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A doença de Alzheimer representa cerca de 60 a 80% dos casos de demência 
afetando principalmente indivíduos com idades superiores a 65 anos. Esta 
patologia é caracterizada, a nível molecular, pela presença de placas senis 
(agregados de péptidos de Aβ amilóide) e agregados neurofibrilares (NFTs). 
Além disso, diversos estudos experimentais têm revelado que a enzima 
acetilcolinesterase (AChE) participa no desenvolvimento desta patologia, 
culminando na formação de NFTs e placas senis. O stress oxidativo é uma 
causa e consequência desta patologia, ativando vias de sinalização que 
promovem a agregação dos péptidos Aβ, que por sua vez, são detetados pelas 
células da microglia, levando à produção de radicais livres incluindo óxido nítrico 
(NO•) que, por sua vez, contribuem para a neuroinflamação marcada nesta 
patologia. Neste contexto, o desenvolvimento de inibidores da AChE e de 
antioxidantes, nomeadamente como agentes captadores desses radicais, 
continuam a merecer atenção por parte dos investigadores. 
O presente trabalho teve por objetivo a síntese, caracterização estrutural 
(espectroscopia de ressonância magnética nuclear (RMN) mono- (1H e 13C) e 
bidimensionais (HMBC e HSQC), espetrometria de massa, espetrometria de 
massa de alta resolução e raio-x) de (aril)(furo[3,2-c]quinolin-2-il)metanonas, 3-
(3-aril-4,5-di-hidro-1H-pirazol-5-il)-4-cloroquinolinas e ,a título exploratório, de 
(E)-3-(2-hidroxifenil)-5-(4-metoxiestiril)isoxazol para avaliação da atividade 
inibitória da AChE e antiradicalar. 
As atividades anticolinérgicas e antiradicalar dos compostos sintetizados foram 
avaliadas recorrendo aos métodos de Ellman e de avaliação da capacidade de 
captação dos radicais (ácido 2,2'-azino-bis(3-etilbenzotiazolina-6-sulfónico) 
(ABTS+•) e NO•, respetivamente. Sempre que possível, os valores obtidos foram 
expressos em função da concentração de composto que promoveu a inibição 
de 50% da atividade enzimática ou que promoveu 50% de captação dos radicais 
(IC50), respetivamente, para serem estabelecidas algumas relações estrutura-
atividade biológica. 
As (aril)(furo[3,2-c]quinolin-2-il)metanonas não se mostraram efectivas como 
agentes antiradicalares, no entanto dois derivados exibiram atividades inbitórias 
da AChE (IC50 < 100 µM). As 3-(3-aril-4,5-di-hidro-1H-pirazol-5-il)-4-
cloroquinolinas e o (E)-3-(2-hidroxifenil)-5-(4-metoxiestiril)isoxazol foram bons 
agentes captadores do ABTS+• no entanto não foram muito efetivos na captação 
do NO•, apresentando para a maior parte dos derivados IC50 > 700 µM. As 3-(3-
aril-4,5-di-hidro-1H-pirazol-5-il)-4-cloroquinolinas apresentaram atividades 
inibitórias de AChE promissoras com maior parte dos derivados apresentando 
IC50 < 100 µM, enquanto o (E)-3-(2-hidroxifenil)-5-(4-metóxiestiril)isoxazol não 
foi muito efetivo contra esta enzima. 
Os resultados evidenciaram que alguns compostos sintetizados apresentaram 
potencial como inibidores da AChE e como agentes antioxidantes. 
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abstract 

 

 

 

Alzheimer’s disease represents about 60-80% of all cases of dementia, mainly 

affecting people over 65 years. This pathology is caracterizated at the molecular 

level by the presence of senile plaques (Aβ amyloid peptides aggregates) and 

neurofibrillary tangles (NFTs). In addition, several experimental studies have 

revealed that acetylcholinesterase (AChE) enzyme plays a crucial role in the 

development of Alzheimer’s disease, leading to the formation of NFTs and senile 

plaques. Oxidative stress is a cause and consequence of this pathology, 

activating signalling pathways that promote Aβ peptides aggregation, which in 

turn are detected by microglia cells, leading to the formation of free radicals, 

including NO•, which, in turn, contributes to the marked neuroinflammation in this 

pathology. In this context, the development of AChE inhibitors and antioxidants, 

namely as radical scavengers, continue to deserve attention from researchers. 

The aim of the present work was the synthesis, structural characterization 

(mono-(1H and 13C) and two-dimensional (HMBC and HSQC) nuclear magnetic 

resonance (NMR) spectroscopy, mass spectrometry, high resolution mass 

spectrometry and x-ray) of (aryl)(furo [3,2-c] quinolin-2-yl)methanones, 3-(3-aryl-

4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines and, as exploratory approach, 

(E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole for the evaluation of AChE 

inhibitory activity and antiradical activity. 

The anticholinergic and antiradical activities of the synthesized compounds were 

evaluated using Ellman's method and radical scavenging assays for (2,2'-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS+•) and NO•, respectively. 
Whenever possible, the obtained values were expressed as a function of the 

concentration of compound which promoted 50% of inhibition of enzymatic 

activity or promoted 50% of radicals scavenging (IC50), respectively, to establish 

some biological structural-activity relationships.  

(Aryl)(furo[3,2-c]quinolin-2-yl)methanones were not effective as antiradical 

agents, however two derivatives exhibited AChE inhibitory activities (IC50 < 100 

µM). 3-(3-Aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines and (E)-3-(2-

hydroxyphenyl)-5-(4-methoxystyryl)isoxazole were good ABTS+• scavenger 

agents but were not very effective in NO• scavenging, presenting for most 

derivatives IC50 > 700 µM. 3-(3-Aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-

chloroquinolines showed promising AChE inhibitory activities with most 

derivatives having IC50 < 100 µM, while (E)-3-(2-hydroxyphenyl)-5-(4-

methoxystyryl)isoxazole was not very effective against this enzyme.   

These results showed that some of the synthesized compounds have potential 

as AChE inhibitors and antioxidant agents.                                            
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Preamble 

This master’s thesis is divided into six chapter and annexes. The first chapter 

introduces Alzheimer’s disease and and its key markers, including the roules of 

acetylcholinesterase enzyme and oxidative stress in the onset of the disease. In addition, 

methods of synthesis of furo[3,2-c]quinolines, pyrazoles and isoxazoles were presented, as 

well as literature data for these families of compounds, to assess their potential as 

antioxidants and as acetylcholinesterase inhibitors. In the second chapter, the numbering of 

compounds is renumbered starting from number 1, for simplicity. The second chapter 

presents the nomenclature of the synthesized compounds, as well as the description of the 

synthetic methods used and structural characterization of the obtained compounds. The third 

chapter includes the results and discussion of the acetylcholinesterase enzyme inhibitory 

activity, followed by those of the evaluation of the antioxidant activity of the synthesized 

compounds. In the fourth chapter, the main conclusions of this work are presented, as well 

as the future perspectives. The fifth chapter contains the experimental procedures used for 

the synthesis of compounds and for the biological assays, while the sixth chapter includes 

the references cited in this manuscript.  
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 Objectives of the work 

The aim of this work was the synthesis and structural characterization of novel 

quinoline- and quinolone-based heterocyclic compounds, containing a furan, pyrazole, 

dihydropyrazole or isoxazole moiety for biological evaluation of their acetylcholinesterase 

inhibitory properties, through Ellman’s method, as well as their antioxidant activity, namely 

antiradicalar.  

 In addition, as an exploratory attempt, it was intended to synthesize a (styryl)isoxazole, 

structurally similar to a (styryl)pyrazole already synthesized in our group and also evaluate 

the inhibitory ability of AChE and the antiradicalar ability of both compounds. 
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1.1.  Alzheimer’s disease  

Alzheimer’s disease (AD), the most common cause of dementia, was first described 

more than 100 years ago.1 Nowadays, about 24 million people worldwide suffer from a form 

of dementia and the global prevalence of dementia is expected to double every 20 years, with 

42 million people in 2020 and 81 million people in 2040 expected to be affected.2 AD 

represents about 60-80% of all cases of dementia, mainly affecting people over 65 years old 

and leading, in most cases, to death in about seven years following disease onset.3 

The main features observed in the brains of AD patients include neuronal loss in 

memory and/or cognition-associated regions, particularly the loss of cholinergic neurons, 

neurotransmitter depletion and synaptic disfunction. 4  Furthermore, the most common 

neuropathological characteristics found in AD patients are abnormal protein deposits, 

particularly senile plaques (SP) and neurofibrillary tangles (NFTs).5  

SP consist in the extracellular accumulation of insoluble aggregates of amyloid-β 

protein, a small peptide formed from cleavage of a transmembrane protein, amyloid 

precursor protein (APP), a key protein in neuronal growth and survival, as well in the repair 

of neuronitic damage.6 This proteolytic process is initiated by cleavage of β-secretase at the 

amino terminus of β-amyloid peptide (Aβ), leading to the secretion of soluble ectodomains 

sAPPβ. Then, the processing of the carboxyl-terminal fragments (CTFβ) by -secretase, 

results in the formation of Aβ monomers and the APP intracellular domain (AICD).7 These 

monomers spontaneously self-aggregate to create fibrils, which culminate into the formation 

of insoluble fibers of advanced amyloid plaques (Figure 1). In turn, the deposition of these 

neurotoxic fibers derived from APP at synapses leads to the synaptic disfunction observed 

in AD patients.8 

 

 

 

 

 

 

 

 

Figure 1. Formation of amyloid plaques, one of the hallmarks of Alzheimer’s disease.  
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In turn, NFTs are intracellular filamentous inclusions composed by an abnormally 

hyperphosphorylated and aggregated form of tau protein. In healthy conditions, tau protein 

appears in a soluble form and promotes assembly and stability of microtubules (MTs) and 

vesicle transport in axons. Tau is a phosphoprotein owing to its high number of serine and 

threonine residues and is therefore a substrate of many kinases. Under pathological 

conditions, such as AD, tau is hyperphosphorylated and this effect lacks affinity for MTs. 

This hyperphosphorylated tau is insoluble and self-agreggates into paired helical filament 

structures, which in turn assemble into masses inside nerve cell NFTs (Figure 2).9,10 

In addition, AD is characterizated by the loss of cholinergic neurons as well as the 

decrease in choline acetyltransferase (ChAT) expression11 and the decrease of acetylcholine 

(ACh) levels in brain areas related to learning, memory, behaviour and emotional 

responses.12 These cholinergic alterations correlate with attention and memory impairement 

in the patients, due to the alteration of the correct functioning of neurotransmission.13 

 

 

 

 

 

 

 

 

 

 

 

Although the cause of AD is still unknown, several hypotheses have been 

described.14 Among those, the most accepted by the scientific community are “Aβ cascade 

hypothesis” and “cholinergic hypothesis”. In fact, the only approved treatments by US Food 

and Drug Administration (FDA) rely on the use of drugs to treat the cognitive manifestations 

of AD, in order to reverse the cholinergic deficit (detailed in section 1.1.1.). These drugs are 

known as acetylcholinesterase inhibitors (AChEI) and act in order to delay the breakdown 

of ACh. In fact, it is widely accepted that ACh is involved in memory and plays a crucial 

role in modulation of acquisition, encoding, consolidation, reconsolidation, extinction and 

retrieval of memory.1 

Figure 2. Formation of neurofibrillary tangles. Adapted from (Gotz et al).10 
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1.1.1. The cholinergic hypothesis 

The “cholinergic hypothesis” was postulated by Whitehouse and his colleagues in 

1982.15 This hypothesis highlights that a loss of the cholinergic function by the central 

nervous system (CNS) is closely related to the cognitive symptoms verified in elderly, 

particularly in patients with AD.16  

It has been postulated that in AD, the degeneration of the cholinergic neurons 

occurring in the nucleus basalis of Meynert, known to exert an important function in 

memory, justifies the loss of memory exhibited in patients with this pathology.1 Furthermore, 

the degeneration of basal forebrain cholinergic neurons, related to the loss of cholinergic 

neurotransmission in cerebral cortex and other regions of the brain may contribute to the 

deterioration of cognitive function in AD patients.17 This cholinergic depletion in synaptic 

regions might be promoted by the failure in ACh synthesis due to decreased expression of 

ChAT;11 the decrease of choline uptake, probably due to the interaction of Aβ with choline 

transporter that is present in pre-synaptic membrane of neurons18 and due to the action of 

AChE, which promotes the ACh cleavage.  

Several studies suggest the participation of AChE in a degenerative cycle that 

contributes to the acceleration of the development of AD.19,20 In this cycle, it is possible that 

the AChE can affect APP processing and Aβ production by modulation of the levels of - 

secretase catalytic subunit, Presenilin 1 (PS1) (Figure 3).21,22 This modulatory effect was 

observed when in SH-SY5Y neuroblastoma cells, Aβ42 exposure triggered cellular 

increases of AChE and in PS1 levels, but Aβ42- induced PS1 increase was prevented by 

pretreatment of SH-SY5Y with siRNA AChE.22 In another study, Matrone et al. have shown 

that Aβ42 can induce an increase in PS1 and APP levels in hippocampal cultures of neurons, 

similar to those observed when neurotrophin, Nerve-Growth Factor (NGF) was deprived, 

leading to the death of 60% of the neuronal population as a consequence of APP processing 

and the resulting Aβ release.23 Although levels of AChE were not estimated by the authors, 

it is probable that increased levels of PS1 induced by Aβ42 exposure have been a 

consequence of increased levels of AChE. Moreover, Silveyra et al. showed that P-tau 

(phosphorylated tau protein) lead to an increase in AChE levels and activity.20 In its turn, 

Toiber et al. demonstrated that expression of N-terminally extended T-AChE variant 

increased the hyper-phosphorylation of Tau and activated the glicogen synthase kinase-3 

(GSK-3), by inducing dephosphorylation of the serine residue.24 GSK-3 has two isoforms, 
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namely GSK-3α and GSK-3β, which are encoded by different genes. Both are known to 

phosphorylate the tau protein at several sites.25This fact can explain the relation between the 

activation of GSK-3 and hyper-phosphorylation of Tau observed by Toiber et al.24 

Additionally, Sberna et al. demonstrated that Aβ peptides can increase AChE levels.26 Thus 

overall, AChE is part of a degenerative cycle where it plays crucial roles in the development 

of the pathogenesis of Alzheimer’s disease.  

 

 

 

 

 

 

 

Figure 3. Central role of acetylcholinesterase in Alzheimer pathogenesis. Adapted from (Small, D.H et al).21 

Given the importance of this enzyme in the onset and amplification of AD, either in 

cholinergic transmission or through the potentiation of amyloid/senil plaques and NFTs 

formation, this represents one of the main therapeutic targets, in the sense of culminating the 

loss of cognitive function of AD patients.21 In fact, medications currently approved by FDA 

and European Medicines Agency (EMA) are donepezil, rivastigmine and galantamine 

(Figure 4), which strongly interact with the structure of AChE and hence ameliorate the 

cognitive manifestations of AD and improve the life quality of the patients.27  

Figure 4. Medication approved by US Food and Drug Administration and European Medicines 

Agency. 
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Structurally, AChE has a peripheral anionic site (PAS) that binds to the 

trimethylammonium core of the ACh. Around this region, there are aromatic aminoacids that 

trap ACh and direct it to the catalytic site.28,29 The catalytic site consists of two subsites: the 

catalytic triad (Ser203, His447, Glu334) and the anionic site (CAS) (Figure 5). The catalysis 

reaction occurs in the catalytic triad, with Ach being converted into choline and acetate. In 

turn, CAS stabilizes the substrate, through certain aminoacids that bind the quaternary 

trimethylammonium choline moiety of the substrate, largely through π-cation interactions.30   

 

 

 

 

 

 

 

 

 

Figure 5. Structure of human AChE adpated from Torpedo Californica.29 Structurally they are similar, 

only vary the position of the aminoacids present in CT, CAS and PAS.31 This enzyme shows an asymetric 

charge distribution on the surface. The negative surface is conferred by 10 acidic aminoacids (Asp and Glu) 

surrounding the PAS region.30  

Ser203 is activated by the two other aminoacids of the catalytic triad, namely His 

447, which function as a general acid-base catalyst to increase the nucleophilicity of serine 

and Glu334 that stabilizes the transition state through low-barrier hydrogen bonding. This 

strategic positions, promote an acylation reaction between the hydroxyl group of Ser203 and 

the carbonyl group of the ACh, forming an acylated-enzyme intermediate which is stabilized 

by hydrogen bonds with Gly121 and Gly122 (Figure 6).29,30 In this first step, acylation 

occurs, leading to the formation of an acylate-enzyme intermediate and consequently 

elimination of choline. In a second step, a deacylation step occurs and the acyl-enzyme 

intermediate is hydrolyzed to regenerate the original state of enzyme and acetate.30 
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Figure 6. Mechanism of cleavage of acetylcholine into choline and acetate. 

Therefore, an AChE inhibitor should be a compound that interacts strongly with the 

active sites of this enzyme, leading to its inhibition.32 In this sense, several studies of AChE 

inhibition are accompanied by docking studies.33 Using the molecular docking approach, 

researchers try to get insights into binding interactions of the compounds in the active site 

of the enzyme and understand the facts that underlie the relationships between structural 

modifications on ligands and their efficacy.32 In addition, these studies help to design active 
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novel enzyme inhibitors through the selection of active compounds and consequent 

structural modifications to maximize interactions with the enzyme.34  

1.2. Oxidative stress and Alzheimer’s disease 

Oxidative stress, a process increased in the brain with aging, is a condition 

characterized by an imbalance between the production of reactive species, which can be 

reactive oxygen (ROS) and nitrogen species (RNS), and the cells ability to neutralize them 

by the antioxidant defense. The brain is vulnerable to oxidative damage, due to a high 

consumption of oxygen. In fact, about 20% of all oxygen and 25% of all glucose are 

consumed to maintain brain needs. In addition, the amount of brain antioxidants are modest 

and therefore, in this organ, damage on various biomolecules (such as proteins, lipids and 

nucleic acids) by free radicals are expected.35 

1.2.1. Sources of ROS/RNS in Alzheimer’s disease 

Excessive levels of free radicals can be produced from a variety of sources in patients 

suffering from AD. In fact, iron is increased around NFTs as well as in amyloid plaques and 

this is important in the generation of free radicals because it acts as a catalyst in Fenton’s 

reaction, promoting the formation of the hydroxyl radical (HO) from hydrogen peroxide 

(H2O2).
36 In addition, Aβ can bind to Cu2+, present in brain, forming a Cu(II)-Aβ complex, 

and electrons transferred from biological reducing agents to Cu(II) lead to its reduction to 

Cu(I) and form Cu(I)-Aβ complex. Cu(I) then donates two electrons to oxygen, generating 

H2O2.
37 

Additionally, microglia and astrocytes (immune system cells), that become active in 

response to excess of Aβ, trigger the release of proinflammatory cytokines (e.g.tumor 

necrosis factor alpha (TNF-α) and interferon gamma, INF-), chemokines and interleukins 

(IL-1, IL-6, IL-18)38,39,40, culminating in the production of huge levels of  NO, probably 

through the induction of inducible nitric oxide synthase (iNOs) activity.41 However, fibrillar 

Aβ (fAβ) was shown to promote the induction of iNOs in microglia and astrocytes in the rat 

brain in vivo.42 In addition, the activated microglia, which in Alzheimer’s disease surround 

the amyloid plaques, are a source of superoxide anion (O2
-) production through a complex 

series of reactions culminating in the activation of NADPH oxidase mediated by fAβ.43 In 

this process, fAβ binds to a multireceptor present in the membrane of microglial cells and 

triggers a signiling pathway that culminates in the activation of Src family kinases (tyrosine-
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protein kinases) Lyn and Fyn as well as Syk tyrosine kinase. This culminates in the activation 

of Rac GTPase (small signiling G-protein) through phosphorylation of GDP in GTP, which 

then associates with the subunits of NADPH oxidase and consequently form O2
-.43,44 

    1.2.2. Role of oxidative stress in Alzheimer’s disease 

ROS and RNS can damage biomolecules such as lipids, proteins and nucleic acids. 

Also, they can trigger the activation of signaling pathways that culminate in the formation 

of A, as well as activation of cyclooxygenase to form inflammatory mediators, contributing 

to neuroinflammation. All these events are present in the AD as described below. 

 The brain has a high amount of polyunsaturated fatty acids (PUFAS) which are 

particularly sensitive to oxidative damage, in particular to lipid peroxidation. In fact, several 

studies have demonstrated the existence of lipid peroxidation in patients with AD.45 Indeed, 

a study with brains at different stages of this pathology carried out by Bradley et al. showed 

that levels of 4-hydroxyhexenal (HHE), a marker of lipid peroxidation, were increased even 

in the early stages of the disease.46 In coherence with this, Markesbery et al. demonstrated 

that the lipid peroxidation biomarkers F2-isoprostane and F4-neuroprostane were increased 

in the frontal, parietal and occipital lobes in post-mortem brains of patients with late-stage 

AD and with amnestic mild cognitive impairment compared to controls.47  

 Importantly, lipid peroxidation can produce electrophilic aldehydes which are highly 

reactive. An example of this is acrolein, an aldehyde obtained from lipid peroxidation and 

which is increased in AD brains.48 This aldehyde can modulate the phosphorylation of tau 

protein by accelerating its phosphorylation.49 In turn, P-tau increases the levels of AChE 

which is responsible for the processing of APP and the consequent formation of the Aβ 

peptide as already discussed. 

Proteins are also a target of oxidative damage in AD. In fact, the oxidation of proteins 

by free radicals may be significant in AD because this oxidation can affect enzymes critical 

to neuron and glial functions.50 This is the case of two enzymes sensitive to oxidation, 

glutamine synthetase (GS) and creatine kinase (CK). In fact, the oxidative changes in these 

proteins lead to a structural modification culminating in the reduction of its activities in this 

pathology.51,52 In fact, this was verified in a study carried out by Hensley et al. which showed 

that proteins were more oxidized in Alzheimer's brains, compared to the controls and GS 

activity decreased by about 27% while CK activity decreased by 80%.53 
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On the other hand, free radicals can damage DNA by modifying nucleic acid bases. 

Mostly, DNA damage derives from the action of HO that can modifiy guanine to form 8-

hydroxyguanine (oxidation product of guanine) which energetically forms base pairs more 

favorably with adenine rather than with cytosine, resulting in mispairing production GC to 

TA transversions.54 The oxidation products of all DNA bases act as markers of DNA damage 

and have been shown to be elevated in AD. In fact, Halliwell et al. identified the oxidized 

products of all DNA bases: 8-hydroxyguanosine, 8-hydroxyguanine, Fapy-guanine, 5-

hydroxyuracil and Fapy-adenine in parietal, temporal, occipital, frontal lobe, superior 

temporal gyrus and hippocampus of AD brains.55 

 Furthermore, oxidative stress plays an important role in the production of Aβ 

peptides, since it contributes for the reduced activity of α-secretase enzyme and the increased 

activity of -and β-secretases, known to be critical for the formation of Aβ from APP.56 In 

fact, H2O2 and 4-hydroxynonenal (HNE, product of lipid peroxidation) are responsible for 

activation of the cascade signaling dependent on the activation of c-Jun N-terminal Kinase 

(JNK) pathway. This culminates in the induction of the expression of β-site APP cleaving 

enzyme 1 (BACE1) and PS1.57 As a matter of fact, the promoter and 5’ untraslated regions 

of the BACE gene contain binding sites for several transcription factors including the redox-

sensitive activator protein (AP1) whose oxidative stress-mediated activation can enhance the 

expression of BACE.58 Indeed, brains of patients with AD revealed an increase in expression 

of the JNK signaling pathway59 and increased expression of PS1 and BACE1.60,61 Thus, the 

increase of PS1 and BACE1 expression induced by oxidative stress in brains with 

Alzheimer’s promotes the formation of Aβ peptide from APP. 

Moreover, the production of NO by microglial cells may contribute to the 

neuroinflammatory process present in AD.62 NO has been shown to be essential in the 

activation of inducible form of cyclooxygenase (COX-2) which is upregulated in neuron and 

glial cells in AD. 63  Once activated it leads to the production of pro-inflammatory 

prostaglandins (PG) at the site of inflammation and this can explain the increase of PG in 

AD, such as PGE2 and PGD2.64 Three hypothesis seek to explain the involvement of NO 

in this process. One of them explains that the activation of COX-2 results from the formation 

of peroxynitrite anion (ONOO-) through the reaction between NO and O2
-(Figure 7).65 

Another hypothesis is based on the fact that cyclooxygenase activity is a source of O2
- and 
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it has been postulated that O2
- could be involved in the COX-2 auto-inactivation process. 

Therefore, this hypothesis admits that NO enhances the COX-2 activity through the reaction 

with O2
- and thus removing the available O2

- to trigger auto-inactivation of COX-2.66 The 

last hypothesis affirms that the increase in the catalytic efficiency of COX is due to the 

formation of nitrosothiols. In fact, NO nitrosylates cysteine residues in the catalytic domain 

of COX enzymes leading to the formation of nitrosothiols and structural changes in the 

enzyme with consequent increase of the catalytic efficiency.67  

  

 

 

 
 

 

 

Figure 7. Incresead activity of COX mediated by ONOO- and consequent production of PGs. AA-arachidonic 

acid; POX-peroxidase; PGHS1/2-Prostaglandin endoperoxidase H synthase 1/2. 

  

 Thus, theoretically, antioxidants can be used to prevent or to positively contribute to 

counteract AD. In fact, in in vitro assays, compounds with free radicals scavenging activity 

have revealed neuroprotective effect and other antioxidants have been shown to inhibit Aβ 

aggregation.68,69,70 These properties motivated researchers to report some clinical trials to 

see if this therapy would have an effect on this pathology but the results were not very 

effective.71,72 Therefore, ensuring that compounds can cross the blood-brain barrier, the 

moment of the disease when the intervention is performed and ensuring that the compounds 

are well absorved are important aspects that should be taken into account for the use of 

antioxidants in the treatment of AD.45 

1.3. Furo[3,2-c]quinolines, pyrazoles and isoxazoles  

This section is focused on three classes of compounds, the furo[3,2-c]quinolines, 

pyrazoles and isoxazoles which are three important pharmacophores and the target of study 

in this thesis. Throughout this section, the most common synthesis methods, inhibitory 

properties against AChE, as well as some biological structure-activity relationships (SAR) 

regarding the antioxidant activities of these types of compounds will be presented. These 
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synthetic methods and SAR studies are related to furo[3,2-c]quinolines, 3,5-disubstituted 

pyrazoles and isoxazoles alone or combined with quinolone/quinoline or chromone moieties 

incorporated in their structures. 

1.3.1. Furo[3,2-c]quinolines 

The quinoline nucleus is found in many pharmacologically active compounds, 

namely antibacterial, anti-inflammatory, antiasthmathic, antihypertensive agents and in 

tyrosine kinase inhibitors.73,74,75,76 Among quinoline derivatives, furoquinolines have been 

the focus of attention of scientists due to their natural occurrence in several alkaloids. 

