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1 .  INTRODUCTION 

This review of the literature on oligosaccharide synthesis tabulates over 700 
glycosidic linkages that have been chemically synthesized in the "popular literature" in the 
year 1994. The "popular literature" consists of the following journals, most frequently used 
for reporting oligosaccharide synthesis: Acta Chem. Scand., Angew. Chem. Intl. Ed. 
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1044 BARRESI AND HINDSGAUL 

Engl., Aust. J. Chem., Bioorg. Med. Chem., Bioorg. Med. Chem. Lett., Bull. Chem. 
Soc. Jpn., Bull. SOC. Chim. Fr., Can. J. Chem., Carbohydr. Res., Carbohydr. Lett., 
Chem. Ber., Chem. Lett., Chem.-Ztg. ,  Gazz. Chim. Ital., Glycoconjugate  J . ,  
Glycobiology, Helv. Chim. Acta, Heterocycles, J.  Am. Chem. Soc., J.  Carbohydr. 
Chem., J.  Chem. Res., J .  Chem. Soc. Chem. Commun., J. Chem. Soc. Perkin Trans. I ,  
J .  Med. Chem., J .  Org. Chem., Liebigs Ann. Chem., Pol. J .  Chem., Rec. Trav. Chim. 
Pays Bas., Synlett, Synthesis, Synth. Commun., Tetrahedron and Tetrahedron Lett. 

The review presents the glycosidic linkages synthesized in tabular form, in an easily 
"searchable" format. The function of this review is to provide a convenient source where an 
investigator can go to ask a simple question like "has anyone made the "aFuc(l+3)Glc 

linkage?", whether as a stand-alone disaccharide or as part of a larger oligosaccharide. For 
each glycosidic linkage synthesized, information on the identity of the donor, the acceptor, 
the promoter systems used, the size of the final oligosaccharide, the neighbouring group, 
the anomeric configuration of the product and the yield is presented. Only glycosidic 
linkages formed between sugar residues are reported, i.e., the syntheses of aromatic 
glycosides, glycosyl-steroids or glycosyl-ceramides etc. are not reported. Only 
disaccharides or larger are consequently listed. 

2 .  GUIDE TO THE TABLE 

The table indicates the specific glycosidic linkages formed in alphabetical order. 
Each entry has an entry number followed by the literature citation. The "acceptor size" and 
"donor size" columns each have two numbers in their respective column. The first number 
refers to the size of the acceptor or donor (i.e., monosaccharide = 1, disaccharide = 2 ,  etc.) 
and the size of the oligosaccharide formed is the sum of these two numbers. The second 
number, which is in parentheses, describes the number of equivalents of acceptor or donor 
used in the glycosidic synthesis. This is followed by a percentage yield column and an alp 
ratio column. When only an 01 or p is noted, only the yield of that particular anomer was 

reported. The identity of the anomeric leaving group of the glycosyl donor ( e g ,  bromide 
or trichloroacetimidate) appears next. Figure 1 presents generic structures for the various 
donors used. The neighbouring group column describes the group next to the anomeric 
center, at C-2 in the glycosyl donor. The activator column describes the reagents used to 
activate the particular donor. 

In an effort to provide as much information as possible in a minimum amount of 
space, we have included sugar rings modifications in square brackets preceding the sugar 
name. We also followed the example of the amino-acid literature and used normal fonts for 
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Trichloroacetimidate 

Thioglycoside 
(R= alkyl, ql) 

GIycosyl halide 
(X = F, C1 or Br) 

Glycosyl 0-phosphorous 

(R = alkyl or 0-alkyl, 
X = 0, S or lone pair) 

Reducing sugar 

Xanthate 

d- 
Sulfoxide 

Epoxide 

Pentenyl glycoside 

Anorneric acetate 

Seleno glycoside 

.N 
Diazirine 

FIG. I. GENERIC GLYCOSYL DONOR STRUCTURES 

the more common D-sugars and inverted fonts for the L-sugars: e.g., "Glc" for D-glucose, 
and "gLC" for L-glucose. A case-insensitive search will then yield both enantiomers of the 
sugar. As examples, Gal[4d] means 4-deoxy-D-galactose; fUC[3F] means 3-deoxy-3- 
fluoro-L-fucose; xYL[3NAc] means 3-acetamido-3-deoxy-L-xylo-hexose; Ara(2dI means 2- 
deoxy-D-arabinose (this is a hexose, i.e., it is the systematic name for "2-deoxy-D- 
glucose"). Unless otherwise noted, the sugars are in the pyranose form. When the identity 
of one of the sugar residues is too complicated to conveniently describe in the available 
space, there is a footnote referring the reader to Figure 2 which contains the structures. 
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B n O s  BnO 

