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The preparation of the glycosphingolipid galactosyl ceramide
from an orthogonally protected five-carbon building block
is described. The main chain of the lipid is installed via a
highly stereoselective olefin cross metathesis reaction. The
methodology permits the facile preparation of glycolipids
which vary in the length of the main carbon chain.

The glycosphingolipid â-galactosyl ceramide (â-GalCer)
is abundant in the myelin sheath of both the central and
peripheral nervous system. â-GalCer isolated from my-
elin consists of a variety of lipids, which vary in chain
length, olefination, and hydroxylation state of the hy-
drocarbons in the main and acyl chains.1 These lipids are
also collectively referred to as cerebroside. A carbohy-
drate-carbohydrate interaction between cerebroside and
cerebroside sulfate, the 3-sulfate derivatives of cerebro-
side, mediates the compaction of the myelin sheath.2
Defective formation and/or compaction of myelin is
implicated in a variety of pathologies, including multiple
sclerosis, Krabbe’s and metachromatic leukodystrophies
(MLD), and congenital hypomyelination.3 Additional roles
for â-GalCer include its function as a ligand for the HIV-1
viral glycoprotein gp120, mediating viral entry into
epithelial cells.4 â-GalCer has been suggested as a
possible ligand for the adhesion of Helicobacter pylori to
cells in the gastric system.5

Our interest in â-GalCer stems from our ongoing
studies of glycolipid carbohydrate-carbohydrate interac-
tions.6 As part of this work, we required a modular
synthetic approach toward â-GalCer and related gly-

cosphingolipids. We recently reported a cross metathesis
route for the preparation of the sphingolipid 4,5-unsatur-
ated lipid chain and demonstrated an application of this
methodology for the synthesis of ceramide.7,8 In this
paper we present a cross metathesis approach for the
synthesis of â-GalCer and its analogues.9

The centerpiece of the cross metathesis synthetic route
is the orthogonally protected building block 5 (Scheme
1). Our previously reported preparation of 5 used diethyl
tartrate as the starting material.7 While the use of
tartrate permits access to both enantiomers of sphin-
golipids, we now report a significantly improved method
for the preparation of 5 starting from the mesylate diol
2. The synthesis of 2 has been reported by Bundle and
co-workers in a patent application.10 Following these
procedures, we prepared 2 on a multigram scale without
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SCHEME 1a

a Conditions: (a) (i) tBuPh2SiCl, imidazole, 61%; (ii) p-MeO-
benzyl trichloroacetimidate, La(OTf)3, 81%. (b) (i) NaN3, Bu4NCl,
DMF, 90 °C; (ii) tBuPh2SiCl, imidazole, 67% over two steps. (c) (i)
Zn, NH4Cl, MeOH, 83%; (ii) Fmoc-Cl, Hunig’s base, CH2Cl2, 76%.
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chromatographic purification. The primary alcohol of the
diol was selectively protected as a bulky silyl ether,
followed by lanthanum triflate-promoted etherification
of the secondary alcohol to provide 3.11 Subsequent azide
displacement of the sulfonate proceeded efficiently, but
the desired product 4 was always accompanied by some
material that had lost the silyl ether under the reaction
conditions. The crude reaction mixture was resubjected
to silylation conditions to provide 4 in 67% overall yield.
We had found that olefin cross metathesis reactions of
the azide-containing building block 4 suffered from poor
yields and undesirable side reactions,7 so the azide was
reduced and the resulting amine was protected as the
Fmoc carbamate. The orthogonally protected alkene 5
was obtained in 20% overall yield from the diol 2 and
could be prepared in multigram quantities.

The silyl ether was removed from 5 by treatment with
HF‚pyridine to afford the alcohol 6 in 88% yield. This
alcohol was efficiently glycosylated with the tetrapivaloyl
trichloroacetimidate 7 derived from galactose using BF3‚
Et2O as the promoter to provide the desired â-linked
glycoside 8 in 71% yield. It is worth commenting that
the glycosylation yield and anomeric selectivity obtained
with the N-Fmoc-protected acceptor 5 compare favorably
with that obtained when â-azido glycosyl acceptors were
used.12

