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Thesis Abstract

The following work describes an attempted synthesis towards making N-Acetyl-
D-Fucosamine from N-Acetyl-D-Glucosamine. The bacterium Staphylococcus aureus
depends on a capsular polysaccharide to protect it from being destroyed by the body’s
immune defense system. Thus, if the rare sugar N-Acetyl-D-Fucosamine can be made,
more experiments can be done to make small molecule glycomimetics that will possibly

inhibit capsular polysaccharide formation.
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Introduction

Sugars, in one form or another, can be traced back to the early times of
civilization. Simple sugars had the formula C4(H,O), and were therefore thought to be
hydrates of carbon. They were then called carbohydrates although the word sugar is
slowly being replaced by the word saccharide meaning “sugarlike.”’ Carbohydrates have
been used extensively as starting materials in enantioselective syntheses because they are
generally inexpensive. Many of the syntheses start with D-glucose, however since
glucose does not normally resemble the desired final product, many of the syntheses
involve multi-step processes.2 The importance of carbohydrates is exemplified by their
uses in many different industries. In manufacturing, there are obvious major uses for
sucrose and paper, in the food industry starch is used frequently for baked goods and
staples such as pasta, and in the textile industry cellulose is used to make clothes in the
form of cotton and wool.! In the pharmaceutical industry, carbohydrates are found
frequently as components of antibiotics. In this industry, optical purity 1s important
because a racemic drug in biological systems behaves like a mixture of the two
compounds, often with only one of the enantiomers having the desired properties.” Other
arcas that highlight the importance of carbohydrates are the fine chemical industry that
markets pure sugars to consumers, and the nutrition industry that markets them as dietary
supplements. Carbohydrates are also the most abundant organic components in plants
and they play key roles in the processes of life."

With the importance of carbohydrates established, it is important to understand
why they are used in synthetic chemistry. One of the main reasons to use carbohydrates

is that the price of these materials is often so low that syntheses can usually be carried out
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on any scale. The greatest use for these is as synthons for compounds with carbon chains
with contiguous or noncontiguous secondary alcohols. Another advantage to these
molecules is the stereocontrol possible when manipulating functions. A major advantage
of carbohydrates as starting materials is that they come from renewable natural sources.
Some of these sources are various polysaccharides such as starch, mannans, and xylans.?
One of the few drawbacks though of carbohydrates from a synthetic perspective is that
they can be overfunctionalized.?

Carbohydrates are organized into four main classes according to their degree of
polymerization, which include monosaccharides, oligosaccharides, polysaccharides, and
the class that includes DNA, RNA, nucleotides, and nucleosides." The first class,
monosaccharides, are chiral polyhydroxyalkanals or polyhydroxyalkanones that exist in

hemiacetal forms; an example of one is in Figure 1.

OH
()]
HO
HO/%OH
HO

Figure 1: Monosaccharide example, -D-glucopyranose.

There are two groups of these forms that are determined by whether the acyclic
forms possess an aldehyde or keto group and are thus called aldoses or ketoses with

examples of each shown in Figure 2}

CHO CH,OH
H——OH =
HO——H H——OH
H——OH HO——H
H——OH HO——H
CHZOH CH,OH

Figure 2: Examples of an aldose (D-glucose) and a ketose (L-fructose).
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The D and L notations refer to the orientation of the hydroxyl group on the bottom
stereocenter in the Fischer projection. If the hydroxyl group is on the left of the chain,
this represents the L enantiomer and if the hydroxyl group is on the right of the chain this
represents the D enantiomer. If the Fischer projections are then transformed into the
cyclic ring orientation, the hydroxyl groups will be given either o or B notations based on
their orientations. Based on the orientation of the anomeric center, which is the atom at
C-1, if the hydroxyl at this anomeric center is positioned below the ring it is given the o
notation. If the hydroxyl group is above the cyclic ring, it is given the 3 notation. The
monosaccharides are also grouped according to the size of the rings into five-membered
furanoses or six-membered pyranoses.l Examples of a (A and C) and $ (B and D)

anomers for both 5- (C and D) and 6- (A and B) membered rings are shown in Figure 3.

H

Figure 3: Examples of o and 3 anomers for 5- and 6-membered rings.

Within the six-membered rings, there are also numerous conformations possible

when dealing with carbohydrates. The two most extreme forms would include the ‘c



and the 'C, forms shown in Figure 4>*% The form that the current research involves the
g

most is the *C; form.

OH OHOH
ol it
o OH
HO OH OH

Figure 4: *C; and the 'C4 forms of D-glucopyranose.

Monosaccharides cannot be depolymerized by hydrolysis into simple sugars." An
example of a monosaccharide reaction would be the reaction with an alcohol and an acid,
which would convert into a monomethyl acetal (or a methyl glycoside), which is called a
Fisher g]ycosidation.6 This type of reaction can be complicated and can lead to four
isomeric products. For D-glucose, for example, the most thermodynamically stable
product would be the o-pyranoside, which can be isolated through crystallization;
however the kinetic product formed would be the five-membered furanoside.”® These
glycosidic products are so useful because they are stable to many reagents and their
cyclic forms are locked.

The next class of carbohydrates is the oligosaccharides. These carbohydrates are
polyacetals that have a low degree of polymerization. When there are a number of
monosaccharides linked together by acetal oxygen bridges such as in Figure 5, their

overall composition can be seen.'
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OH

Melibiose Raffinose

Figure 5: Examples of a disaccharide and a trisaccharide.

Oligosaccharides with a lower degree of polymerization often have a sweet taste
to them; if their degree of polymerization is above four monosaccharide units though the
oligosaccharides are generally tasteless. There are two types of oligosaccharides; simple
oligosaccharides and conjugate oligosaccharides. Simple (or “true”) oligosaccharides are
oligomers and polymers of monosaccharides that yield only monosaccharides on
complete hydrolysis. Conjugate oligosaccharides are oligomers and polymers of
monosaccharides linked to nonsaccharides such as lipids or peptides.1

The third class of carbohydrates is the polysaccharides. These differ from
oligosaccharides in the degree of polymerization; polysaccharides can reach a degree of
polymerization of 10°, whereas oligosaccharides only reach a degree of polymerization of
10 units. The higher the degree of polymerization, the more the physical properties
change; the solubility of the material will start to decrease and the viscosity will start to
increase.! There are also two general classes of polysaccharides. The first is
homopolysaccharides, which are simple polymers having only one type of
monosaccharide as a repeating unit. The other class is heteropolysaccharides, which are

made up of more than one type of monosaccharide.’
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The final major class of carbohydrate materials include; DNA, RNA, nucleotides,
and nucleosides. The main difference between this class and the other classes is that it
consists of units that are linked by phosphate esters, and not through glycosidic linkages
as occurs in oligo- and polysaccharides.[

One of the main reasons we are so interested in carbohydrates is that they are
found in the opportunistic bacteria Staphylococcus aureus. This bacterium is a pathogen
responsible for a variety of human and animal diseases. It is also a major cause of wound
infections and has the persistent potential to induce osteomyelitis, endocarditis, and
bacteremia, leading to secondary infections in many of the major 0rgans.9 S. aureus is
the number one cause of infections in hospitalized patients. Those most susceptible to
staph infections are those who abuse drugs, patients undergoing surgical procedures,

1011 Some of the

those with prosthetic devices, and immunocompromised hosts.
conditions the bacteria causes include scalded-skin syndrome, toxic shock syndrome,
septic arthritis, and food poisioning.l3 S. aureus 1s a major cause of community-acquired
infection and it is most common in hosts with compromised or defective immune
systems.”  Staphylococci that cause disease in humans and animals are not inherently
pathogenic organisms. Rather the purpose of a given virulence factor is not to cause
disease but to enhance the survival of the bacterium in adverse environments. A
virulence factor would be a factor produced by a bacterium that is not essential for
growth but allows survival within or on a host organism in a non-symbiotic manner
meaning that this factor is extremely infectious. The bacterial survival during the

infection depends on the ability of the bacterium to enclose or entrap the host’s defenses,

which would primarily mean our body’s immune system.'*


http:system.14
http:poisioning.13

S. aureus is a versatile pathogen that has evolved resistance to all antibiotic
classes.'” It is one of the most dangerous pathogens due to its ability to cause sepsis and
even death.'®'® Other infections S. aureus causes are necrotizing fasciitis, which is a life
threatening infection that needs medical therapy and urgent surgery,17 and acute bacterial
endocarditis, which leads to disseminated intravascular coagulation or septic shock.'® In
this case mortality ranges from 40-80%.'® In some areas, more than 95% of S. aureus
isolates are now resistant to penicillin or ampicillin and more than 50% have developed
resistance to methicillin, which are all penicillin-type antibiotics.'” There are an
increasing number of microorganisms that have evolved strains which can defeat a lot of
modern medicine’s weapons such as antibiotics.”® The current mortality rates associated
with the staph infections are 20-25% even with active antimicrobial agents.’”% A
significant number of the isolates are also resistant to lincosamides, macrolides,
aminoglycosides, and ﬂuoroquinolones.l(’ Due to this frequency of antibiotic-resistant
strains, and the recent emergence of clinical isolates resistant to vancomycin also,
attempts to overcome S. aureus have become increasingly more difficult.

The bacterial components and secreted products that affect the pathogenesis of S.
aureus infections are abundant and include surface-associated adhesions, a capsular
polysaccharide, exoenzymes, and exotoxins. This collection of bacterial products allows
S. aureus to stick on to eukaryotic membranes, resist opsonophagocytosis, lyse or break
up eukaryotic cells, and cause a loss of host immunomodulating molecules.” The
organism makes its first contact with humoral and cellular host factors through surface

molecules adhering to the host’s tissues and through colonization.” Eleven serotypes

have been identified, but strains 5 and 8 are clinically prevalent.%"w The majority of
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clinical S. aureus isolates produce either a type 5 or type 8 capsule, which makes the
organisms resistant to phagocytic uptake.24

Typ Type 8

e5
HO
HO Ghg CHag
0
0
HeC HaC NHAG
ONHAG /=0 NHAc o 3Ll NHAc
HOK NAe Lo NHac o-CNHAGH
Aco&/O " aég/o

Figure 6: Structures of the repeating units of the microcapsules of Type 5 and Type 8

serotypes of Staphylococcus aureus.

Polysaccharides from Staphylococcus aureus serotypes 5 and 8 (Figure 6) are
built of 2-acetamido-D-mannosamineuronic acid (N-acetyl-D-mannosaminuronic acid or
D-ManAcA), 2-acetamido-2,6-dideoxy-L-galactose (N-acetyl-L-fucosamine or L-
FucNAc), and 2-acetamido-2,6-dideoxy-D-galactose (N-acetyl-D-fucosamine or D-
FucNAc) residues (Figure 7).

®) HO
HO-// NHAc OH CHs 5
HO -0 HC7~0
HO OH NHACc HO OH

HO OH NHAc

D-ManAcA L-FucNAc D-FucNAc

Figure 7: Structures of saccharide residues in S. aureus serotypes 5 and 8.

The production of these microcapsules is influenced by environmental factors
such as oxygen and carbon dioxide availability.31 More than 70% of clinical isolates of
staphylococci belong to these serotypes.”” The serotype 5 capsular polysaccharide

produced by S. aureus has a trisaccharide repeating unit structure of (—4)-3-0O-Ac-p-D-


http:availability.31
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ManNAcAp-(1—4)-a-L-FucNAcp-(1—3)--D-FucNAcp-(1—). Type 5 and 8 capsular
polysaccharides are structurally very similar to each other. Type 8 has the following
structure:  (—3)-4-0-Ac-B-D-ManNAcAp-(1—3)-a-L-FucNAcp-(1—3)-B-D-FucNAcp-
{2 Type 5 and 8 polysaccharides differ only in the linkages between the sugars
and in the sites of O-acetylation of the mannosaminuronic acid residues; however they
are serologically distinct meaning the characteristics of the disease are shown by studying
the blood.’

N-Acetyl-D-fucosamine is the third sugar residue in serotypes 5 and 8 in S.
aureus. The residue’s activated form is uridine 5'(2-acetamido-2,6-dideoxy-c-D-galacto-

® which is an assembly of

pyranosyl diphosphate).32 In the block mechanism,’
trisaccharide repeating units on a polyprenyl phosphate acceptor, this sugar acts as the
monosaccharide initiating the chain growth.”> Research that has already been carried out
with this monosaccharide is with the use of a radioactive label. Illarionov ez al. used a
tri-O-acetyl derivative of N-acetyl-D-fucosamine as the starting material in their
synthesis. They developed a synthetic scheme that allowed the introduction of [c
acetate in the final steps of the synthesis. The researchers transformed uridine 5'(2-
amino-3,4-di-O-acetyl-2-deoxy-o-D-fucopyranosyl) ~ diphosphate  into  the target
nucleoside diphosphate sugar, which was the activated form of N-acetyl-D-fucosamine.
Research that can now be performed is the introduction of a radioactive label into the two
products formed that have different groups off of C-1 but with the N-acetyl-D-fucosamine
form from ['“C]-acetate and open up possibilities for biosynthetic studies. ™

N-Acetyl-D-fucosamine is not a commercially available carbohydrate. However,

if N-acetyl-D-glucosamine is used as the starting material, it may be possible to obtain the
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desired N-acetyl-D-fucosamine in several synthetic steps such as in the following scheme

(Scheme 1):

OH OH
@) 6-8 Step o)
Hgo/i\/o}" Synthesis HO&S/OH
NHAc C-6 Reduction NHAc

D-GlcNAc C-4 Epimerization =~ D-FucNAc

Scheme 1: Possible synthesis of N-acetyl-D-fucosamine.

