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Chapter 1

1. Introduction
1.1.Background

Tuberculosis (TB), in the past also called phthisis, phthisis pulmonalis, or consumption, is a
widespread, and in many cases fatal, infectious disease caused by Mycobacterium tuberculosis.
It is an ancient scourge that has plagued humankind throughout known history and human
prehistory.? In the beginning of the 19" century people began to understand the pathogenesis of
TB with the work of Theophile Laennec. In 1865, Jean-Antoine Villemin demonstrated the
transmissibility of M. tuberculosis infection, while in 1882 Robert Koch identified the tubercle
bacillus as the etiologic agent for TB.2 M. tuberculosis is an aerobic, acid-fast, non-motile, non-
encapsulated, non-spore forming bacillus. It grows most successfully in tissues with high oxygen
content, such as the lungs.? The classic clinical features of pulmonary TB include chronic cough,

sputum production, appetite loss, weight loss, fever, night sweats and hemoptysis.>*

The discovery of the first anti-TB drugs (streptomycin, p-aminosalicylic acid, isoniazid) in the 1940s
and 50s followed by combination chemotherapy, made TB a curable disease. However, hopes of
completely eliminating TB from the population were dashed after the rise of drug-resistant strains
in the 1980s.> In that time, it was realized that TB had not only ceased to decline in the developed
countries, notably the USA, but was actually increasing, particularly in major cities.® It was also
soon realized that the disease was out of control and increasing at an alarming rate across most
of the poorest regions of the world especially Africa due to human immunodeficiency virus (HIV)
co-infection.” The subsequent resurgence of TB resulted in the declaration of a global health
emergency by the World Health Organization (WHO) in 1993.%2 Hopes of totally controlling the
disease have been dramatically dampened because of a number of factors, including the difficulty
of developing an effective vaccine, the expensive and time-consuming diagnostic process, the
necessity of many months of treatment, the increase in HIV-associated TB, and the emergence of

drug-resistant cases in the 1980s.3
1.2.Epidemiology

The WHO estimates that one-third of the world’s population is infected with M. tuberculosis,
however, most infections do not cause TB disease and 90-95% of infections remain

asymptomatic.®®
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Although TB mortality has fallen 47% since 1990, with nearly all of that improvement taking place
since 2000, and TB incidence has fallen to 18% lower than the level of 2000, TB still remains one
of the world’s biggest health threats. In 2015, an estimated 10.4 million people developed TB
(including 1.2 million among HIV-positive people) (Figure 1.1, A) and 1.4 million died from the

disease.®

The Global Project on Anti-Tuberculosis Drug Resistance Surveillance has been gathering data
since 1994. The percentage of new TB cases with multidrug-resistant (MDR) TB as well as any other
patient with TB resistant to rifampicin (RR), reffered as MDR/RR-TB, are shown in Figure 1.1, B. As
the data indicate, almost every region of the world has reported MDR/RR-TB cases. Globally in
2015, there were an estimated 580 000 incident cases of MDR/RR-TB and approximately 250 000
deaths from MDR/RR-TB. On average, an estimated 9.5% of patients with MDR-TB had extensively
drug-resistant TB (XDR-TB).°

Figure 1.1. (A) Estimated TB incidence rates in 2015; (B) Percentage of new TB cases with
MDR/RR-TB (the most recent year for which data have been reported).°

From 2016, the End TB Strategy will be implemented with the goal to end the global TB epidemic.
In May 2014, the World Health Assembly adopted this strategy to reduce the number of TB deaths
by 90% by 2030 (compared with 2015 levels), cut new cases by 80% and ensure that no family is

burdened with catastrophic costs due to TB.

1.3.Mechanism

1.3.1. Transmission

M. tuberculosis is transmitted when a patient with pulmonary TB expels droplet nuclei into the air
(usually by coughing), which are then inhaled by a susceptible person.!! The diameter of an
infectious droplet nucleus is approximately 1 to 3 um and its content is one to three bacilli. It was

demonstrated that particles so small remain airborne as droplet nuclei with a half-life of about 6 h.*2
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There are three distinct outcomes to this inhalation. The best outcome is that the bacteria do not
establish infection or the initial infection is completely eradicated by the host’s immune system.
Alternatively, the bacteria are not fully eradicated but controlled in a dormant state, called latent
TB infection (LTBI) which is by definition asymptomatic. The third possible outcome is progression
to active TB.! This progression occurs anytime from immediately to decades after infection.
Approximately 5-10% of people with LTBI eventually progress to active TB, but patients with an
impaired immune response (e.g. HIV/AIDS) have a much higher risk of progression to active TB. In
other words, there is only a 5-10% lifetime chance that the latent infection will progress to active

tuberculous disease.

1.3.2. Pathogenesis

M. tuberculosis usually enters the alveolar passages of exposed humans in an aerosol droplet
exhaled into the atmosphere by an individual with active disease. M. tuberculosis is taken up by
phagocytic cells and transported across the alveolar epithelium into the lung.’® The process of
phagocytosis is initiated by bacterial contact with macrophage multiple cell surface receptors such
as mannose receptor, complement receptors, and Fc receptors.!* On entry into a host
macrophage, M. tuberculosis initially resides in an endocytic vacuoule called the phagosome.?®
However, in contrast to the normal course of events during which the phagocytosed cargo is
shuttled to lysosomes where it is efficiently destroyed, following uptake, mycobacteria are able
to block their delivery to lysosomes.'® By escaping phagosome-lysosome fusion, the intracellular
bacilli are able to avoid killing and continue to multiply, eventually leading to lysis of the infected

cells.

Infected macrophages recruit additional macrophages and other immune cells from neighbouring
blood vessels to form dynamic, organized structures called granulomas, which are a pathological
hallmark of TB (Figure 1.2).* The granuloma consists of a kernel of infected macrophages
surrounded by foamy macrophages and other mononuclear phagocytes, with a mantle of
lymphocytes in association with a fibrous cuff of vessel collagen and other extracellular matrix
components that delineate the periphery of the structure.!’ If the infection is successfully

contained, the granuloma shrinks and may eventually calcify.!®

If however, the immune response does not successfully control the bacterial replication, the
granulomas increase in size and cellularity. In the later stages, granuloma develops central areas
of necrosis (called caseum, from the word ‘cheese’), resulting in the death of the majority of the
bacteria and destruction of the surrounding host tissue.'® The caseum initially forms in the centre

of the granuloma and spreads outwards, eventually compressing the surrounding lung tissue and

5
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destroying the vasculature (Figure 1.2).Y Although M. tuberculosis bacilli are postulated to be
unable to multiply within this caseous tissue due to its acidic pH, the low availability of oxygen,
and the presence of toxic fatty acids, some organisms may remain dormant but alive for decades.®
The strength of the host cellular immune response determines whether an infection is arrested

here or progresses to the next stages.

Cellular granuloma Necrotic granuloma Cavity
(well vascularized) (lack of vascularization in caseum) (in contact with airway)
Macrophage Airway J / (/\fjf\&ﬂ
Released //7/ ;
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Figure 1.2. Morphology of cellular granuloma, necrotic granuloma and cavity.'?

Tcellor Bcell

Blood vessel

Fibrous cuff

Containment usually fails when the immune status of the host changes, which is usually a
consequence of old age, malnutrition or co-infection with HIV - basically any condition that
reduces the number, or impairs the function, of CD4+ T cells. If the granuloma is close to the
surface of the lung, the tissue destruction caused by necrosis can breach the mucosal surface,
giving rise to the prototypic symptom of TB, a persistent cough with blood in the sputum, a process
referred to as cavitation (Figure 1.2). At this point the patient is highly infectious, spreading the

bacteria by aerosol.’®

Granuloma formation is commonly referred to as a host-protective strategy to limit mycobacterial
replication and prevent the spread of infection. However, within the granulomatous environment,
M. tuberculosis may be shielded from immune-based killing mechanisms, and anti-TB drugs may
have limited penetration into this compartment. Recent molecular studies indicate that M.
tuberculosis possesses mechanisms that deliberately promote cellular recruitment to the nascent
granuloma, suggesting that granuloma formation is part of a pathogen-directed virulence
programme.? This tissue response typifies the ‘containment’ phase of the infection in which there

are no overt signs of disease and the host does not transmit the infection to others.
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1.4.Development of drug-resistant TB

Although the etiologic agent for TB was found in 1882, more than 130 years ago, the disease still
remains a public health concern. One of the main reasons is mycobacterium’s ability to adapt
easily to different environments. As a consequence of genetic transformation, drug resistance is
frequently encountered after exposure to a certain medicine.?! In 1947, shortly after the
introduction of streptomycin as monotherapy for TB, high rates of treatment failure were
observed as a result of the development of streptomycin-resistant strains.?2 Therapy with a single
drug results into rapid selection of drug-resistant mutants, which will dominate and eventually
will lead to relapse. Simultaneous occurrence of multiple resistance mutations in cells is less
probable with an increased number of combined drugs. In other words, the risk of selecting
resistant mutants in a susceptible population of M. tuberculosis is reduced effectively by
combining two or more anti-TB drugs. The recognition of this phenomenon led to the principle of
multi-agent chemotherapy for TB in 1950,2% which efficiently controlled TB pandemic for the next
decades. However, in the early 90s, the emergence of MDR-TB in the United States reawakened
public concern.?* In subsequent years, drug-resistant TB has been recognized as a potentially

catastrophic challenge to global public health.®

Molecular genetic studies showed that resistance to anti-TB drugs in M. tuberculosis arises from
naturally occurring spontaneous chromosomal mutations at low frequency.?® The presence of an
anti-TB drug exhibits selective pressure that favors multiplication only of the resistant bacilli.
Mutations in genes encoding drug targets or drug activating enzymes have been found in drug-
resistant strains against all first-line drugs and some second-line drugs.?® MDR-TB strains could

arise by sequential acquisition of single drug resistances.?’

Drug resistance is divided into 2 types: primary drug resistance and acquired drug resistance.
Primary resistance arises in people who have never taken anti-TB drugs and apparently were
infected with a resistant strain of M. tuberculosis. Acquired resistance develops during therapy for
TB and some of the common causes are misuse of anti-TB drugs, prescription of inadequate
treatment regimen, irregular drug supply, poor drug quality with low bioavailability and poor

compliance.’

Global efforts to control the TB pandemic have been challenged by the emergence and spread of
strains that are resistant to the commonly used first-line anti-TB drugs isoniazid (H), rifampicin (R),

ethambutol (E) and pyrazinamide (Z).
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MDR-TB is defined as TB caused by M. tuberculosis bacilli that are resistant to at least isoniazid
and rifampicin. MDR-TB treatment is rather complicated as it requires second-line drugs. Some of
these can only be administered parenterally and most are less efficacious, more toxic and/or more
expensive than the first-line agents and treatment generally lasts from 9-12 months to 18 months
or more.?® Only around 50-60% of MDR-TB patients will be cured, in comparison with 95%—-97%
cure rate for patients with drug-susceptible (DS) strains treated with first-line drugs.?° Globally, in
2015 an estimated 3.9% of new cases and 21% of previously treated cases have MDR-TB.1° The
recent emergence of XDR-TB has further complicated the problem. XDR-TB is caused by M.
tuberculosis bacilli that are resistant to rifampicin, isoniazid, plus any fluoroquinolone and at least
one of the three injectable second-line drugs: amikacin, kanamycin and capreomycin. In 2015, the

average proportion of MDR-TB cases with XDR-TB was 9.5%.%°

The TB situation has also worsened since the appearance of HIV. Co-infection with HIV can weaken
the host immune system and induce both endogenous reactivation and exogenous re-infection
with TB. Drug-resistant TB and HIV co-infection is a lethal combination that presents a serious

challenge for effective TB control.®

Drug susceptibility testing (DST) is an in vitro assay that determines resistance to a given drug.
Universal DST is essential to ensure that patients are correctly diagnosed and have access to the
appropriate treatment. DST for TB is divided in two different types, phenotypic or genotypic
testing. As the standard method for diagnosing active TB, phenotypic testing involves sputum
microscopy and culture of M. tuberculosis in the presence of anti-TB drugs in order to detect
growth (indicating drug resistance) or inhibition (indicating drug susceptibility).* Because of the
slow growth of M. tuberculosis, conventional drug susceptibility testing takes 3-12 weeks to
complete.?” Genotypic based assays include two main types, the Line-probe Hybridization Assays
and Molecular Beacon Assays. The newly introduced Xpert MTB/RIF Assay is a diagnostic test that
utilizes molecular beacon technology and can be used with minimal technical expertise, enabling
rapid diagnosis of TB and simultaneous assessment of rifampicin resistance within 2 hours.1%3°

According to WHO recommendations, it should be used as an initial diagnostic test for people at

risk of drug-resistant TB and HIV-positive individuals.?*

Containment of MDR- and XDR-TB will be extremely difficult without treatment regimens that are
shorter, safer, more effective, and less expensive than those that are available.3? New drugs with

novel mechanisms of action are needed for the effective management of MDR- and XDR-TB.
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1.5.TB treatment and vaccines

There was no known anti-TB chemotherapy until the 1940s. In that decade, introduction of
streptomycin and p-aminosalicylic acid (PAS) as anti-TB drugs led to a TB chemotherapy
revolution, as TB mortality rates were considerably reduced.3® Subsequently, other anti-TB drugs
were also developed, such as isoniazid, ethambutol and rifampicin, among others. The
introduction of rifampicin into clinical practice in the 1960s was a major breakthrough that
allowed treatment duration to be shortened to 9 months, and when used in a regimen that also

contained pyrazinamide, to 6 months.°

The discovery of the antitubercular drugs is presented chronologically in Figure 1.3.

Discovery of drugs for tuberculosis

1952 1955 1960 1963

Isoniazid Cycloserine Ethionamide Capreomycinl

1954 1957 8e1 1996

1943 Pyrazinamide Kanamycin Ethatibiita] 1882 Moxifloxacin 2013
Streptomycin

Ofloxsicit 1992 Bedaquiline
Gatifloxacin 2014
Delamanid

1951

Thiacetazone
1948 ;?fsa -
PAS Ifampicin
N s |
1940 4 1950 * 1960 1970 1980 | 1990 2000 2010 i 2020
1960s
Aminosalicylic acid replaced with
ethambutol: strepromycin, isoniazid, and 1980s
ethambutol Streptomycin replaced with pyrazinamide:
18 months of treatment isoniazid, rifampicin, pyrazinamide,
ethambutol
1?52 . . . o 6-8 months, oral treatment
First regimen: streptomycin, aminosalicylic
acid, and isoniazid 2010s
24 months of treatment Shorter MDR-TB regimen of 9-12 months for
e 1979? . - S patients with rifampicin-resistant or MDR-TB
it ranonZ e Tl SR en Addition of rifampicin: streptomycin, who have not been previously treated with
. A isoniazid, rifampicin and ethambutol second-line drugs and in whom resistance to
monotherapy led to streptomycin resistance 9-12 months of treatment

fluoroquinolones and second-line injectable
agents has been excluded

Figure 1.3. History of drug discovery and development of treatment regimens for TB (adopted
from ref. 3?)

Since 1950 and the widespread use of chemotherapy, the annual risk of infection had been
declining at a rate of nearly 10% per year.3® During the same period, the anti-TB drug pipeline and
TB drug Research and Development (R&D) were almost non existent, since TB was perceived no
longer to be a disease of significance. However, this attitude contrasts sharply with figures from
the World Health Organization (WHO) after 1985. Increasing rates of drug resistance, co-infection
with HIV, poor infection control practices, and the problems caused by international migration are
among the issues of concern related to TB.>* It becomes apparent that TB represents a major

global health emergency and new anti-TB drugs are urgently required.
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Nowadays, anti-TB drugs can be broadly categorized into 2 groups based on clinical uses, namely

(i) first-line for drug-susceptible active TB and (ii) second-line drugs for drug-resistant TB.

1.5.1. First-line treatment for drug-susceptible (DS) active TB

Treatment of drug-susceptible (DS) active TB involves a short-course therapeutic regimen
comprising first-line drugs (isoniazid, rifampicin, pyrazinamide and ethambutol, Figure 1.4) for the
first 2 months followed by a continuation phase of isoniazid and rifampicin for the last 4 month:s.
Up to 95% of people with DS-TB can be cured in 6 months.*® Directly observed therapy (DOT) and

follow-up support are necessary in order to ensure patient compliance and TB treatment.

H
O N« o HO
e D1
X NH,
® (. v
Z N H
N OH
Isoniazid Pyrazinamide Ethambutol
Rifampicin
Figure 1.4. Chemical structures of first-line drugs against TB.
Isoniazid (H)

Since its introduction in 1952, it has been one of the most effective and key drugs for treatment
of TB. Isoniazid is only active against growing tubercle bacilli and is not active against non-
replicating bacilli or under anaerobic conditions.3® Isoniazid is a prodrug and must be activated by
a bacterial catalase-peroxidase enzyme in M. tuberculosis encoded KatG.>’ Its target is an enoyl-
[acyl-carrier-protein] reductase which participates in mycolic acid synthesis.® The most significant

adverse reactions associated with isoniazid administration are hepatotoxicity and neurotoxicity.®

Rifampicin (R)

Rifampicin is a semisynthetic derivative of the natural rifamycins (a large family of structurally
related compounds), first synthesized in 1959.%° In 1967, it was introduced in TB therapy which
allowed a reduction in the duration of treatment from 18 to 9 months.*® Rifampicin acts by binding
to the B-subunit of RNA polymerase (rpoB), the enzyme responsible for transcription and
expression of mycobacterial genes, resulting in inhibition of bacterial transcription activity.*! An
important characteristic of rifampicin is that it is active against actively growing and slowly

metabolizing (non-growing) bacilli.3® However, a major drawback of rifamycins is that they induce
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cytochromes P-450 in the liver, which leads to drug—drug interactions with antiretroviral agents

and other TB drug candidates.*

Pyrazinamide (2)

In 1972, it was found that pyrazinamide, an analogue of nicotinamide, has remarkable cidal
activity. When added to regimens containing rifampicin, it is responsible for much of the killing of
persisting tubercle bacilli allowing treatment to be shortened from 9 months to 6 months.® It is
also a cornerstone drug for the treatment of MDR-TB. Pyrazinamide inhibits protein and RNA

synthesis and serine uptake as well as disruption of membrane potential at acidic pH.*

Ethambutol (E)

Ethambutol, discovered in 1961, is a first-line drug for treating all forms of TB. The primary mode
of action of ethambutol appears to be inhibition of arabinogalactan synthesis by targeting
arabinosyl transferases.* Soon after its introduction for TB treatment, it was found that its main
adverse effect is ‘toxic amblyopia’.*® Because of the potentially serious nature of this complication

there has been considerable reluctance to use ethambutol in young children.

1.5.2. Second-line treatment for rifampicin-resistant (RR) or multidrug-

resistant (MDR)-TB

Second-line drugs are used for treatment of TB that is resistant to first-line drugs, and can be

further categorized as shown in Table 1.1.

Table 1.1. Medicines recommended for the treatment of rifampicin-resistant and multidrug-
resistant TB.?®

A. Fluoroquinolones® Levoflixacin Lfx
Moxifloxacin Mfx
Gatifloxacin Gfx

B. Second-line injectable agents Amikacin Am
Capreomycin Cm
Kanamycin KM
(Streptomycin) (S)

C. Other core second-line agents® Ethionamide / Prothionamide Eto / Pto
Cycloserine / Terizidone Cs/Trd
Linezolid Lzd
Clofazimine Cfz

11
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D. Add-on agents Pyrazinamide

D1 | Ethambutol E
High-dose isoniazid Hh

D2 Bedaquiline Bdq
Delamanid DIm
p-aminosalicylic acid PAS
Imipenem-cilastatin® Ipm

D3 | Meropenem® Mpm
Amoxicillin-clavulanate® Amx-Clv
(Thioacetazone)*© (T

3Medicines in Groups A and C are shown by decreasing order of usual preference for use

bCarbapenems and clavulanate are meant to be used together; clavulanate is only available in formulations combined with
amoxicillin

°HIV-status must be tested and confirmed to be negative before thioacetazone is started

1.5.2.1.  Fluoroquinolones (Group A)

Fluoroquinolones are a family of broad spectrum, systemic antibacterial agents that have been
used widely as therapy of respiratory and urinary tract infections. This group of drugs is considered
to be the most important component of the core MDR-TB regimen and the benefits from their use
outweighs potential risks: they should therefore always be included unless there is an absolute

contra-indication for their use.
O O O O o o
N N N N SN N
N\) O\)\ C@ 0 A HN\) (ONG
NH

Moxifloxacin Gatifloxacin

-

Ofloxacin (racemic mixture)
Levofloxacin (S-isomer)

Figure 1.5. Chemical structures of fluoroquinolones (Group A).

High dose of levofloxacin (Lfx), moxifloxacin (Mfx), and gatifloxacin (Gfx) (Figure 1.5) are the most
common used for MDR-TB treatment. This class of antibiotics inhibits DNA gyrases and thus
prevents bacterial DNA synthesis.*” Overall these drugs are well tolerated and have a generally
good safety record in long-term administration, although moxifloxacin has potential to prolong
the QT interval and this has raised concerns especially when used in combination with other
medications which have a similar effect (including bedaquiline and delamanid). There are fewer
concerns about the cardiotoxicity of levofloxacin and gatifloxacin, an important consideration

given that several other second-line drugs have QT-prolonging potential. 248

Concerns about dysglycaemia reported in 2006 in patients treated with gatifloxacin for conditions
other than TB led the producing company to suspend manufacture of the drug,* and a global

shortage in quality-assured formulations of this drug ensued. A trial of a four-month standardised
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regimen for drug-susceptible TB which included gatifloxacin (400 mg once daily) published in 2014
reported no significant risk of hyperglycaemia associated with exposure to gatifloxacin.>® Although
adverse events were poorly recorded, the data for this review showed that there was a lower risk
of serious adverse events (defined as grade 3-4 adverse events or drugs stopped due to adverse
event) in patients taking gatifloxacin (3.6%) than in those who did not, including those receiving
no fluoroquinolones (8%; not statistically significant). The frequency of SAEs associated with
gatifloxacin was thus comparable to the that associated with fluoroquinolones on the meta-

analysis level.?®

1.5.2.2.  Second-line injectable agents (Group B)

Since the discovery of streptomycin’s (S) bactericidal activity against M. tuberculosis,
aminoglycosides have been utilized to treat TB. Today, the aminoglycosides kanamycin (Km) and

amikacin (Am) are used to treat MDR-TB (Figure 1.6).!
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Figure 1.6. Chemical structures of injectable aminoglycosides and polypeptides (group B).

All aminoglycosides exhibit similar mechanism of action by binding to the 30S ribosomal subunit
and thereby inhibiting protein synthesis. Capreomycin (Cm), a cyclic peptide, does not belong to
aminoglycosides but shares a similar mechanism of action and this is the reason that it is
commonly grouped with them. In the long-term treatment of TB with aminoglycosides, hearing
loss and nephrotoxicity are among the most frequent and most severe adverse effects; however,

skin rash, hypersensitivity and peripheral nephropathy may also occur.>?
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Based on the available evidence, second-line injectable agents were associated with an increased
likelihood of treatment success when included in a conventional MDR-TB treatment regimen. It is
therefore recommended that adults with rifampicin-resistant or multidrug-resistant TB always
receive a second-line injectable agent as part of their regimen unless there is an important
contraindication. In children with mild forms of disease, however, the harms associated with this
group of medications may outweigh potential benefits and therefore injectable agents may be

excluded in this group.?

1.5.2.3.  Other core second-line agents (Group C)

This group encompasses agents from four drug classes extensively evaluated in clinical efficacy
studies: the thioamides (ethionamide (Eto) and prothionamide (Pto)), cycloserine (Cs) or
terizidone (Trd), linezolid (Lzd), and clofazimine (Cfz) (Figure 1.7). Usually they are used in this

order of preference, unless the balance of benefits-to-harms for the individual patient demands

otherwise.
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Figure 1.7. Chemical structures of the other core second-line agents (Group C).

Thioamides: ethionamide (Eto), prothionamide (Pto)

Thioamides are by far the best of the Group C drugs, as documented by numerous studies showing
their efficacy and ability to cure.*” Thioamides target enoyl-[acyl-carrier-protein] reductase and
thereby inhibit oxygen dependent mycolic acid synthesis.3° Ethionamide and prothionamide can

cause gastro-intestinal disturbance, in particular vomiting, which can limit their tolerability.
Cycloserine (Cs), Terizidone (Trz)

Cs is only bacteriostatic and competitively blocks the enzyme that incorporates alanine into an

alanyl-alanine dipeptide, an essential component of the mycobacterial cell wall.>® Cs has become
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a basic drug in MDR-TB and XDR-TB treatment regimens in spite of its lower activity and adverse
effects. Cycloserine has a well-established association with neuropsychiatric adverse effects. The
main reason for Cs’s extensive use worldwide is that there are currently no better drugs to include
in MDR-TB regimens. Terizidone is a combination of two molecules of cycloserine and might be

less toxic, although studies of this drug are scarce.®®
Oxazolidinones

Oxazolidinones are a newer class of antibiotics that act by inhibiting protein synthesis via binding
to the 23S rRNA in the 50S ribosomal subunit of bacteria, and they are active against a large
spectrum of Gram-positive bacteria.>® Linezolid has been found to be active against XDR-TB,
however, some significant adverse effects such as inhibition of mitochondrial protein synthesis,
thrombocytopenia and myelosuppression were observed.> Its modified versions, sutezolid (PNU-
100480) and AZD-5847 with better activity against M. tuberculosis, currently in phase | studies,

should address in their clinical development plan the known toxicity issues of linezolid.®
Clofazimine (Cfz)

Clofazimine is a drug that has been used in combination with rifampicin and dapsone as multidrug
therapy (MDT) for the treatment of leprosy. Repurposing it for TB treatment has shown that it
could play a significant role in the treatment of MDR-TB. Using a murine model of MDR-TB, the
clofazimine-containing regimen was significantly more active in achieving culture conversion and
preventing relapse in comparison with mice treated without clofazimine-containing regimen.>®
Taking into account that clofazimine is a safe drug for long-term use, a more close evaluation for

its use in the treatment of drug-resistant TB is in progress.

1.5.2.4. Add-on agents (Group D)

Drugs that belong to this group are not recommended by WHO for routine use in MDR-TB
treatment and they are not part of the core MDR-TB regimen.”” Although all of them have
demonstrated some activity at least in vitro or in animal models, the quality of the evidence of
their efficacy and safety in humans for the treatment of drug-resistant TB varies. As such, some of
the drugs in these groups are generally reserved for patients with MDR-TB for whom options
available in forming an adequate treatment regimen are limited. This group of medicines is split

into three subgroups.

Subgroup D1 consists of pyrazinamide, ethambutol and high-dose of isoniazid. These agents are
usually added to the core second-line medications, unless the risks from confirmed resistance, pill

burden, intolerance or drug-drug interaction outweigh potential benefits.
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Subgroup D2 is made up of bedaquiline and delamanid (Figure 1.8), two new drugs which have

been released in recent years.
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Figure 1.8. Chemical structures of bedaquiline and delamanid (subgroup D2).

F

Bedaquiline is a newly approved drug of a novel class of compounds that inhibit the ¢ subunit of
ATP synthase, in that way decreasing intracellular ATP levels.>® In 2012, FDA provisionally
approved it for treatment of MDR-TB as part of combination therapy when there is no
alternative.?! Its discovery was a result of phenotypic screening and for its target identification
whole-genome sequencing was used.?° It possesses some unique characteristics such as potency
against both replicating and dormant M. tuberculosis bacilli and both drug-susceptible and drug-
resistant strains.’>®° However, side effects like nausea, diarrhea, hemoptysis and hyperuricemia
were reported.®! Moreover, it has been shown to accumulate in tissues and therefore carry-over
effects should be taken into account.®? Its potential to induce arrhythmia still remains unclear and

further investigation is necessary.

Delamanid belongs to the nitroimidazoles, together with the older metronidazole and the newer
pretomanid (PA-824). Delamanid has showed activity against slow, rapidly replicating, drug-
susceptible as well as resistant strains of M. tuberculosis.* Delamanid is a prodrug activated
intracellularly by an Fao-deazaflavin-dependent nitroreductase (Ddn).% It inhibits mycolic acid
biosythesis, thus preventing formation of the mycobacterial cell envelope.®®® Evaluation of
delamanid in clinical trials against XDR-TB showed that patients had a higher rate of 2-month
sputum-culture conversion and lower mortality.® In 2014, delamanid received provisional
approval for the treatment of MDR-TB in the European Union (EU), for use in combination with
optimised background therapy.®” However, QT prolongation was reported at a significantly higher

frequency in patients receiving delamanid, thus suggesting that there is a risk of cardiotoxicity.

Group D3 consists of p-aminosalicylic acid (PAS), imipenem-cilastatin or meropenem plus
clavulanate and thioacetazone (Figure 1.9). These drugs are only to be used when a MDR-TB
regimen with at least 5 effective drugs (i.e. primarily 4 core second-line medicines plus

pyrazinamide) cannot be otherwise composed.
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Figure 1.9. Chemical structures of add-on agents (subgroup D3).

p-Aminosalicylic acid (PAS)

PAS is incorporated into the folate pathway by dihydropteroate synthase (DHPS) and
dihydrofolate synthase (DHFS) to generate a hydroxyl dihydrofolate antimetabolite, which in turn
inhibits dihydrofolate reductase (DHFR) enzymatic activity.®® Although PAS is quite weak, has only
bacteriostatic activity and is very poorly tolerated (particularly gastric adverse effects), it is still in

use as one of the last options during drug selection for drug-resistant TB treatment plans.*’

Carbapenems, imipenem-cilastin or meropenem plus clavulanate combination

B-Lactams were previously thought to be ineffective against M. tuberculosis, primarily due to the
endogenous mycobacterial BlaC enzyme which effectively hydrolyzes them.7° However, recently,
it was shown that BlaC inhibition by clavulanate could lead to M. tuberculosis becoming
susceptible to imipenem-cilastin or meropenem. Their combination was proven to be efficient
against drug-susceptible, MDR and XDR clinical strains.” Amoxicillin-clavulanate has shown poor

results in in vitro studies and in early bactericidal activity (EBA) studies.
Thioacetazone (T)

Thioacetazone has been used extensively in the past as part of first-line combination therapy for
TB. However, use of the drug in TB treatment has been restricted since the early 1990s due to the
severe skin reactions it causes, including Stevens-Johnson syndrome and toxic epidermal
necrolysis (which can lead to death, especially in people living with HIV). If thioacetazone is being
considered as part of a MDR-TB treatment regimen, close monitoring for severe skin reactions is
required and it is imperative that the patient be tested for HIV, and that the drug should not be

used if the patient is HIV seropositive.
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Conventional regimen in patients with MDR/RR-TB includes a regimen with at least five effective
anti-TB medicines during the intensive phase, including pyrazinamide and four core second-line
anti-TB medicines. This regimen can be further strengthened with high-dose isoniazid and/or
ethambutol. Conventional MDR-TB regimens last 18 months or more and may be standardised or

individualised.

According to recent WHO treatment guidelines in 2016 for drug-resistant TB,?® for patients with
rifampicin-resistant or multidrug-resistant TB who have not been previously treated with second-
line drugs and in whom resistance to fluoroquinolones and second-line injectable agents has been
excluded or is considered highly unlikely, a shorter MDR-TB regimen of 9-12 months may be used
instead of a conventional regimen. Firstly, an intensive phase of 4 months (extended to 6 months
in case of lack of sputum smear conversion) is given including the following drugs: gatifloxacin (or
moxifloxacin), kanamycin, prothionamide, clofazimine, high-dose isoniazid, pyrazinamide, and
ethambutol. This is followed by a continuation phase of 5 months with the following medicines:
gatifloxacin (or moxifloxacin), clofazimine, ethambutol, and pyrazinamide (prothionamide was

kept in the continuation phase in earlier studies).

The analyses performed for the evidence assessment showed that patients who met specific
inclusion criteria for receiving the shorter MDR-TB treatment regimens had a significantly higher
likelihood of treatment success than those who received longer conventional regimens (89.9% vs.
78.3% respectively when success was compared with treatment failure/relapse/death and 83.4%

vs. 61.7% when compared with treatment failure/relapse/death/loss to follow-up).?®

1.5.3. Vaccines

M. bovis Bacille-Calmette-Guérin (BCG), the only licensed TB vaccine, was first given to infants in
1921 and still continues to be administered in newborns in most regions where TB is endemic.>*
Vaccination with BCG was significantly associated with a reduction in the incidence of pulmonary
TB and extrapulmonary disease via reducing the risk of TB by an average of 50%.”> BCG gives
significant protection, but only for a limited period of time (at best 10 to 20 years), and in addition,
it is not effective in populations already sensitized to mycobacterial antigens (whether by prior
BCG vaccination, exposure to environmental mycobacteria, or latent TB infection). Therefore, BCG
seems to be effective at reducing the rate of pediatric TB if given to infants (who have no prior
immunity to interfere with the vaccination). Neonatal vaccination with BCG seems to consistently
provide significant protection against the most severe childhood manifestations of the disease,
such as TB meningitis. However, neonatal vaccination has had little effect on the rate of TB in

adults.® Since BCG has not managed to control TB efficiently, the necessity to develop hew more
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effective vaccines against M. tuberculosis has become apparent. In August 2015, the global
pipeline of TB vaccine candidates in clinical trials contained 15 vaccines, including recombinant
BCGs, attenuated M. tuberculosis strains, recombinant viral-vectored platforms, protein/adjuvant

combinations and mycobacterial extracts.3!

1.6.Drug discovery and hit identification

Despite the number of drugs mentioned above, there is an urgent need for the discovery and
development of new antitubercular agents. It is especially desirable to identify new types of anti-
TB drugs acting on novel drug targets and biochemical pathways with no cross-resistance to

existing drugs.

To address this need over the past decade, high-throughput screening (HTS) of corporate
compound decks has become the major paradigm for hit or lead discovery in big Pharma.”
Therefore, HTS of drug-like libraries are used as a tool to discover a variety of new active scaffolds
that will stimulate new biological research and drug discovery. The philosophy behind these
efforts rests on the statistically driven belief that with large enough libraries of chemically diverse
molecules, one will find compounds that can serve as good starting points for drug optimization
efforts. The goal of HTS campaigns is not to identify drugs but rather to identify starting points

(hits) for medicinal chemistry efforts towards lead optimization.”

Assays developed for HTS can be divided broadly into two categories: biochemical assays (target-
based) and cell-based assays and each of them is accompanied by advantages and
disadvantages.” If the goal of a HTS is to identify a molecular structure that selectively binds to
and modulates the activity of a biological target (e.g., a protein) of interest, then it is called target-
based. On the other hand, if the goal of a HTS is to identify a molecule that selectively induces a
desired phenotype in a cell population or organism of interest, it is called cell-based or phenotypic.
Cell-based HTS have the potential to immediately identify compounds with sufficient
permeability. However, one of the drawbacks of the whole-cell screening approach is that upfront
knowledge regarding the mechanism of action remains largely lacking, thereby preventing any
input from structural biology into medicinal chemistry efforts around drug design.?® Subsequent
identification of the corresponding cellular targets using genetic, genomic, and/or proteomic tools
is important in order to facilitate advancement of the cell-based hit. Target-based screening is an
alternative method that has the advantage of the possibility to rationalize structure—activity
relationships (SAR). However, the main drawback of this method is the frequently encountered

lack of activity against the whole cell (MIC) as penetration issues can limit their entrance.
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1.7.General thesis objectives

The present thesis about antimycobacterial drug discovery was performed as part of the
OpenMedChem project at the University of Antwerp (Antwerp, Belgium) and GlaxoSmithKline
(GSK) (Tres Cantos, Spain) funded by Marie Sktodowska-Curie Initial Training Networks. The
OpenMedChem project comprised collaboration between a major industrial R&D unit and

academia with the common goal to find new chemical entities to battle M. tuberculosis.

As fellow of the OpenMedChem group, | was part of a multidisciplinary drug discovery team, in
which we were responsible for the design and synthesis of novel antimycobacterials. The
biological evaluation data sets for these compounds were generated by the industrial team
members. Working in iterative optimization cycles allowed us to maximally valorize the biological
data for the design of compounds with an improved antimycobacterial and/or biopharmaceutical

profile.

GlaxoSmithKline regularly performs HTS campaigns to identify new hits for antimycobacterial drug
discovery. These efforts have produced a number of compound families that require in depth

investigation to assess their potential for lead generation.

Within this thesis, two chemical families were chosen for further investigation. Their general
chemical structures are shown in Figure 1.10. The whole-cell HTS approach was used for the
identification of the quinoloxyacetamide hits of the first sub-project described in chapters 2 and
3, while the target-based approach was used for the identification of the hydantoin-based
decaprenylphosphoryl-8-D-ribose oxidase (DprE1) inhibitors described in chapters 4 and 5.

Quinoloxyacetamides family

R Hydantoins family

O

J o

P
Zg\ /i

Figure 1.10. General chemical structures of the families under investigation.

For the first family of quinoloxyacetamides, it was found that the primary hits possessed high
cellular potency against M.tuberculosis H37Rv strain and that they were selective for
mycobacteria. However, clear warnings were available for key physicochemical properties such as

solubility and permeability, CYP inhibition and metabolic stability. Therefore, this family required
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further optimization before being ready for an in vivo proof-of-concept assay. Furthermore, since

this family was identified by a whole-cell HTS, its target was unknown.

The second family selected for further studies was hydantoins. It was identified by a target-based
HTS campaing offering the advantage of target engagement. The cellular activity of the primary
hit was within satisfactory ranges, although further optimization was necessary. Moreover, it
possesed the advantages of being metabolically stable and had a promising physicochemical
profile. Main areas of concern were structural features such as the hydantoin ring, the carbonitrile

group and the benzylic keto function.

Using the initial screening data as a starting point, the general thesis objectives can be summarized

as follows:

e Lead generation for both families and deliverance of in vivo proof-of-concept.

e SARinvestigation around the initial hits.

e MIC optimization and further improvement of physicochemical properties and
toxicological profile (cytotoxicity, hepG2 and cardiotoxicity, hERG).

e Validation of the gross mode of action (where possible).

Table 1.2 summarizes the parameters and desired values that are taken into account in order to

classify a compound as a Lead (usually after optimization of a hit obtained by HTS).

Table 1.2. Parameters for characterization of a compound as Lead.

Parameter Desirable Acceptable Undesirable
MW <350 350 < MW <450 2450
MIC (uM) <1 1<MIC<10 >10
HepG2 plCso < 4 plCso > 4
hERG PICso <5 5<plCso<6 plCso2 6
CLND Solubility (uM) > 200 30 < CLND <200 <30
Permeability (cm/sec) >100 10 < AMP <100 <10
ChromLogD <4 4 < chromlogD <5 >5

in vitro Cli: (mL/min/g) <1 1<Clint<6 26
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2. Quinoloxyacetamide inhibitors: aims and objectives

Currently, the development of an effective anti-TB drug is an objective with significant
challenges.>® Any emerging entity is required to satisfy a range of factors relating to: safety,

efficacy, a new mode of action and activity against resistant strains.

GSK performed a whole-cell high throughput screening (HTS) campaign against M. bovis BCG with
hit confirmation in M. tuberculosis H37Rv and the results became publically available in 2013.7
M. bovis BCG was used as an M. tuberculosis surrogate to overcome that challenges related with
the use of a virulent strain during the initial screening of more than 2 million chemical entities
present in GSK’s corporate compound collection. The initial HTS BCG primary hit list was narrowed
after the application of a number of similarity and physicochemical property filters, such as
calculated logP<6 and MW <600 Da. Structures containing reactive functional groups together
with compounds that exhibited cytotoxic effects (HepG2) were also eliminated. The remaining
777 compounds were further progressed to MIC determination against M. tuberculosis H37Rv.
Applying a threshold of MIC < 10 uM and therapeutic index of (HepG2 1Cso/MIC) > 50 resulted in
177 compounds among which 7 clustered chemical families were identified. An overall

description of that process can be found in Figure 2.1.

During the initial phase of the OpenMedChem project, a further examination of the 777
compound subset was performed. Combined Molecular Operating Environment (MOE) and visual
clustering of the final selection provided a number of highly potent structural clusters in
agreement with GSK clustering. Furthermore, literature search was performed to check for prior

reports on the selected classes and their potential targets (if known).
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Screening 2M compounds (GSK collection)
BCG <:> H37Rv BCGHTS  [62000 primary hits
20k compounds Tanimoto (0.7) + soft filtering ﬂ > 45% Inhibition @ 10pM
BCG surrogate of H37Rv Selection of Primary hits (No AB) | 15000 hits

Clustering + hard filtering ﬂ > All 90% Inhibitors @ 10uMincluded

MICHTS hits  [——| HepG2 Cytotox | 3500 hits

MICs < 10uM ﬂ T.1.:HepG2 TC50/MICBCG > 50-fold

M. tuberculosis H37Rv

MICs Mth < 10puM,
T.1.> 50-fold

Chemical clustering 177 hits

7 chemical active b
families identified (q

SoC Start of Chemistry

Figure 2.1. HTS progression cascade leading to 177 confirmed M. tuberculosis H37Rv positive
compounds.’®

The quinoloxyacetamides (QOA) constituted one of the identified families and the two most active
hit compounds (2.1 and 2.2, shown in Table 2.1) were selected for further SAR studies and
optimization of their properties. Quinolines have notable value for drug discovery since they often
display drug-like properties. They can be found in many drugs such as antibiotics, antimalarials,
antifungal etc.”-8' Moreover, quinoline represents a common substructure of several known anti-
tubercular drugs, e.g., bedaquiline and fluoroquinolones such as moxifloxacin and

gatifloxacin.8#-8¢

As shown in Table 2.1, the hit compounds 2.1 and 2.2 were found to possess significant anti-
mycobacterial activity with minimum inhibitory concentration (MIC) values 1.9 uM and 1.4 uM
respectively against M. tuberculosis (H37Rv). Moreover, two key physicochemical parameters
(solubility and permeability) were investigated, revealing workable, but suboptimal properties of
2.1 and 2.2. ChromlogD values were measured at pH 7.4 indicating that the hit compounds are
rather lipophilic molecules. The cytotoxicity (HepG2) of the initial hits was also evaluated and hit
2.1 displayed a level of cytotoxicity (ICso = 20 uM) while hit 2.2 did not exhibit cytotoxic effects.
Cardiotoxicity (hnERG) was also measured where hit 2.1 did not display any hERG interactions while
hit 2.2 displayed some interaction (ICso = 10 uM). Also, murine and human microsomal stabilities
were determined, and the results indicated that further optimization was required before

progressing to an in vivo proof-of-concept.”®
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Table 2.1. Biological profile for the hit compounds 2.1 and 2.2.1%

.,
(o] NH 0. NH
Structure
J J
N7 N7
Compound 2.1 2.2
Molecular weight 350 352
Activity MIC (M )b} 1.9 1.4
Physicochemical Permeability (nm/sec) [ 180 120
properties Solubility CLND (M)t 26 38
ChromlogD (pH 7.4) 5.64 4.74
Toxicity Cytotoxicity HepG2 ICso (uM) [ 20 >100
Cardiotoxicity hERG ICso (UM) >50 10
Metabolic Clint (mL mintg?tissue) mouse 18.9 >30
stability! Clint (ML min?tg?tissue) human 1.3 5.4
t1/2 (min) mouse <5 <3
t12 (min) human >30 16
9upon re-testing the obtained data were found to differ in some cases from the data published in
reference ’%; "MIC against M. tuberculosis (H37Rv); “artificial membrane permeability; %n vitro profiling
for kinetic aqueous solubility (CLND, chemiluminescent nitrogen detection); ®HepG2, human caucasian
hepatocyte carcinoma; fin vitro microsomal fraction stability (mouse and human) results: intrinsic
clearance (Clint) and half-life time (t1/2) are reported; imidazolam was used as control with Clint=27.5 0.4
and 6.4 mL minlg? in mouse and human, respectively; and ti2< 5 and 9 min in mouse and human,
respectively.

Summarizing, compounds 2.1 and 2.2 had a satisfactory hit-profile. However, further optimization
was necessary to produce a high-quality lead. The primary objective of this work was to perform
a SAR exploration around the initial hits with the aim to discover even more potent inhibitors than
the hit compounds against M. tuberculosis. The second complementary objective was the
improvement of the physicochemical properties and toxicity of the series. The third goal was to

improve the metabolic stability of the series.

The main goals for this part of the thesis are discussed below:

2.1.Structure-Activity Relationship (SAR)

Based on the promising initial data, a set of novel analogues was designed and synthesized, relying
on iterative logic-based SAR exploration of the chemical space around the hits. The aim of this SAR
exploration was to identify more potent compounds and to determine the structural components

that are necessary for the activity. Of course, development of efficient synthetic methods for
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preparation of the proposed compounds was a supplementary goal during the whole PhD

program.

2.2.0ptimization of physicochemical properties

Along with identifying the structural parameters that govern the anti-mycobacterial properties of
these molecules, a primary goal of this project was to optimize the physicochemical properties of
the series. The hit compounds 2.1 and 2.2 possessed good permeability (>100 nm/sec), but they
exhibited low solubility. During the optimization process, we aimed to increase the solubility
values more than 100 uM. Moreover, chromlogD was used as indicator of the overall lipophilicity

of the molecules with the goal to reach values less than 4.

2.3.Elimination of toxicity

The cytotoxicity data from the HepG2 assay for the hit compounds 2.1 and 2.2 displayed some
cytotoxic effects only for compound 2.1. Conversely, measurement of the hERG interactions, as a
preliminary cardiotoxicity estimation, reveal some interactions only with hit 2.2. Both parameters

are decisive for the progression of a compound, therefore special attention was paid to them.

2.4.Improvement of metabolic stability

Last but not least, another goal of this project was to identify metabolically labile groups of the
reference compound 2.1. Once identified, attempts to replace this group with other appropriate

groups would follow with aim to retain the antimycobacterial activity.

Practically, the process of compound optimization was organized around iterative cycles of design,
synthesis and evaluation. At each stage, experimentally obtained anti-mycobacterial,
physicochemical, and in vitro toxicity data were used to refine the decision model used for

synthetic planning.
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Quinoloxyacetamides as antimycobacterial agents

The content in this chapter is based on:

1. Pitta, E.; Rogacki, M. K.; Balabon, O.; Huss, S.; Cunningham, F.; Lopez-Roman, E. M.; Joossens,
J.; Augustyns, K.; Ballell, L.; Bates, R. H.; Van der Veken, P. Searching for New Leads for
Tuberculosis: Design, Synthesis and Biological Evaluation of Novel 2-Quinolin-4-
yloxyacetamides. J. Med. Chem. 2016, 59 (14), 6709—-6728.

2. Pitta, E.; Balabon, O.; Rogacki, M. K.; Gomez, J.; Cunningham, F.; Augustyns, K.; Joossens, J.;
Van der Veken, P.; Bates, R. H. Differential characterization using readily accessible NMR
experiments of novel N- and O-alkylated quinolin-4-ol, 1,5-naphthyridin-4-ol and quinazolin-

4-ol derivatives with antimycobacterial activity. Eur. J. Med. Chem. 2017; 125, 890-901.
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3. Quinoloxyacetamides as antimycobacterial agents

3.1.Introduction

Quinoline represents a common substructure of several known anti-tubercular drugs with the
most recent successful example, bedaquiline.??® Fluoroquinolones also are known for their
antimicrobial activity with characteristic example moxifloxacin and gatifloxacin which are used as
second-line drugs against TB.%® Therefore, quinoline-based scaffolds have attracted the attention
of medicinal chemists for further exploration as potential starting points to develop more
antimycobacterial drugs. This exploration of chemical space around quinoline scaffolds has led to
the identification of several new series of compounds with notable antimycobacterial activity

against M. tuberculosis.®

Quinolinone or quinolinol is the hydroxy/keto substituted derivative of quinoline and it can exhibit
an ambident character due to its resonance isomers. Despite continuing advances in synthetic
organic chemistry, regioselective alkylation of heterocyclic N/O ambident nucleophiles remains a
challenging transformation. Many scientists have tried to identify reaction parameters and
conditions (e.g., countercation, solvent, temperature, electrophile) that influence the outcome in
a predictive manner.88°! However, in general the outcome can still vary among different
heterocycles and even between identical scaffolds depending on their substitution pattern.?
Likewise, several theoretical approaches to offer insight in this matter have been proposed.
Systematic investigations by Kornblum and Tieckelmann were integrated in Pearson’s concept of
“Hard and Soft Acids and Bases” (HSAB) which became the most popular approach to rationalize
ambident reactivity.®*% The HSAB rationale was complemented with the Klopman-Salem theory
of charge and orbital control of organic reactions.®°¢ Although these concepts have been widely
accepted, they have also been criticized by Gompper and Wagner and by Mayer and co-
workers.?”"*® More recently, Marcus analysis has been proposed by Breugst and co-workers as a

more successful alternative to rationalize the behavior of ambident nucleophiles.®

As shown in Figure 3.1, 4-quinolinones/4-quinolinols have two potential alkylation sites, the
nitrogen atom and the hydroxy group. Under alkylation conditions, they are expected to be mainly
present in a deprotonated form, stabilized by resonance. Similarly, the related aza-heterocyclic
scaffolds 4-quinazolinones/4-quinazolinols have three potential alkylation sites, i.e., the two
nitrogen atoms and the hydroxy group which can lead to three possible regioisomers (N(1)-, N(3)-

and O-).
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Quinolin-4-ol Quinazolin-4-ol

Figure 3.1. 4-Quinolinone and 4-quinazolinone anions, their resonance isomers and possible
alkylation positions.

3.2.Library design

Based on the promising results obtained for the initial quinoline-based hits found at GSK by a
whole-cell HTS campaign, we decided to explore the SAR of this novel class of antimycobacterials
in greater detail. For practical reasons, the primary hit 2.1 was selected as a reference and divided
into three substructures to help organize the SAR exploration: the quinoline, the linker and the

northern aryl part (Figure 3.2).

HN (@)
— T
| (@)

o) N

bz

(.

Figure 3.2. Primary hit 2.1 and structure division.

This was done by preparing three compound sub-series in which each of the substructures was

modified separately, while keeping the rest of the molecule identical to the reference compound.

A. Modifications on the quinoline core. As shown in Scheme 3.1, they consisted of two types:
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A1l. Modification of the substitution pattern. Several groups replaced the initial 6-methoxy

group or the methyl group at position 2.

A2. Replacement with related bicyclics such as naphthyridine and quinazoline. The rationale
for the scaffold replacement approach was to decrease the lipophilicity of the molecules
(chromlogD was used as an indicator of lipophilicity) and improve solubility by introducing

additional nitrogen atoms. 100101

B. Modification of the linker. They included introduction of substituents on methylene group,
conformational constraint, i.e., by introducing 5- or 6-membered cycles and other type of

modifications.

C. Modification of the northern aryl fragment. They included variation of substituents on aryl

residue, (un)substituted heterocycles and hybrid molecules with known anti-TB drugs.

R R
anti-TB
drugs

R = substituents,

A1. Modification of HN. O C. Modification
R quinoline T of the northern
7 substitution pattern aryl fragment

N R, I Q
*
1 R2= : X
R’, R = Substituents
/
N

| —

Het. = 6- or 5- member
heterocycles,

anti-TB drugs = hybrid
compounds with known

2.1 anti-TB drugs
A2. Replacement of
quinoline with related aza- B. Modification
aromatic systems of the linker
1 1 v H O . o g ?3
R | AN SN HN._O \)B HN._O HN_  HN. O
P A, I o HN._O T j
N R2 N R o A f HN o o
A - A A l

[ 1,5-Naphthyridine ] [Quinazoline]

R = Substituents A, B = ring closure

Scheme 3.1. Design of new compounds.
3.3.Chemistry

More than seventy novel compounds were synthesized for this study. The target compounds were
clustered according to the modification type they contained, relative to reference compound 2.1.

Lastly, three compounds which contain amide bond replacements are presented.
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3.3.1. Modification of the quinolone core
3.3.1.1.  Modification of the quinoline substitution pattern

An important goal of these compounds was to investigate the contribution to antimycobacterial
activity of the 6-methoxy and 2-methyl quinoline substituents in 2.1. The selection of substituents
was carried out in a highly exploratory manner and comprised groups with widely differing impact

on the sterics and electronics of the quinoline system.

The general synthetic strategy to obtain the target compounds 2.1 and 3.25-3.41 consisted of
coupling the modified quinoline core 3.4-3.21 to 2-bromo-N-(3,5-dimethylphenyl)acetamide 3.24
in the presence of potassium carbonate (K.COs) (Scheme 3.2). Construction of the 2-methyl and
2-trifluoromethyl quinolin-4-ols (3.4-3.6, 3.9, 3.11-3.16, 3.18, 3.19) was achieved by condensation
of a number of commercially available anilines 3.1 with ethyl acetoacetate 3.2 or ethyl 4,4,4-
trifluoroacetoacetate 3.3 following a Conrad-Limpach protocol.1%2103104 The N-aryl haloacetamide
building block 3.24 was obtained in excellent yield by acylation of aniline 3.22 with bromoacetyl

bromide 3.23 in the presence of triethylamine (TEA).1%

o O

Ry R MO/\ 3.2: R, =CHj3

OH
2 33 R - CF.
©\ 3.2-3.3 3: Ry = CFs A
1=
NH, N" R,

3.1 Dowtherm A, H,SO,4 240-250 °C,
35-60 min; 3.4-3.21
or 130 °C, 90 min, then Dowtherm A, fe) NH
250 °C, 1h; K,CO3, anhydr. T
or acetic acid, toluene, reflux, 2 h, DMF, rt, 3h - 4d

then Dowtherm A, 240 °C, 1 h

O
- s
R4 N
B —
r
\H/\Br N Rz
\Q/ 0 323 2.1, 3.25-3.41

EtsN, anhyd MNp©
t2N, an r.
NH; DCM. tt, h j -

3.22 Br 3.24
3.4,2.1:R; = 6-OCH; R, = CH;  3.11,3.31: Ry = 6-CF3 R, = CH 3.18,3.38: R, = 6-OEt, R, = CF,
3.5,3.25: R, = H, R, = CH, 3.12,3.32: R, = 6-OCF; R, = CHj 3.19,3.39: R, = 6,7-
3.6,3.26: R; = 6-SCHy R, = CH;  3.13,3.33: R, = 6-OEt, R, = CHj methylenedioxy, R, = CF
3.7%,3.27: R, = 7-OCH; R, =CH; 3.14,3.34: R, = 6,7-diOCH; R, = CH; 3.20%, 3.40: R, = 8-CF5 R, = CF,
3.8* 3.28: R, = 6-F, Ry = CH, 3.15, 3.35: R; = 6-OCH,Ph, R, = CH,  3.21% 3.41: R, = 6-OCH;3 R, = Pr
3.9, 3.29: R, = 6-Cl, R, = CH, 3.16, 3.36: R; = 6-OCHj R, = CF,
3.10%,3.30: Ry =6-CHs R, = CH;  3.17%,3.37: R, = 6-OCF; R, = CF *commercially available

Scheme 3.2. Synthesis of compounds with quinoline substitution modifications.

For preparing the 2H-quinolin-4-ol core, the Conrad-Limpach strategy used earlier for the 2-

substituted series was considered unsuitable because this methodology performs sluggishly for
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the production of 2-unsubstituted derivatives.'® The alternative condensation reaction that was
used, involved two steps as shown in Scheme 3.3.1% First, aniline 3.42 was added to Meldrum’s
acid derivative 3.43 in order to deliver enamine 3.44. Afterwards, thermal cyclization of 3.44 gave
the desired 2H-quinolin-4-ol 3.46. Unexpectedly, alkylation of quinolinols 5.45-5.47 with alkyl
halide 3.24 using the previously mentioned alkylation protocol exclusively rendered the N-
alkylated products 3.48-3.50 (unambiguous structural identification was carried out as described

in the next section, Structure elucidation).

0
f\o CH(OEt)5, \©\
\©\ EOH, reflux, 2h
o /jj\
3.43 3.440

Dowtherm A,

220 °C,
10 min
|
N
anhydrous
Br
HN DMF, rt, 3h \@/
\Q/ 3.24 3.45% R, =

3.46: R2—6 OCHj

3'33: 22 - 2 OCH 347 Ry = 7-Cl
3:5o; R; - 7:C| : *commercially available

Scheme 3.3. Synthesis of 2H-quinolin-4-ols and their N-alkylation.

A likely explanation for this inverted regioselectivity could be that the 2-methyl substituent
exerted sufficient steric hindrance around the quinoline ring nitrogen to render the oxygen more
reactive. In agreement with our findings, Wang and co-workers in 1996 and Oyama et al. in 2015
reported exclusively N-alkylated products in case of 2H-quinolin-4-ols under the same
experimental conditions.2%®1% Moreover, Pissinate et al., working on the same series, obtained
the N-alkylated product with high chemoselectivity when the 2-methyl group was substituted with
hydrogen.'® On the other hand, one can find publications where O-alkylated products were
reported when applying the same protocol, although after careful examination, we found that

they did not include full, unambiguous characterization data.112

A different synthetic approach was designed to obtain the originally desired O-alkylated analogues
by employing a SnAr reaction of the desired alcohols with 4-chloroquinoline. The synthesis (shown
in Scheme 3.4) began with preparation of 2-hydroxyacetamide 3.52 by heating the corresponding
aniline 3.22 and glycolic acid 3.51 at 130 °C without solvent according to a procedure described

by Hung et al.** Subsequently, 2-hydroxyacetamide 3.52 was coupled with 4-chloroquinolines
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3.53 and 3.54, in an Ullman-type reaction, catalysed by copper iodide/tetramethyl
ethylenediamine (Cul/TMEDA), according with Zhou et al.}** Cesium carbonate (Cs,COs) was used
as a base and dimethyl sulfoxide (DMSO) as a solvent. Heating the reaction mixture overnight at

95 °C afforded final products 3.55 and 3.56.

Cul, TMEDA, Cs,CO3 OTNH

HO 130 °C, \©/ anhydrous DMF, 95 °C,
5 5h overnight 10
OH 3.53: Rz = 7
3.22 3.5 3.52 N

3.54: R2—OCH3 e
55: R, =

3.56: R, = OCH,
Scheme 3.4. Synthesis of O-alkylated 2H-quinolin-4-ols 3.55-3.56.

3.3.1.2. Replacement of quinoline with related aza-aromatic systems

The second subset included compounds with related aza-aromatic systems such as quinazoline

and naphthyridine instead of quinoline.

For the ring synthesis of 4-hydroxy quinazolines 3.61-3.63, a Niementowski protocol was
employed as shown in Scheme 3.5.1% The appropriate anthranilic acids (3.57-3.58) and formamide
(3.59) or acetamide (3.60) were heated at 150-165 °C to afford intermediates 3.61-3.63.
Afterwards, their alkylation with alkyl bromide 3.24 under the standard conditions (K,COs,
anhydrous DMF, r.t.) provided the N(3)-alkylated products 3.64-3.66 (unambiguous structural
identification was carried out as described in the next section, Structure Elucidation) in all cases
(2-substituted and 2-unsubstituted). Clearly in this case, steric factors can no longer reasonably

explain the observed regioselectivity.

OH 3.24, K,CO3,

- R
R H 0 150-165°C, R, anhydrous 2
2 coo L 7hesen SN DMF, i, DMF, 1t, 30
* HoN™ TRy > N/)\R

NH,
3.57: R2 =H 3.59: R1 =H 3.615 R1 =H, Rz =H 3-64: R1 =H, R2 =H
358 k.= OCH, 3.60: R = CHy 3.62: R; = H, R, = OCHj 3.65: R; = H, R, = OCH;
3.63: Ry = CHy R, = OCH, 3.66: R; = CH; R, = OCH,

Scheme 3.5. Synthesis of quinazoline intermediates 3.61-3.63 and their N(3)-alkylation.

It is known that 4-quinazolinones react normally with alkyl halides at N(3) of the quinazoline ring
and occasionally at the oxygen atom.®? Therefore, the fact that we obtained N(3)-alkylated

products (3.64-3.66) should not be surprising. As highlighted by Spulak et al.,!*® there is likely an
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artificially high number of O-alkylated products in the literature due to mischaracterization or

insufficient data which fully, unambiguously characterise the obtained products.!”/118119

As shown in Scheme 3.6, a different synthetic approach was selected to obtain the desired O-
alkylated quinazoline 3.68. First, quinazolin-4-ol 3.36 was prepared using a modified
Niementowski protocol by means of microwave irradiation.!*> Oxychloro-exchange was achieved
by treatment with phosphoryl chloride (POCIs) under reflux for 60 h resulting in 4-
chloroquinazoline 3.67. Subsequently, alcohol 3.52 was treated with sodium hydride (NaH) in
tetrahydrofuran (THF) for 1 h and 4-chloroquinazoline 3.67 was added to deliver the desired O-
alkylated compound 3.68.1%°

(0] 3.52, NaH,

| POCI,
0 COOH , NJ\ | O efion anhydrous 0. NH
\E:[ Noeo™ © oo THF, 1t, 3.5 h T
—
NH, m.w., /)\ | o)
3.58 160 °C
* N
12h 3.63 N
N/)\
3.68

Scheme 3.6. Synthesis of O-alkylated quinazolin-4-ol 3.68.

To obtain 6-methoxy-2-methyl-1,5-naphthyridin-4-ol 3.70, a classical Conrad-Limpach protocol
could be employed as shown is Scheme 3.7.192121 Thys, 6-methoxypyridin-3-amine 3.69 and ethyl
acetoacetate (3.2) were heated at 130 °C for 3 h, followed by addition of Dowtherm A and heating
at 240-250 °C for 1 h. Subsequently, intermediate 3.70 was subjected to the selected alkylation
protocol with alkyl bromide 3.24 to obtain the desired O-alkylated analogue 3.71 (unambiguous
structural identification was carried out as described in the next section, Structure Elucidation). As
previously hypothesized, the presence of a substituent ortho to the ring-nitrogen likely accounts

for the observed regioselectivity.

130 °C, 3h, then OH 3.24, K,CO5. Oy NH
Dowtherm A, anhydrous j/
O NS O O 204250°C, th ~ON NSy DMF 1t 18h
| PP G L = ?
= OEt NG O.__N

NH2 N - N AN

3.69 3.2 3.70 | P

N

3.71

Scheme 3.7. Synthesis of naphthyridin-4-ol analogue 3.71.

37



Chapter 3

3.3.1.3. Structure elucidation

The routine analytical tools that are used for addressing structural identity and purity of
compounds in most cases are incapable of unambiguously distinguishing O- versus N-alkylated
analogues. Both regioisomers often produce similar *H NMR spectra and have identical masses. IR
spectroscopy has been demonstrated to be helpful to determine the alkylation position in
structurally simple molecules.’?? In case of N-alkylation, a carbonyl-type group is preserved and
its characteristic stretching bands are potentially easy to recognize in a relatively isolated spectral
region.'”® However, this is not always true for more complex molecules, especially if other

carbonyl groups are present, leading to possible overlap of the key IR signals.

During the course of our investigation we were surprised to find that N-, O- selectivity of our
compounds was not always as expected and therefore each scaffold was carefully examined using
NMR techniques to fully assign the structure and rationalise the selectivity of the core
heterocycles. Therefore, we used a number of standard one-dimensional (1D) and two-
dimensional (2D) NMR techniques which allowed the unambiguous characterization of these type
of heterocyclic systems. All 1D and 2D NMR experiments described here are pre-programmed on

standard, contemporary NMR spectrometers.
13C NMR chemical shifts:

The sensitivity of *C chemical shifts to the carbon’s environment has been commonly used for
structure determination and differentiation between compounds, as reflected in many examples
from the literature. We exploited the fact that the carbon atom of the methylene linker (-CH»-)
directly bonded to an oxygen versus a nitrogen atom will possess a notably different *C chemical
shift as an initial indication of the obtained regioisomer. The desired O-analogues will produce a
significant and predictable downfield shift of the methylene signal in comparison to the N-
analogue. The examples provided in Table 3.1 and 3.2 demonstrate that typical 13C chemical shifts
for O-analogues fall into the 50-80 ppm range, while in the case of N-analogues, they appear at

higher field (typically 40-60 ppm).
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Table 3.1. Comparison of 3C-NMR chemical shifts in DMSO-ds of the methylene group (-CH,-)
for the N/O-alkylated quinolinols 3.48-3.50 and 3.55-3.56.

