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ABSTRACT

SYNTHESIS, CHARACTERIZATION AND CARBONIC ANHYDRASE
STUDIES OF SOME NEW SULFONAMIDO THIAZOLE COMPOUNDS

PHD THESIS
ESRA CANER ERIGUR
BOLU ABANT IZZET BAYSAL UNIVERSITY

INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: PROF.DR. CEVHER ALTUG)

BOLU, JULY 2023
(XXI11+ 128)

Thiazoles have an important place in the class of heterocyclic compounds since they
have a wide biological activity due to their ring structure and are widely used in
medicinal chemistry and pharmaceutical research. Sulfonamides are also known as
sulfa-drugs with important biological activities and their carbonic anhydrase
inhibitory properties have been extensively studied in recent years. In this work, we
have accomplished a synthesis of thirty different novel molecules containing
thiazole based benzenesulfonamide molecules. In the first study, we obtained the
desired molecules by the reaction of 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylic acid and corresponding alcohols (as a solvent) at reflux conditions. In
the second study, we sythesized the novel molecules by the reaction of 4-((4-
hydrazinecarbonyl)thiazol-2-yl)amino)benzenesulfonamide and cyclic aldehydes
in ethanol and reflux condition. The structures of the newly synthesized compounds
were confirmed using spectroscopic methods, including IR, *H NMR, *C NMR,
MALDI TOF-MS and HRMS. In search of discovering novel biologically active
compounds, we designed and synthesized 1,3-thiazole sulfonamide molecules,
which exhibit potential as carbonic anhydrase inhibitors. All compounds underwent
testing to evaluate their ability to inhibit hCAI, hCAIl, hCAIX, and hCAXII

isoforms in comparison to the standard carbonic anhydrase inhibitor (AAZ).

KEYWORDS: Heterocyclic compounds, Thiazole, Sulfonamide, Hydrazide-
Hydrazone, Carbonic Anhydrase
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OZET

BAZI| YENI SULFONAMIDO TIYAZOL BILESIKLERININ SENTEZI,
KARAKTERIZASYONU VE KARBONIK ANHIDRAZ CALISMALARI

DOKTORA TEZi
ESRA CANER ERIGUR
BOLU ABANT iZZET BAYSAL UNIVERSITESI
LISANSUSTU EGITiM ENSTITUSU
KIMYA ANABILIM DALI

(TEZ DANISMANI: PROF.DR. CEVHER ALTUG)

BOLU, TEMMUZ - 2023
(XX11+ 128)

Tiyazoller halka yapis1 geregi genis bir biyolojik aktiviteye sahip olduklarindan
heterosiklik bilesikler sinifinda 6nemli bir yere sahiptir ve tibbi kimya ve
farmasotik aragtirmalarda yaygin olarak kullanilirlar. Siilfonamidler de 6nemli
biyolojik aktivitelere sahip siilfa-ilaclart olarak bilirinler ve son yillarda karbonik
anhidraz inhibitor 6zellikleri yogun sekilde arastirilmaktadir. Bu ¢alismada tiyazol
bazli benzensiilfonamid molekiillerini i¢ceren otuz farkli yeni molekiiliin sentezini
gerceklestirdik. Tlk ¢alismada 2-((4-siilfamoilfenil)amino)tiyazol-4-karboksilik asit
ve karsilik gelen alkolleri (¢6ziicii olarak) refliix kosullarinda reaksiyona sokulmasi
ile istenilen  molekiiller elde edildi. Ikinci  ¢aliymada,  4-((4-
hidrazinkarbonil)tiyazol-2-il)amino)benzensiilfonamid ve siklik aldehitlerin etanol
ve refliix kosullarinda reaksiyona girmesiyle yeni molekiilleri sentezledik.
Spektroskopik yontemlerle (IR, H, 3C NMR, MALDI-TOF MS ve HRMS) yeni
bilesiklerin yapilar1 dogrulandi. Biyolojik olarak aktif yeni bilesikler kesfetme
arayisinda, 1,3-tiyazol siilfonamid molekiilleri, potansiyel karbonik anhidraz
inhibitorleri ozellikleri sergileyecek sekilde tasarlandi ve sentezlendi. Tim
bilesikler, standart karbonik anhidraz inhibitoriine (AAZ) karst hCAI, hCAII,
hCAIX ve hCAXII izoformlarini inhibe etme yetenekleri agisindan test edildi.

ANAHTAR KELIMELER: Heterosiklik bilesikler, Tiyazol, Siilfonamid,
Hidrazid-Hidrazon, Karbonik Anhidraz
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1. INTRODUCTION

Heterocyclic compounds are members of the most comprehensive and largest
family of organic compounds containing one or more ring structures, where at least
one atom of the ring contains a common heteroatom other than carbon, such as

sulfur (S), oxygen (O), nitrogen. (N).

They play a key role in medicinal chemistry, have wide biological activities due to
the heteroatoms in their structure, especially their antibacterial, antifungal, anti-
inflammatory, anticancer, antiallergic properties are known, so they are closely
followed by departments of biochemistry, medicinal chemistry and organic

chemistry.?

Heterocyclic compounds are classified according to the types of heteroatoms
present and the number of atoms in the ring. Some common examples are pyridine,

thiophene, furan, pyrole, imidazole, thiazole etc.

The diversity of atoms in the thiazole structure makes it one of the extensively
studied heterocyclic compounds due to its unique properties and reactivity.
Thiazole rings can be found in various natural products and have diverse biological
activities and widely used in medicinal chemistry application and pharmaceutical

research for the development of drugs.®

1.1. Thiazole
Thiazole is a five-membered ring containing three carbon atoms, one nitrogen and
one sulfur atoms. The 1,3-thiazole ring is a heteroaromatic structure with a sulfur

atom in the first position and a nitrogen atom in the third position. 4

[}

N

Figure 1.1. Structure of 1,3-Thiazole Ring

Due to the position of carbon, sulfur and nitrogen atoms on it; the aromaticity of
thiazole is high because; the pi (w) electrons circulate freely between the bonds and
sulfur lone pair electrons delocalize around the ring.® Thiazoles have a wide range

of biological activities, thanks to the ability of the thiazole ring to both electron



donor and electron acceptor. Therefore, medicinal and organic chemists have
focused their efforts on thiazole-containing compounds to develop new therapeutic

agents.

O |O-O-0-0Q

Figure 1.2. Resonating structure of thiazole

Thiazole compounds can be found in many natural products (Vitamin B1, thymine),
penicillin, amino acids etc. Due to their extensive biological activities, they are
widely used in medicinal chemistry and pharmaceutical research for the
development of drugs.

In medicinal chemistry, thiazole structures have therapeutic potential as human
drugs so far they present in more than 18 FDA-approved drugs® as antimicrobial
drug; sulfathiazole (1)’, antifungal drug; abafungin(I1)8, anti-inflammatory drug;
meloxicam(111)°, vitamine B1; thiamine(IV)*, anticancer drug; dasatinip(V)** etc.
In recent years, cancer is one of the most common and serious diseases worldwide
so one of the main goal of organic and medicinal chemistry is development of new
drug like molecules having wide range of biological activities especially those that
can be used as anticancer agents. Thizaole scaffold is a fundamental part of

anticancer drug discovery.



OH O N
N
) I~
W NN NH ° X N
Oy = LH
HN— SO
HoN S | %

M (In) (111

R [ S
N7 N*N\ S
)L/NJ\/N;LS OH o) N)\\>\N/\\ __/OH

av) V)

2

ZT

Figure 1.3. Structure of some drug molecules containing thiazole groups.

1.1.1. Synthesis Methods of Thiazole
There are different types of methods for synthesizing thiazole derivatives, there are

a few important synthesis examples as follow.

1.1.1.1. Hantzsch Thiazole Synthesis
The Hantzsch thiazole synthesis reported first in 188912, using condensation
reaction of a-haloketones and thioamides, after cyclization steps, resulting in the

synthesis of thiazole derivatives. The reaction mechanism can be summarized as

follows:
R O R Ry
__._-__.-' g 4 % \l
T — T
}; T R: E}JH: R: \R‘_c}f R
Ar. 20 NH 'JL['\\
hd + I —_— N
_C o
~c1 Na$ SH H_H ~S$H

Scheme 1.1. Example of Hantzch Thiazole Synthesis



1.1.1.2. Cook-Heilbron Thiazole Synthesis
Used the Synthesis of 5-aminothiazoles from the reaction of a-aminonitriles or
aminocyanoacetates with carbon disulphide, dithioacids, isothiocyanates or carbon

oxysulfide under aqueous conditios.™

Ar A NH Ar
r 2
C=N
HN S OH H,N S SH
HCSH
|
S

Ar
N
[
H,N S
Scheme 1.2. Example of Cook—Heilbron Thiazole Synthesis

1.1.1.3. Tcherniac's Thiazole Synthesis
Used to Synthesis of 2-substituted thiazoles from the hydrolysis of a-thiocyanic

ketones in acidic condition or its reaction with sulfur compounds.*

R 0 R

R 0]
\l/ i \( NH, i N
N T I —> / \
H,C c” H,0 H,C C -H,0

2 N
N~ \S/ \O S

S
0
)I\SH

OH

R
/7 B\ +  CH,COOH
> S SH

Scheme 1.3. Example of Tcherniac's Thiazole Synthesis

1.1.1.4. Thiazole Synthesis using Thiourea and a-haloketones
2-aminothiazoles are synthesized from the reaction of 2-bromoacetophenones with
thiourea in the solvent and uncatalyzed condition. The reaction is completed in high

yield and in a short time.*®



neat

0 N S YNHZ
+ HBr
Br JI\
Ar)l\/ H,N NH,

T, <20s Ar

Scheme 1.4. Example of Thiazole Synthesis using Thiourea and a-haloketones

1.1.1.5. Thiazole Synthesis using Primary Alkylamines, Phenyl
Isothiocyanate and Ethyl Bromopyruvate
Three-component reaction were performed under mild, solvent and catalyst free
conditions at room temperature using ethyl bromopyruvate, phenyl isothiocyanate

and primary alkylamines.'®

(0]
Ph—N Solvent free /4
R NH, + N+ P OFt R \A\\(
Q t, Taeh

N 5

Scheme 1.5. Example of Thiazole synthesis using primary alkylamines, phenyl
isothiocyanate and ethyl bromopyruvate.

1.1.1.6. Thiazole Synthesis using Thiourea and Ethyl
bromopyruvate
Synthesis of thiazole with condensation reaction of thiourea and ethyl

bromopyruvate under neat condition. *’

0 S
5 100 °C, neat /4 \ OEt
JI\ —|— Br OEt —» HQN X
HzN NH2 45 min N
5 0

Scheme 1.6. Example of Thiazole Synthesis using thiourea and ethyl
bromopyruvate.



1.2. Sulfonamide
The sulfonamides with the general formula -SO.NHR are in the class of
antibacterial drugs used to treat various bacterial infections, also called sulfa
drugs.*® Sulfonamides inhibit the growth of bacteria in the body and help the
immune system to eliminate the infection from the body. Since the first discovery
of sulfonamides, sulfa drugs form an important part of medical and
pharmacological chemistry. The first antibiotic discovered by German chemist
Gerhard Domagk in 1932 is Sulfamidochrysoidin (Prontosil).*® As a result of the
researches, it was determined that prontosil is active in the "in vivo" environment,
thus many new sulfonamide molecules were synthesized and clinical studies of
sulfonamides began. Especially sulfonamides were used in the treatment of
infections during the Second World War. In the 1940s, their popularity declined
somewhat due to both the discovery of the antibacterial properties of penicillin and

the toxicity of sulfonamides in some patients. 2°

NH,

Figure 1.4 Molecular Structure of Sulfamidochrysoidin (Prontosil)

Over time, bacteria developed resistance to sulfonamides, so medical and organic
chemists continued to synthesize and research for new sulfonamide molecules that
were more resistant to bacteria. As a result of researches, Over 30 drug molecules
containing sulfonamide structures are used in pharmacology, including
antibacterial %, antifungal?®, anti-inflammatory?®, anticancer?* , antiepileptic?®,
antitumor?®, carbonic anhydrase inhibitors?’ etc. Because sulfonamides have wide-
spectrum biological activities, they inspired the synthesis of many new molecules

in the sulfonamide structure.



1.2.1. Some Drug Molecules Containing Sulfonamide Groups and
Their Uses

Sulfamethoxazole

Sulfamethoxazole; It is an antibiotic used in combination with trimethoprim to treat

respiratory and urinary tract infections. Its trade name is known as Bactrim.?

