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OZET

YENI BAZI PIROL TUREVLERININ SENTEZI VE BIYOLOJIK ETKILERININ
INCELENMESI

Shorug Ahmed Omar NAJI
Farmaso6tik Kimya Anabilim Dali
Anadolu Universitesi, Saglik Bilimleri Enstitiisii, Haziran 2023
Danisman: Prof. Dr. Ahmet Cagrt KARABURUN

Enflamatuvar tepki, potansiyel zarara karsi ¢ok dnemli bir koruyucu mekanizma
gorevi goren karmasik bir biyolojik siirectir. Bu siirecin merkezinde prostaglandinleri
sentezleyen siklooksijenaz (COX) enzimleri, 6zellikle COX-1 ve COX-2 alttipleri rol
almaktadir. Bilimsel bilgiyi ilerletme arayisimizdaki bu ¢alismada, COX enziminin
potansiyel inhibitorleri olarak yeni pirol tiirevlerini tasarlayip sentezleyerek bu alana
katkida bulunmay1 hedefledik. Amag, enzimin aktivitesini modiile etmek icin daha gii¢li
molekiiller kesfetmektir. Yaklasik 3000 bilesikten olusan sentez kiitiiphanemizi tarayarak
olas1 aktif maddeleri kisa zamanda ve etkin sekilde belirledik. Bunun yani sira
sentezlenen bilesikler ve (COX-1/-2) enzimleri arasindaki karmagsik etkilesimi daha
derinden anlamak amaciyla gelismis yerlestirme ¢alismalar1 ve kantitatif yapi-etki iliski
(QSAR) analizlerinden yararlandik. Sonug¢ olarak elde ettigimiz QSAR verileri
dogrultusunda sentez yolumuzu belirledik. Ozellikle, 5e ile birlikte 5b, 4g, 4l, 4h ve 4k
bilesikleri, COX enzim aktivitesinin gii¢lii inhibitorleri olarak tespit edilmistir. Bu en son
bulgularin, yalnizca bilimsel kesiflerin gelecegine yeni bir bakis saglamakla kalmayip,
ayni zamanda COX enzim inhibitorleri olarak pirol tiirevlerini kullanan yeni anti-
enflamatuvar ilaglarin potansiyel gelisimine yonelik daha fazla arastirmanin yolunu

acacak onemli bir katkist olacagini diistiniiyoruz.

Anahtar Sozciikler: COX-1 ve COX-2 inhibitorleri, Pirol tirevleri, Antienflamatuvar
maddeler, Valide molekiiler docking ¢aligmalari, QSAR.



ABSTRACT

SYNTHESIS OF SOME NEW PYRROLE DERIVATIVES AND INVESTIGATION
OF THEIR BIOLOGICAL EFFECTS

Shorug Ahmed Omar NAJI
Department of Pharmaceutical Chemistry
Anadolu University, Graduate School of Health Sciences, June 2023
Supervisor: Prof. Dr. Ahmet Cagri KARABURUN

The inflammatory response is a complex biological process that acts as a crucial
protective mechanism against potential harm. At the center of this process,
cyclooxygenase (COX) enzymes that synthesize prostaglandins, especially COX-1 and
COX-2 subtypes, play a significant role. In this work, as aimed to advance scientific
knowledge, to contribute to this field, new pyrrole derivatives were designed and
synthesized as potential inhibitors of the COX enzyme. Our goal was to discover more
potent molecules to modulate the enzyme's activity. By scanning our synthesis library
consisting of approximately 3,000 compounds, we identified potential active substances
in a short time and effectively. Additionally, we benefited from advanced docking studies
and quantitative structure-activity relationship (QSAR) analyses to further understand the
complex interaction between the synthesized compounds and (COX-1/-2) enzymes. As a
result, we determined our synthesis path in line with the QSAR data we obtained. In
particular, compounds 4g, 4h, 4k, 4l, 5b and 5e have been identified as potent inhibitors
of COX enzyme activity. We believe that these latest findings will make an important
contribution, not only providing a new perspective for scientific discoveries, but also
paving the way for further research towards the potential development of new anti-

inflammatory drugs using pyrrole derivatives as COX enzyme inhibitors.

Keywords: COX-1 and COX-2 inhibitors, Pyrrole derivatives, Anti-inflammatory
agents, Validated docking studies, QSAR.
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1. INTRODUCTION

Inflammation is a crucial process that helps defend the body fight off injuries or
microbial infections. The immune response is a crucial mechanism that facilitates the
elimination of harmful stimuli and promotes the healing of injured tissues. Acute
inflammation is a component of the adaptive immune system, which serves as the first
line defense against foreign invaders and potentially harmful molecules. However,
chronic inflammation can result from a variety of diseases, including cancer, progressive
neurological disorders, and heart disease [1]. The four well-known symptoms of
inflammation are redness, pain, swelling, and heat. Chemical mediators released by the
circulatory system, inflammatory cells, and injured tissues support the inflammatory
response, including vasoactive amines, peptides, and eicosanoids [2]. The enzyme
cyclooxygenase metabolizes arachidonic acid (AA), which also participates in the
production of of proinflammatory prostaglandins (PGs). PGs sensitize nociceptors and
nerve endings in the periphery, sending pain signals to the brain. Prostaglandins such as
prostaglandin E2 increase the permeability of blood vessels and magnify the effects of
other inflammatory mediators, causing hyperalgesia and localized inflammation by
activating afferent C fibers, leading to increased blood flow and localized edema resulting
from acute inflammation [3]. Prostaglandins are also involved in the regulation of blood
flow to the kidneys, protection of the stomach lining, and prevention of excessive
bleeding by stimulating platelet aggregation (Figure 1.1). The underlying biochemical
mechanism of action for both the therapeutic effects and side-effects of NSAIDs is the

blocking of cyclooxygenase [4].



Phospholipides
(lecithin)

Phospholipase A,

LOX

2
_ C—O-H b
- + CH, \_
- m on0CH o® /%

CHy~g—p—¢
Arachidonic acid (AA) i

COX-1

COX-2
(constitutive
&inducible

(constitutive

Lysolecithin
Cyclooxygenase

(COX-reactjon) .7
N .

Selective-COXj
inhibitors

Classical o

NSAIDS

PGG,

Cyclooxygenase o
o (Peroxidase-reaction)

H
o
H +
)
H
PGH,
TXA2 Malondialdehyde
l (MDA) HHT
(o]
OH
OH o
. (o]
OH
OH O H OH
OH NG~
TXB,
(o] >
OH

PGI, PGD,

Figure 1.1. Simplified arachidonic acid cascade and roles of COX-1 and COX-2



During the early 1990s, a research team led by Needleman, Simmons, and
Herschman discovered an inducible variants of the COX-1 and COX-2 isoforms which
they resposible to convert arachidonic acid into related prostaglandins [5, 6]. While COX-
1 is always present and involved in homeostatic processes, The expression of COX-2 is
stimulated in response to physiological stimuli and plays a role in pain and inflammation
mediation. Both COX-1 and COX-2 are inhibited by Nonsteroidal anti-inflammatory
drugs (NSAIDs), which results in anti-inflammatory and analgesic effects. While COX-
2 inhibition is necessary for NSAIDs to exert their therapeutic effects, COX-1 inhibition
leads to dangerous gastrointestinal complications, such as Lesions and hemorrhage,
which can be fatal if untreated. A higher risk of morbidity may be present in patients with
these lesions. The hypertensive and renal side effects of NSAID use are particularly
dangerous for patients with impaired renal function. A decrease in prostaglandin
production, which regulates the flow of blood through the kidneys, can lead to water
retention, hypertension, and even renal failure. Additionally, NSAIDs cause
bronchoconstriction, which can result in asthma attacks. This effect is brought on by a
switch in metabolism from the cyclooxygenase pathway to the 5-lipoxygenase pathway,
which results in less PGE2 (a substance that dilates the airways) being produced. When
the 5-lipoxygenase pathway rather than the obstructed cyclooxygenase pathway is used
to metabolize arachidonic acid, leukotrienes, which are bronchoconstrictors, are created
[7,8].

In fact, minor lesions or more serious accidents like bleeding, perforation, or
obstruction result from blocking COX-1, which Its expression is an innate characteristic
of the gastric mucosa It is involved in the generation of prostanoids that promote gastric
mucosal protection [9]. Researchers have created drugs that specifically inhibit COX-2
activity and introduced to the market as a means of avoiding the potential for adverse
effects caused by inhibiting COX-1. However, rofecoxib and valdecoxib were taken off
the market due to an exponential increase in thrombotic events with prolonged use [10,
11]. However, some evidence has explored the chemical structure of rofecoxib to the
establishment of cardiac side effects. Rofecoxib's propensity to generate a reactive
metabolite that can react with the nucleophilic groups of a wide variety of biological
molecules to cause structural damage to cells raises the possibility that adverse cardiac

events are not a class-related side effect [12].



In light of these issues, scientists are working hard to develop new NSAIDs with
the same anti-inflammatory and analgesic effects as existing ones, but without the
associated side effects. This research is crucial because NSAIDs are frequently utilized
to treat patients with chronic painful symptoms or inflammation conditions. However,
because of the risks of long-term use, it is essential to identify less risky alternatives [13,
14]. More effective oxide (NO) donors (NO-releasing coxib) less side effect on
gastrointestinal system (GI) and improved cardiovascular effects have been recently the

subject of invistigation [15].

1.1. Breaking news about the development of NSAIDs

NSAIDs have been used as first-line drugs for pain and inflammation since 1897.
NSAIDs like phenylbutazone and indomethacin have a long history of study and
development; for example, JR Geigy discovered phenylbutazone in 1946 and Merck &
Co discovered indomethacin in the 1960s [16]. Phenylbutazone used to be widely
prescribed, but its serious side effects, including agranulocytosis and bone marrow
suppression, peptic ulcers, and bleeding, led to its demise [17]. The United Kingdom is
credited with developing ibuprofen in the 1950s and 1960s. After aspirin [18], it was the
second NSAID to be made available without a prescription. The success of ibuprofen
prompted many drug companies to investigate and develop new NSAIDs with a wide
range of chemical and biological properties. Some conventional NSAIDs, as depicted in
Figure 1.2, inhibit both COX-1 and COX-2, two distinct forms of cyclooxygenase, which
has a number of drawbacks, including gastrointestinal and ulcerogenic side effects, which

restrict their use [19].
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In fact, it is challenging to create drugs that specifically target COX-2 without

affecting COX-1, due to their shared cellular expression and sequence homology [20].

New drug candidates can be effectively designed through molecular hybridization.

Celecoxib and rofecoxib are currently used as COX-2 inhibitors, but they both have

negative effects on the heart [21]. Common NSAIDs with a pyrrole nucleus at their

structure are of particular interest [22, 23]. Tolmetin, ketorolac, indomethacin,



acemetacin, and etodolac are all pyrrole nucleus moieties that fall into this category [24,
25]. These compounds inhibit the production of prostaglandins by blocking either COX-

1 or COX-2. A few examples of these compounds' structures are shown in Figure 1.3.
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Two well-known pyrrolylacetic acid-derived NSAIDs include tolmetin and
zomepirac, with ICsg values of 2.1 uM and 1.2 uM for human COX-2, respectively.
Despite their usefulness, their potential for inducing long-term side effects means they
should be used with caution [26, 27]. Pharmaceutical companies make extensive use of
N-pyrrolcarboxylic acids because of its many beneficial biological properties and because
some of its compounds have been identified as highly effective COX-2 inhibitors [24,
28]. Recently, several studies have been published describing the development, synthesis,
and anti-inflammatory efficacy of a new class of anti-inflammatory agents containing
pyrrole carboxylic acid with application to COX inhibitors. We set out to develop COX-
1/COX-2 inhibitors that struck a balance between the two enzymes by fusing the
structural features of conventional COX-2 inhibitors including the key chemical
ingredients for inhibiting COX-1.



Given the known anti-inflammatory strength of zomepirac and tolmetin, identified
by the presence of pyrrolylarylketone (Figure 1.3), and the selective COX-2 inhibition of
1,2-diaryl pyrroles (Figure 1.2), our research efforts were aimed at developing a method
for producing substituted 2-[3-(Ethoxycarbonyl)-2-methyl-5-(substituted phenyl)-1H-
pyrrol-1-yl] alkanoates (Figure 1.4). Our attention was directed towards design, synthesis,
and evaluation of novel pyrrol carboxylic acid derivatives, which possess both an acidic
group for anti-inflammatory effects and 2-methylpyrrole pharmacophores that act as
COX inhibitors. We aimed to investigate the effect of the substituted phenyl group, taking
into consideration its significant size and ability to interact with the hydrophobic pocket.
Docking studies were conducted to investigate the anti-inflammatory activity of the
synthesized compounds and understand how they might bind to the COX-1 and COX-2
active sites. Additionally, we employed FB-QSAR to establish the relationship between
inhibitory activity and 3D pharmacophoric characteristics, thus providing valuable
insights for the development of COX-1 and COX-2 inhibitors. Figure 1.4 illustrates our

meticulously devised approach for the targeted compounds.
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2. LITERATURE REVIEW
2.1. Pyrrole
2.1.1. Chemistry

Pyrrole (CsHsN) is a heterocyclic aromatic compound that has garnered
considerable interest in the field of organic chemistry due to its unique structure and
versatile chemical reactivity. It contains a five-membered ring with four carbon atoms
and one nitrogen atom. Pyrrole does not have isomers, but its tautomeric forms are
interconvertible by hydrogen atom migration (Figure 2.1). The nitrogen atom in pyrrole
is slightly acidic due to the delocalization of its lone pair of electrons into the aromatic
ring. This delocalization makes pyrrole a weaker base compared to other nitrogen-
containing compounds, but it can still react with various electrophiles such as alkylating
agents, acylating agents, and other carbonyl-containing compounds. Additionally, the pi
electrons of the aromatic ring in pyrrole can undergo various types of reactions, such as
electrophilic aromatic substitution and nucleophilic addition, making pyrrole a versatile
building block in organic synthesis. Pyrrole and its derivatives have been used in various
applications, including as intermediates in the synthesis of pharmaceuticals,
agrochemicals, and natural products. Additionally, pyrrole-containing compounds have
shown promising results as antitumor, anti-inflammatory, and antibacterial agents. The
diverse range of reactivity and potential applications of pyrrole make it an essential

component in organic chemistry research [29].

1H-pyrrole 2H-pyrrole 3H-pyrrole

Figure 2.1. Pyrrole tautomers

2.1.2. Classical approaches for pyrrole synthesis

One of the crucial aspects of developing pharmaceuticals based on pyrrole is their
synthesis, particularly the synthesis of polysubstituted pyrroles. Over the last decades,
there are many methods for synthesizing pyrrole compounds in laboratory routes [30].

The traditional approaches, including the Hantzsch [31], Barton-Zard reaction [32], Van



Leusen pyrrole synthesis [33], Piloty—Robinson pyrrole synthesis [34], Paal-Knorr and
Knorr reactions [35], allow the condensation of carbonyl compounds and amines,
resulting in poly-substituted pyrroles [36]. Classic synthesis routes for producing poly-

substituted pyrroles are summarized in Figure 2.2.

(0} /Et
R, _O o
I + NH; +
Ry Cl Ry
(o}
Hantzchﬂ 0
R R R 0 it
2 3 zf + o
- Paal-K K
Ry Ry + R-NH, aal-iknor forr R{ NH, 07 Ry
[ N0
R3
o Van-Leusen Barton-Zard N+EC_ + Ry o
/\)\ 'Et + TS/\NF\\’ é? Ry ’
~,/ O ~C

ﬁ Piloty-Robinson

R3
2 /L +  RyHN-NHR,

Ry SO

Figure 2.2. Classic approaches to access polysubstituted pyrroles

2.1.2.1. Hantzsch method pyrrole synthesis

Hantzsch is a multicomponent reaction [36].This method synthesizes ester-
substituted pyrrole [37]. This technique involves heating a primary amine with a
combination of a-haloketone and beta-keto ester in equal amounts. The ester undergoes
a transformation into an enaminone or enamino ester 1. The initial intermediate combines
with the o-halo carbonyl component to generate the C-alkylated intermediate 2.
Subsequently, the C-alkylated intermediate undergoes cyclocondensation, resulting in the
formation of the final product 3. This process involves the loss of a molecule of water
(Figure 2.3).



0] 0] 0 R4 COOR3 R4 d
Ry . X — =
RMO + \‘)LR; + :\.IH2-R] 0 R / \ «—— H ( _'\_; R
R 5 N RZ R N2 2
4 | 5 |
Ry R,
. J
3
I3
R 0.
j R;
NH,-R, l X
Ry
Na R,
Hifig )
Slh)J\ X N Rs
—_—
R 0O- R
S ‘0™
R;
1 H 2

Figure 2.3. The most widely accepted pathway for the Hantzsch pyrrole synthesis reaction

2.1.2.2. Paal-Knorr pyrrole synthesis

In this synthesis, a reaction between a 1,4-dicarbonyl compound and either
ammonia or a primary amine takes place. The reaction is typically run under protic or
Lewis acidic conditions [35, 38]. It produces a polysubstituted pyrrole, but with using
ammonium hydroxide or acetate (as reported by Paal) produces an N-unsubstituted
pyrrole (Figure 2.4) [39].

R, Ry Rj
Rs Rs R,-NH, R /A .
3 N 2
—_—
o [0) R, catalyst 1‘{1
-2H,0
R,
RS\H)IRS
(0] /_\I.V.Hz-R
Qj R, ]
H

Figure 2.4. Mechanism for the Paal-Knorr pyrrole synthesis
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2.1.2.3. Knorr pyrrole synthesis

This widely used reaction involves the condensation of an a-aminocarbonyl with a
ketocarbonyl. To obtain tetra-substituted pyrroles, the reaction is heated under acidic
conditions using acetic acid as the solvent [40]. The process entails the condensation of
an aminoketone 4 with a a-carbonyl compound 5, resulting in the formation of the
corresponding imine 7, Subsequently, an enamine is produced through a tautomeric
equilibrium 8 that can be cyclized via nucleophilic attack on the carbonyl group in the
intermediate. Finally, dehydration and tautomerization generate N-H substituted pyrroles

6 as presented in (Figure 2.5).

Ry Rs
R, R; \)(J)\ reducing agent /Z_j\
+ R, 7\
HN O R4 — R;y” N7 R,
4 5 H
1L 6
R, O

R R

’ |
R4 RS R4 RS H_E-)/ 1{3 ‘\ R3
S Ny HO R, R, +H R .Oj‘g—R
R3 N R '_;F —_— —_— 5 2
H RSN Ry e =N _\>—NH
K, - "

Reducing agent: Zn/AcOH, NaS,0,, Pd(C)/H,, solvent; AcOH, H,O

R,=alkyl, CO2R, aryl
R;= electron-withdrawing group (EWG)= COR, CO2R, CN6 SO2R
R,4=H, alkyl, aryl, CO2R

Figure 2.5. Mechanism for the Knorr pyrrole synthesis

2.1.3. Pharmacological profile

Serve as crucial structural elements in many bioactive compounds and useful

building blocks in natural product and material science synthesis. Their synthesis has
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always been a major research area in synthetic chemistry, and many methods have been
developed [41]. Pyrrole is synthetic, but its analogs are found in vitamin B12, bile
pigments bilirubin and biliverdin, and other natural products [42]. The pyrrole and
pyrrolidine moieties can be found in some currently available drugs, while other drugs
are still in the research and development phase [43]. which contributes further to its wide
activities that include antimicrobial [44], antipsychotic [45], antiviral [46], anti-
inflammatory [47], anti-oxidant and antidiabetic activity [48, 49], as well as anticancer
[50] and anticonvulsant activity [51]. Figure 2.6 introduces possible drugs based on the
structural classes of pyrroles introduces possible drugs based on the structural classes of
pyrroles.

N_ NN

< <N O

| \ﬁl/)_/( ©
0 N-  HO

HN_/

Ribociclib

! v L
o
o
\ ¢ I/)\:«
/N N ~0 OH
_ )
. _ )
\\ OH Q—R /\\
. o S N_N

Indomethacin’,"
“<.Ketorolac
) Ondansetron

Figure 2.6. Clinical drug candidates based on pyrrole-nuclus analogus
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2.1.3.1. Novel anti-inflammatory activity from lead compounds: a structural literature

review

The search for effective anti-inflammatory agents has long been a focus of
medicinal chemistry research. In recent years, there has been a growing interest in
exploring the potential of lead compounds in the development of new anti-inflammatory
drugs. This section, will provide a literature review that focuses on the structural
characteristics of lead compounds with anti-inflammatory activity, with the aim of
identifying key features that contribute to their effectiveness. By examining the existing
research in this area, we hope to gain a better understanding of the underlying mechanisms
of anti-inflammatory activity and guide the design of future lead compounds with
improved therapeutic potential.

P. Januario et al. cite ketoprofen as a standard pharmaceutical. It has been suggested
that a mechanism of action superior to that of common NSAIDs can be achieved by
preparing a series of benzophenone derivatives joined to a thiazole group and
demonstrating anti-inflammatory activity through inhibition of both prostaglandins and
neutrophils [52]. Later, Shaukath A. Khanum et al. presented yet another benzophenone
analogue, this one involving N-phenyl acetamide derivates; Moreover, in another study,
he synthesized benzophenone-N-ethyl piperidine ether analogues; none of these
compounds exhibited any appreciable side effects in comparison to nonsteroidal anti-

inflammatory drugs like indomethacin and naproxen Figure 2.7 [53].
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Figure 2.7. Creating a series of benzophenone derivatives based on ketoprofen

Kiigiikgiizel et al. replaced the carboxylic acid group of diflunisal with substituted
triazoline thiones 4c exhibited the highest anti-inflammatory activity (73.03%) whereas
diflunisal, the drug used as standard, has been found less active (24.16%) [54]. Sadik Al
Mekhlafi et al. synthesis a new anti-inflammatory agent compound 1 on the replacement
of ibuprofen’s carboxylic group with an amide group linked to a thiadiazole thus produce

with less ulcer effect Figure 2.8 [55].
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Ibuprofen

Figure 2.8. Improved anti-inflammatory activity through: Carboxylic acid group substitution in

Ibuprofen and Diflunisal

Substituted 1H-pyrazolyl-thiazolo[4,5-d]pyrimidines were developed by Bekhit et
al. using the diaryl heterocycle derived from celecoxib as a starting point. The pyrazole
ring is linked to the thiazolo[4,5-d]pyrimidine ring system at position 4 and compound
12a was synthesized and exhibited systemic anti-inflammatory activity with 1Cso 7.56
uM and % 72.4 protection comparable to that of indomethacin (% 75.9 protection).
However, it is 20% less effective than indomethacin when compared at the same dose
[56]. Then, B. P. Bandgar et al. using the same scaffold of pyrazole with introducing the
3-benzamidocarbazole analogus, were reported as an inhibitor of production and
synthesis PGE2 and the compound 5¢ with two methoxy substituted in aryl ring exhibited
a potential anti-inflammatory % Inhibition (88.34- 24.25) uM for COX-2 and COX-1
respectively [57]. Additionally, Zhen Zhang et al. Also using another hereosystem with
introducing thiazole derivatives compound E26 [58] whereas, Eman K.A. Abdelall et
al. synthesis other analogus with using pyrazolopyrimidine scaffold and compound
13a showed higher activity (ICs0=0.10 - 0.11 uM range) with respect to celecoxib
(IC50=10.049 uM) Figure 2.9 [59].
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Keeping use substituted diaryl
heterocycles as from the refrence drug
celecoxib, and it can be possible to use

another hererocycles like
benzamidacarbazoles

Celecoxib

O .
' Its possible to fused another heterocycles
C=0, N5(pyrimidine), with pyrazole as core cenFer_li'ke thiazole
N3(pyrazole) make hydrogen .pyrazo%o[3,4-d]pyr1m1d11.1es. .
bond interaction with Arg516, and with or without make modification a
Tyr355 postion 4

Figure 2.9. Recent advances in pyrazole-based anti-inflammatory agents: Scaffold substitutions and

activity comparisons

Lynch et al. inspired from oxicams (piroxicam) which characterised by the 4-
hydroxy benzothiazine heterocycle and the presence of carboxyamide substituent at the

3 position of the benzothiazine ring, synhesis carboxamino-1,3 thiazole derivatives
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containing N, N dimethyl amino phenyl moieties compound 4 showed anti-inflammatory
activity across a concentration range of (102 - 5x10#) M [60].

