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CHAPTER-1



Chapter-1

Introduction of biologically active heterocyclic compounds

Abstract:

The heterocyclic compounds play a vital role in medicinal, synthetic organic, and materials
chemistry. The majority of the marketed drugs contain heterocyclic units either as core structure
(pharmacophore) or as subunit (auxophore). It is well known that the introduction of heteroatom
(O, Sand N) helps in improving the biological activity (pharmacokinetics and pharmacodynamics)
of the molecule. Considering, the potential biological activity of the molecules like, quinolones,
quinozalines, quinoxalines, tetrahydrothiophenes, barbiturates, rhodamines, dibenzo-[1,4]-
diazepin-1-ones, isoxazole, 2,5-substituted 1,3,4-oxadiazole, sulfonate esters, the present thesis is
aimed to the synthesis of the functionalized derivatives based on these molecules and their
evaluation for the a-glucosidase inhibition. Some of the scaffolds discussed here are useful for the
development of fluorescent materials. The synthesis of some of these molecules is based on sp® C-
H activation as a concept. Thus, a brief introduction to the synthetic methods and biology of these

molecules along with outlines of the present work is discussed in this chapter-1.



1. Introduction

Heterocyclic compounds are an important class of organic chemistry. Two third of the existing
molecules in the literature contain one or more hetero atoms (O, N and S) in different rings (5, 6-
membered, bicyclic, tricyclic spiro cycles). The heterocyclics are common in agrochemicals,*
pharmaceutical industry,> and the materials industry.® Due to their remarkable importance
researchers pay interest in the design and development of a new class of heterocyclic molecules,
which is one of the attractive research fields in organic synthesis.

1.1  Natural and biologically active compounds with quinoline moiety

Quinoline and its derivatives are found in a wide range of natural products and are
considered a privileged molecule in medicinal chemistry. The quinoline moiety is present in many
pharmacologically active compounds with antiparasitic, antimalarial (1), antiviral (2),
antimicrobial (3), anti-inflammatory (4a), antiprotozoal, anti-neoplastic, anti-platelet, anti-
asthmatic, anti-tubercular, anti-plasmodia (4b) immunosuppressive and anti-HIV-1 activity,
anticancer agents (5a-c) and cancer chemotherapy drugs (5b/c), P13K inhibitor (6) cytotoxic (7)
activity (Figure-1).%ab

The alkenylazaarenes,® 2-styrlquinolines derivatives show high anti-HIV activity (8), and
HIV-integrase enzyme (9), additionally, these scaffolds act such as chloroquine, pamaquine (10),
mefloquine and amodiaquine (11) as antimalarial and anti-inflammatory agents. The quinoline
derivatives are known as inhibitors of efflux pump,®® PDGFR kinase (12), ALK5 (13),
antileishmanial (14), EKB1 (EGFR) (15). Alkenyl azaarenes activate the estrogen receptor-b (ER
b) (16) and which is involved in the functioning, maintenance, and development of the
reproductive system of the mammalians. The derivatives of quinolone are also employed in photo
luminescent® and optoelectronics as organic functional devices, OLEDs, and light-emitting diodes
7).
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Figure-1: Natural and biologically active molecules of substituted quinolines.

1.1.2 Natural and biologically active compounds with substituted 2,4-thiozolidinones, 4H-

Chromenes, and tetrahydrothiophene.

2,4-thiazolidinedione analogs are an important class of heterocyclic compounds and play
a significant role in medicinal and pharmaceutical chemistry.®*" The derivatives of 24-
thiazolidinediones show biological properties such as anti-bacterial (18), anti-cancer (19),
amoebicidal, anti-tubercular (20), and inflammatory activity (21) as shown in Figure-2a and can
be found in the naturally occurring penicillin and pioglitazone molecule (22). These derivatives
control the inflammation diseases and work as TFA-a cytokine, muscarinic receptor-1 agonist,”

KRP297 antagonist (23), TNF-a antagonistic activity, and chikungunya viral action™ (ChikV



activity) (24). Tetrahydrothiophines (THT) are limited in natural, biologically active compounds
like salacinol (25, glucosidase inhibitor),® biotin (26, coenzymes), penicillin analogs, breynolide
(spiroketal, a glycoside inhibitor), phosphodiesterase inhibitor® and tetronothiodin
(cholecystokinin type-B receptor antagonist). Tetrahydrothiophene bases compounds are known
for pulmonary hypertension activity, hepatitis-B, HIV-inhibition (27), anti-arrhythmic activity,®
anti-diabetic activity® and functioning as FSH-receptor. In addition, this moiety served as a 4-
thoadinosine receptor (28),% A3-adenosine receptor antagonist, and developed antiviral activity in
the 4-thionucleosides (29) (see in Figure-2a) for enhancing the bacterial activity of sulopenem,®
penicillin (30), GABA analogs® (31) which proved to be better a molecule than vigabatrin.

(R= Poly hydroxy chain) ioti
Antiviral against chikungunya virus: 24 Salasinol derivatives B';ém
25
R —N
s. N LN BocHN s i
- (0] \%\( .COO
HO S s+ HO \N .
N
HO )/NH HO OH Y HO ° COOEt el
OH O NH, Cl
Anti-HIV and hepatitis B inhibitors 4-Thioadinosine Thionucleoside Penicillin saffold GABA analog
27 28 29 30 31

Figure-2a: Natural and biologically active molecules of 2,4-thiazolidinediones, and

tetrahydrothiophene.

[4H]-chromene /[2H]-chromenes are part of naturally occurring compounds having a wide
range of biological properties.’%¢ Especially 2H-chromene derivatives!®®® known for
anticoagulant, anti-fungal (32), antimicrobial, antimalarial, anti-inflammatory (33), anti-
hyperglycemic, antiviral, antioxidant, and diuretic properties. Specifically, 3-nitro-[4H]-chromene
derivatives show antifungal, anticancer (34) (breast and lung cancer) activity,!! effectively

4



involved in urinary incontinence positive modulation of the AMPA receptor, and cyclooxygenase-

2 inhibition (35) as shown in Figure-2b.
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34
Figure-2b: Natural and biologically active molecules related to [2H] and [4H]-chromenes.

1.3 Natural and biologically active compounds with quinoxalines-2-one and quinazoline

moieties.

Quinoxalines-2-one  scaffolds are attractive bicyclic-fused nitrogen-containing
heterocyclic compounds.'?® These compounds show antimicrobial, antiviral (36), anti-
inflammatory, antithrombotic, anti-depressant, anti-epilepsy,*® anticancer (37),}* anti-HIV (38),
antibiotics,'>® glucagon receptor antagonist (39), animal growth promoters®® properties.
Quinoxalinone scaffolds work as DNA cleaving agents,'* different transplantable tumors.®
Additionally these compounds show photophysical properties (40),}" OLEDs,™ organic
semiconductors, and chemically controllable switches (see Figure-3).

Quinazoline units are known for anti-influenza (41a), anti-inflammatory (41b),!’®
antibacterial (42), CNS-depressant and T-type calcium channel blocking activity,*’® inhibition of
tyrosine kinase receptors, EGFR tyrosine kinage'® (gefitinib (43), neratinib (CI 1033) medicines)
(44), hyperlipidemic inhibition'® (45) and potent anticonvulsant inhibition. Besides, the
quinazoline core used in cancer'® as anticancer drugs like circumdatin F (46), and terazosin%®
which are selectively used for adrenoceptor blocking agents (47), actions like 5-HT5A disease

type receptors,?° vasopressin V3 receptor and sedative-hypnotic drugs (piriqualone) (48).



e e
Cl N N N.
Ess el e o naulie o 4 IIN 66 SO
- S - 7,
NN CH, N X0 N Yo cl N
H H
Me—N. Anti-viral drug Anticancer Anti-HIV activity Glucagon receptor
Me 36 (antitumor agent) 38 antagonist
37 39
CH, N\
N
S S
©:N\ N (:(\N/\/N \©\)\ r\ C|I :©
g
o A ) X
H N
Florescent frobe Anti-influenza activity Anti-inflammatory agent Antibactirial activity
40 41a 41b 42

F cl
o)
HN/©:CI (\o HN F (\0 N\YMe d\N

0 N 0
o N ~ N
"é@i PR g N
~

N, ~CH3 N NH H M

" ° )\/ ° ° ° )

o 0
Gefitnib (Iressa) . " . . . .
(EGFR-tyrosine kinase inhibitors) Niratinib (CI 1033) Antihyperlipidemic activity Circumdatin F

43 44 45 46

NH2 OMeJ©
\
HiC.
HCI A~ ‘ NS
/

Terazosm Piriqualone (Seditive-Hypnotic)
48

Figure-3: Natural and biologically active molecules related to bioactive compounds with

quinoxalines-2-one and quinazoline moieties.

1.4  Natural and biologically active compounds with dibenzo-[1,4]-diazepin-1-one

moieties.

Isomeric structures 1,4- and 1,5-benzodiazepine derivatives are another privileged class of
heterocyclic compounds,?'#¢ poses many biological, particularly in the central nervous system
(CNS) (as shown in Figure-4). Along with this, they show antimicrobial (49), anti-inflammatory,
hepatitis-C-virus (HCV) NS5B polymerize inhibition??? (50) and anticoagulant,??® psychotropic
(chlordiazepoxide; anti-anxiety)? (51) and clozapine (52) (schizophrenia). Some benzodiazepine
derivatives??®¢ work as platelet-activating factor inhibitors, muscarinic receptor-M1 antagonist
(pirenzepine) phosphodiesterase inhibitors, and non-competitive metabotropic receptor-2
antagonist??’ and histamine H4 receptor antagonists.?*® In addition, dibenzo-[1,4]-diazepin-1-one



effetely demonstrated for a-glucosidase inhibitors activity?® for non-insulin-dependent type-2
diabetes mellitus and cystathionine B-synthase inhibitors (53), selective antagonist GABA,¢
neuromedin B receptor antagonists with ICso 5.5 uM (R= ClI) (54) and ICs0 580 uM (R = H) (55)
respectively. Similarly, compound (56) demonstrated as HIV protease inhibitor 24@ and screened
for hepatitis-C virus NS5B polymerase inhibitor with 1Cso = 0.9 uM, ECsp = 2.3 uM as shown in

Figure-4.
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Figure-4: Selected biologically active molecules of dibenzodiazepin-1-ones.
1.5  Biologically active compounds of the quinazoline-ones

Quinazolinones potent class of fused heterocyclic compounds exhibits characteristic features in
biology.?#¢ They show anticonvulsant, anti-TB, anti-influenza (57), anti-HIV, analgesic/anti-
inflammatory properties and are used in chemotherapy [ispinesib (58) and asperilicin (59),2
(60),61)] 269 6,8-Dibromo-4(3H)quinazolinone,?” quinazolinone ZD1839 were tested for breast
cancer (62) and inhibition action against EGFR tyrosine kinase activity (as shown in Figure-5).27
Recently, Zahedifard et al.?’® screened quinazolinone Schiff bases for apoptotic activity against
MCF-7 cancer cell lines(63a-63b).
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Figure-5: Selected biological active molecules with quinazoline-one as a core moiety.
1.6  Biologically active compounds of isoxazole moiety

Isoxazoles are five-membered heterocyclic molecules with adjacent nitrogen and oxygen
and are a privileged class of compounds. This scaffold is a part of biological molecules?®*® with
ulcerogenic, antiviral (64), analgesic, and anticancer activity. Some of the isoxazoles work as
modulators of nicotinic receptors (65), anti-inflammatory (Valdecoxib; 66),2% anti-rheumatic
(Leflunomide; 67), antibiotic (sulfamethoxazole; 68),2°° herbicide (isoxaflutole; 69).2% Isoxazole
skeleton also can be seen in natural molecules like muscimol (70), GABA receptor, anti-depressant
and psychoactive compounds (Ibotenic acid; 71),%% penicillin, AMPA, and inotropic glutamate
receptor antagonist (72), central nervous system (CNS) receptors®® and anticancer activity against
human cancer cell lines (cervical breast, MCF-7, HeLa, prostate)®* and can be used as bioisosteres

for the carbocycles and SAR studies in drug development methods.



% c)\\S/\\o CF3Ph
= o  P™Ts o CF,
O OO0 T e
L —p-FPh 1\ NH
7 \ f \ N\o Me
N N_ M 7\
o~ "Ph N e N
(0] (o) 0~ “Me
Antiviral Nicotinic receptor Valdecoxib Leflunomide Sulfamethoxazole
64 modulator anti-inflammtory (anti-reumatic) antibiotic
65 66 67 68
Me o
0? HOOC HoOC COOH
NH OH
CF3 OH NH, OH 2
7\ 7\ 1\ N/ \\ NH,
N\0 N\O Me N\o Me ‘o~ “Me
AMPA
Isoxafultole Muscimol Ibotenic acid (lonotropic glutamate
herbicide (GABA receptors) (Psycho active) receptor antagonist)
69 70 7 72

Figure-6: Selected biological active molecules of isoxazole moieties.
1.7  Biologically active compounds of 1,3,4-oxadiazoles

1,3,4-Oxadiazoles are five-membered heterocyclic compounds present in natural and
biological compounds®® as anti-proliferative (73), insecticidal (74),%* anti-TB (75),3%¢
cytotoxicity (76), anti-mycobacterial (77),%'¢ anti-malarial (78),3'¢ anti trypanosomal®? (79),
anthelmintic®?® (80) antitumor activity (81),%% a-glucosidase inhibitor (82),32 monoamine oxidase
inhibitor, stimulation of central nervous system (CNS), benzodiazepine receptor agonist** and
pseudomonas quorum-sensing receptor antagonist. Substituted 1,3,4-oxadiazole are excellent
compounds for luminescent properties and are widely utilized in the electron transporters (83),

development of OLEDs, and chemosensors. 33
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Figure-7: Selected biologically active molecules of 1,3,4-oxadiazoles.

1.8  Biologically active compounds with benzene sulfonate esters

The benzene sulfonate ester is an attractive functional group seen in medicinal and
biologically active molecules.®*¢ Thiozolidinone sulfonate ester scaffolds are known to show
monoamine oxidase,* aldose reductase3*® (84), and MAO-Is (85) inhibition. In addition, 2,4-
thizoldinone sulfonate ester conjugates exhibit anti-hyperglycemic activities and PTP1B inhibitor
(A and B) (86)3* properties as shown in Figure-8a.
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Figure-8a: Selected biologically active molecules of benzene sulfonate esters.
1.9 Catalyst-free, water-mediated reactions in organic synthesis

Green chemical reactions are the current focus of academic and industrial research. Many
green solvents like the use of water and ionic liquids under catalyst-free conditions have been a

main focus in the past few decades. The use of water as a solvent minimizes time, labor, cost,
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production of waste, and emission of hazardous and toxic chemicals.>® The inter and
intramolecular H-bonding of water are responsible for inducing the hydrophobic interactions with
organic molecules. As a result, the aggregations or organic molecules make the inter-atomic
interaction and success of the reaction (Figure-8b (B)). The replacing of volatile solvents with
water in organic reactions important aim of green chemistry.®® This has been triggered by the

inventions of the “on water concept” by Breslow and Sharpless groups.35¢-
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Figure 8b: (A) Organic reaction carried in three stages in ‘on water’ protocol. (B) Formation of
hydrogen bonding in water and Ice.

1.10 Deep Eutectic Solvents in organic synthesis:

Deep eutectic solvents (DESs) are also termed as deep eutectic ionic liquids (DEILS) which
are formed by mixing two components,®?with hydrogen bond donor (HBD) and hydrogen bond
acceptor (HBASs) with the capability to have a self-association with intermolecular hydrogen
bonding. These two components collectively form a transparent liquid at or below 100 °C whose
melting points are lower than that of two independent components. The DES mixture enhances the
reactivity of the reaction mixture with the formation of strong hydrogen bonding with the starting
materials. Interestingly, DESs is an advanced version of ionic liquids and work as a green catalyst
as well as a reaction medium. DESs unique in their physicochemical properties such as freezing
point, ionic conductivity, density, and viscosity compared to ionic liquids and thus has many
advantages in synthetic organic chemistry. They can be easily made from commercially available,
cheap components including biological molecules like a-amino acids and monosaccharides,
etc.3®) Thus, they can be used as alternative solvents for the enzyme-catalyzed reactions, CO;
absorption, electrochemistry, material preparation, biodiesel synthesis, nanotechnology, and

organic chemistry.
1.11  Multicomponent (one-pot) reactions.
Multicomponent reaction in which three or more components are combined to form a new

product in a single pot. The characteristic feature of MCRs is final adducts having nearly all parts

11



of precursors without forming any by-products. The Strecker synthesis®’® of a-amino nitriles is
one of the first examples of multi-component approaches reported in the 1950s. Ivar Ugi
discovered a ugi four-component reaction®”® with isocyanides is a pioneering contribution in this
area. MCRs are ideal for atom economy, eco-friendly reaction conditions, avoiding multiple steps,
decreasing chemical wastage, and isolation of the products that are suitable for library generation

in drug discovery.
1.12  Obijectives of the thesis

Based on the above discussion and considering the biological importance of the
heterocyclic scaffolds the present thesis is divided into the chapters with the titles given below

Chapter-2: Deep Eutectic Solvents (DES) mediated synthesis of styrylquinolines and
styrylquinoline-sulfonates via Friedlander synthesis and sp® C-H activation, their biological
evaluation as a-Glucosidase inhibitors and photophysical studies

Chapter-3: Facile synthesis of quinoxaline, quinoxaline-2-one, quinazoline-based styryls,

sulfonate-styryls via sp® C-H activation and their evaluation as a-glucosidase inhibitors

Chapter-4: Synthesis of spiro and bicyclic thiolane derivatives via 1,4-Michael addition followed
by intramolecular aldol reactions
Chapter-5: SnCl,-catalyzed synthesis of dibenzo-[1,4]-diazepin-1-one, phenyl quinazoline, and
2,5-substituted 1,3,4-oxadiazoles based sulfonate esters and their evaluation as a-glucosidase
inhibitors
Chapter-6: Synthesis of quinazolinone Schiff base, isoxazole-styrene, and isoxazole-thiolane
sulfonate ester conjugates

Based on these titles, a brief introduction to specific examples of the title compounds, and
literature methods for their synthesis are discussed along with the importance of current findings

(biological evaluation, photophysical properties, computational studies) and spectral analysis.
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Chapter-2
Deep Eutectic Solvents (DES) mediated synthesis of styrylquinolines and styrylquinoline-
sulfonates via Friedlander synthesis and sp® C-H activation, their biological evaluation as a-

Glucosidase inhibitors, and photophysical studies

Abstract

Functionalized quinoline derivatives have emerged as one of the key scaffolds in
medicinal chemistry. Similarly, 2-styrylquinolines are gaining attention in synthetic organic and
materials chemistry for the functionalization (via sp® C-H activation) and photophysical
properties. In this backdrop, we intended to develop a simple strategy for the synthesis of
styrylquinolines. Thus, a green and catalyst-free protocol for the synthesis of 2-styrylquinolines
using dimethyl urea and L-tartaric acid as deep eutectic solvent is described in this chapter. The
photophysical properties of the synthesized 2-styrylquinolines are studied along with DFT
calculations. Also, the resulting molecules were evaluated for the a-Glucosidase inhibition
activity. The detailed methodology and description of photophysical, and computational studies
and the results of a-Glucosidase inhibition activity are discussed in this chapter.

19



2.1 Introduction
2.1.1 Reported methods for the synthesis of substituted 2-styrylquinolines

Quinoline moiety is one of the important and privileged scaffolds in medicinal chemistry and
some of the examples are discussed in Chapter-1 in this regard. Along with these, 2-
styrylquinolines are also found in many natural,' and biological compounds.'?-¢2® As a result,
quinoline scaffold has emerged as one of the important structures for the development of
antimalarial,® anti-cancer,® and anti-inflammatory drugs.*¢ Usually, 2-/4-styrylquinolines are
synthesized using a two-step protocol i.e., the Friedlander or Pfitzinger reaction®¥* aldol/Perkin,>*
d Wittig-type® reactions. The synthesis of quinolone-based molecules is also reported using
Sonogashira coupling of propargyl alcohols with 2-haloanilines followed by isomerization® and
multicomponent reactions.’

Recently, this trend shifted towards the sp® C—H activation of the methyl group of azaarenes
(a-picoline and 2-methyl quinoline) as nucleophiles because of their possible enamine tautomeric
form. Some of these methods include the dehydrogenative direct olefination of alcohols in the
presence of NiBr2%* or Mn(CO)sBr, using aldehydes as partners in the presence of Fe(OAc)2,%
InCl3,2¢ CoCl,® or Ca(OTf)2,% an iron-based metal-organic framework [FesO(BPDC)s]®" and
Al,Os-supported Pt8 as heterogeneous and homogeneous catalysts, Fe(OAc).-catalyzed
alkenylation of N-sulfonyl imines,® metal-free oxidative olefination of primary amines,® and the
catalyst-free activation of 2-methyl azaarenes using 1,4-dioxane®® or water® as reaction medium.
Along with these, 2-styrylquinolines were synthesized using a one-pot approach via Friedlander
annulation and Knoevenagel condensation reactions in the presence of 1-methylimidazolium
trifluoroacetate ([HmMim]TFA),X% (Scheme-1) Bronsted acidic imidazolium ionic liquids as the

10 and In(OTf)s as the Lewis acid under solvent-free conditions! (Figure-1).

reaction medium,
During the preparation of the revised document, we found that Nawaz Khan’s group used
ruthenium and iridium-based catalysts for the synthesis of 2-styrylquinolines via the sequential
dehydrogenative Friedlander reaction and sp® C—H activation.*2@®) Also, the use of benzophenones
or isatins as starting materials is a known method for 2- styrylquinolines.*®

Deep eutectic solvents (DESs) are prepared from natural materials and show unique
physicochemical and non-toxic/biodegradable properties.'**> Considering this, DESs have been

extensively used in organic synthesis'®!’ and biocatalysis.®
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[Hmim]TFA, EAA

ArCHO, 100 °C, 2 h I
Tetrahedron Lett., 2008

[Msim]TFA, EAA
Ph

R ArCHO, 80°C,1-2 h
o Synth. Commun., 2016 >

NH,
R=H,CI B-Ketoester, In(OTf); (10 mol%)
ArCHO, 100 °C, 2-4 h R=H,CI Ar

RSC Adv., 2015 R, = CO,Et, CO,Me
X =NHBoc

% Ar = Aryl, Heteroaryl

DES* = Dimethyl Urea + L-Tartatic acid
(3:1 ratio heated at 80 °C), 3-4 h
B-Ketoester or Acyclic / Cyclic Ketone
ArCHO (Ar = Aromatic, Heteroaromatic)

Present method*

Figure-1: Literature methods for the one-pot synthesis of 2-styrylquinolines via sp3 C-H
activation and the present method.

2.2 Present study

Considering the biological and materials importance of the 2-styrylquinolines and based on the
literature reports for the sp® C-H activation of azaarenes, we envisaged the synthesis of
functionalized quinolines and tetrahydroacridine/1,2,3,4-tetrahydrobenzo[b][1,6]-naphthyridines
via a multicomponent sp® C-H functionalization starting from aminobenzophenones, carbonyl
compounds and aldehydes under green conditions (using deep eutectic solvents as shown below
(Figure-2).
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ArCHO = Aryl/Heteroaryl
NBoc (4a - 4j)

DES* = Kj)J\H
1, 3-DMU+
0 /\x\l

{4) . . . .
L-(+) Tarta(r)lc acid (-3 1 ratio) DES* |) 4-N-Boc p|per|done (2f), Rz—ﬁ—o b
80 °C, 30 min ||) Ar-CHO o !

(10a-10g)

Ph R Ph
1
R1 AN Rz DES* \©fgo DES* Cl AN Me
NH, i =

NZ F"ar i) EAA (2a) | MAA(2b) i) Butanone (2c), N

ii) Ar-CHO (R, =Cl (1a) ii) Ar-CHO
R =Cl, H, NO, ) W N
R, = COOMe, COOEt NO, (1c)

i) Cyclopentanone (2d) /
* Cyclohexanone (2e),
DES
ii) Ar-CHO

Figure-2: Present study of the synthesis of substituted 2-styrylquinolines.
2.3 Results and discussion

Towards achieving the goal, an initial study was started with the preparation of DES
(1.5 g) by heating urea and citric acid (2:1; as hydrogen bond donor-acceptor) mixture for
1 h at 90 °C as shown in Scheme-1. After that, 2-amino-5-chlorobenzophenone (1a) (1.0
mmol) and methyl acetoacetate (2a) (1.0 mmol) were added and heated at 90 °C for 1 h to
get 2-methyl quinoline (3a) in 60% yield. To this, benzaldehyde (4a) (1 mmol) was added
and heating continued at 90 °C for 5 h to give the activation product (5a) in 50% yield
(Scheme-1). The same reaction was also attempted by trapping the 2-methylquinoline (3a)
in situ and treating it with an aldehyde to give the activation product 5a with the same yield.
Encouraged by these results and to improve the yield, experiments were performed using
different combinations of hydrogen bond donor (urea/dimethyl urea/thiourea) and acceptor
(citric acid/tartaric acid/oxalic acid) as shown in Table-1. Among the screened conditions,
a combination of 1,3-DMU+LTA (3:1) at 80 °C for 3 h was found to be a suitable condition
for the success of the reaction with the desired product up to 95% yield (Entry-6; Table-
1).
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DES* = Urea + Citric acid (2:1),

90°C,1h
Ph Ph ™8
cl
CI\@O U DES* CImCOzMe PhCHO (4a)
NH, + Me OMe 90°C,1h N/ Me 90°C,5h

1a 2a
3a (60%) 5a (50%)

Scheme-1. Initial attempt for the synthesis of styrylquinoline (5a) using DES.

Table-1: Optimization conditions

Entry Catalyst composition 15t step 2" step Yield
(Mole ratio) (%)l
Temp Time | Temp Time
CCYE | (min)b! | CC)@ | (min)]
1 Urea + Citric acid (2:1) 90 30 90 10 50
2 Urea + Citric acid (3:1) 80 60 80 8 55
3 Urea + LTA (3:1) 80 60 80 10 60
4 1,3-DMU + Citric acid (2:1) 80 60 80 6 60
5 1,3-DMU + Citric acid (3:1) 80 30 80 6 65
6 1,3-DMU + LTA (3:1) 80 30 80 3 95
7 1,3-DMU + LTA (2:1) 80 30 80 4 75
8 1,3-DMU + LTA (1:1) 80 30 80 6 70
9 1,3-DMU + Citric acid (2:1) 80 60 80 6 75
10 1,3-DMU + Citric acid (1:1) 80 60 80 6 65
11 1,3-DMU+Oxalic acid (3:1) 80 30 80 6 65
12 1,3-DMU + Citric acid (3:1) 80 30 80 6 50
13 1,3-DMU+Oxalic acid (2:1) 80 30 80 8 30
14 1,3-DMU+Oxalic acid (1:1) 80 30 80 8 trace
15 1,3-DMU + LTA (4:1) 80 30 80 6 60
16 1,3-DMU + LTA (5:1) 80 30 80 6 50
17 Thiourea + Citric acid (3:1) 80 30 80 6 40
18 Thiourea + Citric acid (2:1) 80 60 80 6 30
19 Thiourea + LTA (3:1) 90 30 90 6 trace
20 Thiourea + LTA (2:1) 90 60 90 6 trace

Reaction conditions: All the reactions were carried out at a 1.0 mmol scale using 1a, 2a, 4a, and DES (0.5 M molar
concentration); B Temperature and time required for the first step; [l Temperature and time required for the first step;

[l 1solated yield.

23



After optimizing reaction conditions, our focus was shifted toward testing these conditions
for substrate scope. Thus, substituted 2-amino-benzophenones 1a/1b/1c were reacted with MAA
(2a) /EAA (2b) in presence of DES (1,3-DMU + LTA; 3:1) for 30 min to give 2-methylquinolines
which on reaction with different aldehydes (4a-4r) gave styrylquinolines (5a-5r) [one-pot
approach] in good to excellent yields (85-95%) in 3-4h (Scheme-2). Interestingly aldehydes with
electron-withdrawing groups (-NO-) exhibit better reactivity (yields up to 95%0) in shorter reaction
time (3 h) in comparison to the substrates with an electron-donating group (yields up to 85%)
(Scheme-3).

Ph o Ph R;-CHO, Ph
- o  J_g,__ DES % NpRe| (dadn R SR
* Me ? 780 °C, 30 min P ° Az
NH, ; NZ “Me| 80°C.3-4h N Rs
Ry=Cl(1a) R, =COOMe (2a) 5a-5r (85-95%)
H (1b) COOEt (2b) R,=COOMe (3a) o - Ar. Heteroaromatic)
COOEt (3b)
NO, (1c)
Ph

R3 = 4-NO, ; 5f (95%)
H ; 59 (95%)
4-Me ; 5h (85%)
2-OMe ; 5i (86%)
4-OMe ; 5j (85%)

Cl COOMe ClI

R;=H ;5a(88%)

4-NO, ; 5b (95%) R3 5e (85%) R3 4-Cl ; 5k (92%)

4-OMe; 5c (85%) 4-Br ;51 (90%)

4-Me ; 5d (90%) 3-NO, ; 5m (95%)
Ph

cl
NT PR,
R; = Pyridin-4-yl ; 5n (86%) 5p (85%)
Thiophen-2-yl; 50 (88%)

5q (85%)

Reaction condition: 1a/1b/1c (1mmol), 2a/2b (1.0 mmol), (4a-4r) (1.0 mmol), DES: 0.5M of DMU + L-tartaric acid
(3:1) heated at 80 °C, for 30 min, then 3-4 h. (total reaction time 3.5 - 4.5 h).

Scheme 2: One-pot synthesis of 2-styrylquinoline derivatives 5a-5r.

Having successfully demonstrated the one-pot synthesis of styrylquinolines
containing —COOR groups at the 2" position from the methyl group (sp® C-H activation),
we decided to check the hierarchical reactivity of methyl with another sp® carbon at the 2"
position and 4" position (benzylic carbon from top). Thus, 5-chloro-2-amino benzophenone
(1a) was reacted with acyclic and cyclic ketones (2-butanone (2c), cyclopentanone (2d),
cyclohexanone (2e)) under optimized conditions to give corresponding quinoline
derivatives (3c-3e; in situ) which were further treated with aldehydes (aromatic and hetero
aromatic) to give functionalized styrylquinoline derivatives (6a-6h and 7a-7j) in 85-95%

yields (Scheme-3). It is noteworthy to mention that only sp® carbon adjacent to nitrogen is
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getting activated selectively with a similar trend of reactivity with both acyclic and cyclic
ketones in the first step, and simple and conjugated aromatic aldehydes (cinnamaldehyde)

and hetero aromatic aldehydes in the second step.

DES

Ph _ DES Ph Ph
cl 1) Cyclic ketones (2d/2e) cl 1) 2-butanone (2c) ci Me

SN 80 °C, 30min O  80°C, 30min XN

~ — /
N \ 2) ArCHO, 80 °C, 3-4 h NH, 2) ArCHO, 80 °C, 3-4 h N Ar
Ar 1a 6a-6h (85-95%)

n=1=7a-7e (85-95%) Ar = Aryl, Heteroaryl

n=2=7f-7j (85-95%)
Ar = Aryl, Heteroaryl

Ph Ph Ph
Cl X Me cl cl N Me
N7 NF N ‘ NN \ O
PN 69 (86%) 6h (86% NH
R = 4-Me ; 6a (85%) R HO™ 0 (e
4-OMe ; 6b (88%) Ph
4-cl : 6¢ (92%)  ClI N cl
4-NO, : 6d (95%)
2-OH, 3-OFEt ; 6e (85%) N7
3,4-OMe ; 6f (90%) \ =
Ph \ XR 7d (88%) o
cl R = 4-Me : 7a (89%)
4-OMe : 7b (85%)

4-N,N'-DiMe ; 7c (85%)

Cl
OMe

R= 4-Me ;7f((88%)
4-OMe ; 79 (85%) /
4-Cl  ;7h (90%) X
4-Br  ;7i(95%) R

Reaction condition: 1a (1.0 mmol), 2¢c-2e (1.0 mmol), 4 (1.0 mmol), DES; 0.5 M of 1,3-DMU+L-tartaric acid (3:1)
at 80 °C for 3-4h.

Scheme 3: Synthesis of functionalized 2-styrylquinoline derivatives (6a-6h and 7a-7j).

In addition to the above and towards testing the electronic factors of the starting
material, a more complex intermediate (3f) was prepared in situ using N-Boc protected
piperidinone (2f) as electrophile and treated with 5-chloro-2-amino benzophenone (1) and
aromatic aldehydes (4a-4g) under the optimized condition to give corresponding

styrylquinoline hybrids (8a-8g) with good yields (85-90%) as shown in (Scheme-4).
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Ph
Ph o} Ph | k’ cl _Boc
(o]} cl R4
o . DES X" "“NBoc| 4a-4g
NH, N~ 80 °C, 30 min NG 80°C, 3-4 h
1a Boc 8a-8g (85-90%)
of 3f (90%) R, = 4-Me ; 8a (88%) -
4-OMe ; 8b (86%) 1
4-OH ; 8¢ (86%)
3,4-Di-OMe ; 8d (85%)
4-Br ; 8e (90%)
3-NO, ; 8f (85%)

4-N,N'-DiMe; 89 (85%)

Reaction condition: 1a (1.0 mmol), 2f (1.0 mmol), and (4a-4g) (1.0 mmol), DES: 0.5 M of DMU+L-tartaric acid
(3:1) stirred at 80 °C, 3-4 h.

Scheme 4: Synthesis of functionalized styrylquinoline derivatives (8a-8g).

Based on the experimental results and observations in the present study, a plausible
reaction mechanism is proposed for the formation of 2-styrylquinolines as shown in
(Figure-2). Initially, the DES is formed by the heating of dimethyl urea and L-tartaric acid
which are associated through intermolecular hydrogen bonding. The resulting DES induces
the keto-enol tautomerism in carbonyl compound (A). Simultaneously the carbonyl carbon
of benzophenone is activated by DES (B) which is reacting with an enolic form of ketone
via a Michael-type attack to give intermediate (D). This will undergo cyclization followed
by elimination of NHz and H20O to give a thermodynamically stable intermediate (E). The
tautomeric structure of (E) will react with aldehyde via Aldol-type condensation with
aldehyde which intern will undergo dehydration (Knoevenagel condensation) to give the
final product (7) (Figure-2).
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Figure-2: Plausible reaction mechanism based on the experimental observation.
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After the successful synthesis of 2-styrylquinoline using DES as a reaction medium, the
synthesis of sulfonate ester based 2-styrylquinolines was planned. Thus, sulfonate ester-based
aldehydes (10a-10g) were prepared by sulfonation/tosylation/methylation of salicylaldehyde or
meta/para hydroxy benzaldehydes under the basic conditions as shown in Scheme-5. These
generated aldehydes were further reacted with methylacetoacetate (3a)/ethylacetoacetate (3b)
under optimized conditions (1,3-DMUJ/LT, 3:1 ratio, 80°C) to afford styrylquinoline sulfonates
(11a-11m) with good to excellent (85-95%0) yields (Scheme-6).

CHO cHO
o)
Et;N (2.5 mmol) 7z
—i-OH R,—§-Cl —— - '
. + R, —10so,R
X & DCM,0°CtoRT SN - °
R 4-5 h R
4a-4e (1 mmol)  9a-9d (1 mmol) 10a-10g
R, = H, OMe Rz = Aryl, Me R; = H, OMe;

R, = Aryl, Me

Scheme-5: Preparation of sulfonate ester aldehydes (10a-10g).

cl o ~ ) oso.R,
Ph S\ Ph
NH, cl COOR Re cl
1a DES \@\)\/\r 1 (10a-10g)
+ - - _ = >
o 80 °C, 30 min N Mo 80°C,35h

—1—OSO;R;
Ve COOR, 11a-11m (85-95%)
3a; R; = Me R, = H, OMe R,
2a; R; = Me 3b; Ry= Et R; = Ar, Me
2b; Ry = Et o
Ph Ph Ph
cl \-COOEt

cl \COOEt cl {_COOEt cl
0S0,A
g T
0S0,A

Ar=4-NO,-CcH, ; 11a (88%); 4h  Ar=4-NO,-CgH,; 11b (95%); 3 h
Ar=4-Me-CgH, ; 11c (85%); 4.5h

0
0S0,Me

0S0,Ar

Ar=Ph ; 11h (85%); 4 h 11j (86%); 4 h
Ar = 4-Me-CgH, ; 11i (88%); 4 h

Ph

cl {-COOMe
O om
O

0S0,Me

11k (92%); 4.5 h 111 (85%); 5 h Ar = 4-Me-CgH, ; 11m (85%); 4.5 h

Reagent and condition: 1a (1.0 mmol), 10a-10g (1.0 mmol), 2a/2b (1.0 mmol), DES: 1,3-DMU+L-tartaric acid (3:1)
heated at 80 °C for 3-5 h.

Scheme-6: Synthesis of sulfonate ester-based styrylquinoline scaffolds (11a-11m).
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In addition, to the above examples, the same procedure was extended to butanone (2c),
cyclopentanone (2d), cyclohexanone (2e) in combination with 2-amino-5-chloro benzophenones
(1a), and benzene sulfonate ester aldehydes (10a-10g) under optimized conditions to give
corresponding activated products (12a-12m) as shown in Scheme-7 in 3-5 h with good to excellent
yields (85-95%).

CHO
Ph
Cl
\©f§o o OSO,R, Ph
R, Cl
; NH, DES Cl X Me (102-10g)
80 °C, 30 min = 80°C,3-5h
+ N Me ’ OSO,R
2-Butanone (2c) / 3c 2r2
Cypentanone (2d) / (or) 12a-12m (85-95%) Ry
Cyclohexanone (2e) 3d/3e R1=H, OMe; R, = Ar,Me

Ph Ph Ph Ph
[¢]] Me cl M cl M Cl Me

\ X' 0s0,Me X 0S0,Ar A 0S0,Me

N/ = O N/ = OMe N/ = OMe N/ = O

0SO,Ar ‘ O

Ar = 4-NO,-CgH, ; 12a (95%); 3 h 12b (85%); 4.5 h Ar = 4-Me-CgH, ; 12¢ (88%); 5 h 12d (85%); 5 h

Ph Ph

| M

ci o Me c NMe os0,Ar

N/ = OMe N/ = O

g 0S0,Me
12e (85%); 5 h Ar = 4-NO,-CgH, ; 12f (95%); 3 h

R = Me ; 12i (88%); 5 h Ar=Ph; 12k (90%); 4 h Ar = 4-Me-C4H, ; 121 (86%); 4.5h  12m (85%); 4 h
R = 4-NO,Ph ; 12j (95%); 3 h

Reagent and condition: 1a (1.0 mmol), 10a-10g (1.0 mmol), 2¢/2d/2e (1.0 mmol), DES; 1,3-DMU+L-tartaric acid
(3:1) heated at 80 °C for 3-5 h.

Scheme-7: Substrate scope of styrylquinoline sulfonate esters using aliphatic/cyclic electrophiles
(12a-12m).

2.4  DFT Calculation
2.4.1. Detailed computational methodology

In this investigation, an attempt has been made to understand the reaction mechanism with
the aid of density functional theory (DFT) calculations. Geometries of all the reactants, TSs,
intermediates, and products were fully optimized without any geometrical/symmetrical constraints
using DFT-based B3 exchange and Lee, Yong, and Paar (LYP) correlation functional with

inclusion empirical dispersion correction (D3) as suggested by Grimme’s utilizing 6-31G* basis
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set.19@<) The energetics of various reactions were calculated at 298.15 K temperature and 1 atm

pressure in the gaseous phase.

Catalyst Investigation

Both the forms of catalyst were investigated to understand the stability of the catalyst. The
geometries of both complexes were optimized using B3LYP-D3 employing the 6-31+G* level of
theory. The H-bond interaction energies (IEs) of various complexes were calculated using the

following equation.

IE = Ecomplex - Z Emonomer

where, Ecomplex and Emonomer are the energy of complex and the energy of monomeric units,
respectively. The energies of the monomers were calculated from the respective monomer
geometries in the complexes (as shown in Figure-3) in other words, the energy that results from
complexation was taken into account. The calculated IEs were corrected for basis set superposition
error using the counterpoise method suggested by Boys and Bernardi.'*

SE =-345.27

SE =-38.24

Figure- 3. Optimized geometries of both complexes.

It can be noted that the H-bonded complex involved proton from LT to DMU is more stable
when compared to the non-proton transferred complex. Therefore, in the present investigation

proton transferred form of the catalyst is considered.

Reaction mechanism

To support the results of the present investigation and proposed mechanism,

theoretical calculations were performed using density functional theory (DFT) based
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B3LYP-D3 method employing a 6-31+G™* basis set. For ease in the calculation, the reaction
is considered in three stages, which are

a) Keto-enol tautomerism of the carbonyl compound in the presence of the DES

b) Reaction of the enolic form of the ketone with the activated benzophenone compound to
give a thermodynamically stable intermediate E

¢) Reaction of the activated tautomer of stable intermediate with the activated aldehydic

compound via aldol condensation to give final products.

a) Reaction mechanism of Enolization

A close analysis of the geometries of various transitions states that the enolization
of cyclohexanone undergoes a concerted reaction mechanism in the presence of DES as a
catalyst via proton transfer between the DES mixture te the cyclohexanone. It can be
observed from the optimized geometries, where the DES catalyst also provides the
stabilizing environment for various transition states. It is important to note that the gas-
phase conversion of cyclohexanone to cyclohexanol, requires 67.7 kcal/mol of energy. The
same conversion in the presence of DES occurs at 25.65 kcal/mol. The difference in energy
indicates the part played by the catalyst in the reaction. Therefore, the presence of the

catalyst decreases the energy barrier considerably, as predicted in Figure-4.
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Figure-4. Optimized geometries and energetics of enolization of cyclohexanone (2e)
obtained using B3LYP-D3/6-31+G** level of calculations.

b) Mechanism for the reaction of activated Benzophenone with Enolic form

The carbonyl carbon of benzophenone gets activated by proton transfer from DES,
which reacts with an enolic form of the ketone to give the intermediate D via TS:. D readily
loses water molecules to give D1. From the profile, it can be observed that the activation
energy for this step is 11.97 kcal/mol. Further, D1 is activated by DES and undergoes
cyclization via proton transfer to give D2, which dehydrates to give the thermodynamically
stable intermediate E. The relative free energy for E is -30.67 kcal/mol, which highlights

its stability.
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c) Reaction mechanism of the stable intermediate with activated Aldehyde.
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The tautomeric form of the stable intermediate E obtained from the previous step
reacts with the activated aldehydic compound, which gives intermediate H via TS4. From
the profile, it can be seen that the relative energy of TS4 was -14.66 kcal/mol, which shows
that it is a low barrier reaction. Finally, H undergoes dehydration to give the product
complex PC via TSs, as represented in Figure-6. The energy required for this step is 13.03
kcal/mol. From the profile, it can be seen that this reaction is energetically feasible.

It is also worth noting that the IMs are found to be very stable throughout the
reaction. This is because of the hydrogen bonding by the catalytic mixture with the IMs.
Hence, the theoretical calculations complement the proposed mechanism and show that the

use of DES effectively reduces the activation energy and efficiently catalyzes the reaction.

2.7 Photophysical properties

2.7.1 UV-Visible and PL spectroscopy experimental studies of styrylquinolines

Following the successful synthesis of the title compounds, and due to the
importance of styrylquinolines for the development of fluorescent probes, dye-
sensitized solar cells,?°2 organic light-emitting diodes (OLEDs)?®, and functional
devices?® our next task was to study the photophysical properties of thesecompounds.
Thus, the fluorescence and emission spectra of compounds (5n—6h) and (7b—8d) were
recorded in CHCI3z (100 mM) at room temperature. The absorption maxima of
compounds 5n, 50, 5p, 6b, 6f, and 6h were observed in the range of 375-458 nm (Figure-
7A). The emission maxima were found in the range of 484-557 nm with 50 and 6f

showing the maximum emission wavelength (Figure-7B) (Table-2).

Among the acyclic compounds (5n—-6h), compound 50 exhibits the maximum
emission peak at 557 nm withthe larger Stokes shift at 182 nm (due to the presence of
the electron-donating group). Generally, fluorophores with larger stokes shifts have
enhanced applications in the biological regime due to lower autofluorescence.
Compounds 5n, 5p, 6b, 6f, and 6h also displayed strong Stokes shifts at 113, 100, 108,
90,and 84 nm, respectively, and all the data are represented in Table-2. Compound 50
has the highest emission peak at 557 nm and the largest Stokes shift at 182 nm among
the acyclic compounds (5n—6h) (due to the presence of the electron-donating group).
Due to decreased autofluorescence, fluorophores with bigger Stokes shifts have more
applicability in the biological regime. Compounds 5n, 50, 5p, 6b, 6f, and 6h have
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substantial Stokes shifts at 113, 182, 100, 108, 90, and 84 nm, respectively, and all of

the data is shown in Table-2.
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Figure-7 (A) Absorption and (B) emission spectra of compounds 5n-6h; (C) absorption and (D) emission
spectra of compounds 7b-8d.

Further, the absorption and photoluminescence properties of the cyclic molecules
(7b—8d) studied and observed that the absorption maxima of the compounds 7b, 7c,
7d, 8a, 8c, and 8d at 420, 536, 411, 400, 390 and 420 nm as shown in Figure-7c (all
the data aretabulated in Table-3). Correspondingly, theiremission bands were
observed at 551, 644, 464, 464, 449, and 558 nm. Interestingly, the emission bands of
7b, 7¢, and 8d show a bathochromic shift with impressive Stokes shifts at 131,108, and
138 nm with a change in the solvent polarity as a consequence of the intramolecular
charge-transfer effect. The highest Stokes shift was observed in the acyclic series, i.e.,
compound (50) (AA 182 nm), but compound (7c) of the cyclic series exhibited the
highest emission band maximum at 644 nm, as shown in Table-3. Further, the

solvatochromic effects of compound (7€) were also investigated and the absorption and
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emission band maxima were measured in different solvents. The UV-vis absorption
maximum (Amax) and emissionmaximum (Amax) data of (7€) are listed in Table-4 The
variable absorption band of compound (7e) was observed when the solvent polarity
was increased from n-hexane toDMSO (Figure-8; (A) and (B)) with different colors
under irradiation with UV radiation (Figure-8; (C)). This stronger solvatochromism in
(7e) is partly due to the presence of extended conjugation and donor-acceptor groups
and the strong emission wavelength bands are attributed to the ICT effect. In addition,
with an increase in solvent polarity, the emission bands also showed bathochromic
shifts and strong stokes shifts.
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Figure-8: (A) Absorption (B) Emission spectra of the compound (7e) in different solvents (C) UV (long-range)
irradiation images of compound (7e) in different solvents at 100 uM concentration.

Table-2: Photo physical properties data of the resulting acyclic/aliphatic compounds (5n-6h):

Compounds Aaps (NM) Xem (NM) Stokes shift
(AA nm)
on 410 525 123
50 375 557 182
Sp 425 525 100
6b 394 502 108
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6f 458 548 90

6h 400 484 84

Table-3: Photo physical properties data of the resulting cyclic compounds (7b-8d):

Compounds Aabs (NM) Aem (NM) Stokes shift
(AL nm)
b 420 551 131
7c 536 644 108
7d 411 464 53
8a 400 464 64
8c 390 449 59
8d 420 558 138

Table-4: Data of the solvatochromic effect of compound 7e in various solvents.

solvent Aabs (NM) Aem (NM) Stokes shift
(AA nm)

n-Hexane 456 543 87
DCM 498 568 70
CHCI3 488 553 65
Acetone 485 585 100
MeOH 496 597 101
MeCN 470 618 148
DMF 514 601 87
DMSO 511 605 94

2.7.2 UV-Visible and PL spectroscopy studies of styrylquinoline sulfonate esters (11a-11m)
and (12a-12m).

Similar to the above discussion, the photophysical properties of the synthesized
styrylquinoline sulfonates (11a-11m) and (12a-12m) were studied in DMSO (100 M) at room
temperature. Absorption maxima of acyclic compounds (11a-11m) were observed in the range of
391-404 nm as shown in Figure-9; (A) and their corresponding emission spectra in the range of
443-511 nm (Table-5). Due to the Intramolecular charge transfer (ICT) effect, the compound 11f
with the aromatic ring has two electron-donating groups (i.e., 3-methoxy, and 4-methyl groups,)
emission band 511 nm (bathochromic shift) with stokes shift at 111 nm. This n—x* transitions.
Similarly, the compounds 12a-12m displayed absorption at 392-431 nm and emission intensity at

426-537 nm. The 12i, 12d, and 12 compounds are exhibiting maximum emission (bathochromic
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shift) at 537, 515, and 516 nm as shown in Figure-6 (Table-5). The 11b-11m series (cyclic
derivatives) show higher absorption, emission intensities, and Stoke shifts compared to the acyclic

series 12a-12m.
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Figure-9: (A) Absorption (B) Emission spectra of the compounds (11a-11m) (C) Absorption (D) Emission spectra
of the compounds (12a-12m).

The solvatochromic effect of the compound 12g was studied at room temperature in
a 100 uM concentration. in various solvents [non-polar (n-hexane) to polar (DMSO)]
solvents were seen in the range of 396-431nm and emission spectra at 426, 451, 445, 471,
472, 460, 480, 484 and 503 nm respectively (n-Hexane, DCM, CHCIs, EtOAc, Acetone,
MeOH, MeCN, DMF and DMSO) as shown in Figure-10 (Table-7). It is observed that the
polarity of the solvent (the emission bands in DMF and DMSO at 484 and 503) play role
in the bathochromic shift of the peaks due to the intramolecular charge transfer (ITC).24f
These may be helpful for the development of fluorescent probes and solar cells based on

these compounds.
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Table-5: Photo physical properties data of the compounds (11b-11m).

AAbs (Nm) Aem (NM) Stokes shift
Solvent (AL M)
11b 400 443 43
11c 397 479 82
11le 392 450 60
11f 400 511 111
11h 404 463 59
11m 391 450 60

Table-6: Photo physical properties data of the compounds (12a-12m).

Aabs (Nm) Aem (NM) Stokes shift
Solvent (AL nm)
12a 401 472 71
12d 415 515 100
12¢ 431 503 72
12h 400 444 44
12i 392 537 145
121 414 516 102
12m 415 464 49

Table-7: Solvatochromic effect data of compound (12g).
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Aabs (NM) Aem (NM) Stokes shift

Solvent (AA nm)
n-Hexane 396 426 30
DCM 419 451 32
CHCI3 411 445 44
EtOAC 418 471 53
Acetone 412 472 60
MeOH 419 460 41
MeCN 411 480 69
DMF 408 484 76
DMSO 431 503 72

2.8  Biological activity
2. 8.1 a-D-glucosidase assay

The o-glucosidase activity was determined calorimetrically with 4-nitrophenyl D-
glucopyranoside (4-NPG) as the substrate. The enzymatic reaction was performed by adding 40pl
of 4-NPG (substrate stock of 2mg/ml made in 0.1M Tris- HCI pH 7.5) and 10l of a-glucosidase
(Img/ml made in 0.1M Tris- HCI pH 7.5) to 150ul 0.1M Tris-HCI pH 7.5 and the reaction mixture
was incubated at 37 °C for 5 min. The activity was estimated by reading the absorbance of 4-
nitrophenol formed at 410 nm against an enzyme-free blank. For studying inhibition kinetics, the
enzyme was incubated with the inhibitors, [(11a-11m) and (12a-12m)] (1mg/ml in DMSO) for 15
min at room temperature before the addition of substrate. 1 unit of glycolytic activity is defined as
the quantity of enzyme required to liberate 1pug of 4-nitrophenol per minute under standard assay

conditions.
Determination of 1Csp values

ICso values of inhibitors were calculated based on the concentration of inhibitor required
to inhibit 50% of a-glucosidase activity under the standard assay conditions. For quantification of
ICso values, the enzyme inhibition assays were carried out at different concentrations (20 to 100p.g)
of inhibitors, without varying concentrations of enzyme. The enzyme reaction was performed by
pre-incubating the enzyme within the inhibitor at room temperature for 15 min and inhibitory
activity was determined under standard assay conditions. For those molecules which showed
significant inhibition, the mode of inhibition exhibited by the inhibitor was examined by carrying
out Michaelis-Menten enzyme kinetics by varying substrate (4-NPG) concentration (8, 16, 32, 40,
and 80 pg) in the absence and presence of the inhibitor molecules at three different concentrations
(20, 40 and 100ug). Mode of inhibition was determined by Lineweaver-Burk plot analysis of the

data obtained. All 1Cso values are represented as Mean + Standard Deviation.
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Insilico - Ligand Preparation

The 2D structures of all 26 synthetic inhibitor molecules were sketched using VVLife MDS
software v.4.6 and saved in mol format. The 3D coordinate files were generated and saved in mol2
format. The geometry of the ligand molecules was optimized using MMFF forcefield until a

gradient of 0.001 kcal/mol/A was achieved.

Homology Modelling

As the structure of Saccharomyces cerevisiae a-glucosidase MAL12 (UniProtID P53341) is
not available in the public domain, its theoretical model was built by homology modeling. It was
accomplished by retrieving the sequence of the MAL12 protein from the UniProt database
(Sequence ID P53341). A potential template with PDB ID 3AJ7 was identified by BLAST analysis
using the BLOSUM®62 matrix in the PDB database, based on the sequence identity. The template
had 72% identical residues, 85% positive residues, and negligible gaps. Its coordinates were
further modified to make it suitable for automated homology modeling and a model was generated
by the Biopredicta module of the VVLife® program. Superimposing the template and the generated
protein model yielded an RMSD value of 0.251094.

Docking method Validation and GRIP Docking

Molecular docking simulations were carried out using the GRIP docking method in the
VLife® Biopredicta module. The largest cavity with greater volume was chosen for docking the
compounds. Scoring of the docked poses was done by the PLP method and dock score. The
docking interactions were critically analyzed and the analysis revealed the key amino acid residues

within the binding pocket contributing to a-glucosidase inhibition.
Results and Discussions

The inhibition of a-glucosidase activity by a series of styrylquinoline sulfonate ester
derivatives showed a wide range of inhibition with ICsg values ranging from 38.82 uM to 280.22
MM (Table-8). Acarbose was selected as a control inhibitor, the I1Cso value of which was found to
be 32.15 pM under the same assay conditions. Among the tested compounds compound 12a,
showed the lowest ICsp value of 38.82 UM and compound 11k showed a maximum ICsp value of
280.22 uM. Among the tested compounds, compounds 11b, 12a, and 12l showed minimal ICso
values for a-glucosidase enzyme activity and were selected for further studies to find out the mode
of binding of inhibitor against a-glucosidase enzyme experimentally by comparing the Michaelis-

Menten kinetic constants. Results of Km and Vmax of a-glucosidase in the presence of tested
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compounds were shown in Table-11. By studying the kinetics of a-glucosidase it was observed
that the presence of compound-11b greatly affected the Km and Vmax values. From Lineweaver—
Burk double reciprocal plot for the inhibition of a-glucosidase by compound-11b, it was observed
that the mode of inhibition is mixed uncompetitive type. For compound-12a and 121 increase in
the inhibitor concentration showed a significant decrease in Vmax, but there is no significant
change in Km, this shows that compound-12a and 12l bind to the enzyme non-competitively.
Different modes of inhibition were studied by varying the inhibitors and reported for a-glucosidase
activity by Jaikai et al., Deng et al. recently reported a similar type of mixed inhibition of a-
glucosidase by Pu-erh tea polysaccharide. Berna et al.?!® reported that a-glucosidase was
competitively inhibited by Anti desmabunius L plant extract. In contrast to our findings, Farhad
et al.?!® reported that their pyrimidine-fused derivatives inhibited the activity of glucosidase in a
mixed-competitive mode. Zhenhua et al.?!¢ reported inhibition profiles of various medicinal plant
extracts having different modes of inhibition like competitive, uncompetitive and mixed
competitive. Insilico docking analysis of all three compound-11b, 12a, and 12| showed at least
hydrophobic interactions, compound-11b, and 12a formed hydrophobic interactions with HIS239
and H-bond with HIS279. Two amino acid residues HIS239 and HIS279 were involved in major
interactions found between ligand and MAL12 protein.

Table-8: In-vitro a-D-glucosidase inhibition (ICso) values of quinoline sulfonate esters (11 and 12

series).
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Entry | Compound | Ligand 1Cs0 (LM)

1 1la 1 92.11.14

2 11b 2 41.57+£1.01
3 11c 3 85.02 £ 1.58
4 11d 4 88.06 + 2.14
5 11le 5 82.69 + 1.09
6 11f 6 71.22+2.01
7 119 7 92.66 + 3.94
8 11h 8 55.24 + 2.36
9 11i 9 74.48 + 2.06
10 11j 10 103.41 £ 2.07
11 11k 11 280.22 £ 6.84
12 111 12 58.91+1.17
13 11m 13 61.36 £ 2.11
14 12a 14 38.82+1.17
15 12b 15 112.39 £ 3.27
16 12¢c 16 184.84 £5.31
17 12d 17 87.66 + 3.47
18 12e 18 48.22 £ 2.01
19 12f 19 104.37 £ 4.05
20 129 20 49.28 +3.21
21 12h 21 60.59 + 2.35
22 12i 22 84.45 + 3.54
23 12j 23 56.53 £ 1.27
24 12k 24 48.37 £1.10
25 121 25 47.37+1.10
26 12m 26 148.33 £ 5.08
27 - Acarbose | 32.15+2.04
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Figure-8: 2D docking interactions of compounds 11b, 12a, and 121 with MAL12 protein model

using rigid docking, PLP scoring function (GRIP docking algorithm).

44



Compound-11b

Compound-12a

Compound-12I

Compound-11b

Ph

Cl SN Me

NS

NO,
N
O O\\S/©/ Me

Compound-12a

o\
0"

Compound-12I

Figure-9: 3D docking interactions of compounds 11a, 12b, and 12| with MAL12 protein model
using rigid docking, PLP scoring function (GRIP docking algorithm)

Table -10: Molecular docking interactions between the MAL12 protein model and the most potent

ligand molecules 11b, 12a, and 12I.

Compound Residue Atom Ligand |Distance A Interaction
Atom

11b PHE157 1281C 23C 5.176 n-STACKING
H1S239 1951IN 15C 4.159 1 -STACKING
HI1S245 2000N 23C 4.459 n -STACKING
PHE311 2535C 1C 4.279 1 -STACKING
PHE311 2535C 8C 4,193 n -STACKING
HIS279 6938H 220 2.217 H-BOND
HIS279 6938H 24S 2.344 H-BOND
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ASNA412 7977H 380 2.128 H-BOND
HIS239 1951IN 14C 4.253 n -STACKING
PHE311 2535C 14C 4431 n -STACKING
12a HIS239 6622H 250 1.941 H-BOND
HIS279 6938H 37N 2.253 H-BOND
HIS279 6938H 390 1.512 H-BOND
121 HIS279 2286N 8C 5.306 n -STACKING
PHE300 2449C 8C 5.125 n -STACKING
PHE311 2535C 15C 4.145 n -STACKING
LYS155 5988H 390 2.455 H-BOND
LYS155 5989H 220 1.510 H-BOND
LYS155 5989H 260 2.427 H-BOND

Table-11: ICso, Kim, Vmaxand modes of inhibition of selected synthetic ligands. Km and Vmax values

of a-D-glycosidase for 4-NPG without inhibitor were 3.14 uM and 4.52 uM/min respectively.

Compound 1Cs0 (LM) Kim (LM) Vmax (UM/min) | Mode of inhibition
Inhibitor concentration of 25 g
11b Mixed-
4157 +1.01 3.34 3.79 N
Uncompetitive
12a 38.82+1.17 3.14 3.61 Non-competitive
121 47.37+1.10 3.15 3.80 Non-competitive

11b
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121

Figure-10: Lineweaver-Burk plot for understanding the mode of Inhibition of a-D-glucosidase by
(@) 11b (b) 12a and (c) 12I.

29 Conclusion

In conclusion, a simple method for the synthesis of 2-styrylquinolines was developed via
sp® C-H activation under catalyst-free (metal-free) condition DES [DMU + L-tartaric acid (3:1)]
as a catalyst as well as solvent. The developed method was extended for the sulfonate ester-based
aldehydes to give sulfonate ester-based styrylquinolines in good yields. The photophysical
activities of the resulting styrylquinolines were studied. Similarly, the sulfonate based
styrylquinolines were evaluated for the a-Glucosidase activity inhibition (in-vitro) against
Acarbose as a standard drug (ICs0 32.15 + 2.04), and observed that compound 12a is showing good
ICso values (best 1Cs038.82 + 1.17).

2.10 Experimental section

2.10.1 General: The starting materials were purchased from Sigma-Aldrich, SRL, Spectrochem,
and SD-Fine and used as received. *H and 3C-NMR spectra are recorded on Bruker 400 MHz
spectrometer using CDClz or DMSO-ds as solvents and reported in 6 ppm. The mass spectra were
recorded on Shimadzu LCMS-2020 and Agilent QTOF machine. Melting points were recorded on
the Stuart melting point apparatus. UV-visible spectra were taken using Agilent-Cary 100 UV-

Visible spectrometer. Emission spectra were recorded by Horiba FluoroLog spectrophotometer.

2.10.2 General procedure for the one-pot synthesis of styrylquinoline derivatives:
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Deep eutectic solvent was prepared by heating 1,3-dimethyl urea (0.525g) + L-tartaric acid
(0.2509) (3:1 ratio) at 80°C for 30 min. To this, 5-chloro 2-amino benzophenone 0.231g (1 mmol)
and p-diketone/ketone/piperidone (1 mmol) were added and heating continued for another 30
minutes at 80°C to give the Friedl&nder annulation product (in situ). To the same pot aldehydes
(2.1 mmol) were added and heating continued till the styrylquinoline derivatives formed
(Knoevenagel condensation product via sp® C-H activation). The crude products obtained were
purified by column chromatography on silica gel using petroleum ether-ethyl acetate (7:3 v/v) as
eluent to give the desired products.

2.10.3 General procedure for the formation of Friedlander annulation intermediate
(substituted 2-methyl quinolines 3b, 3c, 3f):

Deep eutectic solvent was prepared by heating of 1,3-dimethyl urea (0.525q) + L-tartaric
acid (0.250g) (with 3:1 ratio) at 80°C for 30 min. To this, 5-chloro 2-amino benzophenone 0.231g
(2 mmol) and EAA/2-butanone/N-Boc-piperidone (1 mmol) were added and heated continuously
for another 30 minutes at 80°C to provide a sticky solid. After completion of the reaction
(monitoring by TLC), the mixture was cooled to room temperature and washed with water. The

crude product obtained was purified by crystallization.

