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Abstract 

 

Cancer is one of the leading causes of death in the world and, in recent years, new 

compounds with promising antitumor activity have been investigated, namely chalcones. 

The promising biological activities of natural chalcones have prompted the development of 

several synthetic approaches to synthesize chalcone derivatives. Additionally, the presence 

of an α,β-unsaturated ketone moiety make these compounds as intermediates for the 

synthesis of diverse heterocyclic derivatives, namely isoxazoles and pyrazoles.  

As a continuation of the search of new antitumor small molecules by the LQOF-

FFUP/CIIMAR research group, sixteen structurally related chalcones were synthesized by 

Claisen Schmidt condensation under microwave irradiation. In addition, isoxazole (P0-iso, 

P4-iso), epoxide (P0-epo, P4-epo), and pyrazole (P0-pyr, P4-pyr) derivatives were 

obtained through molecular modification of the ,β-unsaturated carbonyl system of two 

previously synthesized chalcones. 

All compounds were evaluated for their antiproliferative activity in three human tumor 

cell lines, A375-C5 (melanoma), MCF-7 (breast adenocarcinoma) and NCI-H460 (non-

small cell lung cancer), by the sulforhodamine B assay (SRB). In vitro screening results 

showed that some compounds have potent antiproliferative activity on human tumor cell 

lines, with GI50 values lower than 10 μM. 

 Moreover, the antimitotic effect of a previously synthesized chalcone (BF) in non-

small cell lung cancer (NCI-H460) cell line was evaluated. The results suggested that BF 

exerts its antiproliferative effect by blocking mitotic progression of NCI-H460 cells, 

interfering with the assembly of spindle microtubules. Additionally, after prolonged treatment 

with BF, NCI-H460 cells presented abnormal nuclear morphology suggesting cell death by 

apoptosis. Thus, these results support the possibility of this chalcone to disrupt the 

microtubule assembly behaving as a potential antimitotic agent. 

 

Keywords: Chalones; isoxazoles; pyrazoles; antimitotic agents. 
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Resumo 

 

O cancro é uma das principais causas de morte no mundo e, nos últimos anos, 

novos compostos com atividade antitumoral foram investigados, nomeadamente calconas. 

As promissoras atividades biológicas descritas para estes produtos naturais encorajaram 

o desenvolvimento de métodos de síntese para obter análogos sintéticos. Adicionalmente, 

a presença nas calconas de uma cetona ,β-insaturada, torna estes compostos 

intermediários para a síntese de derivados heterocíclicos, nomeadamente isoxazóis e 

pyrazóis.  

Como continuação da pesquisa de novas pequenas moléculas antitumorais pelo 

grupo de pesquisa do LQOF-FFUP/CIIMAR, dezasseis calconas estruturalmente 

relacionadas foram sintetizadas por condensação de Claisen Schmidt sob irradiação 

microondas. Além disso, derivados isoxazóis (P0-iso, P4-iso), epóxidos (P0-epo, P4-epo) 

e pirazóis (P0-pyr, P4-pyr) foram obtidos através da modificação molecular do sistema 

carbonilo ,β-insaturado de duas calconas previamente sintetizadas. 

Os compostos foram avaliados relativamente à sua atividade antiproliferativa em 

três linhas celulares tumorais humanas, A375-C5 (melanoma), MCF-7 (adenocarcinoma 

da mama) e NCI-H460 (cancro de células não pequenas do pulmão), pelo ensaio da 

sulforrodamina B. Os resultados da triagem in vitro mostraram que alguns compostos 

apresentam potente atividade antiproliferativa em linhas celulares tumorais humanas, com 

valores de GI50 menores que 10 μM. 

Além disso, foi avaliado o efeito antimitótico da calcona BF na linha celular de 

cancro de células não pequenas do pulmão NCI-H460. Os resultados revelaram que BF 

exerce o seu efeito antiproliferativo bloqueando a progressão mitótica das células NCI-

H460, interferindo na formação do fuso mitótico. Adicionalmente, verificou-se que após o 

prolongamento do tratamento das células com BF, estas apresentaram uma morfologia 

nuclear anormal, sugestiva de morte celular por apoptose. Estes resultados suportam a 

possibilidade desta calcona ser um potencial agente antimitótico, mediante a interferência 

com a formação do fuso mitótico.   

 

Palavras-chaves: Calconas; isoxazóis; pirazóis; agentes antimitóticos.  
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1.1. Cancer and mitosis  

  

 Cancer is the second leading cause of mortality and morbidity, posterior to the 

cardiovascular disease, worldwide. In 2012, approximately 14.1 million new cancer cases, 

8.2 million cancer deaths and 32.6 million people living with cancer (within 5 years of 

diagnosis) were present worldwide1, 2. The types of cancer with more incidence in 2012 

were lung, breast, colorectum, prostate, cervix uteri, stomach and liver cancers (Figure 1)1. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Tobacco use, alcohol use, high body mass index, low fruit and vegetable intake, and 

lack of physical activity are the five leading behavioural and dietary risks, responsible by 

around one third of cancer deaths. Therefore, it is expected an increase of about 70% of 

the number of new cancer cases over the next two decades, being estimated 22 million of 

new cases1, 2.  

  World Health Organization (WHO) defines the cancer not as an only diseases, but 

as a generic term for a great group of diseases that can affect any part of the body. One 

characteristic that allows define the cancer is the fact of the abnormal cells were created of 

rapid form, growing beyond their usual boundaries, and thus can invade adjoining parts of 

the body and spread to others organs2. 

Figure 1. Estimated of the incidence of the most frequent types of cancer in 2012. 
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Cell division is a complex process in which a series of highly coordinated events 

occurs, in which cellular components are double, and then segregated with precision into 

two genetically identical daughter cells3, 4. For a correct cell division, the main requirement 

is the correct functioning of the mitotic spindle during a mitosis. Mitotic spindles are 

aggregates of microtubule, who originate at centrosome that coordinate the movement of 

chromosomes during mitosis5.  

Microtubules are long, filamentous, protein polymers, composed of α-tubulin and β-

tubulin heterodimers, arranged parallel to a cylindrical axis to form tubes that can be many 

micrometres long6. They play an essential role in several eukaryotic cellular process, such 

as cell division and mitosis, the development and maintenance of cell shape, intracellular 

trafficking, and cell signalling6, 7. These are highly dynamic polymers and their 

polymerization are tightly regulated, and occurs through a nucleation-elongation 

mechanism in which a short microtubule "nucleus" is slowly formed, followed by rapid 

elongation at the ends of the microtubule by reversible,  non-covalent addition of α- and β-

tubulin dimers. 

In mitosis, the equal segregation of the duplicated chromosomes allows the correct 

distribution of genetic information to two daughter cells3. This process of accurate 

segregation relies of mechanism of the spindle assembly checkpoint (SAC) that reduces of 

error rate during cell division8.  

 The SAC inhibits metaphase to anaphase transition blocking cell cycle, when there 

are non-attached or mis-attached kinetochores to microtubules, or chromosomes are not 

correctly bi-orientated and aligned at the metaphase plate. In these situation, is given to the 

cell some time for the error correction and chromosome bi-orientation3, 8.  

The SAC is activated by the presence of unattached or improperly attached 

kinetochores9. These kinetochores recruits Mad2, Mad3/BubR1 and Bub3 proteins to the 

generation of the mitotic checkpoint complex (MCC), responsible for the sequestering of 

Cdc20, and thus keeps the anaphase promoting complex/cyclosome (APC/C) inactive. As 

a consequence, the inactivation of APC/C prevents the degradation of the securin and 

cycline B proteins, keeping, in this way, sister-chromatid cohesion and mitotic arrest. Once 

the last kinetochore becomes aligned, the SAC is silenced through disassembly of MCC, 

and Cdc20 becomes free to bind activate APC/C, which lead to securin and cyclin B 

degradation. Degradation of securin, an inhibitor of the protease separase, leads to cohesin 

and sister-chromatid separation, whereas cyclin B degradation leads to inactivation of 

cyclin-dependent kinase 1 (Cdk 1) activity, which drives mitotic exit3, 9.  

 The activity of SAC is crucial for equal segregation of genetic material. When the 

error is adequately solved, the SAC is silenced and the cell progresses into anaphase; 

otherwise, the more common result is the cell death via apoptosis.  
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1.2. Antimitotic agents 

 

Microtubules are essential for mitosis, being an important target for anticancer 

drugs.  The microtubule-targeting agents exert their effect on cell proliferation by induction 

of cell cycle arrest in G2-M phase, being also known as antimitotic agents.  

Microtubule-targeted antimitotic agents (MTAs) are usually classified into two main 

groups, the microtubule destabilizing agents and the microtubule stabilizing agents. The 

microtubule destabilizing agents, such as the vinca alkaloids and colchicine, inhibit 

microtubule polymerization at high concentrations, and therefore inhibit cell proliferation at 

metaphase during mitosis. The microtubule stabilizing agents, such as taxanes (paclitaxel 

and docetaxel), stimulate microtubule polymerization5, 6, 10. 

Most of antimitotic agents act in three different microtubule binding sites, the vinca 

domain, the taxane and the colchicine binding sites (Figure 2). The vinca domain is located 

at the plus end interface on the exchangeable GTP binding site in β-tubulin, the taxane 

binding site is within the lumen of the microtubule, situated in a deep hydrophobic pocket at 

the lateral interface between adjacent protofilaments, and the colchicine binding site is 

situated at the intra-dimer interface between -tubulin and β-tubulin5. 

 

 

Figure 2. Tubulin binding sites. 

 

MTAs exert their effect through the suppression of microtubule dynamics, resulting 

in the spindle formation impairment. Consequently, improper attachment between 

microtubules and kinetochores occur, causing SAC activation, leading to mitotic 

progression blocking. This stationary situation of cells in a SAC-dependent manner is 

temporary, during upon a span of hours, and these cells are driven into programmed cell 

death. Microtubules are, therefore, important straightforward targets for cancer therapy. 

Although several MTAs have been commonly used in cancer treatment, their clinical 
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efficacy has been impaired by various side effects and drug resistance, being needed to 

discover new MTAs agents. 

 

 

 

1.3. Chalcones  

 

 Chalcones (1,3-diphenylpropan-1-ones) are the initial intermediate structures for the 

biosynthesis of all flavonoids11. They are open-chain flavonoids constituted by two aromatic 

rings (A and B) linked through a three-carbon α,β-unsaturated carbonyl system11, 12, 13 

(Figure 3).  

 

 A great number of natural chalcones are polyhydroxylated in the aromatic rings. 

Usually, chalcones have hydroxyl group at C2’-, C4’, and/or C6’-positions in A-ring. The B-

ring generally has a hydroxyl group at C4-position. Some chalcones do not have an oxygen 

function at the 2’-position, being called as retrochalcones. Other common substituents for 

natural chalcones include prenyl and methoxyl groups11.  

 Chalcones are biosynthesized through the convergence of two pathways,  the  

acetate-malonate and shikimate pathways, which give rise to the A- and B- rings, 

respectively (Scheme 1)11, 12. Biosynthesis of chalcones starts with the remotion of the 

amino group of L-phenylalanine, produced via the shikimate pathway, producing cinnamic 

acid, which  afterward, undergoes two stepwise enzymatic conversions catayzed by 

cinnamate 4-hydroxylase and 4-coumarate CoA-ligase leading to 4-coumaroyl-CoA11, 12, 14. 

Claisen-like condensation of 4-coumaroyl-CoA with three molecules of malonyl-CoA forms 

a tetraketide intermediate, which is cyclized to afford a chalcone, being these reactions 

catalysed by chalcone synthase (CHS)11, 14. 

Figure 3. Chalcones scaffold. 



 
 

7 
 

 

 

Scheme 1. Chalcone biosynthesis. ACC, acetyl-CoA carboxylase; TAL, L-tyrosine ammonia-lyase; 

PAL, L-phenylalanine ammonia-lyase; C4H, cinnamate 4-hydroxylase; 4CL, 4-coumarate CoA-

ligase; CHS, chalcone synthase. 
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1.3.1. Methods of synthesis of chalcones 

 

 Considering that chalcones are an important group of natural products with a wide 

range of biological activities and act as precursors in the synthesis of numerous 

compounds, synthetic strategies leading to natural mimic chalcones along with new and 

more diverse and complex molecules have been extensively reported in the past years. The 

main methodologies used are summarized in the next sub-sections (Scheme 2). 

 

 

Scheme 2. Methods of synthesis of chalcones. a) Claisen-Schmidt reaction; b) using 

borontrifluoride-etherate; c) via Suzuki coupling reaction; d) Direct cross-coupling reaction; e) 

Friedel-Crafts Acylation; f) Julia-Kocienski olefination. 
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1.3.1.1. Synthesis of chalcones by Claisen-Schmidt reaction 

 

  The Claisen-Schmidt condensation is the method usually used for synthesizing 

chalcones. In this method chalcones are synthesized by condensation of acetophenone 

and benzaldehyde derivatives resulting in the formation of a α,β-unsaturated ketone moiety 

linking two aromatic rings A and B, derived from the acetophenone and benzaldehyde 

derivatives, respectively (Scheme 2; a). Usually, the benzaldehyde derivative is used in 

excess and the formation of chalcones is easily detected by the appearance of a yellow 

colour in the reaction mixture15. In this reaction occurs the nucleophilic addition of carbanion 

derived from the aryl ketones to carbonyl carbon of the aromatic aldehydes16.The high 

accessibility of commercial acetophenone and benzaldehyde derivatives makes this 

method the most used to synthesize this class of flavonoids. 

The Claisen-Schmidt reaction is typically carried out in the presence of an aqueous, 

methanolic or ethanolic alkaline solution, at room temperature or at reflux for several hours. 

Nevertheless, other catalysts have been developed for this reaction (Table 1). 

 

Table 1. Some catalysts used in Claisen-Schmidt Reaction.  

Catalysts Description 

Activated 

hydrotalcites 

Use of calcined-rehydrated hydrotalcites, as solid-base catalysts, 

such as an Al-Mg mixed oxide15. 

Natural 

phosphate 

modified with 

sodium nitrate 

Obtained by impregnation of natural phosphate with sodium nitrate, 

followed by calcination at 900 ºC, this catalyst is strongly basic and 

can be reused and recovered easy. The use of small amounts, 

allowed obtaining high yields17. 

Acyclic acidic 

ionic liquid 

Some recyclable acyclic SO3H-funtionalized ionic liquids can be used 

in the synthesis of chalcones and separated through decantation 

technique. 

Silicotungstic 

acid 

The silicotungstic acid catalyst allows a chemoselective and efficient 

synthesis with high yields. The use of solvent-free conditions is 

associated with an improvement in the yield18. 

Aminopropylated 

silica sol-gel 

Catalysts used under solvent-free conditions can be recovered and 

reused twice lossless of reactivity19. 

Bismuth (III) 

chloride 

The use of the bismuth (III) chloride catalyst under solvent-free 

conditions is favourable for environment, and allows high yield in 

short reaction time, without formation of impurities20. 

  



10 
 

Table 1. (Contd.) Some catalysts used in Claisen-Schmidt Reaction. 

Catalysts Description 

Modified 

hydroxyapatite 

with sodium 

nitrate 

A small amount of sodium nitrate/hydroxyapatite, in gentle conditions 

at room temperature and with addition of a quaternary ammonium 

salt, allows the increase of yield. This catalyst is of easy regeneration 

and reuse21. 

NaOH-Al2O3 

The use of the NaOH-Al2O3 as catalyst, without using solvent, have 

advantages as quick reaction, gentle conditions of the reaction and 

good yields22. 

Brønsted acidic 

ionic liquids are 

dual catalyst 

Brønsted acidic ionic liquids have catalytic and reusable 

capabilities23. 

 

 

 

1.3.1.2. Synthesis of chalcones using borontrifluoride – etherate 

 

 The method using Borontrifluoride – Etherate was developed by Narender and 

Reddy, in 2007, to synthesize various chalcones. Alternatively to the base catalysed Claisen 

Schimdt reaction, chalcones are obtained by reaction between various substituted 

acetophenones and aromatic aldehyde, with BF3-Et2O as catalyst, within 15-150 minutes 

(Scheme 2; b)24. 

This method has many advantages in relation with classic Claisen Schmidt 

condensation reactions in the presence of the KOH or NaOH , such as high yields, simple 

work-up, short reaction times, no side reactions and can be used in the presence of 

sensitive functional groups (amides and esters)24. In addition, this method can be used in 

solvent-free reactions. 

 

 

1.3.1.3. Synthesis of chalcones by microwave irradiation 

 

 The use the microwave (MW) irradiation in synthesis is popular by researchers 

because fastens the organic reactions and it presents advantages over conventional 

heating methods such as short reaction time, high selectivity,  easy work up and cleaner 

products25. In addition, solvent free reactions can be carried out by MW irradiation, making 

these method an attractive alternatively to the conventional heating26. Therefore, MW 
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irradiation has been used in the synthesis of chalcones by condensation between 

acetophenone and benzaldehyde derivatives, in presence of anhydrous potassium 

carbonate in free-solvent conditions. The anhydrous K2CO3 is cheap, non-toxic and easy to 

use in contrast to more strong bases such as NaOH or KOH, used in classic Claisen 

Schmidt reactions, which are harmful, toxic and polluting. Using this methodology 

Srivastava et al. synthesized several chalcone derivatives in good yields26. 

 Beyond the anhydrous K2CO3, other catalysts with similar advantages have been 

used, such as TiO2-SO4
2- and re-usable hydroxyapatite. The TiO2-SO4

2- is prepared by sol-

gel method through H2SO4, which increase the acidity of TiO2 due to the sulphate present27. 

The hydroxyapatite is used as heterogeneous catalyst, having high reactivity because the 

water combined with hydroxyapatite operates as co-catalyst28. 

 

 

1.3.1.4. Synthesis of chalcones by Suzuki coupling reaction 

 

Suzuki reaction is an important tool used for the construction of C-C bond, which is 

based on the coupling between organoboron compounds and organic halides or triflates, 

catalyzed by palladium in the presence of base29. This reaction has been used for the 

synthesis of several compounds30, including chalcones. 

 The method of synthesis of chalcones via Suzuki Coupling Reaction by the coupling 

either between cinnamoyl chlorides and phenylboronic acids (Scheme 3; a) or between 

benzoyl chlorides and phenylvinylboronic acid (Scheme 3; b) using several reaction 

conditions was first describe in 2003, by Eddarir et al.31. 