Compounds of this type are isolated mainly from plants of Rutaceae family and can be found 

in two forms: linear and angular depending on furan ring position.77 The linear ones have 

the furan ring on face b or g (1 and 2, repectively), while their angular isomers have the furan 

ring in position c (3) (Figure 8). Several linear furo[2,3-b]quinolines and angular furo[3,2-

c]quinoline derivatives are recognized by their important role in medicine, namely as anti-

inflammatory, antitumoral, anticholinesterasic and immunosuppressive agents.78,79,80,81,82 

Thus, several methods of synthesis have been developed to obtain furoquinolines to take 

advantage of their biological properties. Until now, there are several methods reported for 

the synthesis of linear furoquinolines, however there are few references related to the 

synthesis of furo[3,2-c]quinolines. In the next item, we will present some methods employed 

for the synthesis of angular furoquinolines, which are of interest to this work. 

 

 

 

 

Figure 8. Structure of linear 1, 2 and angular 3 furoquinolines. 

1.3.1.1. Synthesis of furo[3,2-c]quinolines  

As mentioned before there are few methods reported in the literature for the synthesis 

of furo[3,2-c]quinolines. Some of these methods will be presented here, especially those 

starting from compounds containing a quinoline/quinolone moiety in their structures or these 

moieties attached to an α,β-unsaturated system. 

 Kokatla et al. reported the synthesis of furo[3,2-c]quinolines through two steps. In 

the first step, electrophilic iodination of 4-hydroxyquinoline 4 occurs and in the second step, 
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Sonogashira coupling of terminal alkynes with 3-iodoquinolin-4-ol 5 followed by 5-endo-

dig cyclization occurs, leading to the formation of furo[3,2-c]quinolines 6a-c  in good yields 

(69-75%) (Scheme 1).83  

 

 

 

 

 

 

Scheme 1. Synthesis of furo[3,2-c]quinolines from 4-hydroxyquinoline in two steps. 

 Chen et al. reported another method to synthetize furo[3,2-c]quinoline type 

compounds from  4-hydroxyquinolin-2(1H)-one 7 in a single step. In this reaction, 4-

hydroxyquinolin-2(1H)-one 7 was treated with chloroacetaldehyde to obtain the desired 

furo[3,2-c]quinolin-4(5H)-one 8 in 82% of yield (Scheme 2).80 

 

 

 

 

 

Scheme 2. Synthesis of furo[3,2-c]quinolin-4(5H)-one 8. 

 Venkataraman described the synthesis of 4-phenylfuro[3,2-c]quinolines 10a-d via 

palladium-catalyzed Sonogashira reaction of 3-iodo-2-phenyl-1H-quinolin-4-one 9 with 

alkynes. Compounds 10a-d were obtained in good yields (67-72%) (Scheme 3).84 

 

 

 

 

 

 

Scheme 3. Synthesis of 4-phenylfuro[3,2-c]quinolines 10a-d. 
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1.3.1.2. AChE inhibitory activity of furoquinolines 

 To the best of our knowledge, to date no studies have been reported on AChE 

inhibitory activity promoted by furo[3,2-c]quinolines. In fact, so far, only anticholinesterasic 

activities of furo[2,3-b]quinolines have been evaluated. Sichaem et al. studied a series of 

furo[2,3-b]quinolines 11a-b, 12a-c and 13a-d and only reported a significant inhibitory 

ability by the derivatives 12c (IC50= 95.3 ± 2.8 µM), 13a (IC50= 69.1 ± 0.8 µM) and 13b 

(IC50= 28.2 ± 1.1 µM) (Figure 9), and yet were much less active than the used positive 

control, eserine (IC50= 0.9 ± 0.1 µM). For the other derivatives, the percentage of inhibition 

at 100 µg/mL were determined and these values are presented in Figure 9.81 In addition, 

Yang et al. also evaluated the inhibitory activity of furo[2,3-b]quinolines 13e-g and they 

found that these compounds were less effective than used standard, physostigmine (IC50= 

0.013 ± 0.002 µg/mL). In fact, these derivatives 13e-g showed a percentage of inhibition at 

0.1 mg/mL of 12.6 ± 1.6, 24.3 ± 1.5 and 51.9 ± 2.5 %, respectively (Figure 9).85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Structures and activities of furoquinolines evaluated until now as AChE inhibitors. 
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1.3.1.3. Antioxidant activity of furoquinolines 

 So far, only studies on antioxidant activity of furo[2,3-b]quinoline have been 

reported in the literature, while the evaluation of these activities on furo[3,2-c]quinolines 

remain unexplored. In fact, there are only two studies reported for the evaluation of 

antioxidant activity of furo[2,3-b]quinoline. Kiplimo et al. reported the  antioxidant 

properties of alkaloid furo[2,3-b]quinolines from the plant Vepris glomerata. These 

compounds 12b,13a, 14a and 14b (Figure 9 and 10), were not very effective as antioxidant 

agents, as evaluated by 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) scavenging and ferric 

reducing power assays.86 Similar results were also found by Samad et al. for furo[2,3-

b]quinolines, containing a cyclopentene ring fused to its core. In their study, these type of 

furo[2,3-b]quinolines 15a and 15b also showed no significant ABTS+ and DPPH 

scavenging potential compared to ascorbic acid (Figure 10).87  

 

 

 

 

 

 

 

Figure 10. Structures of furo[2,3-b]quinolines which were evaluated as antioxidant agents.  

1.3.2. Pyrazoles  

Pyrazole 16 is a five-membered heterocyclic compound constituted by three carbons 

and two adjacent nitrogen atoms, located at 1- and 2-positions. N-Unsubstituted pyrazoles 

may have three tautomers, formed by their rapid interconversion in solution (Figure 11). In 

addition, three reduced forms may also exist: 1-pyrazolines 17, 2-pyrazolines 18 and 3-

pyrazolines 19 (Figure 11).88 The presence of the pyrazole core in natural compounds is 

rare, probably due to the difficulty of living organisms to construct N-N bond. Nevertheless, 

pyrazoles and their derivatives are important in medicinal chemistry, because they are 

present in several drugs with medicinal applications, such as celecoxib (Celebrex®) and 

sildenafil (Viagra®). In addition, such moiety is important in several compounds giving 

them antitumor, anti-inflammatory, antibacterial, antifungal, analgesic, antipyretic, 
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antidepressant, antihypercholesterolemic, anticonvulsant, hypoglicemic, anticancer, 

cannabinoid and anti-Alzheimer activities.88 Thus, given the biological importance of 

compounds containing pyrazole core, several methods for the synthesis of pyrazoles have 

been developed. The most common synthetic methods of such compounds will be described 

in the following section. 

 

 

 

 

 

 

 

 

Figure 11. Chemical structures of pyrazole and dihydropyrazole (pyrazoline). 

1.3.2.1. Synthesis of pyrazoles 

In this chapter, methods for the synthesis of 1H-pyrazoles, namely 3,5-disubstituted, 

as well as synthesis of pyrazoles from chalcones and pyrazolines will be described. Please 

note that this type of pyrazoles will be presented herein because they are structurally more 

similar to those that are intended to be synthesized in this work. 

1.3.2.1.1. 3,5-disubstituted-1H-pyrazoles 

The methods for the synthesis of 3,5-disubstituted-1H-pyrazoles involve 

cyclocondensation of a three-carbon unit exhibiting two electrophilic carbons at 1,3-

positions, such as 1,3-dicarbonyl (e.g 1,3-diketones) or α,β-unsaturated carbonyl compounds 

with a hydrazine derivative, which acts as nucleophilic agent.89 In addition pyrazoles can be 

obtained by dehydrogenation of the corresponding pyrazolines.Thus, methods for the 

synthesis of pyrazoles from 1,3-diketones, α,β-unsaturated carbonyl compounds (namely 

from chalcones) and pyrazolines will be presented. 

 Heller et al. performed the synthesis of 3,5-disubstituted-1H-pyrazoles in two steps 

through the reaction of enolates 20 with acid chlorides 21. During this reaction, 1,3-

diketones were formed in situ which after the addition of hydrazine were converted into 

pyrazoles 22 in moderate to good yields (Scheme 4).90 
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Scheme 4. Synthesis of pyrazoles from 1,3-diketones in two steps. 

In addition, solventless reactions were developed to prepare 3,5-disubstituted-1H-

pyrazoles. These reactions have advantages over those that use solvents from an 

environmental and economic point of view. This is because some of the solvents that are 

used are toxic and volatile and for this reason solventless reactions are important in the field 

of green chemistry. 91  Thus, Wang et al. developed a solventless condensation of 1,3-

diketones 23 with hydrazine in the presence of a catalytic amount of sulfuric acid at room 

temperature obtaining 3,5-disubstituted-1H-pyrazoles 24a-d in very good yields  (Scheme 

5).92 

 

 

 

 

 

 

Scheme 5. Synthesis of 3,5-disubstituted-1H-pyrazoles through a solventless reaction. 

Bhat et al. reported a procedure to synthesize 3,5-diaryl-1H-pyrazoles 27 from 

chalcones 25 through the action of hydrazine hydrate on chalcone-epoxide 26, followed by 

dehydration (Scheme 6). In the first step, the epoxidation of chalcone occurred in good 

yields (85-94%) whereas the other two steps were carried out as a one-pot reaction which 

also occurs with good yields (71-83%).93 
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Scheme 6. Multi-step synthesis of 3,5-diaryl-1H-pyrazoles from chalcones. 

Al-Ajely and Yassen synthesized pyrazolines from chalcone-type compounds, 

having a 2-quinolone moiety in their structures.94 The synthetic method had five steps; in 

the first step, m-toluidine 28 was treated with phosphoric acid to form the corresponding 

amide 29. In the second step, 29 was converted into 2-chloro-7-methylquinoline-3-

carbaldehyde 30 via Vilsmeier reaction using POCl3 in DMF. In the third step, 30 was treated 

with concentrated acetic acid to form 7-methyl-2-oxo-1,2-dihydroquinoline-3-carbaldehyde 

31. Then, 31 was irradiaded for 10 minutes at 80ºC with substituted acetylfuran or 

acetylthiophene in DCE using Amberlyst 15 resin as a catalyst forming carbonyl α,β-

unsaturated compounds 32a-d. In the final step, pyrazolines 33a-d were obtained, in very 

good yields (96-98%), in the microwave-assisted reaction of α,β-unsaturated carbonyl 

compounds with hydrazine hydrate using methanol as solvent (Scheme 7). Thus, starting 

from α,β-unsaturated carbonyl compounds  32a-d it is possible to obtain pyrazolines 

containing the 2-quinolone core in their structures.94 
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Scheme 7. Synthesis of 3,5-disubstituted-pyrazolines containing a 2-quinolone moiety. 

3,5-Disubstituted pyrazolines can also be obtained from chalcones-type compounds 

by a conventional method. In fact, Hassan obtained 3,5-disubstituted pyrazolines from the 

reaction of chalcone-type compunds 34a-b with hydrazinum chloride, instead of hydrazine 

hydrate and anhydrous sodium acetate, in ethanol and glacial acetic acid. The reaction 

mixture was refluxed for 8h. After this period, 3,5-disubstituted pyrazolines 35a-b were 

obtained in good yields (79-81%), (Scheme 8). 95 

Scheme 8. Synthesis of 3,5-disubstituted pyrazolines from chalcone-type compounds. 

 Pyrazoles can be obtained by oxidation (dehydrogenation) of pyrazolines. Some 

methods for this transformation have been described in the literature. Kumbhar et al. 

performed the oxidative aromatization of 3,5-disubstituted-2-pyrazolines 36a-h with ceric 

sulfate tetrahydrate in water and acetic acid at reflux (Scheme 9). Using this procedure 3,5-

disubstituted-1H-pyrazoles 37a-h were obtained in moderate to good yields (60-75%).96 
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Scheme 9. Synthesis of 3,5-disubstituted-1H-pyrazoles from pyrazolines. 

1.3.2.2. AChE inhibitory activity of pyrazoles 

Tacrine 38, a cholinesterase inhibitor, was the first drug to receive FDA approval for 

the treatment of AD.97 Silva et al. synthesized pyrazoles incorporating similar structures of 

tacrine in order to understand the potential of these compounds as AChE inhibitors98 , 

particularly  pyrazolo[3,4-b]quinoline 39a-b and benzo[b]pyrazolo[4,3-

g][1,8]naphthyridine 40a-b (Figure 10). Compound 39a and 39b showed an IC50 value of 

0.57 ± 0.004 and 0.6 ± 0.1 µM, respectively, while compounds 40a and 40b had IC50=0.069 

± 0.006 and 0.23 ± 0.05 µM, respectively. However, all of compounds showed less activity 

compared to tacrine 38 (IC50=0.027 ± 0.002 µM). These results suggest that the substitution 

of CN group by CO-(NH2) doesn’t change the anticholinesterasic activity significantly. On 

the other hand, the introduction of a phenyl ring in 40b reduced the effectiveness against the 

activity of AChE when compared to 40a. Notably, the inhibitory capacity of this last 

compound is very interesting, because it is of the same order of magnitude of tacrine, 

however it is about 2.6 less effective than tacrine.98  

 

 

 

 

 

 

 

Figure 12. Structures of pyrazolo[3,4-b]quinoline 39 and benzo[b]pyrazolo[4,3-g][1,8]naphthyridine 40. 

Also 2-pyrazoline derivatives of quinolyl-thienyl chalcone-type compounds 41a-z 

(Figure 13) were synthesized and their activity as AChE inhibitors was evaluated.99 In this 

work, compounds 41m,y,w exhibited the most potent inhibitory activity against AChE with 
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an IC50 of 0.13 ± 0.006, 0.15 ± 0.008, 0.20 ± 0.009 µM, respectively. These compounds 

41m,y,w were more active than used control neostigmine (IC50= 22.2 ± 3.2 µM). It has been 

noticed that by changing the position of different substituents at quinoline ring might 

modulate the inhibitory activity towards the enzyme. From a comparative analysis of 41h, 

41p and 41n, it was found that 41p exhibited high inhibitory activity followed by 41h, while 

41n was less effective (IC50 values of 0.29 ± 0.02, 0.75 ± 0.04, 0.94 ± 0.04 µM, respectively). 

All the three compounds have 5-Cl at thiophene ring while 41h contain 6-methyl, 41p has a 

8-methyl and 41n has a 7-methyl on quinoline ring linked to 2-pyrazoline ring. In addition, 

the molecular docking showed that the superior inhibitory capacity of 41m towards AChE 

is probably due to its 2,3-dihydropyridine moiety, that could form two π-π stacking 

interactions with Trp84 and Phe330 of the AChE, in addition to the NH group of pyrazoline 

ring able to stablish a hydrogen bond with Asp72.99  

 

Figure 13. Structure of 2-pyrazoline derivatives 41 derived from quinolyl-thienyl chalcone-type compounds. 

1.3.2.3. Antioxidant activity of pyrazoles 

The pyrazole core represents an important class of heterocyclic compounds due to its 

notable biological and pharmacological activities. In fact, pyrazoles exhibit a wide range of 

biological activities, including antioxidant properties.88 However, quinolones are also known 

to exhibit neuroprotective and antioxidant activities. Therefore the combination of these two 

moieties in the same compound is likely to improve its pharmacological activity.100 In this 

sense, Hamama et al. evaluated the antioxidant properties of pyrazolo[4,3-c]quinolinones 

(Figure 14) using ABTS method[1]. In this study, it was demonstrated that compounds 42, 

43, 44, 45a and 46 exhibited weak antioxidant activity (inhibiton percentages at 50 µM: 

                                                           
[1] The methods for evaluation of the antioxidant activity presented in this paper will not be explained herein 

but their explanation can be found in the literature.158,159,160  
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37.52, 39.55, 23.73, 33.46 and 34.88 %, respectively) compared to ascorbic acid (inhibition 

percentage at 50 µM: 89.93 %). 100  

Figure 14. Structures of pyrazolo[4,3-c]quinolinones 42-44, 45 and 46.  

The antioxidant activity of pyrazol-3-yl-4H-chromen-4-ones 47a-n was evaluated 

through the assessment of DPPH scavenging ability, in comparison with the standard -

tocopherol (>90% inhibition for 50 µg/mL; IC50= 23.8 ± 3.7 M). This study showed that 

modifications on the chromone ring (A-ring) and on the phenyl ring (B-ring), attached to 

pyrazole core, were interesting in SAR analysis. In fact, the introduction of a hydroxy group 

on the A-ring did not significantly increase DPPH scavenging activity; however, this 

insertion on the B-ring was quite effective. In fact, the introduction of hydroxy groups on B-

ring has a higher contribuition for the antioxidant activity compared to those groups on the 

A-ring. In addition, 3,4-dihydroxy derivatives are more potent than the 4-hydroxy 

derivatives (>90% inhibiton for 50 µg/mL ; IC50= 21.9 ± 2.8 M, 47j versus 47i, IC50= 10.3 

± 0.5 M ; 47k, IC50= 5.0 ± 0.4 M; 47l, IC50= 19.8 ± 3.2 M) (Figure 15).101 

 

 

Figure 15. Structures of pyrazol-3-yl-4H-chromen-4-ones 47a-n. 
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 Jeong et al. synthesized several substituted pyrazolines 48a-j and pyrazoles 49 in 

order to evaluate their abilities to protect human LDL against Cu2+-induced peroxidation 

(Figure 16). Compound 48a was the most active one, being 6-fold more active than probucol 

(IC50=0.1 versus 0.6 µM, respectively) used as standard. The compounds 48c,e,g,j were less 

active than 48a but still more effective than probucol. The oxidation of 48a lead to its 

convertion into 49 and this last compound showed decreased activities against Cu2+-

peroxidation and LDL-antioxidant activity compared to 48a. Furthermore, it was observed 

that bulky di-tert-butyl groups contributed to improve the activity and therefore the presence 

of these groups suggests that steric and electronic substituents may influence the antioxidant 

activities in human LDL.102 

 

Figure 16. Structures of 3,5-diarylpyrazole derivatives 48 and 49. 

Thus, as discussed above, different classes of pyrazoles exhibit antioxidant properties 

which depend on the substituent groups that are bound to the pyrazole core. Although in this 

introduction only a few examples have been cited, many other works have been developed 

with the aim to perceive the contribution of the pyrazole core to improve antioxidant activity 

of several compounds, as recently reviewed by Silva et al.88  

1.3.3. Isoxazoles 

Isoxazoles 50 are five-membered heterocyclic compounds with two heteroatoms 

(oxygen and nitrogen) at adjacent positions, positions 1 and 2, respectively (Figure 17). Its 

unsaturated properties are conferred by two double bounds (C4-C5 and C3-N). Furthermore, 

three reduced forms may also exist, 51a-c (Figure 12). Compounds 51a-c are named 

isoxazolines. The completely satured analog is named isoxazolidine 51d.103The structural 

features of isoxazoles allow the stabilization of multiple non-covalent interactions, 

especially hydrogen bonds (hydrogen bonds acceptors N and O), π-π interactions 
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(unsaturated five-membered ring) and hydrophilic interactions.104 Thus, the insertion of an 

isoxazole moiety into a compound contributes to an increased efficacy, decreased toxicity 

and an improved pharmacokinetic profile. 105  In fact, these characteristics make them 

important therapeutic and pharmacological agents. Several biological activities have been 

associated to these compounds, including insecticidal, antibacterial, antibiotic, antitumor, 

antifungal, antituberculosis, anticancer and anti-inflammatory activities.104,106 In addition, 

they also exhibit antioxidant activity107,108 and AChE inibitory activity.33 The tremendous 

biological potential of isoxazole derivatives led researchers to develop different synthetic 

approaches for the preparation of isoxazole ring systems.106 

 

 

 

 

Figure 17. Isoxazole and their respective reduced forms and their numbering. 

1.3.3.1. Synthesis of isoxazoles 

Several methods have been described for the synthesis of substituted isoxazole 

derivatives. These derivatives can be synthesized from oximes, through different methods, 

forming nitrile oxides as intermediates.106 In fact, Jawalekar et al. found that oximes 52 

treated with PhI(OCOCF3)2 led to the formation of nitrile oxides 53 which were trapped in 

situ with cyclic and terminal alkynes to form 3,5-disubstituted isoxazoles 54a-h with good 

yields (Scheme 10).109 In addition, Bhosale et al. also synthesized isoxazole derivatives from 

aldoximes 52 with formation of nitrile oxides 53 in situ as intermediates. In these reactions 

isoxazole 56a-e and isoxazolines 55a-e were synthesized via 1,3-dipolar cycloaddition of 

alkynes and alkenes with nitrile oxides by treatment of aldoximes with CrO2 in toluene or 

MeCN at 80ºC (Scheme 10).110 
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Scheme 10. Synthesis of isoxazoles and isoxazolines from aldoximes. 

Xu et al. synthesized 5-methyl-3-substitued isoxazoles 59a-e in two steps; first 3,5-

disubstituted isoxazolines 58a-e were prepared by the deselenenylation reaction of the 

isoxazolinyl substituted phenyl selenide 57a-e using methyl iodide and sodium iodide in 

DMF for 20 h at 80ºC. Then, the formed product was treated with 1,5-diazabicyclo[5,4,0]-

undec-5-ene (DBU) or NaCN affording the expected 5-methyl-3-substituted isoxazoles 59a-

e (Scheme 11) in moderate to good yields (56-86%).111 

 

 

 

 

 

 

Scheme 11. Synthesis of 3,5-disubstituted isoxazoles from isoxazolines. 

Isoxazoles can also be obtained from chalcone derivatives. Kumar et al. reported the 

synthesis of 3-(4-substituted-phenyl)-5-(2,2-dimethyl-7-hydroxychroman)isoxazole 61a-g 

from chalcone-type compounds 60a-g in a single step. This product was obtained by reaction 

of 7-hydroxy-6-(4’-substituted)cinnamoyl-3,4-dihydro-2,2-dimethyl-2-benzo[1,2-b]pyran 

60a-g with hydroxylamine hydrochloride in the presence of KOH/ absolute EtOH at reflux 

for 4h (Scheme 12). The desired products were obtained in good yields (72-94 %).112 The 



  27  

 

same procedure was used by Murthy et al. to synthesize other chromanoisoxazole derivatives 

in moderate yields (60-65%).113 

Scheme 12. Synthesis of isoxazoles from chalcone-type compounds 60. 

1.3.3.2. AChE inhibitory activity of isoxazole 

Gutiérrez et al. evaluated the anticholinesterase activity of 3,5-disubstituted 

isoxazole derivatives 62a-j (Figure 18) by in vitro methods, also accompanied by docking 

studies.33 The IC50 for these compounds are presented in decreasing order of activity: 62i 

(134.87±0.29 µM)> 62h (183.76±0.44 µM)> 62g (197.04±0.28 µM)> 62a (311.67±2.54 

µM)> 62e (357.28±0.17 µM)> 62b (358.78±2.85 µM)> 62c (923.69±3.07 µM). Thus, 

overall, the gathered results showed that compound 62i had anticholinesterase activity, 

although for a higher concentration than the standard, galantamine (IC50= 0.54±0.10 µM). 

As 62i showed good activity, molecular docking studies were performed aiming to improve 

the compound’s activity. Compound 62j was able to establish more hydrogen bonds than 

62i, with important amino acid residues that enhance the correct function of AChE, such as 

E119, F330 and E199. In addition, the alkyne portion in 62i and 62j influences the activity 

of AChE. Compound 62i has a ring, which establishes π-π stacking interactions with some 

residues, which allows the ligand to be anchored to the active site in a stiffer way. In turn, 

compound 62j is more flexible and established hydrogen bonds with some residues. As this 

compound exhibits increased mobility, any conformational change of AChE induced by the 

structure is accompanied by an adaptation contrarily to compound 62i, which does not 

exhibit such rotational freedom, justifying the best activity of 62j compared to 62i.33 In 

general, the IC50 values of the other derivatives could be explained by the fact that structures 

with low degrees of insaturation establish more interactions with the active site, whereas the 

position of nitrogen in pyridine ring does not influence the activity of the compounds33. In 

addition, the presence of rings with heteroatoms or aromatic rings in the portion derived 

from alkyne is unfavorable for interactions with the active site of AChE.33 
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Figure 18. Structure of 3,5-disubstituted isoxazoles 62. 

Najafi et al. evaluated the anticholinesterase activity of 1,2,3-triazole-isoxazole 

derivatives 63a-t (Figure 19). In this study, they found that compounds possessing  

4-methyl 63m and 4-chloro 63h groups showed much better activities (IC50= 0.90±0.19 and 

3.17±0.18 µM, respectively) compared to that of the other derivatives and the positive 

control, rivastigmine (IC50= 11.07±0.01 µM).114 However the presence of both methyl 63l 

and chloro 63i groups reduced the inhibitory activity of AChE (IC50= 6.32±0.15 and 

11.01±0.21 µM, respectively). In addition, the authors found that deletions of substituent 

groups from one of 1,2,3-triazole or isoxazole moieties led to the reduction of inhibitory 

activity (63b-f, with IC50 = 17.33±0.11, 39.86±0.21, 8.80±0.25, 15.53±0.31 and 11.47±0.18 

µM, respectively) or lack of this activity (63a, 63k and 63o with IC50 > 70 µM). The 

compound 63j possessing 4-chlorophenyl on isoxazole moiety showed IC50=7.76±0.31 µM 

while compounds 63e and 63n, having no substituent and 4-methylphenyl on isoxazole ring, 

exhibited lower inhibitory activity (IC50= 15.53±0.31 and 32.30±0.22 µM, respectively).114 

Moreover, they found that compounds with several methoxy groups on both 1,2,3-triazole 

and isoxazole moieties had no inhibitory activity (63t, IC50> 70 µM) and the presence of 

chloro at 3- or 4-position of the benzyl core of 1,2,3-triazole reduced anti-AChE activity 

(63q and 63r). Furthermore, molecular docking of compound 63m (the compound that 

exhibited highest activity) showed that 63m bind to CAS and PAS of AChE thus inducing a 

strong inhibitory effect. 114 
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Figure 19. Structure of 1,2,3-triazole-isoxazole derivatives 63. 

In conclusion, as mentioned above, different isoxazole derivatives inhibit AChE 

activity depending on the moiety and the substituent groups that are attached to the isoxazole 

core.  

1.3.3.3. Antioxidant activity of isoxazoles 

Isoxazoles represent a class of heterocyclic compounds of great importance in 

medicinal chemistry.104,106 In this sense, several studies have been performed in order to 

evaluate the antioxidant activity of these compounds.115 In fact, Sherin et al.116 synthesized 

curcumin derived 3,5-bis(styryl)pyrazoles 64a and 3,5-bis(styryl)isoxazoles 64b and further 

evaluated their scavenging ability for the DPPH radical, in comparison with curcumin 65 

(Figure 20), which is known to exhibit high antioxidant properties, among other biological 

functions.117 Notably, in their study, the authors have concluded that the incorporation of the 

pyrazole 64a or isoxazole 64b moiety increased the antioxidant activity (IC50 values of 

14±0.18 and 8±0.1µM, respectively) of the obtained compounds compared to curcumin 65 

(IC50=40±0.06 µM). Furthermore, the isoxazole was more active than the pyrazole analogue. 

