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Glycosidation of the lactose derivative 4 with [1-13C]-sialyl sialic acid gave the trisaccharide 5 which was transformed
into [1c-13C]-GM3 ([1c-13C]-1).xanthate 3, prepared from enzymatically obtained [1–13C]-

Gangliosides are sialic acid containing glycosphingoli- ([1c-13C]-1) containing [1-13C]-labelled N-Ac-neuraminic
acid[12].pides which are present in the outer membranes of living

cells [1]. They may act as tumor-associated antigens[2] and
Results and Discussionplay an important role in cell-cell and cell-surface interac-

tions. Gangliosides influence the cell growth by interaction The retrosynthesis of [1c-13C]-GM3 ([1c-13C]-1) leads to
stearic acid, azidosphingosine 9, the lactose derivative 4 andwith e.g. the epidermal growth factor[3] and they are in-

volved in apoptosis, the molecular regulation of cell the [1-13C]-labelled sialyl donor 3. For the synthesis of 4,
lactose was transformed into the 3b,4b-O-unprotected de-death[4]. In addition, transformed gangliosides such as the

GM3-ganglioside lactone 2 are believed to be tumorspecific rivative 4 as previously described[13].
[1-13C]-N-acetylneuraminic acid was synthesised enzy-markers[5], which might be used in the development of vac-

cines against cancer[6]. The GM3-lactone 2 was found to matically according to a literature procedure[14] using so-
dium [1-13C]-pyruvate. Sialylation of 4 was performed withoccur in the membranes of melanoma and liver carcinoma

cells [7] in an equilibrium with GM3 (1) [8]. [1-13C]-N-acetylneuraminic xanthate 3 [15] as sialyl donor.

Scheme 1. Formation of GM3-lactone 2 from GM3 (1)

However, so far no direct evidence for the lactonisation The reaction was carried out in acetonitrile/dichlorometh-
ane (2:1) at 270°C using 1.0 equivalent of phenyl sulfenyl-of 1 on the surface of tumor cells to give 2 was found[9]. A

clarification of this important biochemical transformation triflate (PST) as promotor[16] to give the trisaccharide 5 in
42% yield exclusively (Scheme 2).may be possible by NMR spectroscopy on living tumor

cells, using gangliosides with [1-13C]-labelled sialylic acid. Neither the β-glycoside nor a product formed by a glyco-
sidation at 4b-OH of 4 were found. Hydrogenolytic cleavageRecently, the GM3-trisaccaride moiety was synthesised en-

zymatically in [13C]-enriched form[10]. Herein we describe a of the O-benzyl groups in 5 with Pd(OH)2, followed by per-
acetylation of the crude product led to 6 in 76% yield. Re-chemical synthesis [11] of specifically labelled [1c-13C]-GM3
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Scheme 2

Reagents and conditions: (a) PST, AgOTf, CH3CN/CH2Cl2, 270°C (42%); (b) (i) Pd(OH)2/C, H2, MeOH, (ii) Ac2O/Py, 0°C (76%);
(c) BF3?OEt2, CH2Cl2, 0°C (95%); (d) CCl3CN, DBU, CH2Cl2 (84%).

moval of the protecting group at C-1a with boron trifluo- with trichloroacetonitrile in the presence of DBU to afford
8 in 84% yield.ride2diethyl ether gave 7 in 95% yield[17]. For the glycosid-

ation of azidosphingosine 9, the trisaccharide 7 was trans- Glycosidation of 3-O-benzoylazidosphingosine 9 [19] as ac-
ceptor with 8 in the presence of boron trifluoride2diethylformed into the α-trichloroacetimidate[18] 8 by treatment

