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Summary

Bacterial infections have been increasing in recent year, and this trend is a significant public health
concern worldwide. There are several reasons for this, including the overuse and misuse of
antibiotics, which has led to the spread and emergence of antibiotic-resistant bacteria. Developing
a vaccine while resistance is rising is crucial to combat this issue. Vaccines can help reduce
antibiotic use, which can slow the development of antibiotic resistance.

Capsular polysaccharides (CPSs) on the surface of bacteria play an essential role in the virulence
of bacteria by protecting them from the host's immune system. Because of their important role in
bacterial virulence, CPSs are often targeted by vaccines and antimicrobial therapies.
Carbohydrates based vaccines can be developed to stimulate the immune system to produce
antibodies against specific CPSs, which can then prevent or reduce the severity of infections
caused by the targeted bacteria.

Vaccines based on synthetic oligosaccharides are a type of subunit vaccine that mimic the structure
of natural polysaccharide antigens found on the surface of bacteria. The advantage of synthetic
oligosaccharides in vaccines is that they are well-defined and can be produced in large quantities
with high purity, unlike polysaccharides obtained from natural sources, which can have variable
structures and impurities. In addition, synthetic oligosaccharides can be designed to elicit a specific
immune response, reducing the risk of adverse reactions or non-specific immune activation.

The first part of my research focused on synthesizing five novel synthetic oligosaccharides
resembling the capsular polysaccharides of Streptococcus suis serotype 18 using solution-phase
chemistry (Scheme I). The main goal of this part is to develop new methods for synthesizing
oligosaccharides that represent capsular polysaccharide (CPS) sequences from pathogenic bacteria
to identify minimum antibody epitopes. Five differentially protected building blocks were
synthesized and employed in glycosylations to assemble the oligosaccharides. The neighbouring
and remote participation ensured the stereoselectivity of the glycosidic bond during glycosylation.
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Scheme I: Oligosaccharides resembling Streptococcus suis serotype 18

The second part of my dissertation focused on fungi Candida auris. Antifungal drugs that are
resistant to Candida auris is a significant concern because it can lead to treatment failures,
prolonged hospital stays, and increased mortality. Chapter 3 describes the synthesis
of oligosaccharides resembling the key immunogenic structure of Candida auris KCTC 17810
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(Scheme I1). The goal was accomplished using a combination of synthetic chemical approaches
that included automated solid-phase and solution-phase methods. A new method was developed
to synthesize phosphodiester linkages on the solid phase.

. 0-1,6-Mannose
. o-1,2-Mannose
. o-1,2-Mannose

O Phosphate
NH:

Scheme I1: Structure of Candida auris KCTC 17810 Mannan
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Zusammenfassung

Bakterielle Infektionen haben in den vergangenen Jahren stetig zugenommen. Dieser Trend stellt
weltweit ein grofl3es Problem fiir die 6ffentliche Gesundheit dar. Dafiir gibt es mehrere Griinde, u.
a. den UbermaRigen und missbréuchlichen Einsatz von Antibiotika, der zur Ausbreitung und
Entstehung von Antibiotikaresistenzen in Bakterien flihrt. Daher ist die Entwicklung eines
Impfstoffs fir die Bekdmpfung dieses Problems von entscheidender Bedeutung. Impfstoffe
kdnnen dazu beitragen, den Einsatz von Antibiotika zu reduzieren, was die Entwicklung von
Antibiotikaresistenzen verlangsamen kann.

Kapselpolysaccharide (KPS) spielen eine wesentliche Rolle bei der Virulenz der Bakterien, indem
sie den Erreger vor dem Immunsystem des Wirts schutzen. Wegen ihrer wichtigen Rolle bei der
bakteriellen Virulenz sind KPS Gegenstand von Impfstoffkampagnen und antimikrobielle
Therapien. Kohlenhydratbasierte Impfstoffe kdénnte das Immunsystem zur Bildung von
Antikorpern gegen bestimmte KPS anregen, die die Schwere der entsprechenden bakteriellen
Infektionen verringern kdnnen.

Impfstoffe auf der Grundlage synthetischer Oligosaccharide sind eine Art Untereinheit-Impfstoff,
der die Struktur natdrlicher Polysaccharid-Antigene auf der Oberflache von Bakterien nachahmt.
Der Vorteil von synthetischen Oligosacchariden als Impfstoffen besteht darin, dass sie genau
definiert sind und in grolRen Mengen mit hoher Reinheit hergestellt werden kénnen, wahrend
Polysacchariden aus nattirlichen Quellen oft variable Strukturen und Verunreinigungen aufweisen.
Die Spezifitat der provozierten Immunantwort kann bei synthetischen Oligosaccharidimpfstoffen
durch das Level an Komplexitét sichergestellt werden. Somit kénnen synthetischer Aufwand und
das Risiko auf unerwiinschte Immunantwort minimiert werden.

Der erste Teil meiner Forschung konzentrierte sich auf die Synthese von funf neuartigen,
synthetischen Oligosacchariden, die den kapsuldren Polysacchariden von Streptococcus suis
Serotyp 18 &hneln. Das Hauptziel dieses Teils ist die Identifizierung minimaler Epitope durch die
Entwicklung neuer Methoden zur Synthese von Kapselpolysaccharid-Sequenzen von pathogenen
Bakterien moglich zu machen. Es wurden funf orthogonal geschiitzte Bausteine synthetisiert und
via Glykosylierungen zu Oligosacchariden zusammenzusetzen. Hierbei wurde die
Stereoselektivitat der jeweiligen glykosidischen Bindung durch direkte und entfernte
Nachbargruppenbeteiligung sichergestellt.
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Scheme I: Streptococcus-suis-serotype-18-ahnliche Oligosaccharide
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Der zweite Teil meiner Dissertation befasste sich mit dem gegen Antimykotika resistenten Pilz
Candida auris. Zunehmende Resistenzen bei Candida auris geben Anlass zu grof3er Sorge, da sie
zu Behandlungsfehlern, verlangerten Krankenhausaufenthalten und erhohter Sterblichkeit fihren
konnen. Kapitel 3 beschreibt die Synthese von Oligosacchariden, die die wichtigste immunogene
Struktur von Candida auris KCTC 17810 nachahmen (Schema Il). Das Ziel wurde durch eine
Kombination von synthetischen chemischen Ansatzen erreicht, die automatisierte Festphasen- und
Losungsphasenmethoden umfassten. Auperdem wurde eine neu Methode zur Synthese von
Phosphodiesterbindungen in der festen Phase entwickelt.

. 0-1,6-Mannose
. o-1,2-Mannose
. o-1,2-Mannose

O Phosphate
NH:

Scheme 11: Chemische Struktur des prominentesten Candida auris KCTC 17810 Mannan



Chapter 1

Introduction

1.1 Bacteria

Bacteria are single-celled microorganisms that can reproduce independently and be found in
almost every environment on Earth, from the deepest ocean trenches to the highest mountain
peaks.! Bacteria are incredibly diverse, with thousands of known species. The discovery of bacteria
is credited to Antonie van Leeuwenhoek, a Dutch scientist who was the first to observe and
describe single-celled organisms.? They are responsible for breaking down organic matter® and
releasing nutrients into the soil, and playing a role in the global carbon cycle. Bacteria are also
crucial for the health of humans and animals, as many species are beneficial and are used in
medicine, food production, and bioremediation.*

Bacteria that can cause infections such as pneumonia, meningitis, strep throat, etc., are called
pathogenic bacteria.> Bacterial pathogenesis is the process by which bacteria cause disease in an
organism. This process involves a complex interaction between the bacteria and the organism's
cells, tissues, and organs. The bacteria must first attach to the host and then invade and multiply
within the host.® The bacteria may also produce toxins and other molecules that can damage the
host's cells and tissues, leading to pathology. Other bacteria can evade the host immune system
and persist in the body, leading to long-term chronic disease.’

1.1.1 Streptococcus suis

Streptococcus suis (S. suis) is a Gram-positive, peanut-shaped, facultative anaerobe bacterium and
an important pathogen of the pig. It was isolated during an outbreak among pigs in the Netherlands®
in 1954, and since then, it has been found in pigs in countries across Asia, Europe, the Americas,
and Africa, indicating that it has spread globally. Almost all the swine herds have asymptomatic
carriers, and morbidity due to infection with S. suis is in the range of <1% to >50%.° Around 35
serotypes of S. suis are known, and only a limited number are responsible for infections in the pig.
In pigs, S. suis can be transmitted nasally, orally or via vaginal secretions during parturition. In
some countries, such as the United States, losses due to S. suis have been estimated to be millions
of dollars.®® In other countries, such as China, losses due to S. suis have been estimated to be
billions of dollars. Besides pigs, S. suis can be isolated from other animals, such as cats, dogs, and
deer.

S. suis infections are zoonotic, meaning they can be transmitted from animals to humans. The first
case of S. suis human infection was reported in 1968 in the Netherlands.** Until 1983, human
infection was reported only in Europe. However, since 1968 many patients with meningitis and
septicemia due to S. suis have been reported in Hong Kong and Canada. Humans can be infected
through contact with infected pigs or by consuming contaminated pork or pork products. Common
symptoms of S. suis infection include fever, headache, sore throat, nausea, vomiting, joint pain,

1



rash, and abdominal pain. In more severe cases, meningitis, encephalitis, and sepsis can occur.!

Treatment typically involves antibiotics and, in some cases, hospitalization or intensive care.

The cell wall of Streptococcus suis is composed of a peptidoglycan layer which is surrounded by
a polysaccharide capsule. The capsule is composed of polysaccharides and other components,
including lipids and proteins. The peptidoglycan layer comprises a mesh of polysaccharide strands
and peptides cross-linked by peptide bridges. This layer serves as a physical barrier to protect the
cell from its environment and also plays a role in the cell’s ability to adhere to other cells and
surfaces.

1.1.2 Antibiotics

Bacterial infections have been documented throughout human history, with some of the earliest
evidence of bacterial infections being found in ancient skeletons. The history of outbreaks dates
back to the Roman Empire when a plague known as the Antonine Plague'? killed approximately 5
million people in 165-180 AD. Over the next few centuries, outbreaks of plague, smallpox,
cholera, and other diseases devastated populations around the world. The first recorded pandemic
was the Plague of Justinian®3, which began in 541 AD and Killed an estimated 25 million people
over the next 200 years. This was followed by the Black Death* in the 14th century, which killed
a third of Europe’s population and is estimated to have killed between 75 and 200 million people
worldwide.*®

In 1928, Alexander Fleming discovered penicillin, the first antibiotic, which revolutionized the
treatment of bacterial infections. Penicillin works by inhibiting the growth of bacteria by
interfering with their cell wall synthesis.® It is effective against a wide range of bacteria, including
ones that cause illnesses such as pneumonia, strep throat, and meningitis. Penicillin has saved
countless lives since its discovery and has been used to treat various illnesses since then. In the
1950s, the development of antibiotics continued, with new generations of antibiotics being
developed to treat more resistant bacteria (Figure 1.1).1” In the 1970s, the emergence of antibiotic
resistance began to be recognized, leading to the development of new strategies to combat bacterial
infections.'® Bacteria can evolve and become resistant to antibiotics through several mechanisms.
These include mutations in their genetic material, the acquisition of new genes (particularly those
coding for antibiotic resistance), and the development of new metabolic pathways that enable them
to survive in the presence of antibiotics. Bacteria can also become resistant through the production
of enzymes that degrade antibiotics or through increasing the permeability of their cell walls,
allowing antibiotics to be released before they have time to act.!® In fact, Overuse of antibiotics
can lead to the development of antibiotic-resistant bacteria.?® This means that antibiotics will no
longer be effective in treating infections caused by these bacteria, which can make infections
harder to treat. Today, bacterial infections continue to be a significant health concern. The
emergence of antibiotic-resistant bacteria has created a need for new treatments, and researchers
are continuing to develop new treatments and preventive strategies to combat bacterial infections.
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Figure 1.1: Different classes of commonly used antibiotics

1.2 Fungi

Fungi are eukaryotic organisms with one or more cells that can be found in many different
environments.?* They can take various shapes, ranging from fungi visible to the naked eye, like
mushrooms, to tiny yeasts and molds. While most fungi do not play a significant role in human
disease, hundreds of fungi cause fungal infections or diseases.?? Fungal infections (mycoses) vary
from severe, potentially fatal illnesses like cryptococcal meningitis to common benign infections
like "jock itch." All pharmaceuticals, natural remedies,?® and chemical substances used to treat
mycoses fall under the umbrella name "antifungals."

1.2.1 Candida auris

Candida auris (C. auris) is a species of yeast believed to have originated in Asia and was first
reported in 2009 at a hospital in Japan from a patient’s ear canal.?* It is an emerging, multidrug-
resistant, potentially life-threatening infection that can cause sepsis, meningitis, and other severe
conditions if left untreated. C. auris has been found in hospitals and other healthcare settings
worldwide and has been linked to outbreaks in some countries.? The infection is most commonly
found in healthcare settings and can be spread from person to person through contact with
contaminated surfaces or medical equipment. Symptoms of C. auris infection vary but may include
fever, chills, confusion, and general discomfort. Diagnosis is typically made through a
combination of laboratory testing and medical history.?® Treatment of C. auris infections is often
tricky and has been increasing drug resistance to fluconazole, amphotericin B, voriconazole, and
emerging caspofungin. In 2022, the World Health Organization (WHO) published?’ a report high
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lighting the first-ever list of fungal “priority pathogens”, and it has 19 fungi that represent the
greatest threat to public health. This list is arranged into three priorities tiers: critical, high, and
medium. C. auris has been listed in the “critical priority group” of this list for which there is an
urgent need to develop a vaccine.

1.2.2 Antifungal Drugs

Antifungal drugs are essential to today's medical care of mycoses and comprise a
pharmacologically diverse group of drugs. While the field of antimycotic pharmacology has made
great strides, especially in the last three decades,?® the common invasive fungal infections still
carry a high mortality rate: Candida albicans (approx. 20 to 40% mortality), Aspergillus fumigatus
(approx. 50 to 90%), Cryptococcus neoformans (approx. 20 to 70%).2° The first antimycotic drug,
a polyene antibiotic called amphotericin B deoxycholate, was introduced in 1958 to treat systemic
mycoses. Although this medication is effective, there is a clear demand for further effective topical,
oral, and injectable medications. The second family of antifungals, griseofulvin, was first
introduced in 1959. The following significant introduction was when the antimetabolite drug
flucytosine entered into the market. Clotrimazole, the first azole, was introduced in 1973,*° and
the pharmaceutical industry has developed subsequent azoles during the past 50 years: miconazole
(1979), ketoconazole (1981), fluconazole (1990), itraconazole (1992), voriconazole (2002),
posaconazole (2006), and most recently isavuconazonium (2015). In 1996, the FDA approved the
allylamine antifungal terbinafine! to treat localized, non-systemic fungal infections. The next
advancement in systemic therapy would be based on amphotericin B lipid formulations,? which
have fewer side effects. The recently developed echinocandins®® class follows lipid formulations
of azoles, a new class of antifungal drugs that are very effective in treating various systemic
mycoses. Echinocandins have less renal toxicity than amphotericin B, but they are more expensive
and induce considerable hepatotoxicity, effectively relegating this class to second- or third-line
medicines (Figure 1.2). Although many different antifungal drugs have different mechanisms of
action, new medications are more important than ever due to the alarming and rapid rise in drug-
resistant systemic fungal infections.
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1.2.3 Antibiotics vs Vaccines

Vaccines and antibiotics are used to prevent and treat illnesses, but they work differently.
Antibiotics work by Killing or inhibiting the growth of certain bacteria. In contrast, a vaccine works
by stimulating the body's immune system to create antibodies specific to the disease-causing
organism.3* Vaccines are usually more effective than antibiotics in treating and preventing
infectious diseases. VVaccines can also provide long-term protection, whereas antibiotics only offer
short-term protection. Vaccines can help prevent illnesses caused by bacteria and viruses, while
antibiotics are used to treat illnesses caused by bacteria.

1.3 Vaccines

The history of pathogen vaccines dates back to the late 18th century when Edward Jenner
developed the first vaccine for smallpox.3® This was the first in a long line of vaccines against
various pathogens, including cholera, rabies, typhoid, tuberculosis, and plague. In the 20th century,
advances in vaccine technology led to the development of more effective and safer vaccines, such
as the polio vaccine (developed in the 1950s)%, the measles vaccine (developed in the 1960s),%
and the influenza vaccine (developed in the 1970s).%8 In the 21st century, the development of new
technologies such as genetic engineering and recombinant DNA technology, as well as the
increasing use of adjuvants, has enabled the production of more effective and safer vaccines for a
various range of pathogens.®

1.3.1 Different type of vaccines
(a) Whole-Pathogen Vaccines

A whole pathogen vaccine is a vaccine that contains a weakened or dead form of the entire
microorganism that causes a particular disease.*° These vaccines often provide complete protection
against the disease in question, as they elicit an immune response directed against the whole
pathogen.** Whole pathogen vaccines are most commonly used to protect against bacterial and
viral infections, although they can also be used to protect against other types of infectious agents.
Examples of whole pathogen vaccines include the measles, mumps, and rubella (MMR) vaccines.

(b) Nucleic Acid Vaccines

Nucleic acid vaccines are a type of vaccine that uses genetic material such as DNA or RNA to
induce an immune response.*? They are relatively new and have been developed to target specific
diseases. Unlike traditional vaccines, which rely on weakened or inactivated pathogens to create
an immune response, nucleic acid vaccines use genetic material to stimulate the body's immune
system to produce protective antibodies.*® These vaccines can be created from genes that code for
the target disease's proteins and can be used to create a specific immune response.

(c) Subunit VVaccines



Subunit vaccines are made up of components of the disease-causing organism. These components
are typically proteins or polysaccharides.** The components are isolated from the organism and
combined with a carrier substance that helps the body to recognize the antigen.*® This type of
vaccine does not contain any live or attenuated microorganisms, so it is considered as a safer
alternative than live vaccines.

1.3.2 Microbial glycoconjugate structures

Bacterial cells commonly communicate with the outer world through a coating of polysaccharides.
Occasionally, this structure is also known as a "glycocalyx.” Bacterial polysaccharides are
classified into different types: capsular polysaccharides (CPS), exopolysaccharides (EPS), teichoic
acid (TA) and lipopolysaccharides (LPS).*® In Gram-negative bacteria, CPSs are found on the
outer membrane, and they are connected to the reducing end of the cell surface by covalent bonds
to phospholipid or lipid A molecules,*” whereas in Gram-positive glycosidic linkages hold CPSs
to the peptidoglycan (Figure 1.3.1).%
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Figure 1.3.1: Representation of the general cell wall structure of Gram-negative bacteria (left) and
Gram-positive bacteria (right) (Created with BioRender.com).

It has been established that capsular polysaccharides, the outermost layer of bacterial cells, have
significant virulence factors for many bacterial diseases. These molecules help in the bacteria's
defense against toxins and stressful environmental conditions, occurrence and the development of
invasive disease and also promote the occurrence and development of invasive diseases. CPSs
facilitate the production of biofilms and colonization by enhancing bacterial adhesion to other
cells. Additionally, capsules may strengthen the host's resistance to non-specific and specific
immunity.

1.3.3 Carbohydrate-based vaccines



Carbohydrate-based vaccines are a type of vaccine that use carbohydrates as a way to stimulate an
immune response.*® These vaccines work by using a carbohydrate molecule to mimic a pathogen,
such as a virus or bacteria, and trigger the body to create antibodies to fight against the real
pathogen if it is encountered. Carbohydrate-based vaccines are relatively new and are still under
development, but they could potentially be used to treat a wide range of infectious diseases.
Because these vaccines use only specific pieces of the germ, they give a very strong immune
response targeted to key parts of the germ. They can also be used for almost everyone including
people with weakened immune systems and long-term health problems.*

The history of carbohydrate-based vaccines dates back to the early 20th century when Avery and
Heidelberger's studies began with the observation of agglutination in Streptococcus
pneumonia (pneumococcus).*® They showed that the phenomenon was due to a substance in the
bacterial cells, which was later identified as the capsular polysaccharide (CPS). They then
conducted further experiments in which they demonstrated that this polysaccharide was
responsible for the immunogenicity of pneumococcus. They also established that the capsular
polysaccharide was essential for producing antibodies that protect against pneumococcus. In 1930,
Francis and Tillett's first to demonstrated the potential of polysaccharide vaccines to induce
immunity in humans.*® They injected pure pneumococcal polysaccharides into patients and found
that specific antibodies were produced in response to the polysaccharide antigens. Then,
Heidelberger and his associates developed a tetravalent vaccine® during World War 11 from 1942
to 1945. The vaccine was tested in the US Army Air Force, and the tests were successful. Inspired
by the success of the pneumococcal CPS vaccine, the tetravalent (A, C, W135 and Y)
meningococcal, the Haemophilus influenza type b (Hib) and the Salmonella typhi Vi CPS-based
vaccine were developed and licensed.

In their landmark study, Avery and Goebel demonstrated that the immunogenicity of a capsular
polysaccharide (the protective outer layer of certain bacteria) could be significantly enhanced
when it was coupled with a carrier protein.>? The carrier protein helps the body to recognize and
take up the antigen more effectively. They used a capsular polysaccharide from the pneumococcal
bacterium as their test antigen and coupled it with a protein from the same bacteria. When injected
into mice, the coupled antigen produced a much stronger immune response than the antigen alone.
Their findings provided a breakthrough in the development of vaccines, as they showed that
coupling a capsular polysaccharide with a protein could significantly improve the effectiveness of
a vaccine.

Prevenar™ (PCV7), the first licensed pneumococcal glycoconjugate vaccine produced by Wyeth
laboratories, is a conjugate vaccine introduced in 2000.5% This vaccine has CRMig7 as a carrier
protein. CRM197 is a non-toxic mutant of diphtheria toxin designed to be harmless when injected
into the body. The vaccine was initially recommended for children under two years of age and is
now recommended for all children under five. The vaccine is designed to prevent Streptococcus
pneumoniae infections, the most common cause of severe bacterial pneumonia, meningitis, and



Tablel 1: Carbohydrate-based vaccines approved by the FDA (This table was adopted from US

Food and Drug Administration website http://www.fda.gov)

Antigen Indications Trade Manufacturer Carrier Adjuvent Age
name Protein approval
Haemophilus Invasive disease HIBERIX GlaxosmithKline T - Children 6
influenza type b;  caused by Biologicals weeks-4 years
CPS (polyribosyl-  Haemophilus
rivitol- influenza type b ACtHIB Sanofi Pasteur T - Children 2
phosphate) months-5
years
Liquid Merck sharp & OMPC amorphous Children 2
PedvaxHIB Dohme aluminium months-5
hydroxyphosphate years
sulfate
Diphtheria, tetanus, Pentacel Sanofi Pasteur TT Aluminium Children 6
pertussis, phosphate weeks-4 years
poliomyelitis, and
invasive disease
caused by
Heamophilus
influenza type B
Diphtheria, tetanus, VAXELIS MCM vaccine OMPC Aluminium salts Children 6
pertussis, hepatitis B, (various) weeks-4 years
and invasive disease
caused by
Heamophilus
influenza type B
Neisseria Invasive Menactra Sanofi Pasteur DT - 9 months-55
meningitides meningococcal years
serogroups A, C,  disease caused by MENVEO  GlaxoSmithKline  CRMhgy - 2 months-55
Y and W-135 Neisseria Biologicals SA years
(Menactra, meningitides Menomune Sanofi Pasteur - - 22 years
Menveo, serogroups A, C, Y -A/C/Y/W-
Menomune- and W-135 or W 135
A/C/Y/W-135) MenQuadfi Sanofi Pasteur T - >2 years
or serogroup W
(MenQuadfi);
CPS
Salmonella Typhoid fever caused Typhim Vi Sanofi Pasteur - - >2 years
enterica serovar by salmonella
Typhi; cell enterica serovar
surface Vi Typhi
polysaccharide
Streptococcus Invasive disease Prevnar 13 Wyeth CRM 197 Aluminium Children 6
pneumonia caused by pharmaceuticals phosphate weeks-5 years;
serotype 1, 3,5,  Streptococcus children 6
6A, 6B, 7F, 9V, pneumonia serotype years-17 years;
14, 18C, 19A, 1, 3,5, 6A, 6B, 7F, adults 218
19F, and 23F; 9V, 14, 18C, 19A, years
CPS 19F, and 23F
Pneumococcal Pneumococcal Pneumovax Merck sharp & - - >2 years
serotype 1, 2,3, disease caused by 23 Dohme
4,5, 6B, 7F, 8, serotype 1, 2, 3,4,5,
9N, 9V, 10A, 6B, 7F, 8, 9N, 9V,




11A, 12F, 14, 10A, 11A, 12F, 14,
158, 17F, 18C, 158, 17F, 18C, 19F,

19F, 19A, 20, 19A, 20, 22F, 23F,
22F, 23F, and and 33F
33F

bloodstream infections in children. The vaccine consists of seven (4, 6B, 9V, 14, 18C, 19F and
23F) of the most common types of pneumococcal bacteria, which are attached to a harmless protein
to provoke an immune response. Prevenar™ (PCV7) is administered to children as a series of three
doses, typically at two, four, and six months of age, followed by a booster dose at 12-15 months
of age (Table 1).>

Carbohydrate-based vaccines are attractive to the researchers because they are relatively
inexpensive to produce and can be easily stored and transported. Furthermore, they are safe for
humans and can be tailored to protect against specific disease-causing organisms.

1.3.4 Immunology of glycoconjugate vaccines

Oligosaccharide antigens can activate B-cells independently. This type of B-cell activation is
known as T-cell-independent B-cell activation.>® Examples of T-cell-independent B-cell activation
by oligosaccharides include the binding of bacterial lipopolysaccharides to the B-cell surface
receptors known as toll-like receptors, as well as the cross-linking of B-cell receptors by
polysaccharides (Figure 1.3.2).%* This type of B-cell activation results in the production of mostly
low affinity 1gG2 and IgM antibodies.
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Figure 1.3.2: Simplified mechanism for immune response to oligosaccharides and
glycoconjugates (Created with BioRender.com)



The capsular polysaccharides that are not protein-conjugated exhibit poor immunogenicity. So at
the beginning of the early 1980s, glycoconjugate vaccines were made by combining bacterial
polysaccharides with carrier proteins. These glycoconjugates induce T cell-dependent B-cell
activation. It is a type of immune response that is activated when T cells recognize an antigen
presented to them by antigen-presenting cells (APCs).® When an antigen is presented to a T cell,
it binds to an antigen receptor on the cell surface and triggers a signaling cascade inside the cell.
This results in the secretion of cytokines and other molecules that induce B-cell activation and
proliferation. Some B cells differentiate into memory B cells to promote a rapid and efficient
immune response in case of re-infection. This type of vaccines are specified to produce high
affinity immunoglobulin (IgGs) antibodies.

1.3.5 Design of semi-synthetic glycoconjugate vaccine

In theory, any pathogen with distinctive glycans on its surface is a target for developing
glycoconjugate®” vaccines or treatment with monoclonal antibodies. Most Gram-negative bacteria
and protozoan parasites have distinctive glycoconjugates on their cell surfaces. The medical
requirement and understanding of the cell-surface glycans are crucial factors in choosing a vaccine
target. The target should ideally be a cell-surface glycan that is conserved across a wide range of
pathogens so that a single vaccine can provide broad protection. Additionally, the target should be
associated with a robust immune response to increase the likelihood of a successful vaccine.
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Following the identification of a pathogen as a prospective vaccination target based on a particular
medical need, information of the pathogen's cell-surface glycan composition is essential. Various
pathogenic bacteria, fungi, and protozoan parasites use CPS, LPS, and other similar structures to
cover themselves (Figure 1.3.3). This layer of CPS, LPS, and related structures is known as the
capsule or slime layer. The capsule or slime layer protects the pathogenic bacteria, fungi, and
protozoan parasites from being attacked by antibodies and other immune cells as well as allowing
them to survive in harsh environments. This layer also helps the pathogens to adhere to host tissue
and to evade detection by the host's immune system. In addition, the capsule or slime layer can
provide nutrients to the pathogen, help them survive in extreme temperatures, and spread the
pathogen to other locations. Isolating the cell-surface glycans from cultivated bacteria, followed
by chemical degradation and thorough structural elucidation based on physical techniques like
NMR spectroscopy, provides information about the structures of CPS, O-antigens, or glycolipids.

A number of oligosaccharides antigens can be synthesized by chemical synthesis based on the
structure of the CPS repeating unit. Typically, this system includes fragments of various
monosaccharide units and one or two complete repeating CPS units. These oligosaccharides are
linked at the reducing end by a linker with an amino group on the other end. The stereoselective
synthesis of glycosidic linkages is one of the most challenging aspects of glycan synthesis. There
are numerous ways to produce glycosidic bonds stereoselectively.

Using glycan microarrays, it is possible to study interactions between proteins that bind to
carbohydrates in a high-throughput manner.%® The study of interactions between mammalian
carbohydrates and proteins has received a lot of attention since the development of the first glycan
arrays. However, many bacterial carbohydrate arrays have recently been developed, which have
provided information on the binding preferences of bacterial carbohydrate-binding proteins.*
Glycan microarrays have developed into a powerful technique for quick, sensitive, and high-
throughput interactions investigations of glycan antigens and antibodies during infections. The
surface of the glass slides used for amine-binding microarrays is modified with N-
hydroxysuccinimide (NHS) esters, which act as nucleophiles to enable covalent attachment to the
microarray through amide bonds. The resulting glycan microarray is used to analyze sera and a
secondary antibody that has been fluorescently tagged. Careful design of the microarray printing
pattern by the inclusion of oligosaccharides with different chain lengths, frame shifts and terminal
glycan residues help to deduce meaningful inferences on the epitope of bound antibodies.’

The carbohydrate antigen needs to be attached to a carrier since most glycans cannot trigger a T-
cell-mediated immunological response. These carrier proteins are extracted after homologous or
heterologous expression in bioreactors utilizing bacterial strains that have been well-studied. Cross
reacting material (CRM197), diphtheria toxin (DT), tetanus toxoid (TT), outer membrane protein
(OMP), and protein D of nontypeable Haemophilus influenza (PD) are the five most commonly
used proteins in utilizing in licensed glycoconjugate vaccines.®
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The conjugated glycoprotein can be injected into animal models (often mice or rabbits) for
additional immunological testing using aluminum-based adjuvants like AI(OH)3.5! In order to
increase immunity, a second injection of the vaccine candidate is often administered after around
two weeks as part of the immunological test. An enzyme-linked immunosorbent test is used to
measure the quantity of the matching antibody in blood samples obtained at various times to
determine the immunological response (ELISA).%? Effective vaccine candidates might advance to
the development of commercial vaccines or monoclonal antibodies.

1.4 Synthesis of oligosaccharides

Biopolymers are macromolecules that occur naturally in living organisms. Examples of
biopolymers include proteins, nucleic acids, and carbohydrates. All these are essential components
of living organisms and their functioning.

Oligosaccharides are synthesized using various methods, including solution chemical synthesis,
solid phase synthesis, and enzymatic synthesis. Chemical synthesis is the most commonly used
method and involves protecting groups to control the reactivity of the sugar moieties and protect
them from unwanted side reactions. The sugars are then coupled together using a condensation
reaction. Enzymatic synthesis uses glycosyltransferases and glycosylhydrolases to efficiently
create oligosaccharides with defined linkages. This method is often used to synthesize
glycoproteins and glycoconjugates.

1.4.1 Chemical glycosylation reactions

The most critical step in synthesizing oligosaccharides is the formation of glycosidic bonds by
chemical glycosylation. It is a process of covalently linking two monosaccharides (or two
oligosaccharides) together by forming a glycosidic bond. This type of bond is formed when the
hydroxyl group of the acceptor is reacted with the donor and the glycosylating agent, forming an
ether linkage. The glycosidic bond formation is typically catalyzed by acid or base, and the reaction
is often carried out in the presence of a protecting group. The product of the glycosidic bond
formation is an oligosaccharide, which can be further modified to produce a variety of different
types of carbohydrates.

1.4.2 Nucleophile

Typically, monosaccharides/oligosaccharides with one unprotected hydroxyl group serve as
nucleophile. To prevent the formation of a mixture of regioisomeric products, it is generally much
preferable to work with glycosyl acceptors that only have a single hydroxyl group free. This is true
even though the nucleophilicity of hydroxyl groups around a sugar ring does vary slightly
depending on their position and orientation. The anomeric position of the glycosyl acceptor should
be appropriately protected or functionalized differently from the anomeric position of the glycosyl
donor in order to prevent self-reaction and/or polymerization.
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1.4.3 Historical development of glycosyl donors

The first reactions performed by Michael (synthesis of aryl glycosides from glycosy! halides) and
Fischer (synthesis of alkyl glycosides from hemiacetals) at the end of the nineteenth century
showed the complexity of the glycosylation process and the need for a detailed understanding of
the fundamental reactivity of glycosyl group.%® Michael and Fischer's reactions were the first steps
in developing the field of glycosylation chemistry. In 1891, German chemists Theodor Koenigs
and Ludwig Knorr discovered the first controlled, general glycosylation procedure involving the
nucleophilic displacement of chlorine or bromine at the anomeric center. This breakthrough was
the first step in what is now known as the Koenigs—Knorr reaction.®* Koenigs and Knorr's
discovery revolutionized the field of carbohydrate science and paved the way for developing new
and more efficient glycosylation protocols. The discovery also enabled researchers to create novel
glycosides and oligosaccharides with complex branching patterns. The discovery of the
nucleophilic displacement of chlorine or bromine at the anomeric center was an early breakthrough
in the field of carbohydrate chemistry. However, glycosylation with sugar hydroxyls was poor and
sluggish, and the synthesis of simple disaccharides was challenging. Thus, Zemplen and Gerecs,
as well as Helferich and Wedemeyer, assumed that complexing the anomeric bromides with more
reactive, heavy-metal-based catalysts would significantly improve their leaving-group ability and
thus replaced Ag.COs or Ag.O by more active mercury (Il) salt catalysts, such as HgCl, or
Hg(OAC):. in the Knorr synthesis. Faster reactions often result in decreased stereoselectivity, and
this was the case with mercury salt catalysts. At around the same time, introducing other classes
of anomeric leaving groups (LGs) resulted in the investigation of peracetates as glycosyl donors
(Figure 1.4.1).%

A variety of targets, from simple glycosides to relatively complex oligosaccharides and polymers,
have been synthesized for many decades using classic methods, in which anomeric bromides,
chlorides, acetates and hemiacetals were used as glycosyl donors. However, these methods have
several drawbacks, such as using toxic and expensive reagents. During the 1970s to early 1980s,
a few new classes of glycosyl donors were developed that allowed the condensation of glycosyl
donors with nucleophiles other than alcohols, such as thiols, amines and phenols. The new glycosyl
donors such as thioglycoside,®’ fluoride,®® O-imidates and orthoesters were developed during this
period. Many glycosyl donors were introduced in that period, leading to excellent complementary
glycosylation methodologies. Arguably, trichloroacetimidates, thioglycosides and fluorides have
become the most common glycosyl donors. The end of the 1980s saw the emergence of a new
generation of methods, including glycosyl donors such as carboxylate, phosphite, and alkenyl
glycosides. These were used as leaving group followed by a variety of new donors such as
phosphate, iodide and Se-glycoside.5®
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Figure 1.4.1: Historical development of glycosyl donors
1.4.4 General reaction mechanism

Most frequently, nucleophilic displacement at the anomeric core occurs during the glycosylation
reaction. The reaction often follows a unimolecular Sx1 mechanism as it occurs at the secondary
carbon atom with the aid of weak nucleophiles (sugar acceptors). In addition to the Sn1
mechanism, there are other pathways for nucleophilic displacement at the anomeric core, including
Sn2 pathways. In most cases, an activator (promoter or catalyst) assists the departure of the
anomeric leaving group, resulting in the formation of the glycosyl cation intermediate in the
glycosylation reaction (Figure 1.4.2).”° An appropriate nucleophile then attacks the glycosyl cation
to form a glycoside bond. The activator may be a Lewis acid, such as boron trifluoride or
trimethylsilyl trifluoromethanesulfonate (TMSOTTf). The glycosyl donor bearing a non-
participating group stabilizes the glycosyl cation by resonance from O-5. The two non-
participating groups that are most frequently utilized are benzyl (OBn) for neutral sugars and azide
(N3) for 2-amino-2-deoxy sugars, but other non-participating functional groups have also
occasionally been used. The nucleophilic attack would be almost equally likely from either the top
(trans, B- for the p-gluco series) or the bottom face (cis, a- for b-manno series) of the ring since
the anomeric carbon of both resonance contributors is sp? hybridized. Although the so-called
anomeric effect favors the a-product thermodynamically, a significant quantity of the kinetic p-
linked product is frequently obtained due to the irreversible nature of glycosylation of complex
aglycones. Temperature, protective groups, conformation, solvent, promoter, steric hindrance, or
leaving groups are a few more variables that have an impact on the glycosylation outcome.®
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Figure 1.4.2: General reaction mechanism of glycosylation A) Non-participating group at C-2 B)
Participating group at C-2.

1,2-trans glycosidic linkage can be produced stereoselectively with the help of an acyl moiety such
as O-acetyl (Ac), O-benzoyl (Bz), 2-phthalimido (NPhth), and other neighboring participating
groups (Figure 1.4.2 b). The acyloxonium ion, a bicyclic intermediate generated by the activator-
assisted removal of the leaving group and subsequent intramolecular stabilization of the glycosyl
cation, is the main pathway by which these glycosylations occur. In this case, only the top face of
the ring is accessible for the attack of a nucleophile (alcohol, glycosyl acceptor), allowing the
stereoselective synthesis of a 1,2-trans glycoside. When unreactive alcohols are utilized as an
acceptor and/or poorly nucleophilic participating substituents are present at C-2, significant
amounts of 1,2-cis-linked products are formed occasionally.
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Figure 1.4.3: General mechanism for chemical glycosylation’*

1.4.5 Stereoselectivity of glycosylation

In carbohydrate synthesis, the stereoselective synthesis of 1,2-cis glycoside linkages is generally
more complex than that of 1,2-trans glycosides. Neighbouring group participation is highly
favourable for the synthesis of 1,2-trans glycosides (generation of intermediate acyloxonium ion)
and is supported by the presence of a participating substituent at C-2.

The anomeric effect, which favors the synthesis of a-glycosides, is one of the factors influencing
the stereochemical outcome of glycosidation of glycosyl donors containing a nonparticipating
substituent at C-2. However, because glycosylation is irreversible, the anomeric effect has less of
an impact and other factors that affect the orientation of the new glycosidic bond frequently take
center stage.

1.4.5.1 Protecting group

The neighboring group at C-2 has the strongest impact on the stereoselectivity. One of the most
effective methods for steering stereoselectivity toward the synthesis of a 1,2-trans-linked product
is neighboring-group participation.’”> The effects of remote substituents are less significant,
although there is convincing evidence that a substituent at the C-4 and C-6 position may
significantly affect the stereochemical outcome of glycosylation.”® Additionally, it was observed
that a substituent at C-6 with strong electron-withdrawing abilities or steric bulkiness is favorable
for 1,2-cis glycosylation (Figure 1.4.4 a).”* This is probably because it shields (sterically or
electronically) the top face of the ring, favoring the nucleophilic attack from the opposite side.
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For remote picolinyl (Pic) and picoloyl (Pico) substituents, a substantially different stereodirecting
effect was found. With the incoming glycosyl acceptor, picolinyl nitrogen forms a hydrogen
bond.” This results in an extremely high facial selectivity that is always syn in relation to the
picolinyl substituent.

1.4.5.2 Solvent effect

The reaction solvent can significantly influence the stereochemical outcome of the glycosylation
reaction. An excellent illustration of this is the stereoselective acetonitrile-mediated synthesis of
B-linked disaccharides from glycosyl donors without a participation group at the 2-position (Figure
1.4.5).° It is believed that the reaction proceeds via an Sn1 pathway, first generating an
intermediate glycosyl cation, which is subsequently coordinated to a solvent molecule to produce
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a nitrilium ion. In the example below, trimethylsilyl triflate is used as the Lewis acid activator for
the anomeric trichloroacetimidate, which likely forms a glycosyl cation before being trapped by
the solvent to form the anomeric ion in an Sn2 reaction with configuration inversion at the

anomeric center to produce, almost exclusively, the B-product. Whereas ethereal solvents have
been demonstrated to have a capacity to drive glycosylation in an a-selective manner.’
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Figure 1.4.5: Solvent effect during glycosylation reaction

1.5 Automated solid-phase synthesis

Schuerch and colleagues described the first solid-phase glycan synthesis in 1971.”” Since then,
numerous improvements have been made to this procedure. Parallel to this, the automated
synthesis of peptides and oligonucleotides experienced considerable success.’® In 2001, Seeberger
et al. published the first fully automated glycan synthesis, marking the first step toward automated
solid-phase glycan synthesis.” Different linkers and building blocks have been tried and used in
the subsequent two decades to improve the synthesis capability.