One of the syntheses that will be adapted for our use is the Horton synthesis.* In
this synthesis, Horton starts with N-acetyl-D-glucosamine and, by a series of protection-
deprotection and functional group manipulations, arrives at an orthogonally protected N-

acetyl-D-fucosamine (Scheme 2).

OH OH BzO
CHa
HO Q —» » HO 0 —— 0
HO OH BnO OBn BnO OBn
AcHN AcHN AcHN

Scheme 2: Horton synthesis of N-acetyl-D-fucosamine.>

The full version of the Horton synthesis is shown in Scheme 3. The first three
steps of the synthesis involve a series of protection and deprotection reactions. The first
step is to protect O-4 and O-6 with an isopropylidene protecting group, the second is to
protect O-3 with a benzyl protecting group, and the third is then to remove the
isopropylidene protecting group at O-4 and O-6. The next two steps involve activating
C-4 and C-6 using methanesulfonyl chloride and then doing a reduction reaction that will

only reduce C-6 due to deoxygenation occurring selectively with primary sulfonates and
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not secondary sulfonates. The final step is an Sn2 reaction epimerizing C-4 resulting in

the C-4 axial product.

o OMe JV
HO Q A v Q
HO OH HO OH

NHAc TsOH, DMF NHAc

CHa MsO
BnO OBn BnO OBn

NHAc NHAc

BzOH, A

BzO CH3

BnO OBn
NHAc

Scheme 3: Complete Horton synthesis of N-acetyl—D-fucos.amine.3

NaH, BnBr

MsCl, pyr.

%

(@]
BnO

HO
HO
BnO

OBn
NHAc

TFA, Hy,0

OBn
NHAc

The main goal of this project is to adapt this synthesis to develop novel O- and N-

glycosides that may serve as inhibitors of capsular polysaccharide formation in S. aureus.



Statement of Problem

Carbohydrates have very important uses in the development of new antibiotics.
In the Staphylococcus aureus bacterium, carbohydrates make up the microcapsule
surrounding the bacterium as a protective wall. These carbohydrates are difficult to
synthesize in the lab, however if they are made, they can then possibly be manipulated to
change their functionality. This could then cause the microcapsule to be mutated to
expose the bacterium to traditional antibiotics. The specific carbohydrate from this
capsule we want to make is N-acetyl-D-fucosamine. This carbohydrate is not
commercially available, however we can start with N-acetyl-D-glucosamine, which is
very inexpensive and can be purchased commercially. A seven-step synthesis based on
the Horton chemistry has been chosen to be studied in order to obtain the desired N-
acetyl-D-fucosamine carbohydrate, which may then be manipulated further to produce
compounds capable of inhibiting enzymes that the bacterium uses to produce its

microcapsule.
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The major goal of the project is to develop a synthetic pathway from N-acetyl-D-

glucosamine, which is cheap, to the much rarer N-acetyl-D-fucosamine that can be used

in future work towards small molecule glycomimetics. The main reason for attempting to

make these molecules would be to possibly inhibit the enzymes that make the capsular

polysaccharide of S. aureus where N-acetyl-D-fucosamine is one of the three main

sugars. The route taken to form this molecule, and analogs, branches off in two different

directions; both an O-glycoside and an N-glycoside™ scaffold will be investigated using

the known Horton synthesis as a guide (Scheme 3).%

- OMe /‘v
HO O A .
HO OH HO OH
NHAc  TsOH, DMF NHAG
GHs MsO
MsO 0 NaBH4 MsO o
BnO OBn BnO OBn
NHAc NHAc
BzOH, A
BzO CHg
BnO OBn
NHAc

NaH, BnBr JEO (0]
—_— > BnO OBn

NHAc

TFA, H,0

NHACc

Scheme 3: Horton synthesis of N-acetyl-D-fucosamine.
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1. N-Glycoside Synthesis

The first step in the synthesis of N-glycoside analogs of N-acetyl-D-fucosamine
from the starting material N-acetyl-D-glucosamine (GIcNAc, 1) was the reaction with
acetyl chloride®'** to block O-3, O-4, and O-6 with acetate protecting groups The
chloride in the product 2 is in the axial or o position due to the anomeric effect (Equation

.+

0
OH )k OAc OAc
Cl
HO Q T Al O  Aco 0
HO OH AcO AcO
NHAC AcHN ¢, ACHN - 5ac
1 2 3

Equation 1: Formation of glycosyl chloride 2.

The reaction was monitored by TLC (ethyl acetate) until a much less polar spot (Rf =
0.34) appeared compared to the more polar N-acetyl-D-glucosamine (Rf = 0.03). The
lower polarity can be attributed to the acetate protection on three of the four oxygens.
The chloride ion is in the axial position due to the anomeric effect where the o*
antibonding orbital of the C-1 — Cl bond overlaps with one of the lone pairs of the ring
oxygen. This interaction helps to direct the chloride ion to adopt an axial position after
attacking the planar heteroatom-stabilized carbocation formed during the reaction. The
result is then the o-anomer as the thermodynamically favored product of the reversible

reaction. Compound 3 is also formed in this reaction in a mixture with 2 due to the
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reaction not going to completion. Compounds 2 and 3 are used in the next step as a
mixture.

After a work-up and evaporation to a brown syrup, the "H NMR spectrum proved
that the alpha anomer had been formed based on a coupling constant of 3.8 Hz between
H-1 and H-2. The crude product 2, isolated in 96% yield, was used in the next step; the

introduction of an azide group at C-1 to form an N-glycoside (Equation v) R

OAc OAc
N
AcO Q —ﬂs—> AcO Q
AcO DMF AcO N3
AcHN Cl NHAc
2 4

Equation 2: Introduction of azide at C-1.

The reaction was monitored by TLC (ethyl acetate) showing a slightly less polar spot
with an Rf value of 0.33 compared to the chloride. The 'H NMR spectrum of product 4
was similar to that of the chloride with the only major differences being the coupling
constant from the doublet representing H-1; where for the chloride this value was 3.8 Hz,
for the azide the H-1 coupling constant was then 9.2 Hz, and the chemical shifts for the
H-1 proton itself where the chloride H-1 value was 6.2 ppm and for the azide the H-1
value shifted to 4.8 ppm. Based on these values, it can be concluded that the azide indeed
was in the equatorial position. If the coupling constant value is small, the relationship
between H-1 and H-2 is gauche, which would mean the proton at C-1 is in the beta or
equatorial orientation thus the C-1 substituent would be in the axial orientation. If the

coupling constant is large, then the alignment between H-1 and H-2 is either eclipsed
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(unlikely in a *C; ring) or anti meaning the proton at C-1 is in the alpha orientation thus
the C-1 substituent is in the beta orientation. After column chromatography had been
performed, the desired azide product 4 was isolated as a white solid in 51% yield.

The synthesis of the azide was also attempted in a different manner. Product 3
was made purposely through an acetylation reaction with N-acetyl-D-glucosamine (1) as
the starting material, acetic anhydride as the reagent, and pyridine as the solvent. Once

product 3 was formed it was reacted with hydrobromic acid to obtain bromide 5 (Scheme

4).

OH OAc OAc
HO/&N AcQ Acoﬁ HBr,  AcO &
HO OH pyridine  AcO OAc — = AcO

Ac AcHN AcHN Br

1 3 5

/\laNg
DMF
OAc
Aco&&/N
AcO 3
AcHN
4

Scheme 4: Alternative route to form azide 4.

Bromide 5 is very similar to 2 in terms of their NMR spectra and we can assume that they
will behave in the same manner chemically.43 Once bromide 5 was formed; an Sy2
reaction was carried out with sodium azide to make the azide 4. Even though product 4 is
formed, two different routes were investigated to determine the most efficient way of
making the azide. The route shown in Scheme 4 was not as clean to perform as the route

shown in Equations 1 and 2; thus the glycosyl chloride route to azide 4 was chosen.
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Azide 4 was then deprotected to unblock O-3, O-4, and O-6 using sodium

1. The reaction was monitored by TLC (3:1 ethyl acetate —

methoxide in methano
methanol) until the consumption of starting material was seen and a much more polar
spot with an Rf value of 0.31 was observed when compared to the azide spot. Since the
three acetate protecting groups were now gone, the polarity of the molecule would
increase. The reaction mixture was evaporated down to give a white solid in 95% yield.
The 'H NMR spectrum showed the disappearance of the three acetate singlet signals at
2.0 ppm confirming azide 6 was formed. This crude material 6 was then protected with
an isopropylidene protecting group between O-4 and 0-6.* This protection reaction
results in the thermodynamically favored acetal, i.e. with the formation of a 6-membered
ring. If the protection had occurred between O-3 and O-4, a 5-membered ring would

have formed and even though a 5-membered ring would have formed faster than a 6-

membered ring, the 6-membered ring is usually more stable (Scheme 5).

OAc OH MeO OMe/L
)Q 0
AcO 0 N.—Na . HO Q " 0 0 N
AcO 3 MeOH' HO 3 CSA p HO 3

AcHN AcHN
4 6 7

Scheme 5: Deprotection and O-4 — O-6 protection on azide product 6

After TLC (3:1 ethyl acetate — methanol) showed consumption of starting material, and a
less polar spot was formed compared to azide 6, the reaction was evaporated to give
crude 7 in ~90% yield as a yellow-brown syrup. The 'H NMR spectrum showed two
singlets at 1.3 and 1.45 ppm representing the two methyl groups of the isopropylidene

group confirming that the protecting group had been introduced successfully.
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With the isopropylidene protecting group masking O-4 and O-6 on azide 7, the
next position to be blocked on the molecule was O-3 with a benzyl protecting group.*’
This ether group works well with the planned reaction scheme because the benzyl
protecting group is acid and base stable. This will help with reaction conditions later
when the isopropylidene protecting group is to be removed because the acetal protecting
group is only base stable thus it can be removed later on in the synthesis by an acid
without affecting the benzyl O-3 group. TLC (ethyl acetate) was performed on
compound 8 showing consumption of starting material and a spot less polar than azide 7

due to the hydroxyl group at O-3 now carrying the benzyl protecting group (Equation 3).

HO N3 NaH 0 N3
A

AcHN DMF < AcHN
Ph

7 8

Equation 3: Protection at O-3 with benzyl protecting group.

After column chromatography (1:1 hexanes — ethyl acetate) was performed, the purified
product was obtained in 51% yield as a yellowish solid. The "H NMR spectrum again
showed two singlets at 1.3 and 4.5 ppm indicating that the isopropylidene protecting
group was still intact blocking O-4 and O-6. The NMR spectrum also showed the
protons on the benzene ring of the benzyl group at 7.3 ppm indicating that the protecting
group was attached to the molecule blocking O-3. All other proton NMR signals agreed
with the assigned structure for 8.

The next step of the planned synthesis was to remove the isopropylidene

protecting group and unblock O-4 and O-6. The route taken to achieve this step was to
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follow Horton’s precedent;’’ however, the reaction conditions (trifluoroacetic acid and

water) did not work and we were unable to deprotect compound 8 to form 9 (X = Nj,

Scheme 6).
/Lgo AAco o
TEA X A‘?Q o
< AcHN " Hio < AcHN pyridine < AcHN 5
Ph "
8 9 10

Scheme 6: Attempted deprotection of azide 8.

TLC (ethyl acetate) of the reaction did show a more polar spot with an Ry value of 0.25
compared to the spot of precursor 8, which would correlate with the two hydroxyl groups
at O-4 and O-6 becoming unblocked. '"H NMR was inconclusive as to the product
formed so an acetylation was performed using acetic anhydride in pyridine to see how
many acetate protecting groups would be introduced on compound 9. The 'H NMR
spectrum of 10 showed four singlets at 2.0 ppm indicating that there were four acetate
groups on the ring. One acetate group at C-2 should have still been intact, i.e. the amide
NHAc group, but two more acetate groups would have indicated that the isopropylidene
protecting group had been deprotected to hydroxyl groups, and two acetate groups would
have then blocked these hydroxyls. There was however one more acetate group showing
up in the NMR spectrum indicating that the azide at C-1 had been cleaved during the
reaction with acid in the attempt to form product 9 (X = N3). Thus, the group at C-1 was
now confirmed to be an acetate group, which inferred that the product from the attempted
hydrolysis of acetal 8 was in fact 9 where X = OH. The mass spectrum of peracetate 10

indicated as well that the desired glycosyl azide product 9 (X = N3) had not been formed
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and the molecular weight of 460, plus sodium, did represent tetraacetate 10. At this point
we have been unable to find appropriate conditions for the cleavage of the O-4 — O-6
acetal in 8 that leaves the azide functional group intact. Attention will now be turned to

the O-glycoside variation.

2. O-Glycoside Synthesis

The first step in the synthesis of O-glycoside®® analogs of N-acetyl-D-fucosamine
uses the same starting material as in the attempted N-glycoside synthesis. N-Acetyl-D-
glucosamine (1) was reacted with HCl gas in methanol in an acid-catalyzed
glycosylation. This is an Syl reaction where HCI gas is bubbled through methanol for a
few minutes and then the methanolic GlcNAc mixture is put into the acidic methanol and
allowed to stirr Once TLC (3:1 ethyl acetate — methanol) showed that the starting
material had been consumed, and there was a less polar spot with an Rf value of 0.20
compared to the very polar GlcNAc, the reaction was evaporated to give crude 11 as a
brown syrup in 90% yield (Scheme 7). In the 'H NMR, the peaks of interest were the
two singlets around 3.4 ppm that represented the two methyl groups at C-1 in the axial
and equatorial positions indicating that the desired product 11 was formed. With 110/
in hand, an acetylation with acetic anhydride and pyridine was performed to block the O-

3, O-4, and O-6 groups with acetate protecting groups (Scheme 7).

