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ABSTRACT 

The synthesis of oligosaccharides remains a challenging task. In our studies, we 

applied glycosyl iodides to the synthesis of oligosaccharides. The mechanism of formation 

of glycosyl iodides from anomeric acetates of glucose, galactose and mannose, and 1,2 and 

1,6 anhydro sugars were investigated by NMR. Glycosyl iodides were then applied in 

glycosidation studies and specifically in the synthesis of a precursor to the trisaccharide of 

Lewis X, a blood group antigen. 
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CHAPTER 1 

MECHANISTIC STUDIES ON THE FORMATION OF GLYCOSYL IODIDES 
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INTRODUCTION 

1.1 Overview 

One of the major challenges in carbohydrate chemistry lies in the synthesis of 

complex oligosaccharides. The complex role of carbohydrate was not recognized until the 

beginning of the 1950s when the biological information these molecules carried became 

more clear to scientists.'-' Carbohydrates have been found to be covalendy linked to 

proteins (glycoproteins), lipids (glycolipids), or phospholipids (glycophospholipids), 

which in general are termed glycoconjugates. These are encountered in membranes (Fig. 

1) with the carbohydrate portion extended from the membrane.' The carbohydrate portion 

functions in intercellular recognition and interaction, and importantly in the immune 

system. Also, numerous antibiotics and natural products have carbohydrate units attached 

to them.' Many of these are attached via the 0-glycosidic bond. 

Figure 1.1 Cell membranes of erythrocytes with carbohydrate and protein components 

giycQsontngoiiotd qlycosoftinqoiio>d ;»TC00r0fein 

neutrjl 
^qivcosonnqo-

itoia 
cereorojtoe 

qanqiiosioe— •nemor^ne orotem < '  

scrionfrjt mfeqrai 0 

souote 

"There are no universal reaction conditions for oligosaccharide syntheses."' 

Predictions in the stereochemistry and regioselectivity of the new linkage formed are not 
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always straightforward. In the synthesis of oligosaccharides, consideration in the 

regioselectivity and stereoselectivity of the product formed is important Stereoselectivity 

involves the stereochemical outcome, a or p, of the linkage formed at the anomeric center. 

Much effort has been put into achieving one stereoisomer in the product formed. Usually 

both are obtained. This lowers the yields and also many times the separation of the two 

anomers is difficult Regioselectivity is usually achieved by protection and deprotection of 

the nucleophilic portion of the glycosyl acceptor. In controlling the stereochennistry of the 

glycosidic linkage, several methods have been established including: 1) neighboring group 

p a r t i c i p a t i o n ,  2 )  i n  s i t u  a n o m e r i z a t i o n ,  a n d  3 )  a d s o r p t i o n  o n t o  h e t e r o g e n e o u s  c a t a l y s t ^  

Conformation, steric influences, and the molecular sizes of the the two reacting species are 

also significant 

1.2 O-Glycosidation 

Many of the linkages between two sugars (in biological systems are through an 

oxygen atom at the anomeric center via an 0-glycosidic bond. The anomeric center is the 

hemiacetal carbon atom.^ The reacting components are called the glycosyl donor and 

glycosyl acceptor, comparable to the nucleophile and electrophile in organic synthesis, 

respectively. The glycosyl acceptor is the alcohol (or its anion) in O-glycoside synthesis. 

The glycosyl donor consists of many variations. 

A wide variety of synthetic methodologies in the preparation of glycosyl donors 

exist to effectively carry out the synthesis of glycosides and oligosaccharides (10-15 sugar 

units attached). Some of these donors of glycosyl halides, thioglycosides, and 

trichloroacetimidates. Many of these reactions employ catalysts such as heavy metal salts, 

Lewis acids, or phase-transfer catalysts to activate the glycosyl donor.' Emphasis will be 
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focused on glycosyl halides and pardculariy on glycosyl iodides (in (9-glycoside 

synthesis). 

1.3 Glycosyl Halides 

The identity of the leaving group attached to the anomeric carbon atom is a 

significant factor in glycoside synthesis. Table 1.1 charts the reactivity of halides, 

catalysts, and alcohols in the synthesis of oligosaccharides conducted in solvents of low 

polarity. With the R substituent on the glycosyl halide the same, the iodide is the most 

reactive (or least stable), then the bromide and lastly the chloride. Ruorides are actually the 

most stable Geast reactive). However, the reaction conditions employed for glycosyl 

fluorides are different than those typically used for the other halides. The protecting group 

or substituent R also can influence the reactivity of the glycosyl halide dramatically. 

Electron donating groups increase the rate of halide displacement as opposed to electron 

withdrawing groups; benzyl glycosyl halides are more reacdve than benzoyl which are 

slightly more reactive than acetyl. 

Halide Catalyst Alcohol 

CH2OR 

Hg(CN) 2 / HgBr^ 
HgBfT / mol. sieve 
AgCl64. AgiCO^ 
AgOTf. Ag2C03 

EuNBr / mol. sieve 
HgCCN): 

H-.0 > HOCH3 » HOCH.R 
>6-0H 

CH2OH 

R = Bn > Bz - Ac 
X = I > Br > CI 

OH 

6-OH » 3-OH > 2-OH > 
4-OH 

Table 1.1 Reactivity of halides, catalysts, and alcohols in glycoside synthesis 
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The catalyst is regarded as the most important factor influencing the reaction. The 

catalysts range from tetraethylammonium bromide (Et4NBr) being the mildest to silver 

inflate/silver carbonate being the most active. In accordance with the original procedure 

using Et4NBr, a small amount of dimethylformamide is added. 

In regards to the glycosyl acceptor (or alcohol), primary hydroxyl groups are more 

reactive than secondary which are more reactive than tertiary. Primary OH groups are 

considerably more reactive which causes the differences in reactivity of the a or p glycosyl 

halides to be smaller, decreasing the stereoselectivity. In such instances a milder catalyst 

must be selected. Secondary OH groups, which are important in saccharide linkages, are 

moderately nucleophilic and it is critical that reactive halides are used to obtain high 

selectivity.^ 

1.4 Glycosyl Bromides and Chlorides 

Of the glycosyl halides and donors, the bromide and chloride have been extensively 

studied in the synthesis of O-glycosides since glycosyl fluorides have too low an activity 

and glycosyl iodides were believed to be too unstable. The first synthesis of an 0-

glycoside dates back to 1879 and was carried out by Michael. This work involved the 

condensation of 2,3,4,6-ietra-(9-acetyl-a-D-glucopyranosyl chloride with potassium 

phenoxides to obtain the aryl glycoside (Figure 1.2). Later, in 1901, Koenigs-Knorr and 

Fischer-Armstrong extended this approach to glycosylation of alcohols. In these reactions, 

hydrogen halide is liberated and must be removed to prevent side products. To get around 

this, silver oxide was added to the mixture as a hydrogen halide acceptor. However, it also 
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serves as a catalyst but this was not known until 30-40 years later. Later, further work and 

modifications of the Koenigs-Knorr method by other groups, Helferich, Isbell and Frush, 

Lemieux, and Zemplen brought a great depth of understanding of the theoretical aspects to 

this method/ 

CHiOH 

1—0 OPh 

r/ 
OAc 

Figure 1.2 First synthesis of an 0-glycoside 

CHoOAc 

KOPh 

Tetra-O-acetyl-a-D-glucopyranosyl bromide can be prepared from the pentaacetates 

using hydrogen bromide in glacial acetic acid (Figure 1.3)/ The P-glucopyranosyl 

bromide can be expected to form and convert to the thermodynamically more stable a-

anomer during the reaction and to undergo rapid hydrolysis during the isolation procedure. 

The bromide of tetra-<9-benzoyl-a-D-glucose is also prepared using this reagent.' 

CH2OAC 

AcO^~^ 

OAc 

Figure 1.3 Preparation of a-D-glucopyranosyl bromide from the pentaacetates using 
HBr 

HDr. CH3COOH 

CH-.OAC 

The synthesis and solvolysis of D-glucopyranosyl bromides from 1-p-nitrobenzoyl 

glucopyranoses having benzyl groups at the C-2 position with hydrogen bromide in 

dichloromethane were studied by Fletcher in 1968.' The experimental studies were 
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performed and data obtained polariraetrically. Regardless of the anomeric configuration of 

the p-nitrobenzoyl used, the P-D-glucopyranosyl bromide was formed first. Equilibration 

to the more stable a-anomer was inversely related to the number of p-nitrobenzoyl groups 

present which seems to have a stabilizing effect on the P-anomer formed. From the 

methanolysis of the glucopyranosyl bromides (Figure 1.4). Fletcher observed that the p-

bromo glucoside reacted faster than the a-bromide and that the major product was the 

methyl-a-D-glucopyranoside formed from the solvolysis of the P-D-glucopyranosyl 

bromides. 

CH-,OR 

OBn 

"I 
CHiOR 

RO ^ 
BnO 

Br 

MeOH 

k3 

MeOH 

1M 

RO 

CH-.OR 

RO 
RO 

OBn 

R = P-O2NC6H4CO 

Figure 1.4 Medianolysis of a and (3 glucopyranosyl bromides; k2 » ki. k;3 » k4 

Glycosyi bromides have also been prepared from anomeric glycosyl acetates with 

trimethylsilyl bromide (TMSBr).'° The reaction involves starting with 100 mg glycosyl 

acetate, dissolving in 0.5 mL CDCI3, cooling to OP C, adding 1.5 eq TMSBr and 

monitoring the reaction at room temperature. After completion of the reaction, 

uimethylsUyl acetate and excess TMSBr are removed by vacuum distillation. Numerous 

furanosyl and pyranosyl acetates were treated under those conditions, and all gave 
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quantitative yields of the glycosyl bromide. Also, the l,2:5,6-diisopropylidene furanose 

and a methyl 2-deoxy-a-glycoside reacted with TMSBr resulted in a 40% yield (Figure 

1.5) and no reaction over 72 hour, respectively. A/'-Acetyl tetra-(9-acetyl-2-deoxy-(3-D-

glucosamine was shown to be converted to only the a-bromide in 2 hr in quantitative yield 

(Figure 1.6). A 1,2 trans acetyl-p-pyranose was shown to yield a mixture of anomers 9:1 

a:P in 1 hour (Figure 1.7). A 1,2 cis acetyl-P-pyranose yielded the a-bromide in 85% in 

24 hr (Figure 1.8). The author did not go into much depth to explain the observation from 

this study. 

ft 
CF3COHN 0-

TMSBr, 72 hr 

40% 

Br 

CF3COHN OH 

Figure 1.5 Reaction of diisopropylidene furanose with TMSBr 

AcO— AcO — 

OAc 
TMSBr. 2 hr 

AcO ^ f quantitaiive 

NHCOCHi NHCOCH3 

Figure 1.6 Reaction of //-acetyl-tetra-0-acetyl-2-deoxy-P-D-glucosamine with TMSBr 

AcO OAC 

TMSBr. 1 hr 

quantitative AcO 

AcO OAc 

Figure 1.7 Reaction of a 1,2 trans pyranose with TMSBr 
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AcO '^OAc 

85% 

TMSBr. 24 hr 

AcO AcO 

Figure 1.8 Reaction of a 1.2 cis pyranose with TMSBr 

Glycosyl chlorides are considerably more stable than glycosyl bromides, making 

isolation of the P-glycoside possible. Tetra-O-acetyl-a-D-glucopyranosyl chloride can be 

obtained by reaction of the peracetylated P-D-glucopyranose with titanium chloride (Figure 

1.9)." Also, reagents such as liquid hydrogen chloride, aluminum chloride and 

phosphorus pentachloride, hydrogen chloride and acetyl chloride and aluminum chloride 

have been used to prepare chloro glucosides. In all these reactions, the first product of 

reaction is probably the P-anomer. The P-chloro glucoside, in turn, must be prepared 

under kinetic control and in most cases starting from the P-peracetylated glucose.'* 

Treatment of the (3-D-glucopyranose pentaacetate with titanium tetrachloride, or reaction of 

a-D-glucopyranosyl bromide with silver chloride are possible routes to the p-chlorides 

which can be stored under anhydrous conditions up to several weeks. 

Figure 1.9 Preparation of glucosyl chlorides from glucose pentaacetate 

In a more recent study by C.H. Wong, glycosyl chlorides were prepared under 

basic conditions from their corresponding alcohols.'^ The conditions employed ueatment 

of the anomeric hydroxyls of various glycosides with one equivalent of n-butyllithium at CP 

C followed by addition of one equivalent of chlorodiphenylphosphate, then warming to 25° 
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C and sdrring for 15 hours. In 5 of the 6 examples only a-anomers were isolated, in 

>80% yield. The mechanism suggested by the author is that the reaction proceeds through 

the complex of glycosyl diphenylphosphate and lithium cation which then reacts with 

chloride to give a-glycosyl chloride (Figure 1.10). 

• r ^^0-P—(0Ph)2 ^ 

Ov-a--o 
^OPh 

RO. O-Li® 
\X 
o 

6-Voph 
I 

OPh 

RO 
s 

-LiOPO{OPh) • 

RO. 

cr CI 

Figure 1.10 Formation of a glycosyl chloride from the chlorodiphenylphosphate 

Glycosyl bromides and chlorides have been used effectively as glycosyl donors in 

glycosidation reactions using a promoter or activator. Stereochemistry can be achieved by 

neighboring group participation, in situ anomerization, or phase transfer catalysis.'"* 

1.5 Glycosyl Iodides 

The first known literature on the preparation of glycosyl iodides was in 1910 by 

Fischer and in 1929, Helferich reacted glycosyl bromides with sodium iodide in acetone.'" 

Since then. Fletcher et al. out of curiosity prepared glycosyl iodides (and glycosyl 

chloride) while studying the reactivity of tetrabenzoyl-a-D-glucosyl and a-D-mannosyl 
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bromide.'^ They prepared the iodide by treating P-D-glucopyranose pentabenzoate with 

hydrogen iodide in glacial acetic acid and by measuring the molecular rotation confirmed 

the product to be the a-iodide as needle-like crystals after crystallization (Figure 1.11). 

The iodide decomposed spontaneously at room temperature. However, if stored carefully 

at -5° C over sodium hydroxide, there was no sign of decomposition over the course of a 

month. They also did this with the mannose pentabenzoate and after 2 hours and after 

purification obtained the a-iodide as an amorphous. They suggested tiiat glycosyl iodides 

were too unstable to be of practical use. 

^OBz ^OBz 

BzO-^^^^°\ HI.CH3COOH 
BzOOBz ^ 

OBz BzO I 

Figure 1.11 Formation of a giucosyl iodide using HI, CH3COOH 

In 1974, Kronzer and Schuerch investigated the use of glycopyransoyi iodides in 

a-glycoside synthesis, the first such comprehensive study of glycosyl iodides and their 

reactivity.'® Methanolyses and ethanolyses of benzylated giucosyl and galactosyl iodides 

were studied and high ratios of a- to P-glycosides were obtained. They reasoned that the 

greater reactivity of the iodides might permit the use of equimolar of quantities of alcohol 

and halide which are desirable conditions for oligosaccharide synthesis. Glycosyl iodides 

were prepared in situ from the corresponding giucosyl and galactosyl chlorides, using 3.7 

to 4.0 equivalents of sodium iodide in acetonitrile in the presence of an acid acceptor, 2,6-

lutidine (Figure 1.12). 
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^OBn 

BnO O Nal. CH3CN. 
BjjO \ I 2,6-luudine, HOR 

HOR = methanol or ethanol 

Figure 1.12 In situ formation of a giucosyl iodide from a glucosyl ctiloride with Nal 

OBn 

OR 
BnO 

Dichloromethane was also tried in two reactions and seemed to give good results in terms 

of yield and a to P ratio. They found acetone to give unsatisfactory results as solvent since 

impurites (not identified) were present Addition of a limited amount of methanol (2 eq) led 

to high yields of glycosides having over 90% a-anomer. Results in reacting glycosyl 

iodides with propanol and cyclohexanol were inconclusive as to the a:(3 ratio. Conversely, 

using a large excess of methanol reduced the selectivity of the glycosides formed. 

Glucosyl and galactosyl bromides were reacted with sodium iodide and a large excess of 

alcohol. The ratios obtained from these studies were determined using nmr data. In 

summary, the authors concluded that there were clear indications that the yield and ratios of 

a- to P-anomers reflect differences in the rates of anomerizaion of the halides (I > Br > CI) 

prior to glycoside formation. 

In the first preparation of glycosyl iodides using trimethylsilyl iodide. Thiem and 

Meyer converted peracetylated hexopyranoses and high yields to the corresponding 

glycosyl iodides.'^ They also tried this on methyl glycosides and obtained similar results. 

Lactose octaacetate was also transformed to the iodide without affecting the interglycosidic 

linkage. 

In recent work by Waldman and Schmid, glycosyl phosphates were converted in 

situ in lithium perchlorate (LiC104) to glycosyl iodides which were used for 

glycosidation.'® Concentrated solutions of lithium perchlorate in organic solvents were 

applied to stabilize polar or ionic intermediates. The procedures involved reacting glycosyl 
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phosphates with 6-(9-deprotected glucose derivatives in solutions of LiC104 in CH2CI2 in 

the presence of 1.5 equivalents of an iodide salt (Figure 1.13). The disaccharides formed 

in 40-63% yield with the a-anomers as the predominate products. They proposed that the 

reaction proceeds via inidal attack of the iodide on the a-configured glycosyl phosphates to 

give the P-glycosyl iodide which then is activated by the LiC104 solution and attacked by 

die glycosyl acceptor to give predominantly the a anomer in most cases. The primary 

hydroxyls of a disaccharide were reacted with the (J-tetrabenzyl glucosyl iodide to gave a 

46% yield of only the a anomer. 

Figure 1.13 In situ generation of glycosyl iodides from glycosyl phosphates in LiC104 

Hindsgaul investigated the glycosidation of fucosyl iodide starting from L-fucose." 

In his synthesis, L-fucose was silylated using trimethylsilyl chloride and upon addition of 1 

eq. TMSI in CDCI3, resulting in quantitadve formation of fucosyl iodide in less than 30 

min at r.t. Fucosyl iodides used in excess was added to the reaction mixture containing the 

alcohol acceptor (Figure 1.14). The product yields ranged between 45-90%. The unique 

aspects about the method are the ease of the protection and deprotection scheme. Starting 

from L-fucose, which is readily available, the hydroxyls arc silylated using TMS-Cl. The 

1 M, LiCl04. 
solvent. 

1.5 eq Li(Na)I 
OR 
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teira-silylated derivative is used to generate the reactive fucosyl iodide used for coupling 

and is easily removed by adding methanol. The authors also claim diat the purification step 

is greatly simplified due to the large differences in polarity between the unreacted acceptor 

and fiicosylated product. 

Figure 1.14 a-Glycoside synthesis utilizing fucosyl iodides 

1.6 Halide Ion Catalyzed Glycosidation 

The detailed and thorough investigation of the mechanism of reactions of glycosyl 

halides without C-2 participation with alcohols and their application to the synthesis of a-

D-glycosides were discussed by Lemieux et al.'° From the stereochemistry of the product 

obtained, the mechanism was proposed to involved halide ion catalysis. This is the basis 

for many of the synthses carried out in our studies with glycosyl iodides in the presence of 

tetrabutylammonium iodide to form a-glycosides. 