With the glycoside in hand, we evaluated its compe-
tence as a coupling partner in the olefin cross metathesis
reaction (Scheme 2). The cross coupling could be effected
with a variety of alkenes in high yields using the
commercially available “Grubbs second-generation” ru-
thenium carbene catalyst.13,14 As we had previously

observed in the cross metathesis reactions of 5, the trans-
alkene was formed with very high selectivity. In most
cases, only the trans isomer was observed by 1H NMR.
While R-olefins underwent facile cross metathesis to
afford the protected glycolipids in good yield, the presence
of adjacent heteroatoms was problematic. The ethylene
glycol derivative 9e failed to provide any cross-coupled
product, despite variations in solvent, temperature, stoi-
chiometry, and ruthenium carbene catalyst. One possible
reason for the failure of 9e to couple may be the formation
of nonproductive chelated metallacarbene intermedi-
ates.15

Completion of the synthesis of â-GalCer was achieved
by deprotecting the Fmoc group from 10c, followed by
acylation with palmitoyl chloride to provide 12. Alterna-
tively, 12 could be obtained from 8 by initial Fmoc group
removal and palmitoylation, followed by metathesis as
the last step in the sequence. Subsequent global depro-
tection of the PMB ether and pivaloyl esters provided
â-galactosyl ceramide 13. The 1H NMR spectrum of the
final product was in good agreement with that reported
by Schmidt.12b

Alkene 5 is a versatile building block for (glyco)-
sphingolipid synthesis. The majority of glycosphingolipid
syntheses install the alkene-containing chain first, fol-
lowed by glycosylation and acylation.12c Using building
block 5, one can install the three functionalities (sugar,
acyl group, main chain) in a wider variety of sequences
such as those shown in Scheme 3. Additionally, the
terminal alkene in 5 provides a useful chemical handle
for alternative functionalization chemistries and biocon-
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SCHEME 2a

a Conditions: (a) HF‚pyridine, 88%. (b) BF3‚Et2O, 4 Å MS, 71%.
(c) Alkene, Grubbs second-generation catalyst.

SCHEME 3a

a Conditions: (a) (i) Piperidine/DMF; (ii) palmitoyl chloride,
Et3N, DMAP, CH2Cl2, 66% over two steps. (b) 1-Pentadecene,
Grubbs second-generation catalyst, 72%. (c) (i) Piperidine/DMF;
(ii) palmitoyl chloride, Et3N, DMAP, CH2Cl2, 70% over two steps.
(d) (i) CF3CO2H/CH2Cl2/H2O; (ii) NaOMe/MeOH, 77% over two
steps.

J. Org. Chem, Vol. 70, No. 20, 2005 8229



jugation.12a This flexibility will facilitate the synthesis
of glycolipid derivatives and provide a powerful tool for
the elucidation of structure-function relationships in this
class of biomolecules.16

Experimental Section

8: To a cold (-10 °C) solution of 6 (50 mg, 0.11 mmol) and 74

(181 mg, 0.28 mmol) in dichloromethane (5 mL) was added BF3‚
OEt (0.28 mL, 0.022 mmol, 0.78 M solution in CH2Cl2). The
reaction mixture was stirred for 2 h. To the reaction mixture
was added saturated sodium bicarbonate (aq). The mixture was
stirred for 5 min and diluted with dichloromethane (20 mL). The
dichloromethane layer was dried (Na2SO4) and concentrated to
give the crude, which was purified by by column chromatography
(SiO2, ethyl acetate/hexanes, 1/12) to provide 80 mg (71%, 0.083
mmol) of 8 as a white solid. 1H NMR (300 MHz, CDCl3): δ 1.12
(s, 9H), 1.13 (s, 9H), 1.17 (s, 9H), 1.24 (s, 9H), 3.59 (d, J ) 7.9
Hz, 1H), 3.77 (s, 3H), 3.89-3.90 (m, 2H), 3.96 (t, J ) 6.9 Hz,
1H), 4.05 (dd, J ) 7.2, 10.9 Hz, 1H), 4.14 (dd, J ) 5.7, 11 Hz,
1H), 4.18-4.23 (m, 2H), 4.25-4.28 (m, 1H), 4.39 (ab, J ) 10.9
Hz, 2H), 4.49 (d, J ) 10 Hz, 1H), 4.51 (d, J ) 10 Hz, 1H), 4.97
(d, J ) 8 Hz, 1H), 5.12 (dd, J ) 3.2, 10.4 Hz, 1H), 5.23 (dd, J )
7.8, 10.3 Hz, 1H), 5.30 (d, J ) 9.8 Hz, 1H), 5.31 (d, J ) 17.9 Hz,
1H), 5.415 (d, J ) 2.8 Hz, 1H), 5.78 (ddd, J ) 7.2, 9.9, 17 Hz,
1H), 6.86 (d, J ) 8.6 Hz, 2H), 7.26 (m, 2H), 7.30 (td, J ) 1.1, 7.4
Hz, 2H), 7.39 (t, J ) 7.5 Hz, 2H), 7.55 (d, J ) 7.6, 1H), 7.58 (d,
J ) 11 Hz, 1H), 7.76 (d, J ) 7.6 Hz, 2H). 13C NMR (100 MHz,
CDCl3): δ 27.1, 27.14, 38.7, 38.76, 38.8, 39.1, 47.2, 53.6, 55.2,
61.1, 66.6, 67.8, 69.0, 70.85, 70.9, 71.0, 79.7, 101.1, 113.8, 119.6,
119.9, 125.0, 127.0, 127.6, 129.4, 130.2, 135.7, 141.3, 143.9, 155.9,
159.2, 176.8, 176.9, 177.3, 177.8. HRMS (FAB): calcd for C54H71-
NaNO14 980.4772, found 980.4791.