OH OH OAc
Ho/ﬁ\\'OH HCigas HO OMe pyridine AcO OMe
NHAc NHAc NHAc
1 11a/B 12a/p

Scheme 7: GlcNAc to methyl glycoside mixture and subsequent acetylation.
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The reason for introducing the acetate groups to block O-3, O-4, and O-6 was to make
column chromatography easier to perform when separating the o and B mixture. After
the acetylation had been performed and monitored by TLC (ethyl acetate), to show two
much less polar spots representing 120/, column chromatography (ethyl acetate) was
used to separate the mixture of anomers and obtain compounds 12a and 12f. In the
NMR spectra of both 120 and 128 there were four singlets at ~2 ppm indicating that the
acetylation performed had been successful; these signals represented the three new
acetate groups at O-3, O-4, and O-6 along with the NHAc acetate group at C-2. The only
way to tell the difference between both anomers was to determine the coupling constants
for the doublet between 4-5 ppm that represented the proton at C-1 of each isomer.
Compounds 120 and 12f only differed in the position of this proton thus this is the only
significant difference seen between the two NMR spectra. The two coupling constants
were found to be 3.7 Hz for compound 120 and 8.4 Hz for compound 12f. Based on
previous explanations of the angles between H-1 and H-2, the o and B anomers were
identified. After the separation, both anomers were used individually in the rest of the
synthesis to ensure that the reactions to follow will work on either stereoisomer.

The next three steps of the synthesis use the same conditions that were performed
on the N-glycosyl azide previously. The next reaction carried out was the deprotection
with sodium methoxide in methanol to remove the acetate protecting groups (Equation
4)." The reaction was done using both anomers separately to form compounds 11ct and
11B in pure form. Again, after TLC (3:1 ethyl acetate — methanol) showed consumption
of starting material and a more polar spot (Rt = 0.31 and R/ = 0.24) appeared compared

with 12a and 12, the reactions were evaporated to give yields of 99% for the o-anomer
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and 95% for the B-anomer with both as yellow solids. 'H NMR showed the
disappearance of three singlets at 2.0 ppm indicating that O-3, O-4, and O-6 had been

unblocked.

NHAc NHAc
120 11a
128 118

Equation 4: Deacetylation of individual anomers or tetraacetates 12.

The next step of the synthesis was to block O-4 and O-6 of each anomer of 11
with the isopropylidene protecting group.46 The first attempt of this reaction used the
same reagents and conditions as in the Horton synthesis,” namely 2-methoxypropene and
p-toluenesulfonic acid. When this reaction was performed on 11a and after evaporation
of the solvent, the "H NMR of what was hoped to be 12a proved the material to be only
11a. The reaction was then performed again using the same reagents used with the N-
glycoside azide, i.e. 2,2-dimethoxypropane and CSA. The reaction was performed using
both the o and  anomers of 11 separately, and once TLC (3:1 ethyl acetate — methanol)
showed consumption of starting material (both had less polar spots; R/t = 0.60 and R =
0.63) compared with the starting materials (11a and 11f), the reactions were evaporated
to give crude products 13a and 13 in 83% and 88% yield respectively. Important
signals in the 'H NMR again were the singlets at 1.3 and 1.45 ppm representing the two

methyl groups of the isopropylidene protecting group. Both of these singlet peaks were


http:group.46

23

present in both NMR spectra of both products thus confirming 13c and 138, had indeed

been formed (Equation 5).

OH Me0)<) Me/L\O
HO & B 0 § :r.05
HO OMe HO OMe

CSA

NHACc DMF NHAc
11a 13
118 138

Equation 5: Deprotected and protected products formed.

The final step of the O-glycoside synthesis that was performed at this point was
the blocking of O-3 with a benzyl protecting group thus forming compounds 14o and
14p (Equation 6).*” The reaction was performed with both anomers separately and TLC
(ethyl acetate) showed consumption of starting material; both had less polar spots, with
R, values of 0.42 for 14a and 0.45 for 143, compared with the starting materials 13 and
13B, respectively. After column chromatography (1:1 hexanes — ethyl acetate) was
performed, the 'H NMR spectra of each compound still had two singlets at ~1.3 and 1.45

ppm confirming the isopropylidene groups were still intact in both compounds.

Aol e W
Oﬁ& B B 0&&%
HO OMe NaH O OMe
Al

AcHN DMF <PthN
13c 140
138 148

Equation 6: 3-O-Benzyl-protected methyl glycosides.

At 7.3 ppm, the protons on the aryl ring were represented in a multiplet, again

proving the introduction of the benzyl ether into the desired products, 14a and 14p. With
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the successful formation of these orthogonally protected intermediates en route to
analogs of N-acetyl-D-fucosamine, attention was turned to the synthesis of N-glycosides
from glycosyl azide 4 (See Equation 2), which may themselves serve as inhibitors of the
enzymes used to build the bacterial capsular polysaccharides used by Staphylococcus

aureus.

3. Amide Synthesis

Formation of amides from azide 4 was achieved using a modified Staudinger
reaction with bis(diphenylphosphino)ethane (DPPE) (15) and an acylating agent. The
transformation starts with the reaction between the azide 4 and DPPE (Scheme 9) to
generate an aza-ylide intermediate (16) after the loss of nitrogen. The nucleophilic
nitrogen of the ylide will then attack the carbonyl carbon of an acylating agent, with loss
of the bis(phosphineoxide), to give an imidoyl chloride intermediate 17 that will then

undergo hydrolysis to give the N-linked glycosyl amides 18 (Scheme g) =0

OAc 0 OAcH
AgO AGO 0
Ac ﬁfNa Cl)J\R THF Ac&ﬁ/NTR

AcHN AcHN
4 PhoP~ppp, 18 o
DPPE
e | HQOT
o)
OAc ... )L A Ogc
AZO oeel Ph _C" R_ A58 N_ _Cl
ACA rex .2 AcHN 5
y 16 woh

Scheme 8: Modified Staudinger reaction to produce glycosyl amides.
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What was investigated next in the research was to introduce amide substitutents at
C-1 of the GIcNAc ring in a potentially stereoselective synthesis of these molecules.
DPPE was used in the reactions because its very polar oxide byproduct allows for easy
purification through column chromatography or recrystallization.5 ? The reaction of azide
4 with DPPE and p-nitrobenzoyl chloride (Equation 7) gave product 19 with a yield of
33% as a white solid after recrystallization (Table 1). The TLC plate showed a UV-
active spot indicating that the benzoyl group had been introduced compared to the azide
starting material (4). The "H NMR spectrum indicated two sets of doublets of double
intensity at 8.01 and 8.30 ppm that represent the four protons of the aryl ring. A peak at
8.22 ppm was also present representing the new N-H bond that was formed as part of the
amide group. The crystal structure of 19 in Figure 8 proves further that the amide bond

was indeed formed and in the B-GlcNAc orientation as desired.

NO,
CI\”/©/ OAc

OAc NO5
AcO Q b | Bl AcO"&O:
AcO N; DPPE AcO —
AcHN THF AcHN S

4 19

Z k.

Equation 7: p-Nitrobenzoyl amide 19.
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o111

012

Figure 8: X-Ray structure of amide 19.

Table 1: Synthesis of amides via modified Staudinger reaction from GleNAc azide 4.

Starting Material Acid Chloride Product % Yield Rfvalue”

4 p-Nitrobenzoyl Chloride 19 33 0.66
Isovaleryl Chioride 20 42 0.15
Benzoyl Chloride 21 32 0.75
Butyryl Chloride 22 49 0.65
1-Naphthoyl Chloride 23 42 0.72
Acetyl Chloride 24 69 0.35
6-Bromohexanoyl
Chloride 25 70 0.42

*Solvent system - Ethyl acetate

The reaction between azide 4, DPPE, and isovaleryl chloride gave a yellow solid
after recrystallization with a yicld of 42% that was identified as compound 20 (Equation

8).



Cl

OAc W OAc
AcO O -0 5 AcO/&&/H
AcO N3 DPPE AcO m/
AcHN THF AcHN o
4 20

Equation 8: Isovaleryl amide 20.

TLC did show a less polar spot for the product compared with the azide 4 indicating that
all of the starting material had been consumed and the product had been formed. After
obtaining the 'H NMR spectrum, there was found to be a multiplet at ~1.0 ppm
representing the protons of the alkyl chain and the doublet at 5.1 ppm indicated the amide
was in the (3 orientation with a coupling constant of 7.9 Hz. ESI mass spectral data also
confirmed the formation of the amide product with a mass of 453.0 representing the
calculated molecular ion (plus sodium).

In the reaction of azide 4 with DPPE and benzoyi chloride, a yield of 32% was

obtained after recrystallization giving product 21 (Equation 9).

OAc Cl ‘n‘ : OAc

H

AcO Q . < S— AcO/é&/
Aco’ngs DPPE AcO N
o)

AcHN THF AcHN
4 21

Equation 9: Benzoyl amide 21.

TLC showed a less polar UV-active spot compared with the starting material indicating
that the reaction had gone to completion. Once the '"H NMR spectrum had been obtained,
it was confirmed that the correct product had been formed. There were three peaks

between 7.45 and 7.83 ppm representing the five protons of the phenyl ring and a doublet
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at 5.2 ppm with a coupling constant of 9.9 Hz indicated the B orientation at C-1 of the
sugar. A doublet at 7.88 ppm represented the proton on the nitrogen atom at C-1
indicating that the amide bond had also been formed. C NMR also showed peaks
between 125-135 ppm, which are representative of the carbons in the phenyl ring. ESI
mass spectral data also confirmed the correct product with a molecular weight of 451
(plus hydrogen).

In the reaction to form the butyryl amide 22, azide 4, butyryl chloride, and DPPE
were all reacted in a round bottom flask in THF to give 22 in a yield of 49% after

recrystallization (Equation 10).

Cl
OAc OAc
AcO T 0 —o\”/;/> Acb&“
AcmNs DPPE AcO e
O

AcHN THF AcHN
4 22

Equation 10: Butyryl amide 22.

From the '"H NMR spectrum the key peaks are at 1.62 ppm representing the methyl group
at the end of the alkyl chain, at 2.17 ppm representing the other four hydrogens on the
carbon chain off of the amide group, and the doublet at 5.1 ppm indicating the P
orientation of the N-glycosidic bond with a coupling constant of 11.0 Hz. The peak at
6.92 ppm indicates that the amide bond was formed with this doublet corresponding to
the proton of the glycosyl amide N-H bond. The ESI mass spectral data also proved the
correct product had been formed with a value of 416 for M".

In the reaction between the azide 4, DPPE, and 1-naphthoyl chloride TLC showed

a UV-active spot that was more polar than the starting material. After column
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chromatography had been performed, the product was a yellow solid isolated in 42%

CI ‘

OAc OAc
ACOﬁ& —DFFE " ACO&E ®
AcO N3 DPPE AcO

O

yield identified as 23 (Equation 11).

AcHN THF AcHN
4 23

Equation 11: 1-Naphthoyl amide 23.

'"H NMR spectrum indicated a multiplet at 7.35 ppm representing the seven protons of the
two aryl rings. The doublet at 7.38 ppm represented the proton of the amide bond that
had been formed. The C NMR spectrum showed ten peaks between 120-135 ppm
representing the ten carbon atoms found in the two aryl rings. The ESI mass spectral data
showed a molecular weight of 501 (M" plus hydrogen) representing the correct molecular
weight of compound 23.

The reaction of the azide 4, DPPE, and acetyl chloride resulted in product 24 in a

yield of 69% (Equation 12).

o)

OAc /U\ <OAc
-
AcO a = b a0
Acﬁm DPPE > ACON—~ N\H/
AcHN THF AcHN I
4 24

Equation 12: Acetyl amide 24.
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After column chromatography was performed, the product was obtained as a white solid.
The '"H NMR spectrum showed five singlets between 1.97 and 2.10 ppm representing the
four acetates surrounding the ring as before plus the one new acetate group on the amide
bond, and a doublet at 5.0 ppm with a coupling constant of 10.6 Hz indicating the 8
orientation of the C-1 — N bond. The doublet at 6.99 ppm represented the glycosyl amide
N-H indicating that the correct product had been formed. ESI mass spectral data again
indicated the correct molecular weight of 389 (plus hydrogen), and the 3C NMR showed
five peaks between 20.7 and 26.6 ppm for the five acetate groups now around the ring.
The next amide reaction performed was slightly different compared to the other
amides that had been made so far. The chloride used in this reaction with the azide 4 and
DPPE was 6-bromohexanoyl chloride, which has a bromine attached to the end of the
alkyl chain. With using this type of compound, there are many possibilities of further
derivatives that could be made from the resultant amide 25, (Equation 13) due to the Br
atom at the end of the chain being a good leaving group in substitution reactions. In the
following reaction one of these possibilities will be seen. After column chromatography
was performed on the crude material, compound 25 was obtained in a yield of 70%

(Equation 13).

=y 14

cl
oAc ) > Br _onc
AcO choed UL sl Aco&
AcO N3 DPPE AcO \H/\/\/\Br
o)

AcHN THF AcHN
4 25

Equation 13: 6-Bromohexanoyl amide 25.
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The "H NMR spectrum of 25 showed four sets of multiplets between 1.43 and 2.20 ppm
representing eight of the ten protons on the carbon chain. The triplet at 3.4 ppm
represented the two other protons closest to the Br atom at the end of the chain. The
doublet at 6.97 ppm indicated that the amide bond had been formed between the sugar
ring and the acyl chain carbons. ESI mass spectral data showed a mass of 523.1
representing the actual mass of the desired product.

