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Abstract 

 

 

Macroalgae represent an important class of marine organisms that produce a great 

diversity of bioactive secondary metabolites, namely indoles, terpenes and halophenols. 

Among these natural products, bromophenols, such as BDDE, have been attracting the 

attention of scientific community because of reported wide array of biological activities.  

Taking these into account, new synthetic brominated chalcone derivatives inspired 

in macroalgae bromophenols were synthesized in order to explore, in the future, the 

potential of these compounds as leads for drug discovery. In this dissertation, 19 chalcone 

derivatives, including 8 chalcones, 6 dihydrochalcones, and 5 diarylpropanes were 

synthesized and characterized. 

Brominated chalcones 34CBr2, 23CBr3, 35CBr4, 34CR2 and 23CR1,  were 

synthesized by Claisen Schmidt condensation of brominated acetophenones and 

benzaldehydes, previously prepared. In order to obtain brominated dihydrochalcones, non-

brominated chalcones 23OMC, 34OMC, and 6734OMC were synthesized by Claisen 

Schmidt condensation, and after were used as building blocks to the synthesis of 

dihydrochalcones 23DHC, 34DHC, and 6734DHC by catalytic hydrogenation in a H2 

atmosphere with Pd/C. The bromination of these dihydrochalcones with N-

bromosuccinimide (NBS) afforded mono-brominated derivatives 23DHBr, 34DHCBr, 

and 6734DHCBr. 

The synthesis of non-brominated diarylpropanes 23DAP, 34DAP, and 

6734DAP was achieved by catalytic hydrogenation of chalcones 23OMC, 34OMC and 

6734OMC in presence of Pd(OH)2/C, and H2 atmosphere. These diarylpropanes were after 

brominated with NBS affording derivatives 23DAPBr and 34DAPBr. 

The structure elucidation of all synthesized compounds was established by infrared 

(IR) and nuclear magnetic resonance (NMR) spectroscopy. 

 

Keywords: Marine natural products, macroalgae, chalcones, dihydrochalcones, 

diarylpropanes, synthesis. 
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Resumo 

 

 

As macroalgas representam uma classe importante de organismos marinhos que 

produzem uma grande diversidade de metabolitos secundários bioativos, nomeadamente 

indóis, terpenos e halofenóis. Entre esses produtos naturais, os bromofenóis, como o BDDE, 

têm atraído a atenção da comunidade científica devido à grande variedade de atividades 

biológicas relatadas. Tendo isto em consideração, sintetizaram-se novos derivados 

sintéticos de calcona bromada inspirados em bromofenóis de macroalgas, a fim de explorar, 

no futuro, o potencial desses compostos como líderes para a descoberta de novos fármacos. 

Nesta dissertação, 19 derivados de calcona, incluindo 8 calconas, 6 di-hidrocalconas e 5 

diarilpropanos foram sintetizados e caracterizados. As calconas bromadas 34CBr2, 

23CBr3, 35CBr4, 34CR2 e 23CR1 foram sintetizadas por condensação de Claisen 

Schmidt de acetofenonas bromadas e benzaldeídos, previamente preparados. Para a 

obtenção de di-hidrocalonas bromadas, as calconas não bromadas 23OMC, 34OMC, e 

6734OMC foram sintetizadas por condensação de Claisen Schmidt, e foram, 

posteriormente, utilizadas como blocos de construtores para a síntese das di-hidrocalconas 

23DHC, 34DHC, e 6734DHC, por hidrogenação catalítica em atmosfera de H2 com Pd/C. 

A bromação destas di-hidrocalconas com N-bromossuccinimida (NBS) originou a obtenção 

dos derivados mono-bromados 23DHCBr, 34DHCBr e 6734DHCBr. 

A síntese de diarilpropanos não bromados 23DAP, 34DAP e 3467DAP foi 

conseguido por hidrogenação catalítica das calconas 23OMC, 34OMC e 3467OMC na 

presença de Pd(OH)2/ C e atmosfera de H2. Estes diarilpropanos foram depois bromados 

com NBS originando os derivados 23DAPBr e 34DAPBr.  

A elucidação da estrutura de todos os compostos sintetizados foi estabelecida por 

espectroscopia de infravermelho (IR) e ressonância magnética nuclear (RMN). 

 

 

Palavras-Chave: Produtos naturais marinhos, macroalgas, calconas, di-hidrocalconas, 

diarilpropanos, síntese. 
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Outline of the dissertation 

 

This dissertation is organized into five chapters: 

 

CHAPTER I - Introduction 

 

Initially, the importance of macroalgae as a source of new bioactive compounds is 

introduced, being reviewed the haloaryl secondary metabolites isolated from macroalgae, 

namely their structure and biological activity. Considering that the main aim of this project 

was to synthesis new chalcone derivatives inspired in macroalgae bromophenols, a brief 

review about the methods that can be used for the synthesis of these compounds as well as 

their molecular modification, including bromination and reduction of the enone moiety is 

presented. Finally, an overview of the approach taken, as well as the main objectives of the 

present dissertation are described. 

 

CHAPTER II - Results and Discussion 

 

This chapter focus on the results and discussion of the developed research work. 

 

CHAPTER III - Experimental  

 

Herein the reagents, materials and experimental procedures for the synthesis, 

purification and structure elucidation of the synthesized compounds are detailed. 

 

CHAPTER IV - Conclusions and Future Perspectives 

 

This chapter sum up the main conclusions of the developed work and point out the 

next steps for future development. 

 

CHAPTER V - References 

 

The fifth chapter presents a list of the references used in this dissertation. The 

references followed the American Chemical Society (ACS) style guide. The main 

bibliographic research motors were ISI Web of Knowledge, Scopus, and Google Scholar.  
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APPENDIX 1 

Appendix 1 is a published article that reviews the natural distribution, structure, and 

biological activities of macroalgae haloaryl derivatives used as models to the synthesis of 

chalcone derivatives described in this research work. 
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1. Macroalgae as a source of new bioactive compounds 

 

 

Natural products (NP) have played an essential role in many research fields, 

particularly biology, chemistry, and pharmaceutical chemistry. The recent advances in 

science provided effective techniques of separation, isolation and structure elucidation of 

NP that contributed to the discovery of new compounds with biological and 

pharmacological potential. These new entities from nature are a favorable opportunity to 

create hit and lead compounds, especially in Medicinal Chemistry 1. In fact, NP are 

considered an important source of compounds for drug discovery. 

Although the diversity of life in the terrestrial environment is extraordinary, the 

greatest biodiversity is in the oceans 2. Indeed, the marine environment include more than 

80% of living species, which exists in habitats with different conditions from the terrestrial 

world, namely high salinity levels, varied temperature and amount of natural light, and thus 

offer a great biodiversity and source of promising bioactive secondary metabolites 3. Marine 

organisms live within complex groups and in close association with other organisms in a 

competitive way. For their survival, they are able to produce secondary metabolites with 

high complexity as a response to many chemical and biological attacks from predators, and 

to preserve the reproduction of the species 4. 

The search for bioactive compounds from marine organisms in recent decades has 

produced an abundance of extracts and NP with pharmaceutical and industrial applications 

5. Between these marine NP, some halogenated derivatives have been isolated, as expected 

considering the high concentrations of bromide and chloride ions in seawater 6. The 

majority of these halogenated compounds are produced and bioaccumulated in marine 

plants, particularly algae, and in certain periods of time those organic compounds are 

released in seawater 7 8. 

Macroalgae or seaweeds are eukaryotic photosynthetic multicellular organisms 

usually occurring in marine environment, with diverse size, that distinguish from the higher 

plants as they do not possess true roots, stems, or leaves 9. They are classified according to 

their pigmentation into three major phylo, namely red algae (Rhodophyta), brown algae 

(Phaeophyta) and green algae (Chlorophyta) 5. 

There are at least 30,000 species of algae worldwide and their distribution by 

different ecosystems depends on physical, chemical and biological conditions. In fact, 

abiotic factors (temperature, light, dynamic tidal activity, winds, storms, salinity, pH, 

available nutrients, gases, and pollution level), as well as biotic factors, such as the 

abundance of several living organisms (herbivores, microbes, epiphytes, endophytes, 

symbionts, and parasites), and diseases interferer seriously with the abundance of 
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macroalgae in ecosystems 9-10. As an integral component of marine macrophytes, seaweeds 

occupy the basal position in the marine food chain and are a direct food source for marine 

animals, such as sea urchins and fish 9-10. Furthermore, these organisms are important for 

the production of oxygen to the biosphere, as food for man, fertilizers, as well as a source of 

compounds with pharmaceutical and industrial applications 4. In the food, pharmaceutical, 

cosmetic and biotechnology industries, macroalgae are used as a relevant source of bioactive 

compounds 4. Nearly 56 different minerals and trace elements are present in seaweeds, 

which are necessary for the body’s physiological functions. The algae have also high levels 

of mineral salts, including calcium, iron, and iodine, proteins, vitamins, and other natural 

antioxidants, as well as reduced levels of lipids and polysaccharides, which can act as dietary 

fibers, soothing and adding bulk to the digestive tract 9. 

In addition, several macroalgae extracts have antioxidant and antiaging properties 

making these important materials for the production of face, hand, and body creams in 

cosmetic industry. Moreover, macroalgae extracts have other beneficial effects for the skin, 

namely moisturizing properties, antiseptic activity against the bacteria that cause acne, and 

photoprotective ability, being for that reason used to develop hypoallergenic sunscreens 9. 

NP from marine algae are known for their broad variety of biological activities 

namely antimicrobial, anti-helminthic, antioxidant, anticoagulant, anti-inflammatory, 

antipyretic, antitumor, antidiabetic, analgesic, insecticidal, and antiprotozoal activities 5, 11. 

Furthermore, these organisms produce a series of diverse bioactive secondary metabolites 

with different chemical structures, such as peptides, polyketides, terpenes, phenols, 

aliphatic hydrocarbons and halogenated derivatives 12. Some of these secondary metabolites 

including terpenes, aromatic compounds, acetogenins, halogenated compounds, among 

others, have a relevant protective function against natural enemies, particularly pathogens 

and fouling animals 9. 

 

 

2. Haloaryl secondary metabolites from macroalgae 

 

 

Over the past four decades, reports about the isolation of haloaryl secondary 

metabolites from macroalgae have been increasing, describing about two hundred 

halogenated aromatic secondary metabolites. The biological activity of the majority of these 

secondary metabolites has been exhaustively reported, being well known their antioxidant, 

antitumor, antimicrobial, and antidiabetic activities 8. The structure, natural occurrence, 

and biological activities of haloaryl secondary metabolites isolated from macroalgae are 

described in Appendix I.  
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Most of these halogenated compounds are brominated with a diverse degree of 

halogenation, being also described some examples of secondary metabolites with chlorine 

and iodine. The most abundant haloaryl derivatives are bromophenols, with most of them 

possessing at least one catechol group. The isolation of monoaryl bromophenols is quite 

usual. Bromophenol dimers possessing different linkers between the two phenyl rings, such 

as oxygen, methylene, oxybis(methylene), ethylene, and a carbonyl group are also common 

(Figure 1).  

 

 

Figure 1. Bromophenol dimers with different linkers between the aromatic rings found in marine 

bromophenols produced by macroalgae. 

 

Interestingly, many of them have one or two 2,3-dibromo-4,5-dihydroxyphenyl 

moieties, such as BDDE (1, Figure 2). The presence of other bromophenyl units such as 

2,3,6-tribromo-4,5-dihydroxyphenyl (compound 2), 2,3-dibromo-4,5-dimethoxyphenyl 

(compound 3), and 4-hydroxy-3,5-dibromophenyl (compounds 4-7) is also observed. The 

isolation of monobrominated halophenols as compounds 8 and 9 has also been reported.  
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Figure 2. Marine natural-derived bioactive bromophenols produced by macroalgae. 

 

Bromophenols from macroalgae have been attracting the scientific community 

because of their promising biological activities (Figure 2). Among the bioactive compounds, 

bromophenols possessing 2,3-dibromo-4,5-dihydroxyl phenyl rings, such as BDDE (1, 

Figure 2), are the most promising. In fact, BDDE revealed to be quite active in a diverse 

array of biological activities, including antidiabetic 13-15, antibacterial 16, antitumor 17-18, 

antioxidant 19, and antifungal activities 20. 

The antidiabetic activity of BDDE (1) has been exhaustively explored. BDDE (1) 

revealed to be a potent α-glucosidase inhibitor against yeast α-glucosidase (IC50 = 0.098 

µM), displaying a competitive mixed type of inhibition 13-14, 21-22. A similar inhibitory effect 

was also observed against rat intestinal sucrose (IC50 = 1.0 mM) and maltase (IC50 = 1.1 mM) 

13-14, 21-22. As this compound acts as irreversible inhibitor, it was proposed that the α-

glucosidase inhibition might result from the interaction of o-quinones, which are oxidative 

products of o-diphenols, with enzyme protein 14. 

Protein tyrosine phosphatase 1B (PTP1B) acts as a negative regulator in insulin 

signaling pathways, therefore being an effective target for the treatment of type 2 diabetes 

mellitus. Considering the importance of this phosphatase for diabetes treatment, the PTP1B 

inhibitory effect of bromophenol 1 was screened 15, 23. This bromophenol showed quite 
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interesting inhibitory effect, showing an IC50 value of 1.5 µmol/L 15. Interestingly, a similar 

activity was also observed with the structure related bromophenol 3 with similar phenyl 

rings possessing four methoxyl groups instead of two catechol groups 24, suggesting that the 

presence of catechol groups is not essential for this activity. 

In 2003, the antibacterial activity of BDDE (1) against four ATCC standard bacteria 

strains (Staphylcoccus aureus ATCC29213, Staphylcoccus epidermidis ATCC12228, 

Escherichia coli ATCC25922, and Pseudomonas aeruginosa ATCC27853), as well as four 

bacteria strains isolated from clinic (S. aureus 02-60, S. epidermidis 02-04, E. coli 02-26, 

and P. aeruginosa 02-29) was reported 16. Later, the promising antibacterial activity on 

these bacterial strains by bromophenol 1 was confirmed by Han et al. 25. 

This marine bromophenol (1) also has cytotoxic activity against several human 

tumor cell lines, through the interference with different cellular and molecular targets 17, 25-

26. Liu et al. reported that compound 1 exhibited promising apoptotic activity in K562 cells 

via mitochondrial pathway and inhibited the activity of topoisomerase I, being this effect 

associated with the binding to the DNA minor groove 26. Moreover, it was demonstrated 

that BDDE (1) acts as a potent antiangiogenesis agent both in vitro and in vivo 18. In fact, 

this compound displayed in vitro antiangiogenesis ability through the inhibition of HUVEC 

cell proliferation, migration, and tube formation, and blocked in vivo subintestinal vessel 

formation in zebrafish embryos 18. Compounds 1 also showed antiproliferative activity in 

epithelial tumor cell (KB), human hepatocellular carcinoma (Bel17402), and normal cell 

human embryo lung fibroblasts (HELF), showing IC50 values between 4.19 - 7.94 µg/mL, 

with exception of lung cancer cells (A549), with IC50 > 10 µg/mL 25.  

In 2014, Li et al. reported the antioxidant activity in BDDE (1) isolated from 

extracts of red algae Rhodomela confervoides, with values of IC50 of 17.61 ± 0.08 µM for 

DPPH radical scavenging activity, and TEAC = 3.05 ± 0.13 mM for ABTS radical scavenging 

activity 19. 

Liu et al. demonstrated that BDDE (1) has antifungal activity against several 

phytopatogenic fungi, namely, Valsa mali, Fusarium graminearum, Coniothyrium 

diplodiella, Colletotrichum gloeosporioides, and Botrytis cinerea 20. Further studies 

revealed that 1 caused the disruption of the cell membrane integrity in Botrytis cinerea 

spores and newly formed germ tubes, as well as interacted with DNA via intercalation and 

minor groove binding 20. These studies provided evidence that BDDE (1) has potential 

application in the control of gray mold after fruit harvest and could serve as a lead for the 

rational drug design of new antifungal agents 20. 

Considering the promising biological activities described for these NP, it will be 

interesting to develop new synthetic analogues of bromophenols from macroalgae in order 

to explore the potential of these compounds as leads for drug discovery. 
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3. Synthesis of chalcone derivatives using macroalgae 

bromophenols as models 

 

 

As the developed research work focus on the synthesis of chalcone derivatives 

inspired in bromophenols from macroalgae, a brief introduction about chalcones including 

the main methodologies used for the total synthesis of these compounds, as well as the 

synthetic methods to obtain brominated derivatives and compounds resulting from the 

reduction of their α,β-unsaturated ketone system (dihydrochalcones and diarylpropanes) 

will be presented. 

 

 

3.1. Chalcones 

 

 

Chalcones have a common chemical scaffold of 1,3-diaryl-2-propen-1-one (Figure 

3), occurring in the nature as a trans isomer. Nevertheless, cis-chalcones are also found in 

nature 27.  

 

 

Figure 3. Structure of trans- and cis-chalcone. 

 

 

The chalcone scaffold is commonly found in many naturally occurring compounds 

with widespread distribution in the plant kingdom 27-28. They are open-chain precursors for 

the biosynthesis of flavonoids and isoflavonoids and occur mainly as polyphenolic 

compounds, possessing yellow to orange color 27. Chalcones have a mixed biosynthetic 

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

rings, respectively (Figure 4). Three units of malonyl Co-enzyme A and one unit of 

coumaroyl Co-enzyme A react to give the intermediate thioester-linked tetraketide, by the 
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action of an enzyme, chalcone synthase. Then, this intermediate suffers enolization giving 

rise to the chalcone nucleus (Figure 4) 28.  

 

Figure 4. Biosynthesis of chalcones. 

 

 

A wide spectrum of pharmacological activities have been described for natural and 

synthetic chalcones, including antitumor 29, anti-inflammatory 30, antigout 31, 

antihistaminic 32, antioxidant 33, anti-obesity 34, antiprotozoal 35, hypnotic 36, antispasmodic 

37, among others 28, 38-39 (Figure 5). 
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Figure 5. Some examples of biological activities of chalcones. 

 

 

Two chalcones have been used in clinical practice (Figure 6). Metochalcone was 

approved as a choleretic drug 40, and Sofachalcone as an anti-ulcer agent that increases the 

amount of mucosal prostaglandin, conferring a gastroprotective effect against Helicobacter 

pylori 41. In addition, clinical trials have shown that hesperidin methylchalcone (tested for 

chronic venous lymphatic insufficiency) 42, and hesperidin trimethylchalcone (evaluated for 

trunk or branch varicosis) 43 led to the relieving of symptoms, reached reasonable plasma 

concentrations, and were well-tolerated. 

 

Figure 6. Chemical structures of approved and clinically tested chalcones. 
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Despite medicinal applications of chalcones, their wide spectrum of biological 

activities indicates a potentially promiscuous target profile, which presents a challenge for 

clinical development 27, 38. This may be attributable to the presence of the enone moiety 27. 

In fact, the presence of this moiety may be responsible for these compounds acting as 

Michael acceptors forming irreversible bonds with biological macromolecules, resulting in 

a number of biological activities, including toxic effects, such as allergenic reactions, 

carcinogenicity, and mutagenicity 27-28, 44. Nevertheless, this reactivity may be affected by 

the substitution pattern of aromatic rings or by α-substitution of the double bond of the 

enone system 27. Thus, the design and synthesis of new analogs are important for the future 

development of clinically useful chalcone derivatives. 

 

 

3.2. Synthetic methods to obtain chalcones 

 

 

Chalcones have a simple chemistry which enables a multiplicity of substitutions 

with easy synthesis. Nowadays, a variety of methods are available for the synthesis of 

chalcone derivatives. The synthetic strategies, general methodologies, catalysts, and 

conditions used in the synthesis of chalcone scaffolds are described below 28. 

 

3.2.1. Claisen-Schmidt condensation 

 

 

Among all methods, the Claisen-Schmidt condensation (Figure 7) is one of the 

most common. In this reaction, chalcones are formed by condensation of benzaldehyde and 

acetophenone derivatives in the presence of basic or acid catalysts and solvent at 50 - 100 

◦C for several hours. The conventional Claisen-Schmidt reaction is typically carried out in 

the liquid phase, but certain reactions can take place in the solid phase 45 or solvent-free 

phase 46. In addition, the use of microwave, in liquid and solvent-free Claisen-Schmidt 

reactions, reduces synthesis time and yields good amounts of chalcones 29. In literature, it 

is also described the synthesis of chalcones at room temperature 47. 

 

 

Figure 7. Synthesis of chalcones by Claisen-Schimdt condensation. 
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3.2.1.1. Claisen-Schmidt condensation with basic conditions 

 

 

The classical Claisen−Schmidt condensation is base-catalyzed with potassium tert-

butoxide, sodium hydroxide, or potassium hydroxide in methanol or ethanol at room 

temperature, at reflux or by microwave irradiation. This reaction has been widely used for 

the synthesis of hydroxyl-substituted chalcones, typically with good to excellent yields (60 

− 90%) 28. In some cases, the classical Claisen−Schmidt condensation process has been 

performed with slight modifications of the catalyst or the solvent system. For instance, 

lithium bis(trimethylsilyl)amide (LiHDMS) 48, NaNO3 and LiNO3/natural 

phosphates/methanol systems 49 have been used for the synthesis of chalcones via Claisen-

Schimdt condensation.  