Therefore, the introduction of the isoxazole moiety enhances the antioxidant properties of 

the curcumin derivatives.116 

Figure 20. Structure of curcumin 65 and 3,5-bis(styryl)pyazole and isoxazole derivatives 64.  

In another study, the same researchers synthesized other 3,5-bis(styryl)isoxazoles 

66a-g, with different substituents on the benzene ring (Figure 21), to understand the effect 

of such substituents on the antioxidant activity, also through the DPPH• method. The IC50 
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values obtained are presented in decreasing order of activity for derivatives 66a-g: 66b 

(20±0.11 µM)> 66a (28±0.19 µM)> 66f (60±0.31 µM)> 66c (80±0.48 µM)> 66d (96±0.52 

µM)> 66e (102±0.49 µM)> 66g (108±0.22 µM). These results showed that isoxazoles 66a,c-

g were less active than the isoxazole derivative of curcumin 66b (IC50=8±0.1 µM). However, 

two derivatives, namely 66a and 66b were more active than curcumin 65 (IC50=40±0.06 

µM). Thus, it is possible to conclude that the presence of a hydroxy group juxtaposed with 

a methoxy group on the terminal aryl rings enhances the antioxidant activity.118 

 

Figure 21. Structure of 3,5-bis(styryl)isoxazoles 66. 

 Kalirajan et al. synthesized isoxazole-substituted 9-anilinoacridine derivatives 68a-j 

from chalcone-type derivatives 67a-j (Figure 22) and evaluated their antioxidant properties 

by the DPPH method. All isoxazole derivatives 68a-j exhibited higher antioxidant activity 

than chalcone derivatives 67a-j. Furthermore, the compounds 68a (IC50=18.30±0.4583 

µg/mL), 68c (IC50=17.53±0.088 µg/mL), 68d (IC50=14.20±0.1528 µg/mL), 68f 

(IC50=12.67±0.1202 µg/mL), 68i (IC50=13.63±0.1764 µg/mL) and 68j (IC50=16.30±0.5568 

µg/mL) showed higher antioxidant activity than ascorbic acid (IC50=18.60±1.039 µg/mL). 

These results suggest that the incorporation of an isoxazole moiety into the structure 

increases the antioxidant activity when compared to the same structure where the chalcone 

core is present. In addition, the presence of either electron-donating or electron-withdrawing 

groups on the phenyl ring mostly favor the activity.119 

 
Figure 22. Structures of chalcone-type derivatives 67 and isoxazole-substituted 9-anilinoacridine derivatives 

68. 



  31  

 

To the best of our knowledge, the antioxidant activity of compounds containing a 4-

quinolone core linked to an isoxazole moiety has not been described in the literature. 

However, Kumar et al. synthesised compounds containing a 2-quinolone core linked to an 

isoxazoline and evaluated their antioxidant activity by DPPH method. Among the substituted 

1-amino-3-(5-aryl-4,5-dihydroisoxazol-3-yl)quinolin-2(1H)-ones 69a-g (Figure 23) 

derivatives 69a, 69b, 69c, 69d, 69e, 69f and 69g showed IC50 of 22.85 µg/mL, 15.65 µg/mL, 

13.41 µg/mL, 95.62 µg/mL, 150.3 µg/mL, 226,0 µg/mL, 225.6 µg/mL, respectively. These 

results suggest that compounds 69a-c have moderate antioxidant activity relative to that of 

the standard ascorbic acid (IC50 = 3.69 µg/mL).120  

 

Figure 23. Structure of 2-quinolone 69 incorporating a isoxazoline moiety.  

 In sum, AD is characterized by the presence of senile plaques and NFT, in addition 

to the loss of cholinergic neurons, as well as the decreased levels of ACh and decreased 

uptake of choline. These cholinergic deficits are present in areas of the brain related to 

learning, behaviour and memory, justifying the symptoms associated with this pathology. 

Several studies have pointed to AChE as an important factor in the development of 

AD. In fact, AChE is involved in a degenerative cycle that culminates in increased 

production and deppositon of Aβ amyloid peptides and NFT, the hallmarks of AD. 

Therefore, some AChEI have been developed in the sense of maximizing the interactions 

with this enzyme, preventing the binding of the Ach with AChE and restoring cholinergic 

activity. The furoquinolines, pyrazoles and isoxazoles, as summarized in introduction, are 

compounds which have demonstrated interesting results as AChEI. However, molecular 

docking studies should be carried out to design new and better compounds. 

The brain is a source of free radicals, ROS and RNS. In fact, its physiology (presence 

of metals, few antioxidants and cells of the immune system) allow the production of these 

species in AD pathology. These reactive species can damage the biomolecules, as well as 

activate signaling pathways that culminate in the production of A peptide. In addition, NO 

ensures the maintenance of neuroinflammation characteristic of AD. In this sense, several 
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compounds with antioxidant and consequently neuroprotective activities have been 

identified. Despite the good results obtained in vitro models, some antioxidants have shown 

some physiological limitations when tested in vivo. As shown in introduction, pyrazoles and 

isoxazoles have interesting antioxidant activities, although their neuroprotective activity 

must still be evaluated in order to conclude about their possible efficacy as drugs to 

counteract AD symptons. 

Thus, in the present work, new furo[3,2-c]quinolines, pyrazoles and isoxazoles were 

synthesized in order to evaluate their AChE inhibitory activity and antioxidant capacity. The 

synthesis methods to obtain these compounds are described in the next chapter. 

 

 

 

 

 

  

 



    

 

 

  

Chapter 2 – Synthesis and structural 

characterization of the target compounds 
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2.1. Nomenclature of the synthetized compounds 

 (E)-3-(3-Aryl-3-oxoprop-1-en-1-yl)quinolin-4(1H)-ones 

The (E)-3-(3-aryl-3-oxoprop-1-en-1-yl)quinolin-4(1H)-ones 4a-f are compounds that 

present a quinolin-4(1H)-one (benzo--pyridone) unit as the main chain, which is numbered 

starting by the nitrogen (NH) of the heterocyclic ring. Whenever in the nitrogen atom 

hydrogen is replaced by a substituent, in the name of the compound, the reference to this 

substitution is preceded by the number 1. The quinolin-4(1H)-one is substituted at C3-

position by a three carbon unsaturated chain having a double bond between C1’ and C2’ 

carbons, a carbonyl (ketone group) and a phenyl (R = H) or aryl [R = 4”-Cl,  4”-OCH3, 4”-

Br, 2”-OH, 2”,3”-(OCH3)2] groups at C3’-position (3-aryl-3-oxoprop-1-en-1-yl). The 

compounds 4a-f are designated by (E) due to the trans configuration of the exocyclic 

C1’=C2’ double bond (Figure 24). 

 

 

 

Figure 24. Structure and numbering of (E)-3-(3-aryl-3-oxoprop-1-en-1-yl)quinolin-4(1H)-ones. 

 (Aryl)(furo[3,2-c]quinolin-2-yl)methanones 

The name attributed to compounds 6a-e followed the recommendations of IUPAC, 

being considered as a ketone having two different substituent groups (R-CO-R’). One of 

these groups is an angular furoquinoline, and the other is a phenyl (R = H) or aryl [R = 4”-

Cl,  4”-OCH3, 4”-Br, 2”-OH, 2”,3”-(OCH3)2] group. The furoquinoline group results from 

the fusion of two rings, the quinoline (I) and the furan (II) rings (Figure 25). This kind of 

fusion structures which have two atoms and one bond in common may be regarded as being 

derived from the two rings as separate entities. According to the IUPAC rules 121  the 

quinoline is the parent compound and the furan is the attached compound. The fusion occurs 

at the c side of the parent compound periphery at positions C2 and C3 of the attached furan 

ring and in the clockwise direction (from C3C2). Accordingly, the fused compound is 

named furo[3,2-c]quinoline. Regarding the numbering of the furoquinoline core, it is 
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initiated at the oxygen atom of the furan ring, which is attached to the ketone through C2’-

position (Figure 25). 

 

 

 

 

 

 

 

Figure 25. Structure and numbering of (aryl)(furo[3,2-c]quinolin-2-yl)methanones. 

 2a-Bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-

one 

The numbering assigned to compound 7 is shown in Figure 26. This structure results 

from the fusion of a furan ring (II) with quinoline (I) and chromenone (III) moieties. As 

aforementioned, the numbers and the letter in the square brackets [3,2-c] mean that the furan 

core is attached by positions C3 and C2 to the c peripheral side of the quinoline ring. The 

following numbers in square brackets [2’,3’:4,5] refer to the locants through which the furan 

moiety is attached to the chromenone core (see Figure 26). Furthermore, it is necessary to 

indicate the location of the bromine atom at C-12a position, and the positions of the 

chromenone ring that were saturated, which are indicated by the numbers 6b,12a and the 

prefix “dihydro”. Finally, at C12-position is a ketone group, the major functional group, 

being therefore designated as “one”.  

 

 

 

 

Figure 26. Structure and numbering of 12a-bromo-6b,12a-dihydro-12H-chromeno[2’,3’:4,5]furo[3,2-

c]quinolin-12-one. 
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 4-Chloroquinoline-3-carbaldehyde 

The 4-chloroquinoline-3-carbaldehyde 9 is a compound that presents a structural unit 

of quinoline (benzo[b]pyridine), which is numbered starting by the nitrogen of the 

heterocyclic ring, and contains a carbaldehyde group at the C3-position and a chlorine atom 

at C4-position. The nomenclature adopted is the one recommended by IUPAC122 where the 

aldehyde is considered the main group and the 4-substituted quinoline is the substituent 

(Figure 27). 

 

 

 

Figure 27. Structure and numbering of 4-chloroquinoline-3-carbaldehyde. 

 (E)-1-Aryl-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones 

The main structural unit of (E)-1-aryl-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones 

10a-f is a three carbon unsaturated chain that contains a carbonyl (ketone group) at C1-

position and a double bond between carbons C2 and C3, therefore named as prop-2-en-1-

one. The compounds 10a-f are designated by (E) due to the trans configuration of the 

exocyclic C2=C3 double bond. The main chain presents two substituents; a 4-

chloroquinoline at C3-position, which is numbered starting by the nitrogen (N1’) of the 

heterocyclic ring, as aforementioned for compound 6, and is linked to the main chain by the 

C3’ position, and a phenyl (R = H) or aryl [R = 4”-Cl,  4”-OCH3, 4”-Br, 2”-OH, 2”,3”-

(OCH3)2] group at C1-position (Figure 28). 

 

 

 

 

Figure 28. Structure and numbering of (E)-1-(aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones. 
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 3-(3-Aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinoline 

The name of compounds 11a-e, was given considering the 4-chloroquinoline core as 

the main chain which contains a C3-substituted pyrazoline (4,5-dihydro-1H-pyrazol) moiety 

as substituent group, linked by C5’-position to the C3-position of the 4-choloroquinoline 

(Figure 29). Whenever in the nitrogen atom of the pyrazoline moiety hydrogen is replaced 

by a substituent, in the name of the compound, the reference to this substitution is preceded 

by the number 1. 

 

 

 

Figure 29. Structure and numbering of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinoline. 

 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 

The name of this compound was given following the same rules as aforementioned 

for compounds 11a-e. However, the only difference between them is that, in this case, the 

substituent group at C3-position of the 4-chloroquinoline is a pyrazole (pyrazoline oxidized 

form) that presents the 4-methoxyphenyl group as substituent. Since the pyrazole ring is non-

substituted at N1’-position, the compound can present two tautomeric forms 12. Therefore 

the 4-methoxyphenyl group can be linked at C3’- or C5’-position.  For this family of 

compounds, only this derivative was obtained and it was named 4-chloro-3-[3(5)-(4-

methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline (Figure 30). 

 

Figure 30. Structure and numbering of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl)quinoline. 
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 (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-en-1-one 

The name of compound 15 was given following the recommendations of IUPAC. 

Thus, the main structural unit is the three carbon unsaturated chain that presents a double 

bond between carbons C2 and C3 and a carbonyl (ketone group) at C1-position (named as 

prop-2-en-1-one). The main chain presents two substituents at C3 and C1 positions: the 5-

(2-aminophenylisoxazol) group that is linked by the C4’-position to the C3-position, and the 

4-bromophenyl group at the C1-position. The designation (E) given to this compound is due 

to the trans configuration of the exocyclic C2=C3 double bond (Figure 31). 

 

 

 

 

 

 

Figure 31. Structure and numbering of (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-

en-1-one. 

  (E)-3-(2-Hydroxyphenyl)-5-(4-methoxystyryl)isoxazole and (E)-5-(2-

Hydroxyphenyl)-3-(4-methoxystyryl)isoxazole  

The name given to compounds 17 and 17’ does not follow the recommendations of 

IUPAC. Instead, the nomenclature adopted by our group for analogous pyrazoles-type 

compounds was followed.123 Hence, compounds 17 and 17’ were named considering the 

isoxazole ring as the main chain, which is sequentially numbered giving the oxygen of the 

heterocyclic ring the number 1 and to the nitrogen the number 2, and considering that it 

contains two substituents: the 2-hydroxyphenyl group at C3-position and a R-styryl (R = 4’’-

OCH3) group at C5-position for derivative 17 or 2-hydroxyphenyl group at C5-position and 

a 4-methoxystyryl group  (R = 4’’-OCH3) at C3-position for derivative 17’, respectively. 

The designation (E) given this compound is due to the trans configuration of the exocyclic 

Cα=C double bond (Figure 32). 
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Figure 32. Structure and numbering of (E)-3-(2-Hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-5-

(2-Hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’. 

2.2. Synthesis 

In this section we will present a brief description of the synthetic methodologies 

developed to prepare the target compounds. In some cases, the target compounds were not 

obtained, but in other cases, beyhond them, unexpected compounds were isolated and 

characterized. Hence, mechanistic proposals that seek to explain the formation of the 

obtained compounds are presented. The fully detailed experimental protocols for their 

synthesis may be consulted in section 5. 

The initial objective of this work was to synthesize two series of compounds 1 and 2 

(Figure 33) from quinolone-based chalcones 4 (see section 2.1.), already available in the 

laboratory, and evaluate their anticholinesterasic and antioxidant activities namely as free 

radicals (ABTS+• and NO•) scavengers.  

 

Figure 33. Structure of desired pyrazolylquinolones 1 and isoxazolylquinolones 2. 

Initially, the synthesis of the pyrazolylquinolone 1c was attempted by oxidation of 

the corresponding dihydropyrazolylquinolone 3c (0.8 mmol), already available in the 

laboratory, with chloranil (2.0 mmol, 2.5 equivalents) in dry toluene at 100ºC under nitrogen 

atmosphere (Scheme 13).124 After 24 h the reaction was finished, but it was not possible to 
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isolate the expected pyrazolylquinolone due to the formation of several degradation 

products.  

 

Scheme 13. First strategy followed to obtain compound 1c. 

In a second attempt to obtain compounds 1a-e a different strategy was followed, 

which involved, in the first step, the bromination of the exocyclic double bond of quinolin-

4(1H)-one-derived chalcones [IUPAC name: (E)-3-(3-aryl-3-oxo-prop-1-en-1-yl)quinolin-

4(1H)-ones] 4a-e to obtain the corresponding dibrominated compounds 5a-e, which upon 

reaction with hydrazine hydrate were expected to afford the target pyrazolylquinolones 1a-

e (Scheme 14). The bromination reaction was performed following three different 

bromination methods (Scheme 14). However, the expected dibrominated compound was 

never isolated. In the first method, the (E)-3-(3-oxo-3-phenylprop-1-en-1-yl)quinolin-

4(1H)-one 4a, was reacted with pyridinium tribromide (PTB) in acetic acid at room 

temperature affording the 2-benzoylfuro[3,2-c]quinoline 6a [IUPAC name: furo[3,2-

c]quinolin-2-yl(phenyl)methanone] in 54% yield (Scheme 14 i). In the second method, 

bromination of 4a was attempted using N-bromosuccinimide (NBS) in carbon tetrachloride 

(CCl4) at room temperature and gave a 2-benzoylfuro[3,2-c]quinoline in 67% yield (Scheme 

14, ii). Finally, the bromination of (E)-3-[3-(4-chlorophenyl)-3-oxoprop-1-en-1-yl]quinolin-

4(1H)-one 4b was performed using bromine in CCl4 at room temperature. Likewise, the 2-

(4-chlorobenzoyl)furo[3,2-c]quinoline 6b [IUPAC name: [(4-Chlorophenyl)(furo[3,2-

c]quinolin-2-yl)methanone] was obtained in 50% yield (Scheme 14, iii).  
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Scheme 14. Second strategy followed to obtain compounds 1a-e and formation of compounds 6a and 6b.  

Owing to the impossibility to obtain the expected pyrazolylquinolones 1a-e and 

regarding the great importance of the obtained compounds 6a,b, which are angular 

furoquinolines, in the fields of synthetic and medicinal chemistry, we carried out the 

synthesis of a series of these compounds (see next section) for biological evaluation. 

2.2.1. Synthesis of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e and 12a-

bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 

7 

Based on the above presented results and on the work reported by Kumar et al.125, 2-

(aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e, also named as aroylfuro[3,2-c]quinolines, 

were synthetized starting from (E)-3-(3-aryl-3-oxoprop-1-en-1-yl)quinolin-4(1H)-ones 4a-e 

(Scheme 15). Regarding the reaction yield, the second bromination method aforementioned 

in Scheme 14 proved to be more advantageous (6a, 67%) than the first method (6a, 54%). 

However, the second and third methods use carbon tetrachloride as solvent, which is very 

toxic. Moreover, with NBS in CCl4 the reaction time was 24 h more than with PTB in acetic 
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acid (4 h). Thus, the remaining 2-(aryl)(furo[3,2-c]quinolin-2-yl)methanones 6b-e were 

synthetized by reacting the appropriate (E)-3-[3-(aryl)-3-oxoprop-1-en-1-yl]quinolin-4(1H)-

ones 4b-e with PTB in acetic acid for 4 h and were obtained in yields ranging from 54-84% 

in a single step (Table 1). In the case of compound 4e, the reaction with PTB, in the same 

conditions as for the remaining compounds, afforded two reaction produtcs; The major 

product was the (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-yl)methanone (6e) 

and the minor was an unexpected compound, the 12a-bromo-6b,12a-dihydro-12H-

chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one (7). Compound 6e resulted from the 

bromination of 3- and 5-positions of the aryl ring which are activated for aromatic 

electrophilic substitutions due to the presence of the hydroxy group.126,127 The formation of 

compound 7 will be explained later. 

Scheme 15. Synthesis of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e and 12a-bromo-6b,12a-dihydro-

12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7. 
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Table 1. Yields of the synthesis of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e 

Compound R1  R2 Yield of 5 (%)a 

6a H H 54 

6b H Cl 54 

6c H OCH3 84 

6d H Br 70 

6e b OH H  - 

a Isolated yields after purification by thin-layer chromatography.  

b Two compounds were isolated; the (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-

yl)methanone (6e) (60%) and the 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5] furo[3,2-

c]quinolin-12-one (7) (21%). 

 

The mechanism proposed for the formation of compounds 6a-d involved the acid-

catalyzed Michael-type addition of bromine to the exocyclic (C=C) double bond of 

quinolone-based chalcones to form a brominium ion as suggested by Kumar et al.125 Then, 

the tautomerization of quinolin-4(1H)-one into the corresponding 4-hydroxyquinoline, 

followed by an intramolecular cyclization, by nucleophilic attack of the hydroxy group to 

the brominium ion ring, and formation of a dihydrofuran ring, which undergoes in situ 

oxidation, took place affording the expected (aryl)(furo[3,2-c]quinolin-2-yl)methanone 

(Figure 34).125 Formation of compound 6e followed the same mechanism but, bromination 

of the phenyl ring occurred at the ortho- and para-positions relative to the hydroxy group 

which are activated for aromatic electrophilic substitutions.  

In neutral conditions, using NBS or Br2 in CCl4 as solvent, the same kind of products 

were obtained. This observation led us to think that probably the tautomerization of  the 

quinolone core of  (E)-3-[3-(aryl)-3-oxoprop-1-en-1-yl]quinolin-4(1H)-ones 4a and 4b into 

the corresponding 4-hydroxyquinoline occurs before the addition of  bromine to the 

exocyclic (Cα=C) double bond and formation of the brominium ion.  Once the brominium 

ion is formed, the nucleophilic attack of the hydroxy group to the brominium ion ring, and 

subsequent formation of dihydrofuran ring, and its in situ oxidation took place, thus 

originating the obtained compounds 6a,b (Figure 35). 
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Figure 34. Proposed reaction mechanism for the acid-catalyzed formation of compounds 6a-e. 
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Figure 35. Proposed reaction mechanism for formation of compounds 6a,b in neutral conditions. 

The formation of compound 7 can be explained through two different mechanistic 

pathways. One pathway considers an acid-catalyzed intramolecular Michael-type addition 

of the phenolic hydroxy group at C-3 of the furan ring of the intermediate furo[3,2-

c]quinolin-2-yl(2-hydroxyphenyl)methanone (6e’), formed via the mechanism depicted in 

Figure 34, leading to a new pyrano ring that underwent bromination at the enolic double 

bond (Figure 36, blue arrows). Another pathway proposes the Michael-type addition of 

bromine to the exocyclic double bond and formation of the bromonium ion which is opened 

upon nucleophilic attack of the hydroxy group of the aryl ring originating a chromanone ring 

brominated at C-3 position. Then a second nucleophilic attack of the hydroxy group (formed 

as a result of the tautomerization of the 4-quinolone into the corresponding 4-

hydroxyquinoline) occurs at C-3 position of the chromenone ring with formation of a furan 

ring. Then, by a keto-enol tautomerism the formed compound is converted into compound 

6e”. In the last step, compound 6e” underwent bromination of the enolic double bond, as in 

the last step of the first mechanistic proposal, affording compound 7 (Figure 36, green 

arrows).  
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Figure 36. Possible reaction mechanisms for the formation of compound 7. 

2.2.2. Synthesis of 4-chloro-3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)quinoline 11a-e and 

4-chloro-3-[3-(4-methoxyphenyl)-1H-pyrazol-5-yl]quinoline 12. 

Pursuing our initial objective, the synthesis of pyrazoles-type compounds for 

biological evaluation, and considering that our previous attempts to synthetize them from 

quinolin-4(1H)-one-derived chalcones failed, we developed another strategy that was the 

synthesis of pyrazole-type compounds from 4-chloroquinoline-based chalcones [IUPAC 

name: (E)-1-(aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones]. The synthesis of these 

compounds involved a three-step synthetic route. In the first step, 4-chloroquinoline-3-

carbaldehyde 9 was obtained by the Vilsmeier-Haack formylation of 2’-aminoacetophenone 

8 with phosphorus oxychloride (POCl3). In the second step, the Claisen-Schmidt 

condensation between 4-chloroquinoline-3-carbaldehyde 9 and an appropriate 

acetophenone, afforded the expected (E)-1-(aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-

ones 10a-f. In the last step, the reaction of compounds 10a-e with hydrazine hydrate in 

refluxing methanol, and protected from light, afforded 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-

yl)-4-chloroquinolines 11a-e with yields ranging from 50-92%. However, the reaction of 4-

chloroquinoline-based chalcone 10f with hydrazine hydrate, in the same reaction conditions, 

gave 4-chloro-3-[3-(4-methoxyphenyl)-1H-pyrazol-5-yl]quinoline 12 in 64 % yield 

(Scheme  16). The formation of compound 12 might be due to oxidation of the formed 

pyrazoline in the reaction medium.  



  48  

 

Scheme 16. Strategy developed for the synthesis of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-

chloroquinolines 11a-e and 4-chloro-3-[3-(4-methoxyphenyl)-1H-pyrazol-5-yl]quinoline 12. 

2.2.2.1. Synthesis of 4-chloroquinoline-3-carbaldehyde 8 by Vilsmeier-Haack 

formylation 

4-Chloroquinoline-3-carbaldehyde 9 was obtained, in 20% of yield, by the 

Vilsmeier-Haack formylation of 2’-aminoacetophenone 8 with POCl3 after 3h reaction time 

at 60ºC (Scheme 17).128  

 

 

 

Scheme 17. Synthesis of 4-chloroquinoline-3-carbaldehyde 9. 

This reaction involves the formation of a reactive formylation reagent from reaction 

of formamides substituted on the nitrogen atom (like DMF) with POCl3, which was termed 

Vilsmeier-Haack reagent (or methyleniminium halide salt).129 Once formed, this reagent can 

react with ketones (which can establish a keto-enolic equilibrium), leading to the formation 

of corresponding β-chloroformylalkenes (Figure 37).130  
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Figure 37. Mechanism for the formation of Vilsmeier-Haack reagent and β-chloroformylalkenes. 

Although the mechanism of the reaction presented in Figure 38 is not known, it is 

thought that the formation of 4-chloroquinoline-3-carbaldehyde 9 is the result of the reaction 

of 2’-aminoacetophenone with two molecules of methyleniminium chloride leading to the 

formation of the dimethyleniminium salt 13 as an intermediate. This intermediate, by 

treatment with water will give 4-oxo-1,4-dihydroquinoline-3-carbaldehyde 14, which reacts 

with POCl3, leading to the formation of 4-chloroquinoline-3-carbaldehyde 9.131  In fact, 

chlorination at C-4 of 4-oxo-1,4-dihydroquinoline-3-carbaldehyde 14 to form 4-

chloroquinoline-3-carbaldehyde 9 is a typical reaction, considering that there is a tautomeric 

equilibrium between the quinolin-4(1H)-one and 4-hydroxyquinoline 14a moities of 

compound 14 (Figure 38).130 
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Figure 38. Plausible reaction mechanism for the formation of compound 9. 

2.2.2.2.Claisen-Schmidt reaction of 4-chloroquinoline-3-carbaldehyde 9 with 

acetophenones 

The synthesis of (E)-1-(aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones 10a-f can 

be performed by Claisen-Schmidt condensation of 4-chloroquinoline-3-carbaldehyde 9 with 

appropriately substituted acetophenones in methanol and an aqueous solution of sodium 

hydroxide at 50 ºC. In this work, compounds 10d, e, f were synthetized with low yield (25-

27%) (Scheme 18) in an aqueous solution of sodium hydroxide at 50 ºC.132 The remaning 

compounds 10a,b,c (R=H, 2’’-OH, 3,4’’-OCH3) were synthetized previously in yields 

ranging from 58-84% and were available for use in the present work.133  
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Scheme 18. Synthesis of (E)-1-(aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-ones 10a-f. 

Chemically this reaction is a variant of the base-catalyzed Aldol condensation in 

which an enol or an enolate ion reacts with a carbonyl compound (an aldehyde lacking an α-

hydrogen) to form a β-hydroxyketone, followed by dehydratation to give a conjugated 

enone. To form the enolate, the hydroxy ion (from the base) removes an acidic proton from 

the α-carbon of the ketone. Then, the nucleophile enolate attacks the carbonyl of the 

aldehyde to form an alkoxide which, in turn, removes one proton from water producing the 

β-hydroxyketone. The product formed undergoes dehydration with formation of a double 

bond (Figure 39). Ressonance of carbon-carbon double bond in conjugation with the 

carbonyl group stabilizes the product, promoting the dehydration.  