Il
HN—ﬁ@NHZ
0
B
0

Figure 1.5. Molecular Structure of Sulfamethoxazole

Sulfathiazole

Sulfathiazole; It is used in the treatment of diseases caused by bacterial infections,
especially gram positive and gram negative bacteria. It inhibits the synthesis of folic
acid by bacteria, and in this way, bacteria are expelled from the body before they

can multiply. ?°

Figure 1.6. Molecular Structure of Sulfathiazole
Nimesulid
Nimesulide is a nonsteroidal anti-inflammatory drug used to reduce inflammation,

pain and fever, especially in rheumatoid arthritis, musculoskeletal pain, menstrual

pain.*



Figure 1.7. Molecular Structure of Nimesulide

Hydrochlorothiazide

Hydrochlorothiazide is in a class of diuretic drugs used to treat high blood pressure
(hypertension). It is also used in the treatment of kidney disorders, congestive heart

failure and edema caused by fluid retention in people.3

0 0 O
HZN\ // \\//
S S
O// j@[ NH
cl N)
H

Figure 1.8. Molecular Structure of Hydrochlorothiazide

Mafenide

Mafenide is an antimicrobial drug used for the treatment of severe burns and skin

infections. It helps to heal deep burns by removing the bacteria in the burn tissue.
32

Figure 1.9. Molecular Structure of Mafenide

1.2.2. General Synthesis Methods of Sulfonamides
Basic methods involve the reaction of aryl primary amine as aniline, with aryl
sulfonyl chloride as benzenesulfonyl chloride in the presence of a pyridine as base
at 0-25°C.%®



(0]

(l:l) !—NH
S—Cl + QNHZ Pyridine T

1 0
3 0-25 °C

Scheme 1.7. Sulfonamide synthesis using aniline and benzenesulfonyl chloride

Synthesized by the reaction of a phenylmethanamine with a 4-methyl
benzenesulfonyl chloride in the presence of a triphenylphosphine, in
dichloromethane and triethanolamine at 0°C, 1 hr obtaining 40% N-benzyl-4-

methylbenzenesulfonamide.3*

—< >—S—NH
(l? NH, PPh; (1.0 eq) 14% @
ﬁ_C] * TEA (2.0 eq)
o)

DCM, 0°C, 1h (I?
o
O

Scheme 1.8. Sulfonamide synthesis using phenylmethanamine and 4-methyl
benzenesulfonyl chloride
Synthesized by reaction of acetanilide with chlorosulfonic acid was then converted
to acetylsulfonamide by hydrolysis of the acetyl group in alkaline medium using

the corresponding amine.®®

0
ﬁ 0
HN Qe OH — Il
O toa ﬁ OH HN S—Cl
o I
lR-NHZ
0
I NaOH o
H,N S—NH, «— [
I HN ﬁ—NH2
o)

Scheme 1.9. Sulfonamide synthesis using acetanilide and chlorosulfonic acid



Synthesized by reaction of thiols with thionyl chloride was then converted to

sulfonamide by in alkaline medium using the corresponding amine.3®

(0] (0]
I aq. H,0, | R'-NH, |
R—SH + R—S—Cl —— R—S—NH
a”” \Cl MeCN | Pyridine I \Rl
(0) (0]

Scheme 1.10. Sulfonamide synthesis using thiols and thionyl chloride

1.3. Thiourea
Thiourea is a sulfur-containing compound with the chemical formula SC(NH2)>.
Thiourea has various applications in different industries that are often used as raw

materials for the manufacture of pharmaceutical and dye molecules.

1.3.1. General Synthesis Methods of Thioueas

1.3.1.1. Synthesis from Amines and Carbon Disulfide Reaction
Condensation reaction between amines and carbon disulfide in aq. medium gives
efficient synthesis of thiourea derivatives. Di- and tri-substituted thiourea

derivatives can be sythesized using aliphatic primary amines.®’

S
1) 1.4 eq NaOH, 1.5 eq. CS, )]\
R R
H,O0, rt, 1h 1 3
50, r r - \T IiI/

2) 1 eq R3-NH, 100 °C, 7-12 hr

Zm

RN

Ry H  RiR,:alkyl

Rj; alkyl, benzyl

Scheme 1.11. Thiourea synthesis using amines and carbon disulfide
1.3.1.2. Synthesis from Isothiocyanate and Amine Reaction
The reaction typically takes place in the presence of a suitable catalyst or under

specific reaction conditions at an elevated temperature and may require a solvent or

a reaction medium. 38

10
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Scheme 1.12. Thiourea synthesis using isothiocyanate and amine

1.3.1.3. Synthesis from Ammonium thiocyanate and Phenyl amine
Reaction
Reaction of phenyl amine and ammonium thiocyanate in water and presence of
HCI.%

NH2

NH
2 NH3 cf

W Ice Bath NH4SCN

Scheme 1.13. Thiourea synthesis using ammonium thiocyanate and phenyl amine
reaction.

1.4. Esterification Reactions
Esterification is a chemical reaction involving the formation of an ester derived
from carboxylic acids and alcohols. Esters are characterized by the (-COO-)
functional group. Typical Fisher esterification reactions occur when a carboxylic
acid reacts with an alcohol in the presence of an acid catalyst, resulting in the
formation of an ester and water. In this reaction, the carbon is protonated by the
acid and thus the alcohol attacks the carbonyl with nucleophilic attack, forming
ester and water. Esters are widely used in perfumes, cosmetics, soaps, detergents or
personal care products, especially as essential ingredients, as they have a unique

scent. Esters also have an important place in the pharmaceutical industry.*°

11
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Scheme 1.14. General reaction of esterification

Esterification is a reversible reaction and they can be hydrolyze by an acid or a base.
The esterification reaction rate and yield depend on the structure of the reactants.
Esterification reactions of primary alcohols are fast and highly efficient. In other
words, the simplest alcohol, methanol, gives the fastest reaction. On the other hand,
as it starts to branch (in secondary and tertiary alcohols), reaction rates and yields
decrease due to stearic hindrance.** Since the reactions are generally reversible and
have a low rate, esterification reaction realized by Esterification-assist methods and

substances.

1.4.1. Examples of Esterification-assist Methods and Substances
Acid Catalysts:

Strong acids such as sulfuric acid (H2SOa), hydrochloric acid (HCI), or p-
toluenesulfonic acid (PTSA) are commonly used as acid catalysts in esterification
reactions. They help activate the carboxylic acid, making it more reactive to the
nucleophilic attack of the alcohol. In addition, commercial solid catalysts have been
developed to aid esterification reactions, such as Amberlyst 15. These materials are
composed of porous polymers and have ion exchange properties. Amberlyst 15 has
been specially designed with sulfonic acid functional groups attached to a styrene-
divinylbenzene copolymer matrix. The sulfonic acid group in this material catalyzes

ester reactions.
Removel of water:

According to Le Chatelier's Principle, reducing the water concentration of a product
shifts the balance towards more ester formation. Since esterification reactions are
reversible, water is removed to increase the efficiency of the reaction. For this,
molecular sieves, dessicants (e.g., anhydrous magnesium sulfate), zeolites or a

Dean-Stark apparatus can be used.

12



Using Coupling Agents:

It is used to activate the carboxylic acid in esterification reactions and to facilitate
the binding of the alcohol to the acid. Dicyclohexylcarbodiimide (DCC) and N,N'-
diisopropylcarbodiimide (DIC) are examples of these agents. In addition,
Mitsunobu reagents*?; Phosphine-based reagent (PPh3), triphenylphosphine and
azodicarboxylate (DEAD) reagents can be used. In this method, alcohol becomes

more nucleophile and reacts more easily with carboxylic acid.
Usage of Lewis Acid

The use of Lewis acids such as aluminum chloride (AICI3) or zinc chloride (ZnCl>)
in esterification reactions increases the reactivity of the carboxylic acid and
becomes more electrophilic by forming an intermediate (acyl cation) with the
carbonyl oxygen of the carboxylic acid. Thus, it allows the alcohol to attack the
carbonyl carbon of the carboxylic acid and promote ester formation. In addition,
rapid esterification reactions are carried out by using acyl chlorides ((Phosphorus
trichloride (PCls), thionyl chloride (SOCI>)) in esterification reactions.

1.5. Acid Hydrazides
Acid hydrazides are organic compounds that contain both hydrazine and carboxylic

acid groups. Their general formula is RCONHNH..

(0]

M

R N
H

Figure 1.10. Structure of acid hydrazides

Acid hydrazides are generally synthesized by the reaction of hydrazine (N2Hs) with
a carboxylic acid, ester or an acyl chloride. Carbonyl hydrazide structures are
versatile building blocks for organic synthesizers or pharmaceutical field. There are

some methods for Acid hydrazides synthesis.
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1.5.1. Synthesis Methods Examples of Acid Hydrazides
Acid hydrazides are synthesized from ester and hydrazine hydrate using ethanol as
solvent and room temperature conditions. Esters to be used can be synthesized using

H2S04 and the required alcohol. 43

0 CH3OH 0

NH
sto4 )]\ A€ ~NH,

Ar OH Ethanol /rt Ar E

Scheme 1.15. Synthesize of Acid hydrazides using carboxylic acid then ester and
hydrazine hydrate.

Another example, Acid hydrazides are synthesized with ethyl ester and hydrazine

hydrate in ethanol and by heating. 44

O NH,NH,.H,0 Q
> NH
)I\ C,H; <2
H O/ Ethanol /heat H E

Scheme 1.16. Synthesize of Acid hydrazides using ethyl ester and hydrazine
hydrate.

At this study, Cyano aceteic acid hydrazides are synthesized with ethylcyano

acetate and hydrazine hydrate in ethanol and at 0 °C.*°

0 (0]
NH,NH,
’)J\O _ Et — N _NH,
Ethanol / 0°C H
CN CN

Scheme 1.17. Synthesize of Cyano aceteic acid hydrazides using ethylcyano
acetate and hydrazine hydrate.

Synthesize of Acid hydrazide (2,2-dimethylpropanohydrazide) from acid chlorides

and hyrdazine hydrate using sodium hydroxide and water as solvent. 4
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NaOH/HZO

o +  NH,NH,H,0 ————— _NH;

a4

Scheme 1.18. Synthesize of acid hydrazides using acid chlorides and hydrazine
hydrate

1.6. Hydrazide — Hydrazone Derivatives
Hydrazide-hydrazone derivatives are a class of organic compounds that contain
both a hydrazide functional group and a hydrazone functional group in their
structure. As a result of the reaction of acid hydrazine (-CONHNH2) with an
aldehyde or a ketone, the hydrazone (-C=N-NH.) group is formed. General
structure of a hydrazide-hydrazone derivative RCONHNHN=CR'R" and R, R' and
R" represent various organic groups or hydrogen atoms. By replacing these groups,

hydrazide-hydrazone derivatives with very different structures are obtained.

)I\ N R"
R N~ Y
H

Rl
Figure 1.11. Structure of hydrazide-hydrazone derivative

Hydrazide-hydrazones are of interest to medicinal chemists because of their
pharmaceutical applications, as they contain a carbonyl-linked azomethine group
(-NH-N=CH-) in their structure.*’

1.6.1. Synthesis Method Examples of Hydrazide-Hydrazone
Derivatives

Synthesis of biphenyl-4-carboxylic acid hydrazide-hydrazone*®

At first part of this rxn, biphenyl carboxylic acid is converted to its methyl ester
using methanol and H,SOs. Then ester is reacted with hydrazine hydrate in
methanol as solvent. At final acid hydrazide is treated with aromatic aldehyde using
methanol as solvent and catalytic amount of acetic acid under reflux conditions and

obtained hydrazide-hydrazone derivatives.
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Ve H,SO, Ve
C\ C\

o ROH o
/

NH,NH,.H,0
in methanol

7 ArCHO P
HN—N HN—NH,

Scheme 1.19. Preparation of biphenyl-4-carboxylic acid hydrazide-hydrazone

Synthesis of Benzoyl Hydrazone then oxadiazole derivatives.*®

Hydrazide-hydrazone derivatives are prepared from condensation rxn of 4- methyl
benzaldehyde and benzohydrazide using ethanol as solvent and reflux condition.
For second rxn the hydrazide-hydrazone derivatives redissolved in DMSO, then the

treated with molecular iodine and potassium carbonate to obtain oxadiazole

CHO
HzN EtOH, reflux \O\/
0%

N—
/ I,, Base
DMSO, 100°C

Scheme 1.20. Benzoyl Hydrazone then oxadiazole derivatives

derivatives.

Synthesis of Hydrazide-hydrazone derivatives using the reaction of cyanoacetyl

hydrazine and 3-acetylpyridine using 1,4-dioxane as solvent.>
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0]

(0]
\)l\ ’ S
NC <}
NHNH
? N/ 1,4 dloxane :é:/\
/©/ I )\[j E \ CHO

R=H,CI,0CH,

Scheme 1.21. Synthesis of Hydrazide-hydrazone derivatives using the reaction of
cyanoacetyl hydrazine and 3-acetylpyridine

1.7. Carbonic Anhydrase
The human carbonic anhydrases (hCAs) are a group of metalloenzymes in almost
all living systems that have sixteen different isoforms. 52,52 They are (CA-1, CA-II,
CA-111, CA-VII and CA-XIII) as cytosolic isoform, ( CA-1V, CA-IX, CA-XII, CA-
XIV and CA-XV) as membrane-associated isoform, (CA-VA and CA-VB) as
mitochondrial isoform, (CA-VI) as secreted isoform and (CA-VIII, CA-X, and CA-

XI) as inactive proteins.>

These enzymes catalyze many fundamental reactions, especially hydration reaction

of carbon dioxide to proton and bicarbonate ions is critical.

o ® CAs
HCO3 + H ‘——‘ C02+H20

The interconversion reaction between CO, and HCO:s is realised by the active site
of the enzyme that contains a tightly bond Zn?* ion.%*,*® By means of a metal
hydroxide nucleophilic mechanism, The Zn?* ion interact with water molecule and
catalyze the revesible hydration reaction. This reaction helps to acid- base balance,

regulation of cellular pH and transportation of CO; in metabolism.%¢, %
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C
H_. © H 6]
0 Co, ~5
I — I
——
/n U Zn
. His )
His . His/ ‘ His
His His
Proton Nucleophilic
Transfer Attack
HCOe 7
H H 3 H,0
~o” N~~~ H{ )I\ <}
| —= 0"
/n :// .
. H
His” A 18 HCO3@ H,O . /Zn s
His His ‘
His