N-alkylated O-alkylated
Compd Structure 13C shifts (ppm) Compd Structure 13C shifts (ppm)

o
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N o)
s e
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Table 3.2. Comparison of *C-NMR chemical shifts in DMSO-ds of the methylene group (-CH»-)
for the N-alkylated quinazolin-4-ones 3.64-3.66 and O-alkylated quinazolin-4-ol 3.68 and 1,5-
naphthyridin-4-ol 3.71.
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A faster alternative to *C NMR acquisition is a highly sensitive 2D NMR Heteronuclear Single
Quantum Correlation (HSQC) experiment, which detects correlations between nuclei of two
different types separated by one bond.'?*2> HSQC crosspeaks correlate protons of the methylene
linker (-CH»-) with their attached carbon, facilitating the rapid determination of the 3C chemical

shift of interest.

This methodology does not render definitive proof on atom connectivity. However, in a series of
structurally related compounds, the complete assignment of some representatives allows a trend
in the 3C chemical shifts to be established which can be utilised for preliminary assignment of

target compounds.
HSQC & HMBC:

1H-13C HMBC (Heteronuclear Multi-Bond Connectivity) correlates coupled spins across multiple
bonds, optimized in a way to detect proton-carbon correlation over two or three bonds.?2%1?7
Single-bond HSQC and multiple-bond HMBC experiments are complementary and their

combination allows full resonance assignment and unambiguous structure determination.

As an example, relevant HMBC correlations of quinolin-4-ols/ones 3.48, 3.55 are displayed in
Figures 3.3-3.4 respectively, to demonstrate their appropriateness for confident differentiation

between N- and O- analogues.
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For compound 3.48, consistency with an N-linked connectivity was clear due to the presence of

H2’/C2 and H2’/C8a crosspeaks, meaning that H2’ should be within two or three bond distances

from C2 and C8a of the quinolin-4-ol core, as shown schematically in Figure 3.5. This pattern of

correlations was impossible for the O-alkylated analogue. Instead, the acetyl protons H2’ in

compound 3.55 had a distinctive correlation with C4 of the core, indicating the formation of O-

alkylated regioisomer (Figure 3.5).

;0
4a 4

6 |3

7 2N b2
1

s 0 n
>

.

o

3.48

¥

HN O
T

02

5 4)

6 N
Z

Figure 3.5. Relevant HMBC connectivities in 3.48 and 3.55 for N- vs O- differentiation.

Another example of N/O differentiation is quinazolin-4-one 3.66 and quinazolin-4-ol 3.68. Their

relevant HMBC correlations are displayed in Figures 3.6 and 3.7.
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Figure 3.6. HMBC correlations of compound 3.66.
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Figure 3.7. HMBC correlations of compound 3.68.

The HMBC spectrum of compound 3.66 demonstrated crosspeaks H2’/C2 and H2’/C4, which were

consistent with alkylation on the nitrogen atom at position 3. It is worth noting that the correlation

of H2’ with C4 of the carbonyl group and absence of H2’/C8a crosspeak excluded the possibility of

alkylation on nitrogen atom at position 1. In contrast, in the regioisomer 3.68 only one crosspeak

was noted, which was proven to represent H2’/C4 correlation, consistent with the O-substituted

analogue (Figure 3.8).
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Figure 3.8. HMBC connectivity in 3.66 and 3.68 for N- vs O- differentiation.
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NOE:

The Nuclear Overhauser Effect (NOE) is a transfer of nuclear spin polarization through space, not
through chemical bonds. It provides valuable information on the intramolecular distances as the
relaxation is strongly dependent on the distance between a pair of nuclei. In our studies, 1D NOE
experiments were performed by irradiating the methylene linker to produce an intensive signal,
while neighbouring nuclei were identified by weaker signals of the opposite phase. The peak to
be irradiated should possess a relatively isolated signal in *H NMR in order to produce a precise
NOE. 2D NOESY experiments can be used as an alternative to 1D NOE, as it is a pre-programmed
NMR experiment which gives connectivity through space for the whole molecule, not only for a

selected signal.

In many cases an intrinsic limitation of the NOE approach arises from necessity of a previous full
proton and carbon assignments (often by 2D HMBC) for correlation of the observed peaks with
the compound structure. Nevertheless, when the groups neighbouring to the bond in question
are easily assigned by *H NMR, their chemical shifts can be used directly as references in 1D NOE.
In such case, the NOE approach becomes the fastest unambiguous method to assess the

compound structure.

We have used this method to confirm our findings from the previous methods in case of

compounds 3.48 and 3.55. NOE spectra are shown in Figures 3.9 and 3.10.
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Figure 3.9. NOE spectrum of compound 3.48 upon irradiation of methylene protons (H2’).
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Figure 3.10. NOE spectrum of compound 3.55 upon irradiation of methylene protons (H2’).

The presence of H2, H8 and NH peaks in the NOE spectrum of the compound 3.48 upon irradiation
of H2’, indicated that H2’ is in proximity of those protons. This was consistent with the N-alkylated
analogue. In contrast, the NOE data of compound 3.55 showed H3 and NH peaks upon irradiation

of methylene protons H2’, consistent with the O-alkylated analogue (Figure 3.11).

Figure 3.11. NOE correlations upon irradiation of H2’ in 3.48 and 3.55 for N- vs O-
differentiation.

The quinazolin-4-ols 3.66 and 3.68 are an excellent demonstration of the NOE method’s potential.
The 2-methyl group was readily assigned from *H NMR spectrum. In this case, no previous full
assignment using HSQC and HMBC spectra was necessary. NOE spectra for 3.66 and 3.68 which

are shown in Figures 3.12 and 3.13 respectively, offered sufficient proof of structure.
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Figure 3.12. NOE spectrum of compound 3.66 upon irradiation of methylene protons (H2’).
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Figure 3.13. NOE spectrum of compound 3.68 upon irradiation of methylene protons (H2’).

In case of quinazolin-4-ol derivative 3.66 irradiation of methylene protons H2’ resulted in two
peaks: NH (of the linker) and 2-CHs, which gave a direct indication of the linker proximity to the
methyl group. This was consistent with alkylation on the nitrogen atom in position 3. It is worth
noticing that no H8 peak was observed, which would be expected in case of alkylation on nitrogen
atom in position 1. On the other hand, in 3.68 only a weak NH signal (amide) was registered upon
irradiation of methylene proton H2’, which was in a good agreement with the O-alkylated

analogue (Figure 3.14).
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Figure 3.14. NOE correlations upon irradiation of H2’ in 3.66 and 3.68 for N- vs O-
differentiation.

3.3.2. Modification of the linker

SAR investigation of the linker region was focused on three main approaches: (1) introduction of
substituents on the acetyl’s methylene group, (2) conformational constraint of the linker and (3)

other modification types (Schemes 3.8, 3.9 and 3.10, respectively).

The synthetic approach to target compounds with the first modification type (3.81-3.84,
summarized in Scheme 3.8), was analogous to the general strategy described earlier (Scheme 3.2).
The reaction of 3,5-dimethylaniline 3.22 with acyl halides 3.73-3.76 gave intermediates 3.77-3.80.
The bromoalkylacyl bromides 3.73-3.75 were commercially available, while 2-bromo-2-
phenylacetyl chloride 3.76 was prepared from phenylacetyl chloride 3.72 in the presence of N-
bromosuccinimide and 2,2'-azobis(2-methylpropionitrile) (AIBN) according to a literature
procedure.’? The final products 3.81-3.84 were subsequently obtained by alkylation of 2-methyl-

6-methoxy-quinolinol 3.4 with these halides (3.77-3.80) in the presence of sodium hydride (NaH).

Et;N, NaH, (KI),
anhydr. DCM, anhydr. DMF,

)KrBr rt, 2h- overnlght )KrBr . ,1 6-48 h jo

3. 73-3 76 3.77-3.80 (0}
3.73* R, = CH3 X =Br 3.77: R, = CH, 0 SN
3.74*: Ry = diCH; X =Br 3.78: R4 = diCHj; _
3.75*: R4 = Et, X=Br 3.79: R, = Et N
3.76: R, =Ph, X =ClI 3.80: R4 =Ph 3.81-3.84

3.81: R, = CH,
3.82: R, = diCH,

|
N
AIBN, CClI 0) o 04
80°C, 6h ' A 3.83:R, = Et

3.84: R, = Ph
23
cl
3.72

Scheme 3.8. Synthesis of compounds with introduction of substituents on the linker.

*commercially available
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Next, four conformationally constrained analogues were prepared (compounds 3.85, 3.86, 3.92
and 3.95). While the synthetic preparation of the target compounds 3.85 and 3.86 could be
achieved using the general alkylation procedure (Scheme 3.9), a more lengthy approach was
required for compound 3.92 (Scheme 3.10). Nitration and subsequent zinc/ammonium chloride
(Zn/NH4Cl) reduction of 2-methyl-6-methoxyquinolin-4-ol (3.4) yielded 3-aminoquinolin-4-ol
3.88.1% The latter compound was N-acylated with intermediate 3.90, which was prepared from
oxalyl chloride 3.89 and 3,5-dimethylaniline 3.22. Dehydration of the obtained intermediate 3.91
with phosphorus pentasulfide (PsSi0) led to the assembly of the annulated thiazole ring of
thiazoloquinoline 3.92. The associated formation of a thioamide in 3.92 during P4Sio-mediated
dehydration was not considered problematic, and the obtained compound was allowed to enter
biological evaluation after purification. Comparable attempts to prepare the oxazole analogue of

3.92 (compound 3.93) by dehydration of 3.91 with phosphorus pentoxide (P4010), were not

successful.
Cl
N\
g |
—_ N
| OH o
o) N 3.85
__| K,COj anhydr. O XN
N DMF, rt, 2-72 h P
N
3.4
—_—
N
Br

Scheme 3.9. Synthesis of compounds 3.85, 3.86 with conformational constraint of the linker.

nitric acid, OH i ~
propionic acid, o R anhydr.
m 10°C.2h 7 m DCM:DMF (10:1),”
\N 0 °C,1h 3 91

Z,'\’IHTgr/gﬂt (387:R=NO, P4S10, anhydr. P4O1o, anhydr.
aq 4 3.88; R=NH, pyridine, reflux, pyridine, reflux,
overnight overnight

_l
. Cl_0°C1h Cl, BN X
Qg ey :
o © "
389 3.90 N
o y 3.92: X=8
| 3.93: X=0
NS
N

Scheme 3.10. Synthesis of compound 3.92 with a conformational constraint linker.
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Compound 3.95 was obtained from the acylation reaction of intermediate 3.90 with the

commercially available 2-methyl-4-amino-6-methyl quinoline 3.94, as shown in Scheme 3.11.

NH2  NaH, anhydr. DMF, O NH
¢l HN . _O A rt, overnight I
> § = HN" S0
o © N o
3.90 3.94 g N 3.95
~
N

Scheme 3.11. Synthesis of compound 3.95 with a conformational constraint linker.

Subsequently, three more analogues (3.97, 3.101 and 3.105) were prepared with linker
modifications that were not covered in the aforementioned sets (Schemes 3.12 and 3.13). The
synthetic approach to 3.97 was completely analogous to the general strategy mentioned earlier.
While for the preparation of 3.101, the hydroxy group of quinolinol 3.4 was converted to bromine
by phosphorous tribromide (PBrs) leading to intermediate 3.98. Separately, the reaction of 3,5-
dimethylaniline 3.22 and 2-bromoethanol 3.99 resulted in intermediate 3.100, which was
subsequently coupled with 3.98 to yield the target compound 3.101 using Cu(l)-catalysis (Ullmann

reaction).12%114

O 397
0 X + Br/\/OH
N/ NH2

3.22 3.99

. 90°C,4h
K,CO3, anhydr. o r
DMF, 1t, 26 h { /@\
OH
N/\/

NH
3.96 J/

O

PBr;, DMF, o
50°C,4d_ 3 1°° N
T Cul, TMEDA, 7

C,COg, anhydr.
DMF, 95 °C, 2 d 3.101

Scheme 3.12. Synthesis of compounds 3.97 and 3.101 which contain other linker modification
types.

For the synthesis of 3.105, intermediate 3.98 was coupled with glycine ethyl ester under
nucleophilic aromatic substitution conditions to yield the carboxylic ester 3.102.13° After basic

hydrolysis of 3.102 in methanol, carboxylate 3.103 was obtained in quantitive yield and then
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converted to the acyl chloride 3.104 using thionyl chloride (SOCl;). Amide bond formation
between intermediate 3.104 and 3,5-dimethylaniline 3.22 was achieved using basic acylating

conditions to afford final compound 3.105.

Os_Rs
Br glycine ethyl 3.22, TEA, O NH
(|) ester.HCI, phenol, | HN anhydr. DCM,
Xy 120 °C, overnight @ rt, 16 h
D X HN
398 N -0 S
’ KOH, MeOH,  3.102: Ry = -OEt N

reflux, 90 min

SOCly, anhydr.
DCM, reflux, 2 d

3.103: Ry = -OK*
3.104: Ry = -Cl

Scheme 3.13. Synthesis of compound 3.105 which contain other linker modification types.
3.3.3. Modification of the northern aryl fragment

Analogues in this section are divided into three categories: (1) derivatives with modified phenyl
substitution (3.125-3.142), (2) compounds with heteroaryl groups (3.146-3.154) and (3) hybrid
molecules in which known anti-TB drugs replace the aniline of the initial hits (3.155-3.157). The
synthesis of the first set of compounds (3.125-3.142) relied on the general alkylation-based
methodology. Thus, haloacetamide intermediates 3.107-3.124 were first prepared by acylation of
a number of commercially available anilines coupled with bromoacetyl bromide 3.23, as depicted
in Scheme 3.14 (Method A). Subsequently, O-alkylation of the quinolinol 3.4 with these halides
(3.107-3.124) resulted in the final products 3.125-3.142.

Ry
SN Br
Br
| P \n/\
+ (0]
NH, 3.23 @‘Rs
3.106 Et;N, anhydr. HNL .0
DCM, rt, 2-48 h T
o oH fe) K,CO3, anhydr. O
-~ m i R:;@ DMF, rt, 3-96 h /o N
_ NH  Br
N N/
3.4 . -3.
3.107-3.124 3.125-3.142
3.107,3.125: R; = H 3.116, 3.134: R3 = 3-CH3 4-Br
3.108, 3.126: R; = 3-CHj 3.117, 3.135: R3 = 3,5-diF
3.109, 3.127: R3 = 2,5-diCH3 3.118, 3.136: R3 = 2,4-diCl
3.110, 3.128: R, = 2,6-diCH, 3.119, 3.137: Ry = 3-CF3 4-Cl
3.111, 3.129: R; = 3-OCHj 3.120, 3.138: R3 = 3-OMe, 4-ClI
3.112, 3.130: R3 = 4-OCH; 3.121, 3.139: R3 = 2,5-di-OMe, 4-Cl
3.113, 3.131: R3 = 3,5-diCH3; 4-OCH3 3.122, 3.140: R;3 = 3,4,5-tr-OMe

3.114, 3.132
3.115, 3.133

: Ry = 2-OCHj3 5-CHj
: Ry = 3,5-diCH3, 4-F

3.123, 3.141:
3.124, 3.142:

Rs = 4-F
R = 4-Cl

Scheme 3.14. Synthesis of compounds with modifications of the northern aryl fragment

(Method A).
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The target compounds 3.146-3.154 were obtained by an alternative route (Method B) shown in
Scheme 3.15. According to this, quinolinol 3.4 was alkylated with ethyl 2-bromoacetate followed
by hydrolysis of ester 3.143 under basic conditions and conversion of the corresponding carboxylic
acid 3.144 to acyl chloride 3.145 using thionyl chloride (SOCI;). Subsequently, reaction with a
number of commercially available heteroaromatic amines afforded the final compounds (3.146-
3.154). Lastly, the same methodology (method B) was used to synthesize three “hybrid”
compounds, in which the quinoloxyacetamide core was covalently linked to known anti-TB drugs

with available free amines: cycloserine (3.155), sulfamethoxazole (3.156) and isoniazid (3.157).13!

EtO HO
on  BrCHCOOE, f 1. KOH, MeOH f SOCl,, anhydr.
K2CO3, anhydr. o or EtOH, reflux, o DCM, 20 °C to
0 ) DMF.t396h 1.5-35h o 40 °C, 24-48 h
—_—
~ g N oaw g b
N ~ ’ ~
3.4 N N
1.143 1.144
Ry
cl_0O HN o
T anhydr. DCM, rt to

reflux, 18-48 h

O
—
N

1.145 1.146- 1.157

Ny Y | H 07
P = _N = /N N ’\i\
R3'=

1.146 1.147 1.148 1.149 1.150 1.151 1152 1.153 1.154

|\
o 0=8=0 ?

O
1.155

Py
0)_
n

1.157
1.156

Scheme 3.15. Synthesis of compounds with modifications of the northern aryl fragment
(Method B).

3.3.4. Amide bond replacements

Lastly, three compounds (3.158-3.160) which could avoid amide bond hydrolysis were prepared
and their synthesis is shown in Scheme 3.16. Deprotonation of compound 2.1 using sodium

hydride (NaH) and subsequent methylation with methyl iodide (Mel) afforded the target
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compound 3.158. Preparation of compounds 3.159 and 3.160 was similar to the general alkylation

method described previously.
K,COg3, anhydr.
Mel, NaH, anhydr. OH DMF, rt, overnight;
HN THF, 0 °C to 20 N o o or NaH, anhydr.
T °C, overnight e f P m DMF, rt, overnight j
_— =
o) o) N7

/Om /Om 3.4 /Om
N/ N/ N/

21 3.158

3

12,

x
z

@]

3.159: X = O, Ry = CH,
3.160: X = NH, Ry = H

Scheme 3.16. Synthesis of compounds with amide bond replacements.

3.4.Results and discussion

The hit compound 2.1 obtained from high throughput screening (HTS) was resynthesized to

confirm its activity and evaluated together with 72 novel derivatives.

3.4.1. Antimycobacterial activity, cytotoxicity and physicochemical

properties

All final compounds were first assayed for their antimycobacterial activity against M. tuberculosis
H37Rv strain, which showed that several compounds were potent antimycobacterials, with
micromolar levels of activity. To better understand the properties of these compounds beyond
their antimycobacterial activity, cytotoxicity in HepG2 cells was evaluated. In parallel,
physicochemical measurements were obtained to further explore the profiles of these molecules,
and in particular, artificial membrane permeability (AMP), kinetic aqueous solubility (CLND,
chemiluminescent nitrogen detection) and the hydrophobicity was measured using the

chromatography technique to generate ChromlogD (pH 7.4) values, 132190

3.4.1.1. Modification of the quinoline substitution pattern

Table 3.3 presents the results for the reference compound 2.1 and the first set of compounds
possessing variations to the substitution pattern of the quinoline system (3.25-3.41). The main
goal was to investigate the contribution to antimycobacterial activity of the 6-methoxy and 2-
methyl quinoline substituents. Therefore, the 6-methoxy substituent was removed or replaced
with halides, methylthio, alkyl or alkoxy substituents (3.25, 3.26, 3.28-3.33, 3.35, Table 3.3). In
addition, a regio-isomer of compound 2.1 with the methoxy group shifted from position 6 to 7

was prepared (3.27, Table 3.3). Compound 3.34 possessed two methoxy groups at positions 6 and
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7. Since the 2-methyl substituent of hits 2.1 and 2.2 was suspected to be a metabolically labile
site, a few analogues possessing a trifluoromethyl group were synthesized (3.36-3.40, Table 3.3).
Additionally, the 2-methyl group was replaced by a propyl group in an attempt to explore the

available space (3.41).

Table 3.3. Biological profile of the compounds with a modified quinoline part.

ey HZTO MiIC TOXso  Permeability Solubility Chrom
N0 (uM)B - (uM)®! (nm/sec)  (uMm) 1 logD!e!
NTR,
R: Rz
2.1 6-OCH; -CHs 1.9 20 180 26 5.64
3.25 -H -CHs 24 >100 370 55 5.39
3.26 6-SCH; -CHs  >125 >100 n.d.!f 3 6.42
3.27 7-OCH3 -CH;  >250 50 n.d.f n.d.M 5.59
3.28 6-F -CH;  15.6 63 310 28 5.79
3.29 6-Cl -CH; 40 >100 n.d.t 8 6.38
3.30 6-CHs -CHs 3.9 16 520 83 5.95
3.31 6-CFs -CHs >250  >100 <30 10 6.67
3.32 6-OCF; -CHs >250  >100 <30 n.d.M 6.79
3.33 6-OEt -CHs >250  >100 <30 n.d.M 5.98
3.34 6,7-diOCH; -CH;  >250 10 605 n.d.! 4.84
3.35 6-OCH,Ph -CHs >250  >100 <10 <1 7.03
3.36 6-OCH; -CFs  >250  >100 <10 15 7.02
3.37 6-OCF; -CF;  >250  >100 <3 34 7.96
3.38 6-OEt -CFs >250 >100 <3 <1 7.55
3.39 6,7-methylen-dioxy -CF3  >250 >100 <30 <1 6.73
3.40 8-CFs -CFs >250 >100 <10 <1 7.73
3.41 6-OCH; -Pr  >250 13 n.d.tf 12 6.44
o
<)
3.48 Oﬁ)N >250 63 450 34 3.54
NH
o

53



Chapter 3

3.49 Oﬁ) >250 >100 190 30 3.72

3.50 oy >250 100 260 86 4.39
\QNH

3.55 6-H -H >80 >100 460 59 5.03

3.56 6-OCH; -H 10 50 280 51 5.30

“MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; ®HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; %in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4; 'n.d. = not
determined.

As shown in Table 3.3, SAR analysis of the quinoline part of the molecule showed that only a
methyl can be considered an acceptable alternative for the original 6-methoxy group (3.30, MIC =
3.9 uM). This compound showed slightly better solubility (CLND) and high permeability, although
it displayed similar cytotoxicity to 2.1. The presence of fluorine or no substituent (-H) at the same
position led to decreased activity (3.28 and 3.25; MIC = 15.6 and 24 uM, respectively). Chlorine
resulted in a further drop of the potency (3.29, MIC = 40 uM). All the other substituents in the
series were inactive. Steric limitations might be involved here, although other factors most likely
contribute, as reflected by the absence of activity for the 6-trifluoromethyl containing analogue
3.32.1% Regarding the methyl group at position 2, its replacement with a trifluoromethyl or a
propyl group led to inactive compounds (3.36 and 3.41). On the other hand, removal of the methyl
group at position 2, preserved some of the antimycobacterial potency (3.56, MIC = 10 uM). For
all the compounds (3.36-3.40) possessing a trifluoromethyl group in position 2, the extremely poor
solubility, poor permeability and higher chromlogD values could play a role in the loss of potency.
All N-alkylated compounds (3.48-3.50) completely lost their activity against M. tuberculosis,
suggesting that alkylation at the O- is essential for the activity of this series. Removal of both

substituents from the quinoline core led to the inactive compound 3.55.

3.4.1.2. Replacement of quinoline with related aza-aromatic systems

Table 3.4 presents the biological and physicochemical data obtained for compounds containing
related aza-aromatic systems such as quinazoline and naphthyridine instead of quinoline together

with the N(3)-alkyl quinazolines obtained.
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Table 3.4. Biological profile of the compounds with related aza-aromatic systems.

MIC TOXso Permeability Solubility Chrom

Compd Structure
. (M) (M) (nm/sec)  (uM)©@  logD!

3.64 >250 79 600 20 4.29

1% H
ReS a4
3.65 N, >250  >100 n.d.M 8 4.50

3.64:R;=H,R,=H

3.66 365:Ry =H. R; = OCH, 250 >100 580 74 4.77

3.66: R, = CHj, R, = OCHj

HN (0]
3.68 I 125  >100 370 4 5.59
o~ Ay
PN
(0] NH
3.71 X 38  >100 510 19 5.57

“MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; *HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; “in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); *chromlogD values at pH = 7.4; ‘n.d. = not
determined.

As before, all N-alkylated compounds (3.64-3.66) completely lost their activity against M.
tuberculosis. The most interesting compounds, possessing a quinazoline or naphthyridine core
(3.68, 3.71), showed potent antimycobacterial activity with MIC values of 1.25 and 3.8 uM,
respectively, comparable with the reference compound 2.1. Additionally, these compounds did
not exhibit cytotoxicity against HepG2 cells, another improvement on the reference compound
2.1. Unfortunately, chromlogD values for compounds 3.68 and 3.71 remained at the same level

as 2.1, while their solubility continued to be very poor (<30 uM).

3.4.1.3.  Modification of the linker

Table 3.5 presents the results for the second set of compounds possessing modifications of the
linker. The first area of exploration was around the acetyl methylene group. Mono-substitution at
this prochiral position is the most straightforward way of introducing a chiral center in these
compounds without affecting the quinoloxyacetamide basic framework. In addition, this site was
also suspected of being a contributor to the fast (oxidative) metabolism observed for the hit
compounds. In this initial proof-of-concept compound set, the substituent choice was limited to

small aliphatic groups (methyl and ethyl) and a phenyl ring (3.81-3.84). Next, four
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conformationally constrained analogues were prepared (3.85, 3.86, 3.92 and 3.95). In compounds
3.85, 3.86 and 3.92 conformational locking was accomplished by an additional ring closure, while
in the case of analogue 3.95 the oxalyl diamide fragment was expected to rigidify the linker region
into a constrained conformation.!3* 1% Subsequently, three more analogues (3.97, 3.101, 3.105)
were prepared with linker-modifications that were not covered in the aforementioned sets.
Compound 3.97 contained a benzylamide function as a means to avoid potential toxicity and
metabolic stability concerns that are associated with anilide groups. Compound 3.101 possesses
a fully reduced linker, while in compound 3.105 the ether bridge between the linker region and

the quinoline residue was replaced by an amine function.

Table 3.5. Biological profile of the compounds with linker modifications.

MIC TOXso Permeability Solubility Chrom

Compd Structure

P (M) (M)®! (nm/sec)  (uM)  logD!
3.81 R4 = CHs 125 40 320 61 5.76
3.82 HN. O Rs = diCH3 >250 >100 n.d.t! 20 6.37

¢

3.83 /O\@%\& Rs = Et >250 79 390 123 6.28
»
N

3.84 R4 =Ph >125 >100 <30 2 7.13

goat

3.86 OI) 125 100 550 215 4.99
aeet

e}
Ay Q >125  >100 n.d.1 10 3.76
(o]

3.85 j 32 32 470 21 5.48

o)
z

3.91 @\)\IN
Ras
3.92 W >125  >100 <30 35 n.d.0
0 \N
p
o] NH
3.95 T 5125  >100 n.d.l 10 6.47

I
z
o

E
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3.97 j/ 31 >100 <3 92 5.25

3.101 J 32 32 190 33 6.93
N
[e] NH
3.105 i 47 6 310 204 3.59
/O =

aMIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; ’HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; 9in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); échromlogD values at pH = 7.4; 'n.d. = not
determined.

Antimycobacterial screening of the compounds with an alpha-substituted acetyl group (3.81-3.84)
demonstrated that modifications of this type are detrimental to activity. Similarly, in the second
group of compounds the activity was lost or significantly reduced in all cases, except from
compound 3.85 which exhibited moderate activity. In the same way, compounds belonging to the
third group (3.97, 3.101 and 3.105) showed moderate potency giving MIC values of 31, 32 and 47
UM respectively.

3.4.1.4. Modification of the northern aryl fragment

To investigate the role of the hydrophobic phenyl ring in the northern part of the molecule, thirty
compounds (3.125-3.142, 3.146-3.157) possessing modifications on the northern aryl part were

prepared and data from their biological and physicochemical evaluation is presented in Table 3.6.

Analogues in this section are divided into three categories: (1) derivatives with modified phenyl
substitution (3.125-3.142), (2) compounds with heteroaryl groups (3.146-3.154) and (3) hybrid
molecules in which three known anti-TB drugs replaced the aniline of the hit compounds (3.155-
3.157). For the first category, the initial goal was to introduce a diverse set of commercially
available anilines. These molecules allowed a more thorough investigation of the role of the aryl
substituents on the antimycobacterial properties of QOA-based molecules. Furthermore, the
metabolic liability of the specific aryl residues present in 2.1 and 2.2 had also been proposed as a
potential reason for the observed microsomal instability. Therefore, additional value for this series

could come from its potential to deliver antimycobacterial products in which positions prone to
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CYP-mediated oxidation have been blocked or modified. Similar to the substitutions discussed
above, replacement of the phenyl ring with a heteroaryl (3.146-3.154) offered the possibility of
improving the microsomal stability, at least partially, by reducing the overall lipophilicity of the
molecule. Commercially available heteroaromatic amines with an identical or similar dimethyl-
substitution pattern as present in reference 2.1 were included in the series to allow direct
comparisons. Regarding the hybrid compounds, we hypothesized that the full hybrid constructs
could still possess antimycobacterial properties. In addition, if metabolic cleavage of the amide
would take place, either inside bacteria or mediated by host metabolism, a second

antimycobacterial compound could be released.

Table 3.6. Biological profile of the compounds with modifications on the northern aryl.

R,
O« NH
Compd . To Mic TOXso Permeability Solubility Chrom
- ® (M) (pM)PT (nm/sec)  (um)l logD!!
N
R3
3.125 phenyl 2 40 370 63 4.28
3.126 3-CHs-phenyl 2 40 355 193 4.83
3.127 2,5-diCHs-phenyl 8 >100 810 45.5 5.05
3.128 2,6-diCHs-phenyl 125 >100 630 112 4.55
2.2 2-OCHs-phenyl 1.4 >100 120 38 4.68
3.129 3-OCHs-phenyl 6.4 >100 470 35 4.49
3.130 4-OCHs-phenyl 0.6 >100 420 108 4.22
3.131 3,5-diCH3, 4-OCHs-phenyl 1 8 320 17 4.99
3.132 2-OCHs, 5-CHs-phenyl 2.5 >100 n.d.M 9.5 5.65
3.133 3,5-diCHs, 4-F-phenyl 2 >100 210 31.5 5.50
3.134 3-CHjs, 4-Br-phenyl 3.9 16 n.d." <1 5.95
3.135 3,5-diF-phenyl 3 >100 n.d." 13 5.13
3.136 2,4-diCl-phenyl 2 >100 n.d." 20.5 6.40
3.137 3-CF3, 4-Cl-phenyl 47 79 n.d.!" 17 6.22
3.138 3-OMe, 4-Cl-phenyl >125 >100 570 13 5.09
3.139 2,5-di-OMe, 4-Cl-phenyl >125 >100 n.d.f 3 5.80
3.140 3,4,5-tri-OMe-phenyl 62 >100 620 34 3.95
3.141 4-F-phenyl 12 63 230 104 4.49
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3.142 4-Cl-phenyl 3 >100 n.d.M 9 5.15
3.146 pyridin-2-yl 15.65 >100 480 29 3.49
3.147 pyridin-3-yl 62.5 >100 330 32 2.46
3.148 pyridin-4-yl >250 >100 560 91.5 2.50
3.149 2,6-diCHs-pyridin-4-yl >250 13 n.d.t! 12 3.01
3.150 pyrimidin-4-yl >250 >100 525 27.5 2.53
3.151 2,6-diCHs-pyrimidin-4-yl >250 >100 12 5 3.24
3.152 thiazol-2-yl >250 >100 1120 54 3.20
3.153 4,5-diCHs-thiazol-2-yl 62 >100 440 31.5 4.24

o
3.154 Ny \ 187 >100 625 195.5 3.30

O-NH
3.155 K(&o >125  >100 <10 >166 0.79

%

HN N

3.156 0=5=0 125 >100 15 2381 2.20
N\

|
3.157 d 62 >100 33 >375 1.48

o” N
“MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; °HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; %in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); chromlogD values at pH = 7.4; n.d. = not
determined.

Modification of the substitution pattern on the phenyl ring resulted in a number of active
compounds with MIC values in the low micromolar range. Elimination of one or both methyl
groups (3.126, 3.125) did not affect the activity (MIC = 2 uM), indicating that the methyl groups
are not critical for potency. Moreover, solubity and chromlogD values were improved, although
cytotoxicity remained at similar levels as 2.1. It is worth noting that shifting one methyl group
from position 3 to 2 led to decreased activity (3.127, MIC = 8 uM), while shifting both methyls
from 3,5 to 2,6 positions led to the inactive compound 3.128 (MIC = 125 uM).

Exploration of the position of the methoxy group of the hit compound 2.2 indicated that the para-
position (compound 3.130, MIC = 0.6 uM) is more favourable than the ortho- (hit compound 2.2,
1.4 uM) or meta- substitution (compound 3.129, MIC = 6.4 uM). Compound 3.130, apart from
excellent activity, also possessed an improved profile in comparison with the reference compound

2.1. More specifically, it did not exhibit cytotoxic effects (ICso >100 uM), had good permeability

59



Chapter 3

(420 nm/sec), improved kinetic agueous solubility (CLND = 108 uM) and chromlogD value (4.22).
Compound 3.131, where we preserved both methyl groups at positions 3 and 5 (as the reference
compound 2.1) and a methoxy group at position 4 (as compound 3.130), showed very good
activity (MIC = 1 uM) but high cytotoxicity (ICso = 8 uM) and low solubility (17 uM). Several
compounds possessing mono-, di- or tri- substituted phenyl rings (3.132-3.136, 3.142) exhibited
very good potencies, comparable or slightly less active than the reference compounds. Most of
them did not show cytotoxic effects (3.132, 3.133, 3.135, 3.136, 3.142), but, chromlogD values

were generally high (>5) and solubility low (<32 uM).

Introduction of more hydrophilic rings such as pyridine, pyrimidine, thiazole, isoxazolidinone or
dimethylisoxazole did not provide the desired solubility improvement although the chromlogD
values (2.46-4.24) were lower than the phenyl derivatives, and the antitubercular activity was lost
for most of them. Comparison among compounds 3.146-3.148 revealed that 2-pyridine (3.146) is
the most favourable, however still less active than the hit compounds (2.1 and 2.2). The last subset
of compounds which include three hybrid molecules (3.155-3.157), unfortunately, led to loss of

activity too.

3.4.2. Metabolic stability studies

In view of the fact that microsomal instability was identified as a possible liability of the initial hits,
six compounds were selected and evaluated for their stability in murine and human microsomal
fractions before continuing with further synthetic efforts. The selection of compounds was driven
by structural criteria in an attempt to identify the metabolic liabilities of the series. Four possible
metabolic sites were explored: the methoxy group, the amide bond, the methylene linker, and the
phenyl ring of the reference compound 2.1. Therefore, compound 3.30 which possessed a methyl
group instead of methoxy group was selected in order to evaluate the first metabolic point under
exploration. Compounds 3.82 and 3.101, which had a sterically hindered amide by substitution of
the methylene linker and an amine, respectively, were chosen to evaluate the amide and
methylene linker metabolic stabily. Lastly, compounds 3.126, 3.127 and 3.133 were selected to

explore the metabolic stability of the phenyl ring.

The six selected compounds together with the reference compound 2.1 that were evaluated for
their stability in murine and human microsomal fractions, and the obtained data are presented in
Table 3.7. All tested compounds proved to be highly unstable, when incubated with murine
microsomal fractions, while they exhibited moderate Clinx when incubated with human

microsomal fractions. Comparison of the obtained data with the control without co-factor data
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(not shown) indicated that cytochrome P-450 metabolism was not determinant for all the tested
compounds apart from compound 3.101, signifying that the amide bond may is the most

susceptible group of the series and that the esterase hydrolysis might be involved.

In order to confirm that esterases were responsible for the rapid metabolism of the compounds,
the selected compounds were incubated in fresh whole CD1 murine blood. A parallel run, after
pretreatment of the blood with pan-esterase inhibitor sodium fluoride (NaF), was performed and
the obtained results are depicted in Table 3.8. As expected and in accordance with the no co-
factor control in the microsomal stability experiment, nearly all the compounds possessing an
amide bond were highly unstable. On the other hand, compounds 3.101 and 3.82, which possess
an amine or a sterically hindered amide, were stable. In addition, the instability was mitigated
after NaF pretreatment suggesting that it is mainly due to the hydrolysis of the amide. Microsomal
stability in human fractions was better, which is in agreement with the hypothesis of esterase

hydrolysis, since esterases in rodents are more active.'3®

Table 3.7. Stability of selected compounds in murine/human microsomal fractions and blood.

<
<

2.1: Ry = OCHg, R; = 3,5-diCHj
3.30: R; = CHjy, Ry = 3,5-diCH5

R, 3.126: Ry = OCH3, Ry = 3-CHj /
=N 3.127: Ry = OCHjs, R3 = 2,5-diCH3
NZ 3.133: Ry = OCHjg, R = 3,5-diCH3, 4-F

[}
=
Z
I
@] @]
X
(e}
\_\
4
I

o
Zg\ /%

\

o)
ZE\ /%

3.82 3.401
Microsomal fraction stability!®! Blood stability™
Compd . Mouse | ClimHuman | - -
(mL ming?) t1/2 (min) (mL ming?) t1/2 (min)

2.1 18.9 <5 1.3 >30 Partially stabilized <5
3.30 21.9 <5 1.6 >30 Partially stabilized <5
3.82 27.3 <5 2.7 19 Stable 96
3.101 86.5 <5 6.3 >30 Stable >120
3.125 18.1 <5 2.5 23 Partially stabilized <5
3.127 50.2 <5 2.3 24 Partially stabilized <5
3.133 19.3 <5 1.1 >30 Partially stabilized <5

9in vitro murine and human microsomal fraction stability results: intrinsic clearance (Clint) and half-life
time (t12) are reported; imidazolam was used as control with Clint=27.5 +0.4 and 6.4 mL ming? in
mouse and human, respectively and ti2 = <5 and 9 min in mouse and human, respectively; *blood
stability results: half-life time (t1/2) and effect in presence of NaF are reported.
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3.4.3. Antimycobacterial activity, physicochemical properties and

metabolic stability of compounds containing amide bond replacements

In light of this evidence, further medicinal chemistry efforts led to methylation of the amide bond
(3.158) and replacement of the N-phenyl amide with benzoxazole (3.159) or benzimidazole
(3.160) rings in an effort to overcome the rapid clearance observed in murine microsomal
fractions. N-methylation of the reference compound 2.1 (compound 3.158) was explored as a
classic approach to reduce amide hydrolysis. The ring closure could potentially stabilize the
metabolic liability of the series, in theory rendering an improved profile over the previous scaffold.

Table 3.8 presents the obtained data for compounds 3.158, 3.159 and 3.160.

Table 3.8. Biological profile of compounds 3.158, 3.159 and 3.160.

jo)
A
z

/

0.

N\

z

Q

<

Structure o @ﬁ%\ o ng\ /om
Compd 3.158 3.159 3.160
MIC (uM)E! 109.3 5.5 16
Cytotoxicity I1Cso (M) 50 >100 >100
Permeability (nm/sec) 300 86 n.d.[
Solubility (uM)(e! 373 1 13
ChromlogD!" 5.47 6.12 3.59
Microsomal fraction stability'®

Clint [mL ming™] mouse n.d. 46.8 n.d.
Clint [ML min™g™?] human n.d. 3.5 n.d.
t1/2 (min) mouse n.d.l <5 n.d.[
t1/2 (min) human n.d.l 15.7 n.d.[

Blood stability
t1/2 (min) n.d.t >240 n.d.

IMICagainst M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; ’HepG2, human
caucasian hepatocyte carcinoma; ‘artificial membrane permeability; “n.d. = not determined; ¢in vitro
profiling for kinetic aqueous solubility (CLND, chemiluminescent nitrogen detection); fchromlogD values
at pH = 7.4; 9%n vitro microsomal fraction stability results; clearance (Clint) and half-life time (ti2) is
reported; imidazolam was used as control with Clint=27.5 +0.4 and 6.4 mL min"'g? in mouse and human,
respectively and t12= <5 and 9 min in mouse and human, respectively.

Compound 3.159, which possessed a benzoxazole ring instead of anilide, showed significant anti-

tubercular activity with an MIC value of 5.5 uM. Moreover, this compound did not exhibit
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cytotoxic effects. Subsequent testing for blood and microsomal stability revealed the expected
improvement in blood stability due to the removal of the labile amide bond. However, solubility
of compound 3.159 was very poor and in vitro microsomal clearance was high, suggesting that

further medicinal chemistry effort is required in order to overcome these problems.

3.4.4. Intracellular M. tuberculosis activity

Additionally, the intracellular activity for the hit compounds 2.1 and 2.2 and the most active, non-
cytotoxic synthesized compounds (3.71, 3.130, 3.132, 3.133, 3.135, 3.136, 3.142 and 3.159) was
evaluated. This assay determines the effect of the compounds on mycobacteria growing inside
macrophages. Activity in this assay is considered highly desirable as many of the bacteria during
an active M. tuberculosis infection are found intracellularly in phagocytotic cell types. The

obtained results are shown in Table 3.9.

Table 3.9. Intracellular ICso and ICqp values for selected compounds.

R Intracellular
HNTO
Compd _o__X ‘ o\ (I::II:,(I:)
NN ICs0 (LM)P! ICo0 (M)*]
Rs X

2.1 3,5-diCHs-phenyl C 1.9 0.05 0.21
2.2 2-OCHs-phenyl C 1.4 0.50 1.58
3.71 3,5-diCHs-phenyl N 3.8 2.51 6.31
3.130 4-0CHs-phenyl C 0.6 0.03 0.25
3.132 2-OCHs, 5-CHs-phenyl C 2.5 0.16 0.63
3.133 3,5-diCHs, 4-F-phenyl C 2 0.08 0.25
3.135 3,5-diF-phenyl C 3 0.40 2.51
3.136 2,4-diCl-phenyl C 2 0.79 >50
3.142 4-Cl-phenyl C 3 0.16 0.50

®
3.159 N 5.5 3.16 5.01

N
9ICso and ICqo against infected Human THP-1 macrophages with M. tuberculosis (H37Rv).
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It is worth noting that 7 out of 10 tested compounds showed excellent intracellular 1Cq values,
ranging from 0.21 to 2.51 uM. More specifically, hit compound 2.1, compound 3.130, which had
also shown the highest MIC value, and compound 3.133 exhibited the highest intracellular
potencies with 1Cqo values of 0.21-0.25 uM. They were followed by compounds 3.142 and 3.132
with 1Cq values 0.50 and 0.63 uM, respectively. Less active but still very potent compounds were
the hit compound 2.2 and compounds 3.135, 3.159 and 3.71 (ICs = 1.58, 2.51, 5.01 and 6.31 uM,
respectively). Lastly, compound 3.136, despite having shown good MIC values, did not reach 90%
inhibition at 50 uM (ICgo >50 uM) in the intracellular assay. This could be due to poor permeability
of the compounds through the cell membrane, to bacterial efflux pumps activated by the
macrophage or to inactivation of the compounds by host cell derived metabolites such as reactive

species.'®

Direct comparison of the intracellular values (ICq) with the “extracellular’” values (MIC) is not
reliable, since they depend on different readouts and are calculated differently. Even so, a
qualitative comparison between them could give some useful information on their properties for
macrophage penetration. Compounds 3.71 and 3.136 seem to be less potent in macrophages than
the “extracellular’” MIC values would suggest. This could be due to poor permeability of the
compounds through the cell membrane, to bacterial efflux pumps activated by the macrophage
or to inactivation of the compounds by host cell-derived metabolites such as reactive species.'®’
On the other hand, compounds 2.1, 3.130, 3.132, 3.133 and 3.142 exhibited better intracellular
ICso values than “extracellular’” MIC values indicating that these compounds might be targeting
pathways, either in the bacteria or in the macrophage, that are essential during infection but not
for in vitro growth or they are accumulating inside the macrophages.'*® Lastly, compounds 2.2,

3.135 and 3.159 showed comparable activities in both assays.

3.4.5. Cardiotoxicity (hERG binding assay)

Lastly, a preliminary safety evaluation of the cardiovascular risk of the series was performed by
measuring the human Ether- a-go-go-Related Gene (hERG) potassium channel binding of selected
compounds. hERG is a gene (KCNH,) that codes for a protein known as Kv11.1, the alpha subunit
of a potassium ion (K*) channel.'*® This ion channel is best known for its contribution to the
electrical activity of the heart that coordinates the heart's beating (i.e., the hERG channel mediates
the repolarizing Ik current in the cardiac action potential). When this channel's ability to conduct
electrical current across the cell membrane is inhibited or compromised, either by application of

drugs or by rare mutations in some families, it can result in a potentially fatal disorder called long
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QT syndrome, in which delayed repolarization of the heart following a heartbeat increases the risk
of episodes of torsades de pointes (TdP, a form of irregular heartbeat that originates from the
ventricles).!® These episodes may lead to palpitations, fainting, and sudden death due to

ventricular fibrillation.'*°

A number of clinically successful drugs in the market were later found to inhibit hERG channel,
and create a concomitant risk of sudden death, which has made hERG inhibition an important off-
target that must be avoided during drug development.® Therefore, measurement of hERG
channel binding of selected compounds was performed with the purpose to identify
cardiovascular risks early in our optimization program. The obtained results are presented in Table

3.10.

Table 3.10. Results of hERG binding of selected compounds.

Structure
'Ts
Compd H:fo hERG
\ N/)\
R: Rs X ICso (UM)
2.1 6-CH;0- 3,5-diCHs-phenyl C >50
2.2 6-CH30- 2-OCHs-phenyl C 10
3.30 6-CHs- 3,5-diCHs-phenyl C >50
3.68 6-CH;O- 3,5-diCHs-phenyl N >50
3.130 6-CHs0- 4-OCHs-phenyl c 6
3.132 6-CHs0- 2-OCHjs, 5-CHs-phenyl c 5
3.133 6-CH30- 3,5-diCHs, 4-F-phenyl C >50
3.142 6-CHs0- 4-Cl-phenyl C 6
q
3.159 >50
(@)
7

4 out of 9 tested compounds interacted with hERG channel, while the rest of them showed no
activity in the hERG binding assay up to the maximum concentration tested (ICso >50 puM).
Interestingly, 3 out of 4 compounds (2.2, 3.130 and 3.132) which showed some interaction
possessed a methoxy substituent on the phenyl ring. However, the small size of the dataset does

not allow decisive conclusions about a possible correlation between the presence of a methoxy
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group and hERG channel inhibition. Compound 3.159 which is of particular interest due to its

blood stability did not show any interaction with hERG.

3.5.Conclusion

In the presented work, the synthesis of more than seventy novel quinoloxyacetamide derivatives
and their biological evaluation against M. tuberculosis (H37Rv) is reported. Apart from the SAR
exploration around the initial hits, the optimization processes focused on the improvement of the

physicochemical properties, cytotoxicity (HepG2) and metabolic stability of the series.

During our antimycobacterial research on quinoloxyacetamides, several synthetic routes were
explored. Furthermore, we studied the alkylation position of heterocyclic N/O-ambident
nucleophilic scaffolds such as quinolin-4-ol, naphthyridin-4-ol and quinazolin-4-ol. When N-
alkylated products were obtained, the desired alkoxy- analogues were prepared via alternative
methods. Given the lack of commonly applied methods (*H-NMR and mass spectroscopy) for the
unambiguous assignment of N/O-ambident alkylation reaction products, three more advanced
NMR methods (**C-NMR chemical shifts, 2D HSQC/HMBC and 1D NOE) were applied for structure

determination.

Several compounds showed potent anti-tubercular activities with MICs in the low micromolar
range with the best compound (3.130) exhibiting a MIC value of 0.6 uM and no measurable
cytotoxicity. This compound and other potent, non-cytotoxic analogues also showed excellent

intracellular ICso values ranging from 0.21 to 2.51 uM.

Furthermore, the metabolic stability of the series was investigated and it was shown that the
amide bond was the most labile group. Thus, further synthetic efforts were focused on amide
replacement and compound 3.159 which possessed a benzoxazole was identified as a good

alternative to improve blood stability (ti2 >240 min).

Evaluation of the human ether-a-go-go-related gene (hERG) channel binding indicated that
compounds mainly possessing a methoxy phenyl substituent (including compound 3.130) showed
some interactions with hERG, while the optimized compound 3.159 displayed no activity in this

assay.

Further medicinal chemistry effort is necessary to increase solubility and microsomal stability of

the series in order to provide a strong lead for a new anti-tubercular drug discovery program.
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3.6.Experimental section

3.6.1. General Information

Unless otherwise stated, laboratory reagent grade solvents were used. Reagents were purchased
from Sigma-Aldrich, Acros Organics, TCl or Enamine and were used without further purification
unless otherwise mentioned. Reactions were monitored by TLC on silica gel with detection by UV
light (254 nm). TLC analysis was performed using Polygram® precoated silica gel TLC sheets SIL
G/UV2sa.

Characterization of all compounds was done using *H NMR and 3C-NMR spectroscopy and mass
spectrometry. 'H NMR (400 MHz) and 3C-NMR (100 MHz) spectra were recorded on a Bruker
Avance Il Nanobay Ultrashield 400 or a Bruker DPX 400 spectrometer. The chemical shift (3)
values are expressed in parts per million (ppm) and coupling constants are in Hertz (Hz). Minor
rotamers of the amide bond, which were less than 10% of the major rotamer, are not reported in
the NMR data. CDCI3, CD30D or DMSO-ds were used as the standard NMR solvents. Legend: s =
singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet, dd = doublet of doublets,
ddd = doublets of doublets of doublets, br = broad signal. For the measurement of melting points,

a Technoterm 7300 (Reichert-Jung Optische Werke) microscope was used.

Purity and mass were verified using a UPLC-MS system and purities of all final products were found
to be >95%. UPLC-MS involved the following: Waters Acquity UPLC system coupled to a Waters
TQD ESI mass spectrometer and Waters TUV detector. A Waters Acquity UPLC BEH C18 1.7 um,
2.1 mm x 50 mm column was used. Solvent A consisted of water with 0.1% formic acid. Solvent B
consisted of acetonitrile with 0.1% formic acid. Method A involved the following: flow 0.4 mL/min,
0.15 min isocratic elution (95% A, 5% B), followed by gradient elution during 1.85 min (from 95%
A, 5% B to 95% B, 5% A), then 0.25min (0.350 mL/min) isocratic elution (95% B, 5% A). The
wavelength for UV detection was 254 nm. Method B: flow 0.4 mL/min, 0.25 min isocratic elution
(95% A, 5% B), followed by gradient elution during 4.75 min ( 95% B, 5% A, then isocratic 0.25 min
of isocratic elution (95% B, 5% A) followed by 0.75 min isocratic elution (95% A, 5% B). The
wavelength for UV detection was 214 nm. For method C, a Waters Acquity UPLC system was
coupled to a Waters SQ detector and an Acquity UPLC BEH C18 1.7 um, 3x50 mm column was
used. The concentration of the measured samples was 0.1 mg/mL and flow 0.8 mL/min. The
method involved the following: Ammonium acetate (NH4CHsCO,) 25mM + 10% ACN at pH 6.6
/ACN, 0.0-0.2 min 99.9: 0.1, 0.2-1.0 min 10:90, 1.0-1.8 min 10:90, 1.9-2.0 min 99.9:0.1 at

temperature 40 °C. The UV detection was an averaged signal from wavelength of 210 nm to 400
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nm. The quasi-molecular ions [M+H]* or [M-H]  were detected. Retention time (RT) was indicated

for the described method.

For the High Resolution Mass Spectrometry (HRMS) measurements: Positive ion mass spectra
were acquired using a QSTAR Elite (AB Sciex Instruments) mass spectrometer, equipped with a

turbospray source, over a mass range of 250-700.

Where necessary, flash purification was performed on a Biotage ISOLERA One flash system
equipped with an internal variable dual-wavelength diode array detector (200-400 nm). For
normal phase purifications SNAP cartridges (10-100 g, flow rate of 10-100 mL/min) were used,
and reverse-phase purifications were done making use of KP-C18 containing cartridges. Dry
sample loading was done by self-packing samplet cartridges using silica or Celite 545, respectively,
for normal and reversed phase purifications. Gradients used varied for each purification. However,
typical gradients used for normal phase were gradient of 0-100% ethyl acetate in n-heptane or 0-
15% methanol in ethyl acetate. For reverse phase a gradient of 5% MeCN in water to 50% MeCN

in water was used.

The following section comprises the synthetic procedures and analytical data for all final
compounds and intermediates reported in this thesis. Synthetic procedures that were used in the

preparation of several products are summarized here as “General Procedures”.

3.6.2. General procedures

For the synthesis of the quinolin-4-ols, three related methods were used (General procedure A, B

and C).

General procedure A. Formation of 2-methyl-quinolin-4-ols 3.4, 3.15 and 2-trifluoromethyl-
quinolin-4-ols 3.16, 3.18, 3.19. According to Brouet et al., the appropriate substituted aniline (1
equiv.) and ethyl acetoacetate or ethyl 4,4,4-trifluoroacetoacetate (1.25-2.5 equiv.) were
dissolved in Dowtherm A (molarity: 0.5 M) and concentrated sulfuric acid (1-3 drops) was added
to the stirred mixture.! The reaction vessel was equipped with a short distillation apparatus. The
reaction mixture was heated gradually to 240-250 °C for 35-60 min and the produced
water/ethanol were removed by distillation as the reaction progressed. Subsequently, the
reaction mixture was cooled down to room temperature and poured into n-heptane to give a
precipitate. The precipitate was collected by filtration and washed with n-heptane and ethyl
acetate. If necessary, the product was further purified by recrystallization or silica gel flash

chromatography.
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General procedure B. Formation of 2-methyl-quinolin-4-ols 3.4, 3.6, 3.9, 3.11-3.14, 3.70. In
accordance with the second method described by Tantrizos et al., the appropriate aniline (1
equiv.) and ethylacetoacetate (1 equiv.) were stirred at 130 °C for 90 min to form the
corresponding imine.’®* Then, Dowtherm A (molarity: 0.7-2.3 M) was added to the reaction
mixture and it was heated at 250 °C for 1 h. Then, the reaction mixture was cooled down to room
temperature and poured into n-heptane to give a (sticky) precipitate. The precipitate was
collected by filtration and washed with n-heptane and ethyl acetate. If necessary, the product was

further purified by recrystallization or silica gel flash chromatography.

General procedure C. Formation of 2-methyl-quinolin-4-ols 3.4, 3.5. In line with Escribiano et al.,
acetic acid (1.3 equiv.) was added to a solution of the appropriate aniline (1 equiv.) and
ethylacetoacetate (1.2 equiv.) in toluene (molarity: 0.5 M).13 The reaction mixture was held at
reflux for 2 h with azeotropic removal of water by means of a Dean-Stark apparatus. The solvent
was evaporated under reduced pressure, the liquid residue was dissolved in Dowtherm A
(molarity: 0.1 M) and heated at 240 °C for 1 h. A Dean-Stark apparatus was used to remove the
ethanol produced during the reaction. The reaction mixture was cooled down to room
temperature and poured into n-heptane to give a (sticky) precipitate. The precipitate was
collected by filtration and washed with n-heptane and EtOAc. If necessary, the product was further

purified by recrystallization or silica gel flash chromatography.

General Procedure D. Preparation of 2-bromo-N-substituted-acetamides (3.24, 3.77-3.80, 3.96,
3.107-3.124). 2-Bromoacetyl bromide (1.2 equiv.) was slowly added dropwise to a mixture of
arylamines (1 equiv.) and triethylamine (1.2 mmol) in anhydrous DCM (molarity: 1M) at 0 °C. The
reaction mixture was warmed to room temperature and stirred for additional 2-48 h. After the
solvent was removed under reduced pressure, the residue was washed with ice water and
separated by filtration. If necessary, the product was purified by recrystallization or silica gel

column chromatography.

General Procedure E. O-alkylation of 4-quinolinols with primary halides (2.1, 3.25-3.41, 3.48-
3.50, 3.64-3.66, 3.71, 3.85, 3.97, 3.125-3.143, 3.159, 3.160). To a solution of the appropriate 4-
quinolinol (1 equiv.) in anhydrous DMF under nitrogen atmosphere was added K>COs; (3 equiv.)
and a solution of the suitable halide (1-1.2 equiv.) in anhydrous DMF. The reaction mixture was
stirred for 3h-4d at room temperature before being poured into water (50 mL) and extracted with
ethyl acetate (3 x 50 mL) or filtered in case of precipitation. The combined organic extracts were
dried over MgSQ,, filtered, concentrated in vacuo and purified by silica gel flash chromatography,

if necessary.
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General Procedure F. O-alkylation of deprotonated 4-quinolinols with secondary or tertiary
halides (3.81-3.84, 3.86). Sodium hydride (NaH), 60% suspended in mineral oil (1 equiv.) was
added to a solution of intermediate 3.4 in anhydrous DMF under nitrogen atmosphere, and the
resulting suspension was stirred for 30 min. Subsequently, a solution of the suitable halide (1
equiv.) and in some cases potassium iodide (KI) (1 equiv.) in anhydrous DMF was added to the
reaction mixture and left stirring for 3 h — 4 d at room temperature. Afterwards, the reaction
mixture was poured into water (50 mL) and extracted with ethyl acetate (3 x 50 mL) or filtered in
case of precipitation. The combined organic extracts were dried over magnesium sulfate,

concentrated under reduced pressure and purified by flash chromatography, if necessary.

General Procedure G. Formation of the acyl chlorides (3.104, 3.145). The appropriate carboxylic
acid/carboxylate (1 equiv.) was dissolved in anhydrous DCM (Molarity: 0.04-0.3 M) and thionyl
chloride was added (1.2-45 equiv.) dropwise. The reaction mixture was left stirring for 1-3 days at
room temperature or under reflux. The volatiles of the reaction mixture were evaporated under

reduced pressure and the obtained acyl chlorides were directly used for next step.

General Procedure H. Formation of the amide bond (3.105, 3.146-3.157). The acyl chlorides
(3.104, 3.145) were dissolved in anhydrous DCM (Molarity: 0.04-0.5 M) and the suitable amine (1-
2.5 equiv.) was added to the solution. In some cases, triethylamine (1-1.2 equiv.) was also added
to the reaction mixture. Then, the reaction mixture was stirred at room temperature for 7-72 h. If
triethylamine was used, DCM was evaporated and the obtained residue was purified by column
chromatography. If triethylamine was not used, the volatiles were evaporated under reduced
pressure and the residue was dissolved in water. The solution was basified to pH 8-9 using an
aqueous solution of NaOH (2 N), and the obtained crystals were collected by filtration, washed
with water and dried to obtain in most cases the pure product. If necessary, the crude product

was recrystallized from ethyl acetate or purified by column chromatography.

3.6.3. Chemistry
N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (2.1).

The title compound was prepared according to the general procedure E
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.793 mmol), 2-bromo-N-

NH
j/ (3,5-dimethylphenyl)acetamide (230 mg, 0.951 mmol) and potassium

o carbonate (329 mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction
- B
m time was 3 h.
N
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White solid; yield 85% (237 mg, 0.676 mmol); mp 189-191 °C; TLC, R¢0.71 (ethyl acetate/methanol:
90/10). *H NMR (400 MHz, CDCl5) 6 8.16 (s, 1H), 7.91 (d, J = 9.0 Hz, 1H), 7.42 — 7.32 (m, 2H), 7.18
(s, 2H), 6.80 (s, 1H), 6.60 (s, 1H), 4.80 (s, 2H), 3.96 (s, 3H), 2.64 (s, 3H), 2.29 (s, 6H). 1*C NMR (101
MHz, CDCls) 6 165.3, 159.0, 157.6, 157.3, 145.0, 139.1, 136.6, 130.1, 127.0, 122.2, 119.9, 118.0,
102.3,99.6, 67.9, 55.7, 25.7, 21.5. UPLC-MS (A) (ESI) RT 1.58 min, m/z 351.5 [M+H] " (>95%). HRMS
(ESI) m/z calcd for Ca1H23N203 [M+H]*: 351.1703; found: 351.1694.

6-Methoxy-2-methylquinolin-4-ol (3.4).

OH The title compound was prepared according to the general procedures A, B
/O\©\)j\ and C. According to procedure A, 4-methoxyaniline (1.00 g, 8.12 mmol),

N ethylacetoacetate (2.6 mL, 20 mmol) and concentrated sulfuric acid (1-2
drops) in Dowtherm A (15 mL) were used and the reaction time was 35 min. According to
procedure B, 4-methoxyaniline (500 mg, 4.06 mmol) and ethylacetoacetate (0.5 mL, 4.1 mmol)
were used and the reaction time was 90 min. Then, diphenyl ether (5 mL) was added to the
reaction mixture and heated at 250 °C for 1 h. According to procedure C, 4-methoxyaniline (9.2
mL, 80 mmol), ethylacetoacetate (12 mL, 94 mmol) and acetic acid (6 mL, 0.1 mol) in toluene (150
mL) were used. The reaction mixture was held at reflux for 2 h. Then, the solvent was evaporated
under reduced pressure and the liquid residue was dissolved in Dowtherm A and heated at 240 °C

for 1 h.

Off-white solid; yield 7% (100 mg, 0.529 mmol, procedure A), 20% (153 mg, 0.809 mmol,
procedure B), 41% (6.237 g, 32.96 mmol, procedure C). *H NMR (400 MHz, DMSO-ds) 6 11.53 (br
s, 1H), 7.45 (dd, J = 5.9, 2.9 Hz, 2H), 7.24 (dd, J = 9.0, 2.9 Hz, 1H), 5.86 (s, 1H), 3.81 (s, 3H), 2.32 (s,
3H). **C NMR (101 MHz, DMSO-ds) 6 176.1, 155.2, 148.5, 134.7, 125.5, 121.7, 119.4, 107.4, 104.2,

55.3, 19.3. UPLC-MS (A) (ESI) RT 1.06 min, m/z = 190.1 [M+H] " (>95%).
2-Methylquinolin-4-ol (3.5).

OH The title compound was prepared according to the general procedure C using aniline
©\)j\ (1.000 g, 10.74 mmol), ethylacetoacetate (1. 6 mL, 13 mmol) and acetic acid (0.8 mL,
N 14 mmol) in toluene (20 mL). The reaction mixture was held at reflux for 2 h with
azeotropic removal of water by means of a Dean-Stark apparatus. The solvent was evaporated
under reduced pressure, the liquid residue was dissolved in Dowtherm A (5 mL) and heated at 240

°C for 1 h. A Dean-Stark apparatus was used to remove the ethanol produced during the reaction.

White solid; yield 31% (569 mg, 3.36 mmol). *H NMR (400 MHz, DMSO) & 11.55 (s, 1H), 8.02 (ddd,
J=8.0,1.5,0.4 Hz, 1H), 7.60 (ddd, J = 8.4, 7.0, 1.6 Hz, 1H), 7.48 (dd, J = 8.3, 0.5 Hz, 1H), 7.26 (ddd,
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J=8.1,7.0,1.1 Hz, 1H), 5.90 (s, 1H), 2.33 (s, 3H). *C NMR (101 MHz, DMSO0) 6 176.7, 149.6, 140.1,
131.4, 124.8, 124.5, 122.7, 117.7, 108.4, 39.5, 19.5. UPLC-MS (A) (ESI) RT 0.38 min, m/z 160.2

[M+H] " (94%).
2-Methyl-6-(methylthio)quinolin-4-ol (3.6).