Scheme 3

Reagents and conditions: (a) 9, BF3·OEt2, 0°C (75%); Lindlar catalyst, H2, C36H70O3 (76%); (c) (i) NaOMe/MeOH, (ii) H2O, (iii) IRA
120 (88%).
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and 2,6-di-tert-butyl-4-methylpyridine (372 mg, 1.81 mmol) wereether gave the β-glycoside 10 in 75% yield. Reduction with
added, and the mixture was cooled to 270°C and kept protectedLindlar9s catalyst and acylation of the corresponding amine
from light. Phenylsulfenyl chloride (190 µl, 1.59 mmol) in dry di-with stearoyl anhydride[20] afforded the ceramide derivative
chloromethane (300 µl) was added slowly by running down the cold11 in 76% yield. The removal of the O-acyl groups was per-
wall of the reaction flask, and then stirring was continued for 3 h atformed under Zemplén conditions to give [1c-13C]-labelled
270°C. The mixture was diluted with ethyl acetate (10 ml), filtered

GM3 ([1c-13C]-1) in 88% yield (Scheme 3). The NMR data of (Celite), washed with saturated aqueous sodium hydrogen sulfate,
1 are in full agreement with those reported in the literature[21]. water and brine, dried with Na2SO4 and concentrated in vacuo.

At the moment NMR spectroscopic investigations with The residue was purified by chromatography (SiO2; ethyl acetate/
[1c-13C]-GM3 ([1c-13C]-1) on cultured cells are performed pentane, 10:1) to give 5 as a foam (482 mg, 0.35 mol, 42%). 2 1H

NMR (500 MHz, CDCl3): δ 5 0.09 [s, 9 H, Si(CH3)3], 1.01 ]m, 2with the aim to prove the formation of the GM3-lactone 2
H, CH2Si(CH3)3], 1.9222.10 (m, 15 H, CH3), 2.11 (t, J 5 10.8 Hz,from 1 on the cell surface.
1 H, 3c-Hax), 2.48 (dd, J 5 13.2, 6.5 Hz, 1 H, 3c-Heq), 2.76 (sbr., 1

This work was supported by the Deutsche Forschungsge- H, 4b-OH), 3.35 (t, J 5 6.8 Hz, 1 H, 3-H), 3.4223.69 (m, 7 H),
meinschaft (SFB 500) and the Fonds der Chemischen Indu- 3.76 [d, J(13C-H) 5 3.1 Hz, 3 H, CO2CH3], 3.81 (t, J 5 7.2 Hz, 1
strie. H), 3.8624.15 (m, 6 H), 4.56 (d, J 5 8.7 Hz, 1 H, 1a-H), 4.2324.47

(m, 6 H), 4.6524.78 (m, 4 H), 4.80 (dd, J 5 6.2, 2.9 Hz, 1 H), 4.87
(d, J 5 7.4 Hz, 1 H), 4.94 (d, J 5 6.1 Hz, 1 H), 5.15 (d, J 5 10.1
Hz, 1 H, 1b-H), 5.32 (dd, J 5 7.8, 2.3 Hz, 1 H, 7c-H), 5.40 (dt,Experimental Section
J 5 7.1, 2.6 Hz, 1 H, 8c-H), 7.2027.45 (m, 25 H, aromatic). 2

General: 1H-NMR and 13C-NMR spectra were recorded with a 13C NMR (125 MHz): δ 5 21.48 [Si(CH3)3], 18.40 [CH2Si(CH3)3],
Varian XL-500 or a Varian XL-300 spectrometer; multiplicities 20.44, 20.64, 20.75, 21.04, 23.04 (NHAc), 36.34 (C-3c), 49.09 (C-
were determined with APT pulse sequence. 2 Melting points were 5c), 52.95 (CO2-CH3), 62.21 [O-CH2-CH2-Si(CH3)3], 67.11, 67.81,
determined with a Mettler FP 61 apparatus and are uncorrected. 68.32, 68.49, 68.82, 69.05, 72.35, 72.63, 72.93, 73.20, 74.81, 74.99,
2 TLC was performed on foil plates (Macherey-Nagel & Co., Poly- 75.26, 76.25, 76.57, 78.33, 81.91, 82.91, 98.33 (d, J 5 68 Hz, 2c-
gram SIL G/UV254). 2 Column chromatography was performed C), 102.30, (1b-C), 102.97 (1a-C), 127.05, 127.18, 127.21, 127.30,
using SiO2 (Merck). 2 Sodium [1-13C]-pyruvate was purchased 127.37, 127.39, 127.40, 127.42, 127.92, 127.94, 127.99, 128.02,
from Deuterochem and was used without further purification. 128.10, 128.15, 128.16, 138.30, 138.45, 138.70, 138.86, 139.07,