In solid-phase oligosaccharide synthesis, carbohydrate chains are synthesized on the surface of a
solid support made of resin beads. Usually, the resin is functionalized with suitable linkers that
provide nucleophilic sites for the formation of chemical bonds with monosaccharides through the
glycosylation procedure. The carbohydrate is temporarily protected on one hydroxyl group, just
like in peptide synthesis, by a protective group like levulinoyl (Lev) ester. Nucleophilic hydroxyls
on resin-bound acceptors are exposed after a step of selective deprotection using a suitable reagent,
allowing subsequent glycosylations to attach another monosaccharide unit. An orthogonal
protective group, such as Fmoc, is positioned on a particular hydroxyl group of the sugar residue
and can be cleaved to provide a site for a second glycosylation if branching along the chain is
necessary. Upon completion of the synthesis, chemical treatment of the resin releases necessary
fully or semi-protected oligosaccharides from the resin.® The target molecule is obtained after the
global deprotection of oligosaccharide. Automated synthesizers could perform the whole
oligosaccharide assembly from fully protected building blocks, minimizing the need for human
intervention.8!

18



o 1. Glycosylation
> 2. Capping
FmocO ‘/?P/L 3. Fmoc deprotection

Acidic was
oS0 G
OoP
Mf N02 n+1

HO N

H

5 Q
HO ®

Photolabile linker
1. Cleavage from resin
2. Deprotection

HO ST |-O—{ Linker }-NH,
OH
n+1

Figure 1.5.1: Schematic representation of solid phase oligosaccharides synthesis

Merrifield resin, a polystyrene-divinylbenzene cross-linked polymer, is frequently used for
automated glycan assembly (AGA) because it is insoluble, inert in all reaction conditions, and
capable of swelling in the majority of organic solvents.??

Several linkers have been used, but the photocleavable,®® metathesis-labile,8* and base-labile®
linkers are the most useful for AGA. The photolabile linker has found most applications. This
linker allows for the selective release of glycan molecules from solid support when exposed to
light. This type of linker is typically a short chain that bears a photocleavable group, such as a
photoreactive group, which can be cleaved by light. The most commonly used photocleavable
linkers are based on nitrobenzyl alcohols. These linkers are effective in the synthesis of a wide
range of glycans, including glycoproteins and glycolipids.

There are now two popular types of photocleavable linkers in use. Resin 1 releases the glycan,
which has an aminoalkyl spacer at the reducing end, allowing it to be attached to a protein or
microarray later. Linker 2 furnishes the free reducing end glycan after photocleavage.®®
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Figure 1.5.2: Photolabile linker used in AGA

The main advantage of solid-phase glycan synthesis is that it is a reliable and efficient approach
to synthesize a variety of glycans. It is also a cost-effective method as fewer reagents and solvents
are required for purification. Furthermore, the reaction is highly selective, allowing for
synthesizing complex and diverse glycans. Additionally, the solid phase approach allows for the
efficient isolation and purification of the desired glycan, simplifying downstream processing.

1.6 Aim of the thesis

This thesis aims to contribute to the development of new glycoconjugate vaccines against
emerging pathogens such as S. suis (Bacteria) and C. auris (Fungi) with the help of synthetic
organic chemistry. To develop a novel glycoconjugate vaccine against S. suis serotype 18, libraries
of compounds related to capsular polysaccharides of pathogenic bacteria were synthesized. They
will be used in a glycan array experiment to find the minimal epitope. The oligosaccharide,
identified as a minimal epitope from the previous experiment, will be conjugated with carrier
proteins such as CRMag7. The resulting glycoconjugates will be used to study immunogenic
properties in animal models. Chapter 3 of this thesis describes the development of a method to
synthesize phosphodiester linkages on the solid support, and using this method, oligosaccharides
resembling C. auris were synthesized using AGA. In addition to this, C. auris KCTC 17810
mannan was synthesized. These vaccine candidates are ready for glycan array study, conjugation
with carrier protein and further immunological studies.

20



Chapter 2

Synthesis of Oligosaccharides Resembling the Streptococcus suis
Serotype 18 Capsular Polysaccharide as a Basis for Glycoconjugate
Vaccine Development

Part of this chapter has been modified from: Singh R. K.; Sianturi, J.; Seeberger, P. H. Synthesis
of Oligosaccharides Resembling the Streptococcus suis Serotype 18 Capsular Polysaccharide as a
Basis for Glycoconjugate Vaccine Development. Org. Lett. 2022, 24, 2371-2375.

2.1 Introduction:

Streptococcus suis (S. suis) is a Gram-positive, peanut-shaped, facultative anaerobe bacterium?®’
and an important pig pathogen (Figure 2.1).88 It was isolated from pigs during an outbreak in the
Netherlands in 1954. Since then, it has been found in pigs in countries across®® Asia, Europe, the
Americas, and Africa (Figure 2.2).%° Almost all the swine herds have asymptomatic carriers, and
morbidity due to infection with S. suis can be in the range of <1% to >50%.°* Around 35
serotypes® of S. suis are known, and only a limited number are responsible for infections in the
pig.% In pigs, S. suis can be transmitted nasally, orally or via vaginal secretions during parturition.
In some countries, such as the United States, losses due to S. suis have been estimated to be
millions of dollars. In other countries, such as China, losses due to S. suis have been estimated to
be billions of dollars. Besides pigs, S. suis can be isolated from other animals, such as cats, dogs,
and deer.%

Figure 2.1: Transmission electron micrograph of S. suis isolate (Reprinted from: JMM Case Rep.
2014, 1, 1-4)

21



It is a zoonotic infection, meaning it can spread between animals and humans.® The first case of
human infection was reported in 1968 in the Netherlands.® Until 1983 human infection was
reported only in Europe, but since 1968 many patients with meningitis and septicemia due to S.
suis have been reported in Hong Kong and Canada. Humans can become infected through contact
with infected pigs or by consuming contaminated pork or pork products. Common symptoms of S.
suis infection include fever, headache, sore throat, nausea, vomiting, joint pain, rash, and
abdominal pain.® In more severe cases, meningitis, encephalitis, and sepsis can occur. Treatment
typically involves antibiotics and, in some cases, hospitalization or intensive care.’

1 0 cases
[ <10 cases
Il =20 cases
[ >200 cases

New Zeaarg;j?

Figure 2.2: Countries or region where S. suis human infection cases have been reported.
(Reprinted from: Lancet Infect. Dis. 2007, 7, 201-209)

The cell wall of S. suis is composed of a peptidoglycan layer which is surrounded by a
polysaccharide capsule.®® The capsule is composed of polysaccharides®® and other components,
including lipids and proteins. The peptidoglycan layer comprises a mesh of polysaccharide strands
and peptides cross-linked by peptide bridges. This layer serves as a physical barrier to protect the
cell from its environment and plays a role in the cell’s ability to adhere to other cells and surfaces.
Various potential virulence factors of S. suis have been discovered, including the capsular
polysaccharide, extracellular protein factor, muramidase-released protein, suilysin, several
adhesins and hyaluronate lyase. Animal models of infection have indicated that none of these,
except for the capsular polysaccharide, are essential for virulence.
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In clinical contexts, antibiotics are primarily used to prevent and treat developing zoonotic S.
suis infections.® However, in many endemic nations, continuous antibiotic usage is now a serious
problem!® since it promotes the growth and spread of antibiotic-resistant S. suis. Numerous
studies have shown that using different bacterial and viral vaccinations in animal populations
might result in a sizable decrease in antibiotic usage. They would help reduce the spread of
pathogens from animals to humans. All currently available antibacterial veterinary vaccinations
are made from live, attenuated, or inactivated bacteria, which have disadvantages in terms of
stability, immunogenicity, and sometimes safety. Veterinary glycoconjugate!®® vaccines are
currently a relatively untapped market, despite the fact that human glycoconjugate vaccinations®’
are highly effective.

The most critical step in the development of semi-synthetic glycoconjugate vaccines is the
identification of the immunogenic epitope. Using synthetic antigen candidates based on CPS to
study the glycan epitope’s structural details is important. Branching, the terminal sugar moiety,
overall sequence, and length are structural factors that must be considered since they may impact
the antigen's activity or stability. The first synthesis of a group of oligosaccharides related to the
natural S. suis serotype 18 CPS repeating unit is presented in this chapter as the foundation for
further immunological studies.

2.2 Results and discussion

2.2.1 Synthetic strategy

The S. suis serotype 18 CPS pentasaccharide repeating units (Figure 2.3) was first reported in 2018
by Segura’s group with repeating unit made up of [—3)-p-GalNAc(al-3)[o-Glc-(B1-2)]o-
GalA40Ac(B1-3)-0-GalNAc(al-3)-0-BacNAc4NAc(al—]n (Figure 2.3).1%2 The repeating unit
consists of a branched pentasaccharide unit contains core p-galacturonic acid linked to b-
galactosamine at C3 and bp-glucose at the C2 position. At the anomeric position of core p-
galacturonic acid is a disaccharide consisting of b-galactosamine linked to C3 of rare deoxy amino
sugar p-bacillosamine.
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Figure 2.3: Repeating unit of the S. suis serotype 18 CPS.

The structure of target pentasaccharide contains the rare deoxy amino sugar p-bacillosamine in
addition to bp-galactosamine, p-galacturonic acid, p-glucose and bp-galactose. The major
challenges involved in the synthesis of structurally complex and conjugation-ready
pentasaccharides are the efficient synthesis of orthogonally protected rare deoxy amino sugar
building block (p-bacillosamine), synthesis of p-galacturonic acid and the stereo-controlled
installation of 1,2-cis-glycosidic linkages between b-galactosamine and rare sugar units to
obtain the disaccharide. The presence of C4-OAc at the b - galacturonic acid of pentasaccharide
2.1 complicates the synthesis by not allowing the use of most ester protecting groups. An
aminopentyl linker must be attached to the target molecules in order to conjugate or immobilize
them. Deprotection is more difficult due to the densely functionalized target molecules having four
protected nitrogen groups.
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Scheme 2.1: Retrosynthetic analysis of pentasaccharide 2.1 and 2.2.

Retrosynthetically (Scheme 2.1), target molecule 2.1 can be obtained from fully protected
pentasaccharide 2.46a by functional group interconversions (FGI) and global depro-
tection. Glycosylations of five differently protected monosaccharide building blocks would
provide the protected pentasaccharide 2.46a. The silyl group serve as a temporary protecting
group, Benzyl ethers as permanent protecting groups, while the trichloroacetyl group (TCA) and
levulinoyl ester (Lev) ensure neighboring participation as C2 protective groups to construct 1,2-
trans linkages.

2.2.2 Synthesis of orthogonally protected building blocks

D-Bacillosamine 2.6 (Scheme 2.2) was synthesized starting from b-galactosamine building
block!® 2.7 and used to glycosylate the protected reducing end linker 2.11 using NIS/TMSOTTf as
a promoter to afford exclusively a-linked glycoside 2.12 in 68% yield.2* The bulky alkyl
substituents of the 4,6-O-silylidene group prevent attack of the nucleophile from the p-face of the
donor, combined with a through-space electron donation that stabilizes the oxocarbenium-like
intermediate'® ensured complete stereoselectivity of the glycosylation. Silylidene removal using
HF in pyridine® yielded dihydroxy galactosamine derivative 2.13 (96%), followed by tosylation
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of the primary C6 hydroxyl*?” to give 2.14 in 95% yield. C6-Deoxygenation was achieved via
iodination with Nal in refluxing acetone (93% vyield of 2.15), and subsequent
dehalogenation/reduction with tributyltin hydride yielded fucosamine!®® derivative 2.16 (76%).
Selective acylation of the amine in 2.16 using trichloroacetyl chloride!®® afforded 2.17 in 85%
yield. Triflation of 2.17 using triflic anhydride, followed by C4-inversion with stoichiometric
amounts of sodium azide provided p-bacillosamine!!? 2.18 in 68% yield. Oxidative cleavage of
the naphthyl ether (Nap) by DDQ afforded p-bacillosamine!! building block 2.6 in 90% vyield.

(tBu)Si=q HOWNCbZBn (t-Bu)2Si-o OH

(6] 5 (0] HO
2.1 0 HF+P 0
Napog% NapO Y NapO
NIS, TMSOTY, DCM N3 THF, 0°Ctort, 4 h N3
N3 0°C,2h Oy, NCbzBn 960/0 ' O, NCbzBn
SePh 68% r o r
2.7 0 212 s 213 s
OT:
HO o '° Ho /!
TsCl, TEA 0 Nal o BusSnH, AIBN
—— NapO NapO
DCM, r‘E 12 h N3 Acetone, r((a)flux, 48 h Nj Toluene, 100 °C, 2 h
95% Oy NCbzBn 93% O.(y-NCbzBn 76%
2.14 5 215 5
HO HO 1. Tf,0, TEA N o
0 DCM, 0°C, 2h 3
NapO ° % NapO NapOTCAHN
H,N THF,0°C, 1h TCAHN 2. NaN3, DMF 0., _NCbzBn
O\H,NCszn 85 % O\H,NCszn 60 °C,12h v
216 5 217 5 68% over 2 steps 2.18 5
DDQ N 0
DCM/H,0, rt, 4 h TCAHN S oba
90% ~y NCbzBn
2.6 s

Scheme 2.2. Synthesis of b-bacillosamine acceptor 2.6

Galacturonic acid building block 2.8 was prepared from differentially protected galactose
thioglycoside 2.19 (Scheme 2.3).112 Levulinoylation, followed by benzylidene acetal hydrolysis'*®
gave dihydroxy galactose thioglycoside 2.21. Selective oxidation of the primary C6 alcohol to the
carboxylic acid'* using TEMPO and subsequent benzylation followed by acetylation gave rise to
p-galacturonic acid thioglycoside 2.8 in 68% yield over three steps. Glucose building block 2.9
was synthesized in one step form a known 2.45.11
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Scheme 2.3 a) Synthesis of differentially protected galacturonic acid building block 2.8 b)
Synthesis of glucose building block 2.9

2.2.3 Synthesis of oligosaccharides 2.1 and 2.2

Oligosaccharide assembly commenced with the NIS/TMSOTT promoted union of p-bacillosamine
derivative 2.6 and p-galactosamine 2.7. Removal of the silylidene group by treatment with HF+Py,
followed by benzylation gave differentially protected disaccharide 2.24 (Scheme 2.4). Oxidative
removal of the naphthyl ether using DDQ furnished disaccharide acceptor 2.25 in 85% vyield.
Glycosylation of disaccharide 2.25 using galacturonic acid 2.8 afforded the protected trisaccharide.
The subsequent cleavage of the silyl ether using HF+Py proved difficult and furnished a complex
mixture of products. Desilylation using BFz*OEt, was successful and produced the desired
acceptor 2.26 in 56% vyield''® over two steps (Scheme 2.4). Several attempts to synthesize
tetrasaccharide 2.28 by glycosylation of trisaccharide acceptor 2.26 using selenoglycoside 2.10
and the corresponding trichloroacetimidate 2.27 did not meet with success. The poor
nucleophilicity of free hydroxyl group of 2.26 is a result of the electron withdrawing groups at C4
and C6 make and rendered glycosylations doomed to failure (Table 2.1).
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Scheme 2.4. Synthesis of trisaccharide 2.26
Table 2.1: Glycosylation conditions to synthesize tetrasaccharide 2.28
(t-BU)zSI\\O
o)
AcO gno OB" B0 OACO OBn
CO,Bn BnO
O 5 N COan
HO o o c Conditions 3 o 5 0 5
N NCbzBn — >
OLev 3ON TCAHN OLev Nao TcAHN ©° NCbzBn
3? / (t-Bu),Si~ N ;y
2.26 0 \OO 2.28 3 o)
BnO LR
N3
2.10: R = SePh
2.27: R = OC(NH)CCl,
Entry Donor Promotor Temperature Yield (%)
1 2.10 NIS/TfOH -20t00°C -
2 2.10 NIS/TfOH 0°C —
3 2.10 NIS/TMSOTf 0°C -
4 2.27 TMSOTf 0°C -
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Scheme 2.5: Synthesis of tetrasaccharide 2.31

In order to overcome the reactivity problems associated with the low nucleophilicity of the central
galacturonic acid unit, a less direct method using galactose in place of galacturonic acid had to be
explored. Glycosylation of disaccharide 2.25 with galactose building block 2.20 afforded
trisaccharide 2.29 in 94% yield that was liberated from the silyl ether protective group to furnish
trisaccharide acceptor 2.30. Glycosylation of trisaccharide acceptor 2.30 with selenoglycoside
donor 2.10 provided tetrasaccharide 2.31 (Scheme 2.5). Levulinoyl ester in 2.31 was cleaved using
hydrazine acetate followed by glycosylation with glucosamine building block 2.9 produced
pentasaccharide 2.33 in 64% yield. The central galacturonic acid moiety was prepared by CSA-
mediated hydrolysis of the benzylidene acetal followed by BAIB/TEMPO oxidation and selective
benzylation of carboxylic acid afford pentasaccharide 2.35. The azide of pentasaccharide 2.35 was
converted into the corresponding acetamide using zinc powder in a THF/Ac.O/AcOH mixture,
and subsequently silylidene ether, levulinoyl ester group was deprotected and hydrogenation
reaction provided S. suis serotype 18 CPS resembling repeating unit pentasaccharide target 2.2 in
11% yield over four steps. In addition, pentasaccharide 2.35 was acetylated followed by azide
conversion to acetamide, subsequent removal of silylidene, levulinoyl ester and hydrogenation
reaction provided S. suis serotype 18 CPS repeating unit pentasaccharide target 2.1 in 15% yield
over five steps (Scheme 2.6).
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Scheme 2.6: Synthesis of pentasaccharide 2.1 and 2.2

2.2.4 Synthesis of oligosaccharides 2.3, 2.4 and 2.5

5
NCbzBn

5
NCbzBn

Three oligosaccharides (2.3, 2.4 and 2.5) that are essential for subsequent immunological studies
to identify the minimally protective glycan epitope were prepared using a divergent synthesis
approach (Scheme 2.7). Benzylation of galactosamine diol 2.13 afforded 2.36 (see supporting
information) that was freed from the Nap ether to provide 2.37. Glycosylation of monosaccharide
2.37 with galacturonic acid building block 2.8 furnished exclusively the B-isomer of disaccharide
2.38 in 75% vyield. Levulinoyl ester cleavage using hydrazine acetate afforded 2.39 and then
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glycosylation with 2.9 in the presence of TfOH and NIS at -20 °C produced trisaccharide 2.40 in
69% yield. Cleavage of levulinoyl ester and the TBS silyl ether afforded diol 2.41. Conversion of
the azide to the corresponding acetamide using Zn/AcOH/Ac.0 followed by hydrogenation
afforded trisaccharide 2.3 (46% yield over two steps).
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Scheme 2.7: Synthesis of oligosaccharides 2.3 and 2.4
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For the synthesis of trisaccharide 2.4, the silyl group in disaccharide 2.38 was cleaved using
BFs.OEt> followed by glycosylation with selenoglycoside donor 2.10 provided protected
trisaccharide 2.43. The global deprotection of trisaccharide 2.43 provided fully deprotected
trisaccharide 2.4. Similarly, global deprotection of disaccharide 2.39 provided deprotected
disaccharide 2.5.

OBn OH
AcOco,n B9 AOcon MO
0 0 1. BF3*OEty, CH3CN, 0 °C, 5 min. Q 0
TBSO o HO 0
OH Ns 2. Zn, THF/Ac,0/AcOH, tt, 8 h OH  AcHN
2.39 Oy NCbzBn 3. Pd/C, Hy , +BUOH/EtOAC/H,0 25 Oy
5 46% over 3 steps 5

Scheme 2.8: Synthesis of disaccharide 2.5

2.3 Conclusion and outlook

This chapter describes the total synthesis of several oligosaccharides resembling the CPS of swine
pathogen S. suis serotype 18 that are the basis for immunological studies and the development of
a glycoconjugate vaccine. The rare p-bacillosamine derivative that was prepared from b-
galactosamine using tin mediated reduction and dehalogenation. Access to the pentasaccharide
repeating unit antigen proved very challenging due to the poor reactivity of the trisaccharide
intermediate. The challenge was overcome by creation of the galacturonic acid at a late stage of
the synthesis. The conjugation-ready glycans prepared using the total synthesis approach will be
used for the immunological studies.
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2.4 Experimental Section
2.4.1 General information

All the glassware were dried in the oven prior to reaction. Commercial grade solvents and reagents
were used without further purification. Reactions sensitive to moisture were carried out under an
atmosphere of nitrogen. Sodium iodide (Nal) used in the reaction was dried at 80 °C under vacuum,
sugar building blocks indicated as commercially available were purchased from GlycoUniverse
GmbH. Anhydrous solvents were obtained from a solvent drying system (JCMeyer) or dried
according to reported procedures. Analytical TLC was performed on Kieselgel 60 Fzss glass
(Macherey-Nagel). Spots were visualized with UV light (A: 254 nm), sulphuric acid stain [1 mL
of 3-methoxyphenol in 1 L of EtOH and 30 mL H2SO4] orceric ammonium molybdate stain [0.5
g Ce(NH21)4(S04)4:2H20, 12 g (NH4)sM07024+4H,0 and 15 mL H2SOg in 235 mL H20]. Flash
chromatography was performed on Kieselgel 60 230-400 mesh (Sigma-Aldrich). Preparative
HPLC purifications were performed with an Agilent 1200 Series or Agilent 1260 Infinity 1. NMR
spectra were recorded on a Varian 400 MHz spectrometer (Agilent), Ascend 400 MHz (cryoprobe,
Bruker), Ascend 700 MHz (cryoprobe, Bruker) or Varian 600 MHz (Agilent) at 25 °C unless
indicated otherwise. Chemical shifts (8) are reported in parts per million (ppm) relative to the
respective residual solvent peaks (CHCls: & 7.26 in H and 77.16 in *C; HDO & 4.79 in H).
Bidimensional and non-decoupled experiments were performed to assign identities of peaks
showing relevant structural features. The following abbreviations are used to indicate peak
multiplicities: s (singlet), d (doublet) dd (doublet of doublets), t (triplet), dt (doublet of triplets), td
(triplet of doublets), q (quartet), p (pentet), m (multiplet). Additional descriptors b (broad signal)
and app (apparent first-order multiplet) are also employed when required. Coupling constants (J)
are reported in Hertz (Hz). NMR spectra were processed using MestreNova 14.1 (MestreLab
Research).High-resolution mass spectra (ESI-HRMS) were recorded with a Xevo G2-XS Q-Tof
(Waters).
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2.4.2 Experimental procedure and spectral data

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl  2-azido-2-deoxy-3-O-(2-napthylmethyl)-4,6-
O-silylidene-a-D-galactopyranoside (2.12)

HO.(, NCbzBN  (+Bu);Sico

([-Bu)zsI%o 5
o 2.1 Nano o)
R ap
NapO NIS, TMSOTF Ns
NJ  DCM,0°C,2h 0., NCbzBn
27 SePh  68% 212 M

5

To a solution of donor 2.7 (2.2 g, 3.52 mmol.), N-benzyloxycarbonyl-N-benzyl-5-aminopentanol
2.11 (2.31 g, 7.04 mmol) in DCM (20 mL) were added 4A molecular sieves. After ~30 minutes,
the mixture was cooled to 0 °C and N-iodosuccinimide (1.03 g, 4.58 mmol) and TMSOTT (63 L,
0.35 mmol) were added. After TLC analysis indicated complete consumption of the starting
material (~2 hours), the reaction was quenched with EtsN (2 mL) and the mixture was diluted with
DCM. After filtration over Celite® 353, the mixture was washed with 10% aqueous NazS20s,
saturated aqueous NaHCOz and brine, dried over Na>SOs, filtered and concentrated in vacuo. The
crude was purified by silica gel column chromatography using 8% ethyl acetate in hexanes to
afford the title product 2.12 as the sole isomer (1.9 g, 68%). *H NMR (400 MHz, CDCls3) § 7.86 —
7.81 (m, 4H), 7.58 (m, 1H), 7.48 (dd, J = 6.4, 3.2 Hz, 2H), 7.38 — 7.24 (m, 9H), 7.17 (d, J = 7.4
Hz, 1H), 5.18 (d, J = 21.1 Hz, 2H), 4.94 — 4.88 (m, 2H), 4.84 (d, J = 11.8 Hz, 1H), 4.61 (d, J =
12.3 Hz, 1H), 4.50 (d, J = 14.6 Hz, 2H), 4.24 (t, J = 14.5 Hz, 1H), 4.13 (m, 1H), 3.90 (dd, J = 17.0,
10.5 Hz, 1H), 3.82 — 3.77 (m, 1H), 3.60 (m, 2H), 3.46 — 3.36 (m, 1H), 3.28 — 3.17 (m, 2H), 1.63 —
1.50 (m, 4H), 1.35 — 1.28 (m, 2H), 1.08 (s, 9H), 1.06 (s, 9H). *C NMR (101 MHz, CDCls) §
156.8, 156.3, 138.0, 136.9, 135.5, 133.4, 133.2, 128.7, 128.6, 128.5, 128.1, 127.9, 127.8, 127.5,
127.4,127.3, 126.7, 126.2, 126.1, 126.0, 98.4, 75.5, 70.6, 70.0, 68.3, 67.5, 67.3, 58.5, 50.6, 50.3,
47.2, 46.2, 29.8, 29.2, 27.8, 27.5, 23.6, 23.5, 20.9. HR-ESI-MS (m/z): calculated for
CusHsgN4O7SiNa [M+Na]™: 817.3972, found: 817.3978

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-napthylmethyl)-a- D-
galactopyranoside (2.13)

(t-Bu)Si-o
H
% Ho
Q . 0
NapO _HRPy NapO\S‘&:@
Nso NCbaB THF, 0°Ctort, 4 h Nj
zBn (o] NCbzB
212 \9/5 96% 213 \9’5 Z8n

To a solution of 2.12 (1.64 g, 2.06 mmol) in THF (20 mL) was added HF+Py (70% HF, 2.65 mL,
20.6 mmol). After TLC analysis indicated complete conversion of the starting material (~4 hours),
the reaction was quenched with EtsN (2 mL). The mixture was concentrated, dissolved in EtOAC
and subsequently washed with saturated aqueous NaHCOz3 and brine. The aqueous layers were
then extracted with EtOAc, combined organic layers were dried over Na;SOa, filtered and
concentrated in vacuo. The residue was purified by silica column chromatography using 25% ethyl
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acetate in hexanes to furnish the title compound 2.13 (1.3 g, 96%). *H NMR (400 MHz, CDCls3) &
7.89 - 7.79 (m, 4H), 7.56 — 7.45 (m, 3H), 7.41 - 7.13 (m, 10H), 5.19 (d, J = 17.3 Hz, 2H), 4.94 —
4.82 (m, 3H), 4.56 — 4.41 (m, 2H), 4.19 (dd, J = 24.3, 3.2 Hz, 1H), 4.01 — 3.54 (m, 6H), 3.48 —
3.11 (m, 3H), 2.95 (bs, 1H), 1.66 — 1.44 (m, 4H), 1.39 — 1.24 (m, 2H). 3C NMR (101 MHz, CDCl5)
0 156.8, 156.4, 137.8, 136.9, 136.6, 134.6, 133.2, 133.2, 128.6, 128.5, 128.5, 128.0, 128.0, 127.9,
127.8, 127.8, 127.8, 127.4, 127.2, 126.9, 126.4, 126.3, 126.2, 125.7, 98.0, 98.0, 77.5, 77.4, 77.2,
76.8, 76.1, 75.9, 72.0, 69.8, 69.5, 68.2, 67.7, 67.4, 67.3, 67.3, 67.1, 62.8, 62.4, 59.1, 59.0, 50.5,
50.3, 47.2, 46.1, 29.0, 28.9, 27.9, 27.1, 23.3, 23.2. HR-ESI-MS (m/z): calculated for
Cs7H42N4O7Na [M+Na]*: 677.2951, found: 677.2966.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-napthylmethyl)-6-O-
p-toluenesulfonyl—-a-D-galactopyranoside (2.14)

HO OH OTs

HO
Q
NapO TsCl, TEA NapO 0
Nao NChggn DOV 12h N,
Zbn °
213 \9/5 95% 214 O\%NCszn

To a solution of 2.13 (1.3 g, 1.99 mmol) in DCM (15 mL), p-toluenesulfonyl chloride (455 mg,
2.39 mmol) and TEA (0.69 mL, 4.98 mmol) were added. The reaction mixture was stirred
overnight at rt, when TLC showed that the starting material was completely consumed, diluted
with DCM (10 mL), washed with saturated aqueous NaHCOs, dried over Na SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography using 20%
ethyl acetate in hexanes to furnish compound 2.14 (1.53 g, 95%). *H NMR (400 MHz, CDCls) §
7.89 —7.81 (m, 4H), 7.79 — 7.74 (m, 2H), 7.54 — 7.46 (m, 3H), 7.41 — 7.24 (m, 11H), 7.19 (d, J =
7.2 Hz, 1H), 5.19 (d, J = 13.3 Hz, 2H), 4.90 — 4.78 (m, 3H), 4.51 (d, J = 8.3 Hz, 2H), 4.26 — 4.12
(m, 2H), 4.06 (d, J = 4.0 Hz, 1H), 4.03 - 3.86 (m, 2H), 3.60 (dd, J = 10.4, 3.6 Hz, 2H), 3.41 - 3.15
(m, 4H), 2.42 (s, 3H), 1.63 — 1.49 (m, 4H, 1.37 — 1.23 (m, 2H). **C NMR (101 MHz, CDCl3) §
156.8, 156.3, 145.1, 138.0, 136.8, 134.5, 133.3, 133.2, 132.7, 130.0, 128.7, 128.6, 128.6, 128.5,
128.1, 128.0, 127.9, 127.8, 127.4, 127.3, 127.3, 127.1, 126.5, 126.4, 125.7, 97.9, 77.5, 77.4, 77 .2,
76.8, 75.7, 72.3, 68.9, 68.4, 67.9, 67.2, 65.9, 58.9, 50.6, 50.3, 47.2, 46.2, 29.0, 27.9, 27.5, 23.4,
23.3, 21.7. HR-ESI-MS (m/z): calculated for CasHisNsO9SNa [M+Na]*: 831.3040, found:
831.3060.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2,6-di-deoxy-6-iodo-3-O-(2-
napthylmethyl)-a-D-galactopyranoside (2.15)

OTs I

HO
HO o Nal o
s .
NapO Acetone, reflux, 48 h NapO N
N3 93% 3

O, NCbzBn
214 O\%NCszn 215 TH
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To a solution of 2.14 (1.53 g, 1.89 mmol) in acetone (25 mL) was added Nal (2.83 g, 18.9 mmol).
The mixture was refluxed using oil bath under nitrogen for 48 h. After cooling to rt, ethyl acetate
(25 mL) was added and the mixture was washed with saturated aqueous Na>S>Osz solution and
water. The organic phase was dried over Na:SOs, filtered, and concentrated. The residue was
purified by silica gel column chromatography using 15% ethyl acetate in hexanes to give product
2.15 (1.35 g, 93%). 'H NMR (400 MHz, CDCl3) & 7.89 — 7.80 (m, 4H), 7.55 — 7.47 (m, 3H), 7.40
—7.23 (m, 10H), 7.17 (d, J = 7.2 Hz, 1H), 5.18 (d, J = 14.4 Hz, 2H), 4.88 (q, J = 11.5 Hz, 3H),
4.50 (d, J =9.4 Hz, 2H), 4.23 — 4.15 (m, 1H), 3.99 — 3.82 (m, 2H), 3.81 — 3.68 (m, 1H), 3.63 (dd,
J=10.4, 3.6 Hz, 1H), 3.48 — 3.36 (m, 1H), 3.32 (t, J = 4.7 Hz, 2H), 3.30 — 3.16 (m, 2H), 1.67 —
1.47 (m, 3H), 1.40-1.28(m, 2H). *C NMR (101 MHz, CDCl3) § 156.9, 156.3, 138.0, 138.0, 137.0,
136.8, 134.5, 133.3, 128.8, 128.7, 128.6, 128.6, 128.4, 128.2, 128.1, 128.1, 127.9, 127.9, 127.5,
127.4,127.3,127.2, 126.5, 126.4, 125.8, 97.9, 77.5, 77.4, 77.2, 76.8, 72.5, 70.7, 68.4, 67.3, 67.2,
58.8, 50.6, 50.3, 47.2, 46.2, 32.1, 29.8, 29.8, 29.5, 29.1, 28.0, 27.6, 23.5, 23.4, 22.8, 14.3, 3.0, 1.2.
HR-ESI-MS (m/z): calculated for Cs7Ha1INsOsNa [M+Na]*: 787.1968, found: 787.1990

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-amino-2,6-di-deoxy-3-O-(2-napthylmethyl) -
a-D-galactopyranoside (2.16)

HO HO
0 BuzSnH, AIBN
NapO ———> NapO 2
N3 Toluene, 100 °C, 2 h H,N

215 O\Q’SNCbZBn 76% 216 O\H,NCbZBn
5

Compound 2.15 (1.35 g, 1.77 mmol) was co-evaporated with toluene for three times and dried
under high vacuum for 8 h. To this, BusSnH (1.05 mL, 3.89 mmol) and AIBN (57 mg, 0.35 mmol)
were added and stirred at 100 °C using oil bath for 2 h, after which time the reaction mixture was
diluted with EtOAc (30 mL), the organic layer was washed with water (80 mL) and brine (80 mL),
dried over Na»SOyg, filtered and concentrated in vacuo. The resultant oil was purified by silica gel
column chromatography using 5% methanol in DCM to afford desired compound 2.16 (821 mg,
76%) as oil. 'H NMR (600 MHz, CDCls) § 7.87 — 7.77 (m, 3H), 7.51 — 7.45 (m, 3H), 7.39 — 7.20
(m, 10H), 7.15 (d, J = 7.4 Hz, 1H), 5.16 (d, J = 24.7 Hz, 2H), 4.88 — 4.79 (m, 2H), 4.70 (d, J =
11.2 Hz, 1H), 4.48 (d, J = 20.4 Hz, 2H), 3.89 — 3.81 (m, 2H), 3.65 — 3.45 (m, 2H), 3.43 - 3.29 (m,
1H), 3.27 —3.09 (m, 4H), 2.45 (bs, 2H), 1.57 — 1.45 (m, 4H), 1.32 — 1.19 (m, 5H). *3C NMR (151
MHz, CDCI3) 6 156.8, 156.3, 138.0, 136.8, 135.3, 133.3, 133.2, 130.5, 128.8, 128.6, 128.6, 128.5,
128.5, 128.2, 128.0, 127.9, 127.9, 127.8, 127.7, 127.6, 127.4, 127.3, 126.8, 126.7, 126.4, 126.2,
126.1,126.0, 125.8,99.4,99.3,80.2, 77.4,77.4,77.3,77.2,77.1,76.9, 76.9, 71.5, 69.6, 68.2, 68.0,
67.3,67.3,65.8,50.6, 50.3, 47.2, 46.2, 29.3, 28.0, 27.9, 27.6, 26.9, 23.6, 23.5, 16.6, 13.7. HR-ESI-
MS (m/z): calculated for Ca7H4aN20gNa [M+Na]*: 635.3097, found: 635.3084

N-(Benzyl)benzyloxycarbonyl-5-aminopenty!l 2-trichloroacetamido-2,6-di-deoxy-3-O-(2-
napthylmethyl) -a-D-galactopyranoside (2.17)
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HO HO

0
NapO TCACI NapO o)
HoN THF, 0°C,1h TCAHN

2.16 O\ea/sNCbZB" 85 % 217 O\H,SNCszn

The amine 2.16 (821 mg, 1.34 mmol) was dissolved in anhydrous THF (13 mL) and cooled to 0
°C. To this stirred solution, TCACI (0.19 mL, 1.74 mmol) was slowly added and stirred for 1 h at
0 °C under a nitrogen atmosphere. The mixture was diluted with DCM (20 mL) and washed with
brine (3x), organic phase was dried over Na,SOs, filtered and evaporated. The crude product was
purified by silica column chromatography using 10% ethyl acetate in hexane to give 2.17 (861 mg,
85%) as a yellow oil. *H NMR (600 MHz, CDCl3) § 7.84 — 7.79 (m, 3H), 7.75 (s, 1H), 7.51 - 7.41
(m, 3H), 7.38 — 7.20 (m, 8H), 7.16 (d, J = 7.2 Hz, 1H), 6.77 (dd, J = 87.1, 9.2 Hz, 1H), 5.16 (d, J
=26.2 Hz, 2H), 4.88 — 4.78 (m, 2H), 4.77 — 4.69 (m, 1H), 4.52 — 4.40 (m, 3H), 3.92 (d, J = 3.1 Hz,
1H), 3.90 — 3.81 (m, 1H), 3.77 — 3.51 (m, 3H), 3.41 — 3.28 (m, 1H), 3.19 (dt, J = 46.0, 7.0 Hz, 2H),
1.59 — 1.42 (m, 4H), 1.32 (d, J = 6.6 Hz, 3H), 1.30 — 1.17 (m, 2H). 1°C NMR (151 MHz, CDCls)
0 156.3, 138.0, 134.9, 133.3, 133.3, 128.7, 128.7, 128.6, 128.1, 127.9, 127.9, 127.5, 127.3, 126.7,
126.5, 126.3, 125.6,97.1,92.9, 77.4,77.2, 76.9, 76.6, 71.5, 68.3, 68.2, 67.3, 65.9, 50.7, 50.4, 47.2,
46.2, 29.8, 29.1, 28.0, 27.5, 23.7, 23.4, 16.5. HR-ESI-MS (m/z): calculated for C39H43Ci3N2.O7Na
[M+Na]*: 779.2034, found: 779.2021

N-(Benzyl)benzyloxycarbonyl-5-aminopenty!l 2-trichloroacetamido-4-azido-3-O-(2-
napthylmethyl)- 2,4,6-tri-deoxy—a-D-glucosidepyranoside (2.18)

HO

1. Tf,0, TEA N o
NapO O DCM, 0°C,2h  Najo
T —— TCAHN
TCAHN

2. NaNg, DMF 0., NCbzBn
Oy NCbzBn 60°C, 12h \H’S
217 5 68% (over 2 steps) 2.18

Triethylamine (0.81 mL, 13.9 mmol) was added to a stirred solution of 2.17 (880 mg, 1.16 mmol)
in anhydrous DCM (10 mL). After being cooled to 0 °C, Tf20 (0.29 mL, 1.74 mmol) was added
dropwise. The reaction was brought to rt over 2 h and partitioned between DCM (3 x 30 mL) and
water (20 mL). Washing process was repeated three times and the combined organic layer was
washed with saturated aqueous NaHCO3, 1N HCI, brine (20 mL), dried over Na>SOs, filtered and
concentrated. The crude product was directly taken to the next step without purification. The crude
triflate derivative was dissolved in anhydrous DMF (10 mL). To this stirred solution, NaNz (377
mg, 5.8 mmol) was added and gradually brought to 60 °C for 12 h. The reaction mixture was
diluted with DCM (30 mL) and were washed with water (50 mL) and saturated aqueous brine (50
mL). Washing process was repeated three times and the combined organic layer was dried over
Na>SOs, filtered and concentrated. The crude product was purified by silica gel column
chromatography using 8% ethyl acetate in hexanes to afford compound 2.18 (613 mg, 68% over
two steps). *H NMR (600 MHz, CDClz) § 7.84 — 7.76 (m, 4H), 7.48 — 7.42 (m, 3H), 7.40 — 7.22
(m, 8H), 7.17 (d, J = 7.3 Hz, 1H), 7.02 — 6.72 (m, 1H), 5.18 (d, J = 28.7 Hz, 2H), 4.98 — 4.84 (m,
2H), 4.80-4.71 (m, 1H), 4.50 (d, J = 11.6 Hz, 2H), 4.29 — 4.19 (m, 1H), 3.78 — 3.55 (m, 3H), 3.42
—3.14 (m, 4H), 1.59 — 1.45 (m, 4H), 1.34 (d, J = 6.2 Hz, 3H), 1.28 — 1.19 (m, 1H). *C NMR (151
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MHz, CDCI3) 6 161.8, 156.4, 137.9, 136.8, 134.9, 133.4, 133.2, 128.7, 128.6, 128.4, 128.2, 128.1,
127.9,127.8,127.5,127.3,127.1,126.2,126.1, 126.1, 96.9, 92.7, 78.9, 77.4,77.2, 76.9, 75.2, 68.2,
67.4, 66.8, 55.0, 50.7, 50.5, 47.2, 46.2, 29.0, 28.0, 27.5, 23.8, 23.4, 18.5. HR-ESI-MS (m/z):
calculated for C3gH12CisNsOsNa [M+Na]*: 804.2098, found: 804.2090