OH The title compound was prepared according to the general procedure B using

s
~ m p-(methylmercapto)aniline (1.500 g, 10.77 mmol) and ethylacetoacetate (1.4
N

mL, 11 mmol). The mixture was heated at 130 °C for 90 min. Then, Dowtherm

A (5 mL) was added to the reaction mixture and heated at 250 °C for 1 h.
White solid; yield 11% (233 mg, 1.14 mmol). *H NMR (400 MHz, DMSO) 6 11.59 (s, 1H), 7.82 (d, J
= 2.2 Hz, 1H), 7.53 (dd, /= 8.7, 2.3 Hz, 1H), 7.45 (d, J = 8.7 Hz, 1H), 5.91 (s, 1H), 2.52 (s, 3H), 2.32

(s, 3H). UPLC-MS (A) (ESI) RT 1.21 min, m/z 205.9 [M+H] " (>95%).
6-Chloro-2-methylquinolin-4-ol (3.9).

OH The title compound was prepared according to the general procedure B using 4-

cl
\©\)j\ chloroaniline (1.500 g, 11.76 mmol) and ethylacetoacetate (1.5 mL, 12 mmol).
N

The mixture was heated at 130 °C for 90 min. Then, Dowtherm A (5 mL) was

added to the reaction mixture and heated at 250 °C for 1 h.

Orange solid; yield 13% (300 mg, 1.55 mmol). *H NMR (400 MHz, DMSO) § 11.73 (s, 1H), 7.95 (d, J
=2.5Hz, 1H), 7.64 (dd, J = 8.8, 2.5 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 5.95 (s, 1H), 2.34 (s, 3H). UPLC-

MS (A) (ESI) RT 1.21 min, m/z 194.0, 196.0 (3:1) [M+H] " (83%).
2-Methyl-6-(trifluoromethyl)quinolin-4-ol (3.11).

F OH The title compound was prepared according to the general procedure B using

F
F>‘\©\/§\ p-trifluoromethylaniline (1.00 g, 6.21 mmol) and ethylacetoacetate (0.8 mL, 6
N

mmol). The mixture was heated at 130 °C for 2 h. Then, Dowtherm A (5 mL)

was added to the reaction mixture and heated at 250 °C for 1 h.

White solid; yield 16% (224 mg, 0.986 mmol). *H NMR (400 MHz, DMSO) & 11.91 (s, 1H), 8.30 (s,
1H), 7.91 (dd, J = 8.7, 2.3 Hz, 1H), 7.68 (d, J = 8.7 Hz, 1H), 6.03 (s, 1H), 2.37 (s, 3H). 3C NMR (101
MHz, DMSO) & 176.1, 151.0, 142.2, 127.5 (q, *Jer = 3.3 Hz), 124.4 (q, Ycr = 248.1 Hz), 123.7, 122.9
(a, Yer = 9.2 Hz), 122.4 (q, ¥Jer = 4.4 Hz), 119.4, 19.5. UPLC-MS (A) (ESI) RT 1.37 min, m/z 228.1

[M+H]" (>95%).
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2-Methyl-6-(trifluoromethoxy)quinolin-4-ol (3.12).

OH The title compound was prepared according to the general procedure B using
F

o
Fﬁ/ m 4-(trifluoromethoxy)aniline (0.8 mL, 5.7 mmol) and ethylacetoacetate (0.7
N

F
mL, 6 mmol). The mixture was heated at 130 °C for 90 min. Then, Dowtherm

A (5 mL) was added to the reaction mixture and heated at 250 °C for 1 h.

Light pink solid; yield 15% (210 mg, 0.864 mmol). *H NMR (400 MHz, DMSO) & 11.80 (s, 1H), 7.87
(s, 1H), 7.63 (d, J = 1.5 Hz, 2H), 5.97 (s, 1H), 2.36 (s, 3H). *C NMR (101 MHz, DMSO) & 175.8, 150.5,
143.7, 138.7, 125.2, 125.1, 120.4, 120.2 (q, YJer = 256.3 Hz), 115.9, 108.4, 19.5. UPLC-MS (A) (ESI)

RT 1.82 min, m/z 244.1 [M+H] " (>95%).
6-Ethoxy-2-methylquinolin-4-ol (3.13).

OH The title compound was prepared according to the general procedure B using

\/O
\©\)j\ phenetidine (500 mg, 3.64 mmol) and ethylacetoacetate (0.5 mL, 4 mmol). The
N

mixture was heated at 130 °C for 90 min. Then, Dowtherm A (5 mL) was added

to the reaction mixture and it was heated at 250 °C for 1 h.

Light brown solid; yield 41% (300 mg, 1.48 mmol). *H NMR (400 MHz, DMSO) § 11.51 (s, 1H), 7.47
—7.40 (m, 2H), 7.23 (dd, J = 8.9, 3.0 Hz, 1H), 5.85 (s, 1H), 4.07 (q, / = 6.9 Hz, 2H), 2.32 (s, 3H), 1.35

(t, J = 7.0 Hz, 3H). UPLC-MS (A) (ESI) RT 1.71 min, m/z 204.1 [M+H]" (94%).
6,7-Dimethoxy-2-methylquinolin-4-ol (3.14).

OH The title compound was prepared according to the general procedure B using 4-

aminoveratrole (500 mg, 3.26 mmol) and ethylacetoacetate (0.8 mL, 7 mmol).

/
\

The mixture was heated at 130 °C for 100 min. Then, Dowtherm A (5 mL) was

added to the reaction mixture and heated at 250 °C for 1 h.

Light brown solid; yield 45% (323 mg, 1.47 mmol). *H NMR (400 MHz, MeOD) § 7.57 (s, 1H), 6.95
(s, 1H), 6.15 (s, 1H), 4.59 (s, 1H), 3.95 (s, 3H), 3.92 (s, 3H), 2.44 (s, 3H). UPLC-MS (A) (ESI) RT 1.32

min, m/z 220.1 [M+H] " (94%).
6-(Benzyloxy)-2-methylquinolin-4-ol (3.15).

@ OH The title compound was prepared according to the general procedure A
o]
A using 4-(phenylmethoxy)benzenamine hydrochloride (1.00 g, 4.24

—

N mmol) and ethylacetoacetate (1.3 mL, 11 mmol) in Dowtherm A (8 mL)

and the reaction time was 35 min.
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Off-white solid; yield 12% (136 mg, 0.513 mmol). *H NMR (400 MHz, DMSO) & 11.53 (s, 1H), 7.54
(d, J=2.9 Hz, 1H), 7.52 — 7.22 (m, 8H), 5.86 (d, J = 1.0 Hz, 1H), 5.16 (s, 2H), 2.32 (s, 3H). 3C NMR
(101 MHz, DMSO) 6 175.9, 165.2, 155.5, 144.8, 138.3, 137.9, 135.1, 127.6, 125.2, 121.8, 117.9,

116.9, 107.6, 105.5, 55.4, 21.1. UPLC-MS (A) (ESI) RT 1.50 min, m/z 266.4 [M+H] * (>95%).
6-Methoxy-2-(trifluoromethyl)quinolin-4-ol (3.16).

OH The title compound was prepared according to the general procedure A using
para-anisidine (2.000 g, 16.24 mmol), ethyl 4,4,4-trifluoroacetoacetate (3 mL,

¢ © 20 mmol) and concentrated sulfuric acid (1-2 drops) in Dowtherm A (32 mL).

The reaction mixture was heated gradually up to 240 °C for 30 min, followed by additional 35 min

of heating at 240-250°C.

Brown solid; yield 55% (2.172 g, 8.931 mmol). *H NMR (400 MHz, DMSO) & 12.12 (s, br, 1H), 7.94
(d, J=9.5Hz, 1H), 7.53 - 7.43 (m, 2H), 7.12 (s, br, 1H), 3.92 (s, 3H). UPLC-MS (A) (ESI) RT 1.52 min,

m/z 244.3 [M+H]" (>95%).
6-Ethoxy-2-(trifluoromethyl)quinolin-4-ol (3.18).

OH The title compound was prepared according to the general procedure A

~° using phenetidine (500 mg, 3.64 mmol), ethyl 4,4,4-trifluoroacetoacetate
£ (0.8 mL, 5 mmol) and concentrated sulfuric acid (2-3 drops) in Dowtherm A

(8 mL). The reaction mixture was heated gradually up to 240 °C for 15min, followed by additional

35 min of heating at 240-250°C.

White solid; yield 30% (279 mg, 1.09 mmol). 'H NMR (400 MHz, DMSO) & 11.97 (br. s, 1H), 7.92
(d,J=9.7 Hz, 1H), 7.50 — 7.40 (m, 2H), 7.10 (s, 1H), 4.17 (g, J = 6.9 Hz, 2H), 1.40 (t, J = 6.9 Hz, 3H).

UPLC-MS (A) (ESI) RT 1.68 min, m/z 258.4 [M+H] " (>95%).

6-(Trifluoromethyl)-[1,3]dioxolo[4,5-g]quinolin-8-ol (3.19).

OH The title compound was prepared according to the general procedure A using
o]
< = 1,3-benzodioxol-5-amine (500mg, 3.65 mmol), ethyl 4,4,4-trifluoro aceto
(0] N/

¢ P acetate (1.68 g, 9.12 mmol) and concentrated sulfuric acid (2-3 drops) in

Dowtherm A (14 mL). The reaction mixture was heated gradually for 30 min up to 230°C.

Brown solid; yield 66% (618 mg, 2.40 mmol). *H NMR (400 MHz, DMSO-ds) (a mixture of isomers)
O ppm 12.24 (br.s., 1 H), 7.34 - 7.47 (m, 1 H), 6.75 - 7.15 (m, 2 H), 6.11 - 6.33 (m, 2 H). UPLC-MS

(A) (ESI) RT 1.53 min, m/z 258.4 [M+H] " (>95%).

74



Chapter 3

2-Bromo-N-(3,5-dimethylphenyl)acetamide (3.24).

The title compound was prepared according to general procedure D using

o)
Br\)J\N bromoaceticacidbromide (1.7 mL, 20 mmol), 3,5-xylidine (2.000 g, 16.5
A mmol) and TEA ( 2.8 mL, 20 mmol) in anhydrous DCM (16.5 mL) and

the reaction time was 2 h.

Brown solid; yield 97% (3.890 g, 16.07 mmol). *H NMR (400 MHz, DMSO-ds) § 10.20 (br. s, 1H),
7.20 (s, 2H), 6.73 (s, 1H), 4.00 (s, 2H), 2.24 (d, J =0.4 Hz, 6H). *C NMR (101 MHz, DMSO-ds) (major
cis/trans amide rotamers) § 170.6, 138.3, 137.6, 125.0, 117.3, 61.8, 21.1; (minor cis/trans amide
rotamers) 6 164.7, 138.5, 137.9, 125.4, 117.0, 30.5, 21.1. UPLC-MS (A) (ESI) RT 1.73 min, m/z

242.3:244.3 (1:1) [M+H] " (>95%).
N-(3,5-dimethylphenyl)-2-((2-methylquinolin-4-yl)oxy)acetamide (3.25).
The title compound was prepared according to the general procedure E using

2-methylquinolin-4-ol (250 mg, 1.57 mmol), 2-bromo-N-(3,5-dimethylphenyl)
Os_NH
j/ acetamide (380 mg, 1.57 mmol) and potassium carbonate (651 mg, 4.71 mmol)

o)
©\)j\ in anhydrous DMF (15 mL) and the reaction time was 18 h.
X
N" White solid; yield 63% (318 mg, 0.992 mmol); TLC, R¢ 0.30 (ethyl acetate). *H

NMR (400 MHz, DMSO-ds) 6 10.10 (s, 1H), 8.24 (dd, J = 8.3, 1.0 Hz, 1H), 7.87 (dd, J = 8.4, 0.5 Hz,
1H), 7.72 (ddd, /= 8.4, 6.9, 1.5 Hz, 1H), 7.53 (ddd, /= 8.2, 6.9, 1.2 Hz, 1H), 7.27 (s, 2H), 6.89 (s, 1H),
6.75 (s, 1H), 4.99 (s, 2H), 2.60 (s, 3H), 2.25 (s, 6H). 3C NMR (101 MHz, DMSO-ds) § 165.4, 160.2,
159.7,148.4,138.2,137.8,129.8, 127.9, 125.3, 124.8, 121.8, 119.2, 117.5, 102.0, 67.2, 25.4, 21.1.

UPLC-MS (A) (ESI) RT 1.49 min, m/z 321.4 [M+H] " (>95%).
N-(3,5-dimethylphenyl)-2-((2-methyl-6-(methylithio)quinolin-4-yl)oxy)acetamide (3.26).

The title compound was prepared accoding to the general procedure E
using 2-methyl-6-(methylthio)quinolin-4-ol (200 mg, 0.974 mmol), 2-

OsNH
j/ bromo-N-(3,5-dimethylphenyl)acetamide (236 mg, 0.975 mmol) and
o)
s § potassium carbonate (404 mg, 2.92 mmol) in anhydrous DMF (11 mL) and
N the reaction time was 4 h.

White solid; yield 48% (171 mg, 0.464 mmol); TLC, R¢ 0.43 (ethyl acetate). *H NMR (400 MHz,
DMSO-ds) 6 10.10 (s, 1H), 7.94 (d, J = 2.1 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.61 (dd, J = 8.8, 2.3 Hz,
1H), 7.26 (s, 2H), 6.87 (s, 1H), 6.74 (s, 1H), 4.99 (s, 2H), 2.60 (s, 3H), 2.56 (s, 3H), 2.24 (s, 6H). 13C
NMR (101 MHz, DMSO-ds) 6 165.4, 159.3, 158.8, 146.4, 138.2, 137.8, 134.9, 128.8, 128.4, 125.3,
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119.6,117.4, 116.7, 102.6, 67.1, 25.3, 21.1, 14.9. UPLC-MS (A) (ESI) RT 1.65 min, m/z 367.1 [M+H]

" (>95%).
N-(3,5-dimethylphenyl)-2-((7-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.27).

The title compound was prepared according to the general procedure E
using 7-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-

O NH
j/ (3,5-dimethylphenyl)acetamide (192 mg, 0.793 mmol) and potassium

Q carbonate (329 mg, 2.37 mmol) in anhydrous DMF (9 mL) and the reaction
~o N time was 5 h.

White solid; yield 34% (93 mg, 0.27 mmol); TLC, R¢ 0.38 (broad spot) (ethyl acetate/methanol:
90/10). *H NMR (400 MHz, CDCls) 6 8.12 (br. s, 1H), 8.03 (d, J = 9.1 Hz, 1H), 7.38 (d, J = 2.5 Hz, 1H),
7.22-7.15(m, 3H), 6.81 (s, 1H), 6.55 (s, 1H), 4.80 (s, 2H), 3.94 (s, 3H), 2.68 (s, 3H), 2.31 (s, 6H). 1*C
NMR (101 MHz, CDCls) 6 165.1, 161.7, 160.6, 160.2, 150.7, 139.1, 136.5, 127.1, 122.2, 118.5,

+

118.1,113.8,106.8,100.5,67.7, 55.7, 25.8, 21.5. UPLC-MS (A) (ESI) RT 1.63 min, m/z 351.5 [M+H]
(>95%).

N-(3,5-dimethylphenyl)-2-(6-fluoro-2-methylquinolin-4-yloxy)acetamide (3.28).

The title compound was prepared according to the general procedure E
using 6-fluoro-4-hydroxy-2-methylquinoline (400 mg, 2.26 mmol), 2-bromo-
o

NH
j/ N-(3,5-dimethylphenyl)acetamide (656 mg, 2.71 mmol) and potassium
o)

E Q carbonate (936 mg, 6.77 mmol) in anhydrous DMF (25 mL) and the reaction
NG time was 3.5 h.

White solid; yield 84% (643 mg, 1.90 mmol); TLC, R¢0.56 (ethyl acetate/methanol: 90/10).*H NMR
(400 MHz, CDCls) & 8.07 — 7.97 (m, 2H), 7.75 (dd, J = 9.2, 2.8 Hz, 1H), 7.48 (ddd, J = 9.2, 8.2, 2.9 Hz,
1H), 7.20 (s, 2H), 6.82 (s, 1H), 6.69 (s, 1H), 4.82 (s, 2H), 2.70 (s, 3H), 2.31 (s, 6H). 3C NMR (101
MHz, CDCls) 6 164.8, 160.2 (d, "Jcr = 246.8 Hz), 159.6 (d, “Jcr = 2.6 Hz), 146.0, 139.2, 136.4, 131.0
(d, 3Jcr =8.7 Hz), 127.2, 120.4 (d, *Jer = 25.3 Hz), 119.9 (d, *Jcr =9.5 Hz), 118.2, 118.0, 105.2 (d, *Jc.

r=23.6 Hz), 102.6, 67.9, 25.8, 21.5. UPLC-MS (A) (ESI) RT 1.58 min, m/z 339.4 [M+H]" (>95%).
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2-((6-Chloro-2-methylquinolin-4-yl)oxy)-N-(3,5-dimethylphenyl)acetamide (3.29).

The title compound was prepared according to the general procedure E
using 6-chloro-2-methylquinolin-4-ol (200 mg, 1.03 mmol), 2-bromo-N-

Os_NH
j/ (3,5-dimethylphenyl)acetamide (250 mg, 1.03 mmol) and potassium
o)

cl carbonate (428 mg, 3.10 mmol) in anhydrous DMF (12 mL) and the
X
N reaction mixture was stirred overnight.

White solid; yield 31% (113 mg, 0.318 mmol); TLC, R 0.43 (ethyl acetate). 'H NMR (400 MHz,
DMSO-ds) 6 10.10 (s, 1H), 8.22 (d, J = 2.3 Hz, 1H), 7.88 (d, / = 9.0 Hz, 1H), 7.72 (dd, J = 9.0, 2.5 Hz,
1H), 7.25 (s, 2H), 6.97 (s, 1H), 6.74 (s, 1H), 5.00 (s, 2H), 2.59 (s, 3H), 2.24 (s, 6H). 3C NMR (101
MHz, DMSO-ds) 6 165.3, 160.6, 159.5, 146.8, 138.1, 137.8, 130.2, 130.1, 129.4, 125.4, 120.8,
120.0, 117.7,103.0, 67.3, 25.4, 21.1. UPLC-MS (A) (ESI) RT 1.67 min, m/z 355.1, 357.1 (3:1) [M+H]"
(>95%).

N-(3,5-dimethylphenyl)-2-((2,6-dimethylquinolin-4-yl)oxy)acetamide (3.30).

The title compound was prepared according to the general procedure E using
2,6-dimethyl-4-hydroxyquinoline (200 mg, 1.16 mmol), 2-chloro-N-(3,5-

O~_NH
j/ dimethylphenyl)acetamide (308 mg, 1.27 mmol) and potassium carbonate

0

\©\)j\ (479 mg, 3.46 mmol) in anhydrous DMF (13 mL) and the reaction time was 3 h.
X
N7 White solid; yield 95% (365 mg, 1.09 mmol); mp 208-210 °C; TLC, R; 0.7 (ethyl

acetate/methanol: 80/20). *H NMR (400 MHz, DMSO-ds) § 10.10 (s, 1H), 7.99 (s, 1H), 7.76 (d, J =
8.5 Hz, 1H), 7.55 (dd, J = 8.6, 2.0 Hz, 1H), 7.27 (s, 2H), 6.83 (s, 1H), 6.75 (s, 1H), 4.97 (s, 2H), 2.57
(s, 3H), 2.25 (s, 6H). 3C NMR (101 MHz, DMSO-ds) 6 165.4, 159.9, 158.6, 146.9, 138.2, 137.8,
134.1,131.7,127.7,125.3,120.5, 119.0, 117.4, 101.9, 67.1, 25.3, 21.2, 21.1. UPLC-MS (A) (ESI) RT
1.64 min, m/z 335.5 [M+H]" (>95%). HRMS (ESI) m/z calcd for Ca1H23N202 [M+H]*: 335.1754; found:
335.1739.

N-(3,5-dimethylphenyl)-2-((2-methyl-6-(trifluoromethyl)quinolin-4-yl)oxy)acetamide (3.31).

\©/ The title compound was prepared according to the general procedure E
using 2-methyl-6-(trifluoromethyl)quinolin-4-ol (200 mg, 0.880 mmol), 2-

Os_NH
j/ bromo-N-(3,5-dimethylphenyl)acetamide (213 mg, 0.880 mmol) and
F o]

F \ potassium carbonate (365 mg, 2.64 mmol) in anhydrous DMF (10 mL) and
F
N the reaction mixture was stirred overnight.
White solid; yield 66% (226 mg, 0.582 mmol); mp >210 °C; TLC, Rf 0.45 (ethyl acetate). *H NMR

(400 MHz, DMSO-ds) 6 10.14 (s, 1H), 8.54 (s, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.98 (dd, J = 8.9, 2.1 Hz,
77



Chapter 3

1H), 7.24 (s, 2H), 7.06 (s, 1H), 6.74 (s, 1H), 5.06 (s, 2H), 2.64 (s, 3H), 2.24 (s, 6H). *C NMR (101
MHz, DMSO-dé) § 165.2, 163.0, 160.8, 149.5, 138.1, 137.8, 125.3,125.2 (q, *J,,= 3.1 Hz), 125.0 (q,
’Jor=32.1Hz), 124.3 (q, "J.,= 272.2 Hz), 120.0 (q, J.; = 4.5 Hz), 118.5, 117.5, 103.4, 67.3, 25.6,

21.1. UPLC-MS (A) (ESI) RT 2.08 min, m/z 389.2 [M+H] " (>95%). HRMS (ESI) m/z calcd for
Ca1H20F3N20, [M+H]*: 389.1471; found: 389.1478.

N-(3,5-dimethylphenyl)-2-((2-methyl-6-(trifluoromethoxy)quinolin-4-yl)oxy)acetamide (3.32).

\©/ The title compound was prepared according to the general procedure
E using 2-methyl-6-(trifluoromethoxy)quinolin-4-ol (200 mg, 0.822

j/NH mmol), 2-bromo-N-(3,5-dimethylphenyl)acetamide (199 mg, 0.822
F>|/O O\ mmol) and potassium carbonate (341 mg, 2.47 mmol) in anhydrous
FF \©\)Nj\ DMF (11 mL) and the reaction mixture was stirred overnight.

White solid; yield 47% (157 mg, 0.388 mmol); mp 241 °C; TLC, R¢ 0.36 (ethyl acetate), 0.83 (ethyl
acetate/methanol: 90/10). *H NMR (400 MHz, DMSO-ds) & 10.12 (s, 1H), 8.09 (d, J = 1.4 Hz, 1H),
8.00(d,J=9.1Hz, 1H), 7.71 (dd, J = 9.1, 2.1 Hz, 1H), 7.24 (s, 2H), 7.00 (s, 1H), 6.74 (s, 1H), 5.03 (s,

2H), 2.61 (s, 3H), 2.24 (s, 6H). *C NMR (101 MHz, DMSO-ds) 6 165.2, 161.0, 160.2, 146.8, 144.9,

138.1, 137.8, 130.6, 125.3, 123.7, 120.2 (q, le_F= 256.9 Hz), 119.4, 117.5, 112.8, 103.1, 67.2, 25.4,

21.1. UPLC-MS (A) (ESI) RT 2.08 min, m/z 405.2 [M+H] * (>95%). HRMS (ESI) m/z calcd for
C21H20F3N203 [M+H]*: 405.1421; found: 405.1418.

N-(3,5-dimethylphenyl)-2-((6-ethoxy-2-methylquinolin-4-yl)oxy)acetamide (3.33).

\©/ The title compound was prepared according to the general procedure E
using 6-ethoxy-2-methylquinolin-4-ol (200 mg, 0.984 mmol), 2-bromo-
O+ _NH
j/ N-(3,5-dimethylphenyl)acetamide (238 mg, 0.984 mmol)and potassium
o]
\/Om carbonate (408 mg, 2.95 mmol) in anhydrous DMF (11 mL) and the
N/

reaction time was 3h.

White solid; yield 9% (32 mg, 0.088 mmol); TLC, R¢ 0.67 (ethyl acetate/methanol: 90/10),
fluoroescence.'H NMR (400 MHz, DMSO-ds) 6 10.10 (s, 1H), 7.77 (d, J=9.1 Hz, 1H), 7.48 (d, J= 2.8
Hz, 1H), 7.34 (dd, J = 9.1, 2.9 Hz, 1H), 7.25 (s, 2H), 6.82 (s, 1H), 6.74 (s, 1H), 4.97 (s, 2H), 4.15 (q, J
= 7.0 Hz, 2H), 2.54 (s, 3H), 2.24 (s, 6H), 1.40 (t, J = 7.0 Hz, 3H). 3C NMR (101 MHz, DMSO-ds) &
165.5, 159.4, 156.8, 155.5, 144.1, 138.2, 137.8, 129.5, 125.3, 121.8, 119.8, 117.4, 102.1, 100.7,

67.1,63.4,25.1, 21.1, 14.6. UPLC-MS (B) (ESI) RT 4.08 min, m/z 365.2 [M+H] " (>95%).
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2-((6,7-Dimethoxy-2-methylquinolin-4-yl)oxy)-N-(3,5-dimethylphenyl)acetamide (3.34).

The title compound was prepared according to the general procedure E
using 6,7-dimethoxy-2-methylquinolin-4-ol (200 mg, 0.912 mmol, 2-
j/ bromo-N-(3,5-dimethylphenyl)acetamide (221 mg, 0.912 mmol) and

o potassium carbonate (378 mg, 2.74 mmol) in anhydrous DMF (11 mL) and
- AN
g 7 the reaction time was 3 h.

White solid; yield 70% (244 mg, 0.641 mmol); TLC, R¢ 0.5 (ethyl acetate/methanol: 80/20).*H NMR
(400 MHz, DMSO-ds) & 10.09 (s, 1H), 7.44 (s, 1H), 7.26 (s, 1H), 7.26 (s, 2H), 6.73 (s, 1H), 6.72 (s,
1H), 4.96 (s, 2H), 3.90 (s, 6H), 2.52 (s, 3H), 2.24 (s, 6H). *C NMR (101 MHz, DMSO-ds) & 165.6,
159.3, 157.0,152.1, 148.1, 145.3, 138.2,137.8,125.2, 117.3, 113.2, 107.4, 100.6, 99.9, 67.0, 55.6,

55.5, 25.1, 21.1. UPLC-MS (A) (ESI) RT 1.94 min, m/z 381.3 [M+H]" (>95%).

2-(6-(Benzyloxy)-2-methylquinolin-4-yloxy)-N-(3,5-dimethylphenyl)acetamide (3.35).

The title compound was prepared according to the general
procedure E using 6-(benzyloxy)-2-methylquinolin-4-ol (130 mg,
Os_NH
j/ 0.490 mmol), 2-bromo-N-(3,5-dimethylphenyl)acetamide (130 mg,
o)

anhydrous DMF (5.5 mL) and the reaction time was 3 h.

@\/om 0.536 mmol) and potassium carbonate (203 mg, 1.47 mmol) in
X
N/

White solid; yield 48% (100 mg, 0.234 mmol); TLC, R¢ 0.49 (ethyl acetate/methanol: 90/10). H
NMR (400 MHz, DMSO-ds) 6 10.09 (s, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.63 (d, J = 2.8 Hz, 1H), 7.54 —
7.49 (m, 2H), 7.45 — 7.31 (m, 4H), 7.27 (s, 2H), 6.84 (s, 1H), 6.74 (s, 1H), 5.24 (s, 2H), 4.98 (s, 2H),
2.55 (s, 3H), 2.24 (s, 6H). 3C NMR (101 MHz, DMSO-ds) & 165.5, 159.5, 157.0, 155.3, 144.3, 138.2,
137.8,136.8,129.6, 128.4,127.9,127.8,125.3,121.9,119.7,117.4,102.2, 101.6, 69.6, 67.1, 25.1,

21.1. UPLC-MS (A) (ESI) RT 1.82 min, m/z 427.5 [M+H]" (>95%).

N-(3,5-dimethylphenyl)-2-(6-methoxy-2-(trifluoromethyl)quinolin-4-yloxy)acetamide (3.36).

using 6-methoxy-2-(trifluoromethyl)quinolin-4-ol (500 mg, 2.06 mmol), 2-

\©/ The title compound was prepared according to the general procedure E
o)

bromo-N-(3,5-dimethylphenyl)acetamide (548 mg, 2.26 mmol) and
o)
X

j/NH
potassium carbonate (852 mg, 6.17 mmol) in anhydrous DMF (23 mL) and

F the reaction time was 3 h.

F
F

N
Off-white solid; yield 72% (597 mg, 1.48 mmol); mp 201-202 °C; TLC, R¢0.61
(n-heptane/EtOAc: 50/50). *H NMR (400 MHz, DMSO-ds) & 10.18 (s, 1H), 8.05 (d, J = 9.2 Hz, 1H),
7.61(d,J=2.8Hz, 1H), 7.57 (dd, J=9.2, 2.9 Hz, 1H), 7.36 (s, 1H), 7.24 (s, 2H), 6.75 (s, 1H), 5.20 (s,
79



Chapter 3

2H), 3.97 (s, 3H), 2.24 (s, 6H). **C NMR (101 MHz, DMSO-ds) 6 165.1, 161.3, 158.6, 145.1 (q, ZJC_F=
33.5 Hz), 143.4, 138.1, 137.9, 130.8, 125.3, 123.8, 122.3, 121.7 (q, le_F= 275.4 Hz), 117.3, 99.9,

98.2, 67.6, 55.7, 21.1. UPLC-MS (B) (ESI) RT 4.60 min, m/z 405.6 [M+H]" (>95%). HRMS (ESI) m/z
calcd for C1H20F3N,03 [M+H] *: 405.1421; found: 405.1426.

N-(3,5-dimethylphenyl)-2-(6-(trifluoromethoxy)-2-(trifluoromethyl)quinolin-4-yloxy)acetamide
(3.37).

The title compound was prepared according to the general procedure E

using 4-hydroxy-6-(trifluoromethoxy)-2-(trifluoromethyl)quinoline (300

Oj/NH mg, 1.01 mmol), 2-bromo-N-(3,5-dimethylphenyl)acetamide (269 mg,
0 1.11 mmol) and potassium carbonate (419 mg, 3.03 mmol) in anhydrous
F.__O
FT \/ . DMF (19 mL) and the reaction time was 3 h.
N
F
F White solid; yield 39% (182 mg, 0.397 mmol); TLC, Rf 0.79 (n-

heptane/ethyl acetate: 50/50). 'H NMR (400 MHz, DMSO-ds) & 10.18 (s, 1H), 8.30 (d, J = 9.2 Hz,
1H), 8.24 (bs, 1H), 7.95 (dd, J = 8.8, 2.3 Hz, 1H), 7.54 (s, 1H), 7.23 (s, 2H), 6.75 (s, 1H), 5.25 (s, 2H),
2.24 (s, 6H). 3C NMR (101 MHz, DMSO-dé) & 164.8, 162.7, 148.5 (q, °J., = 33.9 Hz), 147.1, 145.9,

138.1,137.9, 132.1,125.5, 125.4, 121.6, 121.3 (q, *J,= 275.9 Hz), 120.1 (q, J.,= 258.5 Hz), 117.4,

112.8,99.1, 67.9, 21.1. UPLC-MS (A) (ESI) RT 2.51 min, m/z 459.4 [M+H]" (>95%).

N-(3,5-dimethylphenyl)-2-(6-ethoxy-2-(trifluoromethyl)quinolin-4-yloxy)acetamide (3.38).

using 6-ethoxy-2-(trifluoromethyl)quinolin-4-ol (150 mg, 0.583 mmol),

\©/ The title compound was prepared according to the general procedure E
o]
o]
X

NH
j/ 2-bromo-N-(3,5-dimethylphenyl)acetamide (169 mg, 0.698 mmol) and
potassium carbonate (242 mg, 1.75 mmol) in anhydrous DMF (6.5 mL)

F and the reaction time was 4.5 h.

F
F

N
White solid; yield 77% (189 mg, 0.452 mmol); TLC, R 0.75 (n-
heptane/ethyl acetate: 50/50). 'H NMR (400 MHz, DMSO-ds) & 10.16 (s, 1H), 8.03 (d, J = 9.2 Hz,
1H), 7.59 (d, J = 2.8 Hz, 1H), 7.54 (dd, J = 9.2, 2.9 Hz, 1H), 7.35 (s, 1H), 7.24 (s, 2H), 6.74 (s, 1H),
5.18 (s, 2H), 4.23 (q, /= 7.0 Hz, 2H), 2.24 (s, 6H), 1.43 (t, J = 7.0 Hz, 3H). *C NMR (101 MHz, DMSO-
de) 6 165.1, 161.2, 157.8, 145.0 (q, °J,= 33.8 Hz), 143.3, 138.1, 137.8, 130.8, 125.3, 124.0, 122.3,
121.7 (q,IJC_F= 274.7 Hz), 117.3, 100.5, 98.1, 67.6, 63.8, 21.0, 14.5. UPLC-MS (A) (ESI) RT 2.28 min,

m/z 419.4 [M+H]" (>95%).
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N-(3,5-dimethylphenyl)-2-((6-(trifluoromethyl)-[1,3]dioxolo[4,5-g]quinolin-8-yl)oxy)acetamide

(3.39).
The title compound was prepared according to the general procedure E
\©/ using 6-(trifluoromethyl)-[1,3]dioxolo[4,5-g]quinolin-8-ol (309 mg, 1.20
Oj/NH mmol), 2-bromo-N-(3,5-dimethylphenyl)acetamide (291 mg, 1.20 mmol)
o O\ and potassium carbonate (498 mg, 3.60 mmol) in anhydrous DMF (13 mL)
<o = F and the reaction time was 19 h.

F
F

White solid; yield 43% (217 mg, 0.519 mmol); TLC, R¢ 0.49 (n-heptane/ethyl
acetate: 50/50). *H NMR (400 MHz, DMSO-ds) & 10.11 (s, 1H), 7.63 (s, 1H), 7.47 (s, 1H), 7.29 (s,
1H), 7.23 (s, 2H), 6.74 (s, 1H), 6.29 (s, 2H), 5.12 (s, 2H), 2.24 (s, 6H). 3C NMR (101 MHz, DMSO-ds)
6 165.2, 161.3, 152.0, 149.0, 146.2, 145.4 (q, 2JC_F= 33.8 Hz), 138.1, 137.8, 125.4, 121.7 (q, ljc_F=
274.9 Hz), 117.7, 117.6, 105.2, 102.8, 97.5 (q, °J., = 2.4 Hz), 97.4, 67.6, 21.1. UPLC-MS (A) (ESI) RT

2.17 min, m/z 419.4 [M+H]" (>95%).

2-((2,8-Bis(trifluoromethyl)quinolin-4-yl)oxy)-N-(3,5-dimethylphenyl)acetamide (3.40).

2,8-bis(trifluoromethyl)-4-quinolinol (150 mg, 0.534 mmol), 2-bromo-N-(3,5-

dimethylphenyl)acetamide (129 mg, 0.534 mmol) and potassium carbonate

o)

\©/ The title compound was prepared according to the general procedure E, using
o

(221 mg, 1.60 mmol) in anhydrous DMF (12 mL) and the reaction mixture was
X

j/NH
P2

. stirred overnight.

F White solid; yield 50% (118 mg, 0.267 mmol); TLC, R 0.69 (n-heptane/ethyl
acetate: 50/50). 'H NMR (400 MHz, DMSO-ds) 6 10.17 (s, 1H), 8.67 (d, J = 7.9 Hz, 1H), 8.35 (d, J =
7.2 Hz, 1H), 7.90 (t, J = 7.9 Hz, 1H), 7.61 (s, 1H), 7.24 (s, 2H), 6.74 (s, 1H), 5.27 (s, 2H), 2.24 (s, 6H).
13C NMR (101 MHz, DMSO-de) 6 164.8, 163.1, 148.4 (q, °J,,= 33.8 Hz), 143.7, 138.1, 137.8, 130.2
(q, ’J,= 5.2 Hz), 127.3, 127.1, 126.3 (q, *J., = 29.7 Hz), 125.4, 123.7 (q, "J., = 273.5 Hz), 121.8,
121.1(q, 'J.,= 276.6 Hz), 117.4,99.4, 67.9, 21.0. UPLC-MS (A) (ESI) RT 2.35 min, m/z 443.4 [M+H]'

(>95%).
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N-(3,5-dimethylphenyl)-2-((6-methoxy-2-propylquinolin-4-yl)oxy)acetamide (3.41).

The title compound was prepared according to the general procedure E,
using 6-methoxy-2-propylquinolin-4-ol (200 mg, 0.921 mmol), 2-bromo-N-
Oj/NH (3,5-dimethylphenyl)acetamide (245 mg, 1.01 mmol) and potassium

carbonate (382 mg, 2.76 mmol) in anhydrous DMF (9 mL) and the reaction

o}
/O AN . . .
mixture was stirred overnight.
~
N

White solid; yield 57% (197 mg, 0.521 mmol); TLC, Rt 0.63, broad spot
(ethyl acetate). *H NMR (400 MHz, DMSO-ds) § 10.10 (s, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.50 (d, J =
2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.24 (s, 2H), 6.84 (s, 1H), 6.73 (s, 1H), 4.99 (s, 2H), 3.89
(s, 3H),2.81-2.72 (m, 2H), 2.23 (s, 6H), 1.80 — 1.66 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 3C NMR (101
MHz, DMSO-ds) 6 165.6, 160.6, 159.5, 156.3, 144.2, 138.2, 137.8, 129.7, 125.3, 121.5, 120.0,
117.4, 101.7, 100.0, 67.2, 55.4, 40.5, 22.3, 21.1, 13.8. UPLC-MS (A) (ESI) RT 2.01 min, m/z 379.3

[M+H]" (>95%).

5-((4-Methoxyphenylamino)methylene)-2,2-dimethyl-1,3-dioxane-4,6-dione (3.44).

0. .0 A solution of parag-anisidine (1.00 g, 8.12 mmol), 2,2-dimethyl-1,3-
H\;;(o dioxane-4,6-dione (meldrum’s acid derivative) (1.38 g, 9.58 mmol) and
\o/©/ o triethoxymethane (1.6 mL, 9.6 mmol) in ethanol (10 mL) was heated

under reflux for 2 h and then allowed to cool down to room temperature. Filtration, washing with

cold absolute ethanol and drying under reduced pressure afforded the title compound.

White solid; yield 90% (2.03 g, 7.31 mmol); TLC, R¢ 0.6 (n-heptane/ethyl acetate: 50/50). *H NMR
(400 MHz, CDCl) & ppm 11.23 (d, J=14.6 Hz, 1 H), 8.55 (d, J=14.3 Hz, 1 H), 7.16 - 7.23 (m, 2 H), 6.93
-6.98 (m, 2 H), 3.84 (s, 3 H), 1.76 (s, 6 H). UPLC-MS (ESI), RT 1.63 min, m/z 278.4 [M+H]* (>95%).

6-Methoxyquinolin-4-ol (3.46).

o 5-((4-methoxyphenylamino)methylene)-2,2-dimethyl-1,3-dioxane-4,6-dione

/O\©\)j 3.44 (1.00 g, 3.61 mmol) was added portionwise to Dowtherm A (10 mL) at 220
N~ °C. After bubbling stopped, the mixture was heated for additional 10 min and

then allowed to cool down to room temperature. The mixture was poured into n-heptane, the
brown solid was collected by filtration and washed with n-heptane. It was purified using silica gel

column chromatography.

Off-white solid; yield 64% (403 mg, 2.30 mmol); TLC, R¢ 0.40 (ethyl acetate/methanol, 80/20).
UPLC-MS (ESI) (A), RT 0.56 min, m/z 176.4 [M+H]* (>95%).
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N-(3,5-dimethylphenyl)-2-(4-oxoquinolin-1(4H)-yl)acetamide (3.48).

o The title compound was prepared according to the general method E using
©\)j 4-hydroxy-1-azanaphthalene (300 mg, 2.07 mmol), 2-bromo-N-(3,5-
N H dimethylphenyl)acetamide (550 mg, 2.27 mmol) and potassium carbonate
kg/ \Q/ (857 mg, 6.20 mmol) in anhydrous DMF (24 mL) and the reaction time was

3h.

White solid; yield 84% (553 mg, 1.74 mmol); TLC, Rt 0.4 (ethyl acetate/methanol, 90/10). *H NMR
(400 MHz, DMSO-ds)& ppm 10.38 (s, 1 H), 8.19 (dd, J=8.0, 1.4 Hz, 1 H), 7.98 (d, J=7.6 Hz, 1 H), 7.70
(ddd, J=8.6, 7.1, 1.5 Hz, 1 H), 7.48 (d, J=8.6 Hz, 1 H), 7.37 (t, J=7.5 Hz, 1 H), 7.21 (s, 2 H), 6.72 (s, 1
H), 6.10 (d, J=7.8 Hz, 1 H), 5.11 (s, 2 H), 2.22 (s, 6 H). 3C NMR (101 MHz, DMSO-ds) & ppm 176.5,
165.2,145.8,140.5,138.3,137.9,132.1,126.4,125.7,125.2,123.3,116.9, 116.0, 108.7, 54.6, 21.0.
UPLC-MS (ESI) (A), RT 1.64 min, m/z 307.5 [M+H]* (>95%).

N-(3,5-dimethylphenyl)-2-(6-methoxy-4-oxoquinolin-1(4H)-yl)acetamide (3.49).

o The title compound was prepared according to the general method E
/O\©\)J] using 6-methoxyquinolin-4-ol (400 mg, 2.28 mmol), 2-bromo-N-(3,5-
NK”/H dimethylphenyl)acetamide (608 mg, 2.51 mmol) and potassium

5 \Q/ carbonate (947 mg, 6.85 mmol) in anhydrous DMF (25 mL) and the

reaction time was 3 h.

White solid; yield 51% (393 mg, 1.17 mmol; TLC, R¢0.35 (ethyl acetate/methanol: 90/10).*H NMR
(400 MHz, DMSO-ds) & ppm 10.35 (s, 1 H), 7.92 (d, J=7.6 Hz, 1 H), 7.61 (d, J=3.0 Hz, 1 H), 7.45 (d,
J=9.3 Hz, 1 H), 7.34 (dd, J=9.1, 3.0 Hz, 1 H), 7.20 (s, 2 H), 6.72 (s, 1 H), 6.05 (d, J=7.6 Hz, 1 H), 5.10
(s, 2 H), 3.84 (s, 3 H), 2.22 (s, 6 H). 3C NMR (101 MHz, DMSO-dg) & ppm 175.9, 165.2, 155.5, 144.8,
138.3,137.9,135.1,127.6,125.2,121.8,117.9, 116.9, 107.6, 105.5, 55.4, 54.7, 21.0. UPLC-MS (ESI)
(A), RT 1.69 min, m/z 337.6 [M+H]" (>95%).

2-(7-Chloro-4-oxoquinolin-1(4H)-yl)-N-(3,5-dimethylphenyl) acetamide (3.50).

The title compound was prepared according to the general method E

/@\)Oﬁ using 7-chloro-4-hydroxyquinoline (500 mg, 2.78 mmol), 2-bromo-N-
cl N | y (3,5-dimethylphenyl)acetamide (674 mg, 2.78 mmol) and potassium
K”/N carbonate (1.15 g, 8.35 mmol) in anhydrous DMF (31 mL) and the

© \Q/ reaction time was 3 h.

White solid; yield 5% (45 mg, 0.13 mmol); TLC, R¢ 0.63 (ethyl acetate/methanol: 90/10). *H NMR
(400 MHz, DMSO-ds) 6 ppm 10.33 (s, 1 H), 8.17 (d, J=8.6 Hz, 1 H), 7.98 (d, J=7.8 Hz, 1 H), 7.64 (s, 1

83



Chapter 3

H), 7.41 (dd, J=8.6, 1.0 Hz, 1 H), 7.21 (s, 2 H), 6.73 (s, 1 H), 6.12 (d, J=7.8 Hz, 1 H), 5.12 (s, 2 H), 2.22
(s, 6 H). 3C NMR (101 MHz, DMSO-ds) 8 ppm 175.9, 165.0, 146.2, 141.5, 138.3, 137.9, 137.0, 127.9,
125.2, 125.0, 123.7, 116.9, 115.9, 109.4, 54.5, 21.0. UPLC-MS (ESI) (A), RT 1.81 min, m/z 341.5,
343.5 (3:1) [M+H]* (>95%).

N-(3,5-dimethylphenyl)-2-hydroxyacetamide (3.52).

A mixture of 3,5-dimethylaniline (1.00 g, 8.25 mmol) and glycolic acid (0.628

Ho\)OJ\N/@ g, 8.25 mmol) were stirred at 130 °C for 5.5 h. The mixture was cooled to
H room temperature and dissolved in ethyl acetate (50 mL). The organic phase

was washed with ammonium chloride (1N, 50 mL), saturated sodium bicarbonate (50 mL) and

brine (50 mL). The organic phase was dried under magnesium sulfate and the solvent was removed

under reduced pressure.

Brown solid; yield 81% (1.20 g, 6.70 mmol). *H NMR (400 MHz, DMSO-d6) & ppm 9.42 (s, 1 H), 7.30
(s,2 H),6.70 (s, 1 H), 5.62 (t, J=5.9 Hz, 1 H), 3.96 (d, J=5.8 Hz, 2 H), 2.23 (s, 6 H). 3C NMR (101 MHz,
DMSO-d6) 6 ppm 170.6, 138.3, 137.6, 124.9, 117.3, 61.8, 21.1. UPLC-MS (ESI) (B) RT 0.99 min, m/z
180 [M+H]* (>95%).

N-(3,5-dimethylphenyl)-2-(quinolin-4-yloxy)acetamide (3.55).

A mixture of 4-chloroquinoline (100 mg, 0.611 mmol), N-(3,5-dimethylphenyl)-
2-hydroxyacetamide (110 mg, 0.611 mmol), N,N,N’,N'-tetramethyl-

Oj/NH ethylenediamine (7.1 mg, 0.061 mmol), copper(l) iodide (11.6 mg, 0.06 mmol)

0 and cesium carbonate (398 mg, 1.22 mmol) in anhydrous DMF (5 mL) were
©\)j placed in a high pressure tube under nitrogen atmosphere. The reaction
N/

mixture was stirred at 95 °C overnight, cooled down and filtered using a nylon
syringe filter. The filtrate was evaporated and the residue was dissolved in ethyl acetate (50 mL)
and washed with brine (30 mL x 3). The organic layer was dried over magnesium sulfate and
evaporated under reduced pressure. The residue was purified by HPLC using an X-bridge 30

column and as eluent ACN /H,0 gradient from 40-100 (basic method).

Off-white solid; yield 21% (40 mg, 0.13 mmol); mp 162-163 °C; TLC, R¢0.40 (ethyl acetate). 'H NMR
(400 MHz, DMSO-dg) 6 ppm 10.12 (s, 1 H), 8.73 (d, J=5.1 Hz, 1 H), 8.30 (d, J=7.6 Hz, 1 H), 7.97 (d,
J=8.3 Hz, 1 H), 7.77 (ddd, J=8.3, 6.9, 1.4 Hz, 1 H), 7.61 (ddd, J=8.3, 6.9, 1.4 Hz, 1 H), 7.25 (s, 2 H),
6.96 (d, J=5.3 Hz, 1 H), 6.74 (s, 1 H), 5.02 (s, 2 H), 2.24 (s, 6 H). 3C NMR (101 MHz, DMSO-ds) & ppm
165.3, 160.2, 151.4, 148.8, 138.1, 137.7, 129.8, 128.5, 125.7, 125.3, 121.9, 120.6, 117.4, 101.8,
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67.2, 21.0. UPLC-MS (ESI) (B), RT 1.18 min, m/z 307 [M+H]* (>95%); HRMS (ESI) m/z calculated for
CioH1sN20; [M+H]*: 307.1441; found: 307.1440.

N-(3,5-dimethylphenyl)-2-((6-methoxyquinolin-4-yl)oxy)acetamide (3.56).

A mixture of 4-chloro-6-methoxyquinoline (100 mg, 0.516 mmol),
N,N,N',N'-tetramethylethylenediamine (6 mg, 0.05 mmol), copper(l) iodide

Oj/NH (9.8 mg, 0.051 mmol) and cesium carbonate (337 mg, 1.03 mmol) in

0 anhydrous DMF (5 mL) were placed in a high pressure tube under nitrogen
/Om atmosphere. The reaction mixture was stirred at 95 °C overnight. The
N reaction mixture was allowed to cool down and it was filtered through a

nylon syringe filter. The filtrate was evaporated and the residue was dissolved in ethyl acetate (50
mL) and washed with brine (50 mL x 3). The organic layer was dried over sodium sulfate and
evaporated under reduced pressure. The mixture was using silica gel column chromatography and
then HPLC using an X-bridge 30 column and as eluent ACN/H,0 gradient from 40/60-100/0 (basic

method).

Off-white solid; yield 4% (7 mg, 0.02 mmol); mp 156-157 °C; TLC, R¢0.48 (ethyl acetate). '"H NMR
(400 MHz, DMSO-ds) § ppm 10.13 (s, 1 H), 8.58 (d, J=5.1 Hz, 1 H), 7.88 (d, J=9.1 Hz, 1 H), 7.55 (d,
J=3.0 Hz, 1 H), 7.41 (dd, J=9.1, 2.8 Hz, 1 H), 7.25 (s, 2 H), 6.91 (d, J=5.3 Hz, 1 H), 6.73 (s, 1 H), 5.02
(s, 2 H), 3.92 (s, 3 H), 2.24 (s, 6 H); 13C NMR (101 MHz, DMSO-ds) & ppm 165.4, 159.3, 156.8, 148.7,
144.7,138.2, 137.8, 130.2, 125.2, 121.9, 121.3, 117.3, 101.9, 99.9, 67.1, 55.5, 21.1; UPLC-MS ESI)
(B), RT 1.18 min, m/z 337 [M+H]* (>95%); HRMS (ESI) m/z calculated for CyH21N203 [M+H]*:
337.1547; found: 337.1540.

Quinazolin-4-ol (3.61).

OH A 50 mL round bottom flask was charged with 2-aminobenzoicacid (1.00 g, 7.29
©f\j‘ mmol) and formamide (4 mL, 101 mmol) and heated for 7 h at 150 °C. Then, the

N
reaction mixture was cooled down to room temperature and a white precipitate was

formed, filtered, washed with water to remove the excess of formamide and dried.

White solid, yield 56% (595 mg, 4.07 mmol); TLC, R 0.48 (ethyl acetate), Rt 0.83 (ethyl
acetate/methanol: 90/10). *H NMR (400 MHz, Methanol-ds) 6 ppm 8.22 (dd, J=8.2, 1.4 Hz, 1 H),
8.09 (s, 1 H), 7.83 (ddd, J=8.3, 7.2, 1.4 Hz, 1 H), 7.70 (d, J/=8.3 Hz, 1 H), 7.55 (ddd, J=8.0, 7.1, 1.3 Hz,
1 H). UPLC-MS (ESI) (A), RT 0.46 min, m/z 147.3 [M+H]* (>95%).
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6-Methoxyquinazolin-4-ol (3.62).

on A 50 mLround bottom flask was charged with 2-amino-5-methoxybenzoicacid
/O\©\2\IN (500 mg, 2.99 mmol) and formamide (3 mL, 75 mmol) and heated for 7 h at 150
N °C. Then, the reaction mixture was cooled down to room temperature and the

precipitate was filtered, washed with water to remove the excess of formamide and dried.

Light brown solid; yield 65% (343 mg, 1.95 mmol); TLC, R¢ 0.66 (ethyl acetate/methanol: 90/10).
'H NMR (400 MHz, DMSO) 6 12.19 (s, 0.4H), 7.98 (s, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.50 (d, J = 3.0
Hz, 1H), 7.41 (dd, J = 8.9, 3.0 Hz, 1H), 4.04 (s, 0.6H), 3.86 (s, 3H). *C NMR (101 MHz, DMSO) 6
157.8, 143.2, 143.1, 143.0, 129.0, 123.8, 123.5, 105.9, 55.6. UPLC-MS (ESI) (A), RT 1.11 min, m/z
177.4 [M+H]* (>95%).

6-Methoxy-2-methylquinazolin-4-ol (3.63).

OH Method A: A 50 mL round bottom flask was charged with 2-amino-5-
/O\©f\j\'\ methoxybenzoicacid (500 mg, 2.99 mmol) and acetamide (2.297 mg, 38.88

N mmol) and heated at 150 °C for 29 h and then at 165 °C for additional 25 h.
Afterwards, the reaction mixture was cooled down to room temperature and water was added. A
dark brown precipitate was formed which was filtered, washed with water and purified by reverse
phase column chromatography. Method B: A microwave vial (20 mL) was charged with 2-amino-
5-methoxybenzoic acid (700 mg, 4.19 mmol) and acetamide (4.95 g, 83.8 mmol). The reaction
mixture was irradiated at 165 °C for 12 h. The obtained solid was washed with water (50 mL x 3).

It was purified by an amine column.

Off-white solid, yield (A) 14% (77 mg, 0.41 mmol); (B) 35% (280 mg, 1.47 mmol). 'H NMR (400
MHz, DMSO-ds) 6 ppm 12.15 (br. s., 1 H), 7.52 (d, J=8.8 Hz, 1 H), 7.46 (d, J=2.8 Hz, 1 H), 7.37 (dd,
J=8.8, 3.0 Hz, 1 H), 3.85 (s, 3 H), 2.32 (s, 3 H). 3*C NMR (101 MHz, DMSO-ds) § ppm 161.5, 157.1,
151.8, 143.4, 128.2, 123.7, 121.3, 105.7, 55.5, 21.2. UPLC-MS (ESI) (B), RT 1.11 min, m/z 191.1
[M+H]* (>95%).

N-(3,5-dimethylphenyl)-2-(4-oxoquinazolin-3(4H)-yl)acetamide (3.64).

The title compound was prepared according to the general method E

Q H
N
©\):N/\g/ \Q/ using quinazolin-4-ol (500 mg, 3.42 mmol), 2-bromo-N-(3,5-
N

dimethylphenyl)acetamide (828 mg, 3.42 mmol) and potassium
carbonate (1.419 g, 10.26 mmol) in anhydrous DMF (38 mL) and the reaction time was 3 h.

White solid; yield 95% (1.004 g, 3.266 mmol); TLC, R¢ 0.65 (ethyl acetate/methanol: 90/10). *H
NMR (400 MHz, DMSO-ds) & ppm 10.31 (s, 1 H), 8.36 (s, 1 H), 8.15 (dd, J=8.0, 1.1 Hz, 1 H), 7.83 -
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7.89 (m, 1 H), 7.69 - 7.74 (m, 1 H), 7.53 - 7.61 (m, 1 H), 7.21 (s, 2 H), 6.71 (s, 1 H), 4.85 (s, 2 H), 2.22
(s, 6 H). ®*C NMR (101 MHz, DMSO-ds) & ppm 165.3, 160.3, 148.6, 148.1, 138.5, 137.8, 134.5, 127.2,
127.1, 126.0, 125.1, 121.4, 116.8, 48.8, 21.1. UPLC-MS (ESI) (A), RT 1.75 min, m/z 308.5 [M+H]*
(>95%).

N-(3,5-dimethylphenyl)-2-(6-methoxy-4-oxoquinazolin-3(4H)-yl)acetamide (3.65).

o " The title compound was prepared according to the general
/o\©\)J\N/\[rN method A using 6-methoxyquinazolin-4-ol (300 mg, 1.70 mmol), 2-

N/) © \Q/ bromo-N-(3,5-dimethylphenyl) acetamide (412 mg, 1.70 mmol)
and potassium carbonate (706 mg, 5.11 mmol) in anhydrous DMF (19 mL) and the reaction time

was 3 h.

Light grey solid, yield 93% (533 mg, 1.58 mmol); TLC, Rs 0.72 (ethyl acetate). *H NMR (400 MHz,
DMSO-ds) & ppm 10.29 (s, 1 H), 8.25 (s, 1 H), 7.67 (d, J=9.1 Hz, 1 H), 7.51 (d, J=2.8 Hz, 1 H), 7.46
(dd, J=8.8, 2.8 Hz, 1 H), 7.21 (s, 2 H), 6.71 (s, 1 H), 4.84 (s, 2 H), 3.87 (s, 3 H), 2.22 (s, 6 H). 3C NMR
(101 MHz, DMSO-ds) & ppm 165.3, 160.1, 158.0, 146.4, 142.6, 138.5, 137.8, 128.9, 125.1, 123.9,
122.3,116.8, 105.9, 55.7, 48.8, 21.1. UPLC-MS (ESI) (A), RT 1.80 min, m/z 338.5 [M+H]" (>95%).

N-(3,5-dimethylphenyl)-2-(6-methoxy-2-methyl-4-oxoquinazolin-3(4H)-yl)acetamide (3.66).

o ., The title compound was prepared according to the general
/O\©\)J\N/\[r"‘ method E using 6-methoxy-2-methylquinazolin-4-ol (77 mg, 0.41
N/)\ © \Q/ mmol), 2-bromo-N-(3,5-dimethylphenyl) acetamide (98 mg, 0.41
mmol) and potassium carbonate (168 mg, 1.22 mmol) in anhydrous DMF (4.5 mL) and the reaction

time was 3 h.

White solid; yield 84% (119 mg, 0.339 mmol); TLC, R¢ 0.49 (ethyl acetate). *H NMR (400 MHz,
DMSO-dg) 6 ppm 10.30 (s, 1 H), 7.57 (d, J=8.8 Hz, 1 H), 7.45 (d, J=2.8 Hz, 1 H), 7.41 (dd, J=8.6, 2.9
Hz, 1 H), 7.20 (s, 2 H), 6.71 (s, 1 H), 4.93 (s, 2 H), 3.85 (s, 3 H), 2.22 (s, 6 H). 3C NMR (101 MHz,
DMSO-dg) 6 ppm 165.4,161.0, 157.4,153.0, 141.7,138.5, 137.8,128.3, 125.1, 124.1, 120.4, 116.9,
106.0, 55.6, 47.0, 22.7, 21.1. UPLC-MS (ESI) (A), RT 1.81 min, m/z 352.5 [M+H]" (>95%).

4-Chloro-6-methoxy-2-methylquinazoline (3.67).

Cl 6-Methoxy-2-methylquinazolin-4-ol (233 mg, 1.23 mmol) was suspended in
o
- \©f\)|N\ phosphorus oxychloride (POCIs) (10 mL, 108 mmol) and the reaction mixture
N

was stirred under reflux for 2.5 days during which the suspension turned into a
reddish brown solution. The mixture was allowed to cool down to room temperature and

phosphorus oxychloride was evaporated under reduced pressure. Then, the residue was
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partioned between aqueous solution of sodium bicarbonate (5%, 100 mL) and ethyl acetate (100
mL). The organic layer was washed with aqueous solution of sodium bicarbonate (5%, 100 mL)
and water (100 mL). Then, the organic layer was dried over sodium sulfate and evaporated under

reduced pressure. The residue was purified by silica gel column chromatography.

White solid; yield 56% (142 mg, 0.681 mmol). *H NMR (400 MHz, DMSO-ds) 6 ppm 7.92 (d, J=9.1
Hz, 1 H), 7.70 (dd, J=9.1, 2.8 Hz, 1 H), 7.42 (d, J=2.8 Hz, 1 H), 3.96 (s, 3 H), 2.71 (s, 3 H). UPLC-MS
(ESI) (B), RT 3.88 min, m/z 209 [M+H]* (>95%).

N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinazolin-4-yl)oxy)acetamide (3.68).

N-(3,5-dimethylphenyl)-2-hydroxyacetamide (60 mg, 0.34 mmol) and
sodium hydride, 60% dispersion in mineral oil (27 mg, 0.67 mmol) were

Os_NH
suspended in anhydrous tetrahydrofuran (THF) (4 mL) and left stirring at

T
o /O . room temperature for 1 h before 4-chloro-6-methoxy-2-methylquinazoline
[ LNJ\ (70 mg, 0.34 mmol) was added to the mixture. Then, the reaction mixture
was stirred at room temperature for 2.5 h. The product was purified by silica gel column
chromatography and HPLC using an X-Bridge 19 column and as eluent H,0/ACN from 60/40 to
0/100 (basic method).

White solid; yield 14% (17 mg, 0.048 mmol); mp 180-181 °C; TLC, R¢ 0.40 (cyclohexane/ethyl
acetate: 50/50), 0.39 (dichloromethane/methanol: 90/10). *H NMR (400 MHz, DMSO-ds) 6 ppm
10.10 (s, 1 H), 7.78 (d, J=9.1 Hz, 1 H), 7.56 (dd, J=9.1, 2.8 Hz, 1 H), 7.48 (d, J=2.8 Hz, 1 H), 7.22 (s, 2
H), 6.71 (s, 1 H), 5.19 (s, 2 H), 3.92 (s, 3 H), 2.54 (s, 3 H), 2.22 (s, 6 H). 13C NMR (101 MHz, DMSO-
ds) 6 ppm 165.5, 164.6, 160.1, 157.2, 146.7,138.4, 137.7,128.4,125.7, 125.0, 117.1, 114.3, 101.4,
64.5,55.7, 25.7 (d, J=1.5 Hz), 21.0. UPLC-MS (ESI) (B), RT 1.22 min, m/z 352 [M+H]* (>95%); HRMS
(ESI) m/z calcd for CaoH22N303 [M+H]*: 352.1656; found: 352.1649.

6-Methoxy-2-methyl-1,5-naphthyridin-4-ol (3.70).

OH The title compound was prepared according to the general method B, using 5-
O._N

-

TN amino-2-methoxypyridine (1.00 g, 8.06 mmol), ethylacetoacetate (1.02 mL,
= 7

N 8.06 mmol) and Dowtherm A (10 mL) and the reaction time was 3 h (130 °C)
plus 1 h (250 °C) .

Grey solid, yield 19% (290 mg, 1.53 mmol). *H NMR (400 MHz, DMSO) 6 11.63 (s, 1H), 7.86 (d, J =
8.9 Hz, 1H), 7.12 (d, J = 8.9 Hz, 1H), 6.05 (s, 1H), 3.91 (s, 3H), 2.32 (s, 3H). UPLC-MS (A) (ESI) RT 0.29

min, m/z 191.3 [M+H] " (>95%).
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N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methyl-1,5-naphthyridin-4-yl)oxy)acetamide (3.71).

The title compound was prepared according to the general method A using
6-methoxy-2-methyl-1,5-naphthyridin-4-ol (265 mg, 1.39 mmol), 2-bromo-

OsNH
j/ N-(3,5-dimethylphenyl)acetamide (337 mg, 1.39 mmol) and potassium
o)
_O__N carbonate (577 mg, 4.18 mmol) in anhydrous DMF (13 mL) and the reaction
TN
| NN time was 18 h.

White solid; yield 72% (354 mg, 1.01 mmol); TLC, R¢0.43 (ethyl acetate). *H NMR (400 MHz, DMSO-
ds) 6 ppm 10.06 (br. s., 1 H), 8.13 (d, /=9.1 Hz, 1 H), 7.24 (s, 2 H), 7.21 (d, J=9.1 Hz, 1 H), 7.06 (s, 1
H), 6.73 (s, 1 H), 5.03 (s, 2 H), 4.01 (s, 3 H), 2.55 (s, 3 H), 2.23 (s, 6 H). 3C NMR (101 MHz, DMSO-
ds) 6 ppm 165.6, 160.4, 158.6, 157.2, 141.5, 139.6, 138.2, 137.8,132.2, 125.2, 117.1, 116.1, 106.7,
67.3, 53.4, 24.8, 21.1. UPLC-MS (ESI) (A), RT 1.54 min, m/z 352.4 [M+H]* (>95%).

2-Bromo-2-phenylacetyl chloride (3.76).

o) The title compound was prepared according to Dvorak et al.®
@)LC' Phenylacetylchloride (0.428 mL, 3.23 mmol), N-bromosuccinimide (576 mg, 3.23
> mmol) and (E)-azobis(isobutyronitrile) (32 mg, 0.20 mmol) were taken up in carbon
tetrachloride (CCls, 3.7 mL) and the resulting mixture was heated at 80 °C for 6 h. The reaction
mixture was cooled to ambient temperature, followed by addition of n-heptane. The precipitate
was removed by filtration and the filtrate was concentrated under reduced pressure to yield the

target compound as a yellow oil. The yellow oil was used directly for the next step without further

purification.