Figure 39. Mechanism for the formation of 10a-f via base-catalyzed Claisen-Schmidt condensation. 
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2.2.2.3.Synthesis of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-

e and 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 

The 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e and the 4-

chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 were synthesized 

through the reaction of the appropriate (E)-1-aryl-3-(4-chloroquinolin-3-yl)prop-2-en-1-

ones 10a-f with hydrazine hydrate during 4.5-5h at 60ºC. Compounds 11a-e were obtained 

in good yiels (50-92%), being the highest yield obtained for compound 11d (R = 4’’-Br) and 

the lowest for the unsubstituted compound 11a (R = H). Compound 12 was obtained with 

64% of yield, under the same reaction conditions (Scheme 19).133 

Scheme 19. Synthesis of compounds 11a-e and 12. 

There are two possible pathways for the addition of hydrazine to (E)-1-(aryl)-3-(4-

chloroquinolin-3-yl)prop-2-en-1-ones 10a-e:134 i) via hydrazone formation (1,2-addition) or 

ii) via 1,4-Michael addition, however the mechanism followed seems to depend on the 

reaction conditions.  In acidic conditions, the reaction seems to follow the first mechanism, 

via hydrazone intermediate.135 Mechanistically, this reaction can be explained by the 1,2-

addition of hydrazine to the α,β-unsaturated carbonylic system of (E)-1-(aryl)-3-(4-

chloroquinolin-3-yl)prop-2-en-1-ones 10a-e. In this reaction, a nucleophilic attack of the 

nitrogen atom of the hydrazine to the carbonyl group of compounds 10a-e occurs, followed 

by a dehydration step and formation of a hydrazone intermediate. Then, a subsequent 
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nucleophilic attack of the other nitrogen atom to the C3-position occurs promoting the 

cyclization, leading to the formation of pyrazolines (Figure 40). Instead, an 1,4-addition of 

the NH2 of hydrazine to the activated carbon of the carbonylic system of (E)-1-(aryl)-3-(4-

chloroquinolin-3-yl)prop-2-en-1-ones 10a-e can occur, followed by a cyclization through 

intramolecular nucleophilic addition of the other amino group of the hydrazine to the 

carbonyl group followed by elimination of water to give pyrazolines (Figure 40). Since 

pyrazolines 11a-e were obtained in neutral conditions, it is likely that the reaction occurs via 

the 1,4-addition reaction. The formation of 4-chloro-3-[3-(4-methoxyphenyl)-1H-pyrazol-5-

yl]quinoline 12 can be explained by the same mechanism, however once the pyrazoline 11f 

is formed, it undergoes in situ oxidation, probably due to the presence of atmospheric 

oxygen136, leading to the formation of compound 12 (Figures 40 and 41). 

Figure 40. Mechanisms for the formation of compounds 11a-e. 
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Figure 41. Probable explanation for the formation of compound 12. 

2.2.3. Synthesis of (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-

en-1-one 15 

As already mentioned, another objective of this work was to synthetize 

isoxazolylquinolones 2 (see section 2.2.). In order to obtain this type of compounds, 

anhydrous sodium acetate (2 equivalents) was dissolved in a minimum amount of hot glacial 

acetic acid and then a solution of (E)-3-[3-(4-bromophenyl)-3-oxoprop-1-en-1-yl]quinolin-

4(1H)-one 4d and hydroxylamine hydrochloride in absolute ethanol was added. This 

reaction was performed under microwave irradiation during 30 minutes at 100ºC. However, 

under such conditions the desired product was not obtained. The reaction occured 

preferentially at C2-position of the quinolin-4(1H)-one core with subsequent quinolone ring 

opening, leading to the formation of a vestigial amount of (E)-3-[5-(2-

aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-en-1-one 15 (Scheme 20).137  

 

 

 

 

 

 

 

Scheme 20. Synthesis of (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-en-1-one 15. 



  55  

 

The formation of compound 15 can be explained by the nucleophilic attack of the 

hydroxylamine to C2-position of the quinolone moiety in compound 4d, followed by the 

quinolone ring opening and consequent formation of amino group attached at C-2 of benzene 

ring. Then, a nucleophilic adition reaction between the hydroxyl group from hydroxylamine 

and the carbonyl group occurs, followed by a dehydration and formation of isoxazole ring, 

giving compound 15 (Figure 42). It is important to mention that no other product was 

isolated, so, it seems that the reaction preferably takes place at the C-2 position of the 

quinolone and not in α,β-unsaturated carbonilic system present in the structure of compound 

4d. 

Figure 42. Mechanism proposed for the formation of (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-

bromophenyl)prop-2-en-1-one 15. 
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As it was not possible to obtain the desired compound, it was decided to synthesize 

another type of isoxazoles, namely (E)-3-(2-hydroxyphenyl)-5-styrylisoxazoles starting 

from diketones by reaction with hydroxylamine hydrochloride. Similar (E)-3(5)-(2-

hydroxyphenyl)-5(3)-styryl-1H-pyrazoles had already been synthetized from diketones by 

reaction with hydrazine hydrate. Our ultimate goal was to compare the radical scavenging 

activity of the newly synthetized isoxazole with that of a similar pyrazole, and see the effect 

of the heterocyclic ring on this activity (see section 3). 

2.2.4. Synthesis of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-

5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’  

These compounds were synthetized by a single-step reaction between (E)-1-(2-

hydroxyphenyl)-5-(4-methoxyphenyl)pent-4-ene-1,3-dione 16 and hydroxylamine 

hydrochloride in the presence of acetic acid and anhydrous sodium acetate (2 equivalents) 

using absolute ethanol as solvent under microwave irradiation for 30 minutes at 100ºC. 

Under such conditions, the reaction led to the formation of two isomers, the (E)-3-(2-

hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and the (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’. The isoxazole 17 was the major compound (36% yield) while 

only vestigial amount of isoxazole 17’ was obtained (Scheme 21).137 

Scheme 21. Synthesis of isoxazoles (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-5-(2-

hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’. 

These products 17 and 17’ are formed as a consequence of the nucleophilic attack of 

the nitrogen of hydroxylamine on one of the carbonyl groups of the diketone and therefore 

depending on which carbonyl the nucleophilic attack occurs, structural isomers can be 

formed, as shown in Scheme 21. The proposed reaction mechanism for the formation of the 
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isoxazoles 17 and 17’ is presented below (Figure 43). Since isoxazole 17 was the major 

compound, the nucleophilic attack of the nitrogen of the hydroxylamine should occur 

preferentially on carbonyl at C1-position of diketone 16, probably because the 2-

hydroxyphenyl group makes that carbon more reactive, something that has been also verified 

in studies carried out by Kumar et al. 138  The minor isomer 17’ is formed due to the 

nucleophilic attack of the nitrogen on the carbonyl of C3-position. In both cases, after a 

second  nucleophilic attack by the hydroxy group on the other carbonyl group of the 

diketone, a dehydration step occurs (elimination of a water molecule), leading to the 

formation of the respective isoxazoles 17 and 17’ (Figure 43). 

Figure 43. Mechanism proposed for the formation of isoxazoles 17 and 17’. 
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2.3. Structural characterization 

In this section, the structural characterization studies carried out to confirm 

unequivocally the structure of the synthesized compounds will be presented and discussed. 

All the new synthetized compounds were characterized by mono- and two-dimensional, 1D 

(1H and 13C) and 2D (HSQC, HMBC) NMR techniques, by mass spectrometry (ESI+) and 

in most cases by high resolution mass spectrometry (HRMS).  

2.3.1. Characterization of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e and 12a-

bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7 

The structures and numbering of compounds 6a-e and 7 whose structural 

characterization will be discussed in this section are presented in figure 44. 

 

Figure 44. Structures and numbering of compounds 6a-e and 7. 

The structures of (aryl)(furo[3,2-c]quinolin-2-yl)methanones (also named 2-

aroylfuro[3,2-c]quinolines) 6a–e and 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5] 

furo[3,2-c]quinolin-12-one 7 were unequivocally elucidated based on 1D (1H and 13C) and 

2D (HSQC and HMBC) NMR experiments.  

The two most characteristic signals in the 1H NMR spectra of compounds 6a-e [1H 

NMR spectrum of compound 6e is presented in Figure 45, as an example] are the singlet 

due to the resonance of H-3’ at   = 7.73-7.98 ppm, which in some cases appears as a broad 

singlet, and the more deshielded singlet at  = 9.26-9.32 ppm due to the resonance of H-4’. 

The high frequency value of H-3’ is due to the anisotropic deshielding effect of the neighbor 

phenyl/aryl group, since the resonance of C-3’ appears at  = 114.5 – 117.2 ppm. 

Furthermore, for compound 6c a singlet appears at  = 3.94 ppm due to the resonance of the 

protons of the methoxy group, and for compound 6e a singlet, due to the resonance of the 
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hydroxy group proton, was observed at 12.63 ppm because of the hydrogen bond with the 

carbonyl group at C-1 position (Table 2). The resonances of the protons H-6’ ( = 8.26 – 

8.29 ppm), H-7’ ( =7.82 – 7.88 ppm), H-8’( =7.72 – 7.79 ppm) and H-9’ ( = 8.43 -8.48 

ppm) appear in the aromatic region of the spectra, as a doublet for H-6’, double doublet of 

doublets for H-7’ and H-8’, and as a doublet of doublets or double doublet of doublets for 

H-9’. The higher frequency values of the H-9’ ( = 8.43 -8.48 ppm) resonance are due to the 

through-space magnetic deshielding effect of the heterocyclic oxygen atom. The multiplicity 

of this signal, as a double doublet of doublets, for compounds 6a, 6c, 6d and 6e, suggests 

that this proton is coupling with H-8’ (3JH9’-H8’ = 7.8-8.3 Hz), with H-7’ (4JH9’-H7’ = 1.5 Hz ) 

and H-6’ (5JH9’-H6’ = 0.6-0.7 Hz) at a longer distance. The resonance of H-6’ also occurs at a 

high chemical shift due to the deshielding effect of the unshaired pair of electrons of the 

nitrogen atom (Table 2).  

The resonances of the protons of the phenyl/aryl ring linked at C-1 position appear 

at diferent chemical shifts and present distintc multiplicities, depending on the ring’s 

substitution pattern. Thus, for the non-substituted compound 6a, three signals were 

observed; a double doublet due to the resonance of H-2”,6” at  = 8.10 ppm, a triplet 

corresponding to the resonance of H-3”,5” at  = 7.59 ppm and a multiplet due to the 

resonance of H-4” at  = 7.67-7.72 ppm. For the para-substituted compounds 6b, 6c and 6d 

only two doublets were observed; the doublet at high chemical shift corresponds to the 

resonances of H-2”,6” and the other, at lower chemical shift, corresponds to the resonances 

of H-3”,5”. The resonances of these protons suffer the effect of the substituent present at 4”-

position. This effect is more pronounced in the case of compound 6c which has a methoxy 

group (R2 = OMe) and therefore protons H-3”,5” are much more shielded than in the 

compounds 6b and 6d, appearing at a lower chemical shift ( = 7.07 ppm) due to the strong 

electron-donating effect of the methoxy group, shielding the protons at  the ortho-position 

relative to the substituent. On contrary, H-2”,6” are more deshielded in compound 6c ( = 

8.17 ppm) compared to 6b and 6d. For compound 6b (R2 = Cl), the resonances of protons 

H-2”,6” appear at  = 8.08 ppm and the resonances of H-3”,5” are observed at  = 7.58 ppm. 

Similar chemical shifts were observed for compound 6d, that also presents a halogen (R2 = 

Br) at para-position. In this case the resonances of the protons H-2”,6” and H-3”,5” were 

observed at  = 8.00 ppm and  =7.74 ppm, respectively. 
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For the trisubstituted compound 6e, only two signals were observed due to the 

resonance of the protons of the aryl ring (see Figure 45). These signals appear as two 

doublets, corresponding to H-4” ( = 7.99 ppm) and H-6” ( = 8.66 ppm) which are coupling 

each other at a long distance (4JH4”-H6” = 2.1 Hz). Since the proton H-6” is in the ortho-

position relative to the carbonyl group, it is more deshielded than H-4” appearing at a higher 

chemical shift ( = + 0.67 ppm). 

 

 

 

  

 

 

 

 

 

 

Figure 45. 1H NMR spectrum of (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-yl)methanone 6e 

(300.13 MHz, CDCl3). 
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Table 2. 1H NMR chemical shifts (δ, in ppm), multiplicity and coupling constants (J, in Hz) of 

(aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a–e, using TMS as reference. 

 Compounds 

Signals 6a 6b 6c 6d 6e 

H-3' 7.73, s 7.77, s 7.73, br s 7.76, br s 7.98, br s 

H-4' 9.28, s 9.29, s 9.26, s 9.27, s 9.32, s 

H-6' 
8.27, d 8.29, d  8.26, d  8.27, d 8.29, d 

J 8.2 J 8.4  J 8.3 J 8.3  J 8.4  

H-7' 
7.84, ddd 7.85, ddd 7.82, ddd 7.84, ddd 7.88, ddd 

J 8.2, 7.0, 1.5 J 8.4, 7.0, 1.5 J 8.3, 7.0, 1.5 J 8.3, 7.0, 1.5  J 8.4, 7.0, 1.5  

H-8' 7.74-7.76, m 7.73-7.76, m 
7.72, ddd 

7.74-7.76, m 
7.79, ddd 

J 8.3, 7.0, 1.4  J 8.1, 7.0, 1.3  

H-9' 
8.48, ddd 8.47, dd 8.46, ddd 8.45, ddd 8.43, ddd 

J 8.1, 1.5, 0.6 J 7.8, 1.5 J 8.3, 1.5, 0.7 J 8.1, 1.5, 0.7 J 8.1, 1.5, 0.7  

H-2'' 
 8.10, dd 8.08, d  8.17, d  8.00, d 

___ 
 J 7.2, 1.4  J 8.5 J 8.9 J 8.7 

H-3'' 
 7.59, t 7.58, d  7.07, d 7.74, d 

___ 
J 7.2  J 8.5 J 8.9 J 8.7 

H-4'' 7.67-7.72, m 
___ 

 

___ 

 
___ 

7.99, d 

J 2.1  

H-5'' 
7.59, t  7.58, d 7.07, d 7.74, d 

___ 
J 7.2  J 8.5 J 8.9 J 8.7 

H-6'' 
8.10, dd 8.08, d  8.17, d  8.00, d  8.66, d 

J 7.2, 1.4  J 8.5 J 8.9 J 8.7 J 2.1  

OCH3 ___ ___ 3.94, s ___ ___ 

OH ___ ___ ___ ___ 
12.63, s 

 

 
 

The assignment of the signals in the 13C NMR spectra of compounds 6a-e [13C NMR 

spectrum of (aryl)(furo[3,2-c]quinolin-2-yl)methanone  6e is presented in Figure 46, as an  

example] was made based on the analysis of the 2D (HSQC and HMBC) spectra. Based on 

the HSQC spectra [HSQC spectrum of compound 6e is presented in Figure 47, as an  

example], the carbons of the quinoline moiety were unequivocally assigned at similar 

chemical shifts for all compounds 6a-e: C-3’ (δ = 114.5-117.2 ppm), C-4’(δ = 146.3-146.5 
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ppm), C-6’ (δ = 129.9-130.3 ppm), C-7’ (δ = 129.6-130.6 ppm), C-8’(δ = 127.6-128.1 ppm), 

C-9’(δ = 120.7-121.0 ppm). In the case of para-substituted compounds 6b, 6c and 6d, it was 

also possible to assign the signals of C-2”,6” (δ = 130.9-132.0 ppm) and C-3”,5” (δ = 114.0-

132.1 ppm), being the carbons C-3”,5” much more shielded in the case of 6c (δ = 114.0 

ppm), due to the electron donating effect of the methoxy group on these positions. For 

compound 6e it was possible to identify carbons C-4” (δ = 141.8 ppm) and C-6” (δ = 133.1 

ppm) based on the conectivities with the corresponding protons H-4” and H-6” (see Table 

3). 

The analysis of HMBC spectra of compounds 6a-e [HMBC spectrum of 2-

aroylfuro[3,2-c]quinoline 6e is presented in Figure 48, as an  example], allowed the 

unequivocal assignment of the following quaternary carbons C-1 (δ = 181.9 – 184.1 ppm), 

C-2’ (δ = 151.7 – 153.2 ppm), C-3a’(δ = 119.6 – 120.0 ppm), C-5a’ (δ = 146.9 – 147.4 ppm), 

C-9a’ (δ = 116.7 – 117.1 ppm), C-9b’ (δ = 156.9 – 157.5 ppm), C-1’’ (δ = 120.3 – 136.9 

ppm) and C-4” (δ = 128.5 – 163.9 ppm) in the case of 6b, 6c and 6d (Table 3), and aided to 

confirm the assignments made for the other carbons based on the analysis of HSQC spectra.  

Based on the connectivities found in HMBC spectra of compounds 6a-e (H-4’, H-7’ 

and H-9’ C-5a’), (H-4’ and H-3’ C-9b’,C-3a’), (H-3’ C-2’) and (H-6’and H-8’C-

9a’) (Figure 49) it was possible to assign the carbons C-2’, C-3a’, C-5a’, C-9a’ and C-9b’. 

Carbon C-9b’ appears at high chemical shift (δ = 156.9 – 157.5 ppm) as well as C-5a’ (δ = 

146.9 – 147.4 ppm) and C-4’ (δ = 146.3 – 146.5 ppm) due to the inductive deprotecting 

effect of the nitrogen on the para- and ortho-positions, respectively (Table 3). In addition, 

carbon C-9b’ is directly linked to the oxygen of the furan ring. On contrary, the carbons C-

3a’ and C-9a’, at meta-position relative to the nitrogen, are shielded appearing at δ = 119.6 

– 120.0 ppm and δ = 116.7 – 117.1 ppm, respectively. 

Based on the connectivities found in HMBC spectra of compound 6e (H-6” C-1, 

C-5”, C-4” and C-2”), (H-4” C-3”) and (2”-OH  C-3”, C-2” and C-1”) (Figure 49), it 

was possible to distinguish H-4” from H-6” since H-4” does not present connectivity with 

C-1, and to unequivocally identify C-5”, C-4”, C-3”, C-2” and C-1”. Carbons C-5” (δ = 

111.0 ppm) and C-3” (δ = 113.6 ppm) appear at low chemical shift due to the protecting 

effect of the hydroxy group on the ortho and para-positions (stabilization of these positions 

by resonance due to the electron donating effect of the hydroxy group) and to a shlight 
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inductive effect of the bromine directly linked at these positions. On the other hand, C-2” 

appears at high chemical shift (δ = 159.2 ppm) since it is directly linked to the hydroxy 

group. The remaining carbons C-4” and C-1” were assigned at δ = 141.8 ppm and δ = 120.3 

ppm, being C-1” more shielded than C-4” because it is in the ortho-position relative to the 

hydroxy group (Table 3). 
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Figure 46. 13C NMR spectrum of (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-

yl)methanone 6e (75.47 MHz, CDCl3). 
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Figure 48. HMBC spectrum of (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-yl)methanone 6e. 
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Figure 47. HSQC spectrum of (3,5-dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-yl)methanone 6e. 
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Figure 49. Main connectivities found in the HMBC spectra of compounds 6a-e.[2] 

 

Table 3. 13C NMR chemical shifts (δ, in ppm) of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a–e, using 

TMS as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
[2] The connectivities indicated in Figure 49 for compounds 6a-d were also observed for compound 6e. 

 
Compounds 

Signals 6a 6b 6c 6d 6e 

C-1  183.5  182.3  181.9  182.3   184.1  

C-2' 152.7  152.6 153.2 152.5 151.7 

C-3' 115.6 115.5 114.5 115.5   117.2  

C-3a' 119.9   119.8  120.0  119.8   119.6  

C-4'  146.5    146.3   146.5   146.5   146.4  

C-5a' 147.1   146.9   147.1   147.2   147.4 

C-6'  129.9   129.9  130.0  130.1   130.3  

C-7' 130.1   130.3   129.6   130.2   130.6  

C-8' 127.7   127.9   127.6   127.8   128.1   

C-9'  121.0    120.9    120.9   120.9  120.7  

C-9a'  117.0   116.9   117.1 116.9   116.7 

C-9b' 157.1   157.2  156.9   157.1   157.5  

C-1''  136.9   135.1   132.2   135.6  120.3  

C-2''  129.5   130.9   132.0   131.0  159.2  

C-3''  128.8 129.2  114.0   132.1   113.6  

C-4'' 133.3 139.9   163.9   128.5   141.8  

C-5''  128.8  129.2   114.0   132.1   111.0  

C-6''  129.5   130.9   132.0  131.0   133.1  

OCH3 
___ 

 

___ 

 
55.6 

___ 

 

___ 

 

H-4’, H-7’and H-9’ C-5a’ 

H-4’and H-3’ C-9b’, C-3a’ 

H-3’ C-2’  

H-6’and H-8’ C-9a’ 

H-6” C-1, C-5”, C-4” and C-2”  

H-4” C-3” 

2”-OH  C-3”, C-2” and C-1” 
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The most characteristic features of the 1H NMR spectrum of compound 7 (Figure 

50) that allows to distinguish it from compounds 6a-e are the absence of the signal due to 

the resonance of H-3’, which tipically occurs at δ = 7.73-7.98 ppm, and the appearance of a 

singlet, at a low chemical shift, due to the resonance of H-6b at δ = 6.45 ppm. Also typical 

of compound 7 is the singlet at δ = 9.17 ppm due to the resonance of H-6. Among the 

remaining signals of the quinoline moiety H-1, H-2, H-3 and H-4 it is important to highlight 

H-1 (δ = 8.14 ppm) and H-4 (δ = 8.21 ppm), at higher chemical shifts, while H-2 and H-3, 

which are shielded by resonance effects, appear at δ = 7.59-7.67 ppm as a multiplet and δ = 

7.85 ppm, respectively. H-1 is a double doublet (J = 8.3, 1.2 Hz), H-2 is a multiplet and H-

4 is a doublet (J = 8.6 Hz). Accordingly, H-3, which is a double doublet of doublets (J = 8.6, 

7.1 and 1.2 Hz) is coupling with H-4 (3JH3-H4 = 8.6 Hz), with H-2 (3JH3-H2 = 7.1 Hz) and at a 

long distance with H-1 (4JH3-H1 = 1.2 Hz). 

Among the protons of the chromenone moiety, H-8, H-9, H-10 and H-11, the double 

doublet (J = 8.0, 1.0 Hz) due to the resonance of H-11 was observed at a higher chemical 

shift (δ = 8.04 ppm) because this proton is deshielded by resonance and by the anisotropic 

effect of the carbonyl group. The remaning protons H-8 (δ = 7.05 ppm), H-9 (δ = 7.59-7.67 

ppm) and H-10 (δ = 7.21 ppm) appear as a double doublet (J = 8.4, 1.0 Hz), as a multiplet 

and as a double doublet of doublets (J = 8.0, 7.2 and 1.0 Hz), respectively. It is noteworthy 

that H-10 is coupling with H-11 (3JH10-H11 = 8.0 Hz), with H-9 (3JH10-H9 = 7.2 Hz) and, at a 

long distance, with H-8 (4JH10-H8 = 1.0 Hz). 

 

 

 

 

 

 

 

Figure 50. 1H NMR spectrum of 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-

one 7 (300.13 MHz, CDCl3). 
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The assignment of the signals in the 13C NMR spectrum of compound 7 [13C NMR 

spectrum of 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-

one 7 is presented in Figure 51] was made based on the analysis of the 2D (HSQC and 

HMBC) spectra. The chemical shifts found were: C-6b ( = 87.5 ppm), C-12a ( = 94.7 

ppm), C-6a ( = 115.4 ppm), C-13b ( = 116.9 ppm), C-8 ( = 118.6 ppm), C-11a ( = 119.2 

ppm), C-1 ( = 121.9 ppm), C-10 ( = 123.9 ppm), C-2 ( = 127.4 ppm), C-11 ( = 129.1 

ppm), C-4 ( = 129.6 ppm), C-3 ( = 131.7 ppm), C-9 ( = 137.7 ppm), C-6 ( = 147.1 ppm), 

C-4a ( = 150.7 ppm), C-7a ( = 159.7 ppm), C-13a ( = 163.1 ppm), C-12 ( = 202.6 ppm). 

C-6 and C-4a appeared more deshielded than C-6a and C-13b, because they are directly 

attached to the electronegative nitrogen atom, and this atom act as an electron-withdrawing 

group, deshielding ortho- (C-6 and C-4a) and para- (C-13a) positions relative to the 

substituent and as C-6a and C-13b are in meta-positions  relative to the nitrogen atom, they 

appeared more protected. C-9 appeared deshielded due to the resonance effects promoted by 

the carbonyl group attached to C-12. The other chemical shifts will be explained below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 51. 13C NMR spectrum of 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-

12-one 7  (75.47 MHz, CDCl3). 
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The analysis of the HSQC spectrum of compound 7 (Figure 52) allows the 

assignment of the signals due to the resonance of the following carbons C-1 ( = 121.9 ppm),  

C-2 ( = 127.4 ppm), C-3 ( = 131.7 ppm), C-4 ( = 129.6 ppm), C-6 ( = 147.1 ppm), C-

6b ( = 87.5 ppm), C-8 ( = 118.6 ppm), C-9 ( = 137.7 ppm), C-10 ( = 123.9 ppm) and C-

11 ( = 129.1 ppm) by direct correlation with their respective protons. The chemical shift of 

C-6b at  = 87.5 ppm can be explained by the fact that this is a tertiary saturated carbon 

directly linked to the electronegative oxygen atom. 

 

 

 

 

 

 

 

 

 

 

Figure 52. HSQC spectrum of 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-

one 7. 

The analysis of the HMBC spectrum of compound 7 (Figure 53) allowed the 

unequivocal identification of the signals due to the resonance of the quaternary carbons C-

4a ( = 150.7 ppm), C-6a ( = 115.4 ppm), C-7a ( = 159.7 ppm), C-11a ( = 119.2 ppm), 

C-12a ( = 94.7 ppm), C-13a ( = 163.1 ppm) and C-13b ( = 116.9 ppm) , based on the 

following connectivities (Figure 54): H-6 and H-6b  C-6a; H-6, H-1 and H-3  C-4a; H-

6, H-6b, H-1  C-13a; H-4 and H-2  C-13b; H-11, H-9 and H-8  C-7a; H-10 and H-8 
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deshielded, appearing at downfield at  = 202.6 ppm, and C-13a, C-7a and C-4a are also 

deshielded, appearing at downfield,  C-13a = 163.1 ppm,  C-7a = 159.7 ppm and  C-4a = 150.7 

ppm, because they are directly linked to the electronegative oxygen and nitrogen atoms, 

respectively. Conversely, C-12a is the most shielded quaternary carbon, being observed 

upfield, at  = 94.7 ppm, because it is a saturated (non-aromatic) carbon directly linked to 

oxygen and bromine atoms. 

Figure 53. HMBC spectrum of 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-

one 7. 

 

 

 

 

 

Figure 54. Main connectivities found in the HMBC spectrum of compound 7. 