 

 

3.2.1.2. Claisen-Schmidt condensation with acid conditions 

 

 

Although base catalysts are commonly used for the synthesis of chalcones, Brønsted 

acids, Lewis acids, and solid acids have also been used as acid catalysts 28. The use of 

hydrochloric acid (HCl) in ethanol has been applied with only a 10 − 40% yield. Dry HCl gas 

has been shown to be more favorable to the reaction, because it acts not only as a catalyst 

but also as a water absorbent 28.  

Aluminum chloride (AlCl3) 50-51 and boron trifluoride-etherate (BF3-Et2O) 51-52 has 

also been used as a Lewis acid for Claisen-Schmidt condensation via acid conditions. Using 

AlCl3 as catalysts, some chalcones were synthetized by Calloway et al. with 73% yield 50. 

When BF3−Et2O was used by Narender et al., a small library of 15 chalcones were obtained 

with 75 − 96% yields and reaction times lower than 3 hours 52.  

In 2008, Petrov et al., used SOCl2/ethanol system in the synthesis of some chalcones 

with yields between 73 - 96% 53. SOCl2/ethanol system was used as a convenient alternative 

to the gaseous HCl in the condensation, where HCl was generated in situ by the reaction of 

SOCl2 with absolute ethanol. Other acid catalysts have also been used to obtain chalcones, 

such as p-toluenesulfonic acid 28, Zn(bpy)(OAc)2, TiCl4 
54, Cp2ZrH2/NiCl2, and RuCl3 28, 54-56. 
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3.2.2. Suzuki coupling 

 

 

Suzuki coupling is a palladium-catalyzed carbon−carbon bond forming reaction 

first reported in 1979 by Miyaura et al. 57. The reaction between cinnamoyl chloride and 

phenylboronic acid (a, Figure 8) and the coupling of benzoyl chloride with 

phenylvinylboronic acid (b, Figure 8) are the two possibilities for the synthesis of chalcones 

by this method (Figure 8). In literature, the two reactions require the use of anhydrous 

solvent, being commonly used toluene. Moreover, cesium carbonate (CsCO3) and 

tetrakis(triphenylphosphine)palladium (Pd(PPh3)4) are used as base and metallic catalyst, 

respectively 58-59.  

 

 

Figure 8. Synthesis of chalcones by Suzuki coupling. 

 

 

3.2.3. Heck reaction 

 

 

Using a classical Heck reaction, chalcones can be obtained by the reaction of an 

unsaturated ketone with an aryl iodide or an arylboronic acid, in presence of base and 

palladium catalyst (a, Figure 9) 28. The first report about the synthesis of chalcones by this 

method was associated with good yields (75 - 96%) 60. Carbonylative Heck reaction has also 

been used for the synthesis of chalcones. This reaction is like the classic Heck coupling but 

uses carbon monoxide as an extra reagent (b, Figure 9) 61.  
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Figure 9. Synthesis of chalcones by Heck reaction palladium catalyzed (a) and carbonylative Heck coupling 

with palladium catalyst and carbon monoxide (b). 

 

 

3.2.4. Wittig reaction 

 

 

Wittig reaction or Wittig olefination is a method used to obtain unsaturated 

compounds, namely alkene compounds such as chalcones. Firstly, this reaction was carried 

out with a triphenylbenzoylmethylene phosphorane and benzaldehyde for 3 days at reflux 

using benzene, or 30 h using tetrahydrofuran as solvents, both with reasonable yields (≈ 

70%) (Figure 10) 28. Later, Huang et al. reported the synthesis of some chalcone derivatives, 

using microwave irradiation for 5 - 6 minutes, all with yields higher than 80% 62. This 

example confirmed that the reaction rate can be improved with the use of microwave 

irradiation 28. 

 

 

Figure 10. Synthesis of chalcones by Wittig reaction. 

 

 

3.2.5. Julia-Kocienski olefination 

 

 

In 2010, Kumar et al. applied the Julia-Kocienski olefination for the synthesis of 

chalcones. In this reaction, benzaldehydes react with heteroaryl-sulfonyl phenylethanone 

(Julia reagent), previously prepared, in the presence of base (Figure 11) 63. The temperature, 

solvent, base and the Julia reagent are some factors that can influence the reaction. For 

example, 1,8-diazobicyclo[5.4.0]undec-7-ene (DBU) was the best base to be use in this 



 

15 

reaction, negative temperatures (- 78 ºC) can drastically decreased the yields, nonpolar 

solvents are considered better than polar solvents, and benzothiazole is considered the most 

favorable heteroaryl group linked to the sulfonyl phenylethanone (Julia reagent) 63.  

 

 

Figure 11. Synthesis of chalcones by Julia-Kocienski olefination. 

 

 

3.2.6. Sonogashira isomerization coupling 

 

 

The reaction between electron-deficient phenyl halide and propargyl alcohol, in 

equimolar concentration, in tetrahydrofuran (THF), with microwave irradiation, by action 

of bis(trisphenylphosphine)palladium(II) (PdCl2(PPh3)2), dichloride as catalyst allows the 

synthesis of chalcones (Figure 12). This reaction is classified as coupling reaction, namely 

Sonogashira isomerization coupling 64. 

 

 

Figure 12. Sonogashira Isomerization coupling reaction. 

 

 

3.2.7. Continuous-flow deuteration reaction 

 

 

Continuous-flow deuteration reaction occurs in two steps (Figure 13). The first one 

consisting on the coupling between benzoyl chlorides and phenylacetylenes, with 

PdCl2(PPh3)2 in THF (Sonogashira isomerization coupling reaction conditions). The second 

step is the deuteration step, in which H2O hydrogen source is replaced by D2O deuterium 

source in a H-Cube® system 65. 
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Figure 13. Continuous-flow deuteration reaction. 

 

 

3.2.8. Other cross-couplings 

 

 

Other cross-couplings were reported in literature, but usually not used regularly. 

Besides the coupling reactions mentioned before, other type of cross-coupling reaction can 

be used for the synthesis of chalcones, namely metal catalyzed direct cross-coupling 28. The 

majority of catalysts used are palladium or silver metals 28, 66-68. In Figure 14 are mentioned 

four cross-coupling reactions, with different substrates and metal catalysts.  

 

 

Figure 14. Synthesis of chalcones by metal-catalyzed cross-coupling. 

 

 

3.2.9. Friedel−Crafts acylation with cinnamoyl chloride 

 

 

Friedel-Crafts acylation between an aromatic ether and cinnamoyl chloride in 

presence of a strong base, such as aluminum trichloride, can allow the synthesis of 

chalcones by this type of reaction (Figure 15). The first report about the application of this 

method in the synthesis of chalcones occurred in 1978, when Shotter et al. synthetized four 

chalcones with modest yields. However, this method is not used as a current method to 

obtain chalcones derivatives 69.  
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Figure 15. Synthesis of chalcones by Friedel-Crafts acylation. 

 

 

3.2.10. Photo-Fries rearrangement of phenyl cinnamates 

 

 

Chalcones can be also synthesized by photosynthesis through the Fries 

rearrangement of phenyl cinnamate in presence of a Lewis acid (Figure 16). The reaction 

yields can be affected by reaction conditions, such as temperature and solvents. Like 

Friedel-Crafts acylation, this Photo-Fries rearrangement is not widely applied due to the 

long reaction times, lower yields and difficult operation associated to the irradiation 70. 

 

 

Figure 16. Synthesis of chalcones by Photo-Fries rearrangement. 

 

 

 3.2.11. One-pot synthesis of chalcones 

 

 

One-pot synthesis of chalcones could include two different pathways. The first is 

similar to carbonylative Heck coupling, but using phenols as substrate, which are activated 

in one-pot manner (a, Figure 17) 61. The second consists in a reaction between benzyl alcohol 

and acetophenone, with an oxidant agent (chromium(VI)) (b, Figure 17). By the addition of 

oxidant agent, the benzyl alcohol is oxidized to the respective aldehyde, and then, it reacts 

with ketone, giving the enone product. This type of reaction is like the Claisen-Schmidt 

condensation, with a different substrate, using benzyl alcohols instead of aldehyde. In 

addition of this method, other conditions have been tested, in order to improve reaction 

yields 71-72. Since these methods are considered an extension of other methods, and the 

previous methods have associated better results, these are not recurrently used.  
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Figure 17. Synthesis of chalcones by one-pot reactions. 

 

 

3.2.12. Solid acid catalyst mediated reaction 

 

 

Chalcones have also been synthesized by employing a heterogeneous solid acid 

catalyst. The reaction consists in the addition of an equimolar quantity of benzaldehyde and 

phenylacetylene in 1,2-dichloroethane (1,2-DCE) solvent irradiated in a microwave and 

employing ion-exchange resin amberlyst-15 as heterogeneous solid acid (Figure 18) 73.  

 

 

Figure 18. Synthesis of chalcones by solid acid catalyst mediated reaction. 

 

 

3.3. Synthetic methods to obtain chalcone derivatives resulting from the 

reduction of the enone moiety 

 

 

Chalcones are versatile NP which can be used as intermediates for the synthesis of 

diversified classes of compounds, including dihydrochalcones and diarylpropanes, obtained 

by the reduction of chalcones enone moiety. 
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3.3.1. Synthetic methods to obtain dihydrochalcones from chalcones 

 

 

Dihydrochalcones can be obtained from the reduction of the double bond of α,β-

unsaturated ketone system of chalcones by the catalytic hydrogenation, using molecular 

hydrogen (H2) and a metal catalyst, such as palladium on carbon (Pd/C) 74. Other metal 

catalysts can also be used including platinum, and nickel catalyst (Figure 19) 75. 

 

 

Figure 19. Synthesis of dihydrochalcones by catalytic hydrogenation. 

 

 

Alternatively, several other methods have been developed for the selective 

reduction of the double bond of enone moiety of chalcones without the use of molecular 

hydrogen (H2). One of these methods employs triethylsilane (Et3SiH) and a metal catalyst 

(Pd/C) for the synthesis of dihydrochalcones (Figure 20). Triethylsilane serves as a mild 

reducing agent, which allowed the in situ hydrogen formation and consequent 

hydrogenation of the chalcone affording the dihydrochalcone 76.  

 

 

Figure 20. Synthesis of dihydrochalcones by in situ hydrogenation with triethylsilane, Pd/C. 

 

 

Tripathi et al. described an alternative method for obtaining dihydrochalcones 

without the need for a metal catalyst and molecular hydrogen (H2) involving the reaction 

with a Hantzsch ester as a reducing agent using various organocatalysts such as ephedrine, 

thiourea, cinconidine, morpholine and pyrolidine (Figure 21) 77. Among these 

organocatalysts, ephedrine allowed to obtain the reduced product with higher yield (95%) 

and low reaction time 77. 

 



20 

 

Figure 21. Synthesis of dihydrochalcones with Hantzsch ester and ephedrine. 

 

 

The Hantzsch ester used by Tripathi et al. was prepared by the Hantzsch reaction 

using alkyl acetoacetate, formaldehyde and ammonium acetate in ethanol (Figure 22). 

Using these reaction conditions three Hantzsch esters were prepared, namely, methyl, ethyl 

and tert-butyl esters. The used of the ethyl Hantzsch ester allowed an efficient reduction, 

with 94% yield, which was associated to better hydrogen transference to chalcone 77.  

 

 

Figure 22. Preparation of Hantzsch ester. 

 

 

This method allowed the use of organocatalyst instead of metal catalyst, with good 

yields and low economic costs. Besides that, this alternative method was studied in a group 

of chalcones with diverse substitution patterns, including chalcones with nitro groups, 

being verified that those groups were not affected by this reaction 77. 

Alternatively, Aramini et al. proposed the use of sodium borohydride (NaBH4) as 

reducing agent, and cobalt(II) chloride (CoCl2) as catalyst in methanol (Figure 23). 

Accordingly to researchers, with 2.5 equivalents of NaBH4 and 2 equivalents of CoCl2, 

dihydrochalcone was obtained with 99% yield 78. 

 

 

Figure 23. Reduction of chalcones to dihydrochalcones with NaBH4, CoCl2, in methanol. 

 

 

In addition, dihydrochalcones can be produced with a zinc (Zn)/ ammonium 

chloride (NH4Cl)/ ethanol (C2H5OH)/ water (H2O) system by ultrasonic irradiation (Figure 
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24). This method proposed by Li et al., gives dihydrochalcones with good yields (85 – 95%) 

in low reaction time 79.  

 

 

Figure 24. Reduction of chalcones to dihydrochalcones with Zn/ NH4Cl/ ethanol/water system. 

 

 

Although reaction conditions, such as temperature, pressure, and solvents, can be 

manipulated to promote the selective reduction of chalcones double bond, it is common to 

obtain a mixture of products resulting from the reduction of the enone system instead of 

dihydrochalcones, resulting in the low yields 80. Therefore, some alternative methods based 

on biocatalysis have been reported recently. Using this approach, molecular modification of 

chalcones can be performed without the use of toxic solvents, metal catalyst and hard 

conditions with good yields. Rosa et al. reviewed the use of microorganisms to selective 

reduce chalcones to dihydrochalcones, having the advantage of being an environment-

friendly solvent-free catalysis, easy to scale-up due to the fast growth of microorganisms, 

and with improved selectivity 81-82. Many species of bacteria and fungi have been used as 

catalyst in chalcone transformations, being particularly effective the biocatalysis performed 

with Escherichia coli, Rhodococcus sp., Gordonia sp., Lactobacillus sp. and Aspergillus 

flavus strains 81. 

 

 

3.3.2. Synthetic methods to obtain diarylpropanes from chalcones 

 

 

The synthesis of diarylpropanes from chalcones can be performed in a single step 

by catalytic hydrogenation of the enone moiety with H2 in the presence of a metal catalyst. 

In 2018, Noreljaleel et al. reported the synthesis of diarylpropanes from chalcones with a 

yield of 23% using palladium hydroxide on carbon as catalyst, and H2 as reduction agent, in 

a mixture of ethyl acetate and water (Figure 25) 83.  

 

 

Figure 25. Catalytic hydrogenation reaction of chalcones to obtain diarylpropanes with Pd(OH)2/C and H2. 
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On other hand diarylpropanes can be obtained in two steps, involving firstly the 

synthesis of dihydrochalcones by the reduction of chalcones, followed by the reduction of 

dihydrochalcones to diarylpropanes. According to the procedure proposed by Vijaya et al., 

the first reduction consisted in the catalytic hydrogenation with H2 and palladium catalyst 

in ethyl acetate affording dihydrochalcones with 59 - 89% yield. The next step occurred in 

two different ways. Method A was used for chalcones with one hydroxyl group in aromatic 

A ring and a diverse substitution pattern in aromatic B ring and Method B was used for 

chalcones with varied substitution pattern in both aromatic rings, A and B. Method A 

involved the reduction using nickel-aluminum alloy (Ni:Al, 50 : 50), in water at reflux (110 

- 120 ºC) for 8-12 hours. Method B comprised the reduction with triethylsilane (C2H5)3SiH 

in the presence of trifluoroacetic acid (TFA) as acid catalyst, at reflux (50 - 55 ºC) for 12 

hours (Figure 26) 84. Using both methods dihydrochalcones were converted to 

diarylpropanes with good yields (62 - 84%).  

 

 

Figure 26. Reduction of chalcones to diarylpropanes in two steps. 

 

 

3.3.3. Synthetic methods to obtain aryl bromides 

 

 

The preparation of aryl bromides has received special attention by scientific 

community, due to the biological activity described for most of these compounds, as well as 

the importance of these compounds as intermediates in the production of drugs, 

pharmaceuticals, agrochemicals, pigments, photographic materials, and natural products 

85-86  .  

The most common synthetic method for preparing aryl bromides is electrophilic 

aromatic bromination with Br2. Bromination follows the general mechanism for 

electrophilic aromatic substitution. Bromine is not a sufficiently strong electrophilic atom 

to react with benzene, however in presence of a strong Lewis acid, which acts as a catalyst, 

a strong electrophile is formed and reacts with benzene 75. After the electrophilic attack, the 

sigma complex 75 is generated and then the bromoaryl derivative is formed by the 

abstraction of a proton to the sigma complex (Figure 27) 75.  
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Figure 27. Electrophilic aromatic bromination mechanism. 

 

 

The use of liquid molecular bromine, as bromination reagent, was a conventional 

approach used for many years. However, this chemical reagent is toxic and has low boiling 

point 87, being associated to environment pollution, particularly when used in large scale. 

The quantity of Br2 used in a bromination reaction is not all for the bromination process, 

half of this will generate HBr, as a waste product, that needs to be neutralized immediately 

to less toxic species, thus, the reaction yield is immediately reduced to 50% 88-89. Another 

disadvantage of using molecular bromine is the uncontrolled production of many 

brominated products 88. 

Considering this, the development of more eco-friendly and regioselective 

bromination methods is an important issue, and some methods based on the generation of 

Br2 in situ have been developed. The use of HBr combined with various oxidants 

(selectfluor, persulfates, hypervalent iodine, molecular oxygen, hydrogen peroxide, DMSO, 

among others) to generate in situ Br2 from HBr can be considered an alternative 88. 

Nevertheless, HBr is also highly toxic and corrosive, and is as harmful as molecular 

bromine. These problems enhanced the appeal of other bromination protocols based on 

oxidation of bromide salt by oxidants 90. Therefore, alternative bromination processes 

consisting on using alkaline metal bromides salts instead of HBr as the bromide source, 

such as potassium bromide (KBr), sodium bromide (NaBr) and lithium bromide (LiBr), 

were employed 89.  

Nath et al. described an eco-friendly bromination method for phenols, anilines, 

acetophenones, benzaldehydes and chalcones, with potassium bromide (KBr), hydrogen 

peroxide and boric acid, as recycle catalyst (a, Figure 28). For almost all substrates the 

para-brominated derivative was obtained as the main product. Nevertheless, the 

bromination of acetophenone and chalcone failed to give the aryl bromide derivative, giving 

rise to the substitution on the benzylic or vinylic carbons, respectively 90.  
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Figure 28. Oxidative bromination with alkaline metal bromide salts. 

 

 

Another example of oxidative bromination using alkaline metal bromide salts, 

namely potassium bromide (KBr) was proposed by Joshi et al. 91. In this case, nitric acid is 

used as oxidant reagent and proton donor (b, Figure 28). The reaction occurred at room 

temperature, in dichloroethane and tetrabutylammonium chloride (TBAC) 91. 

The use of sodium bromide (NaBr) and potassium nitrate (KNO3) is also an 

alternative for the in situ generation of molecular bromine 92. Using this method Rahu et al. 

prepared brominated derivatives of several compounds with activated aromatic rings, 

including acetanilide, phenol, 1,4-dimethoxybenzene and 4-hydroxy-3-

methoxybenzaldehyde (c, Figure 28) 92.  

Lithium bromide (LiBr) is other alkaline metal bromide salt that can be used for 

the oxidative bromination of compounds. In 2001, Roy et al. reported the use of LiBr 

combined with ceric ammonium nitrate (CAN) to obtain chemo- and regioselective 

brominated products, in acetonitrile and at room temperature, with yields superior to 70% 

(d, Figure 28) 93. The final products obtained were para and ortho brominated compounds, 

being the para isomer obtained with higher yield than the ortho isomer 93.  

 

N-bromosuccinimide (NBS) is an organic reagent with oxidizing properties widely 

used for bromination 85, 94. It is considered an ecofriendly and inexpensive bromination 

agent with high efficiency of bromination, providing reactions with milder reaction 

conditions and less toxic byproducts 89, 95-97. NBS can be used in electrophilic aromatic 

halogenations of various deactivated and activated aromatic systems under highly mild 

conditions, providing mono or di-brominated products in high selectivity and good yields 
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89. Furthermore, this bromination reagent is considered a para-selective bromination 

agent, due to the formation of brominated compounds in para position, when aromatic 

compounds have activated substituent groups 85, 89. However, when the para-position of the 

compounds is blocked, the products formed have the bromo atom in ortho-position 96. 

Moreover, NBS allow the formation of a water-soluble waste product, succinimide, that is 

soluble in water and can be easily separated to afford a single para-brominated isomer with 

good yield 89. Nevertheless, NBS is also an important source of bromine radical, which can 

be used for allylic or benzylic bromination through the Wohl-Ziegler reaction 94. Therefore, 

it is important to consider the possibility of this reaction when performing electrophilic 

aromatic bromination with NBS.  