Figure 1.12. Cyclization reaction mechanism of carbonic anhydrase

Carbonic anhydrase inhibitor is a molecule that binds to the active site of the
enzyme that contains Zn?* ion and decreases its catalyzing activity and prevent

excessive reversible hydration reaction.%®

These enzymes are found in many tissues and organs in the body and catalyze the
conversion of carbon dioxide and bicarbonate. If this conversion is more than
desired, the pH balance in some parts of the body is disturbed, the internal body
pressure increases. At this stage, carbonic anhydrase inhibitors come into play and

inhibit carbonic anhydrase and prevent excess conversion.
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N/N \\S/NH2

)I\ /L S\NHZ \\o

H,N

Acetazolamide Sulfanilamide

Hydrophobic Hydrophilic

side side
o? }

1
1
Glul06 = I\,I 4\ S
HiS96 \
His119 His94

Figure 1.13. Binding of Carbonic anhydrase inhibitors (sulfonamide derivatives)
to catalytic side of CAs

Carbonic anhydrase inhibitors are involved in physiologic or pathologic processes®®
so they are important targets for pharmacological applications such as diuretics,

anticancer agents, obesity, epilepsy, antiglaucoma etc.%°, 61,62

Acetazolamide (AAZ), methazolamide (MZA), ethoxzolamide (EZA),
dorzolamide (DZA), dichlorphenamide (DCP) are a membered of sulfonamide
family were clinically used as Carbonic anhydrase inhibitors®®. Acetazolamide is
the first aromatic and heterocyclic sulfonamide drug molecule that was synthesized
as diuretic agents® and used to medicinal treatment of obesity, glaucoma, epileptic

seizure etc.5°
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Figure 1.14. Examples of Carbonic anhydrase inhibitor molecules
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2. AIM AND SCOPE OF THE STUDY

During the last five decades the design, synthesis, and biological
investigations on thiazole and sulfonamide derivatives have grown exponentially
due to their biological and pharmacological features as anti-inflammatory,
antibacterial, anticancer, antifungal, antimicrobial, carbonic anhydrase inhibitory
etc. In this study, sulfonamide containing thiazole and their cyclization reaction
were examined. Totally, two sets of 30 novel thiazole based benzenesulfonamide
molecules were designed, synthesized and their carbonic anhydrase inhibitor
properties over hCAI, hCAIl, hCAIX, hCAXII enzymes were studied. The obtained
compounds were synthesized with easy purification methods and medium to high

yields.
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3. MATERIALS AND METHODS

3.1. Materials and Apparatus

All reagents and organic solvents were bought from commercial sources (Sigma—
Aldrich and Merck) and used as without further purifications. Nuclear magnetic
resonance (*H and *C NMR) spectra were recorded on a BRUKER AVANCE
spectrometer (400MHz for proton, 100MHz for carbon) and Varian Inova (500
MHz for proton, 125 MHz for carbon) in DMSO-ds. Chemical shifts are reported
in parts per million (ppm) and the coupling constants (J) are expressed in Hertz
(Hz). Splitting patterns are designated as follows: s (singlet); d (doublet); t (triplet);
g (quarted); m (multiplet); broad s (broad singlet); dd (doublets of doublet); ddd (a
dublet of doublets of doublets); td (triplet of doublets); app s (apparently singlet);
app d (apparently doublet); app t (apparently triplet); app sx (apparently sextet).
Fourier Transform Infrared (FT-IR) spectra were recorded on SHIMADZU IR
Affinity-1 (ATR). The mass analyses were performed on Agilent ZQ instrument
(HRMS) and BrukerMicroflex LT MALDI-TOF MS. Analytical thin-layer
chromatography (TLC) was carried out on Merck silica gel F-254 plates and Merck
Reverse Phase (RP) F-254 plates. Flash chromatography purifications were
performed on Merck Silica gel 60 (70-230 mesh ASTM) as the stationary phase
and ethyl acetate/n-hexane and ethyl acetate/ether were used as eluents and the spots
were detected by ultraviolet light. Melting points (mp) were measured in open
capillary tubes with a Barnstead Electrothermal Bl 1A9100 apparatus and are
uncorrected. The formation of new compounds during synthesis was checked by
benchtop NMR (The Magritek Spinsolve 60) and GC-MS (Agilent 6890N).
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3.2. Experimental Part-1

NH,

NH, HN/gs

H,0O/conc. HCl
4+ NH,SCN —»

SO,NH, SO,NH,
1 2 3

H H
1. EtOH/NaOH N s N s
2. HCI (aq) /©/ S R-OH /©/ e
5 H,NO,S N ——> HNOS N

A

6 7a-0 R

Scheme 3.1. Reaction pathway to obtain sulfonamide-based thiazole-4-
carboxylate 7a-o derivatives

3.2.1. General Procedures of Part-1
3.2.1.1. Synthesis of 4-thioureidobenzene sulfonamide 3

4-Aminobenzenesulfonamide (40 mmol, 6.888 g) was dissolved in 20 ml of water
and 3.6 ml of conc. HCI. The solution was warmed to dissolve and cooled to room
temperature. Then ammonium thiocyanate (40 mmol, 3.045 g) was added to the
solution and heated overnight at 90 °C. After TLC control, the solution was cooled
and waited in the refrigerator for 3 hr. The precipitates were filtered and washed
with cold water and dried.

Obtained as beige-white solid (7.03 g, 76%), m.p. 208-210°C, Rf: (EtOAc: Hex =
1:1): 0.17, Vmax (ATR, cm™) 3387 (NH), 3310 (NH.), 3217 (NH2), 1636 (NH
bent), 1519 (C=C), 1312 (asym. SO:), 1150 (sym. SO:). *H NMR (400 MHz,
DMSO-ds) 6 9.95 (broad s, 1H, NH), 7.70 (app. d, J = 8.7 Hz, 2H, Aromatic CH),
7.62 (app. d, J = 8.8 Hz, 2H, Aromatic CH), 7.25 (broad s, 2H, SO2-NH,). 3C NMR
(100 MHz, DMSO-ds) 6 181.2, 142.4, 138.8, 126.3, 121.8. Calculated C7HgN30.S>
[M+H]" 232.0136, found 232.0213.
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3.2.1.2. Synthesis of ethyl 2-((4-sulfamoylphenyl)amino) thiazole-4-
carboxylate 5

4-Thioureidobenzene sulfonamide (30 mmol, 6.939 g) and ethyl 3-bromopyruvate
(33.3 mmol, 6.494 g) were dissolved in 25 ml ethanol and reflux for 1-2 hr, after
TLC control, the reaction was finished and the solvent was evaporated and
crystallized from ethanol.

Obtained as beige-white solid (8.15 g, 83%), m.p. 228-230°C, Rf: (EtOAc: Hex =
2:1): 0.57, Vmax (ATR, cm™) 3317 (NH), 3217 (NH,), 1721 (C=0), 1551 (C=C),
1304 (asym. SO2), 1219 (C-S), 1142 (sym. SOz). *H NMR (400 MHz, DMSO-ds) &
10.80 (broad s, 1H, NH), 7.87 (s, 1H, thiazo CH), 7.80—7.73 (app. m, 4H, aromatic
CH), 7.21 (broad s, 2H, SO2-NH>), 4.27 (q, J = 7.1 Hz, 2H, CH), 1.29 (t, J=7.1
Hz, 3H, CHs). 3C NMR (100 MHz, DMSO-dg) § 162.4, 160.7, 143.4, 142.3, 136.5,
127.1,119.7, 116.2, 60.6, 14.2. Calculated C12H13N304S, [M+H]" 328.0348, found
328.0436.

3.2.1.3. Synthesis of 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylic acid 6

Ethyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate (20 mmol, 6.547 g)
was dissolved in 20 ml ethanol and heated to reflux temperature then 10 ml of 8N
sodium hydroxide was added dropwise during 10 min. After 0.5 hr, yellow
precipitates were obtained and then the ethanol was evaporated. All precipitates
were dissolved in water and acidified with conc. HCI until pH=1. The solution was
placed in the refrigerator 2-3 hr then the precipitates were collected with cold
filtration and washed with cold water.

Obtained as beige-white solid (4.55 g, 76%), m.p. 285-287°C decomp. Rf: RP
(EtOAc: Hex = 3:2): 0.48, Vmax (ATR, cm™) 3348 (NH), 3264 (NH,), 1713
(C=0), 1559 (C=C), 1327 (asym. SO), 1219 (C-S), 1103 (sym. SOz). *H NMR
(400 MHz, DMSO-ds) 6 12.82 (s, 1H, OH), 10.74 (s, 1H, NH), 7.80 (s, 1H, thiazo
CH), 7.78 (app. d, J = 9.1 Hz, 2H, aromatic CH), 7.75 (app. d, J = 9.1 Hz, 2H,
aromatic CH), 7.21 (broad s, 2H, SO2-NH>). 3C NMR (100 MHz, DMSO-ds) &
162.2, 162.1, 143.5, 143.4, 136.4, 127.1, 119.4, 116.2. Calculated C10HgN304S>
[M+H]* 300.0034, found 300.0102.

3.2.1.4. General Reaction Procedure for Preparation of Thiazole
Sulfonamides 7a—g

2-((4-Sulfamoylphenyl)amino)thiazole-4-carboxylic acid (1.0 eq, 1.0 mmol) was
dissolved in corresponding alcohol as a solvent (3-4 ml) with heating then added 2-
3 drops of conc. HCI to the mixture and refluxed at the boiling point of the
corresponding alcohol. The progress of the reactions was monitored by TLC. For
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compounds 7a, 7b, 7c; the solvents were removed under reduced pressure and the
obtained residues purified by silica gel column chromatography eluting with
EtOAc- Hexane (1:1). For compounds 7d, 7e, 7f, 7g; the reaction flasks were placed
in the refrigerator for 1-2 days, the formed precipitates were filtered and washed
with hexane. Filtrates may also contain desired molecules so the reaction mixtures
were concentrated in vacuo and the remaining residues purified by silica gel column
chromatography eluting with EtOAc- Hexane (1:3).

3.2.1.4.1. Propyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate

(7a):
H
N\(S
\
ST W
28 0
O H2 O

Obtained as beige-white solid (321 mg, 94 %), m.p. 166-168°C, Rf: (EtOAc: Hex
=1:1):0.35, Vmax (ATR, cm™) 3325 (NH), 3233 (NH.), 1705 (C=0), 1528 (C=C),
1319 (asym. SOz), 1227 (C-S), 1150 (sym. SO-). *H NMR (400 MHz, DMSO-ds) &
10.80 (s, 1H, NH), 7.88 (s, 1H, thiazo CH), 7.80 — 7.73 (m, 4H, aromatic CH), 7.21
(broad s, 2H, SO2-NHy), 4.18 (t, J = 6.6 Hz, 2H, CH>CH.CH?3), 1.70 (app. sx, J
=21.2, 14.1, 7.1 Hz, 2H, CH2CH>CHa), 0.96 (t, J = 7.4 Hz, 3H, CH,CH,CHj3). 13C
NMR (100 MHz, DMSO-ds) 6 162.4, 160.7, 143.4, 142.3, 136.5, 127.1, 119.7,
116.2, 65.9, 21.7, 10.3. Calculated CisHisN3OsS, [M+H]* 342.0504, found
342.0591.

3.2.1.4.2. Butyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate

(7b):
N__S
OIS
N
! 0
0" NH, o

Obtained as beige-white solid (323 mg, 91 %), m.p. 188-190°C, Rf: (EtOAc: Hex
=1:1): 0.42, Vmax (ATR, cm™) 3341 (NH), 3287 (NH,), 1697 (C=0), 1520 (C=C),
1319 (asym. SOz), 1219 (C-S), 1157 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
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10.81 (broad s, 1H, NH), 7.88 (s, 1H, thiazo CH), 7.79 (app. d, J = 9.2 Hz, 2H
aromatic CH), 7.76 (app. d, J = 9.2 Hz, 2H aromatic CH), 7.22 (s, 2H, SO2-NH>),
4.24 (t,J = 6.5 Hz, 2H, CH,CH, CH2CHg), 1.72 — 1.62 (m, 2H CH2CH>CH>CHb),
1.48 — 1.36 (m, 2H CH,CH2CH,CHg), 0.94 (t, J = 7.4 Hz, 3H, CH,CH2CH,CH).
13C NMR (100 MHz, DMSO-ds) 6 162.4, 160.7, 143.4, 142.3, 136.5, 127.0, 119.7,
116.2, 64.2, 30.2, 18.7, 13.6. Calculated C14H17N304S; [M+H]" 356.0660, found
356.0749.

3.2.1.4.3. Isopropyl 2-((4-sulfamoylphenyl)amino) thiazole-4-

carboxylate (7¢):

//S\
0" NH, 0

Obtained as beige-white solid (181 mg, 53 %), m.p. 232-234°C, Rf: (EtOAc: Hex
=1:1):0.35, Vmax (ATR, cm™) 3318 (NH), 3263 (NH.), 1705 (C=0), 1543 (C=C),
1304 (asym. SOz), 1227 (C-S), 1157 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
10.81 (s, 1H, NH), 7.84 (s, 1H, thiazo CH), 7.80 — 7.65 (app. m, 4H, aromatic CH),
7.22 (broad s, 2H, SO2-NH>), 5.13 —5.04 (m, 1H, CH3CHCHz3), 1.31 (d, J = 6.2 Hz,
6H, CH3CHCHs3). 3C NMR (100 MHz, DMSO-ds) & 162.4, 160.1, 143.4, 142.7,
136.5,127.1,119.4,116.2, 68.0, 21.7. Calculated C13H15N304S2 [M+H]* 342.0504,
found 342.0580.

