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ABSTRACT

ALKYL SUBSTITUTED AROMATIC CARBOXAMIDES AS NON-
STEROIDAL INHIBITORS OF CYP17 FOR THE TREATMENT OF
PROSTATE CANCER

Cancer is the most common neoplasm of the prostate in developed countries. Since up
to 80 % of Prostate Cancer (PCa) proliferation depends on androgens, most patients take
hormone therapy as first choice of treatment. The PCa cell proliferation occurs due to
binding of these androgens to androgen receptor (AR) that is overexpressed on PCa cells.
Therefore, when the androgens are segregated from the tumor cells, the proliferation of PCa
cell will stop. Although the androgens are secreted from three different sites, namely the
testes, adrenal glands, and PCa cells, androgen production depends on catalysis by one
enzyme, CYP17, which is also known as P450-C17. Being a pivotal enzyme in the
biosynthetic route to steroidal hormones, CYP17 has a key role in the conversion of
progesterone and pregnenolone to androstenedione and dehydroepiandrostenedione
(DHEA) respectively, which constitute as the direct precursors of 5a-dihydrotestosterone
(DHT) and testosterone (T). Although Abiraterone was launched as a potent steroidal CYP17
inhibitor, it interferes with other steroidogenic enzymes leading to side effects such as
hypokalemia, hepatic dysfunction, oedema, and hypertension. Due to the potential side
effects of steroidal CYP17 inhibitors resulting from inhibition of other steroid receptors,
there is a certain need to develop nonsteroidal inhibitors. In this study, several derivatives of
a nonsteroidal lead compound were designed and synthesized in order to optimize its
interaction with CYP17 enzyme. Throughout optimization process, bioisosterism was
utilized as a rational drug design approach. Quinoline moiety was chosen as center of interest
as it was hypothesized that similar to other CYP17 inhibitors, it could bind well to iron of
the heme group of CYP17 enzyme. In order to perform a structure-activity relationship
(SAR) study, a systematic synthesis of n-butyl substituted 8-amnionquinolines was done. A
library of final products was built by synthesizing several aromatic carboxamides via

coupling aromatic amines with aromatic carboxylic acids.
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OZET

PROSTAT KANSERINE KARSI STEROIDAL OLMAYAN CYP17
INHIBITORLERI OLARAK AROMATIK KARBOKSAMIT
TUREVLERI

Gelismis iilkelerde kanser, prostatin en yaygin goriillen timor tiiriidiir. Prostat
kanserinin yayilmasinin % 80’1 androjenlere bagl oldugundan, ¢ogu hasta ilk secenek olarak
hormon tedavisini segmektedir. Prostat kanserinin yayilmasinin nedeni androjenlerin prostat
kanserli hiicrelerde c¢okca iiretilen androjen reseptoriine baglanmlaridir. Dolaysiyla,
androjenler timorlii hiicrelerden ayrilirsa prostat kanserinin yayilmast duracaktir.
Androjenlerin erbezleri, adrenal bezleri ve prostat kanser hiicreleri olarak ti¢ farkli bolgeden
salinmalarina ragmen, androjen iiretimi anahtar enzim olan P450-C17 olarak da bilinen
CYPI17’ nin katalizine dayanmaktadir. Steroidal hormonlarin biyosentezinde merkezi bir
oneme sahip olan bir enzim olarak CYP17, pregnenolon ve progesteronun, sirastyla, DHT
ve T onciil maddeleri olan androstendion ve DHEA’ ya doniistiirlmesinde anahtar bir rol
oynamaktadir. Abirateron potent steroid yapida bir ilag olarak ¢ikarilmasina ragmen
steroidojenik diger enzimlerle ¢akisarak hipokalemi, hepatik fonksiyon bozuklugu, 6dem,
ve hipertansiyon gibi yan etkilere yol agmaktadir. Steroid yapidaki CYP17 inhibitorlerinin
diger steroid reseptorlerini inhibe etmesinden kaynaklanan potansiyel yan etkilerinden
dolay1 steroidal olmayan inhibitérlerin gelistirilmesine kesin bir ihtiyag¢ vardir. Bu ¢aligmada
steroidal olmayan bir 6ncii bilesigin CYP17 enzimine baglanmasini optimize etmek i¢in
cesitli tlirevleri tasarlanmis ve sentezlenmistir. Optimizasyon siireci boyunca rasyonel ilag
tasarimi yaklagimi olarak biyoizosterizmden faydalanilmigtir. Odak mekrezi olarak kinolin
pargasi se¢ilmistir ki diger CYP17 inhibitdrlerine benzer sekilde kinolin de enzimin heme
grubunun demir atomuna baglanabilecegi hipotez edilmistir. Bir yap-aktivite iligkisi (YAT)
calismasi gerceklestirmek i¢in n-biitil siibstitentli 8-aminokinolinlerin sentezi yapilmistir.
Aromatik aminler ve aromatik asitlerin kenetlenmesi yoluyla ¢esitleri karboksamit tiirevleri

sentezlenerek bir son {iriin kiitiiphanesi olusturulmustur.
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1. INTRODUCTION

1.1. Cancer

Cancer is the general name used for a group of more than 100 diseases in which
abnormal cells uncontrollably grow, order and invade other tissues [1]. Normal body cells
are needed to keep the body healthy by growing, dividing, and dying in a controlled way.
Environmental factors, such as chemicals, viruses, tobacco smoke or too much sunlight
damage the genetic material (DNA) of a single human cell, producing mutations that
influence normal cell growth and division. In general, when DNA becomes damaged, either
the cell undergoes apoptosis or detect the abnormalities and repair the DNA by itself.
However, in cancer cells the impaired DNA is not repaired and new cells form unnecessarily
by mitosis of the cell nucleus. Accordingly, the damaged DNA in the cell nucleus gets
duplicated and the newly produced cells repeatedly carry the same damaged DNA. Damaged
DNA can also be inherited, which is responsible for inherited cancers. The bulk of tissue

formed by these extra cells is called a growth or a tumor.

Some cancers such as leukemia do not form tumors, however instead, the cancer cells
contain the blood and blood-forming organs, and circulate through other tissues where they
can grow. Not all tumors are carcinogenic. Cancer cells can spread over other parts of the
body through the bloodstream and lymph systems where they start to grow and replace
normal tissue. Such spreading mechanism is called metastasis. Benign tumors do not

metastasize and are very rarely lethal.

Cancers can start in many different parts of the body and are usually named after the
organ or type of cell in which they begin. For instance, prostate cancer is the kind of cancer
which starts in the prostate. Even though the cancer has spread to another part of the body,
it is still named after the place where it started. For example, if it has spread to the bone, it
is called metastatic prostate cancer, not bone cancer. This is crucial, since different sorts of

cancer can act very differently, e.g., prostate cancer and lung cancer are quite different



diseases. They grow and spread at different rates and react to different treatments. Hence

people with cancer need treatment that aims at their particular kind of cancer.

Although cancer is not infectious, its occurrence rate is very high. Almost half of the
men and one-third of the women in the USA develop cancer during their lifetimes. The risk
of developing cancer can be decreased by making changes in lifestyles, e.g., by quitting
smoking, reducing the time under the sun, physical activity, and a better diet [2]. The faster

a cancer is diagnosed and treated, the better the chances are for survival.

Prostate cancer has many unique characteristics compared to other common cancer
forms. For instance, there is not much information about the risk factors and the causes of
prostate cancer. Age, ethnicity and genetic factors increase the risk of prostate cancer,
although the effect of diets, exercise, sexual activity, smoking, or overweight have been
reported significantly influence prostate cancer appearance [3]. Depletion of androgens is
known to protect men from prostate cancer; on the other hand, increase in androgen level

does not increase the risk compared to low level of androgens [4].

The treatment of prostate cancer has been troublesome in many cases. Contrary to
breast cancer, e.g., genetic markers that could predict the aggressiveness of prostate cancer
or bring guidance for the best treatment do not exist. Even though localized prostate cancer
can be treated highly efficiently with radiation therapy or prostatectomy, prostate cancer
continues to be the second highest cause of deaths in men in Western world. One of the
reasons for this is the absence of effective treatment methods for aggressive and metastatic
prostate cancer. Prostate cancer is highly sensitive to hormone levels; consequently,
hormone ablation therapy is an extremely effective treatment, even for advanced prostate
cancer. Unfortunately, hormonal therapy is by no means curative and generally within 24
months metastasized prostate cancer ends up at castration resistant prostate cancer (CRPC)

stage [5].

Development of novel and more effective treatment methods can be accomplished if
the molecular mechanisms behind prostate cancer initiation, progression, and the formation
of resistance to treatments are understood better. Totally new approaches, e.g. immune and

gene therapy, may also provide benefits in future.



1.2. Prostate Cancer

Prostate cancer is a disease of old men, with the median age of diagnosis being 71 [6].
The risk of getting prostate cancer during lifetime in the developed countries is 16%, which
means that every sixth man will be diagnosed with prostate cancer.

1.2.1. The Prostate

The word prostate comes from the Greek word npootdtng, prostates, literally meaning
"protector” or "guardian™. The prostate is a compound tubuloalveolar exocrine gland that is
found in the male reproductive system of the most mammals. It varies significantly among
species in terms of anatomy, chemistry, and physiology. The prostate functions in humans
as the unit that secretes 30% volume of the semen, which is a slightly alkaline fluid with a
white or milky appearance. Secretions of the other contributing glands including the seminal

vesicle fluid contribute to the alkalinity of the semen [7].

The size of healthy human prostate is described as a little larger than a walnut. In adult
males, the weight of a prostate range between 7 and 16 grams, with a median weight of 11
grams [8]. It covers the urethra below the urinary bladder. It can be felt during physical
examination of the rectal. The prostate can be classified in two ways: by lobe or by zone.
The lobe classification is more frequently used in anatomy. Zone classification is more
appropriate for pathology studies. The prostate has an internal fibromuscular band

surrounding it rather than a capsule.

Lateral
obes

Prostatic
capsule

Urethra

lobe Ejaculatory
ducts

Figure 1.1. The structure of the prostate [9].



The anterior portion of the gland present at the frontal urethra is described by the
anterior lobe. The anterior lobe forms part of the transitional zone. The median lobe is cone-
shaped part of the gland present in the central zone within the urethra and the two ejaculatory
ducts. The lateral lobes are right and left lobes that form the majority of the gland. The
prosterior lobe roughly corresponds to peripheral zone. It is sometimes described as postero-
medial part of the lateral lobes. During the digital rectal examination, the posterior lobe can

be palpated through the rectum.

The prostate gland has four distinct glandular regions, two of which emerge from
different parts of the prostatic urethra [10,11]:

Bladder Bladder
TESITTe ]

Prostate Central Zone

Urethra Transition Zone

Peripheral Zone

Front View Side View

Figure 1.2. The zones of the prostate [12].

The peripheral zone (PZ) constitutes 70 % portion of the gland in young men. It is the
sub-capsular portion of the posterior aspect of the prostate gland, surrounding the distal

urethra. Around 75 % of prostate cancers originate from this portion of the gland.

The central zone (CZ) normally forms approximately 25 % fraction of the gland. The
ejaculatory ducts are surrounded by this zone. Central zone tumors account for more than

2.5 % of the prostate cancers, although these cancers tend to be more aggressive.

The transition zone forms the 5 % fraction of the gland at puberty. It surrounds the
proximal urethra. Around 20 % of prostate cancers originate from this region. It is the region
of the prostate gland that grows throughout the life and it is the cause of the disease of benign

prostatic enlargement.



The anterior fibromuscular zone (or stroma) constitutes approximately 5 % of the
gland. This zone is usually composed of only muscle and fibrous tissue lacking glandular

components.

The final anatomically discrete part of the prostate gland is the periurethral gland
region. It forms less than 1 % of the total glandular prostate volume. It has a ductal network
which represents a more proximal extension of the networks of the transition zone and

peripheral zone areas.

The transmission of sperm from the ductus deferens into the male urethra occurs via

the ejaculatory ducts present in the prostate gland during male ejaculation.

The prostatic secretions differ among species. Their composition is mainly simple
sugars and they are slightly acidic. The protein content of the human prostatic secretions is
1% of the total mass and include prostate-specific antigen (PSA), proteolytic enzymes, beta-

microseminoprotein, and prostatic acid phosphatase.

Prostate demands male hormones, namely testosterone (T) and dihydrotestosterone
(DHT), in order to function regularly. The main male hormone T is produced mainly by the
testicles. Adrenal glands also produce some male hormones in small amount. However, it is

DHT that regulates the prostate.

1.2.2. Prostatic Disorders

The most frequent prostatic disorders are inflammatory or neoplastic (new tissue
development) type: prostatitis, benign prostate hyperplasia (BPH), and prostate cancer (PCa)
[1, 13].

Prostatitis is described as inflammation of the prostate and sometimes the area around
it. The symptoms of the prostatitis depend on the type of infection. While some people
experience symptoms that are similar to the ones in the infection of urinary tract, symptoms
are often remain unnoticed. It is very important for the patient to be examined by a medical

professional so that the type of prostatitis is determined and the patient is treated accordingly.



In acute prostatitis the symptoms are sudden and severe so that emergency medical
care may be required. Acute prostatitis may result in urinary obstruction, and in some cases
chills and fever. It is usually caused by bacteria that are found in the urine, usually from E.
coli. Both leukocyte and PSA levels are high. Tetracyclines are fluoroquinolone antibiotics
are successful in the treatment of the disease.

Chronic bacterial prostatitis has symptoms similar to acute prostatitis except it does
not produce fever. Other symptoms include urinary frequency; burning during urination;
painful ejaculation; and perineal, testicular, bladder and low back pain. The condition can
occur episodically with remissions and flare-ups.

Chronic non-bacterial prostatitis make 95 % of all prostatitis diagnoses. Many different
causes include myofascial pain syndrome, autoimmunological failing, and neurogenical
inflammation. There are two types of chronic nonbacterial prostatitis: inflammatory and non-
inflammatory. The treatment methods for either type include phytotherapy, psychotherapy,

alpha blockers, physical therapy, nerve modulators, antihistamines, anxiolytics and more.

BPH is the noncancerous enlargement of prostate in older men, obstructing the urethra
so that, urination becomes difficult. 25-40 percent % of men above 50 years old are
diagnosed with BPH. Symptoms of the disease are mostly taking some time begin urinating
and needing to urinate often. If prostate grows too large, urination becomes difficult and

painful, and even impossible in extreme cases.

The treatment of BPH is done with medication or minimally invasive procedure. The
prostate is removed by surgery in extreme cases. Transurethral needle ablation of the prostate
(TUNA) and transurethral microwave thermotherapy (TUMT) are two of the methods
applied as minimally invasive procedure. These procedure can be followed by placement of
a temporary prostatic stent to allow voluntary urination without provoking irritative

symptoms.

Transurethral resection of the prostate (TURP) is the regularly used surgery in such
cases. In TURP, an instrument is placed inside the urethra to get rid of prostate tissue that

applies pressure against the upper part of the urethra and hampering the urine flow. Elderly



men often frequently have corpora amylacea (amyloid) which is dense accumulation of
calcified proteinaceous material in the ducts of the prostate. The amyloid may obstruct the

lumens of the prostatic ducts and can underlie some BPH cases.

Urinary frequency resulting from the bladder can sometimes be confused with
prostatic hyperplasia. From the statistical data it is suggested that a low fat and low meat diet

as well as high in protein and vegetables can protect against BPH.

Life-style changes such as urinating in the sitting position improve the quality of
urination. In this way, the amount of urine volume left in the bladder is reduced, the urinary

flow rate increases, and voiding time decreases.

Cancer is the most common neoplasm of the prostate in developed countries.
Regarding the diagnosis and the treatment of PCa many arguments exist especially in
screening and the choice of therapy following the diagnosis. The disease's extraordinary
biological heterogeneity presents complex difficulties during management. For example,
one person may have an early stage cancer and not affected by the disease for the rest of his
life, whereas a younger man may have an advanced stage disease and may die in 5 years.
Therefore determining the patient profile remains very important for research. Also, the
pathogenesis to PCa is intensely investigated so that new findings may be useful for the

better treatment of the disease or even prevention of it [14].

1.2.3. Risk Factors and Prevention

Risk factor can be defined as anything that increase the probability of a person to
develop a disease [15]. Different cancer types have different risk factors. Some of the risk
factors, such as smoking, can be changed whereas, other such as family history or a person's
age cannot. Risk factors doesn't always indicate a disease. Some people with a few risk
factors may never get a cancer. On the other hand, others without any apparent risk factor

may develop cancer.



The causes of prostate cancer are not completely understood but some risk factors have
been found by researchers such as age, geography, race/ethnicity, gene changes, family

history, obesity, diet, workplace exposures, smoking...etc.

The chance of having prostate cancer is very low below the age 40 but, it increases

rapidly after the age 50. 6 in 10 men with prostate cancer is above the age of 65.

PCa occurrence rate is higher in Caribbean men of African ancestry than in man of
other races. It also occurs less often in Asian and Hispanic/Latino men than non-Hispanic
whites. There are no clear reasons for these ethnic and racial differences. PCa is also most
common in northwestern Europe, North America, Australia and Caribbean islands. Its
occurrence rate is lower in Asia, Africa, South America, and Central America. The reasons
for geographical variation are not clear. Lifestyle difference such as diet between developed
countries and others are likely to be important.

It seems that PCa runs in some families suggesting that there can be genetic factor in
some cases. A man's risk of developing PCa gets more than double if he has a brother or
father with PCa. If several relatives are affected with the disease, the risk is much higher,

particularly their relatives were detected PCa at an early age.

Many inherited gene changes that seem to affect prostate cancer risk have been
detected but, they are probably a small fraction of the overall cases. It has been recently
found that some of the common gene changes are linked to the increased risk of prostate
cancer. More studies need to be done in order to confirm this to see it will be useful to do

tests for gene variants for predicting PCa risk.

The effect of diet in risk of developing PCa is not clear, but many factors have been
studied. It has been found that the chance of getting PCa slightly increases in men who eat
red meat or high-fat products. Also, these men are inclined to eat fewer fruits and vegetables.
It is not clear to the doctors which of these factors are the causes of the disease. In some
studies it has been suggested that calcium consumption, through food or supplements, may

increase the risk of developing PCa.



Since the exact cause of PCa is unknown, it is currently impossible to prevent most
cases of the disease. However, considering what is known about the disease so far, the risk
of PCa can be lowered [16].

The effect of physical activity, body weight and diet are not quite clear but, there are
some things one can do to reduce the risk of PCa such as eating variety of fruits and

vegetables every day, being physically active, and preserving a healthy weight.

Some drugs may reduce the risk of PCa. 5-alpha reductase inhibitors Finasteride and
Dutasteride are used to treat BPH. The studies so far have shown that it is not clear the
benefits of these drugs can outweigh the risks for most men. Some research suggests that
taking aspirin for a long period of time can reduce the risk of PCa but more studies are

required for better conclusion.
1.2.4. Diagnosis of Prostate Cancer

Biopsy is the only test that can confirm the diagnosis of PCa. Biopsy involves removal
of small pieces from the prostate for examination although less invasive tests can be applied

prior to biopsy.

1.2.4.1. Prostate Imaging. The two main imaging techniques used to monitor prostate

cancer are magnetic resonance imaging (MRI) and ultrasound (US). Transrectal ultrasound
is used by urologists during biopsy and sometimes a hypoechoic site which reflect relatively

less of the ultrasound directed at them can be seen.

Compared to ultrasound, MRI has better soft tissue resolution [17]. In low risk patients,
MRI may help them choose active surveillance. In patients with intermediate risk, it may
help determine the disease stage. In patients with high risk it can be helpful finding bone
disease [18].

MRI is currently used for identifying prostate biopsy targets making use of MRI with

US or MRI alone. In candidates with for active surveillance 33% of cancers were detected
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by fusion MRI/US guided prostate biopsy whereas, 7% were detected by standard US guided
biopsy [19].

In men who undergo robotic prostatectomy, prostate MRI is used for surgical planning.
It has also been helpful to surgeons in deciding whether to resect or spare the neurovascular

bundle, assessing the difficulty of surgery, determining return to urinary continence [20].

1.2.4.2. Biopsy. A biopsy is offered when there is a suspicion of cancer. Tissue samples are

obtained via the rectum by a urologist or radiologist during a biopsy. Special hollow-core
needles are inserted and removed by a biopsy gun in less than a second. Biopsies of prostate
are done routinely and on an outpatient basis and usually does not require hospitalization. It

was reported that 55% of men were discomfort during biopsy [21].

Then, to determine if there are prostate cancer cells or not, the tissue samples obtained
from biopsy are examined under microscope and the microscopic features of any cancer
found or Gleason score is evaluated. A trans membrane carboxypeptidase prostate specific
membrane antigen exhibits folate hydroxylase activity. In PCa tissues, this protein is over
expressed and is related to a high Gleason score [22].

1.2.4.3._ Tumor Markers. The presence of PSA and tumor markers can be examined by

staining tissue samples in order to determine the metastasized tumor cells [23]. Small cell
carcinoma (SCC), a very rare PCa type, cannot be diagnosed using PSA [24]. Although SCC
is very rare type of PCa, it is very serious and rapidly spreads to the other parts of the body.
Therefore, researchers have been trying to determine the best screening methods for this type
of PCa. Protein capturing by making use of immunized antibodies or immunoassays or
chromatic separation methods using mass spectrometry are two of the methods for screening
SCC. The test method include quantification of the biomarker PCI (Protein C inhibitor) with
respect to the Gleason score. This test is both quick and sensitive and can detect diagnostic

grey zone patients.

