hexanolamine anchor group of medium length in 1b was chosen to keep any attachments far enough
away from the tetrasaccharide moiety, to prevent the spacer chain from backfolding and to provide the

reactive amino group onto which virtually any residue could be fixed to the ligand. The synthesis of the

tetrasaccharide moiety NAcNeu a(2—3)Gal B(1—4) [Fuc a(1—3)] GlcNAc, although not designated as
sLeX, for the first time was reported by Chembiomed chemists,8 and the non=cnzymat1c and chemo-

enzymatic preparations reported later mostly followed analogous strategies, presumably to provide milligram
amounts of 1a2.9-12 They were either based on consecutive glycosylations of the respective monosaccharide
building blocks, or on linking up the disaccharides NAcNeu a(2—3) Gal (1 —>4) and Fuc a(1—-3) GicNAc,
the first option in general being preferred over the [2+2]-strategy. Persistent problems in synthesising sLeX
mainly consist in the spacial proximity of the D-galactose and a-L-fucose in positions 4 and 3 of the N-
acetylglucosamine, respectively, in the low reactivity of the 4-OH group in the galactosylations, in the
pronounced acid lability of the a-L-Fuc linkage, and in the difficult anomeric control and side reactions in

the sialylation. Although the procedures referred to8-12 provided considerable improvements on laboratory

synthesis scales to afford milligram quantities of the deprotected final compounds, they do not automatically
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reiated saccharides hitherto reported (Scheme 1), exiensively make use of heavy metais in excess to promoie
the glycosylations. To illustrate this, Nicolaou? used 2.5 equivalents of AgClO4 and of SnCly to yield the
lactosamine by galactosylation of the 3-allyl protected GlcNAc precursor, followed by deallylation and
repeated use of this metal system (3 equiv. of each) in the fucosylation step. The LeX-trisaccharide was then
treated with 4 equivalents of Hg(CN)2/HgBr3 to give the sialoside which was liberated from the directing
phenylthio group with 5 equivalents of triphenyltin hydride. The two additional steps required by using the

temporary allyl group in the 3-position of GlcNAc might only prove advantageous if the overall yield
obtained here would compensate for a yield significantly lower than about 48% for the galactosylation of a
L. < el 1. P 4~ W oy 1 z

directly fucosylated intermediate. Danishefskyl22 used the glyc:
regioselective fucosylation promoted with AgClO4 and SnCiy (2 equiv. of each). The giycal moiety was
transformed into the GlcNAc unit after the pseudotetrasaccharide assembly.“—D However, this strategy
certainly might not be particularly rewarding to. prepare large quantities e.g. of 1b, given the overall low-
yielding multistep sequence to introduce the 2-acetamido group (22%, including the general final
deprotection steps) at the end of the synthesis. Te vepfer! 1 consistently used the elegant imidate procedure up
to the LeX- trisaccharide. For large scale applications, Hasegawa 's10 synthesis may suffer from difficulties

in the purification of the NAcNeu o(2—3) Gal (1—4) thioglycoside donor, which is acetylated at the
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NAcNeu moiety, as well as from the moderate yields obtained in coupling this valuable building block. The
combined chemoenzymatic approach performed by WongU involved the fucosylation of the NAcNeu a.(2—
3) Gal 8(1—>4) GlcNAc trisaccharide by a cloned a-1,3-fucosyltransferse and GDP-fucose. Very recently, a
fully thioglycoside-based synthesis of 1a, at the expense of stereoselectivity in the galactosylation step, has
been reported.14.15 The objective of our work was to provide a concise and reliable route to sufficient
amounts of pure 1b for extensive pharmacological studies in vivo and as a standard material to be used in
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consumption of heavy metal promoters and not to spend on more synthetic steps for only little improved
overall yields. The most valuable building block, the sialic acid, should be introduced at the end of the
synthesis. Furthermore, the large scale synthesis of the corresponding spacer-modified LeX (2) and N-
acetyllactosamine (3) is reported. The precursor molecule 23 is readily available from inexpensive lactose
and represents the potential starting point for a convergent new approach to 1b. Compound 3 has also been
used for grafting the LacNAc units onto biocompatible backbones which are suitable for the synthesis of
polyvalent oligosaccharide ligands by glycos ltransfcrasg reactions,

Preparative Results and Discussion

Preliminary attempts to use an ailyi-protected GlcNAc | building block, in analogy to the synthesis described
by Nicolaou93, did not give superior overall yields. Therefore, the shorter sequence as outlined in Schemes 2
and 3 was pursued by which 100 gram batches of the disaccharide 8, 20-30 gram batches of the trisaccharide
11 and 0.7-1.5 gram batches of 1b could be reproduced several times. The fucosylation and sialylation were
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Scheme 2: Comparison of alternative pathways to the GlcNAc precursors 5a,b: a) AcyO, pyridine, NEt3, CHCl»
(78%); b) 1.5 equiv. 6-N-Z-aminohexanol, (CHpCl), mol. sieves 4 A, 60°C, 1.2 equiv. TMSOTT (51%); c)
NaOMe/MeOH; d) phthalic anhydride, MeOH, NEt3; e) AcyO, pyridine, 40-50%, 3 steps; f) NoH4-HOAc, DMF, 2 h,
20°C (65%); g) DBU/CCI3CN (84%); h) 6-N-Z-aminohexanol, mol. sieves 4 A, cat. TMSOTHT, 20°C, CH;Clp (98%);
i) 1.5 equiv. 6-N-Z-aminohexanol, (CH7Cl)y, mol. sieves 4 A, 40°C, 1.2 equiv. TMSOTT (87%).



performed with the stable thioglycosides 716 and 1317, respectively, and the galactosylation by using the
galactose imidate 10."<2 All these donor sugar units were available in >100 gram quantities in analogy to the
reported methods. Because of the stepwise character of this approach, much effort was directed at a quick
and large scale supply of the GlcNAc precursor 5a (Scheme 2). The recommended literature procedure_s for
glycosylations with GlcNAc donors!8 proved to be not satisfactory in terms of shortness and overall vields

Whereas relatively reactive and easily removable acceptors like allyl and benzyl alcohol can be used in large
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excesses in such reactions, presumably proceeding via the GlcNAc-oxazoline intermediate, 19 the trimethyl-
silyltriflate (TMSOTY) catalysed reaction of this isolated intermediate gave very poor yields (< 20%, 3 equiv.
of the crystalline 6-[N-benzyloxycarbonylJaminohexanol) in our hands. Following the procedure of
Lemieux,20 kg-quantities of the pure a-acetate 4 were easily prepared in good yield, whereas the

phthalimido donor 15 was obtained as an anomeric mixture that became very dark during attempts to achieve

could only be prepared in moderate yield by repeated crystallisations and column chromatography. Although
S PR NI NI Y SNSRI [ -SURUR SN SUR [P b S, YT SIPL NN NSRRI B RV RO B PR 21 .
the mmudate donor 17, prepared from 15 via 16, nearly quantitatively provided the GlcNAc unit 5b,«! the

using 15 proved to be even better. The ouicome of the iast
reaction is well in accord with Paulsen’s work,23 suggesting that the TMSOTf-catalysed reaction should
only proceed here by assistance of the neighbouring group positioned trans to the anomeric B-acetate leaving
group. Clearly, this raises questions about the mechanism of the reaction pathway to 5a, namely by using the
less reactive a-acetate donor 3.24 For the corresponding more reactive B-acetate, an oxazoline intermediate
being activated by an electrophile has been proposed.25 Probably the a-acctate 4 anomerises under the

eaction
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onditions emploved here, prior to formation of the presumed oxazoline intermediate. Taken
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together, the least efficient glycosylation to give 5a turned out to be the preferred one, in terms of shortness,
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the synthesis. The fucosyiation of the 4,6-O-benzylidene protected derivative 6 to give the disaccharide 8
proceeded smoothly in the presence of copper(I) bromide and tetrabutylammonium bromide, but a metal-
free promoter like dimethyl(methylthio)sulfonium triflate (DMTST)20 could equally be used here. The
scale-up of the fucosylation from mg-batches up to 100 g quantities of 8, while switching from column
chromatography to a more practicable isolation procedure on large scales, caused a decrease in the yields
from 95% to 77% (Table 1). The reductive ring-opening of the benzylidene acetal in 8 was performed with
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Scheme 4: Structures of the deacetylated intermediates 14.

