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ABSTRACT
In this study, we aimed to synthesize styryl-dihydroquinazolinone derivatives for biological
evaluation against cancer. The target compounds were achieved through lodination of 2-
aminobenzamide to yield 5-iodo-2-aminobenzamide 75, followed by a nucleophilic acetyl
substitution reaction, to result in 2-aceto-5-iodobenzamide 76. This was then followed by base
mediated cyclization reaction of 77 under reflux conditions forming 6-iodo-2-methylquinazolin-
(3H)-one 78. A series of substituted-2-hydroxybenzaldehyde derivatives were sulphonated using
alkyl and aryl sulfonylchloride derivatives to afford derivatives 79a-r. Amongst them compound
79a, 79b, 79j, 79k were used as substrates for the base mediated Aldol condensation reaction
with 6-iodo-2-methylquinazolin-4(3H)-one 78, resulting in the formation of the (E)-4-(2-(6-iodo-
4-o0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2-sulfonates 80a-d. Application of compounds 80a-d to
Suzuki coupling reaction using arylboronic acids under inert conditions afforded novel (E)-4-(2-
(6-aryl-4-oxo-3,4-dihydroquinazolin-2-yl)vinyl)-2-sulfonates 81a-e. The synthesized compounds
were characterized by a combination of techniques that included nuclear magnetic resonance
spectroscopy ('H and "*C NMR), infrared spectroscopy (IR) and mass spectrometry (MS). X-ray
analyses were carried out for three sulfonated benzaldehydes 79a, 79b, and 79k. Compound
79a crystalized in a monoclinic crystal system and 79b and 79k in a triclinic crystal system,
respectively with space groups P-1 and P21/n respectively. The intermolecular interactions of
crystal structures 79a and 79b were further analysed using the Hirshfeld surface analysis. The
surface volume and area for 79a (244.26 A® and 236.92 A?, respectively) is lower than 79b
(322.51 A® and 303.35 A2, respectively). A comparison of compound 79a (globularity value of
0.798) relative to 79b (globularity value of 0.750) shows it is higher, meaning it is less spherical.

Furthermore, the synthesized compounds were tested for anti-proliferative activity against the

XVii



breast cancer cells (MCF-7), cervical cancer (HelLa), lung (A549) and human embryonic kidney
cells (HEK293-T) using curcumin and camptothecin as a positive control in a MTT cell viability
analysis. Compounds 79 a-r were also tested for antioxidative activity using DPPH assay with
ascorbic acid as a reference standard. From the preliminary tests, the most active compound,
80c showed 30% cell viability when compared with curcumin 90% cell viability at 100 yM against
MCF-7. Compound 80b and 80c and 81e had the most activity against the HelLa cells with a
percentage viability of 50%, 51%, and 55% respectively, compared to curcumin at 90%.
Compound 80b and 81e resulted in similar %viability of 40% against the HEK293-T cells at 100
MM but the 80b would be most preferred since adhering to ADMET properties. Compounds 79a-
79i were also tested for %viability but with camptothecin as a control. Compound 79i was found
to be most active with the ICso value of 0.042 100 uM compared to camptothecin of an I1Cso value
of 6.32 100 yM. Thereafter compounds 79a-79i were tested for antioxidant activity using the
DPPH assay, compounds 79d, 79e, 79f, 79h and 79i have been found to have more scavenging
activity (ICso = 0.29 uM, 0.67 pM, 0.0273 yM and 0.0617 uM) than ascorbic acid (ICso = 5.87 +
0.88 uM) and showed strong peroxidase interactions (-7.219 Kcal/mol., -7.087 Kcal/mol., -7.648
Kcal/mol., -7.330 Kcal/mol., and -7.671 Kcal/mol). Perioxidase docking was conducted to
elucidate their efficiency of compound 79a-79i, they demonstrated significantly higher binding
affinities (AG = -5.4 to -8.1 kcal/mol) compared to benzimidazole (AG = -5.3 kcal/mol),
underscoring their promising potencies. Among these, molecules 79d, 79e, 79h, and 79i
displayed particularly strong attachments within the protein binding pockets, interacting with
hydrophobic residues such as VAL 916, LEU 889, and VAL 899, akin to the binding pattern
observed with benzimidazole. The most active inhibitors of peroxidase were found to be

compounds 79h and 79i. Compound 79h formed strong O---H interactions with both hydrophilic

XViii



(ARG 48, PRO 145, HIS 175, LYS 179, THR 234, TYR 187) and hydrophobic (PHE 147)
residues, while compound 79i interacted with hydrophilic residues (ARG 48, PRO 145, LYS 179)
and one 11-TT interaction with hydrophobic residue (PHE 191). Compounds 79d and 79e showed
the same inhibitory activity, but also differed in their binding energies of -7.087 Kcal/mol. and -

7.219 Kcal/mol.
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CHAPTER 1: RATIONALE
Cancer ranks among the leading causes of death worldwide and it encompasses a wide range
of diseases characterized by irregular cellular proliferation that can potentially metastasize or
infiltrate various parts of the body'. These diseases often lead to a breakdown and disruption in
normal tissue and organ functioning by producing enzymes that degrade healthy cells and
tissues2. Cancer's origins can be traced back to ancient times, with its earliest documentation
found in Egypt around 1500 BC. Doctors started to comprehend the connection between cells
and cancer in the late 1800s, after which chemotherapy and radiation treatments were
implemented in the early 1900s. The first authorized chemotherapeutic agents were applied in

the 1950s3.

Targeted therapy, radiation therapy, surgery, hormone therapy, and chemotherapy
immunotherapy are just a few of the many methods used to treat cancer today. Unexplained
weight loss, lumps, change in bowel habits, a tenacious cough and uncommon bleeding, are all
persistent signs and symptoms of cancer. While these cancer symptoms may be evident, other
medical conditions could also be responsible. Humans are susceptible to over 100 different

malignancies®.

Chemotherapy remains the widely used treatment approach for cancer where pharmaceuticals
are used to eradicate cancerous cells. The success of chemotherapy depends on the
understanding of the underlying chemistry of the drugs®. Knowledge of more potent drugs with

less side effects leads to improved treatment. Therefore, understanding the chemistry of



chemotherapy medications is critical, more especially with the newly developed drugs and
improving existing ones. Knowledge of more potent drugs with less side effects leads to
improved treatment. Chemotherapeutic medications inhibit the growth and proliferation of
cancerous cells, but they can also have negative effects on healthy cells in the body®.
Chemotherapy has been a mainstay in cancer treatment, but it is not without drawbacks.
Chemotherapy treatments can lead to the occurrence of side effects such as vomiting, fatigue,
nausea, hair loss and an increased susceptibility to infections. Another concern is the
development of resistance to the chemotherapy drugs, where cancer cells become less
responsive to their effects overtime. Furthermore, chemotherapeutic drugs suffer from limited
effectives and can harm healthy cells in the body due to lack specificity, potentially leading to
long-term adverse effects such as infertility and an increased risk of secondary malignancies”
8. Chemotherapy treatments can be highly pricey, and not every patient has access to therapies

that are within their financial means.

The significance of 2-styryl substituted quinazolinone derivatives has been increasingly
recognized due to the broad range of biological activities they exhibit. These activities
encompass tubulin polymerization inhibition®, cytotoxicity'®, Hsp90 inhibition'!, anticonvulsant
properties'?, sedative-hypnotic effects'3, anti-proliferative effects'4, as well as antibacterial and
antifungal activities'®.Observation by Radhakrishnan et al suggests that 5-nitrofuran-2-
ylstyrylquinazolinones 1 hold great promise for promoting leukemic cell differentiation'®. They
synthesized and assessed novel series of compounds including ethynylstyrylquinazolinones,
styrylquinazolinones, thienopyrimidinones and styryl quinolinones. Following RNA-seq analysis,

it was observed that fluorinated styryl quinazolinones 2 triggers the activation of molecular



pathways related to apoptosis and cellular differentiation, while concurrently inhibiting pathways
associated with cellular growth and development within CAL-27 cancer cells. In light of this, the
study by Dinesh et al presents the discovery of a potential therapeutic candidate for oral cancer
treatment in the form of fluorinated 2-styrylquinazolin-4(3H)-ones 2'7. These methods present
several intriguing characteristics of synthesis of derivatives of styrylquinazolinones, including
mild, shortened reaction conditions and improved selectivity. Considering these observations,
the idea of utilizing microwave irradiation to incorporate the thiazole moiety at the third position
in the synthesis of a fresh series of 2-styrylquinazolin-4(3H)-one derivatives seemed valuable,

this concept is illustrated in Figure 1.1.
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Figure 1. 1: 2-styryl substituted quinazolinone derivatives with biological activities.

A new series of 3-[5-substituted phenyl-1,3,4-thiadiazole-2-yl]-2-styrylquinazoline-4(3H)-ones 3
was synthesized and assessed for their anticonvulsant, sedative-hypnotic, and central nervous
system (CNS) depression effects as seen in Figure 1.1'8. These compounds were administered
via intraperitoneal injection to mice and rats at different doses per body weight, and their
performance was evaluated in seizure models induced by maximal electroshock (MES) and

subcutaneous pentylenetetrazole (scPTZ). Neurotoxicity was determined using the Rotorod
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method. The study findings suggest that the synthesized styryl quinazolinone compounds
exhibited more pronounced sedative-hypnotic and CNS depressant activities compared to their
anticonvulsant effects’®. A selection of 3-aryl-2-styryl substituted-4(3H)-quinazolinones was
successfully synthesized, and their potential as antimalarial and antileishmanial agents was

explored through in vivo and in vitro assays in a study by Girma et a/?.

In the case of antimalarial activity, some of the tested compounds as seen in Figure 1.2,
demonstrated approximately 70.01% suppression of Plasmodium berghi ANKA infection.
Notably, the compound (E)-2-(4-nitrostyryl)-3-phenylquinazolin-4(3H)-one 5 exhibited
particularly promising antileishmanial activity with an 1Cso value of 0.0212 pyg/mL, surpassing the
efficacy of standard drugs amphotericin B deoxycholate (ICso = 0.0460 ug/mL) and miltefosine
(ICs0=3.1911 ug/mL)?" by factors of 2 and 150, respectively. Furthermore, molecular docking
studies targeting Lm-PTR1's active site supported the superior in vitro antileishmanial activity of
the compound 4. Overall, the synthesized 3-aryl-2-styryl substituted-4(3H)-quinazolinones
exhibit promising potential as scaffolds for the development of diverse antileishmanial and

antimalarial agents?2.
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Figure 1. 2 : Styryl substituted quinazolinone derivatives accessed for central nervous system

depression effects.



The incorporation of sulfonyl moiety on quinazolinone molecules was found to increase their
overall biological activity.?® Inspired by this we became interested in infusing a sulfonyl
framework on the styryl quinazolinones to afford new therapeutic compounds 6 with enhanced
selectivity and potency as seen in Figure 1.3%*. However, literature has revealed that the
sulphonated appended styryl quinazolinone derivatives have not been extensively investigated.
Synthesizing these novel compounds and characterizing them will add to the body of knowledge
and bridge the gap in their synthesis, characterization and application thus providing a
steppingstone for further investigations for potential anti-cancer activity. To achieve our goal, we
conducted a thorough literature search on medicinally relevant quinazolinones derivatives and
quinoline analogues. In the following sections, we will look at the discovery and characterization

of quinazolinones and quinazoline derivatives possessing significant biological relevance.
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Figure 1. 3: Integration of a sulfonyl functional group on to a quinazolinone.?®



CHAPTER 2: LITERATURE REVIEW

2.1 Discovery and structure of quinazoline and quinazolinone derivatives with

biological importance

Heterocycles are commonly found in both active pharmaceutical ingredients and additives. They
are isosterically or bioisosterically substituted carbons in aliphatic structures. Nitrogen-
containing heterocycles or combinations of nitrogen, sulphur, and oxygen in five- or six-
membered rings are frequently encountered?®. Over 85% of biologically active compounds
contain a heterocycle, highlighting their pivotal role in modern drug design. Among the most

important heterocycles are compounds called quinazolines and quinazolinones?”.

Quinazoline is a bicyclic aromatic heterocyclic compound composed of a benzene ring fused
with a pyrimidine ring. It has the molecular formula CsHsN2. Naturally occurring quinazolines
exist in the plant families and microorganisms, the scaffold for the structure accounts for over
200 alkaloids that have been isolated?®. Quinazoline and its derivatives have attracted
considerable attention due to their diverse biological activities and pharmaceutical potential®.
They are known to exhibit anticancer, antiviral, antibacterial, and anti-inflammatory properties.
In 1903, Ranawat et al achieved the pioneering synthesis of a quinazoline nucleus within a
laboratory setting.3? Later, Asif et al proposed the name "quinazoline" for this nucleus based on
its resemblance to the isomeric structure of the quinoxaline ring3'- 32, The synthesis of various
compounds containing the quinazoline core largely depends on the specific substitution patterns
on the 1,3-diazine moiety of the system?33. Researchers have extensively explored the synthesis
of diverse compounds featuring the quinazoline core by considering the substitution patterns on

the 1,3-diazine component. These findings have significantly contributed to the understanding
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and utilization of quinazoline derivatives in various scientific fields3* 35. There are several
isomers of quinazolines®®, which differ in the position of the two nitrogen atoms in the

heterocyclic ring as shown in Figure 2.1.

N
NOGIS
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Figure 2. 1: Quinazoline isomers.

Quinazolinone is a heterocyclic compound belonging to the quinazoline family, it is a type of
oxidized quinazoline featuring a carbonyl group within its C4N2 ring®’. It exists in two isomeric
forms: 2-quinazolinone and 4-quinazolinone, with the latter being the more prevalent.
Quinazolinones can be classified into four groups, including quinazoline-4(1H,3H)-one 11,
quinazoline-2(1H,3H)-one 12, and quinazoline-2(1H)-one 13 and quinazoline-4(3H)-one 14

derivatives3® and the degree of unsaturation of the ring as depicted by Figure 2.2
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Figure 2. 2: lllustrative types of quinazolinones structures.

Quinazolinones are heterocyclic compounds that continue to receive considerable attention from
researchers due to their wide spectrum biological properties such as antifungal, anti-cancer and
anti-HIV activities 3°40-41 The first example of a quinazolinone was synthesized in the laboratory
by Griess in 1869 who reacted anthranilic acid with cyanide in ethanol to afford a 2-ethoxy-
4(3H)-quinazolinone*2. However, the first example of a naturally occurring quinazolinone was

extracted from a Chinese plant, Dichroa Febrifunga, only in 195043 .

Styryl quinazolinones are a class of organic compounds that are characterized by the presence
of a quinazolinone core structure attached to a styryl group*+45. Some of these compounds can
be seen in Figure 2.3, where the inhibitory effects of compound 15 on various enzymes and
receptors have been extensively investigated, such as protein kinases and G-protein-coupled
receptors*6. Compound 16 has shown promising results as kinase inhibitor, particularly as
receptor tyrosine kinase inhibitors, including vascular endothelial growth factor receptor 2
(VEGFR-2) inhibitors, which are important targets in angiogenesis*’ inhibition and cancer

treatments. Moreover, the synthesis and structural modifications of styrylquinazolinones have



been explored to enhance their potency and selectivity against specific targets. These
modifications involve varying the substitution pattern on both the quinazolinone and styryl
moieties, exploring different substituents, and introducing various functional groups to optimize

their pharmacological propertiese.

i e
X+ X NH N
OH
15 16
Figure 2. 3: Styryl quinazolinones explored for biological activity.

2.1.1 Application of quinazolinones and quinazoline derivatives

Various derivatives of quinazolinones have shown significant effects on hypertension, cancer,
depression, and psychosis in patients, examples are shown in Figure 2.4.%° Furthermore,
certain quinazolinones possess properties that make them useful as sedatives®®, antibacterial®',
and anti-inflammatory agents®2. There are many quinazoline compounds with biological
importance that have been approved by FDA over the years®. Lapatinib (Tykreb®) 17 for
example was approved by FDA in 2012 for treatment against breast cancer®®. The drug
effectively hinders the function of both the human epidermal growth factor receptor-2
(HER2/neu) and the epidermal growth factor receptor (EGFR) pathways. Vandetanib
(Caprelsa®) 19, on the other hand, was endorsed by the FDA in 2011, was prescribed for the

management of metastatic medullary thyroid cancer®®. It functions as a kinase inhibitor targeting



various cell receptors, primarily the vascular endothelial growth factor receptor (VEGFR), EGFR,
and the rearranged transfection (RET)-tyrosine kinase (TK)%. Afatinib (Gilotrif®) 18, permitted
by the FDA in 2013 for treatment of non-small cell lung cancer, worked as an irreversible
covalent inhibitor of receptor tyrosine kinases (RTK) associated with EGFR and erbB-2

(HER2)%7.
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Figure 2. 4: FDA history of quinazolinones.

Mecloqualone®® 20, a widely recognized hypnotic and anti-convulsive medication, possesses a
chiral axis consisting of a carbon-nitrogen bond. The rotation around this axis was impeded due
to steric hindrance at normal body temperature. Afloqualone® (21), an analog of mecloqualone,
exhibited sedative and muscle-relaxant properties. It was commonly administered as racemates,

containing equal amounts of its two enantiomers. Halofuginone®®, a derivative of febrifugine®®,
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garnered attention for its potential as an antimalarial agent and exhibited various intriguing
biological effects in animal studies. One notable characteristic of halofuginone 22 is its ability to
inhibit the synthesis of collagen type 1¢'. The in vivo investigations have demonstrated its

significant efficacy in treating fibrosis®2.

Balaglitazone®3, is a quinazolinone derivative that was at phase (lll) clinical trials, and it is
specifically formulated for the management of type 2 diabetes mellitus 23. It acts as a

peroxisome proliferator-activated receptor-gamma agonist®4.
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Figure 2. 5:Recently FDA approved and phase (lll) clinical trials drugs with the quinazolinone

scaffold.
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In a study of quinazolinones conducted in 2015, the focus was on the synthesis and evaluation
of fluorinated quinazolinone-sulphonamide hybrids 24 for their potential anticancer properties®®.
The quinazolinone-sulphonamides were synthesized and subjected to in vitro cytotoxicity activity
against breast cancer cells while maintaining a safe profile on non-cancerous cells. Furthermore,
a series of 2,3,6-trisubstitutedquinazolin-4(3H)-ones such as compound 25 in Figure 2.6 were
synthesized and assessed in vitro for their anticancer activity against breast cancer,
hepatocellular carcinoma, cervical cancer, and promyelocytic leukemia cell lines®®. In this case,
structure—activity relationship (SAR) investigations have highlighted the crucial importance of
positions 2, 6, and 8 within the ring system. Abuelizz et al. investigated the synthesis and
anticancer activity of 2-thioxoquinazolin-4-ones 26, and the synthesized compounds
demonstrated significant anticancer activity against MDA-MB-231 and Hela cell lines, when

compared to the positive standard gefitinib®”.

FoooNs

26

Figure 2. 6: Activity at different substitutions on scaffold of quinazolinone.
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Maddali and coworkers synthesized a series of quinazolin-4(3H)-ones linked to 1,2,3-triazole
hybrids 27 in 2019 and was found to have potential anti-tuberculosis properties®® Figure 2.7.
The study encompassed the design, synthesis, and docking studies of these proposed agents.
The findings indicated that the inclusion of the triazole component improved the effectiveness
of the quinazolinone derivatives, while the incorporation of aromatic groups increased the

binding interactions®®.
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Figure 2. 7: Anti-tuberculosis activity on quinazoline moiety.

In the next section, we will explore the various approaches and techniques used in the synthesis
of quinazolinones. These methods have played a crucial role in enabling the discovery of
quinazolinones as a versatile class of compounds with diverse biological activities. By
understanding the different synthetic pathways and strategies, researchers have been able to
access a wide range of quinazolinone derivatives, each potentially holding unique

pharmacological properties.
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2.2. Methods for the synthesis of quinazolin-4-one derivatives

2.2.1 Synthesis of dihydroquinazoline-4(1H)-ones

2.2.1.1 Synthesis of dihydroquinazolin-4(1H)-one through the reductive cyclization
method

Reductive cyclization method involves the condensation of anthranilamide or its derivatives with
an aldehyde or a ketone followed by ring closure to yield a dihydroquinazolinone derivative®.
Reagents such as fumaric acid’!, ammonium chloride’® or sodium bisulfate”® have been
employed as catalysts for the cyclocondensation of anthranilamide with carbonyl compounds to
afford quinazolinones. Amberlyst-15 and Silica-perchloric acid (HCIO4) have also been
employed as efficient and re-usable catalysts to promote the reductive cyclization of
anthranilamide 28 and ketones 29 to afford the corresponding 2,3-dihydroquinazolin-4(71H)-one
derivatives 30 (Scheme 2.1)4. The reaction was found to be rapid, and it involves relatively mild
conditions.

A low cost and environmentally friendly method for the synthesis of 2,3-dihydroquinazolin-4(1H)-
one was unexpectedly discovered by Zong et al. The method involves the reaction of
anthranilamide and 4-methylbenzaldehyde with water as a reaction medium to afford 83% yield
of 2,3-dihydroquinazolin-4(1H)-one derivative’s. Another method was reported for the synthesis
of 2,3-dihydroquinazolin-4(1H)-ones by Gashang et al. using silica-supported ferric chloride as
a catalyst under solvent-free conditions. The authors demonstrated the cyclocondensation of

anthranilamide and aldehydes’®.

Meanwhile, Wang et al. proposed a green chemistry approach for the synthesis of the same

compounds. They utilized the grinding method with anthranilamide, ketones or aldehydes,
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cerium (IV) ammonium nitrate (CAN), and water at room temperature. This approach resulted

in improved product yield by increasing the surface area’”.

0 0
o
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28 29 30

Methodology 1: (i) Amberlyst-15, r.t.,1-2 h
Methodology 2: (i) Cerium (IV) ammonium nitrate

Scheme 2. 1: Cyclization of anthranilamide 28 with aldehydes or ketones.

2.2.1.2 Synthesis of dihydroquinazolin-4(1H)-one through metal-mediated reaction

2.21.21 Synthesis of dihydroquinazolin-4(1H)-one through titanium-mediated
cyclocondensation

Transition metal-based reagents have been employed as catalysts in the cyclocondensation of
anthranilamide derivatives with carbonyl compounds. For instance, Sc(OTf)s, Sml2 , or CuCl2
have been utilized in previous studies’®. Daging et al. conducted a reaction between ortho-
nitrobenzamides 31 and aldehydes or ketones 32, using a TiCls/Zn mixture as a catalyst under
reflux conditions. The reaction took place under anhydrous and inert conditions, resulting in the
formation of 2,3-dihydroquinazolin-4(1H)-ones derivatives 33 (Scheme 2.2)7°. In this reaction,

zinc plays a role in reducing ortho-nitrobenzamide to ortho-aminobenzamide, while titanium
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tetrachloride acts as a Lewis acid catalyst to activate the carbonyl group and facilitate the

cyclocondensation step.

0 0
NO, R/ OR, I}\II)<R2
31 32 33

Methodology: (i) TiCla/Zn, THF

Scheme 2. 2: Titanium -mediated cyclocondensation of 31 and 32.

2.2.1.3 Synthesis of dihydroquinazolin-4(1H)-one through microwave conditions

Wang et al. developed a high yielding and efficient method for the synthesis of the 2,3-
dihydroquinazolin-4(1H)-one derivatives under microwave conditions®. The reaction involves
reacting anthranilamide 28 with ketones 34 in acetic acid in the presence of p-toluenesulfonic
acid as a catalyst at 300 W to afford the 2,3-dihydroquinazolin-4(1H)-one derivatives 35
(Scheme 2.3). The reaction was completed within five minutes. and microwave conditions were

also found to eliminate impurities in the product.
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Scheme 2. 3: Microwave-assisted synthesis of 2,3-dihydroquinazolin-4(1H)-ones.

New methods continue to appear in the literature for the synthesis of dihydroquinazolinones,
which involve the change of catalysts. The heterocyclic ring of the 2,3-dihydroquinazolin-4(1H)-
ones has been found to undergo dehydrogenation or aromatization®! to afford the potentially
tautomeric quinazolin-4(3H)-ones or their quinazoline derivatives, respectively. The methods for

the synthesis of quinazolin-4(3H)-ones are described sequentially in the next sections.