2-Bromo-N-(3,5-dimethylphenyl)propanamide (3.77).

O

The title compound was prepared according to the general procedure D using
/@\ 2-bromopropionylbromide (0.521 mL, 4.95 mmol), 3,5-xylidine (500 mg, 4.13
N

EF)LH mmol) and triethylamine (0.690 mL, 4.95 mmol) in anhydrous DCM (5 mL) and

the reaction time was 4 h.

White solid; yield 83% (882 mg, 3.44 mmol). *H NMR (400 MHz, DMSO-d6) § 10.15 (s, 1H), 7.22 (s,
2H), 6.73 (s, 1H), 4.68 (q, / = 6.7 Hz, 1H), 2.24 (s, 6H), 1.73 (d, J = 6.7 Hz, 3H). UPLC-MS (A) (ESI) RT

2.21 min, m/z 256.0, 258.0 (1:1) [M+H] " (>95%).
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2-Bromo-N-(3,5-dimethylphenyl)-2-methylpropanamide (3.78).

The title compound was prepared according to the general procedure D using

o /@\ 2-bromo-2-methylpropionylbromide (1.594 g, 6.933 mmol), 3,5-xylidine
7

(0.720 mL, 5.78 mmol) and trimethylamine (0.966 mL, 6.93 mmol) in

anhydrous DCM (5.8 mL) and the reaction time was 2 h.

Light yellow solid; yield 77% (1.200 g, 4.441 mmol). *H NMR (400 MHz, DMSO) § 9.61 (s, 1H), 7.28
(s, 2H), 6.74 (s, 1H), 2.24 (s, 6H), 1.98 (s, 6H). UPLC-MS (A) (ESI) RT 2.06 min, m/z270.1, 272.1 (1:1)

[M+H] " (>95%).

2-Bromo-N-(3,5-dimethylphenyl)butanamide (3.79).

o

The title compound was prepared according to the general procedure D using
/\)}\ /@\ 2-bromobutyrylbromide (0.6 mL, 5 mmol), 3,5-xylidine (500 mg, 4.13 mmol)
N
H

Br and triethylamine (0.7 mL, 5 mmol) in anhydrous DCM (5 mL) and the

reaction time was 3.5 h.

White solid; yield 100% (1.114 g, 4.123 mmol). *H NMR (400 MHz, DMSO) & 10.16 (s, 1H), 7.23 (s,
2H), 6.73 (s, 1H), 4.46 (t, J = 7.3 Hz, 1H), 2.24 (s, 6H), 2.14 — 1.81 (m, 2H), 0.96 — 0.91 (m, 3H). UPLC-

MS (A) (ESI) RT 2.43 min, m/z 270.1, 272.1 (1:1) [M+H] * (>95%).

2-Bromo-N-(3,5-dimethylphenyl)-2-phenylacetamide (3.80).

The title compound was prepared according to the general procedure D,
m /@\ using 2-bromo-2-phenylacetyl chloride 3.76, 3,5-xylidine (0.48 mL, 3.9
H mmol) and triethylamine (0.54 mL, 3.9 mmol) in anhydrous DCM (3.5 mL)

Br
and the reaction mixture was stirred overnight at room temperature. The reaction mixture was

poured into water and the target compound was extracted with DCM. The organic phase was
evaporated under reduce pressure and the crude product was directly used for next step without

purification.
UPLC-MS (A) (ESI) RT 1.98 min, m/z 318.1, 320.1 (1:1) [M+H] "
N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)propanamide (3.81).

\©/ The title compound was prepared according to the general procedure F,

using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.793 mmol), sodium
Ox_NH

I hydride, 60% in mineral oil (29 mg, 0.71 mmol), 2-bromo-N-(3,5-
o]

/Om dimethylphenyl)propanamide (203 mg, 0.792 mmol) and potassium iodide
X
N/
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(132 mg, 0.795 mmol) in anhydrous DMF (9 mL) and the reaction mixture was stirred over weekend.

White solid; yield 49% (140 mg, 0.384 mmol); TLC, R 0.42 (ethyl acetate). 'H NMR (400 MHz,
DMSO-ds) 6 10.09 (s, 1H), 7.77 (d, J = 9.1 Hz, 1H), 7.49 (d, / = 2.9 Hz, 1H), 7.35 (dd, /= 9.1, 2.9 Hz,
1H), 7.24 (s, 2H), 6.74 (s, 1H), 6.73 (s, 1H), 5.16 (g, / = 6.5 Hz, 1H), 3.90 (s, 3H), 2.51 (s, 3H), 2.22 (s,
6H), 1.69 (d, J = 6.6 Hz, 3H). **C NMR (101 MHz, DMSO-ds) & 168.8, 158.9, 156.7, 156.2, 144.3,
138.2,137.8,129.5,125.3,121.5, 119.9, 117.5, 102.3, 100.3, 73.9, 55.4, 25.2, 21.0, 18.4. UPLC-MS

(A) (ESI) RT 1.83 min, m/z 365.3 [M+H]" (>95%).

N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)-2-methylpropanamide
(3.82).

\©/ The title compound was prepared according to the general procedure F,

using 6-methoxy-2-methyl-4-quinolinol (200 mg, 1.06 mmol), sodium
Os_NH

hydride, 60% in mineral oil (63.5 mg, 1.59 mmol), 2-bromo-N-(3,5-
/O\Q;S\ dimethylphenyl)-2-methylpropanamide (286 mg, 1.06 mmol) and
N potassium iodide (175 mg, 1.06 mmol) in anhydrous DMF (11.5 mL) and

the reaction mixture was left stirring overnight.

White solid; yield 25% (99 mg, 0.26 mmol); TLC, R¢ 0.49 (ethyl acetate). *H NMR (400 MHz, DMSO-
ds) 6 9.82 (s, 1H), 7.76 (d, J = 9.1 Hz, 1H), 7.51 (d, J = 2.7 Hz, 1H), 7.36 (dd, J = 9.1, 2.8 Hz, 1H), 7.21
(s, 2H), 6.72 (s, 1H), 6.54 (s, 1H), 3.91 (s, 3H), 2.47 (s, 3H), 2.21 (s, 6H), 1.74 (s, 6H). 3C NMR (101
MHz, DMSO-ds) 6 171.3, 156.8, 156.2, 156.2, 144.5, 138.1, 137.5, 129.5, 125.5, 121.3, 121.2,
118.5, 105.5, 100.9, 81.3, 55.3, 25.1, 24.5, 21.0. UPLC-MS (A) (ESI) RT 1.62 min, m/z 379.2 [M+H]

" (>95%).
N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)butanamide (3.83).

\©/ The title compound was prepared according to the general procedure F,

using 6-methoxy-2-methyl-4-quinolinol (200 mg, 1.06 mmol), sodium
o)

INE hydride, 60% in mineral oil (30 mg, 0.76 mmol) and 2-bromo-N-(3,5-
/O\©\)Oj\ dimethylphenyl)butanamide (286 mg, 1.06 mmol) in anhydrous DMF (12
N mL) and the reaction mixture was left stirring over weekend.
White solid; yield 15% (60 mg, 0.16 mmol); TLC, R¢ 0.43 (ethyl acetate). *H NMR (400 MHz, DMSO-
ds) & 10.09 (s, 1H), 7.77 (d, J = 9.1 Hz, 1H), 7.51 (d, J = 2.9 Hz, 1H), 7.36 (dd, J = 9.1, 2.9 Hz, 1H),
7.23 (s, 2H), 6.73 (s, 1H), 6.72 (s, 1H), 4.96 (t, J = 6.3 Hz, 1H), 3.90 (s, 3H), 2.51 (s, 3H, overlaps with

solvent’s peak), 2.22 (s, 6H), 2.10 (tt, J = 8.6, 4.9 Hz, 2H), 1.10 (t, J = 7.4 Hz, 3H). 3*C NMR (101 MHz,
DMSO-ds) 6 168.2, 159.2, 156.7, 156.3, 144.3, 138.1, 137.8, 129.5, 125.4, 121.5, 120.0, 117.6,
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102.3, 100.3, 78.8, 55.4, 25.9, 25.2, 21.0, 9.6. UPLC-MS (A) (ESI) RT 2.15 min, m/z 379.3 [M+H] "
(>95%).

N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)-2-phenylacetamide (3.84).

The title compound was prepared according to the general procedure F,
using 2-bromo-N-(3,5-dimethylphenyl)-2-phenylacetamide 3.80, 6-

O _NH
methoxy-2-methyl-4-quinolinol (200 mg, 2.11 mmol) and sodium hydride,

/O\©\)Oj\ 60% in mineral oil (76 mg, 1.9 mmol) in anhydrous DMF (7 mL) and the
N reaction mixture was left stirring overnight.

White solid; yield 14% (63 mg, 0.15 mmol); TLC, R¢ 0.44 (ethyl acetate). *H NMR (400 MHz, DMSO-
ds) 6 10.37 (s, 1H), 7.78 (t, / = 8.4 Hz, 3H), 7.60 (d, / = 2.9 Hz, 1H), 7.53 — 7.45 (m, 2H), 7.45 - 7.36
(m, 2H), 7.21 (s, 2H), 6.81 (s, 1H), 6.72 (s, 1H), 6.18 (s, 1H), 3.92 (s, 3H), 2.52 (s, 3H), 2.21 (s, 6H).
13C NMR (101 MHz, DMSO-ds) & 166.6, 158.6, 156.7, 156.4, 144.3, 138.0, 137.9, 136.1, 129.6,

128.9, 128.8, 126.9, 125.6, 121.5, 120.0, 117.5, 102.7, 100.5, 78.8, 55.4, 25.2, 21.0. UPLC-MS (A)

(ESI) RT 1.79 min, m/z 427.2 [M+H] " (>95%).
6-Methoxy-2-methyl-4-(quinolin-2-ylmethoxy)quinoline (3.85).

The title compound was prepared according to the general procedure E,
| using 6-methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol), 2-

(chloromethyl)quinolone hydrochloride (226 mg, 1.06 mmol) and potassium

e « carbonate (438 mg, 3.17 mmol) in anhydrous DMF (10 mL) and the reaction
N mixture was left stirring for 3 days.

Off-white solid; yield 81% (284 mg, 0.860 mmol); TLC, R 0.61 (ethyl acetate/methanol: 95/5). *H
NMR (400 MHz, DMSO-ds¢) 6 8.46 (d, J = 8.5 Hz, 1H), 8.05 (d, J = 8.5 Hz, 1H), 8.02 (dd, /=8.2, 1.0
Hz, 1H), 7.86 — 7.75 (m, 3H), 7.64 (ddd, /= 8.1, 6.9, 1.2 Hz, 1H), 7.50 (d, / = 2.9 Hz, 1H), 7.36 (dd, J
= 9.1, 2.9 Hz, 1H), 7.03 (s, 1H), 5.65 (s, 2H), 3.89 (s, 3H), 2.53 (s, 3H). 3C NMR (101 MHz, DMSO-
ds) 6 159.5, 157.0, 156.7, 156.4, 147.0, 144.2, 137.3, 130.0, 129.6, 128.6, 128.0, 127.3, 126.7,
121.4,119.8,119.4,102.7,99.8, 71.1, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.44 min, m/z 331.4 [M+H]

" (>95%).
3-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-phenylpyrrolidin-2-one (3.86).

/QN‘Q The title compound was prepared according to the general procedure
% F, using 6-methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol),

\©\)j\ sodium hydride, 60% in mineral oil (76 mg, 1.9 mmol) and 3-bromo-
N
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1-phenylpyrrolidin-2-one (257 mg, 1.06 mmol) in anhydrous DMF (10 mL) and the reaction time

was 2 h.

Light brown solid; yield 20% (75 mg, 0.22 mmol); TLC, R¢ 0.6 (ethyl acetate/methanol: 90/10). *H
NMR (400 MHz, DMSO-ds) 6 7.83 —7.73 (m, 3H), 7.46 — 7.41 (m, 2H), 7.39 (d, J = 2.8 Hz, 1H), 7.35
(dd, J =9.1, 2.9 Hz, 1H), 7.25 - 7.17 (m, 1H), 7.12 (s, 1H), 5.60 (t, J = 8.4 Hz, 1H), 4.06 — 3.88 (m,
2H), 3.87 (s, 3H), 2.94 — 2.81 (m, 1H), 2.58 (s, 3H), 2.36 — 2.22 (m, 1H). 3*C NMR (101 MHz, DMSO-
ds) 6 169.4, 159.0, 156.9, 156.3, 144.3,139.1, 129.6, 128.8, 124.7,121.6, 119.8, 119.5, 103.4, 99.7,
75.8,55.4,44.1, 25.4, 25.1. UPLC-MS (A) (ESI) RT 1.43 min, m/z 349.4 [M+H] * (>95%).

6-Methoxy-2-methyl-3-nitroquinolin-4-ol (3.87).

OH 0+ A suspension of 6-methoxy-2-methylquinolin-4-ol 3.4 (1.00 g, 5.29 mmol) in
propionic acid (12 mL) was heated at 110 °C. Then, nitric acid (0.236 mL, 5.29
mmol) was added dropwise and the reaction mixture was heated at 110 °C
for 2 h with vigorous stirring. The resulting suspension was cooled to room temperature, the solid

was collected by filtration, washed with cold ethanol and dried.

Off-white solid; yield 76% (942 mg, 4.02 mmol); TLC, R¢ 0.4 (ethyl acetate/methanol: 90/10). *H
NMR (400 MHz, DMSO-ds) & 12.42 (s, 1H), 7.58 (d, J = 9.0 Hz, 1H), 7.53 (d, J = 2.9 Hz, 1H), 7.40 (dd,
J=9.0, 3.0 Hz, 1H), 3.86 (s, 3H), 2.50 (s, 3H, ovelaps with solvent’s peak). *C NMR (101 MHz,
DMSO-ds) 6 166.7, 156.6, 145.4, 135.0, 132.9, 126.6, 123.3, 120.4, 105.0, 55.6, 16.8. UPLC-MS (A)

(ESI) RT 1.24 min, m/z 234.9 [M+H] " (95%).
3-Amino-6-methoxy-2-methylquinolin-4-ol (3.88).

OH 6-Methoxy-2-methyl-3-nitroquinolin-4-ol (1.612 g, 6.882 mmol) was dissolved

/O\©\)\/LNH2 in 2:1 mixture of THF and saturated agueous ammonium chloride (NH,CI) (60
N/

mL). The mixture was treated with zinc (Zn) at vigorous stirring to keep the
zinc dust in a suspension and to prevent it from caking on the bottom of flask. The reaction mixture
was stirred at room temperature for 1 h. The reaction mixture was filtered through GF/F paper
while rinsing with THF. The filtrate was evaporated under reduced pressure and the residue was

purified by column chromatography reverse phase using methanol/water (50/50).

Zinc (Zn) purification: Zinc was purified by stirring 1 g of commercial zinc dust with 5 mL of 2%

hydrochloric acid (HCl) for 1 min. The acid was removed by filtration and the zinc was washed with
one 5 mL portion of 2% hydrochloric acid, three 5 mL portions of distilled water, two 5 mL portions
of 95% ethanol, and finally with one 5 mL portion of absolute ether, the wash solutions being

removed each time by filtration. Then, the material was quickly dried on air.
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Yellow solid; yield 16% (227 mg, 1.11 mmol). 'H NMR (400 MHz, DMSO-ds) & 11.34 (s, 1H), 7.45 —
7.37 (m, 2H), 7.12 (dd, J = 9.1, 2.9 Hz, 1H), 4.16 (s, 2H), 3.79 (s, 3H), 2.33 (s, 3H). 2*C NMR (101
MHz, DMSO-ds) 6 167.7, 154.1, 132.0, 129.3, 127.7, 121.6, 120.6, 119.3, 103.0, 55.1, 15.7. UPLC-

MS (A) (ESI) RT 0.39 min, m/z 205.3 [M+H] " (>95%).

2-((3,5-Dimethylphenyl)amino)-2-oxoacetyl chloride (3.90).

The title compound was prepared according to Xu et al..1** 3,5-Xylidine (5.14

C|\”)?\N/©\ mL, 41.3 mmol) was added dropwise to oxalyl chloride (34.9 mL, 413 mmol)
o H at 0 °C and the resulting mixture was stirred for 1 h. The excess of oxalyl
chloride was removed under vacuum. Diethyl ether was added to the residue and the solids were
filtered off. The filtrate was evaporated under reduced pressure, and cyclohexane was added to
the residue. After vigorous stirring for 30 min, the insoluble material was filtered, washed with n-

pentane and dried under vacuum to give the target compound which was used directly for next

step.
N1-(3,5-dimethylphenyl)-N2-(4-hydroxy-6-methoxy-2-methylquinolin-3-yl)oxalamide (3.91).

The title compound was prepared according to the procedure

OH , © /@\ described by H. Kokatla et al..**? 3-amino-6-methoxy-2-methyl
/O\©\)ﬁ/\'\l\ﬂ)1\” quinolin-4-ol 3.88 (200 mg, 0.979 mmol) was dissolved in a
N © mixture of anhydrous DCM/DMF: 10/1 (22 mL) and stirred at

room temperature for 5 min. 2-((3,5-dimethylphenyl)amino)-2-oxoacetyl chloride 3.90 (435 mg,
1.44 mmol) was added to the stirring solution at 0 °C and the reaction mixture was allowed to
react for 1 h at 0 °C. Solvents were removed and the residue was purified by silica gel column

chromatography.

Off-white solid; 54% (201 mg, 0.530 mmol); TLC, R¢ 0.33 (n-heptane/ethyl acetate: 50/50). *H NMR
(400 MHz, DMSO-ds) & 10.52 (s, 1H), 9.69 (s, 1H), 7.53 (d, J = 9.0 Hz, 1H), 7.50 — 7.46 (m, 3H), 7.31
(dd, J = 9.0, 3.0 Hz, 1H), 6.81 (s, 1H), 3.84 (s, 3H), 2.32 (s, 3H), 2.27 (s, 6H). UPLC-MS (A) (ESI) RT

1.61 min, m/z 380.4 [M+H] " (>95%).
N-(3,5-dimethylphenyl)-8-methoxy-4-methylthiazolo[4,5-c]quinoline-2-carbothioamide (3.92).

The title compound was prepared using the procedure described by
S H. Kokatla et al.** according to which N1-(3,5-dimethylphenyl)-N2-
S,\?‘;NH (4-hydroxy-6-methoxy-2-methylquinolin-3-yl)oxalamide 3.91 (100

/O\©\/%LN mg, 0.264 mmol) was suspended in anhydrous pyridine (10 mL) and
N/

phosphorus pentasulfide (586 mg, 1.31 mmol) was added and the
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reaction mixture was left stirring under reflux overnight. Pyridine was evaporated and the
obtained residue was dissolved in water. The pH was adjusted ~8 using saturated aqueous solution
of potassium carbonate and the target compound was extracted with ethyl acetate. It was purified

by silica gel and reverse phase column chromatography.

Off-white solid; 19% (20 mg, 0.051 mmol). *H NMR (400 MHz, CDCls) & 10.82 (s, 1H), 8.06 (d, J =
9.1 Hz, 1H), 7.67 (s, 2H), 7.37 (dd, J = 9.2, 2.8 Hz, 1H), 7.25 (d, J = 2.7 Hz, 1H), 6.97 (s, 1H), 3.97 (s,

3H), 3.08 (s, 3H), 2.40 (s, 6H). UPLC-MS (A) (ESI) RT 2.54 min, m/z 394.4 [M+H] " (>95%).
N1-(3,5-dimethylphenyl)-N2-(6-methoxy-2-methylquinolin-4-yl)oxalamide (3.95).
? H 6-Methoxy-2methyl-4-quinolinamine (200 mg, 1.06 mmol) was
o HN)\g/ \Q/ allowed to react with sodium hydride (NaH), 60% mineral oil (85 mg,
- X
\©\)j\ 1.3 mmol) in anhydrous DMF (10 mlL) for 20 min at room
N
temperature. Subsequently, 2-((3,5-dimethylphenyl)amino)-2-
oxoacetyl chloride 3.90 (321 mg, 1.06 mmol) was added to the mixture and left stirring overnight
at room temperature. The reaction mixture was poured into water (80 mL) and the formed

precipitate was filtered and washed with water (10 mL x 3). It was further purified by silica gel
column chromatography.

White solid; yield 12% (45 mg, 0.12 mmol); TLC, R¢ 0.58 (ethyl acetate). *H NMR (400 MHz, DMSO-
des) 6 10.94 (br. s, 1H), 10.72 (s, 1H), 7.87 (d, J = 9.1 Hz, 1H), 7.73 (s, 1H), 7.51 (s, 2H), 7.40 (dd, J =
9.1,2.7 Hz, 1H), 7.35 (d, J = 2.7 Hz, 1H), 6.83 (s, 1H), 3.91 (s, 3H), 2.63 (s, 3H), 2.28 (s, 6H). *C NMR
(101 MHz, DMSO-ds) 6 159.8, 158.2, 156.6, 155.9, 144.3, 139.4, 137.8, 137.4, 130.2, 126.3, 121.7,
121.3, 118.2, 115.4, 101.1, 55.5, 24.7, 21.1. UPLC-MS (A) (ESI) RT 1.66 min, m/z 364.4 [M+H] *
(>95%).

2-Bromo-N-(3,5-dimethylbenzyl)acetamide (3.96).
The title compound was prepared according to the general procedure D,
H using 2-bromoacetyl bromide (0.194 mL, 2.22 mmol), 3,5-
Br/\n/
o) dimethylbenzylamine (250 mg, 1.85 mmol) and triethylamine (0.309 mL,

2.22 mmol) in anhydrous DCM (1.85 mL) and the reaction time was 2 h. It was used directly for

the next step without purification.

UPLC-MS (A) (ESI) RT 1.77 min, m/z 256.4, 258.4 (1:1) [M+H]".
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N-(3,5-dimethylbenzyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.97).

The title compound was prepared according to the general procedure

E, using 2-bromo-N-(3,5-dimethylbenzyl)acetamide 3.96 (129 mg, 0.50

O« _NH mmol), 6-methoxy-2-methyl-4-quinolinol (95 mg, 0.50 mmol) and
oj/ potassiuma carbonate (208 mg, 1.51 mmol) in anhydrous DMF (6.5 mL)
0 = and the reaction time was 26 h.

Off-white solid; yield 64% (117 mg, 0.321 mmol); TLC, R 0.33 (ethyl
acetate), 0.83 (ethyl acetate/methanol: 90/10). *H NMR (400 MHz, DMSO-ds) 6 8.72 (t, J = 6.0 Hz,
1H), 7.79 (d, J = 9.1 Hz, 1H), 7.54 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.85 (s, 3H), 6.80
(s, 1H), 4.86 (s, 2H), 4.32 (d, J = 6.0 Hz, 2H), 3.89 (s, 3H), 2.54 (s, 3H), 2.22 (s, 6H). 13C NMR (101
MHz, DMSO-ds) & 166.9, 159.3, 156.8, 156.2, 144.2, 139.1, 137.2, 129.5, 128.2, 124.9, 121.4,
119.7, 102.3, 100.5, 67.2, 55.4, 41.8, 25.1, 20.9. UPLC-MS (A) (ESI) RT 1.60 min, m/z 365.5 [M+H]*
(>95%).

4-Bromo-6-methoxy-2-methylquinoline (3.98).

Br The title compound was prepared according to Margolis et al..}** Phosphorous
/Om tribromide (PBrs, 1.994 mL, 21.14 mmol) was added slowly to a suspension of
N 6-methoxy-4-hydroxy-2-methyl-quinoline (1.00 g, 5.29 mmol) in DMF (20 mL)
at ambient temperature. The reaction mixture was stirred under nitrogen at 50 °C for 4 days. The
mixture was quenched with water and stirred for 30 min. The reaction mixture was made basic by

addition of potassium bicarbonate (KHCO,) and the formed precipitate was filtered and dried.

Yellow solid; yield 86% (1.141 g, 4.526 mmol). *H NMR (400 MHz, DMSO-ds) 6 7.89 (d, J = 9.1 Hz,
1H), 7.82 (s, 1H), 7.45 (dd, J = 9.1, 2.8 Hz, 1H), 7.34 (d, J = 2.8 Hz, 1H), 3.93 (s, 3H), 2.60 (s, 3H). :3C
NMR (101 MHz, DMSO-ds) 6 157.9, 156.3, 143.8, 131.4, 130.6, 126.3, 126.0, 122.7, 104.1, 55.6,

24.0. UPLC-MS (A) (ESI) RT 1.43 min, m/z 251.8, 253.8 (1:1) [M+H] " (>95).

2-((3,5-Dimethylphenyl)amino)ethanol (3.100).

The title compound was prepared according to Zhao et al..!*® 2-Bromo

A~ OH ethanol (681 mg, 5.45 mmol) was added to 3,5-xylidine (1.00 g, 8.25 mmol)

H and the reaction mixture was heated at 90 °C for 4 h. The resulting solid was
dissolved in ethyl acetate, washed with aqueous sodium hydroxide (2M), followed by brine and
dried over magnesium sulfate. The solvent was removed under reduced pressure and the residue

was purified through a silica gel flash column, using n-heptane/ethyl acetate gradient from 20-

40% to yield the desired compound.
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Brown liquid; yield 43% (587 mg, 3.55 mmol). *H NMR (400 MHz, DMSO-ds) 6 6.18 (s, 2H), 6.17 (s,
1H), 5.23 (t, J = 5.7 Hz, 1H), 4.63 (t, J = 5.5 Hz, 1H), 3.52 (q, / = 6.1 Hz, 2H), 3.04 (q, J = 6.1 Hz, 2H),
2.12 (s, 6H). *C NMR (101 MHz, DMSO-ds) 6 148.9, 137.6, 117.6, 110.0, 59.6, 45.6, 21.3. UPLC-MS

(A) (ESI) RT 0.97 min, m/z 166.0 [M+H] * (>95%).
N-(2-((6-methoxy-2-methylquinolin-4-yl)oxy)ethyl)-3,5-dimethylaniline (3.101).

4-Bromo-6-methoxy-2-methylquinoline 3.98 (200 mg, 0.793 mmol) and

2-((3,5-dimethylphenyl)amino)ethanol 3.100 (131 mg, 0.793 mmol),
NH

J/ tetramethylethylenediamine (TMEDA, 9 mg, 0.08 mmol), copper(l)iodide

o]
o \ (Cul, 15 mg, 0.08 mmol) and cesium carbonate (Cs,COs, 517 mg, 1.59
NS mmol) in anhydrous DMF (4 mL), were placed in a high pressure tube

under nitrogen atmosphere. The reaction mixture was stirred at 95 °C for 2 days, cooled down
and filtered. The filtrate was evaporated and the residue was dissolved in DCM (50 mL) and
washed with brine (30 mL x 3). The organic layer was dried over magnesium sulfate and
evaporated under reduced pressure. The residue was purified by silica gel column

chromatography.

Light yellow solid; yield 17% (45 mg, 0.13 mmol); TLC, R; 0.58 (ethyl acetate). *H NMR (400 MHz,
DMSO-ds) 6 7.74 (d, J =9.1 Hz, 1H), 7.40 (d, J = 2.9 Hz, 1H), 7.31 (dd, J = 9.1, 2.9 Hz, 1H), 6.89 (s,
1H), 6.30 (s, 2H), 6.19 (s, 1H), 5.72 (t, / = 6.2 Hz, 1H), 4.31 (t, J = 5.4 Hz, 2H), 3.83 (s, 3H), 3.57 (q, /
=5.6 Hz, 2H), 2.54 (s, 3H), 2.13 (s, 6H). 3C NMR (101 MHz, DMSO-ds) § 159.9, 157.1, 156.5, 148.5,
144.0,137.7,129.4,121.2,119.9,117.9, 110.1, 102.0, 100.3, 67.3, 55.4, 41.8, 25.0, 21.3. UPLC-MS

(A) (ESI) RT 1.63 min, m/z 337.4 [M+H]" (>95%).
Ethyl 2-((6-methoxy-2-methylquinolin-4-yl)Jamino)acetate (3.102).

~0- 0 4-Bromo-6-methoxy-2-methyl quinoline 3.98 (250 mg, 0.992 mmol), glycine
\ENH ethyl ester hydrochloride (277 mg, 1.98 mmol) and phenol (900 mg, 9.56 mmol)
/Om were placed in a round bottom flask and heated at 120 °C under magnetic
N stirring overnight. The reaction mixture was cooled at room temperature and

diluted with ethyl acetate. The formed precipitate was filtered off and washed with ethyl acetate.
The target compound was purified by column chromatography using as eluent ethyl acetate/n-

heptane gradient from 50-100%.

Off-white solid; yield 55% (150 mg, 0.547 mmol). *H NMR (400 MHz, DMSO-ds) § 7.63 (d, J=9.1
Hz, 1H), 7.50 (d, J = 2.7 Hz, 1H), 7.33 (t, / = 6.3 Hz, 1H), 7.23 (dd, J = 9.1, 2.7 Hz, 1H), 6.17 (s, 1H),
4.22 — 4.10 (m, 4H), 3.87 (s, 3H), 2.40 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H). **C NMR (101 MHz, DMSO-
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ds) 6 170.5, 155.9, 155.5, 149.1, 143.5, 129.8, 120.3, 117.8, 100.7, 98.7, 60.5, 55.5, 44.1, 24.9,

14.2. UPLC-MS (A) (ESI) RT 1.27 min, m/z 275.4 [M+H] " (>95%).
Potassium 2-((6-methoxy-2-methylquinolin-4-yl)Jamino)acetate (3.103).

K In a round bottom flask, ethyl 2-((6-methoxy-2-methylquinolin-4-
OO
j/ yl)amino)acetate 3.102 (150 mg, 0.547 mmol) was dissolved in methanol (10

o mL). Potassium hydroxide (92 mg, 1.6 mmol) was added to the reaction
- X

\©\)Nj\ mixture and left stirring under reflux for 1.5 h. Then, methanol was
evaporated under reduced pressure. It was directly used for the next step.

Off-white solid. 'H NMR (400 MHz, MeOD) & 7.68 (d, J = 9.2 Hz, 1H), 7.37 (d, J = 2.7 Hz, 1H), 7.24
(dd, J = 10.3, 3.8 Hz, 1H), 6.28 (s, 1H), 3.94 (s, 3H), 3.84 (s, 2H), 2.50 (s, 3H). UPLC-MS (A) (ESI) RT

0.89, m/z 247.3 [M+H] " (>95%).
2-((6-methoxy-2-methylquinolin-4-yl)Jamino)acetyl chloride (3.104).

Oj/CI The title compound was prepared according to general procedure G using

HN potassium 2-((6-methoxy-2-methylquinolin-4-yl)Jamino)acetate 3.103 (156
- ~ mg, 0.549 mmol) and thionyl chloride (0.399 mL, 5.47 mmol) in anhydrous
N DCM (8 mL) and the reaction time was 48 h. It was directly used for the next

step.

N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)Jamino)acetamide (3.105).
\©/ The title compound was prepared according to the general procedure H,

using 2-((6-methoxy-2-methylquinolin-4-yl)amino)acetyl chloride (145 mg,
OsNH
j/ 0.548 mmol) and 3,5-xylidine (199 mg, 1.64 mmol) in anhydrous DCM (10

O\@\)j\ mL) and the reaction time was 16 h.
- X
Nid Off-white solid; yield 65% (125 mg, 0.358 mmol); TLC, R 0.22 (ethyl

acetate/methanol/triethylamine: 90/10/0.1). *H NMR (400 MHz, DMSO-ds) 6 9.96 (s, 1H), 7.64 (d,
J=9.1Hz, 1H), 7.54 (d, J = 2.7 Hz, 1H), 7.33 (t, J = 6.0 Hz, 1H), 7.28 = 7.20 (m, 3H), 6.70 (s, 1H), 6.23
(s, 1H), 4.10 (d, J = 6.1 Hz, 2H), 3.89 (s, 3H), 2.40 (s, 3H), 2.22 (s, 6H). 3C NMR (101 MHz, DMSO-
ds) 6 168.1, 155.9, 155.5, 149.5, 143.5, 138.7,137.7,129.7,124.9, 120.3, 117.9, 117.1, 100.9, 98.7,

55.6, 46.3, 25.0, 21.1. UPLC-MS (A) (ESI) RT 1.53 min, m/z 350.4 [M+H] " (>95%).

2-Bromo-N-phenylacetamide (3.107).

0 /@ The title compound was prepared according to the general procedure D, using
B
r\)J\” bromoaceticacidbromide (0.563 mL, 6.44 mmol), aniline (500 mg, 5.37 mmol)
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and trimethylamine (0.898 mL, 6.44 mmol) in anhydrous DCM (6 mL) and the reaction time was

35h.

Brown solid; yield 100% (1.155 g, 5.396 mmol). *H NMR (400 MHz, CDCl3) 6 8.16 (s, 1H), 7.57 —
7.49 (m, 2H), 7.41-7.31 (m, 2H), 7.23 — 7.12 (m, 1H), 4.05 (s, 2H). UPLC-MS (A) (ESI) RT 1.47 min,

m/z 214.0, 216.0 (1:1) [M+H] * (>95%).
2-Bromo-N-(m-tolyl)acetamide (3.108).

o) The title compound was prepared according to the general procedure D, using
Br\)J\N
H

bromo acetic acid bromide (0.489 mL, 5.60 mmol), meta-toluidine (500 mg,
4.67 mmol) and trimethylamine (0.780 mL, 5.60 mmol) in anhydrous DCM (5 mL) and the reaction

time was 2 h.

Dark brown solid; yield 100% (1.063 g, 4.660 mmol). *H NMR (400 MHz, DMSO) & 10.31 (s, 1H),
7.43 (s, 1H), 7.37 (d, J = 8.6 Hz, 1H), 7.20 (t, / = 7.8 Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H), 4.03 (s, 2H),

2.28 (s, 3H). UPLC-MS (A) (ESI) RT 1.67 min, m/z 228.3, 230.3 (1:1) [M+H] " (>95%).
2-Bromo-N-(2,5-dimethylphenyl)acetamide (3.109).

The title compound was prepared according to the general procedure D, using

Br\)L \/©\ bromo acetic acid bromide (0.865 mL, 9.90 mmol), 2,5-xylidine (1.00 g, 8.25
N

H mmol) and triethylamine (1.38 mL, 9.90 mmol) in anhydrous DCM (8 mL) and

the reaction time was 2 h.
Off-white solid; yield 96% (1.919 g, 7.926 mmol). *H NMR (400 MHz, CDCls) & 8.09 (s, 1H), 7.66 (s,
1H), 7.09 (d, J=7.7 Hz, 1H), 6.93 (d, J = 7.5 Hz, 1H), 4.07 (s, 2H), 2.33 (s, 3H), 2.26 (s, 3H). UPLC-MS

(A) (ESI) RT 1.75 min, m/z 242.0, 244.0 (1:1) [M+H] " (>95%).

2-Bromo-N-(2,6-dimethylphenyl)acetamide (3.110).

Br

” bromo acetic acid bromide (0.433 mL, 4.95 mmol), 2,6-xylidine (0.508 mL, 4.13

mmol) and triethylamine (0.690 mL, 4.95 mmol) in anhydrous DCM (4 mL) and the reaction

o) j@ The title compound was prepared according to the general procedure D, using

mixture was stirred over the weekend.

Light brown solid; yield 45% (453 mg, 1.87 mmol). *H NMR (400 MHz, DMSO) § 9.71 (s, 1H), 7.12
—7.02 (m, 3H), 4.05 (s, 2H), 2.15 (s, 6H). UPLC-MS (A) (ESI) RT 1.57 min, m/z 242.4:244.4 (1:1)

[M+H] " (>95%).
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2-Bromo-N-(3-methoxyphenyl)acetamide (3.111).

0 /@\ The title compound was prepared according to the general procedure D,
Br\)J\H o/

using bromo acetic acid bromide (0.426 mL, 4.87 mmol), m-methoxyaniline
(0.456 mL, 4.06 mmol) and triethylamine (0.679 mL, 4.87 mmol) in anhydrous DCM (4 mL) and the

reaction mixture was stirred over weekend.

Dark brown solid; yield 88% (775 mg, 3.18 mmol). *H NMR (400 MHz, DMSO-ds) (a mixture of
amide bond rotamers) @ ppm 9.50 - 10.88 (m, 1 H), 7.07 - 7.63 (m, 3 H), 6.48 - 6.76 (m, 1 H), 3.95
-4.72 (m, 2 H), 3.68 - 3.83 (m, 3 H). 3C NMR (101 MHz, DMSO-ds) (major rotamer) & ppm 170.9,
159.4, 139.7, 129.4, 111.8, 108.8, 105.4, 61.9, 55.0. UPLC-MS (A) (ESI) RT 1.58 min, m/z

244.3:246.3 (1:1) [M+H] " (90%).

2-Bromo-N-(4-methoxyphenyl)acetamide (3.112).

o /©/0\ The title compound was prepared according to the general procedure D,
B'\)J\” using bromo acetic acid bromide (13.77 g, 68.22 mmol), para-anisidine

(7.00 g, 56.8 mmol) and triethylamine (9.51 mL, 68.2 mmol) in anhydrous DCM (57.8 mL) and the

reaction time was 2 h.

White solid; yield 38% (5.206 g, 21.33 mmol). *H NMR (400 MHz, CDCl3) § 8.07 (br. s, 1H), 7.46 —
7.38 (m, 2H), 6.92 — 6.84 (m, 2H), 4.01 (s, 2H), 3.80 (s, 3H). UPLC-MS (A) (ESI) RT 1.43 min, m/z =

244.3:246.3 (1:1) [M+H] " (>95%).

2-Bromo-N-(4-methoxy-3,5-dimethylphenyl)acetamide (3.113).

o The title compound was prepared according the general procedure D, using
o) ~N
Br\)]\ bromo acetic acid bromide (0.173 mL, 1.98 mmol), 4-amino-2,6-
N
H dimethylanisole (250 mg, 1.65 mmol) and triethylamine (0.277 mL, 1.98

mmol) in anhydrous DCM (1.7 mL) and the reaction time was for 2 h.

Light brown solid; yield 100% (450 mg, 1.65 mmol). *H NMR (400 MHz, CDCl3) 6 8.01 (s, 1H), 7.16
(s, 2H), 4.00 (s, 2H), 3.69 (s, 3H), 2.27 (s, 6H). UPLC-MS (A) (ESI) RT 1.76 min, m/z 272.10, 274.1

(1:1) [M+H] " (>95%).
2-Bromo-N-(2-methoxy-5-methylphenyl)acetamide (3.114).

| The title compound was prepared according to the general procedure D, using

\)OJ\ bromo acetic acid bromide (0.382 mL, 4.37 mmol), 5-methyl-o-anisidine (500
Br

N

H mg, 3.64 mmol) and triethylamine (0.610 mL, 4.37 mmol) in anhydrous DCM

(4 mL) and the reaction time was 2 h.
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Brown solid; yield 100% (940 mg, 3.64 mmol). *H NMR (400 MHz, DMSO) & 9.52 (s, 1H), 7.80 (s,
1H), 6.99 — 6.84 (m, 2H), 4.18 (s, 2H), 3.80 (s, 3H), 2.22 (s, 3H). UPLC-MS (A) (ESI) RT 1.85 min, m/z

258.4, 260.4 (1:1) [M+H] " (>95%).

2-Bromo-N-(4-fluoro-3,5-dimethylphenyl)acetamide (3.115).

. The title compound was prepared according to the general procedure D,
o)
Br\)]\ using bromo acetic acid bromide (0.19 mlL, 2.2 mmol), 4-fluoro-3,5-
N
H dimethylaniline (250 mg, 1.80 mmol) and triethylamine (0.30 mL, 2.2 mmol)

in anhydrous DCM (1.8 mL) and the reaction mixture was stirred over weekend.
Off-white solid; yield 100% (466 mg, 1.80 mmol). *H NMR (400 MHz, CDCl;) 6 8.00 (s, 1H), 7.17 (d,
J=6.3 Hz, 2H), 4.01 (s, 2H), 2.25 (s, 6H). UPLC-MS (A) (ESI) RT 1.88 min, m/z 260.0, 262.0 (1:1)

[M+H] " (>95%).
2-Bromo-N-(4-bromo-3-methylphenyl)acetamide (3.116).

o Br The title compound was prepared according to the general procedure D,
Br\)J\N using bromo acetic acid bromide (0.282 mL, 3.22 mmol), 4-bromo-3-

H
methylaniline (500 mg, 2.69 mmol) and triethylamine (0.45 mL, 3.2 mmol) in

anhydrous DCM (4 mL) and the reaction mixture was stirred over weekend.
Dark brown solid; yield 100% (825 mg, 2.69 mmol). *H NMR (400 MHz, DMSO) (major cis/trans
amide rotamer) 6 10.50 (s, 1H), 7.72 — 7.30 (m, 3H), 4.05 (s, 2H), 2.30 (s, 3H). UPLC-MS (A) (ESI) RT

1.92 min, m/z 306.3, 308.3, 310.3 (1:2:1) [M+H] " (>95%).
2-Bromo-N-(3,5-difluorophenyl)acetamide (3.117).

The title compound was prepared according to the general procedure D, using

F
Br\)cj)\ /@\ 2-bromoacetyl bromide (0.41 mL, 4.7 mmol), 3,5-difluoroaniline (500 mg,
N F
H 3.87 mmol) and triethylamine (0.65 mL, 4.7 mmol) in anhydrous DCM (3.9 mL)

and the reaction time was 4 h.

Brown solid; yield 91% (882 mg, 3.53 mmol). 'H NMR (400 MHz, DMSO) & 10.76 (s, 1H), 7.36 —
7.24 (m, 2H), 6.96 (tt, J = 9.4, 2.4 Hz, 1H), 4.05 (s, 2H). UPLC-MS (A) (ESI) RT 1.81 min, m/z 250.0,

252.0 (1:1) [M+H] " (>95%).
2-Bromo-N-(2,4-dichlorophenyl)acetamide (3.118).

The title compound was prepared according to the general procedure D,

cl cl
o)
Br\)J\Nj©/ using bromo acetic acid bromide (0.32 mL, 3.7 mmol), 2,4-dichloroaniline
H
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(500 mg, 3.09 mmol) and triethylamine (0.52 mL, 3.7 mmol) in anhydrous DCM (3.1 mL) and the

reaction time was 2 h.

Brown solid; yield 97% (846 mg, 2.99 mmol). *H NMR (400 MHz, DMSQ) & 10.02 (s, 1H), 7.75 (d, J
=8.7 Hz, 1H), 7.69 (d, J = 2.4 Hz, 1H), 7.44 (dd, J = 8.7, 2.4 Hz, 1H), 4.17 (s, 2H). UPLC-MS (A) (ESI)

RT 1.90 min, m/z 282.1, 284.0, 285.9 (1:2:1) [M+H] " (>95%).
2-Bromo-N-(4-chloro-3-(trifluoromethyl)phenyl)acetamide (3.119).

The title compound was prepared according to the general procedure D,

cl
o]
Br\)J\N/©;<F using bromoacetic acid bromide (0.54 mL, 6.1 mmol), 5-amino-2-
H F

F chlorobenzotrifluoride (1.00 g, 5.11 mmol) and TEA (0.86 mL, 6.1 mmol) in

anhydrous DCM (5 mL) and the reaction time was 3 h.

Dark brown solid; yield 99% (1.60 g, 5.05 mmol). *H NMR (400 MHz, DMSO) 6 10.83 (s, 1H), 8.15
(d, J=2.5Hz, 1H), 7.83 (dd, J = 8.7, 2.4 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 4.07 (s, 2H). *C NMR (101
MHz, DMSO) 6 171.8, 138.1, 132.0, 126.7 (q, ZJC_F =30.8 Hz), 124.5, 124.1 (q, 4JC_F =1.8 Hz), 122.8
(g, le_F = 273.1 Hz), 118.4 (q, 3JC_F= 5.7 Hz), 61.9. UPLC-MS (A) (ESI) RT 1.92 min, m/z 316.2,
318.1(1:1) [M+H] " (>95%).

2-Bromo-N-(4-chloro-3-methoxyphenyl)acetamide (3.120).

o /©:Cl The title compound was prepared according to the general procedure D,
Br\)J\H o/

using bromoacetic acid bromide (0.665 mL, 7.61 mmol), 4-chloro-3-
methoxyaniline (1.00 g, 6.35 mmol) and TEA (1.06 mL, 7.61 mmol) in

anhydrous DCM (7 mL) and the reaction time was 3 h.

Grey solid; yield 100% (1.77 g, 3.34 mmol). *H NMR (400 MHz, DMSO) (mixture of cis/trans amide
rotamers, 2/1) § 10.57 (s, 0.6H), 9.78 (s, 0.3H), 7.61 (d, J = 2.3 Hz, 0.3H), 7.48 (d, J = 2.3 Hz, 0.6H),
7.39(dd, J=8.7,2.3 Hz, 0.4H), 7.35 (d, /= 8.6 Hz, 0.7H), 7.31 (d, / = 8.6 Hz, 0.4H), 7.18 (dd, J = 8.6,
2.3 Hz, 0.7H), 4.05 (s, 1.3H), 3.99 (s, 0.7H), 3.82 (s, 2H), 3.80 (s, 1H). 3C NMR (101 MHz, DMSO)
(major cis/trans amide rotamer) 6 171.2, 154.4,138.8,129.6,115.0, 112.2, 104.4, 61.9, 55.9 UPLC-

MS (A) (ESI) RT 1.68 min, m/z 287.1, 280.1 (1:1) [M+H] " (>95%).
2-Bromo-N-(4-chloro-2,5-dimethoxyphenyl)acetamide (3.121).

(I) o The title compound was prepared according to the general procedure D,

o)
Br\)J\N:Q:O/ using bromoacetic acid bromide (0.559 mL, 6.40 mmol), 2,5-dimethoxy-4-
H chloroaniline (1.00 g, 5.33 mmol) and TEA (0.891 mL, 6.40 mmol) in

anhydrous DCM (5.5 mL) and the reaction time was 3 h.
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Brown solid; yield 96% (1.57 g, 5.09 mmol). *H NMR (400 MHz, DMSO) 6 9.71 (s, 1H), 7.94 (s, 1H),
7.17 (s, 1H), 4.22 (s, 2H), 3.82 (s, 3H), 3.76 (s, 3H). 3C NMR (101 MHz, DMSO) (major cis/trans
amide rotamer) 6 170.4, 148.3, 142.2, 126.4, 114.6, 112.9, 104.2, 61.7, 56.7, 56.4. UPLC-MS (A)

(ESI) RT 1.79 min, m/z 308.2, 310.2 (1:1) [M+H] " (>95%).
2-Bromo-N-(3,4,5-trimethoxyphenyl)acetamide (3.122).

The title compound was prepared according to the general procedure D,
\)J\ /@: using bromoacetic acid bromide (0.572 mL, 6.55 mmol), 3,4,5-
trimethoxyphenylamine (1.00 g, 5.46 mmol) and TEA (0.913 mL, 6.55 mmol)

in anhydrous DCM (5.5 mL) and the reaction time was 3 h.

Brown solid; yield 97% (1.61 g, 5.30 mmol). *H NMR (400 MHz, DMSO) & 10.32 (s, 1H), 6.96 (s, 2H),
4.01 (s, 2H), 3.74 (s, 6H), 3.62 (s, 3H). 3C NMR (101 MHz, DMSO) (major cis/trans amide rotamer)
6 170.7, 152.6, 134.6, 133.4, 97.4, 61.9, 60.1, 55.7. UPLC-MS (A) (ESI) RT 1.42 min, m/z 304.2,

306.2 (1:1) [M+H] " (>95%).
2-Bromo-N-(4-fluorophenyl)acetamide (3.123).

o /©/F The title compound was prepared according to the general procedure D,

using bromoacetic acid bromide (0.944 mL, 10.8 mmol), 4-fluoroaniline (1.00
g, 9.00 mmol) and TEA (1.505 mL, 10.80 mmol) in anhydrous DCM (9 mL) and the reaction time

was 3 h.

Brown solid; yield 86% (1.79 g, 7.72 mmol). *H NMR (400 MHz, DMSO) 6 10.43 (s, 1H), 7.65 — 7.55
(m, 2H), 7.24 — 7.11 (m, 2H), 4.02 (s, 2H). 3C NMR (101 MHz, DMSO) (major cis/trans amide
rotamer) 6 170.8, 158.1 (d, Ycr = 239.8 Hz), 134.9 (d, “Jer = 2.6 Hz), 121.4 (d, ¥cr = 8.0 Hz), 115.1
(d, Her = 22.0 Hz), 61.8; (minor cis/trans amide rotamer) & 164.7, 158.3 (d, Yc = 240.3 Hz), 135.0
(d, “Jcr = 2.6 Hz), 121.0 (d, 3Jcr = 8.0 Hz), 115.5 (d, Zcr = 22.4 Hz), 30.3. UPLC-MS (A) (ESI) RT 1.44

min, m/z 232.1, 234.1 (1:1) [M+H] " (>95%).
2-Bromo-N-(4-chlorophenyl)acetamide (3.124).

o /©/C| The title compound was prepared according to the general procedure D,

using bromoacetic acid bromide (0.822 mL, 9.41 mmol), 4-chloroaniline (1.00
g, 7.84 mmol) and TEA (1.31 mL, 9.41 mmol) in anhydrous DCM (8 mL) and the reaction time was
2.5h.

White solid; yield 92% (1.79 g, 7.19 mmol). *H NMR (400 MHz, DMSO) 6 10.51 (s, 1H), 7.65 — 7.57
(m, 2H), 7.44 — 7.34 (m, 2H), 4.03 (s, 2H). 3C NMR (101 MHz, DMSO) (major cis/trans amide
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rotamer) 6§ 171.1,137.5,128.5,127.0,121.2, 61.9; (minor cis/trans amide rotamer) 6 165.0, 137.6,

128.8,127.4, 120.8, 30.3. UPLC-MS (A) (ESI) RT 1.68 min, m/z 248.1, 250.1 (1:1) [M+H] * (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-phenylacetamide (3.125).

The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol) in anhydrous

Os_NH
j/ DMF (5 mL) was added K,COs; (329 mg, 2.38 mmol) and 2-bromo-N-
o]

o phenylacetamide (170 mg, 0.794 mmol) in anhydrous DMF (4 mL) and the
- X
NG reaction time was 3 d.

Off-white solid; yield 29% (75 mg, 0.23 mmol); mp 221-222 °C. *H NMR (400 MHz, DMSO-ds) &
10.26 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.64 (dd, J = 8.5, 1.0 Hz, 2H), 7.51 (d, / = 2.8 Hz, 1H), 7.39 —
7.29 (m, 3H), 7.14 - 7.05 (m, 1H), 6.86 (s, 1H), 5.01 (s, 2H), 3.90 (s, 3H), 2.55 (s, 3H). *C NMR (101
MHz, DMSO-ds) & 165.7, 159.5, 156.9, 156.2, 144.2, 138.4, 129.5, 128.8, 123.8, 121.6, 119.7,
119.6, 102.2, 100.1, 67.1, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.66 min, m/z 323.2 [M+H] " (>95%).
HRMS (ESI) m/z calcd for CigH15sN203 [M+H]*: 323.1390; found: 323.1380.

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(m-tolyl)acetamide (3.126).
The title compound was prepared according to the general procedure E,
\Q using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-
Oj/NH (m-tolyl)acetamide (181 mg, 0.792 mmol) and K>COs (329 mg, 2.38 mmol) in
/O\©\)Oj\ anhydrous DMF (9 mL) and the reaction time was 4 h.
N" Off-white solid; yield 58% (155 mg, 0.461 mmol); mp 142-144 °C. 'H NMR
(400 MHz, DMSO-ds) & 10.19 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.57 — 7.46 (m, 2H), 7.41 (d, J = 8.0
Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 6.91 (d, J = 7.5 Hz, 1H), 6.84 (s, 1H),

5.00 (s, 2H), 3.89 (s, 3H), 2.54 (s, 3H), 2.28 (s, 3H). *C NMR (101 MHz, DMSO-ds) & 165.58, 159.47,
156.85, 156.25, 144.22, 138.30, 138.02, 129.51, 128.65, 124.44, 121.59, 120.15, 119.75, 116.82,

102.19, 100.08, 67.07, 55.40, 25.10, 21.17. UPLC-MS (A) (ESI) RT 1.55 min, m/z 337.2 [M+H]"
(>95%). HRMS (ESI) m/z calcd for Cz0H21N203 [M+H]*: 337.1547; found: 337.1533.
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N-(2,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.127).

The title compound was prepared according to the general procedure E,
/©/ using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-

Os_NH
j/ N-(2,5-dimethylphenyl)acetamide (192 mg, 0.793 mmol) and K,COs (329
o 0 mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was 3 h.
-~ X
m White solid; yield 35% (97 mg, 0.28 mmol).*H NMR (400 MHz, DMSO-ds)

8§9.57 (s, 1H), 7.79 (d, J = 9.1 Hz, 1H), 7.55 (d, J = 2.9 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.30 (s,
1H), 7.11 (d, J = 7.7 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.90 (s, 1H), 5.01 (s, 2H), 3.90 (s, 3H), 2.57 (s,
3H), 2.26 (s, 3H), 2.18 (s, 3H). *C NMR (101 MHz, DMSO-ds) § 165.9, 159.5, 157.1, 156.5, 144.4,
135.5, 135.3, 130.4, 129.7, 129.0, 126.5, 125.9, 121.9, 119.9, 102.6, 100.4, 67.5, 55.6, 25.3, 20.8,

17.5. UPLC-MS (A) (ESI) RT 1.66 min, m/z 351.2 [M+H] " (>95%).
N-(2,6-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.128).

The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-
o)

NH
j/ N-(2,6-dimethylphenyl)acetamide (192 mg, 0.792 mmol) and K,COs (329
o)

o mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was 4.5
- X
m h.
N

Off-white solid; yield 73% (204 mg, 0.582 mmol). *H NMR (400 MHz, DMSO-ds) & 9.67 (s, 1H), 7.79
(d, J = 9.1 Hz, 1H), 7.58 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.12 — 7.06 (m, 3H), 6.90
(s, 1H), 5.03 (s, 2H), 3.89 (s, 3H), 2.57 (s, 3H), 2.17 (s, 6H). *C NMR (101 MHz, DMSO-ds) & 165.6,
159.3,156.8,156.3, 144.2,135.4,134.3,129.5,127.8,126.8,121.7,119.8, 102.4, 100.4, 67.3, 55.4,

25.0, 18.1. UPLC-MS (A) (ESI) RT 1.45 min, m/z 351.5 [M+H]" (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(3-methoxyphenyl)acetamide (3.129).

0 The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-

O NH
j/ (3-methoxyphenyl)acetamide (232 mg, 0.950 mmol) and K>CO3 (329 mg, 2.38

o ? mmol) in anhydrous DMF (9 mL) and the reaction time was 4 h.
- X
\©\)Nj\ White solid; yield 28% (77 mg, 0.22 mmol). *H NMR (400 MHz, DMSO-ds) &
10.27 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.50 (d, J = 2.8 Hz, 1H), 7.38 —=7.32 (m, 2H), 7.24 (t, J = 8.1 Hz,

1H), 7.20 — 7.15 (m, 1H), 6.85 (s, 1H), 6.68 (ddd, J = 8.1, 2.5, 1.0 Hz, 1H), 5.01 (s, 2H), 3.89 (s, 3H),
3.73 (s, 3H), 2.54 (s, 3H). 3C NMR (101 MHz, DMSO-ds) & 165.7, 159.5, 159.5, 156.9, 156.3, 144.2,
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139.6, 129.6, 129.5, 121.6, 119.7, 111.8, 109.2, 105.4, 102.2, 100.1, 67.0, 55.4, 55.0, 25.1. UPLC-

MS (A) (ESI) RT 1.48 min, m/z 353.5 [M+H]" (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(4-methoxyphenyl)acetamide (3.130).

o~ The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-
(4-methoxyphenyl)acetamide (194 mg, 0.792 mmol) and K,COs (329 mg, 2.38

Os_NH
j/ mmol) in anydrous DMF (9 mL) and the reaction time was 3 h.
o)

/Om White solid; yield 85% (238 mg, 0.675 mmol); mp 205-207 °C. *H NMR (400
N/

MHz, MeOD) & 7.79 (d, J = 9.2 Hz, 1H), 7.65 (d, J = 2.8 Hz, 1H), 7.55 — 7.46 (m,
2H), 7.36 (dd, J = 9.2, 2.9 Hz, 1H), 6.95 — 6.87 (m, 2H), 6.84 (s, 1H), 4.95 (s, 2H), 3.95 (s, 3H), 3.78
(s, 3H), 2.62 (s, 3H). 3C NMR (101 MHz, MeOD) & 167.8, 161.9, 158.8, 158.7, 158.4, 145.2, 131.9,
129.3, 123.6, 123.5, 121.7, 115.1, 103.3, 101.4, 68.7, 56.1, 55.9, 24.8. UPLC-MS (A) (ESI) RT 1.40
min, m/z 353.5 [M+H]" (>95%). HRMS (ESI) m/z calcd for CaoH2:1N204 [M+H]*: 353.1496; found:
353.1494.

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(4-methoxy-3,5-dimethylphenyl)acetamide
(3.131).

o~ The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-

8 (4-methoxy-3,5-dimethylphenyl)acetamide (237 mg, 0.871 mmol) and
j/ K2COs3 (329 mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time

/Om was 3 d.
Nig White solid; yield 60% (180 mg, 0.473 mmol); mp 202-204 °C. *H NMR (400

MHz, DMSO-ds) & 10.05 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.50 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1,
2.9 Hz, 1H), 7.28 (s, 2H), 6.83 (s, 1H), 4.97 (s, 2H), 3.89 (s, 3H), 3.61 (s, 3H), 2.54 (s, 3H), 2.19 (s,
6H). 13C NMR (101 MHz, DMSO-ds) & 165.3, 159.5, 156.8, 156.2, 152.7, 144.2, 133.8, 130.4, 129.5,
121.6,120.1, 119.8, 102.2, 100.1, 67.1, 59.4, 55.4, 25.1, 16.0. UPLC-MS (A) (ESI) RT 1.79 min, m/z

381.3 [M+H] " (>95%). HRMS (ESI) m/z calcd for Ca2H2sN,04 [M+H]*: 381.1809; found: 381.1798.
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(2-methoxy-5-methylphenyl)acetamide (3.132).

>0

0)

/©/ The title compound was prepared according to the general procedure E,

using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-
NH

j/ (2-methoxy-5-methylphenyl)acetamide (205 mg, 0.792 mmol) and K;COs;
o]

e (329 mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was
X
P 24 h.
N

Off-white solid; yield 32% (94 mg, 0.256 mmol); mp 193-194 °C.*H NMR (400 MHz, DMSO-ds) &
9.32 (s, 1H), 7.93 (s, 1H), 7.81 (d, / = 9.1 Hz, 1H), 7.50 (d, J = 2.3 Hz, 1H), 7.39 (dd, J = 9.1, 2.8 Hg,
1H), 7.00 — 6.87 (m, 3H), 5.04 (s, 2H), 3.91 (s, 3H), 3.80 (s, 3H), 2.56 (s, 3H), 2.23 (s, 3H). 3C NMR
(101 MHz, DMSO-ds) & 165.4, 158.9, 157.0, 156.4, 147.1, 144.2, 129.7, 129.3, 126.2, 124.9, 121.5,
121.3,119.6, 111.1, 102.5, 100.1, 67.0, 55.9, 55.5, 25.1, 20.5. UPLC-MS (A) (ESI) RT 1.61 min, m/z

367.3 [M+H] " (>95%). HRMS (ESI) m/z calcd for Ca1H23N204 [M+H]*: 367.1652; found: 367.1653.
N-(4-fluoro-3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.133).

F The title compound was prepared according to the general procedure E,
\©/ using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-
0w NH (4-fluoro-3,5-dimethylphenyl)acetamide (247 mg, 0.950 mmol) and K,COs
oj/ (329 mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was
0 N 3 h.

N White solid; yield 68% (198 mg, 0.537 mmol); mp 207-210 °C. *H NMR (400

MHz, DMSO-dé) § 10.14 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.50 (d, J = 2.8 Hz, 1H), 7.39 - 7.31 (m, 3H),
6.84 (s, 1H), 4.98 (s, 2H), 3.89 (s, 3H), 2.54 (s, 3H), 2.19 (s, 6H). 13C NMR (101 MHz, DMSO-ds) &
165.5, 159.5, 156.9, 156.2, 155.5 (d, *J. .= 238.3 Hz), 144.2, 133.7 (d, “J., = 3.2 Hz), 129.5, 123.9
(d, ’J.,= 18.8 Hz), 121.6, 120.3 (d, °J,, = 4.4 Hz), 119.8, 102.2, 100.1, 67.0, 55.4, 25.1, 14.5 (d, °J,
= 3.6 Hz). UPLC-MS (A) (ESI) RT 1.84 min, m/z 369.2 [M+H] * (>95%). HRMS (ESI) m/z calcd for
CaiH22N;03 [M+H]*: 369.1609; found: 369.1610.
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N-(4-bromo-3-methylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.134).

Br  The title compound was prepared according to the general procedure E,
using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-N-
(4-bromo-3-methylphenyl)acetamide (268 mg, 0.873 mmol) and K,COs5 (329

Os_NH
oj/ mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was 3 h.

o
- m Yellowish solid; yield 54% (178 mg, 0.429 mmol). *H NMR (400 MHz, DMSO-
N/

ds) 6 10.33 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.66 (d, J = 2.3 Hz, 1H), 7.53 (d, J =
8.7 Hz, 1H), 7.50 (d, J = 2.9 Hz, 1H), 7.41 (dd, J = 8.7, 2.4 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.85
(s, 1H), 5.01 (s, 2H), 3.89 (s, 3H), 2.54 (s, 3H), 2.32 (s, 3H). *C NMR (101 MHz, DMSO-ds) & 165.8,
159.4, 156.8, 156.2, 144.2, 137.9, 137.5, 132.3, 129.5, 121.9, 122.0, 119.7, 119.1, 117.9, 102.2,

100.1, 67.0, 55.4, 25.1, 22.7. UPLC-MS (A) (ESI) RT 1.75 min, m/z 415.4, 417.4 (1:1) [M+H]" (>95%).
N-(3,5-difluorophenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.135).

F F  The title compound was prepared according to the general procedure E,

using 6-methoxy-2-methyl-4-quinolinol (150 mg, 0.792 mmol), 2-bromo-

O+_NH
j/ N-(3,5-difluorophenyl)acetamide (218 mg, 0.872 mmol) and K,COs (329
° o mg, 2.38 mmol) in anhydrous DMF (9 mL) and the reaction time was 1 d.
- A
\©\)Nj\ White solid; yield 53% (151 mg, 0.421 mmol); mp 175-176 °C. *H NMR (400

MHz, DMSO-ds) & 10.64 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.50 (d, J = 2.9 Hz, 1H), 7.44 — 7.31 (m, 3H),
6.97 (tt, J = 9.4, 2.4 Hz, 1H), 6.86 (s, 1H), 5.04 (s, 2H), 3.89 (s, 3H), 2.55 (s, 3H). 3C NMR (101 MHz,
DMSO-ds) & 166.5, 162.4 (dd, *J., = 243.5 Hz, °J_, = 15.3 Hz), 159.3, 156.9, 156.3, 144.2, 140.9 (t,

’J.,= 13.8 Hz), 129.5, 121.6, 119.7, 102.5 (d, *J_, = 29.7 Hz), 102.3, 100.1, 98.9 (t, *J_, = 26.0 Hz),

66.9, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.93 min, m/z 359.2 [M+H] " (>95%). HRMS (ESI) m/z calcd
for CigH17F2N203 [M+H]*: 359.1202; found: 359.1209.

N-(2,4-dichlorophenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.136).

