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orientations about the ft-y bond; in one orientation N8 (or N3) 
of His 121 could be a hydrogen bond acceptor, and in the other 
orientation Ns (or Nl ) can act as a hydrogen bond donor to 
neighboring residues such as GIu 75, Tyr 91, and/or Tyr 93.9 

The direct observation of the Hs protons of histidine residues 
has allowed heterogeneity to be detected under conditions where 
it would have been missed if only the H( protons had been studied. 
For example, our isotopic labeling revealed heterogeneity in ad­
dition to that caused by proline isomerism1,2 and allowed direct 
observation of the H6 resonance of His 121 that could not be 
located in studies recently reported by Markley's laboratory.7 We 
expect that the ability to detect conformational heterogeneity in 
SNase via both the Hs and Hf protons will prove useful in our 
studies of the effect of active site mutations on the conformations 
of the mutant proteins.5,6 
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Glycosphingolipids are a class of naturally occurring bioactive 
compounds usually embedded in the membrane of all animal cells 
and in some plant cells.1 The clinically important blood group 
antigens2 and the immunologically relevant tumor-associated 
oligosaccharides3 are examples of glycosphingolipids. The 
"intelligent" roles attributed to these biomolecules include me­
diation of cell-cell recognition and communication, growth reg­
ulation, and antibody interactions.4 Due to their increasingly 
recognized importance in biomedical research, these molecules 
have attracted considerable attention from the isolation5 and 
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synthetic6 points of view. Despite these efforts, however, these 
molecules remain relatively inaccessible, particularly in homo­
geneous form. In this communication, we report (1) a practical, 
short, and enantioselective route to glycosphingolipids which can 
also deliver enantiomerically pure sphingosine, ceramides, lyso-
sphingolipids, and other related derivatives and (2) a total synthesis 
of globotriaosylceramide (Gb3, 8) and confirmation of its structure. 

The strategy for the present synthesis of glycosphingolipids 
focuses on the asymmetric construction of the sphingosine 
equivalent 6 (Scheme I) following the principles advanced by 
Evans et al.7 and Pridgen et al.8 and its efficient and stereospecific 
coupling to carbohydrate fragments with the two-stage activation 
procedure for glycosidation recently reported from these labora­
tories9 (Scheme II). The details for the synthesis of the sphin­
gosine pregenitor 6 are shown in Scheme I. Thus, the oxazoli-
dinone derivative 1 was converted to its boron enolate and con­
densed with the a,/3-unsaturated aldehyde 2 to afford derivative 
310 in 72% yield.11 Displacement of the bromide in 3 with NaN3 

led to the azide 4 in 92% yield with complete inversion of stere-
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"Synthesis of globotriaosylceramide (Gb3, 8). Reagents and condi­

tions: (a) Me2C(OMe)2, TsOH catalyst, DMF, 25 0C, 2 h; (b) 8.0 
equiv of 1BuCOCl, DMAP catalyst, pyridine, 75 0C, 40 h, 60%; overall 
from 10; (c) CF3COOH, THF/H20; 2:1, 0 0C, 1.5 h, 95%; (d) 1.1 
equiv of PhCOCN, 1.3 equiv of Et3N, DMF, -20 to -10 0C, 0.5 h, 
80%; (e) 2.0 equiv of 9, 2.0 equiv of AgClO4, 2.0 equiv of SnCl2, 4 A 
MS, Et2O, O 0C, 2 h, 60%; (O 1.2 equiv of NBS, 10.0 equiv of HF-pyr, 
CH2Cl2 -20 to O 0C, 89%; (g) H2, Pd(OH)2-C, EtOH, 25 0C, 24 h, 
95%; (h) 5.0 equiv of Ac2O, 5.0 equiv of pyridine, DMAP catalyst, 
CH2Cl2, 0-25 0C, 95%; (i) 4.7 equiv of 6, 2.0 equiv of AgClO4, 2.0 
equiv of SnCl2, 1.0 equiv of 2,6-lutidine, CH2Cl2, O