sodium cyanoborohydride and HCI in THF,273.b the huge excess of hydride reagent needed here and the
difficult reaction control not being acceptable for economical large scale preparations. However, no

altemative for this procedure seems to be available. Modified reaction conditions using the borane
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trimethylamine complex and aluminium chloride27° proved to be unsuccessful. Due to the poor reactivity of
the hydroxyl group in the 4-position of 9, the reactive imidate 10 was chosen to perform the difficult
galactosylation reaction which was promoted by boron trifluoride etherate in dichloromethane. On much
larger scales (Table 1), quite good results could be achieved using only 1.3 equivalents of the donor 9 and
TMSOT( as promoter, buffered by tetramethylurea, to give 12 after subsequent O-deacetylation with sodium

Uostdelit

methoxide in methanol in 64% overall yield. Tnsacchande 12 was further deprotected by catalytic transfer

d method (usmg a 10% Pd/C catalyst) to achieve the removal of the benzyi
protecting groups, probably due to the neutralisation of the deactivating primary amino group formed in the
linker unit. Acceptors like 12 which are deprotected at the 2,3 and 4 positions of the galactose unit have the
suitable features for regioselective sialylations at position 3 using either N-iodosuccinimide (NIS)/
trifluoroacetic acid or DMTST in acetonitrile to favour the o/ ratio, as was previously demonstrated.1” The
best method to prepare the tetrasaccharide 14 proved to be the methylensulfenyl bromide (MSB)/silver
trifluormethane-sulfonate (AgOTf) system at low temperatures (-70 to -35°C) in a dichloromethane/

c mixture, while adding an excess of thioglycoside 13 in portions to compensate for side reactions
111 A A1 +1 Tatantad 44 4lan cbnenda.d N
caused by the decomposition of 13. The product mixture obtained was directly subjected to the standard O-

deacetylation procedure and purified at this stage. In this manner 23% of recovered 12 and 55% of the
desired product 14 which in fact consisted of a mixture of tetrasaccharides (Scheme 4) could be obtained. It
was not attempted to separate and characterise these partially lactonised intermediates more in detail,
because this laborious task has already been accdmplished in a similar case,28 and comparable 1-4’- and 1-
2’-lactones have already been described.2® The tetrasaccharide mixture 14 was deprotected by transfer
hydrogenation and O-deacetylation to give the pure title compound 1b in 80% yield. The ligand 1b has been
used extensively as a reference compound in bioassays measuring the inhibition of HL60 tumor cell

adhesion to recombinant E- and P-selectin-IgG: fusion protems 5,06 The concentrations of 1b required to

Table 1: Isolated yields (%) of small and large scale batches.

Synth. step Smallscale Largescale Scale-up factor

6to8 95 77 417
8to9 90 71 100
9to12 71 64 138
12to 14 - 55% (23% 12) -
In comparison to the yields which one can obtain on small scales, the losses suffered due to our scaling up
(Table 1) show that even larger batches may not provide acceptable results using the synthesis methodology
employed here. Particularly the hydride reduction to 9 and the sialylation step would require much improved

methods in order to compete with the enzymatic synthesis process. For the sialylation, the alternative
phosphite method recently reported still remains to be explored for large scale applications.30 However, as
regards the potential therapeutic applications of pharmaceuticals derived from the sLeX epitope, the potent

Q
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multivalent versions of 1b® may be more suitable and easier to prepare by combining chemical synthesis in
solution and ensuing enzymatic synthesis, the latter preferably to be accomplished on a water soluble support
simultaneously serving as the biocompatible drug delivery system. To achieve this goal, an expedient
synthesis of the lactosamine precursor 3 which corresponds to the final epitopes 1b and 2 has been

1

developed (Scheme 5): The 3-O-(B-D-galactopyranosyl)-D-arabinose 18 which is commercially available or
can be readily epared from inexpensive lactose, was transformed into 100 gram amounts of the rystallme
2-benzylamino-2-deoxy derivate 19.3! This compound was converted into th NAc derivative
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via the crystalline aminonitriie 20 by following reported procedures.
prepare the B-methyllactoside by reaction of the corresponding p-lactosyl chloride with methanol (50 equiv.)
and HgO/HgCly (5 equiv.).222 Fortunately, our proven method to prepare the linker-modified glucosamines
Sa,b could be applied successfully to the donor 21 to give 22 in 77% yield, while using only a slight excess
(1.2 equiv.) the 6-azidohexanol acceptor and completely omitting heavy metal promoters. Recently, a
synthetic strategy to prepare sulfated LeX by selective benzoylation of 3,4-O-isopropylidene lactosides into

a
HOW%O —— mw \/lw
o © oH o e

d’iul ‘Lm NN
18
OH OAc
—_— HO O —> AD (0] OAc
OHOH NHBn OMOAC NHPht
2 21 (1pa = 31)
o /o
o OH
f . ACQMOW \  OCH)N g hi m/f\vﬁ\of\&./ox o
T TS TR — 7 % \OCH;
A~ LI (9]
1 —OAc Nt [“0oH ~ NHAG
OAc OH
2 — ZBR=N
Ny
L]

Scheme 5: a) PhCHyNH,, EtOH (81%); b) NaCN, HOAc, EtOH (75%); c) Hy, Pd-BaSO4, HCI/H,O, then d)
NaHCOj3, phthalic anhydride, then e) AcyO, pyridine, (55%, 3 steps); f) 6-azidohexanol (1.2 equiv.), (CHyCl)y,
TMSOTT (77%); g) cat. NaOMe in MeOH, then h) NpHy-H2O, MeOH, reflux, 4 h, then i) Acy0, MeOH, 0°C (80%,
3 steps); j) PdCly, MeOH, HCO3H (91%).

2,27,6,6"-tetra-O-benzoyl lactosides as the key steps has been repor‘ned.32 However, it is worth mentioning
here that this strategy has already been explored jearlier33 and did not lead to the compounds designated as
sulfated "LeX", but in fact gave the respective glucose analogs (GIcNAc replaced by Glc). Thus, the spacer-

modified precursor molecule 23 may provide a new entry to prepare 1b by following an analogous strategy.
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Moreover, the free amine 3 can be used for grafting the LacNAc units via the linker group onto
biocompatible polymer backbones which then can be further elongated by glycosyltransferase reactions to
give artificial structures similar to the natural ligands of the lectins. The preparation of these polyvalent
oligosaccharide ligands will be reported elsewhere.34

Experimental Part

General: Thin layer chromatography (TLC) was carried out on precoated Kieselgel 60 F;54 plates (0.25 mm
thickness, E. Merck) with the specified solvent mixtures. Spots were visualised by spraying the plates with
sulfuric acid/anisaidehyde 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
polarimeter (1 dm). NMR spectra were recorded on a Bruker WT 300 and AM 600. NMR chemical shifts are
given as 8-values with reference to tetramethylsilane (TMS) as internal standard, if not otherwise noted. The
spectra recorded in D0 as solvent were locked to deuterium. Fast Atom Bombardment (FAB) and

Electros pray Tonisation (ESI} mass spectra were recorded on a TSQ 700 (memm/MAT\ spectrometer.