Confirmation of the reported molecules by reported melting points:22(@b)

S. Compound M.P°C M.P °C (Reported)?
No. No. (Found)
1 5a 206-207 207-208
2 5e 200-201 199-200
3 5f 204-205 205-206
4 5g 142-143 143-145
5 5] 146-147 147-148
6 5k 171-172 170-171
7 5n 164-165 163-164
8 50 161-162 160-161

2.11. Spectral data of the synthesized compounds:
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Ethyl 6-chloro-2-methyl-4-phenylquinoline-3-carboxylate (3b): White Ph

solid, mp 175-176°C, 90% yield. *H NMR (400 MHz, CDCl3) § 7.94 (d, c'mcmﬂ
J=7.2Hz, 1H), 7.57 (d, J = 6.0 Hz, 1H), 7.45-7.42 (m, 4H), 7.27-7.19 N"Me

(m, 2H), 3.98 (s, 2H), 2.70 (s, 3H), 0.88 (s, 3H); IR (KBr, thin film, cm™): vmax 3085, 2976, 1730,
1580, 1487, 1232, 842.

Ph
6-Chloro-2,3-dimethyl-4-phenylquinoline (3c): White solid, mp 210- «c¢i N\ Me
211°C, 90% yield. *H NMR (400 MHz, CDCls) & 7.97 (d, J = 8.4 Hz, 1H), N Me

7.53-7.48 (M, 4H), 7.26 — 7.20 (m, 3H), 2.74 (s, 3H), 2.17 (s, 3H); HRMS (ESI, m/z): Calcd. For
C17HCINH* 268.0888, found 268.0879.

Tert-butyl-8-chloro-10-phenyl-3,4-dihydrobenzo[b][1,6]naphthyridine-2(1H)-carboxylate (3f):
White solid, mp 178-179°C, 90% yield. *H NMR (500 MHz, CDCl3) § 7.98 Pi ‘e
(d, J=8.9 Hz, 1H), 7.66-7.45 (m, 4H), 7.35 (s, 1H), 7.26-7.23 (m, 2H), 4.43 N7

(s, 2H), 3.82 (t, J = 5.5 Hz, 2H), 3.25 (s, 2H), 1.44 (s, 9H); HRMS (ESI, m/z): Calcd. For
C23H23CIN202H" 395.1531, found 395.1520.

Methyl 6-chloro-2-(3-nitrostyryl)-4-phenylquinoline-3-carboxylate (5b): White solid, mp 210-
211°C, 95% yield. *H NMR (400 MHz, CDCls) § 8.25 (d, J = 8.8 Hz, 2H),
8.16-8.103 (m, 2H), 7.75 (d, J = 8.8 Hz, 2H), 7.72-7.69 (m, 1H), 7.57 (d,
J=2.4Hz, 1H), 7.54-7.50 (m, 3H), 7.43 (d, J = 15.6 Hz, 1H), 7.37-7.35
(m, 2H), 3.60 (s, 3H); *3C NMR (100 MHz, CDCls) § 168.4, 150.2, 147.6,
146.6, 146.5, 142.8, 134.9, 134.2, 133.3, 131.9, 131.3, 130.5, 129.1, 129.0, 128.9, 128.6, 128.5,
128.1, 127.6, 126.7, 125.4, 125.3, 124.1, 52.6; HRMS (ESI, m/z): Calcd. For C25H17CIN2O4H"
445.0950, found 445.0928; IR (KBr, thin film, cm™): vmax 3042, 2958, 1718, 1564, 1527, 1227,
835.

Methyl 6-chloro-2-(4-methoxystyryl)-4-phenylquinoline-3-carboxylate (5c): White solid, mp
169-170 °C, 85% yield. *H NMR (500 MHz, CDCls) & 8.08-8.03 (m,
2H), 7.65 (dd, J = 7.2, 2.0 Hz, 1H), 7.57 (d, J = 7.2 Hz, 2H), 7.52-7.50
(m, 4H), 7.36 (dd, J = 6.0, 1.6 Hz, 2H), 7.13 (d, J = 14.5 Hz, 1H), 6.92
(d, J = 6.8 Hz, 2H), 3.84 (s, 3H), 3.60 (s, 3H); 3C NMR (125 MHz,
CDClI3) 6 168.6, 160.4, 151.6, 146.6, 145.9, 136.6, 135.1, 132.3, 131.4, 131.1, 131.0, 129.2, 129.1,
128.8, 128.5, 127.4, 126.2, 125.2, 121.6, 114.2, 55.3, 52.4; HRMS (ESI, m/z): Calcd. For
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C26H20CINO3H* 430.1132, found 430.1177; IR (KB, thin film, cm™): vimax 3065, 2974, 1736, 1603,
1256, 1207, 1028, 829.

Methyl-6-chloro-2-(4-methylstyryl)-4-phenylquinoline-3-carboxylate
(5d): White solid, mp 162-163 °C, 90% yield. *H NMR (500 MHz,
CDCl3) 6 8.02 (s, 1H), 8.00 (s, 1H), 7.66 (d, J = 2.0 Hz, 1H),7.66 (d, J
=2.0 Hz, 1H), 7.55-7.53 (m, 2H), 7.52-7.49 (m, 5H), 7.34-7.32 (m,
3H), 3.59 (s, 3H), 2.77 (s, 3H); *C NMR (125 MHz, CDCl3) § 168.6, 154.9, 146.1, 145.6, 135.6,
134.9, 134.2, 132.4, 131.6, 131.2, 131.1, 130.5, 129.1, 128.9, 128.8, 128.5, 128.0, 125.9, 125.2,
124.4, 52.3, 23.7; HRMS (ESI, m/z): Calcd. For C2sH20CINO2H" 414.1255, found 414.0342; IR
(KBr, thin film, cm™): vmax 3080, 2986, 1729, 1633, 1215, 1177, 820.

Ethyl-6-chloro-2-(4-methylstyryl)-4-phenylquinoline-3-carboxylate (5h): White solid, mp 162—
163 °C, 85% yield. *H NMR (400 MHz, CDCls) § 8.09 (d, J = 3.2 Hz, 1H),
8.06 (d, J =9.6 Hz, 1H), 7.66 (dd, J = 6.4, 2.4 Hz, 1H), 7.52-7.50 (m, 6H),
7.38-7.36 (m, 2H), 7.25 (d, J = 3.2 Hz, 1H), 7.19 (d, J = 7.6 Hz, 2H), 4.10
(0, J = 14.0, 6.8 Hz, 2H), 2.38 (s, 3H), 0.96 (t, J = 7.2 Hz, 3H); 1*C NMR
(100 MHz, CDClI3) 6 168.0, 151.5, 146.5, 145.8, 139.1, 136.97, 135.1, 133.7, 132.4, 131.4, 131.1,
129.5,129.4, 128.8, 128.6, 128.4, 127.6, 126.3, 125.2, 122.9, 61.6, 21.4, 13.7; HRMS (ESI, m/z):
Calcd. For C27H22CINO2H" 428.1412, found 428.1407; IR (KBr, thin film, cm™): vmax 3050, 2952,
1724, 1621, 1214, 1156, 832.

Ethyl-6-chloro-2-(2-methoxystyryl)-4-phenylquinoline-3-carboxylate(5i):
Pale yellow solid, mp 164-165 °C, 86% yield. 'H NMR (400 MHz, CDCl3) ©
5 8.08-8.07 (m, 2H), 7.65 (d, J = 8.8 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.50

(s, 4H), 7.38-7.36 (m, 2H), 7.18 (d, J = 15.6 Hz, 1H), 6.92 (d, J = 8.4 Hz,
2H), 4.10 (q, J = 13.8, 6.8 Hz, 2H), 3.84 (s, 3H), 0.96 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDClI3): 6 168.1,160.3, 151.6, 146.5, 145.8, 136.5,135.1, 132.2,131.3, 131.0, 129.4, 129.3, 129.1,
128.7, 128.4, 127.6, 126.2, 125.2, 121.6, 114.2, 61.6, 55.3, 13.7; HRMS (ESI, thin film, m/z):
Calcd. For C27H22CINO3H™ 444.1361, found 444.1371.
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Ethyl-2-(4-bromostyryl)-6-chloro-4-phenylquinoline-3-carboxylate(5l):
White solid, mp 189-190°C, 90% yield. *H NMR (400 MHz, CDCls) § 8.45
(s, 1H), 8.19-8.10 (m, 3H), 7.92 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 9.2 Hz, 1H),
7.59-7.57 (m, 5H), 7.44 (d, J = 15.6 Hz, 1H), 7.38 (d, J = 3.2 Hz, 2H), 4.12
(0, J = 13.8, 6.8 Hz, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCI3+DMSOde) 6 169.4, 156.3, 147.4, 141.2, 139.1, 135.8, 134.3, 133.8, 133.0, 132.8, 132.2,
131.7,130.7,130.0, 128.6, 127.1, 125.7, 124.3, 121.3, 117.4,60.3, 15.1; HRMS (ESI, m/z): Calcd.
For C26H19BrCINO2H2*2 493.0433, found 493.9371; IR (KBr, thin film, cm™): vmax 3025, 2980,
1717, 1564, 1073, 835, 678.

Ethyl-6-chloro-2-(3-nitrostyryl)-4-phenylquinoline-3-carboxylate (5m): White solid, mp 176-
177°C, 95% yield. 'H NMR (400 MHz, CDCls) § 8.47 (s, 1H), 8.20 —8.12
(m, 3H), 7.94 (d, J = 7.6 Hz, 1H), 7.72 (m, 1H), 7.60 — 7.54 (m, 5H), 7.48
—7.39 (m, 3H), 7.28 (s, 1H), 4.14 (q, J = 6.8 Hz, 2H), 0.98 (t, J = 6.8 Hz,
3H). 3C NMR (125 MHz, CDCls) § 167.8, 150.3, 148.7, 146.4, 146.3,
138.2, 135.0, 134.2, 133.2, 133.1, 131.7, 131.2, 129.7, 129.3, 128.9, 128.5, 127.7, 126.9, 126.7,
125.3, 123.2, 122.0, 61.9, 13.6; HRMS (ESI, m/z): Calcd. For C26H19CIN2O4H" 459.1106, found
459.0182; IR (KBr, thin film, cm™): vmax 2990, 1737, 1604, 1540, 1350, 1256, 829.

Ethyl-6-chloro-2-(2-(furan-2-yl)vinyl)-4-phenylquinoline-3 carboxylate (5p): White solid, mp
160-161°C, 85% yield. *H NMR (500 MHz, CDCls) 6 8.04 (d, J = 9.0 Hz,
1H), 7.90 (d, J = 15.5 Hz, 1H), 7.65 (dd, J = 9.0, 2.0 Hz, 1H), 7.53-7.49 <
(m, 4H), 7.46 (d, J = 1.5 Hz, 1H), 7.38-7.37 (m, 1H), 7.36 (d, J = 2.0 Hz,
1H), 7.20 (d, J = 15.3 Hz, 1H), 6.58 (d, J = 3.0 Hz, 1H), 6.47 (dd, J = 3.0,

1.5 Hz, 1H), 4.12 (q, J = 18.0, 7.5 Hz, 2H), 0.97 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls)
0 168.6,154.9, 146.1, 145.6, 135.6, 134.9, 133.0, 132.4, 131.6, 131.2, 131.1, 130.5, 129.0, 128.9,
128.8, 128.5, 128.0, 125.9, 125.28, 124.44, 52.31, 13.67; HRMS (ESI, m/z). Calcd. For
C24H1sCINO3H* 404.1048, found 404.1056. IR (KBr, thin film, cm™): vmax 3012, 2982, 1732, 1610,
1542, 1217, 829.

(E)-Ethyl 4-phenyl-2-styrylquinoline-3-carboxylate (5g): White solid, mp Ph

186-187°C, 85% yield. 'H NMR (400 MHz, CDCls) & 8.09 (d, J = 8.4 Hz, N OO0
N~

1H), 8.02 (d, J = 15.6 Hz, 1H), 7.66-7.62 (m, 1H), 7.55 (d, J = 7.6 Hz, 2H), N O
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7.48 (d, J = 8.4 Hz, 1H), 7.41-7.39 (m, 3H), 7.35-7.23 (m, 7H), 4.02 (q, J = 7.2 Hz, 2H), 0.88 (t,
J=7.2 Hz, 3H); IR (KBr, thin film, cmY): vimax 3075, 2976, 1740, 1615, 1520, 1460, 1055.

(E)-Ethyl2-(4-chlorostyryl)-6-nitro-4-phenylquinoline-3-carboxylate (5r): yellow solid, mp
170-171°C, 86% yield. *H NMR (400 MHz, CDCl3) § 8.01-7.92 (m, o,n Pi COOEt

2H), 7.58 (d, J = 8.0 Hz, 1H), 7.42 (s, 8H), 7.29-7.17 (m, 3H), 4.01 (d, O NDNF O

J = 6.4 Hz, 2H), 0.86 (s, 3H); 13C NMR (100 MHz, CDCl3) & 168.94, cl
152.02, 147.51, 147.11, 136.61, 136.42, 136.10, 133.75, 132.94, 132.54, 132.15, 130.36, 130.06,
129.85, 129.51, 128.64, 127.52, 126.27, 125.63, 123.89, 62.73, 14.66; IR (KBr, thin film, cm™):
vmax 3083, 2986, 1736, 1620, 1545, 1452, 1063, 862.
6-Chloro-3-methyl-2-(4-methylstyryl)-4-phenylquinoline (6a): White solid, mp 191-192°C, 85%
yield. *H NMR (500 MHz, CDCls) & 8.04 (d, J = 9.0 Hz, 1H), 8.00 (d, J ¢
= 15.5 Hz, 1H), 7.57-7.52 (m, 5H), 7.50-7.47 (m, 2H), 7.26-7.24 (m,
3H), 2.38 (s, 3H), 2.31 (s, 3H); 3C NMR (125 MHz, CDCl3) § 155.4,
146.2, 144.9, 138.7, 137.0, 136.3, 134.2, 131.4, 130.8, 129.5, 129.3,
129.1, 128.8, 128.0, 127.9, 127.8, 127.4, 124.9, 123.6, 21.4, 16.8; HRMS (ESI, m/z): Calcd. For
C2sH20CINH* 370.1357, found 370.1372; IR (KBr, thin film, cm™): vmax 3014, 2985, 2919, 1631,
1572, 1163, 805.

6-Chloro-2-(4-methoxystyryl)-3-methyl-4-phenylquinoline (6b): Yellow solid, mp 174-175 °C,
88% yield. *H NMR (400 MHz, CDCls) & 8.03-7.96 (m, 2H), 7.62-7.49
(m, 6H), 7.43 (d, J = 15.6 Hz, 1H), 7.24 (d, J = 7.6 Hz, 3H), 6.93 (d, J =
8.0 Hz, 2H), 3.85 (s, 3H), 2.31 (s, 3H); *C NMR (100 MHz, CDCls) &
160.1, 155.5, 146.2, 144.9, 137.1, 135.9, 131.3, 130.7, 129.7, 129.3,
129.3,128.9,128.7,128.1, 127.8, 127.7,127.7, 124.9, 122.3, 114.2, 55.3, 16.8; HRMS (ESI, m/z):
Calcd. For C2sH20CINOH* 386.1306, found 386.1321;JIR (KBr, thin film, cm™): vmax 2924, 3010,
1627, 1603, 1443, 1171, 831.

6-Chloro-2-(4-chlorostyryl)-3-methyl-4-phenylquinoline ~ (6¢):  Pale
yellow solid, mp 165-166 °C, 92% yield. *H NMR (500 MHz, CDCls) §
8.04 (d, J = 9.0 Hz, 1H), 7.97 (d, J = 15.5 Hz, 1H), 7.85 (s, 1H), 7.60-7.48
(m, 5H), 7.37-7.32 (m, 3H), 7.27 (s, 1H), 7.24 (d, J = 7.0 Hz, 1H), 7.06 (d,
J =2.0 Hz, 1H), 2.32 (s, 3H); 3C NMR (125 MHz, CDCl3) § 160.0, 154.7, 146.3, 145.2, 144.8,
143.6, 136.8, 135.3, 134.8, 134.1, 130.8, 130.3, 129.2, 128.9, 128.7, 128.4, 127.8, 125.1, 124.8,
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16.7; HRMS (ESI, m/z): Calcd. For C24H17CI2NH*390.0811, found 389.9901; IR (KBr, thin film,
cm™): vmax 3064, 2910, 1571, 1420, 721, 702.

6-Chloro-3-methyl-2-(4-nitrostyryl)-4-phenylquinoline  (6d): Yellow Ph
solid, mp 219-220°C, 95% yield. *H NMR (500 MHz, CDCls) & 8.38 (d,
J =15.0 Hz, 1H), 8.05 (d, J = 9.0 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.83
(d, J=8.0 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H), 7.51-7.45 (m, 6H), 7.27-7.23
(m, 3H), 2.32 (s, 3H); **C NMR (125 MHz, CDCls+ DMSOds) & 154.2, 148.6, 146.6, 144.9, 136.8,
133.1, 132.8, 132.1, 131.4, 131.2, 129.8, 129.6, 129.3, 128.9, 128.8, 128.2, 127.9, 124.8, 124.8,
16.8; HRMS (ESI, m/z): Calcd. For C24H17CIN2O2H* 401.1051, found 401.1065; IR (KBr, thin
film, cm™): vmax 3010, 298, 1567, 1511, 1337, 1166, 824.

5-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl) vinyl)-2-ethoxyphenol (6e): White solid, mp
152 —153 °C, 85% yield. 'H NMR (500 MHz, CDCl3) 6 8.03 (d, J=9.0
Hz, 1H), 7.95 (d, J = 16.5 Hz, 1H), 7.54-7.49 (m, 5H), 7.40-7.36 (m,
2H), 7.25-7.21 (m, 3H), 7.14 (s, 1H), 4.19 (g, J = 14.0, 7.0 Hz, 2H),
2.31 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); **C NMR (125 MHz, CDCls+
DMSOds) 6 167.6, 149.8, 147.9, 144.1, 141.7, 140.4, 139.8, 139.7, 138.7, 137.7, 136.6, 136.2,
136.0, 135.8, 134.8, 134.0, 130.9, 129.4, 127.9, 127.1, 115.6, 61.0, 17.8, 13.5; HRMS (ESI, m/z):
Calcd. For C26H22CINO2H" 416.1412, found 416.1404.

6-Chloro-2-(3,4-dimethoxystyryl)-3-methyl-4-phenylquinoline (6f): White solid, mp 175-176°C,
90% yield. 'H NMR (400 MHz, CDCls) & 8.15 — 8.05 (m, 2H), 7.59 — on

7.53 (m, 4H), 7.43 (d, J = 15.6 Hz, 1H), 7.30 — 7.28 (m, 4H), 7.23 (s,
1H), 6.93 (d, J = 8.4 Hz, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 2.36 (s, 3H);
13C NMR (125 MHz, CDCl3) § 160.5, 155.4, 149.8, 149.1, 146.2, 144.9,
137.0, 136.5, 136.3, 131.3, 130.7, 129.3, 128.8, 128.8, 128.1, 127.8,127.7,127.3, 124.9, 122.6,
121.0, 119.4, 111.2, 110.0, 56.0, 16.8; HRMS (ESI, m/z): Calcd. For C26H22CINO;H" 416.1412,
found 416.1404; IR (KBr, thin film, cm™): vmax 3029, 2954, 1568, 1261, 1245, 1027, 828.

3-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)  vinyl)-2-hydroxy-4H-chromen-4-one (69):
Dark red solid, 86% yield. *TH NMR (400 MHz, CDCl3) § 8.00 (d, J =
9.2 Hz, 1H), 7.93 (d, J = 15.6 Hz, 1H), 7.58-7.42 (m, 5H), 7.40-7.24
(m, 3H), 7.2-7.13 (m, 3H), 7.03 (d, J = 6.0 Hz, 1H), 2.26 (s, 3H); °C
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NMR (100 MHz, CDCIz+DMSOQOds) 6 198.5, 172.0, 160.0, 152.7, 148.5, 141.4, 141.2, 133.6,
133.5, 132.5, 131.9, 131.7, 130.3, 129.7, 129.6, 129.4, 129.1, 129.0, 128.3, 127.7, 127.4, 124.7,
118.4, 85.6, 16.4; HRMS (ESI, m/z): Calcd. For C27H1sCINO3NH4*457.1313, found 457.0365; IR
(KBr, thin film, cm™): vmax 3395, 3052, 2963, 1720, 1642, 1266, 1088, 748.

2-(2-(1H-Indol-3-yl)vinyl)-6-chloro-3-methyl-4-phenylquinoline  (6h):
White solid, mp 182-183°C, 86% yield. 'H NMR (400 MHz,
CDCI3+DMSOds) 6 7.95 (s, 1H), 7.89 (d, J = 10.4 Hz, 3H), 7.78 (d, J =
14.8 Hz, 1H), 7.71-7.64 (m, 5H), 7.42 (d, J = 6.4 Hz, 3H), 7.28 (d, J = 5.6 Hz, 2H), 2.29 (s, 3H);
13C NMR (100 MHz, CDCls+ DMSOds) & 162.7, 145.3, 142.9, 140.8, 136.5, 136.3, 135.2, 133.9,
133.6, 132.0, 131.1, 130.2, 129.5, 129.1, 128.4, 127.4, 125.8, 124.6, 122.7, 120.7, 119.5, 113.5,
110.8, 17.7; HRMS (ESI, m/z): Calcd. For C2sH19CIN2H* 395.1310, found 395.1314; IR (KBr,
thin film, cm™): vmax 3301, 3078, 2951, 1651, 1272, 1246, 1075, 742.

7-Chloro-3-(4-methylbenzylidene)-9-phenyl-2,3-dihydro-1H-cyclopenta[b]quinoline (7a):
Yellow solid, mp 229-230°C, 89% yield. *H NMR (500 MHz, CDCl3) § i §
8.06 (d, J = 9.0 Hz, 1H), 7.81 (s, 1H), 7.55-7.49 (m, 7H), 7.35 (d, J =
7.5 Hz, 2H), 7.24-7.20 (m, 2H), 3.15(s, 2H), 3.0-2.98 (m, 2H), 2.38 (s,
3H); *C NMR (125 MHz, CDCl3) § 162.2, 147.2, 142.7, 139.7, 137.6, 136.0, 135.9, 134.5, 131 .4,
130.8, 129.5,129.4,129.3,129.1, 128.8, 128.3, 127.8, 125.4, 124.4, 28.8, 27.7, 21.4; HRMS (ESI,
m/z): Calcd. For CzsH20CINH* 382.1357, found 382.1353; IR (KBr, thin film, cm™): vmax 3030,
2917, 1600, 1585, 1163, 1075, 826.

7-Chloro-3-(4-methoxybenzylidene)-9-phenyl-2,3-dihydro-1H-cyclopenta[b]quinoline (7b):
White solid, mp168—169°C, 85% yield. *H NMR (400 MHz, CDCls)
5 8.06 (d, J =8.8 Hz, 1H), 7.79 (s, 1H), 7.58-7.49 (m, 7H), 7.36 (d,
J=6.8 Hz, 2H), 6.96 (d, J= 8.4 Hz, 2H), 3.85 (s, 3H), 3.17-3.14 (m,
2H), 3.03-3.00 (m, 2H); *C NMR (100 MHz, CDCls) § 162.3,
159.1, 147.2, 142.6, 138.4, 136.0, 132.0, 131.2, 130.9, 130.7, 130.2, 129.4, 129.1, 128.8, 128.3,
127.8, 125.0, 124.3, 114.0, 55.3, 28.7, 27.7; HRMS (ESI, m/z): Calcd. For C2sH2CINOH"
398.1306, found 398.1312; IR (KBr, thin film, cm™): vmax 2974, 2835, 1632, 1604, 1252, 1128,
1028, 830.
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4-((7-Chloro-9-phenyl-1H-cyclopenta[b]quinolin-3(2H)-ylidene)methyl)-N,N-dimethylaniline
(7¢): White solid, mp 218-219°C, 85% yield. *H NMR (500 MHz,
CDCls) 6 8.14 (s, 1H), 8.03 (d, J = 9.0 Hz, 1H), 7.54-7.50 (m, 3H),
7.49-7.46 (m, 3H), 7.27-7.23 (m, 3H), 6.75 (d, J = 9.0 Hz, 2H), 3.01
(s, 6H), 2.63 (t, J = 5.5 Hz, 2H), 1.79 (t, J = 6.0 Hz, 2H); *C NMR
(125MHz, CDCIs3) 6 155.5, 149.5, 145.2, 144.8, 136.6, 132.3, 130.9, 130.6, 129.7, 129.3, 129.2,
128.7, 128.0, 127.4, 126.0, 124.5, 111.8, 40.3, 28.5, 28.5, 22.9; HRMS (ESI, m/z): Calcd. For
C27H23CINzH* 411.1623, found 411.162; IR (KBr, thin film, cm™): vmax 3385, 3101, 2932, 1613,
1566, 1265, 1163, 822.

6-Chloro-2-(furan-2-ylmethylene)-8-phenyl-1,2dihydrocyclobuta [b] quinoline (7d): Brown
solid, mp 198-199°C, 88% yield. *H NMR (400 MHz, CDCls) § 8.02

(d, J=8.8 Hz, 1H), 7.63 (t, J = 2.4 Hz, 1H), 7.57-7.447 (m, 6H), 7.36 cI

(d, J =6.8 Hz, 2H), 6.53-6.49 (m, 2H), 3.17 — 3.16 (m, 2H), 3.02-2.99 N” \ o

(m, 2H); *C NMR (100 MHz, CDCls) § 161.5, 153.8, 143.0, 142.7, \
138.8, 136.8, 135.9, 131.4, 130.7, 129.4, 129.0, 128.8, 128.3, 127.8, 124.3, 112.7, 112.6, 112.0,
111.7, 28.4, 27.4; HRMS (ESI, m/z): Calcd. For C23H1sCINOH* 358.0993, found: 358.0990; IR
(KBr, thin film, cm™): vmax 3059, 2942, 2884, 1683, 1537, 1268, 1073, 829.

Ph

7-Chloro-3-((E)-3-(4-methoxyphenyl)allylidene)-9-phenyl-2,3-dihydro-1H-cyclopenta
[b]quinoline (7e): Yellow solid, mp 170-171°C, 85% vyield. ‘H
NMR (400 MHz, CDCls) 6 8.13-7.92 (m, 2H), 7.62 (d, J = 8.0 Hz,
2H), 7.58-7.39 (m, 5H), 7.25 (d, J = 7.6 Hz, 4H), 6.94 (d, J = 8.0
Hz, 2H), 3.75 (s, 3H), 2.95 (d, J = 7.3 Hz, 2H), 2.19 (t, J = 7.0 Hz,
2H); 13C NMR (100 MHz, CDCl3) 8 171.22, 160.5, 145.6, 145.0, 141.2, 134.3,133.2, 132.6, 131.7,
129.5,129.3, 129.1, 128.9, 128.6, 128.2, 127.6, 124.8, 124.7, 123.0, 114.3, 97.4, 55.3, 27.5, 26.5;
HRMS (ESI, m/z): Calcd. For C2sH22CINOH™ 424.1463, found 424.1467; IR (KBr, thin film, cm"
1): vmax 3068, 2932, 1599, 1583, 1509, 1253, 1173, 818.

7-Chloro-4-(4-methylbenzylidene)-9-phenyl-1, 2, 3, 4-tetrahydroacridine (7f): White solid, mp
185-186°C, 88% yield. *H NMR (500 MHz, CDCls) & 8.20 (s, 1H), 8.04
(d, J= 9.0 Hz, 1H), 7.55-7.47 (m, 5H), 7.41 (d, J = 8.0 Hz, 2H), 7.29 (d,
J= 2.5 Hz, 1H), 7.25-7.20 (m, 3H), 2.97 (t, J = 5.5 Hz, 2H), 2.65 (t, J =
6.0 Hz, 3H), 2.38 (s, 3H), 1.81-1.76 (m, 2H); 3C NMR (125 MHz,
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CDCl3) 0 154.7,145.3, 145.1, 137.0, 136.5, 135.4, 134.9, 131.4, 131.0, 130.0, 129.9, 129.8, 129.4,
129.2, 128.9, 128.8, 128.1, 127.6 , 124.5, 28.6, 28.2, 22.9, 21.3; HRMS (ESI, m/z): Calcd. For
Ca7H22CINH* 396.1518, found 396.1514; IR (KBr, thin film, cm™): vmax 3102, 2958, 2863, 1602,
1540, 1169, 820.

7-Chloro-4-(4-methoxybenzylidene)-9-phenyl-1,2,3,4-tetrahydroacridine (7g): White solid, mp
174-175 °C, 85% vyield. *H NMR (500 MHz, CDCl3) § 8.17 (s, 1H), 8.03 (d, J = 9.0 Hz, 1H),
7.54-7.46 (m, 7TH), 7.28-7.24 (m, 2H), 6.94 (d, J = 8.0 Hz, 2H), 3.84
(s, 3H), 2.96 (t, J = 5.5 Hz, 2H), 2.64 (t, J = 6.0 Hz, 2H), 1.80 (p, J =
6.0, 5.5 Hz, 2H); *C NMR (125 MHz, CDCls) & 162.3, 159.1, 158.6,
147.2, 142.6, 138.4, 136.0, 135.9, 131.2, 130.9, 130.7, 130.2, 129.4,
129.1, 128.8, 128.3, 127.8, 125.0, 124.3, 114.0, 55.3, 28.7, 27.7; HRMS (ESI, m/z): Calcd. For
C27H22CINOH* 412.1463, found 412.1467; IR (KBr, thin film, cm™): vimax 3069, 2948, 1602, 1536,
1167, 1031, 832.

7-Chloro-4-(4-chlorobenzylidene)-9-phenyl-1,2,3,4-tetrahydroacridine (7h): White solid, mp
221-222 °C, 90% yield. *H NMR (500 MHz, CDCls) § 8.17 (s, 1H), 8.03
(d, J=9.0 Hz, 1H), 7.55-7.52 (m, 3H), 7.51-7.47 (m, 2H), 7.36 (d, J = 8.0
Hz, 2H), 7.30 (d, J = 2.0 Hz, 1H), 7.25-7.23 (m, 2H), 2.93 (t, J = 7.0 Hz,
2H), 2.66 (t, J = 6.5 Hz, 2H), 1.82-1.77 (m, 2H); 3C NMR (125 MHz,
CDCl3) 6 154.2,145.5, 145.1, 136.7, 136.4, 136.2, 132.8, 131.6, 131.1, 129.8, 129.5, 129.2, 129.0,
128.8, 128.6, 128.4, 128.1, 127.7, 124.6, 28.5, 28.1, 22.9; HRMS (ESI, m/z): Calcd. For
C26H19CI,NH* 416.0967, found 416.0968; IR (KBr, thin film, cm™): vmax 3080, 2940, 1565, 1474,
829, 820.

4-(4-Cromobenzylidene)-7-chloro-9-phenyl-1,2,3,4-tetrahydroacridine (7i): White solid, mp
237-238°C, 95% yield. *H NMR (500 MHz, CDCls) § 8.16 (s, 1H), 8.02
(d, J=9.0 Hz, 1H), 7.54-7.46 (m, 4H), 7.42-7.33 (m, 4H), 7.28 (d, J = 2.0
Hz, 1H), 7.24-7.21 (m, 2H), 2.92-2.90 (m, 2H), 2.64 (t, J = 6.5 Hz, 2H),
1.81-1.76 (m, 2H); 3C NMR (125 MHz, CDCls) § 155.2, 149.0, 146.1,
139.3, 137.7, 137.2, 133.8, 132.6, 132.1, 131.3, 130.5, 130.2, 129.8, 129.6, 129.4, 129.1, 128.7,
128.0, 125.6, 29.5, 29.1, 23.9; HRMS (ESI, m/z): Calcd. For C26H19BrCINH2*? 461.0535, found
461.9387; IR (KBr, thin film, cm™): vmax 3051, 2938, 1620, 1566, 1071, 830, 708.
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3-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)-2-hydroxy-4H-chromen-4-
one (7j): Yellow solid, mp 205-206°C, 85% yield. *H NMR (400 MHz, CDCls) § 8.24 (s, 1H),
8.19 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.52 —7.44 (m, 4H), 7.26 Ph

(d, J=1.6 Hz, 1H), 7.18 (d, J = 6.8 Hz, 3H), 2.89 (t, J = 5.2 Hz, 2H), 2.63
(t, J = 6.0 Hz, 2H), 1.80-1.74 (m, 2H); 3C NMR (100 MHz, CDCl3) &
183.4,172.6, 137.2, 136.3, 135.4, 134.2, 133.9, 133.7, 132.6, 132.3, 132.0,
131.8, 129.9, 129.3, 129.0, 128.9, 128.5, 128.5, 128.6, 127.1, 126.1, 125.8, 122.8, 120.4, 26.6,
22.7, 22.8; HRMS (ESI, m/z): Calcd. For C29H20CINO3 465.1132, found 463.9975 (M-1); IR
(KBr, thin film, cm™): vmax 3420, 3050, 2931, 1651, 1291, 1271, 703.

Tert-butyl-8-chloro-4-(4-methylbenzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6] naphthyridin
-2(1H)-carboxylate (8a): Pale yellow solid, mp 155-156 °C, 88% vyield. 'H NMR (400 MHz,
CDCl3) 5 8.10 (s, 1H), 8.02 (d, J =8.8 Hz, 1H), 7.53 — 7.43 (m, 4H), 7.31
—7.28 (m, 3H), 7.22 — 7.14 (m, 4H), 4.70 (s, 2H), 4.39 (s, 2H), 2.31 (s,
3H), 1.21 (s, 9H); 3C NMR (100 MHz, CDCls) § 154.6, 145.6, 145.0,
139.3, 137.8, 134.9, 133.6, 132.0, 131.9, 131.0, 130.1, 129.7, 129.1,
128.7, 128.7, 128.6, 128.3, 127.3, 126.0, 124.6, 80.2, 53.8, 44.5, 28.3, 21.3; HRMS (ESI, m/z):
Calcd. For C31H29CIN2O2H* 497.1990, found 497.1991; IR (KBr, thin film, cm™): vmax 3345, 2976,
1689, 1623, 1259, 1148, 832.

Cl

Me

Tert-butyl-8-chloro-4-(4-methoxybenzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6]
naphthyridine-2(1H)-carboxylate (8b): White solid, mp 165-166 °C,
86% yield. '"H NMR (400 MHz, CDCl3) & 8.11 (s, 1H), 7.55 — 7.36 (m,
6H), 7.29 (d, J = 2.0 Hz, 1H), 7.23 - 7.18 (m, 3H), 6.89 (d, J = 8.8 Hz,
2H), 4.72 (s, 2H), 4.39 (s, 2H), 3.78 (s, 3H), 1.22 (s, 9H); 1*C NMR (100
MHz, CDClz+ DMSO-ds) 6 163.3, 159.6, 152.9, 148.6, 146.8, 144.5, 139.1, 134.3, 132.5, 131.7,
130.1, 129.4, 128.3, 127.8, 126.7, 124.8, 122.7, 121.6, 117.8, 71.0, 57.7, 55.7, 50.3, 44.8, 28.1,
HRMS (ESI, m/z): Calcd. For C31H29CIN2O3H" 513.1939, found 513.0981; IR (KBr, thin film,
cm™): vmax 3411, 2921, 1604, 1254, 1165, 1032, 830.
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Tert-butyl-8-chloro-4-(4-hydroxybenzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6]
naphthyridine-2(1H)-carboxylate (8c): Yellow solid, mp 172-173 °C, Ph
86% yield. *H NMR (400 MHz, CDCl3) & 8.08-7.93 (m, 2H), 7.54-7.49
(m, 6H), 7.47 (s, 2H), 7.29-7.16 (m, 3H), 4.64 (s, 2H), 4.41 (s, 2H), 1.18
(s, 9H); *C NMR (100 MHz, CDClz) § 154.5, 150.3, 145.4, 144.6, oH
138.8, 136.3, 134.6, 132.1, 131.8, 131.0, 130.9, 130.1, 130.0, 129.0, 128.9, 128.7, 127.2, 125.9,
124.6, 115.6, 80.1, 64.1, 44.5, 28.3; HRMS (ESI, m/z): Calcd. For C3oH27CIN2OsH™ 499.1783,
found 499.1799; IR (KBr, thin film, cm™): vmax 3778, 3348, 3024, 2975, 1633, 1570, 1170, 955,
829.

Tert-butyl-8-chloro-4-(3,4-dimethoxybenzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6]
naphthyridine-2(1H)-carboxyl ate (8d): Pale yellow solid, mp 140-
141 °C, 85% yield. *H NMR (400 MHz, CDCls) & 8.08 (s, 2H), 7.54 —
7.45 (m, 4H), 7.29 — 7.21 (m, 3H), 7.03 — 6.96 (m, 2H), 6.86 (d, J =
8.4 Hz, 1H), 4.73 (s, 2H), 4.40 (s, 2H), 3.86 (d, J = 4.4 Hz, 6H), 1.23
(s, 9H); *C NMR (100 MHz, CDCls) & 154.6, 148.9, 148.7, 145.6, 141.3, 134.6, 134.1, 133.2,
131.9, 131.0, 130.1, 130.1, 129.1, 128.7, 128.7, 128.3, 127.3, 126.0, 122.7, 118.4, 114.7, 111.0,
80.2, 55.9, 50.8, 45.0, 28.3; HRMS (ESI, m/z): Calcd. For Cs2H31CIN2O4H" 543.2045, found
543.2054; IR (KBr, thin film, cm™): vimax 3345, 3066, 2976, 1683, 1578, 1260, 1160, 1143, 1077,
827.

Tert-butyl-4-(4-bromobenzylidene)-8-chloro-10-phenyl-3,4-dihydrobenzo[b][1,6]
naphthyridine-2(1H)-carboxylate (8e): White solid, mp 168-169°C,
90% yield. 'H NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.99-7.88 (m 1H),
7.53-7.45 (m, 4H), 7.28-7.25 (m, 3H), 7.21-7.15 (m, 3H), 4.63 (s, 2H),
4.39-3.34 (m, 2H), 1.17 (s, 9H); *3C NMR (100 MHz, CDCls) & 156.5,
151.2, 147.0, 141.6, 139.9, 136.6, 136.3, 134.2, 133.9, 133.6, 133.0,
132.2,132.1,131.1, 131.0, 130.7, 130.3, 129.3, 128.0, 126.6, 82.4, 60.6, 46.6, 30.3; HRMS (ESI,
thin film, m/z): Calcd. For C3oH26BrCIN2O2H2*2562.1012, found 562.9716; IR (KBr, cm™): vmax
3410, 3030, 2974, 1689, 1242, 1149, 832, 703.

59



Tert-butyl-8-chloro-4-(3-nitrobenzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6]-naphthyridine-
2(1H)-carboxylate (8f): White solid, mp 185-186 °C, 85% yield. *H
NMR (400 MHz, CDCls) 6 8.22 (d, J = 8.8 Hz, 3H), 8.01 (d, J = 8.8
Hz, 1H), 7.51-7.54 (m, 3H), 7.52-7.46 (m, 3H), 7.31 (s, 1H), 7.22—
7.18 (m, 2H), 4.65 (s, 2H), 4.44 (s, 2H), 1.18 (s, 9H); 13C NMR (100
MHz, CDCl3) 6 153, 146.5, 145.3, 140.4, 134.9, 134.4, 132.4, 131.5, 131.0, 130.2, 129.7, 129.0,
128.7,128.7,128.6, 128.1, 127.4, 127.0, 126.2, 124.4,123.5, 121.1, 80.3, 55.1, 44.3, 27.9; HRMS
(ESI, m/z): Calcd. For C3oH26CIN3O4H* 528.1685, found 528.1698; IR (KBr, thin film, cm™): vmax
3350, 3060, 2974, 2841, 1693, 1645, 1514, 1150, 834.

Tert-butyl-8-chloro-4-(4-(dimethylamino)benzylidene)-10-phenyl-3,4-dihydrobenzo[b][1,6
Inaphthyridine-2(1H)-carboxylate (8g): Yellow solid, mp 201-202°C, 85% yield. *H NMR (400
MHz, CDClIs) 6 8.08 (d, J=8.8 Hz, 1H), 8.00 (d, J = 8.8 Hz, 1H), 7.59— Ph

7.56 (m, 6H), 7.44 (d, J= 6.0 Hz, 1H), 7.37 (s, 1H), 7.32 (t, J = 6.8 Hz
1H), 6.77-6.71 (m, 2H), 4.85 (s, 2H), 4.46 (s, 2H), 3.04 (s, 6H), 1.34
(s, 9H); 13C NMR (100 MHz, CDCls) & 154.5, 150.0, 145.7, 134.1,
131.9, 131.4, 130.8, 130.1, 130.0, 129.8, 129.1, 128.9, 128.7, 128.7,
128.5, 128.3, 126.0, 124.6, 111.9, 111.0, 80.1, 45.3, 44.3, 40.3, 28.2; HRMS (ESI, m/z): Calcd.
For Cs2H32CIN3O2NH,* 543.2256, found 543.1048; IR (KBr, thin film, cm™): vmax 3382, 2979,
2917, 1693, 1602, 1568, 1169, 818.
(E)-Ethyl6-chloro-2-(3-(((4-nitrophenyl)sulfonyl)oxy)styryl)-4-phenylquinoline-3-carboxylate
11a): Pale yellow solid, mp 192-193 °C, 88% vyield. *H NMR (400 MHz, CDCl3+DMSO-dg) &
8.18 (s, 1H), 8.04-7.97 (m, 3H), 7.85 (d, J = 10.4 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.69-7.32 (m,
11H), 6.81 (d, J = 15.6 Hz, 1H), 4.03 (q, J = 8.0, 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H); 1°C NMR

(100 MHz, CDCI3+DMSO-ds) 6 166.35, 156.95, 156.67, O

156.24, 151.62, 150.76, 150.58, 145.79, 144.42, 142.84, ci {_COOEt

140.13, 139.39, 137.67, 137.56, 134.97, 134.84, 133.59, NI O 0(;,,8/9
133.42, 129.15, 128.54, 125.46, 124.11, 123.41, 120.08, NO,

117.03, 116.18, 60.79, 26.61; HRMS (ESI, m/z): calcd. For C32H23CIN2O7SH* 615.0987, found
615.0998; IR (KBr thin film, cm™): vmax 3053, 2986, 1729, 1502, 1366, 1213, 858.
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(E)-Ethyl 6-chloro-2-(4-((4-nitrophenyl)sulfonyl)oxy)styryl)-4-phenylquinoline-3-carboxylate
(11b): Pale green solid, mp 158—-159°C, 95% yield. *H NMR (400 MHz, DMSO-ds+CDCl3) 5 8.38

(d, J = 8.8 Hz, 2H), 8.06-7.82 (m, 5H), 7.64 (d, J = 8.8 Hz, "i o0kt

1H), 7.55-7.40 (m, 6H), 7.28-7.14 (m, 3H), 7.00 (d, J = 8.4 . QN@
Hz, 1H), 4.01 (q, J = 14.4, 6.8 Hz 2H), 0.85 (t, J = 6.8 Hz, %

3H); 3C NMR (100 MHz, DMSO-dg+CDCl3) & 167.46, 151.16, 150.52, 149.22, 146.24, 146.05,
140.46, 135.85, 134.92, 134.81, 132.64, 131.61, 131.29, 130.19, 129.26, 129.12, 128.63, 127.69,
126.44, 125.15, 124.91, 124.80, 122.95, 122.66, 61.74, 13.67; HRMS (ESI, m/z): calcd. For
CazHasCIN2O7SH* 615.0987, found 615.0431; IR (KBr thin film, cm™): vmax 2972, 1724, 1557,
1368, 1214, 860.

(E)-Ethyl 6-chloro-4-phenyl-2-(4-(tosyloxy)styryl)quinoline-3-carboxylate (11c): White solid,
mp 201-202°C, 85% yield. *H NMR (400 MHz, CDCls) § N o oot

7.99-7092 (m, 2H), 7.63-7.16 (m, 14H), 6.92 (s, 2H), 4.00 (d, NN O o /@Me
J = 3.6 Hz, 2H), 2.37 (s, 3H), 0.85 (s, 3H); 3C NMR (100
MHz, CDClz) 8 167.95, 150.92, 149.76, 146.48, 146.13, 145.49, 135.46, 135.07, 132.79, 132.29,
131.56, 129.78, 129.28, 128.87, 128.75, 128.73, 128.58, 128.51, 127.63, 126.53, 125.25, 124.94,
122.83, 122.65, 61.75, 21.67, 13.56; HRMS (ESI, m/z): calcd. For Ca3H26CINOsSH* 584.1293,

found 584.1301; IR (KBr thin film, cm™): vmax 3067, 2972, 1731, 1504, 1373, 1231, 857.

(E)-Ethyl-6-chloro-2-(3-methoxy-4-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-
carboxylate (11d): White solid, mp 162—163°C, 86% yield. *H NMR
(400 MHz, CDCls) 6 8.32 (d, J = 15.6 Hz, 1H), 8.04 (d, J = 8.8 Hz,
1H), 7.59 (dd, J = 9.2, 2.4 Hz, 1H), 7.44-7.16 (m, 9H), 6.90 (d, J =
8.0 Hz, 1H), 4.01 (q, J =14.4, 7.2 Hz, 2H), 3.85 (s, 3H), 3.31 (s, 3H),
0.85 (t, J = 7.2 Hz, 3H); C NMR (100 MHz, CDCls) & 167.87,
152.58, 150.71, 146.40, 146.16, 137.52, 135.11, 132.90, 132.22, 130.30, 129.36, 129.14, 128.82,
128.64, 128.48, 127.69, 127.58, 127.37, 126.60, 125.16, 119.04, 112.81, 61.75, 56.23, 40.12,
13.60; HRMS (ESI, m/z): calcd. For C2sH24CINOsSH™ 538.1086, found 538.0567; IR (KBr thin
film, cm™): vmax 3061, 2972, 1729, 1514, 1365, 1221, 865.
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(E)-Ethyl 6-chloro-2-(4-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-carboxylate (11e):
White solid, mp 183-184°C, 88% yield. *H NMR (400 MHz, DMSO-ds+CDCls3) & 8.24 (d, J =
15.6 Hz, 1H), 8.08 (d, J = 8.8 Hz, 1H), 7.70-7.61 (m, 2H), 7.47—
7.28 (m, 10H), 4.03 (q, J = 14.2, 7.2 Hz, 2H), 3.21 (s, 3H), 0.85 o
(t, J = 6.8 Hz, 3H); 3C NMR (100 MHz, DMSO-dg+CDCl3) & O of\s\gme
167.55, 150.45, 147.45, 146.44, 145.95, 134.72, 132.99, 131.72, 131.08, 130.24, 129.66, 129.21,
129.05, 128.57,128.19, 127.71, 126.88, 126.58, 125.17, 123.38, 61.88, 38.26, 13.59; HRMS (ESI,
m/z): calcd. For C27H22CINOsSH™* 508.0980, found 508.0475; IR (KBr thin film, cm™): vmax 2980,
1725, 1485, 1358, 1222, 1082, 886.

Cl N COOEt

(E)-Ethyl 6-chloro-2-(3-methoxy-2-(tosyloxy)styryl)-4-phenylquinoline-3-carboxylate  (11f):
White solid, mp 199-200 °C, 85% yield. *H NMR (400 MHz, CDCls) &
7.89 (d, J=8.2 Hz, 1H), 7.75-7.42 (m, 10H), 7.16-6.85 (m, 6H), 3.99 (d,
J = 6.4 Hz, 2H), 3.72 (s, 3H), 1.84 (s, 3H), 0.85 (s, 3H); *C NMR (100
MHz, CDCl3) 6 167.77, 153.32, 150.55, 146.24, 145.65, 144.56, 137.77,
135.00, 133.99, 132.79, 131.84, 131.41, 130.54, 129.45, 129.29, 128.89,
128.54, 128.46, 128.42, 127.56, 126.36, 126.10, 125.14, 119.40, 118.45, 112.81, 61.73, 56.02,
21.25, 13.73; HRMS (ESI, m/z): calcd. For C3sH2sCINOsSH™ 614.1399, found 614.0845; IR (KBr
thin film, cm™): vmax 3050, 2962, 1724, 1511, 1368, 1156, 858.

(E)-Ethyl 6-chloro-2-(3-methoxy-2-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-
carboxylate (11g): Yellow solid, mp 203-204°C, 85% yield. *H NMR (400 Ph

MHz, CDCl3) & 8.31 (d, J = 15.6 Hz, 1H), 8.02 (d, J = 8.8 Hz, 1H), 7.57 (d,
J = 7.6 Hz, 1H), 7.43-7.15 (m, 9H), 6.89 (d, J = 7.6 Hz, 1H), 4.00 (g, J =
14.0, 6.8 Hz, 2H), 3.84 (s, 3H), 3.30 (s, 3H), 0.84 (t, J = 7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl3) 6 167.91, 152.58, 150.74, 146.52, 146.05, 137.53,
135.14, 132.86, 132.25, 131.56, 131.44, 130.17, 129.37, 128.80, 128.47, 127.69, 127.57, 127.47,
126.59, 125.14, 119.00, 112.80, 61.73, 56.22, 39.83, 13.60; HRMS (ESI, m/z): calcd. For
C2sH24CINOgSH™ 538.1086, found 538.0561; IR (KBr thin film, cm™): vmax 3030, 2972, 1730,
1546 1378, 1156, 857.
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(E)-Ethyl 6-chloro-2-(3-methoxy-4-((phenylsulfonyl)oxy)styryl)-4-phenylquinoline-3-
carboxylate (11h): Pale yellow solid, mp 219-220 °C, 85% yield. H

Ph

NMR (400 MHz, CDCl3) § 7.82-7.78 (m, 4H), 7.62-7.10 (m, 12H), °© '\ COOEt
6.85 (d, J = 4.0 Hz, 1H), 4.00 (d, J = 6.0 Hz, 2H), 3.68 (s, 3H), 0.86 "
[o)
(s, 3H); *C NMR (100 MHz, CDCl3) & 167.81, 153.09, 150.63, O o:%@
0\Me

146.27, 145.82, 137.66, 137.02, 135.09, 133.31, 132.81, 132.05,

131.41, 130.55, 129.40, 129.36, 128.86, 128.78, 128.73, 128.53, 128.40, 127.63, 127.50, 126.45,
125.17, 125.15, 118.49, 61.72, 55.95, 13.72; HRMS (ESI, m/z): calcd. For Cs3H26CINOeSH*
600.1242, found 600.1250; IR (KBr thin film, cm™): vmax 3012, 2986, 1712, 1509, 1385, 1232,
862.

(E)-Ethyl 6-chloro-2-(3-methoxy-4-(tosyloxy)styryl)-4-phenylquinoline-3-carboxylate  (11i):
Pale green powder, mp 198-199°C, 88% yield. *H NMR (400

MHz, DMSO-ds+CDCls) § 8.03-7.97 (m, 2H), 7.68-7.62 (m, 3H), ¢ |- COOE
7.49-7.48 (m, 3H), 7.34-7.29 (m, 5H), 7.18-7.05 (m, 4H), 4.04 N O e
(0, J = 14.2, 6.8 Hz, 2H), 3.54 (s, 3H), 2.40 (s, 3H), 0.88 (t, J = 6.8 ot
Hz, 3H); *C NMR (100 MHz, DMSO-de+CDCl3) & 167.38, ©
151.95, 150.69, 146.33, 145.94, 145.56, 138.46, 136.43, 135.67,

134.81, 132.81, 132.49, 131.67, 131.44, 129.80, 129.35, 129.15, 128.72, 128.58, 127.76, 126.42,
125.10, 124.98, 124.20, 119.64, 112.41, 61.75, 55.78, 21.70, 13.78; HRMS (ESI, m/z): calcd. For
Ca4H2sCINOsSH* 614.1399, found 614.1406; IR (KBr thin film, cm™): vma 3067, 2972, 1731,
1504, 1373, 1231, 857.

(E)-Methyl 6-chloro-2-(4-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-carboxylate (11j):

White solid, mp 166-167 °C, 86% yield. *H NMR (400 MHz, CDCls) Ph

5 8.01-7.96 (m, 2H), 7.59-7.42 (m, 8H), 7.23-7.14 (m, 4H), 3.52 (s, O N COOMe
3H), 3.09 (s, 3H); °C NMR (100 MHz, CDCl3) 5 168.49, 150.80, N O
149.32, 146.54, 146.30, 135.84, 135.19, 135.00, 132.89, 131.66, octo
131.22, 131.11, 129.11, 128.93, 128.91, 128.57, 127.53, 126.49, Ve

125.30, 125.20, 122.41, 122.33, 52.55, 37.48; HRMS (ESI, m/z): calcd. For C2sH20CINOsSH*
494.0823found 494.0837; IR (KBr thin film, cm™): vmax 2980, 1711, 1485, 1354, 1228, 1085, 882.
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(E)-Methyl 6-chloro-2-(3-methoxy-4-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-
carboxylate (11k): Light yellow solid, mp 186-187 °C, 92% yield. Ph

'H NMR (400 MHz, CDCl3)  8.39 (d, J = 15.6 Hz, 1H), 8.12 (d, © O N COOMe
J=9.2 Hz, 1H), 7.68 (d, J = 9.6 Hz, 1H), 7.55-7.52 (m, 4H), 7.39— N7 O ©Me
7.26 (m, 5H), 7.00 (d, J = 8.0 Hz, 1H), 3.94 (s, 3H), 3.60 (s, 3H), o:g:o
3.40 (s, 3H); *C NMR (100 MHz, DMSO-ds+CDCls) § 165.10, |
160.98, 150.62, 147.41, 145.90, 145.17, 140.60, 135.74, 130.71, 130.15, 129.74, 129.05, 128.93,
128.77, 128.23, 128.06, 125.22, 124.29, 123.83, 121.87, 118.53, 116.34, 57.06, 51.06, 36.29;
HRMS (ESI, m/z): calcd. For C27H22CINOgSH™ 524.0929, found 524.0926; IR (KBr thin film, cm"
1Y: vmax 2972, 1714, 1480, 1375, 1214, 1156, 832.

(E)-Methyl 6-chloro-2-(3-methoxy-2-((methylsulfonyl)oxy)  styryl)-4-phenylquinoline-3-
carboxylate (111): White solid, 85% mp 197-198 °C, yield. *H
NMR (400 MHz, CDCls) 6 8.30 (d, J = 15.6 Hz, 1H), 8.02 (d, J ¢!
=9.0 Hz, 1H), 7.60-7.57 (m, 1H), 7.45-7.42 (m, 4H), 7.29-7.16

(m, 5H), 6.90 (d, J =8.0 Hz, 1H), 3.85 (s, 3H), 3.51 (s, 3H), 3.31

(s, 3H); 3C NMR (100 MHz, DMSO-ds+CDCls) & 168.01, 158.71, 149.77, 146.08, 142.07,
134.67, 132.83, 131.88, 131.45, 131.17, 130.00, 129.67, 129.18, 128.75, 128.58, 128.19, 127.82,
126.64, 126.27, 124.44, 118.79, 113.76, 56.32, 52.68, 36.07; HRMS (ESI, m/z): calcd. For
C27H22CINOgSH™ 524.0929, found 524.0930; IR (KBr thin film, cm™): vmax 3050, 2952, 1724,
1621, 1214, 1156, 832.

(E)-Methyl 6-chloro-2-(3-methoxy-2-(tosyloxy)styryl)-4-phenylquinoline-3-carboxylate
(11m):White solid, mp 210-211 °C, 85% yield. *H NMR (400 MHz, DMSO-ds+CDCl3) § 8.01 (d,
J=8.8 Hz, 1H), 7.87 (d, J = 15.6 Hz, 1H), 7.75-7.69 (m, 4H), Me
7.56-7.51 (m, 4H), 7.36 (d, J = 7.2 Hz, 3H), 7.12-6.98 (m, 4H), ¢! T coonneocf‘s\b
3.75 (s, 3H), 3.60 (s, 3H), 2.01 (s, 3H); 3C NMR (100 MHz, NI O e
DMSO-de+CDCI3) & 187.82, 168.05, 153.10, 150.27, 146.18,

145.82, 144.93, 137.47, 134.73, 133.72, 132.78, 131.57, 131.39, 130.30, 129.71, 129.52, 129.06,
128.66, 128.26, 127.79, 127.46, 126.25, 126.07, 125.10, 118.42, 113.14, 56.05, 52.52, 21.27,
HRMS (ESI, m/z): calcd. For CasH2sCINOgSH* 599.1169, found 600.0698; IR (KBr thin film, cm"

YY: vmax 2943, 117, 1561, 1375, 1278, 760.
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(E)-4-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)phenyl 4-nitrobenzenesulfonate
(12a): White solid, mp 172-173 °C, 95% yield. *H NMR (400 MHz, DMSO-ds+CDCl3) § 8.38 (d,
J=8.8 Hz, 2H), 8.05 (d, J = 8.8 Hz, 2H), 7.84-7.82 (m, 1H), o
7.68 (s, 1H), 7.63-7.46 (m, 7H), 7.20-7.15 (m, 3H), 7.00 (d, © N Me
NO,

J = 8.4 Hz, 2H), 2.28 (s, 3H); 3C NMR (100 MHz, DMSO- e g% Q

. 1 H . ! 1 ! 0/\5\\
de+CDClz) & 161.68, 156.93, 151.13, 148.76, 143.88, ©
140.53, 139.19, 131.59, 130.13, 129.25, 129.10, 129.01, 128.57, 128.00, 126.99, 126.10, 124.92,
124.82, 124.70, 123.77, 122.90, 122.57, 116.73, 16.81; HRMS (ESI, m/z): calcd. For
C30H21CIN,0sSH* 557.0932, found 557.0403; IR (KBr thin film, cm™): vmax 2982, 1524, 1369,
1214, 1159, 869.

(E)-2-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)-6-methoxyphenyl methanesulfonate
(12b): White solid, mp 221-222 °C, 85% yield. *H NMR (400
MHz, DMSO-ds+CDCl3) 6 8.20 (d, J = 15.6 Hz, 1H), 7.93 (d, J cI
= 8.8 Hz, 1H), 7.64-7.36 (m, 7H), 7.24-7.14 (m, 3H), 6.97 (d, J
=8.0 Hz, 1H), 3.87 (s, 3H), 3.37 (s, 3H), 2.26 (s, 3H); *C NMR
(100 MHz, DMSO-de+CDCl3) 6 153.55, 151.43, 145.36, 143.67, 136.35, 135.69, 131.51, 130.58,
130.16, 128.57, 128.48, 128.28, 128.06, 127.88, 127.25, 127.17, 126.94, 126.73, 123.71, 117.93,
111.75, 55.22, 39.01, 15.74; HRMS (ESI, m/z): calcd. For C2sH2CINO4SH* 480.1031, found
524.0934; IR (KBr thin film, cm™): vmax 2993, 1502, 1476, 1370, 1152, 878.

(E)-2-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)-6-methoxyphenyl 4-
methylbenzenesulfonate (12c): White powder, mp 191-192 °C, 88% yield. *H NMR (400 MHz,
DMSO-ds+CDCl3) § 7.90 (s, J = 9.2 Hz, 1H), 7.78 (d, J = 15.2 . 0 OCHs
Hz, 1H), 7.69 (d, J = 8.4 Hz, 2H), 7.58-7.45 (m, 4H), 7.38-7.16 © S 0¥

(m, 6H), 7.05 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 7.2 Hz, 1H), 3.65 NN O i

(s, 3H), 2.22 (s, 3H), 1.98 (s, 3H); 13C NMR (100 MHz, DMSO-

ds+CDCl3) & 154.23, 152.99, 146.48, 144.85, 144.22, 137.42, 136.56, 133.90, 132.12, 131.72,
130.81, 130.03, 129.45, 129.22, 128.93, 128.33, 128.24, 127.98, 127.89, 127.84, 127.70, 126.72,
124.76, 118.60, 112.78, 55.97, 21.31, 16.75; HRMS (ESI, m/z): calcd. For C32H26CINO4SH"
556.1344, found 556.0813; IR (KBr thin film, cm™): vmax 2952, 1424, 1368, 1214, 1156, 862.

(E)-2-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)phenyl methanesulfonate (12d):
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White powder, mp 152-153 °C, 85% yield. *H NMR (400 MHz,
DMSO-dg+CDCl3) 6 7.99-7.94 (m, 2H), 7.69 (d, J = 8.4 Hz, 2H),
7.53-7.45 (m, 5H), 7.29 (d, J = 8.6 Hz, 2H), 7.20-7.15 (m, 3H), 3.18
(s, 3H), 2.26 (s, 3H); 3C NMR (100 MHz, DMSO-ds+CDCl3) §
154.58, 149.27, 146.48, 144.55, 136.65, 136.10, 134.65, 131.53, 130.82, 130.22, 129.41, 129.26,
129.01, 128.91, 128.71, 128.30, 128.11, 127.93, 125.63, 124.77, 122.54, 37.60, 16.77; HRMS
(ESI, m/z): calcd. For C2sH20CINO3SH* 450.0925, found 450.0449; IR (KBr thin film, cm™): vmax
2993, 1505, 1480, 1365, 1156, 876.

(E)-4-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)-2-methoxyphenyl methane sulfonate
(12e): White powder, mp 202—-203 °C, 85% yield. *H NMR (400 MHz, CDCl3) § 8.19 (d, J = 15.6
Hz, 1H), 7.96 (d. J = 8.8 Hz, 1H), 7.57-7.41 (m, 5H), 7.33-7.15 -

(m, 5H), 6.90 (d, J = 7.6 Hz, 1H), 3.85 (s, 3H), 3.32 (s, 3H), 2.25 O Nt P o

(s, 3H); 3C NMR (100 MHz, CDCls) § 154.71, 152.53, 146.44, O o
144.89, 137.46, 136.95, 132.83, 131.85, 131.19, 129.76, 129.39, °:$:°
129.35, 128.79, 128.44, 128.10, 128.08, 128.04, 127.55, 124.80, 119.16, 112.48, 56.20, 39.87,
16.78; HRMS (ESI, m/z): calcd. For C26H22CINO4SNa* 502.0850, found 502.0739; IR (KBr thin

film, cm™): vmax 2980, 1556, 1495, 1370, 1160, 866.

(E)-2-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)phenyl 4-nitrobenzenesulfonate
(12f): Pale yellow powder, mp 186-187 °C, 95% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) &
7.96 (d, J = 2.8 Hz, 5H), 7.71 (d, J = 7.2 Hz, 1H), 7.58-7.46 (m, 5H),
7.38-7.29 (m, 3H), 7.22-7.12 (m, 4H), 2.12 (s, 3H); 1*C NMR (100 MHz,
CDCI3+DMSO-de) 6 153.47, 153.45, 150.59, 147.25, 146.48, 144.55,
140.52, 136.63, 131.63, 131.13, 130.28, 130.26, 130.15, 129.65, 129.29,
128.99, 128.39, 128.31, 127.87, 127.64, 126.77, 124.79, 124.54, 124.46, 124.18, 16.50; HRMS
(ESI, m/z): calcd. For C3oH21CIN20sSH* 557.0932, found 557.0991; IR (KBr thin film, cm™): vmax
2975, 1545, 1480, 1375, 1156, 856.

