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Zusammenfassung

Studies on Noricumazole A derivatives and their HCV p7 inhibitory activity

Noricumazol A ist ein Naturstoff der zum ersten Mal aus dem Myxobakterium Sorangium
celluloum, So ce399 isoliert wurde. Es konnte gezeigt werden, dass Noricumazol A Hepatitis
C-spezifische antivirale Aktivitat aufweist, welche den Viruslebenszyklus direkt beeinflusst
und eine geringe Zytotoxizitat gegentiber der Wirtszelle aufweist ([1Cso] = 8.6 nM, [CCso] =
12.8 nM). Daruber hinaus zeigt es eine Uberdurchschnittliche Inhibierung des
spannungsabhangigen Natriumionenkanals NaV1.7 sowie eine stabilisierende und inhibierende
Wirkung gegeniber dem pH- und spannungsabhé&ngigen Kaliumkanal KcsA.

In dieser Arbeit wurden verschiedene Synthesestrategien zur Darstellung von neuen
Noricumazol A-Derivaten untersucht.

Zunéchst wurde eine konvergente Synthese von Derivaten, welche alle aktivitatsrelevanten
strukturellen Elemente enthalt, verfolgt. Die angestrebte Struktur sollte einen Thiazol-Ring,
welcher eine Reduktion der Zytotoxizitat zeigte sowie acylierte Hydroxyfunktionen an C3 und
C11, welche eine Uberdurchschnittliche Aktivitatssteigerung zeigten, enthalten. Der
Schlisselschritt zur Kupplung der finalen Fragmente blieb hierbei erfolglos aufgrund der
initialen Oxidation des Westfragements, die zuerst zu einer Reihe nicht reproduzierbarer
Ergebnisse fiihrte.

Eine weitere konvergente Synthesestrategie zur Darstellung eines Noricumazol A-Derivats
ohne Hydroxyfunktion an C13 wurde ebenfalls verfolgt. Hierbei wurde die abschlieRende
Kupplung von zwei Schlisselfragmenten Uber eine o-Lithiierung untersucht.

Des Weiteren wurde zur Untersuchung der Wirkung von Noricumazol A-Derivaten an
Viroporin  HCV p7 ein optischer Transporttest entwickelt. Hierfir wurde der
Fluoreszenzfarbstoff PBFI als optischer Kaliumsensor zwecks Nachweises der HCV p7
vermittelten Transportaktivitdt von Kaliumionen in die Liposomen genutzt. Dadurch war es
maoglich, die Transportaktivitat des Viroporins HCV p7 als Funktion der Zeit zu beobachten.
Eine Zunahme der Fluoreszenzintensitat wird dabei als Transportaktivitat interpretiert und tber
eine Injektion einer konzentrierten Kaliumchlorid-Losung in die laufende Kinetik
herbeigefiihrt. Die Abwesenheit von HCV p7 bei den Kontroll-Liposomen Resonanz auf die
Kaliumchlorid-Injektion, wahrend durch die Prasenz von HCV p7 eine starke Zunahme des
Fluoreszenzsignals zu beobachten war. In Gegenwart von Noricumazol A wird die
Transportaktivitdt konzentrationsabhéngig herabgesetzt mit eine Dosis-Wirkungsabhangigkeit

von einem ICsp von 4 uM.
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Abstract
Studies on Noricumazole A derivatives and their HCV p7 inhibitory activity

Noricumazoles A is a natural product isolated for the first time from myxobacterium Sorangium
celluloum, So ce399. Noricumazole A has been found to have hepatitis C specific antiviral
activity by directly effecting the virus life-cycle while maintaining low cytotoxicity towards the
host cell ([1Cs0] = 8.6 nM, [CCso] = 12.8 nM). Furthermore, Noricumazole A has shown above
average inhibitory activity of the voltage-sensitive sodium channel NaV1.7 as well as
stabilizing and inhibitory effect on the pH and voltage-dependent potassium ion channel KcsA.
In this work, different strategies towards new Noricumazole A derivatives have been
investigated. Initially a convergent approach to synthesize a derivative that constitutes of all
activity relevant structural elements has been followed. The envisioned structure contained a
thiazole ring that has been observed to decrease cytotoxicity as well as the acylated hydroxyl
groups at C3 and C11 that have shown to inhibit above average increase of activity. The key
coupling step between the two final fragments has been unsuccessful due to the initial oxidation

step of the western fragment that has given none-reproducible results.

A different strategy towards structurally different Noricumazole derivative has also been
pursued — a derivative lacking the hydroxilic group at C13. The convergent synthesis was
directed towards two key fragments that would be brought together in an o-lithiation end-game
reaction.

Furthermore, an optical transport test was developed to study the effect of Noricumazole A
derivatives on the viroporin HCV p7. For this purpose, the fluorescent dye PBFI was used as
an optical potassium sensor of detecting the HCV p7 mediated potassium transport activity of
potassium ions into the liposomes. The transport capacity was reconstituted with PBFI and
purified HCV p7 ion channel in liposomes. This made it possible to observe the transport
activity of HCV p7 as a function of time. The change in the fluorescence intensity is interpreted
as transport activity and is generated by injecting a concentrated potassium chloride solution
into the current Kinetics. The absence of HCV p7 ion channels in the control liposomes
generates little response to the potassium chloride injection, while the presence of HCV p7
shows a drastic increase in the fluorescence signal. In the presence of Noricumazole A, the
transport activity is reduced depending on the concentration and results in a dose-response
dependence of an 1Cso of 4 uM.

Key words: Noricumazole, HCV p7, ion channel
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1. List of abbreviations

Ac acetyl

aq aqueous solution

eq. equivalents

Ar aryl

Bn benzene

Boc t-Butyloxycarbonyl

br broad

n-Bu n-Butyl

t-Bu t-Butyl

ca. circa

Cp cyclopentadienyl

d chemical shift

DAA direct acting antivirals

d days

d doublet

dppf 1,1'-bis(diphenylphosphino)ferrocene
DMAP 4-(dimethylamino)-pyridine
DME ethylenglycoldimethylether
TMEDA N,N’-dimethylethylendiamin
DMF N,N-dimethylformamid
DMSO dimethylsulfoxid

ESI edectrosprayionisation

Et ethyl

GT geno type

g gram

GC-MS Gaschromatographie mit Massenspektrometrie-Kopplung
h hours

HCV hepatitis C virus

HPLC high-pressure liquid chromatography
Hz hertz

J coupling constant

LC-MS liquid chromatography—mass spectrometry
LDA lithiumdiisopropylamide

m multiplet

M molar

[M+] molecular peak

Me methyl

Mes mesitylene

mg milligram

MHz megahertz

min minuten

mL milliliter

mmol millimol

MS mass spectrometry

m/z mass / charge

NPHV nonprimate hepavirus

NMR nuclear magnetic resonance

PE petroleum ether (40-60 °C)
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TBAF
TFA
THF
TMEDA
™S

phenyl

parts per million

pyridin

quartet

Quantitative

ribonucleic acid

rounds per minute

room temperature

singulet

temperature

triplet

Transmission electron microscopy
trifluoromethanesulfonate
triphenylmethyl
tetrabutylammoniumfluorid
trifluoro acetic acid
tetrahydrofuran
N,N,N’,N’-tetramethylethylendiamine
trimethylsilyl
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2. Introduction

2.1 Hepatitis C

Hepatitis C virus (HCV) infection is a global health problem affecting approximately 71 million
people worlwide. The virus causes acute and chronic hepatitis, which if untreated can progress
to liver cirrhosis, hepatic failure or hepatocellular carcinoma.® Although antiviral chemotherapy

exists, HCV infection is still one of the most common causes of liver transplantation.? 3 *

HCV is a prototype member of the Hepacivirus genus within the Flaviviridae family. Its
genome is made up of an enveloped, 9.6-kb positive-sense single-stranded RNA. Translation
of the viral RNA yields a polyprotein that contains about 3000 amio acids. After cleavage by
both cellular and viral proteases 10 mature virus gene products are generated: the structural
proteins nucleocapsid C and evelope E1 and E2; the p7 ion channel; and the non-structural
proteins which replicate the viral genome and regulate the host cell metabolism: NS2, NS3,
NS4A, NS4B, NS5A and NS5B.3#

Replicase complex

i N
HCV Polyprotein r ~

| C | E1| E2 |p7|NSZ| NS3 |4A|NS4B| NS5A | NS5B |
%(—/
Virus particle l

lon
channel

Figure 1 Functionality of the different proteins of the genome sequence of HCV.*

After initial infection, HCV virions are transported to the liver by the blood stream. There they
attach to the surface of hepatocytes and a receptor-mediated cell entry takes place (endocytosis).
When the HCV particle is released into the cytoplasm an uncoating of the virion occurs and the
viral RNA is released. Cellular factors then aid the initiation of RNA translation. After
translation, the HCV proteins are associated with intracellular membranes derived from the
endoplasmic reticulum where replication takes place. Those membranes are deformed into

uniquely shaped structures termed 'membranous webs'.

Afterwards, the NS proteins replicate the positive sense RNA genome. A negative strand
intermediate is first produced by the viral RNA-dependent RNA polymerase NS5B. The
negative strand RNA then serves as a template for the production of new positive strand viral

genomes.
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Nascent genomes can then be further assembled together and packaged within new virus
particles. The new virus particles are thought to bud into the secretory pathway and are released
at the cell surface. The release usually leads to cell-death of the hepatocyte. The high mutation
rate of the virus reproduction in just one host cell leads to complications in therapy

development.>®

New HCV Virion
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Figure 2 Life-cycle of Hepatitis C in a liver cell.”
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HCV has six well defined genotypes identified worldwide as GTs 1 — 6. These genotypes may
further vary in subtypes as is demonstrated in HCV GT laand GT 1b. The difference between
the nucleotide sequences can be more than 50%. Genotypes are of clinical importance as a
factor in response to HCV treatment.

In the past, the treatment for HCV has been dual therapy with pegylated Interferon alpha 1 and

ribavirin 2.8°
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Figure 3 Standard dual HCV therapy.°

Interferon alpha is a cytokine — a signaling protein that can trigger the body’s immune response
to viruses and other pathogens. Furthermore, it can activate interferon-stimulated genes, which
encode proteins that inhibit various stages of viral replication. Ribavarin is a synthetic antiviral
nucleoside analogue that has no impact on HCV on its own, but in combination it induces the
inhibition of the viral growth and replication. This treatment has had low rates of success and
significant adverse effects.!

A better understanding of the HCV genome and proteins has enabled the development of a
treatment that has greater efficacy and tolerability as well as high cure rates. Particularly, this
has been the breakthrough of direct-acting antivirals (DAAS).

The treatment development has first been established with the approval in 2011 of the two oral
DAAs Boceprevir and Telaprevir. These drugs have been used in combination with PEG-IFN
and RBV for GT 1 that have brought the sustained virological response (SVR) rates up to 70%,
however these agents have sustained broad adverse effect profiles.*? 13

In 2013 a new standard was established with the approval of Simeprevir and Sofosbuvir as the
first oral once-daily treatments that have had no adverse effects and have produced SVR rates
higher than 90% either together, in combination or with PEG-IFN plus RBV in selected

genotypes.t*
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3 4

Simeprevir Sofosbuvir
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Scheme 1 Important DAA drugs in the development for HCV treatment

Since then many DAA medications have been approved - treatments that do not use IFN are
available for all HCV genotypes. Those are generally well-tolerated, all-oral regimens for
various HCV genotypes and stages of liver disease.

The newer DAA medications act to target specific points of the HCV viral life cycle. These
drugs target specific nonstructural proteins of the virus that results in disruption of viral
replication and infection. DAAs are classified according to their mechanism of action and

therapeutic target.
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Ledipasvir
Declatasvir
Ombitasvir (ABT-267)
Elbasvir
Velpatasvir (GS-5816)
ABT-530
HCV Polyprotein TNSSA inhibitors
C El E2 p7 [NS2 | NS3 4A| NS4B NS5A NS5B
—_— lNSSB inhibitors
NS3/4A protease inhibitors
Boceprevir (no longer in use) Sofosbuvir
Telaprevir (no longer in use) Desabuvir (ABT-333)

Simeprevir
Paritaprevir(ABT-450)
Grazoprevir

ABT-493

Figure 4 Molecular targets for HCV direct acting anti viral therapy.

The main targets are nonstructural proteins 3/4A (NS3/4A) protease inhibitors (Pls), NS5B
nucleoside polymerase inhibitors (NPIs), NS5B non-nucleoside polymerase inhibitors (NNPIs),
and NS5A inhibitors. Medications that target the NS3/4A protease contain the suffix “-previr,”
medications that inhibit the NS5B polymerase have the suffix “-buvir,” and NS5A inhibitors

end in “-asvir”.1% 16

2.2 Noricumazole

For many years natural products have played a major role in modern drug discovery programs.
About 42% of all small-molecule drugs approved worldwide in the period 1981-2014 were
natural products or their close semi-synthetic derivatives.

Myxobacteria are known to produce some 5% of known bacterial natural products.
Myxobacteria are rod-shaped Gram-negative, soil-dwelling bacteria, recognized for their
complex social behavior and life cycle. They are found worldwide in all climate zones and
vegetation belts, preferentially wherever there is a rich microbial flora. !’ 8

Myxobacteria come in two basically different cell shapes, representing two suborders. Species
of the suborder Cystobacterineae have long, slender, highly flexible cells with tapering ends,
usually boat to needle shaped. In the suborder Sorangineae, the cells are cylindrical with

rounded ends, often shorter and stouter than the former (Figure 5).1% 20
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Figure 5 Colonies (left) and fruiting bodies (middle, right) of Sorangium cellulosum.?

Myxobacteria produce secondary metabolites with high chemical complexity to modulate cell-
cell interactions within the population, to protect ecological niches in their competitive
environment and for predation.

More than 7500 different myxobacterial strains have been isolated up to date of which 67
distinct core structures and more than 500 derivatives have been reported. Those mainly
comprise polyketides, non-ribosomal peptides, and hybrids thereof. These natural products
exhibit diverse biological activities, including antifungal, antibacterial, cytotoxic, antiviral,

immunosuppressive, antimalarial, and antioxidative properties.?

O OH O

Epothilone A (R = H) (7)
Epothilone B (R = CH3) (8)

Sorangicin A
9

Carolacton
10

Scheme 2 Structures of medicinally important natural products isolated from myxobacteria.

Scheme 2 shows a few representatives: The antitumor active Epotilone B 8 inhibits the

microtubule function of cancer cells thus stopping the cells from dividing. The broad spectrum

8
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antibiotic Sorangicin A 9 acts by inhibiting the RNA synthesis within bacteria cells. Carolacton
10 inhibits the bacterial pathogens Streptococcus mutans and Streptococcus pneumonia
responsible for dental caries and pneumococcal infections by interfering with serine/ threonine

protein kinase PknB-mediated signaling in growing cells.?3 24 2526

2.3 Isolation and structure elucidation

Icumazoles A, B1 and B2 were isolated for the first time from an antifungal extract of
myxobacterium Sorangium cellulosum, So ce701 as part of a biological activity screening trial
at the Helmholtz Center of Infectious Diseases (HZI Braunschweig). Posessing similar
structural elements, Noricumazoles A, B and C were later isolated from the fermentation extract
of Sorangium celluloum, So ce399 and their exact structure were elucidated. Furthermore, the

evaluation of their biological activity led to interesting findings.

OH O
O OMe = =

OR?
R! OH

lcumazole A (11) R'=R%?=H
Icumazole B1 (12) R'=H; R? = pentofuranosyl
Icumazole B2 (13) R'= pentofuranosyl; R = H

Noricumazole A (14) R'=R2=H
Noricumazole B (15) R'=H; R? = pentofuranosyl
Noricumazole C (16) R'= p-D-glucopyranosyl ; R? = H

Scheme 3 Structures of Icumazole A (11), B1 (12), B2 (13) and Noricumazole A (14), B (15) and C (16).

After series of spectrometric and spectroscopic methods the final structures of Icumazole and
Noricumazole were determined by Jansen et al. First the elemental compositions were resolved
by high resolution ESIMS. Further, the composition of bond sequence were confirmed by NMR
analysis including H, *C, *H-tH-COSY, NOESY, TOCSY, HMQC, HMBC methods.
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The absolute configuration of all stereogenic centers was established by a chemical approach
based on Noricumazole A. The Rychnovski’s acetonide method was used to determine the
relative configuration of the 1, 3 —diol moieties. One diastereomer was then synthesized as well
as its epi-diastereomer and were compared with the authentic samples from biosynthesis to
confirm the absolute stereochemistry of all stereogenic centers.

The final structure elucidation of the Noricumazole A structure was greatly supported by the
total synthesis of the molecule as well as further synthesis of diastereomeric derivatives
reported by the Kirschning group.?’: 28

2.4 Biosynthesis

The biosynthesis of Noricumazole from Sorangium cellulosum, So ce399 has not yet been
elucidated. Further research is necessary to identify the gene clusters and relevant biosynthesis
proteins. Due to the typical polyketide structure of the molecule, it could be speculated that the
biosynthesis of Noricumazole A is based on a hybrid, non-ribosomal polyketidesynthase (NR-
PKS), type 1.

The postulated biosynthesis of Noricumazole as depicted in Figure 6 begins with loading

propionyl coenzyme A at the starting domain, which processes it as activated thioester.

module 1 module 2 module 3 module 4 module 5 module 6 module 7 module 8 module 9 module 10 module 11

g OB GV, 5OV OO 5D 555 SO @

§ }
S S S S

o4 a4 A
ﬁﬁ}z%
5 Kjg

O

Figure 6 Postulated biosynthesis of Noricumazole A.

Two malonyl coenzyme A elongation units follow that build the carbon chain from C21 to C16.
The methyl groups at C22 and C23 could be introduced either from a methylation domain in

module 2 or directly from loading methylmalonyl coenzyme A as elongation unit.

10
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The oxazole ring formation could be achieved with an amino acid building unit such as serin

coenzyme A by amide formation and subsequent cyclase catalyzed cyclization.

s N
+ - Malonyl CoA t— Propionyl CoA

- 2-Methylbutyl malonyl CoA

t— Serine CoA

Figure 7 Postulated biosynthetic cyclization of Noricumazole A

Further four malonyl coenzyme A elongations would follow to build the main carbon chain
from C5 to C21. At this point the aliphatic side chain could be introduced by loading 2-
methylbutyl malonyl CoA as an elongation unit. An additional malonyl CoA unit would give
the open-chain polyketide 17 that would be cleaved off by the PKS and cyclized to yield the
Noricumazole A molecule 14.

Further studies are necessary to evaluate and confirm the exact mechanism of the Noricumazole

biosynthesis.

2.5 Antiviral activity

Noricumazole A was found to have hepatitis C specific antiviral activity by directly effecting
the virus life-cycle while maintaining low cytotoxicity towards the host cell ([ICso] = 8.6 nM,
[CCso0] = 12.8 nM). In the course of a series of studies from Pietschmann et al. that have been
based on human liver carcinoma cells, a comprehensive description of the virus life-cycle was
achieved and Noricumazole A was identified as a substance that inhibits the replication of the
hepatitis C virus by 90%,2% 30.31

2.5.1 Influence on ion channels.
lon channels are essential for the normal function of important biological proceses such as
cardiac, skeletal and smooth muscle contraction, T-cell activation, nerve-impulse generation,

pancreatic beta-cell insulin release and many more. They are proteins that regulate the selective

11
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passage of ions through celular membranes. Due to their vital role in steering biological
functions, ion channels are often suitable drug targets in the research and development of new
drugs.

A wide range of viruses also encode ion channel proteins called viroporins for the purpose of
modifying host-cell ion homeostasis to aid viral infection. Viroporins are small hydrophobic
proteins comprised of not more than 120 amino acids and encode at least one transmembrane
passage. Viroporins make up a large family of multifunctional proteins from diverse virus
families mainly concentrated in RNA viruses. A number of pathogenic human viruses, such as
hepatitis C virus (HCV), influenza A virus (IAV), human immunodeficiency virus 1 (HIV-1),
several picornaviruses, respiratory syncytial virus (RSV), and coronaviruses (CoVs) encode at
least one viroporin. These transmembrane proteins support important phases of the viral life
cycle through various mechanisms. In general viroporins are not essential for RNA replication
of the virus but they promote the virus assembly/release and, in the case of the M2 protein, also
virus entry.

Viroporins oligomerize in cell membranes to form ion conductive channels. Typically
viroporins do not show preference for particular ionic species as they display mild ion
selectivity. lon channel activity is relevant for virus propagation and could have a big impact
on host-cell ionic physiology. lon channel activity ranges from almost essential, to highly or
moderately necessary for viruses to yield properly. Taking this into consideration ion
conductivity and its pathological stimulated pathways can represent targets for combined

therapeutic interventions.3% 33 34

Noricumazole A has shown above average inhibitory activity of the voltage-sensitive sodium
channel Nav1.7. In comparison with the reference substance that have been used in these
electrophysiological tests — Phenytoin — Noricumazole A has shown 2.3 to 2.5 higher activity.
Phenytoin is a well-known drug used as anticulvulsive agent for treatment of epilepsy seizures
as well as antiarrhythmic substance for treatment of abnormal heart rhythm.

The biological influence of Noricumazole A on ion channels was further studied with regards

to the pH and voltage-dependent potassium ion channel KcsA.*®

12
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Figure 8 Top (left) and side (right) view of the structure of the KcsA ion channel.%

The bacterial KcsA ion channel enables the selective transportation of postassium ions through
the cellular membrane. The structure of the channel was established to consist of four identical
subunits each containing two alpha-helices connected together to form a pore loop on the inside
that is a suitable size for potassium ions but not for sodium ions (Figure 8).

The opening of the channel can be activated by low pH values.*’

Noricumazole A has been reported to be the first natural product that induces temperature-
dependent stabilization of the tetrameric architecture of the KcsA ion channel. The tetrameric
KcsA ion channels have shown to half dissociate into monomers at 82 °C. In the presense of
Noricumazole A the KcsA tetramers have been observed to remain stable up to 90 °C. Only
sodium chloride has been known to have a similar effect as well as potassium chloride

specifically for KcsA ion channel.

40000
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Figure 9 Inhibitory effect of different concentrations of Noricumazole A on the ion channel KcsA.
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To further explore the influence of Noricumazole A on the biological function of the ion channel
KcsA, a fluorescence liposome assay was conducted by the Kirschning group. The potassium
sensitive dye PBFI was used to detect potassium transport in reconstituted liposome systems.
Liposomes were charged with PBFI and purified KcsA ion channel. Afterwards potassium
chloride solution was injected and potassium ions were transported inside the liposomes and
the fluorescence signal was monitored. In the absence of KcsA, the control liposomes only
showed weak response to the potassium chloride injection (Figure 9). Addition of
Noricumazole A caused reduction of the fluorescence signal in a dose-dependent manner which

confirmed a concentration-dependent inhibitory effect of the molecule, 28 38 394041, 42

2.6 The viroporin p7 from hepatitis C virus

Most recent studies identify virus infections similar to hepatitis C in animals — dogs, horses,
rodents, bats, nonhuman primates and cattle. Strikingly, the nonprimate hepacivirus (NPHV)
described to infect dogs and horses is the closest homolog of HCV. Both viruses encode the
same viral proteins and thus represent a model to study genome differences. Furthermore,
targeted genome comparrison of animal hepaciviruses might help elucidating the evolution of

the ancestral virus lineages out of which HCV developed

Both HCV and NPHYV encode the small membrane protein p7.% It consists of 63 amino acids
and contains two trans-membrane alpha helices separated by a conserved basic loop. It is
classified as a viroporin due to its small size and its ability to form oligomeric, hydrophobic ion
channels in the endoplasmic reticulum membrane.

In lipid bilayer membranes p7 channel has shown to be permeable to potassium and sodium
ions but has limited permeability to calcium ions.

Initial studies using transmission EM (TEM) and computer-based image analysis have
suggested that in biological membranes p7 might exist as a mixture of oligomers with variable

Size.44’ 45

Further TEM study combined with single particle reconstruction of chemically synthesized full-
length p7 of Gt2a, solubilized in short chain DHPC (1, 2-diheptanoyl-snglycero-3-
phosphocholine) detergent micelles at pH 7.0, has produced the first 3D structure of hexameric
p7 channels at 16 A resolution. It was found that the p7 channel exists as a flower-shaped

complex with 6 petals emerging from a conical base (Fig. 10).
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Figure 10 The 3D structure of a hexameric HCV p7 ion channel. The cone shaped structure is 8.1 nm in
diameter at the widest point and 4.8 nm in height.*®

The generation of the first EM density map from this study has allowed modeling of simulated
p7 monomers into the hexameric volume with a high fitting value (97.3%) as well as to predict
interactions between them at the lower part of the channel (Fig. 11).%°

Figure 11 Atomistic models of p7 monomers fitted into the hexameric volume with their C and N termini
oriented toward the petal tips. For illustration purposes, alternating colors of the monomers (blue and purple) are
shown. In each model, 3 neighbouring monomers are surface represented; for the other 3 the peptide backbones
are shown.*®

Clarke et al. reported genotype specific heptameric p7 complexes in low-resolution TEM

images (Fig. 12).*’A similar heptameric model has also been reported by Chandler et al.*®

10 nm

Figure 12 Heptameric stoichiometry of p7. These rotationally filtered images depict different conformations of
the protein complex that may indicate a switch between different states or a tolerance for flexibility within the
heptameric assembly.*’
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In vitro studies revealed that p7 is essential for HCV assembly and release, whereas it is not
essential for viral replication.*

Although NPHV p7 shares comparable structural features with its human homolog and has an
ion channel activity, the protein cannot fully replace HCV p7 during virus assembly. Studies
where NPHV/HCV p7 chimeric viruses have been constructed have shown that the N terminus
and transmembrane domains are nonexchangeable whereas the basic loop and the C terminus
are exchangeable and lead to production of infectious viral particles, thus defining virus species-
specific and interchangeable subdomains within p7.43

A number of small molecules that inhibit production of HCV particles, presumably via
interference with p7 function, were reported.>® Amantadine 18 has been demonstrated to be a
potentional p7 inhibitor. Expression of p7 in mammalian cells could substitute for the channel
activity of the influenza virus M2 protein and maintain virus infectivity. That activity could
further be blocked by amantadine 18.5! Furthermore, fluorescence-based liposome assays were
established to observe the p7 ion-channel activity and its potential as therapeutic target.
Employment of such assays using p7 from genotype 1b has shown a dose-dependent release of
fluorescent indicator when mixed with liposomes. The drugs amantadine 18, rimantadine 19
and several related compounds have shown to block the release activity of the ion channel.? 2
BIT225 22 has been the first acylguanidine in clinical trials against HCV and has also shown

to inhibit p7 ion-channel activity in lipid membranes.>

\H H,N OH OoH
2 HOUOH HO,,, (’j,OH
@ HO\\\“ N HO\\\“ N

Aman Rim
18 19
o NH NN-DNJ NN-DGJ
N)J\NHz 20 21
H
@& BIT225
NN 22

Scheme 4 Structures of biologically active compounds that have shown inhibitory activity towards p7

Extensive studies by Griffin et al. were conducted to differentiate the genotype- and subtype-

dependent sensitivity of p7 to multiple inhibitors. It was found that p7 from genotype 1a isolate
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is not blocked by amantadine, whereas amantadine successfully inhibited genotype 1b and 3a
isolates. Rimantadine has been found to inhibit both genotypes 1a and 1b channel activity and
virus production. Additionally, the long alkyl chain iminosugar derivatives N-nonyl
deoxygalactonojirimycin (NN-DGJ) 21 and N-nonyl deoxynojirimycin (NN-DNJ) 20 have
been reported to reduce infectious virus production for genotype 2a and 1b in a dose-dependent
manner with no observable cellular cytotoxicity (Griffin et al., 2008).%°

Differing results have been obtained with various inhibitors in the context of different
genotypes. These contrasting results suggest that p7 inhibitors may need to be developed in a
genotype-specific manner.>®

Screening such compounds could aid the better understanding of p7 function and support

further clinical development to optimize HCV-specific antiviral treatments.

2.7 Structure-acivity relashionship in Noricumazole A

Initial structure-activity analysis could be conducted based on the synthesis of more than 20
derivatives of Noricumazole by the Kirschning group.?” 2
It was shown that some structural elements are essential for the biological activity and some

small structural modifications could decrease the cytotoxicity.

lation i stereochemistry o .
acylation improves is essential acylation improves activity

activity \

Oxazole NOT essential,
Thiazole claerly improves activity!

side-chain is
essential, C25- double
Me shows light bond has iy
influence no influence

Figure 13 The importance of certain structural elements of Noricumazole A.