3.2.1.4.4. Pentyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate
(7d):

Obtained as beige-white solid (325 mg, 88 %), m.p. 168-170°C, Rf: (EtOAc: Hex
=1:1):0.48, Vmax (ATR, cm™) 3341 (NH), 3287 (NH_), 1705 (C=0), 1520 (C=C),
1319 (asym. SOz), 1219 (C-S), 1157 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
10.81 (s, 1H, NH), 7.88 (s, 1H, thiazo CH), 7.83 — 7.74 (m, 4H, aromatic CH), 7.22
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(broad s, 2H, SO2-NH), 4.23 (t, J = 6.4 Hz, 2H, CH2(CH2)sCH3) 1.74 — 1.63 (m,
2H, CH2CH2(CH2)2CH3), 1.44 — 1.28 (m, 4H, CH2CH2CH2CH,CHg3), 0.90 (t, J =
6.2 Hz, 3H, (CH2)4sCHs) *C NMR (100 MHz, DMSO-ds) § 162.4, 160.7, 143.4,
142.3, 136.5, 127.0, 119.7, 116.2, 645, 27.9, 27.7, 21.8, 13.9. Calculated
C15H19N304S, [M+H]* 370.0817 found 370.0910.

3.2.1.4.5. Hexyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate
(7e):

Obtained as beige-white solid (310 mg, 81 %), m.p. 153-155°C, Rf: (EtOAc: Hex
=1:1):0.52, Vmax (ATR, cm™) 3341 (NH), 3287 (NH.), 1705 (C=0), 1520 (C=C),
1319 (asym. SOz), 1219 (C-S), 1157 (sym. SO-). *H NMR (400 MHz, DMSO-ds) &
10.80 (s, 1H, NH), 7.87 (s, 1H, thiazo CH), 7.78 (app. d, J = 9.2 Hz, 2H aromatic
CH), 7.75 (app. d, J = 9.1 Hz, 2H aromatic CH), 7.22 (broad s, 2H, SO2-NH>), 4.22
(t, J = 6.6 Hz, 2H, CH2(CH>)4CHs3), 1.73 — 1.63 (m, 2H, CH2CH2(CH)3CHa), 1.44
—1.35 (m, 2H (CH2)2CH2(CH>)2CHj3), 1.34 — 1.26 (m, 4H, (CH2)3CH2CH>CH3),
0.87 (t,J =7.0 Hz, 3H, (CH2)sCH3).1*C NMR (100 MHz, DMSO-dg) & 162.4, 160.7,
143.4, 142.3, 136.5, 127.1, 119.7, 116.2, 64.5, 30.9, 28.1, 25.1, 22.1, 13.9.
Calculated C16H21N304S; [M+H]" 384.0973 found 384.1068.

3.2.1.4.6. Heptyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate
(7):
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Obtained as beige-white solid (318 mg, 80 %), m.p. 150-152°C, Rf: (EtOAc: Hex
=1:1):0.61, Vmax (ATR, cm™) 3341 (NH), 3287 (NH.), 1705 (C=0), 1520 (C=C),
1319 (asym. SOz), 1219 (C-S), 1157 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
10.85 (s, 1H, NH), 7.88 (s, 1H, thiazo CH), 7.85 (app. d, J = 9.2 Hz, 2H aromatic
CH), 7.82 (app. d, J = 9.2 Hz, 2H, aromatic CH), 7.27 (broad s, 2H, SO>-NH), 4.24
(t, J = 6.6 Hz, 2H, CH2(CH2)sCHg), 1.74 — 1.64 (m, 2H, CH2CH2(CH2)4CH3), 1.44
—1.35(m, 2H (CH2)2CH2(CH2)3CHs), 1.34 — 1.22 (m, 6H, (CH2)3(CH2)3CHs3), 0.86
(t, J = 6.8 Hz, 3H, (CH2)sCH3).3C NMR (100 MHz, DMSO-dg) & 162.6, 160.8,
143.6, 142.5, 136.5, 127.2, 119.7, 116.4, 64.6, 31.4, 28.5, 28.3, 25.6, 22.2, 14.1.
Calculated C17H23N304S, [M+H]* 398.1130 found 398.1238.

3.2.1.4.7. Octyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate

(79):
N__S
O
N
S o
0" NH, o

Obtained as beige-white solid (337 mg, 82 %), m.p. 161-163°C, Rf: (EtOAc: Hex
=1:1): 0.62, Vmax (ATR, cm™) 3341 (NH), 3287 (NH>), 1705 (C=0), 1520 (C=C),
1319 (asym. SOz), 1219 (C-S), 1157 (sym. SO-). *H NMR (400 MHz, DMSO-ds) &
10.80 (s, 1H, NH), 7.87 (s, 1H, thiazo CH), 7.78 (app. d, J = 9.2 Hz, 2H aromatic
CH), 7.75 (app. d, J = 9.2 Hz, 2H, aromatic CH), 7.21 (broad s, 2H, SO2-NH>), 4.22
(t, J =6.6 Hz, 2H, CH2(CH>)sCHz), 1.73 — 1.61 (m, 2H, CH2CH2(CH2)sCHs), 1.44
—1.34 (m, 2H (CH2)2CH2(CH2)4CHs3), 1.34 - 1.21 (m, 8H, (CH2)3(CH2)4sCHa), 0.84
(app.t, J = 6.8 Hz, 3H, (CH2)7CH3).1*C NMR (100 MHz, DMSO-dg) & 162.4, 160.7,
143.4, 142.3, 136.5, 127.1, 119.7, 116.2, 64.5, 31.2, 28.7, 28.6, 28.2, 25.5, 22.1,
14.0. Calculated C1gH25N304S, [M+H]* 412.1286 found 412.1388.

3.2.1.5. General Reaction Procedure for Preparation of Thiazole
Sulfonamides 7h — o

2-((4-Sulfamoylphenyl)amino)thiazole-4-carboxylic acid (1.0 eq, 1.0 mmol) was
dissolved in corresponding alcohol as a solvent (3-4 ml) with heating then added 2-
3 drops of conc. HCI to the mixture and refluxed at the boiling point of the
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corresponding alcohol. The progress of the reactions was monitored by TLC. The
reaction mixtures were extracted with EtOAc/H>O mixture, the organic layer was
dried on sodium sulfate and evaporated under reduced pressure to obtain desired
molecules. If necessary, desired molecules were purified by silica gel column
chromatography eluting with EtOAc/ n-hexane mixture and for compound 7n
eluting solvent was EtOAc/ ether mixture.

3.2.1.5.1. 2-Hydroxyethyl 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylate (7h):

H
N S

ST
¢

0" 'NH

Obtained as pale yellow solid (213 mg, 62 %), m.p. 204-206°C, Rf: (EtOAc: Hex
=4:1):0.39, Vmax (ATR, cm™) 3471 (NH), 3256 (NH.), 1705 (C=0), 1543 (C=C),
1319 (asym. SOz), 1226 (C-S), 1142 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
10.85 (s, 1H, NH), 7.93 (s, 1H, thiazo CH), 7.86 — 7.78 (m, 4H aromatic CH), 7.27
(broad s, 2H, SO2-NH>), 4.31 — 4.27 (m, 2H, CH2CH>0H), 3.75 — 3.70 (m, 2H,
CH2CH,0H).**C NMR (100 MHz, DMSO-ds) & 162.6, 160.9, 143.6, 142.4, 136.5,
127.3, 120.0, 116.4, 66.5, 59.2. Calculated C12H13N3OsS2 [M+H]" 344.0297 found
344.0352.

2

H

3.2.1.5.2. 1-Hydroxypropan-2-yl 2-((4-sulfamoylphenyl)amino)
thiazole-4-carboxylate  (7i) and  2-Hydroxypropyl  2-((4-

sulfamoylphenyl)amino)thiazole-4-carboxylate (7j):

H S H
\( N S
\_/ A
0 N N
N \
.S o > o)
2N
0" NH, o 0" N, o
7i <\ 7 42
OH OH

Obtained as yellow solid (93 mg, 27 %, 1:1.21 mixture of 7i/7j according to *H
NMR spectroscopic data), m.p. 163-165°C, Rf: (EtOAc: Hex = 4:1): 0.34, Vmax
(ATR, cm™) 3333 (NH), 3294 (NH.), 1705 (C=0), 1520 (C=C), 1319 (asym. SO),
1211 (C-S), 1157 (sym. SO:). *H NMR (400 MHz, DMSO-ds) & 10.88 (broad s,
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1H, NH of 7i), 10.87 (s, 1H, NH of 7;), 7.95 (s, 1H, thiazo CH of 7i), 7.89 (s, 1H,
thiazo CH of 7;), 7.85—7.75 (m, 8H aromatic CH of 7;,7;), 7.24 (broad s, 4H, SO»-
NH: of 7;,7;), 5.23 (td, J = 6.2, 3.9 Hz, 1H, CHCH3CH>OH of 7;), 4.50 (td, J = 6.6,
4.4 Hz, 1H, CH2,CHCH3sOH of 7)), 4.45 — 4.33 (m, 2H, CHCH3CH>OH of 7;), 3.88
(ddd, J =17.8, 11.7, 4.9 Hz, 2H, CH2CHCH30H of 7;) 1.56 (d, J = 6.6 Hz, 3H, of
CHCH3sCH,0H 7)), 1.37 (d, J = 6.4 Hz, 3H, CH,CHCH3OH of 7;).1*C NMR (100
MHz, DMSO-ds) 6 162.6, 162.6, 160.2, 159.9, 143.4, 142.0, 141.7, 136.5, 127.1,
127.1, 120.5, 120.3, 116.3, 70.2, 68.4, 55.4, 47.4, 21.3, 17.5. Calculated
C13H15N305S, [M+18]* 358.0453 found 376.0249.

3.2.1.5.3. 2-(2-Hydroxyethoxy)ethyl 2-((4-sulfamoylphenyl)amino)
thiazole-4-carboxylate (7k):

S

T

S
7,
O/ \NH2

{
)

Obtained as yellow solid (190 mg, 49 %), m.p. 188-190°C, Rf: (EtOAc: Hex = 4:1):
0.39, Vmax (ATR, cm™?) 3302 (NH), 3194 (NH), 1705 (C=0), 1543 (C=C), 1319
(asym. SO-), 1219 (C-S), 1150 (sym. SO-). *H NMR (400 MHz, DMSO-ds) § 10.81
(s, 1H, NH), 7.88 (s, 1H, thiazo CH), 7.80 — 7.74 (m, 4H aromatic CH), 7.22 (broad
S, 2H, SO2-NHz), 4.37 — 4.32 (m, 2H, CH2CH20CH>CH:0H), 3.74 — 3.70 (m, 2H,
CH,CH,0CH2CH,0H). 3.52 - 3.48 (m, 4H, CH>CH,OCH,CH-0H).**C NMR (100
MHz, DMSO-de) 6 162.5, 160.6, 143.4, 142.1, 136.5, 127.1, 120.0, 116.3, 72.4,
68.3, 64.1, 60.3. Calculated C14H17N306S2 [M+H]* 388.0559 found 388.0660.

3.2.1.5.4. 4-Phenylbutyl 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylate (71):
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Obtained as pale yellow solid (397 mg, 92 %), m.p. 169-171°C, Rf: (EtOAc: Hex
=1:1): 0.77, Vmax (ATR, cm™) 3341 (NH), 3294 (NH), 1705 (C=0), 1520 (C=C),
1319 (asym. SOz), 1211 (C-S), 1157 (sym. SO2). *H NMR (400 MHz, DMSO-ds) &
10.80 (s, 1H, NH), 7.87 (s, 1H, thiazo CH), 7.78 (app. d, J = 9.4 Hz, 2H aromatic
CH), 7.75 (app. d, J = 9.4 Hz, 2H, aromatic CH), 7.31 — 7.24 (m, 2H phenyl CH),
7.23 —7.13 (m, 5H, two of SO2-NHz, three of phenyl CH), 4.25 (t, J = 5.4 Hz, 2H,
CH2CH, CH,CH2Ph), 2.64 (t, J = 6.8 Hz, 2H, CH,CH, CH,CHPh), 1.74 — 1.65 (m,
4H, CH2CH2CH,CH,Ph).23C NMR (100 MHz, DMSO-ds) & 162.4, 160.7, 143.4,
142.3, 141.9, 136.5, 128.3, 127.1, 125.8, 119.8, 116.2, 64.3, 34.7, 27.8, 27.5.
Calculated C2oH21N304S; [M+H]" 432.0973 found 432.1080.