2-Acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-a-D-glucopyranose (4): The procedure to prepare 4 from D-
GicNAc hydrochioride was analogous to that reported by LemieuxZC to obtain the pure o-acetate after
crystallisation from ethanol (1.16 kg, 78%; DC: Ry= 0.66 CH2Cl2/MeOH 20:1). The assignment of H-1p is
in accord with reported data24 and was confirmed by comparison with the B-acetate, bought from SIGMA
(5.70 ppm; d, Jj 2 = 9.0 Hz, H-1a). 1H NMR (300 MHz, CDCl3): 6.17 (d, J1 2 = 3.5 Hz, 1 H, H-1p), 5.62
(d, J =9.0 Hz, I'H, NH), 5.22 (m, 2 H, H-3, H-4), ), 4.48 (m, H-2), 4.25 (dd, I= 4.0, 12.6 Hz, 1 H, H-6a),
4.07 (dd, J = 2.5, 12.6 Hz, 1 H, H-6b), 4.00 (m, 1 H, H-5), 2.20 (s, 3 H, 1-0OAc), 2.09, 2.06, 2.04, (3s, 9 H,
0Ac), 1.94 (s, 3 H, NAc)

AV, 2. Sy 2 A5, AN

1 M 7Y

o—(fv—benzytoxycaroanylammO}nexyz U-(<- (lC(’l(l"'llaO—J ‘f O iri- U‘(l( Glyl z—aeoxy/a u—gtucopyranoszae (Ja/
The «-acetate 4 (93.25 g, 0.25 mol), 6-(N-benzyloxycarbonylamino)hexanol (62.72 g, 0.25 mol) and
molecular sieves 4 A (10 g) in dry (CH2Cl) (250 ml) were stirred at 60°C for 30 min. Trimethylsilyl
trifluoromethane-sulfonate (TMSOTHT, 55 ml, 0.304 mol) was added dropwise over 45 min. After stirring for
1 h at 65°C, more 6-(N-benzyloxycarbonylamino)hexanol (32.0 g, 0.125 mol) was added, and stirring
continued for 1 h at the same temperature. The dark reaction was quenched with NEt3 (45 ml, 0.32 mol),
filtered and washed with 1N aqueous HCI (2x 200 ml), agueous NaHCO3 and brine. After drying (MgSOy)
and evaporation of the solvents, 5a crystallised from dicthyl ether: 75.0 g (52%); [a]p20 = -17.8° (c = 1,

CHAClAY mn - 114°C- 113 N\ R 00 N 7 [A-.1TDMSONY- 702 (d T=0NH7 TH A-NH)Y 72 (i m S H
\_/11‘\_/11}, 15137, ii1-r \_/, AL LNLIYEAN \J\l\) J'lllL;, I'UOJLIJYILJ\J]- fosdad \u, ot £ g llb, 1 ll, n\u‘:}, I 7T \lll, 7 Al,
LY ~T N1 71 T oo £ 0 TT 1 TT NTET 7N\ E£NO (.. 1. &+ T - 1NN TT. 1 IT TIT 2\ E NN 7. D TITT NAMNTT_TDLN A ON
rny, /.21 {1, J = 0.U 11Z, 1 n, NMZ4), 3.U6 \pS€udo-i, 4 = 1U.U nZ, i n, ri-3), J.UU {8, < n, ULMprij, 4.0z
(pseudo-t, J = 10.0 Hz, 1 H, H-4), 4.58 (d,lecyon I H, H-la), 4.18 (dd, J5 56= 5.0 Hz, Jgap = 12.0

Hz, 1 H, H-6a), ), 4.00 (dd, J5 6 = 2.0 Hz, Jgab = 12.0 Hz, 1 H, H-6b), 3.81 (ddd, J4 5 = 10.0 Hz, H-5), 3.69
(m, 2 H, H-2, OCH,[CH>]5), 3.42 (m, 1 H, OCHp[CH3]5), 2.97 (pseudo-q, 2 H, NCH,[CH>]5), 2.01, 1.97,
1.91 (3s, 9 H, OAc), 1.75 (s, 3 H, NAc), 1.46, 1.38 (2m, 4 H, OCHyCH,CyH4CH,yCH>), 1.24 (m, 4 H,
OCyH4CoHy). 13C NMR (75.41 MHz, [dg]DMSO): 169.94 (3-OAc), 169.54 (4-OAc), 169.18 (6-OAc),
169.02 (NAc), 155.96 (NC=0), 137.22 (C-1pp), 128.22 (C-2pp), 127.61 (C-3pp), 127.59 (C-4pp), 100.13



Synthesis of 6-(N-Benzyloxycarbonylamino)hexyl-O-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido)- -D-gluco-
pyranoside (5b), from 1,3,4,6-tetra-O-acetyl-2-deoxy-2-phthalimido-f-D-glucopyranose (15): Compound 15
was synthesised by the reported method20 from GIcNHHCI in 40-50% yield. After recrystallisations and
column chromatography, the pure 3-acetate 15 was obtained: a1n20 55.8° (c = 1, CH>Cl»); mp.: 91-94°C

iaiaP Al VA4 B o

) _ .
(90-94°C);20 TH NMR (300 MHz, CDC13): 6.51 (d, J1 2 = 8.0 Hz, H-1at) ppm. A mixture of 15 (100 g, 210
mmol), 6-(N-benzyloxycarbonylamino)hexanol (62.7 g, 250 mmol) and molecular sieves 4 A (10 g) in dry

(CHCl) (250 ml) was stirred at 20°C for 30 min. TMSOTf (28 ml, 154 mmol) was added dropwise over
45 min. After stirring for 2 h at 35-40°C, the reaction was quenched with NEt3 (63 ml, 45 mmol) and
washed with 1IN aqueous HCl (2x 200 ml), aqueous NaHCO3 and brine. After drying (MgSQOg4) and
concentration i.vac., the residue was filtered over silica gel (500 g, ethyl acetate/n-hexane 2:1) to give 5b
(122 g, 87%); R¢= 0.45 (toluene/ethyl acetate 2:1); [a]pn20 = - 33.4° (¢ = 1, CHpCly); IH NMR (300 MHz,
CDCl3): 7.85, 7.70 (2dd, 4 H, Pht), 7.29-7.40 (m, 5 H, Ph), 5.79 (dd, J7z=11 .0 Hz, J24m9OHZ, 1 H, B-
3),5.35(d, J; ,2=80Hz 1H, H-1),5. 17 (dd, J24—9OHZ J4 5=10Hz, 1 H, H-4), 5.09 (s, 2 H, PhCH»),

433 (dd, 1 H, H-6a), 431 (dd, 1 H, H-2), 4.17 (dd, 1 H, H-6b), 3.85 (m, 2 H, H-5, CHaOgpacer), 345 (m, 1

H, CHyOgpacer)> 3-00 (m, 2 H, CHpN), 2.11,2.03, 1.87 (35, 9 H, OAc), 1.10-1.50 (m, 8 H, (C4Hg) ppm.

Synthesis of 5b via the imidate 17: 15 (185.4 g, 0.389 mol) was stirred with hydrazine acetate (39.0 g, 0.433
mol) in dry DMF (600 ml) for 2 h at 20°C. The reaction was diluted with ethyl acetate (600 ml) and washed
with half-saturated aqueous NaCl solution (3x 200 ml). The organic layer was dried (MgSQO4) and
concentrated to yield the 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-D-glucopyranose (16) by stirring the
residue in diethyl ether/diisopropyl ether as a colourless solid (108 g, 64%). Rg= 0.50 (ethyl acetate/toluene
1:1); lH NMR (300 MHz, [dg]DMSO): 7.90 (m, 4 H, Pht), 7.52 (d, J = 6.0 Hz, OH), 5.65(dd, J=11.0,9.0

1 H), 546 (dd, ] = 8.0, 6.0 Hz, 1 H), 4.98 (pseudo-t, ] =9.0 Hz. 1 H), 3.95-4.25 (m. 4 H) npm. To 2
1z, 1 H), 5.46 (dd, J = 8.0, 6.0 Hz, 1 H), 4.98 (pseudo-t, J = 9.0 Hz, 1 H), 3.95-4.25 (m, 4 H) ppm. To a
solution of compound 16 (131 g, 0.30 mcl} in CHCly (1 1) was added at 5°C 1,8-diazabicyclo-[5.4.0]-

undec-7-ene (DBU, 880 pl), and then dropwise trichloroacetonitrile (100 g, 0.346 mol). After repeated
addition of DBU (880 pl), stirring was contmueg for 2 h at 10°C. The solution was concentrated and the
residue was purified by chromatography using CHCly as the mobile phase to give 17 (148 g, 84%); Rf =
0.46 (ethyl acetate/toluene 1:1); 1H NMR (300 MHz, CDCl3): 8.66 (brs, 1 H, NH), 7.84, 7.74 (2 dd, 4 H,
Pht), 6.62 (d, J1 2 = 9.0 Hz, 1 H, H-1a), 5.93 (dd, J3 4 = 9.0, Jp 3 = 10 Hz, 1 H, H-3), 5.30 (dd, J3 4 = 9.0
Hz,J4 5= 10 Hé, 1 H, H-4), 4.40 (dd, 1H, H-6a), 4.20 (dd, 1 H, H-6b), 4.08 (m, 1 H, H-5) ppm. A mixture
of 17 (180 g, 0.310 mol), 6-(N-benzyloxycarbonylamino)hexanol (84.1 g, 0335 mol) and molecular sieves 4
A (75 g) was stirred for 1 h at 20°C in dry CH2Clp (1 1). TMSOTS (1 ml, 5.5 mmol) was added within 5 min

at 20°C. The mixture warmed up to ca. 30°C, and the reaction was completed after 15 min, as indicated by
TLC. After addition of NEt3 (1.1 ml) and filtration, the solution was concentrated and the residue taken up in
diethyl ether/diisopropyl ether (2:1) to crystaliise the TLC-pure 5b (205 g, 98%, for data see above)