2.2.2 Synthesis of quinazolin-4(3H)-ones

2.2.2.1 Synthesis of quinazolin-4(3H)-ones via dehydrogenation of dihydroquinazolin-
4(1H)-ones

The N-1 and C-2 bonds of the dihydroquinazolin-4(1H)-ones can be dehydrogenated using
oxidizing agents to afford the potentially tautomeric quinazolin-4(3H)-ones. Wang et al., for
example, dehydrogenated the 2,3-dihydroquinazolin-4(1H)-ones 36 using iron (lll) chloride
hexahydrate (FeCls.6H20) in water under reflux to afford quinazolin-4(3H)-one derivatives®? 37

(Scheme 2.4).
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Methodology: (i) FeCls.6H20, H20, reflux
Scheme 2. 4: Dehydrogenation of the 2,3-dihydroquinazolin-4(1H)-ones into quinazolin-4(3H)-

ones.

The primary drawback of using stoichiometric or excessive amounts of oxidizing reagents is
their high cost and the challenges associated with handling and disposing of these corrosive
substances, which can pose environmental risks. To mitigate these limitations, researchers have
developed direct synthesis methods for quinazolin-4(3H)-ones. These approaches
predominantly involve the use of anthranilic acid derivatives and carbonyl compounds as
substrates, allowing to produce the desired quinazolin-4(3H)-ones in a single-pot process. The

subsequent section delves into a discussion of these methods and their variations.

2.2.2.2 Direct methods for the synthesis of quinazolin-4(3H)-ones
2.2.2.2.1 Niementowski Synthesis

The direct synthesis of quinazolin-4(3H)-one includes a condensation reaction named
Niementowski Synthesis. This method involves the synthesis of quinazolin-4(3H)-one from
anthranilic acid and a ketone or an aldehyde?®3. Anthranilic acid 31, for example, was condensed

with formamide to afford quinazolin-4(3H)-one 39 (Scheme 2.5).
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Scheme 2. 5: Synthesis of quinazolin-4(3H)-ones 39 through Niementowski Synthesis

2.2.2.2.2 Metal catalyzed synthesis 4(3H)-quinazolinone

Cobalt and copper®* have also been used as catalyst for the synthesis of 4(3H)-quinazolinone
derivatives. The 2-substituted quinazolin-4(3H)-ones 40 (R' = H) or their 3-substituted
quinazolin-4(3H)-one derivatives (R' = H) were prepared in high yield by reacting aliphatic,
aromatic or hetero-aromatic aldehydes 41 with anthranilamide 28 in the presence of Cobalt (ll)

chloride or Copper (ii) chloride as catalysts in acetonitrile and ethanol at 70 °C (Scheme 2.6).

O O

+ RCHO G
NH, ‘Nél\R

28 40 41

R = Alkyl, aryl, heteroaryl
Methodology 1: (i) CoCl2, CH3CN, 70 °C
Methodology 2: (i) RCHO, EtOH, 70 °C, 3 h
(i) 3 e.q. CuClz, EtOH, 70 °C, 3 h
Scheme 2. 6: Cobalt (Il) chloride and Copper (IlI) chloride catalyzed synthesis of quinazolin-

4(3H)-ones derivatives.
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2.2.2.2.3 Synthesis of quinazolin-4(3H)-ones by Aza-Wittig reaction

The Aza-Wittig reaction typically encompasses a mild, multi-component synthesis of N-
heterocycles®®. In this case, iminophosphorane 42, obtained separately by esterifying anthranilic
acid with ethanol in the presence of HCI, was subjected to a reaction with an aromatic
isocyanate, resulting in the formation of carbodiimide® 43 (Scheme 2.7). Subsequently,
carbodiimide was reacted with ethanol to produce compound 44, which, upon cyclization, led to

the formation of the desired quinazolinones 45.

@) O 0]
e g o
— r
N=PPh3 N=C=NAr N:<Y

42 43 44

Scheme 2. 7: Aza-Wittig synthesis of quinazolin-4(3H)-ones.

The intriguing biological properties observed in quinazolinones are substituted with halogen
atoms on the fused benzo ring (where X, X1 = Br, |, Cl, F) (Figure 9). The incorporation of a
halogen atom is through a substitution reaction on compounds like anthranilamide,
aminobenzoic acid and anthranilic acid. The outcome of halogenation can yield either a

monohalogenated, dihalogenated or both products, depending on the choice of halogenating
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agent or the stoichiometry employed in the reaction®”. The addition of a halogen introduces
changes in the molecular properties of the compound, leading to advantageous effects such as
increased fat solubility, resulting in altered absorption and transport rates, modified electronic

effects, enhanced stability, and comparable steric dimensions®

2.2.2.2.4 Synthesis of halogenated quinazolinones

Anthranilic acid 31 was reacted with bromine (2.2 eq) in acetic acid to afford a mixture of a
mono- 46 (minor) and a dibrominated anthranilic acid derivative 47 as the major product8®
Scheme 2.8. These compounds were further subjected to cyclocondensation with acetic
anhydride or an acyl chloride to produce isatoic anhydride derivatives 48, which were in turn

reacted with primary amines to yield the corresponding halogenated quinazolinone derivatives

49.
46
O
X
X R
+ 1 (1i1)
N 0 o e
X X
1 1
31 OH
NH, 48 49
1
47

Methodology (i) Br2/AcOH, 12 h
(i) R1COCI
(iii) R2NHz2, Pyridine, reflux

Scheme 2. 8: Halogenation reaction of anthranilic acid 31 to afford quinazolinones.
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Due to the hazardous nature and difficulties in handling liquid bromine, alternative brominating
agents have been utilized in recent studies to achieve mono- or dibromination of anthranilamide
29. For instance, a mixture of N-bromosuccinimide (NBS) in chloroform-carbon tetrachloride at
room temperature®, or pyridinium tribromide in acetic acid at room temperature®!, have been
employed. These agents enable the formation of 2-amino-5-bromobenzamide or 2-amino-3,5-
dibromobenzamide 50. Subsequently, the obtained 2-amino-3,5-dibromobenzamide was
subjected to a cyclocondensation reaction with benzaldehyde derivatives under solvent-free
conditions, utilizing boric acid as a catalyst. This reaction yielded the corresponding quinazolin-

4(3H)-ones 51 (Scheme 2.9).

NH2 (1i NH2 (11)

C6H4R

Methodology (i) NBS, CHCIs-CCls, rt, 3 h
(i) ArCHO, boric acid, 120 °C

Scheme 2. 9: Dibromination of 28 and subsequent cyclocondensation of 51 with benzaldehydes.

Mudassar et al. used iodine monochloride as a source of iodine to effect direct iodination of
quinazolinone 52 to afford the 6-iodo-3-amino-2-methylquinazolin-4(3H)-ones% 54 (Scheme

2.10). Compound 53 was prepared from cyclocondensation of anthranilic acid 31 with acetic
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anhydride followed by reaction of the incipient isatoic anhydride derivative 53 with hydrazine

monohydrate. Nucleophilic attack of an aldehyde to compound 54 afforded compound 55.

0 O 0
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Z
NH, N™ ~CH; N)\CH3
31 52 53
+ (iii)
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0 ! 0
I I
\©\)HA/N=CHQR2 (iv) N‘NHZ
-
NZCH, ; N/)\CH3
55 54

Methodology: (i) Ac20, 3h
(if) NH2NH2.H20, MeOH
(iii) ICl in AcOH, rt, overnight
(iv) hydroxysubstituted benzaldehyde, MeOH, AcOH, rt, 3 h

Scheme 2. 10: Preparation of derivatives of iodinated quinazolinone 54.

2.2.2.2.5 Methods for the synthesis of quinazolin-4(3H)-one derivatives using transition

metals.

Methods for the synthesis of quinazolin-4(3H)-one derivatives that make use of transition metals
as catalysts in this transformation have also been developed and some of these are described

in detail below.
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2.2.3 Application of transition metals in the synthesis of quinazolin-4(3H)-ones

Several methods for the synthesis of quinazolin-4(3H)-ones that make use of transition metals
as catalysts in the synthesis of quinazolinones have been described in the literature. Xia et al,
for example, reacted a mixture of halogenated anthranilamide 56, aryl halides 57 and fert-butyl
isocyanide 58 in the presence of palladium dichloride—1,3-bis(diphenylphosphino)propane
(DPPP) catalyst complex and calcium chloride in toluene at 145 °C to afford the corresponding
halogenated quinazolin-4(3H)-ones 59 in moderate to high yields®® Scheme 2.11. The
analogous 6,8-dibromo-2-methylquinazolin-4(1H)-one and 6-iodo-2-methylquinazolin-4(1H)-
one were found to exhibit some antihyperlipidemic activity through the inhibition of dietary
cholesterol absorption®*. 6,8-Dibromo-3-phenyl-2-styrylquinazolin-4(3H) one, on the other hand,
has been found to exhibit antinypertensive activity comparable to prazosin’s®.

O O

NH, > NZ>R,

56 57 58 59

Methodology: (i) PdCl2, DPPP, CaClz, toluene, 145 °C

Scheme 2. 11: Palladium catalyzed one pot synthesis of quinazolin-4(3H)-one’s derivatives.

Jianguang et al.% reported a one pot synthesis of quinazolinone derivatives 63 involving the
reaction of anthranilamide derivatives 60 with primary alcohol 61 in the presence
pentamethylcyclopentadienyl iridium dichloride [CplrCl2]2 as catalyst under hydrogen transfer

conditions (Scheme 2.12).
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Methodology: (i) [CpIrClz]2, xylene, reflux with or without styrene

Scheme 2. 12: [CplrCl2]2 catalyzed synthesis of quinzaolin-4(3H)-ones derivatives.

The next sections describe the transition metal catalyzed cross-coupling of halogenated
quinazolinones to afford polysubstituted derivatives. Halogenated quinazolinones serve as
adaptable building blocks in various metal-catalyzed reactions that involve the formation of
carbon-carbon bonds, including the Stille, Kumada, Negishi, Suzuki-Miyaura, Sonogashira,

Heck and Buchwald-Hartwig cross-coupling reactions.

2.2.4 Application of transition metal catalyzed cross-coupling reaction in the synthesis

of polysubstituted quinazolinones from halogenated precursors.

2.2.4.1 Application of Suzuki-Miyaura cross coupling reaction

Suzuki-Miyaura cross coupling reaction involves the reaction of organoboron compound with
organic halides or related electrophile in the presence of a palladium as a catalyst for carbon-
carbon bond formation. To introduce novel substituted quinazolinones, modifications were made

to 63 at the C-6 position using the Suzuki-Miyaura cross-coupling reaction®”. Two distinct
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palladium-based pre-catalyst systems, namely [PdClz2(dcpf)] and Pd(PPhs)s4, were selected for
screening. The Na2COs was used as a base in a mixture of 1,4-dioxane and water (3:1) at reflux

temperature®®.

R-B(OH), PA(PPh

B
' NH Na,CO, Ar NH
~Z > y/
N 1,4-dioxane, water, (3:1) N

reflux, 16hr

63 64

Scheme 2. 13: Suzuki -Miyaura application to afford quinazolinones.

In another study, the reaction occurred with K2COs as a base, tetrahydropyran (THP) served as
the solvent for conducting the reactions using various palladium catalysts as Pd (0) sources.
Among the palladium catalysts tested, 1,1'-bis(dicyclohexylylphosphino)ferrocene-palladium (1)
dichloride [PdClz(dcpf)] and 1,1'-bis(di-tert-butylphosphino)ferrocene-palladium dichloride

[PdCI2(dtbpf)] demonstrated superior performance, yielding products in the range 84%-95%.

2.2.4.1 Application of Kumada-cross coupling reaction

Kumada cross-coupling reaction involves the reaction of Grignard reagent with organic halides
such as alkyl, vinyl, and aromatic halides in the presence of palladium or nickel as a catalyst to
form Csp?-Csp? bond %°. The Kumada Coupling offers an alternative method for forming carbon-
carbon bonds, utilizing environmentally friendly magnesium organometallics. The investigation
focused on the Kumada cross-coupling reaction involving 6-iodo-2-phenylquinazolin-4-(3H)-one
65 and nine different aryl/heteroaryl Grignard reagents as substrates. NiClz(dppe) was

employed as a catalyst at a concentration of 10 mol % in THF at ambient temperature. The
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reaction reached completion within a 3-hour timeframe, resulting in the isolation of C-C coupled
products with high yields, noteworthy advantages of this method over the Suzuki coupling
reaction included significantly reduced reaction time, mild temperature conditions, and simplified

workup procedures 90,

I / Ar /
N Ar-MgBr N
z - 2
N NiCl, (dppe), THF, rt, 3hr N

65 66

Scheme 2. 14: Kumada cross coupling reaction to form a quinazolinone.

A quinazolinone synthesized through Kumada cross coupling as key step, having therapeutic
activity is Afloqualone (HQ-495). It is a compound that acts on GABA receptors and exhibits
agonistic activity specifically at the 8 subtype of the GABAa receptor. Its antivertiginous effects
are believed to stem from its ability to enhance the sensitivity of GABA receptors located at the

LVN neuron site 91,

Figure 2. 8: Quinazolinones synthesized through Kumada cross coupling.
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2.2.4.3 Application of Stille cross coupling

The Stille coupling requires the presence of a palladium catalyst, which facilitates the coupling
reaction between the organotin compound and the organic electrophile. The palladium catalyst
helps in breaking the carbon-halogen (C-X) bond in the electrophile and the carbon-tin (C-Sn)
bond in the organotin compound. This leads to the formation of a reactive intermediate, a
palladium-organic species. A study by Stelmach et al synthesized dihydroquinazolinones'%?
through Stille cross coupling. The desired coupled product was obtained through the Stille
coupling of with the vinyl tin reagent. Subsequently, the trisubstituted double bond underwent
hydrogenation, and the BOC group was eliminated by acid treatment, resulting in the formation

of analogues 68a—c. These compounds were synthesized as potential inhibitors of p38 MAP

kinase.
-
Sn
A
Cl Cl N Boc Cl Cl NH
O. N R
Y LiCLH PO TFA OYN
N Pd(PPhy), LICLH . PLO . A8
H- H-
r r
67 68
R=OMe
R=OH
R=OTF

Scheme 2. 15: Stille cross coupling to afford derivatives of dihydroquinazolinones.
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2.2.4.4 Application of Negishi cross coupling reaction

Negishi cross-coupling is based on the reaction between organozinc reagents and organic
halides as seen in Figure 2.16. It is a versatile tool for carbon-carbon bond formation. The
organozinc reagent and the quinazolinone are brought together in the presence of the palladium
catalyst. The palladium catalyst activates the carbon-halogen (C-X) bond in the organic halide
and the carbon-nitrogen (C-N) bond in the quinazolinone 69, leading to the formation of a
reactive intermediate. A study of Spiroquinazolinones as selective PDE7 inhibitors by Lorthiois

et al used Negishi cross coupling'® to achieve the desired derivatives spiroquinazolinones 70.

2-pyridylZnBr

>

Pd(PPhy), THE

Ar=C¢H, CO,H 4-pyridyl

Scheme 2. 16: Negishi cross coupling reaction to form quinazolinones 7.

2.2.4.5 Sonogashira cross coupling reaction on quinazolinones

The Sonogashira cross-coupling reaction is a method for the synthesis of alkynes through the
reaction of terminal alkynes with aryl or vinyl halides or triflates. This can be achieved through
various methods, such as deprotonation of a terminal alkyne or transformation of a suitable
precursor into the terminal alkyne form. The Sonogashira cross-coupling requires a palladium
catalyst, commonly a palladium (0) species, to facilitate the coupling between the terminal

alkyne and the aryl or vinyl halide present in the quinazolinone precursor. The palladium catalyst
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promotes the activation of the carbon-halogen (C-X) bond in the halide and the carbon-hydrogen
(C-H) bond in the terminal alkyne. A study by Poudapally et al investigated the C(sp)-C(sp2)
bond formation using Sonogashira cross-coupling reactions on 6-halo-2-cyclopropyl-3-(pyridyl-
3-ylmethyl)quinazolin-4(3H)-ones 71 with suitable alkynes to afford 72. The researchers

conducted optimization of reaction conditions, exploring various catalysts, ligands, bases, and

solvents.

O R 0
I 5mol% ° N

N N PdCly(cH;CN)y’ AN N SN
| . =R, X-Phos( 15mol%) |
N7 = > N7 7
Et;N,3hr
71 72

Scheme 2. 17: Sonogashira cross coupling reaction on quinazolinones.
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2.3 Hypothesis

Given the increasing demand for novel and effective anticancer therapeutics, it is hypothesized
that sulphonated styryl quinazolinones, structurally characterized by their fused quinazolinone
core and sulphonated styryl substituents, possess inherent chemical attributes that render them
promising candidates for targeted cytotoxicity against various cancer cell lines. Building upon
the recognized anticancer potential of quinazolinone derivatives and the modulatory effects that
sulphonated styryl moieties can confer, the central hypothesis of this study postulates that the
strategic incorporation of styryl substituents onto the quinazolinone scaffold may enhances the
compound’s capacity to disrupt key cellular processes implicated in cancer progression.
Through their interactions with critical cellular components, including enzymes, receptors, and

signaling pathways, elicit multifaceted responses within cancer cells.
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2.4 Aims and objectives.

2.41 Aims
The aim of this study was to design, synthesize, perform molecular model studies and

biologically evaluate aryl substituted 2-(4-(sulfonyl)styryl)quinazolin-4(3H)-ones with the
intention of investigating their potential as agents for combating cancer.

2.4.2 Objectives

» Synthesize iodinated anthranilamide.

* Acetylate the resulting 2-amino-5-iodobenzamide.

» Base mediated cyclization of 2-aceto-5-iodobenzamide to yield 6-iodo-2-methylquinazolin-
4(3H)-one.

» Sulphonate a series of hydroxybenzaldehyde.

« Condensation of the sulphonated hydroxybenzaldehyde’s with 6-iodo-2-methylquinazolin-
4(3H)-ones under Aldol reaction conditions.

* Employ Suzuki cross coupling reaction on the 6-iodo-3,4-sulphonated styryl dihydroquinazolin-
4(3H)-ones using arylboronic acids.

 Subject the resultant aryl-substituted 2-(4-(sulfonyl)styryl)quinazolin-4(3H)-one derivatives to
coordination with ruthenium(ll) complex.

* Investigate the potential anti-cancer properties of the synthesized compounds.

» Conduct molecular docking studies to assess the binding interactions and potential binding

modes of the synthesized compounds.
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A series of arylsulfonamide derivatives containing 6-aryl-2-methylquinazolin-4(3H)-ones were
obtained based on their synthetic feasibility and synthesized with moderate to good yields by

the following reactions outlined in scheme 2.18.

©f‘\ 1y K,cop M0 \d‘\ CH3COCI, K,CO4 \d‘\ NaOH, EtOH\d‘\
NH, NH, “2hr,250°C >

8hr, 25 s 2s°C o THF, 1hr, 180 °C
X o CH
C,H;NaO COOH
\ AN H \ AN 213! 2, 3
| »  200°C,8hr
2 OH (é)
77a-r & ]

Ry

0 O\S/R1
O R O A\
R,—= 1 |
2 Ss! [ g-OH NH o Yo
NH o Yo OH

= N/ =
N/ | X 10% Pd(PPhs),’ 1.2eq CsCOz, Toluene,
ome b= 100 °C, 8 hr

Scheme 2. 18: Methodology for synthesis of 2-(4-(sulfonyl)styryl)quinazolin-4(3H)-ones.

7\
o

A

78a-d
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CHAPTER 3: RESULTS AND DISCUSSION

The successful synthesis and comprehensive characterization of sulfonated benzaldehydes and
styryl-quinazolin-(3H)-ones were achieved through a rigorous experimental protocol. Utilizing a
combination of spectroscopic techniques that include NMR, IR, MS, and XRD complemented with
DFT. The chemical structures and properties of the synthesized compounds were elucidated with
high precision. Overall, these results demonstrate the successful synthesis, laying a solid

foundation for further investigations and molecular studies.

3.1 Preparation of 2-amino-5-iodobenzamide

Synthesis of 6-carbo—substituted 2-styrylquinazolin-4(3H)-ones was preceded by synthesis of 2-
amino-5-iodobenzamide as the starting material following a literature procedure by Stein et al.'%.
The iodination substitution reaction of anthranilamide (2-aminobenzamide) entails the
replacement of one of the hydrogen atoms attached to the benzene ring, para to the amine, with
an iodine atom from a method reported by Stein et al.'® shown below (Scheme 3.1). The chemical
transformation is conventionally conducted by subjecting anthranilamide to iodine, utilizing sodium
hydrogen carbonate as a base and water as a solvent. The reaction occurs at ambient

temperature for about six hours.
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O 0

K
8hr, 25 °C
NH, ! NH,
28 73
75%

Scheme 3. 1: Synthesis of 2-amino-5-iodobenzamide 73

Compound (73) was obtained in the form of a purple crystalline product with a yield of 75%.
Characterization was carried out using nuclear magnetic resonance (NMR) spectroscopy in
DMSO-ds. The "H-NMR spectrum of compound 73 displayed a decrease in multiplicities as one
of the aromatic protons was replaced by an iodine atom (as illustrated in figure 3.1). A doublet of
doublet and a doublet signal, due to coupling by 3J and 4J coupling constants by hydrogens on
carbon 4 and 6 are observed at 7.38 ppm and 7.69 ppm, corresponding to the aromatic hydrogens
on the anthranilamide ring. A doublet and singlet signals were observed at 6.54 ppm and 6.72
ppm, corresponding to the aromatic hydrogen of the anthranilamide and the two hydrogens of the
amide functional group, respectively. A singlet peak at 7.03 ppm, which integrate for one proton,
is attributed to one of the hydrogens of the amine functionality. Another single peak integrated for
one (1) amine hydrogen proton at 7.80 ppm. The '*C NMR spectrum of 73 exhibited a total of six
(6) carbon peaks in the aromatic region and one (1) upfield for the carbon-lodine (ArC-I) as seen

in figure 3.2. The melting point was determined to be in the range of 221.09 - 230.78 °C.
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Figure 3. 1: '"H NMR of 73
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Figure 3. 2: 3C NMR of 73

3.2 Preparation of 2-acetamido-5-iodobenzamide

The next synthetic procedure involves acetylation of the 2-amino-5-iodobenzamide 73 with acetyl
chloride. The synthesis began by dissolving 73 in tetrahydrofuran, followed by the addition of 1.5
stoichiometric equivalents of potassium carbonate, serving as a base, and 1.3 stoichiometric
equivalents of acetyl chloride, which functions as an acetyl source to lodinated compound as
described by Kurbatov et al.'%. The reaction took place under reflux conditions with continuous
stirring for approximately one hour. The reaction affording 2-acetamido-5-iodobenzamide in 67%

yield.
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O

I NH,
O CH,COCL, K,CO,4 NH
NH, THF, lhr, 180 °C
O)\CH3
73 74
66%

Scheme 3. 2: Synthesis of 2-acetamido-5-iodobenzamide 74

Compound 74 was obtained as a purple crystalline product. The acetylated product 74 was then
characterized by '"H and '3C NMR spectroscopy, recorded in DMSO-de. The '"H NMR spectrum
shows a singlet peak at 2.38 ppm, integrating for three (3) protons of the methyl, and another
singlet peak at 11.02 ppm, integrating for one (1) proton, which is attributed to the -NH proton on
the secondary amine. Additionally, a doublet of doublet peak at 8.48 ppm integrating for one (1)
proton and two doublets at 7.88 ppm and 8.38 ppm integrating for one (1) proton each were
assigned to the ring (as illustrated in figure 3.3). The '3C NMR spectrum displayed two (2)
carbonyl carbons in the downfield region, six (6) carbons in the aromatic region and one (1) carbon
in the high field region of the methyl (figure 3.4). The compound exhibited a melting point of 95.01-

99.92 °C.
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Figure 3. 4: 3C NMR of 74

3.3 Preparation of 6-iodo-2-methylquinazolin-4(3H)-one

The acetylated product 75 underwent a cyclisation reaction to afford a quinazolin-4(3H)-one,
which is synthesized through a base-promoted cyclisation reaction of 2-acetamido-5-
iodobenzamide following a method reported by Agbo et al'%”- This synthetic procedure proceeds
under reflux conditions, in an ethanol: sodium hydroxide solvent system. The acetylated
compound results in the formation of 6-iodo-2-methylquinazolin-4(3H)-one. Based on
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consumption of the starting material on TLC, the solution was rapidly cooled by introducing
crushed ice, effectively terminating the ongoing reaction. Sulphuric acid was then added to the
reaction mixture, resulting in the formation of a milky solution with precipitates which was

subsequently subjected to filtration.