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-
a-D-galactopyranoside (2.6)

N3 O N o]
NapO, DDQ Ho
TCAHN " TCAHN

Oy, NCbzBn DCM/H,0, rt, 4 h O, NCbzB
) 90% Ny NEPEEN
218 5 2.6 5

To a stirred emulsion of 2.18 (613 mg, 0.78 mmol) in DCM and H20 (7/1, v/v, 8 mL) was added
DDQ (265 mg, 1.17 mmol) under the exclusion of light and stirred at rt for 6 h. The mixture was
diluted with DCM (40 mL) and washed (2 x 30 mL) with 10% aqueous Na>S30z3 to reduce the
remaining DDQ. The organic layer was dried over Na>SOg, filtered and concentrated in vacuo.
The residue was purified by silica column chromatography using 10% ethyl acetate in hexanes to
afford product 2.6 as yellowish oil (455 mg, 90%). *H NMR (400 MHz, CDCl3) § 7.42 — 7.20 (m,
8H), 7.17 (d, J =7.3 Hz, 1H), 5.26 — 5.11 (m, 2H), 4.81 (d, J = 14.5 Hz, 1H), 4.50 (d, J = 12.7 Hz,
2H), 3.97 (d, J = 11.2 Hz, 1H), 3.61 (dq, J = 15.7, 8.2 Hz, 2H), 3.45 — 3.31 (m, 1H), 3.22 — 3.10
(m, 2H), 3.05 (t, J = 9.6 Hz, 1H), 2.68 (s, 1H), 1.68 — 1.43 (m, 4H), 1.30 (d, J = 6.3 Hz, 5H). 13C
NMR (101 MHz, CDCls) 6 128.7, 128.6, 128.1, 128.0, 127.4, 127.3, 97.6, 77.4, 77.2, 76.9, 70.9,
69.0, 68.4, 67.3, 66.4, 63.5, 50.7, 50.4, 47.2, 46.3, 29.2, 28.0, 27.6, 23.5, 18.4. HR-ESI-MS (m/z):
calculated for C2sHz4ClsNsOsNa [M+Na]*: 664.1472, found: 664.1473

Ethyl 4,6-O-benzylidene-3-tert-butyl dimethylsilyl-2-O-levulinoy-1-thio-B-D-
galactopyranoside (2.20)
Ph Ph
%0 <o
I6) SEt LevOH, EDC-HCI, DMAP ? o
TBSO é 'TOLH DCM, rt, 48 h TBSO%&/SB
2.19 92% 2.20 Otev

To a solution of compound 2.19 (3.43 g, 8.04 mmol) in DCM (35 mL) were added 4-
dimethylaminopyridine (99 mg, 0.81 mmol), levulinic acid (1.65 mL, 16.1 mmol) and EDC<HCI
(2.31 g, 12.1 mmol). The mixture was stirred overnight at rt, washed with saturated aqueous
NaHCOs and brine, the organic layer was dried over Na>SOs, filtered and concentrated. The
residue was purified by silica gel column chromatography using 30% ethyl acetate in hexanes to
afford compound 2.20 (3.87 g, 92%) as a white solid. *H NMR (600 MHz, CDClz) & 7.49 (dt, J =
7.6, 1.4 Hz, 2H), 7.37 — 7.31 (m, 3H), 5.48 (d, J = 1.7 Hz, 1H), 5.32 — 5.27 (m, 1H), 4.37 — 4.30
(m, 2H), 4.08 — 4.06 (m, 1H), 4.00 (dd, J =12.4, 1.8 Hz, 1H), 3.85 (dd, J = 9.3, 3.6 Hz, 1H), 3.47
—3.44 (m, 1H), 2.86 — 2.79 (m, 1H), 2.75 (td, J = 6.6, 1.8 Hz, 2H), 2.70 — 2.56 (m, 3H), 2.17 (d, J
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= 2.1 Hz, 3H), 1.25 (t, 3H), 0.84 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H). 13C NMR (151 MHz, CDCl5)
6 206.3, 171.5, 137.9, 128.9, 128.1, 128.1, 126.3, 101.1, 82.8, 77.4, 77.2, 76.9, 76.8, 73.3, 70.2,
69.8, 69.4, 38.1, 30.0, 28.3, 25.6, 25.6, 22.8, 22.8, 18.0, 14.9, -4.5, -4.6. HR-ESI-MS (m/z):
calculated for C26H1007SSiNa [M+Na]*: 547.2162, found: 547.2168

Ethyl 3-tert-butyl dimethylsilyl 2-O-levulinoy-1-thio-B-D-galactopyranoside (2.21)

Ph
OH

%O HO
o EtSH, CSA o
TBSO&/SB DCM/MeOH, tt, 12 h TBSO&/SE
OLev 94 % OLev
2.20 2.21

To a solution of compound 2.20 (4.21 g, 8.02 mmol) in a mixture of DCM/MeOH (99:1, v/v) (32
mL), were added ethanethiol (4.13 mL, 56.2 mmol) and CSA (373 mg, 1.6 mmol). After stirring
at rt for 6 h, the mixture was quenched with EtsN and concentrated in vacuo. The residue was
purified by silica gel column chromatography using 40% ethyl acetate in hexanes to give 2.21 (3.3
g, 94%). *H NMR (600 MHz, CDCl3) § 5.14 (t, J = 9.5 Hz, 1H), 4.33 (d, J = 10.0 Hz, 1H), 4.01 —
3.95 (m, 1H), 3.86 (dd, J = 3.5, 1.2 Hz, 1H), 3.82 — 3.75 (m, 2H), 3.62 — 3.56 (m, 1H), 2.81 - 2.70
(m, 3H), 2.70 — 2.59 (m, 3H), 2.19 (s, 3H), 1.25 (t, J = 7.5 Hz, 3H), 0.88 (s, 9H), 0.12 (s, 3H), 0.10
(s, 3H). 3C NMR (151 MHz, CDCls) § 206.3, 171.8, 83.5, 78.5, 77.4, 77.2, 76.9, 73.9, 70.5, 70.4,
62.7, 38.1, 30.1, 28.3, 25.7, 23.8, 18.0, 15.0, -4.6, -4.6. HR-ESI-MS (m/z): calculated for
C19H3607SSiNa [M+Na]*: 459.1849, found: 459.1857

Ethyl 4-0-acetyl-6-O-benzyl-3-tert-butyl dimethylsilyl-2-O-levulinoy-1-thio-B-D-
glucopyranoside uronate (2.8)

OH 1. BAIB, TEMPO
HO DCM/H,0, 5 h ACOCOZBOn

O o
TBSO SEt 0°Ctort TBSO SEt

2. BnBr, NaHCO3
OLev DMF, 1t, 12 h Olev
3. Ac,0, DMAP 2.8
Pyridine, 4 h
68% (over 3 steps)

Diol 2.21 (167 mg, 0.382 mmol) was dissolved in a mixture of DCM/H20 (5:1, v/v, 6 mL) and
cooled to 0 °C before TEMPO (6 mg, 0.038 mmol) and BAIB (197 mg, 0.611 mmol) were added
and stirred at 0 °C for 20 min and slowly warmed to rt and stirred for 3 h. Reaction mixture was
then diluted with DCM (5 mL) and water (5 mL) and the aqueous layer was extracted four times
with DCM (5 mL each). Combined organics were dried over Na,SQg, filtered, and concentrated.
The crude product was dissolved in DMF (1 mL), NaHCOz3 (96 mg, 1.15 mmol) and BnBr (91 pL,
0.764 mmol) were added at 0 °C. Then the reaction was stirred overnight at rt. After complete
consumption of starting material, the mixture was diluted with DCM (20 mL) and washed with
brine. The separated organic layer was dried over NaxSO4 and concentrated in vacuo. Crude
hydroxyl compound dissolved in pyridine (5 mL), was added acetic anhydride (0.24 mL, 2.56
mmol) at 0 °C. After being stirred at rt for 6 h, the mixture was concentrated in vacuo, diluted with
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DCM (10 mL) and organic layer was washed with saturated NaHCO3, brine (10 mL) and dried
over Na»SOyg, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using 20% ethyl acetate in hexanes to give 2.8 (165 mg, 68% over 3 steps). *H
NMR (400 MHz, CDCls) § 7.39 — 7.26 (m, 4H), 5.57 (dd, J = 3.6, 1.3 Hz, 1H), 5.19 — 5.05 (m,
3H), 4.38 (d, J = 10.0 Hz, 1H), 4.22 (d, J = 1.3 Hz, 1H), 3.84 (dd, J = 9.2, 3.6 Hz, 1H), 2.78 - 2.71
(m, OH), 2.71 — 2.62 (m, 1H), 2.62 — 2.55 (m, 2H), 2.16 (s, 3H), 1.90 (d, J = 0.9 Hz, 3H), 1.25 (t,
J =7.4 Hz, 3H), 0.78 (s, 8H), 0.07 (s, 3H), 0.05 (s, 3H). *C NMR (101 MHz, CDCls3) § 206.2,
171.5, 169.7, 166.3, 135.0, 129.1, 128.6, 128.6, 83.7, 77.5, 77.2, 76.8, 76.0, 71.8, 70.5, 70.1, 67.5,
37.9, 30.0, 28.1, 25.4, 24.2, 205, 17.7, 14.9, -4.7, -5.0. HR-ESI-MS (m/z): calculated for
C28H4209SSiNa [M+Na]*: 605.2216, found: 605.2230

Ethyl 2-O-levulinoyl-3,4,6-O-tri-benzyl-1-thio-B-D-glucopyranoside (2.9)

OBn OBn
LevOH, EDC+HCI, DMAP
BréoO&&/sm Bnoé&/m
n oH DCM, 1t, 12 h B0 ey
90%
245 29

To a solution of compound 2.45 (1.54 g, 2.77 mmol) in dichloromethane (15 mL) were added 4-
dimethylaminopyridine (84 mg, 0.69 mmol), levulinic acid (0.425 mL, 4.14 mmol) and EDC-HCI
(847 mg, 4.42 mmol). The mixture was stirred overnight at rt, washed with saturated NaHCOs3 and
brine, the organic layer was dried over Na2SOqs, filtered and concentrated in vacuo. The residue
was purified by flash column chromatography using 15% ethyl acetate in hexanes to afford
compound 2.9 (1.62 g, 90%) as a white solid. *H NMR (400 MHz, CDCl3) § 7.41 — 7.35 (m, 2H),
7.32 —7.15 (m, 13H), 7.17 — 7.09 (m, 2H), 6.96 (d, J = 7.9 Hz, 2H), 4.95 (dd, J = 10.0, 8.7 Hz,
1H), 4.76 — 4.60 (m, 3H), 4.58 — 4.39 (m, 4H), 3.75 — 3.54 (m, 4H), 3.46 (dq, J = 7.5, 2.4 Hz, 1H),
2.71—2.56 (m, 2H), 2.56 — 2.35 (m, 2H), 2.21 (s, 3H), 2.07 (s, 3H). 13C NMR (101 MHz, CDCls)
6 206.1, 171.3, 138.1, 138.0, 137.9, 137.8, 133.1, 129.5, 128.5, 128.3, 128.3, 128.2, 127.9, 127.7,
127.6,127.5,127.4,85.9,84.2,79.2,77.5,77.5,77.2,76.8, 75.1, 74.9, 73.3, 72.0, 68.7, 37.7, 29.7,
28.0, 21.0. HR-ESI-MS (m/z): calculated for C3oH4207SNa [M+Na]*: 677.2549, found: 677.2568

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-naphthylmethyl)-4,6-
O-silylidene-a-D-galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a.-
D-glucopyranosyl (2.22)

(+Bu);Si=q

o)
m;ﬁ% 27, TMSOTENIS 0 L5
H —_————> ap
TCAHN DCM, -20 to 0 °C N3 TCAHN @ “NCbzBn
o

(6] NCbzBn 2h, 78%
+ N,
2.6 2.22 o

Acceptor 2.6 (100 mg, 0.156 mmol) and selenoglycoside 2.7 (127 mg 0.203 mmol) were mixed,
co-evaporated with toluene (3 x 10 mL) and dried under high vacuum for 2 h. The mixture was
dissolved in anhydrous DCM (12 mL) with suspended freshly activated 4A molecular sieves,
under a nitrogen atmosphere and stirred for 30 min at rt. The mixture was cooled to 0 °C, to this
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stirred suspension, NIS (52.6 mg, 0.234 mmol) and TMSOTf (5.6 pL, 31 pumol) were slowly
added. After stirring at rt for 2 h, diluted with DCM (10 mL), quenched with EtsN, warmed to rt
and 4A molecular sieves were filtered. The filtrate was washed with 10% aqueous NazS20s3,
saturated aqueous NaHCOz and brine. The combined organic layer was dried over Na2SOs, filtered
and evaporated in vacuo. The crude product was purified by silica column chromatography
using10% ethyl acetate in hexanes to afford the desired protected disaccharide 2.22 (135 mg, 78%).
'H NMR (600 MHz, CDCl3) 5 7.88 — 7.80 (m, 4H), 7.57 (dd, J = 8.4, 1.7 Hz, 1H), 7.50 — 7.44 (m,
2H), 7.39 — 7.14 (m, 9H), 6.87 (dd, J = 59.6, 9.4 Hz, 1H), 5.40 (d, J = 0.9 Hz, 1H), 5.18 (d, J =
18.2 Hz, 2H), 4.91 — 4.82 (m, 2H), 4.72 — 4.65 (m, 1H), 4.54 — 4.46 (m, 3H), 4.18 — 4.04 (m, 3H),
4.00 (dd, J = 10.6, 3.7 Hz, 1H), 3.91 (dd, J = 10.6, 2.7 Hz, 1H), 3.78 — 3.52 (m, 4H), 3.38 — 3.15
(m, 4H), 1.60 — 1.44 (m, 4H), 1.38 (d, J = 6.2 Hz, 3H), 1.33 — 1.20 (m, 2H), 1.04 (s, 9H), 1.02 (s,
9H). *C NMR (151 MHz, CDCl3) § 162.0, 156.3, 137.9, 136.8, 135.5, 133.4, 133.2, 128.7, 128.6,
128.4,128.2, 128.0, 127.9, 127.8, 127.5, 127.3, 126.8, 126.2, 126.1, 126.0, 99.4, 96.5, 92.4, 77.4,
77.2,76.9, 76.8, 76.4, 71.2, 70.1, 69.7, 68.3, 68.2, 67.5, 67.4, 67.2, 58.7, 54.5, 50.7, 50.5, 47.1,
46.2, 29.1, 28.0, 27.7, 27.5, 27.5, 23.6, 23.5, 20.8, 18.3. HR-ESI-MS (m/z): calculated for
Cs3Hs7C13N8O10SiNa [M+Na]*: 1131.3713, found: 1131.3721

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-naphthylmethyl)-a.-D-
galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranosyl
(2.23)

(tBu)Si—g 1o OF
Here '\?3 TCAHN X \obesn #ﬁétort> Napo& OHSNC”ZB”
o 12 h, 92% Moy TOAHN
222 °© 223 ¢ ©

To a solution of 2.22 (315 mg, 0.287 mmol) in THF (2.8 mL, 0.1 M) was added HF*Py (70% HF,
0.74 mL, 5.75 mmol). After TLC analysis (40% ethyl acetate in hexanes) indicated complete
conversion of the starting material (~8 hours), the reaction was quenched with EtsN (4 mL). The
mixture was concentrated, dissolved in EtOAc and subsequently washed with saturated aqueous
NaHCOs and brine. The aqueous layers were then extracted with EtOAc, combined organic layers
were dried over Na>SOg, filtered and concentrated in vacuo. The residue was purified by silica gel
column chromatography using 35% ethyl acetate in hexanes to furnish the title compound 2.23
(257 mg, 92%). *H NMR (600 MHz, CDCls) § 7.87 — 7.82 (m, 4H), 7.54 — 7.48 (m, 3H), 7.40 —
7.21 (m, 10H), 7.18 (d, J = 7.3 Hz, 1H), 5.46 (dd, J = 33.6, 3.6 Hz, 1H), 5.19 (d, J = 22.6 Hz, 2H),
4.90 - 4.78 (m, 2H), 4.74 — 4.65 (m, 1H), 4.48 (dd, J = 27.9, 16.1 Hz, 2H), 4.22 — 4.14 (m, 1H),
4.01 (t, J=5.7 Hz, 1H), 3.97 - 3.79 (m, 5H), 3.77 —3.72 (m, 1H), 3.70 — 3.52 (m, 2H), 3.31 - 3.17
(m, 4H), 3.00 (bs, 1H), 1.59 — 1.45 (m, 5H), 1.37 (d, J = 6.2 Hz, 3H), 1.34 — 1.23 (m, 2H). °C
NMR (151 MHz, CDCls) 8 162.2, 162.1, 156.8, 156.3, 137.7, 136.8, 136.6, 134.6, 133.2, 133.2,
128.6, 128.5, 128.5, 128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.5, 127.4, 127.2, 127.1,
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126.3,126.2, 125.8,98.3, 98.0, 96.6, 96.4, 92.4, 77.4,77.2, 76.9, 76.5, 76.4, 75.9, 75.3, 72.4, 70.7,
69.2, 69.0, 68.1, 68.0, 67.9, 67.8, 67.3, 66.8, 63.2, 63.1, 59.4, 54.6, 54.5, 50.6, 50.2, 47.0, 46.0,
29.7, 28.9, 27.8, 27.4, 23.5, 23.3, 18.2. HR-ESI-MS (m/z): calculated for C4sHs:ClsNgNaO10Na
[M+Na]*: 991.2691, found: 991.2698

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-naphthylmethyl)-4,6-
O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-o.-
D-glucopyranosyl (2.24)

OH OBn

HO BnO
NapO ° (5 NaH, BnBr NapO 0 (98
Ns TCAHN @~ NCbzBn N TcAHN O TNCbzBn
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To a cooled solution of 2.23 (380 mg, 0.392 mmol) in DMF (2 mL) at 0 °C were added benzyl
bromide (0.103 mL, 0.862 mmol) and NaH (60% disp.) (21.6 mg, 0.902 mmol). After stirring for
6 h, the mixture was neutralized with H,O and added EtOAc. The organic layer was washed with
H2O for five times and brine, dried over Na,SO4 and concentrated in vacuo. The residue was
purified by silica column chromatography using 12% ethyl acetate in hexanes to yield the desired
compound 2.24 (364 mg, 81%). *H NMR (400 MHz, CDCls3) & 7.89 — 7.83 (m, 4H), 7.55 — 7.48
(m, 3H), 7.37 — 7.21 (m, 21H), 7.07 — 6.85 (m, 1H), 5.50 (d, J = 3.1 Hz, 1H), 5.20 (d, J = 11.0 Hz,
2H), 4.92 — 4.85 (m, 3H), 4.80 — 4.69 (m, 1H), 4.54 — 4.47 (m, 4H), 4.41 (d, J = 11.6 Hz, 1H), 4.20
—4.11 (m, 1H), 4.10 — 3.99 (m, 4H), 3.89 — 3.59 (m, 3H), 3.56 (d, J = 6.8 Hz, 2H), 3.37 - 3.13 (m,
4H), 1.58 — 1.44 (m, 4H), 1.39 (d, J = 6.1 Hz, 3H), 1.28 — 1.18 (m, 2H). 3C NMR (101 MHz,
CDCI3) 6 162.1, 156.8, 156.3, 138.4, 137.9,137.7,136.9, 136.7, 135.2, 133.4, 133.1, 133.1, 128.7,
128.6, 128.5, 128.4, 128.4, 128.4, 128.3, 128.2, 128.1, 128.1, 128.0, 127.9, 127.9, 127.8, 127.8,
127.4,127.3,126.6, 126.2, 126.1, 126.0, 125.8, 98.2, 96.4,92.4, 77.5,77.5, 77.4, 77.2, 76.8, 75.0,
74.9, 73.7, 73.6, 73.4, 72.5, 70.3, 69.5, 68.3, 68.2, 68.1, 67.3, 67.0, 60.0, 54.4, 50.6, 50.3, 47.1,
46.1, 29.8, 29.0, 27.9, 27.4, 23.5, 23.3, 18.3. HR-ESI-MS (m/z): calculated for CsgHs3ClzNgO10Na
[M+Na]*: 1171.3630, found: 1171.3637

N-(Benzyl)benzyloxycarbonyl-5-aminopenty!l 2-azido-2-deoxy-4,6-O-di-benzyl-a-D-
galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranosyl
(2.25)

OBn OBn

BnO BnO
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To a stirred emulsion of 2.24 (685 mg, 0.60 mmol) in DCM and H20 (7/1, v/v, 8 mL) was added
DDQ (202 mg, 0.89 mmol) under the exclusion of light and stirred at rt for 8 h. The mixture was
diluted with DCM (10 mL) and washed (2 x 15 mL) with 10% aqueous Na,S3Oz3 to reduce the
remaining DDQ. The organic layer was dried over Na>SOs, filtered and concentrated in vacuo.
The residue was purified by silica column chromatography using 15% ethyl acetate in hexanes to
afford product 2.25 as yellowish liquid (511 mg, 85%). *H NMR (700 MHz, CDCl3) § 7.37 - 7.21
(m, 18H), 7.19 — 7.13 (m, 1H), 7.05 — 6.88 (m, 1H), 5.44 (dd, J = 9.3, 3.9 Hz, 1H), 5.20 — 5.12 (m,
2H), 4.72 (d, J = 20.3 Hz, 1H), 4.67 — 4.59 (m, 2H)j, 4.52 — 4.44 (m, 3H), 4.41 (d, J = 11.7 Hz,
1H), 4.12 — 4.06 (m, 2H), 4.05 — 4.01 (m, 1H), 3.89 (s, 1H), 3.82 — 3.63 (m, 2H), 3.63 — 3.48 (m,
4H), 3.36 — 3.11 (m, 4H), 2.28 (bs, 1H), 1.55 — 1.40 (m, 4H), 1.36 — 1.32 (m, 3H), 1.29 — 1.15 (m,
2H). 3C NMR (176 MHz, CDCl3) § 162.1, 156.8, 156.3, 138.1, 137.9, 137.7, 137.6, 136.9, 136.8,
128.7, 128.7, 128.6, 128.5, 128.4, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.5, 127.3,
98.1,96.4, 925, 77.4,77.3,77.2, 77.2, 77.0, 77.0, 76.6, 76.6, 75.3, 75.1, 75.0, 73.7, 70.2, 69.4,
68.7, 68.6, 68.3, 68.2, 68.1, 67.3, 67.0, 61.4, 54.4, 50.7, 50.4, 47.1, 46.2, 29.0, 27.9, 27.5, 23.5,
23.3, 18.2. HR-ESI-MS (m/z): calculated for CagHssClsNgO1oNa [M+Na]*™: 1031.3004, found:
1031.3011

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-O-levulinoyl-4-O-acetyl-6-O-benzyl-B-D-
galactopyranosyl  uronate-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-
(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranosyl (2.26)
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Acceptor 2.25 (76 mg, 0.075 mmol) and thioglycoside 2.8 (127 mg 0.135 mmol) were mixed, co-
evaporated with toluene (3 x 10 mL) and dried under high vacuum for 2 h. The added freshly
activated 4A molecular sieves were dissolved in anhydrous DCM (5 mL) under a nitrogen
atmosphere and stirred for 30 min at rt. The mixture was cooled to -20 °C, to this stirred
suspension, NIS (30.3 mg, 0.135 mmol) and TfOH (2.6 uL, 0.03 mmol) were slowly added. After
stirring at rt for 2 h, diluted with DCM (10 mL), quenched with EtsN, warmed to rt and 4A
molecular sieves were filtered. The filtrate was washed with 10% aqueous Na»S,0s3, saturated
aqueous NaHCOs and brine. The combined organic layer was dried over Na;SOa, filtered and
evaporated in vacuo. The residue was passed through short silica column using ethyl acetate and
evaporated in vacuo. The crude was dissolved in the anhydrous ACN (3 mL), cooled to 0 °C and
BF3+OEt; (9.2 umol, 0.075 mmol) was added. After stirring for 5 min, saturated aqueous NaHCO3
was added and extracted the organic layer with DCM. The combined layers were dried over
Na>SO0s, filtered and evaporated in vacuo. The crude was purified by silica gel column
chromatography using 20% ethyl acetate in hexanes to afford compound 2.26 (60 mg, 56% over
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two steps). 'H NMR (400 MHz, CDCls) § 7.31 — 7.14 (m, 23H), 7.08 (d, J = 7.2 Hz, 1H), 7.02 —
6.87 (m, 1H), 5.61 (dd, J = 3.6, 1.3 Hz, 1H), 5.45 (d, J = 3.6 Hz, 1H), 5.16 — 5.04 (m, 4H), 4.95
(dd, J = 16.1, 11.7 Hz, 2H), 4.73 (d, J = 7.9 Hz, 1H), 4.61 (d, J = 16.1 Hz, 1H), 4.52 (d, J = 11.6
Hz, 1H), 4.43 — 4.21 (m, 5H), 4.19 — 4.00 (m, 2H), 3.98 — 3.86 (M, 3H), 3.87 — 3.76 (M, 2H), 3.61
(d, J = 6.2 Hz, 1H), 3.54 — 3.37 (m, 2H), 3.25 (s, 1H), 3.18 — 3.03 (m, 4H), 2.88 — 2.77 (m, 1H),
2.73 - 2.61 (m, 1H), 2.60 — 2.47 (m, 2H), 2.10 (s, 3H), 1.80 (s, 3H), 1.45 — 1.32 (m, 4H), 1.28 (d,
J=6.2 Hz, 3H), 1.17 — 1.04 (m, 2H). 3C NMR (101 MHz, CDCls) § 208.0, 173.0, 170.3, 166.0,
138.9, 138.1, 137.9, 135.0, 129.1, 128.8, 128.7, 128.6, 128.4, 128.4, 128.1, 128.0, 127.9, 127.8,
127.7, 127.5, 127.3, 102.0, 97.7, 96.5, 92.3, 78.8, 77.5, 77.4, 77.2, 76.8, 76.4, 75.1, 73.6, 72.7,
72.5,71.1, 70.4, 69.5, 67.6, 67.3, 66.9, 60.0, 54.4, 50.7, 50.4, 47.1, 46.2, 38.7, 29.9, 29.9, 29.0,
28.4, 20.6, 18.3. HR-ESI-MS (m/z): calculated for CesH77CIsNgO19Na [M+Na]™: 1437.4268,
found: 1437.4261

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-levulinoyl-3-tert-butyl dimethylsilyl-4,6-O-
benzylidene-B-D-galactopyranosyl-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-
galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranosyl
(2.29)
Ph
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Acceptor 2.25 (200 mg, 0.198 mmol) and thioglycoside 2.20 (145 mg, 0.277 mmol) were mixed,
co-evaporated with toluene (3 x 10 mL) and dried under vacuum for 2 h. The mixture was dissolved
in anhydrous DCM (6 mL), freshly activated 4A molecular sieves were added under a nitrogen
atmosphere and stirred for 30 min at rt. The mixture was cooled to -20 °C, to this stirred
suspension, NIS (68 mg, 0.297 mmol) and TfOH (26 uL, 0.059 mmol) were slowly added. The
mixture was brought to 0 °C over 4 h, diluted with DCM (5 mL), quenched with EtsN, warmed to
rt and 4A molecular sieves were filtered. The filtrate was washed with saturated aqueous NazS,0s,
saturated aqueous NaHCO3z and brine. The combined organic layer was dried over Na>SOs, filtered
and evaporated in vacuo. The crude product was purified by silica column chromatography using
20% ethyl acetate in hexanes to afford the desired protected trisaccharide 2.29 (275 mg, 94%). H
NMR (600 MHz, CDCl3) § 7.53 — 7.48 (m, 2H), 7.46 — 7.18 (m, 24H), 7.07 (dd, J = 49.5, 9.3 Hz,
1H), 5.64 (d, J = 3.7 Hz, 1H), 5.59 (s, 1H), 5.41 (dd, J = 9.8, 7.9 Hz, 1H), 5.24 (d, J = 16.7 Hz,
2H), 5.11 (d, J = 11.7 Hz, 1H), 4.83 — 4.74 (m, 2H), 4.65 (d, J = 11.7 Hz, 1H), 4.54 (d, J = 15.3
Hz, 2H), 4.49 — 4.43 (m, 1H), 4.41 — 4.31 (m, 2H), 4.24 — 4.13 (m, 4H), 4.08 (td, J = 9.6, 8.5, 4.3
Hz, 2H), 4.00 — 3.88 (m, 3H), 3.82 — 3.61 (m, 2H), 3.61 — 3.53 (m, 2H), 3.43 — 3.36 (m, 2H), 3.35
—3.25 (m, 2H), 3.22 (d, J = 7.7 Hz, 1H), 2.90 — 2.83 (m, 1H), 2.80 (dd, J = 7.7, 5.8 Hz, 1H), 2.78
—2.73 (m, 2H), 2.22 (s, 3H), 1.58 — 1.48 (m, 4H), 1.44 (d, J = 6.2 Hz, 3H), 1.35 — 1.30 (m, 2H),
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0.93 (s, 9H), 0.16 (s, 3H), 0.16 (s, 3H). 3C NMR (151 MHz, CDCls) § 206.7, 171.5, 162.2, 156.8,
156.3, 138.7, 138.0, 137.9, 137.8, 128.9, 128.8, 128.8, 128.7, 128.6, 128.5, 128.4, 128.4, 128.2,
128.1,128.1, 128.0, 127.9, 127.8, 127.7, 127.4, 127.3, 126.3, 102.6, 101.2, 98.0, 96.4, 92.4, 77.4,
77.3,77.2,77.0, 76.9, 76.4, 76.1, 74.9, 73.5, 73.3, 73.2, 72.0, 71.9, 70.4, 69.6, 69.2, 68.2, 68.1,
67.3, 67.0, 66.6, 59.8, 54.5, 50.7, 50.3, 47.1, 46.1, 38.1, 30.0, 29.8, 29.0, 28.1, 27.9, 27.4, 26.0,
25.6, 23.4, 23.3, 18.3, 18.1, 1.1, -4.4, -4.5. HR-ESI-MS (m/z): calculated for C7;HssCl3NsO17SiNa
[M+Na]*: 1493.5078, found: 1493.5072

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-levulinoyl-4,6-O-benzylidene-B-D-
galactopyranosyl-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-
trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranosyl (2.30)
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Protected trisaccharide 2.29 (290 mg g, 0.197 mmol) was dissolved in anhydrous pyridine (5 mL)
at 0 °C and to this, HF<Py (0.76 mL, 5.91 mmol) was added dropwise and the reaction was stirred
overnight at rt. The reaction mixture was diluted with water and extracted three times with DCM
(3 x10 mL). Organic layers were combined and then washed twice with cold dil. HCI (20 mL each
time), saturated aqueous NaHCOs (20 mL), brine (10 mL), dried over Na>SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography using 20%
ethyl acetate in hexanes to yield 2.30 (204 mg, 74%) as a yellowish liquid. *H NMR (400 MHz,
CDCl3) 6 7.33 — 7.05 (m, 25H), 6.89 (dd, J = 31.0, 9.6 Hz, 1H), 5.48 (s, 1H), 5.45 (d, J = 3.7 Hz,
1H), 5.17 (dd, J = 10.0, 7.8 Hz, 1H), 5.09 (d, J = 8.7 Hz, 2H), 5.02 (d, J = 11.5 Hz, 1H), 4.74 (d,
J=7.9 Hz, 1H), 4.66 — 4.58 (m, 1H), 4.53 (d, J = 11.5 Hz, 1H), 4.39 (d, J = 7.5 Hz, 2H), 4.35 —
4.21 (m, 2H), 4.20 — 4.16 (m, 2H), 4.10 — 3.99 (m, 3H), 3.95 (td, J = 10.2, 9.7, 4.5 Hz, 2H), 3.82
(dd, J =10.8, 3.6 Hz, 1H), 3.75 (dt, J = 10.0, 7.8 Hz, 2H), 3.66 — 3.55 (m, 1H), 3.53 — 3.37 (m,
3H), 3.29 (dd, J = 9.2, 6.5 Hz, 2H), 3.14 (t, J = 9.6 Hz, 3H), 2.81 — 2.74 (m, 1H), 2.72 — 2.66 (m,
1H), 2.63 — 2.54 (m, 2H), 2.08 (s, 3H), 1.42 (t, J = 6.4 Hz, 1H), 1.29 (d, J = 6.2 Hz, 3H), 1.17 -
1.04 (m, 3H). **C NMR (151 MHz, CDCls) & 207.1, 172.8, 162.3, 156.9, 156.4, 138.8, 138.1,
138.0, 137.6, 137.0, 129.4, 128.8, 128.8, 128.7, 128.5, 128.4, 128.4, 128.2, 128.2, 128.1, 128.0,
127.9,127.8,127.7,127.5,127.4,126.6, 102.3, 101.8, 98.1, 96.5, 92.5, 78.2, 77.5,77.3, 77.1, 77.0,
76.3, 75.5, 75.2, 74.0, 73.6, 72.8, 71.6, 70.4, 69.7, 69.2, 69.0, 68.3, 67.4, 67.1, 66.6, 60.1, 54.6,
50.4,47.2, 38.5, 30.0, 29.9, 29.1, 28.4, 28.0, 27.5, 23.5, 23.4, 18.4. HR-ESI-MS (m/z): calculated
for CesH75CIsNgO17Na [M+Na]*: 1379.4213; found 1379.4221

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-benzyl-4,6-O-silylidene-
a-D-galactopyranosyl-(1—3)-2-levulinoyl-4,6-O-benzylidene-B-D-galactopyranosyl-(1—3)-
2-azido-2-deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-trichloroacetamido-4-
azido-2,4,6-tri-deoxy-a-D-glucopyranosyl (2.31)
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Selenoglycoside donor 2.10 (119 mg, 0.207 mmol) and trisaccharide acceptor 2.30 (204 mg, 0.138
mmol) were dried azeotropically with toluene in rotary evaporator. DCM (5 mL) was then added
followed by activated 4A molecular sieves and the solution stirred at rt for 30 min before cooling
to -20 °C. NIS (49.7 mg, 0.221 mmol) and TMSOTT (7.5 pL, 0.041 mmol) were added and the
reaction mixture stirred at -20 °C for 2 h. The reaction mixture was quenched with EtsN, warmed
to rt and 4A molecular sieves were filtered. The filtrate was washed with saturated aqueous
Na>S20s3, saturated aqueous NaHCOs and brine. The combined organic layer was dried over
Na2SOg, filtered and evaporated in vacuo. The crude product was purified by silica gel column
chromatography using 20% ethyl acetate in hexanes to afford the desired protected tetrasaccharide
2.31 (210 mg, 86%). *H NMR (600 MHz, CDCls) § 7.42 — 7.38 (m, 2H), 7.32 (d, J = 7.7 Hz, 2H),
7.30-7.20 (m, 8H), 7.19 — 7.15 (m, 8H), 7.15 — 7.05 (m, 10H), 6.96 — 6.83 (m, 1H), 5.53 (s, 1H),
5.48 (d, J=3.8 Hz, 1H), 5.38 (dd, J = 10.0, 7.9 Hz, 1H), 5.12 — 5.06 (m, 3H), 4.94 (d, J = 11.7 Hz,
1H), 4.86 (d, J = 2.8 Hz, 1H), 4.72 — 4.66 (m, 2H), 4.51 (dd, J = 18.5, 11.4 Hz, 2H), 4.39 (d, J =
16.0 Hz, 3H), 4.34 (d, J = 3.7 Hz, 1H), 4.32 — 4.27 (m, 2H), 4.21 (td, J = 12.6, 3.9 Hz, 2H), 4.14
(d, J = 12.8 Hz, 1H), 4.10 — 4.01 (m, 3H), 3.97 — 3.87 (m, 6H), 3.83 — 3.77 (m, 1H), 3.74 — 3.67
(m, 2H), 3.63 (q, J = 7.6, 6.8 Hz, 2H), 3.50 — 3.46 (m, 1H), 3.41 (9, J = 9.9, 7.7 Hz, 2H), 3.29 -
3.21 (m, 2H), 3.13 (dd, J = 12.1, 7.1 Hz, 3H), 3.10 — 3.04 (m, 1H), 2.90 — 2.82 (m, 1H), 2.56 —
2.47 (m, 1H), 2.46 — 2.37 (m, 2H), 2.04 (s, 3H), 1.44 — 1.32 (m, 4H), 1.29 (d, J = 6.3 Hz, 3H), 1.20
—1.13 (m, 2H), 1.00 (s, 9H), 0.97 (d, J = 1.6 Hz, 9H). 3C NMR (151 MHz, CDCl3) § 206.8, 171.2,
162.2, 156.7, 156.3, 138.6, 138.6, 138.3, 138.0, 137.9, 137.6, 136.9, 136.8, 133.2, 129.4, 129.3,
128.9, 128.7, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1, 128.1, 128.1, 128.0, 128.0,
127.9,127.8, 127.7, 127.7, 127.4, 127.4, 127.3, 126.4, 126.3, 102.6, 101.2, 98.1, 96.4, 95.6, 92.4,
77.4,77.2,76.9, 76.0, 75.0, 75.0, 74.9, 74.2, 73.5, 71.7, 70.4, 70.4, 70.3, 69.7, 69.6, 69.1, 69.0,
68.4, 68.2, 68.1, 67.3, 67.2, 66.9, 66.5, 59.8, 57.8, 54.5, 50.7, 50.3, 47.1, 37.5, 30.1, 29.0, 28.1,
28.1,27.8,27.8, 27.8, 27.6, 27.4, 27.3, 23.5, 23.4, 23.3, 20.8, 18.2. HR-ESI-MS (m/z): calculated
for Cg7H106ClsN1102:SiNa [M+Na]*: 1796.6297, found: 1796.6286

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-benzyl-4,6-O-silylidene-
a-D-galactopyranosyl-(1—3)-4,6-O-benzylidene-B-D-galactopyranosyl-(1—3)-2-azido-2-
deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-
deoxy-a-D-glucopyranosyl (2.32)
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To a solution of 2.31 (210 mg, 0.118 mmol) in DCM (5 mL) was added N2Hs*AcOH (109 g, 1.18
mmol) and the mixture was stirred at rt for 12 h. The reaction was quenched by the addition of
acetone (1 mL) and evaporated under high vacuum. Residue was purified by silica gel
chromatography using 20% ethyl acetate in hexanes to afford product 2.32 (170 mg, 86%) as
colorless syrup. *H NMR (600 MHz, CDCl3) & 7.44 (dd, J = 7.5, 2.4 Hz, 2H), 7.37 (dd, J = 7.2,
2.1 Hz, 2H), 7.35-7.14 (m, 26H), 7.12 (d, J = 7.3 Hz, 1H), 7.00 — 6.86 (m, 1H), 5.56 (s, 1H), 5.52
(t, J=3.2 Hz, 1H), 5.19 - 5.11 (m, 3H), 4.99 (dd, J = 11.9, 2.5 Hz, 1H), 4.69 (d, J = 2.4 Hz, 1H),
4.62 — 4.56 (m, 4H), 4.44 (d, J = 14.4 Hz, 2H), 4.38 — 4.31 (m, 2H), 4.29 — 4.21 (m, 3H), 4.18 —
4.12 (m, 2H), 4.11 — 4.06 (m, 3H), 4.01 — 3.90 (m, 5H), 3.86 — 3.76 (m, 3H), 3.72 — 3.52 (m, 2H),
3.51 (s, 1H), 3.47 —3.29 (m, 4H), 3.26 — 3.15 (m, 2H), 3.12 (t, J = 7.6 Hz, 1H), 2.61 (bs, 1H), 1.50
—1.38 (m, 4H), 1.33 (d, J = 6.0 Hz, 3H), 1.23 — 1.19 (m, 2H), 1.04 (s, 9H), 1.02 (s, 9H). °C NMR
(151 MHz, CDCls) 6 162.2, 156.8, 156.3, 138.7, 137.9, 137.9, 137.8, 136.9, 136.8, 128.8, 128.7,
128.6, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0, 127.9, 127.9,
127.7, 127.7, 127.5, 127.4, 127.3, 126.4, 126.3, 105.3, 101.1, 97.8, 96.4, 95.4, 92.4, 79.3, 77.4,
77.2,76.9, 76.1, 75.5, 75.4, 74.8, 74.0, 73.4, 71.9, 70.7, 70.2, 69.9, 69.6, 69.5, 69.3, 68.8, 68.3,
68.1, 67.8, 67.3, 67.3, 67.0, 66.6, 60.5, 60.0, 58.0, 54.4, 50.7, 50.4, 47.1, 46.1, 29.8, 29.0, 28.0,
27.9, 27.8, 27.4, 23.5, 23.4, 23.3, 21.2, 20.8, 18.3, 14.3. HR-ESI-MS (m/z): calculated for
Ce2H100CI3N11019SiNa [M+Na]*: 1698.5929, found: 1698.5945

