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Thesis Abstract

The following work describes new pathways towards synthesis of sugar analogs that

may act as glycomimetics for the sugars present in bacteria that make capsular

polysaccharide. Two main approaches were investigated in the synthesis of N-glycosides.

Staudinger and aza-Wittig reactions provided an approach towards synthesis of glucosyl

imines. Another approach towards synthesis of N-glycosides involved Huisgen's 1,3-dipolar

cycloaddition of azides with alkynes in the presence of Cu(l) as catalyst. These reactions

were carried out in water as solvent to afford, regiospecifically, 1,4-disubsituted 1,2,3­

triazoles in high yields.
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Introduction

General carbohydrate structure

Carbohydrates are essential biopolymers of life and the mam sources of energy

supply in most cells. Furthermore, saccharides such as cellulose, pectin and xylan determine

the structure of plants and they are also involved in complex biological processes such as

catalysis and highly selective molecular recognition. Carbohydrates are now implicated in a

wide range of processes such as cell-cell recognition, fertilization, embryogenesis, neuronal

development, hormone activities, the proliferation of cells and their organization into specific

tissues, and bacterial infection. Apart from these structural and energy storage roles,

saccharides also comprise the major blood group antigens, providing the ability to distinguish

between native and foreign cells. Additionally, carbohydrates serve as building blocks of

protective cell walls and some antibiotics produced by microorganisms are a rich source of

branched chain sugars. 1

Among the major classes ofbiomolecules carbohydrates constitute the most abundant

group of natural products and allow almost limitless structural variations due to their chiral

diversity and numerous functional groups. The molecular diversity of carbohydrates offers a

valuable tool for drug discovery in the areas of biologically important oligosaccharides,

glycoconjugates and molecular scaffolds by investigating their structural and functional

impact.

The increased appreciation of the roles of carbohydrates in the biological and

pharmaceutical sciences has resulted in a revival of interest in carbohydrate chemistry. 1 In the

first 50 years of the 20th century, the chemistry, biochemistry, and biology of carbohydrates

were prominent subjects of interest. However, during the initial phase of the modem
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revolution in molecular biology, studies of glycans and glycomimetics lagged far behind

those of other major classes of molecules. This was in large due to their inherent structural

complexity. The development of a variety of new technologies for exploring the structures

of these sugar chains has opened up a new frontier of molecular biology, which has been

called glycobiology. This word was coined in 1988 by Rademacher, Parekh, and Dwek to

recognize the coming together of the traditional disciplines of carbohydrate chemistry and

biochemistry with modem understanding of the cellular and molecular biology of glycans.2

During the last decade, reliable glycosylation methods and strategies to construct complex

oligosaccharides have become available. Further, steps have been made to assemble

oligosaccharides on solid supports and to construct oligosaccharide libraries.

The history of carbohydrate chemistry can be traced back to the late 1800's, first

investigated extensively by Emil Fischer. In 1884 Fischer began his work on the sugars; he

studied the chemistry of sugars and determined their structures using a synthetic strategy.

Fischer also discovered D-L isomerism in sugars. His work led him to study the fermentation

of sugars and the enzymes that cause it. He established the stereochemical nature and

isomerization of the sugars, and between 1891 and 1894 he worked out the stereochemical

configuration of all the aldohexoses. His greatest success was his synthesis of glucose,

fructose and mannose in 1890, starting from glycerol. In 1902 Fischer was awarded the

Nobel Prize in Chemistry for his work on sugar and purine synthesis. His studies have paved
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Carbohydrate is a general name referring to monosaccharides, disaccharides,

trisaccharides, oligiosaccharides, and polysaccharides. The simplest members of the

carbohydrate family are usually referred to as "saccharides" because of their sweet taste.

Literally, carbohydrate means, "hydrate of carbon." There are indeed some carbohydrates

that can be broken down into hydrates of carbon but not all of them can. For example,

glucose (blood sugar) has the molecular formula C6H120 6, which can also be written as

C6(H20k Similarly, sucrose (table sugar) has a molecular formula C12H22011, which can be

broken down into CdH20)II. Even though many carbohydrates cannot be accurately

described simply as hydrates of carbon, they still are considered members of the

carbohydrate family. A more accurate description of all carbohydrates would be

polyhydroxyaldehydes or polyhydroxyketones. The chemistry of simple carbohydrates is

essentially the chemistry of hydroxyl groups (alcohols) and that of the carbonyl group

(aldehydes and ketones).4 Monosaccharides are monomers of the more complex

carbohydrates. The general formula is CnH2nOn, where n =3 - 8. The number of carbons in

the monosaccharide is indicated by the prefix tri-, tetra-, pent-, hex-, etc; and the name of a

monosaccharide ends in -ose; carbohydrates derived from aldehydes are called aldoses and

those derived from ketones are called ketoses (Figure I).

glyceraldehyde

(an aldotriose)

dihydroxyacetone

(a ketotriose)

Figure 1: Structures of a simple aldose and ketose
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Most carbohydrates have at least one stereocenter. For example, the simplest

carbohydrate, glyceraldehyde, has one stereocenter, which means that there are two

enantiomers. 5 The stereochemistry of carbohydrates is usually indicated by "D" and "L"

rather than "R" and "S." Representations of the two enantiomers of glyceraldehyde are shown

in Figure 2.

CHO QHO

(R)-glyceraldehyde (S)-glyceraldehyde D-glyceraldehyde L-glyceraldehyde

Figure 2: Structures of enantiomers of glyceraldehyde.

In a Fischer projection "D" is used when the hydroxyl group on the first chiral carbon

from the bottom is on the right side, and "L" is used when the hydroxyl group on the first

chiral carbon is on the left side (Figure 3).

CHO CHO CHO CHO

HO H H OH HO H H OH

H OH HO H H OH HO H

HO H H OH H OH HO H

HO H H OH HO H H OH

CH20H CH20H CH20H CH20H

L-Glucose D-Glucose L-Galactose D-Galactose

Figure 3: Structures ofD and L isomers of glucose and galactose.
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Monosaccharides exist as acyclic, furanose (five-membered ring) and pyranose (six-

membered) forms in solution. For example, in Figure 4 Ib is an alpha-pyranose sugar, Ie is

an beta-pyranose sugar, Id is an alpha-furanose sugar, Ie is a beta-furanose sugar and la is

the open ring form.

HO~OH0
HO

HO
1b OH

OH

HO~---Q OH
HO~

HO
1c

HO

HO

~
OH OH

HO 0
HO

HO
H

1a
HO

HO

OH
1e

Figure 4: Configurations of D-glucose in solution.

It is a known fact that aldehydes (and ketones) react with alcohols to form

hemiacetals (and hemiketals) and monosaccharides have both the alcohol and the carbonyl

functional groups, which can react to give a cyclic hemiacetal (hemiketal) (Figure 5).

aldehyde

R-OH
OH
I

-C-OR

I
UVVV'

hemiacetal

Figure 5: Structure of a simple hemiacetal.
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The formation of a ring in glucose results from attack of an oxygen atom attached to

C4 or C5 onto the carbonyl carbon of the aldehyde. Upon closing the ring two different

structures can be drawn, one with the hydroxyl group pointing up W) and one with the

hydroxyl group pointing down (a) (Figure 6).

~
CH2~: 0

OH H

HO H

H OH
~

CH2~H OH

OH H

HO H
H OH

B-D-glucopyranose

+

~
CH2~H H

OH H

HO OH
H OH

a-D-glucopyranose

Figure 6: Structures of B-D-glucopyranose and a-D-glucopyranose.

The a and B designations are used to refer to the orientation of the hydroxyl group at

carbon I (the anomeric carbon) relative to that of the -CH20H group on carbon 5. If both

groups are pointing in the same direction (up), the designation is B, if they point in opposite

directions, the designation is a. 5

Carbohydrate synthesis

Based on biological significance carbohydrates can be divided into several

subdivisions, three of the most significant being amino sugars, glycals and glycosides.

Amino sugars are a class of compounds in which one hydroxyl group has been replaced with

an amino group commonly but not necessarily at the anomeric carbon. The synthesis of

amino sugars has been investigated in great detail because they are an important component

of naturally occurring polysaccharides. Some of the naturally occurring amino sugars are

shown (Figure 7).
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D-Glucosamine D-Galactosamine

o
CHO II

HfNHCCH3
HO H

H OH
H OH

CH20H

N-Acetyl-D-galactosamine

Figure 7: Structures of common amino sugars.

In an example of amino sugar synthesis, Schmidt and Das have introduced a reaction

in which a tri-O-benzyl-D-galactal was transformed into a 2-deoxy-2-nitrogalactopyranoside.

Addition of an alcohol to 3,4,6-tri-O-benzyl-2-nitro-D-galactal (2, prepared from 1, Scheme

1) under conditions of base catalysis afforded 2-deoxy-2-nitrogalactopyranosides in high

yields. High a-selectivity was obtained with strong bases, whereas weaker bases furnished

mainly the corresponding p-galactopyranosides. In the presence of a strong base like NaOMe

the free alkoxide attacks the anomeric carbon atom from the a side yielding the a isomer 3

whereas in the presence of a weak base like an amine, addition from the p side is kinetically

favored yielding p isomer 4.6

HOR1

Strong Base

3
alpha -galacto isomer

O~R~R _
RO R - Bn

°2N
1 OAc

INEt3,CH2CI2

HOR1

R~~ Weak Base

RO-y
N02

2

O~ROR
o O-R1

RO
N02

4
beta-galacto isomer

Scheme 1: Schmidt's synthesis of amino sugars.

7

D-Glucosamine D-Galactosamine

o
CHO II

HfNHCCH3
HO H

H OH
H OH

CH20H

N-Acetyl-D-galactosamine

Figure 7: Structures of common amino sugars.

In an example of amino sugar synthesis, Schmidt and Das have introduced a reaction

in which a tri-O-benzyl-D-galactal was transformed into a 2-deoxy-2-nitrogalactopyranoside.

Addition of an alcohol to 3,4,6-tri-O-benzyl-2-nitro-D-galactal (2, prepared from 1, Scheme

1) under conditions of base catalysis afforded 2-deoxy-2-nitrogalactopyranosides in high

yields. High a-selectivity was obtained with strong bases, whereas weaker bases furnished

mainly the corresponding p-galactopyranosides. In the presence of a strong base like NaOMe

the free alkoxide attacks the anomeric carbon atom from the a side yielding the a isomer 3

whereas in the presence of a weak base like an amine, addition from the p side is kinetically

favored yielding p isomer 4.6

HOR1

Strong Base

3
alpha -galacto isomer

O~R~R _
RO R - Bn

°2N
1 OAc

INEt3,CH2CI2

HOR1

R~~ Weak Base

RO-y
N02

2

O~ROR
o O-R1

RO
N02

4
beta-galacto isomer

Scheme 1: Schmidt's synthesis of amino sugars.