O 0

I
NH, I
NaOH, EtOH NH
NH » A
2hr, 250 °C N
O)\

74 79% 75

Scheme 3. 3: Synthesis of 6-iodo-2-methylquinazolin-4(3H)-one 75

Compound 75 was obtained as a white solid product. The product was then characterized by 'H
NMR and FTIR. "H NMR spectrum shows a singlet peak at 2.47 ppm, integrating for three (3)
protons of the methyl, and another broad singlet peak at 4.12 ppm, indicating the -OH and —NH
group, which tend to appear as tautomers in DMSO (dimethyl sulfoxide), DMSO destabilizes the
keto form of the compound containing these functional groups, favouring the enol or enamine
tautomeric forms'%8, Additionally, the "H NMR spectrum of 88 shows a doublet resonance at 7.28
ppm integrating for one proton due to 3J coupling to H-5. The 'H NMR spectrum also shows a
doublet of doublet resonance at 8.28 ppm integrating for one proton due to 3J and “J coupling to
H-5 and H-7. In the '"H NMR spectrum there was also a doublet resonance at 8.45 -8.50 ppm
integrating for one proton due to “4J coupling to H-5 (illustrated in Figure 3.5). The compound

exhibited a melting point of 95.01-99.92 °C.
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Figure 3. 5: '"H NMR of 75

3.4 Preparation of sulfonated hydroxy benzaldehydes

The sulphonation process of hydroxybenzaldehyde’s entails the incorporation of derivatised
sulphur moieties onto the oxygen atom of the hydroxyl group position on the benzaldehyde
(Scheme 3.4). This chemical transformation is traditionally accomplished by subjecting two
hydroxybenzaldehyde’s, namely  3-methoxy-4-hydroxybenzaldehyde and  5-bromo-2-

hydroxybenzaldehyde to various sulphonation agents in pyridine'%. The reaction takes place at
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low temperatures i.e. regulated by ice-filled vessel for a duration of two hours. The reaction was
monitored for completion for two hours after which the reaction mixture was then quenched using
crushed ice and then subjected to filtration. The resulting precipitate was subjected to

recrystallization using ethanol, yielding well-defined crystals.

0] @)
X H H
HOfL R,SO,Cl Rl\sz,o
y N
CHN, H,0,0C d ©
76a-r
where X is Br and OCH 3
65-89%
Scheme 3. 4: Synthesis of sulfonated benzaldehydes 76a-r.
Table 3. 1: Derivatives of sulphonated hydroxybenzaldehyde
R1 %Yield Compound number
-CHs 78.23 76a
-CH, 70.87 76b
--CeHs-4-F 81.55 76¢c
© -CeHs5-NO2 72.14 76d
H
-CeHs-OCH3s 89.36 76e
HO

- -CeHs-CHs 74.92 76f
-CeHs-CHsF3 68.61 769
-CeHs-OCH3sF3 92.05 76h
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-CeéHs-NHCOCH;3 83.79 76i

-CHs 90.42 76j

-CH, 78.23 76k

-CeHs-4-F 70.87 761

OH O _CoH-NO2 81.55 76m
" -CeHs-OCH3s 72.14 76n

r -CsHs-CHs3 89.36 760
-CsHs-CHaF3 74.92 76p

-CsHs5-OCH3sF3 68.61 76q
-CeéH5-NHCOCHs3 92.05 76r

Compound 76b was obtained as a white crystalline product. The product was characterized by 'H
and 3C NMR spectroscopic technique, recorded in DMSO-de and X-ray diffraction. The '"H NMR
of compound 76b displayed the presence of doublet of doublet peak in the aromatic region 7.97
ppm, representing two (2) protons brought by the benzene sulfonyl group as compared to starting
material, and another doublet of doublets around 8.23 ppm, integrating for two (2) protons, were
attributed to the sulfonyl ring. A distinct singlet resonance at 9.94 ppm, corresponding to a single
proton, was observed, indicating the presence of an aldehyde functional group in the structure of
compound 76b. This observation serves as confirmation of the successful incorporation of the
benzene sulfonyl group. The proton of the aldehyde group experiences a unique chemical
environment due to its proximity to the carbonyl oxygen (strong electron withdrawing group).
The methoxy protons are observed as singlets in the '"H NMR spectrum of compound 76b at

around
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3.56 - 3.76 ppm, which integrated for three (3) protons. The compound exhibited a melting point

of 164.65 -165.00 °C.
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Figure 3. 6: "H NMR of 4-formyl-2-methoxyphenyl benzenesulfonate 76b
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3.5 X-ray studies of compounds 76a, 76b, 76k

Quality crystals suitable for X-ray diffraction of compounds 76a, 76b and 76k were obtained
through the slow evaporation of ethanol. The molecular structure of compounds and the geometry
around the C—C double bonds were unequivocally confirmed via single crystal X-ray diffraction
analysis (see Figure 3.7). The crystal system of 76a results in monoclinic and that of 76b and 76k

as triclinic. Like their crystallinity, the 76a, and 76b and 76k packing order results into different
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space groups i.e. P21/n and P-1 respectively. Crystallographic numbering scheme has been

utilized in the text for this report instead of the regular systematic numbering.

1 0
Y CF
W _rjics
[ :, c6
c3,/7
(}""'{'T'

Figure 3. 7: Oak Ridge Thermal Ellipsoid Plot (ORTEP) diagram of 76a
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Figure 3. 8: Oak Ridge Thermal Ellipsoid Plot (ORTEP) diagram of 76b

Figure 3. 9: Oak Ridge Thermal Ellipsoid Plot (ORTEP) diagram of 76k
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Table 3. 2: Crystal data and structure refinement for 76a, 76b, 76k.

76a 76b 76k
Empirical formula CoH100s5S C14 H1205 S C1aH9Br 04 S
Formula weight 230.23 292.30 341.17
Temperature 173(2) K 173(2) K 173(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A
Crystal system Monoclinic Triclinic Triclinic
Space group P 21/n P-1 P-1

Unit cell dimensions

a=10.7060(4) A
b =7.8036(3) A
¢ =11.9400(5) A
a=90°.

B = 90.229(2)°

a=85213(7) A

b =11.3887(8) A
c=13.8355(11) A
a=91.516(3)°

B=101.685(4)°

a=8.0715(4) A
b =11.2996(6) A
c=15.0519(8) A
a = 97.029(2)°

B = 92.632(2)°

y =90° y = 91.266(3)° y = 107.149(2)°
Volume 997.52(7) A3 1313.88(18) A3 1297.04(12) A3
Density (calculated) 1.533 Mg/m3 1.478 Mg/m3 1.747 Mg/m3
Absorption coefficient | 9.322 mm-1 0.263 mm-1 3.336 mm-1
F(000) 480 608 680
Crystal size 0.337 x 0.223 x 0.14( 0.315 x 0.177 x 0.097 0.391 x 0.365 x 0.22¢
mm3 mm3 mm3
Theta range for datq 2.550 to 27.999. 1.789 to 25.499° 1.906 to 27.000°
collection

Index ranges

14<=h<=14,
10<=k<=10, -15<=I<=15

-10<=h<=10,
13<=k<=13, -16<=I<=16

-10<=h<=10,
14<=k<=14, -19<=I<=19

Reflections collected

101439

40634

57553

Independent reflections

101439 [R(int) = 7]

4870 [R(int) = 0.0652]

5625 [R(int) = 0.0647]

Completeness to theta 3
25.242°

100 %

99.7 %

99.0 %

Refinement method

Full-matrix least-squares
on F2

Full-matrix least-squares
on F2

Full-matrix least-squares
on F2
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Data / restraints 101439/0/ 139 4870/0/ 364 5625/0/ 343

parameters

Goodness-of-fit on F2 | 1.052 1.089 1.082

Final R indices R1 = 0.0600, wR2 7 R1 = 0.0778, wR2 4 R1 = 0.0365, wR2 -

[1>2sigma(l)] 0.1364 0.2239 0.0966

R indices (all data) R1 = 01111, wR2 3 R1 = 0.0819, wR2 s R1 = 0.0392, wR2 -
0.1517 0.2267 0.0982

Largest diff. peak anc
hole

0.246 and -0.495 e.A-3

0.833 and -0.378 e.A-3

0.758 and -0.687 e.A-3

Table 3. 3: Relative selected bond lengths of 76a and 76b crystals.

76a (A)

76a (B)

76k (A)

76k (B)

C(8)-S(1) = 1.759(4)

C(22)-S(2) = 1.763(5)

S(1) - C(8) = 1.752(3)

C(21)-S(2) =1.749(3)

0(2)-S(1) = 1.612(3)

O(7)-S(2) = 1.611(3)

S(1)— O(2) = 1.605(2)

0(6)-S(2) = 1.600(2)

0(3)-S(1) = 1.420(3)

O(8)-S(2) = 1.425(4)

S(1)— O(3) = 1.423(2)

0(7)-S(2) = 1.417(2)

O(4)-S(1) = 1.420(3)

0(9)-S(2) = 1.415(4)

S(1) - O(4) = 1.425(2)

0(8)-S(2) = 1.424(2)

C(4)-0(2) = 1.401(5)

C(18)-0(7) = 1.399(6)

0(2) - C(2) = 1.408(3]

C(20)-0(5) = 1.205(4)

C(1)-C(7) = 1.476(7)

C(15)-C(21) = 1.476(7)

C(5)-Br(1) = 1.890(3)

C(18)-Br(2) = 1.891(3

49



3. 6 Hirshfeld fingerprint analysis of compounds 76a and 76b

The crystal structures of compound 76a and 76b are further discussed for clearer understanding
of their packing pattern using the Hirshfeld (HF) surface analysis. This is a tool that seeks to
describe the electron density distribution on the surface of molecules. Crystal Explorer software
10 was used to study the crystal packing of 76a and 76b and the supramolecular features of these
structures by Hirshfeld surface analysis along the 2D fingerprint diagrams. The 3D HF surfaces
for 76a and 76b were analyzed at a high standard resolution with an iso-value of 0.5 A% The
surface volume and area for 76a (244.26 A® and 236.92 A?, respectively) is lower than 76b (322.51
A3 and 303.35 A2, respectively). Comparing compound 76a, which has a globularity value of 0.798,
to compound 76b, which has a globularity value of 0.750, indicates that 76a is less spherical in
shape. The molecular shapes of 76a and 76b are not completely symmetrical as indicated by their
asphericity values of 0.133 and 0.146, respectively which means that the molecules deviate from

a perfect spherical geometry and displaying a degree of distortion in their structure.

The molecular conformations of 76a and 76b compounds are stabilized by intramolecular or
intermolecular interactions such as hydrogen to hydrogen bonds, aromatic—aromatic (rr---17, C—
H---1m) and electrostatic interactions, as well as the weak Van der Waals interactions '!'. Variations
in the intermolecular interactions observed in the crystal packing of compounds 76a and 76b
undergo different type H---O, H---H and C---H interactions to connect each other (Figure 3.10).
The 2D fingerprint plots provide a broad visual aid interpretation of the intermolecular interactions
at play within the crystal structures of 76a and 76b. These fingerprints also demonstrated the

specific interaction type which contributes towards establishing the 3D HF motif. Table 1 (shown
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below) shows significant points highlighted from analysis of the 2D fingerprint plots for 76a and

76b, which are catalogued systematically.

Table 3. 4: Hirshfeld surface values in A for structure of 76a and 76b.

Interaction Mode Minimum Mean Maximum Minimum Mean Maximum
Compound 76a 76b

Di 1.011 1.633 2.264 1.04 1.683 2.432

De 1.012 1.654 2.279 1.042 1.692 2.504
Dnorm -0.2 0.407 0.986 -0.152 0.438 1.244
Shape Index (SI) -0.989 0.275 0.997 -0.989 0.24 0.995
Curvedness (Cr) -3.476 -0.963 | 0.176 -3.658 -0.991 | 0.502

Percentage Fingerprint of the total surface area for closed contact between atoms inside ang
outside

Outside Atom% Outside Atom%
Inside Atoms C H O S |C H @) S
C 4.1 5.2 2.7 . 55 9.8 0.8
F 4.6 29.8 22.3 0 [6.7 33.3 189 |.
H 2.4 26 29 . 2 21.4 1.6 0.1
0] . . . . 0.1 . . .
S 11 61.1 27.9 0 |14.2 64.5 21.2 0.1

The contacts that contribute significantly to the total HF surface of these compounds are the
O---H/H---O and H---H contacts which contribute 29.8% and 48.3% for 76a, and 33.3% and 40.3%
for 76b respectively. The H---C, C---O and C---C contacts also contribute to the stability of the
crystal structure of 76a (9.8%, 5.1% and 4.1% respectively), and 76b (16.4%, 2.5% and 5.5%
respectively) and to a lesser extent observed for weaker intermolecular H---H interactions. A
significant part of the C---C interactions of the intramolecularly bonded hydrogen for 76a can be

rationalized as due to possible the mr---17 stacking interactions. The crystal structures of these
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compounds are also influenced by electrostatic contacts of the type O---O between the oxygen

atoms, which account for 2.9% and 1.6% of the total intermolecular forces in both 76a and 76b,

respectively. Although these interactions are not very strong, they play a significant role in

determination and maintenance of the shape and stability of these crystals’'2. In addition,

compound 76b exhibits electrostatic interactions of the type S---C/C---S and S---O/O---S which

contribute 0.1% to the total surface. Although weak, non-covalent interactions are important for

the structure, stability, properties and behavior of the crystal. Additionally, these interactions which

may be cooperative and/or competing help to define the solubility, stability, dissolution rate and

bioavailability of drug molecules, and to extrapolate structure activity relationship (SAR) 113114,
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Figure 3. 10:(a) 2D HF fingerprint plots of 76a and 76b. The y-axis denotes ‘de’ (distance to the

nearest external element) and the x-axis shows ‘di’ (distance to the nearest internal element) of

the 3D Hirshfeld surface. Blue spots represent specific X:--Y element pair contributions, while

grey spots outline the combined contributions of all interacting pairs. (b) The relative

contributions percentage of diverse intermolecular contacts to the Hirshfeld surface area in 76a

and 76b compounds.
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The comprehensive understanding of the intricate dynamics of the non-covalent interactions in
this case might yield useful insights into the behaviour of the material across various conditions.
Analysis of Figure 3.10 shows a circular red spot within the contour of the HF surface, which
indicates the existence of weak intermolecular interactions in the crystal structure of the
compound. The dnorm values are mapped on the 3D HF surface using a color scheme of red,
white and blue. The colour red indicates negative dnorm value -0.1997 (a.u) for 79a, which is
higher than 76b with a value of about -0.1518 (a.u). The low electron density regions in this case
suggest weak intermolecular interactions. White indicates zero dnorm values, which mean normal
Van der Waals contacts. The blue regions suggest positive dnorm value 0.9856 (a.u) for 79a and
1.2445 for 76b, which mean high-electron-density regions and strong intermolecular interactions.
Figure 3.11 2 shows the spatial mapping of the de (delocalization index outside) and di
(delocalization index inside) surfaces for 76a and 76b. The colour gradient in Figure 3.11 shows
the difference between the two surfaces of 76a and 76b. The red colour in de region indicates a
lower value of 1.0125 au. for 76a than 76b value 1.0421 au., while the blue colour represents
lower values of 2.2792 au. and 2.4320 au. for 76a and 76b, respectively. The observed analysis
means that the red spots on the de surface represent the regions where the electrons are most
likely to be found outside the molecule, while the red spots on the di surface represent the regions
where the electrons are most likely to be found inside the molecule, thus creating polarities within

the molecule.
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The hydrogen atoms H5, H8A and H9a for 76k or H2 and H5 are situated near the external
boundary of the de surface as shown in Figure 3.10 Intriguingly, these H-atoms concurrently act
as the proximate donor nuclei to the di surface, reflected as red contours in the figure. This
therefore suggests that the H-atoms are involved in subtle intermolecular interactions. This
interpretation finds alignment with insights derived from the HF surface analysis, mapped based
on electrostatic potentials and dnorm. It is notable that both surfaces have conspicuously green,
flat sections, suggesting the presence of ---1r stacking interactions in the crystal packing. The
r---17 stacking interactions are a type of Van der Waals interaction that occurs between aromatic
rings. This suggests that these hydrogen atoms are involved in bridging interactions between

aromatic rings.

dnorm

. dnorm
“ﬂ_

(Pl

Figure 3. 11: HF 3D maps as represented in the dnorm, di, de, shape index “si”, curvedness

“crv”, and fragment batch “fb”, and voids of crystal of 76a and 76b, respectively.
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Normally, the strength of crystal packing determined the mechanical response of a material to
applied stress or force. Single crystals are known for their high mechanical strength because the
molecules within them are densely packed. Materials with strong molecular packing are more
likely to exhibit high mechanical strength and resistance to deformation or breakage under applied
stress or force "% The voids analysis in Figure 3.11 reveals that the voids occupy approximately
4.23% for 76a and 3.36% for 76k, and of the total space within the crystal while the molecules
occupy 95.76% and 96.34%, respectively. The high molecular packing order and limited voids
space in the crystal structure are positive indicators of mechanical stability. The voids map crystal
packing suggests that crystal 76k is mechanically stable due to the strong packing of molecules

and the limited presence of voids would make it resilient to external mechanical forces or stress.

3.5 Preparation of (E)-4-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2- sulfonates

Aldol condensation reaction of the sulphonated benzaldehydes with the 2-methylquinazolin-3H-
one entails the formation of the vinylic group between the two compounds''®. This chemical
reaction is conventionally conducted by dissolving methylquinazolin-3H-one in 20 mL of acetic
acid and 10 mL dimethylformamide for thirty minutes under reflux conditions with constant stirring
until fully dissolved. Thereafter a three stochiometric equivalence of sodium acetate was added
which act as a base after which two equivalences of the sulphonated salicylaldehyde was added.
The reaction is refluxed at relatively high temperature for approximately six hours. After six hours
of constant stirring under reflux, the mixture was quenched using crushed ice, filtered, and washed

with methanol to afford crystalline product.
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Scheme 3.5: Synthesis of (E)-4-(2-(6-iodo-4-ox0-3,4-dihydroquinazolin-2-yl)vinyl)-2- sulfonates

T7a-d.

Table 3. 5: Derivatives of 77a-d

Compound number X R1 Yield%
77a Br -CHs 84
77b Br -CsHs 71
77c OCHs -CHs 93
77d OCHs -CeHs 80

The aldol condensation compounds 77a-d were obtained as white to light yellow solid powder
product. The melting points ranged from 320-380 °C. The compounds were then characterized
using 'H and "*C NMR spectroscopy, recorded in DMSO-ds. The 'H NMR displayed the merging
of the distinctive peaks from the sulphonated benzaldehyde and the 6-iodo-2-methylquinazolin-
(3H)-one, through an aldol condensation reaction. The double bond formed had E configuration'”
based on the coupling constant (3J = 16 Hz). This proximity results in two doublet peaks at 6.65
ppm and 7.98 ppm, both having the same J coupling (illustrated in figure 3.7). This observation

serves as confirmation of the successful aldol condensation reaction.
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Figure 3.12: "H NMR of compound 77b (E)-4-bromo-2-(2-(6-iodo-4-oxo0-3,4-dihydroquinazolin-2-

yl)vinyl)phenylmethanesulfonate.

3.6 Preparation of (E)-4-(2-(6-aryl-4-oxo0-3,4-dihydroquinazolin-2-yl)vinyl)-2- sulfonates

Synthesis of (E)-2-methoxy-4-(2-(6-(4-arylphenyl)-4-oxo0-3,4-dihydroquinazolin-2-yl)vinyl)phenyl
literature procedure reported by Goyal et al’’8. where the

sulfonates 81 followed a similar
halogenated methylquinazolin-4(3H)-ones underwent Suzuki-Miyaura cross-coupling with
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arylboronic acids. In our case, we followed a slightly different path whereby (E)-4-(2-(6-iodo-4-
oxo-3,4-dihydroquinazolin-2-yl)vinyl)-2-  sulfonates  were reacted with palladium-
tetrakis(triphenylphosphine) as the catalyst for active Pd(0) species and cesium carbonate as a
base in toluene at 100°C for eight (8) hours, resulting in the formation of the novel 6-aryl-
substituted derivatives 78a—e (Scheme 3.6 below). The following reaction conditions were
adopted whereby arylboronic acids (ArB(OH)z2) in 1.2 equivalents, 10% Pd[(CsHs)3P]s, CsCOs3 in
1.2 equivalents in 25mL toluene was allowed to reach completion after eight (8) hours before

cooling thereafter filtration, affording 80a — e in relatively good yields.

O 0. R, R2

N\~ O R
I S
C&NH e
=
N7 > O
10% Pd(PPh3)2, 1.2eq CsCOy, Toluene,
77 a-d 100 °C,8 hr 8 a-e

a-

1

Scheme 3.6: 6-carbo—substituted 2-styrylquinazolin-4(3H)-ones 78a-e.

Table3.6: Derivatives of (E)-(2-(6-(4-aryl)-4-oxo-3,4-dihydroquinazolin-2-yl)vinyl)phenylsulfonate.

Compound R1 R2 X %Yield
number
78a -CHs 4-OCHs -OCHs 71.29
78b -CHs 4-F - OCHs 88.03
78c -CsHs 4-OCHs -OCHs 75.48
78d -CsHs 4-H -OCHs 93.61
78e -OCHs3 4-OCHs -Br 71.29

Compounds 78a-e were achieved bearing different substituents in varying yields and
characterized as illustrated in the tabulated result (Table 3.6). It is noteworthy to observe that 6-
carbo—substituted 2-styrylquinazolin-4(3H)-one’s derivatives exhibit limited solubility in the
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commonly used deuterated solvents. Their solubility in DMSO-ds allowed for the acquisition of 'H-
NMR spectra within a few minutes. However, all the compounds, precipitated from DMSO-ds at
room temperature, affecting the quality of their "*C-NMR spectra. Despite these challenges, the
distinct proton signals in the aromatic region of the "H-NMR spectra and accurate calculated m/z

values confirmed the assigned structures.

Compound 78f was obtained in the form of a brownish solid product. The product was then
characterized through 'H and '3C NMR spectroscopy, recorded in DMSO-ds. The 'H NMR
displayed the presence of an increased number of protons in the aromatic region arising from the
Suzuki coupling reaction. Specifically, a set of two doublet of doublet peaks in the aromatic region
7.66 ppm and 8.22 ppm, integrating for two (2) protons. A distinct singlet peak at 12.61 ppm,
corresponding to a single proton, was observed, indicating the proton resonance of the —NH group
in the lower field region. The vinylic group shifted position but still had E configuration''® based
on the coupling constant (3J = 16 Hz). This proximity results in two doublet peaks, one around
7.18 ppm and another around 7.85 ppm, both having the same J coupling constant. This
observation serves as confirmation of the successful coupling in the position of lodine atom. The
methoxy and methyl protons observed as singlets in the spectrum around 3.67 ppm and 3.73
ppm, where they integrate for three (3) protons. The compound exhibited a melting point of

180.65-200.00 °C.
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Figure 3.13: '"H NMR of (E)-4-bromo-3-(2-(6-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-
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3.7 Biological toxicity evaluation

Styrylquinazolinones are renowned for their diverse pharmacological properties, they have
garnered substantial attention due to their ability to inhibit key pathways implicated in cancer
progression. Moreover, sulfonated hydroxybenzaldehyde derivatives have emerged as potent
anticancer agents, exhibiting remarkable efficacy in targeting specific molecular targets involved
in tumorigenesis. This section will delve into the biological activity of these compounds, elucidating
their mechanisms of action and highlighting their therapeutic potential in combating cancer.
Research into cell viability and antioxidant properties using chemically synthesized drugs helps
elucidate the complex signaling pathways involved in cell death and survival'?°. Testing drugs
synthesized by organic chemists in cell culture'?! allows researchers to assess their efficacy and

safety profiles.