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-benzyl-4,6-O-silylidene-
a-D-galactopyranosyl-(1—3)-[3,4,6-O-benzyl-2-O-levulinoyl-B-D-glucopyranosyl-(1—3)]-
4,6-O-benzylidene-B-D-galactopyranosyl-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-
galactopyranosyl-(1—3)-2-trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranoside
(2.33)
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Acceptor 2.32 (170 mg, 0.101 mmol) and thioglycoside donor 2.9 (119 mg, 0.182 mmol) were
mixed, co-evaporated with toluene (3 x 10 mL) and dried under vacuum for 2 h. The mixture was
dissolved in anhydrous DCM (5 mL), freshly activated 4A molecular sieves were added under a
nitrogen atmosphere and stirred for 30 min at rt. The mixture was cooled to -20 °C, to this stirred
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suspension, NIS (41 mg; 0.182 mmol) and TfOH (3.6 pL, 0.04 mmol) were slowly added. The
mixture was brought to 0 °C over 4 h, diluted with DCM (5 mL), quenched with EtsN, warmed to
rt and 4A molecular sieves were filtered. The filtrate was washed with 10% aqueous NazS,0s,
saturated aqueous NaHCOz3 and brine. The combined organic layer was dried over Na2SOs, filtered
and evaporated in vacuo. The crude product was purified by silica gel column chromatography
using 20% ethyl acetate in hexanes to afford protected pentasaccharide 2.33 (142 mg, 64%). H
NMR (600 MHz, CDCl3) & 7.46 — 7.43 (m, 2H), 7.42 — 7.39 (m, 2H), 7.35 — 7.19 (m,387H), 7.14
(t, J =7.6 Hz, 2H), 7.00 — 6.88 (m, 1H), 5.56 (s, 1H), 5.45 (d, J = 3.7 Hz, 1H), 5.21 — 5.15 (m,
3H), 5.15 - 5.11 (m, 2H), 4.87 (d, J = 7.5 Hz, 1H), 4.79 (dd, J = 16.5, 11.2 Hz, 3H), 4.74 — 4.68
(m, 5H), 4.66 — 4.57 (m, 3H), 4.51 — 4.43 (m, 3H), 4.38 (dd, J = 16.4, 11.8 Hz, 2H), 4.32 (d, J =
3.3 Hz, 1H), 4.27 — 4.21 (m, 3H), 4.19 (d, J = 1.9 Hz, 2H), 4.17 — 4.08 (m, 3H), 4.08 — 4.01 (m,
3H), 3.97 — 3.88 (m, 2H), 3.86 — 3.77 (m, 3H), 3.73 — 3.65 (m, 3H), 3.62 — 3.55 (m, 2H), 3.55 —
3.47 (m, 3H), 3.44 (s, 1H), 3.25 (t, J = 9.6 Hz, 3H), 2.56 — 2.49 (m, 1H), 2.40 — 2.31 (m, 2H), 2.20
(dt, J = 14.5, 4.4 Hz, 1H), 1.85 (s, 3H), 1.53 (t, J = 7.8 Hz, 4H), 1.37 (d, J = 6.3 Hz, 3H), 1.33 —
1.29 (m, 1H), 1.06 (s, 9H), 1.05 (s, 9H). °C NMR (151 MHz, CDCl3) § 206.4, 172.1, 162.3, 156.3,
139.0, 138.7, 138.5, 138.3, 138.2, 138.0, 137.9, 137.9, 136.8, 129.0, 128.7, 128.6, 128.5, 128.5,
128.4, 128.4, 128.4, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.8, 127.8,
127.7, 127.7, 127.6, 127.6, 127.5, 127.4, 127.3, 126.3, 103.9, 101.2, 98.9, 98.8, 96.4, 95.1, 92.5,
83.3, 77.8,77.4,77.2, 76.9, 76.8, 76.5, 75.8, 75.7, 75.5, 75.4, 75.3, 75.2, 75.0, 74.3, 74.0, 73.5,
73.5, 71.9, 70.4, 70.3, 70.0, 69.8, 69.2, 68.7, 68.3, 68.1, 67.3, 67.3, 67.1, 66.2, 65.3, 65.1, 63.4,
60.5, 59.0, 58.2, 54.5, 50.7, 50.4, 47.1, 46.2, 37.7, 34.9, 34.4, 34.3, 32.1, 31.6, 30.4, 30.3, 29.8,
29.8, 29.7, 29.7, 29.6, 29.6, 29.5, 29.4, 29.3, 29.0, 28.7, 28.0, 28.0, 27.9, 27.5, 27.2, 26.0, 25.0,
235, 23.4, 228, 21.2, 20.9, 182, 143, 14.3. HR-ESI-MS (m/z): calculated for
C114H134CI3N11026SiNa [M+Na]*: 2228.8234, found: 2228.8242

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-benzyl-4,6-O-silylidene-
a-D-galactopyranosyl-(1—3)-[3,4,6-O-benzyl-2-O-levulinoyl-B-D-glucopyranosyl-(1—3)]-B-
D-galactopyranosyl-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-
trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranoside (2.34)
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To a solution of compound 2.33 (100 mg, 0.045 mmol) in a mixture of DCM/MeOH (99 : 1, v/v,
4 mL) were added ethanethiol (16.2 uL, 0.225 mmol) and CSA (2.1 mg, 0.009 mmol) at rt. After
being stirred at rt overnight, the mixture was quenched with EtsN and concentrated in vacuo. The
residue was purified by silica gel column chromatography using 30% ethyl acetate in hexanes to
afford 2.34 (71 mg, 74%). *H NMR (600 MHz, CDCls) § 7.49 — 7.44 (m, 2H), 7.40 — 7.38 (m, 1H),
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7.36 — 7.23 (M, 32H), 7.22 — 7.15 (m, 4H), 7.09 — 6.99 (m, 1H), 5.61 (d, J = 3.5 Hz, 1H), 5.22 —
5.15 (m, 3H), 5.03 — 4.98 (m, 2H), 4.88 — 4.83 (M, 2H), 4.80 — 4.74 (m, 3H), 4.73 — 4.69 (m, 3H),
4.65 — 4.62 (M, 2H), 4.61 — 4.56 (m, 2H), 4.52 — 4.44 (m, 4H), 4.38 — 4.33 (m, 1H), 4.29 — 4.23
(m, 3H), 4.15 (d, J = 15.0 Hz, 1H), 4.11 — 4.06 (m, 2H), 4.02 (q, J = 4.0, 2.9 Hz, 4H), 4.00 — 3.96
(m, 1H), 3.93 — 3.90 (m, 1H), 3.86 (d, J = 9.4 Hz, 1H), 3.83 — 3.79 (m, 2H), 3.77 — 3.71 (m, 3H),
3.68 (td, J = 9.4, 1.7 Hz, 1H), 3.62 (d, J = 9.2 Hz, 1H), 3.57 — 3.52 (m, 2H), 3.50 (t, J = 5.2 Hz,
1H), 3.47 — 3.42 (m, 3H), 3.38 — 3.22 (m, 3H), 3.20 — 3.15 (m, 1H), 2.80 — 2.74 (m, 1H), 2.58 (t,
J=6.6 Hz, 2H), 2.52 — 2.45 (m, 1H), 2.43 — 2.35 (m, 1H), 1.97 (s, 3H), 1.56 — 1.42 (m, 4H), 1.38
(d, J = 6.2 Hz, 3H), 1.31 — 1.25 (m, 2H), 1.09 (s, 9H), 1.07 (s, 9H). 13C NMR (151 MHz, CDCl5)
0206.1,171.8, 162.3, 156.7, 156.2, 138.8, 138.4, 138.3, 138.2, 138.2, 137.9, 128.7, 128.6, 128.5,
128.5, 128.5, 128.4, 128.4, 128.4, 128.1, 128.0, 128.0, 128.0, 127.9, 127.8, 127.8, 127.8, 127.8,
127.7,127.7,127.7,127.6, 127.5, 127.3, 102.5, 98.5, 98.0, 96.4, 94.2, 92.3, 83.1, 78.0, 77.4, 77.3,
77.2,77.0, 76.9, 76.4, 75.5, 75.4, 75.3, 75.3, 74.9, 74.8, 74.5, 74.4, 73.6, 73.5, 73.4, 70.3, 69.8,
69.5, 69.3, 68.8, 68.1, 68.0, 67.3, 67.3, 67.0, 66.3, 63.0, 60.5, 59.5, 59.3, 54.4, 50.7, 50.4, 47.1,
46.1, 37.7, 29.6, 29.0, 28.1, 27.9, 27.8, 27.7, 27.6, 27.5, 27.4, 27.4, 27.3, 23.4, 23.3, 20.9, 18.2,
14.3. HR-ESI-MS (m/z): calculated for Ci107H130CIsN11026SiNa [M+Na]*: 2140.7921, found:
2140.7931

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-benzyl-4,6-O-silylidene-
a-D-galactopyranosyl-(1—3)-[3,4,6-O-benzyl-2-O-levulinoyl-B-D-glucopyranosyl-(1—3)]-B-
D-galactopyranosyl-(1—3)-2-azido-2-deoxy-4,6-O-di-benzyl-a-D-galactopyranosyl-(1—3)-2-
trichloroacetamido-4-azido-2,4,6-tri-deoxy-a-D-glucopyranoside (2.35)
(t-Bu)sSi=q (t-Bu)sSi~o
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Diol 2.34 (73 mg, 0.034 mmol) was dissolved in a mixture of DCM/t-BuOH/H0 (2:2:1, viviv, 4
mL) and cooled to 0 °C before TEMPO (1.1 mg, 0.007 mmol) and BAIB (27 mg, 0.085 mmol)
were added and stirred at 0 °C for 8 h. The reaction mixture was then diluted with DCM (5 mL)
and water (5 mL) and the aqueous layer was extracted four times with DCM (10 mL each).
Combined organics were dried over Na»SOg, filtered, and concentrated. The crude product was
dissolved in DMF (1 mL), NaHCO3 (8.6 mg, 0.102 mmol) and BnBr (8 pL, 0.068 mmol) were
added at 0 °C. Then the reaction was stirred overnight at rt. After complete consumption of starting
material, the mixture was diluted with DCM (20 mL) and washed with brine. The separated organic
layer was dried over NaxSO4 and concentrated in vacuo. The crude was purified by silica gel
column chromatography using 20% ethyl acetate in hexanes to furnish product 2.35 (48 mg, 63%
over two steps). *H NMR (400 MHz, CDCls) § 7.47 — 7.43 (m, 2H), 7.39 — 7.23 (m,42H), 7.21 —
7.18 (m, 3H), 5.55 (d, J = 3.6 Hz, 1H), 5.29 (d, J = 12.2 Hz, 1H), 5.20 — 5.08 (m, 4H), 5.06 — 4.96
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(M, 2H), 4.85 — 4.72 (m, 6H), 4.71 — 4.63 (m, 4H), 4.61 (d, J = 4.2 Hz, 1H), 4.58 — 4.51 (m, 2H),
4.47 (d, J = 7.1 Hz, 3H), 4.43 — 4.37 (m, 2H), 4.32 (q, J = 2.6 Hz, 2H), 4.22 (s, 2H), 4.08 — 3.97
(m, 7H), 3.94 (dd, J = 9.6, 3.2 Hz, 1H), 3.88 (d, J = 9.3 Hz, 1H), 3.81 — 3.66 (M, 6H), 3.62 — 3.48
(M, 4H), 3.41 — 3.33 (m, 2H), 3.24 (dd, J = 14.3, 4.9 Hz, 2H), 2.57 (td, J = 6.6, 2.7 Hz, 2H), 2.48
_ 235 (m, 2H), 1.94 (5, 3H), 1.53 — 1.38 (m, 4H), 1.35 (d, J = 6.2 Hz, 3H), 1.23 — 1.12 (m, 2H),
1.06 (s, 9H), 1.03 (s, 9H). 13C NMR (101 MHz, CDCl3) 8 206.1, 171.8, 167.0, 162.3, 139.1, 138.5,
138.4, 138.2, 138.2, 138.1, 138.0, 135.4, 128.8, 128.7, 128.6, 128.6, 128.6, 128.5, 128.4, 128.3,
128.2,128.1,128.1,128.0,127.9,127.8,127.8,127.7,127.7,127.6, 127.3, 103.2, 98.5, 98.2, 96.4,
94.6, 92.4, 83.2, 78.0, 77.5, 77.4, 77.2, 77.0, 76.8, 75.6, 75.5, 75.3, 75.1, 74.4, 73.6, 73.5, 73.2,
70.4, 70.0, 69.7, 69.4, 68.7, 68.3, 67.3, 67.3, 67.1, 66.4, 59.3, 59.1, 54.5, 37.8, 29.8, 29.6, 29.0,
28.2, 27.8, 27.5, 235, 233, 209, 182, 14.3. HR-ESI-MS (m/z): calculated for
C114H134Ci3N11027SiNa [M+Na]*: 2244.8183, found: 2244.8189.

5-Aminopentyl  2-acetamido-2-deoxy-a-D-galactopyranosyl-(1—3)-[B-D-glucopyranosyl-
(1—-2)]-4-O-acetyl-B-D-galactopyranosyl urinate-(1—3)-2-acetamido-2-deoxy-o.-D-
galactopyranosyl-(1—3)-2,4-di-acetamido-2,4,6-tri-deoxy-a-D-glucopyranosyl (2.1)

(+Bu)Si=q
o)

BnO O HO OBn

O AcO
BnO
CO,Bn
Ns g&o o 5 1. Ac,0, Py, 6 h AcHN C02
° 0N\ ChBn .2 THF/AC,0/ACOH, 12 h
o N3 TCAHN zBn AcHN AcHN © N
BnO 0O o] 3. HF+Py, THF, t, 8 h
Olev N3 o 4. NH,NH,*AcOH, DCM, rt, 12 h AcHN
2.35
HOOH

5. Pd/C,H,, -BUOH/EtOAC/H,0,
12 h

OBn
BnO 15% (over 5 steps)

To a solution of pentasaccharide 2.35 (20 mg, 0.009 mmol) in pyridine (3 mL) was added acetic
anhydride (2.5 pL, 0.027 mmol) at 0 °C. After stirring at rt for 6 h, the mixture was concentrated
in vacuo, diluted with DCM (10 mL) and organic layer was washed with saturated NaHCOs, brine
(10 mL) and dried over Na>SOa, filtered and concentrated in vacuo. The crude was dissolved in
the solution of THF/AcOH/Ac20 (2/1/1, viviv, 3 mL) and added freshly activated zinc (200 mg).
After stirring 12 h at rt, the mixture was diluted with ethyl acetate and filtered over Celite® 353,
evaporated in vacuo and dried in vacuum for 2 h. To a solution of crude in THF (3 mL) was added
HF<Py (70% HF, 12 uL, 0.09 mmol). After TLC analysis indicated complete conversion of the
starting material (~8 hours), the reaction was quenched with EtsN (0.5 mL). The mixture was
concentrated, dissolved in EtOAc and subsequently washed with saturated aqueous NaHCO3 and
brine. The aqueous layers were then extracted with EtOAc, combined organic layers were dried
over Na»SOg, filtered and concentrated in vacuo. The crude was dissolved in DCM (3 mL),
N2H4*AcOH (8 mg, 0.09 mmol) was added and the mixture was stirred at rt for 12 h. The reaction
was gquenched by the addition of acetone (1 mL) and the solvent was removed under vacuum. The
crude was filtered through a small bed of silica gel, evaporated in vacuo. The triol intermediate
was dissolved in the solution of EtOAc/t-BuOH/H-0 (2/1/1, viviv, 2 mL) and Pd/C (50 mg) was
added to the solution. After stirring for 12 h under hydrogen atmosphere (1 atm, balloon), the
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mixture was filtered through a PTFE filter (0.45 um pore size) and concentrated. The crude
material was purified by HPLC (Hypercarb column, 150 x 10 mm, H>O (0.1% formic acid)
isocratic (5 min), linear gradient to 30% ACN (30 min), linear gradient to 100% ACN (10 min)
and lyophilized to obtain pure pentasaccharide 2.1 (1.5 mg, 15%). *H NMR (600 MHz, D;0) §
5.63 (d, J = 2.9 Hz, 1H), 5.12 (d, J = 3.7 Hz, 1H), 5.08 (d, J = 4.0 Hz, 1H), 4.74 (s, 1H), 4.73 (s,
1H), 4.57 (d, J = 7.8 Hz, 2H), 4.26 (d, J = 2.7 Hz, 1H), 4.16 (dd, J = 11.2, 4.0 Hz, 1H), 4.15 — 4.12
(m, 1H), 4.08 (s, 1H), 4.04 (d, J = 3.0 Hz, 1H), 4.01 — 3.96 (m, 2H), 3.89 (d, J = 3.2 Hz, 1H), 3.87
—3.84 (m, 2H), 3.81 (d, J = 10.8 Hz, 1H), 3.74 — 3.69 (m, 6H), 3.64 (d, J = 3.7 Hz, 1H), 3.63 —
3.60 (m, 1H), 3.60 — 3.55 (m, 2H), 3.42 — 3.39 (m, 1H), 3.34 (t, J = 9.2 Hz, 2H), 3.19 (d, J = 9.5
Hz, 1H), 3.13 (dd, J = 9.4, 7.8 Hz, 1H), 2.92 — 2.89 (m, 2H), 2.02 (d, J = 0.8 Hz, 3H), 1.94 (s, 9H),
1.88 (d, J = 0.8 Hz, 3H), 1.61 — 1.55 (m, 4H), 1.38 — 1.31 (m, 2H), 1.06 (d, J = 5.9 Hz, 3H). °C
NMR (176 MHz, D>0O) 6 174.4, 174.2, 173.4, 173.3, 172.1, 171.0, 102.3, 102.0, 96.8, 96.5, 92.2,
76.8, 76.1, 75.8, 73.5, 73.3, 73.1, 70.9, 70.5, 70.2, 68.8, 68.2, 67.7, 67.4, 67.3, 61.6, 61.4, 60.9,
52.8,49.1, 48.2, 39.4, 28.0, 26.5, 22.8, 22.3, 22.1, 22.0, 20.2, 16.3. HR-ESI-MS (m/z): calculated
for CasH76Ns5027 [M+H]™: 1118.4728, found: 1118.4741

5-Aminopentyl 2-acetamido-2-deoxy-a-D-galactopyranosyl-(1—3)-[B-D-glucopyranosyl-
(1—2)]-B-D-galactopyranosyl  urinate-(1—3)-2-acetamido-2-deoxy-a.-D-galactopyranosyl-
(1—-3)-2,4-di-acetamido-2,4,6-tri-deoxy-a-D-glucopyranosyl (2.2)

(t-Bu),Si=g
(] HO OH
BnoO 2 HO BnO QBN HO O Ho HO OH
COBn COH
Na O o Q 5 1. Zn, THF/Ac,O/AcOH, rt, 12h  AcHN I o s
© OH\NCszn 2. HF*Py, THF, rt, 8 h o 0 NN
0 N3 TCAHN o AcHN AcHN NH,
BnO O 3 3.NH,NHp*ACOH, DCM, 1t, 12h o o o)
OLev s o 4. Pd/C,Hy, t-BUOH/EtOAC/H,0, OH AcHN S
2.35 12 h 22
BnOOBnN 11% (over 4 steps) HOOH

Pentasaccharide 2.35 (20 mg, 0.009 mmol) was dissolved in a mixture of THF/AcOH (2/1/1, viviv,
3 mL) and added freshly activated zinc (200 mg). After stirring for 12 h at rt, the mixture was
diluted with ethyl acetate and filtered over Celite® 353, evaporated in vacuo and dried in vacuum
for 2h. To a solution of crude in THF (3 mL) was added HF<Py (70% HF, 12 uL, 0.09 mmol).
After TLC analysis indicated complete conversion of the starting material (~8 hours), the reaction
was quenched with EtsN (0.5 mL). The mixture was concentrated, dissolved in EtOAc and
subsequently washed with saturated aqueous NaHCOs3 and brine. The aqueous layers were then
extracted with EtOAc, combined organic layers were dried over Na>SOs, filtered and concentrated
in vacuo. The crude was dissolved in DCM (2 mL), N2H4*AcOH (8 mg, 0.09 mmol) was added
and the mixture was stirred at rt for 12 h. The reaction was quenched by the addition of acetone (1
mL) and the solvent was removed under vacuum. The crude was filtered through a small bed of
silica gel, evaporated in vacuo. The triol intermediate was dissolved in the solution of EtOAc/t-
BuOH/H20 (2/1/1, viviv, 2 mL) and Pd/C (50 mg) was added to the solution. After stirring for 12
h under hydrogen atmosphere (1 atm, balloon), the mixture was filtered through a PTFE filter (0.45
pm pore size) and concentrated. The crude material was purified by HPLC (Hypercarb column,
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150 x 10 mm, H20 (0.1% formic acid) isocratic (5 min), linear gradient to 30% ACN (30 min),
linear gradient to 100% ACN (10 min)) and lyophilized to obtain pure pentasaccharide 2.2 (1.1
mg, 11%). *H NMR (700 MHz, D20) § 5.19 (dd, J = 18.6, 3.9 Hz, 2H), 4.86 — 4.82 (m, 1H), 4.72
(d, J=7.8 Hz, 1H), 4.58 (d, J = 7.3 Hz, 1H), 4.48 — 4.44 (m, 1H), 4.38 (d, J = 3.0 Hz, 1H), 4.32
(dd, J = 8.2, 4.2 Hz, 1H), 4.27 (dd, J = 11.1, 3.8 Hz, 2H), 4.12 — 4.08 (m, 1H), 4.06 — 3.98 (m,
6H), 3.95 (t, J = 6.4 Hz, 1H), 3.90 (d, J = 12.0 Hz, 1H), 3.85 — 3.78 (m, 6H), 3.75 (dd, J = 12.1,
4.1 Hz, 1H), 3.70 (d, J = 9.1 Hz, 1H), 3.66 (dd, J = 12.3, 7.0 Hz, 1H), 3.54 — 3.49 (m, 1H), 3.48 —
3.41 (m, 2H), 3.31 (t, J = 9.5 Hz, 1H), 3.24 (t, J = 8.8 Hz, 1H), 3.01 (t, J = 7.8 Hz, 2H), 2.05 (s,
2H), 2.05 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.73 — 1.63 (m, 4H), 1.45 (g, J = 8.2 Hz, 2H), 1.16 (d,
J=5.4 Hz, 3H). *C NMR (176 MHz, D20) & 174.9, 174.7, 174.3, 173.3, 102.5, 102.0, 96.8, 96.5,
91.8, 77.1, 76.1, 76.0, 75.4, 75.4, 73.4, 73.2, 71.1, 70.5, 70.1, 68.7, 68.0, 67.9, 67.7, 65.0, 61.4,
61.3, 61.0, 52.8, 49.5, 48.1, 39.4, 28.0, 26.5, 22.8, 22.3, 22.1, 22.0, 16.3. HR-ESI-MS (m/z):
calculated for Cs3H7aNsO26 [M+H]": 1076.4622, found: 1076.4631

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-4,6-O-di-benzyl-2-deoxy-3-0-(2-
napthylmethyl)-a-D-galactopyranoside (2.36)

OH OBn

HO BnO
o
NapO NaH, BnBr NapO&%
_ >
Na DMF, 0°Ctort, 8 h N3

(0] NCbzBn (0] NCbzBn
86 ¥
213 \(\3/5 % 2.36 \(\/)/5

To a solution of diol 2.13 (653 mg, 1.12 mmol) in DMF (2 mL) was cooled to 0 °C and treated
with NaH (60% disp.) (112 mg, 2.80 mmol). The mixture was stirred for 20 min before benzyl
bromide (0.332 mL, 2.80 mmol) was added. After stirring for 8 h, quenched with aqueous
saturated NH4Cl and diluted with EtOAc. The organic layer was washed with H>O and brine, dried
over NaxSOs4 and concentrated in vacuo. The crude was purified by silica gel column
chromatography using 8% ethyl acetate in hexanes to yield the desired compound 2.36 (734 mg,
86%). '"H NMR (400 MHz, CDCl3) & 7.91 — 7.80 (m, 4H), 7.55 (dd, J = 8.5, 1.7 Hz, 1H), 7.52 —
7.48 (m, 2H), 7.42 — 7.26 (m, 19H), 7.20 (d, J = 7.2 Hz, 1H), 5.21 (d, J = 12.6 Hz, 2H), 4.98 —
4.84 (m, 4H), 4.61 (d, J = 11.3 Hz, 1H), 4.52 (t, J = 6.2 Hz, 3H), 4.46 (d, J = 11.7 Hz, 1H), 4.11
(s, 1H), 4.07 — 3.94 (m, 2H), 3.91 (dd, J = 10.6, 3.5 Hz, 1H), 3.74 — 3.54 (m, 3H), 3.50 — 3.35 (m,
1H), 3.34 — 3.18 (m, 2H), 1.69 — 1.47 (m, 54), 1.43 — 1.31 (m, 2H). 3C NMR (101 MHz, CDCls)
0 156.8, 156.3, 138.4, 138.0, 137.9, 137.0, 136.9, 135.2, 133.4, 133.1, 128.6, 128.6, 128.5, 128.4,
128.2,128.1, 128.0, 127.9, 127.8, 127.4, 127.3, 126.6, 126.2, 126.1, 125.8, 98.2, 77.5, 77.4, 77.2,
76.8, 74.9, 73.6, 73.5, 72.3, 69.7, 68.9, 68.2, 67.2, 59.9, 50.6, 50.3, 47.2, 46.2, 29.8, 29.2, 27.9,
27.5, 23.5, 1.1. HR-ESI-MS (m/z): calculated for CsiHs4sN4O7Na [M+Na]*: 857.3890, found:
857.3898

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-4,6-O-di-benzyl-2-deoxy-a.-D-
galactopyranoside (2.37)
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To a well stirred emulsion of 2.36 (500 g, 0.598 mmol) in DCM and H2O (7/1, v/v, 8 mL) was
added DDQ (203 mg, 0.897 mmol) and stirred at rt for 8 h. The mixture was diluted with DCM
(20 mL) and washed (2 x 20 mL) with 10% aqueous Na>S30z3 to reduce the remaining DDQ. The
organic layer was dried over NaxSOs, filtered and concentrated in vacuo. The residue was purified
by silica column chromatography using 10% ethyl acetate in hexanes to afford product 2.37 (353
mg, 85%) as yellowish liquid. *H NMR (400 MHz, CDClz) § 7.30 — 7.11 (m, 19H), 7.07 (d, J =
7.3 Hz, 1H), 5.08 (d, J = 13.4 Hz, 2H), 4.81 — 4.73 (m, 1H), 4.59 (d, J = 1.8 Hz, 2H), 4.48 — 4.35
(m, 4H), 3.98 - 3.86 (m, 2H), 3.82 (d, J = 4.7 Hz, 1H), 3.61 — 3.43 (m, 3H), 3.33 (dd, J = 10.6, 3.5
Hz, 2H), 3.21 — 3.02 (m, 2H), 2.16 (bs, 1H), 1.57 — 1.36 (m, 4H), 1.29 — 1.20 (m, 2H). 1°C NMR
(101 MHz, CDCIls) 6 156.8, 156.2, 138.0, 137.9, 137.9, 137.7, 136.9, 136.8, 128.7, 128.6, 128.5,
128.5, 128.3, 128.3, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9, 127.4, 127.3, 127.2, 98.2,
775, 77.4,77.2,76.9, 76.8, 75.5, 73.6, 69.3, 68.5, 68.5, 68.2, 68.1, 67.2, 67.2, 67.2, 61.1, 50.5,
50.2, 47.1, 46.2, 29.8, 29.1, 27.9, 275, 23.4, 23.3. HR-ESI-MS (m/z): calculated for
CaoH1sN4O7Na [M+Na]*: 717.3264, found: 717.3271

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 4-0-acetyl-6-O-benzyl-3-tert-butyl
dimethylsilyl-2-O-levulinoy-B-D-galactopyranosyl uronate-(1—3)-2-azido-4,6-O-di-benzyl-
2-deoxy-a-D-galactopyranoside (2.38)

OBn OBn
AcO, BnO
BnO o 2.8, TIOH, NIS CO2Bn o
_—
HO DCM, -20 to 0 °C TBSO&/O
N3o NCbzB 2h, 75% Otev Nao NCbzB
Zbn Zbn
237 2.38 A

Acceptor 2.37 (50 mg, 0.072 mmol) and donor 2.8 (63 mg 0.108 mmol) were mixed, co-evaporated
with toluene (3 x 10 mL), dried under high vacuum overnight and then dissolved in DCM under
nitrogen atmosphere. Freshly activated 4A molecular sieves were added and stirred for 30 min at
rt. The mixture was cooled to -20 °C, to this stirred suspension, NIS (24 mg; 0.108 mmol) and
TfOH (3.2 pL, 36 umol) were slowly added. After being stirred at -20 °C for 2 h, diluted with
DCM (10 mL), quenched with EtsN, warmed to rt and 4A molecular sieves were filtered. The
filtrate was washed with 10% aqueous NazS:0s3, saturated aqueous NaHCOgz and brine. The
combined organic layer was dried over Na:SOs, filtered and evaporated in vacuo. The crude
product was purified by silica gel column chromatography using 10% ethyl acetate in hexanes to
afford the desired protected disaccharide 2.38 (66 mg, 75%) *H NMR (700 MHz, CDCls) § 7.34
(d, J=7.5Hz, 2H), 7.32 - 7.16 (m, 24H), 7.10 (d, J = 7.5 Hz, 1H), 5.52 (d, J = 3.6 Hz, 1H), 5.17
—5.06 (m, 4H), 5.02 — 4.95 (m, 2H), 4.84 (d, J = 7.2 Hz, 1H), 4.64 (d, J = 8.0 Hz, 1H), 4.57 (d, J
= 11.6 Hz, 1H), 4.45 - 4.36 (m, 3H), 4.30 (d, J = 11.8 Hz, 1H), 4.23 (s, 1H), 4.17 (d, J = 3.0 Hz,
1H), 4.01 (d, J = 10.8 Hz, 1H), 3.89 — 3.82 (m, 2H), 3.67 (d, J = 10.7 Hz, 1H), 3.63 — 3.53 (m,
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1H), 3.48 — 3.43 (m, 1H), 3.40 — 3.27 (m, 2H), 3.24 — 3.10 (m, 2H), 2.72 — 2.66 (m, 1H), 2.66 —
2.59 (m, 3H), 2.08 (s, 3H), 1.81 (s, 3H), 1.56 — 1.40 (m, 4H), 1.30 — 1.19 (m, 2H), 0.76 (s, 9H),
0.05 (s, 3H), 0.03 (s, 3H). C NMR (176 MHz, CDCl3) § 206.3, 171.6, 169.6, 166.2, 156.8, 156.3,
139.0, 138.2, 138.0, 135.1, 129.0, 128.8, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5, 128.4,
128.3, 128.0, 127.9, 127.8, 127.7, 127.6, 127.4, 127.3, 102.2, 98.3, 77.7, 77.3, 77.2, 77.0, 76.4,
74.9, 73.5, 72.6, 72.0, 70.7, 70.5, 69.9, 69.5, 68.2, 68.1, 67.6, 67.3, 59.8, 50.6, 50.3, 47.2, 46.1,
37.9, 30.0, 29.8, 29.2, 29.2, 28.0, 27.9, 27.6, 25.7, 25.5, 25.5, 25.4, 23.5, 23.4, 20.5, 18.0, 17.8,
17.6, 1.1, -4.5, -4.6, -4.8, -4.8, -4.9, -5.1. HR-ESI-MS (m/z): calculated for CesHs2N4O16SiNa
[M+Na]*: 1237.5393, found: 1237.5383

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 4-0-acetyl-6-O-benzyl-3-tert-butyl
dimethylsilyl-B-D-galactopyranosyl  uronate-(1—3)-2-azido-4,6-O-di-benzyl-2-deoxy-a-D-
galactopyranoside (2.39)

OBn

AcO, BnO
COz%ﬂ o _NaHaAcOH COan
TBSO 0 DCM, rt,12 h TBSO&/
OLev N3 86%

0., NCbzBn N < NChzBn

To a solution of disaccharide 2.38 (72 mg, 0.059 mmol) in DCM (5 mL) was added N2Hs+AcOH
(27 mg, 0.296 mmol) and the mixture was stirred at rt overnight. The reaction was quenched by
the addition of acetone (1 mL) and the solvent was removed under vacuum. The residue was
purified by silica gel chromatography using 15% ethyl acetate in hexanes to give product 2.39 (56
mg, 86%) as colorless syrup. *H NMR (700 MHz, CDCl3) § 7.29 (d, J = 7.4 Hz, 2H), 7.26 — 7.11
(m, 24H), 7.05 (d, J = 7.5 Hz, 1H), 5.45 (d, J = 3.7 Hz, 1H), 5.05 (g, J = 9.8 Hz, 3H), 4.92 (dd, J
=12.0, 5.1 Hz, 2H), 4.80 (d, J = 10.9 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 4.45 (d, J = 7.6 Hz, 1H),
4.40 — 4.30 (m, 3H), 4.24 (d, J = 11.9 Hz, 1H), 4.19 — 4.15 (m, 2H), 4.03 — 3.96 (m, 1H), 3.86 —
3.80 (m, 1H), 3.73 (dd, J = 10.7, 3.6 Hz, 1H), 3.67 (dd, J = 9.3, 3.7 Hz, 1H), 3.59 — 3.48 (m, 2H),
3.40 (dd, J = 9.7, 6.3 Hz, 1H), 3.32 — 3.21 (m, 2H), 3.19 — 3.03 (m, 2H), 2.37 (bs, 1H), 1.74 (s,
3H), 1.52 — 1.36 (m, 4H), 1.25 — 1.17 (m, 2H), 0.76 (s, 9H), 0.03 (s, 3H), 0.00 (s, 3H). *3C NMR
(176 MHz, CDCls) 6 169.6, 166.5, 156.9, 156.3, 139.0, 138.2, 138.0, 137.0, 136.9, 135.2, 129.0,
128.8, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.0, 127.9,
127.9,127.8,127.7,127.6, 127.4,127.3,104.9, 98.0, 79.4, 77.3, 77.2,77.1, 77.0, 76.6, 75.0, 73.5,
72.7,72.4,72.2, 70.6, 69.8, 69.5, 68.2, 68.1, 67.5, 67.3, 60.5, 59.8, 50.6, 50.3, 47.2, 46.2, 29.2,
29.2, 28.0, 27.6, 25.7, 23.5, 23.4, 21.2, 20.5, 18.2, 14.3, 1.1, -4.5, -4.9. HR-ESI-MS (m/z):
calculated for Ce1H76N4O14SiNa [M+Na]*: 1139.5025, found: 1139.5033

N-(Benzyl)benzyloxycarbonyl-5-aminopenty!l 3,4,6-tri-O-benzyl-2-O-levulinoyl-B-D-
glucopyranosyl-(1—2)-4-O-acetyl-6-O-benzyl-3-tert-butyl dimethylsilyl—-D-
galactopyranosyl  uronate-(1—3)-2-azido-4,6-di-O-benzyl-2-deoxy-a-D-galactopyranoside
(2.40)
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Acceptor 2.39 (48 mg, 0.072 mmol) and donor 2.9 (42 mg, 0.064 mmol) were mixed, co-
evaporated with toluene (3 x 10 mL) and dried under high vacuum for 2 h. Freshly activated 4A
molecular sieves were added, dissolved in anhydrous DCM (12 mL) under a nitrogen atmosphere
and stirred for 30 min at rt. The mixture was cooled to -20 °C, to this stirred suspension, NIS (16.4
mg, 0.073 mmol) and TfOH (1.5 pL, 17 pmol) were slowly added. After being stirred at -20 °C
for 3 h, diluted with DCM (10 mL), quenched with EtsN, warmed to rt and 4A molecular sieves
were filtered. The filtrate was washed with 10% aqueous Na>S»03, saturated aqueous NaHCO3
and brine. The combined organic layer was dried over Na>SOs, filtered and evaporated in vacuo.
The crude product was purified by silica gel column chromatography using 15% ethyl acetate in
hexanes to afford the desired protected trisaccharide 2.40 (49 mg, 69%). *H NMR (700 MHz,
CDCl3) 6 7.36 (d, J = 7.4 Hz, 2H), 7.30 — 7.18 (m, 36H), 7.15—7.09 (m, 4H), 5.38 (d, J = 3.3 Hz,
1H), 5.10 (t, J = 13.2 Hz, 3H), 5.07 — 5.03 (m, 1H), 5.01 (d, J = 11.9 Hz, 1H), 4.96 — 4.92 (m, 2H),
4.73 -4.67 (m, 4H), 4.63 (dd, J = 15.4, 11.5 Hz, 2H), 4.50 (dd, J = 13.6, 11.3 Hz, 2H), 4.45 - 4.38
(m, 4H), 4.32 — 4.28 (m, 2H), 4.21 (d, J = 3.0 Hz, 1H), 4.09 (s, 1H), 4.02 — 3.95 (m, 3H), 3.90 -
3.83 (m, 1H), 3.69 — 3.60 (m, 3H), 3.55 — 3.51 (m, 3H), 3.49 — 3.44 (m, 2H), 3.35 - 3.25 (m, 2H),
3.23 -3.10 (m, 2H), 2.62 — 2.51 (m, 2H), 2.49 — 2.45 (m, 1H), 2.34 — 2.28 (m, 1H), 2.04 (s, 3H),
1.77 (s, 3H), 1.61 — 1.48 (m, 4H), 1.31 — 1.22 (m, 2H), 0.82 (s, 9H), 0.12 (s, 3H), 0.09 (s, 3H). 3C
NMR (176 MHz, CDCls) 5 206.4, 171.3, 169.9, 166.7, 139.3, 138.5, 138.4, 138.3, 138.1, 135.2,
129.0, 128.7, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1,
128.0,128.0,127.9,127.9, 127.8, 127.7, 127.7, 127.6, 127.6, 127.5, 127.4, 102.2, 98.5, 83.4, 78.2,
77.3,77.3,77.2,77.0, 76.7, 75.3, 75.1, 74.9, 74.9, 73.9, 73.6, 73.4, 73.1, 72.2, 71.3, 69.7, 69.7,
69.4, 67.6, 67.3, 59.6, 50.6, 50.4, 47.3, 46.3, 38.0, 30.0, 29.2, 28.1, 28.0, 27.6, 26.0, 23.5, 20.6,
18.0, 14.3, 1.2, -4.2, -4.3. HR-ESI-MS (m/z): calculated for Cg3H110N4O2:SiNa [M+Na]':
1669.7335, found: 1669.7331

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 3,4,6-tri-O-benzyl-B-D-glucopyranosyl-(1—2)
-4-0-acetyl-6-O-benzyl-B-D-galactopyranosyl uronate-(1—3)-2-azido-4,6-di-O-benzyl-2-
deoxy-a-D-galactopyranoside (2.42)

OBn
B
AQco.8n  °"0 AcO Bno O°"
[e} o CO,Bn
TBSO 0] Ho S:O o ]
o} N 1. NoH4*AcOH, DCM, 1t, 12 h o N
Oy , NCbzBn 3
BnO O OLev \H’s 2. BF3°Et,0, CH3CN,0°C  BnO O 0\9’ NCbzBn
2.40 5 min, 68% over 2 steps OH 2.41 5
OB
BnOVBEN Bn0BN
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To a solution of trisaccharide 2.40 (34 mg, 0.021 mmol) in DCM (4 mL) was added N2Hs+AcOH
(10 mg, 0.103 mmol) and the mixture was stirred at rt for 12 h. The reaction was quenched by the
addition of acetone (2 mL) and the solvent was removed under vacuum. The crude was dissolved
in anhydrous ACN (4 mL), cooled to 0 °C and BF3*OEt> (3.4 pmol, 0.027 mmol) was added. After
stirring for 5 min, saturated aqueous NaHCO3 was added and extracted the organic layer with
DCM. The combined layers were dried over NazSOs, filtered and evaporated in vacuo. The crude
was purified by silica gel column chromatography using 45% ethyl acetate in hexanes to afford
diol 2.41 (20 mg, 68% over two steps). *H NMR (700 MHz, CDClz) § 7.37 (d, J = 7.4 Hz, 2H),
7.34-7.30 (m, 9H), 7.28 — 7.20 (m, 26H), 7.12 (dd, J = 7.4, 2.0 Hz, 3H), 5.68 (d, J = 3.5 Hz, 1H),
5.13 (d, J = 13.1 Hz, 3H), 5.07 — 5.02 (m, 1H), 5.00 — 4.93 (m, 2H), 4.87 — 4.82 (m, 1H), 4.80 —
4.72 (m, 3H), 4.66 (d, J = 11.7 Hz, 1H), 4.57 (d, J = 8.2 Hz, 1H), 4.49 (dd, J = 11.5, 2.2 Hz, 2H),
4.45 — 4,38 (m, 4H), 4.35 — 4.30 (m, 2H), 4.27 (s, 1H), 4.15 (s, 1H), 4.10 (t, J = 9.2 Hz, 1H), 3.95
—3.90 (m, 1H), 3.84 — 3.78 (m, 2H), 3.72 — 3.66 (m, 2H), 3.63 — 3.55 (m, 6H), 3.51 — 3.44 (m,
2H), 3.38 (dd, J = 9.7, 6.0 Hz, 1H), 3.25 — 3.12 (m, 2H), 1.76 (s, 3H), 1.59 — 1.49 (m, 4H), 1.32 —
1.25 (m, 2H). *C NMR (176 MHz, CDCl3) § 170.0, 166.3, 156.9, 156.3, 139.0, 138.9, 138.2,
138.2, 138.1, 138.0, 137.0, 136.9, 135.1, 129.0, 128.8, 128.7, 128.6, 128.6, 128.5, 128.5, 128.5,
128.4,128.1, 128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.8, 127.7, 127.7, 127.7, 127.4, 127.3,
102.4,101.6,98.4,84.4,77.6,77.3,77.2,77.0, 76.9, 75.7, 75.6, 75.3, 75.3, 75.2, 73.6, 73.5, 72.6,
72.6, 71.0, 70.0, 69.8, 69.4, 68.6, 68.3, 68.1, 67.6, 67.3, 50.6, 50.4, 47.2, 46.1, 29.8, 29.3, 29.2,
27.9, 27.6, 23.5, 23.4, 20.6. HR-ESI-MS (m/z): calculated for Cg7HgsN4O2:Na [M+Na]*:
1555.6465, found: 1555.6461.