168.28 (1c-C), 169.84, 169.95, 170.27, 170.50, 170.72. 2 MS (DCI);O-Ethyl S-(5-Acetamido-4,7,8,9-tetra-O-acetyl-1-methyl-
m/z (%): 1384.6 (100) [M1 1 NH4

1].[1213C]-a-neuraminosyl) Dithiocarbonate (3): To a solution of [1-
13C]-sialyl chloride (0.88 g, 1.72 mmol) in ethyl acetate (11 ml) was 2-(Trimethylsilyl)ethyl [Methyl (5-acetamido-4,7,8,9-tetra-O-
added a sodium carbonate solution (11 ml, 2 ), then tetrabutylam- acetyl-3,5-dideoxy- -glycero-a- -galacto-[1213C]-2-nonulopy-
monium hydrogen sulfate (585 mg, 3.64 mmol) and O-ethylxhantic ranosyl)onate]-(2R3)-(2,4,6-tri-O-acetyl-β- -galactopyranosyl)-
acid potassium salt (320 mg, 1.99 mmol) at 0°C. The two-phase (1R4)-2,3,6-tri-O-acetyl-β--glucopyranoside (6): A mixture of 5
reaction mixture was vigorously stirred at room temp. for 20 min. (390 mg, 0.29 mmol) and palladium(II) hydroxide on carbon (100
Ethyl acetate (50 ml) was added, the organic phase was separated mg, 10% Pd) in methanol (10 ml) was shaken under hydrogen (3
and washed with saturated sodium hydrogen carbonate, water and bar) for 6 h. Then the mixture was filtered through Celite. After
brine. The combined organic extracts were dried with Na2SO4, con- washing with methanol (30 ml), the combined filtrates were concen-
centrated under reduced pressure and the residue was purified by trated in vacuo. The residue was treated with acetic anhydride (16
column chromatography on silica gel, using ethyl acetate as eluant ml) in pyridine (26 ml) at 0°C. After stirring for 8 h at room temp.,
to afford 3 (0.91 g, 1.51 mmol, 88%), m.p 87.8°C. 2 [α]20 5 182.2 the mixture was concentrated in vacuo. Flash chromatography
(c 5 1, CHCl3). 2 1H NMR (300 MHz, CDCl3): δ 5 1.34 (t, J 5 (SiO2; ethyl acetate/methanol, 30:1) of the residue yielded 6 (260
7.1 Hz, 3 H), 1.84 (s, 3 H), 1.97 (t, J 5 12.9 Hz, 1 H, 3-Hax), mg, 0.22 mmol, 76%). 2 1H NMR (300 MHz, CDCl3): δ 5 20.02
2.0322.08 (4 s, 12 H), 2.55 (dd, J 5 12.9, 4.7 Hz, 1 H, 3-Heq), [Si(CH3)3], 0.96 [m, 2 H, CH2Si(CH3)3], 1.8822.14 (10 s, 30 H, Ac),
3.4923.53 (m, 1 H), 3.81 [d, J(13C-H) 5 4.1 Hz, 3 H, CO2CH3], 2.23 (s, 3 H, NHAc), 2.14 (t, J 5 12.5 Hz, 1 H, 3c-Hax), 2.55 (dd,
4.01 (q, J 5 11.5 Hz, 1 H, 5-H),4.18 (dd, J 5 11.0, 2.5 Hz, 1 H, J 5 12.5, 4.5 Hz, 1 H, 3c-Heq), 3.5023.62 (m, 5 H), 3.78 [d, J(13C-
9-Ha), 4.5024.58 (m, 1 H, OCH2Me), 4.56 (dd, J 5 11.0, 2.5 Hz, H) 5 4.8 Hz, 3 H, CO2CH3], 3.96, (dd, J 5 6.1, 1.1 Hz, 1 H, 9c-
1 H, 6-H), 4.7624.83 (m, 1 H, OCH2Me), 4.8424.91 (m, 1 H, 4- H), 4.0124.18 (m, 9 H), 4.29 (dd, J 5 11.8, 3.0 Hz, 1 H), 4.45 (d,
H), 5.2525.34 (m, 3 H). 2 13C NMR (125.7 MHz, CDCl3): δ 5 J 5 8.9 Hz, 1 H, 1a-H), 4.52 (dd, J 5 12.2, 3.2 Hz, 1 H, 3b-H),
13.34 (OCH2CH3), 20.75, 20.78, 20.82, 21.07, 23.17 (5 CH3CO, 4.67 (d, J 5 8.8 Hz, 1 H, 1b-H), 4.7824.92 (m, 4 H), 5.12 (dd, J 5
37.16 (C-3), 49.26 (C-5), 53.30 (d, J 5 2.7 Hz, CH3O), 62.05 (C- 10.2, 9.8 Hz, 1 H), 5.54 (mc, 1 H, 8c-H). 2 13C NMR (75.48 MHz):
9), 67.76 (C-8), 68.85 (C-4), 70.21 (C-7), 70.46 (OCH2CH3), 75.15 δ 5 21.45 [Si(CH3)3], 18.38 [CH2-Si(CH3)3], 20.77, 20.82, 20.92,
(C-6), 86.55 (d, J 5 67.7 Hz, C-2), 168.72 (C-1), 170.11, 170.23, 21.11, 21.51, 23.16 (NHAc), 37.33 (C-3c), 49.06 (C-5c), 53.10 (d,
170.56, 170.84 (5 CH3CO), 207.19 (CS). 2 MS (DCI); m/z (%): J 5 4.5 Hz, CO2CH3), 62.20, 62.34, 66.85, 67.27, 67.43, 67.70,
614.6 (100) [M1 1 NH4