In 2007, Das et al. reported the monobromination of phenols and anilines, using 

NBS as bromination agent. They described that the use of NBS with a catalytic amount of 

ammonium acetate (NH4OAc), at room temperature leaded to the formation of 

monobrominated compounds with high yield 96. According to Das et al., the reaction of NBS 

with NH4OAc produces acetic acid (HOAc) and hydrogen bromide (HBr) which can polarize 

the N–Br bond of NBS and facilitate the nuclear bromination of phenols and anilines. In 

absence of NH4OAc the reaction of phenols and anilines with NBS required longer time to 

form the products and the yields and selectivity were low 96.  
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4. Aims and research plan 
 

 

Considering that bromophenols from macroalgae represent an well-known family 

of compounds with a diverse array of biological activities, the synthesis of natural mimic 

bromophenols as well as new structure related compounds may lead to the discovery of new 

leads for drug discovery. Among these marine natural products, bromophenols possessing 

2,3-dibromo-4,5-dihydroxyl phenyl rings, such as BDDE (1, Figure 2, page 30), are the most 

promising. In fact, as described before, BDDE showed a diverse array of biological activities, 

such as antidiabetic 13-15, antitumor 17-18, antioxidant 19, antifungal 20, and antibacterial 16. In 

addition, other structure related bromophenols such as 2-9 have proved to have interesting 

biological activities (Figure 2, page 30). 

Inspired by the biological potential of bromophenols 1-9 we aimed to synthesize 

new synthetic analogues with a chalcone scaffold, structure related with compounds 1-9, 

with potential biological activity. In order to allow the future establishment of structure-

activity studies, the synthesis of structure related dihydrochalcones and diarylpropanes is 

also proposed, according to the research plan described in Figure 29.  

 

 

Figure 29. Research plan for the synthesis of chalcone derivatives inspired in macroalgae bromophenols. 
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1. Synthesis 
 

 

Inspired in natural macroalgae bromophenols 1-9, 19 brominated chalcone 

derivatives, including 5 chalcones, 3 dihydrochalcones, and 2 diarylpropanes, were 

synthetized, using acetophenones 23OMA, 34OMA, 35BrA and 67OMA and 

benzaldehydes 23OMB, 34OMB and 35BrB as building blocks (Figure 30).  

 

 

Figure 30. Building blocks used for the synthesis of brominated chalcone derivatives. 

 

 

1.1. Synthesis of brominated chalcones 

 

 

As described before, there are several synthetic methods for obtaining the chalcone 

nucleus (section Chapter I: Introduction topic 3.2.). Among the various synthetic 

methodologies that are available, in this work brominated chalcones were obtained by 

Claisen-Schmidt condensation of brominated acetophenones and benzaldehydes, 

previously obtained as described in sections 1.1.1. and 1.1.2.. Before, the Claisen Schmidt 

condensation, acetophenones 23OMA and 34OMA and benzaldehydes 23OMB and 

34OMB were brominated as described in section 1.1.1. and acetophenone 35BrA and 

benzaldehyde 35BrB were methylated as described in section 1.1.2..  
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1.1.1. Bromination of acetophenones 23OMA and 34OMA and benzaldehydes 

23OMB and 34OMB 

 

 

As referred in section Chapter I: Introduction topic 3.3.3., the most common 

synthetic method for preparing aryl bromides is electrophilic aromatic bromination with 

Br2. Alternatively, some methods based on the generation of Br2 in situ have also been 

developed. In this work, electrophilic aromatic bromination with Br2 was firstly selected to 

be used for the synthesis of brominated derivatives of 3,4-dimethoxybenzaldehyde 

(34OMBBr) and 2,3-dimethoxybenzaldehyde (23OMBBr2). These derivatives were 

prepared by the reaction of 34OMB and 23OMB with Br2, in presence of acetic acid, at 

reflux (70 ºC), for 1 hour (Figure 31). 

 

 

Figure 31. Bromination of benzaldehydes 230MB and 340MB with Br2. 

 

 

However, in both cases the reaction allowed the formation of a complex mixture of 

products which made impossible to obtain the desired brominated derivatives with high 

yields. In fact, while the bromination of 3,4-dimethoxybenzaldehyde resulted in the 

formation of the monobrominated derivative 2-bromo-4,5-dimethoxybenzaldehyde 

(34OMBBr) with moderate yield (49%), the bromination of 2,3-dimethoxybenzaldehyde 

resulted in the formation of the dibrominated product 2,3-dibromo-5,6-

dimethoxybenzaldehyde (23OMBBr2) with low yield (5%).  
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Therefore, the bromination was after attempt with N-bromosuccinimide (NBS) 

reagent, as bromination agent for the same benzaldehydes (Figure 32).  

 

 

Figure 32. Bromination of benzaldehydes 230MB and 340MB with NBS. 

 

 

In this reaction, the bromination of 3,4-dimethoxybenzaldehyde resulted in the 

formation of the same monobrominated derivative 2-bromo-4,5-dimethoxybenzaldehyde 

(34OMBBr) with higher yield (52%) than when Br2 was used (49%). When these reaction 

conditions were applied for the bromination of 2,3-dimethoxybenzaldehyde, instead of 

obtaining 2,3-dibromo-5,6-dimethoxybenzaldehyde (23OMBBr2), 3-bromo-5,6-

dimethoxybenzaldehyde (23OMBBr) was obtained with moderate yield (53%). Moreover, 

the use of molecular bromine required the reaction treatment with a 10% sodium thiosulfate 

solution, to remove the excess of Br2, and the extraction with chloroform. On the contrary, 

the reaction with NBS, only required the reaction quenching with water and the extraction 

with ethyl acetate, which is less toxic then chloroform. In addition, bromination with NBS 

allowed higher yields than Br2. Therefore, it was decided to perform the bromination of the 

other building blocks with NBS, in presence of acetonitrile at room temperature (r. t.) for 3 

hours. Table 1 summarizes the reaction conditions and the results obtained in the synthesis 

of all brominated derivatives with NBS. 
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Table 1. General conditions for the synthesis of brominated acetophenones and benzaldehydes with NBS. 

Building block 
Reaction 

conditions 
Product 

Yield 
(%) 

 

2 equiv. NBS, acetonitrile, r. 

t., 3 h 

 

53 

 

2 equiv. NBS, acetonitrile, r. 

t., 3 h 

 

52 

 

2 equiv. NBS, acetonitrile, r. 

t., 3 h 

 

52 

 

2 equiv. NBS, acetonitrile, r. 

t., 3 h 

 

1 

2 equiv. NBS, acetonitrile, r. 

t., 1.5 h 

 

63 

 

 

In general, the reaction with NBS in presence of acetonitrile at room temperature 

for 3 hours afforded brominated derivatives with moderate to high yields (52 – 63%). 

However, the reaction with 34OMA afforded 2,3-dibromo-4,5-dimethoxybenzaldehyde 

(34OMABr2) with a very low yield, being this justified by the formation of a complex 

mixture of by-products difficult to purify. Thus, the bromination reaction of this 

acetophenone with NBS was repeated during only 1.5 hours, in order to avoid secondary 
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reactions. Although, the yield was improved, instead of the dibrominated derivative 

34OMABr2, it was obtained the monobrominated derivative 34OMABr. 

As expected, the majority of reactions the bromination occurred at the para 

positions to both methoxy groups. Nevertheless, the bromination reactions of 230MB and 

of 34OMA with NBS performed during 3 h resulted in the formation of products with only 

bromine at para position to one of the methoxy groups. In fact, while the bromination of 

230MB resulted in the synthesis of a monobrominated derivative, the bromination of 

34OMA with NBS performed during 3 h resulted in the formation of a dibrominated 

derivative, with bromine atoms at para and ortho positions to the methoxy groups. Among 

the two possibilities of electrophilic substitution by bromine, compound 34OMA should 

have a bromine atom at position 3, instead of position 6, as this is the most activated 

position of the aromatic ring.  

 

 

1.1.2. Methylation of acetophenone 35BrA and benzaldehyde and 35BrB 

 

 

The building blocks 3,5-dibromo-4-hydroxyacetophenone (35BrA) and 3,5-

dibromo-4-hydroxybenzaldehyde (35BrB) were methylated with dimethyl sulfate, in 

presence of potassium carbonate, with anhydrous acetone as solvent, at 70 ºC, for 3 and 1.5 

hours, respectively (Figure 33). 

 

 

Figure 33. Methylation of 35BrA and 35BrB. 
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After purification of crude products by flash column chromatography, methylated 

derivatives 35Br4OMA and 35Br4OMB were obtained with 76% and 75% yield, 

respectively. 

 

 

1.1.3. Synthesis of brominated chalcones 34CBr2, 23CBr3, 35CBr4, 23CR1 

and 34CR2 

 

 

Brominated chalcones were synthesized by Claisen-Schmidt condensation, using 4 

acetophenones (23OMABr2, 34OMABr, 35Br4OMA and 6734OMA) and 5 

benzaldehydes (23OMBBr, 34OMBBr, 35Br4OMB, 23OMB, 34OMB) as building 

blocks (Figure 34). 

 

 

Figure 34. Synthesis of brominated chalcones 34CBr2, 23CBr3, 35CBr4, 23CR1, 34CR2 and 34CR3 via 

Claisen-Schmidt condensation. 

 

 

In Table 2 are summarized the reaction conditions, the products obtained and the 

respective yields. 
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Table 2. General conditions for the synthesis of brominated chalcones. 

Ketone Benzaldehyde 
Reaction 

conditions 
Product 

Yield 

(%) 

 

34OMABr 
34OMBBr 

MeOH, 

40% NaOH, 

65 ºC 2 h  

34CBr2 

87 

 

23OMABr2 23OMBBr 

MeOH, 

40% NaOH, 

65 ºC 5 h  

23CBr3 

55 

 

35Br4OMA 35Br4OMB 

MeOH, 

40% NaOH, 

65 ºC 20 h 

35CBr4 

- 

MeOH, 

40% NaOH, 

r. t., 3 days 

36 

 

67OMA 

 

34OMBBr 

MeOH, 

40% NaOH, 

10 h at 65 

ºC  

DACBr 

19 

MeOH, 

40% NaOH, 

r. t. 1 week 
- - 

 

34OMABr 34OMB 

MeOH, 

40% NaOH, 

r. t., 4 days  

34CR2 

80 

 

23OMABr2 
23OMB 

MeOH, 

40% NaOH, 

r. t., 6 days 

 
 

23CR1 

48 
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Firstly, chalcones were prepared by the Claisen-Schmidt condensation of 

acetophenones 34OMABr, 23OMABr2, 35Br4OMA and 67OMA with 34OMBBr, 

23OMBBr, 35Br4OMB and 34OMBBr using NaOH as catalyst and methanol at reflux. 

Chalcones 34CBr2 and 23CBr3 were obtained with moderate to high yield (87% and 55%, 

respectively). However, the condensation of 35Br4OMA and 67OMA with 35Br4OMB 

and 34OMBBr, respectively, failed to produce the desired chalcones, even after 20 hours 

and 1 week of reaction, respectively. More specifically, it has been found that these reactions 

were not complete and led to the formation of a wide variety of by-products which made 

impossible to obtain the desired chalcones. Considering the condensation of 35Br4OMA 

with 35Br4OMB, in order to afford this derivative, successive attempts of purification were 

carried out. Firstly, the reaction mixture was purified by flash column chromatography 

using n-hexane/ethyl acetate as eluent. No pure fractions were obtained, and therefore, the 

fractions that contained the same chromatographic profile were joined and, subsequently, 

purified by preparative high-performance liquid chromatography (HPLC). Although all 

these purification steps have been performed, the desired 35CBr4 was not isolated. 

Considering the condensation of 67OMA with 34OMBBr, a complex mixture of products 

was obtained and the purification work-up was difficult and time-consuming. Particularly, 

the purification by preparative TLC, using n-hexane/ethyl acetate (8:2) as eluent, was 

difficult because some by-products formed in this reaction had similar retention factors. 

Instead of this chalcone, 1H and 13C NMR data allowed to conclude that a cinnamic acid 

derivative was isolated from the reaction mixture. 

Thus, the synthesis of these chalcones were after tried using the same reactions 

performed at room temperature. Using these reaction conditions, chalcone 35CBr4 was 

obtained after purification of the crude product by TLC (SiO2, n-hexane/ethyl acetate 8:2) 

with a 36% yield. Nevertheless, the condensation of 67OMA with 34OMBBr failed to give 

the desired chalcone. Considering the better results obtained with the synthesis of chalcone 

35CBr4 at room temperature, all other brominated chalcones were prepared by Claisen 

Schmidt condensation at room temperature. Chalcone 34CR2 was obtained with a good 

yield (80%). Nevertheless, for chalcones 23CR1 and 35CBr4 the obtained yields were 

moderate, being this justified by the work-up purification procedures. In fact, for these 

reactions the purification was achieved by thin layer chromatography (TLC). 

Like described above, instead of the expected chalcone, the reaction between 

67OMA and 34OMBBr resulted in the formation of the brominated cinnamic acid 

derivative DACBr. Considering the substitution pattern of DACBr, it is hypothesized that 

this compound could be obtained using benzaldehyde 34OMBBr as building block. In fact, 

the condensation reactions of benzaldehydes with carbonyl compounds, possessing 

hydrogen atoms at  position, have been commonly used for the synthesis of cinnamic acid 
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derivatives. Among these methods, the Perkin reaction (1, Figure 35), Doebner reaction (2, 

Figure 35) and Knoevenagel reaction (3, Figure 35) have been widely used in the synthesis 

of cinnamic acid derivatives 98. In the Perkin reaction the condensation of an aldehyde with 

carboxylic acid anhydride, namely acetic anhydride, in the presence of a weak base, often 

the sodium or potassium salt of the acid or triethylamine, give rise to an unsaturated 

carboxylic acid. Alternatively, in the Doebner and Knoevenagel reactions the condensation 

of the benzaldehyde occurs with malonic acid using pyridine as solvent and catalytic 

quantities of piperidine, or using alcohol as solvent in the presence of ammonia or pyridine, 

respectively.  

 

 

Figure 35. Scheme of general reactions for the synthesis of cinnamic acids from benzaldehydes. 

 

 

1.2. Synthesis of brominated dihydrochalcones 

 

 

In order to obtain brominated dihydrochalcones, chalcones were firstly synthesized, 

and submitted to reduction reactions to the corresponding dihydrochalcones, which were 

afterward brominated, as described in sections 1.2.1., 1.2.2. and 1.2.3., respectively.  

 

 

1.2.1. Synthesis of non-brominated chalcones 

 

 

The synthesis of non-brominated chalcones was carried out by Claisen-Schmidt 

condensation between appropriately substituted acetophenones (23OMA, 34OMA and 
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67OMA) and benzaldehydes (23OMB and 34OMB), in presence of NaOH and at reflux 

(65 ºC) or at room temperature (Figure 36) affording chalcones 23OMC, 34OMC and 

6734OMC with moderate to high yields (54 - 86%) (Table 3). 

 

 

Figure 36. Synthesis of non-brominated chalcones 23OMC, 34OMC and 6734OMC via Claisen-Schmidt 

condensation. 

 

 

When comparing the results obtained in the condensation reaction of 6,7-

dimethoxytetralone (67OMA) with 3,4-dimethoxybenzaldehyde (34OMB) (Table 3) and 

2-bromo-4,5-dimethoxybenzaldehyde (34OMBBr) (Table 2) it can be seen that the desired 

chalcone was only obtained when the condensation reaction is performed using the non-

brominated benzaldehyde.  

 

Table 3. General conditions for the synthesis of non-brominated chalcones. 

Ketone Benzaldehyde 
Reaction 

conditions 
Product 

Yield 

(%) 

 
34OMA 34OMB 

MeOH, 

40% NaOH, 

65 ºC 2 h  

34OMC 

74 

 
23OMA 23OMB 

MeOH, 

40% NaOH, 

65 ºC 4 h  

23OMC 

85 

 
67OMA 

 
34OMB 

MeOH, 

40% NaOH, 

r. t., 1 week   
6734OMC 

54 
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1.2.2. Reduction of chalcones to dihydrochalcones  

 

 

Dihydrochalcones can be obtained from the reduction of the double bond of α,β-

unsaturated ketone system of chalcones by the catalytic hydrogenation, using molecular 

hydrogen (H2) and a metal catalyst. In literature, other metal catalysts are also described, 

such as platinum, and nickel catalyst 75. 

In this work, the selective 1,4-conjugate reduction of chalcones 23OMC, 34OMC, 

and 6734OMC by catalytic hydrogenation in a H2 atmosphere with 10% Pd/C as catalyst 

and ethyl acetate as solvent was accomplished, according to the procedure reported by 

Reddy et al. (2017) 84 (Figure 37). 

 

 

Figure 37. Synthesis of dihydrochalcones 23DHC, 34DHC and 6734DHC from chalcones 23OMC, 

34OMC and 6734OMC, respectively. 

 

 

After purification, dihydrochalcones 23DHC, 34DHC and 6734DHC were 

obtained with 57%, 63%, and 60% yield, respectively.  

 

 

 

1.2.3. Bromination of dihydrochalcones 

 

The last step consisted in the bromination of the synthetized non-brominated 

dihydrochalcones with N-bromosuccinimide in acetonitrile, at room temperature (Figure 

38).  
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Figure 38. Synthesis of brominated dihydrochalcones 23DHCBr, 34DHCBr and 6734DHCBr. 

 

 

In order to avoid benzylic bromination, only 2 equivalents of NBS were used. Three 

monobrominated dihydrochalcones with a bromine at para position to one of the methoxy 

groups on the B ring were obtained with high yields (65% - 78%). In Table 4 are summarized 

the reaction conditions, the products obtained and the respective yields. 

 

Table 4. General conditions for the synthesis of brominated dihydrochalcones. 

Dihydrochalcone 
Reaction 

conditions 
Product 

Yield 

(%) 

 
23DHC 

2 equiv. NBS, 

0.2 equiv. 

ammonium 

acetate, 

acetonitrile, r. 

t. 2 h 

 

 

23DHCBr 

65 

 
34DHC 

 

34DHCBr 

78 

 
6734DHC 

 
6734DHCBr 

69 
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1.3. Synthesis of brominated diarylpropanes 

 

 

The synthetic approach used for the synthesis of brominated diarylpropanes 

consisted in the complete reduction of α,β-unsaturated ketone moiety of non-brominated 

chalcones followed by the bromination of diarylpropanes with NBS, as described in sections 

1.3.1. and 1.3.2.. 

 

 

1.3.1. Reduction of chalcones to diarylpropanes 

 

 

The synthesis of diarylpropanes was achieved by reduction of α,β-unsaturated 

ketone portion of the chalcone in one step. These reduced derivatives were obtained by 

catalytic hydrogenation method, in presence of Pd(OH)2/C, and H2 atmosphere, in ethyl 

acetate/ water (1:3) solvent system (Figure 39).  

 

 

Figure 39. Synthesis of diarylpropanes 23DAP, 34DAP and 6734DAP from chalcones 23OMC, 34OMC 

and 6734OMC, respectively. 

 

 

This synthetic approach allowed the total reduction of enone moiety of chalcones, 

affording the planned diarylpropanes 23DAP, 34DAP and 6734DAP with high yields (34 

– 84%).  
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1.3.2. Bromination of diarylpropanes 

 

 

After the synthesis of non-brominated diarylpropanes, these chalcone derivatives 

were brominated with NBS using the same reaction conditions used for bromination of 

chalcones and dihydrochalcones (Figure 40). 

 

 

Figure 40. Bromination of diarylpropanes 23DAP, 34DAP and 6734DAP. 

 

 

In order to avoid benzylic bromination, the number of NBS equivalents added were 

between 2-6 equivalents, according to the evolution of reaction followed for TLC. Firstly, 2 

equivalents of NBS were added for all reactions, then 1.5 equivalents were added each 30 

minutes, until some product formation was observed.  

Using this approach, the bromination of diarylpropanes 23DAP and 34DAP 

allowed to obtain the monobrominated derivatives 23DAPBr and 34DAPBr, with the 

bromo at para position to one of the methoxy groups, with 58 and 61% yield, respectively. 

Nevertheless, the bromination of diarylpropane 6734DAP failed to give the desired 

compound, probably because of the less quantity of NBS used, only 2 equivalents, compared 

with the 4 and 6 equivalents used for the other two reduced derivatives, and also because of 

the minor quantity of diarylpropane used as building block (about 18 mg).  

 

In Table 5 are summarized the reaction conditions, the products obtained and the 

respective yields. 
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Table 5. General conditions for the synthesis of brominated diarylpropanes. 

Dihydrochalcone 
Reaction 

conditions 
Product 

Yield 

(%) 

 

23DAP 

6 equiv. NBS, 

0.2 

ammonium 

acetate, 

acetonitrile, r. 

t. 2 h 

 

23DAPBr 

58 

 

34DAP 

4 equiv. NBS, 

0.2 

ammonium 

acetate, 

acetonitrile, r. 

t. 2 h 

 

34DAPBr 

61 
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2. Structure Elucidation 

 

 

The structure elucidation of synthesized compounds was established on the basis 

of IR, and NMR techniques. 13C NMR assignments were determined by 2D heteronuclear 

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

experiments. 

