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Abstract: A first total synthesis of ganglio ganglioside GM1b, a-D-Neup5Ac-(2-3)-B-D-Galp-
(1-3)-p-D-GalpNAc-(1-4)-B-D-Galp-(1-»4)-B-D-Glcp-(1—»1)-Cer, was achieved in a
stereocontrolled manner.

In 1973, biotransformation of gangliotetraosylceramide asialo GM1b into GMIlb 1 was
reported by Yip2 and the structure was determined in 1975 by Stoffyn et a3, Subsequently GM1b

was isolated from human erythrocyte membranes?, rat tumor cells’, mouse myeloid leukemia

cells®, mouse spleen7. human brain8, and murine T lymphoblast?.
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Scheme 1 (TBOPS = Bu'Ph,SI, Plv = Bu'CO)

As part of our projectl® on the synthesis of ganglio gangliosides, we now describe a first
total synthesis of GM1b 1, which clearly demonstrates the efficiency of O-2a pivaloyl group in
19b over acetyl group in 192 as an auxiliaryll to achieve coupling between a glycan of ganglio
series and a ceramide part.

Synthetic plan was delineated in scheme 1. A glycopentaosyl donor 2 ammed with an
auxiliary at O-2a is designed as a key glycosyl donor along with two kinds of kmown ceramide
derivatives 312 and 413 as key glycosyl acceptors. The donmor 2 was disconnected into a
glycobiosyl donor 5 and a glycotriosyl acceptor 6. A readily available!4 imidate 7 was chosen as
an equivalent to the donor §. A glycosyl acceptor 6 may be designed as 13ab and prepared as
follows. Sa(OTH215 And powdered molecular sicves 4A (MS4A) promoted glycosylation of 9al6
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and 9b17 with 818 in CH3CN gave 10abl? (a 67%; b 72%), which were further converted into
glycosyl acceptors 13abl9 in 4 sieps via 11ab19 and 12ab19 (1 NH2NH2+H20 in EtOH at 80°, 2 1:10
Ac20-MeOH, 3 PhCH(OMe)2 and TsOH-H20 in CH3CN, 4 BH3NMe3-AICl3 in THF20, a 36%; b 50%

overall).
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Scheme 2

Crucial couplings between 13ab and 7 were achieved in (CH2Cl2)2 by use of BF3+0Et2 as a
promotor in the presence of MS4A to afford 1419 (a 50%, b 59%) whose configurations at newly
introduced glycosidic linkages at C-1d were assigned as B-D by !H n.m.r. data after convertion
into deblocked derivatives 15ab19 in 3 steps (1 NaOMe-MeOH, 2 NaOH-aq. MeOH, 3 10% Pd-C and H2
in 8:2 MeOH-H20, a 63%; b 67% overall). Having determined the structures, 14ab were smoothly
converted into the key glycopentaosyl donors 19ab19 in a conventional manner in 4 steps (1
10% Pd-C and H2 in MeOH, 2 Ac20 in Py, 3 NHoNH2+AcOH in DMF for 5 min at 50°21, 4 CI3CCN and
DBU22 in (CH2Cl)2, a 36%; b 62%).
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Schems 3

Having necessary key intermediates 3,4 and 19ab in our hands, the coupling experiments
were performed employing BF3+OEt2 in the presence of MS4A at 20° under Ar. Reaction of the
donor 19a with the acceptor 3 in CHCI3 and 4 in (CH2Cl)2 afforded 15.4 and 17.4% yield of the
desired product 20a and 21a, respectively. On the other hand, the donor 19b armed with
pivaloyl auxiliary at O-2a upon reaction with the acceptor 3 did afford a 32% yield of the coupled
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product 20b, showing clearly the efficacy of pivaloyl over acetyllauxiliary at O-2a in the
coupling between a ceramide equivalent and a ganglio series glycosyl donor. The result is in
harmony with our previous experiments on lacto?3 and glob024 series glycosyl donors. Both of
the fully protected glycosphingolipids 20ab were converted into the target molecule GM1b 1 in 2
steps (1 NaOMe in 1:1 MeOH-THF, 2 NaOH in 1:1:1 MeOH-THF-H20, finally purified by Sephadex LH-
20 in 12:6:1 CHCI3-MeOH-H20 a and b: 78%).

In summary, a first total synthesis of GM1b was achieved in a stereocontrolled manner. 1.
N.m.r. data recorded in 49:1 (CD3)2S0-D20 for both synthetic 1 and human brain8 GMIb were

found in complete agreement.

