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oxidativo, citometria de fluxo 
 

resumo 
 
 

O aparecimento e progressão de várias doenças, incluindo doenças 
neurodegenerativas, cardiovasculares, envelhecimento celular e cancro, têm 
sido associados à produção de radicais livres assim como a processos 
inflamatórios, de acordo com vários estudos realizados. Por conseguinte, têm 
sido realizadas diversas investigações com a finalidade de encontrar novos 
fármacos com potencial antioxidante e anti-inflamatório, mais eficazes e 
seguros, e de compreender os seus mecanismos de ação. Atualmente, a 
avaliação da atividade antioxidante e/ou antirradicalar e anti-inflamatória de 
compostos polifenólicos, classe de compostos onde se incluem as 2- 
estirilcromonas, quer de origem natural quer sintéticos, é uma área de estudo 
de grande interesse.  
Neste trabalho apresenta-se uma breve introdução sobre o stress oxidativo e a 
origem das espécies reativas de oxigénio e nitrogénio e sobre a inflamação e 
as células intervenientes neste processo, mais especificamente, acerca dos 
monócitos. Aborda-se a relação entre o processo inflamatório e o burst 
oxidativo produzido por monócitos humanos.  
Os polifenóis, metabolitos secundários de várias plantas, são reconhecidos 
como uma fonte importante de flavonóides, incluindo 2-estirilcromonas, que 
têm demonstrado importantes atividades biológicas. Seguidamente são 
apresentados vários exemplos de (E)-2-estirilcromonas de origem natural e 
sintética e as atividades biológicas que lhes estão associadas, destacando-se 
as atividades antioxidantes e anti-inflamatórias. O grande foco deste trabalho 
reside no desenho e síntese de um painel de nove (E)-2-estirilcromonas e o 
seu efeito inibitório no burst oxidativo produzido por monócitos humanos e 
ainda o estudo da relação estrutura-atividade (SARS).  Por fim, são descritos 
os métodos mais utilizados para a síntese de (E)-2-estirilcromonas contendo 
grupos substituintes relevantes para a sua atividade antioxidante e anti-
inflamatória, nomeadamente grupos hidroxilo e halogéneos, assim como os 
métodos utilizados nos ensaios in chemico e in vitro. 
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abstract 
 

Several studies have attributed the onset and progression of several diseases, 
including degenerative and cardiovascular diseases, cell aging and cancer, to 
the production of free radicals and inflammatory processes. Consequently, a 
large number of investigations have been carried out in order to find new, safer 
and potent antioxidant and anti-inflammatory drugs, and to elucidate their 
corresponding mechanisms of action. The evaluation of antioxidant vs 
antiradicalar and anti-inflammatory activity of phenolic compounds, either of 
natural or synthetic origin, is nowadays an important area of research in the  
field of medicinal chemistry.  
This work presents a brief introduction about oxidative stress and the origin of 
reactive oxygen and nitrogen species, and about inflammation and the cells 
involved in this process, specifically monocytes. The relationship between the 
inflammatory process and the oxidative burst produced by human monocytes is 
addressed. 
Polyphenols, secondary metabolites of several plants, are recognized as an 
important source of flavonoids, including 2-styrylchromones, which have 
demonstrated important biological activities. Thus, several examples of (E)-2- 
styrylchromones of natural and synthetic origin and the biological activities 
associated with them are presented herein, with emphasis on antioxidant and 
anti-inflammatory activities. The major goal of this work relies on the design 
and synthesis of a library of nine (E)-2-styrylchromones and their inhibitory 
effects on the oxidative burst produced by human monocytes and the 
establishment of structure-activity relationship studies (SARS). At last, the most 
used methods for the synthesis of (E)-2-styrylchromones containing relevant 
substituent groups to their antioxidant and anti-inflammatory activity, namely 
hydroxyl and halogen groups, as well as the procedures for the in chemico and 
in vitro biological assays, are described. 
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General considerations 

 

Structure of the dissertation 
 This dissertation is divided into six chapters. The first chapter, Introduction, describes the 
inflammatory process and the cells involved in it, highlighting monocytes, due to the aim of this work. 
The second chapter, Synthesis and Structural Characterization of Target Compounds, presents 
the description of the synthetic methods adopted to prepare the target compounds, their respective 
names according to the IUPAC nomenclature and their structural characterization with both 1D and 
2D spectra. The third chapter, Evaluation of the Biological Activity, presents the methods used 
for the evaluation of the free radicals scavenging activity of the target compounds, in order to assess 
their potential as antioxidants. The results obtained in these studies are also presented and 
discussed. The fourth chapter, Discussion and Conclusions, presents the main conclusions of this 
work and future perspectives. The fifth chapter, Experimental Section, contains the detailed 
experimental procedures followed for the synthesis of the target compounds and the data of their 
structural characterization, as well as for the evaluation of their biological activities. The sixth chapter, 
References, includes all the references cited in this dissertation. 
 
 
 
 After the introduction, in Chapter 1, the numbering of compounds will start over at number 
1 for sake of simplicity.  



  

 

  



  

Chapter 1 - Introduction
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1.1 Inflammation 
 Over the years, there have been several studies concerning the relationship between 
oxidative stress and inflammation. Both pathological conditions are related with several chronic 
diseases such as rheumatoid arthritis, cancer, diabetes mellitus, multiple sclerosis and Alzheimer’s 
disease.1,2  
 Most authors defend that diseases which are linked to an increase of reactive oxygen 
species (ROS) production lead to oxidative stress and protein oxidation, initiating intracellular 
signaling cascades that promote proinflammatory gene expression and release of inflammatory 
signals, such as proinflammatory cytokines.3–6 When it comes to neurological disorders, oxidative 
stress causes glycated products and lipid peroxidation, leading to neuroinflammation and cell death 
and, ultimately, neurodegeneration and memory loss, like in Alzheimer’s disease.1 However, the 
opposite process can also occur, since inflammation can lead to oxidative stress. When there is an 
inflammation in the body, several inflammatory cells are recruited to the inflammation site which can 
release different enzymes, reactive species and chemical mediators, for example lipases, superoxide 
anion radical and cytokines respectively, causing tissue damage and inducing oxidative stress.7 
 

1.1.1 Historical perspective and definition 
 Along the time, different definitions have been suggested to explain the concept of 
inflammation. Celsus was the first person to list rubor (redness), tumor (swelling), calor (heat), and 
dolor (pain) as the first four main signals of this disease.8–10 A fifth signal (loss of function) was yet 
considered in the nineteenth century however, there has never been a consensus on who has 
discovered this fact (Figure 1).10,11 Also, during this time, a new definition was proposed for 
inflammation: a nonspecific physiological response of the body to an unknown damage in any tissue 
as a consequence of a harmful stimuli such as wounds, bacterial infections or pathogens, burns, 
damaged cells, toxic compounds or irradiation. In other words, inflammation has been understood 
as a biological process instead of a disease.8,9,12,13 Later on, between the 1840s and 1860s, Augustus 
Waller and Julius Cohnheim observed a phenomena’s cascade - i) vasodilation, which means the 
vascular permeability changes, leading to ii) leakage of plasma followed by iii) migration of leukocytes 
out of blood vessels into the surrounding tissue of the damage and release of some anti-inflammatory 
mediators, which was crucial to explain the physiological basis of all the signals previously 
detected.9,14 In 1892, the discovery of the phagocytosis mechanism and phagocytic cells as well as 
the development of the Theory of Cellular Immunity, both by Elie Metchnikoff, were a turning point in 
the understanding of the inflammatory process.15 
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Figure 1. Schematic cartoon illustrative of the five cardinal signs of inflammation. Adapted from Laurence et 
al.10 
 

1.1.2 The inflammatory process 
 A certain type of white blood cells designated neutrophils, specifically macrophages and 
microphages, was found to play a major role both in defending the damaged organism and in 
maintaining the tissue homeostasis, considering their migration to the site of infection and the ability 
to phagocytize the foreign bacteria or bodies.16,17 The process aforementioned is considered to be 
the physiological response to acute inflammation. The concept of chronic inflammation is used when 
the inflammation lasts for more than a few days, which can occur after an acute inflammation or 
associated with chronic diseases, such as rheumatoid arthritis. During this type of inflammation, the 
tissue damage and the processes to repair it coexist.12 A handful of stimuli can lead to inflammation, 
including obesity, alcohol and chronic diseases and free radicals (Figure 2).13 
 

 

 

 

 

 

 

 

 
 
 
 

 

Figure 2. Stimuli that can lead to inflammation. 
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1.1.3 Cells involved in the inflammatory process 
 During an inflammatory process, the activation and release of several mediators (Figure 3) 
is required to fight the inflammation and respond to the needs of the body. The first step requires 
mast cells, fibroblasts, and endothelial cells, promoting changes of the local adhesion molecules’ 
profile, which leads to a chemotactic gradient.12 
 

 
Figure 3. Cells involved in the inflammatory response. Adapted from Ribeiro et al.12 

 
 Once this gradient is promoted, a large number of cells, namely leukocytes, are recruited 
from the blood stream. Leukocytes, commonly known as white blood cells, are divided into two 
groups, based on the presence or absence of granules inside the cell. As such, the group designated 
as granulocytes includes leukocytes with granules, such as neutrophils, eosinophils, and basophils. 
Contrariwise, the absence of granules leads to a group named agranulocytes in which lymphocytes 
and monocytes can be found. Furthermore, monocytes can differentiate into macrophages and 
dendritic cells, two major mediators in the inflammatory process as well (Figure 4).12,18  
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Figure 4. Types of leukocytes and differentiated cells from monocytes. 

 
 Considering that monocytes are a huge part of this work, a deeper characterization of this 
type of cells will be done, as well as their role in inflammation. 
 

1.2 Monocytes 
 Monocytes are heterogenous cells originated from hematopoietic progenitors in the bone 
marrow, specifically from promonocytes which in turn derive from the monoblast, a pluripotent stem 
cell (Figure 5).19,20 These innate immune cells are a subtype of circulating leukocytes in the blood 
stream, being a crucial group of cells not only in the immune response during the invasion of 
pathogens and/or inflammation, but also in the maintenance of homeostasis and tissue repair.21  
 

 

 

 
  
 
 
 
 
 

Figure 5. Tridimensional illustration of a monocyte. 

 
 According to several studies, the identification of distinct populations of monocytes is based 
on CD14 and CD16 IFNγ expression.20,22,23 CD14 is a lipopolysaccharide-binding protein, anchored 
to the cell surface by linkage to glycosylphosphatidylinositol (GPI), highly expressed (or positive) on 
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monocytes and most tissue macrophages but weakly expressed (or negative) in their precursors, 
monoblasts and promonocytes, while CD16 is a glycoprotein receptor expressed on the membrane 
of immune cells, designated fragment crystallizable receptor (FcγR) due to the fragment 
crystallizable (Fc) portion of IgG antibody molecules.24,25 CD16 is a particular type of FcγR, since it 
is a GPI-linked receptor, lacking a cytoplasmic tail (FcγRIIIb/CD16b).26–29 Regarding the human 

monocytes, these are classified into three subsets: classical monocytes (CD14++CD16-) without 

CD16 expression, intermediate monocytes (CD14++CD16+) considered as a transition from classical 
to non-classical, beginning to express low levels of CD16 marker, and non-classical monocytes 

(CD14+CD16++) with CD16 being highly expressed but also a small percentage of expression of the 
CD14 marker.20,30 In addition, classical monocytes are called inflammatory monocytes because of 
their ability to infiltrate tissues and produce inflammatory cytokines.31 Ziegler-Heitbrock et al. showed 
a relation between the populations of monocytes and their development during an infection, due to 
the observation of a first increase of intermediate monocytes, followed by an increase of non-
classical monocytes.20 Although it is not specified, it appears that the increase of CD16 marker’s 
levels is linked to an inflammatory process, since intermediate and non-classical monocytes are the 
two populations where this glycoprotein receptor is expressed. 
 Monocytes’ resting condition in the blood stream is altered in response to an activating 
stimulus, promoting monocytes’ adherence to activated endothelial cells on the blood vessel wall 
and consequently the extravasation into the adjacent tissue. Once in the tissue, they differentiate 
into monocyte-derived macrophages, one more reason why the classical monocytes are known as 
the inflammatory population.32,33 The process described above is known as the leukocyte recruitment 
cascade (Figure 6), which includes different steps: capture, rolling, adhesion, transmigration and 
macrophage differentiation.34 
 

 
Figure 6. Schematic illustration of the leukocyte recruitment cascade. A) Capture, B) Rolling, C) Adhesion, D) 
Transmigration and E) Macrophage Differentiation. Adapted from Jones et al.35 
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1.2.1 Production of reactive species by monocytes 
 Monocytes are key cells regarding the immune response of the body against pathogens, 
causing an oxidative burst when activated, a major feature in their action.36 During this process and 
at the same time due to the oxidative phosphorylation of ATP in the mitochondria, large amounts of 
O2 are consumed, leading to the formation of a very well-known reactive species, the superoxide 

anion radical (O2•−). Among these highly unstable compounds, reactive oxygen species and reactive 
nitrogen species (RNS) are the most common types but there are also known some reactive iron 
species (RIS), reactive copper species (RCS) and reactive sulfur species (RSS), considering that 
there are radicalar and non-radicalar species with one or more unpaired valence electrons that 
oxidize cellular machinery (Table 1).37–40 
 
Table 1. ROS and RNS: examples of radicalar and non-radicalar species. 

 Radicalar Non-Radicalar 

Reactive oxygen species 

Superoxide anion (O2•−) Hydrogen peroxide (H2O2) 

Hydroxyl (•OH) Singlet oxygen (1O2) 

Peroxyl (ROO•) Hypochlorous acid (HOCl) 

Reactive nitrogen species 
Nitric oxide (•NO) Peroxynitrite anion (ONOO−) 

Nitrogen dioxide (•NO2) Peroxynitrous acid (ONOOH) 
 
 ROS and RNS are a large group of key molecules in cell growth, cell signaling, smooth 
muscle relaxation, immune responses, synthesis of biological molecules and blood pressure 
modulation, derived from both enzymatic and non-enzymatic processes in cells.41–44 Although these 
species play an important role as aforementioned, an abnormal increase in their production, which 
can occur during an inflammatory response, creates an imbalance in the pro-oxidant/antioxidant 
homeostasis, a physiological condition known as oxidative stress (Figure 7).45 Furthermore, this 
imbalance can also result from a deficient antioxidant defense in the cellular system, a scenario also 
very likely to occur during inflammation. Oxidative stress causes modifications and damages in 
several biomolecules, for example proteins, lipids, DNA, and sugars and has also been found to play 
a major role in the development of diverse chronic diseases linked to chronic inflammation, such as 
cancer, neurodegenerative diseases (Alzheimer’s and Parkinson’s diseases), diabetes, chronic 
obstructive pulmonary disease, rheumatoid arthritis and cardiovascular diseases.2,46–54 
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Figure 7. Schematic representation of normal and oxidative stress conditions. 

 
 Although being a relatively unreactive radical, the superoxide radical anion can also be 
potentially dangerous, and it is the main precursor of many other ROS. 
 Singlet oxygen (1O2), a highly reactive form of O2, can be produced in vivo by a range of 

peroxidase enzymes, for example lactoperoxidase.55 The peroxyl radical (HOO•) is the protonated 

form of O2•− and has a role in fatty acid peroxidation.56 O2•− can be converted into hydrogen peroxide 
(H2O2) by some enzymes such as superoxide dismutase (SOD) and xanthine oxide reductase.57 
Although H2O2 is not a free radical, this molecule can diffuse through the membranes and is crucial 

for the formation of the hydroxyl radical (•OH), the most reactive species of all.37,58  

 The production of •OH from H2O2 can occur by the Haber–Weiss reaction, which combines 

the reduction of Fe3+ by O2•− and a Fenton reaction (Scheme 1).37 
 

 
 

Scheme 1. Production of hydroxyl radicals by the Haber-Weiss reaction. 

 

 When it comes to RNS, the most known is nitric oxide (NO•), produced by nitric oxide 
synthase (NOS) in tissues, and it has a “double effect”. When its concentration increases, it promotes 

enzyme function inhibition, DNA damage and can react with O2•− to produce the peroxynitrite anion 

(ONOO-), a strong oxidant, leading to more damages caused by oxidative stress (Scheme 2).37,59 
However, when there is a redox balance, it plays a crucial role on different processes like vascular 
permeability and inhibition of platelet adhesion, being even considered as anti-inflammatory.59 
 

 
Scheme 2. Production of peroxynitrite anion. 

 

H2O2 + Fe2+ Fe3+ + OH- + OH (Fenton reaction)

O2    + Fe3+ Fe2+ + O2     (Reduction of iron)

Net reaction: H2O2 + O2 O2  + OH-  +  OH

Haber-Weiss Reaction

NO  + O2 ONOO
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 Considering that most of the aforementioned RS are produced by the superoxide anion, it is 
important to understand how these reactions work, especially in monocytes. 
 The superoxide anion is produced through a reaction mediated by the NADPH oxidase 
complex, which is unassembled in resting human monocytes.60 This enzymatic complex is 
constituted by several subunits: a Ras-related C3 botulinum toxic substrate 1 (Rac1) and three 
phagocytic oxidases (phox) subunits, namely polypeptides p40phox, p47phox, p67phox, which are 
located in the cytoplasm, whereas in the membrane there is only the cytochrome b558, constituted 
by a glycoprotein (gp91phox) and another polypeptide designated p22phox. Upon activation of 
monocytes by a stimulus, the cytosolic components p40phox, p47phox, p67phox and Rac1 translocate to 
the membrane where the association with the cytochrome b558 occurs (Figure 8).33,61 The activation 
and consequent assembling of the NADPH oxidase complex occurs through a major three-step 
process, involving different proteins, enzymes and other factors, as follows: 
 1) phosphorylation of NADPH subunits: the stimulation of phospholipases induces the 
production of diacylglycerol (DAG), which consequently activates protein kinase C (PKC). Then, PKC 
is responsible for the phosphorylation of the NADPH enzyme, which leads to the first interaction 
between p47phox subunit with cytochrome b558; 
 2) translocation of the other cytosolic subunits to the membrane: once the first step 
occurs, the cytosolic subunits move to the membrane, where they bind to cytochrome b558, forming 
a single membrane-associated complex; 
 3) activation of Rac1: the activation of Rac1 and its consequent translocation to the 
previously assembled complex, forming at last a functional complex responsible for the production 
of RS (Figure 8).12,33 
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Figure 8. Activation and assembling of NADPH oxidase complex in the cell membrane.  

 

1.3 Drugs for prevention of oxidative stress and inflammation 
 Based on the cellular and molecular pathways involved in the progression of oxidative stress 
and inflammation, these pathological conditions can be ameliorated and eventually treated with pure 
compounds. 
 Currently, several therapeutic drugs with antioxidant and anti-inflammatory potential are 
used to lighten some symptoms or even for the treatment of some pathological conditions. The most 
used drug is Aspirin, which the active principle is acetylsalicylic acid, is a very well-known anti-
inflammatory drug which inhibits COX-1 and COX-2, enzymes responsible for the production of 
prostaglandins and thromboxane, both inflammatory mediators.62 Also, for the inhibition of COX-2 
and, consequently, of prostaglandins, the use of immunosuppressors and non-steroidal anti-
inflammatory drugs (NSAIDS) such as Sulfasalazine is very common.62,63 This drug can also reduce 
oxidative stress in some conditions.64 The therapeutic agents aforementioned are considered to be 
safe and effective however, there are also drugs with more side effects, which is the case of 
glucocorticoids.62 Daflon is also an anti-inflammatory drug, which has the ability to scavenge free 
radicals, and just like Sulfasalazine, is a polyphenolic compound.65 (Figure 9). 
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Figure 9. Commercially available anti-inflammatory drugs. 

