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Abstract

Despite progress in anticancer therapy, cancer is still one of the leading causes of
death in the world. Patients treated with current anticancer therapy suffer from many side
effects. This is caused by the low selectivity of the current drugs. The development of
chemotherapeutics aims to prepare more selective and therefore better tolerated

anticancer drugs.

Topoisomerases are nuclear enzymes occurring in every cell. They have an
essential role — to preserve DNA and repair it. Topoisomerase isoform Ila is an isoform
that controls and edits the conformation of DNA during cell replication. Its expression is

highly elevated in proliferating cells. That makes it a good target for anticancer drugs.

The design of synthesized molecules is based on previously reported
ATP-competitive inhibitors of human topoisomerase Ila. Alterations of 3,4-dichloro-
5-methyl-N-phenyl-1H-pyrrole-2-carboxamide have been synthesized based on
Computational-Aided Drug Design. The in silico study is based on the previous discovery
of the ATP cavity biding pattern. It was found that halogen-substituted

pyrrole-2-carboxamide moiety is crucial for the inhibition of the target.

This project aimed to synthesize novel inhibitors of topoisomerase Ila.
Synthesized compounds were tested for inhibitory activity and the ICso on hTopoll is
25 uM. Further details of synthesis and biological evaluations will be discussed in the

thesis.



Abstrakt

Navzdory pokroku v 1€¢bé rakoviny je toto onemocnéni jednou z vedoucich piicin
umrti na svété. Pacienti 1é¢eni protirakovinovou 1é€bou Casto trpi mnoha nezddoucimi
ucinky této 1€cby. To je zplsobeno nizkou selektivitou soucasnych 1é¢iv. Cilem vyvoje

novych l1éCiv proti rakoving je pfipravit vice selektivni a Iépe snaSena 1éciva.

Topoisomerazy jsou jaderné enzymy vyskytujici se v kazdé buiice lidského téla.
Jejich funkci je zachovavat a opravovat DNA. a isoforma topoisomerazy II kontroluje a
pfipadné upravuje konformaci DNA béhem bunécéného déleni. Jeji vysoké hladiny se
vyskytuji ve vysoce proliferujicich buiikach, coz z ni déla dobry cil pro protinadorovou

1écbu.

Design syntetizovanych molekul je zalozen na dfive publikovanych
ATP-kompetitivnich inhibitorech lidské topoisomerazy Ilo. Obmény 3,4-dichloro-
5-metyl-N-fenyl-1H-pyrol-2-karboxamidu byly syntetizovany na zékladé pocitatem
podporovaného designu 1éCiv. In silico studie vychézi z diive publikovanych objevil
vazebného motivu do ATP kavity. Bylo objeveno, Ze halogenem substituovany

pyrol-2-karboxamidovy fragment je pro inhibi¢ni aktivitu nezbytny.

Cilem této prace bylo nasyntetizovat nové inhibitory lidské topoisomerazy Ilo. U
pfipravenych sloucenin byla stanovena inhibi¢ni aktivita vici hTopoll na 25 pM.
Vysledky testovani a podrobnosti tykajici se syntézy budou blize probrany v ramci této

prace.



Abbreviations

ACN — acetonitrile

ADP — adenosine diphosphate

ATP — adenosine triphosphate

CDCI; — deuterated chloroform

DCM - dichloromethane

DMSO - dimethylsulfoxide

DMSO-ds — deuterated dimethylsulfoxide
DMF — N,N-dimethylformamide

EtOAc — ethyl acetate

HepG2 — human liver cancer cell line

Hex - hexane

'H NMR - proton nuclear magnetic resonance
HPLC-MS — high-performance liquid chromatography-mass spectrometry
hTopol — human topoisomerase I

hTopoll — human topoisomerase 11

hTopolla — human topoisomerase Ila
hTopollp — human topoisomerase II3

IARC — The International Agency for Research on Cancer
ICso — half-maximal inhibitory concentration
MCEF-7 — breast cancer cell line

MeOH — methanol

ON - overnight

RT —room temperature
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RM - reaction mixture

SM - starting material

SnAr — nucleophilic aromatic substitution
TEA — triethylamine

TFA — trifluoroacetic acid

TLC — thin-layer chromatography
topol — topoisomerase |

topoll — topoisomerase 11

topolla — topoisomerase Ila
topollIP — topoisomerase 113

UV — ultraviolet

WHO — World Health Organization
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1. Aim of work

The design of synthesized compounds is based on previous work done at the
University of Ljubljana and they share similar structural patterns with previously

synthesized substances (Figure 1).

R3
5 2
R
0] 6
H 1
N N7 3
\ ’ H R1
cl Cl

Figure | General structure of intended compounds.

Previous hit compounds showed both good on-target and cytotoxic activity.
However, they were non-specific to hTopolla and they possessed insufficient
physicochemical properties. This work aimed to prepare novel derivatives of previously
synthesized compounds with improved physicochemical properties and evaluate their

inhibitory activity.

Methylsulfonyl group was chosen as substituent in position 5 and benzyloxy
moiety was attached in position 2 for the first series of reactions. Compounds with
benzothiazole occupying positions 4 and 5 were attempted to synthesize in the second

series of reactions.

N
N R
N H 2z

o

Figure 2 Different pattern for the last reactions.
Substances with different patterns (Figure 2) were attempted to prepare in the last
series of reactions. They were substituted by carboxamide in position 4 and by greater

moiety, containing a six-atom saturated ring, in position 3.

In contrast with substances synthesized by Skok et al., these structures should form

hydrogen bonds in the binding cavity, but at pH 7.4 should be non-ionized.
12



2. Theoretical part

2.1 Introduction

Cancer is the second leading cause of death in the world according to WHO
(10 million in 2020)". Survival rates for many types of cancer are improving (the most
common cancers are lung, breast, prostate and colorectal)?, but as the population grows
and ages and diagnostic methods are being improved, the burden of cancer grows’
(18.1 million new cases in 2018%, 19.3 million new cases in 2020"). Other causes may be
related to the nowadays lifestyle, diet, and emotional strain.> Key elements for the fight
against cancer are targeted screening, early diagnosis, and early treatment.” In 1965 World
Health Assembly established The International Agency for Research on Cancer (IARC)

as an autonomous agency of WHO, which coordinates international collaboration in

cancer research trying to find new effective and selective chemotherapeutics.®

2.2 What is cancer

There are between 50 to 100 trillion cells in the human body, which form higher
building blocks such as tissues and organs. Each of these higher building blocks consists
of specialized cells that grow and divide to fulfil the needs of the body.” When the healthy
cells get old or damaged to the point where the cell s repair mechanisms fail, they perform
apoptosis and die, so new healthy cells can take their place. Sometimes a damaged cell
evades the apoptosis.® The body has mechanisms to recognize such cells and kill them
with the help of the immune system.” However, some of such damaged cells can develop
the ability to suppress the immune response.'” This condition is called cancer. Cancer is
often named by the organ or tissue of origin; it can also be described by the type of cell

that forms it.'!

Cancer is a huge group of diseases (there are more than 100 known types of cancer)
that can affect practically any organ or tissue. It may start anywhere in the body and often
results in growing tumours. There are two types of tumours: benign (noncancerous) and
malignant (cancerous). Benign tumours grow slowly, do not spread through the body, and
therefore do not pose a major life-threatening risk. Malignant tumours tend to grow
rapidly, ignore the body’s signals to stop growing, oppress or even destroy surrounding
tissues, and in late phases metastasize (travel from one place of origin to another place in

the body). Cancer is associated with malignant tumours. -2

13



Several mutations and/or epigenetic (genetic expression) changes are needed to
transform normal cells into malignant.” Such cell needs a large amount of nutrients for
reproduction and a higher concentration of corresponding enzymes.!> Enzymes
controlling the conformation of DNA are among those essential for cancer cells. These
are the enzymes responsible for the fast replication and survival of the cell. Among these

enzymes, topoisomerases are important targets for anticancer therapy.'*

2.3 Topoisomerases

DNA forms higher structures that are necessary for its proper function in the cell.
This implies that the conformation of DNA affects replication and transcription and
therefore survival of the cell. Many processes in the cell require a specific DNA
superstructure, which must be preserved for a certain time. A lot of DNA-dependent acts
are accompanied by transient structure tension of DNA molecule, which must be released
to restore its functionality. In some cases, DNA also has to be condensed into complex
superstructures during certain stages of the cell cycle (e.g. creation of nucleosomes).!?
Utilization of information stored in DNA requires untangling of the superstructure and
separation of double helix strands temporarily (transcription or recombination) or

permanently (replication).'®

In the normal state, DNA of the most organisms forms a tertiary structure known
as a supercoil. Supercoil is a DNA duplex tangled into tertiary structures by rotation,
which can happen in two ways, therefore there are two types of supercoils - negative and
positive.!” DNA of nearly all organisms is negatively supercoiled. It becomes positively
supercoiled only during transcription or replication when transcription enzymes generate

positive strain on the strand.'®

The negative supercoiling is a right-handed rotation tangling DNA duplex into
counter-clockwise winding structures (shown in Figure 3), where thread separation
releases tension stress. This makes it less energetically demanding for DNA double-strand

to separate.!”!

Positive supercoiling is left-handed rotation tangling DNA duplex into clockwise
winding structures (Figure 3).!7 This kind of supercoil develops the unrolling of DNA
from histones. This type of tension is also a necessary factor in changing the conformation
of the thread, so RNA polymerase can effectively elongate. In thermophiles, the positive

supercoil protects DNA from thermal denaturation.'®°

14



Catenanes (linked circular molecules that appear at the end of replication of circular
DNA)?! and knots are examples of other topological problems that are resolved by

topoisomerases.?

