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SYNTHESIS OF GANGLIOSIDE GD2
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Department of Applied Bioorganic Chemistry, Gifu University,
Gifu 501-11, Japan
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As more and more biological functions!-10 of gangliosides are being revealed, their
facile, stereocontrolled synthesis is strongly required. We have developed!!-14 an a-
stereoselective glycosylation of sialic acids, a-sialyl-(2—8)-sialic acid and a-sialyl-
(2—8)-a-sialyl-(2—8)-sialic acid, by using their 2-thioglycosides as the glycosyl donor
and suitably protected acceptors, and dimethyl(methylthio)sulfonium triflate (DMTST)
or N-iodosuccinimide (NIS)-trifluoromethanesufonic acid (or TMS triflate) as the
glycosyl promoter in acetonitrile. In this way, we have synthesized a variety of
gangliosides15 and their analogs.16 Previously,!3 we synthesized Ganglioside GD3
containing o-sialyl-(2-8)-sialic acid residue in the molecule, in connection with a novel
approach for systematic synthesis of polysialo-glycoconjugates. As a part of our
continuing studies on the synthesis and elucidation of the functions of gangliosides, we
describe here a facile, stereocontrolled, total synthesis of ganglioside GD2. Ganglioside
GD2, which was first isolated from human brain by R. Kuhn et al.,17 is well known as a
human melanoma associated antigen.18

Glycosylation of 2-(trimethylsilyl)ethyl [methyl 5-acetamido-4,7-di-O-acetyl-3,5-
dideoxy-8-0-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-o-D-galacto-2-
nonulopyrano-1',9-lactone]-D-glycero-o-D-galacto-2-nonulopyranosylonate]-(2—3)-O-
(2,6-di-O-benzyl-B-D-galactopyranosyl)-(1—4)-2,3,4-tri-O-benzyl-B-D-glucopyranoside
13 (1) with methyl 6-O-benzoyl-2-deoxy-3,4-O-isopropylidene-2-phthalimido- 1-thio-B-
D-galactopyranoside!? (2) in dichloromethane for 12 h at room temperature in the
presence of N-iodosuccinimide (NIS)-trifiluoromethanesulfonic acid (TfOH), gave the
desired B-glycoside 3 {[alp +10.3° (CHCI3)} in 84% yield. The structure of 3 was
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unambiguously proved by 270 MHz IH NMR spectroscopy. Significant signals were a
one-proton doublet of doublets at 8 3.37 (J;,2 = 7.7 Hz, J2,3 = 9.0 Hz) due to H-2¢ and
a one-proton doublet at 8 4.34 due to H-1le, indicating the newly formed glycosidic
linkage to be B. Other 'H NMR data are consistent with the structure assigned. O-
Deisopropylidenation of 3 with aqueous 80% acetic acid at 50 °C gave 4 {[c]p
+6.8°(CHC13)} in 80% yield. Catalytic hydrogenolysis (10% Pd-C) in 1: 1 EtOH-
CH3COOH of the benzyl group in 4 for 3 days at 45 °C and subsequent O-acetylation
gave compound 5 {[a]p -1.2°(CHCl3)} in 85% yield. The !H NMR spectrum of §
showed the presence of fifteen, three-proton signals at & 1.85-2.23 (2AcN and 13 AcQ),
a three-proton singlet at § 3.85 (MeQ), and multiplets at 8 7.43-8.12 due to nine aromatic
protons, indicating the structure assigned. Treatment20 of § with trifluoroacetic acid in
dichloromethane for 2 h at room temperature gave the 1-hydroxy compound 6 in 94%
yield. When treated with trichloroacetonitrile in dichloromethane in the presence of 1,8-
diazabicyclo[5.4.0Jundec-7-ene for 2 h at 0 °C, compound 6 gave the a-trichloroace-
timidate 7 {[a]p +14.0° (CHCI3)} in 76% yield, after column chromatography.
Significant signals in the 1H NMR spectrum of 7 were at 8 6.49 (J 1,2 = 3.8 Hz, H-1a)
and at & 8.66 (s, C=NH), indicating the configuration of the imidate to be c.
Glycosylation21.22 of (25,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-diol22.23 (8) in
dichloromethane by 7 in the presence of TMS triflate and molecular sieves 4A (AW 300)
at 0 °C, yielded the expected B-glycoside 9 {[alp -5.8° (CHCI3)} in 81% yield.
Selective reduction22.24 of the azide group in 9 with H3S gas in 5:1 pyridine-water gave
the amine, which on condensation with octadecanoic acid by use of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSC) in dichloromethane
gave the protected ganglioside GD2 10 ([ap +1.2° (CHCI3)} in 85% yield.