The SAR picture (Figure 13) displays that absence of the aliphatic side-chain at C4 reduces
antiviral activity and that stereochemical information at C9 and C11 is important for the

biological activity. Furthermore, the oxazole ring and unsaturated unit at C12 and C13 have
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been proven not to be essetntial for antiviral activity. In contrast, a thiazole ring results in more
potent activty (it is not clear wheather a five-membered ring is essential for activity). The
hydroxyl groups at C3 and C11 have shown to inhibit above average increase of activity after
being acylated.

Further derivatization of the molecule with regards to the hydroxyl groups at C11 and C3 as
well as the oxazole ring would help to better understand the importance of those structural
elements for the biological activity as well as would help confirm the initial SAR-trends that

have been identified.
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3 Purpose of the project

Continuing the work of Barbier et. al., the purpose of this project is to synthesize Noricumazole
A derivatives, compare their HCV biological activity and expand the initial SAR map.2": 28
The initial target would be a derivative 23 that constitutes all the biological activity relevant

structural features described in the initial SAR analyis.

Cu)AC O

Figure 14 Envisioned derivative of Noricumazole A.

The total synthesis of the derivatives would follow a convergent synthetic pathway based on
the first reported total synthesis of Noricumazole A.

Furthermore, additional investigations are to be conducted in order to get further insights into
the mechanism of action of the Noricumazole A derivatives towards the HCV ion channel p7.
Important conclusions are to be made regarding the ion channel’s potential role as a drug target.
For these purposes, a development and implementation of biophysical assays are to be
conducted. Their set up would resemble the liposome-based fluorescent dye release assay
reported by Griffin and it would investigate the p7 ion-channel activity and its drug inhibition

ability towards various active molecules.
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4 Discussion and results

4.1 Retrosynthesis

In order to select a suitable analogue of Noricumazole as synthetic target (Figure 15), the

structure-activity findings discussed in chapter 2.7 and previous work were taken into

consideration.?” 2 The aim was the synthesis of an analogue containing the key structural

elements important for the biological activity, i.e. acylation of the hydroxyl groups at C3 and

C11, the presence of stereochemistry at C9 and C11 as well as the thiazole ring.

Figure 15: 3,11 — Ac Noricumazole S.

The planned strategy for the synthesis of the new derivative followed a convergent approach

identical to the original total synthesis of Noricumazole A, i.e. the molecule would be split in

two key fragments named eastern and western (Scheme 5).2” Those would then be connected

by a transition metal catalysed addition.

OH O

10
=0

OAc O

24
western fragment

+

|
transition metal \/\(/\S ?TBS ?TBS
Nﬂk/\‘/\/

catalyzed addition

25
eastern fragment

Scheme 5: Key retrosynthetic step for merging the western and the eastern fragments.

4.1.1. Retrosynthesis of the Eastern fragment

The typical polyketide structure of the Eastern fragment 25 was planned to be achieved by a

classical aldol approach, employing the MASAMUNE anti-selective aldol and NAGAO aldol

reactions to set the three stereocenters (Scheme 6).%” °® Next, an amide coupling and cyclization

would furnish precursor 27. Alkyne 26 would be formed after reduction of ester 27 to an

aldehyde and a SEYFERTH-GILBERT homologation to the desired precursor 26.° The vinyl
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iodide 25 was expected to be synthesized through a sequential syn-hydrozirconation and
iodination of terminal alkyne 26.

NAGAO 29 and MASAMUNE 28 chiral auxiliaries would be key starting bulding elements for this
synthetic pathway.>" 8

I /™S  OTBS QTBS \fs OTBS OTBS

olefination 25 26

amide coupling Masamune
and cyclization aldol |-

Scheme 6: Retrosynthesis of the Eastern fragment.

4.1.2 Retrosynthesis of the Western fragment

The synthetic strategy towards the western fragment was planned to involve the construction
of the tetra — substituted phenolic precursor 30 that would be formed as a result of three
sequential organometallic reactions (Scheme 7). The constitution of the lactone ring would be
established after the synthesis of the key precursor 30. This precursor was planned to be
obtained from amide 31 through ortho-lithiation employing chiral epoxide opening similar to
conditions initially described by KwoN.%® The chiral oxirane 32 would serve as a key starting
material that provides the necessary stereochemistry at the lactone ring in the final structure.
The literature known synthesis starts from commercially available L-aspartic acid 33 and
follows a four step sequence.5® 62

Amide 31 was expected to be established after ortho-lithiation followed by a metal-catalyzed
coupling of the alkyl side-chain to the MOM-protected bromophenol precursor 34. The

nessessary alkyl halide was planned to be synthesized from alcohol 35.%3

21

Internal



ortho-lithiation

OH O OH O
0 o = N
B | H
24 o o
ortho-lithiation I/\/\OTBS

0oTBS 32
ortho-lithiation NH, O
HO
OH| O on
jra O 33
N —)
H OMOM
31 Br //“\I/A\OH
metal-catalyzed
cross-coupling 35
34

Scheme 7: Retrosynthesis of the western fragment.

4.2 Synthesis
4.2.1 Synthesis of the eastern fragment

The synthesis of the eastern fragment started from the MASAMUNE chiral auxiliary 28 that was

freshly prepared following the three-step procedure described originally (Scheme 8).%’

o o e T

n” \SOZMes SOzMes
36 37 28

Scheme 8: Synthesis of MASAMUNE chiral auxiliary xx. Reaction conditions: a) MesSOClI, NEts, THF, 0°C, 2 h;
b) BnBr, KOtBu, DMF, RT, 3h, 98%; c) propanoyl chloride, pyridine, CH,Cl, RT, 16 h, 98 %.

The chiral MASAMUNE ester 28 then underwent a boron-mediated anti-aldol reaction with
propionaldehyde (Scheme 9). The resultant alcohol was immediately TBS-protected (38) and
the ester was further reduced to the corresponding alcohol using DIBAL-H. DESS-MARTIN
oxidation and NAGAO aldol reaction with chiral auxiliary 29 followed. Another immediate TBS-
protection took place that provided the desired precursor 40, in which three stereocenters are
established. Hydrolytic removal of the chiral auxiliary gave the free acid that was further

transformed to the amide intermediate 41.
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Scheme 9: Synthesis of eastern fragment 25. Reaction conditions: a) (c-Hex),BOTf 46, NEt;, CH,Cl,, -78 °C, 2h;
propionaldehyde, -78 °C, 1h; 0 °C, 1h; RT, o/n, 95%; b) 2, 6 — lutidine, TBSOTf, CH.Cl,, -78 °Cto 0 °C, 1,5 h,
98 %; c) DIBAL-H, CHClI,, -78 °C, 3h; RT, o/n, 68%; d) DMP, NaHCOs, CH,Cl,, RT, 1,5 h; €) TiCls, DIPEA,
CH_ClIy, -50 °C to -40 °C, 2h; 29, -78 °C, 1,5h; f) 2,6 — lutidine, TBSOTf, CH:Cl,, -78 °C to RT, 1h, 36% over 2
steps; g) 30% H.O,, 1M LiOH,THF/H,0, 0 °C to RT, o/n, 50%; h) ; i) Lawesson’s reagent 50, THF, RT, 4h, ; j)
ethyl bromopyruvate, Me,CO, -10 °C, 2h; TFAA, pyridine, CH2Cl,, -30 °C to RT, o/n, 88%; k) DIBAL-H, CH,Cl,,
- 78 °C, 2h, quant.; I) K;COs, OHIRA-BESTMANN reagent 49, MeOH, 0 °C, 14h, 96%; m) ZrCp2(H)CI, THF, 0 °C;
NIS, -78 °C, 20 min, 89%; n) BHyMe:S, Et,0, 0 °C, 3 h, -20 °C, 24 h; 0) TfOH, Hexan, RT, 1.5 h, -78 °C, 24 h,
98 %; p) NaBHj, I2, THF, 0 °C to reflux, 24h; g) CSz, KOH, EtOH/H:0, reflux, 48h, 53%; r) NEts, CH;CH.COCI,
CH,Cl,, 0 °C to RT, 24h, 90%; s) NaH, TosNs, benzene/THF, 0 °C to RT, 2h, 89%.
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This transformation needed to be optimized since the conditions used in previous studies did
not lead to the desired product but only led to the deprotection of one of the alcohol groups
(Table 1 Entry 1). Typical peptide coupling conditions successfully gave the desired product in
moderate yield.%

(0] (:DTBS(:)TBS O (:)TBSQTBS
HO : . — HoN . :
51 41
Entry  Reaction conditions Results
1 i. (COClI), Et20, 0°C to RT, 1 h; No product. Mono-
ii. NH3, MeOH, 0°C to RT, 1 h. deprotection of 51.
I EDC, HOBt, NHs,
2 ii. CH2CI, 0°C to RT, 1 h. Traces of product.
I EDC, HOBt, NHz, DIPEA
3 ii. CH2Cl,, 0°Cto RT, 1 hto 24 h. 52%

Table 1 Optimization of amide 20 formation.

Thionation of the amide with Lawesson’s reagent 50 was followed by the coupling with
bromide-ethyl ester and subsequent cyclization that furnished the thiazole ethyl ester 27
(Scheme 9). DIBAL-H reduction to the aldehyde and a SEYFERTH-GILBERT homologation
utilizing the OHIRA-BESTMANN reagent 49 yielded the terminal alkyne 26. Treatment with
SCHWARZ reagent and N-lodosuccinimide gave the vinyl iodide 25. The hydrozirconation
proceeded through syn-hydrometalation to furnish trans vinyl iodide in good yield. The reagent
that were commercially not available were synthesized according to literature procedures

(SCheme 5).59, 65, 66, 67

4.2.2 Synthesis of the western fragment

The starting building units for the Western fragment were prepared by iodination of

(S)-(-)-2 - methylbutanol and MOM-protection of 2-bromophenol respectively (Scheme 10).
52 and 34 were then coupled in an iron-catalyzed Kumada cross-coupling reaction to precursor
53.%8
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Scheme 10: Synthesis of western fragment 24. Reaction conditions: a) l,, PPhs, imidazole, CH.Cl,, RT, 2h, 83%;
b) MOMCI, K,COs, DMF, 0 °C to RT, 2h, 99%; c) xx, Mg, THF, reflux, 2h; xx, Fe(acac)s, TMEDA, HMTA,
THF, 0 °C, 1,5 h, 63%; d) nBuLi, TMEDA, Et,0, -30 °C, 2h; -5 °C, 3h; tBUNCO, RT, o/n; 71 %; €) nBuLi,
TMEDA, Et;0, -78 °C to -40 °C, 2h; 32, -78 °C to -40 °C, o/n, 37%; f) hait conc. HCI, EtOH, 50 °C, 1h, 53%; g)
PTSA, toluene, reflux, 50 min, 62 %; h) i) KBr, H.SO4, NaNO,, H20, 0 °C, 2h, ; j) BH3SMe,, THF, RT, o/n, ; k)
NaH, TBSCI, TBAI, THF, -10 °C to RT, 1,5 h.

The ortho lithiation of 54 with n-BuLi was followed by treatment with tert-butyl isocyanate.
The resulting amide 55 then undergoes a second ortho-lithiation step with a subsequent
alkylation employing freshly prepared TBS-protected chiral oxirane 32. The deprotection of the
hydroxyl groups followed by lactonization furnished precursor 57. Finally, Dess-Martin

oxidation led to the desired aldehyde fragment 24.%°

4.3 Coupling reaction

The final step in the synthesis of the Noricumazole derivative 23 was the stereoselective

coupling of fragments 24 and 25. Initially it was tried to utilize previously reported conditions
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that involved substrate controlled nucleophilic addition of aldehyde 24 to vinyl iodide 25.7% 7%
72

First, the vinyl iodide was transformed into vinyllithium (61) (Scheme 11). This underwent
transmetalation with dimethyl or diethyl zinc to form the key vinyl zinc species 62. Aldehyde
63 was then added and after aqueous work-up the final alcohol 65 was collected.

|
R3J )
RLi ZnR?%, 2| 63 OZnR? OH
/\/l X Li X ZnR > ELLENG
R1 1 % R1/\)\R3 R1/\)\R3
60 61 62 64 65

Scheme 11 Mechanism of the zinc-catalyzed coupling of vinyl iodide 60 and an aldehyde 63.

However, following this established strategy only poor vyields were achieved and
reproducibility was low. Optimization in terms of temperature and reaction time did not

enhance the efficacy of the C-C coupling step (Table 2).

HO o NANFs oTBS OTBS

o o * N —_—

A~/ S OTBSOTBS
9 : :

66 R'=0OH,R?=H
67 R'=H, R?=OH

Entry  Reaction conditions Results

1 i. t-BuL.i (2 eq), 25 (1 eq.); ii. Me2Zn; iii. 24 (1 eq.), 24 h No product

2 i. t-BuLi (4 eq), 25 (2 eq.); ii. Me2Zn; iii. 24 (1 eq.), 2 h Traces of product
3 i. t-BuLi (4 eq), 25 (2 eq.); ii. Me2Zn; iii. 24 (1 eq.), 24 h 34% XX + XX

4 i. t-BuLi (2 eq), 25 (1 eq.);ii. 24 (1 eq.), 24 h No product

Table 2 Eastern 25 and western 24 fragments coupling conditions.
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In search for an alternative approach for this coupling key step the established WipF protocol
for in situ transmetallation of alkenylzirconocenes to the alkylzinc species 69 and their
subsequent catalytic asymmetric addition to aldehydes that employs a chiral ligand seemed to
be suitable (Scheme 12).” This would allow the direct coupling of terminal alkyne 26 with
aldehyde 25 and the use of chiral ligands, such as 71 and 72 especially, and this step was

reported to give excellent stereoselectivity.’

3. R{CHO,-30°C OH
1. CpZrHCI,DCM 10-15mol% L*
ZnM
R— - R/\/ nMe R.]/k/\R
2. MeyZn, -78°C, tol
68 69 70

NMe, Et.__NMe,
L* = O—é or SH o
N
\
71 72 73

Scheme 12 Enantioselective vinylation of aldehydes with Wipf’s method.

The synthesis of thiol amine 72 started with ESCHWEILER-CLARK methylation of (R)-
ethylbenzylamine 74, followed by ortho lithiation and conversion with elemental sulphur that
yielded the desired ligand 72.7

NH2 NMez NMez
74 75 76

Scheme 13 Synthesis of Wipf chiral ligand. Reaction conditions: a) CH,O, HCOOH, EtOH, reflux, 24 h, 87%; b)
i. t-BuLi, RT, 24 h; ii. Sg, THF, -50 °C, 16 h; iii. H-O.

A series of piperidine B-amino alcohol ligands reported by Cossy et al. for the enantioselective
diethylzinc addition to aromatic and aliphatic aldehydes were also synthesized (Scheme 14).7
Ligands 80 and 82 were prepared from the corresponding proline precursors 79 a, b by utilizing
a ring expansion reaction. The proline precursors 79 were synthesized from commercially

available trans-4-hydroxy-L-proline 77.
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HO TBDMSO, TBDMSO, TBDMSO,,

OH
/ a,b,c O\ d O\/ —>e (j/
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O\ — N~ YCOOCH; — N N

N COOH | | )
H Bn Bn Bn
77 78 79 80
f TBDMSO/,' OTr g HO/,' OTr
— Ty = 0T
h N
Bn Bn
81 82

Scheme 14 Synthesis of Cossy chiral ligands. Reaction conditions: a) SOCl,, MeOH, 0°C to RT, 4 h; b) BnBr,
EtsN, CH,Cly, RT to reflux, 5 h; ¢) DMAP, RCI, RT, 12 h, 43% over 3 steps; d) LiAlIH., THF, 0°C to reflux, 2 h;
e) i. (CFsCO),0,THF, 0°C, 1 h, ii. EtsN, 0°C to RT, 24 h reflux, 24 h, iii. NaOH (2.5 M), RT, 2 h, 70% over 3
steps; f) TrCl, EtsN, CH,Cl,, RT, 48 h, 83%; g) n-BusNF, RT, 72 h, 60%.

Mechanistic studies were conducted in the Cossy group to establish details of the ring

expansion reaction.””

TFAA O\/ Et;N
O\/OH < O.__CF,4 3 O\/O CF,4
—_— —_—
Bn H Bn o) Bn @) Et;NH
©) o °
83 i CFaCOz | | 85 CFsCO; ]
OH ¥\
Oo. _CF
NaOH 3
N N N

Scheme 15 Mechanism for the rearrangement of prolinols to 3-hydroxypiperidines.

The first step towards the formation of 3-hydroxypiperidine is the esterification of the hydroxyl
group with trifluoroacetic anhydride and formation of ammonium salt 84 (Scheme 15).
Addition of EtsN is essential for the rearrangement as it produces intermediate 85 which
undergoes a Sni process to give key aziridinium intermediate 86. The trifluoroacetate anion then
attacks from the back side to generate the stable ester 87. Finally, saponification of ester 87
yields the desired product 88.7 "®

Due to the time consuming and challenging synthesis of the western fragment a model
compound was tested first. For that purpose a suitable structural model to substitute the Western

fragment in the test reactions was synthesized (Scheme 16).
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Scheme 16 Synthesis of eastern fragment test analogue 92. Reaction conditions: a) AcCl, 50°C, 5h, ; b) BHz THF,
THF, 0°C to RT, 12 h, ; ¢) DMP, NaHCO3, CH.Cl, 0°C to RT, 1h.

3-Hydroxybutyric acid 89 was treated with acetyl chloride to yield the acetylated precursor 90.
After treatment with the borane tetrahydrofuran complex the carboxylic group was successfully
reduced to the primary alcohol 91 as was described for similar structures.®’ The free alcohol
was directly subjected to Dess-Martin oxidation conditions to yield the desired aldehyde
product 92.

Test reactions were conducted with freshly prepared 92, since it proved to be very unstable even
at -40°C under an inert atmosphere. Test conditions followed well-described hydrozirconation-
transmetalation strategies utilized in natural product syntheses.®* However, using 1.05 eq of the
Schwarz reagent and 1.1 eq of Et2Zn (entries 1 and 2) did not furnish the desired product even
after 48 h of stirring at RT (Table 3). The reduced alkene 94 was the only new product that
could be isolated.

O
/jl /S~ QTBSQTBS //u\o o

o o + //[; P ' — )\/\W\s OTBSOTBS
AN Z N/)\/\r\/
H

92 26 93

f S  OTBSOTBS

N
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Entry  Reaction conditions Results

i. 26, Schwarz reagent (1.05 eq), RT, 5 min;

! i.  92,0°CtoRT, 12h o4
i. 26, Schwarz reagent (1.05 eq), RT, 5 min;
2 ii. 92,0°CtoRTt035°C,12h Decomposition
i. 26, Schwarz reagent (1.05 eq), RT, 30 min;
3 ii. Et2Zn (1.1 eq.), 92, -78°C to 0°C to RT, 48 h 94
i. 26, Schwarz reagent (1.05 eq), 0°C to RT, 1 h;
4 ii. EtoZn (1.5 eq.), 92, -65°C t0 0°C, 5 h Traces of product
i. 26, Schwarz reagent (1.05 eq), 0°C to RT, 1 h;
5 ii. EtZn (1.5eq.), 92, -65°C to 0°C to RT, 12 h Traces of product

Table 3 Optimization of the coupling reaction employing test molecule 92.

Another model system was also tested, where the aldehyde 101, containing a dioxolane ring,
was more stable upon synthesis and a simple thiazole alkyne analogue 97 was synthesized over
five steps from commercially available 2,4 -dibromo-thiazole 95 (Scheme 17). It was
transformed to the intermediate aldehyde in a two-step process involving lithiation and
subsequent reaction with DMF as reported previously by NicoLAou et al.8% 8 The aldehyde
was reduced to the alcohol that was further TBS-protected to yield 96. The 4-bromo group was
retained throughout this point and could be used for the Sonogashira-Hagihara reaction to afford

the terminal alkyne 97 after TBS deprotection.3*

OTBS OTBS
a, b, c S d, e S

S Br

I — b —
B B

r95 F 96 // 97

Scheme 17 Synthesis of test analogue 97. Reaction conditions: a) i. nBuLi, Et,0, -78°C, 0,5 h; ii. DMF, -78°C to

RT, 2 h; b) NaBH4, MeOH, RT, 0,5 h; ¢) TBSCI, Imidazole, CH,Cl;, RT, 0,5 h; d) ethinyltrimethylsilane,
PdCIx(PPhs),, Cul, DIPA-H, 60 °C, 12 h; e) K.CO3, MeOH, 0 °C to RT, 1h.

Aldehyde 101 was obtained after silyl protection of alcohol 100 and a subsequent asymmetric
Sharpless dihydroxylation to yield diol 99 (Scheme 18). Acetal protection, deprotection of the

primary alcohol and its subsequent oxidation yielded the desired aldehyde 101.8% 86
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Scheme 18 Synthesis of test analogue 101. Reaction conditions: a) TBSCI, imidazole, DMAP, CH.Cl,, RT, 1 h;
b) AD-mix-p, t-BUOH/H.0, 0°C, 12 h; ¢) 2,2-DMP, PTSA, CH.Cl,, 0°C to RT, 1 d; d) TBAF, THF, 0 °C, 2 h; €)
PCC, CH.Cl,, 0 °C to RT, 1h.

Alkenylzirconocene chlorides that can be prepared through hydrozirconation of an alkyne are
reportedly rather poor nucleophiles in carbon-carbon bond forming reactions. There are several
different methods known to solve this problem. The most convenient approach is an
organometallic transmetalation that was tested initially. Another approach, however, is
activation of the organozirconium compound using a Lewis acid by generating a highly
electrophilic cationic zirconocene species or by activating the organic electrophilic carbonyl
substrate. In some cases, the reaction proceeds successfully due to the dual activating effect of

the Lewis acid on both the organozirconium species and the substrates.®’

Conditions that were tested in the model system were reported by Suzuki where a catalytic
amount of silver perchlorate was applied to generate a cationic species that serve as carbonyl
activator (Table 3, Entry 1-5).88 Different catalytic amounts and reaction times were tested, but
no conversion was observed. Afterwards the property of organoboron compounds to undergo
transmetalation to the corresponding organozinc species by employing freshly prepared
dicyclohexylborane 44 was consequentially explored (Table 3, Entry 8-9).2° The classical
hydrozirconation-transmetalation strategy was also tested with a fresh sample of MeZn (Table
3, Entry 11-12). The latter gave some promising results as traces of the desired product were
detected by means of LC-MS measurements. However, the product was never isolated and

structurally clarified by means of NMR analysis.
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Entry  Reaction conditions Results
i. 97, Schwarz reagent (1.2 eq), RT, 30 min; NO broduct

1 ii.  AgCIO4 (1 mol %), 101, 0°C to RT, 15 min. P
i. 97, Schwarz reagent (1.2 eq), RT, 30 min;

2 ii. AgClO4 (5 mol %), 101, 0°C to RT, 15 min. No product
i. 97, Schwarz reagent (1.2 eq), RT, 30 min;

3 ii. AgClO4 (10 mol %), 101, 0°C to RT, 10 min. No product
i. 97, Schwarz reagent (1.2 eq), RT, 30 min;

4 ii. AgClO4 (1 mol %), 101, 0°C to RT, 12 h. No product
i. 97, Schwarz reagent (1.2 eq), RT, 30 min;

5 ii. AgClO4 (5 mol %), 101, 0°C to RT, 12 h. No product
I 97, Cy2BH (2 eq), 0°C, 1 h;

6 Ti(OiPr)s (3 eq.), 101, reflux, 3 h. No product
I 97, Cy2BH (1.5 eq), 0°C to RT, 30 min;

7 ii. Ti(OiPr)s (3 eq.), 101, reflux, 1 h No product
i 97, Cy2BH (1.1 eq), 0°C to RT, 30 min;

8 i.  Me:Zn (L2eq), 101, 78 °Ct0 0°C to RT, 2h N0 product
i 97, Cy2BH (1.2 eq), 0°C to RT, 30 min;

9 ii. EtoZn (1.2 eq.), 101, -65 °C t0 0°C, 5 h No product
i. 97, Schwarz reagent (1.05 eq), 0°C to RT, 1 h;

10 ii. EtoZn (1.5 eq.), 101, -65 °C t0 0°C, 5 h No product
i. 97, Schwarz reagent (1.05 eq), 0°C to RT, 1 h;

11 ii. MezZn (1.2 eq.), 101, -78 °Ct0 0°C, 5 h Traces of product
i. 97, Schwarz reagent (1.05 eq), 0°C to RT, 1 h;

12 ii. Me2Zn (1.5 eq.), 101, -78 °Ct0o 0°C, 14 h Traces of product

Table 4 Optimizatoin of coupling reaction between test precursors 101 and 97.
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4.3.1 Towards optimization of the oxidation reaction

The coupling conditions had to be consequentially tested with the originally envisioned

aldehyde. For this purpose sufficient amount of the aldehyde 2 had to be prepared. The

previously used oxidation reaction turned out to be unsuccessful in this instance, which lead to

the necessity of optimization of the oxidation conditions (Table 5).

HO e} HO o)
o] OH
= —H—
57 24

QO

Entry Reaction conditions Results

13be DMPI, NaHCOg3, RT No product

2b DMSO, COCly, EtsN, CHCl, -78 °C to -40 °C to RT No product

3 EtsN, SOs - Pyridine, CH.CIl2/DMSO, 0 °C to RT, 20 min Decomposition

4 TEMPO, NaOCI, KBr, H20, CH2ClIz, 0 °C, 15 min Decomposition

5b TPAP, NMO, 4 A MS, CH,Cl>, RT No product

6ob PCC, CH.Clo, RT Decomposition
at purification

78b PCC polymer, CH,Cl,, RT No product
Product

8 PDC, 4 A MS, CH,Cl;, RT, 1h observed  on

TLC

& More equivalents of the oxidizing agent were consequentially added.
> Different reaction times were tested.
¢ Higher reaction temperature was tested as well.

Table 5 Optimization of oxidation of precursor 57.

Firstly, the same oxidation conditions as for the oxidation of the test molecule 100 were tried

(Table 5, Entry 1). Different equivalents, reaction times as well as higher temperature did not

lead to the formation of the desired aldehyde.

SWERN oxidation was consequentially tested and the reaction time was gradually extended to

48 h, however, also this effort did not yield any product (Table 5, Entry 2). Classical PARIKH-

DOERING oxidation conditions employing DMSO and sulphur trioxide pyridine complex led to
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decomposition of the substrate (Table 5, Entry 3).°% % TEMPO - mediated oxidation was also
accompanied by decomposition after only a very short reaction time (Table 5, Entry 4).% LEy-
GRIFFIT conditions were insufficient even at extended reaction times (Table 5, Entry 5).% Using
PCC as an oxidant gave promising results as conversion was observed as judged by thin-layer
chromatography (TLC) after having optimized the reaction time and equivalents of the
oxidant.®* After purification, however, TLC analysis showed decomposition. In order to
improve the purification step commercially available polymer bound PCC reagent was
exploited.® Despite extended reaction times and using a large excess of the oxidizing reagent
conversion could not be achieved (Table 5, Entry 6-7). Employing PDC oxidant also led to a
conversion as judged by TLC and after a silica-gel filtration step the product was collected in
dichloromethane solution. This was used directly in the next coupling step.

Due to the unsuccessful test trials of the coupling and the little available amounts of the final

fragments only a few coupling conditions could be tested.

HO o) =
=_ /s 0TBs QTBS
24 26
OH O
O OH
Z ﬁ/s OTBSOTBS /\@s OTBS OTBS
103 94
Entry  Reaction conditions Results
1 i. 26, Schwarz reagent (1,05 eq), RT, 30 min; 04
ii. EtoZn (1,5€eq.), 24,-78°Cto0°C,2 h
i. 26, Schwarz reagent (1,05 eq), 0 °C to RT, 1 h;
4 ii. Me2Zn (1,2 eq.), 24,-78 °Cto 0 °C, 14 h Traces of product
i. 26, Schwarz reagent (1,05 eq), 0 °C to RT, 1 h;
5 ii. Me2Zn (1,5 eq.), 24, -60 °Cto 0 °C to RT, 14 h Traces of product

Table 6 Optimization of conditions for coupling of fragments 24 and 26.
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Terminal alkyne 26 was treated with Schwarz reagent and followed by transmetalation using
EtoZn. A crude solution of freshly prepared aldehyde 24 was then added and the reaction
monitored after 2 hours. Unfortunately only the reduced eastern fragment 94 could be isolated.
In another entry, the transmetalation was explored via a fresh sample of Me2Zn in different
equivalent ratios. Though traces of the desired product were detected by LC-MS measurements
of the crude reaction mixture, no pure product was isolated even after extended reaction times.
As a result of the unsuccessful coupling trials a new synthetic approach towards Noricumazole

derivatives was devised.