6-(N-Benzyloxycarbonylamino)hexyl-O-(2-acetamido-4,6-O-benzylidene-2-deoxy)-3-D-glucopyranoside (6):
A solution of 5a (93.0 g, 160 mmol) and NaOMe (3 ml of a 0.IN solution in MeOH) in dry MeOH (500 ml)
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was stirred for 1 h at 20°C. The neutralised (HOAc) reaction was filtered and concentrated to give the
deacetylated intermediate (70.5 g, 97%) [1H NMR (300 MHz, CD30D): 7.30 (m, 5 H, Ph), 5.02 (s, 2 H,
PhCHy), 4.38 (d, J1 2 = 8.0 Hz, 1 H, H-1GlcNAc), 3-86 (m, 2 H, H-6GIcNAc): 3-64 (m, 2 H, CH2Ogpac ),
3.10 (t, ] = 7.0 Hz, 2 H, CH3N), 1.95 (s, 3 H, Ac), 1.20-1.60 (m, 8 H, C4Hg). This product (65.4 g, 144
mmol), benzaldehyde dimethylacetal (32.4 ml, 216 mmol) and CSA (1.62 g, 7.00 mmol) were stirred for 3 h
at 60°C in dry DMF (200 ml). More benzaldehyde dlmethylacetal (3.24 ml, 21.6 mmol) was added, and after
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NMR(300MHz [dﬁ]DMSO) 7.80 (d, J=9.0Hz, 1 H, AcNH) 727 -7.49 (m, 10 H, 2 Ph), 7.23 (t, ] = 6.0
Hz, 1 H, NHZ), 5.59 (s, 1 H, CHpenzylidene)> 525 (J = 5.0 Hz, 1 H, OH), 5.00 (s, 2 H, N[C=0]OCH)), 4.46
(4,712 =8.0Hz, 1 H, H-1a), 4.19 (dd, J5 6 = 5.0 Hz, Jgab = 11.0 Hz, 1 H, H-6a), 3.72 (m, 1 H, H-6b), 3.60
(m, 1 H, H-3), ), 3.63 (m, 1 H, OCH,CsH), 3.50 (pseudo-t, J = 8.0 Hz, 1 H, H-2), 3.41 (m, 1 H, H-4), 3.38
(m, 1 H, OCHpCsHyg), 3.32 (m, 1 H, H-5), 2.98 (pseudo-q, 2 H, NCHp), 1.80 (s, 3 H, NAc), 1.32-1.50 (m,
4 H, OCH,CH,CoH4CHy), 1.24 (m, 4 H, CoHy). 13C NMR (75.41 MHz, [dg]DMSO): 3 = 168.93 (NAc),

Tl T L& T AT
155.97 (NC=0), 137.66, 137.22 (C-1pp, C-1'pp), 128.73 (C-4'pp), 12822 (C-2pp), 127.90 (C-3'pp),
197 £1 (0 2. 197 EQ (T AN 1WA O V' N 1NN AT (C 1Y 1NN KL (T . YN Q1T D2 (_AN TH 2N
1£47.01 (\L-0Ph), 14700 {L-aPh), 140.2% (L-2 Ph), LUV.A7 (-1}, 1UV.DD {“benzyiidene/: 01-27 {L-), /U.oU
8.55 (OCH»C 67.80 (C-6), 65.86 (C-5), 64.96 (OCHPh), 56.12 (C-2), 40.15 (NCHy), 29.32,

6-(N-Benzyloxycarbonylamino)hexyl-O-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-(1 23)-2-acetamido-4,6-O-

benzylidene-2-deoxy-f3-D-glucopyranoside (7) Small scale synthesis: A mixture of 6 (0.167 g, 0.307 mmol),
716 (0.206 g, 0.430 mmol) and molecular sieves 3 A was stirred in CHyCly/DMF (7 ml/ 7 ml) for 30 min at
20°C, then (n-Bu)4aN'Br- (0.415 g, 1.29 mmol) and CuBrp (0.268 g, 1.20 mmol) were added. After stirring
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f h at in the dark, ids were filtered and washed 12Cly (2 x
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(MgSQy4) and concentrated i.vac..The residue was purified by flash chromatography (10% =30% ethyl
A mOn . MNER N

acetate in toluene) to afford 8 (0.280 g, 95%). Ry = 0.56 (toluene/ethyl acetate 1:1); [a]p<Y = -88.0° (c = 1,
CH),Cl1y); 1H NMR (300 MHz, CDC13): 0.81 (d, Jg 5 = 6.6 Hz, 3 H, 6-Hpyc), 1.3 (m, Cstpac'), 1.47 (m,
CHZspac.)’ 1.65 (s, 3 H, NAc), 3.17 (m, CHQSpaC_), 3.40 (dd, 1 H, 2-HGIcNAc)> 3-58 (dd, 1 H, 4-Hpyc),
3.94 (dd, 1 H, 3-Hpyc), 4.06 (dd, 1 H, 2-Hpyc), 4.09 (dd, 1 H, 5-Hpyc), 4.27 (dd, 1 H, 3'HGlcN Ac)> 4.86 (d,

T arge crala cynthacic Af € A mivinre af & (6700 178 mmall 7122 o 286 mmal) and malee cieves 2 A
Ldige SCAiC SYTuicsisS O1 0. A IHIXWIC U1 v \U/ .V g, 140 1iliHiU1), 7 (144 g, «J0 LilUL) alil HiOioU. 5iITVEs 5 A

CHHCIh/DMF (0.93 1/ 0.35 N Lon 1 L i ANOY dho £ TN N - /00N o AINA 1\ o
was stirred m CApLI/DIVIE (U735 17 V.30 1) 1I0F 1 I dl ZU'L, Ui cn \n- Du)4l DI {70.U g, Ju4 IImMol) 4ina

CuBrp (63.0 g, 282 mmol) were added. After stirring for 2 h at 20 °C in the dark, the solids were filtered off
and washed with CH2Cly (2 x 0.2 1). The combined filtrates were washed with water (3 1), diluted aqueous
NH3 (3 x 0.5 1), 0.5N HCI (50 ml), saturated NaHCO3 (50 ml) and brine, dried (MgSO4) and concentrated
i.vac..The residue was stirred in a mixture of iso-hexane (1.5 1)/diethyl ether (0.5 1) to give 8 (94.0 g, 77%).
The dimethyl(methylthio)sulfonium triflate (DMTST) rcagent26 likewise can be used as the promoter.
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6-(N-Benzyloxycarbonylamino)hexyi-O-(2,3,4-iri-O-benzyi- a-L-fucopyranosyij-(1 =3)-2-acetamido-6-O-

benzyl-2-deoxy-f3-D-glucopyranoside (9) Small scale synthesis: A suspension of 8 (0.260 g, 0.271 mmol)
and NaCNBH3 (0.171 g, 2.71 mmol) in dry THF (10 ml) was treated very slowly at 25°C with a saturated
solution (sat. at 25°C) of HCIl in diethyl ether under careful control of the pH value (5.0-4.5) and by TLC
monitoring. Then solid NaHCO3 (1.0 g) and ethy! acetate (50 ml) were added. The mixture was washed with