3.2.1.5.5. 2-Methoxyethyl 2-((4-sulfamoylphenyl)amino)thiazole-4-

carboxylate (7m):

Obtained as beige-white solid (211 mg, 59 %), m.p. 187-189°C, Rf: (EtOAc: Hex
=2:1):0.54, Vmax (ATR, cm™) 3302 (NH), 3194 (NH,), 1705 (C=0), 1536 (C=C),
1319 (asym. SOz), 1219 (C-S), 1142 (sym. SO-). *H NMR (400 MHz, DMSO-ds) &
10.88 (s, 1H, NH), 7.91 (s, 1H, thiazo CH), 7.86 — 7.78 (m, 4H aromatic CH),
7.31(broad s, 2H, SO2-NH>), 4.41 (app. t, J = 4.1 Hz, 2H, CH2CH>OCHj3), 3.70 —
3.66 (m, 2H, CH2CH20CHj3). 3.35 (s, 3H, CH2CH20CHj3), **C NMR (100 MHz,
DMSO-ds) 6 162.8, 161.0, 143.7, 142.4, 136.6, 127.4, 120.3, 116.6, 70.1, 64.1,
58.5. Calculated C13H15N30sS; [M+H]" 358.0453 found 358.0521.
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3.2.1.5.6. 2-Ethoxyethyl 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylate (7n):

H
N S

SO0
{
<

0" "\H

Obtained as pale yellow solid (235 mg, 65 %), m.p. 143-145°C, Rf: (EtOAc: Hex
=2:1):0.77, Vmax (ATR, cm™) 3294 (NH), 3248 (NH), 1713(C=0), 1536 (C=C),
1319 (asym. SO2), 1219 (C-S), 1142 (sym. SO). *H NMR (400 MHz, DMSO-ds) &
10.84 (s, 1H, NH), 7.90 (s, 1H, thiazo CH), 7.81 (app. d, J = 9.2 Hz, 2H aromatic
CH), 7.78 (app. d, J =9.2 Hz, 2H, aromatic CH), 7.25 (broad s, 2H, SO.-NH>), 4.36
(app. t, J = 4.6 Hz, 2H, CH.CH2OCH2CH3), 3.69 (app. t, J = 4.6 Hz, 2H,
CH>CH>0CH2CHj3), 3.52 (q, J = 7.0 Hz, 2H, CH2CH>OCH2CH3 ), 1.14 (t, J = 7.0
Hz, 3H, CH2CH,OCH,CHs). *C NMR (100 MHz, DMSO-ds) & 162.5, 160.7,
143.4, 142.1, 136.5, 127.1, 120.1, 116.3, 67.7, 65.7, 64.1, 15.2. Calculated
C14H17N305S, [M+H]* 372.0610 found 372.0683.

2

3.2.1.5.7. 2-Phenoxyethyl 2-((4-sulfamoylphenyl)amino)thiazole-4-

5

carboxylate (70):

(0)

1
& NH,

)

.

Obtained as pale yellow solid (257 mg, 61 %), m.p. 214-216°C, Rf: (EtOAc: Hex
=2:1): 0.33, Vmax (ATR, cm™) 3287 (NH), 3217 (NH), 1721 (C=0), 1551(C=C),
1312 (asym. SOz), 1204 (C-S), 1150 (sym. SO-). *H NMR (400 MHz, DMSO-ds) &
10.85 (s, 1H, NH), 7.90 (s, 1H, thiazo CH), 7.82 - 7.76 (m, 4H, aromatic CH), 7.31
(dd, J = 8.6, 7.4 Hz, 2H, two of phenyl CH), 7.26 (broad s, 2H, SO2-NH>), 7.03 —
6.92 (m, 3H, three of phenyl CH), 4.60 (app t, J = 4.5 Hz, 2H, CH>CH>0Ph), 4.32
(app t, J = 4.5 Hz, 2H, CH2CH,OPh). *3C NMR (100 MHz, DMSO-dg) & 162.6,
160.7, 158.3, 143.5, 142.0, 136.5, 129.7, 127.2, 121.0, 120.3, 116.3, 114.7, 65.8,
63.3. Calculated C18H17N30sS2 [M+H]* 420.0610 found 420.0678.
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3.3. Experimental Part-2

NH,
NH, HN/&S
H,0O/conc. HCI
+ NH,SCN ——— — &
A
SO,NH, SO,NH,
1 2 3

NH,-NH . I
2-NHp N S . N S
P S R-CHO S
5 ——— H,NO,S N ——— H,NO,S N

EtOH EtOH
A HN H*, A HN
" |
9 2 10a-o0 Nﬁ
R

Scheme 3.2. Reaction pathway to obtain thiazole and hydrazine-1-carbonyl-based
benzenesulfonamide 10a-o derivatives

3.3.1. General procedures of part-2
3.3.1.1. 4-((4-(hydrazinecarbonyl)thiazol-2-yl)amino)
benzenesulfonamide 9

Ethyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate (20 mmol, 6.547 g)
and hydrazine hydrate 50-60% (80 mmol, 4.005 g) was dissolved in 20 ml ethanol
and reflux 1-2 hr, after TLC control, white precipitates were filtered and washed
with cold ethanol.

Obtained as beige-white solid (5.36 g, 86%), m.p. 256-258°C, Rf: (EtOAc: AcOH
=25:1): 0.43, Vmax (ATR, cm™?) 3385-3294 (NH2—-NH), 1620 (C=0, amide), 1539
(C=C), 1327 (asym. SO:), 1155 (sym. SO:). *H NMR (500 MHz, DMSO-d¢) &
10.69 (broad s, 1H, NH), 9.53 (s, 1H, NH), 7.91 (d, J = 8.7 Hz, 2H, aromatic CH),
7.73 (d, J = 8.8 Hz, 2H, aromatic CH), 7.56 (s, 1H, thiazo CH), 7.19 (s, 2H, SO>-
NH>), 4.51 (broad s, 2H, NH-NH2). 3C NMR (125 MHz, DMSO-ds) § 162.7, 160.2,
145.0, 143.5, 136.3, 127.3, 116.9, 114.1. C10H1:Ns03S2 m/z (TOF ES’) 298.4 (9%),
313.7 (M+, 100%), 335.6 (M + Na, 10%).
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3.3.1.2. General reaction procedure for preparation of thiazole and
hydrazine-1-carbonyl-based benzenesulfonamide derivatives 10a-o

1 mmol 4-((4-(hydrazinecarbonyl)thiazol-2-yl)amino)benzenesulfonamide (9) and
1 mmol corresponding aldehydes were dissolved in 10 ml ethanol then reflux 1-8
hr. . The progress of the reactions was monitored by TLC. After cooling, the formed
precipitates were filtered and washed with cold ethanol.

3.3.1.2.1. (E)-4-((4-(2-(2-hydroxy-3-methoxybenzylidene)hydrazine-1-

carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10a):

Obtained as beige-white solid (412 mg, 92 %), m.p. 284-286°C, Rf: (EtOAc: AcOH
=25:1): 0.57. Vmax (ATR, cm™) 3385-3111 (NH, NH2, OH), 1645(C=0, amide),
1537(C=C), 1328 (asym. SO-), 1150 (sym. SO2).'*H NMR (500 MHz, DMSO-ds) &
11.64 (s, 1H), 10.98 (s, 1H), 10.78 (s, 1H), 8.80 (s, 1H), 7.92 (d, J = 8.5 Hz, 2H),
7.82 (s, 1H), 7.78 (d, J = 8.7 Hz, 2H), 7.21 (s, 2H), 7.14 (d, J = 7.8 Hz, 1H), 7.03
(d, J=8.1Hz, 1H), 6.86 (app. t, J = 7.8 Hz, 1H), 3.80 (s, 3H). 3C NMR (125 MHz,
DMSO-ds) 6 162.8, 156.9, 149.3, 148.0, 147.3, 144.4, 143.3, 136.5, 127.1, 119.2,
119.1, 119.0, 116.8, 116.7, 113.9, 23.1. C1gH17Ns05S2, m/z (TOF ES") 447.7 (M+,
100%), 470.2 (M + Na, 70%).

3.3.1.2.2. (E)-4-((4-(2-(3-ethoxy-2-hydroxybenzylidene)hydrazine-1-

carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10b):

Obtained as beige-white solid (372 mg, 80.6 %), m.p. 277-279°C, Rf: (EtOAc:
AcOH = 25:1): 0.71. Vmax (ATR, cm-1) 3371-3111 (NH, NH2, OH), 1651(C=0,
amide), 1537(C=C), 1328 (asym. SO), 1150 (sym. SO:). *H NMR (500 MHz,
DMSO-dg) 6 11.68 (s, 1H), 11.04 (s, 1H), 10.80 (s, 1H), 8.82 (broad s, 1H), 7.94
(d, J=8.1Hz, 2H), 7.85 (s, 1H), 7.81 (d, J = 8.3 Hz, 2H), 7.23 (s, 2H), 7.14 (d, J =
7.70 Hz, 1H), 7.04 (d, J = 8.1 Hz, 1H), 6.86 (app. t, J = 7.5 Hz, 1H), 4.08 (app. q, J
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= 6.9 Hz, 2H), 1.36 (app.t, J = 6.9 Hz, 3H). *C NMR (125 MHz, DMSO-dg) &
162.8, 156.9, 149.5, 147.6, 147.1, 144.4, 143.3, 136.5, 127.1, 121.2, 119.1, 119.0,
116.7, 116.6, 115.3, 64.2, 14.8. C19H19Ns0sS2, m/z (TOF ES") 328.1 (53%), 461.3
(M+, 100%), 483.5 (M + Na, 30%).

3.3.1.2.3. (E)-4-((4-(2-(2-hydroxy-5-nitrobenzylidene)hydrazine-1-
carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10c):

Obtained as light yellow solid (440 mg, 95.1 %), m.p. 342-344°C decomp. Rf:
(EtOAc: AcOH = 25:1): 0.49. Vmax (ATR, cm™) 3350-3115 (NH, NH, OH),
1643(C=0, amide), 1537(C=C), 1328 (asym. SO2), 1136 (sym. SO). *H NMR (500
MHz, DMSO-dg) 6 12.29 (s, 1H), 11.85 (s, 1H), 10.79 (s, 1H), 8.91 (s, 1H), 8.58
(d, J=2.9 Hz, 1H), 8.18 (dd, J = 9.1, 2.9 Hz, 1H) , 7.93 (d, J = 8.8 Hz, 2H), 7.86
(s, 1H), 7.80 (d, J = 8.8 Hz, 2H), 7.23 (s, 2H), 7.13 (d, J = 9.1 Hz, 1H). 3C NMR
(125 MHz, DMSO-ds) 6 162.8, 162.6, 157.2, 145.3, 144.3, 143.2, 140.0, 136.5,
127.1,126.6,120.2,117.2,117.2,116.9, 116.7.C17H14NeO6S2, m/z (TOF ES’) 298.4
(30%), 356.3 (27%), 446.1 (42%), 461.9 (M+, 100%).

3.3.1.2.4. (E)-4-((4-(2-(2-hydroxy-3-methoxy-5-nitrobenzylidene)

hydrazine-1-carbonyl)thiazol-2-yl)amino)benzenesulfonamide

(10d):
N_s
9 WF
N
H,NO,S 0
HN
N=_ OH
jat
\
O,N

Obtained as beige-white solid (382 mg, 77.6 %), m.p. 334-336°C decomp. Rf:
(EtOAc: AcOH = 25:1): 0.23. Vmax (ATR, cm™) 3279-3100 (NH, NH;, OH), 1645
(C=0, amide), 1548 (C=C), 1328 (asym. SOz), 1147 (sym. SO2). 'H NMR (500
MHz, DMSO-ds) § 11.94 (s, 1H), 11.83 (s, 1H), 10.79 (s, 1H), 8.93 (s, 1H), 8.25
(app. d, J=2.4 Hz, 1H), 7.93 (d, J = 8.9 Hz, 2H), 7.86 (s, 1H), 7.82 — 7.77 (m, 3H),
7.23 (s, 2H), 3.97 (s, 3H).:*C NMR (125 MHz, DMSO-dg) § 162.8, 157.2, 152.8,
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148.2, 145.5, 144.3, 143.2, 139.6, 136.5, 127.1, 119.3, 116.8, 116.7, 115.8, 107.2,
17.7. C18H16NsO7S2, m/iz (TOF ES’) 168.8 (36%), 390.8 (100%), 493.0 (M+, 99%).

3.3.1.2.5. (E)-4-((4-(2-(4-methoxybenzylidene)hydrazine-1-

carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10e):

Obtained as beige-white solid (310 mg, 71.9 %), m.p. 277-279°C, Rf: (EtOAc:
AcOH = 25:1): 0.80. Vmax (ATR, cm™) 3243-3224 (NH, NH), 1657 (C=0,
amide), 1589 (C=C), 1342 (asym. SO2), 1152 (sym. SO2). *H NMR (500 MHz,
DMSO-dg) & 11.23 (s, 1H), 10.77 (s, 1H), 8.54 (s, 1H), 7.92 (d, ] = 7.3 Hz, 2H),
7.81 (s, 1H), 7.78 (app. d, J = 6.9 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.22 (s, 2H),
7.03 (app. d, J = 8.5 Hz, 2H), 3.81 (s, = 4.1 Hz, 3H). **C NMR (125 MHz, DMSO-
de) 6 162.6, 160.9, 156.9, 148.8, 144.9, 143.3, 136.4, 128.8, 128.8, 127.2, 126.9,
116.7, 114.4, 55.3. C18H17N504S2, m/z (TOF ES’) 226.0 (20%), 268.1 (37%), 356.4
(20%), 431.5 (M+, 100%), 483.5 (M + K, 10%).