Ukrainets et al. The structural analogs of piroxicam, in which the sulfo and amino
groups in the benzothiazine cycle are arranged reciprocally and produce compound 4d by
the “flip-flop drugs” methodology which are more potent than Lornoxicam by their anti-
inflammatory properties [61]. In addition M. Szczgéniak-Siega et al. Using the same
scaffold of benzothiazine, and different linker between thiazine and piperazines nitrogens
are: three-carbon aliphatic linker 6b and series two-carbon with a carbonyl group linker
(7b using acetoxy linker) showing different activity toward COX-1 and COX-2 (Figure
2.10) [62].
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Figure 2.10. Exploring the anti-inflammatory activity of benzothiazine-based derivatives: Substitutions

and linker variations

New evidence suggests that mMPGES-1 is aviable therapeutic target for the creation
of safe and effective anti-inflammatory medications. These compounds belong to a new
class of selective benzoxazole piperidine carboxamides that are effective when taken
orally [63]. Arhancet et al. synthesis compound 12 which is the result of structural

activity optimization using cyclohexyl carbinols on lead 5, then Introduction of
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fluoroalkyl and aryl substituents at the Cs of the benzoxazole ring led to the discovery of
compound PF-4693627 and was chosen to participate in a clinical trial (Figure 2.11) [64].

Introducing 1S,3S
cyclohexyl carbinols 75-
fold increase the potency

Class of benzoxazoles as inhibitors
of mPGES-1and using as an initial hit 12

5 ﬂ
O
N o o) :

HO

‘_Q_x

Introduction of fluoroalkyl and aryl

substituents at the C(6)-position of

the benzoxazole ring led to increase
potency

PF-4693627

Figure 2.11. Development of benzoxazole piperidine carboxamides as selective mPGES-1 inhibitors for

anti-inflammatory therapy

Minju Kim et al. synthesize a series of phenylsulfonyl hydrazide derivative by
conducting both computational and physical HTS with the Korean Chemical Bank's
reference collection and compound 1 (ICso = 5700 nM against PGE2 production) was the
most promising , After further optimization, the active lead compound 8n (ICso = 4.5 and
6.9 nM) was found, which is 30-150 times more effective than MK-886 in a cell-free
assay against mPGES-1 enzyme (ICso = 70 nM) [65], following that Park et al. contious
the previous working and made some modification to generatea new potent
phenylsulfonyl hydrazide (7d; 1Cso=0.06 uM against PGE2) [66]. Following the
introduction of these intriguing hydrazide groups and their potential anti-inflammatory
effects, numerous research projects have attempted to incorporate hydrazides into their
designs. Here are a few instances: VinutaKamat et al. synthesize some hydrazides linked
to pyridine-containing thiazole in order to create powerful bioactive scaffolds. This
process produced the compound 5i, which had the highest 1Csg value [67] and Pallavi et
al. synthesis 10e showed the highest ICso value for COX-1 and COX-2 Sl inhibition
(Figure 2.12) [68].
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Figure 2.12. Exploring the anti-inflammatory activity of phenylsulfonyl hydrazide derivatives and their

potential as novel therapeutic agents for inflammatory diseases

Conjugating NSAIDs with cleavable moieties is a common strategy for hiding the
free carboxylic acid and boosting Gl tolerance, as has been widely reported in the
literature. The invention takes by Sahu et al. the advantage of the fact that amino acids
are present in many foods and are not toxic until consumed in large quantities by covering
up the NSAIDs' free carboxylic acid and synthesizing numerous ester and amide
prodrugs, whereas Mahfouz et al. using N-hydroxymethylsuccinimide (HMSI) and N-
hydroxymethylisatin (HMIS) as promotions to lessen their toxicity to the gut and
increase their bioavailability (Figure 2.13) [69, 70].
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Figure 2.13. Prodrugs: Strategies for enhancing Gl tolerance of NSAIDs

2.1.3.2. Literature review of pyrrole nucleus with anti-inflammatory activity

Pyrrole, as a noteworthy ring structure, has been discovered to have a wide range
of biological processes; this ring ranges from one type of biologically active compound
to another. In comparison to previous reviews that focused on the importance of pyrrole
and its analogs from 2015 to 2021, Here, we take a look at the most up-to-date research
concerning the therapeutic potential of pyrrole analogs, including their anti-inflammatory
effects.

Hayashi et al. reported a novel of substituted 2-(pyridin-2-yl)indol-3-acetic acid
analogues was prepared, constructed, and tested to locate selective and potent COX-2
inhibitors that could be used to treat inflammatory diseases as shown in Figure 2.14 . The
most active compound, which has a floro substitute at position 6, demonstrated 70%
inhibition against carrageenan-induced oedema in the foot of SPF/VAF SD rats, as

expected, and its respective COX-2 inhibition selectivities were 86.5-fold higher than
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those of the 5-fluoro analogue and those of the 5-fluoro-6-chloro analogue (26.4 - 9.73)
fold, respectively [71].

Figure 2.14. [2-{[(4-Substituted or 4,5-disubstituted)-pyridin-2-yl]carbonyl}-(5- or 6-substituted or 5,6-
disubstituted)-1H-indol-3-yl]acetic acid ( Rz =F, Rs= Me for the most active canditadtes)

Said Fatahala etal. reported synthesis of pyrrolopyridine and
pyrrolopyridopyrimidine analogs as anti-inflammatory agents. Their findings shows that
diclofenac and pyrrolopyridines both significantly inhibit IgE while having good anti-
inflammatory effects. Compared to the standard medication diclofenac in tests for their
effects on cytokines (specifically, IL-1, TNF-), CRP, histamine, and immunoglobulin E
(IgE), the most active derivative as shown in (Figure 2.15) had an ICso value on
Histamine, IgE, CRP, IL1-B, TNF-qa are 0.784 + 0.016 (ug/L), 1.5 + 0.28 (1U/mL), 6.6 +
0.80 (mg/L), 11.58 £ 0.42 (ng/L), 31.1= 0.10 (pg/mL) repectively {Said Fatahala, 2017
#9}.

Figure 2.15. 4-Amino-5-cyano-2-substituted-phenyl-3-phenyl-6-(substitutedphenyl)-1-(1,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-b] pyridine.( X= Ph, R= H,-OCH3

for the most active compounds)
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Reale etal. synthesized a new series of chemical compounds called 1,5-
diarylpyrrol-3-sulfur analogs and evaluated their ability to reduce inflammation.
Moreover, studies involving molecular modeling indicate the most active compounds as
shown in the Figure 2.16. Additionally, the invitro studies of the presented canditates are
revealed that inhibited 32.6 + 3.9 % at a dose of 10 mg/Kg [72].

NS = N’@R

-0
0~ S\

Figure 2.16. 1-(Substitued phenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-3-(2- (propylthio)ethyl)-1H-
pyrrole. (R= H,F for the most active canditates)

Szczukowski et al. described the synthesis of a new group of chemical compounds
that are pyrrolo[3,4-d]pyridazinone analogs with 4-aryl-1-(1-oxoethyl)piperazine
attached. They also tested the anti-inflammatory activity of these compounds. The most
potent of the synthesized compounds as shown in Figure 2.17, with a mean ICsp (658.7
uM) shows promising anti-inflammatory and anti-oxidant activity by inhibiting
cyclooxygenase with higher specificity for the COX-2 isoenzyme [73].
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Figure 2.17. 3,5,7-Trimethyl-1-[[2-[2-0x0-2-(4-phenylpiperazin-1-yl)ethyl] sulfanyl-1,3,4-oxadiazol-5-
yl]Jmethoxy]-6-phenyl-pyrrolo[3,4-d]pyridazin-4-one

Harrak et al. designed a series of 1,4-benzodioxine derivatives and pyrrole-related
compounds (Figure 2.18). Compound b ( showed the highest enzyme inhibition, with an
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ICs0 0f 5.8 M-roughly 17 times higher than that of ibuprofen whereas compound a an also
demonstrated superior inhibitory action against carrageenan-induced oedema, with an
ICs0 0f 34 M [74].

Figure 2.18. (a) 2-[N-(2,3-Dihydro-1,4-benzodioxin-6-yl)-pyrrol-2-yl] acetic acid, (b) 2-(N-(2-
Fluorophenyl)pyrrol-3-yl) acetic acid

Paprocka et al. synthesize 1H-pyrrole-2,5-dione derivatives and the result show that
dimethyl pyrrolamido pyridine carboxamide analogues (Figure 2.19). These compounds
may have the potential to suppress the production of IL-10, as they were observed to
exhibit significant inhibition of this target at concentrations of 50 pg/mL or 100 pg/mL
(with inhibition ranging from 71% to 95%). Notably, the level of inhibition achieved by
these compounds was higher than that of ibuprofen (which resulted in inhibition of 57%

and 77% at the same concentrations) [75].

R,

Figure 2.19. 3,4-Dimethyl-1H-pyrrole-2,5-dione derivatives ( for the most active one is R1= 4-CsH:N,
R>= CgHs)

Josef et al. synthesize benzoylpyrrolopyrrole carboxylic acid series of compounds
displayed potent anti-inflammatory and pain-relieving properties (Figure 2.20). It was
found that p-methyl derivative of 5-Benzoyl-1,2-dihydro-3H-pyrrolo[1,2-a] pyrrole-1-

carboxylic acid was found to have an EDso (6mg/ kg per day) and 4-vinylbenzoyl
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derivatives were found to be most potent with EDso (3mg/ kg per day) being equivalent
to indomethacin in 7 day rat assays [76].

Figure 2.20. 5-Aroyl-1,2-dihydro-3H-pyrrolo[1,2- a] pyrrole-1-carboxylic acids and related compounds
( for most actives when R= CH3z or CH,=CH)

Samar said et al. synthesize pyrrolopyridines and pyrrolopyridopyrimidines from
aminocyanopyrroles , and the final substances' capacity to reduce the production of
inflammatory cytokines in vitro and decrease inflammation in vivo was examined. The

biological findings indicate that cyano-pyrrolopyridine analogs has 36.33% reduction in
inflammation (Figure 2.21) [77].

Figure 2.21. 4-Amino-5-cyano-3-phenyl-6-(4-methoxyphenyl)-1-(1,5-dimethyl-3-oxo-2-phenyl-2,3-
dihydro-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-b] pyridine

Twenty-four chalcones of pyrroles were synthesized by Mohd Faudzi et al., who
reported their anti-inflammatory effects on IFN-gamma/LPS-induced RAW 264.7
macrophage cells by inhibiting the production of NO and PGE:. In addition, the crystal
structure and the molecular studies support these findings. The 1Csg values for nitric oxide
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and PGE; production in LPS/IFN- stimulated RAW2647 cells were 12.1 £ 1.5 uM and
0.5 £ 1.5 uM, respectively, and the compound were not cytotoxic at the measured

concentrations Figure 2.22 [78].

Figure 2.22. (E)-3-(2,5-dimethoxyphenyl)-1-(1H-pyrrol-2-yl)prop-2-en-1-one

Wilkerson et el. reported the synthesis of 1,2-diarylpyrroles as shown in Figure 2.23
which was associated with inhibition of the inducible isoform of COX. However, the
compound with sulfonyl methyl substitution at para position on phenyl ring exert the most
potent in both COX-1 and COX-2 with an ICso value of 267 uM and more than 300 pM
respectively [79, 80]

Figure 2.23. 2-Substituted and 2,3-disubstituted-4-(4-fluorophenyl)-5-[4-(methylsulfonyl)phenyl]-1H-

pyrroles.( R=Br,Cl,SO.Me for the most active compounds)

Khanna et al. recognize the efficacy of substituted 4,5-diarylpyrroles as described
by Wilkerson et al. [79, 80] and changing the order of the replacements of aryl groups,
they obtained the compounds shown in Figure 2.24. However, the one with the flouro
group at para position on the phenyl ring with (COX-2, ICsp = 60 nm) and selective (COX-
1/COX-2 =>1700) inhibitor is the most promising. Furthermore, the fluoro group can be
replaced by H, CFs, or CHs groups in order to generate compounds with high efficacy

and selectivity [81].
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Figure 2.24. 1-(Substituted phenyl)-2-substituted-5-[4-(methylsulfonyl)-
phenyl]-1H-pyrrole. (R1=F, R2=Me of the most active compound)

Luong et al. endorsed the skeleton of zomepirac to obtain pyrroleacetate selective
inhibitors by exchange the carboxylic acid group of zomiperac with a pyridazinone
moiety offered a potent and selective set of inhibitors (Figure 2.25). The compound has
an ICsp 0f 0.6 uM in COX-2 and 1Cso of 1000 uM in COX-1. The compound has an EDzo
of 3.3 mg/kg and an ED4o of 2.9 mg/kg in the rat CFE and adjuvant arthiritis models,
respectively [20].

Figure 2.25. 6-((5-(4-Chlorobenzoyl)-1,4-dimethyl-1H-pyrrol-2-yl)methyl)pyridazin-3(2H)-one

Battilocchio et al. inspired of the work by Khanna et al. [81]. They successful in
developing a class of diarylpyrroles that have undergone biological and pharmacological
testing. The findings demonstrate the compounds in (Figure 2.26) with the standout
compound having two flouro groups at position 3,4 on phenyl ring proving to have
exceptional anti-nociceptive activity even at dose 1 mg/Kg (36% reduction) and being
able to reduce writhes by 60% after administration at 40 mg/Kg comparable to celecoxib
[82].
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Figure 2.26. 2-Methyl-5-[4-(methylsulfonyl)phenyl]-1-[3,4-difluoro-phenyl]-1H-pyrrole-3-
carboxaldehyde. (R= 3,4 diflouro of the most active compound)

More recently, Redzicka et al. reported design, synthesis, and anti-inflammatory
activity of N-substituted 3,4-pyrroledicarboximides and the inhibitory activity against
COX-1 and COX-2 has been shown for all of the synthesized compounds. Figure 2.27
illustrates the most effective compound against COX isoforms, with ICsg values of 94.17
+ (0.04) uM and 61.46 £ (0.02) uM of COX-1 and COX-2 repectively [83].

O

I
R—N N—\
— N

N

\

X
Figure 2.27. 4,6-Dimethyl-5-(substituted)-2-[4-(substituted)-1 piperazinyl]methylpyrrolo[3,4-c]pyrrole-
1,3(2H,5H)-dione. ( R= 3-CIPh, X= 4-BrPh for the most active compound)
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3. MATERIALS
3.1. Chemicals

2-Bromo acetophenone

2-Bromo-(2°-benzofuran)ethanone
2-Bromo-2",4 -dichloro acetophenone
2-Bromo-2 -acetonaphthone
2-Bromo-3",4 -dichloro acetophenone
2-Bromo-4"-chloro acetophenone
2-Bromo-4"-cyano acetophenone
2-Bromo-4"-fluoro acetophenone
2-Bromo-4"-methoxy acetophenone

2-Bromo-4"-methyl acetophenone

Acetone

Chloro acetyl chloride
Chloroform
DMSO-ds

Ethyl acetate

Glacial acetic acid
Methyl alcohol
Petroleum ether
Sodium acetate

TLC silica gel 60 Fas4
Toluene

Sodium metal

: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Merck, Germany

: Merck, Germany

: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Sigma-Aldrich, Germany
: Merck, Germany

: Sigma-Aldrich, Germany

: Merck, Germany
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3.2. Instruments and Tools

Electronic balance
Magnetic based heater stirrer
Mass spectrometer

Melting point detector

Nuclear magnetic resonance spectrometer

Rotary Evaporator

Ultraviolet lamp

: Shimadzu, Libror EB-330 HU, Japan
: Heidolph, MR 3003, Germany

: Shimadzu, LCMS-IT-TOF, Japan

Mettler Toledo-MP90 Melting Point

System, Germany

: Bruker, UltraShield 400 MHz, USA

: Heidolph, 4000/G3, Germany

: Camag, Cabinet, Switzerland
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4. METHODOLOGY

4.1. Database library preparation and developing field-based QSAR (FB-QSAR)
model

To show how the filters we've built work, and what kind of impact they have on the
chemical landscape, we need to put them through their paces. We consulted the ChEMBL
database (https://www.ebi.ac.uk/chembl/ ; Accessed date: July 10, 2022). The CHEMBL
database yielded the identifiers 4275 and 9521 for COX-1 and COX-2, respectively
(CHEMBL code: CHEMBL 221, CHEMBL 230). After determining the 1Cso values (log
ICs0> 6.00) for COX-2, we used the ligand filter in maestro to narrow the list down to

only those compounds with own tetra-substituted pyrrole mioties, ultimately identifying
477 compounds. These compounds were then docked and minimized in Maestro using
the Glide plugin before being imported into the 3D Field-Based QSAR interface for
further study. The FB-QSAR model was developed with default settings using a Partial
Least Squares (PLS) factor of 5, and the training set was arbitrarily set to 75% of the data.
Parameters like R?, Q?, Pearson correlation coefficients (Pearson-r), stability, RMSE, F,
and P values were examined to evaluate the FB-QSAR model's reliability and validity
[84]. These parameters' thresholds were validated based on the following criteria: The
value of the dissimilarity between R and Q should be less than 0.1. In addition, the
Pearson correlation coefficients (|r¢|) had to have an absolute value of 0.3 or higher [85].
Subsequently, the results generated from the FB-QSAR model were utilized in the design

and synthesis of our targeted compounds.

4.2. Synthetic Methods
4.2.1. Method A: Synthesis of ethyl acetoacetate sodium salt (1)

The ethyl 3-oxobutanoate sodium salt (1) was prepared by reacting an equimolar
amount of acetoacetate ethyl ester (2.8 ml, 21.90 mmol) with Na metal (0.5 g, 21.7 mmol)

at 0 °C for 5 days in the presence of anhydrous toluene (Figure 4.1).

(0) (0) o o
Toluene, Na° at 0 °C
Na+t
1

Figure 4.1. Preparation of ethyl acetoacetate sodium salt
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4.2.2. Method B: (Bromination) : Synthesis of substituted bromo-acetophenones (2)

For the bromination step, solution of bromine (1.2 equivalent) in glacial acetic acid
was added drop by drop to a stirred solution of substituted acetophenones in glacial acetic
acid with just two drops of hydrobromic acid 6-8 hours at 0 °C (Figure 4.2).

(0]
@)
X
‘ Br,, HBr _ ~ ‘
CH;COOH, 0°c =~
2

Figure 4.2. Bromination of acetophenone derivatives

4.2.3. Method C: Synthesis ethyl 2-acetyl-4-oxo0-4-(substituted phenyl) butanoate (3)

By using substituted-bromo acetophenones (2) as the nucleophilic reagent, the salt
ethyl acetoacetate sodium salt (1) is transformed into compound (3). The toluene used as
a solvent was evaporated after the reaction was finished. The residue was washed with
water and filtered to create the desired output, as shown in (Figure 4.3).

o o o — 00
R_
)J\/U\ 7 Toluene \ /
= o/\ . \)J\OL Toluene
Na "R o]
2 3 O —

1

Figure 4.3. Synthesis of ethyl 2-acetyi-4-oxo-4- (substituted phenyl) butanoate

4.2.4. Method D: Synthesis of 2-[3-(ethoxycarbonyl)-2-methyl-5-(substituted
phenyl)-1H-pyrrol-1-yl]substituted carboxylic acid (4a-4p and 5a-5Q)
Pyrrole ring was closed under Paal-Knorr conditions by refluxing equimolar
amounts of amino derivatives (2 equivalent) and ethyl 2-acetyl-4-oxo-4-(substituted
phenyl) butanoate (3) in glacial acetic acid for 12- 24 hours (Figure 4.4). The reaction
was monitored using TLC, the reaction was worked-up with using iced water and the

precipitated product was extracted with using ethyl acetate.
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Figure 4.4. Synthesis of 2-/3-(ethoxycarbonyl) -2-methyl-5-(Substituted phenyl) -1H-pyrrol-1-

yl]substituted carboxylic acid

4.3. Thin Layer Chromatography (TLC) Studies

Throughout the synthesis processes and reaction monitoring, TLC applications
were utilized. In order to extract reaction medium samples, we used capillary tubes and
then diluted them in ethanol before applying them to aluminum plates coated with silica
gel 60 Foss. These plates were then placed in a mobile phase consisting of ethyl
acetate/petroleum ether mixtures of varying polarity (9:1, 3:1, and 1:1) to monitor the
reaction's development. To ensure accurate tracking, diluted samples were collected at
predetermined intervals and then spotted onto the plates using capillary tubes, followed
by vertical placement within a closed chamber containing the corresponding mobile
phase. UV illumination at 254 nm and 366 nm was used to view the TLC plates, which
allowed for polarity-based separation of the sample's components, resulting in distinct
retention factors Rf and spots. This technique provided precise regulation of the reaction,

leading to optimal outcomes.

4.4. Melting Points Determination

In order to determine the melting points of the synthesized compounds, small
amounts of each were meticulously placed into separate capillary tubes. Once sealed by
burning off one end, the samples were inserted into the Mettler Toledo-MP90 Melting
Point System, where they were gradually heated until reaching their respective melting
points. Throughout the process, the device recorded the melting points of the samples at
regular intervals. The resulting data was analyzed and compiled to determine the precise

melting points of each compound. This technique allowed for accurate measurements of
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melting points, enabling a deeper understanding of the chemical properties and qualities
of the synthesized compounds.

4.5. Chemical Spectral Analysis
4.5.1. Infra-red spectrometry (IR)

In order to obtain a comprehensive understanding of the synthesized compounds,
the Shimadzu-IR Affinity-IS was utilized to record their IR spectra. An attenuated total
reflection (ATR) chamber was selected as the ideal instrument to measure the interaction
between infrared radiation and 10 mg of each compound, resulting in high-quality spectra.
The data obtained from the spectra was then plotted with wave number cm™ against
transmittance percent, which allowed for the identification of the various peaks.
Advanced computer algorithms were employed to detect and precisely pinpoint the
location of each peak, providing valuable information about the chemical composition
and structure of the synthesized compounds. By utilizing this cutting-edge technology,
we were able to gain a deeper understanding of the properties and characteristics of the
synthesized compounds, allowing for more accurate conclusions to be drawn about their

potential applications.

4.5.2. Proton nuclear magnetic resonance spectrometry (*H-NMR)

The synthesized compounds were analyzed using *H-NMR spectroscopy to provide
insight into their chemical structure. For this purpose, Bruker 300 MHz and 400 MHz
NMR spectrometers were utilized with tetramethylsilane (TMS) serving as the internal
standard. The solution of the final synthesized compounds was dissolved in 0.5 ml of
either DMSO-ds or ethanol, and the *H-NMR spectra were recorded.

The NMR technique provides information about the chemical environment of each proton
in a molecule, allowing for the determination of its structure. The peak locations and
shapes provide information about the types and number of protons present in the
molecule, as well as their relative positions. By interpreting the spectra obtained from the
synthesized compounds, we were able to determine the number and position of protons
in each compound, providing insight into their chemical structure.

Using NMR allowed us to confirm the success of our synthesis reactions and to determine
the purity of the final compounds and making accurate conclusions about their potential

applications.
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4.5.3. Carbon nuclear magnetic resonance spectrometry (**C-NMR)

The 3C-NMR spectroscopy technique was utilized to gain a deeper understanding
of the structural characteristics and properties of the synthesized compounds. This
technique involved the use of Bruker 75 MHz and 100 MHz NMR spectrometers, which
were equipped with tetramethylsilane (TMS) as the internal standard. The synthesized
compounds were dissolved in 0.5 ml of either DMSO-ds or ethanol, and the resulting
solutions were used for the analysis.

The 3C-NMR spectra provided insight into the carbon atoms within the synthesized
compounds. By measuring the chemical shifts of the carbon atoms and comparing them
to the TMS reference peak, the functional groups and molecular connectivity of the
synthesized compounds were identified. The spectra were obtained by irradiating the
samples with radiofrequency radiation at the resonant frequency of the carbon atoms in

the sample, causing the atoms to absorb energy and transition between energy levels.