10c: To a solution of 8 (55 mg, 0.057 mmol) and pentadecene-1
(0.078 mL, 0.29 mmol) in dichloromethane (3 mL) was added
Grubbs second-generation catalyst (13.6 mg, 0.016 mmol). The
reaction mixture was heated to reflux for 24 h. To the reaction
mixture was added pentadecene-1 (0.078 mL, 0.29 mmol), and
the reaction mixture was refluxed for an additional 12 h. The
reaction mixture was concentrated and purified by column
chromatography (SiO2, ethyl acetate/hexanes, 1/12) to provide
53 mg (81%, 0.046 mmol) of 10c as white waxy solid. 1H NMR
(400 MHz, CDCl3): δ 0.88 (t, Jave ) 6.8 Hz, 3H), 1.12 (s, 9H),
1.14 (s, 9H), 1.17(s, 9H), 1.24 (s, 9H), 1.25-1.33 (m, 22H), 2.0
(m, 2H), 3.61 (dd, J ) 1.4, 8.6 Hz, 1H), 3.78 (s, 3H), 3.82-3.90
(m, 2H), 3.96 (m, 1H), 4.07 (dd, J ) 7.4, 10.9 Hz, 1H), 4.15 (dd,
J ) 6.6, 10.8 Hz, 1H), 4.17-4.20 (m, 1H), 4.20-4.24 (m, 1H),
4.25 (d, J ) 9 Hz, 1H), 4.39 (ab, J ) 11 Hz, 2H), 4.4 (dd, J )
6.7, 6.8 Hz, 1H), 4.96 (d, J ) 8.6 Hz, 1H), 5.12 (dd, J ) 3.2, 10.4
Hz, 1H), 5.23 (dd, J ) 7.8, 10.3 Hz, 1H), 5.37 (dd, J ) 8, 15 Hz,
1H), 5.415 (d, J ) 3.1 Hz, 1H), 5.73 (dt, J ) 6.6, 15.4 Hz, 1H),
6.86 (d, J ) 8.5 Hz, 2H), 7.24 (d, J ) 8.5 Hz, 2H), 7.30 (t, J )
7.4 Hz, 2H), 7.39 (t, J ) 7.5 Hz, 2H), 7.55 (d, J ) 7.5 Hz, 1H),
7.59 (d, J ) 7.5 Hz, 1H), 7.76 (d, J ) 7.6 Hz, 2H). 13C NMR
(100 MHz, CDCl3): δ 14.1, 22.7, 27.07, 27.14, 27.2, 29.2, 29.4,
29.5, 29.7, 31.9, 32.3, 38.7, 38.75, 38.8, 39.1, 47.2, 53.8, 55.2,