 

 

Scheme 3. Method of Synthesis of chalcones via Suzuki coupling reaction. 

  

 Concerning the coupling between cinnamoyl chlorides and phenylboronic acids the 

best yields were obtained using anhydrous toluene as the solvent, 
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tetrakis(triphenylphosphine) as catalyst and cesium carbonate as base. The coupling 

between benzoyl chloride and phenylvinylboronic acid gave the unsubstituted chalcone in 

near quantitative yield, being the yield not affected by the substitution pattern of the benzoyl 

chlorides. In addition, when phenylvinylboronic acid possessing donor substituents was 

used in this reaction the expected chalcone was also obtained with good yields, as 

illustrated in Scheme 2; c)31.  

 

 

1.3.1.5. Synthesis of chalcones by direct cross-coupling reaction 

 

The direct cross-coupling reaction consist in the cross-coupling of the benzoyl 

chlorides and potassium styryltrifluoroborates with palladium-catalysed system under MW 

irradiation, allowing to obtain ,-unsaturated aromatic ketones through one pot synthesis. 

This method has been used for the first time by Al-Masum et al. for the synthesis of several 

chalcones using  1,4-dioxano as solvent and K2CO3 as base (Scheme 2; d)32.  Although 

1,4-dioxane is a non-polar solvent not typically used for MW irradiation reactions, the 

polarizability of the two oxygen and the relatively high boiling point is favourable for cross-

coupling to occur.  

This process present advantages, such as the fact that potassium 

styryltrifluoroborates are non-toxic, easily prepared and removable 32. 

 

 

1.3.1.6. Synthesis of chalcones by Friedel-Crafts acylation 

 

 The chalcones can be synthesized by direct Friedel-Crafts acylation of a phenol. 

The phenol originates the chalcone A-ring while the acylating agent originates both the B-

ring and the three carbon bridge between rings A and B (Scheme 2; e). Several catalysts 

have been used, namely anhydrous aluminum chloride25, 33. 

 

 

1.3.1.7. Synthesis of chalcones by Julia-Kocienski olefination 

 

This method has innovative role for the production of chalcones and flavanones, and 

consists in the condensation of aldehydes with 2-(benzo[d]thiazol-2-ylsulfonyl)-1-

phenylethanones, new reagents developed for Julia-Kocienski olefination, in the presence 

of a base (Scheme 2; f). The product obtained has good yields34.   
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1.3.1.8. Synthesis of chalcones by grinding technique 

 

 Some chalcone derivatives have been obtained by grinding technique through the 

reaction of substituted 2-acetyl-1-naphthol and different substituted benzaldehydes in 

presence of base. This reaction has no need of catalyst, is non-hazardous and 

environmentally safer, giving excellent yield in short reaction time35. 

 

 

 

1.3.2. Chalcones as intermediates for the synthesis of nitrogen heterocycles 
 

 The presence of an ,β-unsaturated carbonyl system in chalcone scaffold makes 

these derivatives as promising building blocks for the synthesis of interesting bioactive 

compounds, namely nitrogen heterocyclic derivatives. In fact, the enone moiety of 

chalcones possess two electrophilic carbon atoms, allowing the participation of chalcones 

in addition reactions through the attack to the carbonyl group (1,2-addition) or the β-carbon 

atom (1,4-conjugate addition) making these compounds versatile molecules for the 

synthesis of pyroles, isoxazoles, pyrazoles, indazoles, among others. 

 

 

1.3.2.1. Synthesis of isoxazoles 

 

 Isoxazole derivatives constitute a unique class of nitrogen and oxygen containing 

five member heterocycles. They are associated with a wide spectrum of biological activities 

such as anti-inflammatory36, anticonvulsant37 , insecticidal38 and anticancer39 activities. 

3,5-diarylisoxazoles have been synthetized through the reaction between chalcones 

and hydroxylamines, using NaOH or KOH as base40. Alternatively, these compounds have 

been obtained by the reaction of various chalcones with hydroxylamine hydrochloride in the 

presence of NaOAc and glacial acetic acid in ethanol (Scheme 4; a)41.  

 In 2012, Kamal et al., reported the two-step synthesis of 4,5-disubstituted 

isoxazoles. Chalcones were converted into the corresponding α,-ditosylate derivatives, 

which then reacted with hydroxylamine giving the isoxazoles (Scheme 4; b)42. Additionally, 

the synthesis of 3,5-isoxazoles has been achieved by the reaction of α,-dibromochalcones 

with hydroxylamine hydrochloride, in the presence of KOH (Scheme 4; c)43, 44. 

 3,4,5-Trisubstituted isoxazoles were synthesized using  poly(ethyleneglycol) (PEG) 

as support. This reaction occurred between soluble-polymer-supported nitrile oxide 
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generated in situ and chalcones yielding the polymer-supported isoxazolines, which after 

were cleaved by sodium methoxide generating 3,4,5-trisubstituted isoxazoles, under mild 

reaction conditions (Scheme 4; d)45. 

 

 

Scheme 4. Synthesis of isoxazole derivatives through molecular modifications of chalcones. HTIB, 

Hydroxy(tosyloxy)iodobenzene. 

 

 

1.3.2.2. Synthesis of pyrazoles 

 

Pyrazoles are widely found as the core structure in a large variety of compounds 

that possess important agrochemical and biological activities. Among these biological 

activities, the antitumor activity has been systematically reported, being considered that the  

introduction of this ring in the chalcone scaffold is associated with an improved antitumor 

activity46. 

Different synthetic methodologies have been developed to obtain these compounds, 

namely those related with the molecular modification of chalcones47.  
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The reaction of chalcones with dipolar molecules or 1,2-binucleophiles, such as 

hydrazine derivatives, is the most used method for the synthesis of pyrazoles. These one 

or two steps reactions are usually carried out in acidic conditions, using  ethanol or acetic 

acid as solvent40. 

  Several examples of one-pot synthesis of pyrazoles derivatives have been 

reported in literature using different reaction conditions. Some derivatives have been 

synthesized by the reaction of chalcones with several hydrazine derivatives, including 

phenylhydrazine and hydrazine hydrate (Scheme 5; a)48. 

 

 

Scheme 5. Synthesis of pyrazoles derivatives through molecular modifications of chalcones. HTIB, 

Hydroxy(tosyloxy)iodobenzene.  

 

 In addition to classic methods, ecofriendly one-pot approaches have been used to 

synthesize pyrazole derivatives. In 2014, Zang et al., reported the synthesis of 2,3-diphenyl-

1H-pyrazoles under mechanochemical ball-milling conditions, through reaction of 

chalcones with hydrazine hydrate, using sodium persulfate as the oxidant 49. Landge et al. 

developed a one-pot free-solvent synthesis of pyrazoles, through MW irradiation and using 

a bifunctional nobel-metal/solid-acid catalyst, Pd/C/K-10 montmorillonite , in the reaction of 
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chalcone and substituted hydrazine (Scheme 5; b)50. Using MW irradiation, a range of 3,5-

disubstituted pyrazoles were prepared by the reaction of chalcones with hydrazine hydrate 

with better yields and shorter reaction times in comparison with conventional methods51, 52. 

In some approaches of two steps synthesis of pyrazole derivatives, chalcones were 

firstly converted into chalcone dibromides by treatment with bromine, and afterward these 

derivatives afforded pyrazoles by the reaction with benzoylhydrazines53,  

phenylhydrazines54 or hydrazine hydrate55 (Scheme 5; c). Instead of chalcone dibromides, 

chalcones tetrabromides have also been reported as intermediates for the synthesis of 

pyrazoles by refluxing these intermediates with hydrazine hydrate (Scheme 6)56. 

 

 

 

An alternative approach to chalcone bromides is the synthesis of chalcone α,-

ditosylates, which subsequently are transformed in 1,4,5-trisubstituted pyrazoles by the 

reaction of α,-ditosylate chalcones with phenylhydrazine hydrochloride, semicarbazide 

hydrochloride or thiosemicarbazide  (Scheme 5; d)57. 

The two steps reactions involving the synthesis of chalcones epoxides through reaction 

of chalcone derivatives with potassium carbonate or sodium hydroxide and H2O2 followed 

by the cycloaddition reaction of hydrazine hydrate with chalcone-epoxide have also been 

described as an effective procedure to obtain 3,5-diaryl-1H-pyrazoles (Scheme 5; e)58, 59. 

 

Scheme 6. Synthesis of pyrazoles using chalcones tetrabromides. 
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1.3.3. Chalcones as promising antitumor agents 

 

Chalcones are present in nature, in diverse species of plants, and exhibit an 

enormous interest among scientific community due to its simple structure, variety of 

substituents, and great range of pharmacological activities, such as antidiabetic60, 

antioxidant61, anti-inflammatory, antiarthritic, antiulcer62, antimalarial63, antimicrobial64, 65, 66 

67, antileishmanial68, anti-tuberculosis69, antitumor70, and cardiovascular agents71. 

Among these activities, the antitumor activity has been one of the most explored. 

The majority of the scientific publications concerning the antitumor activity of chalcones are 

mainly related to their in vitro growth inhibitory properties in several human tumor cell lines. 

However, given the importance of the antitumor activity of these compounds, several 

studies in order to get some insights into the molecular mechanism of action of these 

compounds have been performed and several molecular targets have been identified as 

described below (Figure 4). 

 

 

Figure 4. Some molecular targets described for chalcones antitumor activity. 

 

Chalcones are described as potent inhibitors of cellular proliferation, by the 

interference with several targets, namely those described below13. 

Cathepsin–K is an enzyme expressed in human breast cancer, and its inhibition by 

some chalcone derivatives may contribute to the suppression of tumor spread in body and 

breast cancer72. 

Inibitors of celular proliferation

- Cathepsin-K

- Tubulin

- Cdc25 phosphatases

- Kinase inhibitors

- BRAF inhibitors

- Topoisomerase expression

Inhibitors of p53 degradation

Inhibitors of angiogenesis

Inhibitors of hormonal Milieu

Inhibitors of multidrug resistance (MDR) channels
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Tubulin is the principal structural component of microtubules, which are cellular 

structures found in eukaryotic cells, being responsible for several functions, including 

mitosis. Chalcones can bind to tubulin preventing its polymerization, which is essential for 

mitosis, leading to a disruption in assembly of mitotic spindles and therefore to mitotic 

arrest13, 73. 

Cdc25 phosphatases (Cdc25A, Cdc25B and Cdc25C) have major functions in cell 

cycle progression by activating cyclin-dependent kinases. Cdc25A plays an essential role 

at the G1/S phase transition, while Cdc25C is related in the dephosphorylation and 

activation of the mitotic kinase Cdc2/cyclinB. Cdc25B undergoes activation during S-phase 

and is a mitotic regulator that acts as a ‘starter phosphatase’ to initiate the positive feedback 

loop at the entry into M phase. Inhibition of Cdc25B phosphatase allows the inhibition of cell 

cycle in G2/S-phase and mitotic arrest occurs74, 75. Several reports have shown the inhibition 

of both Cdc25A and Cdc25B by chalcone derivatives76, 77. 

  The ErbB receptor tyrosine kinases (epidermal growth factor receptor (EGFR), 

ErbB2, ErbB3, and ErbB4) play important roles in cancer. Some of these kinases, such as 

EGFR are mutated in many tumors, and others are overexpressed in several human 

cancers, being therefore considered primary targets of anticancer strategies. Some 

chalcone derivatives have shown to reduce the protein and mRNA levels of ErbB3 and to 

inhibite ErbB phosphorylation13, 78, 79  

BRAF is a gene that provides instructions for making a protein that helps transmit 

chemical signals from outside the cell to the cell's nucleus80. This protein regulates cell 

growth, proliferation, differentiation, migration and apoptosis. The mutation in the BRAF 

gene, results in the oncogenic BRAF which causes changes in the functions of the protein, 

yielding different types of cancer, like melanoma, papillary thyroid tumors, serous ovarian 

tumors, colorectal and prostate tumors. Therefore, inhibition of this gene by several 

compounds, including chalcone derivatives, may decrease tumor cell proliferation and 

increase tumor cell death13, 81, 82. 

DNA topoisomerase II has been described as a major target for antineoplastic 

agents. This enzyme cut the chain of a double-stranded DNA molecule, in order to manage 

DNA tangles and supercoils. Therefore, inhibitors of topoisomerase II, such as chalcones, 

are potent inducers of double strand breaks in DNA, and can cause arrest in the cell cycle 

at the G2 phase83. 

Tumor suppressor protein p53 is a multifunctional protein, which regulates cell 

proliferation, DNA repair, apoptosis, inhibition of angiogenesis, genomic stability and gene 

activation84, 85.  The p53 pathway is one of the most commonly altered in human cancers. 

Although about half of all cancers retain wild-type p53 (wt p53), the p53 pathway is 

inactivated due to the overexpression of the main endogenous negative regulator, murine 

https://en.wikipedia.org/wiki/Supercoil
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double minute 2 (MDM2). MDM2 binds p53 and negatively regulates its activity, by direct 

inhibition of p53 transcriptional activity and enhancement of p53 degradation. The re-

establishment of p53 activity by inhibition of its interaction with MDM2 represents an 

attractive therapeutic strategy for many wt p53 tumors with overexpression of MDM2. 

Proteasome, a multicatalytic proteinase complex, is responsible for the degradation of most 

of intracellular proteins, such as p53, that have been damaged, assembled improperly, or 

that are not useful for the cell. Inhibition of proteasomes leads to accumulation of p53 

protein, promoting effective tumor suppression86. Some reports demonstrated that chalcone 

derivatives can disrupt the p53-MDM2 complex with the subsequent release of p53 87, 88, 89, 

as well as can inhibit the proteasome, leading to the accumulation of p5313. 

Angiogenesis is the physiological processes in which new blood vessels are formed 

from pre-existing vessels, and their inhibition prevents activation of pro-angiogenic factors 

and subsequently the tumor progression halts13. The inhibition of vascular endothelial 

growth factor (VEGF), a signal protein produced by cells that stimulates angiogenesis, have 

been reported for some chalcone derivatives90. Additionally, the inhibition of vascular 

endothelial growth factor receptor 2, which mediate most of the endothelial growth and 

survival signals91, 92, as well as the inhibition of matrix metalloproteinases (MMPs), a family 

of enzymes that have the ability to degrade many molecules of the extracellular matrix93 

has been described for chalcone derivatives.  

Hormones play an important rule for the development of the hormone-related 

cancers, such as breast, endometrium, ovary, prostate and testis cancer. In this regard, 

chalcone derivatives have been described as interfering with the biosynthesis of several 

hormones, namely sex hormones such as testosterone and estrogen. In fact, several 

reports have described the chalcones inhibitory effects on 5α-testosterone94, 95 and 

aromatase96, as well as on androgen receptor13, 97.   

The ATP-binding cassette (ABC) transporter proteins including ABCG2, BCRP and 

P-glycoprotein (P-gp) were described as molecular targets for chalcones13. ABCG2 is 

known to contribute to MDR in cancer chemotherapy including breast cancer, being 

particularly important for protecting cancer stem cells and its complex oligomeric structure98. 

BCRP proteins act as a defense mechanism against toxins and xenobiotic, facilitating 

excretion and limited absorption of potentially toxic substrate molecules, including many 

cancer chemotherapeutic drugs 99. P-gp, also known as multidrug resistance protein 1 

(MDR-1), is a transmembrane permeability glycoprotein widely distributed throughout the 

body, which expels many foreign substances out of the cells by ATP-dependent efflux 

pump. Some cancer cells express large amounts of P-gp which renders these  cancers 

multidrug resistant100.  
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As at the beginning of 2015, the antitumor activity of natural and synthetic chalcones 

was reviewed by Mahapatra et al.13 in this subchapter, are summarized some examples of 

natural and synthetic chalcones that have been referred in the last two years (Table 2). 

Some oxathiole-fused chalcones 1-4 demonstrated significant cytotoxic activity 

against different tumor cells, namely A549 (adenocarcinoma), HCT116 ( colorectal 

carcinoma) and HeLa (cervix carcinoma), showing some of them IC50 lower than 1 µM. 

Studies on the mechanism underling this effect proved that these compounds disturbed 

polymerization of tubulin by binding to the colchicine binding site101. Using molecular 

modeling it was demonstrated that depending on the substitution pattern of the B ring and 

the alkoxy chain in position 6, chalcones can adopt distinct poses within colchicine binding 

domain of tubulin101. 

Bittencout et al. synthesized three chalcones and study the effects on A172 (human 

brain glioblastoma) and GBM1 (glioblastoma) cell lines. All chalcones showed a decrease 

in cell viability in both cell lines. Chalcone 5 caused an augmentation on apoptosis levels 

and promoted cell cycle arrest at G0/G1 and S phases in A172 and GBM1 cells, 

respectively102. Moreover, an increased of reactive oxygen species and nitric oxide 

production was detected in cells treated with chalcone 5. 

Butein (6), isolated from various plant sources, showed potential antiproliferative 

effect against a wide range of neoplasms and the molecular targets associated to this effect 

have been reviewed by Padmavathi et al.103, 104 Most often it affects the expression of NF-

κB and its up-stream and downstream regulators. Other important molecular targets of 

butein (6) include MMP-9, uPA, EGFR, COX-2, VEGF, STAT3, ERK, JNK, Akt, p38 and 

ICAM-1. In addition, butein (6) also modulates the expression of different proteins involved 

in apoptosis including Bax, Bcl-2, cytochrome c, and caspases. Besides inducing apoptosis, 

butein (6) also inhibits tumor migration, invasion and metastasis of different cancers like 

prostate, liver and bladder cancers103, 104. 

In 2015, the ability of trans-chalcone (7) to reduce viability, induce apoptosis, and 

alter gene expression of p53 and specificity protein 1 (Sp1) in human osteosarcoma cell 

lines (U2OS, A549, HCT-116, and FaDu) was evaluated. The incubation of U2OS and HCT-

116 cell lines with 10 µM of chalcone 7 demonstrated an inhibition of the cell growth after 

1, 2 and 4 days treatment, being this antiproliferative activity mediated by apoptosis 

induction. In addition, this chalcone affected Sp1 down-regulation at the transcriptional 

level, whereas trans-chalcone up-regulated p53 expression at the post-translational level105. 