In the investigation of the halide ion catalyzed mechanism, tetra-O-benzyl-a-D-

glucopyranosyl chloride and bromide were reacted with simple alcohols (Figure 1.15). 

OTMS 

TMS-Cl. TEA 
DMF OTMS 

quantitative TMSO 

1) ROH, CH2CI2 
2,6-di-t-butyIpyridine 
15 hr. rt OTMS 

TMSO 2)MeOH 

OR 

in situ 
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^ OBn OBn 

BnO gj. CH2CI2 gjjQ BnO qj^ 

Figure 1.15 Halide catalyzed glycosidation from a glycosyl bromide 

The characteristics of the mechanism confirm the presence of P-halide formation (even 

though in low concentration in solution) and its greater reactivity over that of the a-anomer. 

Early observations have shown that the anomeric 3,4,6-tri-O-acetyI-D-glycopyranosyl 

chlorides tend to undergo acetolysis with inversion of the anomeric center and that the (3-

anomer solvolyzes about 100 dmes more rapidly than the a-anomer. In consideration of 

the mechanism proposed, three criteria were envisaged for successful halide ion catalyzed 

glycosidation. They are as followd: a) the glycosidation must be carried out under 

conditions where the halide ion concentration is maintained in order to form the P-glycosyl 

halide faster than nucleophilic attack on the a-glycosyl halide, b) the solvolyisis of the 

glycosyl halide must be fast enough that its reaction with the nucleophile does not require 

an activator or strongly polar solvents, and c) the reaction conditions should minimize 

byproduct formation. 
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RESULTS AND DISCUSSION 

Glycosyl halides have been used in glycosidarion reactions since the late 1800's. 

Glycosyl bromides and chlorides are the two most extensively studied due to ease of 

handling. On the other hand, the use of glycosyl iodides as intermediates in glycosidations 

has not been explored as much. Only a handfiill of literature examples have dealt with 

these intermediates. Among the potential problems or disadvantages of using glycosyl 

iodides is that they are very reactive which makes them difficult to handle and to isolate, 

and they undergo homolytic cleavage easily. 

Our interest in glycosyl iodides stems from the fact that they are very reactive 

intermediates compared to the bromo and chloro glycosides. For example, it was 

postulated that glycosidation could be effected widiout the need to use promoters such as 

silver or mercury salts. Moreover, perhaps these can be used to effect glycosidation in a 

regio- and stereoselective or stereospecific manner. The mechanism of the formation of 

glycosyl iodides has not been directly investigated before. Indirect evidence from the 

stereochemical outcome of product formation has been used to postulate the existence of the 

P-anomer as an intermediate that is formed during the reaction. 

In our initial studies, peracetylated a- and 3-glucopyranose and P-galactopyranose 

were used. The glycosyl iodides were formed using trimethylsilyl iodide (TMSI) in 

acetonitrile-i/3 with and without addition of sodium iodide. (Glycosyl iodides previously 

known were prepared by reaction of glycosyl bromides with sodium iodide. Similar to our 

method, groups such as Thiem and Meyer have produced a-D-glycosyl iodides. These 

reactions were done using 2.2 eq. of uimethylsilyl iodide (TMSI) and then later with only 

1.2 eq. The results are summarized in Tables 1.2 and 1.3, respectively. 
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1.7 R = H. R' = OAc 

Scheme 1.1 Reactions of peracetylaied giycopyranoses with TMSI in acetonitrile 

The reaction completion times shown are approximate. The most significant aspect to 

notice is that in all cases, the a:P ratio is greater in the reactions containing sodium iodide. 

This observation showed that in the presence of a catalytic amount of Nal, the 

reaction proceeded to the a-iodide much faster, suggesting that equilibration favors the a-

iodide, a result of the anomeric effect. The differences in the reaction completion time for 

the peracetylated sugars were not significant enough to say whether the concentration of 

TMSI affected the rate of the reaction. The only obvious change was for the peracetylated-

P-D-glucopyranose where the reaction was completed within 15 min using 2.2 eq TMSI 

and in one hour using 1.2 eq TMSI. 

These initial studies indicated that the reaction would need to be slowed in order to 

observe the intennediate(s) formed using NMR. Thus, reaction conditions were modified 

and worked out to include dichloromethane as a solvent, a reaction temperature of -40° C, 

and one eq of TMSI. 
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Peracetylated 
Glycopyranose 

Conditions Reaction 
time 

Ratio 

2.2 eq TMSI, Nal ND 
1.1 

2.2 eq TMSI 15 min 1:1 

2.2 eq TMSI, Nal 20 min all a 
1.2 

2.2 eq TMSI 10 min 1:1.2 

2.2 eq TMSI, Nal 2hr^ 

not significant 

amount of p 
1.3 

2.2 eq TMSI 1 hr 2:1 

Table 1.2 Reaction of peracetylated glucose and galactose with 2.2 eq TMSI. 

^ ratio of anomers determined at time of completion of starting material 

more dian 50% of starting material had reacted 

Peracetylated 
glycopyranose 

Conditions Reaction 
time^ 

Ratio a:p 

1.2 eq TMSI, Nal 1 hr 22:1 

1.1 
1.2 eq TMSI I hr 2: Id 

1.2 eq TMSI. Nal 10 min 23:1 
1.2 

1.2 eq TMSI 10 min 2:ie 

1.2 eq TMSI. .Nal 2hrb 2.5:1 

1.3 
1.2 eqTMSI 1 hrc 

Table 1.3 Reaction of peraceiylated glucose and galactose with 1.2 eq. TMSI 

^ approximate times reported; in all cases except where noted, more than 75% of the 
reaction has gone to completion 

final spectrum obtained, 65% of starting sugar unreacted 

75% of starting material inreacted 

^ at4 hr. a:P ratio 4:1 

® at 22 min, a:p ratio 5:1 
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Scheme 1.2 E'roposed mechanism of glycosyl iodide formation from peracetylated 
sugars. 

Under these conditions, the peracetylated glucose and galactose were reacted and followed 

by NMR to near completion, except for the a-D-glucopyranose which took over four hours 

for half of the starting material to react. The results in each of these cases showed the p-

iodide as the first species formed and over time it equilibrated to the thermodynamically 

more stable a-iodide species. In Scheme 1.2, a mechanism for the formation of the iodide 

is proposed. Starting with the 3 peracetylated glucose 1.1 or galactose 1.2 the first step is 

silylation of the carbonyl oxygen at the anomeric position which through neighboring 

group participation (anchimeric assistance) by the 2-0-acetyl, forms a stabilized oxonium 

intermediate l.lb or 1.2b. Iodide subsequently attacks to form the p-iodide 1.4 or 1.6 

which then slowly equilibrates to the a anomer 1.5 or 1.7. In the case of the a-

peracetylated glucose 1.3. the first step is silylation giving the a-trimethylsilylacetoxonium 

intermediate 1.3a. The lone pair of electrons from the ring oxygen facilitates displacement 

of the trimethylsilyl acetate forming the oxonium ion 1.3b which then is stabilized by 



- 6.84480-2 - 6.7320e-4x R'^2 = 0.993 

0 -Q 

2000 1000 3000 0 

time (s) 

Figure 1.16 First order rate plot for 1.1. 
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Figure 1.17 First order rate plot for 1.2 
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Figure 1.18 First order rate plot for 1.3 
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Figure 1.19 Second order rate plot for 1.3 
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anchimeric assistance leading to the intennediate 1 . 1 b .  Again, iodide attacks yielding the 

P anomer 1.4 which undergoes equilibration generating the a anomer 1.5. From the data 

obtained by integrating the peaks on the NMR spectra, calculadon of the concentration 

of starting material at each time measured was determined. From these values, a first order 

rate plot was graphed and a line drawn through the points. The first order plots for the P 

peracetylated glucose (Figure 1.16) and galactose (Figure 1.17) gave straight lines with 

root mean squares of 0.99 and a half life of about 17 and 8 min, respectively (Table 1.4). 

However, for the a-peracetylated glucose die half life is 1.3 hr (from the first order rate 

plot). The reaction was much slower suggesting that neighboring group participation can 

have significant influence on the rate of iodide formation. The kinetic plot for the a 

peracetylated glucose did not give linear lines in the first (Figure 1.18) or second (Figure 

1.19) order plots indicating that both are competing processes. (NMR spectra can be found 

in Appendix A). 

Compound Rate (k) ti/2 (s) R-

1 . 1  6.73X10-^ 1.04X103 0.99 

1 . 2  1.42 X 10-3 4.94X 102 0.99 

1 . 3  2.38 X 10--^ 2.88 XIO^ 0.96 

1.3 3.25 X 10-5 not determined 0.98 

Table 1.4 Rate data for compounds 1,1, 1.2, 1.3. 

In order to understand the effect of the C-2 pardcipadng group on the rate of 

foma d o n o f  t h e  i o d i d e ,  a  a n d  ( 3  l - O - a c e t y l - t e t r a - O - b e n z y l - g l u c o p y r a n o s e s  ( 1 . 8  a n d  1 . 9 )  

were smdied (Scheme 1.3). The same experimental conditions were applied to the 

substrate as for the peracetylated sugars (1.3 and 1.1). The results obtained showed a 
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reversal in reactivity between the a and |3 tetra-O-benzyl giucopyranoses (1.8 and 1.9) as 

opposed to the peracetylated sugars (1.3 and 1.1) described above. The a tetra-O-benzyl 

giucopyranose 1.8 reaction at -100° C was completed within 10 min. From the a 

anoraeric acetate 1.8, silylation of the carbonyi oxygen occurs (the rate determining step) 

OBn OBn OBn 

TMSI 
BnO 

BnO 
OBn BnO OAc 

1.8 
1.10 

1.8a 

OTMS 

OBn 

BnO^\^^^ 
BnO-5»^--T^ 

i OBn 

OBn OBn OBn 
TMSI 

OAc BnO 
BnO 

OBn OBn OBn OTMS 1.11 1.9a 1.9 

Scheme 1.3 Proposed mechanism of glycosyl iodides formation from sugars without C-
2 participating groups. 

and iodide displaces trimethylsilyl acetate to generate the [3-iodide 1.10. Subsequent 

nucleophilic attack by iodide produces the more stable a-anomer 1.11. Formation of the 

oxonium intermediate to obtain the a-iodide is not ruled out since the rate of going from the 

P to the a iodide was very rapid. In constrast, starting from the P-anomer 1.9, only the 

a-iodide 1.11 is observed at 10° C. Possible routes would be by way of the trimethylacet-

oxonium intermediate 1.9a or by way of the oxonium ion. 



34 

In summary, glycosyl iodides can be stereoselectively and quantitatively generated 

at low temperatures from anomeric acetates. In terras of reactivity of the three compounds 

studied, ^-D-peracetylated galactose (1.2) reacts fastest, P-D-peracetylated glucose (1.1) 

is intennediate in reactivity and the a-D-peracetylated glucose (1.3) is least reactive. 

Studies by Hadd and Gervay have shown stereoselectivity and in certain cases 

stereospecificity in the synthesis of P C-, N-, and O- glycosides with stabilized anions 

starting from the a-iodides.^' When nonstabilized anions were used, elimination products 

were the major products. 

OBn ORn 
TMSI 

t 
OTMS 

1.14 

OBn 
OBn 

BnO 
BHV^ 

OAC 

TMSI 

BnO 
Bn( 

1.13 1.13a OTMS 

Scheme 1.4 Mechanism of iodide formation from a and (3 l-<9-acetyl-tetra-0-benzyl 
mannopyranoses 
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Figure 1.20 First order rate piot for 1.12 
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Other systems were also studied. When a and P l-0-acetyI-tetra-<9-benzyl-mannose in 

CD2CI2 were reacted with 1 eq TMSI at -100° C, only the a-iodo mannose (1.14) (singlet, 

5 6.99) was observed in both cases (Scheme 1.4). For the P-acetate (1.13), the reaction 

was complete within the time it took to take the first spectrum. The stereochemistry at the 

C-2 position must have an overriding effect over the reverse anomeric effect because if 

explained by the reverse anomeric effect, the a-acetate (1.12) should react faster. Iodide 

formation in the P-acetate (1.13) can occur from the P-acetoxonium 1.13a or oxonium 

intermediate. In the case of the a-acetate 1.12, whether the P-iodide is formed first and 

quickly equilibrates to the a anomer 1.14 by way of the acetoxonium intermediate 1.12a 

is not known since the P-iodide was not observed. If fonned, it equilibrates within the 

NMR time scale or perhaps only a minute amount is formed and not observable in the 

NMR. A competing process between oxonium formation and iodide displacement of 

trimediylsilyl acetate might be happening. The first order rate plot gave a root mean square 

of 0.986 at approximately 25% completion (Figure 1.20). To confirm that the P-iodides 

were not formed during the reaction, we tried to generate the P-iodide by adding 2 eq of 

tetrabutylammonium iodide at -90° C so that if concentration was a factor, we could 

possibly the P-iodide forming. However, within 3 min before the first scan, the reaction 

was again complete and only the a-iodide 1.14 was present. This same scheme was also 

tested on a-l-O-acetyl-tetra-O-benzyl galactose using 1 eq of BU4NI at room temperature. 

At 0, -10, and -20° C, there was no sign of P-iodide. To do this type of experiment is 

quite tricky because to see the P-iodide low temperature is needed in order to slow down 

the rate. Nonetheless, at low temperatures, from the stable a-anomer the P-iodide might 

not be formed. Furthermore, if the temperature was increased, increases in the rate of 

equilibration to the a-iodide would occur. 
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Other systems that were investigated were 1,2- and 1,6- anhydroglucose derivatives 

1.15 and 1.17. Interest in die opening of anhydro rings using TMSI was that coupling or 

chemistry can first be done at the anomeric position while temporarily keeping the 2-0 or 6-

O position protected as a silyl ether. Silyl ethers can be removed with weak acids. After 

removal, the hydroxyl can in turn serve as a glycosyl acceptor in further synthesis. NMR 

results for 1,2 anhydro-tri-O-benzyl-glucopyranose (1.15) showed that this ring system is 

veiy reactive and that within the time of the first scan, the reaction had gone completion 

giving only the a-iodide 1.16 (Scheme 1.5). 

OBn OBn 
OBn OBn 

0 TMSI 
BnO BnO 

BnO 
OTMS 0 + 

1.15a 1.15 TMS 1.16 

BnO-
BnO 

Scheme 1.5 Mechanism of iodide formation from 1,2-anhydroglucose 

Most of the l,6-anhydro-2-azido-3,4-di-(9-benzyI-2-deoxy-glucopyranose (1.17) 

at 25° C had reacted within 10 min. At -5° C only the a-anomer 1.18 (d, 5 6.85, J = 3.9 

Hz) was formed (Scheme 1.6). Either by silylation of the oxygen of the 1,6-anhydro ring 

and direct attack of iodide or by the oxonium intermediate, the a-iodide 1.18 is formed. 

First and second order kinetic plots were made. Neither produced a straight line (Figures 

1.21 and 1.22). Perhaps an equilibrium between the starting material 1.17 and the iodide 

1.18 is set up. 
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Scheme 1.6 Proposed mechanism of iodide formation from 1,6-anhydroglucose with 
TMSI 
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Figure 1.21 First order rate plot for 1.17 
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Figure 1.22 Second order rate plot for 1.17 
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CONCLUSIONS 

Tables 1.5 and 1.6 summarize the results for each of the monosaccharides studied. 

The reactivities of the l-<9-acetyl-tetra-<9-benzylglycopyranoses studied are as follows: the 

mannose |3-acetate 1.13 was most reactive, the mannose a-acetaie of 1.12 was more 

reactive than the a-acetate of glucose 1.8, and the glucose P-acetate 1.9 was least reactive. 

The studies showed the effect of participation at the C-2 center, and the effect of axial 

substituents (galactose and mannose) on the rate of reactivity. The alleviation of ring strain 

in the 1,2 anhydro system makes these very reactive to iodide formation. 

An interesting experiment to consider performing in order to further explore and 

confirm the mechanism occurring in the formation of the iodide of mannose would be to 

start with 3,4,6-tri-0-acetyl-2-0-benzyl-mannopyranose in order to slow the reaction rate. 

Perhaps if the P-iodide is formed, the equilibration to the a anomer is slow enough and the 

P-iodide in large enough concentration that the reaction can be followed by NMR. Another 

point that needs confirmation is whether a une equilibrium is present for the 1,6-anhydro 

ring. Following the reaction by TLC shows the starting material always present in some 

amount. Even after adding one or two equivalent more of TMSI, the reaction does not 

appear to go to completion. Further experiment is needed. 
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Compound Monosaccharide Temperature Completion Product 
0 °C Time Ratio 

5 OAc 

1 . 1  
^O 
^  ^ 1  \  O A r  

OAc 

-40 30 min 24:1 p:a 

1 . 2  

AcO OAc 

^0 
AcO~\,e«iiii^NX..- OAc -40 15 min 30:1 (3:a 

OAc 

^OAc 

1 . 3  

AcO'., 
OAc 

^OBn 

-40 - 16 hr 
26:1 (3:a 
(62% SM 
unreacied) 

1 . 8  ®'a=n5: 

1 

BnOL OAc 

^OBn 

-100 < 3 min 36:1 (3:a 

1 . 9  
!^o 

O A r  

OBn 

10 30 min 
100% a 

quantitative 

1 . 1 3  
BnO^ 

BnO^ 

 ̂ -̂ 1 i_ n ^ r  
-100 < 5 min 

100% a 
quantitative 

1 . 1 2  

OAc 

-80 25 min 
100% a 

quantitative 

Table 1.5 Summary of NMR results of monosaccharides studied 
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Entry Monosaccharide Temperature Completion Product 
°C Time Ratio 

^OBn 

1.15 

o  

1 9  

-100 < 5 min 
100% a 

quantitarive 

1.17 
OBn 

OBn N3 

-5 > 4 hr 
100% a 

29% SM 
unreacted 

Table 1.6 Summary of NMR results of anhydro sugars studied. 
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EXPERIMENTAL SECTION 

Starting materials and reagents were purchased from commercial suppliers and used 

without further purification. Solvents were dried by distillation before use. 

Dichloromethane and acetonitrile were distilled from calcium hydride under argon 

atmosphere. 

Proton and carbon nuclear magnedc spectra were recorded on either a Bruker AM 

250 or Varian Unity 300 spectrometer. Chemical shifts are recorded in ppm relative to the 

residual solvent peak. NMR data are reported in the order of chemical shift, multiplicity 

(s = singlet, d = doublet, q = quartet, m = multiple!, br = broad), number of protons, 

coupling constant in Hz, and proton assignment when known. 

General procedure for the formation of glycosyl iodides. Each of the protected 

anomeric acetates and anhydro sugars (Tables 1.5 and 1.6) were dissolved in 

dichloromethane-^i2 in varying concentrations and placed in an NMR tube. The samples 

were cooled to the temf)erature at which the spectrometer was set and one eq of 

iodotrimethylsilane (from Celeste) was added. The reaction was followed by NMR 

spectroscopy on the Varian 300 instrument. 

