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ABSTRACT

ONE-POT THREE-COMPNENT SYNTHESIS AND
CHARACTERIZATION OF NITRO-INDENO-THIAZOLO-

PYRIDINES IN PEG-400/AcOH
MASTER THESIS
ABDULKAREEM HANOON
BOLU ABANT IZZET BAYSAL UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: PROF. DR. CEVHER ALTUG
CO-SUPERVISOR ASSIST. PROF. DR. CEM GOL)
BOLU, JULY 2023
(XVII + 58)

In this study, an efficient and eco-friendly method has been developed for the
synthesis of a selected library of nitro-indeno-thiazolo-pyridine containing
heterocyclic scaffold, via one-pot three-component reactions. In order to obtain
desired products, 1,3-indandione, 2-nitro methylenethiazolidine and aromatic
aldehyde derivatives were mixed in polyethylene glycol and acetic acid system
under reflux temperature. The multi-component reaction (MCR) occurs first
through Knoevenagel condensation followed by Michael addition. The products’

yields range from moderate to good. All products were characterized by physical

(m.p.) and spectroscopic (IR, 'H NMR, '3C NMR, and LC/MS) methods.

KEYWORDS: Heterocylic Compounds, Multi-Component Reactions (MCRs),

1,3-Indandione, Thiazolo[3,2-a]pyridines, 2-nitro methylenethiazolidine.



OZET

INDENO-TIYAZOLO-PIiRIDINLERIN PEG-400/ACOH
ICERISINDE TEK KAPTA UC BILESENLI SENTEZIi VE

KARAKTERIZASYONU

MASTER TEZi
ABDULKAREEM HANOON
BOLU ABANT iZZET BAYSAL UNIVERSITESI
LiSANSUSTU EGIiTIM ENSTITUSU
KIMYA ANABILIM DALI
(TEZ DANISMANI: PROF. DR.CEVHER ALTUG
YARDIMCI TEZ DANISMANI DR.OGRT.UYESI CEM GOL)
BOLU, TEMMUZ - 2023
(XVII + 58)

Bu caligmada, nitro-indeno-tiyazolo-piridin heterosiklik yap1 birimi igeren yeni
bir kiitliphanenin tek kapta ii¢ bilesenli reaksiyonla 1-4 saatte sentezlenmesi i¢in
verimli ve g¢evre dostu bir yontem gelistirilmistir. 1,3-Indandion, 2-
nitrometilentiyazolidin ve aromatik aldehit tiirevleri polietilen glikol ve asetik asit
sisteminde kaynama sicakliginda karistirilarak istenilen iiriinler elde edildi. Cok
bilesenli reaksiyon (MCR), 6nce Knoevenagel kondenzasyonu ve ardindan
Michael katilmasi yoluyla gergeklesir. Uriinlerin verimleri orta ile iyi arasinda
degismektedir. Tiim iiriinler, fiziksel (m.p.) ve spektroskopik (IR, 'H NMR, '3C
NMR ve LC/MS) yontemlerle karakterize edildi.

ANAHTAR KELIMELER: Heterohalkali bilesikler, Cok Bilesenli
Reaksiyonlar (CBR), 1,3-indandion, Tiyazolo [3,2-a] piridin, nitro
metilentiyazolidin.

Vi



TABLE OF CONTENTS

Page
APPROVAL OF THE THESIS ... iii
ETHICAL DECLARATION..........oieeeeeee e iv
ABSTRACT ..o \
OZET ...ttt vi
TABLE OF CONTENTS ..o vii
LISTOFTABLES. ..o X1
LIST OF SCHEME ...........coooiiiiiieee e xii
FORMULALE ... s Xiv
1. INTRODUCTION..........ooooieeeeeeeeete e 1
1.1. Definition Of Multi-Component Reactions (MCRS).........ccccccvveeiiienveennee. 1
1.2. History Of Multi-Component Reactions (MCRS) .........ccceceeverienieneriennne 1
1.3. Some Important Drug-Like Structure Synthesized by MCRs...................... 4
1.4. Indan-1,3-dione CompoUNdS .........c.ceereuireriiireriieerieeeriee e eeeeeereeeeree e 6
1.5. Synthetic Methods Of Indan-1,3-dione...........ccoeeveeiiieniiniiieniecieieeieeee, 7
1.6. Thiazolo[3,2-a]pYIidines ........ccceerieeiieniieeiieiieeie ettt 12
1.7. Some Reactions For Thiazolopyridine Synthesis...........cccccvvviviiiniieinnnnns 13
2. AIM AND SCOPE OF THE STUDY .......coooooieeeeeeee 17
3. EXPERIMENTAL ..o 18
3.1. Materials ANd APPAratus ..........eeeeueeeeiiireeiiieeriieerieeeseeeesveeeieeesaeeesreeees 18
3.2.  General Procedure For Synthesis Of Thiazolo[3,2-a]pyridine
DIEIIVALIVES. ...ttt sttt ettt et st 19
3.2.1. 4-Nitro-5-phenyl-1,2-dihydroindeno[2,1-e]thiazolo[3,2-a]pyridin-
O(SH)-0NE (42) .ttt e e e e e e ar e e e e saaaee s 20
3.2.2. 4-Nitro-5-(3-nitrophenyl)-1,2-dihydroindeno[2,1-e]thiazolo[3,2-
a]pyridin-6(SH)-0N€ (4D) ....vviiiiiieiee ettt 20
3.2.3. 5-(2,4-Dimethoxyphenyl)-4-nitro-1,2-dihydroindeno[2,1-
e]thiazolo[3,2-a]pyridin-6(SH)-0n€ (4C) ..cveieeiieeiieeieeee e 21
3.2.4. 5-(4-Hydroxy-3,5-dimethoxyphenyl)-4-nitro-1,2 dihydroindeno[2,1-
e]thiazolo[3,2 a]pyridin-6(5H)-0ne (4d).......cccvveeeiiieniiieeieeeie e 21
3.2.5. 5-(4-Chloro-3-nitrophenyl)-4-nitro-1,2-dihydroindeno[2,1-
e]thiazolo[3,2-a]pyridin-6(SH)-0N€ (4€) ...ccceevruierireiienieeiieeie et 22

Vii



3.2.6.  4-Nitro-5-(m-tolyl)-1,2-dihydroindeno[2,1-¢]thiazolo[3,2-a]pyridin-

O(SH)-0NE (ALt e ea 22
3.2.7. 4-Nitro-5-(p-tolyl)-1,2-dihydroindeno[2,1-e]thiazolo[3,2-a]pyridin-
O(SH)-0MNE (AE) .veeeerieeeiieeiiee et eete e tte et e et e e et e e st e e sbeeesreeesnseeensseessaeeans 23
3.2.8. 5-(3-Fluorophenyl)-4-nitro-1,2-dihydroindeno[2, 1 -e]thiazolo[3,2-
a]pyridin-6(SH)-0n€ (4h) ....ooieieiieeeee e 23
3.2.9. 5-(Naphthalen-2-yl)-4-nitro-1,2-dihydroindeno[2,1-¢e]thiazolo [3,2-
A]pYridin-6(SH)-0N€ (A1) ..c.veiieiieeiiieeeieeeee et e e 24
3.3.10.  5-(3-Chlorophenyl)-4-nitro-1,2-dihydroindeno[2,1-e]thiazolo [3,2-
A]pYridin-6(SH)-0N€ (4]).cveeiiieiieiiieieeieee ettt st 24