The final reaction that was performed with amides was reacting product 25 and
sodium azide together in DMF. The isolated product proved to be 26, formed by azide

displacing the bromine atom from 25 (Equation 14).

OAc OAc

H < H
Ay&ﬁ&w NaN, AQOSNCR N
W Br W N3
AcHN DMF AcHN
o) o)
25 26

Equation 14: 6-Azidohexanoyl amide 26.

Azide 26 was formed as a white solid in 40% yield after workup. The 'H NMR spectrum
was very similar to that of the bromide precursor thus the ESI mass spectral data was
more useful to determining the identity of the product. The molecular weight of the
product was found to be 508 (plus sodium) verifying that the desired azide had been
formed with the amide bond still intact. The X-ray crysta! structure of 26 (Figure 9) was

determined verifying also that the glycosyl amide bond was still in the § configuration.
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Figure 9: X-Ray crystal structure of terminal azide 26.

In this part of the research, there were also five additional reactions attempted
with other acylating agents that were unsuccessful. The acid chlorides used and the

outcomes are listed in Table 2 (SM = starting material).

Table 2: Unsuccessful attempted syntheses of amides via Staudinger reaction.

Starting Material  Acid Chloride Expected Product % Yield
4 Succinyl Chloride 27 SM
p-Toluenesulfonyl Chloride 28 SM
Oxalyl Chloride 29 SM
2-Furoy! Chloride 30 SM
9 Benzoyl Chloride 31 SM

(Structures of compounds 27-31 can be found in the experimental section, pg. 67-69).
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A reaction that did not work as expected was between the azide 4 and 2-furoyl
chloride. Even though azide 4 was consumed (as shown by TLC analysis of the reaction
mixture), no amide product was able to be isolated after 24 hours. What possibly is
occurring in these reactions is the DPPE reacting with these particular acid chlorides thus
the desired products are not forming. These specific reactions need to be investigated

further to ensure this possibility is correct.

4. 1,2,3-Triazole Synthesis

Formation of 1,2,3-triazoles was achieved through a reaction between azide 4
with a terminal alkyne in the presence of ascorbic acid and copper(Il) salt.” The
mechanism of this reaction (Scheme 9), as determined by Sharpless et al., begins with an
alkyne, 32, reacting with a copper(I) to form the copper acetylide species 33. The
internal nitrogen of the azide then coordinates to the copper of the acetylide to form
product 34. The azide terminus then attacks at C-2 of the acetylide forming a
metallocycle that collapses into a copper-triazole species 35. Proteolysis then occurs and

the 1,4-disubstituted 1,2,3-triazole 36 is formed. >’
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33 32 - Alkyne

33 - Copper Acetylide species

34 - Internal Nitrogen to Copper
35 - Collapse of metallocycle

36 - 1,4-disubstituted 1,2,3-triazole

Scheme 9: Proposed mechanism for Cu(I)-catalyzed triazole formation.>* %

A useful fact about these triazoles is that they are essentially insoluble in solvents such as
water at low temperatures thus it is very easy to isolate these products through filtration.
Also, Sharpless has reported that a catalytic amount of Cu(I) salts will increase the rate of
reaction, through the above mechanism, which also increases the regioselectivity of
addition to afford only the 14-disubstituted products.”® These copper(I)-catalyzed
reactions are becoming so important because they represent a powerful linking method
due to their degree of dependability and complete regiospecificity. The synthesis of
1,2,3-triazoles underpins the idea of “click chemistry.”® With these types of reactions,
the conditions involved must included the following; they must give high yields, be easy

to perform, be insensitive to oxygen and water, use only readily available reagents, and
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workup and isolation must be simple.5 8310 Thig type of synthesis is expected ta bring
greater diversity to the formation of organic molecules using only a small number of
reactions.

The first triazole reaction that was performed was with 1,3-diethynylbenzene and

the azide 4 to give product 37 as a white solid in 41% yield (Equation 15).

OAc
Ac(')ACHN Ne CuSO,, Ascorbic acid_ Ac - ﬁ ;O Q\ﬁ’éﬁc
iy H,O/tBUOH, 1:1, 70°C ~ ACHN Y NHAC

R =
37

Equation 15: 1,3-Bis(triazole) 37.

The crude product was simply filtered through a glass frit and isolated without the need
for crystallization or column chromatography. The "H NMR spectrum revealed a triplet
at 7.39 ppm and two doublets at 7.47 and 7.84 ppm representing the four protons on the
aryl ring. The singlet at 8.11 ppm corresponded to the proton attached to the triazole ring
and was a double intensity peak due to the two triazole rings formed on both sides of the
aromatic ring. The B-stereochemistry of the azide precursor was retained in 37; the H-1 —
H-2 coupling constant of 9.9 Hz for the H-1 signal at 6.0 ppm corresponding to an anti
relationship between H-1 and H-2. The ESI mass spectral data also proved the product
was formed with a molecular ion of 869.5 found representing the molecular weight of

compound 37.
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Bis(triazole) product 38 was also formed with the azide 4 and 1,4-diethynyl
benzene, which gave very similar spectral results to product 37, with a yield of 54%
(Equation 16).

OAc

OAc A N:
62 SN
AcO =
AcO N3 AcHN
< CuS0O4, Ascorbic acid_ H
NHAc

AcHN >
H,0/tBuOH, 1:1, 70°C

= %Ac

AcO

Equation 16: 1,4-Bis(triazole) 38.

The '"H NMR spectrum of 38 again showed two doublets at 7.84 and 8.13 ppm
representing the four protons on the carbons in the benzene ring. The singlet at 7.93 ppm
represented the proton on the triazole ring and was double intensity due to the symmetry
of the molecule.

The final triazole that was made involved the reaction between azide 4 and phenyl

acetylene to form compound 39 (Equation 17).

OAc
AcO @) OAc

AcO Nj o
AcHN ; CuSO, Ascorbic amd} AgOﬁO N.

H,O/BUOH, 1:1, 70°C AcHN
-0 o

Equation 17: Phenyl acetylene-derived triazole 39.

Triazole 39 was made according to the typical procedure and gave a very clean 'H NMR
spectrum without any type of purification after filtering and an 86% isolated yield. The

spectrum showed three signals at 7.4-7.8 ppm representing the five protons for the phenyl
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ring, and a doublet at 6.0 ppm with a coupling constant of 10.1 Hz for the H-1 proton
indicating the 3 configuration of the amide. The most significant peak at 8.09 ppm was a
singlet representing the proton on the triazole ring confirming that the 1,2,3-triazole
product had been formed. The ESI mass spectral data also confirmed the product with a

molecular weight of 497 (plus sodium).
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Conclusion

Development of a synthetic route to making N-acetyl-D-fucosamine was
unsuccessful in that the route was brought to a standstill. The fifth step of the synthesis,
deprotecting the isopropylidene at C-4 and C-6, in an attempt to produce 9 (X = N3), was
unsuccessful. The synthesis may still be successful once the problem at this step can be
overcome.

The compounds made from the GlcNAc azide 4 through both the amide synthesis
and the triazole synthesis, were very successful in the products that were formed. The
chemistry from these syntheses will be useful to us in the future due to the new chemical
handle at the C-1 position. The azide at this positiorr can now be linked to other
molecules or compounds to form possible inhibitors to the S. aureus bacterium.

Future work on this synthesis may continue on in two ways to still prove the route
successful. What first may be attempted is to try other reagents that are known to
deprotect an isopropylidene protecting group without destroying the azide. In the
synthesis performed, only two reagents were tried in different quantities. The other route
that may be attempted is to put the azide at C-1 on at a later step in the synthesis. Since
the azide is the only part of the product being destroyed in deprotecting the
isopropylidene group, if it is put onto C-1 after this step, it may no longer be a problem to

the synthesis.



39

Experimental
General Procedures

A Varian Gemini 2000 NMR spectrometer was used to obtain 400 MHz 'H and
100 MHz “C spectra using CDCls5 (0.1% w/v TMS) and DMSO (ds, 99.9 atom % D) as
the solvents. Chemical shifts (8) are recorded in parts per million (ppm). Multiplicities
for NMR spectra are listed as follows: s (singlet), d (doublet), t (triplet), q (quartet), dd
(doublet of doublets), ddd (doublet of doublets of doublets), dq (doublet of quartets), m
(multiplet), and all coupling constants (J) are labeled in Hz. A Bruker Esquire-HP 1100
LLC/MS was used to obtain mass spectra. Whatman alurninum-backed plates were used
for thin layer chromatography. Flash chromatography was performed with 32-60 mesh

60-A silica gel.

Preparation of 2-Acetamido-3,4,6-tri-O-acetyl-a-D-glucopyranosyl chloride (2) and
Pentaacetate 3 from N-Acetyl-D-Glucosamine (1).

OAc OA:
AcO O 0]
TP mornig

i
AN Ay AHN  Oac

In a 250 mL round-bottom flask equipped with a magnetic stir bar, N-acetyl-D-
glucosamine (5.016 g, 22.68 mmol) was dissolved in acetyl chloride (25 mL) at RT. The
reaction was refluxed for 1 h. Heat was then removed and the reaction continued to stir
for 17 h until TLC (ethyl acetate) showed consumption of starting material. The reaction

was diluted with CHCl; (25 mL) through the condenser. The reaction was diluted more
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with an ice/water mix (200 mL). The organic phase was washed with aqueous NaHCO3
(200 mL). The aqueous phase was washed with CHCl; (2 x 25 mL), the organic layers
were collected and dried over anhydrous MgSO,. Evaporation of the solvent gave 7.91 g

of crude product as a brown syrup in 96% yield.

'H NMR (CDCls): § 1.95 (s, 3H, -CH3), 2.00 (s, 3H, -CH;), 2.05 (s, 3H, -CH3), 2.06 (s,
3H, -CHj), 2.07 (s, 3H, -CHj3), 2.09 (s, 3H, -CH3), 2.10 (s, 3H, -CHs), 2.11 (s, 3H, -CHj3),
2.20 (s, 3H, -CHs), 4.06 (m, 2H, H-5(2), H-5(3)), 4.28 (m, 4H, H-6(2), H-6’(2), H-6(3),
H-6'(3)), 4.55 (m, 2H, H-2(2), H-2(3)), 5.26 (m, 4H, H-3(2), H-4(2), H-3(3), H-4(3)),
5.70 (d, 1H, NHAc(3), J = 9.2 Hz), 5.92 (d, 1H, NHAc(2), J = 9.0Hz), 6.18 (d, 1H, H-

1(3), J=3.7 Hz), 6.20 (d, 1H, H-1(2), J = 3.8 Hz).
Melting Point: Syrup

Preparation of Pentaacetate 3 from N-Acetyl-D-Glucosamine (1).

OAc
AcO O
AcO
AcHN

OAc

In a 250 mL round-bottom flask fitted with a septum and magnetic stir bar, N-
acetyl-D-glucosamine (1.006 g, 4.55 mmol) was dissolved in pyridine (15 mL). Acetic
anhydride (5 mL) was added dropwise into the reaction while in an ice bath and the
reaction was stirred overnight. After TLC (ethyl acetate) showed consumption of starting

material, the reaction was poured over a water/ice mix (75 mL) and then extracted with
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CH,Cl> (3 x 25 mL). The organic layer was washed with 5% H,SO4 (2 x 25 mL) and
H>O (25 mL). The organic layer was dried over anhydrous MgSO,4 and evaporated to
give 1.43 g of product with an 81% yield. The "H NMR spectrum proved this material to

be mainly the a-pentaacetate (J; , = 3.7 Hz).

'H NMR (CDCls): & 1.95 (s, 3H, -CH3), 2.05 (s, 3H, -CH3), 2.06 (s, 3H, -CHs), 2.09 (s,
3H, -CHj3), 2.20 (s, 3H, -CH3), 3.99 (ddd, 1H, H-5, J=3.7, 5.9, 5.9 Hz), 4.07 (dd, 1H, H-
6, J = 2.6, 12.45 Hz), 4.26 (dd, 1H, H-6’, J = 4.1, 12.4 Hz), 4.49 (m, 1H, H-2), 5.22 (t,
1H, H-4, J = 3.3 Hz), 5.24 (t, 1H, H-3, J = 3.5 Hz), 5.53 (d. 1H, NHAc, J =9.3 Hz), 6.18

(d, IH, H-1,J=3.7 Hz).

Preparation of 2-Acetamido-3,4,6-tri-O-acetyl-3,4,6-tri-O-acetyl-o-D-glucopyranosyl
bromide (5) from Pentaacetate (3).

OAc
AcO O
AcO
AcHN

Br

In a 100 mL round-bottom flask, pentaacetate (3) (0.503 g, 1.29 mmol) was
dissolved in hydrobromic acid (11 mL) and allowed to spin for 21 h until TLC (ethyl
acetate) showed the reaction was complete. The reaction was evaporated down and
dissolved in CHCls (15 mL). Cold, saturated NaHCOj3 (15 mL) and H>O (15 mL) were
added to the reaction, the layers separated, and then the organic layer was collected. The

organic layer was dried over anhydrous MgSQOy, and evaporated to give 0.50 g of product
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with a yield of 94%. The proton spectrum was somewhat similar to the mixture of

product 2 and 3; the spectrum of 5 did contain some product 3 also.