[ _
7 Left-handed Right-handed |
{counterclockwise) (clockwise)
| twist twist
i_/ Analogous to Analogous to |/ Positive Relaxed Negative
negative supercoil in positive supercoil superooil supercoil
right-handed helix Rotate in right-handed
such as BDNA this end helix such as B-DNA

Figure 3 Supercoiled DNA topology. If the strand starts winding to the right, the strand becomes overwound. If the
strand starts rotating to the left, the strands become underwound and begin to separate. On the left is stranded DNA,
and on the right is circular. Taken from https://www.brainkart.com/article/How-does-prokaryotic-DNA-supercoil-
into-its-tertiary-structure- 27536/

Without topoisomerases, DNA supercoils would be permanently tangled, and
become unreadable. This would be fatal for the cell. Topoisomerases are enzymes located
in the nucleus and mitochondria®? occurring in all forms of life - eukaryotes, bacteria, and
archaea.?® Their main mission is to control the topological state of DNA by single or
double-stranded cleavage of DNA molecules. In bacteria, but not in eukaryotes, can be

found type of topoisomerase (called gyrase) able to form negative supercoil. >

Human topoisomerases are sorted into two general types: type I and type II. These
types are further divided into subtypes. Human cells contain 6 of these subtypes — TOP1
and mitochondrial TOP1 (type IB), TOP2A and TOP2B (type IIA), and TOP3A with
TOP3B (type IA). Each of these enzymes has its purpose and mechanism of action.

Mechanisms of action are indicated in Figure 4.2
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a DNMA supercoils induced by helicases and translocases b DNA replication

TOP1— TOP1—
TOPIMT A
Se Relaxation S Repllsome C) S¢!

: o e e
DNA TOP2B 4 | IOF"EA
TOPZA TOP3B Transcription
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d DNA knots e DMA hemicatenane
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Figure 4 Actions of topoisomerases. A-opening DNA duplex generates positive supercoiling (Sc+) in front of and

TOP3A

TOPZBE—
TOPZA

TOPzB
TOP2A

negative supercoiling (Sc-) behind transcription enzymes. “B-replication forks generate Sc+ in front of the replicating
replisome. If the replisome swivels due to the twisting force, Sc+ diffuses behind the replisome and generates
precatenanes, which are removed by Top2A. Top34 may also remove precatenanes if they include single-stranded DNA
segments”’( taken from Pommier et al.)*. C — decatenation of DNA by double-strand passage (molecule of DNA is
passed through the double-strand break) D — knots removed by double-strand passage E — single-strand passage
(passing a single thread of DNA through break made in another DNA thread) F — single-strand passage of

intramolecular RNA knots (made by only RNA topoisomerase Top3B). G — single-strand passage of RNA catenanes.

Taken from Pommier et al.*

2.3.1 Topoisomerase I

Topoisomerases I break one strand of DNA, transit a thread of DNA through, and
then reseal it. More precisely, they form transient phosphotyrosine covalently bond with
the 5" or 3" end of the broken DNA strand. This is powered by torsional stress in the
supercoiled DNA. Except for DNA-gyrase, these enzymes don’t need any high-energy

cofactor for function. They are divided into two main subclasses — IA and IB,!6-2526

Subclass IA forms a phosphotyrosine bond at the 5” end of the DNA strand. It
requires bivalent cations and single-stranded regions of DNA. This subclass relaxes only
negatively supercoiled DNA. Human cells contain topoisomerase Il o and [ while

bacterial cells contain topoisomerase I and II1.162%-26
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Subclass IB attaches tyrosine from its active site to the 3" end of the broken DNA strand.
This group of enzymes doesn’t need bivalent ions and can relax negatively and also
positively supercoiled DNA. This makes it distinct from the other types of
topoisomerases. Human cells contain topoisomerase I while bacterial cells contain

topoisomerase IB.

Topoisomerases I, especially eucaryotic subclass IB, are targets of anticancer
16,25,26

drugs.

2.3.2 Topoisomerase II

The mechanism of action of Topoisomerase II is creating a transient
double-stranded break in the DNA thread. Eukaryotic Topoll are large magnesium ions
and ATP-dependent enzymes with homodimer structure. The energy of ATP hydrolysis
is needed for conformational changes of the enzyme, and it is not directly involved in

DNA cleavage.

aclarubicin
suramin

)
ADP o
P, ICRF-193
®\r— ICRF-187

etoposide
doxorubicin

Figure 5 The catalytic cycle of Topoll. The catalytic cycle starts when the enzyme binds two double-stranded DNA
segments - red G-segment (G =, gated*) and green T-segment (T =transported) (1st step). In the second step, ATP
molecules bind into ATPase domains leading to dimerization of these domains (2nd step) followed by Mg2+ dependent
cleavage of the G-segment (3rd step). Next, ATP hydrolysis facilitates the transport of the T-segment through the split
G-segment (4th step). The G-segment is then resealed and the remaining ATP is hydrolyzed (5th step). In the end, ADP
molecules are discharged, and the DNA segments are released one by one (6th and 7th step).?’?° Taken from Larsen

etal?®
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Topoll forms phosphotyrosine linkage with two tyrosines located in the active site
of the enzyme and a pair of 5'-phosphates. This ensures that the DNA strand can be

resealed after cleavage. Detailed mechanism of action is described in Figure 5.2

Vertebrates carry two isoforms of Topoll — Topoisomerase II o and B.3° a isoform
is active during replication, specifically during mitosis and anaphase. High concentration
of this isoform has been reported in highly proliferating cells, such as malignant cells.
[ isoform, on the other hand, shows activity in all post-mitotic cells independently of the
cell cycle. It was proved, that § isoform has a similar function as isoform a in vitro.
However, the in vivo function of  isoform seems inessential for proliferating cells and
thus its function in vivo remains unclear.’! It is presumed that this isoform is performing
,housekeeping® actions in the post-mitotic phase like repairing DNA and enabling
transcription. It is assumed that inhibition of this isoform is responsible for severe side
effects, like secondary malignities or cardiotoxicity, of current anticancer therapy
targeting topoisomerase 11.3? Increasing the selectivity of Topoll inhibitors to a isoform

could be the right way in the development of effective anticancer drugs.

2.4 Inhibitors of DNA topoisomerases

2.4.1 Inhibitors of Topoisomerase I
Inhibitors of hTopol are divided into two big groups — camptothecin inhibitors

and non-camptothecin inhibitors.*?

The first developed drug targeting Topol was natural alkaloid 20(.S)-camptothecin
(shown in Figure 6) isolated from the bark of Campthotheca acuminata.>* Substances
belonging to the group of camptothecin inhibitors trap DNA cleavage complex. Turning
temporary complex into persistent cytotoxic adducts leads to excessive DNA damage and

cell death — this mechanism of action is classified as Topol poisoning.’

The downsides of camptothecin treatment are bad solubility, instability,
unpredictable drug-drug interactions, and severe side effects like leukopenia and
diarrhoea. Therefore, semi-synthetic derivates with better properties are being developed.
Several derivates with improved water solubility are already registered - irinotecan for
colon cancer, topotecan for ovarian cancer, and belotecan for ovarian and small lung

cancer (shown in Figure 7). More derivatives are in clinical trials.33°
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Figure 6 Chemical structure of camptothecin. Lactone E-ring is unstable in physiological pH and converts into

carboxylate. The carboxylate form is inactive and binds to serum albumin. Taken from Li et al.®

irinotecan topotecan

belotecan

Figure 7 Chemical structures of irinotecan, topotecan and belotecan with highlighted camptothecin molecule.

The issue of bad stability led to another group of compounds — non-captothecin
inhibitors. Among the most important scaffolds used in this group belong indolocarbazole
(e.g. becatecarin and edotecarin are in clinical trials), indenoisoquinoline (e.g.
indimitecan, indotecan and LMP744 are in clinical development) and

dibenzonaphthyridinone (possessing great cytotoxicity).>*3>
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2.4.2 Inhibitors of Topoisomerase II

Current inhibitors of hTopoll act as non-specific agents inhibiting both o and
isoforms without difference.’’” As mentioned earlier, inhibition of isoform B is probably
responsible for severe side effects.>? The development of novel anticancer compounds
focuses on inhibitors selective to o isoform. Inhibitors of hTopoll are divided into two

big groups: poisons and catalytic inhibitors.’!

2.4.2.1 Topoll poisons

Topoll poisons were discovered in the 1960s.3! Mechanism of action is creating
covalent complexes with DNA (Figure 5 step 4) leading to DNA damage and, in most
cases, induction of cell apoptosis. In rare cases, the use of these drugs can lead to
chromosome translocation triggering secondary malignities (there are documented cases
of leukaemias caused by such translocation).®® Another severe side effect is
cardiotoxicity. The previous presumption was that the cardiotoxicity of substances like
doxorubicin (Figure 8) is the result of the creation of free oxygen radicals damaging cell
membranes, but it was disproved. It was discovered that B isoform is highly expressed in
cardiomyocytes and its inhibition by poisons takes away the “housekeeping” function of
the cell as well as creates a damaging complex. This leads to excessive damage to the
heart. Despite these severe side effects, hTopoll poisons such as daunorubicin,
doxorubicin, etoposide (Figure 8), and mitoxantrone (Figure 9) are widely used in clinical

practice.’?’

doxorubicin OH
NH; etoposide

Figure 8 Chemical structures of doxorubicin and etoposide.
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OH O HN\/\N/\/OH
H

Figure 9 Chemical structure of mitoxantrone.

2.4.2.2 Catalytic inhibitors

Catalytic inhibitors, in contrast with poisons, do not create a covalent cleavage
complex between hTopoll and DNA, and therefore they cause just minimal damage to
the DNA. They act through various mechanisms e.g. blocking hTopoll binding to DNA
(Figure 3, step 1; e.g. aclarubicin — can be seen in Figure 10), inhibition of ATP-binding
site of hTopoll (Figure 3, step 2; e.g. novobiocin — can be seen in Figure 10), preventing
the formation of hTopoll-DNA complex (Figure 3, step 3; e.g. merbarone — can be seen
in Figure 10) or inhibition of ATP hydrolysis making it impossible for the enzyme cleaves
the DNA (Figure 3, step 6; dexrazoxane — can be seen in Figure 10). This results in
effective inhibition of hTopoll activity with low genotoxicity.***° Dexrazoxane is the
only molecule approved for clinical use, however, it is used just to prevent cardiotoxicity
of anthracycline drugs (depletion of hTopollf — anthracycline cannot bind and create

DNA damaging complex).*!