H-6 and H-6b  C-6a; H-6, H-1 and H-3  C-4a; H-6, H6b, H-1  C-13a;  

H-4 and H-2  C-13b; H-11, H-9 and H-8  C-7a; H-10 and H-8  C-11a  
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Furthermore, in order to confirm the structure of compound 7, this compound was 

crystallized in chloroform and then single-crystal x-ray diffraction studies were performed.  

Compound 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 

7 crystallizes in the monoclinic crystal system with the asymmetric unit being composed of 

a single molecule as depicted in Figure 55. Because the space group is centrosymmetric 

(P21/c), the actual crystal structure is composed of a racemic mixture of the pair of 

diastereomers (in Figure 55 it is solely depicted the pair R,R). The molecule close packs in 

the solid state mediated mainly by the need to effectively fill the available space. In fact, 

though the backbone is composed of several heteroatoms capable of acting as strong 

hydrogen bonding acceptors, the structure only contains C‒H moieties capable of interacting 

in this fashion leading, thus, to solely weak interactions: indeed, as evidenced by PLATON, 

the structure contains solely two structurally-relevant of such interactions, a C‒H···N with 

dC···N = 3.350(3) Å and one C‒H···O with dC···O = 3.427(3) Å (interaction angles of ca. 160 

and 150º, respectively). These interactions lead to the formation of a chain of molecules 

parallel to the [010] direction of the unit cell (not shown). Remarkably, despite the presence 

of various aromatic rings in the molecule, no relevant ···intermolecularinteractions are 

present in the crystal structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55. Schematic representation of the molecular unit present in the crystal structure of 7. Non-hydrogen 

atoms are represented as thermal ellipsoids drawn at the 50% probability level and hydrogen atoms as small 

spheres with arbitrary radii. The asymmetric carbon centres are depicted by an asterisk. 

  



  71  

 

2.3.2. Characterization of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 

11a-e and 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 

 

         The structures and numbering of compounds 11a-e and 12 whose structural 

characterization will be discussed in this section are presented in Figure 56. 

Figure 56. Structures and numbering of compounds 11a-e and 12. 

The structures of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a–e 

and 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 were 

unequivocally elucidated based on 1D (1H and 13C) and 2D (HSQC and HMBC) NMR 

experiments.  

The three most characteristic signals in the 1H NMR spectra of compounds 11a-e [1H 

NMR spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 

11b is presented in Figure 57, as an example] are: i) the doublet of doublets due to the 

resonance of the two H-4’ protons that appear at different chemical shifts,  = 2.99-3.20 ppm 

and 3.69-3.88 ppm, because they have different chemical environment. The  multiplicity 

(dd) of each H-4’ proton results from the geminal coupling (2JH4’-H4’ = 16.6-16.8 Hz) and the 

vicinal coupling with proton H-5’ (3JH4’-H5’ = 10.5-10.7 Hz); ii) the triplet due to the 

resonance of H-5’, at  = 5.38-5.43 ppm,  which is coupling with two H-4’ protons and iii) 

the singlet due to the resonance of H-2 at  = 9.00-9.05 ppm (Table 4). The low frequency 

values for H-4’ is due to the fact that this proton is bonded to C-4’ that is a secondary carbon 

with resonance at  = 39.0-39.9 ppm, appearing more shielded than H-5’, because C-5’ at  
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= 57.8 – 59.5 ppm is linked to the nitrogen (N1’), an electronegative atom. The high 

frequency value of H-2 is due to the deshielding effect of the proximal electronegative 

nitrogen atom. Furthermore, for compound 11b a broad singlet appears at  = 11.01 ppm 

due to the resonance of the hydroxy group proton that establishes a hydrogen bond with the 

nitrogen (N2’) of the pyrazoline moiety, and for compound 11c two singlets appear at  = 

3.78 and 3.80 ppm, due to the resonance of the protons of the methoxy groups (Table 4). 

The resonance of the protons H-5 ( = 8.27 – 8.28 ppm), H-6 ( = 7.80-7.81 ppm), H-7 ( = 

7.83-7.91 ppm) and H-8 ( = 8.11 – 8.12 ppm) appeared in the aromatic region of the spectra, 

as expected. The higher chemical shift of H-5 ( = 8.27 – 8.28 ppm) is due to the deprotecting 

effect caused by electron cloud repulsion of chlorine atom. The multiplicity of this signal, as 

double doublet of doublets in the case of compound 11e suggests that this proton is coupling 

with H-6 (3JH5-H6 = 8.3 Hz), with H-7 (4JH5-H7 = 1.5 Hz) and with H-8 (5JH5-H8 = 0.5 Hz). The 

resonance of H-8 also occurs at high chemical shift due to the deshielding effect of the 

unshaired pair of electrons of the nitrogen atom of the quinoline ring (Table 4).  

 

 

 

 

 

 

 

 

 

 

Figure 57. 1H NMR spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 

11b (500.16 MHz, DMSO-d6).[3] 

                                                           
[ 3 ] In solution compounds 11a-e are unstable, and therefore during the acquisition of the full NMR 
characterization data some new small peaks appeared, which are more notorious in the 1H NMR spectrum. 
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The resonances of the protons of the phenyl/aryl ring linked at C-3’ position appear 

at different chemical shifts and present distinct multiplicities depending on the ring’s 

substitution pattern. Thus, for the non-substituted compound 11a, three signals were 

observed; a doublet of doublets due to the resonance of H-3’’,5’’ at  = 7.41 ppm, a triplet 

corresponding to the resonance of H-4’’ at  = 7.52 ppm and a doublet due to the resonance 

of H-2’’,6’’ at  = 7.68 ppm. The resonances of the protons H-2”,6” and H-3”,5” for the 

para-substituted compounds suffer the effect of the substituent at para-position (C-4”). For 

compound 11d (R=4’’-Br) the signals due to the resonance of protons H-2’’,6’’ and H-3’’,5’’ 

appear as multiplets at  = 7.57 - 7.63 ppm, however for compound 11e (R=4’’-Cl) the signal 

due to the resonance of protons H-2’’,6’’ appear at  = 7.67 ppm and that of H-3’’,5’’ is 

observed at  = 7.46 ppm, both as doublets (Table 4). The signal due to the resonance of 

protons H-3’’,5’’ in the spectrum of compound 12 appears as a doublet at upfiled ( = 7.02 

ppm), when compared to the resonance of these protons in the spectra of compounds 11d 

and 11e, due to the strong electron-donating effect of the methoxy group causing the 

shielding of the protons in the ortho-position (H-3”,5”). On contrary, the resonance of H-

2’’,6’’ in compound 12 ( = 7.77 – 7.92 ppm) appears at higher chemical shift than for 

compound 11e ( = 7.67 ppm), because methoxy group shields the ortho-positions relative 

to the substituent but deshields the meta-positions (Table 4). For compound 11c, three 

different signals were observed; a doublet of doublets due to the resonance of H-6’’ at  = 

7.13 ppm, a doublet corresponding to the resonance of H-5’’ at  = 6.97 ppm and a doublet 

due to the resonance of H-2’’ at  = 7.32 ppm. All these protons are shielded, because they 

are in ortho- (H-2” and H-5”) and para- (H-6”) positions relatively to the electron-donating 

methoxy groups at C-3” and C-4”-positions [R=3”,4”-(OMe)2]. H-6’’ is coupling at long 

distance with H-2’’ (4JH6’’-H2’’ = 1.7 Hz) and at short distance with H-5’’ (3JH6’’-H5’’ = 8.3 Hz) 

(Table 4). For the compound 11b four signals were observed; a doublet due to the resonance 

of H-3’’ at  = 6.94 ppm, a doublet of doublet of doublets corresponding to the resonance of 

H-4’’ at  = 7.26 ppm, a triplet due to the resonance of H-5’’ at  = 6.90 ppm and a doublet 

of doublets due to the resonance of H-6’’ at  = 7.34 ppm (Table 4). H-3’’ and H-5’’ appear 

at lower chemical shifts due to the electron-donating effect of the hydroxy group which 

causes the shielding of the ortho- and para-positions. 
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Table 4. 1H NMR chemical shifts (δ in ppm), multiplicity and coupling constants (J in Hz) of 11a-e and 12, 

using TMS as reference. 

 Compounds 

Signals 11a 11b 11c 11d 11e 12 

H-2 9.02, s 9.05, s 9.02, s 9.00, s 9.00, s 9.37, s 

H-5 
8.27, dd 8.28, d 8.27, d  8.27, d 8.27, ddd 8.37, d 

J 8.4, 1.5 J 8.4 J 8.4 J 8.4 J 8.3, 1.5, 0.5 J 8.3  

H-6 
7.80, ddd 7.81, ddd 7.80, ddd 7.80, dd 7.80, ddd 

7.77-7.92, m 
J 8.4, 6.9, 1.3 J 8.4, 6.9, 1.3 J 8.4, 6.9, 1.3 J 8.4, 6.5 J 8.3, 6.9, 1.4 

H-7 
7.87, ddd 7.89, ddd 7.87, ddd 

7.83-7.91, m 
7.87, ddd 

7.77-7.92, m 
J 8.4, 6.9, 1.5 J 8.4, 6.9, 1.4 J 8.4, 6.9, 1.4 J 8.2, 6.9, 1.5 

H-8 
8.11, d 8.12, d 8.11, d 8.11, d 8.11, dd 8.14, d 

J 8.4 J 8.4 J 8.4 J 8.3 J 8.2, 1.4 J 8.3 

H-1' ___ ___ ___ ___ ___ 13.71, s 

H-4' 

3.03, dd;  

J 16.6, 10.7;  

 

3.20, dd;  

J 16.8, 10.7 

 

2.99, dd;  

J 16.6, 10.5 

 

3.02, dd;  

 J 16.7, 10.7 

 

3.02, dd ;  

 J 16.6, 10.7; 

 
7.34, s 

 

3.71, dd; 

J 16.6, 10.7 

3.88, dd; 

J 16.8, 10.7 

3.69, dd; 

J 16.6, 10.5 

3.70, dd 

J 16.7, 10.7 

3.70, dd; 

J 16.6, 10.7 

H-5' 
5.41, t 5.43, t 5.38, t 5.42, t 5.42, t 

___ 
J 10.7 J 10.7 J 10.5 J 10.7 J 10.7 

H-2'' 
7.68, d 

___ 
7.32, d 

7.57-7.63, m  
7.67, d 

7.77-7.92, m 
J 8.2 J 1.7 J 8.6 

H-3'' 
7.41,dd 6.94, d 

___ 7.57-7.63, m  
7.46, d 7.02, d 

J 8.2, 7.4 J 8.0 J 8.6 J 8.2 

H-4'' 
7.52, t 7.26, ddd 

____ ____ ____ ____ 
J 7.4 J 8.0, 7.4, 1.6 

H-5'' 
7.41, dd 6.90, t 6.97, d 

7.57-7.63, m  
7.46, d 7.02, d 

J 8.2, 7.4 J 7.4 J 8.3 J 8.6 J 8.2 

H-6'' 
7.68, d 7.34, dd 7.13, dd 

7.57-7.63, m  
7.67, d 

7.77-7.92, m 
J 8.2 J 7.4, 1.6 J 8.3, 1.7 J 8.6 

OCH3 ____ ____ 
4’’-3.78, s 

  3’’-3.80, s 
____ ___ 3.82, s 

OH ____ 11.01, br s ____ ____ ____ ____ 
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The assignment of the signals in the 13C NMR spectra of compounds 11a-e [13C NMR 

spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 11b  

is presented in Figure 58, as an  example] was made based on the analysis of the 2D (HSQC 

and HMBC) spectra. Based on the HSQC spectra [HSQC spectrum of 4-chloro-3-[3-(2-

hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 11b is presented in Figure 59, as 

an  example], the carbons of the quinoline moiety were unequivocally assigned at similar 

chemical shifts for all compounds 11a-e: C-2 ( = 149.4 – 149.7 ppm), C-5 ( = 123.7 – 

123.8 ppm), C-6 ( = 128.4 – 128.5 ppm), C-7 ( = 130.3 – 130.5 ppm) and C-8 ( = 128.2 

– 129.4 ppm) (Table 5). In addition, the carbons of the pyrazoline core were unequivocally 

assigned at similar chemical shifts for all compounds 11a-e: C-4’ ( = 39.0 – 39.9 ppm) and 

C-5’ ( = 57.8 – 59.5 ppm) (Table 5). In the case of para-substituted compounds 11d and 

11e, it was also possible to assign the signals of C-2’’,6’’ ( = 125.2 – 127.6 ppm) and C-

3’’,5’’ ( = 128.6 – 131.5 ppm), because for these compounds the halogen atoms (R=Br and 

Cl, respectively) act as electron withdrawing groups, deshielding the ortho-positions relative 

to the substituent and therefore C-3’’,5’’ appear more deshielded than C-2’’,6’’. For 

compound 11b, the signals of C-3’’ ( = 115.8 ppm), C-4’’ ( = 130.1 ppm), C-5’’ ( = 

119.2 ppm) and C-6’’ ( = 128.1 ppm) were unequivocally assigned based on connectivities 

with the corresponding protons H-3’’, H-4’’, H-5’’ and H-6’’ (Table 5). The carbons C-3’’ 

and C-5’’ are much more shielded than C-4’’ and C-6’’, due to the electron donating effect 

of the hydroxy group. For compound 11c, the signals of C-2’’ ( = 108.4 ppm), C-5’’ ( = 

111.4 ppm) and C-6’’ ( = 119.0 ppm) were assigned through the connectivities with their 

respective protons H-2’’, H-5’’ and H-6’’. All these carbons (C-2’’, C-5’’ and C-6’’) are 

very shielded, due to the protecting effect of the methoxy groups as substituents (Table 5). 

For compound 11a three signals were unequivocally assigned, namely C-2’’,6’’ ( = 125.7 

ppm), C-3’’,5’’ ( = 128.6 ppm) and C-4’’ ( = 129.0 ppm), due to the symmetry of the 

benzene ring and through the connectivities of these carbons with their respective protons.  
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Figure 58. 13C NMR spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 

11b (75.47 MHz, DMSO-d6). 

 

 

 

 

 

 

 

 

 

 

 

Figure 59. HSQC spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 11b. 
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The analysis of HMBC spectra of compounds 11a-e [HMBC spectrum of 4-chloro-

3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 11b is presented in Figures 

60 and 61, as an  example], allowed the unequivocal assignment of the following quaternary 

carbons C-3 ( = 131.7 – 133.3 ppm), C-4 ( = 138.9 – 139.3 ppm), C-4a ( = 125.2 – 127.3 

ppm), C-8a ( = 147.2 – 148.3 ppm), C-3’ ( = 147.5 – 152.9 ppm) and C-1’’ ( = 116.5 – 

133.2 ppm) (Table 5). In adittion, for para-substituted compounds 11d and 11e, another 

signal corresponding to C-4’’ at  = 121.5 and 132.7 ppm, respectively was assigned. For 

compound 11c, two signals appeared, namely C-3’’ ( = 148.7 ppm) and C-4’’ ( = 149.4 

ppm) corresponding to the carbons directly linked to the methoxy groups [R = 3”,4”-(OMe)2] 

and for compound 11b another signal appeared corresponding to C-2’’ at  = 156.8 ppm, 

due to the presence of the hydroxy group at that position (R=2”-OH) (Table 5).  

Based on the connectivities found in HMBC spectra of compounds 11a-e (H-4’ C-

3), (H-5’ and H-2  C-4), (H-6 and H-8  C-4a), (H-2, H-7 and H-5  C-8a), (H-5’ and 

H-6’’  C-3’), (H-3’’  C-1’’) (Figure 62) it was possible to assign the carbons C-3, C-4, 

C-4a, C-8a, C-3’ and C-1’’. Carbon C-8a (δ = 147.2 – 148.3 ppm) as well as C-2 (δ = 149.4-

149.7 ppm) appear at high chemical shifts due to the deprotecting effect of the nitrogen of 

the quinoline core. C-4 appears at δ = 138.9 – 139.3 ppm because it is directly linked to the 

chlorine atom (Table 5). C-3, which is linked to the pyrazoline core, appears at δ = 132.7-

133.3 ppm and C-4a is more shielded appearing at δ = 125.2 – 127.3 ppm, respectively. 

Carbon C-3’ appears at high chemical shift (δ = 147.5 – 152.9 ppm) due to the fact that it is 

bonded directly to an electronegative atom, namely the nitrogen of pyrazoline core. C-1’’ (δ 

= 116.5-133.2 ppm) appeared at varying chemical shifts depending on the substituent groups 

on the phenyl ring (Table 5). 

Based on the connectivities found in HMBC spectra of compound 11b (H-4’, H-5’ 

and H-2  C-3), (H-2 and H-5’  C-4), (H-6 and H-8  C-4a), (H-2, H-7 and H-5  C-

8a), (H-5’, H-6’’ and H-4’  C-3’), (H-4’’, H-6’’ and H-3’’  C-2’’), (2’’-OH, H-3’’ and 

H-6’’  C-1’’) (Figure 62) it was possible to unequivocally identify C-3, C-4, C-4a, C-8a, 

C-3’, C-2’’ and C-1’’. The lowest chemical shift corresponds to C-1’’ (δ = 116.5 ppm) due 

to the protective effect of hydroxy group at the ortho-position, acting as an electron-donating 

group (Table 5). 
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Figure 60. HMBC spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 11b. 
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Figure 61. Expansion of HMBC spectrum of 4-chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-

yl]quinoline compound 11b. 
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Figure 62. Main connectivities found in the HMBC spectra of compounds 11a-e.[4] 

In the 1H NMR spectrum of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-

yl]quinoline 12 (Figure 63), the four most characteristic signals are: i) the singlet due to the 

resonance of the protons of methoxy group at  = 3.32 ppm, ii) the singlet attributed to the 

resonance of H-2 at  = 9.37 ppm, iii) the singlet due to the resonance of H-4’ at  = 7.34 

ppm and iv) the broad singlet at  = 13.71 ppm due to the resonance of the NH proton of the 

pyrazole core (Table 4). The main difference between compound 12 and compounds 11a-e 

is the appearance of a singlet due to the resonance of H-4’ of the pyrazole core instead of the 

doublet of doublets due to the resonance of H-4’ protons and the triplet assigned to the 

resonance of H-5’ of pyrazoline core present in compounds 11a-e. The resonance of the NH 

proton appears at high chemical shift probably due to the repulsive effect of the chlorine 

atom at C-4 position. Furthermore, a singlet appears at  = 3.82 ppm, due to the resonance 

of the protons of the methoxy group (Table 4). The resonance of the protons H-5 ( = 8.37 

ppm), H-6 ( = 7.77-7.92 ppm), H-7 ( = 7.77-7.92 ppm) and H-8 ( = 8.14 ppm) appeared 

in aromatic region of the spectrum, as doublets for H-5 and H-8 and as multiplets for H-6 

and H-7. The multiplicity of the signals of H-5 and H-8 indicates that H-5 is coupling with 

H-6 (3JH5-H6 = 8.3 Hz) and H-8 is coupling with H-7 (3JH8-H7 = 8.3 Hz) at short distance 

(Table 4).  

 

 

 

                                                           
[4] The connectivities indicated in Figure 62 for structures 11a,c,d,e were also observed for compound 11b. 
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Figure 63. 1H NMR spectrum of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 

(500.16 MHz, DMSO-d6). 

The assignment of the signals in the 13C NMR spectrum of 4-chloro-3-[3(5)-(4-

methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 (Figure 64) was made based on the 

analysis of the 2D (HSQC and HMBC) spectra. Based on the HSQC spectrum (Figure 65), 

the carbons of the quinoline moiety were unequivocally assigned, namely C-2 ( = 151.5 

ppm), C-5 ( = 124.3 ppm) and C-8 ( = 129.5 ppm) due to the connectivity with their 

respective protons H-2, H-5 and H-8 (Table 5). In addition, it was also possible to assign 

the signal corresponding to C-4’ at  = 103.5 ppm based on the connectivity with H-4’ that 

is a characteristic singlet in the 1H NMR spectrum of compound 12.  Carbons C-3’’,5’’ ( = 

114.8 ppm) were also assigned due to the connectivities with H-3’’,5’’ (Table 5). These 

carbons are more shielded than C-2’’,6’’ ( = 121.5 ppm) due to the electron-donating effet 

of the methoxy group. Furthermore, a signal corresponding to the resonance of the of carbon 

of the methoxy group was also assigned upfield at  = 55.3 ppm.   
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Figure 64. 13C NMR spectrum of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 

(75.47 MHz, DMSO-d6). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 65. HSQC spectrum of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl)quinoline 12. 
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The analysis of HMBC spectrum of compound 12 (Figure 66), allowed the 

unequivocal assignment of the following quaternary carbons C-3 ( = 125.5 ppm), C-4 ( = 

137.7 ppm), C-4a ( = 125.9 ppm), C-8a ( = 147.3 ppm), C-5’ ( = 143.1 ppm), C-3’ ( = 

146.5 ppm), C-1’’ ( = 121.0 ppm) and C-4’’ ( = 159.7 ppm) (Table 5). The higher 

frequency value for C-4’’ and C-3’ are due to the fact that these carbons are linked directly 

to oxygen atom of methoxy group and nitrogen atom of the pyrazole moiety. Carbons C-8a 

( = 147.3 ppm) and C-4 ( = 137.7 ppm) appeared more deshielded than C-4a ( = 125.9 

ppm) and C-3 ( = 125.5 ppm), due to the deprotecting effect of the nitrogen of the quinoline 

core (Table 5). C-3’ which is directly attached to the nitrogen also appeared deshielded, at 

 = 146.5 ppm. Furthermore, C-1’’ ( = 121.0 ppm) appeared shielded compared with other 

signals because it is at para-position relative to the methoxy group. 

Based on the connectivities found in HMBC spectra of compound 12 (H-2  C-3), 

(H-2 and H-5  C-4), (H-6 and H-8  C-4a), (H-5 and H-7  C-8a), (H-4’ and H-2’’,6’’ 

 C-3’), (H-4’  C-5’ and C-1’’), (OCH3, H-2’’,6’’ and H-3’’,5’’  C-4’’) (Figure 67) it 

was possible to assign the carbons C-3, C-4, C-4a, C-8a, C-3’, C-5’, C-1’’ and C-4’’. In 

addition, the connectivities found in HMBC spectra allowed to confirm the assignment of 

C-2’’,6’’, C-6 and C-7 (Table 4). Based on the connectivities (H-3’’,5’’  C-2’’, 6’’), (H-

5  C-7) and (H-8  C-6) it was possible to assign C-2’’,6’’ ( = 121.5 ppm), C-7 ( =130.6 

ppm) and C-6 ( = 128.6 ppm) (Table 5). 
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Figure 66. HMBC spectrum of 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12. 

 

 

 

 

 

Figure 67. Main connectivities found in the HMBC spectra of compound 12.[5] 

                                                           
[5]Although both tautomers 12 can coexist in equilibrium, it is probable that in our case we have tautomer presente in figure 

67, considering the structure of pyrazoline 11f and because the resonance of the NH proton appears at high chemical 

shift probably due to the repulsive effect of the chlorine atom at C-4 position, deshielding C-5’.  
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Table 5. 13C NMR chemical sifts (δ, in ppm) of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 

11a-e and 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12, using TMS as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Compounds 

Signals 11a 11b 11c 11d 11e 12 

C-2 149.7 149.6 149.7 149.5 149.4 151.5 

C-3 132.9 132.6 133.3 132.8 131.7 125.5 

C-4 139.0 139.3 138.9 139.1 139.1 137.7 

C-4a 125.3 125.2 125.2 127.3 127.3 125.9 

C-5 123.8 123.8 123.7 123.8 123.8 124.3 

C-6 128.4 128.5 128.4 128.5 128.5 128.6 

C-7 130.3 130.4 130.3 130.5 130.5 130.6 

C-8 129.4 129.4 129.4 129.3 129.2 129.5 

C-8a 147.6 147.7 147.6 147.2 148.3 147.3 

C-3' 149.1 152.9 149.3 148.2 147.5 143.1 

C-4' 39.0 39.9 39.8 39.2 39.3 103.5 

C-5' 59.3 57.8 59.2 59.4 59.5 146.5 

C-1'' 133.2 116.5 125.6 132.2 132.4 121.0 

C-2'' 125.7 156.8 108.4 127.6 125.2 121.5 

C-3'' 128.6 115.8 148.7 131.5 128.6 114.8 

C-4'' 129.0 130.1 149.4 121.5 132.7 159.7 

C-5'' 128.6 119.2 111.4 131.5 128.6 114.8 

C-6'' 125.7 128.1 119.0 127.6 125.2 121.5 

OCH3 ___ ___  55.5 ___ ___ 55.3 



  85  

 

2.3.3.  Characterization of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 

and (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’  

The structures and numbering of compounds 17 and 17’ whose structural 

characterization will be discussed in this section are presented in Figure 68. 

 

 

Figure 68. Structures and numbering of compounds 17 and 17’.  

The structures of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and 

(E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’ were unequivocally elucidated 

based on 1D (1H and 13C) and 2D (HSQC and HMBC) NMR experiments.  

The most characteristic signals in the 1H NMR spectra of compounds 17 and 17’ 

(Figures 69 and 70) are: i) the singlet due to the resonance of H-4 (17:  = 6.95 ppm; 17’:  

= 6.31 ppm) and ii) the signals of α/β-unsaturated system due to the resonance of H-α (17:  

= 7.04 ppm; 17’:  = 6.67 ppm) and H-β (17:  = 7.22 ppm; 17’:  = 7.51-7.63 ppm which 

appeared as a multiplet) and iii) the signals of the para-substituted aromatic ring, due to the 

resonance of  H-2’’,6’’ (17:  = 7.49 ppm; 17’:  = 7.51-7.63 ppm, that is a multiplet) and 

H-3’’,5’’ (17:  = 6.93 ppm ; 17’:  = 6.96 ppm) (Table 6). The higher frequency values of 

H-2’’,6’’ compared to H-3’’,5’’, in both cases, is due to the fact that protons H-3’’,5’’ are in 

ortho-position relative to the methoxy group.  Furthermore, the multiplicity of H-2’’,6’’, as 

doublet in compound 17, suggests that these protons are coupling with H-3’’,5’’ (3JH2’’,6’’-

H3’’,5’’ = 8.7 Hz). In both cases H-β appears more deshielded than H-α. These two protons 

appear as two doublets for compound 17 with coupling constants 3JHα-Hβ = 16.5 Hz which 

indicate the trans configuration of the exocyclic double bond. The resonances of the protons 

H-6’ (17:  = 7.78 ppm; 17’: = 8.20 ppm), H-5’ (17: = 7.00-7.07 ppm; 17’: = 7.39 ppm), 

H-4’ (17: = 7.32 ppm; 17’: = 7.68 ppm) and H-3’ (17: = 7.00-7.07 ppm; 17’: = 7.51-

7.63 ppm) (Table 6) appear in the aromatic region of the spectra as doublet of doublets for 

H-6’ in compounds 17 and 17’, as multiplet and doublet of doublet of doubltes for H-5’ in 
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compouds 17 and 17’, respectively, as doublet of doublet of doublets for H-4’ in compounds 

17 and 17’ and as multiplet for H-3’ in compounds 17 and 17’. The multiplicity of H-4’ in 

both cases, as doublet of doublet of doublets, suggests that this proton is coupling with H-3’ 

(17: 3JH4’-H3’ = 8.2 Hz; 17’: 3JH4’-H3’ = 8.3 Hz), with H-5’ (17: 3JH4’-H5’ = 7.3 Hz; 17’: 3JH4’-H5’ 

= 7.1 Hz) and at long distance with H-6’ (17: 4JH4’-H6’ = 1.7 Hz; 17’: 4JH4’-H6’ = 1.4 Hz) (Table 

6).  