5-Aminopentyl B-D-glucopyranosyl-(1—2) -4-O-acetyl-B-D-galactopyranosyl uronate-
(1—-3)-2-acetamido-2-deoxy-a.-D-galactopyranoside (2.3)

OBn

AcO BnO
CO,Bn
2Br o COZH
HO o
o Ng 1.Zn, THF/AC,0/ACOH, 1t, 8 h AcHN
NH2

BnO o NCbzBn
O Zom A 2.PdIC, H,, tBUOH/EtOACH,0 QO
24 rt, 10 h, 46% over 2 steps 23

BnOOBN OHOH

The diol 2.41 (16 mg, 0.011 mmol) intermediate was dissolved in the solution of THF/Ac,O/AcOH
(3/2/1, viviv, 3 mL) and added freshly activated zinc (200 mg). After stirring for 8 h at rt, the
mixture was diluted with ethyl acetate and filtered over Celite® 353 and evaporated in vacuo. The
crude product was dissolved in the solution of EtOAc/t-BuOH/H20 (2/1/1, viviv, 2 mL) and Pd/C
(50 mg) was added to the solution. After stirring for 10 h under hydrogen atmosphere (1 atm,
balloon), the mixture was filtered through a PTFE filter (0.45 pm pore size) and concentrated. The
crude material was purified by HPLC (Hypercarb column, 150 x10 mm, H20O (0.1% formic acid)
isocratic (5 min), linear gradient to 10% ACN (30 min), linear gradient to 100% ACN (10 min))
and lyophilized to obtain pure trisaccharide 2.3 (4.8 mg, 46% over two steps).!H NMR (700 MHz,
D20) 6 5.55 (dd, J = 3.7, 1.2 Hz, 1H), 4.89 (d, J = 3.8 Hz, 1H), 4.81 (s, 1H), 4.67 (d, J = 7.8 Hz,
1H), 4.35 — 4.30 (m, 2H), 4.17 (d, J = 1.3 Hz, 1H), 4.12 (dd, J = 9.6, 3.7 Hz, 1H), 4.05 (dd, J =
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11.1, 3.1 Hz, 1H), 4.00 — 3.97 (m, 1H), 3.92 — 3.89 (m, 1H), 3.84 (dd, J = 9.6, 7.8 Hz, 1H), 3.80 -
3.75 (m, 2H), 3.71 (ddd, J = 10.0, 4.5, 1.6 Hz, 2H), 3.52 — 3.47 (m, 2H), 3.40 — 3.36 (M, 2H), 3.26
~3.17 (m, 2H), 3.01 (t, J = 7.6 Hz, 2H), 2.14 (s, 3H), 2.04 (s, 3H), 1.72 — 1.62 (m, 4H), 1.48 —
1.44 (m, 2H). 3C NMR (176 MHz, D,0) § 173.8, 173.7, 173.1, 102.0, 101.9, 97.1, 76.8, 76.3,
76.0, 75.8, 73.7, 73.6, 72.6, 72.4, 70.8, 69.6, 68.5, 67.6, 61.3, 60.8, 48.8, 46.7, 39.4, 28.0, 26.4,
22.4, 22.3, 20.3, 8.2. HR-ESI-MS (m/z): calculated for Co7Ha7N2O1s [M+H]*: 687.2824, found:
687.2829

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 4-0O-acetyl-6-O-benzyl-2-O-levulinoy-f-D-
galactopyranosyl  uronate-(1—3)-2-azido-4,6-di-O-benzyl-2-deoxy-a-D-galactopyranoside
(2.42)

OBn OBn
AcQOco,gn BN BF;-OEt, AcQco,an BN
[e] 0} —_— o) (0]
TBSO 0 CH4CN, 0 °C, 5 min. HO 0
OLev N3 76% OLev N3
238 O\M,SNCszn 242 O\M,SNCszn

Disaccharide 2.38 (36 mg, 0.03 mmol) was dissolved in anhydrous ACN (5 mL) under a nitrogen
atmosphere at 0 °C and to this, BFs*OEt> (4.8 pL, 0.038 mmol) was added dropwise. After stirring
for 5 min, quenched with saturated aqueous NaHCOs3, extracted the organic layer with DCM. The
combined organic layer was dried over Na2SOg, filtered and evaporated in vacuo. The crude was
purified by silica gel column chromatography using 15% ethyl acetate in hexanes to afford
compound 2.42 (24 mg, 76%). *H NMR (400 MHz, CDCls) § 7.37 — 7.32 (m, 2H), 7.30 — 7.26 (m,
4H), 7.25-7.14 (m, 18H), 7.09 (d, J = 7.1 Hz, 1H), 5.61 (dd, J = 3.5, 1.3 Hz, 1H), 5.13 - 5.07 (m,
3H), 5.01 (d, J = 4.7 Hz, 1H), 4.97 (d, J = 11.6 Hz, 1H), 4.81 (s, 1H), 4.73 (d, J = 7.8 Hz, 1H),
4.59 (d, J = 11.6 Hz, 1H), 4.45 — 4.34 (m, 3H), 4.29 (d, J = 11.8 Hz, 1H), 4.25 — 4.18 (m, 2H),
4.03 - 3.96 (m, 1H), 3.92 — 3.83 (m, 2H), 3.72 (dd, J = 10.7, 3.5 Hz, 1H), 3.62 — 3.50 (m, 1H),
3.45 (dd, J =9.6, 6.3 Hz, 1H), 3.39 — 3.24 (m, 2H), 3.22 — 3.07 (m, 3H), 2.86 — 2.77 (m, 1H), 2.71
—2.62 (m, 1H), 2.59 — 2.46 (m, 2H), 2.09 (s, 3H), 1.82 (s, 3H), 1.57 — 1.41 (m, 4H), 1.30 — 1.20
(m, 2H). C NMR (101 MHz, CDCls) § 207.9, 172.9, 170.3, 166.1, 138.9, 138.2, 138.0, 137.0,
136.8, 135.0, 129.0, 128.8, 128.8, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.3, 128.0, 127.9,
127.9,127.8,127.7,127.7,127.4, 127.3,101.9, 98.1, 78.8, 77.5, 77.4, 77.2, 76.8, 76.5, 76.5, 75.1,
73.5, 72.7,72.5, 71.0, 70.4, 69.8, 69.4, 68.1, 68.0, 67.6, 67.3, 60.0, 50.5, 50.3, 47.2, 46.1, 38.6,
32.0, 30.4, 29.9, 29.8, 29.8, 29.7, 29.5, 29.4, 29.2, 29.2, 29.1, 28.2, 27.9, 27.6, 23.5, 23.4, 22.8,
20.6, 14.3. HR-ESI-MS (m/z): calculated for CeoHessN4O1sNa [M+Na]*: 1123.4528, found:
1123.4534

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-napthylmethyl)-4,6-
O-silylidene-a-D-galactopyranosyl-(1—3)-4-O-acetyl-6-O-benzyl-2-O-levulinoy-B-D-
galactopyranosyl  uronate-(1—3)-2-azido-4,6-di-O-benzyl-2-deoxy-a-D-galactopyranoside
(2.43)
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To a solution of acceptor 2.42 (48 mg, 0.044 mmol) and donor 2.10 (38 mg, 0.065 mmol) in DCM
(5 mL) was added activated 4A molecular sieves. After ~30 minutes of stirring at rt, the mixture
was cooled to 0 °C, to this, NIS (15 mg, 0.065 mmol) and TMSOTf (1.9 pL, 0.022 mmol) were
slowly added. After TLC analysis indicated complete consumption of the starting material (~2
hours), the reaction was quenched with EtsN (2 mL) and the mixture was diluted with DCM. After
filtration over Celite® 353, the mixture was washed with saturated aqueous Na;S>0s3, saturated
aqueous NaHCOs and brine, dried over Na,SOs, filtered and concentrated in vacuo. The residue
was purified by silica column chromatography using 12% ethyl acetate in hexanes to afford the
title product 2.43 (40 mg, 60%) as the sole isomer. *H NMR (400 MHz, CDCls) § 7.39 — 7.31 (m,
4H), 7.30 — 7.16 (m, 26H), 7.10 (d, J = 7.3 Hz, 1H), 5.83 - 5.80 (m, 1H), 5.26 (dd, J = 10.1, 7.8
Hz, 1H), 5.12 - 5.06 (m, 3H), 5.03 (d, J = 8.0 Hz, 2H), 4.99 — 4.92 (m, 2H), 4.84 — 4.80 (m, 1H),
4.75 — 4.66 (m, 2H), 4.58 (dd, J = 11.5, 8.9 Hz, 2H), 4.44 — 4.36 (m, 3H), 4.33 — 4.27 (m, 2H),
4.22 (d,J = 3.4 Hz, 2H), 4.15 (d, J = 12.3 Hz, 1H), 4.01 (dd, J = 10.1, 3.4 Hz, 2H), 3.90 — 3.83 (m,
2H), 3.83 — 3.75 (m, 2H), 3.67 — 3.55 (m, 2H), 3.49 — 3.43 (m, 1H), 3.40 — 3.25 (m, 2H), 3.23 -
3.09 (m, 2H), 2.91 (dd, J = 15.2, 10.7 Hz, 1H), 2.53 — 2.42 (m, 1H), 2.41 — 2.31 (m, 2H), 2.05 (s,
3H), 1.87 (s, 3H), 1.56 — 1.41 (m, 4H), 1.32 — 1.23 (m, 2H), 1.02 (s, 9H), 0.99 (s, 9H). *C NMR
(101 MHz, CDCl3) 6 206.7, 171.1, 169.9, 165.8, 156.8, 156.2, 138.8, 138.4, 138.1, 137.9, 136.9,
136.8, 134.7, 129.1, 129.0, 128.9, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4,
128.3, 128.3, 128.3, 128.0, 127.9, 127.9, 127.8, 127.7, 127.7, 127.6, 127.4, 127.3, 127.2, 102.3,
98.2, 94.2, 78.0, 77.5, 77.4, 77.2, 76.8, 76.3, 75.8, 75.0, 73.4, 72.4, 71.6, 70.4, 70.1, 69.8, 69.4,
69.3, 68.1, 67.9, 67.7, 67.2, 67.1, 65.5, 60.5, 59.8, 57.9, 50.4, 50.2, 47.1, 46.0, 37.3, 32.0, 30.0,
29.8, 29.7, 29.7, 29.4, 29.2, 29.1, 28.0, 28.0, 27.8, 27.8, 27.6, 27.6, 27.5, 27.4, 23.4, 23.3, 22.8,
21.1, 20.7, 20.3, 14.3, 14.2. HR-ESI-MS (m/z): calculated for CgiHgN70O20SiNa [M+Na]":
1540.6612, found: 1540.6619.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-2-deoxy-3-O-(2-napthylmethyl)-a.-D-
galactopyranosyl-(1—3)-4-O-acetyl-6-O-benzyl-2-O-levulinoy-B-D-galactopyranosyl
uronate-(1—3)-2-azido-4,6-di-O-benzyl-2-deoxy-a.-D-galactopyranoside (2.44)

(t BU)ZSI\O

HF-Py
COzB” § THF, 0°Ctort, 24 h COZB" L g

81%

OLev OLev

NCszn NCszn
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To a solution of trisaccharide 2.43 (140 mg, 0.092 mmol) in THF (5 mL) was added HF+Py (70%
HF, 0.083 mL, 0.922 mmol) at °0 C. After TLC analysis indicated complete conversion of the
starting material (~12 hours), the reaction was quenched with EtsN (2 mL). The mixture was
concentrated, dissolved in EtOAc and subsequently washed with saturated aqueous NaHCOs and
brine. The aqueous layers were then extracted with EtOAc combined organic layers were dried
over NaxSQq, filtered and concentrated in vacuo. The residue was purified by silica column
chromatography using 50% ethyl acetate in hexanes to furnish the title compound 2.44 (103 mg,
81%).*H NMR (400 MHz, CDCls3) § 7.42 — 7.37 (m, 5H), 7.36 (d, J = 1.0 Hz, 2H), 7.35 — 7.27 (m,
21H), 7.26 — 7.22 (m, 2H), 7.16 (d, J = 6.8 Hz, 1H), 5.86 — 5.83 (m, 1H), 5.32 (dd, J = 10.1, 7.8
Hz, 1H), 5.20 — 5.14 (m, 3H), 5.13 — 5.06 (m, 2H), 5.03 (d, J = 11.6 Hz, 1H), 4.89 (s, 1H), 4.80 -
4.68 (m, 3H), 4.65 (d, J = 11.6 Hz, 1H), 4.54 — 4.45 (m, 4H), 4.36 (d, J = 11.8 Hz, 1H), 4.28 (t, J
=2.5Hz, 2H), 4.11 - 4.04 (m, 3H), 4.02 — 3.94 (m, 2H), 3.93 — 3.86 (m, 2H), 3.72 (ddd, J = 11.8,
8.3, 3.5 Hz, 2H), 3.65 (s, 1H), 3.52 (dd, J = 9.6, 6.3 Hz, 1H), 3.42 (dd, J = 9.7, 6.0 Hz, 2H), 3.30
—3.16 (m, 2H), 3.03 — 2.93 (m, 1H), 2.76 — 2.67 (m, 1H), 2.61 (d, J = 14.4 Hz, 2H), 2.54 — 2.42
(m, 2H), 2.16 (s, 3H), 1.93 (s, 3H), 1.63 — 1.47 (m, 4H), 1.35—1.30 (m, 2H). **C NMR (151 MHz,
CDCl3) 6207.3,171.3, 169.9, 165.9, 156.9, 138.9, 138.2, 138.0, 137.7, 134.8, 129.1, 129.0, 128.8,
128.8, 128.7, 128.7, 128.6, 128.5, 128.3, 128.2, 128.0, 127.9, 127.8, 127.7, 127.7, 127.4, 127.3,
102.3,98.2,94.2,78.1, 77.4, 77.2, 76.9, 76.4, 76.2, 75.0, 73.5, 72.4, 72.1, 70.2, 70.1, 69.8, 69.4,
68.2, 68.0, 67.7, 67.6, 67.3, 65.7, 63.2, 59.9, 58.8, 50.5, 50.3, 47.2, 46.1, 37.4, 32.0, 30.1, 29.8,
29.5, 29.2, 27.9, 27.7, 27.6, 23.5, 23.4, 22.8, 20.4, 14.3. HR-ESI-MS (m/z): calculated for
Cs1Ho9N7020SiNa [M+Na]*: 1400.5591, found: 1400.5599.

5-Aminopentyl 2-acetamido-2-deoxy-a-D-galactopyranosyl-(1—3)-4-O-acetyl-B-D-
galactopyranosyl uronate-(1—3)-2-acetamido-2-deoxy-a-D-galactopyranoside (2.4)

1. NyHy*AcOH, DCM, rt, 12 h
2.Zn, THF/Ac,O/AcOH, rt, 8 h
COZB“ 3. PdIC, H,, t-BUOH/EtOAC/H,0 AcHN COZ
10 h, 46%, (over 3 steps)

OLev AcHN
2.44 NCszn NHz

To a solution of trisaccharide 2.44 (20 mg, 0.014 mmol) in DCM (3 mL) was added N2Hs*AcOH
(8 mg, 0.087 mmol). After stirring for 12 h at rt, the reaction was quenched with acetone (1 mL)
and evaporated under high vacuum. Residue was passed through silica column chromatography
using ethyl acetate followed by evaporation to get quantitative amount of triol intermediate. The
triol intermediate was dissolved in the solution of THF/Ac2O/AcOH (3/2/1, viviv, 3 mL) and added
freshly activated zinc (400 mg). After stirring for 8 h at rt, the mixture was diluted with ethyl
acetate and filtered over Celite® 353 and evaporated in vacuo. The crude was dissolved in
EtOACc/t-BuOH/H.0 (2/1/1, viviv, 2 mL) and Pd/C (50 mg) was added to the solution. After stirring
for 10 h under hydrogen atmosphere (1 atm, balloon), the mixture was filtered through a PTFE
filter (0.45 um pore size) and concentrated. The crude material was purified by HPLC (Hypercarb
column, 150 x 10 mm, H20O (0.1% formic acid) isocratic (5 min), linear gradient to 10% ACN (30
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min), linear gradient to 100% ACN (10 min)) and lyophilized to obtain pure trisaccharide 2.4 (4.8
mg, 46%). 'H NMR (700 MHz, D20) & 5.71 (dd, J = 3.2, 1.2 Hz, 1H), 5.17 (d, J = 3.8 Hz, 1H),
4.92 (d, J =3.8 Hz, 1H), 4.63 (d, J = 7.9 Hz, 1H), 4.42 — 4.35 (m, 2H), 4.27 — 4.22 (m, 1H), 4.22
—4.17 (m, 2H), 4.05 — 4.00 (m, 3H), 3.96 (ddd, J = 15.7, 10.5, 3.3 Hz, 2H), 3.82 — 3.77 (m, 4H),
3.77-3.72 (m, 1H), 3.69 (dd, J = 10.0, 7.9 Hz, 1H), 3.53 (dt, J = 9.9, 6.1 Hz, 1H), 3.03 (t, J = 7.7
Hz, 2H), 2.16 (s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 1.75 — 1.64 (m, 4H), 1.52 — 1.44 (m, 1H). 13C
NMR (176 MHz, D20) 6 174.5, 174.4,173.5,172.4, 103.9,97.2,93.5,78.1, 74.1, 73.5, 70.8, 70.7,
69.0, 68.5, 68.4, 68.1, 67.7, 67.4, 61.4, 61.2, 49.3, 48.7, 39.4, 28.1, 26.5, 22.4, 22.2, 22.0, 20.3.
HR-ESI-MS (m/z): calculated for C29Hs0N30O1s [M+H]": 728.3089, found: 728.3096

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl ~ 4-O-acetyl-B-D-galactopyranosyl uronate-
(1—3)-2-acetamido-a-D-galactopyranoside (2.5)

OBn 1. BFg*Et,0, CH5CN, 0 °C, 5 min. OH
ACOcoz%n BnO o 2. Zn, THF/AC,O/ACOH, t, 8 h AcOco,q O
o
TBSO%O HO&%/O
oH N, 3. Pd/C, H, , t-BUOH/EtOAC/H,0 o AN

i 0,
2.39 O\%NCszn overnight, 46% over 3 steps

25 O\M,SNHZ
Disaccharide 2.39 (36 mg, 0.032 mmol) was dissolved in anhydrous ACN (5 mL) under a nitrogen
atmosphere at 0 °C and to this, BFs*OEt> (4.8 pL, 0.038 mmol) was added dropwise. After stirring
for 5 min, quenched with saturated aqueous NaHCOs3, extracted the organic layer with DCM. The
combined organic layer was dried over Na2SOg, filtered and evaporated in vacuo. The crude was
dissolved in a mixture of THF/Ac2O/AcOH (3/2/1, vivlv, 3 mL) and added freshly activated Zn
dust. After stirring overnight at rt, the mixture was diluted with DCM and filtered over Celite®
353. The filtrate was neutralized with saturated aqueous NaHCO3 and washed with brine. The
organic phase was dried over Na>SOg, filtered and evaporated in vacuo. The crude was dissolved
in EtOAc/t-BuOH/H0 (2/1/1, viviv, 3 mL) and added Pd/C (60 mg). The reaction mixture was
stirred overnight at rt under hydrogen atmosphere (1 atm, balloon). The crude material was purified
by HPLC (Hypercarb column, 150 x 10 mm, H2O (0.1% formic acid) isocratic (5 min), linear
gradient to 10% ACN (30 min), linear gradient to 100% ACN (10 min) and lyophilized to obtain
pure disaccharide 2.5 (11 mg, 46%) as a white solid. 'H NMR (400 MHz, D;0) § 5.54 (dt, J = 3.8,
1.0 Hz, 1H), 4.86 (d, J = 3.8 Hz, 1H), 4.51 (d, J = 7.8 Hz, 1H), 4.36 — 4.28 (m, 2H), 4.16 (d, J =
1.4 Hz, 1H), 4.03 — 3.94 (m, 2H), 3.85 (dd, J =10.0, 3.7 Hz, 1H), 3.77 - 3.73 (m, 2H), 3.71 - 3.64
(m, 1H), 3.56 — 3.44 (m, 2H), 2.98 (t, J = 7.6 Hz, 2H), 2.09 (d, J = 0.7 Hz, 3H), 2.01 — 1.98 (m,
3H), 1.65 (dt, J = 15.1, 7.4 Hz, 4H), 1.50 — 1.39 (m, 2H). *C NMR (101 MHz, D20) & 174.5,
173.5,173.0,103.9,97.1,77.1,73.5,72.1,71.1,70.7,70.2, 68.5, 67.6, 61.3, 48.7, 39.3, 28.0, 26.4,
22.3, 21.9, 20.2. HR-ESI-MS (m/z): calculated for C»:1H37N2O13 [M+H]*: 525.2296, found:
525.2288.
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Chapter 3

Synthesis of Oligosaccharides Resembling Candida auris Cell Surface Mannans
as Basis for Anti-fungal Glycoconjugate Vaccine Development

3.1 Introduction

Candida auris (C. auris) is a species of yeast first identified in 2009 in Japan.''’ Since then, it has
been reported in dozens of countries and can cause severe infections in humans. It is a growing
global health (Figure 3.1)''® concern because it is often resistant to multiple current antifungal
drugs, which can also lead to high mortality rates. C. auris can cause infections in the bloodstream,
wounds, and ears. The fungus can spread through contact with infected surfaces and can remain
viable on surfaces for long periods, making it difficult to control. It is most commonly found in
patients who have had prolonged hospital stays, weakened immune systems, or have been exposed
to antibiotics for long periods of time. Common symptoms of C. auris infection include fever,
chills, coughing, shortness of breath, and chest pain. Other symptoms may include skin lesions,
confusion, extreme fatigue, and poor appetite.*'® With a growing population of susceptible people,
invasive candidiasis is rising, and antifungal resistance makes treatment difficult. As a result,
Candida species are now the third most common reason of bloodstream infections.

Single report ‘ “

@ Muttiple reports

* Outbreak reports

2009 2011 2013 2014 2016 2017 2018 2019

~=——O—O0—-0—+—0-0-0-0~
Japan India United South USA  Pakistan China Greece
South Korea Kingdom  Africa Venezuela Canada Russia Italy
Kenya Spain Colombia Malasya Egypt
Kuwait Norway Belgium Panama Chile
Brazil France  Austria

Germany  Saudi
Israel Arabi
Oman Switzerland

UAE
Australia
Iran

Figure 3.1: Global distribution of C. auris between 2009 and 2019 (Reprinted from: J. Fungi 2020,
6, 185)
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The treatment for C. auris infections typically involves antifungal medication and the first line of
treatment for is an echinocandin, such as caspofungin, micafungin, or anidulafungin.?
Echinocandins work by inhibiting the synthesis of beta-glucan, a key component of the fungal cell
wall, and are often effective against C. auris.??! Other antifungal drugs that may be used to treat
C. auris infections include azoles, such as fluconazole, and polyenes, such as amphotericin B.
However, it is important to note that many strains of C. auris are resistant to multiple antifungal
drugs, making treatment more difficult.

auris
Ha|
Ska\\\I\J l l l v‘(. %?ﬁ
Cell wall ..«':._,,..2.:351
WL— Mannoprotein m{"?«(" 1
/ Uﬂ“
2 & B-Glucans
Mé Chitin § 1gG
I Cell membrane : g}% hMﬂgR
® 0-1,3Man
e B-1,2Man
® p

Figure 3.2: Cell wall structure of C. auris (Reprinted from: ACS Infect. Dis. 2020, 6, 1018-1031)

Nearly all aspects of the biology and pathogenicity of pathogenic C. auris depend on the cell wall,
which makes up the exterior surface of the pathogen and contains a cell wall with a carbohydrate
content of over 60%. Cell wall mannoproteins are comprised of N- and O-linked mannans with
mannopyranose residues that are a-1,2, a-1,3, a-1,6, and B-1,2-linked along with phospho-linked
mannopyranose units.*?> During candidiasis, these mannoproteins are effective immunogens that
activate and regulate the host's innate immune response via the mannose receptor, DC-SIGN
(dendritic cell-specific intracellular adhesion molecule-3 (ICAM-3) grabbing nonintegrin), and
Dectin-216.122 Candida mannans and mannoproteins are effective vaccines with high
immunogenicity in animal models of candidiasis.

. o-1,6-Mannose
. o-1,2-Mannose
. o-1,2-Mannose

O Phosphate
NH:

Figure 3.3: Structure of Candida auris KCTC17810

3.2 Results and Discussion
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The design of building blocks began with a retrosynthetic analysis of conjugation-ready C. auris
KCTC 17810, which is a highly complex target oligosaccharide in a synthetic perspective. This
target oligosaccharide has unique «-1,2, a-1,3, and a-1,6-linked mannopyranose residues along
with challenging phospho-linked mannans. Merrifield resin equipped with an aminopentyl
photocleavable linker would enable access to target glycan following cleavage from the solid
support and global deprotection. Building blocks 3.3, 3.4, 3.5, 3.6 and 3.7 were carefully selected
for the synthesis of the target oligosaccharide.

OH

OH HO

s HO&%
(o]
HO HO
Ho/gﬁ oH
_ (@]
"k (@%
le} HO

FmocO BnO BnO OLev BnO Z FmocO OLev O
BnO BnO BnO BnO BnO A
BnO FmocO BnO BnO BnO HO
O)(OBu),
3.4 3.3 3.2
NN
O = LLL‘— NCbz
(ON
Resin

OoN

Figure 3.4: Building blocks for the AGA of C. auris KCTC 17810

In general, thioglycosides are a popular choice for glycosyl donors because they are easy to
synthesize on a large scale and are stable for a long time. More importantly, the activation of
thiolglycosides are well established. Hydroxyl groups of building blocks 3.3 and 3.5 that engage
in the branch elongation were temporarily protected as levulinoyl (Lev) ester. Fmoc carbonates
masked the C6 hydroxyls in 3.3 and 3.7 as an orthogonal temporary protecting group to extend the
backbone of the target structure. Benzoyl (Bz) ester and benzyl (Bn) ether were used as permanent
participating and nonparticipating groups, respectively. After AGA, H-phosphonate would be
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coupled with an acceptor (12-mer) to get a fully protected target oligosaccharide which then
undergoes on resin methanolysis (to remove esters) followed by cleavage from the solid support
and hydrogenation (to deprotect Bn and Cbz) would provide C. auris KCTC 17810 mannan.

3.2.1 Synthesis of mannose building blocks 3.4 and 3.5

Bilding block 3.5 requires protection at the C2 hydroxyl with a group capable of engaging in
neighboring group participation during glycosylation reaction and can be deprotected for branch
elongation during AGA. Synthesis of the building block began with the protection of the C2
hydroxyl group of commercially available thiomannoside 3.8 by Nap using 2-(Bromomethyl)
naphthalene. The benzylidene acetal 3.9 was hydrolyzed using ethanethiol along with catalytic
amount of camphorsulfonic acid (CSA), followed by per-benzylation of diol using benzyl bromide
afforded thiomannoside 3.11. The naphthyl ether was selectively deprotected by DDQ to give 3.12,
which then undergoes subsequent levulinoyl protection to afford 3.13.12% Thioglycoside 3.13 was
then converted to phosphate donor 3.5 using dibutyl phosphate. Compound 3.4 was synthesized
from thiomannoside 3.12 using benzoylation.

OH ONap ONap ONap
HO BnO
PR0 O _ NapBrNaH _Ph™Y0 o EtSH, CSA Ho&g BnBr, NaH Bno&g
BnO DMF, 0°C, 1 h BnO DCM, rt, overnight BNO DMF, 0°C,3h BnO
SEt 96% SEt 94% SEt  91% SEt
3.8 3.9 3.10 3.11
LevOH, EDC-HCI OLev BnO OLev
DMAP, DCM, rt BnO o _(BuOkLPO)OH _ Bng 0
OH overnight, 86 % Bg(r?o NIS, TfOH BnO
BnO DCM, 0 °C, 5h OP(O)(OBu)
Et ,0°C, 2
DDQ, DCM/H,0 Bgoo/égy 313 S 56% 3.5
0°C,4h n OBz
76 % SEt BnO
3.12 BzCl, Py Bnoﬂ
DCM, 0 °C, 5h BnO
91% SEt
3.4

Scheme 3.1: Synthesis of building blocks 3.4 and 3.5

Building block 3.6 carrying Fmoc carbonate at the 3-position was synthesized starting from
benzylidene acetal 3.14. Benzoylation followed by regioselective benzylidene ring opening using
BH3-THF, and TMSOTT afforded 6-hydroxyl compound 3.15 with 96% yield over two steps. Acid
catalyzed benzylation of 3.15 followed by Nap deprotection using DDQ provided requisite 3-
hydroxyl compound 3.17. Subsequently, the hydroxyl group was protected as Fmoc carbonate
using FmocCl to get desired building block 3.6.
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OB
OH HO— OBz  1.HMDS, TMSOTf, i, 3 h BnO OZ
Ph—%-0 o 1.BzCl, Py BnO O 2.PhCHO,4A MS,0°C,2h BnO
NagO 0 °C, overnight NapO NapO
SEt 2. BH3THF, TMSOTf SEt 3. Et3SiH, TMSOTf, -20 °C, 4 h SEt

3.14 0°C,6h 3.15 84% 3.16
96% (over 2 steps)

Bno—, 0Bz Bno— QB2
DDQ, DCM/MH,0  Bno 0 FmocCl, Py BnO 0
— HO ———— > FmocO
0°C,4h DCM, rt, overnight SEt
73% SEt 81%
347 3.6

Scheme 3.2: Synthetic route to 3.6

In order to synthesize the important H-phosphonate 3.19, the compound 3.13 was treated with
NBS to hydrolyze the thioglycoside to give the hemiacetal 3.18, which was then treated with
triimidazolylphosphine!?* (produced in situ from imidazole, phosphorus trichloride, and
triethylamine), followed by basic hydrolysis to produce the H-phosphonate monoester 3.19 in a
one-pot synthesis. During this synthesis, | tried with three equiv. of phosphorus trichloride, eight
equiv. of imidazole and four equiv. of trimethylamine in acetonitrile provided H-phosphonate 3.19
with only 40% yield (Table 1) with recovered hemiacetal 3.18 (32%). | also tried to improve the
yield by different reaction conditions, but to our disappointment, it gave only 44% of H-
phosphonate 3.19.

Table 3.1: Synthesis of H-phophonate 3.19

OLev OLey 1-Imidazole, PCl3 OLev

BnO BnO
B0y N NBS oo SEALOMOL g0 o

n Acetone/water, 0 C,4h BnO 2. TEAB BnO 'ﬂ _+

313 SF 94% 318 OH 319 O7D~0 EtN
o
Entry PCl, Imidazole Et;N 3.19 (%) 3.18 (%)
(Equiv.) (Equiv.) (Equiv.)

1 4 8 4 40 32
2 4 8 4 43 27
3 5 4 5 44 25

After an unsuccessful attempt to obtain the H-phosphonate in good yield, we used a different
strategy to improve the yield. Treatment of hemiacetal 3.18 with diphenyl phosphite in anhydrous
pyridine followed by basic hydrolysis using triethylammonium bicarbonate buffer (TEAB)
provided H-phosphonate 3.19 in a satisfactory yield of 76%.
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Bno— OLev 1. (CeHsO)P(O)H, Py Bno— OLev

BnO 0 t, 6h BnO
BnO 2. TEAB BnO o,
318 OH 76% 319 O~—P-O EtN

o

Scheme 3.3: Synthesis of H-phosphonate 3.19
3.3 AGA

3.3.1 Optimization of coupling conditions

With building blocks 3.3, 3.4, 3.5 and 3.7 in hand, the optimization process started to find the
appropriate conditions for assembling large structures. This optimization was tested in the context
of mono-, di- and trisaccharide fragments, aiming to achieve complete conversion with maximum
stereoselectivity in each glycosylation cycle (Table 2.1). Analytical HPLC chromatograms
(complemented with MALDI data) were used as the main tools for a qualitative optimization of
the reaction conditions during AGA. A typical AGA process consists of acidic wash,
glycosylation, capping to mask unreacted acceptor and deprotection of a temporary protecting
group to unmask the nucleophile for the subsequent glycosylation. First, the photocleavable
aminopentanol linker immobilized on polystyrene resin 3.2 was placed in the reaction vessel of
AGA to synthesize monosaccharide. Six equivalents of thioglycoside donors were used for
coupling using NIS and TfOH as an activator at an incubation temperature of -20 °C for 20
minutes, followed by warming up to 0 °C, and maintained for 20 minutes. Acid catalyzed capping
was performed with a solution of methanesulfonic acid and acetic anhydride. Fmoc was cleaved
using 20% piperidine in DMF. The micro cleavage of a few beads of resin by light gave the crude
sample, which was then analyzed by HPLC and MALDI mass spectrometry, confirming the clean
monosaccharide synthesis (Scheme 3.4).

o
@ FmocO
Fmoco—, {BZ BEOO 2
/O BnO 0 ~ =N

HO BnO AGA 0

3.2 3.7 SEt 320 QD

Scheme 3.4: AGA of 3.20. Conditions for AGA: (1) For coupling step: a) Acidic wash: TMSOTf
in DCM; b) Glycosylation: six equiv. of 3.7 and NIS, TfOH in DCM/dioxane, -20 °C (20 min) —
0 °C (20 Min.); c) Capping: Ac20, MsOH in DCM; d) Deprotection: Fmoc removal 20% piperidine
in DMF at 25 °C.

After the AGA process, by having the monosaccharide 3.20 on the solid support, we moved to
explore the reaction conditions for synthesis challenging phosphodiester linkage on a solid support.
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Table 3.2: Optimization of H-phosphonate coupling conditions

1. 20% piperidine in DMF Ho— ©H

2.3.19, PivCl, Py, rt HO o)
I, (5 equiv), Py/H,0(9:1), 1t, 2h  HO o
3.20 3. 5% NaOMe (0.5 M) in THF, 6h o-P o— OH
T 4wy o HOS 2
5. H,, Pd/C H\S
EtOAG/t-BUOH/H,0 3.2 0 NH,
Entry PivCl H-phosphonate(3.21)  Time Yield
(equiv.) (equiv.) (h) (%)
1 2 3 2
2 2 5 5
3 5 5 5 5
4 4 5 5 12
5 10 5 5 26
6 12 5 5 20

Initially, the screening started with glycosylated resin 3.20 by treating with two equiv. of PivCl
and three equiv. of H-phosphonate followed by oxidation using iodine (Table 3.2, entry 1).12° After
the reaction, a few beads of resin were subjected to UV cleavage and obtained crude did not show
any desired mass in Q-tof mass spectrometry. Then I increased the H-phosphonate amount to five
equiv. and again, no mass corresponding to desired mass was observed (Table 3.2, entry 2). To
facilitate the reaction between H-phosphonate and glycosylated resin, the amount of pivCl was
increased to five equiv. and this condition showed the desired mass (Table 3.2, entry 3).
Debenzoylation using 5% NaOMe in THF provided resin-bound dihydroxy compound.
Photocleavage followed by hydrogenation provided deprotected disaccharide having
phosphodiester linkage in 5% vyield. After systematic optimization of H-phosphate coupling
reaction conditions, the desired disaccharide 2.21 was obtained in 26% yield using 10 equiv. of
PivCl and 5 equiv. of H-phosphonate (Table 3.2, entry 5). Using this optimized condition,
trisaccharide 3.23 and tetrasaccharide 3.25 were synthesized.
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Scheme 3.5: Synthesis of oligosaccharides 3.23 and 3.25

3.3.2 Synthesis of oligosaccharide 3.28

After optimizing reaction conditions for H-phosphonate coupling using a monosaccharide, |
started the synthesis of C. auris KCTC 17810 mannan with the synthesis of intermediate 7-mer.
The synthesis began with four differentially protected thioglycoside (3.3, 3.4 and 3.7) and
phosphate (3.5) donors in AGA using conjugate ready photolabile linker. Thioglycoside donor
building blocks were activated by NIS, TfOH and phosphate donor 3.5 by TMSOTf. Fmoc and
Lev groups were cleaved using piperidine and hydrazine acetate, respectively. The synthesis was
monitored by microcleavage followed by HPLC and MALDI, confirming the clean synthesis at

the 7-mer stage.
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3.2,3.3,34,3.5,3.7

(EI66)
AGA @

BRO OBz
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BnO
Bno— © Bro— o7
BnO 0 BnO o]
BnO BnO
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o (0] o BzO 0 (0] o
BnO O 0] 0] O~ 3
BnO 0OBn BnO OBn BnO OBn BnO OBn

E]
— 5 2201

Crude HPLC trace of 3.26 (280 nm)

Scheme 3.6: AGA of 7-mer 3.22. Conditions for AGA: (1) For each coupling step: a) Acidic wash:
TMSOTf in DCM; b) Glycosylation: six equiv. of 3.3 or 3.4 or 3.7 and NIS, TfOH in
DCM/dioxane, -20 °C (20 min) — 0 °C (20 Min) or eight equiv. of 3.5 and TMSOTf in DCM, -
35 °C (10 min) — -10 °C (30 Min.); c) Capping: Ac20, MsOH in DCM; d) Deprotection: Fmoc
removal 20% piperidine in DMF at 25 °C; Lev removal 0.15 M NH2NHz-AcOH in py/AcOH/H20
for 3 x 30 min at 35 °C. (2) UV cleavage.

After establishing a clean synthesis of 7-mer, the synthesis of the 12-mer was continued with
deprotection of Lev in 3.26, followed by sequential glycosylations with four different building

blocks (3.3, 3.4, 3.6, and 3.6). At the 12-mer stage, the synthesis was confirmed again with the
crude product which was analyzed by HPLC and MALDI.
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Scheme 3.7: AGA of 13-mer 3.23. Conditions for AGA: (1) For each coupling step: a) Acidic
wash: TMSOTf in DCM; b) Glycosylation: six equiv. of 3.3 or 3.4 or 3.6 and NIS, TfOH in
DCM/dioxane, -20 °C (20 min) — 0 °C (20 Min.) or eight equiv. of 3.5b and TMSOTf in DCM,
-35 °C (10 min) — -10 °C (30 Min.); ¢) Capping: Ac20, MsOH in DCM; d) Deprotection: Fmoc
removal 20% piperidine in DMF at 25 °C; Lev removal 0.15 M NH2NHz:-AcOH in py/AcOH/H20
for 3 x 30 min. at 35 °C. (2) UV cleavage.