The BCL-2 (B-cell lymphoma 2) oncoprotein has been associated with androgen-
independent PCa development because of its high level expression in androgen-independent

tumors in the advanced stages of the disease. The connection between PCa progression and
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BCL-2 expression was strengthened by the findings that BCL-2 is upregulated after ablation

in PCa cell lines and in castrated-male rat model [25].

Ki-67 (Antigen KI-67) expression using immunohistochemistry maybe a significant

patient outcome predictor for men with PCa [26].

ERKS5, a protein that can be used as a marker, is present in both abnormally high levels
of PCa and invasive cancer that has spread to the other parts of the body. It is also found in
relapsed cancer following hormone therapy. It has been found that reducing the amount of

ERKS present in cancerous cells reduces their invasiveness.

1.2.4.4. Staging. Determining the stage of PCa is an important part of evaluating how far it

has spread. It is useful to know the stage in defining prognosis and selecting therapies. The
most common staging system is Tumor/Node/Metastasis (TNM) system, which is a four-
stage system. TNM system include tumor size, the number of involved lymph nodes, and

presence of any other metastasis [27].

It is very important that any staging system makes a distinction whether or not the
disease is still confined to the prostate. In TNM system T1 and T2 types are classified as
being confined to the prostate whereas T3 and T4 types as having spread to elsewhere.
Several tests can be performed to look for evidence of spread. In case of early PCa with low
risk of metastasis, CT (X-Ray Computed Tomography) scans, PET (Positron Emisson
Tomography) scans, or bone scans are not recommended by medical specialty professional
organizations. It would be more appropriate to apply these tests in cases when spread within
pelvis is evaluated by CT scan, a bone scan to look for spread to the bones, and endorectal

coin magnetic resonance imaging to evaluate the seminals and the prostatic capsule.

Following prostate biopsy, a pathologist examines the samples under the microscope
and reports the grade of the tumor when a cancer is present. The difference between a tumor
tissue and normal prostate tissue is reported by the grade, which also suggests how fast the

tumor is likely grow.
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Figure 1.3. Staging of the prostate cancer [28].

The Gleason system grades tumor from 2 to 10, where most abnormalities are indicated
by a Gleason score of 10. A number from 1 to 5 is assigned to the most common tumor and
the second most common tumor observed under microscope. The Gleason score is the sum

of these two numbers.

1.2.5. Management of Prostate Cancer

When managing prostate cancer the first decision is whether a treatment is needed or
not. Low grade forms of PCa, especially in elderly men, grows so slowly that no treatment
is necessary. Also, in case of person having serious health problems, the treatment will be

unnecessary because, he will not have lived long enough for the symptoms of PCa to appear.

The stage of the disease indicated by the Gleason score and the PSA level determines
which option is the best. General health, age, and a person's view about the side effects of a
potential treatment are other important factors in determining the management option. Most
of the treatment methods have significant side effects including urinary incontinence and
erectile dysfunction that, center of focus of treatment discussions is a balance on the goals
of the treatment with the risks of lifestyle alterations. In order to manage PCa, a combination

therapy is often applied [29].

The guidelines for the treatment of a patient requires that the long-term life expectancy

is well estimated. An 18-item questionnaire is often used to learn about how well the patient
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Is aware of the treatment options and their risks. Most of the patients who made a treatment
choice or newly diagnosed cannot give a correct answers to more than half of the questions
[30].

In the case of radiation therapy was chosen first but fails, the surgery becomes very
technically challenging that it may not be advised. However, if radiation therapy is done

after surgery fails, many complications may arise as well [31].

1.2.5.1. Surveillance. Active surveillance can be applied to those who were diagnosed with

low-risk prostate cancer. The implication of the term is carefully observing the disease over
the time and in case of any cancer signs, the treatment will be applied. Active surveillance
should not be mixed with the term watchful waiting, an older term which does not imply any
treatment method assuming that palliative treatment would be applied if a complicated,
symptomatic disease develops.

In active surveillance, the tumor is monitored to observe any signs of growth or
symptoms. During the monitoring process many PSA tests as well as physical examination
of the prostate and many biopsies may be required. The purpose of surveillance is to avoid
overtreatment of the patient, which may lead to serious, sometimes permanent side effects.
A self-limited or slow growing disease would not cause any problems to the person. This
method is not used for those with aggressive cancers, which may cause anxiety for people
who think that every cancer is deadly or that they have a life-threatening cancer. PCa will

not cause any harm for up to 75% of the patients before they die [32].

1.2.5.2. Aggressive Cancer. The treatment options for the aggressive type of PCa include
surgery radiation therapy, high intensity focused ultrasound (HIFU), chemotherapy,

cryosurgery, hormonal therapy, or some combination of therapies [33].

Although PSA test has decreased the detection age of the PCa, vast majority of the
cases are still being diagnosed after age of 65, with 25% of the cases above 75 years [34].
Many elderly patients are treated with hormonal therapy or watchful waiting rather than

radiation therapy or radical prostatectomy, even though using a life expectancy of 10 years
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or lower is suggested. This pattern in practice can be related to several factors such as
medical co-morbidity and patient preferences regarding the quality of life, as well as PCa

specific risk factors such as PSA, Gleason score, and clinical stage.

Since the advances in treatment of other disease such as cardiovascular and pulmonary
diseases has increased the life-expectancy, it is now more likely that elderly patients will
live long enough to suffer the consequences of PCa. Therefore, the center of interest is now

treatment modalities in surgery or radiation in elderly patient population with localized PCa.

When the cancer spreads beyond the prostate, the treatment options vary significantly.
Therefore, a variety of nomograms are used to predict the probability of spread. For those
patients who cancer remained in the prostate the treatment options offered by doctors include
watchful waiting / active surveillance, brachytherapy, external beam radiation therapy,
cryosurgery, HIFU, and surgery. If the disease spreads beyond the prostate, hormonal
therapy and chemotherapy are used for treatment. Sometimes, in exceptional cases, early
stage tumors are treated with hormonal therapy, and radiation therapy is used for advanced
tumors. When the initial therapy fails resulting in the progress of cancer, cryotherapy,
hormonal therapy, or chemotherapy can be applied.

1.2.5.3. Palliative Care. Palliative care includes treatment of symptoms of serious illnesses

such as cancer and aims to improve the quality of life. One of the main goals of palliative
care is to control symptoms rather than treating the cancer. In metastatic PCa, the patients
have pain which can be treated using bisphosphonates, opioids, and palliative radiation

therapy.

When there is spinal cord compression with metastasis to span, the treatment is done
with steroids, radiation therapy, or surgery. Palliative care can also address to other
symptoms such as fatigue, lymphedema in the penis or the scrotum, delirium, nausea, weight

loss, and vomiting [35].
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1.3. Hormonal Therapy as a Treatment for Prostate Cancer

Since up to 80 % of PCa proliferation depends on androgens, most patients take
hormone therapy as first choice of treatment. So, when the androgens are segregated from
the tumor cells, the proliferation of PCa cell will stop [36].

1.3.1. Androgens and Androgen Receptor

Hypothalamic-pituitary-gonadal-adrenal axes are responsible for the regulation of
production of androgens. Many important functions of the body such as body temperature,
blood pressure, and immune response are modulated by hypothalamus. The hypothalamus
secretes several hormones which target pituitary through hypophyseal portal system.
Examples to these hormones include gonadotropin-releasing hormone (GnRH, or luteinizing
hormone-releasing hormone (LHRH)) and corticotropin-releasing hormone (CRH). The
release of the adrenocortico-tropic hormone (ACTH) and gonadotropins is stimulated by
CRH and GnRH, respectively. Therefore, after gonadotropin (Gn) and ACTH bind to the
corresponding receptors, they prompt androgen production in testes and adrenal glands. The
production of androgens is testes and adrenals are catalyzed by 17a-hydroxylase-17,20-lyase

(CYP17) as well as other steroidogenic enzymes [36].

It is estimated that 90% of androgen production are from the testes and less than 10%
from the adrenal glands. Furthermore, testosterone is generated in situ in testes and can be
converted into DHT, which is the strongest androgen, by 5a-reductase (5a-R) catalysis,
whereas adrenals produce only testosterone. Most of the circulation of testosterone is done
by binding to albumin and globulin, while free unbound hormone is only 2%. When there is
sufficient testosterone in plasma, production of GnRH and CRH are down regulated by a
negative feedback mechanism. Since 5a-R is present also in the prostate, DHT can be
produced from testosterone in this gland, too. Moreover, one of the major reasons PCa cells
become castration-resistant is the de novo biosynthesis of androgens from adrenal steroids

or even cholesterol [37].

The PCa cell proliferation occurs due to subsequent binding of these androgens to AR

that is overexpressed on PCa cells. The AR belongs to the steroid and nuclear receptor
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superfamily and its structure and function resemble to other steroid receptors such as
mineralocorticoid receptors, estrogen receptors, and progesterone receptors. In the
cytoplasm, AR receptor floats and acts as an intercellular transcription factor. Heat shock
proteins are associated with unbound ARs. When androgens bind to AR, a series of
sequential changes in conformation occur, disassociation, formation of dimers, and
phosphorylation. Phosphorylation or dephosphorylation of ARs are essential events for
agonism or antagonism [38]. The, subsequent translocation of these ARs into the nucleus is
followed by binding to the androgen response element that is present in the promoter region
of the target gene. When other transcriptional coregulators get involved, they stimulate the
transcriptional machinery, initiating AR-regulated gene expression and resulting in the
mitogenic effects in PCa cells. Involvement of different coregulators, such as coactivator or
corepressor, has been shown to be a different type of switch for agonistic or antagonistic
activity [39]. Apart from genomic effects, it has been shown that ARs also interact with
cytosolic proteins of various different pathways in the prostate, resulting in the activation of
kinase signaling cascades and changes in the calcium levels between the cells and therefore

proliferation of PCa cells [40].

1.3.2. Targets for Androgen Stimulation

There are two approaches to prevent PCa cells benefit from androgen stimulation,
using AR antagonists to block the AR and interrupting the biosynthesis of androgens, which
is called androgen deprivation therapy (ADT). Although for the letter there are several nodes
in the androgens secretion system, only some of them are useful targets. It is feasible to
interrupt androgens secretion through interference with the hypothalamus-pituitary-testes
axis. Androgen production from the testes can directly be cut by castration whereas, same
effect can be observed by the application of GnRH analogs, by decreasing the secretion of
Gn through either GnRH agonists or GnRH antagonists. However, it is necessary to leave
the hypothalamus-pituitary-testes axis alone, since biosynthesis of mineralocorticoids and
glucocorticoids are also controlled by ACTH. It is important to not to interfere with the
production and the function of ACTH or CTH, otherwise, it would lead to severe side effects.
Moreover, enzymes in the androgen biosynthesis pathway are important promising targets.
The pivotal enzyme CYP17 is a key enzyme for the conversion of progestogens to

androgens. The plasma testosterone level can be reduced to less than 1 ng / dL by inhibition



17
of CYP17 [41]. However, although 5a-R inhibitors are used to reduce intracellular prostatic
DHT concentration for the treatment of benign prostatic hyperplasia, they are ineffective in
PCa cells, since, as a precursor of DHT, T can also stimulate PCa cell proliferation.

1.3.3. Hormonal Therapy

1.3.3.1. Orchiectomy. It is reasonable to apply orchiectomy (castration) as a treatment

method for PCa, since around 90% of the androgen production occurs in testes. Compared
to other long-term therapies, it is a simple, inexpensive operation but, it is not everyone's

choice due to permanent impotency as a consequence.

1.3.3.2. GnRH Analogues. In application of GnRH analogs, also known as "chemical

castration™, agonists and antagonists can both suppress Gn secretion therefore, prevent the
androgen production in testes. Even though androgen production in testes is annihilated by
GnRH analogs such as goserelin, leuprolide, and buserelin, they don't have any effect on
adrenals. In spite of the fact that testosterone concentration in plasma is reduced to 50 ng/dL,
androgen concentration in the prostate, either from adrenals or de novo synthesis in the
tumor, is still high enough for proliferation of PCa cells. Side effects such as loss of bone
mineral density and testicular atrophy are also observed as a result of application GnRH
analogs [42, 43].

1.3.3.3. AR Antagonists. The fact that adrenal androgen production is not blocked by GnRH

analogs, they are used in combination with AR antagonists. This current standard therapy is
called combined androgen blockade (CAB) and has been shown to be more effective than
AR antagonists alone. Compared to nonsteroidal AR antagonists, steroidal ones are less
potent and also affect the production of some adrenal steroids. Therefore, nonsteroidal AR
antagonists are mainly employed. CAB has been successfully applied to delay the

progression of the disease and to improve overall survival.

However, some cases progresses into CRPC, which result from several reasons such
as synthesis of androgens inside the tumor and ligand-independent activation of AR. Mixed
agonistic and antagonistic activities were observed with early AR antagonists, like

bicalutamide. Overexpression of AR and some other transcriptional factors can boost this
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partial agonism, therefore resulting in resistance. Moreover, prolonged application of
antiandrogens may lead to AR mutations such as W741C and T877A, reducing the capability

of AR to recognize antagonists [44, 45] and glucocorticoids as agonists [46].

Thanks to the wonderful performance by the CYP17 inhibitor abiraterone acetate
recently, CRPC has been shown to be still hormone dependent [41]. The second-generation
AR antagonist enzalutamide (MDV3100), which has been launched in 2012, also confirmed
this finding. Enzalutamide has higher AR affinity compared to other AR antagonists. It has
no agonism even when there is overexpressed AR and FoxAl. Moreover, in more than half
of the patients that are treated with enzalutamide, more than 50% of decrease in serum PSA
level has been observed. Especially important is that overall survival (OS) has increased by
4.8 months [47].

1.4. CYP17 as a Target for Treatment of Prostate Cancer

1.4.1. CYP17 in Androgen Biosynthesis

Although the androgens are secreted from three different sites, namely the testes,
adrenal glands, and PCa cells, androgen production depends on catalysis by one enzyme,
CYP17, which is also known as P450-C17 [48].

Being a pivotal enzyme in the biosynthetic route to steroidal hormones, CYP17 has a
key role in the conversion of progesterone and pregnenolone to androstenedione and DHEA

respectively, which constitute as the direct precursors of DHT and T (Figure 1.4).

The formation of key intermediates even some backdoor pathways depends on CYP17.
Therefore, when CYP17 is inhibited the androgen production is obstructed and the PCa
proliferation is prevented. The effect of inhibition of CYP17 on PCa was first shown by the
imidazole antifungal agent ketoconazole. The efficiency of CYP17 inhibition was shown by
development of abiraterone which reduces the plasma T level to 1 ng / dL [41]. Moreover,

it has also been shown that CRPC is still hormone dependent [41].



1.4.2. Abiraterone Acetate

Abiraterone is a steroidal drug that was begun to be developed in 1990s as strong
inhibitor of CYP17 [49]. Compared to the natural substrate pregnenolone, abiraterone has
an additional double bond and 3-pyridyl substituent which coordinates to the Fe atom of the

heme of CYP17 (Figure 1.5).

Abiraterone blocks the active site of the enzyme resulting in a competitive inhibition.
In 2011, the prodrug abiraterone acetate (Zytiga®) was launched as a potent and selective

CYP17 inhibitor. Abiraterone is effective in inhibiting both activities of CYP17, 17a-

hydroxylase and C17-20-lyase with similar 1Cso values of 4 and 2.9 nM, respectively.
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In LNCaP (lymph node carcinoma of the prostate) cells, abiraterone eliminates up to
80 % of the steady state AR. It also prevents AR mediated transactivation, which can
contribute to antitumor effects. After application of abiraterone via the oral drug abiraterone
acetate with a dose of 1000 mg per day, abiraterone is released so rapidly and completely
that plasma maximum concentration of abiraterone (226 = 178 ng / mL) is reached in 2h,
whereas abiraterone acetate plasma concentration becomes undetectable. However, almost
half of the abiraterone acetate is excreted as unchanged via feces, indication a poor

gastrointestinal absorption.

It was observed that within 70 % of the patients that don't respond to Ketoconazole and
Docetaxel, there is at least 50 % of decrease in PSA level, a major biomarker of CRPC.
Moreover, after the treatment with abiraterone, counts of circulating tumor cells is reduced
to 5/ 7.5 ml blood in half of the CRPC patients. Other improved symptoms include
pathological fracture, pain, fatigue, and spinal cord compression. More important of all,
overall survival is improved. In CRPC patients following Docetaxel treatment, abiraterone
prolongs the median overall survival to 15.8 months with an improvement of 4.6 months in

comparison to placebo.

Figure 1.5. The structure of Abiraterone.

1.4.3. Promiscuity of Abiraterone and Its Side Effects

The use of the first CYP17 inhibitor ketoconazole has been discontinued due to the
side effects such as adrenal insufficiency and hepatotoxicity, which result from its
unselective inhibition of many other steroidogenic and hepatic CYP17 enzymes [48].
Compared to ketoconazole, abiraterone has definitely a better selectivity profiles in vitro but,
it also interferes with other steroidogenic enzymes. Although abiraterone is well tolerated in
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high doses such as 2000 mg per day, large clinical trials have shown that it also shows some
severe adverse effects. Although, off target actions of abiraterone can be regarded as a
contributor to the side effects, curative outcomes also occur, for example, due to inhibition

of 3p-hydroxysteroid dehydrogenase.

Abiraterone inhibits many hepatic CYP enzymes moderately or potently such as
CYP1A2, CYP2B6, CYP2C8, CYP2C19, CYP3A4, and CYP3ADS and this can be attributed
to the observed hepatotoxicity. Since these enzymes are important for other biological
functions and constitute a target for other drugs, careful surveillance and attention should be
paid for those taking other drugs.

In patients taking abiraterone, the common symptoms of secondary mineralocorticoid
excess include hypokalemia, hepatic dysfunction, oedema, and hypertension even in the case
that prednisone is coapplied to suppress ACTH secretion. In a phase | study where
abiraterone is the only drug employed, 11-deoxycorticosterone (DOC) plasma concentration
increased to 10-fold, whereas downstream corticosterone plasma concentration was elevated
40-fold. These increases are assumed to be the result of promotion of ACTH secretion by 5-
fold. However, inhibition of 17a-hydroxylase function of CYP17 might have also caused
these increases in steroid levels. CYP17 is the vital enzyme for the biosynthesis of steroidal
hormones and determines which hormone is to be synthesized by using its 17a-hydroxylase
or C17-20-lyase function. Pregnenolone and progesterone are converted to the
corresponding 17a-hydroxypregnenolone and 17a-hydroxyprogesterone respectively by
17a-hydroxylase function. These two progestogens are converted to DHEA and
androstenedione by C17-20-lyase function, on the path to the more-potent androgens such
as T and DHT. However, androstenedione and DHEA can be converted to 11-deoxycortiol
by 3p-hydroxysteroid dehydrogenase and steroid 21-hydroxylase (CYP21) and then
ultimately to cortisol by CYP11B1. Therefore, inhibition of C17-20-lyase function of
CYP17 can totally block androgen production but, blocking 17a-hydroxylase function can
result in the accumulation of pregnenolone and progesterone, leading to overproduction of

mineralocorticoids.
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1.4.4. Other Steroidal Inhibitors of CYP17

The design of steroidal inhibitors of CYP17 are based on the structures of natural
substrates pregnenolone and progesterone [50]. In order to increase the interaction with the
enzyme active site, the steroid core is modified especially at C17 position.

Galeterone (VN/124-1 or TOK-001) is one such novel antiandrogens that has been under
development [51]. It has a special dual mechanism of action: it is an inhibitor of CYP17 and

it also antagonizes AR [48].

Figure 1.6. The structure of Galeterone.

Galeterone was reported to be 2.7 fold more potent against C17,20-lyase activity than
abiraterone but, there is no information about its inhibitory effect against 17a-hydroxylase
activity. All in all, galeterone is the only agent reported so far to be both CYP17 inhibitor
and AR antagonist, even though some antagonistic effects of abiraterone have also been
noted. Considering the similarity between the two agents, it is curious to see whether
galeterone will delay or even prevent the resistance to CYP17 inhibition.

Other steroidal competitive inhibitors of CYP17 were designed by chemical
modification of natural substrates pregnenolone and progesterone at C17 position [50].
Several groups with moderate to strong dipolar properties, such as hydroxyl and oxime, were
introduced at C20 position. It was found that pregnenolone derivatives are more potent than
progesterone derivatives, which is not surprising since pregnenolone is the preferred
substrate of CYP17.

Introduction of heterocyclic moieties to modify molecules so that they will bind better

to the active site of CYP17 enzyme has been a successful strategy in designing new CYP17
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inhibitors. Large sets of active compounds have been discovered by modifying the C(17)
position of the steroid core with an iron-coordinating heterocyclic group, especially nitrogen
heterocycles. Several heterocycles such as pyrimidyl and azole derivatives have been used

to obtain several derivatives with interesting properties [50].

Although potent steroidal drugs and drug candidates have been discovered so far, there
is still much research to be done in order to discover more potent and more selective agents

that will be effective against castration-resistant PCa.
1.4.5. Non-Steroidal Inhibitors of CYP17

Due to the potential side effects of steroidal CYP17 inhibitors resulting from inhibition
of other steroid receptors, nonsteroidal inhibitors have attracted attention. Several non-
steroidal CYP17 inhibitors have been synthesized so far.