 
 Nevertheless, the search and development of new, safer, and more effective therapeutic 
drugs with antioxidant and anti-inflammatory properties is ongoing 
 These commercially available drugs and their main targets brings to our attention that some 
inflammatory pathways have not been deeply studied as they should, which is a great 
encouragement for the understanding of the monocyte-related pathways and all the RS and factors 
involved in it. 
 

1.4 Polyphenols 
 Polyphenols are naturally occurring secondary metabolites which are present not only in 
vegetables and fruits, like grapes and apples, but also in cereals, beverages and even chocolate.66,67 
These polyphenolic compounds are divided into four main groups, being one of them flavonoids. 
Some well-known flavonoids such as quercetin, apigenin, kaempferol and luteolin have shown to 
have diverse biological activities like anticancer and antiviral activities. Furthermore, it has been 
reported that polyphenols are good antioxidant and anti-inflammatory agents, since they have 
demonstrated strong ability as free radicals scavengers and ability to modulate the inflammatory 
processes.68 
 In this line of thought, the search for new flavonoid-type compounds with antioxidant and 
anti-inflammatory activities as well as their mechanisms of action has been a major field of study. 
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1.4.1 Chromones and (E)-2-styrylchromones 
 Chromones (A), also known as 4H-chromen-4-ones or 1,4-benzopyrones, are oxygen-
containing heterocyclic compounds widespread in nature. The interest in this type of compounds has 
been increasing due to their well-known biological activities and pharmacological properties.69–71 

Although scarce in nature, (E)-2-styrylchromones [(E)-2-styryl-4H-chromen-4-ones, 

according to the IUPAC nomenclature] are a well-recognized class of chromones, whose major 
structural feature is the presence of a styryl group appended at C-2 of the chromone core structure 
(Figure 10).72–75 The styryl group (B) improves molecular stability and consequently increases these 
derivatives’ antiradical activity. Moreover, the distinct double bond system makes these vinylogues 
of flavones a very reactive group of molecules.72,76,77 

 
 

 
 

 

 

 

Figure 10. Structure of (E)-2-styrylchromone, the chromone core (A) and the styryl group (B). 

 
 As mentioned before, (E)-2-styrylchromones are scarce in nature. Since the first one, 
hormothamnione (1), was discovered in 1986, eight others were found to occur naturally in plants or 
algae. These nine natural (E)-2-styrylchromones (1-9), which present mostly methoxy and hydroxy 
groups on their structures, are represented in Figure 11. 
 

 
Figure 11. Structures and respective nomenclature of natural (E)-2-styrylchromones 1-9. 
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 The interest in (E)-2-styrylchromones has been increasing in the last years due to their 
biological activities and the therapeutic benefits they have demonstrated, particularly in chronic and 
neurodegenerative diseases, which led to the synthesis of new (E)-2-styrylchromones (Figure 12). 
These type of compounds also showed antioxidant/radical scavenging,55,78–80 anti-inflammatory,81 
hepatoprotective,79 neuroprotective,82–84 anti-HIV,85,86 antiviral (in particular anti-norovirus73 and anti-
rhinovirus87–89),87 antitumor/anticancer,90–93 antiallergic94 and antimicrobial95 activities and are also 
inhibitors of enzymes such as xanthine oxidase96 and antagonists of A3 adenosine receptors.97 
 

 
Figure 12. Structures of several synthetic (E)-2-styrylchromones 10-36 with biological interest. 

 

1.5 Biological activities of (E)-2-styrylchromones 
 The first-discovered (E)-2-styrylchromone, hormothamnione (1), has proved to have 
cytotoxic activity against P388 lymphocytic leukemia and HL-60 human promyelocytic leukemia.98 
Its natural derivative, 6-desmethoxyhormothamnione (2), has also shown the same type of biological 
activity but against nine different KERATIN-forming tumor cell lines HeLa (KB cell lines).99 (E)-6-
Hydroxy-2-(4-hydroxy-3-methoxystyryl)chromone (4) demonstrated moderate neuroprotective 

activity, at 10.0 µM concentration, when tested against glutamate-induced neurotoxicity in P12 
pheochromocytoma cells (58.3 ± 2.8 %) when compared with the standard fluoxetine (92.5 ± 3.2 %). 
However, when tested against corticosterone-induced neurotoxicity in human U251 glioma cells, the 
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(E)-6-hydroxy-2-(4-hydroxy-3-methoxystyryl)chromone (4) showed no activity.95 In addition, the two 
others, (E)-5-hydroxy-2-styrylchromone (3) and (E)-5,7-dihydroxy-2-(4-hydroxystyryl)chromone (5) 
are anti-inflammatory compounds that inhibit the NF-kB signaling pathway and, consequently, 
reduce the production of proinflammatory cytokines and chemokines, being the second the most 
active.81 Also, (E)-5-hydroxy-2-styrylchromone (3) has antimicrobial activity, in particular anti-

norovirus activity, with an IC50 value around 7.0 µM, which was more active than (E)-2-
styrylchromone (10).73 This suggests that the hydroxy group at C-5 plays an important role in anti-
norovirus activity. Platachromones A-D (6 to 9) possess cytotoxic activity with IC50 values between 
3.0 and 9.7 μM against two human carcinoma cell lines: HepG2 (human hepatocarcinoma cell line) 
and KB (human epidermoid carcinoma cell line). However, all these compounds were less active 
than taxol (IC50 = 0.04 - 0.05 μM), used as positive control. When tested in another human 
hepatocarcinoma cell line (SMMC-7721), the IC50 values were much higher (IC50 = 14.6 - 21.3 μM), 
showing that the platachromones A-D are less sensitive to this cell line, as well as MDA-MB-231 
(human breast cancer cell line), with IC50 values of 8.7 - 22.3 μM (Table 2).100 
 When it comes to synthetic (E)-2-styrylchromones, compounds 10 and 16 have 
demonstrated antioxidant activity in the DPPH assay, being compound 16 the most active (71.11% 
of inhibition). Although having shown significant activity, it is not possible to compare the results since 
no value was presented for the positive control, ascorbic acid.72 Compounds 19-21 were also tested 
for antioxidant activity in several radical scavenging assays. The positive control used was always 

quercetin and for the superoxide anion radical (O2•-) assay, compound 21 showed the highest activity 

(IC50 = 30.0 ± 1.0 µM), being much more active than the control (IC50 = 67.0 ± 7.0 µM). For the 
hypochlorous acid (HOCl) assay, none of the compounds were more active than quercetin and for 

the singlet oxygen (1O2) the results (IC50 = 1.0 ± 0.1 - 1.2 ± 0.2 µM) were very similar to the control 

(IC50 = 1.3 ± 0.1 µM), although a little more active. For the hydrogen peroxide (H2O2) assay, none of 

the compounds showed activity at the highest concentration tested (1000.0 µM). In the nitric oxide 

radical (NO•) assay, compounds 19-21 showed promising radical scavenging activity since all the 

compounds presented IC50 values lower than quercetin (IC50 = 1.3 ± 0.1 µM), being compound 21 

the most active (IC50 = 0.67 ± 0.08 µM).78 Compounds 5, 10-13, 18 and 22-26 were tested for their 
ability to inhibit the NF-kB activation and to reduce the production of proinflammatory 
cytokines/chemokines, being the natural (E)-5,7-dihydroxy-2-(4-hydroxystyryl)chromone (5) the 
most active.81 Just like (E)-5-hydroxy-2-styrylchromone (3), compounds 13-15 and 17 were also 
screened for anti-norovirus activity but none of these compounds showed better results than the 

unsubstituted (E)-2-styrylchromone [(E)-2-styryl-4H-chromen-4-one]. The growth inhibition activity 
of compounds 27-31 and 32-36 was tested on carcinoma cells, particularly on gastric carcinoma 
cells. The polymethoxy-(E)-2-styrylchromones 27-31 demonstrated to be much more active than 
their hydroxylated counterparts 32-36. The (E)-5-methoxy-2-(3,4,5-trimethoxystyryl)chromone (27) 
was the most effective, with an GI50 value of 1.3 μM.75 The results regarding the hydroxy-substituted 
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(E)-2-styrylchromones 32-36 might be due to the alteration of physical properties, particularly loss of 
hydrophobicity for appropriate cell membrane penetration, since these compounds are more 
hydrophilic and have less affinity for the membranes (Table 3).75 
 As demonstrated above, different substituents can lead to alterations of the pharmacological 
properties of the compounds and, consequently, interfere with their activity. For this reason, 
researchers put a lot of effort on the design and synthesis of new (E)-2-styrylchromones as well as 
on structure-activity relationship studies (SARS), in order to discover compounds with improved 
activity and safer, with less secondary effects.
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Table 2. Natural (E)-2-styrylchromones and their biological activities and targets. 

 

Biological Activity Biological Target(s) Compound Ref(s) 

Cytotoxic 

P388 lymphocytic leukemia 
Hormothamnione (1) 98,99 

HL-60 human promyelocytic leukemia 

KERATIN-forming tumor cell lines 
HeLa 6-Desmethoxyhormothamnione (2) 98,99 

HepG2 (human hepatocarcinoma cell 
line) 

Platachromone A (6) 81,100 

Platachromone B (7) 81,100 

Platachromone C (8) 81,100 

Platachromone D (9) 81,100 

KB (human epidermoid carcinoma cell 
line) 

Platachromone A (6) 81,100 

Platachromone B (7) 81,100 

Platachromone C (8) 81,100 

Platachromone D (9) 81,100 

Human hepatocarcinoma cell line 
(SMMC-7721) 

Platachromone A (6) 81,100 

Platachromone B (7) 81,100 

Platachromone C (8) 81,100 

Platachromone D (9) 81,100 

Anti-norovirus --------------- (E)-5-Hydroxy-2-styrylchromone (3) 73 

Anti-inflammatory NF-kB signaling pathway 
(E)-5-Hydroxy-2-styrylchromone (3) 81 

(E)-5,7-Dihydroxy-2-(4-hydroxystyryl)chromone (5) 95 

Neuroprotective P12 pheochromocytoma cells (E)-6-Hydroxy-2-(4-hydroxy-3-methoxystyryl)chromone (4) 81 
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Table 3. (E)-2-styrylchromones, analogues of natural derivatives, and their biological activities and targets. 
 

Biological Activity Biological Target(s) Compound(s) 
Most active 
compound 

Ref(s) 

Anti-inflammatory 
NF-kB signaling pathway 

Proinflammatory cytokines/chemokines 
(5), (10), (11), (12), (13), (18), (22), (23), (24), (25) and (26) (5)  

Antioxidant 
Radical Scavenging 

DPPH• (10) and (16) (16) 

78 

Superoxide Anion Radical (O2
•-) (19), (20) and (21) (21) 

Singlet Oxygen (1O2) (19), (20) and (21) ----- 

Nitric Oxide Radical (•NO) (19), (20) and (21) (21) 

Antiviral Anti-norovirus (13), (14), (15) and (17) ----- 81 

Antitumor Gastric Carcinoma Cells (27), (28), (29), (30), (31), (32), (33), (34), (35) and (36) (27) 75 
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1.6 Objective of this work 
 The main goal of this dissertation is the synthesis of (E)-2-styrylchromones and evaluation 
of their potential inhibitory effects on the oxidative burst produced by human monocytes (Scheme 
3). 
 This goal is expected to be achieved through the accomplishment of some more specific 
goals, which are:  
 1) the synthesis of a library of (E)-2-styrylchromones for biological studies; 

2) the structural characterization of the synthesized compounds by nuclear magnetic 
resonance spectroscopy (NMR) and mass spectrometry techniques; 
3) the biological evaluation of the obtained (E)-2-styrylchromones both in chemico and in 
vitro. These studies will involve: 

  a) the determination of the •NO scavenging ability of each (E)-2-styrylchromone; 
  b) the determination of the absorption and emission spectra of each (E)-2-
styrylchromone in study; 

  c) the determination of the maximum non-cytotoxic concentration of each compound 
in human monocytes, in order to evaluate the cells’ viability when exposed to the compounds; 
  d) the determination of the inhibitory effects of the (E)-2-styrylchromones in study in 
the oxidative burst on human monocytes; 
 4) the establishment of structure-activity relationships studies (SARS) to get insights for the 
design of novel derivatives with improved action. 
 
 It is noteworthy that these compounds were never studied on human monocytes, so these 
preliminary studies, on this type of cells, will be very important for further investigations in this 
chemical-pharmacological field. 
 

 
Scheme 3. Graphical abstract regarding the main goal of this work.
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2.1 Synthesis 

 In this section, will be presented a brief description of the methods used to prepare the target 
compounds of this work. The fully detailed experimental protocols as well as the NMR data of each 
compound may be consulted in Chapter 5 – Experimental Section. 
 

2.1.1 Methylation of the starting compounds 
 The synthesis of polyhydroxylated compounds, often required the protection of the hydroxy 
groups of the starting compounds. In this work, those protections were performed by methylation 
reactions. 
 

2.1.1.1 Methylation of acetophenones 
 In this work, the hydroxy groups of the starting compounds 1-(2,6-dihydroxyphenyl)ethan-1-
one (1) and 1-(2,4,6-trihydroxyphenyl)ethan-1-one (3), also known as 2’,6’-dihydroxyacetophenone 
and 2’,4’,6’-trihydroxyacetophenone, were protected by methylation using dimethyl sulfate in the 
presence of potassium carbonate as base, in refluxing acetone for 1-3 h (Scheme 4). The protected 
acetophenones 1-(2-hydroxy-6-methoxyphenyl)ethan-1-one (2) and 1-(2-hydroxy-4,6-
dimethoxyphenyl)ethan-1-one (4), also known as 2’-hydroxy-6’-methoxyacetophenone and 2’-
hydroxy-4’,6’-dimethoxyacetophenone, were obtained in good to very good yields (67-83%). 
 

 
Scheme 4. Methylation of 1-(2,6-dihydroxy)acetophenone (1) and 1-(2,4,6-trihydroxy)acetophenone (3). 

 

2.1.2 Synthesis of (E)-2-styrylchromones 

 Three different methods were considered and attempted for the synthesis of (E)-2-
styrylchromones, which will be described in detail in the following sections. 
 

2.1.2.1 Method 1: Baker-Venkataraman rearrangement 
 This method involved the O-acylation of 2’-hydroxyacetophenones (5) with previously 
protected cinnamic acids 6a-b in the presence of N,N′-dicyclohexylcarbodiimide (DCC) and 4-
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pyrrolidinopyridine (4-PPy) in dichloromethane (DCM), at room temperature, for 7 days. The reaction 
afforded the expected 2-acetylphenyl acrylates 7a-b in low yields but since the 2-acetylphenyl-(E)-
3-(2-methoxyphenyl)acrylate (7b) was obtained in vestigial amounts, the next steps were only done 
for the 2-acetylphenyl-(E)-3-(3-methoxyphenyl)acrylate (7a). The synthesis of 1-(2-hydroxyphenyl)-

5-(3-methoxyphenyl)pent-4-ene-1,3-dione (8a) (also referred as b-diketone 8a), which exists in 
equilibrium with its enolic form 8’a, was achieved by Baker-Venkataraman rearrangement of the 
corresponding 2-acetylphenyl-(E)-3-(3-methoxyphenyl)acrylate (7a), in very strong alkaline 

conditions [potassium hydroxide (KOH), 5 equiv], in dimethylsulfoxide (DMSO) (Scheme 5). Under 
these conditions, compound 8’a was obtained in low yield (25%). The final step consisted in the 
cyclodehydration of 8’a which was performed in DMSO with p-toluenesulfonic acid (p-TSA), at 90ºC, 
but no product was obtained. 
 

 
Scheme 5. Attempted synthesis of (E)-2-styrylchromones by Baker-Venkataraman rearrangement. 

 

2.1.2.2 Method 2: Aldol-type condensation of 2’-hydroxyacetophenones with 

cinnamaldehydes 

 This second strategy consisted of an Aldol-type condensation of 2’-hydroxy-4’,6’-

dimethoxyacetophenone (4) with cinnamaldehydes [(E)-3-phenylprop-2-enal according to the 

IUPAC nomenclature] 9a-b in methanol (MeOH), in the presence of an aqueous sodium hydroxide 
(NaOH) solution (40%), at room temperature, followed by cyclodehydration of the formed 2′-
hydroxycinnamylidene-acetophenones 10a-b (31% and 50% of yield, respectively). Compound 11a 
was obtained with cis configuration while compound 11b was obtained with trans configuration. After 
boron tribromide (BBr3)-promoted cleavage of the methoxy groups in dry DCM, compound 11’b was 
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obtained in a moderate yield (32%). The deprotection of the methoxy groups of compound 11a did 
not occur (Scheme 6). 
 

 
Scheme 6. Synthesis of (Z)-5,7-dimethoxy-2-styrylchromone 11a, (E)-5,7-dimethoxy-2-(4-
methoxystyryl)chromone 11b and (E)-5-hydroxy-7-methoxy-2-(4-hydroxystyryl)chromone 11’b by Aldol-type 
condensation of 2’-hydroxyacetophenones with cinnamaldehydes. 

 

2.1.2.3 Method 3: Aldol condensation of 2-methylchromones with benzaldehydes 
 For the synthesis of (E)-2-styrylchromones through this method, it was necessary to 
synthesize the starting compounds 2-methylchromones (2-methyl-4H-chromen-4-ones, according to 
the IUPAC nomenclature). Three different methods were tested for this synthesis and when 
necessary, the acetophenones and phenols were previously protected by methylation. 

 

2.2.2.3.1 Synthesis of 2-methylchromones 
 The first synthesis route consisted of a two-step sequence starting from 2’-hydroxy-6’-

methoxyacetophenone (2), 2’-hydroxyacetophenone (5), 2’-benzyloxy-6’-hydroxyacetophenone [1-

(2-(benzyloxy)-6-hydroxyphenyl)ethan-1-one] (16) and 2’,4-dibenzyloxy-6’-hydroxyacetophenone 

[1-[2,4-bis(benzyloxy)-6-hydroxyphenyl]ethan-1-one] (19) with sodium in dry ethyl acetate at room 
temperature for 18 h, followed by cyclodehydrogenation in refluxing MeOH in the presence of p-TSA, 
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for 21 to 27 h. Compounds 13 and 15 containing methoxy groups are represented in Scheme 7 while 
compounds 18 and 21 containing benzyloxy groups are represented in Scheme 8, with their 
respective reaction schemes. 
 

 
 

Scheme 7. Synthesis of 5-methoxy-2-methylchromone (13) and 2-methylchromone (15). 

 

 
Scheme 8. Synthesis of 5-benzyloxy-2-methylchromone (18) and 5,7-dibenzyloxy-2-methylchromone (21). 
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 The second strategy consisted of a solvent-free reaction between 3,4,5-trimethoxyphenol 
(22) and ethyl acetoacetate (23), with phosphorous pentoxide, at room temperature, for 20 h 
(Scheme 9), but no product was obtained. 
 

 
Scheme 9. Attempted synthesis of 2-methylchromones by a solvent-free reaction. 