Cl  The title compound was prepared according to the general procedure E,

using 6-methoxy-2-methyl-4-quinolinol (200 mg, 1.06 mmol), 2-bromo-N-

ny  (2,4-dichlorophenyl)acetamide (628 mg, 2.22 mmol) and KCOs (438 mg, 3.17
j/ mmol) in anhydrous DMF (11.5 mL) and the reaction time 2 d.

o
g \©\)j\ Off white solid; yield 2% (9 mg, 0.02 mmol). *H NMR (400 MHz, DMSO-ds) &
N/

9.86 (s, 1H), 7.88 (d, J = 8.7 Hz, 1H), 7.79 (d, J = 9.1 Hz, 1H), 7.73 (d, J = 2.4 Hz,
1H), 7.54 (d, J = 2.8 Hz, 1H), 7.47 (dd, J = 8.7, 2.4 Hz, 1H), 7.36 (dd, J = 9.1, 2.9 Hz, 1H), 6.92 (s, 1H),
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5.07 (s, 2H), 3.90 (s, 3H), 2.56 (s, 3H). *C NMR (101 MHz, DMSO-ds) § 166.2, 159.0, 156.9, 156.3,
144.2,133.3,129.9, 129.6, 129.0, 127.8, 127.4, 126.8, 121.7, 119.6, 102.5, 100.0, 67.1, 55.4, 25.1.

UPLC-MS (A) (ESI) RT 1.57 min, m/z 391.1, 393.1 (1:1) [M+H] * (>95%).

N-(4-chloro-3-(trifluoromethyl)phenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide
(3.137).

g F G The title compound was prepared according to the general procedure E,

using 2-bromo-N-(4-chloro-3-(trifluoromethyl)phenyl)acetamide (335 mg,
0. N 1.06 mmol), 6-methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol) and
j/ K2COs3 (438 mg, 3.17 mmol) in anhydrous DMF (10 mL) and the reaction time

/Om was 24 h.
N/

White solid; yield 43% (194 mg, 0.457 mmol). *H NMR (400 MHz, DMSO-db)
6 10.69 (br. s, 1H), 8.24 (d, J = 2.5 Hz, 1H), 7.91 (dd, J = 8.8, 2.5 Hz, 1H), 7.79 (d, J = 9.1 Hz, 1H),
7.70 (d, J = 8.8 Hz, 1H), 7.52 (d, J = 2.9 Hz, 1H), 7.35 (dd, J = 11.4, 5.2 Hz, 1H), 6.88 (s, 1H), 5.05 (s,
2H), 3.89 (s, 3H), 2.55 (s, 3H). *°C NMR (101 MHz, DMSO-ds) & 166.5, 159.3, 156.9, 156.3, 144.2,
137.9,132.2, 129.5, 126.8 (q, *J.,= 30.6 Hz), 124.49, 122.69 (q, 'J., = 272.8 Hz), 121.62, 119.70,
118.32 (m, 2C), 102.30, 100.12, 66.95, 55.40, 25.07. UPLC-MS (A) (ESI) RT 1.67 min, m/z 425.4,

427.4 (3:1) [M+H] " (>95%).
N-(4-chloro-3-methoxyphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.138).

Cl The title compound was prepared according to the general procedure E,
using 2-bromo-N-(4-chloro-3-methoxyphenyl)acetamide (294 mg, 1.06

0. NH mmol), 6-methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol) and K>COs
j/ (438 mg, 3.17 mmol) in anhydrous DMF (10 mL) and the reaction time was 1
/Om d.
N White solid; yield 68% (278 mg, 0.719 mmol). *H NMR (400 MHz, DMSO-ds)

§10.38 (s, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.56 (d, J = 2.3 Hz, 1H), 7.51 (d, J = 2.9 Hz, 1H), 7.40 — 7.31
(m, 2H), 7.22 (dd, J = 8.6, 2.3 Hz, 1H), 6.86 (s, 1H), 5.02 (s, 2H), 3.90 (s, 3H), 3.82 (s, 3H), 2.55 (s,
3H). 3C NMR (101 MHz, DMSO-ds) 6 165.9, 159.4, 156.9, 156.3, 154.5, 144.2, 138.6, 129.8, 129.5,
121.6, 119.7, 115.4, 112.2, 104.2, 102.2, 100.1, 67.0, 55.9, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.54

min, m/z 387.4, 389.4 (3:1) [M+H] " (>95%).
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N-(4-chloro-2,5-dimethoxyphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.139).

Cl The title compound was prepared according to the general procedure E,

o using 2-bromo-N-(4-chloro-2,5-dimethoxyphenyl)acetamide (326 mg,

\8 NH 1.06 mmol), 6-methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol) and
oj/ K2CO3 (438 mg, 3.17 mmol) in anhydrous DMF (10 mL) and the reaction

/Om time 4 d.
N/

White solid; yield 27% (117 mg, 0.281 mmol). *H NMR (400 MHz, DMSO-
ds) 6 9.49 (s, 1H), 8.04 (s, 1H), 7.81 (d, /= 9.1 Hz, 1H), 7.48 (d, J = 2.7 Hz, 1H), 7.39 (dd, /=9.1, 2.9
Hz, 1H), 7.21 (s, 1H), 6.93 (s, 1H), 5.08 (s, 2H), 3.91 (s, 3H), 3.83 (s, 3H), 3.77 (s, 3H), 2.56 (s, 3H).
13C NMR (101 MHz, DMSO-ds) 6 165.8, 158.9, 157.0, 156.4, 148.2, 144.2, 143.2, 129.6, 126.3,
121.3, 119.6, 115.4, 113.3, 106.0, 102.4, 100.1, 66.9, 56.7, 56.4, 55.4, 25.1. UPLC-MS (A) (ESI) RT

1.56 min, m/z 417.4, 419.4 (3:1) [M+H] " (>95%).

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(3,4,5-trimethoxyphenyl)acetamide (3.140).

o The title compound was prepared according to the general procedure E,
0 SN 2-bromo-N-(3,4,5-trimethoxyphenyl)acetamide (321 mg, 1.06 mmol), 6-
methoxy-2-methylquinolin-4-ol (200 mg, 1.06 mmol) and K,COs (438 mg,

Oj/NH 3.17 mmol) in anhydrous DMF (10 mL) and the reaction time was 4 d.
/OW@\)%\ Off-white solid; yield 75% (328 mg, 0.795 mmol). 'H NMR (400 MHz,
N” DMSO-ds) 6 10.18 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.51 (d, J = 2.8 Hz, 1H),

7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.04 (s, 2H), 6.85 (s, 1H), 4.99 (s, 2H), 3.90 (s, 3H), 3.74 (s, 6H), 3.63
(s, 3H), 2.55 (s, 3H). 13C NMR (101 MHz, DMSO-ds) § 165.5, 159.4, 156.9, 156.3, 152.8, 144.2,
134.5,133.7,129.5, 121.6, 119.7, 102.2, 100.1, 97.3, 67.0, 60.1, 55.7, 55.4, 25.1. UPLC-MS (A) (ESI)

RT 1.36 min, m/z 413.5 [M+H] " (>95%).
N-(4-fluorophenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.141).

F The title compound was prepared according to the general procedure E,

using 6-methoxy-2-methyl-4-quinolinol (247 mg, 1.31 mmol), 2-bromo-N-(4-

O NH fluorophenyl)acetamide (303 mg, 1.31 mmol) and K,COs (541 mg, 3.92 mmol)
j/ in anhydrous DMF (13 mL) and the reaction time was 21 h.

o
- m White solid; yield 52% (230 mg, 0.676 mmol). *H NMR (400 MHz, DMSO-ds)
N/

§10.32 (br.'s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.70 — 7.62 (m, 2H), 7.52 (d, J = 2.8
Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 7.23 — 7.14 (m, 2H), 6.86 (s, 1H), 5.00 (s, 2H), 3.89 (s, 3H),
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2.55 (s, 3H). 3C NMR (101 MHz, DMSO-ds) & 165.6, 159.4, 15.3 (d, 1JC_F= 240.4 Hz), 156.9, 156.2,
144.2,134.7 (d, YJ, ;= 2.5 Hz), 129.5, 121.6, 121.6 (d, ’J.,= 8.1 Hz), 119.7, 115.4 (d, °J,,= 22.4 Hz),
102.2,100.1, 67.1, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.42 min, m/z 341.4 [M+H] " (>95%).
N-(4-chlorophenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.142).

Cl The title compound was prepared according to the general procedure E,

using 6-methoxy-2-methyl-4-quinolinol (250 mg, 1.32 mmol), 2-bromo-N-(4-

o. Nu Chlorophenyl)acetamide (328 mg, 1.32 mmol) and K.COs (548 mg, 3.96
j/ mmol) in anhydrous DMF (12 mL) and the reaction time was 18 h.

O
d m White solid; yield 75% (353 mg, 0.989 mmol); mp 224-225 °C. *H NMR (400
N/

MHz, DMSO-ds) & 10.41 (br. s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.70 — 7.64 (m,
2H), 7.51 (d, J = 2.9 Hz, 1H), 7.43 — 7.37 (m, 2H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.86 (s, 1H), 5.02 (s,
2H), 3.89 (s, 3H), 2.54 (s, 3H). 3C NMR (101 MHz, DMSO-ds) & 165.9, 159.4, 156.9, 156.3, 144.2,
137.3, 129.5, 128.7, 127.3, 121.6, 121.2, 119.7, 102.2, 100.1, 67.1, 55.4, 25.1. UPLC-MS (A) (ESI)
RT 1.51 min, m/z 357.3, 359.3 (3:1) [M+H] " (>95%). HRMS (ESI) m/z calcd for C1sH1sCIN,O3 [M+H]*:
357.1000; found: 357.1001.

Ethyl 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetate (3.143).

ON-CBt  The title compound was prepared according to the general procedure E,

o using ethyl 2-bromoacetate (1 equiv.), 6-methoxy-2-methyl-4-quinolinol (1-
/O\©\)j\ 1.1 equiv.) and K,COs (3 equiv.) in anhydrous DMF (molarity: 0.1-0.2 M) and
N the reaction time was 3 d. The solvent was evaporated under reduced
pressure and the obtained residue was used without purification for the next step (hydrolysis of

the ester bond).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)acetic acid (3.144).

Oj/OH Ethyl 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetate 3.143 (1 equiv.) was

o o dissolved in methanol or ethanol (molarity: 0.1-0.3 M) and potassium
g \©\)j\ hydroxide (1-2 equiv.) was added to the solution. The reaction mixture was
N stirred under reflux for 2.5 - 24 h, and then the solvent was removed under

reduced pressure. The obtained residue was dissolved in water and the pH was acidified using
acetic acid (CHsCOOH) until pH 5-6. The crystallized solid was collected by filtration, washed with

water and dried to give the pure target compound.
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White solid; yield (over 2 steps) 92%. H NMR (400 MHz, DMSO-ds) & 7.77 (d, J = 9.1 Hz, 1H), 7.40
(d,J=2.9 Hz, 1H), 7.33 (dd, J = 9.1, 2.9 Hz, 1H), 6.80 (s, 1H), 4.93 (s, 2H), 3.87 (s, 3H), 2.53 (s, 3H).
13C NMR (101 MHz, DMSO-ds) 6 169.4, 159.3, 156.8, 156.3, 144.1,129.5,121.6,119.7, 102.2, 99.6,

64.7, 55.4, 25.0. UPLC-MS (A) ESI RT 0.43 min, m/z 248.1 [M+H] * (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (3.145).

Oj/Cl The title compound was prepared according to the general procedure G, using

2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic acid (1 equiv.) and thionyl

o]
o]
~ m\ chloride (SOCl;, 3-45 equiv.) and the reaction time was 1-2 d.
N/

Off-white solid; yield ~ 100% (1.28 g, 4.80 mmol). *H NMR (400 MHz, DMSO-
ds) 6 16.10 (s, 1H), 8.25 (d, J = 9.3 Hz, 1H), 7.74 (dd, J = 9.3, 2.8 Hz, 1H), 7.56 (d, J = 2.8 Hz, 1H),
7.51 (s, 1H), 5.28 (s, 2H), 3.95 (s, 3H), 2.84 (s, 3H). *C NMR (101 MHz, DMSO-ds) & 168.2, 164.9,
158.5, 155.8, 134.1, 126.1, 121.6, 120.2, 104.2, 100.9, 66.3, 56.0, 20.1.

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(pyridin-2-yl)acetamide (3.146).

Xy The title compound was prepared according to the general procedure H,
_N

|
using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (100 mg,

O« NH
j/ 0.376 mmol), 2-aminopyridine (35 mg, 0.38 mmol) and triethylamine (0.052

o]
/Om mL, 0.38 mmol) in anhydrous DCM (10 mL) and the reaction time was 18 h.
Nid Off-white solid; yield 51% (61 mg, 0.19 mmol). *H NMR (400 MHz, DMSO-ds)
§ ppm 10.76 (s, 1 H), 8.38 - 8.34 (m, 1 H), 8.06 (d, J=8.34 Hz, 1 H), 7.86 - 7.74 (m, 2 H), 7.46 (d,
J=3.03 Hz, 1 H), 7.35 (dd, J=9.09, 2.78 Hz, 1 H), 7.15 (ddd, J=7.33, 4.93, 0.88 Hz, 1 H), 6.83 (s, 1 H),
5.12 (s, 2 H), 3.34 (s, 3 H), 2.54 (s, 3 H). 13C NMR (101 MHz, DMSO-ds) 8 ppm 166.5, 159.4, 156.8,

156.3, 151.4, 148.1, 144.2, 138.4, 129.5, 121.6, 119.8, 119.7, 113.6, 102.0, 99.8, 66.6, 55.4, 25.1.
UPLC-MS (C) RT 1.06 min, m/z 324 [M+H]* (>95%).

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(pyridin-3-yl)acetamide (3.147).

= IN The title compound was prepared according to the general procedure H,
N using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (100 mg,
Ox_NH
j/ 0.376 mmol), 3-aminopyridine (35 mg, 0.38 mmol) and triethylamine (0.052

o]
/Om mL, 0.38 mmol) in anhydrous DCM (10 mL) and the reaction time was 18 h.
X
Nig Off-white solid; yield 58% (70 mg, 0.22 mmol). *H NMR (400 MHz, DMSO-ds)
8 ppm 10.48 (s, 1 H), 8.80 (d, J=2.5 Hz, 1 H), 8.31 (dd, J=4.7, 1.4 Hz, 1 H), 8.14 - 8.03 (m, 1 H), 7.79

(d, J=9.1 Hz, 1 H), 7.53 (d, J=2.8 Hz, 1 H), 7.43 - 7.30 (m, 2 H), 6.88 (s, 1 H), 5.05 (s, 2 H), 3.90 (s, 3
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H), 2.55 (s, 3 H). *C NMR (101 MHz, DMSO-ds) & ppm 166.3, 159.3, 156.8, 156.2, 144.7, 144.1,
141.3,135.0,129.6,126.7,123.7,121.3,119.7,102.2, 100.1, 66.9, 55.4, 25.0. UPLC-MS (C) RT 0.97
min, m/z 324 [M+H]* (>95%).

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(pyridin-4-yl)acetamide (3.148).

N« The title compound was prepared according to the general procedure H,
using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (215 mg,
Os_NH

j/ 0.809 mmol) and pyridin-4-amine (152 mg, 1.62 mmol) in anhydrous DCM (5

Y mL) and the reaction time was 7 h.
N White solid; yield 31% (81 mg, 0.25 mmol). *H NMR (400 MHz, DMSO-ds) &

10.66 (s, 1H), 8.46 (dd, J = 4.8, 1.7 Hz, 2H), 7.78 (d, J = 9.1 Hz, 1H), 7.62 (dd, J = 4.8, 1.7 Hz, 2H),
7.50 (d, J = 2.9 Hz, 1H), 7.35 (dd, J = 9.2, 2.9 Hz, 1H), 6.86 (s, 1H), 5.07 (s, 2H), 3.89 (s, 3H), 2.54 (s,
3H). 3C NMR (101 MHz, DMSO-ds) & 166.9, 159.3, 156.9, 156.3, 150.5, 145.1, 144.2, 129.5, 121.6,

+

119.7, 113.5, 102.2, 100.0, 66.9, 55.4, 25.1. UPLC-MS (A) (ESI) RT 0.43 min, m/z 324.1 [M+H]
(>95%).
N-(2,6-dimethylpyridin-4-yl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.149).
Ny The title compound was prepared according to the general procedure H,
I

Z using, 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (106 mg,

Os_NH

0.399 mmol) and pyridin-4-amine (99 mg, 0.81 mmol) in anhydrous DCM
0 (5.5 mL) and the reaction time was 3 d.
N White solid; yield 36% (51 mg, 0.15 mmol). *H NMR (400 MHz, DMSO-ds) &

10.77 (s, 1H), 7.81 (d, J = 9.1 Hz, 1H), 7.49 (d, / = 2.8 Hz, 1H), 7.42 — 7.34 (m, 3H), 6.89 (s, 1H), 5.11
(s, 2H), 3.89 (s, 3H), 2.56 (s, 3H), 2.42 (s, 6H). **C NMR (101 MHz, DMSO-ds) § 167.0, 159.8, 157.1,
156.8, 156.4, 146.9, 143.6, 129.0, 122.0, 119.7, 110.2, 102.4, 100.0, 67.0, 55.4, 24.7, 23.3. UPLC-

MS (A) (ESI) RT 1.01 min, m/z 352.2 [M+H] " (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(pyrimidin-4-yl)acetamide (3.150).

| N\W The title compound was prepared according to the general procedure H,
>N using  2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (215 mg,

O NH o . .
0.809 mmol) and pyrimidin-4-amine (192 mg, 2.02 mmol) in anhydrous DCM

Q (5.5 mL) and the reaction time was 1 d.
NG White solid; yield 40% (105 mg, 0.324 mmol). *H NMR (400 MHz, DMSO-ds)
§11.22 (s, 1H), 8.93 (d, J = 0.9 Hz, 1H), 8.68 (d, J = 5.8 Hz, 1H), 8.03 (dd, J = 5.8, 1.2 Hz, 1H), 7.78
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(d, J=9.1 Hz, 1H), 7.45 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.83 (s, 1H), 5.16 (s, 2H),
3.88 (s, 3H), 2.53 (s, 3H). *C NMR (101 MHz, DMSO-ds) § 167.9, 159.4, 158.5, 158.4, 157.2, 156.9,
156.3, 144.2, 129.5, 121.6, 119.7, 110.0, 102.1, 99.8, 66.6, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.36

min, m/z 325.2 [M+H] " (>95%).
N-(2,6-dimethylpyrimidin-4-yl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.151).

Nﬁ/ The title compound was prepared according to the general procedure H,
| _N  using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (215 mg,
Oj/NH 0.809 mmol) and 4-amino-2,6-dimethylpyrimidine (199 mg, 1.62 mmol) in

0 anhydrous DCM (6 mL) and the reaction time was 1 d.

Y AN
\©\)j\ White solid; yield 40% (115 mg, 0.326 mmol). *H NMR (400 MHz, DMSO-
N

ds) & 11.06 (s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.73 (s, 1H), 7.44 (d, J = 2.9 Hz,
1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.80 (s, 1H), 5.12 (s, 2H), 3.88 (s, 3H), 2.53 (s, 3H), 2.50 (s, 3H,
overlaps with solvent’s peak) 2.37 (s, 3H). 3C NMR (101 MHz, DMSO-ds) & 168.2, 167.7, 166.6,
159.4, 157.4, 156.8, 156.3, 144.2, 129.5, 121.6, 119.7, 105.6, 102.1, 99.8, 66.5, 55.4, 25.2, 25.1,

23.9. UPLC-MS (A) (ESI) RT 1.13 min, m/z 353.2 [M+H] " (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(thiazol-2-yl)acetamide (3.152).

N/=\S The title compound was prepared according to the general procedure H,

o0 NH Using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (215 mg,

o 0.809 mmol) and 2-aminothiazole (113 mg, 1.13 mmol) in anhydrous DCM

/Om (5.5 mL) and the reaction time was 3 h.
N/

White solid; yield 59% (158 mg, 0.480 mmol). *H NMR (400 MHz, DMSO-ds)
§12.51 (s, 1H), 7.79 (d, J = 9.1 Hz, 1H), 7.51 (d, J = 3.6 Hz, 1H), 7.47 (d, J = 2.8 Hz, 1H), 7.35 (dd, J =
9.1, 2.9 Hz, 1H), 7.27 (d, J = 3.6 Hz, 1H), 6.84 (s, 1H), 5.17 (s, 2H), 3.89 (s, 3H), 2.54 (s, 3H). 3C NMR
(101 MHz, DMSO-ds) 6 166.0, 159.4, 157.5, 156.9, 156.3, 144.2, 137.7, 129.5, 121.7, 119.7, 113.9,

102.1, 99.9, 66.1, 55.4, 25.1. UPLC-MS (A) (ESI) RT 1.65 min, m/z 330.2 [M+H]+ (>95%).
N-(4,5-dimethylthiazol-2-yl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.153).

H The title compound was prepared according to the general procedure H,
N\YS using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic acid (200 mg, 0.809

Oj/NH mmol) and 4,5-dimethyl-thiazol-2-ylamine (207 mg, 1.62 mmol) in

o) anhydrous DCM (5.5 mL) and the reaction time was 8 h.
N/
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White solid; yield 6% (18 mg, 0.050 mmol); *H NMR (400 MHz, DMSO-ds) 6 12.26 (s, 1H), 7.78 (d,
J=9.1Hz, 1H), 7.47 (d, J = 2.9 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.80 (s, 1H), 5.11 (s, 2H), 3.89
(s, 3H), 2.53 (s, 3H), 2.24 (d, /= 0.7 Hz, 3H), 2.17 (d, J = 0.7 Hz, 3H). UPLC-MS (A) (ESI) RT 1.70 min,

m/z 358.2 [M+H]" (>95%).

N-(4,5-dimethylisoxazol-3-yl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (3.154).

o The title compound was prepared according to the general procedure H,
/ \
N

~ using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetic chloride (215 mg,
Os_NH
j/ 0.809 mmol) and 3-amino-4,5-dimethylisoxazole (181 mg, 1.62 mmol) in
0 anhydrous DCM (5 mL) and the reaction time was 3 d.
NG White solid; yield 61% (169 mg, 0.495 mmol). *H NMR (400 MHz, DMSO-ds)
6 10.56 (br. s, 1H), 7.78 (d, / = 9.1 Hz, 1H), 7.51 (d, / = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H),
6.82 (s, 1H), 5.08 (s, 2H), 3.89 (s, 3H), 2.55 (s, 3H), 2.31 (s, 3H), 1.81 (s, 3H). 3C NMR (101 MHz,
DMSO-ds) & 166.5, 166.2, 159.3, 157.6, 156.8, 156.3, 144.2, 129.5, 121.6, 119.7, 106.4, 102.2,

100.2, 66.7, 55.4, 25.1, 10.8, 6.8. UPLC-MS (A) (ESI) RT 1.54 min, m/z 342.2 [M+H] " (>95%).
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(3-oxoisoxazolidin-4-yl)acetamide (3.155).

O—NH The title compound was prepared according to the general procedure H,
o]

Kﬁ using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (264 mg,

j/ 1.00 mmol) and (R)-4-aminoisoxazolidin-3-one (100 mg, 0.980 mmol) in

/om anhydrous DCM (10 mL) and the reaction time was 3 d.
N/

Off-white solid; yield 5% (17 mg, 0.051 mmol); mp decomposition >150
°C. *H NMR (400 MHz, DMSO-ds) & ppm 8.31 (s, 1 H), 7.95 (d, J=4.5 Hz, 1 H), 7.76 (d, J=9.0 Hz, 1 H),
7.47 (d, J=3.0 Hz, 1 H), 7.33 (dd, J=9.2, 2.9 Hz, 1 H), 6.85 (s, 1 H), 4.80 (ABg, Adas =0.004, J=14.6 Hz,
2 H), 4.30 (t, J/=7.8 Hz, 1 H), 4.08 - 4.17 (m, 1 H), 3.92 (s, 3 H), 3.36 - 3.39 (m, 1 H, overlaps with
water peak), 2.54 (s, 3 H). *C NMR (101 MHz, DMSO-dg) 8 ppm 171.9, 166.9, 159.0, 156.9, 156.4,
144.1,129.5,121.7,119.6, 102.4,99.7, 73.0, 66.8, 55.5, 55.3, 25.0. UPLC-MS (A) (ESI) RT 0.97 min,
m/z 332.1 [M+H] © (>95%). HRMS (ESI) m/z calcd for CigH1sN3Os [M+H]*: 332.1241; found:
332.1241.
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(4-(N-(5-methylisoxazol-3-yl)sulfamoyl) ~ phenyl)

acetamide (3.156).
/[O)\ The title compound was prepared according to the general procedure
|
Y
HN H, using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (205
0=S8=0
mg, 0.772 mmol), 4-amino-N-(5-methylisoxazol-3-yl) benzene-
sulfonamide (235 mg, 0.928 mmol) and TEA (0.13 mL, 0.93 mmol) in
Oj/NH DCM (5 mL) and the reaction time was 24 h.
o]
0 Off-white solid; yield 44% (165 mg, 0.342 mmol). *H NMR (400 MHz,
- X
> DMSO-ds) & 11.38 (br. s, 1H), 10.68 (s, 1H), 7.83 (s, 4H), 7.78 (d, J = 9.1

Hz, 1H), 7.49 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.85 (s, 1H), 6.12 (s, 1H), 5.06 (s, 2H),
3.89 (s, 3H), 2.54 (s, 3H), 2.29 (s, 3H). °C NMR (101 MHz, DMSO-ds) & 170.2, 166.4, 159.4, 157.6,
156.9, 156.3, 144.1, 142.6, 133.8, 129.4, 128.1, 121.7, 119.7, 119.4, 102.2, 100.0, 95.4, 66.9, 55.4,

25.0, 12.0. UPLC-MS (A) (ESI) RT 1.40 min, m/z 483.4 [M+H] " (>95%).
N'-(2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl)isonicotinohydrazide (3.157).

_N The title compound was prepared according to the general procedure H,
% using 2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetyl chloride (205 mg,
HN™ “O  0.772 mmol), isoniazid (127 mg, 0.926 mmol) and triethylamine (94 mg,

Os_NH

j/ 0.93 mmol) in anhydrous DCM (5 mL) and the reaction time was 24 h.
O — | Off-white solid; yield 19% (55 mg, 0.15 mmol). *H NMR (400 MHz, DMSO-
SN ds) 6 10.83 (br. s, 1H), 10.54 (s, 1H), 8.78 (dd, J = 4.4, 1.6 Hz, 2H), 7.81 -

7.75 (m, 3H), 7.57 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 9.1, 2.9 Hz, 1H), 6.94 (s, 1H), 4.99 (s, 2H), 3.90 (s,
3H), 2.58 (s, 3H). C NMR (101 MHz, DMSO-ds) 5 166.5, 164.1, 159.1, 156.9, 156.3, 150.5, 144.2,
139.3, 129.5, 121.5, 121.3, 119.7, 102.6, 100.4, 66.2, 55.5, 25.1. UPLC-MS (A) (ESI) RT 0.29 min,

m/z 367.4 [M+H]" (>95%).
N-(3,5-dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)-N-methylacetamide (3.158).

lodomethane (Mel) (0.02 mL, 0.3 mmol) was added to a solution of N-(3,5-
\©/ dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy) acetamide

Os_N
j/ > (100 mg, 0.285 mmol) and sodium hydride (NaH) 60% suspended in
o o mineral oil (14 mg, 0.34 mmol) in anhydrous tetrahydrofuran (THF) (2 mL)
- X
\©\)j\ which was maintained below 5 °C. The reaction mixture was left stirring

N
overnight at room temperature. THF was evaporated, the obtained residue

was dissolved in water (50 mL) and the target compound was extracted with ethyl acetate (50 mL
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x 3). The combined organic layers were dried over MgS0O, and evaporated under reduced pressure.
The residue was purified by flash chromatography using a Merk pre-packed column (18+2 g) and

eluent ethyl acetate/cyclohexane 80/20.

Yellowish solid; yield 83% (86 mg, 0.24 mmol). *H NMR (400 MHz, DMSO-ds) § ppm 7.74 (d, J=9.1
Hz, 1 H), 7.31 (dd, J=9.1, 3.0 Hz, 1 H), 7.22 (br. s., 1 H), 7.07 (br. s., 2 H), 7.00 (br. s., 1 H), 6.59 (br.
s., 1 H), 4.79 (br. s., 2 H), 3.84 (s, 3 H), 3.19 (br. s., 3 H), 2.53 (s, 3 H), 2.25 (s, 6 H). 3C NMR (101
MHz, DMSO-ds) 6 ppm 166.4 (br. s.), 159.8, 157.1, 156.6, 144.5, 142.3 (br. s.), 139.5(br. s.), 129.8
(2C),124.8 (br.s.),121.9, 120.2, 102.3 (br. s.), 100.2, 66.2, 55.8, 37.5, 25.5, 21.2. UPLC-MS (C) RT
1.23 min, m/z 365 [M+H]* (>95%).

2-(((6-Methoxy-2-methylquinolin-4-yl)oxy)methyl)-5-methylbenzo[d]oxazole (3.159).

The title compound was prepared according to the general procedure F, using
6-methoxy-2-methylquinolin-4-ol (50 mg, 0.26 mmol), 2-(chloromethyl)-5-

N methyl-1,3-benzoxazole (48 mg, 0.19 mmol) and sodium hydride (NaH, 11 mg,

J

o] 0.26 mmol) in anhydrous DMF (2 mL) and the reaction time was 1 d.

/O AN
\©\)Nj\ White solid; yield 14% (8.5 mg, 0.025 mmol); mp 231-233 °C. 'H NMR (400

MHz, DMSO-ds) & ppm 7.79 (d, J/=9.1 Hz, 1 H), 7.66 (d, /=8.3 Hz, 1 H), 7.61 (s, 1 H), 7.39 (d, J=2.8
Hz, 1 H), 7.33 - 7.38 (m, 1 H), 7.26 (dd, J=8.2, 1.1 Hz, 1 H), 7.10 (s, 1 H), 5.74 (s, 2 H), 3.86 (s, 3 H),
2.55 (s, 3 H), 2.43 (s, 3 H). UPLC-MS (C) RT 1.25 min, m/z 335 [M+H]* (>95%). HRMS (ESI) m/z calcd
for CyH19N203 [M+H]*: 335.1390; found: 335.1376.

4-((1H-benzo[d]imidazol-2-yl)methoxy)-6-methoxy-2-methylquinoline (3.160).

The title compound was prepared according to the general procedure E, using
6-methoxy-2-methylquinolin-4-ol (100 mg, 0.529 mmol), 2-chloro-

methylbenzimidazole (176 mg, 1.06 mmol) and potassium carbonate (K,COs,

/om 219 mg, 1.59 mmol) in anhydrous DMF (3 mL) and the reaction time was 1 d.
N/

Off-white solid; yield 3% (5 mg, 0.02 mmol). 'H NMR (400 MHz, DMSO-d¢) &
ppm 12.80 (br. s, 1 H), 7.79 (d, J=9.1 Hz, 1 H), 7.66 (d, J/=7.8 Hz, 1 H), 7.53 (d, J=7.1 Hz, 1 H), 7.48
(d, J=2.8 Hz, 1 H), 7.35 (dd, J=9.1, 3.0 Hz, 1 H), 7.17 - 7.28 (m, 2 H), 7.12 (s, 1 H), 5.59 (s, 2 H), 3.87
(s, 3 H), 2.57 (s, 3 H). UPLC-MS (C) RT 1.05 min, m/z 320 [M+H]* (>95%).

3.6.4. MIC determination

Strain and growth conditions. M. tuberculosis H37Rv (ATC25618) wild-type was grown in
Middlebrook 7H9-ADC broth (Difco) supplemented with 0.05% Tween 80 and on 7H10-OADC or
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7H11-OADC agar (Difco) at 37 °C. Isoniazid and hygromycin were purchased from Sigma-Aldrich.

Where required, hygromycin (50 pg/mL) was added to the culture medium.

The measurement of the Minimum Inhibitory Concentration (MIC) against M. tuberculosis H37Rv
for each tested compound was performed in 96-well flat-bottom, polystyrene microtiter plates in
a final volume of 200 uL. Ten two-fold drug dilutions in neat DMSO were performed. Middlebrook
7H9 (Difco) was used as medium. Isoniazid (Sigma Aldrich) was used as a positive control with two-
fold dilutions of isoniazid starting at 4 pg/mL placed at row 11 of the plate layout and rifampicin
(Sigma Aldrich) was used as no-growth control at concentration of 1 uM, placed at G-12 and H-12
wells. The inoculum (200 pL) was added to the entire plate. All plates were placed in a sealed box
to prevent drying out of the peripheral wells and incubated at 37 °C without shaking for six days.
A Resazurin solution was prepared by dissolving one tablet of resazurin (Resazurin Tablets for Milk
Testing; Ref 330884Y' VWR International Ltd) in 30 mL of sterile PBS (phosphate buffered saline).
Of this solution, 25 pL were added to each well. Fluorescence was measured (Spectramax M5
Molecular Devices, Excitation 530nm, Emission 590 nm) after 48 hours to determine the MIC
value. Data provided were the average of 2 experimental replicates, according to the standards of
the industrial partner (GSK). Furthermore, MIC-values are typically not reported with an error/SD
(unlike 1Csp values). Standard practice is to consider that the error in the assay is on average +1
dilution factor. In the reported work, two-fold dilution steps (1:2) are used between the assayed
compound concentrations. This implies that, for example, MIC values of 2 and 4 uM should be

considered equivalent.

3.6.5. Intracellular ICso and ICyo determination

Human THP-1 (Human acute monocytic leukemia cell line, ATCC number TIB-202) macrophages
differentiated with PMA (phorbol myristate acetate) was used as a model to study the intracellular
stages of M. tuberculosis. The assay determines the effect of the compounds on mycobacteria
growing inside phagocytes by determining luciferase activity per well, which is related to the

number of living bacteria.

Protocol Steps: (a) Bacterial culture and single cell suspension protocol. A single cell suspension of
M. tuberculosis H37Rv pATB45luc was prepared prior to infection. 25 mL of bacterial culture
grown to log phase was centrifuged at 2800 g for 10 min. After removal of the supernatant, cell
clumps were dispersed by vigorously shaking with sterile glass 3 mm beads (Sigma) for 2 min.
Dispersed cells were then resuspended in 10 mL of Roswell Park Memorial Institute medium (RPMI
medium) and left to decant for 5 min at room temperature. Cells were then centrifuged at 400 g

for 5 min. Supernatant was collected and its optical density at 600 nm (OD600) was measured. OD
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mL? was converted to colony-forming unit (CFU) mL? considering that 0.125 OD is equal to 10’

CFU mL™.

(b) THP-1 cell preparation and infection with M. tuberculosis. THP-1 cells were maintained in
suspension with RPMI-1640 media (Sigma) containing 10% fetal bovine serum (Gibco), 1 mM of
Pyruvate (Sigma), 2 mM of L-Glutamine (Sigma), and incubated at 37 °C with 5% CO,. THP-1 cells
were routinely subcultured every 3 days at a cell density of 10° cells/mL. THP-1 cells were
simultaneously differentiated with phorbol myristate acetate (PMA, 40 ng mL?, Sigma) and
infected with a single cell suspension of M. tuberculosis H37Rv-pATB45luc in a roller bottle at a
MOI of 1:1. Cells were put in a roller bottle apparatus for 4 hours at 37 °C at 1.5 rpm. After this
step of incubation, infected cells were washed four times by centrifugation at 400 g for 5 min and
resuspended in fresh RPMI medium to remove extracellular bacilli. In the last wash, infected cells
were resuspended in RPMI medium supplemented with 10% fetal bovine serum (Gibco), 2 mM L-
glutamine and pyruvate at a concentration of 2 x 10° cells/mL. 50 ul of this cell suspension
(typically 10000 cells per well) were dispensed into the wells of 384-well plates (white, flat bottom,

Greiner).

(c) Incubation of infected THP-1 cells with tested compounds. Prior to addition of the infected cell
suspension, the compounds (250 nL/well) were dispensed into the plates with an Echo liquid
handler. The maximum DMSO concentration is 0.5%. Plates were allowed to incubate at 37 °C at
80% relative humidity for 4 days. Luciferase activity, proportional to bacterial load, was
determined by using BrightGlo™ Luciferase Assay System (Promega, Madison, WI) according to
the manufacturer's protocol. Resultant luminescence was measured in an Envision Multilabel
Plate Reader (PerkinElmer) using the 384-plate Ultra Sensitive luminescence mode, with a
measurement time of 200 ms per well. Results were processed by using an Excel spreadsheet and
Grafit software. ICso and ICgo values were calculated from the dose-response curves by non-linear

regression analysis.

3.6.6. HepG2 cytotoxicity assay

HepG2 cells were cultured using Eagle’s Minimum Essential Medium (MEM) supplemented with
10% heat-inactivated fetal bovine serum (FBS), 1% Non-Essential Amino Acid (NEAA) supplement
and 1% penicillin/streptomycin. Prior to addition of the cell suspension, 250 nL of test compounds
per well were pre-dispensed in tissue culture treated black clear-bottomed 384 well plates
(Greiner, cat.# 781091) with an Echo 555 instrument. After that, 25 plL of HepG2 (ATCC HB-8065)

cells (~3000 cells/well) grown to confluency in Eagle’s MEM supplemented with 10% heat-
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inactivated FBS, 1% NEAA and 1% Pencillin/Streptomycin were added to each well with the

reagent dispenser. Plates were allowed to incubate at 37 °C with 20% O, and 5% CO; for 48 h.

After the incubation period (48 h), the plates were equilibrated to room temperature before
proceeding to develop the luminescent signal. ATP levels measured with CellTiter Glo kit
(Promega) were used as cell viability read-out. 25 pL of CellTiter Glo substrate dissolved in the
buffer was added to each well. Plates were incubated at room temperature for 10 minutes for
stabilization of luminescence signal and read on View Lux with excitation and emission filters of

613 and 655 nm, respectively.

3.6.7. Artificial membrane permeability

The artificial phospholipid membrane technique was similar to the widely used Caco-2 cell
monolayer permeation technique. In short, egg phosphatidyl choline (1.8%) and cholesterol (1%)
were dissolved in n-decane. A small amount of the volatile mixture was applied to the bottom of
the microfiltration filter inserts. Phosphate buffer (0.05 M, pH 7.05) was quickly added to the
donors and receivers, and the lipids were allowed to form self-assembled lipid bilayers across the
small holes in the filter. Permeation experiment was initiated by spiking the compounds of interest
to the donor sides, and the experiment was stopped at a pre-determined elapsed time. The
samples were withdrawn and transferred to appropriate vials for analysis by HPLC with UV

detection.

3.6.8. Kinetic aqueous solubility (Chemi-Luminescent Nitrogen Detection, CLND)

5 pL of 10 mM DMSO stock solution diluted to 100 uL with pH 7.4 phosphate buffered saline,
equilibrated for 1 hour at room temperature, filtered through Millipore Multiscreen HTS-PCF filter
plates (MSSL BPC). The filtrate was quantified by suitably calibrated flow injection Chemi-
Luminescent Nitrogen Detection. The standard error of the CLND solubility determination is +30

UM, the upper limit of the solubility is 500 uM when working from 10 mM DMSO stock solution.

3.6.9. Hydrophobicity (chromlogD) assay

The chromatographic hydrophobicity index (CHI) values were measured using a reversed phase
HPLC column (50 x 2 mm, 3 um, Gemini NX C18, Phenomenex, UK) with fast acetonitrile gradient
at starting mobile phase of pH = 7.4 as described.® CHI values were derived directly from the
gradient retention time by using a calibration line obtained for standard compounds. The CHI

value approximates to the volume % organic concentration when the compound eluted. CHI was
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linearly transformed into ChromlogD by least-square fitting of experimental CHI values to

calculated clogP values using the following formula:
ChromlogD = 0.0857 x CHI - 2.0

The average error of the assay was * 3 CHI unit or £ 0.25 ChromlogD.

3.6.10. Microsomal fraction stability experimental procedure

Pooled murine liver microsomes were purchased from Xenotech. Microsomes (final protein
concentration 0.5 mg/mL), MgCl; (final concentration 5 mM) and test compound (final substrate
concentration 0.5 uM; final DMSO concentration 0.5 %) in 0.1 M phosphate buffer pH 7.4 were
pre-incubated at 37 °C prior to the addition of NADPH (final concentration 1 mM) to initiate the
reaction. The final incubation volume was 600 pL. All incubations were performed singularly for
each test compound. Each compound was incubated for 30 minutes and samples (90 plL) of
incubate were taken at 0, 5, 10, 20 and 30 minutes. The reactions were stopped by the addition
of sample to 200 pL of acetonitrile:methanol (3:1) containing an internal standard. The terminated
samples were centrifuged at 3700 rpm for 15 minutes at 4 °C to precipitate the protein.
Quantitative analysis: following protein precipitation, the samples were analyzed using specific
LC-MS/MS conditions. Data analysis: from a plot of In peak area ratio (compound peak
area/internal standard peak area) against time, the gradient of the line was determined.

Subsequently, half-life and intrinsic clearance were calculated using the equations below:

Elimination rate constant (k) = (—gradient)

) _ 0.693
Half life (tl/z)(mln) =

Intrinsic Clearance (Clint) (mL/min/g) =

0.693 mL of incubation (mg microsmal protein)

ti/2 X (mg microsomal protein) X (gliver)

The human biological samples were sourced ethically and their research use was in accord

with the terms of the informed consents.

3.6.11. Blood stability assay

The stability of each compound was assessed in CD1 murine whole blood collected on the day of
the experiment in EDTA tubes. Typically 1 mL of blood was spiked with 2 uL of a 0.5 mM of each

test compound solution to produce a 1 uM incubation.
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Three separate 300 pl aliquots were then taken from each tube and incubated at 37 °C. At each
time point (0, 5, 10, 20, 30, 60, 120, (240) min), 50 pL of blood were collected from each sample
over 50 uL of MilliQ water. Samples were extracted by protein precipitation with 350 uL of 0.1%
AcOH acetonitrile methanol 3-1 (v:v) containing 1 uM internal standard and centrifuged for 10
min. Supernatants were collected prior the injection onto an LC-MS/MS system. Analyte/Internal
standard peak area ratios were referenced to the zero time-point samples as 100% in order to
determine the percentage of compound remaining for each time-point. Ln plots of the %

remaining for each compound were used to determine the half-life for the blood incubations.

3.6.12. hERG assay

The hERG activity was measured using medium-throughput electrophysiology (lonWorks™
HT).1391401%4 Thege assays were performed at the PTS (Platform Technology Science) Department

in GSK Stevenage.
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4. DprE1 inhibitors: aims and objectives
4.1.DprE; as drug target

The major cell wall polysaccharide of mycobacteria is a branched-chain arabinogalactan in which
arabinan chains, which are composed exclusively of D-arabinofuranose residues, are attached to
galactofuranose residues.* Decaprenylphosphoryl-8-D-arabinose (DPA) is the only known donor
of arabinose residues in bacteria for the synthesis of the essential cell wall components,
arabinogalactan and lipoarabinomanan.*® M. tuberculosis DprE1 (Figure 4.1) catalyzes the flavin
adenine dinucleotide (FAD) dependent oxidation of decaprenylphosphoryl-B-D-ribose (DPR) to
decaprenylphosphoryl-B-D-2'-keto-erythro-pentafuranose (DPX). DPX is subsequently reduced to
DPA by the reduced pyridine nucleotide dependent enzyme, DprE2.#’
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272 p-D-2'-keto-erythro- NAD(P)H
o FAD pentofuranose (DPX) NAD(P}*
DprE1 DprE2 ®)
[o] (o]
0. o—b—0— z z E 0_s0—b—0— Z Z E
| = = — = = —
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sz 7 — 7 —
HO OH Decaprenylphosphoryl HO OH Decaprenylphosphoryl
-g-D-ribose (DPR) -p-D-arabinose (DPA)

Universal donor of arabinose residues
for cell wall biosynthesis

Figure 4.1. Reactions catalysed by DprE; and DprE,. Conversion of DPR to DPA involves
oxidation and subsequent reduction of the C2’ hydroxyl via a keto-intermediate (DPX).*’

Using gene knockout and knock-down technologies, Kolly et al. have genetically validated DprE1
as a drug target. Downregulation or depletetion of DprE1 resulted in swelling of the bacteria, cell
wall damage and lysis as observed at the single cell level, by real time microscopy and electron
microscopy.'*® Inhibition of the DprE; enzyme interrupts the essential cell wall biosynthesis

leading to mycobacteria death.

DprE; is localized in the periplasmic space of the mycobacterial cell wall, which makes it more
accessible to drugs and could be a critical factor contributing to its vulnerability.}*® Due to its
localization, drugs targeting DprE; might escape the action of efflux pumps, and potential

cytoplasmic trapping or inactivation mechanisms that might confer intrinsic resistance.

DprE; has been shown to be the target of the mechanism-based suicide inhibitor class of

nitroaromatic compounds, including BTZ043, which covalently bind to the active site, thereby
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guantitatively and irreversibly inactivating DprE;, demonstrating nanomolar potency against both
drug-susceptible and multidrug-resistant strains of the tubercle bacillus.>**>! Several reversible
inhibitors of DprEl such as TCA1,%? azaindoles,®*** 4-aminoquinolones® and
pyrazolopyridones®®® (shown in Figure 4.2) have also been identified recently suggesting that M.

tuberculosis DprE; is a highly tractable target.
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Figure 4.2. Known DprE; inhibitors.

The enzyme consists of an FAD binding and a substrate binding domain, with the flavin moiety of
FAD positioned at the interface between the two domains. The substrate binding domain includes
two disordered loop regions that leave the active site open and accessible for inhibitors.?
Structures of complexes with the BTZ-derived nitroso derivative CT325 (Figure 4.2) reveal the
mode of inhibitor binding, which includes a covalent link.*® On the other hand, the reversible
inhibitor TCA1 binds in the central cavity of the enzyme (Figure 4.3) where noncovalent
interactions between TCA1 and the enzyme are dominated by hydrophobic and van der Waals
interactions.’ Flavin contributes a large fraction of the total contact surface, while polar contacts
are sparse. Superimposition of the structures of DprE1 bound to the BTZ analog (CT325) and TCA1

showed that the binding sites of these two inhibitors overlap significantly.!>
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Figure 4.3. Three-dimensional (3D) structure of DprE1. A. Ribbon diagram of the crystal
structure of DprE1 in complex with TCA1 (PDB:4KWS5). B. Close-up view of the DprE1-TCA1
active site structure showing inhibitor binding in more detail. Images were prepared using

MOE.

The vulnerability of DprE; and the remarkable potency of the best inhibitors make this enzyme a
promising drug target for the discovery of new drugs to combat TB. Therefore, in recent years
DprEl has been one of the hottest targets, with five inhibitors belonging to different chemical
classes having been published and others are under investigation. Taking into account the
extensive research that has been made in drugs targeting M. tuberculosis DprEl, it is likely that at
least one of these drugs could enter clinical trials, which would greatly increase the chances of

survival of patients affected from MDR-TB.*’

4.2.Aims and objectives

In continuation of our research efforts on novel antimycobacterial compounds, a second project
was initiated related with DprE1 inhibitors. Under the OpenMedChem project, we were working

in a team of three medicinal chemists (Eleni Pitta, Maciej Rogacki and Olga Balabon).

During the DprE1 high-throughput screening (HTS) campaign performed by GSK, approximately
1.8 million compounds were evaluated using a fluorescence-based biochemical assay. This assay
is a redox cycling enzyme assay that uses farnesylphosphoryl-B-D-ribose (FPR) and resazurin as
substrates and generates farnesylphosphoryl-B-D-2'-keto-erythro-pentafuranose (FPX) and
resorufin as products. Oxidation of FPR to FPX by DprE1 results in the formation of a two-electron
reduced flavin intermediate (FADH;). To complete the catalytic cycle, the FADH, has to be
reoxidized to FAD that is accomplished by resazurin, which upon reduction generates the highly

fluorescent product resorufin (Figure 4.4).4
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Figure 4.4. Redox cycling enzymatic assay principle for DprE1. As FPR is oxidized to FPX,
resazurin is reduced to resorufin and can be monitored by an increase in fluorescence intensity
at 595 nm. E-FAD and E-FADH2 denote oxidized enzyme and two-electron reduced enzyme,
respectively.

After triaging the hits, 3986 compounds were progressed to dose-response analysis allowing plCso
estimation and ranking of hits based on potency and ligand efficiency. An orthogonal mass
spectrometry-based assay (the RapidFire™ assay) was then used to reconfirm (or dismiss) the
potency data from the primary assay. Mass spectrometry offers an attractive alternative to
fluorescent assays for screening, because it can be monitored directly based on mass without the

risk of fluorescence interference.'®®1>°

Once the DprE1 inhibitory activity was confirmed using both methods, the obtained hits were
clustered and profiled (physicochemical/in vitro properties). The criteria used during this process
were the DprE1 potency - plCso to be 25 (desirable 26), the cellular potency - MIC to be <50 uM
(desirable <10 uM), and HepG2 ICsp to be >100 or the ratio HepG2 ICso/MIC to be >10. Also,
lipophilicity (chromlogD) to be <5. An analogue search was performed and the obtained
analogues were evaluated for DprE1 inhibitory activity and an indication of SAR. The possible risks
were identified and the synthetic feasibility was determined. Taking into account the above

mentioned parameters, the clusters were prioritized.

One of the more promising clusters was represented by the hydantoin derivative 4.1 (shown in
Table 4.1) which appeared especially promising due to its significant DprE1 inhibition (plCso = 7)
and cellular activity with a MIC value of 8.3 uM (Table 4.1). This compound contained a hydantoin
core alkylated at N-3 with a disubstituted phenyloxoethyl group and at position 5 possesses two

substituents, a 4-cyanophenyl and a methyl group.
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Table 4.1. In vitro profile and physicochemical properties

O

F
Compound NC%NWF Racemic (R)- (5)-
o O

mixture enantiomer enantiomer

4.1

Molecular weight 369 369 369
Activity DprE1l plCso 7.0 7.2 4.2

MIC (uMm)E] 8.3 6.7 >125

Intracellular ICgo (uM)®! 4.0 1.3 >50
Physicochemical  Permeability (nm/sec)! 515 493 507
properties Solubility (LM) 202 355 344

ChromlogD! 4.54 4,51 4,51
Toxicity Cytotoxicity 1Cso (uM)!] >100 >100 >100

Cardiotoxicity hERG ICso (LM) 25 13 32
Metabolic Clint (mouse) (mL/min.g tissue) 4.39 2.61 5.08
stability!e! Clint (human) (mL/min.g tissue) 0.56 0.56 0.72

9MIC against M. tuberculosis (H37Rv); bICqo against infected Human THP-1 macrophages with M. tuberculosis
(H37Rv). artificial membrane permeability (AMP); “in vitro profiling for kinetic aqueous solubility (CLND,
chemiluminescent nitrogen detection); ¢ chromlogD values at pH = 7.4; fHepG2, human caucasian
hepatocyte carcinoma; %in vitro microsomal fraction stability (mouse and human) results, imidazolam was
used as control with Clint=27.5 0.4 and 6.4 mL min'ig’? in mouse and human, respectively.

In addition to the promising pharmacological profile, 4.1 possessed a good physicochemical profile
for a hit-compound, with good solubility, artificial membrane permeability and lipophilicity
(chromlogD) (Table 4.1). Regarding the cytotoxicity data, the hit compound showed no
measurable toxicity at the HepG2 assay (ICso >100 uM). Also, the hit compound presented a
moderate to good in vitro clearance in mouse (4.4 mL/min.g tissue) and in human (0.56 mL/min.g

tissue) liver microsomes. An analogue search revealed eleven analogues with DprE; plCso >4.

Enantiomeric separation showed that only the (R)-enantiomer is active while the (S)-enantiomer

is completely inactive.

Lastly, hit 4.1 was tested in a series of assays designed to measure the effect of test compounds
on transporters, receptor sites, ion channels, and other enzymes associated with toxic and adverse
events — such as hERG, GABA and the PXR receptors. The results from this pannel raised no flags
against the enzymes included in the pannel, with the exception of the hERG and GABA-A
receptors. Further investigation about hERG inhibition as an indicator of possible cardiotoxicity

revealed a hERG flag with an ICs value at 25 uM. Unfortunately, the (R)-enantiomer which is the
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most active was also characterized by higher hERG-inhibition potency (ICso 13 uM) than the
inactive (S)-enantiomer (ICso 32 pM). The activity against the GABA-A receptor was a concern but
the compound was only very weakly active, therefore further investigation was postponed for

later stages of the series development.

Summarizing, compound 4.1 had a satisfactory hit-profile. However, further optimization was
necessary to produce a high quality lead. Therefore, Hit-to-Lead (H2L) optimization was the main
objective of this work dealing with hydantoin-derived DprE1 inhibitors. At the same time, the
analogues that were prepared as part of these H2L endeavors generated a significant amount of

SAR information for this class of molecules.

Specific aspects of the H2L program are discussed below:

4.2.1. Improvement of safety and metabolic stability

There were three structural elements of hit compound 4.1 that were considered potentially
problematic for safety and metabolic stability: (1) the hydantoin (imidazolidine-2,4-dione) core,

(2) the carbonitrile group and (3) the benzylic keto function.

The first moiety selected for replacement was the hydantoin function. Importantly, several
hydantoin-containing drugs, mainly used as anticonvulsants, have been linked to the fetal
hydantoin syndrome which includes congenital malformations in the offspring of epileptic
mothers.160161162 Additionally, it has been found that many hydantoins bind to voltage-gate
sodium channels, leading to potential cardiotoxicity.®* Moreover, for the preparation of the
hydantoin core, potassium cyanide is used. Especially in large scale synthesis, unreacted cyanide
salt could remain as an impurity, potentially leading to significant safety issues. All these concerns

justified replacing the hydantoin with another, structurally related ring system.

In addition, aliphatic and aromatic carbonitriles have been reported to react covalently with
cysteines present in proteins, to form thiazoline derivatives.'® This reactivity could lead to organ
toxicity or idiosyncratic reactions.'®® Although several carbonitrile-containing drugs are currently
used clinically, a decrease of risks related to nonspecific covalent binding could be obtained by
removing the carbonitrile. This is certainly important in the framework of Tb-therapy that

generally involves long-term pharmacological treatment.

Lastly, the methylene linker between the hydantoin ring and the keto group was highly activated
potentially making it susceptible to oxidative metabolization. Moreover, the electrophilic benzylic
keto group was considered a possible metabolic liability of the molecule which could possibly lead

to the corresponding secondary alcohol after reduction.'®® Therefore, a linker exploration was
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planned in order to evaluate the significance of the ketone and the possibility to omit or replace
it with other groups. Moreover, the possible metabolite of the hit compound 4.1 possessing a

secondary alcohol instead of the keto group was prepared and evaluated.

4.2.2. Enhancement of potency and affinity

Along with addressing potential safety and metabolic issues, an increase of anti-tubercular
potency and the DprE; affinity was also pursued. In order to progress a compound to a Lead

Optimization program, an MIC value <1 uM and a plCs value >7 were considered important.

In this framework, the carbonitrile group deserves additional mentioning. The analogue of 4.1
lacking a carbonitrile, was already present among the evaluated compounds and had been found
to possess significantly lower target activity (plCso=4.4) and no cellular potency against M.
tuberculosis (MIC >80 uM). Whether this is related to the functional group’s potential for covalent
binding was unclear at the onset of our investigations. Nonetheless, the finding indicates that
exploring the left-side aryl ring’s substitution pattern would be a critical element of any H2L study
undertaken for 4.1. In addition, exploration of the phenyl group at the right-hand side of the
molecule was also considered a chance for improving activity. A second round of optimization
dealing with this side of the molecule was planned once an appropriate replacement for the

carbonitrile was found.

4.2.3. Improvement of physicochemical properties

Although most of the physicochemical parameters of hit 4.1 were well within acceptable ranges
for a hit compound, further improvement was desired for a derived lead. Reduction of the
chromlogD value below 4 is highly desirable in drug discovery programs because it can reduce
non-specific binding. Furthermore, it can be expected to slow down intrinsic clearance and
increase solubility. A balance between hydro- and lipophilicity should nonetheless be respected,

since very low values can lead to low permeability and low bioavailability.1%7/101

4.2.4. Invivo proof of concept

The ultimate goal of this H2L program was to achieve in vivo proof of concept. Therefore, the best
compound(s) would be evaluated in a murine model of M. tuberculosis infection that uses CFU
reduction, compound bioavailability and eventual toxicity as decisive read-outs. The in vivo
efficacy is one of the most important requirements in order to progress a compound to Lead

Optimization.
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5. DprE; inhibitors

5.1.Design
Prompted by the promising results regarding the hit compound 4.1, we decided to initiate
medicinal chemistry efforts around this novel class of DprE1 inhibitors. Therefore, we divided the
structure of the initial hit into four parts as shown in Figure 5.1., namely the left-hand side aryl,
hydantoin core, linker and right-hand side aryl. Taking into account the structural concerns
mentioned earlier together with a SAR exploration, initial efforts focused around the linker,

hydantoin core and left-hand side aryl.

Hydantoin core Linker

Right-hand side
aryl

Left-hand side _
aryl

Figure 5.1. Initial hit 4.1 and structure division.

As shown in Scheme 5.1, the design of new compounds included:

A. Modifications of the linker. Removal of the keto group, elongation or shortening of the linker,

substitution of the methylene bridge, an ether, an oxime, a 5-membered ring closure.

B. Hydantoin core replacements. Replacement by 5-membered aromatic or non-aromatic rings,

methylation, elongation or removal of the methyl group at position 5.

C. Left-hand side modifications. Different substituents, heterocycles.

) - %@

Modification the Hydantoine core Modification of

left-hand side aryl replacement the linker
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Scheme 5.1. Design of new compounds.
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5.2.First round of Hit-to-Lead optimization

Due to internal availability of intermediate 5.1 (Figure 5.2), it was decided that for the initial round
of optimization this fragment could be used as a surrogate for the corresponding, carbonitrile
containing portion of hit 4.1. To verify the validity of this approach, para-methoxy-based
compounds 5.2 and 5.3, present in GSK library, were evaluated as antimycobacterials and DprE1
inhibitors. Although they did not achieve the same whole cell potency as 4.1, they exhibited
sufficient DprE; inhibitory enzymatic potency (plCso 5.7-6.8) for early comparative purposes.
Therefore, intermediate 5.1 was considered suitable to be used in compounds with linker and

hydantoin core modifications.

o) H
MIC >80 uM

HN\§

O
5.1 H,CO
DprE1 pICSO 5.7

HN\<

O
H CO—<: :)i( N
3 N’>/®/Br DprE4 pICsy 6.8
NK<
o O
5.2

MIC = not determined

Figure 5.2. Available intermediate 5.1 and GSK library compounds 5.2 and 5.3.

A total of around 120 novel inhibitors were synthesized for this first round of optimization within
the OpenMedChem project, while in the present thesis, around 40 analogues are described. The
target compounds were clustered according to the modification type they contained, relative to

reference compound 4.1.
5.2.1. Chemistry

5.2.1.1.  Linker modification
For the exploration of the linker, analogues with different linker lengths (shorter or longer) were
prepared and the linker keto group was removed or replaced. For the first group of compounds,
the 4-fluoro reagent was used due to commercial availability instead of the 2,4-difluoro which was
not available. Therefore, compound 5.10 was synthesized in order to be used for direct
comparisons. As shown in Scheme 5.2, alkylation of hydantoin 5.1 using different halides 5.4-5.8
in the presence of potassium carbonate (K,COs) resulted in final compounds 5.9-5.13. Under these
conditions, alkylation occurred selectively at the N(3) position (unambiguous structural

identification was carried out as described in the next section, Structure Elucidation).
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Scheme 5.2. Synthesis of compounds 5.9-5.13 with a modified linker.

On the other hand, acylation of 5.1 with acyl chloride 5.14 in the presence of anhydrous pyridine
led to compound 5.15 which was acylated at N(1) (structural identification was carried out as
described in the next section, Structure Elucidation), as shown in Scheme 5.3. In order to prepare
the target compound 5.16, hydantoin 5.1 was first treated with sodium hydride (NaH) and
followed by addition of acyl chloride 5.14. However, the obtained product 5.16 was unstable and

hydrolysis was observed in acidic aqueous media.

oM
anhydrous O
pyridine, rt, F
o cl overnight
( ) \ //\\Q\ 5.15
O + F
NH )
/ F
HN 3
AR
51

F
NaH, (0]
5.14 anhydrous o F
DMF, tt, P N
overnight HN«
(0]
5.16 F

Scheme 5.3. Synthesis of acylated analogues 5.15 and 5.16.

The regioselectivity observed under these first acylation conditions could be justified due to the
expected instability of the N(3)-acylated compound which would have three carbonyl groups
attached on the same nitrogen atom. However, when sodium hydride which is a strong base was
used, the most acidic proton H(3) was deprotonated and acylation was forced to occur at position

3.

Reduction of compound 5.9 using Red-Al in toluene and heating under reflux for 1 h gave the

desired mono-reduced alcohol 5.17. Compound 5.17 could be a possible metabolite of 5.9, making
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its potential bioactivity particularly interesting®® Subsequently, methylation of compound 5.17
targeting compound 5.20 did not furnish the desired compound. Instead, it provided the mono-
N-methylated compound 5.18 (structural identification was carried out as described in the next
section, Structure Elucidation) with the methyl group attached on the hydantoin N(1) atom and

the dimethylated compound 5.19 (Scheme 5.4).

Red-Al (2 eq.),
toluene,

O reflux 1h O
/ HN\§ / HN\§
NaH,
Mel THF, rt
o overnlght

v@
aan

Scheme 5.4. Synthesis of the alcohol 5.14 and attempts for O-methylation.

Since the originally desired methyl ether 5.20 was not considered crucial for the exploration and

development of the series, no further attempts to synthesize this analogue were made.
5.2.1.2. Hydantoin core replacements

To replace the hydantoin core, two compounds were prepared containing an aromatic ring

(imidazole) or a non-aromatic ring (imidazolidin-2-one).

Formation of the imidazole ring by a Hantzsch reaction starting from 5.21 and subsequent
alkylation of the obtained intermediate 5.22 with 2-chloro-2',4'-difluoroacetophenone 5.4 under
basic conditions delivered compound 5.23 (Scheme 5.5). Alkylation occurred at the desired
position 1 (unambiguous structural identification was carried out as described in the next section,

Structure Elucidation).

138



Chapter 5

F

Cl
CONH, F E
\ Br 170°c 0 .
o 2\
O =/
N 0
5.23

C52CO3
DMF, 80 °C,

5.21 90min

Scheme 5.5. Replacement of the hydantoin core with imidazole.

On the contrary, the synthesis of the imidazolidin-2-one analogue (5.26) was more challenging

and required three different synthetic approaches in order to obtain the desired compound.

Approach A: Reduction of the hydantoin core followed by alkylation

Reduction of the hydantoin core prior to alkylation was considered preferable, since it avoids
problems related to potential linker incompatibility with the reductant. Therefore, compound 5.1
was subjected to Red-Al reduction in refluxing toluene to yield imidazolidin-2-one derivative 5.24.
The position of carbonyl reduction (at carbon atom 4) was in accordance with the literature®® and
confirmed by *C-NMR spectra. However, all alkylation attempts on the latter intermediate failed
due to degradation or self-reaction of 2-chloro-2',4'-difluoroacetophenone 5.4 during long

reaction times under basic conditions (Scheme 5.6).

F
X =Cl,
Red-Al (5 equiv.), E X =Br
0 toluene,
o s s reflux, 2 h /O«@% o X /O
/ HN—( s HN T HN\< W
(0] O base
5.1 5.24 5.26

Scheme 5.6. Synthetic approach A to obtain the imidazolidin-2-one analogue 5.26.