The most promising group of catalytic inhibitors are considered ATP-competitive
inhibitors. Compounds in this group vary in basic heterocyclic scaffolds including for
example purine and pyridine analogues, thiosemicarbazones, and nitrofurans.
N-Phenylpyrrolamides are a novel chemotype of ATP-competitive inhibitors discovered
at the Faculty of Pharmacy at the University of Ljubljana through screening of previously
prepared bacterial topoisomerase inhibitors. Newly prepared compounds described in this
thesis are presumed to have the ability to bind into the ATP-binding site of

hTopollo. 34042
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Figure 10 Chemical structures of aclarubicin, merbarone, novobiocin and dexrazoxane.

2.5 Structure-activity relationship

A novel chemotype of ATP-competitive inhibitors, N-Phenylpyrrolamides, was
discovered during the screening of an in-house library of ATP-competitive inhibitors of
bacterial DNA gyrase and topoisomerase IV.?! The in-house library of Skok et al. was
based on oroidin and kibdelomycin, natural products with antibacterial activity. Both
compounds have dihalogen-substituted pyrrolamide moiety (shown in Figure 11), which
was assumed to be crucial for binding into the ATP-binding site, and both are inhibitors
of bacterial gyrase B and topoisomerase IV.** Screening provided 20 hits whose
structure was explored, and 13 compounds were synthesized to better understand the new

structural type of hTopoll ATP-competitive inhibitors.>!
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N
R
NH

oroidin kibdelomycin

Figure 11 Chemical structures of natural compound oroidin and kibdelomycin with highlighted pyrrolamide moieties.

Taken from Skok et al.?!

A template for further design modifications was developed (also represents the
smallest binding motive into the ATP-binding cavity; Figure 12). Interactions in the

binding cavity are shown in Figure 12.%°

O
H 8] MNHz
8]
Asnl20 | - \]/

c

4, | :

hTope |1 1Csy = 3.2 £ 1,6 uM
> JUN\
11e88

MCF-7 IC5q = 50 pM
HepG2 I1Cgy = 50 uM
Tle141 : ]
- ' Phel42

Figure 12 Smallest structural motive with maintained on-target activity displayed in MOE. This suggests that bonds

\

p

AsnlS0

with asparagine 120 and crystallographic water are crucial for the activity. Later was discovered that a bond with this
asparagine is preferable but not necessary. Taken from Skok et al.**

The follow-up research confirmed that dihalogen-substituted pyrrolamide moiety
is essential for on-target activity. According to docking results, 3,4-dichloro-5-methyl
moiety fits better in the hydrophobic pocket of the adenine binding site than compounds
with 4,5-dibromo pyrrole, which resulted in better on-target activities of first mentioned
group of compounds. As mentioned in Figure 12, pyrrole carboxamide moiety forms

hydrogen bonds with Asn120 and crystallographic water. The hydrogen bond between

23



Asnl150 and the primary carboxamide group in position four is beneficial for the activity,
but not necessary. The inhibitory activity can be preserved by the optimal selection of
substituent in position two of the benzene ring. Benzene ring manifested as a functional
central scaffold with substituents in positions two and four or two and five. This binding
mode makes N-Phenylpyrrolamides unique because they occupy different binding
pockets compared to current inhibitors. The amide group in position four is advantageous
for the on-target activity. However, it is associated with lowering the cytotoxicity of
synthesized compounds on whole cells. Deletion of this group resulted in increased
cytotoxic effects, probably because of lower polar surface area and therefore better
passive diffusion of the compounds into the cells. It can be observed for example in the
latest study of Skok et al. where the best on-target activity was obtained by compound
47d (Figure 13) with carboxamide in position four and basic centre attached to benzyloxy
substituent connected in position two. However, the best cytotoxicity was achieved by

compound 53b (Figure 13) without carboxamide.*’

(0]
(0] NH
H 2
N
\ | H o H Q
N
cl Cl I N
\ H g
Cl Cl
N
° HN N
1 °
47d NH, 53b

Figure 13 Compounds 47d and 53b. Compound 47d was the most on-target potent compound of the previous study
(IC50 hTopoll = 0.67 uM). Compound 53b was the most cytotoxic compound of the previous study (IC50
MCF-7/HepG2 = 140 nM/ 130 nM; IC50 hTopoll = 7.7 uM). Taken from Skok et al.¥

It was further found that the substituent in position two should be ideally
para-substituted or meta-substituted by benzyloxy fragment with the basic group.
Extension and free rotation of the benzyloxy fragment allow the compound to reach and
interact with amino acid residues in the phosphate-binding area of the ATP-binding site.*’

For better orientation, the structure-activity relationship is illustrated in Figure 14.
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Functional group in position 4
or 5 is beneficial for the
on-target activity.

Dihalogen-substituted R
pyrrole-2-carboxylic acid
moiety crucial for the R
activity.
Functional group (ideally basic)
is essential for the activity.

Figure 14 Structure-activity relationship of the most potent N-Phenylpyrrolamides from the latest study.
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3. Experimental part

3.1 Synthesis of IMD 0 series - Complete reaction scheme

o.lo o.lo
Br
o.l_o
\S/
+ DMF, K,CO3 Fe, CH3COOH H2N
80°C, ON ON RT, Ar le)
O,N
OH 0 o/

0”0”7 0”0”7
IMD-01 IMD-02
o.l.0 |

O\\é//o S O\\S//O

(0]
H O N Ho ]
TRN N Toluene [ N N N
2 5 + \ / cI 130°C,ON, Ar \ H o — N[ R 5
Cl

IMD-02 IMD-03 IMD-04: R = OH
(IMD-05: R = NH5)
(IMD-06: R = NH-OH)

26



3.1.1

Synthesis of IMD-01

oo [ R e
O é//o /@
02N -\ o '
menyutony) )2 nitrophenol - methyl 4-(bromomethyl)benzoate

S d N0, Br D01

IMD-01
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) Equivalents
Nitrophenol 437 mg 2.0 217.20 1.0
Alkylhalogenide | 457 mg 2.0 229.07 1.0
K2COs 553 mg 4.0 138.21 2.0
DMF 5.0 ml 73.09

4-(methylsulfonyl)-2-nitrophenol (2 mmol) was dissolved in 5Sml of anhydrous
DMF. K>COs3 (4 mmol) and methyl 4-(bromomethyl)benzoate (2 mmol) were added and

the reaction mixture was stirred overnight at 80° C.

After that, K.CO3 was neutralized with 8 ml of 1M HCI. Then the reaction mixture

was washed with distilled water and a precipitate occurred. Precipitate was filtered and

washed with distilled water. The yield was 501 mg (68%). Results of the HPLC-MS

showed one major peak 94.5% pure. Therefore, it was considered a satisfying result, and

it was proceeded on.
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3.1.2  Synthesis of IMD-02
o\\é,/o Ox é//o | EtOAcHex 21,
OZN/© H2N/© R=061| @
1) Fe, CH;COOH fe)
ON, RT, Ar
0" o~ S e
IMD-01 IMD-02

Reagents m(mg)/V(ml) n (mmol) MW (g/mol) | Equivalents
IMD - 01 491 mg 1.3 367.00 1.0
Fe 753 mg 13.5 55.85 10.4
CH3;COOH 13.0 ml 60.05

IMD-1 (1.3 mmol) was suspended in 13 ml of neat CH3;COOH, and Fe
(13.5 mmol) was added. The reaction mixture was stirred at room temperature overnight
under an argon atmosphere. The reaction was incomplete, so 5 more equivalents of iron

were added (372 mg), and the reaction mixture was stirred under argon another night.

After that, the crude reaction mixture was neutralized with NH3 solution in water
(25% m/m), transferred to a separating funnel, and extracted with ethyl acetate (200 ml).
Due to the presence of iron, a hardly separable mixture of phases was formed. The water
phase was separated and divided into two beakers due to its volume. The content of both
beakers was extracted with ethyl acetate (100 ml). Organic phases were combined and
washed with 50 ml of brine, dried over anhydrous Na,;SO4, and evaporated under reduced
pressure. The purity showed by HPLC-MS was 100%. The yield of this reaction was
433 mg (96%).
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3.1.3 Synthesis of IMD-03

IBI - 06

H
N
\

Cl Cl

3,4-dichloro-5-methyl-1H-pyrrole-2-
carboxylic acid

O

socl,

Argon, 75°C, 1h

IBI - 06 (CI)
H O
N

\ / cI
Cl Cl

carbonyl chloride

3,4-dichloro-5-methyl-1H-pyrrole-2-

oLo Lo | DOMMeOH 49:1
H (0]
H 7 Toluene N
N 5 + \ / cI 130°C, ON, Ar \_! 0
Cl Cl Cl cl R;=0.50 '
o) o/ ) O/ Re=0.03 Lo oo [ e
IMD-02 1BI-06 IMD-03

IMD-02 IMD-03
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
IBI - 06 103 mg 0.5 194.01 1.3
SOCl, 1.0 ml 118.97
IMD - 02 147 mg 04 335.08 1.0
Solvent 5.0 ml

Compound IBI-06 was synthesized and provided by Professor [1as’s group. IBI-06
(0.5 mmol) was stirred in excess of SOCl; at 75° C for 1h under an argon atmosphere.
SOCI, was evaporated after that using a water pump and then dried for 10 minutes under

reduced pressure. This intermediate for the following step, IBI-06(Cl), was very sensitive

to air moisture.