8

Glycals are sugar derivatives with a highly reactive double bond between carbons 1

and 2 and glycals have proved to be useful starting points in the stereoselective synthesis of

O-glycosides. Zinc-catalyzed reductive elimination from acetobromoglucose (6, prepared

from pentaacetate 5, Scheme 2) to give triacetyl D-glucal (7) is the most usual entry into

glycal chemistry. This reaction leads to formation of the acetylated glycal, which can then be

de-acetylated and further functionalized. A variety of reducing conditions have been

reported; zinc/acetic acid with or without platinic chloride has been most commonly used,

but higher yields have been reported for the reactions involving titanium(lII). This method is

applicable to all cases where further functionalization is carried out in neutral or basic

conditions but reactions requiring acidic catalysis are incompatible due to the acid-sensitive

enol ether present in the molecule. 7 Glycals produced by this method have been employed in

the synthesis of 1,2-anhydrosugars.8

AC~ A~ AC~
AcO 0 HBr AcO 0 Zn,H2,PtCI6 AcO 0

AcO OAc • AcO • AcO .r::;
OAc in AcOH AcO AcOH, H2O

Br

5 6 7

Scheme 2: Synthesis of 3,4,6-tri-0-acetyl-D-glucal.

Glycosides have been found to be abundant in nature, which makes them potential

targets for synthesis. A glycoside is a sugar in which the hydroxyl group at the anomeric

position is substituted with other functionality like -OR, -CR, -NR, or -SR, resulting in 0-

glycosides, C-glycosides, N-glycosides, and S-glycosides respectively. Glycosides comprise

several important classes such as hormones, sweeteners, alkaloids, flavonoids, antibiotics,

etc. Although the history of some glycosides dates back more than a century, they have come
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to the forefront of scientific investigation only during the last half a century. O-Glycosides

comprise by far the most extensive group of plant glycosides. Formation of glycosides

usually involves the linking of the hydroxyl group of the aglycone to the anomeric center of a

suitable sugar moiety.9

In a synthesis of an O-glycoside, a glycosyl donor (so called since it donates a

glycosyl moiety) is reacted with a free hydroxyl group in a glycosyl acceptor, generally in the

presence of some promoter, to give a glycoside (Scheme 3).5 In the formation of 0-

glycosides, the glycosyl donors that create an intermediate with a cationic charge at the

anomeric center of the glycosyl donor are widely used. This cationic intermediate, stabilized

by resonance with the ring oxygen, is then attacked by the nucleophilic hydroxyl group of the

acceptor to form the glycosidic linkage.

activated
glycosyl donor

~O
RO-~

[G }
glycosyl donor

promotor
~Co®
RO~~ ., •

~q0--o
RO~

OR'

~O
RO-~

RO~
OR'

disaccharide
(0 -glycoside)

Scheme 3: General glycosylation reaction.

A number of C-linked nucleosides with potent pharmacological properties have been

isolated. Synthetically prepared C-glycosides have also been shown to prevent viral and

bacterial infections by inhibiting glycosidase enzymes, which are involved in growth and

development of certain bacteria and viruses. to The reductive lithiation method developed by

Lancelin and group allows generation of C-glycosides in good yields with good

stereocontrol. Hydrochlorination of tri-O-benzyl-D-glucal (8, Scheme 4) with Hel produced
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the 2-deoxy-D-glucopyranosyl chloride 9. Reductive lithiation via a two-step single electron

transfer mechanism with lithium naphthalide generates the a-organolithium species 10 in

good yield, and subsequent reaction of this species with an electrophile (e.g. p-

MeOC6H4CHO) produces the a-C-linked glycoside 11 with excel1ent stereoselectivity.l1 The

stereoselectivity can be explained by the preference of the anomeric anion to adopt the more

stable axial orientation.

OBn

Bno~--=~
Bn~~

8

BnO
BnO

•

OMe

Hel
OBn

BnO~CI
BnO

9

Lithium naphthalide

~
OBn

BnO 0
BnO

Li

10

Scheme 4: Synthesis of a C-glycoside.

N-Glycoside chemistry

Another type of glycoside that is commonly observed in biological systems are the N-

glycosides. 12 Especial1y important are the N-glycosides formed via reaction of D-ribose and

2-deoxy-D-ribose with the purine and pyrimidine bases in the construction ofnucleosides and

nucleoside analogues. For example, reaction of cytosine (13) with D-ribofuranose (12) yields

the ribonucleoside (14, Equation 1). The new bond that is formed between the nitrogen of the

base and the anomeric carbon of the carbohydrate is referred to as an N-glycoside bond.
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NH2

H°\:jH f~ o N 0
+ I

NAo

..

H
OH OH OH OH

12 13 14

D-Ribofuranose Cytosine Ribonucleoside

Equation 1: Synthesis of ribonucleoside from ribose sugar.

Interest in the synthesis of glycosyl amides as N-glycosides has been driven by the

presence of similar types of compounds in naturally occurring biomolecules such as

glycoproteins and nucleic acids. Glycosyl amides have been suggested as potential

glycomimetics for the inhibition of glycosyl hydrolases and as useful precursors in the

synthesis of glycosylated materials such as detergents. 13

Schmidt has presented a versatile and efficient approach to synthesis of nucleosides

of 2-deoxy-2-nitro-D-galactose and N-acetyl-D-galactosamine, and this approach widened

the scope of the strategy of addition reactions on 2-nitro-D-galactal to the formation of N-

glycosides (Equation 2).

Purine, base, THF ..
O~BnOBn v N

o \~N
BnO 0 N ~

N 2

Equation 2: Nucleoside formation by Michael addition reaction.

Experimental conditions that were used favored B-glycoside formation with nitrogen

heterocycles acting as nucleophiles. The B-selectivity could be due to kinetically favored B-
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side addition of nuc1eophile on C1 and also due to hydrogen bond interaction of the

nuc1eophile with H-1 of the starting material. 14

Azide chemistry

Hemming et. at. reported the conversion of aldehydes and ketones into imines and the

subsequent synthesis of a-unsubstituted and a-branched secondary amines by the reduction

of the imine. The synthesis utilizes a tandem process, which begins with an aza-Wittig

reaction between the aldehyde and an iminophosphorane that was produced by a Staudinger

reaction between the azide starting material and a phosphine (Scheme 5).

18 19

i ~
H R2 H R2

RLN-( RLN-(
H R3

20 21

16

..

(a) NaBH3CN
(b) R3MgX

..

Scheme 5: Synthesis of imines and subsequent reduction to amines.

Thus, the Staudinger reaction between the phosphine 16 and the azide 15 gave the

iminophosphoranes 17, which were made to undergo aza-Wittig reaction with aldehydes to

give the imines (19). The reduction of imines with sodium borohydride gave the a-

unsubstituted amines (20) in high yields. Reaction of the imines with an organometallic

reagent like RMgX gave a-branched secondary amines (21) again in high yields. They also

reported that polymer-supported cyanoborohydride brought about the reduction of the
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reagent like RMgX gave a-branched secondary amines (21) again in high yields. They also

reported that polymer-supported cyanoborohydride brought about the reduction of the
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intermediate imines 19 in good yields. Chromatographic separation of the phosphine oxide

was not required; the polymer supported phosphine oxide was removed by filtration. IS

O'Neil and his group reported that triphenylphosphine in Staudinger and Mitsunobu

reactions can be replaced with DPPE [l,2-bis(diphenylphosphino)ethane]. When

triphenylphosphine IS used In these reactions, the only by-product that IS formed is

triphenylphosphine oxide. However, it has always been difficult to separate

triphenylphosphine oxide from the product on column chromatography, as the by-product has

a tendency to co-elute with reaction products. This has been attributed to the strong hydrogen

bond forming ability of triphenylphosphine oxide and also hydrophobic effects. However,

the by-product that is formed with DPPE gives rise to a bis(phosphine oxide) by-product and

this by-product being more polar than triphenylphosphine oxide, it was easily removed from

the reaction mixture by simple filtration allowing for rapid and simple purification of the

reaction mixture. I6

Click chemistry is a modular approach that uses only the most practical and reliable

chemical transformations. Despite many successes in synthesis of new drugs, drug discovery

approaches that are based on nature's secondary metabolites are often hampered by slow and

complex syntheses. Click chemistry simplifies compound synthesis, through the use of only

the most simple and selective chemical transformations, thus providing the means for faster

lead discovery and optimization. A reaction can be termed as a "click reaction" when a

reaction has wide scope, gives high yields consistently, the reaction is easy to perform,

insensitive to oxygen or water and reaction work-up and product isolation must be simple,

without requiring chromatographic purification. 17
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Huisgen's 1,3-dipolar cycloaddition of alkynes and azides yielding triazoles is an

example of a click reaction. Triazole derivatives have found use in synthesis of various

agrochemicals and pharmaceuticals and are useful as intermediates in synthesis of other

heterocycles such as oxazole analogs or as intermediates in the synthesis of oxazole-

containing natural products!8 The design and synthesis oftriazoles which possess therapeutic

value and have applications in the chemical industry is presently in the initial stages of

development. 19 In recent years, efforts have been made to explore cycloaddition on

carbohydrate-derived alkenes and alkynes and this has led to well-designed methodologies

for the synthesis of chiral triazoles, tetrazoles and various imino sugars which can be further

used to synthesize inhibitors of glycosidases and glycosyl transferases.2o

Azides serve as one of the most reliable means to introduce nitrogen substituents

through substitution reactions and moreover azides are unique for click chemistry purposes

due to their extraordinary stability towards H20, 02 and the majority of organic synthesis

conditions. Sharpless has reported the use of copper(I) sources as a catalyst, which unite

azides (23) and terminal alkynes (22) to give only 1,4-disubstituted 1,2,3-triazoles (24,

Equation 3).21

CuS04·5H20
Sodium Ascorbate

H20/tBuOH, 2:1, RT

22 23 24

Equation 3: Synthesis of 1,4-disubstituted 1,2,3-triazoles.

Meldal and coworkers reported the use of Cu(I)-catalyzed 1,3-dipolar cycloaddition

of terminal alkynes to azides on solid phase. The resin-bound copper acetylide was reacted

with primary, secondary, and tertiary alkyl azides, aryl azides and an azido sugar at 25°C,
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affording 1,4-disubstituted IH-[1,2,3]-triazoles regiospecifically with high yields and high

. 22punty.

Ju et. al. reported a simple synthetic protocol for the 1,3-dipolar cycloaddition of

azides with electron-deficient alkynes. An alkyne with at least one neighboring electron-

withdrawing group undergoes the cycloaddition successfully without any catalysts at room

temperature in water. In the case of the terminal alkynes, the cycloaddition reaction

proceeded much faster in the presence of a Cu(l) catalyst. They determined the

regiochemsitry of the products by X-ray crystallography, which indicated formation of 1,4-

regioisomer selectively (Equation 4)?3

Equation 4: 1,3-dipolar cycloaddition of azides with electron deficient alkynes.

We are currently working towards synthesis of sugars that may act as glycomimetics

for the sugars present in bacteria that make capsular polysaccharides. Microorganisms that

cause invasive disease commonly produce extra-cellular capsular polysaccharides. Capsules

enhance microbial virulence by rendering the bacterium resistant to phagocytosis.24

Staphylococcus aureus is one of the bacteria that produce a capsular polysaccharide around

itself and is becoming increasingly resistant to antibiotic treatment. Many strains of this

microbe have developed that do not respond to the most powerful antibiotics, which are

currently available in the market. S. aureus is an important bacterial pathogen responsible for

a broad spectrum of human and animal diseases including cutaneous as well as wound

infections and more life-threatening infections such as endocarditis and bacteremia.
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Moreover, S. aureus produces numerous exotoxins, some of which cause diseases such as

toxic shock syndrome and food poisoning. The majority of clinical S. aureus isolates produce

either a type 5 or type 8 capsule, which renders the organisms resistant to phagocytic

uptake.25 S. aureus is highly efficient at acquiring resistance to antibiotics; the first

documented case of a vancomycin-resistant S. aureus infection in a United States patient was

recently reported by the Centers for Disease Contro1.26

S. aureus produces a capsular polysaccharide, which is made up of three ammo

sugars, N-acetyl-D-mannose monic acid, N-acetyl-D-fucosamine and N-acetyl-L-fucosamine.