(E)-4-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)-2-methoxyphenyl
benzenesulfonate (12g): White powder, mp 206-207 °C, 90% Ph
eld. | =52 ()
yield. *H NMR (400 MHz, CDCl3) 6 8.11 (s, 1H), 7.98 (d, J =8.2 7 | l
Hz, 1H), 7.86 (d, J = 7.6 Hz, 2H), 7.63-7.45 (m, 8H), 7.20-7.15 O % @
(m, 3H), 7.00 (d, J = 8.0 Hz, 1H), 6.90 (s, 1H), 3.51 (s, 3H), 2.88
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(s, 2H), 2.62 (t, J = 5.6 Hz, 2H), 1.7 (t, J = 5.6 Hz, 2H); 13C NMR (100 MHz, CDCls) 5 154.01,
151.34, 145.64, 145.08, 137.98, 137.18, 137.06, 136.33, 133.94, 131.73, 131.06, 129.83, 129.56,
129.19, 128.86, 128.74, 128.64, 128.21, 127.77, 124.60, 123.74, 122.00, 114.29, 55.56, 28.50,
28.16, 22.87; HRMS (ESI, m/z): calcd. For CasH2sCINO4SH* 569.0892 found 569.2999; IR (KBr
thin film, cmY): vimax 2976, 1570, 1486, 1365, 1155, 850.

(2)-2-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)-6-methoxyphenyl
methanesulfonate (12h): White solid, mp 152-153 °C,88% vyield. *H NMR
(400 MHz, CDCl3+DMSO-ds) 6 8.08 (d, J = 15.6 Hz, 1H), 7.83 (d, J = 8.4
Hz, 1H), 7.57-7.27 (m, 6H), 7.14-7.02 (m, 4H), 6.87 (d, J = 8.0 Hz, 1H),
3.75 (s, 3H), 3.25 (s, 3H), 3.14 (s, 2H), 2.38 (s, 2H), 2.15 (s, 2H); °C NMR

o:$:o o.

(100 MHz, DMSO-de+CDClz) 6 154.95, 153.70, 145.55, 138.13, 137.29, Me
134.61, 132.85, 132.41, 131.56, 131.14, 130.68, 130.15, 129.93, 129.63, 128.95, 128.55, 128.40,
127.48, 125.46, 119.30, 113.46, 56.68, 28.89, 28.23, 27.43, 22.02; HRMS (ESI, m/z): calcd. For
C2H24CINO4SH* 506.1187, found 506.1165; IR (KBr thin film, cm™): vinax 3050, 2986, 1719,
1550, 1358, 1146, 868.

Me

(E)-4-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)phenyl methanesulfonate
(12i): White powder, mp 212-213°C, 88% yield.*H NMR (400 MHz,
CDCls) 6 8.14 (s, 1H), 7.97 (d, J = 8.8 Hz, 1H), 7.49-7.42 (m, 6H),
7.25-7.16 (m, 5H), 3.10 (s, 3H), 2.86 (t, J = 5.2 Hz, 2H), 2.60 (t, J =
5.2 Hz, 2H), 1.76-1.70 (m, 2H); *C NMR (100 MHz, CDCls) &
153.99, 147.94, 145.69, 145.09, 137.22, 136.35, 131.77, 131.35,
131.08, 129.81, 129.59, 129. 18, 128.92, 128.86, 128.20, 127.79, 124.59, 121.76, 37.47, 28.51,
28.07, 22.87; HRMS (ESI, m/z): calcd. For C27H23CINOsSH™ 476.1082, found 476.0964; IR (KBr
thin film, cm™): vmax 2975, 1565, 1488, 1375, 1148, 860.

(E)-4-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)phenyl  4-nitrobenzene
sulfonate (12j): White solid, mp 180-181°C, 95% yield. *H NMR (400 MHz, CDCl3) & 8.35 (d, J

= 8.4 Hz, 2H), 8.12 7.91 (m, 4H), 7.52-7.46 (m, 4H), 741 (d, 3 ., _
= 8.4 Hz, 2H), 7.22-7.19 (m, 3H), 6.99 (d, J = 8.4 Hz, 2H), 3.45 N/ .
—_ . 13
(s, 2H), 2.86 (s, 2H), 2.63 (t, J = 5.6 Hz, 2H): °C NMR (100 9 ochs\\Jij
o

MHz, CDCl3) 8 153.84, 151.05, 147.82, 145.72, 145.07, 141.09,
137.53, 137.42, 136.29, 131.83, 131.29, 131.05, 129.94, 129.79, 129.63, 129.17, 128.86, 128.22,
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127.93, 127.80, 124.60, 124.37, 121.85, 28.46, 28.07, 22.85; HRMS (ESI, m/z): calcd. For
Ca2H23CIN20sSH* 583.1089, found 583.1314; IR (KBr thin film, cm™): vmax 2956, 1545, 1490,
1368, 1158, 852.

(E)-2-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)phenyl benzenesulfonate
(12k): White powder, mp 177-178 °C, 90% vyield. *H NMR (400 MHz,
CDCl3) 6 7.94 (d, J = 8.8 Hz, 1H), 7.76-7.72 (m, 3H), 7.51-7.41 (m, 4H),
7.33-7.09 (m, 10H), 2.55-2.51 (m, 4H), 1.60-1.57 (m, 2H); 3C NMR (100
MHz, CDCls) & 153.44, 147.75, 145.57, 144.99, 138.00, 136.41, 135.97,
133.68, 131.75, 131.73, 131.21, 130.82, 129.61, 129.54, 129.16, 128.89, 128.81, 128.57, 128.50,
128.20, 127.73,126.77, 124.59, 123.67, 123.36, 28.57, 27.86, 22.68; HRMS (ESI, m/z): calcd. For
C32H24CINO3SH™ 538.1238, found 538.1298; IR (KBr thin film, cm™): vmax 3085, 2975, 1544,
1486, 1368, 1156, 860.

(2)-4-((7-Chloro-9-phenyl-2,3-dihydroacridin-4(1H)-ylidene)methyl)-2-methoxyphenyl 4-
methylbenzenesulfonate (121): White solid, mp 169-170 °C, 86%
yield. *H NMR (400 MHz, DMSO-ds+CDCls) 6 8.09 (s, 1H), 7.96 (d, J
= 8.8 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.55-7.41 (m, 4H), 7.27-7.16
(m, 5H), 7.06 (d, J = 8.4 Hz, 1H), 6.97-6.90 (m, 2H), 3.50 (s, 3H), 2.90—
2.81(t,J=5.2 Hz, 2H), 2.59 (t, J = 6.4 Hz, 2H), 2.38 (s, 3H), 1.76-1.70
(m, 2H); 3C NMR (100 MHz, DMSO-ds+CDCl3) & 153.86, 151.31, 145.70, 145.65, 145.31,
144.76, 137.80, 137.08, 136.81, 136.75, 136.07, 132.90, 131.51, 130.95, 129.96, 129.48, 129.10,
128.91,128.52, 128.30, 127.64, 124.46, 123.49, 121.93, 114.29, 55.57, 28.40, 28.08, 22.71, 21.68;
HRMS (ESI, m/z): calcd. For CzsH2sCINO4S 581.1428, found 581.0699; IR (KBr thin film, cm
1): vmax 2968, 1595, 1505, 1370, 1176, 843.

(2)-2-((7-Chloro-9-phenyl-1H-cyclopenta[b]quinolin-3(2H)-ylidene)methyl)-6-methoxyphenyl
methanesulfonate (12m): Light brown solid, mp 180-181 °C, 85% vyield. *H NMR (400 MHz,
DMSO-ds+CDCl3) 6 8.19 (s, 1H), 8.02 (d, J = 6.4 Hz, 1H), 7.72 (s, 1H), Ph

7.52-7.43 (m, 4H), 7.23-7.18 (m, 3H), 7.00-6.96 (m, 2H), 3.88 (s, 3H),
3.26 (s, 3H), 2.81-2.70 (t, J = 5.2 Hz, 2H), 2.62 (t, J = 6.0 Hz, 2H); 13C
NMR (100 MHz, DMSO-ds+CDClI3) 6 153.32, 152.33, 144.13, 137.40,
135.94, 135.89, 133.38, 131.76, 131.71, 130.07, 129.81, 129.44, 129.19,
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129.02, 128.46, 128.16, 127.80, 127.31, 124.47, 122.33, 112.18, 56.22, 28.52, 27.97, 22.61,
HRMS (ESI, m/z): calcd. For C27H2CINOsSH* 492.1031, found 492.1014; IR (KBr thin film, cm"
1): vmax 2952, 1524, 1381, 1214, 1156, 832.
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2.13. Selected Spectral data

Methyl- 6-chloro-2-(3-nitrostyryl)-4-phenylquinoline-3-carboxylate (5b):
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Ethyl 6-chloro-2-(4-methylstyryl)-4-phenylquinoline-3-carboxylate (5h):
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Ethyl 6-chloro-2-(3-nitrostyryl)-4-phenylquinoline-3-carboxylate (5m):
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6-chloro-2-(4-methoxy-3-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-

carboxylate (11d):
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(E)-Ethyl 6-chloro-2-(4-((methylsulfonyl)oxy)styryl)-4-phenylquinoline-3-carboxylate (11e):
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(E)-2-(2-(6-Chloro-3-methyl-4-phenylquinolin-2-yl)vinyl)-6-methoxyphenyl

methylbenzenesulfonate (12c¢):
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Chapter-3

Facile synthesis of quinoxaline, quinoxaline-2-one, quinazoline-based styryls, and their

sulfonate-styryls via sp® C-H activation and their evaluation as a-glucosidase inhibitors

Abstract

Quinoxaline and quinazoline derivatives play significant role in medicinal, natural product
chemistry and are part of many commercial drugs. The synthetic compounds well explored in
materials chemistry for photoluminescent properties. Considering these, the synthesis of
quinazoline, quinoxaline styryls, bis-quinoxaline styryls and sulfonate ester conjugates is reported
via sp® C-H activation at 2nd and 3rd positions of quinazoline, quinoxaline. The photo physical
properties of resulting compounds studied along with their evaluation for a-glucosidase inhibition.
A detailed study (synthesis, photo physical and biological) is described in this chapter.
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3.1 Introduction

3.1.1 Reported methods for the synthesis of 3-styryl quinoxaline-2-ones, 2-styryl
quinazolines

Isomeric structures quinazoline and quinoxaline belong to the benzodiazepine class
(1,3-diazanaphthalenes and 1,4-diazanaphthalene) of molecules and considered privileged
structures in medicinal chemistry.*4 Quinazolines show antimicrobial,?** COX-2 inhibitory,*
anti-leishmanial,?® anticonvulsant,?® antinypertensive?®’ and anti-cancer? properties. The
derivatives of quinazolines playa specific role in the inhibition of P13ka,3 tyrosine
kinase®®, and acetyl/butyryl cholinesterase (AChE/BChE),*¢ and are usedin the redox
switching reactions.® Many of the quinazoline-based molecules are in clinical trials for

different diseases.>®

Quinoxaline derivatives are known for their antibacterial,*® antiviral,*
anticancer,*¢ anti-inflammatory,*® antimicrobial,*" anti-analgesic,*® and anti-diabetic
properties.*" The quinoxaline unit is present in the molecules used for P38a MAP kinase
inhibition,® PDGF receptor tyrosine kinase inhibition,®® glucagon receptor
antagonists,> tyrosine kinase c-Met inhibition,%@ and cholinesterase inhibition.>® These
compounds play a significant role in chemotherapy,® also used in the development of

organic luminescent materials® and organic solar cells.5®

2-Styryl-quinolines are structurally similar to 2-styryl- quinazolines and 3-styryl-
quinoxalines and exhibit many biologicaland material properties.’®¢ 2-Styryl-quinolines are
prepared by the condensation of the methyl group of 2-methyl quinoline with an aldehyde
in the presence of a base.” Recently this trend has shiftedtowards sp® C—H activation under
metal and metal-free (one-pot)green conditions.’

The sulfonates are well-known for anticancer,®® monoamine oxidase inhibition,2®

8 and PTP1B (anti-hyperglycemic) inhibition activity.® the

antioxidant,® aldose reductase,
aromatic sulfonate derivatives of 2-styryl-quinazolines are also known to show better
anticancer activity compared to reference compounds.® a-Glucosidase inhibition is one of the
important and attractive targets for the treatment of type-1 and type-2 diabetes. Inhibition of
a-glucosidase helps in the prevention of diabetes by lowering theabsorption of glucose in the
digestive system.® Many plant-based compounds (such as flavonoids, 7-geranyloxy-6-methoxy
coumarin, apigenin, B-Amyrin, vitexin, isovitexin, 3-O-p-D-rutinoside, -sitosterol, salacinol,

terpenes, and dicaffeoylquinic acids),}%®® and synthetic molecules (pyrrole, pyrrolidine,
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pyrazole, indole, bis-diindolylmethane, oxindoles) are known for the purposes.*'#® Along with
these, the quinazoline and quinoxaline derivatives have been reported for a-glucosidase inhibition.
Based on the literature reports on various approaches for the synthesis of 3-styrylquinoxaline
derivatives we have found that the Knoevenagel condensation is the simple method for the
construction of titled compounds, which are derived from the coupling of 3-methylquinoxaline-2-
one/2-methylquinazoline with aromatic aldehydes under mild conditions. In many previous
reports, the Knoevenagel condensation products were the key intermediates for the construction
of 2-styryl of quinazoline/ quinoxalines/ methylquinazoline/ bis-quinoxaline derivatives via

intermolecular-aldol reactions.

In the reported methods, o-phenylenediamine (OPDA) (1a) was initially treated with 2-
oxopropanoic acid (2a) in the presence of different catalysts such as piperidine,*?® acetic acid,'*
acetic anhydride,'?* to generate 3-methylquinoxaline-2-one intermediate which is reacted with
benzaldehyde (3a) to access (E) 3-styrylquinoxaline-2-one (4a) with moderate to good yields as
shown in Figure-1. Similarly, ethyl pyruvate (2b) is combined with OPDA (1a) and benzaldehyde
under acidic catalysts [e.g., 20 mol% HCI,**" sulfuric acid*?] to give corresponding (E) 3-styryl
quinoxaline-2-one (4a) and its 4-methoxy derivative (4c) under refluxing conditions. In addition,
(E)-styryl quinoxaline-2-one (4a) synthesized from the reaction of benzaldehyde (2a) with various
reagents such as sodium salt of diethyl oxalacetate (1,4-diethoxy-1,3,4-trioxobutan-2-ide),*?"

under basic medium (NaOH) or sodium pyruvate? (2d) using AcONa and AcOH via cyclization

4a: ref- 12(aib)/\©
4a: ref E/\Q

Ethyl pyruvate (2b) CH3;COCOOH (2a)

20% HCI,
4-OMe-PhCHO (3b)
reflux, 16 h

Piperidine, PhCHO (3a)
EtOH,160 °C, 13 h

Ethyl pyruvate (2b)

H,S0,, PhCHO (3a)
48 h, 118 °C

CH3COCOOH (2a)

ACOH, PhCHO (3a)
EtOH,reflux

and aldol reaction as represented in the Figure-1.
NH,
O O C[NHZ

4c: refE/\@
4a: refE/\Q
E
to OEt 1a

CH,COCOOH (2a)

W (2¢0)
NaOH, PhCHO (3a)
4a: ref 12h reflux

o
ONa
Me)%( (2d)
(o]
PhCHO, AcOH,
4a: ref-12i AcONa, H,0
120 °C, 8-14 h
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AC,0, PhCHO (3a)
EtOH, reflux

CH;COCOOH (2a)

Water, PhCHO (3a)
120 °C, 10-12 h

Figure-1: Reported methods for the synthesis of 3-styryl quinoxaline-2-ones.
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4a: ref E/\Q



Also, 2-styrylquinazoline (6a) was synthesized by the coupling of 2-(aminomethyl) aniline
(1b) and cinnamaldehyde (5a) by using catalytic transformations like NaOCI,*3 Eosin Y+NEts, '3
rose Bengal (0.5 mol%/visible light by aerobic oxidation),* phenyliodine (lI1)-diacetate
(PIDA),™* and Lewis acids (CuCl+4-OH-TEMPO) catalyzed oxidative cyclization,**® from
cinnamy! alcohol (5b) in presence of 30% nicotinic acid*3" under reflux conditions. Similarly, the
titled molecules were prepared via cyclization followed by intramolecular aldol reaction of N-
benzylaniline (1c) with 2-methylquinazoline (1d) in presence of DDQ (catalytic amount).t
Sodium acetate mediated reaction of 2-aminobenzoic acid (1e), thiourea (7) with 4-
chlorobenzaldehyde (3c) affords desired (E)-2-(4-chlorostyryl) quinazolin-4-ol (6b) in good
yields®*" has shown in the Figure-2.

Bin et al. reported the synthesis of (E)-2-methyl-3-styrylquinoxaline derivatives (10a-10b)
from phenyl methenamine (8), 2-methylquinoxaline (9a)/ 2,3-dimethylquinoxaline (9b), and tert-
butyl hydroperoxide (TBHP) under reflux conditions using the catalyst N-bromosuccinamide
(NBS) via oxidative olefination of primary amines followed by direct deamination and C-H bond
activation, 2 also Shim et al. described the synthesis of 2-methyl-3-styrylquinoxaline (10b) via sp®
C-H activation of 2-methyl-quinoxaline (9a) under basic medium.* Moreover, Barluenga et al.
also reported the one-pot synthesis of substituted propargyl alcohol (11) with OPDA (1a) in
presence of the catalytic amount of mercuric acetate to give the titled compound (10b) via
oxidative aminomercuration of alcohol.'*® Recently, alkenylazaarenes (10b) were prepared from
the activation of 2,3-dimethylquinoxaline (9b) with benzyl alcohol**® using CsOH-mediated

aerobic oxidative dehydrogenation as shown in the Figure-3.

N

. N
~N Cinnamaldehyde (5a) Cinnamaldehyde (5a)
N N
N PhI(OAc), DCM, NaOCI, MeOH, N
6a: ref 13d RT,1h 15h, RT 6a: ref 13a
XN i. Cinnamaldehydoe (5a) NH, Cinnamaldehyde (5a) N
I MeCN, 2 h, 80 °C A
N NH, Eosin Y, NEt; N
13e 13b

6a: ref ii. O, CuCl, 4-OH-TEMPO 1b MeOH, 15 h, RT 6a: ref
DABCO, 80 °C (2-(aminomethyl)
aniline)
. N
=N Cinnamyl alcohol (5b) Cinnamaldehyde (5a) N
A= 30% Nicotinic acid P NZ
N 0,, Visible light N
6a: ref 13f MeCN, 16 h,110 °C 0.5 mol% Rose Bengal,  6a: ref 13c

DMF, 24 h, RT
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=N
i. DDQ, DMF, 5 min, RT
N N
©/\H ii. 2-methylquinazoline (1d) N
1c 24 h, 70 °C 6a: ref 13g
OH OH
s .
Fusion NaOAc
O ;
NH, HN" NHz  4.ci-Ph-cHO (3¢) NN
1e 7
13h
Cl

CH;COOH, reflux 6b: ref

Figure-2: Reported methods for the synthesis of 2-styrylquinazolines.

2-methyl PSR . 2.,3-din3ethyl
quinoxaline (9a) ! . quinoxaline (9b) N__Me
©: NBS/TBHP _ | pp_ Np, | NBS/TBHP ©:
MeCN, 100 °C | \8/ | MeCN, 100 °C NN
: | 48 h
4eh . : 10b: ref-14a
©: ©)‘\H Organic base
Solvent, reflux
3a 10b: ref-14b
/\)\ Hg(OAc)2
@( RT, THF
10b: ref-14c

@Nime . ©\/\OH CsOH, H,0, Air

N" “Me H PhMe, 120 °C, 24 h

9b 12 10b: ref-14d
Figure-3: Reported methods for the synthesis of substituted (E)-2-methyl-3-styrylquinoxaline.

2,3-Bis-tyrylquinoxalines (14a-14c) are potential biologically active molecules!*? for the
treatment of cancer, neurodegenerative disorders and display diversified medicinal properties.
Based on the significance of these compounds, the 2,3-di(E)-styryl) quinoxaline (14a) is prepared
from the coupling of 2,3-dimethylquinoxaline (9b) with the use of benzylalcohol (2 equiv.)** in
basic medium (CsOH). Recently, catalyst-free conditions (solvents as catalysts) like water,
methanol*® were reported for direct coupling of OPDA (1a) with 1,6-diphenylhexa-1,5-diene-3,4-
dione (13a-13c). Along with this palladium acetate catalyzed Heck cross-coupling reaction of 2,3-
dichloroquinoxaline (9c) with styrene (13d) in TEA™ also provides desired product (14a) in good

yields.
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PhMe, 120 °C, 24 h

N Me N ™

UL - (7 _semmen ("
N” Me N NF O
9b 12 14a: ref-14d

—
N -
*Solvent, reflux, @ S XAN_TR
1.5-4h NZNF X
| >r
1a (13a-13c) *Solvent = H,0 (No-Catalyst): ref-15a 14a-14c: ref-15(a-b)
R =H, Me, OMe = Piperidine, MeOH : ref-15b R =H, Me, OMe

N
o e
I + Pd(OAc),, DMF @E S
~
N el NEt,, 120 °C, 48 h NTNF O
9c 13d 14a: ref-15¢

Figure-4: Reported methods for the synthesis of 2,3-distyrylquinoxalines.
3.2  Present Study

Based on the discussions in the introduction (chapter-1) of this thesis and this chapter,
considering the biological, materials importance of the quinoxaline and quinazoline based
molecules (especially styrenes), we envisaged the development of a general and metal-free, one-
pot method for the synthesis of quinoxaline and quinazoline styrenes and sulphonate derivatives
via sp® C-H functionalization as shown in Scheme-1. This synthetic methodology for new class of
sulfonate esters based 2,3-di-styrylquinoxaline (18a-18t), 3-methyl-2-styrylquinoxaline (19a-
19d), 2-styrylquinazoline (20a-20r), and 3-styrylquinoxaline-2-ol (21a-21p) analogs as shown in

Scheme-2.
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L.,

10a-10g (75-85%)

R1 =Ar
N Me
Piperidine, EtOH ©: \:[
80 °C,6-8 h NZ Me
N Me
cl
i b X
~
Z N Me
R4 = Ar, Het.
Vo % 1 s , A
N)\/\R1 Hz0 Piperidine, EtOH N R
16a-16k (80-90%) 80°C,6-8 h 80 °C, 5-6 h R, = Ar, Het.,
R; = Ar, Het,,

14a-14ae (78-85%)

@[ IOH Hoecys-wh
CL.,

15a-15t (80-90%)
R; = Ar, Het,,

Scheme-1: Synthetic strategy of various quinoxaline and quinazoline styryl derivatives (10, 14
15 and 16 series).

0\ 2
N
o
18a-18k (75-85%) // o\s”
Ry = H, OMe; R, = Ar, Me | o R,
1

9b
Piperidine
EtOH, 80 °C, 5-6 h

N\IOH cho ©:N\ Me
"o ' -
©: L I T N” “Me N._Me
= 9b
: e [ R 0
o NEt;, EtOH R, o R, Piperidine N |
21a-21p (80-85%) || ,—Lo-§-R, 80°C.56h (17a-171) EtOH, 80 °C, 6-8 h 0
Ri=H,0Me /A & R, = H, OMe 19a-19d (75-85%) 0-S-R,
R, = Ar, Me R4 R, = Ar, Me Ry =H, OMe o}
R, = Ar, Me R,
Ph
X
SN NEts, EtOH
80°C, 5-6 h
N/)\Me
9e; X =ClI
9f; X = H

20a-20r (80-85%) ﬂ
R, = H, OMe —0-S-R
R, = Ar, Me /\/ I
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Scheme-2: Synthetic strategy of various sulfonate ester-based quinoxaline and quinazoline

styryl derivatives (18, 19, 20 and 21 series).
3.3  Results and Discussion

From the literature, it is clear that that quinoxalines play important role in medicinal and
materials chemistry. It is noteworthy to mention that there are limited reports for the synthesis of
the quinoxaline derivatives type 10 and 14 (especially the compound 10).14¢4 15-¢ Considering
this, we have started our investigation for the preparation of the (E)-2-methyl-3-styrylquinoxaline
(10) by adopting a catalyst-free, one-pot approach. Thus, the 2,3-dimethylquinoxaline (9b) was
prepared (in situ) by the reaction of o-phenylenediamine (1a) and pyruvic acid (2e) [equimolar
ratio] in water at 80 °C for 1 h. To the same reaction pot, benzaldehyde (3a) was added and heated

for 6 h to give the expected product (10a) in 15% yield (Scheme-3a).

NH2 Wt N. Me| PhCHO (3a)

ater N
Cl =y O] -
NH, 80°C,1h N" “Me| 70°C,6h
9b
10a (15%)

Scheme-3a: Initial attempt for synthesis of 3-methyl-2-styrylquinoxaline (10a).

Encouraged by this result, attempts were made to improve the yields by performing the
reactions in the presence of different bases (TEA, DIPEA, pyridine, and piperidine) and solvents
(water, MeCN, and EtOH) as indicated in Table-1. All the reactions were performed by controlled
addition of the aldehyde to get the required product selectivity. Among the screened, a combination
of piperidine (10 mol%) in EtOH gave the desired product 10a in 80% yield along with bis-coupled
product 14a (12%) as shown in Scheme-3b (Entry-7; Table-2).

O

i :NHZ N Me]
1a @: \:[ Base (10 mol%)
+ 5 N" MeJ PhCHO (3a)
9b (1 Equiv)
Me\”)J\ 10a 14a
Me

(Controlled addition of aldehyde)

NH,

o
2e

Table-2: Optimization condition(e

Entry Base Solvent | Temp (°C) for | Time | Yield (%) | Yield (%0)
(10mol%o) 15t & 2" steps (h) 10a 14a
1 Catalyst free Water 80 12 15 ND
2 Catalyst free EtOH 80 10 35 ND
3 DIPEA EtOH 80 12 20 Trace
4 NEt3(TEA) CHsCN 80 10 35 4%
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5 NEt3(TEA) EtOH 70 8 55 10%
6 Piperidine EtOH 70 8 60 10%
7 Piperidine EtOH 80 8 80 12%
8 DABCO EtOH 80 8 45 8%
9 Pyridine EtOH 80 8 20 Trace
10 Piperidine Water 80 8 50 10%
11 DABCO Water 80 8 35 8%
12 pyridine Water 80 8 trace ND

[(IReaction conditions: All the reactions were conducted with 1a (1.0 mmol), 2e (1.0 mmol), 3a
(2.0 mmol), base (10 mol%) in 5 mL of solvent at 80 °C for 6-8 h; ND = Not detected

Having optimized the reaction conditions, next attention was turned towards testing the
substrate scope. Thus, different aromatic aldehydes (3b-3g) were treated with 2,3-
dimethylquinoxaline (9b) using optimized conditions, to give desired (10b-10g) via sp® C-H
functionalization of 2,3-dimethylquinoxaline with moderate yields (78-85%0) (Scheme-3b). All
the synthesized products were characterized using complementary spectral data. Though the bis-
styryl quinoxalines (14a) are undesired products in the present investigation, they have the
biological and materials (photo physical) relevance.®® Considering this, above developed method
is extended to the generation of bis-styryl quinoxalines (14a-14ae) from dimethylquinoxaline (9b).
Hence, dimethylquinoxaline (9b) was treated with different aldehydes (2 mmol) in the presence
of piparidine (10 mol%) in EtOH at 80 °C, 5-6 h to give functionalized bis-styryl quinoxalines
(14a-14ae) in moderate yields (78-85%0) (Scheme-4).

NH, M 9 Piperidine
e
©: * \H)LMe EtOH, 80 °C, 1 h I

@%@L@Q&QQ&&“

10a (80%); 8 h 10b (85%); 6 h 10c (82%); 7 h O2  10d (78%); 8 h

j%@(j b@ r%@
10e (80%); 6 h c1 10F (75%); 8 h OH 10g (82%); 8 h

Reaction conditions: Reactions were conducted with 1a (1.0 mmol), 2e (1.0 mmol), (3a-3g) (1.0
mmol), piperidine (10 mol%) in 5 mL of EtOH at 80 °C for 6-8 h
Scheme-3b: Synthesis of 3-methyl-2-styrylquinoxaline analogues (10a-10g).

Ar-CHO

_ (a3g) ©:
T 80°C.68h I/\

Ar = Aromatic  10a-10g (75-85%)
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3ae 2mmol) 5.6 14a-14ae; 78-85%

R = Ar, Heteroaromatic

g OGOy

N_Me Piperidine @NjﬁR
+ R-CHO
@ /I EtOH, 80 °C N T
N~ "Me 3a
9b

R=H ; 14a (82%) R = 4-NO, ; 14i (85%) R =3,4,5-triOMe ; 14q (80%)
R=2-NO, ;14b (85%) R =2-OH, 4-Cl ;14j(80%) R=2-Cl ; 14r (85%)
R=3-NO, ;14c (85%) R = 3-OMe ; 14k (80%) R =4-Cl : 14s (84%)
R=2-Br :14d (82%) R = 4-OMe ;141 (81%) R=24-DiCl  ; 14t (83%)
R=3-Br ;14e (81%) R=2,3DiOMe ;14m (78%) R=3,4-DiCl  ;14u (80%)
R=4-Br ;14f(83%) R=2,4DiOMe ;14n(79%) R =2-OH,3-OEt ; 14v (82%)
R=24- NOz, 149 (80%) R=2,5DiOMe ;140 (80%) R=4-CN ; 14w (84%)
R=3-OH ;14h (82%) R=3,4-DiOMe ;14p (81%) R=4-Ph ; 14x (78%)

———R
S o
R = 1-naphthlene;14aa(82%)

. R = furan-2-yl ;14ab (80%)
R =3-Me ; 14y (80%) 14ac (83%)

R = 4-Me ; 14z (81%)

OMe
CrOC A CrCy
N
g O
OMe

Ph
14ad(80%) 14ae (83%)

Reaction conditions: Reactions were conducted with 9b (1.0 mmol), (3a-3ae) (2.0 mmol), piperidine (10 mol%) in 5
mL of EtOH at 80 °C for 6-8 h.

Ph

Scheme-4: Synthesis of functionalized bis-styryl quinoxalines (14a-14ae).

The compounds (E)-3-styrylquinoxalin-2-ols (15) are known to show antitumor properties
as inhibitors of FGFR1.% These compounds are usually prepared by using 9d or 1a.%¢29 Based on
this, we planned for the preparation of these compounds using above described method. To achieve
this goal, we started the reaction of o-phenylenediamine (OPDA) (1.0 Equiv.) (1a) and ethyl
pyruvate (1.0 Equiv.) (2b) using NEt3 (0.1 Equiv.) in EtOH at 80 °C for 1 h to generate intermediate
(9d; in situ) which was reacted with benzaldehyde (3a) for 8 h to give desired product 3-
styrylquinoxaline-2-one (15a) in 40% yield (Scheme-5a).
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NH,
M
(L, E*°*w e

_ Net,

EtOH 80 °C

s

PhCHO (3a)
T 8s0°C,8h

15a (40%

Scheme-5a: Initial attempt for the synthesis of 3-styrylquinoxaline-2-ol derivative (15a).

Thus, the same reaction was performed by changing the solvents to water at 80 °C. Surprisingly
this condition gave the desired in 80% yield in 8 h of total reaction time (Entry-13; Table-1). The
same reaction was repeated at 100 °C for 6 h strangely, there was no improvement in the yield of

the product (Entry-14; Table-1).

Table- 1: Optimization conditions®

To improve the yields, experiments were performed in presence of different bases (NHEty,
DIPEA, pyridine, piperidine, DABCO) and solvents (MeOH, EtOH, water, DMSO, DMF) but the

results were not encouraging (Entries-1 to 7; Table-1). Later catalyst-free approach attempted.

Entry Catalyst Solvent | Temp (°C) | Time (h) Time (h) | Yield (%)
15t step 2" step
1 NEts EtOH 80 1 12 40
2 NHEt, EtOH 80 1 10 35
3 Piperidine EtOH 80 1 10 55
4 Piperidine MeOH 65 1 8 58
5 Piperidine DMSO 80 1 12 30
6 DIPEA EtOH 80 1 12 20
7 Pyridine EtOH 80 1 10 30
8 DABCO EtOH 80 1 8 45
9 Catalyst free DMSO 80 1 12 20
10 Catalyst free DMF 80 1 12 20
11 Catalyst free EtOH 80 1 12 35
12 Catalyst free MeOH 65 1 12 20
13 Catalyst free | Water 80 1 8 80
14 Catalyst free | Water 100 1 6 80

l{Reaction conditions: reactions were conducted with 1a (1.0 mmol), 2b (1.0 mmol), catalyst: (0.1 mmol) in 5 mL
of Water, Total reaction time: 1%tand 2" steps.

After confirmation of desired product by complementary spectral data, the optimized
conditions were applied for substrate scope. Thus, the reaction of o-phenylenediamine (OPDA)
(1a) (1.0 Equiv.) and ethyl pyruvate (2b) (1.0 Equiv) in water at 80 °C for 1 h gave the intermediate
9d (in situ) which was treated with different aldehydes (aromatic, heteroaromatic) (3b-3t) for 8-

10 h to give 3-styrylquinoxaline-2-ol derivatives (15b-15t) in 80-90% (Scheme-3b).
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NH, R,CHO N. _OH
Ol ™ e | O i O
~
NH, o 80°C,1h N"“Me| 80°C,8-10h NT NP OR,
1a 2b 9d 15a-15t (80-90%)
R4 = Ar, Hetero aromatic
N._ _OH N._OH N._ _OH
e o L.
—
N/ = | N N = | AN N/ = R,
Ri Ry R, = 2-furyl ;15r (82%); 8 h
Ry = H 152 (80%); 8h Ry =4F 151 (80%); 10 h Ko =2furyl - S15r (82%);
3-NO, :15b (88%); 8 h 3,4,5-triOMe ;15 (85%); 10 h 2-thiophenyl ;13s (85%);10 h
3-OH :15¢ (81%); 8.5 h 3,4 Di-OMe  ;15k (86%); 10 h 2-naphthyl 15t (88%); 9 h
4-Br ;15d (90%); 8 h 4-OMe ;151 (85%); 9.5 h
2-OH,3-OMe ;15e (80%); 10 h 4-N,NDiMe  ;15m (82%); 10 h
2-Br ;15f (85%); 8 h 4-OH,3-OMe ;15n (80%); 9 h
2-F ;159 (82%); 8 h 2,4-Di-Cl 150 (88%); 9 h
2,4Di-OH ;15h (81%); 9 h 4-NO, ;15p (85%); 8 h
2-Cl ;15q (85%); 8 h

Reaction conditions: Reactions were conducted with 1a (1.0 mmol), 2b (1.0 mmol), 3a-3t (1.0 mmol) in 5 mL of
water, 1% step reaction time for 1 h, 2" step reaction time 8-10 h.

Scheme-5b: Synthesis of 3-styrylquinoxaline-2-ol analogues 15b-15t.

Simiar to quinoxalines, the quinozaline based compounds are important in biology and

materials science. There are many methods for the preparation of styrene-based quinozalines as

shown in Figures 1 and 2 (in the introduction part of this chapter). Some of the reported methods

require expensive reagents. Considering this, we wish to develop a cheap and general/catalyst-free

method for the synthesis of 2-styrylquinazoline hybrids (16a-16k) using above method. Towards

this, 6-chloro-2-methyl-4-phenylquinazoline (9e)

was prepared from (2-amino-5-chlorophenyl)

(phenyl)methanone (1f) using known procedure % and reacted with different aldehydes (3a-3Kk)

in water to give 2-styrylquinazoline hybrids (16a-16k) with 83-90% yield (as shown in Scheme-

6).
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Ph Ph

4N HCI R4-CHO
cl cl N
_ CHeCN SN (3a-3k) N
80°C,3h )\M H,0, 80 °C, 6-8 h N/)\/\R1

9e 16a-16k (83-90%)
R4 = Ar, Hetero aromatic

oL @“m @“m

R, =4-NO, 16a (90% 16d (83 16e (8
R, =3-NO, 16b (87%)
R, =4-OMe 16c (84%)

Ph
Ph
(o] “ L N
N N /
A= OMe
N R, = 4-Cl 169 (86%) / 16j (85%

= o,
16f (84%) OMe 21 = :I CN1166h (850/)
1= 4- i (88%)

Ph OMe
ci N
NENF \ s
16k (84%) Y%

Reaction conditions: Reactions were conducted with 1f (1.0 mmol), CHsCN (3.0 mmol), 4N HCI (3.0 mmol), 14b
(2.0 mmol), 3a-3k (1.0 mmol) in 5 mL of water, 6-8 h.

Scheme-6: Synthesis of substituted 2-styrylquinazoline analogs (16a-16K).

Benzene sulfonate esters are known to show the biological activity such as STAT 3
inhibitors and P2X7 antagonists.'®¢ Sulfonate moiety can also be used as bioisostere to carboxylic
esters in medicinal chemistry.*® Considering the biological activity of the benzene sulfonate esters
the synthesis and biological activity of quinoline-based sulfonate esters is described in Chapter-
2. In continuation with our efforts, we planned for the extension of above methods for the
hierarchical activation sp® C-H activation of compound 9b as key step using above-described
conditions and sulfonate-based aldehydes 17a-17k. Towards achieving this, 2,3-
dimethylquinoxaline (9b) was simultaneously reacted with sulfonate-based aldehydes 17a-17k by
varying the stoichiometry (i.e., 2.0 mmol and 1.0 mmol) of aldehyde partner. Hence, the reaction
of 2,3-dimethylquinoxaline (9b) (1.0 mmol) and sulfonate ester aldehydes (17a-17k) (2.0 mmol)
in the presence of piperidine (10 mol%) in EtOH at 80 °C for 6-8 h gave desired products (18a-
18k) with good yields (80-85%) (Scheme-7). Similarly, selective sp* C-H functionalization of one
methyl group of 2,3-dimethylquinoxaline (9b) was achieved by performing the reaction of 9b (1.0

mmol) with sulfonate ester aldehydes (17a-17d) (1.0 mmol) in similar conditions [i.e., piperidine
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(10 mol%), EtOH, 80 °C)] in 5-6 h to produce 3-methyl-2-styrylquinoxaline sulfonate ester hybrids
with good yields (75-85%) as shown in Scheme-8.

H
N Me GHO Gi O\S//o
@[ ;[ . o. /9 Piperidine (0.1 mmol) @[ R, o \Rz
S
N~ Me P EtOH, 80 °C, 6-8 h

R, Rz © ~ 0 .o
9b (17a-17k) o>
R. = H. OMe: R, = Me. Ph 18a-18k (80-85%) R, Rz
L 2 ’ 1 = H, OMe; R, = Me, Ph

O OSO,Ar 0SO0,Ar
s S
7
s QO
OSOZAI' OSOZAI'

N

OMe
Ar = 4-Me-C¢H, ; 18a (80%) Ar =4-Me-CgH, ; 18b (81%) Ar = 4-Me-C4H, ;18c (79%)  Ar= 4-Me-C¢H, ; 18d (81%)

OSOLAr MeO,SO
T I X

~
e e
0S0,Ar MeO,SO

Ar; 4-NO,-CgH, ; 18e (85%)  Ar: 4-NO»-CgH, ; 18f (82%) 189 (84%)

0S0,Me
U
N
L
o
18h (83%) 0S0,Me

OMe OMe

0S0,Me 0SO0,Ph
CCC o CrO Ao "
e
e v
0SO,Ph

18i (80%) ‘ OSOZMe 18] (85%) 18k (83%)

Reagents and conditions: All the reactions were conducted with 9b (1.0 mmol), (17a-17k) (2.0 mmol), piperidine
(0.1 mmol) in 5 mL of EtOH at 80 °C for 6-8 h.

Scheme-7: Synthesis of 3-methyl-2 styryl-quinoxaline-based benzenesulfonate ester

analogs.
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Piperidine, EtOH ©:
@[ I 80 °C, 5-6 h NS
. 7
\\

(1 7a -17d)

19a-19d (75-85%)
R, = H, OMe; R, = Ar, Me a-19d ( )

1 =H, OMe; R, = Ar, Me

N__M
©: Sr¢ 0SOAr ©:N\ Me  oso,ph
N7 F N/j/\/\@/o‘w

Ar= 4-NO,-CgH, ; 19a (85%) 19b (75%)

= LU s L L@
0SO0,Me

Ar= 4-Me-CgH, ; 19¢ (78%) 19d (80%)

Reagents and conditions: All the reactions were conducted with 9b (1.0 mmol), Piperidine (0.1 mmol), 17a-17d
(2.0 mmol) in 5 mL of EtOH at 80 °C for 5-6 h.

Scheme-8: Synthesis of 3-methyl-2 styryl-quinoxaline-based sulfonate ester analogs.

Further, our efforts were continued for the preparation of 2-styryl-quinazoline-based
sulfonate esters based on above described strategy (Scheme-6). For this, initially, the reactions of
6-chloro-2-methyl-4-phenylquinazoline (9¢) and 2-formyl phenyl methyl sulfonate (17a) were
carried out under catalyst-free and piperidine (10 mol%) conditions. Strangely, catalyst-free
reactions could not give the product but the piperidine conditions gave the desired product 20a in
65% yield (in EtOH, 80 °C 6 h) (Entries-1-3; Table-3). Further to improve the yield of the desired
compound, experiments were performed in different combinations of solvents (EtOH, MeOH,
Water) and bases (NHEt,, NEts, DIPEA, piperidine, DABCO, DBU, DMAP, KOH, K2COs3,
Cs2COg3) and it was found that a combination of EtOH and NEts is the best suitable condition for
the success of the reaction giving the desired product in 85% yield at 80 °C in 6h (Entry-4; Table-
3).

Having optimized the reaction conditions, different sulfonate ester aldehydes (17a—17r)
were treated with 6-chloro-2-methyl-4-phenyl quinazoline (9¢) under optimized conditions to
provide corresponding 2-styryl-quinazoline sulfonate esters (20a—20r) with 80-85% yield
(Scheme-9b). Based on the above results and considering the biological importance of
quinoxaline-based sulfonates, the strategy was extended for the synthesis of a new class of 3-
styrylquinoxaline sulfonates. Thus, 3-methyl quinoxaline-2-ol (14a) was treated with sulfonate-
based aldehydes (17a—17p) under optimized conditions to give the desired products (21a-21p)
with 75-85% vyield (Scheme-10). It is noteworthy to mention that the sulfonate aldehydes

96



containing electron-withdrawing groups (-NO2) gave better yields (up to 85%) compared to the
substrates with electron-donating groups.

Based on the experimental observations, a plausible reaction mechanism is proposed, as
shown in Figure 5. As per the literature!”!8 and current experimental condition, first the methyl
group of quinoxalines or quinazoline undergoes imine-enamine type tautomerism to provide
intermediate (A) and then the proton abstraction takes place on the enamine part by base. After
that, the enamine (nucleophile) attacks at the electrophilic site of the aldehyde (B), which further
undergo intermolecular aldol reaction followed by dehydration to provide the desired product (D)
(Figure 5).

Water

Ph

Ph CHO 80 °C, 8h cl §

(o]} SN ©/0502CH3 Trace amounts N OSO,CH;
+ — A~
N
—
N)\Me N 20a )\/\©
9e 17a piperidine N

EtOH, 80 °C, 8h
65%

Scheme-9a: Initial attempt for sp3 C-H activation of compound (9e).

Table -3: Optimization conditionst®

Entry | Catalyst Solvent Temp (°C) | Time Yield[!
(Base) (10 mol%) (3mL) (h) (%)

1 Catalyst-free Water 80 8 Trace
2 Catalyst-free H20 100 8 Trace
3 Piperidine EtOH 80 6 65

4 NEts EtOH 80 6 85

5 DABCO EtOH 80 6 40

6 DBU EtOH 80 6 65

7 DMAP EtOH 80 8 75

8 DIPEA EtOH 80 8 50

9 NHEt, EtOH 80 6 60
10 KOH EtOH 80 6 20
11 K2COs EtOH 80 8 25
12 Cs2COs3 EtOH 80 8 30

lBIReaction conditions: All the reactions were conducted with 9e (1.0 mmol), and 17a (1.0 mmol) in 5 mL of EtOH.
Blisolated yield.
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Reaction conditions: 9e-9f (1.0 mmol), 17a-17r (1.0 mmol), NEt; (10 mol%), EtOH (5 mL), 80 °C, 5-6 h.

Scheme-9b: Synthesis of 2-styryl-quinazoline sulfonate derivatives (20a-20r).

98



CHO

N__OH h NEt, (10 mol%) @:

L.+ Al

N e Ry o— ﬁ*Rz Reflux, 5-6 h ‘
?

9d (17a-17p) © .
(R; = H, OMe; R, = Me, Aryl) 21a-21p (75- 85/"
(R1=H, OMe; R; = Me, Aryl)

N_ _OH 0S0,Ph
©: N 0S0,Me @: @[ 2 @[ 0S0,Ph
NN
0SO,Me

21a (84%); 5 h 21b (85%); 5.5 h 21c (81%); 5 h 21d (84%); 6 h
0SO,Ar @[ 0S0,Me
@[ OCH;
0SO,Ar
0SO,Ph
21e (85%); 5 h Ar = 4-Me-C¢Hy; 21f (81%); 6 h Ar = 4-Me-CgH,; 219 (84%); 6 h 21h (80%); 5.5 h
0s0, @: ©: 0S0,Ar
I/\@: L\@/OME
0S0,Me 0SO,Ph
21i (82%); 5 h Ar= Ph ;21j (80%); 5h 211 (78%); 5.5 h Ar = 4-NO,-CgHy; 21m (85%); 5 h

Ar= 4-Me-c5H4; 21k (75%); 6 h

N._OH
O0SO0,Ar =
OMe NG = OMe
0SO,Ar 0SO0,Ar
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Reaction Conditions: 9d (1.0 mmol), 17a-17p (1.0 mmol), NEt; (10 mol%), EtOH (5 mL), 80 °C, 5-6 h.

Scheme-10: Synthesis of 2-styrylquinoxaline-2-ol sulfonate derivatives (21a-21p).
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Figure-5: Plausible reaction mechanism for compound 21c.

3.4 Photo physical properties

3.4.1 Fluorescent properties of 3-styrylquinoxaline-2-ol and 2-styrylquinazoline hybrids
The chromophores, donor, and acceptor containing w-conjugated organic compounds with

unique photophysical properties play great role in optoelectronic and biological applications.*® In

99



this context, 3-styrylquinoxaline-2-ol motifs are well explored for the development of
electroluminescent material'® and OLEDs.**¢ After the successful synthesis of these molecules,
next, our focus was shifted to investigate the photoluminescent properties (absorption and
emission spectra) of the synthesized 3-methyl-2-styrylquinoxaline (10a-10d), 3-
styrylquinoxaline-2-ol (15d-15t), 2-styryl-quinazolines (16b-16k). Towards this, absorption and
emission spectra were studied in EtOAc (100 uM) at room temperature. For the compounds 15d-
15t, absorption bands were found in the range of 383-452 nm as shown in Figure-6(A) and
corresponding emission spectra were observed in the range around 470-579 nm as represented in
Figure 6(B) Interestingly, the compound 15m with an electron-donating group (i.e., 4-N,N-
dimethyl) is responsible for the intramolecular charge transfer (ICT) and exhibits an emission
band at 579 nm (bathochromic shift) (Table-4). Similarly, for the styryl-quinazolines (16b-16k)
the absorption peaks were seen at 406-450nm and their corresponding emission spectra were
observed in the range of 466-520 nm (Table-5). In these series, the emission band of the compound
(16e) shifted towards 546 nm (bathochromic). Interestingly, compound (15n) with an electron
donor group (i.e., 4-OH,3-OMe) has been found to show a strong n-n* transition with a stokes
shiftat 172 nm. The derivatives (15d-15t) and (16b-16k) display distinct color properties in CHCl3
in a Long-Wave UV lamp (as shown in Figure-7).

The absorption bands of the 2-methyl-3-styrylquinoxaline (10a-10e) and sulfonates (19a-19d)
were noticed at 425-461nm (Table-6) and their spectra were noticed at 466-520 nm as represented
in Figure-6(F). In this series compound (19d) has an electron donor group (methyl sulfonate)
associated with its aromatic ring, which promotes the emission wavelength towards the
bathochromic shift at 512 nm compared to benzene sulfonates containing aromatic ring
compounds (19a and 19c) as represented in Figure-6(E). In conclusion, the series (10a-10e) and
(19a-19d) derivatives exhibit smaller absorption, emission band maxima and stokes shifts compare
to the compounds 15d-15t and 16b-16k.
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Table-4: Photo physical properties data of the resultant compounds (15d-15t).

Compound Aabs (NM) Aem (NM) Stokes shift (AL nm)
15d 383 516 133
15e 443 491 48
15h 429 549 120
15j 452 569 102
151 405 538 133
15m 414 579 165
15n 388 560 172
15p 408 470 62
15s 398 510 112
15t 387 519 132
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Table-5: Photo physical properties data of the compounds (16b-16k).

Compound Aabs (NmM) Aem (NM) Stokes shift (AL nm)
16b 450 484 34
16¢ 428 515 87
16e 438 546 108
16f 406 529 123
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Table-6: Photo physical properties data of the resultant (10a-10e) - (19a-19d) compounds.

Compound Aabs (NM) Aem (NM) Stokes shift (AL nm)
10a 444 466 22
10c 438 487 49
10d 461 520 51
10e 443 488 45
19a 425 470 45
19c 433 471 37
19d 437 472 35

Figure-6: (A) Absorption (B) Emission spectra of the compounds (15d-15t) (C) Absorption (D)
Emission spectra of the compounds (16b-16k) (E) Absorption (F) Emission spectra of the
compounds (10a-10e) & (19a-19d).

Figure-7: Different color display (in CHCIz) under UV lamp (long wave) by the selected
compounds (15j-15t) and (16¢c-16k).

Among all the compounds, 15j, 15l, 15m, and 15n (with electron donating groups)
displayed highest emission band maxima at 569, 538, 579, and 560 nm respectively with
intramolecular charge transfer (ITC).1* Also, molecules 15n, 15m, and 15l showed the highest

stokes shifts at 172, 165 and132 nm respectively. Later, we examined the solvatochromic effect of
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the compound 16f in various solvent systems (i.e., non-polar to polar; n-hexane to DMSO) at room
temperature at 100 uM concentration as shown in Figures-8a and 8B (Table-7). It was observed
that the compound 16f shows an absorption bands in the range of 387-450 nm and emission in the
in the range of 475-625 nm indicate strong solvatochromism with bathocromic shift from non-
polar to polar solvents (n-Hexane, DCM, CHCls, EtOAc, Acetone, MeOH, MeCN, DMF and
DMSO) Figure-8 (C).1* Due to the ICT effect'® this compound displays distinct color pattern
under UV lamp (long-wave range) as shown in Figure -8 (C).
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Figure 8: (A) Absorption (B) Emission spectra of the compound (16f) in non-polar to polar
solvents (n-Hexane to DMSO) at 100 uM. (C) Solvatochromic effect of compound (16f) in
different solvents (non-polar to polar) irradiated under long-wave UV-lamp.

Table-7: Solvatochromic effect data of the resultant compound (16f).

Solvent Aabs (NM) Aem (NM) Stokes shift (AL nm)
n-Hexane 387 475 88
DCM 425 525 100
CHCl3 420 512 87
EtOAC 406 529 103
Acetone 412 515 103
MeOH 419 568 149
MeCN 424 538 114
DMF 437 548 111
DMSO 450 625 175
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3.5  Biological activity
3.5.1 Biological activity of 2,3-di((E)-styryl) quinoxalines (14a-14ae) and their sulfonate
derivatives (18a-18k)
3.5.1.2 a-D-glucosidase assay, materials, and methods

The o-glucosidase activity was determined calorimetrically with 4-nitrophenyl D-
glucopyranoside (4-NPG) as the substrate. The enzymatic reaction was performed by adding 40pl
of 4-NPG (substrate stock of 2mg/ml made in 0.1M Tris- HCI pH 7.5) and 10 ul of a-glucosidase
(Img/ml made in 0.1M Tris- HCI pH 7.5) to 150 pl 0.1M Tris- HCI pH 7.5 and the reaction mixture
was incubated at 37°C for 5 min. The activity was estimated by reading the absorbance of 4-
nitrophenol formed at 410 nm against an enzyme-free blank. For studying inhibition kinetics, the
enzyme was incubated with the inhibitors, (14a-14ae) and (18a-18k) (compounds (1mg/ml in
DMSO) for 15 min at room temperature before the addition of substrate. 1 Unit of glycolytic
activity is defined as the quantity of enzyme required to liberate 1jug of 4-nitrophenol per minute
under standard assay conditions.

3.5.1.3 Determination of 1Cso values of the 2,3-di((E)-styryl) quinoxaline and their sulfonate
derivatives (14a-ae) and (18a-18k)

ICso values of inhibitors were calculated based on the concentration of inhibitor
required to inhibit 50% of a-glucosidase activity under the standard assay conditions. For
quantification of ICso values, the enzyme inhibition assays were carried out at different
concentrations (20 to 100ug) of inhibitors, without varying concentrations of enzyme. The
enzyme reaction was performed by pre-incubating the enzyme with an inhibitor at room
temperature for 15 min and inhibitory activity was determined under standard assay
conditions. For those molecules which showed significant inhibition, the mode of inhibition
exhibited by the inhibitor was examined by carrying out Michaelis-Menten enzyme Kinetics
by varying substrate (4-NPG) concentration (8, 16, 32, 40, and 80 pg) in the absence and
presence of the inhibitor molecules at three different concentrations (20, 40 and 100ug).
Mode of inhibition was determined by Lineweaver-Burk plot analysis of the data obtained.

All I1Csg values are represented as Mean + Standard Deviation.

Insilico - Ligand Preparation

The 2D structures of all 32 synthetic inhibitor molecules (14a-ae) and (18a-18k)
were sketched using VLife MDS software v.4.6 and saved in .mol format. The 3D

coordinate files were generated and saved in .mol2 format. The geometry of the ligand
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molecules was optimized using the MMFF force field until a gradient of 0.001 kcal/mol/A

was achieved.

Homology Modelling

As the structure of Saccharomyces cerevisiae, a-glucosidase MAL12 (UniProt ID
P53341) is not available in the public domain, its theoretical model was built by homology
modelling. It was accomplished by retrieving the sequence of the MAL12 protein from the
UniProt database (Sequence ID P53341). A potential template with PDB ID 3AJ7 was
identified by BLAST analysis using the BLOSUMG62 matrix in the PDB database, based on
the sequence identity. The template had 72% identical residues, 85% positive residues, and
negligible gaps. Its coordinates were further modified to make it suitable for automated
homology modelling and a model was generated by the Biopredicta module of the VLife®
program. Superimposing the template and the generated protein model yielded an RMSD
value of 0.251094.

Docking method Validation and GRIP Docking

Molecular docking simulations were carried out using the GRIP docking method in
the VLife® Biopredicta module. The largest cavity with greater volume was chosen for
docking the compounds. Scoring of the docked poses was done by the PLP method and
dock score. The docking interactions were critically analyzed and the analysis revealed the

key amino acid residues within the binding pocket contributing to a-glucosidase inhibition.

Results and discussions

The a-glucosidase inhibition activity of 2,3-di((E)-styryl) quinoxaline (14a-ae) and their
sulfonate derivatives(18a-18k) showed varying degrees of inhibition with ICso values ranging
from 36 uM to 154 uM (Table-8). Acarbose was selected as a control inhibitor, the ICso value of
which was found to be 33.36 UM under the same assay conditions. Among the tested compounds,
the compound (14t) showed a minimal/lowest ICso value of 36 pM, and the compound (14s)
showed a maximum ICsp value of 154 puM. The compounds (14f), (14i), and (14t) which showed
minimal ICso values among the tested compounds against a-glucosidase activity were chosen for
determining the mode of inhibition against MAL12 (Table-10). It was achieved by comparing the
Michaelis-Menten kinetic constants obtained from the experimental investigation carried out in

the presence of varying concentrations of substrate and inhibitors. Results of Km and Vmax of a-
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glucosidase in the presence of tested compounds were shown in Table-9. By studying the kinetics
of a-glucosidase it was observed that the presence of inhibitor/ligand greatly affected the Km and
Vmax Values. From the Line weaver—Burk double reciprocal plot for the inhibition of a-glucosidase
by compound (14f), it was observed that the mode of inhibition is mixed uncompetitive type. Deng
et al. recently reported a similar type of mixed inhibition of a-glucosidase by pu-erh tea
polysaccharide.?®® Increase in the concentration of compounds (14i) and (14t) showed
corresponding decreases in the value of kinetic constants Km and VVmax. This reveals that the
ligands (14i) and (14t) bind to a-glucosidase competitively. Different modes of inhibition were
studied by varying the inhibitors and reported for a-glucosidase activity by Jaikai et al. and Berna
et al. reported that a-glucosidase was competitively inhibited by Antidesma bunius L plant
extract.?% In contrast to our findings, Farhad et al. reported that their pyrimidine-fused derivatives
inhibited the activity of a-glucosidase in a mixed-competitive mode.?°® Zhenhua et al. reported
inhibition profiles of various medicinal plant extracts having different modes of inhibition like

competitive, uncompetitive and mixed competitive.?%

Table-8: In-vitro a-D-glucosidase inhibition studies of synthesized derivatives (14a-14ae) and
(18a-18k).

S. No. | Compound code/ ligand I1Cs0 (LM)
1 1l4a 99.23+2.51
2 14b 83.43+281
3 l4c 57.30 £ 2.06
4 14d 107.97 £ 2.02
5 14f 38.75+ 2.57
6 149 90.16 £ 2.01
7 14h 108.55+1.81
8 14i 41.82 +£3.53
9 14 46.58 + 2.47
10 14m 51.24 + 2.65
11 14p 60.20 + 2.62
12 14r 132.21+7.16
13 14s 154.36 = 6.57
14 14t 36.23+2.78
15 14v 94.08 £ 3.97
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13

16 14w 61.65 + 2.46
17 14x 100.45 + 3.53
18 14z 49.68 + 2.09
19 14a2 75.34 +2.88
20 14a4 83.50+£3.72
31 14a5 48.88 £ 2.51
21 18a 69.32 + 3.14
22 18b 4954 +2.11
23 18c 43.11+4091
24 18d 75.86 +4.81
25 18e 144.3 + 8.33
26 18f 69.37 £+ 4.61
27 189 43.40 £5.37
28 18h 81.15+4.74
29 18i 68.11 + 3.11
30 18] 80.40+4.91
32 18k 42.45 £ 5.65
33 Acarbose 33.36 £1.22

(14f)
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Figure-9: 2D docking interactions of compounds 14f, 14i, and 14t with MAL12 protein model
using rigid docking, PLP scoring function (GRIP docking algorithm).

(149)

Figure-10: 3D docking interactions of compounds (14f, 14i, and 14t) with MAL12 protein model
using rigid docking, PLP scoring function (GRIP docking algorithm).

108



Compound | 1Cso (UM) Kim (UM) Vmax Mode of inhibition
(UM/min)
Inhibitor concentration of 25 g
14f 38.75 = 2.57 2.94 3.48 Mixed-Uncompetitive
14i 41.82 +3.53 4.10 4.61 Mixed-inhibition
14t 36.23+2.78 3.15 4.53 Mixed-inhibition

Table-9: ICso, Kim, Vmax, and modes of inhibition of selected synthetic molecules (14f, 14i, and
14t). K and Vmax values of a-D-glycosidase for 4-NPG without inhibitor were 3.24 uM and 4.64

UM/min respectively.

Compound Residue Atom Ligand Atom Distance A | Interaction

14f HI1S279 2286N 1C 5.234 n-STACKING
HI1S279 2286N 4C 5.211 n-STACKING
PHE300 2449C 21C 4.584 n-STACKING
PHE311 2535C 11C 4.841 n -STACKING
LYS155 5989H 29N 1.779 H-BOND
LYS155 5989H 31N 2.523 H-BOND

14i H1S239 1951IN 20C 5.059 n -STACKING
PHE311 2535C 1C 5.182 n -STACKING
PHE311 2535C 4C 4.356 n -STACKING
HI1S279 6938H 35N 2.349 H-BOND
ARG312 7173H 34S 2.339 H-BOND
ASN412 7977H N 1.548 H-BOND

14t HI1S279 2286N 21C 4.408 n -STACKING
PHE311 2535C 1C 4.678 n -STACKING
PHE311 2535C 4C 5.139 n -STACKING
ASN314 7190H 33N 2.475 H-BOND

Table-9: Molecular docking interactions between the MAL12 protein model and the most potent

compounds (14f, 14i, and 14t).
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Figure-11: Lineweaver-Burk plot for an understanding of the mode of Inhibition of a-D-

glucosidase by compounds (14f, 14i, and 14t).

3.5.2 Biological activity of 2-styryl-quinazoline (20a-20r) and 3-styryl-quinoxaline based
sulfonate ester derivatives (21a-21p)

3.5.2.1 a-Glucosidase assay, materials, and methods

The enzymatic activity of a-glucosidase was determined bythe colorimetric
method using 4-nitrophenyl glucopyranoside (4-NPG) as a substrate. The enzymatic
reaction was started by the addition of 25 mL of 4-NPG (substrate stock solution) to 25 mL
of e-glucosidase (2 mg dissolved in 1 mL of 10 mM Tris—HCIpH 7.0) and 950 mL
deionized H20O and the reaction mixture was incubated at 371C for 10 min. The catalytic
activity was calculated by measuring the absorbance of the liberated 4-nitrophenol
against an enzyme-free blank at 410 nm. for inhibition kinetics experiments, the enzyme
was incubated with inhibitors (20a—20r and 2la-21p) for 30 min before adding
substrate solution. 1 unit (U) of glycolytic activity was defined asthe amount of enzyme
needed to release 1 mg of 4-nitrophenolper min under standard assay conditions.

Table 10: Statistical parameters of the GA-LDA

Parameters Training set | Test set

No. of compounds 34 14
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Sensitivity (%) 76.3 64.2
Specificity (%) 72.1 75.4
Accuracy (%) 84.0 83.3
Precision (%) 65.2 68.5
MCC 0.632 0.411
AUROC 0.893 0.732

Determination of the 1Cso values

ICso values of inhibitors were calculated based on the concentration of inhibitor molecule
required to inhibit 50% of a-glucosidase activity under the standard assay conditions. For
quantification of the ICso value of the enzyme, the enzyme inhibition assays were carried out at
different concentrations (10 to 500 mg) of inhibitors, without changing the enzyme concentration.
The enzyme reaction was performed by preincubating the enzyme with inhibitor at 37 1C for 30
min and inhibitory activity was determined under standard assay conditions. For those molecules
which showed significant inhibition, the mode of inhibition exhibited by the inhibitor was
examined by carrying out Michaelis—Menten enzyme kinetics by varying the substrate (4NPG)
concentration (0.25, 0.4, 0.6, 0.8, 1.0, 1.25, 1.5 and 2.0 mM) in the absence or presence of the
inhibitor molecules at two different concentrations (25 and 50 mg). The mode of inhibition was
determined by Lineweaver—Burk plot analysis of the data obtained through Michaelis—Menten
kinetics values. All ICso values are represented as mean-standard deviation.