IMD-02 (0.4 mmol) and anhydrous DCM were carefully added to IBI-06(Cl), and

the reaction mixture was stirred overnight at room temperature under an argon

atmosphere. This process was unsuccessful, so the reaction conditions were adjusted.

DCM was replaced by anhydrous toluene and reaction temperature was increased to

130° C under a condenser.
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Purification was done by filtration. Precipitate was washed with a variety of

solvents and 125 mg (56%) of the pure compound was obtained.

Attempts of TLC were unsuccessful due to the bad solubility of precipitate in any
conventional solvent. Therefore, preparation of the sample for HPLC-MS was very

difficult as well. At first, just small peaks with small absorption appeared (Figure 15).

YWD Signal A, 254 nm

IMD-3-I-Fa_UW.date 2022 10 .21 12:35:15;
A 140, 0% 7:08;4.3E1; 12.8%
|
2 ||
=) ' .
= 4] I O IR | 8:26;1 8E1; 5.5%
E T2F BT T 5:25,1.2E1; 3.5% | ]
[= . f ) | |
2 2 |"|| II. I | | I!
(4] " | 557 X R .
s A 547 8561 0.3 - HPEHaE0, 0.4% I'sl,:m;a.afu 25%
2 | /' ANV LA
g o+ ) l". ‘| *N/
2| \ |
-4 |

0:00 0:50 1:40 2:30 3:20 4:10 5:00 5:50 £:40 7:30 8:20 9:10 10:00
Time(min:sec)

Figure 15 HPLC of IMD-03 before adjusting the sample preparation.

Another approach for the preparation of the HPLC-MS sample was used. Instead
of adding DMSO into the MeOH mixture with the compound, the compound was
dissolved in 100 ul of DMSO. 10 pl of this solution were diluted in 1 ml of 60% ACN
and 40% water solution of 0.1% TFA, but it precipitated out. Heating and ultrasound did
not improve the solubility of the substance. Another preparation with half of the sample
concentration (5 pl) was successful. A nice clear peak of 97.3% purity (Figure 16)

appeared on the chromatogram. It was considered clear enough to continue with reactions.

YWD Signal A, 254 nm
IMD-3-Il-Fc_Uv . datx 2022.11.03 10:59:26; _ .
T 710;1.1E3,97.3%
220 |
200 4 |
1804 ‘
160 ‘
140 | ‘
1201 ‘
1004
801 ‘
€0 | ‘
401 |
201 e
o . . . . . . L A
0:50 1:40 2:30 3:20 4:10 500 5:50 5:40 7:30 8:20 9:10
Time(min:sec)

Absarption (mAU)

Figure 16 HPLC of IMD-03 after adjusting the sample preparation.
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3.1.4 Synthesis of IMD-04

0] [ j O [ j
H H
N i N N ] N
\ H o MeOH, NaOH \ H o
Cl Cl

70°C, 2-6h
cl Cl
- 0% “OH

0”0
IMD-03 IMD-04
Reagents m(mg)/V(ml) n (mmol) MW (g/mol) Equivalents
IMD - 03 42 mg 0.1 335.08 1.0
NaOH 40 mg 1.0 40.00 10.0
MeOH 0.4 ml 32.04

IMD-03 was supposed to be used for the synthesis of carboxylic acid, hydroxamic
acid, and amide. 1/3 of the product (42 mg = 0.1 mmol) was suspended in anhydrous
MeOH, IM NaOH (1 mmol) was added, and the reaction mixture was stirred overnight
at room temperature. The first attempt of the reaction was unsuccessful, but 13 mg of the
starting material (IMD-03) was regenerated as a pale compound. The reaction was
repeated using the same procedure as before. The second attempt of the hydrolysis ran
for 2 days when 5 more equivalents of fresh 1M NaOH solution were added to the
reaction. The reaction was heated after another day to 70° C for 2—6 hours. When the
reaction was finished (HPLC-MS showed no IMD-03), the reaction mixture was acidified
with 1M HCI to pH 2. The precipitate was filtered and washed with distilled water. The
yield of the hydrolysis was 21 mg (58%) and purity according to HPLC-MS was 97.6%.
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3.2 Synthesis of IMD 1 series — complete reaction scheme

NH,

NH, s—(
N
NH, Br O:N
o) O,N
DMF, K,CO, KSCN, Br, o)
+ B
OH 80°C, ON CH3COOH
NO, o
07 o~ P
0”0
IMD - 11 IMD - 12
NH, NH,
Sj( Sj( NH,
N N S’\<
N
o)
O2N H,N H
2 N
> o}
ON, RT, Ar toluene, 130°C, ON, Ar cl
07 o~ 070"
o” o~
IMD - 12 IMD - 13 IMD - 14
NH,
s—(
N
o)
N
I K
—x— \ 0
- cl
IMD-15 : R = -OH
0” >R IMD-16 : R = -NH,

IMD-17 : R = -NH-OH
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3.2.1

Synthesis of IMD-11

M2 [Eons rexe
B - _
NH, r O,N <= |[Rf=0.88
0 -~ |Re=0.69
DMF, K,CO;4 <« |R;=0.63
+ 80°C, ON Rf =0.50 .
OH
N02 o O/
5-amino-2-nitrophenol methyl 4-(bromomethyl)benzoate
S
IMD-11
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
Nitrophenol 321 mg 2.1 154.13 1.0
Alkylhalogenide | 468 mg 2.1 229.07 1.0
K2CO3 589 mg 4.3 138.21 2.0
DMF 5.0 ml 73.09

5-amino-2-nitrophenol (2.1 mmol) was dissolved in 5 ml of anhydrous DMF.

K>COs3 (4.3 mmol) and methyl 4-(bromomethyl)benzoate (2.1 mmol) were added and the

solution was stirred overnight at 80° C.

K>CO3 was then neutralized with 8.5 ml of 1M HCI and the reaction mixture was
washed with distilled water. Precipitate occurred. After filtration and analysis of
precipitate, the dry loading approach of column chromatography was done with mobile

phase EtOAc:Hex 1:1 (Figure 17). The yield after column chromatography was

330 mg (53%). The sufficient purity was confirmed by HPLC-MS (96 %).

Figure 17 TLC of the reaction mixture of

IMD-11 before column chromatography.

The orange spot is IMD-11, green spot is

impurity.

EtOAc: Hex

R = 0.60
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Synthesis of IMD-12

NH,
O,N” ;

NH

s~
N

2

o KSCN, Bry, Acetic acid _ O2N
ON, RT " 0
0”0~
IMD - 11 0" o”
IMD - 12

Reagents m(mg)/V(ml) n (mmol) Mw (g/mol) Equivalents
IMD - 11 302 mg 1.0 302.10 1.0
KSCN 390 mg 4.0 97.18 4.0
Br 103 ul 2.0 79.90 2.0
CH3;COOH 14.0 ml 60.05

IMD-11 (1 mmol) was dissolved in neat acetic acid and stirred for 10 minutes.
KSCN (4 mmol) was added and the reaction mixture was stirred until complete
dissolution. After that, the mixture was cooled down to 0° C in an ice bath and Br:
(2 mmol) in 1 ml of neat acetic acid was added dropwise. The reaction mixture was stirred

at room temperature overnight. Precipitate occurred. The reaction was filtered and

washed with a variety of solvents.

The precipitate was insoluble in any conventional solvent and even in boiling
DMSO. Nevertheless, HPLC-MS, TLCs, and NMR were done. On TLC, the coloured
spot assigned to the product stayed at the start. The chromatogram showed only small
peaks. NMR showed that it is probably the desired compound but was inconclusive due

to the intensity of signals. Another step of synthesis was done with all of the compound

(129 mg = 36% yield) anyway.
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3.2.3 Synthesis of IMD-13

s~ s
N N

O2N Fe, CH;COOH HoN
O ON,RT, Ar o)
0”0~ 0”0~
Reagents m(mg)/V(ml) n (mmol) MW (g/mol) | Equivalents
IMD - 12 116 mg 0.3 359.10 1.0
Fe 191 mg 34 58.85 11.3
CH3COOH 6.0 ml 60.05

IMD-12 (0.3 mmol) was suspended in neat acetic acid, and Fe (3.4 mmol) was
added. The reaction mixture was stirred overnight at room temperature under an argon
atmosphere. The mixture was neutralized with NH3 solution in water (25% m/m). Even
though that solubility was slightly improved, the attempt of separation into EtOAc failed.
The mixture was boiled in EtOAc to improve solubility but without any effect. Therefore,

this series of reactions was abandoned.
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3.3 Synthesis of IMD 2 series — complete reaction scheme of starting material

(0]
OH __ MeOH NH3
HZSO4 conc. 50 C
2N F 100°C 30 min

IMD - 21 IMD - 22

3.3.1 Synthesis of IMD-21

EtOAc Hex

MeOH
2804 conc.
100°C

IMD - 21
R¢=0.08
I gﬂ__31__
Reagents m(mg)/V(ml) | N(mmol) MM(g/mol) | Equivalents
Nitrobenzoicac. |5¢g 27.3 185.11 1.0
MeOH 54.5 ml 32.04
H>SO4 5.5ml 0.2 ml/mmol | 98.08

2-fluoro-4-nitrobenzoic acid (27.3 mmol) was dissolved in anhydrous MeOH.
Then 5.5 ml of 96% H>SO4 in MeOH was added dropwise. The reaction mixture was

stirred at 100° C under a condenser overnight.

After that, distilled water was added to the reaction mixture and a precipitate
occurred. The precipitate was filtered, washed with distilled water, and used for the next

step without further purification. Yield was 5 g (90%).
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3.3.2  Synthesis of IMD-22

|EtQACc:Hex
2:1
O 0]
/(:fj\o/ L /@f‘\ NH,
50°C ® |R =051
O,N F 30 min O,N =
IMD - 21 IMD - 22
b2z
Reagents m(mg)/V(ml) | n (mmol) | MW (g/mol) Equivalents
IMD - 21 3g 15.5 199.03 1.0
NH3 solution in 75.0 ml 17.03
water (25% m/m)

IMD-21 (15.5 mmol) was dissolved in NH3 solution in water (25% m/m) and was

stirred at 50° C for 30 minutes.