4.5.4. High resolution- mass spectrometry (HR-MS)

Mass spectrometry is an effective analytical method utilized for determining the
molecular mass, chemical structure, and composition of a compound. In our study, we
utilized liquid chromatography attached to a hybrid ion-trap and time-of-flight mass
spectrometry (LCMS-IT-TOF) device manufactured by Shimadzu in Kyoto, Japan. This
device utilizes electrospray ionization-positive ion mode (ESI+) to record mass spectra.
To record mass spectra, we first dissolved the final synthesized compounds in either
acetonitrile or methanol. These solutions were then injected into the LCMS-IT-TOF
device, which ionized the compounds and separated them based on their mass-to-charge
ratio (m/z). The device then recorded the mass spectra by measuring the ion current as a
function of m/z.

The LCMS-IT-TOF device provides accurate and precise mass measurements, allowing
us to identify the molecular weight of the synthesized compounds. Additionally, the
device can be used to determine the chemical structure of the compounds by fragmenting
the ions and analyzing the resulting spectra. This information is essential for determining
the identity and purity of the synthesized compounds, as well as for identifying potential

impurities or byproducts.
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4.6. Determination of COX-1 & COX-2 Inhibitors Activity

The study conducted an evaluation of synthesized pyrrole carboxylic acid
derivatives to determine their capacity to block the COX enzyme. To measure the
production of PGG, fluorometric analysis was utilized. The inhibitory effects of these
compounds on both COX-1 and COX-2 enzymes were thoroughly examined using the
BioVision COX-1 and COX-2 Inhibitor Screening Kits manufactured by Milpitas, CA,
USA [86] . These kits consist of COX enzymes, COX assay buffer, COX probe, and COX
cofactor (all in DMSQO), arachidonic acid, NaOH, and selective inhibitors such as
celecoxib and indomethacin, which target COX-1 and COX-2 enzymes. Remarkably, the
study discovered that several compounds exhibited promising inhibition of both COX-1

and COX-2 enzymes, highlighting their potential as anti-inflammatory agents.

4.6.1. Preparation of components of COX-1 & COX-2 kits

To execute the inhibition assay, the constituents of the kit were prepared in the
following manner. Initially, the COX-1/COX-2 enzyme solutions were created by
reconstituting the lyophilized powder present in the kit with 110 pL of ddH20. Then, a
diluted COX cofactor was formed by combining COX assay buffer (398 uL) and COX
cofactor (2 pL). The arachidonic acid/NaOH solution was diluted by adding 5 pL of
arachidonic acid and 5 uL of NaOH, followed by the addition of 90 puL of ddH20. These
solutions were merged to generate the reaction mixture (80 pL) for each well. The
reaction mixture comprised COX assay buffer (76 pL), COX probe (1 pL), diluted COX
cofactor (2 pL), and COX-1/COX-2 enzyme solution (1 pL). Subsequently, the test
compounds (10 uL) were added to the solution, and the mixture was incubated for 5-10
minutes at 25 °C. To halt the reaction, 10 pL of diluted arachidonic acid/NaOH solution
was added to each well. The fluorescence (Ex/Em = 535/587 nm) of the samples was then
measured kinetically at 5-minute intervals using a BioTek-Synergy H1 multimode
microplate reader (BioTek Instruments, Inc., Winooski, VT, USA). The assay was
performed in quadruplicate with a blank and control, and all inhibitor concentrations were
tested. The mean + standard deviation (SD) of the percentage inhibition results were
calculated, and the ICso values were determined by plotting the percentage inhibition
versus the log concentration using GraphPad ‘PRISM’ software (version 5.0). Moreover,

the selectivity index (S1) was computed by dividing the ICsocox-1) by the 1Csocox-2).
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4.7. Molecular docking

To investigate the effects of the new pyrrole derivatives on COX-1 and COX-2, we
applied computational protocols, this may involve performing molecular docking
calculations and optimizing the structures of the resulting complexes. The objective of
our study was to investigate the potential interaction mechanisms of these inhibitors in
the binding sites of both COX-1 and COX-2. Glide grid [87] was computed for some
probe atoms or rotable groups to assess the optimal inhibitor-macromolecule interaction
regions. To determine whether Schrodinger maestro software [88] is a suitable approach
for studying the binding mode of the pyrrole carboxylic acid derivatives in both COX-1
and COX-2 binding sites, a preliminary calculation was performed. Specifically, we used
the crystallographic complex between COX-1 and COX-2 protein with indomethacin as
a control structure to identify the best run parameters and ensure successful docking of
flexible pyrrole carboxylic acid derivatives within the COX-1 and COX-2 active sites.
This approach helped us explain the observed effects of the pyrrole derivatives and gain
a better understanding of their potential as inhibitors for both COX-1 and COX-2.

4.7.1. Selection and validation of COX-1 & COX-2 proteins for studying the

interaction of inhibitors

To study the interactions of inhibitors with COX-1 and COX-2 proteins, we
selected homospaines proteins for our calculations. These proteins have a similar
structure, making it easier to compare the interactions of inhibitors between COX-1 and
COX-2. [89]. We used criteria such as the availability of a full amino acid sequence and
differences in bound small molecules or conformational states of the binding regions to
select high-resolution crystal structures from the Protein Data Bank (PDB)
(www.pdb.org; ). To validate the selected structures, we employed a re-docking procedure
and measured the RMSD. This approach helped ensure that the crystal structures
accurately represented the binding modes of the inhibitors, and that our calculations
would yield reliable results. Overall, our selection and validation process were aimed at
improving the accuracy and reliability of our computational studies and increasing our
understanding of the potential of new COX-1 and COX-2 inhibitors for medical

applications.
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4.7.2. Preparation of COX-1 and COX-2 proteins

To perform computational studies on COX-1 and COX-2 proteins, we downloaded
their protein structures from the Protein Data Bank (PDB) in "pdp" format. We used
Maestro's Protein Preparation Wizard [90]. To refine the structures by removing crystals
and water molecules, adding hydrogen atoms, and minimizing the macromolecular
structure to optimize the positions of hydrogen atoms and eliminate strains. These steps
were crucial to ensure that the protein structures were suitable for reliable results.

For COX-2 dimers (5-F1a), the heme group is a crucial component of the active site, so
we retained it during the preparation process. However, to simplify our calculations, we
focused only on chain A and its components, while removing all components within chain
B, including solvents and other heteroatoms. This selection was based on the fact that
chain A and chain B are identical in COX-2 dimers. On the other hand, COX-1 (6-Y3C)
protein does not contain a heme group or crystal ligand, and it is not a metalloprotein.
Therefore, standard protein preparation procedures were sufficient to refine its structure
for computational studies. Overall, our preparation process aimed to accurately represent
the active sites of COX-1 and COX-2 proteins and ensure that our computational studies

yield reliable results.

4.7.3. Induced fit molecular docking (IFD) of selected protein

In this study, we utilized induced fit molecular docking (IFD) to accurately predict
the binding interactions between the ligand and the COX-1 and COX-2 proteins. The IFD
protocol is a powerful tool that considers various factors to produce reliable and precise
docking results. This includes the ability to dock the ligand into the correct binding site,
predict the conformation of the ligand when docked into the protein, account for the
flexibility of the protein and the ligand, and consider the electrostatic or van der Waals
interactions between the protein and the ligand [91]. The IFD simulation also takes into
account the conformational changes that occur in the protein upon binding to the ligand,
providing a more accurate representation of the binding site and the critical interactions
that stabilize the protein-ligand complex [92].

To perform IFD calculations, we utilized the module present in Maestro, which integrates
the Glide docking capability with Prime homology modeling, to customize the protein for
ligand binding. We centered the grid in the stem region on the reference ligand
"indomethacin” for both COX-1(6-Y3C) and COX-2 (5-F1a) proteins and applied default
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settings for the remaining parameters. This allowed us to generate reliable docking poses
for each ligand and obtain a more detailed understanding of the ligand-protein
interactions. By utilizing the IFD protocol, we were able to generate accurate and reliable

docking results for our study.

4.7.4. Generation of binding site grids from induced fit docking simulation

In the previous section (4.7.3), we performed induced fit molecular docking (IFD)
simulations to predict the binding interactions between the ligand and the COX-1 and
COX-2 proteins. The resulting IFD simulations were used to generate grids that provide
valuable information about the protein's binding site, including key residues, critical
interactions, and the overall shape of the site. The grid generation process involved
selecting specific amino acid residues and centering the grid at their location, with a grid
spacing of 12 A [93]. The grids were generated based on the induced conformation of the
protein, which accounts for both the protein's shape and the formation of new interactions
with the ligand. For the COX enzymes, we chose the following amino acid residues:
THR94, Tyr355, Tyr385, Ser353, Tyr348 and Ser530. These residues were within a 20-
radius grid box centered at X = 18.1, Y = 51.98, and Z = 17.42. Using this binding site
grid, we docked new tetra substituted pyrrole derivatives for further study. These grids
will be useful for understanding the interactions between the ligands and the proteins and

can aid in the development of new drugs with improved binding affinity and selectivity.

4.7.5. Ligand preparation

In this section, we will describe the process of preparing these compounds for
molecular docking simulations. The structure of all designed compounds was generated
with the Build tool in Maestro and then prepared through Ligprep at physiological pH
(7.4+1.0) with a force field of OPLASA4. This process allowed for effective assignment of
bond orders and incorporation of hydrogen atoms into the structures. The PRCG
minimization algorithm was used to minimize the resulting structures while maintaining
a convergence gradient of 0.05.

To enhance the accuracy of the results, we applied a conformational search using a
combination of mixed torsion and low mode sampling techniques. This involved
searching for different possible conformations of the molecules that are energetically
favorable and accessible. These techniques were applied to identify the most stable and
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low energy conformation of the ligands. Overall, the ligand preparation process was
essential for obtaining reliable and accurate docking results. It ensured that the ligand
structures were correctly and consistently prepared for the subsequent molecular docking

simulations.

4.7.6. Ligand docking in both COX-1 and COX-2 protein

This section utilizes molecular docking to assess the binding affinity of compounds
that were identified and synthesized through QSAR, and subsequently found to exhibit
activity towards the COX-1 and COX-2 binding sites. The docking was carried out using
the Glide flexible ligand docking software in Standard precision (SP) mode, and all
docking factors were kept as default. The docking calculations were carried out without
any bonding restraints. Monte Carlo algorithm was used to generate the ligand poses,
which provided a detailed description of the orientation and position of the ligands
relative to the receptors, as well as their core conformations [94]. We docked the designed
pyrrole carboxylic acid compounds in both COX-1 (6-Y3C) and COX-2 (5-F1a) proteins.
The ligand efficiency of these molecules in binding to COX-1/2 proteins was predicted
based on the Glide docking score. This step is crucial in understanding the binding
interactions between the synthesized compounds and the COX proteins, which can aid in

the development of new drugs with improved binding affinity and selectivity.

4.7.7. Molecular dynamics study (MDS)

In addition to molecular docking, MD simulations were conducted to assess the
dynamic stability of the ligand-receptor complexes. To ensure the reliability of the hits
identified from the docking analysis, MD simulations were carried out for a duration of
100 ns. For this purpose, we employed the Desmond application [95], utilizing the
OPLS3e force field from the Schrodinger Suite and the three-point (TIP3P) water model
as a transferable intermolecular potential. To optimize the complex, an energy
minimization process was performed. The system was neutralized by introducing Na* and
Cl ions, and a dynamic condition was established with the addition of 150 mM NacCl.
Subsequently, the molecular dynamics simulation was executed to capture the dynamic
behavior of the ligand-receptor complexes over time. Several key parameters, including
the radius of gyration (Rg), root mean square fluctuation (RMSF), and root mean square
deviation (RMSD), were calculated using the Desmond application. These parameters
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provide valuable insights into the structural dynamics and stability of the ligand-receptor
complexes, aiding in the characterization of their binding interactions and facilitating the

development of novel drugs with improved binding affinity and selectivity.

4.8. Physicochemical, Drug-Likeness, Pharmacokinetic and Toxicokinetic

Properties Prediction

Clinical trials and regulatory approval are stringent processes, and only about 20%
of drugs make it to the market due to a small number of compounds with optimal
pharmacokinetic and toxicokinetic properties [96]. Low bioavailability leads to poor
absorption, rapid elimination, and hepatic clearance, which pose challenges to drug
development [97]. Thus, early drug development must consider a compound's absorption,
distribution, metabolism, excretion, and toxicity (ADMET) descriptors to evaluate safety
and potential efficacy. In this study, Qikprop (Schrodinger, LLC, New York, NY, USA)
was utilized to assess the ADMET profiles and drug likeliness of all the compounds and
standards. Lipinski's Rule of Five, which mandates a molecular weight (MW) < 500
Dalton, < 5 hydrogen-bond donors (HBD), hydrogen-bond acceptors (HBA) < 10, and a
log (octanol/water) partition coefficient (log P) < 5, was used to assess the drug-likeness
of the compounds. Any compound that violated more than one of Lipinski's Rule of Five
was excluded. Furthermore, the allowable range of rotatable bonds was limited to

between 0 and 15.
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5. RESULT AND DISCUSSION
5.1. Designing Promising New Compounds using FB-QSAR Model
The FB-QSAR model demonstrated reliability and high accuracy in predicting

COX-2 inhibitor activity, with the steric field having the most significant impact on
activity, followed by the electrostatic and hydrophobic fields. The model's insights were
utilized to design promising new compounds, and the top 22 most active compounds
predicted by a FB-QSAR model were selected for synthesis and testing. In addition, the
FB-QSAR model was used to predict the activity of compounds identified from in-vivo
studies. Meanwhile, contour maps were generated for the different fields using PLS factor
5 to investigate the effects of various structural features on the anti-inflammatory activity
of indomethacin. Yellow steric contours denoted that large clusters did not promote anti-
inflammatory activity, while green contours indicated that large groups were beneficial.
Blue outlines in the electrostatic field showed that the addition of an electrostatic group
would increase activity, while red contours indicated that the addition of an
electronegative group would also be beneficial. Hydrophobicity, as indicated by yellow
contours, correlates positively with anti-inflammatory activity, while white contours
indicated the opposite. In the hydrogen bond donor field, blue-violet contours indicated
that hydrogen bond donors would increase activity, while cyan contours indicated that
increasing hydrogen-bond donors would not be appropriate for anti-inflammatory
activity. The red areas of the diagram represented regions where an increase in the
hydrogen bond acceptor would improve activity, while magenta contours indicated the
opposite. Figure 5.1 summarizes the indomethacin structure-activity relationship (SAR)
using the drug's contour maps. Based on the findings of the FB-QSAR analysis, the COX
inhibition activity of indomethacin is influenced by several factors, ranging from strong
to weak properties, including steric effects, hydrogen bond acceptor (HBA) effects,
hydrophobic effects, electrostatic effects, and hydrogen bond donor (HBD) effects. The
results indicate that the configuration of the indole ring at the N1 position should have a
steric group, such as an acyl or alkyl group and negative electrostatic effect. Additionally,
at the 5™ position, a steric group with a negative electrostatic effect (such as C=0 or OH)
is preferred. On the other hand, the presence of a methyl group at the 2" position does
not have a steric effect, but it is predicted to have a positive electrostatic effect and act as
an HBD group according to the model. Furthermore, a small steric group and a strong
negative electrostatic group, such as a carboxylate group (CH3COOH or CeHsCOOH),
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are recommended at the 3™ position of the indole ring, similar to the acetic acid group in
indomethacin. Moreover, the inclusion of hydrophobic groups at the 4™, 5% 6™ and 7™
positions (except for potential HBA groups) is expected to enhance the activity of
indomethacin in COX-2 inhibition. Figure 5.2 displays the molecular modifications
implemented in synthesized compounds (4a-4p and 5a-5¢g ). While the methy groups at
position 2 remained unchanged, modifications were introduced at positions 1, 3, and 5.
At position 1 small and large hydrophobic groups containing both hydrogen bond
acceptor (HBA) and hydrogen bond donor (HBD) features were added via the carboxyl
group. Position 3 was modified with an ester group that also functions as an HBA and
HBD. To maintain the hydrophobic and electrostatic effects of the region, large
hydrophobic groups like Phenyl, and naphthyl and biphenyl were added at position 5. In
addition to these substituents, a thiophen group was also used as a hydrophobic
substituent to replace or supplement the phenyl group. These modifications were
incorporated in the design and synthesis of compounds (4a-4p and 5a-5g).
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4

Figure 5.1. 3D Visualizations of indomethacin contour maps: steric (positive effect (+): green, negative
effect (): yellow), electrostatic (+: blue, -: red), hydrophobic (+: yellow, -: white), HBA

(+:red, -:magenta), and HBD (+:blue-violet, -: cyan), respectively
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Figure 5.2. The 3D-QSAR model driven design of target compounds (4a-4p and 5a-5g)

5.1.1. Evaluation of the FB-QSAR model for predicting COX-2 inhibitor activity

The reliability of the final model (Model 5) for predicting the COX-2 inhibitor
activities of compounds was assessed using various statistical parameters, such as R?, Q?,
Pearson™, stability, RMSE, F, and P values. The values obtained for each parameter fell
within the acceptable ranges specified in Table 5.1 of the article’s methods section,
indicating that the model is both reliable and capable of producing accurate predictions
in both internal and external environments. This suggests that the model could be a
valuable resource for medicinal chemists seeking to develop safer and more effective
drugs.

The outcomes of the FB-QSAR study are presented in Table 5.2. The results
showed that the steric field had the most significant effect on the COX-2 inhibitor activity
of compounds, accounting for 19.4% of the observed variance, while the electrostatic
field accounted for 11.3%. The CoMSIA model, which builds on the CoMFA model,
includes additional fields, such as the hydrophobic and hydrogen bond fields. The
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hydrophobic field was found to have a substantial effect on the antibacterial activity of
the compounds, accounting for 33.7% of the observed variance, while the steric field,
electrostatic field, hydrogen bond acceptor field, and hydrogen bond donor field
accounted for 19.9%, 15.1%, 13.4%, and 17.8%, respectively. These results provide
insights into the factors that influence the COX-2 inhibitor activity of compounds and
could aid in the rational design of more potent and selective COX-2 inhibitors.

In Figure 5.3, a linear graph is presented to plot the experimental and predicted
values of COX-2 inhibitor activities for all the compounds. The experimental values were
obtained through laboratory experiments measuring the inhibitory activity of each
compound against the COX-2 enzyme. These values were extracted from the Chembl
database, a publicly available repository of bioactivity data. The predicted values, on the
other hand, were generated through an FB-QSAR model that used the compounds'
chemical structures as inputs to predict their COX-2 inhibitory activities. The linear graph
in Figure 5.3 provides a tool for evaluating the performance of the FB-QSAR model in
predicting COX-2 inhibitory activities. The x-axis represents the experimental values,
while the y-axis represents the predicted values. Each data point on the graph corresponds
to a single compound, and the position of the point indicates the degree of agreement
between the predicted and experimental values. Data points close to the diagonal line,
which represents perfect agreement between the predicted and experimental values,
indicate a higher level of accuracy for the model.

By comparing the experimental and predicted values, the accuracy of the FB-QSAR
model can be assessed, and areas for improvement can be identified. This information is
valuable for guiding the design and development of new COX-2 inhibitors with improved

activity and selectivity.

Table 5.1. The FB-QSAR model's verification values

#FACTORS  SD R2 STABILITY F P RMSE Q2 PEARSON-R
1 0.5032 0.6581 0.997 338.7 7.17% 0.49 0.6812 0.8266
2 0.4138 0.7700 0.992 293.0 1.39°%6 0.41 0.7792 0.8845
3 0.3547 0.8320 0.985 287.2 3.87°% 0.37 0.8192 0.9068
4 0.3179 0.8658 0.979 279.1 2.6674 0.37 0.8196 0.9083
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5 0.2905 0.8886 0.969 2745 5.36% 0.37 0.8219 0.9090

Table 5.2. Gaussian (steric, electrostatic, hydrophobic, HBA, and HBD) effects are observed in FB-QSAR

results.
#FACTORS Steric Electrostatic Hydrophobic HBA HBD
1 0.3308 0.0660 0.1673 0.1456 0.1153
2 0.2523 0.0901 0.2025 0.1620 0.1340
3 0.2152 0.0975 0.2216 0.1538 0.1445
4 0.1986 0.1056 0.2279 0.1455 0.1534
5 0.1948 0.1135 0.2270 0.1435 0.1459
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Figure 5.3. The linear diagrams of the COX-2 FB-experimental QSAR's and predicted plCso
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5.1.2. FB-QSAR models predict structurally synthesized compounds (4a-4p and /
5a-50)

The study aimed to use FB-QSAR models to predict the activity of structurally
modified compounds (4a-4p and 5a-5g) and reference anti-inflammatory drugs with a
specific focus on their COX-2 inhibitory activity. The experimental and predicted plCso
values were compared and compiled in Table 5.3, using the ideal model, factor 5, for
predictions. The results showed that several synthesized compounds exhibited higher
inhibitory activity against COX-2 compared to the reference drugs. For example,
compound 4h had a predicted plCso value of 7.11 and compound 4m had a pICso value
of 6.62, both higher than that of ibuprofen and Nimesulide (6.44 and 6.20, respectively),
which are reference drugs listed in Table 5.3.

On the other hand, all the benzoic acid derivatives showed lower predicted and
experimental activity towards COX-2 compared to the reference drugs. These findings
suggest that the acetic acid analogs exhibit greater activity towards COX-2, which is
supported by the results obtained from the fluorometric methods used to measure the
activity. Table 5.3 also includes experimentally validated pICso values obtained using
BioVision's kit protocol for COX-2 inhibitory activity [98, 99]. Among the reference
drugs, celecoxib had the highest predicted plCso value of 7.26, followed by Ibuprofen
(6.44) and Nimesulide (6.20). The experimentally measured pICso values for celecoxib,
Nimesulide, and Ibuprofen were 6.87, 5.77, and 5.27, respectively, using our model,
indicating good agreement between the experimental and predicted values, and validating
the model.

In summary, the study demonstrated the potential of FB-QSAR models in
predicting the activity of novel compounds for drug discovery. The synthesized
compounds exhibited promising COX-2 inhibitory activity, with some compounds
showing higher activity than the reference drugs. The experimentally validated pICso
values provided further support for the reliability of the FB-QSAR model in predicting
COX-2 inhibitory activity.
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Table 5.3. Active compounds against inflammation predicted by FB-QSAR and confirmed experimentally.

Compounds Predicted activity> Experimental compounds Predicted activity® Expiremental

Activity” Activity”
4h 7.1136 7.0411 5d 5.9243 >5
4k 5.9243 6.9665 5a 5.5925 >5
4 6.1436 6.8446 4m 6.6225 >5
49 6.0261 6.7258 4n 6.0661 >5
5b 5.5926 >6 4d 6.4691 >5
5e 5.5925 >6 Celecoxib 7.2610 6.87
5f 5.9612 >6 Ibuprofen 6.4498 5.27
4c 5.4850 >6 Nimesulide 6.2041 5.77
4 6.1678 >6
5¢ 5.3411 >6
4e 6.1800 >6
5¢ 5.3848 >6

{("): Rapid and Reliable Test for Identifying COX Enzyme Inhibiting Compounds (BioVision's kit protocol), (°): predection activity
with using FB-QSAR model 5}.

5.2. Synthesis Of The Targeted Compounds
5.2.1. Synthesis of ethyl 2-acetyl-4-oxo0-4-(substituted phenyl) butanoate (3)
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"N/
(0]
o\__
3

Figure 5.4. Molecular structure of compound (3)

Ethyl 2-acetyl-4-ox0-4-(substituted phenyl) butanoate was synthesized according method
C.

(0] i
Na o
)j\k/%
(0] (0] - >
k R

1 2 3

Figure 5.5. Schematic representation of method C mechanism
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5.2.2. Synthesis of 2-[3-(Ethoxycarbonyl)-2-methyl-5-(substituted phenyl)-7H-
pyrrol-1-ylJsubstituted carboxylic acid (4a-4p and 5a-5Q)

\COOH

R= Acetic acid dev. (4a-4p)
R= Substituted benzoic
acid dev. (5a-5g)

Figure 5.6. Molecular structure of compound (4a-4p and 5a-5g)

2-[3-(Ethoxycarbonyl)-2-methyl-5-(substitutedphenyl)-1H-pyrrol-1-yl]substituted
carboxylic acid (4a-4p & 5a-5g) were synthesized according to method D.