The goal of this research is to develop methods for the synthesis of glycomimetics or

compounds with structures similar to those found in the capsular polysaccharide of S. aureus.

Our initial investigation in this area will be focused on the synthesis of N-glycosides of D­

glucose and L-rhamnose derivatives.
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Statement of problem

Disease causing microbes that have become resistant to drug therapy are an

increasing public health problem. There is a growing need for new and more effective

treatments. Staphylococcus aureus is one of these bacteria, which is responsible for

infectious diseases found in hospitals and communities. Many strains of this microbe have

become resistant to most powerful antibiotics because of the presence of the protecting coat

cal1ed "capsule" or capsular polysaccharide, which provides protection to the microbe against

phagocytosis. The goal of this research is to develop glycomimetics or compounds with

structures similar to those found in the capsular polysaccharide of S. aureus.

The fol1owing work describes synthesis of glycosyl imines based on Staudinger and

aza-Wittig type reactions. Peracetylated sugar derived from D-glucose was chosen as starting

material, which upon simple SN I reaction results in the formation of the a-glycosyl bromide,

which further undergoes SN2 reaction to give, the stereospecifical1y P-glycosyl azide. DPPE

[1 ,2-bis(diphenylphosphino)ethane] was used to produce intermediate phosphinimine in a

Staudinger reaction that would further react with aldehydes in an aza-Wittig type process to

give glycosyl imines. 1,3-Dipolar cyc1oaddition reactions between p-glycosyl azide and

alkynes was also investigated. Reactions afforded regiospecifical1y 1,4-disubstituted l,2,3­

triazoles. Synthesis of N-glycosides through these approaches may lead to sugar analogs,

which could potential1y inhibit the appropriate enzymes produced by S. aureus.
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Results and Discussion:

1. Synthesis of D-glucosyl azide from D-glucose pentaacetate

The main goal of this research was to construct new synthetic N-glycosides from

inexpensive starting materials that are easy to work with. We investigated methods to

develop glycomimetic compounds for which the precursor is a D-glucosyl azide (25) and for

synthesis of this azide, we chose peracetylated D-glucose as our starting material (Scheme 6).

AC~O
AcO 0

AcO OAc
OAc

5

30% HBr

AcOH

AC~O
AcO 0

AcO
AcO

Br

6

acetone:water
5:1
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AcO N3
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Scheme 6: Synthesis of glucosyl azide.

The initial step in the synthesis of glucose azide 25 involves the treatment of P-D-

glucose pentaacetate 5 with 30% HBr in acetic acid, which undergoes simple SN I reaction

and gives rise to a-glucosyl bromide 6, which is the thermodynamically favored product with

the bromine atom in the axial position. Electronegative bromine prefers the axial position due

to the anomeric effect, which in this case can be explained by overlap of one of the lone pairs

of electrons on oxygen with the antibonding a*-orbital of the C-Br bond. TLC indicated

complete consumption of the starting material and fornlation of a new spot burning at a

higher Rfvalue than that of the starting material. IH NMR data showed disappearance of the

doublet signal for the anomeric proton signal at 5.70 ppm in the peracetate and the

appearance of a doublet at 6.60 ppm with a coupling constant of 4.02 Hz.

a-Glucosyl bromide 6 was then reacted with sodium azide in acetone/water, which

resulted in sterospecific formation of p-glucosyl azide 25 by SN2 reaction. Aqueous work up
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on the reaction mixture yielded a white solid, which was subjected to recrystallization using

ethanol to afford colorless crystals in 93% yield. TLC again showed complete consumption

of starting material and appearance of a new spot burning at an Rf value lower than that of

the staring material. lH NMR data showed the disappearance of the doublet at 6.60 ppm,

which corresponds to the anomeric proton of the a-glycosyl bromide and appearance of a

new doublet signal at 4.61 ppm. The replacement of Br with N3 causes shielding of the

anomeric proton and moves the signal upfield in the glucosyl azide. Investigation of the 13C

NMR spectrum indicated the signals for the methyl carbons of the acetyl protecting groups

between 21.0-22.6 ppm.

The conversion of a-glucosyl bromide 6 to p-glucosyl azide 25 can also be confirmed

by a change in the coupling constant values for the protons on Cl and C2. The coupling

constant for the anomeric proton in the p-glucosyl azide is higher in comparison to a-

glucosyl bromide (8.78 Hz versus 4.02 Hz). This can be attributed to the fact that the protons

on C1 and C2 are gauche to each other in the a-glucosyl bromide and therefore have a lower

coupling constant value, whereas in the p-glycosyl azide they are anti-periplanar and have a

higher coupling constant value (Figure 8).

~
\~,fho

ACO~R
Br

gauche
dihedral angle is 60°

anti-periplanar
dihedral angle is 180°

Figure 8: Structures of gauche and anti situations in 6 and 25.

19

on the reaction mixture yielded a white solid, which was subjected to recrystallization using

ethanol to afford colorless crystals in 93% yield. TLC again showed complete consumption

of starting material and appearance of a new spot burning at an Rf value lower than that of

the staring material. lH NMR data showed the disappearance of the doublet at 6.60 ppm,

which corresponds to the anomeric proton of the a-glycosyl bromide and appearance of a

new doublet signal at 4.61 ppm. The replacement of Br with N3 causes shielding of the

anomeric proton and moves the signal upfield in the glucosyl azide. Investigation of the 13C

NMR spectrum indicated the signals for the methyl carbons of the acetyl protecting groups

between 21.0-22.6 ppm.

The conversion of a-glucosyl bromide 6 to p-glucosyl azide 25 can also be confirmed

by a change in the coupling constant values for the protons on Cl and C2. The coupling

constant for the anomeric proton in the p-glucosyl azide is higher in comparison to a-

glucosyl bromide (8.78 Hz versus 4.02 Hz). This can be attributed to the fact that the protons

on C1 and C2 are gauche to each other in the a-glucosyl bromide and therefore have a lower

coupling constant value, whereas in the p-glycosyl azide they are anti-periplanar and have a

higher coupling constant value (Figure 8).

~
\~,fho

ACO~R
Br

gauche
dihedral angle is 60°

anti-periplanar
dihedral angle is 180°

Figure 8: Structures of gauche and anti situations in 6 and 25.



20

2. Conversion of glycosyl azides into imines

Synthesis of glycosyl imines was investigated by using the Staudinger reaction and

aza-Wittig type reaction. Glucosyl azide 25 was reacted with DPPE [1,2-

bis(diphenylphosphino)ethane] via Staudinger reaction, then the intermediate that is formed

in the reaction reacts with an aldehyde in a aza-Wittig type process to give glycosyl imines.

The reaction sequence first involves the fOffilation of an intermediate (26) followed by the

loss of nitrogen to afford a phosphinimine ylide (27). The phosphinimine ylide formed is

then reacted with an aldehyde to afford N-glucosyl imines (28, Scheme 7).
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Scheme 7: Conversion of glycosyl azides into imines.

Previously Staudinger/aza-Wittig reactions have been carried out usmg triphenyl

phosphine as a reagent. The reactions with this reagent are simple and high yielding, the only

by-product being triphenylphosphine oxide. However, it has been difficult to separate the
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triphenylphosphine oxide from the crude reaction mixture on column chromatography. This

can be attributed to the strong hydrogen bonding ability of triphenylphosphine oxide and also

due to hydrophobic effects. Others have also reported the tendency of triphenylphosphine

oxide to co-elute with reaction products, and to overcome this problem the use of several

modified phosphines has been reported.

We tried to use DPPE [1 ,2-bis(diphenylphosphino)ethane] as a replacement for

triphenylphosphine under the hypothesis that the phosphine oxide, which is a byproduct, may

precipitate in methylene chloride. We have used half an equivalent of DPPE anticipating that

the bisphosphine oxide would precipitate from the reaction. The reaction worked with the

DPPE according to our plans to give the desired imine, however the DPPE oxide did not

precipitate from methylene chloride. The bisphosphine oxide by-product is much more polar

than triphenylphosphine oxide and this by-product was easily removed by filtration through a

short column of silica gel.

Glucosyl azide 25 was reacted with eight different aldehydes (Table 1), however only

five aldehydes afforded the desired imine product. The reaction vessel containing the

benzaldehyde provided the highest yield, however, no products were isolated from reactions

with isovaleraldehyde, isobutyraldehyde, and phenylacetaldehyde. Both isobutyraldehyde

and phenylacetaldehyde were reacted for 48-72 hr periods with glucosyl azide, however only

azide starting material was seen by 1H NMR analysis of the crude residue after evaporation.

Interestingly in the reaction with isovaleraldehyde TLC showed a UV-active spot burning at

a lower Rf value than that of starting material, however 1H NMR of product showed multiple

products indicating formation of by-products or incompleteness of the reaction.
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Starting material Aldehyde Product % Yield R(value*

25 p-Nitro benzaldehyde 29 85 0.51

Benzaldehyde 30 87 0.45

4-Bromo benzaldehyde 31 47 0.38

4-Ethyl benzaldehyde 32 55 0.56

Phenyl acetaldehyde N/R

Isovaleraldehyde N/R

Isobutyraldehyde N/R

Napthaldehyde 33 60 0.41
* Solvent system - 1: 1 hexanes/ethyl acetate.

Table 1: Synthesis of Imines via Staudinger reactions using glucosyl azide 25.
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Figure 9: D-Glucosyl imine compounds 29-33.

Starting material Aldehyde Product % Yield R(value*

25 p-Nitro benzaldehyde 29 85 0.51

Benzaldehyde 30 87 0.45

4-Bromo benzaldehyde 31 47 0.38

4-Ethyl benzaldehyde 32 55 0.56

Phenyl acetaldehyde N/R

Isovaleraldehyde N/R

Isobutyraldehyde N/R

Napthaldehyde 33 60 0.41
* Solvent system - 1: 1 hexanes/ethyl acetate.

Table 1: Synthesis of Imines via Staudinger reactions using glucosyl azide 25.

22

P
N02

AcO I
ACO~~O ~
ACO~N-

OAc H

29

AcO ~I
AcO 0 ~AC~N-

OAc H

30

P
Br

AcO ':?' I
AcO 0 ~AC~N-

OAc H

31

P
CH2CH3

AC~O I
AcO 0 ~

AcO N_
OAc H

32

~
~

AcO I
ACO.....~O ~ ~
AcO~N-

OAc H

33

Figure 9: D-Glucosyl imine compounds 29-33.



23

The general method of adding a glycosyl azide to an aldehyde and DPPE was

investigated in the synthesis of imine compounds. One of the first aldehydes to be reacted

with the azide was p-nitro benzaldehyde (Equation 5).

AC~O
AcO 0 N

3
AcO

OAc

25

02N-Q-CHO jJ
N02

AcO I
ACO~--O ~
AcO~N-

OAc H

29

Equation 5: Synthesis of imine 29 from azide 25 using DPPE.