 
 The third and last strategy consisted of a three-step sequence, beginning with the acylation 
of 3,4,5-trimethoxyphenol (22) with acetyl chloride in dry pyridine, at room temperature, for 27 h. The 
second step was the Fries rearrangement of the acyl group in aluminium(III) chloride at 150 ºC, under 
N2 atmosphere, for 3 h (Scheme 10). The final step was not performed, but it would have consisted 
of the synthesis of the corresponding 2-methylchromone from 6’-hydroxy-2’,3’,4’-
trimethoxyacetophenone (24’), based on the reactions of Schemes 7 and 8. 
 

 
Scheme 10. Synthesis of 6’-hydroxy-2’,3’,4’-trimethoxyacetophenone (24’) from 3,4,5-trimethoxyphenol (22). 

 
 The synthesis of (E)-5-methoxy-2-styrylchromones 26a-f and 27a consisted of only one step: 
the Aldol condensation between 2-methylchromones 13, 15, 18 and 21, synthesized as illustrated 
on Schemes 7 and 8, and benzaldehydes 9, with sodium in ethanol (EtOH), at room temperature, 
up to 16 h. Afterward, the BBr3-promoted cleavage of the methoxy groups in dry DCM for 24 h, gave 
the (E)-5-hydroxy-2-styrylchromones 26’a-f and 27’a (Scheme 11 and Scheme 12). 
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Scheme 11. Synthesis of (E)-5-methoxy-2-styrylchromones 26a-f and (E)-5-hydroxy-2-styrylchromones 26’a-f. 

 

 
Scheme 12. Synthesis of (E)-2-(3-methoxystyryl)chromone (27a) and (E)-2-(3-hydroxystyryl)chromone (27’a). 

 

2.2 Structural characterization of (E)-2-styrylchromones 
 In this section will be presented and discussed the structural characterizations of the new 
and most relevant synthesized compounds, further used in biological assays. All these compounds 
were characterized by 1D (1H and 13C) and 2D (HSQC and HMBC) NMR techniques, and whenever 

possible by mass spectrometry (ESI+) and high-resolution mass spectrometry (HRMS) techniques 
which together allowed an unequivocally confirmation of the compounds’ structures. 
 The analysis of the 1H NMR spectra of the synthesized (E)-2-styrylchromones allows the 
distinction between two main regions, based on their frequency values: i) the aliphatic region with 
lower frequency values (less than 5.00 ppm), where the chemical shifts of protons from methoxy 
groups (OCH3) groups appear around 3.80 - 4.00 ppm and ii) the aromatic region. The singlet due 

to the resonance of H-3 proton at the chemical shift values d = 6.25 – 6.51 ppm, along with the 

presence of two large doublets due to the resonance of H-a and H-b protons of the exocyclic double 

bond with a trans configuration as confirmed by the coupling constant (3JHα-Hβ  @ 16.0 Hz), are the 
most characteristic signals of this family of compounds. Furthermore, the 5-OH proton appeared as 
a broad singlet in all compounds except for 26e, due to the hydrogen bond with the carbonyl group 
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at C-4. Another major characteristic which allowed the distinction between the protected and 
deprotected compounds, and consequently to claim the success of the cleavage reaction, was the 

disappearance of the signals of the methoxy groups around d = 3.80 – 4.00 ppm, for example from 

compound 26e to compound 26’e and, in some cases, the appearance of the OH signal around d 

= 12.50 ppm. 
 The (E)-2-styrylchromones in study usually presented a doublet of doublets for H-6 and H-8 
protons as well as a triplet for both H-7 and H-5’ protons. In some compounds, the H-2’ appeared as 
a small doublet or triplet when the B ring is meta-substituted on H-3’ or both meta- and para-
substituted on H-3’ and H-4’, respectively. The multiplicity of the protons of the B ring (H-3’, H-4’ and 
H-6’ was depending on the substitution patterns. In addition, the non-substituted A ring in compound 
27’a showed a doublet of doublets for H-5 proton. 
 To make it easier to compare the chemical shifts of all compounds, for both 1H and 13C NMR, 
all the calculated values are presented in Table 4 and Table 5, at the end of this section. 
 

2.2.1 (E)-5-Hydroxy-7-methoxy-2-(4-hydroxystyryl)-4H-chromen-4-one (11’b) 
The structure and numbering of (E)-5-hydroxy-7-methoxy-2-(4-hydroxystyryl)-4H-chromen-

4-one (11’b) is presented on section 5.2. The most important signals observed in the 1H NMR 
spectrum of (E)-2-styrylchromone 11’b (Figure 13) are: 

• a singlet (s) at dH = 3.96 ppm corresponding to the resonance of the protons of the OCH3 
group linked to C-7; 

• a singlet (s) at dH = 6.15 ppm corresponding to the resonance of the H-3 proton; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the exocyclic double 

bond, at dH = 6.77 ppm and dH = 7.56 ppm, respectively. The multiplicity of these signals is justified 
by the coupling between them, and the corresponding coupling constant (3J = 16.0 Hz) highlights the 
trans configuration of these two protons in compound 11’b; 

• two small doublets (d) at dH = 6.36 ppm and dH = 6.52 ppm corresponding to the resonance 
of protons H-6 and H-8, whose multiplicity is due to the long-distance coupling with each other (4J = 
2.2 Hz); 

• a large doublet (d) at dH = 6.88 ppm assigned to the resonance of protons H-3’,5’. This 
multiplicity is due to the short distance coupling with the ortho-protons H-2’,6’ (3J = 8.3 Hz). The 
signal of H-3’,5’ appears at lower frequency values than the signal of H-2’,6’ due to the shielding 
effect of the hydroxy group at the ortho positions. 
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Figure 13. 1H NMR spectrum of (E)-2-styrylchromone 11’b and expansion of the corresponding aromatic region 
(500.16 MHz, MeOD). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 11’b (Figure 14) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 14. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 11’b (125.77 MHz, MeOD). 

 
 The nine protonated carbons were easily assigned based on the correlations observed in 

the HSQC spectrum (Figure 15) at dC = 92.6 (C-8), 98.0 (C-6), 107.3 (C-3), 116.0 (C-3’,5’), 116.1 

(C-a), 129.7 (C-2’,6’) and 138.0 (C-b) ppm. 
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Figure 15. Expansion of the HSQC spectrum of (E)-2-styrylchromone 11’b. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 16), namely H-6→C-4a and H-8→C-4a (dC = 105.5 ppm); H-a→C-1’ and H-

3’,5’→C-1’ (dC = 126.5 ppm); H-8→C-8a (dC = 157.6 ppm); H-3’,5’→C-4’ and H-2’,6’→C-4’ (dC = 

159.2 ppm); H-3→C-2, H-a→C-2 and H-b→C-2 (dC = 163.6 ppm); H-8→C-7 (dC = 165.6 ppm). The 

two remaining signals correspond to C-5 at dC = 161.6 ppm, and to C-4 at dC = 182.6 ppm, which is 
the most deprotected carbon. 
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Figure 16. Expansion of the HMBC spectrum of (E)-2-styrylchromone 11’b. 

 

2.2.2 (E)-5-Hydroxy-2-(3-chlorostyryl)-4H-chromen-4-one (26’a) 
 The structure and numbering of (E)-5-hydroxy-2-(3-chlorostyryl)-4H-chromen-4-one (26’a) 
is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of (E)-
2-styrylchromone 26’a (Figure 17) are: 

• a singlet (s) at dH = 6.27 ppm corresponding to the resonance of the H-3 proton; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH 

= 6.77 ppm and dH = 7.56 ppm, respectively. The multiplicity of these signals is justified by the 
coupling between them, and the correspondent coupling constant (3J = 15.9 Hz) highlights the trans 
configuration of these two protons in compound 26’a; 

• two doublet of doublets (dd) at dH = 6.81 ppm and dH = 6.97 ppm corresponding to the 
resonance of protons H-6 and H-8. The multiplicity of these protons is due to the long-distance 
coupling between them (4J = 0.9 Hz) and the coupling of each proton with H-7 (3J = 8.4 Hz); these 
are the two most shielded aromatic protons due to their ortho- and para-positions, respectively, 
relatively to the 5-OH group; 

• a multiplet (m) at dH = 7.36-7.38 ppm corresponding to the resonance of protons H-2’ and H-
5’; 

• a multiplet (m) at dH = 7.43-7.48 ppm corresponding to the resonance of protons H-4’; 

• a triplet (t) at dH = 7.55 ppm due to the resonance of proton H-7; 

• a multiplet (m) at dH = 7.58-7.79 ppm assigned to the resonance of proton H-6’. 



 

  33 

 
Figure 17. 1H NMR spectrum of (E)-2-styrylchromone 26’a and expansion of the corresponding aromatic region 
(300.13 MHz, CDCl3). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’a (Figure 18) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 18. Expansion of the 13C NMR spectrum of (E)-2-styryl-4H-chromen-4-one 26’a (75.47 MHz, CDCl3). 

 
 The ten protonated carbons were easily assigned based on the correlations observed in the 

HSQC spectrum (Figure 19) at dC = 107.0 (C-8), 109.7 (C-3), 111.6 (C-6), 121.2 (C-a), 126.1 (C-4’), 

127.7 (C-6’), 130.1 (C-5’), 130.4 (C-2’), 135.6 (C-b) and 136.4 (C-7) ppm. 
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Figure 19. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’a. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 20), namely H-3→C-4a, H-6→C-4a and H-8→C-4a (dC = 111.0 ppm); H-5’→C-3’ 

and H-2’→C-3’ (dC = 135.1 ppm); H-a→C-1’ and H-2’→C-1’ (dC = 136.6 ppm); H-8→C-8a and H-

7→C-8a (dC = 156.2 ppm); H-7→C-5 (dC = 160.9 ppm); H-3→C-2 and H-a→C-2 (dC = 162.2 ppm); 

H-3→C-4 (dC = 183.6 ppm). 
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Figure 20. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’a. 

 

2.2.3 (E)-5-Hydroxy-2-(3,4-dichlorostyryl)-4H-chromen-4-one (26’b) 
 The structure and numbering of (E)-5-hydroxy-2-(3,4-dichlorostyryl)-4H-chromen-4-one 
(26’b) is presented on section 5.2. The most important signals observed in the 1H NMR spectrum 
of (E)-2-styrylchromone 26’b (Figure 21) are: 

• a singlet (s) at dH = 6.27 ppm corresponding to the resonance of the H-3 proton; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH 

= 6.76 ppm and dH = 7.52 ppm, respectively. Their coupling constant (3J = 16.0 Hz) confirms the 
trans configuration of these two protons in compound 26’b; 

• two doublet of doublets (dd) at dH = 6.81 ppm and dH = 6.96 ppm corresponding to the 
resonance of protons H-6 and H-8, respectively. This multiplicity is due to the long-distance coupling 
between them (4J = 0.9 Hz) and the coupling of each proton with H-7 (3J = 8.3 Hz); these are the two 
most shielded aromatic protons due to their ortho- and para-positions, respectively, relatively to the 
5-OH group; 

• a doublet of doublets (dd) at dH = 7.42 ppm assigned to the resonance of proton H-6’. The 
multiplicity of this proton is due to the coupling with H-5’ (3J = 8.3 Hz) and the long-distance coupling 
with H-2’ (4J = 2.1 Hz); 

• two doublets (d) at dH = 7.51 ppm and dH = 7.68 ppm corresponding to the resonance of 
protons H-5’ and H-2’, respectively. The multiplicity of proton H-5’ is due to the coupling with H-6’ (3J 
= 8.3 Hz) and of proton H-2’ is due to the long-distance coupling with H-6’ (4J = 2.1 Hz); 



 

  36 

• a triplet (t) at dH = 7.55 ppm due to the resonance of proton H-7 (3J = 8.3 Hz); 

• a singlet (s) at dH = 12.51 ppm due to the resonance of the proton of the 5-OH group. 
 

 
Figure 21. 1H NMR spectrum of (E)-2-styrylchromone 26’b and expansion of the corresponding aromatic region 
(500.16 MHz, CDCl3). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’b (Figure 22) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 22. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26’b (125.77 MHz, CDCl3). 

 
 The nine protonated carbons were easily assigned based on the correlations observed in 

the HSQC spectrum (Figure 23) at dC = 106.9 (C-8), 109.8 (C-3), 111.6 (C-6), 121.4 (C-a), 126.7 

(C-6’), 129.4 (C-2’), 131.1 (C-5’), 135.2 (C-b) and 135.6 (C-7) ppm. 

H-2’ 
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Figure 23. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’b. 

 
 The seven non-protonated carbons were assigned based on the correlations observed in the 

HMBC spectrum (Figure 24), namely H-3→C-4a and H-6→C-4a (dC = 111.0 ppm); H-5’→C-3’ and 

H-6’→C-3’ (dC = 133.5 ppm), H-6’→C-4’, H-5’→C-4’ and H-2’→C-4’ (dC = 134.0 ppm), H-a→C-1’ and 

H-2’→C-1’ (dC = 134.8 ppm); H-7→C-8a (dC = 156.1 ppm), H-7→C-5 (dC = 160.9 ppm); H-3→C-2 

and H-a→C-2 (dC = 161.9 ppm); H-3→C-4 (dC = 183.6 ppm). 
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Figure 24. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’b. 

 

2.2.4 (E)-5-Hydroxy-2-(2,6-dichlorostyryl)-4H-chromen-4-one (26’c) 
 The structure and numbering of (E)-5-hydroxy-2-(2,6-dichlorostyryl)-4H-chromen-4-one 
(26’c) is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of 
(E)-2-styrylchromone 26’c (Figure 25) are: 

• a singlet (s) at dH = 6.30 ppm corresponding to the resonance of the H-3 proton; 

• two doublet of doublets (dd) at dH = 6.81 ppm and dH = 7.00 ppm corresponding to the 
resonance of protons H-6 and H-8, respectively, whose multiplicity is due to the long-distance 
coupling between them (4J = 0.9 Hz) and the coupling of each proton with H-7 (3J = 8.4 Hz); these 
are the two most shielded aromatic protons due to their ortho- and para-positions, respectively, 
relatively to the 5-OH group; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH 

= 6.95 ppm and dH = 7.72 ppm, respectively, with a coupling constant (3J = 16.4 Hz) that highlights 
the trans configuration of these two protons in compound 26’c; 

• a triplet (t) at dH = 7.22 ppm due to the resonance of proton H-4’ (3J = 8.1 Hz); 

• a doublet (d) at dH = 7.40 ppm assigned to the resonance of both protons H-3’ and H-5’ due 
to the coupling with H-4’ (3J = 8.1 Hz); 

• a triplet (t) at dH = 7.56 ppm due to the resonance of proton H-7 (3J = 8.4 Hz); 

• a singlet (s) at dH = 12.51 ppm due to the resonance of the proton of the 5-OH group. 
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Figure 25. 1H NMR spectrum of (E)-2-styrylchromone 26’c and expansion of the corresponding aromatic region 
(500.16 MHz, CDCl3). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’c (Figure 26) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 26. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26’c (125.77 MHz, CDCl3). 

 
 The nine protonated carbons were easily assigned based on the correlations observed in 

the HSQC spectrum (Figure 27) at dC = 107.1 (C-8), 110.3 (C-3), 111.5 (C-6), 128.1 (C-a), 129.0 

(C-3’,5’), 129.8 (C-4’), 131.5 (C-b) and 135.6 (C-7) ppm. 
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Figure 27. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’c. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 28), namely H-3→C-4a, H-6→C-4a and H-8→C-4a (dC = 111.1 ppm); H-3’,5’→C-

1’ (dC = 132.2 ppm); H-4’→C-2’,6’ and H-b→C-2’,6’ (dC = 135.0 ppm); H-7→C-8a (dC = 156.2 ppm); 

H-7→C-5 (dC = 160.8 ppm); H-3→C-2, H-a→C-2 and H-b→C-2 (dC = 161.8 ppm); H-3→C-4 (dC = 
183.7 ppm). 



 

  41 

 
Figure 28. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’c. 

 

2.2.5 (E)-5-Hydroxy-2-(2-hydroxystyryl)-4H-chromen-4-one (26’d) 
 The structure and numbering of (E)-5-hydroxy-2-(2-hydroxystyryl)-4H-chromen-4-one (26’d) 
is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of (E)-
2-styrylchromone 26’d (Figure 29) are: 

• a singlet (s) at dH = 6.33 ppm corresponding to the resonance of the H-3 proton; 

• two doublet of doublets (dd) at dH = 6.77 ppm and dH = 7.09 ppm corresponding to the 
resonance of protons H-6 and H-8, respectively. This multiplicity is due to the long-distance coupling 
between them (4J = 1.0 Hz) and the coupling of each proton with H-7 (3J = 8.4 Hz); these are the two 
most shielded aromatic protons due to their ortho- and para-positions, respectively, relatively to the 
5-OH group; 

• a doublet of doublets (dd) at dH = 6.87 ppm corresponding to the resonance of the H-3’ 
proton, that couples with H-4’ (3J = 7.9 Hz), and at long-distance with H-5’ (4J = 1.1 Hz); 

• a doublet of doublets of doublets (ddd) at dH = 6.88 ppm corresponding to the resonance of 
the H-5’ proton, which is coupling with H-4’ (3J = 7.4 Hz) and H-6’ (3J = 8.1 Hz), and at long-distance 
with H-3’ (4J = 1.1 Hz); 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH = 

7.12 ppm and dH = 8.01 ppm, respectively, with a coupling constant (3J = 16.2 Hz) that highlights the 
trans configuration of these two protons in compound 26’d; 



 

  42 

• a doublet of doublets of doublets (ddd) at dH = 7.22 ppm corresponding to the resonance of 
the H-4’ proton, whose multiplicity is due to the long-distance coupling with H-6’ (4J = 1.6 Hz) and 
the coupling at a shorter distance with H-5’ (3J = 7.4 Hz) and H-3’ (3J = 7.9 Hz); 

• a doublet of doublets (dd) at dH = 7.61 ppm corresponding to the resonance of the H-6’ 
proton, whose multiplicity is due to the long-distance coupling with H-4’ (4J = 1.6 Hz) and the short 
distance coupling with H-5’ (3J = 8.1 Hz); 

• a triplet (t) at dH = 7.62 ppm due to the resonance of proton H-7 (3J = 8.4 Hz). 
 

 
Figure 29. 1H NMR spectrum of (E)-2-styrylchromone 26’d and expansion of the corresponding aromatic region 
(500.16 MHz, MeOD). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’d (Figure 30) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 30. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26’d (125.77 MHz, MeOD). 
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 The ten protonated carbons were easily assigned based on the correlations observed in the 

HSQC spectrum (Figure 31) at dC = 106.8 (C-8), 107.4 (C-3), 110.7 (C-6), 115.7 (C-3’), 118.7 (C-a), 

119.5 (C-5’), 128.3 (C-6’), 131.1 (C-4’), 134.3 (C-b) and 135.4 (C-7) ppm. 
 

 
Figure 31. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’d. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 32), namely H-3→C-4a, H-6→C-4a and H-8→C-4a (dC = 110.3 ppm), H-a→C-1’ 

(dC = 121.8 ppm), H-7→C-8a (dC = 156.4 ppm), H-4’→C-2’ (dC = 156.9 ppm) H-7→C-5 (dC = 160.4 

ppm), H-3→C-2 and H-a→C-2 (dC = 164.8 ppm), H-3→C-4 (dC = 183.8 ppm). 
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Figure 32. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’d. 