Figure 5.7. Schematic representation of method D mechanism.

5.2.2.1. 2-(3-(Ethoxycarbonyl)-2-methyl-5-phenyl-1H-pyrrol-1-yl)acetic acid
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Figure 5.8. Molecular structure of compound 4a

Synthesized according to method D, experimental melting point: 190-191°C, 75% yield
percent.

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.25 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.45 (3H,
s, pyrrole-CHs), 4.18 (2H, q, J1=7.05 Hz, J>= 14.08 Hz, -CH2-CHj3), 4.62 (2H, s, CH2-
COOH), 6.42 (1H, s, CH-pyrrole), 7.29 (2H, d, J= 7.72 Hz, Ar-H), 7.37 (1H, t, J= 6.78
Hz, Ar-H), 7.42 (2H, t, J=7.12 Hz, Ar-H).

3C-NMR (100 MHz, DMSO-ds; &, ppm): ): 11.52 (-pyrrole-CHs), 14.89 (-CH,-CHb),
46.60 (-CH>-COOH), 59.31 (-CH»-CHs), 109.27 (Pyrrole-Cas), 111.76 (Pyrrole-Cs),
128.16 (Phenyl-C4), 128.98 (Phenyl-C26), 129.23 (Phenyl-Css), 132.29 (Phenyl-C1),
133.92 (Pyrrole-C»), 137.79 (Pyrrole-Cs), 164.89 (CO-0O-Et), 170.42 (COOH).

HRMS (-m/z): [M+H]*: For C1sH17NO 4 calculated molecular weight: 288.1216; found:
288.1230.
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Figure 5.9. 'H-NMR spectrum of the compound 4a
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Figure 5.10. 3C-NMR spectrum of the compound 4a
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Formula Predictor Report - SHPKIC1-2_332.kd Page 1af1

Dzta File: C:\LabSolutions\Datz\Analz\AsaASHPKC1-2_352.ked

Eimt WVal Mim Max FEmt Val Min Max Eimt Val Min Max Emt  Val Min_ Max Use Adduct
H 1 o 3o [a] 2 [{ 4 5 2 0 Ru 2 [§ 0 H
c 4 o 3o F 1 0 0 cl 1 0 Pd 2 [ 0
N 3 0 3 P 3 0 0 Br i 0 | 3 [t 4]
Error Margin {ppm): 5 CEE Range: 5.0-23.0 Electron lons: odd
HC Ratio: unlimited Apply M Rule: yes Use MSn Info: yes
Max Isotopes: 3 Isotope BRI (3%): 1.00 lsotope Res: 5000
M3n Iso RI (%) 10.00 MSn Logic Mode: AND Max Results: 30
Evert#: 1 M5{E+) Ret. Time:2.533 Scan# : 381
&.000=84
5.500=64
5.000=64
4. 300s84
4 00064
3500284 2831218
3.000=84
2.300=8
2.000=84
1.30025 285.1251
1.000=84
5.000=H
i L ol i

O T T T 4 T ' T T T T T
1000 1500 2000 3500 3000 3500 4000 4500 5000 5500  &00.0  B50.0 7000

IMessured region for 2881216 miz

2881218
100.04
50.04

280123

. A

O T T feriy ¥ T Y T T T T T T T
28765 2878 2EED 2882 2384 2336f 2338 2850 2BD 2804 3806 280F 2900 23302 2504

C18 H17 N 04 [M+H]+ : Predicted region for 282.1230 miz

258.1220
100.04
50.04
2891263
3376 2873 7850 2832 a4 2886 2838 2830 2830 2854 2895 2898 2900 23032 2304
Score_Formula (M) lon Meas miz__ Pred miz Df (mDs) Of ppm) _ lso__DBE
i £7.30 CI6HITNOF [M+H[+ 2851216 2881230 4 435 %EE2 80

Figure 5.11. Mass spectrum of the compound 4a
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5.2.2.2. 2-[3-(Ethoxycarbonyl)-5-(4-methoxyphenyl)-2-methyl-1H-pyrrol-1-

yl]acetic acid

(o)
OH
N
\ O,
(0]

Figure 5.12. Molecular structure of compound 4b

Synthesized according to method D, experimental melting point: 250-251°C, 65% yield.
present.

'H-NMR (400 MHz, DMSO-dg; 8, ppm): 1.25 (3H, t, J=7.10 Hz, -CH2-CH3), 2.58 (3H,
s, pyrrole-CHs), 3.77 (3H, s, -O-CH3s), 4.05 (2H, s, CH2-COOH), 4.15 (2H, g, J1=7.05
Hz, Jo= 14.3 Hz, -CH»-CHj3), 6.25 (1H, s, CH-pyrrole), 6.93 (2H, d, J= 8.34 Hz, Ar-H),
7.33 (2H, d, J=8.29 Hz, Ar-H).

13C-NMR (100 MHz, DMSO-dg; 8, ppm): 11.79 (-pyrrole-CHs), 14.99 (-CH2-CHjs),
49.86 (-CH>-COOH), 55.55 (-OCH3), 58.88 (-CH.-CHz3), 107.57 (Pyrrole-Cs), 110.33
(Pyrrole-Cs), 114.24 (Phenyl-Css), 125.69 (Phenyl-C26),130.33 (Phenyl-C1), 133.48
(Pyrrole-C»), 137.23 (Pyrrole-Cs), 158.85 (Phenyl-C4), 165.46 (CO-O-Et).

HRMS (-m/z): [M+H]*: For C17H19sNOs calculated molecular weight: 318.1332; found:
318.1336.
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Figure 5.13. *H-NMR spectrum of the compound 4b
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Figure 5.14. 3C-NMR spectrum of the compound 4b
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Formula Predictor Report - SHPKC3_314 led Page 10f1

Data File: C\LabSolutions\Data\Analiz\AsafiSHPKC3_314.kd

Eimt | Val Min Max Ebmt | Val Min Max Elmt | Val Min Max Emt  Val | Min Max Use Adduct
H [E=11] [¥] 2 [¥ 3 Cl 1 a a | 3 [¥ a H
B 3 a 1] F 1 a ] Br 1 a a
C 4 o 3z P 3 a 1] Ru 2 a a
M 3 a g 5 2 a ] P 2 a a
Error Margin (ppm}: 5 DEE Range: 3.0-23.0 Electron lons: odd
HC Ratia: unlimited Apply M Rule: yes Use MSn Infa: yes
Max lzotopes: 3 Isotope BRI (%): 1.00 lsotope Res: 5000
M3n Iso Rl (%) 10.00 M35n Logic Mode: AMD Max Results: 50
Event#: 1 MS(E+}) Ret Time:2.613 Scan#: 333
6.000=64
30006
4.000ef] 1833z
3.000=6
20006
3191363
1.000ef] 01130
L |

e T 1 v T ity T T T T T T T
100.0 150.0 2000 2500 3000 3500 4000 4500 5000 S550.0 €000  650.0  7D0.0

Mezsured region for 3181332 miz

J1B1332
100.04

318.1363

L. A

0 3 Py ' ' a—. -1 '
3176 3178 3180 3152 3154 3186 3185 3150 3192 3154 3196 3158 3200 3202 3204

C17 H13 N OF [M+H]+ : Predicted region for 318.1336 miz

100.0- 318.1338
50.4
318.1359
3176 3178 318.0 3182 3184 3186 3188 315.0 3192 3154 3196 3193 3300 3202 3204
Rank  Scome Fomula (M) lon Meas.miz  Pred. miz DFf (mDs) DF. (ppm) lsn  DBE
B7.14 CITH19N OS5 [M+H]+ 31813320 3181338 04 126 81 M q.0

Figure 5.15. Mass spectrum of the compound 4b
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5.2.2.3. 2-[3-(Ethoxycarbonyl)-5-(4-fluorophenyl)-2-methyl-1H-pyrrol-1-yl]acetic acid

Q)
OH
N
\\ 0
(0]

A

Figure 5.16. Molecular structure of compound 4c

Synthesized according to method D, experimental melting point 160-161 °C, 85% vyield
percent.

'H-NMR (400 MHz, DMSO-dg; 8, ppm): 1.25 (3H, t, J=7.06 Hz, -CH»-CH3), 2.42 (3H,
s, pyrrole-CHs), 4.17 (2H, q, J1=7.05 Hz, J,= 14.1 Hz, -CH2-CH3), 4.44 (2H, s, CHo-
COOH), 6.38 (1H, s, CH-pyrrole), 7.24 (2H, t, J= 8.66 Hz, Ar-Has), 7.34 (2H, t, J= 5.65
Hz, Ar-Hzs).

13C-NMR (100 MHz, DMSO-dg; &, ppm) 11.57 (-pyrrole-CHs), 14.90 (-CH2-CHjs),
47.52 (-CH2-COOH), 59.22 (-CH»>-CHs), 109.11 (Pyrrole-Ca4), 119.38 (Pyrrole-Cs),
115.91, 116.12, (Phenyl-Css), 129.02 (Phenyl-C1), 131.08, 131.16 (Phenyl-Cas), 132.75
(Pyrrole-C2), 137.69 (Pyrrole-Cs), 160.85 (Phenyl-Cs ), 164.95 (CO-O-Et), 170.52
(COOH).

HRMS (-m/z): [M+H]*: For CieHisNO4sF calculated molecular weight: 306.1130,
found: 306.1136.
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Figure 5.17. *H-NMR spectrum of the compound 4c

60



ov'L od
0 a9

ZH 00'L a1

0 4ass

W3 MAM

ZHIN 0692219001 E)
89/2€ IS
siglawered Buissado.d - g4
M 0071GE70°0 SEM1d
M 001159800 ZHMTd
M 9E000676°0F  eM1d
088N 00°06 20adod
giziiem  zloddado

HE ZONN

ZHW S009LEL00F 204
M L0.66962 06 LMd
998N 00°GL Id
ol FONN

ZH 8628229004 1048
; 0alL

08s 000000€0°0 La
298 000000002 1a
M Lv62 EN

288N 05°9 3a
295N 008°02 Ma
1192 oY

098 88 LE9E"L oV
ZH 96G€€L°0 S34ad
ZH |91'8E0¥T HMS
4 sa

¥201 SN

OSsng 1N3IAT0S
96559 alL

0ebdbz DOHdINd

) ¥000™ 10¥998Z AHIOHd
Joads WNYLSNI
ylez _swi)
12602202 81eq
siajoweled uolisinbay - z4
L ONOOHd

LE ONdX3
9-dHS JNVYN

s1gjoluRlRy Bleq JUs1ND

<)
AFdIMNAA
il

wdd ¢
1

0c

o

09

08

001
!

1143

orl

091

08l

00¢
!

jﬁ.{‘lc

5
i
Vo ar s

LS°LL

601

eS' Ll —

eT65—

¢L'60L
6C°LLL

L6°GLL
EF9LL

csoLL—

jjtﬂlli}

Figure 5.18. *3C-NMR spectrum of the compound 4c
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Farmula Predictor Report - SHPWICE-2_353 lcd

Data File: C:\LabSolutions\Data\Analiz\AsafSHPKCE-2_352 led

Page 1of 1

Emt Val Min Mzx Emt|Val| Mn Mex Bmt Val Min Max Emt | Val| Mn Max Use Adduct
H 1 o 320 [%] 2 a 4 3 2 o o Fu 2 a 1 H
C 4 o 20 F 1 1 1 C 1 a o0 Pd 2 a 0
N 3 o4 s P 3 a 0 Br 1 a4 o | 3 a 0
Emor Margin (ppm): 3 DBE Range: 3.0-25.0 Electron lons: odd
HC Ratio: unbmited Apphy M Rule: yes Use MSn Info; yes
Max |sotopes: 3 Isotops RI (%) 1.00 sotope Res: 9000
MSn Iso RI (%) 10.00 MSn Logic Mode: AMD Max Results: 30
Event#: 1 MS{E+) Ret. Time:2.373->2.373 Scard: 387 -= 337
7.0
5.0
2064130
400
3.00
=0 A7.117
1.00
o i A b M. — . .
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 830.0 7000
Measured region for 306.1130 miz
306.1130
1000
50.04
3071
VI U — - A F

3056 3058 3080 3062

3064 3066 3068 3070 3072 3074 3076 3078 3080 3082 3084

C16H16 M 04 F [M+H]+ - Predicted region for 308.1138 miz

3061136
10004

0.0

| I

071169

T T T T T T T T T T T T T T T T
3056 3058 306D 3062 3064 3066 306E 3070 3072 3074 3076 3078 3080 3082 3084

Rank Score Formula (M) hon Mezs.mfz Pred. miz DF (mDa)  DF. (ppm) lsn  DBE
5760 CIEHIEN 4 F [M+H]# 061130 3061135 05 -1.5§ 100.00 3.0

Figure 5.19. Mass spectrum of the compound 4c
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5.2.2.4. 2-[5-(4-Chlorophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-yl]acetic

acid
(0]
OH
N
\ | 0
(0]

A

Figure 5.20. Molecular structure of compound 4d

Synthesized according to method D, experimental melting point: 210-211°C, 63% yield
percent.

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.25 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.43 (3H,
s, pyrrole-CHs), 4.17 (2H, q, J1=7.06 Hz, J,= 14.14 Hz, -CH2-CHa), 4.58 (2H, s, CH2-
COOH), 6.44 (1H, s, CH-pyrrole), 7.31 (2H, d, J=8.08 Hz, Ar-H2), 7.47 (2H, d, J=8.06
Hz, Ar-Hss).

BC-NMR (100 MHz, DMSO-ds; &, ppm) 11.52 (-pyrrole-CHs), 14.88 (-CH,-CHs),
46.88 (-CH>-COOH), 59.34 (-CH»-CHs), 109.69 (Pyrrole-C4), 111.83 (Pyrrole-Cs),
129.23 (Phenyl-C26), 130.65 (Phenyl-Css), 131.22 (Phenyl-C1), 132.63 (Phenyl-Ca),
132.84 (Pyrrole-C»), 138.13 (Pyrrole-Cs), 164.82 (CO-0O-Et), 170.41 (COOH).

HRMS (-m/z): [M+H]*: For C16H1sNO4Cl calculated molecular weight: 322.0829;
found: 322.0841.
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Figure 5.21. *H-NMR spectrum of the compound 4d
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Figure 5.22. 3C-NMR spectrum of the compound 4d
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Fomula Predictor Report - SHPKCT_312.Icd Pag= 10of 1

Datz File: CLabSolutions'Data\Analiz\AsafESHPHCT_312.Icd

BEmt Val Min Max Emt Val Min Max HBHmt Val Min Max Bmt Val Mo Max Use Adduct
H 1 o 30 (%] 2 0 3 C 1 1 1 ] 3 0 0 H
B 3 0 L] F 1 0 0 Br 1 0 0
C 4 o 3z P 3 0 0 Ru 2 0 1]
N 3 [ [ ] 2 0 0 Pd 2 0 1]
Emor Margin (ppm): 5 DBEE Rang= 3.0-23.0 Electron lons: odd
HC Ratio: unfmited Apply M Rule: yes Use MSn Info; yes
Max |sotopes: 3 Isotop= BRI (%) 1.00 sotope Res: S000
M5Sn Iso R (3%): 10.00 MSn Logic Mode: AND Mz Results: 50
Event¥: 1 M5{E+] Ret Time:3.013 Scan#:-453
7.00
5.00
400 322 pE23
3.00
200 324.0802
- 3230870
1.00
o b . l . .

0 a s y . .
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6ODO  &50.0 7000
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Figure 5.23. Mass spectrum of the compound 4d
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5.2.2.5. 2-[5-(4-Cyanophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-
yl]acetic acid

(0]

QLOH

N
N\ \ o)
O

A

Figure 5.24. Molecular structure of compound 4e

Synthesized according to method D, experimental melting point: 185-186°C, 70% yield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): ): 1.26 (3H, t, J= 7.06 Hz, -CH>-CH3), 2.46
(3H, s, pyrrole-CH3), 4.19 (2H, q, J1=7.05 Hz, J,= 14.14 Hz, -CH2-CHj3), 4.71 (2H, s,
CH»-COOH), 6.61 (1H, s, CH-pyrrole), 7.50 (2H, d, J=8.09 Hz, Ar-Hss), 7.88 (2H, d,
J=8.10 Hz, Ar-Has).

13C-NMR (100 MHz, DMSO-ds; 8, ppm) 11.54 (-pyrrole-CHz), 14.85 (-CH2-CHs),
46.83 (-CH2-COOH), 59.50 (-CH»-CHs), 110.22 (Pyrrole-Cas), 111.27 (Pyrrole-Cs),
112.44 (Phenyl-Ca4), 119.22 (-CN),129.15 (Phenyl-C2s), 132.36 (Phenyl-Css), 133.20
(Phenyl-C1), 136.82 (Pyrrole-C2), 139.39 (Pyrrole-Cs ), 164.64 (CO-O-Et), 170.33
(COOH).

HRMS (-m/z): [M+H]*: For C17H16N204 calculated molecular weight: 313.1186, found:
313.1183.
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Figure 5.25. *H-NMR spectrum of the compound 4e
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Figure 5.26. 3C-NMR spectrum of the compound 4e
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Fommula Predictor Report - SHPKIC-8_06.lcd

D=ta File: C\LabSolutions\DatslAnzlz\AsafSHPK.C-8_06.lcd

Page 1 of 1

Eimt | Val Min Max FEmt | Val| Min Max Eimt Val| Min Maz Bmt Val Min_ Max Use Adduct
H 1 0D 25 [] 2 i1 10 Cl 1 0 ] I 3 [¥ 1] H
B 3 0 ] F 1 o ] Er 1 0 ]
C 4 0D 33 P 3 0 ] Ru z 0 0
N 3 0 3 5 2 0 ] Pd z 0 0
Error Margin {ppm): 10 CBE Range: 5.0-23.0 Electran lons: both
HC Ratio: unlimited Apphy N Rule: yes Use M3Sn Info: yes
Max Isotopes: 3 Isatope BRI (%): 1.00 lsotope Res: 000
M3n Iso BRI (%) 10,00 MSn Logic Mode: AND Max Results: 30
Event¥: 1 MS[{E+) Ret Time: 2307 -= 2307 Scan#: 347 -= 347
3.000=54
250025
= no0=s] 3131188
1.500e5
1.000=5
] 3141218
5.000=5
L — —————
1000 1500 2000 2300 300.0 3300 Sob0 5500 6000 6500 7000

Mezsured region for 313.1186 miz

3121188
100.0
50,04
314.1218
., | S —
3125 3126 3130 3132 3134 3136 3138 3140 3142 3144 3145 3143 3150 3152 3154
C17 Hi& M2 04 [M#H]+ : Predicted region for 313.1183 miz
3131183
100,05
50.04 l
l 314.1214
A I | A.. S
3125 3126 3130 3132 3134 3136 3138 3140 3142 3144 3145 3143 3150 3152 3154
Rank  Score Fommula (M) lon Meas. mfz_ Pred.mfz_Df (mDa) DF. {ppm]) s DBE
1| 100.00] C17 H1B M2 O P+H+ 3131188 313.1183 03 088 10000 110
Figure 5.27. Mass spectrum of the compound 4e
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5.2.2.6. 2-[3-(Ethoxycarbonyl)-2-methyl-5-(4-nitrophenyl)-1H-pyrrol-1-yl]acetic acid

OH

N
O,N N\ | 0

Figure 5.28. Molecular structure of compound 4f

Synthesized according to method D, experimental melting point 155-156°C, 55% vyield
percent.

'H-NMR (400 MHz, DMSO-dg; 8, ppm): 1.26 (3H, t, J=7.06 Hz, -CH>-CH3), 2.47 (3H,
s, pyrrole-CHs), 4.20 (2H, q, J1=7.08 Hz, J>= 14.12 Hz, -CH2-CHj3), 4.73 (2H, s, CH2-
COOH), 6.67 (1H, s, CH-pyrrole), 7.59 (2H, d, J=8.37 Hz, Ar-H2s), 8.26 (2H, d, J=8.36
Hz, Ar-Hss).

13C-NMR (100 MHz, DMSO-ds; 8, ppm) 11.57 (-pyrrole-CHz), 14.85 (-CH2-CHs),
47.05 (-CH>-COOH), 59.54 (-CH»>-CHs), 111.83 (Pyrrole-Cas), 112.59 (Pyrrole-Cs),
124.52 (Phenyl-Css), 129.25 (Phenyl-C26), 132.00 (Phenyl-C1), 138.80 (Pyrrole-Cy),
139.87 (Pyrrole-Cs),146.59 (Phenyl-C4), 164.59 (CO-O-Et), 170.26 (COOH).

HRMS (-m/z): [M+H]*: For C16H16N20s calculated molecular weight: 333.1090; found:
333.1081.
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Figure 5.29. *H-NMR spectrum of the compound 4f
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Figure 5.30. 3C-NMR spectrum of the compound 4f
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Farmula Predictar Repart - SHPKC-8_07.lcd Pag=1oi1

Data File: CLabSslutions Datel Aralix Asaf SHFEC-2_07 . lcd

Elmt_ Val Min_Max Elmt_ Val Min_ M Elmt | Wal. Max  Elmt  Val  Min M Lk Aaddwct:

H 1 a 25 o 2 10 cl 1 1] 3 [t [t} H
B 3 0 a F L o 0 Br 1 o
c 4 a4 35 P 3 o 0 R 2 o
H 3 a 5 s 2 o o Pd 2 o
Ermor Margin (ppm): 10 DBE Range: 5.0-25.0 Electran lons: both
HC Ratio: unbmibed Apply N Rule: yes Ume MSn Info: yes
Max Izotopes: 3 Isotope Rl (%) 1.00 =oiope Res: S000
MSn Isa Rl (3&): 10.00 MEn Logic Mode: AMD M= Results: 50
Eventf: 1 MES(E+) A=t Time: 2480 -> 2,480 Scandt - 373 -= 373
2.500=i4
2.000e8
1.500=8+ 333.[l0e0
1.000e84
3341128
5.000=5 bl
M L 1 1 N i

100.0_ 150.0 _ 200.0

350.0 4000 450.0  SO00  SE0.0 OGO BS0.0  FO0.0

Measured region for 333. 1050 miz
3331080

1000

0.

. e — P
333F 3338 3330 3332 3334 3355 33ITE 3340 3347 3344 3348 3348 3350 335F 3354

C16 H16 N2 06 [M+HH+ : Predicted region for 333. 1081 miz
333.1081

10004

334.1113

.ﬂ J A .

3ipE 328 5590 5332 5394 G956 3356 3340 3347 3544 5348 5348 5350 3552 3354

Srore Formuls lom Mens. miz__ Pred. miz__Df. (mla) O, (ppm) l=m DOBE
i| 8558 CIEHIEM2OE [M+H]+ 3331020 3331081 0.2 270 ERTE 10.0

Figure 5.31. Mass spectrum of the compound 4f
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5.2.2.7. 2-[5-(2,6-Dimethoxyphenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-

lyl]acetic acid.

Figure 5.32. Molecular structure of compound 4g

Synthesized according to method D, experimental melting point 159-205°C, 68% yield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): 1.24 (3H, t, J=7.06 Hz, -CH»-CH3), 2.44 (3H,
s, pyrrole-CHs), 3.60 (3H, s, -OCH3), 3.69 (3H, s, -OCH3), 4.16 (2H, q, J1=7.04 Hz, J,=
14.12 Hz, -CH,-CH3), 4.39 (2H, s, CH2-COOH), 6.29 (1H, s, CH-pyrrole), 6.69 (1H, d,
J=8.37 Hz, Ar-H), 6.94 (1H, dd, Ji= 8.37 Hz, J,= 8.86 Ar-H), 6.99 (1H, d , J= 8.97 Hz,
Ar-H).