Formation of the iodo-glucose and galactose acetate. The a and (3 peracetylated glucose 

(1.3 and 1.1) and P-galactose (1.2) (from Aldrich) were dissolved in dichIoromethane-(i2 

in 0.26 M concentration. To this, 1 equivalent of TMSI (from Celeste Inc.) was added 

directly into a NMR tube and the reaction was followed by NMR spectroscopy using a 

Bruker 250 instrument. These reactions were performed at ambient temperature. Variable 

temperature experiments were performed on the Varian 300 instruments. 
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2,3,4,6-Tetra-O-acetyI-P-D-glucopyranosyI iodide (1.4). ^H-NMR (Q52CI2): 

5 5.82 (d, 1 H, y = 9.3 Hz, H-1), 5.28 (t, 1 H, 7 = 9.1 Hz), 5.13 (m, 2 H). 4.20 (dd, 1 

H, 7= 12.6, 4.8 Hz), 4.09 (dd, 1 H, 7= 10.2 & 2.3 Hz), 3.74-3.81 (m, 1 H. H-5), 2.01 

(s, 3 H), 2.00 (s, 3 H), 1.94 (s, 3 H). 1.92 (s, 3 H); I3c NMR: 5 170.22, 169.68. 

169.12, 168.72, 77.75 (C-1), 74.99, 71.50, 67.52, 61.56, 56.58, 20.50, 20.41, 20.28 (2 

carbons). 

2,3,4,6-Tetra-O-acetyi-a-D-giucopyranosyI iodide (1.5). ^H-NMR: 5 6.98 (d, 

1 H, 7= 4.1 Hz, H-1), 5.39 (dd, 1 H, 7 = 16.3 & 9.8 Hz). 5.15 (t, 1 H, 7= 10.0 Hz), 

4.29 (dd, 1 H 7 = 12.8 & 4.3 Hz), 4.18 (dd, 1 H, 7 = 9.9 & 4.2 Hz), 4.04 (m, 2 H), 

2.03 (s, 3 H), 2.01 (s, 3 H), 1.99 (s, 3 H), 1.96 (s, 3 H); I3c NMR: 5 170.15, 169.56, 

169.35, 169.22, 74.98 (C-1), 73.74, 71.50, 70.09, 66.71, 60.80, 20.52, 20.33, 20.28 (2 

carbons). 

2,3,4,6-Tetra-O-acetyl-P-D-gaIactopyranosyI iodide (1.6). ^H-NMR: 5 5.81 

(d, 1 H, 7 = 9.5 Hz, H-1), 5.50 (t, 1 H, 7= 9.8 Hz, H-2), 5.45 (d, 1 H, 7 = 3.3 Hz, H-

4), 4.95 (dd, 1 H, 7= 9.9 & 3.3 Hz, H-3), 4.10 (m, 2 H,), 4.00 (dd, I H. 7= 12.5 & 

6.43 Hz), 2.16 (s, 3 H), 2.05 (s, 3 H), 2.02 (s, 3 H), 1.94 (s, 3 H); NMR: 5 

170.53, 170.40, 170.06. 169.19, 77.24. 72.29, 70.66, 67.53, 61.72. 57.68, 21.01, 

20.66-20.77 (3 carbons). 

2,3,4,6-Tetra-O-acetyl-a-D-gaiactopyranosyl iodide (1.7). ^H-NMR: 5 7.10 

(d, 1 H, 7= 4.2 Hz, H-1), 5.47 (dd, 1 H), 5.24 (dd, 1 H. 7= 10.5 & 3.3 Hz), 4.35 (dd, 

1 H, 7= 10.5 & 4.2 Hz). 4.06-4.27 (m. 3 H), 2.13 (s, 3 H), 2.08 (s, 3 H), 2.03 (s, 3 H), 
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1.97 (s, 3 H); 13C NMR: 5 170.48, 170.05-170.21 (3 carbons). 76.30, 74.22, 70.01, 

67.83, 66.97, 61.17, 21.06, 20.71-20.76 (3 carbons). 

l-0-Acetyl-2,3,4,6-tetra-0-benzyl-<X-D-glucopyranose (1.8) and l-0-acetyl-2,3,4,6-tetra-

O-benzyl-^D-glucopyranose. (1.9). 2,3,4,6-tetra-O-benzy-glucopyranose (1 g, 

1.8nmiol) was dissolved in 5 mL pyridine (0.37 M) and 0.2 mL (2.8 mmol, 1.6 eq) of 

acetyl chloride was added dropwise to the mixture. (Be cautious when adding in the acetyl 

chloride since pyridine reacts violendy with acetyl chloride.) The mixture was refluxed for 

approximately one hr and quenched with ethyl acetate and washed once with H2O. The 

crude material was purified by flash chromatography using a 5:1 hexane/ethyl acetate 

solution to obtain a 55% overall yield of a 1:4 mixture of the a and 3 anomers (1.8 and 

1.9), respectively. The procedure above was like that of Charette and others"' but instead 

of benzoylation of the sugar, an acylation at the anomeric position was performed. The 

anomers were purified by HPLC (Waters, Millipore HPLC) using a 6:1 hexane/ ethyl 

acetate + 9% acetone solvent system. 

a-l-0-acetyl-2,3,4,6-tetra-0-benzyI-D-glucopyranose (1.8). NMR: 5 

7.17-7.32 (m, 20 H), 6.29 (d, 1 H, 7 = 3.6 Hz, H-I), 4.92 (d, 1 H, 7 = 11.0 Hz), 4.84 

(d, 1 H, 7 = 10.9 Hz), 4.80 (d, 1 H, 7 = 11.0 Hz), 4.69 (d, 1 H, 7 = 11.4 Hz). 4.64 (d, 1 

H, 7 = 11.4 Hz), 4.56 (d, 1 H. 7 = 10.9 Hz), 4.54 (d, I H, 7 = 11.9 Hz), 4.46 (d, I H, 7 

= 11.9 Hz), 3.95-3.83 (m, 2 H), 3.60-3.76 (m, 4 H), 2.12 (s, 3 H). 

P-l-<9-acetyl-2,3,4,6-tetra-0-benzyl-D-gIucopyranose (1.9). ^H NMR: 5 

7.16-7.35 (m, 20 H), 5.59 (d, I H, 7= 8.0 Hz), 4.77-4.92 (m, 5 H), 4.56 (d, 2 H, 7 = 

12.5 Hz), 4.48 (d, 1 H, 7 =11.8 Hz), 3.52-3.72 (m, 6 H), 2.06 (s, 3 H). 
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Preparation of (X,P-2,3,4,6-tetra-O-benzyl glucopyranosyl iodide (1.10 & 1.11). The 

same procedure to form 1.4-1.7 was used except for the concentration: 0.0127 M of the 

a and (3 l-(?-acetyi-2,3,4,6-tetra-<9-benzyl glucose in CD2CI2. The reaction was then 

followed by NMR at temperatures from -100° up to 10° C on the Varian Unity 300 

instrumenL 

2,3,4,6-Tetra-<5-benzyI-p-D-glucopyranosyi iodide (1.10). NMR: (-100°C, 

CD2CI2) 5 6.99-7.70 (m, 20 H), 5.61 (d, 1 H, 7 = 9.0 Hz, H-1), 4.32-5.00 (m, 8 H), 

3.39-3.85 (m. 6 H). 

2,3,4,6-Tetra-O-benzyl-a-D-glucopyranosyI iodide (1.11). NMR: 5 7.19-

7.40 (ra, 20 H), 6.96 (d, 1 H, 7 = 3.7 Hz, H-1), 4.94 (d, 1 H, /= 10.9 Hz), 4.85 (d, 1 

H, /= 10.9 Hz), 4.79 (d, 1 H. 7= 10.9 Hz), 4.71 (d, 1 H, 7= 11.5 Hz), 4.60 (d, 1 H. 7 

= 11.5 Hz), 4.56 (d, 1 H, 7 = 10.9 Hz), 4.53 (d, 1 H, 7 = 11.8 Hz), 4.49 (d, I H, 7 = 

11.8 Hz), 3.63-3.89 (m, 5 H), 2.81 (dd, 1 H,7= 8.8 and 3.9 Hz). 

l-0-acetyl-2,3,4,6-tetra-<9-benzyl-a,P-D-mannopyranose (1.12 & 1.13). 

Prepared according to procedure for 1.8 and 1.9. To a solution of 2,3,4,6-tetra-O-

benzyl-D-mannopyranose (3.0 g, 5.55 mmol. Toronto Research) cooled to 0° C in 10 mL 

CH2CI2 was added pyridine (2.24 mL, 27.7 mmol) followed by acetyl chloride (1.57 mL, 

22.2 mraol). After stirring for 4 hr, the mixture was diluted in CH2CI2, extracted with 2 M 

H2SO4 followed by brine, and dried over sodium sulfate. The oil was chromatographed 

using hexane/ethyl acetate to yield 2.9 g (89%) with the a anomer as the major product. 
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(1.12). Rf = 0.16 (4:1 hexane/ethyl acetate). NMR (CDCI3): 5 7.44-7.21 (m, 20 H), 

6.17 (d, 1 H, 7 = 2.0 Hz, H-1), 4.90 (d, 1 H, 7 = 10.8 Hz), 4.75 (s, 2 H), 4.65 (s, 2 H), 

4.61 (ra, 3 H), 4.04 (t, 1 H, 7 = 9.5 Hz). 3.92-3.67 (ra, 5 H), 2.05 (s, 3 H). 

(1.13). Rf = 0.13 (4:1 hexane/ethyl acetate). NMR (CDCI3): 5 7.45-7.16 (m, 20 

H),5.56 (d, 1 H, / = 0.6 Hz, H-1), 4.86 (d, 1 H, 7 = 10.9 Hz), 4.83 (s, 1 H), 4.65-4.47 

(m, 6 H), 3.96-3.87 (m, 2 H), 3.72 (d, 2 H, 7 = 3.3 Hz), 3.63 (dd, 1 H, 7 = 9.3 & 2.9 

Hz), 3.54-3.49 (m, 1 H), 2.09 (s, 3 H). 

Preparation of a-2,3,4,6-tetra-0-benzyl-mannopyranosyl iodide. (1.14). Tetra-O-benzyl-

mannopyranosyl iodide was prepared following the general procedure. The mannose a-

acetate (1.12), 37 mg, 0.064 mmol) was dissolved in approximately 0.5 mL CD2CI2 in an 

NMR mbe and was cooled to -60° C in a dry ice acetone bath. One eq of trimethylsilyl 

iodide (9.04 jiL) was added and the tube was placed into the NMR instrument which was 

taken down to -80° C. Within three min the first spectrum was obtained. The reaction was 

followed over 2. When the sample was removed from the instrument there appeared to be 

some white precipitate in the solution. The same procedure was carried out for the P-

acetate (1.13, 11.5 mg, 0.02 mmol) using I equivalent trimethylsilyl iodide (2.8 |iL) in 

0.5 mL CD2CI2. 

In the experiment with addidon of tetrabutylammonium iodide, the temperature of 

the instrument was taken to -90° C. The l-O-acetate of mannose (1.12, 61.3 mg, 0.11 

mmol) was dissolved in CD2CI2 with 2 equivalent tetrabutylammonium iodide cooled to -

98° C in methanol liquid nitrogen bath. TMSI (15 |iL, 1 equivalent) was added and the 

reaction followed by NMR; within 3 rain the first spectrum was obtained. 
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2,3,4,6-Tetra-O-benzyI-a-D-inannopyranosyl iodide (1.14). NMR (250 

MHz, CD2CI2) 5 7.38-7.22 (m, 20 H), 6.99 (s, 1 H. H-1), 4.89 (d. 1 H, 7 = 10.8 Hz), 

4.71 (d, 1 H, / = 11.9 Hz), 4.66-4.55 (ra, 5 EJ). 4.48 (d, 1 H, 7 = 12.0 Hz)J, 4.40 (dd, 1 

H, 7= 9.6, 3.1 Hz), 4.10-4.03 (m, 2 H), 3.82 (dd, 1 H, 7 = 11.2, 4.2 Hz), 3.67-3.58 

(m, 2 H). 

I,2-Anhydro-3,4,6-tri-0-benzyl-a-D-giucopyranose (1.15).'^ To a solution of 

3,4,6 tri-<9-benzyl-D-glucal (100 mg, 0.24 mmol) in dichloromethane (1 mL) cooled to CP 

C was added dimethyldioxirane (4.8 mL, 0.24 mmol). The solution was stirred for 20 min 

and the solvent was removed in vacuo to yield the product as a white solid. ^H NMR (250 

MHz, CD2CI2) 5 7.3S-1.22 (m, 15 H), 4.98-4.49 (m, 6 H), 3.83 (d, I H, 7 = 7.7 Hz), 

3.81-3.58 (m, 5 H), 3.08 (d, 1 H, 7 = 2.3 Hz, H-1). 

Procedure for treatment of the 1,2-anhydro-3,4.6-tri-0-benzyl-cc-D-glucopyranose (1.15) 

with trimethylsilyl iodide. To a solution of the 1,2 anhydro glucose (52.1 mg, 0.12 mmol) 

in 0.5 mL CD2CI2 in an NMR tube cooled to -1(X)° C in a diethyl ether dry ice bath was 

added TMSI (17.2 |iL, 1 equivalent). The tube was inserted into the NMR instrument set 

to -100° C and the reaction followed. 

3,4,6-Tri-0-benzyl-2-0-trimethylsiIyl-a-D-gIucopyranosyl iodide (1.16). 

IH NMR (250 MHz, CD2CI2) 5 7.36-7.23 (m, 15 H), 6.98 (d, 1 H, 7 = 3.8 Hz, H-l), 

4.85 (d, 2 H, 7 = 11.5 Hz). 4.63-4.66 (m. 4 H), 3.84 -3.66 (m, 5 H), 2.81 (dd, I H, 7 = 

3.8, 8.5 Hz, H-2). 0.09 (s, 9 H). 
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l,6-Anhydro-2-azido-3,4-di-0-benzyl-2-deoxy-glucopyranose (1.17). Pro

cedure of Beau."* Prepared from 200 ing (1.07 mmol) of l,6-anhydro-|3-D-glucopyranose 

(1.17) dissolved in dimethylformamide with a mild base Ba(0Bi)2 (202 mg, 1.18 mmol) 

and benzyl bromide (509 (iL, 4.28 mmol). The reaction was left to stir overnight. A 

mixture of the di- and mono-protected sugars was obtained. Product obtained as light 

yellow oil (230 mg, 59%). Rf = 0.43 (2:1 hexane/ethyl acetate). NMR (250 MHz, 

CDCI3) 5 7.41-7.34 (m, 10 H), 5.54 (s, 1 H, H-I), 4.67-4.52 (m, 4 H), 4.05 (d, I H. 7 = 

7.3 Hz, H-6exo). 3.76 (d, 1 H, 7 = 6.1 Hz, H-6endo), 3.72 (s, 1 H, H-3), 3.43 (s. 1 H, 

H-4), 3.32 is. 1 H, H-2). 

Procedure for treatment of l,6-anhydro-2-azido-3,4-di-0-benzyl-2-deoxy-glucopyranose 

(1.17) with rrimethylsilyl iodide. To a solution of the 1,6 anhydro glucose (1.17, 39.1 

mg, 0.11 mmol) in 0.5 mL CD2CI2 in an NMR tube kept cold in an ice bath was added 

TMSI (15.2 jiL, 1 equivalent). The tube was inserted into the NMR instrument set at -5° C 

and the reaction monitored. 

2-Azido-3,4,-di-C?-benzyl-2-deoxy-6-0-triinethyIsilyl-a-D-gIucopyranosyI 

iodide (1.18). ^H NMR (250 MHz. CD2CI2) 5 7.41-7.33 (m, 10 H), 6.85 (d. 1 H, 7 = 

3.9 Hz, H-1), 4.95-4.87 (m. 3 H). 4.75 (d, 1 H. 7 = 9.3 Hz), 3.98-3.90 (m, 3 H). 3.82 

(d, 1 H, 7 = 1.3 Hz), 3.77 (m, 1 H). 3.06 (m. 1 H, H-2), 0.14 (s. 9H). 
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CHAPTER 2 

SYNTHESIS OF AMINO SUGARS VIA GLYCOSYL IODIDES 
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INTRODUCTION 

2.1 Overview 

The purpose of our study involves the synthesis of amino oligosaccharides utilizing 

glycosyl iodides as glycosyi donors and 1,6-anhydro systems as glycosyl acceptors. The 

inidal synthesis performed led us towards targeting the trisaccharides of Lewis x and Lewis 

a, and other blood group antigens (Figure 2.1). 

HO 

OH OH 

NHAc HO 

OH 

HO 

NHAc 

OH 

HO 

Lewis X trisacdiaride 

3Gajpi^lcNAc 

L-Fucal-3 

Figure 2.1 Lewis x and Lewis a trisaccharides 

The mechanistic studies performed in Chapter 1 showed that the 1,6-anhydro ring 

can be opened using trimethylsilyl iodide allowing for extension of nucleophiles at the two 

ends.^^ Also, we wanted to take advantage of the fact that only two positions, the 0-3 and 

0-4 hydroxyls, required protecuon and deprotection. Normally, extensive protection and 

deprotection strategies are necessary. The azide at the 2 position can be reduced to give the 

amine. This work involves utilization of glycosyl iodides in the effort to synthesize 

Lewis a tnsacchande 

3GaJ3l-3GlcNAc 

L-Fucal^-4 
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complex oligosaccharides. We envision that these compounds can be used as inhibitors of 

GalCer/gpl20 binding. 

2.2 1,6-Anhydro Sugars 

1,6-Anhydro sugars and especially 1,6-anhydroglucose are a group of compounds 

of great potential use as building blocks due to their rigid structure that exits in a ^€4 D 

conformation and because they are relatively stable in alkaline media. A number of 

workers have utilized 1,6-anhydro sugars in their syntheses of oligosaccharides. These 

1,6-anhydro sugars are readily available by pyrolysis of starch."^ The anhydro bond can be 

hydrolyzed by strong acid (Figure 2.2). 

pyrolysis 

15^5 % 

starcn 1,6-anhyclroglucose 
(levoglucosan) 

OH 

H3CP 

HO""^|^""OH 

OH 

Figure 2.2 Pyrolysis of starch to l.6-anhydroglucose and its ring opening under acidic 
conditions 

The relative reactivities of the various hydroxyl groups toward tosylation are: OH-

2e > 0H-3e > 0H-2a > 0H-4a > 0H-4e > 0H-3a. The reactivities with acetyl chloride 

follow a quite different order, namely, 0H-2e > 0H-4a > 0H-3e > 0H-2a > 0H-3a > OH-

4e."® The hydroxyls can be functionalized in many different ways and various conditions 

without affecting the 1,6 anhydro ring. 
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1,6-anhydro sugars have been used successfully and effectively in glycoside 

synthesis. One example is Paulsen's work towards the synthesis of a-glycosidically 

linked amino sugars utilizing the 1,6 anhydro sugar in his coupling procedure."'^ "'^° 

The coupling was done using glycosyl bromides as intermediates. He uses the azido group 

as a "blocking group" for amino groups so that the C-2 substituent does not exert a 

neighboring group effect His synthesis started with 2-azido 1,6-anhydro sugars and 

involved opening the ring by acetolysis to the diacetate in 64% yield (Figure 2.3, step a). 