An overview of the alkylation conditions evaluated, is given in Table 5.1.

Table 5.1. Experimental conditions tested for the alkylation of the imidazolidin-2-one core 5.24.

Reactants and
relative amounts (Mol. Equiv.) Solvent Reaction time  Temperature
5.24 Alkyl halide Base
1 1 R-Cl, 1.1 K,COs, 1.1 anhyd. DMF 3h r.t.[
2 1 R-Cl, 1 K,COs, 1.1 anhyd. DMF 20 h r.t.[
3 1 R-Cl, 1 K,COs3, 1.2  anhyd. acetone 4d r.t.
4 1 R-Cl, 2 Cs2C0s,1.2 DMF 2.5h 80 °C
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Cs,CO3, 1.2
NaH, 1.2
NaH, 1.2
NaH, 10
NaH, 10

NaH, 1.3

DMSO
anhyd. acetone
anhyd. DMF
anhyd. DMSO
anhyd. DMSO

anhyd. THF

18 h
4d
40 h
18 h
18 h

4 h

80 °C
r.t.le
r.t.le
r.t.l2

r.t.[el

70°C

5 1 R-Cl, 2

6 1 R-Cl, 1

7 1 R-Cl, 1

8 1 R-Cl,2
9 1 R-Br, 1.5

R-Cl, 2

10 KI, 0.1

°.t. = room temperature.

Next, acylation of the imidazolidin-2-one core was attempted as shown in Scheme 5.7. The acyl
chloride 5.25 was obtained from the corresponding carboxylic acid using thionyl chloride (SOCL).
Subsequent acylation of intermediate 5.24 delivered the non-expected enamine 5.27 (assignment
details in the following section Structure elucidation) in very low yield instead of the expected 5.26

compound. The obtained side product 5.27 was considered relevant to the series and therefore

submitted to biological evaluation.

0 0O R @)
/ @AN% /
HN—~( E
(¢]

Scheme 5.7. Acylation of the imidazolidin-2-one core 5.24.

Approach B: Protection of the linker keto group before reduction

Since alkylation of the imidazolin-2-one core failed, an alternative strategy was investigated that
involved reduction of the hydantoin core after introduction of the N-substituent. To circumvent

reduction chemoselectivity issues, the keto group of the linker had to be protected first (Scheme

5.8).

NH
Hl;l\\< 1
0}

5.24

(@)
F
¥
5.25
F
NaH,
anhydrous DMF,
50 - 60 °C,
overnight
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(" oH b 0
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F HN . NH O\QMO d )
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EI o cl
(0] Q/O
5.4 5.28

reductlon,
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HNW< 2 2 > """""
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Scheme 5.8. Synthetic approach B to obtain the imidazolidine-2-one analogue 5.26.

For protection of the linker keto group, transformation to the corresponding acetal (5.28) was
chosen. Reaction conditions evaluated during the optimization of this reaction are presented in
Table 5.2. As can be seen, the first reaction using trimethylchlorosilane (MesSiCl) at room
temperature did not give the desired product. However, a second method using a catalytic
amount of toluene sulfonic acid (TsOH) and microwave irradiation for 40 min at 100 °C gave the
target compound with modest yield (35%). To increase the yield, addition of drying agents was
tested as water was produced during the reaction. However, molecular sieves were found not to
significantly influence the outcome of the reaction, while addition of sodium sulfate (Na,S0.) to

the reaction mixture completely inhibited acetal formation.

Table 5.2. Experimental conditions tested for the protection of the keto group (5.4).

Reactants and
relative amounts (Mol. Equiv.) T t
FRIES Drying agent  Time eﬂr:::‘ao:re, Yield (%)
Catalyst
glycol
1 1 136  Mesic,05  molecular gy, 1.l 0
sieves
2 1 15 TsOH, 0.015 - 10m 200 °C, m.w."! n.i.le
3 1 34 TsOH, 0.015 - 40 m 100 °C, m.w.[! 35
a 1 15 TsOH,0.015  Molecular 1h  100°C, m.w." 34
sieves
5 1 15 TsOH, 0.015 Na,SO4 1h 100 °C, m.w.[! 0
a.t. = room temperature; ’m.w. = microwave irradiation; °n.i. = not isolated.
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The next step involved alkylation of the hydantoin core with the obtained a-chloro acetal 5.28. All

tested conditions which are reported in Table 5.3, failed to deliver the desired compound 5.29.

Table 5.3. Experimental conditions tested for the coupling of acetal 5.28 with the hydantoin core
5.1.

Reactants and
relative amounts (Mol. Equiv.)
- Solvent Time Temperature Yield (%)
5.1 5.28 Base Alk.ah _metal
iodide
1 1 1 K2CO3,1.2 - anhyd. DMF 23 h r.t.[ 0
2 1 1 K,COs 3.2 Nal, 0.1 anhyd. DMF  O/N 60 °C 0
3 1 1.1 NaH, 1.2 - anhyd. DMF  O/N[! r.t. [l 0
4 1 1.1 NaH, 1.2 KI, 0.1 anhyd. DMF O/WW 60 °C 0
5 1 2 NaH, 1.3 KI, 0.1 anhyd. THF 4h 70 °C 0
°.t. = room temperature; ?O/N = overnight; “O/W = over weekend.

A mild (K2COs) and a stronger base (NaH) were used to promote the reaction without success
though. Addition of alkali metal iodides such as Nal or Kl (Finkelstein reaction), with the purpose
to replace chlorine by iodine and therefore to increase the reactivity of intermediate 5.28, also
failed to give the desired product. Steric hindrance and electronics of the ketal which are highly

unfavourable could be possible explanations for the very low reactivity observed.

Approach C: Alkylation followed by reduction and mild oxidation

The third approach included the simultaneous reduction of the keto group and the hydantoin’s 4-
oxo function in 5.9 to the corresponding secondary alcohol and imidazolidin-2-one core.

Afterwards, selective re-oxidation of the alcohol was expected to lead to target compound 5.26.

As shown in Schemes 5.4 and 5.6, Red-Al had already been used successfully for either reducing
the keto-group or the 4-oxo function in intermediates containing one of both functionalities. For
the keto group, 2 equivalents of Red-Al in toluene under reflux for 1 hour were used (Scheme 5.4).
For the oxo-function, 5 equivalents of Red-Al in toluene under reflux for 2 hours delivered the

corresponding 4-methylene analogue (Scheme 5.6).

In order to evaluate reaction conditions for the reduction of the oxo-group in N-substituted
hydantoin derivatives, 5.9 was used as a test compound (Scheme 5.9). The same conditions (Red-

Al (5 equiv.), reflux, 2 h) as used previously for the reduction of 5.1 to 5.24 were applied. The
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mono- (5.31) and doubly reduced (5.32) analogues were obtained. The latter, an unstable

imidazolidine derivative was the major product of the transformation.

O

/
Red-Al (5 eq.), HNK< l@

toluene,

O
/ o ’\@' reflux, 2h 5.31(24%)
5.32 (39%, unstable)

Scheme 5.9. Validation of the reduction method.

Therefore, for the reduction of compound 5.9 (a precursor to target product 5.26), only 2
equivalents of Red-Al and 2 hours of reflux were applied. As expected, the linker keto group was
converted to the corresponding secondary alcohol while the hydantoin core was converted to the
imidazolidin-2-one to give the desired compound 5.33 together with a small amount of the mono
reduced compound 5.17 (Scheme 5.10, unambiguous structural identification was carried out as

described in the next section, Structure Elucidation).

P~
5 HNW< F
o N reflux, 2h
\\< F — = ’
O O

5.9 O R

oxalyl cloride,
eD’ngSSnMé‘r? DMSO, TEA
78 °C - rt
o
5.34
Scheme 5.10. Synthetic approach C to obtain the imidazolidine-2-one analogue 5.26.

For the subsequent re-oxidation of the alcohol group in 5.33, two methods were tested. Firstly,
manganese dioxide (MnO;) was used. However, the reaction was not very clean and only traces
of the desired product were formed together with the undesired dicarbonyl compound 5.34. The
second method tested was the classical Swern oxidation using oxalyl chloride, dimethyl sulfoxide
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(DMSO0) and an organic base such as triethylamine (TEA) at -78 °C to ambient temperature. This

reaction worked well, resulting in the desired product 5.26 (Scheme 5.11).

5.2.1.3.  Carbonitrile replacement

The hydantoin ring system has been synthesized in the literature in a variety of ways using amino
acids, ketones/aldehydes or unsubstituted hydantoins as starting materials.7%171172173,.174 The
Bucherer—Bergs synthesis is the most common procedure using the corresponding phenyl keto as
starting material. We synthesized our hydantoins using microwave irradiation according to a
published procedure by Safari et al. with some improvements.’”> More specifically, the suitable
para-substituted phenyl ethanone reacted with potassium cyanide (KCN) and ammonium
carbonate ((NH4),COs) under microwave irradiation for 6 to 12 hours. Subsequently, alkylation of
the obtained intermediates 5.36-5.45 with 2-chloro-2',4'-difluoroacetophenone 5.4 in the
presence of potassium carbonate (K,COs) resulted in final compounds (5.46 - 5.55) in good yields
(Scheme 5.11). The *H-NMR peaks representing hydantoin NH were found between 8.83-9.21 ppm
suggesting that the alkylation had occurred on the desired N(3) position of 5.36-5.45 hydantoins.

Shifting the methoxy group from 4- to 3-position gave regioisomer 5.46 of reference compound
5.9. Replacement of the 4-methoxy substituent with ethoxy or fluoro containing substituents gave
compounds 5.47-5.51. Inserting more hydrophilic substituents such as dimethyl sulfonamide,

acetamide, oxazolidin-2-one or a pyridine ring resulted in compounds 5.52-5.55.

KCN, CO3(NHy),, o) F KoCOs3,
EtOH, H,0, anhydrous R
70°C, mw., 5-12h R Cl DMF,rt._
R NH -+ F
5 HN—( s g \(
o]
5.36 - 5.45 5.4 5.46 - 5.55
—0
o]
\ 1]
Ot meo-COpr o p - Onr -0
o]
R= 5.36, 5.46 5.38, 5.48 5.40, 5.50 5.42,5.52 O 5.44,5.54
— g —
o) & F,HCO S FiC ¢ HN &N )F
5.37, 5.47 5.39, 5.49 5.41, 5.51 05.43,5.53 5.45, 5.55

Scheme 5.11. Synthesis of the final compounds with left-hand side modifications.

As shown in Scheme 5.12, compound 5.53 was also subjected hydrolysis under basic and acidic
conditions. Only the acidic conditions delivered the desired compound 5.57, while basic hydrolysis

led to the fragment 5.56.
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0
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5.53 HN N
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Scheme 5.12. Acidic and basic hydrolysis of compound 5.53.
5.2.1.4. Structure elucidation

For structural elucidations, NMR methods were used as described in Chapter 3. 2D HSQC and

HMBC spectra for compound 5.9 allowed full assighment of *H- and *3C-

alkylation position.
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Figure 5.3. HMBC correlations for compound 5.9.

More specifically, the HMBC spectrum of compound 5.9 demonstrated crosspeaks within H1’/C2

and H1’/C4, which were consistent with alkylation on the nitrogen atom at position 3. It is worth
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noticing that the correlation of H1’ with C4 of the carbonyl group and absence of H1’/C5 crosspeak

excluded the possibility of alkylation on nitrogen atom at position 1.

Furthermore, 1D NOE experiments were performed to confirm our findings from the previous
method. The presence of H1 peak at 9.00 ppm and H2”, H6” peaks at 7.41-7.46 ppm in the NOE
spectrum of 5.9 upon irradiation of the methyl group at position 5 of the hydantoins core at 1.72
ppm, indicated that it was in proximity of those protons (Figure 5.4). This is consistent with the

N(3)-alkylated analogue.

-y,

0.10

0.05

Normalized Intensity

1 H1 H2"
] H6"”

Chemical Shift (ppm)

Figure 5.4. NOE spectrum of compound 5.9 upon irradiation of methyl group (-CHs).

Graphical representation of relevant HMBC correlations for compound 5.9 is shown in Figure
5.5(A), while relevant NOE correlations are represented in Figure 5.5(B). Moreover, direct
comparison of the 'H-NMR chemical shifts of compound 5.9 and intermediate 5.1 allowed the
assignment of the peaks representing the amide protons (NH) for intermediate 5.1, as shown in

Figure 5.5(C).

(0] o 10.70ppm
4 1 4 ;o
o) NN 2
} 5] N\ 2 F NH
HN\\@/ HN\\< HN—( 3
12 o) 1 2
(o) 8.54 ppm (e}
5.9 F 5.1

Figure 5.5. (A) Key HMBC correlations for structure determination of compound 5.9; (B) Key
NOE correlations for compound 5.9; (C) Assignment of *H-NMR shifts for amide protons of
intermediate 5.1.

The amide proton at position 3 possessed a chemical shift of 10.70 ppm which means that it is

more deshielded than the amide proton at position 1 with a chemical shift at 8.54 ppm. There is
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a general tendency for the more acidic OH and NH protons to move further downfield.'’®
According to this, proton H3 is expected to be more acidic than proton H1. As expected, the more
acidic proton at N(3) is deprotonated first in the presence of potassium carbonate and therefore
alkylation occurred at this position. Acidity could be a possible reason for the regioselectivity

observed, along with the fact that N(3) was sterically less hindered than N(1).

Based on these conclusions, for compounds 5.10-5.13, 'H-NMR shifts of the peaks representing
hydantoin amide protons (NH) were used as fast primary screening for structure determination,
followed by full assignment using HSQC and HMBC spectra for verification purposes. For
compound 5.15, 'H-NMR peak of the amide proton (NH) at 12.04 ppm indicated acylation at
position N(1) instead of the desired N(3), while for compound 5.16 *H-NMR peak of the amide

proton (NH) at 9.47 ppm indicated acylation at the desired position N(3).

As mentioned above, *H-NMR and *C-NMR chemical shifts for compound 5.9 were fully assigned
using HSQC and HMBC spectra. Direct comparison of 3C-NMR shifts corresponding to carbonyl

groups allowed identification of the reduction position for compound 5.17.

The methylation position of compound 5.18 was primarily determined by comparison of *H-NMR
spectra of compounds 5.9, 5.17 and 5.18. This was further proven by HSQC and HMBC spectra
that showed strong correlations of the newly inserted methyl group with the hydantoin

guaternary carbon C(5) and the closest carbonyl C(2), as shown in Figure 5.6.

4, R
(@]
5 N F
/ :Cw@
JoHO
5.18

Figure 5.6. Key NOE correlations for structure determination of compound 5.18.

Full assignment using 2D HSQC and HMBC spectra, together with a 1D NOE experiment, confirmed
the alkylation position of the obtained product 5.23 (Figure 5.7). More specifically, HMBC
spectrum showed crosspeaks between linker's protons H1’ and imidazole C2 and C5, suggesting
that the alkylation occurred on the desired position N(1) of the imidazole ring. Moreover, NOE

experiments showed correlation with both imidazole protons upon irradiation of linker C1’, which

F.
/OMWF
Z "N 2'
—/ 1
)

5.23

verifies our previous findings.

Figure 5.7. Key HMBC and NOE correlations for structure determination of compound 5.23
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For compound 5.27, the obtained m/z was indicative of the dehydrated product instead of the
desired one 5.26. The alkylation position for compound 5.27 was determined using 1D NOE
experiment, which upon irradiation of the linker proton H(1’) displayed correlations with the
methylene protons of the imidazolidin-2-one ring H(5) and linker proton H(2’) (proven by COSY)
(Figure 5.8). These findings indicated that alkylation occurred on the desired position N(1).
Moreover, absence of correlation with the methyl group was in accordance with the N(1)-
alkylation. The coupling constant (14.9 Hz) of the double bond protons was indicative of E (trans)
geometric isomerism.

/OWD R

HN\g 1\3
5.27

Figure 5.8.Key NOE correlations for structure determination for compound 5.27.

Structure determination for compounds 5.26, 5.31, 5.33 and 5.34 was based on direct comparison

with the previously assigned carbonyls in *C-NMR spectrum of 5.9.

5.2.2. Results and discussion

All synthesized compounds were evaluated for their ability to inhibit the growth of M. tuberculosis
(Hs7Rv strain) and for cytotoxicity in HepG2 cells. In addition, three physicochemical properties
were measured: artificial membrane permeability, kinetic aqueous solubility (using
chemiluminescent nitrogen detection, CLND) and ChromLogD.*3%*1¢” Compound 5.9 was used as a

reference and in most cases direct comparisons were performed.

5.2.2.1.  Linker modification

Table 5.4 presents the results for the reference compounds 4.1, 5.9-5.10 and the first set of
compounds possessing variations on the linker (5.11-5.13, 5.17). Unexpected by-products 5.15,

5.18 and 5.19 were also evaluated.
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Table 5.4. Biological and physicochemical profile for compounds with linker modifications.

Structure DprEi MtbMIC TOXs, AMP  Solubility Chrom

pICso (uM)EL - (uM)CT (nm/sec)ld (um)t] logDel
NC {
4.1 HNX<N £ 7 8.3 >100 515 202 4.54
0o O
F
\ 0

OW
5.9 N 6.7 40 >100 590 358 4.78

5.10 \WN 6.0 62 >100 570 260 4,53
O
g
O@J(
5.11 N <4.0 >125 >100 620 327 4.84

N
5.12 \OQAHQ/\@ <40  >125  >100 530 2381 4.72
(6]
513 o s _\E\)Q@ 44  >125  >100 750 2409 4.60
O

5.15 e} <4.0 >40 >100 170 >484 343
o~ 3\ A
5.17 N 4.2 >80 >100 610 287 3.96
F F
(@]
5.18 /O N/\p/ 4.3 >80 >100 760 >445 4.53

N OH
/
F. F
O
5.19 /O N/\;©/ <45 >80 >100 740 2392 5.79
N o O\

IMIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 pM; ?HepG2, human
caucasian hepatocyte carcinoma; €artificial membrane permeability; %in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4.
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The obtained results showed that all modifications of the linker led to inactive compounds, and
that the length of the linker together with the presence of the keto group appeared to be essential

for the activity.

Other linker modifications performed by other researchers working in the OMC/DprE1 team at
GSK included a methyl group on the methylene (5.58), a 5-membered ring closure (5.59) and
replacement of the carbonyl group by an ether (5.60) or oxime (5.61) (Figure 5.9). Biological

evaluation of these compounds resulted in mostly inactive compounds.
NC NC
o o]
m 3 LGN
HN_ N HN_ N
bl ! T
o) O
5.58 5.59 F
NC F NC
o F JOH
“@M 7 Q\HO ¥
HN\[(N\/\O HN\[rN

(e} (@) F
5.60 5.61

Figure 5.9. Other linker modifications.
5.2.2.2. Hydantoin modification

Table 5.5 presents the results for the second set of compounds, possessing modifications at the

hydantoin core.

Modification types in this part of the hit molecule included the replacement of the hydantoin with
an imidazolidin-2-one ring or imidazole ring. During the preparation of compound 5.26,
compounds 5.27, 5.31, 5.33 and 5.34 were obtained either as intermediates or as side products

and they were also allowed to enter the biological evaluation.

Table 5.5. Biological and physicochemical profile for compounds with core modifications.

DprEi MtbMIC TOXs, AMP Solubility Chrom

Structure pICsy (M) (UM)B  (nm/sec)d  (uM)@  logDiel

F F
5.23 P@\f““r;@ <4.0 >125  >100 360 352 4.68
N’J 0]
F
E.f1 <4.0 >80 >100 610 88 4.72
5.26 /omN

HN/go o F E® 45 >80  >100 580 177 4.72
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F F

5.27 /ome 4.5 540  >100 ndM  ndb g
F

5.31 /O\Q\X(\N/\/Q/ <40  >125 >100 590 >430  5.18

5.33 /OQ\X(Nﬁ/Q/ <4.0 >80 >100 540 119 4.17
OH F
HN o
F F
O
5.34 /O\Q\X(\N/U\';()/ 4.2 nd™ nd®  nd® ndM o pd®
HNN,, o

MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; ’"HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; “in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4; 'E1 = enantiomer
1; 9E> = enantiomer 2; "n.d.= not determined.

Replacement of the hydantoin ring with an aromatic 5-membered ring (imidazole) led to the
inactive compound 5.23. A possible explanation could be that a non-planar arrangement of
substituents or keto groups play a crucial role for activity. Also, removal of the hydantoin 4-oxo
function, gave the inactive compound 5.26. All the other compounds obtained as side-products or

intermediates (5.27, 5.31, 5.33 and 5.34) lost their potency too.

Complementary modifications performed by other researchers working in the DprE1-team at GSK
consisted of introducing another aromatic ring, pyrazole (5.62), methylation of the hydantoin ring
(5.63), elongation of the methyl group to ethyl (5.64) or removal of the methyl group (5.65) (Figure
5.10). Only elongation of the methyl group with an ethyl group (5.64) increased the enzymatic
inhibitory potency in comparison with the hit compound 4.1. The other three modifications led to

practically inactive compounds (5.62, 5.63 and 5.65).
S N)\Q\ JX\@

0564

Figure 5.10. Other core modifications.
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5.2.2.3.  Carbonitrile replacement

Bioisosteric replacement of a functional group is an established method in drug discovery for
compound optimization. It is defined as “the replacement of a functionality by groups or
molecules, which have chemical and physical similarities producing broadly similar biological
properties but may not necessarily have a strict atom-for-atom replacement’”.}”” Moreover, the
role of fluorine in drug design and development has expanded rapidly during the past decades, as
introduction of this element into a molecule can productively influence pK,, intrinsic potency,
membrane permeability, metabolic pathways and pharmacokinetic properties.l’® Keeping these
concepts in mind, a set of compounds possessing alternative groups for the carbonitrile or
inserted fluorine atoms was designed and synthesized for this study and the obtained data are

shown in Table 5.6 and 5.7.

Table 5.6. Biological and physicochemical profile for compounds with carbonitrile replacements.

Structure
(0]
RMN ) DprEl  MtbMIC TOXs, AMP  Solubility Chrom
HN\< F  PplCso () (LM)®I - (nm/sec)t (rV)ie logDte!
o O
R
—O0
5.46 @5 <4.0 >80 >100 510 285 4.96
5.47 0 7.0 20 >100 650 167 5.43
_ 5
(o]
548 @% 7.4 10 >100 500 85 5.36
F
/
(e}

5.49 o@_g 6.9 80 >100 400 106 5.50

F~
F
ava

550 F—X 7.3 35 >100 230 4 6.05

FF
F

5.51 Ff@*% 6.9 20 >100 320 43 6.01
\ 9

5.52 )“f.)@“? 5.7 80 >100 360 224 4.60
0

5.53 AI.:(N < > % 5.6 40 >100 110 2489 3.28
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N )
5.54 0\< 6.6 5.6 >100 190 359 3.94

5.55 N(\j/>~§ 4.4 >125 >100 390 2462 3.04

5.57 HzN@g 4.1 >80 >100 260 >436 3.38

MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; *HepG2,
human caucasian hepatocyte carcinoma; “artificial membrane permeability; %in vitro profiling for kinetic
aqueous solubility (CLND, chemiluminescent nitrogen detection); °chromlogD values at pH = 7.4.

Shifting the methoxy group from position 4 to 3 (compound 5.46) led to complete loss of potency
(pICso <4, MIC >80 uM). Conversely, elongation of the methoxy group to ethoxy group (5.47)
seemed to be favourable and resulted in enhancement of enzymatic potency (plCso = 7.0) and
cellular potency (MIC = 20 uM) in comparison with the reference compound 5.9. Replacement of
the ethoxy group with a 2,2-difluoroethoxy group gave compound 5.48 which exhibited even
higher enzymatic potency, leading to a very potent DprE1l inhibitor with plCso value of 7.4
accompanied by improvement in cellular potency (MIC = 10 uM). Unfortunately, this compound
exhibited lower solubility (CLND = 85 uM). In an attempt to increase the solubility of 5.48,
compound 5.49 that possessed an additional 3-methoxy group was prepared. Although there was
a small improvement in solubility, it did not preserve potency. Furthermore, compound 5.50 with
a 4-trifluoromethoxy group led to a further decrease of solubility (CLND = 4 uM), although the
enzymatic potency was also very high (plCso = 7.3) and the cellular activity (MIC = 35 uM) similar
to the reference compound 5.9. Also, compound 5.51 possessing a 4-trifluoromethyl group
showed slight improvement of enzymatic potency (plCso = 6.9) and MIC value (20 pM) in

comparison with reference 5.9.

Due to the low solubility and relatively high chromlogD values, several more hydrophilic groups
were also inserted at position 4. Insertion of a dimethyl sulfonamide group led to a poorly active
compound (5.52, plCsp = 5.7, MIC = 80 uM). The acetamide 5.53 exhibited a similar DprE1
inhibitory activity (plCso - 5.6) accompanied by doubling of cellular activity (MIC = 40 uM). In an
attempt to introduce a 5-membered ring, oxazolidin-2-one was selected and the obtained
compound 5.54 showed moderate enzymatic inhibitory activity (plCso = 6.6) and surprisingly good
cellular activity (MIC = 5.6 uM), better than reference 5.9. Also, a pyridine analogue was prepared
as an alternative for the nitrile group. Although it is not a typical isosteric replacement, the
nitrogen of the pyridine could form a hydrogen bond with a water molecule and therefore
preserve the same interaction as the nitrile group.'’” Biological evaluation revealed that the

pyridine analogue 5.55 completely lost the inhibitory activity (plCso = 4.4). After hydrolysis of the
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acetamide 5.53, the inactive aniline derivative 5.57 was obtained (plCso = 4.1). Despite the
potential toxicity risks of introducing an aniline, we were interested in this compound as it could
appear as a metabolite of the particularly active sulfonamide 5.69 (discussed later). In the

cytotoxicity test, compound 5.69 appeared to be non-cytotoxic (TOXso >100 uM).

Further relevant replacements of the carbonitrile group performed by other researchers working

in the OMC-DprE; team at GSK are presented in Table 5.7.

Table 5.7. Biological and physicochemical profile for compounds with other carbonitrile
replacements.

Structure

(0]
RMN R DprEl MtbMIC TOXs, AMP Solubility Chrom
HN~( F o plCso (M)l (um)bl (nm/sec)ldl  (uM)il logDte!
o O

5.66 /OQE 6.5 58 >100 650 186 5.05

F
o :
5.67  / 57 >80  >100 680 147 4.84
F
5.68 OQNO§ 7.0 25  >100 110 >487 3.57
e
Q
569 HN-8—( ) 7.3 09  >100 <65  >486 3.19
O
Q
570 -8 ) 6.2 20 >100 110 >478 3.88
N=N,

5.71 7.3 3.1 >100 310 379 3.78

P4
e

|
N~/

IMIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; ®HepG2, human
caucasian hepatocyte carcinoma; “artificial membrane permeability; “in vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4.

Compounds 5.66 and 5.67 containing fluorine atoms at positions 2 and 3 of the phenyl ring were
specifically designed in an attempt to influence electron density of the aromatic ring aiming at a
more favourable interactions. Addition of fluorine at position 2 gave compound 5.66 of the
reference compound 5.9 had only a minor effect on enzymatic potency (plCso= 6.5), while
introduction of a fluorine at position 3 gave compound 5.67 which led to reduction of the

enzymatic potency (plCso = 5.7).
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A significant number of sulfonamide compounds were also prepared and some selected
compounds 5.68-5.70 are shown in Table 5.7. Sulfonamide derivative 5.68 exhibited good
enzymatic inhibitory activity (plCso=7) and very good MIC value of 2.5 uM. Subsequently, the retro
sulfonamide 5.69 was prepared exhibiting excellent enzymatic (plCso = 7.3) and cellular activity
with a MIC value of 0.9 uM. It was observed that compound 5.69 displayed very low artificial
membrane permeability (AMP <6.5 uM), nevertheless it showed satisfactory bioavailability (see
at Therapeutic Efficacy section). Furthermore, the sulfonamide 5.69 was mono- or doubly
methylated but the resulting compounds (5.70, 5.52) lost their potency. Lastly, tetrazole
derivative 5.71, exhibited high enzymatic potency (plCso = 7.3) with very good cellular potency
with MIC value of 3 uM.

Within these results, some disconnection between enzymatic and cellular potencies could be
observed. For example, compounds 5.48 and 5.69 that possessed very high enzymatic inhibitory
activity (plCso= 7.4 and 7.3, respectively), did not exhibit the same cellular potency (MIC = 10 and
0.9 uM, respectively). Similarly, compounds 5.47 and 5.68 shared comparable, potent DprE1l
inhibitory activity (plCso= 7) but the measured cellular potencies were found to be 20 and 2.5 pM,
respectively. The same mismatch was observed between the reference compound 5.9 and

compound 5.54 (plCso = 6.7 and 6.6, respectively and MIC = 40 and 5.6 uM, respectively).

In Figure 5.11, antimycobacterial potencies (MIC values) have been plotted against either their
corresponding DprE1 inhibitory activities (plCso), or their lipophilicities (chromlogD). In both cases,

no statistically significant correlation (R? <0.5) was present between the compared variables.

pMIC vs DprE1 plCg, pMIC vs chromlogD
7.0 R2=0,3303 7.0
6,0 6,0 R?=0,2701
5,0 5,0
O 4,0 O 4,0
%_ 3,0 %_ 3,0
2,0 2,0
1,0 1,0
0,0 0,0
5,0 6,0 7,0 8,0 2,5 3,5 4,5 5,5 6,5
DprEl plCq, chromlogD

Figure 5.11. Representation of pMIC vs DprE; pICso and pMIC vs chromlogD (data sets used:
compounds from tables 5.4 - 5.7 which showed a measurable MIC value (<80 uM)).
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However, for each of the aforementioned inhibitor pairs (having comparable enzymatic potencies
but differing cellular activities), a significant difference in lipophilicity was observed. Notably, in
all pairs, the less lipophilic compounds (chromlogD values ranging from 3 to 4), showed better MIC
values than compounds of higher lipophilicity (chromlogD values ranging from 4.5 to 5.5). As
apparent, lipophilicity is an extremely important quantity to control during optimization. And our
results seem to indicate that a lipophilicity-normalized representation of enzymatic potency could

be a better predictor of cellular potency.

Among several lipophilicity metrics, lipophilic ligand efficiency (LLE) explicitly considers the
balance of lipophilicity with potency and can be very useful in comparing HTS hits or during lead
optimization.'” LLE, introduced by Leeson and Springthorpe, is defined as the difference of log P

(or log D) and the negative logarithm of a potency measure (pKd, pKi, or pXCso).2&

LLE = plCso (or pKi)- clogP or (logD or clogD)

In other words, LLE describes the contribution of lipophilicity to potency.'®! Therefore, LLE was
considered a suitable parameter for our H2L program and cellular activity was plotted against LLE
for all compounds with MIC < 80 uM, as shown in Figure 5.12. The obtained graph gave a more

satisfactory trend with R? = 0.7868.

pMIC vs LLE

0,0 1,0 2,0 3,0 4,0 5,0
LLE

Figure 5.12. Representation of pMIC vs LLE (data set used: compounds from tables 5.4 - 5.7
which showed a measurable MIC value (<80 uM)).

As apparent from this plot, the best compounds in the series had LLE value >3. In conclusion, it

seems that not only high enzymatic inhibitory activity is required to obtain a good MIC value, but
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also a sufficiently low chromlogD is necessary. Therefore, LLE would be an interesting parameter

to monitor during the design of future compounds.
5.2.3. Conclusion of the first round of Hit-to-Lead optimization

In our attempts to meet the previously mentioned goals, a range of compounds were synthesized

as part of the first round of Hit-to-Lead optimization.

Linker and core modifications performed so far did not provide any improvement in comparison
with the reference compounds. On the other hand, more potent compounds were obtained from
the replacement of the nitrile group by sulfonamides, difluoromethoxy group, tetrazole and
oxazolidin-2-one ring. Compounds 5.48, 5.69 and 5.71 shown in Figure 5.13 possessed the highest
enzymatic inhibitory activity (plCso 7.4 and 7.3 respectively) so far. However, only compound 5.69
achieved a sub-micromolar MIC value of 0.9 uM, while compound 5.48 displayed a moderate MIC
of 10 uM and compound 5.71 a good MIC of 3 uM. On the other hand, although compound 5.54

possessed a moderate enzymatic inhibitory activity (plCso = 6.6), it gave a good MIC value of 5.6

uM.
7 F ? [
F2HCOWN l/\N@MN
F o} F
HN—( ~ HN—(
o O 0 o O
5.48 5.54
DprE1 p|C50 7.4 DprE1 p|C50 6.6
Mtb MIC 10 uM Mtb MIC 5.6 uM
LLE 2 LLE 2.7
o (¢}
= N;\N F
H2NOZS—< :)A( N ! N
N=\/ F
HN—( F N HN—(
o O o O
5.69 5.71
DprE4 pICs 7.3 DprE, pICs5¢ 7.3
Mtb MIC 0.9 uM Mtb MIC 3 uM
LLE 4.2 LLE 3.5

Figure 5.13. Compounds with the best DprE; inhibitory activity.

Furthermore, LLE was calculated and found to correlate nicely with cellular potency. All
compounds depicted in Figure 5.13 were chosen for further exploration. In this thesis, only the
optimization of 5.48 will be covered, while the other compounds were followed by other team
members. This compound showed a LLE value of 2. Thus, increasing this value, by decreasing the

overall lipophilicity and/or increasing affinity, was considered an important goal during the second
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round of optimization that focused on the right-hand side of the molecule. Introduction of

hydrophilic groups was considered a straightforward way of reaching this goal.

5.3.Second round of Hit-to-Lead optimization

The first compounds of this section contained differently substituted right-hand side phenyl rings
and provided SAR information in the chemical space immediately surrounding the reference 5.48.
Additionally, a number of analogues containing 6- or 5-membered heterocycles were prepared.
Both subsets were supplemented with several commercially available analogues of reference 5.48
with non-aromatic, aliphatic or bicyclic phenyl replacements that were also considered to be

within the scope of this exploration.
5.3.1. Chemistry

An important goal of the first subset of compounds (characterized by different phenyl
substitutions), was to quantify the influence of fluorination on lipophilicity. Therefore, compounds
with monofluoro- or non-fluorinated phenyl rings were prepared. Moreover, a methoxy group
was inserted replacing fluorines. Our second subset of compounds consisted of 6- and 5-
membered heterocycles such as pyridine, thiophene, pyrrole and thiazole which were expected

to further reduce the chromlogD values.

As shown in Scheme 5.13, final compounds 5.72-5.82 were obtained by alkylation of the hydantoin
core 5.38 with the appropriate a-halo keto aryls (R-X) in the presence of potassium carbonate
(K,COs) in DMF.
2 K,COj 7
o—< >A( ( + R-X DMF, o~ >A( 'N-R
F—( NH 134 F—< HN
F

HN\§ N\ﬁo

5.38 o 5 72-5.82

1hH b

5.76 /

EECEEN

5.77 5.78 5.79 5.80 5.81 5.82
Scheme 5.13. Synthesis of the compounds with modifications at the right-hand side part of the
molecule.
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5.3.2. Results and discussion

In addition to the synthesized molecules 5.72-5.82, commercially available compounds or

analogues present in the GSK database (marked with f) were also tested and the obtained results

are shown in Table 5.8.

Table 5.8. Biological and physicochemical profile for compounds with modifications to the right-
hand side phenyl group.

Structure
0 Mtb
ow DprEl  ° ° TOXso  AMP  Solubility Chrom
E N-R [b] [c] [d] [e]
~ e PICo e (W) (am/secf (uM)9 - logD
0
F
Ref.
5.48 . 7.4 10 >100 500 85 5.36
O F
F
5.72 %ﬁ‘/@ 7.2 15 >100 540 98 5.08
(6]
5.73 WQF 6.4 20 >100 480 144 5.13
(0]
5.74 %ﬁ(@ 7.3 20 >100 560 141 5.23
(@] F
5.75 %ﬁ(© 7.2 30 >100 520 180 4.97
(e}
O\
5.76 ?‘Lﬁw/@ 6.2 80 >100 490 104 4.92
(o]
(0]
5.83!f %Y©[°> 6.6 >80  >100 500 80 4.90
(0]
O\
5.841f ?&Y@[F 6.4 80 >100 450 105 5.03
(o]
_O
5.85f Eﬁﬁg@F 5.4 >80  >100 400 183 5.42
O
5.86!f gﬁ?@\ 7 80 63 310 69 5.97
(6]
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5.8711 ?&‘ﬁp/ 5 >80 50 140 18 6.48
0O

“MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; "HepG2,
human caucasian hepatocyte carcinoma; artificial membrane permeability; %n vitro profiling for kinetic
aqueous solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4;
fcommercially available.

Removal of one fluorine atom and positional scanning with the remaining fluorine, or removal of
both fluorines resulted in a small drop of the DprE; inhibitory activity (plCso 7.2-7.3). This was
accompanied by a small decrease of the chromlogD values, from 5.36 (reference 5.48) to 4.97-
5.23 (compounds 5.72-5.74). The overall hydrophilicity improvement together with the small drop
of enzymatic potency did not lead to the desired LLE (>3) and the cellular activity obtained was
moderate (15-30 uM). Moreover, more hydrophilic substituents such as a methoxy group and
dioxole or their combination with fluorine led to a significant drop in both enzymatic and

mycobacterial potency.

The biological data and physicochemical properties for the second subset of compounds consisted
of 6- and 5-membered heterocycles are presented in Table 5.9. Compound 5.75 possessing a non-
substituted phenyl is shown again in this table, since it serves as a useful reference for assessing
the impact of heterocycle-for-phenyl replacement.

Table 5.9. Biological and physicochemical profile for compounds with heterocyclic
modifications.

Structure
0 D Mtb -
OO*M prEl o TOXs AMP Solubility Chrom
F — [b] [c] [d] e
‘<F HM \<N R plCso (M) (uM) (nm/sec) (nMm) logDe!
0
5.75 ?%ﬁ(@ 7.2 30 100 520 180 4.97
O
A N
5.77 % ~ 6.3 30 >100 320 >328 3.52
(0]
7
5.78 % N 5.7 80 >100 240 >503 3.54
(o]
~ ]
5.79 % N 6.7 15 >100 550 >497 4.35
(@]
S
5.80 e ~ 6.8 20 >100 500 356 4.59
O
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S
5.88!fl % \\ 7.0 80 >100 600 132 5.06
O
Cl
f SN
5.891 7.2 20 >100 330 97 5.49
?ZL NS
(6]
HN\
5.90!f gﬁ(Q 4.3 >80 >100 390 >456 3.91
(0]
NH
5.911f % L/ 4.4 >80 >100 380 2455 4.12
(e}
S/\>
5.81 EL/\[(I\\N 6.7 20 >100 510 2409 4.45
(o]
aMIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; *HepG2, human
caucasian hepatocyte carcinoma; ‘artificial membrane permeability; %n vitro profiling for kinetic aqueous
solubility (CLND, chemiluminescent nitrogen detection); échromlogD values at pH = 7.4; fcommercially
available.

The obtained results showed that replacement of the phenyl ring with a heterocycle generally
leads to decreased chromlogD values. However, enzymatic inhibitory activity was found to be
negatively affected too. Obtained MIC values are grossly comparable to those of the phenyl-based
subset (MIC 15-20). This is in overall accordance with our hypothesis that the MIC values correlate
with the LLE values: with both lower enzymatic potencies and lower chromlogD values, the LLE

ratios remain similar, and so do the MIC values.

The data for the next small subset of compounds consisting of non-aromatic cyclic or aliphatic
chains instead of phenyl ring are shown in Table 5.10. The obtained results indicated that non-

aromatic substitution diminished the activity.

Table 5.10. Biological and physicochemical profile for compounds with aliphatic modifications.

Structure

0 Mtb -
ow DprEl - TOXs,  AMP  Solubility Chrom
F — [b] [c] [d] e
~<F HNT<N R pICso (M) (um) (nm/sec) (um) logDle!
(0]

9
5.92 %w“ 53 80 >100 210 2472 4.03
O

5.93!f g/\m“@ 4.6 >80 >100 120 >467 3.37
(6]
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5.9417 L&{W);“VK 49 >80  >100 640 313 6.05
o

9MIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; HepG2,
human caucasian hepatocyte carcinoma; ‘artificial membrane permeability; %in vitro profiling for
kinetic aqueous solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH =
7.4; fcommercially available.

Lastly, a small set of compounds including bicyclic systems was evaluated (Table 5.11). In general,
all the obtained compounds showed lower DprE; potency and no significant MIC. However, it is
worth noting that compound 5.82 which possesses a benzoxazole system (with the oxazole part
replacing the keto function) preserved some inhibitory activity (plCso = 6.3). This analogue
represents the first example of a ketone modification that is not completely detrimental to
enzymatic potency. These data point out that further exploration of chemical space around the
benzoxazole system could yield SAR insights leading to the identification of even more promising

replacements for the keto function.

Table 5.11. Biological and physicochemical profile for compounds with bicyclic systems.

Structure
0 Mtb
o DprEl - TOXso AMP Solubility Chrom
F N-R IC M)®E!  (nm/sec)i M)ldl logDtel
%F - PICs e M ) (M) g
0
N
5.82 %%Ojg 6.3 80 >100 490 140 5.00

5.95(1 %WNQ@ 6.0 >80  >100 480 34 4.90
O

5.96!" s N 5.9 80 63 520 114 5.37
T
"7"?_ N\ X
5.971f N 5.7 80 >100 540 336 3.83
(@]
(@]
I
5.9l 53 >80  >100 440 212 4.77
/ (0]
—

IMIC against M. tuberculosis (H37Rv), isoniazid was used as reference with MIC = 1.8 uM; *HepG2,
human caucasian hepatocyte carcinoma; artificial membrane permeability; %n vitro profiling for kinetic
aqueous solubility (CLND, chemiluminescent nitrogen detection); ¢chromlogD values at pH = 7.4;
fcommercially available.
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In Figure 5.14, antimycobacterial potencies (pMIC values) of compounds which showed a
measurable MIC value (<80 uM) during the second round of optimization have been plotted

against their LLE values.

6,0
2 _
5,0 R? = 0,3138 .' ) )
AL S
4,0 A -
8]
S 3,0
o
20
10
0,0
00 05 10 15 20 25 30 35 40
LLE

Figure 5.14. Representation of the pMICversus LLE (data set used: compounds from table 5.8-
5.11 which showed a measurable MIC value (<80 uM)).

As shown in Figure 5.14, none of the compounds offered an LLE value greater than 3. In the cases
where some improvement of the chromlogD was achieved, a simultaneous reduction of the

enzymatic affinity was observed.

5.3.3. Conclusions for the second round of Hit-to-Lead optimization

As previously discussed, the aim of this second round of H2L optimization was to reduce the
lipophilicity of compound 5.48 maintaining the enzymatic potency, in an attempt to improve LLE
values. The latter was found during the first round of optimization to correlate better with
antimycobacterial potency (MIC). However, all the efforts so far did not result in reaching values
>3. In the cases where some improvement of the chromlogD was achieved, a simultaneous
reduction of the enzymatic affinity was observed. All the compounds were found in the region
where LLE <3. Further work is necessary in order to explore other parts of the molecule where

hydrophilic groups can be introduced without affecting enzymatic potency.

163



Chapter 5

5.4.Intracellular M. tuberculosis activity

As shown in Table 5.12, a number of selected compounds were tested for their intracellular
activity. This assay determines the effect of the compounds on mycobacteria growing inside
human macrophages. Activity in this assay is considered highly desirable as many of the bacteria

during an active M. tuberculosis infection are found intracellularly in phagocytotic cell types.

Table 5.12. MIC and intracellular ICsg, 1Cy values for selected compounds.

Intracellular
Compd Structure MIC (pM)
ICso (uM)E! ICo0 (uM)®!
(6]
v~ I\ A
4.1 HN«N . 8.3 1 4.0
o o
F
_ 0
NC -
4.1R- WN
enant. HN~¢ WF 6.7 0.4 1.3
(e}
F
(6]
5.48 F{O\Q‘\/«N 10 13 Max percent
‘ F N~ WF ' inhibition 88
o O
F
O
O’/\N
5.54 A HN\\<N . 5.6 1.3 19.95
o O
F
(o]
5.68 SS. N 2.5 2.0 31.62
/"0 HN\< F
o O
(R 0]
Hszs
I Max percent
. 0 N . .
>-69 N~ F 09 03 inhibition 86
O O
F
o 7
SN N Max percent
>71 AN~ F 31 0-2 inhibition 84
o O
F
(6]
O
5.79 F—( ‘QMN — 15 1.6 5.01
F HN N\
6]
OW
5.86 F\<F ol KN»_Q 80 6.3 25
o O
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6]
5.89 F%O‘Q‘\/«N s C 20 5 7.94
Y as
o O

9Cso and 1Ce0 against infected Human THP-1 macrophages with M. tuberculosis (H37Rv).

According to the data, the hit compound 4.1 exhibited a very good intracellular ICy value of 4 uM,
while its active enantiomer (R-) showed an improvement with an 1Cy value of 1.26 M. On the
other hand, compounds 5.48, 5.69 and 5.71 did not reach 90% inhibition at 50 uM (ICso >50 UM)
in the intracellular assay, although their 1Cso values were excellent (ICso 1.3, 0.3, 0.2 uM.
respectively). Compounds 5.79 and 5.89 showed good activity with 1Cy values 5.01 and 7.94 uM,
respectively, while the rest of the tested compounds (5.54, 5.68 and 5.86) exhibited moderate 1Cqy
values (19.95-31.62 uM).

Direct comparison of the intracellular values (ICq) with the “extracellular’” values (MIC) is not
reliable, since they depend on different readouts and are calculated differently. Nevertheless, a
qualitative comparison between them could give some useful information on their properties for
macrophage penetration of the tested compounds. Compounds 5.54 and 5.68 exhibited moderate
intracellular 1Cy values and are less potent in macrophages than the “extracellular” MIC values
would suggest. This could be due to poor permeability of the compounds through the cell
membrane, to bacterial efflux pumps activated by the macrophage or to inactivation of the
compounds by host cell-derived metabolites such as reactive species.’® On the other hand,
compounds 4.1, 5.79, 5.86 and 5.89 possessing heterocycles on the right-hand part of the
molecule exhibited better intracellular ICqo values than “extracellular’” MIC values indicating that
these compounds might be targeting pathways, either in the bacteria or in the macrophage, that
are essential during infection but not for in vitro growth.'®*® Accumulation inside the macrophage

vacuoles might be another reason for the observed increase in potency.
5.5.Metabolic stability

Selected compounds where tested for their in vitro metabolic stability using murine and human

microsomes and the obtained results are presented at Table 5.13.
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Table 5.13. Microsomal stability of selected compounds.

Clint (mL/min/g)
Compd Structure
Mouse Human
(@]
e
4.1 HN«N . 4.39 0.56
O O
F
O
O
5.10 / ‘Q“H}N/\iwﬁ : 0.75 1.65
F
O O
(6]
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5.48 F—~ i N 1.78 <0.40
F ~ F
(o]
F
(6]
6]
F N
5.50 F7<F HN\< F 1.59 <0.40
O O
F
6]
I
N
5.54 \\g N~ . 3.54 <0.40
O O
F
O
5.68 5% HN\\<N i 3.29 0.47
o O
(IDI (6]
H2N—§
5.69 0 HN\<N . 2.67 <0.40
O O
F
N=\ O
{ N
N:N' N
5.71 HN\< F 2.44 <0.40
O O
F

The data indicated that all tested compounds were very stable with the majority of them
exhibiting intrinsic clearance values <3 mL/min/g using murine microsomes and <0.6 mL/min/g

using human microsomes.
5.6.Cardiotoxicity (hERG binding assay)

A number of selected compound were tested for hERG liabilities and the results are shown in Table

5.14.
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Table 5.14. hERG binding values of selected compounds.

hERG ICso (uM)
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5.89 F-<F il WNM 8
O O S

167



Chapter 5

The obtained results indicated that para-substitution plays an important role for hERG reactivity.
More specifically, compounds 5.9 and 5.10 which possess a methoxy group, compound 5.54 with
an oxazolidinone cycle and compound 5.69 with a sulphonamide group did exhibited any hERG
reactivity. On the other hand, the initial hit compound 4.1 with a carbonitrile group, compounds
5.48, 5.79 and 5.89 that have a difluoromethoxy group and compounds 5.68 and 5.71 with

methylsulfonamide and tetrazole groups respectively, displayed hERG liabilities.
5.7.General antimicrobial activity profile

To understand the antimicrobial spectrum of the series, minimum inhibitory concentrations
(MICs) of the primary hit 4.1 and three selected compounds (5.54, 5.68 and 5.69) were measured
against a panel of primary isolates comprising medically important Gram-positive as well as Gram-

negative pathogens and the obtained results are shown in Table 5.15.

Table 5.15. Minimun inhibitory concentracions (MICs) against a panel of Gram-positive as well
as Gram-negative pathogens.

Compd 4.1 5.54 5.68 5.69 Ceftazidime
Species Strain MIC (uM)
A.baumannii 1484749 >128 >128 >128 >128 >16
A.baumannii BM4454 >128 >128 >128 >128 4
A.baumannii BM4652 (efflux mutant) >128 >128 >128 >128 1
A.baumannii ATCC 19606-1 LpxC- >128 >128 >128 >128 0.25
E.coli 1162222 >128 >128 >128 >128 1
E.coli 7623 >128 >128 >128 >128 0.125
E.coli 7623 TolC- >128 >128 >128 >128 0.25
E.coli Top 10 TolC- Parent n.d. >128 >128 >128 0.25
E.cloacae X4422 >128 >128 >128 >128 0.5
H.influenzae H128 >128 >128 128 >128 0,03
H.influenzae H128 Acr A- >128 128 128 128 0.03
K.pneumoniae 1511191 >128 >128 >128 >128 4
K.pneumoniae 1161486 >128 >128 >128 >128 0.25
K.pneumoniae 1161486a >128 >128 >128 >128 0.125
P.aeruginosa 394303 >128 >128 >128 >128 4
P.aeruginosa PAO1 (MV) >128 >128 >128 >128 1
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P.aeruginosa PAO322 >128 >128 >128 >128 0.5
S.aureus WCUH29 >128 >128 >128 >128 >16
S.pneumoniae ERY2 >128 >128 >128 >128 0.125
S.pyogenes 1308007P >128 >128 >128 >128 0.125

All tested compounds lacked any appreciable antibacterial activity (MIC > 128 uM) suggesting the
target to be specific for mycobacteria. This is a desirable characteristic as they are not

accompanied by the side effects of the broad spectrum antibiotics.

5.8.Mode of action

5.8.1. Evaluation against M. tuberculosis DprE1 overexpressor strain

Overexpression of a target is a clinically observed mechanism of bacterial resistance to
antibiotics.'®8 |n this case, antibiotic inhibition of an essential cellular process is overcome
because the target is overexpressed and exists in excess to the local inhibitor concentration.
Target overexpression can occur through point mutations in gene promoters resulting in increased
transcription and translation.?” For example, mutation in the promoter of the M. tuberculosis inhA

gene is a mechanism of clinical resistance to isoniazid and ethionamide, key drugs used to treat

TB 182,184

Overexpression of proteins in the laboratory can be achieved using plasmids that overexpress
these genes. ¥ This strategy has been successfully applied to indicate possible drug targets by
MIC shift. Therefore, shifts in MIC values caused by target overexpression, can provide a simple
measure of target engagement at cellular level, which is extremely valuable information for drug

discovery programs.18®

During our project, this approach was used to validate DprE1 as the target enzyme of this series.
MIC values of the initial hit compound 4.1 together with a number of selected compounds (5.48,
5.68, 5.69 and 5.71) were determined against the wild type of M. Tuberculosis (WT), M.
tuberculosis transformed with pMV261 (empty vector, EV) and against M. tuberculosis
transformed with pMV261:dprE1 (overexpressor, OE). The obtained data are shown in Table 5.16.

Shifts in the MIC values when M. tuberculosis DprE1 was overexpressed were calculated.
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Table 5.16. MIC values using wild type of M. tuberculosis H37Rv, M. tuberculosis transformed
with pMV261 (empty vector) and M. tuberculosis transformed with pMV261:dprEl
(overexpressor). Ratio of MIC values for M. tuberculosis transformed with pMV261:dprE1 to
that for M. tuberculosis wild type or transformed with pMV261.

MIC (1M) MIC (uM) MIC (uM) MICoe/ MICoe/
Compd Structure
# wrl BVl OEd  MICw ! MIC/®
(0]
e
4.1 HNT<N £ 78  ndf 125 16 ndlf
o O
F
(0]
0]
548 "X HN— 15 20! >80 >5.3 >4
F ~ F
o O
F
O
o.HN R
5.68 R N 10( 5 >80 >8.0 >16
/0 HN—( F
o O
9 (0]
HoN-S
5.69 0 HN\<N £ 25 2.5 >80 >32 >32
o O
F
N=\ 0
! N
Nsy N
5.71 HN\< F 2.5 2.5 >80 >32 >32
o O
F
(0]
o4 o o S
TCA-1 HN q D 1.56 1.56 100 64 64
- N
XS
O/é
e,
BTZ-043 STN 0.0156  0.0156 >1 64 >64
o
YWT = wild type, MIC values for M. tuberculosis H37Rv, isoniazid was used as reference with MIC = 1.8
UM; PEV = empty vector, MIC values are for M. tuberculosis transformed with pMV261; ‘OE =
overexpressor, MIC values are for M. tuberculosis transformed with pMV261:dprE1; ‘Ratio of MIC values
for M. tuberculosis transformed with pMV261:dprE1 to that for wild type M. tuberculosis; €Ratio of MIC
values for M. tuberculosis transformed with pMV261:dprE1 to that for M. tuberculosis transformed with
pMV261; ‘n.d. = not determined; 9the inhibition profile was not very clear at high concentration of the
compound.

Screening of the selected compounds showed that overexpression of DprEl enzyme in M.

tuberculosis conferred resistance to all tested compounds compared to the empty vector or wild
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type. In detail, they showed greater than 4-fold shifts in the MIC values when DprEl was

overexpressed. The MIC modulation is in agreement with the proposed target of the series.

5.8.2. Evaluation against M. tuberculosis DprE1 mutant strains

To provide a further genetic link to the mechanism of action, the primary hit compound 4.1 was
tested against three in-house M. tuberculosis DprE; resistant mutants (E221Q, G248S and Y314H)
generated using recombineering technique and three spontaneous resistant mutants (L368P,

G17C and C387S) provided by S. Cole’s group.

Table 5.17. MIC of the primary hit 4.1 against a panel of M. tuberculosis DprE; spontaneous
resistant mutants.

MICrmutant/MICuszry Ratio
Compd E221Q G248S Y314H L368P G17¢C 3875
4.1 16 > 16 16 2 1 <1
TCA-1 >4 >2 >24 >4 >1 >2
AZ-3 16 >63 >63 4 2 1
BTZ-043 4 1 1 1 1 64

As shown in Table 5.17, compound 4.1 showed cross resistance with E221Q, G248S and Y314H

strains, sharing a similar profile with AZ-3, another DprE1 inhibitor.

Together, the inhibition of purified DprE1l enzyme using a fluorescence-based assay, the MIC
modulation against isolated resistant mutants to other classes of DprE1 inhibitors and the MIC
modulation observed in the overexpression strain strongly support the assignment of DprE1 as

the driver of antimycobacterial activity for these compounds.

5.8.3. Time course curves

Once we validated DprE1 as target of the series, time course curves for the hit compound 4.1 and
compound 5.9 were plotted in order to better understand the inhibition mode (covalent or
noncovalent). Since these compounds possess potentially reactive hydantoin, cyano and keto
groups (for hit compound 4.1), there was a possibility of covalent bond formation with an enzyme
nucleophile. Therefore, they were tested using the resazurin reduction assay to determine if there

is any evidence of time-dependent inhibition which would suggest covalent bond formation.
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Figure 5.15. Time courses for compounds 4.1 and 5.9, illustrating reaction linearity for up to 60
min and inhibition of enzyme activity by the tested compounds.

Figure 5.15 illustrating reaction linearity for up to 60 min and inhibition of enzyme activity in the
presence of increasing concentrations of 4.1 and 5.9. Both compounds behaved like normal

reversible inhibitors, and there was no evidence of time-dependent inhibition.
5.9.Therapeutic efficacy

The two most potent derivatives obtained so far (5.69 and 5.71) were selected for in vivo studies in an
acute murine model of intratracheal infection. The therapeutic efficacy against M. tuberculosis (H37Rv)
was determined using an acute infection model in C57BL/6J mice.'®” Mice were intratracheally infected
with M. tuberculosis (H37Rv strain). Compounds were administered for four consecutive days starting
five days after the infection and moxifloxacin was used as an interassay control. Blood samples were
obtained at different time points from infected mice to measure the levels of the tested compounds
and lungs were harvested on day 9, 24 hours after the last administration. The blood exposure levels
and the differences in the lung microorganism burden (logicCFUs/lungs) obtained in the treated mice
with respect to untreated controls (day 9 after infection) are shown in Table 5.18 and Figure 5.16. No

adverse clinical signs were observed in any animal.

Table 5.18. Blood exposure levels and log1,CFU for tested compounds.

Blood exposure Difference to
c d Dose (mg/Kg) treated mi
ompoun (u.i.d. p.o.) Cmax AUC untreated mice
(ng/mL) (h*ng/mL) (logwCFU)
Moxifloxacin 100 41+0.3
5.69 200 6380 31400 (24h) 0.5+0.1
5.71 170 1870 6738 (6 h) 0.2+0.1
2u.i.d. = once per day; p.o. = per os, oral.
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Figure 5.16. Representation of blood exposure vs time (h) for tested compounds.

Compound 5.69 demonstrated the best blood exposure with a Cmax value of 6380 ng/mL and an
AUC value of 31.400 h*ng/mL. Moreover, the same compound showed the highest reduction of
logCFU units (0.5). Although this value reflects limited in vivo activity compared to reference
moxifloxacin, it demonstrates that the hydantoin series is capable of reaching the lungs of the
mice to achieve a statistically significant bacterial load reduction. Compound 5.71 showed low
exposure levels and a reduction of only 0.2 logCFU in comparison with the untreated mice which

is not statistically significant.

5.10. Conclusion

During an HTS campaign performed by GSK, hydantoin 4.1 was identified as a potent DprE;
inhibitor (plCso = 7) with significant cellular potency (MIC = 8.3 uM) against M. tuberculosis. The

compound was subjected to Hit-to-Lead optimization.

During the first round of optimization, three types of modifications around the initial hit were
performed including linker, core and carbonitrile replacements. The best compounds obtained
possessed modifications of the carbonitrile substituent and exhibited potent enzymatic inhibitory
activities accompanied by very good cellular activities. A correlation between cellular potency
(MIC) and LLE was found, with the best compounds possessing a value >3. More specifically,
compound 5.69 showed the best MIC value (0.9 uM) and excellent enzymatic inhibitory activity
(pICso= 7.3). However, the slightly more potent DprE; inhibitor 5.48 (plCso= 7.4) displayed a
significantly lower potency (MIC 10 uM). This mismatch is tentatively explained by the high

lipophilicity of the molecule (5.48), translating into a lower LLE value of 2.

Based upon these results, a second round of optimization was initiated around compound 5.48. A
number of compounds containing variations of the right-hand side of the molecule were

synthesized or purchased with the aim to reduce lipophilicity. Unfortunately, all attempts to
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reduce the chromlogD values of 5.48 led to a drop of the enzymatic inhibitory activity too. As a
result, no compounds were identified with LLE values exceeding 3, and MIC values of these
molecules were moderate (>10 uM). Possibly, these data indicate that right-hand side aryl lies in
a lipophilic cavity and therefore any attempt to increase hydrophilicity of this part of the molecule

led to reduced affinity in the active center.

Additionally, a number of selected compounds were tested for intracellular in vitro anti-tubercular
activity against infected murine macrophages, in vitro microsomal stability and hERG inhibition.
The obtained results indicated that almost all of them possessed excellent intramacrophage
activity with submicromolar values. At the microsomal stability assay, all tested compounds were
very stable with intrinsic clearance values within the desired range. On the other hand, hERG
reactivity was an issue for some of the tested compounds and reactivity was mainly driven by

para-phenyl substituent.

Three compounds were evaluated against a panel of Gram-positive and Gram-negative pathogens
without any significant activity, showing that the hydantoins series is very specific against

mycobacteria.

To confirm the mode of action of this series, selected compounds were evaluated against the
overexpressor strain where the MIC modulation confirmed our target. Moreover, the hit
compound was evaluated against a number of DprE1 mutant strains. The hit compound showed
a similar profile as AZ-3 another DprE1 inhibitor. Lastly, time curves revealed that the tested

compounds are reversible inhibitors of the enzyme.

The three most potent compounds in terms of cellular activity in this project were selected for in
vivo studies, and one (5.69) achieved high blood exposure levels and demonstrated a statistically

significant reduction of 0.5 logCFU compared with the untreated mice.

In conclusion, a novel class of hydantoin inhibitors of DprE1 was identified by HTS. Subsequent
medicinal chemistry efforts followed, delivering a very potent DprE1 inhibitor (5.69, plCso = 7.3)
with significant cellular potency against M. tuberculosis H37Rv (MIC = 0.9 uM) and acceptable
physicochemical properties. Importantly, this compound also demonstrated in vivo efficacy in

infected mice.

5.11. Experimental section

All specifications with respect to reagents, solvents, analytical and structure elucidation

techniques and apparatuses are identical to the corresponding details mentioned in the
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Experimental section of Chapter 3 (Part 3.6). The microwave apparatus used was a Biotage

Initiator instrument.

5.11.1. General methods

General method A. Alkylation of the hydantoin core. A mixture of the appropriate 2,4-
imidazolidinedione (1 equiv.), the appropriate 2-halo-acetophenone (1-2.5 equiv.) and potassium
carbonate (K,COs) (1-1.2 equiv.) were suspended in DMF or acetone (Molarity: 0.06-0.3 M) at
room temperature and the reaction mixture was stirred for 1-3 d at room temperature. The
solvent was evaporated under reduced pressure and the residue was dissolved in EtOAc (50 mL)
and the organic layer was washed with ammonium chloride (NH4Cl) (50 mL), brine (NaCl) (50 mL)
and water (H,0) (50 mL). The organic phase was dried over MgS0O, and evaporated until dryness
under reduced pressure. The obtained residue was purified by silica gel column chromatography

using as eluent cyclohexane/EtOAc or HPLC using as eluent ACN/H,0.

General Method B. Synthesis of hydantoin core. For the synthesis of the intermediates that
contain a hydantoin core a Bucherer—Bergs protocol was employed. The appropriate ketone (1
equiv.), ammonium carbonate ((NH4),COs) (9 equiv.) and potassium cyanide (KCN) (1.3-2 equiv.)
were dissolved in a mixture of ethanol and water (1:1) and microwave irradiated continuously at
70 °Cfor 5-12 h. Subsequently, the reaction mixture was cooled down, acidified with HCI (6M) and
the pH was adjusted to approximately 7 with aqueous solution of sodium carbonate (10%). In case
of precipitation, the obtained solid was filtered and washed with water. Otherwise, the volatiles
of the reaction mixture were evaporated under reduced pressure, the residue was dissolved in
water and the target compound was extracted with ethyl acetate. If necessary, the desired
intermediates were purified using silica gel column chromatography usually using as eluent a

cyclohexane/ethyl acetate gradient from 100/0 to 50/50.

5.11.2. Chemistry

3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione
(5.9).