1]. 69.29, 69.88, 70.35, 71.26, 71.80, 71.89, 72.45, 73.51, 76.33, 96.26
(d, J 5 68.8 Hz, C-2c), 99.90, 100.97 (C-1a, C-1b), 162.03, 166.16,2-(Trimethylsilyl)ethyl [Methyl (5-acetamido-4,7,8,9-tetra-O-
167.19, 167.26, 167.66, 167.89 (C-1c), 168.25, 168.52, 168.84,acetyl-3,5-dideoxy- -glycero-a- -galacto-[1213C]-2-nonulopy-
168.98. 2 MS (DCI); m/z (%): 1186.2 (100) [M1 1 NH4

1].ranosyl)onate]-(2R3)-(2,6-di-O-benzyl-β- -galactopyranosyl)-
(1R4)-2,3,6-tri-O-benzyl-β--glucopyranoside (5): A mixture of the [Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy--gly-

cero-a--galacto-[1-13C]-2-nonulopyranosyl)onate]-(2R3)-(2,4,6-lactose derivative 4 (1.09 g, 1.0 mmol), N-acetylneuraminic acid
derivative 3 (0.90 g, 1.5 mmol), molecular sieves (2.0 g, 4 Å), in a tri-O-acetyl-β- -galactopyranosyl)-(1R4)-2,3,6-tri-O-acetyl-β- -

glucopyranoside (7): To a solution of 6 (240 mg, 0.20 mmol) inmixture of dry acetonitrile (10 ml) and dry dichloromethane (5 ml)
was stirred under argon for 1 h. Silver triflate (427 mg, 1.66 mmol) dichloromethane (20 ml), boron trifluoride2diethyl ether (222 µl)
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was added at 0°C, and the mixture was stirred for 2 h at 0°C and 8.1 Hz, 1 H, 5cer-H), 7.43 (t, J 5 7.0 Hz, 2 H, C6H5CO), 7.59 (t,