The diacetate next is treated with HBr in dichloromethane generating the a-bromide in 82% 

yield (step b). In situ anomerization using tetraethylammonium chloride generated the 

reactive p-glucosyl chloride (step c) which was then reacted with 1,6 anhydro-3-O-benzyl-

giucose to give a 55% yield of a l-»4 linked disaccharide mixture containing 80% of the a-

form (step d). He also effected glycosidation of the P-glucosyl chloride with 1,6 anhydro-

4-O-benzyl-glucose, in this case obtaining a 36% yield of the 1-^3 linked disaccharide 

containing 80% of the a-glucoside (Figure 2.4). In his synthesis of D-galactosamine, 

Paulsen reacted ^-galactosyl chloride under the conditions described above to the 1,6 

anhydro-4-O-benzyl-glucose, generating ±e a-glycoside in 66% yield in an a: ̂  ratio of 

10:1 (Rgure 2.5). 
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AcO AcO OBn 

BnO 
HBr 

OAc 

OBn 

OBn 
AcO 

OH AcO 

N3 

Figure 2.3 Example of Paulsen's work towards the synthesis of a-glycosidically linked 

2-amino sugars from the reactive P-glycosyl chloride 

AcO 
OH I N 

OBn N3 

AcO^-v 
BnO—^-\^0 

0 BnO-X-'^pA 
AgaCO 3, H O 

AgCIO 4 

OBn N3 

Figure 2.4 Paulsen's coupling of the p-glucosyl chloride with the 4-0-benzyl ether 1,6-
anhydroglucopyranose 
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N3 

BnO ^OAc 
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•O BnO 

OH I N 
OBn N3 

Ag2CO 3, 

AgCIO I 

•O 
O I N 

OBn N3 

Figure 2.5 Paulsen's coupling of the j3-galactosyl chloride to the 4-(9-benzyI ether 1,6-
anhydroglucopyranose 
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2.3 Lewis Blood Group Antigenic Determinants 

On serum, cell membrane and mucins, various 0-glycosylation based glycoproteins 

are found. The role and function of many of these glycoproteins are still largely unknown. 

Table 2.1 shows the list of blood group and related antigens that are expressed on 0-linked 

cores and among the Lewis blood groups there are Lewis x, the sialic derivative of Lewis 

X, y, a, and b.^' There is evidence that Lewis b antigens arc involved in the attachment to 

human gastrointestinal epithelium of Helicobacter pylori and ClosTridium difficile toxin A 

which are die suggested causative agents of gastric ulcers and pseudomembranous colitis, 

respectively. Lewis y has been identified as an important epitope for eUiciting antibodies 

against colon and liver adenocarcinoma cell lines. These oligosaccharide based blood 

groups, and the Lewis blood group anugens are of great importance in understanding 

diseases such as cancer, HIV, and bacterial and viral infections. 
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The first chemical synthesis of the Lewis a blood group was by Lemieux in 1974. 

Lemieux had synthesized trisaccharides of Lewis a and Lewis b by the halide ion catalyzed 

reaction from the glycosyl bromide. The 2,2,2-trichloroethyl group was used to block 

the anomeric hydroxyl of glucose (Rgiu-e 2.6). In his syntheses of Lewis a, 2-acetaniido-

2-deoxy-4-0-(a-L-fucopyranosyl)-3-0-0-D-galactopyranosyl)-D-glucose, the galactose 

moeity is coupled to 2^^-trichloroethyl 2-acetamido-4,6-0-benzylidene-2-deoxy-P-D-

glucopyranose by the Helferich method utilizing mercuric cyanide (Rgxu-e 2.7). The 

benzylidene protecting group is removed under acid conditions. Acetylation is then 

performed to protect the primary hydroxyl of the 6-OH and this intermediate is coupled to 

the P-fucosyl bromide which is generated in situ from the a-fiicosyl bromide (Rgure 2.8). 

The coupling conditions consisted of reacting 2 eq of the fucosyl bromide in the presence 

of Hunig's base with methylene chloride-dimethylformamide (5:1) as solvent, and gave a 

crystalline product in 83% yield. 

Et4NCl NaHCOs 

CH3CN AcHN AcHN 

OAc 

CCI3CH2OH 
— A c O  

CF3SO3H AO 
O, CCI3 

AcHN 

2A2-trichloroethyl 
2-acetaini(lo-3,4,6^tri-0-acetyl-
2-deoxy-P-D-glucopyranoside 

Figure 2.6 Synthesis of the 2,2,2-trichloroethyl glucopyranoside 
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Figure 2.7 Lemieux's work towards the synthesis of die disaccharide of Lewis x 
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Figure 2.8 Lemieux's synthesis of the trisaccharide of Lewis x; coupling of fucosyl 
bromide 

As shown above, the first synthesis of Lewis x by Lemieux is quite complicated 

utilizing numerous protection and deprotection methods especially in the synthesis of the 

disaccharide portion, though once that was prepared, addition of fucose was done in one 

step from the bromide fucoside. Since then, much study has been done towards the 

synthesis of Lewis x and other blood group antigens. Here, we present our route towards 

the synthesis of Lewis x and variations of Lewis x utilizing glycosyl iodide chemistry. 
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RESULTS AND DISCUSSION 

From the NMR experiments perforaied thus far, we took interest in the 1,6-

anhydro system as a means to get into oligomers by extending the chain through l-»6 

linkages. By opening the ring using TMSI, the glucosyl iodide is formed and can act as a 

glycosyl donor. The silyl group at the 6-0 position can be removed under mild acidic 

conditions and further coupling to another glycosyl iodide can be done, leading to an 

extended chain. Also, only two positions require contention for protection; the hydroxyls 

at the 3 and 4 positions. Furthermore, the azide at the 2 position acts as a temporary 

protection allowing for generation of amino sugars. The l,6-anhydro-2-azido-2-deoxy-D-

glucopyranose (2.1) can be prepared in 3 steps starting from tri-O-acetyl glucal following 

the work of Veyrieres and Beau (Scheme 2.1)."-^'' Intramolecular iodocyclization catalyzed 

by formation of a tin ether leads to an iodo derivative. Reaction with sodium azide gives 

substitution with retention of configuration leading to 2.1. The 2,3-epoxide is the 

postulated intermediate. 

I) (Bu3Sn)20, CH3CN, 
reflux 

10:10:1 
MeOH/HaO/BsN 

1) NaNs, DMF/H2O 
120°. 2hr 

2) charcoal. EtOH/HaO 

reflux 

O 

OH N3 

2.1 

Scheme 2.1 Preparation of l,6-anhydro-2-azido-2-deoxy-p-D-gIucopyranose (2.1) 
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Benzyl protection (Scheme 2.2) produced the desired compound 2.2 for ring opening with 

TMSI (Scheme 2.3). In the protection step, the C-3 and C-4 monosubstituted products 

were also obtained in a 33:1 ratio of the 4-OBn to 3-OBn. 

BnBr, DMF 
Ba(0H)2, r.L 

OBn 

2^ 36% 

OBn N3 

OH N3 •O 
I OH I 

OBn N3 OH N3 
2.3 2.4 

33:1 23:2.4 

Scheme 2.2 Benzyl protection of 2.1 

OBn I TMSI. RnO 
CH2CI2, 0 'C 

OBn N3 

Scheme 2.3 Opening of the anhydro ring with TMSI 

^OTMS 

N3I 
2.3 

The dibenzyl protected l.6-anhydro sugar 2.2 was then reacted with TMSI 

forming the 6-0-trimethyIsilyl-a-D-gIucopyranosyl iodide 2.5. From 2.5, displacement 

of the iodide by allyl alcohol in benzene with tetrabutylammonium iodide, 2,6-di-f-

butylpyridme and subsequent acid workup afforded the a-linked allyl glycoside 2.6 

(Scheme 2.4). The reaction was performed both at room temperature and under reflux 

giving 18 and 13% yield, respectively. In the reaction performed at room temperature and 

left overnight, 21% of a disaccharide linked a-(l—>6) formed from the reaction of 2.6 with 

another iodide donor. Realizing that the dimer could be formed, we decided to couple the 
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azido diol 2.1 to the iodide 2.5 under the same conditions as the previous reaction with 

the ailyl alcohol (Scheme 2.4.). 

OH 

BnQ-
OTMS HO BnO" 

\ j n  

BnO ^ 'j J benzene, ButNI, 2.6 18% 
2.5 2,6-di-f-butylpyridine ^ 

ii. add woricup g ^ ^ 

'0 N3A 2.7 21% 

BnO-''V^'\ 
BnO-^'-Tn 

OH N3 

^OH 

> — — 9 .  BnO 
BnO 

N3 0 N3 
i. benzene. BujNI. 
2.6-div-butylpyridine 
ii. acid workup 2.8 

12% 

Scheme 2.4 Reaction of 2.5 with ailyl alcohol and widi 1.6-anhydro glucose 

The disaccharide 2.8 was isolated in 12% yield. At this point, the low yields 

needed to be addressed. Following the nsaction by TLC in the first step of the reaction 

(formation of the iodide from 2.2) showed the spot corresponding to the starting material 

was always present even after addition of more TMSI. Thus, it was prudent that this step 

be optimized. To circumvent this problem, we decided to generate the iodide intermediate 

from the diacetate 2.9. The diacetate can be prepared from the dibenzyl sugar 2.2 in a 

solution of acetic anhydride/uifluoroacetic acid (9:1 v:v); (Scheme 2.5) in 86% yield. The 
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diaceiate was treated with TMSI and then used to couple 2.1 affording the a-(l—>4) linked 

disaccharide 2.11 in 16% yield (Scheme 2.6). One major factor that perhaps is 

contributing to the low yield might be the low solubility of the diol 2.1 in methylene 

chloride, so we performed the reaction in acetonitrile. The iodide of the peracetylated 

glucose was reacted with 2.1 in acetonitrile with refluxing and left to react overnight 

Unfortunately, no product was obtained and about 60% of the diol was recovered. 

Ac20/a^C02H ^OAc 
(9:1, v/v), rx O 

86% BnO * ""t' ^ 

OBn N3 2.9 

Scheme 2.5 Opening of the 1.6-anhydro glucose to the diacetate 2.9 

^OAc 

BnO-'^^^v 
BnO-^^-Tn 

OH N3 

^OAc 

2.10 I 16% 

Scheme 2.6 Coupling of the iodide 2.10 to the 1.6-anhydro glucose 

In an effort to incorporate glycosyl iodides in the synthesis of biologically 

significant molecules, we directed attention to the synthesis of the trisaccharides of Lewis x 

and Lewis a. The difference between Lewis x and Lewis a is the position of the galactose 

and fucose components which are reversed. To accomplish this, the strategy would be to 

start with the 1,6-anhydro-gIucopyranose without any protection at the 3-0 and 4-0 

position and then add on galactose then fucose or vice versa. We suspected that the 4-0 
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position would be less hindered than the 3-0 position which on glycosidation hopefully 

would yield the l-»4 linkage preferrably. We hypothesized steric hindrance at 4-0 would 

be less because in the benzylation reaction previously performed, the predominant 

monobenzylation product was from benzylation at the 4-0 position. Galactose is attached 

P to the glucose and fucose has an a linkage to glucose in Lewis x and Lewis a. Our 

original intention was to synthesize these compounds employing glycosyl iodide chemistry 

exclusively. However, along the way we realized that the a-iodides were not reactive 

enough to undergo Sn2 displacement to give the opposite stereochemistry, the ^-glycoside. 

Instead, to obtain the ^ linkage, neighboring group participation was employed. The 

Koenigs-Knorr method (condensation of acylglycosyl halides with alcohols) using 

glycosyl halides and metal salts as catalyst was applied. The fucose would be attached in 

an a-linkage and this would be carried out using the conditions and methods of the 

glycosyl iodides. In situ anomerization of the a-iodide with tetrabutylarmnonium iodide 

generates the more reactive P-anomer which reacts with the glycosyl acceptor by Sn2 or 

ion pair intermediate to yield the P-glycoside. 

In sununary, the approach taken for P-(l-»4) linkage of galactose to glucose was 

by way of the Koenigs-Knorr method using silver triflate as promoter (Scheme 2.7). 

Conditions comprised of reacting 1-bromo-tetra-O-benzoyI-a-D-galactopyranose 

(2.12) with the diol 2.1 in methylene chloride, in the presence of silver triflate, with 2,6-

di-f-butylpyridine as the proton acceptor. The p-galactose-(l-»4)-glucopyranoside 2.13 

was isolated in 20% yield from the recovered diol. Connectivity of the C-H bonds was 

acquired by an HMQC experiment An HMBC experiment was performed to verify that 

the linkage was at the 4-0 position. Not all the 3-bond couplings were observed, but the 

peak from C-1 of galactose to H-4 of glucose was present, verifying the connectivity. 
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BzO OBz BzO 

O 

OH N3 

2.12 

AgOTf. CH2CI2 
2,6-di-^-butylpyridine 
-25° C-> r.L 

OBz 

2.13 20% 

2.14 10% 
2.15 10% 

2.16 7% 

Scheme 2.7 Synthesis of P-linked disaccharide 2.13 by the Koenigs-Knorr method 

The reaction was performed a second time to try to improve the yield. Knowing 

that the diol is not very soluble in CH2CI2, we decided to try running the reaction in a more 

polar solvent The diol is completely soluble in tetrahydrofuran (THF), but 

tetrabutylammoniimi iodide is not very soluble and so a cosolvent of THF/CH2CI2 was 

used (Scheme 2.7). In this case, a mild base as proton acceptor was not added. After one 

h, from TLC it looked like all the galactose bromide 2.12 was gone. After column 

purification, numerous products were isolated along with the desired p-(l—>4) product 

2.13, one of them being the P-(l-»3) disaccharide 2.14. Also, 2.15 with an a-linkage 

of galactose at the 4 position of glucose was obtained in 10% yield. Lasdy, 10% of the 

doubly glycosylated compound 2.16 was obtained. As can be seen from the yields of the 

three minor components there does not seem to be much regio- or stereoselectivity. Letting 

the reaction go overnight might have increased the yield since it was run for only one h. 
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From the results obtained in the previous reaction where all the different 

combinations of product were obtained with the azido diol and from results of the fucosyl 

studies (described later), we ascertained that protecting groups were necessary. Therefore 

the f-butyl-dimethyisilyl ether protecting group was incorporated (Scheme 2.8). 

OTBS N3 

2.18 

Scheme 2.8 r-Butyl-dimethylsilyl ether protection of 2.1 

BzO ^OBz 

OH N3 
i.CP^Ch . AgOTf. 
Hunig's base. Ar, r.t. 
molecular sieves 
85% 
ii. TBAF. THF 

Scheme 2.9 Orthoester formation from reaction of 3-silyl ether 1,6-anhydrogIucose with 
tetra-O -benzoyl-galactosyl bromide 

This protecting group was chosen because it is stable to hydrolysis and can be removed 

using tetrabutylammonium flouride without affecting other portions of the molecule, 

especially the glycosidic bond. Coupling of galactose to the 3-C>-f-butyI-dimethyIsilyl 

protected 1,6-anhydro-glucose by the Koenigs-Knorr mediod in methylene chloride, silver 

oiflate, and Hunig's base was performed (Scheme 2.9). Instead of the desired P(l—>4) 

2.13, the orthoester 2.19 was obtained. The reaction yielded 85% of the orthoester 

OH N3 

TBDSCI. DMF 
caL imidazole, 
trietbylamine 

34% 

OTBS 

OH N3 

BzO 

BzO 

2.19 
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which was characterized by NMR. The anomeric proton chemical shift was 6.29 ppra with 

a small doublet (/ = 5.1 Hz) which is both unsual for it being either the a or p anoraer. A 

13c shift 5 120.6 ppm provided further evidence for the orthoester. At first we thought 

that the silyl protecting group was affecting the conformation and so was showing lots of 

differences in the proton spectrum. Therefore, the protecting group was removed. After 

deprotection in tetrabutylammonium fluoride, the spectrum was not that of the 3 linkage 

disaccharide 2.13. Orthoesters are often byproducts in oligosaccharide synthesis. 

Orthoester formation can be reversed in acidic condiuons to the acetoxy intermediate which 

can with another alcohol at the anomeric position to give the P glycoside (Figure 2.9). In 

this case, Hunig's base might have been too strong a base (usually s-collidine or 

tetramethylurea is used) and so once the orthoester formed, the medium was not acidic 

enough to rearrange the orthoester to the P-glucoside. 

Figure 2.9 Proposed mechanism for acetoxy group participation in glycoside formation 

Coupling of the tetra-C-benzyl-D-galactopyranosyl iodide with 3-0-silyl ether 1.6-

anhydro-D-glucopyranose 2.17 in methylene chloride was tetrabutylammonium iodide and 

W 
OR 
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Hunig's base produced the a-(l-*4) linked disaccharide 2.20 (Scheme 2.10). This was 

not the desired stereochemisdy for synthesis of Lewis a and Lewis x, but it was interesting 

that at room temperature the reaction proceeded in 34% yield. 

Scheme 2.10 Reaction of galactosyl iodide to 3-silyi protected glucose 2.17 

Fucosyl iodides were reacted with a number of different glycosyl acceptors. 

Fucosyl iodides are the most reactive of all of the glycoside iodides studied in Chapter 1. 

Normally, on thin layer chromatography plates, the iodides are identified fi-om the yellow 

spot that appears above that of the anomeric acetate after dipping the plate into a 

molybdenum stain. However, when spotting a solution of the fucosyl iodide on TLC 

plates, after development a yellow spot is not seen but a dark intense spot that cospots with 

the OH of fiicose is observed from its reaction on the plate, suggesting that fucosyl iodides 

are extremely reactive. The fast reaction makes it difficult to monitor the reaction by TLC 

requiring careful handling to avoid moisture. Fucosyl iodides are prepared from the \-0-

acetyl-2,3,4-tri-0-benzyI-a,P-fucopyranose with TMSI in methylene chloride (Scheme 

2.II). The solution is azeotroped with toluene to a brown oil and resuspended in CH2CI2 

for the coupling reactions. Then, the a-iodo-fucoside under halide ion catalyzed conditions 

was reacted with a number of nucleophiles (Schemes 2.12-2.15). 

I O JofTB^ 

I T  L _ _  ? 0 B a N 3  

CH2CI2. BIJ4NI, 
Hunig's base, Ar, r.L 
molecular sieves 
34% 

BnO ^ OBn 
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The first attempt was to couple the fucosyl iodide 2.23 to the disaccharide 2.13. 

1.5 equivalent of the 1-0-acetate fucose was used in excess to the nucleophile and the 

reaction was left for 26 h at room temperature. Unfortunately, this first attempt proved 

futile perhaps due to moisture entering when rotovaping off the solvenL 

OBn ™si. C^feCl2 H3C 

Scheme 2.11 Generation of fucosyl iodide from the anomeric acetate 2.21 

We next tried coupling 2 eq of fucosyl iodide to the diol 2.1 to see whether the 

trisaccharide would be formed (Scheme 2.12). The major product isolated (23% yield) 

was the disaccharide P-D-fucosyI-(l—>4)-P-D-glucose 2.24. This result was unexpected, 

since under these conditions, the a-glycoside should have been the product, formed. 