In silico ligand preparation

The 2D structures of all 2-styryl-quinazoline sulfonates (20a—20r) and 3-styrylquinoxaline
sulfonates (21a—21p) were sketched using VLife MDS software v.4.6 and saved in .mol format
and the 3D coordinate files were generated and stored as .mol2 format. The ligand molecule
geometry was optimized by using the MMPFF force field until a gradient of 0.001 kcal mol™* A

was reached.

Homology modelling

The experimentally solved structure of Saccharomyces cerevisiae a-glucosidase MAL12
(uniport id P53341) is not available in the public domain. So, the theoretical structure model of the

MAL12 protein was built by the homology modelling approach. The sequence of the target protein
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Saccharomyces cerevisiae a-glucosidase MAL12 was retrieved from the uniport database (Seq id
P53341). BLAST analysis was performed using the BLOSUM62 matrix to identify possible
templates available in the PDB database. Based on the sequence identity, PDB ID 3AJ7 was
selected as a potential template. The chosen template had 72% identity (423/587) residues, 85%
positives (499/587) residues, and 0% literally negligible gaps (5/587). The coordinates of the 3AJ7
(PDB ID) were retrieved from the RCSB PDB database and modified, missing, and cris-cross
residues were identified, rectified, and cleared to make the structure suitable for automated
homology modelling. The homology model for MAL12 was generated by automated homology
model building in the Biopredicta module of the Vlifes program. RMSD was calculated as

0.251094 by superimposing the template and the generated protein model.

Method validation and GRIP docking

Molecular docking simulations were carried out using the GRIP docking method in the
VLifes Biopredicta module. The largest cavity with a higher volume was chosen for docking the
compounds. Scoring of the docked poses was done by the PLP method and dock score. The
docking interactions were critically analysed and the analysis revealed the key amino acid residues

within the binding pocket contributing toward o.-glucosidase inhibition.

QSAR analysis

QSAR analysis was performed using the open-source tool QSAR-Co. A model was
developed using linear discriminant analysis (LDA). The following model parameters were
considered for evaluating the generated model accuracy, sensitivity, specificity, precision, MCC
(Matthews Correlation Coefficient), and AUROC (Area Under the Receiver Operating
Characteristic curve), as shown in Table-10. The molecular descriptors used were calculated using
the PaDEL tool. The Monte Carlo optimization method as implemented in the correlation and logic
(CORAL) tool was used for the analysis of fragments that influence the inhibitory activity of the

compounds.

Results and discussions

The inhibition of a-glucosidase activity tested by 2-styrylquinazoline sulfonates (20a—
20r) and 3-styryl-quinoxaline sulfonate esters (21la—21p) showed varying degrees of -
glucosidase inhibition with ICso values ranging from 28 mM to 662 mM (Table-11). Acarbose

was selectedas a control inhibitor, and the ICso value of acarbose under the same assay
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conditions was found to be 33 mM. Among the tested compounds (20a—20p and 21a-210),
compound (200) showed the lowest 1Cso value of 28 mM and compound (20n) showedthe
maximum ICsp value of 662 mM. Compounds (200), (21n), and (210) showed minimal ICsg
values against a-glucosidase activity, so were chosen for determining the mode of inhibition
of theseligands against MAL12. The mode of inhibition of selected inhibitors was determined
by comparing the Michalis—Menten kinetic constants obtained from the experimental
investigation carried out in the presence of varying concentrations of substrate and
inhibitors. The results of Km and Vmax 0f a-glucosidase in the presence of the tested ligands
are shown in Table-12. The molecular docking interactions between the selected most potent
inhibitor molecules (200, 21n, and 210) and the MAL12 protein model are represented in Table-
12 (Fig. 12 and 13). Among them, compound (21n) shows hydrogen interactions with the highest
bond distance of 2.500 A observed between atom 6637H and ligand atom 290 by the residue
ASN241. Moreover, in the p-stacking interactions, compound (200) displayed an impressive bond
distance of 5.372 A with the linking atom 2286N and ligand atom 1C by using a histidine (H1S239)
residue. Docking studies were performed for similar structures to predict the biological
significance. The QSAR model was generated and the docking score was obtained for a series of
compounds with similar structural/functional groups and was used for biological activity. The
presence of a combination of sulfonate and nitro groups in the molecule showed a good correlation
with the inhibitory effect. The fragments with methoxy and methyl-sulfonated groups also showed
a positive effect (if the sulfonate moiety is ortho to the double bond present in the structure).
However, the compounds with the sulfonyl and nitro group combination showed more positive
effects and are most influential to possess inhibitory properties. The molecules with high TPSA
and low hydrophobicity showed better interaction with the proteins. Based on interactions obtained
in docking studies and predictions made through QSAR studies, it can be interpreted that these
functional groups show inhibitory effects due to the nature of amino acids (hydrophilic basic amino
acids HI1S239, HIS279, LYS155, ARG312) present in the core binding cavity of a-glucosidase.
The presence of the electron-withdrawing group also showed improved inhibitory activity.
Therefore, these groups positioned near HIS or LYS residues in the binding pocket were desirable
(Figure-12 and 13).

Different sulfonate esters exhibited different enzyme inhibitory activities. The sulfonate
substitution with a hydrogen bond acceptor and the electron-withdrawing nitro group appeared to
be vital for enzyme inhibitory activity. The inhibitory effect was maximum when the substitution

was at the para position (200, 20p, 21n, 210). These results are synchronous with the literature
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reports.?*@® Also equal inhibitory activity was found with methyl sulfonated substitution at the
ortho position (20a, 21h). An electron-donating methoxy group at the meta position in combination
with ortho substitution of sulfonyl (with a nitro group, a hydrogen bond acceptor) favoured the
inhibitory activity (200, 20p, 21n, 210). The Km and Vmax values (Table-13) and the
Lineweaver—Burk double reciprocal plot (kinetic studies) (Figure- 14) for the compound (210)
indicate a mixed uncompetitive mode of inhibition towards a-glucosidase, which is similar to the
observation by Deng et al.2% for pu-erh tea polysaccharide. Whereas, for the compounds (200) and
(21n), an increase in the concentration of the compounds showed a decrease in the value of Km
and Vmax. This reveals that (200) and (21n) bind to a-glucosidase competitively in the active site.
These observations are similar to the results of various types of inhibitors for o-glucosidase
activity as reported by Zhang et al.2% and Berna et al.>® for Antidesma bunius L plant extract. This
is also supported (for compound 200) by the work of Moghadam et al. in which they observe
competitive inhibition for the 2,4- diarylquinazoline derivatives.?? In contrast to our findings,
Farhad et al.?° reported that the selected pyrimidine-fused decrease in the value of Km and Vmax.
This reveals that (200) and derivatives inhibited the activity of a-glucosidase by mixed

competitive mode and Zhenhua et al.?%

reported competitive, uncompetitive, and mixed
competitive mode of inhibition profiles of plant extracts. This may be due to the different binding
modes/energies of the compounds 21n and 210 where they show different kinetics toward o-

glucosidase enzyme inhibition.

Table-11: In vitro a-D-glucosidase inhibition studies of 2-styryl-quinazoline and 3-styryl-

quinoxaline sulfonate esters (20a—20p and 21a-210).

S. No Compound ICs0 (MM)
1 20a 37 +2.07
2 20b 38+2.05
3 20c 111+ 6.07
4 20d 222+ 11.35
5 20e 44 + 1.15
6 20f 154 + 8.97
7 209 154 + 8.35
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8 20h 154 +10.24
9 20i 76 +3.24
10 20j 46 + 3.24
11 20k 201 +10.35
12 201 185 +6.84
13 20m 93 £6.03
14 20n 662 + 18.64
15 200 28 +1.99
16 20p 36 £9.78
17 21a 48 +1.12
18 21b 42 +2.11
19 21c 194 + 8.61
20 21d 58 + 3.29
21 21e 38 +2.20
22 21f 83+6.24
23 219 194 + 5.37
24 21h 33+ 1.68
25 21i 194 +9.08
26 21 104 + 6.78
27 21k 139+ 7.25
28 211 145+ 7.91
29 21m 193 £9.32
30 21n 32+ 211
31 210 33+1.37
32 Acarbose 33+2.65

Figure-12: 2D docking interactions of compounds (200, 21n and 210) with MAL12 protein model
using rigid docking, PLP scoring function (GRIP docking algorithm).
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Figure-13: 3D docking interactions of compounds 200, 21n and 210 with MAL12 protein model
using rigid docking, PLP scoring function (GRIP docking algorithm)
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Table 12: Molecular docking interactions between the MAL12 protein model and the most potent
inhibitor compounds (200, 21n, and 210).

Compound Residue Atom Ligand | Distance A Interaction
Atom
200 PHE157 1281C 13C 4.995 n-STACKING
HIS239 1951N 23C 5.301 n-STACKING
HIS239 1951N 29C 4.933 n-STACKING
HIS279 2286N 1C 5.372 n-STACKING
HIS279 2286N 4C 4.436 n-STACKING
PHE311 2535C 23C 4.121 n-STACKING
LYS155 5989H 38N 1.789 H-BOND
LYS155 5989H 390 1.589 H-BOND
HIS239 6622H 220 2.214 H-BOND
ARG312 7164H 210 1.942 H-BOND
21n LYS155 5989H 30N 2.485 H-BOND
LYS155 5989H 320 1.701 H-BOND
GLY160 6016H 310 2.472 H-BOND
ASN241 6637H 290 2.500 H-BOND
210 HIS239 1951N 13C 4.059 n-STACKING
HIS279 2286N 1C 4.818 n-STACKING
HIS279 2286N 4C 5.161 n-STACKING
PHE300 2449C 1C 4.701 n-STACKING
TYR313 2557C 23C 5.224 n-STACKING
ARG312 7164H 220 2.363 H-BOND
HIS239 1951N 13C 5.276 n-STACKING
HIS279 2286N 4C 5.267 n-STACKING
PHE311 2535C 23C 4.691 n-STACKING
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Table-13: 1Cso, Km, and inhibition mode of 200 21n and 210. The Km and Vmax values of [1-D-
glycosidase for 4-NGP without inhibitor were 3.24 mM and 4.64 mM min™, respectively.

Ligand IC50 (uUM) Kim (UM) Vmax Mode of inhibition
(UM/min)
200 28 +1.99 4.10 4.61 Competitive
21n 32+211 3.15 453 Competitive
210 33+1.37 2.94 3.48 Mixed-Uncompetitive

Figure-14: Lineweaver-Burk plot for an understanding mode of Inhibition of a-D-glucosidase by
compounds (200 21n and 210)
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Density functional theory (DFT) calculation

To explore the stability of the cis vs trans isomers of the compound 21g, the energy was
calculated by density functional theory (DFT) using Becke’s three-parameter hybrid exchange
functional and the Lee-Yang—Parr correlation functional (B3LYP) employing the TZP basis set.
A similar level of theory was used to calculate the frequencies. All the geometries were found to
yield the minimum energy structure on the corresponding potential energy surfaces by frequency
analysis. All these calculations were carried out using the SCM-ADF simulation package.?® The

difference in the total energy of both the conformers DE (Etrans - Ecis) is (-) 85.67 kcal mol™. It is
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found that the trans isomer is more stable as compared to the cis isomer. The calculated frontier
highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of
the cis and trans isomers are shown in Figure-15. It is interesting to note that the HOMO orbital

of the trans isomer is spread all over the molecule, whereas the LUMO orbital is mostly

concentrated on the SO3 of the molecule. The HOMO and LUMO energies in the trans isomer are
found to be -6.56 eV and -5.13 eV, respectively.

Trans-HOMO Trans-LUMO

Figure-15: B3LYP/TZP calculated frontier HOMO and LUMO orbitals of cis and trans isomers
of compound 21g.

3.6 Experimental section

3.6.1 General:

The starting materials were purchased from Sigma-Aldrich, SRL, Spectrochem, and SD-Fine and
used as they are received. *H and *C-NMR spectra are recorded on Bruker 400 MHz spectrometer
using CDCls or DMSO-ds as solvents and reported in & ppm. The mass spectra were recorded on
Shimadzu LCMS-2020 and Agilent QTOF machine. Melting points were recorded on the Stuart
melting point apparatus. UV-visible spectra were taken using Agilent-Cary 100 UV-Visible
spectrometer. Emission spectra were recorded by Horiba FluoroLog spectrophotometer.

3.6.2 Representative procedure for the one-pot synthesis of 2-methyl-styrylquinoxaline (10a):
To solution of o-phenylenediamine (OPDA) (1.0 mmol) (1a) in EtOH (5mL) butane-2,3-dione
(2e) (1.0 mmol), piperidine (10 mol%) were added and the mixture was refluxed at 80 °C for 1
hour to provide intermediate 2,3-dimethylquinoxaline (9b). After that benzaldehyde (3a) (1
Equiv.) and heating continued for 8 h. After completion of the reaction (monitored by TLC), the

mixture was cooled to room temperature and extracted with EtOAc (2X10mL). The combined
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organic layers were washed with brine, water and dried over sodium sulphate. Solvent was
evaporated under reduced pressure to give the crude product which was purified by silica gel
column chromatography. Elution of the column with EtOAc and n-hexane (3:1v/v) gave the
desired product 10a (80%).

(E)-2-Methyl-3-(2-nitrostyryl)quinoxaline (10b): White solid, mp 218-219 °C, 85% yield. H
NMR (400 MHz, DMSO+CDCls) & 8.29 (dd, J = 15.4, 4.0 Hz, 1H), 8.02— @[N\ e No,
7.90 (m, 4H), 7.81-7.78 (m, 1H), 7.71-7.63 (m, 2H), 7.52-7.45 (m, 2H), N%

2.83 (s, 3H); ®C NMR (100 MHz, DMSO+CDCl3) § 152.76, 148.59,

148.13, 141.71, 141.20, 133.60, 132.54, 131.92, 130.38, 129.79, 129.60, 129.43, 129.16, 128.31,
127.41, 124.77, 22.98; HRMS (ESI, m/z): Calcd. For C17H13N3O2H* 292.1081, found 292.0709.

(E)-2-Methyl-3-(4-nitrostyryl)-quinoxaline (10c): White powder, mp 201-202 °C, 82 % yield.
'H NMR (400 MHz, DMSO+CDCl3) § 8.26 (d, J = 8.8 Hz, 2H), 8.09 (s, @:IM/AQ
1H), 8.05 (s, 1H), 7.97-7.94 (m, 3H), 7.78 (d, J = 15.6 Hz, 1H), 7.76-7.71 o,
(m, 2H), 2.91 (s, 3H); 3C NMR (100 MHz, DMSO+CDCls) § 153.10, 147.53, 142.92, 141.49,
141.21, 134.59, 129.86, 129.50, 129.10, 128.98, 128.63, 128.39, 127.42, 124.17, 23.01; HRMS
(ESI, m/z): Calcd. For C17H13N3O2H* 292.1081, found 292.0710; IR (KBr, thin film, cm™): vmax
2968, 1547, 1504, 1423, 1231, 820.

(E)-2-(2-Methoxystyryl)-3-methylquinoxaline (10d): Pale yellow solid, mp 121-122 °C, 78%
yield. *H NMR (400 MHz, DMSO+CDCls) § 8.21 (d, J = 15.6 Hz, 1H), 7.99 @[N\ Me o~
(d, J = 7.2 Hz, 1H), 7.92 (d, J = 15.6 Hz, 1H), 7.60-7.56 (m, 3H), 7.16 (dd, N/]/V/\@
J=6.0, 3.2 Hz, 1H), 6.79-6.77 (m, 3H), 3.84 (s, 3H), 2.80 (s, 3H); *C NMR

(100 MHz, DMSO+CDCl3) 6 145.71, 142.41, 140.59, 140.47, 136.61, 128.74, 124.51, 124.40,

124.05, 122.92, 118.50, 116.66, 116.00, 114.71, 114.62, 106.36, 51.43, 17.97; IR (KBr, thin film,
cm™): vmax 3053, 2965, 1504, 1403, 1801, 857.

(E)-4-(2-(3-Methylquinoxalin-2-yl)vinyl)phenol (10f): Yellow solid, mp 196-197 °C, 75%
yield. *H NMR (400 MHz, DMSO+CDCls3) § 7.97-7.94 (m, 1H), 7.98— N__Me

7.85 (m, 2H), 7.61-7.58 (m, 2H), 7.36 (d, J = 15.2 Hz, 1H), 7.14 (d, J = C[Nl/\@
8.0 Hz, 1H), 7.08-7.06 (m, 2H), 6.79-6.76 (m, 1H), 2.80 (s, 3H); *C NMR on
(100 MHz, DMSO+CDCI3) 6 157.76, 152.51, 149.75, 141.35, 140.95, 137.76, 129.78, 129.19,
128.83, 128.11, 122.32, 119.02, 116.68, 114.31, 22.97; HRMS (ESI, m/z): Calcd. For C17H1aN20
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262.1106, found 261.0952; IR (KBr, thin film, cm™): vmax 3395, 3067, 2956, 1522, 1420, 1126,
833.

Confirmation of reported molecules by using meting points:

S. No. Compound (code) No. MP °C (Found) MP °C (Reported)?4@b.0)
1 10a 137-138 136-138
2 10d 121-122 122-124
3 10e 110-111 109-111
4 10g 185-186 184-186
Me 0/
10a (80%) 10d (78%) 10e (80%) 10g (82%)

NO,

3.6.3 A representative procedure for the synthesis of 2,3-di((E)-styryl)quinoxaline (14a):

To a solution of o-phenyldiamine 1a (Immol, 0.1g) in ethanol (5 mL) were added butane-
2,3-dione (2e) (Immol) and piperidine (10 mol%) and the mixture was heated at 80 °C for 30 min
to generate a 2,3-dimethyl quinoxaline (9b). To this, benzaldehyde (3a) (2 mmol) was added and
heating continued 6h. After completion of the reaction (monitored by TLC), the reaction mixture
was cooled to room temperature. Solvent was evaporated extracted with EtOAc (2X20mL).
Combined organic layers were washed with water, dried over sodium sulphate. Evaporation of the
solvent gave the crude product which was purified by silica gel column chromatography. Elution

of the column with EtOAc+n-hexane mixture gave the desired product 14a in 82% vyield.

2,3-Di((E)-styryl)quinoxaline (14a): Yellow solid, mp 333-334 °C, 82% O
yield. *H NMR (400 MHz, CDCI3+DMSO) § 8.04-7.93 (m, 6H), 7.85 (d, J = @[
7.2 Hz, 4H), 7.73-7.72 (m, 2H), 7.46-7.35 (m, 6H); *C NMR (100 MHz, O

CDCIs+DMSO) & 148.98, 141.53, 137.77, 136.56, 129.83, 129.29, 129.05, 128.97, 128.21,
122.73.

2,3-Bis((E)-2-nitrostyryl)quinoxaline (14b): Light green solid, mp 181-182 O:N O
°C, 85% yield. 'H NMR (400 MHz, DMSO) & 8.35-8.23 (m, 2H), 8.18 (d, J = @[Nj :

N
16.8 Hz, 2H), 8.14-8.04 (m, 2H), 7.96 (m, 2H), 7.83 (d, J = 8.4 Hz, 4H), 7.75- ON O
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7.61 (m, 2H), 7.49 (d, J = 7.6 Hz, 2H); *C NMR (100 MHz, DMSO) & 153.67, 149.31, 141.60,
133.97, 131.89, 129.76, 129.32, 128.78, 128.46, 127.66, 124.99, 124.07; IR (KB, thin film, cm"
1): vimax 3062, 2929, 1519, 1348, 1127, 963, 734.

2,3-Bis((E)-2-bromostyryl)quinoxaline (14d): Pale green powder, mp 160-161 °C, 82% vyield.
'H NMR (400 MHz, CDCls3) & 7.97 (dd, J = 24.8, 15.6, Hz, 2H), 7.88 (d, J = Br

15.6 Hz, 2H), 7.63 (m, 2H), 7.57-7.49 (m, 4H), 7.33 (d, J = 8.0 Hz, 4H), 7.19 @": : O
(s, 2H); ®C NMR (100 MHz, CDCIs+DMSO) & 153.24, 141.65, 136.20, N O
133.26, 130.41, 130.01, 129.62, 129.12, 128.10, 127.98, 125.67, 124.90; i
HRMS (ESI, m/z): Calcd. For Ca4H16BraN2H2*2 491.9826, found 492.9654; IR (KBr, thin film,
cm™): vmax 3051, 2905, 1625, 1464, 1024, 964, 746.

2,3-Bis((E)-3-bromostyryl)quinoxaline (14e):

Yellow solid, mp 209-210 °C, 81% yield. *H NMR (400 MHz, CDCIs+DMSO) § 8.01 (dd, J =
6.4, 3.2 Hz, 2H), 7.90 (d, J = 15.6 Hz, 2H), 7.80 (s, 2H), 7.68 (dd, J = 6.4, 3.2 Br
Hz, 2H), 7.58-7.54 (m, 4H), 7.48 (d, J = 7.6 Hz, 2H), 7.30 (d, J = 7.6 Hz, N O
2H); 3C NMR (100 MHz, CDCl3+DMSO) & 148.36, 141.67, 138.51, 136.39, C[N/ Z O Br
131.86, 130.35, 130.15, 129.83, 128.95, 126.25, 123.64, 122.99; HRMS

(ESI, m/z): Calcd. For C24H16Br2N2H2™ 491.9826, found 492.9698; IR (KBr, thin film, cm™):
vmax 3058, 1625, 1417, 1193, 966, 751.

2,3-Bis((E)-4-bromostyryl)quinoxaline (14f): Yellow solid, mp 206-207 O Br
°C, 83% vyield. *H NMR (400 MHz, CDCl3+DMSO0) & 7.99 (s, 6H), 7.80— NS
NP
7.72 (m, 6H), 759 (d, J = 7.6 Hz, 2H); C NMR (100 MHz, N O
Br

CDCIs+DMSO) 6 148.72, 141.57, 136.41, 135.74, 131.98, 130.03, 129.99,
128.99, 123.53, 122.72; HRMS (ESI, m/z): Calcd. For CaH16BroN2H2*™2 491.9826, found
492.9727; IR (KBr, thin film, cm™): vmax 3056, 2960, 1625, 1487, 1404, 1072, 971, 751.

3,3'-((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))diphenol (14h): Pale brown solid, mp
249-250 °C, 82% yield. 'H NMR (400 MHz, CDCl3+DMSO0) § 9.35 (s, 2H),

OH
8.11 (dd, J = 6.4, 3.6 Hz, 2H), 8.01 (d, J = 15.6 Hz, 2H), 7.80-7.74 (m, 4H), v O
7.36-7.25 (m, 6H), 6.95 (dd, J = 7.8, 1.4 Hz, 2H); 3C NMR (100 MHz, Ni _ O oH
CDCls+DMSO0) & 162.65, 153.70, 146.24, 142.72, 142.43, 134.64, 134.30,

133.60, 127.09, 124.09, 121.47, 118.74; HRMS (ESI, m/z): Calcd. For C24H1sN20,H™ 367.1441,
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found 367.1220; IR (KBr, thin film, cm™): vinax 3395, 3157, 3070, 1625, 1580, 1270H", 1129, 978,
762.

6,6'-((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(3-chlorophenol) (14j): Light green
powder, mp 259-260 °C, 82% yield. *H NMR (400 MHz, CDCl3+DMSO) §

HO Cl
8.21 (dd, J = 15.2, 11.2 Hz, 2H), 8.02-7.91 (m, 4H), 7.69-7.62 (m, 4H), 7.13 ANEN O
(d,J = 7.6 Hz, 2H), 6.94 (d, J = 7.6 Hz, 1H); 3C NMR (100 MHz, DMSO) & N O

HO Cl

155.33, 153.06, 141.30, 131.66, 129.64, 129.26, 128.92, 128.35, 127.34,
125.10, 123.80, 117.87, HRMS (ESI, m/z): Calcd. For C2sHi6CloN202H2*2 436.0734, found
436.0670; IR (KBr, thin film, cm™): vimax 3410, 3680, 2964, 1595, 1479, 1320, 1113, 960, 750.

0\
2,3-Bis((E)-4-methoxystyryl)quinoxaline (141): Red sticky solid, mp 181- NS O

182 °C, 81% vield. *H NMR (400 MHz, CDCls+DMSO) & 7.98-7.96 (m, 4H), O B
7.82 (d, J = 6.4 Hz, 6H), 7.70 (s, 2H), 7.00 (s, 4H), 3.84 (s, 6H).

2,3-Bis((E)-2,4-dimethoxystyryl)quinoxaline (14n): Light brick red solid, mp 156-157 °C, 79%

yield. 'H NMR (400 MHz, CDCls+DMSO0) § 8.18 (d, J = 15.6 Hz, 2H), 7.99— e ) o
N

7.97 (m, 2H), 7.70-7.63 (m, 6H), 6.59-6.54 (m, 4H), 3.95 (s, 6H), 3.86 (s, @[N/ P

6H): 13C NMR (100 MHz, CDCI+DMSO) & 161.80, 159.24, 149.86, 0 ) 0

| |
141.34,132.72,129.36, 128.97, 128.70, 120.84, 118.47, 105.71, 98.43, 55.70, 55.51; HRMS (ESI,

m/z): Calcd. For C2sH2sN20sH* 455.1965, found 455.1978; IR (KBr, thin film, cm™): vmax 2960,
2838, 1626, 1513, 1263, 1135, 985, 764.

2,3-Bis((E)-2,5-dimethoxystyryl)quinoxaline (140): Yellow solid, mp

190-191 °C, 80% vyield. *H NMR (400 MHz, CDCI3+DMSO) § 7.99-7.95 N /\o O o
(m, 4H), 7.83 (d, J = 15.6 Hz, 2H), 7.68 (s, 2H), 7.49 (s, 2H), 7.32 (d, J = NP O CN
8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 3.95 (s, 6H), 3.88 (s, 6H); *C NMR h
(100 MHz, CDCI3+DMSO) 6 150.26, 149.33, 149.20, 141.43, 137.67, 129.70, 129.36, 128.77,
122.26, 120.69, 111.69, 110.60, 56.03, 55.95; HRMS (ESI, m/z): Calcd. For C2gH2sN20sH"
455.1965, found 455.2956; IR (KBr, thin film, cm™): vmax 3105, 2960, 1605, 1289, 1210, 749.

(o}
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2,3-Bis((E)-3,4,5-trimethoxystyryl)quinoxaline (14q): Yellow solid, mp
207-208 °C, 80% yield. *H NMR (400 MHz, CDCl3+DMSO) § 8.04-8.01 O
(m, 4H), 7.98-7.94 (m, 3H), 7.79-7.75 (m, 3H), 7.62 (d, J = 15.6 Hz, 1H), @[:j :
7.16 (s, 1H), 3.89 (s, 18H); °C NMR (100 MHz, CDCI3+DMSO0) & 158.33, O
153.89, 146.23, 143.74, 142.59, 136.98, 135.05, 133.70, 127.16, 110.73,

65.36, 61.16. HRMS (ESI, m/z): Calcd. For C3oH30N20sH" 515.2177, found 515.2191; IR (KBr,
thin film, cm™): vmax 3078, 2941, 1629, 1578, 1504, 1420, 1239, 1128,994, 811.

o/

o
/

-

[o)e]
/

\

(o]

ol

Cl

2,3-Bis((E)-4-chlorostyryl)quinoxaline (14s): Pale yellow powder, 84%

yield, mp 215-216 °C. *H NMR (400 MHz, CDCIs+DMSO) § 7.995 (s, 6H), @[:j
7.89 (d, J = 7.6 Hz, 4H), 7.74 (s, 2H), 7.45 (d, J = 7.6 Hz, 4H); IR (KBr, thin

film, cm™): vmax 3043, 2895, 1626, 1490, 1196, 1095, 804, 752.

e
A

Cl

2,3-Bis((E)-2,4-dichlorostyryl)quinoxaline (14u): Greenish yellow powder, mp 193-194 °C,
yield = 80%. 'H NMR (400 MHz, CDCIl3+DMSO0) § 8.27 (d, J = 8.4 Hz, 2H), 7
8.21-812 (m, 1H), 8.07-7.96 (m, 4H), 7.91-7.68 (m, 4H); *C NMR (100 N O
MHz, CDCls+DMSO) & 156.47, 140.94, 133.99, 129.88, 129.04, 128.93, CEN/ Z O °'
128.85, 128.77, 126.35, 123.18, 119.59, 116.40. HRMS (ESI, m/z): Calcd. ¢
For C24H14ClsN2H* 470.9984, found 471.0871; IR (KBr, thin film, cm™): vmax 3074, 2926, 1592,
1511, 1337, 1107, 761, 747.

Cl

OEt

6,6'-((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2- HO O
N
ethoxyphenol (14v): Yellow solid, mp 179-180 °C, 82% yield. *H NMR (400 @[ D :
N
MHz, CDCIz+DMSO) 6 8.66 (s, 2H), 8.28 (d, J = 16.0 Hz, 2H), 8.01 (dd, J = Ho O

OEt

6.4, 3.6 Hz, 2H), 7.91 (d, J = 15.6 Hz, 2H), 7.67 (dd, J = 6.4, 3.6 Hz, 2H), 7.32

(d, J = 8.4 Hz, 2H), 6.88-6.80 (m, 4H), 4.11 (g, J = 13.8, 6.8 Hz, 4H), 1.44 (t, J = 6.8 Hz, 6H); 1°C
NMR (100 MHz, CDCls+DMSO) & 154.44, 151.95, 150.83, 146.20, 138.21, 134.13, 133.62,
128.40, 127.55, 125.13, 124.13, 117.86, 69.49, 19.78; HRMS (ESI, m/z): Calcd. For
CasH2sN204H* 455.1965, found 455.1890; IR (KBr, thin film, cmt): vimax 3494, 3055, 2977, 1620,
1467, 1229, 1062, 981, 762.

4,4'-((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))dibenzonitrile (14w):
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Pale green powder, mp 210-211 °C, 84% yield. *H NMR (400 MHz, CcN
CDCIs+DMSO0) 6 8.23 (d, J = 15.2 Hz, 2H), 8.10-8.03 (m, 8H), 7.87 (d, J = @N: : O
7.6 Hz, 4H), 7.80 (s, 2H); *C NMR (100 MHz, DMSO+CDCl3) § 155.52, N O N
145.45, 138.61, 131.86, 129.86, 129.56, 128.63, 128.52, 123.24, 117.74,

111.22; HRMS (ESI, m/z): Calcd. For C2sH1sN4H™ 385.1448, found 385.1442; IR (KBr, thin film,
cm™): vmax 3098, 2965, 2220, 1603, 1501, 1322, 1129, 974, 817.

2,3-Bis((E)-4-methylstyryl)quinoxaline (14z): Pale yellow solid, mp 365- O Me
N

366 °C, 81% vyield. *H NMR (400 MHz, CDCI3+DMSO) & *H NMR (400 @[ ) :
N

MHz, CDCl3+DMSO) 6 7.99-7.95 (m, 4H), 7.87-7.80 (m, 2H), 7.70 (s, 6H), O Me

7.24 (d, J = 7.2 Hz, 4H), 2.39 (s, 6H).

2,3-Bis((E)-2-(naphthalen-2-yl)vinyl)quinoxaline (14ac): White solid, mp

198-199 °C, 83% vield. *H NMR (400 MHz, CDCls) 5 8.77 (d, J = 15.2 Hz, ‘O
2H), 8.38 (d, J = 8.4 Hz, 2H), 8.07 (dd, J = 6.4, 3.2 Hz, 2H), 7.82 (dd, J = @"; >

N
12.4, 6.8 Hz, 6H), 7.79-7.74 (m, 4H), 7.59-7.51 (m, 6H); 13C NMR (100 90

MHz, DMSO) ¢ 153.28, 147.42, 135.62, 134.08, 133.84, 133.48, 131.55, 130.14, 129.66, 129.04,
128.47, 127.06, 126.46, 126.11, 125.53, 123.66; HRMS (ESI, m/z): Calcd. For CzH2oNoH*
435.1856, found 435.1851; IR (KBr, thin film, cm™): vmax 3044, 3006, 1612, 1402, 1130, 959, 760.

2,3-Bis((1E,3E)-4-(4-methoxyphenyl)buta-1,3-dien-1-yl)quinoxaline (14ad): Red sticky solid,
mp 175-176 °C, 80% yield. 'H NMR (400 MHz, DMSO+CDCl3) & 7.97 o
(d,J=16.0Hz, 2H), 7.67 (d,J=7.2 Hz, 2H), 7.61 (d, J = 7.2 Hz, 3H), 7.49 NSNS O

(d, J = 16.0 Hz, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.24-7.16 (m, 4H), 7.08- N O o
7.02 (m, 5H), 3.50 (s, 6H); **C NMR (100 MHz, CDCl3+DMSO0) § 159.60, 146.37, 144.03, 141.32,
135.89, 132.85, 130.78, 129.06, 127.15, 125.68, 122.33, 116.91, 56.29; HRMS (ESI, m/z): Calcd.
For CsoH26N20, 446.1918, found 445.1994; IR (KBr, thin film, cm™): vmax 3063, 3076, 1599, 1306,
1257, 1023, 990, 760.
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2,3-Bis((E)-2-(1,4-diphenyl-1H-pyrazol-3-yl)vinyl)quinoxaline (14ae): Yellow powder, mp
190-191 °C, 83% vyield. *H NMR (400 MHz, CDCI3+DMSO) & 8.83 (s,
2H), 8.03 (d, J = 15.2 Hz, 1H), 7.93-7.90 (m, 2H), 7.88-7.86 (m, 8H), 7.80
(d, J = 6.8 Hz, 2H), 7.65-7.61 (m, 2H), 7.53-7.45 (m, 14H), 7.40-7.33 (m,
4H); 3C NMR (100 MHz, CDCIl3+DMSO) & 158.59, 153.56, 143.71,
137.72, 136.26, 134.44, 134.33, 134.01, 133.69, 133.50, 133.39, 132.62, 132.37, 131.64, 127.22,
124.33, 123.75; HRMS (ESI, m/z): Calcd. For Cs2H3oNsH™ 619.2605, found 619.2592; IR (KBr,
thin film, cm™): vmax 3124, 3057, 1671, 1524, 1449, 1227, 1056, 752.

Confirmation of reported molecules by using meting points:

R=H ;14a R = 3,4-DiOMe ; 14p

R=2-NO,  ;14b R =2-Cl ; 14r O

R=3-NO, ;14c R =4-Cl ; 14s

R = 4-NO, ; 14i R=2,4DiCl ;14t

R = 3-OMe ; 14k R = 4-Ph s 14x

R =4-OMe ’ 141 R = 3-Me ; 14y

R =2,3-DiOMe; 14m R = 4-Me : 14z

S. No. Compound No. M.P °C (Found) M.P °C (Reported)?®

1 14a 333-334 334-336
2 14b 195-196 194-196
3 14c 204-205 204-206
14 14i 196-197 195-197
6 14k 127-228 126-228
7 141 136-137 136-138
8 14m 210-211 211-213
9 14p 209-210 208-210
10 14r 189-190 189-191
11 14s 215-216 216-218
12 14t 189-190 188-190
13 14x 204-205 203-205
4 14y 202-203 203-205
5 14z 365-366 364-366
15 14aa 215-216 214-216
16 14ae 170-171 169-171

4.6.4 General procedure for the one-pot synthesis of 3-(4-nitrostyryl) quinoxaline-2-ol (15a):
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The reaction of ortho phenyl-1,2-diamine (OPDA) (1.0 mmol) (1a), ethyl pyruvate (1.0
mmol) (2b) were reacted under aqueous medium (5 mL) at 80 °C. And continue the stirring for up
to 60 min, gave intermediate 2-methyl quinoxaline-2-ol (14a), then (in situ) add benzaldehyde (3a)
(1.0 mmol) in the same reaction condition and stir up to 8 h. After complete conversion of
precursors (checked by TLC) the reaction mixture was cool to room temperature. Further, add 30
ml of EtOAc and 50 ml of water to the reaction mixture, then separated organic layer was dried
over sodium sulfate. Evaporation of the solvent under reduced pressure gave the crude product
which was purified by silica gel column chromatography. Elution of the column with EtOAc + n-
hexane mixture gave the desired product (15a) in good yield.

3.6.5 Representative procedure for the synthesis of 2-styrylquinazoline hybrid (16a):

To a solution of 2-amino-5-chloro benzophenone (1c) (1.0 mmol), was added acetonitrile
(3.0 mmol, synthesis grade) followed by 4N HCI (5 volume) under N2 atmosphere and heated at
80°C for 3h. After completion of the reaction, ag. sodium bicarbonate (10 mL) was added to it.
The solid obtained was washed with ethanol and dried under a high vacuum to give the 6-chloro-
2-methyl,4-phenylquinazoline (14b).

In a separate reaction vessel, to a solution of 6-chloro-2-methyl,4-phenylquinazoline (14b)
(2.0 mmol) in water (5 mL) was added 4-nitrobenzaldehyde (3a) (1.0 mmol) and the mixture was
heated at 80 °C for 6h. After completion of the reaction (checked by TLC), the reaction mixture
was cooled to room temperature and extracted with EtOAc (2X10 mL). Combined organic layers
were dried over sodium sulfate. Evaporation of the solvent under reduced pressure gave the crude
product, which was purified by silica gel column chromatography (Hexane/EtOAc) gave the

desired product (16a).

3-Styrylquinoxalin-2-ol (15a): Yellow crystalline solid, mp 221-222 °C, 85% yield. 'H NMR
(400 MHz, CDCl3) 6 11.26 (s, 1H), 8.12 (d, J = 16.4 Hz, 1H), 7.81 (dd, J = N_-OH

8.0, 1.2 Hz, 1H), 7.70-7.64 (m, 3H), 7.44-7.40 (m, 1H), 7.37-7.33 (m, 2H), C[Nl/\@
7.31-7.27 (d, J = 7.2 Hz, 2H), 7.26 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz,

CDCI+DMSO) & 168.03, 155.51, 140.93, 137.21, 136.58, 135.85, 130.48, 128.41, 125.29,
124.17, 123.66, 122.49, 120.26, 115.54; HRMS (ESI, m/z): Calcd. For C1H12N>OH* 249.1022,

found 249.1027; IR (KBr, thin film, cm™): vmax 3080, 2971, 2842, 1655, 1588, 1449, 1147, 974,
771.

3-(3-Nitrostyryl) quinoxalin-2-ol (15b): Yellow solid, mp 234-235 °C, 88% yield. *H NMR (400
MHz, CDCl3+DMSO) & 12.53 (s, 1H), 8.46 (s, 1H), 8.18-8.08 (m, 3H), 7.77 (s, 1H), 7.67 (t, J =
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7.6 Hz, 1H), 7.46 (t, J = 7.2 Hz, 1H), 7.33-7.27 (m, 2H), 7.15 (d, J = N oH

7.2 Hz, 1H); 3C NMR (100 MHz, CDCl3+DMSO0) § 155.29, 152.74, NL\@Noz
148.75, 138.33, 134.84, 133.80, 132.82, 132.22, 130.47, 130.35,

128.91, 125.17, 123.78, 123.54, 121.97, 115.76; HRMS (ESI, m/z): Calcd. For C1sH11N3O3H*

294.0873, found 294.0875; IR (KBr, thin film, cm™): vmax 3092, 2972, 2891, 1662, 1524, 1353,
1187, 972, 756.

3-(4-Bromostyryl) quinoxalin-2-ol (15d): Pale green powder, mp 250-251 °C, 90% yield. *H
NMR (400 MHz, CDCI3z+DMSO) 6 12.45 (s, 1H), 8.05 (d, J = 16.0 Hz, 1H), 7.76 (d, J = 8.0 Hz,
1H), 7.66-7.54 (m, 4H), 7.44 (t, J = 7.6 Hz, 1H), 7.33-7.28 (m, 2H), 7.16 (t, J = 8.8 Hz, 1H); 13C
NMR (100 MHz, CDCIz+DMSO) o 154.36, 147.67, 144.51, 142.39, @N\ OH

137.86, 136.35, 136.15, 135.83, 134.95, 132.25, 129.64, 128.99; HRMS Nj\/\@
(ESI, m/z): Calcd. For C16H1:1N30OsH* 327.0128; found: 327.0125. Br

3-(2-Hydroxy-3-methoxystyryl)quinoxalin-2-ol (15e): White powder, mp 202-203 °C, 80%
yield. *H NMR (400 MHz, CDCls+DMSO0) § 12.31 (s, 1H), 8.00 (d, J = 16.0 Hz, 1H), 7.90 (s, 1H),

7.78-7.67 (m, 1H), 7.56-7.43 (m, 3H), 7.33 (d, J = 6.8 Hz, 1H), 7.25- @"\ °/“ ™
7.20 (m, 1H), 6.89 (d, J = 6.4 Hz, 1H), 4.89 (s, 1H), 3.79 (s, 3H); °C " h
NMR (100 MHz, CDCls+DMSO) § 171.25, 160.86, 155.43, 153.87, 152.71, 140.88, 135.89,

134.11,133.19, 132.53, 131.30, 129.64, 128.16, 125.88, 123.66, 118.13, 60.74; HRMS (ESI, m/z):
Calcd. For C17H14N203H™ 295.1077, found 295.1076.

3-(2-Bromostyryl)quinoxalin-2-ol (15f): Pale yellow solid, mp 216-217 °C, 85% yield. *H NMR
(400 MHz, CDCl3+DMSO) § 12.50 (s, 1H), 8.41 (d, J = 16.4 Hz, 1H), 7.90 @N\ OH g
(d, J=7.6 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.60 N/j/\/\@
(d, J = 16.0 Hz, 1H), 7.49-7.41 (m, 2H), 7.36-7.28 (m, 3H); °C NMR (100

MHz, CDCl3+DMSO) 6 155.25, 153.03, 136.09, 135.42, 133.53, 132.82, 132.24, 130.97, 130.34,
128.98, 128.47, 127.84, 125.43, 124.96, 123.80, 115.74; HRMS (ESI, m/z). Calcd. For

C16H11N303H* 327.0133, found 327.0123; IR (KBr, thin film, cm™): vmax 3093, 2968, 2882, 1659,
1552, 1428, 1159, 971.
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3-(3,4,5-Trimethoxystyryl)quinoxalin-2-ol (15j): Yellow solid, mp 230-231 °C, 85% yield. *H
NMR (400 MHz, CDCIs+DMSO) 6 12.47 (s, 1H), 8.05 (d, J = 16.0 Hz, @[:: O/H o
1H), 7.73 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 16.4 Hz, 1H), 7.44 (t, J = 7.6 o
Hz, 1H), 7.31-7.25 (m, 2H), 6.99 (s, 2H), 3.89 (s, 6H), 3.76 (s, 3H); 13C o

NMR (100 MHz, CDCIs+DMSO) 6 155.34, 153.55, 153.41, 139.19, 137.87, 132.94, 132.13,
131.99, 129.79, 128.57, 123.72, 121.68, 115.66, 105.29, 60.53, 56.30; HRMS (ESI, m/z): Calcd.
For C19H1sN204H* 339.1339, found 339.1341; IR (KBr, thin film, cm™): vmax 2976, 231, 1664,

1506, 1333, 1248, 1233, 1133, 999, 751.

3-(3,4-Dimethoxystyryl)quinoxalin-2-ol (15k): Yellow powder, mp 221-222 °C, 86% vyield. H
NMR (400 MHz, CDCIs+DMSO) 6 12.00 (s, 1H), 8.04 (d, J = 16.0 Hz, @EN\ OH

1H), 7.71 (d, J = 7.6 Hz, 1H), 7.50 (d, J = 16.0 Hz, 1H), 7.33-7.27 (m, NI\/\@°\
1H), 7.23-7.14 (m, 4H), 6.81 (d, J = 8.0 Hz, 1H), 3.86 (s, 3H), 3.84 (s, o~
3H); *C NMR (100 MHz, CDCl3) & 169.14, 162.75, 151.93, 150.89, 140.59, 138.69, 136.30,
133.95, 131.92, 131.59, 130.94, 130.51, 127.67, 123.70, 112.80, 110.99, 57.66, 57.57; HRMS

(ESI, m/z): Calcd. For C1sH16N,03H* 309.1234, found 309.1232; IR (KBr, thin film, cm™): vmax
3060, 2933, 2837, 1662, 1517, 1438, 1266, 1234, 1134, 746.

3-(4-Methoxystyryl)quinoxalin-2-ol (151): Pale yellow solid, mp 242-243 °C, 85% vyield. ‘H

N

OH
NMR (400 MHz, CDCls+DMSO0) & 12.22 (s, 1H), 8.01 (d, J = 16.0 Hz, @[ JVV/\@\
N
o/

1H), 7.69 (d, J = 6.4 Hz, 1H), 7.60-7.45 (m, 3H), 7.31-7.19 (m, 3H), 6.86

(d, J=6.4 Hz, 2H), 3.77 (s, 3H); 3C NMR (100 MHz, CDCIs+DMSO0) § 169.04, 158.53, 137.60,
134.83, 133.87, 132.15, 130.46, 128.76, 127.71, 126.71, 125.71, 123.74, 121.35, 117.55, 53.90;
HRMS (ESI, m/z): Calcd. For C17H14aN2O2H* 279.1128, found 279.1123; IR (KBr, thin film, cm”
1: vmax 3010, 2923, 1652, 1602, 1511, 1173, 1017, 822, 757.

3-(4-(Dimethylamino)styryl)quinoxalin-2-ol (15m): Brown solid, mp 226-227 °C, 82% yield.
'H NMR (400 MHz, CDCl3+DMSO0) & 11.99 (s, 1H), 7.57 (d, J = 8.8 Hz, @EN\ OH

2H), 7.29-7.23 (m, 3H), 7.15-7.08 (m, 3H), 6.60 (d, J = 8.4 Hz, 2H), 3.29 Nji/\@\

(s, 6H); 3C NMR (100 MHz, CDCI3+DMSO0) § 161.13, 155.50, 149.22, T/
133.51, 132.27, 131.93, 129.35, 128.48, 128.40, 128.36, 126.11, 123.14, 115.51, 112.77, 39.18;

HRMS (ESI, m/z): Calcd. For C1gH17N3OH* 292.1444, found 292.1447; IR (KBr, thin film, cm"
1): vmax 3098, 2963, 2843, 1653, 1522, 1430, 587.
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3-(2,4-Dichlorostyryl)quinoxalin-2-ol (150): Pale green solid, mp 245-246 °C, 88% vyield. H
NMR (400 MHz, CDCIz+DMSO) 6 12.56 (s, 1H), 8.39 (d, J = 16.4 Hz, N: e
1H), 8.01 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.69-7.62 (m, NN

2H), 7.53-7.46 (m, 2H), 7.33 (d, J = 8.0 Hz, 2H); 3C NMR (100 MHz,

CDCI+DMSO) & 168.68, 155.35, 139.34, 138.10, 136.07, 135.66, 134.26, 132.90, 132.11,
130.99, 129.95, 129.52, 128.74, 123.69, 123.07, 122.91; HRMS (ESI, m/z): Calcd. For
Ci16H10CI2N20OH* 317.0243, found 317.0245; IR (KBr, thin film, cm™): vmax 3095, 2966, 2883,
1659, 1584, 1462, 1191, 975, 862, 755.

3-(4-Nitrostyryl) quinoxalin-2-ol (15p): Pale yellow solid, mp 284-285 °C, 90% yield. *H NMR

N _OH

(400 MHz, CDCls+DMSO0) § 12.57 (s, 1H), 8.23 (d, J = 8.4 Hz, 2H), @[ I/\@
N
NO,

Cl

8.16 (d, J = 16.0 Hz, 1H), 7.96 (d, J = 8.4 Hz, 2H), 7.80-7.76 (m, 2H),

7.49 (t,J = 7.2 Hz, 1H), 7.32 (d, J = 8.8 Hz, 2H); 3C NMR (100 MHz,

CDCIs+DMSO) § 155.25, 152.78, 147.63, 143.05, 134.90, 132.83, 132.36, 130.70, 129.04,
128.88, 126.83, 124.40, 123.93, 115.82; HRMS (ESI, m/z): Calcd. For C1sH11N3OsH* 294.0873,
found 294.0877; IR (KB, thin film, cm™): vmax 3101, 2930, 1665, 1590, 1511, 1344, 976, 748.

3-(2-(Furan-2-yl)vinyl)quinoxalin-2-ol (15r): Brown powder, mp 202-203 °C, 82% yield. H
NMR (400 MHz, CDClz+DMSO) & 12.38 (s, 1H), 7.92 (d, J = 16.0 Hz, 1H), N__OH

7.72 (d, J=8.0 Hz, 1H), 7.64 (s, 1H), 7.44-7.39 (m, 2H), 7.31-7.24 (m, 2H), @EN%
6.72 (d, J = 2.4 Hz, 1H), 6.54 (s, 1H); 3C NMR (100 MHz, DMSO) § 170.48, /
155.34, 153.09, 152.79, 144.54, 131.87, 129.64, 128.55, 124.58, 123.62, 120.40, 115.60, 113.47,
112.73; HRMS (ESI, m/z): Calcd. For C14H10N202H" 239.0815, found 239.0820.

3-(2-(Thiophen-2-yl)vinyl)quinoxalin-2-ol (15s): Light brown solid, mp 195-196 °C, 85% yield.
'H NMR (400 MHz, CDCls+DMSO0) & 12.32 (s, 1H), 8.29 (d, J = 16.0 Hz, N__OH

1H), 7.75 (d, J = 8.0 Hz, 1H), 7.44-7.39 (m, 3H), 7.33-7.30 (m, 3H) 7.10- @EN%
7.07 (m, 1H); ¥C NMR (100 MHz, CDCIs+DMSO) § 155.48, 152.95, s~/
142.26, 133.06, 131.67, 130.64, 129.60, 129.55, 128.48, 128.24, 127.37, 123.65, 121.59, 115.59;
HRMS (ESI, m/z): Calcd. For C14H10N2OSH™ 255.0587, found 255.0591; IR (KBr, thin film, cm-
1Y: vmax 2970, 2879, 1656, 1613, 1550, 1449, 1226, 759.
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3-(2-(Naphthalen-2-yl)vinyl)quinoxalin-2-ol (15t): Yellow solid, mp 254-255 °C, 88% yield. *H
NMR (400 MHz, CDCI3+DMSO) 6 12.52 (s, 1H), 8.97 (d, J = 16.0 Hz, N\ OH

1H), 8.32 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.2 Hz, 3H), 7.83 (d, J = 7.6 Hz, j\/\~
1H), 7.7-7.57 (m, 4H), 7.48 (t, J = 6.8 Hz, 1H), 7.35-7.29 (m, 2H); °C

NMR (100 MHz, CDCI3+DMSO0) 6 155.28, 152.82, 147.62, 134.95, 134.89, 132.89, 132.19,
130.47, 130.35, 130.22, 129.70, 129.66, 128.99, 128.70, 128.07, 127.29, 124.37, 123.85, 123.79,
115.81; IR (KBr, thin film, cm™): vmax 3120, 2980, 1670, 1601, 1515, 1410, 1250, 985, 760, 660.

Melting points of the Reported molecules?:

Compound | Experimental Reported Compound Experimental Reported?®
M.P M.P M.P M.P
(15c) 248-249 248-250 (151) 167-168 168-169
(159) 260-261 260-262 (15n) 243-244 243-245
(15h) 250-251 249-251 (150) 248-249 249-251

Reported molecules?®

@J/%@w@b@@bﬁo Q%

o 0,
15¢ (81%) 15n (80%) 15q (85%)
R'=2-F ; 159 (82%
2,4 Di-OH ; 15h (81%)
4-F ; 15i (80%)
6-Chloro-2-methyl-4-phenylquinazoline (9e): White powder, 90% yield. H o Ph
NMR (400 MHz, CDCl3) 6 7.91-7.85 (m, 2H), 7.70-7.63 (m, 3H), 7.49 (s, 3H), \i

2.84 (s, 3H); HRMS (ESI, m/z): Calcd. For C1sH11CINoH™ 255.0684, found
255.0680.

6-Chloro-2-(3-nitrostyryl)-4-phenylquinazoline (16a): Light green powder, mp 156-157 °C,
90% yield. 'H NMR (400 MHz, CDCl3+DMSO) & 8.55 (s, 1H), 8.24— .

8.18 (m, 3H), 8.07 (d, J = 9.6 Hz, 1H), 7.98 (s, 2H), 7.85 (s, 2H), 7.72— C'@ﬁN

7.59 (m, 5H); *C NMR (100 MHz, CDCIz+DMSO) § 159.99, 148.81, ”/)\/\@
137.95, 136.71, 136.32, 135.15, 133.89, 132.61, 131.02, 130.95, 130.66, "
130.61, 130.22, 129.10, 125.92, 123.73, 122.53, 122.15; HRMS (ESI, m/z): Calcd. For
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C22H14CIN3O,H* 388.0847, found 388.0852; IR (KBr, thin film, cm™): vimax 3406, 3071, 1639,
1527, 1330, 1077, 836.

6-Chloro-2-(3-nitrostyryl)-4-phenylquinazoline  (16b):  Yellow Ph

powder, mp 201202 °C, 87% vyield. H NMR (400 MHz, CIT@%N\/" _ .
CDCI3+DMSO0) & 8.25-8.15 (m, 3H), 8.06 (d, J = 8.8 Hz, 1H), 7.98— %
7.93 (m, 4H), 7.83 (s, 2H), 7.66-7.59 (m, 4H); 3C NMR (100 MHz, DMSO+CDCls) 5 164.99,
152.40, 145.56, 141.65, 140.63, 136.51, 135.71, 132.58, 130.17, 129.51, 128.80, 128.47, 127.87,
125.75, 124.26, 124.12, 123.94, 123.05, 122.36, 118.31; HRMS (ESI, m/z): Calcd. For
C22H14CIN3O2H"* 388.0847, found 388.0851; IR (KBr, thin film, cm™): vmax 3410, 3029, 2875,
1596, 1519, 1340, 1107, 844.

6-Chloro-2-(4-methoxystyryl)-4-phenylquinazoline (16c): Red sticky solid, mp 242-243 °C,
84% yield. *H NMR (400 MHz, CDCls) § 8.17 (d, J = 16.0 Hz 1H), TN

8.01 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.82-7.77 (m, 3H), C¢A/\©
7.63-7.61 (m, 5H), 7.31 (d, J = 16.0 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), OMe
3.85 (s, 3H); HRMS (ESI, m/z): Calcd. For C23H17CIN2OH* 373.1102, found 373.0870; IR (KB,
thin film, cm™): vmax 3010, 2923, 1652, 1602, 1511, 1173, 1017, 822, 757.

6-Chloro-2-(4-methylstyryl)-4-phenylquinazoline ~ (16d):  White Ph

powder, mp 154-155 °C, 83% yield. *H NMR (400 MHz, CDCl3) & 8.19 C'Cﬁu

(d, 1H), 8.00-7.98 (m, 2H), 7.82-7.77 (m, 3H), 7.62-7.56 (m, 5H), 7.39 N/)\/\Q
(d,J=16.0 Hz 1H), 7.22 (d, J = 7.6 Hz, 2H), 2.38 (s, 3H); 1°C NMR (100 "
MHz, DMSO+CDCls) 8 167.37, 157.81, 147.55, 141.30, 136.24, 133.73, 131.14, 130.69, 130.29,
129.91,129.13, 128.75, 127.87, 127.55, 124.87, 124.22, 123.54, 120.63, 22.30; HRMS (ESI, m/z):
Calcd. For C23H17CIN2H* 357.1153, found 357.1150; IR (KBr, thin film, cm™): vmax 3390, 3021,
2892, 1636, 1535, 1389, 970, 836, 701.

6-Chloro-2-(3,4-dimethoxystyryl)-4-phenylquinazoline (16e): White solid, 85% yield, mp 169-
170 °C. *H NMR (400 MHz, CDCls) & 8.06 (d, J = 16.0 Hz, 1H), 7.91— m\©\i\hN

7.86 (m, 2H), 7.72-7.67 (m, 3H), 7.52 (s, 3H), 7.23-7.10 (m, 3H), 6.80 NM@%

(d, J = 8.0 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 3H): 3C NMR (100 MHz, o~

CDCl3) 6 167.44, 161.05, 150.30, 150.23, 149.19, 138.89, 136.99, 134.60, 132.25, 130.22, 130.21,
129.89, 129.24, 128.81, 125.97, 125.70, 122.00, 111.10, 109.29, 55.96, 55.87; HRMS (ESI, m/z):
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Calcd. For C24H19CIN2O2H* 403.1208, found 403.1214; IR (KBr, thin film, cm™): vmax 3395, 3060,
2958, 1633, 1534, 1435, 1266, 1253, 1138, 1024, 839.

6-Chloro-4-phenyl-2-(3,4,5-trimethoxystyryl)quinazoline ~ (16f): Ph

Cl

Pale yellow solid, mp 195-196 °C, 84% vyield. *H NMR (400 MHz, \/N P )y
N
CDCI3+DMSO0) 6 7.96-7.94 (m, 2H), 7.83 (d, J = 3.2 Hz, 2H), 7.75 (d, )\/\@

J = 3.2 Hz, 2H), 7.66 (s, 2H), 7.63 (s, 2H), 7.44 (d, J = 16.0 Hz, 1H), RN
7.08 (s, 1H), 3.88 (s, 6H), 3.74 (s, 3H); 3C NMR (100 MHz, CDCIs+DMSO0) § 167.42, 153.57,
149.98, 139.08, 136.86, 136.69, 135.03, 134.84, 131.88, 131.73, 130.83, 130.59, 130.53, 130.13,
129.08, 127.41, 125.90, 125.61, 105.50, 60.51, 56.37; HRMS (ESI, m/z): Calcd. For
C2sH21CIN2O3H* 433.1313, found 433.1317; IR (KBr, thin film, cm™): vmax 3410,3110, 2928,
1635, 1548, 1420, 1139, 1151, 1251, 1151, 836.

6-Chloro-2-(4-chlorostyryl)-4-phenylquinazoline (16g): White powder, mp 210-211 °C, 86%
yield. *"H NMR (400 MHz, CDClz+DMSO) & 8.11-7.94 (m, 4H), 7.84 (s, cu©\i\hN

4H), 7.68 (s, 3H), 7.48 (d, J = 6.0 Hz, 3H); HRMS (ESI, m/z): Calcd. For N/)\/\@
Ca2H14ClNzH* 377.0607, found 377.0605; IR (KBr, thin film, cm™): vimax °
3412, 3089, 2915, 1633, 1535, 1386, 1076, 836, 695.

6-Chloro-4-phenyl-2-styrylquinazoline (16h): White powder, mp on

179-180 °C, 85% yield. *H NMR (400 MHz, CDCl3) § 8.21 (d, J = 16.0 C'@N

Hz, 1H), 8.03-7.99 (m, 2H), 7.81 (s, 3H), 7.72-7.53 (m, 5H), 7.49- N/)\/\©
7.31 (m, 4H); C NMR (100 MHz, CDCl3) § 167.49, 155.36, 146.30,

141.43, 140.04, 137.29, 136.37, 135.21, 131.70, 131.47, 130.31, 129.72, 129.03, 128.74, 128.12,
126.79, 125.66, 124.43; HRMS (ESI, m/z): Calcd. For C22H15CIN2H* 343.0997, found 343.0993;
IR (KBr, thin film, cm™): vmax 3369, 3070, 2998, 1640, 1528, 1386, 1072, 969, 844, 763.

4-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)benzonitrile (16i): Yellow solid, mp 206-207
°C, 88% yield. *H NMR (400 MHz, CDCl3+DMSO) § 8.14 (d, J = 16.0 C,@\i\*‘"

Hz, 1H), 8.07 (d, J = 9.2 Hz, 1H), 7.98-7.93 (m, 4H), 7.82-7.80 (m, 4H), N/)\/\Q
7.66-7.57 (m, 4H). HRMS (ESI, m/z): Calcd. For C23HuCIN3H* N
368.0949, found 368.0954; IR (KBr, thin film, cm™); vmax 3402, 3049, 2223, 1602, 1534, 1420,
1387, 1076, 840, 695.
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6-Chloro-2-(2-(naphthalen-2-yl)vinyl)-4-phenylquinazoline (16j): Pale yellow solid, mp 158—
159 °C, 85% yield. *H NMR (400 MHz, CDCls+DMSO) & 8.94 (d, J = . Ph

15.6 Hz, 1H), 8.28 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 9.2 Hz, 1H), 8.01- W@fbf' P OO
7.79 (m, 5H), 7.87 (d, J = 3.6 Hz, 2H), 7.67 (s, 3H), 7.61-7.54 (m, 3H), “
7.47 (d,J = 15.6 Hz, 1H); *3C NMR (100 MHz, CDCl3+DMS0) § 167.38, 160.48, 150.27, 136.87,
135.02, 134.96, 133.83, 133.09, 132.31, 131.36, 130.94, 130.65, 130.57, 130.17, 129.78, 129.09,
129.01, 127.08, 126.43, 126.11, 125.88, 124.78, 123.57, 122.06; HRMS (ESI, m/z): Calcd. For
Ci16H11N3O3H* 393.1153, found 393.1158; IR (KBr, thin film, cm™): vmax 3390, 3038, 1635, 1534,
1383, 1153, 962, 788.

(E)-6-Chloro-4-phenyl-2-(2-(thiophen-2-yl)vinyl)quinazoline (16k): Light brown powder, mp
171-172 °C, 84% yield. *H NMR (400 MHz, CDCls) § 8.31 (d, J = 15.2 Hz, 1H), 8. 00 7.95 (m,
2H), 7.80 (s, 3H), 7.61 (s, 3H), 7.32-7.21 (m, 3H), 7.06 (s, 1H); °C NMR CI\d

(100 MHz, DMSO+CDClz) 8 167.76, 153.71, 146.29, 143.51, 141.23, J\/\O
137.27, 134.03, 132.44, 130.23, 129.93, 129.42, 129.00, 128.94, 128.44,

127.71, 124.57, 124.05, 122.35, 114.63; HRMS (ESI, m/z): Calcd. For C20H13CIN2SH* 349.0561,
found 349.0563; IR (KBr, thin film, cm™): vmax 3396, 3095, 2901, 1629, 1536, 1387, 1204, 1072,
840, 696.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2,1-phenylene) bis(4-methylbenzene
sulfonate) (18a): Yellow solid, mp 175-176 °C, 80% yield. *"H NMR (400 MHz,

CDCl3+ DMSO-ds) 6 8.06 (dd, J = 6.4, 3.6 Hz, 2H), 8.03-7.99 (m, 2H), 7.86-7.82 030
(m, 4H), 7.71 (d, J = 8.4 Hz, 4H), 7.65 (d, J = 15.6 Hz, 2H), 7.42-7.39 (m, 4H), N \o O
7.27-7.24 (m, 2H), 7.14 (d, J = 8.0 Hz, 4H), 2.11 (s, 6H); 3C NMR (100 MHz, C["
CDCI3+DMSO-de) 6 152.80, 152.41, 150.48, 146.23, 136.95, 135.08, 134.98,

134.90, 134.83, 134.24, 133.83, 133.20, 132.90, 132.52, 129.12, 128.42, 26.15;

HRMS (ESI, m/z): Calcd. For CsgH3oN206S2H* 675.1618, found 675.1616; IR (KBr, thin film,
cm™): vmax 2979, 1588, 1507, 1375, 1086, 851, 1037, 866.