Hartmann and co-workers have synthesized several non-steroidal CYP17 inhibitors
with different selectivity profiles including dual CYP17/CYP11B2 inhibitors [52] and
C17,20-lyase selective inhibitors [53]. The common structural property of these compounds
is the presence of a heme-coordinating N-heterocycle which is responsible for effective
binding of the compound to the enzyme. The validation of these compounds with in-vivo

tests will determine if these compounds will be drug candidates.

Linker@

Heterocycle

R'=H, Et;
R? = OH, NH,, CONH,, AcNH, F

Figure 1.7. Some non-steroidal CYP17 inhibitors by Hartmann et al. [52].
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Orteronel (TAK-700) is another non-steroidal CYP17 inhibitor which was being
developed. It has five-fold selectivity for C17,20-lyase activity compared to 17a-
hydroxylase activity with 1Cso values 140 nm and 760 nm respectively, using an assay with

Escherichia coli expressing recombinant CYP17 [48].

Although, Orteronel has superior 17a-hydroxylase/C17,20-lyase and CYP11B1
selectivity profiles compared to abiraterone, an increase in ACTH levels and a decrease in
cortisol levels was observed indicating that, it renders less interference compared to
abiraterone. However, after two phase Il clinical trials orteronel did not show any
improvement in overall survival rates which lead to voluntary termination of its

development.

VT-464 is another orally available nonsteroidal inhibitor of CYP17 [48, 54]. The
compound was found to be selective inhibitor for C17,20-lyase activity with 1Cso = 69 nM
compared to 17a-hydroxylase activity with ICsg = 670 nM. Recent preclinical models have
shown that VT-464 is potent for prostate tumor models which are resistant to abiraterone or

enzalutamide. VVT-464 is currently going into phase 1/2 clinical development [55].

Orteronel VT-464

Figure 1.8. The structures of Orteronel and VT-464.

A lead compound was discovered by Armutlu et al. using in silico and experimental
methods (Figure 1.8) [56]. The lead compound (ICsp = 35.65 uM) was shown to have no
toxic effects on HeLa Cell line in 24h at 1Cso concentration and can be used as a lead for
discovery of more active nonsteroidal CYP17 inhibitors, which constitutes as the basis of

this dissertation project as explained in details in Section 1.5.
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Figure 1.9. The structure of the lead compound.

1.4.6. Structures of CYP17 with Abiraterone, Galeterone, and Substrates

Drug development for PCa was hampered since the structural information about
CYP17 was lacking. Although homology models of CYP17 was used with considerable
success, the lack of the exact structural information was preventing better estimation of
potential compounds. In 2012, the X-ray structures of CYP17 with abiraterone and

galeterone were published [57].

Figure 1.10. The X-ray structures of abiraterone (left) and galeterone (right) with CYP17
[57].

As it was estimated by homology models and spectral binding data, abiraterone and
galeterone form coordinate covalent bond with the heme iron, by the nitrogen atoms on their
heterocyclic moieties pyridine and benzimidazole, respectively. Their steroidal cores stand

on the heme forming a 60° angle and directing between F and G helices. Their a-face leans
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onto the hydrophobic pocket over the I-helix forming favorable hydrophobic interactions
with G301, A302, and adjacent residues. Especially important is that 38-OH groups of
abiraterone and galeterone form hydrogen bond with N202 in the F helix, with H-bond
lengths ~2.6 A and ~2.4 A, respectively.

In a follow-up study, the structures of four physiologically-relevant steroid substrates
with CYP17 was published [58]. Similar to abiraterone and galeterone, all substrates were
found to bind with 60° angle with respect to heme. The hydroxylase substrates pregnenolone
and progesterone form hydrogen bond with Asn202, consistent with formation of 17a-
hydroxy major metabolites. Also, 17a-hydroxyprogesterone is only observed farther from
Fe atom whereas, 17a-hydroxypregnenolone is also observed closer, which might explain
the substrate specificity of the following 17,20-lyase reaction. This observation combined
with the spectroscopic evidence suggests that it is 17a-hydroxypregnenolone only that
approaches and interacts with the proximal oxygen of the iron-peroxy intermediate, thus

producing the key intermediate dehydroepiandrosterone for the synthesis of T and estrogen.
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Figure 1.11. The X-ray structures of CYP17 with its natural substrates and abiraterone
[58].
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The structural information provided by these complexes can be a model for other
inhibitors. It is important to provide such structural information to understand key reaction
of human steroidogenesis. Therefore, it would be crucial to modify the physiological status
in various diseases such as prostate and breast cancer, fertility, sexual development, blood

pressure, and immune and stress responses.

1.5. Discovery of the Lead Compound as Inhibitor of CYP17

In search for nonsteroidal CYP17 inhibitors, structure-based drug design (SBDD)
approach was successfully applied by using a model CYP17 enzyme [59]. The structure of
CYP17 enzyme is similar to structures of other CYP enzymes, having a heme group with an
iron atom on it and a hydrophobic region. Although the crystal structure of CYP17 was not
known when the project started, a homology model was designed and its structure was
improved by molecular dynamics simulations for use in docking studies.

After an initial virtual screening of ~2,000,000 compounds provided by Ambinter
SARL, the top 23 compounds with best binding energy and docking energy were subjected
to detailed docking analysis and subsequent biological tests [56].

By making use of calcium-phosphate precipitation method, vectors with human
CYP17 (pKU-1) were transfected into HEK 293T, human embryonic kidney cell line [60].
The inhibitory effect of the candidate compounds were measure by Acetic Acid Release
Assay based on the protocol by Grigoryev et al. using a *H labeled substrate 17a-
hydroxypregnenolone [61]. For toxicity tests, HeLa cells were used without transfection and

CellTiter-Glo® Luminescent Cell Viability Assay was performed.

The results of the computations and biological tests indicated two compounds, N15
(nonsteroidal) and S3 (steroidal), with ICso values 35.65 uM and 46.30 uM, respectively
(Figure 1.12). The docking conformation of the nonsteroidal hit N15 shows that its oxygen
and nitrogen atoms are well oriented to the heme iron and the oxygen atom of threonine
residue. There is strong hydrophobic interaction between butyl group of N15 and the
residues 254 (glycine) and 255 (alanine) of the I-helix that help stabilize the compound in

the active site of the enzyme.
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Figure 1.12. The structures of the two hit compounds N15 and S3.

The viability scores of N15 were found to be above its ICs value. The TCso values
after 12h assay and 24 hour assay were very promising with 271 uM and 397 uM values,
respectively. Therefore, N15 was chosen as the lead compound for optimization studies to

increase inhibition and reduce toxicity.
1.6. Bioisosterism: A Rational Approach in Drug Design
1.6.1. Historical Background

Bioisoteres can be defined as groups or substituents with similar chemical or physical
properties that induce similar biological effect with a lead compound [62-64]. This
modification strategy has been successfully applied by pharmaceutical industry not only to
discover therapeutically innovative drugs but also to derive commercially attractive me-too

drugs.

Bioisosterism has its foundations in the concept isosterism, a term introduced by
Langmuir in 1919 when studying chemical reactivity to define determined substances having

atoms or groups with same number of valance electrons (Figure 1.13) [65, 66].

In 1925, Grimm developed Hydride Displacement Law which states that addition of
hydride to an atom that belongs to one of groups 4A, 5A, 6A, 7A on the Periodic Table forms
a pseudoatom having similar physical properties with the initial atom in the next column
(Table 1.1) [67].
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0% x F x Ne x Na" x Mg?"
Clo, x SO x PO
N=N x C=0
CO, x NO,

N=N=N x N=C=0-

Figure 1.13. Some examples to isosteres.

Erlenmeyer made an expansion of the concept by publishing series of papers in 1930s.
Erlenmeyer demonstrated that antibodies didn’t discriminate between phenyl and thienyl

rings or -O-, -NH-, and -CHa- present on some series of artificial antigens (Figure 1.14) [63].

Table 1.1. Grimm’s Hydride Displacement Law

C N 0] F Ne Na
CH NH OH FH -
CH, NH, OH, FH,"
CH3 NH; OH;"
CH, NH,"

In 1950, Harris Friedman introduced the term “bioisostere” and made its definition as
compounds having the same biological effect and made the distinction that isosteres are not
necessarily bioisosteres. This notion implies that bioisosterism depends on the context and

relies less on the physicochemical resemblance for biochemical mimicry [63].
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Figure 1.14. The artificial antibodies in Erlenmeyer’s work.

1.6.2. Classical and Nonclassical Bioisosteres

Bioisosterism can be classified in two main categories according electronic and steric

factors: classical bioisosteres and nonclassical bioisosteres.

Classical bioisosteres are basically the early depiction of the concept and cover plain

structures, monovalent, divalent, trivalent atoms or groups, tetravalent atoms, and ring

equivalents. Classical isosteres obey steric and electronic definition (Table 1.2).

Table 1.2. Classification of classical isosterism.

Classical Bioisosteres

Monovalent Bioisosteres

Bivalent Bioisosteres

Trivalent Bioisosteres

DandH C=C, C=N, C=0, C=S R3CH, R3N
NH and OH -CH>-, -NH-, -O-, -S- R4C, R4Si, RaN™*
RCOR’, RCONHR’, RCOOR’, .
RSH and ROH RCOSR! alkene, imine
F, OH, NH, CHs -CH=CH-, -S-
Cl, Br, SH, and OH -CH=and -N=C

C and Si
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Nonclassical bioisosteres are more subtle and sophisticated extension of the concept
for biochemical mimicry. They are built upon functionality although they might
considerably differ in electronic, steric, physicochemical, and topological representation
(Table 1.3).

Table 1.3. Classification of nonclassical bioisosterism.

Nonclassical Bioisosteres

Distinct structures, usually having different number of atoms, different electronic

properties and steric effects

Divided into two subgroups:

Cyclic and noncyclic isosteres Exchangeable functional group isosterism
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2. OBJECTIVES

It is crucial to examine each group and individual atom on the lead compound and to
predict their specific interactions with the enzyme in order to design more potent derivatives.
As a general terminology to be used throughout this work the lead compound and its
derivatives can be divided into two parts: right-hand side and left-hand side. The left-hand
side of the lead compound is 2,3-dihydro-1,4-dioxine ring and the right-hand side is the
phenyl unit which contains an n-butyl group on it. In between these two parts lies an amide

group that connects them.

The left-hand side can be modified in several ways such as extending the aromaticity,
replacing the C atoms with heteroatoms, and/or replacing the O atoms with other atoms.
Aromatic rings may interact with the planar heme or with the aromatic side chains of the
amino acids via n-n stacking interactions. Therefore extending the aromaticity can result in
better binding. As it was stated before, N-heterocycles are known to make a good
coordination with heme Fe atom. This property can be exploited by introducing nitrogen
atoms on the left-hand side. Other heteroatoms such as O and S can also coordinate well
with the heme Fe atom. For these purposes, left-hand side will be modified by replacing 2,3-
dihydro-1,4-dioxine ring with derivatives of naphthalene, quinoline, isoquinoline,
benzofuran, and benzothiophene derivatives. The heteroatoms of these heterocycles may
well cooperate with O or N of the neighboring amide group when binding to heme Fe atom

so that the compound can act as a bidentate ligand and bind better to it.

The right hand-side phenyl group can also be modified with N-heterocycles.
Quinolines not only have extended aromaticity compared to phenyl ring but also bear a
nitrogen atom capable of hydrogen bonding with the amino acids. Therefore, it is important
not to be contended with modifying only the left-hand side with quinolines but also the right-
hand side. Compared to naphthalene analogues, quinolines are easier to modify due to
different kind of chemistries that can be applied so that, the butyl group can be introduced

easily.
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Right-hand Side

Left-hand Side

Where, X, Y,andZ : C,N,O
W : NH,O
Q : OS
R : Ci—Cyalkyl or branching alkyl

Figure 2.1. Modification of the lead molecule by parts.

It is also possible to either retain or to modify the amide functionality of the lead
compound. The amide functionality having a carbonyl oxygen and —NH- group is capable
of acting as both H-donor and H-acceptor having a good capacity of making hydrogen bonds.
Therefore, it might be good to retain the amide group as it is. However, its O atom can be
replaced with S atom which might coordinate well to heme Fe atom. So, Q will be chosen

as S and O atoms. It is possible to modify W with O atom but, the resulting functional group
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will be an ester group which is known as metabolically unstable. Therefore, W will be

retained as —NH- functionality.

Finally, n-butyl group attached at the right hand side of the lead compound can be
modified to improve potency. Depending on the space requirements and the presence of
hydrophobic side chains at the active site, n-butyl group can replaced with shorter, longer,
or branching alkyl groups. Improved hydrophobic interaction may result in better binding of

the ligand to the enzyme and/or better selectivity.
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3. RESULTS AND DISCUSSION

In this work, the synthesis of new long chain alkyl substituted aromatic carboxamide
derivatives as inhibitors of CYP17 are reported. Several potentially active quinoline
derivatives were synthesized. For this purpose, n-butyl substituted 8-aminoquinolines were
synthesized in a systematic way and subsequently coupled with naphthoic acid derivatives
to obtain candidate final products.

The synthesis of all the final products were accomplished by coupling reactions of
anilines and aromatic carboxylic acids (Figure 3.1). The first of the three methods applied
for coupling reactions is activation of a carboxylic acid with PBrz followed by in situ addition
of EtzN and the aniline derivative (Method A). The second method used is reacting a
carboxylic acid and an amine in the presence of  1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) and hydroxybenzotriazole (BtOH) using DCM /
DMF (dichloromethane / dimethylformamide) as solvent system at room temperature (RT)
(Method B). The third and the final method involves the activation of the carboxylic acid by
oxalyl chloride in a, a, a-trifluorotoluene (TFT) and catalytic amount of DMF and in situ

addition of the resulting acid chloride to EtsN / aniline derivative mixture (Method C).

R
)(J)\ Method A or Method B - )(J)\ /©/ , Ar: (hetero)aromatic
B N

Ar R: n-butyl; 5-nonyl

Ar” "OH or Method C H

Method A: i) PBr3, DCM, RT, 3h ii) EtsN, R-aniline; Method B: BtOH, EDC, R-aniline,
DCM / DMF. RT; Method C: i) (COCI)2, TFT, DMF(cat.) ii) EtsN, R-aniline, DCM, RT.

Figure 3.1. General coupling reaction schemes, reagents, and conditions.

The synthetic transformations were verified by *H-NMR, 2D-NMR spectroscopy
techniques COSY (Correlation Spectroscopy) and NOESY (Nuclear Overhauser
Enhancement Spectroscopy), *C-NMR, FT-IR (Fourier Transform-Infrared Spectroscopy)
and HRMS (High Resolution Mass Spectrometry).
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The potency was examined against several changes on the lead compound such as,
increasing the flexibility by virtually breaking the C-O bonds of the 2,3-dihydro-1,4-dioxine
ring, replacing the 2,3-dihydro-1,4-dioxine ring with other (hetero)aromatic rings, and
increasing the alkyl chain length. The biological tests were performed by Kavakli Research

Group at Koc University.

3.1. Systematic Synthesis of n-Butyl Substituted 8-Aminoquinolines

This part of the study is basically the presentation a systematic work on the synthesis
of quinolines done in collaboration with Turan Gul and was published in a journal article
[79].

The syntheses of 8-amino-3-butylquinoline and 8-amino-4-butylquinoline, nitration of
8-amino-2-butylquinoline, and separation and nitration of 5-butylquinoline and 7-
butylquinoline were done by Turan Gul. The literature search, choice of reaction type and
the method, design of synthetic schemes, initial trials of the model reactions, and performing
the rest of the reactions constitute the content of the present dissertation.

A systematic study on the synthesis of 8-aminoquinoline derivatives with an n-butyl
group at each alternate position of the quinoline ring was carried out (Figure 3.2). Skraup
Reaction and its Doebner - von Miller variation were used to obtain most of the quinoline
ring except for the 2- and 4-butyl-8-aminoquinolines where the commercially available

methylquinoline derivatives were used as precursors.

As a general approach, Skraup Reaction and its Doebner - von Miller variation were
used to obtain the quinoline ring except for the 2- and 4-butyl-8-aminoquinolines where the
commercially available methyl quinoline derivatives were used as precursors.

3.1.1. Syntheses of 8-amino-2-butylquinoline and 8-amino-4-butylquinoline

Compounds 4 and 8 were synthesized starting from 2-methylquinoline and 4-

methylquinoline respectively (Figures 3.3 and 3.4). When the methyl group is on the
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positions 2- and 4- on the quinoline ring, its protons are acidic enough to be abstracted by a

strong base and the resulting carbanion is prone to electrophilic attack.

R, R4 R4
X X N
~ ~ ~
N R1 N R3 N R3
NH,
R4= Me-; R, = H- 1:R3=n-Bu-; R4=H- 4: R3=n-Bu-; Ry=H-
Ri=H-; Ry, = Me- 5:R3=H-; Ry = n-Bu- 8: R3=H-; R4 = n-Bu-
—_—
—_—
(., @(7
NO, n-Bu
1 N
~
N
NH,
22
NH2 \
~
n-Bu N
NH
\ n-Bu g
H, = 23
~
N
NH,
30

Figure 3.2. n-Butyl substituted 8-aminoquinolines and their precursors.

Thus, syntheses of 2-butylquinoline 1 and 4-butylquinoline 5 were accomplished by
the chain extension of 2-methylquinoline (quinaldine) and 4-methylquinoline (lepidine)
respectively, using LDA and 1-iodopropane. Nitration of 2 and 7 each gave both 8-nitro and
5-nitro isomers. After the separation of the isomers, the subsequent reduction of 2-butyl-8-

nitroquinoline 2 and 4-butyl-8-nitroquinoline 6 by SnCl,.2H>0 / NaBH4 gave 4 and 8.
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) LDA, THF NO,
©\/j\ 78 °C AN conc.HNOg, conc.HZSO‘L N m
+
~ ~
2) 1-iodopropane N n-Bu 0°C N n-Bu N/ n-Bu
overnight 1 25h NO,
2 3
0,
(47 %) (49 %) (40 %)
SN SnC|2 2H,0
N” >n-Bu NaBH4 Ethanol
NO, 60 °C
2.5h

(58 %)

Figure 3.3. Synthesis of 8-amino-2-butylquinoline 4.

1) LDA, THF n-Bu n-Bu NO. n-Bu
N 78°C ©\)j conc.HNOg3, conc.H,SO4 SN x
> +
— — —
N i N 0°c N i‘; :N;

2) 1-iodopropane

overnight 5 2.5h NO,
(77 %) o !
(43 %) (38 %)

n-Bu n-Bu
X SnCl,.2H,0 N

— — >
N™  NaBHy, Ethanol N

NO, 60 °C NH,
6 25h 8 (93 %)

Figure 3.4. Synthesis of 8-amino-4-butylquinoline 8.

In order to determine the exact positions of the amino groups on compounds 4 and 8
'H-NMR itself was not sufficient. So, 2D NOESY NMR experiments were carried out. The
3D structure of 5-amino-4-butylquinoline shows that one of the hydrogen atoms of the amino
group is very close to the hydrogen atom of CH> group (Figure 3.5) [80].

If it was the 5-nitro compound that formed after the nitration, it would have led to 5-
amino product and therefore forming this interaction between protons but, no such

correlation were spotted in NOESY experiment (Figure 3.6).
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Figure 3.6. 3D structure of 4-butylquinolin-8-amine [80].

However, when the 3D structure of 8-amino-4-butylquinoline is examined it can be
seen that one of the hydrogen atoms of the amine group interacts with the hydrogen atom on
the C atom at the 6™ position and this correlation was verified by the 2D NOESY NMR
spectrum (Figure 3.7).
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Figure 3.7. 2D NOESY NMR of 4-butylquinolin-8-amine.

3.1.2. Synthesis of 8-amino-3-butylquinoline

Compound 11 was synthesized starting from 2-methylenehexanal and 2-nitroaniline
by Doebner — von Miller variation of Skraup Reaction (Figure 3.8). Both of the quinoline
substituents, the nitro group and the butyl group, were simultaneously introduced during the

ring formation.

o (CH3)oNH.HCI \/\)JVO 2-nitroaniline , As,05 Xy MBuU
AN P
—
N

37 % aqueous formaldehyde conc. HySO4, 110°C
9
i . N02
70°C, 20 h (79 %) overnight 10
(35 %)
SnCl,.2H,0 X BU
B ———————
—
NaBH,, Ethanol N
60°C NH,
25h "
’ (85 %)

Figure 3.8. Synthesis of 8-amino-3-butylquinoline 11.



41

Hexanal was treated with 37% anhydrous formaldehyde and dimethylamine
hydrochloride to give 2-methylenehexanal 9. The next step involved the cyclisation of 9 and
2-nitroaniline to obtain the 3-butyl-8-nitrogquinoline 10, which was then reduced by
SnCl2/NaBHa to give the desired product 11.