The reaction mixture was acidified with 1M HCI. The formed precipitate was

filtered and washed with distilled water. 600 mg (21%) of the pure compound was gained.

Loss of the product was caused by overpressure and leakage. HPLC-MS showed one peak

of 100% purity.
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3.4 Synthesis of IMD 2 series — complete reaction scheme of the first derivate

O
NH
Q NH, _HCI 2
NH; n ACN, TEA O2N NH
—_—
90°C
O,N F
IMD - 22
4-aminocyclohexan-1-ol OH
hydrochlorid IMD-23a
0] 0]
NH; NH,
O5N NH Fe, CH;COOH H5N NH
ON, RT, Ar
OH OH
IMD-23a IMD-23b
O 0
NH, 0 dNHQ
H
H,N NH N N NH
IBI-06 + SOCI,, 1h \ | H
toluene, 130°C, ON, Ar Cl
OH OH
IMD-23b IMD-23¢
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3.4.1 Synthesis of IMD-23a

First attempt:
0]
NH, .HCI dNH )
DMF, TEA _ O5N NH
T ¢
IMD - 22
4-aminocyclohexan-1-ol
hydrochloride OH
IMD - 23a
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
IMD - 22 106 mg 0.6 184.00 1.0
Aminocyklohexanol | 256 mg 1.6 151.63 2.7
DMF 2.5ml 41.05
TEA 0.8 ml 5.8 101.19 9.7

IMD-22 (0.6 mmol) and 4-aminocyclohexan-1-ol (1.6 mmol) were dissolved in
anhydrous DMF. The reaction mixture was stirred overnight at 70° C. The reaction went
very slowly, so 9.7 equivalents of anhydrous TEA were added. The reaction was stopped

and analyzed after one week.

The reaction mixture was concentrated under reduced pressure. Column
chromatography (DCM:MeOH 9:1) was performed (Figure 18 represents the TLC of the
mixture before column chromatography). The residue was dissolved in EtOAc, and
washed with distilled water, saturated NaHCO3, and brine. The organic phase was dried
over Na;SO4 and evaporated under reduced pressure. The yield was so low, that this

reaction had to be repeated.

DCM: MeOH

® |[R=063

Figure 18 TLC of IMD-23a (red spot

represents impurity of DMF).
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While investigating the cause of the low yield, it was observed that the same peak

appears on HPLC- MS of IMD-23a, IMD-24a, and IMD-25a (Figure 19).

WWD: Signal A, 254 nm
IMD-24-BCL_UV .datx 2022.12.05 21:19:08;
'y
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Figure 19 HPLC of impurity in reactions of IMD-23a, IMD-24a, and IMD-25a.
The impurity was separated and analyzed (Figure 20).
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Figure 20 MS of isolated impurity of IMD-23a, IMD-24a and IMD-25a.

It was found that the impurity was from DMF. This was due to moisture in the
solvent which led to hydrolysis to formic acid and dimethylamine (Figure 21) according

to the equation*®

HCON(CHs3), + Hy0

HCOOH + (CH3),NH

Figure 21 Equation of hydrolysis of DMF. Taken from Juillard J.4¢
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Most likely, an impurity was formed by dimethylamine substituting fluor in
IMD-22 (Figure 22):

O O
NH2 impure DMF NH2
O,N F O,N N
IMD - 22 |

2-(dimethylamino)-4-nitrobenzamide

Figure 22 Assumed forming of IMD series 2 impurity.

Second attempt:

O
NH, .HCI NH,
_ACN, TEA _ OyN NH
T e
IMD - 22
4-aminocyclohexan-1-ol
hydrochloride OH
IMD - 23a
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
IMD —22 106 mg 0.6 184.00 1.0
Aminocyclohexanol | 346 mg 23 151.63 3.8
ACN 2.5ml 41.05
TEA 0.8 ml 5.8 101.19 9.7

IMD-22 (0.6 mmol) and 4-aminocyclohexan-1-ol (2.3 mmol) were suspended in
anhydrous ACN. 9.7 equivalents (0.8 ml) of anhydrous TEA were added. The reaction
mixture was stirred overnight at 90° C under a condenser. Figure 23 shows the reaction
status after 2h with 9.7 equivalents of TEA. 25 more equivalents (2 ml) of anhydrous

TEA were added sequentially to increase reactivity.

41
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Figure 23 IMD-23a 2H after adding 10 equivalents of TEA (13,12,2022).

TLC analysis proved unfinished synthesis. 4 equivalents of 4-aminocyclohexan-

1-ol were added (Figure 24).
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Figure 24 IMD-23a three weeks and 2 more ml of TEA later (3.1.2023).

The reaction was stopped on 42% of the starting material and 53% of the product.

It was unsuccessful to separate the product by any available method (Figure 25).
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Figure 25 IMD-23a 9.1.2023.
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3.5 Synthesis of IMD 2 series — complete reaction scheme of the second derivate

tert-butyl 4- (amlnomethyl piperidine-1-carboxylate o)
NH»
__DMF O,N NH
T70°C,ON
IMD - 22 IMD - 24
a O\’<
O O
/E:kaH2 NH,
N NH Fe, CH;COOH H,N NH
ON, RT, Ar

N @] N (O]
IMD - 24a \f D - 246 \(f

0]
0]
H 0 NH;
NH, N
N NH
H,N NH IBI-06,S0Cl, \ / H
toluene, 130°C, ON, Ar Cl
Cl
N (0] IMD - 24c

IMD - 24b (0]
O\’<
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3.5.1 Synthesis of IMD-24a

EtOAc:Hex

HoN
Q dNHz
@fLNHZ * ~5e o™ OoN NH
w2 Y
IMD - 22 (0) (0] N 0

tert-butyl 4-(aminomethyl)piperidine-1-

carboxylate IMD - 24a O\’< e

Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) Equivalents
IMD - 22 103 mg 0.6 184.00 1.0

BOC protected | 250 mg 1.2 214.31 2.0
compound

DMF 3.0ml 73.09

IMD-22 (0.6 mmol) and 1-(4-(aminomethyl) piperidine-1-yl)-3,3-dimethylbutan-
1-one (1.2 mmol) were dissolved in anhydrous DMF. The reaction mixture was stirred

overnight at 70° C.

The reaction was then concentrated under reduced pressure. The residue was
dissolved in EtOAc, transferred to the separating funnel, and washed with distilled water,
saturated NaHCO3 and brine. The organic phase was dried over NaxSOs, filtered, and

concentrated under reduced pressure.

The mixture was polluted by the impurity mentioned earlier (Figure 22). Column
chromatography was performed using mobile phase EtOAc:Hex 6:1. Yield was
68 mg (32%). HPLC-MS was done with the result of one peak with 100% purity. A

purified compound was used for the next step.

The product had the structure of solidified oil which varies in colour. Goes from
red (concentrated) through orange to yellow (diluted). It is possibly caused by electron

density, which shifts the visible spectrum to red when concentrated.
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3.5.2  Synthesis of IMD-24b

EtOAc:Hex|
o) 0 |61 __
NH, NH,
Fe, CHzCOOH
O,N NH ON RT AT HoN NH
N \(O N \fo Rf =0.40 '
IMD - 24a Oj< IMD - 24b Oj<
N
Reagents m(mg)/V(ml) n (mmol) MW (g/mol) | Equivalents
IMD - 24a 68 mg 0.2 378.19 1
Fe 151 mg 2.7 55.85 13.5
CH3;COOH 2.5 ml 60.05

IMD-24a (0.2 mmol) was dissolved in neat CH3COOH, and Fe (2.7 mmol) was

added. The reaction was stirred overnight at room temperature under an argon

atmosphere. The reaction mixture had a white colour. After removing the argon and

opening the septum, the reaction mixture slowly turned brown.

The crude reaction mixture was neutralized with NH3 solution in water

25% m/m), transferred to a separating funnel and extracted with ethyl acetate
p g

(200+100ml). The organic phase was washed with distilled water, saturated NaHCO3,

and brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure.
Absorption of UV on TLC went from 254nm to 366nm. HPLC- MS showed 88.1% purity.
Yield was 63 mg (100%).
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3.5.3 Synthesis of IMD-24c

3,4-dichloro-5-methyl-1H-pyrrole-2-

Cl Cl

carboxylic acid

SOCl,
Argon, 75°C, 1h

IBI - 06 (CI)
H O
N

\

Cl

Cl
Cl

carbonyl chloride

3,4-dichloro-5-methyl-1H-pyrrole-2-

0 IBI - 06 (Cl) 2
H2N NH + | '\} 2 Toluene \wu A
KG o % Cl~ 130°C, ON, Ar o K@
[ N__O
N\(o \f
IMD - 24b O\’< IMD - 24¢ j<
Reagents m(mg)/V(ml) n (mmol) MW (g/mol) | Equivalents
IBI-06 49 mg 0.3 194.011 1.5
SOCl, 1.0 ml 13.8 118.97 74.0
IMD - 24b 64 mg 0.2 348.22 1.0
Toluene 5.0 ml 92.14

IBI-06 (0.3 mmol) was stirred in excess of SOCly at 75° C for 1h under an argon

atmosphere. SOCIl> was then evaporated, using a water pump, and dried for 10 minutes

under reduced pressure. IMD-24b (0.2 mmol) and anhydrous toluene were added to

IBI-06(Cl) carefully. The reaction mixture was stirred overnight at 130° C under a

condenser and an argon atmosphere.

