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The ganglioside Gums had been isolated from brain, human spleen and dog erythro-
cytes, and the structure was determined to be 1[2]. The biosynthesis of Gus-ganglioside
was correlated with intestinal epithelial differentiation [3, 4] and contact inhibition of
cell growth [5, 6]. Baby hamster kidney fibroblast cell growth in the presence of fibro-
blast growth factorwas specifically inhibited by the presence of Gms-ganglioside added
exogenously [7]. In spite of the important functions [8] carried by the gangliosides as
components of biological membranes, total synthesis of Gms-ganglioside and related
gangliosides remains to be achieved.

In 1973, Shapiro [9] reported an approach to the synthesis of Gms-ganglioside. The confi-
gurational assignmentat C-2c of the synthetic Gms-ganglioside, however, remains to be
clarified. As part of our project on the synthesis of cell surface glycoconjugates, we
describe here a first total synthesis of both a Gms-ganglioside 1 and its stereoisomer,
epiGma-ganglioside, 15 in a stereo- and regio-controlled manner.

The synthetic plan was designed based on the retrosynthetic analysis as shown in Fig. 1.
The key glycotriosyl donor 2 may be synthesized starting either from 7 or 8 [10]. The gly-
cosyl acceptor 3 could be prepared from D-erythro-ceramide 5 which was obtainable
from D-glucose in an efficient way [11].

The glycosylation of the pentaacetylated lactose derivative 7 with the chloride 6 [12] (Fig.
2) in the presence of HgBr,-Hg(CN),-molecular sieves 4 A in CI(CH»),Cl and chromato-

*Part 34 in the series "Synthetic Studies on Cell-surface Glycans”, for part 33, see ref. 1.
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Abbreviations: Gus-ganglioside (hematoside), [1*NeuAc-LacCer; trityl, triphenylmethy! (Ph;C).
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Figure 1. Proposed scheme for the synthesis of a Gus-ganglioside.
Abbreviations: Tr, Trityl; Bn, benzyl; Bz, benzoyl.

graphy of the product over SiO; afforded a 6% yield of the glycotrioside 9, [a]p -8.9° (c
0.94), Rr 040 in CHCI3/MeOH, 25/1 by vol. Values of {«|p were measured for CHCl3 solu-
tions at 25°C, unless noted otherwise. Compounds having [a]p recorded gave satisfac-
tory data for elemental analyses. The a-epimer of 9 at C-2c could not be detected by TLC
examination of the reaction mixture. The regiochemistry of the new glycosidic linkage
of 9was assigned as 2-3 by *C NMR (*H,O) of the deacetylated product 10 which reveal-
ed adeshielded signal for C-3b at 5 78.1. The configuration at C-2c of 9 was tentatively as-
signed as 8-D- from the 400 MHz 'H NMR data (in *H,0) of 10 which showed the signals
for H-3cax and H-3ceq at 6 1678 (t, / 12.0 Hz) and 2454 (dd, J 46 and 12.9 Hz), respectively
[10, 13] and further confirmed by its transformation into 15, the 8-epimer at C-2c of Gus-
ganglioside, in the following way.

6



0
ORZ OR2

9 RI=CH,CH=CH, (), R2=Ac, R3=H, RU=e
Legi ce 2_p3ph-
10 RY=CHCH=CH, (@), RZ=R3=RA=H
11 RE=CHyCH=CHy (), RZ=R3=Ac, RU=tre
12 RlH, R%=R3=Ac, RU-me
RL=CNHCC15 (o), RZ=R3=Ac, R¥=te

OR2 OR'
0 23047
ORZ OR2 \5/

14 rl=pz, R2=pc, R3-Me
15 Rl=p2=p3=y

Figure 2: Synthesis of an epiGus-ganglioside.

16 R'=Bn(p), R%=Bn, R=H
17 Ri=Bn(p), R=Bn, R=Ac
18 RI=R2=H, R3-Ac

19 RI=RZ=R3=ac

20 RY=H, RZ=R3=Ac

2 Rl=chKCCIg o, RZ=R3=Ac

21 Rl=Bz, RZ=Ac, R3=Me
1 R1=R2=R3=H

Figure 3: Synthesis of a Gus-ganglioside.



Acetylation of 9 with Ac,O and pyridine gave 11in 93% yield, [a]p -6.9° (c 0.72), Rr 046 in
CHCl3/MeOH, 25/1 by vol, H (C*HCly): 1795 (t, J 12.2 Hz, H-3cay), 2429 (dd, / 46 and 134
Hz, H-3c.q). Deallylation of 1 with PdCl-AcONain aqueous AcCOH [14, 15] under ultraso-
nic stirring for 5 h at 20°C afforded a 56% yield of 12, which was treated with NaH and
Cl;CCN according to the method of Schmidt et al. [16, 17] to give the a-trichloroacetimi-
date 13in 70% yield, Rr 033 in EtOAc, H (C*HCl5): 646 (d, / 3.6 Hz, H-1a), 868 (s, C=NH).
The glycosyl acceptor 3, [a]p +165° (c 1:10), Rr 0.31 in CHCl3/MeOH, 33/1 by vol, was pre-
pared in 71% overall yield from D-erythro-ceramide 5 [11] via the trityl derivative 4, [o]p -
0.94° (c 0.96), Rr 0.34 in hexane/EtOAc, 4/1 by vol, according to the method of Shapiro and
Flowers [18] (see Fig. 1).