•Generation of the ^-iodide in situ should yield the a-glycoside by nucleophilic 

displacement. We suspected that the stereochemistry of the diol might be hindering the P-

iodide from entering and that the a-iodide is reactive enough to undergo direct displacement 

or through an ion-pair oxonium intermediate forming the |3-glycoside. Another explanauon 

though might be that fucose is an L sugar and that the sugar might come together better with 

the a-iodide than the (3-iodide.' 
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I OH I 2eq fucosyl iodide. 
yHp-7 CH2CI2. BmNI. 
L 1^ ^ 2.6-<li-f-buiylpyridine 

OH N3 23% 

2.1 

2 eq fucosyl iodide. 
CH2CI2, Bu,NI. 
2.6-di-f-butylpyridine 

1.5 eq fucosyl iodide. 
CH2CI2/THF, Bu^NI, 
Hunig's base 

OH 

OBn 

OBn 

BnO 

OBn 

OBn 
OBn 

BnO 

O 

OBn 

BnO 

OBn 

OBn 

2.27 Wo 

Scheme 2.12 Coupling of fucosyl iodide with diol 2.1 

The synthesis of the trisaccharide was repeated taking the disaccharide 2.24 from 

above and subjecting it to 2 eq of fucosyl iodide (Scheme 2.12). The reaction was run at 

room temperature for 2 h and there was no sign of product seen on TLC; the reaction was 

refluxed at 70° C and left stirring overnight. The next day. TLC showed a dark spot above 

that of the acetylated fucose which was characterized as the trehalose of fucose 2.25. 

Unfortunately, none of the targeted trisaccharide was isolated. After knowing that 

trehalose was being formed, we reevaluated reactions performed before and realized that 

that was often a byproduct. 



71 

The reaction of fucosyi iodide with the diol 2.1 was repeated using an excess of 

iodide, and acosolvent, tetrahydrofuran/methylene chloride (1:1 v/v), to solublize the diol 

(Scheme 2.12). The reaction was left stirring at room temperature for 28 h. The reaction 

after purification yielded 13% of the jB-anomer of a 1—>4 linked disaccharide 2.24 and also 

1% of P-fuc-(l—>4)-[a-fuc-(l-^3)] trisaccharide 2.27. The formation of an a-linkage ar 

the 3-0 position was strong evidence that the diol possessed a different conformation than 

its monoprotected derivative. These low yields are indicative that the coupling at the 3-0 

position of 1,6-anhydro-glucose may be difficult and would require heating the reaction 

mixture. 

While we were unsuccessful in obtaining the trisaccharide. we had determined that 

the 3-0 position was so hindered that fucosyi iodide did not react. This led us to react 2 eq 

of fucosyi iodide with the 4-0-benzyl protected 1,6-anhydro sugar 2.3 (Scheme 2.13). 

The reaction yielded the desired product, a-L-fucosyl-(l—>3)-anhydro-gIucose 2.26, in 

61% yield. The results proved positive; however, one benzyl group at the 4 position is 

much smaller than the sugars that are being added and so comparison would not be 

accurate. 

Scheme 2.13 Coupling of fucosyi iodide to 4-0-benzyi 1,6-anhydro glucose 2.3 

BnO 

OBn Nj 

2.3 

2 eq fucosvl iodide, 
CH;C1:. BujNI. 
2.6-di-f-butylpyridine 

OBn Ns 
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O 

OTBS I 
O 

i. 1.5 eq fucosyl iodide, 
CH2CI2, BU4NI, 
Hunig's base, 67% 

ii. TBAF, THF 
2.17 OBn 

Scheme 2.14 Coupling of fucosyl iodide to 3-(9-f-butyl-dimethyIsilyl-l,6-anhydro 
glucose 2.17 

Towards the synthesis of Lewis a, the fucose is attached a through the 4-0 position 

of glucose. The galactose portion is linked p at the 3-0 of NAc-glucosamine. Fucose was 

attached onto the 4-0 position starting from the l,6-anhydro-2-azido-2-deoxy-3-(9-r-butyl-

dimethylsilyl-P-D-glucopyranose 2.17 and reacted under familiar conditions using 1.5 eq 

of fucose acetate. The desired product a-fuc-(l-^4) glucose 2.28 was obtained in 67% 

yield (Scheme 2.14). Deprotection of the disaccharide in a TBAP, THF solution" afforded 

a greater than 99% yield of the free hydroxy 12.29. The disaccharide 2,29 was then used 

in the next stage to couple galactose at the 3-0 position of glucose by the Koenigs-FCnorr 

method. Disappointingly, the trisaccharide was not successfully obtained. 

In the final attempt to synthesize the trisaccharide of Lewis x, 2 eq of fucosyl iodide 

was added to a flask containing the P-gaI(l—>4)-l,6-anhydroglucose 2.13 (Scheme 2.15). 

When generating the fucosyl iodide the reaction flask was cooled to -30° C in an 

ethanol/dry ice bath. After removing methylene choride from the mixture, toluene was 

added and again removed under vacuum. The reaction was left stirring for 2 days after 

which the reaction was stopped and extracted with sodium thiosulfate and water. TLC 

showed at least two new spots and other spots corresponding to the trehalose, the \-0-

acetyl and 1-OH of fucose, and the starting disaccharide. With so many spots, purification 

was difficult Characterization of one of the new spots showed that this was the desired 
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trisaccharide. Unfortunately, the yield was very low; less than 20 rag (15%) was obtained 

starting from 129 mg of the disaccharide (Scheme 2.15). 

OBz 

2~30 

Scheme 2.15 Coupling of fucosyl iodide to p-gal(l—>4)-1.6-anhdroglucose 2.13 

Optimization of the yield is needed. The conditions are not optimal. From the work of 

Michael Hadd, in our lab, change of solvent from dichloromethane to benzene and also 

performing the reaction under reflux may lead to improve yields. 

Among these reactions, we wanted to understand whether tetrahydrofuran (THF). a 

more polar solvent, would affect the stereochemistry of the glycosides formed and/or the 

yields. It has been known that THF can add to the anomeric center. In an attempt to 

answer this question, cholesterol was used as an alternative to the diol. Cholesterol was 

coupled to the iodo fucopyranoside or galactopyranoside. The results are summarized in 

Table 2.10. The iodo-galactoside yielded the a glycosidic linkage in both cases, with and 

without Hunig's base (entries 1 and 2). The iodo-fucoside produced a 4:1 a;p ratio of 

glycoside (entry 3). In this case, the a linkage was formed as opposed to the previous 

reaction where the iodo fucose reacted with the diol generating the only product isolated 

with a P-Iinkage. Again, this is highly suggestive that the conformation of the diol is 

having some effect on the stereochemical outcome of the fucose addition. Whether this is 

2 eq fucosyl iodide, 
CH2CI2, BmNI, 
Hunig base 
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particular to just fucose or to L sugars in general would be interesting to determine. Also, 

whether D sugars are affected by the conformation of the diol would be another area to 

explore. 

HO" 

Cholesterol 
Glycosyl acceptor 

Glycosyl Donor Conditions- Linkage Formed^ 
Entry base used 

Linkage Formed^ 

I 
a-iodo tetra-O-Bn-

Hunig's base I galactopyranoside Hunig's base ab 

a-iodo tetra-O-Bn-
none 2 galactopyranoside none a 

a-iodo tetra-O-Bn-
Hunig's base 3 fucopyranoside Hunig's base 4:la:pc 

Table 2.2. Results from reaction of galactosyl and fucosyl iodide to the glycosyl 
acceptor cholesterol 
^ yields were not determined 

I' possibly some minor amount of P-linkage obtained; did not attempt to purify 

^ ratio obtained fit)m NMR integration 
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CONCLUSION 

The synthesis of a trisaccharide Lewis x precursor has been achieved by applying 

glycosyl iodide chemistry to incorporate the flicosyl portion of the target molecule. 

However, the yield obtained was extremely low. Evenmally, variations of trisaccharide 

besides the Lewis x and Lewis a and of oligosaccharides are of interest to synthesize in 

order to assay these compounds for biological activity towards inhibiting HTV/host cell 

entry events. 

Optimization of the yields is critical in an effort to apply glycosyl iodides to 

synthesis of oligosaccharides. Also, a continous effort to achieve high stereochemistry in 

these syntheses is needed. Both of these factors are issues which our group are currently 

addressing. Incorporation of glycosyl iodides to solid phase chemistry is another approach 

where we want to apply this chemistry. Much of this work on glycosyl iodides is still in 

the preliminary stage and much chemisu^ is yet to be learned in the process. 
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EXPERIMENTAL SECTION 

Starting materials and reagents purchased from suppliers were used without further 

purification. Chemicals were obtained from the following suppliers: trimethylsilyl iodide, 

Fluka; tetrabutylammonium iodide, silver triflate, Hunig's base, 2,6-di-f-butylpyridine, 

Aldrich. Solvents were dried by distillation prior to use. Dichloromethane and toluene 

were dried over calcium hydride, and tetrahydrofuran was dried over 

sodium/benzophenone. All reactions were performed under argon or nitrogen atmosphere. 

Thin layer chromatography was performed using silica gel 60 F254 plates. Flash 

column chromatography was performed using silica gel 60 (230-400 mesh ASTM). 

Proton and carbon nuclear magnedc resonance spectra were recorded on either a Bmker 

AM 250 or a Varian Unity 300 spectrometer. Chemical shifts are reported in the order of 

chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, 

and br = broad), the coupling constant in hertz (Hz) and the number of protons. Infrared 

spectra were recorded using a Nicolet 510P FT-IR spectrometer. Specific rotations were 

determined using an Autopol III polarimeter. Mass spectrometry was performed by the 

University of Arizona Mass Spectrometry Facility. 

General procedure for the formation of glycosyl iodides. The reacuon flask 

containing ground molecular sieves and a magnetic stirrer was either oven or flame dried 

prior to use (this is particularly important when working with fucosyl acetates since the 

fucosyl iodides are extremely reactive). The acetylated sugar was then weighed out in a dry 

box. The 1-0-acetyl monosaccharide was diluted in dichloromethane and added to the 

flask. The soluuon was cooled to below 0°C was stirred for at least 15 min. 

Trimethylsilyl iodide was added and the solution allowed to sit for 30 min to 1 h. Before 

transferring to an already stirring solution containing the glycosyl acceptor or alcohol, the 
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iodide solution was evaporated with 0.5-1 niL toluene two times to remove trimethylsilyl 

acetate formed during the reaction. Evaporation was done by pulling a vacuum through a 

needle line connected to the reaction flask. The dried solution was then redissolved in 

dichloromethane and syringed into the flask containing the acceptor alcohol for coupling. 

l,6-Anhydro-2-azido-2-deoxy-glucopyranose (2.1). These were prepared in 

four steps according to the procedure by Beau and Veyrieres.^"^^ Product obtained as a 

white solid. Rf = 0.31 (5:2 toluene/methanol), 0.06 (1:1 hexane/ethyl acetate). NMR 

(250 MHz. DMSO) 5 5.39 (d, IH, J = 4.2 Hz, -OH), 5.36 (s, 1 H. H-1), 5.26 (d, 1 H, J 

= 3.9 Hz, -OH), 4.42 (dd, 1 H, 7 = 5.8 Hz, H-5), 3.93 (d, 1 H. 7 = 7.0 Hz, H-6exo), 

3.56-3.50 (m, 2 H, H-3 and H-6endo), 3.40 (br s, 1 H, H-4), 3.01 (br s, 1 H, H-2). IR 

(CH2CI2) 2105 cm-1 N3. 

l,6-Anhydro-2-azido-3,4-di-<?-benzyl-2-deoxy-glucopyranose (2.2). Pro

cedure employed according to work by Beau. Prepared from 200 mg (1.07 mmol) of 1,6-

anhydro-p-D-glucopyranose dissolved in DMF with a mild base Ba(0H)2 (202 mg, 1.18 

mmol) and BnBr (509 |iL, 4.28 mmol). The reaction was left to stir overnight. A mixture 

of the di- and mono-protected sugars was obtained. Product obtained as light yellow oil 

(230 mg, 59%). Rf = 0.43 (2:1 hexane/ethyl acetate). ^H NMR (250 MHz, CDCI3) 5 

7.41-7.34 (m, 10 H), 5.54 (s, 1 H, H-1), 4.67-4.52 (m, 4 H), 4.05 (d, 1 H, 7 = 7.3 Hz, 

H-6exo), 3.76 (d, 1 H, 7= 6.1 Hz, H-6endo), 3.72 (s, 1 H, H-3), 3.43 (s, 1 H, H-4), 

3.32 (s, 1 H, H-2). 

l,6-Anhydro-2-azido-4-<9-benzyl-2-deoxy-glucopyranose (2.3). Product 

obtained as white solid. Rf = 0.17 (2:1 hexane/ethyl acetate). ^H NMR (250 MHz, 



78 

CDCls) 5 7.37-7.29 (m, 5 H), 5.46 (s, 1 H, H-l), 4.60 (d, / = 5.1 Hz, H-5), 3.93 (d, 1 

H, J =1.5 Hz, H-6exo), 3.89 (br s, 1 H, H-3), 3.68 (dd, 1 H, 7 = 5.3, 7.5 Hz, H-

6eiido), 3.36 (d, 1 H, 7 = 2.5 Hz, H-4), 3.22 (d, 1 H, 7 = 3.1 Hz, H-2), 2.33 (br s. 1 H, 

OH). 

I,6-Anhydro-2-azido-3-0-benzyl-2-deoxy-giucopyranose (2.4). Product 

obtained as white solid. Rf = 0.31 (2:1 hexane/ethyl acetate). ^H NMR (250 MHz, 

CDCI3) 5 7.27-7.17 (m, 5 H), 5.59 (d, I H, 7= 3.0 Hz, H-l), 4.58 (s, 1 H. OH). 4.39 

(m, 1 H, H-5), 3.62-3.53 (m, 3 H), 3.33 (t, 1 H, 7 = 3.0 Hz, H-4), 3.07 (m, 1 H, H-2). 

Allyl 2-azido-3,4-di-0-benzyi-2-deoxy-a-D-gIucopyranoside (2.6). To a 

soludon of dibenzyl 1,6-anhydro-glucose 2.2 (50 mg, 0.13 mmol) in 0.7 mL CD2CI2 

cooled to 0° C was added 19 jiL (0.13 mmol) of trimethylsilyl iodide (TMSI). The solvent 

was removed in vacuo, resuspended in dichloromethane, and transferred into an already 

stirring solution of allyl alcohol (13.3 |iL, 0.19 mmol), tetrabutylammonium iodide (48 

mg, 0.13 mmol), and 2-6-di-f-butylpyridine (32p.L, 0.14 mmol) in 2 mL benzene. The 

solution was left to react overnight at room temperature, then diluted in dichloromethane 

and evaporated in vacuo to an oil. The crude oil was chromatographed using 2:1 

hexane/ethyl acetate to yield 9.6 mg (18%) of white solid 2.6 as the major product. Rf = 

0.23 (2:1 hexane/ethyl acetate). ^H NMR (250 MHz, CE>Cl3) 5 7.36-7.28 (m, 10 H), 

5.90 (m, 1 H, H-2'), 5.32 (dd, 1 H. 7= 17.2 & 1.5 Hz, H-3' allyl), 5.22 (dd. 1 H, 7 = 

10.4 & 1.3Hz, H-3"allyl), 4.93 (d, 1 H, 7= 3.6 Hz, H-l), 4.88 (s, 2 H), 4.86 (d, 1 H, 7 

= 10.0 Hz), 4.17 (m, 1 H, 7= 12.8, 6.6 & 1.3 Hz, H-5), 4.09-3.98 (m, 2 H), 3.76-3.71 

(m, 3 H), 3.64 (t, 1 H, 7 = 8.7 Hz, H-3), 3.35 (dd, 1 H, 7 = 10.2 & 3.6 Hz, H-2), 1.64 
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(br s, I H, -OH). IR (CH2CI2) 2112 cm-l, N3. HRFABMS (in mNBA) calcd for 

C23H27O5N3:425.1951, found: 424.1161 (M-H)+ 426.1212 (M+H)+. 

0- (2 -Az ido-3 ,4 -d i -0 -b€nzy l -2 -deoxy-a -D-g lucopyranosy l ) - ( l—^6) - l -0 'aUy l  

a-D-2-azido-3,4-di-0-benzyi-glucopyranoside (2.7). Product obtained as a 

white solid (2.5 mg, 21% based on yield of 2.6). NMR (250 MHz, CDCI3) 5 7.35-

7.28 (m, 20 H), 5.88 (m, 1 H, 7 = 5.5 Hz, H-2'allyI), 5.33 (dd, 1 H, 7 = 19.0 & 1.5 Hz. 

H-3'allyl), 5.21 (dd, 1 H, 7 = 9.9 & 1.3 Hz, H-3"allyI), 4.98 (d, 1 H, 7 = 3.5 Hz, H-7), 

4.93 (d, 1 H. 7= 4.1 Hz, H-1), 4.90-4.83 (m, 6 H), 4.65-4.59 (m, 2 H), 4.18 (dd, 1 H, 

7= 13.8 & 1.5 Hz. H-l'allyl), 4.06-3.81 (m, 5 H), 3.68-3.57 (m, 7 H), 3.39 (dd, 1 H, 7 

= 9.6 & 3.2 Hz), 3.30 (dd, 1 H, 7 = 10.0 & 3.5 Hz). IR (CH2CI2) 2112 cm-l. N3. 

HRFABMS calcd for C43H48O9N6: 792.3483, found: 791.2571 (M-H)+. 

0-(2-Azido-3,4-di-(?-benzyl-2-deoxy-a-D-glucopyranosyI)-(l—»4)-l,6-

anhydro-2-azido-2-deoxy-glucopyranoside (2.8). Method above for compound 

2.6 was employed. To a stirring solution of 1.6-anhydro-2-azido-2-deoxy-glucopyranose 

(80 mg, 0.43 mmol), tetrabutylammonium iodide (105 mg, 0.28 mmol), and 2,6-di-t-

butylpyridine (70 |iL, 0.31 mmol) in 2 mL benzene was added the iodide sugar (2.5, 109 

mg, 0.28 mmol of 2-azido-3,4-di-0-benzyl-2-deoxy-l,6-anhydro glucopyranose) and 44.5 

|i L (0.31 mmol) of TMSI. The reaction was refluxed for 45 min. Solids were filtered and 

the solution was extracted with sodium thiosulfate, saturated sodium chloride, and water. 