3.1.3. Syntheses of 8-amino-5-butylquinoline and 8-amino-7-butylquinoline

The syntheses of 22 and 23 started by the cyclization of butyl anilines to corresponding
butyl quinolines using the Skraup reaction, where the position of the butyl group on the
aniline ring dictated its final position on the 8-aminoquinoline (Figure 3.9). The route to 8-
amino-5-butylquinoline 22 and 8-amino-7-butylquinoline 23 begins with the multi-step
synthesis of 3-butylaniline 16 from the commercially available 4-butylaniline. 4-
Butylaniline was first protected by acetylation. After the standard nitration and the
deprotection steps, the amino group of the 4-butyl-2-nitroaniline 14 was removed by forming
the corresponding diazonium salt followed by in situ deazotization to give 1-butyl-3-
nitrobenzene 15. The reduction of 15 gave 16 which was then cyclised with glycerol using
the Skraup reaction to give 7-butylquinoline 18 and 5-butylquinoline 17. The crude products
were subjected to column chromatography, but the products were inseparable. In order to
elucidate the structures of 17 and 18, a small portion of the mixture was separated by thin
layer chromatography on silica plates. However, the next reaction was continued with the
nitration step where the mixture of the two isomers 17 and 18 was used directly. The nitration
reaction gave a mixture of 5-butyl-6-nitroquinoline 19, 5-butyl-8-nitroquinoline 20, and 7-
butyl-8-nitroquinoline 21 which were successfully separated by column chromatography
using silica and hexane/dichloromethane (3/1) mixture as the eluent. The subsequent
reductions of 20 and 21 gave 8-amino-5-butylquinoline 22 and 8-amino-7-butylquinoline 23

respectively.

3.1.4. Synthesis of 8-amino-6-butylquinoline

The synthesis of 30 was initially designed as shown in Figure 3.10 where the 6-
butylguinoline 24 was synthesized by Skraup method starting from 4-butylaniline. However,
the nitration of 6-butylquinoline 24 did not give the desired 8-nitro isomer 30. Instead, it

lead to the exclusive formation of 6-butyl-5-nitroquinoline 25.
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Figure 3.9. Syntheses of 8-amino-5-butylquinoline 22 and 8-amino-7-butylquinoline 23.

n-Bu

Iz conc. Hy,SO, i X conc. HN03 conc.H,SO,4
—
glycerol, 155°C N 0°C
25h 2 25h

(59 %)

C@

(62 %)
desired derivative not formed

Figure 3.10. The tentative synthetic route to 6-butyl-8-nitroquinoline 26.
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Since the elucidation of the structure of 25 H-NMR was insufficient, 2D COSY
(Correlation Spectroscopy) NMR was also used. It was shown by 2D COSY NMR spectra
that the isolated compound was 25 (Figure 3.11).

c a
n-Bu b
d P
e N
____.,J F2 _:
(ppm):
= 3
5 &
——— 7.6 Q
i o
7.8
@ e Q<D Q
5% ] @
__“_W 8-2_
8.4-
8.6
8.
_J - ,
o ———————— ¢ B2 o 9
Ak @ g2 |
a_b Yran]‘erl"ﬂ’Y[1'”]?7"[H‘Y"Y'\',’nll“”TYHYYITTTTTT'TTE’YT"‘["TT‘
a-c 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4
b-c Correlates F1 (ppm)
e-d each other
c-e

Figure 3.11. 2D COSY NMR spectrum of 6-butyl-5-nitroquinoline.

Therefore, a different strategy was used to produce 8-amino-6-butylquinoline 30
(Figure 3.12) [25]. Since, the 5™ position of 24 is the most reactive for the electrophilic
aromatic substitution reaction, it was first blocked by bromination with N-bromosuccinimide

to give a mixture of 5-bromo-6-butylquinoline 27 and 5,8-dibromo-6-butylquinoline 28.
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© I, conc. HySO4 n-Bu X \C(j
—
glycerol, 155°C N conc. H2804

25h 24 -40 —> 0°C
(59 %) 1h (92 %
Br Br
SnCl,.2H,0
n'BU\©\/j conc.HNO3, conc.H,S0O, N-Bu AN nbiz-<hz n-Bu BN
N 0°c N NaBH,, Ethanol N
27 25h NO, 60°C NH,
29 2h 30
(85 %) (77 %)

Figure 3.12. The successful synthetic route to 8-amino-6-butylquinoline 30.

After the necessary separation, the nitration of 27 gave 5-bromo-6-butyl-8-
nitroquinoline 29 as the only product. The standard reduction procedure with
SnCl,.2H20/NaBHj4 to reduce the nitro group to the amino group resulted in simultaneous
removal of the bromine substituent to give the final product 30. The structure of 30 was
determined by 2D COSY experiment as shown by the 2D COSY NMR data (Figure 3.13).
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Figure 3.13. 2D COSY NMR of 6-butylquinolin-8-amine.
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In summary, we presented the syntheses of 8-aminoquinolines with an n-butyl group
at all possible positions. The methods employed in this work can be used to introduce a
variety of alkyl groups to the core aminoquinoline ring. The systematic syntheses of such
compounds might be useful in building libraries of compounds with potential biological
activity. In the following steps, these n-butyl substituted quinolines were used as precursors

to potentially active final products.

3.2. Syntheses of N-(2-butylquinolin-8-yl)-2-naphthamide Derivatives

After n-butyl substituted quinolines were synthesized they were coupled with
naphthoic acid derivatives to obtain candidate compounds. The coupling reactions of 8-
amino-2-butylquinolines are described in this work whereas, the coupling reactions of 8-
amino-3-butylquinoline, 8-amino-4-butylquinoline, and 8-amino-6-butylquinoline were
described in Turan Gul’s thesis [80].

For the coupling reactions of the 8-amino-2-butylquinolines with naphthoic acids, first
the naphthoic acid derivatives were activated by reacting with PBrz in CHCl, in dry
conditions at room temperature for 3h to obtain naphthoyl bromide derivatives. Next, EtsN
was added to the reaction mixture followed by addition of 8-amino-2-butylquinoline in
CHCI; (Figure 3.14).

The reaction mixture was stirred at room temperature for additional 3h. After removal
of the solvent in vacuo, extraction with water / ethyl acetate, and column chromatography
using a suitable eluent the final products were obtained. All the final products were
characterized by *H-NMR and *C-NMR.

3.3. Syntheses of 2-Benzofuran and 2-Benzothiophene Left-Hand Side Derivatives

We proposed that benzofuran and benzothiophene derivatives can bind even better to
the heme Fe atom through their O and S atoms. Therefore, benzofuran and benzothiophene
derivatives with different alkyl chain lengths were synthesized using coupling method A and

their activities were tested (Table 3.1).
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Figure 3.14. The coupling reactions of 8-amino-2-butylquinoline with several naphthoic

acid derivatives.

The benzothiophene derivatives are found to be potent with % inhibition values similar
to benzofuran derivatives. The benzothiophene derivative 40 was found to have same %
inhibition value (56.4 %) with the benzofuran analogue 37. The ICso values of 40 and 37
were then calculated and 40 was found to be more potent than 37, with the ICso values 15.4
uM and 25.5 uM, respectively. Increasing the alkyl chain length results in an increase in
potency within both groups except n-pentyl derivative 38 being less potent than n-butyl
derivative 37.
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Table 3.1. Benzothiophene and benzofuran derivatives with various alkyl chains.

@)
4
X HNOR
% inhibition | 1Cso Synthetic
Compound | X R uM) | (uM) | method

37 O n-butyl 56.4 25.5 A
38 @) n-pentyl 51.2 A
39 o) n-heptyl 59.1 C
40 S n-butyl 56.4 154 A
41 S n-hexyl 59.6 A

3.4. Synthesis of Derivatives Obtained by Replacing Left-Hand Side with Various

Aromatic Groups

Bioisosteric transformations were performed by virtually breaking bonds on the lead
compound to modify flexibility, so as to increase the potency (Figure 3.15). The bonds of
the 2,3-dihydrobenzodioxine ring of the lead compound were virtually broken to get

compounds 42 and 43.

o n-Bu o n-Bu
oD ety
42

e -
SusagindeWe.

Figure 3.15. Bioisosteric transformations performed on the lead compound.
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Other derivatives of the lead compound were designed by replacing 2,3-
dihydrobenzodioxine ring with several other aromatic groups including phenyl, naphthyl,
biphenyl, quinoline and isoquinoline rings (Table 3.2). The design, the synthesis and the
characterization of compound 46 were done by Selda Erkoc and experimental details can be
found in her PhD thesis [59].

Table 3.2. Rigid and flexible derivatives of the lead compound.

1o /@/\/\
Ar)J\N
H
% inhibition ICs0 | Synthetic
Compound Ar (SuM) (M) method
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After compound 49 was synthesized, some of it was converted to its N-oxide derivative

50 by stirring it with mcpba in dry DCM overnight.

Most of these derivatives were found to be inactive except 6-methoxynaphthyl
derivative 46 (% 50.2; 1Cso: 27.1 uM) and isoquinoline-N-oxide derivative 50 (% inhib. 50.6
at5 uM).

3.5. Synthesis of (R)- and (S)- Stereoisomers of the Lead Compound

During discovery phase of the lead compound, the library screened consisted of
commercially available compounds only. The lead compound was available only in racemate
form. Therefore, a racemic mixture was used during biological testing and the ICso value
actually belongs to the racemic mixture of the lead compound. In the development phase of
the project, we realized the presence of the chiral center and also the need to synthesize (R)-

and (S)- enantiomers separately (Figure 3.16).

o n-B
Oj}}LN/Q/
ssa
(e}

The lead compound : racemate

SO e oN
H H
(0] (0]

51 52

(R)- enantiomer (S)- enantiomer

u

Figure 3.16. The structures of the lead compound racemate, (R)- enantiomer, and (S)-

enantiomer.

Although there are examples in literature in which the enantiomers have very close

potency, there are also many cases in which one enantiomer was found to be much more
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potent than the other (Figure 3.17) [81]. In other cases, one enantiomer made the drug

whereas the other was toxic [82].

Mirror Plane

Active Enantiomer Inactive Enantiomer Inactive Enantiomer
D D A

Rotation
/K - O_“
B B

O
>
X0
(9]

Drug Binding Site Drug Binding Site Drug Binding Site

Figure 3.17. The active enantiomer interacts perfectly with the binding site whereas, the

inactive enantiomer cannot be aligned in a way to match its all 3 sites [81].

A significant disadvantage of testing two enantiomers together can be that enantiomers
may be taking part in a competitive inhibition against each other so that the potency of the
more potent enantiomer might have been misinterpreted [83]. The so called ICso value of the
lead compound, which is 37.7 uM, actually belongs to the racemate and one of the

enantiomers might indeed have a better 1Cso value.

All in all, (R)- and (S)- enantiomers of the lead compound were synthesized by
coupling the corresponding commercially available chiral acids with 4-butylaniline using
Method C. Neither of the enantiomers were found to be potent in a preliminary screening
done at 2.5 uM. More biological testing needs to be done at higher concentrations since the

ICso value of the racemate is 37.7 uM.

3.6. Miscellaneous Derivatives of the Lead Compound

Various other derivatives of the lead compound were designed and synthesized by

making bioisosteric replacements. Upon nonclassical bioisosteric replacement on the left
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hand side of the lead compound, 45 was obtained (Figure 3.18). Given a seemingly

promising result of preliminary biological testing of 45, it was chosen as our center of interest

and a few derivatives of it were synthesized.
o} /@/\/\
@OJA d
H
(@)
ﬂ Nonclassical bioisosteric transformation

/©/\/\ Nonclassical Q /@M
H
55

The lead compound

bioisosteric
transformation

transformation

Retroisosteric
Retroisosteric transformation

Figure 3.18. Miscellaneous derivatives of the lead compound designed by making

bioisosteric replacements.
The oxygen atom of the carbonyl group on 45 was replaced with a classical bioisostere,
sulfur atom, since we hypothesized that it could bind to iron atom of the heme group better

than oxygen (Figure 3.18). The synthetic transformation of 45 to 53 was done by refluxing

it with Lawesson’s reagent in toluene under dry conditions (Figure 3.19).

/@/\/\ S /@/\/\
Lawesson's
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24h

Figure 3.19. Synthesis of 53 via conversion of O to S using Lawesson’s reagent.
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The position of the butyl group on the phenyl ring at the right hand side of 45 was
questioned by synthesizing its constitutional isomer 54 (Figure 3.18). This approach of
switching or inversion of the position of a functional group is called retroisosterism, which
was successfully applied in several cases as reported in literature [84-86]. Although 3-
butylaniline was commercially unavailable, we had already synthesized it as an intermediate
in the route to 5- and 7- butylquinolines (16; Section 3.1.3; Figure 3.9). It was now coupled
with 4-butylaniline using Method A to obtain 54 (Figure 3.20).

COOH 16 “)‘\N
Method A OO H

54

Figure 3.20. Synthesis of 54 from 2-naphthoic acid and 16 by method A.

Another derivative of 45 was designed by a nonclassical bioisosteric replacement of
naphthyl group by phenyl group to obtain 55. Compound 55 was synthesized from benzoic
acid and 4-butylaniline by using Method B (Figure 3.21).

O

cooH 4-butylaniline N /©/\/\
H

©/ Method B

55

Figure 3.21. Synthesis of 55 from benzoic acid and aniline by method C.

Although naphthyl and phenyl groups are similar in terms of electronics and both
capable of making favorable interactions with aromatic amino acid residues via n-stacking,
they differ a lot in size which can be important in terms of space requirements in the active
site of the enzyme. Being the smaller molecule of the two, molecule 55 can orient itself more
easily and bind better in the active site of the enzyme. A derivative of 55 was designed by
retroisosteric transformation on the amide functional group to obtain molecule 56. The
synthesis of 56 was done by coupling reaction of benzoic acid and 4-butylaniline using
Method A (Figure 3.22).
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Figure 3.22. Synthesis of 56 from 4-butylbenzoic acid and aniline by method A.

The biological screening results of compounds 53-56 and the synthetic method used
for the coupling reaction of their precursor carboxylic acids and anilines are summarized on
Table 3.3. Upon preliminary screening at 5 uM concentrations, all the derivatives were found
to be inactive except 55 which had 23.8 % inhibition.

Table 3.3. Miscellaneous derivatives of the lead compound, biological test results, and

synthetic methods.

% inhibition | Synthetic
Compound Structure (5 uM) method
53 i NO/\A nd Lawesson’s
O Reagent
(@]
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SON
(e]
55 @JLH@M 23.8 B
56 @HW nd A
(@)

3.7. Attempts to Synthesize O(8)-Heterocycle Substituted Derivatives of Compound
42 and N-Heterocycle Substituted Derivatives of Compound 45

Once 42 and 45 were identified as more active derivatives of the lead compound, their

variations were the new targets (Figure 3.23). In order to improve the interaction of the lead



54

molecule derivatives, they would be further derivatized by N-heterocycles which can
coordinate to Fe atom of the heme group of the enzyme. Syntheses of aromatic nitrogen-
heterocycle derivatives of 42 substituted at O(8) position and aromatic nitrogen-heterocycle

derivatives of 45 substituted at amide nitrogen were attempted.

13

7 O /@/\/\
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1@: \)11LN /@/\/\
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3 8

42 45

SO SO
o\)kN "
o~ ¥ I,
R;, R, : Aromatic nitrogen-containing heterocycle
Figure 3.23. The new derivatives that were aimed to be synthesized.
The first group of compounds in interest were heteroaromatic ether derivatives of 42

that were estimated to bind to the heme Fe atom more effectively. The retrosynthetic analysis

Is shown in Figure 3.24.
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Figure 3.24. The retrosynthetic analysis for heteroaromatic ether derivatives of 42.

The synthesis started with acetyl protection of 2-(2-acetoxyphenoxy)acetic acid (Figure
3.25). Next, the phenoxy protected acid 57 was coupled with 4-butylaniline using Method
B. However, the NMR analysis of the final product showed that it did not have the acetyl-
group and the sequence resulted in O(8) methyl deprotected derivative of 42. Regardless, the

resulting deprotected product 58 was kept for biological tests.
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Figure 3.25. Synthesis of O(8) methyl deprotected derivative of 42.

Therefore a different method was applied for the synthesis of aryl ethers (Figure 3.26).
First, the disodium salt of the acid was prepared. However, the subsequent coupling reaction
was not successful as the starting material was recovered.
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Figure 3.26. The alternative synthetic route to aryl ethers.

A second group of compounds in interest were N- heteroaromatic substituted
derivatives of 45 (Figure 3.27). It was estimated that the resulting compounds would bind
to Fe atom of the heme of CYP17 enzyme by the heteroatom of their heteroaromatic rings.
The coupling reactions of compounds 45 with nitrogen and sulfur containing heteroaryl
halides were attempted.
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Figure 3.27. Proposed structures of the new candidates with heteroaromatic rings.



56

The syntheses of candidate drug molecules 60 and 61 were designed according to two
different the literature methods [87, 88]. However, none of the reactions were successful.
(Figure 3.28).

\N Ny |, K3PO,

45
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|
N)\ K3sPO
~ )|\¢N !
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45 NH (L-proline)

DMSOgyy

RT 150°C
Figure 3.28. Attempted syntheses of candidate drug molecules 60 and 61. All the trials
failed to obtain the desired products.

After these unsuccessful attempts (Route A; Figure 3.29), a different route was planned
through retrosynthetic analysis (Route B; Figure 3.29). The synthesis of these molecules
were to be tried according to Route B.
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Initial trial for the Buchwald-Hartwig coupling of 4-butylaniline and 2-iodo-6-
methoxypyrazine was done according to the literature procedure however unsuccessfully

(Figure 3.30) [89]. More trials needs to be performed for this reaction.
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Figure 3.29. The retrosynthetic analysis for synthesis of 61 with Route A and Route B.
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Figure 3.30. The unsuccessful Buchwald—Hartwig reaction of 4-butylaniline and 2-iodo-6-

methoxypyrazine.
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3.8. Synthesis of Isoquinoline Derivatives as Quinoline Bioisosteres

Once biological test results of quinoline derivatives turned out to be negative (Section
3.3), we proposed that isoquinoline derivatives can bind better to CYP17. The negative
results of quinolines can be attributed to lack of binding of the quinoline ring through its N
atom to the Fe atom of the heme of CYP17 due to steric hindrance. As quinoline ring
approaches to the Fe atom, after a certain distance it becomes too close that the forces
between H(8) of quinoline ring and heme N atoms become repulsive, therefore preventing
the binding to the Fe atom (Figure 3.31). In case of isoquinoline however, there would be no

such steric hindrance.

steric hindrance no steric hindrance

Figure 3.31. Proposed interactions of quinoline and isoquinoline moieties with the heme of
CYP17.

Moreover, the similarity between the proposed binding mode of isoquinoline
derivatives (Figure 3.31) and the binding mode of the existing CYP17 inhibitor abiraterone
through the N atom of its pyridine ring (Figure 3.32) makes isoquinoline derivatives

excellent potential candidates.

Therefore, by using some commercially available isoquinoline carboxylic acids and
amines already in hand, a small series of isoquinoline carboxamide derivatives were
proposed and synthesized for a preliminary testing of the design concept. All of these
isoquinoline derivatives were synthesized by EDC coupling (Method B) and their structures
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are tabulated on Table 3.4. The biological tests for these compounds will be carried out in

the future.

Figure 3.32. The binding mode of abiraterone through the N atom of its pyridine ring [57].

Table 3.4. The structures of isoquinoline derivatives proposed and synthesized.

Compound Structure
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4. EXPERIMENTAL

4.1. Methods and Materials

The starting materials and reagents were purchased from Aldrich, Alfa Aesar, and
Merck. Dry solvents were generally prepared by drying over activated molecular sieves and
occasionally obtained from ScimatCo Purification System. Cryostat was used to cool
reaction mixtures down to -78°C. Analytical Chromatography was performed on silica gel
60 F254 TLC (Thin Layer Chromatography) plates.

4.2. Instrumentation

Melting points were determined on Stuart SMP11 melting point apparatus (Bibby
Scientific Limited, Staffordshire, UK). Fourier Transform Infrared Spectroscopy (FTIR)
characterizations were performed on a Thermo Nicolet 380 FT-IR equipped with Smart
Orbit diamond ATR (Attenuated Total Reflectance) accessory. *H-NMR and *C-NMR
spectra were recorded on Varian 400 MHz NMR spectrometer (Varian Associates, Palo
Alto, CA, USA) at the Advanced Technologies Research and Development Center at
Bogazici University using TMS (Trimethylsilane) as internal standard. Correlations were
established using 1H-1HCOSY and 2D NOESY experiments. High resolution mass spectra
(HRMS) were obtained by using electrospray ionization (ESI) with Micro-Tof; m/z values

are reported.