4.3.2 Test derivative. Retrosynthesis

Due to the findings in the optical assays (Chapter 5.) that revealed that the stereochemistry at
C11 is crucial for the ion-channel activity of the molecule, the total synthesis of another
derivative that lacks a functional group at this position was considered. Such a derivative would
be an interesting matrix to confirm the biological assay's results. Furthermore, an asymmetric

allylic oxidation at C11 as a final step was considered to achieve the initially desired derivative.

105 o)
Western Fragment

+

olefination R13P/\/\S (:)TBS QTBS
N=~ ;
106
Eastern Fragment

Scheme 19 Retrosynthetic approach towards derivative 104.

The retrosynthesis strategy for the western fragment follows the pathway discussed for
derivative 23. The difference with that previous approach was the need for a new chiral oxirane

107 with a backbone elongation by one carbon atom.
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31

Iz

ortho-lithiation O,

107

Scheme 20 Retrosynthesis of western fragment 105.

Retrosynthesis of the eastern fragment would utilize a bromo-precursor 108 which would be
obtained from intermediate 27 after reduction of the ester functionality (Scheme 21).

—)

Br” N/ $ OTBS OTBS \\O S OTBSOTBS

R13P/\(/\S (?)TBS oTBS
N= _
0

106 108 27

Scheme 21 Retrosynthesis of eastern fragment 106.

The synthesis of chiral epoxide 107 started from commercially available 2-allylethanol 109. It
was protected and dihydroxylated to the enantiomerically pure precursor 110. The primary
alcohol was selectively transformed in the next step using p-toluenesulfonyl chloride that
underwent an intramolecular Sn2-reaction under basic conditions to yield the desired epoxide
107.

a, b OH c,d

o
~~OH -~ HO A _~_OTBS — > [~ _~_0OTBS
109 110 107

Scheme 22 Synthesis of precursor 107. Reaction conditions: a) TBSCI, Imidazole, CH.Cl, RT, 1h,; b) AD-mix-
B, t-BUOH/H,0, 0°C, 12 h, ¢) Bu,SnO, EtsN, TsCl, CHCl,, 0°C to RT, 3 h, 96%; d) K,COs, MeOH, RT, 2 h,
65%.

Conditions established for the ortho-lithiation step in the previous strategy were not successful
in this case (Table 7, Entry 1). Using sec-BuLi did not yield any product (Table 7, Entry 2).
Increasing the equivalent of TMEDA and the reaction time for the ortho-lithiation step gave
promising results (Table 7, Entry 3). Increasing also the reaction temperature led to slight
increase of the yield (Table 7, Entry 4). The obtained material was sufficient to test the

following steps of the synthesis.
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MOMO O MOMO o /L:
N

N
H Y Qe _~_oms — H
55 107 110 ,
"“OH
OTBS
Entry  Reaction conditions Results

I. 55, nBuLi (3 eq), TMEDA (2 eq.) ,
1 -78°Cto-40°C, 2h No product
ii. 107, -78 °C t0 -40 °C, 12 h

I 55, secBuL.i (3 eq), TMEDA (2 eq.) ,
-78°Cto-40°C, 2h

2 i, 107,-78°Ct0-40°C, 12 h No product
I. 55, eruLi 3 (iq), TMEDA (3 eq.),

3 i, 1?7 8eto 5{03:2:, 12h 33% + 14% 55
I 55, nBuLi (3 eq), TMEDA (3 eq.),

4 -/8°C10-30°C, 3h 38% + 15% 55

ii. 107, -78 °Ct0-30 °C, 12 h

Table 7 Optimization of conditions for the ortho lithiation of intermediate 55.

Cleavage of the two protecting groups with half-concentrated hydrochloric acid and
consequential lactonization through treatment with PTSA successfully yielded key alcohol
precursor 111. The following oxidation step, however, proved to be challenging. Various
oxidation conditions that were explored in previous attempts to optimize this last oxidation step

were not successful.

105 9]

OTBS

Scheme 23 Synthesis of precursor 110. Reaction conditions: a) HCl semi conc., EtOH, 50 °C, 1h, %; b) PTSA, toluene,
reflux, 1 h, 70 %.
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Due to the challenging oxidation of the eastern fragment a different approach towards new
Noricumazole derivatives was further explored. A second retrosynthetic strategy was

envisioned (Scheme 24).

lactonization MOMO 0 J<
N
H
55

Western Fragment

+

oTBS
ortho-lithiation |\/-\/\/\(/\ S OTBS OTBS
N=~_ ;
112

Eastern Fragment

Scheme 24 Retrosynthetic approach towards derivative 104.

This retrosynthesis again is based on two main fragments: the western fragment 55 and eastern
part 112 are connected by means of an ortho-functionalization of the trisubstituted phenolic
precursor 55 (Scheme 24).

The western fragment 55 is a precursor that was synthesized in accordance with the previously
developed strategy (Scheme 10, 55). The eastern fragment 112 could be achieved from
precursor 113 and 94 respectively (Scheme 26). Conveniently, the latter was a major side-
product in the first synthetic strategy (Table 3, 94). However, it could also be synthesized by

the simple reduction of the terminal alkyne 26 using the Schwarz reagent (Scheme 25).

s : :
STy T Y
N OTBS OTBS - }N OTBS OTBS
// 26 94

Scheme 25 Synthesis of precursor 94. Reaction conditions: a) Schwartz reagent, CH.Cl,, RT, 1h, 70%.

The two precursors could be connected by means of an olefin cross-metathesis (Scheme 26).
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olefin
cross-metathesis OTBS

TMSO _A_ -~~~

OTBS 13

! - /S OTBS OTBS
_ H z —> +
N

12 \\_(/\S OTBSOTBS
NW

94

Scheme 26 Retrosynthesis of eastern fragment 112.

In order to test the olefin cross-metathesis reaction, an analogue test molecule 114 was also
envisioned to be synthesized (Scheme 27), one without the polyketide functional groups that
carry the stereochemistry. Such a test molecule would also give a suitable derivative of
noricumazole that would provide more details about the structure-activity relationship (SAR)
with respect to the stereochemistry and functionality of the polyketide backbone in the eastern

fragment.

olefin

cross-metathesis (:)TBS
OoTBS 13
| ~ /S

115

Scheme 27 Retrosynthesis of test fragment 114.

4.3.3 Synthesis of eastern fragment 112 and test fragment 114.

The synthesis of Eastern fragment 91 started with the synthesis of precursor 90 (Scheme 28).
Commercially available 1,5-hexadiene underwent an asymmetric Sharpless dihydroxylation
under previously reported conditions.® The resultant diol 117 was selectively protected to give

precursor 113.

o~~~ —2 . HO Z _be  tuso 7
OH OTBS

116 117 113

Scheme 28 Synthesis of precursor 113. Reaction conditions: a) AD-mix-p, t-BuOH/H,0, 0°C, 12 h, ; b) TMSCI,
pyridine, CHCly, 0 °C, 30 min, 73% c) TBSCI, imidazole, CH,Cl,, RT, 1h, 95%.
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The initial strategy for the synthesis of precursor 116 at first was to directly functionalize 2, 5-
dibromo thiazole 118 to the desired 2-alkyl-5-bromo product 120.

[ Br S\’/\/\/\
S e —— §
Br Br

118

119 120

Entry Reaction conditions Results

i. 118, tBuLi (1.1 eq), ZnCl, (1.1 eq), -78 °C, 1 h;

! ii. 119 (1.1 eq), Pdz(dba)s, dppf, RT, 12 h; No product
i 118, tBuLi (5 eq), ZnCl> (3 eq), -78 °C, 1 h;
2 i, 119 (2.5 eq), Pdz(dba)s, dppf, RT, 12 h; No product
i 118, nBuLi (1.2), -78 °C, 30 min;
3 i. 119, -78°C, 12 h; No product
i. 118, tBulLi (1.1), -78 °C, 30 min;
4 ii. 119, -78 °Cto RT, 12 h; No product
i. 118, iPrMgCl (2 eq), 0 °C, 30 min;
5 ii. 119 (1 eq), -50 °C to RT, 14 h; No product
i. 118, iPrMgCl (2 eq), 0 °C, 30 min;
. 119 (1 eq), Fe(acac)s, TMEDA, HMTA,
6 78 °C to RT, 14 h; No product
i. 118, iPrMgCI-LiCl (1.2 eq), -78 °C, 20 min;
7 ii. 119 (1 eq), -78 °Ct0 0 °C, 2 h; No product
i. 118, iPrMgCI-LiCl (2 eq), -78 °C, 20 min;
8 ii. 119 (1 eq), -78 °Cto 0 °C, 12 h; No product

Table 8 Optimization of the coupling reaction for the synthesis of precursor 120.

Direct lithium halogen exchange (Table 7, Entry 3-4), as well as the transmetalation approach
with zinc and palladium for initial cross coupling reactions were tested (Table 7, Entry 1-2).%
97 Halogen-magnesium exchange was also tested by means of Grignard and turbo Grignard

concepts.?® % None of the tested strategies led to a successful transformation.
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Another approach that was explored started from thiazole 121 that was lithiated and treated
with 1-iodohexane (Scheme 29). The resultant 2-alkyl thiazole 122 was further brominated at
position 4 according to a procedure described in literature.*® A typical halogen-dance reaction
followed that yielded the desired substrate suitable for the following coupling reaction.'®!

S
S a SM b SM c \”/\/\/\
Q< — oJ o 5
B
121 122 123 ' 120

Scheme 29 Synthesis of precursor 120. Reaction conditions: a) nBuLi, 1-iodohexane, -78 °C to RT, 2h, 56%; b)
nBuLli, Brp, THF, -78 °C to RT, 1h, 85%; c) LDA, THF, -78 °C, 1h, 53%.

Thiazole “dance” reaction

The “halogen dance” reaction can occur on a thiazole ring due to the difference in the acidities
of the various positions. This leads to differences in stability of the different lithiated species.
In this particular reaction, the 5-position is more acidic than the 4-position, thus favouring
species at position 5 relative to position 4.1%

N N
oA A

121

Br S R
122
Br Br,
N N
o
s)\R Li s)\R
124 123

Scheme 30 Mechanism of the “thiazole dance” reaction.

The first step in the reaction sequence is the deprotonation of substrate 121 to yield the lithiated
species 122. In contrast to BuLi, intermediate 122 is capable of undergoing metal-halogen
exchange reaction with the available substrate 121 to form two additional intermediate species
125 and 126. This triggers a cascade reaction where lithiated intermediates 122 and 125 undergo
a reaction with the dibromo species 126 until the more stable 4-bromo intermediate 123 is

formed. After hydrolysis with water the desired 2-alkyl-4-bromothiazole 124 is obtained.'%
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Stille and Suzuki coupling conditions were tested for the synthesis of the disubstituted thiazole
precursor 92 (
Table 9). The Stille conditions that utilize PdCI>(PPhz) as catalyst (Entry 3), gave the highest

yi9|d.104’ 105, 106
3\”/\/\/\ S\,/\/\/\
A - }’N
Br =
120 94
Entry  Reaction conditions Yield
O.Jé<
1 ~x-B-0 Pd(dppf)Clz, Na;COs, 57 %
dioxane/water, 80°C, 14 h
X SnBu; Cul, PEPPSI, CsF,
2 THF, RT, 1h Traces of product
X -SnBus PdCIo(PPhs)s,
3 dioxane, 100°C, 14 h 95%

Table 9 Coupling conditions for the synthesis of 92.

The next step in the synthesis of eastern fragments 112 and 114 was the olefin cross-metathesis
reaction between 113 and 94 or 115 respectively. Using Grubbs 2" generation catalyst was
sufficient after optimization of the reaction conditions in terms of reaction time and substrate
amounts (Table 10). Using substrate 113 in excess gave best results as it avoids possible

homodimerization of either of the olefins.t0’
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_ S\’/\/\/\ QTBS
™SO Y Y, _;§/h . TMSO\/;gV/«\¢%\<f\s
— NW

OTBS
113 115 128
OTBS
HOMS
NW/
129
o @
N
To
Ru=—\
CI/l Ph
PCY3
130
130 90 92 Time

Entry Catalyst (mol %] [eq] [eq] [h] Results
1 Grubbs 2" (130) 3 1 2 48 No product
2 Grubbs 2" (130) 3 2 1 48 Tgfggﬁc‘if
3 Grubbs27(130) 1Y 2 1 48 Tgfggﬁc‘if
4 Grubbs 2" (130) 7 1,5 1 24 78 % product
5 Grubbs 2" (130) 7 1,8 1 24 84 % product

*All reactions were conducted at 40 °C in CH,Cl,

Table 10 Optimization of olefin cross-metathesis for test precursor 128.

The olefin cross-metathesis reaction was conducted for precursor 109 using the optimized
conditions collected from the optimized test reactions (Table 10, Entry 5). These proved to be
successful for precursor 130 too (Scheme 31). Minor optimization during work-up of the
reaction increased the yield for the desired deprotected primary alcohol. The crude mixture was

stirred in silica gel in CH2Cl> for an hour before purification by column chromatography.
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OTBS

= S OTBS OTBS a,b
TMSO/A\r/\\4¢ + //\\(i;L\/j\\r/i\//, v, Ho\v/\\//\¢%*\<7\s OTBS OTBS
N= : :

N
OTBS
113 94 129
OTBS
J— TMSO_~ = S OTBS OTBS
\/\/\/\(/i 2 z
Ns_N N/K/Y\/
T\\Cl 128
RU:\
CI/ l Ph
PCy3
130

Scheme 31 Olefin cross-metathesis reaction for substrate 109. Reaction conditions: a) Grubbs 2" (130), CHCl,,
40 °C, 24 h; b) silica gel, CH,Cl; RT, 1h; 86% 129 over 2 steps.

The final step for the synthesis of the eastern fragment 112 was the conversion of the primary

alcohol 129 into the desired alkyl iodide utilizing ApPEL conditions (Scheme 32).1%

OTBS

HO > oTes
\V/A\v/”\v/”\x{ﬁ:s OTBS OTBS . ,\\/}\\/,\<¢7\\(¢\S OTBS OTBS
N’K/\‘/\/ - =l :
129 112

Scheme 32 Final step in the synthesis of eastern fragment 112. Reaction conditions: a) PPhs, imidazole, I, CHxCly,
0 °C, 45 min, 90%.

4.4 Endgame — ortho lithiation

The last key step in the synthesis of derivative 104 was the merging of fragment 112 with 55
after ortho-lithiation of the arene. This procedure was successfully utilized in the previous
strategy where a secondary amide served as the directing group.

The mechanism generally involves the regioselective C-H bond deprotonation of an arene that
contains a directing group in the ortho position as in 128 using a mild base. This results in the
metalation of the ortho carbon atom (Scheme 33). This is followed by the reaction of the
intermediate arylmetal species with an electrophile. This generates the new C-C bond and yields
the desired product 133.
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©:DG metalatmg agent DG electrophile ©:DG
_
MR, E

132 133

Scheme 33 General mechanism of an ortho-functionalization reaction of arenes.

The conducted test reaction gave promising results as traces of the desired product were
detected by LC-MS.

MOMO o oTBS
/l<: l\\/»\\/f\<47\\(7\s OTBS OTBS
+ = —_—
N _
H N/K/\‘/\/
55 112
MOMO o

B

TBSO

Scheme 34 Coupling of fragments 55 and 112. Reaction conditions: i. 55, sec-BuL.i (2.5 eq.), TMEDA (2.5 eq), -
78 °C to -40 °C, 2h; ii. 112, -78 °C to -40 °C, 12 h, Et,0, traces of product 134 in LC-MS.

Due to the expensive and time-consuming synthesis of eastern fragment 112, the optimization
of the ortho-lithiation reaction was devised with a test system that utilizes fragment 137. This
fragment was obtained through a two-step transformation of precursor 135 where the
unprotected primary alcohol 136 was halogenated to the corresponding alkyl-iodine precursor
137.

TMSO/Y\/\ a Ho/Y\/\ b |/Y\/\
OTBS OTBS OTBS
135 136 137

Scheme 35 Synthesis of test analogue 137. Reaction conditions: a) TBAF, THF, 30 min, 0 °C, 70%; b) PPhs,
Imidazole, I, toluene, 0 °C, 1h, 97 %.
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Precursor 137 was then subjected to be tested in the ortho-functionalization reaction. Only a

very few conditions were tested but they gave some promising results. Different lithiation

agents were tested. For sec-BuLi and tert-BuL.i traces of product could be detected by LC-MS

of the crude mixture.

MOMO o)

L

N TS —
+ OTBS
55 137

Entry

Reaction conditions Results

I. 55, nBuLi (3 eq), TMEDA (3 eq.),
-78°Ct0-30°C, 2h No product
ii. 137,-78 °Ct0-30 °C, 12 h

i. 55, secBuL.i (3 eq), TMEDA (3 eq.) ,
-78°C10-30°C, 2h Traces of product

ii. 137, -78 °Ct0-30°C, 12 h P

i. 55, tertBuL.i (3 eq), TMEDA (3 eq.) ,
-718 °Cto-40°C, 3h

ii. 137 -78°Cto-40 °C, 12 h Traces of product

Table 11 Optimization of ortho lithiation reaction.

Further optimization is necessary to conclude this desired synthetic step.
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5. Monitoring the HCV p7 activity by optical transport assays

The viroporin HCV p7 was recombinantly synthesized in E.coli and affinity isolated using
detergent to keep the protein soluble and reconstituted afterwards into dye charged liposomes.
In order to investigate the potassium transport activity of a purified viroporin HCV p7 a
fluorescent dye assay was developed. Furthermore, the assay aimed to identify inhibitory
activity of synthesized new compounds and to allow an efficient selection from a small library
of active molecules. Two miniaturised assay formats were used to monitor the p7 activity - the
microplate and microarray fomat. Three different dyes (PBFI, APG2 and HPTS) have been
improved for stability, bleaching or interaction reasons.

lon sensitive
fluorescent dye

liposome

Figure 16 General principle of the fluorescent dye assay — liposomes, containing an ion sensitive fluorescent dye
and loaded with the HCV p7 ion channel were prepared. On injection of an ion buffer an increase of the
fluorescence could be measured, which was interpreted as ion channel activity. A sample of liposomes without
the ion channel was always used as a control (base line). This setup of the assay could further be utilized to
screen for HCV p7 inhibitory activity of a small library of active molecules.

First, the proton sensitive fluorescent dye HPTS (8-Hydroxypyrene-1,3,6-trisulfonic acid 139)
was used to sense shifts in the membrane potential when the buffer concentration changed. (Fig.
17).1%° The assay was conducted using a 96-well microplate formate. The activity of an open
ion channel is prone to a drastic change in the permeability and accompanied membrane
potential. Therefore when a buffer containing such ions is injected, the HCV p7 reconstituted

liposomes that are full of ion sensitive fluorescence indicator emit an enhanced fluorescence
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signal that could be measured (Fig. 16). Liposomes that do not contain an ion channel would
sustain a steady emission (base line).

HPTS has been widely emphasized in scientific, medicinal and commercial applications. 10 111
Y121t is highly water-soluble and also very cheap compared to other commercially available
indicators. Excitation ratio imaging assay is possible as HPTS has absorbance maxima at 405
and 465 nm, respectively, that increase and decrease when the pH value is varied between 5 to
8.1 Furthermore, HPTS has been shown to lack cell permeability, an ability that is highly
suitable for testing the activity of ion channels.t*

139

Figure 17 Structure of the pH-dependent fluorescent dye HPTS 139.

Stable liposomes with low membrane permeability were prepared by sonication of the hydrated
thin-film described before as the hydration method or Bangham procedure.!*> 116 Basic optical
microscope pictures show typical field of vesicles filtered through a 0.2 um Unipore filter
(Figure 18 a).

The ion-channel p7 activity of human (HCV) and horse (NHCV) was tested using HPTS (Figure
18 b). In figure 18 b is demonstrated that the preparations with viroporin (horse 1, human 2 and

control 3) contain HPTS after preparation, reflecting a stable dye inclusion.

A
A 4

Figure 18 HPTS liposomes samples: a) microscope pictures; b) picture of the samples.

@ -

&7

\/ .\! po

«l
Y
e’
.‘o'

b.

A promising result of the assay shows that after an injection of 20 mM KOH solution the
fluorescence significantly increases that was interpreted as transport activity mediated by the
viroporins from horse (NHCV) and human (HCV) (Figure 19). The results show that the NHCV
p7 peptide exerted an ion channel activity higher than HCV p7 and both had higher
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activity than the control sample. However, a background activity of around 20-30% of the total
signal was detected with the control liposomes.
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Figure 19 Potassium mediated transport activities of horse (NHCV) and human (HCV) p7. After 10 s a volume
of 10 pL containing 20 mM KOH was injected within 0.5 s into the running Kinetic. The activity was analysed at
an emission wavelength of 460 nm after an excitation at wavelength of 355 nm at an average time rate of 38 600
cps. Comparative fluorescence measurements of a control (no channel-green) sample and two different types of

p7 ion channels (human-red and horse-black) samples.

As amantadine is a commercially available drug, reported to have ion-channel inhibition
properties, it was used to analyse its blocking effect against the two types of p7 ion-channels.!”
118 In the presence of 1 mM amantadine the human HCV p7 showed inhibitory activity
comparable by time rate and background intensity to the control, whereas the horse NHCV p7

was not inhibited by amantadine (Figure 20).
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Figure 20 Activity of horse NHCV and human HCV p7 with and without 0,5 pl 1 mM amantadine. After 10 s 10
pL of 50 mM KOH were injected into the running kinetic. The activity was analysed at an emission wavelength

of 460 nm after an excitation at wavelength of 355 nm at an average time rate of 26 600 cps.

In the course of the development it was found that the HPTS dye proved to be very sensitive to
mildly acidic and mildly basic pH values that often lead to liposome leakage and in addition
also high DMSO concentrations needed for the solubility of some compounds influenced the
proton stability of the liposomes or some compounds itself tend to quench the dye directly. In
order to improve the stability of the liposomes a different fluorescent indicator had to be
selected.

After a short screening of a set of fluorescent dyes, the potassium-sensitive PBFI dye proved
most suitable for the fluorometric measurements.

The benzofuran isophthalate derivative 140 consists of fluorophores linked to the nitrogen
atoms of a crown ether chelator (Figure 21). The cavity size of the crown ether confers
selectivity for K* versus Na*. The selectivity is reported to be sufficient for the detection of
physiological concentrations of K* in the presence of other monovalent cations. *° When an
ion binds to PBFI, the indicator’s fluorescence quantum yield increases, inducing increase of

fluorescence intensity.!?°
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Figure 21 Structure of PBFI 140.

So far, the focus on the inhibitory screening was only on the HCV p7 protein and compiled a
small library of inhibitor molecules. As quinidine is known to block voltage-gated potassium

channels, a set of commercially available derivatives was probed (Scheme 36).121 122
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Scheme 36 Quinidine derivatives tested in the p7 liposome assay.

In previous studies it was shown that noricumazole is also able to stabilize the tetrameric
architecture of the potassium channel KcsA. This finding initiated the preparation of a small set
of noricumazole derivatives 141-167 to be included into the inhibitory assays alongside

rimantadine 19, amantadine 18 and quinine 167 derivatives (Scheme 37).12 124
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Scheme 37 Inhibitors tested in the p7 liposome assays.

The assays were conducted in a similar accordance to the procedure reported by Griffin et al
that described the first assay for screening inhibitors of p7 ion channel function based on the
release of fluorescent indicator from liposomes. Their study showed that a recombinant p7 from
genotype 1b HCV caused a dose-dependent release of carboxyfluorescein (CF) fluorescent dye
when mixed with liposomes and that this property was due to the formation of a size-selective
pore rather than non-specific disruption of liposomes. Furthermore, the activity could be
blocked by amantadine and several other compounds.®?

In our study, liposomes filled with the PBFI indicator were prepared and loaded onto black-
walled, flat-bottomed black-base 96-well microplate on ice (Scheme 38 a, b). In the next step
of the process potassium ions were administered to the liposomes. An increase in membrane
permeability was measured when HCV p7 reconsituted liposomes were present (Scheme 38 b).
A rapid binding of potassium to PBFI occurred that enhanced the fluorescent signal to be
measured. When adding an inhibitor, the HCV p7-dependent permeabilization of the liposomes

could be blocked and the decrease of the fluorescent signal was detected (Scheme 38 c).
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Scheme 38 Graphic overview of the inhibitory screening assay.

Reactions for each condition were carried out in duplicate wells with two independent
experimental repeats for statistical accuracy.

Five of the nine quinidine derivatives (Quin 1, Quin 4, Quin 5, Quin 6, Quin 7) induced more
than 50% lower intensity of the fluorescent signal so that one can speculate that quinidine

derivatives could be potential HCV inhibitors with a p7 specific mechanism of action (Figure
22).

Inhibition (%)

Ooooooocycg‘
Inhibitors

Figure 22 Quinidine derivatives inhibitor activity in the optical assay.
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The screening of noricumazole derivatives proved successful too. Nine of the noricumazole
derivatives showed potency as inhibitors as well as quinine and rimantadine (Figure 23). The
latter exhibited strongest blocking character among the three commercial inhibitors
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Figure 23 Noricumazole inhibitory activity in the optical assay: a) Statistical overview; b) fluorescent

measurement, c) heat map — green representing weak fluorescence (good inhibitory properties) and
red/orange/yellow — strong fluorescence (bad inhibitory properties).

The compiled data of the noricumazole screening allows to draw a comparison between the
most potent and least potent structures (Figure 23). The structure-activity relationship could be
analyzed and the major similarities and differences in structure functionality that might have an

influence on the ion-channel inhibition properties could be concluded.
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Figure 24 Stucture-activity relationship analysis.

It seems the 11-epi stereoinformation is a characteristic feature among these most potent
structures. This speculation could be confirmed if a derivative lacking functionality at this

position would be at hand

5.1 Optimization of the p7 assay on microarray.

The principle of the liposome microplate assay was further developed into a microarray assay
for p7 inhibitors screening by Albert et al.'®* Microarray testing requires much less material
and allows many simultaneous measurements. Since stronger fluorescent signals are necessary
due to relatively higher background noise, the novel potassium sensitive dye Asante Potassium
Green 2 (APG-2) was utilized for the tests.

57

Internal



Figure 25 Structure of APG-2.

APG-2 has comparatively stronger fluorescence and dynamic range —excitation at 488-517 nm,
emission at 540 nm - to the PBFI dye that was originally used in the microplate assay.

Similar to the microplate assay, liposomes filled wth APG-2 (20 pM) were reconstituted with
HCV p7. Liposomes without HCV p7 were used as negative control. Next, the liposomes were
contactlessly spotted onto UniSart 3D Nitro Slides (Sartorius AG) with 16 pads. Spotting was
done with a Nano-Plotter 2.1 (GeSiM mbH). Each spot contained 5 drops of 200 pikolitre
liposomes and each liposome type was spotted 10 times. This was followed by washing 3 times
with 100 ul Tris-HCL buffer (100 mM, 8 pH) to remove fluorescent dye outside the liposomes.
The microarray was then dried under a mild stream of air and scanned via Axon Scanner
Genepix 4000 B (Molecular Devices Inc.). Basic fluorescence line was established from this
initial scanning that characterizes the liposomes filled with APG-2. The pads where ihibitors
would be measured were loaded with 50 uM inhibitor and 100 pl Tris-HCI (100 mM, pH 8) for
30 min. A 5 min washing step with Tris-HCI (100 mM, pH 8) follows to remove unbound
inhibitors. The activation of the dye was achieved by addition of 100 pl 500 mM KCI and either
10 mM Citrat (pH 4,0) or 10 mM MES (pH 5,0). The potassium added in the later step is outside
the liposomes and could only enter them through the p7 ion-channel. The amount of potassium
that enters the liposomes is evaluated by its binding to the potassium fluorescense indicator
APG-2 - a larger amount of potassium in the liposomes corresponds to stronger fluorescence.
Liposomes with ion channels blocked by the inhibitory molecules exhibit reduced fluorescence.
The chip was scanned a second time after activation. Subsequently, fluorescence values of
different spots were compared after washing and after activation. The average of ten repetitions

for each liposome was calculated and the background noise was subtracted (SM-BM). The
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reliability was determined through signal to noise ratio (SNR). Microarray assay optimization
was conducted through repetition of experiments, aiming for high signal differences between
positive and negative controls with a high SNR. Additionally, negative effects of buffer
solutions and inhibitors should be minimized in the negative control.