4. RESULTS AND DISCUSSION ..o 25
4.1. The Results And Discussion Of Synthesis (4a-4]) ..cccoeevvveevcreeeriieeenieeenen. 25
4.2. Mechanism Of The Synthesis.........cccceeriiieriieeiiieceece e 29
5. CONCLUSIONS AND RECOMMENDATION.............ccccoevueneee. 31
6. REFERENCES ..., 32
T.APPENDICES ..o, 40

viii



LIST OF FIGURES

Figure 1.1. Crixivan, an anti-HIV drugs, incorporates Ugi-4CR. ............cceeenenn. 4
Figure 1.2. Nifedipine was synthesized by the Bayer AG Corporation in a single
] 1<) o SO PO PP OPP PP 5
Figure 1.3. Nocardicin was synthesized by Hoffmann-La Roche scientists in
BASEL. . 5
Figure 1.4. Potentially reachable via MCRs are offered products. ..........cccccevennee 6
Figure 1.5. General structure of 1,3-Indandione. ...........cccoecveevieniiiiieniieiieieee. 7

Figure 1.6. Some of substituted 1,3-indanedione compounds were synthesized....9

Figure 1.7. S-(2,6-diphenyl-1,3,5,7-tetraoxo hydrindacene and
ChIOTOPRACINONE. ...eovviieiiieiiieiieiie ettt ettt st e s e eaae e 10

Figure 1.8. Some of the substituted 1,3-indanedione compounds (diphenadione,
Oxazepinone, (1,3-indandione dithio-semicarbazide)............cccceeevviverrieennennns 11

Figure 1.9. Six isomeric pyridine rings make up the category of
th1aZOlOPYTIAINES. ...eecvviieeiieeiiie ettt eve e s e e e e e enbeeenaeeas 12

Figure 4.1. Explain 'H NMR to the (a,b,c) signals to 4b. ..........c.ccceevvvvvvvrrrnennnn. 26

Figure 4.2. Fluorine-carbon coupling for 4h.... Hata! Yer isareti tammlanmamus.

Figure 7.1. IR spectrum of compound 4a.............ccccovueviiniiiienienenienieeeieeeee 40
Figure 7.2. '"H NMR (500 MHz, DMSO) spectrum of compound 4a................... 40
Figure 7.3. 3C NMR (125 MHz, DMSO) spectrum of compound 4a.................. 41
Figure 7.4. LC/MS spectrum of compound 4a............ccccceeveeeviieniieencieeeree e, 41
Figure 7.5. 1R spectrum of compound 4b ...........cccovveviiiiiiiiienieeieeee e 42
Figure 7.6. '"H NMR (500 MHz, DMSO) spectrum of compound 4b................... 42
Figure 7.7. LC/MS spectrum of compound 4b ..........ccceoeeieniininneniineeieneene, 43
Figure 7.8. IR spectrum of compound 4¢€.........c..cooerviiriiniriienieninenieeeieeeee 43
Figure 7.9. '"H NMR (500 MHz, DMSO) spectrum of compound 4c.................... 44
Figure 7.10. 3C NMR (125 MHz, DMSO) spectrum of compound 4ec................ 44
Figure 7.11. LC/MS spectrum of compound 4¢€...........cceevveeeeieeniieencieeenreeeeen. 45
Figure 7.12. IR spectrum of compound 4d ............cccoeeviiieniiieniiiieiie e 45
Figure 7.13. '"H NMR (500 MHz, DMSO) spectrum of compound 4d................. 46
Figure 7.14. 3C NMR (125 MHz, DMSO) spectrum of compound 4d ............... 46

iX



Figure 7.15.
Figure 7.16.
Figure 7.17.
Figure 7.18.
Figure 7.19.
Figure 7.20.
Figure 7.21.
Figure 7.22.
Figure 7.23.
Figure 7.24.
Figure 7.25.
Figure 7.26.
Figure 7.27.
Figure 7.28.
Figure 7.29.
Figure 7.30.
Figure 7.31.
Figure 7.32.
Figure 7.33.
Figure 7.34.
Figure 7.35.
Figure 7.36.
Figure 7.37.

LC/MS spectrum of compound 4d ............cceevvieriienieniiienieeieeen. 47

IR spectrum of compound 4e............ceevveeiiieniiienieniieieeie e 47
'"H NMR (500 MHz, DMSO) spectrum of compound 4e.................. 48
13C NMR (125 MHz, DMSO) spectrum of compound 4e................ 48
LC/MS spectrum of compound 4e..........ccceeeeveeeiieeeiieeniieeeiee e, 49
IR spectrum of compound 4f ............ccooeviiiiiiiiiiiee e 49
'"H NMR (500 MHz, DMSO) spectrum of compound 4f ................. 50
3C NMR (125 MHz, DMSO) spectrum of compound 4f ................ 50
LC/MS spectrum of compound 4f ............cccoeviiiiiiiieniiieieeieee, 51
IR spectrum of compound 4@............ccceeeviieeiiieniieeciieeeee e 51
"H NMR (500 MHz, DMSO) spectrum of compound 4g................. 52
13C NMR (125 MHz, DMSO) spectrum of compound 4g................ 52
LC/MS spectrum of compound 4@............ccceevvieniienieniiieniienieeinen. 53
IR spectrum of compound 4h ..........cccoooiieiiiiiiiiiieiiieee e 53
'"H NMR (500 MHz, DMSO) spectrum of compound 4h................. 54
13C NMR (125 MHz, DMSO) spectrum of compound 4h ............... 54
LC/MS spectrum of compound 4h ..........ccoeevieiiiieiiiiieieeeeeeen, 55
IR spectrum of compound 4 ...........cccvveviiiieiiieniieece e 55
'"H NMR (500 MHz, DMSO) spectrum of compound 4i.................. 56
LC/MS spectrum of compound 4 ...........cccceeeeeieriienieniiieniieeieeien. 56
IR spectrum of compound 4 ..........ccceevieeiiieniienienieeieee e 57
1H NMR (500 MHz, DMSO) spectrum of compound 4j.................. 57
LC/MS spectrum of compound 4j .......cceeeveeeeveeeiieeniieeeieeeiee e, 58



Table 4.1. Synthesis of 4a-4j

LIST OF TABLES

Xi



LIST OF SCHEME

Scheme 1.1. The Strecker three-component process yields amino acids. ............... 2

Scheme 1.2. Arthur Rudolf Hantzsch invented the synthesis of, 4-
AIhyAropYIIAINe. .....oooviiiiieiieeieeee et es 2

Scheme 1.3. Dihydropyrimidinone synthesis in one-pot by Biginelli reaction.......2

Scheme 1.4. Mannich base synthesis is based on a-amino-carbonyl synthesis. .....3

Scheme 1.5. Passerini's three-component synthesis of acyloxycarboxamides........ 3
Scheme 1.6. Ugi reaction-based synthesis of a-acylamino amide. ......................... 4
Scheme 1.7. Synthesis of indane-1,3-dione by Perkin reaction. ...........ccccevvennne 7

Scheme 1.8. Obtained 1,3-indanedione by Perkin reaction from phthalyl acetic
deid. ... W ... T ST e 7

Scheme 1.9. Synthesize of substituted 1,3-indanedione compounds by using
sodium methoxide as a catalyst. ........cccveeriiieriiiieiiie e 8

Scheme 1.10. Synthesized some of substituted 1,3-indanedione compounds from

PHERALIAC. c..eiiiiiie et et et 9
Scheme 1.11. Marzoog S. Al-Thebeiti synthesized compounds of

110 V0] (0] 037 5 [ 11 4 1< SRS 13
Scheme 1.12. Thiazolo[4,5-b]pyridine-2(3H)-thione is produced by refluxing

potassium ethyl xanthate in NMP...........cccoooiiiiiiiiiiiie e 14
Scheme 1.14. Terzidis' synthesis of thiazolopyridine compounds. ....................... 15