 

2.2.6 (E)-5-Methoxy-2-(3-methoxystyryl)-4H-chromen-4-one (26e) 
 The structure and numbering of (E)-5-methoxy-2-(3-methoxystyryl)-4H-chromen-4-one 
(26e) is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of 
(E)-2-styrylchromone 26e (Figure 33) are: 

• two singlets (s) at dH = 3.87 ppm and dH = 4.00 ppm corresponding to the resonance of the 
six protons of the 5-OCH3 and 3’-OCH3 groups; 

• a singlet (s) at dH = 6.25 ppm corresponding to the resonance of the H-3 proton; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH = 

6.71 ppm and dH = 7.51 ppm, respectively. The multiplicity of these signals is justified by the coupling 
between them, and the coupling constant (3J = 16.1 Hz) highlights the trans configuration of these 
two protons in compound 26e; 

• two doublet of doublets (dd) at dH = 6.81 ppm and dH = 7.11 ppm corresponding to the 
resonance of protons H-6 and H-8, respectively, whose multiplicity is due to the long-distance 
coupling between them (4J = 1.0 Hz) and the coupling of each proton with H-7 (3J = 8.4 Hz); 

• a doublet of doublets of triplets (ddt) at dH = 6.93 ppm corresponding to the resonance of the 
H-4’ proton, whose multiplicity is due to the short-distance coupling with H-5’ (4J = 8.1 Hz) and the 
long-distance coupling with H-2’ (4J = 2.2 Hz) and H-6’ (4J = 0.9 Hz); 
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• a small triplet (t) at dH = 7.08 ppm due to the resonance of proton H-2’, whose multiplicity is 
due to the long-distance coupling with H-4’ and H-6’ (4J = 2.2 Hz); 

• a doublet of doublets of triplets (ddt) at dH = 7.17 ppm corresponding to the resonance of the 
H-6’ proton, whose multiplicity is due to the short-distance coupling with H-5’ (4J = 8.1 Hz) and the 
long-distance coupling with H-2’ (4J = 2.2 Hz) and H-4’ (4J = 0.9 Hz); 

• two triplets (t) at dH = 7.33 ppm and dH = 7.57 ppm corresponding to the resonance of protons 
H-5’ (3J = 8.1 Hz) and H-7 (3J = 8.4 Hz), respectively. 

 

 
Figure 33. 1H NMR spectrum of (E)-2-styrylchromone 26e and expansion of the corresponding aromatic region 
(500.16 MHz, CDCl3). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26e (Figure 34) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 34. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26e (125.77 MHz, CDCl3). 
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 The ten protonated carbons were easily assigned based on the correlations observed in the 

HSQC spectrum (Figure 35) at dC = 106.3 (C-6), 110.0 (C-8), 112.4 (C-3), 112.6 (C-2’), 115.5 (C-

4’), 120.2 (C-a), 120.3 (C-6’), 130.0 (C-5’), 133.7 (C-7) and 136.3 (C-b) ppm. 
 

 
Figure 35. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26e. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 36a-b), namely H-3→C-4a and H-6→C-4a (dC = 110.3 ppm); H-a→C-1’ (dC = 

136.5 ppm); H-8→C-8a and H-7→C-8a (dC = 158.1 ppm); H-3→C-2 and H-a→C-2 (dC = 159.5 ppm); 

H-7→C-5 (dC = 159.8 ppm); H-5’→C-3’ (dC = 160.0 ppm); H-3→C-4 (dC = 183.8 ppm). 
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Figure 36a. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26e. 

 

 
Figure 36b. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26e. 
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2.2.7 (E)-5-Hydroxy-2-(3-hydroxystyryl)-4H-chromen-4-one (26’e) 
 The structure and numbering of (E)-5-hydroxy-2-(3-hydroxystyryl)-4H-chromen-4-one (26’e) 
is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of (E)-
2-styrylchromone 26’e (Figure 37) are: 

• a singlet (s) at dH = 6.40 ppm corresponding to the resonance of the H-3 proton; 

• two doublet of doublets (dd) at dH = 6.80 ppm and dH = 7.11 ppm corresponding to the 
resonance of protons H-6 and H-8, respectively, whose multiplicity is due to the long-distance 
coupling between them (4J = 0.9 Hz) and the coupling of each proton with H-7 (3J = 8.3 Hz); 

• a doublet of doublets of triplets (ddt) at dH = 6.86 ppm corresponding to the resonance of the 
H-4’ proton, whose multiplicity is due to the short distance coupling with H-5’ (4J = 7.8 Hz) and the 
long-distance coupling with H-2’ (4J = 2.3 Hz) and H-6’ (4J = 1.1 Hz); 

• two doublets (d) due to the resonance of the protons H-a and H-b of the exocyclic double 

bond, at dH = 7.00 ppm and dH = 7.67 ppm, respectively. The multiplicity of these signals is justified 
by the coupling between them, and the correspondent coupling constant (3J = 16.1 Hz) highlights the 
trans configuration of these two protons in compound 26’e; 

• a triplet (t) at dH = 7.08 ppm due to the resonance of proton H-2’, whose multiplicity is due to 
the long-distance coupling with H-4’ and H-6’ (4J = 2.3 Hz); 

• a doublet of doublets (dd) at dH = 7.17 ppm corresponding to the resonance of the H-6’ 
proton, whose multiplicity is due to the short distance coupling with H-5’ (4J = 7.8 Hz) and the long-
distance coupling with H-4’ (4J = 1.1 Hz); 

• two triplets (t) at dH = 7.27 ppm and dH = 7.64 ppm corresponding to the resonance of protons 
H-5’ (3J = 7.8 Hz) and H-7 (3J = 8.4 Hz), respectively. 

 

 
Figure 37. 1H NMR spectrum of (E)-2-styrylchromone 26’e and expansion of the corresponding aromatic region 
(300.13 MHz, MeOD). 
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 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’e (Figure 38) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 38. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26’e (75.47 MHz, MeOD). 

 
 The ten protonated carbons were easily assigned based on the correlations observed in the 

HSQC spectrum (Figure 39) at dC = 106.8 (C-8), 108.0 (C-3), 110.8 (C-6), 113.8 (C-2’), 117.0 (C-

4’), 119.1 (C-a), 119.3 (C-6’), 129.7 (C-5’), 135.6 (C-7) and 138.4 (C-b) ppm. 
 

 
Figure 39. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’e. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 40), namely H-3→C-4a and H-8→C-4a (dC = 110.3 ppm); H-a→C-1’ (dC = 136.3 

ppm); H-5’→C-3’ (dC = 157.7 ppm); H-7→C-5 (dC = 160.4 ppm); H-3→C-2 and H-a→C-2 (dC = 163.9 

ppm); H-3→C-4 (dC = 183.8 ppm). The remaining carbon which was not possible to identify through 
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the correlations observed in the 2D spectra is C-8a, since all the other non-protonated carbons were 
already identified. 
 

 
Figure 40. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’e. 

 

2.2.8 (E)-5-Hydroxy-2-(3,4,5-trihydroxystyryl)-4H-chromen-4-one (26’f) 
 The structure and numbering of (E)-5-hydroxy-2-(3,4,5-trihydroxystyryl)-4H-chromen-4-one 
(26’f) is presented on section 5.2. The most important signals observed in the 1H NMR spectrum of 
(E)-2-styrylchromone 26’f (Figure 41) are: 

• a singlet (s) at dH = 6.51 ppm corresponding to the resonance of the H-3 proton; 

• a singlet (s) at dH = 6.67 ppm corresponding to the resonance of protons H-2’,6’; 

• two doublets (d) at dH = 6.78 ppm and dH = 7.14 ppm corresponding to the resonance of 
protons H-6 and H-8, respectively, whose multiplicity is due to the coupling of each proton with H-7 
(3J = 8.2 Hz); 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH = 

6.81 ppm and dH = 7.51 ppm, respectively. The coupling constant (3J = 16.1 Hz) confirms the trans 
configuration of these two protons in compound 26’f; 

• a triplet (t) at dH = 7.65 ppm due to the resonance of proton H-7, whose multiplicity is due to 
the coupling with both protons H-6 and H-8 (3J = 8.2 Hz). 
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Figure 41. 1H NMR spectrum of (E)-2-styrylchromone 26’f and expansion of the corresponding aromatic region 
(500.16 MHz, DMSO-d6). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 26’f (Figure 42) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 42. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 26’f (125.77 MHz, DMSO-d6). 

 
 The eight protonated carbons were easily assigned based on the correlations observed in 

the HSQC spectrum (Figure 43a-b) at dC = 107.3 (C-8), 107.4 (C-3), 117.5 (C-2’,6’), 110.8 (C-6), 

125.3 (C-a), 135.7 (C-7) and 139.1 (C-b) ppm. 
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Figure 43a. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’f. 

 

 
Figure 43b. Expansion of the HSQC spectrum of (E)-2-styrylchromone 26’f. 
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 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 44), namely H-3→C-4a and H-8→C-4a (dC = 110.2 ppm); H-a→C-1’ (dC = 125.9 

ppm); H-2’,6’→C-4’ (dC = 136.5 ppm); H-2’,6’→C-3’,5’ (dC = 146.3 ppm); H-8→C-8a and H-7→C-8a 

(dC = 155.8 ppm); H-7→C-5 (dC = 160.0 ppm); H-3→C-2, H-a→C-2 and H-b→C-2 (dC = 164.1 ppm); 

H-3→C-4 (dC = 182.9 ppm). 
 

 
Figure 44. Expansion of the HMBC spectrum of (E)-2-styrylchromone 26’f. 

 

2.2.9 (E)-2-(3-Hydroxystyryl)-4H-chromen-4-one (27’a) 
 The structure and numbering of (E)-2-(3-hydroxystyryl)-4H-chromen-4-one (27’a) is 
presented on section 5.2. The most important signals observed in the 1H NMR spectrum of (E)-2-
styrylchromone 27’a (Figure 45) are: 

• a singlet (s) at dH = 6.42 ppm corresponding to the resonance of the H-3 proton; 

• two doublets (d) due to the resonance of the protons H-a and H-b of the double bond, at dH = 

6.83 ppm and dH = 7.58 ppm, respectively. The coupling constant (3J = 16.2 Hz) confirms the trans 
configuration of these two protons in compound 27’a;  

• two doublets (d) at dH = 6.86 ppm and dH = 7.06 ppm corresponding to the resonance of 
protons H-4’ and H-6’, respectively, whose multiplicity is due to the coupling of each proton with H-
5’ (3J = 7.5 Hz); 

• a singlet (s) at dH = 7.09 ppm corresponding to the resonance of proton H-2’; 
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• a triplet (t) at dH = 7.41 ppm due to the resonance of proton H-6, whose multiplicity is due to 
the coupling with both protons H-5 and H-7 (3J = 7.7 Hz); 

• a doublet of doublets of doublets (ddd) at dH = 7.70 ppm corresponding to the resonance of 
the H-7 proton, whose multiplicity is due to the short distance coupling with H-6 (3J = 7.7 Hz) and H-
8 (3J = 8.2 Hz) and the long-distance coupling with H-5; 
 

 
Figure 45. 1H NMR spectrum of (E)-2-styrylchromone 27’a and expansion of the corresponding aromatic region 
(500.16 MHz, CDCl3). 

 
 All the carbons in the 13C NMR spectrum of (E)-2-styrylchromone 27’a (Figure 46) were 
assigned based on the HSQC and HMBC spectra. 
 

 
Figure 46. Expansion of the 13C NMR spectrum of (E)-2-styrylchromone 27’a (125.77 MHz, CDCl3). 

 
 The eleven protonated carbons were easily assigned based on the correlations observed in 

the HSQC spectrum (Figure 47) at dC = 109.9 (C-3), 113.8 (C-2’), 117.6 (C-4’), 118.0 (C-8), 120.0 

(C-a), 120.3 (C-6’), 125.4 (C-6), 125.6 (C-5), 130.1 (C-5’), 134.3 (C-7) and 138.1 (C-b) ppm. 
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Figure 47. Expansion of the HSQC spectrum of (E)-2-styrylchromone 27’a. 

 
 The non-protonated carbons were assigned based on the correlations observed in the HMBC 

spectrum (Figure 48), namely H-5’→C-1’ (dC = 136.3 ppm); H-7→C-8a and H-5→C-8a (dC = 156.2 

ppm); H-5’→C-3’ (dC = 157.4 ppm); H-a→C-2 and H-b→C-2 (dC = 163.0 ppm). The two remaining 

signals correspond to C-4a at dC = 110.9 ppm, and to C-4 at dC = 179.1 ppm, which is the most 
deprotected carbon. 
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Figure 48. Expansion of the HMBC spectrum of (E)-2-styrylchromone 27’a.
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Table 4. Chemical shifts (d in ppm, from TMS) of 1H NMR of the synthesized (E)-2-styrylchromones for biological assays. 
 

 11’b 26’a 26’b 26’c 26’d 26e 26’e 26’f 27’a 

H-3 6.15 6.28 6.27 6.30 6.35 6.25 6.40 6.51 6.42 

H-5 7.39a 12.54a 12.55a 12.51a -----d 4.00b -----d 12.82a 8.16 

H-6 6.36 6.80 6.81 6.81 6.79 6.81 6.80 6.78 7.41 

H-7 3.96b 7.55 7.55 7.56 7.63 7.57 7.64 7.65 7.70 

H-8 6.52 6.97 6.96 7.00 7.11 7.11 7.11 7.14 7.55 

H-a 6.62 6.77 6.76 6.95 7.14 6.71 7.00 6.81 6.83 

H-b 7.56 7.56 7.52 7.72 8.03 7.51 7.67 7.51 7.58 

H-2’ 7.48 7.36-7.38 7.68 ----- -----d 7.08 7.10 6.57 7.09 

H-3’ 6.88 ----- ----- 7.40 6.90 3.87b -----d -----d -----d 

H-4’ 7.39c 7.43-7.48 ----- 7.22 7.24 6.93 6.86 -----d 6.86 

H-5’ 6.88 7.36-7.38 7.51 7.40 6.91 7.33 7.27 -----d 7.24 

H-6’ 7.48 7.58-7.59 7.42 ----- 7.62 7.17 7.17 6.57 7.06 
 

a The chemical shift belongs to the proton of the 5-OH group. 
b The chemical shift of the OCH3 protons linked to C-5, C-7 and C-3’. 
c The chemical shift belongs to the proton of the 4’-OH group. 
d The chemical shifts and signals for the OH groups were not found on the 1H NMR spectra. 
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Table 5. Chemical shifts (d in ppm, from TMS) of 13C NMR of the synthesized (E)-2-styrylchromones for biological assays. 
 

 11’b 26’a 26’b 26’c 26’d 26e 26’e 26’f 27’a 

C-2 163.3 162.2 161.9 161.8 164.8 159.5 163.9 164.1 163.0 

C-3 107.3 109.6 109.8 110.3 107.4 112.4 108.0 107.4 109.9 

C=O 182.6 183.6 183.6 183.7 183.8 178.4 183.8 182.9 179.1 

C-4a 105.5 111.0 111.0 111.1 110.3 114.7 110.3 110.2 110.9 

C-5 161.6 160.9 160.9 160.8 160.4 159.8a 160.4 160.0 125.6 

C-6 98.0 111.5 111.6 111.5 110.7 106.3 110.8 110.8 125.4 

C-7 165.6b 135.5 135.6 135.6 135.4 133.7 135.6 135.7 134.3 

C-8 92.6 106.9 106.9 107.1 106.8 110.0 106.8 107.3 118.0 

C-8a 157.6 156.2 156.1 156.2 156.4 158.1 156.3 155.8 156.2 

C-a 116.1 121.1 121.4 128.1 118.7 120.2 119.1 125.3 120.0 

C-b 138.0 136.3 135.2 131.5 134.3 136.3 138.4 139.1 138.1 

C-1’ 126.5 136.6 134.8 132.2 121.8 136.5 136.3 125.9 136.3 

C-2’ 129.7 130.3 129.4 135.0 156.9 112.6 113.8 117.5 113.8 

C-3’ 116.0 135.1 133.5 129.0 115.7 160.0c 157.7 146.3 157.4 

C-4’ 159.2 126.0 134.0 129.8 131.1 115.5 117.0 136.5 117.6 

C-5’ 116.0 130.0 131.1 129.0 119.5 130.0 129.7 146.3 130.1 

C-6’ 129.7 127.6 126.7 135.0 128.3 120.3 119.3 117.5 120.3 
 

a The chemical shift of the carbon atom of the 5-OCH3 group appears at 56.5 ppm. 
b The chemical shift of the carbon atom of the 7-OCH3 group appears at 55.8 ppm. 
c The chemical shift of the carbon atom of the 3’-OCH3 group appears at 55.4 ppm.
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3.1 General considerations 
 A library of nine synthesized (E)-2-styrylchromones (Figure 49) was submitted to several 
studies, aiming to evaluate these compounds’ inhibitory effects against the production of reactive 
species by human monocytes. Considering that the main goal stands on in vitro biological assays, a 
previous in chemico assay was performed, regarding the antioxidant activity and radical scavenging 
capacity of the compounds of interest, as an indicator of these (E)-2-styrylchromones’ antioxidant 
potential, before testing them on human cells. 

 

 
 

Figure 49. Structures of the nine synthesized (E)-2-styrylchromones in study. 

 

3.2 In chemico assays 
 In order to have more concise studies, the first biological assay was based on the •NO radical 
scavenging, since this is one of the most RS associated with the inflammatory process. Moreover, 
•NO is produced in monocytes in a reaction catalyzed by iNOS (inducible nitric oxide synthase), as 
demonstrated in Chapter 1, and is an important precursor of other RNS, in particular of NOOH−, 

which is formed in a reaction with O2•−. As such, the chosen assay is not only important to understand 

the compounds effects regarding •NO, but also all the other RS involved. In this section, will be 
presented the principle of the method use, as well as the results obtained, whereas the detailed 
procedures are described in Chapter 5 - Experimental Section. 
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3.2.1 •NO scavenging assay 
 According to the Griess Illosvoy reaction, nitric oxide generated from aqueous sodium 
nitroprusside (SNP) solution interacts with oxygen to produce nitrite ions which may be measured 
spectrophotometrically, at 540 nm, against a blank sample. The absorbance values are then 
graphically represented, and the IC50 value of each compound is obtained from a logarithmic 
tendency curve.101,102 
 This assay was performed with gallic acid as standard (reference compound) due to the 

optimization of the method and also because this compound is a well-known •NO inhibitor. The tested 
concentrations for both control and compounds in study were optimized during the assay. As such, 

the final tested concentrations for gallic acid were between 0.006 µM and 0.39 µM, while for the 

compounds were between 3.125 µM and 400 µM. 
 Only four of the tested compounds, including the reference sample, were active, so it was 
only possible to determine the IC50 values for three compounds. Each graphic was adjusted 
according to the results since some concentrations were similar to the previous or next ones. The 
detailed results are represented in Figures 50-53 and in Table 6. 
 

 
Figure 50. Graphical representation of the percentage (%) of scavenging of •NO versus concentration, for gallic 
acid (standard). 
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Figure 51. Graphical representation of the percentage (%) of scavenging of •NO versus concentration, for 
compound 11’b. 
 

  
Figure 52. Graphical representation of the percentage (%) of scavenging of •NO versus concentration, for 
compound 26’d. 
 

  
Figure 53. Graphical representation of the percentage (%) of scavenging of •NO versus concentration, for 
compound 26’f. 
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Table 6. Percentage (%) of inhibition for the maximum tested concentration for each compound and IC50 values 

in µM. The results are given as mean ± SEM (µM). *No activity (NA). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 The IC50 value obtained for the standard compound (0.06927 ± 0.003940 µM) was very low 
when compared to those of the compounds. For this reason, the IC50 value for gallic acid is not 
represented in Figure 54. 
 