Bnb OAII 

lnositol 
Entry- 520 

OH 
HO eH HO 

Nojirimycin 
Entry - 678 

HO OSugar pq 
HO OAc 

Deoxynojirimycin 
Entries - 35, 662 

phTwz OH AcO 

Deoxynojirimycin 
Entries- 71.72 

Bnb ~ A I I  

lnositol 
Entry- 521 

0 <& N 

Bn’ 
Hexose 
Entry - 532 

BnO OSugar $q 
HO OAc 

Deoxynojirimycin 
Entries - 47,48, 112, 

113,114 

COCF3 & 
Hexose 
Entry - 531 

,OBn 

BnO 

N .. 
Pseudo Sugar 

Entry - 444 

TBDPSO 

HO k OBn 

Deoxynojirimycin 
Entry - 445 

SOPh 

HO* F3c&f7f 
H3C0 

0 BzO OCH3 

Hexose 
Entry- 530 

Hexose 
Entry- 71 1 

FIG. 2. CHEMICAL STRUCTURES FOR SELECTED 
GLYCOSYLATION ENTRIES 

Example 1: In entry 10 of the table, the linkage formed was fUC( 1+2)Gal. The fucose 

was an L-sugar as denoted by the inverse font notation whereas galactose was a D-sugar. 
In the acceptor size column, 1.0 equivalents of a monosaccharide acceptor was used. The 
donor size column indicates that 5.4 equivalents of a monosaccharide donor was used. The 
yield of the reaction was 77% and only the a anomer was reported. The donor was a 

glycosyl bromide in which the neighbouring group was 0-benzyl. The glycosyl donor 
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activation conditions were tetrabutylammonium bromide (TBABr). The "Ref" column 
indicates that the literature reference for this particular glycosylation was 105. 

Example 2: Entry 573 of the table, the linkage formed was GlcNAc( l j 4 ) G l c N A c  
where both of the sugars have the D-configuration. The acceptor was a monosaccharide 
and 1.0 equivalent was used. Because the linkage formed column indicates a 
GlcNAc( 1-+4)GlcNAc linkage, the acceptor was most likely a GlcNAc derivative with a 

free 4-OH, but the table does not specify the protection scheme for the acceptor. It could 
have been a 2-azido or 2-phthalimido derivative and this information would have to be 
obtained from reference 26. The donor size column shows that 1.0 equivalents of a 
disaccharide donor was used as the trichloroacetimidate. No information is given on the 
identity of the non-reducing-end sugar of this donor. The total size of the structure 
synthesized was a trisaccharide. The yield of the reaction was 69% and the a / p ratio 
column indicates that only the p isomer yield was reported. The neighbouring group was a 

N-phthalimido and the activator was boron trifluoride etherate. 

3 .  ABBREVIATIONS 

Ac 
All 
Alt 
Ara 
aRA 
BOC 
Bn 
BZ - 
CAMB 
ClBn 
COll 
DDQ 
DMTSB 
DMTST 
DTBP 
eq. 
Et 
Fuc 
fUC 
fUCNAc 
Gal 
GaWAc 
Glc 

GlcANAc 
GlcA 

gLC 

acetyl 
D-dlOSe 
D-dtrose 
D-arabinose 
L-arabinose 
t- butoxy carbony 1 
benzyl 
benzoyl 
2-(chloroacetoxymethyl)benzoyl 
p-chlorobenzy 1 
collidine 
2,3-dichloro-5,6-dicyano- 1,4-benzoquinone 
dimethyl( methy1tho)sulfonium tetrafluoroborate 
dimethyl( methy1thio)sulfonium triflate 
di-tert-butylpyridine 
equivalents 
ethyl 
D-fuCOSe 
L-fucose 
N-acety I-L- fucosamine 
D-gdaCtOSe 
N-acety 1-D-galactosamine 
D-glUCOSe 
L-glucose 
2-deoxy-2-acetamidoglucuronic acid 
D-glucuronic acid 
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1048 BARRESI AND HINDSGAUL 

GlcNAc 
GlY 
&Y 

gUL 
heP 

Gul 

IDCP 
Ido 
m 
IdoA 
lDOA 
intramolec. 
KDO 
Lev 
LYX 
1YX 
Man 
ManA 
ME3Z 
MDTBP 
Me 
Me2P=S 
MSB 
NeuSAc 
NIS 
Nojir 
N.R. 
Ph 
Phth 
Piv 
PMB 
PY' 
ref. 
rHA 
Rib 
rIB 
Tal 
tAL 
TBA 
TBDMS 
TEP 
TES 
Tf 
TMS 
TMU 
To1 
Troc 
Trt 
TSA 

XYL 
Z 

XYl 

N-acetyl-D-glucosamine 
D-glycero 
L-gl ycero 
D-gUlOSe 
L-gulose 
heptose 
iodine dicollidine perchlorate 
D-idose 
L-idose 
D-idouronk acid 
L-idouronic acid 
intramolecular 
3-deoxy -D-manno-2-oc tulopyranosylonate 
levulinoy 1 
D-ly XOSe 
L-lyxose 
D-mannose 
D-mannuronic acid 
p-methylbenzoyl 
4-methy l-di-rert-butylpyridhe 
methyl 
dimethylphosphinothioate 
methylsulfenyl bromide 
sialic acid 
N-iodosuccinimide 
nojirimycin 
not reported 
phenyl 
phthalimido 
pivaloyl 
p-methox ybenzy 1 
p yridine 
reference 
L-rhamnose 
D-ribose 
L-ribose 
D-tdOSe 
L-talose 
tetrabuty lammonium 
tert-buty ldimethy lsilyl 
triethylphosphite 
triethylsilyl 
trifluoromethanesulfonyl 
trimethy lsily 1 
tetramethylurea 
tolyl, p-methylbenzoyl 
(2,2,2-tric hloroethoxy)carbonyl 

p-toluenesulfonic acid 
D-XylOSe 
L-xylose 
benzy loxycarbony 1 

Uityl 
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5 .  RETRIEVAL OF TABLE DATA ON THE INTERNET 

The table and future versions, including any revisions, corrections or updates will 
be posted on the Internet under the following World Wide Web (WWW) address: 
http://glyco2.chem.ualberta.calMISC/glycosylation.html. Please note that this address is 
case sensitive. 
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