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Abstract: In an effort to develop the structural and functional mimics of the tetrasaccharide sialyl Lewis x as
selective inhibitors of P-selectin, we have designed a mannosyl terpenoid derivative that selectively inhibits P-
selectin with an IC,, value of 60 UM, but exhibits no inhibition activity against E- and L-selectins.

© 1997 Elsevier Science Ltd.

Recent study in the selectin-sialyl Lewis x (SLe") tetrasaccharide ligand interaction in response to tissue
injury and reperfusion has stimulated an intensive search for small molecule inhibitors as structural and functional
mimics of the parent carbohydrate ligand.! Of the three selectins (i.e., E-, P-, and L-selectins) known to recognize
SLe* as a common ligand, P-selectin represents the most interesting target for inhibition as it is expressed at a
very early stage (prior to E-selectin expression) of the inflammatory reaction cascade.? Selective inhibition of this
selectin is, however, a significant challenge as all three selectins recognize SLe* as a common ligand, though with
small differences in conformation.3 With the P-selectin-SLe" binding model available recently, ¢4 we have begun
to search for natural product skeletons that can serve as a template for the synthesis of P-selectin antagonists. We
have focused our attention on the space distance and orientation between the negative charge of sialic acid and the
three essential hydroxyl groups of the fucose residue. We found that the terpenoid moiety of stevioside and
isosteviol (both are available from Wako Pure Chem. Inc., Osaka) can be used as a template if an o-mannosyl
residue is placed at the glycosylation site (Scheme 1) of stevioside or at the OH-group of the reduced isosteviols
(based on modeling using Macromodel). The conversion of stevioside and isosteviol to the designed o-mannosyl
derivatives are shown in Scheme 2. Ozonolysis and reduction followed by acid hydrolysis to remove the sugars
and esterification, stevioside was converted to a diol derivative (5) that was selectively mannosylated using the

Schmidt imidate chemistry3 to give the protected desired product (6), which was then deprotected to give the final
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product (1). Acid hydrolysis of stevioside gave isosteviol,6 which after reduction and esterification was
mannosylated similarly to give the desired protected (9) and unprotected products (2).7 Inhibition analysis of
compounds 1 and 2 indicated that 1 is inactive against all three selectins and compound 2 is active against P-
selectin only with ICsy = 60 uM, corresponding to a 100-fold increase in activity compared to SLe". To further
understand the origin of selective inhibition, a more detailed computer modeling was performed, and it was found
that 2 fits into the SLe" binding site very well, with the 3-OH group of mannose interacting with the Ca®* ion and
the carbo*yl groups interacting with the Lys113 side-chain amino group. The binding of 1, however, possesses
some steric problem as the 5-methyl group of 1 is too close to the side-chain of Lys113 (Figure 1), thereby

disrupting the interaction between Lys113 and the negative charge.

Scheme 1. Design of mannosylated terpenoids (1 and 2) from Stevioside and Isosteviol as structural
and functional mimics of Sialyl Lewis X tetrasaccharide for P-Selectin Inhibition
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Figure 1. Modeling of P-selectin binding to 1 (top, inactive) and 2 (bottom, IC5y = 60 pM). Compound 1
does not fit the SLe” binding site as the 5-CH; group is too close to the Lys-113 side chain. Compound 2 fits
well in the active site with the carboxyl group interacting with Lys-113 and mannose-30H interacting with
Glu-80 carboxyl and Ca**.
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Scheme 2. Synthesis of Mimics 1 and 2
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In summary, this study illustrates that selective P-selectin inhibitors can be developed using isosteviol as a

template. Though previous studies on the development of selective selectin inhibitors have shown some success,

this study represents the first design and synthesis of a highly selective SLe* mimic inhibitor of P-selectin. Other

C-linked fucosyl terpenoids have also been reported? to be active against the three selectins but the activities and

selectivity are relatively low. This study has also demonstrated that the P-selectin-SLe” binding model is useful