 
Figure 54. Graphical representation of the IC50 values in µM for the active compounds on the •NO scavenging 

assay. The results are given as the mean ± SEM (µM). 
 

Compound 
Maximum tested 

concentration (µM) 
Percentage (%) 

of inhibition 

IC50 values as mean 

± SEM (µM) 

Gallic Acid 0.195 76.7 0.06927 ± 0.003940 

11’b 400.0 94.3 37.72 ± 3.360 

26’a 400.0 NA* ------- 

26’b 400.0 NA* ------- 

26’c 400.0 NA* ------- 

26’d 400.0 95.8 17.95 ± 1.109 

26e 400.0 NA* ------- 

26’e 400.0 NA* ------- 

26’f 400.0 98.5 18.79 ± 0.08452 

27’a 400.0 NA* ------- 
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3.3 In vitro biological assays 
 Regarding the in vitro biological assays, several studies and detailed procedures had to be 
previously undertook for the evaluation of the inhibitory effect of (E)-2-styrylchromones against PMA-
induced RS production by human monocytes itself. In this section, will be presented the principles of 
all the methods used, as well as the results obtained, and the detailed procedures are described in 
Chapter 5 – Experimental Section. 
 

3.3.1 UV/Vis absorption and emission spectra of (E)-2-styrylchromones 
 All chemical compounds absorb light, and some can also emit light. For this reason, it is 
crucial to know the absorption and emission spectra of each compound to avoid any type of 
interference in further spectrophotometric determinations.103 Therefore, absorption and emission 

spectra were obtained for 25.0 µM, 12.5 µM and 6.25 µM concentrations of each (E)-2-
styrylchromone. 
 The concentrations of (E)-2-styrylchromones that not only presented absorbances below 0.1 
in the range of wavelengths between 431-500 nm but also very low values of emission, were chosen 
for the following in vitro studies (Figures 55-56 and Table 7). Each study corresponded to, at least, 
two independent assays. 
 

 
Figure 55. Graphical representation of a UV-Vis absorption spectrum with interference between 431-500 nm. 
 

 
Figure 56. Graphical representation of a UV-Vis absorption spectrum with no interference between 431-500 
nm. 
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 Regarding the emission spectra, these were not presented since they were dependent on 
the maximum absorbance value. Below, in section 3.3.4.1 is described a more accurate method for 
the interference of the compounds, when it comes to emission. 
 
Table 7. Maximum concentration for the following studies, selected according to UV-Visible absorption and 
emission spectra of (E)-2-styrylchromones. 

 

3.3.2 Isolation of monocytes from human blood 
 The monocytes, the cells required for these in vitro biological studies, were isolated from all 
the other human blood components, based on the density gradient centrifugation method described 
by Bland et al., bearing in mind that some modifications were made.104,105 This method relies on the 
principle of separation of blood components according to their different densities, when a centrifugal 
force is applied. Therefore, the erythrocytes are disposed at the bottom of the tube, followed by the 
granulocytes, and the agranulocytes and platelets above all (Figure 57). 
 
 

 
 
 

 

 
 

Figure 57. Separation of blood components based on the density gradient centrifugation method. 

 

3.3.3 Cell count and viability assessment 
 The trypan blue dye exclusion method is one of the most common methods used to 
determine the number of viable cells present in a cell suspension. This particular reagent is an 
organic azo dye, hydrophilic and negatively charged, used to identify only non-viable cells.106 It is 
based on the principle that viable cells possess intact cell membranes which precludes the 
penetration of the trypan blue dye. The opposite occurs with non-viable cells, since their membranes 
are damaged, allowing the entrance of trypan blue dye, which binds to the intracellular proteins and 
grants them a bluish color.107 

Compound 11’b 26’a 26’b 26’c 26’d 26e 26’e 26’f 27’a 

Maximum tested 

concentration (µM) 
≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

Maximum concentration 

without interference (µM) 
≤ 25.0 ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 25.0 ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 25.0 

Granulocytes ring 

Agranulocytes ring 
Platelets 

Erythrocytes 



 

  69 

 Once the suspension of cells mixed with trypan blue dye is observed at the microscope, a 
viable cell will have a clear cytoplasm whereas a non-viable cell will have a bluish cytoplasm (Figure 
58).107 Each study corresponded to, at least, two independent assays. 
 

 

Figure 58. Microscopic observation of monocytes after the trypan blue dye exclusion method (400x). 

 

3.3.4. Cell death assessment by flow cytometry 
 In the early stages of apoptosis, changes occur at the cell surface (Figure 59A), being the 
translocation of phosphatidylserine (PS) from the inner side of the plasma membrane to the outer 
layer, by which PS becomes exposed at the external surface of the cell, one of those major changes. 
This translocation is also a characteristic of the necrotic process, although a loss of integrity of the 
membrane in this stage marks the difference between cell apoptosis and necrosis.108–111 

 Annexin V is a phospholipid binding-protein with high affinity for negatively charged 
phospholipids, in the presence of Ca2+, in particular for PS. Therefore, this protein can be labeled 
with fluorescein isothiocyanate (FITC) and used as a sensitive probe for PS exposure upon the cell 
membrane, and consequently for apoptosis detection, considering the emission of fluorescence 
when Annexin V binds to PS (Figure 59B). On the other hand, the nuclear fluorescent marker 
propidium iodine (PI) is used to detect necrotic cells. Due to its high molecular weight, PI is only able 
to penetrate the cells if the cell membrane is damaged, which occurs during necrosis. Once the cell 
membrane begins to disintegrate, PI binds to DNA strands, intercalating between the bases, emitting 
fluorescence (Figure 59C).110,111 

 The fluorescence emitted by both probes during these two different stages of cell death can 
be detected by flow cytometry, making them good indicators of cell viability.110 
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Figure 59. Illustration of Live Cell (A) and phosphatidylserine, Apoptotic Cell (B) detected by Annexin V FITC 
binding and Necrotic Cell (C) detected by PI uptake. 

 

3.3.4.1 Effects of (E)-2-styrylchromones on human monocytes cell death 
 The knowledge of possible effects of the selected (E)-2-styrylchromones on human 
monocyte cell death is of extreme importance and required for the in vitro studies, considering that 
the maximum concentrations tested must not interfere with the probes nor promote cytotoxic effects. 
 In this line of thought, the nine (E)-2-styrylchromones in study were submitted to a flow 
cytometry assay to reject concentrations that would interfere with the fluorescence emission of the 
probes. Furthermore, Figure 60 shows a representative flow cytometry plot for cell population (A) 
and the forward scatter (FSC-A) and side scatter (SSC-A) parameters used to measure the relative 
size of cells (through the measurement of the amount of the laser beam that passes around the cell) 
and the granularity of the cells (by measuring the amount of the laser beam that bounces off particles 
inside of the cell), respectively. The plot on the right side (B) of Figure 60 is an example of how a 
flow cytometry plot must be when the concentrations of the compounds have no interference with 
the fluorescence emission of the probes. This assay is a more precise study of the compounds’ 
fluorescence emission, providing a more precise result when compared to the spectrophotometry 
method. The results obtained for the interference assay and other crucial information are further 
presented in Table 8, in section 3.3.4.2. Each study corresponded to, at least, two independent 
assays. 
 

 
Figure 60. Representative flow cytometry plots for cell population (A) and control of fluorescence emission 
interference (B). 

A B 
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3.3.4.2 Measurement of cell death by Annexin V binding and PI uptake  
 According to the results obtained in section 3.3.4.1, a cytotoxic assay by flow cytometry was 
performed based on the principles aforementioned in section 3.3.4., aiming to select the maximum 
concentration of each compound that would not affect the monocytes’ viability. The specific 
fluorescence intensity of Annexin V FITC positive cells, measured in channel 1 (FL1-A), provided 
information about the percentage of apoptotic cells while the specific fluorescence intensity of PI 
positive cells, measured in channel 3 (FL3-A), provided information about the percentage of necrotic 
cells in the monocytes’ population (Figure 61). Each study corresponded to, at least, two 
independent assays. 
 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 
 
 

Figure 61. Representative flow cytometry plots of controls for cell population (C) and monocytes’ viability (D) 
and the effects of different studied compounds’ concentrations on cell viability: plot (E) shows a proper 
concentration while plot (F) demonstrates a cytotoxic concentration, with higher cell death percentage. 

 
 In addition, the percentage of live cells obtained by flow cytometry for each one of the tested 
(E)-2-styrylchromones, is graphically represented in Figure 62, and the results given the as mean 
plus standard error of the mean (SEM). 
 

C D 

F E E 
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Figure 62. Graphical representation of the percentage of live cells, an indicator of monocytes’ viability for each 
(E)-2-styrylchromone. *p < 0.05 when compared with the control assay (without compound). The results are 

given as the mean ± SEM (µM) (n ≥ 2). 
 
 The results obtained for both the interference and viability assays, regarding the tested 
concentrations, as well as the maximum concentrations further chosen for the oxidative burst assay 
are presented in Table 8. 
 
Table 8. Compilation of the results obtained for the interference and viability assays in human monocytes, 
regarding the tested compounds and respective concentrations. Maximum concentration of each compound 
chosen for the oxidative burst assay. 

 
 

Compound 
Tested 

concentration 
(µM) 

Tested 
concentration with 

no fluorescence 
interference (µM) 

Tested 
concentration with 
no effects on cell 

viability (µM) 

Tested 
concentration for 

the oxidative burst 
assay (µM) 

11’b ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

26’a ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

26’b ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 12.5 

26’c ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 12.5 

26’d ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

26e ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

26’e ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 12.5 

26’f ≤ 25.0 ≤ 12.5 ≤ 12.5 ≤ 12.5 

27’a ≤ 25.0 ≤ 25.0 ≤ 25.0 ≤ 25.0 

* 
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3.3.5 Evaluation of the inhibitory effect of (E)-2-styrylchromones against PMA-
induced RS production by human monocytes 
 After all the preliminary studies to determine the maximum concentration of each (E)-2-
styrylchromone that could be tested without promoting any cytotoxic effects on the cells, the last and 
most promising study was performed. 
 The isolated human monocytes were activated by phorbol 12-myristate 13-acetate (PMA), a 
chemical compound that acts by mimicking the action of diacylglycerol (DAG), which consequently 
activates protein kinase C (PKC) and promotes its translocation from the cytosol to the membrane. 
This translocation is then responsible for triggering the key step of NADPH oxidase activation, the 
phosphorylation of the p47phox subunit. Once activated, NADPH oxidase generates a large number 
of RS. The detection of the RS generated during the activation of the isolated human monocytes was 
performed using a fluorescence method with dihydrorhodamine (DHR). DHR is a non-fluorescent 
compound which becomes fluorescent when oxidized to rhodamine by several RS and chlorine 
species produced intra and/or extracellularly by monocytes, namely O2"―, H2O2, HO", HOCl, "NO 
and ONOO― (Scheme 13). The aim of this assay was to determine the percentage of inhibition of 
each compound and their respective IC50 values. 
 

 
 

Scheme 13. Oxidation reaction from dihydrorhodamine 123 to rhodamine, which occurs in the presence of RS, 
culminating in the emission of fluorescence (λ = 528 nm). 

 
Afterwards, considering the absorbance values obtained it was possible to determine the 

percentage of inhibition of each compound for at least five concentrations. The results are presented 
in (Table 9) as the percentage of inhibition obtained for the maximum concentration of each 
compound. There were three active compounds, but only two of them presented a range of inhibition 
values that allowed to calculate the respective IC50 values. This assay was performed with 
diphenyleneiodonium chloride (DPI), a known PKC inhibitor and, consequently, a NADPH oxidase 
inhibitor, as a control (Figure 63). Each study corresponded to, at least, two independent assays. 
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COOCH3
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Table 9. Percentage (%) of inhibition for the maximum tested concentration for each compound and IC50 values 

in µM. The results are given as mean ± SEM (µM). *No activity (NA). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 63. Graphical representation of the IC50 values in µM for the control and active compounds on the 
oxidative burst assay in human monocytes. *p < 0.05 compared between assays. The results are given as the 

mean ± SEM (µM) (n ≥ 5). 

 
 

Compound 
Maximum tested 

concentration (µM) 
Percentage (%) 

of inhibition 

IC50 values as mean 

± SEM (µM) 

DPI 12.5 90.7 0.8535 ± 0.1254 

11’b 25.0 80.5 9.953 ± 1.6680 

26’a 25.0 NA* ------- 

26’b 12.5 NA* ------- 

26’c 12.5 NA* ------- 

26’d 25.0 NA* ------- 

26e 25.0 NA* ------- 

26’e 12.5 44.4 ------- 

26’f 12.5 78.6 10.24 ± 1.121 

27’a 25.0 NA* ------- 



 

  75 

3.3.6. Structure-activity relationship studies (SARS) 
 The establishment of SARS is a major contribution for future studies and should be done 
and analyzed at the end of every research work. 
 In this work, the newly synthesized and tested (E)-2-styrylchromone 26’f was, in general, the 
most active compound. This compound has four hydroxy-substituent groups at C-5 of the A ring and 
at C-3’, C-4’ and C-5’ of the B ring, respectively, highlighting the importance of hydroxy groups for 

the increase of the inhibitory effects regarding the scavenging of •NO and the oxidative burst in 
human monocytes. In addition, (E)-2-styrylchromone 11’b has also demonstrated similar inhibitory 
effects in the oxidative burst in human monocytes, however the presence of the methoxy-substituent 

group at C-7 of the A ring, seems to be relevant in the •NO scavenging assay, since it decreases the 
compound’s scavenging potential. Also, (E)-2-styrylchromone 26’d, which possess two hydroxy 

groups at C-5 and C-2’ of the A and B rings, respectively, was a potent scavenger of the •NO.  
 Considering that (E)-2-styrylchromone 26’e was analogous to 26’d, but meta-substituted on 
the B ring, and did not demonstrate any activity in comparison to the other non-active compounds, 
the (E)-2-styrylchromones must be hydroxy-substituted at C-5 and hydroxy-substituted at ortho- or 

para-positions of the B ring, for the •NO scavenging. This conclusion is also supported by non-active 
(E)-2-styrylchromones 26’a, 26’b and 26’c since these three compounds are hydroxy-substituted at 
C-5 of the A ring but have chlorine substituent groups on the B ring and by (E)-2-styrylchromone 
27’a, which is not substituted at the A ring. 
 Despite the previous studies found on the literature about the polyhydroxylated compounds, 

the number of hydroxy groups does not seem to make any difference in the •NO scavenging assay, 
contrariwise to the substitution position. 
 Regarding the preliminary studies in the oxidative burst in human monocytes, (E)-2-

styrylchromones 11’b and 26’f were the most active, with similar IC50 values (IC50 = 9.953 ± 1.6680 

µM and 10.24 ± 1.121 µM, respectively). Considering the IC50 value for the standard DPI (IC50 = 

0.8535 ± 0.1254 µM), the tested (E)-2-styrylchromones may be considered less active. However, 
DPI is a well-known inhibitor of the PKC, which is crucial for the activation and assembling of the 
NADPH complex and consequently the inflammatory process, a knowledge that is not yet established 
for the tested compounds. Nevertheless, these promising results may indicate the possibility of (E)-

2-styrylchromones’ potential as scavengers of the •NO radicals produced, in vitro, in human 
monocytes during the inflammatory process, but without further studies, it is not possible to affirm 
this hypothesis (Figure 64). 
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Figure 64. Illustration of the conclusions of this work, regarding the most important features in the (E)-2-
styrylchromones in study.



  



  



  

Chapter 4 - Discussion and 
Future Perspectives
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 Over the past few years, several studies were undertaken regarding the effects of oxidative 
stress and reactive species in inflammation, mainly chronic inflammation, and consequently in 
chronic diseases which are considered the main cause of death or loss of quality of life. Alongside 
with each study comes a promising result which leads to the development of even more research in 
this field. (E)-2-styrylchromones, polyphenolic compounds, have demonstrated to be biologically 
active when it comes to anti-inflammatory and antioxidant activities, mainly through studies of their 
ability to scavenge reactive species. For these reasons polyphenolic compounds play a huge role on 
pharmacological targets and, nowadays, it is well-known that several of these compounds are the 
active principles of commercially available drugs, namely anti-inflammatory and antioxidant drugs. 
Despite the major interest on this family of compounds, (E)-2-styrylchromones have not yet been as 
studied as other related compounds, such as chalcones and flavones, concerning their biological 
potential for being applied for the well-being of individuals with chronic inflammatory diseases.  
 This work is a contribution to increase knowledge about the potential of a library of 
synthesized (E)-2-styrylchromones as anti-inflammatory agents by studying their possible inhibitory 
effects on the oxidative burst in human monocytes and consequently their antioxidant and anti-
inflammatory benefits in human cells. It also allowed the establishment of important structure-activity 
relationships (SARS) studies that will guide the design of new (E)-2-styrylchromones towards the 
improvement of their activity. Furthermore, this study contributed to advance the state-of-the-art 
since most of the studies found in the literature rely on human neutrophilic cells and their role in 
inflammatory pathways while herein attention was given to the role of human monocytes. The 
selection of the nine compounds in study was carefully done based on their different substitution 
patterns, to allow SARS and, on the literature, regarding the already known effects of the hydroxy 
groups. 
 To achieve the most promising results, this work was divided into two main goals: the 
synthesis of (E)-2-styrylchromones and their inhibitory effects on the oxidative burst produced by 
monocytes.  
 The synthesis of the compounds was performed through several methods and the most 
effective was the condensation of 2-methylchromones with benzaldehydes, followed by cleavage of 
the protected groups, with BBr3. Nevertheless, different methods were attempted and/or optimized 
for the synthesis of 2-methylchromones and the most used consisted of a two-step sequence, 
starting from different acetophenones with sodium in dry ethyl acetate at room temperature, followed 
by cyclodehydrogenation in refluxing MeOH, in the presence of p-TSA. Since this route of synthesis 
showed low yields (18-36%), two other methods were attempted: a solvent-free reaction, known as 
the Pechmann rection, between phenols and ethyl acetoacetate, with phosphorous pentoxide 
(Scheme 9) and a two-step synthesis involving the acylation of phenols followed by a Fries 
rearrangement to achieve non-commercial acetophenones and, consequently, 2-methylchromones. 
However, no products were obtained which is why 2-methylchromones were always achieved by the 
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first mentioned method, keeping in mind that the other two must be further optimized. In fact, eight 
of the nine studied compounds, were achieved from 2-methylchromones and benzaldehydes, while 
compound 11’b was obtained through an aldol condensation of 2′-hydroxyacetophenones with 
cinnamaldehydes followed by cyclodehydration. (E)-2-styrylchromone 10’a, with a cis configuration, 
was synthesized through the same method but the final step involving the deprotection of the 
methoxy groups did not give any products. 
 The second main goal of this work consisted in different steps, beginning with the plot of 
absorption and emission spectra of every compound, to avoid any kind of interference during the 
next steps. In the same line of thought, all compounds were tested regarding the cytotoxic effects 
against human monocytes, with the aim of choosing the maximum concentrations that would be used 
later, on the following methodologies. For the cytotoxic interference assay, were used two different 
probes, Annexin V and Propidium Iodine, to determine the percentage of apoptotic and necrotic cells, 
respectively. Once these results were treated, the maximum non-toxic concentrations of each 
compound were established, considering that only compound 26’f affected the cells’ viability at 25.0 
µM. Subsequently, each (E)-2-styrylchromone was tested for their inhibitory effects on the oxidative 
burst in human monocytes, stimulated by PMA, a known promotor of the oxidation of 
dihydrorhodamine 123 to rhodamine, a reaction that consequently promotes the production of 
reactive species. The control sample DPI is known for its ability to inactivate protein kinase C, a 
crucial precursor for the assembling of the NADPH complex during inflammation and consequently 
for the overproduction of reactive species. Thus, when compared to the control, none of the 

compounds was closely as active as DPI (IC50 = 0.8535 ± 0.1254 µM). In fact, only (E)-2-

styrylchromones 11’b and 26’f have demonstrated to be active (IC50 = 9.9530 ± 1.6680 µM and IC50 

= 10.2400 ± 1.1210 µM, respectively), but with higher IC50 values regarding the one for DPI (IC50 = 

0.8535 ± 0.1254 µM). 
 These preliminary studies on human monocytes demonstrated to be promising, since two 
compounds were active as inhibitors of the inflammatory process. However, many more studies must 
be done in this field, to understand the mechanisms behind these benefic effects of (E)-2-
styrylchromones. Nevertheless, based on the SARS and looking at the structures of compounds 11’b 
and 26’f, it can be highlighted that the presence of the hydroxy groups at both C-5 and C-4’ may be 
crucial to the activity thus justifying the promising results obtained for these two compounds. 
 As future perspectives, it would be crucial to optimize the Pechmann reaction, mainly due to 
the environmental benefits of a solvent-free reaction and, regarding the biological activities, to 
evaluate their antioxidant activity against other ROS and RNS present in the inflammatory process, 
as well as the design of new and more active (E)-2-styrylchromones, bearing in mind the results 
obtained in this work and the importance of the substituent groups and substitution pattern. Further 
studies should be performed in human monocytes, using different methods, in order to understand 
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exactly how this type of compounds interacts with the inflammatory pathways and, consequently, 
improve the knowledge of their respective mechanisms of action.  