When synthesizing our target compounds, we discovered that the precursors, sulphonated
benzaldehydes 76a-r, were novel and had not been previously reported. This novelty prompted
us to perform biological evaluations of these precursors together with the target compound,
Styrylquinazolinones. Evaluating the biological properties of precursors alongside the target
compounds is crucial for comprehending their distinct biological characteristics, refining the
synthesis process, evaluating safety aspects, and meeting regulatory requirements. This
comprehensive approach not only streamlines compound synthesis but also strengthens our

capability to create compounds that are safe and efficacious for their intended uses.
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3.7.1 Cell viability analysis of compounds 77a-d and 78a-e against MCF-7, HeLa and
HEK293-T.

The biological activity of the synthesized compounds against the (MCF-7) cell line figure 3.14,
(HeLa) human cell lines figure 3.15, and (HEK293-T) human embryonic kidney cells figure 3.16
was investigated using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay based on protocol established by Mosman'22. Cells were treated at a concentration of 100
MM of the synthesized active compounds, dissolved in a culture medium containing 0.5% DMSO,

with curcumin serving as the standard.

The preliminary results indicate promising biological activity against the cell lines tested, more
comprehensive studies are needed to fully assess the therapeutic potential of the synthesized
compounds. This includes determining ICso0 values, conducting additional biological evaluations,
testing smaller concentrations, and performing comparative studies. These steps will provide a
more thorough understanding of the compounds' efficacy, safety profile, and potential for further

development as anticancer agents.
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Figure 3. 16: %Cell viability of compounds against Hek at 100 pM

The (E)-4-(2-(6-iodo-4-ox0-3,4-dihydroquinazolin-2-yl)vinyl)-2-sulfonates displayed promising
activity with %cell viability when compared with the positive control, curcumin. From the
preliminary tests, the most active compound, 77¢c showed 30% cell viability when compared with
curcumin (90%) cell viability at 100 yM against MCF-7. Compound 77b and 77c and 77e had
the most activity against the HelLa cells with a percentage viability of 50%, 51%, and 55%
respectively, compared to curcumin at 90%. Compound 77b and 78e resulted in similar %viability
of 40% against the HEK293-T cells where curcumin was 90% at 100 uM but the 77b would be

most preferred since adhering to ADMET properties.
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3.7.2 DPPH assay of compounds 76a-76i

Series of the sulphonated hydroxybenzaldehyde derivatives were evaluated through enzymatic
assays in vitro for radical scavenging potential. DPPH (2,2'-diphenyl-1-picrylhydrazyl) radical
scavenging assay was conducted by testing the compounds alongside ascorbic acid as a

positive control.

Table 3. 7: The vanillin series subjected to the DPPH radical scavenging assay in the presence

of ascorbic acid.

Vanillin
R 1Cs0 VALUES Compound number
(uM £ SD)
2a -CHs 1.083% 3.914 76a
2b -CsHs 13.64+ 2.839 76b
2c --CeHs-4-F 8.228+ 1.470 76¢
2d -CsHs5-NOs3 0.0001248+ 1.911 76d
2e -CsH5-OCH3s 29.26 £ 2.368 76e
2f -CsHs-CHs 3.406e-16 £ 2.024 76f
2g -CeHs-CHasF3 24.88+ 3.351 769
2h -CeH5-OCH3F3 2.732e-020+ 76h
11.400
2i -CsH5-NHCOCHS3 | 1.617e-018+% 2.255 76i
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Ascorbic acid 587 +£0.88

Compounds 79a-79i were tested for antioxidant activity using the DPPH assay, compounds 79d,
79f, 79h and 79i have been found to have more scavenging activity (ICso = 0.29 pM, 0.67 uM,
0.0273 uM and 0.0617 uM) than ascorbic acid (ICso = 5.87 £ 0.88 yM). This can be seen in

Figure 3.17.
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Figure 3. 17: Line plot of 76aj-76i antioxidant activity
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Table 3. 8: The bromo series subjected to the DPPH radical scavenging assay in the presence

of ascorbic acid.

5-Bromo
R ICs0 VALUES Compound number

(uM £ SD)
2a -CHs 0.6798+ 14,29 76j
2b -CeHs 0.007719+ 7,439 76k
2c -CeHs-4-F 49.39+ 3,512 76l
2d -CeHs-NO3 56300990+ 1,823 76m
2e -CsHs5-OCH3s 0.7021+ 5,004 76n
2f -CsHs-CHs 444633208 + 7,748 760
2g -CsHs-CHsFs 5.216e-007+ 2,957 76p
2h -CeHs-OCHsFs | 3.215e+016+ 1,022 7649
2i -CeHs-NHCOCHs3 | 1.617e-018+ 2,255 76r

Ascorbic acid 5.87 £ 0.88

Compounds 76j to 76r were assessed for their inhibitory activity against the specified target
using ICso0 values. Notably, compounds 76k, 76p, and 76r demonstrated particularly potent
activity with 1Cso0 values of 0.007719 uM, 5.216e-007 yM, and 1.617e-018 uM, respectively.
These results indicate that these compounds are highly effective inhibitors compared to the

standard, ascorbic acid, which had an IC50 value of 5.87 + 0.88 uM. Conversely, compounds
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76m, 760, and 76q showed very high 1Cso values, suggesting limited inhibitory activity under

the tested conditions. This can be seen in Figure 3.18.
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Figure 3. 18: Line plot of 79j-79q antioxidant activity
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3.7.3 MTT assay of sulphonated benzaldehydes against lung cancer cell (A459) with
camptothecin as a positive control.

In this study, we assessed the cell viability of sulphonated benzaldehydes against (A549) lung
cancer cells using the MTT assay. Leveraging camptothecin as a positive control, we aimed to

elucidate the potential of these compounds in inhibiting cancer cell proliferation.

Table 3. 9: ICso values of sulphonated benzaldehydes against A549 cells.

ICs0 (100 pM) Compound number

5.28 76b

4.60 76¢c

3.67 76d

3.77 76e

6.05 76f
15.36 769

7.91 76h
0.042 76i

5.79 76n

6.30 760
114.30 76p

3.21 76q

6,32 Camptothecin
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Figure 3. 19: %Percentage cell viability of standard camptothecin

Compound 76i was found to be most active with the 1Cso value of 0.042 100 uM compared to
camptothecin of an ICso value of 6.32 100 uM. This indicates its greater potency, as lower

concentrations of the compound are needed to achieve the desired level of inhibition.
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Figure 3. 20: Bar plot of sulphonated benzaldehydes (76 series) against camptothecin.
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3.8. Molecular docking studies

Molecular docking has been performed to evaluate the interaction between the enzyme and the
potential ligands to reveal the site of action and possible interaction modes with the key residues
of the receptors. The docking analysis was performed in silico studies of the possible potency of
these desirable molecules in-vifro against the tyrosine Kinase and peroxidase proteins,
respectively utilizing their respective crystallized frameworks (PDB: 20H4 231 and 2X08!'24. The
docking investigation procedures were studied through Glide’s module® 125.126,127,128,129 * The
preliminary inhibitors [benzimidazole, and Ascorbic] were redocked into the examined crystal
frameworks as reference standards to verify the efficiency of docking methodology. In addition,
the efficacious performance of the targeted molecules was authenticated via the low values of
Root Mean Square Deviation (RMSD) of tyrosine kinase (2.05 and 0.231A), and for peroxidase
(2.01 and 0.201 A), respectively. They were each acquired through the root mean square deviation
(RMSD) between the native and re-docked poses of the co-crystallized inhibitor. The established
inhibition behaviour in binding-energy BE terms for the tested compounds 76a-76r with the

receptor are herein reported in Table 3.9

The initial inhibitors have been adequately installed into their binding sites to attain their crystal
configurations. The hetero-nuclear ring for benzimidazole centered on the tyrosine Kinase
VEGFR-2 adenine-pocket and interacted with ALA868, LYS 868, CYS917, GLU883, VAL914,
VAL916, CYS 1045, ASP1046, and PHE1047 while the Ascorbic acid seem to be capped with

ARG48, TRP51, MET 172, HIS 175, HIS177, LYS179, THR180, HIS181, ARG184, SER185 and
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PHE191 in peroxidase. It is known that these amino acids interact with the ligands of tyrosine

Kinase and peroxidase that are essential for its catalytic activity.

We observed in our experiments that almost all conformations of all compounds 76a-76r showed
interactions with important residues within the protein pocket. The molecules seem to dock
efficiently into the active sites in a similar mechanism as the control inhibitors. The overlay for
most active compounds and reference inhibitor was figured for further validation of the molecular
docking experiment, then the ligand efficacy (LE) and inhibition constant (Ki) were then calculated.
The binding mode and stability of the docked poses were evaluated by the Glide AG score, which
estimates the free energy of binding between the ligand and the receptor protein (Table 3.9). The
lowest score poses and RMSD suggest a more stable orientation in the binding pocket. The data
herein quoted was used to rank the docked poses and to select the most stable docked
conformation of each compound 76a-76i. The docking energy details are shown in Table 3.9. The
interactions between the active compounds and the active site residues were mainly polar, H-H,
m-11, M—H, =S, and m—cation interactions, which contributed to a strong alignment with the

enzyme backbone.

Table 3. 10: The binding-affinity for compounds 76a-76i with docking score (kcal/mol) against

VEGFR-2 and hCAlII.

No. AG RMSD | H.B Eint. Eele Ki LE
20H4
76a -5.485 | 0.673 | 7.872 -14.297 | -8.963 | -24.617 | 8.146
76b -7.998 | 1.768 |12.534 |-24.123 |-8.089 |-37.175 | 4.523
76¢ -7.448 | 1.683 | 74.747 |-19.257 |-7.798 |-31.488 |4.425
76d -6.734 | 0.919 |44.431 |-17.328 |-8.091 |-31.825 | 7.330
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76e -7.694 | 1.091 |66.703 |-16.857 |-8.060 |-34.290 |7.055
76f -8.199 | 1.575 |67.062 |-27.120 |-8.914 |-38.804 | 5.207
76g -7.799 | 1.030 |107.068 |-22.125 | -8.595 |-32.641 | 7.568
76h -7.532 | 1.716 | 69.264 |-25.980 | -8.837 |-33.094 |4.388

76i -7.078 | 1.268 |74.977 |-25.153 |-8.707 |-29.583 | 5.583
Benzimidazole | -5.324 | 0.891 |73.874 |-7.862 |-8.636 |-19.834 | 5.976

2X08

1 -5.159 | 1.149 | 8.095 -14.889 | -8.471 | -22.254 | 4.491

76a -7.199 | 1.195 | 75.685 |-24.680 |-8.938 |-36.498 | 6.024
76b -6.793 | 1.580 | 73.531 |-23.907 |-7.906 |-32.323 |4.300
76¢ -6.358 | 1.128 |45.054 |-16.324 |-8.479 |-32.319 | 5.639
76d -7.087 | 1.399 |68.823 |-24.418 |-8.905 |-30.697 |5.065
76e -7.219 | 0.981 |66.333 |-22.314 |-7.836 |-30.191 | 7.357
79f -7.648 | 1.909 |103.146 | -18.185 | -8.957 | -35.952 | 4.006
76g -7.055 | 1.320 |71.832 |-18.153 |-7.439 |-26.001 | 5.345
76h -7.330 | 1.745 | 103.927 | -17.811 | -8.540 |-35.402 | 4.201
76i -7.671 | 1.202 |24.351 |-19.568 | -7.434 |-33.917 | 6.383

Ascorbic -5.16 | 1.52 77.69 -11.52 | -7.96 -23.80 |4.70

Where, AG: Free binding energy of the ligand; RMSD: root-mean-square deviation; H.B.: H-
bonding energy between protein and ligand; Elnt.: Binding affinity of H-bond interaction with
receptor; Eele: Electrostatic interaction over the receptor, LE: ligand efficacy and Ki: inhibition

constant in uM.
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3.8.1 Docking of VEGFR-2 protein

All compounds 76a-76j demonstrated higher binding affinities (AG = -5.4 to -8.1 kcal/mol) than
benzimidazole (AG = -5.3 kcal/mol '3°), which substantiated their promising potencies. The most
active molecules 76a, 76e and 76i revealed a relatively strong attachment within the protein
binding pockets, interacting with the vital hydrophobic VAL 916, LEU 889 and VAL 899 residues

in the same manner as benzimidazole (Figure 3.19).

Interactions
D van der Waals

- Conventional Hydrogen Bond
I:l Carbon Hydrogen Bond
[ Fi-caton

:] Pi-Sulfur

[ Fi+iT-shaped

[] Akv

[ Pi-akv

VAL916

Figure 3. 21: 3D mapping surface of three most active compounds 76a, 76e, 76i and

benzimidazole inside 20H4.
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The most active molecule 76i with ICs0 = 0,0422 had binding energy equivalent to -8.035 Kcal/mol,
comfortable within the binding pocket by interacting with the important hydrophilic binding pocket
GLUB885, ASP 1045 and ASP 1046 that led to an increase in activity against VEGFR-2. The
second most active compound 76a with AG =-7.998 Kcal/mol was docked in the VEGFR-2 binding
pocket via interaction with hydrophilic binding pocket LYS 868 and PHE 1047, while interacting
with hydrophobic part VAL 914, ALA886, and LEU 1035. Compound 76e has the third most
binding affinity -8.199 Kcal/mol and interacts with LYS 868, GLU885, CYS1045 and ASP1046 and
hydrophobic part VAL 848, and PHE 1047 (Figure 3). It is therefore inferred that the formation of

strong interactions with the selected residues pinpoint to the VEGFR-2 binding pocket.

3.8.2 Docking profile into 2X08 peroxidase active site.

Among the nine investigated compounds 76a-76i, five compounds 76d, 76e, 76f, 76h and 76i
have been found to have more scavenging activity (ICso = 0.29uM, 0.67 uM, 0.0273 yM and
0.0617 uM) than ascorbic acid (ICso = 5.87 £ 0.88 uM) and showed strong peroxidase interactions
(-7.219 Kcal/mol., -7.087 Kcal/mol., -7.648 Kcal/mol., -7.330 Kcal/mol., and -7.671 Kcal/mol.). It
can be concluded that four hybrids exhibited scavenging efficacy most comparable to the
reference inhibitor, showing the highest binding efficacy with an inhibitory activity of AG =-5.16

Kcal/mol (Table 3.9).
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Figure 3. 22: 3D mapping surface of four most active compounds 76a, 76e, 76f, 76h, 76i and

ascorbic acid inside 2X08.

The most active inhibitors of peroxidase were found to be compounds 76h and 76i, which
demonstrated different binding modes around the protein’s active site. Compound 76h formed
strong O---H interactions with both hydrophilic (ARG 48, PRO 145, HIS 175, LYS 179, THR 234,
TYR 187) and hydrophobic (PHE 147) residues, while compound 76i interacted with hydrophilic
residues (ARG 48, PRO 145, LYS 179) and one m-17 interaction with hydrophobic residue (PHE
191). Compounds 76d and 76e showed the same inhibitory activity, but also differed in their
binding energies of -7.087 Kcal/mol. and -7.219 Kcal/mol., as mentioned in (Table 3.9).
Compound 76e showed the best potent binding energy which interacted with hydrophilic residues
(TYR 187, HIS 181, LYS 179, HIS 175, PRO 145, ARG 48) and one m7-17 interaction with residue
(PHE 191and PHE 158), but also interacted with VAL 154 and ALA 147 through alkyl bond, Figure

3.20. Compound 76f had a similar binding mode to ascorbic acid'®! and interacted with TRP 51
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and ARG 184. The identified active compounds are assumed to disrupt the catalytic function of

peroxidase by forming stable interactions with key amino acids in the active site (Figure-4).

3.8.3 In silico Toxicological Profile

In silico cytotoxicity screening were checked through ADMET (absorption,
distribution, metabolism, and excretion - toxicity) parameters acting as a fundamental route
in therapeutic bioactive molecules. SwissADME '32 and admet-SAR mode '33were used to
predict parameters for seven investigated molecules 76a-76i, which are shown in
Table 3.10. The physicochemical and ADME parameters stated that these ligands are
suitable for all investigated rules as Lipinski, Ghose, Veber, Egan, Muegge rules with no
violations. All seven investigate compounds 76a-76i and ascorbic acid were subjected to
Lipinski, Ghose, Muegge, and Golden Triangle rules and pass via Veber, Egan, Pfizer, GSK
without any alerts in PAINS crtria. While benzamidazole rejected all their tested rules. The
tested compound 76a-76i and ascorbic acid exhibited promising bioavailability scores (0.55)

compared to benzimidazole which has (0.17).

The synthesized compounds 76a-76r were then subjected to drug-likeliness conditions such
as good oral bioavailability and resistance to biodegradation or commonly defined as
ADMET following Lipinski’s rule of five. All the molecules in the 76a-76i showed good oral
bioavailability and resistance to biodegradation, as shown by the data in Table 3.10.
The Radar for Bioavailability plot (Figure-5) illustrates the drug-likeness analysis based
on the balance of polarity, size, lipophilicity, solubility, saturation, and flexibility ['34]. The

reader indicates the ideal ranges for each feature with a pink color.
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Figure 3. 23: a) The optimal range as red color for; Lipophilicity: —0.7 < XLOGP3 < +5.0, size:
150 < MW < 500 g/mol, polarity: TPSA < 140 A2, solubility: log S < 6, saturation fraction of

carbons in the hybridization sp3 = 0.25, and flexibility: rotatable bonds < 9.

b) Boiled-egg plot, White and yellow color represented highly probable for HIA (Gl) absorption
and BBB permeation, respectively, grey outside for molecules is low absorption and not brain
penetration, blue and red points represented as P-gp substrate (PGP+) and P-gp non-

substrate (PGP-), respectively.

All compounds 76a-76r and ascorbic acid had low Csp3 Fraction values ranging from 0.07 to 0.17
(passing value Csp3 < 0.25) ['3%], which indicate a low degree of saturation of the carbon atoms.
Another important factor for absorption in silico is water solubility ['3¢]. All the synthesized
compounds 76a-76r exhibited strong absorption as with ADMET-sar pharmacokinetic
characteristics i.e. mutagenic, tumorigenic, reproductively effective, irritant, and human intestinal

absorption which were also examined in silico ['%].
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Table 3. 11: In silico ADMET and drug likeness assessment for the seven investigated compounds, 76a-76i including

ascorbic acid (As) and benzimidazole (Bi) as control inhibitor.

1 76a 76b 76¢ 76d 76e 76f 76g 76h 76i As Bi
Fraction Csp3 0.12 0.22 0.07 0.07 0.13 0.13 0.13 0.13 0.07 0.75 0.09
H-bond acceptors 3 5 5 6 5 6 8 9 7 6 6 13
H-bond donors 1 0 0 0 0 0 0 0 0 3 1 3
MR 40.34 | 53.78 | 7262 |72.58 |77.59 |79.11 |77.62 |79.3 81.44 |86.93 | 33.81 | 253.68
TPSA 46.53 | 78.05 |78.05 | 78.05 | 78.05 |87.28 | 78.05 |87.28 | 123.87| 107.15| 104.06| 195.43
%ABS 92.95 | 82.07 |82.07 |82.07 |82.07 |78.89 |82.07 |78.89 |66.26 |72.03 | 73.1 68.78
iLOGP 1.57 142 |238 |262 |266 |226 |238 |247 1.7 2.06 -0.3 6.37
XLOGP3 3.9 475 |4.66 |4.26 3.94 (472 |4.63 -1.42
Consensus Log P| 1.2 1.12 2.44 2.78 278 |2.36 3.47 3.29 1.66 |2.02 -1.61 | 4.57
ESOL Log S -1.82 |-1.8 -3.25 |-34 -3.54 |-3.31 |-415 |-436 |-3.36 |-2.94 |0.08 -8.9
Gl absorption High | High | High |High |High |High |High |High |High |High |Low Low
BBB permeant Yes No Yes No Yes No No No No No No No
BBB 0.745 | 0.378 | 0.1 0.08 0.07 0.057 | 0.196 | 0.111 |0.071 | 0.096 | 0.073 | 0.064
PPB 79.00% 78.34% 97.70% 98.46% 98.06% 98.44% 98.24% 99.86% 97.79% 91.77% 63.23% 97.54%
Pgp substrate No No No No No No No No No No No Yes
CYP1A2 inhibitor | No No Yes Yes Yes No Yes No No No No No
CYP2C19 inhibito| No No Yes Yes Yes Yes Yes Yes Yes Yes No No
CYP2C9 inhibitor | No No No No No No Yes Yes Yes No No No
CYP2D6 inhibitor | No No No No No No No No No No No No
CYP3A4 inhibitor | No No No No No No No No Yes No No No
log Kp (cml/s) -6.37 |-714 |-641 |-645 |-624 |-662 |-613 |-6.01 |-6.74 |-7.27 |-8.37 |-7.6
SkinSen 0.26 0.5 0.235 | 0.134 | 0.182 [ 0.186 |0.041 |0.118 |0.836 |0.111 | 0.837 | 0.951
Lipinski violationg 0 0 0 0 0 0 0 0 0 0 0 2
Ghose #violations 2 0 0 0 0 0 0 0 0 0 2 4
Veber #violations | 0 0 0 0 0 0 0 0 0 0 0 1
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Egan #violations | 0 0 0 0 0 0 0 0 0 0 0 1
Muegge 1 0 0 0 0 0 0 0 0 0 1 4
#violations
PAINS #alerts 0 0 0 0 0 0 0 0 0 0 0 0
Pfizer Accept| Accept| Accept| Accept| Accept| Accept| Rejecte Accept| Accept| Accept| Accept| Accept
ed ed ed ed ed ed d ed ed ed ed ed
GSK Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Rejecte
ed ed ed ed ed ed ed ed ed ed ed d
GoldenTriangle | Rejecte Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Accept| Rejecte Rejecte
d ed ed ed ed ed ed ed ed ed d d
Bioavailability 055 |055 |055 |[055 |055 |055 (055 |055 |055 |055 |055 |0.17
score
Leadlikeness 1 1 0 0 0 0 1 2 0 0 1 2
#violations
Synthetic 115 236 |277 |277 |2.88 |2.91 285 [294 284 [273 |3.16 10
Accessibility
HIA 0.012 | 0.009 |0.007 |[0.005 [0.004 |0.006 |0.004 |0.004 |0.007 |0.008 |0.069 |0.944
Caco-2 -4.484 | -4.684 | -4.699 | -4.612 | -4.664 | -4.652 | -4.753 | -4.92 |-4.649 | -4.913 | -5.917 | -4.858
MDCK 1.37E-| 1.75E- | 2.50E- | 2.35E- | 2.38E- | 2.15E- | 2.33E- | 2.51E- | 7.44E- | 1.40E-| 0.0001| 1.28E-
05 05 05 05 05 05 05 05 05 05 43 05
Carcinogenicity | 0.119 |0.732 | 0.856 | 0.935 | 0.921 | 0.909 | 0.724 | 0.93 |0.926 |0.685 |0.266 | 0.041
hERG 0.035 | 0.013 | 0.128 [ 0.157 |0.179 |0.307 |0.138 | 0.47 |0.528 |0.124 | 0.015 | 0.261
H-HT 0.019 | 0.817 | 0.083 [0.76 |0.128 |0.171 |0.264 | 0.974 | 0.829 | 0.318 | 0.168 | 0.99
DILI 0.033 | 0.783 | 0.954 [0.937 |0.949 |0.942 |0.954 |0.975 | 0.94 0.946 | 0.936 | 0.867
Ames 0.067 | 0.611 | 0.014 [ 0.015 [ 0.015 |0.016 |0.032 | 0.153 | 0.962 | 0.028 | 0.027 | 0.009
Pgp-inh 0 0.001 [ 0.012 [ 0.076 |0.007 |0.065 |0.058 |0.358 | 0.004 |0.011 |0.001 |1
Pgp-sub 0.082 [ 0.002 |0 0 0.001 |0 0.001 |0 0 0.019 | 0.089 |0.862
IGC50 3.177 292 |3.388 [3.492 |3.565 |3.637 |3.835 |3.698 |3.853 | 3.279 | 1.489 |5.106
LD50 3.863 | 4.119 | 4.287 [4.419 |4.361 |4.329 |4.904 |4.867 |4.485 |4.21 2.389 | 2.009
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To assess the potential of these compounds as substrates or non-substrates for different
biological barriers and transporters, we applied another support vector machine algorithm to
predict their permeability for skin permeation (Log Kp), Caco-2, blood brain barrier (BBB) and p-
glycoprotein (P-gp). We also used the same algorithm to evaluate their inhibition effects on the
main cytochromes P450 isoenzymes (CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4). The
predictions from (Table 3.10) indicated that none of these compounds had the ability to inhibit any

of the P450 types.