Scheme 1.15. Synthesis of thiazolo[3,2-a]pyridin-8-yl-phosphonate derivatives

USING MRS, ..ottt ettt e ebeeaee e 16
Scheme 3.1. Synthesis of Thiazolo[3,2-a]pyridine derivatives 4a-4j.................... 19
Scheme 4.1. Mechanistic explanation for the formation. ............ccccoeeevieeecieeennn.. 30

Xii



MCRs

AcOH
PEG

Ar
1,4-DHP
NLO
NMP
CDK2
ArOH

p

EtOH
13C NMR
COOH
CDCls-d
cm’!
CH30ONa
DMSO-ds
Et:N
EtOAc
'H NMR
HIV
H20:

IR

KBr

m.p.

rt

TLC
THF

uv

LIST OF ABBREVIATIONS AND SYMBOLS

: Multi-component reactions
: Alpha

: Acetic acid

: Polyethylene glycol

: Aryl or aromatic

: 1,4-dihydropyridines

: Nonlinear optical

: N-Methyl-2-pyrrolidone

: Cyclin-dependent kinase 2

: Phenol or aromatic alcohol

: Beta

: Ethanol

: Carbon nuclear magnetic resonance
: Carboxylic acid

: Deuterated chloroform

: Reciprocal centimeter

: Sodium methoxide

: Deuterated dimethyl sulfoxide

: Triethyl amine

: Ethyl actetate

: Proton nuclear magnetic resonance
: Human immunodeficiency viruses
: Hydrogen peroxide

: Infrared

: Potassium bromide

: Melting point

: Room temperature

: Thin-layer chromatography

: Tetrahydrofuran

: Ultraviolet

xiii



FORMULAE

Xiv



XV



ACKNOWLEDGEMENTS

This thesis is based on the experimental work carried out in the organic
chemistry research laboratory at Bolu Abant Izzet Baysal University from 2020 to
2023.

I want to thank my advisor, Prof. Dr. Cevher ALTUG, for allowing me to
work on my master thesis under his qualified guidance. I am extremely astonished
by his great chemical understanding and motivated by his research commitment.
Whenever I have a chemical difficulty, he always seems to have a solution. My
thesis would have been an exhausting and intimidating undertaking without his

great tolerance, kind knowledge, and advise.

Immeasurable gratitude go to my parents, my brothers and sisters I hope that
one day I will be able to assist others in achieving their goals in the same way that

I was supported.

I am very thankful to everyone in the BAIBU Chemistry research laboratory
group with whom I had the pleasure of working during those years,
Assist.Prof.Dr.Cem GOL, Prof. Dr. Sedat CETIN, Assoc.Prof.Dr. Akin SAGIRLI,
Dr.Esra CANER, Dr.Lange Yakubu SALEH.

XVi



To my big family

XVii



1. INTRODUCTION

1.1. Definition Of Multi-Component Reactions (MCRs)

Multi-Component Reactions (MCRs) are synthetic chemical reactions that
involve the simultaneous combination of three or more reactants to form a single
product molecule. Unlike traditional sequential reactions that require multiple steps,
MCRs enable the efficient and rapid construction of complex molecules in a single
step, They are typically employed to synthesize target molecules in a single step (as
there is no need to identify intermediates and only one reaction vessel is required
instead of costly equipment’s),l!! saving time, and high-throughput production of
tiny chemical compounds,®! low cost, high yield (whole conversion), low energy,
in addition to being environmentally friendly work steps (are acknowledged as
green chemical processes).®) Which makes it important as a result of its wide
benefits as it has been used to generate diversity-oriented and biased combinatorial
libraries, to synthesize extremely complex natural products, and to mass-produce
therapeutic candidates,!*! as a result, MCRs has attracted a lot of attention recently
in the medical and pharmaceutical fields,” such as antimicrobial, antibacterial,
glucosidase inhibitor,! antidyslipidemic and antioxidant activities,”) and
antimalarial drug.’®! Since 1995, MCR research has naturally evolved into a rapidly
developing subject area of chemical synthesis, many reviews and researchers that
partly concentrate on various techniques for finding new MCRs garnering the

attention of both academic and industrial fields.[’

1.2. History Of Multi-Component Reactions (MCRs)

Over 150 years, in view of its importance and characteristics, the research
was deepened by studies and research about MCRs. The first example of MCRs
was proposed by Adolph Strecker in 1850,[!% which is known as Strecker reaction.
He produced a-amino nitrile (7) in a single step by reacting an amine (ammonia)
(5), hydrogen cyanide (6), in addition to an aldehyde (1), one of the best promising
properties of this reaction is desired amino-acid (8) can be obtained by further

hydrolysis of an a-amino nitrile (Scheme 1.1).



Q NH2  pomcr 2
U+ NHy +HON ——— | = 2

R -H,O R CN R COOH
1 5 6 7 8

Scheme 1.1. The Strecker three-component process yields amino acids.

1,4-Dihydropyridines (also known as the 1,4-DHP compound) prepared by
Arthur Rudolf Hantzsch via MCRs in 1882,[!!l this reaction is made up of four
components, substituted dihydropyridines obtained (10) from ammonia (5),

aldehyde (1), in addition to two B-ketoesters equivalents (9) (Scheme 1.2).

R1
CO,Et 0 CO,Et CO,Et
2 l + NHy + o Uy 5 ||
R2 0] 1 2 R2 N R2
H
9 5 1 10

Scheme 1.2. Arthur Rudolf Hantzsch invented the synthesis of, 4-dihydropyridine.

In 1893, dihydropyrimidinones (14) was prepared by Italian chemist Pietro
Biginelli.''”! To accomplish dihydropyridines’, reaction of cyclo-condensation of
ethyl B-ketoester (11), urea (13), and benzaldehyde (12), reacted in the presence of
an acid as catalyst under reflux temperature. The product of Biginelli reaction has
been commonly employed in the pharmaceutical industry such as calcium channel

blockers and hypertension medicines (Scheme 1.3).113!

0 0 NH
> |
oj\ . @H +H3NJ\NH2 EtOH, Reflux Nko

11 12 13 14

Scheme 1.3. Dihydropyrimidinone synthesis in one-pot by Biginelli reaction.



In 1912, Carl Mannich discovered the Mannich reaction.l'* It is a chemical
process used to create a-aminocarbonyl (18) compounds by using formaldehyde

(15), secondary amine (16), and ketones (17), via MCRs (Scheme 1.4).

0]
JCJ)\ lTI i Ra /\Hj\
N
H H + R1/N\R2 + \)k > é1
15 16 17 18

Scheme 1.4. Mannich base synthesis is based on a-amino-carbonyl synthesis.

Mario Passerini proposed the first isocyanide-based multi-component
reactions (IMCRs) in 1921.1'* Which is known as the Passerini-three component
reaction (P-3CR), and P-3CR provides for the one-step synthesis of a-acyloxy-
carboxamides (21), by reacting carboxylic acid (19) as nucleophile, aldehyde or a

ketone (1), and an isocyanide (20) (Scheme 1.5).

0 0 H R j\
+ | > N
0]
19 1 20 21

Scheme 1.5. Passerini's three-component synthesis of acyloxycarboxamides.

Continuing the evolution and history of MCRs, the Ugi-four component
reaction (U-4CR) is an isonitrile-based MCR that offers a quick way to prepare a-
acylamino amide derivatives (23),'% obtained from the reaction of carboxylic acids
(19), primary amines (22), aldehydes (1), and isocyanides (18). Furthermore, U-
4CR has enhanced its efficiency in synthesizing a variety of organic compounds
and macro-cyclic molecules, due to the extraordinary flexibility of the Ugi reaction

when applied to various functional groups (Scheme 1.6). 7]



hy j Y A
+ N X
R, OH * RH RNC + Ny = R R’?‘ I Ra
4
19 1 20 22 23

Scheme 1.6. Ugi reaction-based synthesis of a-acylamino amide.