'H NMR (CDCls): & 1.98 (s, 3H, -CH3), 2.05 (s, 3H, -CHj), 2.06 (s, 3H, -CHs), 2.09 (s,
3H, -CHs), 2.10 (s, 3H, -CHj3), 2.12 (s, 3H, -CHj3), 2.12 (s, 3H, -CH3), 2.20 (s, 3H, -CH3),
2.34 (s, 3H, -CH3), 3.75 (m, 4H, H-2(5), H-2(3), H-5(5), H-5(3)), 4.25 (m, 4H, H-6(5), H-
6’(5), H-6(3), H-6’(3)), 5.16 (m, 4H, H-3(5), H-3(3), H-4(5), H-4(3)), 5.76 (d, 1H,
NHAc, J = 9.0 Hz), 6.25 (d, 1H, NHAc, J = 7.1 Hz), 6.52 (d, 1H, H-1(§), J = 3.8 Hz),

6.64 (d, 1H, H-1(3), J = 3.5 Hz).

Preparation of 2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f3-D-glucopyranosyl

azide (4) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-a-D-glucopyranosyl

OAc
AcO O
AcO N3

AcHN

chloride (2).

In a 250 mL round-bottom flask fitted with a septum and magnetic stir bar, the
crude acetate-protected chloride 2 (7.08 g, 19.36 mmol) was dissolved in DMF (115 mL).
NaNj (5.018 g, 77.19 mmol) was added to the reaction and allowed to stir for 18 h at RT
until TLC (ethyl acetate) showed consumption of the starting material. CH,Cl, (70 mL),
5% H,S04 (70 mL), and H,O (70 mL) were added to the reaction and the organic layer
was collected. The organic layer was washed with 5% H,SO4 (70 mL) and then H,O

(200 mL). The organic layer was dried over anhydrous MgSQO, evaporated, and purified
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on a column of silica gel (1:6 hexanes — ethyl acetate) to give 3.95 g of product as a white

solid in 51% yield.

'H NMR (CDCls): & 1.99 (s, 3H, -CH3), 2.04 (s, 3H, -CH3), 2.05 (s, 3H, -CHs), 2.11 (s,
3H, -CHj3), 3.79 (ddd, 1H, H-5, J = 3.3, 6.2, 6.2 Hz), 3.92 (q, 1H, H-2, J = 9.5 Hz), 4.17
(dd, 1H, H-6, J = 2.1, 12.4 Hz), 4.28 (dd, 1H, H-6’, J =4.8, 12.5 Hz), 4.76 (d, 1H, H-1, J
= 9.2 Hz), 5.11 (t, 1H, H-3, J = 9.7 Hz), 5.25 (t, lH, H-4, J = 10.0 Hz), 5.63 (d, 1H,

NHAc, J =9.0 Hz).

3C NMR (CDCls): & 20.67, 20.72, 20.81, 23.30, 54.04, 61.82, 67.99, 72.06, 73.86, 88.33,

169.12, 170.37, 170.56, 170.80.

m/z calculated: 372.33 m/z found: 395.1 (M + Na)

Melting Point: 166-168 °C

Preparation of  2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-B-D-glucopyranosyl
azide (4) (other route) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-o-D-

glucopyranosyl bromide (5).
OAc

AcO O
AcO N3

AcHN

In a 2-neck 50 mL round-bottom flask, 2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-c-

D-glucopyranosyl bromide (5) (0.47 g, 1.15 mmol) was dissolved in DMF (15 mL) and
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NaNs (0.507 g, 7.799 mmol) was added. The reaction was heated at 70 °C for 75 min
until TLC (ethyl acetate) showed starting material was consumed. The reaction mixture
was evaporated down, dissolved in CH,Cl, (10 mL), and washed with H,O (20 mL). The
organic layer was washed with HO (20 mL), and then dried with anhydrous MgSOs.
The reaction mix was evaporated and gave 0.15 g of product with a yield of 36%. The
NMR signals matched those of product 4 formed from the chloride, however it was not as

clean of a spectrum.

Preparation of 2-N-Acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (6) from 2-N-

Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-B-D-glucopyranosyl azide (4).

OH

HO 0
HO Ng

AcHN

In a 500 mL round-bottom flask fitted with a septum and magnetic stir bar,
acetate-protected azide (4) (3.32 g, 9.266 mmol) was dissolved in CH30H (80 mL). In a
50 mL Erlenmeyer flask, sodium metal (1/2 a pellet) was dissolved in CH3OH (20 mL).
The sodium methoxide solution was added to the sugar solution and allowed to stir for 2
h until TLC (3:1 ethyl acetate — methanol) showed total consumption of starting material.

The reaction was evaporated to give 2.20 g of product as a white solid in 87.1% yield.

'H NMR (ds-DMSO): & 1.82 (s, 3H, NHAc), 3.22 (m, 2H, H-2, H-5), 3.47 (m, 3H, H-3,
H-4, H-6), 3.67 (dd, 1H, H-6’, J = 1.8, 12.0 Hz), 4.36 (d, 1H, H-1, J = 9.3 Hz), 7.86 (d,

1H, NHAc, J =9.2 Hz).
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3C NMR (ds-DMSO): § 23.01, 54.82, 60.76, 70.04, 73.77, 79.36, 88.51, 169.30.

m/z calculated: 246.22 m/z found: 269.0 (M + Na)

Melting Point: 138 °C, decomposes

Preparation of 2-N-Acetyl-2-aminodeoxy-4,6-0-isopropylidene-3-D-glucopyranosyl

azide (7) from 2-N-Acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (6).

¢

0 o)
HO Ng
AcHN

In a 100 mL round-bottom flask fitted with a septum and magnetic stir bar, azide
6 (0.92 g, 3.736 mmol) was dissolved in DMF (15 mL). D(+)-10-Camphorsulfonic acid
(0.186 g, 0.801 mmol) and 2,2-dimethoxypropane (25 mi.) were added and the mixture
was allowed to stir for 3 h untii TLC (3:1 ethyl acetate — methanol) showed
disappearance of compound 6. The residue after evaporation afforded a brown syrup

weighing 0.93 g giving product 7 in 87% yield.

'H NMR (CDCls): & 1.30 (s, 3H, -CHs), 1.43 (s, 3H, -CH;), 1.83 (s, 3H, NHAc), 3.30
(ddd, 1H, H-5, J = 5.3, 9.8, 9.8 Hz), 3.44 (m, 2H, H-4, H-6), 3.61 (q, 1H, H-2, J =9.2
Hz), 3.71 (t, 1H, H-3, J = 10.3 Hz), 3.81 (dd, 1H, H-6’, /= 5.2, 10.4 Hz), 4.50 (d, 1H, H-

1,J=9.5Hz), 7.94 (d, 1H, NHAc, J =9.0 Hz).
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m/z calculated: 286.1 m/z found: 309.1 (M + Na)

Melting Point: Syrup

Preparation of 2-N-Acetyl-2-aminodeoxy-3-0-benzyl-4,6-O-isopropylidene--D-
glucopyranosyl azide (8) from 2-N-Acetyl-2-aminodeoxy-4,6-O-isopropylidene-f-D-

glucopyranosyl azide (7).

O O
<O N3
Ph NHAc

In a 100 mL round-bottom flask, DMF (30 mL) was added to azide 7 (1.245 g,
4.349 mmol) to dissolve it. Sodium hydride (0.354 g, 14.75 mmol) was added to the
reaction and the mixture was allowed to sit until bubbling ceased. Benzyl bromide (0.52
mL) was then added and the reaction was stirred overnight until TLC (ethyl acetate)
showed consumption of starting material. The reaction was then poured into 100 mL of
H,Ol/ice mixture. The product was extracted with CH,Cl, (1 x 35 mL), washed with
ammonium chloride (1 x 45 mL), and washed with NaHCO; (1 x 45 mL). The organic
layer was finally washed with H,O (1 x 70 mL), dried with anhydrous MgSO, and the
solvent was then evaporated off. Column chromatography was then performed (1:1

hexane — ethyl acetate) to give 0.83 g of product as a white solid in 50.7% yield.
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'H NMR (CDCls): & 1.44 (s, 1H, -CHj3), 1.51 (s, 1H, -CH3), 1.90 (s, 3H, NHAc), 3.32 (q,
1H, H-2, J = 9.1 Hz), 3.41 (ddd, 1H, H-5, J = 5.3, 10.0, 10.0 Hz), 3.72 (t, IH, H-4. J =
9.3 Hz), 3.79 (t, 1H, H-3, J = 10.6 Hz), 3.95 (m, 2H, H-6, H-6’), 4.59 (d, 1H, H-8, J =
12.0 Hz), 4.83 (d, 1H, H-7, J = 12.0 Hz), 5.02 (d, 1H, H-1, J = 9.2 Hz), 542 (d, 1H,

NHAc, J=7.9 Hz), 7.32 (m, 5H, Ar-H).

>C NMR (CDCls): 8 19.15, 23.57, 29.15, 56.46, 61.90, 69.07, 74.02, 74.99, 76.58, 88.28,

99.39, 127.77, 128.09 (double intensity), 128.32 (double intensity), 138.21, 170.44.

m/z calculated: 376.41 m/z found: 399.2 (M + Na)

Melting Point: 142-160 °C

Attempted Preparation of 2-N-Acetyl-2-aminodeoxy-3-O-benzyl-3-D-glucopyranosyl
azide (9) from 2-N-Acetyl-2-aminodeoxy-3-O-benzyl-4,6-O-isopropylidene-f-D-
glucopyranosyl azide (8).

In a 100 mL round-bottom flask fitted with a rubber septum and magnetic stir bar,
2-N-Acetyl-2-aminodeoxy-3-0-benzyl-4,6-O-isopropylidene-fB-D-glucopyranosyl  azide
(8) (0.218 g, 0.579 mmol) was dissolved in a mixture of TFA and H»O (9:1) and allowed
to stir until TLC (ethyl acetate) showed consumption of starting material. The reaction
was then evaporated to give 0.16 g of product as a syrup in 82% yield. "H NMR showed a
different product suggesting that the azide group at C-1 had been cleaved off. The

reaction was also attempted using ratios of TFA: H,O with 1:1, 1:9, and 1:99 with the
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same results suggesting to us that the azide had in fact been removed and replaced with

an —OH group which we attempted to prove by an acetylatzon in the next step.

Acetylation of crude deprotection product (10) from the previous experiment.

In a 100 mL round-bottom flask fitted with a rubber septum and magnetic stir bar,
the crude product from the previous reaction (0.287 g) was dissolved in pyridine (3 mL).
Acetic anhydride (1 mL) was added dropwise and the reaction was stirred until TLC
(ethyl acetate) showed consumption of starting material. The reaction was then put into a
water/ice (10 mL) mixture and extracted with CH,Cl» (3 x 5 mL). The combined organic
layers were washed with 5% H,SO4 (3 x S mL) and H,O (15 mL). The organic layer was
then dried over anhydrous MgSOy and after evaporation gave 0.18 g of product as a solid
in 50.2% yield. NMR proved that the desired deprotected glycosyl azide product in the
previous experiment in fact had not been formed and that the group at C-1 was in fact

now an —“OAc group, which was also proven by mass spectrometry.

'H NMR (CDCls): & 1.85 (s, 3H, -CHs), 2.07 (s, 3H, -CHj), 2.09(s, 3H, -CH3), 2.14 (s,
3H, -CHs), 2.23 (s, 3H, -CHs), 3.86 (m, 2H, H-2, H-5), 4.17 (m, 2H, H-6, H-6"), 4.60 (m,
2H, H-3, H-4), 5.05 (d, 1H, NHAc, J = 7.9 Hz), 6.18 (d, 1H, H-1, J = 3.7 Hz), 7.33 (m,

SH, Aromatic H’s)

m/z calculated: 437.2 m/z found: 460.2 (M + Na)

Melting Point: syrup
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Preparation of Methyl 2-N-acetyl-2-aminodeoxy-o/B-D-glucopyranosides (110/B)
from N-Acetyl-D-glucosamine (1).

OH
o rlp
HO OMe

AcHN

In a 250 mL round-bottom flask equipped with a rubber septum and magnetic stir
bar, N-acetyl-D-glucosamine (5.103 g, 22.66 mmol) was dissolved in anhydrous CH;0H
(60 mL). In another 250 mL round-bottom flask, HCl gas was bubbled through
anhydrous CH30H (60 mL) for 5 min. The sugar solution was poured into the flask
containing CH3;OH and HCI gas. The reaction was stirred until TLC (3:1 ethyl acetate —
methanol) showed no starting material remaining. The solution was evaporated to give

0.96 g of product as a brown syrup in 90.4% yield and a 2:1 a:f ratio.

'H NMR (ds-DMSO): & 1.78 (s, 3H, NHAcB), 1.81 (s, 3H, NHAcw), 3.15 (s, 3H, -
OMew), 3.22 (s, 3H, -OMep), 4.15 (d, 1H, H-18, J = 8.4 Hz), 4.51 (d, 1H, H-1a, J = 3.5

Hz), 7.73 (d, 1H, NHAcB, J = 8.8 Hz), 7.79 (d, 1H, NHAcq, J = 8.2 Hz).

Melting Point: Syrup
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Preparation of  Methyl  2-N-acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-o/f3-D-
glucopyranosides  (12a/8) from  Methyl 2-N-acetyl-2-aminodeoxy-o/f-D-
glucopyranosides (110/8).

OAc -OAc
AcO @] AcO -0
Aco\% Aco\ﬂpowle
AcHN AcHN

OMe

In a 250 mL round-bottom flask, methyl 2-N-acetyl-2-aminodeoxy-o/f3-D-
glucopyranosides (110/8) (6.59 g, 28.02 mmol) was dissolved in pyridine (75 mL) and
acetic anhydride (25 mL) and was equipped with a septum and magnetic stir bar. The
reaction was allowed to stir in an ice bath for 2 h until TLC (ethyl acetate) showed
consumption of starting material. The reaction was poured over a water/ice mix (300
mL) and then extracted with CH,Cl, (3 x 80 mL). The combined organic layers were
washed with 5% H,SOy4 (2 x 80 mL) and then with H,O (200 mL). The organic layer was
dried over anhydrous MgSQy, evaporated, and separated on a column of silica gel (ethyl
acetate as eluent) to afford 3.66 g of the o anomer in 36.2% yield and 1.76 g of the 8

anomer in 17.4% yield with both products being white solids.