J 5 7.0 Hz, 1 H, C6H5CO), 8.02 (d, J 5 7.0 Hz, 2 H, C6H5CO).then 1 h at room temp. The reaction mixture was diluted with di-
chloromethane (30 ml), washed with saturated sodium hydrogen (5-Acetamido-3,5-dideoxy- -glycero-a- -galacto-[1213C]-2-
carbonate, water and brine and dried with Na2SO4. The mixture nonulopyranoslylicacid)-(2R3)-O-β-galactopyranosyl-(1R4)-O-β-
was concentrated in vacuo and the residue was chromatographed glucopyranosyl-(1R1)-(2S,3R,4E)-2-octadecanamido-4-octa-
(SiO2; ethyl acetate/methanol, 30:1) to give 7 (205 mg, 0.19 mmol, decene-1,3-diol (1): Methanolic sodium methoxide (130 µl, 5.4 )
95%). 2 1H NMR (300 MHz, CDCl3): δ 5 1.9122.25 (m, 30 H, was added to a solution of 11 (115 mg, 0.07 mmol) in dry methanol
10 Ac), 2.23 (s, 3 H, NHAc), 2.59 (dd, J 5 12.5, 4.5 Hz, 1 H, 3c- (16 ml), and the mixture was stirred overnight at room temp. Then
Heq), 3.79 [d, J(13C-H) 5 3.2 Hz, 3 H, CO2CH3], 3.9624.20 (m, 10 water (900 µl) was added and the solution was stirred for 8 h at
H), 4.62 (dd, J 5 10.0, 3.0 Hz, 1 H, 3b-H), 4.75 (d, J 5 7.8 Hz, 1 room temp. The solution was neutralised with Amberlite IR-120
H, 1b-H). 2 13C NMR (75.48 MHz): δ 5 20.48, 20.61, 20.69, (H1), filtered and concentrated in vacuo. Chromatography (SiO2;
20.74, 20.82, 20.90, 23.11 (NHAc), 37.30 (C-3c), 49.12 (C-5c), 52.98 chloroform/methanol/water, 155:65:10) of the residue gave 1 (69.9
(CO2CH3), 61.32, 62.07, 62.14, 67.15, 67.67, 67.93, 68.20, 69.30, mg, 0.06 mmol, 88%). 2 1H NMR (500 MHz; DMSO/D2O, 98:2):
69.91, 69.97, 70.29, 71.36, 71.48, 71.54, 71.90, 73.46, 96.69 (d, J 5 δ 5 0.86 (t, J 5 7.1 Hz, 6 H, CH3), 1.24 (sbr, 54 H, CH2), 1.31 (m,
68.6 Hz, C-2c), 99.86, 100.90 (C-1a, C-1b), 161.90, 166.09, 167.16, 1 H, 3c-Hax), 1.89 (s, 3 H, NHAc), 1.96 (q, J 5 7.0 Hz, 2 H, 6cer-
167.25, 167.63, 167.87 (C-1c), 168.27, 168.49, 168.84, 168.99. H), 2.75 (dd, J 5 11.5, 5.1 Hz, 1 H, 3c-Heq), 3.05 (t, J 5 9.6 Hz,

1 H, 3a-H), 3.47 (d, J 5 6.1 Hz, 1 H, 6c-H), 3.89 (dd, J 5 10.0,[Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy--gly-
3.2 Hz, 1 H, 1b-H), 4.21 (d, J 5 8.0 Hz, 1a-H), 5.40 (dd, J 5cero-a- -galacto-[1213C]-2-nonulopyranosyl)onate]-(2R3)-O-
16.0,7.0 Hz, 1 H, 4cer-H), 5.63 (dt, J 5 16.0, 7.0 Hz, 1 H, 5cer-H).(2,4,6-tri-O-acetyl-β- -galactopyranosyl)-(1R4)-2,3,6-tri-O-

acetyl-α--glucopyranosyl Trichloracetimidate (8): To a solution of
7 (205 mg, 0.19 mmol) and trichloroacetonitrile (570 µl, 5.7 mmol)
in dry dichloromethane (10 ml) was added DBU (14 mg, 0.08

[1] S. Hakomori, Ann. Rev. Biochem. 1981, 50, 7332754.mmol) at 25°C. After stirring for 3 h at 0°C, the mixture was [2] [2a] S. Hakomori, Chem. Phys. Lipides 1986, 42, 2092233. 2 [2b]

concentrated in vacuo and purified by chromatography (ethyl ace- S. Hakomori, Y. Zhang, Chem. Biol. 1997, 4, 872104.
[3] [3a] Q. Zhou, S. Hakomori, K. Kitamura, Y. Igarashi, J. Biol.tate/methanol, 30:1) to give 8 (192 mg, 0.16 mmol, 84%). 2 1H