Trials to define the optimal temperature and APG-2 concentration for the assays were
conducted. It was concluded that liposomes are most stable at the standard temperature of 4°C.

® P7 Liposomes, 20 pM APG-2  m Liposomes - control, 20 pM APG-2

60% -

45% =

30% -

15%

Fluorescence increase

0%

Actrvation at 4°C Actrvation at 32°C

Figure 22 Mean percentage increase of fluorescence at different temperatures; control liposomes vs P7
liposomes. Activation with 500 mM KCI, 10 mM Mes pH 5.0.

Two different concentrations of the fluorescent indicator were tested. The lower concentration
showed more stable results as higher concentrations increase the possibility of dye quenching

and undesired interaction with the inhibitor molecules.
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Figure 23 Mean percentage increase of fluorescence at different internal APG-2 concentrations; control
liposomes vs P7 liposomes. Activation with 500 mM KCI, 10 mM Mes pH 5.0 at 4°C.

Since the pH influence the cell membrane charge it is an important factor for the ion-channel
activity, the liposomes in the microarray we re scanned at five different pH values. It was
observed that when the pH value is reduce the fluorescence values increased. Furthermore, a
good differentiation could be made between the washing and activation step at pH 4 and 5. This

effect appears to be strongest at pH 5 which was chosen as an optimal pH value for the assays.
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Figure 24 Absolute microarray SM-BM values, before and after activation at different pH values. Activation
with 500 mM KCI, 10 mM of the following buffers: Citrate pH4, Mes pH 5.0, MES pH 6, Tris-HCI pH 7, Tris-
HCI pH 8.

Even though the transfer of the liposome assay onto microarray is characterized by high loss of
liposomes with each washing step, the low quantity of liposomes per spot (1 nl) enable the fast
production of many results. Thus the microarray has the potential to be very cost-effective

inhibitor screening technique.

5.2 Pull-down assays.

In order to explore the ion-channel inhibition mechanism an assay was developed that would
allow to measure quantitatively the concentration of the active inhibitor molecule. The most
potent Noricumazole derivative from the optical assays was chosen to be tested — Nori 22.

The experiment process started with incubating a defined amount of the inhibitor molecule with

freshly prepared HCV p7 liposomes (Figure 25, step 1).

Step 1. p7 + inhibitor incubation wﬁ Step 2.p7 0
% inhibitor is
incubated

on a GST-
GST agarose
|agarose|
filter - --|= charged
spin-down
L/ column
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Figure 25 Graphic overview of the pull-down assay process.

After incubation, the remaining unbound inhibitor could be filtered through a GST-agarose
spin-down column by a washing buffer (Figure 25, steps 2 and 3). Since the HCV p7 protein is
GST-tagged it would be bound to the GST-agarose and it could be eluted after it is purified
from the unbound inhibitor molecules (Figure 25 step 4). The inhibitor molecule could then be
extracted from the elutant in an organic solvent, the solvent was evaporated and the residue was
analysed by mass spectrometry (Figure 25, steps 5 and 6). For the UPLC-MS measurments, the
assay sample was measured against two samples of the inhibitor molecule — one at minimum
and one at maximum concentration.

The results were inconclusive, as the desired mass peak from the assay sample was of negligible
concentration. An update of the assay process needs to be conducted to confirm those results.
A sample of the washing eluant should be measured to confirm that the inhibitor was not bound
to the p7 protein. Furthermore, longer incubation time might be necessary as conducted for

some optical p7 assays before.'?®
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6. Summary and outlook

6.1 Conclusions and summary

A total synthesis approach towards new noricumazole A derivatives was investigated. The
initial strategy was to synthesize a derivative that contains all activity relevant structural
elements as known from previous work by Dr. Jenny Barbier. The envisioned structure
contained a thiazole ring that leads to decreased cytotoxicity as well as the acylation of the
hydroxyl groups at C3 and C11 that showed increased inhibition of activity.

OAc O

Figure 26 Initially envisioned noricumazole A derivative containing the main activity relevant features.

The total synthesis was based on the previous work and the design was highly convergent
relying on two key fragments. The eastern fragment was prepared in 13 steps from Masamune

ester, employing the Suzuki asymmetric aldol reaction, with an overall yield of 59 %.

Ph O

\/‘\O)J\/ Iw

—

N S 0
Bn~ “SO,Mes N
B
o A A
\ / 25
e Eastern Fragment
29

Scheme 39 Masamune ester 28 and Suzuki chiral auxiliary 29 — key buidling blocks in the synthesis of eastern
fragment 25.

The western fragment was achieved in 7 steps and the overall yield was 62%. The synthesis

started from 1, 2-bromobenzene and involved three organometallic catalysed transformations.
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Scheme 40 Key starting materials in the synthesis of western fragment 24.

The key coupling step between the two final fragments had to be optimized, however the initial
oxidation step of the western fragment gave none-reproducible results. Different conditions for
the oxidation reaction as well as the following metal-catalysed addition were tried but without
success. A small library of chiral ligands was synthesized for these trials of coupling.

HO o) HO e}
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Scheme 41 Key coupling reaction towards Noricumazole derivative 103.

A different strategy towards structurally different noricumazole derivatives was also pursued.
The derivative lacking the hydroxylic group at C13 would be a valuable contribution for SAR
studies and would confirm the essential role of this goup with regards to the inhibitory activity

on HCV as well as p7 inhibition.

10O

Figure 27 Noricumazole derivative 104, lacking the hydroxylic group at C13.

The convergent synthesis was directed towards two key fragments that would be brought

together in an o-lithiation end-game reaction. The western fragment was major intermediate in
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the initial synthetic efforts towards derivative 104 and thus could be obtained from
bromophenol in 3 steps and 78% vyield.

OH MOMO o
Br J<
N
@ \
53 31

Western Fragment

Scheme 42 Bromophenol 53 — key starting material for the synthesis of western fragment 31.

The envisioned eastern fragment was achieved in a key cross-metathesis reaction between
intermediates 94 and 135 in 40% yield.

The synthesis of intermediate 94 was based on our initial synthetic strategy and constituted of
13 steps, the final step being Schwarz reagent reduction of the terminal alkyne to intermediate
94 in 99% vyield.

Intermediate 135 was achieved from 1,5-hexadiene that underwent asymmetric Sharpless
dihydroxilation and two consequential selective silylations of the hydroxylic groups. 135 was
afforded in 82% yield over 3 steps.

0TBS
TMSO _ A~~~
135 oTBS
|\/\/\/\(\s OTBS OTBS
\\_(/\s OTBSOTBS e L
NT N
112

94

Eastern Fragment

Scheme 43 Intermediates 94 and 135 — key substrates for the synthesis of eastern fragment 112.

Additionally, to achieve an alternative of eastern fragment 112, the structure analog 115 was

also synthesized over 4 steps in 94% vyield.

OTBS
s. o N\ s .
o=\ T
N N NW
121 115 114

Figure 28 Key substrates in the synthesis of eastern fragment 114.
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Scheme 44 Noricumazole derivative 104.

As easier achievable and cheaper intermediate 115 was designed to test the key ortho-lithiaton
step and also yield a valuable noricumazole derivative 104.

The ortho-lithiation step was tested under conditions developed in our initial synthetic strategy
towards derivative 23. Traces of product were detected via LC-MS. Initial optimization of the
reaction conditions was conducted on a test substrate. Further optimization is necessary to
achieve reproducible yields.

Liposome assays

Liposome fluorescent assays were developed to investigate p7 ion-channel activity and its drug
inhibition ability towards various active molecules.

An in vitro assay was initially conducted to compare the activity of human and horse HCV p7
viroporins. The findings showed that both the NHCV and HCV p7 peptide demonstrated an ion
channel activity, whereas the human HCV p7 showed stable activity at low pH and further

susceptibility to noricumazole and quinidine derivatives.
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Figure 29 Comparative fluorescence measurement of a control sample (no ion channel) versus two types of p7

ion channel samples.
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The inhibitory properties of a small set of noricumazole derivatives, previously synthesized in
the Kirschning group, as well as rimantadine, amantadine and some quinine derivatives, was

tested in a sequence of liposome fluorescent assays as well.

The assays gave promising results as five quinidine derivatives showed more than 50% lower
intensity of the fluorescent signal, which shows a potential HCV inhibitory activity with p7
specific mechanism of action.

Nine of the noricumazole derivatives also showed potent inhibitory properties as quinine and
rimantadine.

The data from the noricumazole screening allowed us to also draw some structure-activity
relationship conclusions about the potential structural functionality that could have an influence
on the ion-channel inhibition properties. The epimer stereochemistry of the hydroxilic group at
C11 seems to be a common element among the structures with the most potent activity.

A microarray assay that would allow the simultaneous measurement of a big number of samples
was also developed using the postassium sensitive fluorescent indicator APG-2. The optimal
conditions in terms of temperature, fluorescent dye concentration and pH were established
through a series of sceening experiments.

Additionally, the liposome microplate assay principle was applied into a microarray assay setup
for p7 inhibitors screening. ' This technique has the potential to be very cost-effective
inhibitor screening method due to the low quantity of liposomes per spot (1 nl) that enable fast
production of many results.

Furthermore, a specific assay that would allow the quantitative measurement of the
concentration of a p7 inhibitor moleculewas was developed. It was conducted utilizing the most
potent Noricumazole derivative from the optical assays. However, the final UPLC-MS
measurments were inconclusive as the desired concentration was found in value too low than

expected.

67

Internal



6.2 Outlook of the project

For future studies of the HCV activity of noricumazole, new derivatives need to be synthesized.
The total synthesis of the two new derivatives 104 and 168 described in this thesis could be
completed, confirming a new synthetic pathway towards further derivatization.

The reaction conditions of the key ortho-lithiation step need to be optimized in order to achieve
reproducible yields. Other coupling conditions like different metal-catalyzed additions could
be explored.

104

QO

= S| OTBSOTBS
N \/Y\/

168

Figure 30 New Noricumazole derivatives.

The achievement of those two derivatives would confirm the importance of the hydroxylic
group at C11 in the SAR map that was created after initial biological assays but it would also
confirm the SAR conclusions drawn after the p7 liposome-fluorescent assays regarding the
stereochemistry at this position.

Furthermore, the role of the stereo-triada at the thiasole side-chain regarding activity would be
clarified.

Consequential derivatization of the hydroxilic group at C13 can also be explored as well as
other ring-systems in place of the thiazole ring, in order to clarify the extend of influence of the
cyclic system to the biological activity.

New noricumazole derivatives could be subjected to the liposome fluorescent assays to measure
their inhibitory properties towards p7 ion channel. This would expand the relevant SAR analysis

that can then be compared to the SAR map from the HCV inhibitory assays.
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Further development of the liposome assay onto microarray has high potential to enable the

fast inhibitor screening of many molecules.
The developed pull-down assays could also be optimized to achieve a reliable quantitative

method for tracking the concentration of p7 inhibitors in the in vitro liposome assays.
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7. Experimental part

7.1 Materials and methods

7.1.1 Reagents and solevnts

Commercially available reagents (Acros Organics, Sigma Aldrich) and solvents were used as

received or purified by conventional methods prior to use, described in the literature.

7.1.2 Thin-layer and column-chromatography
For TLC precoated silica gel 60 F254 plates (Merck, Darmstadt) were used and the spots were
visualized with UV light at 254 nm or alternatively by staining with vaniline. Column

chromatography was carried out using silica gel from Fluka (grain size 40-63 pum).
7.1.3 NMR spectroscopy

1H spectra were recorded with 400 MHz with a Bruker Avance-400 and Bruker 200 MHz
spectrometer. Chemical shifts are reported in 6 (ppm) relative to TMS as the internal standard.
Multiplicities are described with the following abbreviations: s - singlet, d - doublet, t - triplet,

g - quartet, m - multiplet, b — broad. All coupling constants J are expressed in Hertz.
7.1.4 Mass spectroscopy

Mass spectra were recorded with a type LCT (ESI) equipped with a lockspray dual ion source
in combination with a WATERS Alliance 2695 LC system, or with a type QTOF premier
spectrometer (ESI mode) in combination with a Waters Acquity UPLC system equipped with
a Waters Acquity UPLC BEH C18 1.7 um column (solvent A: water + 0.1% (v/v) formic acid,

solvent B: MeOH + 0.1% (v/v) formic acid; flow rate = 0.4 mL/min;
7.1.5HPLC

High-performance liquid chromatography was performed using a VARIAN PROSTAR system
(pump Prepstar Model 218, variable wavelength detector Prostar; preferred monitoring at A =
248 nm) with the column TRENTEC Reprosil-Pur 120 C18 AQ (5 um, 250 mm x 25 mm, with
gueard column 40 mm x 8 mm abbreviated C18-1) with parallel mass spectrometric detection
(MICROMASS type ZMD ESI-Quad spectrometer). Semi-preparative high performance liquid
chromatography was performed using a MERCK HITACHI Model 7000 system [pump L-7100,
diode array detector L-7450 (A = 220-400 nm, preferred monitoring at A = 248 nm)] with the
column NUCLEODUR C18 ISIS (5 mm, 250 mm x 8 mm; abbreviated C18-2).
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7.1.6 Melting points

Melting points were determined on a SRS OptiMelt apparatus and are reported uncorrected.

7.1.7 Optical rotation

Specific optical rotation values [a]'o were measured on a polarimeter 341 (PERKIN ELMER)
at a wavelength of 589 nm (D) and given temperature t.
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7.2. Synthesis of Estern fragment [25]:

Dicyclohexylboron trifluoromethansulfonate [45]:

BHaSMea HOTf
Et,0 O/ \O n-hexane O/ \O

CeH1o Cq2H23B C13H22BF303S
(82.1460) (178.1260) (326.1812)
43 44 45

To a stirred solution of freshly distilled cyclohexene (9.86 mL, 97 mmol, 1.0 eq) in dry diethyl
ether (20 mL) was added borane-dimethyl sulfide complex (4.62 mL, 49 mmol, 0.5 eq)
dropwise (over 40 min) at 0 °C. The reaction mixture was stirred for 3 h at 0 °C and then the
solid was allowed to settle for 24 h without stirring at -30 °C. The solvent was then removed
via syringe and the residual solid was dried under Schlenk vacuum. The dicyclohexylborane
thus obtained was immediately used without further purification.

The solid obtained in the previous step was suspended in dry hexane () and
trifluoromethanesulfonic acid was added dropwise (over 30 min). Vigorous gas evolution
occurred, the solid gradually dissolved and the solution developed a yellow-orange color.
Stirring was continued for 1.5 h at room temperature and the reaction mixture was left for
further 24 h without stirring at -30 °C. The solvent was removed via syringe and the colorless
crystals were futher dried under schlenk vacuum at 0 °C to yield dicyclohexylboron

trifluoromethanesulfonate. The product was stored as 1M solution in hexane.
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Synthesis of MASAMUNE auxilliary [28]:

N, N-Mesityl-benzyl-norephedrine [37]:

Ph Ph Ph
MesSO,Cl, NEt BnBr, KOB
oy MeSSOCl NEG on Ererkomy N g,
THF N DMF N

NH; “SO,Mes Bn~ “SO,Mes
CgH43NO C1gH23NO3S C25H29NO3S
(151.2090) (333.4460) (423.5710)

36 169 37

Freshly distilled triethylamine (11 mL, 79.4 mmol, 1.2 eq) was added dropwise to a solution of
(-)-norephedrine (10 g, 66.2 mmol, 1 eq) in dry tetrahydrofurane (150 mL). The mixture was
cooled to 0 °C and mesitylsulfonylchloride (14.5 g, 66.2 mmol, 1 eq) was added. The reaction
mixture was then stirred for further 2 h at 0 °C. The organic phase was washed with water (100
mL), 1M HCI (80 mL), saturated sodium hydrogencarbonate solution (80 mL) and brine (80
mL), and dried with anhydrous sodium sulfate. The filtered organic solution was concentrated
to yield the crude product which was used for the next step without further purification.

Mesityl-norephedrine (19.6g, 59 mmol, 1 eq) was solved in dry dichloromethane (200 mL) and
potassium-tert-butoxide (6.61 g, 59 mmol, 1 eq) was added at 0 °C. Benzyl bromide (7 mL, 59
mmol, 1 eq) was added after 20 min and the mixture was stirred for 3 h at room temperature.
Water (150 mL) was added and the aqueous phase was extracted with dichloromethane (120
mL). The combined organic layers were dried over anhydrous sodium sulfate, filtered and the
solvent was evaporated. Recrystalization from petroleum ether yielded the pure product as

colorless crystals (13.3 g, 31.4 mmol, 53%).

LH-NMR (200 MHz, CDCls): 6 (ppm) = 7.36 — 7.19 (m, 8 H), 7.07 (d, 2 H), 6.93 (s, 2 H), 5.00
(s, 1 H), 4.78 (d, 1 H), 4.54 (d, 1 H), 3.82 (dg, 1 H), 2.65 (s, 6 H), 2.29 (s, 3 H), 2.12 (d, 1 H),
1.05 (d, 3 H).

The analytical data are consistent with those reported in the literature.>’
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N, N-Mesityl-benzyl-O-propionyl-norephedrine [28]:

\/LOH o \'/L )J\/
Pyridine, CHZCIZ

Bn/ “SO,Mes n~ \Sones
Cas5H29NO3S CogH33NO4S
(423.5710) (479.6350)
37 28

Pyridine (2.9 mL, 36 mmol, 1.2 eq) was added to a solution of N,N-mesityl-benzyl
norephedrine (12.7 g, 30 mmol, 1 eq) in dichloromethane (150 mL). Propionylchloride (3.55
mL, 40 mmol, 1.35 mmol) was added at 0 °C and the mixture was stirred at room temperature
for 16 h. Methyl-tert-butyl ether (120 mL) was added and the organic phase was washed with
water (100 mL), saturated ammonium chloride solution (100 mL), water (100 mL), saturated
sodium hydrogencarbonate solution (100 mL) and brine (100 mL). The combined organic
phases were dried over anhydrous sodium sulfate, filtered and the solvent was evaporated to

yield the pure product as a colorless crystalline solid (13.6 g, 28.3 mmol, 94%).

LH-NMR (200 MHz, CDCls): § (ppm) = 7.37-6.94 (m, 8 H), 6.99-6.93 (m, 4 H), 5.90 (d, 1 H),
4.72 (g, 2 H), 4.09 (qd, 1 H), 2.57 (s, 6 H), 2.33 (5, 3 H), 2.28-2.13 (m, 2 H), 1.17 (d, 3 H),
1.06 (t, 3 H).

The analytical data are consistent with those reported in the literature.>’
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Synthesis of OHIRA-BESTMANN reagent [49]:

O (0]
O O 60 % NaH, TosN; !_OMe
M pOMe Som
OMe CeHe/THF N ©
2
(166.1128) (192.1108)
28 170

48 (0.4 mL, 3 mmol, 1 eq) solved in benzene (2.3 mL) was slowly added to NaH (0.11 g, 2.86
mmol, 0.95 eq) suspended in benzene/THF (11.4 mL/1.6 mL) at 0 °C. After stirring the mixture
for 1 h, TosN3 (5.7 mL, 2.86 mmol, 0.95 eq) solved in benzene (9 mL) was added slowly. The
resultant suspension was then warmed up to RT, stirred for further 2 h, filtered through a plug
of Celite and the solvent was evaporated and the crude was purified via column chromatography
(EtOAC) to yield the product as pale yellow oil in 70 % (2.4 g, 1.2 mmol) yield.

IH-NMR (200 MHz, CDCls): § (ppm) = 3.82 (d, 6 H), 2.23 (s, 3 H).

The analytical data are consistent with those reported in the literature.®
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Masamune-Aldol product [170]:

Ph O 1. (c-Hex),BOT/,NEt; Ph O OH
o 2. CHaCH,CHO o :
N. N.

Bn”' “SO,Mes CH,Cl, Bn”' “SO,Mes
CogH33NO4S C31H3gNO5S
(479.6350) (537.7250)

28 170

Masamune ester (3.0 g, 6.25 mmol, 1 eq) was solved in dry dichloromethane (100 mL) and
cooled down to -78°C. Triethylamine (2.1 mL, 15 mmol, 2.4 eq) was added dropwise over 30
min and the mixture was stirred for 10 min. Dicyclohexylbortriflate acid (13.8 mL, 13.8 mmol,
2.2 eq) was then added dropwise at -78°C and constant stirring. The reaction mixture was stirred
further 2 h at the same temperature. Freshly distilled propionaldehyde (1.8 mL, 25 mmol, 4 eq)
was then slowly added and the mixture was stirred for 1h. The temperature was increased to
0°C and the reaction was stirred for another hour. The reaction was hydrolyzed by adding pH
buffer solution (25 mL), methanol (125 mL) and 30% H>02(12.5 mL). It was left to stir at room
temperature overnight. The organic phase was separated and concentrated under vacuum. The
crude product was precrystalized in chloroform and hexane and then purified by column
chromatography (PE:EA = 9:1-6:1) to yield the desired product as colorless crystals (3 g, 5.6
mmol, 90%), Rf = 0.35 (PE:EE = 4:1).

'H-NMR (400 MHz, CDClg): 6 7.34 - 7.14 (m, 8H, Ar-H), 6.82-6.91 (m, 4H, Ar-H), 5.84 (d,
1H, J=4.4 Hz, OCH), 4.77 (d, 1H, J = 16.5 Hz, NCHy), 4.54 (d, 1H, J = 16.5 Hz, NCH,), 4.07
(dg, 1H, J = 7.1, 4.4 Hz, NCH), 3.57 (m, 1H, CH(OTBS)), 2.49 (m, 7H, 0-Mes-CH3 and
C(O)CHCHs), 2.28 (s, 3H, p-Mes-CHs), 1.55 (m, 1H, CH2CHs), 1.35 — 1.48 (m, 1H, CH.CHs),
1.18 (d, 3H, J = 7.2 Hz, NCHCHs3), 1.13 (d, 3H, J = 7.4 Hz, C(O)CHCHs, 0.96 (t, 3H, J=7.5
Hz, CH.CHz) ppm;

13C-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) § 174.5, 142.2, 140.55, 139.5, 139.3, 132.3,
128.7, 128.6, 128.3, 127.4, 126.5, 78.4, 74.5,57.4, 48.7, 45.8, 27.4, 23.2, 20.6, 14, 13.8, 9.8.

HRMS (ESI): m/z: calculated for C31H3zsNOsSNa: 560.2447 [M + Na]*: found: 560.2444 [M
+ Na]*.

The analytical data are consistent with those reported in the literature.?”28
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TBS-protected Masamune-Aldol product [38]:

Ph O (:)H Ph O OTBS

\/'\O)H/'\/ 2,6-Lutidine, TBSOTf \/‘\o)ﬁ/\/

N\

Bn™ “SO,Mes CH,Cl, Bn" "\ ~S0,Mes
C31H3gNOsS C37H5sNO5SSI
(537.7150) (651.9780)

170 38

Masamune alcohol (5.3 g, 9.95 mmol, 1.0 eq.) was solved in dry dichloromethane (100 ml)
and cooled down to 0°C. 2,6 — Lutidine (4.63 ml, 39.8 mmol, 4 eq.) was added. The mixture
was cooled down to -78°C and TBSOTT (4.3 ml, 19.9 mmol, 2 eq.) was added dropwise over
a period of 30 min. After 5 min. the reaction mixture was warmed up to 0°C. After stirring for
further 1.5 hour, a pH buffer and a saturated aqueous solution of NH4Cl were added. The
water phases were extracted three times with CH2Cl.. The combined organic layers were
washed with brine, dried over Na,SO4 and the solvent evaporated. The crude product was
purified by means of column chromatography (PE:EA — 20:1 then 10:1) to yield the pure
protected alcohol as colorless thick oil (6.4 g, 10.24 mmol, 98%).

'H-NMR (400 MHz, CDCl3): ¢ 7.33-7.40 (m, 8H, Ar-H), 6.85 (m, 4H, Ar-H), 5.74 (d, 1H, J =
5.1 Hz, OCH), 4.82 (d, 1H, J = 16.4 Hz, NCH), 4.49 (d, 1H, J = 16.4 Hz, NCH. ), 4.10 (m,
1H, NCH), 3.88 (m, 1H, CH(OTBS)), 2.54 (m, 1H, C(O)CHCH3), 2.46 (s, 6H, 0-Mes-CHs),
2.29 (s, 3H, p-Mes-CHs), 1.42 (m, 1H, CH,CHs), 1.32 (m, 1H, CH,CH3), 1.18 (d, 3H, J = 6.8
Hz, NCHCHa), 1.03 (d, 3H, J = 7.1 Hz, C(O)CHCHjs), 0.88 (s, 9H, TBS), 0.82 (t, 3H, J = 7.2
Hz, CH,CHj3), 0.06 (ds, 6H, TBS) ppm;

HRMS (ESI): m/z: calculated for Ca7HssNOsSiSNa: 674.3311 [M + Na]+: found: 674. 3307
[M + Na]".

The analytical data are consistent with those reported in the literature.?”?8
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[2S,3R-3-(tert-butyldimethylsilyl)oxy]-2-methylpentan-1-ol [171]:

Ph O OTBS OH OTBS
o - DIBAL-H -
Bn/N\SOZMes CHCl
C31H3gNO5S C12Hp50,Si
(651.9780) (232.4390)
38 171

The TBS-protected aldol ester (0.500 g, 0.77 mmol, 1 eq.) was dissolved in dry
dichloromethane and cooled down to -78°C. DIBAL-H (3.1 ml, 3.07 mmol, 4 eq.) was slowly
added (over 40 min.) and the mixture was stirred for further 3 hours. Ethyl acetate and a
saturated solution of K-Na tartrate were slowly added and the reaction mixture was stirred
overnight at room temperature. The water phase was then extracted three times with CH2Cl,
and the combined organic layers were washed with brine, dried over Na,SO4 and the solvent
evaporated. The crude product was purified via column chromatography (PE:EA — 12:1) to give
the desired product as colorless oil (0.12 g, 0.52 mmol, 68%), Rf = 0.35 (PE:EE = 4:1).

IH-NMR (400 MHz, CDCl3): 6 3.78 (m, aH, CH,0H), 3.62 (dt, 1H, J = 5.5 Hz, CH(OTBS)),
3.54 (m, 1H, CH,OH), 1.78 (m, 1H, CHsCH), 1.59 (m, 2H, CH,CHs), 0.9 (d, 3H, J = 6.8 Hz,
CHCHs), 0.90 (s, 9H, TBS), 0.87 (t, 3H, CH2CHs), 0.09 (s, 6H, TBS) ppm;

13C-NMR (400 MHz, CDCls, CDCl3 = 77.0 ppm) & 205.4, 74.9, 50.8, 27.6, 25.9, 10.7, 9.1, -
4.1, -4.6.

The analytical data are consistent with those reported in the literature.?”?3
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[2R,3R)-3-(tert-Butyldimethylsilyl)oxy]-2-methylpentanal [39]:

OH OTBS (6] OTBS
~ DMP ! ~
—_—
CH,Cl,
C12H2g0,Si C12H260,Si
(232.4390) (230.4230)
171 39

[2S,3R-3-(tert-butyldimethylsilyl)oxy]-2-methylpentan-1-ol (0.05 g, 0.21 mmol, 1 eq.) was
dissolved in CH2Cl> and NaHCOs was added. Dess-Martin periodinane was added and the
reaction mixture was stirred for 1.50 hour at room temperature. A saturated aqueous solution
of Na>S.03 was added and the reaction mixture was stirred for 30 min. The aqueous layer was
extracted with CH,Cl,, the combined organic phases were dried over Na;SOs and the solvent
evaporated. The resulting crude product was used for the next synthetic step without further

purification.