Mechanistically, the initial step involves the attack of a phosphorous atom of DPPE

on the azide, which results in the formation of an intermediate, which then loses nitrogen gas

to produce an ylide. This ylide then attacks the carbonyl carbon ofp-nitro benzaldehyde via

aza-Wittig reaction with loss of bis(phosphine oxide) to produce the desired imine product.

The reaction afforded a high yield (85%) of 29 as a yellow crystalline solid. TLC indicated a

UV-active spot that burned at a lower Rf value than the starting material.

lH NMR showed the appearance of a singlet at 8.51 ppm indicating the single proton

on the carbon atom between nitrogen and the aromatic ring. The signal at 7.88 ppm has a

coupling constant of 8.78 Hz, which is same value for the H-l at 4.61 in the starting material

azide, thus indicating the downfield movement of the signal for H-1 in the product, which

indicates the formation of the imine compound. Analysis of the l3C NMR spectrum also

provided evidence for the formation of 29 by presenting four signals in the region 170.2-

171.6 ppm, which correspond to the carbonyl carbons of acetyl protecting groups. The aryl

ring carbon signals are also found between 124.9-159.2 ppm. The same reaction between

glucosyl azide 25 and p-nitro benzaldehyde was also carried out using triphenylphosphine
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instead of DPPE to compare the yields and purity of the product (Equation 6). TLC showed

consumption of starting material and formation of a new spot with Rfvalue lower than that of

starting material. The reaction afforded a crude product in the yield of 55%, however after

purification of product on column, the lH spectrum of the product was not clean showing

multiple products or by-products.

AC~O
AcO 0 N

3
AcO

OAc

25

02N-o-CHO P
N02

AcO I
A 0 0 ~~c~N-

OAc H

29

Equation 6: Synthesis of imine 29 from azide 25 using triphenyl phosphine.

The reaction of glucosyl azide 25 with benzaldehyde afforded the imine product (30,

Equation 7) in the highest yield (87%). The reaction progress was monitored by TLC, which

showed a UV-active spot that burned at a higher Rf value than that of starting material after a

six-hour reaction time. The lH NMR spectrum showed evidence of the product by indicating

a singlet signal at 8.4 ppm corresponding to the proton attached to carbon atom present

between nitrogen and the aromatic ring. The signals corresponding to carbons in the aromatic

ring were seen around 129.6-136.1 ppm in the l3C NMR spectrum.

AC~O
AcO 0 N

3
AcO

OAc

25

<}-CHO
.. AC~O ~IAcO 0 ~

AcO N_
OAc H

30

Equation 7: Synthesis of imine 30 from azide 25.

As for D-glucosyl imine products 29-33, yields of the products in the 47-87% range

were observed. The I H NMR spectra of all the products showed similar patterns, particularly
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the signal corresponding to the imine proton, which was observed in the region of 8.40-9.10

ppm for all the products. Comparing the yields obtained from compounds 29-33, the

presence of the more electron-withdrawing group on the aromatic ring of the aldehyde

possibly explains a higher product yield than the aldehyde that has an electron-donating

group on aromatic ring. For example, compound 29 has an electron-withdrawing N02- group

on it making it more electrophilic and thus giving higher yields and in comparison,

compound 31 has an electron-donating Br- group making it less electrophilic and thus giving

lower yields.

3. Attempted conversion of glucosyl imines to glucosyl amines

Hemming et. al. reported a method to convert imines into amines by reduction. They

reported that polymer-supported cyanoborohydride could be used to bring about the

reduction of the imines to amines in good yields. 15

Upon successful synthesis of imines, the amine synthesis was attempted by reduction

of imines to amines with sodium cyanoborohydride (Equation 8). Based on the results

obtained from the reaction between glucosyl azide 25 and p-nitro benzaldehyde and

benzaldehyde, which afforded a high yield of products 29 and 30, these imines were chosen

as the starting materials for the possible reduction of the imine.

P
N02

AcO I
ACO~O ~
AcO~N-

OAc H

Sodium
Cyanoborohydride

II. ~
N02

AcO ~ I
ACO~O H ~
AcO~N

OAc

29 34

Equation 8: Attempted reduction of imine to amine.
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Imine product 29 was dissolved in CH30H, followed by addition of sodium

cyanoborohydride, and the mixture was stirred for overnight. The reaction was analyzed by

TLC, which showed consumption of starting material and formation of a new spot with an Rf

value lower than that of starting material. However, I H NMR spectrum of product showed

multiple products suggesting that amine product 34 may decompose under the reaction

conditions. Reduction of the imine was also attempted using polymer-supported sodium

cyanoborohydride with extended reaction time and the reaction mixture being subjected to

reflux, but the expected product 34 could not be obtained.

4. Synthesis of glucopyranosyl-l,2,3-triazoles

In the search for new methods for constructing glycomimetics related to sugars

present in the capsular polysaccharides of S. aureus., we thought that 1,3-dipolar

cyc1oaddition reactions (Equation 9) could be used as an efficient tool allowing for the

building of glycomimetics starting from inexpensive materials and reactions that are simple

to work with.

AC~O
AcO 0 N +

AcO 3
OAc

25

R' - R"

A 0 .... N
C~~=-tR'(R")AcO 0 N II

AcO
AcO R"(R')

35

Equation 9: 1,3-dipolar cyc1oaddition of glucosyl azides to give 1,2,3-triazoles.

1,2,3-Triazoles (e.g. 35 in Equation 9) are in general prepared through a coupling

reaction between alkynes and azides and it is usually required that these reactions are

conducted at high temperature and run for long periods of time. The thermal cyc1oaddition

reaction between terminal alkyne and azide causes another problem with regard to the
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regioselectivity of the derived triazoles, giving rise to a mixture of l,4-disubstituted and l,5-

disubstituted 1,2,3-triazoles.27

Yuriko Root earlier accomplished the construction of 1,2,3-triazoles by using toluene

as solvent and reaction mixtures were refluxed at 1lO °c for six hours. A glucuronosyl azide

and a glucosyl azide were reacted with different types of alkynes, which afforded 1,2,3-

triazoles without regioselectivity (Equation 10).28

Me~O
AcO 0 N

3
H C02H

AcO .-
360Ac Toluene

Equation 10: Synthesis of l,2,3-triazoles from glucuronosyl azide.

The groups of Sharpless and Meldal have independently reported that catalytic

amounts of Cu(I) salts would considerably increase the reaction rates and also enhance the

regioselectivity to generate exclusively the l,4-disubstituted product (Scheme 8).29

CUS04

]

ligand(L)
reducing agent

[CuLn]
R1 == H

Scheme 8: Catalytic cycle of the Cu(I)-catalyzed azide-alkyne coupling.
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Starting material Alkyne Product % Yield Rfvalue*

25 Heptyne 38 89 0.21

Nonyne 39 81 0.27

Decyne 40 78 0.28

Dodecyne 41 94 0.30

Phenyl acetylene 42 85 0.21

Trimethylsilyl acetylene N/R

Propiolic acid N/R

Ethyl propiolate 43 92 0.17

Diethyl
acetylenedicarboxylate 44 92 0.50

Diphenyl acetylene NIR

4-Ethynyltoluene 45 82 0.21
~

l-Ethynyl-3-fluorobenzene 46 61 0.48

4-Ethynyl anisole 47 80 0.47

3-Cyclopentyl-l-propyne 48 80 0.56

* Solvent system - 1: 1 hexanes/ethyl acetate.

Table 2: Cycloaddition reactions with glucosyl azide 25.

In the present work triazole synthesis using glucosyl azide 25 with alkynes was first

investigated using toluene as solvent system, which afforded products for some alkynes, but
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reaction time was very long and mixtures of 1,4- and 1,5-triazoles were isolated. The

reactions were then carried out using the CuS04/ascorbic acid system in aqueous medium.

Glucosyl azide 25 was reacted with different types of alkynes, which afforded a rapid,

regiospecific synthesis of various glucosyl 1,4-disubstituted-1 ,2,3-triazoles, without use of

any cosolvent and the reaction afforded products in high yields, which were easily isolated

by simple filtration (Table 2).

Glucosyl azide 25 was reacted with fourteen different types of alkynes to afford a

variety of compounds (Figure 10), however no triazole products were isolated from reactions

with trimethylsilyl acetylene, propiolic acid, and diphenyl acetylene. Reactions with these

three alkynes were monitored by TLC, which showed consumption of starting material but

analysis of 1H NMR spectra did not reveal formation of a triazole product.

AC~N~ AC~N~ AcO N~o \ II (CHZ)4CH3 o \ !J (CHZ)6CH3
~ \ II (CHZ)7CH3AcO N AcO N

AcO AcO AcO N
AcO H AcOAcO H AcO H
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Figure 10: Glucosyl triazole products.
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AC~O
AcO 0 N

AcO 3
OAc

25

+
ascorbic acid
H20, lODe

A~~O r~ <>
ACO~

AcO H

42

30

Equation 11: Synthesis of triazole 42 from azide 25.

Some of the typical results from these experiments are presented here. One of the first

alkynes to be reacted with azide 25 was phenyl acetylene (Equation I I). This reaction was

refluxed for eight hours and progression of reaction was monitored by TLC, which showed

total consumption of starting material and formation of a new spot with an Rr value lower

than that of starting material. The reaction mixture was cooled and filtered and the crude

product was subjected to recrystallization with 95% ethanol, which afforded product as a

pure white fluffy solid. The 1H NMR spectrum of the product (42) revealed a singlet signal at

8.00 ppm that corresponds to the triazole proton and the signals that correspond to protons of

the aromatic ring were present in the range of 7.25-7.84 ppm. The l3C NMR spectrum also

showed signals in the range of 126.9-130.8 ppm that correspond to carbons of the aromatic

ring. The high-resolution mass spectral analysis also provided confirming data for the

product formation; mass for C22H25N309(+Na) was found to be 498.1451, which was close to

the calculated mass of 498.1488. The formation of the l,4-isomer was confirmed by nOe

experiments on the product, which showed interaction between H-I of the pyranose ring and

the proton attached to the triazole ring, which would not be the case if the 1,5-isomer were

formed.

The reaction of diethylacetylene dicarboxylate with glucosyl azide 25 was carried out

in water without use of any copper catalyst and the reaction afforded a single isomer (44,

Equation 12).
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AcO 3
OAc
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31

Equation 12: Synthesis of triazole 44 from azide 25.

The TLC of the reaction showed a UV-active spot that burned at an Rfvalue lower

than that of starting material. Analysis of the 1H NMR spectrum showed the appearance of a

new doublet signal at 6.11 ppm indicating the formation of a triazole product and

disappearance of a doublet at 4.61 ppm, which corresponds to starting material. The evidence

for the formation of the triazole was obtained from the triplet signal observed at 1.41 ppm for

(C02CH2CH3) and quartet signal at 4.41 ppm for (C02CfuCH3) with coupling constant of

7.2 Hz. The l3C NMR spectrum also provided the signals at 131.8 ppm and 141.3 ppm that

correspond to the triazoIe carbons and the signals at 15.1 ppm and 15.4 ppm that correspond

to the methyl group carbons (C02CH2CH3).

AC~O
AcO 0 N

AcO 3
OAc

25

ascorbic acid
H20,70°C

Equation 13: Synthesis oftriazole 41 from azide 25.