saturated aqueous NaHCO3 and brine, dried (MgSQOy), concentrated i.vac. and purified by flash chromato-
phy (10% =260% ethyl acetate in toluene) to give 9 (0.240 g
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HGlcNAc), 3.68 (dd, 1 H, 4-Hpyc), 3.93 (dd, 1 H, 3-Hpyc), 4.07 (dd, 1 H, 2-Hpy), 4. 10 (dd, 1 H, 5-Hpye),
3.85(dd, 1 H, 3-HGlcNAc) 4-83 (d, J1.2 = 8.4 Hz, 1 H, 1-HGIcNAC) 498 (d, J12 = 4.1 Hz, 1 H, 1-Hpyc),
5.02 (s, 2 H, PhCHy), 5.53 (d, 1 H, NHAcGIcNAg), 7-1-7.4 (m, 20 H, Ph) ppm; FAB-MS m/z: 959 (M+H™);
981 (M+Nat). Large scale synthesis of 9: The reduction of 7 (26.0 g, 27.1 mmol) with NaCNBH3 (17.1 g,
271 mmol) in dry THF (1 1) and the isolation of 9 were performed in an analogous manner as described

~~
S o

above, In addition, samples were taken from the reaction and checked by IH NMR for the presence of the

benzyhdene resonance at ca. 5.48 ppm To separate the product from boron derivatives, the concentrated
ated. Yield of 9: 18.6 g (71%)

X Nno
VAU 21X ST A aa vaps LAV wive v /0.

6-(N-Benzyloxycarbonyiamino)hexyl-O-(2,3,4-iri-O-acetyi-6-O-benzyi-f3-D-galaciopyranosyl)-(1 24)-O-

[(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-(1 23) ]-2-acetamido-6-0-benzyl-2-deoxy-f3-D-glucopyranoside(11)
Small scale synthesis: A solution of 10122 (0,197 g, 0.364 mmol) and 9 (0.222 g, 0.226 mmol) in dry
CH,Cly (2 ml) and molecular sieves 4 A were stirred for 30 min at 20°C. After addition of BF3(OEt) (0.24
ml) and stirring for 4 h at 25°C, the reaction was quenched with NaHCO3 (1 g) and diluted with CH»Cly (25
ml). The organic phase was washed with saturated aqueous NaHCO3 and brine, dried (MgSO4) and

concentrated i.vac.. Purification by flash chromatography (25% 250 % ethyl acetate in toluene) gave 11

(0.221 g, 73%); Rg= 0.61 (CHCl/MeOH 20:1); TH NMR (300 MHz, CDCl3): 1.11 (d, 3 H, 6-Hpy), 1.25

(m, CH2spac.)s 1.46 (m, CH2gpac.), 1.77 (s, 3 H, NAc); 1.87, 1.96, 2.0 (3s, 9 H, OAc), 3.14 (m, 2 H,

CHaspac.)» 5.05 (s, 2 H, PhCHy), 5.41 (4, J1 2 = 4.0 Hz, 1 H, 1-Hpyc), 5.96 .0 Hz, 1 H,
H, Ph) ppm; FAB-MS nv/z: 1340 (M+H™); 1362 (M+Na™)

NHAcGIcNAc), 7-1-7.4 (m, 25

6-(N-Benzyloxycarbonylamino) hexyl-O-(6-O-benzyl-f3-D-galactopyranosyl)-(1 4)-O-[(2,3,4-tri-O-benzyl-
a-L-fucopyranosyl)-(1 '93)]—2—acetamido—6—0—behzyl—2—deoxy—ﬁ—D—glucopyranoside (12).

Small scale synthesiS‘ 11 (0.204 g, 0.152 mmol) and NaOMe (1.6 ml of 0.1N solution in MeOH) in dry
MeOH (6 ml) was stirred for 3 h at 25°C. The solution was neutralised (HOAc) and concentrated. Flash

chraomatooranhvy (5%, 22094 eQOH in CHAClIa) gave the title trisacchande 12 (0180 o. 97%): Re= (.44
Ulu\llll“tvé‘“yll] \J FU F de T /U AVEAWN AL Aid VLLLVAL/ b“'v PAAW CAVAW RAACAVLILA AN A A \V-IVV b’ P /\J” A\l

(OO I OIT A0 1) Tl 20 — 400 70 = 1 MaNIDy 11T NIMD 200 MIT, OV 1N (A T, o = £ 6
\Lnguip/vieurn 2uilj, [GJpH 45.7(C 1, MIBUIL), I NI OV MIOZ, L3yl 1uo (G, 965 0.6
Hz, 3 H, 6-Hpue), 122 (m, CHgpac), 1.4 (m, CHagpac), 182 (5, 3 H, NAC), 2.98 (1, 2 H, CHagpac). 5.05
(s, 2 H, PhCHy), 5.19 (d, J 2 = 3.6 Hz, 1 H, 1-Hpyc), 6.00 (d, 1 H, NH), 7.1-7.4 (m, 25 H, Ph) ppm; FAB-

MS mv/z: 1217 (M+H™); 1239 (M+Na™).
Large scale synthesis of 12: The mixture of 10 (25.3 g, 46.8 mmol), 9 (30.0 g, 31.3 mmol), tetramethyl urea
(1 ml) and molecular sieves 4 A in dry (CH,Cl)p (400 ml) was stirred for 1 h at 55-60°C. At 60°C TMSOTf
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(1 ml) was added and after 1 h at 55-60°C the reaction was quenched by adding NEt3 (0.5 ml) at 30°C and
diluted with CH7Cl, (250 ml). The organic phase was washed with saturated aqueous NaHCO3 and brine,
dried (MgS0O4) and concentrated i.vac.. The residue was filtered over silica gel (1.5 kg, 40-60 p) using ethyl
acetate in iso-hexane (gradient 25% ->50%) as eluent to give crude 11 (31.0 g) which was stirred with
NaOMe (1.6 m! of a 35% solution in MeOH) in dry MeOH (150 ml) for 2.5 h at 25°C. The product was
isolated as above. Yield of 12: 24.62 g (64%).

6-Aminohexyl-O-(-D-galactopyranosyl)-(1 24)-O-[{a-L-fucopyranosyi)-(1 23)]-2-acetamido-2-deoxy-f-D-
glucopyranoside (2): The procedure to remove the benzyl groups in 12 (4.87 g, 4.00 mol) by catalytic
hydrogenation was analogous to that described for the preparation of 1b to give the LeX derivative 2 (2.23 g,
91%). [a]p20 = -54.3° (c = 1, Hp0); 1H NMR (600 MHz, D0): 1.17 (4, 3 H, J = 6.0 Hz, 6-Hpyc), 1.30-
1.42 (m, 4 H, NCoH4CoHy), 1.57, 1.67 (2m, 4 H, NCHpCHpCoH4CH»y), 2.03 (s, 3 H, Ac), 2.99 (t, 2 H, I =
7.0 Hz, CH3N), 3.59 (pseudo-t, 1 H, J = 9.0 Hz, 2-HGa)), 3.60 (m, 3 H, 5-HGa), 5-HGicNAc» CHaOgpacer),
3.66 (dd, J = 3.5 Hz, J = 9.5 Hz, 1 H, 3-HGgg)), 3.70 (dd, 1 H, J 2 = 4.5 Hz, I 3 = 11.5 Hz, 2-Hpy), 3.73

1,2 uc

(m, 2 H, 6-HgGgal), 3.78 (d, ] = 3.0 Hz, 1 H, 4-Hpy), 3.83-3.95 (m, 7 H, Cﬂbgs-pace“’ 4-HGal, 3-HFye, 2-

HgicNAce 3-HGicNAc 4-HGicNAc 58-HGicNAc), 4-00 (dd, J=1.0Hz, I = 12.0 Hz, | H, 6b-HGIcNAc)
1

446 (d,J=75Hz, 1 H, 1-Hgyy), 4.53 (d, J = 7.5 Hz, 1 H, 1-HGIcNAC): 4.83 (m, 1 H, H-5pyc), 5.12 (d, 1
H,J = 4.5 Hz, 1-Hpyg). }3C-NMR (124.7 MHz, D0): 173.96, 170.83 (2 Ac), 101.67 (1-CGay), 100.80 (1-
CGicNAc)> 9843 (1-Cpyc), 7521 (5-CGIcNAc): 7478, 7475 (3-CGicNAc» 3-CGal)s 7326 (4-CGlcNAC):
7235 (3-CGay), 71.75 (4-Cryc), 7090, (2-CGal)s 70.29 (CH2Ospacer): 69.09 (3-Cpyc), 68.19 (4-CGal),
67.57, (2-Cpyc), 66.54 (5-Cryc), 6131 (6-CGal). 5965 (6-CGlcNASH 5569 (2-CGlcNAS), 39.26

(CH2Nspacer). 28.21, 26 47, 25.07, 24.46 (NCH2C4Hg), 22.10, (Ac), 15.13 (6-CFyc) ppm.