The reaction was unfinished, so more IBI-06 was added (31 mg) and stirred until

the next day. After that, the reaction was stopped (the status of the reaction is shown in

Figure 26), and the toluene was evaporated. The crude reaction mixture was stirred in

anhydrous MeOH overnight to wash. Then the mixture was filtered. Because of the low

yield, this reaction has to be repeated.
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YWD Signal A, 254 nm
IMD-24¢-5.1._10.00_UV.datx 2023.01.05 10:57:42;

r

300 "

6:35; 74.5%; Toluene
A

250
200

150

Absorption (mAU)

100

8:258;13.5%; SM probably

50 5:18; 7.0%; IMD - 24b |7L

8;4.7%; IMD - 24¢ ';\|
] /\ ! \ /\ Jk

0:50 1:40 2:30 3:20 4:10 5:00 5:50 £:40 7:30 8:20 9:10
Time(min:sec)

Figure 26 HPLC of the reaction mixture of IMD-24c. SM = IBI-06.
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3.6 Synthesis of IMD 2 series — complete reaction scheme of the third derivate

NH, 0

0]
dNHz o0 e -
90°C, ON
02N F >L i OzN NH
o "0

IMD - 22 ﬁj
tert-butyl 4-aminopiperidine-1- /]L\l\ J<
carboxylate oo
IMD - 25a
Q (0]
O.N NH Fe, CH;COOH
2 ON, RT, Ar HoN NH
N J< ﬁNj
0”0 oK
IMD - 25a IMD-25b
i )
NH
o ¢ o
H,N NH H
IBI-06 + SOCIy,1h / H NH
toluene, 130°C, ON, Ar \ - ﬁ\/,
N Cl
A J< N

o~ O
IMD-25¢ O)\OJ<

IMD-25b
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3.6.1
First attempt:

Synthesis of IMD-25a

(0] EtOAc: Hex
61 ]
NH, NH,
NH; ﬁj DMF O,N NH
ON . + N~ ToCoN ﬁj
2 R;=0.55 | “*
IMD - 22 >‘\vo N
tert-butyl 4-aminopiperidine-1- él\ J<
carboxylate (0] (0]
IMD - 25a IR
21 25a
Reagents m(mg)/V(ml) n (mmol) MW (g/mol) | Equivalents
IMD - 22 109 mg 0.6 184.00 1.0
BOC 242 mg 1.2 200.15 2.0
compound
DMF 2.5ml 73.09

IMD-22 (0.6 mmol) and tert-butyl 4-aminopiperidine-1-carboxylate (1.2 mmol)

were dissolved in anhydrous DMF. The reaction mixture was stirred overnight at 70° C.

The reaction mixture was then concentrated under reduced pressure. The residue
was dissolved in EtOAc, transferred to the separating funnel and washed with distilled
water, saturated NaHCO3 and brine. The organic phase was dried over Na>SOy, filtered
and concentrated under reduced pressure. Because of impurities in DMF mentioned

above, only less than 50% of the product has formed.

Column chromatography was done with mobile phase EtOAc:Hex 6:1 to purify

the organic phase. It was proceeded to the next step. However, the reduction failed, and

the reaction had to be repeated.
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Second attempt

NH,

®

>‘\O/I\LO

ACN

—_—
90°C, ON

EtOAc: Hex

R;=052 | @

IMD - 22 N
tert-butyl ;?tr:;igﬁgitzeridine—L O)\OJ<
IMD - 25a Lo
21  25a

Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
IMD - 22 116 mg 0.6 184.00 1.0
BOC 402 mg 1.2 200.15 3.0
compound
Acetonitrile 2.5ml 41.05

IMD-22 (0.6 mmol) and fert-butyl 4-aminopiperidine-1-carboxylate (1.2 mmol)

were suspended in anhydrous ACN. The reaction mixture was stirred overnight at 90° C

under a condenser.

The reaction was then concentrated under reduced pressure. The residue was

dissolved in EtOAc, transferred to the separating funnel, and washed with distilled water,

saturated NaHCO3 and brine. The organic phase was dried over NaxSOs, filtered, and

concentrated under reduced pressure. However, the purity was insufficient, so column

chromatography was chosen for further purification (EtOAc:Hex 6:1). HPLC-MS after

column chromatography showed 96.5% purity with residual impurity of IMD-22. This

was considered pure enough to proceed with the next step. The yield was 50 mg (23%).
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3.6.2 Synthesis of IMD-25b

Ween d

Oy

Fe, CH3COOH

ON, RT, Ar

B

;\k

IMD - 25a IMD - 25b
Reagents m(mg)/V(ml) | n (mmol) MW (g/mol) | Equivalents
IMD - 25a 49 mg 0.1 378.19 1.0
Fe 135 mg 2.4 55.85 24.0
CH3;COOH 4.0 ml 60.05

IMD-25a (0.1 mmol) was dissolved in neat CH3COOH, and Fe (2.4 mmol) was
added. The reaction was stirred overnight at room temperature under an argon

atmosphere. The crude reaction mixture had a white colour. After removing the argon and

opening the septum, the reaction mixture slowly turned brown.

The crude reaction mixture was neutralized with NH; solution in water
(25% m/m), transferred to a separating funnel, and extracted with ethyl acetate
(200+100ml). The organic phase was then washed with distilled water, saturated NaHCO3
and brine, dried over NaxSO4 and concentrated under reduced pressure. HPLC-MS
showed a compound of 97.3% purity. Unfortunately, yield was so low, that this reaction

needs to be repeated in the future.
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3.7 Compounds’ characterizations

'H NMR abbreviations:

ArH — hydrogen of the aromatic ring
BocH — hydrogen of tert-butyloxycarbonyl
CONH - amidic hydrogen

eCH3 — methyl ester hydrogen

pCH3 — pyrrole methyl hydrogen

PipH — piperidine hydrogen

PyrH — pyrrole hydrogen

sCH3 — sulfanyl methyl hydrogen

52



3.7.1 IMD-01

N\
— O C 0]
N02 O_

Name: methyl 4-((4-(methylsulfonyl)-2-nitrophenoxy)methyl)benzoate

Appearance: white solid

Molecular weight: 365.36 g/mol

Yield: 68%

Retention factor: 0.68 (EtOAc:Hex 3:1)

YWD: Signal A, 254 nm
IDM-1_UV .datx 2022.10.03 13:53:15;
'

45
40
35
301
25
201
15
10
5

Absorptian (mAU)

0:50 140 2:30 320 410

6:03; 2.3E2; 84 5%
]

550 640 7:30 820  9:10

Time(min:sec)
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3.7.2 IMD-02

Name: methyl 4-((2-amino-4-(methylsulfonyl)phenoxy)methyl)benzoate
Appearance: beige solid

Molecular weight: 335.37 g/mol

Yield: 96%

Retention factor: 0.73 (EtOAc:Hex 2:1)

HPLC-MS (ESI+, m/z): [M+H]" 377.1 (adduct with ACN)

VWD Signal A, 254 nm
IMD-2-Pr_1_UV.datx 2022.10.07 13:50:25; o1 1Ee 100 0%
% :
2,000 | |
1,800 | “
1,600 |
1,400 | H
1,200
1,000 ‘ ‘
800
£00 | | |
400 |
200 | |

Absarption (mAU)

0:50 1:40 2:30 320 4:10 5:00 5.50 £:40 7.30 8:20 910
Time(min:sec)

TIC % T P APAF 8 E L I T I Wik me x

IMD-2-Pr_1_Scant_is1.date 2022.10.07 13:40:19;

ESI + Settings for tune mix using source type ESI Positive.
A

4589 | |1
4E9 | “

a9 D%I; 377 A

3.589 |
3E9 |
2,569 { \
269 { |

Intensity (c/s)

15691

|
1E9 | 3B6; 1901

S00E6 11%; 3850 1.8%.1813. Dgi&.ﬁ%.l4230 07% 3252
SV . W :
0:50 1:40 2:30 3:20 4:10 5.00 5:50 €:40 7:30 8:20 9:10
Time(min:sec)

>
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3.7.3 IMD-03

) @) : (6]
NH o—
0]
NH
/
Cl Pz
Cl

Name: methyl 4-((2-(3,4-dichloro-5-methyl-1H-pyrrole-2-carboxamido)-
4-(methylsulfonyl)phenoxy)methyl)benzoate

Appearance: beige solid

Molecular weight: 511.37 g/mol

Yield: 56%

Retention factor: 0.25 (DCM:MeOH 49:1)

IH NMR (400 MHz, DMSO-ds) & 12.42 (s, 1H, CONH), 9.17 (s, 1H, PyrH),
8.95 (d, 1H, ArH), 8.07 — 8.00 (m, 2H, ArH), 7.75 — 7.66 (m, 3H, 1 ArH), 7.47 (d, 1H,
ArH), 5.43 (s, 2H, CH,), 3.89 (s, 3H, eCHs), 3.19 (s, 3H, sCHs), 2.22 (s, 3H, pCH).

VWD: Signal A, 254 nm

IMD-3-I-Fc_UV.datx 2022.11.03 10:58: 26; I
220‘- -}I
200 | I
180 | [
160 | |
140 | |
120 | |
100 | .
80 | |
€0 | I
40 | |
20 |

Absarption (mAU)

0 - - - - - - - - = - ——
0:50 140 2:30 3:20 4:10 5.00 550 £:40 730 8:20 2:10
Time(min:sec)
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3.7.4 IMD-04

N\
- O C @)
/
O
NH OH
O
NH
/
Cl ¥
Cl

Name: 4-((2-(3,4-dichloro-5-methyl-1H-pyrrole-2-carboxamido)-
4-(methylsulfonyl)phenoxy)methyl)benzoic acid

Appearance: beige solid

Molecular weight: 497.34 g/mol

Yield: 58%

Retention factor: IMD-04 was sitting at the start (DCM:MeOH 9:1)

HPLC-MS (ESI+, m/z): [M+H]" 496.4

IH NMR (400 MHz, DMSO-ds)  13.09 (s, 1H, COOH), 12.42 (s, H, CONH),

9.17 (s, 1H, PyrH), 8.95 (d, 1H, ArH), 8.04 — 7.97 (m, 2H, ArH), 7.73 — 7.65 (m, 3H,
1 ArH + 2 ArH),7.47 (d, 1H, ArH), 5.42 (s, 2H, CH), 3.18 (s, 3H, sCHs), 2.22 (s, 3H,
pCHa).

