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Abstract A concise and stereoselective synthesis of a-galactosylcer-
amide (a-GalCer) is described. The key features of the synthetic strategy
are the use of a phytosphingosine in which the amine is masked as a
tetrachlorophthalimide and the diol as an isopropylidene acetal, and
the galactosyl donor is protected as a 4,6-benzylidene to improve the a
selectivity of the glycosylation reaction. The pattern of protecting
groups on the donor and the acceptor have proven to give an excellent
match of reactivity, allowing the glycosylation reaction to take place
stereoselectively. The overall synthesis gave a-GalCer in good yields and
in few steps.
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o-Galactosylceramide (a-GalCer) (1; Figure 1) is a syn-
thetic glycolipid developed from structure-activity rela-
tionship studies performed on glycolipids isolated from the
marine sponge Agelas mauritianus, and represents a proto-
type of an invariant natural killer T (iNKT) cell ligand.! It is
able to bind to CD1d glycoprotein, associated with the
membrane of antigen-presenting cells.? This complex is
presented to the T cell receptor of iNKT cells, inducing the
simultaneous release of T-helper 1 and T-helper 2 cyto-
kines.? The great biological interest in a-GalCer and its de-
rivatives has prompted the development of several synthet-
ic approaches in which researchers tried to optimize yields,
develop efficient glycosylation protocols, and reduce the
overall number of steps.4

Glycolipid synthesis typically involves long procedures,
low yields, and expensive reagents. The glycosylation reac-
tion is the key step, and the choice of the acceptor and the
donor is critical for the outcome of the total synthesis. In
this paper, we report a convenient and concise synthesis of
a-GalCer by exploiting galactosyl donor 4 mEnow 4,
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ok?mm and the new sphingoid acceptor 3 (Schemes 1 and
2). Galactosyl donors bearing a 4,6-0-benzylidene moiety
are known to direct the attack of the acceptor from the a
side.> Moreover, thioglycosides are employed as glycosyl do-
nors as they can act at the same time as anomeric protect-
ing groups, showing good stability toward a wide variety of
reaction conditions, and are also efficient leaving groups.
For these reasons, we exploited 4-methylphenyl 2,3-di-O-
benzyl-4,6-0-benzylidene-1-thio-f-D-galactopyranoside

(4) as the donor.% Another significant aspect of our synthe-
sis of a-GalCer is the choice of the sphingolipid acceptor. In
fact, the use of ceramide allows rapid access to a-GalCer
and its derivatives, but the nucleophilicity of the primary
hydroxy group can be reduced because of a hydrogen bond
with the NH of the amide, which can be the cause of fair to
low yields. Our first goal was the synthesis of a new accep-
tor, namely a phytosphingosine derivative containing an
isopropylidene protecting group for the 3,4-diol, and a tet-
rachlorophthalimide group to mask the amine. This is the
first time that tetrachlorophthalimide has been successfully
used as a protecting group in the synthesis of KRN7000-re-
lated compounds.” In addition, based on our previous expe-
rience, tetrachlorophthalimide-protected sphingoid deriva-
tives are easily prepared solids that can be readily purified
by crystallization and can be stored for months without no-
ticeable decomposition. Tetrachlorophthalimide is also an
orthogonal protective group with respect to acetals, being
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resistant to acidic conditions. Accordingly, commercial phy-
tosphingosine was converted into the tetrachlorophthalim-
ido derivative 2 as previously described.® The protection of
the 3,4-hydroxy groups was performed by using an excess
of 2,2-dimethoxypropane under acid catalysis. Not unex-
pectedly,® the reaction gave a minor amount of the desired
3,4-acetal and a main product containing, besides the 3,4-
acetonide, a mixed 2-methoxyisopropyl (MIP) acetal arising
from the reaction of dimethoxypropane with the primary
hydroxy group. The desired acceptor 3'° (Scheme 1) was
subsequently obtained in 80% yield after selective deprotec-
tion of the MIP group under mild acidic conditions, by dis-
solving the crude mixture in 60% aqueous MeOH-CH,Cl,-
AcOH (10:1:0.1) and warming the solution to 60 °C.'!
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Scheme 1 Synthesis of the acceptor 3; NTPC = tetrachlorophthalimido.
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The glycosylation reaction was performed in THF with
dimethyl(methylthio)sulfonium triflate (DMTST) as a pro-
moter, according to a previously reported procedure.”!? The
glycosylation product 5'* was obtained in 78% yield with
complete a selectivity by using an excess of the donor.
When an excess of the acceptor was used, the yield of 5
reached a satisfactory 90% yield (Scheme 2).

The tetrachlorophthalimide group was then removed by
refluxing with ethane-1,2-diamine in ethanol, and the
product was purified by filtration through a short pad of
silica gel. The amine 6 was condensed with cerotic acid by
using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy-
drochloride (EDCI) and hydroxybenzotriazole (HOBt) to
give compound 74 in 88% yield over two steps.

The final deprotection of compound 7 required the re-
moval of the benzylidene and acetonide acetals, and the
two benzyl groups. Two alternative, straightforward ways
were considered: (1) simultaneous deprotection of the ben-
zylidene and the benzyl groups by catalytic hydrogenolysis
followed by acid hydrolysis of the acetonide or (2) acid re-
moval of the acetal protecting groups and final hydrogeno-
lysis. In following the first approach, catalytic hydrogenoly-
sis with Pd(OH),/C in CHCl;/MeOH'" and stirring overnight
gave a mixture of products. This was quite surprising, as we
have successfully used the same hydrogenolysis conditions
on similar compounds in the past. On checking the pH of
the reaction mixture (wet pH paper turned red), we found it
to be strongly acidic, probably due to hydrogenolysis of
chloroform to form HCL'® However, in the past, some au-
thors have reported the same conditions for the final
deprotection of a-GalCer analogues without observing the
aforementioned byproducts. It is possible to hypothesize
that the development of acidity is strongly dependent on
the activity of the catalyst, the quality of the hydrogen
(freshly prepared by treatment of NaBH, with acetic acid),
and the reaction time. The acidic conditions promoted the
removal of the acetonide and the migration of the acyl
chain to the 4-OH, as already previously described in the
literature.!” It was also observed that the treatment of the
mixture in warmed pyridine can revert the migration, giv-
ing a-GalCer as the main product, but in unsatisfactory
yield. Therefore, we decided to follow the second approach.
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Scheme 2 Synthesis of a-GalCer B B2 renumbered as 4; OK?m ®; DTMP = 2,6-di-tert-butyl-4-methylpyridine

© 2020. Thieme. All rights reserved. Synlett 2020, 31, A-D

Downloaded by: Western University. Copyrighted material.



Synlett D. Imperio et al.

Compound 7 was dissolved in a mixture of methanol and
dichloromethane and treated with 4.0 M hydrogen chloride
in 1,4-dioxane.'® After 90 minutes, triethylamine was added
to quench the reaction. Purification by flash chromatogra-
phy gave compound 8'° in 80% yield. Final hydrogenation
was performed with Perlman’s catalyst in 1:1 tetrahydrofu-
ran-ethanol for three hours. Pure compound 1 was ob-
tained by crystallization from 92:8 ethanol-water.?° Spec-
troscopic data were consistent with the reported values for
a-GalCer.”!

In conclusion, a short and efficient synthesis of a-GalCer
was achieved with good overall yield by exploiting a novel
phytosphingosine acceptor. The synthetic approach allowed
rapid access to the final glycolipid, and might be exploited
to obtain other derivatives quickly and in high yields.
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