3.3.1.2.6. (E)-4-((4-(2-(4-nitrobenzylidene)hydrazine-1-

carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10f):

Obtained as bright orange solid (403 mg, 90.1 %), m.p. 282-284°C, Rf: (EtOAc:
Hex: AcOH = 25:5:1): 0.31. Vmax (ATR, cm™) 3340-3327 (NH, NH), 1650 (C=0,
amide), 1529 (C=C), 1336 (asym. SO:), 1155 (sym. SO:). *H NMR (500 MHz,
DMSO-ds) 6 11.64 (s, 1H), 10.78 (s, 1H), 8.70 (s, 1H), 8.29 (d, J = 8.5 Hz, 2H),
7.98 (d, J = 8.5 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H), 7.84 (s, 1H), 7.78 (d, J = 8.4 Hz,
2H), 7.21 (s, 2H).13C NMR (125 MHz, DMSO-ds) & 162.8, 157.3, 147.9, 146.3,
144.4, 143.2, 140.6, 136.5, 128.1, 127.1, 124.1, 116.9, 116.7. C17H14aNsOsS2 m/z
(TOF ES) 431.0 (18%), 446.2 (M+, 100%), 468.2 (M + Na, 69%).
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3.3.1.2.7. (E)-4-((4-(2-(4-chlorobenzylidene)hydrazine-1-carbonyl)
thiazol-2-yl)amino)benzenesulfonamide (10g):

Obtained as beige-white solid (381 mg, 87.4 %), m.p. 278-280°C, Rf: (EtOAc:
Hex: AcOH = 25:5:1): 0.37. Vmax (ATR, cm™) 3343-3258 (NH, NH>), 1682 (C=0,
amide), 1537 (C=C), 1317 (asym. SO:), 1155 (sym. SO:). *H NMR (500 MHz,
DMSO-ds) 6 11.42 (s, 1H), 10.77 (s, 1H), 8.59 (s, 1H), 7.91 (d, J = 8.2 Hz, 2H),
7.80 (app. d, J =6.1 Hz, 2H), 7.77 (app. d, J = 5.1 Hz, 2H), 7.75 (s, 1H), 7.52 (d, J
= 7.5 Hz, 2H), 7.21 (s, 2H), 13C NMR (125 MHz, DMSO-ds) & 162.7, 157.1, 147.6,
1447, 1433, 136.4, 134.6, 133.3, 129.0, 128.8, 127.2, 116.7, 116.4.
C17H14CINsO3S2 m/z (TOF ES") 435.2 (M+, 100%).

3.3.1.2.8. (E)-4-((4-(2-(4-bromobenzylidene)hydrazine-1-carbonyl)

thiazol-2-yl)amino)benzenesulfonamide (10h):

Obtained as dark beige-white solid (346 mg, 72.1 %), m.p. 261-263°C, Rf: (EtOAc:
Hex: AcOH = 25:5:1): 0.34. Vmax (ATR, cm™) 3310-3254 (NH, NH.), 1682 (C=0,
amide), 1530 (C=C), 1315 (asym. SO:), 1153 (sym. SOz). *H NMR (500 MHz,
DMSO-ds) & 11.44 (s, 1H), 10.79 (s, 1H), 8.59 (s, 1H), 7.92 (d, J = 8.5 Hz, 2H),
7.81 (app. dd, J = 15.0, 7.6 Hz, 3H), 7.74 — 7.66 (m, 4H), 7.23 (s, 2H). 3C NMR
(125 MHz, DMSO-de) & 162.7, 157.1, 147.6, 144.7, 143.3, 136.4, 133.6, 131.9,
129.0, 127.2, 123.4, 116.7, 116.4. C17H14BrNsO3S; m/z (TOF ES") 366.1 (100%),
481.5 (M+H", 27%).

3.3.1.2.9. (E)-4-((4-(2-(2,4-dichlorobenzylidene)hydrazine-1-carbonyl)
thiazol-2-yl)amino)benzenesulfonamide (10i)
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Obtained as beige-white solid (410 mg, 87.2%), m.p. 299-301°C, Rf: (EtOAc: Hex:
AcOH = 25:5:1): 0.46. Vmax (ATR, cm™) 3370-3223 (NH, NH,), 1651 (C=0,
amide), 1537 (C=C), 1319 (asym. SO:), 1155 (sym. SOz). *H NMR (500 MHz,
DMSO-dg) 6 11.77 (s, 1H), 10.76 (s, 1H), 8.95 (s, 1H), 8.02 (app. d, J = 8.4 Hz,
1H), 7.89 (app. d, J = 8.7 Hz, 2H), 7.82 (s, 1H), 7.76 (app. d, J = 8.8 Hz, 2H), 7.70
(app. d, J = 2.1 Hz, 1H), 7.50 (app. d, J = 6.5 Hz, 1H), 7.19 (s, 2H). 3C NMR (125
MHz, DMSO-de) 6 162.1, 157.4, 144.6, 143.6, 143.3, 136.5, 135.2, 134.0, 130.9,
129.4, 128.2, 127.1, 116.8, 116.7. C17H13Cl2NsO3S, m/z (TOF ES’) 470.3 (M+,
100%), 492.7 (M + Na, 52%), 510.4 (M + MeCN, 23%).

3.3.1.2.10. (E)-4-((4-(2-(3,4-dimethoxybenzylidene)hydrazine-1-

carbonyl)thiazol-2-yl)amino)benzenesulfonamide (10j)

Obtained as white solid (410 mg, 88.9%), m.p. 283-285°C, Rf: (EtOAc: Hex:
AcOH = 25:5:1): 0.26. Vmax (ATR, cm™) 3366-3275 (NH, NH,), 1630 (C=0,
amide), 1527 (C=C), 1267 (asym. SO:), 1138 (sym. SO2). *H NMR (500 MHz,
DMSO-ds) 6 11.22 (s, 1H), 10.77 (s, 1H), 8.52 (s, 1H), 7.91 (d, J = 8.7 Hz, 2H),
7.83 —7.73 (m, 3H), 7.36 (s, 1H), 7.26 — 7.18 (m, 3H), 7.04 (d, J = 8.3 Hz, 1H),
3.82 (app. s, 3H), 3.81 (app. s, 3H). 3C NMR (125 MHz, DMSO-ds) 6 162.7, 156.9,
150.8, 149.3, 149.1, 144.9, 143.3, 136.4, 127.2, 127.0, 122.0, 116.7, 115.9, 111.6,
108.4, 55.6, 55.5. C19H19N505S, m/z (TOF ES) 461.9 (M+, 57%), 484.8 (M + Na,
100%).

3.3.1.2.11. (E)-4-((4-(2-(2,6-dichlorobenzylidene)hydrazine-1-carbonyl)

thiazol-2-yl)amino)benzenesulfonamide (10k):
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Obtained as beige-white solid (400 mg, 85.1%), m.p. 290-292°C, Rf: (EtOAc: Hex:
AcOH = 25:5:1): 0.37. Vmax (ATR, cm™) 3412-3115 (NH, NH,), 1668 (C=0,
amide), 1537 (C=C), 1317 (asym. SO:), 1141 (sym. SOz). *H NMR (500 MHz,
DMSO-de) 6 11.77 (s, 1H), 10.79 (s, 1H), 8.80 (s, 1H), 7.92 (d, J = 8.3 Hz, 2H),
7.83 (s, 1H), 7.78 (d, J = 8.1 Hz, 2H), 7.57 (d, J = 7.9 Hz, 2H), 7.45 (app. t,J=7.9
Hz, 1H), 7.21 (s, 2H). *C NMR (125 MHz, DMSO-dg) § 162.8, 157.3, 144.5, 144.0,
143.2,136.5, 134.0, 130.9, 129.1, 129.0, 127.1, 116.8, 116.7. C17H13CI2N503S2 m/z
(TOF ESY) 470.3 (M+, 32%), 494.1 (M + Na*, 100%), 510.1 (M + MeCN, 20%).

3.3.1.2.12. (E)-4-((4-(2-(4-1sopropylbenzylidene)hydrazine-1-carbonyl)

thiazol-2-yl)amino)benzenesulfonamide (101):

Obtained as beige-white solid (313 mg, 70.8 %), m.p. 232-234°C Rf: (EtOAc: Hex:
AcOH = 25:5:1): 0.40. Vmax (ATR, cm™) 3264-33076 (NH, NH), 1674 (C=0,
amide), 1537 (C=C), 1327 (asym. SO2), 1151 (sym. SO2). *H NMR (500 MHz,
DMSO-ds) & 11.30 (s, 1H), 10.78 (s, 1H), 8.58 (s, 1H), 7.92 (d, J = 7.3 Hz, 2H),
7.80 (d, J =8.2 Hz, 3H), 7.67 (d, J = 7.5 Hz, 2H), 7.34 (d, J = 6.7 Hz, 2H), 7.22 (s,
2H), 3.00 — 2.85 (m, 1H), 1.22 (app. d, J = 6.9 Hz, 6H). °C NMR (125 MHz,
DMSO-ds) 6 162.7, 157.0, 150.8, 148.9, 144.8, 143.3, 136.4, 132.0, 127.3, 127.2,
126.9, 116.7, 116.1, 33.4, 23.7. C20H21Ns03S2 m/z (TOF ES’) 304.5 (8%), 444.0
(M+, 100%), 467.2 (M + Na*, 40%).

3.3.1.2.13. (E)-4-((4-(2-(2-hydroxybenzylidene)hydrazine-1-carbonyl)

thiazol-2-yl)amino)benzenesulfonamide (10m):
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Obtained as beige-white solid (320 mg, 76.7%), m.p. 296-298°C, Rf: (EtOAc: Hex:
AcOH = 25:5:1): 0.34. Vmax (ATR, cm™) 3342-3105 (NH, NH, OH), 1651 (C=0,
amide), 1522 (C=C), 1317 (asym. SO:), 1150 (sym. SOz). 'H NMR (500 MHz,
DMSO-ds) 6 11.67 (s, 1H), 11.31 (s, 1H), 10.78 (s, 1H), 8.80 (s, 1H), 7.93 (d, J =
8.8 Hz, 2H), 7.83 (s, 1H), 7.79 (d, J = 8.8 Hz, 2H), 7.54 (d, J = 7.6 Hz, 1H), 7.30
(app. t, J = 7.5 Hz, 1H), 7.22 (s, 2H), 6.97 — 6.88 (m, 2H). 3C NMR (125 MHz,
DMSO-ds) 6 162.8, 157.6, 156.9, 149.5, 144.3, 143.3, 136.5, 131.5, 129.7, 127.0,
119.4, 118.7, 116.7, 116.5, 116.5. C17H15Ns04S, m/z (TOF ES’) 417.8 (M+, 15%),
440.8 (M + Na*, 100%).

3.3.1.2.14. (E)-4-((4-(2-(3-(4-(tert-butyl)phenyl)-2-methylpropylidene)
hydrazine-1-carbonyl)thiazol-2-yl)amino)benzenesulfonamide
(10n):

Obtained as white solid (291 mg, 78.3 %), m.p. 219-221°C, , Rf (EtOAc: Hex:
AcOH = 25:5:1): 0.37. Vmax (ATR, cm™) 3292-2962 (NH, NH,), 1667 (C=0,
amide), 1537 (C=C), 1342 (asym. SO:), 1153 (sym. SO:). *H NMR (500 MHz,
DMSO-ds) & 10.97 (s, 1H), 10.74 (s, 1H), 7.90 — 7.85 (m, 3H), 7.77 (app. d, J = 6.9
Hz, 2H), 7.72 (s, 1H), 7.29 (d, J = 8.3 Hz, 2H), 7.20 (s, 2H), 7.15 (d, J = 7.8 Hz,
2H), 2.85 (app dd, J = 13.4, 6.5 Hz, 1H), 2.71 (app. dt, J = 15.3, 7.8 Hz, 1H), 2.58
(app. dd, J=13.5, 7.4 Hz, 1H), 1.24 (s, 9H), 1.04 (d, J = 6.8 Hz, 3H)."*C NMR (125
MHz, DMSO-ds) 6 162.6, 156.8, 156.8, 148.2, 144.9, 143.3, 136.5, 136.4, 128.8,
127.1, 125.0, 116.7, 115.6, one peak under DMSO, 38.13, 34.09, 31.19, 17.44.
C24H29Ns503S2 m/z (TOF ES’) 487.8 (94%), 499.6 (M+, 100%).

3.3.1.2.15. (E)-4-((4-(2-((4-(4-hydroxy-4-methylpentyl)cyclohex-3-en-1-
yl)methylene)hydrazine-1-carbonyl)thiazol-2-yl)amino)

benzenesulfonamide (100):
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Obtained as white solid (390 mg, 77.2 %), m.p. 214-216°C, Rf (EtOAc: AcOH =
25:1): 0.71 Vmax (ATR, cm™) 3261-2932 (NH, NH,, OH), 1668 (C=0, amide),
1537 (C=C), 1327 (asym. SOz), 1151 (sym. SO2). *H NMR (500 MHz, DMSO-ds)
8 10.95 (s, 1H), 10.73 (s, 1H), 7.93 — 7.84 (m, 3H), 7.80 — 7.70 (m, 3H), 7.20 (s,
2H), 5.40 (s, 1H), 4.10 — 4.03 (m, 1H), 2.21 — 1.80 (m, 7H), 1.57 — 1.24 (m, 6H),
1.05 (s, 6H). 3C NMR (125 MHz, DMSO-dg) § 162.6, 156.8, 156.4, 144.9, 143.3,
137.5, 136.4, 127.1, 118.9, 116.7, 115.7, 68.8, 43.3, one peak under DMSO, 37.7,
29.4, 29.3, 27.6, 26.2, 22.0. C23H31Ns04S2 m/z (TOF ES°) 486.9 (100%), 505.1
(M+, 25%), 527.9 (M + Na, 10%).