4.3. Synthesis of n-Butyl Substituted 8-Aminoquinolines

4.3.1. 2-butylquinoline (1) [90]

In order to prepare the LDA solution, in a 25 mL flask equipped with a magnetic stirrer,
diisopropylamine (1.83 mL, 13.1 mmol) was dissolved in 12 mL dry THF (tetrahydrofuran)
under N2 at -78 °C. To this solution, 2.5 M n-buLi in hexane (5.68 mL, 14.2 mmol) was
added and the mixture was warmed to 0 °C in 30 min. Then, the mixture was cooled to -78

°C. In order to form the carbanion, 40 mL dry THF was put into a 250 mL round bottom



61

flask with a magnetic stirrer. To this solution, quinaldine (1.49 mL, 11 mmol) was added
under N at -78 °C. The prepared LDA solution was added to this solution at -78 °C. The
color of the solution changed to dark orange. This mixture was kept at -78 °C for 2.5 h.
lodopropane (1.39 mL, 14.2 mmol) was then added drop wise to this mixture at -78 °C under
N2 and this mixture was kept at -78° C for 3 h. The resulting mixture was allowed to warm
up to room temperature overnight. The color of the solution turned to light orange. The
reaction was then quenched with saturated 20 mL NH4Cl and extracted with 3 x 50 mL ethyl
acetate. The combined organic layers were washed with water and brine, dried over
anhydrous Na>SO4 and concentrated under reduced pressure. The product was further
purified by column chromatography using silica gel as the packing material and ethyl acetate
as the mobile phase. After evaporation of the solvent, a yellow viscous liquid was obtained,
0.96 g (47%); FTIR (v, cm™): 3056, 2955, 2928, 1618, 1600, 1503, 1465, 1426, 1310, 1116,
824, 754; 'H-NMR (CDCls), 8: 0.76 (t, 3H, J = 7.6 Hz), 1.24 (m, 2H), 1.60 (m, 2H), 2.76
(t, 2H, J = 7.6 Hz), 6.94 (d, 1H, J = 8.8 Hz), 7.18 (t, 1H, J = 7.6, 7.2 Hz), 7.40 (d, 1H, J =
8.0 Hz), 7.44 (d, 1H, J = 8.8 Hz), 7.68 (d, 1H, J = 8.4 Hz), 7.92 (d, 1H, J = 8.8 Hz) ppm;
13C-NMR (CDCls), 8:13.82, 22.49, 31.88, 38.80, 121.08, 125.36, 126.54, 127.27, 128.72,
129.01, 135.82, 147.82, 162.70 ppm; HRMS (ESI): (m/z) calcd. for CizHigN [M+H]*:
186.1283, found: 186.1257.

4.3.2. 2-butyl-8-nitroquinoline (2) [91]

To an ice bath cooled solution of 2-butylquinoline 1 (0.556 g, 3 mmol) in 1.25 mL conc.
H2SO4, was added drop wise 1 mL of conc. H2SO4 / conc. HNOs mixture (3:1). Reaction
was maintained at 0 °C, stirred and monitored by TLC until all the quinoline had been
consumed (2.5 h). Mixture was diluted with 10 mL water and NaOH(s) was added until the
pH reached 10-11. Solution was extracted with 3 x 50 mL CHCl», dried over anhydrous
Na>SOqs, filtered and evaporated. Nitration of 2-butylquinoline 1 resulted in 2-butyl-8-
nitroquinoline 2 and 2-butyl-5-nitroquinoline 3. In order to separate 2-butyl-8-nitroquinoline
2, a column was prepared using silica gel and CH2Cl as the eluent phase. 2-butyl-8-
nitroquinoline 2 was concentrated under reduced pressure to afford a yellowish solid, 0.34 ¢
(49%), mp not determined, decomposes upon heating; FTIR (v, cm™): 2957, 2929, 2871,
1602, 1527, 1499, 1465, 1430, 1357, 1312, 870, 795, 761; *H-NMR (CDCls), 5: 0.94 (t, 3H,
J=7.2 Hz), 1.39 (m, 2H), 1.78 (m, 2H), 2.97 (t, 2H, J = 8.0 Hz), 7.39 (d, 1H, J = 8.8 Hz),
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7.50 (t, 1H,J=8.0, 7.6 Hz), 7.91 (dd, 1H, J = 7.2, 1.2 Hz), 7.95 (dd, 1H, J = 8.4, 1.2 Hz),
8.09 (d, 1H, J = 8.8 Hz) ppm; 3C-NMR (CDCls), &: 13.87, 22.45, 31.07, 38.83, 123.01,
123.20, 124.13, 127.57, 131.26, 135.66, 139.17, 148.00, 165.84 ppm; HRMS (ESI): (m/z)
calcd. for C13H1sN202 [M+H]": 231.1134, found: 231.1124.

4.3.3. 8-amino-2-butylquinoline (4) [92]

The experiment was carried out under N2 atmosphere. 2-butyl-8-nitroquinoline 2 (1.38 g, 6.1
mmol) was dissolved in 10 mL ethanol. Stannous chloride dihydrate (2.73 g, 10.8 mmol)
was added to this solution. The color of the solution turned to yellow-orange. This mixture
was refluxed at 60 °C for 1.5 h. NaBHa4 (0.065 mg, 0.61 mmol) was dissolved in 2 mL ethanol
and then injected into the reaction mixture. The resulting mixture was refluxed for an
additional hour. The reaction mixture was made alkaline with 5-6 mL 40% aqg. NaOH. The
color of the mixture changed to gray. Reaction mixture was extracted with 3 x 50 mL ethyl
acetate, dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure to
afford the desired product, 0.14 g (58%). FTIR (v, cm™): 3296, 2955, 2922, 2852, 1682,
1568, 1520, 1494, 1463, 1456, 1434, 1377, 1311, 1260, 1082, 834, 798, 749; ‘H-NMR
(CDClg), 6: 1.01 (t, 3H, J = 7.6 Hz), 1.48 (m, 2H), 1.85 (m, 2H), 2.98 (t, 2H, J = 8.0 Hz),
5.02 (bs, 2H), 6.91 (dd, 1H, J=7.6, 1.2 Hz), 7.13 (dd, 1H, J = 7.6, 1.2 Hz), 7.24 (d, 1H, J =
8.4 Hz),7.28 (d, 1H, J=7.6 Hz), 7.95 (d, 1H, J = 8.0 Hz) ppm; 13C-NMR (CDCls), 5: 12.99,
21.52, 30.68, 37.55, 108.94, 114.82, 120.60, 125.23, 126.03, 134.94, 136.80, 142.48, 159.04
ppm; HRMS (ESI): (m/z) calcd. for C13H17N2 [M+H]*: 201.1392, found: 201.1283.

4.3.4. 2-methylenehexanal (9) [93]

A mixture of hexanal (12 mL, 0.10 mol), dimethylamine hydrochloride (9.85 g, 0.12 mol)
and 37% aq. formaldehyde (9 mL, 0.12 mol) were stirred at 70 °C for 20 h. The aqueous
phase was separated and extracted with 3 x 60 mL diethyl ether. The combined organic
phases were dried over CaCl, and solvent was evaporated under reduced pressure. The
product was purified by distillation at 70 °C / 40 mmHg to afford the pure colorless oil, 8.90
g (79%); FTIR (v, cm™): 3367, 2956, 2931, 2872, 1712, 1592, 1465, 1379, 1093, 960, 731;
IH-NMR (CDCls), 8: 0.97 (t, 3H), 1.23 (m, 2H), 1.37 (m, 2H), 2.18 (t, 2H), 5.91 (s, 1H),
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6.17 (s, 1H), 9.45 (s, 1H) ppm; HRMS (ESI): (m/z) calcd. for C7H120 [M+H]": 113.0966,
found: 113.0968.

4.3.5. 3-butyl-8-nitroquinoline (10) [94]

This compound was prepared according to the literature procedure [94]. The experimental
procedure and the spectroscopic data for this compound can be found in Turan Gul’s M.Sc.
Thesis [80].

4.3.6. 8-amino-3-butylquinoline (11)

This compound was prepared according to the literature procedure [95]. The experimental
procedure and the spectroscopic data for this compound can be found in Turan Gul’s M.Sc.
Thesis [80].

4.3.7. 4-butylquinoline (5)

The same procedure as 1 was used. The spectroscopic data for this compound can be found
in Turan Gul’s M.Sc. Thesis [80].

4.3.8. 4-butyl-8-nitroquinoline (6)

The procedure of this experiment is the same as 2. The spectroscopic data for this compound
can be found in Turan Gul’s M.Sc. Thesis [80].

4.3.9. 8-amino-4-butylquinoline (8)

The procedure of this experiment is the same as 4 . The spectroscopic data for this compound
can be found in Turan Gul’s M.Sc. Thesis [80].
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4.3.10. N-(4-butylphenyl)acetamide (12) [96]

In a 50 mL round bottom flask, 4-butylaniline (4.47 g, 30 mmol) and 9 mL water were added
and stirred vigorously. To this reaction mixture, acetic anhydride (4.59 g, 45 mmol) was
added. The reaction mixture was stirred at room temperature for 2 h. During this time, a
precipitate was observed. The precipitate was filtered and washed with several portions of
water and dried under vacuum to give the desired product as khaki solid, 5.21 g (91%), mp
77-80 °C; FTIR (v, cm™): 3250(d), 3186, 3120, 3065, 2954, 2924, 2854, 1660, 1602, 1551,
1510, 1409, 1368, 1320, 1265, 830, 812, 762; *H-NMR (CDCls), 5: 0.91 (t, 3H, J = 7.3 Hz),
1.33 (m, 2H), 1.56 (m, 2H), 2.16 (s, 3H), 2.56 (t, 2H, J = 7.6 Hz), 7.12 (d, 2H, J = 8.4 Hz),
7.19 (bs, 1H), 7.37 (d, 2H, J = 8.4 Hz) ppm; *C-NMR (CDCls), &: 13.92, 22.26, 24.50,
33.62, 35.03, 120.01, 128.84, 135.44, 139.05, 168.25 ppm; HRMS (ESI): (m/z) calcd. for
C12H1sNO [M+H]": 192.1388, found: 192.1381.

4.3.11. N-(4-butyl-2-nitrophenyl)acetamide (13) [97]

12 (5.16 g, 26.98 mmol) was dissolved in 6 mL glacial acetic acid. The solution was warmed
gently in order to dissolve all the solid material. Then the solution was cooled in an ice-bath.
To this solution, 7.5 mL conc. H.SO4 was added drop wise at 5 °C. Then the nitrating mixture
(3 mL conc. HNO3z and 3 mL conc. H2SO4) was added in small portions. After the addition
of nitrating mixture was finished, the reaction mixture was stirred at room temperature for
50 min. Then, the viscous reaction mixture was poured into a mixture of 50 mL water 10 g
ice. The resulting precipitate was filtered, washed with ice cold water, and dried under
vacuum to give crude product. The crude product was purified with silica gel and CH2Cl; as
the eluent to give the pure product as a yellow solid, 6.18 g (97%), mp 46 °C; FTIR (v, cm’
1): 3359, 2953, 2927, 2868, 2852, 1698, 1623, 1575, 1510, 1466, 1364, 1331, 1311, 1267,
1253, 1198, 1105, 1037, 854, 680, 581, 524; 'H-NMR (CDCls), 5: 0.93 (t, 3H, J = 7.3 Hz),
1.35 (m, 2H), 1.60 (m, 2H), 2.27 (s, 3H), 2.63 (t, 2H, J = 7.6 Hz), 7.46 (dd, 1H, J=8.6, 1.8
Hz), 7.99 (d, 1H, J = 1.8 Hz), 8.62 (d, 1H, J = 8.6 Hz), 10.21 (bs, 1H) ppm; BBC-NMR
(CDCl), 6: 13.85, 22.14, 25.57, 33.10, 34.55, 122.19, 124.87, 132.53, 136.24, 138.55,
168.96 ppm; HRMS (ESI): (m/z) calcd. for C12H16N203Na [M+Na]*: 259.1059, found:
259.1071.
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4.3.12. 4-butyl-2-nitroaniline (14) [97]

13 (1.84 g, 7.8 mmol) was refluxed in 40 mL methanol and 40 mL 20 % H>SO4 for 2 h.
Then, the reaction mixture was cooled to room temperature and made weakly alkaline by
slowly adding a 5% aqueous NaHCOs. The resulting solution was extracted with 2 x 50 mL
diethyl ether. The ether layers were combined, washed with water, dried over anhydrous
Na>SOyg, filtered and concentrated under reduced pressure. The pure orange liquid product
was obtained, 1.45 g (96 %), mp 259 °C; FTIR (v, cm™): 3490, 3370, 2956, 2928, 2858,
1634, 1590, 1515, 1466, 1410, 1337, 1246, 1190, 1168, 1094, 824, 767; H-NMR (CDCls),
3:0.92 (t, 3H, J = 7.3 Hz), 1.33 (m, 2H), 1.55 (m, 2H), 2.52 (t, 2H, J = 7.6 Hz), 5.94 (bs,
2H), 6.73 (d, 1H, J = 8.5 Hz), 7.19 (dd, 1H, J = 8.5, 2.0 Hz), 7.90 (d, 1H, J = 1.6 Hz) ppm;
13C-NMR (CDCls), &: 13.87, 22.12, 33.26, 34.17, 118.76, 124.71, 131.79, 136.55, 142.91
ppm; HRMS (ESI): (m/z) calcd. for C1oH1sN202 [M+H]*: 195.1134, found: 195.1131.

4.3.13. 1-butyl-3-nitrobenzene (15) [98]

In a 50 mL round bottom flask, 14 (0.767 g, 3.25 mmol) was dissolved in 15 mL acetic acid.
To this solution, 6.5 g ice was added and the resulting suspension was cooled to 0 °C. A
solution of sodium nitrite (0.246 g, 3.58 mmol) in water (1 mL) was added drop wise and
the reaction mixture was stirred at 0 °C for 30 min. The resulting clear solution of the diazo-
salt was added drop wise to a solution of FeSO4.7H.0 (0.904 g, 3.25 mmol) in DMF (11
mL) pre-cooled to 0°C. The reaction mixture was allowed to warm to room temperature and
stirred for additional 30 min, diluted with water (100 mL) and the product was extracted into
dichloromethane (3 x 40 mL). The organic phase was washed with a 10% aqueous NaOH (3
x 30 mL), dried (Na2S0s), and evaporated. In order to remove DMF, the product was again
extracted with water / diethyl ether (10:1) mixture and combined organic phases were
evaporated. The resulting crude product was purified through a column chromatography
using silica gel and hexane as eluent phase. Solvent was evaporated to afford a yellowish
liquid, 264 mg (41%); FTIR (v, cm™): 2958, 2931, 2861, 1524, 1348, 1098, 1086, 804, 790,
731, 685, 672; 'H-NMR (CDCls), 8: 0.94 (t, 3H, J = 7.2 Hz), 1.38 (m, 2H), 1.63 (m, 2H),
2.71 (t,2H,J=7.6 Hz), 7.44 (dd, 1H, J = 8.4, 1.2 Hz), 7.49 (d, 1H, J = 7.2 Hz), 8.02 (d,
1H, J = 1.2 Hz), 8.04 (bs, 1H) ppm; *C-NMR (CDCls), §: 12.81, 21.18, 32.20, 34.25,
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119.83, 122.17, 128.04, 133.72, 143.81, 147.35 ppm; HRMS (ESI): (m/z) calcd. for
C10H14NO2 [M+H]*: 180.1025, found: 180.1022.

4.3.14. 3-butylaniline (16)

The procedure of this experiment is the same as 4. Yellow liquid (95%); FTIR (v, cm™):
3306, 2955, 2928, 2858, 1677, 1605, 1591, 1488, 1441, 1377, 1311, 1260, 1167, 1105, 776,
696; 'H-NMR (CDCls), 8: 0.93 (t, 3H, J = 7.6 Hz), 1.37 (m, 2H), 1.58 (m, 2H), 2.53 (t, 2H,
J = 7.6 Hz), 3.36 (bs, 2H), 6.52 (d, 1H, J = 8.0 Hz), 6.54 (s, 1H), 6.60 (d, 1H, J = 7.6 Hz),
7.07 (t, 1H, J = 7.6 Hz) ppm; ¥C-NMR (CDCls), &: 13.96, 22.41, 33.52, 35.64, 112.59,
115.38, 118.98, 129.11, 144.22, 146.12 ppm; HRMS (ESI): (m/z) calcd. for CioHisN
[M+H]*: 150.1283, found: 150.1278.

4.3.15. 5-butylquinoline (17) and 7-butylquinoline (18) [95]

In a 100 mL 3-necked round-bottom flask was placed 16 (7.69 g, 51.5 mmol), glycerol (5.7
mL, 78 mmol) and iodine (0.24 g, 1.9 mmol). The reaction mixture was stirred and 8 mL
conc. H>SO4 was added down the condenser. Reaction soon commenced, the temperature
raised to 100-105 °C. Flask was heated gradually, with stirring, in a silicone bath to 140 °C;
the reaction proceeded with the evolution of sulfur dioxide and some iodine vapor. Heating
at 170 °C was continued for 2.5 h. Reaction was monitored by TLC. When the reaction was
complete, it was cooled and made alkaline by using 5 N agq. NaOH. The resulting mixture
was extracted using dichloromethane (3 x 100 mL), dried over anhydrous Na;SOs and
filtered. Solvent was removed on a rotary evaporator. The crude products were subjected to
column chromatography using silica and different solvent mixtures but the vast majority of
the products were inseparable. In order to identify the structures of 5-butylquinoline 17 and
7-butylquinoline 18, a small amount of mixture was separated by analytical chromatography
on silica TLC plates. The amount of 5-butylquinoline 17 was just enough to get *H-NMR.
Since it was difficult to separate isomers, the mixture of products was nitrated at the next

step, 6.82 g (72%); regioisomeric ratio 1:4.
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4.3.16. 5-butylquinoline (17)

IH-NMR (CDCl3), 8: 0.85 (t, 3H, J = 7.6 Hz), 1.33 (m, 2H), 1.58 (m, 2H), 2.92 (t, 2H, J =
7.6 Hz), 7,25 (d, 1H, J=6.8 Hz), 7.28 (t, 1H, J = 8.0, 4.0 Hz), 7.50 (dd, 1H, J = 8.4, 6.8 Hz),
7.87 (d, 1H, J = 8.8 Hz), 8.23 (dd, 1H, J = 8.0, 1.6 Hz), 8.78 (dd, 1H, J = 4.0, 1.6 Hz) ppm;
HRMS (ESI): (m/z) calcd. for C13H1sN [M+H]": 186.1283, found: 186.1263.

4.3.17. 7-butylquinoline (18)

FTIR (v, cmY): 3049, 2955, 2928, 2858, 1625, 1596, 1501, 1450, 1317, 833, 769, 730, 614,
477; 'H-NMR (CDCls), 8: 0.94 (t, 3H, J = 7.2 Hz), 1.39 (m, 2H), 1.70 (m, 2H), 2.82 (t, 2H,
J=7.6Hz), 7,32 (dd, 1H, J= 8.4, 4.4 Hz), 7.38 (dd, 1H, J = 8.4, 1.6 Hz), 7.71 (d, 1H, J =
8.4 Hz), 7.88 (s, 1H), 8.09 (dd, 1H, J = 8.0, 1.2 Hz), 8.67 (dd, 1H, J = 4.0, 1.6 Hz) ppm; 13C-
NMR (CDCls), §: 13.92, 22.29, 33.14, 35.80, 120.29, 126.55, 127.44, 127.73, 128.21,
135.78, 144.70, 148.43, 150.23 ppm; HRMS (ESI): (m/z) calcd. for CisHisN [M+H]":
186.1283, found: 186.1263.

4.3.18. Nitration of 5-butylquinoline (17) and 7-butylquinoline (18) Mixture

This experiment was carried out by Turan Gul. To a mixture of 17 and 18 (6.82 g, 36.81
mmol) in 15.5 mL conc. H2SO4, cooled in an iced bath was added drop wise 12.5 mL of
conc. H2SO4/ conc. HNO3s mixture (3:1). Reaction was maintained at 0 °C, stirred rapidly
and monitored by TLC until all the quinoline was consumed (2.5 h). Mixture was diluted
with 50 mL water and NaOH(s) was added until pH 10-11. Solution was extracted with 3 x
100 mL CH>ClIy, dried over anhydrous Na>SOs, filtered and evaporated. Nitration of 17 and
18 resulted in 5-butyl-8-nitroquinoline 20, 5-butyl-6-nitroquinoline 19, and 7-butyl-8-
nitroquinoline 21. In order to separate the mixture of isomers, column was prepared using
silica gel and dichloromethane / hexane (3:1) as the eluent phase. 5-butyl-8-nitroquinoline
20, 1.13 g (13%); 5-butyl-6-nitroquinoline 19, 0.1 g (1.2%); 7-butyl-8-nitroquinoline 21,
7.45 g (86%); overall nitration yield: 90%.
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4.3.19. 5-butyl-8-nitroquinoline (20)

mp 73 °C; FTIR (v, cm™): 3079, 2954, 2927, 2868, 2359, 1574, 1515, 1468, 1397, 836, 797,
773, 740, 635, 613, 487; *H-NMR (CDCl3), &: 0.98 (t, 3H, J = 7.6 Hz), 1.46 (m, 2H), 1.71
(m, 2H), 3.10 (t, 2H, J = 8.0 Hz), 7.42 (d, 1H, J = 7.6 Hz), 7.55 (dd, 1H, J = 8.4, 4.0 Hz),
7.94 (d, 1H, J = 7.6 Hz), 8.43 (dd, 1H, J = 8.8, 1.6 Hz), 9.05 (dd, 1H, J = 4.4, 1.6 Hz) ppm;
13C-NMR (CDCls), 6: 13.81, 22.62, 32.32, 32.94, 122.19, 123.49, 124.74, 132.44, 140.03,
144.90, 146.91, 151.91 ppm; HRMS (ESI): (m/z) calcd. for C13H15N202 [M+H]*: 231.1134,
found: 231.1126.