  

 



  

Chapter 5 - Experimental Section
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5.1 Materials and chemicals 
 Reagents and solvents were purchased as reagent-grade and used without further 
purification unless otherwise stated. Solvents were dried with molecular sieves, under N2 
atmosphere. Column chromatography was carried out with silica gel Aldrich 63-200 µm. Preparative 
thin-layer chromatography (TLC) was carried out with silica gel (60 DGF254) plates with a thickness 
of 0.5 mm. After elution of the compounds, the plates were observed under ultraviolet (UV) light at λ 
254 and / or 366 nm. The progress of chemical reactions performed was monitored by (TLC) using 
silica gel 60 F254 Merck or Macherey Nigel 60 NHR / UV254 silica gel coated plasticized sheets which 
after elution were observed under UV light at λ 254 and / or 366 nm. 
NMR spectra were recorded with 300 or 500 MHz [300.13 MHz (1H), 75.47 MHz (13C), or 500.16 
MHz (1H), 125.77 MHz (13C)] Bruker Avance III NMR spectrometers with tetramethylsilane as the 

internal reference. Deuterated solvent used was specified for each compound. Chemical shifts (d) 
are reported in ppm and coupling constants (J) in Hz. The internal standard was TMS. Unequivocal 
13C assignments were made based on 2D gHSQC (1H/13C) and gHMBC (delays for one-bond and 
long-range JC/H couplings were optimized for 145 and 7 Hz, respectively) experiments. 
 Regarding the in vitro biological assays, the following reagents were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA): histopaque 1077, histopaque 1119, trypan blue 0.4%, 
Dulbecco’s phosphate buffer saline without calcium and magnesium ions (PBS), phorbol 12-
myristate 13-acetate (PMA) and dimethyl sulfoxide (DMSO). The FITC Annexin V Apoptosis 
Detection Kit was purchased from BD Biosciences and the dihydrorhodamine (DHR) from Enzo Life 
Sciences. The ethylenediamine tetraacetic acid K3 (EDTA) tubes to collect the blood were purchased 
from Vacuette S.A. (Porto, Portugal). 
 

5.2 Synthesis 
5.2.1 Methylation of the starting compounds 
 The synthesis of polyhydroxylated compounds, often required the protection of the hydroxy 
groups of the starting compounds. In this work that protection was performed by methylation 
reactions. 
 

5.2.1.1 Methylation of acetophenones 
 To a round-bottomed flask containing 2’,6’-dihydroxyacetophenone (1) (6.0 g, 39.0 mmol) or 
2’,4’,6’-trihydroxyacetophenone (3) (6.0 g, 35.7 mmol) in 100.0 mL of acetone were added potassium 
carbonate (3.0 equiv, 16.3 g, 118.2 mmol and 6.0 equiv, 29.6 g, 214.2 mmol, respectively) and 
dimethyl sulfate (1.0 equiv, 3.7 mL, 39.0 mmol and 2.0 equiv, 6.8 mL, 71.4 mmol, respectively). The 
reaction was left stirring for 1 to 3 h, at reflux. After that period the reaction mixture was poured into 
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iced water and acidified with hydrochloric acid. The resulting precipitate was washed with DCM and 
then evaporated to dryness, thus obtaining compounds 2, 4 and 23’. 
 
1-(2-Hydroxy-6-methoxyphenyl)ethan-1-one (2) 

Compound 2 was obtained as a yellow solid after being washed with DCM (5.37 g, 
83%). 
1H NMR (300.13 MHz, CDCl3): d = 2.68 (s, 3H, CH3), 3.90 (s, 3H, 6’-OCH3), 6.40 
(dd, 1H, J = 8.4, 1.1 Hz, H-3’), 6.57 (dd, 1H, J = 8.4, 1.1 Hz, H-5’), 7.35 (t, 1H, J = 

8.4 Hz, H-4’), 13.26 (s, 1H, 2’-OH) ppm. 
 
1-(2-Hydroxy-4,6-dimethoxyphenyl)ethan-1-one (4) 

Compound 4 was obtained as a white solid after crystallization with ethanol 
(4.0 g, 67%). 
1H NMR (300.13 MHz; CDCl3): d = 2.61 (s, 3H, CH3), 3.82 (s, 3H, 4’-OCH3), 
3.86 (s, 3H, 6’-OCH3), 5.92 (d, 1H, J = 2.4 Hz, H-3’), 6.06 (d, 1H, J = 2.4 Hz, 

H-5’), 14.04 (s, 1H, 2’-OH) ppm. 
 
1-(6-Hydroxy-2,3,4-trimethoxyphenyl)ethan-1-one (23’) 

Compound 23’ was obtained as a white solid after thin layer chromatography with 
DCM. The overall yield of the synthesis was 25% (0.0156 g). 
1H NMR (300.13 MHz; CDCl3): d = 2.66 (s, 3H, CH3), 3.78 (s, 3H, -OCH3), 3.89 
(s, 3H, -OCH3), 3.99 (s, 3H, -OCH3), 6.24 (s, 1H, H-3’), 13.44 (s, 1H, 2’-OH) ppm. 

 

5.2.2 Synthesis of (2E,4E)-1,5-diphenylpenta-2,4-dien-1-ones  
 For the synthesis of (2E,4E)-1,5-diphenylpenta-2,4-dien-1-ones, commonly known as 
cinnamylidene-acetophenones, was added 2’-hydroxy-4’,6’-dimethoxyacetophenone (4) (1.0 equiv, 
1.00 g, 5.0 mmol) dissolved in 24.0 mL of methanol to a round-bottomed flask, capped with 
aluminium, followed by 18.0 mL of an aqueous sodium hydroxide solution (40%). After cooling down 

to room temperature, was added cinnamaldehyde [(E)-3-phenylprop-2-enal according to the IUPAC 

nomenclature] (9a) (1.2 equiv, 0.830 mL, 6.6 mmol). After 22 h, the reaction was poured into iced 
water and then acidified, resulting in a precipitate. The precipitate was dissolved in ethyl acetate 
(AcOEt), washed with water and the organic layer was dried with anhydrous sodium sulfate and, at 
last, the solvent was evaporated to afford compound 10a. 
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(2Z,4Z)-1-(2-Hydroxy-4,6-dimethoxyphenyl)-5-phenylpenta-2,4-dien-1-one (10a) 
Compound 10a was obtained as a solid after thin layer 
chromatography with DCM/Hexane (1:1) as eluent, and 
crystallization with ethanol (0.480 g, 31%).* 
1H NMR (300.13 MHz, CDCl3): d = 3.82 (s, 3H, OCH3), 3.85 (s, 3H, 

OCH3), 5.92 (d, 1H, J = 2.4 Hz, H-3’), 6.06 (d, 1H, J = 2.4 Hz, H-5’), 7.31-7-43 (m, 4H, H-g, d, 3”, 5”), 

7.43-7.52 (m, 4H, H-a, b, 2”, 6”), 7.59-7.64 (m, 1H, H-4”), 14.04 (s, 1H, 2’-OH) ppm.* 
 
 To a round-bottomed flask, capped with aluminium, with 2’-hydroxy-4’,6’-
dimethoxyacetophenone (4) (1.0 equiv, 0.550 g, 2.8 mmol) dissolved in 14.0 mL of methanol, were 
added 10.0 mL of an aqueous sodium hydroxide solution (40%). After cooling down to room 
temperature, was added (E)-3-(4-methoxy)cinnamaldehyde (9b) (1.2 equiv, 0.535 g, 3.4 mmol). After 
20 h, the reaction was poured into iced water and then acidified, resulting in a precipitate. The 
precipitate was dissolved in ethyl acetate, washed with water and the organic layer was dried with 
anhydrous sodium sulfate and, at last, the solvent was evaporated to afford compound 10b. 
 
(2E,4E)-1-(2-Hydroxy-4,6-dimethoxyphenyl)-5-(4-methoxyphenyl)penta-2,4-dien-1-one (10b) 

Compound 10b was obtained as a solid after thin layer 
chromatography with DCM and crystallization with ethanol, 
in trans configuration (0.425 g, 50%).* 
1H NMR (300.13 MHz; CDCl3): d = 3.83 (s, 3H, OCH3), 3.84 

(s, 3H, OCH3), 3.85 (s, 3H, OCH3), 5.96 (d, 1H, J = 2.4 Hz, H-3’), 6.11 (d, 1H, J = 2.4 Hz, H-5’), 6.86-

6.92 (m, 4H, H-g, d, 3”, 5”), 7.37-7-47 (m, 4H, H-a, b, 2”, 6”), 14.42 (s, 1H, 2’-OH) ppm.* 
 

5.2.3 Synthesis of (E)-2-styrylchromones from cinnamylidene-acetophenones 
 The obtained compound (2Z,4Z)-1-(2-hydroxy-4,6-dimethoxy)cinnamylidene-acetophenone 
(10a) was dissolved in 3.0 mL of DMSO and a catalytic amount of iodine (0.039 equiv, 0.015 g, 0.06 
mmol) was added. The reaction was heated at reflux for 50 min. and after the mixture was poured 
into an iced sodium thiosulfate solution. The resulting precipitate was dissolved in chloroform, 
washed with water and the organic layer was dried over anhydrous sodium sulfate. At last, the 
solvent was evaporated to afford compound 11a. 
 

O

H3CO OCH3

3’’

5’’

2’’

6’’
α

β

γ

ω
3’

5’ OCH3

OH
2’

4’
6’

1’
1

4’’

1’’

O

OCH3H3CO

OH

3’

5’

3’’

4’’

2’’

5’’
6’’

1’’
β

α

ω
γ

2’

4’
6’

1’
1



 

  90 

(Z)-5,7-Dimethoxy-2-styryl-4H-chromen-4-one (11a) 
Compound 11a was obtained as a brown solid after evaporation of the 
solvent to dryness, in cis configuration (0.415 g, 87%).* 
1H NMR (300.13 MHz, CDCl3): d = 3.93 (m, 6H, 5-OCH3, 7-OCH3), 6.20 (s, 
1H, H-3), 6.35 (d, 1H, J = 2.4 Hz, H-6), 6.55 (d, 1H, J = 2.4 Hz, H-8), 6.69 

(d, 1H, J = 10.0 Hz, H-a), 7.39 (dd, 2H, J = 9.0 Hz, H-3’,5’), 7.47-7.56 (m, 

3H, H-b, 2’, 6’), 7.85-7.88 (m, 1H, H-4’) ppm. 
 
The obtained compound (2E,4E)-1-(2-hydroxy-4,6-dimethoxy)-5-(4-methoxy)cinnnamylidene-
acetophenone (10b) was dissolved in 2.0 mL of DMSO and a catalytic amount of iodine (0.039 equiv, 
0.012 g, 0.05 mmol) was added. The reaction was heated at reflux for 55 min. and after the mixture 
was poured into an iced sodium thiosulfate solution. The resulting precipitate was dissolved in 
chloroform, washed with water and the organic layer was dried over anhydrous sodium sulfate. At 
last, the solvent was evaporated, affording compound 11b. 
 
(E)-5,7-Dimethoxy-2-(4-methoxystyryl)-4H-chromen-4-one (11b) 

Compound 11b was obtained as a brown solid after evaporation 
of the solvent to dryness (0.415 g, 87%). 
1H NMR (300.13 MHz, CDCl3): d = 3.92 (s, 3H, OCH3), 3.95 (s, 
3H, OCH3), 3.96 (s, 3H, OCH3), 6.20 (s, 1H, H-3), 6.38 (d, 1H, J 
= 2.3 Hz, H-6), 6.57 (d, 1H, J = 2.3 Hz, H-8), 6.62 (d, 1H, J = 

16.1 Hz, H-a), 7.00 (d, 2H, J = 7.8 Hz, H-2’,6’), 7.51 (d, 1H, J = 

16.1 Hz, H-b), 7.83 (d, 2H, J = 7.8 Hz, H-3’,5’) ppm. 
 
 The protected compound (E)-5,7-dimethoxy-2-(4-methoxystyryl)-4H-chromen-4-one (11b) 
(1.0 equiv, 0.279 g, 0.80 mmol) was dissolved in 6.0 mL of dry DCM, in a round-bottomed flask, and 
2.5 equiv of BBr3 per methoxy group to be cleaved were added to the mixture (5.0 equiv, 4.15 mL, 
4.15 mmol), at ~-70ºC. After the addition of BBr3, the reaction was left stirring at room temperature, 
for 2 h. The reaction mixture was then poured into iced water, resulting in a precipitate which was 
filtered and recrystallized, affording compound 11’b. 
 
(E)-5-Hydroxy-7-methoxy-2-(4-hydroxystyryl)-4H-chromen-4-one (11’b) 

Compound 11’b was obtained as a brown solid after crystallization 
with DCM and hexane (0.083 g, 32%). 
1H NMR (500.16 MHz, MeOD): d = 3.86 (s, 3H, 7-OCH3), 6.15 (s, 
1H, H-3), 6.36 (d, 1H, J = 2.2 Hz, H-6), 6.52 (d, 1H, J = 2.2 Hz, H-
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8), 6.62 (d, 1H, J = 16.0 Hz, H-a), 6.88 (d, 2H, J = 8.3 Hz, H-3’,5’), 7.39 (s, 2H, 5-OH, 4’-OH), 7.48 

(d, 2H, J = 8.3 Hz, H-2’,6’), 7.56 (d, 1H, J = 16.0 Hz, H-b) ppm. 
13C NMR (125.77 MHz, MeOD): d = 55.8 (OCH3), 92.6 (C-8), 98.0 (C-6), 105.5 (C-4a), 107.3 (C-3), 

116.0 (C-3’,5’), 116.1 (C-a), 126.5 (C-1’), 129.7 (C-2’,6’), 138.0 (C-b), 157.6 (C-8a), 159.2 (C-4’), 
161.6 (C-5), 163.6 (C-2), 165.6 (C-7) and 182.6 (C=O) ppm. 
 

5.2.4 Synthesis of 2-methylchromones 
 The route for the synthesis of 2-methylchromones consisted of a two-step sequence, starting 
from different acetophenones with sodium in dry ethyl acetate at room temperature, followed by 
cyclodehydrogenation in refluxing MeOH, in the presence of p-TSA. 
 
 2’-Hydroxy-6’-methoxy-acetophenone (2) (1.0 equiv, 0.500 g, 3.00 mmol) was added to a 
mixture of sodium (4.0 equiv, 0.276 g, 12.00 mmol) in 20.0 mL of dry AcOEt at room temperature for 
18 h. The reaction mixture was then poured into iced water, acidified until pH = 5, and then dissolved 
in DCM. The reaction mixture was washed with water and the organic layer was dried over anhydrous 
sodium sulfate. At last, the solvent was evaporated. After that, the resulting crude (1.0 equiv, 0.803 
g, 3.90 mmol) was dissolved in a minimum volume of MeOH and was added p-TSA (0.5 equiv, 0.371 
g, 1.95 mmol). The reaction was left stirring at reflux for 27 h. The reaction mixture was washed with 
water, the organic layer was dried over anhydrous sodium sulfate, and the solvent evaporated to 
dryness to afford compound 13. 
 
5-Methoxy-2-methyl-4H-chromen-4-one (13) 

Compound 13 was obtained as an oil after thin layer chromatography with DCM. 
The overall yield of the synthesis was 15% (0.088 g). 
1H NMR (300.13 MHz, CDCl3): d = 2.31 (s, 3H, 2-CH3), 3.97 (s, 3H, 5’-OCH3), 6.08 
(s, 1H, H-3), 6.78 (dd, 1H, J = 8.4, 1.0 Hz, H-6), 6.98 (dd, 1H, J = 8.4, 1.0 Hz, H-8), 

7.51 (t, 1H, J = 8.4 Hz, H-7) ppm. 
 
 2’-Hydroxyacetophenone (5) (1.0 equiv, 44.0 mL, 3.67 mmol) was added to a mixture of 
sodium (4.0 equiv, 0.338 g, 14.68 mmol) in 20.0 mL of dry AcOEt at room temperature for 21 h. The 
reaction mixture was then poured into iced water, acidified until pH = 5, and then dissolved in AcOEt. 
The reaction mixture was washed with water and the organic layer was dried over anhydrous sodium 
sulfate. At last, the solvent was evaporated. After that, the resulting crude (1.0 equiv, 1.443 g, 8.10 
mmol) was dissolved in a minimum volume of MeOH and was added p-TSA (0.5 equiv, 0.700 g, 4.10 
mmol). The reaction was left stirring at reflux for 19 h. The reaction mixture was washed with water, 
the organic layer was dried over anhydrous sodium sulfate, and the solvent evaporated to dryness, 
resulting in compound 15. 
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2-Methyl-4H-chromen-4-one (15) 
Compound 15 was obtained as an orange solid after column chromatography with 
chloroform/acetone 9:1 as eluent. The overall yield of the synthesis was 28% 
(0.162 g). 

1H NMR (300.13 MHz, CDCl3): d = 2.39 (s, 3H, 2-CH3), 6.18 (s, 1H, H-3), 7.37 (dd, 1H, J = 7.1, 1.1 
Hz, H-8), 7.41 (dt, 1H, J = 8.2, 1.1 Hz, H-6), 7.65 (ddd, 1H, J = 8.2, 7.1, 1.7 Hz, H-7), 8.18 (dd, 1H, 
J = 8.2, 1.7 Hz, H-5) ppm. 
 