The permeability of the compounds 76a-76r across skin and intestinal cells was low, as indicated
by their low (Log Kp) and Caco-2 values. The BOILED-Egg model was applied to plot the WLOGP
and TPSA values of these compounds (Figure 3.21) which revealed that the compounds 76a-76r
had high BBB permeability, high Gl absorption, high brain penetration, weak inhibition of (hERG)
ranging from (0.013-0.52) and no resistance to P-gp protein. The compounds were also non-
carcinogenic, non-mutagenic and non-tumorigenic when compared with 981 carcinogenic

chemicals from the “Carcinogenic Potency Database (CPDB)” 3.
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CHAPTER 4: EXPERIMENTAL
4.1 General

Reagents and solvents used in this study were procured from commercial sources, mainly Sigma-
Aldrich and Merck (South Africa). All materials were utilized without further purification, unless
clearly mentioned. Reactions involving moisture-sensitive substances were conducted under a
nitrogen (N2) atmosphere, employing oven-dried glassware. Tetrahydrofuran (THF) was distilled
freshly over sodium/benzophenone under a N2 atmosphere prior to its application. All experiments
were carried out at room temperature unless specifically indicated. Thin-layer chromatography was
performed using self-cut Merck silica gel F254 plates with a thickness of 0.255 mm, and when
necessary, visualization of spots was achieved through ultraviolet fluorescence at wavelengths of
254 or 297 nm. Flash column chromatography was executed using Merck Kiesel silica gel 60 (230—
400 mesh). Analytical preparative thin-layer chromatography (TLC) on silica gel plates was also

employed for purification in some instances.

The structural characteristics of the compounds were documented and confirmed through various
analytical techniques: High-resolution mass spectra were acquired using a Waters Synapt G2
instrument with an ESI probe, operating in ESI Positive mode with a Cone Voltage of 15 V (Waters
Corp., Milford, MA, USA); Melting points were determined using a Lasec/SA-melting point
apparatus from Lasec company, SA (Johannesburg, South Africa), and reported without correction;
IR spectra were recorded using a Bruker Alpha platinum-ATR FTIR spectrometer and Nuclear
Magnetic Resonance (NMR) data were collected on a Bruker Ascend 400 MHz Topspin 3.2

spectrometer. Chemical shifts are presented in parts per million (ppm) relative to tetramethylsilane
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(TMS). Peak multiplicities are indicated as brs (broad singlet), s (singlet), d (doublet), t (triplet), q
(quartet), quin (quintet), sex (sextet), and m (multiplet), or combinations thereof (e.g., dd for doublet
of doublet), with coupling constants (J) reported in hertz (Hz). '"H NMR and "*C NMR spectra were
internally referenced using solvent signals as follows: '"H NMR: 7.25 ppm for CDCIz, 2.50 ppm for
DMSO-ds, 3.31 ppm for MeOD; '3C NMR: 77.0 ppm for CDCl3, 39.9 ppm for DMSO-ds, and 49.1

ppm for MeQD, all recorded at room temperature."

4.2 Synthesis of substrates

4.2.1 Synthesis of 5-iodo-2-aminobenzamide 73

0
NH,

NH,

A mixture of 2-aminobenzamide (5.00 g,37,72 mmol), 12 (11.13 g, 44.06 mmol), NaHCO3
(3.70 g, 44.06 mmol) and H20 (1 L) was allowed to stir at room temperature for 6 hr. The
mixture was quenched in Na2S203 solution in a beaker containing crushed ice. The
precipitate formed was filtered, then recrystallized in ethanol which afforded a purple
crystalline solid. 73 (6.46 g; 75.33%) M.p. (221.09 °C); FTIR (vmax, cm™') 504, 836, 1158,
1381, 1618, 3188, 3315, 3376 cm™'. '"H NMR: (400 MHz, DMSO-ds, ppm), 7.85 (s, 1H, NH),
7.81 (d, 1H, Ph, J =4.0 Hz), 7.38 (dd, 1H, Ph, J=2.0 Hz and J = 8.4 Hz) 7.17 (s, 1H, NH)
6.72 (s, 2H, NH2 ), 6.54 (d, 1H, Ph, J = 3.0 Hz); '3C NMR: (100 MHz, DMSO-ds, ppm)
40.1, 40.3, 40.5, 74.8, 116.5, 119.4, 136.9, 140.3, 150.1, 170.3; HRMS (ESI): calculated

261.96 [M]* C7H7IN20"* 262.9956.
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4.2.2 Synthesis of 2-acetamido-5-iodobenzamide 74

0)

I
NH

O)\CH3

A stirred mixture of 5-iodo-2-aminobenzamide (6.00 g, 22.89 mmol), K2CO3 (9.15 g, 34.35 mmol)
and CH3COCI was allowed to reflux at 66 °C for a 1 hr in THF (200 mL). The reaction was cooled
for 10 min, then quenched using crushed ice. Thereafter the residue is partitioned between
dichloromethane DCM and water (H20), the layers of the filtrate were separated and the organic
phase is washed with 1M sodium carbonate solution (Na2CQOs), dried with magnesium sulphate
(MgS04), and evaporated to afford a greyish solid 74 (4.62 g, 66.57 %) M.p (326.58 °C); FTIR
(Vmax, cm') 413, 423, 455, 505, 545, 625, 725, 844, 1297, 1372, 1400, 1498, 1565, 1663, 2046,
2163, 2920, 3166, 3341 cm™'; '"H NMR: (400 MHz, DMSO-ds, ppm) 11.46 (s, 1H, NH) 8.35 (d, 1H,
Ph, J =3.0 Hz), 8.23 (d, 1H, Ph, J = 8.8 Hz) 8.07 (s, 2H,NH2), 8.23 (dd, 1H, Ph, J=8.8 Hzand J =
2.0 Hz); 3C NMR: (100 MHz, DMSO-ds, ppm) 25.4, 86.3, 122.3, 122.7, 137.0, 139.6, 140.9, 168.7,

169.7; HRMS (ESI): calculated 285.96 [M]* CoH7IN20",287.9788.
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4.2.3 Synthesis of 6-iodo-2-methylquinazolin-4(3H)-one 75

O

NH

N
A stirred mixture of 2-acetamido-5-iodobenzamide (1.00 g, 3.29 mmol) in an aqueous solution of
99% NaOH in ethanol 8:2 (20 mL) was allowed to reflux for 2 hr. The solution was quenched using
crushed ice, then followed by addition of sulphuric acid for neutralization. The solution was then
filtered and afforded a white-greyish solid 75 (0.69 g, 79.24%), M.p. (312.91 °C); FTIR (Vmax, cm™')
420, 494, 530, 574, 590, 783, 1077, 1302, 1467, 1559, 1656, 1704, 2573 CM"; '"H NMR: (400 MHz,
DMSO-ds, ppm) 8.41 (d, 1H, Ph, J =3.6 Hz), 8.27 (dd, 1H, Ph, J=2.0 Hz and J = 8.8 Hz), 7.50
(d, 1H, Ph, J = 8.4 Hz) 5.23 (s, NH) 2.58 (s, 3H, CHs), '*C NMR: (100 MHz, DMSO-ds, ppm) 24.5,
98.4, 126.3, 128.2, 139.8, 139.9, 145.1, 149.4, 163.9, 164.9 HRMS (ESI): calculated 285.96 [M]*

CoH7IN20",286.9609.

4.2.4 Synthesis of 4-formyl-2-methoxyphenyl aryl sulfonates (76a-i)
4241

¢’

d/\O

Synthesis of 4-formyl-2-methoxyphenylmethanesulfonate 76a
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To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, methane sulfonyl chloride (0.88 g, 7.67 mmol) 0.59 mL was added in a dropwise
manner and the reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete
consumption of the starting material, the reaction was quenched with crushed ice and then filtered.
The resulting precipitate was then recrystallized in ethanol to afford compound 76a (1.03 g,
69.66%),as white crystals M.p. (60.57 °C ); FTIR (Vmax, cm™') 503, 519, 543, 567, 595, 690, 776,
824, 852, 932, 978, 1025, 1104, 1150, 1173, 1264, 1286, 1356, 1452, 1505, 1588, 1694 cm"; 1H
NMR: (400 MHz, DMSO-ds, ppm) 9.98 (s, 1H, COH), 7.67 (d, 1H, Ph, J = 4.5 Hz), 7.61 (dd, 1H,
Ph, J=2.6 Hz and J = 8.6 Hz), 7.56 (d, 1H, Ph, J = 8.4 Hz), 3.96 (s, 3H, OCHs), 3.24 (s, 3H, CHs);
13C NMR: (100 MHz, DMSO-ds, ppm) 56.2, 111.3, 124.67, 125.0, 135.9, 142.6, 152.4; HRMS (ESI):

calculated 230.02 [M]* CoH1005S* 231.0389.

4.2.4.2

Synthesis of 4-formyl-2-methoxyphenylbenzenesulfonate (76b)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, benzene sulfonyl chloride (1.35 g, 7.67 mmol) 0.98 mL was added in a dropwise
manner and the reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete

consumption of the starting material, the reaction was quenched with crushed ice and then filtered.
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The resulting precipitate was then recrystallized in ethanol to afford compound 76b (1.71 g, 86.80%)
as yellow crystals M.p. (138.35 °C); FTIR (Vmax, cm™") 438, 520, 562, 586, 625, 683, 704, 725, 750,
836, 892, 1069, 1161, 1189, 1250, 1370, 1466, 1590, 1687 cm"; '"H NMR: (400 MHz, DMSO-ds,
ppm) 9.94 (s, 1H, COH), 7.84- 7.86 (m, 1H, Ph), 7.83- 7.87 (m, 2H, Ph), 7.67 (t, 2H, Ph, J = 8.0
Hz), 7.56 (dd, 1H, J =2.6 Hz and J = 8.0 Hz), 7.52 (d, 1H, J = 6.6 Hz), 7.37 (d, 1H, J = 8.4 Hz),
3.65 (s, 3H, OCHzs); *C NMR: (100 MHz, DMSO-ds, ppm) 55.9, 112.7, 123.2, 124.4, 128.2, 129.6,
134.8, 135.1, 135.9, 141.8, 152.0, 192.0; HRMS (ESI): calculated 292.04 [M]*, C14H1205S*

293.0723.
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Synthesis of 4-formyl-2-methoxyphenyl 4-nitrobenzenesulfonate (76c)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-nitrobenzenesulfonyl chloride (3.68 g, 15.77 mmol) was added manner and the
reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of
the starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76¢ (1.89 g, 85.52%) as purple
crystal, M.p. (160.77 °C); FTIR (vmax, cm™) cm™! 562, 666, 709, 827, 1019, 1087, 1141, 1266, 1360,

1495, 1592, 1689; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.9 (s, 1H, COH), 7.77 (d, 1H, Ph, J = 8.8
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Hz), 7.35 (dd, 1H, Ph, J = 6.6 Hz and J = 2.6 Hz), 7.34 (d, 1H, Ph, J = 3 Hz), 6.94 (d, 2H, Ph, J =
9.0 Hz), 3.86 (s, 3H, CHa); 3C NMR: (100 MHz, DMSO-ds, ppm) 55.7, 110.9, 114.0, 124.4, 127.0,
130.8, 135.6, 142.9, 152.5, 164.1, 190.8; HRMS (ESI): calculated 337.30 [M]*, C14H11NO7S*

338.8911.

4244
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Synthesis of 4-formyl-2-methoxyphenyl 4-fluorobenzenesulfonate (76d)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-fluorobenzenesulfonyl chloride (3.068 g, 15.77 mmol) was added manner and the
reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of
the starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76d (1.50 g, 73.89%) as white
crystal, M.p. (151.49 °C), FTIR (Vmax, cm") 156, 611, 627, 769, 832, 898, 1045, 1127, 1245, 1339,
1442, 1525, 1627; '"H NMR: (400 MHz, DMSO-ds, ppm) 9.91 (s, 1H, COH), 7.88 (m, 2H, Ph), 7.43
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(dd, 1H, Ph, J=6.4 Hzand J = 2.6 Hz), 7.35 (d, 1H, Ph, J =4.6 Hz), 7.19 (m, 2H, Ph), 3.62 (s, 3H,
OCHz); *C NMR: (100 MHz, DMSO-ds, ppm) 55.7, 110.9, 116.1, 116.3, 124.3, 124.6, 135.8, 142.5,

152.3, 164.7, 167.3, 190.7; HRMS (ESI): calculated 310.30 [M]*, C14H11FOsS™*, 311.9813.

4245

Synthesis of 4-formyl-2-methoxyphenyl 4-methylbenzenesulfonate (76e)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, toluenesulfonyl chloride (3.00 g, 15.77 mmol) was added and the reaction was
allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting
material, the reaction was quenched with crushed ice and then filtered. The resulting precipitate
was then recrystallized in ethanol to afford compound 76e (1.42 g, 69.65%) as white crystal, M.p.
(161.67 °C),FTIR (Vmax, cm™) 547, 598, 661, 709, 751, 780, 839, 1029, 1055, 1152, 1178, 1290,
1363, 1502, 1593, 1697; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.90 (s, 1H, COH), 7.73 (d, 2H, Ph,
J =8 Hz), 7.41 (dd, 1H, Ph, J =6.8 Hz and J = 2.4 Hz), 7.32 (d, 2H, Ph, J = 7.6 Hz), 7.19 (d, 2H,
Ph, J=8.6) 3.61 (s, 3H, OCHz), 2.43 (s, 3H, CH3); *C NMR: (100 MHz, DMSO-ds, ppm) 55.8, 55.7,
110.9,124.3,124.4,128.5,129.4,132.8, 135.6, 142.9, 145.4, 152.5, 190.8 HRMS (ESI): calculated

306.06 [M]*, C1sH1405S™, 307.1156.

4.2.4.6
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Synthesis of 4-formyl-2-methoxyphenyl 4-(triffluoromethoxy)benzenesulfonate (76f)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-trifluoromethoxybenzenesulfonyl chloride (4.11 g, 15.77 mmol) was added manner
and the reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete
consumption of the starting material, the reaction was quenched with crushed ice and then filtered.
The resulting precipitate was then recrystallized in ethanol to afford compound 76f (1.98 g, 80.16%)
as white crystal, M.p. (162.14 °C), FTIR (vmax, cm™') 542, 593, 714, 752, 836, 1024, 1147, 1375,
1499, 1553, 1694; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.90 (s, 1H, COH), 7.89 (d, 2H, Ph, J=8.4
Hz), 7.34 (d, 2H, Ph, J = 8.8 Hz), 7.33 (d, 3H, Ph, J = 6.6 Hz), 3.54 (s, 3H, OCHj3); '*C NMR: (100
MHz, DMSO-ds, ppm) 30.8, 55.5, 110.9, 118.7, 124.7, 130.7, 142.3, 152.1, 153.2, 190.6, 207.0;

HRMS (ESI): calculated 376.02 [M]*, C1sH11F306S*, 377.7678.

4.2.4.7
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Synthesis of 4-formyl-2-methoxyphenyl 4-(trifluoromethyl)benzenesulfonate (769)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-trifluoromethylsulfonyl chloride (2.00 g, 15.77 mmol) was added and the reaction
was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the
starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76g (1.76 g, 74.57%) as white
crystal, M.p. (166.33 °C), FTIR (vmax, cm™') 428, 539, 596, 719, 825, 1059, 1140, 1271, 1316, 1370,
1496, 1656; '"H NMR: (400 MHz, DMSO-ds, ppm) 9.95 (s, 1H, COH), 8.06 (dd, 4H, Ph, J =8.4 Hz
and J = 3.3 Hz), 7.58 (dd, 1H, Ph, J =6.5 Hz and J = 2.4 Hz), 7.54 (d, 1H, Ph, J = 6.1 Hz), 3.52 (s,
3H, OCHs3), 3.46 (s, 3H, CHas); '*C NMR: (100 MHz, DMSO-ds, ppm) 55.6, 111.0, 125.9, 126.0,
129.3, 135.8, 135.9, 139.1, 139.2, 142.3, 152.1, 192.6; HRMS (ESI): calculated 360.30 [M]*,

C1sH11F305S*, 361.7681.

42438
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Synthesis of 4-formyl-2-methoxyphenyl 4-methoxybenzenesulfonate (76h)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-methoxybenzenesulfonyl chloride (3.06 g, 15.77 mmol) was added and the reaction
was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the
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starting material, the reaction was quenched with crushed ice and then filtered. The
resulting precipitate was then recrystallized in ethanol to afford compound 76h (1.45 g,
68.72%) as white crystal, M.p. (184.25 °C); FTIR (Vmax, cm™) 561, 665, 708, 826, 1019, 1087,
1140, 1265, 1360, 1495, 1592, 1689; 'H NMR: (400 MHz, DMSO-ds, ppm) '"H NMR: (400 MHz,
DMSO-dg, ppm) 9.88 (s, 1H, COH), 7.74 (d, 2H, Ph, J = 8.8 Hz), 7.38 (dd, 1H, Ph, J = 6.4 Hz and
J=1.6 Hz), 7.33 (d, 1H, J = 3.6 Hz), 7.32 (d, 1H, Ph, J = 3.2 Hz), 7.93 (d, 2H, Ph, J = 8.8 Hz),
3.84 (s, 3H, OCH3), 3.61 (s, 3H, OCH3);; '*C NMR: (100 MHz, DMSO-ds, ppm) 30.8, 55.6, 55.7,
110.9, 113.9, 1241, 124.4, 126.8, 130.7, 135.5, 142.8, 152.4, 164.1, 190.8; HRMS (ESI):

calculated 322.33 [M]", C15H1406S™, 323.6788.
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Synthesis of 4-formyl-2-methoxyphenyl 4-acetamidobenzenesulfonate (76i)

To a stirring solution of 4-hydroxy-3-methoxysalicyladehyde (1.00 g, 6.57 mmol) and pyridine (5mL)
in an ice bath, 4-acetamidebenzenesulfonyl chloride (3.68 g, 15.77 mmol) was added and the
reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of
the starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76i (1.49 g, 65.06%) as white

crystal,M.p. (300.65 °C); FTIR (vmax, cm™', 432, 566, 627, 704, 737, 795, 893,1048, 1127, 1213,
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1333, 1436, 1551, 1619, 1740; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.89 (s, 1H, COH), 8.58 (s,
1H, NH), 7.73 (m, 4H, Ph), 7.41 (d, 1H, Ph, J = 6.0 Hz), 7.89 (dd, 1H, Ph, J = 8.6 Hz and J = 2.4
Hz), 7.31 (d, 1H, Ph, J = 8.0 Hz), 3.60 (s, 3H, OCHs), 2.20 (s, 3H, CHs); '3C NMR: (100 MHz,
DMSO-ds, ppm) 23.3, 56.0, 112.8, 118.8, 123.3, 124.4, 127.8, 129.9, 135.9, 142.0, 145.1, 152.1,

169.6, 192.2; HRMS (ESI): calculated 349.36 [M]*, C16H1sNOeS™ 356.7845.

4.2.5 Synthesis of 4-bromo-2-formylphenyl arylsulfonates 76j-r
4251
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Synthesis of 4-bromo-2-formylphenyl methanesulfonate (76j)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, methanesulfonyl! chloride (1.14 g, 9.95 mmol) 0.77 mL was added in a dropwise manner and
the reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption
of the starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76j (1.10 g, 80.29%) as white
crystal, M.p. (81.88 °C); FTIR (vmax, cm™) 526, 610, 833, 1306, 1461, 1619, 1678 cm™'; 'TH NMR:
(400 MHz, DMSO-ds, ppm) 3.66 (s, 3H, CHs), 7.53 (d, 1H, Ph, J = 8 Hz), 8.00 (dd, 1H, Ph, J = 6.64
and J = 2.8 Hz), 8.03 (d, 1H, Ph, J = 3.4 Hz), 10.15 (s, 1H, COH); "*C NMR: (100 MHz, DMSO-ds,
ppm) 96.0, 125.6, 128.1, 130.2, 130.5, 134.4, 135.7, 135.8, 138.3, 139.5, 147.7, 151.1, 153.9,

156.3; HRMS (ESI): calculated [M]* 277.92, CsH7BrO4S * 278.9843.
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Synthesis of 4-bromo-2-formylphenyl benzenesulfonate (76k)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, benzene sulfonyl chloride (1.14 g, 9.95 mmol) 0.77 mL was added in a dropwise manner and
the reaction was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption
of the starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76k (1.20 g, 71.42%) as white
crystal, M.p. (164.65 °C); FTIR (vmax, cm™') 438, 520, 562, 586, 625, 682, 703, 724, 750, 836, 891,
1088, 1160, 1198, 1249, 1372, 1449, 1466, 1590, 1687 cm™'; '"H NMR: (400 MHz, DMSO-ds, ppm)
9.81 (s, 1H, COH), 7.95 (d, 1H, Ph, J = 6.6 Hz), 7.91 (dd, 2H, Ph, J = 6.0 Hz and J = 2.0 Hz), 7.88-
7.89 (m, 1H, Ph), 7.87 (dd, 1H, Ph, J=1.2 Hzand J =5.2 Hz), 7.69 (t, 2H, Ph, J =6.0 Hz), 7.17 (d,
1H, Ph, J = 8 Hz); '3C NMR: (100 MHz, DMSO-ds, ppm) 121.5, 125.5, 130.5, 131.5, 133.9, 135.2,

138.0, 149.8, 185.8; HRMS (ESI): calculated 339.94 [M]*, C13H9BrO4S* 340.2356.
4.2.5.3
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Synthesis of 4-bromo-2-formylphenyl 4-(trifluoromethyl)benzenesulfonate (76l)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, trifluoromethylbenzenesulfonyl chloride (1.45 g, 6.00 mmol) was added and the reaction was
allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting
material, the reaction was quenched with crushed ice and then filtered. The resulting precipitate
was then recrystallized in ethanol to afford compound 761 (1.69 g, 83.36%) as white crystal, M.p.
(192.51 °C); FTIR (vmax, cm™') 427, 558, 599, 709, 747, 839, 893, 1059, 1090, 1135, 1164, 1316,
1382, 1466, 1690; 'H NMR: (400 MHz, DMSO-ds, ppm); 9.95 (s, 1H, COH), 7.98 (d, 2H, Ph, J =
4.4 Hz), 7.91 (dd, 2H, Ph, J=4.0 Hz and J = 2.4 Hz), 7.68 (dd,1H, Ph, J =6.8 Hz and J = 2.8 Hz),
7.38 (d, 2H, Ph, J =8 Hz), 7.05 (d, 1H, Ph, J = 8 Hz); *C NMR: (100 MHz, DMSO-ds, ppm); 121.8,
125.1, 126.7,126.8, 129.1, 130.4, 132.1, 138.1, 149.1, 185.5; HRMS (ESI): calculated 409.17 [M]*,

C14HeBrF304S*, 410.5578.
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Synthesis of 4-bromo-2-formylphenyl 4-(trifluoromethoxy)benzenesulfonate (76m)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, trifluoromethoxybenzenesulfonyl chloride (1.55 g, 6.00 mmol) was added and the reaction

was allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the
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starting material, the reaction was quenched with crushed ice and then filtered. The resulting
precipitate was then recrystallized in ethanol to afford compound 76m (1.69 g, 83.36%) as white
crystal, M.p. (214.86); FTIR (vmax) cm™ 542, 554, 597, 715, 749, 838, 1089, 1158, 1249, 1380,
1467, 1590, 1691, 2909, 3108; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.95 (s, 1H, COH), 7.98 (d,
2H, Ph, J =6.4 Hz), 7.91 (dd, 2H, Ph, J =6.0 Hz and J = 2.0 Hz), 7.68 (dd,1H, Ph, J =6 Hz and J
=1.8 Hz), 7.38 (dd, 2H, Ph, J =8 Hz), 7.05 (d, 1H, Ph, J = 8 Hz); "*C NMR: (100 MHz, DMSO-ds,
ppm) 121.0, 121.7,125.3, 130.4, 130.8, 131.9, 132.0, 138.1, 185.6; HRMS (ESI): calculated 425.17

[M]*, C1aHsBrF30sS*, 425.6790.