61.0, 66.6, 66.8, 68.0, 69.1, 70.5, 70.9, 71.0, 79.4, 101.2, 113.7,
119.9, 125.05, 125.1, 127.0, 127.3, 127.6, 129.3, 130.4, 137.1,
141.2, 141.3, 143.9, 144.0, 155.8, 159.1, 176.8, 176.9, 177.2, 177.8.
HRMS (FAB): calcd for C67H97NaNO14 1162.6806, found
1162.6830

12: A solution of 10c (40 mg, 0.035 mmol) and 20% piperidine
in DMF (3 mL) was stirred for 1 h. The excess piperidine and
DMF was removed by flowing N2 through the reaction mixture
for 3 h to provide the crude amine. The crude amine was taken
up in dichloromethane (3 mL), and triethylamine (0.03 mL, 0.2
mmol), DMAP (2 mg, 0.016 mmol), and palmitoyl chloride (0.2
mL, 0.07 mmol) were added. The reaction mixture was stirred
at room temperature for 3 h. The reaction mixture was diluted
with dichloromethane (10 mL) and washed successively with 1
N HCl (5 mL), water (5 mL), and brine (5 mL). The dichlo-
romethane layer was dried (Na2SO4) and concentrated to give
the crude, which was purified by two successive column chro-
matography runs (SiO2, ethyl acetate/hexanes, 1/10) to provide
28 mg (70%, 0.024 mmol) of 12 as a waxy solid. 1H NMR (400
MHz, CDCl3): δ 0.88 (t, Jave ) 6.8 Hz, 6H), 1.12 (s, 9H), 1.159
(s, 9H), 1.16 (s, 9H), 1.23-1.38 (m, 48 H), 1.25 (s, 9H), 1.99-
2.13 (m, 4H), 3.59 (dd, J ) 3.4, 9.1 Hz, 1H), 3.79 (s, 3H), 3.82 (t,
J ) 8 Hz, 1H), 3.94 (t, J ) 7.1 Hz, 1H), 4.04 (dd, J ) 7.4, 10.9
Hz, 1H), 4.12 (dd, J ) 6.7, 10.9 Hz, 1H), 4.14-4.18 (m, 1H), 4.20
(dd, J ) 4.0, 8.9 Hz, 1H), 4.36 (ab, J ) 11 Hz, 2H), 4.50 (d, J )
7.6 Hz, 1H), 5.11 (dd, J ) 3.2, 10.4 Hz, 1H), 5.19 (dd, J ) 7.6,
10.4 Hz, 1H), 5.35 (dd, J ) 8.4, 15.5 Hz, 1H), 5.405 (d, J ) 2.9
Hz, 1H), 5.57 (d, J ) 8.8 Hz, 1H), 5.67 (dt, J ) 6.9, 15.3 Hz,
1H), 6.87 (d, J ) 8.6 Hz, 2H), 7.22 (d, J ) 8.6 Hz, 2H). 13C NMR
(100 MHz, CDCl3): δ 14.5, 23.1, 26.1, 27.5, 27.6, 29.7, 29.8, 30.0,
30.1, 32.4, 32.7, 37.4, 39.1, 39.2, 39.5, 52.0, 55.7, 61.4, 67.0, 68.4,
69.6, 70.7, 71.3, 71.4, 79.8, 101.6, 114.2, 127.9, 129.7, 131.0,
137.2, 159.5, 172.8, 177.2, 177.3, 177.6, 178.2. HRMS (FAB)
calcd for C68H118NO13 1156.8603, found 1156.8570.

13: To a cold (0 °C) solution of 12 (22 mg, 0.019 mmol) in
dichloromethane was added 20% TFA (2 mL, solution in dichlo-
romethane). The reaction mixture was stirred for 12 h. To the
reaction mixture was added solid sodium bicarbonate with
vigorous stirring. The resulting mixture was filtered and con-
centrated. The crude reaction mixture was directly used in next
step without any further purification. The crude mixture was
taken in methanol (3 mL) and added to a solution of sodium
methoxide (0.19 mmol) in methanol. The reaction mixture was
stirred for 12 h. To the reaction mixture was added Amberlite
(IR-120, H+), and the reaction mixture was stirred until the
solution was neutral. The reaction mixture was filtered and
concentrated to give the crude, which was purified by column
chromatography (SiO2, hexanes/ethyl acetate, 9/1) to generate
10.3 mg (77%, 0.015 mmol) of 134 as a waxy solid.
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