 

 

2.1. Brominated acetophenones and benzaldehydes 

 

 

The IR data of all brominated acetophenones and benzaldehydes were in 

accordance with their predicted structures (Table 6). For all compounds these spectra 

showed a characteristic band of the carbonyl group at 1713-1670 cm-1. Moreover, a band of 

stretching vibration between 3082-3008 cm-1 (C(sp2)-H), bands at 2980-2837 cm-1 (C(sp3)-

H), 1591-1416 cm-1 (C=C) and 1246-1203 cm-1 (C-O) were also detected. The observation of 

bands at 649-583 cm-1 (C-Br) suggests that the bromination occurred. 

 

Table 6. IR data of brominated acetophenones and benzaldehydes. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23OMBBr 

C(sp2)-H 3082 

C(sp3)-H 

2967 

2940 

2847 

C=O 1680 

C=C aromatic 

1578 

1483 

1446 

1430 

C-O 1219 

C-Br 583 

 
34OMBBr 

C(sp2)-H 3008 

C(sp3)-H 

2980 

2919 

2850 

C=O 1670 

C=C aromatic 

1591 

1507 

1469 

1446 
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C-O 1219 

C-Br 589 

 
23OMBBr2 

C(sp2)-H 3070 

C(sp3)-H 

2978 

2935 

2848 

C=O 1698 

C=C aromatic 

1570 

1558 

1469 

1442 

C-O 1203 

C-Br 597 

 
23OMABr2 

 

C(sp2)-H 3082 

C(sp3)-H 

2975 

2940 

2837 

C=O 1713 

C=C aromatic 

1573 

1470 

1416 

C-O 1246 

C-Br 649 

 
34OMABr 

C(sp3)-H 

2968 

2937 

2841 

C=O 1681 

C=C aromatic 

1590 

1562 

1501 

1440 

C-O 1204 

C-Br 649 

 

 

 

The 1H and 13C NMR assignments of brominated acetophenones are reported in 

Table 7. 
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Table 7. 1H NMR and 13C NMR data of brominated acetophenones. 

 

23OMABr2 

 

34OMABr 

 

34OMABr2 

1H 13C 1H 13C 1H 13C 

7.17 (s, H-4) 200.8 (C=O) 7.14 (s, H-6) 199.5 (C=O) 7.18 (s, H-6) 200.7 (C=O) 

3.87 (s, 6-

OCH3) 
152.6 (C-6) 7.05 (s, H-3) 151.6 (C-5) 

3.87 (s, 5-

OCH3) 
152.5 (C-4) 

3.79 (s, 5-

OCH3) 
144.8 (C-5) 

3.92 (s, 5-

OCH3) 
148.2 (C-4) 

3.80 (s, 4-

OCH3) 
144.7 (C-5) 

2.51 (s, H-1´) 139.7 (C-1) 
3.89 (s, 4-

OCH3) 
132.7 (C-1) 2.51 (s, H-1´) 139.5 (C-1) 

- 120.2 (C-2) 2.67 (s, H-1´) 116.4 (C-3) - 120.0 (C-2) 

- 117.4 (C-4) - 112.6 (C-6) - 117.3 (C-6) 

-- 109.6 (C-3) - 111.8 (C-2) - 109.4 (C-3) 

- 62.1 (5-OCH3) - 56.4 (5-OCH3) - 62.0 (5-OCH3) 

- 56.4 (6-OCH3) - 56.2 (4-OCH3) - 56.3 (4-OCH3) 

- 31.3 (C-1´) - 30.5 (C-1´) - 31.2 (C-1´) 

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

parentheses. 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 

 

 

As the precursors, the 1H NMR spectra of all synthesized acetophenones displayed 

signals that put in evidence the presence of an acetyl group (δH 2.67 - 2.51 s), and two 

methoxy groups (δH 3.92 - 3.79 s). 

Instead of signals for three aromatic protons as precursors, the 1H NMR spectra 

23OMABr2 and 34OMABr2 revealed the presence of only one aromatic proton, and the 

1H NMR spectrum of 34OMABr revealed the presence of two aromatic protons. 

Considering this, it was possible to conclude that 23OMABr2 and 34OMABr2 are 

dibrominated derivatives and 34OMABr is a monobrominated derivative. Additionally, 

the presence of two aromatic protons at para position in derivative 34OMABr was 

confirmed by the observation of two singlets at δH 7.14 and δH 7.05. Taking in account that 

NBS has been considered as a para-selective bromination agent, these NMR data confirm 
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the presence of a bromine atom at position 2 for all synthesized acetophenones, and the 

presence of an additional bromine atom at position 3 for compound 23OMABr2. For 

compound 34OMABr2, as expected considering the deactivating effect of the carbonyl 

group, a second bromine atom should be linked to C-3, instead of C-6. The substitution at 

C-3 is corroborated by the chemical shifts of the NMR signals. 

As expected, the 13C NMR spectra of all synthesized acetophenones displayed 

characteristic signals of keto (δC 200.7 - 199.5), acetyl (δC 31.3 - 30.5) and methoxy (δC 62.1 

- 56.2) groups. These NMR data and the presence of two signals of aromatic oxygenated 

carbon atoms at δC 152.6 - 144.7 confirmed the presence of a dimethoxyacetophenone 

scaffold. The analysis of HSQC and HMBC spectra allowed to confirm the position of 

bromine for all brominated acetophenones. Particularly, for derivatives 23OMABr2 and 

34OMABr2 the presence of bromine at 2 and 3 positions was evidenced by the correlations 

observed in the HMBC spectra. For 23OMABr2, the inexistence of the correlation between 

the aromatic proton and the carbonyl carbon confirms one bromo atom at position 2. 

Moreover, correlations between the aromatic proton  and C-2 and one of the oxygenated 

carbon (C-6) allows to conclude that the other bromo atom is in position 3. For 

34OMABr2, the correlation between the aromatic proton and one of the oxygenated 

carbons (C-4) and C-2 is in accordance with the prediction that the bromination occurred 

at positions 2 and 3. 

HSQC and HMBC spectra allowed also the unequivocal attributions of all 1H and 

13C signals (Figure 41). 

 

 

Figure 41. Main 1H-13C correlations found in the HMBC spectra of brominated acetophenones synthetized. 

 

 

The 1H and 13C NMR assignments of brominated benzaldehydes reported in Table 

8. 
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Table 8. 1H NMR and 13C NMR data of brominated benzaldehydes. 

 

23OMBBr 

 

23OMBBr2 

 

34OMBBr 

1H 13C 1H 13C 1H 13C 

10.34 (s, CHO) 188.7 (C=O) 10.21 (s, CHO) 190.3 (C=O) 10.18 (s, CHO) 190.8 (C=O) 

7.53 (d, J = 2.3 

Hz, H-4) 
153.9 (C-3) 7.34 (s, H-4) 153.0 (C-6) 7.41 (s, H-6) 154.5 (C-5) 

7.22 (d, J = 2.3 

Hz, H-6) 
151.9 (C-2) 

3.91 (s, 5-

OCH3) 
150.3 (C-5) 7.05 (s, H-3) 148.9 (C-4) 

3.97 (s, 2-

OCH3) 
121.8 (C-4) 

3.89 (s, 6-

OCH3) 
121.4 (C-2) 

3.96 (s, 5-

OCH3) 
120.4 (C-2) 

3.90 (s, 3-

OCH3) 
121.0 (C-6) - 120.5 (C-4) 

3.92 (s, 4-

OCH3) 
115.5 (C-3) 

- 117.00 (C-5) - 114.7 (C-3) - 110.4 (C-6) 

- 62.4 (2-OCH3) - 62.5 (5-OCH3) - 56.5 (5-OCH3) 

- 56.3 (3-OCH3) - 56.4 (6-OCH3) - 56.2 (4-OCH3) 

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

parentheses. 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 

 

 

As expected, in the 1H NMR spectra of all brominated benzaldehydes showed 

characteristic signals of an aldehyde (δH 10.34 - 10.18 s), and two methoxy groups (δH 3.97 

- 3.89 s). While only one aromatic proton was detected in the 1H NMR spectrum of 

23OMBBr2 (δH 7.34 s), two aromatic protons were detected for 23OMBBr (δH 7.53 d and 

7.22 d) and 34OMBBr (δH 7.41 s and 7.05 s), revealing that 23OMBBr2 is a dibrominated 

derivative and 23OMBBr and 34OMBBr are two monobrominated derivatives. For 

derivative 23OMBBr the presence of two meta coupled aromatic protons in the 1H NMR 

(δH 7.54 d and δH 7.22 d, J = 2.3 Hz) confirmed the bromination at position 5. For derivative 

34OMBBr the presence of two singlets at δH 7.41 and δH 7.05 confirmed the bromination 

in C-2. 

As for brominated acetophenones, the 13C NMR spectra of all synthesized 

benzaldehydes displayed characteristic signals of keto (δC 190.8 - 188.7), and methoxy (δC 
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62.5 - 56.2) groups, as well as two signals of aromatic oxygenated carbon atoms at δC 154.5 

- 148.9 confirming the presence of a dimethoxybenzaldehyde scaffold. The bromination of 

C-2 and C-3 of derivative 23OMBBr2 was evidenced by the correlations observed in the 

HMBC spectrum illustrated in Figure 42. HSQC and HMBC spectra allowed also the 

unequivocal attributions of all 1H and 13C signals for all synthetized  benzaldehydes (Figure 

42).  

 

 

Figure 42. Main 1H-13C correlations found in the HMBC spectra of brominated benzaldehydes. 

 

 

2.2. Methylated acetophenone 35Br4OMA and benzaldehyde 

35Br4OMB 

 

 

The IR data of 35Br4OMA and 35Br4OMB (Table 9) are very similar to those of 

brominated acetophenones and benzaldehydes, reported in section 2.1. and are in 

accordance to the predicted structure. The methylation of the phenol group was evidenced 

by the absence of a large band between 3300 - 3100 cm-1. 

 

Table 9. IR data of methylated acetophenone and benzaldehyde. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
35BrOMA 

C(sp2)-H 3068 

C(sp3)-H 
2991 

2951 

C=O 1687 

C=C aromatic 

1583 

1537 

1470 

1433 

C-O 1250 

C-Br 594 

C(sp2)-H 3058 

C(sp3)-H 

2952 

2929 

2852 



52 

 
35BrOMB 

C=O 1728 

C=C aromatic 

1582 

1547 

1470 

1419 

C-O 1206 

C-Br 573 

 

 

The 1H and 13C NMR data of 35Br4OMA and 35Br4OMB displayed signals that 

put in evidence the presence of a symmetric acetophenone and benzaldehyde, respectively 

as evidenced in Table 10. The presence of characteristic signals of one methoxy group at δH 

3.96 - 3.94 s and δC 60.9 - 60.8 confirmed that the methylation of the phenol group was 

accomplished.  

 

Table 10. 1H NMR and 13C NMR data of methylated acetophenone and benzaldehyde. 

 

35Br4OMA 

 

35Br4OMB 

1H 13C 1H 13C 

8.09 (s, H-2, H-6) 194.6 (C=O) 9.86 (s, CHO) 188.5 (C=O) 

3.94 (s, 4-OCH3) 158.1 (C-4) 8.03 (s, H-2, H-6) 159.1 (C-4) 

2.57 (s, H-1´) 135.0 (C-1) 3.96 (s, 4-OCH3) 133.9 (C-1) 

- 132.9 (C-2, C-6) - 128.3 (C-2, C-6) 

- 118.7 (C-3, C-5) - 119.3 (C-3, C-5) 

- 60.8 (4-OCH3) - 60.9 (4-OCH3) 

- 26.5 (C-1´) - - 

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

in parentheses. 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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2.3. Chalcones 

 

 

2.3.1. Brominated chalcones 

 

 

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

structures (Table 11). Accordingly, for all compounds these spectra showed large bands of 

stretching vibration between 1683-1639 cm-1, suggesting the formation of an α,β-

unsaturated ketone moiety. Moreover, bands at 3085-3001 cm-1 (C(sp2)-H), 2995-2830 cm-

1 (C(sp3)-H), 1620-1419 cm-1 (C=C), 1373-1310 (trans vinylic system), 1230-1198 cm-1 (C-O), 

and 597-576 cm-1 (C-Br) were observed. 

 

Table 11. IR data of brominated chalcones. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23CR1 

C(sp2)-H 3078 

C(sp3)-H 
2938 

2836 

C=O 1683 

C=C aromatic 

1575 

1558 

1539 

1505 

1463 

1456 

trans vinylic system 1373 

C-O 1200 

C-Br 576 

 
34CR2 

C(sp2)-H 3085 

C(sp3)-H 

2995 

2934 

2837 

C=O 1639 

C=C aromatic 

1596 

1514 

1452 

1442 

trans vinylic system 1373 

C-O 1230 

C-Br 578 

C(sp2)-H 3080 

C(sp3)-H 
2970 

2937 
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23CBr3 

2830 

C=O 1656 

C=C aromatic 

1620 

1568 

1467 

1419 

trans vinylic system 1376 

C-O 1198 

C-Br 579 

 
34CBr2 

C(sp3)-H 
2932 

2841 

C=O 1658 

C=C aromatic 

1592 

1505 

1466 

1442 

trans vinylic system 1337 

C-O 1202 

C-Br 587 

 
35CBr4 

C(sp2)-H 3071 

C(sp3)-H 

2928 

2861 

2830 

C=O 1669 

C=C aromatic 

1535 

1471 

1422 

trans vinylic system 1310 

C-O 1199 

C-Br 597 

 

 

1H and 13C NMR data are presented in Tables 12 and 13. The formation of an α,β 

unsaturated ketone system was confirmed by the appearance of two trans coupled vinylic 

protons at δH 7.83 - 7.45 (H-β) and δH 7.32 - 6.91 (H-) with J values 16.4 - 15.5 Hz. The 

presence of a signal of a carbonyl group at δC 193.7-186.0 and two signals of two vinylic 

carbons at δC 145.7 - 140.4 (C-β) and δC 129.9 - 122.0 (C-) also corroborate the formation 

of these ketone system.  

As the precursor, for chalcones 23CR1 and 23CBr3 the 1H NMR spectra displayed 

signals that put in evidence the presence of a 2,3-dibromo-5,6-dimethoxyphenyl A-ring (H-

4’: δH 7.25 s, 5’,6’-OCH3: δH 3.90 - 3.77 s). Instead of these, two signals of two aromatic 

protons (δH 7.09 - 7.00 s, H-3’ and 6’) and two singlets of two methoxy groups (δH 3.94 - 

3.89 s, 4’,5’-OCH3) were observed in the spectra of chalcones 34CR2 and 34CBr2, 

confirming the presence of a 2-bromo-4,5-dimethoxyphenyl A-ring. On the other hand, for 
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chalcone 35CBr4 characteristic signals of a 3,5-dibromo-4-methoxyphenyl A-ring are 

observed (H-2’, 6’: δH 8.16 s, 4’-OCH3: δH 3.97 s). 

Additionally, for chalcones 23CR1 and 23CBr3 characteristic signals of a 2,3-

dimethoxyphenyl and 5-bromo-2,3-dimethoxyphenyl B rings were observed, respectively. 

For chalcones 34CR2 and 34CBr2, characteristic signals of a 4,5-dimethoxyphenyl and 2-

bromo-4,5-dimethoxyphenyl B rings were observed in the 1H NMR spectra. On the contrary, 

signals of a 3,5-dibromo-4-methoxyphenyl B-ring are displayed for chalcone 35CBr4. 

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

for the compounds. 13C NMR assignments were confirmed by HSQC and HMBC spectra. 
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Table 12. 1H NMR data of brominated chalcones 23CR1, 23CBr3, 34CR2, 34CBr2 and 35CBr4. 

 
23CR1 

 
23CBr3 

 
34CR2 

 
34CBr2 

 
35Br4 

1H 1H 1H 1H 1H 

7.60 (d, J = 16.4 Hz, H-β) 7.51 (d, J = 16.4 Hz, H-β) 7.45 (d, J = 15.8 Hz, H-β) 7.83 (d, J = 15.9 Hz, H-β) 8.16 (s, H-2´; H-6´) 

7.25 (s, H-4´) 7.30 (d, J=2.2 Hz, H-6) 7.17 (dd, J = 8.2; 2.1 Hz, H-6) 7.17 (s, H-3) 7.79 (s, H-2, H-6) 

7.19 (dd, J = 8.0; 1.5 Hz, H-6) 7.25 (s, H-4´) 7.10 (d, J = 2.1 Hz, H-2) 7.09 (s, H-6´) 7.60 (d, J = 15.5 Hz, H-β) 

7.07 (t, J = 8.0 Hz, J = H-5) 7.05 (d, J = 2.2. Hz, H-4) 7.08 (s, H-3´) 7.06 (s, H-6) 7.32 (d, J = 15.5 Hz, H-α) 

6.96 (dd, J = 8.0; 1.5 Hz, H-4) 6.91 (d, J = 16.4 Hz, H-α) 7.04 (d, J = 15.8 Hz, H-α) 7.03 (s, H-3´) 3.97 (s, 4´-OCH3) 

6.95 (d, J = 16.4 Hz, H-α) 3.90 (s, 5´-CH3) 7.00 (s, H-6´) 7.00 (d, J = 15.9 Hz, H-α) 3.94 (s, 4-OCH3) 

3.90 (s, 6´-OCH3) 3.85 (s, 3-OCH3) 6.89 (d, J = 8.2 Hz, H-5) 3.94 (s, 5´-OCH3) - 

3.86 (s, 3-OCH3) 3.77 (s, 6´-OCH3) 3.93 (s, 4-OCH3) 3.92 (s, 4-OCH3) - 

3.78 (s, 5´-OCH3) 3.76 (s, 2-OCH3) 3.92 (s, 3-OCH3; 5´-OCH3) 3.91 (s, 4´-OCH3) - 

3.77 (s, 2-OCH3) - 3.89 (s, 4´-OCH3) 3.90 (s, 5-OCH3) - 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 13. 13C NMR data of brominated chalcones 23CR1, 23CBr3, 34CR2, 34CBr2 and 35CBr4. 

 
23CR1 

 
23CBr3 

 
34CBr2 

 
34CR2 

 
35Br4 

13C 13C 13C 13C 13C 

193.7 (C=O) 193.2 (C=O) 193. 6 (C=O) 193.5 (C=O) 186.0 (C=O) 

153.1 (C-3) 153.8 (C-3) 151.6 (C-5´) 151.7 (C-4) 158.1 (C-4´) 

152.5 (C-6´) 152.3 (C-5´) 151.0 (C-4) 151.1 (C-5´) 156.0 (C-4) 

148.8 (C-2) 147.9 (C-2) 149.3 (C-3) 148.7 (C-4´) 142.8 (C-β) 

145.9 (C-5´) 145.9 (C-6´) 148.3 (C-4´) 148.3 (C-5) 135.7 (C-1´) 

142.5 (C-β) 140.4 (C-β) 145.7 (C-β) 144.1 (C-β) 133.1 (C-1) 

137.5 (C-1´) 137.3 (C-1´) 133.5 (C-1´) 132.9 (C-1´) 133.0 (C-2´, C-6´) 

128.6 (C-1) 129.9 (C-α) 127.6 (C-α) 126.6 (C-1) 132.5 (C-2, C-6) 

127.9 (C-α) 128.6 (C-1) 124.1 (C-6) 126.5 (C-α) 122.0 (C-α) 

124.3 (C-5) 122.1 (C-6) 123.4 (C-1) 118.2 (C-2) 118.9 (C-3, C-5) 

120.0 (C-3´) 120.1 (C-2´) 115.9 (C-3´) 116. 0 (C-6´) 118.8 (C-3´, C-5´) 

119.6 (C-4) 117.7 (C-4´) 112.3 (C-6´) 115.7 (C-6) 60.9 (4´-OCH3, 4-OCH3) 

117.6 (C-4´) 117.6 (C-4) 111.1 (C-2´) 112.5 (C-3´) - 

114.7 (C-4) 116.9 (C-3´) 111.0 (C-5, C-2) 111.2 (C-3´) - 

111.4 (C-2´) 111.2 (C-5) 56.4 (5´-OCH3) 109.4 (C-3) - 

61.8 (5´-OCH3) 61.9 (6´-OCH3) 56.2 (4´-OCH3) 56.4 (4-OCH3) - 

61.6 (2-OCH3) 61.7 (2-OCH3) 56.0 (3-OCH3 56.3 (C-5´-OCH3)) - 

56.3 (6´-OCH3) 56.3 (5´-OCH3) 55.9 (4-OCH3)) 56.2 (C-5-OCH3) - 

55.9 (3-OCH3) 56.2 (3-OCH3) - 56.1 (4´-OCH3) - 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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The main correlations observed in the HMBC spectra of chalcones 23CR1, 

23CBr3, 34CR2, 34CBr2 and 35CBr4 are represented in Figure 43. 

 

 

Figure 43. Main 1H-13C correlations found in HMBC spectra of brominated chalcones 23CR1, 23CBr3, 

34CR2, 34CBr2 and 35CBr4. 