3.4. Carbonic Anhydrase Inhibition
The Carbonic anhydrase catalyzed CO> hydration activity was measured using an
Applied Photophysics stopped-flow instrument.®® 20 mM Hepes (pH 7.4) as a
buffer, 20 mM NaxSOs as maintain constant ionic strength, phenol red (at a
concentration of 0.2 mM) as an indicator were used as solutions. Studied at the
maximum absorbance of 557 nm and initial rates of the CA-catalyzed CO2
hydration reaction for a period of 10-100s. The CO. concentrations used to calculate
the kinetic parameters and inhibition constants ranged from 1.7 to 17 mM.%® The
assay system's enzyme concentrations are between 5 to 12 nM. The initial velocity
was calculated for each inhibitor using at least six traces of the first 5-10% of the
reaction. The total observed rates were calculated after subtracting the uncatalyzed
rates, which were determined in the same way. The inhibitor stock solutions (0.1
nM) were prepared using deionised-distilled water and diluted the solutions with
assay buffer to 0.01nM. Enzyme and inhibitor solutions were pre-incubated at room
temperature for 15 minutes to allow the E-I complex formation prior to the assay.
The inhibition constants, which reflect the mean of at least three separate
measurements, were derived by non-linear least-squares approaches using PRISM
3 and the Cheng-Prusoff equation as previously published. As previously stated, all

CA isoforms were recombinant proteins obtained in house.®’:6869
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4. RESULTS AND DISCUSSION

4.1. The Results and Discussion of Sulfonamide-Based Thiazole-4-
Carboxylate 7a-o Derivatives
In this study, two sets of thiazole based heterocyclic molecules were synthesized.
To achieve this, 4-thioureidobenzene sulfonamide 3 was obtained using a literature
method. © Compound 3 was then subjected to a reaction with ethyl 3-
bromopyruvate 4 in ethanol under reflux conditions, resulting in the formation of
the intermediate thiazole-4-carboxylate compound 5. Subsequently, it was
converted into its carboxylic acid form. The synthesis of target sulfonamide-based
thiazole-4-carboxylate 7 a-o derivatives was achieved through the reaction of 2-((4-
sulfamoylphenyl)amino)thiazole-4-carboxylic acid 6 and corresponding alcohols,
employing an acid catalyst, in moderate to high yields. For the esterification
reactions, attempts were made to react equimolar amounts of alcohols and
carboxylic acid in different solvents such as THF and DMSO; however, the reaction
yield remained low. Subsequently, the mole ratio of alcohol in the reaction was
increased, but similar low yields were obtained. Consequently, the decision was

made to employ alcohols as solvents in the reaction process.

NH,
W\ H,0/cone. HCI s
,O/conc.
NH,SCN —M» __EtOH _
T ! A + A
SO,NH, SO,NH,
1 2 3 4
N 1. EtOH/NaOH S N_g
S : NS R-OH A1
H2N02s® P\J'/ 2. HCl(ag). HZNOZSQ 111'/ —a HzNosz N
A
HO Q
R
S 6 7a-0
Compound R Yield (%0)* Melting point
(O
Ta e 94 166-168
7b PN 91 188-190

7c )\ 53 232-234
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7d N 88 168-170

7e NN 81 153-155
7f NN 80 150-152
79 NN NN 82 161-163
7h _\_-OH 62 204-206
7il7j YOH \)\ 27 163-165
OH
7k P e 49 188-190
7l /\/\/@ 92 169-171
m PN 59 187-189
n O 65 143-145

/\/O
70 \O 61 214-216

* The yields were calculated from compound 6.

Scheme 4.1. Reaction pathway to obtain sulfonamide-based thiazole-4-
carboxylate 7a-o derivatives

Short-chain alcohols, ranging from 1-propanol, a primary alcohol with a boiling
point of 97°C, to 1-octanol, a fatty alcohol with a boiling point of 195°C, were
employed for synthesizing compounds 7a-g. These compounds were obtained with

high yields, as illustrated in Scheme 4.1.

For compounds 7a, 7b, and 7c, the corresponding solvents (alcohols) were removed
under reduced pressure and subsequently purified using silica gel column
chromatography, eluted with an EtOAc:hexane mixture in a 1:1 ratio. Regarding
compounds 7d, 7e, 7f and 7g, the solvents had higher boiling points, necessitating
evaporation. To achieve this, the mixture was refrigerated for 1-2 days, resulting in
the formation of precipitates that were subsequently filtered and washed with
hexane. If necessary, further purification was performed using column

chromatography.

Following the purification steps, the purity of the desired samples was evaluated

using a GC-MS headspace device to detect the presence of any residual reaction
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solvents. In the initial phase of the study, it was observed that short-chain alcohols
exhibited quicker reactions with carboxylic acids, resulting in higher yields, except
for 2-propanol. This disparity can be attributed to the branched and secondary
nature of 2-propanol, which renders ester formation more challenging compared to

primary alcohols.

Figure 4.1 illustrates that the target molecules (carboxylic acid to ester) were
successfully obtained, evident from the presence of -CH>CH>- hydrogens within the

range of 1 to 5 ppm on the *H NMR spectrum.
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Figure 4.1. *H NMR spectrum of 7d compound.

Symmetric and asymmetric diols, glycol ethers and cyclic alcohols were used for
synthesis of 7 h-o derivatives and the compounds were obtained in moderate yields.
Ethylene glycol, propylene glycol, diethylene glycol were used as diols for the
synthesis of 7h, 7i/7j and 7k. They were purified by extraction with EtOAc/H20
mixture, the organic layer was dried over sodium sulfate and evaporated under

reduced pressure.

The 'H NMR spectrum revealed the presence of aliphatic hydrogens within the

alcohol groups, appearing at approximately 5.0 ppm and 1.0 ppm. Nonetheless,
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observation of the OH protons in compounds 7h, 7i/7j and 7k proved elusive due

to obscuring by water originating from DMSO.

From the reaction involving compound 6 with propylene glycol (an asymmetric
diol), two isomeric mixtures, namely 7i and 7j emerged. The closely aligned
polarity and solubility of these isomers rendered them indistinguishable through
column chromatography or alternative separation techniques. The mixture's ratio of
1:1.2 (7i/7j) was determined by evaluating the proportion of the CHz group of 7i at
1.56 ppm and the CH3 group of 7j at 1.37 ppm within the *H NMR spectra, as
depicted in Figure 4.2.

Furthermore, the HRMS spectrum demonstrated the presence of a molecular ion

peak, M+18, corresponding to compounds 7i/7j as depicted in Figure 4.3.
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Figure 4.2. *H NMR spectrum of 7i/7j compounds.
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Figure 4.3. HRMS spectrum of 7i/7j compounds

Longer chain fatty alcohols such as 1-decanol and 1-dodecanol were also used
during the synthesis of sulfonamide-based thiazol-4-carboxylate 7a-o, but the
reactions could not be obtained in high yield, and purification processes were
difficult. At the same time, reactions with triol alcohol such as glycerol and cyclic
alcohols such as phenol, benzyl alcohol, anise alcohol were tried, but in some
reactions the yield was low, and some reactions did not occur at all. The reason may
be that the OH group is not far enough from the ring and the ring effect on it.

Target sulfonamide-based thiazole-4-carboxylate 7a-o derivatives were purified
and characterized with spectroscopic measurements (IR, *H NMR, *C NMR,
HRMS) and physical data (m.p. and Rf values). IR spectrum of compounds 7a-0
showed characteristic peaks for the NH between benzene sulfonamide and thiazole
ring at around 3340 cm™ and NH: group connected to benzensulfonamide at 3280
cmt, whereas were observed at 1320 cm™ asymmetric and at 1150 cm™ symmetric
vibrational frequencies for sulfonamides. Moreover ester carbonyl (C=0) was
observed at around 1700 cm™ as shown in Figure 4.4. At *H NMR spectrum,
chemical shift of protons of NH group were identified at around 10.80 ppm, and
thiazo CH group at around 7.88 ppm. And also aromatic protons of
benzensulfonamide group appeared at around 7.80 and 7.70 ppm respectively as
apparently doublet. Sulfonamide (NH2) group protons showed at around 7.20 ppm
as broad singlets as shown in Figure 4.5. At *C NMR spectrum, thiazole connected
amine carbon chemical shift is at around 162 ppm, carbonyl carbon is 160 ppm,

both equal hydrogens of aromatic ring is at around 127 and 116 ppm respectively.
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Other carbon chemical shifts in the skeletal structure are shown in detail in Figure
4.6.

The molecule 7b was chosen to show the major hydrogens, carbons and shifts in

the IR spectra in the skeletal structure.
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Figure 4.5. Expanded *H NMR spectrum of 7b
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Figure 4.6. Expanded *C NMR spectrum of 7b

The proposed mechanism for the thiazole ring cyclization reaction in the synthesis
of ethyl 2-((4-sulfamoylphenyl)amino) thiazole-4-carboxylate 5, using
thioureidobenzene sulfonamide 3 and ethyl 3-bromopyruvate 4, is depicted in
Scheme 4.2.

Scheme 4.2. Proposed thiazole ring cyclization reaction mechanism
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4.1.1. Carbonic Anhydrase Inhibition of Novel 7a-o Compounds
CA inhibitory activities of compounds 7a-o0 were investigated by applying the
stopped flow carbon dioxide hydrase assay, in comparison to standard drug
acetazolamide (AAZ) against a panel of human CA (hCA) isozymes such as hCA

I, 11, IX and XII isoforms as shown in Table 4.1.

Table 4.1. Inhibition data of human CA isoforms, standard inhibitor Acetazolamide
(AAZ) and 7a-o derivatives.

Ki (nM)*
Compound hCA | hCA I1 hCA IX hCA XII
7a 725 4.6 49.9 24.1
7b 524.3 9.0 71.1 297.1
7c 75.3 5.4 90.3 729.6
7d 2081 88.8 72.0 403.2
7e 7235 502.2 70.6 551.1
79 6545 801.3 78.9 470.6
7i17j 92.6 55 37.9 84.4
71 5697 695.9 86.8 3725
7k 255.3 32.3 26.8 57.8
7f 6390 345.3 74.3 319.2
7h 283.5 32.3 43.2 28.1
7m 73.0 5.8 35.1 9.3
7n 192.8 5.3 51.2 9.7
70 809.6 33.3 149.6 522.8
AAZ 250 12.1 25.7 5.7

* Mean from 3 different assays, by a stopped flow technique (errors were in the
range of + 5-10 % of the reported values).
On the basis of the kinetic data reported in Table 4.1., thiazole derivatives 7a-o

showed remarkable variation among the different CA isoforms.

hCA | (cytosolic widespread enzyme) was inhibited by compounds 7a-o and
showed a wide range of potency with inhibition constant (KIs) spanning from 72.5
to 7235 nM. Significant potency decreases were observed from the propyl (7a) to
the octyl moieties (7g), indicating that the length of the alkyl chain greatly
influences strength. The same activity decrease was obtained for alkoxy moieties
from 7m to 7n. The hCA Il (second abundant human cytosolic isoform), was

strongly inhibited in the low nanomolar range by most of the compounds.
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Interestingly, the length of the alkyl group also plays an important role in the
inhibitory effect of hCA 11 isoform. Indeed, we observed the potency decreased
almost 170 fold, inhibition constant (KI) is 4.6 nM for the propyl chain (7a) and is
801.3 nM for the octyl chain (7g). Conversely, the hCA IX (the tumor membrane-
associated isoform) was inhibited by 7a-0 compounds in the medium nanomolar
range. As with the other isoforms mentioned above, alkyl chain length did not play
a significant role in modulating inhibition for hCA IX isoform.This property makes
compounds 7e and 7g more selective than hCA IX. Compound 7e showed a
selectivity index of almost 7-fold and 7g over 10-fold compared to hCA Il. The
hCA XII (second tumor membrane-associated isoform), exhibited broad potency
with Kls ranging from 9.3 to 729.6 nM.The most potent compounds against this
isoform contain alkoxy chains (7m with 9.3 nM KI and 7n with 9.7 nM KI) that

proved to be key moieties for generating potent inhibitors against hCA XIlI.

4.2. The Results and Discussion of Novel Thiazole and Hydrazine-1-

Carbonyl-Based Benzenesulfonamide 10a-o Derivatives

In the second part of the study, ethyl 2-((4-sulfamoylphenyl)amino)thiazole-4-
carboxylate 5 was converted into a hydrazine carbonyl derivative using an excess
of hydrazine hydrate in ethanol under reflux conditions. Subsequently, the resulting
compound, 4-((4-(hydrazinecarbonyl)thiazol-2-yl)amino)benzenesulfonamide 9,
was subjected to various aromatic aldehydes to generate novel thiazole and

hydrazine-1-carbonyl-based benzenesulfonamides 10 a-o.