After synthesizing resin bound 12-mer, Fmoc was deprotected and subjected to the H-phosphonate

coupling using the optimized protocol to get compound 3.28. The phosphodiester linkage
formation was confirmed by Q-tof.
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Scheme 3.8: Synthesis of protected C. auris KCTC 17810 3.28
3.4 Synthesis of oligosaccharides 3.29, 3.30, 3.31 and 3.32

For the synthesis of oligosaccharides (Figure 3.6) comprising difficult p-1,2-mannosidic and
phosphodiester linkages resembling C. auris, solution phase strategy was used to have good
control over selectivity. The synthesis of 1,2-cis glycosides in the mannosyl series represents one
of the biggest challenges in carbohydrate chemistry till now. There are many efforts have been
made to tackle this issue. However, only the Crich method showed some reasonable outcomes
regarding selectivity. For instance, when a thioglycoside is treated with 1-benzenesulfinyl
piperidine (BSP), 2,4,6-tri-tert-butylpyrimidine (TTBP) and trifluoromethanesulfonic anhydride
(Tf,0) it form o-triflate 3.33a (Figure 3.5) because of a strong endo-anomeric effect.!?®
Subsequent addition of nucleophilic acceptor via direct Sn2 type displacement of a-triflate will
lead to the desired B-mannosidic linkage. The limitation of this method is 4,6-O-benzylidene acetal
of the donor is must to get the high B-selectivity.

OBn OBn
TTBP
BnO _TTBP &% — -~ BnO OR

3.33  SEt 3.33a OTf 3.33b
Figure 3.5. Introduction of 3-mannosidic linkages by in situ formation of an a-triflate.

Target oligosaccharides (Figure 3.6 b) have a-1,2, and 3-1,2-linked mannopyranose residue along
with phospho-linkage. Three building blocks 3.19, 3.38 and 3.33, were required and a linear
synthetic strategy was used.
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Figure 3.6. a) Structure of C. auris mannans; b) Structure of synthetic mannans resembling C.
auris

Glycosylation*?” of 3.33 with aminopentyl linker 3.34 using BSP, TTBP and triflic anhydride
provided exclusively p-linked (confirmed by coupled HSQC NMR) fully protected
monosaccharide 3.35 in 84% vyield. The benzylidene ring in monosaccharide 3.35 was opened
using dichlorophenyl borane and TMSOTT to yield 79% the 6-OH containing 3.36 (Scheme 3.9).
Coupling of H-phosphonate 3.19 and monosaccharide 3.36 using pivaloyl chloride as a coupling
reagent, I./H>0 assisted the oxidation of the newly formed H-phosphonate diester in disaccharide
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followed by global deprotection?® provided phosphate diester disaccharide 3.29. The
stereochemistry of newly formed linkage was confirmed by coupled HSQC NMR.

HO_ _NBnCbz 3.34
OBn hvA OBn OBn

Ph—X:0 HO
0 0 BSPTTBP, THhO Ph~ X0 o PhBCl,, TMSOT! _ g1 o
BnO 0 04, NCbzBh——=———— Bn O\H,NCszn
DCM, -60 to -70 °C, 3 h BnO %\%’5 BnO .

DCM, -78 °C, 30 min.

3.33 SEt 84% 3.35 79% 3.36
_ Hy, Pd/C,
1. 3&12,§|VCI, Py, 15/H,O EtOAc/t-BuOH/H,0
» rt, 24 h

2. ’\:HZNHzfA;ﬁOHv DCM HO Og 67% over 3 steps

rt, overnig HS&L/O\H,NHz
3. Hy, Pd/C, 3.56 5

EtOAc/t-BuOH/H,0 :

rt, 24 h

35% over 3 steps

Scheme 3.9: Synthesis of phosphodiester linked disaccharide 3.29

Glycosylation of D-thiomannoside!?® 3.38 donor with aminopentyl linker 3.34 promoted
by NIS/TfOH afforded desired a-linked glycoside 3.39 with 85% yield (Scheme 3.10). This
linker is placed in anticipation of the conjugation to a carrier protein or a microarraysurface.
Benzoyl ester cleavage using sodium methoxide gave differentially protected
monosaccharide 3.40. The synthesis of the B-(1—2)-linked disaccharide?® 3.41 began with
the activation of thioglycoside 3.33 by the addition of 1-benzene-sulfonyl piperidine (BSP),
2,4,6-tri-tert-butylpyrimidine (TTBP) and triflic anhydride (Tf.O) at -60 °C followed by
addition of acceptor 3.40 at -70 °C to get exclusively fully protected B-(1—2)-linked
mannan 3.41.

Bho— 87 HOWNB”C*’Z 334 o o OBz Bno— OH 3.33, BSP,TTBP
Bgoo/&g 5 10 o) NaOMe Bgo&g 1,0
n n > n -
NIS, TMSOTf ,DCM DCM/MeOH, 0 °C DCM, -60 to°-70 c
Et " 20°C. 20 min. Oy NCbzBn 3, 95% . 4OO\H/NCszn 3 h, 80%
3.38 85% 339 s : 5
OBn
Ph—X-0 o HO OBn HO OH
BrO 0 B”Oﬁ/o Hoﬁ/o
BnO PhBCl,, TMsOTf  B"O™ Ha, Pd/C o>
o)
BnOS DCM, 78 °C, 30 min. B0~ 0 EtOAC/t-BUOH/H,0 HO 0
o Nebsmn % n rt, 24 h HO
“=n Oy NCbzBn  70% 343 Oy, NH
3.41 \H}, 342 \H/S e NH2

5

1. 3.19, PivCl, Py, I5/H,0O
rt, 6 h

2. NH,NH,*AcOH, DCM
rt, overnight

3. H,, Pd/C,
EtOAc/t-BuOH/H,0
rt, 24 h
27% over 3 steps

Scheme 3.10: Synthesis of phosphodiester linked trisaccharide 3.30
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For the synthesis of trisaccharide 3.30, the benzylidene ring was opened in disaccharide 3.41 to
obtain disaccharide 3.42 in 86% yield. The coupling of H-phosphonate 3.19 with disaccharide
3.42, followed by oxidation using I2/H.O and global deprotection, provided trisaccharide 3.30
containing a phosphodiester linkage in 27% vyield over three steps. For the synthesis of
trisaccharide 3.43, hydrogenation was performed on protected trisaccharide 3.42.

For the synthesis of tetrasaccharide 3.31, monosaccharide acceptor 3.40 was glycosylated
with donor 3.38 using NIS and TfOH, followed by methanolysis afforded disaccharide
acceptor 3.45. Disaccharide acceptor 3.45 was glycosylated with building block 3.33 using
BSP, TTBP, and triflic anhydride to afford B-(1—2)-linked trisaccharide 3.46 in 84% yield
(Scheme 3.11). Benzylidene ring opening in trisaccharide 3.46 using dichlorophenyl borane and
TMSOTT provided trisaccharide 3.47 with 92% yield. The reaction of H-phosphonate 3.19 with
trisaccharide 3.47, oxidation of the newly formed H-phosphonate diester followed by global
deprotection provided tetrasaccharide 3.31 in 29% yield over three steps.

1. 3.38, NIS, TfOH OH

BnO— OH DCM, 20 °C, 20 min. 20 b O\ o
BRO 0 98% Bano 2 HO

BnO 2. NaOMe,DCM/MeOH BO EtOAG/t-BuOH/H,0 Ho O

0°C, 3 h, 93% n rt, 12 h
O\H/ NCbzBn ° BnO . HO 0
5 BnO 64% HO
3.40
3.45 oﬂ, NCbzBn 3.54 O\H,NHZ

5

DCM, -60to -70 °C, 3 h

3.33, BSP,TTBP, Tf,0
84%
O

OH n OBn
HO 0 BnO e}

HO BnO
HO BnO BnO
H,, Pd/C
o o ) o PhBCl,, TMSOTf Bro 0
HO EtOAC/t-BUOH/H,0 BnO DCM, -78 °C, 30 min. BnO
0,
Ho O %02/4 h B0 92% Brno— ©
HO 0 o BnO BnO O
HO BnO BnO

Oy NH; NCbZBn Oy NCbzBn
3.48 \H/S 3.47 \H/S

1. 3.19, PivCl, Py, I,/H,0O
rt, 6 h

2. NH;NH,*AcOH, DCM
rt, overnight

3. Hy, Pd/C,
EtOAc/t-BuOH/H,0
rt, 24 h
29% over 3 steps

3.31

Scheme 3.11: Synthesis of phosphodiester linked tetrasaccharide 3.31
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Synthesis of pentasaccharide 3.32 began with the union of disaccharide 3.45 with donor
3.38 using NIS/TfOH, followed by debenzoylation using sodium methoxide provided
protected trisaccharide 3.50 (Scheme 3.12). Trisaccharide 3.50 was glycosylated with
thioglycoside donor 3.33 to give protected tetrasaccharide 3.51 in 87% yield. Benzylidene
ring opening, H-phosphonate coupling followed by global deprotection provide
pentasaccharide 3.32.

BnO OH HO OH
OH BnO HO 0
BnO o 1.3.38, NIS, TfOH BnO HO
BnOS DCM, -20°C,20min. o O o
89% o o H,, Pd/C, HO 5
o) HO
BB(”)O o 2. NaOMe, DCM/MeOH ~ BNO EtOAc/t-BuOH/H,0 H&R
n o 0,
18 0°C, 3 h, 98% Bro— © rt, 12 h, 72% o O
Oy NCbzBn BnoS ° HO o}
HO
(0] NCbzBn
3.45 350 & 355 OyyNH:

5 5

3.33, BSP,TTBP, Tf,0

DCM, -60to -70 °C, 3 h
87%

OBn OBn

Ph—\-0
Ho— Q" O&R/O BnO
&Q/o BnO BnO

HO
HO BnO BnO
HO BnO & BnO
HO O BnO BnO
"o o H,, Pd/C BnO PhBCl,, TMSOTf
BnO

HO & EtOAG/t-BUOH/H,0 Bn&g DCM, -78 *C, 30 min. &R
rt, 24 h 93%

BnO BnO
HO Q 61% BnO BnO
HO 0 BnO BnO
HO

NCszn NCszn

3.53 5 3.51

1. 3.19, PivCl, Py, I5/H,O
rt, 6 h

2. NH,NH,*AcOH, DCM
rt, overnight

3. Hy, Pd/C,
EtOAc/t-BuOH/H,O
rt, 24 h
32% over 3 steps

3.32

Scheme 3.12: Synthesis of phosphodiester linked pentasaccharide 3.32

3.5 Glycan microarray screening

Glycan microarrays are useful tools for screening plasma samples in order to identify minimal
glycan epitopes.'® Synthetic glycans 3.29-3.32, 3.43, 3.48, 3.53, 3.54, 3.55 and 33.56 were
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immobilized in triplicates on glass slides to detect antibody binding to the glycans in plasma

samples derived from mice three days after infection.
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Figure 3.7 Glycan microarray analysis of Candida auris mannans. (A) Printing pattern of glycan
microarray. (B) Exemplary binding pattern of mice plasma to immobilized synthetic glycans. (C)
Mean Fluorescence Intensity of IgM antibody binding to synthetic glycans. A plasma dilution of
1:50 was used. Values represent mean £ SEM. Differences were tested for significance using one-
way ANOVA followed by Tukey’s post hoc test with (¥***) p < 0.0001. (Glycan microarray
screening was performed by Emelie E. Reuber)
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IgM antibodies from infected mice specifically bound to structures 3.43, 3.48, 3.53 and 3.56. All
these synthetic glycans contain the B-(1—2)-linked mannan. Five of six animals produced
antibodies to disaccharide 3.43 that emerged as a vaccine lead for incorporation into a
glycoconjugate. No IgM antibodies were detected against glycans 3.29-3.32 possibly be due to
shielding of the phosphodiester linker. Since antibodies against the synthetic glycans were detected
already after three days of infection, oligosaccharides 3.43, 3.48, 3.53 and 3.56 serve for early
detection of infection.

3.6 Conclusion and Outlook

This chapter describes the synthesis of phosphodiester linked glycans on solid support by AGA.
We identified the diphenyl phosphite as an effective reagent to synthesize an anomerically pure
H-phosphonate building block which is then utilized in the first solid phase synthesis of
oligosaccharides having phosphodiester linkage. | extended this methodology to the synthesis of
C. auris KCTC17810 mannans and successfully synthesized protected mannans 3.28. The global
deprotection will provide C. auris KCTC 17810.

In addition, | also synthesized the mannans, comprised of -1,2-, and phosphodiester linkage
resembling C. auris mannans. The challenging phosphodiester linkage was synthesized using H-
phosphonate building block 3.19. Glycan array analysis of plasma from mice infected with C.
auris. for three days were screened for antibodies to the synthetic glycans. Disaccharide 3.43 is
recognized by IgM and appears to be a promising vaccine lead for further development of a
glycoconjugate vaccine candidate.
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3.6 Experimental Section

3.6.1 General information

All the glassware were dried in the oven prior to reaction. Commercial grade solvents and reagents
were used without further purification. Reactions sensitive to moisture were carried out under an
atmosphere of nitrogen. Sodium iodide (Nal) used in the reaction was dried at 80 °C under vacuum,
sugar building blocks indicated as commercially available were purchased from GlycoUniverse
GmbH. Anhydrous solvents were obtained from a solvent drying system (JCMeyer) or dried
according to reported procedures. Analytical TLC was performed on Kieselgel 60 Fass glass
(Macherey-Nagel). Spots were visualized with UV light (A: 254 nm), sulphuric acid stain [1 mL
of 3-methoxyphenol in 1 L of EtOH and 30 mL H2SO4] orceric ammonium molybdate stain [0.5
g Ce(NH4)4(S04)422H20, 12 g (NH4)sM07024°4H20 and 15 mL H2SO4 in 235 mL H20]. Flash
chromatography was performed on Kieselgel 60 230-400 mesh (Sigma-Aldrich). Preparative
HPLC purifications were performed with an Agilent 1200 Series or Agilent 1260 Infinity 11. NMR
spectra were recorded on a Varian 400 MHz spectrometer (Agilent), Ascend 400 MHz (cryoprobe,
Bruker), Ascend 700 MHz (cryoprobe, Bruker) or Varian 600 MHz (Agilent) at 25 °C unless
indicated otherwise. Chemical shifts (8) are reported in parts per million (ppm) relative to the
respective residual solvent peaks (CHCls: & 7.26 in H and 77.16 in *C; HDO & 4.79 in H).
Bidimensional and non-decoupled experiments were performed to assign identities of peaks
showing relevant structural features. The following abbreviations are used to indicate peak
multiplicities: s (singlet), d (doublet) dd (doublet of doublets), t (triplet), dt (doublet of triplets), td
(triplet of doublets), q (quartet), p (pentet), m (multiplet). Additional descriptors b (broad signal)
and app (apparent first-order multiplet) are also employed when required. Coupling constants (J)
are reported in Hertz (Hz). NMR spectra were processed using MestreNova 14.1 (MestreLab
Research).High-resolution mass spectra (ESI-HRMS) were recorded with a Xevo G2-XS Q-Tof
(Waters).
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3.7.2 Experimental procedure and spectral data
Ethyl 2-O-(2-napthylmethyl)-3-O-benzyl-1-thio-a-p-mannopyranoside (3.10)

ONap ONa
Ph—~0 o EtSH, CSA HO ° p
BO DCM/MeOH, rt, overnight HO
nO 94% BnO

SEt SEt
3.9 3.10

To a solution of compound 3.9 (2.2 g, 4.05 mmol) in DCM/MeOH (99:1, v/v) (20 mL), was added
ethanethiol (1.46 mL, 20.25 mmol) and CSA (188 mg, 0.81 mmol). After stirring at room
temperature overnight, the mixture was quenched with EtsN and concentrated in vacuo. The
residue was purified by silica gel column chromatography using 30% ethyl acetate in hexanes to
give diol 3.10 (1.73 g, 94%). *H NMR (400 MHz, CDCl3) & 7.86 — 7.74 (m, 4H), 7.54 — 7.43 (m,
3H), 7.29 (dtd, J = 13.2, 5.3, 2.6 Hz, 5H), 5.40 (d, J = 1.4 Hz, 1H), 4.88 — 4.68 (m, 2H), 4.63 —
4.37 (m, 2H), 4.14 (t, J = 9.6 Hz, 1H), 4.05 - 3.96 (m, 1H), 3.93 - 3.83 (m, 3H), 3.68 (dd, J = 9.4,
3.0 Hz, 1H), 2.59 (dd, J = 11.2, 7.4 Hz, 2H), 1.24 (t, J = 7.4 Hz, 3H). **C NMR (101 MHz, CDCls)
0 137.8, 135.4, 133.3, 133.1, 128.6, 128.4, 128.1, 128.0, 127.8, 126.8, 126.3, 126.1, 126.0, 82.3,
79.9,775,77.2,76.8,75.8,72.6, 72.4, 71.9, 67.5, 62.8, 25.5, 14.9. HR-ESI-MS (m/z): calculated
for C26H300sSNa [M+Na]": 477.1712, found: 477.1710

Ethyl 2-O-(2-napthylmethyl)-3,4,6-tri-O-benzyl-1-thio-a- b-mannopyranoside (3.11)

HO ONap BnO ONap
HO 0 BnBr, NaH BnO 0
BnO DMF, 0°C,3h BnO

SEt 91% SEt
3.10 3.11

To a cooled solution of 3.10 (1.73 g, 3.8 mmol) in DMF (15 mL) at 0 °C were added benzyl
bromide (1.35 mL, 11.4 mmol) and NaH (60% disp.) (425 mg, 10.64 mmol). After stirring for
10 h, the mixture was neutralized with H>O and added EtOAc. The organic layer was washed with
H>O for five times and brine, dried over Na;SO4 and concentrated in vacuo. The residue was
purified by silica column chromatography using 8% ethyl acetate in hexanes to yield the desired
compound 3.11 (2.19 g, 91%). *H NMR (400 MHz, CDCl3) § 7.90 — 7.76 (m, 4H), 7.58 (dd, J =
8.4, 1.6 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.44 — 7.29 (m, 13H), 7.23 (dd, J = 7.4, 2.2 Hz, 2H), 5.51
(d, J = 1.5 Hz, 1H), 4.99 — 4.85 (m, 3H), 4.74 (d, J = 12.1 Hz, 1H), 4.68 — 4.61 (m, 2H), 4.61 —
4.55 (m, 2H), 4.24 — 4.17 (m, 1H), 4.13 (t, J = 9.4 Hz, 1H), 3.97 — 3.85 (m, 3H), 3.78 (dd, J = 10.9,
1.9 Hz, 1H), 2.75 — 2.53 (m, 2H), 1.28 (t, J = 7.4 Hz, 3H). 1*C NMR (101 MHz, CDCl3) & 138.6,
138.5, 138.4, 135.7, 133.3, 133.1, 128.5, 128.4, 128.4, 128.3, 128.1, 127.9, 127.8, 127.7, 127.7,
127.6, 126.8, 126.2, 126.1, 126.0, 82.0, 80.5, 77.5, 77.2, 76.8, 76.4, 75.2, 75.2, 73.4, 72.2, 72.2,
72.1,69.3, 25.4, 15.1. HR-ESI-MS (m/z): calculated for C40H420sSNa [M+Na]*: 657.2651, found:
657.2641.

Ethyl 2-O-(2-napthylmethyl)-3,4,6-tri-O-benzyl-1-thio-a- b-mannopyranoside (3.12)
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BnO— ONap OH

BnO
B0 o  DDQ, DCM/H,0 Bno&g
BnO 0°C,4h BnO

SEt 76% SEt
3.1 3.12

To the solution of 3.11 (1.6 g, 2.52 mmol) in 15 mL DCM/H;0 (7:1) at 0 °C added DDQ (743 mg,
3.28 mmol) and stirred the reaction mixtuture for 5 h. After completion of reaction, excess DDQ
was quenched by addition of saturated sodium thiosulphate, extracted the organic phase using
DCM and combined layers were dried on the Na.SOs. The organic phase was evaporated in
vacuum and crude was purified by silica gel column chromatography (10 % ethyl acetate in
hexanes) to get the desired compound 3.12 (0.94 g, 76 %). *H NMR (400 MHz, CDCl3) § 7.29 —
7.17 (m, 13H), 7.10 (dd, J = 7.3, 2.1 Hz, 2H), 5.32 (d, J = 1.5 Hz, 1H), 4.74 (d, J = 10.8 Hz, 1H),
4.60 (d, J = 1.0 Hz, 2H), 4.57 (s, 1H), 4.47 — 4.39 (m, 2H), 4.14 — 4.05 (m, 1H), 4.02 (dd, J = 3.2,
1.5 Hz, 1H), 3.87 — 3.67 (m, 3H), 3.61 (dd, J = 10.8, 2.0 Hz, 1H), 2.65 - 2.42 (m, 2H), 1.20 (t, J =
7.4 Hz, 3H). 3C NMR (101 MHz, CDClz) 5 138.4, 138.3, 137.8, 128.7, 128.5, 128.4, 128.2, 128.1,
128.0, 128.0, 127.8, 127.7, 83.4, 80.6, 77.5, 77.2, 76.8, 75.3, 74.6, 73.5, 72.2, 71.5, 70.0, 68.9,
25.0, 15.0. HR-ESI-MS (m/z): calculated for C29H340sSNa [M+Na]*: 517.2025, found: 517.2019.

Ethyl 2-O-levulinoyl-3,4,6-tri-O-benzyl-1-thio-a- b-mannopyranoside (3.13)

BnO OH LevOH, EDC-HCI BnO OLev
BnO DCM, rt, overnight BnO
SEt 86% SEt
3.12 3.13

To a solution of compound 3.12 (2.0 g, 4.04 mmol) in DCM (20 mL) were added 4-
dimethylaminopyridine (98 mg, 0.81 mmol), levulinic acid (617 pL, 6.06 mmol) and EDC<HCI
(1.16 g, 6.06 mmol). The mixture was stirred overnight at room temperature, washed with saturated
aqueous NaHCOs and brine, the organic layer was dried over Na2SOg, filtered and concentrated.
The residue was purified by silica gel column chromatography using 30% ethyl acetate in hexanes
to afford compound 3.13 (2.06 g, 86%) as a white solid. *H NMR (400 MHz, CDCl3) § 7.39 —7.29
(m, 14H), 7.20 (dd, J = 7.3, 2.1 Hz, 2H), 5.46 (t, J = 2.1 Hz, 1H), 5.33 (d, J = 1.5 Hz, 1H), 4.88
(d, J =10.8 Hz, 1H), 4.70 (dd, J = 11.6, 3.8 Hz, 2H), 4.57 — 4.48 (m, 3H), 4.24 — 4.15 (m, 1H),
3.98 —3.90 (m, 2H), 3.86 (dd, J =10.8, 4.2 Hz, 1H), 3.71 (dd, J = 10.8, 2.0 Hz, 1H), 2.81 - 2.71
(m, 4H), 2.72 — 2.53 (m, 2H), 2.17 (s, 3H), 1.30 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls)
0 206.5, 172.1, 138.5, 138.3, 137.9, 128.5, 128.4, 128.3, 128.0, 127.9, 127.8, 127.7, 82.4, 78.6,
77.5,77.2,76.8,75.3, 74.6, 73.5, 71.9, 71.8, 70.8, 68.9, 38.1, 29.9, 28.3, 25.6, 15.0. HR-ESI-MS
(m/z): calculated for C3sH4007SNa [M+Na]": 615.2392, found: 615.2380.

Ethyl 2-O-benzoyl-4-O-benzyl-3-O-(2-napthylmethyl)-1-thio-a- b-mannopyranoside (3.15)

OH OBz
PhY 0\ Tg 1.BzCl Py o\ |0
NapO 0 °C, overnight ~ NapO
SEt 2 BHyTHF, TMSOTY SEt
3.14 0°C,6h 3.15

96% over 2 steps
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To the solution of 3.14 (4.05 g, 8.89 mmol) in anhydrous DCM (40 mL), EtsN (1.36 mL, 9.78
mmol) and BzClI (1.24 mL, 10.67 mmol) were added and the mixture was stirred at 0 °C overnight.
After the completion of reaction, the solution was diluted with DCM (10 mL) and the organic layer
was saturated aqueous NaHCOgz and brine. The organic was dried over Na>SO4, filtered and
concentrated. The crude was passed through short bed of silica gel, concentrated and co-evaporated
with toluene. The crude was dissolved in the solution of 1 M BH3-THF (45 mL) at 0 °C and was
added TMSOTT (0.325 mL, 1.79 mmol) and stirred the reaction mixtuture for 6 h. After completion
of reaction, saturated aqueous solution of NaHCO3 was added at 0 °C, extracted the organic phase
using ethyl acetate and combined layer was dried on the Na,SOs. The organic phase was
evaporated in vacuum and crude was purified by silica gel column chromatography (20 % ethyl
acetate in hexanes) to get the desired compound 3.15 (4.8 g, 96 %). *H NMR (400 MHz, CDCls)
5 8.11 (dd, J =8.2, 1.4 Hz, 2H), 7.82 — 7.76 (m, 1H), 7.75 - 7.72 (m, 2H), 7.68 — 7.64 (m, 1H),
7.63—7.59 (m, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.46 — 7.40 (m, 3H), 7.31 (dq, J = 5.9, 4.4 Hz, 5H),
5.75 (dd, J = 2.9, 1.7 Hz, 1H), 5.41 (d, J = 1.7 Hz, 1H), 4.94 (dd, J = 23.4, 11.2 Hz, 2H), 4.72 (dd,
J=18.4, 11.3 Hz, 2H), 4.11 (dt, J = 9.0, 3.2 Hz, 2H), 4.08 — 4.03 (m, 1H), 3.87 (q, J = 3.4 Hz,
2H), 2.71 — 2,57 (m, 2H), 1.29 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) & 165.8, 138.3,
135.3, 133.5, 133.4, 133.1, 130.1, 130.0, 128.7, 128.6, 128.2, 128.2, 128.1, 127.9, 127.8, 127.0,
126.1, 126.1, 126.0, 82.7, 78.7, 77.4,77.2, 76.9, 75.4, 74.3, 72.4, 71.7, 71.1, 62.2, 25.8, 15.0.

Ethyl 2-0O-benzoyl-4,6-di-O-benzyl-3-0O-(2-napthylmethyl)-1-thio-a-pD-mannopyranoside
(3.16)

Ho— OBz  1.HMDS, TMSOTY, 1t 3h Bno—, 0BZ
BnO o 2. PhCHO, 4A MS, rt, 2 h BnO 0
NapO NapO

3. Et3SiH, TMSOTf, -20 °C, 4 h SEt
SEt 84%
3.15 3.16

To the stirring solution of 3.15 (1.0 g, 1.79 mmol) in DCM was added TMSOTf (64 uL, 0.36
mmol) and HMDS (0.94 mL, 4.47 mmol). After stirring for 3 h, solvent was evaporated in vacuo
followed by addition of DCM, benzaldehyde (0.77 mL, 4.47 mmol) and molecular sieves (4 A).
The mixture was allowed to stir at room temperature for 2 h then cooled to -78 °C, and TMSOTF
(97 uL, 0.54 mmol) and triethylsilane were added. After the system had been stirred for 4 h,
triethyllamine was added, and the mixture was allowed to warm gradually to room temperature.
The mixture was filtered through Celite, the filtrate was diluted with ethyl acetate and washed with
saturated aqueous NaHCO3z and brine. the organic layer was dried over Na>SOs, filtered and
concentrated. The residue was purified by silica gel column chromatography using 10% ethyl
acetate in hexanes to afford compound 3.16 (925 mg, 84%) as a white solid. *H NMR (400 MHz,
CDCl3) 6 8.02 (dd, J = 8.3, 1.4 Hz, 2H), 7.73 — 7.68 (m, 1H), 7.68 — 7.63 (m, 2H), 7.59 — 7.54 (m,
1H), 7.49 (s, OH), 7.37 — 7.32 (m, 3H), 7.32 — 7.28 (m, 4H), 7.27 — 7.21 (m, 2H), 7.21 — 7.18 (m,
3H), 7.13 —7.09 (m, 2H), 5.70 (dd, J = 3.1, 1.8 Hz, 1H), 5.38 (d, J = 1.7 Hz, 1H), 4.89 — 4.80 (m,
2H), 4.65 (dd, J = 14.1, 11.7 Hz, 2H), 4.47 (dd, J = 20.3, 11.4 Hz, 2H), 4.16 (ddd, J = 9.8, 3.7, 1.8
Hz, 1H), 4.09 (t, J = 9.5 Hz, 1H), 4.01 (dd, J = 9.2, 3.1 Hz, 1H), 3.86 (dd, J = 10.8, 3.8 Hz, 1H),
3.69 (dd, J=10.8, 1.9 Hz, 1H), 2.66 — 2.50 (m, 2H), 1.22 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz,
CDClI3) 6 165.9, 138.5, 135.4,133.4, 133.3, 133.1, 130.1, 130.1, 128.6, 128.5, 128.5, 128.2, 128.1,
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128.0,127.8,127.7,127.6,127.0, 126.2,126.1, 125.9, 82.7, 78.8, 75.4, 74.6, 73.6, 72.1, 71.7, 71.0,
69.1, 25.8, 15.1.

Ethyl 2-O-benzoyl-4,6-di-O-benzyl-1-thio-a- b-mannopyranoside (3.17)

BnO OBz BnO OBz
BnO O  DDQ,DCM/H,0 BnO O
NapO > HO

0°C,4h
SEt 73% SEt
3.16 3.17

To the solution of 3.16 (600 mg, 1.1 mmol) in 8 mL DCM/H-0 (7:1) at 0 °C added DDQ (367 mg,
1.62 mmol) and stirred the reaction mixtuture for 4 h. After completion of reaction, excess DDQ
was quenched by addition of saturated sodium thiosulphate, extracted the organic phase using
DCM and combined layers were dried on the Na,SO4. The organic phase was evaporated in
vacuum and crude was purified by silica gel column chromatography (20% ethyl acetate in
hexanes) to get the desired compound 3.17 (402 mg, 73 %).H NMR (600 MHz, CDCl3) § 8.07 —
8.01 (m, 2H), 7.60 — 7.54 (m, 1H), 7.41 — 7.37 (m, 4H), 7.36 — 7.28 (m, 5H), 7.28 — 7.24 (m, 3H),
5.47 -5.42 (m, 2H), 4.77 (dd, J = 19.6, 11.5 Hz, 2H), 4.65 (d, J = 11.1 Hz, 1H), 4.54 (d, J =11.9
Hz, 1H), 4.23 — 4.15 (m, 2H), 4.05 (t, J = 9.5 Hz, 1H), 3.94 (dd, J = 11.0, 3.7 Hz, 1H), 3.77 (dd, J
=10.9, 1.9 Hz, 1H), 2.73 — 2.57 (m, 2H), 2.17 — 2.12 (m, 1H), 1.29 (t, J = 7.4 Hz, 3H). 3C NMR
(151 MHz, CDCI3) 6 166.2, 138.4, 138.3, 133.4, 130.0, 129.9, 128.7, 128.6, 128.5, 128.2, 128.1,
127.7,127.7,82.5,77.4,77.2,76.9, 76.1, 75.0, 74.8, 73.6, 71.9, 71.4, 69.1, 25.8, 15.1.

Ethyl 2-O-benzoyl-4,6-di-O-benzyl-3-fluorenylmethoxycarbonyl-1-thio-o-D-
mannopyranoside (3.6)
BnO OBz BnO OBz
Bno&g FmocCl, Py Bno&g
HO ———> FmocO
DCM, rt, overnight
317 SE 74% 36 o0

To the solution of 3.17 (300 mg, 0.59 mmol) and pyridine (1 mL) in anhydrous DCM (6 mL),
FmocCl (213 mg, 0.83 mmol) was added and the mixture was stirred at room temperature
overnight. After the completion of reaction, the solution was diluted with DCM (10 mL) and the
organic layer was washed with 10% citric acid, saturated aqueous NaHCO3 and brine. The organic
was dried over Na,SO4, filtered and concentrated. The crude product was purified by silica gel
column chromatography (10% ethyl acetate in hexanes) to give 3.6 as a white solid (319 mg, 74%).
'H NMR (600 MHz, CDCls) & 8.04 — 7.99 (m, 2H), 7.66 (ddt, J = 7.6, 3.1, 0.9 Hz, 2H), 7.56 —
7.50 (m, 1H), 7.46 (ddd, J=7.6, 3.4, 1.0 Hz, 2H), 7.37 — 7.31 (m, 4H), 7.31 - 7.23 (m, 5H), 7.20
—7.17 (m, 3H), 7.16 (ddt, J = 7.6, 4.9, 3.2 Hz, 3H), 7.08 (dd, J = 7.5, 1.1 Hz, 1H), 5.69 (dd, J =
3.2,1.7 Hz, 1H), 5.40 (d, J = 1.7 Hz, 1H), 5.23 - 5.16 (m, 1H), 4.71 (dd, J = 18.6, 11.4 Hz, 2H),
452 (d, J = 11.1 Hz, 1H), 4.49 — 4.41 (m, 2H), 4.28 — 4.23 (m, 2H), 4.22 — 4.14 (m, 2H), 3.92 —
3.87 (m, 1H), 3.71 (dd, J = 10.9, 1.2 Hz, 1H), 2.68 — 2.53 (m, 2H), 1.24 (t, J = 7.4 Hz, 3H). 13C
NMR (151 MHz, CDClIs) & 165.6, 154.3, 143.8, 143.3, 141.4, 141.3, 138.4, 138.0, 133.5, 130.2,
129.8, 128.6, 128.5, 128.5, 128.0, 127.9, 127.9, 127.7, 127.7, 127.3, 127.2, 125.5, 125.2, 120.1,
120.1,82.3,75.3,73.7,73.2,72.1, 72.0, 70.4, 68.9, 46.8, 25.7, 15.0.
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2-Levulinoyl-3,4,6-tri-O-benzyl-a-bD-mannopyranosyl hydrogen phosphate
triethylammonium salt (3.19)

Bno— OLev 1. (CeHsO),P(O)H, Py Bro— OLev
BnO o) rt, 6h BnO 0
BnO 2. TEAB BnO o,
0, —p—-
318 OH 76% 349 O g O Et;N

To the solution of hemiacetal 3.18 (150 mg, 0.273 mmol) in anhydrous pyridine (5mL),
diphenyl phosphite (260 uL) was added. The mixture was stirred at room temperature for 2 h.
TEAB buffer (20 mL) was added and reaction mixture was stirred for additional 2 h. The
reaction was diluted with DCM (20 mL) and washed with TEAB buffer. The organic layer was
dried over Na»SO4, concentrated and purified by silica gel column chromatography using 5%
methanol in DCM which was neutralized with triethylamine to afford the H-
phosphonate 3.19 (149 mg, 76%) as a light yellow syrup. 1H NMR (400 MHz, CDCI3) 6 11.98 (s,
1H), 7.36 — 7.21 (m, 13H), 7.20 — 7.11 (m, 2H), 5.62 — 5.53 (m, 1H), 5.40 (t, J = 3.1 Hz, 1H), 4.84
(dt, J =11.1, 3.3 Hz, 1H), 4.63 (ddt, J = 12.5, 7.6, 3.6 Hz, 2H), 4.48 (tdd, J = 12.3, 7.4, 3.1 Hz,
3H), 4.14 — 3.99 (m, 2H), 3.87 (td, J = 9.9, 4.2 Hz, 1H), 3.78 (td, J = 7.5, 3.6 Hz, 1H), 3.71 — 3.62
(m, 1H), 2.99 (q, 7H), 2.75 — 2.58 (m, 4H), 2.08 (s, 3H), 1.27 (t, J = 3.3 Hz, 12H). *C NMR (101
MHz, CDCls) 6 206.4, 171.8, 138.6, 138.3, 138.1, 129.4, 129.2, 129.2, 128.3, 128.3, 128.2, 128.2,
128.0, 127.9, 127.8, 127.8, 127.7, 127.6, 127.6, 127.5, 115.7, 93.3, 93.2, 77.8, 77.6, 77.5, 77.3,
77.2,77.0,76.9,74.9,74.1,73.4,72.4,71.7,69.4, 69.4, 68.9, 45.6, 38.0, 29.8, 28.2, 8.6. *'P NMR
(162 MHz, CDCls) 6 -0.2. HR-ESI-MS (m/z): calculated for C3sHssNO1oH [M+H]™: 714.3407,
found: 714.3405.

General Procedure for Automated Glycan Assembly

General material and methods:

Syntheses were performed on a home-built automated synthesizer at the Max Planck Institute of
Colloids and Interfaces. All the solvents used were HPLC-grade. The building block, activator,
TMSOTHT, and capping solutions were prepared with anhydrous solvents and further dried with
molecular sieves (4A) for moisture-sensitive solutions. The building blocks were co-evaporated
with toluene (three times) and dried on high vacuum overnight before use. All the flasks were dried
in the oven and flushed with argon before use. Capping, activator, deprotection, acidic wash, and
building block solutions were freshly prepared and kept under argon during the automation run.
Photocleavable linker was synthesized by established procedure. Reported yields are calculated on
the basis of resin loading, which was determined as described previously.

The calculated resin loading was 0.4 mmol/g.

Stock solution preparation:
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e Building blocks: building block was dissolved in 1 mL dichloromethane (DCM).

e Acidic wash/phosphate activation: 09 mL (5 mmol) of Trimethylsilyl
trifluoromethanesulfonate (TMSOTT) in 40 mL of DCM.

e Thioglycoside activator: 1.567 g of NIS (7 mmol) was dissolved in anhydrous
DCM/dioxane (2:1, v/v, 45 mL) and TfOH (64 uL, 0.7 mmol) was added. The solution was
kept at 0 °C during automation run.

e Pre-capping: 10% (v/v) pyridine in DMF.
e Capping: 1.2 mL of methanesulfonic acid and 6 mL of acetic anhydride in 50 mL of DCM.
e Fmoc deprotection: 20% (v/v) piperidine in DMF

e Lev deprotection: Hydrazine acetate (725 mg, 7.87 mmol) was dissolved in
pyridine/AcOH/H.0 (52.5 mL, v/viv, 16:4:1).

Modules for automated synthesis

Module A: Resin preparation before synthesis

Photocleavable linker-functionalized resin (40 mg, 16 umol) was placed in the reaction vessel and
swollen in DCM for 20 min at room temperature before synthesis. All reagent lines needed for the
synthesis were washed and primed. The resin was washed with DMF, THF, and DCM (three times
each with 2 mL, for 25 s).

Module B: Acidic wash

DCM (2 mL) was added to the reaction vessel, and the temperature was adjusted to -20 °C. Upon
reaching the temperature, acidic wash solution (1 mL) was delivered to the reaction vessel. After
bubbling argon for 3 min, the solution was drained, and the resin was washed with DCM (2 mL,
for 25 s).

Module C: Glycosylation

Module C.1 (Thioglycoside donor): Thioglycoside building block (96 pumol, 6 equiv.) in 1 mL

of DCM was delivered to the reaction vessel, and the mixture was cooled to the incubation
temperature (-20 °C). Then thioglycoside activator (1 mL) was added dropwise, and glycosylation
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was performed by increasing the temperature to 0 °C for 40 min. After completion of
glycosylation, the solution was drained, and the resin was washed with dioxane (2 mL for 20 s)
and DCM (twice, each with 2 mL for 25 s).

Module C.2 (Phosphate donor): Phosphate building block (128 pmol, 8 equiv.) in 1 mL of DCM
was delivered to the reaction vessel, and the mixture was cooled to the incubation temperature (-
35 °C). Then phosphate activator (1 mL) was added dropwise, and glycosylation was performed
by increasing the temperature to -10 °C for 40 min. After completion of glycosylation, the solution
was drained, and the resin was washed DCM (six times, each with 2 mL for 25 s).

Module D: Capping

The resin was washed with DMF (twice, each with 2 mL for 25 s), and the temperature was
adjusted to 25 °C, then the pre-capping solution (2 mL) was delivered. After 1 min, the solution
was drained, and the resin was washed with DCM (three times with 3 mL for 25 s). Capping
solution (4 mL) was delivered into the reaction vessel. After 20 min, the reaction solution was
drained, and the resin was washed with DCM (thrice, each with 3 mL for 25 s).

Module E: Fmoc deprotection

The resin was washed with DMF (three times, each with 2 mL for 25 s), and the temperature was
adjusted to 25 °C. Fmoc deprotection solution (2 mL) was delivered. After 5 min, the solution was
drained, and the resin was washed with DMF (three times, each with 3 mL for 25 s) and DCM
(five times, each with 3 mL for 25 s).

Module F: Lev deprotection

The resin was washed with DMF (three times, each with 2 mL for 30 s), and the temperature was
adjusted to 35 °C. Lev deprotection solution (0.8 mL) was delivered. After 30 min, the solution
was drained, and the resin was washed with DMF (three times, each with 3 mL for 25 s) and DCM
(five times, each with 3 mL for 25 s). The entire cycle was repeated three times.

Post AGA manipulations

Module G: On-resin phosphodiester linkage formation

The resin was suspended in a solution of H-phosphonate (10 equiv.) in pyridine (3 mL) and PivCl
(5 equiv.) was added. The solution containing resin was rotated for 5 h at room temperature. After
5 h, a solution of I, in Pyridine/water (10:1, 300 puL) was added and rotated for another 2 h. After

that time, the resin was repeatedly washed with MeOH (4 x 4 mL), THF (4 x 4 mL), DMF (4 x 4
mL) and DCM (4 x 4 mL).
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Module H: On-resin hydrolysis

The resin was suspended in THF (4 mL), and solution of NaOMe in MeOH (200 uL, 0.5 M) was
added. The mixture was rotated at room temperature for 5 h. After micro cleavage indicated the
complete hydrolysis of all the ester groups, the resin was washed with MeOH (4 x 4 mL), THF (4
x 4 mL), DMF (4 x 4 mL) and DCM (4 x 4 mL).