[3S,4R,5R-3,5-Bis(tert-butyldimethylsilyl)oxy-1-(R)-4-isopropyl-2-thioxothiazolidin-3-yl]-
4-methylheptan-1-one [40]:

1.S-Nagao auxiliary,

O oOTBS TiCl4, DIPEA s O OTBSOTBS
| = 2.2,6-Lutidine, TBSOTf )LN
s
CH,Cl, |/
(230.4230) (548.0040)
39 40

Titanium tetrachloride (0.040 ml, 0.39 mmol, 1.8 eq.) was added dropwise at -50°C to a solution
of (R)-3-Acetyl-4-isopropyl-1,3-thiazolidin-2-thion 7 (0.07 g, 0.36 mmol, 1.7 eq.) in dry
CH.ClIy. After stirring for 20 min., DIPEA (0.07 ml, 0.39 mmol, 1.8 eq.) was added, the reaction
mixture was warmed up to -40°C and stirred for 2 hours. A solution of (2R,3R)-3-((tert-
butyldimethylsilyl)oxy)-2-methylpentanal (0.05 g, 0.21 mmol, 1 eq.) in CH2Cl, was then added
dropwise at -78°C. The reaction was terminated after 90 min by adding a pH-buffer solution.
The water phase was extracted multiple times with CH2Cl», the combined organic phases were
dried over Na SO, filtered and the solvent was evaporated. The afforded crude product was
directly dissolved in CH2Cl (1.1 ml) and cooled down to -78°C. 2,6 — Lutidine (0.045 ml, 0.38
mmol, 1.75 eq.) was added dropwise and TBSOTT (0.067 ml, 0.31 mmol, 1.5 eq.) was added
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very slowly over a period of 40 min. The mixture was warmed up to room temperature after 5
min and stirred for further 1 hour. A solution of pH-buffer was added and the aqueous phase
was extracted multiple times with CH2Cl,. The organic layers were combined, dried over
Na>SOs and the solvent was evaporated. The crude product was purified by means of column
chromatography (PE:EA — 20:1) to yield the pure product as yellow oil (0.040 g, 0.073 mmol,
36%), Rf = 0.60 (PE:EA = 3:1).

'H-NMR (400 MHz, CDCls): 6 5.07 (brt, J = 6.8 Hz, CH,CHCH, 1H ), 4.61 (ddd, J = 9.6, 3.9,
1.9 Hz, CCH.CH(OTBS), 1H), 3.56 - 3.44 (m, SCH2, CCH,CH, CH(OTBS)CH,CHs, 1H),
3.04-2.99 (m, SCH2, CCH,CH,1H), 2.44 — 2.35 (m,CH(CH3)2, 1H), 1.89 — 1.80 (m, CHCHj,
1H), 1.56 - 1.50 (m, CH2CHgs, 2H), 1.06 (d, J = 6.8 Hz, CH(CH3)2, 3H), 0.97 (d, J = 7.2 Hz,
3H, CH(CHa)3), 0.89 (s, OSiC(CHa)3, 9H), 0.87 (t, J = 7.2 Hz CH2CHs, 3H), 0.84 (s,
OSiC(CHs)3, 9H), 0.82 (d, J = 7.2 Hz, CHCHg, 3H), 0.07 (s, OSiCHas, 3H), 0.03 (s, OSiCHj,
3H), 0.02 (s, OSiCHs, 3H) ppm;

HRMS (ESI): m/z: calculated for C2sHs3NO3NaSSi: 570.2903 [M + Na]+: found: 570.2902
[M + Na]+.

The analytical data are consistent with those reported in the literature.?”?8
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[3S,4R,5R-3,5-Bis(tert-butyldimethylsilyl)oxy]-4-methylheptanoic acid [51]:

s O OTBSOTBS O OTBSOTBS
- B o . B B
S)LNJ\/Y\/ 30% H,0,, LIOH HO)J\/Y\/
. THF, H,0
Ca6Hs3NO5S,Si, CooHas04Sis
(548.0040) (404.7380)
40 51

A 30%-aqueous solution of H.O2 (0.01 ml, 0.3 mmol, 8 eq.) and a 1M LiOH solution (0.146
ml, 0.146 mmol, 4 eq.) were added stepwise to a solution of Nagao-aldol amide (0.020, 0.037
mmol, 1 eq.) in THF/H20 (0.6 ml, 4:1) at 0°C. The reaction mixture was warmed up to room
temperature, stirred overnight and terminated by adding a saturated aqueous solution of
Na>SOs. The aqueous phase was extracted with Et,O. The combined organic layers were dried
over NaxSOs, filtered and the solvent was evaporated. Purifying the crude product by column
chromatography (PE:EA = 8:1) yielded acid 51 as colorless oil (0.007 g, 0.01 mmol, 50%).

'H-NMR (400 MHz, CDCls): 6 4.39 (ddd, J = 8.4, 4.6, 3.5 Hz, C(O)CH,CH(OTBS), 1H), 3.54
(dt, J = 6.8, 4.9 Hz, CH3CH,CH(OTBS), 1H), 2.52 (dd, J = 15.0, 3.5 Hz, C(O)CH.CH,1H),
2.39 (dd, J = 15.0, 8.4 Hz, C(O)CH2CH, 1H), 1.89 (m, CH(OTBS)CHCH3s, 1H), 1.42 (m,
CH(OTBS)CH2CHas, 2H), 0.89 (s, C(CHa)s, 9H), 0.87 (t, J = 5.1 Hz CH2CHs, 3H), 0.86 (s,
C(CHz3)3, 9H), 0.82 (d, J = 7.2 Hz, CHCH3, 3H), 0.07 (s, OSiCHs, 3H), 0.05 (s, OSiCH3, 6H),
0.04 (s, OSiCHs, 3H) ppm.

13C-NMR (400 MHz, CDCls, CDCl3 = 77.0 ppm) & 168.6, 74.6, 68.8, 42.3, 35.6, 26.05, 26,
25.7,18.2,18.15, 10.2, 8.3, -3.9, -4.4, -4.5, -4.6.

HRMS (ESI): m/z: calculated for C20Ha404Si2: 403.2700 [M - H]: found: 403.2699 [M - HJ.

The analytical data are consistent with those reported in the literature.?”?8
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[3S,4R,5R-3,5-Bis(tert-butyldimethylsilyl)oxy]-4-methylheptanamide [41]:

O OTBSOTBS O OTBSOTBS
T 30% H,0,, LIOH C
HO H,N
THF, H,0
C20H4404Si; C20H45NO3Sip
(404.7380) (403.7540)
31 41

A 30%-aqueous solution of H202 (0.01 ml, 0.3 mmol, 8 eq.) and 1M LiOH solution (0.146 ml,
0.146 mmol, 4 eq.) were added stepwise to a solution of Nagao-aldol amide (0.020, 0.037 mmol,
1 eq.) in THF/H20 (0.6 ml, 4:1) at 0°C. The reaction mixture was warmed up to room
temperature, stirred overnight and terminated by adding a saturated aqueous solution of
Na>SOs. The aqueous phase was extracted with Et,O. The combined organic layers were dried
over Na>SOs, filtered and the solvent was evaporated. Purifying the crude product via column
chromatography (PE:EA = 8:1) yielded acid 41 as colorless oil (0.007 g, 0.01 mmol, 50%).

'H-NMR (400 MHz, CDCls, CHCls = 7.26 ppm): d = 6.24 (bs,1H, NH2), 5.36 (bs, 1H, NH2),
4.11 (ddd, J = 6.4, 6.4, 3.7 Hz, 1H, H-18), 3.67 (dt, J = 5.4, 5.3Hz, 1H, H-20), 2.46 (dd, J =
15.0, 3.7 Hz, 1H, H-17), 2.31 (dd, J = 15.0, 3.7 Hz, 1H, H-17"), 1.96(m, 1H, H-19), 1.44 (dq, J
=5.4,7.3 Hz, 2H, H-21), 0.91 (s, 9H, TBS), 0.89 (s, 9H, TBS), 0.87(pt, J = 7.3 Hz, 3H, H-22),
0.82 (d, J=7.2 Hz, 3H, H-23), 0.10 (s, 3H, TBS), 0.09 (s, 3H, TBS),0.05 (s, 3H, TBS), 0.04 (s,
3H, TBS) ppm.

HRMS (ESI): m/z: calculated for C2HsNO3Si2:404.3016 [M+H]*, found: 404.3016 [M+H]*

The analytical data are consistent with those reported in the literature.?”?8
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[3S,4R,5R-3,5-Bis(tert-butyldimethylsilyl)oxy]-4-methylheptanethioamide [42]:

O OTBSOTBS S OTBSOTBS
B = Lawesson’s reagent - -
HoN HoN
THF
CyoH45NO3Sis CyoH45NO,SSis
(403.7540) (419.8150)
4 42

Lawesson’s reagent (0.004 g, 0.09 mmol, 0.6 eq.) was added to a solution of (3S,4R,5R)-3,5-
Bis(tert-butyldimethylsilyl)oxy-4-methylheptanamide (6 mg, 0.015 mmol, 1 eq.) in THF (0.1
ml) at room temperature. After stirring for 4 hours, brine was added to the mixture. The
organic phase was extracted with Et>O, dried over Na>SOyg, filtered and the solvent was
evaporated. Purification by flash chromatography (PE:EA = 10:1) furnished thioamide 42 as a
yellow oil.

IH-NMR (400 MHz, CDCls, CHCls = 7.26 ppm): d 7.99 (bs, 1H,NH>), 7.37 (bs, 1H, NH2),
4.15 (ddd, J= 6.1, 6.1, 4.3 Hz, 1H, H-18), 3.72 (dt, J = 5.4, 5.5 Hz,1H, H-20), 2.89-2.87 (m,2H,
H-17), 1.97-1.92 (m, 1H, H-19), 1.41 (dg, J = 7.2, 5.4 Hz, 2H, H-21), 0.88 (s, 9H,TBS), 0.87
(s, 9H, TBS), 0.86 (pt, J = 7.2 Hz, 3H, H-22), 0.83 (d, J = 7.2 Hz,3H, H-23), 0.09 (s, 3H, TBS),
0.08 (s, 3H, TBS), 0.05 (s, 3H, TBS), 0.03 (s, 3H, TBS) ppm;

The analytical data are consistent with those reported in the literature.?”?8
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[(2S,3R,4R)-2,4-Bis(tert-butyldimethylsilyloxy)-3-methylhexyl]-thiazole-4-carbonic
acidethylester [27]:

S OTBSOTBS 1. ethyl bromopyruvate \\O
R R (CH3),CO }_(/\S QTBS (:)TBS
HoN - N= : :

2. TFAA, pyridine 0
CH,Cl,
CooHasNO,SSis CsH4oNO,SSis
(419.8150) (515.9000)
42 27

To a solution thioamide 42 (2.2 g, 5.20 mmol, 1.0 eq) in acetone (8.5 mL) was added ethyl
bromopyruvate (0.7 mL g, 5.88 mmol, 1.1 eq) at -10 °C. After stirring for 2 h CHClzand a
sat. ag. solution of NaHCOs were added. After extraction with CH2Clz, the combined organic
extracts were dried over MgSQsg, filtered and concentrated under reduced pressure. The
residue was taken up in CH2Cl, (14.0 mL) and pyridine (0.9 mL, 11.44. mmol, 2.2 eq) and
trifluoroacidic anhydride (0.8 mL, 5.72 mmol, 2.2 eq) were sequentially added at -30 °C. The
reaction mixture was allowed to warm up to room temperature over 4 h. After stirring for 14 h
at room temperature CH2Cl, and a sat. ag. solution of NaHCO3z were added. After extraction
with CHCl,, the combined, organic extracts were washed with an aqg. solution of KHSO4
(10%), dried over MgSO.4 and concentrated under reduced pressure. Purification by flash
chromatography (PE:EA = 15:1) furnished thiazole 27 as a light yellow oil (2.4 g, 4.59 mmol,
88%).

'H-NMR (400 MHz, CDCls, CHCI3 = 7.26 ppm): d = 8.14 (s, 1H), 4.38 (dt, J = 8.2, 4.4 Hz,
1H), 3.90 (s, 3H), 3.61 (dt, J = 5.7, 5.8 Hz, 1H), 2.97 (dd, J = 14.8, 4.4 Hz, 1H), 2.92 (dd, J =
14.9, 8.2 Hz, 1H), 1.94-1.86 (m, 1H), 1.60-1.48 (m, 2H), 0.90-0.87 (m,15H), 0.78 (s, 9H), 0.04
(s, 6H), -0.02 (s, 3H), -0.24 (s, 3H) ppm

HRMS (ESI): m/z: calculated for CasHsgNO4Si2SNa: 538.2819 [M+Na]*, found: 538.2839
[M+Na]*.

The analytical data are consistent with those reported in the literature.?”?8
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[(2S,3R,4R)-2,4-Bis(tert-butyldimethylsilyloxy)-3-methylhexyl]-thiazol-4-carbaldehyde
[172]:

\\o /S  QTBSQTBS
}—(/\S oTBSOTBS DAL g / /J\/Y\/

_ N
(o) N CH20|2 o
CQ5H49NO4SSi2 C23H45N03$Si2
(515.9000) (471.8470)
27 172

To a solution of 27 (31 mg, 0.06 mmol, 1.0 eq) in CH2Cl2 (0.8 mL) was added DIBAL-H (1.2
mol/L in toluene, 50 uL, 0.06 mmol, 1.0 eq) within 1 h at -78 °C. After 1 h, DIBAL-H (1.2
mol/L in toluene, 50 pL, 0.06 mmol, 1.0 eq) was added again and the reaction mixture stirred
for 1 h. DIBAL-H (1.2 mol/L in toluene, 25 uL, 0.03 mmol, 0.5 eq) was added a second time
and the reaction was terminated after 30 min by addition of methanol (5 mL). A sat. aq.
solution of Rochelle’s salt was added and the mixture was stirred at room temperature for 14
h. After extraction with CH2Clz, the combined organic extracts were dried (MgSOa), filtered
and concentrated under reduced pressure. Purification by flash chromatography (PE:EA =

20:1) furnished aldehyde 172 as colorless oil (28 mg, 0.06 mmol, quant).

IH-NMR (400 MHz, CDCls, CHCls = 7.26 ppm) d 10.00 (s, 1H, H-13), 8.07 (s, 1H, H-15),
4.24 (ddd, J = 6.2, 6.2, 3.8 Hz, 1H, H-18), 3.71 (dt, J = 6.0, 4.4 Hz, 1H, H-20), 3.20 (d, J = 6.2
Hz, 1H, H-17), 3.18 (d, J = 3.8 Hz, 1H, H-17"), 1.88-1.80 (m, 1H, H-19), 1.53-1.45 (m, 2H, C-
21), 0.87-0.80 (m, 24H, TBS, H-22, H-23), 0.07 (s, 3H, TBS), 0.04 (s, 3H, TBS), 0.03 (s, 3H,
TBS), 0.01 (s, 3H, TBS) ppm.

HRMS (ESI): m/z: calculated for C2sHssNOsSi2SNa: 494.2556 [M+Na]*, found: 494.2561
[M+Na]*.

The analytical data are consistent with those reported in the literature.?”?8
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[(2S,3R,4R)-2,4-Bis(tert-butyldimethylsilyloxy)-3-methylhexyl]-4-ethinylthiazole [26]:

K,CO3
/_(/\S OTBSOTBS  Ohira-Bestmann reagent  ___ \//\S OTBSOTBS
/ _ B B — _ B B
o} N MeOH NJ\/\‘/\/
C,3H45NO3SSi, C,4H45NO,SSi,
(471.8470) (467.8590)
172 26

To a solution of aldehyde 172 (22 mg, 0.05 mmol, 1.0 eq) in MeOH (0.5 mL) were
sequentially added K>CO3 (16 mg, 0.12 mmol, 2.5 eq) and the OHIRA-BESTMANN 49 reagent =
(13 mg, 0.07 mmol, 1.5 eq) at 0 °C. After 14 h the reaction was terminated by addition of
Et>0 and H,O. After extraction with Et.O, the combined, organic extracts were dried over
MgSOs and concentrated under reduced pressure. Purification by flash chromatography
(PE:EA = 15:1) furnished alkyne 26 as a colorless oil (21 mg, 0.05 mmol, 96%).

IH-NMR (400 MHz, CDCI3, CHCI3 = 7.26 ppm) d 7.40 (s, 1H, H-15), 4.17 (ddd, J = 6.5, 6.4,
4.0 Hz, 1H, H-18), 3.72 (ddd, J = 6.0, 6.0, 4.3 Hz, 1H, H-20), 3.17 (d,J = 6.4 Hz, 1H, H-17),
3.14 (d, J = 4.0 Hz, 1H, H-17"), 3.08 (s, 1H, H-12), 1.87-1.78 (m, 1H, H-19), 1.51-1.42 (m, 2H,
H-21), 0.87 (s, 9H, TBS), 0.86 (s, 9H, TBS), 0.85 (s, 3H, H-22), 0.82 (d, J= 4.1 Hz, 3H, H-23),
0.07 (s, 3H, TBS), 0.03 (s, 3H, TBS), 0.00 (s, 3H, TBS), -0.12 (s, 3H, TBS)ppm.

HRMS (ESI): m/z: calculated for CaHisNO3Si,S: 468.2788 [M+H]*, found: 468.2797
[M+H]".

The analytical data are consistent with those reported in the literature.?”?8
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[(2S,3R,4R)-2,4-Bis(tert-butyldimethylsilyloxy)-3-methylhexyl]-4-[(E)-2-iodovinyl]
thiazole [25]:

1. ZrCp,(H)CI

_ \/\s OTBSOTBS 2 NIs Ivs OTBSOTBS
C24H45NO,SSi; C4H46INO,SSi,
(467.8590) (595.7715)

26 25

To a suspension of the SCHWARTZ reagent (496 mg, 1.92 mmol, 3.0 eq) in THF (6.0 mL) was
added 26 (300 mg, 0.64 mmol, 1.0 eq) in THF (4.5 mL) at 0 °C. After 1 h NIS (432 mg, 1.92
mmol, 3.0 eq) in THF (4.5 mL) was added at -78 °C and the reaction mixture was stirred in
the dark for 20 min. The reaction was terminated by addition of a sat. aq. Na2S>03 solution
and the aqueous layer was extracted with Et,O. The combined, organic extracts were dried
over MgSQyg, filtered and concentrated under reduced pressure. Purification by flash
chromatography (PE:EA = 30:1) furnished vinyl iodide 25 as a colorless oil (346 mg, 0.58
mmol, 89%).

IH-NMR (400 MHz, CDCls, CHCls = 7.26 ppm) d 7.33 (d, J = 14.3 Hz, 1H, H-12), 7.17 (d, J
= 14.3 Hz, 1H, H-13), 4.25 (ddd, J = 6.9, 5.5, 3.8 Hz, 1H, H-18), 3.70-3.67 (m, 1H, H-20), 3.08
(d, J = 3.8 Hz, 1H, H-17), 3.06 (d, J = 6.9 Hz, 1H, H-17"), 1.88- 1.84 (m, 1H, H-19), 1.52-1.46
(m, 2H, C-21), 0.88 (s, 9H, TBS), 0.86 (s, 3H, H-22), 0.83 (s, 9H, TBS), 0.82 (d, J = 4.3 Hz,
3H, H-23), 0.05 (s, 6H, 2x TBS), -0.01 (s, 3H, TBS), -0.22 (s, 3H, TBS) ppm;

HRMS (ESI): m/z: calculated for CasHasINO2Si,S: 596.1925 [M+H]*, found: 596.1923
[M+H]".
[0]%°p -20.5 (¢ 1.0 in CHClIs3) (lit.[a]*°p -20.9 (c 1.0 in CHCI3));

The analytical data are consistent with those reported in the literature.?”?8
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7.3. Synthesis of Western fragment [24]:
Synthesis of chiral oxirane [32]:

(S)-2-Bromosuccinic acid [173]:

NaNO,,
o NH, (2.5) H,SO, o B
HOJ\/\H/OH _ ke HOJ\/\H/OH
0 0
C4H/NO, C4HsBrO,
133.10 196.98
58 173

L-aspartic acid 58 and potassium bromide were dissolved in 2.5 M sulfuric acid and the mixture
was cooled down to -5 °C. Sodium nitrite was dissolved in water and slowly added. The reaction
mixture was let to stir overnight at -5 °C. Ethyl acetate was added and the mixture warmed to
room temperature. The organic phase was separated and extracted three more times with ethyl
acetate. The combined organic phases were dried over Na>SOg, filtered and the solvent was
evaporated to give the bromide 173 as colorless oil, which was used without any further

purification.

IH-NMR (400 MHz, MeOD): 6 4.56 (dd, 1H, J = 8.6, 6.3 Hz, H-2), 3.19 (dd, 1H, J = 17.0, 8.6
Hz, H-3), 2.94 (dd, 1H, J = 17.0, 6.3 Hz, H-3) ppm.

The analytical data are consistent with those reported in the literature.?”23

(S)-2-Bromobutane-1,4-diol [59]:

HO ~_OH
o) THF HO "
C4H5Br04 C4HgBr02
196.98 167.98
173 59

(S)-2-bromosuccinic acid 173 (7.00 g, 35.94 mmol, 1.0 eq.) was dissolved in dry THF (55 mL)
at 0 °C. A solution of borane dimethylsulfide complex (10.4 mL, 3.0 eq.) in dry THF (100 mL)
was added to the mixture at 0°C, over one hour. The reaction was stirred at room temperature

for 12 h and then terminated by addition of a THF/water mixture (50 mL, 1:1) at 0 °C. Potassium
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carbonate (23 g) was added and the mixture was stirred at 0 °C for 30 minutes. After filtration
the solid was washed with Et;0, the filtrate was dried over Na;SO4 and concentrated under
reduced pressure. Product 59 (5.19 g, 27.16 mmol, 76 %) was obtained as colourless oil.

Compound 59 was used without further purification.

'H-NMR (400 MHz, MeOD): 6 4.86 (s, 2H, OH), 4.20 (ddd, 1H, J = 15.5, 5.8, 3.9 Hz, H-2),
3.67-3.84 (m, 4H, H-1, H-4), 2.17 (m, 1H, J=14.7, 8.2, 6.5, 3.4 Hz, H-3), 1.90 (m, 1H, J = 9.9,
9.8, 4.8 Hz, H-3) ppm.

The analytical data are consistent with those reported in the literature.?”28

(S)-tert-Butyldimethyl[2-(oxiran-2-yl)]ethoxysilane [32]:

NaH,
Br TBSCI, TBAI o
= W\
_OH T~ N
Ho/\/\/ THF TBSO
C4HgBr02 C10H22028i
167.98 202.14
59 32

A solution of (R)-2-bromobutane-1,4-diol 32 (5.12 g, 27.16 mmol, 1.0 eq.) in dry THF (2 mL)
was slowly added to a suspension of sodium hydride (2.02 g, 84.14 mmol, 3.1 eq.) in THF (20
mL) at -10 °C. After 30 minutes tetrabutylammonium iodide (1.01 g, 2.72 mmol, 0.1 eq.) and
TBS-CI (4.51 g, 29.88 mmol, 1.1 eq.) were added and stirring was continued at -10 °C for 15
minutes. The reaction was allowed to warm up to room temperature and was stirred for
another hour. The reaction was terminated by addition of an ammonium chloride solution (ag.
sat. 10 mL) and the aqueous layer was extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine (100 mL), dried over MgSQOyg, filtered and concentrated
under reduced pressure. Column chromatography (hexanes/EtOAc = 10:1) afforded product
32 (1.84 g, 9.09 mmol, 34 %) as colorless liquid.

IH-NMR (400 MHz, CDCI3): 6 3.77 (t, 2H, J = 6.0 Hz, H-4), 3.01-3.09 (m, 1H, H-2), 2.78 (¢,
1H, J = 4.7, H-1), 2.51 (dd, 1H, J = 4.7, 2.7 Hz, H-1), 1.64-1.82 (m, 2H, H-3), 0.89 (s, 9H,
TBS), 0.06 (s, 6H, TBS) ppm.

The analytical data are consistent with those reported in the literature.?”?8
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(S)-1-lodo-2-methylbutane [52]:

I, PPhs,
imidazole
CH,Cl,
CsH420 CgHqql
(88.1500) (198.0475)
35 52

(S)-(—)-2-Methyl-1-butanol 35 (1.21 ml, 11.3 mmol, 1 eq.) was solved in dry CH2Cl, (25 ml)
at room temperature. Triphenyl phosphine (4.6 g, 17.6 mmol, 1.55e g.), imidazole (1.15 g, 17
mmol, 1.5 eq.) and iodine (2.87 g, 11.3 mmol, 1.25 eq.) were added slowly one after another
and the reaction mixture was stirred for 2 hours. CH3OH (0.7 ml) was added slowly (suspension
changes color from pale yellow to colorless). The mixture was washed with water and extracted
three times with pentane. The combined organic phases were dried over Na>SQg, filtered and
the solvent was evaporated. Destillation under reduced pressure (58 mbar, 55-60°C) afforded
the pure product 52 as pale yellow liquid (1.34 ml, 10.3 mmol, 83%).

'H-NMR (400 MHz, CDCls): & 3.23 (td, 2H, CH2I), 1.38 (m, 2H, CHsCH,CH), 1.33 (m, 1H,
CH3CH2CH), 0.99 (d, 3H, CH3sCH), 0.92 (t, 1H, CH3CH.) ppm;

HRMS (GC MS): m/z: calculated for CsH11l: 197.80 [M + H]*: found: 197.80 [M + H]".

The analytical data are consistent with those reported in the literature.?”28
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1-Bromo-2-(methoxymethoxy)benzene [34]:

OH OMOM
Br K,COs, MOMCI  Br
B ——
DMF
CGHsBrO CSHQBTOZ
(173.01) (217.0620)
53 34

MOMCI (6.6 ml, 86.90, 1.5 eq.) was added dropwise (over 40 min) at 0°C to a mixture of
potassium carbonate (32 g, 231.3 mmol, 4 eq., 80% ) and 2-bromophenol 53 (6.7 ml, 57.8
mmol, 1 eq.) in DMF (60 ml). The resultant colorless suspension was stirred for 2 hours at room
temperature. Water (1 L) and MTBE (400 ml) were added, the organic phase was further
washed with water (x2) and brine, dried over Na>SOs, filtered and the solvent was evaporated.
Purifying the crude product by means of column chromatography (PE:EE = 14:1) afforded the
pure MOM-protected bromophenol 34 as colourless liquid (12.3 g, 56.9 mmol, 99%).

IH-NMR (400 MHz, CDCls): § 7.66 - 7.67 (dd, 1H, Ar-H), 7.27 (m, 2H, Ar-H), 6.95 (td, 1H,
Ar-H), 5.35 (s, 2H, Ar-O-CHy), 3.62 (s, 3H, Ar-O-CH>-O-CHa) ppm;

13C-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) § 153.8, 133.4, 128.5, 123.1, 116.2, 112.9,
95.1, 56.4.

HRMS-ESI: m/z: calculated for CsHyO,Br: 215.9786 [M + H]*: found: 215.9782 [M + H]".

The analytical data are consistent with those reported in the literature.?”?8
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(S)-1-(Methoxymethoxy)-2-(2-methylbutyl)benzene [54]:

OMOM 1, Mg OMOM
/Y\I . Br\© 2. HMTA, TMEDA, Fe(acac)s
THF
CsHyl CgHgBrO, C13H200,
(198.0475) (217.0620) (208.3010)
52 34 54

Magnesium turnings (3.1 g, 128.2 mmol, 6.0 eq.) were put in a 100 ml round-bottom Schlenk-
flask. The flask was evacuated three times and a solution of 1-bromo-2-(methoxymethoxy)
benzene 34 (6.5 ml, 42.8 mmol, 2.0 eq.) in dry THF (50 ml) was added. The mixture was
refluxed for 2 hours (yellow-greenish color) and then slowly added (over 50 min.) at 0°C to a
solution of (S)-1-iodo-2-methylbutane 52 (2.8 ml, 21.4 mmol, 1.0 eq.), Fe(acac)s (0.378 g, 1.07
mmol, 0.05 eq), TMEDA (0.32 ml, 2.14 mmol, 0.1 eg.) and HMTA(0.150 g, 1.07 mmol, 0.05
eq.) in dry THF (35 ml) (caramel color). The resultant suspension was stirred for further 1.5
hour at 0°C and then hydrolized with a saturated aqueous solution of NH4+Cl and 1M HCI. The
water phase was extracted three times with Et2O, the combined organic phases were dried over
Na2SOg, filtered and the solvent evaporated under reduced pressure. Column chromatography
(PE:EA = 4:1) afforded the pure product 54 (2.8 g, 13.5 mmol, 63%) as colorless oily solid.

'H-NMR (200 MHz, CDCls): § 7.10 (m, 3H, Ar-H), 6.92 (m, 1H, Ar-H), 5.19 (s, 2H, -
OCH20CHz), 3.48 (s, 3H, OCH20CHz3), 2.67 (dd, J = 13.25 Hz, 1H, -CH.CH(CH3)CH.CH3),
2.39 (dd, J = 13.25 Hz, 1H, -CH.CH(CH3)CH2CHj3), 1.70 (m, 1H, -CH2CH(CH3)CH2CH3),
1.39 (m, 1H, -CH2CH(CH3)CH2CH3), 1.19 (m, 1H, -CH.CH(CH3)CH.CHz), 0.92 (t, 3H, -
CH>CH(CH3)CH2CHs3), 0.85 (d, 3H, -CH2CH(CH3)CH2CHz3) ppm.