Additionally, the integration of new MCR chemistries with recent concepts
and advancements in virtual screening of chemical libraries needs a
chemoinformatics strategy that is both integrated and comprehensive, MCRs have
been demonstrated to be the most efficient method to a wide range of chemical

synthetic issues, particularly the synthesis of natural-product-like compounds.!®!

1.3. Some Important Drug-Like Structure Synthesized by MCRs

Merck&Co developed a synthesis in which Ugi-type MCR is essential for
the manufacture of its inhibitor Crixivan (Indinavir) (Figure 1.1), HIV protease
inhibitors are recognized for their lengthy synthesis procedures, which make up at
least 15 synthetic steps and make their manufacturing costly, as a result, the period

will be shorter, easier, and more productive.['"]

| Crixivani
N (Indinavir)

$Bu
HN

Figure 1.1. Crixivan, an anti-HIV drugs, incorporates Ugi-4CR.

Based on the Hantzsch synthesis, Nifedipin (Adalat®) (Figure 1.2) prepared
by the Bayer AG company, one of its most important applications is as a calcium

channel blocker and treatment for cardiovascular disease. Bayer chemists



constructed a biased chemical library by changing the amine, aldehyde, and B-
ketoacidester components, but only after Nifedipin had already been approved for

use as a blood pressure lowering drug.[>"]

Nifedipine

Figure 1.2. Nifedipine was synthesized by the Bayer AG Corporation in a single
step.

Hoffmann-La Roche scientists in Basel created the first library of tiny drug-
like compounds utilizing MCR chemistry in 1981, providing a library of
Nocardicin A analogues (Figure 1.3).12!]

_OH
N
A OH
NH, \;\ \‘)©/
N
HOOC/k/\O © S

COOH

Nocardicin

Figure 1.3. Nocardicin was synthesized by Hoffmann-La Roche scientists in Basel.

Ugi-3 component reactions are involving different isocyanides, aldehydes,
and secondary amines can be used to synthesize the family of local anaesthetics,
these compounds were created through traditional chemistry in the 1950s, resulting
in multiple commercialized goods through various firms. With today's techniques,
the entire class of these chemicals would be created via library synthesis in a single
experiment and patented by a single company some of these compounds, Xylocain,

Prilocaine, Tocainidin, and Aptocain (Figure 1.4).12?!



o ™ Q f
NJ\/N\/ N)H/ ~
H H

Xylocain Prilocaine
H H
N NH N N; 7
') O
Tocainidin Aptocain

Figure 1.4. Potentially reachable via MCRs are offered products.

1.4. Indan-1,3-dione Compounds

Indan-1,3-dione compounds are aromatic compounds with a molecular
structure that is like that of the phthalic anhydride molecule, except for the oxygen
atom, where the benzene atom is linked to a five membered ring as a diketone
structure, and the acetophenone is a substitute in the alpha site of the phenyl ring,
which has the general structure (Figure 1.5). Indan-1,3-dione is a flexible and
increasingly crucial key component in chemical synthesis, Indan-1,3-dione has
been intensively studied as a synthetic intermediary for the synthesis of a wide
range of biologically active molecules, in medicine frequently used as
anticoagulants to prevent blood clots and treat a wide range like deep vein
thrombosis and pulmonary embolism, warfarin and phenindione are two examples
of indandione compounds.”*) Furthermore, indane-1,3-dione is also an electron
acceptor frequently employed in the manufacture of dyes for solar cell applications,

photopolymerization initiators, and chromophores for NLO applications.*¥



O

Figure 1.5. General structure of 1,3-Indandione.

1.5. Synthetic Methods Of Indan-1,3-dione

Indane-1,3-dione can be synthesized following different synthetic
procedures, the most straightforward one consists in the nucleophilic addition of
alkyl acetate by Perkin reaction, by condensation diethyl phthalate (24) with ethyl
acetate (25) in the presence of sodium ethoxide this intermediate (26) can be
hydrolyzed and decarboxylated in situ under basic conditions (sulphuric acid) with

heating to producing indane-1,3-dione (2) in the two steps (Scheme 1.7).[2"]

0 0 0
OC,H C,H-ONa H,SO,
O%WOCEH: + CHyCOOCH; ~ ———» CH200C2H5 . @[é
Na
0 0 0
24 25 26 2

Scheme 1.7. Synthesis of indane-1,3-dione by Perkin reaction.

Phthalyl acetic acid (27) reacts with sodium methoxide (CH3ONa) and the
resulting product (28) is heated with hydrochloric acid to obtain Indane-1,3-dione
(2) (Scheme 1.8).2¢]

/ COOH 0 o
CH,ONa HCI
o — > COOH —>
heat
o) Y 0
27 28 )

Scheme 1.8. Obtained 1,3-indanedione by Perkin reaction from phthalyl acetic

acid.



Substituted indane-1,3-dione compounds (30) were synthesized by reacting
diethyl phthalate (24) with ketones (29) containing an active methyl group and
using sodium methoxide as a catalyst, among stabilizer compounds that undergo
this reaction include (2-bromo-2-(2-carboxybezoyl)-1,3-indandione) (31) and
pindone (32), and both compounds (31) and (32) exhibit anti-coagulant activity that
varies depending to the degree of branching of the compensated acyl group(Scheme

1.9).27)

o)
o) o)
OC,H; I CH3;ONa
_
OC,Hs + CHC-R ———>
o)
o)
24 29 30
O 0 COOH
’ CH
O CH: 3
31 32

Scheme 1.9. Synthesize of substituted 1,3-indanedione compounds by using

sodium methoxide as a catalyst.

In addition, 2-aryl-1,3-indanione (33) was synthesized by reacting phthalide
(32) with aromatic aldehyde (1) in the presence of a catalyst.[*8] 2,(2,3-dimethoxy
phenyl)-1,3-indandione (35) and 2,6-dichlorophenyl-1,3-indandione (36) were
synthesized by this reaction (Scheme 1.10).



@]
o) + J RONa

R -H20
O
33 1 34
o O CI
35 36

Scheme 1.10. Synthesized some of substituted 1,3-indanedione compounds from

phthalide.

There are numerous additional derivatives of the chemical 1,3-indandione,
such as (2,2-dihydroxyindan-1,3-dione) or ninhydrine (37), which is used to denote
the amino acid with which a compound has a distinctive purple color (38),?") as it

is used in quantitative analysis (Figure 1.6).3

0 0

oH @E:?:N o
OH 0
HO
0
37 38

Figure 1.6. Some of substituted 1,3-indanedione compounds were synthesized.

In general, indandione compounds, in addition to their effectiveness as
anticoagulants, also have activity against the metabolism of vitamin K3 (39).5!
Chlorophacinone was discovered (40),2233 and its applications and uses,
influences various types of rodents, used as exterminator for house and field mice
and rats, due to its toxic effect on the tissue cells and chromosomes of those animals

(Figure 1.7).534



39 40

Figure 1.7. S-(2,6-diphenyl-1,3,5,7-tetraoxo hydrindacene and

Chlorophacinone.