 

 

2.3.2. Non-brominated chalcones 

 

 

The IR data of chalcones 23OMC, 34OMC and 6734OMC were very similar to 

those described before for brominated chalcones (Table 14). Nevertheless, no band at 690-

515 cm-1 (C-Br) was observed. 

 

Table 14. IR data of non-brominated chalcones. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23OMC 

C(sp2)-H 3076 

C(sp3)-H 
2938 

2837 

C=O 1736 

C=C aromatic 
1652 

1577 
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1474 

1427 

trans vinylic system 1373 

C-O 1171 

 
34OMC 

C(sp2)-H 
3083 

3009 

C(sp3)-H 
2938 

2840 

C=O 1652 

C=C aromatic 

1597 

1575 

1510 

1465 

trans vinylic system 1348 

C-O 1201 

 
6734OMC 

C(sp3)-H 

2991 

2938 

2837 

C=O 1657 

C=C aromatic 

1585 

1515 

1467 

1450 

trans vinylic system 1363 

C-O 1204 

 

 

1H and 13C NMR data are presented in Table 15 and 16. As for brominated 

chalcones, the formation of an α,β unsaturated ketone system was confirmed by the 

appearance of characteristic signals in the 1H and 13C NMR spectra of all chalcones (H-α: δH 

7.42 - 7.40 d; H-β: δH 7.94 - 7.77 d ; C=O: δC 193.5 - 186.7; C-α: δC 128.0 - 119.6; C-β: δC 

144.2 - 136.2 ). The coupling constants of vinylic system (J = 16.1 - 15.5 Hz) confirm their 

(E)-configuration.  

For chalcones 23OMC and 34OMC, the 1H NMR spectrum displayed the signals of 

six aromatic protons. Nevertheless, the spectrum of 23OMC showed two triplets at δH 7.13 

- 7.06 (J = 8.0 - 7.7 Hz, H-5 and H-5’), and four double doublets at δH 7.24 - 6.95 (J = 8.0 - 

2.2 Hz, H-4,6 and H-4’,6’), as well as the signals of four methoxy groups that put in evidence 

the presence of two 2,3-dimethoxyphenyl rings. The spectrum of 34OMC revealed two 

double doublets at δH 7.69 - 7.25 (J = 8.5 - 1.9 Hz, H-6 and H-6´), two doublets with coupling 

constant characteristic of meta coupling at δH 7.63 - 7.17 (H-2 and H-2’), and two doublets 

with coupling constant characteristic of ortho coupling at δH 6.94 - 6.91 (H-5 and H-5´), as 

well as the signal of four methoxy groups, confirming the presence of two 3,4-

dimethoxyphenyl rings. 
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Instead of these signals, the 1H NMR spectrum of chalcone 6734OMC showed the 

characteristic signals of one 3,4-dimethoxyphenyl ring, as well as two singlets at δH 7.63-

6.68 (H-2’ and H-5’), and two triplets at δH 3.15 (H-1’’) and δH 2.90 (H-2’’) that put in 

evidence the presence of a 6,7-dimethoxy-3,4-dihydronaphthalen-1(2H)-one moiety. 

 

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

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

Figure 44 present the main 1H-13C correlations observed in the HMBC spectra of 

these chalcones. 

 

 

Figure 44. Main 1H-13C correlations found in HMBC spectra of non-brominated chalcones 23OMC, 34OMC 

and 6734OMC. 
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Table 15. 1H data of non-brominated chalcones 23OMC, 34OMC and 6734OMC. 

 

23OMC 

 

34OMC 

 

6734OMC 

1H 1H 1H 

7.94 (d, J = 16.1 Hz, H-β) 7.77 (d, J = 15.5 Hz, H-β) 7.78 (s, H-β) 

7.40 (d, J = 16.1 Hz, H-α) 7.69 (dd, J = 8.5; 2.0 Hz, H-6´) 7.63 (s, H-2´) 

7.24 (dd, J = 8.0; 2.2 Hz, H-6) 7.63 (d, J = 2.0 Hz, H-2´) 7.07 (dd, J = 8.3; 1.9 Hz, H-6) 

7.17 (dd, J = 7.7; 2.3 Hz, H-6´) 7.42 (d, J = 15.5 Hz, H-α) 6.98 (d, J = 1.9 Hz, H-2) 

7.13 (t, J = 7.7 Hz, H-5´) 7.25 (dd, J = 8.4; 1.9 Hz, H-6) 6.91 (d, J = 8.3 Hz, H-5) 

7.06 (t, J = 8.0 Hz, H-5) 7.17 (d, J = 1.9 Hz, H-2) 6.68 (s, H-5´) 

7.06 (dd, J = 7.7; 2.3 Hz, H-4´) 6.94 (d, J = 8.5 Hz, H-5´) 3.95 (s, 3´-OCH3) 

6.95 (dd, J = 8.0; 2.2 Hz, H-4) 6.91 (d, J = 8.4 Hz, H-5) 3.94 (s, 4´-OCH3) 

3.91 (s, 3-OCH3) 3.98 (s, 4´-OCH3; 4-OCH3) 3.92 (s, 4-OCH3) 

3.88 (s, 3´-OCH3) 3.96 (s, 3-OCH3) 3.91 (s, 3-OCH3) 

3.85 (s, 2-OCH3; 2´-OCH3) 3.94 (s, 3´-OCH3) 3.15 (t, J = 6.5 Hz, H-1´´) 

- - 2.90 (t, J = 6.5 Hz, H-2´´) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 16. 13C data of non-brominated chalcones 23OMC, 34OMC and 6734OMC. 

 

23OMC 

 

34OMC 

 

6734OMC 

13C 13C 13C 

193.5 (C=O) 188.7 (C=O) 186.7 (C=O) 

153.2 (C-3´) 153.1 (C-4´) 153.4 (C-4´) 

153.0 (C-3) 151.3 (C-4) 149.4 (C-4) 

148.9 (C-2´) 149.2 (C-3) 148.7 (C-3) 

148.1 (C-2) 149.2 (C-3´) 148.2 (C-3´) 

138.2 (C-β) 144.2 (C-β) 138.0 (C-1´) 

134.6 (C-1´) 131.6 (C-1´) 136.2 (C-β) 

129.1 (C-1) 128.1 (C-1) 133.8 (C-6´) 

128.0 (C-α) 122.9 (C-6´, C-6) 128.8 (C-1) 

124.2 (C-5´; C-5) 119.6 (C-α) 126.7 (C-α) 

121.2 (C-6´) 111.1 (C-5) 123.1 (C-6) 

119.5 (C-6) 110.8 (C-2´) 113.2 (C-2) 

115.1 (C-4´) 110.2 (C-2) 110.9 (C-5) 

114.1 (C-4) 109.9 (C-5´) 109.8 (C-2´) 

62.0 (2´-OCH3) 56.1 (3´-OCH3, 3-OCH3) 109.6 (C-5´) 

61.4 (2-OCH3) 56.0 (4-OCH3) 56.1 (3´-OCH3, 4´-OCH3) 

56.1 (3-OCH3) 55.9 (4´-OCH3) 56.0 (3-OCH3, 4-OCH3) 

55.9 (3´-OCH3) - 28.6 (C-2´´) 

- - 27.6 (C-1´´) 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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2.4. Dihydrochalcones 

 

 

2.4.1. Non-brominated dihydrochalcones 

 

 

The IR data of dihydrochalcones 23DHC, 34DHC and 6734DHC were very 

similar to those described before for chalcones 23OMC, 34OMC and 6734OMC, 

respectively, used as building blocks (Table 17). As expected by the reduction of the double 

bond of the enone moiety, the absorption band of the trans vinylic system was not observed, 

which confirmed the hydrogenation of the vinyl group. The presence of a strong absorption 

band of the carbonyl group in the IR spectra of these dihydrochalcones allowed to conclude 

that no reaction occurred in this group. 

 

Table 17. IR data of non-brominated dihydrochalcones 23DHC, 34DHC and 6734DHC. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23DHC 

C(sp2)-H 3076 

C(sp3)-H 
2937 

2836 

C=O 1682 

C=C aromatic 

1582 

1475 

1428 

trans vinylic system - 

C-O 1172 

 
34DHC 

C(sp2)-H 3000 

C(sp3)-H 

2965 

2938 

2839 

C=O 1669 

C=C aromatic 

1592 

1515 

1471 

1457 

trans vinylic system - 

C-O 1199 

 
6734DHC 

C(sp2)-H 3083 

C(sp3)-H 

2997 

2939 

2851 

2832 

C=O 1660 

C=C aromatic 1512 
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1466 

1449 

1441 

trans vinylic system - 

C-O 1181 

 

The 1H and 13C NMR data of these reduced derivatives are reported in Tables 18 

and 20. The 1H and 13C NMR spectra of 23DHC, 34DHC and 6734DHC showed the same 

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

of two vinylic groups were not observed. For compounds 23DHC and 34DHC, instead of 

these signals, characteristic signals of two aliphatic protons, including one benzylic proton 

(δH 3.27 - 3.24 t, J = 7.7 - 7.6 Hz, H-β) and one proton at  position of the carbonyl group 

(δH 3.03 - 3.00 t, J = 7.7 - 7.6 Hz, H-), correlated in the HSQC with the signals at δC 44.0 - 

40.3 and δC 30.2 - 24.8, respectively are observed, confirming the success of the reduction 

of the double bond. For compound 6734DHC, instead of signals of a vinylic group detected 

in the 1H (δH 7.78 s, H-β) and 13C (C-β: δC 136.2, C-: δC 126.7) NMR spectra of chalcone 

6734OMC used as precursor, characteristic signals of two benzylic protons (δH 2.63 m and 

2.57 m, H-βa and H-βb) and one proton at  position of the carbonyl group (δH 3.39 m, H-

), correlated in the HSQC with the signals at δC 48.9 and δC 35.5, respectively are observed, 

also confirming the success of the reduction of the double bond. 

The unequivocal attribution of all 1H and 13C NMR signals were confirmed by NMR 

bidimensional techniques HSQC and HMBC. In Figure 45 are presented the main 1H-13C 

correlations observed in the HMBC spectra of dihydrochalcones 23DHC, 34DHC and 

6734DHC. 

 

 

Figure 45. Main 1H-13C correlations found in HMBC spectra of non-brominated dihydrochalcones 23DHC, 

34DHC and 6734DHC. 
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Table 18. 1H data of non-brominated dihydrochalcones 23DHC, 34DHC and 6734DHC. 

 
23DHC 

 
34DHC 

 
6734DHC 

1H 1H 1H 

7.15 (dd, J = 8.0; 2.1 Hz, H-6) 7.59 (d, J = 2.0 Hz, H-2´) 7.54 (s, H-2´) 

7.08 (t, J = 8.0 Hz, H-5´) 7.58 (dd, J = 8.4; 2.0 Hz, H-6´) 6.80 (dd, J = 7.6; 1.9 Hz, H-6) 

7.02 (dd, J = 8.0; 2.0 Hz, H-4´) 6.87 (d, J = 8.4 Hz, H-5´) 6.78 (d, J = 7.6 Hz, H-5) 

6.97 (t, J = 8.0 Hz, H-5) 6.81 (d, J = 8.0 Hz, H-5) 6.74 (d, J = 1.9 Hz, H-2) 

6.83 (dd, J = 8.0; 2.1 Hz; H-4) 6.78 (d, J = 2.6 Hz, H-2) 6.64 (s, H-5´) 

6.78 (dd, J = 8.0; 2.0 Hz, H-6´) 6.78 (dd, J = 8.0; 2.6 Hz, H-6) 3.92 (s, 3-OCH3, 4-OCH3) 

3.89 (s, 3´-OCH3) 3.94 (s, 4´-OCH3) 3.87 (s, 4´-OCH3) 

3.85 (s, 2´-OCH3; 3-OCH3) 3.93 (s, 4-OCH3) 3.86 (s, 3´-OCH3) 

3.83 (s, 2-OCH3) 3.87 (s, 3´-OCH3) 3.39 (m, H-α) 

3.27 (t, J = 7.7 Hz, H-β) 3.85 (s, 3-OCH3) 2.80 (t, J = 4.8 Hz, H-1´´) 

3.03 (t, J = 7.7 Hz, H-α) 3.24 (t, J = 7.6 Hz, H-β) 
2.63 (m, H- βa) 

2.57 (m, H-βb) 

- 3.00 (t, J = 7.6 Hz, H-α) 
2.10 (m, H-2´´a) 

1.77 (m, H-2´´b) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 19. 13C data of non-brominated dihydrochalcones 23DHC, 34DHC and 6734DHC. 

 
23DHC 

 
34DHC 

 
6734DHC 

13C 13C 13C 

202.6 (C=O) 198.1 (C=O) 198.4 (C=O) 

153.0 (C-3) 153.2 (C-4´) 153.5 (C-4´) 

152.8 (C-3´) 149.0 (C-4) 148.8 (C-3´) 

148.1 (C-2´) 148.9 (C-3´) 148.0 (C-3) 

147.3 (C-2) 147.4 (C-3) 147.4 (C-4) 

135.2 (C-1´) 134.1 (C-1´) 138.9 (C-1) 

134.1 (C-1) 130.1 (C-1) 132.7 (C-1´) 

124.0 (C-5´) 122.7 (C-6´) 125.6 (C-6´) 

123.9 (C-5) 120.1 (C-2) 121.1 (C-2) 

122.0 (C-6´) 111.8 (C-6) 112.4 (C-5) 

120.8 (C-6) 111.3 (C-5) 111.1 (C-6) 

115.5 (C-4´) 110.1 (C-2´) 108.8 (C-2´) 

110.4 (C-4) 110.0 (C-5´) 56.1 (4-OCH3) 

61.6 (2´-OCH3) 56.1 (4´-OCH3, 4-OCH3) 56.0 (3-OCH3) 

60.6 (2-OCH3) 56.0 (3-OCH3) 55.9 (3´-OCH3, 4´-OCH3) 

56.0 (3´-OCH3) 55.9 (3´-OCH3) 48.9 (C-β) 

55.7 (3-OCH3) 40.3 (C-β) 35.5 (C-α) 

44.0 (C-β) 30.2 (C-α) 28.1 (C-1´´) 

24.8 (C-α)  27.9 (C-2´´) 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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2.4.2. Brominated dihydrochalcones 

 

 

The IR data of 23DHCBr, 34DHCBr and 6734DHCBr (Table 20) are very 

similar to those of dihydrochalcones 23DHC, 34DHC and 6734DHC, reported in section 

2.4.1. and are in accordance to the predicted structure. As the precursors, the IR spectra of 

brominated derivatives showed bands of stretching vibration at 3080-3078 cm-1 (C(sp2)-H), 

2966-2837 cm-1 (C(sp3)-H), 1683-1669 cm-1 (C=O), 1595-1417 cm-1 (C=C aromatic bonds), 

and 1209-1174 cm-1 (C-O). The bromination was evidenced by the presence of bands 

between 620-565 cm-1.  

 

Table 20. IR data of brominated dihydrochalcones 23DHCBr, 34DHCBr and 6734DHCBr. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23DHCBr 

C(sp2)-H 3080 

C(sp3)-H 
2938 

2837 

C=O 1683 

C=C aromatic 

1576 

1540 

1471 

1417 

trans vinylic system - 

C-O 1174 

C-Br 612 

 
34DHCBr 

C(sp2)-H 
3068 

3000 

C(sp3)-H 
2963 

2912 

C=O 1669 

C=C aromatic 

1595 

1584 

1507 

1464 

1457 

trans vinylic system - 

C-O 1209 

C-Br 620 

 
6734DHCBr 

C(sp2)-H 3078 

C(sp3)-H 

2966 

2938 

2851 

C=O 1670 

C=C aromatic 

1577 

1559 

1540 
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1508 

1465 

1457 

trans vinylic system - 

C-O 1197 

C-Br 565 

 

 

The 1H and 13C NMR data of these brominated derivatives are reported in Tables 

21 and 22. The 1H and 13C NMR spectra of these brominated derivatives showed the same 

signals of the A ring, as well as the signals of the three carbon bridge between the A and B 

rings of their precursors, confirming that the bromination did not occurred in these 

moieties. However, the characteristic signals of B ring were different from the 

dihydrochalcones used as building blocks. For compound 23DHCBr, instead of two double 

doublets at δH 7.15 (J = 8.0; 2.1 Hz, H-6) and δH 6.83 (J = 8.0; 2.1 Hz, H-4) and one triplet 

at δH 6.97 (J = 8.0, H-5), only two doublets with a coupling constant of 8.9 Hz characteristic 

of ortho coupling were observed, allowing to conclude that the bromination occurred at 4 

or 6 position. The introduction of the bromine at C-6 was concluded by the analysis of 

HMBC correlations (Figure 46). As represented in Figure 46, the correlations of the signals 

of aromatic protons at δH 6.68 (d, J = 8.9 Hz, H-4)  and δH 7.24 (d, J = 8.9 Hz, H-5) with 

the signals at δC 153.1 (C-2) and δC 152.3 (C-3), respectively, confirmed the bromination at 

C-6. 

For compounds 34DHCBr and 6734DHCBr, instead of one double doublet at δH 

6.80 and 6.78 (J = 8.0 - 1.9 Hz, H-6) and two doublets at δH 6.81-6.74 (J = 8.0 - 1.9 Hz, H-

5 and H-2), two singlets at δH 7.01 (H-3), and 6.82-6.79 (H-6) were observed in the 1H NMR 

spectra, putting in evidence that the bromination occurred at position 2. The 13C NMR data 

also corroborated this substitution.  

The 1H and 13C chemical shift values were confirmed by HSQC and HMBC 

bidimensional techniques. In Figure 46 are presented the main 1H-13C correlations 

presented in the HMBC spectra of these derivatives. 
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Figure 46. Main 1H-13C correlations found in HMBC spectra of brominated dihydrochalcones 23DHCBr, 

34DHCBr and 6734DHCBr. 
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Table 21. 1H data of brominated dihydrochalcones 23DHCBr, 34DHCBr and 6734DHCBr. 

 
23DHCBr 

 
34DHCBr 

 
6734DHCBr 

1H 1H 1H 

7.24 (d, J = 8.9 Hz, H-5) 7.56 (dd, J = 8.4; 2.0 Hz, H-6´) 7.54 (s, H-2´) 

7.21 (dd, J = 7.9; 1.8 Hz, H-6´) 7.53 (d, J = 2.0 Hz, H-2´) 7.01 (s, H-3) 

7.09 (t, J = 7.9 Hz, H-5´) 7.01 (s, H-3) 6.79 (s, H-6) 

7.03 (dd, J = 7.9; 1.8 Hz, H-4´) 6.88 (d, J = 8.4 Hz, H-5´) 6.64 (s, H-5´) 

6.68 (d, J = 8.9 Hz, H-4) 6.82 (s, H-6) 3.93 (s, 4-OCH3) 

3.88 (s, 2´-OCH3) 3.94 (s, 4-OCH3) 3.92 (s, 5-OCH3) 

3.87 (s, 2-OCH3) 3.93 (s, 4´-OCH3) 3.86 (s, 3´-OCH3, 4´-OCH3) 

3.84 (s, 3´-OCH3) 3.85 (s, 3´-OCH3) 
3.55 (m, H-βa) 

2.71 (m, H-βb) 

3.82 (s, 3-OCH3) 3.84 (s, 5-OCH3) 2.89 (m, H-2´´) 

3.19 (t, J = 3.9 Hz, H-α, H-β) 3.23 (t, J = 7.5 Hz, H-β) 2.82 (m, H-α) 

 3.09 (t, J = 7.5 Hz, H-α) 
2.10 (m, H-1´´a) 

1.87 (m, H-1´´b) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 22. 13C data of brominated dihydrochalcones 23DHCBr, 34DHCBr and 6734DHCBr. 

 

23DHCBr 

 

34DHCBr 

 

6734DHCBr 

13C 13C 13C 

202.2 (C=O) 197.9 (C=O) 198.2 (C=O) 

153.1 (C-2) 153.3 (C-4´) 153.5 (C-4´) 

152.3 (C-3) 149.0 (C-4) 148.3 (C-4) 

148.3 (C-3´) 148.4 (C-5) 148.0 (C-3´, C-5) 

148.1 (C-2´) 148.1 (C-3´) 138.9 (C-1) 

135.1 (C-1´) 132.6 (C-1´) 131.7 (C-1´) 

133.8 (C-1) 130.0 (C-1) 125.6 (C-6´) 

127.1 (C-5) 122.8 (C-6´) 115.5 (C-2) 

124.0 (C-5´) 115.5 (C-3) 114.6 (C-6) 

120.8 (C-6´) 113.9 (C-2) 114.0 (C-3) 

115.6 (C-4´) 113.0 (C-6) 110.1 (C-2´) 

115.4 (C-6) 110.1 (C-5´) 108.7 (C-5´) 

111.5 (C-4) 110.0 (C-2´) 56.2 (4-OCH3) 

61.6 (2´-OCH3) 56.2 (4-OCH3) 56.1 (5-OCH3, 4´-OCH3) 

61.0 (2-OCH3) 56.1 (2´-OCH3, 3´-OCH3) 56.0 (3´-OCH3) 

56.1 (3´-OCH3) 56.0 (5-OCH3) 47.9 (C-α) 

55.9 (3-OCH3) 38.5 (C-β) 35.7 (C-β) 

42.5 (C-β) 31.1 (C-α) 28.6 (C-2´´) 

25.1 (C-α) - 28.3 (C-1´´) 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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2.5. Diarylpropanes 

 

 

2.5.1. Non-brominated diarylpropanes 

 

 

The total reduction of the α, β-unsaturated ketone moiety of chalcones 23OMC, 

34OMC and 6734OMC, used as building blocks was suggested by the absence of the 

carbonyl group and trans vinylic system absorption bands in the IR spectra of 

diarylpropanes. 