13C-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) § 155.5, 131.1, 131, 129.6, 127, 122, 121.4,
116.4, 113.9, 94.5, 56, 37.6, 35.6, 29.6, 19.3, 11.7.

The analytical data are consistent with those reported in the literature.?”?8
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(S)-N-(tert-Butyl)-2-(methoxymethoxy)-3-(2-methylbutyl) benzamide [55]:

MOM
OMOM . BuLi, TMEDA OMO o J<
2. tBBUNCO N
H
Et,0
C13H200, C1gH29NO3
(208.3010) (307.4340)
54 55

N,N,N’,N’ - Tetramethylethylendiamine (0.41 ml, 2.56 mmol, 1.3 eq.) and n-butyllithium (1 ml,
2.56 mmol, 1.3 eq.) were slowly added to a solution of (S)-1-(methoxymethoxy)-2-(2-
methylbutyl)benzene 54 (0.41, 1.97 mmol, 1 eq.) in Et2O (9 ml) at -30°C. After 2 hours the
reaction mixture was warmed up to -5°C. After additional three hours, t-butyl isocyanide (2 ml,
17.7 mmol, 9 eq.) was added dropwise. The resultant reaction mixture was slowly warmed up
to room temperature and stirred overnight. The reaction was terminated by the addition of 1M
HCI. The aqueous phase was extracted with diethyl ether and the combined organic layers were
dried over Na SO, filtered and the solvent was evaporated. Column chromatography (PE:EA
= 12:1 then 4:1) afforded the pure product 55 (0.43 g, 1.41 mmol, 71%) as colorless crystals.

IH-NMR (200 MHz, CDCl3): 6 7.77 (dd, 1H, Ar-H), 7.22 (d, 1H, Ar-H), 7.13 (t, 1H, Ar-H),
4.96 (s, 2H, -OCH,0CHs), 3.58 (s, 3H, OCH20CHs), 2.70 (dd, J = 13.25 Hz, 1H, -
CH2CH(CH3)CH2CHa), 2.45 (dd, J = 13.25 Hz, 1H, -CH.CH(CH3)CH2CHs), 1.76 (m, 1H, -
CH2CH(CH3)CH2CH), 1.47 (s, 9H, t-butyl), 1.36 (m, 1H, -CH,CH(CH3)CH2CHs), 1.18 (m,
1H, -CH,CH(CH3)CH2CHs), 0.92 (t, 3H, -CH2CH(CHs)CH2CHs), 0.85 (d, 3H, -
CH2CH(CHs)CH2CHz) ppm;

HRMS-ESI: m/z: calculated for C1gH29NO3: 330.2045 [M + Na]*: found: 330.2048 [M +
Na]*.

The analytical data are consistent with those reported in the literature.?”28
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N-{tert-Butyl-6-[(S)-4-(tert-butyldimethylsilyl)oxy-2-hydroxybutyl-2-(methoxymethoxy)-
3-(S)-2-methylbutyl]} benzamide [174]:

MOMO o
1. nBuLi, TMEDA J<
TBSO

N Et,0 ,

H “OH
C1gH29NO3 oTBS
(307.4340)

55 CyoHssNOGSi
(523.8300)
174

N,N,N’,N’ - Tetramethylethylendiamin (0.58 ml, 3.9 mmol, 3 eq.) and n-butyllithium (1.56 ml,
3.9 mmol, 3 eq.) were slowly added to a solution of (S)-N-(tert-butyl)-2-(methoxymethoxy)-3-
(2-methylbutyl) benzamide 55 (0.4, 1.3 mmol, 1 eq.) in degassed Et.O (8 ml) at -78°C. The
reaction mixture was warmed up to -40°C. (2R)-2-(2-tert-Butyldimethylsilyloxyethyl) oxiran
(0.53 g, 2.6 mmol, 2 eq.) was added after 2 hours at -78°C. The resultant mixture was stirred at
-40°C overnight. The reaction was ended by adding saturated solution of NH4Cl. The water
phase was extracted with diethyl ether, dried over Na>SOs, filtered and the solvent evaporated.
Purification by column chromatography afforded the pure product 174 (0.18 g, 0.35 mmol,

37%) as colorless crystals.

'H-NMR (200 MHz, CDCl3): 6 7.10 (d, J = 7.8 Hz, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.43 (bs, 1H,
NH), 5.03 (s, 2H), 4.04 (m, 1H), 3.90 (m, 2H), 3.55 (s, 3H), 2.75 (m, 3H ), 2.39 (dd, J = 13.7,
8.2 Hz, 1H), 1.73 (m, 3H), 1.46 (s, 9H, t-butyl), 1.39 (m, 1H), 1.13 (m, 2H), 0.90 (m, 15H),
0.07 (s, 6H, TBS) ppm;

13C-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) & 168, 152.5, 135.6, 133.4, 133.2, 131.5,
125.7, 100.7, 72.8, 62.5, 57.8, 52, 40.6, 39.7, 37.6, 35.3, 29.7, 28.8, 26, 22.8, 19.2, 18.3, 11.6,
-5.3,-5.3.

HRMS-ESI: m/z: calculated for C2sHs:NOsSiNa: 510.3615 [M + H]*: found: 510.3614 [M +
H]*.

The analytical data are consistent with those reported in the literature.?”?8

94

Internal



N-{(tert-Butyl)-6-[(S)-2,4-dihydroxybutyl]-2-hydroxy-3-(S)-2-methylbutyl} = benzamide
[56]:

MOMO o J< HO o J<
N N
half-conc. HCI
—_—
. EtOH -
‘OH ‘OH
OTBS OH
C2gH51NO5SI C20H33NO,4
509.35 351.24
174 56

Half-concentrated hydrochloric acid (1.5 ml) was added to a solution of N-(tert-butyl)-6-((S)-
4-((tert-butyldimethylsilyl)oxy)-2-hydroxybutyl)-2-(methoxymethoxy)-3-((S)-2-methylbutyl)
benzamide 174 (0.18 g, 0.35 mmol, 1 eq.) in EtOH and the mixture was stirred for 1 hour at
50°C. The reaction was hydrolyzed by addition of saturated aqueous solution of NaHCOs. The
aqueous phase was extracted with ethyl acetate. The combined organic phases were dried over
Na>SO4 and the solvent evaporated. Column chromatography (PE:EA = 4:1 then 1:1) afforded
the pure product 56 (0.07 g, 0.18 mmol, 53%) as colorless oil.

IH-NMR (200 MHz, CDCls): 6 10.24 (s, 1H), 8.48 (s, 1H, NH), 7.05 (d, J = 7.7Hz, 1H), 6.64
(d, J =7.7 Hz ,1H), 4.29 (m, 1H), 4.02 (m, 1H,), 3.94 (m, 1H), 3.70 (s, 1H), 3.05 (dd, J = 13.8,
10.1, 1H), 2.68 (dd, J = 13.8, 3.2, 3H), 2.60 (dd, J = 13.3, 6.1 Hz , 1H ), 2.38 (dd, J = 13.2, 8.3
Hz, 1H ), 1.89 (m, 2H ), 1.74 (m, 1H), 1.47 (s, 9H, t-butyl), 1.41 (m, 1H,), 1.17 (m, 1H), 0.90
(t, J= 7.4 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H), 0.89 (s, 9H, TBS), 0.06 (s, 6H, TBS) ppm;

HRMS-ESI: m/z: calculated for CooHzsNO4: 352.2488 [M + H]*: found: 352.2481 [M + H]".

The analytical data are consistent with those reported in the literature.?”?8
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(S)-8-Hydroxy-3-(2-hydroxyethyl)-7-[(S)-2-methylbutyl]isochroman-1-one [57]:

H PTSA /Y\(\jiu\/o\)OH
T z
) toluol

"OH
OH
CaoHasNO, C16H2204
351.24 (278.3480)
56 57

p -Toluenesulfonic acid (11 mg, 0.06 mmol, 2 eq. ) was added to a solution of N-(tert-butyl)-6-
((S)-2,4-dihydroxybutyl)-2-(methoxymethoxy)-3-((S)-2-methylbutyl) benzamide 56 (10 mg,
0.03 mmol, 1 eq.) in toluol (0.5 ml) and the mixture was heated under refluxing conditions for
50 min. The solvent was evaporated and column chromatography (PE:EA = 3:1 then 1:1)

afforded the pure product (5 mg, 0.015 mmol, 62 %) as colorless oil.

'H-NMR (200 MHz, CDCls): § 11.21 (s, 1H, ArOH), 7.23 (d, J = 7.5 Hz, 1H), 6.60 (d, J = 7.5
Hz, 1H), 4.82 (m, 1H), 3.95 (m, 1H), 3.89 (m, 1H), 2.98 (ddd, J = 16.2, 10.5, 0.8 Hz, 1H), 2.92
(ddd, J=16.2,4.3,0.6 Hz, 1H), 2.66 (dd, J = 13.3, 6.2 Hz, 1H), 2.37 (dd, J = 13.3, 8.2 Hz, 1H),
2.12 (m, 1H), 1.98 (m, 1H), 1.74 (m, 1H), 1.39 (m, 1H), 1.19 (m, 1H), 0.90 (t, J = 7.4 Hz, 3H),
0.85 (d, J=6.7 Hz, 3H) ppm.

BC-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) & 170.2, 160.6, 137.2, 136.6, 128.9, 117,
107.7, 58.6, 37.3, 36.8, 34.7, 33.1, 29.4, 19, 11.5.
[0]?% -21 (c 1.0 in CHCIs) (lit. [¢]®p -21.5 (c 0.8 in CHCl3));

The analytical data are consistent with those reported in the literature.?”?8
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7.4. Chiral ligands

Methyl (2S,4R)-1-benzyl-4-(tert-butyldiphenylsilyl)oxy)pyrrolidine-2-carboxylate [78]:

1. SOCl,
"o 2. BnBr, Et3N, TBDMSQ
Zj\ 3. DMAP, TBDMSCI &
Acoon N~ YCOOCH,
N br
CsHgNO3 C1oHlaNOSI
131.13 349.55
7 78

To a stirred suspension of (2R,4R)-4-hydroxy-2-methoxycarbonylpyrrolidine 77 (0.8 g, 6.1
mmol, 1.0 equiv) in MeOH (20 mL) at 0 °C thionyl chloride (0.54 mL, 7.4 mmol, 1.2 equiv)
was added dropwise. After 72 h at RT, the organic solvent was removed in vacuo to afford a
white solid.

To astirred suspension of the resulting white solid in CH>Cl, (10 mL) at rt was added EtsN (2.4
mL, 17 mmol, 4 equiv), followed by BnBr (0.6 mL, 5.1 mmol, 1.2 equiv). After 10 min at RT,
the reaction mixture was heated under refluxing conditions for 5 h and cooled to rt.

DMAP (0.5 mg, 0.4 mmol, 0.1 equiv) and TBDMSCI (0.77 g, 5.1 mmol, 1.2 equiv) were added.
After 12 h at RT, the reaction was terminated by addition of a saturated aqueous Na>CO3
solution until pH 10 was reached. The aqueous layer was extracted with CH>Cl, and EtOAc
and the combined organic phases were dried over MgSQO4 and filtered. The solvent was removed
in vacuo to afford an oil, which was purified by flash column chromatography on silica gel
(EtOAc/pentane = 1:3) to give 78b (0.9 g, 2.6 mmol, 43% vyield) as a colorless oil.

IH-NMR (200 MHz, CDCls): 6 7.35-7.21 (5H), 4.41 (m, 1H), 3.91 (d, J = 12.5 Hz, 1H), 3.65
(s, 3H), 3.60 (d, J = 12.5 Hz, 1H), 3.53 (t, J = 8.1 Hz, 1H), 3.27 (dd, J = 9.6, 5.7 Hz, 1H), 2.37
(dd, J = 9.6, 5.2 Hz, 1H), 2.19 (ddd, J = 13.1, 7.5, 7.3 Hz, 1H), 2.03 (ddd, J = 12.8, 8.5, 4.0 Hz,
1H), 0.8 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H).

The analytical data are consistent with those reported in the literature.®
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{(2S, 4R)-1-Benzyl-4-[(tert-butyldiphenylsilyl) oxy] pyrrolidin-2-yl} methanol [79]:

TBDMSQ TBDMSQ
_— OH

N" "COOCH, THF N

Bn Bn
C1gH31NO,Si .
193:91 553 C18H31NOZSI

’ 321.54
78 79

To a suspension of LiAIH4 (0.11 g; 2.8 mmol, 2.0 equiv) in THF (2 mL) at 0 °C, a solution of
pyrrolidine 78 (0.5 g, 1.4 mmol, 1.0 equiv) in THF (3 mL) was added dropwise.

After stirring at 0 °C for 10 min, the reaction mixture was heated under refluxing conditions
for 2 h and then cooled to 0 °C. Water (0.01 mL), an aqueous 3.75 M NaOH solution (0.3
mL), and water (0.1 mL) were successively added. The obtained precipitate was collected on
a pad of celite and washed with THF. The organic solvent was removed in vacuo to give 79
(0.23 g, 0.7 mmol, 52% vyield) as a colorless oil.

IH-NMR (200 MHz, CDCls): § 7.37-7.27 (5H), 4.27 (m, 1H), 3.97 (d, J = 13.2 Hz, 1H), 3.67
(dd, J = 11.0, 3.3 Hz, 1H), 3.47 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 11.0 Hz, 1H), 3.14 (dd, J =
9.9, 5.5 Hz, 1H), 3.07 (m, 1H), 2.65 (s, 1H), 2.37 (dd, J = 9.9, 5.7 Hz, 1H), 2.09 (ddd, J = 12.9,
7.4, 7.4 Hz, 1H), 1.84 (ddd, J = 13.0, 8.6, 4.6 Hz, 1H), 0.8 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H).

The analytical data are consistent with those reported in the literature.®
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(3R, 5R)-1-Benzyl-5-[(tert-butyldiphenylsilyl) oxy] piperidin-3-ol [80]:

1. (CF5C0),0

TBDMSO 2. EtsN TBDMSO,, OH
- 3. NaOH (2.5 M) O’
Q\/OH N

én Bn
321.54 321.54
79 80

Trifluoroacetic anhydride (0.12 mL, 0.86 mmol, 1.2 equiv) was added dropwise to a solution
of pyrrolidine 79 (0.23 g, 0.7 mmol, 1.0 equiv) in THF (7 mL), cooled to 0 °C. After 1 h, EtsN
(0.4 mL, 2.8 mmol, 4.0 equiv) was added dropwise. The reaction mixture was stirred for 20
min at 0 °C and then heated under refluxing conditions for 72 h. After addition of an aqueous
2.5 M NaOH solution (3 mL), the mixture was stirred for 2 h at RT and then extracted with
EtOAc, dried with MgSOQas, and evaporated to dryness in vacuo. The residue was purified by
flash column chromatography on silica gel (EtOAc/ pentane 1:3) to give 80 (0.154 g, 0.5

mmol, 70% yield) as an oil.

IH-NMR (200 MHz, CDCls): § 7.37-7.24 (5H), 4.05 (h, J = 4.8 Hz, 1H), 3.96 (s, 1H), 3.63 (d,
J=13.2 Hz, 1H), 3.53 (d, J = 13.2 Hz, 1H), 2.90 (m, 1H), 2.75 (m, 1H), 2.50 (br s, 1H), 2.19
(dd, J = 11.4, 1.84 Hz, 1H), 2.09 (m, 1H), 1.97 (t, J = 10.1 Hz, 1H), 1.38 (ddd, J = 13.0, 10.3,
2.6 Hz, 1H), 0.88 (s, 9H), 0.06 (s, 3H), 0.04 (s, 3H).

The analytical data are consistent with those reported in the literature.”®
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(3R, 5R)-1-Benzyl-3-[(tert-butyldiphenylsilyl) oxy]-5-(trityloxy) piperidine [81]:

TBDMSO,,, O,OH TrCl, EtN TBDMSO,,, O,OTr
_——

N N
Bn én
C4gH31NO,Si C37H45NO,Si
321.54 563.86
80 81

To a stirred solution of piperidine 80 (0.15 g, 0.5 mmol, 1.0 equiv) in CH2Cl> (3 mL) at RT
was added triphenylmethyl chloride (0.09 g, 0.5 mmol, 1.1 equiv), followed by the addition of
EtsN (0.13 mL, 0.9 mmol, 2.0 equiv). After stirring at RT for 48 h, the reaction was
terminated by addition of an aqueous 3.75 M NaOH solution (3 mL). After extraction with
EtOAc, the combined organic layers were dried with MgSO4 and filtered. The solvent was
removed in vacuo to afford a yellow oil, which was purified by flash column chromatography
on silica gel (EtOAc/petroleum ether = 1:4) to give 81 (0.22 g, 0.32 mmol, 83% yield) as an

amorphous solid.

IH-NMR (200 MHz, CDCls): 6 7.54-7.47 (5H), 7.34-7.16 (15H), 4.16 (m, 1H), 3.89 (m, 1H),
3.53 (d, J = 13.6 Hz, 1H), 3.33 (d, J = 13.6 Hz, 1H), 2.65 (dd, J = 10.6, 3.3 Hz, 1H), 2.17 (dd,
J=116,5.5 Hz, 1H), 2.12 (dd, J = 10.8, 3.3 Hz, 1H), 1.86 (dd, J = 11.4, 2.6 Hz, 1H), 1.42 (m,
1H), 1.19 (m, 1H), 0.85 (s, 9H), 0.00 (s, 3H),-0.01 (s, 3H)

The analytical data are consistent with those reported in the literature.”
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(3R, 5R)-1-Benzyl-5-(trityloxy) piperidin-3-ol [82]:

TBDMSO,,, OTr HO,,, OTr
n-BuyNF (j/
N N
Bn Bn
C37H45NO,Si C34H31NO,
563.86 449.24
81 82

To a stirred solution of piperidine 81 (0.19 g, 0.34 mmol, 1.0 equiv) in THF (1 mL) at RT was

added a solution of tetra-N-butylammonium fluoride 1 M in THF (1.35 mL, 1.35 mmol, 4.0

equiv). After stirring at RT for 72 h, the reaction was terminated by addition of water (6 mL).

After extraction with EtOAc, the combined organic layers were dried with MgSO4 and

filtered. The solvent was removed in vacuo to afford a yellow gum, which was purified by

flash column chromatography on silica gel (EtOAc/petroleum ether = 1:3) to give 82 (0.92 g,

0.2 mmol, 60% yield) as a white solid.

IH-NMR (200 MHz, CDCls): 6 7.52-7.44 (15H), 7.33-7.09 (5H), 3.95-3.82 (2H), 3.37 (d, J =
12.9 Hz, 1H), 3.27 (d, J = 13.2 Hz, 1H), 2.64 (m, 1H), 2.24-1.94 (4H), 1.84-1.69 (2H).

The analytical data are consistent with those reported in the literature.”
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(R)-N, N-Dimethyl-1-phenylpropan-1-amine [75]:

NH2 NMe2
CH,0, HCOOH
CoH13N CyHy7N
135.10 163.14
74 75

To (R)-a-ethylbenzylamine 74 (2 g, 14.8 mmol, 1 eq) was added dropwise 5,2 mL of an
aqueous formaldehyde solution (37%) followed by dropwise addition of 6 mL of an aqueous
formic acid solution (89%). The mixture was heated under refluxing conditions for 24 h,
cooled to RT, basified with NaOH pellets and extracted with Et2O (3x). The combined Et.O
layers were dried (MgSOa), filtered and then concentrated under reduced pressure to give a
light yellow oil. This oil was purified by means of column chromatography (PE:EA = 1:1) to
yield 79% of 75 (1,9 g, 11,6 mmol) as a colorless oil.

IH-NMR (200 MHz, CDCls): § 7.33-7.20 (m, 5 H), 3.03 (dd, 1 H, J = 4.8 Hz), 2.17 (s, 6 H),
2.00- 1.67 (m, 2 H), 0.72 (t, 3 H, J = 7.4 Hz).

The analytical data are consistent with those reported in the literature.” 7
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(R)-2-[1-(Dimethylamino) propyl] benzenethiol [76]:

1. t-BuLi
NMe,  2.S4 NMe;
3. H,0
— > SH
CyyHy7N Cq4H17NS
163.14 195.11
75 76

To a solution of 75 (1 g, 6.1 mmol, 1 eq) in 8 mL dry hexane (freshly distilled) under N, was
added dropwise t-BuLi (3.7 mL, 7 mmol, 1.15 eq) at RT and stirred for 24 h. This mixture
was then added dropwise at -78 °C under N2 to a suspension of sublimed sulphur (0.180 g, 5.6
mmol, 0.95 eq) in 5 mL of THF. The mixture was allowed to warm slowly to 0 °C. The
solution was kept at 0 °C for 9 h before warming to RT. The mixture was terminated by
addition of an equal volume of water and washed with Et2O. The aqg. layer was then
neutralized with a minimum amount of conc. HCI. The neutral ag. layer was then washed
again with Et2O. The yellow Et,O wash was discarded. The aqg. layer was then extracted with
CH2Cl> (3x), dried over MgSO4 and concentrated to yield 0.53 g of 76 as crude white solid.

103

Internal



7.5. Test substrate
3-Acetoxybutanoic acid [175]:

OH 0 acct - M
OH /)\VJKOH
C4HgO3 CeH1004
104.05 146.06
89 90

3-Hydroxybutanoic acid 89 (2 g, 104.1 mmol, 1 eq) was dissolved in acetyl chloride (6.8 mL,
78.5 mmol, 5 eq), the mixture was warmed up to 40 °C and stirred for 5 hours. The mixture was
then concentrated under vacuum, water (4 mL) was added and the solution was warmed to 50
°C and stirred for 1 hour. After cooling down to RT, the crude mixture was extracted with ethyl
acetate (6 x 20 mL), the solvent was evaporated to yield the final product as a colorless oil 90

which was directly used without any further purification.

IH-NMR (200 MHz, CDCls): § 5.14-5.05 (m, 1 H), 3.65-3.56 (m, 2 H), 2.2 (s, 1 H),
2.05 (s, 3 H), 1.8 — 1.73 (m, 2 H), 1.28 (d, 3H, J = 6.0 Hz).

The analytical data are consistent with those reported in the literature.!3

4-Hydroxybutan-2-yl acetate [91]:

@)
)J\O o  BHsTHF )J\O
/J\“JkOH THF /J\“/\OH

CeH1004 CeH1203
146.06 132.08
90 91

90 (2.4 g, 16.42 mmol, 1 eq) was dissolved in dry THF and cooled down to 0 °C. Borane
tetrahydrofurane solution (29.6 mL, 29.6 mmol, 1.8 eq) was slowly added and the reaction
mixture was stirred for 1.5 h at 0 °C. It was then warmed up to RT and stirred for another hour
before cooling down to 0°C. Water (1 mL) was slowly added and K>CO3 (1,3 g). The mixture
was stirred for 15 min at RT and filtered through a plug of silica and washed with ethyl acetate.
The solvent was evaporated to yield the pure product 91 in 75% (1.67g, 12.6 mmol) as colorless

oil that was subsequentially used without any further purification.
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4-Oxobutan-2-yl acetate [92]:

CsH1203 CeH1003
132.08 130.06
91 92

PCC and Celitin were suspended in dichloromethane. 91 dissolved in CH2Cl> was slowly
added to the PCC/Celitin mixture and stirred at RT for 30 min. The reaction mixture was then
diluted with diethyl ether and filtered through a pad of Celitin/silica gel, washed with more
Et20. After filtering through silica (PE/EtOAc = 3:1) the pure aldehyde 92 (TLC monitored)
was collected as a colorless oil and used directly without any further purification.

The analytical data are consistent with those reported in the literature.!3
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4-Bromo-2-{[(tert-butyldimethylsilyl) oxy] methyl} thiazole [96]:

1. n-BuLi, DMF
2. NaBH4 OTBS

S\”/Br 3. TBSCI, Im-H s\’)
- $
Br N

Br

C3HBrNS C1oH1gBrNOSSI
240.82 307.01
95 96

2, 4 — Dibromothiazole 95 (2.5 g, 10.3 mol, 1 eq.) was solved in dry diethyl ether (50 ml) and
cooled down to -78 °C. n -BuLi (4.9 mL, 12.35 mol, 1.2 eq.) was added slowly dropwise. The
mixture was stirred at -78 °C for 30 min before DMF (1.6 mL, 20.6 mol, 2 eq) was slowly added
and the solution was stirred for further 30 min at -78 °C. The temperature was then slowly
raised to RT over 2 hours. Hexane (15 mL) was added and the reaction mixture stirred for 10
min, before it was passed through a silica gel cake, eluting with a mixture of hexane/ethyl
acetate = 3:1. The solvents were evaporated to yield the resultant aldehyde as colorless liquid
in 99% (1.95 g, 10.2 mol) crude yield and was used in the next step without any further
purification.

The aldehyde produced in the procedure described above (1.95 g, 10.2 mol, 1 eq.) was solved
in methanol (100 mL) and NaBH4 (0.73 g, 37.8 mmol, 1.9 eq) was added. The mixture was
stirred at RT for 30 min and ethyl acetate (25 mL) and hexane (50 mL) were added. The mixture
was passed through silica and eluted with pure ethyl acetate. The solvent was evaporated and
the resultant oil was purified by column chromatography (PE:EA = 5:1 then 1:1) to yield the
resultant alcohol in 94% (1.8 g, 9.3 mol ) yield.

The resultant alcohol (0.25 g, 1.29 mmol, 1 eq) was dissolved in dichloromethane (20 mL).
Imidazole (0.13 g, 0.68 mmol, 1.5 eq) and TBSCI (0.25 g, 1.5 mol, 1.3 eq) were added and the
mixture was stirred for 30 min at RT. The reaction was quenched with methanol (0.4 mL). It
was then filtered through a silica plug, washing with dichloromethane. Solvent was then

evaporated to yield the pure product 96 in 90% (0.35 g, 1.14 mol) yield as colorless oil.

IH NMR (400 MHz, CDCls): 8 (ppm) 7.16 (s, 1H), 4.93 (s, 2H), 0.94 (s, 9H), 0.12 (s, 6H);

13C NMR (100 MHz CDCI3): § (ppm) 174.5, 124.2, 116.4, 62.9, 25.7, 18.2, -5.5.

The analytical data are consistent with those reported in the literature.?
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2-{[(tert-Butyldimethylsilyl) oxy] methyl}-4-ethynylthiazole [176]:

OTBS  (CH3)sSIC=CH, PdCIy(PPha),, OTBS
s Cul, DIPA-H S
] \ L
\ N N
Br //
C10H1sBrNOSSi T™MS C15H27NOSSi2
307.01 325.14
96 176

96 (0.250 g, 308.3 mmol, 1 eq) was solved in freshly distilled diisopropylamine (14 mL). Argon
was bubbled through the solution for 30 min. Ethynyltrimethylsilane was added, followed by
PdCI>(PPhs3). (0.01 g, 701.9 mmol, 0.02 eq) and copper iodide (0.003 g, 190.4 mmol, 0.02 eq).
The reaction mixture was then heated to 60 °C and stirred at that temperature for 7 h. It was
then cooled down to RT and purified by cholumn chromatography (PE) to yield the TMS
protected product 176 in 90% yield.

H NMR (400 MHz, CDCls): 6 (ppm) 7.42 (s, 1H), 4.93 (s, 2H), 0.95 (s, 9H), 0.25 (s, 9H), 0.12
(s, 6H);

The analytical data are consistent with those reported in the literature.?’
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2-{[(tert-Butyldimethylsilyl) oxy] methyl}-4-ethynylthiazole [97]:

OTBS OTBS
S\’) K,CO3 S\))
W }’N
Vi 4
TMS  C;5H,,NOSSI, C4oH1gNOSS
325.14 253.10
176 97

176 (0.17 g, 52 mmol, 1 eq) was solved in 1 mL dry methanol. K2COs (0.15 g, 138.6 mmol, 1.5
eq) was suspended in dry methanol (5 mL) and cooled down to 0 °C. The TMS protected alkyne
(0.23 g, 325.6 mmol, 1 eq) was then added dropwise to the cold mixture. The reaction was stired
for 5 min at 0 °C and then warmed up to RT and stirred further 50 min. Water (10 mL) and
ethyl acetate (10 mL) were then added and the mixture was extracted 2 times with ethyl acetate
(20 mL). The solvent was evaporated and the crude product was purified via column
chromatography (PE:EA = 30:1) to yield the pure product 97 as colorless oil in 68 % yield.