Also, diphenadione (41),2%! (2-(b-diphenyl acetyl-1,3-indadione) or its
sodium salt, which was used as a pesticide as a result of experiments conducted on
a type of rice field mouse. Oxazepinone (42) resulted from condensation between
2-acetyl-1,3-indandione with o-hydroxy aniline, which was used as an
anticoagulant compound.¢ As for compound (1,3-indandione dithio
seimicarbazide ) (43), it has tuberculostatic activity.’”) Also, some amino
derivatives of indanedione compounds showed high effectiveness against the
growth of a type of leukemia (cancer) cells and their lining cells, colon tumors and

pulmonary vessels (Figure 1.8).1°%]
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41 42

NNHCSNH,

NNHC(NH)NH,.HCI
43

Figure 1.8. Some of the substituted 1,3-indanedione compounds (diphenadione,

Oxazepinone, (1,3-indandione dithio-semicarbazide).
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1.6. Thiazolo[3,2-a]pyridines

A pyridine ring is fused to a thiazole ring to form the heterocyclic
compounds known as thiazolopyridines, which are made up of thiazole rings
attached to pyridine rings, the six-membered pyridine ring holds a nitrogen atom,
while the five-membered thiazole ring has a sulfur and a nitrogen atom.
Thiazolopyridines unique features and functions are a result of the unique structure
that is created when these two rings combine, the following classes of

thiazolopyridines can be identified (see Figure 1.9).1*")

Because of their wide variety of pharmacological activity and the potential
for functionalization of synthetic derivatives at various molecular locations,

thiazolopyridines, like purine bioisosteres, are a significant type of heterocyclic

system that are being investigated extensively.[*"!

5
= 2 S1 ~ 4/
y \/> y aN\/S1
N ™
X 3 4 3 2
thiazolo[3,2-a]pyridine thiazolo[3,4-a]pyridine
3
4 _N
=
\>2 d D2
S N s
SN 5 1 5 “1
thiazolo[5,4-b]pyridine  thiazolo[5,4-c]pyridine

1
5 1
S 5 9_S
/> - o] />2
4 N3 N 4 N3
thiazolo[4,5-c]pyridine  thiazolo[4,5-b]pyridine

Figure 1.9. Six isomeric pyridine rings make up the category of thiazolopyridines.
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Thiazolopyridines are among several compounds with physiological
activity. Particularly, thiazolo[3,2-a]pyridine derivatives are utilized to treat lung
cancer, leukemia, and melanoma because they have anticancer characteristics,*!
antimicrobial activity,*” potential uterus stimulant,'*’! potent CDK2-Cyclin A

inhibitor,!**! also inhibiting beta-amyloid production.*!

1.7. Some Reactions For Thiazolopyridine Synthesis

2-Mercaptoacetic acid (45), malononitrile (46) or ethyl cyanoacetate (47)
they possess active methylene, and aromatic aldehyde (44) in the molar ratio of
1:2:2 in EtOH in the presence of piperidine were the major components in the
synthesis of thiazolo[3,2-a] pyridine, these thiazolopyridine compounds (48) and
(49) were effectively tested for antifungal activity against four different types of
fungus (Scheme 1.11).[4¢!

HO
@)
N =
| =
44
+
HOOC\/SH
CN
o 45 <
47 OR 46

Piperidinel EtOH EtOH l Piperidine

HO
CN
N _CO,Et HO CN
LA ~ N N ~NH2
c o - ~ N
S o)
A OH
N \
49 48

Scheme 1.11. Marzoog S. Al-Thebeiti synthesized compounds of thiazolopyridine.
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In 2009, thiazolo[4,5-b]pyridine-2(3H)-thione (51) obtained by reacting 2-
amino-3-chloropyridine (50) with refluxing NMP and in presence potassium ethyl

xanthate as catalyst (Scheme 1.12).147]

cl
X C,Hs0(C=S)SK S

| > =S
z NMP N

N “NH, N

50 51

Scheme 1.12. Thiazolo[4,5-b]pyridine-2(3H)-thione is produced by refluxing
potassium ethyl xanthate in NMP.

And in the same year by green chemoselective synthesis, via MCRs
malononitrile (46) reacting with 2-mercaptoacetic acid (45) and an aldehyde(1), in
water via microwave-assisted, to afford thiazolo[3,2-a] pyridine derivatives (51)

and (53) (Scheme 1.13).[48]

Ar i CN
NG CN NC
CN Q  COOH mw \ | |
<CN+R)+< HO \N s | HNTONTTS
SH 2 HoN
O) o}—xm
2:1:1 2:2:1

Scheme 1.13. Water-based thiazolo[3,2-a]pyridine synthesis using microwaves.

By using thiazole as reactant, and in presence 3-formylchromones (54) and
acetylenedicarboxylates (55) and thiazole (56), thiazolopyridine derivatives

(57)(58) are obtained at varied dimethoxyethane environments (Scheme 1.14).[4")



Rz 0
Ri =0
o)
54
+
s |
55
+
(/N
o
§ 56
& 9
& P 2,
O o
o
>

Ry E e
R, N3-S
~ N 7
Rj |
O\ /,O O/
H

Scheme 1.14. Terzidis' synthesis of thiazolopyridine compounds.
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A variety of thiazolo[3,2-a]pyridin-8-yl-phosphonate derivatives (60) were
synthesized via MCR by using diethyl (E)-((4-oxothiazolidin-2-
ylidene)methyl)phospohonate (59), malononitrile (46), and two equivalents of
different aromatic aldehydes (1). Regarding benefit, compared to control plants,
tomato plants had at least two times as much biomass, branches, and leaf area

(Scheme 1.15).5%

O\\P/OEt 0 /()EtAr
y N~ CN
EtO | CN O EtO
it (a2l MeN2h .
S CN Ar Reflux s” N NH,
% %
59 46 1 60

Scheme 1.15. Synthesis of thiazolo[3,2-a]pyridin-8-yl-phosphonate derivatives
using MCRs.
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2. AIM AND SCOPE OF THE STUDY

Multi-component reactions (MCRs) are a crucial and effective technique in
the field of producing small molecules, particularly heterocyclic compounds with
therapeutic properties. New synthetic processes are needed to produce new sulfur
and nitrogen-containing compounds with potential biological properties and

applications in the pharmaceutical industry.

The main goal of this research is to synthesis number of indenone-fused
thiazolo[3,2-a]pyridine derivatives in a single step by using one pot 3- multi-
component reactions (MCRs) under mild conditions, with moderate yields, easy
purification and saving time. All obtained compounds were verified using
spectroscopic methods and might be promising candidates for future biological

research.

17



3. EXPERIMENTAL

3.1. Materials And Apparatus

Commercial reagents and chemicals used in both works were purchased
from Sigma Aldrich. TLC were performed on Merck silica gel F-254 plates.
Melting points (mp) were determined by using Mel-Temp® Digital Melting Point
Apparatus (Cole-Parmer). FT-IR spectra were recorded on SHIMADZU FT-IR-
8400S and on Perkin Elmer Spectrum FTIR-ATR spectrophotometer. NMR spectra
were recorded on a Bruker Biospin 500 MHz NMR spectrometer in DMSO-d6 at
room temperature. Coupling constants (J) are expressed in Hertz (Hz) and the
chemical shifts are reported in parts per million (ppm). The splitting patterns are
assigned as follows: s (singlet); d (doublet); m (multiplet); dd (doublets of doublet);
td (triplets of doublet). LC/MS were carried out on a Bruker Daltonics micrOTOF-

Q mass spectrometer (Bruker, Billerica, MA, USA) using electrospray ionization.

18



3.2 General Procedure For Synthesis Of Thiazolo[3,2-a]pyridine

Derivatives

1,3-Indandione (1.0 eq.,1.0 mmol, 146 mg), 2-nitromethylene thiazolidine
(2) (1.0 eq.,1.0 mmol, 146 mg), and aromatic aldehyde derivatives (1) (1.0 eq., 1.0
mmol) was suspended in 15 mL of solvent (1:2 mixture of polyethylene glycol 400
and acetic acid). After heating the reaction suspension to 120 °C, it gradually turns
into a brown solution. The progress of the reaction was monitored by TLC (ethyl
acetate/n-hexane, 1:1). The reaction mixture is cooled to room temperature after
heating to the time required for each reaction (Table 3.1), and the brown precipitate
is filtered off. After that, it was washed with 96% ethanol followed by water to give
the crude product and the crude product recrystallized from DMF:H>O to afford
the pure product which were further analyzed by IR, MASS, 'H NMR, '3C NMR,
and LC/MS.