Four new Ru(II) DMSO complexes with substituted chalcone ligands have been 

synthesized and screened for antiproliferative activity against breast cancer cell lines (MCF-

7 and MDA MB-231). Compounds HL4 (8) and M1R (9) showed antiproliferative activity 
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against breast cancer cells, being HL4 the most potent growth inhibitor against MDA MB-

231 and M1R (9) the most potent inhibitor against MCF-7. Both derivatives arrested cells in 

the S phase in MCF-7 and G1-phase in MDA MB-231 cells, showing M1R (9) a more potent 

effect106. Moreover, UV–Vis and CD-spectra analysis showed that HL4 (8) and M1R (9) 

interfered with DNA absorption spectra possibly due to DNA binding, whereas these 

compounds were devoid of DNA topoisomerase inhibiting activity106.  

Chalcone L2H17 (10) exhibited selective cytotoxic effect in both human (HCT 116) 

and mouse (CT26.WT) colon cancer cell lines. Treatment of CT26.WT cells with this 

compound resulted in G0/G1 cell cycle arrest and apoptosis and a decrease of cell migration 

and invasion. In addition, L2H17 (10) possessed marked in vivo antitumor activity. The 

proposed molecular mechanism of L2H17-mediated inhibition of tumor promotion and 

progression was related to the inactivation of NF-κB and Akt signalling pathways107. 

Chalcones 11 and 12 were synthesized and evaluated for their in vitro cytotoxic 

activity against human cancer cell lines, including MGC-803 (human gastric cancer cell 

line), MCF-7 (human breast cancer cell line), EC-9706 (human oesophageal cancer cell 

line) and SMMC-7721 (human hepatocellular carcinoma cell line). Compound 11 , with a 

3,4,5-trimethoxy group, showed excellent inhibition against all the tested cancer cell lines, 

and compound 12 induced the cellular apoptosis and cell cycle arrest of MCF-7 cells at 

G2/M phase108. 

Starting from micromolar chalcone hits, a predictive QSAR model for 

diarylpropenones was developed, and several analogues with a 100-fold increase in 

potency were synthesized. Among these compounds, chalcones 13 and 14 proved to be 

the most interesting, combining nanomolar anti-invasive potency with a satisfactory 

pharmacological profile. Moreover, both compounds exhibited selective cytotoxicity towards 

MCF-7/6 cells at micromolar concentrations. Compound 13 prolonged survival in an artificial 

metastasis model in nude mice109. 

3-Phenylquinolinylchalcone derivatives were synthesized and evaluated for their in 

vitro antiproliferative activity against three breast cancer cell lines (MCF-7, MDA-MB-231, 

and SKBR-3), and a non-cancer normal epithelial cell line (H184B5F5/M10). Derivative 15 

was active against the growth of MCF-7, MDA-MB-231, and SKBR-3, without significant 

cytotoxicity to the normal H184B5F5/M10 cell line. Studies of the mechanisms involved in 

these effects indicated that this compound inhibited the polymerization of tubulin, induced 

G2/M cell cycle arrest via modulation of the cyclin B1, cdk1 and Cdc25, and induced cell 

apoptosis by the increase of apoptotic protein Bax and the decrease of the anti-apoptotic 

protein Bcl-2. Besides, protein poly (ADP-ribose) polymerase (PARP) was cleaved, while 

caspases-3 and -8 activities were induced after the treatment of tumor cells with this 

compound110. 
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Licochalcone A (16) isolated from the roots of Glycyrrhiza inflata revealed to be a 

potent tumor cell growth inhibitor in several human malignant pleural mesothelioma (MPM) 

cells, namely MSTO-211H, H28 MSTO-211H and H28 cell lines. Moreover, this chalcone 

negatively modulate Sp1 expression in MSTO-211H and H28 cell lines. Consistent with this 

down regulation of Sp1, expression of Sp1 regulatory proteins such as Cyclin D1, Mcl-1 and 

Survivin was substantially diminished. Mechanistically, Licochalcone A-mediated Sp1 

down-regulation induced morphological changes of mitochondria, leading to apoptotic cell 

death111. 

Prenylchalcone 17 obtained by the prenylation of 2′-hydroxy-3,4,4′,5,6′-

pentamethoxychalcone revealed a more potent antiproliferative activity against human 

tumour cells than its building block. The impact of this prenylated chalcone and its precursor 

on p53–MDM2 interaction was investigated using yeast assays. Their tumour growth-

inhibitory effects were assessed on human colon adenocarcinoma HCT116 cell lines with 

wild-type p53 and its p53-null derivative, followed by analysis of cell cycle and apoptosis. 

The potent cell tumour growth-inhibitory activity of chalcone 17 was associated with the 

activation of a p53 pathway involving cell cycle arrest and a mitochondria-dependent 

apoptosis. Thus, Leão et al. showed that prenylation is a determinant factor for the 

enhancement of chalcones tumour cytotoxicity by improving their ability to disrupt the p53–

MDM2 interaction89. 

Chalcones 18 and 19 were isolated from the whole plant of Desmodium podocarpum 

and their growth inhibitory activity against human neuroblastoma (SHSY5Y), prostate (PC3) 

and lung adenocarcinoma epithelial (A549) cancer cells was assessed. Chalcone 18 

demonstrated cytotoxicity against both cell lines, showing IC50 values of 3.8 μM and 3.6 μM, 

respectively. Chalcone 19 showed cytotoxicity against A549 human lung adenocarcinoma 

epithelial cells with an IC50 value of 3.5 μM112. 

In 2016 sanjuanolide (20), an isoprenylated chalcone isolated from the Texa native 

plant Dalea frutescens demonstrated an antiproliferative activity against PC-3 and DU 145 

prostate cancer cells. Mechanistic studies showed that this compound caused G2/M 

accumulation and the formation of abnormal mitotic spindles. In addition, tubulin 

polymerization assays revealed that chalcone 20 increased the initial rate of tubulin 

polymerization113. 

Pereira et al. identified eight chalcones as p53–MDM2 interaction inhibitors, through 

yeast-based screening assay. Among these, compounds 21 and 22 showed the most 

effective in vitro growth inhibitory activity in human tumor cell lines, being the growth 

inhibitory effect of 22 clearly associated to the activation of p53 pathway.  
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Table 2. Examples of chalcones with antitumor activity. 

Compound Sources References 

 

1 R’=OCH3, R2=R3=R6=H, R4=OCH3 

2 R’=OCH3, R2=R6=H, R3=F, R4=OCH3 

3 R’=OCH3, R2=R4=R6=OCH3, R3=H  

4 R’=OCH2CH2CH3, R2=R6=H, R3=OH, 

R4=OCH3 

Total synthesis 
101 

 

 
 

C31 (5) 

Total synthesis 102 

 
Butein (6) 

Isolated from Rhus 

verniciflua, 

Semecarpus 

anacardium, 

Dalbergia odorifera and 

Butea monosperma 

103, 104 

 
 

Trans-chalcone (7) 

Total synthesis 105 

 
 

HL4 (8) 

Total synthesis 
106 

 

 

 

M1R (9) 
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Table 2. (Contd.) Examples of chalcones with antitumor activity. 

Compound Sources References 

 
 

L2H17 (10) 

Total synthesis 107 

 

11 

Total synthesis 108 

12 

 

 
 

 
 

13 

Total synthesis 
109 

 

 

14 

  

 
15 

Total synthesis 110 
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Table 2. (Contd.) Examples of chalcones with antitumor activity. 

Compound Sources References 

 
Licochalcone A (16) 

Isolated from 

Glycyrrhiza inflata 
111 

 
17 

Total synthesis 89 

 

18 R3=OCH3, R4=OH 

19 R3=OH, R4=OCH3 

Isolated from 

Desmodium 

podocarpum 

112 

 

Sanjuanolide (20) 

Isolated from Dalea 

frutescens 
113 

 

21 R2=H, R3=R4=R5 =OCH3 

22 R2=R5=H, R3=R4=OCH3 

Total synthesis 88 
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1.3.4. Chalcone derivatives as promising antitumor agents 

 

Nitrogen heterocycles obtained by molecular modification of chalcones, such as 

isoxazoles114, 115 and pyrazoles116 are promising bioactive compounds, showing several 

pharmacological activities, including antitumor. Moreover, the introduction of a pyrazole ring 

between the two aryl rings of chalcones is associated with an increase in their 

antiproliferative activity against several tumor cell lines46. In this subchapter are described 

some examples of pyrazole and isoxazole chalcone derivatives with antitumor activities 

(Table 3). 

Several 3,5,-diaryl-1H-pyrazole derivatives had been synthesized and investigated 

for their antitumor activities. Compound 23 bearing a 1,1’-biphenyl moiety displayed the 

most potent activity against human carcinoma cell lines, including OVCA (ovarian 

carcinoma cell), SW620 (colorectal adenocarcinoma cell), H460 (large lung carcinoma cell) 

and AGS (gastric carcinoma cell) with GI50 values in the nanomolar range. The mechanistic 

study revealed that this compound induced apoptosis in OVCA cells, being this effect 

attributed at least in part to the inhibition of protein kinase B (Akt) activity. The mitochondrial 

apoptotic pathway was also evidenced by the activation of caspases-9, -3, cleavage of 

protein PARP and DNA fragmentation117. A series of pyrazole chalcone derivatives 

structurally related with combretastatin A-4 (24-34) were synthesized and evaluated for their 

antiproliferative activity against B16 melanoma and L1210 leukemia cell lines. Almost all 

compounds 24-34 revealed to be active, showing IC50 values between 5 and 55 µM. Among 

these compounds, derivative 32 revealed the most activity on both cell lines (IC50 values of 

5 and 2.4 μM for B16 melanoma and L1210 leukemia cell lines, respectively),58. 

Novel pyrazole derivatives 35-42 were synthesized by Bhat et al. and were assessed 

for in vitro cytotoxicity against 10 human cancer cell lines (HT-29, HCT-15, SW-620, A-549, 

HOP-62 (lung), Hep-2, SiHa, OVCAR-5, PC-3 and DU-145). Some of these compounds 

(37, 41, 42) showed remarkable cytotoxic activity against cancer cell lines46. 

 Rane et al. synthesized isoxazole derivatives 43-47 and evaluated the in vitro 

antitumor activity in five human tumor cell lines. Isoxazoles 44-47 selectively inhibited oral 

and mouth tumor cell line (KB403), being 45 the most active. Alternatively, selectivity for 

colon cancer cells (CaCO2) was observed for isoxazole 43118. 

The isoxazole derivative 48, with a benzimidazole moiety, was synthesized and 

tested for its antiproliferative activity against three human tumor cell lines (MCF-7, NCI-

H460 and SF-268). This compound revealed interesting results for all tested cell lines119. 
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Table 3. Examples of pyrazole and isoxazole chalcone derivatives with antitumor activity. 

Compound Sources Reference 

Pyrazole chalcone derivatives 

 

23 

Total synthesis 
117 

 

 

 

24 R2=OCH3, R3=R4=R5=H 

25 R2=R4=R5=H, R3=OCH3 

26 R2=R3=R5=H, R4=OCH3 

27 R2=R5=OCH3, R3=R4=H 

28 R2=R5=H, R3=R4=OCH3 

29 R2=H, R3=R4=R5=OCH3 

30 R2=R3=R5=H, R4=NO2 

31 R2=R5=H, R3=NO2, R4=OCH3 

32 R2=R5=H, R3=NH2, R4=OCH3 

Total synthesis 58 

 

33 R2=H, R3=R4=R5=OCH3 

34 R2=R5=H, R3=NH2, R4=OCH3 

  

 

35 

Total synthesis 46 
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Table 3. (Contd.) Examples of pyrazole and isoxazole chalcone derivatives with 

antitumor activity. 

Compound Sources Ref 

Pyrazole chalcone derivatives 

 

36 R’3=R’5=H, R’4=R3=R4=R5=OCH3 

37 R’3=R’4=R’5=R4=OCH3, R3=R5=H 

38 R’3=R’4=R’5=OCH3, R3=R4=OCH2O, 

R5=H 

39 R’3=R’4=R’5=R3=R4=R5=OCH3 

40 R’3=R’4=R’5=OCH3, R3=R5=H, 

R4=Cl 

41 R’3=R’4=R’5=OCH3, R3=R5=H, R4=F  

42 R’3=R’4=R’5=R3=R4=OCH3, R5=H 

Total synthesis 46 

Isoxazole chalcone derivatives 

 

43 R’=H, R=CH3 

44 R’=OH, R=CH3 

45 R’=OH, R=H 

Total synthesis 118 

 

46 R=CH3 

47 R=H 

  

 

48 

Total synthesis 119 
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1.4. Aims and overview 

 

The main aim of this dissertation was to obtain chalcone derivatives with antitumor 

activity. As a result of the search of new flavonoids as potential antitumor agents, several 

chalcones (P0, P4, P5, BT, and BF), as well as two chalcone-epoxides (P0-epo and P4-

epo) one pyrazole (P0-pyr), and one isoxazole (P0-iso) derivatives were synthesized. The 

effect of chalcones P0, P4, P5, BT, and BF on the growth of three human tumor cell lines, 

A375-C5 (melanoma,) MCF-7 (breast adenocarcinoma) and NCI-H460 (non-small cell lung 

cancer) was also assessed (Figure 5)120*. Moreover, molecular modeling studies were 

performed to predict the binding ability of these chalcones to the colchicine binding site of 

α,β-tubulin. Among these compounds, BF presented the highest affinity to tubulin target, 

supporting the possibility of this chalcone to disrupt the microtubule assembly by inhibiting 

tubulin polymerization, behaving as a potential antimitotic agent120. 

 

 

 
 

P0 
 

 
P4 

 

 
P5 

 

 
BT 

 

BF 
 
 

 

 GI50 (µM) 

A375-C5  3,63±0,58 3,21±0,45 5,70±1,45 6,90±1,10 8.57 ± 1.06 

MCF-7  5,95±0,88 3,26±0,11 5,56±1,51 6,89±0,41 9.75 ± 1.24 

NCI-H460  5,06±0,20 3,02±0,01 6,28±0,31 6,61±0,63 8.35 ± 0.31 
    

 

 
P0-epo 

 
P4-epo 

 
P0-pyr 

 
P0-iso 

 

Figure 5. Chalcone derivatives previously synthesized and studied for their antiproliferative 

activity120*. 

 

In order to continue this research work we aimed to synthesize a small library of 

structure related chalcone derivatives to allow structure-activity relationship (SAR) studies. 

Other aims of this research work were: 

- To repeat the synthesis of chalcone derivatives P0, P4, P0-epo, and P4-epo to 

obtain enough amount of compounds to be used as intermediates for the synthesis 

of P0-pyr, P0-iso, P4-pyr and P4-iso; 

- To repeat the synthesis of chalcone derivatives P0-pyr and P0-iso to obtain enough 

amount of compounds to be used in the biological activity assays; 

 

* Work developed during the Master dissertation of Patricia Pinto (2015/2016). 
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- To optimize the reaction conditions in order to improve the yields of synthesis; 

- To evaluate the growth inhibitory effect of all synthesized chalcone derivatives on 

three human tumor cell lines, A375-C5 (melanoma,) MCF-7 (breast 

adenocarcinoma) and NCI-H460 (non-small cell lung cancer); 

- To assess the antimitotic effect of the chalcone BF in non-small cell lung cancer 

(NCI-H460) cell line. 

 

 

 

 

 



 

 

 

 

Chapter 2- Results and Discussion
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2.1. Synthesis 

 

2.1.1. Synthesis of chalcones 

 

The synthesis of chalcone derivatives was accomplished through base-catalyzed 

aldol condensation reactions by MW irradiation, using three ketones (A0, A4 and AM) and 

nine benzaldehydes (B, B3, B4, B5, H, H2, H3, H4, H5) as building blocks. This synthesis 

comprises a sequence of four reaction steps, involving the formation of an enolate, the 

nucleophilic addition of this enolate to the benzaldehyde, followed by the formation of an 

aldol and, afterward, an α,β-unsaturated ketone moiety by dehydration (Scheme 7).  

 

 

Scheme 7. Mechanism of Claisen Schmidt condensation. 

 

In Table 4 are summarized the reaction conditions, the products obtained and the 

respective yields. 
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Table 4. Reaction conditions, synthesized chalcones and yields.  

Ketone Benzaldehyde 
Reaction 

conditions 
Product 

Yield 
(%) 

 
A0 

B 

MeOH, 
40% NaOH, 
MW, 180W, 

2 h 
 

 
P0 

71 
 

B3 

MeOH, 
40% NaOH, 
MW, 180W, 
2 h 30 min 

  
P0B3 

24 
 

B4 

MeOH, 
40% NaOH, 
MW, 180W, 

3 h 
 

 
P0B4 

44 

B5  
P0B5 

44 

 
 

H4  
P0H4 

46 

 
H5 

MeOH, 
40% NaOH, 
MW, 180W, 
2 h 30 min 

 
 

P0H5 

66 
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Table 4. (Contd.) Reaction conditions, synthesized chalcones and yields. 

Ketone Benzaldehyde 
Reaction 

conditions 
Product 

Yield 
(%) 

 
A4 

 
B 

MeOH, 
40% NaOH, 
MW, 180W, 

2h 
  

P4 

52 

 
B3 MeOH, 

40% NaOH, 
MW, 180W, 

3 h 
  

P4B3 

23 

 
B4 

P4B4 

46 

B5 

MeOH, 
40% NaOH, 
MW, 180W, 
2 h 30 min 

 

P4B5 

28 

 
H4 

MeOH, 
40% NaOH, 
MW, 180W, 

3 h 
 

 
P4H4 

65 

 
H5  

P4H5 

67 
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Table 4. (Contd.) Reaction conditions, synthesized chalcones and yields. 

Ketone Benzaldehyde 
Reaction 

conditions 
Product 

Yield 
(%) 

 
 

AM 

 
H 

MeOH, 
40% NaOH, 
MW, 180W, 
2 h 30 min 

 

MH 

73 
 

 

H3 MH3 

60 

 

 

H2 MH2 

42 

 
H4  

MH4 

82 

 

 

Most of chalcones were obtained with good to moderate yields. Nevertheless, for 

chalcones P0B3, P4B3 and P4B5 the obtained yields were low, being this justified by the 

work-up purification procedures. In fact, for these reactions the purification was achieved 

by flash column chromatography (CC) followed by crystallization. 
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2.1.2. Molecular modification chalcone derivatives  

 

Chalcones have been described as interesting intermediates for the synthesis of 

heterocyclic compounds by the molecular modification of the α,β-unsaturated carbonyl 

system40. Therefore, isoxazole and pyrazole derivatives were synthesized by molecular 

modifications of chalcones P0 and P4 (Scheme 8). 

 

 

Scheme 8. Synthesis of isoxazole and pyrazole derivatives. 