The organic layer was dried over magnesium sulfate and concentrated in vacuo. The crude 

material was chromatographed using 1:1 hexane/ethyl acetate to yield 18.5 mg (12%) of 

2.8 as a white solid. Rf = 0.43 (1:1 toluene/acetone). ^H NMR (250 MHz, CDCI3) 5 

7.36-7.27 (m, 10 H), 5.44 (s, 1 H, H-1'), 5.06 (d, 1 H, 7 = 3.6 Hz, H-1), 4.88-4.84 (m. 
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3 H), 4.66 (t, 1 H, y = 3.5 Hz, H-5'), 4.64 (d, 1 H, 7 = 11.1 Hz), 4.10 (t, 1 H, 7 = 10.1 

Hz), 4.02-3.95 (m, 3 H), 3.78 (dd, 1 H, /= 11.9 & 2.2 Hz), 3.76-3.68 (m, 2 H), 3.60-

3.52 (m, 3 H), 3.41 (dd, 1 H, 7= 10.4 & 3.7 Hz, H-2), 3.19 (d, 1 H. 7 = 3.9 Hz, H-2'). 

2.83 (br s, 1 H, 3-OH). 1.79 (br s, 1 H, 6-OH). IR (CH2CI2) 2100 cm-1, N3. 

l,6-Di-<?-acetyI-3,4-di-0-benzyl-2-azido-a-D-glucopyranose (2.9).^'* Reac

tion of 3,4-di-(?-benzyl-1.6-anhydro-2-azido glucopyranose (2.2, 64.7 mg, 0.17 mmoi) 

in 3 mL of an acetic aniiydride-trifluoroacetic acid solution (9:1 v/v) for 1 h at room 

temperature followed by addition of 5 mL methanol to quench the reaction gave 2.9 as a 

white soUd (68.5mg, 86%). ^H NMR (250 MHz, CDCI3) 5 7.34-7.20 (m, 10 H), 6.17 

(d, 1 H. 7 = 3.6. H-1). 4.86 (d, 2 H. 7 = 1.4 Hz), 4.82 (d, 1 H, 7 = 10.7 Hz). 4.20 (d, 2 

H, 7 = 3.0 Hz), 3.95-3.85 (m, 2 H), 3.62-3.51 (m, 2 H), 2.10 (s, 3 H), 1.98 (s, 3 H). 

0-(6-<9-AcetyI-2-azido-2-deoxy-3,4-di-0-benzyl-a-D-gIucopyranosyl)-

(1—>4) 1,6-anhydro-giucopyranose (2.11). To a solution of 1,6-di-(9-acetyl-3.4-

di-(9-benzyl-2-azido-glucopyranose (68.5 mg. 0.15 mmol) in 1 mL CH2CI2 cooled to 0° C 

was added 22.8 |iL (0.16 mmol) of trimethylsilyl iodide and the reaction mixmre allowed 

sit for 1 h. The solvent was then removed in vacuo, and 1 mL toluene was added and 

again removed in vacuo. The resulting oil was diluted in CH2CI2 and transferred to a 

previously stirring solution of l,6-anhydro-2-azido-2-deoxy-glucopyranose (2.1. 41 mg, 

0.22 mmole), tetrabutylammonium iodide (54 mg, 0.15 mmol), and 2,6-di-f-butylpyridine 

(36 |iL, 0.16 mmol) in 1 mL CH2CI2. The reaction was refluxed for 4 h. Extraction of the 

mixture was performed using saturated sodium thiosulfate, copper sulfate solution, and 

water. The residue was concentrated and chromatographed using a gradient 6:1 

hexane/ethyl acetate to 1:1 hexane/ethyl acetate as eluent. 14.3 mg (16%) of the 
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disaccharide was obtained as yellowish oil containing white solids. Rf = 0.10 (1:1 

hexane/ethyi acetate). NMR (250 MHz, CDCI3) 5 7.36-7.25 (ra, 10 H), 5.29 (br s, 1 

H, H-r), 4.93-4.78 (m, 4 H), 4.60-4.54 (ra, 2 H), 4.36-3.99 (m, 4 H), 3.95 (br s, 1 H), 

3.58-3.36 (ra, 5 H), 3.07 (br s, 1 H), 2.02 (s, 3 H, CH3). NMR (250 MHz, 

CD2CI2) 5 170.84, 138.42, 128.76-128.17, 96.48, 92.45, 83.31, 80.29, 78.54, 77.71, 

75.74, 75.65. 75.30, 73.68, 69.71, 67.96, 64.42, 63.06, 20.97. IR (CH2CI2) 750, 

1260, 1750, 2100 cm-1. N3. MS calcd for C28H32O9N6 596.2231. 

(Note: MS did not show a molecular ion peak. Further experimentation is needed.) 

2,3,4,6-Tetra-O-benzoyl-a-D-galactopyranosyl bromide (2.12). Procedure of 

Fletcher.'^ To a solution containing penta-O-benzoyl-galactopyranose in CH2CI2 was 

added HBr in acetic acid at room temperature. After 15 min stirring at r.L, the mixture was 

placed in the refrigerator and left ovemighL The next day, the organic layer was washed 

three times with 10% Na2S203. three times with saturated NaH2C03, and once witii 

deionized water. The organic layer was dried over magnesium sulfate, tiltered. and 

concentrated in vacuo to yield white solids in 94% yield. ^H NMR (250 MHz. CDCI3) 5 

8.06-7.21 (m, 20 H). 6.96 (d, 1 H, 7= 3.9 Hz, H-1), 6.10 (d, 1 H. 7 = 3.4 Hz, H-4), 

6.04 (dd, I H, 7 = 10.4 & 3.4 Hz, H-3). 5.65 (dd, 1 H, 7 = 10.3 & 4.0 Hz, H-2), 4.90 (t, 

1 H, 7 = 6.2 Hz, H-5), 4.62 (dd. 1 H, 7 = 11.4 & 6.7 Hz, H-6endo, 4.44 (dd, 1 H, 7 = 

11.5 & 6.1 Hz, H-6exo). 

2,3,4,6-Tetra-O-benzoyl-P-D-gaIactopyranosyl (1—>4) 1,6-anhydro-giuco-

pyranose (2.13). Method of Igarashi Takeo and Hanessian". The diol was dried 

under P2O5 overnight before use. To a solution of l,6-anhydro-2-azido-2-deoxy-

glucopyranose (72 rag, 0.39 mmol), silver triflate (118 mg, 0.46 mmole), and 2-6-di-r-
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butylpyridine (216 tiL, 0.96 mraol) in 2 mL dichloromethane cooled to -25 °C was added 

the brorao 2,3,4,6-tetra-<9-benzoyl-galactopyranoside (2.12, 303 mg, 0.46 ramol) in 

CH2CI2- The reaction flask was kept foiled and left to react at -25 to 0° C for 3 h. 

Afterward, the mixture was diluted, filtered through Celiie and concentrated in vacuo. 

Separation by chromatography using 3:1 hexane/ethyl acetate afforded 28 mg (20% from 

the recovered diol) of the disaccharide as a clear oil. NMR (250 MHz, CD2CI2) 5 8.12-

7.25 (m, 20 H), 6.00 (d, 1 H, = 3.3 Hz, H-4), 5.85 (dd, 1 H, 7 = 10.4 & 7.9 Hz, H-2), 

5.63 (dd, 1 H, / = 10.5 & 3.4 Hz, H-3), 5.27 (s, 1 H, H-l'), 5.05 (d, 1 H, 7 = 7.89 Hz, 

H-1), 4.67 (dd, 1 H,7= 11.2 & 4.2 Hz, H-6exo or endo), 4.57-4.43 (m. 2 H, H-6 and 

H-5), 4.36 (d, 1 H, 7 = 5.3 Hz, H-5'), 3.94 (t, 1 H, 7 = 4.7 Hz, H-3'), 3.77 (d, 1 H, 7 = 

4.7 Hz, H-6'exo). 3.67-3.51 (m, 3 H), 3.26 (d, 1 H, 7 = 6.0 Hz, H-2'). NMR (250 

MHz, CD2CI2) 5 166.38, 165.88, 165.70, 165.48, 134.11, 133.76, 130.28-128.71, 

102.32, 102.01, 85.32, 76.63, 72.58, 72.38, 71.93, 70.09, 68.56. 67.40, 64.93, 63.09. 

IR (CH2CI2) 2103, 1719, 1265, 706 cm-^ HRFABMS (matrix; glycerinrthioglycerin) calc 

for C^HjjOijNj 765.2170, found 766.2250 (M-H)^ 

2,3,4,6—Tetra-O-benzoyl-P-D-galactopyranosyl (1—>3) 1,6-anhydro-gluco-

pyranose (2.14). 158 mg (10%) of 2.14 obtained as a yellow oil. ^H NMR (250 

MHz, CDCI3) 5 8.10-7.16 (m, 20 H). 5.98 (d, 1 H, 7 = 2.9 Hz, H-4), 5.81 (dd, 1 H, 7 = 

10.4 & 8.0 Hz, H-2), 5.62 (dd, I H. 7 = 10.5 & 3.4 Hz, H-3), 5.28 (s, 1 H, H-l'), 4.91 

(d, 1 H, 7 = 8.0 Hz, H-l). 4.58-4.36 (m, 4 H), 3.95 (d, 1 H. 7 = 7.5 Hz), 3.82-3.73 (m, 

2 H), 3.65 (q, 1 H, 7 = 4.6 Hz), 3.62 (dd, I H, 7 = 5.4 & 2.0 Hz), 3.25 (d, I H, 7 = 4.7 

Hz, H-2'), 2.70 (br s, I H, OH). 
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2,3,4,6-Tetra-O-benzoyI-a-D-gaIactopyranosyl (1—>4) 1,6-anhydro-gluco-

pyranose (2.15). 161 mg (10%) of 2.15 obtained as a yellow oil. NMR (250 

MHz, CeDe) 5 8.15-7.95 (rn, 8 H), 7.08-6.72 (m, 12 H), 6.51 (dd, 1 H, 7 = 10.8 & 3.3 

Hz, H-3), 6.18 (d, 1 H, 7 = 3.2 Hz, H-4), 6.11 (dd, I H, 7= 10.8 & 3.7 Hz, H-2), 5.76 

(d, 1 H, 7 = 3.7 Hz, H-1), 5.23 (s, 1 H, H-T), 4.84-4.80 (m, 2 H), 4.66 (d, 1 H, 7 = 5.3 

Hz, H-5'), 4.27 (s, 1 H). 4.09 (d, 1 H, 7 = 8.5 Hz), 3.67 (br s, 1 H, H-3'), 3.58 (d, 1 H, 

7 = 7.4 Hz), 3.24-3.18 (ra, 2 H), 2.61 (s, 1 H, OH). 

0-(2,3,4,6-Tetra-0-benzoyI-3-D-gaIactopyranosyl)-(l—>4)-<9-[(2,3,4,6-

tet^a-0-benzoyl-3-D-galactopy^anosyI)-(l-^3)]-l,6-anhyd^o-2-azido-2-

deoxy-P—D-glucopyranoside (2.16). Product 2.16 obtained as a white solid in 

10% yield. Rf = 0.64 (9.4:0.6 mediylene chloride/ethyl acetate). ^H NMR (250 MHz, 

CDCI3) 5 8.09-7.21 (m. 40 H), 5.93 (d, 1 H, 7 = 4.0 Hz, H-4'). 5.91 (d, 1 H, 7= 4.3 

Hz, H-1"), 5.83 (dd, 1 H, 7 = 10.4 & 7.9 Hz, H-2'), 5.69 (dd, 1 H. 7= 10.4 & 7.9 Hz, 

H-2"), 5.56 (dd, 1 H, 7 = 10.4 & 3.4 Hz, H-3'), 5.48 (dd, 1 H, 7 = 10.5 & 3.4 Hz, H-

3"), 5.21 (s, 1 H, H-l), 5.01 (d, 1 H, 7 = 7.9 Hz, H-T), 4.70 (d, I H, 7 = 8.0 Hz, H-

1"), 4.65-4.59 (m, 2 H, H-6'b, H-6"b). 4.52-4.43 (m, 2 H, H-6'a, H-6"a). 4.38-4.32 

(m, 3 H, H-5'). 4.13 (d, I H. 7 = 7.1 Hz). 4.07 (d, I H, 7= 7.1 Hz). 4.06 (d, I H, 7 = 

7.7 Hz), 3.97 (s, 1 H). 3.51 (t. 1 H. 7 = 7.4. 13.3 Hz). 2.84 (s, 1 H, H-2). 13c NMR 

(250 MHz, CDCI3) 5 166.01. 165.88. 165.46. 165.34, 165.06, 164.82, 133.49. 133.22, 

133.13, 130.07. 130.00, 129.84-128.25. 101.76, 101.5, 99.9, 76.71, 73.97, 71.67, 

71.41, 71.13, 69.67, 69.27. 68.33, 68.16. 64.42, 62.11, 61.89, 60.34, 58.56. 

3-O-f-Butyl-di-methylsilyl and 4-<9-f-butyl-di-methylsilyI l,6-anhydro-2-

azido-2-deoxy-P-D-gIucopyranose (2.17 & 2.18). To a soluuon of the 
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unprotected 1,6-anhydro sugar (1 g, 5.4 mraol), imidazole (15 mg, 0.05%), and 

triethylamine (2.24 raL, 16.05 mmol) in 30 niL (0.18 M) dimethylformamide with 

molecular sieves was added t-butyldimethylsilyl chloride (886 mg, 5.88 mraol). The 

reaction was left to stir for 9 h at room temperature. Dimethylformamide was evaporated as 

much as possible in vacuo and the residue chromatographed using a 4:1 hexane/ethyl 

acetate as eluenL A mixture of 2.17 and 2.18 was obtained (594 mg, 37%). Rf (2.17) 

= 0.39 (2:1 hexane/ethyl acetate). NMR (250 MHz, CDCI3) 5 5.42 (s, 1 H. H-1), 

4.51 (d, H-1, / = 5.6 Hz, H-5), 4.26 (d, 1 H, 7= 7.05 Hz, H-6exo), 3.84 (t, H-1, 7 = 

1.5 Hz, H-3), 3.75 (t, 1 H, 7 = 6.3 Hz, H-6endo). 3.47 (br s, 1 H, H-4), 3.35 (s. I H. 

H-2), 2.60 (br s, I H, 4-OH), 0.88 (s, 9 H), 0.10 (d, 6 H, 2.4 Hz). NMR (250 

MHz, CDCI3) 5 100.00, 76.15, 71.94, 71.06, 64.85, 62.33, 25.58, 17.60, -5.10, -5.24. 

Rf (2.18) = 0.36 (2:1 hexane/ethyl acetate). ^H NMR (250 MHz, CDCI3) 5 5.48 (s, I H. 

H-1), 4.42 (d, 1 H, 7 = 5.08 Hz, H-5), 4.02 (d, 1 H, 7 = 7.5 Hz, H-6exo), 3.74 (br s, 1 

H, H-3), 3.70 (dd, 1 H, 7 = 7.5 & 5.3 Hz, H-6endo), 3.64 (s, 1 H, H-4), 3.11 (s. 1 H. 

H-2), 2.36 (br s, 1 H. 3-OH), 0.89 (s, 9 H), 0.11 (d, 6 H, 7 = 1.2 Hz). 

0-(l,6-Anhydro-2-azido-2-deoxy-3-hydroxy-glucopyranosyi)-3,4,6-tri-0-

benzoyl-a-galactosyl orthoester (2.19). To a solution of the 3-0-siIyl protected 

anhydro sugar 2.17 (60 mg, 0.20 mmol), silver triflate (76.2 mg, 0.30 mmol), and 

Hunig's base (108 (iL. 0.23 mmol) in CHoCh cooled to -25° C in an acetone dry ice bath 

was added die tetra-O-benzoyl-galactosyl bromide (2.12, 197.2 mg, 0.30 mmol). The 

reaction flask was covered with aluminum foil and stirred for 3 h at -25° C after which it 

was left to warm to r.t. ovemight. The reaction mixture was then diluted in CH2CI2 and 

filtered through Celite. Purification of the residual oil yielded 148 mg (85%) of the 
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protected product as a light yellow oil. Rf = 0.50 (2:1) hexane/ethyl acetate. Deprotection 

of the silyl ether using TBAP in THF yielded 2.19. NMR (250 MHz, CDCI3) 5 7.98-

7.90 (m, 8 H), 7.47-7.34 (ra, 12 H). 6.29 (d, 1 H, 7 = 5.1 Hz, H-1), 5.80-5.77 (m, 1 H), 

5.50 (dd, 1 H, 7 = 6.2 & 4.1 Hz). 5.41, (s, 1 H, H-T), 4.86 (t, 1 H. 7= 5.1 Hz), 4.56 

(dd, 1 H, / = 10.8 & 6.3 Hz), 4.54 (d, 1 H, 7 = 6.0 Hz), 4.45 (ddd, 1 H, 7 = 7.7, 5.6 & 

2.7 Hz), 4.36 (dd, 1 H, 7= 10.8 &, 5.4 Hz), 3.83 (ra, 1 H), 3.81 (d, 1 H, 7= 4.2 Hz), 

3.59 (dd, 1 H, 7 = 5.4 «&; 5.2 Hz), 3.48 (d, 1 H, 7 = 2.8 Hz), 3.17 (d, 1 H, 7 = 3.6 Hz), 

2.39 (d, IH, 7= 5.7 Hz). 13c NMR (250 MHz, CDCI3) 5 165.90, 165.20, 135.61, 

133.56, 133.40, 133.12, 130.04-129.71, 128.80-128.29. 126.24, 120.55, 100.36, 

98.47, 74.97, 73.37. 72.18, 71.13. 70.25, 69.01. 66.34. 64.68, 62.29, 61.31, 25.41, 

17.56, -5.34. -5.41. 

0-(2,3,4,6-Tetra-<9-benzyl-a-D-galactopyranosyl)-(l—>4)-l,6-anhyd^o-2-

azido-2-deoxy-3-^?-^-butyl-dimethyisilyl-P-D-glucopyranoside (2.20). Pro

duct 2.20 obtained as a yellow oil and in 34% yield. = + 98.04° (3.6 g/l(X) mL. 

CH2CI2). IH NMR (250 MHz. CeDe) 5 7.38-7.07 (m, 20 H), 5.50 (s, I H. H-1'). 5.06 

(d, 1 H. 7 = 3.6 Hz,). 4.98 (d. I H, 7 = 11.5 Hz). 4.90 (d, 1 H, 7 = 5.4 Hz, H-1), 4.85 

(d. 1 H, 7 = 4.2 Hz). 4.76 (d, 1 H. 7 = 4.0 Hz). 4.71 (d, 1 H. 7 = 4.2 Hz). 4.58 (d. 1 H. 

7 = 11.5 Hz). 4.47 (s, 2 H), 4.32 (t. 1 H. 7 = 6.1 Hz). 4.23 (dd, 1 H, 7 = 2.7. 10.2 Hz). 

4.17-4.04 (m, 3 H). 3.93 (d, I H, 7 = 1.9 Hz), 3.67-3.53 (m, 2 H), 3.47-3.41 (m. 2 H). 

2.86 (s. 1 H, H-2'), 0.89 (s, 9 H). -0.11 (d, 6 H, 7= 1.6 Hz). 13c NMR (250 MHz. 

CDCl3)6 138.85. 138.52, 138.14, 128.29-127.35. 100.78 (7c-H= 171.8 Hz), 79.58. 