Finally, O-deacylation of 10 with sodium methoxide in methanol, subsequent
hydrolysis of the methyl ester and lactone, and treatment with ethylenediamine in n-butyl
alcohol for 1 h at 70 °C, followed by N-acetylation with acetic anhydride in methanol,
yielded ganglioside GD2 (11) {[a]p -3.5° (5:5:1 CHCl3-MeOH-H20)} in 72% yield.
The TH NMR data of 11 in 98:2 CD3SOCD3-D20 included & 0.89 (t, 6H, 2MeCH2),
1.27 (s, 52H, 26CH»), 1.98, 2.03 (2) (3s, 3AcN), 5.45 (dd, 1H, J34=7.5Hz, J4 5=
15.4 Hz, H-4 of sphingosine) and 5.70 (m, 1H, H-5 of sphingosine).

In summary, a facile, stereocontrolled first total synthesis of GD2 was
accomplished. This work shows that the glycosyl acceptor 1 and the disialyl
pentasaccaride 4 described herein could be used as the intermediates suitable for
polysialogangliosides syntheses.

Elemental analyses, as well as IR and !H NMR data of all the new compounds
reported here were satisfactory with the assigned structures.



Downl oaded At: 09:51 23 January 2011

SIALOGLYCOCONJUGATES 50 1219

Bn OBn
0 Q
BnO OSE
Bn Bn
1
CH,
\ /0 OBz
CH3/ C\) Q SE = 2-(trimethylsilyl)ethyl
SMe Bn = benzyl
Nphth Bz = benzoyl
5 phth = phthaloyl
AcQ
AcO.
AcOw
AcHN OR3 OR3
QO
O
d rR0AZ R!
OR3 R3O0 R2
R! R? R R* RS
3 OSE H Bn  -ipd -
4 OSE H Bn H H
5 OSE H Ac Ac Ac
6 H, OH Ac Ac¢ Ac
7 H OC(=NH)CCl; Ac Ac Ac



09:51 23 January 2011

Downl oaded At:

HO.

1220 HASEGAWA ET AL.

3

HO\/WUHM

OBz
8

AcQw

Am COOMe

AcO% H

AcHN- O ACE%/ \/TVCB 27
AcO Nphth OAc

iz

AcO
OBz
9R = N;
10 R = NHCOC]7H35
HO COOH

NHA

HO“ COOH
AcHN. C H
¢ 0 HO A NH Cirtlas
e H
ACHON \/Y\/CZ? 27
HO c

H H

11 Ganglioside GD2



09:51 23 January 2011

Downl oaded At:

SIALOGLYCOCONIUGATES 50 1221
ACKNOWLEDGMENT

This work was supported in part by a Grant-in-Aid (No. 04250102 and 03660132)
for Scientific on Priority Areas from the Ministry of Education, Science and Culture of
Japan.