Chem. 1994, 269, 195921965. 2 [3b] E. Suarez Pestena, U.NMR (500 MHz): δ 5 1.65 (t, J 5 12.2 Hz, 1 H, 3c-Hax),
Greiser, B. Sánchez, L. E. Fernández, A. Lage, F.-D. Böhmer,1.8422.20 (10 s, 30 H, Ac), 2.22 (s, 3 H, NHAc), 2.61 (dd, J 5 Br. J. Cancer 1997, 75, 2132220.

12.6, 4.5 Hz, 1 H, 3c-Heq), 3.61 (dd, J 5 10.9, 2.9 Hz, 1 H), 3.78 [4] [4a] A. J. Hale, C. A. Smith, L. C. Sutherland, V. Stoneman, V.
L. Longthorne, A. C. Culhane, G. T. Williams, Eur. J. Biochem.(d, J 5 4.0 Hz, 1 H), 3.83 [d, J(13C-H) 5 4.0 Hz, 3 H, CO2CH3],
1996, 236, 1226. 2 [4b] R. DeMaria, L. Lenti, F. Malison, F.4.21 (dd, J 5 12.0, 4.5 Hz, 1 H), 4.34 (dd, J 5 12.5, 2.5 Hz, 1 H),
d9Agostino, B. Tomassini, A. Zenner, M. R. Rippo, R. Testi,4.41 (dt, J 5 12.5, 2.5 Hz, 1 H), 4.56 (dd, J 5 10.0, 3.5 Hz, 1 H), Science 1997, 277, 155221655.

4.68 (d, J 5 8.0 Hz, 1 H, 1b-H), 5.18 (d, J 5 10.0 Hz, 1 H), 5.35 [5] [5a] L. Riboni, S. Sonnino, D. Acquotti, A. Malesci, R. Ghidoni,
H. Egge, S. Mingrino, G. Tettamanti, J. Biol. Chem. 1986, 261,(dd, J 5 8.5, 2.5 Hz, 1 H, 7c-H), 6.49 (d, J 5 4.2 Hz, 1 H, 1a-H),
851428519. 2 [5b] C.-C. Sung, D. K. Pearl, S. W. Coons, B. W.8.64 (s, 1 H, C5NH). 2 MS (DCI); m/z (%): 1231.3 (100) [M1 1
Scheithauer, P. C. Johnson, A. J. Yates, Cancer 1994, 74,NH4

1]. 301023022.
[6] [6a] L. F. Tietze, H. Keim, Angew. Chem. 1997, 109, 170421706;[Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy--gly-

Angew. Chem. Int. Edit. Engl. 1997, 36, 161521617. 2 [6b] M.cero-a- -galacto-[1213C]-2-nonulopyranosyl)onate]-(2R3)- Wilstermann, L. O. Kononov, U. Nilsson, A. K. Ray, G.
(2,4,6-tri-O-acetyl-β- -galactopyranosyl)-(1R4)-(2,3,6-tri-O- Magnusson, J. Am. Chem. Soc, 1995, 117, 473224754. 2 [6c]

P. Livingston, S. Zhang, S. Adluri, T.-J. Yao, L. Graeber, G.acetyl-β- -glucopyranosyl)-(1R1)-(2S,3R,4E)-3-O-benzoyl-2-
Ragaphati, F. Helling, M. Fleisher, Cancer Immunol. Im-octadecaneamido-4-octadecene-1,3-diol (11): To a mixture of 8 (175
munther. 1997, 43, 3242330.mg, 0.14 mmol), the azidosphingosine derivative 9 (160 mg, 0.37 [7] W. B. Hamilton, F. Helling, K. O. Lloyd, P. O. Livingston, In-

mmol), and molecular sieves (0.3 g, 4 Å) in dry dichloromethane tern. J. Cancer 1993, 53, 5662573; S. Hakomori, J. Immunol.
1997, 139, 317123176.(10 ml) at 0°C under argon was added boron trifluoride2diethyl