B-Methyl glycoside

"H NMR (CDCls): 8 1.96 (s, 3H, -CH3), 2.03 (s, 3H, -CH3), 2.04 (s, 3H, -CHj3), 2.09 (s,
3H, -CHs), 3.50 (s, 3H, -OCH3), 3.71 (ddd, 1H, H-5,/J=2.4,4.9,4.9 Hz), 3.87 (q, 1H, H-
2,J=9.2Hz),4.15(dd, 1H, H-6, J = 2.8, 12.5 Hz), 4.28 (dd, 1H, H-6’, J=4.8, 12.3 Hz),
4.59 (d, 1H, H-1, J = 8.4 Hz), 5.09 (t, 1H, H-4, J = 9.7 Hz), 5.28 (t, 1H, H-3, J = 10.0

Hz), 5.51 (d, 1H, NHAc, J = 8.4 Hz).



51

3C NMR (CDCl3): & 20.68, 20.73, 20.79, 23.37, 54.50, 56.76, 62.08, 68.59, 71.72, 72.40,

101.48, 169.20, 170.16, 170.54, 170.69.

m/z calculated: 361.34 m/z found: 384.1 (M + Na)

Melting Point: 148-152 °C

o-Methyl glycoside

'H NMR (CDCls): & 1.96 (s, 3H, -CHs), 2.02 (s, 3H, -CHj;), 2.03 (s, 3H, -CHs), 2.11 (s,
3H, -CHj;), 341 (s, 3H, -OCHj3), 4.42 (ddd, 1H, H-5, J =23, 4.7, 49 Hz), 4.11 (dd, 1H,
H-6,J =24, 12.4 Hz), 4.25 (dd, 1H, H-6’, J = 4.6, 12.3 Hz), 4.35 (ddd, 1H, H-2, J = 2.3,
6.7 Hz), 4.74 (d, 1H, H-1, J=3.5 Hz), 5.13 (t, 1H, H-4, J=9.8 Hz), 5.22 (t, IH, H-3, /=

10.1 Hz), 5.72 (d, 1H, NHAc, J = 9.5 Hz).

C NMR (CDCls): & 20.57, 20.68 (double intensity), 23.12, 51.70, 55.32, 61.91, 67.49,

68.02, 71.15, 98.12, 169.03, 169.72, 170.42, 171.00.

m/z calculated: 361.34 m/z found: 384.1 (M + Na)

Melting Point: 120-128 °C


http:169.03,169.72,170.42,17l.00
http:20.57,20.68
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Preparation of Methyl 2-N-acetyl-2-aminodeoxy-o/pB-D-glucopyranosides (110/118)
from Methyl 2-N-acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-o/B-D-glucopyranosides
(120/12B).

OH OH
HO O HO O
HO HO OMe

AcHN OMe AcHN

In a 500 mL round-bottom flask fitted with a septum and magnetic stir bar, the
tetraacetate (12 (3.95 g, 10.93 mmol) or (128) (1.26 g, 3.487 mmol) was dissolved in
CH;O0H (80 mL). In a 50 mL Erlenmeyer flask, sodium metal (1/2 a pellet) was
dissolved in CH3;0H (20 mL). The sodium methoxide solution was added to the sugar
solution and allowed to stir for 2 h until TLC (3:1 ethyl acetate — methanol) showed total
consumption of starting material. The reactions were evaporated to give crude yellow
solids with 2.54 g of the o anomer in 98.8% yield and 0.78 g of the B anomer in 95%

yield.

Methyl 2-N-acetyl-2-aminodeoxy-B-D-glucopyranoside
'H NMR (ds-DMSO): 8§ 1.77 (s, 3H, NHAc), 3.22 (m, 2H, H-2, H-5), 3.30 (s, 3H, -CH,),
3.44 (m, 4H, H-3, H-4, H-6, H-6’) 4.15 (d, 1H, H-1, J = 8.4 Hz), 7.71 (d, 1H, NHAc, J =

9.2 Hz).

3C NMR (ds-DMSO): & 23.18, 55.00, 55.69, 60.91, 70.45, 74.16, 76.97, 101.84, 168.88.

m/z calculated: 235.23 m/z found: 258.1 (M + Na)


http:823.18,55.00,55.69,60.91,70.45,74.16,76.97
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Melting Point: 76 °C, decomposes

Methyl 2-N-acetyl-2-aminodeoxy-a-D-glucopyranoside'
'H NMR (ds-DMSO): & 1.81 (s, 3H, NHAc), 3.34 (s, 3H, -CHj), 4.51 (d, 1H, H-1,J=3.5

Hz), 7.82 (d, 1H, NHAc, J = 8.2 Hz).
BC NMR (ds-DMSO0): & 22.73, 53.80, 54.28, 60.86, 70.65. 70.81, 72.73, 97.87, 169.33.

m/z calculated: 235.23 m/z found: 259.1 (M + Na + H)

Melting Point: 80 °C, decomposes

Attempted Preparation of Methyl 2-N-acetyl-2-aminodeoxy-4,6-O-isopropylidene--
D-glucopyranoside (13B) from  Methyl  2-N-acetyl-2-aminodeoxy-f3-D-

glucopyranoside (118).

o
0
HO%OMe

AcHN

In a 125 mL round-bottom flask, methyl 2-N-acetyl-2-aminodeoxy-f3-D-
glucopyranoside (118) (0.100 g, 0.425 mmol), DMF (1 mi), and 2-methoxypropene (0.3
mL) were mixed and then p-toluenesulfonic acid (0.017 g, 0.099 mmol) was added and
stirred until TLC (3:1 ethyl acetate — methanol) apparently showed reaction to be

complete. The reaction was evaporated and CH>Cl5 (5 mL) and H,O (5 mL) were added


http:522.73,53.80,54.28,60.86,70.65,70.81,72.73
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to the residue. The aqueous layer was extracted further with CH,Cl, (2 x 5 mL) and
washed with NaHCO3 (2 x 5 mL) and H,O (5 mL). The solution was dried over
anhydrous MgSO; and evaporated, but gave no product. It was thought that the organic
material was possibly lost in the aqueous layer. After evaporating the aqueous layer,
NMR again showed no product only possible starting material. The reaction did not
work possibly due to an inefficient amount of 2-methoxypropene being added to the

reaction.

Preparation of Methyl 2-N-acetyl-2-aminodeoxy-4,6-O-isopropylidene-a- and (-D-
glucopyranosides (13c/138) from Methyl 2-N-acetyl-2-amihodeoxy-a/B-D-

glucopyranosides (110/11p).

D e
0 0
HOQ% Ho@om

AcHN OMe AcHN

In a 100 mL round-bottom flask fitted with a septum and magnetic stir bar, either
methyl 2-N-acetyl-2-aminodeoxy-o/B-D-glucopyranosides (11a/113) (2.96 g, 12.58
mmol or 1.489 g, 6.330 mmol, respectively) were dissolved in DMF (10 mL). D(+)-10-
Camphorsulfonic acid (0.593 g, 2.553 mmol or 0.301 g, 1.296 mmol) and 2,2-
dimethoxypropane (20 mL) were added and the mixture was allowed to stir until TLC

(3:1 ethyl acetate — methanol) showed disappearance of compound 110/11f. The residue



I3

after evaporation afforded 13a and 13f as brown syrups, 3.08 g of the o anomer in

88.9% yield and 1.524 g of the B anomer in 87.5% yield.

Methyl 2-N-acetyl-2-aminodeoxy-4,6-O-isopropylidene-f-D-glucopyranoside
'"H NMR (ds-DMSO): 8 1.03 (s, 3H, -CHa), 1.24 (s, 3H, -CH3), 1.78 (s, 3H, NHAc), 3.30
(s, 3H, -OMe), 3.31 (m, 6H, H-2, H-3, H-4, H-5, H-6, H-6"), 4.15 (d, 1H, H-1, J = 8.4

Hz), 7.69 (d, 1H, NHAc, J = 9.0 Hz).

m/z calculated:275.3 m/z found: 277.0 (M + 2H)

Melting Point: syrup

Methyl 2-N-acetyl-2-aminodeoxy-4,6-O-isopropylidene-o-D-glucopyranoside
'H NMR (ds-DMSO): & 1.30 (s, 3H, -CH3), 1.43 (s, 3H, -CH3), 1.82 (s, 3H, NHACc), 3.23
(s, 3H, -OCH3), 3.62 (m, 6H, H-2, H-3, H-4, H-5, H-6, H-6’), 4.54 (d, 1H, H-1 J = 3.5

Hz), 7.87 (d, 1H, NHAc, J = 8.6 Hz).

m/z calculated: 275.3 m/z found: 298.1 (M + Na)

Melting Point: syrup

Preparation of Methyl 2-N-acetyl-2-aminodeoxy-3-O-benzyl-4,6-O-isopropylidene-

o-D-glucopyranoside and Methyl 2-N-acetyl-2-aminodeoxy-3-O-benzyl-4,6-O-
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isopropylidene-B-D-glucopyranoside (14c. and 14f3) from Methyl 2-N-acetyl-2-

aminodeoxy-4,6-0-isopropylidene-o/B-D-glucopyranosides (130/13[3).

T B

ChorN Gy < NHAC

O
Me

In a 100 mL round-bottom flask, DMF (30 mL) was added to either methyl 2-N-
acetyl-2-aminodeoxy-4,6-O-isopropylidene-o/f-D-glucopyranosides (130/13B) (1.02 g,
3.71 mmol or 1.26 g, 4.58 mmol, respectively) to dissolve it. Sodium hydride (0.306 g,
. 12.75 mmol or 0.373g, 15.54 mmol) was added to the reaction and the mixture was
allowed to sit until bubbling ceased. Benzyl bromide (0.44 mL or 0.54 mL) was then
added and the reaction was stirred ovemnight until TLC (ethyl acetate) showed
consumption of starting material. The reaction mixture was then poured into 50 mL of
H>O/ice mixture. The organic layer was extracted out with CH,Cl, (1 x 25 mL), washed
with ammonium chloride (1 x 30 mL), and washed with NaHCO; (1 x 30 mL). The
organic layer was washed with H>O (1 x 50 mL) dried with anhydrous MgSQO4 and the
solvent was then evaporated off. Column chromatography was then performed (1:1

hexane — ethyl acetate) to give 0.43 g of a white solid in 36.0% yield for the o anomer

and 0.36 g of product for a 15.3% yield for the § anomer.
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Methyl 2-N-acetyl-2-aminodeoxy-3-0-benzyl-4,6-O-isopropylidene-f3-D-
glucopyranoside

'H NMR (CDCls): § 1.26 (s, 3H, -CH3), 1.33 (s, 3H, -CH3), 1.86 (s, 3H, NHAc), 3.49 (s,
3H, -OMe), 3.72 (m, 2H, H-2, H-5), 4.68 (m, 7H, H-1, H-3, H-4, H-6, H-6’, H-7, H-8)

5.54 (d, 1H, NHAc, J = 8.1 Hz), 7.32 (m, 5H, Ar-H).

m/z calculated: 365.42 m/z found: 387.0 M + H)

Melting Point: 113-121 °C

Methyl 2-N-acetyl-2-aminodeoxy-3-O-benzyl-4,6-O-isopropylidene-o.-D-
glucopyranoside

'H NMR (CDCls): & 1.45 (s, 3H, -CH3), 1.51 (s, 3H, -CHs), 1.92 (s, 3H, NHACc), 3.32 (s,
3H, -OMe), 3.51 (q, 1H, H-2, J = 6.4 Hz), 3.61 (ddd, 1H, H-5, J = 5.3, 10.1, 10.1 Hz),
3.82 (m, 2H, H-3, H-4), 4.21 (dd, 1H, H-6, /= 2.4, 7.9 Hz), 4.24 (dd, 1H, H-6’, J = 2.4,
7.9 Hz), 4.59 (d, 1H, H-8, J = 12.5 Hz), 4.65 (d, 1H, H-7, /= 3.9 Hz), 4.83 (d, 1H, H-1, J

=12.5 Hz), 5.35 (d, 1H, NHAc, J =9.2), 7.32 (m, 5H, Ar-H).

m/z calculated: 365.42 m/z found: 388.1 (M + H)

Melting Point: 130-133°C


http:9.2),7.32
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Attempted Preparation of Methyl 2-N-acetyl-2-aminodeoxy-3-O-pivaloyl-4,6-0-
isopropylidene-p-D-glucopyranoside from Methyl 2-N-acetyl-2-aminodeoxy-4,6-O-

isopropylidene-B-D-glucopyranoside (13f3).

e
O
/’\V/OO\&/OMe
AcHN

0

In a 100 mL round-bottom flask, methyl 2-N-acetyl-2-aminodeoxy-4,6-O-
isopropylidene-f-D-glucopyranoside (138) (0.15 g, 0.545 mmol) was dissolved in
pyridine (5 mL) and then trimethyl acetyl chloride (1 mL) was added to the reaction,
which was allowed to stir overnight until TLC (ethyl acetate) appeared to show
consumption of starting material. The reaction was put into water/ice (40 mL) and
extracted with CH,Cl; (3 x 10 mL). The organic layer was washed with 5% H,SO4 (2 x
10 mL) and H>O (20 mL). The solution was dried over anhydrous MgSOj, evaporated,
and purified on a column of silica gel (ethyl acetate) to give material, the structure of

which was inconclusive by NMR spectroscopy.