Acknowledgment. We thank Dr. J. Uzawa and Mrs. T. Chijimatsu for recording and measuring the
NMR spectra and Mrs. M. Yoshida and her staff for the clemental analyses. We also thank Ms. A.

Takahashi and Ms. K. Moriwaki for their technical assistance.

Reference and Notes

1 Part 71 in the series "Synthetic Studies on Cell-Surface Glycans". For Part 70, see M.

Kobayashi, F. Yamazaki, Y. Ito, and T. Ogawa, Carbohydr. Res., submitted for publication.

M. C. M. Yip, Biochem. Biophys. Res. Commun.,53 737 (1973).

A. Stoffyn, P. Stoffyn, and M. C. M. Yip, Biochim. Biophys. Acta., 409 97 (1975).

K. Watanabe, M. E. Powell, and S. Hakomori, J. Biol. Chem., 254 8223 (1979).

Y. Hirabayashi, T. Taki, and M. Matsumoto, FEBS Lett., 100 253 (1979); M. Matsumoto, T. Taki, B.

Samuelsson, I. Pascher, Y. Hirabayashi, S.-T. Li, and Y.-T. Li, J. Biol. Chem.,256 9737 (1981).

M. Saito, H. Nojiri, and M. Yamada, Biochem. Biophys. Res. Commun.,97 452 (1980).

K. Nakamura, Y. Hashimoto, M. Suzuki, A. Suzuki, and T. Yamakawa, J. Biochem., 96 949 (1984).

T. Ariga and R. K. Yu, J. Lipid Res., 28 285 (1987).

J. Miithing, B. Schwinzer, J. Peter-Katalinic, H. Egge, and P. F. Miihlradt, Biochemistry, 28

2923 (1989).

10 M. Sugimoto, M. Numata, K. Koike, Y. Nakahara, and T. Ogawa, Carbohydr. Res., 156, C1 (1986):
Y. Ito, M. Numata, M. Sugimoto, and T. Ogawa, J. Am. Chem. Soc., in press.

11 S. Sato, S. Nunomura, T. Nakano, Y. Ito, and T. Ogawa, Tetrahedron Let:s., 29 4097 (1988).

12 K. Koike, Y. Nakahara, and T. Ogawa, Glycoconjugate J.,1 107 (1984); K. Koike, M. Numata, M.
Sugimoto, Y. Nakahara, and T. Ogawa, Carbohydr. Res., 158 113 (1986).

13 M. Numata, M. Sugimoto, S. Shibayama, and T. Ogawa, Carbohydr. Res., 174 73 (1988).

14 M. Numata, M. Sugimoto, K. Koike, and T. Ogawa, Carbohydr. Res., 163 209 (1987); see also, Y.
Ito and T. Ogawa, Tetrahedron Lett.,29 3987 (1988); T. Murase, A. Kameyama, K. P. R. Kartha,
H. Ishida, M. Kiso, and A. Hasegawa, J. Carbohydr. Chem., 8 265 (1989).

15 A. Lubineau and A. Malleron, Tetrahedron Lett.,26 1713 (1985); A. Lubineau, J. Le Gallic, and
A. Malleron, ibid., 28 5041 (1987).

16 M. Sugimoto, T. Horisaki, and T. Ogawa, Glycoconjugate J.,2 11 (1985).

17 S. Sato, S. Nunomura, T. Nakano, Y. Ito, and T. Ogawa, Tetrahedron Lett., 29 4097 (1988).

18 R. U. Lemieux and R. M. Raicliffe, Can. J. Chem., 57 1244 (1979); H. Paulsen and A. Biinsch,
Carbohydr. Res., 100 143 (1982).

19 Physical data for key compounds are given below. Values of [a]p and §H,C were recorded for

wn LW

O 00 ~ &



388

20
21
22
23
24

solutions in CHCI3 and CDCI3, respectively, at 23+3°, unless noted otherwise. 1: 8y (49:1
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8H 5.595 (s, CHPh), 1.612 (s, Ac); 8¢ 103.0 (Ic), 102.6 (1ab), 101.3 (CHPh), 55.2 (2c); 12b: [a]D
+1.2° (c 1.2); 8H 5.583 (s, CHPh), 5.113 (dd, 8.1 and 9.2 Hz, 2a), 4.475 (d, 8.1 Hz, 1a), 4.482 (d, 7.7
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2.049, and 2.037 (3s, 3Ac), 1.797 (1, 12.1 Hz, 3eax), 15b: 54 (D20, tBuOH 24° and 60°*) 5.315* (d,
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