'H NMR (400 MHz, CDCl3): § (ppm) 7.46 (s, 1H), 4.93 (s, 2H), 3.09 (s, 1H), 0.94 (s, 9H), 0.13
(s, 6H);

HRMS-ESI: m/z: calculated for C12H1sNOSSi: 254.1035 [M + H]": found: 254.1034 [M + H]".
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Sharpless chemistry:

But-3-en-1-yloxy(tert-butyl) dimethylsilane [177]:

TBSCI, Im-H,
C4H80 RT, 1h C10H2208|
(72.1070) (186.3700)
98 177

A 250 mL round-bottom flask was charged with buten-1-ol 98 (10.0 g, 138.7 mmol, 1.0 eq) and
dissolved in CHCIl> (130 mL). The reaction was then charged sequentially with tert-
butyldimethylsilyl chloride (20.9 g, 138.7 mmol, 1.0 eq), imidazole (14.2 g, 208.0 mmol, 1.5
eq) and DMAP (0.85 g, 6.9 mmol, 0.05eq) and stirring was continued for 1 h. The reaction
slurry was then filtered through a pad of silica, eluting with a mixture of PE:EA (100:1), and
concentrated in vacuo to afford the title compound 177 as colorless liquid (24.5 g, 131.5 mmol,
95 %), Rr = 0.84 (PE:EA = 10:1).

IH-NMR (400 MHz, CDCls): § 5.92-5.72 (ddt, 1 H), 5.12-4.99 (m, 2 H), 3.66 (t, 2 H),
1.93 (qt, 2 H), 0.79 (s, 9 H), 0.05 (s, 6H).

The analytical data are consistent with those reported in the literature.?

(R)-4-[(tert-Butyldimethylsilyl)oxy]butane-1,2-diol [99]:

AD-mix-f TBSO
TBSO_~f —m T on

'BUOH/H,0 OH

C1oH220Si 0°C, 24 h C1gH2403Si

(186.3700) (220.3840)
177 929

To asolution of 177 (4.0 g, 21.5 mmol, 1.0 eq) in tertBuOH/H,0 1:1 (190 mL) was added AD-
mix-B (24.6 g, KoOsO2(OH)4, KzFe(CN)s, K2COs, (DHQ)2PHAL) at 0°C. The mixture was
stirred at the same temperature for 18 h. The ice-bath was then removed and stirring was
continued for further 3 h. Na>SO3 (28.6 g) was added to this mixture, which was stirred for
additional 30 min. The organic layer was separated and the aqueous layer was extracted with
EtOAc (3 x 20 mL). The combined organic layers were dried over Na,SO4 and the solvent was

removed under reduced pressure. The residue was purified by means of column
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chromatography (PE:EA = 4:1) to afford the pure product 99 as a colorless oil (4.16 g, 22.7
mmol, 89%), Rf = 0.55 (EA).

IH-NMR (400 MHz, CDCls): ¢ 3.95-3.91 (m, 1 H), 3.88-3.83 (m, 2 H), 3.62 (dd, 1 H), 3.51
(dd, 1 H), 3.47 (bs, 1 H), 2.35 (bs, 1 H), 1.78 — 1.71 (m, 1H), 1.68 — 1.62 (m, 1H), 0.9 (s, 9 H),
0.08 (s, 6H).

(R)-tert-Butyl[2-(2,2-dimethyl-1,3-dioxolan-4-yl)ethoxy]dimethylsilane [178]:

2,2-DMP,

TBSO._~_~o PTSA  1BSO g
H —_— =
OH CH,Cl, O‘ﬁ
C1oH2403Si 0°CRT.3h o 1.0sSi
(220.3840) (260.4490)
99 178

To astirred solution of 99 (3.5 g, 15.9 mmol, 1.0 eq) in dry CH2Cl> (100mL) at 0°C were added
2,2-DMP (3.3 g, 31.8 mmol, 2.0 eq) and a catalytic amount of PTSA (0.2 g, 1.3 mmol, 0.08
eq). The mixture was stirred for additional three hours at room temperature. Saturated aqueous
solution of NaHCO3 was added and the aqueous layer extracted with CH.Cl, (3 x 50 mL). The
combined organic layers were washed with brine and dried over anhydrous Na>SOas. Filtration
and removal of the solvent gave a crude product, which was purified by column
chromatography (PE:EA = 10:1) to afford the pure product 178 as a colorless liquid (2.1 g, 14.4
mmol, 51%). R¢ = 0.69 (PE:EA = 4:1).

LH-NMR (400 MHz, CDCls): J 4.19 (m, 1 H), 4.08 (m, 1 H), 3.72 (m, 2 H), 3.57 (t, 1 H), 1.18
(m, 2 H), 1.4 (s, 3 H), 1.36 (s, 3H), 0.91 (s, 9H), 0.07 (s, 6H).

13C-NMR (400 MHz, CDCls, CDCls = 77.0 ppm) & 108.4, 74, 70, 60, 36.8, 27, 26.1, 26, 25.9,
18.4,-5.3.
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(R)-2-(2, 2-Dimethyl-1,3-dioxolan-4-yl)ethan-1-ol [100]:

TBSO HO
"0 AR ~"0
H __1BAF _ H
O‘$ THF O‘ﬁ
0°C, 50 min
C13H2803Si C7H1403
(260.4490) (146.1860)
178 100

To astirred solution of silylether 178 (0.8 g, 3.1 mmol, 1.0 eq) in dry THF (15 mL) at 0°C was
added tetra-N-butylammoniumfloride (4.6 mL, 4.6 mmol, 1.5 eq). After stirring for 50 min at
0°C, a saturated aqueous NH4Cl was added and the aqueous phase was extracted with Et,O (2
x 15 mL). The combined organic layers were dried over anhydrous Na SO, filtered, the solvent
was removed and the residue was purified by column chromatography (PE:EA = 1:1) to afford
the pure product 100 as a colorless liquid (0.41 g, 2.8 mmol, 91%), Rs = 0.57 (EA), [0]*°> +2.8
(c 1.0 in CHCls) (lit.[0]?°% +3.1 (c 0.9 in CHCIy));

IH-NMR (400 MHz, CDCls): 6 4.27 (m, 1 H), 4.09 (m, 1 H), 3.79 (m, 2 H), 3.59 (t, 1 H), 2.21
(bs, 1H), 1.81 (m, 2 H), 1.42 (s, 3 H), 1.36 (s, 3H).

The analytical data are consistent with those reported in the literature.3

(R)-2-(2,2-Dimethyl-1,3-dioxolan-4-yl)acetaldehyde [101]:

HO Ox
~""0 PCC S0
: =L . :
% CH,Cl, O‘ﬁ
RT, 1.5h
C7H1403 C7H1203
(146.1860) (144.1700)
100 101

To a stirred suspension of pyridinium chlorochromate (0.74 g, 3.4 mmol, 2.0 eq) and molecular
sieves (3 A, freshly activated, 0.74 g) in CH2Cl> (5 mL) was added alcohol 100 (0.25 g, 1.7
mmol, 1.0 eq) in CH2Cl2 (2 mL). After being stirred for 1.5 hours at room temperature the
mixture was diluted with Et>O and filtered through a pad of Celitin/silica gel. The solvent was
evaporated to yield the pure aldehyde 101 (0.21 g, 1.5 mmol, 88%) as pale yellow liquid, R =
0.69 (EA).
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IH-NMR (400 MHz, CDCls): 6 9.82 (s, 1 H), 4.54 (m, 1 H), 4.2 (m, 1 H), 3.6 (m, 1 H), 2.86
(ddd, 1 H), 2.67 (dd, 1 H), 1.43(s, 3 H), 1.37 (s, 3H).
13C-NMR (100 MHz, CDCls, CDCls = 77.0 ppm) § 200.1, 109.4, 70.8, 69.3, 48, 26.9, 25.6.

The analytical data are consistent with those reported in the literature.3

tert-Butyldimethyl(pent-4-en-1-yloxy)silane [180]:

TBSCI,
imidazole, DMAP
HO N T eSO
CsH100 1h. RT C11Hp40Si
86.1340 200.3970
179 180

A 100 mL round-bottom flask was charged with penten-1-ol 179 (3.0 g, 34.8 mmol, 1.0 eq) and
dissolved in CH2Cl> (35mL). The reaction was then charged sequentially with tert-
butyldimethylsilyl chloride (5.25 g, 34.8 mmol, 1.0 eq), imidazole (3.56 g, 52.2 mmol, 1.5 eq)
and DMAP (0.21 g, 1.74 mmol, 0.05eq), and allowed to stir for 1 h. The reaction slurry was
then filtered through a pad of silica, eluted with a mixture of PE:EA (100:1), and concentrated
in vacuo to afford the title compound 180 as colorless liquid (6.29 g, 31.4 mmol, 90 %), Rt =
0.84 (PE:EA =10:1).

The analytical data are consistent with those reported in the literature.?

(S)-5-[(tert-Butyldimethylsilyl) oxy] pentane-1, 2-diol [181]:

TS0 N NF  _ AD-mix-a T8S0” " oH

‘BUOH/H,0 OH
0°C,24 h
C11 H24OSi C11 H2603Si
200.3970 234.4110
180 181

To a solution of 180 (0.5 g, 2.5 mmol, 1.0 eq) in tertBuOH/H20 1:1 (25 mL) was added AD-
mix-a. (3.09 g, K20sO2(OH)s, KzFe(CN)s, K2CO3, (DHQ)2.PHAL) at 0°C. The mixture was
stirred at the same temperature for 18 h. The ice-bath was then removed and stirring was
continued for additional three hours. Na,SO3z (3.25 g) was added to the mixture and stirring was

continued for 30 min. The organic layer was separated and the aqueous layer was extracted with

112

Internal



EtOAc (3 x 20 mL). The combined organic layers were dried over Na.SO4 and the solvent was
evaporated. The residue was purified my means of column chromatography (PE:EA-4:1) to
afford the pure product 181 as a colorless liquid (0.58 g, 2.5 mmol, quant), Rs = 0.23 (PE:EA =
3:1).

'H-NMR (400 MHz, CDCls): 6 3.76 — 3.68 (m, 2H), 3.68 — 3.59 (m, 2H), 3.50 — 3.41 (m, 1H),
2.70 (s, 2H), 1.76 — 1.65 (m, 2H), 1.65 — 1.43 (m, 2H), 0.95 — 0.83 (m, 9H), 0.12 — 0.02 (m,
6H).

The analytical data are consistent with those reported in the literature.**

(S)-5-[(tert-Butyldimethylsilyl)oxy]-2-hydroxypentyl 4-methylbenzenesulfonate [182]:

BUZSnO, Et3N,

TBSO” " “oH _Tsa TBSO” 7 OTs

OH CHyCl, OH
C1iHae0sS 0°C to R;T, 4h C1aHu,06SSi
234.4110 90% 388.5040
181 182

To a solution of 181 (0.4 g, 1.7 mmol, 1.0 eq), BuSnO (0.04 g, 0.17 mmol, 0.1eq) and EtsN
(0.26 mL, 0.19 mmol, 1.1 eq) in dry CH2Cl> (3 mL) was added TsClI (0.32 g, 1.7 mmol, 1 eq)
at 0°C under Ar and the mixture was stirred for 4 h at RT. After the reaction was completed,
the mixture was diluted with a saturated NaHCO3 solution and extracted with CH2Cl2 (2 x 25
mL). The organic extract was washed with H20, dried over Na.SO4 and filtered. The solvent
was removed under reduced pressure to afford a crude product. The residue was purified by
means of column chromatography (PE:EA = 5:1) to afford pure 182 as colorless liquid (0.59 g,
1.52 mmol, 90%), Rf = 0.3 (PE:EA = 4:1).

LH-NMR (200 MHz, CDCls): 5 7.80 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.06 — 3.89
(m, 2H), 3.83 (m, 1H), 3.59 (m, 2H), 3.37 — 2.93 (bs, 1H, OH), 2.45 (s, 3H), 1.64 (m, 2H), 1.61

—1.40 (m, 2H), 0.87 (s, 9H), 0.03 (s, 6H).

The analytical data are consistent with those reported in the literature.*®’
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(S)-tert-Butyldimethyl[3-(oxiran-2-yl)propoxy]silane [183]:

K,COs4
™BSO” Y ots 2, TBSO/\/\<CI)

OH CH,OH
C1gH3205SSi RT, 2h C11H240,Si
388.5940 82% 216.3960
182 183

To a stirred solution of 182 (0.5 g, 2.5 mmol, 1.0 eq) in dry CH3OH (mL) was added K>COs ()
under Ar and the mixture was stirred for 2 h ar RT. After completion of the reaction, CHzOH
was removed under reduced pressure. The residue was diluted with H2O (40 mL) and extracted
with CH2Cl> (2 x 30 mL). The combined organic phases were dired over Na>SOs, filtered and
the solvent was evaporated under reduced pressure. The crude residue was purified by column
chromatography (PE:EA = 15:1) to give the desired compound 183 as a colorless liquid (0.22
g, 2.5 mmol, 82%). Rs = 0.67 (PE:EE = 4:1), [a]*°% -3.8 (¢ 0.2 in CHCls) (lit.[0]*b -4.3 (¢ 0.2
in CHCIls));

IH-NMR (200 MHz, CDCI3): 6 3.72 — 3.61 (m, 2H), 3.01 — 2.87 (m, 1H), 2.75 (dd, J = 5.0,
4.0 Hz, 1H), 2.47 (dd, J = 5.0, 2.7 Hz, 1H), 1.78 — 1.63 (m, 2H), 1.63 — 1.52 (m, 2H), 0.93 —

0.86 (m, 9H), 0.09 — 0.01 (m, 6H).

The analytical data are consistent with those reported in the literature.*’
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N-(tert-Butyl)-6-{(R)-5-[(tert-butyldimethylsilyl) oxy]-2-hydroxypentyl-2-
(methoxymethoxy)-3-(S)-2-methylbutyl} benzamide [110]:

MOMO 0
1. nBuLi, TMEDA J<
MOMO o J< 2. TBSO/\/\{CI) ”
N Et,0 ,
H “OH
C1gH2gNO3
(307.4340) OTBS
3 CyoHssNOsSI
(523.8300)

110

N,N,N’,N’ - Tetramethylethylendiamin (0.87 ml, 5.8 mmol, 3 eqg.) and n-butyllithium (2.3 ml,
5.8 mmol, 3 eq.) were slowly added to a solution of (S)-N-(tert-butyl)-2-(methoxymethoxy)-3-
(2-methylbutyl) benzamide 31 (0.6 g, 1.9 mmol, 1 eq.) in degassed Et.O (11 ml) at -78°C. The
reaction mixture was warmed up to -30°C. (2R)-2-(2-tert-Butyldimethylsilyloxyethyl) oxiran
(1.26 g, 5.8 mmol, 3 eq.) was added after 2 hours at -78°C. The resultaning mixture was stirred
at -30°C overnight and the reaction was terminated by adding a saturated solution of NH4Cl.
The aqueous phase was extracted with diethyl ether, dried over Na SO, filtered and the solvent
was evaporated. Purification by column chromatography (PE:EA = 30:1) afforded the pure
product 110 (0.34 g, 0.65 mmol, 34%) as colorless crystals.

LH-NMR (400 MHz, CDCls): §7.11 (d, J = 7.9 Hz, 1H), 6.94 (d, J = 7.9 Hz, 1H), 6.18 (s, 1H),
5.1 (g, 2H), 3.78 (bs, 1H), 3.67 (t, J = 6.0 Hz, 2H), 3.53 (s, 3H), 2.81 — 2.58 (m, 3H), 2.38 (dd,
J =136, 8.3 Hz, 1H), 1.78 — 1.63 (m, 4H), 1.56 (m, 2H), 1.46 (s, 9H), 1.27 — 1.12 (m, 2H),
0.92 (dd, J = 7.3, 2.5 Hz, 3H), 0.89 (s, 9H), 0.85 (d, J = 2.3 Hz, 3H), 0.05 (s, 6H).

13C-NMR (100 MHz, CDCls, CDCls = 77.0 ppm) § 168.3, 152.2, 136.5, 133.3, 132.8, 131.7,
126, 100.7, 72.6, 63.6, 63.6, 57.9, 52.1, 37.5, 35.3, 35.2, 29.7, 29.4, 28.8, 26.1, 19.2, 18.5, 11.6,
5.1,5.1.
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N-(tert-Butyl)-6-[(R)-2,5-dihydroxypentyl-2-hydroxy-3-(S)-2-methylbutyl] benzamide
[184]:

MOMO o J< HO o J<
N N
half-conc. HCI
— >
. EtOH "
‘OH ‘OH
OTBS OH
C29H53NO5SI C21H35NO,4
(523.8300) (365.5140)
110 184

Half-concentrated hydrochloric acid (3.4 ml) was added to a solution of N-(tert-butyl)-6-((S)-
4-((tert-butyldimethylsilyl)oxy)-2-hydroxybutyl)-2-(methoxymethoxy)-3-((S)-2-methylbutyl)

benzamide 110 (0.33 g, 0.63 mmol, 1 eq.) in EtOH (15 ml) and the mixture was stirred for 1
hour at 50°C. The reaction was hydrolyzed by addition of a saturated aqueous solution of
NaHCOs. The aqueous phase was extracted with ethyl acetate. The combined organic phases
were dried over NaxSO;s , filtered and the solvent was evaporated. Column chromatography
(PE:EA = 4:1 then 1:1) afforded the pure product 184 (0.23 g, 0.63 mmol, 98%) as a pink oil.

IH-NMR (400 MHz, CDCls) & 10.29 (bs, 1H), 8.57 (s, 1H), 7.04 (d, J = 7.7 Hz, 1H), 6.62 (d,
J=8.0 Hz, 1H), 4.03 (tt, 1H), 3.87 — 3.78 (m, 1H), 3.69 (m, 1H), 3.00 (dd, J = 13.9, 10.8 Hz,
1H), 2.74 — 2.56 (m, 2H), 2.35 (ddd, J = 23.6, 13.3, 8.0 Hz, 1H), 1.95 — 1.79 (m, 2H), 1.79 —
1.71 (m, 2H), 1.65 (m, 2H), 1.46 (s, 9H), 1.40 (m, 1H), 1.31 — 1.11 (m, 2H), 0.90 (t, 3H), 0.85
(d, J = 6.7 Hz, 3H).

13C-NMR (100 MHz, CDCls, CDCls = 77.0 ppm) § 169.8, 156.7, 134.5, 132.6, 127.6, 121.4,
120.2, 74.88, 63.3, 52.3, 40.7, 37.4, 36.0, 34.7, 29.0, 21.2, 19.3, 11.6.
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(R)-8-Hydroxy-3-(3-hydroxypropyl)-7-[(S)-2-methylbutyl] isochroman-1-one [111]:

HO e}
NJ< HO o
H
PTSA o
_ O
“'OH toluol
HO
OH
C21H35NOy C17H2404
(365.5140) 29217

183 111

p -Toluenesulfonic acid (23 mg, 1.2 mmol, 2 eq. ) was added to a solution of N-(tert-butyl)-6-
((S)-2,4-dihydroxybutyl)-2-(methoxymethoxy)-3-((S)-2-methylbutyl) benzamide 183 (22 mg,
0.6 mmol, 1 eq.) in toluene (10 ml) and the mixture was heated under refluxing conditions for
30 min. The solvent was evaporated and column chromatography (PE:EA = 3:1 then 1:1)
afforded the pure product 111 ( 14 mg, 0.48 mmol, 81 %) as a yellow oil.

LH-NMR (400 MHz, CDCls) 8 11.22 (s, 1H), 7.23 (d, J = 7.5 Hz, 1H), 6.61 (d, J = 7.5 Hz, 1H),
4.66 — 4.53 (m, 1H), 4.18 — 4.09 (m, 1H), 3.74 (t, J = 5.1 Hz, 1H), 2.99 — 2.84 (m, 2H), 2.70 —
2.60 (m, 1H), 2.44 — 2.35 (m, 1H), 1.97 — 1.88 (m, 2H), 1.88 — 1.78 (m, 2H), 1.74 (m, 1H), 1.40
(m, 1H), 1.23 — 1.15 (m, 1H), 0.91 (t, J = 7.4 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H).

13C-NMR (100 MHz, CDCls, CDCls3 = 77.0 ppm) & 170.4, 160.7, 137.3, 136.6, 129.1, 117.1,
107.9, 63.9, 36.9, 34.9, 33.0, 31.5, 29, 21.2, 19.3, 11.6.
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2-{(2S, 3R, 4R)-2, 4-Bis [(tert-butyldimethylsilyl) oxy]-3-methylhexyl}-4-vinylthiazole
[94]:

SW ZrCpy(H)CI S\”/YY\
>/N OTBSOTBS ——> \_N OTBS OTBS
/ CHCl,

Co4H45NO5SSi, Co4H47NO,SSiy

46727 469.29
26 94

26 (0,3 g, 0,64 mmol, 1 eq) was dissolved in dichloromethane (1 mL) and zirconocene
hydrochloride (0,18 g, 0,7 mmol, 1,1 eq) suspended in dichloromethane (4 mL) was slowly
added. The suspension was stirred at RT for 1 h and water (5 mL) was added. The mixture was
extracted with dichloromethane (3 x 15 mL), the solvent was evaporated and the crude product
94 was purified by column chromatography (PE:EA = 4:1) to yield 99% (0.3 g, 0.63mmol) of

the product as colorless oil.
'H-NMR (400 MHz, CDCls): § 6.94 (s, 1H), 6.65 (dd, 1H), 6.03 (dd, 1H), 5.33 (dd, 1H), 4.26
(td, 1H), 3.69 (m, 1H), 3.10 (m, 2H), 1.87 (m, 1H), 1.50 (m, 2H), 0.91 (m, 3H), 0.88 (m, 6H),

0.85 (m, 6H), 0.82 (m, 3H), 0.05 (m, 6H), -0.01 (s, 3H), -0.20 (s, 3H) ppm.

The analytical data are consistent with those reported in the literature.!3®
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(R) — Hex -5-ene -1, 2-diol [117]:

AD-mix-f /Y\/\
tBUOH/H,0 OH
CsH1o CsH1002
82.08 102.07
116 117

To asolution of 116 (2.2 g, 26.8 mmol, 1.0 eq) in tertBuOH/H.0O 1:1 (170 mL) was added AD-
mix-p (21 g, K20sO2(OH)s, KzFe(CN)s, KoCO3, (DHQ)PHAL) at 0°C. The mixture was
stirred at the same temperature for 18 h. The ice-bath was then removed and stirring was
continued for additional 3 h. To this mixture Na>SOs (29 g) was added and the mixture was
stirred for further 30 min. The organic layer was separated and the aqueous layer was extracted
with EtOAc (3 x 50 mL). The combined organic layers were dried over Na,SO4 and the solvent
was evaporated. The residue was purified my means of column chromatography (PE: EA-1:1)
to afford the pure product 117 as colorless liquid (1.63 g, 22.7 mmol, 52 %), R = 0.4 (PE: EA-
1:1).

'H-NMR (400 MHz, CDCls): 6 5.81 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.10 — 4.92 (m, 2H), 3.77
—3.67 (m, 1H), 3.63 (dd, J = 11.2, 3.0 Hz, 1H), 3.43 (dd, J = 11.2, 7.7 Hz, 1H), 2.94 (s, 2H),
2.29 —2.05 (m, 2H), 1.60 — 1.42 (m, 2H).

The analytical data are consistent with those reported in the literature.3®

(R)-5-Allyl-2,2,7,7,8,8-hexamethyl-3,6-dioxa-2,7-disilanonane [113]:

1. TMSCI, Pyridine

HO/M 2. TBSCI, Im-H TMSO/Y\/\
OH OTBS
CsH102 C14H320,Si;
102.07 288.19
117 113

To a solution of 117 (0.2 g, 1.72 mmol, 1 eq) in dichloromethane (5 mL) were added pyridine
(0.15 mL, 1.9 mmol, 1.1 eq) and TMSCI (0.23 mL, 1.8 mmol, 1.05 eq) at O °C. The reaction
mixture was stirred for 45 min at RT, before it was washed with water and extracted with

dichloromethane. The solvent was evaporated and the crude product (0.3 g, 1.7 mmol, 1 eq)
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was used directly without any further purification. It was dissolved in DMF and imidazole
(0.13g, 1.9 mmol, 1.1 eq) and TBSCI (0.28 g, 1.9 mmol, 1.1 eq) were added. Then the mixture
was stirred for 1.5 h at RT and water was added. The extract was concentrated under vacuum
and purified via column chromatography (PE: EA = 5:1) to yield the product 113 as a pale
yellow oil in 82 % (0.4 g, 1.3 mmol). The product was subsequently used for the preparation of
substrate 137.

IH-NMR (400 MHz, CDCls): § 5.92 — 5.72 (m, 1H), 5.08 — 4.88 (m, 2H), 3.73 — 3.61 (m, 1H),
3.57 —3.34 (M, 2H), 2.24 — 2.13 (M, 1H), 2.10 — 1.98 (m, 1H), 1.71 — 1.59 (m, 1H), 1.50 — 1.37

(m, 1H), 0.93 — 0.86 (m, 9H), 0.16 — 0.07 (m, 8H), 0.05 (g, J = 2.1 Hz, 6H).

13C-NMR (100 MHz, CDCls, CDCls = 77.0 ppm) & 139, 114.5, 72.9, 67.8, 33.5, 29.8, 26.2,
18.6, 0.6, -5.1, -5.2.

(R)-2-[(tert-Butyldimethylsilyl)oxy]hex-5-en-1-ol [136]:

TMso/Y\/\ TBAF HO/M

OTBS THF OTBS
C15H3402Si; C12H2605Si
302.21 230.17
113 137

To a solution of 113 (0.2 g, 0.66 mmol, 1 eq) in THF was added TBAF (0.7 mL, 0.69 mmol,
1,05 eq) slowly at 0 °C. The mixture was then slowly warmed up to RT over 45 min and stirred
for additional 30 min at RT. Then water and aqueous solution of NH4Cl was added and the
crude extract was concentrated under vacuum to be purified via column chromatography (PE:
EA = 4:1) to yield 98% (0,15 g, 0.65 mmol) of the product 136 as a colorless oil. The product

was subsequently used for the preparation of substrate 137.

IH-NMR (400 MHz, CDCls): 6 5.83 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.10 — 4.90 (m, 2H), 3.65
(ddd, J = 18.4, 9.2, 3.4 Hz, 2H), 3.46 — 3.34 (m, 1H), 2.33 — 2.19 (m, 2H), 2.18 — 2.06 (m, 1H),
1.62 — 1.40 (m, 2H), 0.91 — 0.87 (m, 9H), 0.08 (d, J = 2.9 Hz, 6H).
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(R)-tert-Butyl[(1-iodohex-5-en-2-yl)oxy]dimethylsilane [137]:

HO Y S PPhg Im-H, I 1 SN

OTBS toluene OTBS
C1oH250,Si C4oH2510Si
230.17 340.07
136 137

Imidazole (0.06 g, 0.9 mmol, 1.5 eq) and PPhz (0.24 g, 0.9 mmol, 1.5 eq) were added to a
solution of 136 (0.14 g, 0.6 mmol, 1 eq) in dichloromethane (5 mL). lodine (0.23 g, 0.9 mmol,
1,5 eq) was carefully added at 0 °C and the reaction mixture was stirred for 45 min at 0 °C. An
aqueous solution of Na»S,0z3 (10 mL) was added and the aqueous phase was extracted with
dichloromethane (3 x 15 mL). The extract was dried over Na,SOyg, filtered, concentrated under
vacuum and purified by column chromatography (PE: EA = 4:1) to yield the product 137 as a
pale yellow oil in 97% (0.19 g, 0.55 mmol) yield, [0a]*°o +11.3 (¢ 1.0 in CHClIs) (lit.[0]% > +12.8
(c 1.66 in CHCIly));

IH-NMR (400 MHz, CDCls): 6 5.81 (m, 1H), 5.00 (m, 2H), 3.65 (m, 1H), 3.61 (m, 1H), 3.41
(m, 1 H), 2.17 (m, 2H), 1.49 (m, 2H), 0.89 (s, 9H), 0.07 (s, 6H).

The analytical data are consistent with those reported in the literature.3
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2-Hexylthiazole [122]:

n-BuLi, 1-iodohexane SM
O W

C3H3NS CoH15NS
85.00 169.09
121 122

n-BuLi (11.3 mL, 28.2 mmol, 1.2 eq) was added dropwise to a thiazole 121 (1.67 mL, 23.5 mL,
1 eq) solution in THF (100 mL) at -78 °C. The mixture was stirred for 30 min and 1-iodohexane
(3.97 mL, 25.8 mmol, 1.1 eq) was added slowly. The reaction mixture was stirred for additional
30 min at -78 °C and warmed up to RT and stirring was continued for another 2 hours. Water
was added and extracted with ethyl acetate. The extract was dried with Na.SOg , filtered and
concentrated under vacuum. The crude residue was purified via column chromatography (PE)
to yield the product 122 as pale yellow oil in 40% yield (1.48 g, 8.7 mmol). The product was

subsequentially used as subsrate for the next reaction step.