As the precursors, the presence of Csp2-H (3007-3002 cm-1) and Csp3-H (2960-2833 

cm-1), C=C aromatic (1598-1418 cm-1), and C-O (1201-1197 cm-1) absorption bands were also 

observed (Table 23)  

 

Table 23. IR data of non-brominated diarylpropanes 23DAP, 34DAP and 6734DAP. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23DAP 

C(sp3)-H 

2934 

2860 

2833 

C=O - 

C=C aromatic 

1598 

1585 

1475 

1429 

trans vinylic system - 

C-O 1171 

 
34DAP 

C(sp2)-H 3007 

C(sp3)-H 

2960 

2929 

2909 

2838 

C=O - 

C=C aromatic 

1590 

1517 

1470 

1442 

trans vinylic system - 

C-O 1201 

 
6734DAP 

C(sp2)-H 3002 

C(sp3)-H 

2931 

2913 

2833 

C=O - 
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C=C aromatic 

1589 

1516 

1457 

1439 

1418 

trans vinylic system - 

C-O 1197 

 

 

The 1H and 13C NMR data of diarylpropanes are reported in Tables 24 and 25. As 

the precursors, the 1H and 13C NMR spectra of diarylpropane 23DAP showed characteristic 

signals of two 2,3-dimethoxyphenyl rings, and the 1H and 13C NMR spectra of 34DAP and 

6734DAP displayed signals of two 3,4-dimethoxyphenyl rings. As expected, the symmetric 

structure of diarylpropanes 23DAP and 34DAP was evidenced in their NMR spectra, 

which corroborate the reduction of the enone moiety. 

Moreover, in the spectra of diarylpropanes, no characteristic signals of the ,β-

unsaturated carbonyl system of chalcones used as building blocks, were observed. For 

compounds 23DAP and 34DAP, instead of these signals, characteristic signals of three 

aliphatic protons, including one triplet at δH 2.70 - 2.60 (J = 7.8 - 7.7 Hz, H-1, H-3) and one 

multiplet at δH 1.92 - 1.90 (H-2), correlated in the HSQC with the signals at δC 35.0 - 29.8 

and δC 33.3 - 31.6, respectively, are observed, confirming the success of the reduction of the 

enone moiety. For compound 6734DAP, instead of signals of a vinylic group of chalcone 

6734OMC used as precursor, characteristic signals of two benzylic protons (δH 2.74 m and 

2.65 m, H-3) and one methine proton at δH 2.02 m (H-2), correlated in the HSQC with the 

signals at δC 42.5 and δC 35.5, respectively, are observed, also confirming the success of the 

reduction of the enone moiety. 
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Table 24. 1H data of non-brominated diarylpropanes 23DAP, 34DAP and 6734DAP. 

 

23DAP 

 

34DAP 

 

6734DAP 
1H 1H 1H 

6.98 (t, J = 8.1 Hz, H5´´, H-5´) 6.80 (d, J = 8.7 Hz, H-5´´, H-5´) 6.82 (d, J = 8.3 Hz, H-5´) 

6.80 (dd, J = 8.1; 1.7 Hz, H6´´; H-6´) 6.74 (d, J = 2.0 Hz, H-2´´, H-2´) 6.75 (d, J = 1.8 Hz, H-2´) 

6.76 (dd, J = 8.1; 1.7 Hz, H-4´´; H-4´) 6.73 (dd, J = 8.7; 2.0 Hz, H-6´´, H-6´) 6.74 (dd, J = 8.3; 1.8 Hz, H-6´) 

3.85 (s, 3´´-OCH3; 3´-OCH3) 3.87 (s, 3´´-OCH3, 3´-OCH3) 6.57 (s, H-2´´) 

3.80 (s, 2´´-OCH3; 2´-OCH3) 3.86 (s, 4´´-OCH3, 4´-OCH3) 6.52 (s, H-5´´) 

2.70 (t, J = 7.8 Hz, H-1; H-3) 2.60 (t, J = 7.7 Hz, H-1, H-3) 3.88 (s, 3´´-OCH3, 4´´-OCH3) 

1.90 (m, H-2) 1.92 (m, H-2) 3.83 (s, 3´-OCH3) 

- - 3.81 (s, 4´-OCH3) 

- - 
2.74 (m, H-3a) 

2.65 (m, H-3b) 

- - 
2.69 (m, H-1a) 

2.39 (m, H-1b) 

- - 2.57 (m, H-1´´´) 

- - 2.02 (m, H-2) 

- - 
1.94 (m, H-2´´´a) 

1.42 (m, H-2´´´b) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 MHz. J values (Hz) are presented in parentheses. 
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Table 25. 13C data of non-brominated diarylpropanes 23DAP, 34DAP and 6734DAP. 

 
23DAP 

 

34DAP 

 

6734DAP 
13C 13C 13C 

152.7 (C-3´´; C-3´) 148.8 (C-3´´, C-3´) 148.7 (C-3´) 

147.2 (C-2´´; C-2´) 147.1 (C-4´´, C-4´) 147.2 (C-3´´) 

123.7 (C-5´´; C-5´) 135.0 (C-1´´, C-1´) 147.0 (C-4´) 

121.8 (C-6´´; C-6´) 120.2 (C-6´´, C-6´) 146.9 (C-4´´) 

110.0 (C-4´´; C-4´) 111.8 (C-5´´, C-5´) 133.4 (C-1´) 

61.0 (2´´-OCH3; 2´-OCH3) 111.2 (C-2´´, C-2´) 128.4 (C-6´´) 

55.7 (3´´-OCH3; 3´-OCH3) 55.9 (3´´-OCH3, 3´-OCH3) 128.2 (C-1´´) 

31.6 (C-2) 55.8 (4´´-OCH3, 4´-OCH3) 121.0 (C-6´) 

29.8 (C-1; C-3) 35.0 (C-1, C-3) 112.3 (C-5´´) 

- 33.3 (C-2) 111.9 (C-2´) 

- - 111.6 (C-5´) 

- - 111.0 (C-2´´) 

- - 55.9 (3´-OCH3, 3´´-OCH3, 4´´-OCH3) 

- - 55.8 (4´-OCH3) 

- - 42.5 (C-3) 

- - 36.5 (C-1) 

- - 35.5 (C-2) 

- - 29.4 (C-2´´´) 

- - 28.7 (C-1´´´) 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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The 1H and 13C attributions were confirmed by the complementary analysis of 

HSQC and HMBC bidimensional techniques. In Figure 47 are presented some 1H-13C 

correlations detected in the HMBC spectra. 

 

 

Figure 47. Main 1H-13C correlations found in HMBC spectra of non-brominated diarylpropanes 23DAP, 

34DAP and 6734DAP. 

 

 

2.5.2. Brominated Diarylpropanes 

 

 

As the precursors, for both brominated diarylpropanes the IR spectra (Table 26) 

displayed absorption bands of Csp2-H and Csp3-H (3000-2836 cm-1), C=C aromatic (1605-

1414 cm-1), and C-O (1225-1210 cm-1). Moreover, the observation of bands at 683-675 cm-1 

(C-Br) suggested that the bromination occurred. 

 

Table 26. IR data of brominated diarylpropanes 23DAPBr and 34DAPBr. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
23DAPBr 

C(sp3)-H 

2962 

2936 

2860 

2836 

C=O - 

C=C aromatic 

1574 

1473 

1456 

1435 

1414 

trans vinylic system - 

C-O 1225 
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C-Br 683 

 
34DAPBr 

C(sp2)-H 3000 

C(sp3)-H 

2947 

2933 

2856 

2840 

C=O - 

C=C aromatic 

1605 

1577 

1510 

1454 

trans vinylic system - 

C-O 1210 

C-Br 675 

 

 

The 1H and 13C NMR data of these brominated derivatives are reported in Tables 

27 and 28. The 1H and 13C NMR spectra of these brominated derivatives showed the same 

signals of the three carbon bridge between the A and B rings of their precursors, confirming 

that the bromination did not occurred in these moieties. Moreover, as the precursors, the 

symmetric structure of both brominated diarylpropanes was evidenced in their NMR 

spectra, which corroborate the bromination of both aromatic rings at the same position. 

For compound 23DAPBr, instead of two double doublets at δH 6.80 (J = 8.1; 1.7 

Hz, H-6´´ and H-6´) and δH 6.76 (J = 8.1; 1.7 Hz, H-4´´ and H-4´) and one triplet at δH 

6.98 (J = 8.1 Hz, H-5´´ and H-5´), only two doublets with a coupling constant of 8.8 Hz 

characteristic of ortho coupling were observed, allowing to conclude that the bromination 

occurred at 4´/4´´ or 6´/6´´ positions. The introduction of the bromine at C-6’ and C-6´´ 

was concluded by the correlations observed in the HMBC spectra between the signals of 

aromatic protons at δH 7.21 (d, J = 8.8 Hz, H-5´, H-5´´)  and δH 6.64 (d, J = 8.8 Hz, H-4´, 

H-4´´) with the signals of aromatic carbons at δC 148.0 (C-3´, C-3´´) and δC 152.2 (C-2´, C-

2´´), respectively (Figure 48). 

For compound 34DAPBr, instead of one double doublet at δH 6.73 (J = 8.7; 2.0 

Hz, H-6´´ and H-6´) and two doublets at δH 6.80-6.74 (J = 8.1; 2.0 Hz, H-5´´, H-5´, H-2´´ 

and H-2´), two singlets at δH 7.00 (H-6´´ and H-6´), and 6.72 (H-3´´ and H-3´) were 

observed in the 1H NMR spectra, putting in evidence that the bromination occurred at 

position 2’. The 13C NMR data also corroborated this substitution.  

The 1H and 13C chemical shift values were confirmed by HSQC and HMBC 

bidimensional techniques. In Figure 48 are highlighted the main 1H-13C correlations 

presented in the HMBC spectra of these derivatives. 
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Figure 48. Main 1H-13C correlations found in HMBC spectra of non-brominated diarylpropanes 23DAPBr 

and 34DAPBr. 

 

Table 27. 1H data of brominated diarylpropanes 23DAPBr and 34DAPBr. 

 
23DAPBr 

 
34DAPBr 

1H 1H 

7.21 (d, J = 8.8 Hz, H-5´, H-5´´) 7.00 (s, H-6´, H-6´´) 

6.64 (d, J = 8.8 Hz, H-4´, H-4´´) 6.72 (s, H-3´, H-3´´) 

3.83 (s, 2´-OCH3, 2´´-OCH3) 3.86 (s, 5´-OCH3, 5´´-OCH3) 

3.82 (s, 3´-OCH3, 3´´-OCH3) 3.85 (s, 4´-OCH3, 4´´-OCH3) 

2.88 (t, J = 8.1 Hz, H-1, H-3) 2.73 (t, J = 7.8 Hz, H-1, H-3) 

1.80 (m, H-2) 1.90 (m, H-2) 

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

parentheses. 

 

Table 28. 13C data of brominated diarylpropanes 23DAPBr and 34DAPBr. 

 
23DAPBr 

 
34DAPBr 

13C 13C 

152.2 (C-2´, C-2´´) 148.3 (C-5´, C-5´´) 

148.0 (C-3´, C-3´´) 147.8 (C-4´, C-4´´) 

136.2 (C-1´, C-1´´) 133.4 (C-1´, C-1´´) 

127.6 (C-5´, C-5´´) 115.5 (C-6´, C-6´´) 

115.6 (C-6´, C-6´´) 114.1 (C-2´, C-2´´) 

111.1 (C-4´, C-4´´) 112.9 (C-3´, C-3´´) 

61.1 (2´-OCH3, 2´´-OCH3) 56.2 (5´-OCH3, 5´´-OCH3) 

55.8 (3´-OCH3, 3´´-OCH3) 56.1 (4´-OCH3, 4´´-OCH3) 

30.3 (C-1, C-3) 35.5 (C-1, C-3) 

29.4 (C-2) 30.5 (C-2) 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 
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2.6. Cinnamic acid derivative DACBr 

 

 

When the Claisen Schmidt condensation was performed between 67OMA and 

34OMABr, instead of a chalcone, a cinnamic acid derivative was obtained. The structure 

of this compound was characterized by IR and NMR spectroscopy. The IR data of cinnamic 

acid derivative (DACBr) (Table 29) is very similar to those of brominated building blocks, 

reported in section 2.1., namely the 34OMBBr, as well as the expected data if a brominated 

chalcone was obtained.  

 

Table 29. IR data of cinnamic acid derivative DACBr. 

Structure of compounds Chemical Groups Wavenumbers (cm-1) 

 
DACBr 

C(sp2)-H 3001 

C(sp3)-H 
2921 

2850 

C=O 1661 

C=C aromatic 

1595 

1559 

1541 

1465 

trans vinylic system 1388 

C-O 1263 

C-Br 605 

 

 

Nevertheless, 1H and 13C NMR data of the DACBr confirmed that a chalcone was 

not obtained. 1H and 13C NMR data of the DACBr is presented in Table 30. 

The formation of an α,β unsaturated carbonyl system was confirmed by the 

appearance of two trans coupled vinylic protons at δH 8.02 (H-β) and δH 6.93 (H-) with J 

value of 15.9 Hz. The presence of a signal of a carbonyl group at δC 188.7 and two signals of 

two vinylic carbons at δC 141.7 (C-β) and δC 126.7 (C-) also corroborate the formation of 

these system.  

However, instead of the signals of four aromatic protons, as well as four methylenic 

protons and twelve oxymethylic protons expected if a chalcone was formed, only signals of 

two aromatic protons at δH 7.08 and δH 7.18, as well as of two methoxy protons as two 

singlets at δH 3.94 and δH 3.92, were observed in the 1H NMR spectrum, confirming the 

formation of a cinnamic acid derivative. The similarity of the 1H and 13C NMR data of 

DACBr with those of benzaldehyde 34OMBBr also corroborate the synthesis of this 

compound using 34OMBBr as building block.  
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Table 30. 1H and 13C NMR data of cinnamic acid derivative DACBr. 

 

DACBr 
1H 13C 

8.02 (d, J = 15.9 Hz, H-β) 188.7 (C=O) 

7.18 (s, H-6) 148.7 (C-5) 

7.08 (s, H-3) 141.7 (C-β) 

6.93 (d, J = 15.9 Hz, H-α) 141.5 (C-4) 

3.94 (s, 5-OCH3) 126.7 (C-α) 

3.92 (s, 4-OCH3) 125.8 (C-1) 

- 118.0 (C-2) 

- 115.7 (C-3) 

- 109.3 (C-6) 

- 56.3 (4-OCH3) 

- 56.3 (5-OCH3) 

Values in parts per million (δH). Measured in CDCl3 at 300.13 

MHz. J values (Hz) are presented in parentheses. 

Values in parts per million (δC). Measured in CDCl3 at 75.47 MHz. 

 

The structure of this compound was also confirmed by HSQC and HMBC spectra 

(Figure 49). In fact, the correlations observed between the doublet at 8.02 (H-β) and the 13C 

NMR signals at 188.7 (C=O) and 109.3 (C-6), as well as between the doublet at 6.93 (H-α) 

and the 13C NMR signals at 125.8 (C-1) confirmed the formation of a α,β unsaturated 

carbonyl system linked to the aromatic ring. 

 

 

Figure 49. Main 1H-13C correlations found in HMBC spectra of DACBr. 
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1. General Methods 

 

 

All the reagents and solvents were purchased from Sigma Aldrich and were used 

without further purification. Solvents were evaporated using rotary evaporator under 

reduced pressure (Buchi Waterchath B-480). 

All reactions were monitored by TLC carried out on precoated plates (silica gel, 60 

F254 Merck) with 0.2 mm of thickness. The visualization of the chromatograms was under 

UV light at 254 nm and 365 nm. 

The purification of compounds was performed by crystallization, flash column 

chromatography using Macherey-Nagel silica gel 60 (0.04 - 0.063 mm), by preparative TLC 

using Merck silica gel 60 (GF254) plates or high performance liquid chromatography 

(HPLC) Dionex UltraMate 3000, with HPLC column Luna 5 µm (particle size) Silica (2) 100 

Å (pore size), with size 250 × 10 mm, flow at 1.5 mL/ min, pressure at 19 bar, isocratic 

elution with 100 % n-hexane, running time of 16 minutes and Uv/ Vis Detector in mode On, 

with wavelength fixed at 254 nm, and Fluorescence Detector. 

Melting points were obtained in a Köfler microscope and are uncorrected.  

1H and 13C NMR, HSQC and HMBC spectra were performed in the Departamento 

de Química, Universidade de Aveiro, and were taken in CDCl3 (Deutero GmbH) at r.t., on 

Bruker Avance 300 instruments (300.13 MHz for 1H and 75.47 MHz for 13C). 
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2. Synthesis of brominated acetophenones and 

benzaldehydes 

 

 

2.1. Bromination with Br2 

 

 

In a two-necked round bottom flask was placed 2,3-dimethoxybenzaldehyde (200 

mg/ 1.20 mmol) or 3,4-dimethoxybenzaldehyde (200 mg/ 1.20 mmol) and acetic acid (6 

mL). Then a solution of bromo in acetic acid (1:4) was added. The reaction mixture was 

stirred at reflux (60 - 70 ºC) for 1 hour. The reaction mixture was cooled at room 

temperature and a solution of 10% sodium thiosulfate was added until the orange color 

disappeared. A yellow powder was formed and the solid was filtered. The remaining mixture 

was extracted with chloroform (3 × 20 mL), and the organic phase was washed with brine 

solution (2 × 20 mL), dried over anhydrous sodium sulfate, filtered and then, the solvent 

was evaporated under reduce pressure. The resulting crude product was purified and 

characterized as indicated below. 

 

2,3-dibromo-4,5-dimethoxybenzaldehyde (23OMBBr2): Purified by 

crystallization, with methanol. Yield: 5% as a white solid; m.p. (methanol) = 97.8 - 100.1 °C; 

IR (KBr, ʋ (cm-1)): 3070 (Csp2-H); 2978, 2935, 2848 (Csp3-H); 1697 (C=O); 1570, 1557, 1469, 

1442 (aromatic C=C); 1202 (C-O); 597 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 10.21 

(s, CHO), 7.34 (s, H-4), 3.91 (s, 5-OCH3), 3.89 (s, 6-OCH3); 13C NMR (300 MHz, CDCl3) δ 

(ppm): 190.3 (C=O), 153.0 (C-6), 150.3 (C-5), 121.4 (C-2), 120.5 (C-4), 114.7 (C-3), 62.5 (5-

OCH3), 56.4 (6-OCH3). 

 

2-bromo-4,5-dimethoxybenzaldehyde (34OMBBr): Purified by flash column 

chromatography (SiO2, n-hexane: ethyl acetate 9:1). Yield: 49% as a white solid; m.p.(n-

hexane/ ethyl acetate 9:1) = 150.7 - 151.5 °C; IR (KBr, ʋ (cm-1)): 3008 (Csp2-H); 2979, 2919, 

2849 (Csp3-H); 1669 (C=O); 1590, 1507, 1469, 1445 (aromatic C=C), 1218 (C-O); 589 (C-Br); 

1H NMR (300 MHz, CDCl3) δ (ppm): 10.18 (s, CHO), 7.41 (s, H-6), 7-05 (s, H-3), 3.96 (s, 5-

OCH3), 3.92 (4-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 190.8 (C=O), 154.5 (C-5), 

148.8 (C-4), 120.4 (C-2), 115.5 (C-3), 110.4 (C-6), 56.5 (5-OCH3), 56.2 (4-OCH3). 
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2.2. Bromination with NBS 

 

 

In a two-necked round bottom flask was placed 2,3-dimethoxybenzaldehyde (600 

mg, 3.61 mmol), 3,4-dimethoxybenzaldehyde (500 mg, 3.01 mmol), 2,3-

dimethoxyacetophenone (500 mg, 2.77 mmol) or 3,4-dimethoxyacetophenone (500 mg, 

2.77 mmol), o.2 equivalents of ammonium acetate (55.66 mg, 722.13 µmol) and 20 mL of 

acetonitrile. The round bottom flask was placed at 0 ºC, and after 15 minutes, 2 equivalents 

of NBS (1.29 g, 7.22 mmol) was added in one single portion. The mixture was allowed to stir 

at room temperature and protected by the light, for 2 hours for the bromination of 2,3-

dimethoxybenzaldehyde, 3,4-dimethoxybenzaldehyde and 2,3-dimethoxyacetophenone, or 

1.5 hours for the bromination of 3,4-dimethoxyacetophenone. The solution was partitioned 

between water and ethyl acetate. The aqueous phase was extracted with ethyl acetate (2 × 

25 mL) and the organic phase was washed with brine solution (2 × 25 mL), dried over 

sodium sulfate anhydrous, filtered and then the solvent was evaporated under reduced 

pressure. Compound 34OMBBr (52%) was purified by flash column chromatography 

(SiO2, n-hexane: ethyl acetate 95:5). Compounds 23OMBBr, 23OMABr2, 34OMABr2 

and 34OMABr were purified and characterized as indicated below.  