13C-NMR (100 MHz, DMSO-ds; &, ppm) 11.66 (-pyrrole-CHs), 14.93 (-CH2-CHj3),
46.49 (-CH,-COOH), 55.84 (-OCHBa), 59.17 (-CH>-CHj3), 109.72 (Pyrrole-Ca), 112.77
(Phenyl-Ci1), 115.18 (Phenyl-Cs), 117.94 (Phenyl-Cs), 121.58 (pyrrole-Cs), 130.52
(Phenyl-Cas), 137.43 (Pyrrole-Cs), 151.43 (Pyrrole-C2),153.43 (Phenyl-C26), 164.94
(CO-0O-Et), 169.89 (COOH).

HRMS (-m/z): [M+H]*: For C1sH2:NOs calculated molecular weight: 348.1438; found:
348.1442.
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Figure 5.33. *H-NMR spectrum of the compound 4g
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Figure 5.34. 3C-NMR spectrum of the compound 4g
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Formula Predictor Report - SH-PEC-B12_271.lcd Page 1of 1

Datz File: C\LabSolutions'\Deta'Analiz\AsafSH-PRC-B12_271.lcd

Elmt Wal Min Mz« Emt Val Min Max Emt Val Min Max Bmt Val Min Max Use Adduct
H 1 g 48 o 2 [¥ 5 5 2 [ [+ Ru 2 a 1] H
C 4 3 36 F 1 0 ] Cl 1 a 0 P 2 a ] Na
N 3 0 & o 3 0 a Br 1 a 0 | 3 a ]
Ermar Margin {ppm): 5 DEE Rangs: 0.0-30.0 Electron lons: both
HC Ratio: unlimited Apply N Rule: yes Use M3n Info: yes
Max |sotopes: 3 Isotoge RI (%) 1.00 sotope Fles: S000
M5Sn lso RI (% 10.00 MSn Logic Mode: AND Max Resuks: 50
Event 1 MS{E+) Ret Time - 2.387 -» 2.400 Scan#: 333 -= 361
5.000=6
4 500=H
4 000=6
3.500=6
3.000=6] el e
2.500=6
2.000=6]
1.500e6] 244 1473 3701257
1.000e6d 0zpoe
5.000=H
1 |. 1 . — — it

P —r— —7— M A e o e A M 4 r .
100.0  150.0 2000  250.0 3000 3500 4000 4300 5000 350.0  600.0  650.0 7000

Meazured region for 2431438 miz
3481428

100.04

3481472

P NS 2N — A N

0 T IR B f T T T T = - T L B e ™ T
476 3478 480 3432 3434 3486 3468 3400 3452 3404 3456 4585 3300 3530 3504 3508

C18 H21 N 06 [M+H]+ : Predicted region for 2431442 miz
3481442

1000

3481474

q4
|
|

\

0 T T T T T T T T T T T T ey T T
J47TE 3478 480 34307 3434 3436 3488 3480 3453 3454 3456 3438 3300 330°F 3504 33508

Rank__Score Fomula (M) lon Meas. mfz_ Pred. mfz DF (mDa) Df{ppm)] Iso DBE
1 59482 C1BH2INCE [MH]+ 3481438 24321442 04 -115 8315 el

Figure 5.35. Mass spectrum of the compound 4g
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5.2.2.8. 2-(5-([1,1'-Biphenyl]-4-yl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-yl)acetic
acid

OH
0)

Figure 5.36. Molecular structure of compound 4h

Synthesized according to method D, experimental melting point: 190-212°C, 79% yield
percent.

IR (ATR) vmax (cm™ ): 3493 (O-H stretching), 3433 (aromatic C-H stretching band),
1722 and 1681 (C=0 stretching band).

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.27 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.47 (3H,
s, pyrrole-CHs), 4.19 (2H, q, J1=7.04 Hz, J>= 15.41 Hz, -CH2-CHj3), 4.66 (2H, s, CH2-
COOH), 6.48 (1H, s, CH-pyrrole), 7.39 (3H, t, J= 5.45, Ar-H), 7.47 (2H, t, J= 7.52 Hz,
Ar-H), 7.72 (4H, t, J= 8.61 Hz, Ar-H).

BC-NMR (100 MHz, DMSO-ds; &, ppm) 11.56 (-pyrrole-CHs), 14.90 (-CH,-CHj),
46.92 (-CH,-COOH), 59.33 (-CH>-CH3), 109.42, 111.85, 127.05, 127.43, 128.07,
129.39, 129.46, 131.39, 133.54, 138.03, 139.64, 139.87, 164.91(CO-O-Et), 170.48
(COOH).

HRMS (-m/z): [M+H]*: For C22H2:NO4 calculated molecular weight: 364.1535; found:
364. 1543.
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Figure 5.37. IR spectrum of the compound 4h
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Figure 5.38. 3C-NMR spectrum of the compound 4h
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Figure 5.39. 3C-NMR spectrum of the compound 4h
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Formula Predictor Repart - SHPKC15_458.kcd Page 1of1

Diata File: C:\LabSalutions'\DiatalAnale AsaPSHPKC15_458 . Icd

Eimt_ Val. Min M Eimt_ Val  Min M Elmt Min_ Maxc Eimt_ Wal  Min_Max Lkse Adduct
H 1 & 48 a 2 a 5 s 2 a o Fu 2 a o H
c 3 5 28 F 1 a o cl 1 a 2 Pd 2 a o
N 3 a 5 P 3 a o = 1 a o | 3 a o
Error Margin (ppm): 5 DBE Range: 5.0-30.0 Electron bons: both
HC Ratic: wnlimited Apphy N Rule: yes Us= MSn Infoc yes
Max lsotopes: 3 Iscicpe BRI (%) 1.00 Isotope Res: 3000
MSn l=o Bl (%) 10,00 MEn Logic Mode: AND Maw R=sulis: S0
Eventf: 1 ME(E+) Ret Time: 5133 -> 9133 Scan# : 1371 -» 1371
3.000e7
2.500e7
2.000e74
354 JE35
1.500e74
1.000e7
S65.1565
5.000mb 477 1888 514 858
2.u.t';5.1 I
" 1 Lk i A NPT | i .
T T T Y T Y Y T T T T T T T
1000 150.0  300.0 250.0  300.0 3500 4000 4500 5000 S50.0 6000 6500 700.0
Meazuned region for 364.1533 miz
JE4.1535
10004
5004
3E5.1563
. |\, A
= T T ¥ T T T T
540 354.5 385.0 3E5.5 JE66.0 356.5 387.0 387.5
C22 H21 M 04 [M+H]+ : Predicted region for 384.1543 miz
3641542
10004
5004 H
‘ I 3E5.1578
: J l T T -Ih T T
J64.0 354.5 385.0 3E5.5 JE66.0 356.5 387.0 387.5
Score Fi k= (M) lon |__Mess. miz  Prd. miz D (mDa)  DF. (ppm) k= DBE
i 87.000 C22 H21 M 0L [M+H]= | 2841535  384.1543 -0LE -2.20 100.00f 13.0

Figure 5.40. Mass spectrum of the compound 4h
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5.2.2.9. 2-(3-(Ethoxycarbonyl)-2-methyl-5-(naphthalen-2-yl)-1H-pyrrol-1-yl)acetic
acid

0\

/0 NN

od

OH

Figure 5.41. Molecular structure of compound 4i

Synthesized according to method D, experimental melting point: 145-146°C, 80% yield
percent.

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.28 (3H, t, J= 7.04 Hz, -CH2-CHs), 2.50 (3H,
s, pyrrole-CHs), 4.21 (2H, q, J1=7.04 Hz, J>= 15.51 Hz, -CH2-CHj3), 4.72 (2H, s, CH2-
COOH), 6.55 (1H, s, CH-pyrrole), 7.45 (1H, d, J= 5.45, Ar-H), 7.47 (2H, t, J= 8.45 Hz,
Ar-H), 7.55 (2H, t, J1= 4.05 Hz, Ar-H), 7.85 (1H, s, Ar-H), 7.91 (1H, t, J= 4.48 Hz, Ar-
H), 7.96 (2H, t, J=8.08 Hz, Ar-H).

13C-NMR (100 MHz, DMSO-dg; &, ppm) 11.57 (-pyrrole-CHs), 14.90 (-CH2-CHs),
46.74 (-CH.-COOH), 59.36 (-CH.-CHs), 109.87, 111.93, 126.84, 126.93, 127.10,
127.66, 128.05, 128.39, 128.71, 129.75, 132.54, 133.37, 133.87, 138.11, 164.91(CO-O-
Et), 170.48 (COOH).

HRMS (-m/z): [M+H]*: For C20H19NO4 calculated molecular weight: 338.1380; found:
338. 1387.
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Figure 5.42. *H-NMR spectrum of the compound 4i
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figure 5.43. 3C-NMR spectrum of the compound 4i



Formula Predictor Report - SHPKIC16_451.kcd Page 1of1
Data File: C:\LabEolutions\Datz\Analz\Asaf\SHPKIC16_451.lced
Emt | VaL Min Max FEimt | Val| Min Max FEmt Val Min Max Bmt  Val Min_Max Use Adduct
H 1 6 46 [4] 2 0 [ 5 2 2 Ru 2 [© 0 H
C 4 3 38 F 1 0 ] Cl 1 z Pd 2 0 0 Mz
N 3 i g P 3 0 ] Br i 0 | 3 0 0
Errar Margin {ppm): 3 CEE Range: 0.0-30.0 Electran lans: both
HC Ratio: unlimited Apphy W Rule: yes Use MSn Info: yes
Max Isotopes: 3 Isotope RI (%) 1.00 lsotope Res: 3000
M5n IsoRI (%) 10,00 MSn Logic Mode: AND Max Results: 30
Ewvent#: 1 ME{E+) Ret. Time: 6827 Scan#: 1023
3.000=T74
2.300=T74
338380
2.000eT+
1.500=T74
1.000=T 339.1396
5.000e6
2235713
% IV P VS TRUIPIS UF VPSP VRIUAPUIES S O
1000 150.0 2000  250.0 3000 3300  400.0 430.0 5000 550.0  €00.0  650.0 7000
IMezsured region for 3331380 miz
338.1380
100.0q
50.04
3304286
o v L —— y L v . ; T T
333.0 3385 335.0 338.3 340.0 340.5 341.0 241.5 342.0 3425
C20 H1% N 04 [M+H]+ : Predicted region for 338.1387 miz
338.1387
100.0=
50.04
3391420
333.0 3385 335.0 338.3 340.0 340.5 1.0 2413 342.0 3425
Score Fomula (M) lon Meas. mfz__ Pred.miz_ Df. (mDa) K. {ppm) s DBE
1 7303 C20H13N 04 [M+H]+ 3351380 3351387 0.7 =207 TrA3 120

Figure 5.44. Mass spectrum of the compound 4i
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5.2.2.10. 2-/5-(3,4-Dichloroyphenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1yljacetic

acid

Figure 5.45. Molecular structure of compound 4k

Synthesized according to method D, experimental melting point: 280-282°C, 76% yield
percent.

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.29 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.49 (3H,
s, pyrrole-CHa), 4.22 (2H, q, J1=7.04 Hz, Jo= 14.11 Hz, -CH2-CHs), 4.73 (2H, s, CHo-
COOH), 6.58 (1H, s, CH-pyrrole), 7.32 (1H, dd, J:= 3.44, J>= 8.44 Hz, Ar-H), 7.58 (1H,
d, J=1.88 Hz, Ar-H), 7.73 (1H, d, J= 8.34 Hz, Ar-H), 13.38 (1H, br-s, COOH).
BC-NMR (100 MHz, DMSO-ds; &, ppm) 11.71 (-pyrrole-CHs), 14.91 (-CH,-CHj),
49.82 (-CH.-COOH), 59.15 (-CH:-CHs), 109.75, 111.14, 128.38, 130.01, 130.22,
132.02, 131.59, 133.71, 138.62, 164.99 (CO-0O-Et), 173.13 (COOH).

HRMS (-m/z): [M+H]*: For C1H1sCI2NO4 calculated molecular weight: 356.0440;
found: 356. 0451.
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Figure 5.46. *H-NMR spectrum of the compound 4k
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Figure 5.47.3C-NMR spectrum of the compound 4k



Formula Predictor Report - SHPK.C14-8C_7.lcd

Diata File: C\LabSolutions'Data\AnalizlAssfSHPHC14-8C_7 lcd

Page 1of1

Elmt ValL Min Mzx Elm Val Min Max Eimt | Val| Min Max Emt  ValL Min Max Use Adduct
H 1 g 468 [a] 2 0 3 5 2 a 2 Ru 2 [+ [+] H
c 4 3 38 F 1 0 o cl 1 a 2 Pd 2 [ 4]
M 3 0 3 P 3 | o Br 1 a ] 3 0 4]
Error Margin {ppm}: 5 DEE Range: 5.0-30.0 Electron lons:
HC Ratiz: unlimited Apply M Rule: yes Usz MEn Infa:
Max lsotopes: 3 Isotope RI (3): 1.00 |sotope Res:
M3n lzo RI (%) 10.00 M3n Logic Made: AND [Max Resuls:
Eventf: 1 MS{E+} Ret Time:7.707 -= 8120 Scan#: 11537 -» 1215
2.600eT
2.400e74
2.200e74
2.000e74
JB0DeT4
3384440
338.0421
1.000e74
8.000efH
£.000ef . 3A57.0482
3350447
4.000e6] = 3600334
2.000e6 L
= T T iy by Ay et T T ok T T T T
1000 1500 2000 2500 3000  350.0  400.0 4500 S00.0 30.0 8000 8500 7000
Measured region for 338.0440 miz
335.0440
1000
3580421
S0.04
3570432
335.0447
353.3 356.0 356.3 357.0 337.3 338.0 338.3 333.0
C16 H15 N O4 CL2 [M+H]+ : Predicted region for 336.0451 m/z
356.0451
1000+
338.0424
50.0H N
l 3570434 I
A l 350.0456
353.5 356.0 356.5 357.0 357.5 338.0 338.5 353.0
Rank Formuk lon |__Meas.miz  Pred. miz_ Df. (mDa) _Df. (ppm) Isa DBE
EE.QQ CI6HII N O4 CI2 MeH]+ | 356 EI-H-Ci 356.0431 -1 -3.09 5422 5.0

Figure 5.48. Mass spectrum of the compound 4k
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5.2.2.11. 2-[5-(3-Chloroyphenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1yl]acetic
acid

Figure 5.49. Molecular structure of compound 4l

Synthesized according to method D, experimental melting point: 100-102°C, 65% yield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): 1.25 (3H, t, J=7.08 Hz, -CH»-CH3), 2.45 (3H,
s, pyrrole-CHs), 4.18 (2H, q, J1=7.08 Hz, J>= 14.09 Hz, -CH2-CHj3), 4.64 (2H, s, CH2-
COOH), 6.49 (1H, s, CH-pyrrole), , 7.26 (1H, dt, J= 4.31 Hz, Ar-H), 7.36 (1H, dt, J1=
1.82 Hz, Jo=1.87 Hz, Ar-H), 7.42(1H, t, Ji= 1.87 Hz, Ar-H), 7.45(1H, s, Ar-H).
13C-NMR (100 MHz, DMSO-ds; 8, ppm) 11.50 (-pyrrole-CHz), 14.87 (-CH2-CHs),
46.74 (-CH.-COOH), 59.40 (-CH>-CHs), 110.15, 111.97, 127.50, 127.97, 128.48,
131.08, 132.38, 133.81, 134.34, 138.36, 164.77 (CO-0O-Et), 170.44 (COOH).

HRMS (-m/z): [M+H]*: For CisH16CINO4 calculated molecular weight: 322.0838;
found: 322. 0841.
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Figure 5.50. *H-NMR spectrum of the compound 4l
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Figure 5.51. 3C-NMR spectrum of the compound 4l
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BROKER

Current Data Parameters
NAME SHKPC17
EXPNO 1"
PROCNO 1

F2 - Acquisition Parameters
Date_ 0230605
Time 20.24h
INSTRUM spect
PROBHD Z866401_0004 (
PULPROG 2gpg30
TD 65536
SOLVENT DMSO
NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 34.91

DW 20.800 usec
DE 6.50 usec
TE 295.8 K

D1 2.00000000 sec
D11 0.03000000 sec

TDO 1
SFO1 100.6228298 MHz
13C

P 15.00 usec
PLW1 90.29699707 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2  waltz16

PD2 90.00 usec
PLW2 10.94900036 W
PLW12 0.08651100 W
PLW13 0.04351400 W

F2 - Processing parameters

S| 32

SF 100.6127690 MHz
WD! EM

SsB 0

LB 1.00 Hz

GB 0

PC 1.40



Formula Predictor Report - SHPKC-17_6.ked Pagse 1of 1
Data File: Ci\labSolutionsiDatzlAnzizlAsafEHPKC-17_6.ked
Eimt  Val M Max Eimt | Val| Min Max Eimt  Val Min_ Max Elmt_ Val. Min_Max Use Adduct
H 1 B 48 [a] 2 0 3 5 2 0 0 Ru 2 0 [] H
c 4 3 36 F 1 o 0 cl [ 2 Pd 2 0 4]
N 3 0 3 P 3 0 0 Er 0 0 | 3 0 4]
Errar Margin {ppm): 5 CEE Range: 5.0-30.0 Electran lons: baoth
HC Ratio: unlimited Apphy M Rule: yes Use MSn Info: yes
Max |sotopes: 3 Isotope RI (%) 1.00 lsotope Res: $000
M35n Iso BRI (3%): 10000 MSn Logic Mode: AND Max Results: 30
Event: 1 MS(E+) Ret Time: 7.5387 -= 7.587 Scan#: 1135 - 1138
2
2
2
2
1.
1
1 222 pa3g
1
1
5 324.0811
8 323.0885
4
2
Y TP A el M [P P

1000 150.0 2000 2500 3000 350.0  400.0 4500 5000 550.0

£00.0

650.0  7O0.0

IMezsured region for 322.0838 miz

1000 3220838
Rig

324 D11

3230885

A 323.0833
- PO . A

2220 3225 230 32335 324.0 1245 3250 3255 326.0
15 H18 N 04 ©f [M+H]* : Predicted region for 322 0841 miz
322.0841
100.0-
50.04
324.0817
] 123.0873
] A 325.0847
3720 3225 230 323.3 324.0 3745 325.0 3255 326.0
Rank_ Score Formula (M) lon Meas. miz__ Pred. miz_ Df. {(mDa)__ DF. {(ppm) lso  DBE
1 7590 CI6HIEN O3 CI M+H+ Io20838 2220841 02 083 7880 9.0

Figure 5.52. Mass spectrum of the compound 4l
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5.2.2.12. 2-(3-(Ethoxycarbonyl)-2-methyl-5-(thiophen-2-yl)-1H-pyrrol-1-yl)acetic acid

(0)
N
Vaad B
N
OH
(0)

Figure 5.53. Molecular structure of compound 4m

Synthesized according to method D, experimental melting point: 90-95°C, 55% yield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.25 (3H, t, J= 7.08 Hz, -CH,-CHa), 2.45
(3H, s, pyrrole-CH3), 4.19 (2H, q, J1=7.05 Hz, J,= 14.14 Hz, -CH2-CHj3), 4.73 (2H, s,
CH2-COOH), 6.51 (1H, s, CHa-pyrrole), 7.01 (1H, dd, Ji= 1.55 Hz, J,= 3.66 Hz ,
thiophen-H), 7.12 (1H, g, J1= 2.91 Hz, J,=5.93 Hz , thiophen-H), 7.57 (1H, dd, J= 2.08
Hz , thiophen-H).

HRMS (-m/z): [M+H]*: For C14H15sNOsS calculated molecular weight: 294.0782, found:
294.0795.
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Figure 5.54. *H-NMR spectrum of the compound 4m

97



Formula Pradictor Report - SHPKC-18_5 led age 1of 1
Dtz File: C\LabSolutions'Data\Analz\AsafSHPKC-18_5 ked
Eimt | Val. Min Max Elmt Val Min Max BEmt Val Min Max BEmt  Val M Max Use Adds
H 1 6 48 [s] 2 [} 4 S 2 1 1 Ru 2 [¥ [1} H
C 4 3 38 F 1 0 o Cl 1 0 a Pd 2 0 a
N 3 a B P 3 a 0 Br 1 a ] | 3 a ]
Error Margin (ppm}: 3 DBE Range: 5.0-30.0 Electron lons: bath
HC Ratio: unlimited Apply N Rule: yes Use MEn Infa: yes
Max lsotopes: 3 |zotope RI (%) 1.00 Isotope Res: 5000
MSn Iso BRI (%) 10.00 M3Sn Logic Mode: AMD Max Results: 30
Event$: 1 MS(E+| Ret Time : §.253 Scand: 933
2.500e74
2.000=74
=¥ T
150027 e
1.000=74
372 pass
2950804 " 3 4527
000 304.0628
5 000e64 L r 4513883
W P e | 1LL.... ™ i i e i M '
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 B0LOD  B50.0 7000
Measured region for 254.0782 miz
nad 7
100.0 25 07
50.04
295.0804
o4 2361 296.0763
T T Y ; + = 1 ey T T T T it r T
2838 25338 2940 2942 2544 2946 2045 2550 2932 2954 2056 2958 2960 2862 3364
C14 H15 N 04 5 [M+H]+ : Predicted region for 2540785 miz
254.0735
100.04
50.04
253.0825
A 2960783
0 T T T T T T — T T T T T T T
2836 2533 92540 2847 344 I94F 7543 2550 9957 2054 PBSA 2958  25R0 B2 7364
Rank  Score Fomula (M) lon Meas. mfz  Pred mfz  Df (mDa)]  Df {ppm) Isa DBE
1 68377 C14HISMO4 5 [M+H]+ 294 07820  284.0793 -1.3 442 TEZS ED

Figure 5.55. Mass spectrum of the compound 4m
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5.2.2.13. 2-(3-(Ethoxycarbonyl)-2-methyl-5-(3,4,5-trichlorophenyl)-1H-pyrrol-1-yl)
acetic acid

0)

QH)H

N
N\ \ 0o

o

A

Figure 5.56. Molecular structure of compound 4n

Synthesized according to method D, experimental melting point: 101-105°C, 62% yield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): 1.26 (3H, t, J=7.07 Hz, -CH»-CH3), 2.46 (3H,
s, pyrrole-CHs), 4.19 (2H, q, J1=7.04 Hz, J>= 14.07 Hz, -CH2-CH3), 4.51 (2H, s, CH2-
COOH), 6.44 (1H, s, CH-pyrrole), 7.28 (1H, d, J= 8.36 Hz, Ar-H), 7.72 (1H, d, J=8.36
Hz, Ar-H).

13C-NMR (100 MHz, DMSO-ds; 8, ppm) 11.49 (-pyrrole-CHz), 14.87 (-CH2-CHs3),
46.34 (-CH,-COOH), 59.42 (-CH>-CHs), 110.97, 111.89, 129.03, 129.25, 131.36,
132.10, 132.16, 133.76, 137.75, 164.96 (CO-O-Et), 169.81 (COOH).