6-(N-Benzyloxycarbonylamino)hexyl-O-(methyl - 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-
a-D-galacto-2-nonulopyranosylonate)-(2 23)-O- {6-0-ben "yl-j.?-DJ-'a.a'ct pyranosyl)-(1 =24)-0-[(2,3,4-tri-
O-benzyl-a-L-fucopyranosyl)-(1 23)]-2-acetamido-6-O-benzyl-2-deoxy-f3-D-glucopyranosid
Two batches were run in paraliel and then subjected to combined work-up: Trisaccharide 12 (4.20 g, 3.45
mmol), thioglycoside 1317 (2.66 g, 5.10 mmol) and powdered molecular sieves 4 A (5 g) were stirred for 1 h
at -70°C in a mixture of CHCly (24 ml) and CH3CN (24 ml). Silver trifluoromethane sulfonate (AgOTf,
2.00 g) and methylene sulfenyl bromide (MSB, 5 ml) were added. After stirring for 1 h at -70°C, additional
amounts of 13 (1.40 g, 2.68 mmol) and MSB (2 ml) were added, and after 50 min further 13 (1.0 g, 1.91

mmol), MSB (1 ml) and AgOTf (1.0 g). After 12 h at -35°C the combined two batches were worked-up as

follows: The cold reaction mixture (-30°C) was filtered and the residue was washed with CHyCly (2 x 30
ml). The combined organic phases were washed with cold saturated aqueous NaHCO3 (2 x 50 ml) and with

20% aqueous NapSp03 (2 x 50 ml), dried (MgSO4) and concentrated i.vac. The residue (17.7 g) was
dissolved in dry MeOH (200 ml) containing NaOMe (3 mi of a 35% solution in MeOH) and stirred for 2 h at
20°C. Filtration, concentration and column chromatography (5% 220% MeOH in CH,Cly) gave the product
mixture 14a-c (5.80 g, 55%) and recovered 12 (2.0 g, 23%). TLC revealed the presence of the 3 components
(Scheme 4) which were not separated since analogous structures already have been assigned previouslyz8

For the following synthesis of 1b, no further purification was required.
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6-Aminohexyl-O-(5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonic acid)-(2 23)-0O-
(3-D-galactopyranosyl)-(1 24)-O-[ a-L-fucopyranosyl)-(1 23) ]-2-acetamido-2-deoxy-f3-D-glucopyranoside

(1b): The mixture of 14a-c (2.62 g, 1.72 mmol), 0.70 g Pd-black and HCO»H (7.5 ml, dropwise addition) in
MeOH (120 ml) was stirred for 18 h at 20°C. The reaction was filtered and concentrated i.vac.. The residue
was evaporated with toluene (3 x 10 ml) i.vac., taken up in water (10 ml) and filtered. The filtrate was
subjected to gel permeation chromatography (Biogel P2, column 5x50 cm, water). Freeze-drying gave the

debenzylated lactone/methyl ester mixture (1.31 g, ca. 83%) which has been used to prepare diverse sLeX

__________ 6 TLic crn memnaeed ofthe mathil actar and mainty the 1 A7 Tantaos daniond fos 14R fa

LUIIJ ngdl.b LIS mxtuu:, COHIPOSTU UL tne lllUtll_yl ester anda i1iatiily tUC 1= -ldaLluLle u YU 1101 18V, Wdd
rYy ~ - k3 £~ ~AN rY

dissoived in water (40 mi) and adjusted to pH 10.5 (0.1 N NaOH). After stirring for 2 h at 20°C, the pH was

carefully adjusted to 6.0 (0.1 N HCI). The freeze-dried product was purified in the same manner as described
above to give the title compound 1b (1.27 g, 80%). [a]p20 = -44.9° (¢ = 1, Hy0). IH NMR (600 MHz,
D70): 1.17 (d, 3 H, J = 6.0 Hz, 6-Hpy), 1.30-1.42 (m, 4 H, CoHggpac ), 1.58, 1.67 (2m, 4 H, NCH,CH>-
CoH4CHy), 1.80 (pseudo-t, J = 11.0 Hz, 1 H, 3'HNana/ax) 2.03 (s, 3 H, NAcNana): 2.05 (s, 3 H,

NACGIcNAc): 277 (dd, 1 H, T =4.5, 11.0 Hz, 3-HNana/equ), 3.00 (, 2 H, J = 7.0 Hz, CHpNH3™), 3.53 (dd,
1H,J=90,10.0Hz, ?_Hn 1) 3.59 (m, 4 H, 5-Hgal, 5-HGleNAes 7-HNana, CHaOgnac ), 3.63-3.74 (m, 6
* 3 Jaln VJILINLALS INalia? == apau./’ \

U &M~ 1+ A6 Qs . Hur 2-Hr 27 4(d T=45 H7z 1 H 4. Hr. ) 383248 m 10 H CHhO. ...~
J.J.’ w llual, 'T,U,Ja J.J.Nana, Pl W ruc} RN A \u 0g Teus LLLJ, X LJ., g LLruc,, e T ST \ll.l., AV Ll \./ALUVSpaC L)
5,8,9b-HNana- 4-HGal> 3-HFuc, 2.3,4,6a-HGIcNAc), 4.0 (dd, J=25,12.0 Hz, 1 H, 6b-HGicNAc), 4.09
(dd, 1 H, J=3.5, 10.0 Hz, 3-Hga), 4.52 (4, J“')OHZ, H, 1-HGIcNAc), 4.33 (d, ] = 9.0 Hz, 1 H, 1-HGga)),

172 ~ PR

4.82 (m, 1 H, H-5pyc), 5.11 (d, 1 H, J = 4.0 Hz, 1-Hpyc). 13C NMR (124.7 MHz, D,0): 174.94 (COzH),
173.97/173.67 (2 OAc), 101.53 (1-Ca]), 100.87 (1-CGleNAC)> 9970 (2-CNana)» 98-44 (1-Cpyc), 75.60 (3-
CGal)s 75-18 (5-CGIeNA) 74:92 (5-CGal)s 74.74 (3-CGleNA): 7330 (4-CGleNAC): 72.82 (6-CNana):
71.77, 71.74 (4-Cpyc, 8-CNana)» 7032 (CH2Ogp4c), 69.15, 69.09 (2-CGal, 3-Cuc), 68.14, 68.04 (4,7-
CNaga) 67.63 (2-CFyc), 67.21, (4-CGal), 66.57 (5-Cpye), 62.53 (9-CNana)s 61.35 (6-CGal), 59.59 (6-

GGt Qis? AR YLV

CGlIcNAc) 55.73 (2-CGieNAc)> 51.61 (5-CNana)s 39.70 (CH)Ngpac), 39-32 (3-CNana)> 28.24, 28.54,

25.09, 24.48 (C4Hgspac ), 22.14/21.93 (2 Ac), 15.15 (6-Cryc)-

P

pyranose (21): The lactosamine derivative was synthesnsed by reported methods222,31 which were scaled up
as follows: A mixture of 3-O-(B-D-galactopyranosyl)-D-arabinose (18) (87.5 g, 0.28 mol, prepared from
lactose) and benzylamine (34.0 ml, 0.31 mol) in dry ethanol (350 ml) was heated under reflux until 150 ml
of ethanol were distilled off (ca. 1.5 h). The dark-brown reaction was diluted with dry ethanol (300 ml) and
stored for 48 h at 0°C. The -benzylamino-Z‘—deoxv-}O—( B-D-galactopyranosyl)-D-arabinose (19) was
isolated as crystals (91.0 g, 81%), and then was stirred with NaCN (12.2 g, 0.25 mol) in dry ethanol (0.7 1) at