 

 

 

 

 

 

 

Figure 69. 1H NMR spectrum of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17  (300.13 MHz, 

CDCl3). 

 

 

 

 

 

 

 

 

Figure 70. 1H NMR spectrum (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’ (300.13 MHz, 

CDCl3). 
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Table 6. 1H NMR chemical shifts (δ, in ppm), multiplicity and coupling constants (J in Hz) for (E)-3-(2-

hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’, using TMS as reference. 

 

 The assignment of the signals in the 13C NMR spectra of (E)-3-(2-hydroxyphenyl)-

5-(4-methoxystyryl)isoxazole 17 (Figures 71) and (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’  (Figure 72) were made based on the analysis of the respective 

2D (HSQC and HMBC) spectra. Based on the HSQC spectra of (E)-3-(2-hydroxyphenyl)-

5-(4-methoxystyryl)isoxazole 17 (Figure 73) and (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’ (Figure 74), the carbons C-6’ ( = 127.7 ppm), C-5’ ( = 120.8 

ppm), C-4’ ( = 131.6 ppm), C-3’ ( = 117.2 ppm), C-4 ( = 99.9 ppm), C-α ( = 113.7 

ppm), C-β ( = 135.8 ppm), C-2’’,6’’ ( = 128.4 ppm), C-3’’,5’’ ( = 114.3 ppm) and the 

carbon of OCH3 ( = 55.4 ppm) were unequivocally assigned for compound 17 and C-6’ (= 

125.7 ppm), C-5’ (= 124.9 ppm), C-4’ (= 133.6 ppm), C-3’ (= 117.8 ppm), C-4 (= 110.0 

ppm), C-α (= 117.9 ppm), C-β (= 136.7 ppm), C-2’’,6’’ (= 129.3 ppm), C-3’’,5’’ ( = 

 Compounds 

Signals 17 17' 

H-4 6.95, s 6.31, s 

H-α 7.04, d 

J 16.5 

6.67, d 

J 16.0 

H-β 
7.22, d 

J 16.5 
7.51-7.63, m 

H-3’ 7.00-7.07, m 7.51-7.63, m 

H-4’ 7.32, ddd 

J 8.2, 7.3, 1.7 

7.68, ddd 

J 8.3, 7.1, 1.4 

H-5’ 7.00-7.07, m 7.39, ddd 

J 8.3, 7.1, 1.4 

H-6’ 
7.78, dd 

J 8.2, 1.7 

8.20, dd 

J 8.3, 1.4 

H-2'',6'' 
7.49, d 

7.51-7.63, m 
 

J 8.7  

H-3'',5'' 
6.93, d 6.96, d  

J 8.7 J 8.8  

OCH3 3.85, s 3.87, s  
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114.5 ppm) and carbon of OCH3 (= 55.5 ppm) for compound 17’, due to the connectivity 

with their respective protons H-6’,H-5’, H-4’, H-3’, H-4, H-α, H-β, H-2’’,6’’, H-3’’,5’’ and 

OCH3  (Table 7). In both cases, the carbons C-6’ and C-4’ appeared more deshielded than 

C-5’ and C-3’, because of the presence of the hydroxy group at C-2’-position that acts as an 

electron donor group, shielding ortho- and para-positions relative to the substituent. 

Furthermore, in both cases C-3’’,5’’ appeared more shielded than C-2’’,6’’, due to the 

shielding effect of  the methoxy group (4”-OCH3) at ortho-positions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 71. 13C NMR spectrum of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 (75.47 MHz, 

CDCl3). 
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Figure 72. 13C NMR spectrum of (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’ (75.47 MHz, 

CDCl3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 73. HSQC spectrum of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17. 
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Figure 74. HSQC spectrum of (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’. 

The analysis of HMBC spectra of (E)-3-(2-hydroxyphenyl)-5-(4-

methoxystyryl)isoxazole 17 (Figure 75) and (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’ (Figure 76), allowed the unequivocal assignment of the 

following quaternary carbons C-2’ (= 153.7 ppm), C-1’ (= 114.1 ppm), C-5 (= 162.5 

ppm), C-3 (= 167.3 ppm), C-1’’ (= 128.6 ppm) and C-4’’ (= 160.3 ppm) for compound 

17 (Table 7). Also for compound 17’, the unequivocal assignment of the following 

quaternary carbons C-2’ (= 156.0 ppm), C-1’ (= 124.2 ppm), C-5 (= 178.4 ppm), C-3 

(= 162.2 ppm), C-1’’ (= 127.8 ppm) and C-4’’ (= 161.1 ppm) were allowed. The higher 

frequency values for C-2’ and C-4’’, in both compounds, is due to the fact that these carbons 

are linked directly to the oxygen atom of hydroxy and methoxy groups, respectively. 

Carbons C-5 and C-3 appeared at high chemical shifts due to the inductive effect of the 

oxygen and nitrogen atoms present in the isoxazole core. The low frequency values for C-1’ 

and C-1’’ is due to the fact that C-1’ is in ortho-position relative to hydroxy group bonded 

at C-2’, that acts as an electron donor group, shielding this carbon and the shielding effect 

of the methoxy group at the para-position leads to protect of carbon C-1” . 
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Based on the connectivities found in HMBC spectrum of compound 17 (H-6’  C-

2’), (H-5’ and H-3’  C-1’), (H-4  C-3 and C-5), (H-β and H-3’’,5’’  C-1’’), (H-

2’’,6’’and OCH3  C-4’’) it was possible to assign the carbons C-2’, C-1’, C-3, C-5, C-1’’ 

and C-4’’ (Figure 77). For compound 17’, through the connectivities found in HMBC (H-

6’ and H-4’  C-2’), (H-5’ and H-4  C-1’), (H-6’ and H-4  C-5), (H-3’’,5’’ and H-α  

C-1’’), (H-2’’,6’’ and OCH3  C-4’’) and (H-4  C-3) it was also possible to assign the 

carbons C-2’, C-1’, C-5, C-3, C-1’’ and C-4’’ (Figure 78). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 75. HMBC spectrum of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17. 

 

 

 

 

 

 

 

 

 

 

 

C
-2

’ 

H-6’ 

C
-4

’’ 

H-2’’,6’’ 4’’-OCH3 
H-4,3’’,5’’ 

H-β 

C
-5

 

C
-3

 
C

-1
’’ 

C
-1

’ 

H-5’,3’ 



  92  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 76. HMBC spectrum of (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’. 

 

 

 

 

 

 

 

 

 

 

 

Figure 77. Main connectivities found in the HMBC spectrum of (E)-3-(2-hydroxyphenyl)-5-(4-

methoxystyryl)isoxazole 17. 
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Figure 78. Main connectivities found in the HMBC spectrum of (E)-5-(2-hydroxyphenyl)-3-(4-

methoxystyryl)isoxazole 17’. 

 

 

Table 7. 13C NMR chemical sifts (δ, in ppm) of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 

and (E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’, using TMS as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 Compounds 

Signals 17 17' 

C-3 167.3 162.2 

C-4 99.9 110.0 

C-5 162.5 178.4 

C-α 113.7 117.9 

C-β 135.8 136.7 

C-1’ 114.1 124.2 

C-2’ 153.7 156.0 

C-3’ 117.2 117.8 

C-4’ 131.6 133.6 

C-5’ 120.8 124.9 

C-6’ 127.7 125.7 

C-1'' 128.6 127.8 

C-2'',6''' 128.4 129.3 

C-3'',5'' 114.3 114.5 

C-4'' 160.3 161.1 

OCH3 55.4 55.5 

H-6’ and H-4’  C-2’ 

H-5’ and H-4  C-1’ 

H-6’ and H-4  C-5 

H-3’’,5’’ and H-α  C-1’’ 

H-2’’,6’’ and OCH3  C-4’’ 

H-4  C-3 
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Chapter 3 – AChE inhibitory potential and 

antioxidant activity of target compounds  
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3.1. Results and discussion 

The search of new drugs as inhibitors of AChE to try to fight the symptoms of AD 

and new compounds with antioxidant action has been a research topic with increasing 

interest in scientific community for the last years. Thus, inhibitory properties of AChE and 

antioxidant activity of the synthesized compounds (aryl)(furo[3,2-c]quinolin-2-

yl)methanones 6a-e, 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-

c]quinolin-12-one 7, 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e, 4-

chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 and (E)-3-(2-

hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17  were evaluated. The evaluation of AChE 

inhibitory activity was carried out by the Ellman’s method, using donepezil hydrochloride 

as positive control, while the antioxidant ability of these compounds was estimated by two 

in chemico spectrophotometric methods, namely ABTS+• and NO• scavenging radical assays, 

using ascorbic acid for comparison.  

3.1.1. Acetylcholinesterase inhibitory activity of (aryl)(furo[3,2-c]quinolin-2-

yl)methanones 6a-e and 12a-bromo-6b,12a-dihydro-12H-

chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7 

Until now, in the literature, only linear furoquinolines from the Rutaceae family of 

plants have been screened for the ability to inhibit AChE activity, and reported as being 

promissing.81,82,85, 139  In this work, the potential of all (aryl)(furo[3,2-c]quinolin-2-

yl)methanones 6a-e and 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-

c]quinolin-12-one 7 towards the activity of AChE was evaluated in the range of 1.50 µM to 

100 µM (Figure 79). 
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Figure 79. AChE inhibition pattern observed for compounds 6a-e and 7 at concentrations of 1.50 µM, 15.0 

µM, 30.0 µM, 50.0 µM, 80.0 µM and 100 µM. The concentrations used for donepezil hydrochloride ranged 

from 0.03 nM to 3.04 µM. 

The respective IC50 values (i.e. calculated through dose-response graph, which 

exhibit % of inhibition in function of logarithm of tested concentrations, followed by 

determination of the equation of the line that best fits the points in the inflection zone of the 

graph and then found the concentration in which promotes 50 % of inhibition) are 

summarized in Table 8. Accordingly, these results allowed concluding that among the tested 

(aryl)(furo[3,2-c]quinolin-2-yl)methanones, 6a and 6c were the most active against AChE 

(IC50= 78.99 ± 2.75 µM and 27.52 ± 0.23 µM, respectively), the latter being the most active, 

albeit not as active as the drug donepezil (IC50= 0.0156 ± 0.0016 µM). In comparison, 

compounds 6b, 6d and 6e exhibited low inhibitory activity (IC50 > 100 µM), although some 

inhibition was registered. At 100 µM, the percentages of AChE inhibition for these 

compounds corresponded to 42.95 ± 0.01 %, 20.00 ± 4.30 % and 19.11 ± 1.34 %, 

respectively (Table 8). In addition, at this concentration, 12a-bromo-6b,12a-dihydro-12H-

chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7 inhibited the activity of AChE by 41.89 ± 

0.95 % (Table 8).  
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Table 8. AChE inhibitory activity of compounds 6a-e and 7 

 

 

 

 

 

 

 

 

These results suggest that the phenyl and 4-methoxyphenyl groups linked to C-1 

position of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e improve their inhibitory activity 

against AChE, whereas the introduction at C-1 of a halogenated aryl ring [R = 4-ClPh, 4-

BrPh, 2-OH,3,5-(Br)2Ph] may decrease this ability. In fact, a study performed by Yang et al. 

showed that the presence of a methoxy group at C-7 of a quinoline ring in furoquinolines 

appears to be responsible for the increased AChE inhibitory activity.85 Taking into account 

this observation and the simultaneous improved potential herein observed for the methoxy 

group linked to the benzene ring, it is possible to hyphotesize that the methoxy group is able 

to establishe important interactions with AChE, leading to its inactivation, although this must 

be further demonstrated by molecular docking studies. 

3.1.2. Acetylcholinesterase inhibitory activity of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-

yl)-4-chloroquinolines 11a-e, 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-

5(3)-yl]quinoline 12 and (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 

17 

Pyrazoles and isoxazoles are families of compounds with interesting AChE 

inhibitory properties. In this sense, the potential of all 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-

yl)-4-chloroquinolines 11a-e, 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-

yl]quinoline 12 and  (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17   towards 

AChE was also evaluated in this work. Figure 80 depicts the % of inhibition of the 

Compound 
Inhibition at 100 µM  

(% ± SD) 

IC50 

(µM ± SD) 

6a 54.48 ± 2.17 78.99 ± 2.75a 

6b 42.95 ± 0.01 ___ 

6c 86.81 ± 1.75 27.52 ± 0.23b 

6d 20.00 ± 4.30 ___ 

6e 19.11 ± 1.34 ___ 

7 41.89 ± 0.95 ___ 

Donepezil hydrochloride ___ *0.0156 ± 0.0016c 

* This value is similar to those previously reported 140, 141  
Tukey’s test was perform at significance α = 0.05 and different letters indicate significant 

differences (p-value < 0.001) according to this statistic test. 
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enzymatic activity induced by compounds 11a-e, 12 and 17, for concentrations ranging from 

1.50 µM to 100 µM. 
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Figure 80. AChE inhibition pattern observed for compounds 11a-e and 12 at concentrations of 1.50 µM, 

15.0 µM, 30.0 µM, 50.0 µM, 80.0 µM and 100 µM. The concentrations used for donepezil hydrochloride 

ranged from 0.03 nM to 3.04 µM. 

As can be seen from Table 9 the potency of inhibition of these compounds was the 

following: 11c (IC50= 26.39 ± 1.10 µM) > 11a (IC50= 29.05 ± 1.44 µM) > 11e (IC50= 87.01 

± 2.85 µM) > 11d (IC50= 96.02 ± 8.30 µM), respectively. In turn, compounds 11b and 12 

showed low inhibition capacity (% inhibition of only 24.39 ± 0.65 % and 18.99 ± 2.81 % at 

100 µM, respectively). All synthesized compounds 11a-e and 12 showed worse inhibitory 

activity compared to the positive control, donepezil hydrochloride (IC50= 0.0156 ± 0.0016 

µM). Note that based on the worst inhibitory capacity registerd for compound 12, it is 

feasible to suggest that oxidation of this type of pyrazolines to pyrazole is not an efficient 

strategy to target AChE. 
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Table 9. AChE inhibitory capacity of compounds 11a-e and 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, results suggest that the phenyl and 3,4-methoxyphenyl groups linked 

to C-3’ position of compounds 11a and 11c, respectively, contributed to the increase of the 

inhibitory action of AChE enzymatic activity whereas the introduction at C-3’ of a 

halogenated aryl ring [R = 4-Br’’-Ph, 4-Cl’’-Ph,] in 11d and 11e, respectively, as well as 

introduction of a 2-hydroxy group in case of compound 11b (R = 2-OH’’-Ph), may decrease 

the inhibitory potential. These characteristics were also observed in another type of 

pyrazolines. In fact, a study performed by Mishra et al. showed that for 3,5-diarylpyrazolines 

containing an anthracene and aryl groups as substituents, the presence of phenyl and a 

methoxyphenyl groups increased the inhibitory activity against AChE. 142  Thus, the 

introduction of these groups seems to improve this ability. Furthermore, it is possible that 

the 2,3-dihydropyridine moiety in the 4-chloroquinoline core of pyrazolines 11a-e 

contributes to part of the activity, because this nucleus can establish π-π stacking interactions 

with the enzyme. Moreover, the NH group of pyrazoline ring may be able to establish 

hydrogen bonds with AChE, as demonstrated in a study carried out by Shah et al.99 However 

to better understand and justify the interactions that pyrazolines 11a-e can establish with this 

enzyme, molecular docking studies should be performed. 

Compound 
Inhibition at 100 µM  

(% ± SD) 

IC50 

(µM ± SD) 

11a 95.66 ± 4.68 29.05 ± 1.44a 

11b 24.39 ± 0.65 ___ 

11c 72.69 ± 0.99 26.39 ± 1.10a 

11d 56.88 ± 7.16 96.02 ± 8.30b 

11e 59.07 ± 5.44 87.01 ± 2.85c 

12 18.99 ± 2.81 ___ 

Donepezil hydrochloride ___ *0.0156 ± 0.0016d 

*This value is similar to those previously reported .140, 141   
Different letters indicate significant differences (p-value < 0.033) according to Tukey’s test 

at significance α = 0.05. 
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In addition, the inhibition percentage of AChE promoted by isoxazole 17 and 

pyrazole 18 (Figure 81) were also evaluated. The gathered results showed that at 100 µM,   

inhibiton percentages were of 24.32 ± 2.36 % and 79.02 ± 1.62 %, respectively and hence, 

the overall results suggest that the pyrazole core may increase the inhibitory activity against 

AChE (the pyrazole 18  was about 3 times more active than isoxazole 17). 

Figure 81. Structures of isoxazole 17 and pyrazole 18 screened for acetylcholinesterase inhibitory activity. 

3.2.  Antioxidant capacity 

Oxidative stress is related to the development of several diseases conditions, namely 

cardiovascular diseases [CVDs], chronic obstructive pulmonary disease, chronic kidney 

disease, cancer143 and neurodegenerative disease, including AD.  

In this work, the synthesized compounds 6a-e, 7, 11a-e, 12 and 17 were tested trough 

ABTS+• and NO• scavenging assays, in order to evaluate their antiradicalar abilities. 

3.2.1.  Antioxidant capacity of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e and 

12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 

7 

So far, few studies have been performed regarding the evaluation of the antioxidant 

activity of furoquinolines; in fact, a search on “the web of sicence” using the keywords 

“furoquinolines and antioxidant” showed only one article reporting the evaluation of the 

antioxidant properties of alkaloid furoquinolines from the plant Vepris glomerata. This 

article showed that linear furo[2,3-b]quinolines from this botanical species were not very 

effective as antioxidant agents, as evaluated by DPPH scavenging and ferric reducing power 

assays.86 In another work, found in Scopus database, it was shown that a different type of 

linear furo[2,3-b]quinolines, characterized by the presence of a cyclopentene ring fused with 

the furoquinoline moiety, also did not exhibited significant ABTS+ and DPPH scavenging 

potential.87 These observations led us to perform antiradicalar studies of the angular 

furo[3,2-c]quinolines 6a-e, aiming to understand if their antioxidant abilities differ from 
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those of the linear furoquinolines reported on the literature. Furthermore, compound 7 was 

also tested in order to compare its activity with that obtained for 6a-e. 

Our results demonstrated that the synthetized furoquinolines and compound 7 had no 

relevant radical scavenging ability towards the free radicals ABTS+ and NO. In fact, while 

inhibition of ABTS+ at 100 µM was bellow or close to 10%, at the same concentration, the 

standard ascorbic acid could inhibit about 82.69 ± 7.17 % and its IC50 value was of 19.97 ± 

1.84 µM. (Table 10). In the same line, compounds 6a, 6c and 7 showed weak ability to 

scavenge NO at the selected concentration of 700 µM (less than 10% innihition). Please 

note that the potential of compounds 6b, 6d and 6e to scavenge NO at the selected 

concentration was not determined, since these precipitated in the reaction medium.  

Overall, the obtained results suggest that compounds 6a-e and 7 are weak 

antioxidants, being consistent with the results found in the literature for the linear 

furoquinolines. Thus, it seems that the structures of these compounds are not benefical for 

acting as free radicals scavengers. Most probably, these structures are too stable to be 

involved in mechanisms of antioxidant activity.  

Table 10. Free radical scavenging ability of compounds 6a-e and 7. 

 

 

                ABTS+• assay                                       NO• assay 

Compound  Inhibiton at 100 µM (% ± SD) Inhibiton at 700 µM (% ± SD) 

6a 7.61 ± 1.15 1.40 ± 0.67 

6b 2.01 ± 0.69 ___ a 

6c 4.01 ± 0.31 4.61 ± 2.45 

6d 2.32 ± 0.89 ___ a 

6e 6.27 ± 2.99 ___ a 

7 12.41 ± 1.53 7.43 ± 2.77  

Ascorbic acid 
82.69 ± 7.17 76.79 ± 5.04 

(IC50 = 19.97 ± 1.84)b (IC50 = 250.27 ± 25.99)b 

a At the selected concentration, a precipitate was observed. 
b In parenthesis are the IC50 values of ascorbic acid for both ABTS+• and NO• scavenging assays. These 

values are expressed in (µM ± SD). 
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3.2.2. Antioxidant activity of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-

chloroquinolines 11a-e, 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-

yl]quinoline 12 and (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17. 

Pyrazolines and pyrazoles are known to have interesting antioxidant activities. 

Recently, Silva et al. published a review of different types of pyrazolines and pyrazoles that 

have been synthesized and screened for their antioxidant activity.88 In this sense, the new 

series of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e and their 

analogue 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 synthesized 

in this work were evaluated regarding their ABTS+ and NO scavenging abilities.  

The results showed that 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 

11a-e presented good radical scavenging activity against ABTS+• radical. In fact, almost all 

pyrazolines showed IC50 values (11c, 19.73 ± 0.19 µM; 11d, 18.88 ± 0.28 µM; 11e, 18.38 ± 

0.38 µM) comparable to that of the ascorbic acid (IC50 = 19.97 ± 1.83 µM). Of note, 

compound 11b was the most active pyrazolines (IC50 = 9.66 ± 0.10 µM), with potency of 

about twice that of ascorbic acid, while compound 11a (IC50 = 31.01 ± 0.35 µM) was the 

less active one (Table 11). On the other hand, the 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-

pyrazol-5(3)-yl]quinoline 12 exhibited low ABTS+• radical scavenging activity, with 6.25 ± 

1.21 % percentage of inhibition at 40 µM (Table 11). Furthermore, a comparative graph 

with IC50 values of pyrazolines 11a-e and the standard ascorbic acid was made for better 

visualization of the differences between IC50 of them (Figure 82). 

Table 11. ABTS+• scavenging ability of compounds 11a-e and 12. 

Tukey’s test was perform at significance α = 0.05 and different letters indicate significant 

differences (p-value < 0.001) according to this statistic test. 

Compound 
Inhibition at 40 µM  

(% ± SD) 

IC50 

(µM ± SD) 

11a 56.67 ± 0.63 31.01 ± 0.35a 

11b 93.33 ± 0.14 9.66 ± 0.10b 

11c 84.54 ± 0.75 19.73 ± 0.19c 

11d 85.84 ± 1.27 18.88 ± 0.28c 

11e 89.39 ± 1.31 18.38 ± 0.38c 

12 6.25 ± 1.21 ___ 

Ascorbic acid 81.95 ± 4.72 19.97 ± 1.83c 
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Figure 82. Comparison of IC50 values obtained for ABTS+● scavenging capacity for compounds 11a-e and 

ascorbic acid. 

The results found showed that pyrazolines had higher antioxidant activity than 

pyrazole and furoquinolines and evidenced that the presence of pyrazoline core in the 

structures is responsible for conferring antioxidant activity compared to pyrazole and 

furoquinolines. This fact can be explained through the mechanism involved in the ABTS+• 

assay. In this case, the 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e 

probably react with the free radical through hydrogen atom transfer (HAT) mechanism and 

during this process ABTS+• radical removes one hydrogen atom of compounds 11a-e, 

leading to the formation of ABTS(H) and a pyrazolylquinoline radical (Figure 83).144 In 

fact, compounds 11a-e have three hydrogen atoms (2xH-4’ and H-5’) which can be removed 

by the ABTS+• in contrast to 12, whose structures are too stable and this removal of a 

hydrogen atom is probably more difficult, justifying the increases in IC50 compared to 3-(3-

aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloro-quinolines 11a-e (Table 11). This observation 

is consistent with reported studies that demonstrated that the pyrazoline core was more 

effective at reacting with the ABTS+• than the pyrazole moiety.145 Further computational 

studies will be helpful to provide more insights about the mechanism underlying the 

antioxidant action of these compounds. 
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Figure. 83. Proposed mechanism for the reaction between compounds 11a-e and the ABTS+●. 

In addition, the observation that the three protons (2xH-4’ and H-5’) of 3-(3-aryl-4,5-

dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e can be involved in the HAT process was 

highlighted by studies carried out previously at the University of Aveiro.146 In these studies, 

pyrazolylquinolones 3a-e were synthetized. In order to understand whether it was the H-1 of 

the quinolone core of the pyrazolylquinolones that conferred antioxidant activity, this 

position was protected through methylation of compound 3a affording compound 19. 

Subsequently, to see if H-1’ was the responsible for the antioxidant activity, at that position 

was also inserted a phenyl group giving compound 20 (Figure 84). The results of ABTS+• 

scavenging (performed under the same conditions those determined in the present work) 

showed that the metylation of the nitrogen atom at the position 1 of the quinolone core 19 

(IC50 = 27.7 ± 0.50 µM), or the introduction of a phenyl group at H-1’ 20 (IC50 = 25.0 ± 0.50 

µM), did not have significant effect on the antioxidant activity relatively to analogue 3a (IC50 

= 28.8 ± 3.10 µM).146 Therefore, these results suggested that it was not H-1 and H-1’ (red in 

Figure 84) that contributed to the antioxidant activity, because possibly this antiradicalar 

ability is conferred by the H-4’ protons of the pyrazoline core. This hypothesis was 

corroborated in our study that showed a reduced  antioxidant activity for 4-chloro-3-[3(5)-

(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 compared to 3-(3-aryl-4,5-dihydro-

1H-pyrazol-5-yl)-4-chloro-quinolines 11a-e (Table 11). 
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Figure 84. Pyrazolylquinolones 3a-e, 19 and 20 synthetized in previous studies performed at 

Universtity of Aveiro. 

Furthermore, the substituent group attached to the aromatic ring influenced the 

ABTS+• radical scavenging activity. In this study, for compounds 11a-e, the IC50 values 

(Table 11) obtained were in agreement with those found in previous studies for 

pyrazolylquinolones 3a-e. In both studies, the IC50 values presented in decreasing order 

were: 11a/3a (R=H) > 11d/3d (R=4’’-Br) > 11e/3e (R=4’’-Cl) > 11b/3b (R=2’’-OH), and 

the most effective compounds were found to be compounds 11b/3b containing a hydroxy 

group in the ortho position (R = 2”-OH). In fact, the position of the hydroxy group in the 

aromatic ring is known to influence the antioxidant activity, as demonstrated by Biskup et 

al.147 These authors have shown that in phenolic compounds, the hydroxy group in ortho 

position had a greater quenching effect on the ABTS+• radical than the hydroxy group in 

meta position. However, to confirm whether this observation is valid in this type of 

compounds, pyrazolines analogues of 11a-e having hydroxy groups at meta- and para- 

positions of the aromatic ring should be synthesized in the future. Furthermore, the strong 

effect of the compound 11b can be explained by the fact that this structure has two sites 

where proton transfer can occur (H-4’ and 2’’-OH), probably contributing to the formation 

of the hydroxy-pyrazolylquinoline and phenoxy-pyrazolylquinoline radicals (Figure 85), 

leading to the formation of ABTS(H), through the same mechanism presented in Figure 83. 