4.2.5.5
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Synthesis of 4-bromo-2-formylphenyl 4-fluorobenzenesulfonate (76n)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, 4-fluorobenzenesulfonyl chloride (1.15 g, 6.00 mmol) was added and the reaction was allowed
to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting material,
the reaction was quenched with crushed ice and then filtered. The resulting precipitate was then
recrystallized in ethanol to afford compound 76n (1.41 g, 79.21%) as white crystal, M.p. (177.76
°C); FTIR (vmax, cm™) 444, 555, 622, 717, 832, 888, 1087, 1161, 1257, 1378, 1467, 1587, 1678,
2913., 3075; "H NMR: (400 MHz, DMSO-ds, ppm); 9.87 (s, 1H, COH), 8.65 (dd, 2H, Ph, J = 8.4
Hz), 8.11 (dd, 2H, Ph, J =8.4 Hz and J = 2.0 Hz), 8.20 (d, 1H, Ph, J = 2.3 Hz), 7.65 (dd, 1H, J =
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4.0 Hz and J = 8.0 Hz), 7.16 (d, 1H, J = 8.0 Hz)'*C NMR: (100 MHz, DMSO-ds, ppm) 110.9,
118.7,121.3,124.2, 124.7, 130.7, 142.3, 152.1, 153.2, 190.6. HRMS (ESI): calculated 359.17 [M]

*,360.017.

4.2.5.6
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Synthesis of 4-bromo-2-formylphenyl 4-nitrobenzenesulfonate (760)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, 4-nitrobenzenesulfonyl chloride (1.32 g, 6.00 mmol) was added and the reaction was allowed
to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting material,
the reaction was quenched with crushed ice and then filtered. The resulting precipitate was then
recrystallized in ethanol to afford compound 760 (1.60 g, 84.29%) as white crystal, M.p. (235.67
°C); FTIR (vmax, cm™') 3118, 2888, 1690, 1609, 1591, 1535, 1466, 1405, 1383, 1362, 1349, 1319,
1289, 1253, 1201, 977, 965, 850, 763.03, 746, 731, 623, 603, 562, 462 cm™'; '"H NMR: (400 MHz,
DMSO-ds, ppm) 9.97 (s, 1H, COH), 8.42 (dd, 2H, Ph, J = 8.0 Hz), 8.09 (dd, 2H, Ph, J = 8.8 Hz and
J =8.4 Hz), 8.00 (d, 1H, Ph, J =3.4 Hz), 7.71 (dd, 1H, J =4.0 Hz and J = 8.0 Hz), 7.06 (d, 1H, J =
8.0 Hz); ®C NMR: (100 MHz, DMSO-ds, ppm) 122.0, 124.7, 125.1, 129.9, 130.3, 132.5, 138.2,

139.8, 148.3, 151.1, 185.4; HRMS (ESI): calculated 386.17 [M]*, 387.9978.

4.2.5.7
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Synthesis of 4-bromo-2-formylphenyl 4-methylbenzenesulfonate (76p)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, 4-toluenesulfonyl chloride (1.13 g, 6.00 mmol) was added and the reaction was allowed to stir
for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting material, the
reaction was quenched with crushed ice and then filtered. The resulting precipitate was then
recrystallized in ethanol to afford compound 76p (1.21 g, 68.75%) as white crystal, M.p. (188.32 °C
); FTIR (vmax cm') 551, 661, 707, 736, 822, 885, 1084, 1167, 1376, 1466, 1559, 1690, 2880, 3067;
"H NMR: (400 MHz, DMSO-ds, ppm) 9.82 (s, 1H, COH), 7.88 (d, 1H, Ph, J =4.2 Hz), 7.59-7.63 (m,
3H, Ph), 7.29 (dd, 2H, Ph, J = 8.6 Hz), 6.97 (d, 1H, Ph, J = 8.2 Hz), 2.39 (s, 3H, CHzs); "*C NMR:
(100 MHz, DMSO-ds, ppm) 30.5, 57.4, 121.1, 125.3, 128.2, 130.1, 130.3, 130.5, 131.1, 137.8,

146.5, 149.7, 185.9; HRMS (ESI): calculated 355.20 [M]*, C14H11BrO4S*, 356.4590.

4.2.5.9
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Synthesis of 4-bromo-2-formylphenyl 4-acetamidobenzenesulfonate (76q)
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To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, 4-acetamidebenzenesulfonyl chloride (1.39 g, 6.00 mmol) was added and the reaction was
allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting
material, the reaction was quenched with crushed ice and then filtered. The resulting precipitate
was then recrystallized in ethanol to afford compound 76q (1.64 g, 83.24%) as white crystal, M.p.
(223.98); FTIR (vmax cm™) 421, 462, 577, 661, 782, 867, 926, 1125, 1225, 1225, 1285, 1335, 1424,
1556, 1621; "H NMR: (400 MHz, DMSO-ds, ppm) 9.89 (s, 1H, COH), 8.58 (s, 1H, NH), 7.73 (m, 4H,
Ph), 7.41 (d, 1H, Ph, J =4.9 Hz), 7.89 (dd, 1H, Ph, J=4.4 Hz and J =2.0 Hz), 7.31 (d, 1H, Ph, J =
8.4 Hz), 3.60 (s, 3H, OCHs), 2.20 (s, 3H, CHas); '*C NMR: (100 MHz, DMSO-ds, ppm) 24.7, 119.2,
121.4, 1255, 127.6, 129.9, 130.4, 131.5, 138.1, 144.3, 149.8, 169.1, 186.1; HRMS (ESI):

calculated 398.23 [M]*, 399.9032.
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Synthesis of 4-bromo-2-formylphenyl 4-methoxybenzenesulfonate (76r)

To a stirring solution of 5-bromosalicyladehyde (1.00 g, 4.96 mmol) and pyridine (5mL) in an ice
bath, 4-methoxybenzenesulfonyl chloride (1.23 g, 6.00 mmol) was added and the reaction was
allowed to stir for 2 hr at 0 °C. After the TLC had shown the complete consumption of the starting
material, the reaction was quenched with crushed ice and then filtered. The resulting precipitate
was then recrystallized in ethanol to afford compound 76r (1.23 g, 66.84%) as white crystal, M.p.
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(210.67 °C); FTIR (vmax, cm™) 557, 664, 705, 830, 1019, 1087, 1166, 1267, 1374, 1464, 1589,
1688; 'H NMR: (400 MHz, DMSO-ds, ppm) 9.88 (s, 1H, COH), 7.93 (d, 1H, Ph, J = 4.9 Hz), 7.71
(dd, 2H, Ph, J =4.2 Hz and J = 2.0 Hz), 7.69 (dd, 2H, Ph, J = 4.8 Hz), 7.03 (d, 1H, Ph, J = 8.6 Hz),
6.96 (dd, 2H, Ph, J =8 Hz and J = 1.2 Hz), 3.24 (s, 3H, OCH3); 13C NMR: (100 MHz, DMSO-ds,
ppm) 30.8, 55.8, 114.7, 121.2, 124.8, .125.5, 137.9, 150.0, 164.7, 185.8, 206.9; HRMS (ESI):

calculated 371.20 [M]*, 372.6554.
4.2.6 Synthesis of (E)-4-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2- sulfonates
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Synthesis of (E)-4-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2-methoxyphenyl!

methanesulfonate (78a)

A mixture of 6-iodo-2-methylquinazolin-4(3H)-one (2.00 g, 12.49 mmol) and 4-formyl-2-
methoxyphenyl methanesulfonate (3.44 g, 14.99 mmol) with sodium acetate (2.04 g, 24.98 mmol)
in 100 mL of acetic acid was allowed to stir for 8 hr at 117 °C. The reaction was quenched with ice,
filtered and washed with methanol to afford compound 78a (5.23 g, 84.21%) as a yellow powder.
M.p. (340.23 °C); FTIR (vmax, cm™ ) 510, 531, 602, 682, 788, 812, 853, 967, 1030, 1114, 1150,

1174, 1257, 1295, 1354, 1459, 1503, 1574, 1643, 1673, 2845, 2918 cm™ 'H NMR: (400 MHz,
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DMSO-ds, ppm) 12.49 (s, 1H, NH), 8.36 (d, 1H, Ph, J = 4.0 Hz), 8.07 (dd, 1H, Ph, J = 2.0 Hz and J
= 8.8 Hz), 7.94 (d, 1H, Ph, J = 6.4 Hz), 7.15 (m, 1H, Ph), 7.43 (d, 1H, Ph, J = 8.4 Hz), 7.38 (d, 1H,
Ph, J =8.4 Hz), 7.27 (d, 1H, Ph, J = 8.4 Hz), 7.05 (d, 1H, Ph, J = 6.0 Hz), 7.00 (d, 1H, CH=CH, J =
16.0 Hz), 3.92 (s, 3H, OCHs), 3.39 (s, 3H, CHs); 13C NMR: (100 MHz, DMSO-ds, ppm) 56.6, 113.2,
123.7, 125.0, 136.2, 142.6, 150.0, 152.5, 164.7, 192.5, 187.8, 189.4; HRMS (ESI): calculated

497.97 [M]*, C18H15IN2055".498.3309.

4.2.6.2

I
NH
N/)\/\Q:O\

0
0=$=0

Synthesis of (E)-4-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2-methoxyphenyl!

benzenesulfonate (78b)

A mixture of 6-iodo-2-methylquinazolin-4(3H)-one (2.00 g, 12.49 mmol) and 4-formyl-2-
methoxyphenyl benzenesulfonate (4.43 g, 14.99 mmol) with sodium acetate (2.04 g, 24.98 mmol)
in 100 mL of acetic acid was allowed to stir for 8 hr at 117 °C. The product was quenched with ice,
filtered then washed with methanol which afforded a yellow solid 78b (5.02 g, 71.81%), M.p.
(378.65 °C); FTIR (vmax, cm™") 456, 652, 683, 712, 789, 843, 955, 1007, 1186, 1332, 2778, 2889,
2956 'H NMR: (400 MHz, DMSO-ds, ppm) 8.23 (s, 1H, NH), 8.36 (d, 1H, Ph, J = 5.0 Hz), 8.33 (d,
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1H, Ph, J = 3.0 Hz), 8.03 (m, 1H, Ph), 7.89 (d, 1H, Ph, J = 8.4 Hz), 7.84 (m, 1H, Ph), 7.67 (m, 1H,
Ph), 7.52 (dd, 1H, Ph, J = 8.2 Hz and J = 2.0 Hz), 7.44 (d, 1H, Ph, J = 8.8 Hz), 7.37 (dd, 1H, J =
3.0 Hz and J = 8.4 Hz), 7.15 (m, 1H, Ph), 7.00 (d, 1H, CH=CH, J = 16.0 Hz), 3.54 (s, 3H, CHa); 13C
NMR: (100 MHz, DMSO-ds, ppm) 55.5, 122.9, 123.0, 124.7, 128.4, 129.4, 129.7, 130.5, 132.7,
133.2, 133.5, 133.8, 134.1, 139.9, 144.3, 144.5, 187.3, 187.8, 189.4, HRMS (ESI): calculated

559.99 [M]*, C23H17IN20sS* 560.8706.

4.2.6.3

O

|
NH

0
0=$=0
|

Synthesis of (E)-4-bromo-2-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)phenyl

methanesulfonate (78c)

A mixture of 6-iodo-2-methylquinazolin-4(3H)-one (2.00 g, 12.49 mmol) and 4-bromo-2-
formylphenyl methanesulfonate (4.18 g, 14.99 mmol) with sodium acetate (2.04 g, 24.98 mmol) in
100 mL of acetic acid was allowed to stir for 8 hr at 117 °C. The product was quenched with ice,
filtered then washed with methanol which afforded a white solid powder. 78c¢ (6.39 g, 93.83%) M.p.
(356.67 °C ); FTIR (vmax, cm™") 420, 504, 554, 702, 838, 865, 903, 2927, 3755, 3768; '"H NMR: (400

MHz, DMSO-ds, ppm) 12.06 (s, 1H, NH), 8.07 (dd, 1H, Ph, J = 2.0 Hz and J = 8.3 Hz), 7.96 (m,
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1H, Ph), 7.71 (dd, 1H, Ph, J =2.0 and J = 8.6 Hz), 7.45 (t, 2H, Ph, J =6.3 Hz and J = 2.7 Hz), 7.10
(d, 1H, CH=CH, J = 16.0 Hz), 3.25 (s, 3H, CHs); "3C NMR: (100 MHz, DMSO-ds, ppm) 30.8, 91.9,
120.6, 123.1, 125.5, 125.7, 129.6, 130.2, 130.2, 131.1, 133.8, 134.3, 143.3, 146.2, 148.1, 151.6,

160.7; HRMS (ESI): calculated 545.87 [M]*, C17H12BrIN204S™* 546.6777.

4.2.6.4

I
NH

0
0=8=0

e

Synthesis of (E)-4-bromo-2-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl) phenyl

benzenesulfonate (78d)

A mixture of 6-iodo-2-methylquinazolin-4(3H)-one (2.00 g, 12.49 mmol) and of 4-bromo-2-
formylphenyl benzenesulfonate (5.35 g, 14.99 mmol) with sodium acetate (2.04 g, 24.98 mmol) in
100 mL of acetic acid was allowed to stir for 8 hr at 117 °C. The product was quenched with ice,
filtered then washed with methanol which afforded a yellow solid powder. 78d (6.09 g, 80.03%)
M.p. (320.98 °C); FTIR (vmax, cm™) 452, 521, 557, 577, 594, 622, 634, 699, 747, 800, 829, 969,
1084, 1183, 1298, 1354, 1298, 1354, 1456, 1579, 1648 cm'; 'TH NMR: (400 MHz, DMSO-ds, ppm)
12.44 (s, 1H, NH), 8.12 (dd, 1H, Ph, J = 1.6 Hz and J = 8.8 Hz), 7.90 (d, 1H, Ph, J =2.0 Hz), 7.70
(dd, 1H, Ph, J =2.4 Hz and J = 8.8 Hz), 7.63 (m, 1H, Ph), 7.56 (d, 1H, Ph, J = 16.0 Hz), 7.51 (m,

4H, Ph), 7.24 (d, 1H, Ph, J = 8.8 Hz), 6.74 (d, 1H, CH=CH, J = 16.0 Hz); *C NMR: (100 MHz,
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DMSO-ds, ppm) 91.9, 120.9, 123.0, 124.7, 125.9, 128.4, 129.5, 129.7, 129.8, 130.0, 131.0, 133.6,
133.8, 134.3, 165.4, 173.1, 186.2, 191.1; HRMS (ESI): calculated 609.23 [M]*, C22H14BrIN204S*

610.4599.

4.2.7 Synthesis of (E)-2-methoxy-4-(2-(6-(4-arylphenyl)-4-o0xo0-3,4-dihydroquinazolin-2-

yl)vinyl)phenyl sulfonates

4.2.71

O
~

0
0=$-0
I

Synthesis of (E)-2-methoxy-4-(2-(6-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-

yl)vinyl)phenyl methanesulfonate (79a)

A stirred mixture of (E)-4-(2-(6-iodo-4-0x0-3,4-dihydroquinazolin-2-yl)vinyl)-2-
methoxyphenylmethanesulfonate (0.30 g, 0.60 mmol), 10% Palladium-tetrakis(triphenylphosphine)
(0.07 g, 0.06 mmol) and cesium carbonate (0.23 g, 0.72 mmol) in toluene (25 mL) was purged with
argon gas for 30 minutes. 4-methoxyphenylboronic acid (0.11 g, 0.72 mmol) was added to the
mixture. The reaction was stirred at 100 °C for 8 h. Thereafter reaction was cooled for 10 min then
filtered to afford 79a (0.28 g, 77.11%), as a brown powder, M.p. (367.87 °C ); FTIR (Vmax, cm™) 515,

823, 861, 973, 103.5, 1113, 1148, 1180, 1251, 1357, 1475, 1574, 1657 cm™'; 'TH NMR: (400 MHz,
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DMSO-ds, ppm) 8.24 (d, 1H, Ph, J = 4.4 Hz), 7.95 (m, 1H, Ph), 7.71 (dd, 1H, Ph, J = 8.4 Hz and J
= 2.2 Hz), 7.63 (m, 2H, Ph), 7.50 (d, 1H, Ph, J = 4.8 Hz), 7.32 (dd, 1H, Ph, J =8.8 Hz and J = 1.2
Hz), 7.26 (d, 1H, Ph, J = 4.0 Hz), 7.23 (d, 1H, J = 4.8 Hz), 7.05 (dd, 2H, J = 3.0 Hz and J =8.4 Hz),
7.03 (d, 1H, CH=CH, J = 16.2 Hz), 3.93 (d, 3H, OCHs), 3.79 (d, 3H, OCHs), 3.37 (d, 3H , CHa); 1°C
NMR: (100 MHz, DMSO-ds, ppm) 27.3, 56.5, 127.9, 123.0, 125.7, 129.4, 129.5, 129.7, 131.5,
133.7, 134.2, 135.5, 136.8, 137.1, 139.6, 153.2, 164.9, 178.1, 188.8, 189.4; HRMS (ESI):

calculated 609.23 [M]*, C22H14BrIN204S*, 479.7777.

4.2.7.2

Synthesis of (E)-4-bromo-2-(2-(6-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-

yl)vinyl)phenyl benzenesulfonate (79b)

A stirred mixture of (E)-4-bromo-2-(2-(6-iodo-4-ox0-3,4-dihydroquinazolin-2-yl)vinyl)phenyl
benzenesulfonate (0.30 g, 0.60 mmol), 10% Palladium-tetrakis(triphenylphosphine) ( 0.07 g, 0.06
mmol) and of cesium carbonate ( 0.23 g, 0.72 mmol) in 25 mL toluene was purged with argon gas
for 30 minutes. 4-methoxyphenylboronic acid (0.11 g, 0.72 mmol) was then added to the mixture.
The reaction was stirred at 100 °C for 8 h. The reaction was then cooled for 10min and filtered to

afford 79b (0.24 g, 68.50% as a brown powder. M.p. (309.67 °C); FTIR (vmax,cm™') 515, 682, 817,
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1176, 1353, 1568, 3178; 'H NMR: (400 MHz, DMSO-ds, ppm) 8.27 (dd, 1H, Ph, J =4.0 Hz and J =
2.0 Hz), 7.99 (d, 1H, Ph, J = 3.4 Hz), 7.92 (d, 1H, Ph, J = 8.0 Hz), 7.63 (m, 2H, Ph), 7.60 (m, 2H,
Ph), 7.25 (d, 1H, Ph, J = 8.0 Hz), 7.18 (d, 1H, Ph, J = 8.8 Hz), 7.08 (m, 2H, Ph), 6.35 (s, 1H, NH),
3.93 (d, 3H, OCHs) 3C NMR: (100 MHz, DMSO-ds, ppm) 55.5, 121.2, 122.9, 123.0, 124.3, 124.6,
124.7, 128.4, 128.7, 129.4, 129.7, 130.5, 130.8, 132.7, 133.2, 133.5, 133.8, 134.1, 138.5, 139.1,
139.9, 141.7, 142.8, 144.3, 184.5, 184.9, 195.2, 196.1, 197.3; HRMS (ESI): calculated 590.23 [M]*,

C29H21BrN205S*, 591.2388.

4.2.7.3

Synthesis of (E)-4-bromo-2-(2-(6-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-

yl)vinyl)phenyl methanesulfonate (79c¢)

A stirred mixture of (E)-4-bromo-2-(2-(6-iodo-4-oxo-3,4-dihydroquinazolin-2-yl)vinyl)phenyl
benzenesulfonate (0.30 g, 0.49 mmol), 10% Palladium-tetrakis(triphenylphosphine) (0.07 g, 0.06
mmol) and cesium carbonate (0.23 g, 0.72 mmol) in 25 mL toluene was purged with argon gas for
30 minutes. 4-methoxyboronic acid (0.11 g, 0.72 mmol) was added to the mixture. The reaction
was stirred at 100 °C for 8 h. The reaction was then cooled for 10min and filtered to afford 79¢ (0.22

g, 78.56%), as a reddish powder, M.p. ( 347.71 °C); FTIR (vmax, cm™) 557, 591, 607, 634, 695, 748,

107



801, 828, 968, 1084, 1186, 1353, 1456, 1575, 1652 cm*: 'H NMR: (400 MHz, DMSO-ds, ppm)
9.52 (s, 1H, NH), 8.39 (d, 1H, Ph, J = 6.0 Hz), 8.12 (dd, 1H, Ph, J = 6.0 Hz and J = 2.4 Hz), 7.91
(d, 1H, Ph, J =6.0 Hz), 7.82 (m, 5H, Ph), 7.71 (dd, 1H, Ph, J = 8.4 Hz and J = 2.0 Hz), 7.75 (m, 1H,
Ph), 7.50 (m, 3H, Ph), 7.24 (d, 1H, Ph, J =8.8 Hz), 6.74 (d, 1H, Ph, J =6.0 Hz) 6.33 (d, 1H, CH=CH,
J = 16.0 Hz); 3C NMR: (100 MHz, DMSO-ds, ppm) 120.2, 121.5, 123.8, 125.4, 127.1, 128.6, 129.3,
130.7, 132.0, 133.5, 134.8, 135.2, 136.7, 137.4, 138.1, 139.6, 121.9, 123.3, 124.6, 126.2, 127.7,
149.0, 150.5, 171.8, 183.2, 184.5, 196.0, 197.6, 199.1; HRMS (ESI): calculated 577.42[M]*,

C2sH18BrFN204S*,527.4306.

4274

0
0=S=0
I

Synthesis of (E)-4-(2-(6-(4-fluorophenyl)-4-oxo-3,4-dihydroquinazolin-2-yl)vinyl)-2-methoxyphenyl

methanesulfonate (79d)

A stirred mixture of (E)-4-bromo-2-(2-(6-iodo-4-ox0-3,4-dihydroquinazolin-2-yl)vinyl)phenyl
benzenesulfonate (0.30 g, 0.49 mmol), 10% Palladium-tetrakis(triphenylphosphine) (0.07 g, 0.06
mmol) and cesium carbonate (0.23 g, 0.72 mmol) in 25 mL toluene was purged with argon gas for

30 minutes. 4-methoxyboronic acid (0.11 g, 0.72 mmol) was added to the mixture. The reaction
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was stirred at 100 °C for 8 h. The reaction was then cooled for 10min and filtered to a afford a green
powder 79d (0.16 g, 72.72%), M.p. (352.12 °C); FTIR (vmax) 509, 603, 682, 788, 812, 832, 867,
968, 1032, 1115, 1149, 1174, 1268, 1297, 1356, 1461, 1574, 1668 cm'; '"H NMR: (400 MHz,
DMSO-ds, ppm) 8.37 (d, 1H, Ph, J =2 Hz), 8.31 (d, 1H, Ph, J =2 Hz), 8.11 (m, 2H, Ph), 7.96 (m,
1H, Ph), 7.83 (dd, 1H, Ph, J =2 Hz and J = 5.6 Hz), 7.75 (d, 1H, Ph, J = 8.0 Hz), 7.52 (dd, 1H, Ph,
J=1.6Hzand J=7.2 Hz), 7.26-7.40 (m, 3H, Ph), 7.04 (d, 1H, J = 16.0 Hz), 6.57 (s, 1H, NH) 6.22
(d, 1H, CH=CH, J = 16.0 Hz), 3.93 (s, 3H, OCHjs), 3.92 (s, 3H, CHs); '*C NMR: (100 MHz, DMSO-
ds, ppm) 26.5, 56.7, 120.4, 121.7, 123.1, 124.5, 125.8, 127.3, 128.9, 130.2, 131.6, 133.0, 134.3,
135.7, 137.1, 138.6, 140.0, 151.3, 182.6, 194.0, 195.4, 196.8HRMS (ESI): calculated 466.10 [M]*,
C24H19FN205S*, 467.9856.