The reaction of glucosyl azide 25 with dodecyne afforded the triazole product (41,

Equation 13) in highest yield (94%). The reaction progress was monitored by TLC, which

showed a UV-active spot that burned at a lower Rj value than that of starting material after a

six hour reaction time. The 1H NMR spectrum showed evidence of the product by indicating

a singlet signal at 7.48 ppm corresponding to the triazole proton. Also shown on IH NMR is
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the triplet signal with coupling constant of 7.04 Hz that corresponds to the terminal methyl

group of dodecyne. Analysis of the 13C NMR spectrum also provided evidence for the

formation of product by indicating five signals in the region 150.2-171.4 ppm, which

indicates the carbonyl carbons of the acetyl protecting groups. The dodecyne carbon chain

signals are found between 7.07-33.1 ppm and the signal at 7.07 ppm represents the methyl

group of the dodecyne carbon chain.

AC~O
AcO 0 N

AcO 3
OAc

25

ascorbic acid
H20,7Qoe

43

Equation 14: Synthesis oftriazole 43 from azide 25.

Compound 25 was reacted with ethyl propiolate to afford triazole product 43 in 92%

yield (Equation 14). The investigation of TLC showed a UV-active spot that burned at a

lower Rf value than that of starting material. The 1H NMR spectrum showed the presence of

C02CH2CH3 by presenting a triplet at 1.39 ppm and the quartet signal for C02ClliCH3 was

observed at 4.40 ppm. The singlet signal for the triazole proton was observed at 8.34 ppm

indicating the formation of product 43. Investigation of 13C spectra also gave evidence for

product formation by presenting a signal at 161.1 ppm, which corresponds to the carbonyl

carbon of the carboxylic acid ester.

AC~O
AcO 0 N

AcO 3
OAc

25

+

F

<5 ascorbic acid
H20,70oe

F

AC~ON-:::.:t-d
AcO 0 ~!J ~!J

AcO
AcO H

46

Equation 15: Synthesis oftriazole 46 from azide 25.
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group of dodecyne. Analysis of the 13C NMR spectrum also provided evidence for the

formation of product by indicating five signals in the region 150.2-171.4 ppm, which

indicates the carbonyl carbons of the acetyl protecting groups. The dodecyne carbon chain

signals are found between 7.07-33.1 ppm and the signal at 7.07 ppm represents the methyl

group of the dodecyne carbon chain.

AC~O
AcO 0 N

AcO 3
OAc

25

ascorbic acid
H20,7Qoe
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Equation 14: Synthesis oftriazole 43 from azide 25.
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Equation 15: Synthesis oftriazole 46 from azide 25.
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Another alkyne that was reacted with the glucosyl azide 25 was 1-ethynyl-3­

fluorobenzene (Equation 15). TLC showed the appearance of a new spot, which had an Rj.

value lower than that of starting material. Formation of the product is evidenced by I H NMR,

which showed a singlet at 8.01 ppm, which corresponds to the triazole proton, and signals for

protons of the aromatic ring were observed in the range of 7.36-7.60 ppm. The l3C NMR

spectrum also indicated the formation of product by presenting signals for triazole carbons at

119.3 and 122.5 and signals for carbons on the aromatic ring were observed in the range of

169.9-171.6 ppm. Investigation of the high-resolution mass spectral data afforded an M+for

C22H2sN309F (+Na) of 516.1385, which corresponds to calculated molecular weight of

516.1394 with the addition of a sodium atom. This reaction was refluxed for 12 hrs, which

was longer in comparison to reactions with other alkynes and the reaction after filtration

afforded a brown powder in 61 % yield, which was also less in comparison with other

a1kynes. The decrease in yield and long reaction time might be explained by the presence of

the electron-withdrawing fluorine atom on the aromatic benzene ring of the alkyne, which

makes it less reactive, thus decreasing reaction rate and yield.

For all the reaction products 38-48, yields of the products in the 61-94% range were

observed. All the products afforded clean I Hand l3C spectra that were easy to interpret. The

I H NMR spectra of the products showed similar patterns, the important one being the triazole

proton, which was observed as a singlet in the region of 7.48-8.34 ppm. In summary, it can

be concluded that the use of CuS04/ascorbic acid as catalyst not only increased reaction rates

but also improved product yields. The use of CuS04/ascorbic acid as catalyst also gave the

1,4-regioisomer instead of mixtures of isomers, which was confirmed by an nOe experiment

on product 42.30
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5. An approach to synthesis of L-fucosamine derivatives from L-rhamnose.

As a part of a project with the aim of finding new methods to produce glycomimetics

related to the capsular polysaccharide of S. aureus, synthesis of L-fucosamine derivatives

from L-rhamnose has been undertaken. L-Rhamnose was selected as starting material

because it is cheap, easily available, and safe to work with. The following sequence of

reactions is proposed to synthesize the target L-fucosamine derivative (Scheme 9).

OH OMe OMe OMe

Ho7T1

MeOH,H+
HO~

pcc o:zr:l NaBH 4 ·mthen CH2CI2

xO o 0 HO 0 0HO OH Me2C(OMeh, H+
~ ~

49 50 51 52

BnBr, j
NaH

OMe OMe OMe OMe

F£-N3
Tf20 --rd BzCI m TFA,H2O mthen NaN 3 ---BnO BnO OB OH BnO OHOH BnO xO

56 55 54 53

Scheme 9: Synthesis ofL-fucosamine derivative from L-rhamnose.

The initial step involves the treatment of L-rhamnose (49) with HCl gas in anhydrous

methanol, which leads to attack of H+ on the hydroxyl group present on C1. Loss of H20

produces a carbocation, which is stabilized by the ring oxygen atom. Then methyl alcohol

attacks the carbocation and results in the formation of an acetal (Equation 16).

OH

H07fl
HO OH

Hel, MeOH

OMe

H07Ti
OHOH

49 57

Equation 16: Synthesis of methyl a-L-rhamnopyranoside.

Formation of 57 was indicated by TLC, which showed fonnation of a new spot with

higher Rf value than starting material. Crude 1H NMR presented a singlet signal at 3.45 ppm,
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which corresponds to three hydrogens of the methoxy group on C1. Mass spectral data also

indicated formation of product; mass for C7H1 20 S was found to be 143.0 (-20H), which

corresponds to the calculated mass of 218.24.

The second step involves the protection of hydroxyl groups and in this step

dimethoxypropane reacts with the hydroxyl groups present on C2 and C3 because they are

cis and projecting out of the plane of molecule (Equation 17). Progress of reaction was

monitored by TLC, which showed total consumption of starting material after 3 hours of

reaction and also showed formation of a new spot with an R j value higher than that of starting

material. Formation of product 50 was confirmed by 1H NMR, which presented two new

signals as singlets at 1.26 and 1.44 ppm, corresponding to two methyl groups. 1H NMR also

presented a singlet signal at 3.35 ppm corresponding to the -OCH3 group on C1. l3C NMR

also indicated formation of product by presenting a signal at 18.7 ppm corresponding to C-6

and signals at 27.4 and 29.2 ppm corresponding to two methyl groups of the isopropylidene

protecting group.

OMe

HO~
OHOH

57

DMF

OMe

HOJ:T1
o 0

X
50

Equation 17: Synthesis of methyl 2,3-0-isopropylidene-a-L-rhamnopyranoside

The next sequence of reactions involved oxidation of 50 with pyridinium

chlorochromate in dichloromethane, which afforded a ketone at C4, which upon

stereoselective reduction with sodium borohydride afforded the inverted alcohol 52 in 83%

yield (Scheme 10).

35

which corresponds to three hydrogens of the methoxy group on C1. Mass spectral data also

indicated formation of product; mass for C7H1 20 S was found to be 143.0 (-20H), which

corresponds to the calculated mass of 218.24.

The second step involves the protection of hydroxyl groups and in this step

dimethoxypropane reacts with the hydroxyl groups present on C2 and C3 because they are

cis and projecting out of the plane of molecule (Equation 17). Progress of reaction was

monitored by TLC, which showed total consumption of starting material after 3 hours of

reaction and also showed formation of a new spot with an R j value higher than that of starting

material. Formation of product 50 was confirmed by 1H NMR, which presented two new

signals as singlets at 1.26 and 1.44 ppm, corresponding to two methyl groups. 1H NMR also

presented a singlet signal at 3.35 ppm corresponding to the -OCH3 group on C1. l3C NMR

also indicated formation of product by presenting a signal at 18.7 ppm corresponding to C-6

and signals at 27.4 and 29.2 ppm corresponding to two methyl groups of the isopropylidene

protecting group.

OMe

HO~
OHOH

57

DMF

OMe

HOJ:T1
o 0

X
50

Equation 17: Synthesis of methyl 2,3-0-isopropylidene-a-L-rhamnopyranoside

The next sequence of reactions involved oxidation of 50 with pyridinium

chlorochromate in dichloromethane, which afforded a ketone at C4, which upon

stereoselective reduction with sodium borohydride afforded the inverted alcohol 52 in 83%

yield (Scheme 10).



36

OMe OMe OMe

HOJ:T{
pcc O:q:{ NaBH4 m

o 0 CH2CI2 o 0 CH30H HO 0 0

X X X
50 51 52

Scheme 10: Inversion of stereochemistry at C4 of 50.

Formation of 51 was monitored by TLC, which showed a new spot with higher Rf

value than that of starting material. Formation of the ketone on C4 was confirmed by lH

NMR, which indicated disappearance of the doublet signal at 2.83 ppm that represented the

hydroxyl group on C4 of product 51. All other signals presented were similar to that of

product 50.

The reduction of 51 was carried out using sodium borohydride in methyl alcohol and

progress of reaction was monitored by TLC, which indicated formation of product by

presenting a new spot that burned at a lower Rf value than that of starting material. 1H NMR

showed the appearance of a doublet signal at 2.2 ppm that corresponds to formation of the

hydroxyl group on C4. Mass spectral analysis proved formation of the product; mass for

ClOH160S was found to be 187 (-OCH3), which corresponds to calculated mass of218.24.

All the above reactions gave decent yields in the range of 63-83% on large scale,

without use of column chromatography for purification. The further reactions in the scheme

are based on efficient stereoselective reactions and it can be carried further to produce

analogs of L-fucosamine. These analogs might act as glycomimetics that may disrupt the

biosynthetic pathway by which the capsular polysaccharide ofS. aureus is generated.
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Experimental:

General Procedures

The reaction rates were investigated by thin layer chromatography (TLC) on

Whatman aluminum-backed plates coated with silica gel. UV light was used to detect spots

since most of the reaction materials are UV-active. TLC plates were treated with 5% sulfuric

acid/95% ethanol solution to burn the reaction spots to indicate the carbohydrate product.

The products from the reaction were purified via flash column chromatography using 60-A

silica gel with hexane/ethyl acetate solvent mixtures. The products obtained were identified

from Nuclear Magnetic Resonance spectra on samples dissolved in either CDCh or D6­

DMSO, using a Varian Gemini 2000 system, at a frequency of 400 MHz for IH spectra and

100 MHz for l3C spectra. All chemical shifts were recorded in parts per million (ppm).

Splitting patterns of multiplets are labeled as follows: s (singlet), d (doublet), dd (doublet of

doublets), ddd (doublet of doublet of doublets), q (quartet), m (multiplet) and coupling

constants (1) are measured in Hertz. A Bruker Esquire-HP 1100 mass spectrometer was used

for low-resolution MS. A Perkin-Elmer polarimeter was used to measure optical rotation of

compounds produced herein.
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Preparation of glucosyl azide (25) from t,2,3,4,6-penta-O-acetyl-fl-D-glucose (5).