Module I: Micro-cleavage form solid support

Trace amount of resin (around 10 beads) was dispersed in DCM (0.2 mL) and irradiated with a
UV lamp (254 nm) for 10 min. MeOH was then added to the resin, and the resulting solution was
analyzed by Q-TOF mass spectrometry.

Module J: Cleavage fromm solid support

The oligosaccharides were cleaved from the solid support using a continuous-flow photo reactor.
A 10% MeOH in DCM solvent system was used for photo cleavage.

Module K: Hydrogenolysis
The crude compound obtained from Module J was dissolved in 3.75 mL of t-BuOH:EtOAC:H.0O
(2:2:1). Pd catalyst (100 mg) was added, and the reaction was stirred at room temperature under

hydrogen atmosphere (1 atm, balloon). Upon completion, the mixture was filtered through Celite
and concentrated in vacuo.

Module L: Purification

e Method A: HPLC (YMC-Diol-300 column, 150 x 4.6 mm, Hexane isocratic (5 Min),
linear gradient to 60% EtOAc (35 Min), linear gradient to 100% EtOAc (10 min)

e Method B: HPLC (Hypercarb column, 150 x 10 mm, H20 (0.1% formic acid) isocratic (5

min), linear gradient to 40% ACN (30 min), linear gradient to 100% ACN (10 min)) and
lyophilized.

Oligosaccharides synthesis

Synthesis of 3.21
Ho— OH
OBz HO 0
AGA @ FmocO o HO 9 oH
BnO B —— e —
32,37 ———————> o-p 0
’ BnO Post AGA & Ho 0
> Ho
"0
0 NH,
3.20 3.21 \H},
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Step Module Conditions Cycles
AGA A: Resin Preparation for Synthesis
B: Acidic Wash with TMSOTf
Solution Building block 3.7 (6 equiv)
C.1: Thioglycoside Glycosylation  -20 °C for 20 min, 0 °Cfor 20 1
min
D: Capping
Post E: Fmoc deprotection
AGA G: Phosphodiester linkage

formation

H: Hydrolysis

J: Cleavage form solid support
K: Hydrogenolysis

L(Method B): Purification

Analytical HPLC (Method A, 280 nm) of crude protected 3.20

mAU|

254

204
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Compound 3.21 was obtained as a white solid (2.0 mg, 25% overall yield)

Analytical data for 3.21. *H NMR (600 MHz, D20) & 5.46 — 5.40 (m, 1H), 4.86 (d, J = 1.7 Hz,
1H), 4.22 — 4.16 (m, 1H), 4.03 (dd, J = 11.8, 6.0 Hz, 1H), 4.00 (dd, J = 3.4, 2.0 Hz, 1H), 3.92 (dd,
J=35,1.7 Hz, 1H), 3.91 - 3.89 (m, 1H), 3.89 — 3.86 (m, 1H), 3.84 — 3.80 (m, 1H), 3.79 — 3.77
(m, 1H), 3.76 (d, J = 3.3 Hz, 1H), 3.74 (d, J = 2.5 Hz, 1H), 3.73 (s, 1H), 3.67 (dt, J = 22.3, 9.8 Hz,
2H), 3.60 — 3.54 (m, 1H), 2.99 (t, J = 7.6 Hz, 2H), 1.68 (dt, J = 25.1, 10.1 Hz, 4H), 1.49 — 1.42 (m,
2H). 3C NMR (176 MHz, D20) § 171.0, 99.7, 96.1, 73.7, 71.8, 71.7, 70.5, 70.3, 69.9, 69.8, 67.3,
66.4, 66.2, 64.9, 60.7, 39.3, 27.9, 26.3, 22.3. 3P NMR (162 MHz, D;0) § -1.9.

Synthesis of 3.23

o
HO
FmocO 0Bz HO/&L\ 9
BnO O o0—P o— oH
BnO 60 HO 0
T i
32,350,37 ~ ~"_ _ . 0O
AGA BnO 0 Post AGA HO ¢}
BnO HO 0
HO
o

Oy, NH
3.22 \O 3.23 AV
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Step

Module

Conditions Cycles

AGA

A: Resin Preparation for Synthesis

B: Acidic Wash with TMSOTf
Solution
C.2: Phosphate Glycosylation

D: Capping

F: Lev Deprotection

B: Acidic Wash with TMSOTf
Solution

C.1: Thioglycoside Glycosylation

D: Capping
E: Fmoc deprotection

Building block 3.5b (8 equiv)
-35 °C for 10 min, -10 °C for 30 1
min

Building block 3.7 (6 equiv)
-20° for 20 min, 0° for 20 min 1

Post
AGA

G: Phosphodiester linkage formation

H: Hydrolysis

J: Cleavage form solid support
K: Hydrogenolysis

L(Method B): Purification

Analytical HPLC (Method A, 280 nm) of crude protected 3.22
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MALDI of 3.22
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Compound 3.23 was obtained as a white solid (2.0 mg, 19% overall yield)

Analytical data for 3.23. *H NMR (400 MHz, D20) § 5.39 (dd, J = 8.0, 2.0 Hz, 1H), 5.04 (d, J =
1.7 Hz, 1H), 4.97 (d, J = 1.9 Hz, 1H), 4.12 (ddd, J = 11.2, 5.5, 1.9 Hz, 1H), 4.03 (dd, J = 3.4, 1.8
Hz, 1H), 4.02 — 3.95 (m, 2H), 3.90 (dd, J = 3.4, 1.7 Hz, 1H), 3.89 — 3.81 (m, 6H), 3.79 (d, J = 3.4
Hz, 1H), 3.77 — 3.65 (m, 4H), 3.65 — 3.61 (m, 2H), 3.56 (ddd, J = 12.2, 6.2, 3.2 Hz, 2H), 2.96 (dd,
J=8.2, 6.8 Hz, 2H), 1.64 (dt, J = 13.0, 7.3 Hz, 4H), 1.50 — 1.35 (m, 2H). 3C NMR (101 MHz,
D,0) § 102.4, 98.2, 96.1, 96.0, 78.9, 73.7, 72.7, 72.1, 72.0, 70.4, 70.3, 70.2, 70.1, 69.8, 69.8, 67.6,
66.8, 66.4, 66.3, 65.1, 65.1, 60.8, 60.8, 39.2, 27.9, 26.3, 22.3. P NMR (162 MHz, D-0) 5 -2.0.

Synthesis of 3.25

Ho— OH
HO 0
HO o

OBz

Fgwgo o O—I%—O Og
n - HO
BnO o HO
BEEO HSO 2
AGA Post AGA
Ho— ¢
HO 0

BnO 0
BnO O
BnO HO

0
2.24 3.25 O, NH,
Q9 g

3.2, 3.5b, 3.7
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Step Module Conditions Cycles
AGA  A: Resin Preparation for Synthesis
B: Acidic Wash with TMSOTf )
Solution Building block 3.5b (8 equiv)
C.2: Phosphate Glycosylation -35 °C for 10 min, -10 °C for 30 — 2
min
D: Capping
F: Lev Deprotection -
B: Acidic Wash with TMSOTf )
Solution Building block 3.7 (6 equiv)
C.1: Thioglycoside Glycosylation -20 °C for 20 min, 0°C for20 — 1
min
D: Capping _
Post E: Fmoc Deprotection
AGA  G: Phosphodiester linkage

formation

H: Hydrolysis

J: Cleavage form solid support
K: Hydrogenolysis

L(Method B): Purification

Analytical HPLC (Method A, 280 nm) of crude protected 3.24
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Compound 3.25 was obtained as a white solid (2.8 mg, 21% overall yield)

Analytical data for 3.25. *H NMR (400 MHz, D20) § 5.32 (dd, J = 7.9, 2.0 Hz, 1H), 5.15 (d, J =
1.8 Hz, 1H), 4.90 (dd, J = 5.9, 1.8 Hz, 2H), 4.04 (ddd, J = 7.5, 5.6, 2.8 Hz, 1H), 3.98 (dd, J = 3.4,
1.8 Hz, 1H), 3.94 (dt, J = 4.4, 2.2 Hz, 1H), 3.92 — 3.85 (m, 3H), 3.84 — 3.68 (M, 9H), 3.68 — 3.64
(m, 1H), 3.64 — 3.37 (M, 10H), 2.87 (t, J = 7.5 Hz, 2H), 1.57 — 1.44 (m, 4H), 1.41 — 1.24 (m, 2H).
13C NMR (101 MHz, D20) & 102.3, 100.7, 98.1, 96.2, 96.1, 78.7, 78.3, 73.7, 73.3, 72.7, 72.0, 71.9,
70.4, 70.3, 70.1, 69.8, 69.8, 67.4, 66.9, 66.6, 66.4, 66.3, 65.1, 61.0, 60.9, 60.8, 39.3, 27.9, 26.4,
22.4. 3P NMR (162 MHz, D20) § -1.9.

Synthesis of 3.26
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3.2,3.3,3.4,3.5b, 3.7

| oeeo

BnO
BnO
Bno— © Bno—, o7
BnO BnO
LevO,
o (6] o BzO o O o
BnO o o o/ﬁ)\og
BnO OBn BnO 0OBn BnO OBn BnO 0OBn
3.26
Module Conditions Cycles
A: Resin Preparation for Synthesis
B: Acidic Wash with TMSOTT Solution B
C.1: Thioglycoside Glycosylation Building block 3.3 (6 equiv)
-20 °C for 20 min, 0 °C for 20 2
D: Capping min
F: Lev Deprotection _
B: Acidic Wash with TMSOTT Solution )
C.1: Thioglycoside Glycosylation Building block 3.4 (6 equiv)
-20 °C for 20 min, 0 °C for 20 2
D: Capping min
E: Fmoc Deprotection —
B: Acidic Wash with TMSOTT Solution
C.1: Thioglycoside Glycosylation Building block 3.7 (6 equiv)
-20 °C for 20 min, 0 °C for 20 1
D: Capping min
F: Lev Deprotection ]
B: Acidic Wash with TMSOTT Solution
C.2: Phosphate Glycosylation Building block 3.5b (8 equiv)
-35 °C for 10 min, -10 °C for 30 2

D: Capping
F: Lev Deprotection

min
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Analytical HPLC (Method A, 280 nm) of crude protected 3.26
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Synthesis of 3.28
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3.3, 3.4, 3.5b, 3.6, 3.22
OBz
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BnO

Bn&h‘ BnO
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BzO, 0 O 0
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3.28
Step Module Conditions Cycles
AGA A: Resin Preparation for Synthesis
B: Acidic Wash with TMSOTf
Solution Building block 3.5b (8 equiv)
C.2: Phosphate Glycosylation -35 °C for 10 min, -10 °C for 30 2

min
D: Capping
F: Lev Deprotection
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B: Acidic Wash with TMSOTTf

Solution Building block 3.6 (6 equiv)

C.1: Thioglycoside Glycosylation  -20 °C for 20 min, 0 °C for 20
min

D: Capping

E: Fmoc Deprotection

B: Acidic Wash with TMSOTf )

Solution Building block 3.3 (6 equiv)

C.1: Thioglycoside Glycosylation ~ -20 °C for 20 min, 0 °C for 20 =—
min

D: Capping

F: Lev Deprotection -

B: Acidic Wash with TMSOTf I

Solution Building block 3.4 (6 equiv)

C.1: Thioglycoside Glycosylation  -20 °C for 20 min, 0 °C for 20
min

D: Capping

F: Fmoc Deprotection —

Post G: Phosphodiester linkage

AGA formation

Analytical HPLC (Method A, 280 nm) of crude protected 3.28
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N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3-0O-di-benzyl-4,6-O-benzylidene-B-p-
mannopyranoside (3.35)

HO. NBnCbz 3.34

OB N OB
e on BSP,TTBP, Tf,0 or X0 on
O 0o O , NCbzBn
BnO DCM, -60 to -70 °C, 3 h BnO r
SEt 84% 5
3.33 3.35

To the solution of donor 3.33 (315 mg, 0.641 mmol) in DCM (8 mL) was added molecular sieves
(4 A) and stirred the solution for 30 min. BSP (128 mg, 0.614 mmol) and TTBP (212 mg, 0.586
mmol) were added to the reaction mixture at -60 °C and stirred the reaction for 30 min. After
stirring for 30 min, Tf20 (179 pL, 1.07 mmol) was added and stirred the mixture for another 30
min. The reaction mixture was brought to -70 °C and acceptor 3.34 (70 mg, 0.214 mmol) was
added. After stirring for 2 h, reaction was quenched by adding EtsN (0.5 mL) and filtered through
Celite®. Organic layer was washed with saturated aqueous sodium bicarbonate, dried over Na;SO4
and evaporated in vacuo. The crude was purified by silica gel column chromatography (10% ethyl
acetate in hexanes) to get linker attached monosaccharide 3.35 (136 mg, 84%). *H NMR (400
MHz, CDCl3) 6 7.54 —7.49 (m, 2H), 7.46 (d, J = 7.0 Hz, 2H), 7.42 — 7.35 (m, 5H), 7.34 — 7.26 (m,
15H), 7.18 (d, J = 7.2 Hz, 1H), 5.63 (s, 1H), 5.18 (d, J = 14.6 Hz, 2H), 5.01 — 4.93 (m, 1H), 4.86
(d, J=12.3 Hz, 1H), 4.75 - 4.63 (m, 1H), 4.59 (d, J = 12.5 Hz, 1H), 4.51 (d, J = 9.0 Hz, 2H), 4.41
(d, J=19.0 Hz, 1H), 4.31 (dd, J = 10.4, 4.8 Hz, 1H), 4.22 (t, J = 9.6 Hz, 1H), 3.99 — 3.81 (m, 3H),
3.58 (dd, J = 9.9, 3.2 Hz, 1H), 3.45 — 3.15 (m, 3H), 1.68 — 1.52 (m, 4H), 1.41 — 1.32 (m, 2H). **C
NMR (101 MHz, CDCls) 3 156.8, 156.3, 138.5, 138.4, 138.0, 137.8, 137.7, 137.0, 136.8, 129.0,
128.8, 128.8, 128.7, 128.6, 128.6, 128.6, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 127.9,
127.8,127.7,127.4,127.3,126.2,126.2,102.4,101.5,94.1,79.4,79.1, 78.7,78.0, 77.5,77.4, 77 .2,
76.8, 76.0, 75.7, 74.7, 73.7, 73.3, 72.4, 70.1, 69.0, 68.7, 67.7, 67.3, 50.6, 50.3, 47.2, 46.3, 32.1,
31.6, 30.3, 29.8, 29.5, 29.4, 28.0, 27.6, 23.4, 22.8, 14.3. . HR-ESI-MS (m/z): calculated for
C47Hs1NOgNa [M+Na]*: 780.3512, found: 780.3519.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3,4-0O-tri-benzyl-B-p-mannopyranoside
(3.36)
2 T PhBCl,, TMSOTf Ho— OBn
Ph o 5 s
o 0., NCbzB B0 o News
Bn&h/ \H/s zBn DCM, -78 °C. 30 min Bo \9/5 ZBn
79%
3.35 336

To the solution of 3.35 (65 mg, 0.085 mmol) in the anhydrous DCM (5 mL) was added molecular
sieves (4 A) and stirred the mixture under argon for 30 min at room temperature. The mixture was
cooled to the -78 °C, added triethylsilane (40 pL, 0.255 mmol) and dichlorophenylborane (22 uL,
0.171 mmol). After stirring for 30 min, reaction was quenched by adding EtsN (0.5 mL) and
filtered through Celite®. The organic layer was washed with saturated aqueous sodium
bicarbonate, dried over NaxSO4 and evaporated in vacuo. The crude was purified by silica gel
column chromatography (10% ethyl acetate in hexanes) to furnish the title compound 3.36 (51 mg,
79%). *H NMR (600 MHz, CDCl3) & 7.50 — 7.42 (m, 2H), 7.40 — 7.25 (m, 22H), 7.19 (d, J = 7.5
Hz, 1H), 5.20 (d, J = 22.5 Hz, 2H), 4.97 (t, J = 9.8 Hz, 2H), 4.86 (d, J = 12.5 Hz, 1H), 4.67 (d, J =
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10.9 Hz, 1H), 4.59 — 4.48 (m, 4H), 4.39 (d, J = 25.8 Hz, 1H), 3.98 — 3.87 (m, 4H), 3.80 (dd, J =
11.8, 5.7 Hz, 1H), 3.57 — 3.52 (m, 1H), 3.47 — 3.18 (m, 4H), 1.70 — 1.51 (m, 4H), 1.43 — 1.26 (m,
2H). 13C NMR (151 MHz, CDCls) § 156.3, 138.6, 138.3, 138.2, 138.0, 137.0, 136.8, 134.3, 134.1,
128.6, 128.6, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7,
127.7,127.6, 127.6, 127.4, 127.3, 101.8, 82.4, 82.0, 77.4, 77.2, 76.9, 75.9, 75.5, 75.4, 75.0, 74.0,
73.9,71.6,69.9, 67.3, 62.7, 50.6, 50.3, 47.2, 46.3, 29.8, 29.4, 28.0, 27.4, 23.4. HR-ESI-MS (m/z):
calculated for C47Hs3NOgNa [M+Na]*: 782.3669, found: 782.3661.

5-Aminopentyl-[a-D-mannopyranosyl]-6-phosphate-(1—2)-B-b-mannopyranoside (3.29)

OH
1.3.19, PivCI, Py, I,/H,0,1t,6h  HO o
OBn 2. NH,NH,+AcOH, DCM, rt HOS
HO overnight H %
BnO Q0. , NCbzBn 0-p——0— OBn
BnO AV 3. Hy, Pd/C, EtOAc/t-BuOH/H,0 | Bno%o NCbzBn
° r, 24 h © "Bno AvA
3.36 x% over 3 steps 3.29 5

Monoaccharide alcohol 3.36 (20 mg, 26.3 umol) and H-phosphonate 3.19 (37 mg, 52.6 pmol)
were co-evaporated three times with pyridine and the resulting mixture was dried under vacuum
overnight before dissolving in anhydrous pyridine (3 mL). Pivaloyl chloride (16 puL, 131.5 umol)
was then added. After 5 h of stirring at room temperature, a freshly prepared solution of iodine
(33 mg, 131.5 umol) in pyridine/water (10/1, 0.3 mL) was added. After 3 h, the reaction was
diluted with DCM, washed with saturated Na:S:0s solution and TEAB buffer, dried over
Na>SO;4 and evaporated under reduced pressure. The crude was dissolved in DCM (3 mL), added
hydrazine acetate (12 mg, 131.5 pmol) and stirred the reaction mixture overnight at room
temperature. After completion of reaction, quenched by acetone and evaporated in vacuo. The
crude was dissolved in the solution of EtOAc/t-BuOH/H20 (2/1/1, vivlv, 2 mL) and Pd/C (60 mg)
was added to the solution. After stirring for 24 h under hydrogen atmosphere (1 atm, balloon), the
mixture was filtered through a PTFE filter (0.45 um pore size) and concentrated. The crude
material was purified by HPLC (Hypercarb column, 150 x10 mm, H2O (0.1% formic acid)
isocratic (5 min), linear gradient to 40% ACN (35 min), linear gradient to 100% ACN (10 min))
and lyophilized to obtain pure trisaccharide 3.29 (7 mg, 35%). *H NMR (400 MHz, D20) § 5.30
(dd,J=7.8, 2.0 Hz, 1H), 4.55 (d, J = 1.0 Hz, 1H), 4.12 — 4.03 (m, 1H), 3.95 — 3.89 (m, 1H), 3.87
(dd, J = 3.4, 2.0 Hz, 1H), 3.86 — 3.83 (m, 1H), 3.80 — 3.73 (m, 3H), 3.73 — 3.61 (m, 2H), 3.60 —
3.53 (m, 2H), 3.51 — 3.48 (m, 2H), 3.40 — 3.33 (m, 1H), 2.87 (t, J = 7.5 Hz, 2H), 1.64 — 1.45 (m,
4H), 1.40 — 1.24 (m, 2H). °C NMR (151 MHz, D,0) & 99.9, 96.1, 74.9, 74.8, 73.8, 72.9, 70.5,
70.4, 70.4, 69.8, 69.5, 66.5, 66.3, 65.0, 64.9, 60.8, 39.4, 28.0, 26.3, 22.0. *'P NMR (162 MHz,
D20) 6 -2.0. HR-ESI-MS (m/z): calculated for C17H33NO1w4P [M]": 506.1644, found: 506.1650

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-benzoyl-3,4,6-O-tri-benzyl-a.-D-
mannopyranoside (3.39)

HO_ NCbzBn 3.34

Bno— OBz ™5 Bno— OBz
BnO o) NIS, TMSOTF B0~ o)
BnO DCM, -20 °C, 20 min 2"
333  SEt 85% 3.39 O.(, NCbzBn
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To a solution of donor 3.38 (1.161 g, 1.93 mmol.) and N-benzyloxycarbonyl-N-benzyl-5-
aminopentanol 3.34 (0.952 g, 2.895 mmol) in DCM (10 mL) were added molecular sieves (4 A).
After ~30 minutes, the mixture was cooled to 0 °C and N-iodosuccinimide (0.738 g, 3.281 mmol)
and TMSOTf (85 pL, 0.965 mmol) were added. After TLC analysis indicated complete
consumption of the starting material (~20 Min.), the reaction was quenched with EtsN (2 mL) and
the mixture was diluted with DCM. After filtration over Celite®, the mixture was washed with 10
% aqueous Na2S:0s3, saturated aqueous NaHCOs and brine, dried over Na.SOs, filtered and
concentrated in vacuo. The crude was purified by silica gel column chromatography using 10%
ethyl acetate in hexanes to afford the title product 3.39 as the sole isomer (1.412 g, 85%). 'H NMR
(400 MHz, CDCl3) & 8.09 — 8.05 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.38 (dt, J = 8.3, 2.1 Hz, 6H),
7.35-7.21 (m, 18H), 7.21 — 7.14 (m, 3H), 5.61 — 5.57 (m, 1H), 5.18 (d, J = 21.0 Hz, 2H), 4.92 (d,
J=12.0 Hz, 1H), 4.86 (d, J = 10.7 Hz, 1H), 4.79 (d, J = 11.3 Hz, 1H), 4.73 (d, J = 12.0 Hz, 1H),
459 — 4.47 (m, 5H), 4.10 — 4.06 (m, 2H), 3.91 — 3.86 (m, 1H), 3.83 (d, J = 10.4 Hz, 1H), 3.76 (d,
J=10.7 Hz, 1H), 3.71 — 3.56 (m, 1H), 3.44 — 3.31 (m, 1H), 3.23 (dt, J = 44.0, 7.6 Hz, 2H), 1.56 —
1.46 (m, 4H), 1.34 — 1.19 (m, 2H). 3C NMR (101 MHz, CDClz) & 165.9, 138.6, 138.4, 138.2,
138.1, 136.9, 133.3, 130.1, 130.0, 128.7, 128.6, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 128.1,
128.0, 128.0, 127.9, 127.8, 127.7, 127.7, 127.6, 127.4, 127.3, 97.9, 78.5, 77.4, 77.2, 76.9, 75.5,
74.5,73.6,71.7,69.2, 67.8, 67.3, 50.6, 50.3, 47.2, 46.2, 29.2, 28.1, 27.6, 23.5. HR-ESI-MS (m/z):
calculated for CssHs7NOgNa [M+Na]*: 886.3931, found: 886.3919

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3-O-di-benzyl-4,6-O-benzylidene-B-p-
mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-D-mannopyranoside (3.41)

OBn

Ph— X0 o
O o)
OH 3.33, BSP,TTBP, Tf,0 BnO

BnO BnO
BnO 0 60 to0 -70 ° n
no_ DCM, -60 to -70 °C, 3 h BnO o
n 80% BnO
(0] NCbzBn
3.40 \H}, 3.41 Oy NCbzBn

5

To the solution of donor 3.33 (778 mg, 1.58 mmol) in DCM (8 mL) was added molecular sieves
(4 A) and stirred the solution for 30 min. BSP (330 mg, 1.58 mmol) and TTBP (522 mg, 2.1 mmol)
were added to the reaction mixture at -60 °C and stirred the reaction for 30 min. After stirring for
30 min, Tf,0 (441 pL, 2.63 mmol) was added and stirred the mixture for 30 min. The reaction
mixture was brought to -70 °C and acceptor 3.40 (400 mg, 0.526 mmol) was added. After stirring
for 2 h, reaction was quenched by adding EtsN (0.5 mL) and filtered through Celite®. Organic
layer was washed with saturated aqueous sodium bicarbonate, dried over Na.SO4 and evaporated
in vacuo. The crude was purified by silica gel column chromatography (10% ethyl acetate in
hexanes) to get the disaccharide 3.41 (504 mg, 80%). *H NMR (400 MHz, CDCl3) § 7.56 — 7.50
(m, 4H), 7.49 — 7.45 (m, 2H), 7.43 — 7.35 (m, 5H), 7.35 — 7.29 (m, 12H), 7.28 — 7.20 (m, 14H),
7.12 -7.06 (m, 2H), 5.61 (s, 1H), 5.23 - 5.16 (m, 2H), 5.11 (d, J = 11.6 Hz, 1H), 4.86 (d, J = 11.5
Hz, 3H), 4.79 (d, J = 10.8 Hz, 1H), 4.65 (d, J = 3.7 Hz, 3H), 4.62 — 4.54 (m, 2H), 4.53 — 4.48 (m,
2H), 4.46 (d, J =12.1 Hz, 1H), 4.31 (d, J = 10.8 Hz, 1H), 4.28 — 4.20 (m, 3H), 4.04 (d, J = 3.2 Hz,
1H), 3.94 - 3.81 (m, 3H), 3.76 — 3.63 (m, 4H), 3.59 (d, J = 10.3 Hz, 1H), 3.41 - 3.16 (m, 5H), 1.51
—1.42 (m,40H), 0.96 — 0.90 (m, 2H). *3C NMR (101 MHz, CDCls) § 138.8, 138.7, 138.3, 138.0,
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137.6, 134.5, 129.8, 129.0, 128.9, 128.8, 128.7, 128.6, 128.5, 128.3, 128.3, 128.2, 128.2, 128.2,
128.1, 128.1, 128.0, 127.9, 127.8, 127.8, 127.7, 127.6, 127.6, 127.5, 127.5, 127.4, 127.2, 126.1,
101.4,100.4,97.3,78.3,78.2,77.4,77.3,77.0,76.7, 76.1, 75.1, 74.5, 74.2, 73.4, 73.3, 72.9, 71.8,
71.4, 70.6, 70.5, 68.9, 68.5, 67.6, 67.2, 50.2, 47.0, 46.1, 45.3, 32.0, 30.2, 30.1, 29.7, 29.4, 29.2,
28.0, 27.7, 27.5, 23.4, 22.7, 21.5, 14.2. HR-ESI-MS (m/z): calculated for C74HgoNO13sH [M+H]*:
1190.5630, found: 1190.5642. HR-ESI-MS (m/z): calculated for C7sH7gNOisNa [M+Na]':
1212.5449, found: 1212.5438

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3,4-0O-tri-benzyl-B-p-mannopyranosyl-
(1—2)-3,4,6-O-tri-benzyl-a-p-mannopyranoside (3.42)

OBn OBn

Ph—\0 o HO o
0 o) BnO 0
BnO PhBCl,, TMSOTf BnO
BnO BnO

BnO O DCM, -78 °C, 30 min BnO O
BnO 86% BnO

O NCbzBn
A

O NCbzBn
A

3.41 3.42

To the solution of disaccharide 3.41 (200 mg, 0.168 mmol) in the anhydrous DCM (6 mL) was
added molecular sieves (4 A) and stirred the mixture under argon for 30 min at room temperature.
The mixture was cooled to the -78 °C, added triethylsilane (80 pL, 0.504 mmol) and
dichlorophenylborane (43 pL, 0.336 mmol). After stirring for 30 min, reaction was quenched by
adding EtsN (1 mL) and filtered through Celite®. The organic layer was washed with saturated
aqueous sodium bicarbonate, dried over Na,SO4 and evaporated in vacuo. The crude was purified
by silica gel column chromatography (15% ethyl acetate in hexanes) to get the disaccharide 3.42
(173 mg, 86%).*H NMR (600 MHz, CDCl3) § 7.54 — 7.48 (m, 2H), 7.47 — 7.42 (m, 2H), 7.29 (tdt,
J=8.1,5.6,3.0Hz, 17H), 7.26 — 7.19 (m, 16H), 7.15 (d, J = 7.4 Hz, 1H), 7.07 (dt, J = 4.5, 3.2 Hz,
2H), 5.16 (d, J = 22.4 Hz, 2H), 5.08 (d, J = 11.7 Hz, 1H), 4.94 (d, J = 10.8 Hz, 1H), 4.85 (dd, J =
11.7, 8.5 Hz, 3H), 4.78 (d, J = 10.7 Hz, 1H), 4.63 — 4.52 (m, 5H), 4.51 — 4.41 (m, 4H), 4.32 (d, J
=10.8 Hz, 1H), 4.24 - 4.16 (m, 1H), 4.02 — 3.95 (m, 2H), 3.91 (d, J = 8.5 Hz, 2H), 3.80 — 3.67 (m,
4H), 3.68 — 3.58 (m, 2H), 3.50 (d, J =9.1 Hz, 1H), 3.37 - 3.13 (m, 4H), 1.53 - 1.39 (m, 4H), 1.23
—1.13 (m, 2H). C NMR (176 MHz, CDCls) § 156.9, 156.3, 138.8, 138.6, 138.5, 138.4, 138.3,
138.2, 138.0, 137.0, 136.8, 129.2, 128.8, 128.7, 128.6, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4,
128.3, 128.3, 128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.9, 127.9, 127.8, 127.7, 127.7, 127.7,
127.6, 127.5, 127.4, 127.3, 99.8, 97.5, 81.4, 78.5, 77.3, 77.2, 77.0, 76.0, 75.4, 75.3, 75.3, 74.6,
74.4,74.3,74.3, 74.1, 73.5, 73.0, 71.5, 71.1, 70.9, 70.8, 70.0, 69.0, 67.7, 67.3, 62.3, 50.6, 50.3,
47.2,46.2, 45.4, 32.1, 30.3, 29.9, 29.5, 29.3, 28.1, 27.6, 23.6, 22.8, 21.6, 14.3, 1.2. HR-ESI-MS
(m/z): calculated for C7aHs1NO13Na [M+Na]*: 1214.5606, found: 1214.55991.

5-Aminopentyl-B-D-mannopyranosyl [a-D-mannopyranosyl]-6-phosphate-(1—2)-a.-D-
mannopyranoside (3.30)
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BnO overnight 0 HO %
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Disaccharide alcohol 3.42 (30 mg, 25.15 umol) and H-phosphonate 3.19 (35.9 mg, 50.3 pumol)
were co-evaporated three times with pyridine and the resulting mixture was dried under vacuum
overnight before dissolving in anhydrous pyridine (3 mL). Pivaloyl chloride (15.3 uL, 125.7 umol)
was then added. After 5 h of stirring at room temperature, a freshly prepared solution of iodine
(31.9 mg, 125.7 umol) in pyridine/water (10/1, 0.3 mL) was added. After 3 h, the reaction was
diluted with DCM, washed with saturated Na:S20s solution and TEAB buffer, dried over
Na>SO;4 and evaporated under reduced pressure. The crude was dissolved in DCM (3 mL), added
hydrazine acetate (11.5 mg, 125.7 umol) and stirred the reaction mixture overnight at room
temperature. After completion of reaction, quenched by acetone and evaporated in vacuo. The
crude was dissolved in the solution of EtOAc/t-BuOH/H20 (2/1/1, viviv, 2 mL) and Pd/C (60 mg)
was added to the solution. After stirring for 24 h under hydrogen atmosphere (1 atm, balloon), the
mixture was filtered through a PTFE filter (0.45 um pore size) and concentrated. The crude
material was purified by HPLC (Hypercarb column, 150 x10 mm, H2O (0.1% formic acid)
isocratic (5 min), linear gradient to 40% ACN (35 min), linear gradient to 100% ACN (10 min))
and lyophilized to obtain pure trisaccharide 3.30 (4.6 mg, 27%). *H NMR (600 MHz, D20) & 5.33
(dd, J=7.9, 2.0 Hz, 1H), 4.88 (s, 1H), 4.12 (ddd, J = 11.4, 5.6, 2.0 Hz, 1H), 4.05 (dd, J=3.3, 1.8
Hz, 1H), 3.98 — 3.92 (m, 2H), 3.91 (dd, J = 3.4, 2.0 Hz, 1H), 3.84 — 3.75 (m, 3H), 3.75 - 3.63 (m,
5H), 3.62 — 3.51 (m, 5H), 3.49 — 3.38 (m, 2H), 2.92 — 2.87 (m, 2H), 1.62 — 1.49 (m, 4H), 1.40 —
1.31 (m, 2H). *C NMR (151 MHz, D,0) § 98.7, 97.5, 96.1, 96.1, 77.6, 75.1, 75.0, 73.8, 72.8, 72.6,
70.7,70.4,70.0,69.8, 67.6, 67.1, 66.4, 66.3, 65.0, 64.9, 60.8, 60.6, 39.4, 28.0, 26.5, 22.5. 3'P NMR
(162 MHz, D20) 6 -2.0. HR-ESI-MS (m/z): calculated for C23H43NO19P [M]": 668.2172, found:
668.2153

5-Aminopentyl B-D-mannopyranosyl-(1—2)-a-b-mannopyranoside (3.43)

OBn OH

B0 Ho O
Bno Q Ha, PdIC HO Q
BnO HO
BnO 0 EtOAC/t-BUOH/H,0 HO 0
BnO rt, 24 h HO
3.42 (@] NCbzBn 70% 3.43 (@] NH,
A A

The disaccharide 3.42 (20 mg, 16.8 pumol) was dissolved in EtOAc/t-BuOH/H20 (2/1/1, viviv, 3
mL) and added Pd/C (40 mg). The reaction mixture was stirred overnight at room temperature
under hydrogen atmosphere (1 atm, balloon). The crude material was purified by HPLC
(Hypercarb column, 150 x 10 mm, H20 (0.1% formic acid) isocratic (5 min), linear gradient to
40% ACN (35 min), linear gradient to 100% ACN (10 min)) and lyophilized to obtain pure
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disaccharide 3.43 (5 mg, 70%) as a white solid. *H NMR (700 MHz, D;0) § 4.93 (d, J = 1.7 Hz,
1H), 4.72 (d, J = 1.0 Hz, 1H), 4.10 (dd, J = 3.4, 1.7 Hz, 1H), 4.00 (dd, J = 3.4, 0.9 Hz, 1H), 3.88
(dd, J =123, 2.3 Hz, 1H), 3.83 (dd, J = 12.3, 2.2 Hz, 1H), 3.77 (dd, J = 9.7, 3.4 Hz, 1H), 3.75 -
3.63 (m, 4H), 3.62 — 3.56 (m, 2H), 3.54 — 3.48 (m, 2H), 3.35 — 3.30 (m, 1H), 2.96 (t, J = 7.6 Hz,
2H), 1.69 — 1.56 (m, 4H), 1.47 — 1.35 (m, 2H). 3C NMR (176 MHz, D;0) § 170.9, 98.5, 97.4,
77.1,76.3,72.8,72.7,70.7, 69.9, 67.5, 66.9, 66.6, 61.0, 60.5, 39.3, 28.0, 26.5, 22.4. HR-ESI-MS
(m/z): calculated for C17H33NO11H [M+H]": 428.2132, found: 428.2087.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-benzoyl-3,4,6-O-tri-benzyl- a-b-
mannopyranosyl- (1—2)-3,4,6-O-tri-benzyl-a-b-mannopyranoside (3.44)

BnO OBz

BnO O
BnO
Bno— ©OH 238 Bno— ¢
B0 .38, NIS, TfOH 10 0
n DCM, -20 °C, 20 min n
(0] NCbzBn 98% (0] NCbzBn
3.40 \H/g, 3.44 “/5

Acceptor 3.40 (913 mg, 1.20 mmol) and thioglycoside donor 3.38 (1.077 g, 1.8 mmol) were mixed,
co-evaporated with toluene (3 x 10 mL) and dried under high vacuum for 2 h. The mixture was
freshly activated molecular sieves (4 A), dissolved in anhydrous DCM (12 mL) under a nitrogen
atmosphere and stirred for 30 min. at room temperature. The mixture was cooled to 0 °C, to this
stirred suspension, NIS (0.413 g, 1.92 mmol) and TfOH (52 pL, 0.6 mmol) were slowly added.
After stirring at room temperature for 20 min., diluted with DCM (10 mL), quenched with EtsN,
warmed to room temperature and molecular sieves (4 A) were filtered. The filtrate was washed
with 10% aqueous NazS20s3, saturated aqueous NaHCO3 and brine. The combined organic layer
was dried over Na»SOyg, filtered and evaporated in vacuo. The crude product was purified by silica
column chromatography using 13% ethyl acetate in hexanes to afford the desired protected
disaccharide 3.44 (1.541 g, 98%). *H NMR (600 MHz, CDCl3) & 8.07 (dd, J = 8.3, 1.4 Hz, 2H),
7.60 —7.52 (m, 1H), 7.41 — 7.32 (m, 10H), 7.31 — 7.24 (m, 19H), 7.24 — 7.12 (m, 13H), 5.78 (dd,
J=3.1, 2.0 Hz, 1H), 5.21 - 5.11 (m, 3H), 4.89 — 4.83 (m, 3H), 4.76 (d, J = 11.1 Hz, 1H), 4.74 —
4.63 (m, 4H), 4.55 (dd, J = 11.5, 4.5 Hz, 2H), 4.52 — 4.49 (m, 3H), 4.48 — 4.43 (m, 2H), 4.15 —
4.07 (m, 1H), 4.06 — 4.01 (m, 2H), 3.98 (s, 1H), 3.92 — 3.80 (m, 3H), 3.80 — 3.67 (m, 4H), 3.55
(dd, J=26.9, 8.5 Hz, 1H), 3.28 — 3.13 (m, 3H), 1.47 (ddd, J = 31.6, 15.5, 9.0 Hz, 4H), 1.26 — 1.14
(m, 2H). *C NMR (151 MHz, CDCls) & 165.6, 156.8, 138.6, 138.5, 138.4, 138.2, 138.0, 133.2,
130.1, 130.1, 128.7, 128.6, 128.6, 128.5, 128.4, 128.4, 128.4, 128.3, 128.3, 128.0, 128.0, 127.9,
127.8, 127.6, 127.6, 127.6, 127.5, 127.4, 127.3,99.7, 98.8, 79.9, 78.3, 77.4, 77.2, 76.9, 75.4, 75.3,
74.8, 745, 73.5,73.4, 72.3, 72.1, 71.9, 71.8, 69.4, 69.4, 69.2, 67.6, 67.3, 50.6, 50.3, 47.2, 46.2,
29.3,28.1, 27.6, 23.5. HR-ESI-MS (m/z): calculated for Cs1HgsNO14H [M+H]": 1296.6048, found:
1296.6073

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 3,4,6-O-tri-benzyl-a-D-mannopyranosyl-
(1—2)-3,4,6-O-tri-benzyl-a-D-mannopyranoside (3.45)
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BnO o BnO
BnO (e}
o f PN

O
BnO o DCM/MeOH, NaOMe BnO Q
BnO . BnO 0
BnO 0°C,3h
(e} NCbzB 93% o
zBn (0] NCbzBn
3.44 \H/s 3.45 \H/s

To a stirred solution of 3.44 (1.52 g, 1.17 mmol) in MeOH/DCM (2:1, 30 mL) in an ice bath was
added NaOMe (3.98 mL, 1 M in MeOH) and stirred the reaction mixture for 3 h at room
temperature. After completion of reaction, reaction mixture was neutralized by addition of
Amberlite® IR120 H*, filtered and concentrated under reduced pressure. The crude product was
purified by silica column chromatography using 15% ethyl acetate in hexanes to afford the desired
disaccharide 3.45 (1.3 g, 93%). *H NMR (400 MHz, CDCls) § 7.39 — 7.14 (m, 40H), 5.20 — 5.11
(m, 3H), 4.90 — 4.78 (m, 3H), 4.72 — 4.62 (m, 3H), 4.61 — 4.54 (m, 3H), 4.54 — 4.44 (m, 5H), 4.12
(t, J = 2.5 Hz, 1H), 4.00 (s, 1H), 3.98 — 3.93 (m, 1H), 3.92 — 3.90 (m, 1H), 3.88 (d, J = 3.3 Hz,
1H), 3.87 —3.84 (m, 1H), 3.84 — 3.76 (m, 2H), 3.75 — 3.66 (m, 3H), 3.51 (d, J = 9.1 Hz, 1H), 3.27
—3.11 (m, 3H), 1.53 — 1.36 (m, 4H), 1.26 — 1.10 (m, 2H). 3C NMR (101 MHz, CDCls) & 138.75,
138.50, 138.44, 138.38, 138.11, 128.68, 128.61, 128.57, 128.50, 128.46, 128.42, 128.16, 128.07,
128.01, 127.98, 127.95, 127.84, 127.82, 127.75, 127.67, 127.57, 127.51, 101.21, 98.90, 80.14,
79.97, 77.48, 77.36, 77.16, 76.84, 75.34, 75.16, 74.95, 74.55, 73.52, 73.43, 72.38, 72.27, 72.00,
71.65, 69.45, 69.33, 68.65, 67.59, 67.28, 50.30, 47.22, 46.26, 29.36, 23.53. HR-ESI-MS (m/z):
calculated for C74Hg1NO13Na [M+Na]*: 1214.5606, found: 1214.50.1.