HRMS (-m/z): [M+H]*: For CisH14CIsNO4 calculated molecular weight: 390.0045;
found: 390. 0061.
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Formula Predictor Report - SHPKC-13_73.kd Page 1of1

Catz File: C:\LabSolutions\Data\Ansliz\AsafSHPKC-12_73.led

Bmt Val Mn Mzt Bmt Va Min M=x Bmt Val Mn Max Bmt Val M Mac Use Adduct
H 1 B 458 u] 2 § 7 5 2 a 0 Ru 2 a ] H
C 4 i »® F 1 o 0 Cl 1 a 3 Fd 2 a o Ma
M 3 0 & P 3 o 0 Br 1 a ] 3 a o
Error Margin {ppm); 3 DEE Range: 3.0-30.0 Electron lons: both
HC Ratio: unlimited Apply M Rule: yes Usz MSn Info: yes
Mzt lsotopes: 3 sotope RI (%) 1.00 Isotope Fes: 5000
MSn Iso RI %) 10.00 MSn Logic Mode: AND Mz Results: 30

Event: 1 MS[E+) Ret Time: 8667 - 8687 Scand : 1301 -> 131

2400
2.200eT
2.000e7
1.800e74
1.600e74
1.400e74 3514338

1. 20074
1 0007 250 0045 392.0012

393.9553

000 1500 2000 2500 3000 8500 4000 4500 5000 5500 6000 €300 7000

Measured region for 30,0045 miz

351.1336
100.04
2600045 =zd0z
s0.0
3921408 253, 5593
381.0070
291 2571 333.0031
ey ll;h.._d..ra_ I J'T't.»_-lh._l_J . - AA I...»h_
3.3 330.10 330.3 331.0 315 3321 3323 33300 3333 3540
16 H14 N 04 Ci3 [MeH]+ : Predicted region for 3500061 miz
100.0- 380.0061 252 0034
50.04
3340008
3910054
353 33040 330.3 3310 3§13 3321 3323 3330 3953 340
Rank Score Fomula (M) lon Mess. miz__ Pred. miz__ D, (mDa] D {ppm) s DBE
S 411 CIGHIAN AR M+E 3000045 550.0061 15 410" =863 8.0

Figure 5.59. Mass spectrum of the compound 4n
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5.2.2.14. 2-(3-(Ethoxycarbonyl)-2-methyl-5-(p-tolyl)-1H-pyrrol-1-yl)acetic acid

Figure 5.60. Molecular structure of compound 40

Synthesized according to method D, experimental melting point: 125-127°C, 79% yield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): 1.26 (3H, t, J=7.07 Hz, -CH»-CH3), 2.33 (3H,
s, pyrrole-CHs), 4.18 (2H, q, J1=7.06 Hz, J,= 14.08 Hz, -CH2-CHa), 4.60 (2H, s, CH2-
COOH), 6.37 (1H, s, CH-pyrrole), , 7.17 (2H, d, J= 7.87 Hz, Ar-Hss), 7.24 (2H, d, J=
7.90 Hz, Ar-Hzs).

13C-NMR (100 MHz, DMSO-ds; 8, ppm) 11.51 (-pyrrole-CHz), 14.89 (-CH2-CHs),
21.20 (CHs-Ph), 46.46 (-CH»-COOH), 59.28 (-CH,-CHz3), 108.93, 111.67, 128.96,
129.41, 129.80, 133.92, 137.52, 137.59, 164.92 (CO-0O-Et), 170.44 (COOH).

HRMS (-m/z): [M+H]*: For C17H19NO4 calculated molecular weight: 302.1400; found:
302. 1387.
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Figure 5.61. *H-NMR spectrum of the compound 40
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Figure 5.62. *3C-NMR spectrum of the compound 40
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Formula Predictor Repart - SHPKC2_480.Icd Page 1of1

Diata File: C:iLabSalutionsiData'Anal Asaf S HPKCZ_480 Icd

Eimt | Val. Min Max Eimt | Wal Min M Eimt | Val  Min Maxx Eimt | Val Min Maxxc Lk=e Adduwct
H 1 & 48 a 2 a 7 s 2 a o u 2 a 0 H
- 4 5 328 F 1 a o cl 1 a o Pd 2 a 0
N 3 a 8 P 3 a o = 1 a o | 3 ol 0
Emor Mamgin (ppmjz 10 DBEE Range: 5.0 - 30.0 Electron lons: both
HC Ratic: unlimit=d Apphy N Rule: yes Use= MSn Info: yes
Max Isotopes: 3 Izcicpe RI (%) 1.00 Isotope Res: 5000
MESn l=o Rl (95 10,00 MEn Logic Mode: AND Maw Besulis: 50

Eventf: 1 ME[E+) Pet Time: 7.333 Scan#: 1101

3.000=7
302 jj400

250027
2.000=7
150027

203 1407
B 303.1407
5.000=5]

415.'?13
||th.|J__|‘I.|.I.I. T " [

“100.0 1500 2000 2500 500.0 3500 4000 4500 SO0L0 SS0.0 6000 RSO0

=l

0.0

Measured region for 302. 1400 m'z

S02.1400
10004 m

031407

02 _28E4

Vil - A

3016 5018 3020 3022 G004 3026  A02E 3050 3032 3054 3046 3058 3040 3042 3044

C17 H19 M 04 [M+H]= : Predicted region for 302.1387 miz

02,1387
10004

303.1420

. N
3016 5018 3000 3022 A024 3026  A02E 3050 3032 3054 4046 3058 3040 3042 3044

k= (M) lon | Mess.miz_ Pred. mfz Df (mDa)]  Df (ppm)  lso  DBE

-
42200 C17HIE N 04 [M+H]+ | 3021400 302.1387 1.3 4.30( 46.00 5.0

Figure 5.63. Mass spectrum of the compound 40
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5.2.2.15. 2-(3-(Ethoxycarbonyl)-2-methyl-5-(3-nitrophenyl)-1H-pyrrol-1-yl)acetic acid

(0)

»OH

N

N\ \ (0]
OzN Oj

Figure 5.64. Molecular structure of compound 4p

Synthesized according to method D, experimental melting point 120-122°C, 75% vyield
percent.

IH-NMR (400 MHz, DMSO-dg; 8, ppm): 1.27 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.48 (3H,
s, pyrrole-CHs), 4.20 (2H, q, J1=7.06 Hz, J>= 14.11 Hz, -CH2-CH3), 4.72 (2H, s, CH2-
COOH), 6.62 (1H, s, CH-pyrrole), 7.74 (1H, t, J= 7.39 Hz, Ar-H), 7.79 (1H, d, J= 7.63
Hz, Ar-H), 8.09 (1H, s, Ar-H), 8.20 (1H, d, J= 7.63 Hz, Ar-H).

13C-NMR (100 MHz, DMSO-dgs; &, ppm) 11.50 (-pyrrole-CHs), 14.85 (-CH2-CHs),
46.70 (-CH.-COOH), 59.49 (-CH.-CHs), 110.83, 112.25, 122.70, 123.06, 123.38,
130.87, 131.69, 133.69, 135.26, 138.83, 148.45, 164.68 (CO-0O-Et), 170.51 (COOH).
HRMS (-m/z): [M+H]*: For C16H16N20s calculated molecular weight: 333.1090; found:
333.1081.
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Figure 5.65. *H-NMR spectrum of the compound 4p
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Figure 5.66. 3C-NMR spectrum of the compound 4p
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Formula Predictor Report - SHPKC10 SALTY_2.led Page 1of 1

Datz File: C:\LabSolutions'\Data\Analiz\Asaf SHPHIC10 SALTY_2.lcd

Elmt  Val Min Mac Emt | Val Min Max Eimt Val Min Max BEmt WVal Min Max Use Adduct
H 1 E 48 8] 2 [+ [ 5 2 0 0 Ru 2 [§ ] H
C 4 3 3. F 1 o ] Cl 1 0 2 P 2 a 0
N 3 4 5 P 3 o ] Br 1 0 0 | 3 a o
Emor Margin {ppm): 5 DE8E Rangs: 5.0-30.0 Electron lons: both
HC Ratio: unlimited Apphy M Rule: yes Use M3n Infa: yes
Max |sotopes: 3 Isotope RI(3): 1.00 saotops Fles: 3000
MSn k=0 RI (3} 10.00 MSn Logic Mode: AND Max Resuks: 50

Event® 1 MS(E+) Ret Time : 6.8687 Scanf: 1001

3.000e7
2.500e74
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100.0 150.0  200.0  250.0 3000 3500 4000 4500 000 550.0 B00.0  BS0.0  700.0
Meazsured region for 3331076 miz
7 1)
100.0m 0
50
3341108
_j i L = .

I v T v ¥ T T T T T T Ty T
2326 3328 3330 332 3334 3336 3338 3340 3342 3M4 336 3348 3350 3352 3354

C16 H18 N2 06 [M+H]* : Predicted region for 333.1081 miz
3331081

100.0m

| 334.1112

I A .

I v T v T T T T T T T T T T T
2326 328F 3330 3132 3334 3336 3338 3340 3342 34 336 3348 3350 3352 3354

Rank__Score Fomuta (M) lon Mess miz__ Pred miz Df (mDs) DF (ppm)]  lsq_DBE

1 9044 CIEHIENZCE [M+H]+ 3231078 233108 5 150 @158 100

Figure 5.67. Mass spectrum of the compound 4p
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5.2.2.16. 3-(5-(3,4-Dichlorophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-yl)-4-
methoxybenzoic acid

Figure 5.68. Molecular structure of compound 5a

Synthesized according to method D, experimental melting point 205-106°C, 65% vyield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): ): 1.28 (3H, t, J= 7.08 Hz, -CH>-CH3), 2.21
(3H, s, pyrrole-CH3), ), 3.78 (3H, s, pyrrole-OCH3), 4.22 (2H, g, J1=7.08 Hz, J>= 14.16
Hz, -CH»-CH3), 6.82 (1H, s, CH-pyrrole), 6.94 (1H, dd, J1=2.11, J>= 8.42 Hz, Ar-H),
7.27 (1H, d, J= 2.05 Hz, Ar-H), 7.35 (1H, d, J= 8.87 Hz, Ar-H), 7.43 (1H, d, J= 8.43 Hz,
Ar-H), 7.64 (1H, d, J=2.12 Hz, Ar-H) 8.07 (1H, dd, J:= 3.61, J,=9.17 Hz, Ar-H), 12.95
(1H, br-s, COOH).

13C-NMR (100 MHz, DMSO-dgs; &, ppm) 12.06 (-pyrrole-CHs), 14.89 (-CH2-CHs),
56.88 (-OCHsa), 59.63 (-CH>-CHs), 110.98, 112.94, 113.31, 124.10, 125.81, 127.48,
129.11, 129.74, 130.89, 131.24, 131.38, 132.80, 133.00, 139.30, 159.04, 164.65 (CO-O-
Et), 166.58 (COOH).

HRMS (-m/z): [M+H]*: For C22H19NOsCl, calculated molecular weight: 448.0710,
found: 448.0713.
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Figure 5.69. 'H-NMR spectrum of the compound 5a
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Figure 5.70. *3C-NMR spectrum of the compound 5a
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Formula Predictor Report - 14-8_61.Icd Page 1of1

Diata File: CoilesbSaolutions'\DatstAnaliz\A=sf14-B_61.lcd

Eimt WYalL Min Max Emt Val Min Max Eimt | Val & Min Max Eimt Val Min Max Use Adduct
H & 48 [+] 2 0 5 5 2 a 0 Ru 2 [+ [ H
C 4 3 36 F 1 ] o Cl 1 a 2 Pd 2 q 0
M 3 0 ] P 3 0 0 Br 1 0 0 | 3 [+ [
Error Margin {ppm): 3 DBEE Range: 5.0-30.0 Electron lons: both
HC Ratio: unlimited Apply M Rule: yes Usz MSn Info: yes
Max Isotopes: 3 Isotope RI (%) i Isotope Res: S000

M3n Iso RI (&) 10.00 M5n Logic \-1-:da; AND Max Results: 30

Event®: 1 MS{E+] Ret Time: 3320 >3320 Scanf: 1355 > 1383
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1 451.06583
0 _J ILJ‘T\.-"-J-:. e - oy . - y I N — .‘A — .
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22 H18 N O3 CI2 [M+H]+ : Predicted region for 448.0713 miz
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50.0H ‘
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Figure 5.71. Mass spectrum of the compound 5a
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5.2.2.17. 3-(5-(3,4-Dichlorophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-yl)-4-
hydroxybenzoic acid

Figure 5.72. Molecular structure of compound 5b

Synthesized according to method D, experimental melting point 165-166°C, 55% yield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.28 (3H, t, J= 7.06 Hz, -CH,-CHa), 2.23
(3H, s, pyrrole-CHs), ), 4.22 (2H, q, J1=7.05 Hz, J>= 14.11 Hz, -CH»-CH?3), 6.83 (1H, s,
CH-pyrrole), 7.02 (1H, dd, J1= 3.43 Hz, J,=8.68 Hz, Ar-H), 7.12 (1H, d, J= 1.38, Ar-
H), 7.30 (1H, d, J= 1.76 Hz, Ar-H), 7.45 (1H, d, J= 8.44 Hz, Ar-H), 7.56 (1H, d, J=1.83
Hz, Ar-H), 7.91 (1H, dd, J;= 3.48, Jo= 9.58 Hz, Ar-H), 11.21 (1H, br-s, OH), 12.80 (1H,
br-s, COOH).

13C-NMR (100 MHz, DMSO-dgs; &, ppm) 12.08 (-pyrrole-CHs), 14.90 (-CH2-CHs),
59.58 (-CH»-CHg3), 110.97, 112.81, 117.14, 122.66, 124.62, 127.42, 128.96, 129.63,
130.89, 131.32, 131.40, 131.67, 132.70, 133.00, 139.49, 158.29, 164.67 (CO-O-Et),
166.73 (COOH).

HRMS (-m/z): [M+H]*: For C2:H17NOsCl, calculated molecular weight: 434.0552,
found: 434.0557.
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Figure 5.73. *H-NMR spectrum of the compound 5b

116



or:t o wdd o 0z oy 09 08 00L 02F OvL 09L 08L 002
2L a1 1 1 1 ! 1 1 1 1 1 1 1

W3 Mmam

ZHIN 069219001 ES)
89/2¢€ IS
siejaweied Buissannld - 24

M 00PLSEVO'O €LM1d
M 00115980°0 2tM1d
M 9E0006¥6°0L ZM1d

295N 0006 20d0d
giziem  2]oddado
HE 20NN

ZHW S0091€1°00% 204s
M L0.66962 06 IM1d
088N 00°G Id

Ol LONN

ZHW 862822900} 10ds
I 0aL

085 000000E0°0 La
985 00000000°2 La
A L'S62 3L

298N 0S'9 30
28sn 008°02 Mma
L6'vE o4

08S 887 1E€9€"L ov
ZH 965€EL°0 S35aid
ZH 19v'8E0VC HMS
14 sa

201 SN

oswa IN3ATOS

9£559 aL
0gbdbz 20HdINd
) $000 L0¥998Z QHEOHd

/\ | eSS

o0sgests  ~awd LR A ca TS G eI N R e R R e

Sioloweied UONSINDOY - 23 P& & OPNNRNBB8222B8B83RY

¢ LD OODOWRDINOL WNN

_C Oﬂw,_on_mm ee © %RQWWWMWWSLQLLOOLV
9910dyHS  INYN

Siajeweied ejeq uaun)

(L)

117

Figure 5.74.3C-NMR spectrum of the compound 5b



Formula Predictor Report - 14-C_60.lcd Page 1of1
Datz File: C\LabSolutions'\DetslAnaliz\Asaf14-C_60lcd
Eimt ¥al| Min Max Emt Val Min Max Emt Val Min Max Bmt Val Min Max Use Adduct
H 1 g 46 o F [V 3 5 2 [V [1] Ru 2 [ [1] H
C 4 3 36 F 1 0 ] Cl 1 il 2 P 2 a [1]
M 3 o 3 o 3 o o Br 1 o 1} | 3 0 L1}
Ermor Margin (ppm): 3 DEE Rangs: 5.0-30.0 Electron lons: both
HC Ratio: unlimited Apply N Rule: yes Use M3n Info: yes
Max |sotopes: 3 Isotope RI (%) 1.00 sotops Res: B000
MSn k=0 RI (%) 10.00 MSn Logic Mode: AND Max Result=s: 50
Event#: 1 MS{E+) Ret Time - 6.653-> 6.633 Scan¥: 533 =950
3.000e74
2.500e74
2.000e7 Rl B
436.032
1.500e7]
1.000e7 e 43300574
30T L 438 0508
5.000ek
e — — NP ST Y W P A - e
100.0 1500 2000 2500 3000 3500 4000 4300 5000 3500 600.0  650.0  TO0O.0
Measured region for 434 0532 miz
100,04 4341552
436.9323
|
50.H
435,574
4370547
0 e e L L .
433.5 434.0 4343 435.0 433.3 435.0 436.5 437.0
C21 H17 N 03 CLI2 [MHH]+ : Predicted region for 434.0357 miz
100,04 R
436.0332
50.04 r|
| 435.0383 ‘
| Ii 4370582
: || | W | —
4331.5 4340 4325 435.0 433.5 435.0 436 5 437.0
Rank__Score Formula (M) lon Meas. mfz_ Pred mfz_ DE { . Isu__ DBE
i 6871 CZIHITNOSCE [W+H]+ 4340332 434.0337 0.3 -1.13 6857 130

Figure 5.75. Mass spectrum of the compound 5b

118



5.2.2.18. 3-(5-(3,4-Dichlorophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-1-

yl)benzoic acid
O~
N
50
HO

Figure 5.76. Molecular structure of compound 5¢

Synthesized according to method D, experimental melting point 233-235°C, 65% vyield
percent.

'H-NMR (400 MHz, DMSO-ds; 8, ppm): ): 1.28 (3H, t, J= 7.08 Hz, -CH>-CH3), 2.05
(3H, s, pyrrole-CH3), ), 4.23 (2H, q, J1=7.07 Hz, Jo= 14.14 Hz, -CH»-CH3), 6.87 (1H, s,
CH-pyrrole), 7.29 (1H, d, J= 2.08 Hz, Ar-H), 7.42 (1H, dd, J:= 8.45 Hz, J,=8.61 Hz, Ar-
H), 7.60 (1H, d, J=7.77 Hz, Ar-H), 7.45 (1H, d, J= 8.44 Hz, Ar-H), 7.59 (1H, d, J=7.77
Hz, Ar-H), 7.67 (1H, d, J=7.73 Hz, Ar-H), 8.04 (1H, d, J=7.45 Hz, Ar-H), 13.09 (1H,
br-s, Ar-COOH).

HRMS (-m/z): [M+H]*: For C21H17NO4Cl> calculated molecular weight: 418.0587,
found: 418.0607.
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Figure 5.77. *H-NMR spectrum of the compound 5¢
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Formula Predictor Report - 14-C_60.lcd

D=ta File: CilabSolutionsi\DatatAnzizlAsaf14-C_B0 led

Page 1of1

Use Adduct
H
Error Margin {ppm): 5 DBE Range: 5.0-30.0 Electron lons: both
HC Ratio: unlimited Apphy M Rule: yes Use M3n Info: yes
Max |sotopes: 3 Isotope BRI (%) 1.00 lsotope Res: 5000
M35n Iso BRI (%) 10,00 MSn Logic Mode: AND Mzx Results: 30
Event¥: 1 MS{E+) Ret. Time : 0.080 -= 0.0BD Scan#:13-= 13
1.400eT
1.200e74
1.000eT
418 9387
.00t 420.0368
&. 0006
40008
421 0584 | H19.0811
no0es] 422 0359
< SES.FFBB
100.0 1500 2000 2300 3000 3300 400.0 4500 0  550.0  600.0  650.0 7000
IMezsured region for 418.0587 miz
418.0587
100.04
420.p569
50.04
4150611
421 (584
[ ‘ oI et p— ey ot d i —— - ’ -
417.5 418.0 418.5 415.0 418.5 420.0 420.5 410
C21 H17 N O4 CI2 [M+H]+ : Predicted region for 413.0607 miz
4180607
1000+
420.0382
50.04
419.0640
421.0613
1] 1 T T 1 T .m
417.5 418.0 418.5 415.0 418.5 420.0 420.5 410
Score Fomula (M) lon Meas. Pred. miz_ Df Df s DBE
i 6714 C21H1TN 04 CI2 M+ 41B.0387  418.0807 -2.0 -4.78 T414] 130

Figure 5.78. Mass spectrum of the compound 5c¢
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5.2.2.19. 4-Chloro-3-(5-(3,4-dichlorophenyl)-3-(ethoxycarbonyl)-2-methyl-1H-pyrrol-
1-yl)benzoic acid

Figure 5.79. Molecular structure of compound 5d

Synthesized according to method D, experimental melting point 230-232°C, 50% vyield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.29 (3H, t, J= 7.07 Hz, -CH2-CHs), 2.25
(3H, s, pyrrole-CHs3), ), 4.24 (2H, q, J1=7.08 Hz, J>= 14.13 Hz, -CH»-CH?3), 6.98 (1H, s,
CH-pyrrole), 6.93 (1H, dd, J1= 2.64 Hz, J.= 8.31 Hz Ar-H 7.32 (1H, d, J= 1.69 Hz, Ar-
H), 7.54 (1H, d, J= 8.44 Hz, Ar-H), 7.60 (1H, d, J= 8.36 Hz, Ar-H), 7.80 (1H, d, J= 8.36
Hz, Ar-H), 9.67 (1H, br-s, OH).

13C-NMR (100 MHz, DMSO-dg; &, ppm) 12.08 (-pyrrole-CHs), 14.83 (-CH2-CHj3),
59.83 (-CH>-CHg3), 111.38, 113.47, 126.99, 127.58, 129.28, 130.11, 130.20, 130.49,
131.03, 131.39, 131.55, 131.94, 132.34, 135.25, 135.66, 136.96, 138.88, 164.56 (CO-O-
Et), 169.43 (COOH).

HRMS (-m/z): [M+H]*: For C2:H1sNO4Cls calculated molecular weight: 452.0214,
found: 452.0218.
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Figure 5.80. *H-NMR spectrum of the compound 5d
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Figure 5.81. *3C-NMR spectrum of the compound 5d
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Formula Predictor Report - SHPKC-10C_72.led Fage 1of1

Datz Fike C\LabSoltions'\Detz\Ansliz\AsafSHPKC-10C_72.Icd

Bmt Val Mn Mex BHmt Val| Min Max HBmt Val Mn Max Bmt Val Mo Max Use Adduct
H 1 & 45 o 2 o 7 s 2 a ] Ru 2 a 1] H
C 4 3 F 1 o 0 Cl 1 a 3 Pd 2 a ] Ma
M 3 o & P 3 o 0 Br 1 a ] 3 a ]

Ermor Margin {ppm): 3 DEE Range: 3.0-30.0 Electron lons: both

HC Ratio: unfimited Apply M Rule: yes Usz MSn Info: yes
Ma: lsotopes: 3 sotope RI (3%): 1.00 Isotope Res: 3000
MSn Iso Rl {%): 10.00 MSn Logic Mode: AMD Mz Results: 30
Event¥ 1 MS(E+] Ret Time: 2320 Scan#: 433
1.400=T4
1.200eT4
1.000eT
=
8.000e51 4520214
6.000e6
- 436.0137
4.000=2 455.0210 ,
433.0216
2.000e5 437.0170

1000 1500 2000 2500 3000 3500 4000 4300 5000 5500 6000 E50.0 7000

Measured region for 432.0214 miz

100,04 4520214 4340171

0.0
4560137
233.0216 435.0210

K ke ) (NP S

4313 4520 452.5 4530 4535 454.0 4545 455.0 4555 4350

2 H16 M 04 CI3 [M#H]+ : Predicted region for 452 0218 miz

. 452 (218 454 0191
5004 |
| 4360163
-| 4330251 I l
| J L

73 452.0 3525 255.0 4535 4540 4543 3550 1555 4550

Rank  Score Fomula (M) hon
1 17 CAAHEND4CE [M+H+

Figure 5.82. Mass spectrum of the compound 5d
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5.2.2.20. 3-(3-(Ethoxycarbonyl)-2-methyl-5-(4-nitrophenyl)-1H-pyrrol-1-yl)-4-

hydroxybenzoic acid

0-Oron

HO

Figure 5.83. Molecular structure of compound 5e

Synthesized according to method D, experimental melting point 280-286°C, 68% vyield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.29 (3H, t, J= 7.08 Hz, -CH,-CHa), 2.25
(3H, s, pyrrole-CHs3), ), 4.24 (2H, q, J1=7.08 Hz, J>= 14.13 Hz, -CH»-CH?3), 6.98 (1H, s,
CH-pyrrole), 6.93 (1H, m, J=2.64 Hz, Ar-H), 7.12 (1H, d, J=8.59 Hz, Ar-H), 7.31 (1H,
d, J= 2.06 Hz, Ar-H), 7.33 (1H, d, J= 2.02 Hz, Ar-H), 7.58 (1H, d, J= 2.15 Hz, Ar-H),
7.92 (1H, dd, J1= 3.58 Hz, J>= 8.75 Hz, Ar-H), 8.03 (1H, d, J= 2.07 Hz, Ar-H), 8.06 (1H,
d, J=2.01 Hz, Ar-H), 11.19 (1H, br-s, OH).