for the design of new SLe™ mimics. Work is in progress to develop more potent P-selectin inhibitors.
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Physical data for 6, 9 and 1, 2.
Compound 6 [a]p -9.4° (¢ 0.29, CHCly); 'H NMR (CsDsN) & 0.83, 1.17 (each s, 3H, H-18, 20), 2.02,
2.06x2, 2.09 (each s, 3H, CH;COO-), 3.61 (s, 3H, -COOCHj3), 4.57 (m, 1H, H-16), 5.32 (br s, 1H,
Mannose H-1); *C NMR (see Table 1); *Joy (Mannose H-1, C-1) = 174.6 Hz; Positive FABMS m/z 667
[M+H]*; HR positive FABMS 667.3330 [M+H]* (C;34H;5,03, Caled for M, 667.3329); MALDI TOF-MS
m/z 689 [M+Na]*.
Compound 1: [a]p +5.8° (¢ 0.26, MeOH); 'HNMR (CsD;sN) & 1.18, 1.35 (each s, 3H, H-18, 20), 4.54 (m,
1H, H-16), 5.48 (br s, 1H, Mannose H-1); '3C NMR (Table 1). 3Jey (Mannose, H-1, C-1) = 167.2 Hz;
Positive FABMS m/z 485 (M+H)*; HR positive FABMS 485.2748 [M+H]* (C,5H4;09, Caled for M,
485.2750); MALDI TOF-MS m/z 507 [M+Na]*.
Compound 9: [alp —53.7° (¢ 0.18, CHCl,); 'H NMR (CDCl3) § 0.82 (s, 3H, H-17), 1.02 (s, 3H, H-20), 1.18
(s, 3H, H-18), 3.57 (s, 3H, -COOCH}), 3.89 (dd, 1H, J = 4.0, 10.9 Hz, H-13), 4.48-4.55 (m, 2H, Mannose
H-35, 6), 4.62—4.66 (m, 1H, Mannose H-6), 5.14 (d, 1H, J = 1.7 Hz, Mannose H-1), 5.70 (m, 1H, Mannose
H-2), 5.89 (dd, [H, J = 3.3, 10.0 Hz, Mannose H-3), 6.11 (t, 1H, J = 10.0 Hz, Mannose H-4), 7.24-8.14
(20H, Aromatic); 3*C NMR (Table 1). *Joy (Mannose H-1, C-1) = 172.1 Hz; Positive FABMS m/z 913
[M+H]*; HR positive FABMS 913.4160 [M+H]* (CssHg,0),, Caled for M, 913.4163), MALDI TOF-MS
m/z 935 [M+Na]*.
Compound 2: [alp —9.9° (¢ 0.30, MeOH); 'H NMR (CsDsN) 8 0.93 (s, 3H, H-17), 1.11 (s, 3H, H-20), 1.36
(s, 3H, H-18), 3.87 (dd, 1H, J = 4.2, 10.8 Hz, H-13), 4.72 (t, 1H, J = 9.2 Hz, Mannose H-4), 5.36 (br s, 1H,
Mannose H-1); 3C NMR (Table 1). 3Joy (Mannose H-1, C-1) = 167.3 Hz; Positive FABMS m/z 483
[M+H]*; HR positive FABMS 483.2957 [M+H]"* (C,sH430s, Calcd for M, 483.2958).
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Table 1: 3C-NMR of Compounds 1-9, stevioside (A) and isosteviol (B)

A? 32 48 sb 6P 12 B2 7b 8b g2 2b
c-1 40.8 408 411 406 407 411 414 423 417 416 417
2 19.4 194 19.9 19.0 195 19.9 18.8 19.6 18.9 18.9 19.6
3| 384 385 388 380 382 387 376 386 380 381 387
4| 440 441 439 440 439 439 436 438 438 438 439
5| 574 574 571 568 568 571 570 572 571 571 573
6| 222 200 225 216 220 224 216 225 211 216 225
7| 417 424 427 m8 421 425 397 403 399 399 403
8| 426 434 432 429 433 434 394 424 420 423 425
9| 540 555 559 550 550 551 568 563 558 558  56.2
10] 399 399 399 392 395 399 381 385 380 381 385
1 206 200 201 194 200 201 203 208 204 205 208
12 36.9 304 344 330 344 345 373 346 337 344 349
13 86.5 87.2 80.1 80.5 79.1 79.4 2227 796 80.6 88.1 87.2
14 ] 445 427 457 438 451 464 487 438 428 411 421
15 ] 447 497 501 478 456 454 542 558 552 549 552
16] 1543 755 771 766 811 81.2 484 425 421 424 425
17 | 1046 19.8 256 249 255 258
18 283 284 294 287 286 293 289 294 289 289 295
19 | 1771 1771 180.3 1781 177.7 180.2 183.9 180.2 178.1 178.1 180.1
20| 155 156 160 153 154 159 133 138 131 132 138
-CO2CH3 512  51.1 512 512
Man-1 96.4 100.5 964 989 1034
2 707 728 707 707 725
3 702 733 702 702 732
4 66.6 69.4 666 67.0  69.1
5 69.1 75.1 691 693 757
6 62.7 632 63.0 631

2in CgDsN;P in CDCl4
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