IH-NMR (400 MHz, CDCls): 6 7.66 (d, J = 3.6 Hz, 1H), 7.17 (d, J = 3.1 Hz, 1H), 3.01 (dd, J
= 9.0, 6.4 Hz, 2H), 1.84 — 1.74 (m, 2H), 1.37 (m, 2H), 1.28 (m, 4H), 0.89 — 0.81 (t, 3H).

5-Bromo-2-hexylthiazole [123]:

QW/\/\/\ _mBulLBre \@7/\/\/\

C9H15NS CgH14BrNS
169.09 247.00
122 123

n-BuLi (1.44 mL, 2.3 mmol, 1.3 eq) was added dropwise to 122 (1.67 mL, 23.5 mL, 1 eq)
solved in THF (6 mL) at -78 °C. Bromine (0.12 mL, 2.3 mmol, 1.3 eq) was added dropwise
after 30 min at the same temperature and the mixture was stirred for additional 30 min at -78
°C. The mixture was then stirred for another 50 min at RT and water was added. The aqueous
phase was extracted with ethyl acetate, dried over Na>SOs, filtered and concentrated under
vacuum. The crude residue was purified by column chromatography (PE) to yield the product
123in 80 % (0, 47 g, 1,9 mmol) yield.
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IH-NMR (400 MHz, CDCls): § 7.53 (s, 1H), 2.99 — 2.91 (m, 2H), 1.75 (dt, J = 15.3, 7.7 Hz,
2H), 1.41 — 1.36 (m, 2H), 1.29 (dd, J = 6.9, 4.1 Hz, 4H), 0.90 — 0.86 (m, 3H).

13C-NMR (100 MHz, CDCls, CDCls = 77.0 ppm) & 173.4, 143.4, 107.2, 34, 31.8, 29.9, 29.1,
29.06, 22.8, 14.2.

4-Bromo-2-hexylthiazole [120]:

Br{m/\/\/\ LDA Sw/\/\/\
Br
CgH14BrNS THF CgH14BrNS
247.00 247.00
123 120

123 (0,4 g, 1,6 mmol, 1 eq) was dissolved in THF (10 mL) and cooled down to -78 °C. Freshly
prepared LDA (2,7 mL, 1,9 mmol, 1,2 eq) was added very slowly and the resultant mixture was
stirred for 1 hour at — 78 °C. Water was then added and the reaction vessel was slowly warmed
up to RT while stirring. THF was removed under vacuum and the remaining aqueous layer was
extracted with diethyl ether, washed with brine, dried over Na SO, filtered and evaporated
under vacuum. The crude material was purified by column chromatography (PE) to yield the

product 120 as pale yellow oil in 50% (0.21 g, 0.85 mmol) yield.

IH-NMR (400 MHz, CDCls): 6 7.06 (d, J = 3.4 Hz, 1H), 3.04 — 2.93 (m, 2H), 1.83 — 1.73 (m,
2H), 1.42 — 1.35 (m, 2H), 1.34 — 1.27 (m, 4H), 0.87 (dd, J = 6.1, 4.3 Hz, 3H).

2-Hexyl-4-vinylthiazole [115]:

PdCI,(PPhj3),
S\”/\/\/\ \/SHBU:; S\”/\/\/\
Br dioxane J—
CoH14BINS C11Hy7NS
247.00 195.11
120 115

PdCl2(PPhs). (0.002 g, 0.003 mmol, 0.002 eq) was added to a solution of 120 (0.04 g, 0.16
mmol, 1 eq) in dioxane (1 mL) and allyltributylstannane (0.05 mL, 0.18 mmol, 1.1 eq) was

123

Internal



added dropwise. The mixture was then stirred for 16 hours at 100 °C, then it was diluted with
diethyl ether (2 mL), washed with water (2 x 2 mL), dried over Na>SQg, filtered and
concentrated under vacuum. The crude product 115 was purified by column chromatography
to yield a yellow oil in 94 % (0.03 g, 0.15 mmol).

IH-NMR (400 MHz, CDCls): § 7.4 (s, 1 H), 6.63 (dd, 1H), 5.87 (d, 1H), 5.43 (d, 1H), 2.86 (m,
2 H), 1.65 (m, 4 H), 1.3 (m, 4 H), 0.87 (m, 3 H).

UPLC-MS (LC MS): m/z: calculated for C11H1gNS: 196.1160 [M + H]*: found: 196.1152 [M
+ HJ".
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(R, E)-4-(5-[(tert-Butyldimethylsilyl) oxy]-6-[(trimethylsilyl) oxy] hex-1-en-1-yl]-2-
hexylthiazole [128] and (R, E)-2-[(tert-Butyldimethylsilyl) oxy]-6-(2-hexylthiazol-4-yl)
hex-5-en-1-ol [129]:

oTBS
Sm/\/\/\ 113, Grubbs II H
\ N -  ~ TMSO NS

_ CH,Cl, N~ o~

Cy1H7NS Cy4H47NO,SSi,
195.11 469.29
115 128

OTBS

HO\/\/\/\(/\S
NW/

Cy1H3oNO,SSi
397.25
129

115-thiazole (0.03g, 0.15 mmol, 2 eq) was solved in dichloromethane (2 mL), 113 (0.025g, 0.07
mmol, 1 eq) was added as well as Grubbs 2" generation catalyst (0.04 g, 0.045 mmol, 0.3 eq).
The mixture was warmed up to 40 °C and stirred overnight at this temperature. The solvent was
then evaporated under vacuum and the residue was purified via column chromatography
(PE:EA =10:1).

No further analythical evaluation was carried out.
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(R,E)-6-[2-{(2S,3R,4R)-2,4-Bis[(tert-butyldimethylsilyl)oxy]-3-methylhexyl}thiazol-4-yl]-
2-[(tert-butyldimethylsilyl)oxy]hex-5-en-1-0l  [129] and 2-{(2S,3R,4R)-2,4-Bis[(tert-
butyldimethylsilyl)oxy]-3-methylhexyl}-4-{(R,E)-5-[(tert-butyldimethylsilyl)oxy]-6-
(trimethylsilyl)oxy)hex-1-en-1-yl}thiazole [130]:

1. 113, Grubbs I OoTBS

/\/\S OTBS QTBS  2.silica gel HO _~_/~S 0OTBS OTBS
Nﬁk/-\‘/-\/ —_— \/\/\/\C R H

CHzclz N

Co4H47NO,SSi
“ 26739.25 ’ C34H66?1NS§SS|3

94 129

OTBS

TMSO\V/A\V/~\4¢\\<f\s OTBS OTBS
Nﬁk/-\‘/-\/

743.47
130

94-thiazole (0.03g, 0.15 mmol, 2 eq) was dissolved in dichloromethane (2 mL), 113 (0.025 g,
0.07 mmol, 1 eq) was added as well as Grubbs 2" generation catalyst (0.04 g, 0.045 mmol, 0.3
eq). The mixture was warmed up to 40 °C and stirred overnight at this temperature. Silica gel
was added and the suspension stirred at RT for further 2 hours. The mixture was filtered though
a thin pad of silica gel, the solvent was evaporated under vacuum and the residue was purified
by column chromatography (PE:EA = 6:1). The product 129 and side-product 130 were
elucidated via means of LC-MS. The product was directly used without further analythical

assignments.
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2-{(2S, 3R, 4R)-2, 4-Bis|(tert-butyldimethylsilyl)oxy]-3-methylhexyl}-4-{(R,E)-5-[(tert-
butyldimethylsilyl)oxy]-6-iodohex-1-en-1-yl}thiazole [112]:

oTBS OTBS
HOMS OTBS OTBS  PPhg, Im-H, I I\/:\/\/\/\s OTBS OTBS
N ' CH,Cl, N‘K/\‘/\/
CasHeoNO,SSis CasHesINO5SSis
671.43 781.33
129 112

Imidazole (0.006 g, 0.09 mmol, 1.4 eq) and PPhz (0.025 g, 0.094 mmol, 1.4 eq) were added to
a solution of 129 (0.045 g, 0.067 mmol, 1 eq) in dichloromethane (1 mL). lodide (0.024 g, 0.094
mmol, 1.4 eq) was then slowly added at 0 °C and the mixture was stirred for 30 min at the same
temperature. An aqueous solution of Na>S,03 (1 mL) was then added and the aqueous phase
was extracted with dichloromethane (2 x 5 mL). Purification via column chromatography (PE)
yielded the product 112 as a yellow oil in 40% (0,02g, 0,025 mmol) yield.

The product was analyzed by LC-MS.
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8. Liposome assays

8.1. Synthesis of the pGST-P7 fusion protein

A pGEX-4T vector with a built-in sequence for P7-GST serves as the basis for the heterologous
expression of the P7-GST fusion protein. This vector is transformed into heat-competent
Rosetta Nova Blue BL21 E. coli cells. For this, 4 ul of the plasmid vector are incubated with
competent E. coli cells on ice for 10 min. The heat pulse occurs for 30 seconds at 42 °C. After
incubation for 2 minutes on ice, 250 pl S.O.C is added to the cells. This is followed by
incubation for one hour at 37 °C. and 140 rpm. Spread on LB agar plates containing ampicillin
(100 pg/ml) and chloramphenicol (35 pg/ml) and incubate at 37 °C overnight. Clones are
transferred from the plate into 100 ml LB medium containing ampicillin (100 pg/ml) and
chloramphenicol (35 pg/ml), and incubated at 37 °C, at 140 rpm for 8 h. Afterwards, the
preculture is cultured in 1.5 |1 of TB medium, ampicillin (100 ug/ml) and chloramphenicol (35
pug/ml) at 37 °C. The induction then takes place by adding IPTG (1 mM) and cultivation is
continued at 30 °C for 5 hours. The cells were collected by centrifugation at 8,500xg for 15 min

and the supernatant was removed.

8.2. Isolation of the fusion protein GST-P7

The cells (10g) are disrupted mechanically in lysis buffer using a French press at 12,000-14,000
p.s.i. The lysate is adjusted to 1% N-lauroylsarcosine (NLS) and stirred on ice at 140 rpm. After
centrifugation at 14,000xg for 20 minutes, the supernatant is removed and diluted to 0.3% NLS.
The supernatant is then incubated on a GST-binding matrix and unbound protein is washed off
at a flow rate of 2 ml / min (GST washing buffer 1x TBS, 30 mM octylglucoside, pH 7.4).
Bound proteins are then eluted from the column with reduced glutathione (GST elution buffer
50 mM Tris-HCI, 10 mM red gluthation 30 mM octylglucoside pH 8.0). The purification is
optically monitored at OD280. The proteins transferred into concentrators YM10 and
concentrated to a final concentration of 2 mg/ml.

To separate the GST fusion tag, PreScission Protease (protease in 50 mM Tris-HCI (pH8),
150mM NaCl, 10mM EDTA, ImM DTT, 20% glycerol) was added to 300 pl of the
concentrated protein solution (2 mg/ml) and incubated at 4 °C for 16 h.

The phospholipid is first dissolved in chloroform at 10 mg / ml. This is followed by
lyophilization at 50 °C in vacuo for 30 minutes and one-minute nitrogen gassing. Multilamellar
vesicles are formed by hydrogenating the lipid film with a solution containing the desired

fluorescent indicator. Unilamellar liposomes are formed by sonification for 10 min at 40%
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amplitude using a Branson Sonifier 250 (Branson). The liposomes are reconstituted at about
100 pg/ml overnight with purified p7 protein. This is followed by three washing steps with

centrifugation at 150,000 xg for 30 min. The pellets are resuspended in assay buffer.

8.3. Preparation of unilamellar liposomes.
8.3.1. Reverse-phase evaporation method
8.3.1.1. Genaral procedure

An ethanol solution of phospholipide POPC (1-Palmitoyl-2-Oleoyl-Sn-Glycero-3-
Phosphocholin) and cholesterol (1:1 lipid mixture) was evaporated at 30 °C water bath and the
residue lipid film was flushed with N2. The remaining lipid film was resolved in diethyl ether.
The organic lipid mixture was then suspended in pH 7 detergent buffer (Tris HCI/Glycine)
andfluorescent dye was added under nitrogen at 0 °C. Unilamellar liposomes were achieved
after sonification at 50% amplitude with Branson Sonifier 250 until either a clear one-phase
dispersion or a homogenous opalescent that does not separate for at least 30 min was formed.
The organic solvent was the evaporated, the resultant suspentsion was split in separate vessels
and the reconstituted p7 protein was added at this point to an individual vessel. All vessels were
incubated at 0 °C for 18 h. Then they were centrifuged two times for 15 min at 60 000 rpm,
while resuspended in a pH 7 buffer (Tris HCI/Glycine).

8.3.2. Lipid hydration method
8.3.2.1. Genaral procedure

A chlorophorm solution of phospholipide POPC (1-Palmitoyl-2-Oleoyl-Sn-Glycero-3-
Phosphocholin) was evaporated at 30 °C water bath for 40 min and the residue lipid film was
flushed with Na. The remaining lipid film was dispersed in pH 7 detergent buffer (Tris
HCI/Glycine) and fluorescent dye was added. Unilamellar liposomes were achieved after
sonification for 5 min at 50% amplitude with Branson Sonifier 250. The resultant suspentsion
was split in separate vessels and the reconstituted p7 protein was added at this point to an
individual vessel. All vessels were incubated at 0 °C for 18 h. Then they were centrifuged two

times for 15 min at 65 000 rpm, while resuspended in a pH 7 buffer (Tris HCI/Glycine).
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The following fluorimetric screenings were carried out in black-walled, flat-bottomed black-
base 96-well plates. Dye release measured by increased fluorescence was taken as an indicator
of ion-channel-induced membrane permeability (activity).

Reactions for each condition were carried out in duplicate wells with two independent
experimental repeats. Endpoint measurements were used for the analysis with the average of
the duplicate wells taken.

8.4. HTPS trials
8.4.1. Effects of protein content

Liposomes were prepared according to the general procedure of the lipid hydration method.
Fluorimetric measurements were conducted to define the activity base lines for the two different
p7 proteins versus a control. The measurements were done at excitation wavelength of 355 nm
and emission wavelength of 460 nm. The liposomes contained internally 50 uM HTPS dye and
were suspended in buffer 10 mM Tris pH 7.0. After 10 s 10 pl 20 mM KOH was injected to the

running Kinetics.

Entry Content

P7_horse 35 pl Buffer; 5 pl P7 (horse) liposome, inject 10 ul 20 mM KOH
P7_human 35 pl Buffer; 5 ul P7 (human) liposome, inject 10 pul 20 mM KOH
P7_control 35 ul Buffer; 5 pl control liposome (no P7), inject 10 pl 20 mM KOH

Table 12 Conditions of fluorimetric measurements of liposomes with different P7 protein content.
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Figure 31 Potassium mediated transport activities of horse (NHCV) and human (HCV) p7.

8.4.2. Effects of ion-channel inhibitors content

After establishing the base-lines for the two different p7 proteins, 1 mM solutions of

Amantadine and Rimandatine were injected into the kinetics to test their inhibitory activity for

the horse p7 ion channel.

Entry Content
P7_horse 35 pl Buffer, 5 pl P7 (horse) liposome, Inject 10 pl 50 mM KOH
P7_control

P7_horse+Aman

P7_control+Aman

P7_horse+Riman

P7_control+Riman

35 pl Buffer, 5 pl control liposome, inject 10 pl 50 mM KOH

34, 5 ul Buffer, 5 ul P7 (horse) liposome, 0, 5 pl Aman (1 mM Stock),
inject 10 pul 50 mM KOH

34, 5 ul Buffer, 5 pl control liposome, 0, 5 pl Aman (1 mM Stock),
inject 10 pul 50 mM KOH

34, 5 ul Buffer, 5 pl P7 (horse) liposome, 0, 5 pl Riman (1 mM
Stock), inject 10 pl 50 mM KOH

34, 5 ul Puffer, 5 pl control liposome, 0, 5 pl Riman (1 mM Stock),
inject 10 pul 50 mM KOH

Table 13 Conditions of fluorimetric measurements of liposomes with P7 horse protein content and Amantadine
and Rimandatine as inhibitory molecules.
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Figure 32 Potassium mediated transport activities of horse (NHCV) p7 in the presence of Amantadine and

Rimandatine.
8.5. PBFI trials

8.5.1. Effects of different pH buffer (4.8 pH gives stable result)

Liposomes were prepared according to the general procedure of the lipid hydration method.
Fluorimetric measurements were conducted to define the most stable pH conditions. The
measurements were done at excitation wavelength of 355 nm and emission wavelength of 460
nm. The liposomes contained internally 10 uM PBFI dye and there were two batches, one
suspended in buffer 100 mM Tris pH 4.8 and another suspended in 100 mM Tris pH 6.0. After
10 s 40 ul 1 M KClI was injected to the running Kinetics.

Entry Content

150 pl 100 MM MES, pH 4.8; 10 pl PBFI liposomes
150 pl 100 MM MES, pH 6.0; 10 pl PBFI liposomes

PBFI_lipos_pHA4.8
PBFI_lipos_pH®6.0

PBFI_P7_lipos_pH4.8 150 111 100 mM MES, pH 4.8: 10 pl PBFI P7 liposomes

PBFI_P7_lipos_pH6.0 150 |1 100 mM MES, pH 6.0: 10 ul PBFI P7 liposomes

Table 14 Conditions of fluorimetric measurements of liposomes with P7 protein at two different pH.
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Figure 33 Potassium mediated transport activities of human (HCV) p7 at different pH values.

8.5.2. Effects of different concentration of liposomes (5 4l gives stable result)

Liposomes were prepared according to the general procedure of the lipid hydration method.
Fluorimetric measurements were conducted to define what liposome concentration provided
the most stable signal result. The measurements were done at excitation wavelength of 355 nm
and emission wavelength of 460 nm. The liposomes contained internally PBFI dye at different
concentration (five different batches) and all were suspended in buffer 100 mM Tris pH 4.8.
After 10 s 40 pul 1 M KCI was injected to the running Kinetics.
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Entry Content

2.5 pl'lipos 157,5 ul 100 mM MES, pH 4.8; 2.5 pl PBFI liposomes

5 pl lipos 155 pl 100 mM MES, pH 4.8; 5 pl PBFI liposomes

10 pl lipos 150 pl 100 mM MES, pH 4.8; 10 pl PBFI liposomes

12.5 pl lipos 147,5 pl 100 MM MES, pH 4.8; 12,5 ul PBFI liposomes
15 pl lipos 145 pl 100 mM MES, pH 4.8; 15 pl PBFI liposomes

2.5 ulP7 157,5 pl 100 mM MES, pH 4.8; 2.5 ul PBFI P7 liposomes
SpulP7 155 pl 100 mM MES, pH 4.8; 5 pl PBFI P7 liposomes

10 pl P7 150 pl 100 mM MES, pH 4.8; 10 pl PBFI P7 liposomes
12.5 ul P7 147,5 pl 100 MM MES, pH 4.8; 12,5 ul PBFI P7 liposomes
15 pl P7

145 pl 100 mM MES, pH 4.8; 15 pl PBFI P7 liposomes

Table 15 Conditions of fluorimetric measurements of liposomes with PBFI at different concentrations.
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Figure 34 Potassium mediated transport activities of liposomes with and without human (HCV) p7.
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8.5.3. Effects of different quinidine inhibitors

Liposomes were prepared according to the general procedure of the lipid hydration method.

Fluorimetric measurements were conducted to screen a small set of commercially available

quinidines for potential inhibitory activity of P7. The measurements were done at excitation

wavelength of 355 nm and emission wavelength of 460 nm. The liposomes contained internally

5 ul PBFI dye and were suspended in buffer 200 mM Tris pH 4.8. All inhibitors were used as

10 puM solutions. After 10 s 40 pl 1 M KCI was injected to the running kinetics.

Entry Content

lipos 155 pl 100 mM MES, pH 4.8; 5 pl PBFI liposomes
lipos+Quinl 153 pl 100 mM MES, pH 4.8; 2 ul Quin 1; 5 pl PBFI liposomes
lipos+Quin2 153 pl 100 mM MES, pH 4.8; 2 ul Quin 2; 5 pl PBFI liposomes
lipos+Quin3 153 ul 100 mM MES, pH 4.8; 2 ul Quin 3; 5 ul PBFI liposomes
lipos+Quin4 153 pl 100 mM MES, pH 4.8; 2 ul Quin 4; 5 pl PBFI liposomes
lipos+Quin5 153 pl 100 mM MES, pH 4.8; 2 pl Quin 5; 5 ul PBFI liposomes
lipos+Quin6 153 pl 100 mM MES, pH 4.8; 2 pl Quin 6; 5 pl PBFI liposomes
lipos+Quin7 153 pl 100 mM MES, pH 4.8; 2 pl Quin 7; 5 ul PBFI liposomes
lipos+Quing 153 pl 100 mM MES, pH 4.8; 2 pl Quin 8; 5 ul PBFI liposomes
lipos+Quin15 153 pl 100 mM MES, pH 4.8; 2 pl Quin 15; 5 pl PBFI liposomes
P7_lipos

P7_lipos+Quinl
P7_lipos+Quin2
P7_lipos+Quin3
P7_lipos+Quin4
P7_lipos+Quin5

P7_lipos+Quin6

155 pl 100 MM MES, pH 4.8; 5 ul PBFI liposomes

153 pl 100 MM MES, pH 4.8; 2 pl Quin 1; 5 pl PBFI liposomes
153 pl 100 MM MES, pH 4.8; 2 ul Quin 2; 5 ul PBFI liposomes
153 pl 100 MM MES, pH 4.8; 2 pl Quin 3; 5 pl PBFI liposomes
153 pl 100 MM MES, pH 4.8; 2 pl Quin 4; 5 pl PBFI liposomes
153 pl 100 MM MES, pH 4.8; 2 pl Quin 5; 5 pl PBFI liposomes

153 pl 100 MM MES, pH 4.8; 2 ul Quin 6; 5 pul PBFI liposomes
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P7_lipos+Quin7
P7_lipos+Quin8

P7_lipos+Quinl5

153 pl 100 MM MES, pH 4.8; 2 pl Quin 7; 5 pl PBFI liposomes
153 pl 100 MM MES, pH 4.8; 2 pl Quin 8; 5 pl PBFI liposomes

153 pl 100 MM MES, pH 4.8; 2 ul Quin 15; 5 pl PBFI liposomes

Table 16 Conditions of fluorimetric measurements of the inhibitory activity towards HCV p7 of a set of

quinidine derivatives.
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Figure 35 Potassium mediated transport activities of HCV p7 in the presence of Quinidine derivatives — two

parallel sample measurements.
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Figure 36 Statistical overview of Quinidine derivatives inhibitor activity of the HCV p7 viroporin — averaged
results from two parallel measurements.
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Figure 37 Statistical overview of Quinidine derivatives inhibitor activity of the HCV p7 viroporin — deviations
of two parallel measurements.

9.5.4. Effects of different noricumazole inhibitors

Liposomes were prepared according to the general procedure of the lipid hydration method.

Fluorimetric measurements were conducted to screen a small set of noricumazole derivatives
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for potential inhibitory activity of P7. The measurements were done at excitation wavelength
of 355 nm and emission wavelength of 460 nm. The liposomes contained internally 5 pl PBFI
dye and were suspended in buffer 100 mM Tris pH 4.8. The inhibitors were used as 10 uM
solutions. After 10 s 40 pul 1 M KCI was injected to the running Kinetics.

Entry Content

lipos_control 155 ul 100 mM MES; 5 pl PBFI liposomes
contr_Noril 153 pl 100 mM MES; 2 pl Nori 1; 5 pl PBFI liposomes
contr_Nori2 153 pl 100 mM MES; 2 pl Nori 2; 5 pl PBFI liposomes
contr_Nori6 153 pl 100 mM MES; 2 pl Nori 6; 5 pl PBFI liposomes
contr_Nori7 153 pl 100 mM MES; 2 pl Nori 7; 5 pl PBFI liposomes
contr_Nori8 153 pl 100 mM MES; 2 pl Nori 8; 5 pl PBFI liposomes
contr_Nori9

contrl_Noril0
contrl_Norill
contrl_Noril2
contrl_Noril3
contrl_Noril4

contrl_Noril6

contrl_Noril6a

contrl_Noril7
contrl_Noril8
contrl_Noril9
contrl_Nori20

contrl_Nori2l

153 pl 100 mM MES; 2 pl Nori 9; 5 pl PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 10; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 11; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 12; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 13; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 14; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 16; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 16a; 5 pl PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 17; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 18; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 19; 5 ul PBFI liposomes
153 pl 100 MM MES; 2 ul Nori 20; 5 ul PBFI liposomes

153 pl 100 MM MES; 2 ul Nori 21; 5 pl PBFI liposomes
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contrl_Nori22 153 pl 100 mM MES; 2 l Nori 22; 5 ul PBFI liposomes

contrl_Nori23 153 pl 100 mM MES; 2 pl Nori 23; 5 pl PBFI liposomes
contrl_Quin 153 ul 100 mM MES; 2 pl Quin; 5 ul PBFI liposomes
contrl_Rim 153 pl 100 mM MES; 2 pl Rim; 5 pl PBFI liposomes
contrl_Aman 153 pl 100 mM MES; 2 pl Aman; 5 pl PBFI liposomes

P7 155 ul 100 mM MES; 5 pl P7 PBFI liposomes

Noril 153 pl 100 mM MES; 2 pl Nori 1; 5 pl P7 PBFI liposomes
Nori2 153 pl 100 mM MES; 2 pl Nori 2; 5 pl P7 PBFI liposomes
Nori6 153 pl 100 mM MES; 2 ul Nori 6; 5 pl P7 PBFI liposomes
Nori7 153 pl 100 mM MES; 2 ul Nori 7; 5 pl P7 PBFI liposomes
Nori8 153 pl 100 mM MES; 2 pl Nori 8; 5 pl P7 PBFI liposomes
Nori9 153 pl 100 mM MES; 2 pl Nori 9; 5 ul P7 PBFI liposomes
Noril0 153 pl 100 mM MES; 2 pl Nori 10; 5 ul P7 PBFI liposomes
Norill 153 pl 100 mM MES; 2 pl Nori 11; 5 ul P7 PBFI liposomes
Noril2 153 pl 100 mM MES; 2 ul Nori 12; 5 pl P7 PBFI liposomes
Noril3 153 pl 100 mM MES; 2 ul Nori 13; 5 pl P7 PBFI liposomes
Noril4 153 pl 100 mM MES; 2 pl Nori 14; 5 ul P7 PBFI liposomes
Noril6 153 pl 100 mM MES; 2 ul Nori 16; 5 pl P7 PBFI liposomes
Noril6a 153 pl 100 mM MES; 2 ul Nori 16a; 5 pil P7 PBFI liposomes
Noril7 153 pl 100 mM MES; 2 ul Nori 17; 5 pl P7 PBFI liposomes
Noril8 153 pl 100 mM MES; 2 ul Nori 18; 5 pl P7 PBFI liposomes
Noril9 153 pl 100 mM MES; 2 ul Nori 19; 5 pl P7 PBFI liposomes
Nori20 153 pl 100 mM MES; 2 ul Nori 20; 5 pl P7 PBFI liposomes

Nori21 153 pl 100 mM MES; 2 pl Nori 21; 5 ul P7 PBFI liposomes
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Nori22
Nori23
Quin
Rim

Aman

153 pl 100 mM MES; 2 ul Nori 22; 5 pl P7 PBFI liposomes
153 pl 100 mM MES; 2 pl Nori 23; 5 pl P7 PBFI liposomes
153 pl 100 mM MES; 2 ul Quin; 5 pl P7 PBFI liposomes
153 pl 100 mM MES; 2 pl Rim; 5 pl P7 PBFI liposomes

153 pl 100 MM MES; 2 pl Aman; 5 pl P7 PBFI liposomes

Table 17 Conditions of fluorimetric measurements of the inhibitory activity towards HCV p7 of a set of
quinidine derivatives.

Figure 38 Potassium mediated transport activities of HCV p7 in the presence of Noricumazole derivatives.
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Figure 39 Potassium mediated transport activities of HCV p7 in the presence of Noricumazole derivatives — best

of best Noricumazole inhibitors.
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