 

 

5-bromo-2,3-dimethoxybenzaldehyde (23OMBBr): purified by flash column 

chromatography (SiO2, n-hexane: ethyl acetate 9:1). Yield: 53% as white solid; m.p. (n-

hexane/ethyl acetate 95:5) = 77.8 - 80.4°C; IR (KBr, ʋ (cm-1)): 3082 (Csp2-H); 2966, 2939, 

2847 (Csp3-H); 1679 (C=O); 1577, 1482, 1445, 1429 (aromatic C=C); 1218 (C-O); 583 (C-Br); 

1H NMR (300 MHz, CDCl3) δ (ppm): 10.34 (s, CHO), 7.53 (d, J = 2.3 Hz, H-4), 7.22 (d, J = 

2.3 Hz, H-6), 3.97 (s, 2-OCH3), 3.90 (s, 3-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 188.7 

(C=O), 153.9 (C-3), 151.9 (C-2), 121.8 (C-4), 121.0 (C-6), 117.0 (C-5), 62.4 (2-OCH3), 56.3 (3-

OCH3). 

 

2,3-dibromo-5,6-dimethoxyacetophenone (23OMABr2): purified by flash column 

chromatography (SiO2, n-hexane: ethyl acetate 95:5). Yield: 52% as beige oil; IR (KBr, ʋ (cm-

1)): 3081 (Csp2-H); 2974, 2940, 2837 (Csp3-H); 1713 (C=O); 1573, 1469, 1416 (aromatic C=C); 

1246 (C-O); 649 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.17 (s, H-4), 3.87 (s, 6-OCH3), 

3.79 (s, 5-OCH3), 2.51 (s, H-1´); 13C NMR (300 MHz, CDCl3) δ (ppm): 200.8 (C=O), 152.6 

(C-6), 144.8 (C-5), 139.7 (C-1), 120.2 (C-2), 117.4 (C-4), 109.6 (C-3), 62.1 (5-OCH3), 56.4 (6-

OCH3), 31,3 (C-1´). 
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2,3-dibromo-4,5-dimethoxyacetophenone (34OMABr2): purified by flash column 

chromatography (SiO2, n-hexane: ethyl acetate 95:5). Yield: 1% as orange oil; 1H NMR (300 

MHz, CDCl3) δ (ppm): 7.18 (s, H-6), 3.87 (s, 5-OCH3), 3.80 (s, 4-OCH3), 2.51 (s, H-1´); 13C 

NMR (300 MHz, CDCl3) δ (ppm): 200.7 (C=O), 152.5 (C-4), 144.7 (C-5), 139.5 (C-1), 120.0 

(C-2), 117.3 (C-6), 109.3 (C-6), 62.0 (5-OCH3), 56.3 (4-OCH3), 31.2 (C-1´).  

 

2-bromo-4,5-dimethoxyacetophenone (34OMABr): purified by flash column 

chromatography (SiO2, n-hexane: ethyl acetate 9:1). Yield: 63% as white solid; m.p. (n-

hexane/ethyl acetate 9:1) = 74.7 - 75.6 °C; IR (KBr, ʋ (cm-1)): 2967, 2937, 2841 (Csp3-H); 

1681 (C=O); 159, 1562, 1501, 1440 (aromatic C=C); 1204 (C-O); 649 (C-Br);1H NMR (300 

MHz, CDCl3) δ (ppm): 7.14 (s, H-6), 7.05 (s, H-3), 3.92 (s, 5-OCH3), 3.89 (4-OCH3), 2.67 (s, 

H-1´); 13C NMR (300 MHz, CDCl3) δ (ppm): 199.5 (C=O), 151.6 (C-5), 148.2 (C-4), 132.7 (C-

1), 116.4 (C-3), 112.6 (C-6), 111.8 (C-2), 56.4 (5-OCH3), 56.2 (4-OCH3, 30.5 (C-1´).  

 

 

3. Methylation of acetophenone 35BrA and benzaldehyde and 35BrB 

 

 

In a two-necked round bottom flask was placed 3,5-dibromo-4-

hydroxyacetophenone (1.0 g, 3.40 mmol) or 3,5-dibromo-4-hydroxybenzaldehyde (1.0 g, 

3.57 mmol), anhydrous acetone (20 mL) and potassium carbonate (940.4 mg, 6.80 mmol). 

Then, dimethyl sulfate was added (387.1 µL, 4.08 mmol) dropwise and the mixture was 

stirred at reflux (70 ºC) and under inert atmosphere (N2) during 3 hours for 3,5-dibromo-

4-hydroxyacetophenone, and 1.5 hours for 3,5-dibromo-4-hydroxybenzaldehyde. The 

reaction was quenched by the addition of 60 mL of distilled water, and the acetone was 

evaporated under reduce pressure. To the aqueous phase, 1M HCl was added until pH 2 - 3 

and the aqueous phase was extracted with ethyl acetate (3 × 80 mL) and the organic phase 

was washed with brine solution (2 × 40 mL), dried over anhydrous sodium sulfate, filtered 

and then, the solvent was evaporated. The crude products were purified by flash column 

chromatography (SiO2, n-hexane/ethyl acetate 95:5). 

 

 

3,5-dibromo-4-dimethoxyacetophenone (35Br4OMA):  Yield: 76% as pale yellow 

solid; m.p. (n-hexane/ethyl acetate 95:5) = 78.3 - 80.8 °C; IR (KBr, ʋ (cm-1)): 3068 (Csp2-

H), 2991, 2951 (Csp3-H), 1687 (C=O); 1583, 1536, 1470, 1433 (aromatic C=C), 1249 (C-O); 

594 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.09 (s, H-2, H-6), 3.94 (s, 4-OCH3), 2.57 
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(s, H-1´); 13C NMR (300 MHz, CDCl3) δ (ppm): 194.6 (C=O), 158.1 (C-4), 135.0 (C-1), 132.9 

(C-2, C-6), 118.7 (C-3, C-5), 60.8 (4-OCH3), 26.5 (C-1´).  

 

3,5-dibromo-4-dimethoxybenzaldehyde (35Br4OMB):  Yield: 75% as white solid; 

m.p. (n-hexane/ethyl acetate 95:5) = 69.7 - 70.2 °C; IR (KBr, ʋ (cm-1)): 3057 (Csp2-H); 2951, 

2929, 2851 (Csp3-H); 1727 (C=O); 1582, 1547, 1470, 1419 (aromatic C=C); 1205 (C-O); 573 

(C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 9.86 (s, CHO),8.03 (s, H-2, H-6), 3.96 (s, 4-

OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 188.5 (C=O), 159.1 (C-4), 133.9 (C-1), 128.3 

(C-2, C-6), 119.3 (C-3, C-5), 60.9 (4-OCH3).  

 

 

4. Synthesis of chalcones and cinnamic acid derivative DACBr 

 

 

In a round bottom flask the appropriately substituted ketone (50 mg – 650 mg, 

147.93 µmol – 2.71 mmol) was dissolved in methanol and a solution of 40% sodium 

hydroxide was added until pH 13-14. Then, a solution of appropriately substituted 

benzaldehyde (49.17 mg – 942.60 mg, 295.86 µmol – 5.43 mmol) in methanol was added 

dropwise. The reaction mixture was stirred at room temperature (compounds 23CR1, 

34CR2, 35BrC, and 6734OMC) or at reflux (65 - 70 ºC, compounds 23CBr3, 34CBr2, 

23OMC and 34OMC) for 1 hour - 1 week. At the end of reaction, ice was added to quench 

the reaction, and a solution of 1M HCl was added until pH 5. For all synthesized chalcones, 

except 23CBr3 and 23OMC, the obtained solid was filtered and washed with cold distilled 

water. For compounds 23CBr3 and 23OMC, as the crude product was an oil, the crude 

product was extracted with chloroform (3 × 25 mL), and the organic phase was washed with 

brine solution (2 × 20 mL), dried over anhydrous sodium sulfate, filtered and then, the 

solvent was evaporated under reduce pressure. Compounds 34OMC, 6734OMC, and 

DACBr were obtained without further purification. Compounds 23CR1, 34CR2, 23CBr3, 

34CBr2, 35BrC, and 23OMC were purified as indicated below. 

 

 

(E)-1-(2,3-dibromo-5,6-dimethoxyphenyl)-3-(2,3-dimethoxyphenyl)prop-2-

en-1-one (23CR1): purified by TLC (SiO2, n-hexane/ethyl acetate 9:1). Yield: 48% as 

yellow-orange oil; IR (KBr, ʋ (cm-1)): 3078 (Csp2-H); 2937, 2836 (Csp3-H); 1732 (C=O); 1574, 

1557, 1538, 1505, 1463, 1455 (aromatic C=C); 1373 (trans vinylic system); 1200 (C-O); 576 

(C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.60 (d, J =16.4 Hz, H-β), 7.25 (s, H-4´), 7.19 

(dd, J = 8.0; 1.5 Hz, H-6), 7.07 (t, J = 8.0 Hz, H-5), 6.96 (dd, J = 8.0; 1.5 Hz, H-4), 6.95 (d, 
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J = 16.4 Hz, H-α), 3.90 (s, 6´-OCH3), 3.86 (s, 3-OCH3), 3.78 (s, 5´-OCH3), 3.77 (s, 2-OCH3); 

13C NMR (300 MHz, CDCl3) δ (ppm): 193.7 (C=O), 153.1 (C-3), 152.5 (C-6´), 148.8 (C-2), 

145.9 (C-5´), 142.5 (C-β), 137.5 (C-1´), 128.6 (C-1), 127.9 (C-α), 124.3 (C-5), 120.0 (C-3´), 

119.6 (C-6), 117.6 (C-4´), 114.7 (C-4), 61.8 (5´-OCH3), 61.6 (2-OCH3), 56.3 (6´-OCH3), 55.9 

(3-OCH3).  

 

(E)-1-(2-bromo-4,5-dimethoxyphenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-

one (34CR2): purified by TLC (SiO2, n-hexane/ethyl acetate 9:1). Yield: 80% as yellow 

solid; m.p. (n-hexane/ethyl acetate 9:1) = 144.6-146.9 °C; IR (KBr, ʋ (cm-1)): 3084 (Csp2-H); 

2994, 2934, 2836 (Csp3-H); 1638 (C=O); 1596, 1514, 1451, 1442 (aromatic C=C); 1372 (trans 

vinylic system); 1229 (C-O); 578 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.45 (d, J = 

15.8 Hz, H-β), 7.17 (dd, J = 8.2; 2.1 Hz, H-6), 7.10 (d, J=2.1 Hz, H-2), 7.08 (s, H-3´), 7.04 

(d, J = 15.8 Hz, H-α), 7.00 (s, H-6´), 6.89 (d, J = 8.2 Hz, H-5), 3.93 (s, 4-OCH3), 3.92 (s, 3-

OCH3, 5´-OCH3), 3.89 (s, 4´-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 193.6 (C=O), 

151.6 (C-5´), 151.0 (C-4),149.3 (C-3), 148.3 (C-4´), 145.7 (C-β), 133.5 (C-1´), 127.6 (C-α), 

124.1 (C-6), 123.4 (C-1), 115.9 (C-3´), 112.3 (C-6´), 111.1 (C-2´), 111.0 (C-5), 110.0 (C-2), 56.4 

(5´-OCH3), 56.2 (4´-OCH3), 56.0 (3-OCH3), 55.9 (4-OCH3).  

 

(E)-3-(5-bromo-2,3-dimethoxyphenyl)-1-(2,3-dibromo-5,6-dimethoxyphenyl) 

prop-2-en-1-one (23CBr3): purified by flash column chromatography (SiO2, n-hexane/ 

ethyl acetate 95:5). Yield: 55% as orange oil. m.p.(n-hexane/ ethyl acetate 95:5) = 90.8 - 

93.2 °C; IR (KBr, ʋ (cm-1)): 3079 (Csp2-H); 2970, 2936, 2829 (Csp3-H); 1655 (C=O); 1620, 

1567, 1467, 1418 (aromatic C=C); 1376 (trans vinylic system); 1198 (C-O); 579 (C-Br); 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.51 (d, J = 16.4 Hz, H-β), 7.40 (d, J = 2.2 Hz, H-6), 7.25 

(s, H-4´), 7.05 (d, J = 2.2 Hz, H-4), 6.91 (d, J = 16.4 Hz, H-α), 3.90 (s, 5´-OCH3), 3.85 (s, 3-

OCH3), 3.77 (s, 6´-OCH3), 3.76 (s, 2-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 193.2 

(C=O), 153.8 (C-3), 152.3 (C-5´), 147.9 (C-2), 145.9 (C-6´), 140.4 (C-β), 137.3 (C-1´), 129.9 

(C-α), 128.6 (C-1), 122.1 (C-6), 120.1 (C-2´), 117.7 (C-4´), 117.6 (C-4), 116.9 (C-3´), 111.2 (C-

5), 61.9 (6´-OCH3), 61.7 (2-OCH3), 56.3 (5´-OCH3), 56.2 (3-OCH3).  

 

(E)-1,3-bis(2-bromo-4,5-dimethoxyphenyl)prop-2-en-1-one (34CBr2): purified 

by flash column chromatography (SiO2, n-hexane/ ethyl acetate 98:2), followed by TLC 

(SiO2, diethyl ether/ petroleum ether 8:2). Yield: 87% as yellow solid; m.p.(diethyl ether/ 

petroleum ether 8:2) = 168.6 - 171.6 °C; IR (KBr, ʋ (cm-1)): 2932, 1840 (Csp3-H); 1658 (C=O); 

1591, 1505, 1465, 1442 (aromatic C=C); 1336 (trans vinylic system); 1202 (C-O); 587 (C-Br); 

1H NMR (300 MHz, CDCl3) δ (ppm): 7.83 (d, J = 15.9 Hz, H-β), 7.17 (s, H-3), 7.09 (s, H-

6´),7.06 (s, H-6), 7.03 (s, H-3´), 7.00 (d, J = 15.9 Hz, H-α), 3.94 (s, 5´-OCH3), 3.92 (s, 4-
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OCH3), 3.91 (s, 4´-OCH3),3.90 (s, 5-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 193.5 

(C=O), 151.7 (C-4), 151.1 (C-5´), 148.7 (C-4´), 148.3 (C-5), 144.1 (C-β), 132.9 (C-1´), 126.6 

(C-1), 126.5 (C-α), 118.1 (C-2), 116.0 (C-6´), 115.7 (C-6), 112.5 (C-3´), 111.2 (C-2´), 109.5 (C-

3), 56.4 (4-OCH3), 56.3 (5´-OCH3), 56.2 (5-OCH3), 56.1 (4´-OCH3).  

 

(E)-1,3-bis(3,5-dibromo-4-methoxyphenyl)prop-2-en-1-one (35CBr4): purified 

by TLC (SiO2, n-hexane/ethyl acetate 8:2). Yield: 36% as a pale yellow solid; m.p.(n-

hexane/ethyl acetate 8:2) = 179.9 - 181.5 °C; IR (KBr, ʋ (cm-1)): 3070 (Csp2-H); 2927,2861, 

2829 (Csp3-H); 1669 (C=O); 1535, 1471, 1422 (aromatic C=C); 1310 (trans vinylic system); 

1199 (C-O); 597 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.16 (s, H-2´, H-6´), 7.79 (s, 

H-2, H-6), 7.60 (d, J = 15.5 Hz, H-β), 7.32 (d, J = 15.5 Hz, H-α), 3.97 (s, 4´-OCH3), 3.94 (s, 

4-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 186.0 (C=O), 158.1 (C-4´), 156.0 (C-4), 

142.8 (C-β), 135.7 (C-1´), 133.1 (C-1), 133.0 (c-2´, C-6´), 132.5 (C-2, C-6), 122.0 (C-α), 118.9 

(C-3, C-5), 118.8 (C-3´, C-5´), 60.9 (4´-OCH3, 4-OCH3). 

 

(E)-1,3-bis(2,3-dimethoxyphenyl)prop-2-en-1-one (23OMC): purified by flash 

column chromatography (SiO2, n-hexane/ ethyl acetate 9:1). Yield: 85% as an orange oil; IR 

(KBr, ʋ (cm-1)): 3075 (Csp2-H); 2937, 2836 (Csp3-H); 1735 (C=O); 1652, 1576, 1474, 1426 

(aromatic C=C); 1372 (trans vinylic system); 1170 (C-O); 1H NMR (300 MHz, CDCl3) δ 

(ppm): 7.94 (d, J = 16.1 Hz, H-β), 7.40 (d, J = 16.1 Hz, H-α), 7.24 (dd, J = 8.0; 2.2 Hz, H-6), 

7.17 (dd, J = 7.7; 2.3 Hz, H-6), 7.13 (t, J = 7.7 Hz, H-5´), 7.06 (t, J = 8.0 Hz, H-5), 7.06 (dd, 

J = 7.7; 2.3 Hz, H-4´), 6.95 (dd, J = 8.0; 2.2 Hz, H-4), 3.91 (s, 3-OCH3), 3.88 (s, 3´-OCH3), 

3.85 (s, 2-OCH3, 2´-OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 193.5 (C=O), 153.2 (C-

3´), 153.0 (C-3),148.9 (C-2´), 148.1 (C-2), 138.2 (C-β), 134.6 (C-1´), 129.1 (C-1), 128.0 (C-

α), 124.2 (C-5´,C-5), 121.1 (C-6´), 119.5 (C-6), 115.1 (C-4´), 114.1 (C-4), 62.0 (2´-OCH3), 61.4 

(2-OCH3), 56.1 (3-OCH3), 55.9 (3´-OCH3). 

 

(E)-1,3-bis(3,4-dimethoxyphenyl)prop-2-en-1-one (34OMC):  Yield: 74% as a 

yellow solid; m.p. (distilled water) = 89.3 - 91.1 °C; IR (KBr, ʋ (cm-1)): 3082, 3008 (Csp2-H); 

2937, 2839 (Csp3-H);1651 (C=O); 1597, 1574. 1510, 1464 (aromatic C=C); 1348 (trans vinylic 

system); 1200 (C-O); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.77 (d, J = 15.5 Hz, H-β), 7.69 

(dd, J = 8.5; 2.0 Hz, H-6´), 7.63 (d, J = 2.0 Hz, H-2´), 7.42 (d, J = 15.5 Hz, H-α), 7.25 (dd, 

J = 8.4; 1.9 Hz, H-6), 7.17 (d, J = 1.9 Hz, H-2), 6.94 (d, J = 8.5 Hz, H-5´), 6.91 (d, J = 8.4 

Hz, H-5), 3.98 (s, 4´-OCH3; 4-OCH3), 3.96 (s, 3-OCH3), 3.94 (s, 3´-OCH3); 13C NMR (300 

MHz, CDCl3) δ (ppm): 188.7 (C=O), 153.1 (C-4´), 151.3 (C-4), 149.2 (C-3), 149.2 (C-3´), 

144.2 (C-β), 131.6 (C-1´), 128.1 (C-1), 122.9 (C-6´; C-6), 119.6 (C-α), 111.1 (C-5), 110.8 (C-

2´), 110.2 (C-2), 109.9 (C-5´), 56.1 (3´-OCH3, 3-OCH3), 56.0 (4-OCH3), 55.9 (4´-OCH3). 



90 

 

(E)-2-(3,4-dimethoxybenzylidene)-6,7-dimethoxy-3,4-dihydronaphthalen-

1(2H)-one (6734OMC): Yield: 54% as a yellow solid; m.p. (distilled water) = 142.9 - 144 

°C; IR (KBr, ʋ (cm-1)): 2990, 2937, 2837 (Csp3-H);1657 (C=O); 1584, 1514, 1466, 1450 

(aromatic C=C); 1362 (trans vinylic system); 1204 (C-O); 1H NMR (300 MHz, CDCl3) δ 

(ppm): 7.78 (s, H-β), 7.63 (s, H-2´), 7.07 (dd, J = 8.3; 1.9; Hz, H-6), 6.98 (d, J = 1.9 Hz, H-

2), 6.91 (d, J = 8.3 Hz, H-5), 6.68 (s, H-5´), 3.95 (s, 3´-OCH3), 3.94 (s, 4´-OCH3), 3.92 (s, 

4-OCH3), 3.91 (s, 3-OCH3), 3.15 (t, J = 6.5 Hz, H-1´´), 2.90 (t, J = 6.5 Hz, H-2´´); 13C NMR 

(300 MHz, CDCl3) δ (ppm): 186.7 (C=O), 153.4 (C-4´), 149.4 (C-4), 148.7 (C-3), (148.2 (C-

3´), 138.0 (C-1´), 136.2 (C-β), 133.8 (C-6´), 128.8 (C-1), 126.7 (C-α), 123.1 (C-6), 113.2 (C-

2), 110.9 (C-5), 109.6 (C-2´), 109.6 (C-5´), 56.1 (3´-OCH3, 4´-OCH3), 56.0 (3-OCH3, 4-

OCH3), 28.6 (C-2´´), 27.6 (C-1´´). 