Preparation of methyl 2-N-acetyl-2-aminodeoxy-4,6-0-benzylidene-o-D-
glucopyranoside from Methyl 2-N-acetyl-2-aminodeoxy-o-D-glucopyranoside (110).

Ph™T>0
(e @)
HO
AcHN

OMe
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Methyl 2-N-acetyl-2-aminodeoxy-0-D-glucopyranoside (11a) (0.511 g, 2.172
mmol) was placed in a 100 mL round-bottom flask. Freshly distilled benzaldehyde (2
mL) and fused zinc chloride (0.511 g, 3.749 mmol) were added to the reaction, which
was stirred overnight until TLC (3:1 ethyl acetate — methanol) appeared to show
consumption of starting material. The reaction was placed on a high vacuum pump to
remove all solvent and column chromatography was performed (3:1 ethyl acetate —

methanol) to give what was concluded to be starting material according to 'H NMR.

Typical procedure for the synthesis of N-glycosyl amides using the modified
Staudinger reaction.

2-Acetamido-glucosyl azide (4) (1.0 mmol), acylating agent (2.0 mmol), and
ethylenebis(diphenylphosphine) (0.65 mmol) were all put into a round bottom flask, and
then dry THF (0.1 g/mL) was added dropwise to dissolve the reagents. The mixture was
stirred at RT for 4 h until TLC showed the disappearance of the intermediate ylid.
Saturated NaHCO; was then added and the mixture was stirred overnight. After THF
was removed under vacuum, the residue was dissolved in CHCI; (3 x 20 mL) and then
washed with HO (1 x 20 mL). The organic layer was dried over anhydrous MgSOQO,,

filtered, evaporated to dryness, and the crude product was purified by recrystallization.

Preparation of p-Nitrobenzoic acid amide (19) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-B-D-glucopyranosyl azide (4).

OAc NO,
AcO OH
AcO N
AcHN

O
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2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4) (0.377
g, 1.01 mmol), p-nitrobenzoyl chloride (0.379 g, 2.04 mmol), and DPPE (0.262 g, 0.66
mmol) were reacted in THF according to the typical procedure. Purification by

recrystallization (ethanol) yielded 0.163 g of product as a white solid in 32.5% yield.

'H NMR (CDCls): 8 1.97 (s, 3H, -CH3), 2.08 (s, 3H, -CH3), 2.10 (s, 3H, -CH3), 2.12 (s,
3H, -CHs), 3.85 (ddd, 1H, H-5,J = 2.1, 6.0, 5.9 Hz), 4.13 (dd, 1H, H-6, J = 2.3, 12.5 Hz),
4.24 (q, 1H, H-2, J = 9.3 Hz), 4.36 (dd, 1H, H-6’, J =4.2, 12.6 Hz), 5.11 (t, IH, H-4, J =
10.1 Hz), 5.19 (d, 1H, H-1, J=2.9 Hz), 5.21 (t, 1H, H-3, J = 3.8 Hz), 6.20 (d, 1H, NHAc,
J =173 Hz), 8.01 (d, 2H, H-8 and H-9, J = 9.2 Hz), 8.22 (d, 1H, N-H, J = 7.1 Hz), 8.30

(d, 2H, H-10 and H-11, J = 9.0 Hz).

C NMR (CDClz): & 20.70, 20.85, 20.86, 23.28, 53.81, 61.57, 67.40, 72.79, 73.54, 81.42,
123.80 (double intensity), 128.55 (double intensity), 138.04, 149.83, 165.21, 169.07,

11052, 172.23, 172,72

m/z calculated: 495.4 m/z found: 518.2 (M + Na)

Melting Point: 280-282 °C, decomposes

Preparation of Isovaleryl amide (20) from 2-VN-Acetyl-3,4,6-tri-O-acetyl-2-
aminodeoxy-B-D-glucopyranosyl azide (4).

OAc

AcO oH

AcO N
Y

AcHN


http:170.52,172.21,172.72
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2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-B-D-glucopyranosyl azide (4) (0.376
g, 1.01 mmol), isovaleryl chloride (0.25 mL, 2.03 mmol), and DPPE (0.263 g, 0.66
mmol) were dissolved in THF according to the typical procedure. Purification by

recrystallization (ethanol) yielded 0.182 g of product as a solid in 41.9% yield.

'H NMR (CDCls): 8 0.90 (d, 6H, -CH; x 2, J = 6.4 Hz), 0.93 (d, 2H, -CH, J = 6.2 Hz),
2.00 (m, 1H, -CH), 2.05 (s, 3H, -CH3), 2.07 (s, 3H, -CH3), 2.09 (s, 3H, -CH3), 3.76 (ddd,
1H, H-5,/=2.1,4.7,4.8 Hz), 4.08 (dd, |H, H-6, J=2.2, 125 Hz),4.14 (q, 1H, H-2, J =
9.6 Hz), 4.32 (dd, 1H, H-6", J = 4.3, 12.5 Hz), 5.04 (t, IH. H-4, J = 9.0 Hz), 5.08 (d, 1H,
H-1.J=7.9 Hz), 5.14 (t, 1H, H-3, J = 9.6 Hz), 6.02 (d, 1H, NHAc. J = 8.2 Hz), 6.90 (d.

1H, N-H, J = 8.6 Hz).

3C NMR (CDCls): § 20.67, 20.81, 23.09, 25.95, 45.87, 53.06, 61.76, 67.88, 72.93, 73.34,

79.84, 128.71, 130.63, 131.96, 169.14, 170.54, 171.47, 171.71, 173.21

m/z calculated: 430.4 m/z found: 453.0 (M + Na)
Melting Point: 236-238 °C
Preparation of Benzoyl amide (21) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-B-D-glucopyranosyl azide (4).

OAc
AcO OoH
AcO N
AcHN
¢ o)


http:45.87,53.06
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2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4) (0.374
g, 1.00 mmol), benzoyl chloride (0.23 mL, 2.00 mmol), and DPPE (0.266 g, 0.67 mmol)
were reacted in THF according to the typical procedure. Purification by recrystallization

(ethanol) yielded 0.144 g of product as a solid in 31.9% yield.

'H NMR (CDCls): 8 1.94 (s, 3H, -CHa), 2.07 (s, 3H, -CHj), 2.10 (s, 3H, -CH3), 2.11 (s,
3H, -CHs3), 3.86 (ddd, 1H, H-5,/=2.1,4.7,4.6 Hz), 4.12 (dd, 1H, H-6, J = 2.2, 12.5 Hz),
4.28 (q, |H, H-2, J =9.5 Hz), 4.36 (dd, 1H, H-6’, J=4.1, 12.4 Hz), 5.12 (t, 1H, H-4, ] =
10.0 Hz), 5.19 (d, 1H, H-1, J=9.9 Hz), 5.26 (t, 1H, H-3, / = 8.9 Hz), 6.15 (d, |H, NHAc,
J=179Hz), 745 (t, 1H, H-12, J = 7.7 Hz), 7.53 (t, 2H, H-10 and H-11, J = 7.4 Hz), 7.83

(d, 2H, H-8 and H-9, J = 7.1 Hz), 7.88 (d, 1H, N-H, J = 8.1 Hz).

'3C NMR (CDCls): & 20.72, 20.86 (double intensity), 23.21, 53.51, 61.71, 67.67, 72.94,
73.49, 81.10, 127.27 (double intensity), 128.59 (double intensity), 132.14, 132.57,

167.34, 169.12, 170.58, 171.92, 172.18.

m/z calculated: 450.4 m/z found: 451.1 (M + H)

Melting Point: 247-249 °C

Preparation of Butyryl amide (22) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-
aminodeoxy-B-D-glucopyranosyl azide (4).

OAc
AcO OKI'

AcO
p AcHN \[O]/\/


http:167.34,169.12,170.58,171.92,172.18
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2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4) (0.377
g, 1.01 mmol), butyryl chloride (0.21 mL, 2.02 mmol), and DPPE (0.270 g, 0.68 mmol)
were reacted in THF according to the typical procedure. Purification by recrystallization

(ethanol) yielded 0.206 g of product as a solid in 48.9% yield.

'H NMR (CDCl3): 8 1.62 (m, 3H, -CH3), 1.95 (s, 3H, -CHs), 2.05 (s, 3H, -CH3), 2.08 (s,
3H, -CHj3), 2.09 (s, 3H, -CHj3), 2.17 (m, 4H, H8-H11), 3.7 (ddd, 1H, H-5,J=2.2,4.7, 4.7
Hz), 4.09 (dd, 1H, H-6, J = 2.3, 12.5 Hz), 4.14 (q, 1H, H-2, J = 8.3 Hz), 4.31 (dd, 1H, H-
6',J=4.4,12.5Hz),5.05(t, IH, H-3, J = 8.2 Hz), 5.09 (d, 1H, H-1, /= 11.0 Hz), 5.13 (t,

1H, H-4, J = 7.6 Hz), 6.08 (d, 1H, NHAc, J = 8.2 Hz), 6.92 (d, 1H, N-H, J = 8.4 Hz).

3C NMR (CDCl;): § 13.66, 18.70, 20.69, 20.81, 20.85, 23.17, 38.55, 53.29, 61.74, 67.74,

7291, 73.42, 80.10, 169.12, 170.55, 171.67, 171.69, 173.59.

m/z calculated: 416.4 m/z found: 431.1 M + -CHa,)

Melting Point: 219-221 °C

Preparation of 1-Naphthoyl amide (23) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-B-D-glucopyranosyl azide (4).

OAc O
AcO OH
AcO N

AcHN
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2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4) (0.377
g, 1.01 mmol), 1-naphthoyl chloride (0.30 mL, 1.99 mmol), and DPPE (0.264 g, 0.66
mmol) were reacted in THF according to the typical procedure. Purification by
recrystallization (ethanol) and then through a column of silica gel (ethyl acetate as eluent)

yielded 0.211 g of product as a solid in 41.6% yield.

'H NMR (CDCls): 8 1.96 (s, 3H, -CHs), 2.08 (s, 3H, -CHs), 2.10 (s, 3H, -CH3), 2.11 (s,
3H, -CHj3), 3.89 (ddd, 1H, H-5, J = 2.1, 4.4,4.7 Hz), 4.17 (dd, 1H, H-6, J = 2.1, 12.5 Hz),
4.29 (q, 1H, H-2, J = 9.6 Hz), 4.37 (dd, 1H, H-6’, J =4.3, 12.5 Hz), 5.16 (d, IH, H-1,J =
10.1 Hz), 5.21 (t, 1H, H-3, J =9.5 Hz), 540 (t, 1H, H-4, J = 9.3 Hz), 6.09 (d, 1H, NHACc,

J=8.6Hz), 7.38 (d, 1H, N-H, J = 8.6 Hz), 7.35 (m, 7TH, Ar-H).

3C NMR (CDCls): § 20.72, 20.83, 20.87, 23.08, 53.35, 61.80, 67.86, 73.08, 73.73, 77.32,
80.28, 124.59, 125.21, 125.37, 126.35, 127.15, 128.25, 130.05, 131.50, 132.06, 133.60,

169.15, 169.50, 170.58, 171.58.

m/z calculated: 500.50 m/z found: 501.2 (M + H)

Melting Point: 259-261 °C, decomposes


http:170.58,17l.58
http:169.15,169.50
http:820.72,20.83,20.87,23.08,53.35,61.80,67.86

65
Preparation of Acetyl amide (24) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-

B-D-glucopyranosyl azide (4).

OAc
AcO OH

AcO N
AcHN \(f)]/

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-3-D-glucopyranosyl azide (4) (0.372
g, 1.00 mmol), acetyl chloride (0.14 mL, 1.97 mmol), and DPPE (0.263 g, 0.66 mmol)
were reacted in THF according to the typical procedure. Purification through a column

of silica gel (ethyl acetate as eluent) yielded 0.270 g of product as a solid in 69.8% yield.

'H NMR (CDCls): 8 1.97 (s, 3H, -CH3), 1.98 (s, 3H, -CH3), 2.05 (s, 3H, -CH3), 2.08 (s,
3H, -CHs), 2.10 (s, 3H, -CHj3), 3.76 (ddd, 1H, H-5, J = 2.1, 4.8, 4.8 Hz), 4.09 (dd, 1H, H-
6,J=1.9, 12.5 Hz), 4.13 (q, 1H, H-2, J = 6.0 Hz), 431 (ad, 1H, H-6’, J = 4.3, 12.5 Hz),
5.037 (d, 1H, H-1, J = 10.6 Hz), 5.043 (t, 1H, H-3, J=9.1 Hz), 5.14 (t, 1H, H-4,J=9.7

Hz), 5.93 (d, 1H, NHAc, J= 8.2 Hz), 6.99 (d, 1H, N-H, J =7.9 Hz).

3C NMR (CDCls): § 20.70, 20.84, 23.24, 23.50, 26.57, 52.49, 61.69, 67.50, 70.61, 72.91,

73.45, 80.38, 169.09, 170.56, 170.71, 171.89.

m/z calculated: 387.33 m/z found: 411.1 (M + Na + H)

Melting Point: 235-238 °C, decomposes


http:80.38,169.09,170.56,170.71
http:820.70,20.84,23.24,23.50,26.57,53.49,61.69,67.50
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Preparation of 6-Bromohexanoyl amide (25) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-f-D-glucopyranosyl azide (4).