4.2.7.5
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Synthesis of (E)-2-methoxy-4-(2-(4-oxo-6-phenyl-3,4-dihydroquinazolin-2-yl)vinyl)phenyl

benzenesulfonate (79e)

A stirred mixture of (E)-4-bromo-2-(2-(6-iodo-4-ox0-3,4-dihydroquinazolin-2-yl)vinyl)phenyl
benzenesulfonate (0.30 g, 0.49 mmol), 10% Palladium-tetrakis(triphenylphosphine) ( 0.07 g, 0.06
mmol) and cesium carbonate (0.23 g, 0.72 mmol) in 25 mL toluene was purged with argon gas for
30 minutes. Phenylboronic acid (0.11 g, 0.72 mmol) was added to the mixture. The reaction was
stirred at 100 °C for 8 h. The reaction was then cooled for 10min and filtered to a afford 79e (0.14
g, 58.76%) as a red powder, M.p. (322.11 °C ); FTIR (vmax,cm™) 572, 607, 637, 695, 736, 750, 804,
836, 1080, 1187, 1350, 1460, 1657, 3364 cm™'; '"H NMR: (400 MHz, DMSO-ds, ppm) 8.26 (d, 1H,
Ph, J = 3.0 Hz), 7.98 (m, 1H, Ph), 7.63 (m, 7H, Ph), 7.53 (dd, 1H, Ph, J =2.4 Hz and J = 8.8 Hz),
7.31 (m, 5H, Ph), 7.23 (d, 1H, Ph, J = 8.8 Hz), 7.07 (d, 1H, Ph, J = 8.8 Hz), 6.85 (d, 1H, Ph, J=6.0
Hz), 6.32 (d, 1H, CH=CH, J = 16.0 Hz), 3.88 (s, 3H, OCHzs); '3C NMR: (100 MHz, DMSO-ds, ppm)
55.4, 120.2, 121.1, 122.5, 124.0, 125.3, 126.7, 128.0, 129.4, 130.6, 132.1, 133.5, 134.7, 136.2,
137.6, 138.9, 140.2, 120.8, 122.3, 123.7, 125.1, 126.4, 127.9, 129.3, 130.7, 132.0, 133.4, 134.9,

136.3, 137.7HRMS (ESI): calculated 510.12 [M]*, C29H22N205S", 512.3497.
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4.3 X-Ray diffraction method

Intensity measurements were conducted using a Bruker D8 Venture Microfocus instrument
equipped with a Photon [Il CCD area detector diffractometer. The radiation source employed was
graphite-monochromated MoKa1 (wavelength, A = 0.71073 A), and the data collection occurred at
a temperature of 173 K, facilitated by the Oxford Cryostream 600 cooler. Data processing was
performed using the SAINT+ software (version 6.021), and empirical absorption corrections were
implemented using SADABS'®. The assignment of the space group was accomplished using
XPREP. Subsequently, the structure determination involved the WinGX'"4? Suite of programs, with
intrinsic phasing carried out via SHELXT. The refinement phase utilized full-matrix least-squares
and difference Fourier techniques applied to F2 values, with the refinement conducted using
SHELXL-2018/3"1. Throughout the refinement process, carbon-bound hydrogen atoms were
positioned at idealized locations and refined as riding atoms, with isotropic parameters set at 1.2
times those of their parent atoms. Diagrams and materials intended for publication were generated

using ORTEP-32 and PLATON 42,

4.4 Hirshfield analysis method

Utilizing the Crystal Explorer software'3, we conducted a comprehensive study on the crystal
packing of compounds, incorporating Hirshfeld surface analysis and 2D fingerprint diagrams. The
3D Hirshfeld (HF) surfaces of the compounds were meticulously examined at a high standard
resolution, with an isovalue set at 0.5. During this analysis, crucial parameters such as surface
volume and area were precisely determined. The globularity value for compounds was identified,
indicating a distinctive shape characteristic. Furthermore, the conformation of the molecules was

stabilized through a diverse array of intramolecular and intermolecular interactions.
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4.5 Cell viability assays

The synthesized compounds were tested for anti-proliferative activity against the human breast'#*
cancer cells (MCF-7), cervical#® cancer cells (HeLa) and embryonic kidney'#® cells (HEK-293)
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The cells were
treated for 24 hours with the synthesized compounds at 200 uM or, with a culture medium
containing 0.5% DMSO and curcumin 200 uM, as the positive control, for 24 hr. Subsequently, 20
pL of 5 mg/mL of MTT was introduced into each well of the plate and the plate incubated ina CO:z2
incubator at 37°C for 2 hr. Afterward, the cell culture medium was replaced with 100 uL of DMSO
to dissolve the blue formazan crystals. The absorbance was measured at 560 nm using a BioRad
microplate reader. The percentage cell viability was calculated using the formula [(Abs sample/Abs
control) x 100%] and the ICso values of the compounds were calculated using the GraphPad

application.

4.6 DPPH antioxidant assay

The 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay'4” was conducted to test
the antioxidant capacity of the compounds alongside ascorbic acid'*® as a positive control. In a
96-well plate, 40 uL of 0.20 MM DPPH in methanol was combined with varying concentrations
(5, 10, 25, 50, and 100 uM) of the test compounds and the positive control, with each
combination replicated three times. The reaction mixtures were then shielded from light and
incubated for 45 min at room temperature. Subsequently, absorbance readings were taken at a
wavelength of 512 nm using a Varioskan flash microplate spectrophotometer reader and utilized
to estimate the DPPH radical scavenging activity of the compounds using the equation (%) =

[(AO — A1)/A0) x 100]
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4.7 Molecular Docking method

GOLD (version 5.2)'4° was employed for a molecular docking investigation. The initial inhibitors
have been effectively incorporated into their respective binding sites to achieve their crystal
configurations. The benzimidazole-centered hetero-nuclear ring, targeting the tyrosine kinase
VEGFR-2 adenine pocket, establishes interactions with ALA868, LYS 868, CYS917, GLUS883,
VAL914, VAL916, CYS 1045, ASP1046, and PHE1047. Simultaneously, Ascorbic acid appears to
be enclosed by ARG48, TRP51, MET 172, HIS 175, HIS177, LYS179, THR180, HIS181, ARG184,
SER185, and PHE191 within the peroxidase. Subsequently, the ligands were redocked into the
vacant active site after the standard inhibitor had been eliminated. The ChemPLP scoring function
was applied to ascertain the necessary affinity, and charges were assigned using the CHARMM
force field'®°. The structure exhibiting the lowest RMSD score was employed to generate a diverse
set of ligand poses. The ChemPLP scoring function was specifically designed to calculate binding
affinity, while the CHARMM force field was used for charge assignment. The structure with the

lowest RMSD score was selected to generate multiple ligands poses.
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CHAPTER 5: CONCLUSION AND FUTURE WORK

The sulfonated benzaldehydes and styryl-quinazolin-(3H)-ones were successfully synthesized
and comprehensively characterized through a rigorous experimental protocol by utilizing a
combination of spectroscopic techniques including NMR, IR and XRD, and spectrometric
technique, UPHLC-MS. Chemical structures and properties of the synthesized compounds were
therefore elucidated with high precision. The synthesized compounds were tested for anti-
proliferative and cytotoxicity activity against the breast cancer cells (MCF-7), cervical cancer
cells (HeLa) and human embryonic kidney cells (HEK293-T), along with tests for antioxidative
activity by DPPH assay. It has been established that medications targeting oxidative stress and
exhibiting cytotoxic effects present a potential avenue for the creation of innovative

multifunctional treatments for inflammation and cancer.

The x-ray crystallography studies provided valuable insights into the structural characteristics of
three sulphonated benzaldehydes (76a, 76b, and 76k). The analysis revealed distinct crystal
systems and packing arrangements, with 89a exhibiting a monoclinic crystal system and 76b
and 76k displaying triclinic crystal systems. Notably, the crystal structures showcased a robust
intramolecular hydrogen bonding pattern, indicative of an a, B-unsaturated framework. Further
investigation of compounds 76a and 76b through Hirshfeld surface analysis elucidated
differences in surface volume, area, and globularity, underscoring variations in their molecular
packing patterns. Moving beyond structural elucidation, the synthesized compounds underwent
comprehensive evaluation for their biological activities. In anti-proliferative assays against
various cancer cell lines, particularly MCF-7, HelLa, and HEK293-T, several compounds

demonstrated promising activity, with compound 77¢ exhibiting notable efficacy against MCF-7
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cells. Moreover, compound 76i emerged as a potent candidate with significant anti-proliferative
and antioxidative activities, showcasing potential for further development as therapeutic agents
against cancer. These findings contribute to the growing body of knowledge on the structural
properties and pharmacological potential of sulphonated benzaldehydes, offering avenues for
future exploration and drug discovery endeavors the findings from this research indicate the
potential for continued exploration of derivatives of sulphonated benzaldehydes and
styrylquinazolin-(3H)-ones as promising candidates for anti-inflammatory and anti-cancer

agents.

Additionally, the evaluation of antioxidative activity using the DPPH assay revealed that
compounds 76d, 76e, 76f, 76h, and 76i exhibited potent scavenging activity, surpassing that of
ascorbic acid. Furthermore, strong peroxidase interactions were observed for these compounds,
indicating their potential as antioxidants. Overall, the comprehensive characterization of
sulphonated benzaldehydes in this study sheds light on their structural features, biological

activities, and therapeutic potential.

Further research at reduced concentrations is necessary to ascertain the complete efficacy of
these compounds. While the preliminary findings suggest promising activity, further exploration
at lower concentrations is justified. Testing drugs at high concentrations may present
disadvantages such as potential toxicity or exaggerated effects that do not accurately represent

their performance at therapeutic levels.

In future investigations, the synthesized aryl-substituted 2-(4-(sulfonyl)styryl)quinazolin-4(3H)-
one derivatives will be subjected to coordination with ruthenium(ll) complexes, exploiting the
unique properties of this transition metal. This step aims to explore the potential synergistic

effects between the quinazolinone derivatives and ruthenium (lI) complexes, with the anticipation
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of enhancing their biological activities, particularly in the context of anticancer properties.
Coordination with ruthenium (Il) complexes offers a promising avenue to modulate the
physicochemical properties and biological behaviors of the quinazolinone derivatives, potentially
leading to the development of novel therapeutic agents with improved efficacy and selectivity

against cancer cells.
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Figure 22: 3C NMR of 76e
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Figure 28: '3C NMR of 76f
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Figure 30: '"H NMR of 76g
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[Spectrum from 190423 QBSWY will2 (sample 1) - QBSWY, Experiment 1, 104 TOF MS (200 - 800) from 2 546 min
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Supplementary data x-ray data
Table 1. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)

for 76a U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
c(1) 6888(2) 6846(3) 4102(2) 22(1)
C(2) 6465(2) 6423(3) 5173(2) 21(1)
c@3) 5289(2) 6997(3) 5491(2) 22(1)
C(4) 4568(2) 7948(3) 4747(2) 23(1)
C(5) 5011(2) 8373(3) 3687(2) 26(1)
C(6) 6184(2) 7807(3) 3363(2) 26(1)
c(7) 3306(2) 8487(3) 5102(2) 30(1)
c(8) 6922(2) 5238(3) 6960(2) 28(1)
C(9) 9564(2) 7682(3) 5214(2) 28(1)
0(1) 2576(2) 9260(2) 4519(2) 38(1)
02) 7239(1) 5441(2) 5803(1) 27(1)
0(3) 8046(1) 6160(2) 3769(1) 24(1)
0(4) 8986(2) 8941(2) 3263(2) 33(1)
0(5) 10191(2) 6260(2) 3323(2) 35(1)
S() 9263(1) 7349(1) 3792(1) 24(1)
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Table 2. Bond lengths [A] and angles [°] for 76a

C(1)-C(6) 1.379(3)
C(1)-C(2) 1.398(3)
C(1)-0(3) 1.409(2)
C(2)-0(2) 1.355(2)
C(2)-C(3) 1.392(3)
C(3)-C(4) 1.390(3)
C(3)-H(3) 0.9500
C(4)-C(3) 1.393(3)
C(4)-C(7) 1.479(3)
C(5)-C(6) 1.388(3)
C(5)-H(5) 0.9500
C(6)-H(6) 0.9500
C(7)-0(1) 1.206(3)
C(7)-H(7) 0.9500
C(8)-0(2) 1.433(3)
C(8)-H(8A) 0.9800
C(8)-H(8B) 0.9800
C(8)-H(8C) 0.9800
C(9)-S(1) 1.747(2)
C(9)-H(9A) 0.9800
C(9)-H(9B) 0.9800
C(9)-H(9C) 0.9800
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0(3)-S(1) 1.6002(16)
O(4)-S(1) 1.4247(17)
0(5)-S(1) 1.4236(16)
C(6)-C(1)-C(2) 122.4(2)
C(6)-C(1)-0(3) 120.3(2)
C(2)-C(1)-0(3) 117.15(19)
0(2)-C(2)-C(3) 125.6(2)
0(2)-C(2)-C(1) 116.31(19)
C(3)-C(2)-C(1) 118.1(2)
C(4)-C(3)-C(2) 119.9(2)
C(4)-C(3)-H(3) 120.1
C(2)-C(3)-H(3) 120.1
C(3)-C(4)-C(5) 121.2(2)
C(3)-C(4)-C(7) 118.3(2)
C(5)-C(4)-C(7) 120.5(2)
C(6)-C(5)-C(4) 119.3(2)
C(6)-C(5)-H(5) 120.4
C(4)-C(5)-H(5) 120.4
C(1)-C(6)-C(5) 119.2(2)
C(1)-C(6)-H(6) 120.4
C(5)-C(6)-H(6) 120.4
O(1)-C(7)-C(4) 124.6(2)
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O(1)-C(7)-H(7)

117.7

C(4)-C(7)-H(7) 117.7
O(2)-C(8)-H(8A) 109.5
O(2)-C(8)-H(8B) 109.5
H(8A)-C(8)-H(8B) 109.5
O(2)-C(8)-H(8C) 109.5
H(8A)-C(8)-H(8C) 109.5
H(8B)-C(8)-H(8C) 109.5
S(1)-C(9)-H(9A) 109.5
S(1)-C(9)-H(9B) 109.5
H(9A)-C(9)-H(9B) 109.5
S(1)-C(9)-H(9C) 109.5
H(9A)-C(9)-H(9C) 109.5
H(9B)-C(9)-H(9C) 109.5
C(2)-0(2)-C(8) 116.89(18)
C(1)-0(3)-S(1) 119.51(13)
O(5)-S(1)-O(4) 119.39(11)
0(5)-S(1)-0(3) 102.55(10)
O(4)-S(1)-0(3) 109.28(10)
O(5)-S(1)-C(9) 110.14(12)
O(4)-S(1)-C(9) 109.80(11)
O(3)-S(1)-C(9) 104.46(10)
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Table 3.Anisotropic displacement parameters (A2x 103) for 76a. The anisotropicdisplacement

factor exponent takes the form: -2(12[ h2a*2U11 + ... 12]h k a* b* U12]

Ul U22 U33 U23 NE U2
c(1) 18(1) 23(1) 25(1) -4(1) 2(1) 0(1)
C(2) 19(1) 20(1) 25(1) 0(1) (1) (1)
C(3) 21(1) 24(1) 22(1) 1(1) 2(1) 1(1)
C(4) 20(1) 23(1) 27(1) -4(1) (1) (1)
C(5) 24(1) 28(1) 26(1) 1(1) -4(1) 1(1)
C(6) 25(1) 31(1) 22(1) 1(1) 1(1) 2(1)
C(7) 24(1) 36(1) 30(1) -3(1) 1(1) 5(1)
C(8) 28(1) 32(1) 24(1) 4(1) 0(1) 1(1)
C(9) 26(1) 28(1) 29(1) (1) 2(1) 0(1)
o(1) 28(1) 47(1) 37(1) -5(1) -3(1) 14(1)
0(2) 23(1) 32(1) 27(1) 7(1) 3(1) 5(1)
0(3) 20(1) 25(1) 29(1) -5(1) 4(1) 1(1)
0(4) 31(1) 32(1) 37(1) 11(1) 4(1) (1)
0(5) 24(1) 39(1) 41(1) -6(1) 12(1) 5(1)
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S(1) 20(1) 26(1) 25(1) 101) 6(1) 101)

Table 4. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 103) for

76a.
X y z U(eq)
H(3) 4978 6738 6216 27
H(5) 4515 9043 3191 31
H(6) 6499 8078 2641 31
H(7) 3053 8206 5841 36
H(8A) 6134 4605 7020 42
H(8B) 6829 6368 7308 42
H(8C) 7585 4600 7345 42
H(9A) 8892 8372 5538 42
H(9B) 10361 8285 5302 42
H(9C) 9608 6574 5599 42

Table 5. Torsion angles [°] for 76a

C(6)-C(1)-C(2)-0(2) 178.6(2)

0(3)-C(1)-C(2)-0(2) 2.4(3)

C(6)-C(1)-C(2)-C(3) 0.3(3)
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0(3)-C(1)-C(2)-C(3) -175.98(17)
0(2)-C(2)-C(3)-C(4) 177.6(2)
C(1)-C(2)-C(3)-C(4) 0.5(3)
C(2)-C(3)-C(4)-C(5) -1.3(3)
C(2)-C(3)-C(4)-C(7) 178.07(19)
C(3)-C(4)-C(5)-C(6) 12(3)
C(7)-C(4)-C(5)-C(6) 1781(2)
C(2)-C(1)-C(6)-C(5) 20.3(3)
O(3)-C(1)-C(6)-C(5) 175.82(19)
C(4)-C(5)-C(6)-C(1) 20.4(3)
C(3)-C(4)-C(7)-0(1) A771(2)
C(5)-C(4)-C(7)-0(1) 2.2(4)
C(3)-C(2)-0(2)-C(8) -12.03)
C(1)-C(2)-0(2)-C(8) 169.77(18)
C(6)-C(1)-0(3)-S(1) 81.5(2)
C(2)-C(1)-0(3)-S(1) -102.2(2)
C(1)-0(3)-5(1)-0(5) -175.48(16)
C(1)-0(3)-S(1)-0(4) -47.86(18)
C(1)-0(3)-S(1)-C(9) 69.58(18)
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Table 6. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x

103) for 76b U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
c(1) 4140(6) 11109(4) 5871(3) 33(1)
C(2) 5728(5) 10768(4) 6159(3) 32(1)
C(3) 6064(6) 9737(4) 6658(3) 34(1)
C(4) 4780(6) 9081(4) 6879(3) 30(1)
C(5) 3214(5) 9419(4) 6602(3) 33(1)
C(6) 2888(6) 10449(5) 6090(3) 37(1)
C(7) 3779(6) 12189(5) 5311(4) 40(1)
C(8) 3352(5) 8049(4) 8721(3) 26(1)
C(9) 2865(6) 9080(4) 9101(3) 35(1)
C(10) 1321(6) 9138(4) 9237(4) 40(1)
c(11) 274(6) 8161(5) 9013(4) 43(1)
C(12) 793(6) 7131(5) 8653(4) 40(1)
C(13) 2340(6) 7070(4) 8495(3) 32(1)
C(14) 8865(6) 9995(6) 6815(5) 55(2)
o(1) 4768(5) 12868(3) 5108(3) 49(1)
0(2) 5099(4) 8008(3) 7343(2) 33(1)
0(3) 5950(4) 6857(3) 8749(3) 43(1)
0(4) 6197(4) 9020(3) 8940(2) 38(1)
0(5) 7522(4) 9297(3) 6964(3) 46(1)
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s(1) 5326(1) 7986(1) 8528(1) 30(1)
C(15) 1357(5) 6211(4) 5807(3) 32(1)
C(16) -25(6) 5878(4) 6118(3) 33(1)
C(17) -70(5) 4860(4) 6632(3) 34(1)
C(18) 1308(6) 4191(4) 6840(3) 33(1)
C(19) 2699(6) 4532(4) 6540(3) 36(1)
C(20) 2727(6) 5544(5) 6025(3) 37(1)
c(21) 1392(6) 7267(5) 5216(4) 43(1)
C(22) 3932(6) 3065(4) 8639(3) 30(1)
C(23) 4815(6) 4082(4) 8940(3) 35(1)
C(24) 6465(6) 4059(4) 9057(4) 38(1)
C(25) 7198(6) 3021(5) 8869(3) 39(1)
C(26) 6265(7) 2013(4) 8572(3) 40(1)
C(27) 4660(7) 2019(4) 8449(3) 39(1)
C(28) -2768(6) 5107(6) 6771(5) 56(2)
0(6) 282(4) 7938(3) 5013(3) 48(1)
0(7) 1234(4) 3119(3) 7302(2) 39(1)
0(8) 1219(5) 1980(3) 8714(3) 50(1)
0(9) 1377(4) 4145(3) 8903(3) 41(1)
0(10) -1368(4) 4426(4) 6951(3) 50(1)
S(2) 1829(1) 3090(1) 8483(1) 35(1)
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Table 7. Bond lengths [A] and angles [°] for 76b

C(1)-C(6) 1.379(7)
C(1)-C(2) 1.398(6)
C(1)-C(7) 1.476(7)
C(2)-C(3) 1.384(7)
C(2)-H(2) 0.9500
C(3)-0(5) 1.341(6)
C(3)-C(4) 1.401(6)
C(4)-C(5) 1.378(7)
C(4)-0(2) 1.401(5)
C(5)-C(6) 1.391(7)
C(5)-H(5) 0.9500
C(6)-H(6) 0.9500
C(7)-0(1) 1.211(6)
C(7)-H(7) 0.9500
C(8)-C(9) 1.380(6)
C(8)-C(13) 1.383(6)
C(8)-S(1) 1.759(4)
C(9)-C(10) 1.370(7)
C(9)-H(9) 0.9500
C(10)-C(11) 1.398(8)
C(10)-H(10) 0.9500
C(11)-C(12) 1.378(8)
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C(11)-H(11) 0.9500
C(12)-C(13) 1.383(7)
C(12)-H(12) 0.9500
C(13)-H(13) 0.9500
C(14)-0(5) 1.431(6)

C(14)-H(14A) 0.9800

C(14)-H(14B) 0.9800

C(14)-H(14C) 0.9800

0(2)-S(1) 1.612(3)

0(3)-S(1) 1.420(3)

0(4)-S(1) 1.420(3)
C(15)-C(16) 1.382(6)
C(15)-C(20) 1.393(7)
C(15)-C(21) 1.476(7)
C(16)-C(17) 1.380(7)
C(16)-H(16) 0.9500
C(17)-0(10) 1.359(6)
C(17)-C(18) 1.399(7)
C(18)-C(19) 1.384(7)
C(18)-0(7) 1.399(6)
C(19)-C(20) 1.374(7)
C(19)-H(19) 0.9500
C(20)-H(20) 0.9500
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C(21)-0(6) 1.222(6)
C(21)-H(21) 0.9500
C(22)-C(23) 1.374(6)
C(22)-C(27) 1.398(7)

C(22)-S(2) 1.763(5)
C(23)-C(24) 1.384(7)
C(23)-H(23) 0.9500
C(24)-C(25) 1.392(7)
C(24)-H(24) 0.9500
C(25)-C(26) 1.386(7)
C(25)-H(25) 0.9500
C(26)-C(27) 1.343(8)
C(26)-H(26) 0.9500
C(27)-H(27) 0.9500
C(28)-0(10) 1.421(7)

C(28)-H(28A) 0.9800
C(28)-H(28B) 0.9800

C(28)-H(28C) 0.9800

0(7)-S(2) 1.611(3)

0(8)-S(2) 1.425(4)

0(9)-S(2) 1.415(4)

