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Abstract: Monocyclic and bicyclic lactam units representing B-turn surrogates were incorporated into a sialyl LeX
structure by replacement of the natural sugar components. Low micromolar activity was found in a new P-
selectin binding assay. © 1998 Elsevier Science Ltd. All rights reserved.

As a result of the potential therapeutic benefits of discovering discrete structures that are capable of
mimicking sLe* 1 in cell adhesion processes,! much effort had been expended in the synthesis of simplified
analogs.2 In spite of the large variety of chemical, structural, and functional modifications of sLeX itself, and the
design of related structures, progress in the discovery of novel structural entities in this area has been relatively
modest, mainly due to the complexity of the process of recognition and the apparent specificity of the natural
substrate itself.3
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Continuing our interest in the design of glycomimetic motifs related to sLeX,# we report herein the
synthesis of analogs and novel entities in which one or more sugar residue has been replaced by a functionally
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mimetic unit. Specifically, we report on the incorporation of an indolizidinone-type unit as a B-turn-like scaffold,’
and of a hydroxylated y-lactam® to replace the GlcNAc and the D-gal-GlcNAc disaccharide residues respectively
(Figure 1).

Inspection of molecular models and a study of available data’ on the conformation of sLeX led us to
consider compounds 2-6 as plausible mimetics. In particular, we were intrigued by the possibility of maintaining
an orientation of the D-gal unit in 2 and 3 that approximated the natural disposition of the D-gal-GlcNAc
disaccharide residue, due to an anticipated H-bonding between the C-6 hydroxymethyl group and the
indolizidinone carbonyl as shown in Figure 1. To the best of our knowledge, the incorporation of B-turn-like
motifs in sLeX mimetics has not been addressed. The choice of the indolizidinone and y-lactam scaffolds was
based on the expectation that the a-fucosyl and other residues shown in structures 2-6 would have an orientation
similar to that found in sLeX itself.

The indolizidinone motif 7 previously synthesized from L-pyroglutamic acid® was a-fucosylated with the
newly introduced thiocarbonate activated donor 9, and the resulting glycoside was deacetylated to give 10, which
we used as a versatile scaffold for introducing diversity at the sialyl-D-gal site in the original sLeX (Scheme 1).
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Treatment of 10 with the 2-pyridylthiocarbonate activated sialyl-D-gal residue? 11 afforded an excellent
yield of the pseudotetrasaccharide12. Removal of the protective groups led to the indolizidinone sLe¥ mimetic 2.
Alternatively, formation of the B-galactoside 14 was achieved under standard conditions (Scheme 2). Desilylation
followed by a-fucosylation? led to the pseudotrisaccharide 15 after separation from a minor amount of the
undesired B-fucoside (~5/1 a/f ). Partial deesterification, stannylidene formation, and site-selective alkylation
with methyl bromoacetate led to the corresponding ether analog 16. Removal of the protective groups in the usual
manner led to the desired pseudotrisaccharide 3 in which the sialyl residue is replaced by a glycolic acid unit.10
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We next addressed the synthesis of simpler o-fucosyl glycosides in which the sialyl-D-gal-GlcNAc residue
was replaced by the indolizidinone scaffold with an acidic appendage (Scheme 3). Thus, the a-fucoside 10

Scheme 2.
Bno M
a ACO b, ¢
HO N Al OPiv AcO 0 N o
S. N
R d S ML oany S
OTBDPS A AcO “oPiv OTBDPS Bt OB0 o P
AcO
7
138 14 9
L()EH\ /Q? ———— MeOZC’\O#/\ /C? 3
AcO ~OPiv HO " OPiv [o]p - 52.9°
(c 0.48, H0)
Me ° 0Bn Me O 0Bn
OBn OBn
BnO BnO
15 16

a. AgOT, tetramethylurea, -78 °C, 2 b, 60%; b. HF, Py, 1t, 4 h, 75%; c. CuBry, BuyNBr, CHCl, 1t, 16 h, 71%; d. NaOMe, 0°C, 5 h,
80%; ¢. Bu;Sn0O, then methyl bromoacetate, 100 °C, 12 h, 50%; f. PA(OH)y/C, Hy, MeOH, rt, 12 b, quant; g. MeONa, MeOH, 11, 5 h, then
0.1 N NaOH, then Dowex-50 (), quant.

was treated with methyl o-diazophenylacetate in the presence of rhodium diacetate!! to afford a 3/1
diastereomeric mixture of mandelate ethers 17 that could be chromatographically separated. The mixture of ethers
was subjected to a two-step deprotection protocol to afford the mimetic 4 as a mixture of diastereomers. In order
to have an appreciation for the importance of the functional requirements at the acidic appendage in 4, which was
included to simulate the sialyl residue, we also prepared the glycolate ether § (Scheme 4). Alkylation of 7 under
standard conditions, followed by desilylation led to the alcohol 10, which was subjected to sequential o-
fucosylation and deprotection to give 5.
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Scheme 4.
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Finally, we also prepared a simpler lactam scaffold analog 6 as illustrated in Scheme S. Thus, o -
fucosylation of the lactam dioll2 18 was selective (3/1) at the C-3 hydroxy group. Etherification at the C-4
hydroxy group via the t-diazo ester protocol gave the protected pseudodisaccharide 19 which was deprotected to
afford the desired mimetic 6 as a mixture of diastereomers at the mandelate ether carbon atom.
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a. CuBry, BuyNBr, CH,Cl, 11, 16 h, 60%; b. benzyl a-diazophenylacetate, Rha(OAc)y, 1t, 12 h, 70%:; c. TBAF, AcOH, rt, 6 h,
90%; d. PA(OH),/C, Hp, MeOH, 1t, 12 h, 85%.
E and P Selectin binding: In spite of their favorable molecular juxtaposition with the natural substrate, the
conformationally constrained lactam motifs used as replacements of each unit except the a-fucosyl residue in sLe>
were found to be devoid of E-selectin binding activity (ICs, >10 uM). Analysis!3 of the conformational
preferences of the analogs 2-6 using the systematic multiple minimum (SUMM) method!4 implemented in
Macromodel15 revealed that the inactive mimic 2, taken as a representative model, did not have any low energy
conformers near the bioactive conformational space found for sLe¥. 4

The binding of indolizidinone sLeX mimetics to E- and P-selectin was measured by competitive binding
assays.16 Whereas compounds 2, 3, and 5 did not show any affinity for E-selectin, their activity for P-selectin!?
was in the low pM range while that of sLeX was in the mM range. The compounds are currently being further
evaluated in in vitro and in vivo models and the results will be published in due course. Although less is known
regarding the points of interaction of sLeX and its analogs with the P-selectins, 18 the results with the prototypical
scaffold analogs reported in this Letter are indeed encouraging. Promising data in the literature2.19 with
simplified sLeX structures particularly in the case of E-selectins, are steps in the right direction, but the issues of
biological results and their pertinence are complicated by the intrinsically weak binding affinities and the lack of
uniformly acceptable and general testing protocols applicable in laboratories at different geographic locations.
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