 1-(2-(Benzyloxy)-6-hydroxyphenyl)ethan-1-one (16) (1.0 equiv, 0.357 g, 1.47 mmol) was 
added to a mixture of sodium (4.0 equiv, 0.135 g, 5.88 mmol) in 20.0 mL of dry AcOEt at room 
temperature for 24 h. The reaction mixture was then poured into iced water, acidified until pH = 5, 
and then dissolved in AcOEt. The reaction mixture was washed with water and the organic layer was 
dried over anhydrous sodium sulfate. At last, the solvent was evaporated. After that, the resulting 
crude (1.0 equiv, 0.445 g, 1.66 mmol) was dissolved in a minimum volume of MeOH and was added 
p-TSA (0.5 equiv, 0.158 g, 0.83 mmol). The reaction was left stirring at reflux for 21 h. The reaction 
mixture was washed with water, the organic layer was dried over anhydrous sodium sulfate, and the 
solvent evaporated to dryness, to afford compound 18. 
 
5-Benzyloxy-2-methyl-4H-chromen-4-one (18) 

Compound 18 was obtained as a white solid after column chromatography with 
DCM. The overall yield of the synthesis was 9% (0.036 g). 
1H NMR (300.13 MHz, CDCl3): d = 2.32 (s, 3H, 2-CH3), 5.27 (s, 2H, 5a-CH2), 
6.08 (s, 1H, H-3), 6.81 (dd, 1H, J = 8.4, 1.0 Hz, H-6), 6.98 (dd, 1H, J = 8.4, 1.0 
Hz, H-8), 7.36-7.44 (m, 3H, H-3’,4’,5’), 7.47 (t, 1H, J = 8.4 Hz, H-7), 7.61 (dd, 
2H, J = 7.4, 1.3 Hz, H-2’,6’) ppm. 

 
 1-[2,4-Bis(benzyloxy)-6-hydroxyphenyl]ethan-1-one (19) (1.0 equiv, 0.346 g, 0.99 mmol) 
was added to a mixture of sodium (4.0 equiv, 0.091 g, 3.96 mmol) in 15.0 mL of dry AcOEt at room 
temperature for 19 h. The reaction mixture was then poured into iced water, acidified until pH = 5, 
and then dissolved in AcOEt. The reaction mixture was washed with water and the organic layer was 
dried over anhydrous sodium sulfate. At last, the solvent was evaporated. After that, the resulting 
crude (1.0 equiv, 0.377 g, 0.97 mmol) was dissolved in a minimum volume of MeOH and was added 
p-TSA (0.5 equiv, 0.093 g, 0.49 mmol). The reaction was left stirring at reflux for 21 h. The reaction 
mixture was washed with water, the organic layer was dried over anhydrous sodium sulfate, and the 
solvent evaporated to dryness, giving compound 21. 
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5,7-Bis(benzyloxy)-2-methyl-4H-chromen-4-one (21) 
Compound 21 was obtained as a white solid after column chromatography with 
DCM. The overall yield of the synthesis was 18% (0.066 g). 
1H NMR (300.13 MHz, CDCl3): d = 2.27 (s, 3H, 2-CH3), 5.08 (s, 2H, 5a-CH2), 
5.20 (s, 2H, 7a-CH2), 6.00 (s, 1H, H-3), 6.46 (dd, 1H, J = 2.3 Hz, H-6), 6.49 
(dd, 1H, J = 2.3, H-8), 7.36-7.42 (m, 8H, H-3’, 4’, 5’, 2’’, 3’’, 4’’, 5’’, 6’’), 7.60 (dd, 
2H, J = 7.4 Hz, H-2’,6’) ppm. 
 
 

 

5.2.5 Synthesis of (E)-2-styrylchromones from 2-methylchromones 
 To a round-bottomed flask with 16.0 mL of ethanol and sodium (4.0 equiv, 0.043 g, 1.84 
mmol), was added 5-methoxy-2-methylchromone (1.0 equiv, 0.088 g, 0.46 mmol). When the reaction 
turned dark orange/red, 3’-chlorobenzaldehyde (25a) (1.2 equiv, 0.078 g, 0.55 mmol) was added to 
the mixture. The reaction was left stirring overnight and then poured into iced water and acidified. 
The precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was evaporated to dryness, to afford compound 26a. 
 
(E)-5-Methoxy-2-(3-chlorostyryl)-4H-chromen-4-one (26a) 

Compound 26a was obtained as a white solid after thin layer 
chromatography with DCM/acetone 9.5:0.5 (0.074 g, 51%). 
1H NMR (300.13 MHz, CDCl3): d = 3.99 (s, 3H, 5-OCH3), 6.26 (s, 1H, H-

3), 6.73 (d, 1H, J = 16.2 Hz, H-a), 6.82 (d, 1H, J = 8.4 Hz, H-6), 7.10 (dd, 
1H, J = 8.4, 1.0 Hz, H-8), 7.34-7.36 (m, 2H, H-2’, 5’), 7.45 (dt, 1H, J = 

8.6, 1.7 Hz, H-4’), 7.48 (d, 1H, J = 16.2 Hz, H-b), 7.55-7.61 (m, 1H, H-
6’), 7.57 (t, 1H, J = 8.4 Hz, H-7) ppm. 
 
 To a round-bottomed flask with 3.0 mL of ethanol and sodium (4.0 equiv, 0.061 g, 2.64 
mmol), was added 5-methoxy-2-methylchromone (1.0 equiv, 0.125 g, 0.66 mmol). When the reaction 
turned dark orange/red, 3’,4’-dichlorobenzaldehyde (25b) (1.5 equiv, 0.173 g, 0.99 mmol) were 
added to the mixture. The reaction was left stirring for 24 h and then poured into iced water and 
acidified. The precipitate was dissolved in DCM and washed with water. The organic layer was dried 
with anhydrous sodium sulfate, and the solvent was evaporated to dryness, affording compound 26b. 
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(E)-5-Methoxy-2-(3,4-dichlorostyryl)-4H-chromen-4-one (26b) 
Compound 26b was obtained as a light-yellow solid, after thin layer 
chromatography with DCM (0.138 g, 60%). 
1H NMR (300.13 MHz, CDCl3): d = 3.99 (s, 3H, 5-OCH3), 6.26 (s, 1H, H-
3), 6.71 (d, 1H, J = 15.9 Hz, H-a), 6.82 (dd, 1H, J = 8.4, 1.0 Hz, H-6), 
7.09 (dd, 1H, J = 8.4, 1.0 Hz, H-8), 7.40 (dd, 1H, J = 8.3, 2.2 Hz, H-6’), 

7.44 (d, 1H, J = 15.9 Hz, H-b), 7.49 (d, 1H, J = 8.3 Hz, H-5’), 7.57 (t, 1H, 
J = 8.4 Hz, H-7), 7.65 (d, 1H, J = 2.2 Hz, H-2’) ppm. 
 
 To a round-bottomed flask with 3.0 mL of ethanol of sodium (4.0 equiv, 0.048 g, 2.10 mmol), 
was added 5-methoxy-2-methylchromone (1.0 equiv, 0.100 g, 0.53 mmol). When the reaction turned 
dark orange/red, 2’,6’-dichlorobenzaldehyde (25c) (1.5 equiv, 0.140 g, 0.80 mmol) were added to 
the mixture. The reaction was left stirring for 24 h and then poured into iced water and acidified. The 
precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was evaporated to dryness, to afford (E)-2-
styrylchromone 26c. 
 
(E)-5-Methoxy-2-(2,6-dichlorostyryl)-4H-chromen-4-one (26c) 

Compound 26c was obtained as a light-yellow solid, after thin layer 
chromatography with DCM (0.089g, 48%). 
1H NMR (300.13 MHz, CDCl3): d = 4.00 (s, 3H, 5-OCH3), 6.28 (s, 1H, H-

3), 6.82 (d, 1H, J = 8.4 Hz, H-6), 6.89 (d, 1H, J = 16.4 Hz, H-a), 7.13 (dd, 
1H, J = 8.4, 0.8 Hz, H-8), 7.20 (t, 1H, J = 8.1 Hz, H-4’), 7.39 (d, 2H, J = 8.1 

Hz, H-3’,5’), 7.58 (t, 1H, J = 8.4 Hz, H-7), 7.63 (d, 1H, J = 16.4 Hz, H-b) 
ppm. 
 
 To a round-bottomed flask with 3.0 mL of ethanol and sodium (4.0 equiv, 0.052 g, 2.28 
mmol), was added 5-methoxy-2-methylchromone (1.0 equiv, 0.108 g, 0.57 mmol). When the reaction 
turned dark orange/red, 2’-methoxybenzaldehyde (25d) (1.5 equiv, 0.100 mL, 0.86 mmol) was added 
to the mixture. The reaction was left stirring overnight and then poured into iced water and acidified. 
The precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was evaporated to dryness, affording compound 26d. 
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(E)-5-Methoxy-2-(2-methoxystyryl)-4H-chromen-4-one (26d) 
Compound 26d was obtained as a light-yellow solid after thin layer 
chromatography with AcOEt/hexane 9:1 (0.101 g, 57%). 
1H NMR (300.13 MHz, CDCl3): d = 3.94 (s, 3H, 2’-OCH3), 3.99 (s, 3H, 5-
OCH3), 6.25 (s, 1H, H-3), 6.80 (dd, 1H, J = 7.8, 1.0 Hz, H-3’), 6.82 (d, 1H, 

J = 16.3 Hz, H-a), 6.95 (dd, 1H, J = 8.4, 1.0 Hz, H-6), 7.00 (dt, 1H, J = 7.8, 
1.0 Hz, H-5’), 7.13 (dd, 1H, J = 8.4, 1.0 Hz, H-8), 7.35 (dt, 1H, J = 7.8, 1.8, 

H-4’), 7.56 (t, 1H, J = 8.4 Hz, H-7), 7.57 (dd, 1H, J = 7.8, 1.8 Hz, H-6’) ppm. 
 
 To a round-bottomed flask with 5.0 mL of ethanol and sodium (4.0 equiv, 0.101 g, 4.40 
mmol), was added 5-methoxy-2-methylchromone (1.0 equiv, 0.200 g, 1.10 mmol). When the reaction 
turned dark orange/red, 3’-methoxybenzaldehyde (25e) (1.5 equiv, 0.20 mL, 1.65 mmol) were added 
to the mixture. The reaction was left stirring overnight and then poured into iced water and acidified. 
The precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was evaporated to dryness, to afford (E)-2-
styrylchromone 26e. 
 
(E)-5-Methoxy-2-(3-methoxystyryl)-4H-chromen-4-one (26e) 

Compound 26e was obtained as a yellow solid after thin layer 
chromatography with DCM (0.200 g, 59%). 
M.p.: 123-125ºC. 
1H NMR (500.16 MHz, CDCl3): d = 3.87 (s, 3H, 3’-OCH3), 4.00 (s, 3H, 

5-OCH3), 6.25 (s, 1H, H-3), 6.71 (d, 1H, J = 16.1 Hz, H-a), 6.81 (dd, 
1H, J = 8.4, 1.0 Hz, H-6), 6.93 (ddt, 1H, J = 8.1, 2.2, 0.9 Hz, H-4’), 

7.08 (t, 1H, J = 2.2 Hz, H-2’), 7.11 (dd, 1H, J = 8.4, 1.0 Hz, H-8), 7.17 (ddt, 1H, J = 8.1, 2.2, 0.9 Hz, 

H-6’), 7.33 (t, 1H, J = 8.1 Hz, H-5’), 7.51 (d, 1H, J = 16.1 Hz, H-b), 7.57 (t, 1H, J = 8.4 Hz, H-7) ppm. 
13C NMR (125.77 MHz, CDCl3): d = 55.4 (3’-OCH3), 56.5 (5-OCH3), 106.3 (C-6), 110.0 (C-8), 112.4 

(C-3), 112.6 (C-2’), 114.7 (C-4a), 115.5 (C-4’), 120.2 (C-a), 120.3 (C-6’), 130.0 (C-5’), 133.7 (C-7), 

136.3 (C-b), 136.5 (C-1’), 158.1 (C-8a), 159.5 (C-2), 159.8 (C-5), 160.0 (C-3’), 178.4 (C=O) ppm. 

MS (ESI+) m/z (%): 309.3 [(M+H)+, 30], 331.2 [(M+Na)+, 9], 639.0 [(2M+Na)+, 100]. 
 
 To a round-bottomed flask with 5.0 mL of ethanol and sodium (4.0 equiv, 0.101 g, 4.4 mmol), 
was added 5-methoxy-2-methylchromone (1.0 equiv, 0.200 g, 1.10 mmol). When the reaction turned 
dark orange/red, 3’,4’,5’-methoxybenzaldehyde (25f) (1.5 equiv, 0.20 mL, 1.65 mmol) were added to 
the mixture. The reaction was left stirring overnight and then poured into iced water and acidified. 
The precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
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anhydrous sodium sulfate, and the solvent was evaporated to dryness, to afford (E)-2-
styrylchromone 26f. 
 
(E)-5-Methoxy-2-(3,4,5-trimethoxystyryl)-4H-chromen-4-one (26f). 

Compound 26f was obtained as an orange-brick color solid, after 
crystallization with DCM (0.057 g, 76%). 
1H NMR (500.16 MHz, CDCl3): d = 3.90 (s, 3H, 4’-OCH3), 3.94 (s, 
6H, 3’-OCH3, 5’-OCH3), 3.99 (s, 3H, 5-OCH3), 6.51 (s, 1H, H-3), 6.67 
(s, 2H, H-2’,6’), 6.78 (d, 1H, J = 8.2 Hz, H-6), 6.81 (d, 1H, J = 15.9 

Hz, H-a), 7.14 (d, 1H, J = 8.2 Hz, H-8), 7.51 (d, 1H, J = 15.9 Hz, H-

b), 7.65 (t, 1H, J = 8.2 Hz, H-7) ppm. 
13C NMR (125.77 MHz, CDCl3): d = 107.7 (C-8), 107.8 (C-3), 107.9 (C-2’,6’), 110.6 (C-4a), 111.2 (C-

6), 116.5 (C-a), 136.2 (C-7), 136.9 (C-1’), 139.5 (C-b), 156.2 (C-8a), 160.4 (C-5), 164.5 (C-2), 183.3 
(C=O) ppm. 
 
 To a round-bottomed flask with 3.0 mL of ethanol and sodium (4.0 equiv, 0.048 g, 2.1 mmol), 
was added 2-methylchromone (1.0 equiv, 0.083 g, 0.52 mmol). When the reaction turned dark 
orange/red, 3’-methoxybenzaldehyde (25e) (1.5 equiv, 0.106 g, 0.78 mmol) were added to the 
mixture. The reaction was left stirring overnight and then poured into iced water and acidified. The 
precipitate was dissolved in DCM and washed with water. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was evaporated to dryness, affording compound 27a. 
 
(E)-2-(3-Methoxystyryl)-4H-chromen-4-one (27a) 

Compound 27a was obtained as an orange brick color solid, after thin 
layer chromatography with DCM (0.080 g, 55%). 
1H NMR (300.13 MHz, CDCl3): d = 3.88 (s, 3H, 3’-OCH3), 6.34 (s, 1H, 

H-3), 6.79 (d, 1H, J = 16.1 Hz, H-a), 6.95 (ddd, 1H, J = 8.0, 2.0, 1.1 
Hz, H-4’), 7.11 (t, 1H, J = 2.0 Hz, H-2’), 7.19 (ddd, 1H, J = 8.0, 2.0, 

1.1 Hz, H-6’), 7.35 (t, 1H, J = 8.0 Hz, H-5’), 7.40 (ddd, 1H, J = 8.0, 7.1, 0.9 Hz, H-6), 7.54 (dd, 1H, J 

= 8.5, 0.9 Hz, H-8), 7.59 (d, 1H, J = 16.1 Hz, H-b), 7.69 (ddd, 1H, J = 8.5, 7.1, 1.6 Hz, H-7), 8.21 (dd, 
1H, J = 8.0, 1.6 Hz, H-5) ppm. 
 

5.2.6 Synthesis of hydroxylated (E)-2-styrylchromones by cleavage of the 
protecting methoxy groups 
 Compound (E)-5-methoxy-2-(3-chlorostyryl)-4H-chromen-4-one (26a) (1.0 equiv, 0.072 g, 
0.23 mmol) was dissolved in 2.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the 
methoxy groups, with the addition of 2.5 equiv of BBr3 1.0 M (0.58 mL, 0.58 mmol) at ~-70ºC. After 
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the addition of BBr3, the reaction was left stirring at room temperature, for 1 h and 30 min. The 
reaction mixture was then poured into iced water, resulting in a precipitate which was filtered and 
recrystallized, affording compound 26’a. 
 
(E)-5-Hydroxy-2-(3-chlorostyryl)-4H-chromen-4-one (26’a) 

Compound 26’a was obtained as a white solid after thin layer 
chromatography with DCM (0.066 g, 96%). 
M.p.: 187-189ºC 
1H NMR (300.13 MHz, CDCl3): d = 6.27 (s, 1H, H-3), 6.77 (d, 1H, J = 15.9 

Hz, H-a), 6.81 (dd, 1H, J = 8.4, 0.9 Hz, H-6), 6.97 (dd, 1H, J = 8.4, 0.9 
Hz, H-8), 7.36-7.38 (m, 2H, H-2’,5’), 7.45-7.48 (m, 1H, H-4’), 7.55 (t, 1H, J = 8.4 Hz, H-7), 7.56 (d, 

1H, J = 15.9 Hz, H-b), 7.58-7.59 (m, 1H, H-6’), 12.54 (s, 1H, 5-OH) ppm. 
13C NMR (75.47 MHz, CDCl3): d = 107.0 (C-8), 109.8 (C-3), 111.2 (C-4a), 111.6 (C-6), 121.2 (C-a), 

126.1 (C-4’), 127.7 (C-6’), 130.1 (C-5’), 130.4 (C-2’), 135.3 (C-3’), 135.7 (C-7), 136.5 (C-b), 136.7 
(C-1’), 156.3 (C-8a), 161.0 (C-5), 162.3 (C-2), 183.7 (C=O) ppm. 

MS (ESI+) m/z (%): 299.1 [(M+H)+, 35Cl, 100], 301.2 [(M+H)+, 37Cl, 55], 620.1 [(2M+Na)+, 29], 636.1 

[(2M+K)+, 10]. 
 
 Compound (E)-2-(3,4-dichlorostyryl)-5-methoxy-4H-chromen-4-one (26b) (1.0 equiv, 0.129 
g, 0.37 mmol) was dissolved in 2.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the 
methoxy groups, with the addition of 2.5 equiv of BBr3 1.0 M (0.93 mL, 0.93 mmol) at ~-70ºC. After 
the addition of BBr3, the reaction was left stirring, at room temperature, for 24 h. The reaction mixture 
was then poured into iced water, resulting in a precipitate which was filtered and recrystallized, to 
afford (E)-2-styrylchromone 26’b. 
 