4.3.20. 5-butyl-6-nitroquinoline (19)

mp 62 °C; FTIR (v, cm™): 2958, 2930, 2872, 1522, 1495, 1464, 1353, 1328, 877, 838, 812,
797, 770, 746, 542; 'H-NMR (CDCl3), 8: 1.00 (t, 3H, J = 7.6 Hz), 1.55 (m, 2H), 1.75 (m,
2H), 3.18 (t, 2H, J = 8.0 Hz), 7.57 (dd, 1H, J = 8.4, 4.0 Hz), 7.99 (d, 1H, J = 9.2 Hz), 8.05
(d, 1H, J=9.2 Hz), 8.50 (dd, 1H, J = 8.8, 0.8 Hz), 9.03 (dd, 1H, J = 4.4, 1.6 Hz) ppm; 3C-
NMR (CDClg), &: 13.75, 23.13, 27.76, 33.27, 122.34, 124.02, 127.00, 129.34, 133.97,
135.01, 149.26, 152.31 ppm; HRMS (ESI): (m/z) calcd. for C13H1sN20, [M+H]*: 231.1134,
found: 231.1128.

4.3.21. 7-butyl-8-nitroquinoline (21)

mp 42 °C; FTIR (v, cmY): 2957, 2930, 2872, 1598, 1529, 1497, 1457, 1376, 1354, 1315,
876, 838, 799, 642; H-NMR (CDCls), 8: 0.92 (t, 3H, J = 7.2 Hz), 1.39 (m, 2H), 1.68 (m,
2H), 2.75 (t, 2H, J = 7.6 Hz), 7.44 (d, 1H, J = 8.0 Hz), 7.46 (t, 1H, J = 8.0, 4.4 Hz), 7.84 (d,
1H, J = 8.8 Hz), 8.16 (dd, 1H, J = 8.8, 1.6 Hz), 8.93 (dd, 1H, J = 4.4, 1.6 Hz) ppm; 13C-
NMR (CDCls), §: 13.77, 22.53, 31.34, 32.67, 122.11, 126.91, 127.91, 129.24, 134.76,
135.62, 139.67, 148.10, 152.06 ppm; HRMS (ESI): (m/z) calcd. for CisHisN20, [M+H]™:
231.1134, found: 231.1106.
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4.3.22. 8-amino-5-butylquinoline (22)

This experiment was carried out by Turan Gul. The procedure of this experiment is the same
as 4 (96.4%); FTIR (v, cm™): 3465, 3353, 2953, 2927, 2857, 1610, 1587, 1506, 1477, 1365,
1336, 821, 785; 'H-NMR (CDCls), 8: 0.97 (t, 3H, J = 7.6 Hz), 1.44 (m, 2H), 1.66 (m, 2H),
2.92 (t,2H, J=7.6 Hz), 4.87 (bs, 2H) 6.86 (d, 1H, J=7.6 Hz), 7.16 (d, 1H, J =7.6 Hz), 7.35
(dd, 1H, J = 8.8, 4.4 Hz), 8.26 (dd, 1H, J =8.8, 1.6 Hz), 8.78 (dd, 1H, J = 4.4, 1.6 Hz) ppm;
13C-NMR (CDCls), 6: 14.06, 22.73, 31.54, 33.45, 109.89, 120.77, 126.90, 127.28, 132.43,
138.97, 142.28, 146.82 ppm; HRMS (ESI): (m/z) calcd. for C13H17N2 [M+H]*: 201.1392,
found: 201.1376.

4.3.23. 8-amino-7-butylquinoline (23)

This experiment was carried out by Turan Gul. The procedure of this experiment is the same
as 4 (75%); FTIR (v, cm™): 3478, 3370, 3050, 2954, 2927, 2858, 1586, 1558, 1504, 1456,
1371, 1105, 822, 798, 673; *H-NMR (CDCls), 5: 1.00 (t, 3H, J = 7.6 Hz), 1.47 (m, 2H), 1.71
(m, 2H), 2.71 (t, 2H, J = 7.2 Hz), 5.02 (bs, 2H), 7.13 (d, 1H, J = 8.4 Hz), 7.28 (d, 1H, J =
8.4 Hz), 7.30 (t, 1H, J = 8.0, 4.0 Hz), 8.01 (d, 1H, J = 8.4 Hz), 8.77 (d, 1H, J = 4.0 Hz) ppm;
13C-NMR (CDCls), &: 14.10, 22.85, 31.01, 31.44, 115.44, 120.44, 122.74, 127.15, 129.16,
135.82, 138.43, 140.71, 147.37 ppm; HRMS (ESI): (m/z) calcd. for CizH17N2 [M+H]*:
201.1392, found: 201.1367.

4.3.24. 6-butylquinoline (24)

The procedure of this experiment is the same as with 17 and 18 (59%); FTIR (v, cm™): 3013,
2955, 2927, 2856, 1499, 1464, 1377, 1118, 833, 796, 770, 615, 478; 'H-NMR (CDCls), 5:
0.86 (t, 3H, J = 7.2 Hz), 1.31 (m, 2H), 1.60 (m, 2H), 2.69 (t, 2H, J = 7.6 Hz), 7.23 (dd, 1H,
J=8.4, 4.4 Hz), 7.46 (m, 2H), 7.93 (d, 1H, J = 9.2 Hz), 7.95 (d, 1H, J = 8.4 Hz), 8.74 (dd,
1H, J = 4.4, 1.6 Hz) ppm; 3C-NMR (CDCls), 8: 12.89, 21.32, 32.33, 34.55, 119.96, 124.96,
127.30, 128.13, 130.03, 134.48, 140.27, 146.07, 148.47 ppm; HRMS (ESI): (m/z) calcd. for
CisHisN [M+H]": 186.1283, found: 186.1278.
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4.3.25. 6-butyl-5-nitroquinoline (25)

The procedure of this experiment is the same as with 3. Brown viscous liquid (62%); FTIR
(v, cm™): 2958, 2931, 2872, 1522, 1495, 1464, 1353, 1328, 877, 838, 812, 797, 770, 746,
542; 1H-NMR (CDCls), §: 0.83 (t, 3H, J = 7.2 Hz), 1.29 (m, 2H), 1.59 (m, 2H), 2.67 (t, 2H,
J=7.6Hz),7.42 (dd, 1H,J=8.0,4.4, 1.6 Hz), 7.52 (d, 1H, J =8.8 Hz), 7.93 (d, 1H, J = 8.8
Hz), 8.06 (d, 1H, J = 8.8 Hz), 8.84 (dd, 1H, J = 4.4, 1.6 Hz) ppm; *C-NMR (CDCls), &:
13.75, 22.52, 31.54, 32.75, 120.22, 123.05, 130.00, 130.79, 132.18, 133.25, 146.36, 146.54,
150.93 ppm; HRMS (ESI): (m/z) calcd. for Ci3HisN2O2 [M+H]*: 231.1134, found:
231.1123.

4.3.26. 5-bromo-6-butylquinoline (27) [99]

24 (3.42 g, 18.4 mmol) was slowly added to 18.4 mL conc. H>.SO4drop wise. The exothermic
reaction was kept below 30 °C, then the solution was cooled to -40 °C and N-
bromosuccinimide (NBS) (3.83 g, 21.5 mmol) was slowly added to this solution piecewise
while the temperature was kept around -40 °C. The suspension was stirred at 0 °C for 1 h.
Then the mixture was poured onto 100 g of crushed ice and 25% aqueous NH3z was added
until pH = 9 while the temperature was kept under 25 °C. The mixture was then extracted
with diethyl ether. The organic phase was washed first with 15% aqueous NaOH and then
twice with distilled water and dried over Na,SO4. Resulting mixture was filtered and
evaporated. The crude product was purified first by crystallization where it was initially
dissolved in 3-4 mL dichloromethane and then 100 mL of petroleum ether was added and
the resulting solution was placed in a refrigerator. After crystallization, the product was
separated by a column chromatography on silica gel using dichloromethane / hexane (1:3)
as eluent to afford pure orange-yellow solid 27, 4.47 g (92%) mp 51-54 °C; FTIR (v, cm™):
2955, 2927, 2859, 1522, 1492, 1456, 962, 906, 832, 804, 767; *H-NMR (CDCls), 5: 0.75 (t,
3H, J=7.6 Hz), 1.19 (m, 2H), 1.39 (m, 2H), 2.67 (t, 2H, J =8.0 Hz), 7.12 (dd, 1H, J = 8.8,
4.4 Hz), 7.26 (d, 1H, J = 8.8 Hz), 7.76 (d, 1H, J = 8.8 Hz), 8.26 (dq, 1H, J = 8.8, 1.6 Hz),
8.60 (dd, 1H, J = 4.4, 1.6 Hz) ppm; 13C-NMR (CDCls), 5:13.92, 22.51, 32.08, 36.74, 121.90,
122.35, 127.97, 128.71, 131.39, 135.40, 140.91, 147.57, 149.82 ppm; HRMS (ESI): (m/z)
calcd. for C13H1s"°BrN [M+H]": 264.0388, found: 264.0352.
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4.3.27. 5-bromo-6-butyl-8-nitroquinoline (29)

The procedure of this experiment is the same as 3. Yellowish solid (85%); FTIR (v, cm™):
3069, 2953, 2931, 2869, 1552, 1525, 1493, 1456, 1371, 1340, 1020, 966, 909, 891, 780, 729;
IH-NMR (CDCla), 8: 0.99 (t, 3H, J = 7.2 Hz), 1.46 (m, 2H), 1.71 (m, 2H), 3.03 (t, 2H, J =
8.0 Hz), 7.63 (dd, 1H, J = 8.8, 4.0 Hz), 7.94 (s, 1H), 8.70 (dd, 1H, J = 8.8, 1.6 Hz), 9.02 (dd,
1H, J = 4.0, 1.6 Hz) ppm; 3C-NMR (CDCls), 8: 13.86, 22.50, 31.82, 36.77, 123.71, 125.23,
126.58, 128.85, 136.01, 138.66, 140.75, 147.33, 152.05 ppm; HRMS (ESI): (m/z) calcd. for
C13H14"°BrN20O, [M+H]*: 309.0239, found: 309.0251.

4.3.28. 8-amino-6-butylquinoline (30)

The procedure of this experiment is the same as 5. Dark green liquid (77%); FTIR (v, cm’
1Y: 3467, 3347, 3030, 2954, 2927, 2857, 1618, 1588, 1502, 1431, 1380, 841, 785; 'H-NMR
(CDCls), 6: 0.96 (t, 3H, J = 7.6 Hz), 1.41 (m, 2H), 1.68 (m, 2H), 2.68 (t, 2H, J = 8.0 Hz),
4.60 (bs, 2H) 6.80 (d, 1H, J = 1.6 Hz), 6.95 (s, 1H), 7.32 (dd, 1H, J = 8.8, 4.4 Hz), 7.97 (dd,
1H,J=8.4, 1.6 Hz), 8.70 (d, 1H, J = 4.0, 1.2 Hz) ppm; 3C-NMR (CDCla), §: 13.97, 22.40,
33.36, 36.02, 111.57, 114.84, 121.30, 128.88, 135.49, 142.31, 143.49, 146.59 ppm; HRMS
(ESI): (m/z) calcd. for C13H1sN2 [M+H]": 201.1392, found: 201.1149.

4.4. General Procedures for the Coupling Reactions of Aromatic Amines and
Aromatic Carboxylic Acids: Method A, Method B, and Method C

4.4.1. Method A

This coupling reaction is done according to the literature procedure [100]. The experiment
is done under nitrogen by using dry CH2Cl,. Aromatic acid (0.5 mmol) is dissolved in 3 mL
dry CH2Cl> under N2. To this solution, PBr3 (0.07 mL, 0.75 mmol) is dropwise added at 0°C
and the reaction mixture is stirred for 3 hours at room temperature. After 3 hours,
triethylamine (0.21 mL, 1.5 mmol) is dropwise added. Aromatic amine (0.5 mmol) is
dissolved in 2 mL dry CH2Cl> and it is added to the reaction mixture. The reaction is stirred
at room temperature and monitored by TLC. When the reaction is complete (app. 1 hour),

the reaction mixture is diluted with CH.Cl> (10 mL) and washed with H2O. The organic layer
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is dried over NaxSOyg, filtered and concentrated under reduced pressure. The crude product

is purified by column chromatography using silica gel.

4.4.2. Method B

In this method, two literature procedures for forming acid chloride and coupling it with
aromatic amine were utilized [101, 102]. In a two-neck 25 ml round bottom flask aromatic
acid (1.1 mmol) was added TFT (3 ml) under nitrogen. The mixture was cooled to 0°C and
added oxalyl chloride (0.10 ml, 1.21 mmol). The resulting mixture was stirred for 15 min
and was added 2 drops of DMF (gas evolution!). The mixture was allowed to warm to room
temperature and more oxalyl chloride (0.2 ml, 2.42 mmol) and 3 drops of DMF was added.
After the resulting mixture was stirred at room temperature for 2 hours, the solvent was
removed by rotavap. The resulting crude acid chloride was dissolved in TFT (3 ml) and
DCM (1 ml; dry) and was dropwise added into a mixture of EtsN (0.87 ml) and aromatic
amine (1 mmol) (gas evolution!), and the resulting mixture was stirred at room temperature
for 16 hours. The solvent was removed by rotavap, the crude product was washed with

hexane and purified by column chromatography using silica.

4.4.3. Method C

The procedure was applied from a literature work [103]. EDC-HCI (156 mg, 0.81 mmol))
and BtOH (110 mg, 0.81 mmol)) were added sequentially to a stirred solution of aromatic
acid (0.81 mmol) in dichloromethane/dimethylformamide (1/1) at room temperature. The
reaction mixture was left under stirring for 30 min, and then aromatic amine (0.54mmol)
dissolved in dichloromethane/dimethylformamide (1/1) was added dropwise. The solution
was stirred for 22 h and then diluted with dichloromethane and washed with a saturated
aqueous solution of NaHCO3 and brine and then dried over NaxSO4. The solution was
concentrated under reduced pressure and the crude material was purified by column

chromatography using silica.
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4.5. Synthesis of 8-amino-2-butylquinoline Derivatives

All the coupling reactions of 8-amino-2-butylquinolines were done by Method A as
described above. The characterization of these compounds were done by *H-NMR, 3C-
NMR, and HRMS.

4.5.1. N-(2-butylquinolin-8-yl)benzamide (31)

IH NMR (CDCls), &: 0.93 (t, 3H, CH,CHs), 1.40 (m, 2H, CH,CH,CHs), 1.83 (m, 2H,
CH2CH2CHy), 2.95 (t, 2H, ArCH,), 7.27 (d, 1H, ArH), 7.47 (m, 5H, ArH), 7.99 (d, 1H, ArH),
8.01 (d, 1H, ArH), 8.03 (d, 1H, ArH), 8.82 (dd, 1H, ArH), 10.82 (s, 1H, NH) ppm. 3C NMR
(CDCls), 5: 13.04 (CHs), 21.39 (CH,), 30.16 (CH2), 37.10 (CH2), 120.52 (ArC), 121.09
(ArC), 125.35 (ArC), 125.55 (ArC), 126.29 (ArC), 127.78 (ArC), 130.77 (ArC), 132.98
(ArC), 134.26 (ArC), 135.77 (ArC), 159.99 (C=0) ppm.

4.5.2. N-(2-butylquinolin-8-yl)-6-fluoro-2-naphthamide (32)

'H NMR (CDClg), &: 0.96 (t, 3H, CH2CHs), 1.44 (m, 2H, CH2CH2CHs), 1.89 (m, 2H,
CH2CH2CH?>), 3.00 (t, 2H, ArCH), 7.31 (m, 2H, ArH), 7.47 (m, 3H, ArH), 7.89 (d, 1H,
ArH), 7.95 (dd, 1H, ArH), 8.03 (d, 1H, ArH), 8.10 (d, 1H, ArH), 8.55 (s, 1H, ArH), 8.85 (dd,
1H, ArH), 11.00 (s, 1H, NH) ppm.

4.5.3. N-(2-butylquinolin-8-yl)-2-naphthamide (33)

IH NMR (CDCls), &: 0.94 (t, 3H, CH,CHs), 1.41 (m, 2H, CH,CH,CHs), 1.86 (m, 2H,
CH2CH2CHy), 2.95 (t, 2H, ArCH2), 7.24 (d, 2H, ArH), 7.45 (m, 4H, ArH), 7.82 (m, 1H,
ArH), 7.94 (m, 3H, ArH), 8.05 (d, 1H, ArH), 8.52 (s, 1H, ArH), 8.85 (s, 1H, ArH), 10.99 (s,
1H, NH) ppm. 3C NMR (CDCls), §: 14.08 (CHa), 22.42 (CHz), 31.07 (CHz), 38.24 (CHy),
116.44 (ArC), 121.45 (ArC), 122.16 (ArC), 123.69 (ArC), 126.33 (ArC), 126.50 (ArC),
126.83 (ArC), 127.80 (ArC), 127.84 (ArC), 127.95 (ArC), 128.68 (ArC), 129.16 (ArC),
132.52 (ArC), 132.81 (ArC), 134.13 (ArC), 134.92 (ArC), 136.50 (ArC), 138.07 (ArC),
160.95 (ArC), 165.197 (C=0) ppm.
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4.5.4. N-(2-butylquinolin-8-yl)-3-methoxy-2-naphthamide (34)

'H NMR (CDCls), 8: 0.99 (t, 3H, CH2CHs), 1.45 (m, 2H, CH.CH.CHs), 1.86 (m, 2H,
CH2CH,CHy), 3.45 (t, 2H, ArCH>), 4.28 (s, 3H, OCHs), 7.34 (m, 2H, ArH), 7.41 (m, 1H,
ArH), 7.52 (m, 3H, ArH), 7.78 (d, 1H, ArH), 7.95 (d, 1H, ArH), 8.07 (d, 1H, ArH), 7.78 (d,
1H, ArH), 7.95 (d, 1H, ArH), 8.07 (d, 1H, ArH), 8.90 (s, 1H, ArH), 9.11 (s, 1H, NH) ppm.
13C NMR (CDCl3), &: 13.99 (CH3), 22.67 (CH?>), 32.31 (CH?>), 39.14 (CH>), 56.03 (OCH3),
106.55 (ArC), 111.86 (ArC), 117.82 (ArC), 121.55 (ArC), 121.61 (ArC), 123.69 (ArC),
124.52 (ArC), 126.22 (ArC), 126.51 (ArC), 126.57 (ArC), 128.32 (ArC), 129.27 (ArC),
134.18 (ArC), 135.14 (ArC), 135.90 (ArC), 136.59 (ArC), 154.92 (ArC), 161.03 (ArC),
163.58 (C=0) ppm.

4.5.5. N-(2-butylquinolin-8-il))-6-methoxy-2-naphthamide (35)

'H NMR (CDCls), 8: 0.95 (t, 3H, CH2CH3), 1.43 (m, 2H, CH.CH.CHs), 1.87 (m, 2H,
CH>CH2CHy>), 2.97 (t, 2H, ArCH>), 3.88 (s, 3H, OCHa), 7.15 (m, 2H, ArH), 7.27 (d, 1H,
ArH), 7.44 (m, 2H, ArH), 7.81 (t, 2H, ArH), 7.99 (d, 1H, ArH), 8.04 (dd, 1H, ArH), 8.47 (s,
1H, ArH), 8.85 (dd, 1H, ArH), 10.80 (s, 1H, NH) ppm. 13C NMR (CDCls), 8: 13.92 (CHs3),
22.25 (CHy), 32.86 (CH>), 33.30 (CH>), 104.69 (ArC), 118.76 (ArC), 121.10 (ArC), 123.52
(ArC), 124.37 (ArC), 125.54 (ArC), 126.30 (ArC), 127.19 (ArC), 129.77 (ArC), 135.53
(ArC), 158.27 (ArC), 160.03 (C=0) ppm.

4.5.6. N-(2-butylquinolin-8-yl)-3,5-dimethoxy-2-naphthamide (36)

IH NMR (CDClg), &: 0.91 (t, 3H, CH2CHs), 1.39 (m, 2H, CH,CH.CHs), 1.79 (m, 2H,
CH2CH2CH?>), 2.98 (t, 2H, ArCH>), 3.96 (s, 3H, OCHa), 4.23 (s, 3H, OCH3), 6.81 (d, 1H,
ArH), 7.27 (m, 2H, ArH), 7.45 (m, 3H, ArH), 7.65 (s, 1H, ArH), 8.00 (d, 1H, ArH), 8.78 (s,
1H, ArH), 9.02 (d, 1H, ArH), 12.19 (s, 1H, NH) ppm. 33C NMR (CDCls), 5: 13.99 (CHa),
22.68 (CH2), 32.34 (CHy), 39.14 (CH>), 55.57 (OCHs3), 56.10 (OCH3), 101.36 (ArC), 105.87
(ArC), 117.87 (ArC), 121.41 (ArC), 121.57 (ArC), 121.62 (ArC), 123.80 (ArC), 124.36
(ArC), 126.49 (ArC), 126.56 (ArC), 127.89 (ArC), 129.27 (ArC), 130.16 (ArC), 133.71
(ArC), 135.13 (ArC), 136.59 (ArC), 138.63 (ArC), 154.10 (ArC), 154.66 (ArC), 161.06
(ArC), 163.69 (C=0) ppm.
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4.6. Syntheses of 2-benzofuran and 2-benzothiophene Left-Hand Side Derivatives

All the benzofuran and benzothiophene derivatives were synthesized by using coupling
Method A except N-(4-heptilfenil)benzofuran-2-karboksamit which was synthesized by
Method C.