0=5=0

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(4,1-phenylene) bis(4-methylbenzene
sulfonate) (18b): Yellow solid, mp 184-186 °C, 81% vyield. *H NMR (400

MHz, DMSO-ds) § 7.99 (dd, J = 6.2, 4.0 Hz, 2H), 7.94 (d, J = 3.2 Hz, 4H),
7.83 (d, J = 8.8 Hz, 4H), 7.74 (d, J = 8.4 Hz, 6H), 7.44 (d, J = 8.0 Hz, 4H), S O
7.05 (d, J = 8.8 Hz, 4H), 2.46 (s, 6H); *C NMR (100 MHz, DMSO-ds) & /@(

149.67, 148.62, 145.95, 141.54, 136.07, 135.69, 132.04, 130.37, 130.03, 129.63, 128.98, 128.58,
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123.74,122.74, 21.73; HRMS (ESI, m/z): Calcd. For CagH30N206S2H* 675.1618, found 675.1608;
IR (KBr, thin film, cm™): vmax 2981, 1594, 1501, 1381, 1094, 844, 1026, 861.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2-methoxy-6,1-phenylene) bis(4-
methylbenzenesulfonate) (18c): Pale yellow powder, mp 184-185 °C, 79% vyield.
'H NMR (400 MHz, CDCI3+DMSO-dg) & 7.92-7.90 (m, 2H), 7.75-7.62 (m, 8H),
7.49 (d, J = 5.2 Hz, 1H), 7.35 (d, J = 7.8 Hz, 2H), 7.26-7.22 (m, 2H), 7.01 (d, J = @
8.0 Hz, 4H), 6.93 (d, J = 8.0 Hz, 2H), 3.68 (s, 6H), 1.93 (s, 6H); 3C NMR (100
MHz, CDCIl3+DMSO-ds) 6 157.85, 153.08, 150.23, 146.12, 142.15, 138.43, 136.28,
135.39, 135.19, 134.93, 134.01, 133.62, 133.12, 130.02, 124.10, 118.84, 61.16,
25.90; HRMS (ESI, m/z): Calcd. For C4oH3aN20sS2H" 735.1829, found 735.1709; IR (KBr, thin
film, cm™): vmax 2930, 1576, 1477, 1382, 1273, 1176, 1062, 547.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2-methoxy-5,1- o
phenylene) bis(4-methylbenzene sulfonate) (18d): Yellow powder, mp @N\ N O o&s/ Q
152-153 °C, 81% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & 7.84 (dd, N g :\
J=6.2,3.6 Hz, 2H), 7.79 (d, J = 3.6 Hz, 4H), 7.57 (d, J = 8.0 Hz, 6H), 7.27— !

7.19 (m, 8H), 6.99 (d, J = 8.4 Hz, 2H), 3.49 (s, 6H), 2.31 (s, 6H); °C NMR <)
(100 MHz, CDCl3+DMSO-ds) 6 156.66, 153.34, 150.26, 146.34, 143.21, 141.49, 141.31, 137.61,
134.65, 134.51, 133.68, 133.32, 128.74, 128.56, 125.43, 117.13, 60.61, 26.45; HRMS (ESI, m/z):
Calcd. For CsoH3aN20sS;H* 735.1829, Found 735.1705; IR (KBr, thin film, cm™): vmax 3120,
2950, 1595, 1379, 1258, 1175, 1030, 851.

((1E,1'E)-Quinoxaline-2,3-diylbis (ethene-2,1-diyl)) bis(4,1- NO
phenylene) bis(4-nitrobenzene sulfonate) (18f): Greenish yellow Y
powder, mp 206-207 °C, 82% vyield. 'H NMR (400 MHz, "’

CDCl3+DMSO-ds) & 8.48 (d, J = 8.8 Hz, 4H), 8.17 (d, J = 8.8 Hz, 4H), @ b e, @
8.04 —7.91 (m, 6H), 7.86 (d, J = 8.6 Hz, 4H), 7.73 (dd, J = 6.4, 3.4 Hz, e

2H), 7.11 (d, J = 8.6 Hz, 4H); 3C NMR (100 MHz, DMSO-ds) § 151.58, 149.33, 148.80, 141.50,
139.93, 136.00, 132.11, 130.58, 130.22, 129.98, 129.09, 125.54, 124.31, 122.92; HRMS (ESI,
m/z): Calcd. For CssH24N4010S;H* 737.1007, found 737.0934; IR (KBr, thin film, cm™): vmax
3150, 2950, 1695, 1525, 1390, 1279, 1049, 850.

137



I\Ille

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2,1-phenylene) o5°
dimethanesulfonate (18g) : White solid, mp 124-125 °C, 84% yield. *H NMR NS O
(400 MHz, CDCls+DMSO-ds) & 8.01 (d, J = 5.6 Hz, 5H), 7.96 (d, J = 8.8 Hz, v . g
5H), 7.74 (dd, J = 6.4, 3.2 Hz, 2H), 7.41 (d, J = 8.4 Hz, 4H), 3.34 (s, 6H); *C e
NMR (100 MHz, CDCI3+DMSO-ds) 6 154.44, 153.45, 146.33, 140.93, 140.57, 134.76, 134.53,
134.23, 133.74, 130.55, 128.60, 127.57, 42.54; HRMS (ESI, m/z): Calcd. For C26H22N206S2H*

523.0992, found 523.0908.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(4,1-phenylene)  dimethanesulfonate
(18h): White solid, mp 192-193 °C, 83% vyield. *H NMR (400 MHz, 0.2
CDCl3+DMSO-ds) § 8.27-8.22 (m, 4H), 8.10-8.03 (m, 4H), 7.77 (dd, J o TS
=6.4,3.2 Hz, 2H), 7.17-7.45 (m, 6H), 3.46 (s, 6H); *C NMR (100 MHz, N O o?‘s\:“"e
CDCl3+ DMSO-dg) 6 153.46, 152.42, 146.39, 135.36, 134.95, 133.98, °
133.42, 132.59, 130.29, 128.12, 43.48; HRMS (ESI, m/z): Calcd. For C2sH22N206S2H* 523.0992,
found 523.0996; IR (KBr, thin film, cm™): vmax 3110, 2952, 1610, 1509, 1355, 1152, 832.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2-methoxy-5,1-phenylene) dimethane
sulfonate (18i): Pale yellow solid, mp 198-199 °C, 80% yield. *H NMR 0~ 0.0
(400 MHz, CDCl3+DMSO-ds) 6 8.05 (dd, J = 6.4, 3.2 Hz, 2H), 7.97 (d, J @N\ N O &
= 15.6 Hz, 2H), 7.72 (dd, J = 6.4, 3.2 Hz, 2H), 7.63 (d, J = 15.6 Hz, 2H), N O :\
7.37-7.34 (m, 4H), 7.30 (s, 2H), 3.99 (s, 6H), 3.24 (s, 6H); 3C NMR (100 0=$=0
MHz, CDCIz+DMSO-ds) 6 151.61, 148.43, 141.61, 138.57, 136.77, 136.68, 129.84, 128.86,
124.74, 123.80, 120.03, 112.14, 56.13, 38.43; HRMS (ESI, m/z): Calcd. For C2sH2sN20sSH*
583.1203, found 457. 6405; IR (KBr, thin film, cm™): vmax 3110, 2968, 1598, 1508, 1363, 1259,
1026, 861.

Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(4,1-phenylene) dibenzene sulfonate (18j): Pale
green powder, mp 158-159 °C, 85% yield. *H NMR (400 MHz, CDClz) &

8.03 (s, 2H), 7.94-7.86 (m, 6H), 7.71 (d, J = 6.4 Hz, 4H), 7.59-7.52 (m, 0-3-0
10H), 7.05 (d, J = 8.0 Hz, 4H); 3C NMR (100 MHz, CDClz+ DMSO-ds) N 9 i
0154.33,153.24,146.29, 140.77, 140.44, 139.77, 139.63, 134.61, 134.42, CEN/ ~ O o%p
134.13, 133.68, 133.21, 128.37, 127.43. HRMS (ESI, m/z): Calcd. For
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CasH26N206S2H* 647.1305, found 647.1286; IR (KBr, thin film, cm™): vmax 2981, 1594, 1501,
1381, 1094, 844, 1026, 861.

((1E,1'E)-Quinoxaline-2,3-diylbis(ethene-2,1-diyl))bis(2-methoxy-5,1- 0.

N X o
phenylene) dibenzene sulfonate (18k): Yellow solid, mp 180-181 °C, 83% @Ni P O O\O
yield. *H NMR (400 MHz, CDCIls+DMSO0) § 8.00 (dd, J = 6.4, 3.2 Hz, 2H), o2,

7.94 (d, J =6.8 Hz, 4H), 7.88-7.85 (m, 4H), 7.78-7.70 (m, 4H), 7.62 (t, J =

8.0 Hz, 4H), 7.41 (d, J = 1.6 Hz, 2H), 7.37 (dd, J = 8.4, 1.6 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 3.61
(s, 6H); 3C NMR (100 MHz, CDCl3+DMSO-ds) & 156.59, 153.31, 146.34, 143.13, 141.58,
141.26, 140.59, 139.32, 134.63, 133.96, 133.68, 133.27, 128.83, 128.60, 125.41, 117.03, 60.57;
HRMS (ESI, m/z): Calcd. For CasH3zoN20sSH* 707.1516, found 707.1518; IR (KBr, thin film,
cm™): vmax 3130, 1606, 1524, 1346, 1192, 1012, 854.

(E)-2-(2-(3-Methylquinoxalin-2-yl) vinyl)phenyl 4-nitrobenzenesulfonate
(19a): Light green solid, mp 190-191 °C, 85% vield. "H NMR (400 MHz, Q
DMSO+CDCls) 6 8.07-7.99 (m, 5H), 7.97-7.91 (m, 2H), 7.74-7.67 (m, 3H), @N Me°;,s\o
7.65 (s, 1H), 7.39-7.34 (m, 2H), 7.21 (d, J = 15.6 Hz, 1H), 2.73 (s, 3H); *C N

NMR (100 MHz, DMSO+CDCls3) 6 152.29, 150.80, 148.47, 147.27, 140.91,

140.64, 130.41, 130.08, 129.85, 129.80, 129.67, 129.37, 128.85, 128.20, 128.15, 127.67, 125.05,
124.41, 123.76, 123.60, 22.65; HRMS (ESI, m/z): Calcd. For C23H17N3OsSH* 448.0962, found
448.0965; IR (KBr, thin film, cm™): vmax 3067, 2972, 1553, 1450, 1373, 1131, 850.

(E)-2-Methoxy-6-(2-(3-methylquinoxalin-2-yl)vinyl)phenyl N__Me
benzenesulfonate (19b): Yellow solid, mp 209-210 °C, 75% yield. *H NMR @EN/
(400 MHz, CDCI3+DMSO0) 6 8.24-8.13 (m, 5H), 7.93-7.86 (m, 2H), 7.76-7.72 ©\ 0
(m, 3H), 7.55-7.49 (m, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), o o
3.72 (s, 3H), 2.84 (s, 3H); 3C NMR (100 MHz, DMSO+CDCl3) § 152.60, 151.81, 149.25, 148.47,
141.58, 138.44, 136.60, 136.12, 135.87, 134.38, 129.80, 129.28, 129.00, 128.48, 128.21, 124.22,
123.67, 119.95, 112.11, 111.78, 55.67, 22.99; HRMS (ESI, m/z): Calcd. For C24H20N204SH*
433.1217, found 433.0756; IR (KBr, thin film, cm™): vmax 3022, 2972, 1731, 1368, 1223, 987.
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(E)-2-Methoxy-6-(2-(3-methylquinoxalin-2-yl)vinyl)phenyl 4-methylbenzenesulfonate (19c):
Yellow solid, mp 155-156 °C, 78 % yield. *H NMR (400 MHz, DMSO+CDCl3) 6 8.11 (d, J = 4.4
Hz, 2H), 7.93-7.86 (m, 3H), 7.53 (s, 1H), 7.49-7.42 (m, 2H), 7.24-7.21 (m, 2H), )
7.16 (d, J = 8.0 Hz, 1H), 3.89 (s, 3H), 2.98 (s, 3H), 2.09 (s, 3H); 1*C NMR (100 @[N:
MHz, DMSO+CDCl3) & 154.09, 153.45, 150.01, 149.16, 145.96, 142.41, Me\@ 0
142.13,142.02, 138.49, 134.86, 131.79, 130.53, 130.34, 130.08, 129.20, 128.83, ° 0
126.18, 120.14, 119.63, 114.24, 57.05, 23.92, 22.14; HRMS (ESI, m/z): Calcd. For
C2sH22N204SH* 447.1373, found 447.0905; IR (KBr, thin film, cm™): vmax 3027, 2956, 1514,
1365, 1158.

(E)-4-(2-(3-Methylquinoxalin-2-yl)vinyl)phenyl methanesulfonate (19d): Pale yellow solid,
mp 175-176°C, 80% yield. *H NMR (400 MHz, DMSO+CDCl3) § 7.83—

7.80 (m, 2H), 7.77 (d, J = 1.6 Hz, 1H), 7.58 (s, 1H), 7.57-7.48 (m, 2H), @ /I/\Q
7.40 (s, 1H), 7.20 (d, J = 1.6 Hz, 1H), 7.15-7.13 (m, 1H), 7.11 (s, 1H),

3.79 (s, 3H), 3.04 (s, 3H); °C NMR (100 MHz, DMSO+CDCls) § 147.49, 146.50, 140.67, 129.79,
129.30, 129.06, 128.99, 128.40, 128.10, 127.51, 127.09, 126.75, 124.58, 122.21, 37.41, 21.88;
HRMS (ESI, m/z): Calcd. For C1gH1sN2OsSH™ 341.0954, found 341.0553.

4.6.6 General procedure for the synthesis of sulfonates ester based 6-chloro-4-phenyl-2-
styrylquinazoline (20a): To a solution of 6-chloro-2-methyl-4-phenylquinazoline (9e) (1mmol)
in EtOH (5 mL) were added sulfonate aldehyde (17a) (1 mmol), NEtz (10 mol%). The mixture was
stirred at 80 °C for 5.5 h till the completion of the reaction (TLC monitoring) and cooled to room
temperature. The solvent was removed under reduced pressure to give the crude product which
was purified by silica gel column chromatography. Elution of the column with EtOAc:hexanes
(30/70 v/v) as afford pure product 20a (0.3488 g, 80%).

4.6.7 General procedure for the synthesis of sulfonates ester-based 3-styrylquinoxaline-2-ol
(21a): To a solution of 3-methyl quinoxaline-2-ol (9d) (1 mmol) in EtOH (5 mL), sulfonate
aldehyde (17a) (1 mmol), NEtz (10 mol%) were added and the mixture was refluxed at 80 °C for
5 h. After the completion of the reaction (monitored by TLC), the mixture was cooled to room
temperature. Evaporation of the solvent gave the crude product which was purified by silica gel
column chromatography. Elution of the column using EtOAc:hexanes (30:70 v/v) gave desire
product 21a (287 mg, 84 %).
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2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl methanesulfonate (20a): White solid,
mp 173-174 °C, 85% yield. *H NMR (400 MHz, CDCl3) § 8.25 (d,J=8.8 i Ph o e
| .
Hz, 2H), 8.11 (d, J = 8.8 Hz, 1H), 7.75-7.69 (m, 3H), 7.57—7.49 (m, 5H), Cﬁ" L
7.43(d, J = 15.6 Hz, 1H), 7.37-7.35 (m, 2H), 3.60 (s, 3H); 13C NMR (100 "
MHz, CDCIl3+DMSO-ds) 6 160.13, 155.23, 152.96, 147.34, 137.61, 132.85, 131.92, 130.42,
130.26, 129.44, 128.98, 128.21, 127.94, 127.60, 125.62, 123.73, 123.06, 122.20, 115.70, 115.42,
26.80; HRMS (ESI, m/z): calcd. For C23H17CIN203SH™ 437.0732, found 437.0728; IR (KBr thin
film, cm™): vmax 3085, 2958, 1650, 1421, 1370, 1205, 971, 880.
3-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl benzenesulfonate (20b): White solid,
mp 180-181 °C, 84% yield. *H NMR (400 MHz, CDCls) § 8.12-8.00 on
(m, 3H), 7.89-7.82 (m, 5H), 7.69-7.56 (m, 7H), 7.36-7.28 (m, 3H), C'\@¢N _ o
6.99 (d, J = 7.2 Hz, 1H); C NMR (100 MHz, CDCl3+DMSO-ds) & W 0”s©
160.81, 156.29, 156.15, 153.74, 149.75, 139.33, 135.84, 134.80, 133.82, 133.22, 132.95, 132.90,
131.47, 131.35, 130.56, 129.91, 129.31, 126.17, 124.78, 124.54, 124.17, 122.97, 116.76, 116.51;
HRMS (ESI, m/z): calcd. For C2gH19CIN2OsSH™ 499.0889, found 499.0893; IR (KBr thin film,
cm™): vmax 3392, 2963, 1667, 1434, 1368, 1258, 1036, 829.
4-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl benzenesulfonate (20c): White solid, mp
215-216 °C, 83% yield. *H NMR (400 MHz, CDCls) & 8.13 (d, J = 15.6 Hz, 1H), 8.03-7.98 (m,
2H), 7.87-7.79 (m, 5H), 7.70-7.52 (m, 8H), 7.36 (d, J = 16.0 Hz, 1H), _ N
7.03 (d, J = 8.4 Hz, 2H); 1*C NMR (100 MHz, CDCl3+DMSO-ds) & C@i/\@ o\\/@
166.27, 159.37, 149.16, 135.76, 133.85, 132.72, 131.98, 131.20, %
130.25, 129.83, 129.54, 129.46, 129.06, 128.67, 127.98, 125.97, 125.32, 125.00, 124.77, 123.67,
122.46, 120.95; HRMS (ESI, m/z): calcd. For C2sH19CIN2O3SH™ 499.0889, found 499.0888; IR
(KBr thin film, cm™): vmax 3420, 2905, 1661, 1416, 1346, 1246, 1025, 827.
4-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl methanesulfonate (20d): White solid,
mp 230-231 °C, 82% yield. *H NMR (400 MHz, CDCls) § 8.11 (d, Ph

O\\ _Me

0y

J =16 Hz, 1H), 7.95-7.90 (m, 2H), 7.76-7.70 (m, 3H), 7.56-7.54 °'j©¢” _
(m, 5H), 7.21 (d, J = 10.0 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H), 3.79 m
(s, 3H): °C NMR (100 MHz, CDCIls+DMSO-ds) 5 167.44, 160.35,

150.21, 149.91, 137.21, 136.79, 135.30, 135.06, 132.33, 130.93, 130,58, 130.14, 129.67, 129.13,
129.07, 125.90, 123.05, 122.07, 37.89; HRMS (ESI, m/z): calcd. For CaoH2sCIN204SH* 437.0732,
found 437.0727; IR (KBr thin film, cm™): vme 3396, 2999, 2894, 1651, 1558, 1352, 1149, 896,
780.
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2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl-4-methylbenzenesulfonate (20e): Pale
green powder, mp 199-200 °C, 80% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & 8.05-7.91

(m, 4H), 7.84 (s, 3H), 7.70 (s, 3H), 7.64 (d, J = 8.0 Hz, 2H), 7.44— Ph o Qme
Cl N /S\\
7.39 (m, 2H), 7.29 (d, J = 7.2 Hz, 1H), 7.17 (d, J = 15.6 Hz, 1H), N)‘V\éo

7.01 (d, J = 7.6 Hz, 2H), 2.13 (s, 3H); *C NMR (100 MHz,

CDCI3+DMSO-ds) 6 167.32, 155.52, 147.32, 145.85, 143.87, 136.87, 134.96, 132.60, 131.90,
131.11, 130.84, 130.59, 130.44, 130.10, 130.02, 129.08, 128.40, 127.99, 127.49, 125.88, 123.83,
121.99, 118.12, 116.79, 21.50; HRMS (ESI, m/z): calcd. For C29H21CIN20O3SH™ 513.1045, found
513.1040; IR (KBr thin film, cm™): vmax 3395, 2950, 1636, 1562, 1348, 1154, 975, 856, 765.
2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-6-methoxyphenyl-4-methylbenzenesulfonate
(20f): Yellow powder, mp 173-174 °C, 82% yield. *H NMR (400 e

MHz, DMSO-dg) 6 8.06-8.03 (m, 4H), 7.89-7.86 (m, 2H), 7.73-7.70 'i@soo

(m 5H), 7.57 (d, J = 7.6 Hz, 1H), 7.37-7.30 (m, 3H), 7.22-7.15 (m, &%O\Me
3H), 3.64 (s, 3H), 2.08 (s, 3H); *3C NMR (100 MHz, DMSO-ds) &

167.25, 160.11, 153.02, 150.13, 145.68, 137.00, 136.69, 135.32, 133.40, 132.38, 131.87, 131.37,
131.16, 130.93, 130.70, 130.38, 130.25, 129.31, 128.56, 128.47, 125.99, 121.97, 118.87, 114.30,
56.33, 21.36; HRMS (ESI, m/z): calcd. For C3oH23CIN204SH*543.1151, found 543.1142; IR (KBr
thin film, cm™): vmax 3396, 2980, 1650, 1534, 1328, 1150, 1070, 862.
5-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-2-methoxyphenyl 4-methylbenzenesulfonate
(209): White powder, mp 210-211 °C, 81% yield. *H NMR (400 MHz, CDCl3) § 8.13 (d, J = 16.0
Hz, 1H), 8.04-8.01 (m, 2H), 7.83-7.76 (m, 5H), 7.63-7.61 (m, 3H), 7.39—

7.30 (m, 3H), 7.18 (s, 1H), 7.15 (s, 1H), 3.62 (s, 3H), 2.45 (s, 3H); 1*C "
NMR (100 MHz, CDCl3+DMSO-dg) & 155.46, 153.29, 147.03, 145.47, C'O\AN s
138.14, 137.46, 135.48, 133.16, 132.21, 132.15, 131.37, 130.17, 129.82, N/)\/\C[:/cm
129.77, 129.57, 129.20, 129.16, 129.11, 128.63, 126.48, 125.41, 119.68, 113.91, 57.10, 17.53;
HRMS (ESI, m/z): calcd. For C3oH23CIN20sSH* 543.1151, found 543.1146; IR (KBr thin film,
cm™): vmax 3396, 2980, 1650, 1534, 1328, 1150, 1070, 862.
2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-6-methoxyphenyl benzenesulfonate (20h):
Yellow powder, mp 225-226 °C, 82% yield. 'H NMR (400 MHz,

CDCI3+DMSO-dg) 6 8.14 (s, 1H), 8.10 (s, 1H), 8.06-8.03 (m, 1H), clo\i\"g/é?o
7.98-7.94 (m, 3H), 7.84-7.82 (m, 2H), 7.67—7.62 (m, 2H), 7.55 (s, 1H), N s
7.51 (s, 1H), 7.39-7.31 (m, 3H), 3.97 (s, 3H); °C NMR (100 MHz,

CDCI3+DMSO-de) 6 168.04, 154.67, 152.53, 146.29, 144.73, 137.39, 136.67, 135.21, 134.15,
133.50, 132.44, 131.40, 129.46, 129.39, 129.04, 128.41, 128.35, 127.90, 127.85, 126.50, 125.70,

CH,

0=8=0
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124.68, 118.92, 113.06, 56.33; HRMS (ESI, m/z): calcd. For C29H21CIN204SH* 529.0994, found
529.0915; IR (KBr thin film, cm™): vmax 3400, 2969, 1650, 1486, 1362, 1147, 1024, 874.

5-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-2-methoxyphenyl benzenesulfonate (20i):
Pale yellow powder, mp 205-206 °C, 80% yield. *H NMR (400 MHz, o P\h

CDCls) 6 8.14-7.91 (m, 8H), 7.63-7.54 (m, 6H), 7.37 (d, J = 15.6 Hz, CﬁN/L/ACEOQ /@
1H), 7.28-7.15 (m, 3H), 3.59 (s, 3H) ; 13C NMR (100 MHz, CDCls) oy

6 170.37,152.18, 149.60, 148.61, 148.55, 144.75, 136.94, 136.25, 135.37, 133.88, 133.30, 132.52,
131.14, 131.01, 130.86, 130.63, 130.53, 130.14, 130.11, 129.62, 128.72, 127.39, 127.29, 126.15,
54.57; HRMS (ESI, m/z): calcd. For C29H21CIN204SH* 529.0994, found 529.2456. IR (KBr thin
film, cm™): vmax 3080, 2985, 1660, 1490, 1370, 1130, 1010, 835.
5-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-2-methoxyphenyl methanesulfonate (20j):
White solid, mp 264-265 °C, 82% vyield. 'H NMR (400 MHz, o
CDCI3+DMSO-de) 6 8.27 (d, J = 15.6 Hz, 1H), 8.01 (d, J = 7.6 Hz, 1H), °'\©\/KN Me
7.70-7.50 (m, 7H), 7.35-7.26 (m, 2H), 7.19 (s, 1H), 7.10 (d, J = 7.6 Hz, ”M@:?\S\:Me
1H), 3.94 (s, 3H), 3.48 (5, 3H); 1*C NMR (100 MHz, CDCls+DMSO- °
ds) 6 168.24, 161.17, 152.86, 150.95, 139.56, 138.46, 137.53, 137.16, 135.87, 133.04, 131.68,
131.36, 130.91, 130.01, 129.85, 126.67, 125.36, 122.82, 121.64, 113.40, 57.31, 39.54; HRMS
(ESI, m/z): calcd. For C24H1oCIN204SH* 467.0838, found 467.0841; IR (KBr thin film, cm™): vmax
3394, 1662, 1508, 1325, 1153, 970, 873.
2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl-4-nitrobenzene  sulfonate  (20k):
Yellow crystalline solid, mp 236-237 °C, 84% vyield. *H NMR (400 MHz, oN

Ph //o
CDCl3+DMSO-de) & 8.04-7.94 (m, 3H), 7.80-7.74 (m, 4H), 7.63-7.45 (m, 7TH), © \NQO,,&O
7.29-7.19 (m, 3H), 6.90 (d, J = 8.0 Hz, 1H); C NMR (100 MHz, %

CDCI3+DMSO0-ds) 6 167.66, 160.31, 153.03, 151.67, 150.12, 149.45, 139.91, 139.61, 137.09,
136.71, 135.68, 135.35, 132.11, 131.06, 130.56, 130.27, 130.03, 129.51, 129.24, 126.01, 125.62,
125.54, 123.45, 123.03; HRMS (ESI, m/z): calcd. For CsH1sCIN3OsSH"™ 544.0728, found
544.0744; IR (KBr thin film, cm™): vmax 3400, 3105, 1651, 1538, 1347, 1191, 1088, 900, 779.
3-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl 4-nitrobenzenesulfonate (201): Pale
yellow solid, mp 201-203 °C, 85% vyield. *H NMR (400 MHz, CI\C(P\CN

CDCl3) 6 8.22 (d, J=16.0 Hz, 1H), 8.04-7.99 (m, 2H), 7.82 (s, 4H), N/J\/\Ejo\;
7.69-7.62 (m, 6H), 7.46-7.35 (m, 5H); °C NMR (100 MHz, ° QNOZ
CDCI3+DMSO-de) & 168.50, 154.58, 152.70, 149.83, 142.20, 138.93, 136.70, 134.88, 134.68,
133.14, 131.72, 130.67, 130.43, 130.38, 129.98, 128.93, 128.15, 127.61, 126.25, 125.75, 125.45,
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121.31, 119.89, 118.11; HRMS (ESI, m/z): calcd. For C2sH18CIN3OsSNH4" 561.0994, found
561.0738.

4-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl 4-nitrobenzenesulfonate (20m): Pale
yellow solid, mp 218-219 °C, 81% vyield. 'H NMR (400 MHz, . P\hN

CDClz3) 6 8.04-7.95 (m, 3H), 7.80-7.73 (m, 5H), 7.61-7.55 (m, 4H), @id\/\@ O\\Onoz
7.48-7.45 (m, 3H), 7.24-7.18 (m, 2H), 6.90 (d, J = 8.0 Hz, 1H); *C %

NMR (100 MHz, CDCl3+DMSO-ds) 6 154.03, 151.78, 149.38, 148.75, 137.42, 134.47, 134.06,
133.66, 131.61, 131.02, 129.50, 129.09, 128.80, 128.25, 127.66, 127.44, 125.73, 122.96, 122.59,
121.59, 119.92, 114.54; HRMS (ESI, m/z): calcd. For CzsH1sCIN3OsSH™ 544.0728, found
544.0746; IR (KBr thin film, cm™): vmax 3395, 3098, 1650, 1557, 1536, 1364, 1202, 1090, 839.
4-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)phenyl-4-nitro-3-(trifluoromethyl)  benzene
sulfonate (20n): Light Brown solid, mp 175-176 °C, 80% yield. 'H NMR (400 MHz,
CDCI3+DMSO-dg) 6 8.57 (s, 1H), 8.26-8.20 (m, 4H), 8.09 (d, J = CIO;QN

9.6 Hz, 1H), 8.00 (s, 2H), 7.87 (s, 3H), 7.74-7.61 (m, 5H); *C NMR N/)\/\Q OSQ:(;
(100 MHz, DMSO-dg) & 155.33, 153.06, 150.08, 149.44, 141.49, oo
141.30, 141.10, 132.10, 131.66, 129.64, 129.61, 129.26, 129.16, 128.92, 128.35, 127.52, 127.34,
125.29, 125.10, 123.84, 123.80, 123.62, 123.40, 117.87, 117.83; HRMS (ESI, m/z): calcd. For
C29H17CIF3N30sS 611.0530, found 610.1852; IR (KBr thin film, cm™): vmax 3390, 2901, 1650,
1532, 1345, 1115, 1031, 865.

2-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-6-methoxyphenyl-4-nitrobenzenesulfonate
(200):

Yellow solid, mp 184-185 °C, 82% yield. *H NMR (400 MHz, DMSO-ds) "

6 8.37 (d, J = 7.6 Hz, 2H), 8.07-7.75 (m, 8H), 7.58 (s, 3H), 7.37-7.13 (m, CIO\I@LS{)

N d/ o

4H), 3.54 (s, 3H); *C NMR (100 MHz, DMSO-ds) & 167.34, 159.81, N/)\%\qum
152.71, 150.81, 150.05, 141.78, 136.88, 136.56, 135.36, 132.53, 131.33,

131.12, 130.95, 130.70, 130.32, 130.24, 129.30, 129.24, 129.01, 125.93, 125.03, 121.93, 119.19,
114.44, 56.39; HRMS (ESI, m/z): calcd. For C29H20CIN3OsSH* 574.0834, found 574.0863; IR
(KBr thin film, cm™): vimax 3396, 2989, 1649, 1566, 1346, 1279, 1148, 1066, 833.

5-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-2-methoxyphenyl-4-nitrobenzenesulfonate
(20p): Yellow powder, mp 190-191 °C, 80% yield. *H NMR (400
MHz, CDClzs) 6 8.39 (d, J = 8.0 Hz, 2H), 8.14-8.00 (m, 5H), 7.83 (s,

Ph
cl A
\Cﬁ,“ij‘\/\@:tj)o /©/N02
3H), 7.64 (s, 3H), 7.39 (d, J = 16.0 Hz, 1H), 7.28 (s, 1H), 7.17 (s, 1H), X
o)
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3.61 (s, 3H); 3C NMR (100 MHz, DMSO-ds) 5 167.70, 160.39, 151.76, 151.42, 150.14, 140.90,
138.13, 137.62, 136.97, 136.72, 135.38, 132.30, 131.04, 130.77, 130.46, 130.27, 129.65, 129.23,
126.03, 125.11, 124.45, 122.12, 121.06, 112.87, 56.24; HRMS (ESI, m/z): calcd. For
C20H20CIN3O6SH* 574.0834, found 574.0864; IR (KBr thin film, cm™): vmax 3401, 2960, 1630,
1508, 1348, 1154, 1074, 846.

5-(2-(6-Chloro-4-phenylquinazolin-2-yl)vinyl)-2-methoxyphenyl-4-nitro-3-(trifluoromethyl)

benzenesulfonate (20q): Light brown powder, mp 185-186 °C, 83% yield. *H NMR (400 MHz,

CDCl3) 8 8.37 (d, J = 8.4 Hz, 2H), 8.07-7.74 (m, 7H), 7.57 (s, 3H), _, P\hN

7.37-7.12 (m, 4H), 353 (s, 3H); 3C NMR (100 MHz, W@fm@og J@[“%
CDCIs+DMSO-ds) & 166.24, 162.85, 159.61, 152.41, 149.11, %
148.83, 137.93, 135.70, 135.53, 133.88, 133.68, 130.86, 130.72, 130.57, 130.43, 129.67, 129.43,

129.41, 129.38, 128.98, 128.95, 127.93, 127.89, 126.26, 124.75, 124.45, 104.35, 55.22; HRMS

(ESI, m/z): calcd. For C3oH19CIF3sN306S 641.2635, found 641.2272.

(E)-4-(2-(4-Phenylquinazolin-2-yl)vinyl)phenyl benzenesulfonate (20r): pale yellow solid, mp
196-197 °C, 80% yield. *H NMR (400 MHz, CDCls) § 8.12 (d, J = 16.0 Hz, 1H), 8.02-7.97 (dd,
J=16.9, 5.2 Hz, 2H), 7.86-7.78 (m, 5H), 7.69-7.51 (m, 8H), 7.35 Fj‘

(d,J=16.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 2H); 3C NMR (100 MHz, @iﬁ'\/\@ o @
CDCl3) 6 167.52, 160.41, 150.22, 149.81, 137.17, 136.83, 135.39, 3
135.32, 134.71, 134.33, 132.75, 130.37, 130.32, 129.88, 129.21, 128.89, 128.84, 128.53, 125.97,
122.77,122.16. IR (KBr thin film, cm™): vmax 2982, 1615, 1512, 1375, 1185, 1068.

-2
O\O

(E)-2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl methanesulfonate (21a): Yellow solid, mp
230-231 °C, 84% yield. *H NMR (400 MHz, DMSO-ds+CDCls) § 12.39 (s, 1H), 8.06-7.94 (m,
1H), 7.70 (d, J = 7. 2 Hz, 3H), 7.57 (d, J = 16.4 Hz, 1H), 7.44-7.14 (m, 5H), @N\ OH o?‘s\g”"
3.24 (s, 3H); 1*C NMR (100Hz, CDCl3+ DMSO-dg) & 168.98, 144.03, 142.60, N/I/\@
141.66, 139.56, 137.24, 135.89, 134.53, 133.16, 131.49, 128.53, 127.15,

125.68, 123.99, 122.33, 115.91, 38.53; HRMS (ESI, m/z): calcd. For C17H14N204SNa* 365.0566,
found 365.0756; IR (KBr thin film, cm™): vmax 3400, 2910, 283, 1640, 1574, 1366, 1151, 1067,
861.
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4-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl methanesulfonate (21b): Pale red solid, mp

237-238 °C, 85% yield. *H NMR (400 MHz, CDCls+ DMSO-dg) & 12.23 N on

(s, 1H), 8.01 (d, J = 16.0 Hz, 1H), 7.69-7.17 (m, 7H), 6.86 (d, J = 8.4 Hz, @END/\/\@ o e
2H), 3.77 (s, 3H); 3C NMR (100 MHz, CDCl3+DMSO-ds) & 168.34, 0%

148.65, 144.32, 138.86, 135.75, 134.21, 133.43, 131.71, 130.18, 128.72, 126.99, 126.00, 123.89,

113.10, 36.28; HRMS (ESI, m/z): calcd. For C17H14N204SNa* 365.0566, found 365.0756; IR (KBr

thin film, cm™): vmax 3400, 3017, 2966, 1651, 1525, 1415, 1336, 1148, 992, 839.

2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl benzenesulfonate (21c): Light green solid, mp
235-236 °C, 81% yield. *H NMR (400 MHz, DMSO-ds) & 12.54 (s, 1H), 7.96— N__OH
7.82 (m, 5H), 7.69-7.65 (m, 1H), 7.56-7.27 (m, 9H); *C NMR (100 MHz, @N/
CDCl3+DMSO-ds) 6 169.35, 158.32, 145.23, 138.19, 136.71, 136.30, 135.32, @SC’O
134.44, 133.38, 132.39, 132.13, 129.50, 127.65, 127.30, 125.17, 124.22, 123.38,

121.11, 119.92, 118.67; HRMS (ESI, m/z): calcd. For C22H16N204SH* 405.0904, found 405.0913;
IR (KBr thin film, cm™): vmax 3403, 2926, 2886, 1625, 1558, 1372, 1192, 1081, 880, 771.

3-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl benzenesulfonate (21d): Pale yellow solid, mp
221-222 °C, 84% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) 5 12.31

(s, 1H), 9.58 (s, 1H), 8.02—7.92 (m, 2H), 7.71 (d, J = 6.8 Hz, 2H), 7.49— @:%oso
7.23 (m, 8H), 6.81 (d, J = 4.8 Hz, 2H); ¥C NMR (100 MHz, Ol/@
CDCI3+DMSO-ds) 6 156.18, 153.72, 148.52, 135.85, 135.79, 133.79, 133.09, 131.38, 131.25,
131.13, 130.60, 130.56, 129.89, 129.61, 128.97, 128.19, 125.27, 124.75, 124.69, 116.71; HRMS
(ESI, m/z): calcd. For C22H16N204SH™ 405.0904, found 405.0920; IR (KBr thin film, cm™): vmax
3400, 2980, 1644, 1536, 1355, 1185, 958, 810, 762.

4-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl benzenesulfonate (21e): Yellow solid, mp 202—
203 °C, 85% yield. *H NMR (400 MHz, CDCl3) § 11.99 (s, 1H), 8.04 (d, N__OH

J=16.4 Hz, 1H), 7.80 (d, J = 7.6 Hz, 3H), 7.64-7.60 (m, 1H), 7.59-7.52 Qw/b\@ %Q
(m, 2H), 7.51-7.40 (m, 3H), 7.30-7.27 (m, 2H), 7.19 (s, 1H), 6.96 (d, J = oo
8.4 Hz, 2H); C NMR (100 MHz, CDCI3+DMSO-ds) & 168.64, 150.50, 143.64, 139.53, 137.22,
135.86, 134.52, 133.16, 132.15, 130.13, 129.05, 127.06, 125.71, 124.68, 124.00, 122.62, 121.00,
117.96; HRMS (ESI, m/z): calcd. For C22H1sN204SH* 405.0904, found 405.0921.
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2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl 4-methylbenzenesulfonate (21f): Pale yellow
powder, mp 224-225 °C, 81% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & @"\ OH
12.30 (s, 1H), 7.85 (d, J = 16.0 Hz, 1H), 7.76 (d, = 8.0 Hz, 1H), 7.69-7.62 (m, wme_ "
4H), 7.45 —7.42 (m, 1H), 7.37-7.28 (m, 5H), 7.11 (d, J = 8.0 Hz, 2H), 2.16 (s, O
3H); 1*C NMR (100 MHz, CDCl3+ DMSO-ds) 5 160.64, 154.42, 144.41, 141.13, °
139.69, 138.66, 137.16, 135.98, 134.75, 134.05, 133.50, 132.96, 131.97, 130.41, 129.39, 127.81,
127.50, 126.56, 126.01, 119.71, 21.54; HRMS (ESI, m/z): calcd. For Cz3H1sN204SH* 419.1060,
found 419.1082; IR (KBr thin film, cm™): vmax 3395, 2986, 2877, 1665, 1527, 1353, 1374, 1196,
1083, 880.

4-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl-4-methylbenzenesulfonate (21g): Yellow solid,
mp 229-230 °C, 84% yield. *H NMR (400 MHz, DMSO-dg+CDCls) § N_OH

12.32 (s, 1H), 7.99 (d, J = 16.0 Hz, 1H), 7.70-7.20 (m, 12H), 6.93 (d, J C[N/I/A@ g\s)@fme
= 5.2 Hz, 1H), 2.40 (s, 3H); °C NMR (100 MHz, CDCl3+DMSO-ds) & oo
155.29, 153.08, 149.77, 145.92, 135.77, 135.65, 132.85, 132.09, 132.00, 130.31, 129.99, 129.15,
128.75, 128.53, 123.67, 123.44, 122.89, 115.67, 21.72; HRMS (ESI, m/z): calcd. For
C23H1sN204SH* 418.0987, found 419.1079; IR (KBr thin film, cm™): vimax 3396, 2932, 2893, 1666,
1590, 1430, 1372, 1176, 1091, 828.

2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-6-methoxyphenyl methanesulfonate (21h); White
solid, mp 243-244 °C, 80% yield. *H NMR (400 MHz, CDCI3+DMSO-ds) &

12.50 (s, 1H), 8.35 (d, J = 16.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.64 (d, J = @EI\/\@
16.4 Hz, 1H), 7.512-7.455 (m, 2H), 7.39-7.26 (m, 3H), 7.17 (d, J = 8.0 Hz,

1H), 3.91 (s, 3H), 3.49 (s, 3H); *C NMR (100 MHz, CDCl3) & 168.44, 162.05, 151.23, 150.19,
139.89, 137.99, 135.60, 133.25, 131.22, 130.89, 130.24, 129.81, 126.70, 123.00, 112.10, 110.3,
56.87, 30.73; HRMS (ESI, m/z): calcd. For C1gH1sN20sSH* 373.0853, found 373.0870; IR (KBr
thin film, cm™): vmax 3400, 2910, 283, 1640, 1574, 1366, 1151, 1067, 861.

5-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-2-methoxyphenyl methane sulfonate (21i): Yellow
crystalline solid, mp 207—208 °C, 82% yield. *H NMR (400 MHz, CDCls+ N -OH

DMSO-dg) § 12.27 (s, 1H), 8.04 (d, J = 16.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), bﬁ:
7.64 (d, J = 8.0 Hz, 2H), 7.56-7.44 (m, 1H), 7.37-7.33 (m, 1H), 7.24-7.23 (m,
1H), 7.10-7.06 (m, 2H), 3.52 (s, 3H), 2.38 (s, 3H); C NMR (100 MHz, CDClz+ DMSO-ds) &
161.41, 158.70, 157.57, 151.10, 144.39, 142.42, 138.52, 137.48, 135.56, 135.20, 134.34, 129.45,
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128.90, 126.35, 121.35, 116.76, 61.32, 27.41; HRMS (ESI, m/z): calcd. For C1sH16N2OsSNa*
395.0672, found 395.0689; IR (KBr thin film, cm™): vma 3401, 2935, 2884, 1655, 1587, 1415,
1347, 1154, 1090, 843.

2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-6-methoxyphenyl benzenesulfonate (21j): Pale green
solid, mp 223-224 °C, 80% yield. *H NMR (400 MHz, CDCl3+DMSO-dg) & 8.13—
8.03 (m, 2H), 8.01-7.82 (m, 2H), 7.84-7.82 (m, 2H), 7.67-7.62 (m, 4H), 7.56 (s,
1H), 7.52 (s, 1H), 7.39-7.31 (m, 2H), 3.97 (s, 3H); 13C NMR (100 MHz, CDCls+
DMSO-ds) 6 159.95, 157.57, 142.05, 141.40, 138.97, 137.49, 136.89, 136.71,
134.96, 134.82, 134.06, 133.71, 133.09, 132.85, 129.08, 128.42, 123.05, 120.43, 118.21, 60.70;
HRMS (ESI, m/z): calcd. For C23H1sN20sSH™ 435.1009, found 435.1017; IR (KBr thin film, cm"
1): vmax 3398, 1666, 1576, 1449, 1376, 1205, 1084, 766.

2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-6-methoxyphenyl 4-methylbenzenesulfonate (21k):
Light brown solid, mp 222—-223 °C, 75% vyield. *H NMR (400 MHz, CDCl3+DMSO-ds) § 12.39
(s, 1H), 7.94-7.81 (m, 1H), 7.73-7.69 (m, 3H), 7.49-7.43 (m, 2H), 7.36—  on O\\SQ

oy

7.27 (m, 4H), 7.22 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 7.6 Hz, 1H), 3.72 (s, 3H), %
2.12 (s, 3H); 3C NMR (100 MHz, CDCl3+DMSO-ds) & 159.88, 157.83,

157.51, 149.94, 142.16, 138.41, 137.46, 136.85, 136.54, 135.02, 134.81, 134.57, 133.66, 133.12,
132.76, 128.74, 128.43, 123.05, 120.40, 118.29, 60.84, 26.06; HRMS (ESI, m/z): calcd. For
CasH20N20sSH* 449.1166, found 449.1187; IR (KBr thin film, cmt): vimax 3389, 2835, 1650, 1573,
1354, 1083, 811.

(E)-4-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-2-methoxyphenyl benzenesulfonate (211): Yellow
solid, mp 197-198 °C, 78 % yield. 1H NMR (400 MHz, DMSO- ©:N\ OH cH,
de+CDClz) 6 12.29 (s, 1H), 7.89-7.82 (m, 3H), 7.68-7.63 (m, 1H), N/I%\C[%\SQ
7.50-7.20 (m, 9H), 6.92 (d, J = 6.8 Hz, 1H), 3.61 (s, 3H); 3C >

NMR (100 MHz, CDCI3+DMSO-ds) 6 157.95, 155.57, 140.05, 139.40, 136.97, 135.49, 134.89,
134.71, 132.96, 132.82, 132.06, 131.71, 131.09, 130.85, 127.08, 126.42, 121.05, 118.43, 116.21,

58.70; HRMS (ESI, m/z): calcd. For C23H1sN20sSH* 435.1009, found 435.1026; IR (KBr thin
film, cm™): vmax 3410, 2928, 2845, 1659, 1504, 1355, 1114, 1030, 1030, 839.
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2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl-4-nitrobenzenesulfonate (21m): Pale yellow
solid, mp 238-239 °C, 85% yield. *H NMR (400 MHz, CDCl3+DMSO- Q\@“
de) & 12.53 (s, 1H), 8.22 (d, J = 8.4 Hz, 2H), 8.08 (d, J = 8.4 Hz, 2H), Q%
7.86-7.78 (m, 2H), 7.66 (d, J = 16.4 Hz, 1H), 7.59-7.43 (m, 3H), 7.42—

7.23 (m, 4H); ¥C NMR (100 MHz, CDCl3+DMSO-dg) § 157.74, 155.10, 153.82, 149.96, 142.83,
135.43, 134.88, 133.47, 133.34, 133.17, 132.88, 131.89, 131.66, 131.28, 130.65, 130.42, 127.63,
126.82, 126.57, 118.50; HRMS (ESI, m/z): calcd. For Calculated Formula: C22HisN3OsSH*
450.0754, found 450.0769; IR (KBr thin film, cm™): vmax 3395, 2950, 2840, 1160, 1531, 1356,
1189, 1074, 821.

4-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)phenyl-4-nitrobenzenesulfonate (21n): Yellow solid,
mp 233-234 °C, 84% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & 8.45-8.41 (m, 2H), 8.13-
8.09 (m, 2H), 8.04-7.98 (m, 1H), 7.72 (dd, J = 7.6, 1.0 Hz, 1H), 7.64

(d,J=8.4Hz, 2H), 7.56 (d, J = 16.4 Hz, 1H), 7.43-7.38 (m, 1H), 7.29— @:IO;\Q ) /©/N02
7.22 (m, 2H), 7.05 (d, J = 8.4 Hz, 2H); ¥C NMR (100 MHz, %
CDCI3+DMSO0-ds) 6 160.08, 157.71, 155.98, 154.05, 145.09, 140.91, 140.28, 137.60, 136.80,
135.06, 134.75, 134.05, 133.50, 129.70, 128.49, 128.41, 127.50, 120.41; HRMS (ESI, m/z): calcd.
For C22H1sN306SH™ 450.0754, found 450.0756; IR (KBr thin film, cm™): vimax 3396, 2886, 1664,
1532, 1405, 1360, 1149, 977, 855.

2-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-6-methoxyphenyl  4-nitrobenzenesulfonate (210):
Yellow solid, mp 229-230 °C, 82% yield. *H NMR (400 MHz, DMSO- . QNO:
ds+CDCl3) & 12.49 (s, 1H), 8.33 (d, J = 7.8 Hz, 2H), 8.20 (t, J = 14.6 Hz, QI/\(O;
2H), 7.77 (d, J = 16.0 Hz, 1H), 7.67 (d, J = 7.2 Hz, 1H), 7.51-7.28 (m, 6H),

7.18 (d, J = 8.0 Hz, 1H), 3.72 (s, 3H); 3C NMR (100 MHz, CDCls+DMSO-ds) & 159.72, 157.56,
157.29, 155.62, 146.63, 141.89, 137.28, 136.97, 136.21, 135.27, 134.97, 134.36, 133.61, 133.56,
129.69, 129.63, 128.64, 123.39, 120.50, 118.89, 61.07; HRMS (ESI, m/z): calcd. For
C23H17N307SH™* 480.0860, found 480.0880; IR (KBr thin film, cm™): vimax 3390, 3102, 2892, 1666,
1573, 1347, 1140, 1063, 887, 754.
5-(2-(3-Hydroxyquinoxalin-2-yl)vinyl)-2-methoxyphenyl-4-nitrobenzenesulfonat (21p):
White solid, mp 218-219 °C, 78% vyield. 'H NMR (400 MHz, N_OH
CDClI3+DMSO-de) 6 12.33 (s, 1H), 8.35 (d, J = 8.8 Hz, 2H), 8.06-7.97 C[NI/\@E‘LO\\ QNOZ
(m, 3H), 7.73-7.67 (m, 1H), 7.53 (d, J = 16.0 Hz, 1H), 7.38-7.33 (m, %

1H), 7.26-7.13 (m, 5H), 3.53 (s, 3H); 3C NMR (100 MHz, CDCl3+DMSO-dg) § 155.86, 153.71,
153.57, 153.44, 151.79, 142.73, 138.02, 133.41, 133.12, 132.32, 131.48, 131.13, 130.50, 129.77,
125.89, 125.79, 124.84, 119.56, 116.66, 115.12, 57.25; HRMS (ESI, m/z): calcd. For

2
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C23H17N307SH" 480.0860, found 480.0866; IR (KBr thin film, cm™): vmax 3405, 2976, 2844, 1661,
1532, 1347, 1115, 851.
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(E)-3-(4-(Dimethylamino)styryl)quinoxalin-2-ol (15m):
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Chapter-4
Synthesis of spiro and bicyclic thiolane derivatives via 1,4-Michael addition followed by

intramolecular aldol reactions

Abstract

The substituted 2,4-thiazolidinedione, 3-nitro-2-phenyl-[2H]-chromene, and rhodamine
motifs exhibit good biological activity. Particularly, tetrahydrothiophenes are part of coenzymes
(e.g., biotin). Considering this, the synthesis of new spiro- and bicyclic 2,4-thiazolidinedione,
rhodanine(2,4-thioxothiazolidinone), substituted 2-amino-4-one-thiazolidinedione and 3-nitro-
[2H]-chromene-thiolane derivatives is described in this chapter. To achieve our goal, 1,4-
dithiane-2,5-diol is used as a precursor with 2,4-thiazolidinedione and rhodanine via Knoevenagel
condensation followed by 1,4-Sulfa-Michael addition and intramolecular Aldol reaction gave

desired products.

4.1 Introduction
4.1.1 Synthetic methods for the tetrahydrothiophenes

Tetrahydrothiophenes (THT), a rare class of compounds found in natural products,®
penicillins,'® coenzymes (biotin)!¢ and display inhibition activity for phosphodiesterase B,
antagonists for cholecystokinin type-B receptor,*® FSH-receptor!’ and glucosidase inhibition
(salacinol),'9 These moieties are also part of the drugs used for Hepatitis-B,?2 HIV,?® arrhythmic®
and diabetic activities.?

Limited synthetic approaches are known in the literature for the construction of
tetrahydrothiophene derivatives. In 1992, Effenberger et al.?® used 1,4-dithiane-2,5-diol (1; dimer
of a-mercaptoacetaldehyde/2-sulfanylacetaldehyde) for the synthesis of substituted
tetrahydrothiophenes by the action of a-mercaptoacetaldehyde and dihydroxyacetone phosphate
by rabbit muscle aldolase (RAMA) as a catalyst. Since the applications of 1,4-dithiane-2,5-diol
(1) got attention for the development of domino sulfa-Michael/aldol reactions to give
tetrahydrothiophene rings® as a result many simple/complex, spiro- tetrahydrothiophene
derivatives were synthesized in combinations with oxindole,? and chromanone as core

structures.?

163



The bifunctionality of 1,4-dithiane-2,5-diol (electrophile (-CHO) and nucleophile (-SH))
was used for the preparation of thiazoles by Gewald and co-workers.® Later, Belleau *® and Spino®
groups used this molecule for the preparation of cyclic thia derivatives via Michael type addition
and intramolecular aldol reactions which were further exploited for the diene generation. In 2006,
Pollini and co-workers explored the bifunctional nature of 1,4-dithiane-2,5-diol (1) (-CHO as
electrophile and —SH as nucleophile) for the tandem Michael-Henry or Michael-Michael reactions
resulting in 3,4-disubstituted tetrahydrothiophenes.® Therefore, 1,4-dithiane-2,5-diol (1) leads to
the development of tetrahydrothiophenes with three stereogenic centers which have been
employed to construct additional C-C and C-S bonds. Particularly, monomeric a-mercaptaldehyde
was used for this-Michael additions, domino reactions, [3+3]/[3+2]-cycloadditions, and aldol
reactions. In addition, dithiane-2,5-diol (1) was used as an intermediate and key precursor for the
synthesis of substituted tetrahydrothiophene hybrids like lamivudine /Epivir (antiviral agent-
relative drug molecule)® Figure-2.

The reaction of 1,4-dithiane-2,5-diol (1) with simple chalcones (2) in presence of
organocatalysts such as chiral squaramide* (as shown in Figure-1, catalyst-11, V) gave (E)-2-
benzylidenebenzofuran-3(2H)-one (4),* 2-arylidene-1,3-indandiones*“? (6) in enantioselective
fashion.*® (3, 5, and 7). These reactions proceed via Michael’s addition followed by intramolecular
aldol reactions. Similarly, 3-nitro-2-substituted thiophenes (11) were synthesized by the
combination of 1,4-dithiane-2,5-diol (1) and nitrostyrene (10) using a catalytic amount of DDQ.>
The DIPEA mediated diastereoselective sulfa-Michael/aldol domino reaction of
arylidenepyrazolones (8) and 1,4-dithiane-2,5-diol (1) provided spiro[pyrazolone-4,3'-
tetrahydrothiophenes (9).%° In addition, asymmetric synthesis of spiro-tetrahydrothiophene-indan-
1,3-diones were also achieved via squaramide-catalyzed® sulfa-Michael/Aldol domino reactions.
In a similar report, polyacrylonitrile fiber (tertiary amine) was used as a catalyst for the reaction
of 1,4-dithiane-2,5-diol (1) to result in functionalized tetrahydrothiophenes in a diastereoselective
manner.*® The derivatives of bicyclic pyrrolidone and thiophenes were synthesized via [3+2]-
cycloaddition®® reaction of maleimide (12) and 1,4-dithiane-2,5-diol (1) with excellent

diastereoselectivity.

Similar to above reports, Lewis acid (BFs.OEt2)® catalyzed synthesis of 2,3-disubstituted
thiophenes (15) from 2-aryl-3-nitro-cyclopropane-1,1-dicarboxylates (14) and 1,4-dithiane-2,5-diol (1)
via ring-opening followed by rearrangement ([3+3]-annulation), Nef reaction, and subsequent
tandem thia-Michael addition/aldol reactions is reported.5" The stereoselective domino synthesis
of spiro-tetrahydrothiophene containing chromanones®® (15,19) using NEt:®" DBU,% fused
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oxindole-thiolane hybrids (17) using chiral squaramide, and quinine are known Figure-1.%
Similarly, Rui Wang, et al.5¢ described the application of chiral quinine-derived squaramide for
asymmetric vinylogous 1,6-Michael addition of a,B-unsaturated y-butyrolactone starting from 3-
methyl-4-nitro-5-alkenyl-isoxazoles and trichloromethyl ketones. Our group also reported the
synthesis of isoxazole-thiolane derivatives (21) via 1,6-Michael/ direct vinylogous reaction of
substituted isoxazole with 1,4-dithiane-2,5-diol (1).%!

Figure-1: Some of the chiral catalysts used for the synthesis of tetrahydrothiophenes.
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Figure -2: Reported methods of substituted tetrahydrothiophenes.

4.2 Present Study

From the above discussions, it is clear that the dimeric form of 1,4-dithiane-2-5-diol (1)
has an important role in the construction of functionalized thiolane and spiro-thiolane derivatives
by C-S, C-C bonds formation through Michael addition followed by [3+2] cycloaddition/ domino
aldol reactions. However, there are no specific reports in the literature on tetrahydrothiophene
(thiolanes) containing 2,4-thiazolidinedione, 2,4-thioxothiazolidinone, 2-imino-4-
thiazolidinedione, and 3-nitro-chromene derivatives. Considering the biological importance of the
thiolane motifs and the deficiency of literature reports on titled compounds, we continued our
effort to develop a simple and easy synthetic approach for the synthesis of title compounds (2,4-
thioxothiazolidinone, 3-nitro-chromene-thiolane hybrids) under basic medium via sulfa-1,4-

Michael addition followed by intramolecular-aldol reaction as shown in Figure-3.
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Figure-3: Present strategy of the 2, 4-thioxothiazolidinone, 2-imino-4-thiazolidinedione, 3-nitro-

chromene, and 2, 4-thiazolidinedione-thiolane hybrids.

4.3 Results and discussions

4.3.1 One-pot synthesis of spiro-tetrahydrothiophene (thiolanes) hybrids:

To achieve our goal and based on our previous results in catalyst-free reactions, we started
the investigation using 4-methoxy benzaldehyde (22a) (1.0 mmol) and 2,4-thioxothiazolidinone
(rhodanine) (23a) (1.0 mmol) without catalyst in EtOH, water, and ACN at 80 °C, 5 h. But the
formation of intermediate (24a) was not observed. Then the same reaction was performed in
presence of TEA (10 mol%) to give intermediate (24a) which was subsequently treated with 1,4-
dithiane-2-5-diol (1) (1.0 mmol) at RT for 6 h to give the desired product (25a) in 65%, 58% and
50% respectively (Scheme-1; Entry-1to 3; Table-1). Encouraged by these results and to improve
the yield, many experiments were conducted by varying the base, solvent, and reaction time. All
the results are summarized in Table-1. Among the screened conditions, DABCO in EtOH was
found to be the best suitable condition for obtaining the desired product in good yield (up to 85%0)
(Entry-18; Table-1). Having optimized reaction conditions, different aldehydes (22a-22h) were
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treated with 2,4-thioxothiazolidinone (rhodanine) (23a) (1.0 mmol) in EtOH at 80°C (first step) to
generate the intermediates (in situ) and 1,4-dithiane-2-5-diol (1) (1.0 mmol) were added at RT to
give the spiro thioxothiazolidinone-thiolane hybrids (25b-25h) in moderate to good yields (75-
90%). All the newly synthesized compounds are characterized using *H-NMR, *C-NMR, and

mass spectra.

S OH H
i LT st
o MeO 0 NH Y OH
NH . HO S
H Conditions 1 S
. =s _ S/ES
MeO S Conditions S
22a 23a 24a MeO

Conditions: 1) TEA (10 mol%), EtOH, 80°C, 1h, then 1, RT, 6h, 65%
2) TEA (10 mol%), Water, 80°C, 1h, then 1, RT, 6h, 58%
3) TEA (10 mol%), MeCN, 80°C, 1h, then 1, RT, 6h, 50%
Scheme-1: Initial attempts for synthesis of 2,4-thioxothiazolidinone-tholane hybrid 25a.

Table-1: Optimization Conditionst®

Time (h) Time (h) Yield[]
Entry Base Solvent/Temp (°C)
15tStep | 2"dStep (RT) (%)
1 TEA (10 mol%) EtOH/80 °C 1 6 65
2 TEA (10 mol%) Water/80 °C 1 6 58
3 TEA (10 mol%) ACN/80 °C 1 6 50
4 DABCO (10 mol%) EtOH/80 °C 1 2 78
5 DABCO (10mol%) Water/80 °C 1 7 65
6 DABCO (10mol%) DMF/80 °C 1 3 60
7 DABCO (10mol%) DMSO0/80 °C 1 5 68
8 DABCO (10mol%) CHC13/65 °C 1 5 70
9 DEA (10mol%) EtOH/80 °C 1 5 50
10 Piperidine (10 mol%) EtOH/80 °C 1 5 50
11 DIPEA (10mol%) EtOH/80 °C 1 5 55
12 DBU (10mol%) EtOH/80 °C 1 5 50
13 DMAP (10mol%) EtOH/80 °C 1 5 50
14 NaOH (10mol%) EtOH/80 °C 1 5 40
15 KOH (10mol%) EtOH/80 °C 1 5 15
16 K2CO3 (10mol%) EtOH/80 °C 1 5 trace
17 Cs2C03 (10mol%) EtOH/80 °C 1 5 15
18 DABCO (20 mol%o) EtOH/80 °C 1 2 85
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[BlUnless otherwise indicated, all reactions were carried out using aldehyde (22a, 1.0 mmol), thiazolidine-2,4-dione
(23a, 1.0 mmol), and 1,4-dithiane-2,5-diol (1, 1.0 mmol), catalyst (20 mol%) in the specified solvent (5.0 mL) under
argon at the specified temperature (1st step at 80°C and 2nd step at RT) and total time 3h. Misolated yields after
purification (for both steps).
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80°C,1h S
22a-22h 23a 24a-24h 25a-25h (75-90%)
Ar = Aromatic, Het., Ar = Aromatic, Het., Ar = Aromatic, Het.,
H
N__O
s OH
HO s
HO EtO s
MeO EtO
25a (85%);3h 25b (78%);4h 25d (80%);3h
H
H H N__O
H
N_~%H N-_Oon s [P
s=( Ph s
S
s a0
N-N
Br NO, PH
25e (82%);3h 25f (87%);3h 25g (90%);3h 25h (75%);3.5h

aReagent and condition: (22a-22h) (1.0 mmol) 23a (1.0 mmol 1 (1.0 mmol) DABCO (20 mol%), EtOH (5 mL) at
80 °C for 1h then RT up to 2-3 h.
Scheme-2: Synthesis of 2,4-thioxothiazolidinone-tholane hybrids (25a-25h) via 1,4-Micheal

addition followed by intramolecular aldol reaction.