 0C, 12 h, 80%; Q) 
2.0 equiv of Ph3P, 10 equiv of H2O, benzene, 45 0C, 6 h, 90%; (k) 1.2 
equiv of octadecanoyl chloride, 1.5 equiv of Et3N, DMAP catalyst 
CH2Cl2, 0

 0C, 1 h, 97%; (1) 1.5 equiv of nBu4NF, THF, 0-25 0C, 3 h, 
95%; (m) 1.0 equiv of NaOMe, MeOH, 60 °C, 24, 90%. 

ochemistry at the reaction center. Silylation of the hydroxy group 
in 4 then gave the silyl derivative 5 in 97% yield which was 
smoothly reduced with excess LiBH4 in THF affording the re­
quisite primary alcohol 6 (82% yield). The sphingosine equivalent 
6 was converted to the known12 triacetate 7 by (i) desilylation, 
(ii) azide reduction [HS(CH2)3SH, Et3N,13 leading to sphingo­
sine], and (iii) acetylation (81% overall yield). 

Besides proving to be an excellent precursor to optically active 
sphingosine and ceramide derivatives, compound 6, with the azido 
group as a masked equivalent to a primary amine, served ad­
mirably as a coupling partner to form glycosphingolipid and 
lysosphingolipid precursors by glycosidation with suitable car-
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bohydrate donors. Thus, galactosylceramide,14 lactosylceramide,15 

and globotriaosylceramide (Gb3,8)16 were synthesized from 6 and 
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suitably protected glycosylfluorides. The chemistry involved in 
these syntheses is exemplified in Scheme II which outlines the 
construction of the biologically important17 Gb3 (8) in its naturally 
occurring form. The present synthesis utilizes the trisaccharide 
fluoride 18 and the sphingosine equivalent 6 as advanced inter­
mediates (Scheme II). Lactosylphenylthioglycoside 1018 was 
selectively transformed to its terminal acetonide 11 and then fully 
esterified to the pentapivalate 12 in 60% overall yield. Removal 
of the acetonide group from 12 by acid hydrolysis (95%) followed 
by monobenzoylation led to the desired lactosyl derivative 14 (80%) 
via diol 13. The benzylated galactosyl fluoride 918 was then 
coupled with the dissaccharide 14 under the influence of AgCl-
O4-SnCl2 to afford trisaccharide 15 in 60% yield.18 As expected 
from the anomeric effect and the presence of a benzyl group at 
the 2-position of glycosyl fluoride 9, the newly generated glycoside 
bond in 15 was exclusively of the a-stereochemistry as determined 
by 2D NMR experiments.19 Having performed their function 
of stereospecific a-glycoside bond formation, the benzyl groups 
were then removed from the trisaccharide unit by sequential 
fluoride formation (15 —» 16, 85%) and hydrogenolysis (16 —-
17, 90%). The stability of glycosyl fluorides to hydrogenolysis 
conditions was crucial to the success of the present sequence and 
should considerably expand the utility of these intermediates in 
oligosaccharide synthesis. The free hydroxyl groups in 17 were 
then acetylated (17 — 18, 95%) in preparation for the final 
coupling reaction with the sphingosine equivalent 6. The coupling 
of trisaccharide fluoride 18 with excess of 6 proceeded under the 
usual conditions (AgClO4-SnCl2)

18 to afford compound 19 in 80% 
yield and with complete stereocontrol of the new glycoside bond 
in the desired sense as expected from the /3-directing ability of 
the pivalate group, strategically placed at the 2-position of the 
trisaccharide unit 18. 