1.V 5, 01 70) A Hield 11

in dry ethanol (180 0 ml) over 25 min 0°C, eﬁmno was

10A m,; dry ethanol (180 stirrir

continued for 5.5 h at 20°C. After standing for 24 h at -20°C, the crude 2-benzylamino-2-deoxy-3-O-(B-D-

Ve TN [o BPS ¥4 | VA A -1 U |

galactopyranosyl)-D-glucononitrile (20) crystailised (73.2 g, 75%). A solution of 28 (18.0 g, 42.0 mmol) in
0.5 N HCI (200 ml) was hydrogenated over Pd/BaSOy4 (5%, 12 g) at 20°C for 13 h to take up ca. 2.20 I of
hydrogen. To the filtrate was added NaHCO3 (8.20 g, 98.0 mmol), and then a solution of phthalic acid
anhydride (13.06 g, 88.0 mmol, dropwise) in acetone (0.44 1), and again NaHCO3 (7.4 g, 88.0 mmol) were
added within 30 min. After stirring for 5 h, the reaction was concentrated i.vac. and the residue evaporated

with toluene/ethanol (3 x 50/50 ml/ml). The residue was heated with acetanhydride (110 ml) and pyridine
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(170 ml) for 10 min up to 100°C. Afier stimine for 1. VTN e
{170 muj 1or 1U min up to 100°C. After stiiming ioi i t

at 20°C, the reaction was poured into ice, stirred for

)
=

.4

1 ~

10 min and fiitered. The filirate was extracted with CHCl; (3 x 300 mi), and the combined organic phases
were washed with 1N HCI, saturated NaHCO3 and brine, dried (MgSQOy4), filtered and concentrated. The
residue was purified by flash chromatography on silica gel (ethyl acetate/toluene 1:2) to give a crude product

T
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Figure 2: 13C NMR (124.7 MHz, DEPT, D50) of the title sLeX conjugate 1b.

(23.4 g) which was purified by crystallisations from CH 2C12/n-hexane and MeOH, to give 21 (1792 g,

J
3GleNPht)> 5-35 (dd, J3 4 = 3.0 Hz, J4 5 = 1.0 Hz, 1 H, H-4Ga)), 5.12 (
H, H-2Ga1), ),495 (dd, J3 4 =3.0 Hz, J2 3 = 10.0 Hz, lH H-3Ga), 454 (d, J1 2 = 80Hz,, 1 H, H-1GaD,
4.36 (dd, J2 3 = 10.0 Hz, J1 3 = 9.0 Hz, | H, H-2GlcNph): 2-15, 2.14, 2.07, 2.05, 1.98, 1.96, 1.91 (7s, 21 H,
Ac). Characteristic signals for the minor o-acetate were at 6.40 (dd, Jp 3 = 11.0 Hz, J3 4 =9.0 Hz, 1 H, H-
3GIeNPht) and 6.22 (d, J1 2 = 3.0 Hz, 1 H, H-1BGlcNPht) ppm (revised assignmentzza);

! g

eoxy-2-phthalimido-4-0-(2,3,4,6-tetra-O-acetvl- f-D-galactopyrano-
™m

L9
)
3
N
>
2
D
d
3 ;
—~
3

N\

and molecular sieves 4 A in dry (CHCl)2 (30 ml) was stirred for 30 min at 0°C, then TMS-OTf ( 4 ml,
8.50 mmol) was added. After 2.5 h at 20°C, NEt3 (3.1 ml, 22 mmol) was added. The mixture was fiitered,
the filtrate washed with water, dried (MgSOy4) and concentrated to give a crude product (11.1 g) which was

purified by flash chromatography on silica (ethyl acetate/toluene 1:4). Yield of 22: 7.90 g (77%). TH NMR

Kretzschmar, W. Stahl / Tetrahedron 54 (1998) 6341-6358 6355
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(300 MHz, CDCl3): 7.70-7.90 (m, 4 H, Pht), 5.74 (dd, Jp,3 = 10.0 Hz, J3 4 = 8.0 Hz, 1 H, H-3GIcNPht)s
5.36 (d, J1 2 = 8.0 Hz, 1 H, H-1aGIcNPht)s 534 (dd, J3 4 = 3.0 Hz, J4 5 = 1.0 Hz, 1 H, H-4Ga)), 5.12 (dd,
J1,2 =8.0 Hz, Jp 3 = 10.0 Hz, 1 H, H-2Gy)), ), 4.96 (dd, J3 4 = 3.0 Hz, Jp 3 = 10.0 Hz, 1 H, H-3Gy)), 4.53
(d,J1 2 =8.0 Hz,, 1 H, H-1G,)), 3.25 (t, 2 H, CH)N3), 2.14,2.13, 2.07, 2.04, 1.98, 1.91 (65, 21 H, Ac).

6-Azidohexyl-O-[2-deoxy-2-acetamido-4-O-(F-D-galactopyranosyl) ] - R—T)-alurnm;rnnnwde (23): 22 (7.90 g,
9.32 mmol) was stirred in dry MeOH (30 ml) with NaOMe in MeOH (0.5 ml, 30% solution) for 1.5 h at
ANQM R Sprag: [ [P LA -NTIT 71NN - s | +L

LU, lﬂe reaCIlOn wads COnCCnlrdlcU UlbbUIVEU lI] ury 1V1€Ul'1 [QAYY) Iﬂl) d.IlLl lﬂﬁ?Il Ilﬁdlﬁu at reliux Wilﬂ
hydrazine hydrate (5 ml, 80%) for 4 h. The mixture was concentrated, and toiuene (2 x 20 ml) was distilled
from the residue. The residue was taken up in MeOH (50 ml) and acetic anhydride (3.6 ml) at 0°C. The
mixture was stirred for 1.7 h at 0°C, diluted with ethanol (30 ml) and stirred for 4 h at 0°C. After filtration at
0°C, the solution was concentrated nearly to dryness and the residue diluted with acetone. The precipitated
azide 23 (3.79 g, 80% 3 steps) was characterised as the hydrogenated title compound 3.

"U

dissolved in H»O (5 ml) and applied to GPC (Blogel H»0) to give 3 (2.02 g, 91%) as a colourless solid.
14 NMR (300 MHz, D70): 1.35 (m, 4 H, CHZspac.), 1.57 (m, 4 H, CH2spac.), 2.03 (s,3H, Ac),2.82(t,J=
7.0 Hz, 2 H, CHpNH)»), 3.51-3.64 (m, 4 H, 2,5-HGal, 5-HGIcNAc cgaospac_), 3.67(dd,J=3.0,10Hg, 1
H, 3-HGgap), 3.70-3.96 (m, 8 H, 4,6-HGgal, C_I_-I_bOSpac', 2,3,4,6a-HGIcNAc), 4.00 (dd, J = 2.0, 12.0 Hz, 1 H,
6b-HGIcNAg), 448 (d, Jlaz =7.5Hz, 1 H, H-1Ga1), 453 (d, J = 7.5 Hz, 1 H, H-1G]lcNAc)- 13C.NMR
(75.41 MHz, D20): 173.97 (Ac), 102.05 (1-Ca)), 100.80 (1-CGicNAc), 78.50, 75.20, 74.40, 72.35, 72.30,
70.90, (3,4,5-CGlcNAc 2.3,5- CGal, 70.05 ((“Hq().m.m\ 68.20 (4-Cgap, 60.90 (6-Cgal), 59.95 (6-

VLAY, 2HyT,Y CINAD “~»H"v{ggi/» VY- =2Y'spac. /s LO.&LU (LU 35]) YV.IU

CGlcNAc) 54.70 (2-CGlecNAc): 39-30 (CHaNHy), 28.20, 28.05, 24.95, 24.25 (C4Hg), 22.00, (Ac).