[8] G. Magnusson, K. Ding, U. Nilsson, A. K. Ray, A. Rosén, H.-ether (31.4 µl, 0.25 mmol). After 2.5 h, the mixture was washed
O. Sjögren in Compex Carbohydrates in Drug Research (Ed.: K.with saturated aqueous sodium hydrogen carbonate, water and Bock, H. Clausen), A. Benzon Symp. 36, Copenhagen, 1994,

brine, dried with Na2SO4, concentrated in vacuo and chromato- p. 892103.
[9] S. K. Gross, M. A. Williams, R. H. McCluer, J. Neurochem.graphed (SiO2; ethyl acetate/pentane, 5:1) to give 10 (139 mg, 0.09

1980, 34, 135121361.mmol, 75%). A mixture of the azide 10 (136 mg, 0.09 mmol), Lind-
[10] M. A. Probert, M. A. Milton, R. Harris, S. Schenkman, J. B.lar9s catalyst (260 mg) and stearoyl anhydride (125 mg, 0.23 mmol) Brown, S. W. Homans, R. A. Field, Tetrahedron Lett. 1997,

in ethyl acetate (7 ml) was stirred at room temp. under H2 for 18 38, 586125864.
[11] [11a] M. Sugimoto, T. Ogawa, Glycoconjugate J. 1985, 2, 529. 2h. The reaction mixture was filtered through a pad of silica gel,

[11b] T. Tomoo, T. Kondo, H. Abe, S. Tsukamoto, M. Isobe, T.washed with ethyl acetate (30 ml) and the combined filtrates were
Goto, Carbohydr. Res. 1996, 284, 2072222. 2 [11c] M. Numata,concentrated in vacuo. Chromatography of the crude material (pen- M. Sugimoto, S. Shibayama, T. Ogawa, Carbohydr. Res. 1988,

tane/ethyl acetate, 3:1) provided 11 (120 mg, 0.07 mmol, 76%) as a 203, 73285. 2 [11d] T. Murase, H. Ishida, M. Kiso, A. Hase-
gawa, Carbohydr. Res. 1989, 188, 71280. 2 [11e] M. Numata,colorless oil. 2 1H NMR (300 MHz, CDCl3): δ 5 0.88 (t, J 5 7.1
M. Sugimoto, Carbohydr. Res. 1990, 203, 2052217. 2 [11f] K.-Hz, 6 H, 2 CH3), 1.29 (s, 56 H, CH2), 1.65 (mc, 1 H, 3c-Hax),
C. Liu, S. J. Danishefsky, J. Am. Chem. Soc. 1993, 115,1.8822.17 (10 s, 30 H, Ac), 2.17 (s, 3 H, NHAc), 2.58 (dd, J 5 493224934. 2 [11g] Y. Ito, J. Paulson, J. Am. Chem. Soc. 1993,
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[15] A. Marra, P. Sinaÿ, Carbohydr. Res. 1989, 187, 35242. 6632667. 2 [19b] Y. Ito, M. Kiso, A. Hasegawa, J. Carbohydr.

Chem. 1989, 8, 2852294.[16] V. Martichonok, G. M. Whitesides, J. Org. Chem. 1996, 61,
170221706. [20] T. K. Park, I. J. Kim, S. Hu, M. T. Bilodeau, J. T. Randolph,

O. Kwon, S. J. Danishefsky, J. Am. Chem. Soc. 1996, 118,[17] See ref. [13].
[18] [18a] R. R. Schmidt, J. Michel, Angew. Chem. 1980, 92, 7632764, 11488211500.

[21] T. A. W. Koerner, J. H. Prestegard, P. C. Demon, R. K. Yu,Angew. Chem. Int. Edit. Engl. 1980, 19, 7312732. 2 [18b] R. R.
Schmidt, Pure Appl. Chem. 1989, 61, 125721270. Biochemistry 1983, 22, 267622687.

[98187][19] [19a] R. R. Schmidt, P. Zimmermann, Liebigs Ann. Chem. 1988,

Eur. J. Org. Chem. 1998, 189521899 1899