The remaining steps of the synthesis involving (i) generation 
of an amino group from the azide (19 —» 20, 90%), (ii) amide 
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coupling constant established the a-configuration of the newly formed gly­
coside bond in 15. This structural assignment was confirmed by 1H NMR 
spectroscopy at the stage of 8 which was, furthermore, identical with an 
authentic sample of natural Gb3 (8). 
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formation with octadecanoyl chloride (20 -* 21, 97%), (iii) de-
silylation (21 -* 22, 95%), and (iv) pivalate removal (22 — 8, 
90%) proceeded smoothly, leading to globotriaosylceramide (Gb3, 
8) in excellent overall yield. Synthetic Gb3 (8) was identical with 
an authentic sample of this compound by the usual criteria.20 

The described total synthesis of Gb3 (8) demonstrates the power 
of the developed strategy for the synthesis of complex glyco-
sphingolipids, confirms the assigned structure16 to Gb3 as 8, and 
renders this glycosphingolipid readily available in pure form for 
further biological investigations. Further extensions of this strategy 
to the synthesis of more complex glycosphingolipids from the 
globo-, ganglio-, and lactoseries are currently in progress. 
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Molecular receptors which are capable of recognizing chiral 
guests attract much attention as sophisticated models of enzymes 
which have the capability of binding with such substances.1 

Cyclodextrin is a natural product which can recognize chiral 
molecules by producing diastereomeric pairs upon inclusion of 
components of racemates,2""6 and induced circular dichroism can 
be observed when an achiral guest molecule is included.7,8 A 
combination of the induced chirality in the guest molecule and 
the chirality of cyclodextrin itself should result in the formation 
of a diastereomeric mixture. This report deals with the detection 
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(8) Yamaguchi, H.; Ata, M.; McOmie, J. F. W.; Barton, J. W.; Baumann, 

H. J. Chem. Soc, Faraday Trans. 2 1983, 79, 599. 

20.98 

Figure 1. A: ESR spectrum of 1 in water in the presence of 1.0 X 10"2 

M /3-cyclodextrin at room temperature. Incident microwave power is 6 
mW, and the modulation width is 0.0125 mT. B: Proton-ENDOR 
spectrum of 1 in water in the presence of 1.0 X 10"2 M /3-cyclodextrin 
at 285 K. The external field is fixed at the position marked as 1 in Figure 
IA. The incident microwave power is 100 mW, the rf power setting is 
150 W, and the FM depth of rf is 100 kHz at the FM frequency of 12 
kHz. The scan rate is 15 s over 10 MHz, and the signal is accumulated 
for 500 times. Free-proton frequency is 14.42 MHz. C: Proton-EN­
DOR spectrum of 1 in water in the presence of 1.0 X 10~2 M 0-cyclo-
dextrin at 285 K. The external field is fixed at the position marked as 
2 in Figure IA. The spectrometer settings are the same as Figure IB, 
except the accumulation is 100 times. Free-proton frequency is 14.47 
MHz. 

Table 1. Hyperfine Splitting Constants of ( 
Complex of Nitroxide 1 in Water 

-Cyclodextrin Inclusion 

phenyl-in complex 

(e/T-butyl-in complex 
1 in water 

"By ENDOR at 285 K, error 

AH," mT 

0.311 
0.274 
0.465 
0.422* 

is ±0.003 mT. 

AN,b mT 

1.565 
1.565 
1.541 
1.590 

6 By ESR at room 
temperature, error is ±0.005 mT. 

of such diastereomers by ENDOR spectroscopy. 
It has been reported that the ESR spectra of diphenylmethyl 

tert-butyl nitroxide (aminoxyl) (1) in aqueous solutions of/3-cy-

C H - N — C(CH 3 ) 3 

1 
clodextrin show two kinds of inclusion complexes which are as­
signed to bimodal inclusion, i.e., "rerr-butyl-in" or "phenyl-in".9 

Both complexes have similar 0-hydrogen and nitrogen hyperfine 
splittings (hfs). Because of the small differences in hfs, ENDOR 
spectroscopy was applied to obtain more accurate values for the 
hfs constants. ENDOR spectra were obtained by choosing a 
relatively pure ESR line in which the line intensity from one species 
is dominant. When the external field is fixed on the line which 
was previously assigned to the "phenyl-in" inclusion complex, 

(9) Kotake, Y.; Janzen, E. G. J. Am. Chem. Soc. 1988,110, 3699. Kotake, 
Y.; Janzen, E. G. Chem. Phys. Lett. 1988, 150, 199. 
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