Chem., 1995, 3, 207-215; d) Springer, T.A., Cell, 1994, 76, 301-314.

2. a)Kannagi, R., Glycoconjugate J., 1997, 14, 577-584; b) Renkonen, R., Mattila, P., Majuri, M.-L
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Ahilbnwn V T ooy L han T
CiiiKawa, Y. l\ajimﬁtu, i. ,nngé“vv {nem.int a.

432;b) Wong, C.-H., Halcomb, R.L. Ed Engl, 1995, 34,
521-546; ¢) Ichikawa, Y., Lin, Y.-C., Dumas, D.P., Shen, G.-J., Garcia-Junceda, E., Williams, M.A,,

Ja
o~
N
b
<
=

gcl
@]
L
o
ap)
2
<
Q<
k=2
e}
t-!

., Ichikawa, Y., Kajimoto, T., Angew.Chem.int.

Dover B Lat T
Dayer, K., Agicnain, L., waiker, L.

9298.



~]

10.

11.

12.

13.
14.
15.

[am—ry

oy

~

co

9!

74 £ 74 !

G. Kretzschmar, W. Stah! / Tetrahedron 54 (1998) 63416358 635

b) Kretzschmar, G., Teirahedron, 1998, 54, 3765-3780.
Kretzschmar, G., Sprengard, U., Kunz, H., Bartnik, E., Schmidt, W.D., Toepfer, A., Hérsch, B., Krause,
M., Seiffge, D., Tetrahedron, 1995, 51, 13015-13030.
Sprengard, U., Schudok, M., Schmidt, W.D., Kretzschmar, G, Kunz, H., Angew.Chem.Int. Ed. Engl.
1996, 35, 321-324.
Ratcliffe, M.R., Venot, A.P., Abbas, Z.S., Chembiomed Ltd, EP 0319253, priority from 2/12/1987, filed
30/11/1988, published 7/6/1989 (US 127905).

} Nicolaou, K.C., Hummel, C.W., Bockovich, N.J., Wong, C.-H., J.Chem.Soc., Chem.Commun., 1991,
70-872; b) Nicolaou, K.C., Hummel, C.W_Iwabuchi, Y., J. Am.Chem.Soc., 1992, 114, 3126-3128; c)

a) Hasegawa, A., Ando, T., Kameyama, A, Kiso, M., Carbohydr.Res., 1992, 230, C1-C5; b) Hasegawa,
A., Ando, T., Kameyama, A., Kiso, M., J.Carbohydr.Chem., 1992, 11, 645-658; c) Kameyama, A_,
Ishida, H., Kiso, M., Hasegawa, A., J.Carbohydr.Chem., 1991, 10, 549-560.

Toepfer, A., Synthesen von Blutgruppen- und tumorassoziierten Antigenen: Die erweiterte Familie der
LeX-Glycosphingolipide, Konstanzer Dissertationen 359, Hartung-Gorre Verlag, Konstanz, 1992.

a) Danishefsky, S.J., Gervay, J., Peterson, J.M., McDonald, F.E., Koseki, K., Oriyama, T., Griffith;
D.A., Wong, C.-H., Dumas, D.P., J.Am.Chem.Soc., 1992, 114, 8329-8331; b) Danishefsky, S.J.,
Gervay, J., Peterson, J.M., McDonald, F.E., Koseki, K., Oriyama, T., Griffith, D.A., Marseden, S.P.,
J.Am.Chem. Soc., 1995, 117, 1940-1953.

Kondo, H., Ichikawa, Y., Wong, J. Am.Chem.Soc., 1992, 114, 8748-8750.

Dekany, G., Wright, K., Toth, L., J Carbohydr.Chem., 1997, 16, 983-999.

a) Kretzschmar, G., Toepfer, A., Hiils, C., Krause, M., Tetrahedron, 1997, 53, 2485-2494 and ref. cited
herein; b) Chem. & Engin. News, 11/10/1997. If compounds which were designed to be tested as
selectin antagonists have been prepared using ion exchange resins, one takes severe risk to generate
false positive results. E.g., Amberlite IR-120 (H™) resin!4 releases trace amounts of polyanions being
the most potent P-selectin antagonists reported to date.

Yamazaki, F., Kitajima, T., Numata, T., Ito, Y., Ogawa, T., Carbohydr.Res., 1990, 201, 15-24.

b) Hasegawa, A., Nagahama, T., Ohki, H., Hotta, K., Ishida, H., Kiso, M., J.Carbohydr.Chem., 1991,

10, 493-498.
Banoub, J., Chem.Rev., 1992, 92, 1167-1195

. Kiso, M., Nishigushi, H., Murase, S., Hasegawa, A., Carbohydr.Res., 1981, 88, C5-C8.
20.

Lemieux, R.U., Takeda, T., Chung, B.Y., ACS Symp.Ser., 1976, 39, 90-115.



6358

21.

22.

28.

29.

30.

31.

32.

33.

34.

G. Kretzschmar, W. Stahl / Tetrahedron 54 (1998) 6341-6358

Compound 5b was used likewise to prepare 1b. In addition, the whole sequence was performed using

a) Alais, J., Veyrieres, Carbohydr.Res., 1990, 207, 11-31; b) Guilbert, B., Flitsch, S.L., J.Chem.Soc.,
Perkin Trans. 1,1994, 1181-1186.

Paulsen, H

Paal, M., Carbohydr.Res., 1984, 135, 53-69,

Chaplin, D., Crout, D.H.G., Bomemann, S., Hutchinson, Khan, R., J.Chem.Soc.Perkin Trans. I, 1992,
235-237.

. Fiigedi, P., Garegg, P.J., Carbohydr.Res., 1986, 149, C9-C12.
. a) Garegg, P.I., Hultberg, H., Carbohydr.Res., 1981, 93, C10; b) Garegg, P.J., Hultberg, H., Wallin, S.,

Carbohydr. Res., 1982, 108, 97, ¢) Garegg, P.J., Classon, B., /(‘nrhnhvdr Chem., 1989, 8, 5543-5551.

a) Sprengard, U. Diplomarbeit, September 1993, Mainz/Germany; b) Stahl, W., Sprengard, U.,
Kretzschmar, G., Kunz, H., Angew.Chem.Int. Ed. Engl., 1994, 33, 2096-2098; c) Stahl, W., Sprengard,
U., Kretzschmar, G., Schmidt, D.W., Kunz, H, J Prakt Chem., 1995, 337, 441-445,

a) Numata, M., Sugimoto, M., Koike, K., Ogawa, T., Carbohydr.Res., 1987, 163, 209, b) Gervay, J.,
Peterson, J.M., Oriyama, T., Danishefsky, S.J., J.Org.Chem., 1993, 58, 5465-5468; c) Ray, A K.,
Nielsson, U., Magnusson, G., JAm.Chem.Soc., 1992, 114,2256-2257.

Martin, T.J., Brescello, R., Toepfer, A., Schmidt, R.R., Glycoconjugate J., 1993, 10, 16-25, b) Kondo,
H., Aoki, S., Ichikawa, Y., Halcomb, R.L., Ritzen, H., Wong, C.-H., J Org.Chem., 1994, 59, 864-877;
¢) Sim, M.M., Kondo, H., Wong, C.-H., J.Am.Chem.Soc., 1993, 115, 2260-67.

Alais, J., Veyrieres, A., Carbohydr.Res., 1981, 93, 164-165; b) Jezo, 1., Zemek, J., Chem.Zvesti, 1979,
33, 533-541.

Tsukida, T., Yoshida, M., Kurokawa, K., Nakai, Y., Achiha, T., Kiyoi, T., Kondo, H., J.Org.Chem.,
1997, 62, 6876-6881.

Nashed, M.A., Musser, J.H., Carbohydr.Res., 1993, 250, C1-C4; b) Singh, K., Fernandez-Mayoralas,
A., Martin-lomas, M., J.Chem.Soc.,Chem.Commun., 1994, 775-776.

Horsch, B., Ahlers, M., Kretzschmar, G., Bartnik, E., Seiffge, D., WO 9534-673, filed 16/06/1994.