O NO2 o Ar
l O PEG:acetic acid J H
+ 8 ONH + | 1:2 . N/ ~NO2
A 0
y / r 1200C Cs
3 2 1 43-4]

Scheme 3.1. Synthesis of Thiazolo[3,2-a]pyridine derivatives 4a-4j.
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3.2.1. 4-Nitro-5-phenyl-1,2-dihydroindeno[2,1-e|thiazolo[3,2-
a|pyridin-6(5H)-one (4a)

Dark Red solid, (75%); m.p. 277-278 °C, IR (KBr) (Vmax
/ em): 1698 (C=0), 1529 and 1368 (NO2), 1210 (C-N),
752 (Ar). 'H NMR (500 MHz, DMSO) § 7.66 (d,J=17.5
Hz, 1H), 7.47 (t,J=7.5Hz, 1H), 7.39 (t, J=7.3 Hz, 1H),
7.35 (s, 1H), 7.33 (s, 1H), 7.32 (s, 1H), 7.29 (t, J = 7.6
Hz, 2H), 7.19 (t, J= 7.1 Hz, 1H), 5.10 (s, 1H), 4.95
(ddd, J= 9.8, 8.3, 5.5 Hz, 1H), 4.70 (dd, J = 18.7, 9.0 Hz, 1H), 3.58 (m, 2H). *C
NMR (125 MHz, DMSO) 6 190.4, 159.4, 153.0, 143.2, 136.3, 133.2, 133.2, 130.9,
128.9, 128.7, 128.3, 128.2, 127.4, 125.6, 122.2, 114.3, 52.7, 38.1, 29.5. LC/MS
m/z (ESI") for C20H14N203S[M+H]" 363.1 (MH", 100%), 102.2 (15%).

3.2.2. 4-Nitro-5-(3-nitrophenyl)-1,2-dihydroindeno[2,1-
e]thiazolo[3,2-a]pyridin-6(5H)-one (4b)

Dark Red solid, (94%); m.p. 277-278 °C, IR (KBr)
(Vmax / cm™): 1683 (C=0), 1529 and 1368 (NO),
1211 (C-N), 756 (Ar). '"H NMR (500 MHz, DMSO)
07.64(d,J="7.4Hz, 1H), 7.46 (t, J= 7.5 Hz, 1H),
7.39 —7.30 (m, 3H), 7.15 (t, /= 7.4 Hz, 2H), 7.10
(m, 2H), 6.99 (d, J=7.3 Hz, 1H), 5.04 (s, 1H), 4.99
—4.91 (m, 1H), 4.68 (d, J=9.4 Hz, 1H), 3.57 (t,J = 8.3 Hz, 2H). LC/MS m/z (ESI")
for C2oHi3N30sS [M+H]" 408.1 (MH", 50%), 239.1 (10%), 102.3 (100%).
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3.2.3. 5-(2,4-Dimethoxyphenyl)-4-nitro-1,2-
dihydroindeno|2,1-e]thiazolo[3,2-a]pyridin-6(5H)-one
(4¢)

N,  Dark Red solid, (70%); m.p. 270- 271 °C, IR (KBr)
(Vimax/ cm)): 1678 (C=0), 1531 and 1368 (NOy), 1207

7 Q (C-N), 752 (Ar). "H NMR (500 MHz, DMSO) § 7.60
O ) HNgz— (d,J= 6.4 Hz, 1H), 7.42 (s, 1H), 7.32 (d, J = 6.8 Hz,
N 1H), 7.28 (s, 1H), 7.15 (d, J = 7.8 Hz, 1H), 6.46 (s,

s 1H), 6.43 (d, J= 7.8 Hz, 1H), 5.18 (s, 1H), 4.91 (d, J

=6.3 Hz, 1H), 4.73 (d, J = 8.6 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 3.55 (s, 2H). 3C
NMR (125 MHz, DMSO) & 190.2, 160.1, 159.1, 158.9, 153.1, 136.3, 133.4, 132.8,
131.4, 130.5, 125.3, 122.6, 122.0, 121.9, 113.8, 105.3, 99.2, 56.3, 55.5, 52.5, 34.0,
29.4. LC/MS m/z (ESIY) for CooHisN2OsS[M+H]" 423.1 (M+H", 95%), 303.1

(50%), 285.0 (100%), 230.1 (7%), 153.3 (23%), 137.1 (7%), 102,3(23%).

3.2.4. 5-(4-Hydroxy-3,5-dimethoxyphenyl)-4-nitro-1,2 dihydroindeno[2,1-
e|thiazolo[3,2 a]pyridin-6(5H)-one (4d)

o/ oH Dark Red solid, (70%); m.p. 270-271 °C, IR (KBr)
/ (Vmax / cm™): 3288 (OH) ,1685 (C=0), 1511 and 1368
Q © (NO2), 1200 (C-N), 1173 (C-0), 752 (Ar). 'H NMR
H (500 MHz, DMSO) 6 7.64 (d, J = 7.5 Hz, 1H), 7.46
(td, J=7.3, 1.7 Hz, 1H), 7.41 — 7.34 (m, 2H), 6.49 (s,
S 2H), 5.02 (s, 1H), 4.93 (m, 1H), 4.68 (dd, J=18.8, 8.8
Hz, 1H), 3.71 (s, 6H), 3.56 (m, 2H). *C NMR (125 MHz, DMSO) § 190.5, 159.0,
152.6, 148.3, 136.3, 135.5, 133.3, 133.2, 133.1, 130.8, 125.4, 122.5, 122.2, 114.3,
106.0, 56.6, 52.7, 37.8, 29.5. LC/MS m/z (ESI") for C22HisN2O¢S[M+H]" 439.0
(MH", 100%), 285.0 (7%), 239.3 (13%), 102.2 (75%).
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3.2.5. 5-(4-Chloro-3-nitrophenyl)-4-nitro-1,2-

dihydroindeno[2,1-e]thiazolo[3,2-a]pyridin-6(5H)-one
(4e)

Light Red solid, (82%); m.p. 260-261 °C, IR (KBr)
(Vmax / em™): 1730 (C=0), 1530 and 1384 (NO),
1206 (C-N), 1168 (C-O) . 'H NMR (500 MHz,
DMSO) s 8.08 — 8.03 (m, 1H), 8.00 (d, J = 7.6 Hz,
1H), 7.90 — 7.85 (m, 1H), 7.79 (d, J = 7.5 Hz, 1H),
7.76 — 7.71 (m, 1H), 7.69 (dd, J= 7.9, 5.2 Hz, 1H),
7.54 (s, 1H), 5.07 (s, 1H), 4.88 (dt, J=10.0, 7.7 Hz, 1H), 4.75 (dt, J=15.1, 7.5 Hz,
1H), 4.30 (ddd, /=11.0, 8.5, 7.2 Hz, 1H), 3.87 (d, /= 1.3 Hz, 1H), 3.60 — 3.49 (m,
2H). 3C NMR (125 MHz, DMSO) § 197.5, 190.2, 162.3, 160.4, 153.5, 150.6,
148.1, 148.0, 144.1, 143.0, 135.7, 133.5, 133.3, 131.8, 131.6, 131.3, 125.5, 125.1,
123.9, 123.5, 122.9, 122.3, 117.3, 87.8, 63.3, 51.3, 38.0, 36.7, 29.5, 27.6. LC/MS
m/z (ESI") for C20H12CIN3OsS[M+H]" 442.0 (100%), 405.9(5%), 102.2 (5%).