In a 250 mL round-bottom flask equipped with a septum and magnetic stir bar, 1,2,3,

4,6-penta-O-acetyl-p-glucose (5) (25 g, 64.1 mmol) was dissolved in 30% HBr in acetic acid

(100 mL). The solution was allowed to react for six hours. The reaction was monitored by

TLC (I: 1, hexane: ethyl acetate), which showed consumption of starting material. The

reaction mixture was reduced and the residue left after evaporation was dissolved in

methylene chloride (400 mL) and washed with cold saturated sodium bicarbonate (200 mL)

and water (200 mL). The aqueous layers were extracted with methylene chloride (2 x 100

mL) and the organic extracts were dried over anhydrous MgS04 and concentrated to afford

the bromide (6) as brown syrup. Then 6 was placed in 250 mL round bottom flask and was

dissolved in 100 mL of acetone. Sodium azide (12 g, 188.3 mmol) was added to flask and 20

mL of water was added to dissolve sodium azide. The reaction mixture was allowed to run

for six hours until TLC (1:1, hexane: ethyl acetate, Rj= 0.45) showed consumption of starting

material. The mixture was washed with water (100 mL) and extracted with methylene

chloride (3 x 100 mL). The organic extracts were dried over MgS04 and reduced to give a

white solid, which was further subjected to recrystallization from methanol, which afforded

25 as pure colorless crystals in 93% yield.

IH NMR (CDCb): 82.00,2.03,2.04,2.05 (4s, 12H total, 4 x COCH3), 3.76 (ddd, IH, H-5, J

=2.38, 4.76,10.06 Hz) 4.12 (dd, IH, H-6, J= 2.24,12.53 Hz), 4.23 (dd, IH, H-6', J= 4.83,

12.53 Hz), 4.61 (d, IH, H-l, J =8.78 Hz), 4.91 (dd, 1H, H-2, J =8.97, 9.52 Hz), 5.06 (dd,

IH, H-3, J= 9.80,9.52 Hz), 5.17 (dd, IH, H-4, J= 9.52, 9.52 Hz).
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l3C NMR (CDCh): 821.7,21.7,21.8,21.9,62.8,68.9,71.7,73.7,75.1,88.9, 170.1, 170.2,

170.9, 171.4.

m/z calculated: 373.11

Rf= 0.45 (hexanes / ethyl acetate 1:1)

Melting point: 105-110 °c

[a]D -30.8 (c 1.0, CH2Ch).

m/z found: 391.2 (+H20).
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Synthesis of glycosyl imines

Typical procedure for synthesis of glucopyranosyl imines.

In an oven-dried 100 mL round bottom flask equipped with magnetic stir bar and

septum inlet was placed D-glucosyl azide 25 (1 mmol) dissolved in methylene chloride (5

mL). To the solution was added aldehyde (2 mmol). DPPE (0.55 mmol) was dissolved in 5

mL of methylene chloride and was slowly added to the reaction mixture dropwise. The

solution was allowed to stir at room temperature for 8-12 hours. Progress of reaction was

monitored by TLC using 1:1 and 3: 1 hexanes/ethyl acetate as solvent systems. Upon

completion of the reaction, phosphine oxide, which is a byproduct, was removed by filtration

through dry silica in a short column using 3:1 hexanes/ethyl acetate as solvent system. The

filtrate obtained was reduced and the product was isolated via flash column using 3: 1

hexanes/ethyl acetate as solvent system. The column afforded products 28-32 as crystals with

yields in the range of 47-87%.

Aldehyde

p-Nitro benzaldehyde

Benzaldehyde

4-Bromo benzaldeyde

Table 3: Aldehyde reagents.

Aldehyde

4-Ethyl benzaldeyde

Napthaldehyde

40

Synthesis of glycosyl imines

Typical procedure for synthesis of glucopyranosyl imines.

In an oven-dried 100 mL round bottom flask equipped with magnetic stir bar and

septum inlet was placed D-glucosyl azide 25 (1 mmol) dissolved in methylene chloride (5

mL). To the solution was added aldehyde (2 mmol). DPPE (0.55 mmol) was dissolved in 5

mL of methylene chloride and was slowly added to the reaction mixture dropwise. The

solution was allowed to stir at room temperature for 8-12 hours. Progress of reaction was

monitored by TLC using 1:1 and 3: 1 hexanes/ethyl acetate as solvent systems. Upon

completion of the reaction, phosphine oxide, which is a byproduct, was removed by filtration

through dry silica in a short column using 3:1 hexanes/ethyl acetate as solvent system. The

filtrate obtained was reduced and the product was isolated via flash column using 3: 1

hexanes/ethyl acetate as solvent system. The column afforded products 28-32 as crystals with

yields in the range of 47-87%.

Aldehyde

p-Nitro benzaldehyde

Benzaldehyde

4-Bromo benzaldeyde

Table 3: Aldehyde reagents.

Aldehyde

4-Ethyl benzaldeyde

Napthaldehyde



41

p-Nitro benzaldehyde derivative 29.

P
N02

AcO I
ACO~O ~
AcO~N-

OAc H

29

IH NMR (CDCb): () 2.01, 2.04, 2.05, 2.06, (4s, 12H total, 4 x CaCH3), 3.91 (ddd, 1H, H-5, J

= 2.38, 4.76, 6.95 Hz) 4.22 (dd, 1H, H-6, J= 2.11,12.44 Hz), 4.31 (dd, 1H, H-6', J= 4.66,

12.35 Hz), 4.91-5.10 (m, 1H, H-2), 5.13 (dd, IH, H-3, J= 9.70,9.88 Hz), 5.39 (dd, lH, H-4,

J= 9.33, 9.52 Hz), 7.88 (d, 1H, H-1, J= 8.78 Hz), 8.05 - 8.51 (m, 4H, Ar-H), 8.50 (s, 1H, R-

N=C-H-R).

13C NMR (CDCb): () 21.9, 21.9, 22.0, 22.1, 74.4,75.0, 92.4, 124.9, 130.4, 141.6, 150.4,

159.2, 170.2, 170.4, 171.2, 171.6.

m/z calculated: 480.13

Rr= 0.51 (hexanes / ethyl acetate 1:1)

Melting point: 115-120 °c

m/z found: 481.1 (+ H+).
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Benzaldehyde derivative 30.

AcO ~IACO~O ~
ACO~N-

OAc H

30

lH NMR (CDCb): 8 1.99,2.00,2.04,2.08 (4s, 12H total, 4 x COCH3), 3.87 (ddd, IH, H-5, J

= 2.10, 4.76, 9.88 Hz) 4.20 (dd, IH, H-6, J= 2.01,12.26 Hz), 4.30 (dd, IH, H-6', J= 4.85,

12.35 Hz), 4.83 (d, IH, H-l, J = 8.78 Hz), 5.01 (dd, 1H, H-2, J = 9.33, 9.33 Hz), 5.17 (dd,

IH, H-3, J = 9.70, 9.70 Hz), 5.35 (dd, I H, H-4, J = 9.52, 9.51 Hz), 7.39 - 7.50 (m, 3H, Ar-

H), 7.70 -7.74 (m, 2H, Ar-H), 8.40 (s, IH, R-N=C-H-R').

13C NMR (CDCh): 822.7, 21.8,21.9,22.0, 63.3, 69.6, 73.1, 74.5, 74.8,94.3, 129.6, 129.8,

132.7, 136.1, 162.7, 169.9, 170.3, 171.2, 171.5.

m/z calculated: 435.15

Rf = 0.45 (hexanes / ethyl acetate 1: 1)

Melting point: 110-115 °c

[u]D-34.39 (c 2.0, CH2Ch)

m/z found: 436.2 (+ H+).
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Benzaldehyde derivative 30.

AcO ~IACO~O ~
ACO~N-

OAc H

30
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Melting point: 110-115 °c

[u]D-34.39 (c 2.0, CH2Ch)

m/z found: 436.2 (+ H+).
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4-Bromo benzaldehyde derivative 31.

P
Br

AcO ~ I
AcO 0 ~AC~N-

OAc H

31

IH NMR (CDCh): 82.02,2.04,2.06,2.10 (4s, 12H total, 4 x CaCH3), 3.89-3.92 (m, 1H, H-

5),4.23 (dd, 1H, H-6, J = 1.09, 12.08 Hz), 4.32 (dd, I H, H-6', J = 4.66, 12.35 Hz), 4.87 (d,

1H, H-1, J= 8.78 Hz), 4.99 (dd, 1H, H-2, J= 9.15, 9.33 Hz), 5.17 (dd, 1H, H-3, J= 9.80,

9.52 Hz), 5.38 (dd, 1H, H-4, J = 9.33, 9.52 Hz), 7.55 (d, 2H, Ar-Ha, J = 8.42 Hz), 7.58 (d,

2H, Ar-Hb' J = 8.42 Hz), 8.38 (s, 1H, R-N=C-H-R').

l3C NMR (CDCh): 821.8,21.9,22.022.1,63.2,69.6,73.0,74.4,74.9,93.7, 127.3, 131.1,

132.9,135.0,161.1,170.1,170.4,171.2,171.6.

m/z calculated : 513.06

Rf= 0.38 (hexanes / ethyl acetate 1:1)

Melting point: 135-140 DC

[a]D-37.2 (c 2.0, CH2Ch)

m/z found: 514.1 (+ H+).
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4-Ethyl benzaldehyde derivative 32.

P
CH2CH3

AC~O I
AcO 0 ~

AcO N=-
OAc H

32

'H NMR (CDCb): <5 1.23 (t, 3H, Ar-CH2CH3, J = 7.37 Hz) 1.97, 2.01, 2.04,2.08 (4s, 12H

total,4 x CaCH3), 2.66 (g, 2H, Ar-CH2CH3, J= 7.56 Hz) 3.87 (ddd, 1H, H-5, J= 2.19, 4.76,

10.06 Hz) 4.20 (dd, 1H, H-6, J = 2.28, 12.35 Hz), 4.30 (dd, 1H, H-6', J = 4.76, 12.26 Hz),

4.80 (d, 1H, H-1, J = 8.78 Hz), 5.02 (dd, 1H, H-2, J = 9.36,9.15 Hz), 5.18 (dd, 1H, H-3, J=

9.82,9.70 Hz), 5.34 (dd, 1H, H-4, J = 9.52, 9.52 Hz), 7.22 (d, 2H, Ar-Ha, J = 8.05 Hz), 7.65

(d, 2H, Ar-Hb, J = 8.05 Hz), 8.40 (s, 1H, R-N=C-H-R').

l3C NMR (CDCb): <5 1.3, 16.6,21.9,21.9,22.1, 30.2, 63.3, 69.6, 73.1, 74.5, 74.9, 94.9,

129.2,129.9,133.6,149.4,163.0,170.0,170.3,171.3,171.7.

m/z calculated: 463.18

Rf= 0.56 (hexanes / ethyl acetate 1:1)

Melting point: 135-140 °c

[a]D-34.9 (c 2.0, CH2Ch)

m/z found: 464.2 (+ H+).
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Naphthaldehyde derivative 33.