 

 

 

 

Figure 85. Possible sites of radical H• transfer in the case of pyrazoline 11b. 
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In the NO• scavenging assay, the results showed that 3-(3-aryl-4,5-dihydro-1H-

pyrazol-5-yl)-4-chloroquinolines 11a-e and 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-

pyrazol-5(3)-yl]quinoline 12 exhibited lower NO• scavenging activity compared to ascorbic 

acid. In fact, ascorbic acid had an IC50 of 250.27 ± 25.99 µM, which was lower than any of 

the other compounds. This was followed by compounds 11b (IC50= 328.84 ± 24.09 µM) and 

11c (IC50=337.60 ± 34.48 µM), which were about 1.3 times less active than the ascorbic acid 

(Table 12). In turn, compounds 11a, 11d, 11e and 12, exhibited low ability to scavenge NO• 

and % inhibition at 700 µM only achieving 25.96 ± 4.91 %, 22.75 ± 4.25 %, 25.87 ± 2.67 % 

and 8.35 ± 2.05 %, respectively. These results suggest that the presence of halogen atoms in 

aromatic ring of pyrazolines 11d and 11e as well as the non-substitution 11a contribute 

negatively to NO• scavenging  activity, while the presence of hydroxy and methoxy groups 

in 11b and 11c, respectively, seem to increase NO• scavenging activity. In addition, 

compound 12 exhibited less activity compared to 11a-e, suggesting that oxidation of this 

series of compounds 11a-e to pyrazoles was not an advantageous strategy to increase NO• 

scavenging activity. Considering the percentage of inhibition at 700 µM of 11b (63.86 ± 

0.74 %), 11c (62.89 ± 2.82) and ascorbic acid (76.79 ± 5.04), the IC50 values were 

determined and then an illustrative graph of the IC50 values obtained for compounds 11b, 

11c and ascorbic acid was plotted (Figure 86) for better visualization of the differences 

between IC50 of them. 

Table 12. NO• scavenging ability of compounds 11a-e and 12. 

 

 

 

 

 

Tukey’s test was perform at significance α = 0.05 and different letters indicate significant 

differences (p-value < 0.02) according to this statistic test. 

 

Compound 
Inhibition at 700 µM  

(% ± SD) 

IC50 

(µM ± SD) 

11a 25.96 ± 4.91 ___ 

11b 63.86 ± 0.74 328.84 ± 24.09ª 

11c 62.89 ± 2.82 337.60 ± 34.48a 

11d 22.75 ± 4.25 ___ 

11e 25.87 ± 2.67 ___ 

12 8.35 ± 2.05 ___ 

Ascorbic acid 76.79 ± 5.04 250.27 ± 25.99b 
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Figure 86. Comparison of IC50 values obtained for NO● scavenging ability for compounds 11b, 11c and 

ascorbic acid. 

           Comparing these results with those obtained in previous studies for 

pyrazolylquinolones 3a-e (3a, IC50  = 64.29 ± 8.92 µM; 3b, IC50 = 59.37 ± 2.60 µM; 3c, IC50 

= 61.67 ± 2.84 µM; 3d, IC50= 53.12 ± 4.60 µM; 3e, IC50 = 49.24 ± 2.04 µM), performed in 

the same conditions, it was possible to verify that all 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-

yl)4-chloroquinolines 11a-e were less active than 3a-e and ascorbic acid (see Table 12), 

being compounds 3a-e more active than ascorbic acid.133 It is also important to note that, in 

both studies, the hydroxy (11b/3b) and methoxy (11c/3c) groups seems to contribute to the 

increase of the NO• scavenging ability. Looking in detail at the structures of pyrazolines 11a-

e and 3a-e (Figure 87), one may conclude that regardless these are similar, compounds 11a-

e, contain a chloroquinoline core, whereas pyrazolines 3a-e contain a quinolone core (red 

and blue circle, respectively, in Figure 87) and it is possible that these structural diferences 

can explain their different behaviour regarding  NO• scavenging ability. In fact, the carbonyl 

group seems to show a great effect on the NO• scavenging ability.148 In addition, compounds 

3a-e can present keto-enolic type tautomerism, through which quinolone core can be 

converted to the corresponding hydroxyquinoline149  contributing with another hydroxyl 

group, which as previously discussed, increased the scavenging activity against NO•. 
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Figure 87. Structures of pyrazolylquinolines 11a-e and pyrazolylquinolones 3a-e. 

            Although no studies have been previously reported about the evaluation of the 

scavenging activity of similar compounds to 11a-e and 3a-e against NO•, it is important to 

note that other researchers have demonstrated that in rebamipide 21 (antiulcer agent), the 

3,4-double bond in conjunction with a 2-oxo function increased scavenging activity against 

hydroxy radicals 150 . Similar to 21, it seems that in compounds 3a-e, 2,3-double bond 

conjugated with 4-oxo increase the scavenging activity against NO•. Furthermore, the same 

authors verified that the carbonyl of the amide group of rebamipide 21 was also important 

for the hydroxy radical scavenging activity (Figure 88).150  

 

 

 

 

Figure 88. Structure of rebamipide 21, an antiulcer agent. 

           Therefore, although the antioxidant mechanisms involved in the NO• scavenging are 

not known, it seems that quinolone core, hydroxy and carbonyl groups increase the 

scavenging activity against this radical. In fact, a study with polyphenolic compounds 

showed that the presence of carbonyl and hydroxy groups contribute to improve NO• 

scavenging activity of those type of compounds.148 Thus, as previously mentioned, the 

quinolone moiety seems to confer greater NO• scavenging activity compared to the 

chloroquinoline core. In this sense, the scavenging activity of compound 19 was evaluated 

and compared with those obtained for 11a and 3a, to realize the influence of the carbonyl 

group on this activity as well as the hydrogen of the quinolone core. The gathered results 

showed that, at 700 µM, compounds 11a and 19 scavenged the NO• by about the 25.96 ± 
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4.91 % and 51.29 ± 7.02 %, respectively, being these compounds less active than 3a (IC503a 

= 64.29 ± 8.92 µM). With these results, we can speculate that the carbonyl group of the 

quinolone core alone contributed to the NO• scavenging activity, however compounds 11a 

and 19 were shown to be much less active than 3a, suggesting that hydrogen (H-1) of 

quinolone may participate in an antioxidant mechanism, probably HAT as suggested by 

Greef et al.151  

Additionally, radical scavenging activities of isoxazole 17 and its pyrazole analogue 

18, already available in the laboratory, were evaluated against ABTS+ and NO. In ABTS+ 

scavenging assay, the IC50 found for isoxazole 17 was 8.20 ± 0.49 µM, whereas the IC50 of 

compound 18 was 4.32 ± 0.56 µM. These results showed that the pyrazole 18 was about two 

times more effective in ABTS+ scavenging compared to isoxazole 17 and about 4.62 more 

effective than acorbic acid (IC50= 19.97 ± 1.83 µM). In NO scavenging assay, a solution of 

700 µM of compounds 17 and 18 was tested, being that for compound 17 the inhibition 

percentage obtained was 2.55 ± 1.64 % and for compound 18 was 43.42 ± 1.43 %. These 

results suggest that pyrazole 18 was much more effective than the isoxazole 17, however is 

less active than ascorbic acid, which inhibits 76.79 ± 5.04 % at 700 µM  (IC50= 250.27 ± 

25.99 µM). 
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4.1. Conclusions 

In this work, novel nitrogen heterocyclic compounds derived from quinolones and 

quinolines, namely aroylfuro[3,2-c]quinolines [IUPAC name: (aryl)(furo[3,2-c]quinolin-2-

yl)methanones] 6a-e and  3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinolines 11a-e 

were synthetized and characterized. In the synthesis of aroylfuro[3,2-c]quinoline 6e, an 

interesting compound, the 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-

c]quinolin-12-one 7 was isolated and characterized for the first time. This compound 

presents two important pharmacophore groups in its structure, a furoquinoline moiety and a 

chromene moiety. Two possible mechanistic pathways for the formation of this compound 

were proposed. In the synthesis of dihydropyrazolylquinolines 11a-e and oxidized derivative 

the 4-chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline 12 was isolated.  

As exploratory work, the synthesis of novel isoxazolylquinolones was attempted starting 

from the a quinolone-based chalcone, more specifically from (E)-3-[3-(4-bromophenyl)-3-

oxoprop-1-en-1-yl]quinolin-4(1H)-one 4d. However the expected compound was not 

obtained; instead the (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-en-

1-one 15 was obtained, as a consequence of the nucleophilic attack of hydroxylamine at the 

C2-position of the quionolone ring with consequent ring opening. Although vestigial amount 

of this product was obtained, this was a very interesting result that opened new research 

perspectives towards improvements of the synthesis of this type of compounds. Moreover, 

novel (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-5-(2-

hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’ were synthetized. Further work is needed 

to improve the reaction yield and to synthetize other derivatives. 

Enzymatic and in chemico studies were performed in order to evaluate the 

anticholinesterasic and antioxidant activities of compounds 6-e, 7, 11a-e, 12 and 17, 

respectively. Based on the results obtained important structure-activity relationships were 

established: 

Relatively to the AChE inhibition assay, for (aryl)(furo[3,2-c]quinolin-2-yl)methanones 

6a-e, the unsubstituted compound 6a (R=H) and compound 6c (R=4’’-OCH3) having a 

methoxy group on phenyl ring showed better  inhibitory enzymatic activity compared  to the 

other derivatives 6b, 6d and 6e which have halogen atoms on phenyl ring (Figure 89).  These 

results showed that non-substitution or substitution with methoxy groups may increase 
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AChE inhibitory activity. In addition, compound 7 was not very effective against inhibition 

of AChE. Regarding antioxidant assays, the (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-

e and 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7  

were not very effective as scavengers of NO• and ABTS+•, suggesting that these type of 

compounds are not very effective as antioxidants. 

Concerning AChE inhibitory activity of compounds 11a-e, it was found that the most 

active compounds were the non-substituted 11a and methoxy-substituted 11c compounds. 

Thus, the introduction of methoxy groups on the phenyl ring increased the inhibitory activity, 

on contrary to the introduction of halogen atoms, since the halogenated compounds 11d and 

11e presented reduced activity (Figure 89). Compounds 11a-e, in general, presented good 

scavenging activity against ABTS+•, however inferior to ascorbic acid, with exception of 

compound 11b which exhibited better activity than this commercial antioxidant. The results 

obtained suggested that the presence of the hydroxy group (R=2’’-OH) contributed to the 

increase of the scavenging activity. In addition, compared to compound 12, compounds 11a-

e were more active, suggesting that probably their radical scavenging activity occurs through 

a HAT mechanism involving protons of the pyrazoline core. In the NO• scavenging assay, it 

was possible to determine the IC50 values only for compounds 11b and 11c, however they 

were less active than ascorbic acid. These results showed that the presence of methoxy and 

hydroxy groups have a positive impact on the scavenging activity against NO•, although, as 

already stated, it is possible that this activity is mostly justified by a HAT mechanism 

involving the H-1 of the quinolone ring. In addition, isoxazole 17 was less active than its 

pyrazole analogue 18 as acetylcholinesterase inhibitor and also as free radicals (ABTS+• and 

NO•) scavenger.  
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Figure 89. Representative scheme of the work performed and the main conclusions. 

4.2. Future perspectives 

In the future, based on the structures of the most active compounds, it will be important 

to design and synthetize novel derivatives, modifying the substitution pattern, based on the 

SAR studies performed in this work and evaluate the cytotoxicity of the most active 

compounds as well as their ability to cross the blood brain barrier envisaging their 

application as therapeutic targets to counteract Alzheimer’s disease.  

Another future goal is to improve the reaction conditions towards the synthesis of 

isoxazole 17 in a better yield and to synthetize a library of  isoxazoles, similar to 17, having 

different substituent groups, in order to test them as  AChE inhibitors and as NO• and ABTS+• 

scavengers to assess their potential as antioxidants.  

Furthermore, novel isoxazoles, namely (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-(1-

aryl)prop-2-en-1-one derivatives should be synthesized starting from (E)-1-(aryl)-3-(4-

chloroquinolin-3-yl)-prop-2-en-1-ones 10a-f. Firstly, it will be necessary to perform a 

careful screening of the reaction conditions in order to develop and efficient method for the 

synthesis of this type of isoxazoles.  Then, biological studies will be performed to evaluate 
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the potential of these compounds as AChE inhibitors and as free radicals (NO• and ABTS+•) 

scavengers for comparison with the results already found for the compounds synthetized in 

this work, namely the pyrazolylquinolines 11a-e. 

The (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-(1-aryl)prop-2-en-1-one will be also used 

as a building block or starting compound for the synthesis of novel dyads isoxazole-pyrazole 

and bisisoxazoles, through its reaction with hydrazine hydrate and with hydroxylamine, 

respectively. The introduction of a pyrazole moiety or of a second isoxazole moiety in the 

structure of comounds (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-(1-aryl)prop-2-en-1-ones 

may contribute to increase their antioxidant activity. 

In another context, the compounds synthetized in this work, namely the furo[3,2-

c]quinolines 6a-e  and the dihydropyrazolylquinolines 11a-e, could also be tested for their 

antibacterial and antimalarial activity, since quinolines are also well-known as  important 

antibacterial and antimalarial agents. 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Chapter 5 – Experimental section 
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5.1. General 

Reagents and solvents were purchased as reagent-grade and used without further 

purification unless otherwise stated. Preparative thin-layer chromatography (TLC) was 

carried out with silica gel (60 DGF254) plates. Melting points were determined with a Büchi 

melting point B-540 apparatus and are uncorrected. NMR spectra were recorded with 300 or 

500 MHz [300.13 MHz (1H), 75.47 MHz (13C), or 500.16 MHz (1H), 125.77 MHz (13C)] 

Bruker Avance III NMR spectrometers with tetramethylsilane as the internal reference. 

Deuterated solvent used was specified for each compound. Chemical shifts () are quoted 

relative to TMS. Unequivocal 13C assignments were made on the basis of 2D gHSQC 

(1H/13C) and gHMBC (delays for one-bond and long-range JC/H couplings were optimised 

for 145 and 7 Hz, respectively) experiments. Positive-ion ESI mass spectra and high-

resolution mass spectra [ESI(+)-HRMS] were performed using a Q Exactive Orbitrap mass 

spectrometer (Thermo Fischer Scientific, Bremen, Germany) controlled by THERMO 

Xcalibur 4.1. The capillary voltage of the electrospray ionization (ESI) was set to 3000 V. 

The capillary temperature was 250 ºC. The sheath gas flow rate (nitrogen) was set to 5 

(arbitrary unit as provided by the software settings). Single crystals of compound 12a-

bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7 were 

manually harvested from an NMR tube and immersed in highly viscous FOMBLIN Y 

perfluoropolyether vacuum oil (LVAC 140/13, Sigma-Aldrich) to avoid degradation caused 

by the evaporation of the solvent. Crystals were mounted on MiTeGen MicroLoops, 

typically with the help of a Stemi 2000 stereomicroscope equipped with Carl Zeiss lenses. 

X-ray diffraction data were collected at 150(2) K on a Bruker D8 QUEST equipped with Mo 

Kα sealed tube (λ = 0.71073 Å), a multilayer TRIUMPH X-ray mirror, a PHOTON 100 

CMOS detector, and an Oxford Instruments Cryostrem 700+ Series low temperature device. 

Diffraction images were processed using the software package SAINT+, and data were 

corrected for absorption by the multiscan semi-empirical method implemented in SADABS 

2016/2. The structure was solved using the algorithm implemented in SHELXT-2014/5, 

which allowed the immediate location of almost all of the heaviest atoms composing the 

molecular unit. The remaining missing and misplaced non-hydrogen atoms were located 

from difference Fourier maps calculated from successive full-matrix least-squares 

refinement cycles on F2 using the latest SHELXL from the 2018/3 release. All structural 

refinements were performed using the graphical interface ShelXle. Hydrogen atoms bound 
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to carbon were placed at their idealized positions using appropriate HFIX instructions in 

SHELXL: 43 (aromatic carbon atoms) and 13 (tertiary carbon atoms). These hydrogen atoms 

were included in subsequent refinement cycles with isotropic thermal displacements 

parameters (Uiso) fixed at 1.2×Ueq of the parent carbon atoms. The last difference Fourier 

map synthesis showed the highest peak (0.518 eÅ-3) and the deepest hole (-0.348 eÅ-3) 

located at 1.01 and 0.84 Å from Br1, respectively. Structural drawings have been created 

using the software package Crystal Impact Diamond.  

5.2. Synthesis 

5.2.1. Synthesis of (aryl)(furo[3,2-c]quinolin-2-yl)methanones 6a-e and 12a-bromo-

6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one 7 

Method A: Pyridinium tribromide (0.232 g, 0.73 mmol) was added to a solution of the 

appropriate (E)-3-(3-aryl-3-oxoprop-1-en-1-yl)quinolin-4(1H)-one 4a-e (0.36 mmol) in 

acetic acid (20 mL). The reaction mixture was stirred at room temperature. The reaction 

progress was monitored by TLC. After 4 h, the mixture was poured into ice and neutralized 

with an aqueous hydrogen carbonate solution. The organic layer was extracted with 

chloroform and washed with water, dried with anhydrous sodium sulfate and chloroform 

was evaporated to dryness. 152  The obtained organic residue was purified by thin layer 

chromatography using dichloromethane as eluent. The expected 2-aroylfuro[3,2-

c]quinolines 6a-e were obtained in  54-84 % of yield as white or yellow solids. In the reaction 

of (E)-3-[3-(2-hydroxyphenyl)-3-oxoprop-1-en-1-yl]quinolin-4(1H)-one 4e, with PTB an 

unexpected product, 12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-

c]quinolin-12-one 7, was obtained in 21% yield. 

Method B: N-bromosuccinimide (0.101 g, 0.54 mmol) was added to a solution of (E)-3-(3-

oxo-3-phenylprop-1-en-1-yl)quinolin-4(1H)-one 4a (0.050 g, 0.18 mmol) in CCl4 (10 mL). 

The reaction mixture was stirred at room temperature and the reaction progress was 

monitored by TLC. After 24 h, the solvent was evaporated to dryness. Then, the obtained 

solid residue was dissolved in chloroform and was washed with an aqueous sodium 

thiosulfate solution. The organic layer was dried with anhydrous sodium sulfate and 

evaporated to dryness. The solid residue was dissolved in chloroform and purified by thin 

layer chromatography using dichloromethane as eluent. Compound 6a was obtained in good 

yield (67%) as a white solid.153  
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Method C: Bromine (9.7 µL, 0.19 mmol) was added to a solution of (E)-3-[3-(4-

chlorophenyl)-3-oxoprop-1-en-1-yl]quinolin-4(1H)-one 4b (54.0 mg, 0.16 mmol) in CCl4 (7 

mL). The mixture was stirred at room temperature for 4h under nitrogen atmosphere. The 

reaction progress was monitored by TLC. After this period, the solution was evaporated to 

dryness. Then, the solid residue was dissolved in chloroform and washed with an aqueous 

sodium thiosulfate solution. The combined organic layer was evaporated to dryness and the 

residue was dissolved in chloroform and purified by thin layer chromatography using 

dichloromethane as eluent. Compound 6b was obtained as a white solid in 50% yield.152  

Furo[3,2-c]quinolin-2-yl(phenyl)methanone (6a), 54% yield, 53.1 mg (white solid),  

m.p.150-152 ºC. 1H NMR (300.13 MHz, CDCl3):  = 7.59 (t, 2 H, J = 7.2 Hz, H-3’’,5’’), 

7.67-7.72 (m, 1 H, H-4’’), 7.73 (s, 1 H, H-3’), 7.74-17.76 (m, 1 H, H-8’), 7.84 (ddd,1 H, J = 

8.2, 7.0 and 1.5 Hz, H-7’), 8.10 (dd, 2H, J = 7.2, 1.4 Hz, H-2’’,6’’), 8.29 (d, 1 H, J = 8.2 Hz, 

H-6’), 8.48 (ddd, 1 H, J = 8.4, 1.5 and 0.6 Hz, H-9’), 9.28 (s, 1 H, H-4’) ppm.13C NMR 

(75.47 MHz, CDCl3):  = 115.6 (C-3’), 117.0 (C-9a’), 119.9 (C-3a’), 121.0 (C-9’), 127.7 

(C-8’), 128.8 (C-3’’,5’’), 129.5 (C-2’’,6’’), 129.9 (C-6’), 130.1 (C-7’), 133.3 (C-4’’), 136.9 

(C-1’’), 146.5 (C-4’), 147.1 (C-5a’), 152.7 (C-2’), 157.1 (C-9b’), 183.5 (C-1) ppm. MS 

(ESI+) m/z (%): 274.1 (100) [M+H]+. HRMS (ESI+) m/z calcd for C18H12NO2 [M + H]+, 

274.0863; found: 274.0859. 

(4-Chlorophenyl)(furo[3,2-c]quinolin-2-yl)methanone (6b), 54% yield, 59.8 mg 

(white solid), m.p. 186-187 ºC. 1H NMR (300.13 MHz, CDCl3):  = 7.58 (d, 2 H, J = 8.5 

Hz, H-3”,5”), 7.73-7.76 (m, 1 H, H-8’), 7.77 (s, 1 H, H-3’), 7.85 (ddd, 1 H, J = 8.4, 7.0 and 

1.5 Hz, H-7’), 8.08 (d, 2 H, J = 8.5 Hz, H-2”,6”), 8.29 (d, 1 H, J = 8.4 Hz, H-6’), 8.47 (dd, 

1 H, J = 7.8, 1.5 Hz, H-9’), 9.29 (s, 1 H, H-4’) ppm. 13C NMR (300.13 MHz, CDCl3):  = 

115.5 (C-3’), 116.9 (C-9a’), 119.8 (C-3a’), 120.9 (C-9’), 127.9 (C-8’), 129.2 (C-3”,5”), 

129.9 (C-6’), 130.3 (C-7’), 130.9 (C-2”,6”), 135.1 (C-1”), 139.9 (C-4”), 146.3 (C-4’), 146.9 

(C-5a’), 152.6 (C-2’), 157.2 (C-9b’), 182.3 (C-1) ppm. MS (ESI+) m/z (%): 308.1 (100) 

([M+H]+, 35Cl), 310.1 (40) ([M+H]+, 37Cl). HRMS (ESI+) m/z calcd for C18H10
35ClNO2 

[M+H]+, 308.0473; found: 308.0470.  

Furo[3,2-c]quinolin-2-yl(4-methoxyphenyl)methanone (6c), 84% yield, 91.7 mg 

(white solid), m.p. 154-155 ºC. 1H NMR (300.13 MHz, CDCl3): δ = 3.94 (s, 3 H, OCH3), 

7.07 (d, 2 H, J = 8.9 Hz, H-3’’,5’’), 7.72 (ddd, 1 H, J = 8.3, 7.0 and 1.4 Hz, H-8’), 7.73 (br 
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s, 1 H, H-3’), 7.82 (ddd, 1 H, J = 8.3, 7.0 and 1.5 Hz, H-7’), 8.17 (d, 2 H, J = 8.9 Hz, H-

2’’,6’’), 8.26 (d, 1 H, J = 8.3 Hz, H-6’), 8.46 (ddd, 1 H, J = 8.3, 1.5, 0.7 Hz, H-9’), 9.26 (s, 

1 H, H-4’) ppm. 13C NMR (75.47 MHz, CDCl3): δ = 55.6 (OCH3), 114.0 (C-3’’,5’’), 114.5 

(C-3’), 117.1 (C-9a’), 120.0 (C-3a’), 120.9 (C-9’), 127.6 (C-8’), 129.6 (C-7’), 130.0 (C-6’), 

132.0 (C-2’’,6’’), 132.2 (C-1’’), 146.5 (C-4’), 147.1 (C-5a’), 153.2 (C-2’), 156.9 (C-9b’), 

163.9 (C-4’’), 181.9 (C-1) ppm. MS (ESI+) m/z (%): 304.1 (100) [M+H]+, 326.2 (7.5) 

[M+Na]+. HRMS (ESI+) m/z calcd for C19H13NO3 [M+H]+, 304.0968; found: 304.0965.  

(4-Bromophenyl)(furo[3,2-c]quinolin-2-yl)methanone (6d), 70% yield, 88.8 mg 

(white solid), m.p. 195-197 ºC. 1H NMR (300.13 MHz, CDCl3): δ = 7.74 (d, 2 H, J = 8.7 Hz, 

H-3’’,5’’), 7.74 – 7.76 (m, 1 H, H-8’), 7.76 (br s, 1 H, H-3’), 7.84 (ddd, 1 H, J = 8.3, 7.0, 1.5 

Hz, H-7’), 8.00 (d, 2 H, J = 8.7 Hz, H-2’’,6’’), 8.27 (d, 1 H, J = 8.3 Hz, H-6’), 8.45 (ddd, 1 

H, J = 8.1, 1.5, 0.7 Hz, H-9’), 9.27 (s, 1 H, H-4’) ppm. 13C NMR (75.47 MHz, CDCl3): δ = 

115.5 (C-3’), 116.9 (C-9a’), 119.8 (C-3a’), 120.9 (C-9’), 127.8 (C-8’), 128.5 (C-4’’) 130.1 

(C-6’), 130.2 (C-7’), 131.0 (C-2’’,6’’), 132.1 (C-3’’,5’’), 135.6 (C-1’’), 146.5 (C-4’), 147.2 

(C-5a’), 152.5 (C-2’), 157.1 (C-9b’), 182.3 (C-1) ppm. MS (ESI+) m/z (%): 352.1 (100) 

([M+H]+, 79Br), 354.1 (92) ([M+H]+, 81Br). HRMS (ESI+) m/z calcd for C18H10
79BrNO2 

[M+H]+, 351.9968; found: 351.9964.  

(3,5-Dibromo-2-hydroxyphenyl)(furo[3,2-c]quinolin-2-yl)methanone (6e), 60% 

yield, 96.6 mg (yellow solid), m.p. 242-243 ºC. 1H NMR (300.13 MHz, CDCl3): δ = 7.79 

(ddd, 1 H, J = 8.1, 7.0, 1.3 Hz, H-8’), 7.88 (ddd, 1 H, J = 8.4, 7.0, 1.5 Hz, H-7’), 7.98 (br s, 

1 H, H-3’), 7.99 (d, 1 H, J = 2.1 Hz, H-4’’), 8.29 (d, 1 H, J = 8.4 Hz, H-6’), 8.43 (ddd, 1 H, 

J = 8.1, 1.5, 0.7 Hz, H-9’), 8.66 (d, 1 H, J = 2.1 Hz, H-6”), 9.32 (s, 1 H, H-4’), 12.63 (s, 1 

H, 2”-OH) ppm. 13C NMR (75.47 MHz, CDCl3): δ =111.0 (C-5’’), 113.6 (C-3’’), 116.7 (C-

9a’), 117.2 (C-3’), 119.6 (C-3a’), 120.3 (C-1’’), 120.7 (C-9’), 128.1 (C-8’), 130.3 (C-6’), 

130.6 (C-7’), 133.1 (C-6’’), 141.8 (C-4’’), 146.4 (C-4’), 147.4 (C-5a’), 151.7 (C-2’), 157.5 

(C-9b’), 159.2 (C-2’’), 184.1 (C-1) ppm. MS (ESI+) m/z (%): 445.9 (47) ([M+H]+, 79Br, 

79Br), 447.9 (100) ([M+H]+, 79Br, 
81Br), 449.9 (42) ([M+H]+, 81Br, 

81Br). HRMS (ESI+) m/z 

calcd for C18H9
79Br2NO3 [M+H]+, 445.9022; found: 445.9019.  