The glycosylation of 3 with the donor 13 in the presence of BF3-Et;O and molecular sie-
ves 4 A in CHCI; for 20 h at 20°C afforded a 36% yield of 14 [a]p +4.2° (c 065), Re 0.33 in
CHCI3/MeOH, 25/1 by vol, 8H (C*HCl3): 1.90, 1.96, 1.98, 2.02, 2.03, 2.04, 2.05, 2.07, 2.08 and
2.29 (10 singlets for COCHs). Deacetylation and saponification of 14 afforded 15, the
C-2c epimer of Gms-ganglioside, [a]p 77° (c 055 in CHCl/MeOH, 1/1 by vol), Rg 057 in
n-BuOH/EtOH/H:O, 2/1/1 by vol. The configuration of the newly introduced glycosidic
linkage at C-1a of 14 and 15 was assigned as 8-D- according to the 'H NMR data of 15 in
*Hg-dimethyl-sulfoxide/*H,0, 98/2 by vol, which contained a doublet for two anomeric
protons at§4.17 (/ 76 Hz) for both H-1a and H-1b and was not identical with that of natural
Gwms-ganglioside reported by Koerner Jr et al. 19}, as is expected from the stereochemist-
ry assigned to 9.

The synthesis of Gums-ganglioside was achieved by use of a stereochemically defined gly-
cotriosyl intermediate 16 with the a-D-configuration at C-2c [10] as follows (Fig. 3). Ace-
tylation of 16 gave a 93% vyield of 17, [a]p -3.33° (c 1.17), Rr 0.30 in MeOH/toluene, 1/9 by
vol, 8H (C*HCl3): 2598 (dd, / 46 and 127 Hz, H-3c.q). Catalytic hydrogenolysis of 17 gave
18, Rr 055 in n-BuOH/EtOH/H,O, 2/1/1 by vol, which was acetylated to give 19in 70% over-
all yield, Rr 0.28 in EtOAc. Chemoselective deacetylation of 19 was achieved by treat-
mentwith NH;NH,-AcOH in dimethylformamide [20] to give an 81% yield of the hemia-
cetal 20, Re 0.29 in EtOAc/MeOH, 99/1 by vol. Treatment of 20 with NaH and CI3CCN
afforded the glycosyl donor 2, Rg 038 in EtOAc, 8H (C*HCl5): 649 (d, J 37 Hz, H-la), 866
(s, C=NH).

Finally, glycosylation of 3 with the trichloroacetimidate 2 in the presence of BFs-Et,O
and molecular sieves 4 A in CHCl;, gave a 37% yield of the fully protected
Gwma-ganglioside 21, [a]p -451° (c 113), R 039 in EtOAc, 6C (C*HCl3): 969 (C-2¢), 1006
(C-1a), 1011 (C-1b); 8H (C*HCl3): 2.57 (dd, J 47 and 12.7 Hz, H-3c.g), 167 (t, ] 12.5 Hz, H-3Cax)-
Deacetylation and saponification of 21 afforded the desired 1 [a]p +4.1° (c 0.24, CHCl3/
MeOH, 11 by vol), Rr0.61in n-BuOH/EtOH/H2O, 2/1/1 by vol, which was completely iden-
tified with Gms-ganglioside through comparison of its 'H NMR data with that of the na-
tural product [19]. It is to be noted that upon glycosylation with 6 a glycosyl acceptor 7
afforded stereoselectively only one product 9 with the 8-D- configuration at C-2¢, while
the more reactive glycosyl acceptor 8 gave a mixture of 16 and the g-epimer at C-2c in
a ratio of 1:2 [10]. This result strongly indicates that the glycosylation product reported
by Shapiro [9] as the intermediate for the synthesis of Gus-ganglioside should have the
unnatural configuration g-D- at C-2¢, since the glycosyl acceptor with all hydroxyl
groups protected with the acetyl group had been employed as in the case of the glycosyl
acceptor 7.
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In conclusion, by use of the glycosyl donor 2and the glycosyl acceptor 3 as the key inter-
mediates, Gms-ganglioside was unambiguously synthesized for the first time. The syn-
thetic Gms-ganglioside 1, but not the epiGms-ganglioside 15 was immunologically iden-
tical with natural Gms-ganglioside by using a monoclonal antibody directed toward B-16
melanoma cells (Prof. Yoshio Hirabayashi, Dept. Biochem., Shizuoka College of Phar-
macy).
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