5-Aminopentyl a-D-mannopyranosyl-(1—2)-a-D-mannopyranoside (3.54)

Bno— OH Ho—. OH
BnO O HO O
BnO H,, Pd/C HO
0 - o)
BnO EtOAC/t-BuOH/H,0 HO
BnO O rt, 12 h HO
BnO 4% HO
3.45 Oy NCbzBn O LNH
3.54 2
A

Disaccharide 3.45 (2.1 mg, 17.6 umol) was dissolved in EtOAc/t-BuOH/H20 (2/1/1, viviv, 3 mL)
and Pd/C (40 mg) was added to the solution. After stirring overnight under a hydrogen atmosphere
(1 atm, balloon), the mixture was filtered through a PTFE filter (0.45 um pore size) and
concentrated. The crude material was purified by HPLC (Hypercarb column, 150 x 10 mm, H>O
(0.1% formic acid) isocratic (5 min), linear gradient to 40% ACN (35 min), linear gradient to 100%
ACN (10 min)) and lyophilized to obtain pure disaccharide 3.54 (4.8 mg, 64%). *H NMR (600
MHz, D20) 6 5.06 (d, J = 1.7 Hz, 1H), 4.97 (d, J = 1.8 Hz, 1H), 4.03 (dd, J = 3.4, 1.8 Hz, 1H),
3.91(dd, J=3.5,1.7 Hz, 1H), 3.88 — 3.83 (m, 3H), 3.80 (dd, J = 9.7, 3.4 Hz, 1H), 3.76 — 3.61 (m,
5H), 3.59 — 3.54 (m, 2H), 3.52 — 3.48 (m, 1H), 2.98 — 2.93 (m, 2H), 1.70 — 1.54 (m, 4H), 1.47 —
1.34 (m, 2H). 3C NMR (101 MHz, D;0) & 102.3, 98.0, 78.7, 73.2, 72.7, 70.2, 70.2, 69.9, 67.5,
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66.9, 66.9, 61.1, 60.9, 39.3, 27.9, 26.5, 22.4. HR-ESI-MS (m/z): calculated for C17H33sNO11H
[M+H]": 428.2132, found: 428.2128.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3-0O-di-benzyl-4,6-O-benzylidene-B-b-
mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-p-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-
a-D-mannopyranoside (3.46)

Bno— M BnO
BnO 0 BnO O
BnO 3.33, BSP,TTBP, Tf,0 BnO

o) o
oo N\ o DCM, -60 to -70 °C, 3 h BE(”)O o
BnO 84% BnO
3.45 Oy, NCbzBn 346 O, NCbzBn
iA A

To the solution of donor 3.33 (248 mg, 0.503 mmol) in DCM (8 mL) was added molecular sieves
(4 A) and stirred the solution for 30 min under nitrogen atmosphere. BSP (105 mg, 0.503 mmol)
and TTBP (167 mg, 0.671 mmol) were added to the reaction mixture at -60 °C and stirred the
reaction for 30 min. After stirring for 30 min, Tf20 (140 pL, 0.839 mmol) was added and stirred
the mixture for another 30 min. The reaction mixture was brought to -70 °C and acceptor 3.45 (200
mg, 0.168 mmol, in 2 mL of DCM) was added. After stirring for 2 h, reaction was quenched by
adding EtsN (0.5 mL) and filtered through Celite®. Organic layer was washed with saturated
aqueous sodium bicarbonate, dried over Na,SO4 and evaporated in vacuo. The crude was purified
by silica gel column chromatography (10% ethyl acetate in hexanes) to get the trisaccharide 3.46
(230 mg, 84%). *H NMR (600 MHz, CDCls) § 7.55 — 7.51 (m, 4H), 7.47 — 7.43 (m, 2H), 7.43 —
7.37 (m, 8H), 7.37 — 7.19 (m, 37H), 7.15 - 7.11 (m, 4H), 7.09 (d, J = 7.3 Hz, 1H), 5.60 (s, 1H),
5.22 (d, J = 19.8 Hz, 2H), 5.14 (d, J = 2.8 Hz, 1H), 5.05 (d, J = 11.7 Hz, 1H), 4.93 — 4.87 (m, 2H),
4.83 (dd, J = 11.6, 6.5 Hz, 2H), 4.77 — 4.68 (m, 3H), 4.66 — 4.57 (m, 6H), 4.55 — 4.50 (m, 3H),
4.46 (d, J = 12.1 Hz, 1H), 4.31 — 4.20 (m, 3H), 4.14 (dd, J = 21.0, 11.4 Hz, 2H), 4.00 (dd, J = 7.5,
3.1 Hz, 1H), 3.98 — 3.89 (m, 2H), 3.88 — 3.76 (m, 5H), 3.76 — 3.66 (m, 4H), 3.64 — 3.48 (m, 1H),
3.33 (dd, J = 9.9, 3.2 Hz, 1H), 3.31 — 3.14 (m, 3H), 3.02 (s, 1H), 1.59 — 1.41 (m, 4H), 1.30 - 1.18
(m, 2H). C NMR (151 MHz, CDCls) § 156.8, 156.3, 138.9, 138.9, 138.7, 138.3, 138.1, 137.9,
128.9, 128.7, 128.7, 128.6, 128.6, 128.6, 128.5, 128.4, 128.4, 128.4, 128.4, 128.3, 128.3, 128.3,
128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.7, 127.7, 127.6, 127.6, 127.6,
127.5,127.5,127.4,127.4,127.3,126.2,101.5, 100.1, 99.0,80.4, 78.5,77.8,77.4,77.3,77.2, 77.1,
76.9, 76.3, 75.4, 75.2, 75.0, 74.8, 74.3, 73.6, 73.4, 73.4, 73.3, 73.0, 71.8, 71.7, 71.6, 71.4, 69.5,
69.3, 68.6, 67.5, 67.3, 67.2, 50.6, 50.3, 47.2, 46.2, 31.6, 30.3, 29.8, 29.3, 28.0, 27.6, 23.5, 23.5.
HR-ESI-MS (m/z): calculated for C101H107NO1sNa [M+Na]*: 1644.7386, found: 1644.7379.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3,4-O-tri-benzyl-B-pb-mannopyranosyl-
(1—2)-3,4,6-O-tri-benzyl-a-b-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-D-
mannopyranoside (3.47)
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BnO O DCM, -7;32050), 30 min BnO 0
BnO O BnO O
BnO BnO
Oy NCbzBn Oy NCbzBn
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To the solution of 3.46 (140 mg, 0.086 mmol) in the anhydrous DCM (7 mL) was added molecular
sieves (4 A) and stirred the mixture under argon for 30 min at room temperature. The mixture was
cooled to the -78 °C, added triethylsilane (41 pL, 0.258 mmol) and dichlorophenylborane (22 pL,
0.172 mmol). After stirring for 30 min., reaction was quenched by adding EtzN (1 mL) and filtered
through Celite®. The organic layer was washed with saturated aqueous sodium bicarbonate, dried
over Na,SO4 and evaporated in vacuo. The crude was purified by silica gel column
chromatography (17% ethyl acetate in hexanes) to get the trisaccharide 3.47 (128 mg, 92%). 'H
NMR (400 MHz, CDCls) & 7.50 (dd, J = 6.6, 2.9 Hz, 2H), 7.45 — 7.41 (m, 2H), 7.38 — 7.26 (m,
35H), 7.25 - 7.18 (m, 11H), 7.14 (d, J = 7.6 Hz, 2H), 7.13 — 7.09 (m, 3H), 5.20 (d, J = 12.1 Hz,
2H), 5.12 (d, J = 2.3 Hz, 1H), 5.00 (dd, J = 28.0, 11.5 Hz, 2H), 4.91 — 4.85 (m, 2H), 4.81 (dd, J =
11.7,5.2 Hz, 2H), 4.78 — 4.71 (m, 2H), 4.69 (d, J = 4.8 Hz, 1H), 4.67 — 4.57 (m, 5H), 4.57 — 4.42
(m, 6H), 4.39 — 4.27 (m, 3H), 4.24 (t, J = 2.7 Hz, 1H), 4.08 (t, J = 2.4 Hz, 1H), 3.98 (dd, J = 8.2,
3.0 Hz, 1H), 3.92 (t, J = 9.4 Hz, 3H), 3.86 — 3.77 (m, 4H), 3.76 — 3.64 (m, 6H), 3.56 (d, J = 8.2
Hz, 1H), 3.31 — 3.16 (m, 4H), 3.09 — 2.99 (m, 1H), 1.55 — 1.44 (m, 4H), 0.94 — 0.82 (m, 2H). 13C
NMR (101 MHz, CDCls) 3 156.8, 156.3, 138.9, 138.8, 138.7, 138.5, 138.4, 138.4, 138.1, 138.0,
137.0, 136.9, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5, 128.5, 128.5, 128.4, 128.4, 128.4, 128.3,
128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.7, 127.7, 127.7, 127.7, 127.6, 127.6, 127.5,
127.5,127.4,127.3,99.8,99.7,99.0, 81.3,80.4, 78.1, 77.5,77.4,77.2, 76.8, 75.8, 75.4, 75.2, 75.1,
74.8, 745, 74.4, 74.3, 73.6, 73.4, 73.4, 72.8, 71.9, 71.8, 71.2, 70.9, 69.3, 67.6, 67.3, 62.3, 50.6,
50.3, 47.2, 46.2, 29.8, 29.3, 28.1, 27.6, 23.5, 14.3. HR-ESI-MS (m/z): calculated for
C101H110NO1gH [M+H]*: 1624.7723, found: 1624.7772

5-Aminopentyl-B-b-mannopyranosyl [a-D-mannopyranosyl]-6-phosphate-(1—2)-a.-D-
mannopyranosyl-(1—2)-a-p-mannopyranoside (3.31)

HO °
HO
[}
Bho0 o O-P O
BnO 1.3.19, PivCl, Py, I,/H,0, rt, 6 h e} HO
BnO 0 2. NH,NH»*AcOH, DCM, rt -
BnO overnight
Bno— © 3. Hy, Pd/C, EtOAc/t-BuOH/H,0
BrO 0 rt, 24 h
BnO 29% over 3 steps
OW NCbzBn /Eﬁ
3.47 5 O\H,NHZ
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Trisaccharide alcohol 3.47 (28 mg, 17.2 umol) and H-phosphonate 3.19 (31 mg, 43.7 umol)
were coevaporated three times with pyridine and the resulting mixture was dried under vacuum
overnight before dissolving in anhydrous pyridine (3 mL). Pivaloyl chloride (10.5 pL, 85.2 umol)
was then added. After 5 h of stirring at room temperature, a freshly prepared solution of iodine(21.8
mg, 86.2 umol) in pyridine/water (10/1, 0.3 mL) was added. After 3 h, the reaction was diluted
with DCM, washed with saturated Na2S;Oz solution and TEAB buffer, dried over
Na>SO4 and evaporated under reduced pressure. The crude was dissolved in DCM (3 mL), added
hydrazine acetate (7.9 mg, 86.2 umol) and stirred the reaction mixture overnight at room
temperature. After completion of reaction, quenched by acetone and evaporated in vacuo. The
crude was dissolved in the solution of EtOAc/t-BuOH/H20 (2/1/1, viviv, 2 mL) and Pd/C (60 mg)
was added to the solution. After stirring for 24 h under hydrogen atmosphere (1 atm, balloon), the
mixture was filtered through a PTFE filter (0.45 um pore size) and concentrated. The crude
material was purified by HPLC (Hypercarb column, 150 x 10 mm, H2O (0.1% formic acid)
isocratic (5 min), linear gradient to 40% ACN (35 min), linear gradient to 100% ACN (10 min))
and lyophilized to obtain pure tetrasaccharide 3.31 (4.1 mg, 29%). *H NMR (700 MHz, D;0) §
5.39 (dd, J = 7.9, 2.0 Hz, 1H), 5.10 (d, J = 1.8 Hz, 1H), 5.05 (d, J = 1.8 Hz, 1H), 4.81 (d, J = 0.9
Hz, 1H), 4.26 (dd, J = 3.3, 1.8 Hz, 1H), 4.18 (ddd, J = 11.6, 5.8, 2.1 Hz, 1H), 4.06 — 3.98 (m, 2H),
3.97 (dd, J = 3.4, 2.0 Hz, 1H), 3.92 (dd, J = 3.4, 1.8 Hz, 1H), 3.90 — 3.86 (m, 1H), 3.86 — 3.77 (m,
6H), 3.75 — 3.67 (m, 5H), 3.66 — 3.60 (m, 5H), 3.57 (ddd, J = 9.7, 8.0, 4.5 Hz, 1H), 3.54 — 3.46
(m, 2H), 2.96 (t, J = 7.6 Hz, 2H), 1.66 — 1.55 (m, 4H), 1.46 — 1.35 (m, 2H). *C NMR (176 MHz,
D-0) 8 100.1, 98.7,97.9, 96.1, 96.1, 78.8, 77.4, 75.0, 74.9, 73.7,73.4, 72.7,72.5, 70.6, 70.4, 70.3,
70.2,69.7,69.6, 67.4,67.1, 66.9, 66.3, 66.2, 64.8, 60.9, 60.7, 39.3, 27.9, 26.4, 22.4. °'P NMR (243
MHz, D20) 6 -1.9. HR-ESI-MS (m/z): calculated for CzgHssNO24P [M]: 830.2701, found:
830.2687

5-Aminopentyl B-D-mannopyranosyl-(1—2)-a-b-mannopyranosyl-(1—2)-a.-D-
mannopyranoside (3.48)
HO Og” HO og
BnO HO
BnO o HO O
BnO o HO
BnO HO
o H,, Pd/C _ o
EtOAc/t-BuOH/H,0
Bno— ¢ Ttaan HO— {
BnO % " HO
BnO 70% HO
3.47 O NCbzBn 3.48 O , NH,
A A

The trisaccharide 3.46 (12 mg, 7.3 pmol) was dissolved in the solution of EtOAc/t-BuOH/H.0O
(2/1/1, viviv, 2 mL) and Pd/C (60 mg) was added to the solution. After stirring for 24 h under
hydrogen atmosphere (1 atm, balloon), the mixture was filtered through a PTFE filter (0.45 pum
pore size) and concentrated. The crude material was purified by HPLC (Hypercarb column, 150 x
10 mm, H20 (0.1% formic acid) isocratic (5 min), linear gradient to 40% ACN (35 min), linear
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gradient to 100% ACN (10 min)) and lyophilized to obtain pure trisaccharide 3.48 (3 mg, 70%).
'H NMR (700 MHz, D20) § 5.09 (d, J = 1.8 Hz, 1H), 5.04 (d, J = 1.7 Hz, 1H), 4.75 (d, J = 1.0 Hz,
1H), 4.25 (dd, J = 3.4, 1.8 Hz, 1H), 3.99 (dd, J = 3.3, 0.9 Hz, 1H), 3.92 (dd, J = 3.5, 1.7 Hz, 1H),
3.88 (dd, J = 12.3, 2.3 Hz, 1H), 3.86 — 3.80 (m, 4H), 3.74 — 3.67 (m, 5H), 3.65 — 3.62 (m, 2H),
3.60 (dd, J = 9.6, 3.3 Hz, 1H), 3.58 — 3.54 (m, 1H), 3.54 — 3.48 (m, 2H), 3.34 (ddd, J = 9.5, 6.7,
2.3 Hz, 1H), 2.95 (t, J = 7.6 Hz, 2H), 1.69 — 1.55 (m, 4H), 1.47 — 1.34 (m, 2H). *3C NMR (176
MHz, D20O) 6 171.0, 100.1, 98.4, 98.0, 78.8, 76.9, 76.3, 73.3, 72.7, 72.7, 70.7, 70.1, 69.6, 67.4,
67.0, 66.9, 66.6, 60.9, 60.8, 60.7, 39.3, 27.9, 26.4, 22.4. HR-ESI-MS (m/z): calculated for
C23HasNO16H [M+H]": 590.2660, found: 590.2660.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-benzoyl-3,4,6-O-tri-benzyl-a-D-
mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-p-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-
a-D-mannopyranoside (3.49)

OBz

BnO
BnO O
BnO

BnO oH BnO o
BnO 0 BnO o

BnO BnO

Bno— © 3.38, NIS, TfOH Bno— ©

BnO O DCM,-20°C,1h  Bno o)
BnO 89% BnO
O\H, NCbzBn O\H, NCbzBn
3.45 5 3.49 5

Acceptor 3.45 (1.2 g, 1.01 mmol) and thioglycoside donor 3.38 (907 mg, 1.52 mmol) were mixed,
co-evaporated with toluene (3 x 10 mL) and dried under vacuum for 2 h. The mixture was dissolved
in anhydrous DCM (25 mL), freshly activated molecular sieves (4 A) were added under a nitrogen
atmosphere and stirred for 30 min. at room temperature. The mixture was cooled to -20 °C, to this
stirred suspension, NIS (363 mg; 1.62 mmol) and TfOH (44 pL, 0.505 mmol) were slowly added.
The mixture was stirred at -20 °C for 1 h, diluted with DCM (20 mL), quenched with EtsN, warmed
to room temperature and molecular sieves (4 A) were filtered. The filtrate was washed with 10%
aqueous NaS»0s3, saturated aqueous NaHCOs and brine. The combined organic layer was dried
over NaxSOq, filtered and evaporated in vacuo. The crude product was purified by silica gel column
chromatography using 15% ethyl acetate in hexanes to afford protected trisaccharide 3.49 (1.569
g, 89%). 'H NMR (600 MHz, CDCl3) & 8.10 — 8.06 (m, 2H), 7.57 (tt, J = 7.4, 1.3 Hz, 1H), 7.40 —
7.36 (m, 2H), 7.36 — 7.31 (m, 6H), 7.31 — 7.27 (m, 16H), 7.26 — 7.22 (m, 10H), 7.22 — 7.19 (m,
5H), 7.19 — 7.14 (m, 11H), 7.13 - 7.07 (m, 1H), 7.06 — 7.00 (m, 1H), 5.75 (t, J = 2.3 Hz, 1H), 5.22
(d, J = 2.0 Hz, 1H), 5.16 (d, J = 17.3 Hz, 2H), 5.11 (d, J = 2.0 Hz, 1H), 4.89 — 4.78 (m, 4H), 4.76
(d, J=11.2 Hz, 1H), 4.64 (dt, J = 24.8, 12.5 Hz, 4H), 4.56 — 4.55 (m, 2H), 4.53 (d, J = 4.7 Hz,
1H), 4.53 — 4.49 (m, 4H), 4.49 — 4.44 (m, 3H), 4.35 (d, J = 11.9 Hz, 1H), 4.14 — 4.06 (m, 3H), 3.99
—3.87 (m, 4H), 3.81 — 3.71 (m, 6H), 3.67 (d, J = 10.6 Hz, 2H), 3.63 — 3.55 (m, 1H), 3.55 — 3.44
(m, 1H), 3.25 — 3.11 (m, 3H), 1.52 — 1.38 (m, 4H), 1.21 — 1.13 (m, 2H). 3C NMR (151 MHz,
CDCI3) 6 165.5, 138.7, 138.6, 138.6, 138.5, 138.2, 133.2, 130.2, 130.1, 128.7, 128.6, 128.5, 128.5,
128.5, 128.5, 128.4, 128.4, 128.4, 128.2, 128.1, 128.1, 127.9, 127.8, 127.8, 127.7, 127.7, 127.6,
127.6, 127.5, 127.5, 127.3, 100.8, 99.6, 98.9, 79.8, 78.2, 77.4, 77.2, 76.9, 75.6, 75.4, 75.3, 75.1,
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75.0, 749, 74.4, 73.4, 73.4, 73.3, 712.3, 72.3, 712.2, 72.2, 71.9, 71.7, 69.7, 69.4, 69.1, 67.6, 67.3,
50.6, 50.3, 47.2, 46.2, 29.4, 28.1, 27.6, 23.5. HR-ESI-MS (m/z): calculated for C10sH113NO19Na
[M+Na]*: 1750.7805, found: 1750.7801.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 3,4,6-O-tri-benzyl-a-p-mannopyranosyl-
(1—2)-3,4,6-O-tri-benzyl-a-b-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-D-
mannopyranoside (3.50)

BnO OBz OH

BnO
BnO O BnO (0]
BnO BnO
BnO OO BnO OO
BnO BnO
B”& DCM/MeOH, NaOMe gn&g

o) rt, 1h
BnO 98% Bno— ¢
BnO 0 BnO o)
BnO BnO
O NCbzBn (e} NCbzBn
3.49 \H/s 3.50 \H/s

Compound 25 (1.569 g, 0.907 mmol) was dissolved in DCM/MeOH (1:2, 15 mL) was added
NaOMe (1.81 mL, 0.907 mmol) and stirred the reaction mixture for 4 h at room temperature. After
completion of reaction it was neutralized with the addition of Amberlite® IR120 H*, filtered and
concentrated. The crude was purified by silica gel column chromatography to get trisaccharide 26
(1.441 g, 98%). *H NMR (600 MHz, CDCl3) & 7.37 — 7.10 (m, 55H), 5.21 (d, J = 2.0 Hz, 1H), 5.19
—5.11 (m, 3H), 4.88 (s, 1H), 4.81 (t, J = 10.1 Hz, 3H), 4.66 (d, J = 12.3 Hz, 2H), 4.62 — 4.42 (m,
14H), 4.31 (d, J = 12.2 Hz, 1H), 4.11 (q, J = 2.5 Hz, 2H), 3.97 — 3.86 (m, 6H), 3.86 — 3.70 (m,
6H), 3.67 (d, J = 10.6 Hz, 2H), 3.62 (dd, J = 10.5, 3.2 Hz, 1H), 3.56 — 3.46 (m, 2H), 3.25 — 3.08
(m, 3H), 2.36 (s, 1H), 1.51 — 1.32 (m, 4H), 1.22 — 1.02 (m, 2H). 3C NMR (151 MHz, CDCl3) §
138.7, 138.6, 138.5, 138.4, 138.3, 138.2, 128.7, 128.6, 128.6, 128.6, 128.5, 128.5, 128.5, 128.4,
128.4, 128.4, 128.2, 128.0, 128.0, 127.9, 127.8, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5, 127.3,
101.1, 101.0, 98.9, 80.1, 79.6, 77.4,77.2, 77.0, 75.4, 75.2, 75.1, 75.0, 75.0, 74.4, 73.4, 73.4, 73.4,
72.4,72.3,72.2,71.9, 71.7, 69.7, 69.4, 69.0, 68.6, 67.6, 67.3, 50.6, 50.3, 47.2, 46.2, 29.4, 28.1,
27.6, 23.5. HR-ESI-MS (m/z): calculated for CioiHi00NO1gNa [M+Na]™: 1646.7542, found:
1646.7487.

5-Aminopentyl a-D-mannopyranosyl-(1—2)-a-D-mannopyranosyl-(1—2)-a.-D-
mannopyranoside (3.55)
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The trisaccharide 3.50 (20 mg, 12.3 umol) was dissolved in the solution of EtOAc/t-BuOH/H20
(2/1/1, viviv, 2 mL) and Pd/C (50 mg) was added to the solution. After stirring 12 h under a
hydrogen atmosphere (1 atm, balloon), the mixture was filtered through a PTFE filter (0.45 pm
pore size) and concentrated. The crude material was purified by HPLC (Hypercarb column, 150
x10 mm, H20 (0.1% formic acid) isocratic (5 min), linear gradient to 10% ACN (30 min), linear
gradient to 100% ACN (10 min)) and lyophilized to obtain pure trisaccharide 3.55 (5.2 mg, 72%).
'H NMR (400 MHz, D20) & 5.23 (s, 1H), 5.04 (d, J = 1.7 Hz, 1H), 4.98 (d, J = 1.9 Hz, 1H), 4.08
—3.98 (m, 2H), 3.92 — 3.80 (m, 6H), 3.78 (dd, J = 9.7, 3.3 Hz, 1H), 3.75 — 3.64 (m, 6H), 3.62 (d,
J=2.8Hz, 1H), 3.57 (dt, J = 14.1, 6.3 Hz, 3H), 3.51 — 3.44 (m, 1H), 2.94 (t, J = 7.6 Hz, 2H), 1.69
—1.51 (m, 4H), 1.49 — 1.32 (m, 2H). 3C NMR (101 MHz, D20) § 102.2, 100.6, 97.9, 79.0, 78.6,
73.2,72.7,70.2,70.1, 69.8, 67.4, 67.0, 66.9, 66.7, 61.1, 60.8, 39.2, 27.9, 26.4, 22.3. HR-ESI-MS
(m/z): calculated for C23H43NO16H [M+H]": 590.2660, found: 590.2669.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3-O-di-benzyl-4,6-O-benzylidene-f-p-
mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-p-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-
a-D-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-pD-mannopyranoside (3.51)

Ph/VO
BnO

0
BnO
Baoo
Bno O 3.33, BSP,TTBP, Tf,0 n
Bno- O DCM,-60t0-70°C, 3 h BnO
n 87% BnO
0 BnO
BnO
BnO O BnO
O , NCbzBn n
A

3.50

NCszn

To the solution of donor 3.33 (181.8 mg, 0.369 mmol) in DCM (5 mL) were added molecular
sieves (4 A) and stirred the solution for 30 min. BSP (77.2 mg, 0.396 mmol) and TTBP (122.2
mg, 0.492 mmol) were added to the reaction mixture at -60 °C and stirred the reaction for 30 min.
After stirring for 30 min, Tf20 (103 pL, 0.615 mmol) was added and stirred the mixture for 30
min. The reaction mixture was brought to -70 °C and acceptor 3.50 was added. After stirring for 2
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h, reaction was quenched by adding EtsN (1 mL) and filtered through Celite®. Organic layer was
washed with saturated aqueous sodium bicarbonate, dried over Na,SO4 and evaporated in vacuo.
The crude was purified by silica gel column chromatography (20% ethyl acetate in hexanes) to get
the tetrasaccharide 3.51 (220 mg, 87%). *H NMR (600 MHz, CDCl3) & 7.50 — 7.45 (m, 4H), 7.41
(d, 3 =7.3 Hz, 2H), 7.37 (dd, J = 5.4, 1.9 Hz, 3H), 7.35 — 7.27 (m, 18H), 7.26 — 6.96 (m, 34H),
5.54 (s, 1H), 5.20 (s, 1H), 5.15 (d, J = 16.6 Hz, 2H), 5.05 (d, J = 2.6 Hz, 1H), 5.00 (d, J =11.7 Hz,
1H), 4.88 — 4.81 (m, 3H), 4.77 (dd, J = 11.5, 4.2 Hz, 2H), 4.72 — 4.55 (m, 5H), 4.55 — 4.44 (m,
10H), 4.41 (d, J = 11.1 Hz, 1H), 4.23 — 4.12 (m, 5H), 4.08 (t, J = 9.6 Hz, 1H), 3.98 (s, 1H), 3.93
(dd, J = 7.9, 3.0 Hz, 1H), 3.91 — 3.81 (m, 5H), 3.81 — 3.77 (m, 3H), 3.77 — 3.64 (m, 6H), 3.56 —
3.44 (m, 2H), 3.41 (dd, J = 10.5, 2.0 Hz, 1H), 3.24 (dd, J = 9.9, 3.2 Hz, 1H), 3.22 — 3.09 (m, 3H),
2.89 (s, 1H), 1.52 — 1.36 (m, 4H), 1.35 — 1.23 (m, 2H). 3C NMR (176 MHz, CDCls) & 156.8,
156.2, 101.5, 100.7, 100.1, 98.8, 80.0, 79.9, 78.5, 77.8, 77.3, 77.2, 77.0, 76.4, 76.1, 75.3, 75.2,
75.2, 75.1, 75.0, 74.9, 74.4, 73.5, 73.4, 73.4, 73.3, 72.9, 72.9, 72.2, 72.0, 71.9, 71.7, 71.6, 71.3,
69.5, 69.3, 68.8, 68.6, 67.6, 67.2, 67.1, 50.5, 50.2, 47.1, 46.2, 29.8, 29.3, 28.0, 27.6, 23.4, 22.8.
HR-ESI-MS (m/z): calculated for C12sH13sNO2sNa [M+Na]*: 2076.9323, found: 2076.9321.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2,3,4-O-di-benzyl-B-pb-mannopyranosyl-

(1—2)-3,4,6-O-tri-benzyl-a-p-mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-p-
mannopyranosyl-(1—2)-3,4,6-O-tri-benzyl-a-b-mannopyranoside (3.52)

Ph/Vo Ho— OBn
so 12 o
BnO
BnO BnO
BnO (0]
BnO BB?O
BnO B Q
PhBCl,, TMSOTf nO
BnO BnO O
BnO DCM, -78 °C, 30 min. BnO
93%

BnO BnO
BnO 0}
Bnﬁg "3, 1 12
NCszn O, NCbzBn

hA

To the solution of tetrasaccharide 3.51 (183 mg, 0.089 mol) in DCM (5 mL) added molecular
sieves (4 A) and stirred the reaction mixture for 30 min. After 30 min of stirring, brought the
reaction mixture to -78 °C and added triethylsilane (0.042 mL, 0.267 mmol) and dichlorophenyl
borane (0.023 mL, 0.178 mmol) and stirred for 30 min. Quenched the reaction by adding 1 mL of
triethylamine, filtered through Celite®, washed the organic layer with saturated aqueous NaHCOs,
brine, dried over Na;SO4 and evaporated in vacuo. The crude waspurified by silica gel column
chromatography to get tetrasaccharide 3.52 (170 mg, 93%). *H NMR (700 MHz, CDCl3) § 7.48
(dd, J = 6.8, 2.9 Hz, 2H), 7.41 (d, J = 7.5 Hz, 2H), 7.35 — 7.26 (m, 31H), 7.25 — 7.18 (m, 20H),
7.17 - 7.12 (m, 9H), 7.11 — 7.03 (m, 6H), 5.22 — 5.12 (m, 3H), 5.07 (d, J = 2.3 Hz, 1H), 4.98 (dd,
J=54.3,11.4 Hz, 2H), 4.90 — 4.82 (m, 3H), 4.79 (dd, J = 11.7, 3.4 Hz, 2H), 4.75 — 4.64 (m, 3H),
4.64 — 4.56 (m, 2H), 4.56 — 4.40 (m, 12H), 4.32 (d, J = 12.1 Hz, 1H), 4.26 — 4.17 (m, 5H), 4.01 —
3.94 (m, 2H), 3.93 — 3.74 (m, 11H), 3.73 — 3.65 (m, 5H), 3.47 (ddd, J = 44.6, 10.5, 2.8 Hz, 3H),
3.25 — 3.11 (m, 4H), 1.24 — 1.10 (m, 4H), 0.90 — 0.85 (m, 2H). *C NMR (176 MHz, CDCl3) §
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138.9, 138.8, 138.6, 138.5, 138.5, 138.4, 138.4, 138.0, 137.0, 136.9, 128.7, 128.6, 128.6, 128.6,
128.5, 128.5, 128.5, 128.5, 128.4, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9,
127.9,127.8,127.8,127.7,127.7,127.7, 127.6, 127.6, 127.6, 127.5, 127.5, 100.7, 99.7, 98.9, 81.2,
80.0, 79.9, 78.1, 77.3, 77.2, 77.0, 75.7, 75.4, 75.3, 75.2, 75.0, 74.9, 74.8, 74.6, 74.5, 74.5, 74.4,
74.2, 735, 73.4,73.4,73.4,73.2,72.8, 72.3, 72.0, 71.9, 71.9, 71.0, 70.8, 69.6, 69.3, 68.8, 67.6,
67.3, 67.3, 62.3, 50.6, 50.2, 47.2, 46.2, 32.1, 31.6, 31.6, 30.4, 30.3, 30.3, 30.2, 29.8, 29.8, 29.5,
29.4, 28.1, 27.6, 23.5, 22.8, 19.9, 14.3, 7.0, 6.7, 6.5, 5.9, 1.2. HR-ESI-MS (m/z): calculated for
C128H138NO23H [M+H]": 2056.9660, found: 2056.9558

5-Aminopentyl B-D-mannopyranosyl-(1—2)-a-b-mannopyranosyl-(1—2)-a-b-
mannopyranosyl-(1—2)-a-b-mannopyranoside (3.53)

OBn OH
BnO
BnO
BnO
BnO
BnO
H,, Pd/C

BnO
BnO EtOAc/t-BuOH/H,0 HO
BnO ft, 24 h

61%

BnO
BnO
Bno&‘ﬁ

NCszn NHz

The tetrasaccharide 3.51 (25 mg, 12.2 umol) was dissolved in the solution of EtOAc/t-BuOH/H20
(2/1/1, viviv, 2 mL) and Pd/C (60 mg) was added to the solution. After stirring for 24 h under
hydrogen atmosphere (1 atm, balloon), the mixture was filtered through a PTFE filter (0.45 pm
pore size) and concentrated. The crude material was purified by HPLC (Hypercarb column, 150 x
10 mm, H20 (0.1% formic acid) isocratic (5 min), linear gradient to 10% ACN (30 min), linear
gradient to 100% ACN (10 min)) and lyophilized to obtain pure trisaccharide 3.53 (5.6 mg, 61%).
'H NMR (700 MHz, D20) § 5.24 (d, J = 1.8 Hz, 1H), 5.12 (d, J = 1.8 Hz, 1H), 5.04 (d, J = 1.7 Hz,
1H), 4.75 (s, 1H), 4.24 (dd, J = 3.4, 1.8 Hz, 1H), 4.08 (dd, J = 3.3, 1.8 Hz, 1H), 3.99 (d, J = 3.3
Hz, 1H), 3.92 — 3.87 (m, 3H), 3.86 — 3.80 (m, 5H), 3.73 — 3.66 (m, 7H), 3.66 — 3.58 (m, 4H), 3.56
(ddd, J=9.6, 6.3, 2.3 Hz, 1H), 3.54 — 3.47 (m, 2H), 3.33 (ddd, J = 9.5, 6.7, 2.3 Hz, 1H), 2.95 (t, J
=7.6 Hz, 2H), 1.70 — 1.55 (m, 3H), 1.45 - 1.35 (m, 2H). $3C NMR (176 MHz, D20) & 100.6, 99.9,
98.4,97.9, 78.9, 78.7, 76.9, 76.3, 73.3, 73.2, 72.7, 70.7, 70.1, 69.8, 69.6, 67.4, 67.0, 67.0, 66.9,
66.6, 61.1, 60.9, 60.8, 60.7, 39.3, 27.9, 26.4, 22.4. HR-ESI-MS (m/z): calculated for
C128H13sNO23Na [M+Na]*: 2076.9323, found: 2076.932.

5-Aminopentyl-B-D-mannopyranosyl [a-D-mannopyranosyl]-6-phosphate-(1—2)-a.-D-
mannopyranosyl-(1—2)-a-D-mannopyranosyl-(1—2)-a-b-mannopyranoside (3.32)
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Tetrasaccharide alcohol 34 (25 mg, 12.15 pumol) and H-phosphonate X (17.3 mg, 24.3 umol)
were co-evaporated three times with pyridine and the resulting mixture was dried under vacuum
overnight before dissolving in anhydrous pyridine (2 mL). Pivaloyl chloride (7.4 pL, 60.7 umol)
was then added. After 5 h of stirring at room temperature, a freshly prepared solution of iodine
(6.7 mg, 72.5 umol) in pyridine/water (10/1, 0.3 mL) was added. After 2 h, the reaction was
diluted with DCM, washed with saturated Na:S:0s solution and TEAB buffer, dried over
Na>SOs4 and evaporated under reduced pressure. The crude was dissolved in DCM (3 mL), added
hydrazine acetate (7.4 mg, 60.7 umol) and stirred the reaction mixture overnight at room
temperature. After completion of reaction, quenched by acetone and evaporated in vacuo. The
crude was dissolved in the solution of EtOAc/t-BuOH/H20 (2/1/1, vivlv, 2 mL) and Pd/C (50 mg)
was added to the solution. After stirring for 24 h under hydrogen atmosphere (1 atm, balloon), the
mixture was filtered through a PTFE filter (0.45 um pore size) and concentrated. The crude
material was purified by HPLC (Hypercarb column, 150 x10 mm, H2O (0.1% formic acid)
isocratic (5 min), linear gradient to 40% ACN (35 min), linear gradient to 100% ACN (10 min))
and lyophilized to obtain pure pentasaccharide 4 (3.9 mg, 32%). *H NMR (700 MHz, D,0) § 5.39
(dd, J=17.9, 2.0 Hz, 1H), 5.23 (d, J = 1.8 Hz, 1H), 5.13 (d, J = 1.8 Hz, 1H), 5.05 (d, J = 1.7 Hz,
1H), 4.77 (d, J = 9.5 Hz, 1H), 4.25 (dd, J = 3.3, 1.8 Hz, 1H), 4.17 (ddd, J = 7.5, 5.5, 2.7 Hz, 1H),
4.08 (dd, J = 3.4, 1.8 Hz, 1H), 4.04 — 3.99 (m, 2H), 3.96 (dd, J = 3.4, 2.1 Hz, 1H), 3.91 —3.86 (m,
4H), 3.85 — 3.77 (m, 6H), 3.75 — 3.67 (m, 7H), 3.66 — 3.58 (m, 6H), 3.58 — 3.55 (m, 1H), 3.52 —
3.46 (M, 2H), 2.98 — 2.93 (m, 2H), 1.68 — 1.55 (m, 4H), 1.46 — 1.34 (m, 2H). *C NMR (176 MHz,
D20) 6 100.6, 100.0, 98.7, 97.9, 96.1, 96.1, 79.0, 78.7, 77.5, 74.9, 73.7, 73.3, 73.2, 72.7, 72.5,
70.7, 70.4, 70.1, 69.9, 69.7, 69.6, 67.4, 67.0, 67.0, 66.9, 66.3, 66.2, 64.8, 61.1, 60.9, 60.7, 60.7,
39.3, 27.8, 26.4, 22.3. HR-ESI-MS (m/z): calculated for CssHesNO29P [M]: 992.3229, found:
992.3167.

Glycan Microarray Screening
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The in vivo experiments to obtain the mouse plasma used in this study were published
previously.*®! Briefly, healthy C57BI6 male mice (aged 8-9 weeks) were i.v. challenged through
the tail vein with 1x 107 c.f.u. per mouse log-phase inoculum C. auris 10051895 n=6 and
three days after infection plasma was collected and stored at -80°C.

The glycans were dissolved at 0.1 mM in 50 mM sodium phosphate buffer pH 8.5 and printed in
64 identical fields to NHS activated hydrogel glass slides (CodeLink slides, Surmodics) using a
non-contact S3 microarray spotter (Scienion, Berlin, Germany). After incubation overnight in a
humidified box, the remaining NHS groups of the slides were quenched with ethanolamine. The
slides were blocked with 1% (w/v) bovine serum albumin (BSA) in phosphate buffered saline
(PBS) and a 64 well incubation gasket (FlexWell Grid, Grace Bio Labs) was attached. The slides
were incubated with mice plasma diluted 1:50 in 1% BSA-PBS for 1 h at 37°. After three washes
with PBS containing 0.1% (v/v) Tween-20 (PBS-T) the slides were incubated with goat anti-mouse
IgM (heavy chain) secondary antibody, Alexa Fluor™ 647 (Invitrogen, Cat. A21238) diluted 1:400
for 1 h at 37°C. The slides were washed twice with PBS-T. After removing the gasket, the slides
were washed once with PBS and once with water. The dried slides were scanned with a GenePix
4300A microarray scanner (Molecular Devices). Intensities were evaluated with GenePix Pro 7
(Molecular Devices). The statistical analysis was performed with the software GraphPad Prism
9.3.1 (GraphPad Software, Inc.).
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