4.6.1. N-(4-butphenyl)benzofuran-2-carboxamide (37)

IH NMR (CDCls), &: 0.94 (t, 3H, CH2CHs), 1.37 (m, 2H, CH,CH,CHs), 1.61 (m, 2H,
CH2CH2CHy), 2.60 (t, 2H, ArCHy), 7.19 (m, 2H, ArH), 7.31 (m, 1H, ArH), 7.43 (m, 1H,
ArCH), 7.55 (m, 2H, ArH), 7.65 (m, 3H, ArH), 8.39 (s, 1H, NH) ppm.=*C NMR (CDCls),
8: 13.95 (CHs), 22.30 (CHy), 33.62 (CH,), 35.10 (CH2), 111.23 (ArC), 111.78 (ArC), 120.08
(ArC), 122.81 (ArC), 123.86 (ArC), 127.14 (ArC), 127.73 (ArC), 129.02 (ArC), 134.83
(ArC), 139.60 (ArC), ), 148.63 (ArC), 154.78 (ArC) 156.51 (C=0) ppm. M (+1): 294.14.

4.6.2. N-(4-pentylphenyl)benzofuran-2-carboxamide (38)

IH NMR (CDCls), &: 0.89 (t, 3H, CH2CHs), 1.33 (m, 4H, CH,CH,CHs), 1.62 (m, 2H,
CH2CH2CHy), 2.60 (t, 2H, ArCHy), 7.20 (m, 2H, ArH), 7.33 (m, 1H, ArH), 7.46 (m, 1H,
ArH), 7.59 (m, 4H, ArH), 7.70 (m, 1H, ArH), 8.32 (s, 1H, NH) ppm. 13C NMR (CDCls), 5:
14.08 (CHs), 22.57 (CHy), 31.19 (CHy), 31.46 (CHy), 35.40 (CHy), 111.26 (ArC), 111.80
(ArC), 120.06 (ArC), 122.83 (ArC), 123.88 (ArC), 127.15 (ArC), 127.73 (ArC), 129.03
(ArC), 134.82 (ArC), 139.64 (ArC), ), 148.60 (ArC), 154.77 (ArC) 156.52 (C=0) ppm.

4.6.3. N-(4-heptylphenyl)benzofuran-2-carboxamide (39)
'H NMR (CDCla), 8: 0.89 (t, 3H, CH2CHa), 1.32 (m, 8H, CH2(CH2)sCHs), 1.61 (m, 2H,

CH2CH2(CHz)a), 2.60 (t, 2H, ArCHy), 7.19 (m, 2H, ArH), 7.31 (m, 1H, ArH), 7.44 (m, 1H,
ArCH;), 7.56 (m, 2H, ArH), 7.63 (m, 2H, ArH), 7.68 (m, 1H, ArH), 8.35 (s, 1H, NH) ppm.
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4.6.4. N-(4-butylphenyl)benzo[b]thiophene-2-carboxamide (40)

'H NMR (CDCls), 8: 0.86 (t, 3H, CH2CH3), 1.28 (m, 2H, CH2CH.CHs), 1.52 (m, 2H,
CH2CH2CH?>), 2.52 (t, 2H, ArCHz), 7.10 (d, 2H, ArH), 7.35 (m, 2H, ArH), 7.47 (d, 2H, ArH),
7.78 (m, 4H, ArH, NH). 3C NMR (CDCls), 8: 13.94 (CHs3), 22.28 (CH?>), 33.62 (CH>), 35.09
(CHy), 120.32 (ArC), 122.74 (ArC), 125.04 (ArC), 125.14 (ArC), 125.55 (ArC), 126.54
(ArC), 129.03 (ArC), 135.03 (ArC), 138.80 (ArC), 139.08 (ArC), 139.67 (ArC), 141.03
(ArC), 160.25 (C=0) ppm.

4.6.5. N-(4-hexylphenyl)benzo[b]thiophene-2-carboxamide (41)

'H NMR (CDCls), 8: 0.82 (t, 3H, CH2CH3), 1.24 (m, 4H, CH.CH.CHs), 1.50 (m, 4H,
CH2CH2CHy), 2.53 (t, 2H, ArCHy), 7.12 (d, 2H, ArH), 7.37 (m, 2H, ArH), 7.47 (d, 2H, ArH),
7.70 (s, 1H, NH), 7.80 (m, 3H, ArH). 3C NMR (CDCls), : 14.09 (CHs3), 22.60 (CH>), 28.90
(CH2), 31.44 (CH), 31.71 (CHz2), 35.40 (CH), 120.26 (ArC), 122.76 (ArC), 125.07 (ArC),
125.14 (ArC), 125.55 (ArC), 126.56 (ArC), 129.04 (ArC), 135.01 (ArC), 138.77 (ArC),
139.07 (ArC), 139.71 (ArC), 141.02 (ArC), 160.17 (C=0) ppm.

4.7. Synthesis of Derivatives Obtained by Replacing Left-Hand Side with Various

Aromatic Groups

4.7.1. N-(4-butylphenyl)-2-(2-methoxyphenoxy)acetamide (42)

Method C was used for the synthesis of this compound. *H NMR (CDCls), &: 0.94 (t, 3H,
CH,CHpg), 1.36 (m, 2H, CH>CH>CH3), 1.59 (m, 2H, CH.CH>CH>), 2.59 (t, 2H, ArCH>), 3.91
(s, 3H, OCHg), 4.63 (s, 2H, OCH.CO), 6.95 (m, 3H, ArH), 7.04 (m, 1H, ArH), 7.16 (m, 2H,
ArH), 7.52 (m, 2H, ArH), 8.97 (s, 1H, NH) ppm. 13C NMR (CDCls), 6: 13.95 (CHj3), 22.27
(CH>), 33.65 (CHz2), 35.07 (CH), 55.90 (OCHzs), 70.51 (OCHAr), 112.17 (ArC), 116.61
(ArC), 119.93(ArC), 121.36 (ArC), 123.60 (ArC), 128.92 (ArC), 134.90 (ArC), 139.30
(ArC), 147.37 (ArC), 149.90 (ArC), 166.78 (C=0) ppm. M (+1): 314.17.
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4.7.2. N-(4-butylphenyl)-3-phenoxypropanamide (43)

Method B was used for the synthesis of this compound. *H NMR (CDCls), &: 0.91 (t, 3H,
CH2CHa), 1.33 (m, 2H, CH,CH.CHj3), 1.56 (m, 2H, CH>CH2CHy), 2.56 (t, 2H, ArCH>), 2.83
(t, 2H, CH2C0),4.33 (t, 2H, ArOCH?>), 6.97 (m, 3H, ArH), 7.12 (d, 2H, ArH), 7.31 (m, 2H,
ArH), 7.41 (d, 2H, ArH), 7.80 (s, 1H, NH) ppm.13C NMR (CDCls), &: 13.92 (CHs), 22.25
(CH2), 33.63 (CH2), 35.03 (CH.), 37.66 (CH2CO), 64.15 (ArOCHy), 114.61 (2C, ArC),
120.00 (2C, ArC), 121.47 (ArC), 128.85 (2C, ArC), 129.63 (2C, ArC), 135.34 (ArC), 139.10
(ArC), 158.07 (ArC), 168.73 (C=0) ppm. M (+1): 298.17.

4.7.3. N-(4-butylphenyl)biphenyl-3-carboxamide (44)

Method C was used for the synthesis of this compound. *H NMR (CDCls), 6: 0.93 (t, 3H,
CH.CHpg), 1.36 (m, 2H, CH>CH>CH3), 1.59 (m, 2H, CH.CH2CHy>), 2.60 (t, 2H, ArCH>), 7.19
(d, 2H, ArH), 7.39 (m, 1H, ArH), 7.47 (m, 2H, ArCHy), 7.55 (t, 3H, ArH), 7.63 (dd, 2H,
ArH), 7.60 (m, 2H, ArH), 7.78 (m, 2H, ArH), 7.86 (s, 1H, NH), 8.07 (t, 1H, ArH) ppm. 13C
NMR (CDCls), &: 13.93 (CHs), 22.27 (CH>), 33.64 (CH>), 35.08 (CH>), 120.22 (ArC),
125.59 (ArC), 125.87 (ArC), 127.20 (2C, ArC), 127.84 (2C, ArC), 128.92 (2C, ArC), 128.98
(2C,ArC), 129.20 (ArC), 130.40 (ArC), 135.45 (ArC), 135.72 (ArC), 139.40 (ArC), 140.122
(ArC), 141.96 (ArC), 159.93 (C=0) ppm. M (+1): 330.18

4.7.4. N-(4-butylphenyl)-2-naphthamide (45)

Method A was used for the synthesis of this compound. *H NMR (CDCls), &: 8.31 (s, 1H,
NH), 7.86 (m, 5H, ArH), 7.51 (m, 4H, ArH), 7.14 (d, 2H, ArH), 2.55 (t, 2H, CHy), 1.54 (m,
2H, CHy), 1.30 (m, 2H, CHy), 0.87 (t, 3H, CH3) ppm. 3C NMR (CDClz), &: 13.95 (CHs3),
22.29 (CH2CHz3), 33.66 (CH2CH2CH3s), 35.09 (OCHy), 120.29 (ArC), 123.56 (ArC), 126.90
(ArC), 127.45 (ArC), 127.80 (ArC), 127.83 (ArC), 128.71 (ArC), 128.95 (ArC), 129.00
(ArC), 132.31 (ArC), 132.62 (ArC), 134.82 (ArC), 135.57 (ArC), 139.38 (ArC), 165.71
(C=0) ppm. M (+1): 304.16.
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4.7.5. N-(4-butylphenyl)-6-methoxy-2-naphthamide (46)

The design, the synthesis and the characterization of this compound were done by Selda

Erkoc and experimental details can be found in her PhD thesis [59].

4.7.6. N-(4-butylphenyl)gquinoline-2-carboxamide (47)

Method C was used for the synthesis of this compound. *H NMR (CDCls), : 0.94 (t, 3H,
CH2CHg), 1.37 (m, 2H, CH2CH2CHj3), 1.61 (m, 2H, CH.CH2CH>), 2.62 (t, 2H, ArCHy), 7.24
(d, 2H, ArH), 7.65 (m, 1H, ArH), 7.79 (m, 3H, ArCH), 7.91 (d, 1H, ArH), 8.21 (d, 1H,
ArH), 8.38 (dd, 2H, ArH), 10.19 (s, 1H, NH) ppm. M (+1): 305.16.

4.7.7. N-(4-butylphenyl)quinoline-3-carboxamide (48)

Method A was used for the synthesis of this compound. 1H NMR (CD30D), 3: 0.93 (t, 3H,
CH,CHpg), 1.35 (m, 2H, CH2CH2CHj3), 1.59 (m, 2H, CH2CH2CH>), 2.56 (t, 2H, ArCH>), 7.1
(d, 2H, ArH), 7.59 (m, 3H, ArH), 7.79 (t, 1H, ArH), 7.86 (d, 1H, ArH), 8.12 (d, 1H, ArH),
8.25 (s, 1H, ArH) 8.63 (d, 1H, ArH), 9.33(s, 1H, NH) ppm. M(+1): 305.16

4.7.8. N-(4-butylphenyl)isoquinoline-3-carboxamide (49)

Method C was used for the synthesis of this compound. *H NMR (CDCls), 6: 0.86 (t, 3H,
CH,CHg), 1.29 (m, 2H, CH2CH2CHs3), 1.55 (m, 2H, CH2,CH2CHy>), 2.54 (t, 2H, ArCH>), 7.15
(t, 2H, ArH), 7.67 (m, 4H, ArH), 7.96 (q, 2H, ArCH,), 8.63 (s, 1H, ArH), 9.12 (s, 1H, ArH),
10.103 (s, 1H, NH) ppm. 3C-NMR (CDCls), &: 13.95 (CHa), 22.31 (CHa), 33.68 (CHy),
35.13 (CH), 119.71 (2C,ArC), 120.60 (ArC), 127.70 (ArC), 128.19 (ArC), 128.94
(2C,ArC), 128.98 (ArC), 129.73 (ArC), 131.16 (2C, ArC), 135.58 (ArC), 136.13 (ArC),
138.94 (ArC), 143.66 (ArC), 150.94 (ArC), 162.39 (C=0) ppm.

4.7.9. 3-((4-butylphenyl)carbamoyl)isoquinoline 2-oxide (50)

A modified procedure of a literature work was used to synthesize this compound [104]. A

solution of 49 (75 mg; 0.25 mmol) in dry DCM (3ml) was added 3-chloroperoxybenzoic
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acid (92 mg, 0.37 mmol) and the resulting mixture was stirred at room temperature
overnight. Solvent was removed by rotavap and the resulting crude product was purified by
column chromatography using silica. *H NMR (CDCls), 6: 0.86 (t, 3H, CH>CHzs), 1.30 (m,
2H, CH2CH2CH3), 1.54 (m, 2H, CH2CH2CH.), 2.54 (t, 2H, ArCH), 7.13 (d, 1H, ArH), 7.63
(m, 4H, ArH), 7.75 (d, 1H, ArH), 7.92 (d, 1H, ArH) , 8.82 (s, 1H, ArH) , 8.95 (s, 1H, ArH),
13.59 (s, 1H, NH) ppm. 3C NMR (CDCls), &: 13.69 (CHs), 22.07 (CH>), 33.39 (CH>), 34.93
(CHy), 120.75 (ArC), 124.61 (ArC), 128.68 (ArC), 130.06 (ArC), 130.88 (ArC), 135.14
(ArC), 136.74 (ArC), 137.85 (ArC), 139.32 (ArC), 157.16 (ArC), 199.40 (C=0) ppm.

M (+1): 321.15.

4.8. Synthesis of (R)- and (S)- Stereoisomers of the Lead Compound

(R)- and (S)- enantiomers of the lead compound were synthesized by coupling the
corresponding commercially available chiral acids with 4-butylaniline using Method C.

4.8.1. (R)-N-(4-butylphenyl)-2,3-dihydrobenzo[b][1,4]dioxine-2-carboxamide (51)

IH NMR (CDCls), &: 0.85 (t, 3H, CH2CHs), 1.27 (m, 2H, CH,CH,CHs), 1.49 (m, 2H,
CH2CH2CHy), 2.52 (t, 2H, ArCHy), 4.19 (m, 1H, O-CHHa-CH), 4.52 (d, 1H, O-CHH,-CH),
4.72 (d, 1H, O-CH-CONH-), 6.86 (m, 3H, ArH), 6.97 (m, 1H, ArH), 7.09 (d, 2H, ArH), 7.39
(d, 2H, ArH), 8.12 (s, 1H, NH) ppm. 3C NMR (CDCl3), §: 12.91 (CHs), 21.24 (CH,), 32.60
(CHa), 34.04 (CH), 64.38 (O-CHy-), 72.29 (O-CH-CONH-), 116.13 (ArC), 116.78 (ArC),
119.08 (ArC), 121.01 (ArC), 121.68 (ArC), 127.95 (ArC), 127.97 (ArC), 133.13 (ArC),
138.89 (ArC), 138.91 (ArC), 140.41 (ArC), 142.28 (ArC), 163.91 (C=0) ppm.

4.8.2. (S)-N-(2,3-dihydrobenzo[b][1,4]dioxin-2-yl)-2-naphthamide (52)

IH NMR (CDCls), &: 0.85 (t, 3H, CH2CHs), 1.27 (m, 2H, CH,CH2CHs), 1.51 (m, 2H,
CH2CH2CHy), 2.51 (t, 2H, ArCHy), 4.19 (m, 1H, O-CHHa-CH), 4.55 (d, 1H, O-CHH,-CH),
4.72 (d, 1H, O-CH-CONH-), 6.86 (m, 3H, ArH), 6.97 (m, 1H, ArH), 7.09 (d, 2H, ArH), 7.39
(d, 2H, ArH), 8.13 (s, 1H, NH) ppm. 3C NMR (CDCls), &: 12.91 (CHs), 21.24 (CH,), 32.60
(CH2), 34.04 (CH,), 64.38 (O-CHz-), 72.29 (O-CH-CONH-), 116.13 (ArC), 116.78 (ArC),
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119.08 (ArC), 121.01 (ArC), 121.68 (ArC), 127.95 (ArC), 127.97 (ArC), 133.13 (ArC),
138.89 (ArC), 138.91 (ArC), 140.41 (ArC), 142.28 (ArC), 163.91 (C=0) ppm.

4.9. Miscellaneous Derivatives of the Lead Compound

4.9.1. N-(4-butylphenyl)naphthalene-2-carbothioamide (53)

The reaction was done according to the literature procedure [105]. Compound 45 and
Lawesson’s reagent were dissolved in toluene and the reaction mixture was refluxed at
120°C for 24 hours. The solution was then concentrated under reduced pressure. The crude
product was purified by column chromatography using silica. 'H NMR (CDCls), 6: 0.86 (t,
3H, CH2CHj3), 1.29 (m, 2H, CH2CH2CH3), 1.53 (m, 2H, CH2CH2CH?3), 2.55 (t, 2H, ArCH>),
7.16 (M, 2H, ArH), 7.45 (m, 2H, ArH), 7.60 (d, 2H, ArCHy>), 7.80 (m, 4H, ArH), 8.14 (s, 1H,
ArH), 9.08 (s, 1H, NH) ppm.

4.9.2. N-(3-butylphenyl)-2-naphthamide (54)

Method A was used for the synthesis of this compound. *H NMR (CDCls), &: 0.94 (t, 3H,
CH,CHg), 1.39 (m, 2H, CH2CH2CH3), 1.64 (m, 2H, CH,CH2CHy>), 2.65 (t, 2H, ArCH>), 7.00
(d, 1H, ArH), 7.30 (t, 1H, ArH), 7.50 (d, 1H, ArH), 7.59 (m, 3H, ArH),7.94 (m, 5H, ArH)
8.38 (s, 1H, NH)ppm. 13C NMR (CDCls), &: 13.97 (CHs), 22.38 (CHz), 33.56 (CH>), 35.67
(CH.), 117.56 (ArC), 120.25 (ArC), 123.57 (ArC), 124.78 (ArC), 126.89 (ArC), 127.47
(ArC), 127.79 (ArC), 127.85 (ArC), 128.69 (ArC), 128.91 (ArC), 128.95 (ArC), 132.27
(ArC), 132.59 (ArC), 134.81 (ArC), 137.93 (ArC), 144.10 (ArC), 165.79 (C=0) ppm. M
(+1): 304.16.

4.9.3. N-(4-butylphenyl)benzamide (55)
Method B was used for the synthesis of this compound. *H NMR (CDCls), &: 0.86 (t, 3H,

CH2CHj3), 1.29 (m, 2H, CH2CH2CHj3), 1.53 (m, 2H, CH2CH2CH?>), 2.53 (t, 2H, ArCHy), 7.12
(m, 2H, ArH), 7.45 (m, 5H, ArH), 7.68 (s, 1H, NH), 7.80 (m, 2H, ArH) ppm. M (+1): 254.15.
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4.9.4. 4-butyl-N-phenylbenzamide (56)

Method A was used for the synthesis of this compound. *H NMR (CDCls), &: 0.94 (t, 3H,
CH2CHa), 1.37 (m, 2H, CH2CH>CHs), 1.63 (m, 2H, CH,CH2CH>), 2.68 (t, 2H, ArCH,), 7.15
(m, 1H, ArH), 7.30 (d, 2H, ArH), 7.37 (m, 2H, ArH), 7.63 (dd, 2H, ArH), 7.76 (s, 1H, NH),
7.84 (m, 2H, ArH) ppm. M (+1): 254.15.

4.10. Attempts to Synthesize O(8)-Heterocycle Substituted Derivatives of Compound
42 and N-Heterocycle Substituted Derivatives of Compound 45

4.10.1. N-(4-butylphenyl)-2-(2-hydroxyphenoxy)acetamide (58)

The synthesis was done according to the literature procedure. (2-hydroxyphenoxy)acetic
acid (336 mg, 2 mmol) was added to 1 mL of acetic anhydride. Concentrated H2SO4 (2
drops) was added, at which point the reaction mixture became homogeneous. After stirring
for 20 min at room temperature, the reaction was quenched by pouring into 4 mL of H20.
After stirring for 5 min to destroy excess Ac20, the reaction was cooled to 0°C. The
precipitate that formed was collected and dried, giving 230 mg (55 %) of white crystalline
57. An analytical sample was prepared by recrystallization from EtOAc. The resulting
product was used for the coupling reaction using Method C. However, the product obtained
was not the desired compound but the deprotected compound N-(4-butylphenyl)-2-(2-
hydroxyphenoxy)acetamide instead. *H NMR (CDCls), &: 0.89 (t, 3H, CH2CHj3), 1.31 (m,
2H, CH2CH2CHa), 1.54 (m, 2H, CH.CH.CH>), 2.54 (t, 2H, ArCHy), 4.64 (s, 2H, O-CHy),
6.87 (m, 2H, ArH), 6.96 (m, 2H, s), 7.10 (d, 2H, ArH), 7.41 (d, 2H, ArH), 8.293 (s, 1H, NH)
ppm.