AeO ~I~
Aeo~O ~ h
AeO~N-

OAe H

33

lH NMR (CDCh): 02.02,2.03,2.06,2.10 (4s, 12H total, 4 x CaCH3) 3.93 (ddd, 1H, H-5, J

= 2.38, 4.76,10.06 Hz), 4.26 (dd, 1H, H-6, J= 2.28,12.35 Hz), 4.35 (dd, IH, H-6', J= 4.76,

12.44 Hz), 4.96 (d, IH, H-1, J= 8.84 Hz), 5.14 (dd, IH, H-2, J= 9.15, 9.52 Hz), 5.22 (dd,

1H, H-3, J= 9.86, 9.52 Hz), 5.41 (dd, 1H, H-4, J= 9.51, 9.52 Hz), 7.48-8.70 (m, 7H, Ar-H),

9.07 (s, 1H, R-N=C-H-R').

13C NMR (CDCh): 021.8,21.9,22.0,22.1,63.3,69.7,73.2,74.6,94.7, 124.9,126.2,127.2,

128.4,129.7,130.9,131.4,132.4,133.2,134.7,162.3,170.2,170.4, 171.3,171.7.

m/z calculated: 485.16

Rf = 0.41 (hexanes / ethyl acetate 1:1)

Melting point: 145-150 °c

[a]D-38.31 (c 2.0, CH2Ch)

m/z found: 486.2 (+ H+).
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Typical procedure for synthesis of glucopyranosyl-t,2,3-triazoles via Cu(l)-catalyzed

reactions.

D-glucosyl azide 25 (1 mmol), CUS04 (O.OIg, 0.04 mmol), ascorbic acid (0.1 g,0.56

mmol) and alkyne (1.1 mmol) were placed in 100 mL two neck round bottom flask equipped

with condenser and thermometer. Reactants were heated together in water (15 mL) at 60-70

°C for 8-12 hours. The reaction mixture was cooled to room temperature and then in an ice

bath. The solid was filtered using a glass frit and washed with water (10 mL) and methanol

(10 mL) to leave a fluffy powder. The crude product was further subjected to

recrystallization using 95% ethanol to afford product as a pure solid.

Alkyne

Heptyne

Nonyne

Decyne

Dodecyne

Phenyl acetylene

Ethyl propiolate

Alkyne

Diethyl acetylene dicarboxylate

4-Ethynyl toluene

I-Ethynyl-3-fluorobenzene

4-Ethynyl anisole

3-Cyclopentyl-l-propyne

Table 4: Alkyne reagents
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Heptyne derivative 38.

38

IH NMR (CDCh): 80.86 (t, 3H, C4Hg-CH3, J = 6.95 Hz), 1.22 -1.24 (m,4H) 1.67-1.69 (m,

2H) 1.83,2.00,2.04,2.05 (4s, 12H total, 4 x CaCH3), 2.68 (t, 2H, R-CfuC3H6CH3, J = 7.5

Hz), 3.97 (ddd, IH,H-5,J=2.l9,4.94, 7.14 Hz),4.11 (dd, IH,H-6,J=2.l, 12.5 Hz),4.27

(dd, IH, H-6', J = 4.9, 12.6 Hz), 5.21 (dd, IH, H-2, J= 9.3, 10.1 Hz), 5.36-5.44 (m, 2H, H-3,

H-4), 5.83 (d, IH, H-l,J= 8.9 Hz), 7.49 (s, IH,Triazole-H).

l3C NMR (CDCh): 8 1.3,7.1,15.3,21.4,21.8,22.00,23.6,26.8,30.0,32.5, 62.7, 68.9, 71.3,

73.8,76.1,77.9,86.7,119.8,169.8,170.3,170.8,171.4.

m/z calculated: 469.206

Rf = 0.21 (hexanes / ethyl acetate 1:1)

Melting point: 155-160 °c

[a]D -30.6 (c, 0.5, CHCh)

m/z found: 470.0 (+ H+).
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48

Nonyne derivative 39.

39

IH NMR (CDCb): 15 0.86 (t, 3H, R-C6HI2-CH3, J= 6.74 Hz), 1.26-1.40 (m, 8H), 1.51-1.65

(m,2H) 1.86,2.02,2.06,2.08 (4s, 12H total, 4 x COCH3), 2.69 (t, 2H, R-CH2C6H12CH3, J =

7.68 Hz), 3.99 (m, lH, H-5), 4.12 (dd, 1H, H-6, J = 1.8, 12.44 Hz), 4.29 (dd, 1H, H-6', J =

5.03, 12.53 Hz), 5.22 (dd, 1H, H-2, J = 9.52, 9.52 Hz), 5.37-5.45 (m, 2H, H-3,H-4), 5.84 (d,

1H, H-l, J= 8.78),7.49 (s, IH,Triazole-H).

l3C NMR (CDCb): 15 1.3, 15.4,21.4,21.8,22.0,23.9,26.8,30.2,30.3,33.0,33.3, 62.7,68.9,

71.3,73.8,76.1,86.7,119.8,150.2,169.8,170.3,170.8, 171.4.

m/z calculated: 497.237

Rf= 0.27 (hexanes / ethyl acetate 1:1)

Melting point: 135-140 °c

[a]D-28.2 (c, 0.5, CHCh)

m/z found: 498.1 (+ H+).
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Decyne derivative 40.

AC~ON/~No \ I (CH2hCH 3
AcO N II

AcO
AcO H

40

IH NMR (CDCh): 80.84 (t, 3H, R-C7Hw CH3, J =6.58 Hz), 1.24-1.40 (m, lOH) 1.51~1.65

(m,2H) 1.84,2.01,2.04,2.06 (4s, 12H total, 4 x COClli), 2.68 (t, 2H, R- ClliC7H14CH3, J=

7.59 Hz), 3.96-3.99 (m, IH, H-5), 4.10--4.30 (m, 2H, H-6, H-6'), 5.21 (dd, IH, H-2, J= 8.78,

9.33 Hz), 5.36-5.44 (m, 2B, H-3, H-4), 5.83 (d, IH, H-l, J= 7.88 Hz), 7.48 (s, IH, Triazole-

H).

13C NMR (CDCh): 81.3,15.4,21.4,21.8,21.8,21.9,23.9,26.8,30.1,30.4,30.4, 30.5, 62.7,

68.8,71.3,73.9,76.1,86.7,119.7,150.2,166.1,169.8, 170.3,170.8,171.4.

m/z calculated: 511.253

Rf= 0.28 (hexanes / ethyl acetate 1:1)

Melting point: 130-135 °C

[u]D-92.4 (c, 0.5, CHCh)

m/z found: 512.1 (+ H+).
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Dodecyne derivative 41.

41

lH NMR (CDCb): (50.86 (t, 3H, R-C9HI8-CH1, J = 7.04 Hz), 1.24-1.40 (m,14H), 1.75- 1.85

(m, 2H), 2.05, 2.05, 2.07, 2.07 (4s, 12H total, 4 x COCH1), 2.69 (t, 2H, R- CfuC 11 H22CH3, J

= 7.60 Hz), 3.97 (m, IH, H-5), 4.11--4.31 (m, 2H, H-6, H-6'), 5.22 (dd, IH, H-2, J= 8.60,

9.15 Hz), 5.36-5.45 (m, 2H, H-3, H-4), 5.84 (d, IH, H-l,J= 7.87), 7.48 (s, IH,Triazole-H).

13C NMR (CDCb): (5 7.1,15.4,21.4,21.8,21.8,21.8,23.9,26.9,30.4,30.6,30.8, 33.1, 62.7,

68.9, 71.3, 73.9, 76.2, 86.7, 119.8, 150.2, 169.8, 170.3, 170.8, 171.4.

m/z calculated: 539.284

Rr= 0.30 (hexanes / ethyl acetate 1:1)

Melting point: 135-140 °c

[a]D-I08.4 (c, 0.5, CHCb)

m/z found: 540.1 (+ H+).
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Phenyl acetylene derivative 42.

AC~ON-;;':t-O
AcO 0 ~ II ~ II

AcO
AcO H

42

l H NMR (CDCb): 8 1.65, 1.88,2.03,2.08 (4s, 12H total, 4 x COCH3), 4.03 (ddd, IH, H-5, J

= 1.83,4.76, 10.07 Hz), 4.15 (dd, IH, H-6, J = 1.83, 12.53 Hz), 4.32 (dd, 1H, H-6', J =5.12,

12.63 Hz), 5.27 (dd, IH, H-2, J =9.52, 9.88 Hz), 5.44 (dd, IH, H-3, J =9.33, 9.33 Hz), 5.52

(dd, IH, H-4, J = 9.52,9.33),5.93 (d, IH, H-l, J= 9.15 Hz) 7.25-7.84 (m, 5H, Ar -H), 8.00

(s, IH, Triazole- H).

l3C NMR (CDCb): 821.5,21.8,22.0,62.7,68.9,71.3,73.9,76.3,86.9, 118.8, 126.9, 129.6,

129.9,130.8,149.1,169.9,170.8,171.4.

HRMS calculated for C22H25N309 (+Na): 498.1488, found 498.1451.

m/z calculated: 475.15

Rr= 0.21 (hexanes / ethyl acetate 1: 1)

Melting point: 200-205 °c

[a]D-85.8 (c, 1.0, CH2Ch)

m/z found: 476.1 (+ H+).
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52

Ethyl propiolate derivative 43.

43

lH NMR (CDCh): 8 1.39 (t, 3H, J = 7.14 Hz, R-COO-CH2-CH3) 1.87, 2.01, 2.05, 2.07 (4s,

12H total, 4 x COCfu), 4.01 (m, IH, H-5), 4.13 (dd, 1H, H-6, J = 2.10, 12.72 Hz), 4.29 (dd,

IH, H-6', J = 5.03, 12.63 Hz), 4.40 (m, 2H, R-COO-Cfu-CH3) 5.23 (dd, IH, H-2, J = 9.33,

9.88 Hz), 5.40 (m, 2H, H-3, H-4), 5.92 (d, IH, H-l, J = 8.97 Hz), 8.34 (s, IH, Triazole-H).

13C NMR (CDCh): 8 1.3, 15.5, 21.4, 21.7, 21.8, 21.9, 62.6, 62.7, 68.7, 71.6, 73.5, 87.0,

127.1,141.9,161.1,169.8,170.2,170.7,171.3.

m/z calculated : 471.148

Rf= 0.17 (hexanes / ethyl acetate 1: 1)

Melting point: 165-170 °c

[a]D -66.4 (c, 0.5, CHCh)

m/z found: 471.9 (+ H+).
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53

Diethyl acetylene dicarboxylate derivative 44.

AC~ON'"~.No \ I COzEt
AcO N /I

AcO
AcO COzEt

44

Hz) 1.88,2.02,2.04,2.06 (4s, 12H total, 4 x COC!iJ), 3.95 (ddd, lH, H-5, J = 2.1, 4.85,

10.06 Hz), 4.10 (dd, lH, H-6, J= 2.3,12.63 Hz), 4.26 (dd, IH, H-6', J= 4.94,12.63 Hz),

4.41 (q, 2H, C02ClliCH3, J = 7.04, 7.14 Hz) 4.46 (g, 2H, C02ClliCH3, J = 7.14, 7.06 Hz)

5.23 (dd, IH, H-2, J= 9.70, 9.88 Hz), 5.38 (m, 2H, H-3, J= 9.33,9.51 Hz) 5.96 (dd, IH, H-

4,J=9.33,9.5l Hz), 6.11 (d, IH,H-l,J=9.33 Hz).