3.2.6. 4-Nitro-5-(m-tolyl)-1,2-dihydroindeno[2,1-
e]thiazolo[3,2-a]pyridin-6(5H)-one (4f)

Dark Red solid, (75%); m.p. 277-278 °C, IR (KBr)
(Vmax / cm™"): 2987 (CH3-streach), 1687 (C=0), 1525
and 1383 (NO), 1200 (C-N), 'H NMR (500 MHz,
DMSO) 6 7.65 (d,J=7.5Hz, 1H), 7.46 (dd, J=10.8,
4.2 Hz, 1H), 7.38 (t,J=7.3 Hz, 1H), 7.33 (d, J= 6.6
Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 7.14 — 7.07 (m,
2H), 7.00 (d, J= 7.3 Hz, 1H), 5.04 (s, 1H), 4.98 —4.91 (m, 1H), 4.68 (dd, J = 18.6,
9.0 Hz, 1H), 3.61 —3.54 (m, 2H), 2.27 (s, 3H). '*C NMR (125 MHz, DMSO) &
190.3, 159.3, 152.9, 137.8, 136.2, 133.2, 133.1, 130.9, 128.7, 128.6, 128.1, 125.6,
125.4, 122.6, 122.2, 114.3, 52.6, 38.0, 29.4, 21.5. LC/MS m/z (ESI") for
C21Hi6N20sS[M+H]" 377.1 (MH',100%), 251.1(25%), 241.3 (15%), 102.2 (85%).
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3.2.7. 4-Nitro-5-(p-tolyl)-1,2-dihydroindeno[2,1-e|thiazolo[3,2-
a|pyridin-6(5H)-one (4g)

Dark Red solid, (80%); m.p. 267-268 °C, IR (KBr)
(Vmax/ cm™): 1694 (C=0), 1520 and 1366 (NO»), 1210
(C-N), 1167 (C-0).'H NMR (500 MHz, DMSO) §
7.65(d,J=7.5Hz, 1H), 7.47 (td,J=7.6, 1.2 Hz, 1H),
738 (t,J=7.3 Hz, 1H), 7.34 (d,J= 6.2 Hz, 1H), 7.20
(d, J= 8.0 Hz, 2H), 7.08 (d, J = 7.9 Hz, 2H), 5.05 (s,
1H), 4.95 (ddd, J = 10.1, 8.3, 5.5 Hz, 1H), 4.69 (dd, J = 18.8, 8.8 Hz, 1H), 3.58 —
3.54 (m, 2H), 2.23 (s, 3H). >*C NMR (125 MHz, DMSO) § 190.4, 159.2, 152.9,
140.3, 136.6, 135.5, 135.3, 133.2, 133.1, 130.9, 129.2, 128.7, 128.1, 125.7, 122.6,
122.2, 114.4, 52.6, 37.7, 29.4, 21.8. LC/MS m/z (ESI") for C21HisN203S[M+H]"
377.0 (MH", 85%), 285.0 (15%), 241.1(15%), 102.3 (100%).

3.2.8. 5-(3-Fluorophenyl)-4-nitro-1,2-dihydroindeno|2,1-
e|thiazolo[3,2-a]pyridin-6(5H)-one (4h)

Dark Red solid, (82%); m.p. 279-280 °C, IR (KBr)
(Vmax / cm™): 2988 (ArC-H), 1689 (C=0), 1531 and
1368 (NO2), 1203 (C-N), 1168 (C-O). "HNMR (500
MHz, DMSO) 8 7.67 (d, J= 7.5 Hz, 1H), 7.48 (t, J
= 7.5 Hz, 1H), 7.39 (t, J= 7.3 Hz, 1H), 7.34 (dd, J
=9.2,7.0 Hz, 2H), 7.20 — 7.14 (m, 2H), 7.03 (td, J
= 8.6, 2.0 Hz, 1H), 5.13 (s, 1H), 4.99 — 4.90 (m, 1H), 4.71 (dd, J = 18.6, 8.9 Hz,
1H), 3.63 — 3.55 (m, 2H). '*C NMR (125 MHz, DMSO) & 190.2, 163.6, 159.7,
153.2, 146.0 (d, 2Jc.r=6.0 Hz), 136.2, 133.2, 131.0, 130.6 (d, *Jc.r= 8.2 Hz), 130.5,
125.1, 124.4, 122.2, 115.1, 115.1(d, Jer = 21.7 Hz), 114.3(d, 'Jcr = 20.8 Hz),
113.6, 52.7, 38.0, 29.5. LC/MS m/z (ESI") for C20H13FN,O3S[M+H]" 381.0 (MH",
100%).
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3.2.9. 5-(Naphthalen-2-yl)-4-nitro-1,2-dihydroindeno|2,1-
e|thiazolo [3,2-a]pyridin-6(5H)-one (4i)

Dark Red solid, (72%); m.p. 283-284 °C, IR (KBr)
(Vmax / cm™): 1693 (C=0), 1539 and 1368 (NO>), 1217
(C-N), 1167 (C-O. 'H NMR (500 MHz, DMSO) §
8.70 (d,J=8.6 Hz, 1H), 7.91 (d, J= 8.0 Hz, 1H), 7.78
(d, J=17.3 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.65 (d, J =
7.3 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.47 (dd, J = 13.6,
K/S 4.9 Hz, 1H), 7.42 (dd, J = 12.7, 5.0 Hz, 2H), 7.36 (t,
J=17.4Hz, 1H), 7.25 (d, J = 7.0 Hz, 1H), 6.00 (s, 1H), 5.07 — 4.96 (m, 2H), 4.78
(dd, J = 18.6, 8.7 Hz, 2H), 3.69 — 3.58 (m, 2H). LC/MS m/z (ESI+) for
C24aHi16N203S[M+H]" 413.1 (MH+,100%), 358.9 (7%), 285.1 (45%).

3.3.10. 5-(3-Chlorophenyl)-4-nitro-1,2-dihydroindeno|2,1-
e|thiazolo [3,2-a]pyridin-6(5H)-one (4))

Red solid, (94%); m.p.287-288 °C, IR (KBr) (Vmax
Cl / em™): 1683 (C=0), 1586 (Ar), 1531 and 1368

(NO2), 1203 (C-N), 1167 (C-0), 752 (Ar). 'H NMR

(500 MHz, DMSO) & 7.98 (m, 1H), 7.68 (d, J=7.4

Hz, 1H), 7.52 — 7.46 (m, 2H), 7.41 (d, J= 7.1 Hz,

1H), 7.37 (dd, J=12.7, 6.1 Hz, 1H), 7.32 (d, J=6.1
Hz, 1H), 7.29 — 7.25 (m, 1H), 5.14 (s, 1H), 4.99 — 4.90 (m, 1H), 4.76 — 4.68 (m,
1H), 3.58 (d, J = 9.0 Hz, 2H). LC/MS m/z (ESI*) for C20H13FN2OsS[M+H]" 397.0
(MH", 90%), 239.1 (10%), 102.3 (100%).
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4. RESULTS AND DISCUSSION

4.1. The Results And Discussion Of Synthesis (4a-4j)

The requisite aldehydes, indane-1,3-dione and 2-nitromethylenethiazolidine
were refluxed in a mixture of acetic acid and polyethylene glycol-400 (PEG), to
obtain nitro-indeno-thiazolo-pyridines derivatives via one pot 3-component
reactions. The compounds (4a-4j) were obtained at given time in Table 4.1. The
progress of the reactions was monitored by TLC in a solvent mixture (1:1 ethyl
acetate-hexane) as mobile phase. After being thoroughly washed by ethanol and
water samples dried and analytically pure forms were obtained after
recrystallization from DMF/H2O. The reaction is carried out in a single reaction
vessel under the prescribed reaction conditions, allowing for the presence of all
three components, and does not require the use of costly catalysts or harsh reagents.
The key advantage of this approach is the formation of cyclic compounds through
the Michael reaction and the construction of complex molecular scaffolds in a single

step, leading to the rapid generation of diverse compound libraries.