 

 

2.1.2.1. Synthesis of isoxazole derivatives 

  

Several methods have been described for the synthesis of isoxazole derivatives 

using chalcones as building blocks. In this research work, isoxazole derivatives were 

synthesized by the reaction of chalcones with hydroxylamine hydrochloride in the presence 

of NaOAc and glacial acetic acid, as described by Kalirajan et al. (2015)121. The plausible 

reaction mechanism for the synthesis of isoxazole derivatives is shown in Scheme 9. The 

reaction sequence consists of two nucleophilic addition reactions of hydroxylamine to the 

chalcone derivative. 
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Scheme 9. Plausible mechanism for the synthesis of isoxazole derivatives. 

 

Previously, isoxazole derivate P0-iso was synthesized with 22% yield by the 

reaction of chalcone P0 with hydroxylamine hydrochloride in the presence of NaOAC and 

glacial acetic acid in ethanol by MW irradiation in an open vessel at 180 W120. Nevertheless, 

this reaction failed to give the P4-iso derivative120. Therefore, in this research project, a 

similar reaction was performed to synthesize both isoxazole derivatives P0-iso and P4-iso, 

but instead of MW irradiation in open vessel, these reactions were performed in closed 

vessel, in order to reach a higher pressure (200 W). In Table 5 are summarized the reaction 

conditions and the products obtained. 

 

Table 5. Reaction conditions for the synthesis of isoxazole derivatives P0-iso and P4-iso. 

Building block 
Reaction 

conditions 
Product 

Yield 
(%) 

 
P0 

NH2OH.HCl, 
EtOH, AcOH, 
NaOAc, MW, 

100ºC, 200W, 3 h  
P0-iso 

25 

 
P4 

NH2OH.HCl, 
EtOH, AcOH, 
NaOAc, MW, 

100ºC, 200W, 5 h 
P4-iso 

4 
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Using these reaction conditions both isoxazole derivatives were successfully 

obtained. Nevertheless, the yields were low due to the fact that the reactions were 

incomplete and a complex mixture of several products were obtained, being required for 

purification of P0-iso and P4-iso the use of flash CC followed by preparative thin layer 

chromatography (TLC) or high performance liquid chromatography (HPLC), respectively. 

 

 

2.1.2.2. Synthesis of pyrazole derivatives 

 

Among the synthetic procedures described in subchapter 1.3.2.2., the synthesis of 

pyrazole derivatives P0-pyr and P4-pyr was achieved by a two steps synthesis involving 

the synthesis of chalcone epoxides as intermediates through reaction with H2O2 in basic 

conditions, followed by the cycloaddition reaction with hydrazine in presence of p-

toluenesulfonic acid58, 59 (Scheme 10). 

 

 

Scheme 10. Synthesis of pyrazole derivatives P0-pyr and P4-pyr. a) H2O2, 5% NaOH, Acetone and 

Methanol (3:2), r.t., 2-3 h; b) Hydrazine hydrate,  p-toluenesulfonic acid, Xylenes and 

dichloromethane, 100 ºC, 3-5 h. 

 

Scheme 11 represents the plausible reaction mechanisms for the synthesis of 

pyrazole derivatives. 
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Scheme 11. Plausible mechanism for the synthesis of pyrazole derivative via epoxide. 

 

Previously, trans-chalcone epoxides P0-epo and P4-epo were synthesized with 

46% and 41% yield, respectively, by the reaction of the correspondent chalcones with H2O2 

in the presence of potassium carbonate and methanol120. Herein, the synthesis was 

performed using the same oxidant with a stronger basic solution (5% NaOH) in a mixture of 

acetone:methanol (3:2), according to the method reported by Chauhan A., et al 59. Using 

these conditions both derivatives P0-epo and P4-epo were obtained with higher yield (61% 

and 58%, respectively), than those previously described. 

After the epoxidation step, pyrazoles P0-pyr and P4-pyr were synthesized with 4% 

and 1% Yield, respectively. Although the reaction yield for derivative P0-pyr was the same 

previously described120, the synthesis of P4-pyr has never been reported before. The low 

yields can be explained by the fact that the reactions were incomplete and several by-

products were observed in the reaction mixture, being necessary to perform subsequent 

purification procedures, namely flash CC followed by preparative thin layer chromatography 

(TLC). 
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2.2. Structure elucidation 

 

  The structure elucidation of chalcone derivatives was established on the basis of IR, 

and NMR techniques. 13C NMR assignments were determined by 2D heteronuclear single 

quantum correlation (HSQC) and heteronuclear multiple bond correlation (HMBC) 

experiments. For some compounds HRMS was also obtained. 

 The numbering concerning the NMR assignments of synthesized compounds are 

presented in Figure 6. 

 

Figure 6. The numbering of synthesized compounds concerning the NMR assignments. 

 

  

2.2.1. Chalcones 

 

The IR data of all chalcones were in accordance with their predicted structures 

(Table 6). Accordingly, for all compounds these spectra showed large bands of stretching 

vibration between 1660-1640 cm-1, suggesting the formation of a α,β-unsaturated ketone 

moiety, and bands at 2995-2823 cm-1 (aliphatic C-H) and 1600-1413 cm-1 (C=C). Additional 

bands at 1298-1248 cm-1 (C-O) were observed for chalcones with methoxy groups. In 

contrast, in the spectra of chalcones with chlorine atoms a band at 799-748 cm-1 (C-Cl) was 

detected.
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Table 6. IR data of chalcones. 

 ʋ (cm-1) 

Groups P0 P0B3 P0B4 P0B5 P0H4 P0H5 P4 P4B3 P4B4 P4B5 P4H4 P4H5 MH MH3 MH2 MH4 

Aliphatic 

C-H 

2971 

2919 

2832 

2920 

2848 

2962 

2913 

2835 

2995 

2958 

2831 

2917 

2844 

2970 

2920 

2833 

2963 

2917 

2823 

2990 

2913 

2970 

2921 

2844 

2959 

2928 

2832 

2922 

2918 

2842 

2904 

2847 

2933 

2843 

2959 

2934 

2842 

2956 

2919 

2844 

2969 

2931 

2836 

C=O 1645 1640 1649 1640 1656 1650 1648 1640 1648 1645 1660 1647 1652 1651 1653 1654 

Aromatic 

C=C 

1577 

1467 

1434 

1415 

1572 

1513 

1589 

1517 

1413 

1586 

1573 

1559 

1511 

1548 

1515 

1578 

1504 

1453 

1416 

1559 

1468 

1600 

1454 

1576 

1542 

1512 

1561 

1535 

1591 

1551 

1473 

1578 

1513 

1575 

1514 

1578 

1518 

1580 

1557 

1513 

C-O 1287 1298 1286 1264 - - 1248 1264 1286 1265 - - 1273 1262 1266 1260 

C-Cl - - - - 799 748 - - - - 798 774 760 765 785 789 
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1H and 13C NMR data are presented in Tables 7-10. The formation of a α,β 

unsaturated ketone system was confirmed by the appearance of characteristic signals in 

the 1H and 13C NMR spectra of all chalcones (Hα: δH7.54-7.25 d; Hβ: δH 8.15-7.31 d ;C=O: 

δC 188.4-181.3; Cα: δC 125.8-119.4; Cβ: δC 144.3-138.5 ). The coupling constants of vinylic 

system (J=15.8-15.5) confirm their (E)-configuration.  

 

Table 7. 1H NMR data of chalcones P0, P0B3, P0B4, P0B5, P0H4 and P0H5. 

 
P0 P0B3 P0B4 P0B5 P0H4 P0H5 

H-3’ 
7.69 (dd, 

J=5.0, 1.1) 

7.65 (dd, 

J=4.9, 1.1) 

7.69 (dd, 

J=4.9, 1.1) 

7.65 (dd, 

J=5.0, 1.1) 

7.73 (dd, 

J=4.5, 1.1) 

7.72 (dd, 

J=5.0, 1.1) 

H-4’ 
7.20 (dd, 

J=5.0, 3.8) 

7.17 (dd, 

J=4.8, 3.8) 

7.19 (dd, 

J=4.6, 3.8) 

7.16 (dd, 

J=4.9, 3.8) 

7.21 (dd, 

J=4.9, 3.9) 

7.20 (dd, 

J=4.9, 3.8) 

H-5’ 
7.89 (dd, 

J=3.8, 1.1) 

7.85 (dd, 

J=3.8, 1.1) 

7.87 (dd, 

J=3.8, 1.1) 

7.87 (dd, 

J=3.5, 1.1) 

7.89 (dd, 

J=3.8, 1.1) 

7.88 (dd, 

J=3.7, 1.1) 

H-α 
7.31 (d, 

J=15.6) 

7.39 (d, 

J=15.6) 

7.37 (d, 

J=15.5) 

7.30 (d, 

J=15.5) 

7.40 (d, 

J=15.6) 

7.39 (d, 

J=15.5) 

H-β 
7.78 (d, 

J=15.6) 

8.12 (d, 

J=15.6) 

7.77 (d, 

J=15.5) 

7.80 (d, 

J=15.5) 

7.70 (d, 

J=15.6) 

7.73 (d, 

J=15.5) 

H-2 6.87 (s) 
3.95 

(s, -OCH3) 

6.78 (d, 

J=2.2) 

6.74 (d, 

J=2.2) 

6.50 (d, 

J=1.8) 

7.72 (d, 

J=1.6) 

H-3 
3.93 

(s, -OCH3) 

6.53 

(s) 

3.85 (s, -

OCH3) 

3.92 (s, -

OCH3) 
- - 

H-4 
3.90 

(s, -OCH3) 

3.92 

(s, -OCH3) 

6.54 (t, 

J=2.2) 

3.94 (s, -

OCH3) 

7.40 (t, 

J=1.8) 
- 

H-5 
3.93 

(s, -OCH3) 

3.91 

(s, -OCH3) 

3.85 (s, -

OCH3) 

6.89 (d, 

J=8.3) 
- 

7.50 (d, 

J=8.4) 

H-6 6.87 (s) 7.12 (s) 
6.78 (d, 

J=2.2) 

7.23 (dd, 

J=8.3, 2.2) 

6.50 (d, 

J=1.8) 

7.45 (dd, 

J=8.4, 1.6) 
Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 8. 1H NMR data of chalcones P4, P4B3, P4B4, P4B5, P4H4 and P4H5. 

 
P4 P4B3 P4B4 P4B5 P4H4 P4H5 

H-3’ 
7.69 (d, 

J=1.2) 

7.65 (d, 

J=1.2) 

7.67 (d, 

J=1.1) 

7.65 (d, 

J=1.2) 

7.69 (d, 

J=1.2) 

7.69 (d, 

J=1.2) 

H-4’ 
2.34 (s,-

CH3) 

2.33 (s,-

CH3) 

2.33 (s,-

CH3) 

2.32 (s,-

CH3) 

2.34 (s,-

CH3) 

2.33 (s,-

CH3) 

H-5’ 
7.29 (dd, 

J=1.3, 1.1) 

7.24 (dd, 

J=1.3, 1.1) 

7.28 (dd, 

J=1.3, 1.1) 

7.28 (dd, 

J=1.3, 1.1) 

7.23(dd, 

J=1.3, 1.1) 

7.31 (dd, 

J=1.3, 1.1) 

H-α 
7.27 (d, 

J=15.5) 

7.35 (d, 

J=15.6) 

7.34 (d, 

J=15.5) 

7.25 (d, 

J=15.5) 

7.37 (d, 

J=15.7) 

7.35 (d, 

J=15.6) 

H-β 
7.76 (d, 

J=15.5) 

8.11 (d, 

J=15.6) 

7.75 (d, 

J=15.5) 

7.74 (d, 

J=15.5) 

7.67 (d, 

J=15.7) 

7.70 (d, 

J=15.6) 

H-2 6.86 (s) 
3.95 

(s, -OCH3) 

6.28 (d, 

J=2.2) 

6.32 (d, 

J=2.2) 

7.49 (d, 

J=1.9) 

7.72 (d, 

J=1.9) 

H-3 
3.93 

(s, -OCH3) 

6.53 

(s) 

3.85 (s, -

OCH3) 

3.92 

(s, -OCH3) 
- - 

H-4 
3.90 

(s, -OCH3) 

3.92 

(s, -OCH3) 

6.53 (t, 

J=2.2) 

3.94 (s, -

OCH3) 

7.39 (t, 

J=1.9) 
- 

H-5 
3.93 

(s, -OCH3) 

3.91 

(s, -OCH3) 

3.85 (s, -

OCH3) 

6.89 (d, 

J=8.3) 
- 

7.50 (d, 

J=8.4) 

H-6 6.86 (s) 7.12 (s) 
6.28 (d, 

J=2.2) 

7.21 (dd, 

J=8.3, 2.2) 

7.49 (d, 

J=1.9) 

7.45 (dd, 

J=8.4,1.9) 
Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 

 

Table 9. 1H NMR data of chalcones MH, MH3, MH2 and MH4. 

 MH MH3 MH2 MH4 

H-2’ 7.62 (d, J=2.0) 7.62 (d, J=2.0) 7.62 (d, J=2.0) 7.62 (d, J=2.0) 

H-3’ 3.98 (s, - OCH3) 3.98 (s, - OCH3) 3.98 (s, - OCH3) 3.98 (s, - OCH3) 

H-4’ 3.98 (s, - OCH3) 3.98 (s, - OCH3) 3.98 (s, - OCH3) 3.98 (s, - OCH3) 

H-5’ 6.93 (d, J=8.4) 6.93 (d, J=8.4) 6.93 (d, J=8.3) 6.94 (d, J=8.4) 

H-6’ 7.68 (dd, J=8.4, 

2.0) 

7.66 (dd, J=8.4, 

2.0) 

7.67 (dd, J=8.3, 

2.0) 

7.68 (dd, J=8.4, 

2.0) 

H-α 7.53 (d, J=15.6) 7.47 (d, J=15.7) 7.46 (d, J=15.7) 7.54 (d, J=15.7) 

H-β 7.76 (d, J=15.6) 8.08 (d, J=15.7) 8.15 (d, J=15.7) 7.65 (d, J=15.7) 

H-2 7.58 (d, J=8.5) - - 7.50 (d, J=1.8) 

H-3 7.40 (d, J=8.5) 7.46 (d, J=2.0) - - 

H-4 - - 
7.64 (dd, J=8.0, 

1.5) 
7.39 (t, J=1.8) 

H-5 7.40 (d, J=8.5) 
7.30 (dd, J=8.5, 

2.0) 
7.27 (t, J=8.0) - 

H-6 7.58 (d, J=8.5) 7.68 (d, J=8.5) 
7.50 (dd, J=8.0, 

1.5) 
7.50 (d, J=1.8) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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As the precursor, for chalcones P0, P0B3, P0B4, P0B5, P0H4 and P0H5 the 1H NMR 

spectra displayed signals that put in evidence the presence of a thiophene A-ring (H-3’: δH 

7.73-7.65 dd, H-4’: δH 7.21-7.16 dd, H-5’: δH 7.89-7.85 dd). Instead of these, two signals at 

δH 7.69-7.65 d (H-3’) and δH 7.31-7.23 dd (H-5’), and one singlet at δH 2.34-2.32 (4’-CH3) 

were observed in the spectra of chalcones P4, P4B3, P4B4, P4B5, P4H4 and P4H5, 

confirming the presence of a 4-methylthiophene A-ring. On the other hand, for chalcones 

MH, MH3, MH2 and MH4 characteristic signals of a 3,4-dimethoxyphenyl A ring are 

observed (H-2’: δH 7.62 d, H-5’: δH 6.94-6.93 d, H-6’: δH 7.68-7.66 dd, 3’-OCH3 and 4’-OCH3: 

3.98 s). 

Additionally, for chalcones P0, P4, P0B3 and P4B3 characteristic signals of a 3,4,5-, 

or 2,4,5-trimethoxyphenyl ring were observed, and for chalcones P0B4, P4B4, P0B5, and 

P4B5 characteristic signals of a 3,5- or 3,4-dimethoxyphenyl ring were observed in the 1H 

NMR spectra. Instead of these signals, the 1H NMR data of chalcones MH2, MH3, P0H5, 

P4H5, P0H4, P4H4 and MH4 showed proton signals of a 2,3-, 2,4-, 3,4- or 3,5-

dichlorophenyl ring. On the contrary, signals of a 4-chlorophenyl ring are displayed for 

chalcone MH. 

The 13C NMR data of all chalcones were in accordance with the structure proposed 

for the compounds. 13C NMR assignments were confirmed by HSQC and HMBC spectra. 

 The HRMS data of chalcones P4, P4B3, P4H4 and P4H5 were in accordance with 

the structure proposed for the compounds. 

 The spectroscopic data of compounds P4120, P0120, 122, P0B3123, P0B4124, P0B5124, 

P4B4124, P4B5124, P0H5125, MH126, MH2127 and MH3128 are in agreement with those 

previously reported. Nevertheless, the 13C NMR data for compounds P0B3, MH2 and MH3 

were here reported for the first time. 
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Table 10. 13C NMR data of chalcones P0, P0B3, P0B4, P0B5, P0H4, P0H5, P4, P4B3, P4B4, P4B5, P4H4, P4H5, MH, MH3, MH2, MH4. 

