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Abstract: A 1-hydroxy 2,3,4-tri-O-benzyl-L-fucose donor affords a high stereoselectivity of
glycosylation in the presence of TMSOT{ and is a very useful substrate for the preparation of
an o-L-fucosyl dipeptide in a stereoselective manner. The donor will be a key component in
the preparation of an attractively biological selectin blocker 1. © 1998 Elsevier Science Ltd. All rights reserved.

o-L-Fucopyranosyl derivatives are a series of the most attractive compounds in the field of glycobiology.
For instance, sialyl Lewis X antigenic determinant (Neuo2-3GalB1-4(Fucal-3)GlcNAcB1-R, sLe®) is a native
ligand of selectins, and both 2- and 3- hydroxy groups of the fucose part are essential moiety for the Ca®
dependent binding to selectins. Many studies indicated that the sLe*/selectin interaction plays an important role
in the migration of inflammatory cells from the blood stream to inflammatory sites, and the interaction
participates in various inflammatory diseases" such as asthma, rheumatoid arthritis, ischemia/reperfusion
injury, and cutaneous inflammatory disorders. Recently, a number of selectin blockers were reported as new
type of anti-inflammatory agents. Most of these compounds contain an o-L-fucopyranosyl moiety, e.g. liner

0

alkyl-, cycloalkyl-, and aryl-o-fucopyranoside groups.” Since the fucose part of these compounds play a
crucial role in the blocking activity, the development of the practical and stereoselective o-fucosylation
reaction has been desired. So far, the fucosylation reaction on the synthesis of these selectin blockers were
mainly performed using fucopyranose derivatives bearing active leaving group at the C-1 position. However,
such glycosylation reactions might involve several problems, .. e. (i) the instability of the fucose donor, (ii) the
use of expensive reagents for the activation of the fucose donor, (iii) the necessity of the leaving group

introduction. Accordingly, the development of the practical o-fucosylation reaction has been still desired.
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We have also reported significant selectin blocker 1, having O-(o-L-fucopyranosyl)serine scaffold which is
20-100 fold more potent inhibitor than sLe*. An important step in the preparation of compound 1 was the

coupling of L-fucose donor, 2,3,4-tri-O-benzyl-L-fucopyranosyl fluoride, with the dipeptide acceptor." This
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glycosylation reaction proceeded in stereoselective manner (0/ = 4/1), the stereoselectivity, however, was not
enough for the practical synthesis of 1. In addition, the fucosylation reaction is not suitable for the
glycosylation in a large scale synthesis, because the activation of the leaving group to construct the glycosyl
bond requires the expensive reagents such as AgOTf. Therefore, to establish a practical synthesis of compound
1, we need the establishment of stereoselective ot-L-fucosylation using a more simplified fucose donor.

In a series of investigation to address the problems mentioned above, we found that the reaction of 1-
hydroxy 2,3,4-tri-O-benzyl-L-fucopyranose (2), a precursor of the fucopyranosyl fluoride mentioned above,
with Z-D-serine methyl ester 3 proceeded in the presence of TMSOTS at room temperature to afford the
corresponding fucosylated serine derivative 4 in high stereoselectivity, especially TMSOTf was a useful
activator for our purpose (Table 1 and Scheme 1)*. This is the first method in which the sugar peptide has been

synthesized with a 1-hydroxy sugar donor in the presence of TMSOT( at high stereoselectivity",

Meoj\._’NHz

Bn i/ 3
OBn NHZ TMSOTf =
MeO” ™ — -
Me oN\©0Bn + i CHCh
OH HO™ MeZ-OZ 0Bn
s 3 Bn oOBn 4
Scheme 1

A similar glycosylation has been reported, however, there is no report concerning the sufficiently
stereoselective fucosylation using the 1-hydroxy sugar donor in the presence of TMSOTT as activator with the
practical yield, in addition with the glycosylation reaction for the syntheses of useful compounds as in
pharmaceutical field.

To optimize the a-selective fucosylation, we studied several reaction conditions, e.g., the reaction
temperature, the molecular sieves effect, and the amount of TMSOTf (Table 1). First, various reaction
temperatures were investigated (entry 1-4). The stereoselectivity of «-anomer increased with decreasing

reaction temperature, however, the reactivity was decreased at lower temperature (entry 4). Next, we
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investigated the effect of molecular sieves on this reaction (entry 3 and 5). As a result, the existence of
molecular sieves did not affect the yield and the stereoselectivity of the fucosylation. In addition, this reaction

did not require any anhydrous operations, i.e. the substitution of the atmosphere with an inert gas and

Table 1. Coupling Reaction of Fucose Donor2 and Serine Acceptor3 in the presence of TMSOTf

Entry 2 3  TMSOTf Temp. Time pMs? stereoselectivity” Yield®
(eq) (eq)  (eq) O (ORI (/) (c-anomer, %)
1 1.5 1.0 2.0 reflux 2 + 71729 67
2 1.5 1.0 2.0 r.t. 2 + 81/19 65
3 1.5 1.0 1.7 -20 3 + 95/5 74
4 1.5 1.0 2.0 -70 3 + 96/4 9
5 1.5 1.0 1.7 -20 3 - 94/6 75
6 1.5 1.0 1.5 -20 3 + 94/6 72
7 1.5 1.0 1.0 -20 3 + 92/8 48
8 1.5 1.0 0.5 -20 6 + 86/14 6

a) MS = Molecular Sieves. b)Ratio was determined by HPLC. c)Isolated yield.

particular purification of the solvent. Finally, to elucidate the role of TMSOT in this reaction, we examined
the amounts of TMSOTf. When the excess or equal amount of TMSOTS against compound 2 was used at -
20°C, both the stereoselectivity and the isolated yield of compound 4 were not influenced (entry 3 and 6). On
the other hand, when the amount of TMSOTS was diminished to 2/3 based on that of compound 2, it was of
interest to note that the isolated yield of compound 4 also decreased to 48 % (entry 7).