Meanwhile,,®!] Nasir et al. devised a one-pot 4-component synthesis of
indanone-fused thiazolo[3,2-a]pyridines in the presence of a base and solvent
selection plays a critical role in controlling the reaction outcome and
diastereoselectivity. However, comparing the literature, our method is characterized
by the fact that a larger number of aldehyde derivatives were reacted via a one-pot

3-component reaction, and the products were obtained in less time.!*
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The IR, 'H, '*C NMR, and LC/MS categorically confirmed the structures of
the final products. The IR spectra of compounds 4a-4j exhibited C=O stretching
vibration from 1678-1730 cm™!. Additionally, stretching vibrations of NO> has two
peaks, first one between 1366-1384 cm™!, second peaks at 1511-1531 cm™, and C-
N were observed at 1210- 1167 cm™'. The LC/MS of compounds (4a-4j) revealed
molecular ion peaks at appropriate m/z values, confirming the hypothesized
structures. 'H NMR spectrum of 4a-4j showed three multiples for two CH» groups
in Hb, Hc atoms, in He atom has one multiples (6 3.59-3.41 ppm, 2H), and Hb
position is showing two different signals (& 4.73-4.65 ppm, 1H) and (06 4.97-4.86
ppm, 1H) due to diastereoselectivity of Ha and Hb, as for methine proton in Ha
position there is one singlet (& 5.04-6.00 ppm, Ha) (Figure 4.1), and aromatic
region of the spectrum (8 7.19 - 7.55 ppm, 9H) suits with the expected number of
aromatic moieties. ?*C NMR spectra for 4a-4j indicated to (29.4-34.0 ppm, CH),
(34.0-38.1 ppm, CH2S), (51.3-52.7 ppm, CH2N), (113.2-117.3 ppm, CNO»), (122.2-
143.2 ppm, C=C-CO) and 11 signals between (122.5-135.3 ppm) for the aromatic
moieties, (152.6-153.6 ppm, Ar), (159.0-160.4 ppm, NCN) and carbonyl peaks
arised at around 190.2-190.5 ppm.
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Figure 4.1. Explain 'H NMR to the (a,b,c) signals to 4b.
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Acetic acid (pKa= 4.76) is a commonly used solvent in organic reactions
due to its ability to dissolve a wide range of organic compounds, and also act as a
catalyst or participate in certain reaction steps. On the other hand, PEG is a viscous
liquid that can serve as a reaction medium or co-solvent, it can help to improve the
solubility of reactants and stabilize reaction intermediates, and what distinguishes
both acetic acid and polyethylene glycol are non-toxicity, as a green and effective.
The combination of acetic acid and polyethylene glycol can be employed as a
reaction medium to optimize various reaction parameters, for example, the ratio of
acetic acid to polyethylene glycol can be adjusted to achieve the desired solvent
properties, viscosity, or pH conditions. This flexibility allows for the customization
of the reaction system to suit specific MCRs, leading to improved reaction
outcomes, given that, 1:1 was not suitable for the carrying out of the reaction in our
study, the ratio of 2:1 (CH3COOH: PEG) was appropriate, in addition, the reaction

was conducted at room temperature but there was no reaction.

Table 4.1. Synthesis of 4a-4j

En 4 ArCHO Product Yield Time Mp
(%) () ("0

]
1 4a 75 1h 277-
278
(o]
|
2 4b 75 3h 277-
278
NO,
(0]
|
3 4c 70 3h 270-
271
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4e

4f

4g

4h

4i

28

70

82

75

80

82

72

3h

4h

3h

3h

4h

4h

270-
271

260-
261

277-
278

267-
268

279-
280

283-
284



94 4h  287-
288

For the compound 5-(3-fluorophenyl)-4-nitro-1,2-dihydroindeno[2,1-
e]thiazolo[3,2-a]pyridin-6(5H)-one appears fluorine-carbon coupling in four
positions (Scheme 4.1), giving doublet peaks, C; and C; are the neighboring two
carbons for C-F appear in 115.1 (d, *Jcr = 21.7 Hz), 114.3 (d, *Jcr = 20.8 Hz),
respectively, also for Cs show up 130.6 (d, 2Jc.r = 8.2 Hz) and for C4 in 145, (d,
Jcr=6.0 Hz).

4.2. Proposed Mechanism of the Synthesis of the Target Molecule

The first step of mechanism involves Knoevenagel reaction, by react 1,3-
indandione with aldehyde, this step 1,3-indandione undergoes enolization, one of
the keto groups in forms an enolate ion by abstracting a proton from the alpha
carbon. The resulting enolate anion (resonance-stabilized) is indicated, the enolate
anion acts as a nucleophile and attacks the aldehyde to give intermediate (68). Then
second step that followed Michael addition by attack 2-nitromethylenethiazolidine
act as Michael donor on (68) represents Michael acceptor, by attack hydrogen of
double bond of 2-nitromethylene to (68) and formed (69), then the nitrogen in
thiazolidine ring attack one of the two carbonyl which is consider electrophile, this
step represent N-cyclization, this step is followed by the process of forming a new
ring. This proton transfer generates a more stable tautomeric form of the
intermediate. In end of the mechanism (71) undergoes by dehydrogenation and
remove water from keto-enol tautomeric equilibrium to produce (72) represent the

final structure (Figure 4.2).
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Scheme 4.1. Mechanistic explanation for the formation.
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5. CONCLUSIONS AND RECOMMENDATION

In the present study, a series of nitro-indeno-thiazolo-pyridines derivatives
were synthesized based on 1,3-indandione, 2-nitromethylenethiazolidine and
aromatic aldehyde derivatives through one pot 3- component reaction. Acetic acid
and polyethylene glycol-400 were utilized as reaction medium, and their impact on

the reaction process was studied. Our products achieved by moderate to good yields
(70-94 %).
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Figure 7.13. '"H NMR (500 MHz, DMSO) spectrum of compound 4d
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Figure 7.14. 3C NMR (125 MHz, DMSO) spectrum of compound 4d
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Figure 7.15. LC/MS spectrum of compound 4d
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Figure 7.16. IR spectrum of compound 4e
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Figure 7.18. 3*C NMR (125 MHz, DMSO) spectrum of compound 4e
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Figure 7.19. LC/MS spectrum of compound 4e
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Figure 7.20. IR spectrum of compound 4f
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Figure 7.21. '"H NMR (500 MHz, DMSO) spectrum of compound 4f
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Figure 7.22. 3C NMR (125 MHz, DMSO) spectrum of compound 4f

50



100 i
Ld Max: 10998
o
o
=
80
60
o
2
~
40
& F
20
3
i & 2
T- £ 8
0 [——Ty .Jﬂu-.l.uul SRS T O DY SRRN S RE S Y AT B VIRPOY DRV IV SRR PR
-——— 777 77—
200 400 600 800 1000 1200 1400 m

Figure 7.23. LC/MS spectrum of compound 4f
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Figure 7.24. IR spectrum of compound 4g
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Figure 7.25. 'H NMR (500 MHz, DMSO) spectrum of compound 4g
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Figure 7.26. 3C NMR (125 MHz, DMSO) spectrum of compound 4g
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Figure 7.28. IR spectrum of compound 4h
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Figure 7.29. 'H NMR (500 MHz, DMSO) spectrum of compound 4h
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Figure 7.30. 3*C NMR (125 MHz, DMSO) spectrum of compound 4h
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Figure 7.32. IR spectrum of compound 4i
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Figure 7.33. '"H NMR (500 MHz, DMSO) spectrum of compound 4i
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Figure 7.34. LC/MS spectrum of compound 4i
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Figure 7.36. 1H NMR (500 MHz, DMSO) spectrum of compound 4j
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Figure 7.37. LC/MS spectrum of compound 4j
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