HRMS (-m/z): [M+H]*: For C2:H1sN207 calculated molecular weight: 411.1194, found:
411.1187.
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Figure 5.84. *H-NMR spectrum of the compound 5e
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Formulz Predictor Rizport - SHPKC2C_1.led Page 1of 1

Catz File: C\LabSolutions\Dets\Ansiz\Asaf SHPKCZC 1.led

Bmt Val Mn Mec Bmt Val| Min Max FEmt Val Mn Max Emt Vel Min Mac Use Adduct
H 1 B 46 W] 2 [¥) 7 5 2 ¥ ] Ru i a 1] H
C 4 3 F 1 [ 0 Cl 1 a 1] Pd 2 a ] Ma
M 3 O [ P 3 [ 0 Br 1 a 1] 3 a ]
Error Margin {ppm): 3 DEE Range: 3.0-30.0 Electron lons: both
HC Ratio: urliritzd Apply N Rule: yes Usz MSn Info: yes
Mz lsotopas: 3 sotope R {3%): 1.00 Isotops Res: 9000
MSn Iso RI{3%): 10.00 MSn Logic Mode: AND Mz Results: 50

Event#: 1 MS[E+] Ret Time:- 5933 Scan# : E51

1.800eT
1.400=74
1.200e7
1.000e74
B.000e5
6.000e54
4 000e 4121199

41171134

2000=5 235_' 735

PR N TP 1 .
S T L I 4+ ¥

L E | -
000 1500 2000 2500 3000 3500 4000 4500 5000 SS500 6000 &S00 7000

Measured region for 411,118 miz
411.1154

100,04

20,04

412.1139

k_ 4131237
n I S— . - A

4110 411.5 412.0 4125 4130 4135

21 H18 M2 OF [WMH]+ - Predicted region for 411.1187 miz
4111187

100.04

0.4

—

=
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[t
e
I

=

4110 411.5

lon
7 6.5 C21HIB N2 OF R

Figure 5.85. Mass spectrum of the compound 5e
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5.2.2.21. 3-(3-(Ethoxycarbonyl)-2-methyl-5-(4-nitrophenyl)-1H-pyrrol-1-yl)-4-
methoxybenzoic acid

OZN 74 I O/\

0 16
HO

Figure 5.86. Molecular structure of compound 5f

Synthesized according to method D, experimental melting point 255-256°C, 69% vyield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.28 (3H, t, J= 7.08 Hz, -CH,-CHs), 2.09
(3H, s, pyrrole-CH3), 3.78 (3H, s, O-CHy), 4.23 (2H, q, J1=7.06 Hz, Jo=14.14 Hz, -CH>-
CHz3), 6.93 (1H, m, J= 2.64 Hz, Ar-H), 6.96 (1H, s, CH-pyrrole), 7.10 (1H, d, J= 8.66
Hz, Ar-H), 7.26 (1H, d, J= 8.93 Hz, Ar-H), 7.35 (1H, d, J= 8.84 Hz, Ar-H), 7.65 (1H, d,
J=2.17 Hz, Ar-H), 8.02 (1H, d, J= 8.95 Hz, Ar-H), 8.08 (1H, dd, J1= 2.72, J,= 8.75 Hz,
Ar-H), 8.55 (1H, d, J=1.83, Ar-H), 12.89 (1H, br-s, Ar-COOH).

13C-NMR (100 MHz, DMSO-dg; &, ppm) 12.11 (-pyrrole-CHs), 14.87 (-CH2-CHj3),
56.43 (-OCHa), 56.89 (-CH>-CHs), 111.07, 112.63, 113.67, 123.02, 123.35, 124.15,
126.61, 127.64, 127.77, 131.08, 138.75, 140.08, 145.92, 153.41, 160.12, 164.53 (CO-O-
Et), 167.53 (COOH).

HRMS (-m/z): [M+H]*: For C22H20N207 calculated molecular weight: 425.1348, found:
425.1343.
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Figure 5.87. *H-NMR spectrum of the compound 5f
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Figure 5.88. 3C-NMR spectrum of the compound 5f
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5.2.2.22. 4-Chloro-3-(3-(ethoxycarbonyl)-2-methyl-5-(4-nitrophenyl)-1H-pyrrol-1-
yl)benzoic acid

O
O,N g ] o >
N
"

Figure 5.90. Molecular structure of compound 5g

Synthesized according to method D, experimental melting point 240-245°C, 79% vyield
percent.

IH-NMR (400 MHz, DMSO-ds; &, ppm): ): 1.31 (3H, t, J= 7.06 Hz, -CH2-CHj3), 2.24
(3H, s, pyrrole-CHs), 4.26 (2H, q, J1=6.97 Hz, J>= 15.14 Hz, -CH»-CH3), 7.05 (1H, s,
CH-pyrrole), 7.30 (1H, d, J= 8.50 Hz, Ar-H), 7.68 (1H, d, J= 8.18 Hz, Ar-H), 7.86 (1H,
Ar-H), 7.65 (1H, d, J= 2.17 Hz, Ar-H), 8.03 (2H, t, J= 10.59 Hz, Ar-H), 8.26 (2H, m, J=
16.61 Hz, Ar-H).

HRMS (-m/z): [M+H]*: For C2:H17N206Cl calculated molecular weight: 429.0828,
found: 429.0848.
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Figure 5.91. *H-NMR spectrum of the compound 5g
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Figure 5.92. Mass spectrum of the compound 5g
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5.3. Evaluation of Synthetic Methods

After determining the skeleton of our targeted compound, which was generated

from the FB-QSAR model as described in subsection 5.1, we made the decision to utilize
1,2,3,5-tetrasubstituted pyrrole derivatives as our selected compounds.
The synthetic procedure for the compounds utilized in this study was carefully designed
using a four-step pathway that employed the Paal-Knorr synthesis technique. This
methodology enabled the successful synthesis of pyrrole by utilizing a 1,4-dicarbonyl
compound as a precursor for the formation of the pyrrole ring, along with a substituted
amine, followed by dehydrative condensation. The process began with ethyl 3-
oxobutanoate as the starting material, and anhydrous sodium metal was added as a
reducing agent, catalyzing a series of transformations that resulted in the formation of
radical intermediates denoted as compound (1). These intermediates displayed notable
nucleophilic properties, functioning as carbanions to search for suitable chemical
partners. Subsequently, bromoacetophenone derivatives were introduced, where the
carbonyl groups acted as electrophiles, leading to the generation of compound 3, namely
Ethyl 2-acetyl-4-oxo0-4- (substituted phenyl) butanoate. Compound 3 exhibited enhanced
complexity and sophistication compared to its precursor, reflecting the progression of the
synthesis process.

The synthesis journey then continued with the introduction of an amino-substituted
compound, which underwent cyclization in the presence of acidic conditions, specifically
glacial acetic acid, resulting in the formation of a pyrrole ring. This pivotal step added an
elegant dimension to the synthesis, bringing the target compound closer to fruition. The
synthesis was eventually concluded by quenching the reaction with iced water, causing
the desired target compound (4) to precipitate out of the solution, while undesirable
compounds such as NaBr remained in the water phase. This final step ensured the
isolation of the target compounds and marked the successful completion of the synthesis
process. To verify the authenticity of the synthesized compounds, *HNMR, *CNMR and
HRMS spectral methods were rigorously employed to confirm the structures of the
obtained derivatives of 2-[3-(Ethoxycarbonyl)-2-methyl-5-(substituted phenyl)-1H-
pyrrol-1-yl] substituted carboxylic acid Figure 5.89.
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Figure 5.93. Schematic representation of the synthetic pathways

Reaction conditions: a) Metalic sodium, anhydrous toluene, r.t; b) glacial acetic acid, reflux

The main objective of the experiment was to synthesize compounds capable of
inhibiting both COX-1 and COX-2 enzymes, which play a crucial role in the
inflammatory processes of the body. To achieve this, a strategic approach was employed
that took into account the structural differences between the active sites of COX-1 and
COX-2. The design involved incorporating N-pyrrole, linked with glycine, to increase the
chances of binding to COX-1, which has a smaller active site. In contrast, larger groups
such as amino benzoic substitutes were employed to enhance the probability of binding
to the larger active site of COX-2. However, throughout the design process, it was ensured
that the synthesized compounds retained the essential chemical properties required for
the desired pharmacological activity. Specifically, the presence of an aryl group at
position 5 and a methyl group at position 2 was maintained in all the designed compounds.
This approach aimed to produce novel compounds with potent dual inhibition activity
against both COX-1 and COX-2 enzymes.
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5.4. Evaluation of Chemical Spectral Data
5.4.1. Mass spectrometry

Mass spectrometry was employed to evaluate the final compounds synthesized in
the experiment. High resolution mass spectrometry, utilizing the electrospray ionization
(ESI) method, was utilized to obtain the mass spectra of all synthesized compounds. The
obtained mass spectra were analyzed to determine the molecular weights of the
compounds, with the peak of the M+1 ion being detected in the mass spectra of all
synthesized compounds. This peak corresponds to the molecular ion of the compounds
with an additional hydrogen atom, indicating the presence of protonation in the
molecules. The detection of this peak confirms the authenticity of the synthesized
compounds and ensures that the expected molecular weight was achieved during the
synthesis process. The utilization of high resolution mass spectrometry and the detection
of the M+1 ion peak adds to the credibility and reliability of the synthesized compounds,
as it confirms the molecular formula of the compounds and provides essential data for the

structural elucidation of the compounds [100].

5.4.2. 'H-NMR analysis results
The *H-NMR data was analyzed using the Bruker UltraShield 400 MHz instrument

after dissolving all samples in DMSO-ds. In all spectra, a quintet at 2.5 ppm was observed,
corresponding to the DMSO solvent signal. Additionally, a strong singlet at around 3.5
ppm indicated the presence of water protons in all compounds.

The basic building block was pyrrole carboxylic acid, with an ethoxy carbonyl

group attached at the third position. Different derivatives were obtained by modifying the
groups attached to the substituted phenyl ring at position 5 of the pyrrole ring.
The H-NMR spectra revealed specific chemical shifts for various protons. The methyl
group attached at position 2 of the pyrrole ring exhibited a singlet peak in the range of
2.35-2.58 ppm. The C4-H protons of the pyrrole ring appeared as a singlet peak within
the range of 6.25-6.67 ppm.

The adjacent methyl group to the ester group, which was the first methyl group for
the ethoxy carbonyl attached at position 3 on the pyrrole ring, appeared as a quartet at
4.15-4.26 ppm. In contrast, the terminal methyl group was observed as a triplet at 1.24-

1.38 ppm. This difference in chemical shifts can be attributed to the influence of the
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carbonyl group's electronegativity, resulting in an increased chemical shift for the
adjacent methyl group compared to the terminal methyl group.

In the first group (4a-4p), where N-pyrrole was attached to an aliphatic carboxylic
acid group (in this study, acetic acid), the signal of the methyl proton in acetic acid
appeared as a singlet peak in the range of 4.05-4.73 ppm. This chemical shift value
corresponded to the same observed in the adjacent methyl of the ester group. The
similarity in chemical shift can be attributed to the presence of the carbonyl group in both
the ester and carboxylic acid moieties, causing the signals to appear in the downfield
region.

In the second group (5a-5g), where N-pyrrole was attached to aromatic carboxylic
acid groups (in this study, 4-Substituted-3-amino benzoic acids), specific substituents (-
OCHz and -OH) were associated with singlet peaks at 3.78 ppm and broad singlet peaks
at 11.21 ppm, respectively. The COOH group exhibited a singlet broad peak within the
range of 11.19-13.09 ppm. The *H-NMR values of these common scaffolds are summarized
in Figure 5.94.

A singlet peak within the

range of 6.25-6.67 ppm  Quartct peaks at

4.15-4.26 ppm

Spectra of aromatic rings with substitutes A
show a wide spectrum of peaks * O j

in the 6.69-8.55ppm range. A triplet peak at a frequency

\
- N
- o v of 1.24-1.38 ppm
}( O/\\‘\ S, -
Rz/ <~
N Y
N
R
R;=(OCH; and OH) were seen to S .
have a singlet peak at 3.78 ppm EXhlbltlng a Slng]et peak
and a singlet broad peak at 11.21 ppm, respectively R within range 2.35-2.58 ppm
wTr\f‘ 9 v Y,
R1 ~N O
-~ D - \
\ 1
COOH; 7 SOH
Mo * N o 7 %\ Broad peak at

) . 13.38 ppm
Singlet peak in

Singlet broad peak within
the range of 4.05-4.73 ppm

the range of 11.19-13.09 ppm

Figure 5.94. Characterizing *H-NMR chemical shift values for common scaffolds in targeted compounds
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5.4.3. 13C-NMR analysis results

13C-NMR analysis was conducted on a Bruker UltraShield instrument using
DMSO-de as the solvent at a frequency of 100 MHz. The septet peak of the solvent
appeared at approximately 39.95 ppm. Each sample was subjected to a one-hour analysis.
Among all the compounds, the carbonyl carbon exhibited the most significant deshielding
effect. The carbonyl carbon of the ester group appeared in the range of (164.59-164.96)
ppm, while in the acetic acid groups, it was deshielded to (169.89-170.52) ppm. All
pyrrole carbons were observed within the range of 107.57-138.80 ppm.

The methyl group at position 2 was situated in the upfield region, appearing at
(11.5-11.79) ppm. Similarly, the terminal methyl carbons of the ester group were
positioned in the upfield region at (14.85-14.99) ppm. Conversely, the methyl groups
adjacent to both the acetic acid and ester groups were located in the downfield region,
ranging from (46.34-49.86) ppm and (58.88-59.50) ppm, respectively. These downfield
shifts can be attributed to the influence of the electronegative carbonyl group, which
induces an increase in the chemical shift due to its electron-withdrawing nature.

All aromatic carbons at position 5 were identified within the range of (112.44-
158.85) ppm. Substitutions in the phenyl ring were observed, including the methoxy
group carbon in compounds 4b and 4g at (55.55-55.84) ppm, the nitrile group carbon in
compound 4e at 119.22 ppm, and the methyl group in compound 4o at 21.20 ppm. The
13C-NMR values of these common scaffolds are summarized in Figure 5.95.
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Figure 5.95. Characterizing **C-NMR chemical shift values for common scaffolds in targeted compounds

5.5. Evaluation of Pharmacokinetic Profile

Absorption, distribution, metabolism, excretion, and toxicity (ADMET) property
prediction in-silico is essential for prioritizing the most promising molecules for
development. QikProp was used to make predictions of the pharmacokinetic properties
of the chosen structures, including absorption, distribution, metabolism, and elimination.
Ten criteria (see Table 5.4), all of which are connected to the inflammatory process and
to the reference compound indomethacin, were used to make this assessment. The #star
parameter checks the obtained results against the properties of drugs already present in
the QikProp software's database [101]. When a result is outside the 95% confidence
interval of values that are comparable to commercially available drugs, an alert is
generated. Some of the characteristics considered by this parameter are the following:
molecular weight (MW), dipole moment, number of rotatable bonds (#rotor), number of
hydrogen bond donor groups (HBD), number of hydrogen bond acceptor groups (HBA),
predicted water/gas partition coefficient (QPlogPw), predicted octanol/water, partition
coefficient (QPlogPo/w), predicted aqueous solubility (logS), prediction of binding to
human, predicted brain/blood partition coefficient (QPlogBB) [102]. These tabulated
below are the outcomes for the chosen compounds (Table 5.4).
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QplogPo/w, which stands for the apparent permeability between octanol and water,
is a crucial parameter utilized in drug design to predict solubility, membrane permeability,
and bioavailability of compounds [103]. The calculated values regarding QlogPo/w for
4n, 4i, 4h and 5b are higher than the value found for indomethacin (QplogPo/w = 4.267).
For the remaining compounds values ranged from 2.695 > QlogPo/w > 4.306, considered
more lipophilic compounds (logPo/w > Q). Therefore, it can be inferred that the new
compounds are primarily absorbed through passive transcellular mechanisms in the
intestine [104]. Subsequently, the CNS activity of the chosen compounds was predicted
using a parameter that ranges from -2 (inactive) to +2 (active). Similar to our pivot
compound indomethacin, we found 4p, 4b, 4c, 4m, 4i, 4n, 5g, 5¢c and 5a exhibited values
equal to (-1), typically indicate a lower level of activity compared to the maximum
activity level. It could suggest that the CNS is somewhat less active than the optimal or
desired level, but not completely inactive [102].

Percent Human Oral Absorption (PHOA): This parameter predicts the potential oral
absorption of a compound on a scale of 0 to 100%. It is calculated using a quantitative
multiple linear regression model. PHOA is closely correlated with Human Oral
Absorption, as they measure the same property. A value above 80% indicates high
predicted oral absorption, while a value below 25% suggests poor predicted oral
absorption [102]. Among the compounds analyzed, all of them exhibit values higher than
80%, indicating a high predicted oral absorption. Notably, the most absorbable
compounds include 4n (96.06%), 5d (93.35%), 4i (93.04%), 4g (91.71%), and 4k
(91.13%). Remarkably, compounds 4n, 5d, and 4i demonstrate higher values than
indomethacin (91.87%), which is commonly known for its oral absorption efficiency.
Some of the characteristics used in Lipinski's (RO5) evaluation are molecular weight
(MW), lipophilicity (as shown by the partition coefficient, LogP), and hydrophilicity (as
shown by the number of hydrogen bond donor and acceptor groups). The rate of drug
uptake and translocation across a cell membrane is quantified by its relative oral
bioavailability (RO5) [105]. The predicted values indicate that , The MW and log P for
the compounds fall between (287 and 452) and (2.695 - 5.834) respectively. The HBD
and HBA are both < 2, with the HBA <5.75. Therefore, the number of rotatable bonds in
all compounds contained in our own datasets was less than seven, as required by
Lipinski's Rule of Five. These results suggest that the synthetic compounds can be
manipulated therapeutically and could be used in oral drug delivery systems..
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Except for 5¢ and 5g, no compounds in this study exhibited RO5 violations,
suggesting that these two compounds would likely render the drug orally active in
humans. Since indomethacin is taken orally, its properties don't run afoul of the Lipinski
rule (RO5). This finding is suggestive of a similarity to an orally-administered biological
activity [106]. When compared to indomethacin, the new COX (1&2) inhibitors may be
judged to have superior pharmacokinetic performance without compromising any of their

descriptors or molecular properties.

Table 5.4. Pharmacokinetic parameters and drug likness based on Lipinski parameters of the synthesized

compounds.
Compounds Physicochemical Pharmacokinetic properties RO5
parameters
#stars Mw? HBA HBD No. PHOA QPlogPo/lw QLogS QPPCaco CNS"
<500 rotar
5a 1 44830 475 1 4 78.64 5.505 -7.142 90.539 -1 0
5b 1 43427 475 2 4 87.55 4.882 -7.148 43.471 -2 0
5d 1 452.72 4 1 3 93.35 5.834 -7.923 43.72 -2 0
5c 2 418.27 4 1 3 82.98 5.531 -7.28 89.126 -1 1
59 1 428.82 5 1 4 66.58 4,199 -6.713 110.15 -1 1
5e 1 41038 5.75 2 5 62.64 3.273 -5.993 10.63 -2 0
5f 0 42440 5.75 1 5 66.41 3.925 -6.128 5.198 -2 0
40 0 301.34 4 1 4 92.73 3.719 -4.935 7.342 -2 0
49 0 34736 55 1 6 91.71 3.895 -5.099 14.559 -2 0
4k 0 305.30 4 1 4 91.13 3.726 -4.896 16.218 -2 0
4d 0 321.76 4 1 4 89.70 3.977 -5.27 115.592 -2 0
4e 0 31232 55 1 5 70.57 2.66 -5.316 157.905 -2 0
4b 0 317.34 475 1 5 87.76 3.587 -4.768 132.788 -1 0
4p 0 332.31 5 1 5 65.72 2.784 -4.69 130.961 -1 0
4a 0 287.31 4 1 4 84.61 3.256 -4.673 24.305 -2 0
41 0 321.76 4 1 4 87.103 3.999 -5.264 15.591 -2 0
4c 0 305.30 4 1 4 87.37 3.765 -4.955 151.381 -1 0
4h 0 363.41 4 1 5 86.60 4.585 -5.91 68.146 -2 0
4m 0 293.33 4 1 4 85.62 3.323 -4.193 155.256 -1 0
4i 0 337.37 4 1 4 93.04 4.406 -5.544 130.692 -1 0
4n 1 390.65 4 1 4 96.06 4.932 -6.408 177.173 -1 0
4f 1 330.29 5 1 6 67.27 2.695 -4.522 131.241 -2 0
Indomethacin 0 357.79 5.75 1 4 91.87 4.267 -5.122 162.164 -1 0

(HBA: Hydrogen bond acceptors, HBD: Hydrogen bond donors, Mw: Molecular weight g/mol, PHOA: Percent Human Oral
Absorption, QplogPo/w: apparent permeability of compound between octanol/water, CNS" activity in the central nervous system,
QPPCaco: permeability of the diferentiated cells of intestinal epithelium Caco-2, QLog S: aqueous solubility (highly soluble > 0 >

very soluble > —2 > soluble > —4 > moderately soluble > —6 > poorly soluble > —10 > insoluble), RO5: rule of five).
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5.6. Evaluation of COX Inhibition Assay

In order to evaluate the COX-1 and COX-2 inhibitory properties of the pyrrole
carboxylic acid derivatives, an in-vitro study was conducted. Table 5.5 presents the
results, showing that all compounds and reference drugs exhibited over 50% inhibition
activity at concentrations of 1 uM and 10 uM. The fluorometric inhibitor screening kits
were employed following the protocol outlined in Subsection 4.6. In this thesis, a higher
inhibition profile was observed for both COX-1 and COX-2 with all of the synthesized
compounds in the concentration range (1 uM and 10 uM).

Compounds containing the acetic acid group at position 1 (4g, 4h, 4k, 4l) exhibited
the highest activity against both COX-2 and COX-1. Their ICso values indicated greater
activity compared to celecoxib (92.327+1.425 and 85.485+1.303) at concentrations of 10
uM and 1 uM. Specifically, compound 4k and 4h demonstrated ICso values of (94.674
+2.123 and 88.055 £1.927) and (95.374 +2.046 and 90.521 +2.459) against COX-2 and
COX-1, respectively.

Moreover, compound 4h and 4g exhibited higher inhibition against COX-1, with
ICs0 values of (96.628 +2.020 and 92.710 £2.674) and (92.366 +2.731 and 84.517
+2.036), respectively, which were comparable to the activity of Ibuprofen (98.152 +£1.058
and 89.361 +£1.245) at concentrations of 10 uM and 1 puM, respectively. Conversely,
compounds containing a hydroxy benzoic acid substitute at position 1 (5e and 5b) exhibit
the most active against COX-1 with ICsg (93.185 £2.031 and 86.799 £1.879) and (95.766
+2.012 and 91.499 £1.547) at concentrations 10 uM and 1 puM respectively. One
noteworthy observation is that the existence of a small acidic group at position 1 provides
effectiveness against both COX-1 and COX-2 for all synthesized compounds. However,
if a larger group is introduced, the activity becomes biased towards COX-1 more than
COX-2. Additionally, the compounds containing acetic acid moieties at position 1, along
with a lipophilic and bulkier group such as phenyl or methoxy on the phenyl ring at
position 5, play a significant role in making the compound active against both COX-1 and
COX-2 simultaneously, as observed in compounds 4g and 4h. Conversely, when a
lipophilic but smaller group, such as a chloro group, is substituted, the activity favors
COX-2 inhibition, as seen in compounds 4k and 4. However, if the bulkiness is increased
at a different site (position 1) and the acetic group is replaced with a more substantial
acidic group (benzoic acid group), the activity shifts back towards favoring COX-1 more
than COX-2.
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Overall, the study shows that small changes in the chemical structure of pyrrole
carboxylic acid derivatives can significantly affect their COX-1 and COX-2 inhibitory
activities. The findings of this study provide insight into the design and development of
more effective COX inhibitors with improved selectivity and reduced side effects. Future
research could focus on further optimizing the structure of pyrrole carboxylic acid
derivatives to enhance their therapeutic potential.