Based on the above results and considering the biological importance of 2,4-
thiazolidinedione (23b) and 2-imino-4-thiazolidinedione (23c), the synthetic strategy was
extended for the synthesis of a new class of 2,4-thiazolidinedione, 2-imino-4-thiazolidinedione
thiolane derivatives (27a-27n)/ (29a-29c). Thus, 2,4-thiazolidinedione (23b)/2-imino-4-
thiazolidinedione (23c) were treated with various aromatic, heteroaromatic aldehydes (22a-22n)
in presence of DABCO (20 mol%) in EtOH at 80°C to give the unsaturated systems (in situ)
followed by the treatment of the intermediates with 1,4-dithiane-2-5-diol (1) at RT to provide
corresponding the desired products (27a—27n)/(29a-29c) with good yield 75-85% yield (Scheme
3). All these three reactions proceed via sulfa-1,4-Michael addition followed by intramolecular

aldol reaction in a one-pot approach. It is noteworthy to mention that the aldehydes containing
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electron-withdrawing groups (e.g., -NO2) provide better yields (up to 85%) compared to the

substrates containing electron-donating groups.

(o] o

NR, NH
GNRe o \ )=0 "
RoN : S__OH S
2 Q( 23¢ : J: j/ : 23b o§<N OOH
Ar-CHO ; HO s ; Ar-CHO s
(22a-22c) ' : (22a-22n)
202-29 (75-85%) DABCO, EtOH 1 ! DABCO, EtOH Ar— g
( ( ) 80°C-RT, 3-4h Tttt 80 °C-RT, 3-4h .
R,;=H, Bn,R,=H, Ph, 27a-27n (75-85%)
Ar = Aromatic, Het., Ar = Aromatic, Het.,
N N H
o o (o} o o-N
= OH X OH < 7%
S S MeO s
S S S
Me MeO
MeO MeO
27a (82%);3h 27b (82%);4h 27c (75%);4h 27d(80%);4h
N N H H
(o) (o] (o} (o) N [o)
g OH g OH o OH oN_o
5 5 = N %
S
S
to S S S
OH cl
HO EtO OH
27f (84%);4h 279 (80%);3.5h 27h (80%)3h 27i (80%);4h 27j (85%);3.5h

PhN

o%fﬁwa

/,O

R = OMe; 29a (75%);4h

27k (85%);3h 271 (84%);3h 27m (78%);3h 27n (75 %);4h R =NO; ; 29b (85%);3h
R=H ;29c (80%);4h

aReagent and conditions: 23b-23c (1.0 mmol), 22a-22n (1.0 mmol), 1 (1.0 mmol) DABCO (20 mol%), EtOH 5 mL
and stirred at 80 °C for 1 h and RT for 3-4 h.
Scheme-3: Subtract scope of 2,4-thiazolidinediones and 2-imino-4-thiazolidinedione thiolanes

From the discussion, it is clear that chromene-based molecules play an important role in
medicinal chemistry. However, there are no reports on the fusion of chromene moiety with
thiolane. With this background, to explore the complexity of the reaction and substrate scope, -
nitrostyrene (30a-30e) was explored for this purpose. Towards this, various B-nitrostyrene (30a-
30e) were treated with salicylaldehyde (31) in presence of DABCO (20 mol%) in EtOH at 80°C
for 2-3h to give 3-nitro-[2H]-chromenes (32a-32e) (in situ). These generated 3-nitro-[2H]-
chromenes (32a-32e) were reacted 1,4-dithiane-2-5-diol (a-mercaptaldehyde) (1) at room
temperature for 1-2 h to provide substituted 3-nitro-[2H]-chromene-thiolanes derivatives (33a-
33e) with good to excellent yields (80-90%). This reaction proceeds via 1,4-aza-Michael addition

followed by intramolecular Aldol reactions as shown in Scheme-4.
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HO_ _S
Salicylaldehyde 31 \[ j\ S
NO, S~ “OH
1

A N0 DABCO (20 mol%) ©\/\/[ NOOH
2
EtOH, 80 °C, 2-3h 0~ TAr EtOH, RT, 1-2 h o MAr
30a-30e
32a-32e 33a-33e (80-90%)

Ar = Aromatic Ar = Aromatic

33a (90%);1h 33b (88%);1.5h 33c (90%);2h 33d (87%);1.2h 33e (80%);2h

Reagent and condition: 30a-30e (1.0 mmol), 31 (1.0 mmol), 1 (1.0 mmol), DABCO (20 mol%), EtOH 5 mL and
stirred at 80 °C for 2-3 h, then RT, 1-2 h for 2" step.

Scheme-4: Synthesis of 3-nitro-chromene-[2H]-thiolane hybrids (33a-33e)

4.4 Plausible reaction mechanism:

Based on the experimental observations and above literature reports,® a plausible reaction
mechanism is proposed as shown in Figure-4. The unsaturated system (I) (Knoevenagel
condensation product) is formed from the reaction of aldehyde and 2,4-thiazolidinedione in the
presence of DABCO which is further reacted with a-mercaptoacetaldehyde via sulfa 1,4-Michael
addition (1) and intramolecular aldol reaction (111) to give the expected cyclic spiro-thiophene

compound 27a.

L
HO™ S B ]

DABCO | O
. e N S TR
NH Hs/\/ S \40"4',{ (N N 0’ ':I D
Ph. o~ s>:0 (n \ 0 () O#Si&/é
Ph
()  Thia-1,4-Michael S\)J\H Ph s/\(\)
addition H

- - Intramolecular
aldol reaction

H
N (o)
o= OH
S
Ph” S

Figure-4: Plausible reaction mechanism of spiro based- 2,4-thioxothiazolidinone-thiolane hybrid
27a.
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45 Conclusion

In conclusion, we successfully synthesized novel spiro-based 2,4-thioxothiazolidinone,
2,4-thiazolidinedione, substituted 2-imino-4-thiazolidinedione thiolane derivatives using 20 mol%
of DABCO as a catalyst with moderate to good yields in one-pot MCR approach. The key steps
for the reaction include Knoevenagel condensation followed by 1,4-sulfa-Michael reactions and
intramolecular-aldol reactions which lead to cyclization and formation of a new C-S bond for the

construction of thiolane hybrids.

4.6  Experimental Section

4.6.1 General: All the commercial compounds were bought from Spectrochem, SRL, SD-Fine,
and Sigma-Aldrich. *H and 3C-NMR spectra were recorded on Bruker 400 MHz spectrometer
using CDCI3 or DMSO-ds solvents (reported in & ppm). The mass spectra were recorded on
Shimadzu LCMS-2020 or Agilent 6530 QTOF with a 1290 quaternary UHPLC system. IR spectra
were recorded using the Perkin Elmer FTIR instrument and melting points are recorded using the

Stuart melting point apparatus.

General procedure for the synthesis of 2,4-thiazolidine-thiolane derivatives (25a-25h): To a
solution of aldehydes (22a-22h) (1 mmol) in EtOH (5 mL) was added 2,4-thiazolidine (23a) (1
mmol) followed by DABCO (20 mol%). The mixture was heated at 80 °C for 1h to form
Knoevenagel condensation (in-situ) (conformed on TLC). To this, 1,4-dithiane-2,5-diol (1) (1
mmol) was added and the mixture was allowed to stir for 2h. After the completion of the reaction
(on TLC), ag. NH4CI solution (5ml) was added and extracted with EtOAc (2X10ml). The
combined organic layers were dried over sodium sulfate. Evaporation of the solvent gave the crude
mixture which was purified by silica gel column chromatography. Elution of the column with
hexane-EtOAc mixture gave the desired products (25a-25h) in moderate to good yields of (75-
90%0).

General procedure for the synthesis of 2,4-thiazolidine-thiolane derivatives (27a-27n): To a
solution of aldehydes (22a-22n) (1 mmol) in EtOH (5 mL) was added 2,4-thiazolidine (23b) (1
mmol) followed by DABCO (20 mol%). The mixture was heated at 80 °C for 1h to form
Knoevenagel condensation (in-situ) (conformed on TLC). To this, 1,4-dithiane-2,5-diol (1) (1
mmol) was added and the mixture was allowed to stir for 2h. After the completion of the reaction
(on TLC), ag. NH4CI solution (5ml) was added and extracted with EtOAc (2X10ml). The
combined organic layers were dried over sodium sulfate. Evaporation of the solvent gave the crude

mixture which was purified by silica gel column chromatography. Elution of the column with
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hexane-EtOAc mixture gave the desired products (27a-27n) in moderate to good yields of 75-
85%.

General procedures for the synthesis of spiro- 3-nitro-[2H]-chromene-thiolane derivatives (33a-
33e): To a solution of B-nitro-styrenes (30a-30e) (Immol) in EtOH (5 mL) was added 2-hydroxy
benzaldehyde (31) (1 mmol) and DABCO (20 mol%). The mixture was heated at 80 °C for 2-3 h
to give 3-nitro 2-phenyl-[2H]-chromenes (32a-32e). To this, 1,4-dithiane-2,5-diol (1) (1mmol)
was added, and stirring continued at RT for 1-2 h till the completion of the reaction (confirmed by
TLC). Then the reaction mixture was quenched with aq. NH4CI (10 mL) and extracted with EtOAc
(2X10ml). The combined organic layers were washed with brine, and water and dried over
Na>SOs. Evaporation of the solvent under reduced pressure gave the crude product which was
purified by silica gel column chromatography. Elution of the column with EtOAc + n-hexane

mixture gave the desired product 33a-33e in good to excellent yields (80-90%).
4.6.2 Spectral data of the synthesized compounds

9-Hydroxy-6-(4-methoxyphenyl)-4-thioxo-1,7-dithia-3-azaspiro [4.4] nonan-2-one (25a): Pale
yellow solid, mp 156-157 °C, 85% vyield. 'H NMR (400 MHz,

H
N O
CDCIl3+DMSO-ds) & 12.68 (s, 1H), 7.32 (d, J = 8.8 Hz, 2H), 6.82 (t, ] = 8.8 s T A"
S
Hz, 2H), 5.13 (s, 1H), 4.87 (dd, J = 10.0, 7.4 Hz, 1H), 3.79 (s, 3H), 3.24— 5

3.19 (m, 1H), 2.89 (s, 1H), 2.59 (t, J = 10.4 Hz, 1H); **C NMR (100 MHz, 0
CDCI3+DMSO0-ds) 6 199.2, 178.4, 146.4, 136.3, 131.4, 118.9, 85.1, 76.1, 57.6, 45.1, 35.5; HRMS
(ESI, m/z): Calcd. for C13H13NO3S3H* 328.0130, found 328.0134; IR (KBr, thin film, cm™): vmax
3410, 3202, 3002, 2927, 1715, 1603, 1510, 1223, 1026, 832.
9-Hydroxy-2-thioxo-6-(p-tolyl)-1,7-dithia-3-azaspiro [4.4] nonan-4-one (25b):
White sticky solid, mp 180-181 °C, 78% yield. *H NMR (400 MHz, CDCls)

3 9.40 (s, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 5.13 (s,
1H), 4.95-4.90 (m, 1H), 3.27 (dd, J = 10.8, 7.6 Hz, 1H), 2.78 (t, J = 10.4

Hz, 1H), 2.25 (s, 3H); *3C NMR (100 MHz, CDCl3) § 198.0, 175.7, 139.1, Mme
130.2, 129.2, 128.9, 82.6, 79.7, 52.1, 34.0, 21.1; HRMS (ESI, m/z): Calcd. for C13H13NO2S3H"
312.0181, found 312.0173; IR (KBr, thin film, cm™): vmax 3520, 3402, 2956, 1710, 1602, 1520,
1210, 1022, 821.
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6-(4-Ethoxy-3-hydroxyphenyl)-9-hydroxy-2-thioxo-1,7-dithia-3-azaspiro  [4.4] nonan-4-one
(25¢): Pale yellow sticky solid, mp 160-161 °C, 80% yield. *H NMR (400 oo
MHz, CDCl3) 6 9.00 (s, 1H), 6.92 (s, 1H), 6.78 (s, 2H), 5.66 (s, 1H), 5.09 (s, HN

1H), 4.93-4.87 (m, 1H), 4.03 (q, J = 3.6 Hz, 2H), 3.30-3.25 (m, 1H), 3.09 (d, SZ\S S
J=12.0 Hz, 1H), 2.75 (t, J = 10.0 Hz, 1H), 1.37 (t, J = 6.8 Hz, 1H); 3C NMR

(100 MHz, CDCI3+DMSO-ds) 6 189.7, 180.1, 158.8, 138.8, 133.5, 130.1, ed oH
128.7, 117.2, 80.0, 65.6, 55.2, 48.5, 41.0, 13.5; HRMS (ESI, m/z): Calcd. for C14H1sNO4S3H*
358.0236, found 358.0247; IR (KBr, thin film, cm™): vmax 3506, 4714, 3070, 2932, 2854, 1700,
1515, 1438, 1105, 800.
6-(4-Ethoxy-3-hydroxyphenyl)-9-hydroxy-2-thioxo-1,7-dithia-3-azaspiro[4.4]nonan-4-one
(25d):  Yellow solid, mp 135-136 °C, 80% vyield. 'H NMR (400 MHz, oon
CDCI3+DMSO-de) 6 12.77 (s, 1H), 6.86 (s, 1H), 6.68 (s, 2H), 4.99 (s, 1H),  HN

4.76 (t, J = 8.4 Hz, 1H), 3.99 (d, J = 6.0 Hz, 2H), 3.12 (t, J = 8.8 Hz, 1H), 2.76 S%\S S

(t, J = 10.0 Hz, 1H), 1.34 (t, J = 6.4 Hz, 3H); *C NMR (100 MHz, OH
CDCI3+DMSO-ds) 6 197.8, 175.7, 146.4, 145.5, 124.9, 122.1, 114.3, 112.5, OEt
82.9,79.4, 64.7, 52.3, 34.0, 14.7; HRMS (ESI, m/z): Calcd. for C14H15sNO4S3H" 358.0236, found
358.0252; IR (KBr, thin film, cm™): vmax 3490, 3313, 1632, 1515, 1439, 1278, 1077, 756.
6-(4-Bromophenyl)-9-hydroxy-2-thioxo-1,7-dithia-3-azaspiro [4.4] nonan-4-one (25e): Yellow
solid, mp 179-180 °C, 82% yield. *H NMR (400 MHz, CDCIl3+DMSO-dg) & o OH
12.98 (s, 1H), 7.47 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 7.6 Hz, 2H), 6.36 (s, 1H),

5.13 (s, 1H), 4.90-4.80 (m,1H), 3.21 (t, J = 9.6 Hz, 1H), 2.86 (t, J = 10.4 Hz, S e
1H); 8C NMR (100 MHz, CDCl3+DMSO-ds) & 183.4, 176.8, 135.0, 133.8,

132.6, 126.6, 53.2, 52.7, 29.0, 26.8; HRMS (ESI, m/z): Calcd. for B
C12H10BrNO2S3H, 2 376.9203, found 377.9112; IR (KBr, thin film, cm™): vmax 3455, 3065, 2985,
1715, 1540, 1420, 1220, 580.

9-Hydroxy-6-(2-nitrophenyl)-2-thioxo-1,7-dithia-3-azaspiro [4.4] nonan-4-one (25f):

White sticky solid, mp 178-179 °C, 87% vyield. *H NMR (400 MHz, Ho o
CDCl3+DMSO-ds) 8 12.77 (s, 1H), 8.08 (d, J = 7.2 Hz, 2H), 7.54-7.49 (m, 2H), St(g a
5.20 (s, 1H), 4.85 (dd, J = 10.2, 7.2 Hz, 1H), 3.83 (s, 1H), 3.19 (dd, J = 10.8, S

7.2 Hz, 1H), 2.88 (t, J = 10.4 Hz, 1H); 3C NMR (100 MHz, CDCl3+DMSO- NO,

ds) 6 200.7, 176.9, 147.8, 14.3, 130.3, 123.3, 81.7, 79.6, 51.5, 34.0; HRMS (ESI, m/z): Calcd. for

C12H10N204S3H* 342.9875, found 342.9860; IR (KBr, thin film, cm™): vmax 3430, 2986, 1705,
1620, 1540, 1012, 865.
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9-Hydroxy-6-(3-nitrophenyl)-2-thioxo-1,7-dithia-3-azaspiro [4.4] nonan-4-one (25g): White
solid, mp 140-141 °C, 90% vyield. *H NMR (400 MHz, CDCl3+DMSO-ds) &
12.88 (s, 1H), 8.19 (s, 1H), 8.11 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.49 Si
(t, J = 7.6 Hz, 1H), 6.27 (s, 1H), 5.22 (s, 1H), 4.86 (t, J = 8.4 Hz, 1H), 3.21(t, J =

9.2 Hz, 1H), 2.90 (t, J = 10.4 Hz, 1H); 3C NMR (100 MHz, CDCl3+DMSO-ds)

0 198.6, 174.9, 145.9, 135.2, 133.53 127.5, 122.0, 121.7, 79.8, 77.4, 49.4, 32.1; NO2
HRMS (ESI, m/z): Calcd. For C14aH15N204SsH™ 342.9875, found 342.9880; IR (KBr, thin film,
cm™): vmax 3408, 3110, 2920, 2850, 1711, 1524, 1462, 1227, 1077, 797.
6-(1,4-Diphenyl-1H-pyrazol-3-yl)-9-hydroxy-4-thioxo-1,7-dithia-3-azaspiro [4.4] nonan-2-one
(25h): White solid, mp 201-202 °C, 75% vyield. 'H NMR (400 MHz,
CDCI3+DMSO-de) 6 12.88 (s, 1H), 8.48 (s, 1H), 7.79 (s, 1H), 7.76-7.74 (m,
2H), 7.61-7.57 (m, 2H), 7.50-7.43 (m, 5H), 7.33 (t, J = 7.6 Hz, 1H), 5.24 (s, ¢
1H), 4.80 (dd, J =9.6, 7.4 Hz, 1H), 3.24-3.19 (m, 1H), 2.88 (t, J = 10.4 Hz, 1H); E// Ph
13C NMR (100 MHz, CDCl3+DMSO-ds) § 176.6, 172.7, 154.7, 141.6, 134.3, P

131.5, 131.4, 130.7, 130.5, 130.3, 128.8, 121.0, 117.4, 80.9, 80.7, 44.4, 31.5; HRMS (ESI, m/z):
Calcd. for C21H17N30,S3H* 440.0556, found 440.0562; IR (KBr, thin film, cm™): vmax 3397, 3230,
3101, 2925, 1719, 1597, 1198, 1073, 758.

O OH

by

9-Hydroxy-6-phenyl-1,7-dithia-3-azaspiro  [4.4]nonane-2,4-dione (27a):

White solid, mp 205-206 °C, 82% yield. 'H NMR (400 MHz, CDCl3) § 8.86  HN ©OH

(s, 1H), 7.27-7.19 (m, 5H), 5.14 (s, 1H), 4.92-4.88 (m, 1H), 3.28-3.23 (m, O%S d

1H), 2.77 (t, J = 10.4 Hz, 1H); **C NMR (100 MHz, CDCls) & 174.0, 135.0,

132.1, 130.8, 130.5, 128.7, 82.0, 79.3, 51.5, 33.8; HRMS (ESI, m/z): Calcd.

for C12H11NO3S,H* 282.0253, found 282.0250; IR (KBr, thin film, cm™): vmax 3402, 3052, 2975,
1710, 1563, 1220, 1120, 815.

9-Hydroxy-6-(p-tolyl)-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27b):

White solid, mp 196-197 °C, 82% vyield. 'H NMR (400 MHz, y
CDCl3+DMSO-dg) & 11.24 (s, 1H), 7.27-7.20 (m, 2H), 7.02 (d, J = 8.0 Hz, o\v\N %o
2H), 5.55 (s, 1H), 5.13 (s, 1H), 4.86-4.80 (m, 1H), 3.15 (dd, J = 10.4, 7.2 /@S/Eg

Hz, 1H), 2.79 (t, J = 10.4 Hz, 1H), 2.25 (s, 3H); 3C NMR (100 MHz,
CDCI3+DMSO0-ds) 6 175.3,170.8, 138.3, 131.3, 129.1, 128.8, 79.7, 79.0, 52.0, 33.7, 21.1; HRMS

(ESI, m/z): Calcd. for C13H13NO3S,H* 296.0410, found 296.0407; IR (KBr, thin film, cm™): vmax
3480, 3056, 2966, 1595, 1520, 1210, 1005, 835.
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9-Hydroxy-6-(4-methoxyphenyl)-1,7-dithia-3-azaspiro[4.4]nonane-2,4-dione (27c): Pale yellow
solid, mp 185-186 °C, 75% yield. *H NMR (400 MHz, CDCls) & 8.12 (s, 1H),

7.41(d, J =8.0 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 5,51  HN 94
(s, 1H), 5.25 (s, 1H), 4.99 (dd, J = 16.6, 8.4 Hz, 1H), 3.82 (s, 3H), 3.39-3.34 (m, o™s S
1H), 2.82 (t, J = 10.0 Hz, 1H); 3C NMR (100 MHz, CDCls) & 178.8, 168.3,

160.2, 132.2, 124.1, 117.2, 82.7, 71.8, 61.0, 47.8, 40.0; HRMS (ESI, m/2): g

Calcd. For C13H13NO4S,H* 312.0359, found 312.0350; IR (KBr, thin film, cm™): vmax 3469, 2929,
2790, 1687, 1609, 1502, 1177, 841.

6-(3,4-Dimethoxyphenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27d): Pale
yellow solid, 80% vyield, mp 176-177 °C. 'H NMR (400 MHz,
CDCI3+DMSO-de) 6 11.63 (s, 1H), 6.97 (s, 1H), 6.93 (d, J = 8.0 Hz,
1H), 6.80 (d, J = 8.0 Hz, 1H), 5.18 (s, 1H), 4.89 (dd, J = 10.0, 7.4 Hz,
1H), 3.86 (s, 6H), 3.21 (t, J = 10.4, 1H), 2.86 (t, J = 10.4 Hz, 1H), 2.60
(s, 1H); 3C NMR (100 MHz, CDCl3+DMSO-ds) § 175.5, 170.9, 149.0,
148.2,126.8,121.7, 112.5, 110.7, 79.8, 78.7, 55.8, 55.8, 52.1, 33.7; HRMS (ESI, m/z): Calcd. For
C14H15NOsS; 341.0392, found 341.0390; IR (KBr, thin film, cm™): vmax 3417, 3211, 3069, 2934,
2763, 1696, 1514, 1267, 1254, 1022.
6-(3,4,5-Trimethoxyphenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27e):
White solid, mp 192-193 °C, 78% yield. *H NMR (400 MHz, CDCl3) §
10.04 (s, 1H), 6.69-6.61 (m, 2H), 5.14 (s, 1H), 4.96-4.94 (m, 1H), 3.80 o= oH

(s, 3H), 3.80 (s, 6H), 3.29 (dd, J = 10.6, 7.2 Hz, 1H), 2.86 (t, J=10.4 Hz, o

1H); *C NMR (100 MHz, CDCls) & 198.3, 176.2, 152.9, 138.3, 132.4,

131.07,129.1, 106.3, 82.5, 79.5, 60.8, 56.3, 52.4, 33.8, 29.6; HRMS (ESI, _0

m/z): Calcd. for C14H1sNOsS;H* 372.0570, found 372.0560; IR (KBr, thin film, cm™): vmax 3480,
2985, 1720, 1595, 1511, 1198, 1011, 860.
6-(4-Ethoxy-3-hydroxyphenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27f):
Pale brown solid, mp 155-156 °C, 84% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & 11.69 (s,

MeO

MeO

—0

1H), 6.96 (d, J = 14.8 Hz, 1H), 6.76 (s, 2H), 5.11 (s, 1H), 4.84 (dd, J = o N

(@)
17.0, 8.6 Hz, 1H), 4.07 (d, J = 6.4 Hz, 2H), 3.18 (t, J = 9.6 Hz, 1H), 3.08 i OH
(d, J=11.2 Hz, 1H), 2.81 (t, J = 10.0 Hz, 1H), 1.42 (t, J = 6.8 Hz, 3H); S

EtO
13C NMR (100 MHz, CDCI3+DMSO-ds) & 175.5, 170.9, 147.1, 146.1,

125.3, 121.9, 115.0, 114.2, 80.0, 64.3, 52.2, 37.0, 33.7, 14.9; HRMS
(ESI, m/z): Calcd. for C1aH1sNOsS,H* 342.0464, found 342.0454; IR (KBr, thin film, cm™): vmax
3794, 3403, 3129, 2937, 2753, 1734, 1698, 1518, 1173, 820.

HO
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6-(3-Ethoxy-2-hydroxyphenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (279):
Yellow sticky solid, mp 181-182 °C, 80% yield. *H NMR (400 MHz, CDCls) § 9.48 (s, 1H), 6.88
(s, 1H), 6.77 (s, 2H), 5.71 (s, 1H), 5.08 (s, 1H), 4.93-4.88 (m, 1H), 4.03 (q, J O\#\H OoH

= 3.2 Hz, 2H), 3.26 (dd, J = 10.8, 7.6 Hz, 1H), 2.76 (t, J = 10.4 Hz, 1H), 1.36

(t, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCl3+DMSO-ds) § 176.5, 171.9, @i&
147.9, 147.0, 126.4, 123.0, 115.8, 115.0, 80.9, 65.4, 53.3, 34.7, 30.5, 15.8; OH
HRMS (ESI, m/z): Calcd. for C1aH1sNOsS;H* 341.0392, found 342.0460; IR

(KBr, thin film, cm™): vmax 3520, 3429, 3086, 2956, 1702, 1590, 1240, 1120, 860.
9-Hydroxy-6-(2-hydroxyphenyl)-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27h): White
sticky solid, mp 192-193 °C, 80% vyield. 'H NMR (400 MHz,

H
O§\/N H
CDCI3+DMSO-ds) & 11.57 (s, 1H), 7.60 (s, 1H), 7.12 (d, J = 8.4 Hz, 1H), \
6.66 (d, J = 8.4 Hz, 2H), 5.04 (s, 1H), 4.83-4.76 (dd, J = 10.2, 7.6 Hz, 1H), S
OH

S
OEt

3.99 (d, J=6.8 Hz, 1H), 3.12 (d, J = 7.6 Hz, 1H), 2.75 (t, J = 10.0 Hz, 1H);

13C NMR (100 MHz, CDCl3+DMSO-ds) & 174.1, 169.1, 146.9, 136.3, 134.6, 128.4, 123.2, 122.6,
78.1, 78.0, 50.3, 33.0; HRMS (ESI, m/z): Calcd. for C12H11NO4S;H* 298.0202, found 298.0202;
IR (KBr, thin film, cm™): vmax 3380, 2924, 2852, 1693, 1610, 1513, 1023, 834.
6-(4-Chlorophenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27i): White solid,
80% yield, mp 134-135 °C. *H NMR (400 MHz, CDCls) § 8.55 (s, 1H), 7.39 O OH

(d, J = 8.4 Hz, 2H), 7.19 (s, 2H), 5.15 (s, 1H), 4.91 (dd, J = 15.6, 7.6 Hz, 1H), O;/hi
3.31-3.26 (m, 1H), 3.03 (d, J = 12.4 Hz, 1H), 2.77 (t, J = 10.4 Hz, 1H); 1%C

NMR (100 MHz, CDC3+DMSO-ds) 6 201.1, 177.1, 134.3, 133.0, 130.6, 128.3,

82.1, 79.5, 51.6, 33.9; HRMS (ESI, m/z): Calcd. for C12H10CINO3SH*  Cl
315.9863, found 315.9803; IR (KBr, thin film, cm™): vmax 3401, 3447, 3064, 2951, 2778, 1774,
1588, 1064, 795.

6-(3-Chlorophenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione

O0H
(27)): Yellow solid, mp 169-170 °C, 85% yield. *H NMR (400 MHz, CDCl3) § HN
0
8.45 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.29 — 7.19 (m, 2H), 5.15 (s, 1H), 4.90 (dd, ST}
cl

S S

J=10.0, 2.4 Hz, 1H), 3.31 - 3.26 (m, 1H), 3.10 (d, J = 12.4 Hz, 1H), 2.77 (t, J =

10.4 Hz, 1H); *C NMR (100 MHz, CDCl3+DMSO-dg) & 180.0, 175.3, 138.7,

136.2, 136.0, 136.0, 135.8, 127.1, 86.9, 84.1, 56.2, 38.5; IR (KBtr, thin film, cm"

1: vmax 3515, 3389, 3077, 2924, 1709, 1608, 1253, 1176, 835; HRMS (ESI, m/z): Calcd. for
C12H10NOsS;H* 314.9791, found 315.9855; IR (KBr, thin film, cm™).
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9-Hydroxy-6-(4-nitrophenyl)-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (27k): White solid,

mp 202-203 °C, 85% yield. *H NMR (400 MHz, CDCls+DMSO-ds) & 4 o

7.98 (d, J = 8.8 Hz, 2H), 7.51-7.42 (m, 2H), 5.15 (s, 1H), 4.78-4.72 (m, o= T /1
S

1H), 3.08 (dd, J = 10.6, 7.2 Hz, 1H), 2.99 (dd, J = 11.8, 2.4 Hz, 1H), .

2.76 (t, J = 10.4 Hz, 1H); **C NMR (100 MHz, CDCI3+DMSO-dg) &
175.0, 170.0, 147.8, 142.4, 130.4, 123.2, 79.1, 51.4, 33.9, 29.5; HRMS
(ESI, m/z): Calcd. for C12H10N205S2H* 327.0104, found 327.0100; IR (KBr, thin film, cm™): vmax
3390, 3068, 2985, 1610, 1540, 1190, 840.
6-(2,4-Dichlorophenyl)-9-hydroxy-1,7-dithia-3-azaspiro [4.4] nonane-2,4-dione (271): White
solid, mp 171-172 °C, 84% vyield. 'H NMR (400 MHz, CDCI3+DMSO-ds) 5  HN POH
11.76 (s, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.29 (s, 1H), 5.16 (s, 1H), 4.87 (d, J = 04\S
10.4 Hz, 1H), 4.83 (d, J = 8.4 Hz, 1H), 3.20 (t, J = 7.2 Hz, 1H), 2.85 (t, J =

10.4 Hz, 3H); 1*C NMR (100 MHz, CDCl3+DMSO-ds) & 193.6, 169.9, 140.8,

130.1, 128.4, 122.5, 117.0, 116.6, 74.7, 72.4, 44.3, 27.0; HRMS (ESI, m/z):

Calcd. For C12HoCI2NO3sS,H" 349.9474, found 349.9412; IR (KBr, thin film, cm™): vmax 3446,
3400, 3064, 2951, 2778, 1417, 1558, 1158, 1063, 795, 730.
6-(1,4-Diphenyl-1H-pyrazol-3-yl)-9-hydroxy-1,7-dithia-3-azaspiro  [4.4] nonane-2,4-dione
(27m): Yellow solid, mp 195-196 °C, 78% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) 5 11.93
(s, 1H), 8.61 (s, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.60-7.42 (m, 7H), 7.33 (t, J
=7.4 Hz, 1H), 5.28 (s, 1H), 4.75 (dd, J = 9.6, 7.6 Hz, 1H), 3.21-3.17 (m, 1H),
2.80 (t, J = 10.0 Hz, 1H); *3C NMR (100 MHz, DMSO-ds+CDCl3) & 161.7,
152.7, 149.0, 145.0, 134.8, 134.4, 133.0, 132.1, 131.7, 129.6, 127.4, 121.7,
116.7, 82.1, 7239, 59.3, 55.6; HRMS (ESI, m/z): Calcd. for
C21H17N303S:NH4* 441.1050, found 441.0702; IR (KBr, thin film, cm™): vmax 3397, 3230, 3101,
2925, 1719, 1597, 1198, 1073, 758.

4-((5S,6R,9S)-9-Hydroxy-2,4-dioxo-1,7-dithia-3-azaspiro  [4.4] nonan-6-yl) phenyl 4-
nitrobenzene sulfonate (27n): Light brown solid, mp 209-210

°C, 75% yield.'H NMR (400 MHz, CDCls+DMSO) & 8.39 (d, J

=8.8 Hz, 2H), 7.96 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 2 \©\ o
6.96 (d, J = 7.6 Hz, 2H), 5.14 (s, 1H), 4.85-4.81 (m, 1H), 4.23 g ©
(t, J=6.4 Hz, 1H), 3.18 (dd, J = 10.2, 7.2 Hz, 1H), 2.79 (t, J = 10.4 Hz, 1H); *C NMR (100 MHz,
CDCI3+DMSO0-ds) 6 176.7, 172.0, 152.7, 150.5, 141.4, 136.1, 132.4, 131.6, 126.3, 123.4, 81.1,
53.1, 35.4, 31.0. HRMS (ESI, m/z): Calcd. for C1gH14N208SsH™ 482.9985, found 482.9943. IR
(KBr, thin film, cm™): vmax 3485, 3322, 1662, 1540, 1432, 1375, 1283, 1056, 765.

O,N

Cl
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2-(Benzylimino)-9-hydroxy-6-(4-methoxyphenyl)-3-phenyl-1,7-dithia-3-azaspiro [4.4] nonan-
4-one (29a): Pale yellow sticky solid, mp 158-159 °C, 75% yield. *H NMR
(400 MHz, CDCl3) 6 7.32 (t, J = 7.6 Hz, 2H), 7.26-7.25 (m, 3H), 7.20-7.12
(m, 5H), 6.74 (d, J = 7.6 Hz, 2H), 6.67 (d, J = 8.4 Hz, 2H), 5.18 (s, 1H), 4.97
(d, J =14.0 Hz, 1H), 4.86 (d, J = 14.4 Hz, 1H), 4.74 (dd, J = 14.2, 6.8 Hz,
1H), 3.79 (s, 1H), 3.29-3.25 (m, 1H), 2.66 (t, J = 10.4 Hz, 1H); *C NMR (100
MHz, CDCl3) 6 172.3, 147.8, 147.6, 129.3, 129.3, 129.1, 128.5, 128.5, 128.4,
127.9, 125.0, 124.5, 123.6, 120.7, 78.3, 75.6, 55.8, 52.2, 46.4, 34.2; HRMS (ESI, m/z): Calcd. for
C26H24N203S,H" 477.1301, found 477.1296; IR (KBr, thin film, cm™): vmax 3412, 2931, 2850,
1637, 1384, 1034, 750.
2-(Benzylimino)-9-hydroxy-6-(4-nitrophenyl)-3-phenyl-1,7-dithia-3-azaspiro [4.4] nonan-4-
one (29b): White solid, mp 173-174 °C, 85% yield. 'H NMR (400 MHz,
CDClI3+DMSO-dg) & 7.23-7.17 (m, 8H), 7.11 (d, J = 6.8 Hz, 3H), 7.02 (t, J

=7.6 Hz, 1H), 6.66 (d, J = 7.6 Hz, 2H), 5.13 (s, 1H), 4.93-4.87 (m, 2H), 4.79 Q
(d, J=14.8 Hz, 1H), 4.01 (d, J = 6.0 Hz, 1H), 3.13 (t, J = 8.4 Hz, 1H), 2.73

(t, J=9.6 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 173.6, 148.6, 136.3, 134.7, on
130.5, 130.2, 130.2, 129.6, 129.4, 129.2, 129.1, 129.0, 128.6, 125.8, 121.9,
79.6, 77.3, 54.0, 47.4, 35.2; HRMS (ESI, m/z): Calcd. for C2sH21N304S;H" 492.1046, found
492.0952; IR (KBr, thin film, cm™): vmax 3346, 1634, 1384,1520, 1162, 675.
(E)-3-Benzyl-9-hydroxy-6-phenyl-2-(phenylimino)-1,7-dithia-3-azaspiro[4.4]Jnonan-4-one
(29¢): Light brown solid, mp 201-202 °C, 80% yield. *H NMR (400 MHz,

CDCls) § 7.24-7.17 (m, 9H), 7.14-7.05 (m, 6H), 6.64 (d, J = 7.2 Hz, 2H), Q (©
N
N=

5.18 (s, 1H), 4.96-4.93 (m, 1H), 4.91 (d, J = 2.8 Hz, 1H), 4.81 (d, J = 15.6 o
Hz, 1H), 3.22 (dd, J = 10.6, 7.2 Hz, 1H), 2.62 (t, = 10.4 Hz, 1H); *C NMR s

(100 MHz, CDCI3+DMSO-de) 6 173.4, 152.5, 148.4, 136.1, 134.9, 129.8,
129.6, 129.0, 128.8, 128.5, 128.1, 127.8, 125.0, 121.5, 76.7, 53.3, 46.3, 34.1, 30.0; HRMS (ESI,
m/z): Calcd. for C2sH22N20,S,H" 447.1195, found 477.0905; IR (KBr, thin film, cm™): vmax 3456,
1642, 1322,1542, 1122, 652.

3a-Nitro-4-(4-nitrophenyl) - 3, 3a, 4, 9b-tetrahydro-2H-thieno [3, 2-c] chromen-3-ol (33a):
White Crystalline solid, mp 177-178 °C, 90% yield. *H NMR (400 MHz, CDCls): 6 7.49 (d, = 5.6

Hz, 3H), 7.36 (d, J = 6.4 Hz, 2H), 7.29 (d, J = 7.6 Hz, 1H), 7.08 (t, J = ? on
7.2 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 5.56 (s, 1H), 5.36 (s, 1H), 4.75 O NO,
o
(s, 1H), 3.53 (d, J = 10.8 Hz, 1H), 3.13 (d, J = 12.0 Hz, 1H); **C NMR O o
2

(100 MHz, CDCls): 6 152.38, 133.66, 129.88, 129.26, 128.81, 128.71,
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127.14, 122.58, 121.63, 117.39, 98.56, 76.46, 75.87, 42.97, 33.50; HRMS (ESI, m/z): Calcd. for
C18H1sN206SNH4" 392.0911, found 392.0600; IR (KBr, thin film, cm™): vmax 3425, 3062, 2937,
1610, 1554, 1259, 1239, 1111, 810, 757.

3a-Nitro-4-(2-nitrophenyl)-3, 3a, 4, 9b-tetrahydro-2H-thieno [3, 2-c] chromen-3-ol (33b): Pale
yellow solid, mp 183-184 °C, 88% yield. *H NMR (400 MHz, CDClz) § 7.45 (s, 3H), 7.32 (d, J =
6.0 Hz, 2H), 7.23 (d, J = 4.4 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.98 (d, J =
8.4 Hz, 1H), 5.53 (s, 1H), 5.32 (s, 1H), 4.72 (s, 1H), 3.49 (dd, J = 12.0, 4.0
Hz, 1H), 3.10 (d, J = 12.0 Hz, 1H), 2.77 (s, 1H); ©°*C NMR (100 MHz,
DMSO-de+CDCl3) 6 157.12, 140.60, 135.74, 130.71, 130.15, 129.05,
128.93, 128.23, 125.22, 121.87, 118.53, 116.34, 114.60, 75.55, 70.59, 46.86, 42.77; IR (KBr, thin
film, cm™): vmax 3425, 3062, 2937, 1610, 1554, 1259, 1239, 1111, 810, 757.
4-(Naphthalen-1-yl)-3a-nitro-3, 3a, 4, 9b-tetrahydro-2H-thieno [3, 2-c] chromen-3-ol (33c):
Yellow solid, mp 183-184 °C, 90% yield. *H NMR (400 MHz, CDCl3) &
8.09 (d, J=7.6 Hz, 1H), 7.95 (d, J = 7.2 Hz, 2H), 7.56-7.50 (m, 4H), 7.20—
7.28 (m, 1H), 7.23-7.21 (m, 1H), 7.08-7.04 (m, 1H), 6.97 (d, J = 8.0 Hz,
1H), 5.42 (s, 1H), 4.49 (s, 1H), 4.12 (q, J = 7.2 Hz, 1H), 3.56 (dd, J = 12.4,
5.2 Hz, 1H), 3.04 (dd, J = 12.4, 2.4 Hz, 1H); *C NMR (100 MHz, CDCls)
0 152.59,133.74,131.30, 130.41, 129.53, 129.24, 129.17, 129.06, 128.85, 126.96, 126.68, 126.01,
125.20, 122.61, 121.73, 117.51, 99.35, 76.20, 60.47, 44.26, 33.77; HRMS (ESI, m/z): Calcd. for
C21H17NOsSNa* 402.0770, found 402.0765; IR (KBr, thin film, cm™): vmax 3429, 3046, 2924,
1585, 1547, 1230, 1170, 783.

4-(4-Bromophenyl)-3a-nitro-3, 3a, 4, 9b-tetrahydro-2H-thieno [3, 2-c] chromen-3-ol (33d):
White solid, mp 186-187 °C, 87% yield. *H NMR (400 MHz, CDCl3) &
7.58 (d, J = 8.4 Hz, 2H), 7.24-7.22 (m, 2H), 7.20 (d, J = 8.4 Hz, 2H),
7.07-7.03 (m, 1H), 6.97-6.95 (m, 1H), 5.50 (s, 1H), 5.32 (s, 1H), 4.69 (s,
1H), 3.45 (dd, J = 12.2, 4.4 Hz, 1H), 3.11 (dd, J = 12.2, 1.6 Hz, 1H); *3C
NMR (100 MHz, CDCls) 6 152.16, 132.73, 131.89, 129.28, 128.89, 128.76, 124.09, 122.77,
121.47,117.36, 98.42, 76.42, 75.35, 42.90, 33.47; IR (KBr, thin film, cm™): vmax 3414, 2957, 1654,
1545, 1264, 1212, 768.
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4-(3,4-Dimethoxyphenyl)-3a-nitro-3,3a,4,9b-tetrahydro-2H-thieno[3,2-c] chromen-3-ol (33e):
Pale yellow solid, mp 155-156 °C, 80% vyield. *H NMR (400 MHz, S
CDCI3+DMSO-de) 6 7.22 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.4 Hz, 3H), O NO(zH
6.76 (t, J = 6.8 Hz, 2H), 5.45 (s, 1H), 5.26 (s, 1H), 4.47 (d, J = 2.8 Hz, ° O

1H), 3.77 (s, 3H), 3.72 (s, 3H), 3.46 (dd, J = 12.0, 3.6 Hz, 1H), 2.93 (d, J OMe OMe
= 11.6 Hz, 1H); *C NMR (100 MHz, CDCls3) § 161.06, 149.08, 143.37, 143.03, 129.57, 126.99,
124.07, 122.93, 122.64, 121.65, 114.43, 111.75, 99.05, 76.76, 76.47, 56.70, 56.15, 44.00, 35.63;
Mass (ESI, m/z): Calcd. for C1gH19NOsSNa* 412, found 412; IR (KBr, thin film, cm™): vmax 3423,
2937, 1664, 1550, 1257, 1226, 1024, 766.
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Selected Spectral data

6-(4-Bromophenyl)-9-hydroxy-2-thioxo-1,7-dithia-3-azaspiro[4.4]Jnonan-4-one (25e):
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Chapter-5
SnClz-catalyzed synthesis of dibenzo-[1,4]-diazepin-1-one, phenyl quinazoline, and pyridine-

1,3,4-oxadiazole based sulfonate esters and their evaluation as a-glucosidase inhibitors

Abstract

Benzodiazepines are well known in the rheumatoid arthritis and neurological diseases.
The synthetic derivatives of these compounds are used for protease and hepatitis-C-virus (HCV)
NS5B polymerase inhibition. The quinazolines are used in different therapeutic areas. Similarly,
the applications of functionalized 1,3,4-oxadiazoles are explored in medicinal, material chemistry.
Considering the importance of title related compounds, in this chapter, we have described the
synthesis of substituted dibenzo-[1,4]-diazepin-1-ones, phenyl quinazolines, and pyridine-1,3,4-
oxadiazole sulfonate using SnCl, (catalytic amount). The newly benzodiazepine derivatives were
evaluated for a-glucosidase enzyme inhibition activity against acarbose as a standard drug. A

detailed discussion on the synthesis biological study is discussed in this chapter.
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5.1 Introduction
5.1.1 Biologically active dibenzo- [1,4]-diazepin-1-ones and their synthetic methods
Benzodiazepine received great attention in medicinal chemistry®?® particularly in central
nervous system (CNS) as depressants.'® psychotropics®® anti-anxiety drugs (chlordiazepoxide)?
and schizophrenia (clozapine)'® and rheumatoid arthritis,*¢ inflammatory.*” The dibenzo-[1,4]-
diazepinone derivatives play important role as platelet-activating factors, inhibition of
phosphodiesterase,?® protease,?® and hepatitis-C-virus polymerize.?* Some of the synthetic
derivatives of benzodiazepins are known as metabotropic receptor-2 antagonists,® histamine
receptor antagonists,®® and muscarinic receptor-M1 antagonist (pirenzepine).*® Dibenzo-[1,4]-
diazepin-1-ones (4) are usually prepared from o-phenylenediamine (1), benzaldehyde (2), and
dimedone (3). The reaction conditions are oxalic acid “* or AcCOH* in benzene. The use of deep
eutectic mixtures (ChCl + urea),* ionic liquids like N-methyl-2-pyrrolidonium hydrogen sulfate
[H-NMP][HSO4].* has also been reported to give good yields. Also, chitosan-supported FesOa,
graphene oxide nanosheets,** ZnS nanoparticles,* TiO, nanoparticles,*® silica-supported
Fe(OTf)s % silica supported NiO nanoparticles® are also known for this purpose. Recently our
group® also reported L-proline catalyzed water-mediated reaction for preparation of dibenzo-
[1,4]-diazepin-1-one derivatives with good yields (Scheme-1).

ZnS Nps, EtOH
80 °C, 20 min, 85%
Oxalic acid
80 °C, 2 h, 92%

AcOH, benzene
80 °C, 2 h, 93%

Eutectic mixture
CHO 80 °C, 40 min, 94%
NH,
©: [H-P][HSO,] H
° ; N
NH, 100 °C, 20 min, 83% o}
1 +
o o Fe(OTs);/SiO, No-solvent N
4 H Me
80 °C, 1 h, 96% Me

Chitosan + Fe;0,
3a EtOH, 80 °C, 2 h, 96%

GO nanosheets NCs
H,0, 2 h, Up to 96%

NiO-SiO, NCs
80 °C, MW, 10 min, 98%

TiO, NPs
Et,0, RT, 1h, 97%

Scheme-1: Reported methods of the synthesis of dibenzo-[1,4]-diazepin-1-one.
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5.1.2 Bioactive quinazolines and their synthetic methods

Quinazoline based drugs like erlotinib,®® used for pancreatic cancer and as ol-AR
antagonists (prazosin, doxazosin, terazosin),®® inhibitors of tubulin polymerization,’
PI3k/Akt/mTOR, topoisomerase-1," protein kinase,”® RTK/EGFR,”® tyrosine kinase activity, and
apoptotic inhibition activity.” The synthesis of 2,4-diphenylquinazolines is relatively easy and can
be achieved from 2-amino benzophenone (5) and benzyl amines (6) via sp® C-H functionalization.
This was achieved using iodine® and CAN as catalysts.®’ Other methods applied for this purpose
include CuFeO4 nanopartials® DMAP,% catalyst-free conditions,® oxidative sp® C-H amination in
DMSO at 120 °C as shown in Scheme-2. Along with these, there are few multi-step methods
reported based on the ruthenium mediated dehydrogenative condensation,® cerium nitrate
mediated oxidative condensation of 2-amino benzyl alcohol (9) with benzonitrile,®® (Scheme-3a)
are known. Similarly, Itoh group reported magnesium iodide (Mgl2)* mediated coupling 2-
aminobenzylamine (12) and benzaldehyde (2) via an aerobic photooxidation and Iridium
([CpIrClz]2) catalyzed!® reaction of 2-amino benzylamine (12) and styrene to generate 2-
substituted quinazoline (11). In addition, Feng et al.,'® also developed a-MnO,-150/TBHP
catalyzed cascade reaction of 2-amino benzylamine with benzyl alcohol (13) (or) styryl alcohol
(14) in chlorobenzene to provide 2-substituted quinazoline (11) or 2-phenyl styrylquinazolines
(15). Recently, Fuhong and co-workers'® described a four-component synthesis of substituted
quinazolines from aniline (16), aromatic aldehyde (2), and ammonium iodide (NHal) in presence
of DMSO. This reaction proceeds via C—H bond activation of the amino group of aniline moieties

under metal-free conditions.

PhCHO (2), NH4,OAc
CuFe,04 NPs
H,0, 80 °C, Air

PhCHO (2), NH,0Ac
I,, EtOH, 40 °C

PhCHO (2), NH,0Ac
I ; DMAP, EtOH, 40 °C 1 Ph

| 3 BnNH, (6) ! Sy
; Ph . I,,TBHP, 90 °C, 89%, 12h ! A
3 NH, | | NT PR

BnNH, (6)

CAN, +-BuOOH 1 ‘
MeCN /[ S ‘

C(Me)(OEt); (7), NH,0Ac
110 °C
(Me);N__~_N(Me),
I5, Oz, NH,CI
DMSO, 120 °C, 24h

Scheme-2: Reported methods for the synthesis of substituted 2,4-diphenylquinazolines.
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NH4CI, PhCHO (2)
CuCl, 2,2'-Bipyridine

_______________

XN Benzonitrile (1 0) i ©\/\OH E TEMPO,KOH N
N/)\Ph Ru3(CO,),, + Xantphos ! NH, | Ce(NO3);.6H,0 N/)\Ph
t-Amyl alcohol 9 | MeCN, reflux, 24h 11 ref.9b
11: ref-9a 160 °C, 16h [, , - rer-
[CpIrCl,], oo ! 0,, Visible light
SN styrene, ©\/\NH25 Mgly, PhCHO @i
N/)\Ph xylene, reflux, 48h | NH, i MeCN, 8h N” > Ph
11: ref-10a (S 12 . ; 11: ref-9c
OH N
(j/V o-Mn0,-150,TBHP ©\/\ A (or) ©\/\
chlorobenzene
(or)
15: ref-10b

Benzylalcohol (14)

© DMSO(1 eq) SN
+ NH,l .
PhCI, 150 °C N/)\Ph
2 (2 mmol) 8: ref-10c

Scheme-3(a): Other approaches for the synthesis of substituted-2-phenylquinazolines.

5.1.4 Bioactive 1,3,4-oxadiazoles and their synthetic methods.

The 1,3,4-oxadiazoles as bioisosteres in medicinal chemistry and part of many drugs with
antimicrobial **? antisedative,*° insecticidal,'!¢ anti-TB,'!“ antiepileptic,*¢ and anti-inflammatory
1f properties. Also, there are reports of oxadiazoles for photochemical and electrochemical
applications and 119 and agrochemistry.!'" General methods for the synthesis of disubstituted 1,3,4-
oxadiazoles (18) is either by dehydrative cyclization or oxidative reduction of 1,2-diacylhydazines.
The dehydrative cyclization (decarboxylative reduction) was achieved by the oxidation of N, N'-
acyl hydrazones (17) using different oxidants such as CrOs,*? DDQ,*?* Fe(NO3)s/TEMPO,% t-
BuOl,'? eosin-Y/Green LED,'?* Dess-martin periodinane,’?® CAN,% KMnQ,,?" transitional
metals'?' and Cu(OTf)s*¥ The oxidant and H-accepter free, Pd/C mediated'*® cyclization of acyl
hydrazones, (PhlO)n/BF3.Et2O mediated synthesis is also applied effectively for the generation of
disubstituted-1,3,5-oxadiazoles via oxidative cyclization of acyl hydrazones (Scheme-3b).
Additionally, the cyclization of N-acyl hydrazones is achieved using l./H.0> catalyst,** transition-
metal free 1,/CsCOs3 ¥ (Scheme-3b). Alternatively, the iodobenzene diacetate (IBD)™¢ catalyzed
synthesis of 2-phenyl-5-(pyridine-4-yl)-1,3,4-oxadiazole (20) has been developed via cyclization
of (E)-N'-benzylidene isonicotinohydrazide (19).
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\
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solid-state
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rt, 15 min, N,
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R ; AN 7\
- N B o

20

Scheme-3b: Reported methods for 2,5 substituted 1,3,4-oxadiazoles via oxidative reduction

strategy.

5.2  Present study

Based on above (Chapter-1) discussions regarding the biological importance of the
dibenzo-[1,4]-diazepin-1-ones, 2-phenylquinazolines and 1,3,4-oxadiazole derivatives and after
thorough literature survey (sulfonate aldehydes), we propose a simple protocol for the synthesis
of dibenzo-[1,4]-diazepin-1-one sulfonates, 2-phenylquinazolines sulfonates via MCR approach
by using OPDA (1), various sulfonate aldehydes (21a-211) and different active methylene groups
moiety (3a-3c) under Lewis acid (SnCl,) condition in EtOH (Schemes-4 and 5). Using the same
reagent, an oxidative cyclization is planned for substituted 1,3,4-oxadiazoles from N'-

benzylideneisonicotinohydrazide/N'-benzylideneisonicotinohydrazide sulfonates (26a-26d/27a-
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27c¢) (or) Schiff-base sulfonates in presence of catalytic SnClz and organic base (TEA) as shown

Scheme-6.
Ph CH% o OWO NH, 0SO;R,
S84
Cl o A ’S\Rz L I+ @: R
‘ \70 o NH,
z 1
NH.
)\O OSO,R, 2 Ry 3a, 3b, 3¢
\ 21a-211 3a = Diamadone (or)
24a 241 Ry NH4°A° R, = H, OMe 3b= Ba_rbituric ?ci_d (or) 223_22|
=3-OMe 23 R, = Ph, 4-NO,-C<H,. 4-Me-C.H 3c = Thiobarbutiaticacid =H, OMe
Ry = Ph4N02C6H44MeC5H4 2= 27T 674 R Ph4NOCH o
Sch 5 Scheme-4 2 = ,-CeHy , 4-Me-CgH,

Scheme-4 and 5: Strategy for sulfonate ester-based dibenzo-[1,4]-diazepin-1-ones and 2-

phenylquinazolines.

We :
1 SnCl, (10 mol%) N
7-0SO0,Ar 2 ) 3 —
R >
2N ! EtOH, reflux X.
Xi 3-4h X
))E i 2 ;((1 i ﬁ igafgd X = N; X, = C; 28a-28d
i ;e:;c;m e X =C; X4 = N; 29a-28¢
A 1—_A , ; R4=H, OMe
- Aromate Ar = Aromatic

Scheme-6: Strategy for substituted-1,3,4-oxadiazole sulfonate synthesis.

53 Results and Discussion

The methods discussed in above section for the synthesis of dibenzo-[1,4]-diazepin-1-ones
may be good. But, they are not explored for the aldehydes with sulphonate functional groups. In
2017, we have reported the synthesis of dibenzo-[1,4]-diazepin-1-ones (L-proline as catalyst and
catalyst-free conditions) for a-glucosidase inhibition.*® Also, the synthesis and biological
evaluation (a-glucosidase inhibition) of functionalized sulfonate esters is discussed in other
chapters in the present thesis. With this background, we planned the synthesis of hybrid molecules
containing dibenzo-[1,4]-diazepin-1-one and a sulfonate. Towards this, the initial investigation
was started with the treatment of o-phenyl diamine (OPDA) (1a) (1.0 mmol), dimedone (3a) (1.0
mmol), and formylphenylbenzenesulfonates (21a) (1.0 mmol) in water (catalyst-free, 100 °C and
L-proline as catalyst, 60 °C) for 2 h to give the desired product 22a only in trace amounts. Same
reaction was also attempted in the presence of AcOH (1 equiv), MeOH at 65 °C for 2 h to give the
product 20% of the desired product was obtained (Scheme-7a). To find the optimized reaction
condition, experiments were conducted in the presence of different acids like SnClz, SnCl4, FeCly,
FeCls, and ZnCly, organic acids (PTSA), and inorganic bases K2CO3z, Cs.COs3, and I>-K>COz and
solvents like MeOH, EtOH, DMF, MeCN, water, toluene, EtOH+Water (1:1) and DMSO). Among
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all, a combination of SnClI> (10 mol%) and EtOH, 80 °C, 30 min (Entry-8; Table-1) gave better
yield (90%) of the desired product. Reaction was also performed using 1,3-dimethylurea + L-
tartaric acid, (3:1 ratio) as deep eutectic solvent. But it could give only 28% desired product
(Entry-18; Table 1).

0SO0,Ph
NH, OHC o) o) HN 0
@ + Conditions
+
NH, ©\N O
1a 21 H
a 3a 22a

Initial attempts (Conditions): i) Catalyst-free, Water, 100 °C, 2h, trace amounts
ii) L-proline (30 mol%), Water, 60 °C, 2h, trace amounts
iii) AcOH (1eq.), MeOH, 65 °C, 2h: 20% yield

Scheme-7a: Initial attempts for the synthesis of sulfonate ester based dibenzo-[1,4]-diazepin-1-

one derivative 22a.
Table-1: Optimization of reaction conditions [#

Entry Catalyst Solvent Temp. (°C) | Time (h) | Yield®]
(%)
1 AcOH MeOH 65 2 20
2 NaOH MeOH 65 2 30
3 HCI EtOH 80 2 48
4 K2COs3 CHsCN 80 2 40
5 Cs2C0O3 DMF 80 2 42
6 l2/ K2COs CHCl3 65 5 50
7 SnClz (5 mol%) EtOH 80 1 70
8 SnClz (10 mol%) EtOH 80 0.5 90
9 SnCl2 (10 mol%) Water 80 0.5 60
10 SnCl2 (10 mol%) | EtOH+Water (1:1) 80 0.5 30
11 SnCl, (20 mol%) EtOH 80 1 90
12 | SnCls (10 mol%) EtOH 80 1 55
13 SnCls 20 mol%) EtOH 80 2 40
14 FeClz (10 mol%) EtOH 80 2 trace
15 FeCl2 (10 mol%) EtOH 80 2 trace
16 ZnCl; (10 mol%) EtOH 80 2 35
17 PTSA DMSO 80 2 trace
18 | DMU + L-(+)-TA - 80 2 28
(3:1)

[BIReaction conditions: All reactions were conducted with 1a (1.0 mmol), 2a (1.0 mmol), 3a (1.0 mmol),
blisolated yields.

After confirmation of the desired product by complementary spectra data, our next task
was to check the substrate scope for the reaction. Thus, the sulfonate aldehydes (21a-211) were
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reacted with OPDA (1a) and dimedone (3a)/barbituric acid (3b)/thiobarbituric acid (3c) under
optimized conditions to provide corresponding sulfonate ester-based dibenzo-[1,4]-diazepin-one
(22a-22l) with good yields (80-90%) in shorter times (30-60 min) as shown in Scheme-7b. Based
on the experimental procedure and observations, a possible mechanism is proposed as shown in
Figure-1. Initially, SnCl; reacts with OPDA (1a) and dimedone (3a) to give imine (A) which
undergoes imine-enamine tautomerism to give intermediate (B). Subsequently, another amine
group of OPDA react 2-formyl phenyl benzene sulfonate (21c) in presence of SnCl. to provide
activated intermediate (D), proton migration and promote the formation of the seven-member ring
(E), which further facilitates intramolecular proton migration, followed by cyclization leads to the
desired product (F).

CHO
NH H
CL™ oson 7T i -
NH, NR = MO, 70 °C @[
1 N X i N
1a 3a = Dimedone (or) 30-60 min, H
< 2=1:-2c’)l'|we_ 3bf Ba_rbituri(_: acfid (o_r) 22a-221 (80-90%)
15 5 3¢ = Thiobarbituric acid R, = H, OMe; Ar= Aromatic
Ar = Aromatic
MeO 0S0,Ar MeO  OSO,Me
Ar0,SO Q Ar0,SO O
HN o HN o HN o HN 0
LA L CLIe  CLAO
N Me N N™ N N Me
H Me H N o H H s H Me
Ar=Ph ; 22a (90%); 30 min Ar = Ph ; 22¢ (90%); 60 min Ar = Ph ; 22d (80%); 45 min 22e (89%); 60 min
Ar = 4-Me-C¢H, ; 22b (81%); 60 min
0SO0,Ar MeO MeO
) [ V-osom a0 woss0{ )
HN o HN o HN o HN o
©\N O Me ©\N O Me ©\N Me @N O Me
H Me H Me H Me H Me
Ar = 4-Me-CgH, ; 22f(84%); 60 min = . . f
Ar= ANOCLH. - 22 (90;) 30 min AT = 4-Me-CcH, ; 22 (85%); 60 min  Ar = Ph ; 22 (85%); 60 min A" = 4Me-CqH, ; 22k (85%); 60 min
r = 4-NO;-CgHy ; 229(90%); 30 min Ar = 4-NO,-CgH, ; 221 (89%) ; 30 min
Ar=Ph ; 22h(86%); 45 min

Reaction conditions: All reactions were conducted using 1a (1.0 mmol), 21a-211 (1.0 mmol), (3a/3b/3c) (1.0
mmol), SnCl, (10 mol %), 5 mL of EtOH at 80 °C for 30-60 min.

Scheme-7b: Synthesis of some of sulfonate ester based dibenzo- [1,4]-diazepin-1-one

derivatives.

Plausible reaction mechanism:

199



SnCl,

, . -H20 o] o
NH, O ~0 NH/Z@ NH,
o | X X
—
NH; N imine-enamine H
A B

tautomerization

1a 3a

=
/\ O\S//O
/7
-H,0

2/0 2/0 E//O
2 2 D _S
)
HN 1% HN—H Q CING
O —— Gl —— L
~
N { EtOH
H (N
H
F E D

Intramolecular proton migration

Figure-1: Plausible reaction mechanism for the preparation of sulfonate ester based dibenzo-
[1,4]-diazepin-1-ones (22a-22l).

After successful synthesis of sulfonate ester based dibenzo-[1,4]-diazepin-1-ones (22a-
221), and as indicated in the introduction, focus was shifted towards the utilization of above
reaction conditions for the synthesis of substituted phenylquinazoline sulfonates using a
combination of 5-chloro-2aminobenzophenone, formylpheyl benzenesulfonates, and NH4sOAc. In
this context, the reaction of 5-chloro-2-amino benzophenone (1b) (1 mmol) with 2-formylpheyl
benzenesulfonate (21a) (1.0 mmol) and ammonium acetate (23) (2.5 mmol) was carried out using
optimized conditions [SnCl> (10 mol%), EtOH, 80 °C, 30 min) to give the desired
phenylquinazoline sulfonate (24a) in 60% yield (Scheme-8a). After confirming the structure of
the product, the reactions conditions were optimized by increasing the reaction time up to 6 h.
Strangely the reaction is working well in 3 hours giving 85% of the desired product. Increasing
the reaction time did not help to improve the yield. Later, different phenylbenzenesulfonate
aldehyde 21b-21i were treated with 5-chloro-2-aminobenzophenone (1b) and NH4sOAc (23) to
give 24b-24i with moderate to good yields (75-95%) (Scheme-8b).
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Ph CHO Ph
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o) 2 ° N OSO,Ar
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NH,
30 min
1b (1 mmol) 21a (1 mmol) 23 (2.5 mmol) 24a (60%)

Ar = 4-Me-C¢H, Ar = 4-Me-CgH,

Scheme-8a. Synthesis of phenylquinazoline sulfonates.