 P0 P0B3 P0B4 P0B5 P0H4 P0H5 P4 P4B3 P4B4 P4B5 P4H4 P4H5 MH MH3 MH2 MH4 

C-1’ - - - - - - - - - - - - 131.1 130.9 131.4 130.8 

C-2’ 145.5 146.1 145.5 145.7 145.1 145.2 145.0 145.5 144.9 145.2 145.0 144.6 110.8 110.8 110.9 110.7 

C-3’ 133.9 133.1 134.0 133.6 134.6 133.5 133.7 133.3 133.9 133.8 134.7 134.4 149.3 149.3 149.3 149.4 

3’-OCH3 - - - - - - - - - - - - 56.0 56.1 56.1 56.1 

C-4’ 128.2 128.1 128.3 128.2 128.4 129.8 139.0 138.3 139.1 139.0 139.7 139.2 153.4 153.5 153.6 153.7 

4’-CH3 - - - - - - 15.5 15.7 15.7 15.8 16.1 15.7 - - - - 

4’-OCH3 - - - - - - - - - - - - 56.1 56.1 56.1 56.2 

C-5’ 131.8 131.3 131.9 131.6 132.3 131.3 129.8 129.0 129.9 130.3 131.0 131.4 110.0 110.0 110.0 110.0 

C-6’ - - - - - - - - - - - - 123.1 123.3 123.3 123.3 

C=O 182.0 182.6 182.0 182.0 181.3 181.4 181.9 182.5 181.9 181.3 181.6 181.4 188.3 188.3 188.4 187.7 

C-α 120.9 119.9 122.1 119.4 124.0 123.1 120.9 119.9 122.2 124.9 124.5 123.2 122.1 124.9 125.8 124.0 

C-β 144.3 139.5 144.1 144.2 140.9 141.2 144.0 139.2 143.8 143.5 141.0 141.0 142.5 138.5 139.7 140.7 

C-1 130.2 115.3 136.6 127.6 135.7 134.8 130.7 115.4 136.7 128.0 138.2 134.8 136.2 132.1 133.3 138.1 

C-2 105.7 154.8 106.4 110.2 126.5 128.4 105.7 154.8 106.7 110.2 126.9 129.7 129.5 135.9 135.9 126.4 

2-OCH3 - 56.1 - - - - - 56.1 - - - - - - - - 

C-3 153.5 96.8 161.7 149.2 137.7 132.2 153.5 96.8 161.1 149.2 136.1 133.3 129.2 130.1 130.8 135.6 

3-OCH3 56.3 - 56.3 56.3 - - 56.3 - 56.3 56.3 - - - - - - 

C-4 140.5 152.5 102.7 151.1 130.1 133.3 140.4 152.5 102.7 151.1 130.4 134.4 133.6 136.3 134.1 129.8 

4-OCH3 61.0 56.6 - 56.4 - - 61.0 56.6 - 56.4 - - - - - - 

C-5 153.5 143.2 161.7 111.1 137.7 131.0 153.5 143.2 161.1 111.1 136.1 131.0 129.2 127.5 127.3 135.6 

5-OCH3 56.3 56.3 56.3 - - - 56.3 56.3 56.3 - - - - - - - 

C-6 105.7 111.7 106.4 123.2 126.5 127.6 105.7 111.7 106.7 123.2 126.9 127.6 129.5 128.5 129.0 128.5 
Values in parts per million ( δC). Measured in CDCl3 at 75.45 MHz. J values (Hz) are presented in parentheses. 
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2.2.2. Isoxazole derivatives P0-iso and P4-iso 

 

In contrast to the precursors P0 and P4, the IR spectra of derivatives P0-iso and 

P4-iso showed bands of stretching vibration at 1387- 1383 cm-1 (C-N) and 3444-3441 cm-1 

(N-H), instead of a characteristic band of stretching vibration of the ,β-unsaturated 

carbonyl system, suggesting the formation of an isoxazole ring. In addition, the observation 

of bands at 3140-2850 cm-1 (aliphatic C-H), 1540-1418 cm-1 (C=C) and 1261-1240 cm-1 (C-

O) were observed (Table 11). 

 

Table 11. IR data of isoxazole derivatives P0-iso and P4-iso. 

 ʋ (cm-1) 
 

Groups P0-iso P4-iso 

Aliphatic 

C-H 

2963 

2918 

2850 

3140 

2933 

Aromatic 

C=C 

1540 

1470 

1426 

1505 

1462 

1418 

C-O 1261 1240 

C-N 1387 1383 

 

 

 

The 1H and 13C NMR data of derivatives P0-iso and P4-iso are reported in Table 12. 

In these spectra no characteristic signals of the ,β-unsaturated carbonyl system of P0 and 

P4, used as building blocks, were observed. The formation of an isoxazole ring by molecular 

modification of enone moiety was confirmed by the presence in the 1H NMR spectra of the 

singlets at δH 6.60 (H-2’’ of P0-iso) or δH 6.61 (H-2’’ of P4-iso) correlated in the HSQC 

spectra with the signals at δC 97.3 (C-2’’ of P0-iso) or δC 97.0 (C-2’’ of P4-iso), as well as 

by the presence of two additional signals at δC 165.5 or δC 165.6 (C-3’’ of P0-iso and P4-

iso, respectively) and δC 162.8 (C-1’’ of P0-iso and P4-iso) in the 13C NMR spectra. 
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Table 12. 1H NMR and 13C NMR data of isoxazole derivatives P0-iso and P4-iso. 

 P0-iso P4-iso  P0-iso P4-iso 

H-3’ 7.48 (dd, 
J=5.1, 1.1) 

7.37 (d, J=1.2) C-2’ 129.2 129.6 

H-4’ 7.15 (dd, 
J=5.5, 3.8) 

- C-3’ 128.2 129.2 

4´-CH3 - 2.32 (s) C-4’ 127.1 139.7 

H-5’ 7.57 (dd, 
J=3.8,1.1) 

7.05 (t, J=1.2) 4’-CH3 - 15.6 

H-2’’ 6.66(s) 6.61(s) C-5’ 128.1 123.5 

H-2,-6 7.07 (s) 7.06 (s) C-3’’ 165.5 165.6 

3,5-OCH3 3.95 (s) 3.94 (s) C-2’’ 97.3 97.0 

4-OCH3 3.91 (s) 3.90 (s) C-1’’ 162.8 162.8 

   C-1 124.3 123.0 

   C-2,-6 104.1 104.1 

   C-3,-5 153.6 153.6 

   3,5-OCH3 56.3 56.3 

   C-4 140.0 138.9 

   4-OCH3 61.0 61.0 

Values in parts per million (δH and δC). Measured in CDCl3 at 300.13 MHz and 75.45 MHz. J values (Hz) are presented 

in parentheses. 

 

 

In addition to HSQC, 13C NMR assignments were confirmed by HMBC experiments. 

The main correlations observed in the HMBC spectra are represented in Figure 7. 

 

 

Figure 7. Main correlations found in the HMBC spectra of isoxazole derivatives P0-iso and P4-iso. 

 

The HRMS data of derivative P0-iso was in accordance with the structure proposed 

for the compound. 

The IR, and NMR data of derivative P0-iso are in accordance to the reported data120.  
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2.2.3. Chalcone epoxides P0-epo and P4-epo 

 

The IR data of epoxide derivatives P0-epo and P4-epo are reported in Table 13. The 

comparison of these data with the IR spectra of P0 and P4 is in accordance with the 

predicted molecular modification. In fact, the characteristic band of carbonyl group was 

observed at 1659-1654 cm-1 instead of 1648-1645 cm-1 suggesting the molecular 

modification of the enone moiety of the precursors. 

 

Table 13- IR data of epoxide derivatives P0-epo and P4-epo. 

 ʋ (cm-1) 

Groups P0-epo P4-epo 

Aliphatic 

C-H 

2920 

2848 

2996 

2960 

2939 

C=O 1659 1654 

C=C 

1590 

1467 

1432 

1417 

1594 

1509 

1464 

1424 

C-O 1239 1245 

 

 

The 1H and 13C NMR spectra of P0-epo and P4-epo (Table 14) showed the same 

signals of A and B rings of their precursors, as expected. However, instead of the signals 

of the enone moiety, characteristic signals of a trans-chalcone epoxide were observed, as 

expected considering that the epoxidation reaction is stereoselective. In fact, in the 1H NMR 

spectra two doublets with a coupling constant (J) of 1.8 Hz were observed at H 4.13 or 4.12 

(H-1'') and at H 4.03 or 4.00 (H-2''), coupled in the HSQC spectra with the signals at C 59.7 

or C 59.6, and C 62.0 or C 61.8, respectively. 

The specific rotation for derivatives P0-epo and P4-epo was -4 and -34, 

respectively, suggesting the formation of a mixture of both enantiomers in different 

proportions for both derivatives. 
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Table 14 – 1H NMR and 13C NMR data of chalcones epoxides P0-epo and P4-epo. 

 P0-epo P4-epo  P0-epo P4-epo 

H-3’ 7.76 (dd, J=4.9, 

1.1) 
7.79 (d, J=1.2) C-2’ 140.9 140.6 

H-4’ 7.19 (dd, J=4.9, 

3.9) 
- C-3’ 135.3 135.4 

4´-CH3 - 2.31 (s, -CH3) C-4’ 128.5 139.4 

H-5’ 8.01 (dd, J=3.9, 

1.1) 
7.35 (t, J=1.2) 4’-CH3 - 15.5 

H-1’’ 4.13 (d, J=1.8) 4.12 (d, J=1.8) C-5’ 133.7 131.0 

H-2’’ 4.03 (d, J=1.8) 4.00 (d, J=1.8) C=O 186.3 186.2 

H-2,-6 6.57 (s) 6.56 (s) C-1’’ 59.7 59.6 

3,5-OCH3 3.87 (s) 3.87 (s) C-2’’ 62.0 61.8 

4-OCH3 3.86 (s) 3.86 (s) C-1 130.9 131.3 

 - - C-2,-6 102.5 102.4 

 - - C-3,-5 153.7 153.7 

 - - 3,5-OCH3 56.2 56.2 

 - - C-4 138.5 139.4 

   4-OCH3 60.9 60.9 

Values in parts per million (δH and δC). Measured in CDCl3 at 300.13 MHz and 75.45 MHz. J values (Hz) are presented 

in parentheses. 

 

The structure of the P0-epo and P4-epo were confirmed by HSQC and HMBC 

spectra. The correlations observed in the HMBC spectrum are represented in Figure 8. 

 

 

Figure 8. Main correlations found in the HMBC spectrum chalcones epoxides P0-epo and P4-epo. 

 

The IR, and NMR data of P0-epo and P4-epo are in accordance to the published 

data120. Nevertheless, herein the stereochemistry of these epoxides was discussed for the 

first time. 
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2.2.4. Pyrazole derivatives P0-pyr and P4-pyr 

 

In the IR spectrum of derivatives P0-pyr and P4-pyr (Table 15), instead of 

characteristic bands of ,β-unsaturated carbonyl systems, the presence of large bands of 

stretching vibration at 1634-1630 cm-1 (C-N) and 3454-3450 cm-1 (N-H), were observed 

suggesting the formation of pyrazole ring. In addition, bands at 2919-2835 cm-1 (aliphatic 

C-H), 1599-1465 cm-1 (C=C) and 1239-1230 cm-1 (C-O) were observed. 

 

Table 15- IR data of pyrazole derivatives P0-pyr and P4-pyr. 

 ʋ (cm-1) 

Groups P0-pyr P4-pyr 

Aliphatic 

C-H 

2919 

2850 

2917 

2835 

Aromatic 

C=C 

1591 

1505 

1465 

1599 

1510 

1477 

C-O 1239 1230 

C-N 1634 1630 

N-H 3454 3450 

 

 

The 1H and 13C NMR data of P0-pyr and P4-pyr are represented in Table 16. The 

signals of A and B rings of the precursors (P0-epo and P4-epo) are presented in the 

spectra. However, instead of the signals of an oxirane ring, a singlet at H 6.69 or 6.87 

correlated in the HSQC with a signal at C 100.1 or 109.3, respectively is observed, revelling 

the presence of a pyrazole ring.  

 

 

 

 

 

 

 

 

 



52 
 

Table 16- 1H NMR and 13C NMR data of pyrazole derivatives P0-pyr and P4-pyr. 

 P0-pyr P4-pyr  P0-pyr P4-pyr 

H-3’ 7.29 (d, J= 
5.13) 

7.64 (brs) C-2’ 144.0 137.9 

H-4’ 7.03 (dd, J= 
5.0, 3.6) 

- C-3’ 125.8 128.0 

4´CH3 - 2.22 (s) C-4’ 127.9 128.5 

H-5’ 7.36 (d, J= 
3.8) 

7.13 (brs) 4’-CH3 - 15.7 

H-2’’ 6.69 (s) 6.63 (s) C-5’ 125.2 125.1 

5’’-NH n.o. n.o. C-1’’ 147.5 143.1 

H-2,-6 6.96 (s) 6.87 (s) C-2’’ 100.1 109.3 

3,5-OCH3 3.90 (s)  3.89 (s)  C-3’’ 134.0 133.7 

4-OCH3 3.88 (s) 3.80 (s) C-1 126.0 121.2 

   C-2,-6 103.3 106.1 

   C-3,-5 153.7 153.2 

   3,5-OCH3 56.3 56.1 

   C-4 138.8 137.2 

   4-OCH3 61.0 61.0 

Values in parts per million (δH and δC). Measured in CDCl3 at 300.13 MHz and 75.45 MHz. J values (Hz) are presented in 

parentheses. 

 

In the HMBC spectra the presence of the pyrazole ring was confirmed, as well as 

the attribution of all the carbon atoms (Figure 9). 

 

 

Figure 9. Main correlations found in the HMBC spectra of pyrazole derivatives P0-pyr and P4-pyr. 

 

The HRMS data of derivative P0-pyr was in accordance with the structure proposed 

for the compound. 

The IR, and NMR data of derivative P0-pyr are in accordance to the published 

data120. 
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2.3. Evaluation of the antiproliferative activity 

 

The in vitro growth inhibitory effect of synthetized compounds was evaluated using 

the sulforhodamine B (SRB) assay in three human tumor cell lines, A375-C5 (melanoma), 

MCF-7 (breast adernocarcinoma), and NCI-H460 (non-small cell lung cancer). For all 

compounds the maximum concentration tested was 150 µM, except for derivative P0-pyr, 

which was tested at 37.5 µM, because of its low solubility. Cells were treated with 

compounds for 48 h, and the concentration of compound that inhibited 50% of the cell 

growth (GI50) was determined. Table 17 presents the GI50 values obtained for all tested 

compounds, as well as those already reported for the structure related chalcones P0, P4, 

P5, BT and BF120. 

 

Table 17. Growth inhibitory effect of tested compounds on human cancer cell lines, upon 48 h 

exposure. 

 
GI50 (µM) 

 
A375-C5 MCF-7 NCI-H460 

MH4 4.51 ± 1.30 8.41 ± 3.63 9.61 ± 2.54 

MH2 15.29 ± 4.71 17.78 ± 8.19 15.15 ± 1.56 

MH3 16.73 ± 1.91 24.72 ± 6.65 19.03 ± 4.26 

MH 15.54 ± 3.46 24.10 ± 1.75 21.81 ± 1.06 

P0B5 17.77 ± 5.08 23.92 ± 7.18 17.76 ± 2.97 

P0B4 4.15 ± 0.85 7.70 ± 2.32 7.12 ± 0.20 

P0B3 11.12 ± 0.96 12.60 ± 2.68 13.62 ± 2.61 

P0H5 7.25 ± 2.97 12.12 ± 2.33 8.44 ± 2.13 

P0H4 5.38 ± 1.47 11.65 ± 4.57 8.34 ± 2.02 

P0* 3.63 ± 0.58 5.95 ± 0.88 5.06 ± 0.20 

P0-epo 38.50 ± 4.26 59.92 ± 12.70 61.78 ± 2.04 

P0-pyr > 37.5 > 37.5 > 37.5 

P0-iso 90.37 ± 0.25 >150 118.34 ± 9.43 

P4B5 11.27 ± 1.30 10.78 ± 4.44 15.28 ± 2.85 

P4B4 3.33 ± 1.18 4.28 ± 2.17 4.44 ± 0.87 

P4B3 6.96 ± 0.65 10.06 ± 3.70 7.48 ± 0.41 
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Table 17. (Contd.) Growth inhibitory effect of tested compounds on human cancer cell lines, upon 

48 h exposure. 

 
GI50 (µM) 

A375-C5 MCF-7 NCI-H460 

P4H5 12.14 ± 1.87 22.54 ± 1.84 15.50 ± 5.66 

P4H4 7.14 ± 1.87 12.17 ± 2.79 11.85 ± 3.46 

P4* 3.21 ± 0.45 3.26 ± 0.11 3.02 ± 0.01 

P4-epo 6.63 ± 3.37 14.01 ± 1.73 16.88 ± 3.48 

P4-pyr 16.08 ± 2.94 16.34 ± 1.40 16.15 ± 0.56 

P4-iso 21.37 ± 5.48 43.07 ± 2.08 37.47 ± 6.88 

P5* 5.70 ± 1.45 5.56 ± 1.51 6.28 ± 0.31 

BF* 8.57 ± 1.06 9.75 ± 1.24 8.35 ± 0.31 

BT* 6.90 ± 1.10 6.89 ± 0.41 6.61 ± 0.63 

Results are expressed as GI50 (μM) values, tested using A375-C5, MCF-7 and NCI-H460 cell lines. Data 

represent mean ± SD of at least three independent experiments performed in duplicate. *Results previously 

reported120.  

 

From Table 17, it can be seen that among all tested compounds, MH4, P0B4, P4B4, 

P4B3, P0, P4, P5, BT and BF demonstrated the best results of GI50 (3.02-10.06 μM) in the 

three human tumor cell lines studied, pointing them as a promising agents for further 

antitumor studies. In addition, compounds P0H5, P0H4, P4H4 and P4-epo also showed 

promising antiproliferative activity, with a GI50 value lower than 10 μM for at least one tumor 

cell line. 

Although the number of compounds is limited, an attempt was made to draw some 

considerations concerning SAR studies. 

Considering the substitution pattern of B ring, some interesting results were 

observed. Regarding the methoxylated chalcones, when comparing GI50 values of 3,4,5-

trimethoxychalcones P0 and P4 with the corresponding 2,4,5-trimethoxychalcones P0B3 

and P4B3, the results revealed that the presence of three methoxyl groups on positions 

3,4,5 is more favorable for their growth inhibitory activity than the presence on positions 

2,4,5. Moreover, the comparison of the GI50 values of 3,4-dimethoxychalcones P0B5 and 

P4B5 with 3,5-dimethoxylchacones P0B4 and P4B4, the results revealed that the presence 

of two methoxyl groups on positions 3,5 is more favorable than the presence on positions 

3,4. These results suggest the importance of 3,4,5-trimethoxyphenyl and 3,5-
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dimetoxyphenyl B rings for this activity. Regarding the growth inhibitory activity of the 

chlorinated chalcones, the results showed that the presence of 3,5-dichlorophenyl B ring 

(MH4, P0H4 and P4H4) was more favorable than a 2,3-, 2,4 or 3,4-dichlorophenyl ring for 

the studied effect, mainly in A375-C5 and MCF-7 cell lines. 