C(6)-C(1)-C(2) 121.3(4)

C(6)-C(1)-C(7) 118.8(4)
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C(2)-C(1)-C(7) 119.9(4)
C(3)-C(2)-C(1) 119.9(4)
C(3)-C(2}-H(2) 120.0
C(1)-C(2)-H(2) 120.0
0(5)-C(3)-C(2) 126.2(4)
0(5)-C(3)-C(4) 115.8(4)
C(2)-C(3)-C(4) 118.0(4)
C(5)-C(4)-0(2) 119.2(4)
C(5)-C(4)-C(3) 122.2(4)
0(2)-C(4)-C(3) 118.4(4)
C(4)-C(5)-C(6) 119.3(4)
C(4)-C(5)-H(5) 120.4
C(6)-C(5)-H(5) 120.4
C(1)-C(6)-C(5) 119.3(4)
C(1)-C(6)-H(6) 120.4
C(5)-C(6)-H(6) 120.4
O(1)-C(7)-C(1) 125.2(5)
O(1)-C(7)-H(7) 1174
C(1)-C(7)-H(7) 1174

C(9)-C(8)-C(13) 122.0(4)
C(9)-C(8)-S(1) 118.5(3)
C(13)-C(8)-S(1) 119.5(3)

C(10)-C(9)-C(8) 118.7(5)
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C(10)-C(9)-H(9)

120.7

C(8)-C(9)-H(9) 120.7
C(9)-C(10)-C(11) 120.4(5)
C(9)-C(10)-H(10) 119.8
C(11)-C(10)-H(10) 119.8
C(12)-C(11)-C(10) 120.1(5)
C(12)-C(11)-H(11) 119.9
C(10)-C(11)-H(11) 119.9
C(11)-C(12)-C(13) 120.0(5)
C(11)-C(12)-H(12) 120.0
C(13)-C(12)-H(12) 120.0
C(8)-C(13)-C(12) 118.8(4)
C(8)-C(13)-H(13) 120.6
C(12)-C(13)-H(13) 120.6

O(5)-C(14)-H(14A) 109.5
O(5)-C(14)-H(14B) 109.5
H(14A)-C(14)-H(14B) 109.5
O(5)-C(14)-H(14C) 109.5
H(14A)-C(14)-H(14C) 109.5
H(14B)-C(14)-H(14C) 109.5

C(4)-0(2)-S(1) 118.5(3)
C(3)-0(5)-C(14) 116.9(4)

O(3)-S(1)-0O(4) 120.9(2)
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0(3)-S(1)-0(2) 102.9(2)
0(4)-S(1)-0(2) 108.48(19)
0(3)-S(1)-C(8) 110.4(2)
O(4)-S(1)-C(8) 109.3(2)
0(2)-S(1)-C(8) 103.35(19)

C(16)-C(15)-C(20) 120.8(4)

C(16)-C(15)-C(21) 120.4(4)

C(20)-C(15)-C(21) 118.8(4)

C(17)-C(16)-C(15) 120.0(4)

C(17)-C(16)-H(16) 120.0

C(15)-C(16)-H(16) 120.0

0(10)-C(17)-C(16) 125 4(4)

0(10)-C(17)-C(18) 115.8(4)

C(16)-C(17)-C(18) 118.7(4)

C(19)-C(18)-C(17) 121.3(4)

C(19)-C(18)-0(7) 119.7(4)

C(17)-C(18)-0(7) 118.8(4)

C(20)-C(19)-C(18) 119.4(4)

C(20)-C(19)-H(19) 1203

C(18)-C(19)-H(19) 1203

C(19)-C(20)-C(15) 119.7(4)

C(19)-C(20)-H(20) 120.1

C(15)-C(20)-H(20) 120.1
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0(6)-C(21)-C(15) 124.3(5)
0(6)-C(21)-H(21) 117.9
C(15)-C(21)-H(21) 117.9
C(23)-C(22)-C(27) 121.7(5)
C(23)-C(22)-S(2) 118.9(4)
C(27)-C(22)-S(2) 119.4(4)
C(22)-C(23)-C(24) 118.6(5)
C(22)-C(23)-H(23) 120.7
C(24)-C(23)-H(23) 120.7
C(23)-C(24)-C(25) 120.0(5)
C(23)-C(24)-H(24) 120.0
C(25)-C(24)-H(24) 120.0
C(26)-C(25)-C(24) 119.6(5)
C(26)-C(25)-H(25) 120.2
C(24)-C(25)-H(25) 120.2
C(27)-C(26)-C(25) 121.3(5)
C(27)-C(26)-H(26) 119.3
C(25)-C(26)-H(26) 119.3
C(26)-C(27)-C(22) 118.8(5)
C(26)-C(27)-H(27) 120.6
C(22)-C(27)-H(27) 120.6
O(10)-C(28)-H(28A) 1095
O(10)-C(28)-H(28B) 1095
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H(28A)-C(28)-H(28B) 109.5
0(10)-C(28)-H(28C) 109.5
H(28A)-C(28)-H(28C) 109.5
H(28B)-C(28)-H(28C) 1095
C(18)-0(7)-S(2) 118.5(3)
C(17)-0(10)-C(28) 116.8(4)
0(9)-5(2)-0(8) 120.9(2)
0(9)-5(2)-0(7) 108.3(2)
0(8)-5(2)-0(7) 102.8(2)
0(9)-S(2)-C(22) 109.8(2)
0(8)-S(2)-C(22) 110.1(2)
0(7)-8(2)-C(22) 103.2(2)

Table 8 Atomic coordinates (x 10%4) and equivalent isotropic displacement parameters (A2x 103)

for 76k. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
c(1) 1064(3) | 6587(2) | 6830(2) 24(1)
c2) 2397(3) | 6419(2) | 6329(2) 24(1)
C(3) 4051(4) | 6573(3) | 6718(2) 28(1)
C(4) | 4364(4) | 6875(3) | 7645(2) 30(1)
C(5) 3033(4) | 7025(3) | 8152(2) 27(%)
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C(6) 1397(4) | 6905(3) | 7757(2) 26(1)
C(7) -713(4) | 6417(3) | 6409(2) 31(1)
C(8) | 4629(3) | 7376(3) | 4590(2) 26(1)
c(9) 5757(4) | 8482(3) | 5026(2) 33(1)
C(10) | 7519(4) | 8741(3) | 4902(2) 41(1)
C(11) | 8094(4) | 7900(3) | 4357(3) 41(1)
C(12) | 6942(4) | 6787(3) | 3929(2) 40(1)
C(13) | 5185(4) | 6512(3) | 4044(2) 33(1)
o(1) - 6533(3) | 6841(2) 46(1)
1894(3)
0(2) |2041(3)| 6022(2) | 5398(1) 28(1)
O(3) | 1405(3) | 6378(2) | 3918(1) 36(1)
O4) |20713)| 8141(2) | 5159(2) 34(1)
S(1) 2402(1) | 7050(1) | 4725(1) 26(1)
Br(1) | 3420(1) | 7373(1) | 9418(1) 41(1)
C(14) | 1575(4) | 6327(3) | 1722(2) 27(1)
C(15) | 3325(4) | 6962(3) | 1985(2) 28(1)
C(16) | 4646(4) | 6492(3) | 1718(2) 31(1)
C(17) | 4225(4) | 5344(3) | 1176(2) 31(1)
C(18) | 2498(4) | 4703(3) 907(2) 29(1)
C19) | 1172(4) | 5186(3) | 1163(2) 30(1)
C(20) 146(4) | 6792(33) | 2060(2) 36(1)
C(21) | 6362(4) | 9724(3) | 2029(2) 32(1)
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C(22) | 6809(5)| 9709(3) | 1151(3) 45(1)
C(23) | 8552(6) | 10002(4) | 1008(4) 70(1)
C(24) | 9787(6) | 10272(4) | 1720(5) 74(2)
C(25) | 9334(6) | 10275(4) | 2586(4) 71(2)
C(26) | 7582(5) | 10010(3) | 2763(3) 50(1)
0O(5) - 6190(3) | 1911(2) 47(1)
1367(3)
0(6) |37323)| 8076(2) | 2596(1) 33(1)
O(7) | 3928(4) | 10212(2) | 2946(2) 51(1)
0(8) | 3152(3) | 920022) | 1374(2) 40(1)
5(2) 4156(1) | 9381(1) | 2210(1) 32(1)
Br(2) | 1904(1) | 3107(1) 205(1) 43(1)

Table 9. Bond lengths [A] and angles [°] for 76k

C(1)-C(2) 1.386(4)
C(1)-C(6) 1.391(4)
C(1)-C(7) 1.489(4)
C(2)-C(3) 1.386(4)
C(2)-0(2) 1.408(3)
C(3)-C(4) 1.388(4)
C(3)-H(3) 0.9500

C(4)-C(5) 1.385(4)
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C(4)-H(4) 0.9500
C(5)-C(6) 1.385(4)
C(5)-Br(1) 1.890(3)
C(6)-H(®) 0.9500
C(7)-0(1) 1.207(4)
C(7)-H(7) 0.9500
C(8)-C(9) 1.377(4)
C(8)-C(13) 1.388(4)
C(8)-5(1) 1.752(3)
C(9)-C(10) 1.392(5)
C(9)-H(9) 0.9500
C(10)-C(11) 1.377(5)
C(10)-H(10) 0.9500
C(11)-C(12) 1.385(5)
C(11)-H(11) 0.9500
C(12)-C(13) 1.383(5)
C(12)-H(12) 0.9500
C(13)-H(13) 0.9500
0(2)-5(1) 1.605(2)
0(3)-S(1) 1.423(2)
O(4)-5(1) 1.425(2)
C(14)-C(19) 1.392(4)
C(14)-C(15) 1.395(4)
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C(14)-C(20) 1.487(4)
C(15)-C(16) 1.379(4)
C(15)-0(6) 1.409(3)
C(16)-C(17) 1.385(4)
C(16)-H(16) 0.9500
C(17)-C(18) 1.383(4)
C(17)-H(17) 0.9500
C(18)-C(19) 1.386(4)
C(18)-Br(2) 1.891(3)
C(19)-H(19) 0.9500
C(20)-0(5) 1.205(4)
C(20)-H(20) 0.9500
C(21)-C(22) 1.385(5)
C(21)-C(26) 1.386(5)
C(21)-5(2) 1.749(3)
C(22)-C(23) 1.380(6)
C(22)-H(22) 0.9500
C(23)-C(24) 1.370(8)
C(23)-H(23) 0.9500
C(24)-C(25) 1.370(8)
C(24)-H(24) 0.9500
C(25)-C(26) 1.402(7)
C(25)-H(25) 0.9500
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C(26)-H(26) 0.9500
0(6)-5(2) 1.600(2)
0(7)-5(2) 1.417(2)
0(8)-5(2) 1.424(2)
C(2)-C(1)-C(6) 118.6(2)
C(2)-C(1)-C(7) 122.2(3)
C(6)-C(1)-C(7) 119.2(2)
C(1)-C(2)-C(3) 122.4(3)
C(1)-C(2)-0(2) 118.9(2)
C(3)-C(2)-0(2) 118.6(2)
C(2)-C(3)-C(4) 118.6(3)
C(2)-C(3)-H(3) 120.7
C(4)-C(3)-H(3) 120.7
C(5)-C(4)-C(3) 119.5(3)
C(5)-C(4)-H(4) 120.3
C(3)-C(4)-H(4) 120.3
C(6)-C(5)-C(4) 121.6(3)
C(6)-C(5)-Br(1) 118.5(2)
C(4)-C(5)-Br(1) 119.8(2)
C(5)-C(6)-C(1) 119.3(3)
C(5)-C(6)-H(6) 120.3
C(1)-C(6)-H(6) 120.3
O(1)-C(7)-C(1) 122.8(3)
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O(1)-C(7)-H(7) 118.6
C(1)-C(7)-H(7) 118.6
C(9)-C(8)-C(13) 122.6(3)
C(9)-C(8)-S(1) 118.7(2)
C(13)-C(8)-S(1) 118.7(2)
C(8)-C(9)-C(10) 118.2(3)
C(8)-C(9)-H(9) 120.9
C(10)-C(9)-H(9) 120.9
C(11)-C(10)-C(9) 120.0(3)
C(11)-C(10)-H(10) 120.0
C(9)-C(10)-H(10) 120.0
C(10)-C(11)-C(12) 121.0(3)
C(10)-C(11)-H(11) 119.5
C(12)-C(11)-H(11) 119.5
C(13)-C(12)-C(11) 119.9(3)
C(13)-C(12)-H(12) 120.1
C(11)-C(12)-H(12) 120.1
C(12)-C(13)-C(8) 118.3(3)
C(12)-C(13)-H(13) 120.9
C(8)-C(13)-H(13) 120.9
C(2)-0(2)-5(1) 119.11(17)
0(3)-S(1)-0(4) 120.46(14)
0(3)-5(1)-0(2) 102.95(12)
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O(4)-S(1)-0(2) 108.29(12)
0(3)-S(1)-C(8) 110.21(13)
0(4)-S(1)-C(8) 109.64(14)
O(2)-5(1)-C(8) 103.82(12)
C(19)-C(14)-C(15) 118.1(3)
C(19)-C(14)-C(20) 119.6(3)
C(15)-C(14)-C(20) 122.3(3)
C(16)-C(15)-C(14) 122.4(3)
C(16)-C(15)-0(6) 119.3(3)
C(14)-C(15)-O(6) 118.2(3)
C(15)-C(16)-C(17) 119.0(3)
C(15)-C(16)-H(16) 120.5
C(17)-C(16)-H(16) 120.5
C(18)-C(17)-C(16) 119.5(3)
C(18)-C(17)-H(17) 120.3
C(16)-C(17)-H(17) 120.3
C(17)-C(18)-C(19) 121.5(3)
C(17)-C(18)-Br(2) 119.8(2)
C(19)-C(18)-Br(2) 118.7(2)
C(18)-C(19)-C(14) 119.6(3)
C(18)-C(19)-H(19) 120.2
C(14)-C(19)-H(19) 120.2
0(5)-C(20)-C(14) 122.7(3)
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0O(5)-C(20)-H(20) 118.7
C(14)-C(20)-H(20) 118.7
C(22)-C(21)-C(26) 122.9(3)
C(22)-C(21)-5(2) 118.1(3)
C(26)-C(21)-5(2) 119.0(3)
C(23)-C(22)-C(21) 118.1(4)
C(23)-C(22)-H(22) 120.9
C(21)-C(22)-H(22) 120.9
C(24)-C(23)-C(22) 120.3(5)
C(24)-C(23)-H(23) 119.9
C(22)-C(23)-H(23) 119.9
C(23)-C(24)-C(25) 121.3(4)
C(23)-C(24)-H(24) 119.4
C(25)-C(24)-H(24) 119.4
C(24)-C(25)-C(26) 120.3(4)
C(24)-C(25)-H(25) 119.8
C(26)-C(25)-H(25) 119.8
C(21)-C(26)-C(25) 117.0(4)
C(21)-C(26)-H(26) 121.5
C(25)-C(26)-H(26) 121.5
C(15)-0(6)-S(2) 118.71(18)
0(7)-5(2)-0(8) 120.41(17)
0(7)-5(2)-0(6) 102.89(15)
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0(8)-5(2)-0(6) 108.82(13)
0(7)-5(2)-C(21) 110.13(16)
0(8)-5(2)-C(21) 109.57(15)
0(6)-5(2)-C(21) 103.52(13)

Table 10. Anisotropic displacement parameters (A2x 103) for 76k. The anisotropic

displacement factor exponent takes the form: -2p2[ h2a*2U11 + .. + 2 hk a* b* U12]

Ui u22 u33 u23 Uiz [ul2
c(1) 23(1) 22(1)  [27(1) | 4(1) 1(1) | 5(%)
C(2) 24(1) 23(1) | 24(1) | 2(1) 1(1) | 5(%)
C(3) 23(1) 32(1)  [31(1) | 9(1) 6(1) | 10(1)
C(4) 23(1) 33(1)  [33(2) | 9(1) 3(1) [5(1)
C(5) 30(1) 23(1) | 25(1) | 4(1) A1) [4(0)
C(6) 26(1) 24(1) | 26(1) | 6(1) 5(1) | 7(1)
C(7) 22(1) 36(2) |32(1) |3(1) o) |[8(1)
C(8) 24(1) 31(1) [ 22(1) | 6(1) 2(1) | 8(1)
C(9) 32(2) 3320 [332 |1(1) o) |[8(1)
C(10) 29(2) 412) |47 |5(1) 8(1)  |3(1)
C(i1) 25(1) 48(2) |55(2) |21 |e(1) |14(1)
C(12) 37(2) 42(2) [50(2) |11(2) | 14(1) |20(1)
C(13) 31(2) 322) [35(2) |2(1) 6(1) | 10(1)
o(1) 25(1) 65(2) | 47(1) | 2(1) 3(1) | 16(1)
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0(2) 29(1) 28(1) [24(1) [1(1) 3(1)  |e(1)
0(3) 29(1) 48(1) | 26(1) | 1(1) -4(1) | 7(9)
0(4) 34(1) 38(1) [35(1) |5(1) 5(1) | 19(1)
S(1) 24(1) 32(1)  [23(1) | 3(1) 1) | 10(1)
Br(1) 45(1) 46(1) | 24(1) | 3(1) 5(1) | 6(1)
C(14) 27(1) 32(1)  |26(1) |10(1) | 7(1) |10(1)
C(15) 31(1) 27(1) | 25(1) | e(1) a1y | 7(%)
C(16) 24(1) 35(2) |33 |10(1) |4(1) |7(1)
C(17) 30(1) 342) 332 |9(1) 8(1) | 12(1)
C(18) 32(1) 28(1) |26(1) | 6(1) 5(1) | 7(1)
C(19) 26(1) 33(1)  |[29(1) | 11(1) |3(1) |5(1)
C(20) 34(2) 442) 332 |9(1) 8(1) | 16(1)
C(21) 31(1) 23(1) [40(2) | 1(1) 31) | 7(%)
C(22) 46(2) 362) |48 |-5(1) 14(2) | 5(1)
C(23) 53(3) 54(2) | 98(4) |-2(2) 373) | 12(2)
C(24) 38(2) 45(2) | 148(6) |23(3) |29(3) |19(2)
C(25) 44(2) 46(2) | 122(5) |28(3) |-203) |11(2)
C(26) 45(2) 392) |622) |142) |-13(2) |6(2)
0(5) 27(1) 642) |52(2) |10(1) |10(1) |17(%)
0(6) 37(1) 33(1) |26(1) | 3(1) 6(1) | 6(1)
0(7) 59(2) 44(1) [ 49(2) [-11(1) [16(1) |19(1)
0(8) 37(1) 41(1) [ 42(1) |e(1) -4(1) | 13(1)
5(2) 33(1) 29(1) [32(1) |o(1) 5(1) | 10(1)
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Br(2) 48(1) 33(1) 43(1) -2(1) 7(1) 9(1)

Table 11. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 103) for 76k

X y z U(eq)
H(3) 4950 6474 6358 33
H(4) 5483 6978 7929 36
H(6) 512 7037 8115 31
H(7) -925 6210 5775 37
H(9) 5343 9053 5401 40
H(10) 8326 9498 5194 49
H(11) 9298 8087 4273 49
H(12) 7358 6213 3558 49
H(13) 4380 5751 3757 39
H(16) 5827 6948 1903 37
H(17) 5115 4999 991 38
H(19) -4 4740 959 36
H(20) 438 7597 2408 43
H(22) 5942 9504 661 55
H(23) 8897 10017 413 84
H(24) 10980 10460 1611 89
H(25) 10212 10457 3069 85
H(26) 7245 10027 3360 60
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Table 12. Torsion angles [°] for 76k

C(6)-C(1)-C(2)-C(3) -0.9(4)
C(7)-C(1)-C(2)-C(3) -179.8(3)
C(6)-C(1)-C(2)-0(2) 176.1(2)
C(7)-C(1)-C(2)-0(2) -2.9(4)
C(1)-C(2)-C(3)-C(4) 1.6(4)
0(2)-C(2)-C(3)-C(4) “175.3(2)
C(2)-C(3)-C(4)-C(5) -0.6(4)
C(3)-C(4)-C(5)-C(6) ~1.3(4)
C(3)-C(4)-C(5)-Br(1) 177.6(2)
C(4)-C(5)-C(6)-C(1) 2.0(4)
Br(1)-C(5)-C(6)-C(1) -176.8(2)
C(2)-C(1)-C(6)-C(5) -1.0(4)
C(7)-C(1)-C(6)-C(5) 178.0(3)
C(2)-C(1)-C(7)-O(1) 178.2(3)
C(6)-C(1)-C(7)-O(1) -0.7(4)
C(13)-C(8)-C(9)-C(10) 0.7(5)
S(1)-C(8)-C(9)-C(10) 2179.0(2)
C(8)-C(9)-C(10)-C(1 1) -0.1(5)
C(9)-C(10)-C(11)-C(12) -0.4(5)
C(10)-C(11)-C(12)-C(13) 0.4(5)
C(11)-C(12)-C(13)-C(8) 0.2(5)
C(9)-C(8)-C(13)-C(12) -0.7(5)
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S(1)-C(8)-C(13)-C(12)

178.9(2)

C(1)-C(2)-0(2)-5(1) 94.2(3)
C(3)-C(2)-0(2)-S(1) -88.7(3)
C(2)-0(2)-5(1)-0(3) -161.9(2)
C(2)-0(2)-5(1)-0(4) -33.3(2)
C(2)-0(2)-S(1)-C(8) 83.2(2)
C(9)-C(8)-S(1)-0(3) 145.7(2)
C(13)-C(8)-5(1)-0(3) -34.0(3)
C(9)-C(8)-S(1)-0(4) 10.9(3)
C(13)-C(8)-S(1)-0(4) -168.8(2)
C(9)-C(8)-S(1)-0(2) -104.7(2)
C(13)-C(8)-5(1)-0(2) 75.7(2)
C(19)-C(14)-C(15)-C(16) -0.6(4)
C(20)-C(14)-C(15)-C(16) 175.7(3)
C(19)-C(14)-C(15)-0(6) -176.0(2)
C(20)-C(14)-C(15)-0(6) 0.3(4)
C(14)-C(15)-C(16)-C(17) -0.6(4)
0(6)-C(15)-C(16)-C(17) 174.7(3)
C(15)-C(16)-C(17)-C(18) 0.7(4)
C(16)-C(17)-C(18)-C(19) 0.3(4)
C(16)-C(17)-C(18)-Br(2) 177.6(2)
C(17)-C(18)-C(19)-C(14) ~1.6(4)
Br(2)-C(18)-C(19)-C(14) 176.4(2)
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C(15)-C(14)-C(19)-C(18) 1.7(4)
C(20)-C(14)-C(19)-C(18) 174.7(3)
C(19)-C(14)-C(20)-0(5) 4.1(5)
C(15)-C(14)-C(20)-0(5) 172.2(3)
C(26)-C(21)-C(22)-C(23) -0.4(5)
S(2)-C(21)-C(22)-C(23) 178.8(3)
C(21)-C(22)-C(23)-C(24) 1.3(6)
C(22)-C(23)-C(24)-C(25) 20.9(7)
C(23)-C(24)-C(25)-C(26) -0.6(7)
C(22)-C(21)-C(26)-C(25) -1.0(5)
S(2)-C(21)-C(26)-C(25) 179.8(3)
C(24)-C(25)-C(26)-C(21) 1.5(6)
C(16)-C(15)-0(6)-5(2) 90.2(3)
C(14)-C(15)-0(6)-S(2) -94.3(3)
C(15)-0(6)-5(2)-0(7) 161.5(2)
C(15)-0(6)-5(2)-0(8) 32.7(2)
C(15)-0(6)-5(2)-C(21) -83.8(2)
C(22)-C(21)-5(2)-0(7) -137.8(3)
C(26)-C(21)-5(2)-0(7) 41.4(3)
C(22)-C(21)-5(2)-0(8) -3.2(3)
C(26)-C(21)-S(2)-0(8) 176.1(3)
C(22)-C(21)-5(2)-0(6) 112.8(3)
C(26)-C(21)-5(2)-0(6) -68.0(3)
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