VWD: signal A, 254 nm
IMD-4-11_filtr_Uv.date 2022.11.23 11:07:40;

. 6:03; 8.5%22 97 6%
160 | ||
140

120 | |
100 | |
80 | |
60 |

Absarption (mAU)

401 |
201 |' |
334, 21E1;, 24% |

0:50 1:40 230 320 410 500 550 640 730 8:20 9:10
Time(min:sec)

0
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Chromatogram XIC 495.55 - 498.9 B T P AKAF % E 1T 1 T I & i e w1 ox
IMD-4-1_filtr_Scan1_is1.datx 2022.11.23 10:57:35;
ES| + Settings for tune mix using source type ES| Positive

43.2%; 496.4
25E6
_. 20E6
-
s
& 15E6
@
=
]
= 10E6 5.
. 6.1 .
1.2%; 496.5 2.5%; 4978
SE6 26%: 4 2.2%; 49d §% 4972
Ox._)muu sl L Ian._J A L ﬂ..\ju.wﬂ | WLIILAMAM
0:00 0:50 1:40 2:30 3:20 4:10 5:00 550 6:40 7:30 8:20 2:10 10,00

Time(min:sec)
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3.7.5

IMD-11

H,oN

NO,

Name: methyl 4-((5-amino-2-nitrophenoxy)methyl)benzoate

Appearance: orange solid

Molecular weight: 302.29 g/mol
Yield: 53%
Retention factor: 0.63 (EtOAc:Hex 2:1)

HPLC-MS (ESI+, m/z): [M+H]" 288.4 (loss of CH3)

TH NMR (400 MHz, DMSO-ds) 5 8.05 — 7.96 (m, 2H, ArH), 7.76 (dd, 1H, 1 ArH),
7.72-7.66 (m, 3H, 1 ArH + 2 ArH), 6.71 (d, 1H, ArH), 6.53 (s, 2H, NH>), 5.35 (s, 2H,
CHa), 3.86 (s, 3H, eCHs).

VYWD Signal

A, 254 nm

IMD-11-1-PL_UV.date 2022.11.21 15:22:47,;

250 |
200
s}
=
E
c 150
=]
=
&
g 1004
=
50
O._.

\3:19:1.3%3: 96.0%
i

| | 7092881 20%
| _A./;F

W

.50

1:40

2:30 320 4:10 500 5:50 £:40 7:30 8:20
Time(min:sec)
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Chromatogram <IC 288.15 - 289 35
IMD-11-II-PL_Scan1_is1.datx 2022.11.21 15:12:41,;
ESI + Settings for tune mix using source type ESI Positive

00e6 |
350E6 |
300EE |
506

200E6 |

Intensity (c/s)

150E6 |
100E6 |

S0EE |
0.1%, 289.4 0 2%;{288 3
1

W T P AFAF R

91.3%, 285.4

1.

h
|

,288.2

0.2%: 2886 | bl 0.4%; 2807
041%, 2888 : I/’J'*"'va

Bk W T L

01 %,IQSS.G 1%; 288.8
1

i
jnny

I X

0.1%; 289.0
1

0:00 0:50 1:40 2.3 3:20

3.7.6 IMD-12

NO,

410 5:00
Time(min:sec)

S @) O
H2N N O_

550

€:40

730

a
=

5:20

9:10

Name: methyl 4-(((2-amino-6-nitrobenzo[d]thiazol-5-yl)oxy)methyl)benzoate

Appearance: orange solid
Molecular weight: 359.36 g/mol
Yield: 36%

Retention factor: unknown
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3.7.7 IMD-21

Name: methyl 2-fluoro-4-nitrobenzoate
Appearance: white fluffy solid
Molecular weight: 199.14 g/mol

Yield: 90 %

Retention factor: 0.68 (EtOAc:Hex 2:1)

YWD Signal A, 254 nm

IMD-21_UWV datw 2022.11.29 15:04.55; )
- 5:43;3.9E3;100.0%
8004 |

||
700 |
€00 | H
500 | ‘ ‘

400

Absarption (mAL)

300 | ‘ |
200 |
100 | | -

0

0:50 1:40 2:30 320 4:10 5:00 5:50 £:40 730 8:20
Time(min:sec)
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3.7.8 IMD-22

NH»>

O,N F

Name: 2-fluoro-4-nitrobenzamide
Appearance: white fluffy solid
Molecular weight: 184.13 g/mol

Yield: 21 %

Retention factor: 0.51 (EtOAc:Hex 2:1)

WWD: Signal A, 254 nm
IMD-22_UV.datx 2022.11.30 14:11:10; )
- 2:09; 2.3E3;100.0%

4 |

350 ||

Absorption (mAU)
I
=]
o

0:50 140 230 320 410 500 550 640  7:30 820 910
Time(min:sec)
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3.7.9 IMD-24a
O

NH,

O,N NH

NfO
A

Name: tert-butyl 4-(((2-carbamoyl-5-nitrophenyl)amino)methyl)piperidine-
1-carboxylate

Appearance: yellow-orange-red solidified oil

Molecular weight: 378.43 g/mol

Yield: 32 %

Retention factor: 0.57 (EtOAc:Hex 6:1)

TH NMR (400 MHz, CDCl3) § 8.41 (t, 1H, NH), 8.16 (s, 1H, CONH), 7.81 (d, 1H,
ArH), 7.56 (s, 1H, CONH), 7.37 (d, 1H, ArH), 7.29 (dd, 1H, ArH), 3.96 (d, 2H, CH.),
3.11 (t, 2H, PipH), 2.81 — 2.61 (m, 1H, PipH), 1.70 (d, 2H, PipH), 1.39 (s, 9H, BocH),
1.10 (qd, 2H, PipH).

HPLC-MS (ESI+, m/z): [M+H]" 279.5 (loss of tert-butoxycarbonyl)

YWD Signal A, 254 nm

IMD-24-C2_UV.dat 2022.12.15 09:25:41; ) )
N I::4EI:1E?::1EIEI.EI%

200 | |Ii

180 |

160 ‘|

1401

1201 |

100 ¢ |

80 | |

60 | ‘

40 4 | |

Absorption (mAU)

20 | |
0

0:50 1:40 2:30 3:20 4:10 5:00 5:50 6:40 7:30 8:20 9:10
Time(min:sec)
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TIC B T P AMEF 2 E T 1 T T =k e m x
IMD-24-C2_Scan1_is1.datx 2022.12.15 09:15:36;
ESI + Settings for tune mix using source type ESI Positive.

58.6%,; 278.5
3E9
2.5E9
@ 2E9
ety
=
‘w  1.5E9
5 15.4% 195
£
1ES 18.2%i 506.0
.3%; 180,
S00EE 0.7%; 1406 0.6%:; 10p.2
Pt
0:50 1:40 2:30 3:20 4:10 5:00 5:50 £:40 7:30 8:20 5110 10:00

Time(min:sec)
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3.7.10 IMD-24b

Name: tert-butyl 4-(((5-amino-2-carbamoylphenyl)amino)methyl)piperidine-
1-carboxylate

Appearance: yellow-orange-red solidified oil

Molecular weight: 348.45 g/mol

Yield: 100 %

Retention factor: 0.40 (EtOAc:Hex 6:1)

HPLC-MS (ESI+,m/z): [M+H]" 248.7 (loss of tert-butoxycarbonyl)

YWD: Signal A, 254 nm
IMD-24B8_UV.datx 2022.12.20 09:58:06; _
= 5:15; 4 BE3, 88.1%
A 1
900 | |
800 | |
700 | |
€00 | |
500 | ‘
400 | ‘

Apsarption (mAU)

300 | |
200 | )
626 3E2;5.6%
100 & i
[T 6:34,7.4E1;
i L) )\_

Ea% 2.2E2,4.0%
p L A

£

0:50 1:40 2:30 3:20 4110 5:00 5:50 &40 7:30 8:20
Time(min:sec)
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Chromatogram XIC 248.05 - 249.1
IMD-24B_Scan_is1 datx 2022.12.20 09:48:00;
ES| + Settings for tune mix using source type ES| Positive.

3.5E9
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m
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3.7.11 IMD-25a

NH,
H

.

@)

N

N
A

@)

O,N

@)

K

Name: fert-butyl 4-((2-carbamoyl-5-nitrophenyl)amino)piperidine-1-carboxylate
Appearance: yellow-orange-red solidified oil

Molecular weight: 364.40 g/mol

Yield: 23 %

Retention factor: 0.60 (EtOAc:Hex 6:1)

HPLC-MS (ESI+, m/z): [M+H]" 264.8 (loss of tert-butoxycarbonyl)

VWO Signal A, 254 nm
IMD-25-1-AC_UV datx 2023.01.10 11:28:59;

4 6:26; 3.35}3; 96.5%
600 ||
5001 H
400 H

300

Absarption (maU)

2001 H

100 | |
210 1 2IE2: 35% | l

0:50 1:40 2:30

L
)
<

4:10 5:00 5:50 6:40 7:30 3:20 9:10
Time(min:sec)
Chromatogram <IC 264 .2 - 265.05 W TP APAF R E L T T I ol 1w x

IMD-25-IIF-AC_Scan1_is1.datc2023.01.10 11:18:53;
ESI + Settings for tune mix using source type ESI Positive.
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A 1
S00EE | p
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S0E6 - .s%;lza‘t.s
041%: 2649 0.1%; 2602%; 264 40.3%; 264.8 |V 03%2608%;2642 01%,2644  0.1% 268
& | | | L ol ! i
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IMD-25b

NH,
H

.