78.95, 76.25. 75.39, 74.87, 74.63, 73.24. 73.20, 73.00, 71.54, 70.21, 69.96. 64.56, 

61.02, 25.52, 17.70, -5.28, -5.34. IR (CH2CI2) 2098 cm-l. -N3. HRFABMS (in 

mNB A) calc for QHj^OgNjSi 823.3864, found 822.3777 (M-H)\ 
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l-<5-Acetyl-2,3,4,6-tetra-0-ben2yI-a,3-L-fucopyranose (2.21 & 2.22). To a 

solution of 2,3,4-tri-O-benzyI-L-fucopyranose (1 g, 2.30 mraol, Pfanstiehl) and pyridine 

(1.47 mL, 18.4 mmol) in 12 mL CH2CI2 cooled in an ice bath was added acetyl chloride 

(327 jiL, 4.60 mmol) and die reaction was left stirring for 3 h. The solution became 

orange-yellow and contained pyridiniura chloride salts. The mixture was filtered through 

Celite, concentrated in vacuo, and chromatographed using 4:1 hexane/ethyl acetate. A 

mixture of a and P acetates (2.21 and 2.22) was obtained as a white solid in 95% yield 

(1.04g). Rf = 0.22 (4:1 hexane/ethyl acetate). (2.19) NMR (250 MHz, CDCI3) 5 

7.39-7.25 (m, 15 H), 6.36 (d, I H, 7= 3.7 Hz, H-1), 4.97 (d, 1 H, 7 = 11.5 Hz). 4.85 

(d. 1 H, 7 = 11.9 Hz), 4.73 (d, 1 H, 7 = 11.9 Hz), 4.69 (m, 2H). 4.64 (d, 1 H, 7 = 11.5 

Hz), 4.15 (dd, 1 H, 7= 10.1 & 3.7 Hz. H-2). 3.93 (q, 1 H, 7= 13.1 & 7.0 Hz, H-5), 

3.87 (dd, 1 H, 7 = 10.1 & 2.8 Hz, H-3), 3.69 (m, 1 H, H-4), 2.10 (s, 3 H), 1.13 (d, 3 H, 

7 = 6.5 Hz). 

(2.20) IH NMR (250 MHz, CDCI3) 5 7.39-7.25 (m, 15 H), 5.53 (d. 1 H, 7 = 8.1 Hz, 

H-2). 2.02 (s, 3 H), 1.16 (d. 3 H, 7 = 6.5 Hz). 

O-(2,3,4-tri-O-benzyl-P-L-fucosy I)-(1-^4)-1,6-anhydro-2-azido-2-deoxy-

P—D-glucopyranoside (2.24). To a solution containing the diol 2.1 (50 mg, 0.27 

mmol), tetrabutyiammonium iodide (97 mg, 0.27 mmol), and Hunig's base (51.2 |iL, 0.29 

mmol) in CH2CI2/THF (2:1 v/v) was added 1.5 eq of fucosyl iodide. The reaction was left 

stirring for 28 h at r.t. The mixture was concentrated and chromatographed using a 

gradient system 4:1 to 2:1 to 1:1 hexane/ethyl acetate to yield (2.24, 20.5 mg, 1.3%) as a 

yellow oil. Also. 3.2 mg of the trisaccharide 2,27 was obtained. Rf = 0.08 (2:1 

hexane/ethyl acetate). ^H NMR (250 MHz. CD2CI2) 5 7.41-7.27 (m, 15 H). 5.30 (s, 1 H, 
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H-D, 4.97 (d, 1 H, y = 11.1 Hz), 4.87 (m, 2 H), 4.76 (s, 2 H), 4.68 (d, 1 H, 7= 4.7 

Hz, H-5'), 4.62 (d, 1 H, 7=11.1 Hz), 4.49 (d, 1 H, / = 7.7 Hz, H-1), 3.87 (d, 1 H, 7 = 

7.4 Hz, H-6'endo), 3.78 (dd, 1 H, 7= 9.6 & 7.8 Hz), 3.69 (in, 1 H, H-3'), 3.64-3.47 

(m, 5 H), 3.20 (d, 1 H, 7 = 5.9 Hz, H-2'), 2.76 (d, 1 H, 7 = 4.5 Hz, 3-OH), 1.47 (d, 1 

H, 7= 11.8 Hz). 13c NMR (250 MHz, CD2CI2) 5 128.73-128.01, 104.79, 101.80, 

83.17, 83.03, 79.62, 77.65, 77.09, 75.73, 75.48, 73.13, 72.46, 71.01, 67.97, 65.05, 

16.97. LRFABMS calc for C33H23O8N3 603, found 602.3 (M-H)+. 

a-Trehalose of fucose (2.25). Rf = 0.52 (2:1 hexane/ediyl acetate). Product 2.25 

obtained as an oU. IH NMR (250 MHz, CDCI3) 5 7.41 (m, 30 H), 5.22 (d, 2 H, 7 = 2.6 

Hz), 4.95 (d, 2 H, 7 = 11.5 Hz), 4.80-4.59 (m, 12 H), 4.12 (dd, 2 H, 7 = 6.5 Hz), 4.06-

4.00 (m, 4 H), 3.66 (s, 2 H), 1.02 (d, 6 H, 7 = 6.3 Hz). HRFABMS calcd for 

C54H46O10 850.4081, found 849.4019 (M-H)+. 851.4155 (M+H)+. 

(?-(2,3,4-Tri-0-benzyl-a-L-fucosyI)-(l—>3)-l,6-anhyd^o-2-azido-4-<9-

benzyi-glucopy^anoside (2.26). To a solution of 1-<9-acety 1-2,3,4-tri-O-benzyI-

fucopyranose (2.21, 344 mg, 0.72 mmol) in 2 mL CH2CI2 cooled to below 0° C was 

added TMSI (113 )iL, 0.79 mmol). The mixture was reacted for 1 and concentrated in 

vacuo. Another evaporation was done using 1 mL toluene. The fucosyl iodide was 

transferred into a prepared solution containing 1.6-anhydro-2-a2ido-4-<9-benzyl-2-deoxy-

glucopyranose (2.3, 100 mg, 0.36 mmol), tetrabutylammonium iodide (266 mg, 0.72 

mmol), and Hunig's base (138 nL, 0.8 mmol) in CH2CI2. The reaction was left stirring 

overnight at room temperature. The reaction mixture was diluted in CH2CI2, filtered, and 

extracted. The resulting oil was chromatographed using 4:1 hexane/ethyl acetate to yield 

152 mg (61%) of 2.26 as a yellow oil. The dimer 2.25 of fucose was also formed as a 
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minor byproduct NMR (250 MHz, CeDg) 5 7.49-7.01 (m, 20 H), 5.09 (s, 1 H, H-

1"). 5.07 (d, 1 H, /= 11.3 Hz), 4.92 (d, 1 H, 7= 3.6 Hz, H-1), 4.80 (d, 1 H, / = 11.9 

Hz), 4.65 (d, 2 H, 7 = 13.2 Hz), 4.48 (d, 2 H, 7= 12.5 Hz). 4.42 (s, 1 H)J, 4.31 (d, 1 

H, 7 = 5.3 Hz), 4.17 (dd, 1 H, 7= lO.l & 3.6 Hz), 4.06 (s, 1 H), 3.80 (dd, 1 H, 7 = 

10.0 & 2.7 Hz), 3.77 (d, 1 H, 7 = 6.7 Hz), 3.65 (q, 1 H, 7 = 12.8 & 6.4 Hz), 3.44-3.39 

(ra, 2 H), 3.15 (s, 1 H), 3.10 (s, 1 H), 1.03 (d, 3 H, 7 = 6.4 Hz). NMR (250 MHz, 

CDCl3)5 138.81, 138.65, 138.52, 137.49, 128.75-127.33, 100.56 (7c-h= 175.8 Hz), 

97.21 (7c-H = 171 Hz), 78.75. 77.47, 76.37. 76.26. 74.91, 74.49, 73.94, 73.33, 73.11, 

71.51, 67.54, 65.40, 59.25, 16.50. HRFABMS calcd for C40H42O8N3 693.3050, found 

692.2991 (M-H)+. 693.3035 (M+H)^ 

0-(2,354-Tri-0-benzyI-P-L-fucopyranosyI)-(l—>4)-(5-[(2,3,4-t^i-0-benzyI-

a-L-fucopy^anosyl)-(l—>3)]-l,6-anhydro-2-azido-2-deoxy-p-D-

glucopyrano-side (2.27). 3.2 mg of trisaccharide 2.27 was obtained as a yellow oil. 

Rf = 0.37 (2:1 hexane/ethyl acetate). iH NMR (250 MHz. CDCI3) 5 7.35-7.17 (m, 30 H), 

5.47 (s, 1 H. H-l'), 5.06-4.56 (m. 13 H). 4.41 (d. 1 H. 7 = 7.5, H-l'), 4.90-3.30 (m, 13 

H), 1.09 (d, 3 H, 7 = 6.3 Hz. CH3). 1.02 (d. 3 H. 7 = 6.5 Hz, CH3). 13c NMR (250 

MHz, CD2Cl2) 5 128.64-127.54. 103.74, 100.28. 98.02. 82.79. 79.08. 77.15, 76.43, 

76.17, 75.58, 75.44. 75.06, 73.31, 73.16. 70.87. 67.91, 6563. 59.26. 16.94, 16.74. 

HRFABMS calc for C60H65O12N3 1019.4568, found 1018.4474 (M-H)+, 1020.4563 

(M+H)+. 

0-(2,3,4-Tri-<!?-benzyI-a-D-fucosyO-(l—^4)-l,6-anhyd^o-2-azido-2-deoxy-

3-0-^-butyl-di-Inethyls^yl-P-D-glucopy^anoside (2.28). Rf = 0.61 (2:1 

hexane/ethyl acetate). 82.3 mg (67%) of product obtained as clear oil. = -189.92° 
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(2.6 g/100 mL, CH2CI2). NMR (250 MHz, CeDe) 5 7.43-7.04 (m, 15 H), 5.45 (s, 1 

H, H-D, 6.05 (d, 1 H, 7 = 11.2 Hz), 4.88 (d, 1 H, 7 = 2.5 Hz, H-l'), 4.75 (d, 2 H, / = 

11.7 Hz), 4.61-4.40 (m, 3 H), 4.35 (d, 1 H, 7 = 5.4 Hz, H-5'), 4.27 (s, 1 H), 4.23-4.11 

(m, 4 H). 3.76 (d, 1 H, / = 6.9 Hz, H-6'exo), 3.44 (s, 1 H, H-3'), 3.11 (t, I H, 7 = 6.5 

Hz, H-6'endo), 3.07 (s, 1 H, H-4'), 2.86 (s, 1 H, H-2'), 1-30 (d, 3 H, 7 = 6.5 Hz, 

CH3). 0.89 (s, 9 H), 0.05 (d, 6 H, 7 = 3.4 Hz). I3c NMR (250 MHz, CDCI3) 5 139.11, 

138.96, 138.50, 128.54-127.38, 100.23 (7 c-H = 183 Hz), 99.99 (7 c-H = 166 Hz). 

79.29, 79.06, 77.65, 76.71, 74.83, 74.39, 73.26, 73.20, 70.92, 67.33, 64.81, 61.65, 

25.52, 17.66, 16.72, -5.03, -5.34. IR (CH2CI2) 2098 cm-l, -N3. HRFABMS (in 

mNBA) calcd for CsgHsiOgNsSi 717.3445, found 716.3369 (M-H)+, 740.3358 

(M+Na)+. 

O-(2,3,4-Tri-O-benzyI-a-D-fucosyl )-(!—> 4)-1,6-anhydro-2-azi do-2-deoxy-

3-D-glucopyranoside (2.29). Removal of the silyl ether protecting group of 2.28 

(67.6 mg, 0.09 mmol) in 0.72 mL THF (0.09 g/mL) cooled to Cf C was performed using 

typical cleavage procedure by addidon of tetrabutylammonium fluoride (188 uL of l.O M 

solution in THF). The reaction was left stirring for 5 min at 0° C and then at r.t. for 40 min 

after which only one spot was observed by TLC. The mixture was concentrated in vacuo 

and chromatographed using 2:1 hexane:ethyl acetate yielding 57 mg (> 99%) of the 

product. IH NMR (250 MHz, CDCI3) 5 7.41-7.24 (m. 15 H), 5.30 (s, 1 H, H-T), 4.98 

(d, 1 H, 7= 11.4 Hz), 4.90-4.82 (m, 3 H. H-1, 2 PhH), 4.74 (d, 1 H, 7 = 11.82 Hz), 

4.66-4.56 (m, 3 H, H-5', 2 PhH), 4.06 (m, 1 H). 3.95 (dd, 1 H, 7= 10.2 & 2.7 Hz), 

3.77 (br s, OH), 3.73-3.58 (m, 5 H), 3.24-3.20 (m. 2 H). NMR (250 MHz, CDCI3) 

5 138.39, 138.01, 128.21-127.24, 101.66 (J c-H = 165.8 Hz), 99.14 (7 c-H = 166.07 

Hz), 84.77, 78.62, 77.30. 76.32, 76.18, 74.86. 73.57. 73.10, 72.25, 67.92, 67.60, 
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64.91, 16.53. EIRFABMS calc for C33H37O8N3 603.2580, found 602.2501 

604.2635 (M+H)+. 

0-(2,3,4-Tri-0-benzyl-a-L-fucosyl)-(l—>3)-0-[(2,3,4,6-tet^a-(5-benzoyI-P-

D-galactopy^anosyI)-(l->4)]-l,6-anhyd^o-2-azido-2-deoxy-glucopyranoside 

(2.30). To a solution of 2.13 (129 mg, 0.169 mmol), tetrabutylammonium iodide (125 

mg, 0.338 mraol), and Hunig's base (50 piL, 0.338 mmol), in 1 mL CH2CI2 was added 2 

eq. fucosyl iodide (2.23, 161 rag, 0.335 mmol from l-(9-acetyI-tri-(9-benzyl fucose) 

which was kept cooled at -58° C. The reaction was left sdrring at r.t. for 2 days. After, the 

solution was filtered through Celite to remove molecular sieves, then diluted with CH2CI2, 

and extracted with 10% sodium thiosulfate and water. The organic layer was dried with 

magnesium sulfate and filtered dirough Celite using a fritted funnel. Concentration of 

solution in vacuo resulted in brownish oU which was chromatographed using a 6:1 hexane/ 

ethyl acetate system. 25 mg (15%) of 2.30 was obtained as an oil. Rf = 0.32 (2:1 

hexane/ethyl acetate). NMR (250 MHz, CDCI3) 5 8.05-7.18 (m, 35 H), 6.11 (dd, 1 

H, y = 9.9 & 3.5 Hz, H-3), 6.03 (d, 1 H, 7 = 2.6 Hz, H-4), 5.64-5.67 (m. 2 H), 5.21 (s, 

1 H), 4.95 (m, 2 H), 4.83 (d, I H, 7 = 5.2 Hz), 4.75-4.46 (m, 8 H), 4.40 (dd, 1 H 7 = 

11.6 & 4.3 Hz), 3.95 (d, 1 H, J = 7.2 Hz), 3.99 (dd, 1 H. 7 = 10.0 & 3.7 Hz), 3.68-3.44 

(m, 6 H), 3.04 (s, 1 H. H-2'), 0.68 (m, 3 H). NMR (250 MHz, CDCI3) 5 138.70, 

138.46, 138.40, 133.59, 133.50, 133.27, 133.12, 129.95. 129.76, 129.70, 129.62, 

128.65-127.43, 100.40, 98.15, 96.57, 77.21, 75.96, 74.84, 74.77, 74.56, 73.04, 72. 

87, 69.40, 69.29, 68.15, 68.01, 67.74, 64.50, 63.23, 56.82, 16.16. HRFABMS calc for 

C67H63O17N3 1181.4157, found 1180.4073 (M-H)+. 



91 

APPENDIX 



OAC 

AcO 
AcO 

OAn 

AcO 

OAc 

SM 1,1 

NMH s t tHfy done a t  

I 

\i 

! \ I 11 

t  (i l l  Ins)  

t=6n 

t = 30 

t  = 13 

I I  ' '  I I I  I  I  I  I  I  I  I  I  I  I  I  

I  • '  I  | i | i in  

t-7 



I IMR s l i idy pf i r fornied a t  

t  (HI ins)  



HHR s tudy done a t  -in"C 

t  (i l l  ins)  



DiiO 
Hnt) 

,()nn J >1)11 

llnO' \ 
ntio.^5 

UnO-
DiiO 

OLLIL ()l3n 
HAn 

SM 

WMVMMVH 

e 

<• I I I t I I I I I I I I I I I I I I I I I I I I I 

NHR s tudy perfornmd a t  -IOO"C 

,\ I 

/\ I il 1 i 

'*l<wiwjk/wi|i-t4i.nw WiiAh^Vf 



(«\I1 

niiO' 
PtiO. ,()AC 

OHII 
SM 

lenp (C) 

in" 

-601^ >jLy 

• inn" 

SH -iO" >̂ •1. iU<^vi» ten^ 

• I I I I I I I I I I I I 
<1 n 

^ODti 

1.. 

v., /  ̂A «, •* I 
I • I > I I I I I I I I I I I I I I ( I I I I I I I I I i I I t 

!i I I .' I |>|i|ii 

S H >.:./ \/...|) <iii'. (^e 



r-ON 

OHtl 

f)Ac 
1.12 

W 

1 

( t i l  I  I  I  I  I I  l i l t  I I 
9 

lino 
DiiO 

OHii 

1.14 1 

,/ 

J 

.J 

-A.. J 

u 

. . J  

J 

Ly 

. . . J y . j  

\J 

J 

t Ime 

58 mill 

36 mill 

20 mill 

10 mlti 

0 m i l l  

I I I I I I I I I 1 I I I I I I I I I I I I t I t I 

1 1 0 |i|i(n 



OHil N) 

IMSI 

lliiO 
HnO 

1.17 J / / 

Jitvl... jiJiln d 
( r 

Jlivi, xJin 

Jijk 
AMi L„. 

(Jl)A 

I 

. A .  J 

I I 

. [ . J  

A x .  

t  Ime 

I 73 mill 

112 iiilti 

(I'l mill 

11 mill 

11 mill 

' V z U ml I) 



ON a\ 

HzO 

/ 

,-r-, r 

7,5  
f i - j  i - t  - |  -

7  0  6 .5  BO 



uuu 
i ... 

7 
V-

<! U'J^ 
/ 

i! b^l 

I bUd 

d /kU 

U Ut I 

UUi U& U 

) 'I » 

US UI «'t> -*11 lU 

Utl t vi.1 U<!Si;fbl 
i&uu UXII *** Mmu U • «>>••»« tnUl'tj 

0/ i/ • l«'| ^CiJU>&| (2*11 • •••» *6 w»«" Ui u ; 
I  i I O m i  )  A l l  U U |  i  g ( | 4 |  

••"I jaJ'Ui . ).!,..I 
IUkU*ttUUI#« ''I «Uli| • 

• UilJ SKiCb 11 Ml '•'U llftl Ilhlj SMIC6 11 111 M'(| 
( H>n4)3jifc, »»•(! I 



it 

t u 

U i 

I I 

i I 

'J t 

S U) n • I-"-! »' l itilil IU< »»l UH^ • -but* I/H. 
to • »"i /an CUI .11 I b.,. .. ,2',, Ki I, . 