OAc
AcO OH

AcHN
O

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f3-D-glucopyranosyl azide (4) (1.002
g, 2.69 mmol), 6-bromohexanoyl chloride (0.82 mL, 5.36 mmol), and DPPE (0.699 g,
1.75 mmol) were reacted in THF according to the typical procedure. Purification through
a column of silica gel (ethyl acetate as eluent) yielded 0.99 g of product as a white solid

in 70.3% yield.

'"H NMR (CDCls): 8 1.43 (m, 2H, -CH,), 1.62 (m, 2H, -CH,), 1.87 (m, 2H, -CH,), 1.96
(s, 3H, -CHj3), 2.05 (s, 3H, -CHs), 2.08 (s, 3H, -CH3), 2.09 (s, 3H, -CH3), 2.20 (m, 2H, -
CH,), 3.40 (1, 2H, Br-CH,, J = 6.7 Hz), 3.76 (ddd, 1H, H-5,J = 2.0, 4.6, 4.6 Hz), 4.10 (m,
2H, H-2, H-6) 4.31 (dd, 1H, H-6’, J = 4.1, 12.5 Hz), 5.04 (m, 2H, H-1, H-3) 5.14 (t, 1H,

H-4,/=9.5 Hz), 597 (d, 1H, NHAc, J = 7.9 Hz), 6.97 (d, 1H, N-H, J = 8.4 Hz).

m/z calculated: 523.37 m/z found: 523.1

Melting Point: 138-146 °C, decomposes
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Preparation of 6-Bromohexanoyl amide azide (26) from 6-Bromohexanoyl amide

(25).

OAc
AcO OH

AcO N N
AcHN TN
0

In a 250 mL round-bottom flask fitted with a septum and magnetic stir bar, 6-
bromohexanoyl amide (25) (0.99 g, 1.892 mmol) was dissolved in DMF (15 mL). NaNj
(0.620 g, 9.537 mmol) was added and the reaction was allowed to stir for 18 h when TLC
(ethyl acetate) showed consumption of the starting material. CH>Cl, (30 mL), 5% H»>SO4
(30 mL), and water (30 mL) were added to the reaction and the organic layer was
collected. The organic layer was washed with H,O (100 mL) and was dried over
anhydrous MgSO;, evaporated, and then dissolved into methylene chloride (25 mL) again
and washed with water (2 x 25 mL) again to remove residual DMF. The organic solution
was again dried over anhydrous MgSO, and evaporated to give 0.359 g of product as a

white solid in 39.1% yield.

'H NMR (CDCl;): 8 1.37 (m, 2H, -CH,), 1.60 (m, 4H, -CH; x 2), 2.18 (m, 2H, -CH,),
1.96 (s, 3H, -CHs), 2.05 (s, 3H, -CHj3), 2.08 (s, 3H, -CH3), 2.10 (s, 3H, -CHz3), 3.27 (t, 2H,
N-CH,, J = 7.1 Hz), 3.75 (ddd, 1H, H-5, J = 2.1, 4.6, 4 8 Hz), 4.10 (m, 2H, H-2, H-6)
431 (dd, 1H, H-6’, J = 4.1, 12.4 Hz), 5.04 (m, 2H, H-1, H-3) 5.15 (t, 1H, H-4, J = 9.7

Hz), 5.95 (d, 1H, NHAc, J=8.2 Hz), 6.97 (d, 1H, N-H, J == 8.1 Hz).
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m/z calculated: 485.49 m/z found: 508.2 (M + Na)

Melting Point: 167-169 °C, decomposes

Attempted Preparation of Succinyl amide (27) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-f-D-glucopyranosyl azide (4).

O
OAc NHAc
AcO N HO OAc
AcHN AcO
o]

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-B-D-glucopyranosyl azide (4) (0.378
g, 1.02 mmol), succinyl chloride (0.22 mL, 2.00 mmol), aad DPPE (0.265 g, 0.67 mmol)
were reacted in THF according to the typical amide procedure. After extraction with
CHCI; and washing with H;O, the organic solution was evaporated to dryness; the

residue proved to be only starting material by NMR spectroscopy.

Attempted Preparation of p-Toluenesulfonyl amide (28) from 2-N-Acetyl-3,4,6-tri-

0O-acetyl-2-aminodeoxy-B-D-glucopyranosyl azide (4).

OAc
AcO oH 9
AcO N—ﬁ
AcHN 9]

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f-D-zlucopyranosyl azide (4) (0.378
g, 1.02 mmol), p-toluenesulfonyl chloride (0.380 g, 1.99 mmol), and DPPE (0.262 g, 0.66

mmol) were reacted in THF according to the typical procedure. After extraction with
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CHCI; and washing with H,O, the organic layer was evaporated to dryness and the

residue was found to be only starting material by NMR spectroscopy.

Attempted Preparation of Oxalyl amide (29) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-B-D-glucopyranosyl azide (4).

AcO

o L<0%,

OAc H NO o
ACO OH NHAc

AcO N 0]

AcHN

(0]

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeox y-f-D-glucopyranosyl azide (4) (0.745
g, 2.00 mmol), oxalyl chloride (0.10 mL, 1.15 mmol), and DPPE (0.399 g, 1.00 mmol)
were reacted in THF according to the typical procedure. After extraction with CHCl; and
washing with H,O, the organic layer was evaporated to dryness and column
chromatography (ethyl acetate as eluent) was performed to afford only starting material

by NMR spectroscopy.

Attempted Preparation of 2-Furoyl amide (30) from 2-N-Acetyl-3,4,6-tri-O-acetyl-2-

aminodeoxy-B-D-glucopyranosyl azide (4).

C

OA
AcO OH 1\
AcO N 0
AcHN
O

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f3-D-glucopyranosyl azide (4) (0.374

g, 1.00 mmol), 2-furoyl chloride (0.20 mL, 2.02 mmol), and DPPE (0.266 g, 0.67 mmol)
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were reacted in THF according to the typical procedure. The crude product was purified
with column chromatography (1:1, hexanes — ethyl acetare) to give a mixture containing

starting material but not the desired product.

Attempted Preparation of Benzoyl amide (31) from 2-N-Acetyl-2-aminodeoxy-3-0-

benzyl-4,6-0-isopropylidene-B-D-glucopyranosyl azide (8).

4

OH
T r©
( AcHN
Ph

)

2-N-Acetyl-2-aminodeoxy-3-O-benzyl-4,6-O-isopropylidene-f-D-glucopyranosyl
azide (8) (0.520 g, 1.381 mmol), benzoyl chloride (0.25 mL, 2.152 mmol), and DPPE
(0.304 g, 0.763 mmol) were reacted in THF according to the typical procedure.
Purification by column chromatography (ethyl acetate as =luent) afforded mostly starting

material by NMR spectroscopy.
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Typical procedure for the formation of triazoles from 2-N-Acetyl-3,4,6-tri-O-acetyl-
2-aminodeoxy-B-D-glucopyranosyl azide (4).

The azide and an alkyne were suspended in a mixture of -BuOH and water (1:1). An
aqueous solution of ascorbic acid (1M) and an aqueous solution of CuSO4 (1M) were
added and the mixture was heated to 60 °C until TLC showed consumption of starting
material. The mixture was allowed to cool to RT and most of the --BuOH was removed
in vacuo. Ice water was added to the reaction and the product was filtered off through a
glass frit funnel and washed with cold H>O. The product was then purified by

recrystallization.

Preparation of bis(triazole) (37) from 1,3-Diethynylbenzene and 2-N-Acetyl-3,4,6-
tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4).

OAc AcO
AcO O _N. N. O~ OAc
AcO N °N N* N OAc

s, . % Ah,
HWH NHAc

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-B-D-glucopyranosyl azide (4) (0.205
g, 0.5505 mmol) and 1,3-diethynyl benzene (0.09 mL, 0.6769 mmol) were dissolved in 5
mL of a --BuOH and H>O solution (1:1) according to the typical procedure. Ascorbic
acid (0.15 mL of 1 M aqueous solution, 1.448 mmol) and copper sulfate (0.03 mL of I M
aqueous solution, 0.1954 mmol) were added and the mixture was heated until TLC (ethyl
acetate) showed consumption of starting material. Ice H,O (15 mL) was added and the

product filtered off to give 0.196 g of product as a crude white solid in 40.9% yield.



'H NMR (CDCls): 8 1.58 (s, 3H, -CH3), 1.78 (s, 3H, -CH3), 2.09 (s, 3H, -CH3), 2.10 (s,
3H, -CH3), 4.01 (ddd, 1H, H-5, /=24, 5.1, 5.0 Hz), 4.16 (dd, 1H, H-6, J = 2.1, 12.6 Hz),
4.32 (dd, 1H, H-6’, J=5.0, 12.7 Hz), 4.65 (q, 1H, H-2, /= 10.0 Hz), 5.28 (t, IH, H-4, J =
9.8 Hz), 5.44 (t, 1H, H-3, J=9.9 Hz), 5.80 (d, 1H, NHAc, J =9.0 Hz), 7.39 (t, 1H, Ar-H,
J=17.7Hz), 7.47 (d, 1H, Ar-H, J = 7.6 Hz), 7.84 (d, 1H, Ar-H, J = 7.9 Hz), 8.11 (s, IH,

triazole-H).

m/z calculated: 870.8 m/z found: 869.5

Melting Point: 341 °C, decomposes

Preparation of bis(triazole) (38) from 1,4-Diethynylbenzene and 2-N-Acetyl-3,4,6-

tri-O-acetyl-2-aminodeoxy-f-D-glucopyranosyl azide (4).

OAc
AcO O _N.
AcO N° N
AcHN =
H
H
N. N NHAc
N’ OAc
@ OAc
AcO

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeoxy-f3-D-glucopyranosyl azide (4) (0.209
g, 0.5613 mmol) and 1,4-diethynylbenzene (0.072 g, 0.5707 mmol) were dissolved in 5

mL of a --BuOH and H,O solution (1:1) according to the typical procedure. Ascorbic
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acid (0.15 mL of 1 M aqueous solution, 1.448 mmol) and copper sulfate (0.03 mL of 1 M
aqueous solution, 0.1954 mmol) were added and the mixture heated until TLC (ethyl
acetate) showed consumption of starting material. Ice H,O (15 mL) was added and the

product filtered off to give 0.261 g of product as an orange solid in 53.4% yield.

'H NMR (CDCls): & 1.59 (s, 3H, -CH3), 1.96 (s, 3H, -CHj3), 2.00 (s, 3H, -CHj), 2.02 (s,
3H, -CHj3),4.21 (m, 3H, H-5, H-6, H-6’), 4.64 (q, 1H, H-2, /= 9.8 Hz), 5.11 (t, 1H, H4, J
= 9.7 Hz), 5.39 (t, 1H, H-3, J = 9.8 Hz), 6.38 (m, 2H, H-1, NHAc), 7.57 (d, 1H, NHAc
(monomer), J = 8.1 Hz), 7.84 (d, 2H, Ar-H (monomer), J = 8.6 Hz), 7.93 (s, 4H, Ar-H),
8.13 (d, 2H, Ar-H (monomer), J = 8.8 Hz), 8.91 (s, 1H, triazole-H), 8.93 (s, 1H, triazole-

H (monomer))

Melting Point: 330 °C, decomposes

Preparation of triazole (39) from Phenylacetylene and 2-N-Acetyl-3,4,6-tri-O-acetyl-

2-aminodeoxy-B-D-glucopyranosyl azide (4).

OAc
AcO O .N.
AcO N~ N
AcHN )—L—
. H Ph

2-N-Acetyl-3,4,6-tri-O-acetyl-2-aminodeox y-f-D-glucopyranosyl azide (4) (0.201
g, 0.5398 mmol) was dissolved in 5 mL of a -BuOH and H,O solution (1:1) and Phenyl
acetylene (0.01 mL, 09085 mmol) was added accorcing to the typical procedure.

Ascorbic acid (0.15 mL of 1 M aqueous solution, 1.448 mmol) and copper sulfate (0.03


http:CH3),4.21
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mL of 1 M aqueous solution, 0.1954 mmol) were added and the reaction was heated until
TLC (ethyl acetate) showed consumption of starting material. Ice H,O (15 mL) was

added and the product filtered off as a white solid with a weight of 0.221 g in 86.0%

yield.

'H NMR (CDCls): 8 1.78 (s, 3H, -CH3), 2.08 (s, 3H, -CE3), 2.09 (s, 3H, -CHs), 2.09 (s,
3H, -CHj), 4.01 (ddd, 1H, H-5,/=2.4,5.1,4.9 Hz), 4.16 (dd, 1H, H-6, J = 2.2, 12.5 Hz),
4.32 (dd, 1H, H-6’, J=4.9, 12.7 Hz), 4.66 (q, 1H, H-2, /=99 Hz), 5.28 (t, 1H, H-4, J =
9.6 Hz), 5.46 (t, 1H, H-3, J=9.9 Hz), 5.83 (d, 1H, NHAc, J = 9.2 Hz), 6.04 (d, 1H, H-1,
J=10.1 Hz), 7.35 (t, 1H, Ar-H, J = 7.4 Hz), 7.43 (t, 2H, Ar-H, J = 7.4 Hz), 7.84 (d, 2H,

Ar-H, J=7.1 Hz), 8.09 (s, 1H, triazole-H).

BC NMR (CDCls): § 20.14 (double intensity), 20.24, 22.24, 51.99, 61.28, 67.69, 72.12,
73.95, 85.20, 118.03, 125.09 (double intensity), 127.62, 128.12 (double intensity),

129.53, 146.92, 168.62, 169.39, 169.71, 169.73.

m/z calculated: 474.5 m/z found: 497.2 (M + Na)

Melting Point: 270 °C, decomposes


http:168.62,169.39,169.71,169.73
http:129.53,146.92
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