\ s 2 O . The title compound was prepared according to the general
4 1'\5_N4 3m
HN 3N "r  method A, using 5-(4-methoxyphenyl)-5-methyl-2,4-
1 2

O & 5" imidazolidinedione (100 mg, 0.454 mmol or 300 mg, 1.36 mmol
or 500 mg, 2.27 mmol), 2-chloro-2',4'-difluoroacetophenone (95 mg, 0.50 mmol or 650 mg, 3.41
mmol or 1.08 g, 5.68 mmol) and K,COs (63 mg, 0.45 mmol or 226 mg, 1.63 mmol or 377 mg, 2.71

mmol) in acetone (7-7.5 mL) and the reaction time was 24-48 h.
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Glassy solid; yield 25% (45 mg, 0.11 mmol) or 43% (220 mg, 0.588 mmol) or 25% (215 mg, 0.574
mmol); TLC, R¢ 0.52 (cyclohexane/ethyl acetate: 50/50). *H NMR (400 MHz, DMSO-ds) & ppm 9.00
(s, 1 H(N1)), 8.00 (td, J=8.6, 6.8 Hz, 1 H (5"” or 6’”")), 7.50 (ddd, J=11.6, 9.3, 2.4 Hz, 1 H (3")), 7.41
-7.46 (m, 2 H(2’)), 7.28 (td, J=8.5, 2.3 Hz, 1 H (5"” or 6"”")), 6.90 - 7.03 (m, 2 H (3’)), 4.79 (d, J=2.5
Hz, 2 H (1”)), 3.76 (s, 3 H, -OMe), 1.72 (s, 3 H, -Me). *C NMR (101 MHz, DMSO-ds) & ppm 189.2 (d,
3Jer=5.1 Hz, C(2”)=0), 175.4 (C(4)=0), 165.7 (dd, Ye=255.4 Hz, %J==13.2 Hz, C-F), 162.4 (dd,
1Jr=256.9 Hz, 3Jcr=13.9 Hz, C-F), 159.0 (C4’), 155.0 (C(2)=0), 132.6 (dd, °Jc==11.0 Hz, ’Jcr=4.4 Hz, 5"
or 6””’), 131.3 (C1’), 126.9 (C2’), 119.5 (dd, ¥c=13.2 Hz, “Jc=3.7 Hz, C1’”), 113.8 (C3’), 112.8 (dd,
2Jer=22.0 Hz, *Jr=3.7 Hz, 5" or 6’”’), 105.4 (t, ?J¢r=27.1 Hz, C3"”’), 62.9 (C5), 55.2(-OMe), 47.1 (d,
4Jcr=10.3Hz, C1”), 24.8 (-CHs). UPLC-MS (C) RT 1.16 min, m/z 375 [M+H]* (>95%). HRMS (ESI) m/z
caled for CigH17F2N204 [M+H]*: 375.1151; found: 375.1139.

3-(2-(4-Fluorophenyl)-2-oxoethyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione
(5.10).

0 The title compound was prepared according to the general

\
o}
% ’%@. method A, using 5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-

dione (100 mg, 0.454 mmol), 2-chloro-4'-fluoroacetophenone (78

mg, 0.45 mmol) and K,COs (75 mg, 0.54 mmol) in DMF (3 mL) and the reaction time was 1 d.

White solid; yield 69% (112 mg, 0.314 mmol); TLC, R¢ 0.48 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) 6 ppm 8.99 (s, 1 H), 8.07 - 8.19 (m, 2 H), 7.35-7.51 (m, 4 H), 6.94 - 7.03
(m, 2 H),4.96 (s, 2 H), 3.76 (s, 3 H), 1.73 (s, 3 H). *C NMR (101 MHz, DMSO-dg) 6 ppm 191.0, 175.6,
165.5 (d, LJer=251.0 Hz), 159.0, 155.2, 131.3, 131.2, 130.8 (d, “Jc==2.2 Hz), 126.9, 116.1 (d, *Jer=22.7
Hz), 113.8, 62.9, 55.2, 44.4, 24.8. UPLC-MS (C) RT 1.14 min, m/z 357 [M+H]* (>95%)

3-(4-Fluorophenethyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.11).

\ 0 The title compound was prepared according to the general
O@ﬁ,\é ’\/@. method A, using 5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-

dione (200 mg, 0.908 mmol), 4-fluoro-phenethyl bromide (184
mg, 0.906 mmol) and K2COs (151 mg, 1.09 mmol) in anhydrous DMF (3 mL) and the reaction time

was 3 d.

White solid; yield 78% (242 mg, 0.707 mmol); TLC, R¢ 0.49 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) & ppm 8.76 (s, 1 H), 7.18 - 7.27 (m, 2 H), 7.06 - 7.16 (m, 2 H), 6.96 - 7.06
(m, 2 H),6.85-6.95(m, 2 H), 3.74 (s, 3 H), 3.52 - 3.66 (m, 2 H), 2.83 (t, /=6.8 Hz, 2 H), 1.53 (s, 3 H).
13C NMR (101 MHz, DMSO-ds) d ppm 175.3, 160.9 (d, 2Jcr=242.2 Hz), 158.8, 155.4, 134.0 (d, “Jcr=2.9
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Hz), 131.4, 130.6 (d, *Jcr=8.1 Hz), 126.6, 114.9 (d, J==21.2 Hz), 113.7, 62.1, 55.1, 38.8, 32.0, 24.7.
UPLC-MS (C) RT 1.17, m/z 341 [M-H] (>95%).

3-(4-Fluorobenzyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.12).

\ o The title compound was prepared according to the general method A,
o—< >%/<

HN%N using 5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione (100 mg,

0 0.454 mmol), 4-fluorobenzyl bromide (86 mg, 0.45 mmol) and K,COs3

F

(75 mg, 0.55 mmol) in DMF (3 mL) and the reaction time was 1 d.

White solid; yield 79% (118 mg, 0.359 mmol); TLC, R¢ 0.58 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-d6) & ppm 8.97 (s, 1 H), 7.31 - 7.41 (m, 2H), 7.20- 7.30 (m, 2 H), 7.10- 7.19
(m, 2 H), 6.88 - 6.98 (m, 2 H), 4.52 (s, 2 H), 3.74 (s, 3 H), 1.65 (s, 3 H). *C NMR (101 MHz, DMSO-
ds) & ppm 175.3, 161.4 (d, Ye=243.0 Hz), 158.9, 155.3, 132.9 (d, “/cr=2.9 Hz), 131.3, 129.4 (d,
3Jcr=8.8 Hz), 126.6, 115.3 (d, %Jc=21.2 Hz), 113.9, 62.5, 55.1, 40.5, 25.0. UPLC-MS (C) RT 1.16 min,
m/z 327 [M-H] (>95%)

3-(3-(4-Fluorophenyl)-3-oxopropyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione
(5.13).

\ 0 The title compound was prepared according to the general method
O%N 0 A, using 5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione
o) (100 mg, 0.454 mmol), 3-chloro-4’-fluoropropiophenone (85 mg,

¢ 0.45 mmol) and K,COs3 (75 mg, 0.55 mmol) in DMF (3 mL) and the

reaction time was 1 d.

White solid; yield 25% (42 mg, 0.11 mmol); TLC, R¢ 0.38 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) 8 ppm 8.84 (s, 1 H), 7.94 - 8.04 (m, 2 H), 7.28 - 7.40 (m, 4 H), 6.89 - 6.96
(m, 2 H), 3.74 (s, 3 H), 3.71 (t, J=7.1 Hz, 2 H), 3.30* (t, J=7.1 Hz, 2 H), 1.62 (s, 3 H). 3C NMR (151
MHz, DMSO-ds) 8 ppm 196.5, 175.3, 165.1 (d, 2Jc=252.3 Hz), 158.8, 155.3, 132.9 (d, “Jcr=2.9 Hz),
131.4,131.0(d, *Jcr=9.7 Hz), 126.7, 115.7 (d, Jr=22.2 Hz), 113.8,62.2, 55.1, 36.0, 33.8, 24.8. UPLC-
MS (C) RT 1.14 min, m/z 371 [M+H]" (>95%).

*The triple peak at 3.30 ppm was partially covered by water peak at 3.33 ppm.
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1-(2,4-Difluorobenzoyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.15).

5-(4-methoxyphenyl)-5-methyl-2,4-imidazolidinedione (100 mg, 0.454

\OWNH mmol) was dissolved in anhydrous pyridine (1 mL) and 2,4-difluorobenzoyl
o™ Y chloride (80 mg, 0.45 mmol) was added dropwise to the mixture under

F nitrogen atmosphere. The reaction mixture was left stirring at room

E temperature overnight. Then, the solvent was removed under reduced

pressure and the obtained residue was dissolved in ethyl acetate (10 mL). It was passed through
a 2-cm thick pad of silica gel which was subsequently washed with ethyl acetate (5 mL x 2). The
combined organics were concentrated by rotary evaporation to provide the crude product which
was purified by silica gel column chromatography using a Merck pre-packed column (9+1 g) and
as eluent cyclohexane/ethyl acetate (80/20). Subsequently, the organic phase was washed with
saturated aqueous solution of sodium bicarbonate (NaHCOs) (40 mL x 3) and water (40 mL), dried
over magnesium sulfate (MgS04) and evaporated under reduced pressure to give 1-(2,4-

difluorobenzoyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione.

Off-white solid; yield 63% (103 mg, 0.286 mmol); TLC, R¢ 0.63 (ethyl acetate/cyclohexane: 50/50).
IH NMR (400 MHz, DMSO-dg) & ppm 12.04 (br. s., 1 H), 7.59 (td, J=8.3, 6.4 Hz, 1 H), 7.30 - 7.40 (m,
3 H),7.17 (td, J=8.5, 2.3 Hz, 1 H), 6.93 - 7.02 (m, 2 H), 3.76 (s, 3 H), 2.05 (s, 3 H). *C NMR (101 MHz,
DMSO-dg) 8 ppm 174.8, 163.5 (dd, 2Jcr=250.3 Hz, *Jcr=12.4 Hz), 161.7, 159.0, 159.1 (dd, Yc.r=250.3
Hz, ®Jcr=13.2 Hz), 153.7, 130.9 (dd, *Jcr=10.2 Hz, *Jcr=4.4 Hz), 129.0, 126.7, 121.3 (dd, %Jcr=15.7
Hz, “Jcr=4.0 Hz), 114.0, 111.7 (dd, %Jc.r=22.0 Hz, *Jc.,=3.7 Hz), 104.0 (t, %Jcr=26.3 Hz), 68.1, 55.2,
20.3. UPLC-MS (C) RT 1.06 min, m/z 361 [M+H]* (>95%).

3-(2,4-Difluorobenzoyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.16).

5-(4-methoxyphenyl)-5-methyl-2,4-imidazolidinedione (100 mg, 0.454

o)
\OWN 0 ¢ mmol) and sodium hydride, 60% dispersion in mineral oil (NaH, 22mg,
HN«O 0.92 mmol) were dissolved in anhydrous DMF (1 mL) and the mixture

F Wwas stirred at room temperature for 15 min. Subsequently, 2,4-
difluorobenzoyl chloride (0.056 uL, 0.45 mmol) was added to the mixture under nitrogen
atmosphere and stirred at room temperature overnight. Then, the reaction mixture was poured
into water (40 mL) and the target compound was extracted with ethyl acetate (50 mL x 3). The
combined organics layers were evaporated by rotary evaporation to provide the crude product.
Attempts to purify it by silica gel column chromatography or HPLC failed. Partial hydrolysis was

observed during the HPLC purification.
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TLC, Rf 0.48 (EtOAc/cyclohexane: 50/50). *H NMR (400 MHz, DMSO-ds) 6 ppm 9.47 (s, 1 H), 7.84
(td, J=8.5,6.4 Hz, 1 H), 7.40 - 7.49 (m, 3 H), 7.27 (td, J=8.5, 2.0 Hz, 1 H), 6.97 - 7.04 (m, 2 H), 3.74 -
3.80 (m, 3 H), 1.77 (s, 3 H). UPLC-MS (C) RT 3.00 min, m/z 361 [M+H]* (90%).

3-(2-(2,4-Difluorophenyl)-2-hydroxyethyl)-5-(4-methoxyphenyl)-5-methylimidazolidine-2,4-
dione (5.17).
o 3-(2-(2,4-difluorophenyl)-2-oxoethyl)-5-(4-methoxyphenyl)-5-
\OWN FC i methylimidazolidine-2,4-dione 5.9 (100 mg, 0.267 mmol) was
\\<o HO dissolved in anhydrous toluene (50 mL) and sodium bis(2-
methoxyethoxy)aluminum hydride solution (Red-Al) (0.16 mL, 0.53 mmol) was added to the
solution under nitrogen atmosphere. The reaction mixture was heated until 120 °C for 1 h using
an oil bath. Then, the reaction mixture was cooled down and quenched by careful addition of
aqueous NaOH (2N, 2 mL) followed by addition of ethyl acetate (20 mL) and water (70 mL). The
resulting biphasic system was separated and the organic layer was further washed with water (50
mL x 2) to get rid of the produced 2-methoxyethanol. The organic layer was evaporated under
reduced pressure to provide the crude product which was separated by silica gel column
chromatography using a pre-packed Merck column (18+2 g) and as eluent cyclohexane/EtOAc
gradient from 100/0 to 50/50 to give 3-(2-(2,4-difluorophenyl)-2-hydroxyethyl)-5-(4-

methoxyphenyl)-5-methylimidazolidine-2,4-dione.

Glassy colorless solid; yield 50% (50 mg, 0.13 mmol); TLC, R¢ 0.77 (ethyl acetate). 'H NMR (400
MHz, DMSO-ds) & ppm 8.76 (d, J=5.6 Hz, 1 H), 7.40 - 7.52 (m, 1 H), 7.21 - 7.33 (m, 2 H), 6.95 - 7.17
(m, 2 H), 6.84 - 6.94 (m, 2 H), 5.71 - 5.78 (m, 1 H), 5.09 (g, J=6.5 Hz, 1 H), 3.75 (d, J=0.8 Hz, 3 H),
345 - 3.63 (m, 2 H), 1.55 (d, J=14.1 Hz, 3 H). 3C NMR (101 MHz, DMSO-ds) (mixture of
diastereoisomers) 6 ppm 175.3,175.2, 160.1 - 162.9 (m), 158.8, 158.8 (s), 157.9 - 160.7 (m), 155.4,
155.4,131.5,131.4,129.2 -129.7 (m), 126.7, 126.6, 125.4 - 125.9 (m), 113.7, 113.6, 111.1 - 111.6
(m), 103.1 (m), 62.8, 62.7, 62.2, 62.2, 55.1, 43.9, 43.8, 24.8. UPLC-MS (C) RT 1.09-1.10 min, m/z
375 [M+H] (>95%).

3-(2-(2,4-Difluorophenyl)-2-hydroxyethyl)-5-(4-methoxyphenyl)-1,5-dimethylimidazolidine-2,4-

dione (5.18).

\ O . A solution of 3-(2-(2,4-difluorophenyl)-2-hydroxyethyl)-5-(4-

O%N@F methoxyphenyl)-5-methyl imidazolidine-2,4-dione (47 mg, 0.13
o HO mmol) and sodium hydride, 60% dispersion in mineral oil (NaH,

5.5 mg, 0.14 mmol) in anhydrous tetrahydrofuran (THF, 5 mL) was stirred for 1 h at room

temperature. Then, iodomethane (Mel, 17 uL, 0.27 mmol) was added to the solution and the
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reaction mixture was left stirring for 2 days at room temperature. THF was evaporated and the
residue was purified by HPLC using an X-Bridge 19 column and as eluent ACN/H,0 (+0.1%
NH4HCOs) from 40/60 until 100/0. The separation gave the N-methylated product (5.18) and the
dimethylated product (5.19).

Colorless glassy solid; yield 40% (20 mg, 0.051 mmol); TLC, R¢ 0.36 (cyclohexane/ethyl acetate:
50/50). 'H NMR (400 MHz, DMSO-ds) 8 ppm 7.44 - 7.57 (m, 1 H), 7.00 - 7.21 (m, 4 H), 6.89 - 6.97
(m, 2 H), 5.78 (t, J=4.8 Hz, 1 H), 5.10 - 5.18 (m, 1 H), 3.76 (d, J=0.8 Hz, 3 H), 3.49 - 3.70 (m, 2 H),
2.63 (d, J=1.8 Hz, 3 H), 1.64 (d, J=14.7 Hz, 3 H). 3C NMR (101 MHz, DMSO-ds) (mixture of
diastereoisomers) & ppm 174.5, 174.5, 160.1 - 162.9 (m), 159.2, 159.1, 158.0 - 160.7 (m), 155.0,
155.0, 129.3 - 129.7 (m), 128.4, 128.3, 127.5, 127.3, 125.4 - 125.9 (m), 114.1, 111.5 (dd, 2J¢r=21.2
Hz, 4Jcr=2.9 Hz), 103.4 (t, Y=26.3 Hz), 65.6, 65.5, 62.8 (d, 3Jcr=8.1 Hz), 55.2, 44.2 (d, “Jr=8.1 Hz),
24.8, 24.8, 19.4. UPLC-MS (C) RT 1.23 min, m/z 391[M+H]* (>95%).

3-(2-(2,4-Difluorophenyl)-2-methoxyethyl)-5-(4-methoxyphenyl)-1,5-dimethylimidazolidine-
2,4-dione (5.19).

0]

\O‘W ”’F@’ The title compound was obtained from the same reaction
0
\

N
F .
/N\\< described for compound 5.18.
O

Colorless glassy solid; yield 12% (6 mg, 0.02 mmol); TLC, R¢ 0.47
(cyclohexane/ethyl acetate: 50/50). *H NMR (400 MHz, METHANOL-d4) & ppm 7.40 - 7.49 (m, 1 H),
7.08-7.19 (m, 2 H), 6.84-7.00 (m, 4 H), 4.87 - 4.94 (m, 1 H), 3.66 - 3.92 (m, 5 H), 3.22 (d, /=6.8 Hz,
3 H), 2.73 (s, 3 H), 1.72 (d, J=13.1 Hz, 3 H). 3C NMR (101 MHz, METHANOL-d,) (mixture of
diastereoisomers) 6 ppm 177.2, 177.1, 163.1 - 165.8 (m), 161.6, 161.6, 161.3 - 164.1 (m), 157.4,
157.4,130.9 - 131.2 (m), 129.5, 129.5, 128.7, 128.6, 122.8 - 123.2 (m), 115.5 - 115.6 (m), 112.8 -
113.2 (m), 104.8 (t, 2Jr=25.6 Hz), 75.0, 74.7, 67.8, 67.8, 57.4 - 57.7 (m), 56.0 , 44.1, 44.0, 25.5 -
25.7 (m), 20.2, 20.1. UPLC-MS (C) RT 1.28 min, m/z 405 [M+H]* (>95%).

4-(4-Methoxyphenyl)-1H-imidazole (5.22).

/O\Q\(\ 2-Bromo-4'-methoxyacetophenone (1.00 g, 4.37 mmol) was dissolved in
7 "NH
N=/ formamide (10.0 mL, 252 mmol) and heated at 170 °C for 3 h. The reaction

mixture was cooled to room temperature, diluted with H,O (40 mL) and basified using aqueous
solution of NaHCO3 (10%) until pH~10. The target compound was extracted with ethyl acetate (50
mL x 4) and the combined organic layers were evaporated under reduced pressure. The obtained
residue was purified by NH functionalized silica gel column chromatography using an Isolute pre-

packed column (25+1 g) and eluent ethyl acetate/cyclohexane gradient from 0-57%. The obtained
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solid was dissolved in a mixture of ACN/H,0 (1:1) (16 mL) and was lyophilized to give the target
compound.

Salmon-colored solid; yield 33% (250 mg, 1.44 mmol); TLC, Rf 0.54 (ethyl acetate/methanol:
90/10). *H NMR (400 MHz, DMSO-dg) 8 ppm 12.05 (br. s., 1 H), 7.64 (d, J=0.8 Hz, 3 H), 7.43 (br. s.,
1H),6.92 (d, J=8.6 Hz, 2 H), 3.76 (s, 3 H). *H NMR (400 MHz, CDCls) 3 ppm 10.22 (br.s., 1 H), 7.58
-7.73 (m, 3 H), 7.24 (s, 1 H), 6.88 - 6.97 (m, 2 H), 3.82 (s, 3 H). *C NMR (101 MHz, CDCl3) § ppm
158.9, 138.6, 135.4, 126.3, 126.0, 114.6, 114.3, 55.4. UPLC-MS (C) RT 0.74 min, m/z 175 [M+H]*
(>95%).

1-(2,4-Difluorophenyl)-2-(4-(4-methoxyphenyl)-1H-imidazol-1-yl)ethanone (5.23).

/O\Q\(QT' : > 3 . 4-(4-Methoxyphenyl)-1H-imidazole (100 mg, 0.574 mmol) and
4"Jﬂijl cesium carbonate (Cs,COs) (224 mg, 0.687 mmol) were
3 20 suspended in N,N-Dimethylformamide (DMF) (2.5 mL). 2-
chloro-2',4'-difluoroacetophenone (219 mg, 1.15 mmol) was added to the reaction mixture and it
was heated at 80 °C for 90 min. The reaction mixture was cooled down and poured into water (50
mL) and extracted with ethyl acetate (50 mL x 3). The combined organic layers were evaporated
under reduced pressure. The residue was dissolved in DCM (1 mL) and loaded on a Merck silica

gel pre-packed column (10 g) and it was purified using as eluent ethyl acetate/cyclohexane

gradient from 20/80 to 80/20.

Off-white solid; yield 41% (77 mg, 0.24 mmol); TLC, R 0.45 (ethyl acetate). 'H NMR (400 MHz,
DMSO-ds) 6 ppm 8.06 (dd, J=8.6, 1.8 Hz, 1 H), 7.62 - 7.72 (m, 2 H), 7.60 (d, J=1.0 Hz, 1 H), 7.54
(ddd, J=11.6, 9.3, 2.4 Hz, 1 H), 7.42 (d, J=1.0 Hz, 1 H), 7.32 (td, J=8.4, 2.4 Hz, 1 H), 6.88 - 6.98 (m, 2
H), 5.58 (d, J=3.0 Hz, 2 H), 3.76 (s, 3 H). *C NMR (101 MHz, DMSO-ds) & ppm 190.3 (d, 3Jcr=5.1 Hz),
165.6 (dd, YJcr=254.7 Hz, 3Jce=12.4 Hz), 162.4 (dd, 1Jcr=258.3 Hz, 3)¢r=13.2 Hz), 157.8, 140.0, 138.6,
132.6 (dd, 2Jer=11.0 Hz, 3)¢r=3.7 Hz), 127.4, 125.4, 119.9 (dd, 2cr=13.9 Hz, *Jcr=3.7 Hz), 115.8, 113.9,
112.7 (dd, Uer=22.0 Hz, “Jer=3.7 Hz), 105.4 (t, Ucr=26.8 Hz), 55.6 (d, YJer=11.0 Hz), 55.0. UPLC-MS
(C) RT 1.14 min, m/z 329 [M+H]* (>95%).

4-(4-Methoxyphenyl)-4-methyl imidazolidin-2-one (5.24).

O‘QA(\NH 5-(4-Methoxyphenyl)-5-methyl-2,4-imidazolidinedione (300 mg, 1.36 mmol)
/ HNK< was dissolved in anhydrous toluene (2 mL) and sodium bis(2-

° methoxyethoxy)aluminumhydride (Red-Al, 1.33 mL, 6.81 mmol) was added
to the solution under nitrogen atmosphere. The reaction mixture was heated at 120 °C for 2 h

using an oil bath. The reaction mixture was cooled down and quenched by careful addition of
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aqueous NaOH (1M, 7 mL) followed by addition of ethyl acetate (20 mL) and water (13 mL). The
resulting biphasic system was separated and the organic layer was further washed with water (20
mL x 2) to remove the produced 2-methoxyethanol. The organic layer was evaporated under

reduced pressure to give the desired product.

White solid; yield 62 % (173 mg, 0.839 mmol). *H NMR (400 MHz, DMSO-ds) d ppm 7.27 - 7.32 (m,
2 H),6.92(s,1H),6.87-6.91(m, 2 H), 6.22 (s, 1 H), 3.74 (s, 3 H), 3.38 (dd, J=8.59, 0.51 Hz, 1 H),
3.23 (dd, J=8.59, 1.01 Hz, 1 H), 1.47 (s, 3 H). *C NMR (101 MHz, DMSO-ds) d ppm 162.30, 157.88,
139.12, 125.96, 113.48, 59.06, 55.04, 54.32, 28.61. UPLC-MS (C) RT 1.16 min, m/z: 207 [M+H]*
(>95%).

2-(2,4-Difluorophenyl)acetyl chloride (5.25).

Fm 2-(2,4-Difluorophenyl)acetic acid (200 mg, 1.16 mmol) was dissolved in
cl anhydrous 1,2-dichloroethane (DCE, 2.5 mL) and anhydrous N,N-

Dimethylformamide (DMF, 0.1 mL). Thionyl chloride (SOCl;, 2 mL, 27.4 mmol) was added to the
solution and the reaction mixture was left stirring 3 days at room temperature. The volatiles were

evaporated and the residue was directly used in the next step.

1-(2-(2,4-difluorophenyl)-2-oxoethyl)-4-(4-methoxyphenyl)-4-methylimidazolidin-2-one (5.26).

\om R A solution of oxalyl chloride (6 pL, 0.07 mmol) (1 drop) in DCM
>Or
ol

HN\<N (0.14 mL) was cooled to -78 °C. Dimethyl sulfoxide (DMSO) (9.9

° uL, 0.14 mmol) (1 drop) was added and the mixture was allowed

to stir for 5 min. 3-(2-(2,4-difluorophenyl)-2-hydroxyethyl)-5-(4-methoxyphenyl)-5-methyl
imidazolidin-4-one (23 mg, 0.063 mmol) dissolved in DCM (1 mL) was added slowly and the
reaction was stirred for 15 mins before addition of triethylamine (TEA, 0.04 mL, 0.3 mmol). The
reaction mixture was left to warm to room temperature and stirred for 2 h. Then, the reaction
mixture was diluted with water (50 mL) and organics were extracted with ethyl acetate (50 mL x
3). The combined organic layers were washed with brine (50 mL), dried over magnesium sulfate
(MgS0.) and evaporated under reduced pressure. It was purified by preparative HPLC Agilent 1100
in: Chiralpak IC: Heptane/Methanol-Ethanol: 80/20, 45 min, flow: 18 mL/min to obtain both

enantiomers (E1 and E2).

(E1): transparent colourless solid; yield 35 % (8 mg, 0.02 mmol); TLC, R¢ = 0.18 (cyclohexane/ethyl
acetate: 50/50). *H NMR (400 MHz, CDCls) 8 ppm 8.01 (td, J=8.5, 6.6 Hz, 1 H), 7.38 - 7.46 (m, 2 H),
6.95 - 7.04 (m, 1 H), 6.85 - 6.94 (m, 3 H), 4.87 (s, 1 H), 4.64 (dd, J=18.7, 4.3 Hz, 1 H), 4.49 (dd,
J=18.9, 4.0 Hz, 1 H), 3.82 (s, 3 H), 3.61 (dd, J=12.6, 8.3 Hz, 2 H), 1.77 (s, 3 H). *C NMR (101 MHz,
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CDCls) & ppm 191.6 (d, *Jcr=6.6 Hz), 166.3 (dd, Ucr=258.3 Hz, *Jr=12.4 Hz), 163.1 (dd,YJcr=256.9 Hz,
3Jer=12.4 Hz), 160.8, 158.9, 137.6, 132.8 (dd, 3Jcr=10.2 Hz, 3Jer=5.1 Hz), 126.3, 119.9 (dd, Zcr=15.4
Hz, “Jer=3.7 Hz), 113.9, 112.6 (dd, 2=22.0 Hz, “Jer=2.9 Hz), 104.8 (t, 2cr=27.1 Hz), 60.6, 57.0, 55.3,
53.2 (d, r=12.4 Hz), 28.1. UPLC-MS (C) RT 1.19 min, m/z 361 [M+H]* (>95%)

(E2): transparent colourless solid; yield 32 % (7 mg, 0.02 mmol); TLC, R¢ = 0.18 (cyclohexane/ethyl
acetate: 50/50). *H NMR (400 MHz, CDCls) & ppm 8.01 (td, J=8.5, 6.6 Hz, 1 H), 7.38 - 7.45 (m, 2 H),
6.96 - 7.03 (m, 1 H), 6.86 - 6.94 (m, 3 H), 4.87 (s, 1 H), 4.64 (dd, J=18.9, 4.0 Hz, 1 H), 4.49 (dd,
J=18.7, 4.0 Hz, 1 H), 3.82 (s, 3 H), 3.61 (dd, J=12.4, 8.1 Hz, 2 H), 1.77 (s, 3 H). *C NMR (101 MHz,
CDCl3) & ppm 191.6 (d, *Jce=5.9 Hz), 166.3 (dd, 1Jc=258.3 Hz, 3Je=12.4 Hz), 163.1 (dd, YJ=257.6
Hz, %Jer=12.4 Hz), 160.8, 158.9, 137.6, 132.8 (dd, *Jcr=10.6 Hz, 3J=4.8 Hz), 126.3, 119.9 (dd,
2Jer=14.6 Hz, *Jer=4.4 Hz), 113.9, 112.6 (dd,?Jc=22.0 Hz, *Jr=2.9 Hz), 104.8 (t, 2Jr=26.8 Hz), 60.6,
57.0, 55.3, 53.2 (d, “Jr=12.4 Hz), 28.1. UPLC-MS (C) RT 1.19 min, m/z 361 [M+H]* (>95%).

(E)-1-(2,4-difluorostyryl)-4-(4-methoxyphenyl)-4-methylimidazolidin-2-one (5.27).

%@% R 4-(4-Methoxyphenyl)-4-methylimidazolidin-2-one (48 mg, 0.23
\ 2 —F

HN\\<N mmol) and sodium hydride, 60% dispersion in mineral oil (NaH)

? (19 mg, 0.47 mmol) were suspended in anhydrous DMF (3 mL)

and left stirring at room temperature for 1 h. Subsequently, 2-(2,4-difluorophenyl) acetyl chloride

(138 mg, 0.724 mmol) dissolved in anhydrous DMF (4 mL) was added to the mixture and heated

at 50-60 °C for 6 h. The reaction mixture was left stirring overnight at room temperature. The

crude product was partially purified by HPLC (X Bridge 19) using as eluent ACN/HO (+ 0.1%

NH4HCOs) gradient from 40/60 to 100/0. It was further purified by HPLC (X Bridge 19) using as
eluent ACN/H,0 (+ 0.1% TFA) gradient from 50/50 to 100/0 to deliver the title compound.

Brown oil; yield 3% (2.7 mg, 7.84 umol). *H NMR (400 MHz, DMSO-ds) d ppm 8.06 (s, 1 H), 7.43 -
7.56 (m, 2 H), 7.33 - 7.41 (m, 2 H), 7.17 (ddd, J=11.6, 9.2, 2.5 Hz, 1 H), 6.99 (td, J=8.6, 2.5 Hz, 1 H),
6.94 (m, J=8.8 Hz, 2 H), 5.58 (d, J=14.9 Hz, 1 H), 3.82 (d, J=10.1 Hz, 1 H), 3.75 (s, 3 H), 3.61 (d, J=10.1
Hz, 1 H), 1.58 (s, 3 H). LC-MS RT 1.27 min, m/z 345 [M+H]* (>95%).

2-(Chloromethyl)-2-(2,4-difluorophenyl)-1,3-dioxolane (5.28).

Cl o A mixture of 2-chloro-2',4'-difluoroacetophenone (1.00 g, 5.25 mmol), ethylene

oj glycol (10.0 mL, 179 mmol) and p-toluene sulfonic acid monohydrate (14 mg, 0.08

F F mmol) was placed in a microwave tube, which was irradiated for 40 minutes at
100 °C. The reaction mixture was cooled to ambient temperature and poured into water (40 mL)

and extracted with a mixture of cyclohexane/ethyl acetate (80/20, 50 mL x 3). The combined
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organic layers were dried over magnesium sulfate (MgS0,) and then evaporated under reduced
pressure. The residue was separated by HPLC using a Sunfire 30 column and as eluent ACN/H,0

(+ 0.1 % NH4HCOs) gradient from 40/60 to 100/0 to deliver the target compound.

Colourless liquid; yield 35% (432 mg, 1.84 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 7.56 (td,

J=8.8, 6.8 Hz, 1 H), 7.28 (ddd, J=11.5, 9.2, 2.5 Hz, 1 H), 7.05 - 7.14 (m, 1 H), 4.06 - 4.18 (m, 2 H),
3.93 (s, 2 H), 3.85 - 3.92 (m, 2 H). 3C NMR (101 MHz, DMSO-ds) & ppm 162.6 (dd, Jr=245.2 Hz,
3Jr=9.5 Hz), 159.6 (dd, Ycr=251.0 Hz, Jer=11.7 Hz), 129.7 (dd, 3Jr=9.9 Hz, J¢=5.5 Hz), 122.8 (dd,
2Jer=13.2 Hz, “Jee=3.7 Hz), 111.0 (dd, %c=21.2 Hz, “Jer=3.7 Hz), 106.1 (d, *Jr=3.7 Hz), 104.8 (t,
?Jer=26.3 Hz), 65.5, 47.5 (d, Jce=3.7 Hz).

1-(4-Fluorophenethyl)-4-(4-methoxyphenyl)-4-methylimidazolidin-2-one (5.31).

3-(4-Fluorophenethyl)-5-(4-methoxyphenyl)-5-methyl-

\ F

O@ﬁ(\\?""\’@,F imidazolidine-2,4-dione (104 mg, 0.304 mmol) was dissolved in
o anhydrous toluene (3 mL) and sodium bis(2-methoxyethoxy)
aluminum hydride solution (Red-Al, 0.30 mL, 1.5 mmol) was added to the solution under nitrogen
atmosphere. The reaction mixture was heated at 120 °C for 2 h using an oil bath. The reaction
mixture was cooled down and quenched by careful addition of aqueous NaOH (2N, 5 mL) followed
by addition of ethyl acetate (17 mL) and water (15 mL). The resulting biphasic system was
separated and the organic layer was further washed with water (20 mL x 2) to get rid of the
produced 2-methoxyethanol. The organic layer was evaporated under reduced pressure to
provide the crude product which was separated by silica gel column chromatography using a
Merck pre-packed column (9+1 g) and as eluent cyclohexane/ethyl acetate gradient from 100/0

to 0/100 and then, ethanol/ethyl acetate gradient from 0/100 to 25/75. Compound 5.32 was also

obtained together with the title compound (5.31).

Off-white solid; yield 24% (25 mg, 0.072 mmol); TLC, 0.55 (ethyl acetate). *H NMR (400 MHz,
DMSO-ds) & ppm 7.23 - 7.29 (m, 2 H), 7.16 - 7.23 (m, 2 H), 7.02 - 7.10 (m, 3 H), 6.86 - 6.92 (m, 2 H),
3.73 (s, 3 H), 3.41 (d, J=8.6 Hz, 1 H), 3.28 - 3.38 (m, 1 H), 3.17 - 3.26 (m, 2 H), 2.70 (t, J=7.2 Hz, 2 H),
1.40 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) 6 ppm 160.2, 160.7 (d, YJc=241.5 Hz), 157.9, 138.8,
135.4 (d, “Jc==3.7 Hz), 130.4 (d, %Jr=8.1 Hz), 126.0, 114.8 (d, J==22.0 Hz), 113.5, 58.5, 56.3, 55.0,
43.8,32.4, 28.6. UPLC-MS (C) RT 1.18 min, m/z 329 [M+H]* (>95%).
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1-(4-Fluorophenethyl)-4-(4-methoxyphenyl)-4-methylimidazolidine (5.32).

\ E The title compound was obtained from the same reaction
O%N@F described for compound 5.31 and it was observed that it was
slowly degradated.

Off-white solid; yield 39% (43 mg, 0.12 mmol); TLC, R¢ 0.17 (ethyl acetate/methanol: 90/10). *H
NMR (400 MHz, DMSO-ds) & ppm 8.27 (s, 1 H), 7.38 (d, J=8.8 Hz, 2 H), 7.24 (dd, J=8.5, 5.7 Hz, 2 H),
7.07 (t, /=8.8 Hz, 2 H), 6.80 - 6.87 (m, 2 H), 3.78 (d, J=6.8 Hz, 1 H), 3.72 (s, 3 H), 3.22 (d, J=7.1 Hz, 1
H), 2.96 (d, J=8.8 Hz, 1 H), 2.53 - 2.74 (m, 5 H), 1.37 (s, 3 H). **C NMR (151 MHz, DMSO-d¢) & ppm
160.6 (d, Jr=240.5 Hz), 157.4, 141.3, 136.5 (d, *Jer=2.3 Hz), 130.3 (d, *Jcr=8.1 Hz), 126.4, 114.7 (d,
2Jr=20.7 Hz), 113.2, 70.4, 66.5, 63.4, 55.4, 54.9, 34.1, 30.4. UPLC-MS (C) RT 1.18 min, m/z 329
[M+H]* (85%).It

1-(2-(2,4-Difluorophenyl)-2-hydroxyethyl)-4-(4-methoxyphenyl)-4-methylimidazolidin-2-one
(5.33).
\ F
O%"‘@F 3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-(4-methoxyphenyl)-5-
O HO methylimidazolidine-2,4-dione (100 mg, 0.267 mmol) was
dissolved in anhydrous toluene (50 mL) and sodium bis(2-methoxyethoxy)aluminum hydride
solution (Red-Al, 0.16 mL, 0.53 mmol) was added to the solution under nitrogen atmosphere. The
reaction mixture was heated at 120 °C for 2 h 15 min using an oil bath. The reaction mixture was
cooled down and quenched by careful addition of aqueous NaOH (2N, 2 mL) followed by addition
of EtOAc (20 mL) and water (70 mL). The resulting biphasic system was separated and the organic
layer was further washed with water (50 mL x 2) to get rid of the produced 2-methoxyethanol.
The organic layer was evaporated under reduced pressure to provide the crude product which
was separated by silica gel column chromatography using a pre-packed Merck column (9+1g) and

as eluent cyclohexane/ethyl acetate gradient from 100/0 to 0/100 to give the title compound.

Colorless glassy solid; yield 48% (46 mg, 0.13 mmol); TLC, R¢ 0.38 (ethyl acetate). *H NMR (400
MHz, DMSO-ds) & ppm 7.38 - 7.56 (m, 1 H), 7.24 (dd, J=8.8, 1.5 Hz, 2 H), 6.95 - 7.17 (m, 3 H), 6.84
-6.91 (m, 2 H), 5.59 (dd, J=4.8, 2.5 Hz, 1 H), 4.93 (q, J=5.5 Hz, 1 H), 3.74 (d, J=4.3 Hz, 3 H), 3.47 (dd,
J=46.7, 8.6 Hz, 1 H), 3.15 - 3.38 (m, 3 H), 1.40 (d, J=2.5 Hz, 3 H). 3C NMR (101 MHz, CDCls) (mixture
of diastereoisomers) & ppm 162.5, 160.9 - 163.6 (m), 158.95, 158.93, 159.2 (dd, Y=247.4 Hz,
3Je,=11.7 Hz), 137.1, 136.9, 128.7 - 129.2 (m), 125.9, 125.8, 124.8 - 125.3 (m), 114.0, 113.9, 111.2
(dd, 2r=20.5 Hz, 4Jcr=3.7 Hz), 103.32 (t, 2r=25.6 Hz), 103.26 (t, 2J=25.6 Hz), 67.71, 67.66, 62.3,
62.0,57.8,57.7, 55.3, 51.1, 50.8, 28.0. UPLC-MS (C) RT 1.20 min, m/z 363 [M+H]* (>95%).
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1-(2,4-Difluorophenyl)-2-(4-(4-methoxyphenyl)-4-methyl-2-oxoimidazolidin-1-yl)ethane-1,2-
dione (5.34).

\Om o] Fz 1-(2-(2,4-Difluorophenyl)-2-hydroxyethyl)-4-(4-methoxyphenyl)-
F
o}

HN\\<N 4-methylimidazolidin-2-one (5 mg, 0.01 mmol) was dissolved in

? anhydrous dichloromethane (DCM, 2 mL) and excess of

manganese dioxide (MnO,, 20 mg, 0.23 mmol) was added to the solution. The reaction mixture
was left stirring at room temperature for 6 h. The reaction mixture was passed through a syringe
filter in order to remove MnO; and DCM was evaporated under reduced pressure. The obtained
residue was purified by silica gel column chromatography using a Merck pre-packed column (10

g) and as eluent cyclohexane/EtOAc gradient from 100/0 to 50/50 to deliver the pure product.

Transparent colourless solid; yield 12% (0.6 mg, 1.603 umol). *H NMR (400 MHz, DMSO-ds) 5 ppm
8.94(s,1H),7.97-8.09(m, 1H),7.46-7.55(m, 1 H),7.27-7.41(m, 3H),6.92-7.03 (m, 2 H), 4.08
(d, /=11.4 Hz, 1 H), 3.83 (d, J=11.4 Hz, 1 H), 3.76 (s, 3 H), 1.63 (s, 3 H). UPLC-MS (C) RT 1.29 min,
m/z 375 [M+H]* (>95%).

5-(3-Methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.36).

O The title compound was prepared according to the general method B using 1-
%NH (3-methoxyphenyl)ethanone (500 mg, 3.33 mmol), ammonium carbonate
-0 O  (2.88 g, 30.0 mmol) and potassium cyanide (434 mg, 6.66 mmol) in a mixture

of ethanol/water (50/50) (14 mL). The mixture was microwave irradiated at 70 °C for 6 h.

White solid; yield 90% (662 mg, 3.00 mmol); TLC, R¢ 0.47 (cyclohexane/ethyl acetate: 50/50). H
NMR (400 MHz, DMSO-dg) 6 ppm 10.74 (s, 1 H), 8.60 (s, 1 H), 7.31 (t, /=8.0 Hz, 1 H), 7.02 - 7.07 (m,
1 H), 7.00 (t, J=2.1 Hz, 1 H), 6.88 - 6.93 (m, 1 H), 3.76 (s, 3 H), 1.63 (s, 3 H). 13C NMR (101 MHz,
DMSO-dg) 6 ppm 176.7,159.2, 156.1, 141.5, 129.6, 117.5, 112.8, 111.4, 63.8, 55.1, 25.2. UPLC-MS
(C) RT 0.94 min, m/z 219 [M+H] (>95%)

5-(4-Ethoxyphenyl)-5-methylimidazolidine-2,4-dione (5.37).

o The title compound was prepared according to the general procedure B,

_/O <:> N NH uysing 1-(4-ethoxyphenyl)ethanone (500 mg, 3.05 mmol), ammonium

O  carbonate (2.63 g, 27.4 mmol) and potassium cyanide (397 mg, 6.09 mmol)
in a mixture of ethanol/water (50/50) (14 ml). The mixture was microwave irradiated at 70 °C for

12 h.

White solid; yield 65% (461 mg, 1.97 mmol); TLC, R¢ 0.24 (cyclohexane/ethyl acetate: 50/50). H
NMR (400 MHz, DMSO-ds) 6 ppm 10.69 (s, 1 H), 8.52 (s, 1 H), 7.31 - 7.38 (m, 2 H), 6.88 - 6.96 (m,
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2 H), 4.01 (q, J=7.0 Hz, 2 H), 1.61 (s, 3 H), 1.31 (t, J/=6.9 Hz, 3 H). 3C NMR (101 MHz, DMSO-d) &
ppm 177.2,158.1, 156.2, 131.7, 126.5, 114.2, 63.5, 63.0, 24.9, 14.6. UPLC-MS (C) RT 1.04 min, m/z
235 [M+H]* (>95%).

5-(4-(Difluoromethoxy)phenyl)-5-methylimidazolidine-2,4-dione (5.38).

o The title compound was prepared according to the general method B,

F_< HN« using 1-(4-(difluoromethoxy)phenyl)ethanone (500 mg, 2.69 mmol),
F O  potassium cyanide (0.350 g, 5.37 mmol) and ammonium carbonate (2.323

g, 24.17 mmol) in a mixture of ethanol/water (50/50) (14 mL). The mixture was microwave

irradiated at 70 °C for 5 h.

White solid; yield 95% (651 mg, 2.54 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 10.79 (br. s., 1
H), 8.62 (s, 1 H), 7.48 - 7.54 (m, 2 H), 7.03 - 7.43 (m, 3 H), 1.64 (s, 3 H). 3C NMR (101 MHz, DMSO-
ds) & ppm 176.8, 156.1, 150.5 (t, *Jr=3.3 Hz), 136.8, 127.1, 118.7, 116.3 (t, LJc=258.3 Hz), 63.5,
25.0. UPLC-MS (C) RT 1.07 min, m/z 255 [M-H] (>95%).

5-(4-(Difluoromethoxy)-3-methoxyphenyl)-5-methylimidazolidine-2,4-dione (5.39).

o/ The title compound was prepared according to the general procedure B,

o
O‘@M using 1-(4-(difluoromethoxy)-3-methoxyphenyl)ethanone (500 mg, 2.31
NH
-

HN—( mmol), ammonium carbonate (2000 mg, 20.82 mmol) and potassium
cyanide (301 mg, 4.63 mmol) in a mixture of ethanol/water (50/50) (14

ml). The mixture was microwave irradiated at 70 °C for 12 h.

White solid; yield 99% (655 mg, 2.29 mmol); TLC, R¢ 0.21 (cyclohexane/ethyl acetate: 50/50). H
NMR (400 MHz, DMSO-ds) & ppm 10.80 (s, 1 H), 8.65 (s, 1 H), 6.84 - 7.26 (m, 4 H), 3.84 (s, 3 H),
1.65 (s, 3 H). *C NMR (101 MHz, DMSO-ds) 6 ppm 176.6, 156.1, 150.4, 139.0 (t, *Jr=3.3 Hz), 138.5,
121.0,117.6, 116.6 (t, LJr=258.3 Hz), 110.4, 63.7, 55.9, 25.6. UPLC (C) RT 0.99 min, m/z 285 [M+H]"
(>95%)

5-Methyl-5-(4-(trifluoromethoxy)phenyl)imidazolidine-2,4-dione (5.40).

O The title compound was prepared according to the general method B,

F7< HN« usinng 1-(4-(trifluoromethoxy)phenyl)ethanone (500 mg, 2.45 mmol),
F F
O

(207 mg, 3.18 mmol) in a mixture of ethanol/water (50/50) (16 mL) and the reaction mixture was

ammonium carbonate (2118 mg, 22.04 mmol) and potassium cyanide

stirred at 55-65 °C overnight.
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Glassy colorless solid; yield 68% (454 mg, 1.66 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 10.84
(s, 1H), 8.66 (s, 1 H), 7.60 (d, J/=8.8 Hz, 2 H), 7.40 (d, J=8.8 Hz, 2 H), 1.66 (s, 3 H). UPLC (C) RT 1.30
min, m/z 275.10 [M+H]* (>95%).

5-Methyl-5-(4-(trifluoromethyl)phenyl)imidazolidine-2,4-dione (5.41).

9] The title compound was prepared according to the general method B, using

F
FF> < > [«NH 1-(4-(trifluoromethyl)phenyl)ethanone (500 mg, 2.66 mmol), ammonium

HN
O  carbonate (2298 mg, 23.92 mmol) and potassium cyanide (346 mg, 5.32

mmol) in a mixture of ethanol/water (50/50) (14 mL). The mixture was microwave irradiated at

70 °Cfor 6 h.

White foamy solid; yield 94% (644 mg, 2.49 mmol); TLC, Rf 0.34 (cyclohexane/ethyl acetate:
50/50). *H NMR (400 MHz, DMSO-ds) 6 ppm 10.89 (s, 1 H), 8.72 (s, 1 H), 7.78 (d, J=8.6 Hz, 2 H),
7.71(d, J=8.6 Hz, 2 H), 1.69 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 176.3, 156.1, 144.5, 128.5
(9, Ycr=31.8 Hz), 126.3, 125.4 (g, 3Je=3.7 Hz), 124.1 (q, Yer=271.8 Hz), 63.9, 25.1. UPLC-MS (C) RT
1.06 min, m/z 257 [M+H] (>95%).

N,N-dimethyl-4-(4-methyl-2,5-dioxoimidazolidin-4-yl)benzenesulfonamide (5.42).

. 0 0 The title compound was prepared according to the general method B, using
/N_ﬁ <:> HN{«NH 4-acetyl-N,N-dimethylbenzenesulfonamide (150 mg, 0.660 mmol),

O ammonium carbonate (571 mg, 5.94 mmol) and potassium cyanide (86 mg,
1.3 mmol) in a mixture of ethanol/water (50/50) (10 mL). The mixture was microwave irradiated

at 70 °C for 6 h.

White solid; yield (75%, 147 mg, 0.494 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 10.90 (s, 1 H),
8.73(s,1H),7.57-7.96 (m, 4 H), 2.61 (s, 6 H), 1.69 (s, 3 H). UPLC (C) RT 1.02 min, m/z 298 [M+H]*
(>95%).

\ 0 The 4-acetyl-N,N-dimethylbenzenesulfonamide was prepared according to
/N—§<©—<() Hinsberg reaction. A solution of dimethylamine in THF (2.0 M, 3.43 mL, 6.86
mmol) was added to a solution of 4-acetylbenzenesulfonyl chloride (500 mg, 2.29 mmol) in
anhydrous tetrahydrofuran (THF) (13 mL) and the resulting mixture was stirred at room
temperature overnight. THF was evaporated and the residue was dissolved in water (80 mL). The
pH was adjusted to 7 using an aqueous solution of Na,CO; (10%). The target compound was
extracted with ethyl acetate (80 mL x 3). The combined organic layers were dried over magnesium

sulfate (MgS0.) and evaporated under reduced pressure. The obtained residue was purified by
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column chromatography using a pre-packed Merck silica gel column (2743 g) and as eluent ethyl

acetate/cyclohexane gradient from 0/100 to 0/60 to deliver 156 mg of the target compound.

White solid; yield 30% (156 mg, 0.686 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 8.18 (m, 2 H),
7.85-7.92 (m, 2 H), 2.65 (s, 3 H), 2.64 (s, 6 H). UPLC-MS (C) RT 2.45 min, m/z 228.10 [M+H]" (>95%).
N-(4-(4-methyl-2,5-dioxoimidazolidin-4-yl)phenyl)acetamide (5.43).
_/<O o The title compound was prepared according to the general method B, using
HN
HN
O  (2.44 g, 25.4 mmol) and potassium cyanide (367 mg, 5.64 mmol) in a

NH 4-acetamidoacetophenone (500 mg, 2.82 mmol), ammonium carbonate

mixture of ethanol/water (50/50) (14 mL). The mixture was microwave irradiated at 70 °C for 6 h.

White solid; yield 80 % (557 mg, 2.25 mmol). *H NMR (400 MHz, DMSO-ds) 6 ppm 10.69 (br. s., 1
H), 9.97 (s, 1 H), 8.52 (s, 1 H), 7.57 (d, /=8.8 Hz, 2 H), 7.36 (d, J/=8.8 Hz, 2 H), 2.03 (s, 3 H), 1.62 (s, 3
H). UPLC-MS (C) RT 0.89 min, m/z 248 [M+H]* (>95%).
5-Methyl-5-(4-(2-oxooxazolidin-3-yl)phenyl)imidazolidine-2,4-dione (5.44).

o The title compound was prepared according to the general method B,

N
STary

i NH

(190 mg, 2.92 mmol) in a mixture of ethanol/water (50/50) (12 mL). The mixture was microwave

using 3-(4-acetylphenyl)oxazolidin-2-one (300 mg, 1.46 mmol),

ammonium carbonate (1264 mg, 13.16 mmol) and potassium cyanide

irradiated at 70 °C for 6 h.

White solid, yield 54% (218 mg, 0.792 mmol). 'H NMR (400 MHz, DMSO-d¢) 5 ppm 10.74 (s, 1 H),
8.58 (s, 1 H), 7.54 - 7.60 (m, 2 H), 7.44 - 7.50 (m, 2 H), 4.44 (t, J=7.6 Hz, 2 H), 4.05 (m, J=8.6 Hz, 2
H), 1.64 (s, 3 H). UPLC-MS (C) RT 0.94 min, m/z 276 [M+H]* (>95%).

5-Methyl-5-(pyridin-4-yl)imidazolidine-2,4-dione (5.45).

0 The title compound was prepared according to the general method B, using 1-

7N\
NQﬁNH (pyridin-4-yl)ethanone (200 mg, 0.183 mL, 1.65 mmol), ammonium carbonate
O (1428 mg, 14.86 mmol) and potassium cyanide (140 mg, 2.15 mmol) in a mixture

of ethanol/water (50/50, 6 mL). The mixture was heated at 55 °C and the reaction time was 1 d.

White solid, yield 87% (275 mg, 1.44 mmol). *H NMR (400 MHz, DMSO-ds) & ppm 10.89 (br. s., 1
H), 8.71 (s, 1 H), 8.56 - 8.63 (m, 2 H), 7.45 - 7.51 (m, 2 H), 1.66 (s, 3 H). **C NMR (101 MHz, DMSO-
ds) & ppm 175.83, 156.10, 149.90, 148.45, 120.40, 63.42, 24.65. UPLC-MS (C) RT 0.75 min, m/z
192 [M+H]* (>95%).
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3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-(3-methoxyphenyl)-5-methylimidazolidine-2,4-dione
(5.46).

o . The title compound was prepared according to the general method
Qﬁ'\‘/\i’\l’%@,': A, using 5-(3-methoxyphenyl)-5-methylimidazolidine-2,4-dione
o]

\ o O (100 mg, 0.454 mmol), 2-chloro-2',4'-difluoroacetophenone (130

mg, 0.682 mmol) and K,CO3 (75 mg, 0.545 mmol) in DMF (3 mL) and the reaction time was 24 h.

White foamy solid; yield 26% (43 mg, 0.12 mmol); TLC, R¢ 0.68 (cyclohexane/ethyl acetate: 50/50).
'H NMR (400 MHz, DMSO-ds) & ppm 9.06 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.50 (ddd, J=11.6,
9.2,2.4 Hz, 1 H),7.34(t, J=8.0 Hz, 1 H), 7.28 (td, J=8.4, 2.4 Hz, 1 H), 7.06 - 7.15 (m, 2 H), 6.94 (dd,
J=8.2,1.9 Hz, 1 H), 4.80 (d, J=2.8 Hz, 2 H), 3.79 (s, 3 H), 1.74 (s, 3 H). *C NMR (101 MHz, DMSO-db)
S ppm 189.2 (d, 3Jer=5.1 Hz), 175.0, 165.7 (dd, LJer=255.4 Hz, 3Jr=13.2 Hz), 162.4 (dd, LJer=257.6
Hz, ®Jer=13.2 Hz), 159.3, 155.0, 140.9, 132.6 (dd, *Jc=10.6 Hz, 3J=3.3 Hz), 129.6, 119.5 (dd,
2Jep=13.2 Hz, “er=3.7 Hz), 117.7, 113.2, 112.8 (dd, Ye=22.0 Hz, “Jer=2.9 Hz), 111.7, 105.4 (t,
2Jer=26.3 Hz), 63.2, 55.1, 47.1 (d, J==11.0 Hz), 24.9. UPLC-MS (C) RT 1.18 min, m/z 375 [M+H]*
(>95%).

3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-(4-ethoxyphenyl)-5-methylimidazolidine-2,4-dione
(5.47).

O . The title compound was prepared according to the general
_/OWN’%@,F method A, using 5-(4-ethoxyphenyl)-5-methylimidazolidine-
j<o 0 2,4-dione (88 mg, 0.38 mmol), 2-chloro-1-(2,4-
difluorophenyl)ethanone (107 mg, 0.563 mmol) and K,CO3 (62 mg, 0.45 mmol) in DMF (2 mL) and

the reaction time was 40 h.

Yellowish solid; yield 22% (32 mg, 0.082 mmol); TLC, R¢ 0.57 (cyclohexane/ethyl acetate: 50/50).
IH NMR (400 MHz, DMSO-ds) & ppm 8.99 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.50 (ddd, J=11.6,
9.2,2.4 Hz, 1 H), 7.39 - 7.46 (m, 2 H), 7.29 (td, J=8.5, 2.3 Hz, 1 H), 6.92 - 7.00 (m, 2 H), 4.79 (d, J=2.5
Hz, 2 H), 4.03 (q, J=7.1 Hz, 2 H), 1.72 (s, 3 H), 1.33 (t, J=6.9 Hz, 3 H). 3C NMR (101 MHz, DMSO-ds)
& ppm 189.2 (d, 3Jr=5.1 Hz), 175.5, 165.7 (dd, YJe=255.4 Hz, 3J=13.2 Hz), 162.4 (dd, 1J=259.8
Hz, 3J¢r=13.2 Hz), 158.2, 155.0, 132.6 (dd, 3J¢=11.7 Hz, 3Jr=3.7 Hz), 131.1, 126.9, 119.5 (dd,
2Jer=13.2 Hz, “Jr=3.7 Hz), 114.3, 112.8 (dd, 2Jr=22.0 Hz, “Jr=2.9 Hz), 105.4 (t, 2Jr=26.3 Hz), 63.1,
62.9, 47.1 (d, 9Jcr=10.2 Hz), 24.8, 14.6. UPLC-MS (C) RT 1.27 min, m/z 389 [M+H]* (>95%). HRMS
(ESI) m/z calcd for CyoH19F2N,04 [M+H]*: 389.1307; found: 389.1303.
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5-(4-(Difluoromethoxy)phenyl)-3-(2-(2,4-difluorophenyl)-2-oxoethyl)-5-methylimidazolidine-
2,4-dione (5.48).

0 . The title compound was prepared according to the general

OW . .
N -(4- -5-
F_< HN\\< ‘%@,F method A, using 5-(4-(difluoromethoxy)phenyl)-5
F o O methylimidazolidine-2,4-dione (100 mg, 0.390 mmol), 2-
chloro-2',4'-difluoroacetophenone (112 mg, 0.585 mmol) and K,COs (65 mg, 0.47 mmol) in DMF

(3 mL) and the reaction time was 24 h.

Off-white foamy solid; yield 59% (95 mg, 0.23 mmol); TLC, R¢ 0.55 (cyclohexane/ethyl acetate:
50/50). *H NMR (400 MHz, DMSO-de) § ppm 9.09 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.56 - 7.62
(m, 2 H), 7.50 (ddd, J=11.6, 9.3, 2.4 Hz, 1 H), 7.06 - 7.45 (m, 4 H), 4.80 (d, J=2.8 Hz, 2 H), 1.75 (s, 3
H). **C NMR (101 MHz, DMSO-ds) § ppm 189.1, 175.0, 165.7 (dd, YJc-=255.4 Hz, */~=12.4 Hz), 162.4
(dd, Yer=257.6 Hz, *Jcr=13.2 Hz), 155.0, 150.7 (t, 3Jc==3.2 Hz), 136.2, 132.6 (dd, 3Jr=10.6 Hz, 3J=4.0
Hz), 127.4, 119.5 (dd, 2J=13.2 Hz, *Jr=3.7 Hz), 118.7, 116.3 (t, Y=257.6 Hz), 112.8 (dd, %Jr=22.0
Hz, *J==3.2 Hz), 105.4 (t, 2J==27.1 Hz), 62.9, 47.2 (d, *J==10.2 Hz), 24.9. UPLC-MS (C) RT 1.28 min,
m/z 411 [M+H]* (>95%). HRMS (ESI) m/z calcd for CioHisF4sN»,O4 [M+H]*: 411.0962; found:
411.0950.

5-(4-(Difluoromethoxy)-3-methoxyphenyl)-3-(2-(2,4-difluorophenyl)-2-oxoethyl)-5-
methylimidazolidine-2,4-dione (5.49).

o/ The title compound was prepared according to the general

OWN R method A, using 5-(4-(difluoromethoxy)-3-methoxyphenyl)-5-
F_<F HN\ﬁo’(}’@lF methylimidazolidine-2,4-dione (70 mg, 0.25 mmol), 2-chloro-
1-(2,4-difluorophenyl)ethanone (70 mg, 0.37 mmol) and

K2COs3 (41 mg, 0.29 mmol) in DMF (2 mL) and the reaction time was 40 h.

Off-white solid, yield 49% (53 mg, 0.12 mmol); TLC, R¢ 0.48 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) 8 ppm 9.11 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.50 (ddd, J=11.6, 9.3,
2.4 Hz, 1 H), 6.87 - 7.34 (m, 5 H), 4.81 (d, J=2.5 Hz, 2 H), 3.88 (s, 3 H), 1.76 (s, 3 H). 3C NMR (101
MHz, DMSO-ds) 8 ppm 189.2 (d, 3Jcr=4.4 Hz), 174.9, 165.7 (dd, 2Jcr=255.4 Hz, *Jr=12.4 Hz), 162.4
(dd, YJcr=258.3 Hz, 3Jc=13.9 Hz), 155.0, 150.5, 139.2, 137.9, 132.6 (dd, ?Jcr=11.0 Hz, 3J=4.4 Hz),
120.9, 119.5 (dd, 2Jc==13.2 Hz , “Je=3.7 Hz), 117.9, 116.6 (t, 2Jcr=259.1 Hz), 112.8 (dd, %Jc=22.0 Hz,
“Jer=2.9 Hz), 110.8, 105.4 (t, %Jr=27.1 Hz), 63.1, 55.9, 47.2 (d, “Jr=11.0 Hz), 24.9. UPLC-MS (C) RT
1.26 min, m/z 441 [M+H]* (>95%).
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3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-methyl-5-(4-(trifluoromethoxy)phenyl)imidazolidine-
2,4-dione (5.50).

o F The title compound was prepared according to the general
F%OOKQN»—OF method A, using 5-methyl-5-(4-(trifluoromethoxy) phenyl)
FF o0 imidazolidine-2,4-dione (80 mg, 0.29 mmol), 2-chloro-2',4'-
difluoroacetophenone (83 mg, 0.44 mmol) and K>COs (48 mg, 0.35 mmol) in DMF (3 mL) and the

reaction time was 1 d.

Off-white solid; Yield 59% (74 mg, 0.17 mmol); TLC, R; 0.52 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) & ppm 9.14 (s, 1 H), 7.94 - 8.05 (m, 1 H), 7.63 - 7.71 (m, 2 H), 7.40 - 7.53
(m, 3 H), 7.28 (td, J=8.5, 2.5 Hz, 1 H), 4.81 (d, J=2.8 Hz, 2 H), 1.77 (s, 3 H). *C NMR (101 MHz,
DMSO-ds) & ppm 189.1 (d, *Jer=5.1 Hz), 174.8, 165.7 (dd, Ycr=255.4 Hz, 3J=12.4 Hz), 162.4 (dd,
1Jer=257.6 Hz, 3Jr=13.2 Hz), 155.0, 148.0, 138.7, 132.6 (dd, 3Jc=11.3 Hz, 3Jr=4.0 Hz), 127.8, 121.1,
120.0 (g, Yer=256.1 Hz), 119.5 (dd, Ye=13.2 Hz, “Jer=3.7 Hz), 112.8 (dd, Ycr=22.0 Hz, “Jer=3.7 Hz),
105.4 (t, 2Jcr=26.4 Hz), 62.9, 47.2 (d, 4Jcr=10.2 Hz), 25.0. UPLC-MS (C) RT 1.32 min, m/z 429 [M+H]*
(>95%).

3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-methyl-5-(4-(trifluoromethyl)phenyl)imidazolidine-2,4-
dione (5.51).

E 0 . The title compound was prepared according to the general
F
F HN\( ‘>’©,F method A, using 5-methyl-5-(4-(trifluoromethyl) phenyl)
o O imidazolidine-2,4-dione (100 mg, 0.387 mmol), 2-chloro-2',4'-
difluoroacetophenone (111 mg, 0.581 mmol) and K,CO3; (64 mg, 0.47 mmol) in DMF (3 mL) and

the reaction time was 24 h.