Table-2: Optimization of reaction conditions®

Entry Catalyst Solvent | Temp (°C) Time (h) Yield (%)
1 SnCl (10 mol %) EtOH 80 1 65
2 SnCl (10 mol %) EtOH 80 2 70
3 SnClz2 (10 mol %) EtOH 80 3 85
4 SnCl (10 mol %) EtOH 80 5 80
5 SnCl (10 mol %) EtOH 80 6 80

Reaction conditions: Reactions were conducted at with 1b (1.0 mmol), 21a (1.0 mmol), 23 (2.5 mmol), SnCl(10
mol%), 5 mL of EtOH at 80 °C for 3 h.

201



Ph

cl
\HOA sncl, \@N
(o3
\) So OSOR + Nl EtOH, 80 °C NN
| \70302R
) X

3-4h 24a-24i (75-95%
R, =H, OMe R4
R = Aromatic, Me

21a- 21. 23
1 = H, OMe
R = Aromatic, Me

Ph Ph
cl SN 0SO,Ar =N
/)\© )\@\ /)\©:0Me
N N

OSOZAT OSOZAr
Ar = 4-Me-CgH, ; 24a (85%);3h Ar =4-Me-CgH, ; 24a (80%); 4h  Ar = 4-Me-C¢H, ; 24c (75%); 4h

Ar = Ph ; 24d(82%); 3h
Ph
|
¢ SN 0SO,Me =N SN
N/)\©/0Me )\©/0302Ar )\©\
. 0SO0,Ar
24e (80%); 4h Ar=4-Me-CeH, ; 24f (81%); 4h  pr = 4.NO,-C4H, ; 24h (85%); 3h
Ar = 4'N°2'C6H4 H 249 (95%); 3h
Ph

7
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Ar = Ph ; 24i (82%); 3h

Reaction conditions: Reactions were conducted at with 1b (1.0 mmol), 21a-21i (1.0 mmol), 23 (2.5 mmol), SnCl,
(20 mol %), 5 mL of EtOH at 80 °C for 3-4 h.

Scheme-8b: Substrate scope of quinazoline sulfonate esters (24a-24i).

Based on the experimental results, a plausible reaction mechanism is given in Figure-2.
First, 5-chloro-2-amino benzophenone gets activated by SnCl, with simultaneous coordination of
2-formyl phenyl benzenesulfonate to form Schiff-base intermediate (B). This on reaction with
NHsOAc generate (C) which further undergo an intramolecular cyclization (D) followed by

oxidative aromatization gives the desired compound (24b).
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Figure-2: Plausible reaction mechanism for the preparation of phenylquinazoline sulfonate (24a)
hybrid.

After getting the fruitful results of phenylquinazoline sulfonates, we have extended the
above synthetic strategy for Schiff-base sulfonates used for the generation of substituted-1,3,4-
oxadiazole sulfonates via oxidative cyclization. Towards this, the sulfonate ester Schiff-base (26a-
26d and 27a-27c) were prepared from hydrazones (25a and 25b) and sulfonate aldehydes (21a-
21d) using known procedure. In an initial attempt Schiff-base (26a) was reacted with SnCl, (10
mol%) in EtOH at 80 °C for 4 h to give the desired product in 20% yield (Scheme-9a).

N-
L s
N SnCl, (10mol%)  \— 0)I>
X N X >
il P 0s0,ph EtOH, 80°C, 4h Ph0,SO
26a 28a (20%)

Scheme-9a: Initial attempt for the preparation of 1,3,4-oxadiazole sulfonate ester (28a).

To improve the yield further, experiments were performed in different combinations of
SnCl, in EtOH by varying the concentrations of SnCl, and bases (K.COs, Cs>COg, piperidine, and
NEts) and found that the combination of SnCl, (10 mol%) and NEts (20 mol%) was suitable
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condition to give the desired product in 81% yield in 3h (Entry-5; Table-1). Later, other sulfonate
ester  Schiff-bases (26b-26d/ 27a-27c) were prepared from isonicotinohydrazide
(25a)/nicotinohydrazide (25b) and sulfonate ester aldehydes (21b-21d) treated with optimized
conditions [i.e. SnCl2 (10 mol%), TEA (20 mol%) in EtOH at 80 °C] to give disubstituted-1,3,4
oxadiazole sulfonate (28b-28d/ 29a-29c¢) with moderate to good yield (75-85%0) (Scheme-9).

Based on the experimental results, a plausible reaction mechanism as shown in Figure-3.

Table-3: Optimization of reaction conditions [

Entry Catalyst /Bases Solvent | Temp (°C) Time (h) Yield (%)
1 SnCl2 EtOH 80 4 25
2 SnCl2/K2CO3 MeCN 80 4 35
3 SnCl2/Cs2CO3 DMSO 80 4 50
4 SnCly/Piperidine EtOH 80 4 70
5 SnCI2/NEts EtOH 80 3 81

[BIReaction conditions: Reactions were conducted using 26a (1.0 mmol), catalyst SnClz (10 mol %), NEts (20
mol%), 5 mL of EtOH at 80 °C for 3 h.

o
N N-NHz
X. = H
X1 o, N—N
X =N; X =C; 25a \ OSOZAF anIZ (10 mol /") |\ \/OSOZAT
X=C;Xy=N;25b _AcOH (20 mol%) NEt; 20 mol%) _ [y 0" 1\ <9
+ T EtOH.RT,1h x‘ EtOH, reflux X‘X/ Ry
CHO 3-4h 1
Q "x= N; X4 = C; 26a-26d X = N; X, = C; 28a-28d (75-85%
\ ST OS0! X=C; X4 =N; 27a-27¢ X = C; X, = N; 29a-29¢ (75-85%)
R4
21a-21d
R; = H, OMe;
Ar = Aromatic
/N\{« 0SO0,Ar — /N\{q 0SO0,Ar /N \
0SO,Ar
Ar = Ph ; 28a (81%) Ar = 4-Me-CgH, ; 28b (85%) Ar = 4-NO,-C4H, ; 28c (85%)

Ar=4-Me-CgH, ; 28d (75%)

\ /
O
oso Ar N OSOZAI'
OSO,Ar

Ar = Ph ; 29a (85%) Ar = 4-Me-CgH, ; 29b (75%) Ar = 4-Me-CgH, ; 29¢ (80%)

Reaction conditions: Reactions were conducted using 25a-25b (1.0 mmol), and 21a-21d (1.0 mmol), 1st step catalyst:
AcOH (20 mol%) at RT for 1 h, 2nd step Catalyst: SnCI2 (10 mol %), NEt3 (20 mol%), 5mL of EtOH at 80 oC for
3-4 h. (total reaction time-4 h-5 h).

Scheme-9b: Substrate scope of pyridine containing substituted-1,3,4-oxadiazole sulfonates.
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Figure-3: Plausible reaction mechanism for the compound (28b).

5.5  Photophysical properties

Quinazolines are reported for photoluminescent properties and show second-order
nonlinear optical characteristics by push-pull mechanism.** Similarly 1,3,4-oxadiazoles used for
electron-injection for OLEDs, with good thermal and chemical stability.2*®) Based on these
reports, our task was to study the photophysical (absorption and emission) of the
phenylquinazolines 24a-24g, 1,3,4-oxadiazole sulfonates 26a-27c. Towards this, absorption
spectra were recorded in DMSO (100 uM) and the absorption bands were observed in the range
of 385-438 nm (for 24a-24q), (Figure-3: A; Table-4). Among 24a-24g, compound 24g showed
Amax at 438 nm. The emission (Aem) for these compounds was seen in the range of 456-518 nm
(Figure-3: B). Interestingly, compound 24f showing a strong bathochromic shift at 518 nm with
stokes shift at 133 nm due to ICT effect.#d Similarly compounds 24a and 24g show better emission

bands at 486 nm and 500 nm (all data are represented in Table-4).
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Figure-3: (A) Absorption and (B) Emission spectra of the compounds 24a-24g in DMSO.

Table-4: Photo physical properties data of the resultant compounds (24a-24g).

Compound code Aabs (NmM) Aem (NM) Stokes shift (AA nm)
24a 408 486 78
24d 400 456 56
24e 422 463 41
24f 385 518 133
249 438 500 62

Similar to above, absorption bands (Aass) of pyridine-based-1,3,4-oxadiazole sulfonate

esters 26a-27c¢ was seen in the range of 377-415 nm, and their corresponding emission spectra

(Aem) at 525-585 nm (Figure-5: B). Among these molecules, compounds 26a, 27c showed

emission bands at 558 and 585 nm respectively (Table-5). The Stokes shifts for the compounds

27c, 26a, and 26d were observed at 208, 180 and 153 nm respectively because of the

intramolecular charge transfer effect (ICT) as shown in Table-5.
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Figure-4: (A) Absorption (B) Emission spectra of the compounds (26a-27c) in DMSO.

Table-5: Photo physical properties data of the resultant compounds (26a-27c¢).

Compound code Aabs (NM) Aem (NM) Stokes shift (AA nm)
26a 378 558 180
26¢C 415 945 130
26d 402 525 153
27b 396 541 145
27¢c 377 585 208

5.5  Biological activity

55.1 a-glucosidase assay

The catalytic activity of a-glucosidase was measured by calorimetric assay using 4-nitrophenyl
glucopyranoside (4-NPG). The enzymatic reaction was started by adding 25ul of 4-NPG (substrate
stock solution) to 25ul of a-glucosidase (2mg dissolved in 1ml of 10mM cTris-HCI pH 7.0 and
25pl of 4-NPG (substrate stock solution), 950ul deionised H>O and the reaction mixture was
incubated at 37°C for 10 min. The enzyme activity was quantified by measuring the absorbance
of the liberated 4-nitrophenol against an enzyme-free blank at 410nm. For enzyme inhibition
experiments, the enzyme was incubated with benzodiazophine derivatives for 30 min before
adding substrate solution. 1U (1 Unit) of glycolytic activity was defined as the amount of enzyme
needed to release 1ug of 4-nitrophenol per min. under standard assay conditions.

Determination of 1Csp values

ICso value of inhibitors were calculated based on concentration of inhibitor molecule required to
inhibit 50% of a-glucosidase activity under the standard assay conditions. For quantification of
enzymes ICso values, the enzyme inhibition assays were carried at different concentration (10 to
500ug) of inhibitors, without changing enzyme concentration. The enzyme reaction was
performed by pre-incubating the incubating the enzyme with inhibitor at 37 °C for 30 min and
inhibitory activity was determined under standard assay conditions. For those molecules which
showed significant inhibition, the mode of inhibition exhibited by inhibitor was examined by
carrying out Michalies-Menten enzyme kinetics by varying substrate (4NPG) concentration (0.25,
0.4, 0.6, 0.8, 1.0, 1.25, 1.5 and 2.0 mM) in the absence or presence of the inhibitor molecules at

two different concentrations (25 and 50ug). Mode of inhibition of was determined by Lineweaver-
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Burk plot analysis of the data calculated following Michaelis-Menten kinetics values. All 1Cso

values are represented as Mean + Standard Deviation.
Results

The inhibition of a-glucosidase activity by a series of tested twenty-seven (27) sulfonate
compounds (22a-221, 24-24i, 26a-26d and 27a-27c) showed varying degree of a-glucosidase
inhibition with 1Cso values ranging from 33 uM to 134 uM (Table-6). Acarbose was selected as a
control inhibitor, ICso value of acarbose under the same assay conditions was found to be 32.65
MM. Among the tested compounds, compound 22g showed a minimum ICsp value of 33. 1 £1.51
MM and the ligand 249 showed a maximum ICsp value of 134.09 uM. The compounds 22b, 229
and 24h which showed minimal ICso values among the tested ligands against a-glucosidase activity
were selected for studying the mode of inhibition of these compounds against yeast a-glucosidase.
The mode of inhibition of selected inhibitors was determined by comparing the Michalis Menten
Kinetic constants obtained from the experimental investigation carried out in the presence of a
varying concentration of substrate and inhibitors. The tested compounds 22b, 22g and 24h showed
competitive mode of inhibition. Results of Km and Vmax of a-glucosidase in the presence of tested

compounds were shown in Table-8.
Discussions

By studying the kinetics of a-glucosidase it was observed that the presence of compound 229
greatly affected the K and Vmax values. Lineweaver—Burk double reciprocal plot for the inhibition
of a-glucosidase shows that there is increasing trend for km value for increase in the concentration
of the tested compounds 22b, 22g and 24h but there is no significant change was observed for
Vmax (Figure-7). This reveals that the tested compounds exhibit competitive mode of inhibition
against o-glucosidase. Berna et al.’® (2012) reported that mode of inhibition of by a natural
compound extracted from Antidesma bunius L plant. Similarly, isoacarbose, a derivative of
acarbose also reported to bind and inhibit the a-glucosidase through competitive mode. (Kimura
et al.!® 2009). A similar competitive mode of inhibition agains glucosidase was reported
competitive for benzodithiophene derivatives (Abbas et al.*> 2018) and pyrimidine derivatives
(Mohammed et al.*>d 2020)

The molecular docking studies revealed that the tested compounds (22b, 22g and 24h) are
interacting with target protein by hydrogen bonding and aromatic (n-n stacking) interactions. The
interactions are between amino acids of the a-glucosidase enzyme, a nitro group and the aromatic

ring of the compound. It was observed that the amino acid LYS155 and HIS239 in the active site
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of a-glucosidase play a role in interaction with all the tested inhibitors. The compound 22b is
forming n-7 stacking interaction with PHE311 and hydrogen bonding interaction with LYS155
residue present in the a-glucosidase active site region. Similarly, the compound 22g is also forming
n-n stacking interaction with PHE311 and hydrogen bonding interaction with LYS155. An
interaction between NO2 group of compounds (22b and 22g) with LYS155 was observed. The
presence of NO; substitute in the benzodiazophine played a key role in inhibiting the a-glucosidase

activity.

Table 6: In-vitro a-D-glucosidase inhibition by sulfonate ester compounds 22a-22l, 24a-24i, 26a-
26d and 27a-27c.

S. No. Compound 1Cs0 (UM)
code

1 22a 56.91+2.55
2 22b 36.81+1.05
3 22¢ 53.26%2.63
4 22d 66.34+3.17
5 22e 97.83%+4.15
6 22f 59.77+2.85
7 229 33.1+1.51
8 22h 79.46+3.31
9 22i 96.21+5.05
10 22j 102.48+5.14
11 22k 95.63+4.15
12 221 41.85+4.25
13 24a 136.31+7.01
14 24b 83.24+4.62
15 24c 122.04+6.02
16 24d 105.4345.15
17 24h 37.97£1.69
18 24f 114.65+5.32
19 24q 134.0945.45
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20 24i 122.37+6.11
21 28a 44.01+2.02
22 28b 57.32+2.61
23 28c 62.71+2.95
24 28d 54.45+2.06
25 29a 48.02+3.02
26 29b 110.69+3.32
27 29c 39.85+3.82
- Acarbose 33.4+£ 2.65
Compound-22b Compound-22g
A
o,
. &
P
\
\
/O
o//\\r N
\
Compound-24h
7\ .
> < > \ Y
= A
{ P 4
) )
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Figure-5: 2D docking interactions of Compound 22b 22g, and 24h with MAL12 protein
model using rigid docking, PLP scoring function (GRIP docking algorithm)

Compound-22b Compound-22g

Compound-24h

Figure-6: Molecular 3D docking interactions of compounds 22b, 22g, and 24h with MAL12
protein model using rigid docking, PLP scoring function (GRIP docking algorithm)
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Table-7: Molecular docking interactions between the MAL12 protein model and the most potent
compounds 22b, 22g, and 24h

Compound | Residue Ligand | Distance A Interaction
Atom

22b PHE311 12C 4.547 PI-STACKING
PHE311 20C 4,272 PI-STACKING
PHE420 20C 5.075 PI-STACKING
LYS155 210 1.844 H-BOND
HI1S239 12C 5.014 PI-STACKING
PHE311 12C 3.976 PI-STACKING
PHE311 20C 5.248 PI-STACKING

229 PHE420 20C 4,501 PI-STACKING
LYS155 180 2.030 H-BOND
LYS155 210 1.967 H-BOND

24h HI1S239 1C 4.321 PI-STACKING
PHE300 20C 4.881 PI-STACKING
TYR313 12C 4.952 PI-STACKING
HI1S239 45H 2.340 H-BOND

Table 8: 1Cso, Kim, Vmax and modes of inhibition of selected synthetic ligands. Km and Vmax
values of a-D-glycosidase for 4-NPG without inhibitor were 3.14 uM and 4.52 pM/min
respectively.

Ligand I1Cs0 (LM) Kim (LM) Vmax (UM/min) Mode of
inhibition

Inhibitor concentration of 25 ug

24b 36.81+1.05 3.39 4.59 Competitive
229 33.58+1.51 3.84 4.59 Competitive
24h 37.97+1.69 3.41 4.53 Competitive
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Figure 7: Lineweaver-Burk plot for understanding mode of Inhibition of a-D-glucosidase by

compounds 22b, 22g, and 24h.
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5.5 Conclusion

In conclusion, we have successfully synthesized sulfonate-based dibenzo-[1,4]-diazepin-
1-ones, quinazolines and oxadiazoles using SnCl; as catalyst. The resultant molecules were tested
a-glucosidase enzyme inhibition activity against acarbose as a standard drug (ICso 33.4%£2.654)
and found that the compounds 22g, 22b, and 24h showed the activity with ICso values 33.1+1.51
mM, 36.81+£1.05, mM, and 37.97£1.69 mM respectively.

The enzyme inhibition Kinetics studies of these compounds exhibiting competitive mode
of inhibition against a-glucosidase inhibition. Also, the absorption and emission spectra of the
resulting phenyl quinazolines and substituted-1,3,4-oxadiazoles was recorded and found that
compound 27c showed the highest emission band maximum (585 nm) due to intramolecular
charge transfer and compounds 26a and 26¢ exhibited a larger bathochromic shift at 558 nm and

545 nm, respectively. The compound 27c showed the highest Stokes shift (at 208 nm).
5.6 Experimental section

5.6.1 General: In this work, we bought all starting materials from the SD-Fine, Sigma-Aldrich,
and Spectrochem are used. *H and *C-NMR were recorded under Bruker 400 MHz spectrometer
using CDClz or DMSO-ds solvents (reported in 6 ppm). The mass spectrums are recorded on
Shimadzu LCMS-2020 and melting points are recorded using the Stuart melting point apparatus.

5.6.2 Experimental procedures

General procedure for the synthesis of sulfonates ester based [1,4]-benzodiazepine derivative
(22a-22I):

To a solution of o-phenyl diamine 1a (1 mmol) in EtOH (5 mL), was added active
methylene compound (3a/3b/3c) (1 mmol) followed by sulfonate aldehyde 21a-211 (1.0 mmol)
and SnCl> (10 mol%) heated at 80 °C for 3-4 h. After the specified time, reaction mixture was
cooled to room temperature and extracted using EtOAc (2X10 mL). Combined organic layers were
washed with water, brine and dried with sodium sulphate. Evaporation of the solvent under
reduced pressure gave the crude product which was purified by silica gel column chromatography.
Elution of the column with EtOAc+n-hexane (3:1 ratio) gave desired products 22a-22l with good

yields.
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2-(2,4-Dioxo-2,3,4,5,6,11-hexahydro-1H-benzo[b]pyrimido[4,5-e][1,4]diazepin-5-yl)-6-
methoxyphenyl benzenesulfonate (22a): Pale yellow solid, mp 192-193 °C,

90% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) § 8.01 (d, J = 7.6 Hz, 2H), Q/od
7.74 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 8.0 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), “ o
7.37 (t,J=8.0 Hz, 1H), 7.25 (t, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.00 oN
(d, J=8.8 Hz, 1H), 6.62 (d, J = 7.6 Hz, 2H), 6.00 (s, 1H), 5.75 (s, 1H), 3.50 @
(s, 3H); 3C NMR (100 MHz, CDCI3+DMSO-dg) § 161.70, 157.66, 152.32, 150.03, 143.42,
137.60, 137.50, 137.29, 135.39, 135.15, 132.57, 129.89, 129.05, 128.88, 127.75, 125.85, 121.75,
117.30, 113.42, 83.57, 56.36, 46.66; HRMS (ESI, m/z): calcd. For C2sH20N4OeSH* 493.1176,
found 493.1170; IR (KBr thin film, cm™): vmax 3391, 3018, 2955, 1607, 1507, 1478, 1383, 1124,
876.

2-(3,3-Dimethyl-1-oxo0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)phenyl 4-
methylbenzenesulfonate (22b): White solid, mp 157-158 °C, 81% vyield. *H NMR (400 MHz,
CDCI3+DMSO-de) 6 8.78 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz,

2H), 7.06 (d, J = 7.6 Hz, 1H), 7.00-6.96 (m, 1H), 6.87-6.81 (m, 2H), 6.74-6.64 Q o

(m, 2H), 6.44-6.41 (m, 1H), 6.11 (d, J = 5.2 Hz, 1H), 4.96 (d, J = 5.2 Hz 1H), o O

2.63 (s, 2H), 2.51 (s, 3H), 2.13 (dd, J = 16.0, 10.8 Hz, 2H), 1.13 (s, 3H), 1.03 O

(s, 3H); °C NMR (100 MHz, CDCl3+DMSO-ds) & 197.66, 159.80, 152.48, i

150.76, 142.50, 142.03, 137.64, 136.82, 135.14, 133.11, 132.87, 132.40, 131.14, 128.30, 126.32,
125.98, 125.91, 125.37, 114.21, 57.39, 54.78, 49.85, 36.93, 33.48, 32.64, 26.54; HRMS (ESI,
m/z): calcd. For CasH2sN204SH* 489.1843, found 489.1759; IR (KBr thin film, cm™): vmax 3346,
3040, 2850, 1588, 1505, 1344, 1176, 834.

2-(3,3-Dimethyl-1-o0x0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)phenyl
benzenesulfonate (22c): Light brown, mp 181-182 °C, 88% vyield. *H NMR (400 MHz,
CDCl3+DMSO-ds) & 8.61 (s, 1H), 8.10 (d, J = 5.6 Hz, 2H), 7.79-7.66 (m, 4H),

7.05-6.67 (M, 6H), 6.46 (d, J = 6.8 Hz, 1H), 6.14 (s, 1H), 4.97 (d, J= 1.6 Hz, o*,

1H), 2.63 (s, 2H), 2.23-2.07 (m, 2H), 1.14 (s, 3H), 1.04 (s, 3H); **C NMR (100 an— O
MHz, CDCl3+DMSO-ds) & 193.06, 155.73, 147.80, 137.56, 137.33, 135.69, N O
135.37, 132.10, 130.24, 128.43, 128.25, 128.06, 126.65, 123.70, 121.53, 121.35, 121.22, 120.77,
120.74, 109.32, 52.53, 49.90, 44.83, 32.22, 28.66, 27.91; HRMS (ESI, m/z): calcd. For
C27H26N204SH™ 475.1686, found 475.1603; IR (KBr thin film, cm™): vimax 3372, 3079, 2985, 1603,
1527, 1382, 1156, 776.
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4-(4-Oxo0-2-thioxo-2,3,4,5,6,11-hexahydro-1H-benzo[b]pyrimido[4,5-e][1,4]diazepin-5-yl)
phenyl benzenesulfonate (22d): White solid, mp 175-176 °C, 80% yield. 0

IH NMR (400 MHz, CDCl3+DMSO-ds) & 8.16 (d, J = 8.4 Hz, 2H), 7.89— Y
7.74 (m, 4H), 7.69-7.60 (m, 5H), 7.25 (d, J = 2.4 Hz, 2H), 7.13 (d, J = 8.0 HN °NH

Hz, 2H), 6.70 (d, J = 7.2 Hz, 1H); 3C NMR (100 MHz, CDCl5+DMSO-ds) gﬂ /u/%
0 161.24,157.57,156.60, 149.65, 144.15, 141.26, 140.37, 138.41, 138.01, 137.62, 137.12, 136.68,
136.10, 135.98, 135.91, 133.67, 132.90, 79.20, 51.32; HRMS (ESI, m/z): calcd. For
C23H1sN404S,H" 479.0842, found: 479.0840; IR (KBr thin film, cm™): vmax 3370, 3063, 2971,

1583, 1372, 1197, 1092.

4-(3,3-Dimethyl-1-o0x0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)-2-
methoxyphenyl methanesulfonate (22e): White solid, mp 165-166 °C,

Me o
89% yield. 'H NMR (400 MHz, CDCls+DMSO-dg)  8.71 (s, 1H), 6.99— °°‘§‘Me
6.95 (m, 3H), 6.69-6.59 (M, 4H), 6.60 (d, J = 7.2 Hz, 1H), 5.86 (d, J=12.8 )=

Hz, 2H), 3.73 (s, 3H), 3.11 (s, 3H), 2.62 (s, 2H), 2.30-2.16 (m, 2H), 1.17 @N ®

(s, 3H), 1.11 (s, 3H); *C NMR (100 MHz, CDCls+DMSO-ds) & 193.13, "

155.51, 150.82, 145.54, 138.38, 136.29, 131.43, 123.34, 123.25, 121.26, 120.63, 120.45, 119.77,
112.79, 110.39, 56.73, 55.84, 50.02, 44.98, 38.11, 32.18, 29.11, 27.75; HRMS (ESI, m/z): calcd.
For CasHasN2OsSH* 443.1635, found 443.1564: IR (KBr thin film, cm): vimax 339, 3018, 2965,
1609, 1509, 1479, 1373, 1123, 877.

4-(3,3-Dimethyl-1-o0x0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)phenyl 4-
methylbenzenesulfonate (22f): White powder, mp 160161 °C, 84% yield. *H NMR (400 MHz,
CDCl3+DMSO-ds) 8 8.76 (s, 1H), 7.50 (d, J = 7.6 Hz, 2H), 7.33 (d, J = o_i;@
7.2 Hz, 2H), 7.05-6.91 (m, 3H), 6.68-6.48 (m, 5H), 6.04 (d, J = 4.0 Hz, O °

1H), 5.71 (d, J = 4.4 Hz, 1H), 2.58 (s, 2H), 2.42 (s, 3H), 2.21-2.08 (m, d‘

2H), 1.10 (s, 3H), 1.04 (s, 3H); 2C NMR (100 MHz, CDCl3+DMSO-ds) d

0 192.89, 155.83, 147.46, 145.90, 144.31, 138.67, 131.71, 131.58, 130.39, 128.95, 128.43, 123.26,
121.61, 121.16, 120.35, 109.99, 56.01, 49.83, 44.52, 43.41, 32.20, 28.66, 28.11, 21.64; HRMS
(ESI, m/z): calcd. For C2sH2sN204SH™ 489.1843, found 489.1759; IR (KBr thin film, cm™): vmax

3341, 047, 2964, 1601, 1530, 1361, 1174, 873.
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4-(3,3-Dimethyl-1-ox0-2,3,4,5,10,11-hexahydro-1H-dibenzol[b,e][1,4]diazepin-11-yl)phenyl 4-
nitrobenzenesulfonate (22g): Yellow solid, mp 152-153 °C, 90% vyield. 0

'H NMR (400 MHz, CDCls+DMSO-ds) 5 8.60 (s, 1H), 8.27 (d, J = 8.8 °§O"°z
Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.96 (d, J = w2

8.8 Hz, 1H), 6.70 (d, J = 8.0 Hz, 3H), 6.50 (d, J = 4.8 Hz, 1H), 5.88 (s, gﬂ O

1H), 5.58 (s, 1H), 2.60 (s, 2H), 2.29-215 (m, 2H), 1.15 (s, 3H), 1.08 (s, 3H); *C NMR (100 MHz,
CDCI3+DMSO-de) 6 193.10, 155.55, 150.84, 147.22, 144.51, 140.06, 138.24, 131.70, 130.00,
128.97,124.44,123.12,121.41, 121.26, 120.57, 120.50, 109.95, 56.45, 49.95, 44.92, 32.14, 28.87,
27.99; HRMS (ESI, m/z): calcd. For Ca7H25N30sSH* 520.1537, found 520.1445; IR (KBr thin
film, cm™): vimax 3388, 3029, 2948, 1884, 1524, 1377, 1197, 868.

4-(3,3-Dimethyl-1-ox0-2,3,4,5,10,11-hexahydro-1H-dibenzol[b,e][1,4]diazepin-11-yl)phenyl
benzenesulfonate (22h): White solid, mp 234-235 °C, 86% yield. *H NMR o

(400 MHz, CDCI3+DMSO-ds) & 8.61 (s, 1H), 7.92—7.35 (m, 5H), 7.06-6.95 °‘%@
(m, 3H), 6.66-6.49 (m, 4H), 5.84 (s, 1H), 5.63 (s, 1H), 2.59 (s, 2H), 2.27— e

2.14 (m, 2H), 1.15 (s, 3H), 1.08 (s, 3H); *C NMR (100 MHz, @H O
CDCI3+DMSO0-ds) 6 193.22, 156.25, 147.37, 144.24, 138.58, 135.14, 134.49, 131.55, 129.90,
128.95, 128.34, 123.38, 121.59, 121.24, 120.59, 120.53, 109.82, 56.06, 49.72, 44.51, 32.18, 28.59,
28.08; HRMS (ESI, m/z): calcd. For C27H26N204SH™ 475.1686, found 475.1603; IR (KBr thin
film, cm™): vmax 3356, 2946, 1601, 1586, 1372, 1197.

4-(3,3-Dimethyl-1-ox0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)-2-
methoxyphenyl 4-methylbenzenesulfonate (22i): White solid, mp 180-181 °C, 85% vyield. ‘H
NMR (400 MHz, CDCl3+DMSO-de) 6 8.67 (s, 1H), 7.79 (d, J = 8.8 Hz,

1H), 7.54-7.30 (m, 4H), 7.04-6.61 (m, 6H), 5.91 (s, 1H), 5.61 (d, J = 4.0 HN 035//0

Hz, 1H), 2.66 (s, 2H), 2.51 (s, 3H), 2.31 (d, J = 23.4 Hz, 2H), 1.22 (s, 3H) @N O QWE
1.16 (s, 3H); C NMR (100 MHz, CDCl3+DMSO-ds) 193.12, 155.41, "

150.83, 145.28, 138.31, 136.02, 135.53, 134.07, 131.56, 128.80, 128.34, 123.19, 123.00, 121.27,
120.51, 119.50, 112.19, 110.25, 56.79, 55.21, 49.98, 45.00, 32.15, 29.12, 27.64; HRMS (ESI,
m/z): calcd. For CasH2sN204SH* 489.1843, found 489.1961; IR (KBr thin film, cm™): vmax 3405,
3341, 3090, 2986, 1619, 1450, 1382, 1178, 1082.
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3-(3,3-Dimethyl-1-oxo0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)phenyl
benzenesulfonate (22j): White solid, mp 181-182 °C, 85% vyield. 'H NMR (400 MHz,
CDCl3+DMSO-ds) 6 8.52 (s, 1H), 7.58-7.52 (m, 3H), 7.40-7.39 (m, 2H), 6.90

(s, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.64-6.47 (m, 5H), 5.78 (s, 1H), 5.50 (d, J = 0 Q
1.2 Hz, 1H), 2.53 (s, 2H), 2.24-2.10 (m, 2H), 1.09 (s, 3H), 1.02 (s, 3H); °C ()
NMR (100 MHz, CDCIl+DMSO-ds) 6 187.58, 151.51, 149.85, 143.67, @N O
139.64, 136.15, 132.62, 130.51, 129.95, 129.25, 128.64, 127.27, 125.18, "
124.23, 123.59, 120.21, 117.80, 114.80, 106.02, 53.62, 51.20, 44.47, 33.60, 28.38, 27.17; HRMS
(ESI, m/z): calcd. For C27H26N204SH* 475.1686, found 475.1680; IR (KBr thin film, cm™): vmax
3464, 3391, 2979, 1715, 1591, 1510, 1359, 1030.

2-(3,3-Dimethyl-1-0x0-2,3,4,5,10,11-hexahydro-1H-dibenzol[b,e][1,4]diazepin-11-yl)-6-
methoxyphenyl 4-methylbenzenesulfonate (22k): Light red solid, mp 180-181 °C, 85% yield. *H
NMR (400 MHz, CDCI3+DMSO-dg) 6 8.87 (s, 1H), 7.99 (d, J = 8.0 Hz, 2H),
7.49-7.38 (m, 2H), 7.09 (d, J = 7.6 Hz, 1H), 6.84 (t, J = 8.0 Hz, 1H), 6.73-6.67

(m, 3H), 6.52 (d, J = 7.2 Hz, 1H), 6.36 (d, J = 7.6 Hz, 1H), 6.13 (d, J=5.2 Hz, 5
1H), 5.13 (d, J = 5.6 Hz, 1H), 3.51 (s, 3H), 2.65 (d, J = 2.8 Hz, 2H), 2.51 (s, 3H), uN—{ ©
2.22-2.04 (m, 2H), 1.14 (s, 3H), 1.04 (s, 3H); ®C NMR (100 MHz, @N O
CDCI3+DMSO-de) 6 192.80, 155.44, 151.74, 145.64, 139.47, 137.44, 137.34, "
133.84, 132.17, 130.01, 128.47, 128.03, 126.91, 123.58, 121.14, 120.65, 119.46, 111.59, 109.78,
55.62, 52.69, 49.96, 44.80, 32.25, 28.76, 27.80, 21.72; HRMS (ESI, m/z): calcd. For
C29H30N205SH* 519.1948, found 519.1859; IR (KBr thin film, cm™): vmax 3407, 3340, 3089, 2985,
1618, 1449, 1380, 1177, 1081.

2-(3,3-Dimethyl-1-oxo0-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepin-11-yl)-6-
methoxy phenyl 4-nitrobenzenesulfonate (221): White solid, mp 176-177 °C,

89% yield. *H NMR (400 MHz, CDCl3+DMSO-dg) & 8.42 (s, 1H), 8.12 (s, °™
1H), 6.78 (d, J = 2.0 Hz, 1H), 6.58-6.33 (m, 8H), 5.59 (s, 1H), 5.45 (s, 1H), Qéo 8
3.50 (s, 3H), 2.41 (s, 2H), 2.11-1.97 (m, 2H), 0.96 (d, J = 17.8 Hz, 6H); °C 5
NMR (100 MHz, CDCIl3+DMSO-ds) 6 191.72, 154.13, 146.16, 143.61, QM O
137.80, 137.79, 134.97, 134.94, 130.57, 121.93, 120.17, 119.33, 119.29, 118.99, 118.96, 118.83,
113.75, 110.82, 110.06, 55.36, 54.61, 49.00, 43.80, 31.08, 28.17, 26.57; HRMS (ESI, m/z): calcd.
For C2sH27N307SH* 550.1642, found 550.1551; IR (KBr thin film, cm™): vmax 3409, 3347, 2928,
1606, 1532, 1381, 1280, 1059.
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General procedure for the synthesis 2-(6-chloro-4-phenylquinazolin-2-yl)phenyl sulfonate ester
scaffolds (24a-24i):

To asolution of 2-amino 5-chloro benzophenone 1b (1.0 mmol) in EtOH (5 mL) was added
sulfonate ester aldehyde substrates (21a-21i) (1.0 mmol), ammonium acetate 23 (2.5 mmol) SnCl;
(10 mol%). The mixture was heated at 80 °C for 3-4h. After that it was cooled to room temperature,
extracted with EtOAc (2X10 mL). Combined organic layers were washed with water, brine and
dried over sodium sulphate. Evaporation of the solvent gave the crude product which was purified
by silica gel column chromatography. Elution of the column with EtOAc+n-Hexane (1:4) gave the
pure products 24a-24i in 75-95% yields.
4-(6-Chloro-4-phenylquinazolin-2-yl)phenyl 4-methylbenzenesulfonate (24a): Yellow solid, mp
334-335 °C, 80% yield. *H NMR (400 MHz, CDCl3+DMSO-dg) §

8.57(d, J=8.6 Hz, 2H), 8.13 (d, J=8.8 Hz, 1H), 8.02 (s, 1H), 7.87— i} O Nj\@ . QMe

7.85 (m, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.67 (s, 3H), 7.46 (d, J = 8.0 % H
3H), 7.19 (d, J = 8.8 Hz, 2H), 2.44 (s, 3H); 1*C NMR (100 MHz, CDCl3+DMSO-ds) & 158.06,
155.73, 150.58, 148.98, 135.75, 135.12, 134.82, 133.53, 133.35, 133.25, 132.72, 131.93, 131.61,
131.09, 130.35, 127.40, 127.33, 126.96, 126.83, 118.71, 24.44; HRMS (ESI, m/z): calcd. For

C27H19CIN03SH* 487.0878, found 487.0815; IR (KBr thin film, cm™): vmax 2975, 1537, 1375,
1305, 1150, 109, 547.

Z,

2-(6-Chloro-4-phenylquinazolin-2-yl)phenyl 4-methylbenzenesulfonate (24b): Yellow solid, mp
246-247 °C, 82 % yield. 'H NMR (400 MHz, CDCl3+DMSO-dg) & 8.05 (s, 1H), 7.79 (d, J = 8.4
Hz, 2H), 7.68-7.66 (m, 1H), 7.47 (d, J = 7.6 Hz, 2H), 7.43-7.35 (m, w0 Q”e
5H), 7.27 (dd, J = 8.8, 2.0 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 6.94 (d, J °©\* %

= 1.8 Hz, 1H), 6.81 (d, J = 8.6 Hz, 1H), 6.71 (s, 1H), 2.39 (s, 3H); *C ﬁ

NMR (100 MHz, CDCI3+DMSO-ds) 6 151.32, 149.85, 147.87, 140.87, 138.96, 136.60, 135.90,
135.11, 134.84, 134.59, 134.44, 134.10, 134.07, 134.02, 133.99, 133.08, 132.40, 131.99, 131.49,
129.88, 127.83, 127.80, 25.50; HRMS (ESI, m/z): calcd. For C27H19CIN2OsSH™ 487.0878, found
487.0870.

4-(6-Chloro-4-phenylquinazolin-2-yl)-2-methoxyphenyl  4-methylbenzenesulfonate  (24c):
White solid, mp 312-313 °C, 75 % vyield. 'H NMR (400 MHz, . Ph
N Me
CDCl3+DMSO-ds) 6 8.19-8.13 (m, 2H), 8.01 (s, 1H), 7.88 (d, J = Oﬁj\@[% O“"e
s
0,

3.6 Hz, 1H), 7.74-7.67 (M, 4H), 7.48-7.42 (m, 4H), 7.29-7.19 (m,
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2H), 7.09-7.04 (m, 1H), 3.65 (s, 3H), 2.43 (s, 3H); *C NMR (100 MHz, DMSO-ds) & 166.00,
158.86, 151.77, 148.88, 144.43, 135.75, 135.44, 134.07, 132.15, 131.13, 130.62, 130.12, 129.91,
129.68, 129.13, 129.00, 128.06, 127.22, 124.74, 120.72, 117.62, 113.05, 55.08, 20.11; HRMS
(ESI, m/z): calcd. For C2sH21CIN,04SH* 517.0983, found 517.0913; IR (KBr thin film, cm™): vimax
2974, 1598, 1504, 1348, 1175, 1091, 840, 701.

4-(6-Chloro-4-phenylquinazolin-2-yl)-2-methoxyphenyl benzenesulfonate (24d): Pale yellow
solid, mp 252-253 °C, 82% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) O

5 8.20-8.14 (m, 3H), 8.02 (s, 2H), 7.87-7.78 (m, 5H), 7.67 (d, J = 6.4 Hz,
5H), 7.31 (d, J = 8.4 Hz, 1H), 3.62 (s, 3H); *C NMR (100 MHz,
CDCI3+DMSO-de) & 153.13, 151.82, 150.74, 140.67, 138.63, 138.49, i
136.13, 136.09, 135.69, 130.81, 130.77, 130.59, 130.54, 129.80, 129.52, @
129.42, 129.31, 128.68, 124.59, 124.04, 122.38, 116.11, 57.01; HRMS (ESI, m/z): calcd. For
C27H19CIN204SH* 503.0827, Found 503.1768; IR (KBr thin film, cm™): vmax 2973, 1557, 1504,
1345, 1317, 11.9, 838, 701.

2-(6-Chloro-4-phenylquinazolin-2-yl)-6-methoxyphenyl methanesulfonate (24e): White solid,
mp 225-226 °C, 80% yield. *H NMR (400 MHz, CDCls+DMSO) & 8.24 (s,

1H), 7.47 (s, 4H), 7.30 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H), 7.16 J o e

(d, J = 8.0 Hz, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.84-6.80 (m, 2H), 3.90 (s, i O ;ﬁ\&’o“ﬂ
3H), 3.51 (s, 3H); C NMR (100 MHz, CDCl3+DMSO-ds) & 160.25,

154.31, 152.09, 148.79, 144.71, 140.62, 134.83, 132.26, 131.08, 128.99, 128.38, 127.75, 125.52,
123.62, 123.34, 122.69, 121.93, 114.68, 57.69, 36.80; HRMS (ESI, m/z): calcd. For
C22H17CIN204SH* 441.0670, found 441.0665; IR (KBr thin film, cm™): vmax 3009, 2980, 1621,
1478, 1363, 1149, 505.

3-(6-Chloro-4-phenylquinazolin-2-yl)phenyl 4-methylbenzenesulfonate (24f): White solid, mp
198-199 °C, 81% vyield. *H NMR (400 MHz, CDCls+DMSO) § Ph

7.86 (s, 1H), 7.82—7.78 (m, 3H), 7.67 (d, J = 8.0 Hz, 2H), 7.51 (t, J CIQ\%}L@(Q;

=7.2 Hz, 1H), 7.46-7.39 (m, 2H), 7.35-7.33 (m, 3H), 7.28 (d, J = ¢ @Me

8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 2.17 (s, 3H); C NMR (100 MHz, CDCI3+DMSO-dg) &
155.06, 152.73, 147.58, 145.98, 132.75, 132.12, 131.82, 130.53, 130.35, 130.25, 129.83, 129.72,
128.93, 128.61, 128.09, 127.39, 127.35, 126.81, 124.40, 123.96, 123.83, 115.71, 21.44; HRMS
(ESI, m/z): calcd. For C27H19CIN20sSH* 487.0878, found 487.0860; IR (KBr thin film, cm™): vmax
3378, 3106, 2944, 1665, 1610, 1527, 1352, 1196, 852.
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3-(6-Chloro-4-phenylquinazolin-2-yl)phenyl 4-nitrobenzenesulfonate (24g): White solid, mp
216-217 °C, 95% yield. 'H NMR (400 MHz, CDCl3+DMSO-de) & Cg"

8.55 (d, J=8.0 Hz, 1H), 8.20 (s, 1H), 8.14 (d, J = 8.4 Hz, 2H), 8.04— N/)\C(O;ls//"

7.99 (m, 2H), 7.90 (d, J = 7.6 Hz, 1H), 7.83-7.81 (m, 2H), 7.77 (d, ’ \©\N°2
J=7.6 Hz, 1H), 7.69-7.63 (m, 4H), 7.55 (t, J = 8.0 Hz, 1H), 7.19-7.17 (m, 1H); *C NMR (100
MHz, CDCIlz+DMSO-ds) 6 156.03, 153.78, 150.75, 139.42, 136.47, 136.06, 135.66, 133.94,
133.61, 133.02, 131.50, 131.09, 131.05, 130.80, 129.66, 129.44, 127.73, 124.96, 124.59, 123.59,
121.92, 116.54; HRMS (ESI, m/z): calcd. For C26H16CIN3OsSH* 518.0572, found 518.1531.

4-(6-Chloro-4-phenylquinazolin-2-yl)phenyl 4-nitrobenzenesulfonate (24h): White solid, mp
228-229 °C, 85% yield. 'H NMR (400 MHz, CDCls+DMSO-dg) § 9.35 (s, 1H), 8.86 (s, 1H), 8.56
(d, J = 8.4 Hz, 2H), 8.28 (s, 1H), 8.16-8.13 (m, 1H), 8.06-8.02 (m, CIC%N o,
2H), 7.89-7.87 (m, 2H), 7.68-7.64 (m, 3H), 7.59 (d, J = 8.8 Hz, 1H), ”/)\@o‘}\s\bﬁj

7.19 (d, J = 8.8 Hz, 1H), 6.87 (d, J = 8.8 Hz, 1H); 3C NMR (100

MHz, CDClz+DMSO-dg) 6 158.02, 155.56, 150.36, 137.69, 137.63, 135.63, 134.93, 133.21,
133.09, 132.96, 132.44, 132.40, 131.73, 131.44, 130.81, 130.03, 127.11, 126.59, 126.53, 118.55;
HRMS (ESI, m/z): calcd. For C26H16CIN3OsSH* 518.0572, found 518.0421; IR (KBr thin film,
cm™): vmax 3380, 3101, 2956, 1659, 1609, 1519, 1360, 1185, 859.
4-(6-Chloro-4-phenylquinazolin-2-yl)phenyl benzenesulfonate (24i): White solid, mp 175-176
°C, 82% yield. *H NMR (400 MHz, CDCl3+DMSO-dg) & 8.55 (d, J =
8.8 Hz, 2H), 8.10 (d, J = 9.6 Hz, 1H), 8.00 (s, 2H), 7.89-7.79 (m, 5H),
7.68-7.64 (m, 5H), 7.19 (d, J = 8.8 Hz, 2H); 3C NMR (100 MHz,
CDCl3+DMSO-ds) 6 167.78, 158.67, 151.43, 150.25, 136.73, 136.70,
135.29, 135.27, 134.80, 132.78, 131.29, 130.75, 130.29, 130.25, 130.04, 129.10, 128.63, 125.83,
122.66, 122.15; HRMS (ESI, m/z): calcd. For C26H17CIN20sSH* 473.0721, found 473.0767.

1.3 General procedure for the synthesis of 2,5-substituted-1,3,4-oxadiazol-2-yl)phenyl
benzenesulfonates (28a-28d/ 29a-29c): To a solution of isonicotinohydrazide 25a/
nicotinohydrazide 25b (1.0 mmol) in EtOH (5 mL) was added sulfonate ester aldehyde (21a-21d)
(1.0 mmol) and AcOH (20 mol%). The mixture was heated at 80 °C, 1 h to give the sulfonate ester
Schiff-bases (26a-26d/27a-27c).

To asolution of sulfonate ester Schiff-base 26a-26d/ 27a-27c¢ (Lmmol) in EtOH (5 mL) was added
SnClz (10 mol%) and TEA (20 mol%) and the mixture was heated at 80 °C for 3-4 h. After the
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completion of the reaction (monitored by TLC), it was cooled to room temperature and extracted
with ethyl acetate (2X10 mL). Combined organic layers were washed with water, brine, dried over
sodium sulphate. Solvent was evaporated under reduced pressure to give the crude product which
was purified by silica gel column chromatography. Elution of the column using ethyl acetate+n-
hexane (1:4 ratio) gave the desired products 28a-28d/29a-29c in 75-85% vyields.

2-(5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-yl)phenyl benzenesulfonate (28a): White solid, mp 201-
202 °C, 81% yield. 'H NMR (400 MHz, CDCl3+DMSO-ds) & 8.90 (s, 2H),

8.04 (s, 2H), 7.77-7.71 (m, 3H), 7.56 (d, J = 7.6 Hz, 1H), 7.48 (s, 1H), 7.44 °s©
(t, J = 8.0 Hz, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H); °C ND%&\@()
NMR (100 MHz, DMSO-ds) 6 161.02, 158.77, 158.47, 150.22, 140.14,

138.41, 137.55, 135.32, 134.23, 130.26, 129.30, 126.08, 121.28, 119.15, 118.41; HRMS (ESI,
m/z): calcd. For C19H13N304SH* 380.0700, found 380.0707; IR (KBr thin film, cm™): vmax 3110,
2983, 1642, 1612, 1532, 1340, 1150, 855.

2-(5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-methylbenzenesulfonate (28b): White solid,
mp 192-193 °C, 85 % yield. *H NMR (400 MHz, CDCls) § 8.81 (s, 2H), 8.14 @/M)ﬁ
(dd, J=7.8, 1.2, Hz, 1H), 7.96 (s, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.49-7.45 (m, P [
1H), 7.39 (t, J = 7.6 Hz, 1H), 7.19-7.10 (m, 3H), 2.31 (s, 3H); 13C NMR (100 ob
MHz, CDCl3) 8 163.32, 162.79, 150.87, 146.89, 145.98, 133.33, 132.30, 130.78, me
129.91, 128.31, 127.77, 124.06, 120.56, 118.21, 21.71; HRMS (ESI, m/z): calcd. For
C20H15N304SH™* 394.0856, found 394.0854; IR (KBr thin film, cm™): vmax 3385, 3109, 2962, 1665,

1611, 1526, 1355, 1170, 861.

4-(5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-nitrobenzenesulfonate (28c): Light brown
solid, mp 219-220 °C, 85 % yield. *H NMR (400 MHz, CDCls3) § 8.83 NN °
N®/<o»\©\°\\ /©/

(d,J=7.2Hz, 2H),8.42 (d,J=7.6 Hz, 2H), 7.85 (d, J = 7.6 Hz, 2H), "= o

7.47 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 7.6 Hz, 2H); 13C NMR (100 MHz,
CDCI3+DMSO-de) 6 160.00, 157.53, 152.38, 147.80, 139.65, 137.58, 137.11, 135.45, 133.63,
131.58, 129.15, 128.68, 120.57; HRMS (ESI, m/z): calcd. For CiH12N4OeS 424.0478, found
424.0954; IR (KBr thin film, cm™): vmax 3355, 3110, 2956, 1609, 1550, 1516, 1349, 1190, 855.

223



4-(5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-

methylbenzenesulfonate (28d): White powder, mp 199-200 °C, 75 % @A )\Q Q
yield. *H NMR (400 MHz, CDCl3+DMSO-ds) § 8.87 (s, 2H), 8.12 (d, J = 8.0 Hz, 2H), 7.99 (s,
2H), 7.73 (d, J = 7.6 Hz, 2H), 7.37 (d, J = 7.2 Hz, 2H), 7.20 (d, J = 7.6 Hz, 2H), 2.48 (s, 3H); °C
NMR (100 MHz, CDCI3+DMSO-ds) 6 164.23, 162.85, 152.06, 145.92, 131.59, 130.53, 129.91,
128.61, 128.28, 123.22, 122.06, 120.19, 120.04, 21.60; HRMS (ESI, m/z): calcd. For
C20H15N304SH™* 394.0856 found 394.0857; IR (KBr thin film, cm™): vmax 3100, 2955, 1665, 1605,
1529, 1372, 1165, 862.

2-Methoxy-4-(5-(pyridin-3-yl)-1,3,4-oxadiazol-2-yl)phenyl benzenesulfonate (29a): White solid,
mp 129-130 °C, 85% yield. *H NMR (400 MHz, CDCl3) § 9.31 (s, 1H), N 6

8.78 (d, J = 8.4 Hz, 1H), 8.35 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 7.6 Hz, ™~ ij;k\p
2H), 7.62-7.54 (m, 3H), 7.47 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 3.57 (s, 3H); 1*C NMR
(100 MHz, CDCl3) 6 164.21, 162.85, 152.48, 152.39, 147.79, 141.07, 135.90, 134.31, 128.93,
128.74, 128.60, 128.56, 125.07, 124.98, 123.18, 119.61, 111.04, 56.02; HRMS (ESI, m/z): calcd.
For C20H15N30sSH™* 410.0805, found 410.0815; IR (KBr thin film, cm™): vmax 3112, 2986, 1662,
1619, 1525, 1372, 1162, 851.

2-Methoxy-4-(5-(pyridin-3-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-methylbenzenesulfonate (29b):
Pale yellow solid, 75% yield, mp 204—-205 °C; *H NMR (400 MHz, N

CDCl3) 6 8.86 (s, 2H), 8.00 (d, J = 4.0 Hz, 2H), 7.78 (d, J = 8.0 Hz, ®/<°»\©§\s\b

2H), 7.65 (s, 2H), 7.37-7.32 (m, 3H), 3.70 (s, 3H), 2.46 (s, 3H); *C NMR (100 MHz,
CDClI3:+DMSO-ds) & 164.51, 162.99, 152.38, 150.82, 145.71, 141.12, 132.55, 130.75, 129.62,
129.52, 128.52, 128.46, 124.84, 122.95, 120.39, 119.73, 111.14, 55.97, 21.70; HRMS (ESI, m/z):
calcd. For C21H17N3OsSH* 424.0962, found 424.0967; IR (KBr thin film, cm™): vmax 3110, 2986,
16540, 1612, 1553, 1165, 863.

4-(5-(Pyridin-3-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-methylbenzenesulfonate (29c): White solid,
mp 169-170 °C, 80% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) & - Q
9.32 (s, 1H), 8.81 (d, J = 4.4 Hz, 2H), 8.12 (d, J = 8.4 Hz, 2H), 7.96 QA)\Q

(d, J = 8.4 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H),
248 (s, 3H); 3C NMR (100 MHz, CDCl3+DMSO-ds) & 162.04, 157.35, 155.12, 138.07, 137.66,
134.90, 134.11, 134.05, 131.96, 131.52, 130.74, 125.69, 125.08, 124.91, 117.68, 28.77; HRMS
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(ESI, m/z): calcd. For C20H1sN304S 394.0856, found 394.0857; IR (KBr thin film, cm™): vmax
3113, 2979, 1655, 1614, 1353, 1176, 866.
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5.8 Selected Spectral data:

2-(2,4-Dioxo-2,3,4,5,6,11-hexahydro-1H-benzo[b]pyrimido[4,5-e][1,4]diazepin-5-yl)-6-

methoxy phenyl benzenesulfonate (22a):
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2-(6-Chloro-4-phenylquinazolin-2-yl)-6-methoxyphenyl methanesulfonate (24e):
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2-(5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-yl)phenyl 4-methylbenzenesulfonate (28b):
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Chapter-6
Synthesis of quinazolinone-Schiff base, isoxazole-styrene and isoxazole-thiolane sulfonate ester

conjugates

Abstract

Functionalized 2-arylquinazolineones exhibit many pharmacological properties and a
vital role in medicinal chemistry. Isoxazole is another known molecule in biology. Sulfonate esters
are key functional groups in the development of new therapeutic molecules. Considering the
medicinal/biological importance of these compounds, the synthesis of 2-phenylquinazolinone
based Schiff base sulfonates and styryl isoxazole-sulfonate conjugates is developed via one-pot
(MCR) approach. The photophysical properties of the synthesized compounds were studied and
found that the compound 8g showed an emission band at 610 nm with the highest quantum yield
(9) at 0.85 through intramolecular charge transfer (ICT). With stokes shift at 190 nm. The details
are discussed in this chapter.
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6.1 Introduction

Quinazolinones and their derivatives are an important class of heterocyclic compounds.
They are found in many natural, synthetic molecules.® The quinazolinone based molecules have
many pharmacological properties including anti-inflamatory,® anticancer,'¢ anticonvulsant,'“ anti-
TB,*¢ anti-influenza' and anti-HIV,%9 chemotherapeutic agents?® DNA intercalates,?® and tubulin
binders.® The imidazolone fused quinazolinone molecules reported for the treatment of breast
cancer (antileukemia against MCF-7, HL-60 cell lines),* selective inhibition of EGFR tyrosine
kinase,>® cholecystokinin and angiotensin 11 receptors.®® Recently, Zahedifard et al.* reported that
the quinazolinone Schiff’s base derivatives for the apoptotic activity towards MCF-7 cells through
intrinsic and extrinsic apoptosis pathways. In addition, substituted quinazolinones are also used
for linagliptin cancer cell lines for the prevention of type-2 diabetes.%5

Isoxazole derivatives are a significant class of heterocyclics. The structural units of
isoxazole were found in many naturally occurring and biological compounds.® They show the
activity such as anti-inflammatory (Valdecoxib),” anti-rheumatic (Leflunomide),® antibiotic
(sulfamethoxazole),® herbicide (isoxafultole)” etc.!® The sulfonate esters can be used as isosteres
and linking between the molecules. Some of the sulfonates show inhibitory activity towards aldose

reductase,''® and anti-hyperglycemic activity (PTP1B inhibitors).1

6.1.1 Synthetic methods for the preparation 2-phenylquinazolinones and isoxazole-styryl
conjugates

From the above discussion, it is clear that the 2-phenyl quinazolinone hybrids are useful
molecules in biology.'?*® However, limited methods are available for the synthesis of 2-phenyl
quinazoline hydrazides. The hydrazides of quinazoline are prepared by the reaction of 2-
aminobenzohydride and aldehyde in presence of acids (catalytic amount) followed by
intramolecular cyclization.>® The synthesis of quinazolinone Schiff base (3) was reported from the
coupling of 2-aminobenzohydrazide (1a) and benzaldehyde (2) under catalyst-free conditions in
methanol,> AcOH,*2 PMoA/SiO>'? as catalysts, ball milling technique'?® as shown in Scheme-
1. In addition, isotonic anhydride (1b), aromatic aldehydes, (2a-2d), and hydrazine hydrate were
reacted in presence of CuO nanopartials*?" to provide quinazolin-2-one Schiff bases (3a-3d) under

reflux condition with moderate yields.
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oo o ) Ball milling  \
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MW 10-20 min _
0 o) |
N
o NH,NH,.H,0 NN,
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H P

1b (2a-2d) R,

(3a-3d);R = H, 3-NO,, 4-Cl, 4-OMe

Scheme -1: Reported methods for quinazolinone Schiff base molecules.

Along with others,*3¢ our group is actively engaged in the synthesis of isoxazole-styryl
conjugates (5a-5j) from the reaction of 3,5-dimethyl-4-nitroisoxazole (4) with aromatic aldehydes
(2a-2j)*¢ via C-H functionalization of 3,5-dimethyl-4-nitroisoxazole (Knoevenagel
condensation). Similarly, Raju et al.*** described TiO. nanoparticles catalyzed synthesis of
isoxazole-styryl scaffold (5a) under solvent-free conditions as shown in Scheme-2. However,

there are no reports for these molecules based on sulfonates.

Me NO,

m .  ArCHO Piperidine, EtOH

N\O Me reflux

(2a-2j)
Ar = Aromatic R, = H, 4-OMe, 4-Me, 4-NO,, 4-Cl, 4-Br,
4-NMe,, 4-OH, 3-NO,, 2,5-Di CI
Me NO, Me NO,
7\ + PhCHO TiO, NPs (20 mol%) . N/ \ y
N\O Me Neat, 90 °C o)
4 2a 5a

Scheme -2: Reported methods for synthesis of isoxazole-styryl conjugate scaffolds.
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6.2  Present study

Considering the biological importance of quinazolinone Schiff-bases, sulfonate esters, and
in continuation of our efforts in isoxazole-styryl chemistry, we envisaged a simple synthetic
approach for this new class of quinazoline-Schiff base and styryl-isoxazole based molecules based

on simple condensation and cyclization reactions as shown below.
o

6a-6m OSO,R,
R, = H, OMe; R4
10a-10c 9 R, = Aromatic, Me 7a-7m

Scheme-3: Strategy for the synthesis of quinazolin-2-one Schiff base-sulfonate and isoxazole-
tetrahydrothiophene sulfonate hybrids.

6.3 Results and Discussion

6.3.1 Synthesis of efficient sulfonate ester based substituted quinazolinones scaffolds

Considering the biological importance of the quinazolinone hybrids, towards the synthesis
of 2-substituted quinazoline-2-one sulfonate-esters, the investigation started with the reaction of
2-aminobenzohydrazide (1a; 1.0 mmol) and 2-formyl phenyl benzene sulfonate (6a; 2.0 mmol) in
NEts, MeOH at 65 °C for 5 h, to provide the desired compound (7a) with less (40%) yield
(Scheme-4).

i NH CHo i N
(:fj\uz 2 OSO,Ph NEt;, MeOH (:fj\N/ X
+ >
NH, 65°C,5h N)D 0SOzPh
1a

H
PhO,SO

7a

6a

Scheme-4. Initial attempt for the synthesis of compound (7a).

Further to improve the yield of the 7a, optimization studies were performed in presence of
organic bases (DABCO, DBU, NHEt;, NEts and piperidine), inorganic bases (K:COz and
Cs2C0:s), organic and inorganic acids (AcOH, HCI and H2SO4) and catalyst free conditions in
MeOH, EtOH, DCM, MeCN, water as reaction media (Table-1). Among the optimized conditions,
it was found that a combination of 10 mol% of AcOH in EtOH at 80 °C (Entry-8; Table-1) was
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a better suitable condition for the success of the reaction giving the desired product with 80% yield
(Entry-8; Table-1). Having optimized reaction conditions, the next attention turned to exploring
the substrate scope of the reaction. Thus, different sulfonate aldehydes were reacted with 2-amino-
benzohydrazide (1a) (1.0 mmol) under optimized conditions to give the quinazolinone Schiff-base
sulfonates (7a-7m) in good to excellent yields (80-90%6) in 3-4 h (Scheme-5). It is noteworthy to
mention that the substrates with withdrawing groups (-NOz) provide better yields (up to 90%) in
less reaction time (3 h) compare to electron donating groups. Based on the experimental

observations, a plausible mechanism is shown in Figure-1.

Table-1: Optimization conditionst

Entry | Catalyst (10 mol%) Solvent | Temp (°C) Time (h) | YieldP! (%)
1 NEts3 MeOH 65 5 40
2 NEts EtOH 80 5 55
3 DABCO EtOH 80 3 61
4 Piperidine EtOH 80 3 50
5 DBU EtOH 80 3 40
6 K2COs3 MeCN 80 3 42
7 Cs2CO3 DMF 80 3 40
8 AcOH EtOH 80 3 80
9 AcOH Water 100 3 62

10 HCI EtOH 80 4 60
11 H2S04 EtOH 80 4 40
12 Catalyst free EtOH 80 5 65
13 Catalyst free MeOH 65 5 50
14 Catalyst free MeCN 80 5 35
15 Catalyst free Neat 80 6 trace

lBIReaction conditions: all reactions were conducted with 1a (1.0 mmol.), 6a (2.0 mmol.), catalyst: AcOH (10 mol
%), 5 mL EtOH at 80 °C. PlYield: isolated yields of final products.
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Scheme-5: Substrate scope of sulfonate ester based substituted quinazolinone-Schiff bases.
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Figure-1: Plausible reaction mechanism of the compound (7a).