Comparing the epoxide (P0-epo and P4-epo), isoxazole (P0-iso and P4-iso) and 

pyrazole (P0-pyr and P4-pyr) derivatives with the correspondent chalcones P0 and P4, it 

can be concluded that the substitution of the enone moiety by an epoxide, isoxazole and 

pyrazole ring is associated with a decrease in the growth inhibitory effect. 
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2.4. Characterization of BF antiproliferative activity 

 

Chalcone BF was previously shown to be a promising antiproliferative compound, 

exhibiting growth inhibitory activity against the human tumor cell lines A375-C5, MCF-7 and 

NCI-H460, with a GI50 values of 8.57, 9.75, and 8.35 μM, respectively. Moreover, molecular 

modeling studies to predict the binding ability to ,β-tubulin revealed that BF presented high 

affinity to tubulin, supporting the possibility of this chalcone to disrupt the microtubule 

assembly by inhibiting tubulin polymerization120. Taking these into account, we aimed to 

assess the antimitotic effect of this chalcone in NCI-H460 tumor cells. 

 

 

2.4.1. NCI-H460 cells arrest in mitosis in response to BF treatment 

 

To evaluate the antimitotic effect of BF, NCI-H460 cells were treated, for 15 h, with 

16.70 μM of compound. As positive control, cells were treated with 1 μM of nocodazole, a 

microtubule depolymerizing agent which induces a well-known arrest in mitosis129. Phase 

contrast microscopy examination of BF-treated cells, showed an accumulation of round-

shaped and bright cells that mirrored that of nocodazole-treated cells, suggesting an 

antimitotic activity for BF. In contrast, and as expected, untreated and DMSO-treated cells 

showed only few cells in mitosis, with the majority of cells at interphase. DAPI staining of 

BF-treated cells, to visualize the DNA, confirmed the presence of an increasing number of 

cells arrested in mitosis, through observation of condensed chromosomes (Figure 10; a). 

Moreover, the Mitotic index (MI) was determined, after phase contrast microscopy 

quantification of mitotic and interphasic cells. As expected, untreated cells presented a 

mitotic index of 11.3%, while nocodazole-treated cells had an increase to 73.1%. In BF-

treated cells the mitotic index was of 25.8%, showing an increment of 14.5% on mitotic 

index comparatively to untreated-cells (Figure 10; b). Therefore, the phase contrast 

observations, the DAPI staining of DNA and the results from mitotic index calculation 

suggest that BF exerts its antiproliferative effect by blocking mitotic progression.  
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Figure 10. Treatment with BF arrests NCI-H460 cells in mitosis. (a) Mitotic cells (rounded) 

accumulated in cell culture after 15 h treatment with BF, as shown by phase contrast microscopy 

(Bar= 20 μm) and confirmed by DAPI staining of DNA (Bar=5 μm). Nocodazole was used as a 

positive control; (b) Mitotic Index graph showing accumulation of mitotic cells after 15 h of treatment. 

Statistical significance of samples treated with BF when compared with control (***P=0.0008). Data 

represent mean±SD of three independent experiments. 

 

 

2.4.2. Mitotic spindle morphology is affected by BF 

 

Mitotic arrest is often linked to abnormal chromosome-spindle microtubules 

attachments, resulting in persistent SAC signaling activation129. Accordingly, and since BF-

treated cells was arrested in mitosis, we then treated NCI-H460 cells with 16.70 μM of BF, 

for 15 h, and performed an immunostaining using an anti--tubulin antibody, to visualize 

the spindle microtubules. DNA was also stained with DAPI. Through fluorescence 



58 
 

microscopy observation, we noticed that untreated control cells exhibited microtubule fibers 

assembled into a well-organized bipolar spindle, while BF-treated cells showed an 

abnormal mitotic spindle morphology, mainly a multipolar spindle (Figure 11; a). The 

morphology of spindles, bipolar versus multipolar, were quantified revealing an increase of 

multipolar spindles, from 2% in untreated-cells to 28% in BF-treated cells (Figure 11; b). 

These results suggest that BF treatment arrests NCI-H460 cells in mitosis, by interfering 

with spindle microtubules assembly. 

 

Figure 11. BF treatment affects mitotic spindle morphology. (a) Immunofluorescence staining with 

anti-α-tubulin antibody. Control cells exhibited normal microtubule fibers (green) assembled into a 

well-organized bipolar spindle, and BF-treated cells presented multipolar spindles. DNA was stained 

with DAPI (blue). Bar = 5 μm. (b) Mitotic spindles were quantified in control- and compound-treated 

cells being the result expressed as a percentage of bipolar and multipolar spindles over the total of 

spindles. Statistical significance of samples treated with BF when compared with control (*P<0.05). 

Data represent mean±SD of three independent experiments.  
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2.4.3. Assessment of cell fate after prolonged treatment with BF  

 

In order to characterize the fate of NCI-H460 cells in response to prolonged 

treatment with BF, NCI-H460 cells were exposed to BF treatment for 24 h and stained with 

DAPI, for DNA evaluation. Through fluorescence microscopy observation, it was verified 

that cells presented abnormal nuclear morphology, with micronucleation, suggesting cell 

death (Figure 12). This observed morphology resembles the apoptotic cells, and probably 

is a consequence of mitotic cell arrest or cell division failure. 

 

Figure 12. NCI-H460 cell death was induced upon prolonged exposure to BF. Extended treatment 

with compound (24 h) promoted micronucleation and cell death (arrow). DNA stained with DAPI. 

Bar=5μm.  

 

In the future, in order to confirm if the mechanism responsible by these cell death is 

apoptosis, other assays must be performed, namely the Terminal deoxynucleotidyl 

transferase-mediated nick end labeling (TUNEL) assay or the Annexin V/Propidium Iodide 

(PI) labeling followed by flow cytometry. 
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Chapter 3- Conclusion 
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Cancer still remains one of the most feared diseases in the modern world, being 

associated with a high mortality rate. Although a lot of research in this area has been 

developed, new selective and effective anticancer agents not toxic to normal cells need to 

be searched. Chalcones are a class of flavonoids widely found in nature, with promising 

antitumor activity, being this activity associated with, at least in part, to their ability to 

promote cell cycle arrest by interference with mitosis. In addition, they may function as 

intermediates for the synthesis of several bioactive compounds, namely nitrogen 

heterocycles, such as isoxazoles and pyrazoles. 

In the course of this work, sixteen chalcones were synthetized, being four described 

for the first time (P0H4, P4B3, P4H4 and P4H5), using Claisen-Schmidt condensation by 

MW irradiation, with reasonable yields. Furthermore, using chalcones P0 and P4 as 

intermediates, six derivatives were obtained, including isoxazole, epoxide and pyrazole 

derivatives, being derivatives P4-iso and P4-pyr described for the first time. 

All compounds were screened for their antiproliferative activity in human tumor cell 

lines. Among these, chalcones MH4, P0B4, P4B4 and P4B3 demonstrated a potent 

antiproliferative activity in the three human tumor cell lines studied, pointing them as a 

promising agents for further antitumor studies. In addition, compounds P0H5, P0H4, P4H4 

and P4-epo also showed promising antiproliferative activity, with a GI50 value lower than 10 

μM for at least one tumor cell line. The comparison of GI50 values of isoxazole, epoxide and 

pyrazole derivatives with the correspondent chalcones suggest that the substitution of the 

enone moiety of chalcones is associated with a decrease in the growth inhibitory effect. 

Furthermore, during this project the antimitotic effect of chalcone BF was studied. 

This chalcone was previously reported as presenting high affinity to the colchicine binding 

site of α,β-tubulin. Here it was shown that BF exerts its antiproliferative effect by blocking 

mitotic progression of NCI-H460 cells. Upon BF treatment, cells presented multipolar 

spindles, indicative of chalcone interference with spindle microtubules assembly. Also, it 

was verified that with prolonged BF treatment, the NCI-H460 cells presented abnormal 

nuclear morphology, with micronucleation, suggesting cell death by apoptosis. Thus, these 

results support the possibility of chalcone BF to disrupt the microtubule assembly behaving 

as a potential antimitotic agent, as was suggested by molecular modeling studies. 
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Chapter 4- Experimental 
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4.1. Synthesis 

 

4.1.1. General Methods 

 

The MW reactions were performed using a glassware setup for atmospheric-pressure 

reactions or a 100 mL Teflon reactor (internal reaction temperature measurements with a 

fiber-optic probe sensor), using an Ethos MicroSYNTH 1600 Microwave Labstation from 

Milestone. All reactions were monitored by TLC. 

The purification of compounds by flash CC and preparative TLC was performed using 

Macherey-Nagel silica gel 60 (0.04-0.063 mm) and Macherey-Nagel silica gel 60 (GF254) 

plates, respectively. 

RP-HPLC analysis* was performed on a Dionex Ultimate 3000 (Thermo Fisher 

Scientific, USA) equipped with a 3000 quaternary pump, a 3000 autosampler, and a 3000 

Variable UV/Vis detector. Chromeleon software version 7.2 Ultimate (Thermo Fisher 

Scientific, USA) was used to manage chromatographic data. LC analysis was performed in 

a isocratic mode with using as mobile phase a mixture of n-hexane : ethyl acetate (8:2), and 

the eluent was monitored in UV/Vis at 254 nm. Preparative separation was carried out on a 

Luna 5µ silica (2) 100Å 250x10mm from phenomenex, with a flow rate set to 3 mL/min. and 

a volume of injection of 60 μL of a 2mg/ml sample solution. All solvents used were HPLC 

grade, and prior to use, solvents were degassed in an ultrasonic bath for 15 minutes. 

Melting Points were obtained in a Köfler microscope and are uncorrected. 

IR spetra were obtained in KBr microplate in a FTIR spectrometer Nicolet iS10 from 

Thermo Scientific with Smart OMNI-Transmisson accessory (Software OMNIC 8.3). 

Optical rotation measurements were carried out on a Polartronic Universal polarimeter 

(ADP 410 polarimeter). 

1H and 13C NMR spectra were taken in CDCl3 at r.t., on Bruker Avance 300 and 500 

instruments (300.13 MHz for 1H and 75.47 MHz for 13C, 500 MHz for 1H and 120 MHz for 

13C, respectively). Chemical shifts are expressed in δ (ppm) values relative to 

tetrametylsilane (TMS) used as an internal reference; 13C NMR assignments were made by 

2D (HSQC and HMBC) NMR experiments (long-range 13C-1H coupling constants were 

optimized to 7 Hz). The spectral treatment was executed using the MastReNova v6.0.2-

5475 software. 

HRMS mass spectra were performed on an APEXQe FT-ICR MS (Bruker Daltonics, 

Billerica, MA), equipped with a 7T actively shielded magnet, at C.A.C.T.I.-University of Vigo, 

Spain. Ions were generated using a Combi MALDI-electrospray ionization (ESI) source.  

 

*Work developed by Drª Sara Cravo, LQOF-FFUP.  
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Ionization was achieved by electrospray, using a voltage of 4500 V applied to the needle, 

and a counter voltage of 300 V applied to the capillary. Samples were prepared by adding 

a spray solution of 70:29.9:0.1 (v/v/v) CH3OH/water/formic acid or 70:29.9:0.1 (v/v/v) 

CH3CN/water/formic acid to a solution of the sample at a v/v ratio of 1 to 5% to give the best 

signal-to-noise ratio. Data acquisition was performed using the ApexControl software 

version 3.0.0, and data processing was performed using the DataAnalysis software, version 

4.0 both from Bruker Daltonics. 

All commercially available reagents were purchased from Sigma Aldrich Co and Alfa 

Aesar Co. The compounds were synthesized and purified by the described procedures.  

 

 

4.1.2. Synthesis of chalcones  

 

To a solution of 1-(3,4-dimethoxyphenyl)ethan-1-one, 2-acetylthiophene or 2-acetyl-

4-methylthiophene (1.01 - 7.93 mmol, 0.19 - 1.05 g) in methanol (25 mL) was added an 

aqueous solution of 40% sodium hydroxide (methanol/water) until pH 13 - 14, under stirring 

and on ice. Then, a solution of appropriately substituted benzaldehyde (2.03 - 15.86 mmol, 

0.28 - 3.11 g) in methanol was slowly added to the reaction mixture. The reaction was 

submitted to MW irradiation at 180 W with the final temperature of 69 °C, with the total 

irradiation time 2 h - 3 h, and was monitored by TLC. Upon completion, the reaction mixture 

was poured into ice and the pH was adjusted to approximately 7 with diluted hydrochloride 

acid. For all chalcones, except P0B3, P4B3 and P4B5, the resulting residue was filtered, 

washed with water, and purified as described below. For chalcones P0B3, P4B3 and P4B5, 

the resulting residue was taken in chloroform and further rinsed with water, dried over 

anhydrous sodium sulfate, evaporated under reduced pressure and the obtained residue 

was purified as described below. 

 

(E)-1-(thiophen-2-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (P0): Purified by 

crystallization from methanol. Yield: 71%; mp: 128-130 ºC; IR (KBr) ʋmáx (cm-1): 2971, 2919, 

2832, 1645, 1577, 1467, 1434, 1415, 1287. 1H NMR (CDCl3, 300.13 MHz): δ 7.89 (1H, dd, 

J=3.8, 1.1 Hz, H-5’), 7.78 (1H, d, J=15.6 Hz, H-β), 7.69 (1H, dd, J=5.0, 1.1 Hz, H-3’), 7.31 

(1H, d, J=15.6 Hz, H-α), 7.20 (1H, dd, J= 5.0, 3.8 Hz, H-4’), 6.87 (2H, s, H-2,-6), 3.93 (6H, 

s, 3,5- OCH3), 3.90 (3H, s, 4-OCH3). 13C NMR (CDCl3, 75.47 MHz): δ 182.0 (C=O), 153.5 

(C-3,-5), 145.5 (C-2’), 144.3 (C-β), 140.5 (C-4), 133.9 (C-3’), 131.8 (C-5’), 130.2 (C-1), 

128.2 (C-4’), 120.9 (C-α), 105.7 (C-2,-6), 61.0 (4-OCH3), 56.3 (3,5-OCH3). 
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(E)-1-(thiophen-2-yl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (P0B3): Purified by 

flash CC (SiO2; n-hexane: acetone, 7:3) followed by crystallization from methanol. Yield: 

24%; mp: 141-143 ºC; IR (kBr) ʋmáx (cm-1): 2920, 2848, 1640, 1572, 1513, 1298. 1H NMR 

(CDCl3 300.13 MHz) δ= 8.12 (1H, d, J=15.6 Hz; H-β), 7.85 (1H, dd, J=3.8, 1.1 Hz, H-5’), 

7.65 (1H, dd, J= 4.9, 1.1 Hz, H-3’), 7.39 (1H, d, J= 15.6 Hz, H-α), 7.17 (1H, dd, J=4.8, 3.8 

Hz, H-4’), 7.12 (1H, s, H-6), 6.53 (1H, s, H-3), 3.95 (3H, s, 2-OCH3), 3.92 (3H, s, 4-OCH3), 

3.91 (3H, s, 5-OCH3). 13C NMR (CDCl3, 75.47 MHz) δ= 182.6 (C=O), 154.8 (C-2), 152.5 (C-

4), 146.1 (C-2’), 143.2 (C-5), 139.5 (C-β), 133.3 (C-3’), 131.3 (C-5’), 128.1 (C-4’), 119.9 (C-

α), 115.3 (C-1), 111.7 (C-6), 96.8 (C-3), 56.6 (4-OCH3), 56.3 (5-OCH3), 56.1 (2-OCH3). 

 

(E)-3-(3,5-dimethoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one (P0B4): Purified by 

crystallization from methanol: chloroform. Yield: 44%; mp: 103-104 ºC; IR (kBr) ʋmáx (cm-1): 

2962, 2913, 2835, 1649, 1589, 1517, 1413, 1286. 1H NMR (CDCl3 300.13 MHz) δ= 7.87 

(1H, dd, J=3.8, 1.1 Hz, H-5’), 7.77 (1H, d, J=15.5 Hz, H-β), 7.69 (1H, dd, J=4.9, 1.1 Hz, H-

3’), 7.37 (1H, d, J=15.5 Hz, H-α), 7.19 (1H, dd, J=4.6, 3.8 Hz, H-4’), 6.78 (2H, d, J=2.2 Hz, 

H-2,-6), 6.54 (1H, t, J=2.2 Hz, H-4), 3.85 (6H, s, 3-,5- CH3). 13C NMR (CDCl3, 75.47 MHz) 

δ= 182.0 (C=O), 161.7 (C-3,-5), 145.5 (C-2’), 144.1 (C-β), 136.6 (C-1), 134.0 (C-3’), 131.9 

(C-5’), 128.3 (C-4’), 122.1 (C-α), 106.4 (C-2,-6), 102.7 (C-4), 56.3 (3,5-OCH3). 

 

(E)-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one (P0B5): Purified by 

crystallization from methanol: chloroform. Yield: 44%; mp: 106-108 ºC; IR (kBr) ʋmáx (cm-1): 

2995, 2958, 2831, 1640, 1586, 1573, 1264. 1H NMR (CDCl3 300.13 MHz) δ= 7.87 (1H, dd; 

J=3.5, 1.1 Hz, H-5’), 7.80 (1H, d, J=15.5 Hz, H-β), 7.65 (1H, dd, J=5.0, 1.1 Hz, H-3’), 7.30 

(1H, d, J=15.5 Hz, H-α), 7.23 (1H, dd, J=8.3, 2.2 Hz, H-6), 7.16 (1H, dd, J=4.9, 3.8 Hz, H-

4’), 6.89 (1H, d, J=8.3 Hz, H-5), 6.74 (1H, d, J=2.2 Hz, H-2), 3.94 (3H, s, 4- OCH3), 3.92 

(3H, s, 3- OCH3). 13C NMR (CDCl3, 75.47 MHz) δ= 182.0 (C=O), 151.1 (C-4), 149.2 (C-3), 

145.7 (C-2’), 144.2 (C-β), 133.6 (C-3’), 131.6 (C-5’), 128.2 (C-4’), 127.6 (C-1), 123.2 (C-6), 

119.4 (C-α), 111.1 (C-5), 110.2 (C-2), 56.4 (4-OCH3), 56.3 (3-OCH3). 

