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Gangliosides are sialic acid-containing glycolipids present in
high concentrations on the cell surface of central nervous system
cells where they may play a role in the process of signal
transduction through the cell membrane.l:2 Recent studies have
tended to implicate gangliosides in other types of important
biological settings such as cell-cell adhesion,?# malignancy,34
and cell growth regulation.® They have also been identified as
tumor-associated antigensé and cell differentiation markers.”
Ganglioside GM; was first isolated from equine erythrocytes by
Yamakawa's group in 1952.8 It has been shown to serve as the
precursor for many complex gangliosides in the biosynthetic
pathway® and is known to modulate the epidermal growth factor
(EGF) and the platelet-derived growth factor (PDGF) receptors.10
GM; was also found to be expressed in abnormally high
concentration in tumor cells.!! Given the extreme difficulty of
isolating homogeneous gangliosides from natural sources,!2
effective syntheses are much to be desired.

Below we describea straightforward synthesis of GM;13 starting
with lactal (1a)."* Our pathway exploits recent novel findings
from enzymology and chemistry. Remarkable for the field of
ganglioside synthesis is the complete avoidance by this route of
any selective protection—deprotection maneuvers. All of the
blocking groups are uniformly and trivially introduced and
removed. A key discovery which makes the synthesis possible is
that the anhydrosugar 2 reacts with the stannyl alkoxide 3a
(derived insitu from 3)!5 to produce selectively the “pre-ceramide”
B-glycoside (see 2+ 3a—4,SchemeI). Thistype of stereospecific
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transformation is an important advance in the field of glycolipid
synthesis. Another crucial discovery was that compound 4 is a
competent substrate for enzymatically mediated sialylation at
C3 (see 4 + 6 — 7, Scheme I).16 The synthesis is described
below. ‘
Pertriethylsilylation of lactal (1a) affords 1b (81%) which,
upon reaction with 2,2-dimethyldioxirane,!? gives rise to 1,2-
anhydrolactal derivative 2. Attempts to use 2as a glycosyl donor
with 3 by application of our earlier methodology (with anhydrous
zinc chloride as the promoter) gave disappointing results. Perhaps
the presence of a diol linkage in the ceramide precursor 3 interferes
with the ability of zinc chloride to orchestrate glycosidation in
this case. Fortunately a new procedure, which avoided the need
for differential protection of the diol, was developed. Treatment
of the product (cf. 3a) generated in situ from the reaction of 3
with bis(tributyltin) oxide with 2 in the presence of zinc triflate
followed by exhaustive desilylation produced stereospecifically a
B-glycoside (crude 4). This purification was conducted into
octaacetate 5§ (44% yield from 1b). A minor product (ca. 5%)
derived from glycosidation of the C3 hydroxyl of 3 was identified.
Per-deacylation of § provides homogeneous 4 in 95% yield.

The plan now contemplated introduction of the sialic acid
residue by enzymatically mediated transfer from CMP-Nu5Ac
(6)'8 using a-2,3-sialyltransferase.!3#1° We noted that Paulson
had reported that lactosyl ceramide is not a competent substrate
toward this enzyme.2 However, we hoped that the less hydro-
phobic dwould be tolerated by the transferase. In the event, this
hope was realized. Compound 4 indeed did accept sialic acid
from CMP-Nu5Ac (6) under the conditions shown to produce
7 (75%). GM; was isolated in 40% yield from 7 via (i) reduction
of the azido linkage and (ii) stearoylation.2!

The utilization of the glycal linkage in the readily available
lactal (1a) renders it a most attractive starting material for the
construction of biologically important glycoconjugates (including
adhesion molecules?? and glycopeptides??). The use of epoxide
2 as a glycosyl donor avoids the need for a multistep installation
of a unique directing group at C;. The interfacing of emerging
glycal chemistry with enzymatically driven processes elsewhere
in the molecule holds considerable promise for massive simpli-
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Communications to the Editor

OR _OR OR TESO OTES
LA o .
RO RO = TESO [
OR TESO TESO » N,
2

1a R = H (lactal)
aClbr= Et,Si

Bu,SnO\/Y\/ (CHy)y;CH,

oH 3

OR __OR OR N
—— (o) 0 ?3
d RO OR o o . (CHp),,CH,
OR OR
OR

4R=H
€ ( SR= A(:7 f
) o
HO OH ' o OH X
0—5—0 — o 0, E
HO"" o ) 0. g on HO o OVY\/(CHz)uCHS
CO,H
AcNH 2 OH
HO HO OH 1 X =N,
CMP-Nu3Ac (6) h ( GM; X = NHCO(CH,),¢CH;

4 (a) Nine equiv of TESOTT, catalyst DMAP, pyridine (81%). (b) 2,2-Dimethyldioxirane, acetone, 0 °C. (c¢) Two equiv of 3, 2 equiv of Zn(OTY),,
THF,0°C—r.t. (d) TBAF,THF. (e) Aceticanhydride, catalyst DMAP, pyridine (44%,5— 1b). (f) NaOMe, MeOH (95%). (g) a-2,3 Sialyltransferase
([EC 2.4.99.4]), Triton CF-54 (0.5%), bovine serium albumin, calf intestine alkaline phosphatase, HEPE buffer (pH 7.4), 5 days, r.t. (75%). (h).(i)
H:S, pyridine/water = 1:1; (ii) stearoyl chloride, 50% NaOAc/THF = 1:2 (40%, two steps).

fications in this area of glycolipid synthesis.2¢ The solution to the
problemof GM; synthesis is indicative of future directions. Other
applications are under active consideration.

(24) For instance, the route described herein, where the ceramide precursor
is introduced via a glycal is much shorter than was possible by classical
glycosylation.!! The latter required in each synthesis extensive manipulations
to expose the glycosyl donor.
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