6.3.2  Synthesis of isoxazole-tetrahydrothiophene sulfonate esters

Based on the biological importance of the isoxazoles and tetrahydrothiophenes, our group
is actively engaged in the synthesis of these molecules. As part of our study, we have reported a
catalyst-free method for the synthesis of isoxazoles-thiolane hybrids.*3®™9 With this background,
we started the synthesis of isoxazole-thiolane sulfonate esters. Towards this, initially, the
preparation of styryl-isoxazole (8a) was attempted in catalyst-free conditions using 3,5-dimethyl-
4-nitro-isoxazole (4) (1.0 mmol) with 2-formyl phenylbenzene sulfonate ester (6a) (1.0 mmol) in
EtOH and water (80°C). But, only trace amounts of the desired product were observed even at a
longer reaction time (10 h). Later, the same reaction was performed using trimethylamine (10

mol%) at room temperature to get the desired product at 48% and 60% respectively (Scheme-6).

M NO " o
e
; 2 CHO Conditions N/ |
N\ \ y + - (o) | OSOZPh
o “Me 0SO0,Ph
8a
4 6a

Conditions:

EtOH, 80 °C, 10 h, trace amount
Water, 80 °C, 10 h, trace amount
EtOH, NEt; (10 mol%), RT, 6 h, 48%
Water, NEt; (10 mol%), RT, 6 h, 60%

Scheme-6: Initial attempt of the isoxazole-styryl sulfonate (8a).

Encouraged by the above results, the reaction conditions were optimized by performing
various experiments in different combinations of organic bases (piperidine, DIEPA, DBU,
DABCO) and solvents (MeOH, EtOH, DCM, MeCN, DMSO, CHCIs, water) as summarized in
Table-2. Among the screened, a combination of piperidine (10 mol%) in water at RT was found
to be the best condition giving the desired product (8a) in 90% vyield in 3 h at room temperature
(Entry 6; Table-2). Having optimized reaction conditions, the substrate scope was tested with
3,5-dimethyl-4-nitro-isoxazole (4) and functionalized sulfonate ester aldehydes (6b-6h) under
optimized conditions to give isoxazole-styryl sulfonate-ester derivatives (8a-8h) with good to
excellent yields (80-90%) (Scheme-7).
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Table-2. Optimization conditions®

Entry Catalyst (10 mol %) | Solvent | Temp (°C) Time (h) | Yield® (%)

1 Catalyst free EtOH 80 10 trace

2 Catalyst free Water 80 10 trace

3 NEt3 EtOH RT 6 48%

4 NEts Water RT 6 60

5 Piperidine EtOH RT 3 85

6 Piperidine Water RT 3 90

7 Piperidine DCM RT 3 65

8 Piperidine MeCN RT 3 50

9 Piperidine CHCls RT 3 62

10 Piperidine DMSO RT 3 47

11 DABCO EtOH RT 5 60

12 DBU MeCN RT 5 45

13 Pyridine EtOH RT 6 40

14 K2CO3 MeOH 65 4 -

15 Cs2C0O3 EtOH 80 4 30

[aIReaction conditions: 4 (1.0 mmol), 6a (1.0 mmol), Piperidine (10 mol%), EtOH (5mL), RT, 3 h. isolated yield.
Me NO, GHO o ) Me NO,
) (6a-6h)1 e sa-sh (8090%)
R, = H, OMe; R, = H, OMe:

R, = Me, Aromatic R, = Me, Aromatic

0S0,Ar

Ar0,SO OMe
Ar=Ph;8a(90%);3h Ar=Ph;8b(82%);3h  Ar=4-NO,-C¢H,; 8¢ (90%); 4 h Ar=4-NO,-C¢H, ; 8d (86%); 3 h

Me NO,
N\
>
OSO,Ar
OSOZAT MeoZSo
OMe OMe
Ar = 4-Me-CgH, ; 8e (83%); 4h  Ar = 4-Me-CgH, ; 8f (81%); 4h 89 (85%); 4h Ar = 4-Me-CgH, ; 8h (80%); 4h
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Scheme-7: Derivatives of styryl isoxazole sulfonate esters (8a-8h).

After the synthesis of isoxazole-styryl sulfonate esters (8a-8h), the next task was to use
them for the sulfa Michael-aldol reactions to generate the thiolane derivatives. Towards that, the
unsaturated systems (8a-8c) were reacted with the 1,4-dithiane-2,5-diol (9; dimeric
mercaptoacetaldehyde) in presence of DABCO (10 mol%) in EtOH, room temperature to give
corresponding isoxazole-tetrahydrothiophene hybrids (10a-10c) in moderate yield (80-85%) as
shown in Scheme-8. Based on our previous experience,'*® a Plausible mechanism for the formation
of thiolane hybrids is given in Figure-2.

/
N \
S._ _OH o
. J: ]/ DABCO (10mol%)
OSO;R; HO s EtOH, 23 h, RT OSOzR,
R4
(8a-8c) 9 10a-10c (80-85%)

R4 = H, OMe; R4 =H, OMe;

R, = Aromatic, Me R, = Aromatic, Me

Me ~ NOz2gy Me_  NOz oy

0SO0,Ar 0S0,Ar OMe
Ar = 4-Me-C¢H, ; 10a (85%); 2 h Ar = 4-Me-C¢H, ; 10b (82%); 3 h 10c (80%); 3 h

Scheme-8: Isoxazole-based sulfonate ester thiolane derivatives (10a-10c).
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Figure-2: Plausible reaction mechanism of compounds 8a and 10a.
6.3.3 Photophysical properties of isoxazole-styryl sulfonate esters.

Organic molecules with chromophore, donor-accepter m-conjugation systems exhibit
distinctive photophysical properties, which are having great use in biology. In this context, styryl-
isoxazoles with donor-accepter moiety show hyperpolarizability.>® Based on this, our next task
was to study the photophysical properties of the isoxazole-styryl sulfonate esters (8a-8h). Thus,
the absorption-emission spectra of compounds (8a-8h) were recorded in DMSO (100 «M) at room
temperature. The absorption band maxima of these compounds (8a-8h) were found in the range of
402-436 nm (as shown in Figure-3; A), and their corresponding emission spectra shown in the
range of 512-610 nm (as shown in Figure-3; B) and all the photophysical properties data was
tabulated in Table-3. Among all, compound (8c) has shown a maximum absorption wavelength at
436 nm. Correspondingly, the emission band maxima are seen at 610 nm for the compound (89)
which is having donor (methoxy and methylsulfonate) groups. These donating groups are
responsible for intramolecular charge transfer (ICT).1* The compounds 8e and 8f show impressive
emission wavelengths at 537 nm and 570 nm respectively. Also, quantum yield for the compound
8g is seen at 0.84 (Table-3).15@)
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Figure-3: (A) Absorption (B) Emission spectra of the compounds 8a-8h.

Table-3: Photo physical properties data of the resultant 8a-8h in DMSO.

Aabs (NM) Aem (NM) Stokes shift Quantum
Compound no. (AL NmM) yield (@)
8a 417 519 102 0.59
8c 436 532 96 0.58
8e 410 537 120 0.73
8f 425 570 128 0.77

246



89 430 610 189 0.84
8h 402 512 97 0.63

6.4  Conclusions

In conclusion, a simple method for the synthesis of functionalized quinazolinone Schiff-
base sulfonate ester derivatives, isoxazole-styryl sulfonate esters, and isoxazole-thiolane sulfonate
esters are reported. Further, photophysical properties of compounds (8a-8h) were studied and
observed that compound (8c) showed maximum absorption at 436 nm while compound (89)

showed emission band at 610 nm with highest stokes shift at 189 nm and quantum yield with 0.84.

6.5 Supporting information

6.5.1 General: The starting materials were bought from SD-Fine, Sigma-Aldrich, and
Spectrochem and used without further purification. The *H and **C-NMR spectra were recorded
on Bruker 400 MHz spectrometer using CDClz or DMSO-ds solvents (reported in & ppm). The
mass spectra are recorded on Shimadzu LCMS-2020, the UV-Visible and Fluorescence spectra
were recorded on FL 8500 Fluorescence Spectrophotometer and melting points are recorded using
Stuart melting point apparatus.

General procedure for the synthesis of based quinazoline-one Schiff base sulfonate ester
derivatives (7a-7m): To a solution of 2-aminobenzohydrazide (1a) (1.0 mmol) in EtOH (5 mL)
was added various sulfonate ester aldehyde substrates (6a-6m) (2.0 mmol) and AcOH (cat). The
mixture was heated at 80 °C for 3-4 h. After the completion of the reaction (monitored by TLC),
the reaction mixture was cooled to room temperature and extracted with EtOAc (2X10mL). The
combined organic layers were dried over sodium sulfate. Evaporation of the solvent gave the crude
mixture which was purified by silica gel column chromatography. Elution of the column with

hexane-EtOAc mixture gave the desired products (7a-7m) in good yields.

General procedure for the synthesis of isoxazole-styryl sulfonates ester derivative (8a-8h):

To a solution of 3,5-dimethyl-4-nitroisoxazole (4) (1.0 mmol) in EtOH (5 mL), were added
various sulfonate ester aldehyde substrates (6a-6h) (1.0 mmol) followed by piperidine (10 mol %)
and the mixture was stirred at room temperature for 3-4h. After, the complete conversion of
starting materials (checked by TLC), the reaction mixture was extracted with EtOAc (2X10mL),
washed with brine, and water, and dried over sodium sulfate. Evaporation of the solvent gave the
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crude product which was purified by silica gel column chromatography. Elution of the column

with EtOAc-hexanes gave the pure product (8a-8h) in good yields.

General procedure for the synthesis of nitro isoxazole-thiolane sulfonate derivatives (10a-10c):
To a solution of nitro isoxazole-styryl derivatives (8a-8c) (1.0 mmol) in EtOH (5 mL) was added
1,4-dithiane-2,5-diol (9) (1.0 mmol), DABCO (20 mol%). The mixture was stirred at RT for 2 h.
After the completion of the reaction (on TLC), ag. NH4Cl solution (5ml) was added and extracted
with EtOAc (2X10ml). The combined organic layers were dried over sodium sulfate. Evaporation
of the solvent gave the crude mixture which was purified by silica gel column chromatography.
Elution of the column with hexane-EtOAc mixture gave the desired products (10a-10c) with good

yields.

6.5.2 Spectral data of the synthesized compounds
(E)-2-(((4-Ox0-2-(2-((phenylsulfonyl)oxy)phenyl)-1,2-dihydroquinazolin-3(4H)-yl)imino)
methyl)phenyl benzenesulfonate (7a): White powder, mp 149-150 °C, 80% yield. *H NMR (400
MHz, CDCls) 6 8.77 (s, 1H), 8.04-8.00 (m, 2H), 7.83-7.73(m, 4H), 7.63 (t, J owv@
=7.2Hz,3H),7.49 (t, J=7.6 Hz, 2H), 7.31-7.28 (m, 2H), 7.18-7.12 (m, 4H), ui@ 03;5%@
6.8-6.82 (m, 2H), 6.63 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 5.46 (s, 1H); 3C °

NMR (100 MHz, CDCl3) 6 161.33, 148.34, 146.58, 144.77, 144.60, 135.26, @

135.02, 134.85, 134.52, 134.37, 132.80, 131.12, 130.07, 129.69, 129.30, 129.02, 128.73, 128.62,
128.27, 127.88, 127.83, 127.22, 127.19, 123.10, 122.67, 119.51, 115.27, 114.85, 68.84. HRMS
(ESI, m/z): calcd. For Ca3H2sN307S;H* 640.1207, found 640.2263; IR (KBr thin film, cm™): vmax
3275, 3085, 2983, 1659, 1502, 1355, 1185, 1069, 860.

(E)-2-(((4-Ox0-2-(2-(tosyloxy) phenyl)-1,2-dihydroquinazolin-3(4H)-yl)imino) methyl) phenyl
4-methylbenzenesulfonate (7b): White solid, mp 153-154 °C, 83% yield. *H NMR (400 MHz,
CDCl3) 6 8.55 (s, 1H), 7.94 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 7.6 Hz, 2H),

7.70 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 7.6 Hz, 2H), ©\)Lv©
7.22-7.03 (m, 9H), 6.81-6.74 (M, 2H), 6.55 (d, J = 8.0 Hz, 1H), 6.34 (s, ﬁ© SO
1H), 5.43 (s, 1H), 2.39 (s, 3H) 2.31(s, 3H); 1*C NMR (100 MHz, CDCls) & PS

161.23, 148.40, 146.65, 146.39, 145.86, 144.59, 144.21, 134.34, 132.62,

132.21, 131.82, 131.07, 130.29, 130.03, 129.93, 129.02, 128.72, 128.63, 128.23, 127.72, 127.19,
127.11, 123.25, 122.74, 119.47, 115.19, 114.80, 68.55, 21.82, 21.70; HRMS (ESI, m/z): calcd. For
C3sH290N307S,H* 668.1520, found 668.2596; IR (KBr thin film, cm™): vmax 3285, 3072, 2978,
1662, 1506, 1354, 1194, 1078, 851.

=$=0
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(E)-2-(3-((2-(((4-Nitrophenyl)sulfonyl)oxy)benzylidene)amino)-4-oxo0-1,2,3,4-tetrahydro
quinazoline-2-yl)phenyl 4-nitrobenzenesulfonate (7c): Pale yellow solid, mp 229-230 °C, 88%
yield. *H NMR (400 MHz, CDCl3+DMSO-dg) § 9.10 (s, 1H), 8.43-8.37 (m, oHv@

4H), 8.26 (d, J = 8.8 Hz, 2H), 8.15 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 7.6 Hz, Q\);Oﬁ@ °(;s’b
1H), 7.47-7.30 (m, 7H), 7.24 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), ° "
6.80-6.76 (m, 2H), 6.22 (s, 1H); 13C NMR (100 MHz, CDCl3+DMSO-ds) & Yo,

166.80, 156.28, 156.06, 152.60, 151.86, 151.19, 145.29, 144.62, 139.39, 137.18, 137.01, 135.59,
135.27, 135.07, 133.59, 133.28, 133.09, 132.95, 132.77, 131.51, 130.15, 128.15, 127.61, 123.49,
121.55, 120.11, 119.35, 75.15; HRMS (ESI, m/z): calcd. For C33H23N5011SoH* 730.0908, found
730.2032.

=$-0

(E)-3-(3-((3-(((4-Nitrophenyl)sulfonyl)oxy)benzylidene)amino)-4-oxo-1,2,3,4-tetrahydro
quinazolin -2-yl)phenyl 4-nitrobenzenesulfonate (7d): Pale yellow xo,
solid, mp 157-158 °C, 85% yield. H NMR (400 MHz, Cﬁﬂg
CDCIs+DMSO-de) 3 9.26-8.97 (m, 2H). 841 (4, J = 84 Hz, 1H), ~ ¥ [ T
8.24-8.20 (m, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.87-7.73 (m, 3H), 7.65-7.56 (m, 1H), 7.38—62.98 (m,
9H), 6.89-6.75 (m, 4H), 6.18 (s, 1H); *C NMR (100 MHz, CDCl3+DMSO0-ds) & 161.66, 157.79,
150.99, 150.64, 149.26, 145.69, 145.64, 143.18, 140.63, 140.16, 137.41, 135.89, 134.34, 130.02,
129.75, 128.51, 127.00, 126.06, 124.63, 124.48, 123.53, 122.16, 120.15, 120.01, 119.47, 118.69,
118.11, 115.48, 73.63; HRMS (ESI, m/z): calcd. For Ca3H23Ns011S2H* 730.0908, found 730.3538
(M+1).

(E)-4-(((4-Ox0-2-(4-((phenylsulfonyl)oxy)phenyl)-1,2-dihydroguinazolin-3(4H)-yl)imino)
methyl)phenyl benzenesulfonate (7e): White solid, mp 149-150 °C, 85% vyield. *H NMR (400
MHz, CDCIlz+DMSO-dg) 6 9.03 (s, 1H), 7.84—7.70 (m, 12H), 7.52-7.51 (m, 090
2H), 7.40 (d, J = 8.4 Hz, 2H), 7.04-6.94 (m, 4H), 6.80-6.72 (m, 2H), 6.36 (s, @f‘iw"v@”
1H); 3C NMR (100 MHz, CDCl3+DMSO-ds) & 161.56, 151.34, 150.76, *@@
149.34, 146.54, 139.84, 135.23, 135.08, 135.06, 134.92, 134.48, 134.24, 131.87, 130.00, 1029.87,
129.14,128.68, 128.64, 128.47,122.89, 122.43, 118.48, 115.32, 115.15, 73.10; HRMS (ESI, m/z):
calcd. For C33H2sN307S;H* 640.1207, found 640.2252.
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(E)-4-(3-((4-((Methylsulfonyl)oxy)benzylidene)amino)-4-oxo-1,2,3,4-tetrahydroquinazolin-2-
yhphenyl methanesulfonate (7f): White powder, mp 184-185 °C, 86% yield. . 0 f
IH NMR (400 MHz, CDCl3+DMSO-ds) 3 9.07 (s, 1H), 7.85-7.78 (d, 2H), @ﬁﬂ °
7.47-7.24 (m, 9H), 6.81-6.79 (m, 3H), 3.56 (s, 3H), 3.28 (s, 3H): 13C NMR KQ/
(101 MHz, CDCI3+DMSO) 6 161.71, 147.77, 145.97, 145.84, 145.11, 134.45, 132.43, 131.53,
130.34, 128.84, 128.09, 127.81, 127.73, 127.44, 123.13, 119.14, 115.03, 114.91, 68.81, 38.63,
37.80; HRMS (ESI, m/z): calcd. For C23H21N307S;H* 516.0894, found 516.1824; IR (KBr thin
film, cm™): vmax 3375, 3045, 2986, 1657, 1609, 1511, 1361, 1165, 1029, 880.

(E)-2-Methoxy-6-(((2-(3-methoxy-2-((phenylsulfonyl)oxy)phenyl)-4-oxo-1,2-dihydro
quinazoline -3(4H)-yl)imino)methyl)phenyl benzenesulfonate (7g): White solid, mp 219-220 °C,
80% yield. *H NMR (400 MHz, CDCls+DMSO-ds) 6 9.22 (s, 1H), 8.03 (d, J 0 (©\oo/

= 7.6 Hz, 2H), 7.86 (d, J = 7.6 Hz, 2H), 7.79-7.61 (m, 7H), 7.36-7.21 (m, &%030
5H), 7.02-6.75 (m, 5H), 6.49 (s, 1H), 3.48 (s, 6H); 3C NMR (101 MHz, Sob.
CDCI3+DMSO-ds) 6 161.61, 152.30, 152.11, 146.91, 145.57, 137.74, @

136.61, 136.18, 136.12, 134.91, 134.48, 134.41, 134.27, 130.37, 129.13, 129.11, 128.54, 128.46,
128.38, 127.97, 127.76, 119.02, 118.67, 118.12, 115.11, 114.84, 114.11, 113.12, 69.50, 55.74,
55.61; HRMS (ESI, m/z): calcd. For CssH29N309S2H* 700.1418, found 700.1414; IR (KBr thin
film, cm™): vmax 3362, 3083, 2989, 1662, 1611, 1505, 1355, 1159, 1030, 875.

Iz

o

=S=00.

(E)-2-Methoxy-6-(((2-(3-methoxy-2-(tosyloxy)phenyl)-4-oxo-1,2-dihydroquinazolin-3(4H)-
yhimino)methyl)phenyl 4-methylbenzenesulfonate (7h): White crystalline solid, mp 189-190 °C,
83% yield. *H NMR (400 MHz, CDCls+DMSO-ds) & 9.01 (s, 1H), 7.75-7.66 (m, 4H), 7.57 (d, J
= 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.29-7.13 (d, J = 6.8 Hz, 6H), 7.02 (d, J = 8.4 Hz, 1H),
6.91 (d, J = 8.0 Hz, 1H), 6.82-6.73 (m, 2H), 6.36 (s, 1H), 3.53 (s, 3H), 3.44

(s, 3H), 2.43 (s, 3H), 2.39 (s, 3H); **C NMR (100 MHz, CDCl3+DMSO-ds) °N,(%:°/

0 161.55, 152.08, 151.81, 151.41, 146.74, 145.84, 145.66, 140.92, 139.59, ”)j:j)\@\

2
=s=

00.

138.01, 135.27, 134.47, 132.83, 130.05, 129.92, 128.72, 128.55, 124.26, <) N
123.65, 120.62, 119.28, 118.55, 115.31, 115.25, 112.12, 111.21, 73.33,

55.89, 40.21, 21.77, 21.73; HRMS (ESI, m/z): calcd. For Cs7H33N30gS:H" 728.1731, found
728.1713; IR (KBr thin film, cm™): vmax 3380, 3068, 2982, 1682, 1611, 1500, 1359, 1175, 1031,
870.
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(E)-2-Methoxy-6-(((2-(3-methoxy-2-(((4-nitrophenyl)sulfonyl)oxy)phenyl)-4-oxo-1,2-dihydro
quinazolin-3(4H)-yl)imino)methyl)phenyl 4-nitrobenzenesulfonate (7i): White solid, mp 205-
206 °C, 90% vyield. *H NMR (400 MHz, CDCl3+DMSO-dg) & 9.25 (s, 1H), 8.46-8.41 (m, 4H),
8.27 (d, J =9.2 Hz, 2H), 8.18 (d, J = 9.0 Hz, 2H), 7.69-7.67 (m, 1H), 7.30— @\AV@/
7.22 (m, 5H), 7.08-7.04 (m, 2H), 6.97-6.94 (m, 1H), 6.82-6.73 (m, 2H), 6.44 o*/@ OSQ
(d, J = 2.0 Hz, 1H), 3.57 (s, 3H), 3.55 (s, 3H); *C NMR (100 MHz, © ’
CDCI3+DMSO-de) & 166.67, 156.87, 156.76, 155.85, 155.59, 151.85,

150.96, 146.98, 146.42, 142.42, 142.37, 141.07, 139.39, 139.18, 134.93, 134.88, 134.66, 133.16,
133.06, 129.50, 129.37, 126.66, 124.22, 123.39, 122.61, 120.09, 119.49, 119.32, 118.52, 75.49,
60.73; HRMS (ESI, m/z): calcd. For C3sH27N5013S2Na* 812.0939, found 812.0932; IR (KBr thin

film, cm™): vmax 3378, 3106, 2944, 1665, 1610, 1527, 1352, 1196, 852.

(E)-2-Methoxy-4-(((2-(3-methoxy-4-((phenylsulfonyl)oxy)phenyl)-4-oxo-1,2-

dihydroquinazolin -3(4H) -yDimino)methyl)phenyl benzenesulfonate (7j): ©
White solid, mp 133-134 °C, 83% yield. *H NMR (400 MHz, CDCl3+DMSO- ﬁ

de) 6 9.08 (s, 1H), 7.81-7.42 (m, 12H), 7.30-6.69 (m, 7H), 6.82-6.75 (m, 2H),
6.29 (s, 1H), 3.50 (s, 3H), 3.42 (s, 3H); 1*C NMR (100 MHz, CDCl3) § 166.46,
156.62, 156.36, 156.13, 151.23, 145.58, 144.22, 142.66, 140.48, 140.44, 139.94, 139.34, 139.20,
139.01, 133.93, 133.81, 133.30, 133.23, 133.08, 128.89, 128.27, 125.37, 124.02, 123.26, 120.00,
119.89, 116.53, 115.34, 78.56, 60.39; HRMS (ESI, m/z): calcd. For CasH29N309S,H* 700.1418,
found 700.2501.

o
964
N
u*@ o, [
CY

o\

(E)-2-Methoxy-4-(((2-(3-methoxy-4-(tosyloxy)phenyl)-4-oxo-1,2-dihydroquinazolin-3(4H)-
yh)imino)methyl)phenyl 4-methylbenzenesulfonate (7k): White solid, mp

221-222 °C, 83% yield. H NMR (400 MHz, CDCIz+DMSO-ds) & 9.01 (s, @
1H), 7.75-7.57 (m, 6H), 7.40-7.14 (m, 9H), 7.03 (d, J = 8.0 Hz, 1H), 6.92 (d, . p[
J = 8.4 Hz, 1H), 6.81-6.75 (m, 2H), 6.38 (s, 1H), 3.54 (s, 3H), 3.45 (s, 3H), CﬁQ o O
2.43 (s, 3H), 2.40 (s, 3H): *C NMR (100 MHz, CDCls+DMSO) & 161.35, o

151.95, 151.67, 151.24, 146.62, 145.76, 145.58, 140.79, 139.42, 137.84, 135.13, 134.39, 132.67,
132.56, 129.97, 129.84, 128.59, 128.42, 124.15, 123.54, 120.46, 119.11, 118.41, 115.19, 115.08,
112.03, 111.18, 73.04, 55.79, 21.61. HRMS (ESI, m/z): calcd. For C37H33N30gS,H" 728.1731,
found 728.1549; IR (KBr thin film, cm™): vmax 3332, 3036, 2973, 1680, 1505, 1372, 1170, 1089,
860.
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(E)-2-Methoxy-4-(((2-(3-methoxy-4-(((4-nitrophenyl)sulfonyl)oxy)phenyl)-4-oxo-1,2-dihydro
quinazolin-3(4H)-yl)imino)methyl)phenyl 4-nitrobenzenesulfonate (71): White solid, mp 196—
197 °C, 88% yield. *H NMR (400 MHz, CDCls+DMSO-ds) & 9.22 (s, 1H), 8

8.43-8.37 (m, 4H), 8.25-8.13 (m, 4H), 7.67 (d, J = 7.6 Hz, 1H), 7.25-7.19 @ﬁﬁ @
(m, 4H), 7.03-6.93 (m, 3H), 6.70-6.70 (m, 2H), 6.42 (s, 1H), 3.54 (s, 3H), h

3.53 (s, 3H); *C NMR (100 MHz, CDCl3+DMSO-ds) & 166.65, 161.05, /

157.11, 156.85, 155.81, 155.54, 150.80, 147.02, 146.45, 141.06, 139.17,

137.70, 136.79, 135.91, 134.87, 134.61, 133.12, 131.86, 130.33, 129.37, 129.25, 128.25, 126.33,
124.24, 123.47, 122.72, 120.52, 119.35, 75.35, 60.68; HRMS (ESI, m/z): calcd. For
C3sH27Ns0135,Na* 812.0939, found 812.0966; IR (KBr thin film, cm™): vmax 3345, 3056, 2985,
1675, 1540, 1378, 1190, 1055, 875.

NO,

(E)-4-(3-((4-(((4-Nitrophenyl)sulfonyl)oxy)benzylidene)amino)-4-oxo-1,2,3,4-tetrahydro
quinazolin-2-yl)phenyl 4-nitrobenzenesulfonate (7m): Pale yellow solid, 0 0.

mp 201-202 °C, 90% yield. *H NMR (400 MHz, CDCl3+DMSO-ds) 5 9.05 Q\Aﬂ'ﬁé@ i Q"%
(s, 1H), 8.42 (d, J = 8.4 Hz, 2H), 8.33 (d, J = 8.8 Hz, 2H), 8.12-8.02 (m, od-o

4H), 7.73-7.64 (m, 4H), 7.40 (d, J = 8.4 Hz, 2H), 7.08-6.97 (m, 4H), 6.78— ﬁ%
6.69 (m, 2H), 6.35 (s, 1H); *3C NMR (100 MHz, CDCI3+DMSO-dg) § 161.69, 151.18, 151.14,
151.08, 150.27, 148.90, 146.13, 140.47, 140.36, 140.16, 134.53, 134.31, 130.18, 130.01, 129.06,
128.66, 128.55,124.94,124.83,124.71,122.54,122.11, 118.51, 115.18, 73.49; HRMS (ESI, m/z):

calcd. For Ca3H23Ns5011S,Na* 752.0728, found 752.0729.

(E)-2-(2-(3-Methyl-4-nitroisoxazol-5-yl)vinyl)phenyl  benzenesulfonate (8a): we
White solid, mp 119-120 °C, 90 % yield. *H NMR (400 MHz, CDCl3) § 7.83 (d, J Ny
=7.2 Hz, 2H), 7.69 (d, J = 6.8 Hz, 1H), 7.58-7.33 (m, 8H), 2.60 (s, 3H); 13C NMR (:LSOO
(100 MHz, CDClI3+DMSO-ds) 6 156.32, 153.64, 151.30, 139.15, 137.21, 133.89,

133.05, 131.75, 129.85, 127.15, 125.75, 121.30, 117.42, 115.40, 101.66, 11.44; HRMS (ESI, m/z):
calcd. For C1gH14N206S 386.0573, found 489.1759; IR (KBr thin film, cm™): vmax 3010, 2986,
1644, 1535,1380, 1275, 1184, 1066.

(E)-4-(2-(3-Methyl-4-nitroisoxazol-5-yl) vinyl)phenyl benzenesulfonate (8b): White solid, mp
183-184 °C, 82% yield. *H NMR (400 MHz, CDCl3) § 7.86 (d, J=7.2 wme

0,
Hz, 2H), 7.72-7.56 (m, 7H), 7.08 (d, J = 8.0 Hz, 2H), 2.59 (s, 3H); **C ”% o\\SQ
%

NMR (100 MHz, CDClsz) 6 166.67, 156.20, 151.17, 141.13, 135.20,
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134.54, 133.41, 129.68, 129.33, 128.50, 123.27, 123.12, 111.90, 11.92; HRMS (ESI, m/z): calcd.
For C1sH14N2OgSH* 387.0645, found 387.0647; IR (KBr thin film, cm™): vinax 3015, 2965, 1655,
1547, 1372, 1252, 1185, 1053.

(E)-3-(2-(3-Methyl-4-nitroisoxazol-5-yl)vinyl)phenyl  4-nitrobenzenesulfonate (8c): White

powder, mp 148-149 °C, 90% yield. *H NMR (400 MHz, CDCl3+DMSO-dg) & MN%
o

8.40 (d, J = 8.4 Hz, 1H), 8.25 (d, J = 8.4 Hz, 2H), 8.02 (d, J = 8.4 Hz, 2H), 7.70

(d, J = 7.2 Hz, 1H), 7.50-7.28 (m, 4H), 2.90 (s, 3H); *C NMR (100 MHz, d‘f

CDCI3+DMSO0-ds) & 159.27, 155.79, 152.45, 141.29, 136.23, 133.87, 132.15, o

131.81, 130.46, 130.13, 129.05, 127.06, 121.35, 118.63, 101.33, 10.94; HRMS (ESI, m/z): calcd.

For C1gH13N30gSH* 432.0496, found 489.2845.

(E)-2-Methoxy-6-(2-(3-methyl-4-nitroisoxazol-5-yl)vinyl)phenyl 4-nitrobenzenesulfonate (8d):
Pale yellow solid, mp 194-195 °C, 86% vyield. 'H NMR (400 MHz, CDCls) § Me  no,

8.35 (d, J = 8.8 Hz, 2H), 8.16 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 5.6 Hz, 2H), . N
7.36-7.35 (m, 2H), 7.06-7.04 (m, 1H), 3.76 (s, 3H), 2.57 (s, 3H); 3C NMR 2 @
(100 MHz, CDCI3z+DMSO-ds) 6 158.36, 155.52, 150.26, 149.33, 149.20,

141.43, 137.67, 129.70, 129.36, 128.77, 122.26, 120.69, 111.69, 110.60, 102.01, 55.95, 11.29;
HRMS (ESI, m/z): calcd. For C19H1sN3OgSH™ 462.0602, found 484.0352; IR (KBr thin film, cm"
1): vmax 3012, 2970, 1632, 1528, 1378, 1280, 1195, 1069.

(E)-2-Methoxy-4-(2-(3-methyl-4-nitroisoxazol-5-yl)vinyl)phenyl 4-methylbenzenesulfonate
(8e): Light yellow solid, mp 146-147 °C, 83% yield. *H NMR (400 MHz, w
CDCl3) 6 7.81 (d, J=8.0 Hz, 2H), 7.60 (d, J = 16.8 Hz, 1H), 7.48 (d, J = 16.8
Hz, 1H), 7.31-7.28 (m, 4H), 7.03 (d, J = 6.4 Hz, 1H), 3.77 (s, 3H), 2.59 (s,
3H), 2.36 (s, 3H); **C NMR (100 MHz, CDCl3+DMSO0-ds) & 166.37, 155.86,
153.09, 145.64, 137.73, 135.97, 133.30, 129.88, 129.76, 128.31, 128.09, 118.42, 114.99, 112.85,
56.02, 21.59, 11.75; HRMS (ESI, m/z): calcd. For C2H1sN2O7SNa* 453.0727, found 453.0651;
IR (KBr thin film, cm™): vmax 3093, 2935, 1627, 1578, 1514, 1359, 1286, 1071.

(E)-4-(2-(3-Methyl-4-nitroisoxazol-5-yl)vinyl)phenyl 4-methylbenzenesulfonate (8f): White
solid, mp 175-176 °C, 81% yield. *H NMR (400 MHz, CDCl3) § 7.74— Ve

NO,
7.69 (m, 3H), 7.60-7.56 (m, 3H), 7.34 (d, J = 8.0 Hz, 2H), 7.08 (d, J = N% o\\s@(
0%

8.8 Hz, 2H), 2.60 (s, 3H), 2.47 (s, 3H); 3C NMR (100 MHz, CDCls) 5
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166.69, 156.19, 151.29, 145.76, 141.20, 133.30, 132.22, 129.93, 129.65, 128.52, 123.22, 111.82,
21.76, 11.82. HRMS (ESI, m/z): calcd. For C19H1sN20sSNa* 423.0621, found 423.0553; IR (KBr
thin film, cm™): vmax 3072, 2923, 1632, 1573, 1505, 1346, 1201, 1142.

(E)-2-Methoxy-6-(2-(3-methyl-4-nitroisoxazol-5-yl)vinyl)phenyl methanesulfonate (8g): Pale
green solid, mp 173-174 °C, 85% yield. *"H NMR (400 MHz, CDCls3) & 8.07 (d,
J=16.4 Hz, 1H), 7.71-7.59 (m, 1H), 7.46-7.38 (m, 2H), 7.15 (d, J = 6.8 Hz, 1H),
3.95 (s, 3H), 3.41 (s, 3H), 2.59 (s, 3H); 3C NMR (100 MHz, CDCl3+DMSO-ds)
0 166.49, 155.99, 152.36, 137.63, 135.92, 130.45, 128.07, 118.69, 114.94,
113.60, 56.29, 39.74, 11.75; HRMS (ESI, m/z): calcd. For C14H14N207SNa* 377.0414, found
377.1244; IR (KBr thin film, cm™): vmax 3102, 2978, 1630, 1583, 1439, 1377, 1143, 1045.

(E)-2-Methoxy-6-(2-(3-methyl-4-nitroisoxazol-5-yl)vinyl)phenyl 4-  Mme_  no,
methylbenzenesulfonate (8h): White solid, mp 190-191 °C, 80% vyield. H ”fo
NMR (400 MHz, CDCls) & 7.75-7.55 (m, 5H), 7.45-7.33 (m, 4H), 7.11 (s, @
1H), 6.92 (d, J = 8.0 Hz, 1H), 6.78-6.68 (m, 1H), 3.65 (s, 3H), 2.47 (s, 3H), o O~
2.43 (s, 3H). 3C NMR (100 MHz, CDCl3+DMSO-ds) & 166.65, 156.06, 152.18, 145.56, 141.66,
140.07, 134.38, 132.70, 129.57, 128.49, 124.47, 121.15, 112.03, 111.79, 55.78, 21.67, 11.76;
HRMS (ESI, m/z): calcd. For C20H1sN207SNa* 453.0727, found 453.0650; IR (KBr thin film, cm-
1): vmax 2978, 1633, 1508, 1355, 1188, 827.

4-((2R,3R,4R)-4-Hydroxy-3-(3-methyl-4-nitroisoxazol-5-
yDtetrahydrothiophen-2-yl)phenyl 4- methylbenzenesulfonate (10a):
White solid, mp 190-191 °C, 85% yield. *H NMR (400 MHz, CDCls) & :
7.67 (d, J =8.4 Hz, 2H), 7.35 (dd, J = 35.4, 8.4 Hz, 4H), 6.89 (d, J = 8.4 Hsc@f‘s{o
Hz, 2H), 5.28 (d, J =11.2 Hz, 1H), 5.04 (s, 1H), 4.24 (dd, J = 11.4, 2.8 Hz, 1H), 3.70 (dd, J = 12.0,
3.6 Hz, 1H), 3.11 (d, J = 12.0 Hz, 1H), 2.61-2.58 (m, 1H), 2.50 (s, 3H), 2.45 (s, 3H); 3°C NMR
(100 MHz, CDCl3) 6 170.42, 155.89, 149.15, 145.58, 137.33, 132.32, 129.86, 129.44, 128.50,
128.42, 122.72, 76.68, 56.67, 48.63, 40.67, 21.74, 11.61; HRMS (ESI, m/z): calcd. For
C21H20N207S,H* 477.0785, found 477.0780; IR (KBr thin film, cm™): vmax 3380, 2985, 1620,
1536, 1363, 1175, 830.

o
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4-(4-Hydroxy-3-(3-methyl-4-nitroisoxazol-5-yl)tetrahydrothiophen-2-yl)-2-methoxyphenyl  4-
methylbenzenesulfonate (10b): White solid, mp 190-191 °C, 82% yield. *H NMR (400 MHz,

CDCls) 8 7.77 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.24-7.22 me, MNOzon (m,
2H), 7.15-7.06 (M, 2H), 6.63 (d, J = 9.6 Hz, 1H), 5.42 (d, J = 10.0 Hz,

1H), 5.08 (d, J = 10.4 Hz, 1H), 4.39-4.34 (m, 1H), 3.53 (dd, J = 11.8, o 4.0
Hz, 1H), 3.35 (s, 3H), 3.19-3.14 (m, 1H), 2.98 (dd, J = 11.8, 2.0 Hz, = ./ §° 7

1H), 2.35 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCls) 8 170.91, 155.83, 151.69, 145.01,
137.57, 137.05, 134.74, 134.68, 134.33, 134.12, 129.39, 128.28, 128.12, 120.62, 119.80, 111.86,
77.77, 54.77, 43.34, 40.50, 37.87, 21.70, 11.64; HRMS (ESI, m/z): calcd. For CasHaoN20sSoH*
507.0890, found 507.0885; IR (KBr thin film, cm™): vmax 3405, 2985, 1620, 1540, 1370, 1162,
845.

2-(4-Hydroxy-3-(3-methyl-4-nitroisoxazol-5-yl)tetrahydrothiophen-2-yl)-6-methoxyphenyl
methane sulfonate (10c): White sticky solid, mp 201-202 °C, 80% vyield. *H "¢
NMR (400 MHz, CDCl3) 6 7.19 (s, 1H), 7.15-7.14 (m, 2H), 5.58 (d, J = 10.4

Hz, 1H), 4.98 (s, 1H), 4.45 (dd, J = 10.2, 3.6 Hz, 1H), 3.78 (s, 3H), 3.62 (dd,
J=12.0,4.4 Hz, 1H), 3.31 (s, 3H), 3.08 (dd, J = 11.8, 2.0 Hz, 1H), 2.43 (s, HsC'

3H). 3C NMR (100 MHz, CDCls) & 170.48, 155.63, 151.89, 137.55, 134.50, 130.76, 128.07,
120.16, 112.13, 56.03, 54.49, 42.69, 40.50, 39.72, 29.68, 11.59; HRMS (ESI, m/z): calcd. For
C16H18N208S;H* 431.0577, found 431.0570; IR (KBr thin film, cm™): vmax 3390, 2956, 1650,
1545, 1381, 1154, 855.
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6.7 Selected spectra

(E)-2-(((4-Ox0-2-(2-((phenylsulfonyl)oxy)phenyl)-1,2-dihydroquinazolin-3(4H)-yl)imino)
methyl) phenyl benzenesulfonate (7a):
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(E)-2-(((4-Ox0-2-(2-(tosyloxy)phenyl)-1,2-dihydroquinazolin-3(4H)-yl)imino)methyl)phenyl 4-

methylbenzenesulfonate (7b):
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(E)-2-Methoxy-6-(((2-(3-methoxy-2-(tosyloxy)phenyl)-4-oxo-1,2-dihydroquinazolin-3(4H)-
yhimino)methyl)phenyl 4-methylbenzenesulfonate (7h):
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Summary of the thesis

The thesis entitled “Synthesis of sulfonate esters containing heterocyclic scaffolds via sp®  C-
H activation and their biological evaluation” has been divided into six chapters with following
titles. These titles have been decided based on the objectives set and results obtained in the present
investigation. In correlation with the titles, a brief discussion on the biologically active molecules
of respective chapters, the synthetic methods reported in the literature along with the detailed
discussion on the results obtained along with the spectral, biological and photophysical data is

discussed in the thesis.
Chapter-1: Introduction of biologically active heterocyclic compounds

The heterocyclic compounds play vital role in the medicinal, synthetic organic and material
chemistry. Heterocyclic compounds molecules like quinolines, quinoxalines, quinozalines,
benzodiazepines, rhodanines, thiolanes, 1,3,4-oxadiazoles can be seen in many synthetic/marketed
drugs. Considering the biological importance of these scaffolds, the present thesis aims to
synthesize new (hybrid) molecules based these skeletons using green condition. Thus, in the
Chapter-1, a brief discussion on the biological activity of above molecules and the synthetic
applications of green solvents like deep eutectic solvents, ionic liquids and water (catalyst-free
reactions) is discussed. Also, a brief introduction on the literature covering the a-glucosidase

inhibitors is discussed.

Chapter-2: Deep Eutectic Solvents (DES) mediated synthesis of styrylquinolines and
styrylquinoline-sulfonates via Friedlander synthesis and sp® C-H activation, their biological
evaluation as a-Glucosidase inhibitors and photophysical studies

As mentioned above, the quinolones play important role in medicinal chemistry. There are
many quinolone-based molecules in the market (as drugs). Also, the quinolone-based molecules are
known to show excellent photophysical properties and used in developing fluorescent materials. In
addition to this, the development of synthetic methods (sp® C-H activation) around 2-methyl
quinolines is one of the attractive topic for the synthetic organic chemists in recent times. In this
context, we envisaged the synthesis of 2-styryl-quinolines via Friedlander synthesis and sp® C-H
activation of 2-methyl quinolones (a one-pot approach). Thus, with our background in the catalyst-
free, one-pot and on-water reactions, the study started with the treatment of 5-chloro-2-
aminobenzophenone (1a) with methyl acetoacetate (2a) in water (at 80 °C, 1 h) to give the 5-chloro-

2-methylquinoline (4a) in-situ. To this, the addition of benzaldehyde (3a) to the same reaction pot



and heating at 80 °C for 4 h gave the 2-styrulquinoline (5a) in 35% yield (Scheme-1). Encouraged
by these results, same reaction was performed in presence of ionic liquids (ILs) and deep eutectic
solvents (DES). Among the screened, a combination of 1,3-dimethyl urea and L-tartaric acid (3:1)
was found to be good reaction condition to give the desired product (5a) in 3.5 h with 88% vyield.
The product was confirmed by the spectral data. Later, a library of 2-styrylquinolines were
synthesized under optimized conditions using 5-nitrobenzophenone, benzophenone,
methylacetoacetate, ethylacetoacetate and substituted benzaldehydes as coupling partners to give
2-styrylquinolines (5b-5r) in 85-95%yileds. Similarly, this strategy was extended to ayclic and
cyclic diketones as shown in Scheme 2 to give functionalized styryl-quinolines in good to excellent

yields (Scheme-2).

Ph

cl
(o) Water PhCHO (4a)
NH, 80°C,1h Ph 80°C,4h
(1a) R1mRz 359,
P
N Me

+
o *
DES* DES
)J\/COZMe —— -
Me 80°C,0.5h R,=COOMe (3a) 80°C,3h

(2a) 88%

Scheme-1. Initial attempt for the synthesis of 2-styrylquinoline (5a).

Having successfully demonstrated of the styrylquinolines using simple aldehydes, the focus was
shifted to increase the molecular complexity by introducing sulfonate moiety because sulfonates
are importins for biological activity. Thus, the aldehydes containing sulfonate groups prepared by
literature methods starting from corresponding hydroxyl benzene carbaldehydes and used for the
Friedlander reaction followed by sp® C-H activation to give functionalized styrylquinolines with
sulfonate moiety (10a-10m and 11a-11m) in good to excellent yields (85-95%) (Scheme-3). All
newly synthesized compounds were characterized by spectral data, i.e. *H-NMR, **C-NMR and
HRMS.
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Scheme-2. Synthesis of 2-styrylquinolines under optimized conditions.
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Scheme-3: Synthesis of sulfonate ester based 2-styrylquinolines using acyclic and cyclic

electrophiles.

1) Computational studies: To understand the role of the DES, Density functional theory (DFT)
calculations were performed. For this, geometries of all the reactants, transition states, intermediates
and products were fully optimized without any geometrical/symmetrical constraints using DFT
based B3 exchange and Lee, Yong and Paar (LYP) correlation functional with inclusion empirical
dispersion correction (D3) as suggested by Grimme’s utilizing 6-31G* basis set.1-3. The energetics
of various reactions was calculated at 298.15 K temperature and 1 atm pressure in gaseous phase.
All the calculations were performed using Gaussian 09 suite of program. These studies supported
the experimental results and role of DES in the enolization of carbonyl compound (for Friedl&ander

annulation) and formation of enamine, a key step in the sp® C-H activation.

Applications of synthesized molecules:

After synthesis, the photophysical properties (absorption and emission spectra) of the resulting
acyclic, cyclic styrylquinolines (5, 6, 7 and 8 series) was recorded. It was found that the compound
7c¢ showed highest emission band maxima (644 nm) due to the intramolecular charge transfer. Also
compounds 7b, 8d exhibited larger bathochromic shift at 551 nm and 558 nm respectively and
compound 50 showed higest Stokes shifts (AL 182 nm). Further the resultant 2-styrylquinoline-
based sulfonates were evaluated for in-vitro a-glucosidase inhibition activity using acarbose as a
standard drug (ICsp 32.15 + 2.04) and found that the compounds 10b, 11a and 11l showed best
activity with 1Cso 38.82 + 1.17 (for compound 11a).

Chapter-3: Facile synthesis of quinoxaline, quinoxaline-2-one, quinazoline-based styrenes,
sulfonate-styryls via sp® C-H activation and their evaluation as a-glucosidase inhibitors
Quinoxaline and Quinazoline are important scaffolds in medicinal chemistry. There are
many reports for the synthesis and biological evaluation of the derivatives of these skeletons in
different therapeutic areas. Specifically, the styryl derivative of these molecules known to show
anticancer, antidiabetic and photophysical properties. Considering this, in this chapter, we describe
facile synthesis of novel quinoxaline-2-one, phenyl-quinazoline, quinoxaline and bis-quinoxaline
styryls and their sulfonate esters based styryls using aqueous and mild conditions. This work was
initially started with the preparation of compound 5a in a multicomponent approach under catalyst-
free conditions. Thus, the quinoxaline-2-one (3a) was prepared in-situ from ortho-
phenylenediamine (1) and ethyl pyruvate (2) and treated with 4-nitro-benzaldehyde (4a) to give the

quinoxalinestyryl (5a) in 80% yield as shown in Scheme-1. After confirmation of the product, same

4



strategy was extended for other aromatic aldehydes with electron donating and withdrawing groups
on them and hateroaromatic aldehydes to generate different styryl-quinoxalines (5b-5t) in moderate
yields (80-90%). Though the reaction times are more, tis method can be extended for the
hierarchical activation on methyl group and the —OH group present in the molecule.

onoe

NH, o

O e [0 me OO,
+ Me

1 2 Ar =4-NO,-C¢H, (5a)

Scheme-1: Synthesis of quinoxaline-styryl hybrid (4a) via sp3 C-H activation.
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2-F (59); 82%, 8h H (50); 85%, 8h
2,4 Di-OH  (5h); 81%, 9h 4-OH,3-OMe (5p); 80%, 9h

2-Cl (59); 85%, 8h (5t); 88%; 9

Scheme-2: Synthesis of quinoxaline-styryl hybrid (5b-5t) via sp® C-H activation.

After successful synthesis of 3-styrylquinoxaline-2-ones 5a-5t, further to check the reactivity the
strategy extended for the preparation of qunozaline derivatives. Thus, 5-chloro-2-methyl-4-phenyl
quinazoline (3b) was prepared and used for the sp® C-H activation under catalyst-free conditions to

give unsaturated functionalized 2-styrylquinazoline derivatives (8a-8k) in good yields (Scheme-3).
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R4 = Ar, Het.



Ph
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N R = 3,4-diOMe (6€); 85%, /)\/\
N/ = R = 3,4,5-triOMe (6f); 84% N R4
R = 4-Cl (6g); 86%,
R=H (Gh), 85% R1 = 2-naphthalen-yl; 6j; 85%
\R R = 4-CN (6i); 88% R4 = 2-thiophen-yl; 6k; 84%

Scheme-3. Synthesis of (E)-6-chloro-4-phenyl-2-styrylquinazoline derivatives (6a-6k).

Similarly, the synthesis of (E)-2-methyl-3-styrylquinoxalines and 2,3-di((E)-styryl)
quinoxalines under basic conditions (piperidine; catalytic amount). Thus, the treatment of ortho-
phenylene-diamine with 1,2-butanone in EtOH to give the 2,3-dimethylquinoxaline (3c) which was
treated with aldehydes to give corresponding styrene derivatives. It is noteworthy to mention that
the use of 1 equivalent of aldehyde gave mono activated products (7a-7g) and 2 equivalents of

aldehydes delivered bis-styrylquinoxalines (8a-8ae) as shown in Scheme-4.

N SRy R;-CHO N Me R-CHO N Me
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Scheme-3: Synthesis of styrylquinoxalines (7a-7g and 8a-8ae).
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Scheme-4: Synthesis of sulfonate ester based styryls via sp® C-H activation.

As mentioned in the introduction, the quinazoline and quinoxalines based compounds play
important role in medicinal chemistry. Similarly, the sulfonates also contribute a lot for biological
activity as bioisosteres. Moreover, there are not many reports for the quinazoline and quinoxaline-
based sulfonate hybrids in the literature. Considering this, the present methodology was extended
for the sulfonate-based aldehydes. Thus, the 3-methylquinoxalin-2-ol (3a), 6-chloro-2-methyl-4-
phenylquinazoline (3b) and 2,3-dimethylquinoxaline (3c) were reacted with sulfonate aldehydes in
presence of NEts (catalytic amount) in EtOH at 80 °C for 5-8 h to give the corresponding
quinazoline styryls (10a-10r), quinoxalinestyryl (11a-11p), 3-methylquinoxaline styryl (12a-12t)

and bis-quinoxaline sulfonate esters (13a-13c) with good to excellent yields.

Applications of synthesized molecules:

In-vitro a-glucosidase inhibition activity: The synthesized quinazoline styryl (10a-10r) and
quinoxalinestyryl sulfonate esters (11a-11p) were tested for a-glucosidase inhibition activity (in-
vitro) by taking acarbose as standard drug (I1Cso 32.15 £ 2.65). It was found that the compounds
100, 11n and 110 showing best activity (ICso 28.82 £ 1.17 for compound-100 comparing with

standard drug). In addition to the biological activity, the photophysical properties (absorbance and



emission spectra) of the resulting compounds (10a-10r and 11a-11p) were studied in DCM (100uM

concentration) at room temperature.

Chapter-4: Synthesis of spiro thiolane-thiazolidine-2,4-dione, thiolane-2-thioxothiazolidin-4-
one and bicyclic thiolane-chromene derivatives via 1,4-Michael addition followed by intra
molecular aldol reactions
Thiolane (tetrahydrothiophene) found in natural products and synthetic molecules with biological
activity. Thiozolidinone (2,4-thozolidinone), rhodanine and chromenes moieties are also important
scaffolds in medicinal chemistry. Considering the medicinal significance of these molecules, we
planned the synthesis of spirocyclic thiozolidinone-thiolane and rhodanine-thiolane and bicyclic 3-
nitro-[2H]-chromene-thiolanes using via Knoevenagel condensation, sulfa-1,4-Michael addition
followed by intramolecular aldol reactions using 1,4-dithiane-2,5-diol (1) as key starting material.
In this context, 2,4-thiozolidinone (2a) was condensed with aldehyde (3a) using DABCO
in ethanol at 60 °C, for 1h. This intermediate was treated in same reaction pot with 1,4-dithane-2,6-
diol (1) at room temperature for 1 h to give the 2,4 thiozolidinone-thiolane hybrid 4a in yield 85%
(Scheme-1). After confirmation of the product, substrate scope was checked with different
aldehydes (with electron donating and withdrawing groups), 2,4 thiozolidinone (2a)/2-imino-4-
thiazolidinone (2b) and 1,4-dithane-2,6-diol (1) under optimized conditions (DABCO) to provide
2,4-thiozolidinone-thiolane derivatives (4a-4m) and 2-imino-4-thiazolidinone-thiolanes (40-4q) as
shown in Scheme-2. All the synthesized compounds were characterized by spectral data (*H-NMR,

13C-NMR and mass spectra).

S OH H
LJ N0
CHO OH
o o) HO s O‘#\S
1 .

N)I-I: @ DABCO @\IN;:
(o I o >
s EtOH, Z s DABCO, EtOH, s

2a 3a 60°C,1h RT,2h

4a (85%)

Scheme-1: One-pot synthesis of 2,4-thiozolidinone-based thiolane 4a.

Rhodanines are known to show anticancer, antifungal, antidiabetic and antimalarial
properties. Thus above strategy was applied for the generation of rhodanine-thiolane spiro cyclic
molecules under optimized conditions. To achieve this, the reaction of rhodanine (2c) with
aldehydes gave the unsaturated system in presence of DABCO. This was treated with 1,4-dithane-
2,6-diol (1) to provide rhodanine-thiolane hybrids (5a-5h) with good yields (75-85%) in impressive

reaction time 2-3h at room temperature (Scheme-3).
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DABCO DABCO
EtOH, EtOH,
60°C, 1 h 60°C,1h
Ar-CHO
1 ) 1
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4a-4l (75-85%) 4m (78%) 4n; 75 % R = OMe; 4o (75%)
Ry = 4-Me, 4-di OMe; 3,4-OMe; 3,4,5 -tri OMe; R =NO;; 4p (85%)
3-OH,4-OEt; 2-OH,3-OEt; 2-OH; 4-Cl; 3-Cl; 4-NOy; 2,3-di-Cl. R=H ;4q(80%)

Scheme-2: Synthesis of 2-imino-4-thiazolidinone and 2,4 thiozolidinone—thiolane scaffolds (4a-
4q).

To extend the structural complexity of the thiolane hybrids, we synthesized 3-nitro-[2H]-
cromenes intermediates by reaction of nitro-styrenes (6a-6e) with salicylaldehyde (7) in
DABCO/EtOH under reflux conditions. The 1,4-conjugation in 3-nitro-[2H]-chromene was further
used for the thia-Michael addition followed by aldol condensation. Thus, 3-nitro-[2H]-chromene
intermediates were treated with 1,4-dithane-2,6-diol (a-mercaptaldehyde) (1) under optimized
conditions (DABCO, EtOH) to access substituted 3-nitro-[2H]-chromene-thiolane derivatives 7a-
7e in 80-90% yields (Scheme-4).

CHO
O\ _NH / DABCO O _nn
()
EtOH, \\R 2
2c 3(a-h) 60°C, 1 h
H 5a-5h (75-85%
H o)
N 0OH R = 4-OMe, N OOH
s
4-Me, =
3-OH 4-OEt, Ph s
2-OH 3-OEt
; s
. 4-Br, 7
R 2-NO,, /N’N
5(a-g) 3-NO,, Ph 5h

Scheme-3: Synthesis of spirocyclic rhodanine-thiolane derivatives (5a-5h).
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Scheme-4: Synthesis of 3-nitro-cromene-[2H]-thiolane hybrids (7a-7e) via 1,4-Micheal addition
followed by intermolecular aldol reactions.
Chapter-5: SnCl, catalyzed synthesis of dibenzo-[1, 4]-diazepin-1-one, phenyl quinazoline and
2,5-substituted 1,3,4 oxadiazoles based sulfonate esters and their evaluation as a-glucosidase
inhibitors

Benziazepines, dibenzo-[1,4]-diazepin-1-ones, phenyl quinazolines, 1,3,4 oxadiazoles are
considered as privileged molecules in medicinal chemistry. The synthetic derivatives of these
molecules are known for many types of biological activities. Similarly, sulfonates also play
important role in the medicinal chemistry in different therapeutic areas. With this background, in
this chapter, the synthesis of dibenzo-[1,4]-diazepin-1-ones, phenyl quinazolines and 2,5-
substituted 1,3,4 oxadiazoles-based sulfonate esters is described using SnCl in ethanol under

reflux conditions from OPDA and various active methylene compounds.

Towards this objective, initially o-phenyldiamine (OPDA) 1 and sulfonate ester aldehyde
2b was treated with dimedone 3a in presence of SnCl in ethanol at 80 °C to provide sulfonate
ester based dibenzo-[1,4]-diazepin-1-one 4a in 85% yield in 60 min (Scheme-1). After
confirmation of the desire product, attempts were made to optimize the reaction conditions using
different Lewis acids. Among the screened, SnCl, was found good for success of the reaction.
Later, to generalize the methodology, various benzene sulfonate aldehydes (2a-2lI) were reacted
with OPDA and active methylene groups (dimedone 3a, barburaric acid 3b and thio-barbutaric
acid 3c) under optimized conditions via to provide functionalized dibenzo-[1,4]-diazepin-one
derivatives (4a-4l) with good yields (80-90%) (Scheme-2).

MeO

TsO O
N
NH, __SsnCl, o]
. o A O
80°C,1h H
80%; 4a

10



Scheme-1: Synthesis of sulfonate ester based dibenzo-[1,4]-diazepin-1-one derivative (4a).
Z\)
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Ar = 4f ; 4-MePh ;84% e
Scheme-2: Synthesis of sulfonate ester based dibenzo-[1,4]-diazepin-1-ones (4a-41).
Correspondingly, believing the importance medicinal properties of substituted 2-
phenylquinazolines, efforts made to design the simple method for the synthesis of sulfonate ester
based phenylquinazolines using above conditions and MCR approach. Thus, 5-chloro, 2-amino
benzophenone 5, ammonium acetate 6 were reacted with benzenesulfonate aldehydes (2a-2i) to
afford functionalized phenylquinazolines (7a-7i) with good yields (75%-85%) in 3-4 h as shown
in Scheme-3. This methodology was also extended for sulfonate ester schiff-bases (10a-10d and
11a-11c) for oxidative cyclization to generate a verity of sulfonate ester based 2,5-disubstituted
1,3,4-oxadizole derivatives 12a-12d and 13a-13c under optimized conditions with moderate to

good yields 75-85% (Scheme-4).
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Scheme-3: One-pot synthesis of sulfonate ester based phenylquinazoline derivatives.
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Scheme-4: Synthesis of sulfonate ester based substituted 1,3,4-oxadiazoles.

1) In-vitro e-glucosidase activity: The resulting compounds were evaluated for a-glucosidase

inhibition (in-vitro) against acarbose as a standard drug (ICsp 32.15 *

2.04) and found that the

compounds 4b, 4g and7h) showed good activity with ICso values (best 1Cso 33.58+1.51 for

compound-4g).

Chapter-6: Synthesis of quinazolinone Schiff base, isoxazole-styrene and isoxazole-thilane

sulfonate ester conjugates

Schiff bases play important pharmacophore in medicinal chemistry. In addition, the Schiff

bases are used in complex formation with different metals to study the properties of the complexes.
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There are many examples of the Schiff bases used as therapeutic molecules. The quinazolinones
and isoxazoles are also important molecules as discussed in above chapters. With this background,
we describe here the synthesis of quinazolinone-Schiff base sulfonate esters and styryl-isoxazole
sulfonate esters using AcOH in ethanol 70 °C. Towards this, 2-aminobenzohydrazide 1 and
sulfonate ester aldehyde 3a were reacted in AcOH and ethanol, at 70 °C for 3h to give the

quinazolinone-Schiff base sulfonate esters (3a-3m) with moderate in 80-90% yields as shown in

Scheme-1.
Q o)
\\ 0 N 0 o
n-NH2 P \ __AcOH,EtOH NN e
H + Ry \‘ R, 07
Reflux 3-4 h o R,
NH, H e
1 (1 mmol) (2a-2m) (2 mmol) o X
R; =H, OMe, R, = Ar, Me R,
(3a-3m); 80-90%
R4 =H, OMe, R, = Ar, Me
o
N 9 OSOZR1
N X (o] \/@\ N/
o N
0\ /7 N/ A 0SO,A ©\)’L
N S LAr N
H o T ] N 0SO,Ar oM
9 \\ H \\Sf
o9 R 0 0SO,R,
X Ar = 4-NO,Ph; 3d;
‘ R=H ;3a; 3h; 80%  3p. gso, R, o e
/\ 4-Me ;3b; 3h; 83% R, =4-Me, R,=H ;23h; 3h; 83% R:3::M L 856$
R 4-NO,;3c; 2.5h; 88% R, = 4-NO,, R,= H ;23i; 2h; 90% = = Me; H o

Ri=H,  R,=OMe ;23; 4h;83% R 39=4-NOz 2h; 90%

R, = 4-Me, R,= OMe ;23k; 4h; 83%
R, = 4-NO,, R,= OMe ;23I; 3h; 88%
Ry= H, R,= H: 23m; 3h; 80%

Scheme-1: Quinazolinone Schiff base sulfonate esters (3a-3m).

In a similar approach, 4-nitro-isoxazolestyryl sulfonate esters (5a-5h) was achieved via
Knoevenagel condensation of 3,5-dimethyl-4-nitroisoxazole (4) with corresponding aldehyde with
sulfonate moiety (2a-2h) in presence of piperidine (catalytic amount) in water (Scheme-2). All the
products obtained were characterized by spectral data. Further, to show the application of the
resulting products, the compounds 5a-5c¢ were treated with 1,4-dithiane-2,5-diol 4 in presence of
DABCO (0.1eq) at RT for 2-3h [1.4-thiaMichael addition followed by intramolecular aldol
condensation] to give functionalized tetrahydrothiophenes (6a-6¢) with moderate to good yields

(80-85%) as shown in scheme-3.
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Scheme-2: Substrate scope of isoxazolestyryl based sulfonate ester scaffolds.
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Scheme-3: Preparation of tetrahydrothuiophene-sulfonate ester hybrids 6a-6¢ via Michael

addition and aldol reactions.
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1) Photophysical properties: Further, the photophysical properties (absorption and emission
spectra) of resulting products (isoxazolestyryl based sulfonate esters 5a-5h were studied in
methanol (100 uM) at room temperature. The emission band maxima of these molecules were seen

in the range of 471-610 nm with highest bathochromic shift (Aem 610 nm) for the sulfonate ester 5g.
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