 

(E)-3-(3,5-dichlorophenyl)-1-(thiophen-2-yl)prop-2-en-1-one (P0H4): Purified by 

crystallization from methanol: chloroform. Yield: 46%; mp: 101-103 ºC; IR (kBr) ʋmáx (cm-1): 

2917, 2844, 1656, 1559, 1511, 799. 1H NMR (CDCl3 300.13 MHz) δ= 7.89 (1H, dd, J=3.8, 

1.1 Hz, H-5’), 7.73 (1H, dd, J=4.5, 1.1 Hz, H-3’), 7.70 (1H, d, J=15.6 Hz, H-β), 7.50 (1H, d, 

J=1.8 Hz, H-6), 7.40 (1H, t, J=1.8 Hz, H-4), 7.40 (1H, d, J=15.6 Hz, H-α), 7.21 (1H, dd, 

J=4.9, 3.9 Hz, H-4’), 6.50 (1H, d, J=1.8 Hz, H-2,-6). 13C NMR (CDCl3, 75.47 MHz) δ= 181.3 
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(C=O), 145.1 (C-2’), 140.9 (C-β), 137.7 (C-3,5), 135.7 (C-1), 134.6 (C-3’), 132.3 (C-5’), 

130.1 (C-4), 128.4 (C-4’), 126.5 (C-2,6), 124.0 (C-α). 

 

(E)-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one (P0H5): Purified by 

crystallization from methanol: chloroform. Yield: 66%; mp: 128-130 ºC; IR (kBr) ʋmáx (cm-1): 

2970, 2920, 2833, 1650, 1548, 1515, 748. 1H NMR (CDCl3 300.13 MHz) δ= 7.88 (1H, dd, 

J=3.7, 1.1 Hz, H-5’), 7.73 (1H, d, J=15.5 Hz, H-β), 7.72 (1H, d, J=1.6 Hz, H-2), 7.72 (1H, 

dd, J=5.0, 1.1 Hz, H-3’), 7.50 (1H, d, J=8.4 Hz, H-5), 7.45 (1H, dd, J=8.4, 1.6 Hz, H-6), 7.39 

(1H, d, J=15.5 Hz, H-α), 7.20 (1H, dd, J=4.9, 3.8 Hz, H-4’). 13C NMR (CDCl3, 75.47 MHz) 

δ= 181.4 (C=O), 145.2 (C-2’), 141.2 (C-β), 134.8 (C-1), 133.5 (C-3’), 133.3 (C-4), 132.2 (C-

3), 131.3 (C-5’), 131.0 (C-5), 129.8 (C-4’), 128.4 (C-2), 127.6 (C-6), 123.1 (C-α). 

 

(E)-1-(4-methylthiophen-2-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (P4): 

Purified by crystallization from methanol. Yield: 52%; mp 140-142 °C; IR (KBr) ʋmáx (cm-1): 

2963, 2917, 2823, 1648, 1578, 1504, 1453, 1416, 1248. 1H NMR (CDCl3, 300.13 MHz): δ 

7.76 (1H, d, J=15.5 Hz, H-β), 7.69 (1H, d, J=1.2 Hz, H-3’), 7.29 (1H, dd, J=1.3, 1.1 Hz, H-

5’), 7.27 (1H, d, J =15.5 Hz, H-α), 6.86 (2H, s, H-2,-6), 3.93 (6H, s, 3-,5-OCH3), 3.90 (3H, s, 

4-OCH3), 2.34 (3H, s, 4’-CH3). 13C NMR (CDCl3 75.47 MHz): δ 181.9 (C=O), 153.5 (C- 3,-

5), 145.0 (C-2’), 144.0 (C-β), 140.4 (C-4), 139.0 (C-4’), 133.7 (C-3’), 129.8 (C-5’), 130.7 (C-

1), 120.9 (C-α), 105.7 (C-2,-6), 61.0 (4-OCH3), 56.3 (3-,5-OCH3), 15.5 (4’-CH3). ESI-HRMS 

(+) m/z: Anal. Calcd for C17H19O4S (M+H)+: 319.09986; found: 319.09920. 

 

(E)-1-(4-methylthiophen-2-yl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (P4B3): 

Purified by flash CC (SiO2; n-hexane: acetone, 7:3) followed by crystallization from 

methanol: chloroform. Yield: 23 %; mp: 107-109 ºC; IR (kBr) ʋmáx (cm-1):  2990, 2913, 1640, 

1559, 1468, 1264. 1H NMR (CDCl3 300.13 MHz) δ = 8.11 (1H, d, J=15.6 Hz, H-β), 7.65 (1H, 

d, J=1.2 Hz, H-3’), 7.35 (1H, d, J= 15.6 Hz, H-α), 7.24 (1H, dd, J= 1.3, 1.1 Hz, H-5’), 7.12 

(1H, s, H-6), 6.53 (1H, s, H-3), 3.95 (3H, s, 2-OCH3), 3.92 (3H, s, 4-OCH3); 3.91 (3H, s, 5- 

OCH3), 2.33 (3H, s, 4’-CH3). 13C NMR (CDCl3, 75.47 MHz) δ= 182.5 (C=O), 154.8 (C-2), 

152.5 (C-4), 145.5 (C-2’), 143.2 (C-5), 139.2 (C-β), 138.3 (C-4’), 133.3 (C-3’), 129.0 (C-5’), 

119.9 (C-α), 115.4 (C-1), 111.7 (C-6), 96.8 (C-3), 56.6 (4-OCH3), 56.3 (5-OCH3), 56.1 (2-

OCH3), 15.7 (4’-CH3); ESI-HRMS (+) m/z: Anal. Calcd for C17H19O4S (M+H)+: 319.09986; 

found: 319.09957. 
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(E)-3-(3,5-dimethoxyphenyl)-1-(4-methylthiophen-2;yl)prop-2-en-1-one (P4B4): 

Purified by crystallization from methanol: chloroform. Yield: 46%; mp: 119-121 ºC; IR (kBr) 

ʋmáx (cm-1): 2970, 2921, 2844, 1648, 1600, 1454, 1286. 1H NMR (CDCl3 300.13 MHz) δ= 

7.75 (1H,d, J=15.5 Hz, H-β), 7.67 (1H; d, J=1.1 Hz, H-3’), 7.34 (1H, d, J=15.5 Hz, H-α), 7.28 

(1H, dd, J=1.3, 1.1 Hz, H-5’), 6.53 (1H, t, J=2.2 Hz, H-4), 6.28 (2H, d, J=2.2 Hz, H-2,-6), 

3.85 (6H, s, 3-,5-OCH3), 2.33 (3H, s, H-4’). 13C NMR (CDCl3, 75.47 MHz) δ= 181.9 (C=O), 

161.1 (C-3, -5), 144.9 (C-2’), 143.8 (C-β), 139.1 (C-4’), 136.7 (C-1), 133.9 (C-3’), 129.9 (C-

5’), 122.2 (C-α), 106.7 (C-2,-6), 102.7 (C-4), 56.3 (3-,5-OCH3), 15.7 (4’-CH3). 

 

(E)-3-(3,4-dimethoxyphenyl)-1-(4-methylthiophen-2-yl)prop-2-en-1-one (P4B5): 

Purified by flash CC (SiO2; n-hexane: acetone, 7:3) followed by crystallization from 

methanol: chloroform. Yield: 28%; mp: 131-133 ºC; IR (kBr) ʋmáx (cm-1): 2959, 2928, 2832, 

1645, 1576, 1542, 1512, 1265. 1H NMR (CDCl3 300.13 MHz) δ = 7.74 (1H, d, J=15.5 Hz, 

H-β), 7.65 (1H, d, J=1.2 Hz, H-3’), 7.28 (1H, dd, J= 1.3, 1.1 Hz, H-5’), 7.25 (1H, d, J= 15.5 

Hz, H-α), 7.21 (1H, dd, J=8.3, 2.2 Hz, H-6), 6.89 (1H, d, J=8.3 Hz, H-5), 6.32 (1H, d, J=2.2 

Hz, H-2), 3.94 (3H, s, 4-OCH3); 3.92 (3H, s, 3- OCH3), 2.32 (3H, s, 4’-CH3). 13C NMR (CDCl3, 

75.47 MHz) δ= 181.3 (C=O), 151.1 (C-4), 149.2 (C-3), 145.2 (C-2’), 143.5 (C-β), 139.0 (C-

4’), 133.8 (C-3’), 130.3 (C-5’), 128.0 (C-1), 124.9 (C-α), 123.2 (C-6), 111.1 (C-5), 110.2 (C-

1), 56.4 (4-OCH3), 56.3 (3-OCH3), 15.8 (4’-CH3). 

 

(E)-3-(3,5-dichlorophenyl)-1-(4-methylthiophen-2-yl)prop-2-en-1-one (P4H4): Purified 

by crystallization from methanol : chloroform. Yield: 65%; mp: 112-115 ºC; I R (kBr) ʋmáx 

(cm-1): 2922, 2918, 2842, 1660, 1561, 1535, 798. 1H NMR (CDCl3 300.13 MHz) δ= 7.69 

(1H, d, J=1.2 Hz, H-3’), 7.67 (1H, d, J=15.7 Hz, H-β), 7.49 (2H, d, J=1.9 Hz, H-2,-6), 7.39 

(1H, t, J=1.9 Hz, H-4), 7.37 (1H, d, J=15.7 Hz, H-α), 7.23 (1H, dd, J=1.3, 1.1 Hz, H-5’), 2.34 

(3H, s, 4’-CH3). 13C NMR (CDCl3, 75.47 MHz) δ= 181.6 (C=O), 145.0 (C-2’), 141.0 (C-β), 

139.7 (C-4’), 138.2 (C-1), 136.1 (C-3,5), 134.7 (C-3’), 131.0 (C-5’), 130.4 (C-4), 126.9 (C-

2,-6), 124.5 (α), 16.1 (4’- CH3); ESI-HRMS (+) m/z: Anal. Calcd for C14H11Cl2OS (M+H)+: 

296.99022; found: 296.99025. 

 

(E)-3-(3,4-dimethoxyphenyl)-1-(4-methylthiophen-2-yl)prop-2-en-1-one (P4H5): 

Purified by crystallization from methanol: chloroform. Yield: 67%; mp: 120-122 ºC; IR (kBr) 

ʋmáx (cm-1): 2904, 2847, 1647, 1591, 1551, 1473, 774. 1H NMR (CDCl3 300.13 MHz) δ= 7.72 

(1H,d, J=1.9 Hz; H-2), 7.70 (1H, d, J=15.6 Hz, H-β), 7.69 (1H, d, J=1.2 Hz, H-3’), 7.50 (1H, 

d, J=8.4 Hz, H-5), 7.45 (1H, dd, J=8.4, 1.9 Hz, H-6), 7.35 (1H, d, J=15.6 Hz, H-α), 7.31 (1H, 

dd, J=1.3, 1.1 Hz, H-5’), 2.33 (3H, s, 4’- CH3). 13C NMR (CDCl3, 75.47 MHz) δ= 181.4 (C=O), 

144.6 (C-2’), 141.0 (C-β), 139.2 (C-4’), 134.8 (C-1), 134.4 (C-4), 134.4 (C-3’), 133.3 (C-3), 
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131.4 (C-5’), 131.0 (C-5), 129.7 (C-2), 127.6 (C-6), 123.2 (C-α), 15.7 (4’- CH3). ESI-HRMS 

(+) m/z: Anal. Calcd for C14H11Cl2OS (M+H)+: 296.99022; found: 296.99015. 

 

(E)-3-(4-chlorophenyl)-1-(3,4-dimethoxyphenyl)prop-2-en-1-one (MH): Purified by 

crystallization from ethanol. Yield: 73%; mp: 134-135 ºC; IR (KBr) ʋmáx (cm-1): 2933, 2843, 

1652, 1578, 1513, 1273, 760. H NMR (CDCl3, 300.13 MHz): δ 7.76 (1H, d, J=15.6 Hz, H-

β), 7.68 (1H, dd, J= 8.4, 2.0 Hz, H-6’), 7.62 (1H, d, J=2.0 Hz, H-2’), 7.58 (2H, d, J=8.5 Hz, 

H-2,-6), 7.53 (1H, d, J= 15.6 Hz, H-α), 7.40 (2H, d, J=8.5 Hz, H-3,-5), 6.93 (1H, d, J=8.4 Hz, 

H-5’), 3.98 (6H, s, 3’,4’- OCH3). 13C NMR (CDCl3, 75.47 MHz): δ 188.3 (C=O), 153.4 (C-4’), 

149.3 (C-3’), 142.5 (C-β), 136.2 (C-1), 133.6 (C-4), 131.1 (C-1’), 129.5 (C-2,-6), 129.2 (C-

3,-5), 123.1 (C-6’), 122.1 (C-α), 110.8 (C-2’), 110.0 (C-5’), 56.1 (4’-OCH3), 56.0 (3’-OCH3). 

 

(E)-3-(2,4-dichlorophenyl)-1-(3,4-dimethoxyphenyl)prop-2-en-1-one (MH3): Purified by 

crystallization from ethanol. Yield: 60%; mp: 156-158 ºC; IR (KBr) ʋmáx (cm-1): 2959, 2934, 

2842, 1651, 1575, 1514, 1262, 765. 1H NMR (CDCl3, 300.13 MHz): δ 8.08 (1H, d, J=15.7 

Hz, H-β), 7.68 (1H, d, J= 8.5 Hz, H-6), 7.66 (1H, dd, J=8.4, 2.0 Hz, H-6’), 7.62 (1H, d, J=2.0 

Hz, H-2’), 7.47 (1H, d, J= 15.7 Hz, H-α), 7.46 (1H, d, J=2.0 Hz, H-3), 7.30 (1H, dd, J=8.5, 

2.0 Hz, H-5), 6.93 (1H, d, J=8.4, H-5’), 3.98 (6H, s, 3’,4’- OCH3). 13C NMR (CDCl3, 75.47 

MHz): δ 188.3 (C=O), 153.5 (C-4’), 149.3 (C-3’), 138.5 (C-β), 136.3 (C-4), 135.9 (C-2), 132.1 

(C-1), 130.9 (C-1’), 130.1 (C-3), 128.5 (C-6), 127.5 (C-5), 124.9 (C-α), 123.3 (C-6’), 110.8 

(C-2’), 110.0 (C-5’), 56.1 (3’-,4’-OCH3). 

 

(E)-3-(2,3-dichlorophenyl)-1-(3,4-dimethoxyphenyl)prop-2-en-1-one (MH2): Purified by 

crystallization from ethanol. Yield: 42%; mp: 134-137 ºC; IR (KBr) ʋmáx (cm-1): 2956, 2919, 

2844, 1653, 1578, 1518, 1266, 785. 1H NMR (CDCl3, 300.13 MHz): δ 8.15 (1H, d, J=15.7 

Hz, H-β), 7.67 (1H, dd, J= 8.3, 2.0 Hz, H-6’), 7.64 (1H, dd, J=8.0 Hz, 1.5, H-4), 7.62 (1H, d, 

J=2.0 Hz, H-2’), 7.50 (1H, dd, J=8.0, 1.5 Hz, H-6), 7.46 (1H, d, J= 15.7 Hz, H-α), 7.27 (1H, 

t, J=8.0 Hz, H-5), 6.93 (1H, d, J=8.3 Hz, H-5’), 3.98 (6H, s, 3’,4’- OCH3). 13C NMR (CDCl3, 

75.47 MHz): δ 188.4 (C=O), 153.6 (C-4’), 149.3 (C-3’), 139.7 (C-β), 135.9 (C-2), 134.1 (C-

4), 133.3 (C-1), 131.4 (C-1’), 130.8 (C-3), 129.0 (C-6), 127.3 (C-5), 125.8 (C-α), 123.3 (C-

6’), 110.9 (C-2’), 110.0 (C-5’), 56.1 (3’-,4’-OCH3). 

 

(E)-3-(3,5-dichlorophenyl)-1-(3,4-dimethoxyphenyl)prop-2-en-1-one (MH4): Purified by 

crystallization from ethanol. Yield: 82%; mp: 165-168 ºC; IR (KBr) ʋmáx (cm-1): 2969, 2931, 

2836, 1654, 1580, 1557, 1513, 1260, 789. 1H NMR (CDCl3, 300.13 MHz): δ  7.68 (1H, dd, 

J= 8.4, 2.0 Hz, H-6’), 7.65 (1H, d, J=15.7 Hz, H-β), 7.62 (1H, d, J=2.0 Hz, H-2’), 7.54 (1H, 

d, J= 15.7 Hz, H-α), 7.50 (2H, d, J=1.8 Hz, H-2, -6), 7.39 (1H, t, J=1.8 Hz, H-4), 6.94 (1H, 
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d, J=8.4 Hz, H-5’), 3.98 (6H, s, 3’,4’- OCH3). 13C NMR (CDCl3, 75.47 MHz): δ 187.7 (C=O), 

153.7 (C-4’), 149.4 (C-3’), 140.7 (C-β), 138.1 (C-1), 135.6 (C-3,-5), 130.8 (C-1’), 129.8 (C-

4), 126.4 (C-2, -6), 124.0 (C-α), 123.3 (C-6’), 110.7 (C-2’), 110.0 (C-5’) 56.2 (4’-OCH3), 56.1 

(3’-OCH3).  

 

 

4.1.3. Synthesis of isoxazole derivatives  

 

In a Teflon reactor, a solution of anhydrous sodium acetate (6.6 mmol, 0.541 g) in 

glacial acetic acid (3.5 mL) was added to a solution of hydroxylamine hydrochloride (3.3 -

3.6 mmol, 0.229 - 0.458 g) in ethanol absolute (3.5 mL). After, a solution of chalcone P0 or 

P4 (3.3 mmol) in ethanol (3.5 mL) was added. The reaction mixture was submitted to MW 

irradiation at 200 W with the final temperature of 100 ºC. Total irradiation time was 3 and 5 

h for P0-iso and P4-iso, respectively. After cooling, the reaction mixture was evaporated 

under reduced pressure, and poured into a mixture of water and ice and neutralized with a 

solution of 10% sodium hydroxide. Dried crude product was purified as described below. 

 

 3-(thiophen-2-yl)-5-(3,4,5-trimethoxyphenyl)isoxazole (P0-iso): Purified by flash CC 

(SiO2; chloroform: acetone, 9.5:0.5) followed by preparative TLC (SiO2; chloroform: 

acetone, 9.5:0.5). Yield: 25%; mp: 128-130ºC; IR (kBr) ʋmáx (cm-1): 3444, 2963, 2918, 2850, 

1540, 1470, 1426, 1387, 1261. 1H NMR (CDCl3, 300.13 MHz): δ 7.57 (1H, dd, J=3.8, 1.1 

Hz, H-5’), 7.48 (1H, dd, J= 5.1, 1.1 Hz, H-3’), 7.15 (1H, dd, J=5.5, 3.8 Hz, H-4’), 7.07 (2H, 

s, H-2,-6), 6.66 (1H, s, H-2’’), 3.95 (6H, s, 3-,5-OCH3), 3.91 (3H, s, 4-OCH3). 13C NMR 

(CDCl3 75.47 MHz): δ 165.5 (C-3’’), 162.8 (C-1’’), 153.6 (C-3,-5), 140.0 (C-4), 129.2 (C-2’), 

128.2 (C-3’), 128.1 (C-5’), 127.1 (C-4’), 124.3 (C-1), 104.1 (C-2,-6), 97.3 (C-2’’), 61.0 (4-

OCH3), 53.6 (3,5-OCH3). ESI-HRMS (+) m/z: Anal. Calcd for C16H16NO4S (M+H)+: 

318.07946; found: 318.07956. 