(E)-5-Hydroxy-2-(3,4-dichlorostyryl)-4H-chromen-4-one (26’b) 

Compound 26’b was obtained as a light-yellow solid, after 
recrystallization with DCM/Hexane (0.099 g, 80%). 
M.p.: 225-227ºC 
1H NMR (500.16 MHz, CDCl3): d = 6.28 (s, 1H, H-3), 6.75 (d, 1H, J = 16.0 

Hz, H-a), 6.81 (dd, 1H, J = 8.3, 0.9 Hz, H-6), 6.96 (dd, 1H, J = 8.3, 0.9 
Hz, H-8), 7.42 (dd, 1H, J = 8.3, 2.1 Hz, H-6’), 7.51 (d, 1H, J = 8.3 Hz, H-5’), 7.52 (d, 1H, J = 16.0 Hz, 

H-b), 7.55 (t, 1H, J = 8.3 Hz, H-7), 7.68 (d, 1H, J = 2.1 Hz, H-2’), 12.51 (s, 1H, 5-OH) ppm. 
13C NMR (125.77 MHz, CDCl3): d = 107.0 (C-8), 110.0 (C-3), 111.2 (C-4a), 111.7 (C-6), 121.5 (C-a), 

126.8 (C-6’), 129.5 (C-2’), 131.2 (C-5’), 133.6 (C-3’), 134.2 (C-4’), 134.9 (C-1’), 135.3 (C-b), 135.7 
(C-7), 156.3 (C-8a), 161.0 (C-5), 162.1 (C-2), 183.7 (C=O) ppm. 
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MS (ESI+) m/z (%): 333.2 [(M+H)+, 35Cl, 28], 335.2 [(M+H)+, 35Cl, 37Cl, 21], 337.2 [(M+H)+, 37Cl, 13], 

355.4 [(M+Na)+, 22]. 
 
 Compound (E)-5-methoxy-2-(2,6-dichlorostyryl)-4H-chromen-4-one (26c) (1.0 equiv, 0.089 
g, 0.26 mmol) was dissolved in 3.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the 
methoxy groups, with the addition of 2.5 equiv of BBr3 1.0 M (0.65 mL, 0.65 mmol) at ~-70ºC. After 
the addition of BBr3, the reaction was left stirring, at room temperature, for 2 h. The reaction mixture 
was then poured into iced water, resulting in a precipitate which was filtered and recrystallized, giving 
compound 26’c. 
 
(E)-5-Hydroxy-2-(2,6-dichlorostyryl)-4H-chromen-4-one (26’c) 

Compound 26’c was obtained as a light-yellow solid, after crystallization 
with DCM/Hexane (0.074 g, 85%). 
M.p.: 229-231ºC 
1H NMR (500.16 MHz, CDCl3): d = 6.30 (s, 1H, H-3), 6.82 (dd, 1H, J = 8.4, 

0.9 Hz, H-6), 6.95 (d, 1H, J = 16.4 Hz, H-a), 7.00 (dd, 1H, J = 8.4, 0.9 Hz, 
H-8), 7.22 (t, 1H, J = 8.1 Hz, H-4’), 7.40 (d, 2H, J = 8.1 Hz, H-3’,5’), 7.56 (t, 1H, J = 8.4 Hz, H-7), 7.72 

(d, 1H, J = 16.4 Hz, H-b), 12.51 (s, 1H, 5-OH) ppm. 
13C NMR (125.77 MHz, CDCl3): d = 107.5 (C-8), 110.6 (C-3), 111.5 (C-4a), 111.9 (C-6), 128.5 (C-a), 

129.4 (C-3’,5’), 130.2 (C-4’), 131.9 (C-b), 132.6 (C-1’), 135.3 (C-2’,6’), 136.0 (C-7), 156.7 (C-8a), 
161.2 (C-5), 162.2 (C-2), 184.1 (C=O) ppm. 

MS (ESI+) m/z (%): 333.1 [(M+H)+, 35Cl, 100], 335.1 [(M+H)+, 35Cl, 37Cl, 61], 337.1 [(M+H)+, 37Cl, 15], 

703.1 [(2M+K)+, 7]. 
 
 Compound (E)-5-methoxy-2-(2-methoxystyryl)-4H-chromen-4-one (26d) (1.0 equiv, 0.101 g, 
0.33 mmol) was dissolved in 4.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the 
methoxy groups, with the addition of 5.0 equiv of BBr3 1.0 M (1.65 mL, 1.65 mmol) at ~-70ºC. After 
the addition of BBr3, the reaction was left stirring, at room temperature, for 6 days. The reaction 
mixture was then poured into iced water, resulting in a precipitate which was filtered and 
recrystallized, achieving compound 26’d. 
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(E)-5-Hydroxy-2-(2-hydroxystyryl)-4H-chromen-4-one (26’d) 
Compound 26’d was obtained as a brown solid, after crystallization with 
DCM (0.049 g, 83%). 
M.p.: 244-245ºC 
1H NMR (500.16 MHz, MeOD): d = 6.33 (s, 1H, H-3), 6.77 (dd, 1H, J = 8.4, 
1.0 Hz, H-6), 6.88 (dd, 1H, J = 7.9, 1.1 Hz, H-3’), 6.89 (ddd, 1H, J = 8.1, 

7.4, 1.1 Hz, H-5’), 7.09 (dd, 1H, J = 8.4, 1.0 Hz, H-8), 7.12 (d, 1H, J = 16.2 Hz, H-a), 7.22 (ddd, 1H, 
J = 7.9, 7.4, 1.6 Hz, H-4’), 7.61 (dd, 1H, J = 8.1, 1.6 Hz, H-6’), 7.62 (t, 1H, J = 8.4 Hz, H-7), 8.01 (d, 

1H, J = 16.2 Hz, H-b), 12.55 (s, 1H, 5-OH) ppm. 
13C NMR (125.77 MHz, MeOD): d = 108.2 (C-8), 108.8 (C-3), 111.7 (C-4a), 112.1 (C-6), 117.1 (C-

3’), 120.1 (C-a), 120.9 (C-5’), 123.2 (C-1’), 129.7 (C-6’), 132.5 (C-4’), 135.7 (C-b), 136.8 (C-7), 157.8 
(C-8a), 158.3 (C-2’), 161.8 (C-5), 166.2 (C-2), 185.2 (C=O) ppm. 

MS (ESI+) m/z (%): 281.2 [(M+H)+, 98]. 
 
 Compound (E)-5-methoxy-2-(3-methoxystyryl)-4H-chromen-4-one (26e) (1.0 equiv, 0.200 g, 
0.65 mmol) was dissolved in 6.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the 
methoxy groups, with the addition of 5.0 equiv of BBr3 1.0 M (3.25 mL, 3.25 mmol) at ~-70ºC. After 
the addition of BBr3, the reaction was left stirring, at room temperature, for 24 h. The reaction mixture 
was then poured into iced water, resulting in a precipitate which was filtered and recrystallized, to 
afford compound 26’e. 
 
(E)-5-Hydroxy-2-(3-hydroxystyryl)-4H-chromen-4-one (26’e) 

Compound 26’e was obtained as a yellow solid, after crystallization with 
DCM (0.082 g, 45%). 
Decomposition: 196-207ºC 
1H NMR (300.13 MHz, MeOD): d = 6.38 (s, 1H, H-3), 6.78 (dd, 1H, J = 
8.4, 0.9 Hz, H-6), 6.84 (ddt, 1H, J = 7.8, 2.3, 1.1 Hz, H-4’), 6.98 (d, 1H, 

J = 16.1 Hz, H-a), 7.09 (t, 1H, J = 2.3 Hz, H-2’), 7.10 (dd, 1H, J = 8.4, 0.9 Hz, H-8), 7.15 (d, 1H, J = 
7.8 Hz, H-6’), 7.25 (t, 1H, J = 7.8 Hz, H-5’),  7.62 (t, 1H, J = 8.4 Hz, H-7), 7.65 (d, 1H, J = 16.1 Hz, 

H-b) ppm. 
13C NMR (75.47 MHz, MeOD): d = 108.2 (C-8), 109.4 (C-3), 111.8 (C-4a), 112.2 (C-6), 115.2 (C-2’), 

118.4 (C-4’), 120.5 (C-a), 120.7 (C-6’), 131.1 (C-5’), 136.9 (C-7), 137.7 (C-1’), 139.8 (C-b), 157.7 (C-
8a), 159.1 (C-3’), 161.7 (C-5), 165.3 (C-2), 185.2 (C=O) ppm. 

MS (ESI+) m/z (%): 281.2 [(M+H)+, 35], 303.2 [(M+Na)+, 5], 319.2 [(M+K)+, 7], 561.6 [(2M+H)+, 11], 

583.6 [(2M+Na)+, 5]. 
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 Compound (E)-5-methoxy-2-(3,4,5-trimethoxystyryl)-4H-chromen-4-one (26f) (1.0 equiv, 
0.090 g, 0.24 mmol) was dissolved in 3.0 mL of dry DCM for a BBr3-promoted cleavage reaction of 
the methoxy groups, with the addition of 10.0 equiv of BBr3 1.0 M (2.40 mL, 2.40 mmol) at ~-70ºC. 
After the addition of BBr3, the reaction was left stirring, at room temperature, for 23 h. The reaction 
mixture was then poured into iced water, resulting in a precipitate which was filtered and 
recrystallized, affording (E)-2-styrylchromone 26’f. 
 
(E)-5-Hydroxy-2-(3,4,5-trihydroxystyryl)-4H-chromen-4-one (26’f) 

Compound 26’f was obtained as an orange-brick color solid, after 
crystallization with DCM (0.057 g, 76%). 
Decomposition: 242-337ºC 
1H NMR (500.16 MHz, CDCl3): d = 6.50 (s, 1H, H-3), 6.67 (s, 2H, H-

2’,6’), 6.78 (d, 1H, J = 8.2 Hz, H-6), 6.80 (d, 1H, J = 15.9 Hz, H-a), 7.14 

(d, 1H, J = 8.2 Hz, H-8), 7.51 (d, 1H, J = 15.9 Hz, H-b), 7.64 (t, 1H, J = 
8.2 Hz, H-7), 12.81 (s, 1H, 5-OH) ppm. 
13C NMR (125.77 MHz, CDCl3): d = 107.3 (C-8), 107.4 (C-3), 107.5 (C-2’,6’), 110.2 (C-4a), 110.8 (C-

6), 116.1 (C-a), 125.3 (C-1’), 135.7 (C-7), 136.5 (C-4’), 139.1 (C-b), 146.3 (C-3’,5’) ,155.8 (C-8a), 
160.0 (C-5), 164.15 (C-2), 182.9 (C=O) ppm. 

MS (ESI+) m/z (%): 313.2 [(M+H)+, 8], 663.7 [(2M+K)+, 78]. 
 
 Compound (E)-2-(3-methoxystyryl)-4H-chromen-4-one (27a) (1.0 equiv, 0.078 g, 0.28 mmol) 
was dissolved in 2.0 mL of dry DCM for a BBr3-promoted cleavage reaction of the methoxy groups, 
with the addition of 2.5 equiv of BBr3 1.0 M (0.70 mL, 0.70 mmol) at ~-70ºC. After the addition of 
BBr3, the reaction was left stirring overnight, at room temperature. The reaction mixture was then 
poured into iced water, resulting in a precipitate which was filtered and recrystallized, to afford 
compound 27’a. 
 
(E)-2-(3-Hydroxystyryl)-4H-chromen-4-one (27’a) 

Compound 27’a was obtained as a light-yellow solid, after 
recrystallization with DCM (0.0121 g, 16%). 
M.p.: 187-189ºC 
1H NMR (500.16 MHz, CDCl3): d = 6.42 (s, 1H, H-3), 6.83 (d, 1H, J = 

16.2 Hz, H-a), 6.86 (dd, 1H, J = 7.5 Hz, H-4’), 7.06 (dd, 1H, J = 7.5 Hz, 
H-6’), 7.09 (s, 1H, H-2’), 7.24 (t, 1H, J = 7.5 Hz, H-5’), 7.41 (t, 1H, J = 7.7 Hz, H-6), 7.55 (dd, 1H, J = 

7.7 Hz, H-8), 7.58 (d, 1H, J = 16.2 Hz, H-b), 7.70 (ddd, 1H, J = 8.2, 7.7 Hz, H-7), 8.16 (dd, 1H, J = 
7.7 Hz, H-5) ppm. 
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13C NMR (125.77 MHz, CDCl3): d = 109.9 (C-3), 110.9 (C-4a), 113.8 (C-2’), 117.6 (C-4’), 118.0 (C-

8), 120.0 (C-a), 120.3 (C-6’), 125.4 (C-6), 125.6 (C-5), 130.1 (C-5’), 134.3 (C-7), 136.3 (C-1’), 138.1 

(C-b), 156.2 (C-8a), 157.4 (C-3’), 163.0 (C-2), 179.1 (C=O) ppm. 

MS (ESI+) m/z (%): 265.2 [(M+H)+, 60], 287.1 [(M+Na)+, 24]. 
 

5.3. Biological effects of (E)-2-styrylchromones in the oxidative 

burst of human monocytes 

5.3.1 !NO scavenging assay  
 The scavenging of •NO by (E)-2-styrylchromones was evaluated based on the Griess in 
chemico method, a procedure already described and tested.101,102 For the standard gallic acid were 
prepared seven dilutions in DMSO, between 0.006 μM and 0.195 μM, and for each compound were 
prepared eight dilutions also in DMSO, between 3.125 μM and 400.0 μM.  
 Into a 96-well plate were pipetted 100.0 μL of buffer (blank), standard (up to six different 
concentrations, in duplicate) or compound (up to eight different concentrations, in triplicate) and 
100.0 μL of sodium nitroprusside (SNP) solution 1.0 mM. Then, the microplate was incubated under 
a fluorescent lamp for 15 min. After that time, were added 100.0 μL of the Griess reagent and 100.0 
μL of phosphoric acid 5% to the third well of each compound, to make sure that the compounds’ own 
color would not interfere. Lastly, the microplate was incubated in the dark, at room temperature, for 
10 min. and then the absorbance was read at 562 nm, using the microplate reader. 
 

5.3.2 Isolation of monocytes from human blood  
 Fresh human venous blood was collected, each day, antecubital venipuncture, from healthy 
volunteers, into four K3EDTA vacuum tubes (≈ 4.0 mL per tube). The cell types were separated 
according to their density, using two different solutions: histopaque 1119 (density of 1.119 g/mL) and 
histopaque 1077 (density of 1.077 g/mL), both at room temperature.104 Approximately 3.0 mL of each 
solution were pipetted into four 15.0 mL polypropylene tubes (a material that prevents adhesion of 
the cells to the wall of the tube). Firstly, 3.0 mL of histopaque 1119 were pipetted into each tube and 
then 3.0 mL of histopaque 1077, considering that the pipetting of this last solution was done slowly 
and carefully to avoid the mixing of both solutions. Lastly, the blood was carefully layered on top of 
this discontinuous density gradient and the tubes were centrifuged at 980g for 30 min. at 20ºC, during 
which the cells were distributed along the tube, according to their density. The plasma was discarded 
and the agranulocytes and platelets layer was collected, using a Pasteur pipette, into centrifuge 
tubes with PBS buffer without Ca2+ and Mg2+ ions (≈ 10 mL) (this reduces the viscosity of the 
histopaque-monocyte suspension so that the cells can be centrifuged without the need for higher g 
forces). The tubes were then centrifuged at 890g for 5 min., at 4°C, to preserve the integrity of the 
cells. The resultant supernatant was discarded, and the monocytes pellet was resuspended in 1.25 
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mL of PBS without Ca2+ and Mg2+ ions, to wash the cells. The tubes were once again centrifuged in 
the aforementioned conditions, to preserve the integrity of the cells. Finally, the supernatant was 
aspirated and discarded, and the monocytes pellet was resuspended in Tris-Glucose buffer (1.26 
mM CaCl2, 5.37 mM KCl, 0.81 mM MgSO4, 140.0 mM NaCl, 25.0 mM Trizma, pH = 7.4). In order to 
maintain the isolated monocytes’ viability, the cells were kept in ice and under stirring in an orbital 
shaker, until use.105,112 

 

5.3.3 Cell count and viability assessment 
 To perform the trypan blue dye exclusion method, 20.0 μL of freshly isolated human 
monocytes suspension and 20.0 μL of trypan blue (0.4%) were mixed in a microtube (cells dilution 
factor = 2). The mixture was then pipetted into a Neubauer chamber, and the monocytes were 
counted under an optical microscope.107 Each study corresponded to, at least, two independent 
assays. 
 

5.3.4 UV/Vis absorption and emission spectra of (E)-2-styrylchromones 
 For each (E)-2-styrylchromone were prepared sequential dilutions, in DMSO, with 
concentrations between 6.25 μM and 25.0 μM. Starting from the more concentrated solution to the 
less concentrated one, both absorption and emission spectra were obtained for all the compounds, 
using the spectrophotometer and the fluorimeter, respectively. Whenever a solution showed 
absorbance values higher than 0.100 nm, the spectra were obtained for the lower solution, until the 
concentration that did not exceed the 0.100 nm was found. According to each compound maximum 
wavelength, the chosen concentration was read in the fluorimeter, to make sure it would not also 
emit fluorescence. 
 

5.3.5 Effects of (E)-2-styrylchromones on human monocytes cell death 
 In order to understand the level of toxicity of the nine (E)-2-styrylchromones under study 
against the oxidative burst caused by human monocytes and adequately select the maximum 
concentrations that can be tested in the following assay, it was carried out the Annexin V FITC 
binding and PI staining methods, according to Soares et al., with some modifications.113 
 Firstly, it was evaluated the effect of (E)-2-styrylchromones on human monocytes’ viability. 
Accordingly, 225.0 μL of the cells’ suspension (2.0 x 106 cells/mL), 12.5 μL of DMSO (the solvent 
used for the dilutions of the compounds in study) or 12.5 μL of each (E)-2-styrylchromone (in a range 
of concentrations established in section 3.3.4, which may be up to 25.0 μM) and 12.5 μL of TRIS-
Glucose 5.5 mM buffer were incubated in a 48-well transparent polystyrene microplate, at 37ºC. After 
2 h of incubation, the content of each well was collected into conical microtubes, which were then 
centrifuged at 400g, for 5 min., at 20°C. The resulting supernatants were discarded, and each pellet 
was resuspended in 500.0 μL of PBS. Subsequently, a second centrifugation was performed in the 
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same conditions as the previous one. Once again, the resulting supernatants were discarded and 
this time the pellets were resuspended in 100.0 μL of annexin buffer, 2.5 μL of annexin V FITC 
solution and 2.5 μL of PI solution (1.0 μg/mL). Once the stains were added, the microtubes were 
incubated during 15 min. in the dark, at room temperature. After this period, 500.0 μL of buffer were 
added and the fluorescence readings were taken in the flow cytometer. Fluorescence signals, for at 
least 10000 cells, were collected in logarithmic mode, followed in channel 1 (FL1-A) as well as in 

channel 3 (FL3-A) and the data was analyzed using C Flow (BD Accuri Ò) software. Each study 
corresponded to, at least, three independent assays. The effects of each compound in monocytes’ 
viability were expressed as the percentage of apoptosis and necrosis. 
 

5.3.6 Evaluation of the inhibitory effect of (E)-2-styrylchromones against PMA-
induced RS production by human monocytes 
 The inhibitory effects of (E)-2-styrylchromones in the oxidative burst in human monocytes 
were evaluated based on a method that mimics the production of reactive species, in vitro, a 
procedure already described and tested.114 
 Into a 96-well plate were pipetted 212.5 μL of the cells’ suspension (2.0 x 106 cells/mL), 12.5 
μL of each compound (up to five different concentrations) or DMSO (for the blank and control), 12.5 
μL of dihydrorhodamine and, at last, 12.5 μL of PMA or Tris-Glucose buffer (for the blank). The 
kinetics study of the oxidation of DHR to rhodamine was performed at 37°C, in which the 
fluorescence signal was detected for 1 h and 40 min., at the emission wavelength of 528 nm with 
excitation at 485 nm, using the microplate reader. 
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