DC NMR (CDCh): 0 15.1, 15.4,21.6,22.8,21.8,21.9,62.5,63.2,64.4,68.4,70.7,74.0,

76.2,86.5,131.8,141.3,158.9,160.5,169.4,170.1,171.1,171.3.

m/z calculated: 543.17

Rf= 0.50 (hexanes / ethyl acetate 1:1)

Melting point: 110-115 °C

[a]D-33.4 (c, 0.5, CHCh)

m/z found: 561.1 (+ H20).
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4-Ethynyl toluene derivative 45.

AC~ON~::r-o-
AcO 0 ~ II ~ t'l

AcO
AcO H

45

IH NMR (CDCh): 8 1.87,2.03,2.07,2.08 (4s, 12H total, 4 x CaCH3), 2.37 (s, 3H, Ar- CH3),

4.02 (ddd, lH, H-5, J = 2.10, 5.12, 7.14 Hz), 4.14 (dd, lH, H-6, J = 2.01, 12.63 Hz), 4.32

(dd, lH, H-6', J= 5.03,12.72 Hz), 5.26 (dd, lH, H-2, J= 9.33,10.06 Hz), 5.43 (dd, lH, H-3,

J = 9.33, 9.33 Hz), 5.52 (dd, lH, H-4, J = 9.52, 9.52 Hz), 5.92 (d, lH, H-l, J = 9.33 Hz),

7.22-7.72 (m, 4H, Ar -H), 7.95 (s, lH, Triazole-H).

l3C NMR (CDCh): 821.5, 21.8, 22.0, 22.6, 62.7, 68.8, 71.3, 73.9, 76.2, 86.8, 118.4, 126.8,

127.8, 130.5, 139.5, 149.5, 166.1, 167.5, 169.9, 170.3, 170.8, 171.4, 183.3.

m/z calculated: 489.174

Rl= 0.21 (hexanes / ethyl acetate 1:1 )

Melting point: 220-225 °c

[u]D-34.6 (c, 0.5, CHCh)

m/z found: 490.0 (+ H+).
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l-Ethynyl-3-fluorobenzene derivative 46.

F

AC~ON-:::-::r-Q
AcO 0 ~!J ~;/

AcO
AcO H

46

lH NMR (CDCb): () 1.88,2.03,2.07,2.08 (4s, 12H total, 4 x COCH3), 4.02 (ddd, 1H, H-5, J

=2.19,5.10,10.25 Hz), 4.15 (dd, 1H, H-6, J= 2.01,12.63 Hz), 4.33 (dd, IH, H-6', J= 5.12,

12.63 Hz), 5.26 (dd, 1H, H-2, J= 9.15,10.06 Hz), 5.47 (m, 2H, H-3, H-4), 5.92 (d, 1H, H-1,

J= 8.97 Hz) 7.36-7.60 (m, 4H, Ar -H), 8.01 (s, 1H, Triazole- H).

l3C NMR (CDCb): () 21.5, 21.8, 22.0,62.7,68.8,71.3,73.7,76.3,86.9,113.8,114.0, 116.6,

119.3,122.5,122.5,131.5,131.5,170.0,170.3,170.8,171.4.

HRMS calculated for C22H2SN309F (+Na): 516.1394, found 516.1385.

m/z calculated: 493.149

Rf = 0.48 (hexanes / ethyl acetate 1:1)

Melting point: 210-215 °c

[a]D-68.6 (c, 0.5, CHCh)

m/z found: 494.0 (+ H+).
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4-Ethynyl anisole derivative 47.

AC~ON-::;'~
AcO 0 ~ II ~ Ii OMe

AcO
AcO H

47

IH NMR (CDCh): 0 1.87, 2.03, 2.07, 2.08 (4s, 12H total, 4 x COCH3), 3.83 (s, 3H, R-O-

CH3), 4.01(ddd, IH, H-5, J= 2.19,5.12,7.14 Hz), 4.14 (dd, IH, H-6, J= 2.01,12.63 Hz),

4.31 (dd, IH, H-6', J= 5.03,12.72 Hz), 5.26 (dd, IH, H-2, J= 9.33,10.06 Hz), 5.42 (dd, IH,

H-3, J = 9.33, 9.52 Hz), 5.52 (dd, IH, H-4, J = 9.24,9.61 Hz), 5.91 (d, IH, H-l, J = 9.33

Hz), 6.94-7.76 (m, 4H, Ar -H), 7.91 (s, IH, Triazole- H).

l3C NMR (CDCh): 0 21.5, 21.8, 21.9, 22.0, 56.5, 62.7, 68.8, 71.2, 73.9, 76.2, 86.8, 115.3,

123.5, 128.2, 160.8, 170.0, 170.3, 170.9, 171.5.

HRMS calculated for C23H2SN30lO(+Na): 528.1594, found 528.1591.

m/z calculated: 505.17

Rf = 0.47 (hexanes / ethyl acetate 1:1)

Melting point: 200-205 °c

[u]D-28.2 (c, 0.5, CHCh)

m/z found: 506.10 (+ H+).
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3-Cyclopentyl-l-propyne derivative 48.

AC~ON'{D.. N
AcO 0 ~ II

AcO
AcO H

48

lH NMR (CDCh): 8 1.15-1.89 (m, 9H) 1.85, 2.01, 2.06, 2.07 (4s, 12H total, 4 x COC!:b),

2.65-2.76 (m, 2H), 3.97 (ddd, IH, H-5, J = 2.19, 4.94, 10.06 Hz), 4.13 (dd, IH, H-6, J =

2.01, 12.63 Hz), 4.29 (dd, IH, H-6', J = 5.12, 12.63 Hz), 5.22 (dd, IH, H-2, J = 9.33, 9.88

Hz), 5.37-5.45 (m, 2H, H-3, H-4), 5.84 (d, IH, H-l, J = 9.15), 7.50 (s, IH, Triazole- H).

l3C NMR (CDCh): 8 21.4, 21.8, 21.8, 22.0, 26.3, 32.8, 33.5, 41.0, 62.7, 68.9, 71.3, 73.8,

76.1,86.7,120.0,149.7,169.8,170.3,170.8,171.4.

m/z calculated: 481.206

Rf =0.56 (hexanes / ethyl acetate 1: 1)

Melting point: 160-165 °c

[u]D-53 (c, 0.5, CHCh)

m/z found: 482.1 (+ H+).
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Synthesis of methyl 2,3-0-isopropylidene-a-L-rhamnopyranoside (50)

In an oven dried 250 mL round bottom flask L-rhamnose monohydrate (49, 25 g,

152.4 mmol) was dissolved in 200 proof ethanol (100 mL) and the solution was evaporated

to remove water of hydration. This process was repeated two more times to ensure complete

removal of water of hydration. Next, dehydrated L-rhamnose was dissolved in anhydrous

methanol (250 mL), which was saturated with HCl gas for five minutes. The reaction was

allowed to run for 32 hours under nitrogen atmosphere. After 32 hours, TLC (ethyl acetate)

showed the formation of the product (Rt = 0.15). The reaction solution was reduced and the

solvent removed. The residue was dissolved in 20 mL DMF, p-toluene sulfonic acid (800

mg, 4.2 mmol) and dimethoxypropane (20mL) were added. Reaction was allowed to run for

12 hours under nitrogen atmosphere. After 12 hours, TLC (ethyl acetate) showed the

formation of product (Rt = 0.49). The reaction mixture was reduced and washed with water

(3 x 20mL) and saturated NaHC03 (3 x 20 mL) and extracted with ethyl acetate (100 mL).

The organic extract was dried over MgS04, filtered and the solvent removed to afford methyl

2,3-0-isopropylidene-a-L-rhamnopyranoside (50) as yellow oil in 68% yield.

lH NMR (CDCb): 8 1.30 (d, 3H, H-6, J = 6.2 Hz), 1.32, 1.50 (2s, 6H total, C(CH3)2), 2.92

(d, lH, OH, J= 4.39 Hz), 3.35 (s, 3H, OCH3) 3.53-3.62 (m, 2H), 4.09 (d, lH, H-2, J = 5.7

Hz), 4.04 (q, lH, H-3, J= 5.42 Hz), 4.82 (s, 1H, H-1).

13C NMR (CDCh): 8 18.7,27.4,29.2,56.1,66.8, 75.5, 76.9, 79.6, 99.1, 110.4.

m/z calculated: 218.24 m/z found: 187.1 (-OCH3)
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Synthesis of 51 from methyI2,3-0-isopropylidene-a-L-rhamnopyranoside (50)

Methyl 2,3-0-isopropylidene-a-L-rhamnopyranoside (50, 4.0 g, 18.3 mmol) and

pyridinium chlorochromate (15.0 g, 4 equivalents) were stirred in dichloromethane (300 mL)

under nitrogen atmosphere at room temperature. Reaction was allowed to run for 12 hours.

Reaction rate was monitored by TLC (ethyl acetate), which showed formation of product (Rj

= 0.7). The reaction mixture was mixed with 200 mL ether:hexane (I: 1) and was filtered

through a short column of dry silica gel. The solvent was then reduced to afford 51 as yellow

oil in 64% yield.

lH NMR (CDCh): 0 1.34, 1.46 (2s, 6H total, C(CH3h), 1.37 (d, 3H, H-6, J= 6.7 Hz), 3.43 (s,

3H, OCH3) 4.18--4.27 (m, 3H), 4.38--4.42 (m, IH), 4.82 (s,IH, H-1).

l3C NMR (CDCh): 0 17.0,26.7,27.9,56.9,65.0, 70.7, 76.9, 99.1, 112.3,205.3.

Synthesis of alcohol 52 from ketone 51

The product (1 g, 4.62 mmol) from the previous step was dissolved in 20 mL of

anhydrous methanol and sodium borohydride (0.174 g, 4.62 mmol) was added and the

reaction was allowed to run for 12 hours under nitrogen atmosphere. TLC showed formation

of the product (Rr= 0.5, hexane:ethyl acetate, 1:1). The reaction was then washed with water

(20 mL) and methylene chloride (2 x 20 mL). The organic extracts were dried over

anhydrous MgS04, filtered and reduced to afford 52 as yellow oil in 83% yield.
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1H NMR (CDCh): 8 1.30 (d, 3H, H-6, J = 6.59 Hz), 1.34, 1.55 (2s, 6H total, C(CH1)2), 2.21

(d, IH, OH, J= 6.77 Hz), 3.37 (s, IH, OCH3) 3.45-3.58 (m, IH), 3.79 (q, IH, H-3, J= 6.52

Hz), 3.99 (d,IH, H-3, J= 6.40 Hz), 4.15-4.18 (m, IH), 4.9 (s, IH, H-l).

13C NMR (CDCb): 8 17.5,26.2,27.0,55.9,68.0, 71.7, 73.7,99.5, 110.2, 170.1.

m/zcalculated: 218.24 m/zfound: 187.1 (-OCH3).
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Figure 23: 400 MHz lH NMR spectrum of imine product 32
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Figure 29: 400 MHz lH NMR spectrum oftriazole product 38
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Figure 45: 400 MHz IH NMR spectrum oftriazole product 43
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