White foamy solid; yield 61% (97 mg, 0.24 mmol); TLC, R 0.78 (cyclohexane/ethyl acetate: 50/50).
IH NMR (400 MHz, DMSO-dg) & ppm 9.21 (s, 1 H), 7.99 (td, J=8.6, 6.6 Hz, 1 H), 7.80 (q, J=8.7 Hz, 4
H), 7.49 (ddd, J=11.7, 9.3, 2.5 Hz, 1 H), 7.28 (td, J=8.5, 2.3 Hz, 1 H), 4.81 (d, J=2.8 Hz, 2 H), 1.79 (s,
3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 189.0 (d, 3Jcr=5.1 Hz), 174.5, 165.7 (dd, 2Jr=255.4 Hz,
3Je,=13.2 Hz), 162.4 (dd, J=257.6 Hz, 3Jcr=13.2 Hz), 155.0, 143.9, 132.6 (dd, 3J=10.6 Hz, 3Jc=4.0
Hz), 128.7 (q, Y3s=31.8 Hz), 126.6, 125.5 (q, 3Jcr3=3.6 Hz), 124.1 (q, Ycr3=272.2 Hz), 119.5 (dd,
2Jer=13.2 Hz, *Jp=3.7 Hz), 112.8 (dd, %Jr=22.0 Hz, *J~=3.7 Hz), 105.4 (t, 2Jc=27.0 Hz), 63.2, 47.2 (d,
4Jer=11.0 Hz), 25.0. UPLC-MS (C) RT 1.26 min, m/z 412 [M+H]* (>95%). HRMS (ESI) m/z calcd for
CisH14FsN,03 [M+H]*: 413.0919; found: 413.0911.
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4-(1-(2-(2,4-Difluorophenyl)-2-oxoethyl)-4-methyl-2,5-dioxoimidazolidin-4-yl)-N, N-
dimethylbenzenesulfonamide (5.52).

\ 0 0 . The title compound was prepared according to the general

N—-S

/ 5@?@"‘»’@,,: method A, using N,N-dimethyl-4-(4-methyl-2,5-
0O dioxoimidazolidin-4-yl)benzenesulfonamide (70 mg, 0.24

mmol), 2-chloro-2',4'-difluoroacetophenone (67 mg, 0.35 mmol) and K>COs (39 mg, 0.28 mmol) in

DMF (3 mL) and the reaction time was 20 h.

White solid; yield 64% (68 mg, 0.15 mmol); TLC, R 0.28 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) 6 ppm 9.21 (s, 1 H), 8.00 (td, J=8.6, 6.6 Hz, 1 H), 7.78 - 7.89 (m, 4 H),
7.51 (ddd, J=11.6, 9.2, 2.4 Hz, 1 H), 7.29 (td, J=8.4, 2.4 Hz, 1 H), 4.82 (d, J=2.5 Hz, 2 H), 2.63 (s, 6
H), 1.80 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 189.0 (d, 3Jcr=5.1 Hz), 174.5, 165.7 (dd,
Yer=254.7 Hz, 3Jc=12.4 Hz), 162.4 (dd, Ycr=256.9 Hz, 3Jer=13.9 Hz), 155.0, 144.1, 134.7, 132.6 (dd,
3Jer=11.0 Hz, 3Jer=4.4 Hz), 127.8, 126.7, 119.5 (dd, Yer=13.2 Hz, YJer=3.7 Hz), 112.8 (dd, 2Jr=22.0 Hz,
*Jc,=2.9 Hz), 105.4 (t, 3Jc=26.7 Hz), 63.2, 47.3 (d, *Jr=11.7 Hz), 37.5, 25.1. UPLC-MS (C) RT 1.23
min, m/z 452 [M+H]* (>95%).

N-(4-(1-(2-(2,4-difluorophenyl)-2-oxoethyl)-4-methyl-2,5-dioxoimidazolidin-4-
yl)phenyl)acetamide (5.53).

o E The title compound was prepared according to the general
HN—< >A’/<
‘<\ HN N F  method A, using N-(4-(4-methyl-2,5-dioxoimidazolidin-4-
5 R

yl)phenyl)acetamide (200 mg, 0.809 mmol) and 2-chloro-2',4'-
difluoroacetophenone (231 mg, 1.21 mmol) and K>CO5 (134 mg, 0.971 mmol) in DMF (3 mL) and

the reaction time was 42 h.

White solid, yield 40% (131 mg, 0.326 mmol); TLC, R¢ 0.53 (ethyl acetate). 'H NMR (400 MHz,
DMSO-ds) & ppm 10.01 (s, 1 H), 9.00 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.60 (d, J=8.6 Hz, 2 H),
7.50 (ddd, J=11.6, 9.2, 2.4 Hz, 1 H), 7.44 (d, J=8.8 Hz, 2 H), 7.28 (td, J=8.5, 2.3 Hz, 1 H), 4.79 (d,
J=2.5Hz, 2 H),3.32 (s, 1 H), 2.04 (s, 3 H), 1.73 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) 5 ppm 189.2
(d, 3Jcr=4.4 Hz), 175.3, 168.3, 165.7 (dd, Ycr=255.4 Hz, 3J=12.4 Hz), 162.4 (dd, YJe=258.3 Hz,
3Jer=13.9 Hz), 155.1, 139.1, 133.6, 132.6 (dd, 3J¢r=11.0 Hz, 3Jr=4.4 Hz), 126.0, 119.5 (dd, %=13.9
Hz, *Jr=3.7 Hz), 118.9, 112.8 (dd, 2Jcr=22.0 Hz, *J==2.9 Hz), 105.4 (t, 2Jr=27.1 Hz), 63.0, 47.1 (d,
*Jcr=10.2 Hz), 24.6, 24.0. UPLC-MS (C) RT 3.31 min, m/z 402 [M+H]* (>95%).
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3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-methyl-5-(4-(2-oxooxazolidin-3-
yl)phenyl)imidazolidine-2,4-dione (5.54).

- 0 . The title compound was prepared according to the general

N

OT< AQﬁN/\iN‘%@,F method A using 5-methyl-5-(4-(2-oxooxazolidin-3-
° o O yl)phenyl)imidazolidine-2,4-dione (80 mg, 0.29 mmol), 2-

chloro-2,4-difluoroacetophenone (138 mg, 0.727 mmol) and K,COs (48 mg, 0.35 mmol) in DMF (3

mL) and the reaction time was 24 h.

White solid, yield 58% (72 mg, 0.17 mmol); TLC, R¢ 0.48 (ethyl acetate). *H NMR (400 MHz, DMSO-
ds) & ppm 9.06 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.46 - 7.66 (m, 5 H), 7.28 (td, J=8.4, 2.4 Hz, 1
H), 4.80 (d, J=2.5 Hz, 2 H), 4.45 (t, J=8.0 Hz, 2 H), 4.03 - 4.11 (m, 2 H), 1.75 (s, 3 H). *C NMR (101
MHz, DMSO-ds) & ppm 189.1 (d, 3Jer=5.1 Hz), 175.2, 165.7 (dd, Yer=256.1 Hz, 3J=13.2 Hz), 162.4
(dd, Ye=257.6 Hz, 3Je=13.9 Hz), 155.1, 154.9, 138.3, 134.2, 132.6 (dd, Je=11.7, 3Jcr=3.7 Hz),
126.2, 119.5 (dd, Ye=13.2 Hz, “J¢=3.7 Hz), 117.9, 112.8 (dd, ¥e=22.0 Hz, “Jcr=2.9 Hz), 105.4 (t,
2J=27.1 Hz), 62.9, 61.5, 47.1 (d, “e=10.2 Hz), 44.7, 24.7. UPLC-MS (C) RT 1.19 min, m/z 430
[M+H]*(>95%). HRMS (ESI) m/z calcd for Cy1H17F2N3OsNa [M+Na]*: 452.1028; found: 452.1030.

3-(2-(2,4-Difluorophenyl)-2-oxoethyl)-5-methyl-5-(pyridin-4-yl)imidazolidine-2,4-dione (5.55).

o The compound was prepared according to the general method A,
N@MN,;@’F using 5-methyl-5-(pyridin-4-yl)imidazolidine-2,4-dione (100 mg,
HN«O o] 0.523 mmol), 2-chloro-2',4'- difluoroacetophenone (100 mg, 0.523

mmol) and K,COs (87 mg, 0.63 mmol) in DMF (4 mL) and the reaction time was 1 d.

White solid Yield 39% (71 mg, 0.20 mmol); TLC, R¢0.69 (ethyl acetate, functionalized NH silica gel
TLC plate (NH2Fs45) was used). *H NMR (400 MHz, DMSO-dg) 8 ppm 9.19 (s, 1 H), 8.58 - 8.71 (m, 2
H), 8.00 (td, /=8.6, 6.8 Hz, 1 H), 7.53 - 7.57 (m, 2 H), 7.43 - 7.53 (m, 1 H), 7.28 (td, J=8.5, 2.5 Hz, 1
H), 4.81 (d, J=2.8 Hz, 2 H), 1.76 (s, 3 H). *C NMR (101 MHz, DMSO-ds) & ppm 189.0 (d, *Jcr= 4.4 Hz),
174.1, 165.7 (dd, Y= 253.2 Hz, *Jer = 13.2 Hz), 162.4 (dd, Yer= 257.6 Hz, ?Jer=13.2 Hz), 155.0,
150.0, 147.9, 132.6 (dd, *Jer= 11.7 Hz, 3Jer= 4.4 Hz), 120.6, 119.4 (dd, %Jer= 13.2 Hz, “Jer = 3.7 Hz),
112.8 (dd, 2Jer= 22.0 Hz, *Jr=2.9 Hz), 105.4 (t, %Jer = 26.3 Hz), 62.8, 47.3 (d, “Jor= 11.0 Hz), 24.5.
UPLC-MS (C) RT 1.04 min, m/z 346 [M+H]* (>95%).
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5-(4-Aminophenyl)-3-(2-(2,4-difluorophenyl)-2-oxoethyl)-5-methylimidazolidine-2,4-dione
(5.57).

0 . N-(4-(1-(2-(2,4-difluorophenyl)-2-oxoethyl)-4-methyl-2,5-
HZN%N%@’F dioxoimidazolidin-4-yl)phenyl) acetamide (51 mg, 0.13 mmol)
o O was dissolved in ethanol (4 mL) and subsequently hydrochloric

acid (HCl) (1 M, 2 mL) was added to the solution. The reaction mixture was left stirring at 65 °C
over weekend. Then, ethanol was evaporated under reduced pressure and the residue was diluted
with water (30 mL), neutralized using sodium carbonate (Na,COs) (1N) and the target compound
was extracted with EtOAc (30 mL x 2). The combined organic layers were dried over Na,SO4 and

evaporated under reduced pressure to give the title compound.

White solid; yield 94% (43 mg, 0.12 mmol); mp 218-221 °C; TLC, R¢ = 0.89 (ethyl acetate). *H NMR
(400 MHz, DMSO-ds) & ppm 8.83 (s, 1 H), 8.00 (td, J=8.6, 6.8 Hz, 1 H), 7.51 (ddd, J=11.6, 9.3, 2.4
Hz, 1 H), 7.29 (td, J=8.5, 2.3 Hz, 1 H), 7.06 - 7.19 (m, 2 H), 6.51 - 6.62 (m, 2 H), 5.17 (s, 2 H), 4.77 (d,
J=2.3 Hz, 2 H), 1.66 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 189.3 (d, 3J=5.1 Hz), 175.9,
165.6 (dd, 2Jr=255.4 Hz, 3J=13.2 Hz), 162.4 (dd, 2Jr=256.9 Hz, 3J=13.2 Hz), 155.1, 148.5, 132.6
(dd, 2Jc=10.6 Hz, 3Jr=4.0 Hz), 126.3, 125.9, 119.6 (dd, 2Jr=13.9 Hz, *Jcr=3.7 Hz), 113.5, 112.8 (dd,
2Jer=22.0 Hz, “Jcr=2.9 Hz), 105.4 (t, 2Jc==26.3 Hz), 62.9, 47.0 (d, “J~=10.2 Hz), 24.4. UPLC-MS (C) RT
1.04 min, m/z 360 [M+H]*(>95%). HRMS (ESI) m/z calcd for Ci1gH16F2N3O3 [M+H]*: 360.1154; found:
3601156.

5-(4-(Difluoromethoxy)phenyl)-3-(2-(4-fluorophenyl)-2-oxoethyl)-5-methylimidazolidine-2,4-
dione (5.72).

0 The title compound was prepared according to the general

N -(4- -5-

F— i~ WF method A, starting from 5-(4-(difluoromethoxy)phenyl)-5
F o O methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-chloro-
1-(4-fluorophenyl)ethanone (51 mg, 0.29 mmol) and K2CO3 (32 mg, 0.23 mmol) in DMF (2 mL) and

the reaction time was 24 h.

White foamy solid; yield 72% (55 mg, 0.14 mmol); TLC, R¢ 0.50 (cyclohexane/ethyl acetate: 50/50).
H NMR (400 MHz, DMSO-ds) & ppm 9.10 (s, 1 H), 8.13 (m, J=8.8, 5.6 Hz, 2 H), 7.60 (d, J=8.8 Hz, 2
H), 7.06 - 7.47 (m, 5 H), 4.98 (s, 2 H), 1.76 (s, 3 H). *C NMR (101 MHz, DMSO-ds) & ppm 190.9,
175.2, 165.5 (d, YJe=253.2 Hz), 155.1, 150.7 (t, *Jcr=2.9 Hz), 136.3, 131.3 (d, ?Jc=9.5 Hz), 130.7 (d,
4Jee=2.9 Hz), 127.4, 118.7, 116.1 (d, 2Jer=22.0 Hz), 116.3 (t, Yer=257.6 Hz), 62.9, 44.5, 25.0. UPLC-
MS (C) RT 1.21 min, m/z 391 [M+H] (>95%). HRMS (ESI) m/z calcd for CigHiF3sN,O4 [M+H]*:
393.1057; found: 393.1052.
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5-(4-(Difluoromethoxy)phenyl)-3-(2-(3-fluorophenyl)-2-oxoethyl)-5-methylimidazolidine-2,4-
dione (5.73).

0 The title compound was prepared according to the general

N -(4- -5-

F_< HN« w method A, using 5-(4-(difluoromethoxy)phenyl)-5
F o O = methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-bromo-1-
(3-fluorophenyl)ethanone (64 mg, 0.29 mmol) and K>COs (32 mg, 0.23 mmol) in DMF (3 mL) and

the reaction time was 24 h.

White foamy solid; yield 81% (62 mg, 0.16 mmol); mp 56-58 °C; TLC, R¢ 0.48 (cyclohexane/ethyl
acetate: 50/50). *H NMR (400 MHz, DMSO-ds) & ppm 9.11 (s, 1 H), 7.90 (dt, J/=7.6, 1.0 Hz, 1 H), 7.85
(dt, J=9.5, 1.9 Hz, 1 H), 7.55 - 7.69 (m, 4 H), 7.05 - 7.50 (m, 3 H), 5.00 (s, 2 H), 1.76 (s, 3 H). *C NMR
(101 MHz, DMSO-ds) 8 ppm 191.5, 175.1, 162.1 (d, Yer=245.9 Hz), 155.1, 150.7 (t, *Jc=3.3 Hz),
136.2, 136.0 (d, 3Jcr=6.6 Hz), 131.2 (d, 3Jr=8.1 Hz), 127.4, 124.4 (d, YJer=2.9 Hz), 121.2 (d, Ycr=22.7
Hz), 118.7, 114.8 (d, Zcr=22.7 Hz), 116.3 (t, e=258.3 Hz), 62.9, 44.7, 24.9. UPLC-MS (C) RT 4.05
min, m/z 391 [M-H] (>95%). HRMS (ESI) m/z calcd for Ci9H16F3N>O4 [M + H]*: 393.1057; found:
393.1070.

5-(4-(Difluoromethoxy)phenyl)-3-(2-(2-fluorophenyl)-2-oxoethyl)-5-methylimidazolidine-2,4-
dione (5.74).

O@/E The title compound was prepared according to the general
F_<F HN\<N’>-’@ method A, using 5-(4-(difluoromethoxy)phenyl)-5-
°©° F methylimidazolidine-2,4-dione (50 mg, 0.12 mmol), 2-bromo-1-
(2-fluorophenyl)ethanone (64 mg, 0.29 mmol) and K>COs (32 mg, 0.23 mmol) in DMF (2 mL) and

the reaction time was 20 h.

Light orange foamy solid; yield 73% (56 mg, 0.14 mmol); TLC, R¢ 0.48 (cyclohexane/ethyl acetate:
50/50). *H NMR (400 MHz, DMSO-ds) 8 ppm 9.09 (s, 1 H), 7.90 (td, J=7.6, 1.8 Hz, 1 H), 7.71 - 7.80
(m, 1 H), 7.56 - 7.62 (m, 2 H), 7.06 - 7.48 (m, 5 H), 4.81 (d, J=2.5 Hz, 2 H), 1.75 (s, 3 H). *C NMR
(101 MHz, DMSO-dg) 6 ppm 190.3 (d, ®Je=4.4 Hz), 175.0, 161.5 (d, YJr=254.7 Hz), 155.0, 150.7 (t,
3Jer=2.9 Hz), 136.3 (d, 3Jcr=9.5 Hz), 136.2, 130.3 (d, Jr=2.9 Hz), 127.4, 125.1 (d, Jc==3.7 Hz), 122.4
(d, 2Jr=13.2 Hz), 118.7, 117.0 (d, 2Jc==22.7 Hz), 116.3 (t, YJr=257.6 Hz), 62.9, 47.3 (d, “Jc==11.0 Hz),
24.9. UPLC-MS (C) RT 1.27 min, m/z 393 [M+H]" (>95%). HRMS (ESI) m/z calcd for Ci9H1sF3N>04
[M+H]*: 393.1057; found: 393.1072.
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5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-phenylethyl)imidazolidine-2,4-dione (5.75).

0 The title compound was prepared according to the general

N -(4- -5-

F_< HN« m method A, starting from 5-(4-(difluoromethoxy)phenyl)-5
F o ©O methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-

chloroacetophenone (45 mg, 0.29 mmol) and K,CO3 (32 mg, 0.23 mmol) in DMF (2 mL) and the

reaction time was 20 h.

White foamy solid; yield 61% (45 mg, 0.12 mmol); TLC, Rt 0.37 (cyclohexane/ethyl acetate: 50/50).
1H NMR (400 MHz, DMSO-ds) & ppm 9.09 (s, 1 H), 8.00 - 8.08 (m, 2 H), 7.69 - 7.75 (m, 1 H), 7.54 -
7.64 (m, 4 H), 7.06 - 7.47 (m, 3 H), 4.98 (s, 2 H), 1.76 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm
192.2,175.2, 155.2, 150.6 (t, 3Jcr=2.9 Hz), 136.3, 134.2, 134.0, 129.0, 128.1, 127.4, 118.7, 116.3 (t,
1Jp=259.1 Hz), 62.9, 44.6, 25.0. UPLC-MS (C) RT 1.21 min, m/z 375 [M+H]* (>95%). HRMS (ESI) m/z
caled for CigH17F2N204 [M+H]*: 375.1151; found: 375.1147.

5-(4-(Difluoromethoxy)phenyl)-3-(2-(4-methoxyphenyl)-2-oxoethyl)-5-methylimidazolidine-2,4-
dione (5.76).

The title compound was prepared according to the general

(6]
F_< % ’>__@, method A, using  5-(4-(difluoromethoxy)phenyl)-5-
F methylimidazolidine-2,4-dione (50 mg, 0.20 mmol),
bromo-1-(4-methoxyphenyl)ethanone (67 mg, 0.29 mmol) and K>COs (32 mg, 0.23 mmol) in DMF

(2 mL) and the reaction time was 20 h.

White foamy solid; yield 66% (52 mg, 0.13 mmol); TLC, R¢ 0.33 (cyclohexane/ethyl acetate: 50/50).
IH NMR (400 MHz, DMSO-ds) & ppm 9.06 (s, 1 H), 7.94 - 8.09 (m, 2 H), 7.56 - 7.64 (m, 2 H), 7.03 -
7.47 (m, 5 H), 4.90 (s, 2 H), 3.86 (s, 3 H), 1.76 (s, 3 H). *C NMR (101 MHz, DMSO-d¢)  ppm 190.3,
175.3, 163.8, 155.3, 150.6 (t, *Jc==2.9 Hz), 136.3, 130.5, 127.4, 126.9, 118.7, 114.2, 116.3 (t,
1Jer=257.6 Hz), 62.8, 55.6, 44.2, 24.9. UPLC-MS (C) RT 1.28 min, m/z 405 [M+H]* (>95%).

5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-(pyridin-4-yl)ethyl)imidazolidine-2,4-dione
(5.77).

O The title compound was prepared according to the general
F%j%“’%@,\, method A, using 5-(4-(difluoromethoxy)phenyl)-5-
o O methylimidazolidine-2,4-dione (80 mg, 0.31 mmol), 2-bromo-
1-(pyridin-4-yl)ethanone hydrobromide (132 mg, 0.468 mmol) and Cs,COs (173 mg, 0.531 mmol)

in DMF (2 mL) and the reaction time was 1 d.
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Colorless transparent solid; yield 10% (12 mg, 0.032 mmol); mp 171-173 °C; TLC, R¢ 0.51(ethyl
acetate). 'H NMR (400 MHz, CDCls) 8 ppm 8.86 (d, J=5.1 Hz, 2 H), 7.68 - 7.76 (m, 2 H), 7.54 - 7.63
(m, 2 H), 7.13 - 7.22 (m, 2 H), 6.30 - 6.76 (m, 2 H), 4.85 - 4.97 (ABQ, AS3=0.05, Jz=17.7 Hz, 2 H),
1.94 (s, 3 H). 3C NMR (101 MHz, CDCl5)  ppm 190.6, 174.8, 155.7, 151.3 (t, 3Jc==2.9 Hz), 151.2,
140.0, 135.2, 127.2, 120.8, 119.9, 115.6 (t, YJr=261.3 Hz), 63.9, 44.8, 25.3. UPLC-MS (C) RT 1.27
min, m/z 376 [M+H]* (>95%). HRMS (ESI) m/z calcd for CisH16F2N3O4 [M+H]": 376.1103; found:
376.1118.

5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-(pyridin-3-yl)ethyl)imidazolidine-2,4-dione
(5.78).

O The title compound was prepared according to the general

OW . .
N — -(4- 5.
,:_<F N W method A, using 5-(4-(difluoromethoxy)phenyl)-5
o ©O N methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-bromo-1-
(pyridin-3-yl)ethanone (59 mg, 0.29 mmol) and K>COs (32 mg, 0.23 mmol) in anhydrous DMF (2

mL) and the reaction time was 24 h.

White foamy solid; yield 34% (25 mg, 0.067 mmol); TLC, R 0.26 (ethyl acetate). *H NMR (400 MHz,
DMSO-dg) 6 ppm 9.21 (d, J/=1.5 Hz, 1 H), 9.12 (s, 1 H), 8.86 (dd, J=4.8, 1.8 Hz, 1 H), 8.37 (dt, J=8.0,
1.9 Hz, 1 H), 7.60 (m, J=8.8 Hz, 3 H), 7.06 - 7.46 (m, 3 H), 5.06 (s, 2 H), 1.76 (s, 3 H). 3C NMR (101
MHz, DMSO-ds) 8 ppm 192.1, 175.1, 155.1, 154.3, 150.7 (t, *Jcr=2.9 Hz), 149.3, 136.2, 135.7, 129.5,
127.4,124.0, 118.8, 116.3 (t, 1Jr=257.6 Hz), 62.9, 44.7, 24.9. UPLC-MS (C) RT 1.09 min, m/z 376
[M+H]* (>95%).

5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-(pyridin-2-yl)ethyl)imidazolidine-2,4-dione
(5.79).

OW The title compound was prepared according to the general
F_< HN\\< m method A, using 5-(4-(difluoromethoxy)phenyl)-5-
methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-bromo-1-

(pyridin-2-yl)ethanone (59 mg, 0.29 mmol) and K>COs (32 mg, 0.23 mmol) in anhydrous DMF (2

mL) and the reaction time was 4 d.

Off-white solid; yield 28% (21 mg, 0.055 mmol); TLC, R¢ 0.44 (cyclohexane/ethyl acetate: 50/50).
IH NMR (400 MHz, DMSO-ds) & ppm 9.11 (s, 1 H), 8.75 - 8.81 (m, 1 H), 8.07 (td, J=7.6, 1.5 Hz, 1 H),
7.95 - 8.00 (m, 1 H), 7.75 (ddd, J=7.3, 4.8, 1.3 Hz, 1 H), 7.57 - 7.65 (m, 2 H), 7.04 - 7.49 (m, 3 H),
5.04 (s, 2 H), 1.76 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 193.3, 175.2, 155.2, 150.9, 150.7
(t, 3Jr=2.9 Hz), 149.5, 138.0, 136.3, 128.8, 127.5, 121.9, 118.8, 116.3 (t, Ycr=257.6 Hz), 62.9, 44.2,
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25.0. UPLC-MS (C) RT 1.19 min, m/z 376 [M+H]* (>95%). HRMS (ESI) m/z calcd for CisHiFaN3O4
[M+H]*: 376.1103; found: 376.1100.

5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-(thiophen-2-yl)ethyl)imidazolidine-2,4-
dione (5.80).

W The title compound was prepared according to the general
\\< W method [ [

HN A, using 5-(4-(difluoromethoxy)phenyl)-5-
methylimidazolidine-2,4-dione (55 mg, 0.22 mmol), 2-bromo-1-
(thiophen-2-yl)ethanone (66 mg, 0.32 mmol) and K,CO3 (36 mg, 0.26 mmol) in anhydrous DMF (5

mL) and the reaction time was 20 h.

White solid; yield 64% (52 mg, 0.14 mmol); TLC, Rs 0.47 (cyclohexane/ethyl acetate: 50/50). *H
NMR (400 MHz, DMSO-ds) & ppm 9.09 (s, 1 H), 8.17 (dd, J=3.8, 1.0 Hz, 1 H), 8.13 (dd, J=4.9, 0.9 Hz,
1H), 7.56 - 7.63 (m, 2 H), 7.32 (dd, J=4.8, 3.8 Hz, 1 H), 7.06 - 7.46 (m, 3 H), 4.92 (s, 2 H), 1.75 (s, 3
H). 13C NMR (101 MHz, DMSO-ds) & ppm 185.3, 175.2, 155.1, 150.7 (t, 3J=3.7 Hz), 140.1, 136.2,
136.1, 134.5, 129.1, 127.4, 118.7, 116.3 (t, Je=257.6 Hz), 62.9, 44.2, 24.8. UPLC-MS (C) RT 1.17
min, m/z 381 [M+H]* (>95%). HRMS (ESI) m/z calcd for C17H15F2N204S [M+H]*: 381.0715; found:
381.0724.

5-(4-(Difluoromethoxy)phenyl)-5-methyl-3-(2-oxo-2-(thiazol-2-yl)ethyl)imidazolidine-2,4-dione
(5.81).

The title compound was prepared according to the general
,:_< % %j method A, using 5-(4-(difluoromethoxy)phenyl)-5-
methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-bromo-1-
(thiazol-2-yl)ethanone (60 mg, 0.29 mmol) and K,CO3 (32 mg, 0.23 mmol) in anhydrous DMF (2

mL) and the reaction time was 70 h.

Off-white solid; yield 20% (15 mg, 0.038 mmol); TLC, R¢ = 0.27 (cyclohexane/ethyl acetate: 50/50).
IH NMR (400 MHz, DMSO-ds) 8 ppm 9.13 (s, 1 H), 8.34 (d, J=3.0 Hz, 1 H), 8.23 (d, J=3.0 Hz, 1 H),
7.54 -7.64 (m, 2 H), 7.01 - 7.47 (m, 3 H), 5.00 (s, 2 H), 1.75 (s, 3 H). 3C NMR (101 MHz, DMSO-ds)
& ppm 186.0, 175.0, 163.3, 154.9, 150.7 (t, *Jr=3.3 Hz), 145.6, 136.2, 129.0, 127.4, 118.8, 116.3 (t,
1Jer=257.6 Hz), 63.0, 44.1, 24.8. UPLC-MS (C) RT 1.16 min, m/z 382 [M+H]* (>95%). HRMS (ESI) m/z
calcd for Ci6H14F2N304S [M+H]*: 382.0668; found: 382.0669.
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3-(Benzo[d]oxazol-2-ylmethyl)-5-(4-(difluoromethoxy)phenyl)-5-methylimidazolidine-2,4-dione
(5.82).

O The title compound was prepared according to the general

O
N i -(4-(di 5.
F_<F HN\\< ’}/'O method A, using 5-(4-(difluoromethoxy)phenyl)-5
o N methylimidazolidine-2,4-dione (50 mg, 0.20 mmol), 2-
(chloromethyl)-1,3-benzoxazole (49 mg, 0.29 mmol) and K,COs;

(32 mg, 0.23 mmol) in anhydrous DMF (2 mL) and the reaction time was 72 h.

White solid; yield 66% (50 mg, 0.13 mmol); TLC, Rs 0.31 (cyclohexane/ethyl acetate: 50/50). H
NMR (400 MHz, DMSO-ds) 6 ppm 9.18 (s, 1 H), 7.68 - 7.75 (m, 2 H), 7.57 - 7.64 (m, 2 H), 7.04 - 7.48
(m, 5 H), 4.93 (s, 2 H), 1.77 (s, 3 H). 3C NMR (101 MHz, DMSO-ds) & ppm 174.7, 161.1, 154.6, 150.7
(t, 3Jc=3.3 Hz), 150.2, 140.3, 136.1, 127.5, 125.3, 124.7, 119.7, 118.8, 116.3 (t, Yc=257.6 Hz),
110.9, 62.9, 35.5, 24.7. UPLC-MS (C) RT 1.18 min, m/z 388 [M+H]* (>95%).

5.11.3. Enzyme Assay for DprE1

Oxidation of farnesylphosphoryl-B-D-ribose (FPR) to farnesylphosphoryl-B-D-2'-keto-erythro-
pentafuranose (FPX) by DprE1 enzyme results in the formation of a two-electron reduced flavin
intermediate (FADH,). To complete the catalytic cycle, the FADH, has to be reoxidized to FAD. In
the present assay, this can be accomplished by resazurin, which upon reduction generates the
highly fluorescent product resorufin. Reactions were monitored by following an increase in
fluorescence intensity (Aex = 530 nm, Aem = 595 nm) associated with the formation of resorufin.
Assays were carried out in black 384-well low-volume microplates (Greiner Bio-one, Stonehouse,
UK; catalog no. 78076) and contained 50 mM Hepes, pH 7.5, 100 mM NaCl, 1.5% (v/v) DMSO, 100
UM Tween-20, 2 uM FAD, and 50 uM resazurin, with variable concentrations of FPR and DprE1l in
a total reaction volume of 10 pL. Measurements were made using a Tecan Safire2 instrument
(Tecan Group Ltd., Seestrasse, Switzerland). Enzymatic rates in arbitrary fluorescence units per
unit time were converted to quantity of product formed per unit time using a resorufin standard

curve.

5.11.4. General antimicrobial activity assay

Whole-cell antimicrobial activity was determined by broth microdilution using the Clinical and
Laboratory Standards Institute (CLSI) recommended procedure, Document M7-A7, “Methods for
Dilution Susceptibility Tests for Bacteria that Grow Aerobically”. Some compounds were evaluated
against a panel of Gram-positive and Gram-negative organisms, including Acinetobacter

baumannii, Escherichia coli, Enterobacter cloacae, Haemophilus influenzae, Klebsiella
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pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae and
Streptococcus pyogenes. Minimum inhibitory concentration (MIC) values were determined as the

lowest concentration of compound producing >80 or 90% decrease in fluorescence observed.

5.11.5. DprE1 overexpressor strain

Expression and purification of Mt-DprEl and cloning of Mt-DprEl into plasmid pMV261 were

performed as described by Batt et al..}*’

M. tuberculosis DprE1 was cloned into the plasmid pMV261'® to generate pMV261:dprE1 and
introduced into M. tuberculosis (H37Rv). This host-plasmid system permitted constitutive
expression of target proteins. After the bacteria had been incubated in the presence of the tested
compound for 7 days, cell viability was assessed by the ability of endogenous reductases to reduce
resazurin to resorufin.'® As a proof of concept, cells transformed with pMV261:dprE1 grew in the
presence of BTZ043 and TCA-1 with an MIC 264-fold than that when cells were transformed with
empty vector in both cases. Cells transformed with pMV261:dprE1 did not confer any growth
advantage over cells transformed with vector alone when cells were grown in the presence of
ethambutol or isoniazid, two anti-mycobacterial- specific compounds that do not inhibit Mt-

DprE..*°

5.11.6. Generation of M. tuberculosis DprE1 spontaneous mutants

The protocol to generate the H37Rv mutants by recombineering is described by Murphy K.C. et
al..’®® More details about E221Q and G248S mutant strains are given by Batt et al.,**” about C387S
mutant strain by Makarov et al.,**! about L368P and G17C mutant strains by Neres et al.*®? and

about Y314H mutant strain by Shirude et a/.*>*

5.11.7. Time courses

The assay contained 100 mM Hepes pH 7.5, 100 mM NaCl, 100 uM Tween-20, 4 uM BSA, 2 uM
FAD, 50 uM Resazurin, 150 uM E-GGPR, 50 nM Mtb-DprE1, and increasing concentrations of the

tested compounds. More information about the experimental details are given by Batt et al..**’

5.11.8. Therapeutic efficacy

Specific pathogen-free, 8-10 week-old female C57BL/6 mice were purchased from Harlan
Laboratories and were allowed to acclimate for one week. Mice were intratracheally infected with
100.000 CFU/mouse (M. tuberculosis H37Rv strain). Compounds were orally administered for four
consecutive days starting five days after the infection. Moxifloxacin was used as an interassay

control and was administered for four consecutive days starting five days after the infection. Lungs
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were harvested on day 9, 24 hours after the last administration. All lung lobes were aseptically
removed, homogenized and frozen. Homogenates were plated in 10% OADC-7H11 medium
supplemented with activated charcoal 0.4% for 18 days at 37°C. Blood samples were obtained at
different time points from infected mice to measure the levels of the tested compounds. All
animal studies were ethically reviewed and carried out in accordance with European Directive

2010/63/EU and the GSK Policy on the Care, Welfare and Treatment of Animals.

Quality controls: In this experiment, moxifloxacin (100 mg/kg) was administered for 4 days starting
on day 5 after the infection as an interassay control. It reduced 4.1 logCFU the bacterial lung
number respect to untreated mice. This quality control value is included in the accepted interval.
CFU number in lungs of untreated mice: 7.4 logCFU. This value is included in the interval mean *

2 SD of the values of the last experiments.
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6. Conclusions and outlook

The primary goal of this PhD was the exploration of the primary hits identified by HTS with the
aim to identify potent compounds against M. tuberculosis (H37Rv). Two series of compounds,
namely quinoloxyacetamides and hydantoins, with very good cellular potency in the low
micromolar range were obtained. Furthermore, the best compounds in these series were found
to possess good physicochemical properties without cytotoxic effects. The best compound that
belongs in the hydantoins series demonstrated a statistical significant reduction in bacterial load

in mice offering an in vivo proof of concept about the potential of this series.
6. Outlook

6.1. Quinoloxyacetamide series

6.1.1. Additional SAR

Although a large number of compounds has already been made during the course of this PhD
around the quinoloxyacetamides series, a number of structures would still be very interesting to
make. Since the benzoxazole analogue 3.159 showed good blood stability and the para-methoxy-
phenyl analogue 3.130 showed the best potency and a good physicochemical profile, a
combination of this two groups, as shown in Figure 6.1(A) could possibly offer a compound which

ideally would demonstrate high potency, good physicochemical properties and blood stability.

\
\

; \ 7S NH
\ g NH NN
\\9\1%!\{, Oj/ ' 0=S=0; N Oj/NH
o) o o R 0 -
T /Om /Om ooy
~
NN A NN B N c ! R N p

R

Figure 6.1. Interesting modifications of the quinoloxyacetamides series. (A) Combination of
benzoxazole ring and para-methoxy substitution, (B) para-phenyl exploration, (C) further
linker modifications, (D) quinoline substitution and ring replacement.

Further exploration of the para-phenyl substitution (Figure 6.1B) could possibly deliver even more
potent inhibitors. Furthermore, even if the benzoxazole derivative was found to possess good
blood stability, the amide bond replacements were only limited to three groups. Therefore,

further exploration of alternative groups on the linker could possibly offer a better replacement.
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Possible groups could be for example a sulphonamide as shown in Figure 6.1(C) or other 5- and 6-
membered heterocyclic rings. Exploration of the quinoline substitution pattern included a number
of groups mainly focused on positions 6 and 2. However, introduction of additional substituents
at positions 3, 5, 7 and 8 on the quinoline ring, preferably more hydrophilic, would be interesting
to prepare (Figure 6.1(D)). Also, replacement of the quinoline core with other bicyclic systems

such as indole, benzoimidazole etc. could offer better alternatives.

Lastly, a number of quinoline derivatives exist in literature possessing antimycobacterial
properties. It would be interesting to continue the hybridization approach (already initiated by
replacing the northern phenyl of the initial hit with some known antimycobacterial molecules),
using the most promising examples. In this investigation, the most interesting known substituted

quinolines could replace our 2-methyl-6-methoxy-quinoline moiety.

6.1.2. Mode of action

Identification of the mode of action can offer all the benefits of structural biology feedback. Once
the target is identified, computational approaches, including molecular docking techniques, can

be used to provide an insight at the molecular level of the binding mode.

As recently published by Phummarin et al. that are working on the same series of compounds, an
M. tuberculosis cytochrome bd oxidase deletion mutant (cydKO) was found to be hypersensitive
to most members of their compound library, while strains carrying single-nucleotide
polymorphisms of the qcrB gene, which encodes a subunit of the menaquinol cytochrome ¢
oxidoreductase (bcl) complex, were resistant to their library. These results identify that the 2-

(quinolin-4-yloxy)acetamide class likely target the M. tuberculosis bcl complex.!%

Future work could include molecular docking studies to explore the possible binding mode and

interactions in the target enzyme to assist future design of compounds.
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6.2. Hydantoin series

6.2.1. More inhibitors

o O Q R F
H2N_§
A. 0 F

further linker
modifications

Figure 6.2. Interesting modifications of the hydantoin series. A) difluoromethoxy subseries, B)
sulphonamide subseries.

With respect to the difluoromethoxy subseries (Figure 6.2, A), of which compound 5.48 was found
to be the most promising representative, future work could include the exploration of other parts
of the molecule in an effort to reduce the overall lipophilicity of the molecule (chromlogD) with
the goal to improve LLE of the molecule. The phenyl ring at the left-hand side part of the molecule

could be a possible alternative region.

Optimization of the second subseries (Figure 6.2, B), represented by sulfonamide 5.69, has already
been initiated by the other members of the OpenMedChem group. As described, mono- or
dimethylation led to drop of activity. Additional medicinal chemistry effort could focus on the
strategic decoration of the phenyl ring with, for example, fluorine atoms in order to influence the
pka of the mildly acidic sulfonamide and the electron density in the phenyl ring. Moreover, efforts
to introduce a heterocycle instead of the left-hand side phenyl or to decorate it with additional
substituents are ongoing. Further exploration of the R group, substitution of the core hydantoin
(scaffold hopping) and linker modifications are planned in order to gain more profound insight in

the SAR of this central part.

6.2.2. Docking studies

Docking studies on the crystal structure of the DprE; enzyme have also been initiated in order to
give a better understanding of the key interactions with the enzyme and to offer guidance for

further chemistry efforts. Preliminary results are in agreement with the obtained SAR so far.
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7. Summary

7.1. Introduction

TB represents an escalating threat for global health, with the increasing prevalence of MDR- and
XDR-TB strains.'® The re-emergence of TB in recent years led the WHO to launch the Stop TB

Strategy program.’

The present thesis about antimycobacterial drug discovery was performed as part of the
OpenMedChem project at the University of Antwerp (Antwerp, Belgium) and GlaxoSmithKline
DDW (Tres Cantos, Spain) funded by Marie Sktodowska-Curie Innovative Training Networks. The
OpenMedChem project comprised collaboration between a major industrial R&D unit and

academia with common goal to find new chemical entities to battle M. tuberculosis.

The research performed during my PhD studies can be summarized into two distinct Hit-to-Lead
optimization projects of two novel classes of anti-mycobacterial compounds discovered by HTS

campaigns performed by GSK.”®

7.2. Discovery and SAR exploration of QOA-based antimycobacterial

compounds

As a result of a whole-cell HTS campaign, QOA were identified as an interesting family with potent
antimycobacterial profile. Thus, the most active hit compounds were selected for further SAR
studies and optimization of their properties during the academic part of my PhD studies at
University of Antwerp. The main goal of this project was to identify even more potent compounds
than the primary hits and to improve their physicochemical properties such as solubility and
permeability. Furthermore, modifications which would allow intracellular activity were desired.

Cytotoxicity was also taken into account.

As part of this study, modifications that were investigated could be divided into three categories:
(1) the quinoline, (2) the linker and (3) the northern aryl part. This was done by preparing three
compound sub-series in which each of the substructures was modified separately, while keeping

the rest of the molecule identical to the reference compound.

The schematic results of the SAR screening performed can be found in Figure 7.1.
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Removal of both methyls was tolerated,

4-CH;0- increased potency, many Only phenyl was tolerated,
others substituents were tolerated all the other 5- or 6-
membered heterocycles ot
non aromatic cycles were
Oxazole was tolerated, amine was not tolerated
not tolerated, elongation was not HN (@)
tolerated :/I/
Alkyl substitutions
| @)
@)

were not tolerated
Nitrogen not tolelated

Nitrogen was
Only CHs- was tolerated, many other _— well tolerated

substituents were not tolerated N
e

Shift of CH30O- group from 6 to 7
was not tolerated

H- reduced activity,
CFs-, Pr- were not
tolerated

Nitrogen was
well tolerated

Figure 7.1. SAR exploration of the initial hit compound 2.1.

During our antimycobacterial research on quinoloxyacetamides, several synthetic routes were
explored. Furthermore, we studied the alkylation of heterocyclic N/O-ambident nucleophilic
scaffolds such as quinolin-4-ol, naphthyridin-4-ol and quinazolin-4-ol. When N-alkylated products
were obtained, the desired alkoxy- analogues were prepared via alternative methods. Given the
lack of commonly applied methods for the unambiguous assignment of N/O-ambident alkylation
reaction products in the literature, three NMR methods (**C-NMR chemical shifts, 2D HSQC/HMBC

and 1D NOE) were applied for structure determination.

All these medicinal chemistry efforts resulted in compound 3.130 which exhibited improved
potency (MIC = 0.6 uM) in comparison with the reference compound 2.1 (MIC = 1.9 uM), excellent
intracellular activity comparable with the primary hit 2.1, no cytotoxicity in hepG2 assay, increased

solubility and more than 2 times enhancement of permeability than 2.1 (Figure 7.2).

O/
2.1 3.130
ou N MIC = 1.9 uM MIC = 0.6 uM
j/ Intracellular ICgq = 0.21 UM Oxy-NH  Intracellular ICgq = 0.25 uM
Cytotoxicity =20 uM j/ Cytotoxicity >100 uM

| 0 Solubility = 26 uM | O Solubility = 108 uM
o AN Permeability = 180 nm/sec (0] X Permeability = 420 nm/sec
= ~
N N

Figure 7.2. Potency and physicochemical properties optimization resulted in compound 3.130.
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In view of the fact that microsomal instability was identified as a possible liability of the initial hits,
six compounds were selected and the stability in murine and human microsomal fractions was
evaluated before continuing with further synthetic efforts. The selection of compounds was driven
by structural criteria in an attempt to identify the metabolic liabilities of the series. Four possible
metabolic sites were explored: the methoxy group, the amide bond, the methylene linker, and the

phenyl ring of the reference compound 2.1.

All the tested compounds proved to be highly unstable, especially when incubated with murine
microsomal fractions. Comparison of the obtained data with and without co-factor indicated that
cytochrome P-450 metabolism was not determinant for all tested compounds possessing an
amide bond, signifying that this group is the most susceptible one of the series and that an
esterase hydrolysis might be involved. In order to confirm that esterases are responsible for the
rapid metabolism of the compounds, the selected compounds were incubated in fresh whole CD1
murine blood. A parallel run, after pretreatment of the blood with pan-esterase inhibitor sodium
fluoride (NaF), was performed. Nearly all the compounds possessing an amide bond were highly
unstable. In addition, the instability is mitigated after NaF pretreatment suggesting that it is mainly

due to the hydrolysis of the amide.

In the light of this evidence, further medicinal chemistry efforts were focused on the amide bond
replacement. A ring closure giving an oxazole lead to compound 3.159 which proved to be very

stable when incubated in murine blood with half-life time more than 240 min (Figure 7.3).

o

I

Oj/NH OTN
| 0 \ 0
0 X o X
b -
N N
21 3.159
Blood stability t1, <5 min Blood stability t;,, >240 min
MIC = 1.9 uM MIC = 5.5 uM

Figure 7.3. Blood stability optimization.

Although this compound is not as potent as compounds 2.1 and 3.130, it possessed a reasonable
MIC value indicating that further amide replacements could give more opportunities for the

development of the series.

Lastly, a preliminary safety evaluation of the cardiovascular risk of the series was performed by
measuring the human Ether-a-go-go-Related Gene (hERG) binding of selected compounds.

Unfortunately, the most potent compound 3.130 exhibited some interaction with the ion channels
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while compound 3.159 and the primary hit compound 2.1 did not show any activity in the assay.
The obtained results indicated that there might be a connection between the methoxy substituent
at the northern aryl part and hERG liability. However, the small size of the dataset does not allow
definitive conclusions about a correlation between the presence of a methoxy group and hERG

channel inhibition.

7.3. Identification and exploration of the hydantoins series as DprE1
inhibitors

The hydantoins series was identified as a novel class of DprE1 inhibitors during a target-based HTS
performed by GSK. DprE1 enzyme is a new promising target for antimycobacterial drug discovery.
More specifically, inhibition of the DprE; enzyme interrupts the essential cell wall biosynthesis
leading to mycobacteria death. The vulnerability of DprE; and the remarkable potency of the best

inhibitors set this enzyme a promising drug target for the discovery of new drugs to combat TB.

The aim of this project was to prepare novel compounds with high DprE1 inhibitory activity that
could be translated into good celullar potency. Furthermore, balanced physicochemical properties
and toxicity was taken into account. The ultimate goal of this project was an in vivo proof of

concept in mice.

7.3.1. Firstround of Hit-to-Lead optimization

During the first round of optimization our main focus was: (1) exploration of the linker, (2)

replacement of the hydantoin core and (3) investigation of the left-hand side phenyl substitution.

Elongation
increased potency

Aromatic rings or removal of
carbonyl at C4 were not

tolerated
O
F
NC N
CHF,0-, NH,S0-, HN\\< F

tetrazole

@)
increased potency O Longer or shorter linkers
and removal of carbonyl
was not tolerated
Figure 7.4 SAR summary.

During this SAR study, some very potent inhibitors were identified possessing various substituents

at position 4 of the left-hand side of the molecule. The most active compounds obtained with
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enzymatic inhibitory activities of plCso = 7.3-7.4 are shown in Figure 7.5. However, these high
inhibitory activities were translated into sub-micromolar cellular potency only in case of

compound 5.69 (MIC = 0.9 uM).

HN m’F
: \\< )
NC 5.48
DprE1 pICSO 7.4
HNj< \ MIC = 10 uM

4.1 Q 7 F
DprE; plCsy 7 HZ“"ﬁWN
MIC = 8.3 uM o] HN\< F
o O
5.69
DprE1 pIC50 7.3
MIC = 0.9 uM

Figure 7.5. Potency optimization of DprE1 inhibitors.

It was found that not only high enzymatic affinity is necessary for cellular potency, but lipophilicity
(chromlogD) played an important role for activity. Calculating LLE was found to be a helpful
parameter that gave a reasonable correlation with MIC values. More specifically, values of LLE

more than 3, ideally 4-5, were desirable.

7.3.2. Second round of Hit-to-Lead optimization

The second round of optimization was around the right-hand phenyl ring, having selected the
difluoromethoxy group as fixed substituent at position 4 of the left-hand side aryl (as compound
5.48). Compound 5.69 had been followed by other members of the OpenMedChem group. In the
present thesis, the aim of this second round of H2L optimization was to reduce the lipophilicity of
compound 5.48 in an attempt to improve the LLE, with the goal to improve its cellular activity
(MIC). However, none of the synthesized compounds achieved the desired LLE value >3. In all
cases where some improvement of the chromlogD was achieved, a simultaneous reduction of the
enzymatic affinity was observed. This might be because of the lipophilic nature of the pocket

where the right-hand phenyl lies on.

7.3.3. Further evaluation of selected compounds

The best examples of this series were selected for further evaluation of their properties.
Therefore, the intramacrophage activity was measured with good activity obtained. Furthermore,

the in vitro intrinsic clearance was evaluated using human and murine liver hepatocytes, indicating
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that all tested compounds possessed satisfactory metabolic stability. Unfortunately, the hERG
binding assay revealed interactions for some compounds including the difluoromethoxy
substituted subseries. Four selected compounds were evaluated for their antimicrobial activity
against a panel of Gram-positive and Gram-negative bacteria indicating that our series is very

specific for mycobacteria.

Shifts in MIC values caused by target overexpression can provide a simple measure of target
engagement at cellular level, which is extremely valuable information for drug discovery
programs.'® During our project, this approach was used to validate DprE1 as the target enzyme
of this series. Furthermore, MIC modulation against mutant strains that include some mutations
of the DprE1 enzyme confirm our target. Time course curves showed that both tested compounds
behaved like normal reversible inhibitors, and there was no evidence of time-dependent
inhibition.

Lastly, the two most potent derivatives obtained (5.69 and 5.71) were selected for in vivo studies
in an acute murine model of intratracheal infection. The therapeutic efficacy against M.
tuberculosis (H37Rv) was determined using a model of C57BL/6J infected mice. The blood
exposure levels and the differences in the lung microorganism burden (log:oCFUs/lungs) obtained
in the treated mice with respect to untreated controls (day 9 after infection) were measured.
Compound 5.69 demonstrated the best blood exposure with a Cmax value of 6380 ng/mL and an
AUC value of 31.400 h*ng/mL. Moreover, the same compound showed the highest reduction of
logCFU units (0.5) among the tested compounds. Although this value reflects limited in vivo
activity compared to reference moxifloxacin, it demonstrates that the hydantoin series is capable

of delivering statistically significant efficacy in the in vivo murine model.
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8. Samenvatting

8.1. Inleiding

Tuberculose vormt een moeilijk te onderschatten bedreiging voor de volksgezondheid in de
wereld, de stijgende prevalentie van Multidrug-resistente(MDR) en Extensief-resistente (XDR)
mycobacteriéle stammen draagt daar in belangrijke mate toe bij. Om deze zorgwekkende evolutie
tegen te gaan, heeft de Wereldgezondheidsorganisatie (World Health Organization, WHO) in 2014
het End TB Strategy programma goedgekeurd, dat ondermeer wil inzetten op doorgedreven
onderzoek en ontwikkeling van nieuwe geneesmiddelen en diagnostica die kunnen ingezet

worden in de strijd tegen TB.

Deze thesis handelt over drug discovery van nieuwe antimycobacteriéle middelen. Het
beschreven onderzoek werd uitgevoerd in het kader van het FP7-Marie Curie project
OpenMedChem, een open-innovatie samenwerkingsverband tussen de Universiteit Antwerpen en
GlaxoSmithKline-Drugs of the Developing World (GSK-DDW, Tres Cantos, Spanje). Twee duidelijk
onderscheidbare onderzoeksbenaderingen (fenotypisch gestuurde en target-gebonden drug
discovery) werden gebruikt en toegepast voor de Hit-to-Lead optimalisatie van twee nieuwe
antimycobacteriéle families die bij GSK-DDW ontdekt werden door middel van High Throughput
Screening (HTS).

8.2 Discovery en Structuur-Activiteitsrelatie (SAR) onderzoek op

quinoloxyacetamide-gebaseerde antimycobacteriéle verbindingen.

Quinoloxyacetamide-gebaseerde verbindingen (QOAs) werden geidentificeerd als een chemische
familie met een interessant antimycobacterieel profiel. De meest actieve vertegenwoordigers in
de “hit-set” werden geselecteerd voor verder SAR-onderzoek en optimalisatie. Het uiteindelijke
doel was de identificatie van nieuwe analogen met hogere antimycobacteriéle activiteit en
verbeterde fysicochemische eigenschappen, in het bijzonder oplosbaarheid en permeabiliteit.
Bijkomende aandachtspunten waren de intracellulaire activiteit en de cytotoxiciteit van deze

reeks.

Drie onderdelen van de basisstructuur werden onderzocht: het (1) quinoline-gedeelte, (2) de
linker en (3) het “noordelijke” aryl fragment. Deze substructuren werden grondig afzonderlijk
bestudeerd met drie verschillende reeksen verbindingen, waarbij de rest van de molecule telkens

constant gehouden werd. Schematisch weergegeven resultaten zijn terug te vinden in Figuur 8.1
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Minimaal 1 methyl vereist, 4-CH30-

verhoogt activiteit, brede tolerabiliteit Enkel fenyl, alle andere
van substituenten geteste verzadigde en
heteroaromatische ringen
Oxazool als vervanging van de leiden tot activiteitsverlies.
amidegroep toegelaten. Linkerlengte HN (@)
niet wijzigbaar. f
Alkyl substituenten
| O

niet getolereerd.
N kan O vervangen.

(@)
N goed
Enkel CHs0O- wordt getolereerd, vele — getolereerd.
substituent-types onderzocht. N
— H- vermindert activiteit,
Verplaatsing van de CHsO- groep N wordt CFs-, Pr- niet
van 6 naar 7 niet toegelaten. getolereerd. getolereerd.

Figuur 8.1. SAR exploratie van referentie-QOA 2.1

Gedurende dit deel van het doctoraatsonderzoek werden verschillende chemische
synthesemethoden geéxploreerd. Ook alkylering van heterocyclische, ambidente N/O-
nucleofielen als quinolin-4-ol, naphthyridin-4-ol en quinazolin-4-ol werd bestudeerd. In gevallen
waar N-gealkyleerde producten bekomen werden, konden telkens ook de O-gealkyleerde
analogen aangemaakt worden via een alternatieve syntheseroute. Gezien het gebrek aan
algemeen gebruikte methodologieén voor de ondubbelzinnige structurele toewijzing van
alkyleringsreactieproducten van ambidente alkyleringsreactieproducten, werden hiertoe de

performantie van drie NMR-methodologieén (3*C-NMR, 2D-HSQC/HMBC en 1D-NOE) vergeleken.

Dit deel van het onderzoek resulteerde in, onder andere, verbinding 3.130 die gekenmerkt werd
door een verbeterde antimycobacteriéle activiteit (MIC= 0.6 uM) vergeleken met referentie 2.1
(MIC= 2.1 uM). Bovendien bleek 3.130 niet cytotoxisch te zijn in hepG2 cellen, een hogere
oplosbaarheid en hogere permeabiliteit te hebben dan 2.1 en daarnaast ook te beschikken over

een bevredigend intramacrofaag activiteitsprofiel (Figuur 8.2).

O/
2.1 3.130
0w NH MIC = 1.9 uM MIC = 0.6 uM
j/ Intracellulaire ICgy = 0.21 UM OxyNH Intracellulaire ICgo = 0.25 uM
Cytotoxiciteit = 20 M —— Cytotoxiciteit >100 uM

| 0 Oplosbaarheid = 26 uM [ O Oplosbaarheid = 108 uM
O\©\)j\ Permeabiliteit = 180 nm/sec o\©\)j\ Permeabiliteit = 420 nm/sec
S
N /

N
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Figuur 8.2. Optimalisatie van activiteit en fysicochemische eigenschappen resulteerde in

verbinding 3.130.

Omdat ook microsomale instabiliteit als een potentieel probleem geidentificeerd werd bij de
initiéle “hit-set”, werden zes nieuwe verbindingen geselecteerd en onderzocht op stabiliteit in
muis- en humane microsomale fracties. De selectie van deze verbindingen was gebaseerd op
structurele criteria. Drie potentieel metaboliseerbare posities konden op die manier onderzocht
worden: de methoxygroep, de methyleenlinker, de amidebinding en de fenylring. Alle geteste
moleculen bleken zeer onstabiel, vooral in aanwezigheid van de muis-microsomale fracties.
Vergelijking van resultaten in aan- of afwezigheid van oxidatieve cofactor, toonde aan dat
cytochroom P-450 gemedieerde transformatie niet bepalend was bij de omzetting van de
verbindingen. Op basis van deze bevinding werd als hypothese naar voor geschoven dat een snelle
hydrolyse van de amidebinding door esterasen/proteasen het halfleven negatief beinvloedt. Ter
bevestiging werden de verbindingen geincubeerd in vers CD1 muisbloed in aan- of afwezigheid
van de pan-hydrolase inhibitor natriumfluoride (NaF). Dit experiment bleek inderdaad aan te
tonen dat gevoeligheid voor hydrolase-activiteit het belangrijkste probleem is bij de metabolisatie

van de verbindingen.

Om deze reden werd geinvesteerd in de aanmaak van bijkomende analogen waarin de
amidegroep vervangen of weggelaten werd. Een oxazool-bevattend analoog (3.159) bleek zeer

stabiel te zijn na incubatie in muisbloed (halfleven > 240 minuten) (Figuur 8.3).

' K

O _NH O.N

— 7

| 0 | o
o 2
N N
21

3.159
Bloedstabiliteit: t1;, <5 min Bloedstabiliteit: t1,, >240 min
MIC = 1.9 uM MIC = 5.5 uM

Figuur 8.3. Optimalisatie van bloedstabiliteit.

Hoewel de antimycobacteriéle activiteit van 3.159 iets lager bleek dan die van referentie 2.1, bleek

deze benadering toch ruimte te laten voor synthese van bijkomende, geoptimaliseerde analogen.
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Tenslotte werd de QOA-familie preliminair onderzocht op mogelijke hERG inhibitie. Verbinding
3.130 bleek bij hoger concentraties inderdaad te interfereren met hERG, terwijl zowel referentie

2.1 als 3.159 geen enkele affiniteit bleken te vertonen.

8.3. Identificatie en exploratie van een hydantoine-gebaseerde serie

DprE1 inhibitoren.

8.3.1. Eerste cyclus van Hit-to-Lead optimalisatie.

Gedurende een target-gebaseerde HTS-campagne van GSK-DDW, werd een reeks hydantoines
geidentificeerd als een nieuwe structurele klasse van DprE1l remmers. DprE1 is een nieuw en
veelbelovend doelwit voor ontwikkeling van antimycobacteriéle geneesmiddelen. Inhibitie van dit
enzym verstoort de aanmaak van de mycobacteriéle celwand en leidt tot celdood. De kwaliteit
van DprEl als doelwit en de antimycobacteriéle activiteit van de verbindingen in de “hit-set”

waren bepalend om dit deel van het onderzoek te starten.

Het doel van dit project was enerzijds om nieuwe verbindingen te bekomen die hoge affiniteit
voor DprEl combineren met overtuigende antimycobacteriéle eigenschappen. Andere
aandachtspunten waren fysico-chemische parameters (oplosbaarheid, permeabiliteit) en
cytotoxiciteit. Het uiteindelijke doel van dit subproject was het bekomen van een in vivo proof-of-

concept in muismodel van longtuberculose.

Tijdens het SAR-onderzoek werden zeer krachtige DprE1 inhibitoren bekomen door specifieke
substituenten in te voeren ter hoogte van de 4-positie van de linker-arylring van de molecule.
(Figuur 8.4) De meest krachtige verbindingen bleken plCso-waarden rond 7.3-7.4 te hebben en
worden getoond in Figuur 8.5. De cellulaire antimycobacteriéle activiteit bleek laag micromolair

te zijn (MIC=0.9 pM).

Verlenging
verhoogt

Heteroaromatische scaffolds
of weglaten carbonyl
Niet getolereerd.

CHF,0-, NH2S05-, HN\\<
te'LrazooI 0.0 Langere/kortere linkers
ver .e.ter.en en weglaten carbonyl niet
activiteit.

getolereerd.

Figuur 8.4 Overzicht van bekomen SAR-informatie voor de hydantoine-reeks.
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Niet enkel de aanwezigheid van voldoende enzymaffiniteit bleek noodzakelijk voor significante
activiteit op mycobacterieén, maar ook de lipofiliciteit (ChromLogD) bleek een bepalende factor.
De lipophilic ligand efficiency (LLE) was voor deze verbindingen een nuttige descriptor die
correleerde met de experimentele MIC-waarden. LLE-waarden tussen 4 en 5 bleken binnen de

geévalueerde serie optimaal te zijn.

8.3.2 Tweede cyclus van Hit-to-Lead optimalisatie

De tweede cyclus was geconcentreerd op de optimalisatie van de rechter-aryl ring, waarbij de
difluormethoxygroep gefixeerd werd als 4-substituent op de linker arylring (zoals bijvoorbeeld in
verbinding 5.48). Tegelijkertijd werd door collega-onderzoekers gefocust op rechter-arylring

gemodificeerde analogen van 5.69.

HN ‘>’©’F
: T< )
NC 5.48
DprE1 pleO 7.4
HNj< \ MIC = 10 uM

41 Q F
DprE; plCsy 7 HZ“"ﬁWN
MIC = 8.3 uM o] HN\< F
o O
5.69
DprE1 pleo 7.3
MIC = 0.9 uM

Figuur 8.5. Verdere optimalisatie van DprE1 inhibitoren.

Een belangrijke doelstelling van dit deel van het onderzoek was om de LLE verder te verbeteren.
Geen enkele van de nieuwe analogen van 5.48 bleek echter in staat om een ratio > 3 te behalen.
In alle gevallen waar een verbetering van de chromlogD-waarde werd vastgesteld, kon een
gelijktijdige daling van de enzymaffiniteit geobserveerd worden. Mogelijk ligt het lipofiel karakter

van de DprE1-pocket waarin de rechter-arylring bindt, aan de basis van deze bevindingen.

8.3.3. Uitgebreide evaluatie van geselecteerde verbindingen

Voor de beste vertegenwoordigers van deze chemische familie werd het intramacrofaag
activiteitsprofiel verder onderzocht. Hierbij werden bevredigende resultaten bekomen. Daarnaast
werd de in vitro intrinsieke klaring geévalueerd met behulp van muis- en humane hepatocyten.

Ook op dit vlak konden geen problemen vastgesteld worden binnen de onderzochte set.
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Daartegenover bleek wel een risico op hERG-interferentie te bestaan voor, ondermeer, producten
met een difluormethoxygroep op de linker-arylring. Daarnaast werden geselecteerde moleculen
getest tegenover een panel van Gram-positieve en Gram-negatieve kiemen, waarbij een duidelijke
selectiviteit voor mycobacterién bleek. Door middel van een DprEl-overexpressor assay werd
gevalideerd dat de verbindingen hun antimycobacteriéle activiteit inderdaad ontlenen aan de
inhibitie van DprE1. Verder bleken ze klassieke, niet-irreversibele remmers te zijn van het enzym

en geen tijdsafhankelijke remming te vertonen.

Tenslotte werd voor de twee beste vertegenwoordigers van de reeks (5.69 en 5.71) het in vivo
potentieel onderzocht in een muismodel van acute intratracheale besmetting met de H37Rv-stam
van M. tuberculosis. Zowel de farmacokinetiek van de twee remmers, als hun therapeutische
efficaciteit werden onderzocht. Verbinding 5.69 bleek de beste biobeschikbaarheid te hebben en
de hoogste efficaciteit, met een daling van de mycobacteriéle burden van 0.5 logCFU-units
tenopzichte van controledieren (t = negen dagen post-infectie). Hoewel deze daling veel kleiner is
dan in geval van toedoening van referentieproduct moxifloxacine, kan toch besloten worden dat
hydantoine-gebaseerde producten een statistisch significante activiteit hebben in het gebruikte

in vivo model.
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