REFERENCES AND NOTES

1.  H. Nojiri, M. Stroud and S. 1. Hakomori, J. Biol. Chem., 266, 4531 (1991).

2. A. C. Cuello, L. Garofalo, R. L. Kenigsberg and D. Maysinger, Proc. Natl.
Acad. Sci. USA, 86, 2056 (1989).

3.  G. Nyberg, N. Strémberg, A. Jonsson, K. A. Karlsson and S. Normark, Infect.
Immun., 58, 2555 (1990).

4. N. V. Prokazova, I. A. Mikhailenko and L. D. Bergelson, Biochem. Biophys.
Res. Commun., 177, 582 (1991).

5. G.L.May, L. C. Dunlop, K. Sztelma, M. C. Berndt and T. C. Sorrell, Biochem.
Biophys. Res. Commun., 183, 1062 (1992).

6. Y. Hirabayashi, T. Nakao, F. Irie, V. P. Whittaker, K. Kon and S. Ando, J.
Biol. Chem., 267, 12973 (1992).

7. P. Doherty, S. V. Ashton, S. D. Skaper, A. Leon and F. S. Walsh, J. Cell Biol.,
117 1093 (1992).

8. J. S. Schmeider, A. Pope, K. Simpson, J. Taggart, M. G. Smith and L.
DiStefano, Science , 256, 843 (1992).

9. a) C. Foxall, S. R. Watson, D. Dowbenko, C. Fennie, L. A. Lasky, M. Kiso, A.
Hasegawa, D. Asa and B. K. Brandley, J. Cell Biol., 117, 895 (1992); b) M. L.
Phillips, E. Nudelman, F. C. A. Gaeta, M. Perez, A. K. Singhal, S. I. Hakomori
and J. C. Paulson, Science, 250, 1130 (1990).

10. S. Tsuji, S. Yamashita and Y. Nagai, J. Biochem., 104, 498 (1988).

11. a) T. Murase, H. Ishida, M. Kiso and A. Hasegawa, Carbohydr. Res., 184, cl
(1988); b) ibid., 188, 71 (1989).

12. a) A. Hasegawa, H. Ohki, T. Nagahama, H. Ishida and M. Kiso, Carbohydr.
Res., 212, 277 (1991); b) A. Hasegawa, T. Nagahama, H. Ohki, K. Hotta, H.
Ishida and M. Kiso, J. Carbohydr. Chem., 10, 493 (1991).

13. a) A. Hasegawa, H. K. Ishida and M. Kiso, J. Carbohydr. Chem., in press
(1993); b) H. K. Ishida, Y. Ohta, Y. Tsukada, M. Kiso and A. Hasegawa,
Carbohydr. Res., in press (1993)

14. H. K. Ishida, Y. Ohta, Y. Tsukada, M. Kiso and A. Hasegawa, presented at the
XVIth International Carbohydrate Symposium, Abstract Book, p 126, Paris,
France, July 5-10, 1992.



09:51 23 January 2011

Downl oaded At:

1222

15.

16.

17.
18.

19.

20.

21.
22.
23.

24.

HASEGAWA ET AL.

H. Prabhanjan, K. Aoyama, M. Kiso and A.Hasegawa, Carbohydr. Res., 233,
87 (1992), and references cited therein.

A. Hasegawa, H. Ogawa, H. Ishida and M. Kiso, Carbohydr. Res., 224, 175
(1992), and references cited therein,

R. Kuhn and H. Wiegandt, Z. Naturforsch., 19b, 256 (1964).

a) E. R. Sjoberg, A. E. Manzi, K. H. Khoo, A. Dell and A. Varki, J. Biol.
Chem., 267, 16200 (1992); b) L. D. Cahan, R. F. Irie, R. Singh, A. Cassident
and J. C. Paulson, Proc. Natl. Acad. Sci. USA, 79, 7629 (1982); ¢) D. A.
Cheresh, J. R. Harper, G. Schultz and R. A. Reisfeld, Proc. Natl. Acad. Sci.
USA, 81, 5767 (1984).

A. Hasegawa, T. Nagahama, H. Ohki and M. Kiso, J. Carbohydr. Chem., in
press (1993).

a) K. Jansson, S. Ablfors, T, Frejd, J. Kihlberg, G. Magnusson, J. Dahmén, G.
Noori and K. Stenvall, J. Org. Chem., 53, 5629 (1988); b) A. Hasegawa, H.
Ogawa and M. Kiso, Carbohydr. Res., 224, 185 (1992); (c) K. P. R. Kartha, A.
Kameyama, M. Kiso and A. Hasegawa, J. Carbohydr. Chem., 8, 145 (1989).

R. R. Schmidt and G. Grundler, Synthesis, 885 (1981).

Y. Ito, M. Kiso and A. Hasegawa, J. Carbohydr. Chem., 8, 285 (1989).

R. R. Schmidt and P. Zimmermann, Angew. Chem. Int. Ed. Engl., 25, 725
(1986).

T. Adachi, Y. Yamada, I. Inoue and M. Saneyoshi, Synthesis, 45 (1977).