O

N

N
A

)

H,oN

(@)

K

Name: tert-butyl 4-((5-amino-2-carbamoylphenyl)amino)piperidine-1-carboxylate
Appearance: yellow-orange-red solidified oil

Molecular weight: 334.42 g/mol

Yield: n.a.

Retention factor: n.a.

HPLC-MS (ESI+, m/z): [M+H]" 334.9

WWD: Signal A, 254 nm
IMD-25b-1_UV .datd 2023.01.11 11:31:15;

4:47,1.5E2;97.3%
4 1

-~ 0 |
s |
2 |
E .
= 154 |
=
Z I
=] 10 |
=
< |
51 |
5-_I|DQ; 3.8ED; 2.4%
1
0:50 1:40 2:30 3:20 4:10 5:00 550 6:40 7:30 8:20 9:10
Time(min:sec¢)
Chromatogram <IC 334 .05 - 336.2 % T P AP A2 F R E 1T I T I =i m x
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4. Methods

4.1 General and instrumentation

All products were dried to constant weight using an oven set to 55° C.

Chemicals were acquired from Apollo Scientific (Stockport, UK), Asta-Tech (Bristol,
PA, USA), Combi-Blocks (San Diego, CA, USA), Fluorochem (Hadfield, UK) Sigma-
Aldrich (St.Louis, MO, USA) and were used without prior purification. Solvents were
acquired from Carlo Erba (Milan, Italy), Gran-Mol (Zagreb, Croatia) and Merck
(Darmstadt, Germany). Solvents for HPLC-MS analysis were of HPLC grade. The
solvents for synthesis were anhydrous (HPLC grade).

Reactions were monitored using HPLC-MS as a main tool, and TLC. When these two
methods identically claimed that the compound was pure, "H NMR was done for selected

substances.

Thin layer chromatography was carried out on silica gel 60 F2s4 aluminium plates
(0.25 mm) supplied by Merck (Darmstadt, Germany), using visualization with UV light
(254 and 366 nm) and ninhydrin.

Column chromatography was performed on silica 60 with particle size 240—400 mesh.

Analytical reversed-phase HPLC/UV/MS analyses were performed on a 1260 Infinity
I LC system (Agilent Technologies Inc., Santa Clara, CA, USA) using Waters XBridge
C18 column (3.5 mm, 4.6 mm % 150 mm) (Waters Crop., Milford, MA, USA), with flow
rate of 1.5 ml/min and sample injection volume of 5 pL. The mobile phase contained
acetonitrile as solvent A and 0.1% formic acid in 1% acetonitrile in ultrapure water as
solvent B. The gradient (defined for solvent A) was: 0-1.0 min, 25%; 1.0-6.0 min, 25%-
98%:; 6.0-6.5 min, 98%; 6.5-7.5 min, 98%-25%; 7.5-10.5 min, 25%. HPLC was connected
to ADVION expression CMSL mass spectrometer (Advion, Ithaca, USA), using a
Capillary Temperature of 250° C and Source Gas Temperature of 200° C. A Capillary
Voltage of 180V and an ESI Voltage of 2500V were used for the ESI source with negative
polarity. A Capillary Voltage of 150V and an ESI Voltage of 3500V were used for the
ESI source with positive polarity.

Preparation of the sample for HPLC-MS: Approximately 1 mg of a compound was
put into a 2 ml Eppendorf tube and 1 ml of MeOH or ACN (HPLC grade) was added. The

compound had to be dissolved. If it was undissolved, ultrasound and heat were used to
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dissolve the sample. If ultrasound and heat made no difference in solubility, 100 pl of
DMSO was added and the solution was well mixed. 100 pl of this solution was taken
away and diluted to the final volumel ml by the mobile phase composed of 60% ACN
and 40% water solution of 0.1% TFA.

"H NMR spectra were recorded on a Bruker VNMR S500 (Varian, Palo Alto, CA,
USA) at 400 MHz. The spectra were recorded in DMSO-ds at ambient temperature. The
chemical shifts were reported as 6 values in ppm and were indirectly referenced to

tetramethylsilane (TMS) via the solvent signal (2.49 for 1H in DMSO- dp).

4.2 Topoisomerase Ila inhibition assay

This protocol for testing inhibitory activity against topolla was taken over from Skok
et al.3! Inhibitory activity against topollo. was determined with commercially available
relaxation assay kits (Inspiralis Limited, Norwich, UK) on PierceTM streptavidin-coated
96-well microtiter plates (Thermo Scientific, Rockford, IL, USA). The plates were
rehydrated with wash buffer (20 mM Tris-HCL, 137 mM NaCl, 0.01% w/v BSA,
0.05% v/v Tween 20, pH 7.6) and then biotinylated triplex-forming oligonucleotide
dissolved in wash buffer added for 5 min to immobilize. The unbound oligonucleotide
was washed off with wash buffer. Next, enzymatic reaction was performed: the reaction
volume of 30 pL in buffer (50 mM Tris-HCL, 10 mM MgCly, 125 mM NaCl, 5 mM DTT,
0.1 pg/mL albumin, ] mM ATP, pH 7.5) contained 0.75 pg of supercoiled pNO1 plasmid,
1.5 U of human DNA topoisomerase II, inhibitor, 1% DMSO and 0.008% Tween 20.
Reaction mixtures were incubated at 37° C for 30 min. After that, the TF buffer (50 mM
NaOAc, 50 mM NaCl and 50 mM MgCl, pH 5.0) was added and the mixtures were left
for 30 min at RT, during which biotin-oligonucleotide—plasmid triplex was formed. The
unbound plasmid was washed off with TF buffer. Then the solution of Diamond Dye in
T10 buffer (10 mM Tris'HCL, 1 mm EDTA, pH 8.0) was added. After 15 min of
incubation in the dark, fluorescence was measured with a microplate reader (BioTek
Synergy H4, excitation: 485 nm, emission: 537 nm). Initial screening was done at 10 and
100 uM concentrations of inhibitors. As the positive control, etoposide (TCI, Tokyo,
Japan; ICso =71 uM) was used.
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5. Results & discussion

The synthesis of IMD-03 and IMD-04 was achieved through a multi-step synthesis.
Starting from etherification of 4-(methylsulfonyl)-2-nitrophenol with a yield of 68 %
(IMD-01) followed by reduction with iron in neat acetic acid with a yield of 96 %
(IMD-02). The most important and most problematic step was the synthesis of IMD-03
itself. In this coupling reaction, a pyrrole acid was coupled with a primary aromatic amino
group to form an amide bond. Based on knowledge and experience gained during
previous research, the coupling was prepared by activation of the pyrrole carboxylic acid
with thionyl chloride to the corresponding acyl chloride. The coupling reaction was
unsuccessful and reaction conditions were changed. Toluene heated to 130° C under a
condenser was used instead of DCM at room temperature. The yield of IMD-03 was 56 %
followed by hydrolysis obtaining IMD-04. Reaction conditions of the hydrolysis had to
be changed (increasing temperature to 70 °C) to earn a yield of 58 %. There were
struggles with poor solubility during the synthesis of the substances, especially IMD-03
and IMD-04. Introducing IBI-06 into the molecule dramatically increased lipophilicity
because of dichlorinated aromatic heterocyclic moiety and thus impaired solubility. For
HPLC-MS analysis of these compounds, a different sample preparation approach, where

the compound was dissolved in DMSO, has been used.

Synthesis of variation with benzothiazole instead of methylsulfonyl group was
attempted in the IMD 1 series. Unfortunately, these reactions failed during the reduction
step after the creation of a benzothiazole ring with thiocyanate and bromine (creation of
IMD-12). IMD-12 was insoluble (even in boiling DMSO). NMR was done, but it was
inconclusive because of very weak signals. It was decided to proceed to the next step
anyway. The reaction mixture from the reduction was impossible to separate, so this series

was abandoned.

For the last series of compounds, the starting material was prepared from a fluorinated
compound. Fluorine is usually classified as a poorly leaving group. However,
nucleophilic aromatic substitutions with fluorine as the leaving group were discovered to
be 3300 times faster than reactions with iodine in some cases.*’ The high electronegativity
of fluorine atoms causes pulling electron density out of the ring activating it to attack.

The position for substitution was determined by the position of the leaving group.*®

70



IMD-22 was synthesized in great amounts and then it was put into reaction with three
different compounds. In the first attempts during reactions with all three variations, the
same peak occurred in the HPLC-MS spectrum. The impurity had its origins in impure
DMF, for the second attempt ACN was chosen as the solvent. The slow course of the

IMD-23 reaction was probably caused by a steric block of the reagents.

IMD-03 was tested against hTopoll alpha on relaxation assay. Its preliminary ICsg is
25 uM. In comparison, previously synthesized compounds by Skok et al. with great
on-target activity had ICso between 0.6 — 10 uM. On the other hand, some compounds
synthesized in previous studies with great on-target activity were very weakly cytotoxic
or did not possess cytotoxicity at all. They also were non-selective to hTopoll
isoform a.*!* Therefore it is important to do further biological testing. One of the reasons
for poor on-target activity can be the poor solubility of synthesized compounds. This
property makes them hard to work with. Skok et al. were facing the problem of poor

solubility as well.

6. Conclusion

In total, twelve compounds were prepared during the project. Two of them being final
compounds (not previously published) and ten being reaction intermediates. Five more

compounds are yet to be finished.

Certainly, further progress is needed, such as finishing the IMD-2 series and
evaluating inhibitory activity to hTopolla. This work expanded the library of
ATP-competitive inhibitors; however, activity and physicochemical properties remain

unimproved.

There are numerous limitations in cancer therapy, lack of selectivity is a remarkable
one. There will be prepared more derivatives of the binding motive described in Figure 1
with better physicochemical properties as well as with improved selectivity to the

a isoform of human topoisomerase II.
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