I» ail ""I . ^ij<| «i.««>.•«)<, 
• t i l l  I  

1**11 <1 i«n-« (.t luiii . 
ililll **»U U 11 ''I'*-*".. 

M '.H /li 'II |( ."ivu rtiij .iiiH IG II . •ini 
I Wll « I ^ '**tJ ) 



n 
o 

f \ I 
i»«i • • II fir (ii«t nrii« (*i;» (ui. 

It n oitt inn* 
•  l - H p  • " n «  . n  t h i n q l y r  i r ' M l  O  | ( « « 1  

l"i"i • n 
I  •  . . r f  l y l . K  •  I , , . ,  ( r f  t  I M Q 4 M  

«• ! « on ->in v*"» • M.?» IP* • « f in«i lis; |M|. . i; nj 
m t r«Mqii t ;i1 1?M In ;/•> HR'H (.•( I 

"nnm 
p r .  

II u. r 1' in n.' 

• <11 ^ <>rt| f 

• C! 1*1 

a.JJUL1LA._^_.^ f r * J. - I . ^ ~p • ;3R '10 ;4n 74? 7AF, ^40 ^-iO 



o 

I MAIt I f«>•« | 
M.«l* • It Ul U>«^ mil' (Kl.' 

tl 11 Mttt tnin U»tr  •  n»n* in  l lMni | tyr  | | «« |  
. (tiM'tl In., IVMI" 

•.fifrl f typ*. . |.|M Uf I •••««» t 
» ?l» mi« tjr «.«• r n.?l 

IP' • -'t in5 I IR? IMI : 17 0) 

lUi r  I  I  tb  .  'y /  H,  I I ,»  

m f f  rAfirjp 
tMU?' UR1 

n iKini) iM umi nvKi r./t t r ins I "t • M (X) 
I < 

no 

nn 

nn 



104 



IT) 
O 

HzO 

•( )  I  u  

J 
U/U ^ HzO AJ</ 

n/o 

.k£, 
n? 

O N 

Ol)/. 

2.16 

I I \ 

|-T I 1 t I r I r t I V I*- -T-f-r-

8.0  7 .5  7 .0  
-T-|-I T 

6 . 6  

/ I 

JL 
^ :* l: 0 [• W 1 1 r i»i •>. r\ * IT « r, V « Kci ^ f * 1 1 pfil 

1 ^ 1 1 'r'l't 
n R r? *-• 

1. 0 * r c ^ m f 1 rr 0 
' '£ t \ 0 rv •' r  n o #  

S* v 1 1 

• 1 

t "1 "ft 1 

1 a 1 z 

1 r T"i-i-r V 

E K A ] 1 

• T-|-| 

1 C 1 »• 
A 

1' 
PPM 

2.5  
i-| • I t-i -r pi-i r I I -t - I -I I-

a .O 1 .5  10  5  00  



106 

PPM 

< 53.493 

OQ ggs 

?C 

/ 

f J . 

=1 

nn 

-till 
:ipp: 

igi iZg 
t i  < f j f  

29  f ig  •=== 

35 g"? 

go 997 

1.; '<14 



r~ 
o r-H 

I 

OIHS 
• ( )  

() 

Oil N, 

2.17 

.AJLJud. A. JUju 

7.6  7 .0  
r—J—r 
6 .5  6 . 0  

•i~ t- r-{-T 
5.5  5 .0  

I ' t t t -|-I—F—i -,-p, 
4 5 4 0 

r t-r-J t 
3.5 

I 'PH 

, , . 
3 0 

• t f" f "I"!"! "I r-f"! -1 I 
2 5 2 0 1 5 

r -t "t ("f-
10 

•"'ft 
.5 

I i-t I t 
0 0 



oo 
o 

orns N3 

2.1H 

I 

A.. 

t ,-t 
0.0 

'1 J "t"!"T'l" | -r-T-T 
7 .5  7  0  

' r' 
6 .5  

t I I 
6 0 !). 'j 

• , i-i-
5 .0  

/ 

—1 A y 

I  F  I  I  !  |  I  I  I  I  I  I T  I  I  I  I  I  I  I  I  /  r  i T  

0  2  5  a .O  1 .6  1 .0  
I I I I I , 

. 5  0  



109 





I IDI 

UtI 

HQ 

06 

1 >; U1 D • I I'O 
J ti !• ; u*-| 

"U| 

^ bui 
UUM "I UMM U t *6u«« t/m 

CruB i -)"| 0&W k&l </• i UQ 
14" 11 ' ^ wi* ^1 0 i ilj 

I *••"•! til *•'•1 • •d<| 

V» >!ll /U UJ -»*U 

« r«*V »""U » *®l"| 
*W4M^ u| lUlll 1 

>QUI i^» II HI iai^ofS 
lUMfOllJ 3»9 )| m > M^O 







OUn 

HnO 

O Nj 

OHn OHn 

,-t-i-
B . O  7 ,5  7 .0  

V-I It J  T-t-i t-|i f i - r - j  i-t i-r-[-r r r I-J TI-I I I r-i I-1 |-i-i-i i-i 
65  6 ,0  5 .5  5 .0  <1 .5  <10  35  30  

ITH 

I J 1 IT I-|-T I-I -r-pi I-I-|-|-I I-|-I I 1 I-I 1 
25  2 ,0  J5  }0  5  



mm itjM iftvt o^^ii (Mb (luu u*»'j wj uwc 

S <fb6 • UU'I illli 1 

L lU  

I LU2 

I <IH 

£  IG 

J Uxjl ^ 

I / 
|( Ul /b '*•^1 W i ^)«(1 

uui I vil 
bi&A uuii »'i (]ui]i) u • '^•"i« itm >i>ii)<u 

(e te i iu| u'ju)>bi */<« i .tfi 
f2'n ' i**"^ «M* 0 } iti 

('•••Ml III »"i| , 4aA| 
"I '""II ' >•1-1 

UKtl'h lUiJi i a|tt4 
•Uin jf!) II m 

lUXDill 3^9 II rtl i •)»Q 

LO 



116 

ir 

3 5 

K 



\/\ 

i i f  uil- UJV 

i> I 

U £ 

U 9 

& t) 

/ .  UU u  •  I  
J li-|. t t^ai 

& fa 

nm *>t /lu^ lu^ • </« txU).^ 
< V'l UUUl »bl */-' * •<) 

t Z ' l )  •  •  ' • • ^  ^ t -  1 2  B  >  l b  
I'••"11 II) "»| |«»-'«<| • *d<| 

<Ui|| » "l-'M ""I l»»MQ . I'l-I 
IKKil'U uaiuu^i tUUI • ^1^4 

< O l M  J » t i  I I  n i  
^ I ' i i l  / b  U )  >  " t * ! !  l U U i O l l l  D V 9  I I  I I )  >  

I ««ooa»<*b *»*ii I 



2.28 ODn 

1 1 6 / ,  r o p  S f ' O I  

L 

<1.0 
PPM 

, J ,  1  

I • 
i 0 

I • 
?. 0 



119 



Hill Ocl 23 H:'1'1:3'< l997 

i(K) 2000 

VVayeiKKitbcts (cm i) 



PPM 



122 

- ? UJ-. O i 

J 

o — O 1 

® J o ̂  

O J 

i 1 

o 

c) J 
® 1 

j 

c: J 
i 

o 

^3^ 
o . J 

PPM 

% 
41^4^ 

'0-. ap t  
gg 306 

4f^ 

?e lie 
7R aB3 
7i'iss 
yi i<o 

M 
•7^ s 









I veil 
*\J 1" 

Wt 
' 

'^ ,7 

""n uus uok uuc uue eui 

cL 

< (>U 

J *»•»!» i u . »k—I 

UUl I eoroui 
)«0 UMU OUM ») l»AU u • -b..t« !/« inUpv 

IS eo > - )»i uGt« ^(1 i.» i ,iQ 
I2'H ' i'**^ ut* ^ > 1^ 

('••"11 |>|| ••«| . »J4i 
• UUi » "o| »J»^m 4 )y,u| 

UlUl-U IJiMf- "• lOUl » »!«*« 
• Chll t)C6 11 HI •»|«'^ts 

'6 •'•^1 la ' '""ti uu iikiiate uMi i Ico I ••Ii.ljaitj Iti,! ) 

K) 
Oi 



N*IF. F ni rv«r «!? U-TI 
I I 

: l« If 9JC <«!l 

s«-riej ui II nin if^o» r tno* »« »• »«w> 
Intel ! nMetl I,,., u„ie • MHti 

!«.. I *'•#«'f *|t : n ?) -IM Sr«..l , U.J» U-,, , II ? , 
II •'» IKOO ImI ; n?.5l 
u.ip.#! «'i Min nmi i?>; ?iMn r..i • ti ut 

inisr, 

I \vA>/ It^/vVW^^fA^^//v^•'vVW*^ M'lA/^v^^^A\AAAAAA/^AAAMlW^^ 

iMft l?IB i?^o 



^ /v^sy* f»«v/w*/ 
uuu .. ... .._ I_ y/VN'VA^ 

ttVU . J_.. . u.;u siu uiu uiu luu fab< ub< *- ™ I — .1 —J. 

U t 

^ I 

» <: 

b I 

u *-

« % 

a s 

UU^IUI 
>; IK) It • 4^i;e fctU «M t)U< • * «/• W>U|.t) 

II. 20 • ^'i ub'ju } ,ia 
t li^|i i 11. .U-, ,j I, 12 U i lU 

( .«a.M i til .•<•! «ii4| 
illllj • ""I . »«|»»| 

iRkll U ililf •'! lUlJl * 
• (kil Ulb II Ml ••*!•*-•& Ul-ii (b lu • ••i-'ii lui iihii Qifi II III . ••t»n 

I »>«|| I 

lO 
oo 



129 

» ^ 



REFERENCES 



131 

' Paulsen, H. "Advances in Selective Chemical Syntheses of Complex Oligosaccharides" 
ACIEE1982, 21(3), 155-224. 

- Schmidt, R.R. "New Methods for the Synthesis of Glycosides and OHgosaccharides-
Are There Alternatives to the Koenigs-Knorr Method?" ACIEE 1986, 25, 212-233. 

^ Toshima, K.; Tatsuta, K. "Recent Progress in O-Glycosylation Methods and Its 
Application to Natural Products Synthesis" Chem. Rev. 1993,93,1503-1531. 

^ Whitfield, D.M.; Douglas, S.P. "Glycosylation reactions-present status future 
directions" Glycoconjugate J 1996, 13,5-17. 

^ Binkley, R.W. Modem Carbohydrate Chemistry Dekker New York, 1988. 

® Bochkov, A.F.; Zaikov, G.E. Chemistry of the O-Glycosidic Bond.Formation and 
Cleavage'. Pergamon Press, 1979. 

' Lemieux, R.U. "Acylglycosyl Halides: Tetra-O-acetyl-a-D-glucopyransoyl Bromide" 
Methods in Carbohydrate Chemistry 1963, 2, 221-222. 

® Lemieux, R.U. "Acylglycosyl Halides: Tetra-O-benzoyl-a-D-glucopyransoyl Bromide" 
Methods in Carbohydrate Chemistry 1963, 2, 226-228. 

' Ishikawa, T.; Fletcher, H.G. "The Synthesis and Solvolysis of Some D-Glucopyranosyl 
Bromides Having a Benzyl Group at C-2" J. Org. Chem. 1969, 34(3), 563-569. 

Gillard, J.W.; Israel, M. 'Trimethylsilyl Bromide as a Mild, Stereoselective Anomeric 
Brominating Agent" Tet. Lett. 1981,22,513-516. 

" Lemieux, R.U. "Acylglycosyl Halides: Tetra-O-acetyl-a-D-glucopyransoyl Chloride" 
Methods in Carbohydrate Chemistry 1963, 2, 223-224. 

Lemieux, R.U. "Acylglycosyl Halides: Tetra-O-acetyl-^- D -glucopyransoyl Chloride" 
Methods in Carbohydrate Chemistry 1963, 2, 224-225. 

Hung, S-C.; Wong, C-H. "Synthesis of Glycosyl Chlorides with Acid-Labile 



132 

Protecting Groups" Tet.Lett. 1996, 37(28), 4903-6. 

Helferich, B.; Gootz, R. "Uber einige neue l-acyl-derivative der glucose. Syntliesedes 
a-benzyl-glucosids" Chem. Ber., 1929, 62, 2788-92. 

Ness, R.K.; Retcher, H.G.; Hudson, C.S. "The Reaction of 2,3,4,6-Tetrabenzoyl-a-

D-glucopyranosyl Bromide and 2,3,4,6-Tetraben2oyl-a-D-mannopyranosyl Bromide with 
Methanol. Certain Benzoylated Derivatives of D-GIucose and D-Mannose" J ACS 1950, 
72, 2200-2205. 

Kronzer, F.J.; Schuerch, C. "The Use of 2,3,4,6-Tetra-i>-benzyl-a-D-gIycopyranosyI 

iodides in a-Glycoside Synthesis" Carbohdr. Res. 1974, 34, 71-78. 

" Thiem, J.; Meyer, B. "Synthesen mit lod- und Bromtrimethylsilan in der 
Saccharidchemie" Chem. Ber. 1980,113,3075-3085. 

Schmid, U.; Waldmann, H. "Activation of Glycosyl Phosphates by in situ Conversion 
to Glycosyl Iodides under Neutral Conditions in Concentrated Solutions of Lithium 
PercUorate in Organic Solvents" Tet.Lett. 1996, 37(22), 3837-3840. 

" Uchiyama, T.; Hindsgaul, O. "Per-O-trimethylsilyl-a-L-Fucopyranosyi Iodide: A 
Novel Glycosylationg Agent for Terminal 1-L-FucosyIation" Synlettl996, 499-501. 

^ Lemieux, R.U.; Hendriks, K.B.; Stick, R.V.; James, K. "Halide Ion Catalyzed 
Glycosidation Reactions. Syntheses of a-Linked Disaccharides" J ACS 1975, 97(14), 
40564062. 

Gervay, J.; Hadd, M.J. "Anionic Additions of Glycosyl Iodides: Highly Stereoselective 
Syntheses of p C-J^-, and 0-Glycosides" J. Org. Chem. 1997, 62(20), 6961-6967. 

- Charette, A.B.; Marcoux, J-F.; Cote, B. "Carbohydrates as chiral auxilliaries: Synthesis 
of 2-hydroxy-P-D-glucopyranosides." TettrahedronLett., 1991, 32,7215-7218. 

^ Halcomb, R.L.; Danishefsky, S.J. "On the Direct Epoxidation of Glycals: Application 
of a Reiterative Strategy for the Synthesis of P-linked Oligosaccharides" J ACS 1989, 
111, 6661. 



133 

^ Tailler, D.; Jacquinet, J-C; Noirot, A-M.; Beau, J-M. "An Expeditious and 
StereocontFolled Preparation of 2-Azido-2-deoxy-P-D-glucopyranose Derivatives from D-
Glucal" J. Chem. Soc. Perkin Trans. 1992, 3163-4. 

" Bols, M. Carbohydrate Building Blocks', Wiley-Intersciene: New York, 1996, 43-48, 
126. 

^ Cemy, M.; Stanek, J. " 1,6-Anhydro Derivatives of Aldohexoses" Adv. Carbohy. 
Chem. Biochem. 1977, 34, 23-164. 

^ Paulsen, H.; Stenzel, W. "Synthese a-l-»4- und a-l-»3-verknufpter Disaccharide der 
2-Amino-2-desoxy-D-gIucopyranosenachder Azid-Methode" Chem. Ber. 1978, 111, 
2348-2357. 

® Paulsen, H.; Kolar, C.; Stenzel, W. "Synthesis of a-Glycosidically Linked 
Disaccharides of EMjalactosamine" ACIEE 1976, 15(7), 440-441. 

^ Paulsen, H.; Stenzel, W. "Binding Units for Oligosaccharides. Synthesis of a-
Glycosidically Linked 2-Amino Sugar Oligosaccharides" ACIEE 1975, 14(8), 558-9. 

^ Paulsen, H.; Stenzel, W. "Synthese a-1^4- und a-l-»3-verknufpter Disaccharide der 
2-Amino-2-desoxy-D-glucopyranose nach der Azid-Methode" Chem. Ber. 1978, 111, 
2348-2357. 

Hounsell, E.F.; Davies, M.J.; Renouf, D.V. "O-linked Protein Glycosylation Structure 
and Function" Glycoconjugate J 1996, 13, 19-26. 

Lemieux, R.U.; Driguez, H. "The Chemical Synthesis of 2-Acetamido-2-deoxy-4-0-
(a-L-fucopyranosyl)-3-0-(P-D-galactopyranosyi)-D-glucose. The Lewis a Blood-Group 
Antigenic Determinant" JACS 1975, 97(14), 4063-4068. 

" Lemieux, R.U.; Driguez, H. "The Chemical Synthesis of 2-0-(a-L-Fucopyranosyl)-3-

0-(a-D-galactopyranosyl)-D-galactose. The Terminal Structure of the Blood-Group B 
Antigenic Determinant" JACS 1975, 97(14), 4070-4075. 



134 

^ Leteux, C.; Veyrieres, A.; Robert, F. "An Qectrophile-medlated Cyclization on the 1,6-
Anhydro-lD-glucopyranose framework" Carbohydr. Res. 1993,242, 119-130. 

Igarashi, K. "The Koenigs-Knorr Reaction" Adv. Carbohydr. Chem. Biochem. 
19 76, 33, 243-283. 

^ Hanessian, S.; Banoub, J. "Chemistry of the Glycosidic Linkage. An Efficient 
Synthesis of 1,2-trans-disaccharides" Carbohydr. Res. 1977, 53, C13-CI6. 

" Takeo, K.; Yasato, T.; Kuge, T. "Synthesis of a- and P-Cellotriose Hendecaacetates 

and of Several 6,6',6"-tri-substituted Derivatives of Methyl P-cellotrioside" Carbohydr. 
Res. 1981, 93, 148-156. 

® Rana, S.S.; Barlow, J.J.; Matta, K.L. "Synthesis of 2-acetamido-2-deoxy-4-OP-D-
galactopyranosyl-D-galactose" Carbohydr. Res. 1980, 84, 353-357. 

Corey, E.J.; Venkateswarlu, A. "Protection of Hydroxy 1 Groups as tert-
Butyldimethylsilyl Derivatives" J ACS 1972,94(17), 6190-91. 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

1.0 !? 

I.I 

1.25 

|2^ 12.5 HH 

Ih III 2.2 
12̂  

1^ 12.0 

II 111 II 

1.4 1.6 

150mm 

7 

.v> 

'/ 

A 

/IPPLIED ̂  IIVUGE . Inc 
1653 East Main Street 
Rochester, NY 14609 USA 

-="— Phone: 716/482-0300 
Fax: 716/288-5989 

01993. Applied Image. Inc.. All Rights Reserved 