4.10.2. Attempt to Synthesize 2-(2-(6-methoxypyrazin-2yloxy)phenoxy)acetic Acid

To a solution of 2-(2-hydroxyphenoxy)acetic acid (200 mg, 1.19 mmol) in methanol (15
mL) was added 1 N NaOH (2.3 mL, 2.27 mmol). After 5 min the solution was concentrated
to dryness and dried well in a vacuum oven to leave the disodium salt of acid, which was

used for the next step without further purification.



82

In a flame dried 25-ml round bottom flask 2-iodo-1-methoxypyrazine is dissolved in dioxane
(2 ml) under nitrogen atmosphere. Disodium salt of acid (80 mg, 0.38 mmol), TMEDA (3.6
mg, 0.03 mmol), and CuClI (19 mg, 0.19 mmol) were added respectively and the mixture
was refluxed under nitrogen for 16 h. The solvent was removed in vacuo, and the residue
was dissolved in 1 N NaOH and filtered. The filtrate was acidified with concentrated HCI,
and the solution was extracted with ethyl acetate. The solvent was concentrated in vacuo and
poured onto petroleum ether to give the crude product. According to TLC using EA as eluent,

the starting materials were recovered.

4.10.3. Attempts to Synthesize N-(4-butylphenyl)-N-(1-methyl-1H-pyrazol-5-yl)-2-
naphthamide (60)

4.10.3.1. 1% Method. A procedure from literature was applied [87]. In a 25-ml round bottom

flask with a reflux condenser was mixed N-(4-butylphenyl)-2-naphthamide (50 mg, 0.165
mmol), 5-iodo-1-methylimidazole (39 mg, 0.13 mmol), KzPO4 (59 mg, 0.276 mmol), and
1ml toluene under N2. A solution of Cu(TMHD)2 (3mg, 0.007mmol) in 1ml dry toluene was
added to the reaction mixture dropwise. The reaction mixture was then stirred and heated to
130°C for 24 h. The solvent was evaporated and the residue was dissolved in
dichloromethane. The resulting solution was washed with water twice. The aqueous phases
were combined and extracted with dichloromethane. The organic phases were combined,
dried over Na,SO4 and the solvent was evaporated. The reaction was unsuccessful as the

starting material was recovered.

4.10.3.1. 2" Method. A procedure from literature was applied [88]. In a 25-ml round bottom
flask with a reflux condenser was placed N-(4-butylphenyl)-2-naphthamide (60 mg, 0.198
mmol), K2CO3z (36.5 mg, 0.264 mmol), Cul (2.5 mg, 0.013 mmol), and L-proline (3.1 mg,
0.026 mmol) under N2. The mixture was dissolved in dry DMSO at room temperature. The
resulting mixture was refluxed at 150°C for 28 h. The mixture was cooled to room
temperature and hydrolyzed with water. Ethyl acetate was added and the organic phase was
separated. The organic phase was washed with brine, dried over Na;SO4, and the solvent
was evaporated under reduced pressure. The crude product was purified by column

chromatography but compound 60 wasn’t obtained.



83

4.10.4. Attempt to Synthesize N-(4-butylphenyl)-1-methyl-1H-imidazol-5-amine
Buchwald-Hartwig Coupling

The synthesis of N-(4-butylphenyl)-1-methyl-1H-imidazol-5-amine was planned according
to the literature method [89]. In a 2-neck round bottom flask 4-butylaniline (17.9 mg, 0.12
mmol), 5-iodo-1-methyl-1H-pyrazole (100 mg, 0.48 mmol), Cu(I)TMHD (10.3 mg, 20 mol
% with respect to amine) and KOtBu (40.5 mg, 0.36 mmol) in toluene (2 ml) were mixed at
room temperature under nitrogen atmosphere. The reaction mixture was then heated in an
oil bath at 120°C for 40 h. The reaction mixture was cooled to room temperature and the
solvent was removed under reduced pressure. The residue obtained was subjected to column

chromatography but, the product wasn't obtained.

4.11. Synthesis of Isoquinoline Derivatives as Quinoline Bioisosteres

4.11.1. N-(isoquinolin-5-yl)-2-(2-methoxyphenoxy)acetamide (64)

Method C was used for the synthesis of this compound. *H NMR (CDCls), §: 3.86 (s, 3H,
0-CHa), 4.71 (s, 2H, O-CH2-CO), 7.02 (m, 4H, ArH), 7.59 (t, 1H, ArH), 7.76 (m, 2H, ArH),
8.40 (d, 1H, ArH), 8.55 (br, 1H, ArH), 9.24 (br, 1H, NH), 9.51 (s, 1H, ArH). 3C NMR
(CDCls), &: 54.75 (O-CHs), 69.04 (O-CH,), 108.98 (ArC), 110.99 (ArC), 110.99 (ArC),
114.86 (ArC), 114.86 (ArC), 120.32 (ArC), 121.80 (ArC), 122.60 (ArC), 122.60 (ArC),
123.65 (ArC), 126.59 (ArC), 127.83 (ArC), 130.18 (ArC), 146.04 (ArC), 148.68 (ArC),
166.19 (C=0) ppm.

4.11.2. N-(isoquinolin-5-yl)-1,2,3,4-tetrahydronaphthalene-2-carboxamide (65)

Method C was used for the synthesis of this compound. *H NMR (CDCls), 8: 0.81 (br, 2H,
CH2CH2CH), 2.07 (br; 1H, CH2CHCH: and 2H, ArC-CH.CHz), 2.89 (s, 1H, ArC-
CHHaCH), 3.12 (s, 1H ArC-CHH,CH), 7.12 (br, 2H, ArH), 7.19 (br, 2H, ArH), 7.34 (br,
1H, ArH), 7.56 (s, 1H, ArH), 7.75 (s, 1H, ArH), 7.90 (s, 1H, ArH), 8.19 (s, 1H, ArH), 8.38
(br, 1H, ArH), 9.16 (br, 1H, NH) ppm. *3C NMR (CDCls), 6: 25.73 (CH>), 27.125 (CH>),
28.51 (CHy>), 41.53 (CH), 124.10 (ArC), 124.11 (ArC), 125.16 (ArC), 125.34 (ArC), 125.37
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(ArC), 126.81 (ArC), 126.90 (ArC), 128.11 (ArC), 128.21 (ArC), 130.90 (ArC), 130.92
(ArC), 133.39 (ArC), 133.43 (ArC), 134.75 (ArC), 134.80 (ArC), 173.24 (C=0) ppm.

4.11.3. N-(isoquinolin-5-yl)-3-phenoxypropanamide (66)

Method C was used for the synthesis of this compound. *H NMR (CDCls), &: 2.96 (s, 2H,
CH2CH,CO), 4.39 (s, 2H, CH2CH20Ph), 6.98 (m, 3H, ArH), 7.30 (m, 2H, ArH), 7.56 (m,
2H, ArH), 7.74 (d, 1H, ArH), 8.23 (d, 1H, ArH), 8.42 (m, 2H, ArH), 9.18 (s, 1H, NH) ppm.
13C NMR (CDCly), &: 36.72 (CH2CH.CO), 63.27 (CH2CH,0Ph), 112.70 (ArC), 113.54
(ArC), 113.61 (ArC), 120.97 (ArC), 122.84 (ArC), 123.79 (ArC), 126.38 (ArC), 128.80
(ArC), 128.83 (ArC), 128.86 (ArC), 128.92 (ArC), 142.19 (ArC), 151.94 (ArC), 152.03
(ArC), 152.79 (ArC), 168.61 (C=0) ppm.

4.11.4. N-(4-butylphenyl)isoquinoline-6-carboxamide (67)

Method C was used for the synthesis of this compound. *H NMR (CDClIs), &: 0.88 (t, 3H,
CH2CHg), 1.24 (m, 2H, CH2CH2CHj3), 1.54 (m, 2H, CH.CH2CHy>), 2.55 (t, 2H, ArCHy), 7.14
(d, 2H, ArH), 7.52 (d, 2H, ArH), 7.67 (s, 1H, ArH), 8.01 (m, 3H, ArH) , 8.25 (s, 1H, ArH),
8.54 (s, 1H, ArH), 9.25 (s, 1H, NH). *C NMR (CDCls), 6: 12.93 (CHgs), 21.27 (CH>), 32.61
(CHy), 34.09 (CHy), 119.41 (ArC), 120.12 (ArC), 124.19 (ArC), 124.28 (ArC), 124.82
(ArC), 127.48 (ArC), 128.03 (ArC), 134.18 (ArC), 134.22 (ArC), 134.29 (ArC), 135.70
(ArC), 135.72 (ArC), 138.91 (ArC), 142.94 (ArC), 151.43 (ArC), 163.95 (C=0) ppm.

4.11.5. N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)isoquinoline-6-carboxamide (68)

Method C was used for the synthesis of this compound. *H NMR (CDCls), &: 4.18 (s, broad,
4H, O-CHy), 6.78 (d, 1H, ArH), 7.00 (dd, 1H, ArH), 7.24 (d, 1H, ArH), 7.63 (d, 1H, ArH) ,
7.95 (m, 2H, ArH), 8.08 (s, 1H, ArH), 8.22 (s, 1H, ArH), 8.51 (d, 1H, ArH), 9.22 (s, 1H,
NH). 13C NMR (CDCly), &: 64.42 (OCH,), 67.95 (OCH,), 110.29 (ArC), 114.05 (ArC),
117.35 (ArC), 121.16 (ArC), 125.26 (ArC), 125.84 (ArC), 128.46 (ArC), 131.28 (ArC),
135.22 (ArC), 136.66 (ArC), 140.95 (ArC), 143.59 (ArC), 143.82 (ArC), 152.37 (C=0) ppm.
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4, CONCLUSION

In this work, the synthesis of new long chain alkyl substituted aromatic carboxamide
derivatives as inhibitors of CYP17 were reported. Several potentially active heteroaromatic
derivatives of the lead compound including quinoline, isoquinoline, benzothiophene, and
benzofuran rings were designed and synthesized. Bioisosterism was employed as a tool for
rational drug design approach. The characterization of the synthesized drug candidates were
done by *H-NMR, *C-NMR , 2D NMR (COSY and NOESY), FT-IR, HRMS experiments.

A detailed SAR study was performed for n-butyl-8-aminoquinoline substituted
derivatives. For this purpose, a systematic study on the synthesis of 8-aminoquinoline
derivatives with an n-butyl group at each alternate position of the quinoline ring was carried
out. Then, n-butyl substituted 8-aminoquinolines were coupled with several naphthoic acid
derivatives to obtain candidate final products. However, none of the quinolines substituted

derivatives were found to be active in in vitro tests.

Benzofuran and benzothiophene derivatives were proposed to bind even better to the
heme Fe atom through their O and S atoms. Several benzofuran and benzothiophene
derivatives with different alkyl chain lengths were designed, synthesized and their biological
activities were tested in vitro. All these derivatives showed some activity in preliminary test
at 5 uM. The ICso values of n-butyl substituted benzofuran derivative 37 and n-butyl
substituted benzothiophene derivative 40 were found to 25.5 uM and 15.4 uM, respectively
indicating that it would be worth to focus on these derivatives in future work.

Bioisosteric transformations were performed by virtually breaking bonds on the lead
compound to modify flexibility, so as to increase the potency. The bonds of the 2,3-
dihydrobenzodioxine ring of the lead compound were virtually broken to get compound 42
whose ICso was calculated to be 9.1 uM. Other derivatives of were designed by replacing
2,3-dihydrobenzodioxine ring with several other aromatic groups including phenyl,
naphthyl, biphenyl, quinoline and isoquinoline rings. Within this group, the 6-
methoxynaphthalene substituted derivative 46 was calculated to have an ICso value of 27.1.
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Compounds 42 and 46 can also be used as template in future work in search for more active

molecules.

(R)- and (S)- enantiomers of the lead compound were synthesized by coupling the
corresponding commercially available chiral acids with 4-butylaniline using Method C.
Neither of the enantiomers were found to be potent in a preliminary screening done at 2.5
uM. More biological testing needs to be done at higher concentrations since the ICso value

of the racemate is 37.7 uM.

Various other miscellaneous derivatives of the lead compound were designed and
synthesized by making bioisosteric replacements. A promising result of preliminary
biological testing of 45 has led to several of its derivatives through a series of classical
bioisosteric, non-classical bioisosteric, and retroisosteric transformations. The results of the
biological tests for this series however were not promising since only the phenyl derivative

55 was found to have a mediocre result of 23.8 % inhibition at 5 pM.

A small series of isoquinoline carboxamide derivatives were proposed and synthesized
as quinoline bioisosteres. The design concept includes a mimicry of the binding mode of the
abiraterone to Fe of heme of CYP17 enzyme by using isoquinoline ring. The biological tests

for these compounds will be done later on.
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APPENDIX A: SPECTROSCOPY DATA

This section includes 1D NMR (*H, *C NMR) and 2D NMR (COSY, NOESY)

spectroscopy of the synthesized products. Expansions were made on the NMR data for easy
interpretation.



\

1.03 0.97 0.91 0.85 0.79 0.73 O.
f1 (ppm)

3.00 2.96 2.92 2.88 2.84 2.80 2.7
f1 (ppm)

8.10 8.05 8.00 7.95 7.90 7.85 7.f 7.50 7.35 7.2
f1 (ppm) f1 (ppm)

J 4 L

11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
fl (ppm)

0.5

0.0

Figure A.1. *H-NMR Spectrum of 2-butylquinoline.
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Figure A.2. tH-NMR Spectrum of 8-amino-2-butylquinoline.
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Figure A.3. 3C-NMR Spectrum of 8-amino-2-butylquinoline.
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Figure A.4. *H-NMR Spectrum of 1-butyl-3-nitrobenzene.
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Figure A.5. 3C-NMR Spectrum of 1-butyl-3-nitrobenzene.
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Figure A.6. *H-NMR Spectrum of 3-butylaniline.
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Figure A.7. *H-NMR Spectrum of 5-butylquinoline.
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Figure A.8. *H-NMR Spectrum of 7-butylquinoline.
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Figure A.9. 3C-NMR Spectrum of 7-butylquinoline.
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Figure A.10. *H-NMR Spectrum of 6-butylquinoline.
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Figure A.11. *H-NMR Spectrum of 5-bromo-6-butylquinoline.
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Figure A.12. 3C-NMR Spectrum of 5-bromo-6-butylquinoline.
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Figure A.13. *H-NMR Spectrum of 5-bromo-6-butyl-8-nitroquinoline.
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Figure A.14. 3C-NMR Spectrum of 5-bromo-6-butyl-8-nitroquinoline.
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Figure A.15. *H-NMR Spectrum of 8-amino-6-butylquinoline.



i Iy

NH 0.950 0.934 0.918 0.9
f1 (ppm)

/

Ol L

8825 8810 87 8.040 8.015 7.990 7.9 7.286 7.270 7.254 7.2
f1 (ppm) f1 (ppm)

fl(ppm) JW\\

2.966 2.950 2.934 2.¢
f1 (ppm)

l _J . . L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05
f1 (ppm)

Figure A.16. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)benzamide.
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Figure A.17. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)benzamide.
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Figure A.18. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)-6-fluoro-2-naphthamide.
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Figure A.19. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)-6-fluoro-2-naphthamide.
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Figure A.20. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)-2-naphthamide.
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Figure A.21. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)-2-naphthamide.
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Figure A.22. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)-3-methoxy-2-naphthamide.
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Figure A.23. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)-3-methoxy-2-naphthamide.
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Figure A.24. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)-6-methoxy-2-naphthamide.
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Figure A.25. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)-6-methoxy-2-naphthamide.
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Figure A.26. *H-NMR Spectrum of N-(2-butylquinolin-8-yl)-3,5-dimethoxy-2-naphthamide.
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Figure A.27. 3C-NMR Spectrum of N-(2-butylquinolin-8-yl)-3,5-dimethoxy-2-naphthamide.
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Figure A.28. *H-NMR Spectrum of N-(4-butylphenyl)benzofuran-2-carboxamide.
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Figure A.29. 3C-NMR Spectrum of N-(4-butylphenyl)benzofuran-2-carboxamide.
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Figure A.30. *H-NMR Spectrum of N-(4-pentylphenyl)benzofuran-2-carboxamide.
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Figure A.31. 3C-NMR Spectrum of N-(4-pentylphenyl)benzofuran-2-carboxamide.
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Figure A.32. *H-NMR Spectrum of N-(4-butylphenyl)benzo[b]thiophene-2-carboxamide.
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Figure A.33. 3C-NMR Spectrum of N-(4-butylphenyl)benzo[b]thiophene-2-carboxamide.
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Figure A.34. *H-NMR Spectrum of N-(4-hexylphenyl)benzo[b]thiophene-2-carboxamide.
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Figure A.35. 13C-NMR Spectrum of N-(4-hexylphenyl)benzo[b]thiophene-2-carboxamide.
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Figure A.36. *H-NMR Spectrum of N-(4-butylphenyl)-2-(2-methoxyphenoxy)acetamide.
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Figure A.37. 13C-NMR Spectrum of N-(4-butylphenyl)-2-(2-methoxyphenoxy)acetamide.
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Figure A.38. *H-NMR Spectrum of N-(4-butylphenyl)-3-phenoxypropanamide.
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Figure A.39. 3C-NMR Spectrum of N-(4-butylphenyl)-3-phenoxypropanamide.
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Figure A.40. *H-NMR Spectrum of N-(4-butylphenyl)biphenyl-3-carboxamide.
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Figure A.41. 3C-NMR Spectrum of N-(4-butylphenyl)biphenyl-3-carboxamide.
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Figure A.42. *H-NMR Spectrum of N-(4-butylphenyl)quinoline-2-carboxamide.
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Figure A.43. 3C-NMR Spectrum of N-(4-butylphenyl)quinoline-2-carboxamide.
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Figure A.44. *H-NMR Spectrum of N-(4-butylphenyl)quinoline-3-carboxamide.
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Figure A.45. *H-NMR Spectrum of N-(4-butylphenyl)isoquinoline-3-carboxamide.



gyve

0.885 0.865 0.845 0.8
f1 (ppm)

7.85 7.70 7.55 7.40 7.25 7.1
f1 (ppm)

WM

2.570 2.545 2.520 2.¢
1 (ppm)

N L A UL

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
14.013.513.012.512.011.511.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.3
f1 (ppm)

Figure A.46. *H-NMR Spectrum of 3-[(4-butylphenyl)carbamoyl]isoquinoline 2-oxide.
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Figure A.47. 3C-NMR Spectrum of 3-[(4-butylphenyl)carbamoyl]isoquinoline 2-oxide.
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Figure A.48. *H-NMR Spectrum of (R)-N-(4-butylphenyl)-2,3-dihydrobenzo[b][1,4]dioxine-2-carboxamide.
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Figure A.49. 13C-NMR Spectrum of (R)-N-(4-butylphenyl)-2,3-dihydrobenzo[b][1,4]dioxine-2-carboxamide.
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Figure A.50. *H-NMR Spectrum of (S )-N-(4-butylphenyl)-2,3-dihydrobenzo[b][1,4]dioxine-2-carboxamide.
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Figure A.51. *3C-NMR Spectrum of (S)

-N-(4-butylphenyl)-2,3-dihydrobenzo[b][1,4]dioxine-2-carboxamide.
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Figure A.52. *H-NMR Spectrum of N-(4-butylphenyl)naphthalene-2-carbothioamide.
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Figure A.53. *H-NMR Spectrum of N-(3-butylphenyl)-2-naphthamide.
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Figure A.54. 3C-NMR Spectrum of N-(3-butylphenyl)-2-naphthamide.
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Figure A.55. *H-NMR Spectrum of N-(4-butylphenyl)benzamide.
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Figure A.56. 3C-NMR Spectrum of N-(4-butylphenyl)benzamide.
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Figure A.57. *H-NMR Spectrum of 4-butyl-N-phenylbenzamide.
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Figure A.58. 13C-NMR Spectrum of 4-butyl-N-phenylbenzamide.
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Figure A.59. *H-NMR Spectrum of N-(4-butylphenyl)-2-(2-hydroxyphenoxy)acetamide.
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Figure A.60. 13C-NMR Spectrum of N-(4-butylphenyl)-2-(2-hydroxyphenoxy)acetamide.
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Figure A.61. *H-NMR Spectrum of N-(isoquinolin-5-yl)-2-(2-methoxyphenoxy)acetamide.
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Figure A.62. 3C-NMR Spectrum of N-(isoquinolin-5-yl)-2-(2-methoxyphenoxy)acetamide.
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Figure A.63. *H-NMR Spectrum of N-(isoquinolin-5-yl)-1,2,3,4-tetrahydronaphthalene-2-carboxamide.




T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80
f1 (ppm)

Figure A.64. 3C-NMR Spectrum of N-(isoquinolin-5-yl)-1,2,3,4-tetrahydronaphthalene-2-carboxamide.
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Figure A.65. *H-NMR Spectrum of N-(isoquinolin-5-yl)-3-phenoxypropanamide.
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Figure A.66. 3C-NMR Spectrum of N-(isoquinolin-5-yl)-3-phenoxypropanamide.
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Figure A.67. *H-NMR Spectrum of N-(4-butylphenyl)isoquinoline-6-carboxamide.
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Figure A.68. 3C-NMR Spectrum of N-(4-butylphenyl)isoquinoline-6-carboxamide.
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Figure A.69. *H-NMR Spectrum of N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)isoquinoline-6-carboxamide.
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Figure A.70. 13C-NMR Spectrum of N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)isoquinoline-6-carboxamide.
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