12a-bromo-6b,12a-dihydro-12H-chromeno[2',3':4,5]furo[3,2-c]quinolin-12-one (7), 

21% yield, 27.8 mg (yellow solid), m.p. 256-257 ºC. 1H NMR (300.13 MHz, CDCl3): δ = 

6.45 (s, 1 H, H-6b), 7.05 (dd, 1 H, J= 8.4, 1.0 Hz, H-8), 7.21 (ddd, 1 H, J= 8.0, 7.2, 1.0 Hz, 
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H-10), 7.59-7.67 (m, 2 H, H-2,9), 7.85 (ddd, 1 H, J= 8.6, 7.1, 1.2 Hz, H-3), 8.04 (dd, 1 H, J 

= 8.0, 1.0 Hz, H-11), 8.14 (dd, 1 H, J= 8.3, 1.2 Hz, H-1), 8.21 (d, 1 H, J = 8.6 Hz, H-4), 9.17 

(s, 1 H, H-6) ppm. 13C NMR (75.47 MHz, CDCl3): δ = 87.5 (C-6b), 94.7 (C-12a), 115.4 (C-

6a), 116.9 (C-13b), 118.6 (C-8), 119.2 (C-11a), 121.9 (C-1), 123.9 (C-10), 127.4 (C-2), 

129.1 (C-11), 129.6 (C-4), 131.7 (C-3), 137.7 (C-9), 147.1 (C-6), 150.7 (C-4a), 159.7 (C-

7a), 163.1 (C-13a), 202.6 (C-12) ppm. MS (ESI+) m/z (%): 290.1 (17.5) [C18H11NO3+H]+, 

368.1 (100) ([M+H]+, 79Br), 370.1 (97.5) ([M+H]+, 81Br). HRMS (ESI+) m/z calcd for 

C18H11
79BrNO3 [M+H]+, 367.9917; found: 367.9924. Crystal data for 7: C18H10BrNO3, 

M = 368.18, monoclinic, space group P21/c, Z = 4, a = 15.6773(18) Å, b = 6.7908(8) Å, 

c = 15.3495(19) Å,  = 118.405(4)º, V = 1437.4(3) Å3, (Mo-K) = 2.875 mm-1, 

Dc = 1.701 g cm-3, colourless plate with crystal size of 0.210.070.02 mm3. Of a total of 

25437 reflections collected, 2616 were independent (Rint = 0.0464). Final R1 = 0.0251 

[I > 2(I)] and wR2 = 0.0562 (all data). Data completeness to theta = 25.24°, 99.7%. CCDC 

1962713. 

5.2.2. Synthesis of 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-chloroquinoline 11a-e 

and 4-chloro-3-[3-(4-methoxyphenyl)-1H-pyrazol-5-yl]quinoline 12 

The appropriated (E)-(1-aryl)-3-(4-chloroquinolin-3-yl)prop-2-en-1-one 10a-e (0.36 

mmol) was suspended in methanol (20 mL), previously dried over anhydrous sodium sulfate. 

Then hydrazine hydrate (55%, 0.16 mL, 2.88 mmol) was added and the reaction mixture was 

refluxed for 4.5 h, under nitrogen and protected from daylight. After this period, the reaction 

mixture was concentrated and left in a cold chamber (6 ºC) overnight. The formed solid was 

filtered and washed with ethanol. The pure 3-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-4-

chloroquinolines 11a-e were obtained in moderate to very good yields  (50-92%) without 

further purification or crystallization. In the reaction of (E)-3-(4-chloroquinolin-3-yl)-1-(4-

methoxyphenyl)prop-2-en-1-one 10f with hydrazine hydrate, in the same conditions, the 

oxidized form of the expected pyrazoline,  the 4-chloro-3-[3-(4-methoxyphenyl)-1H-

pyrazol-5-yl]quinoline 12  was obtained in 64% yield. Excess of hydrazine hydrate 

remaining in the filtrate was neutralized with diluted hydrochloric acid.133 

4-Chloro-3-(3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)quinoline (11a), 50 % yield, 

52.9 mg (white solid), m.p.176-179 ºC. 1H NMR (500.16 MHz, DMSO-d6):  = 3.03 (dd, 1 

H, J= 16.6, 10.7 Hz, H-4’), 3.71 (dd, 1 H, J= 16.6, 10.7 Hz, H-4’), 5.41 (t, 1 H, J= 10.7 Hz, 
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H-5’), 7.41 (dd, 2 H, J= 8.2, 7.4 Hz, H-3’’,5’’), 7.52 (t, 1 H, J= 7.4 Hz, H-4’’), 7.68 (d, 2 H, 

J= 8.2 Hz, H-2’’,6’’), 7.80 (ddd, 1 H, J= 8.4, 6.9, 1.3 Hz, H-6), 7.87 (ddd, 1 H, J= 8.4, 6.9, 

1.5 Hz, H-7), 8.11 (d, 1 H, J= 8.4 Hz, H-8), 8.27 (dd, 1 H, J= 8.4, 1.5 Hz, H-5), 9.02 (s, 1 H, 

H-2) ppm. 13C NMR (75.47 MHz, DMSO-d6):  = 39.0 (C-4’), 59.3 (C-5’), 123.8 (C-5), 

125.3 (C-4a), 125.7 (C-2’’,6’’), 128.4 (C-6), 128.6 (C-3’’,5’’), 129.0 (C-4’’), 129.4 (C-8), 

130.3 (C-7), 132.9 (C-3), 133.2 (C-1’’), 139.0 (C-4), 147.6 (C-8a), 149.1 (C-3’), 149.7 (C-

2) ppm. MS (ESI+) m/z (%): 308.2 (100) ([M+H]+, 35Cl), 310.2 (35) ([M+H]+, 37Cl).  

 4-Chloro-3-[3-(2-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline [IUPAC 

name: 2-[5-(4-chloroquinolin-3-yl)-4,5-dihydro-1H-pyrazol-3-yl]phenol (11b), 58% yield, 

64.7 mg (white solid), m.p. 174-175ºC. 1H NMR (500.16 MHz, DMSO-d6):  = 3.20 (dd, 1 

H, J= 16.8, 10.7 Hz, H-4’), 3.88 (dd, 1 H, J= 16.8, 10.7 Hz, H-4’), 5.43 (t, 1 H, J= 10.7 Hz), 

6.90 (t, 1 H, J= 7.4 Hz, H-5’’), 6.94 (d, 1 H, J= 8.0 Hz, H-3’’), 7.26 (ddd, 1 H, J= 8.0, 7.4, 

1.6 Hz, H-4’’), 7.34 (dd, 1 H, J= 7.4, 1.6 Hz, H-6’’), 7.81 (ddd, 1 H, J= 8.4, 6.9, 1.3 Hz, H-

6), 7.89 (ddd, 1 H, J= 8.4, 6.9, 1.4 Hz, H-7), 8.12 (d, 1 H, J= 8.4 Hz, H-8), 8.28 (d, 1 H, J= 

8.4 Hz, H-5), 9.05 (s, 1H, H-2) ppm. 13C NMR (75.47 MHz, DMSO-d6):  = 39.9 (C-4’), 

57.8 (C-5’), 115.8 (C-3’’), 116.5 (C-1’’), 119.2 (C-5’’), 123.8 (C-5), 125.2 (C-4a), 128.1 (C-

6’’), 128.5 (C-6), 129.4 (C-8), 130.1 (C-4’’), 130.4 (C-7), 132.6 (C-3), 139.3 (C-4), 147.7 

(C-8a), 149.6 (C-2), 152.9 (C-3’), 156.8 (C-2’’) ppm. MS (ESI+) m/z (%): 324.2 (100) 

([M+H]+, 35Cl), 324.6 (35) ([M+H]+, 37Cl). HRMS (ESI+) m/z calcd for C18H15
35ClN3O 

[M+H]+, 324.0898; found: 324.0896. 

4-Chloro-3-[3-(3,4-dimethoxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline 

(11c), 64  % yield, 81.5 mg (yellow solid), m.p. 110-112ºC. 1H NMR (500.16 MHz, DMSO-

d6):  = 2.99 (dd, 1 H, J= 16.6, 10.5 Hz, H-4’), 3.69 (dd, 1 H, J= 16.6, 10.5 Hz, H-4’), 3.78 

(s, 1 H, 4’’-OCH3), 3.80 (s,1 H, 3’’-OCH3), 5.38 (t, 1 H, J= 10.5 Hz, H-5’), 6.97 (d, 1 H, J= 

8.3 Hz, H-5’’), 7.13 (dd, 1 H, J= 8.3, 1.7 Hz, H-6’’), 7.32 (d, 1 H, J= 1.7 Hz, H-2’’), 7.80 

(ddd, 1 H, J= 8.4, 6.9, 1.3 Hz, H-6), 7.87 (ddd, 1 H, J= 8.4, 6.9, 1.4 Hz, H-7), 8.11 (d, 1 H, 

J= 8.4 Hz, H-8), 8.27 (d, 1 H, J=8.4 Hz, H-5), 9.02 (s, 1 H, H-2) ppm. 13C NMR (75.47 

MHz, DMSO-d6):  = 39.8 (C-4’), 55.3 (4’’-OCH3), 55.5 (3’’-OCH3) 59.2 (C-5’), 108.4 (C-

2’’), 111.4 (C-5’’), 119.0 (C-6’’), 123.7 (C-5), 125.2 (C-4a), 125.6 (C-1’’), 128.4 (C-6), 

129.4 (C-8), 130.3 (C-7), 133.3 (C-3), 138.9 (C-4), 147.6 (C-8a), 148.7 (C-3’’), 149.3 (C-

3’), 149.4 (C-4’’), 149.7 (C-2) ppm. MS (ESI+) m/z (%): 368.2 (100) ([M+H]+, 35Cl), 370.2 
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(55) ([M+H]+, 37Cl). HRMS (ESI+) m/z calcd for C20H18
35ClN3O [M+H]+, 368.1172; found: 

368.116. 

3-[3-(4-Bromophenyl)-4,5-dihydro-1H-pyrazol-5-yl]-4-chloroquinoline (11d), 92 % 

yield, 123.4 mg (white solid), m.p. 143-145ºC. 1H NMR (500.16 MHz, DMSO-d6): δ = 3.02 

(dd, 1 H, J = 16.7, 10.7 Hz, H-4’), 3.70 (dd, 1 H, J = 16.7, 10.7 Hz, H-4’), 5.42 (t, 1 H, J = 

10.7 Hz, H-5’), 7.57-7.63 (m, 4 H, H-2’’,3’’,5’’,6’’), 7.80 (dd, 1 H, J = 8.4, 6.5 Hz, H-6), 

7.83-7.91 (m, 1 H, H-7), 8.11 (d, 1 H, J = 8.3 Hz, H-8), 8.27 (d, 1 H, J = 8.4 Hz, H-5), 9.00 

(s, 1 H, H-2) ppm. 13C NMR (75.47 MHz, DMSO-d6): δ = 39.2 (C-4’), 59.4 (C-5’), 121.5 

(C-4’’), 123.8 (C-5), 127.3 (C-4a), 127.6 (C-2’’,6’’), 128.5 (C-6), 129.3 (C-8), 130.5 (C-7), 

131.5 (C-3’’,5’’), 132.2 (C-1’’), 132.8 (C-3), 139.1 (C-4), 147.2 (C-8a), 148.2 (C-3’), 149.5 

(C-2) ppm. MS (ESI+) m/z (%): 386.1 (82.5) ([M+H]+, 35Cl, 79Br), 388.1 (100) ([M+H]+, 

35Cl, 81Br / 37Cl, 79Br), 390.2 (25) ([M+H]+, 37Cl, 81Br). HRMS (ESI+) m/z calcd for 

C18H14N3
79Br35Cl [M+H]+, 386.006; found: 386.0054. 

4-Chloro-3-[3-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-5-yl]quinoline (11e), 76 % 

yield, 89.8 mg (green solid), m.p. 135-137ºC. 1H NMR (500.16 MHz, DMSO-d6): δ = 3.02 

(dd, 1 H, J = 16.6, 10.7 Hz, H-4’), 3.70 (dd, 1 H, J = 16.6, 10.7 Hz, H-4’), 5.42 (t, 1 H, J = 

10.7 Hz, H-5’), 7.46 (d, 2 H, J= 8.6 Hz, H-3’’,5’’), 7.67 (d, 2 H, J= 8.6 Hz, H-2’’,6’’), 7.80 

(ddd, 1 H, J = 8.3, 6.9, 1.4 Hz, H-6), 7.87 (ddd, 1 H, J = 8.2, 6.9, 1.5 Hz, H-7), 8.11 (dd, 1 

H, J = 8.2, 1.4 Hz, H-8), 8.27 (ddd, 1 H, J = 8.3, 1.5, 0.5 Hz, H-5), 9.00 (s, 1 H, H-2) ppm. 

13C NMR (75.47 MHz, DMSO-d6): δ = 39.3 (C-4’), 59.5 (C-5’), 123.8 (C-5), 125.2 (C-

2’’,6’’), 127.3 (C-4a), 128.5 (C-6), 128.6 (C-3’’,5’’), 129.2 (C-8), 130.5 (C-7), 131.7 (C-3), 

132.4 (C-1’’), 132.7 (C-4’’), 139.1 (C-4), 147.5 (C-3’), 148.3 (C-8a), 149.4 (C-2) ppm. MS 

(ESI+) m/z (%): 342.2 (100) ([M+H]+, 35Cl), 344.2 (72) ([M+H]+, 35Cl,37Cl), 346.2 (12.5) 

([M+H]+, 37Cl,37Cl), 381.4 (8) [M+K]+. HRMS (ESI+) m/z calcd for C18H14
35Cl2N3 [M+H]+, 

342.0559; found: 342.0553. 

4-Chloro-3-[3(5)-(4-methoxyphenyl)-1H-pyrazol-5(3)-yl]quinoline (12), 64 % 

yield, 75.1 mg (beige solid), m.p. 225-226 ºC. 1H NMR (500.16 MHz, DMSO-d6): δ =3.82 

(s, 3 H, OCH3), 7.08 (d, 2 H, J = 8.2 Hz, H-3’’,5’’), 7.34 (s, 1 H, H-4’), 7.77-7.92 (m, 4 H, 

H-2’’, 6’’, 6, 7), 8.14 (d, 1 H, J = 8.3 Hz, H-8), 8.37 (d, 1 H, J = 8.3 Hz, H-5), 9.37 (s, 1 H, 

H-2), 13.71 (s, 1 H, H-1’) ppm. 13C NMR (75.47 MHz; DMSO-d6): δ = 55.3 (OCH3), 103.5 

(C-4’), 114.8 (C-3’’,5’’), 121.0 (C-1’’), 121.5 (C-2’’,6’’), 124.3 (C-5), 125.5 (C-3), 125.9 
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(C-4a), 128.6 (C-6), 129.5 (C-8), 130.6 (C-7), 137.7 (C-4), 143.1 (C-3’), 146.5 (C-5’), 147.3 

(C-8a), 151.5 (C-2), 159.7 (C-4’’) ppm. MS (ESI+) m/z (%): 336.2 (100) ([M+H]+, 35Cl), 

338.2 (47.5) ([M+H]+, 37Cl), 381.4 (10) [M+2Na]+. HRMS (ESI+) m/z calcd for 

C19H15
35ClN3O [M+H]+ 336.0898; found: 336.0893. 

5.2.3. Synthesis of (E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-

en-1-one 15. 

Anhydrous sodium acetate (1.69 mmol) was dissolved in 1mL of hot glacial acetic 

acid and it was added to a 5 mL reactor containing a solution of (E)-3-[3-(4-bromophenyl)-

3-oxoprop-1-en-1-yl]quinolin-4(1H)-one 4d (0.85 mmol) and hydroxylamine hydrochloride 

(0.85 mmol) in 3 mL of absolute ethanol. Then, the reaction mixture was subjected to 

microwave irradiation for 30 minutes at 100ºC. After this period, the reaction mixture was 

poured into ice cold water and neutralized with sodium bicarbonate and washed with water 

to remove unreacted hydroxylamine hydrochloride, being the organic phase extracted with 

ethyl acetate. Finally, the obtained solid was purifed twice with a mixture , (9:1 CH2Cl2 

:acetone) to obtain the compound 15.137 

(E)-3-[5-(2-aminophenyl)isoxazol-4-yl]-1-(4-bromophenyl)prop-2-en-1-one (15), 

(yellow residue). 1H NMR (300.13 MHz, CD3OD): δ = 6.92 (d,1 H, J = 16.7 Hz, H-2), 7.42-

7.47 (m, 1 H, H-5’’), 7.44 (d, 2 H, J = 8.5 Hz, H-2’’’,6’’’), 7.61-7.65 (m, 1 H, H-3’’), 7.63 

(d, 2 H, J = 8.5 Hz, H-3’’’,5’’’), 7.71 (ddd, 1 H, J = 8.5, 7.0, 1.5 Hz, H-4’’), 8.15 (d, 1 H, J 

= 16.7 Hz, H-3), 8.29 (s, 1 H, H-3’), 8.31 (dd, 1 H, J = 8.2, 1.5 Hz, H-6’’) ppm. MS (ESI+) 

m/z (%): 369.1 (100) ([M+H]+, 79Br), 371.1 (47.5) ([M+H]+, 81Br), 391.1 (30) ([M+Na]+, 

79Br), 393.1 (12.5) ([M+Na]+, 81Br).  

5.2.4. Synthesis of (E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole 17 and (E)-5-

(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole 17’ 

Anhydrous sodium acetate (1.69 mmol) was dissolved in 1mL of hot glacial acetic 

acid and it was added to a 5 mL reactor containing a solution of (E)-1-(2-hydroxyphenyl)-5-

(methoxyphenyl)pent-4-ene-1,3-dione 16  (0.85 mmol) and hydroxylamine hydrochloride 

(0.85 mmol) in 3 mL of absolute ethanol. Then, the reaction mixture was heated under 

microwave irradiation for 30 minutes at 100ºC. After this period, the reaction mixture was 

poured into ice cold water and neutralized with sodium bicarbonate and washed with water 
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to remove unreacted hydroxylamine hydrochloride, being the organic phase extracted with 

ethyl acetate. Finally, the obtained solids were purifed twice with a mixture (9:1 CH2Cl2: 

acetone) to obtain the compounds 17 and 17’.137 

(E)-3-(2-hydroxyphenyl)-5-(4-methoxystyryl)isoxazole (17), 36 % yield, 90.7 mg 

(orange solid), m.p. 200-201 ºC. 1H NMR (300.12 MHz, CDCl3):  = 3.85 (s, 3H, OCH3), 

6.93 (d, 2 H, J= 8.7 Hz, H-3’’,5’’), 6.95 (s, 1 H, H-4), 7.00-7.07 (m, 2 H, H-5’,3’), 7.04 (d, 

1 H, J= 16.5 Hz, H-α), 7.22 (d, 1 H, J= 16.5 Hz, H-β), 7.32 (ddd, 1 H, J= 8.2, 7.3, 1.7 Hz, 

H-4’), 7.49 (d, 2 H, J= 8.7 Hz, H-2’’,6’’), 7.78 (dd, 1 H, J= 8.2, 1.7 Hz, H-6’) ppm. 13C 

NMR (75.47 MHz, CDCl3): 55.4 (OCH3), 99.9 (C-4), 113.7 (C-α), 114.1 (C-1’), 114.3 (C-

3’’,5’’), 117.2 (C-3’), 120.8 (C-5’), 127.7 (C-6’), 128.4 (C-2’’,6’’), 128.6 (C-1’’), 131.6 (C-

4’), 135.8 (C-β), 153.7 (C-2’), 160.3 (C-4’’), 162.5 (C-5), 167.3 (C-3). MS (ESI+) m/z (%): 

294.1 (100) [M+H]+. HRMS (ESI+) m/z calcd for C18H15NO3 [M+H]+ 294.1125; found: 

294.1124. 

(E)-5-(2-hydroxyphenyl)-3-(4-methoxystyryl)isoxazole (17’), vestigial quantities 

(yellow solid), m.p. 123-124 ºC. 1H NMR (300.12 MHz, CDCl3):  = 3.87 (s, 3H, OCH3), 

6.31 (s, 1 H, H-4), 6.67 (d, 1 H, J= 16.0 Hz, H-α), 6.96 (d, 1 H, J= 8.8 Hz, H-3’’,5’’), 7.39 

(ddd, 1 H, J= 8.3, 7.1, 1.4 Hz, H-5’), 7.51-7.63 (m, 4 H, H-β, H-2’’,6’’, 3’), 7.68 (ddd, 1 H, 

J= 8.3, 7.1, 1.4 Hz, H-4’), 8.20 (dd, 1 H, J= 8.3, 1.4 Hz, H-6’) ppm. 13C NMR (75.47 MHz, 

CDCl3): 55.5 (OCH3), 110.0 (C-4), 114.5 (C-3’’,5’’), 117.8 (C-3’), 117.9 (C-α), 124.2 (C-

1’), 124.9 (C-5’), 125.7 (C-6’), 127.8 (C-1’’), 129.3 (C-2’’,6’’), 133.6 (C-4’), 136.7 (C-β), 

156.0 (C-2’), 161.1 (C-4’’), 162.2 (C-3), 178.4 (C-5) ppm. MS (ESI+) m/z (%): 294.1 (100) 

[M+H]+. HRMS (ESI+) m/z calcd for C18H15NO3 [M+H]+ 294.1125; found: 294.1124. 

5.3. Enzymatic and in chemico assays 

Ellman method: AChE inhibitory activity was assessed by an adaptation of the 

Ellman’s method154 that use acetylthiocholine iodine (ATChI), a thiol analogue of the natural 

substrate acetylcholine. In this method, the thiocholine resulting from the enzymatic 

catalysis of ATChI reacts with 5,5′-dithiobis(2-nitrobenzoic acid)  (DTNB), also known as 

Ellman’s reagent, originating 5-thio-2-nitrobenzoic acid (TNB). The resulting TNB is then 

promptly quantified by measuring the absorbance at 415 nm. Acetylcholinesterase (AChE, 

E.C. 3.1.1.7, from Electrophorus electricus), DTNB and acetylthiocholine iodine (ATChI) 

were purchased from SigmaAldrich. Stock solutions of 500 µM for compouds 6a-e, 7, 11a-
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e, 12 and 17 were prepared in methanol/sodium phosphate buffer pH 8.0 (1:1 proportion). 

Due to solubility problems and in order to guarantee that the percentage of methanol present 

in solution would not interfere with the enzymatic activity, the volumes to be added were 

slightly adapted, maintaining the quantities of each reagent in the final solution, so as to 

obtain in the well a percentage of 10% of methanol (which does not interfere with the 

enzymatic activity, previously tested). To each well of a 96 well microplate, 50 μL of the 

tested compounds were added with a micropipette. Then, 100 μL of a 0.025 U/mL solution 

of AChE was added to all wells and the solution incubated during 5 min at 37 °C. After these 

5 min and in sequence, 50 μL of a 2.5 mM solution of ATChI and 50 μL of a 0.5 mM solution 

of DTNB were pipetted to all the wells of the microplate. The microplate was then placed in 

the microplate reader programmed to shake for 5 seconds before each reading and read Abs 

at 415 nm at different times (0 s, 150 s, 300 s, and 450 s) to monitor the reaction rate.154  

ABTS+• scavenging assay: A stock solution of ABTS+• was prepared by reacting the 

ABTS-NH4 aqueous solution (7 mM) with 2.45 mM potassium persulfate (final 

concentration) and stored in the dark at room temperature for 12–16 h to allow the 

completion of radical generation. This solution was then diluted with ethanol so that its 

absorbance was adjusted to 0.70±0.02 at 734 nm. To determine the scavenging activity, stock 

solutions with concentrations of 600 µM of 6a-e and 7 and 240 µM of 11a-e, 12 and 17 were 

prepared using DMSO as solvent. Then in a 96-well plate, 50 µL of sample or standard were 

added as well as 250 µL of ABTS+•, previously prepared. Then, the microplate was placed 

in an environment without light for 20 minutes. After this period, the absorbance was 

measured at 734 nm in an automated plate reader (Biotek Instrument Inc, USA).155 The 

percentage of inhibition of ABTS+•, was calculated using the method of Yen & Duh as 

follows:156  

% ABTS+• scavenging = 
(Ac-As)

Ac
 × 100 

Where Ac = Absorbance of the control (without addition of compounds) and As = 

Absorbance of sample/compounds. The concentration of the standard/compound able to 

inhibit 50% of ABTS+• (IC50) was then calculated by plotting the percentage of inhibition 

against the concentration of compounds. Ascorbic acid was used as reference. 
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NO• scavenging assay: The scavenging activity of NO• can be estimated by the 

Griess Ilosvay reaction. 157  In this method, sodium nitroprusside (SNP) decomposes at 

physiological pH spontaneously generates nitric oxide, that then reacts with oxygen and 

produces nitrite ions. The amount of the formed products can be quantified through the use 

of the Griess reagent that reacts with nitrite ions and develops a pink color, formed as 

consequence of diazotation of the nitrite with sulfanilamide and subsequent coupling with 

N-(1-naphthyl)ethylenediamine dihydrochloride. In the presence of nitric oxide scavengers, 

they compete with the oxygen, culminating in a lower production of nitrite ions and 

subsequently the production of the azo-cromophores, reducing the color tonality. The 3.33 

mM SNP solution was made by diluting 5 mg of SNP in 10 mL of potassium buffer 100 mM 

(pH=7.4). To prepare Griess reagent equal volumes of Griess A and Griess B had to be 

added, being that Griess A was prepared by addition of 1g of sulfanilamide to 100 mL of 

phosphoric acid 5% and for Griess B 0.1 g of N-(1-naphthyl)ethylenediamine 

dihydrochloride were solubilized in 100 mL of water. These solutions were then placed in 

the fridge and protected from the light. For these compounds a stock solution of 2.1 mM of 

6a-e, 7, 11a-e, 12 and 17 was prepared in DMSO. Then in a 96-well plate, 100 µL of standard 

or sample and 100 µL of 3.33 mM SNP solution were added in this order and then left 

incubating under fluorescent lamp for 15 minutes. After this  period 100 µL of Griess reagent 

were added. The plate was left in a dark place for 10 minutes. The absorbance of the plate 

was measured at 562 nm. 

5.4. Statistics 

 Data from AChE inhibitory activities and antiradicalar (ABTS+• and NO•) capacity 

of compounds were statistically analyzed by a trial version of GraphPad Prism 7.0 software 

(OriginLab Corporation, Northampton, MA, USA) using one-way ANOVA and Tukey-HSD 

multiple comparisons test.  
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