Table 5.5. Values for ICsp (uM) and percent inhibition at 10 and 1 pM for both synthesized compounds
and reference drugs against COX-1 and COX-2.
COX-1 % Inhibition COX-1 COX-2 % Inhibition COX-2

Compounds ;'\ 1 uM ICso (M) 10 pM 1uM  ICso (uM)
A 46122 32.720 10 79429  38.749 o
10.822 40957 12,056 +0.848
63568  39.447 47.036  29.642
4d £1390  +1.055 >1 +0.961 +0.722 >10
4o 74919 43367 o 80.441 48320 o
11862 +1.677 11.837  +0.836
4 92.366 84517 0.117 90.967  83.033 0.188

D731 42.036 10005 +2.022  +1.878 +0.008
41552  28.627 38748  21.590
4n 10921 +0.745 >10 11.057  +0.967 >10
i 86461  46.378 o 94674  88.055 0.108
+1716 41501 12123 41.927 +0.004
" 96.628  92.710 0.068 95374  90.521 0.091
2,020 42.674 10003 +2.046  +2.459 +0.004
i 82275  48.367 o 87.759 38521 o
12355  42.157 11936 42241
A 41326 34587 10 91579  82.602 0.143
£1.057 40836 12458 42.061 +0.006
46259  26.874 38626  30.855
4m 10923 +0.755 >10 10861  +0.858 >10
71737 43.330 79.761  48.237
5f 11839 +0.874 >1 11963 +1.064 >1
o 93185  86.799 0.129 74618  37.217 o
12031 +1.879 10.005 ~ +1.884  +0.936
5 85418  41.218 o 89.176  37.418 o
12416 +1.036 £1.822  +0.874
88.038  47.611 41366  38.044
5a 12856  +1.802 >1 11.631  +1.161 >10
o 95.766  91.499 0.082 83.403  40.498 o
12012 +1.547 10003 42784  +1.634
40369  30.748 48317 25679
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5.7. Evaluation of Computional Studies
5.7.1. Docking protocol

Understanding the structure of cyclooxygenase protein and distinguishing between
its isoforms is crucial for the development of novel and highly selective inhibitors of
COX-1 and COX-2. The active site of COX is characterized by a long hydrophobic
channel and a narrow opening near the membrane-binding domain. While their active
sites are similar, COX-2 has a larger binding cavity than COX-1 does (Figure 5.96) [107].
Because of this discrepancy, scientists have been working hard to create selective COX-
1 and COX-2 inhibitors. Three distinct regions of the enzyme's active site govern the
selectivity of these inhibitors: the entrance region containing Argl120/Tyr355, the
hydrophobic pocket located just below the hem group, and the side pocket.

Title: MOFEZQLAC ]\ N Title: indomethacine3-dock f
PDB ID: 6Y3 ﬁ/’ A > = \\\,
\ mf SN
4 ’ | | b
, > T ¥

Figure 5.96. Schematic shape of COX-1(1) and COX-2 (2) active site

COX-1 and COX-2 share similar active sites, but COX-2 is distinguished by a side
pocket above the entrance to the binding site (Arg120 and Tyr355). This side pocket is
formed by a single amino acid residue variation at position 523, close to Arg120, and is
absent in COX-1. To be more precise, changing the isoleucine (lle) at position 523 of
COX-2 to valine (Val) creates a gap in the binding site's lining, allowing drugs or
inhibitors to enter the side pocket [108]. The selectivity of COX-2 inhibitors stems from
their ability to interact with a specific, non-conserved region in the COX-2 enzyme. This

region's variation allows these drugs to selectively target COX-2, laying the groundwork
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for the development of novel and highly selective COX-2 inhibitors. Additional
interactions with Arg513 (which replaces His513 in COX-1) are made possible by the
side pocket, which further increases COX-2 selectivity. The orientation of Leu384 is also
important for COX-2 selectivity. Phe503 directs the Leu384 side chain into the active site
of COX-1. However, in COX-2, Leu503's reduced size permits Leu384 to relocate away
from the active site, thereby expanding the binding site's accessibility [109]. Important
insights for the design of novel and selective COX-2 inhibitors are provided by the
relative positions of Arg513 and Leu384 in COX-2 and COX-1, respectively (Figure
5.97).

Figure 5.97. Aligment of COX-1 and COX-2 hinding site: (5-F1a) represent COX-2 in red color and (6-Y3C)
represent COX-1 in green color
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5.7.2. Validation of docking protocol

In previous studies, the Protein Data Bank did not have the three-dimensional
structure of human COX-1 available, so in the previous research, homology modeling
was used to generate a structural model for COX-1[110]. However, a recent finding (PDB
ID: 6-Y3C) has provided a human COX-1 crystal structure that can now be used for
further studies [89, 111]. On the other hand, the crystal structure of human COX-2
complexed with salicylic acid (PDB entry: 5-F1a, resolution 2.38 A) was selected as the
receptor for docking experiments to investigate compounds with selectivity towards
COX-2 protein. In order to test the accuracy of the molecular docking process, the ligand's
crystallographic structure was repositioned in the hCOX-2 protein (5-F1a). The RMSD
value obtained by repositioning the ligand and comparing its binding pose in the complex
was 0.1857A°. This value was calculated by superimposing all atoms. It is possible to
visualize the comparison between the crystallographic ligand and the predicted docking

pose by observing the overlap of the ligand in both structures Figure 5.98.

Figure 5.98. Overlapping of the crystallographic ligand (green) and the conformation obtained by
re-docking (Pink)

Then the inhibitor's structure (salicylic acid) was extracted from the enzyme COX-
2 complex and re-docked into the enzyme's binding site. Finally, as can be seen in Figure
5.99, there is excellent agreement between the calculated (via docking simulations, AG =
-7.467 kcal/mol) and experimental (via the crystallographic complex, AG = -7.58
kcal/mol) coordinates of saliysic acid. Therefore, once the interaction affinity value was

close to what was observed experimentally, our protocol performed satisfactorily in
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predicting the interaction conformation. Specifically, it is suggested that the predicted
binding mode of 5-F1a proteins is similar to the experimental one if RMSD value between
the two is less than 2 A° [112] . This demonstrates the reliability of the binding site
prediction made by the re-docking protocol. Overall, this supports the idea that 5-Fla
proteins are biologically significant, as their predicted binding mode is highly similar to
the experimentally determined one.
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5.7.3. Evaluation of induced fit docking protocols

As indomethacin is commonly used as a reference ligand in our synthesized
compound, we conducted an IFD simulation to gain a comprehensive understanding of
the protein-ligand interactions. Figure 5.100 visually illustrates the docked indomethacin
molecule and its interactions with various types of grids, including normal and IFD
protocols. The IFD simulation provides a more detailed and nuanced picture of the
molecular interactions and conformations of indomethacin, allowing for a better
understanding of its behavior in the binding site. This information is derived from our
extensive database and enhances our understanding of the synthesized compound's
behavior. The hydrogen bond interaction between Arg120 and Tyr355 is preserved by the
carboxylic acid group of indomethacin in both protocols, as well as the carbonyl group of
acyl phenyl with Ser530. However, in contrast to the standard docking protocol, the
methoxy substitute in the phenyl ring in IFD forms a hydrogen bond interaction with
His90, which is absent in the standard docking protocol. Additionally, unlike the standard
docking protocol, the acyl aryl group is found throughout the entire protein binding site
in an IFD simulation Figure 5.101.
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g

Figure 5.100. ) The 3D interacting mode of the indomethacin with normal docking protocol, f) the 3D
interacting mode of the indomethacin with IFD protocol, g) Comparison of Ligand

Alignment in Indomethacin using Normal Docking and Induced Fit Protocols
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Figure 5.101. Docked pose of indomethacin in the binding site on the stem region (PDB ID: 5F1a)
induced-fit docking (docking score:-11.380 kcal/mol )

In the case of the 6Y3C PDB protein (10.2210/pdb6Y3C/pdb ), it does not have a
crystal structure with a bound ligand, so we have used IFD to predict the binding mode
of Mofezolac (ICso= 5 uM for COX-1, PICs50=5.3010) within the protein. The IFD
protocol will use the available structural information on the unbound protein to predict

conformational change in response to ligand binding and the ligand (mofezolac) is docked
in this site. IFD simulation results can shed light on the mode of binding and affinity of
Mofezolac to the 6Y3C protein (Figure 5.102), The simulation shows that upon binding,
the protein undergoes significant conformational changes, including movement of key

residues, changes in its overall shape, and the formation of new interactions with the
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ligand. which can then be validated experimentally, if possible, to ensure that the
predicted binding mode is biologically plausible. By comparing the unbound and bound
structures, key differences in conformation are highlighted, elucidating their impact on
the protein’s function and binding affinity. Figure 5.103 displays the interactions formed
by the reported ligand (mofezolac, docking score -9.324): two HB and salt bridge with
Argl20; three AHB with Tyr355; and one AHB with both Sere530 and Met522. As
mentioned previously, mofezolac has been shown to have a higher affinity for COX-1
compared to COX-2 inhibitor proteins, and it interacts with Arg120 and Tyr355, which
are considered key residues in evaluating COX activity [113]. However, mofezolac does
not interact with Arg513, which may indicate that it is not selective towards COX-2 and

is considered to be more selective towards COX-1 inhibition.

Figure 5.102. k) The 6Y3C protein structure in complex with mofezolac: A Snapshot of the protein in its
induced conformation. I) Protein structure: A snapshot of the protein in its native

conformation
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5.7.4. Exploring the In-Silico Studies of Highly Active Compounds
5.7.4.1. Molecular docking analysis of most active compounds ( 4h, 4g, 4k, 4l, 5a, 5e)

All of the designed compounds' modes of binding to the primary binding sites of
both enzymes were predicted using molecular docking simulations. The results were
displayed in Figures 5.104, 5.105, 5.106, 5.107. Compounds 4g and 4h were selected for
docking studies after displaying significant dual COX-1/COX-2 inhibitory activity in the
biological assay. The GLIDE software was used to dock these compounds into the COX-
1 and COX-2 active sites. While these compounds were identified as "COX-2-favoring

inhibitors™ similar to meloxicam, etodolac, and nimesulide, their inhibitory activities and
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binding energy for COX activities were relatively lower compared to Celecoxib. Notably,
compound 4h demonstrated superior biological activity compared to Celecoxib. This
heightened activity can be attributed to its unique ability to simultaneously interact with
Arg120 and His90, while effectively occupying the lipophilic pocket with its bi-phenyl
group, leading to enhanced binding affinity (see Figure 5.104). Furthermore, we
conducted docking studies of 4h in the COX-1 (6-Y3C) protein, revealing interactions
with Arg120 and Tyr355 (as depicted in Figure 5.105). The presence of the bi-phenyl
group plays a significant role in augmenting the activity towards both COX-1 and COX-
2. Additionally, the inclusion of small and electrostatic groups at positions 1 and 3
facilitates the occupation of the bi-phenyl moiety within the active site, facilitating
interactions with essential amino acids crucial for COX-1 and COX-2 activity.In Figure
5.106, the docking results revealed that the benzene ring and ethoxy carbonyl of 4k and
4] were oriented in a similar manner and situated within two of the three key binding
pockets of the COX-2 binding site, suggesting their potential more toward COX-2
inhibitors. The acetic acid pyrrole derivatives 4k and 41, which contained 3,4-
dichlorophenyl and 3-chlorophenyl moieties at position 5, respectively, showed
similarities in their orientation to the co-crystallized inhibitor, indomethacin. However,
the carbonyl on the ethoxy carbonyl group of 4k and 4l formed hydrogen bonding
interactions with His 90, while the methoxy group in indomethacin formed the same
interaction with this residue. In addition, the carboxyl group at position 1 of 4k and 4l
and position 3 of indomethacin formed a salt bridge and HB interactions with Arg120.
The methyl substituent at position 2 of the pyrrole ring was positioned in a polar pocket
between the side chains of Arg120 and His90. The corresponding 3-hydroxy benzoic acid
derivatives, compounds 5e and 5b, showed a shift in activity towards COX-1 due to the
different interactions formed by the carboxyl group on the benzoic acid and the
substituted phenyl group at position 5. The pyrrole ring interacted through Pi-cation
interaction with Arg120, while the substituted phenyl group occupied the hydrophobic
pocket like COX-2 inhibitors. Compound 5e, which contained a nitro group, was
responsible for hydrogen bonding interaction with Phe518, while both phenyl groups in
5e and 5b formed asymmetric hydrogen bonds with Tyr355, His90, and Leu352 (see
Figure 5.107). Overall, compounds 4h ,4k and 4l exhibited significant COX-1/COX-2
inhibitory activity and a high potential for effective binding with the COX-2 enzyme,
making them potential candidates for the development of new selective COX-2 inhibitors.
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Although they were "preferential COX-2 inhibitors,” their inhibitory activities and
binding energy were still noteworthy compared to highly selective COX-2 inhibitors like
Celecoxib. These findings provide insight into the molecular mechanisms underlying
COX-1/COX-2 inhibition and suggest promising avenues for the development of more
effective anti-inflammatory drugs.

Argsia®)

Figure 5.104. Superimposition pose and 2D interacting mode of 4h in the active region of COX-2 (5-
Fla)
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Figure 5.105. Superimposition pose and 2D interacting mode of 4h in the active region of COX-1 (6-
Y3C)
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Figure 5.106. Superimposition pose and 2D interacting mode of 4k and 4l in the active region of COX-2
(5-Fla)
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Figure 5.107. Superimposition pose and 2D interacting mode of 5e and 5b in the active region of COX-1
(6-Y3C)

5.7.4.2. In-Depth FB-QSAR analysis of the highly active compounds (4h)

To identify the most active compounds, we performed in-vivo experiments and
synthesized several compounds with different chemical structures. Subsequently, we
utilized the FB-QSAR model to forecast the activity of these compounds. Interestingly,
the model accurately predicted the activity of the most potent compound identified
through in vivo studies, thus demonstrating its reliability and utility. Our future plans
involve applying the FB-QSAR model to predict the activity of additional compounds
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that have been synthesized with modified chemical structures. The insights obtained from
this model will enhance our comprehension of the factors influencing COX-2 inhibitor
activity. Furthermore, it will assist us in the rational design of novel and more potent
inhibitors with improved selectivity and therapeutic efficacy.

The findings indicated that a biphenyl ring can be configured at position 4 with
small lipophilic groups, instead of potential HBA or HBD groups. Additionally, the
terminal phenyl group can be replaced with a bioisosteric alternative such as pyridine,
which would enhance the electrostatic interaction in that region. Moreover, in the acetic
acid group, the contour map revealed the presence of a small lipophilic group in that area.
The carboxyl group exhibited good electrostatic interaction that aligned with the contour
map generated from FB-QSAR. The small methyl group in the acetic acid should not
possess any HBA or HBD groups either. Although the biphenyl substitution acts as a
steric hindrance group and may impede the compound from entering the COX-1 pocket
(which is smaller than COX-2), the biological activity demonstrated that the 4h
compound also exhibited good activity in COX-1 (see Figure 5.108). This suggests that
the presence of the bi-phenyl group facilitates the compound's flat or planar shape,
enabling easy access to the COX-1 active site. Consequently, this QSAR model can be
employed to identify novel and existing pyrrole carboxylic acid derivatives with COX-2
inhibition activity. Furthermore, it can serve as a valuable intermediary model for
developing new QSAR hypotheses for dual inhibitors of both COX-1 and COX-2 enzyme

isomers.
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Figure 5.108. 3D visualizations of 4h contour maps: steric (positive effect (+): green, negative effect (_):
yellow), electrostatic (+: blue, -: red), hydrophobic (+: yellow, -: white), HBA (+:red, -

magenta), and HBD (+:blue-violet, -: cyan), respectively.

5.7.4.3. Exploring the MDS of Compound (4h) in COX Isomers Complex

The analysis focused on evaluating the stability and structure-activity relationship
(SAR) of the 4h ligand within the 6-Y3C and 5-F1a protein complexes. The stability of
the complexes was examined using MDS, and the results, as shown in Figure 5.109,
indicated that both complexes exhibited values within an acceptable range. The
simulation also revealed that there were no significant changes in the Rg plots, suggesting
the overall stability of the complexes. The RMSD values for COX-1 and COX-2 remained

below 3 A, indicating minimal fluctuations in the crucial structural elements such as the
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alpha-helix (red areas) and beta-strand (blue areas). Overall, the complexes demonstrated
a protective effect on their stability. Further analysis using RMSF plots highlighted the
positive impact of interactions with loop amino acids (green line in the white area),
leading to reduced fluctuation intensity. This finding indicates that both complexes
effectively stabilized their ligand-protein interactions during the simulation. Following
the confirmation of complex stability, Figure 5.110 presented an evaluation of the
interaction types, their continuity, and their strength. The hydrophobic interactions
between 4h and specific amino acid residues, such as His90, Met113, Val116, Leull?,
Argl120, 11e345, Val349, Leu352, Tyr355, Leu359, Arg513, Arg518, Val523, Ala527,
Leu531, and Leu534, were observed in both protein complexes. Additionally, 5-Fla
protein formed hydrogen bonds (HBs) with Tyr348, Tyr385, and Ser530, while 6-Y3C
protein formed HBs with Arg120, Tyr355, Tyr385, and Ser353. Water-mediated
hydrogen bonds were detected in 5-F1a with Arg120, 1le345, Tyr348, Tyr355, Tyr385,
Val523, Ser530, and Met535, while in 6-Y3C protein, they were observed with His90,
Argl120, Leu352, Ser353, and 11e523. Furthermore, ionic interactions were noted with
Arg120 in 6-Y3C protein. Notably, the ligand exhibited intensive interactions with
specific residues, including Arg120, Tyr248, Val349, Tyr385, Val523, and Ser530 in 5-
Fla protein, and Arg120, Ser353, Tyr355, and Tyr385 in 6-Y3C protein.

In video-1 and video-2, the focus was specifically on highlighting the aromatic
hydrogen bonds (AHBs) and hydrophobic interactions involving the 5-Fla protein
complex. These interactions were visually represented as faded teal dashes and blue
dashes, respectively, while other types of interactions were hidden to improve clarity.
Notably, AHBs, hydrogen bonds (HBs), ionic interactions, and water mediated HBs were
observed between the 4h ligand and specific amino acids, Ty355 and Arg120. These
interactions indicate the stability of the bonds within the active site, without any breakage
or loss.

The interaction continuity analysis revealed that in the 5-Fla complex, the
interaction between 4h and Arg120 displayed H-bond strengths of 43%, while in the 6-
Y3C complex, the corresponding interaction with Arg120 exhibited a higher H-bond
strength of 96%. Additionally, in the 6-Y3C complex, the interactions between 4h and
Tyr385, Tyr355, and Ser352 demonstrated interaction strengths of 99%, 85%, and 71%,
respectively. These findings provide insights into the persistence and strength of the
interactions between 4h and specific residues within the complexes.
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5.8. Structure-Activity Relationship Evaluation

Our study employed in vivo assays, FB-QSAR and molecular docking to elucidate
the structure-activity relationship of our synthesized compounds. Our findings highlight
the significant role of carboxylic acid in the activity of the compounds. This is due to its
ability to form hydrogen bonds and salt bridges with essential amino acids like Arg120,
Arg513, Tyr385, His90, Ser353, and Ser530 within the COX-1 and COX-2 enzyme active
site. For instance, the acetic acid group at position 1 forms a hydrogen bond with Arg120,
whereas the benzoic acid group at the same position forms a hydrogen bond with Ser530.
Consequently, we observed that compounds with benzoic acid groups worked more
effectively in COX-1, while those with acetic acid groups showed greater efficacy in
COX-2. Moreover, the introduction of a withdrawing group on the phenyl ring at position
5 reduced the activity of the compounds against both COX-1 and COX-2, as observed in
compounds 4f and 4g. Furthermore, our findings revealed that the inclusion of a hydroxy
group at position 4 of hydroxybenzoic acid significantly enhances the potency of the
compounds towards COX-1, as observed in compounds 5b and 5e. This increased
potency can be attributed to the additional possibility of forming hydrogen bond
interactions within the COX-1 active site. Conversely, when larger and more lipophilic
groups such as OMe and Cl are introduced, as seen in compounds 5a, 5f, 5d, and 5g, the
participate in hydrophobic interactions within the active site. Our investigation revealed
that the most active compounds had large hydrophobic substitutes on the phenyl ring,
such as phenyl substitution at position 4 in 4h compound, OMe substitution at position 2
and 6 in 4g compound, Cl substitution at position 3 and 4 in 4k, naphthyl group in
compound 41, all of which worked more effectively in COX-2 than COX-1. In contrast,
withdrawing groups at position 4 such as NO in compound 5e and CI group in compound
5b made the compounds work more effectively in COX-1, likely due to their retention of
hydrophobic character in the presence of benzoic acid substitution at position 1. Our study
provides valuable insights into the factors that impact COX-2 inhibitor activity, aiding in
the rational design of more potent inhibitors with improved selectivity and therapeutic
efficacy. The SAR of synthetic compounds is summarized in Figure 5.111.
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6. CONCLUSION AND FURTHER RECOMMENDATIONS

The present study involves the development of novel compounds based on pyrrole
nucleus with potential anti-inflammatory activity. Inflammation is a biological response
of the body to harmful stimuli such as pathogens, toxins, and damaged cells. However,
uncontrolled or chronic inflammation can lead to the development of various diseases
such as cancer, arthritis, and cardiovascular diseases. One of the key enzymes involved
in the inflammatory response is cyclooxygenase (COX), which catalyzes the conversion
of arachidonic acid to prostaglandins, which are important mediators of inflammation.

The aim of this study was to construct a bank of synthesizable compounds
consisting of alkyl and aryl carboxylic acid derivatives with a pyrrole nucleus, and to
screen them for potential anti-inflammatory activity using in vitro assays. The compounds
were designed based on the structure-activity relationship (SAR) of known COX
inhibitors and FB-QSAR techniques. The molecules bank was constructed by
synthesizing different alkyl and aryl carboxylic acid derivatives of pyrrole nucleus using
standard synthetic procedures. The synthesized compounds were then analyzed using
various spectroscopic techniques such as HRMS, H-NMR, and 3C-NMR, to determine
their structures and impurities. Next, the bank of molecules was screened using various
QSAR parameters such as molecular weight, logP, and topological polar surface area
(TPSA), to identify hit molecules and their analogues. The hit molecules were then
synthesized and subjected to further spectroscopic analysis to determine their purity and
structures. To evaluate the anti-inflammatory activity of the synthesized compounds, an
inhibition study was carried out on COX enzymes. The study revealed that two
compounds, 4g and 4h, inhibited both COX subtypes without selectivity, while 5e and 5b
selectively inhibited COX-1, and 4k and 4l selectively inhibited COX-2. In general, the
first group of compounds, which have acetic acid substitution in the first positions, exhibit
activity in both COX-1 and COX-2. When the steric and lipophilicity of the group at
position 5 are increased, as observed in compounds 4h, 4g, 4k, and 4i, the activity is
enhanced towards COX-2. Conversely, when a hydrophilic group, such as in compound
4c, is introduced, the activity decreases. As for the second group of compounds with
substituted benzoic acid groups at position 1, these compounds tend to display higher
activity towards COX-1. The presence of a small, hydrophilic group in the para position
of the benzoic acid enhances the activity, especially if the group has a tendency to form

hydrogen bonds. This trend can be observed in the compounds 5b, 5e, 5a, and 5f, where
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the activity increases in that order. Similarly, at position 5, a more lipophilic and sterically
bulky group leads to increased activity. This can be seen in the comparison of the 3,4-
dichloro phenyl analogs (5b, 5a, 5d) and the 4-nitro phenyl analogs (5e, 5f, 5g), where
the former exhibits higher activity. The findings of the study were further evaluated using
molecular docking and dynamic simulation techniques. The results of the molecular
docking studies revealed the binding modes of the compounds in the active site of COX
enzymes and provided insights into the structure-activity relationship of the compounds.
In conclusion, this study provides valuable insights into the potential of synthesizable
compounds based on pyrrole nucleus as inhibitors of COX enzymes. The findings of this
study could be useful in the development of new anti-inflammatory drugs with improved
selectivity and efficacy. Furthermore, the methods used in this study, including QSAR
and molecular docking, can be applied to the design and development of other bioactive

compounds.
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