During this investigation, it was observed that benzaldehyde and salicylaldehyde
derivatives exhibited rapid reactivity with hydrazine, leading to the formation of
the desired products. Notably, the reaction involving p-NO2 benzaldehyde was
completed within approximately 0.5 hours, yielding 90%. Generally, novel
compounds 10 a-o were synthesized with high yields and easily achievable

purification procedures. The synthesis process is presented in Scheme 4.3.
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NH,

NH, HNSS
L NHSCN Hzo/zonc. HCI © 4 EfH
SO,NH, SO,NH,
1 2 3 4
Ik\]l E S R-COH lI\{I S
H2N025© ;\I‘/s ~+ NH,-NH, EtiH HZNOZSQ N SO HZNOZSQ N
HN A HN
NH, N=
5 8 9 1020 R
Comp. R Yield Melting point
(%)™ 49
10a -2-OH,3-OCH3-CgH3 92,0 284-286
10b -2-OH,3-OCH2CH3-CsH3 80,6 277-279
10c -2-OH,5-NO,-Ce¢H3 95,1 342-344 decomp.
10d -2-OH,3-OCH2CHp3; 5-NO2-C¢H> 77,6 334-336 decomp
10e -4-OCH3-CsHg4 71,9 277-279
10f -4-NO2-CsH4 90,2 282-284
10g -4-Cl-Ce¢H4 87,4 278-280
10h -4-Br-CgH4 72,1 261-263
10i -2,4-diCI-CgH3 87,2 299-301
10j -3,4-diOCH3-CeH3 88,9 283-285
10k -2,6-diCI-CeHs 85,1 290-292
101 -4-CH(CHz3)2-CeH4 70,5 232-234
10m -2-OH-C¢H4 76,7 296-298
10n  -4-C(CHa)s-CsHs-CH2-CH-(CH3)> 78,3 219-221
100 -4-(CH2)3-C-(CH3)2-OH-CeHs 77,2 214-216

*The yields were calculated from compound 9

Scheme 4.3. Reaction pathway to obtain novel thiazole and hydrazine-1-carbonyl-
based benzenesulfonamide 10a-o0 derivatives

In addition to the reactions involving aromatic aldehydes, we also subjected
straight-chain aldehydes such as hexanal, octanal and nonanal to react with
compound 9 under identical conditions. Within the initial thirty minutes, a
transformation of the intended product was evident on TLC analysis. However, by

the end of the first hour, TLC analysis revealed multiple transformations.
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Furthermore, we attempted the reactions of these straight-chain aldehydes using
various solvents, including methanol, acetonitrile and hexane. Despite the solvent
variations, the outcome remained consistent. Interestingly, an investigation into
these reactions highlighted that hexanal undergoes decomposition within the
reaction medium, attributed to its instability arising from the absence of resonance

stabilization.”*

In addition, in the continuation of this study an efficient synthesis was conducted
involving lilial and lyral molecules, recognized as essential aldehydes. The
proposed mechanism for the hydrazide-hydrazone cyclization reaction responsible

for the formation of the synthesized molecules can be seen below Scheme 4.4.
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Scheme 4.4. Proposed hydrazide-hydrazone cyclization reaction mechanism

Target thiazole and hydrazine-1-carbonyl-based benzenesulfonamide 10a-o
derivatives were purified and characterized with spectroscopic measurements (IR,
'H NMR, 3C NMR, MALDI-TOF MS) and physical data (m.p. and Rf values)

In the IR spectrum of compounds 10a-o, unlike the novel compounds 7a-o in part
1, vibrational frequencies were observed at around 3300 cm™ of amidic NH bond,
at 1520 cm™ for C=N bond and at 1650 cm™ for amidic C=0 bond. At *H NMR
spectrum, the chemical shift of new proton of amidic NH group was identified at
around 11.0 ppm, and N=CH group at around 8.6 ppm. As shown in Figure 4.7. At
13C NMR spectrum, chemical shifts of new amidic carbonyl carbon was 157 ppm
and new hyrazone carbon N=CHR was at around 147 ppm, however, the chemical
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shift of the new hyrazone carbon N=CHR can be in a wide range relative to the R
group to which it is attached, as shown in Figure 4.8. The molecule 10h was chosen

to show the chemical shifts of new protons and carbons on spectra.
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In the following of the above study, we tried several methods to convert obtained

hydrazide-hydrazone derivatives to oxadiazole derivatives. 1 eq of (E)-4-((4-(2-(4-

methoxybenzylidene)hydrazine-1-carbonyl)thiazol-2-yl)amino)

benzenesulfonamide 10e compound was reacted with different reaction conditions,

reagents and solvents to obtain oxadiazole form but no conversion was observed.

H,NO,S

o SNV vg -]

L 1L, 111, IV and V
b Reaction conditions

10e o~

hydrazide-hydrazone derivatives

et

oxadiazole derivatives

4.0 eq. 30% H,0; in ag.

Reagents Solvents Temp. /Time
12eq. 2
| 5 ml DMSO 100°C / 1-2 hr
3.0 eq. K:COs3
12eq. |2
1 5 ml DMSO rt/ 24 hr
3.0 €qg. K>CO3
o 2.5 ml Acetic
11 1.25 ml Pyridine ] rt/ 24 hr
Anhydride
2.0 eg. Sodium acetate anhydrous 3 ml Glacial
v o rt/ 24 hr
2.0eq. I2 Acetic acid
2.0 eg. KoCO3
\Y/ 2.0eq. I, 5 ml DMSO rt/ 24 hr

Scheme 4.5. Attempted rections of sulfonamide thiazoles to obtain oxadiazole
derivatives
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4.2.1. Carbonic Anhydrase Inhibition of Novel 10a — 0 Compounds

CA inhibitory activities of compounds 3, 5, 9 and 10a-o0 were investigated by

applying the stopped flow carbon dioxide hydrase assay, in comparison to standard

drug acetazolamide (AAZ) against a panel of human CA (hCA) isozymes such as
hCA 1, 1, IX and XII isoforms as shown in Table 4.2.

Table 4.2. Inhibition data of human CA isoforms, standard inhibitor Acetazolamide
(AAZ) and 3, 5, 9 and 10a-o derivatives.

Ki (nM)*
Compound  hCA hCAIl  hCAIX hCAXII

3 470.7 70.0 32.9 37.3

5 132.2 61.5 58.6 86.7

9 87.9 58.4 92.3 74.4
10a 254.1 33.4 63.5 32.9
10b 310.2 46.9 58.7 44.5
10c 540.9 81.0 88.3 55.8
10d 807.5 125.8 90.0 64.3
10e 180.0 26.8 97.3 56.6
10f 556.3 93.2 86.8 66.6
10e 643.9 63.9 773 88.7
10h 766.6 98.8 62.3 73.6
10i 1002 237.0 40.1 54.4
10j 230.2 91.9 76.6 34.4
10k 798.8 314.1 69.5 83.2
101 702.9 171.2 47.7 74.2
10m 78.2 39.3 53.7 31.8
10n 282.9 121.6 36.5 52.9
100 193.4 164.8 78.7 43.6
AAZ 250.0 12.5 26.0 57

*Mean from 3 different assays, by a stopped flow technique (errors were in the
range of + 5-10 % of the reported values).

The cytosolic isoform hCA | was inhibited by compounds 3, 5, 9 and 10a-o with a

wide range of potency, inhibition constants (Kis) spanned from 78.2 to 1002 nM.

Especially, intermediate compounds 5, 9 and aryl groups containing OH moiety,

10m and methoxy moieties, 10e, j and 100 molecules have better inhibitor potency

then standard AAZ.
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The second abundant human cytosolic isoform, hCA 11, was strongly inhibited by
almost no compounds reported here in the low nanomolar range. Kis is ranging
between the medium-high nanomolar range (26.8-314.1 nM). Although they are far
from the standard AAZ inhibition value, the closest value is 26.8, which is 10e

compound.

On the other hand, the tumor membrane-associated isoform hCA 1X was inhibited
by compounds in the low nanomolar range, but not as much as the standard AAZ.
The inhibition values of compounds 3, 10i and 10n are closest to the standard AAZ
for hCA IX.

For the second tumor membrane-associated isoform, hCA XII, the synthesized
compounds were observed to act as weak inhibitors of hCA XII, with K;s ranging

from 31.8 to 88.7 nM, although they were inhibited at low nanomolars.
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5. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, a total of 15 novel compounds of sulfonamide-based thiazole-4-
carboxylate 7a-o were synthesized in first part using thiazole cyclization reaction
of 4-thioureidobenzene sulfonamide 3 and ethyl 3-bromopyruvate 4. Subsequently,
the intermediate compound thiazole-4-carboxylate 5 converted to its carboxylic
acid form 6 and target sulfonamide-based thiazole-4-carboxylate 7a-o derivatives
were synthesized through esterification reaction of corresponding alcohols,
yielding moderate to high yields. In the second part, a total of 15 novel compounds
of thiazole and hydrazine-1-carbonyl-based benzenesulfonamide 10 a-o were
synthesized. This was achieved by initiating the carbonyl hydrazide formation
reaction between the intermediate compound thiazole-4-carboxylate 5 and
hydrazine hydrate. Furthermore, the second target compounds, thiazole and
hydrazine-1-carbonyl-based benzenesulfonamide 10a-o0 derivatives, were
successfully synthesized through a hydrazide-hydrazone formation reaction
involving 4-((4-(hydrazinecarbonyl)thiazol-2-yl)amino)benzenesulfonamide 9 and
corresponding aldehydes, yielding high yields for the majority of cases. The
structure characterizations of all synthesized compounds were illuminated by
physical (m.p, Rf) and spectral data (IR, *H NMR, **C NMR, MALDI-TOF MS and
HRMS). Furthermore, carbonic anhydrase inhibition activities of novel synthesized
compounds were investigated using human isoforms hCA 1, 1I, IX and XII to
comparing standard carbonic anhydrase inhibitor drug Acetazolamide (AAZ).
Compounds 7a-0 and 10a-o0 showed a wide range of inhibiton potency to hCA I.
Especially, 7a, 7c, 7i/7j, 7m, 7n and 10e, 10j, 10m, 100 have shown higher
inhibition potential as compared to Acetazolamide (K; = 250 nM. For hCA I, it
was strongly inhibited by most 7a-o derivatives in the low nanomolar range (Kl <
12.5 nM) so 7a, 7b, 7c, 7i/7j , 7m and 7n molecules were observed act as strong
inhibitors of hCA Il but 10a-o derivatives not inhibited at sufficiently low
nanomolar levels. On the other hand, hCA 1X and hCA XII were weakly inhibited
by almost all newly synthesized compounds compared to AAZ.
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7. APPENDICES

Figure 7.1. IR spectrum of compound 3
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Figure 7.2. *H NMR spectrum of compound 3
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Figure 7.4. HRMS spectrum of compound 3
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Figure 7.5. IR spectrum of compound 5
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Figure 7.6. 1H NMR spectrum of compound 5
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Figure 7.8. HRMS spectrum of compound 5
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Figure 7.10. *H NMR spectrum of compound 6
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Figure 7.11. *3C NMR spectrum of compound 6
w102 [+4PCI Scan (0.206-0.400 mik, 13 scans] Frag=150.0v ECTE5.d
7. 20001018
[
5_
4
3_
2_
11 30m.01z3 302.00841
2995 300 300.5 301 3015 02 025 303 035 04 3045

Counts [%] we. Mazz-to-Charge [m/z)

Figure 7.12. HRMS spectrum of compound 6
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Figure 7.14. *H NMR spectrum of compound 7a
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Figure 7.16. HRMS spectrum of compound 7a
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Figure 7.18. *H NMR spectrum of compound 7b
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Figure 7.20. HRMS spectrum of compound 7b
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Figure 7.21. IR spectrum of compound 7c
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Figure 7.22. *H NMR spectrum of compound 7¢

73

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500




EC 169- CARBON NMR

- wes o o
29 gg2 2 9 o o
o —wa o -~ o S 30
82 PRIN kN o3 I %
8% §35 § g8 3 5
g2 35 & &E g g
V! f1 R 28
26
24
r22
:.;! S F20
NS,
(12
@) i N— r18
U\\<,/‘\\/
S 0 .
Y 'NH, (o]
ri4
//
7c
ri12
r10
r8
ré
! F4
[ |
r2
Wb -
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure 7.23. 13C NMR spectrum of compound 7¢
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Figure 7.26. *H NMR spectrum of compound 7d
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Figure 7.28. HRMS spectrum of compound 7d
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Figure 7.31. 13C NMR spectrum of compound 7e
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Figure 7.36. HRMS spectrum of compound 7f
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Figure 7.40. HRMS spectrum of compound 7g
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Figure 7.42. *H NMR spectrum of compound 7h
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Figure 7.43. 13C NMR spectrum of compound 7h
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Figure 7.44. HRMS spectrum of compound 7h
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Figure 7.46. *H NMR spectrum of compound 7i/j
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Figure 7.47. 13C NMR spectrum of compound 7i/j
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Figure 7.48. HRMS spectrum of compound 7i/j
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Figure 7.50. *H NMR spectrum of compound 7k
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Figure 7.57. IR spectrum of compound 7m
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Figure 7.66. *H NMR spectrum of compound 70
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Figure 7.74. *H NMR spectrum of compound 10a
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Figure 7.78. *H NMR spectrum of compound 10b
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Figure 7.84. MALDI-TOF MS spectrum of compound 10c
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Figure 7.96. MALDI-TOF MS spectrum of compound 10f
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Figure 7.107. *3C NMR spectrum of compound 10i
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Figure 7.108. MALDI-TOF MS spectrum of compound 10i
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Figure 7.109. IR spectrum of compound 10j
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Figure 7.112. MALDI-TOF MS spectrum of compound 10j
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Figure 7.114. *H NMR spectrum of compound 10k
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Figure 7.116. MALDI-TOF MS spectrum of compound 10k
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Figure 7.118. *H NMR spectrum of compound 10l

121



EC-273-CARBOMN_01

ol o mmmn | tgmko -
g £ 2%¥3% g8RRs =22
1451 A AV H,NO,S

5

10

—334
237

2200

2100

2000

1900

1800

1700

1600

1500

1400

1300

~1200

~1100

1000

200

800

700

600

500

400

300

200

rio0

=100

; T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

1L ppyg
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Figure 7.120. MALDI-TOF MS spectrum of compound 10l
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Figure 7.122. *H NMR spectrum of compound 10m
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Figure 7.124. MALDI-TOF MS spectrum of compound 10m
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Figure 7.126. *H NMR spectrum of compound 10n
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Figure 7.127. *3C NMR spectrum of compound 10n
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Figure 7.128. MALDI-TOF MS spectrum of compound 10n
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Figure 7.130. *H NMR spectrum of compound 100

127

T T T T T T

25 20 15 10 05 00

-03 -1.0

-1.5 -2.0



EC-277-CARBON_01 36000

34000

32000

30000

—162.6

1568
L1564
1449
~1433
1315
1364
—1271
PRIy
ST
88
—a433
—~39:5-Bi
4

28000

26000

. ‘
N\fs k24000
OIS
H,NO,S o 1 i-22000
HN
N:

20000
18000
16000

100
k14000

HO 12000

r1o000

8000

6000

4000

| il || “ .\ i|¢ “_‘_M" M :zouu

T T T T T T T T T T T ; T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

Figure 7.131. 13C NMR spectrum of compound 100
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Figure 7.132. MALDI-TOF MS spectrum of compound 100
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