These results indicate that the hydroxy group of C-1 position on compound 2 would be first activated with
TMSOTT to form the oxocarbenium ion, followed by the nucleophilic attack of the acceptor 3 to afford the o-
L-fucosyl serine derivative 4 in high stereoselective manner because of the kinetic control, anomeric effect. As
a result, the stereoselectivity and the isolated yield were improved to 95/5 (o/P ratio”®) and 75 % yield,
respectively.

A key intermediate 4 prepared successfully was a useful component for the construction of biologically
attractive selectin blocker 1 as shown in Scheme 2. Thus, selective deprotection of amino group of compound 4
was performed by Pd-C catalyzed hydrogenation and followed by the introduction of lipophilic chain to afford
compound 5. Then, the coupling with glutamic acid component followed by the debenzylation to give the
desired compound 1. Compound 1 is now under investigation for anti-inflammatory drug because of its strong

activity as a selectin blocker and the facility in the synthesis.
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Scheme 2

REFERENCES AND NOTES

1. Sagara, H.; Ra, C.; Okada, T.; Shinohara, S.; Fukuda, T.; Okumura K.; Makino S. Int. Arch. Allergy
Immunol. 1996, 111 Suppl 1, 32-36.

2. Grober, J. S.; Bowen, B. L.; Ebling, H.; Athey, B.; Thompson, C. B.; Fox, D. A.; Stoolman, L. M. J. Clin.
Invest. 1993, 91, 2609-2619.

3. Lefer, D. J; Flynn, D. M.; Phillips, M. L.; Ratcliffe, M.; Buda, A. J. Circulation 1994, 90, 2390-2401.

4. Berg, E. L.; Yoshino, T.; Rott, L. S.; Robinson, M. K.; Warnock, R. A.; Kishimoto T. K.; Picker, L. J.
Butcher, E. C. J. Exp. Med. 1991, 174, 1461-1466.

5. Picker, L. J.; Kishimoto, T.K.; Smith, C. W.; Warnock, R. A.; Butcher, E. C. Nature 1991, 349, 796-799.

6. Lin, C.-C.; Shimazaki, M.; Heck, M.-P.; Aoki, S.; Wang, R.; Kimura, T.; Ritzen, H.; Takayama, S.; Wu,
S.-H.; Weitz-Shmidt, G.; Wong, C.-H. J. Am. Chem. Soc. 1996, 118, 6826-6840.

7. Bamford, M.J; Bird, M.; Gore, P. M.; Holmes, D. S.; Priest, R.; Prodger, J. C.; Saez, V. Bioorg. Med.
Chem. Lett. 1996, 6, 239-244,

8. Toepfer, A.; Kretzschmar, G. Bioorg. Med. Chem. Lett. 1997, 7, 1311-1316.

9. Toepfer, A.; Kretzschmar, G.; Schuth, S.; Sonnentag, M. Bioorg. Med. Chem. Lett. 1997, 7, 1317-1322.

10. Prodger, J. C.; Bamford, M. J; Bird, M. I.; Gore, P. M.; Holmes, D. S.; Priest, R.; Saez, V. Bioorg. Med.
Chem. 1996, 4, 793-801.

11. Tsukida, T.; Hiramatsu, Y.; Tsujishita, H.; Kiyoi, T.; Yoshida, M.; Kurokawa, K. Moriyama, H.; Ohmoto,
H.; Wada, Y.; Saito, T.; Kondo, H. J. Med. Chem. 1997, 40, 3534-3541.

12. Other Lewis acid mediated glycosylations were reported. For example, (a) Koto, S.; Sato, T.; Morishima,
N.; Zen, S. Bull. Chem. Soc. Jpn., 1980, 53, 1761-1762. (b) Koto S.; Yago, K.; Zen, S.; Tomonaga, F.;
Shimada, S. Bull. Chem. Soc. Jpn., 1986, 59, 411-414. (c) Uchiro, H.; Miyazaki, K.; Mukaiyama, T.
Chem. Lett.,1997, 403-404. (d) Garcia, B. A.; Poole, J. L.; Gin, D. Y.; J. Am. Chem. Soc., 1997, 119, 7597-
7598.

13. It was also reported that TMSOT was a superior reagent for the aryl C-glycosylation reaction. Toshima,
K.; Matsuo, G.; Nakata, M. J. Chem. Soc. Chem. Commun., 1994, 997-998.

14. Lacombe, J.M.; Pavia, A.A.; Rocheville, J.M. Can. J. Chem. 1981, 59, 473. It has been reported that the
glycosylation between 1-hydroxy 2,3,4-tri-O-benzylgalactose donor and 4 equivalents of Z-D-serine methyl
ester acceptor in the presence of Tf,0 in CH,Cl, afforded the corresponding product (o/B=60/40).

15. The stereoselectivity (ovf ratio) was determined by HPLC. Chromatographic condition: wavelength (nm);
254, mobile phase; CH,CN:0.1%TFA=7:3, flow rate; lml/min, column; inertsil ODS-2, HPLC system;
Waters model 150, retention time (min); 17.2 for o, 18.2 for B.