 

3-(4-methylthiophen-2-yl)-5-(3,4,5-trimethoxyphenyl)isoxazole (P4-iso): Purified by 

flash CC (SiO2; n-hexane:EtOAc 8:2) followed by preparative HPLC on a Luna 5µ silica (2) 

100Å 250x10mm from phenomenex, with a flow rate set to 3 mL/min, with a volume of 

injection of 60 μL of a 2mg/ml sample solution. The preparative HPLC fraction of P4-iso 

was collected from 17.5 min to 20 min retention time. Yield: 4%; mp: 102-104ºC; IR (kBr) 

ʋmáx (cm-1): 3441, 3140, 2933, 1505, 1462, 1418, 1383, 1240. 1H NMR (CDCl3, 500 MHz): 

δ 7.37 (1H, d, J=1.2 Hz, H-3’), 7.06 (2H, s, H-2,-6), 7.05 (1H, t, J=1.2 Hz, H-3’), 6.61 (1H, 

s, H-2’’), 3.94 (6H, s, 3-,5-OCH3), 3.90 (3H, s, 4-OCH3), 2.32 (3H, s, 4’- CH3). 13C NMR 
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(CDCl3 75.47 MHz): δ 165.6 (C-3’’), 162.8 (C-1’’), 153.6 (C-3,-5), 139.7 (C-4’), 138.9 (C-4), 

129.6 (C-2’), 129.2 (C-5’), 123.5 (C-3’), 123.0 (C-1), 104.1 (C-2,-6), 97.0 (C-2’’), 61.0 (4-

OCH3), 56.3 (3,5-OCH3), 15.6 (4’- CH3). 

 

 

4.1.4. Synthesis of epoxide derivatives 

 

To a solution of chalcones P0 or P4 (1.5-1.6 mmol, 0.5 g) in methanol:acetone (3:2, 

30 mL) was added a solution of 5% NaOH (3.84 mL), followed by the dropwise addition of 

30% hydrogen peroxide (0.96 mL, 8.5 mmol) at 0-4ºC. The reaction mixture was stirred at 

room temperature for 2-3 h, and after was left in the dark overnight at -20 ºC. The obtained 

solid was filtered, and washed with water. 

 

Thiophen-2-yl(3-(3,4,5-trimethoxyphenyl)oxiran-2-yl)methanone (P0-epo): Yield: 61%; 

mp: 111-113 ºC; [α]D27.9ºC -4 (c=1.17 mg/mL in chloroform); IR (kBr) ʋmáx (cm-1): 2920, 2848, 

1659, 1590, 1467, 1432, 1417, 1239. 1H NMR (CDCl3, 300.13 MHz) δ= 8.01 (1H, dd, J=3.9, 

1.1 Hz, H-5’), 7.76 (1H, dd, J=4.9, 1.1 Hz, H-3’), 7.19 (1H, dd, J= 4.9, 3.9 Hz, H-4’), 6.57 

(2H, s, H-2,-6), 4.13 (1H, d, J= 1.8 Hz, H-1’’), 4.03 (1H, d, J= 1.8 Hz, H-2’’), 3.87 (6H, s, 3, 

5-OCH3), 3.86 (3H, s, 4-OCH3). 13C NMR (CDCl3, 75.47 MHz) δ= 186.3 (C=O), 153.7 (C-3, 

-5), 140.9 (C-2’), 138.5 (C-4), 135.3 (C-3’), 133.7 (C-5’), 130.9 (C-1), 128.5 (C-4’), 102.5 (C-

2, -6), 62.0 (C-2’’), 60.9 (4-OCH3), 59.7 (C-1’’), 56.2 (3,5-OCH3). 

 

(4-methylthiophen-2-yl)(3-(3,4,5-trimethoxyphenyl)oxiran-2-yl)methanone (P4-epo): 

Yield: 58%; mp: 104-108 ºC; [α]D27.9ºC -34 (c=10 mg/mL in chloroform); IR (kBr) ʋmáx (cm-1): 

2996, 2960, 2939, 1654, 1594, 1509, 1464, 1424, 1245. 1H NMR (CDCl3, 300.13 MHz) δ= 

7.79 (1H, d, J=1.2 Hz, H-3’), 7.35 (1H, t, J= 1.2 Hz, H-5’), 6.56 (2H, s, H-2,-6), 4.12 (1H, d, 

J= 1.8, H-1’’), 4.00 (1H, d, J= 1.8, H-2’’), 3.87 (6H, s, 3-,5-OCH3), 3.86 (3H, s, 4-OCH3), 

2.31 (1H,s, 4’ -CH3). 13C NMR (CDCl3, 75.47 MHz) δ= 186.2 (C=O), 153.7 (C-3,-5), 140.6 

(C-2’), 139.4 (C-4), 139.4 (C-4’), 135.4 (C-3’), 131.3 (C-1), 131.0 (C-5’), 102.4 (C-2,-6), 61.8 

(C-2’’), 60.9 (4-OCH3), 59.6 (C-1’’), 56.2 (3,5-OCH3), 15.5 (4’-CH3). 

 

 

4.1.5. Synthesis of pyrazole derivatives 

 

To a solution of epoxide derivatives P0-epo or P4-epo (0.9 -1.2 mmol, 317- 387 mg) in 

xylenes (4-7 mL) and dichloromethane (2-4 mL) was added hydrazine hydrate (2.7-3.6 
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mmol) and p-toluenesulfonic acid monohydrate (0.11-0.15 mmol, 24.5-30.5 mg). The 

reaction mixture was stirred during 3-5 h at 100 ºC. After, the xylenes were removed under 

nitrogen stream and the solid obtained was purified by flash CC (SiO2; n-hexane:EtOAc, 

6:4) followed by preparative TLC (SiO2; n-hexane:EtOAc, 6:4). 

 

3-(thiophen-2-yl)-5-(3,4,5-trimethoxyphenyl)-1H-pyrazole (P0-pyr): Yield: 4%; mp 70-

72ºC ; IR (kBr) ʋmáx (cm-1): 3454, 2919, 2850, 1636, 1591, 1505, 1465, 1239. 1H NMR 

(CDCl3, 300.13 MHz): δ 7.36 (1H, d, J= 3.8 Hz, H-5’), 7.27 (1H, dd, J= 5.0, 3.6 Hz, H-3’), 

7.03 (1H, d, J=5.0, 3.8 Hz, H-4’), 6.96 (2H, s, H-2,-6), 6.69 (1H, s, H-2’’), 3.90 (6H, s, 3,5-

OCH3), 3.88 (3H, s, 4-OCH3). 13C NMR (CDCl3, 75.47 MHz) δ= 153.5 (C-3,-5), 147.5 (C-

1’’), 144.0 (C-2’), 134.0 (C-3’’), 138.8 (C-4), 127.9 (C-4’), 126.0 (C-1), 125.8 (C-3’), 125.2 

(C-5’), 103.3 (C-2, -6), 100.1 (C-2’’), 61.0 (4- OCH3), 56.3 (3,5- OCH3). ESI-HRMS (+) m/z: 

Anal. Calcd for C16H17N2O3S (M+H)+: 317.09544; found: 317.09495. 

 

3-(4-methylthiophen-2-yl)-5-(3,4,5-trimethoxyphenyl)-1H-pyrazole (P4-pyr): Yield: 1%; 

mp 84-86 ºC; IR (kBr) ʋmáx (cm-1): 3450, 2917, 2835, 1630, 1599, 1510, 1477, 1230. 1H 

NMR (CDCl3, 500 MHz): δ 7.64 (1H, brs, H-5’), 7.13 (1H, brs, H-3’), 6.87 (1H, s, H-2’’), 6.63 

(2H, s, H-2,-6), 3.89 (6H, s, 3,5-OCH3), 3.80 (3H, s, 4-OCH3), 2.22 (3H, s, 4’-CH3). 13C NMR 

(CDCl3, 120 MHz) δ= 153.2 (C-3,-5), 143.1 (C-1’’), 137.9 (C-2’), 137.2 (C-4), 133.7 (C-3’’), 

128.5 (C-4’), 128.0 (C-3’), 125.1 (C-5’), 121.2 (C-1), 109.3 (C-2’’), 106.1 (C-2, -6), 61.0 (4- 

OCH3), 56.1 (3,5- OCH3), 15.7 (4’-CH3). 
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4.2. Antitumor activity evaluation 

 

4.2.1. Cell Culture 

 

4.2.1.1. Cell lines and subculture conditions 

 

To evaluate the antiproliferative activity of synthetized compounds, and in 

accordance to National Cancer Institute drug screening protocol, three human tumor cell 

lines were used: A375-C5 melanoma, MCF-7 breast adenocarcinoma and NCI-H460 non-

small cell lung cancer (European Collection of Cell Cultures, UK). To evaluate the chalcone 

BF activity only NCI-H460 cell line was used.  

Cell lines were grown as a monolayer in 25 cm3 flasks and cultured in RPMI-1640 

medium (Roswell Park Memorial Institute, Lonza), supplemented with 5% of inactivated 

Fetal Bovine Serum (FBS, Biochrom). Exponential growing cells were maintained at 37 ºC, 

with 5% CO2, in a humidified atmosphere (Hera Cell, Heraeus). All procedures inherent to 

cell culture were performed in a laminar flux biological safety cabinet (Telstar, Bio-II-A/P), 

and the culture solutions were pre-warmed to 37 ºC, in water-bath. 

Healthy cells were subcultured twice a week, when they reached 90% of confluence. 

The RPMI medium was discarded, and the adherent monolayer was washed with 2 mL 

sterile Phosphate Buffered Saline (PBS 1x). Then, to promote cell detachment, 500 μL of 

Trypsin (Gibco, Invitrogen) was added, and cells were incubated at 37 ºC, for 3 min. After 

confirmed cell detachment through observation in an inverted microscope (Zeiss Primo 

Vert), complete culture medium was added and cell suspension collected. 

To determine cell density, 30 μL of the cell suspension was added to 30 μL of 0.4% 

(v/v) Trypan Blue exclusion dye (Sigma-Aldrich), homogenized and transferred to a 

Neubauer chamber. The number of viable unstained cells were counted, and cell density 

(expressed in cells/mL) was determined as the number of viable cells over the number of 

quadrants considered, multiplied by the dilution factor and the constant of 10 000, according 

with the following formula: 

Cell density (cells/mL) =
number of live cells

number of quadrants
× dilution factor × 10 000 

 

According to the doubling time for each cell line, cells were subcultured using a set 

of dilutions, ranging from 1:7 to 1:15. 
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4.2.1.2. Cell line freezing 

 

Cells were frozen at exponential growing, and at as low a passage number as 

possible. Cell suspension, obtained as described above, was centrifuged at 1000 rpm, for 

5 min (Heraeus Biofuge primo R) and the supernatant was discarded. The pellet containing 

the cells was resuspended in 1 mL of pre-warmed freeze medium, containing RPMI with 

10% of a cryoprotective agent Dimethyl Sulfoxide (DMSO, Sigma-Aldrich), and transferred 

into a cryotube (Thermo Scientific). To avoid aggressive freezing, the cryotube was placed 

in a freezing container (Nalgene® Mr Frosty™ Cryo 1°C), with isopropanol, at -80°C. 

Twenty-four hours later, the cryotube was transferred to liquid nitrogen. 

 

4.2.1.3. Cell line thawing 

 

 The frozen cryotube, containing the cells, was warmed in a 37 ºC water bath. Gently, 

the supernatant was discarded and 1 mL of RPMI growth medium was added, homogenized 

with the pellet, and transferred to a 25 cm3 culture flask with 5 mL of RPMI medium. Cells 

were maintained at 37 °C with 5% CO2. 

 

 

4.2.2. Evaluation of the antiproliferative activity 

 

4.2.2.1. Compound preparation 

 

All compounds were dissolved in sterile DMSO at 60 mM, with the exception P0-pyr 

which was dissolved at 10 mM. To avoid repeated freeze-thaw cycles, the 60 or 10 mM of 

stock solution were stored in different aliquots, at -20 ºC. Appropriate dilutions of the 

compounds were freshly dilute in RPMI medium culture. 

 

4.2.2.2. SRB colorimetric assay  

 

 The SRB colorimetric assay, performed as described by the National Cancer 

Institute (NCI, USA)130, is based on the binding of SRB dye to protein content of cell, and is 

extensively used for determination of cytotoxicity and cell density. 

 A total of 5x104 cells / well A375-C5, MCF-7 and NCI-H460 cells were seeded in two 

96-well plates (designated as T0 and assay plates), and incubated for 24 h in a humidified 



78 
 

incubator. In each plate, the cells were seeded in duplicated, with the first and last line 

containing only culture medium. After 24 h, the T0 plate was fixed with 100 μL of cold 50% 

trichloroacetic acid (TCA, Merck), during 1 h at 4 ºC, washed 5 times with distillated water 

and allowed to dry at room temperature. In the assay plate, cells were treated with 

compounds in two-fold serial dilutions ranging from 1.17 μΜ to 150 μM. Forty-eight hours 

later, the assay plate was fixed as described for T0. For SRB staining, 50 μΜ of 0.4% SRB 

(Sigma-Aldrich) in 1% acetic acid (Merck) was added to each well, from both plates, during 

30 min at room temperature. The SRB-stained cells were washed 5 times with 1% acetic 

acid and left to dry at room temperature. In order to solubilize the protein-bound dye, 10 

mM Tris Base solution was added to each well, for 30 min, and absorbance was measured 

at 515 nm in a microplate reader (Biotek Synergy 2). The Growth Inhibitory (GI50) values for 

each compound (concentration that inhibit 50% of the cell growth) was determined on a pre-

created NCI excel datasheet. 

 

 

4.2.3. Characterization of BF antiproliferative activity  

 

4.2.3.1. Determination of antimitotic activity 

 

A total of 0.15x106 cells / well NCI-H460 cells were seeded in six-well dishes, 

allowed to attach for 24 h, and were treated with 16.70 μM of BF or with 1.5 μM of 

nocodazole (Sigma-Aldrich), during 15 h. Nocodazole, a microtubule depolymerizing agent, 

was used as a positive control for antimitotic activity. Untreated cells were used as a 

negative control while DMSO-treated cells were used as a control of compound solvent. 

Mitotic index (see formula below), the percentage of mitotic cells over the total of cell 

population, was determined for each condition, by scoring mitotic figures in a total of 2000 

cells (mitotic and interphasic) from more than ten random microscopic fields, under phase 

contrast microscopy. 

 

Mitotic Index (%) =
number  of mitotic cells

number total of cell𝒔
× 100 

 

4.2.3.2. Poly-L-Lysine coated coverslips 

 

In order to avoid the loss of cells, especially mitotic cells with a rounded morphology 

and less surface of adherence, coverslips were treated with poly-L-lysine. Firstly, 22x22 

mm coverslips were treated with 1M HCl solution in a water bath, at 56 °C, for 16 h. Then, 
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coverslips were washed 5 times with distillated water, followed by bidistillated water wash 

and were immersed in 100% ethanol. After cleaning, the coverslips were treated, under 

agitation for 1 h, with 500 μL of poly-L-lysine. A final wash in distilled water and ethanol 

100% was performed. Dried cover slips were stored in Petri dishes sealed with parafilm for 

later use. Before to be used, poly-L-lysine coated coverslips were dipped in 70% ethanol, 

followed by 100% ethanol and allowed to dry under aseptic conditions. 

 

4.2.3.3. Indirect Immunofluorescence  

 

A total of 0.15x106 cells / well NCI-H460 cells were grown on poly-L-lysine coated 

coverslips, in six-well dishes, and were treated with 16.70 μM of BF, during 15 h. The 

respective controls were included as described for mitotic index determination. Cells were 

fixed with 2% paraformaldehyde (Sigma-Aldrich) in PBS for 12 min, and washed 3 times 

with PBS for 5 min. Cells were then permeabilized in 0.5% Triton X-100 in PBS for 7 min, 

and washed 3 times with PBS, for 5 min each. To avoid unspecific binding of the primary 

antibody, cells were treated with a blocking solution, consisting of 10% FBS in PBST (PBS 

plus 0.5% Tween20), for 30 min, followed by an 1h incubation with the primary antibody, 

mouse anti-α-Tubulin (Sigma-Aldrich) diluted at 1:2500 in PBST containing 5% FBS. After 

rinsing in PBST, cells were incubated for an extra 1 h with the Alexa Fluor 488 (Molecular 

Probes) conjugated secondary antibody diluted at 1:1500 in PBST with 5% FBS. DNA was 

stained with 2 µg/mL 4′, 6-diamidino-98 2-phenylindole (DAPI, Sigma-Aldrich) diluted in 

Vectashield mounting medium (Vector, H-1000). 

  

4.2.3.4. Image acquisition and processing 

 

Phase-contrast microscopy images were recorded with a 10x objective, on a Nikon 

TE 2000-U microscope (Amsterdam, Netherlands), using a DXM1200F digital camera 

(Amsterdam, Netherlands) and with Nikon ACT-1 software (version 2.62, Melville, NY, 

USA). Fluorescence images were acquired with Plan Apochromatic 63x/NA 1.4 objective or 

with 40x objective on an Axio Observer Z.1 SD microscope (Carl Zeiss, Germany), coupled 

to an AxioCam MR3. Z-stacks were acquired with 0.4 μm intervals and, after image 

deconvolution with AxioVision Release SPC software (version 4.8.2, Carl Zeiss, Germany), 

they were processed using ImageJ (version 1.44, Rasband, W.S., ImageJ, U. S. National 

Institutes of Health, Bethesda, MD, USA) 
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4.2.4. Statistical analysis  

 

Statistical analysis was performed using an Unpaired Student t-test, in GraphPad 

Prism version 6 (GraphPad software Inc., CA, USA). Alpha value was 0.05 and the 

confidence interval 95%. Data are presented as the means ± standard deviation (SD) of at 

least three independent experiments, and was considered statistically significant when 

p<0.05. 
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