 

(E)-3-(2-bromo-4,5-dimethoxyphenyl)acrylic acid (DACBr): Yield: 19% as a 

yellow solid; m.p. (distilled water) = 224.6 - 226.2 °C; IR (KBr, ʋ (cm-1)): 3001 (Csp2-H), 

2921, 2850 (Csp3-H), 1661 (C=O), 1595, 1559, 1541, 1465 (aromatic C=C), 1388 (trans vinylic 

system), 1263 (C-O); 605 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 8.02 (d, J=15.9Hz, 

H-β), 7.18 (s, H-6), 7.08 (s, H-3), 6.93 (d, J=15.9 Hz, H-α), 3.94 (s, 5-OCH3), 3.92 (s, 4-

OCH3); 13C NMR (300 MHz, CDCl3) δ (ppm): 188.7 (C=O), 148.7 (C-5), 141.7 (C-β), 141.5 

(C-4), 126.7 (C-α), 125.8 (C-1), 118.0 (C-2), 115.7 (C-3), 109.3 (C-6), 56.3 (4-OCH3), 56.3 (5-

OCH3). 

 

 

5. Reduction of chalcones to dihydrochalcones 

 

 

A 10 mL round-bottom flask with stir bar was charged with 0.2 equivalents of Pd/C 

10 % wt (12.96 mg, 121.82 µmol), chalcones 23OMC (200 mg, 609.08 µmol), 34OMC (200 

mg, 609.08 µmol) or 6734OMC (50 mg, 141.08 µmol), and 4 mL of toluene, with H2 

atmosphere. The reaction mixture was left to stir with H2 atmosphere, at room temperature. 

The final product was filtered through silica gel flash, and recovery with ethyl acetate, to 

remove the Pd/C catalyst from the reaction mixture. The solvent was evaporated under 

reduced pressure. Compounds 23DHC, 34DHC and 6734DHC were purified and 

characterized as indicated below. 
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1,3-bis(2,3-dimethoxyphenyl)propan-1-one (23DHC): purified by TLC (SiO2, n-

hexane/ethyl acetate 8:2). Yield: 57% as a colorless oil; IR (KBr, ʋ (cm-1)): 3076 (Csp2-H); 

2937, 2835 (Csp3-H); 1682 (C=O); 1581, 1474, 1427 (aromatic C=C); 1172 (C-O); 1H NMR 

(300 MHz, CDCl3) δ (ppm): 7.15 (dd, J = 8.0; 2.1 Hz, H-6), 7.08 (t, J = 8.0 Hz, H-5´), 7.02 

(dd, J = 8.0; 2.1 Hz, H-4´), 6.97 (t, J = 8.0 Hz, H-5), 6.83 (dd, J = 8.0; 2.1 Hz, H-4), 6.78 

(dd, J = 8.0; 2.0; Hz H-6´), 3.89 (s, 3´-OCH3), 3.85 (s, 2´-OCH3, 3-OCH3), 3.83 (s, 2-OCH3), 

3.27 (t, J = 7.7 Hz, H-β), 3.03 (t, J = 7.7 Hz, H-α); ); 13C NMR (300 MHz, CDCl3) δ (ppm): 

202.6 (C=O), 153.0 (C-3), 152.8 (C-3´), 148.1 (C-2´), 147.3 (C-2), 135.2 (C-1´), 134.1 (C-1), 

124.0 (C-5´), 123.9 (C-5), 122.0 (C-6´), 120.8 (C-6), 115.5 (C-4´), 110.4 (C-4), 61.2 (2´-

OCH3), 60.6 (2-OCH3), 56.0 (3´-OCH3), 55.7 (3-OCH3), 44.0 (C-β), 24.8 (C-α). 

 

1,3-bis(3,4-dimethoxyphenyl)propan-1-one (34DHC): purified by TLC (SiO2, n-

hexane/ ethyl acetate 6:4). Yield: 63% as a white solid; m.p. (n-hexane/ ethyl acetate 6:4) = 

86.8 - 87.9 °C; IR (KBr, ʋ (cm-1)): 3000 (Csp2-H); 2964, 2938, 2839 (Csp3-H); 1668 (C=O); 

1591, 1515, 1470, 1456 (aromatic C=C), 1198 (C-O); 1H NMR (300 MHz, CDCl3) δ (ppm): 

7.59 (d, J = 2.0 Hz, H-2´), 7.58 (dd, J = 8.4; 2.0 Hz, H-6´), 6.87 (d, J = 8.4 Hz, H-5´), 6.81 

(d, J = 8.0 Hz, H-5), 6.78 (d, J = 2.6 Hz, H-2), 6.78 (dd, J = 8.0; 2.6 Hz, H-6), 3.94 (s, 4´-

OCH3), 3.93 (s, 4-OCH3), 3.87 (s, 3´-OCH3), 3.85 (s, 3-OCH3), 3.24 (t, J = 7.6 Hz, H-β), 3.00 

(t, J = 7.6 Hz, H-α); 13C NMR (300 MHz, CDCl3) δ (ppm): 198.1 (C=O), 153.2 (C-4´), 149.0 

(C-4), 148.9 (C-3´), 147.4 (C-3), 134.1 (C-1´), 130.1 (C-1), 122.7 (C-6´), 120.1 (C-2), 111.8 (C-

6), 111.3 (C-5), 110.1 (C-2´), 110.0 (C-5´), 56.1 (4´-OCH3; 4-OCH3), 56.0 (3-OCH3), 55.9 (3´-

OCH3), 40.3 (C-β), 30.2 (C-α).  

 

2-(3,4-dimethoxybenzyl)-6,7-dimethoxy-3,4-dihydronaphthalene-1(2H)-one) 

(6734DHC): purified by TLC (SiO2, n-hexane/ ethyl acetate 7:3). Yield: 60% as a white 

solid; m.p. (n-hexane/ ethyl acetate 7:3) = 139.5 - 140.1 °C; IR (KBr, ʋ (cm-1)): 3083 (Csp2-

H); 2997, 2939, 2851, 2832 (Csp3-H); 1659 (C=O); 1512, 1466, 1449, 1440 (aromatic C=C); 

1181 (C-O); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.54 (s, H-2´), 6.80 (dd, J = 7.6; 1.9 Hz, 

H-6), 6.78 (d, J = 7.6 Hz, H-6), 6.78 (d, J = 7.6 Hz, H-5), 6.74 (d, J = 1.9 Hz, H-2), 6.64 (s, 

H-5´), 3.92 (s, 3-OCH3, 4-OCH3), 3.87 (s, 4´-OCH3), 3.86 (s, 3´-OCH3), 3.39 (m, H-α), 2.80 

(t, J = 4.8 Hz, H-1´´), 2.63 (m, H- βa), 2.57 (m, H-βb), 2.10 (m, H-2´´a), 1.77 (m, H-2´´b); 

13C NMR (300 MHz, CDCl3) δ (ppm):198.1 (C=O), 153.2 (C-4´), 149.0 (C-4), 148.9 (C-3´), 

147.4 (C-3), 134.1 (C-1´), 130.1 (C-1), 122.7 (C-6´), 120.1 (C-2), 111.8 (C-6), 111.3 (C-5), 110.1 

(C-2´), 110.0 (C-5´), 56.1 (4´-OCH3, 4-OCH3), 56.0 (3-OCH3), 55.9 (3´-OCH3), 40.3 (C-β), 

30.2 (C-α). 
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6. Bromination of dihydrochalcones 

 

 

In a round bottom flask was placed 23DHC (50 mg, 151.34 µmol), 34DHC (50 

mg, 151.34 µmol) or 6734DHC (50 mg, 140.28 µmol), o.2 equivalents of ammonium 

acetate (2.33 mg, 30.27 µmol) and 5 mL of acetonitrile. The round bottom flask was placed 

at 0 ºC, and after 15 minutes, 2 equivalents of NBS (53.87 mg, 302.68 µmol) were added in 

one single portion. The mixture was allowed to stir for 2 hours, at room temperature. The 

solution was partitioned between distilled water and ethyl acetate. The aqueous phase was 

extracted with ethyl acetate (2 × 15 mL), and the organic phase was washed with brine 

solution (2 × 15 mL), dried over sodium sulfate anhydrous, filtered and then, the solvent 

was evaporated under reduced pressure. Compounds 23DHCBr, 34DHCBr and 

6734DHCBr were purified by TLC (SiO2, n-hexane/ethyl acetate 6:4).  

 

 

3-(6-bromo-2,3-dimethoxyphenyl)-1-(2,3-dimethoxyphenyl)propan-1-one 

(23DHCBr): Yield: 65% as a white-beige oil; IR (KBr, ʋ (cm-1)): 3080 (Csp2-H); 2938, 2837 

(Csp3-H); 1683 (C=O); 1576, 1540, 1471, 1417 (aromatic C=C); 1174 (C-O); 612 (C-Br); 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.24 (d, J = 8.9 Hz, H-5), 7.21 (dd, J = 7.9; 1.8 Hz, H-6´), 

7.09 (t, J = 7.9 Hz, H-5´), 7.03 (dd, J = 7.9; 1.8 Hz, H-4´), 6.68 (d, J = 8.9 Hz, H-4), 3.88 

(s, 2´-OCH3), 3.87 (s, 2-OCH3), 3.84 (s, 3´-OCH3), 3.82 (s, 3-OCH3), 3.19 (t, J = 3.9 Hz, H-

α, H-β); 13C NMR (300 MHz, CDCl3) δ (ppm): 202.2 (C=O), 153.1 (C-2), 152.3 (C-3), 148.3 

(C-3´), 148.1 (C-2´), 135.1 (C-1´), 133.8 (C-1), 127.1 (C-5), 124.0 (C-5´), 120.8 (C-6´), 115.6 

(C-4´), 115.4 (C-6), 111.5 (C-4), 61.6 (2´-OCH3), 61.0 (2-OCH3), 56.1 (3´-OCH3), 55.9 (3-

OCH3), 42.5 (C-β), 25.1 (C-α). 

 

3-(2-bromo-4,5-dimethoxyphenyl)-1-(3,4-dimethoxyphenyl)propan-1-one 

(34DHCBr): Yield: 78% as a white-beige solid; m.p. (n-hexane/ ethyl acetate 6:4) = 102.0 

– 104.2 °C IR (KBr, ʋ (cm-1)): 3068, 3000 (Csp2-H); 2963, 2912 (Csp3-H); 1669 (C=O); 1595, 

1584, 1507, 1464, 1457 (aromatic C=C); 1209 (C-O); 620 (C-Br); 1H NMR (300 MHz, CDCl3) 

δ (ppm): 7.56 (dd, J = 8.4; 2.0 Hz, H-6´), 7.53 (d, J = 2.0 Hz, H-2´), 7.01 (s, H-3), 6.88 (d, 

J = 8.4 Hz, H-5´), 6.82 (s, H-6), 3.94 (s, 4-OCH3), 3.93 (s, 4´-OCH3), 3.85 (s, 3´-OCH3), 

3.84 (s, 5-OCH3), 3.23 (t, J = 7.5 Hz, H-β), 3.09 (t, J = 7.5 Hz, H-α); 13C NMR (300 MHz, 

CDCl3) δ (ppm): 197.9 (C=O), 153.3 (C-4´), 149.0 (C-4), 148.4 (C-5), 148.1 (C-3´), 132.6 (C-

1´), 130.0 (C-1), 122.8 (C-6´), 115.5 (C-3), 113.9 (C-2), 113.0 (C-6), 110.1 (C-5´), 110.0 (C-

2´), 56.2 (4-OCH3), 56.1 (2´-OCH3, 3´-OCH3), 56.0 (5-OCH3), 38.5 (C-β), 31.1 (C-α). 
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2-(2-bromo-4,5-dimethoxybenzyl)-6,7-dimethoxy-3,4-dihydronaphthalen-

1(2H)-one (6734DHCBr): Yield: 69% as a white-beige solid; m.p. (n-hexane/ ethyl 

acetate 6:4) = 138.4 – 139.2 °C IR (KBr, ʋ (cm-1)): 3078 (Csp2-H); 2966, 2938, 2851 (Csp3-H); 

1670 (C=O); 1577, 1559, 1540, 1508, 1465, 1457 (aromatic C=C); 1197 (C-O); 565 (C-Br); 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.54 (s, H-2´), 7.01 (s, H-3), 6.79 (s, H-6), 6.64 (s, H-5´), 

3.93 (s, 4-OCH3), 3.92 (s, 5-OCH3), 3.86 (s, 3´-OCH3, 4´-OCH3), 3.55 (m, H-βa), 2.71 (m, 

H-βb), 2.89 (m, H-2´´), 2.82 (m, H-α), 2.10 (m, H-1´´a), 1.87 (m, H-1´´b); 13C NMR (300 

MHz, CDCl3) δ (ppm): 198.2 (C=O), 153.5 (C-4´), 148.3 (C-4), 148.0 (C-3´, C-5), 138.9 (C-

1), 131.7 (C-1´), 125.6 (C-6´), 115.5 (C-2), 114.6 (C-6), 114.0 (C-3), 110.1 (C-2´), 108.7 (C-5´), 

56.2 (4-OCH3), 56.1 (5-OCH3, 4´-OCH3), 56.0 (3´-OCH3), 47.9 (C-α), 35.7 (C-β), 28.6 (C-

2´´), 28.3 (C-1´´). 

 

 

7. Reduction of chalcones to diarylpropanes  

 

 

To a solution of the appropriately substituted chalcone 23OMC (200 mg/ 609.08 

µmol), 34OMC (200 mg, 609.08 µmol) or 6734OMC (50 mg/ 141.08 µmol) in ethyl 

acetate (6 mL) and H2O (2 mL) was added 0.2 equivalents of 20% wt Pd(OH)2/C (17.1 mg, 

121.82 µmol). The flask was left in H2 atmosphere for 2 hours. After stirring at room 

temperature, the reaction mixture was filtered through silica gel and recovery with ethyl 

acetate, to remove the Pd(OH)2/C catalyst from the reaction mixture. The filtrate was 

evaporated under reduced pressure. Compounds 23DAP, 34DAP and 6734DAP were 

purified and characterized as indicated below. 

 

 

1,3-bis(2,3-dimethoxyphenyl)propane (23DAP): purified by TLC (SiO2, n-hexane/ 

ethyl acetate 7:3). Yield: 66% as a colorless oil; IR (KBr, ʋ (cm-1)): 2934, 2860, 2833 (Csp3-

H); 1598, 1584, 1474, 1429 (aromatic C=C); 1170 (C-O); 1H NMR (300 MHz, CDCl3) δ (ppm): 

6.98 (t, J = 8.1 Hz, H-5´´, H-5´), 6.80 (dd, J = 8.1; 1.7 Hz, H-6´´, H-6´), 6.76 (dd, J = 8.1; 

1.7 Hz, H-4´´, H-4´), 3.85 (s, 3´´-OCH3, 3´-OCH3), 3.80 (s, 2´´-OCH3, 2´-OCH3), 2.70 (t, 

J = 7.8 Hz, H-1, H-3), 1.90 (m, H-2); 13C NMR (300 MHz, CDCl3) δ (ppm): 152.7 (C-3´´, C-

3´), 147.2 (C-2´´, C-2´), 123.7 (C-5´´, C-5´), 121.8 (C-6´´, C-6´), 110.0 (C-4´´, C-4´), 61.0 

(2´´-OCH3, 2´-OCH3), 55.7 (3´´-OCH3, 3´-OCH3), 31.6 (C-2), 29.8 (C-1, C-3). 

 

1,3-bis(3,4-dimethoxyphenyl)propane (34DAP): purified by TLC (SiO2, n-hexane/ 

ethyl acetate 6:4). Yield: 84% as a white solid; m.p. (n-hexane/ ethyl acetate 6:4) = 64.2 - 
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66.4 °C; IR (KBr, ʋ (cm-1)): 3007 (Csp2-H); 2959, 2928, 2908, 2838 (Csp3-H); 1590, 1516, 

1470, 1442 (aromatic C=C), 1202 (C-O).1H NMR (300 MHz, CDCl3) δ (ppm): 6.80 (d, J = 

8.7 Hz, H-5´´, H-5´), 6.74 (d, J = 2.0 Hz, H-2´´, H-2´), 6.73 (dd, J = 8.7; 2.0 Hz, H-6´´, 

H-6´), 3.87 (s, 3´´-OCH3, 3´-OCH3), 3.86 (s, 4´´-OCH3, 4´-OCH3), 2.60 (t, J = 7.7 Hz, H-

1, H-3), 1.92 (m, H-2); 13C NMR (300 MHz, CDCl3) δ (ppm): 148.8 (C-3´´, C-3´), 147.1 (C-

4´´, C-4´), 135.0 (C-1´´, C-1´), 120.2 (C-6´´, C-6´), 111.8 (C-5´´, C-5´), 111.2 (C-2´´, C-2´), 

55.9 (3´´-OCH3, 3´-OCH3), 55.8 (4´´-OCH3, 4´-OCH3), 35.0 (C-1, C-3), 33.3 (C-2).  

 

2-(3,4-dimethoxybenzyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene 

(6734DAP): purified by TLC (SiO2, n-hexane/ ethyl acetate 6:4). Yield: 34% as a white 

solid; m.p. (n-hexane/ ethyl acetate 6:4) = 78.1 - 79.0 °C; IR (KBr, ʋ (cm-1)): 3002 (Csp2-H); 

2931, 2913, 2833 (Csp3-H); 1588, 1516, 1457, 1439, 1417 (aromatic C=C), 1197 (C-O). 1H NMR 

(300 MHz, CDCl3) δ (ppm): 6.82 (d, J = 8.3 Hz, H-5´), 6.75 (d, J = 1.8 Hz, H-2´), 6.74 (dd, 

J = 8.3; 1.8 Hz, H-6´), 6.57 (s, H-2´´), 6.52 (s, H-5´´), 3.88 (s, 3´´-OCH3, 4´´-OCH3), 3.83 

(s, 3´-OCH3), 3.81 (s, 4´-OCH3), 2.74 (m, H-3a), 2.65 (m, H-3b), 2.69 (m, H-1a), 2.39 (m, 

H-1b), 2.57 (m, H-1´´´), 2.02 (m, H-2), 1.94 (m, H-2´´´a), 1.42 (m, H-2´´´b); 13C NMR 

(300 MHz, CDCl3) δ (ppm): 148.7 (C-3´), 147.2 (C-3´´), 147.0 (C-4´), 146.9 (C-4´´), 133.4 

(C-1´), 128.4 (C-6´´), 128.2 (C-1´´), 121.0 (C-6´), 112.3 (C-5´´), 111.9 (C-2´), 111.6 (C-5´), 

111.0 (C-2´´), 55.9 (3´-OCH3, 3´´-OCH3, 4´´-OCH3), 55.8 (4´-OCH3), 42.5 (C-3), 36.5 (C-

1), 35.5 (C-2), 29.4 (C-2´´´), 28.7 (C-1´´´). 

 

 

8. Bromination of diarylpropanes 

 

 

In a two-necked round bottom flask was placed 23DAP (50 mg, 158.03 µmol) or 

34DAP (50 mg, 158.03 µmol), o.2 equivalents of ammonium acetate (2.44 mg, 31.61 µmol) 

and 5 mL of acetonitrile. The round bottom flask was placed at 0 ºC, and after 15 minutes, 

4 equivalents of NBS (112.51 mg, 632.12 µmol) was added in one single portion. The mixture 

was allowed to stir for 4 hours, at room temperature. The solution was partitioned between 

distilled water and ethyl acetate. The aqueous phase was extracted with ethyl acetate (2 × 

15 mL), and the organic phase was washed with brine solution (2 × 15 mL), dried over 

sodium sulfate anhydrous, filtered and then, the solvent was evaporated under reduced 

pressure. Compound 23DAPBr and 34DAPBr were purified by TLC (SiO2, n-

hexane/ethyl acetate 6:4). 
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1,3-bis(6-bromo-2,3-dimethoxyphenyl)propane (23DAPBr): Yield: 58% as a 

white-beige solid; m.p. (n-hexane/ ethyl acetate 6:4) = 162.7 - 163.4 °C; IR (KBr, ʋ (cm-1)): 

2961, 2936, 2860, 2836 (Csp3-H); 1574,1472, 1456, 1435 (aromatic C=C), 1173 (C-O); 683 

(C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.21 (d, J = 8.8 Hz, H-5´, H-5´´), 6.64 (d, J = 

8.8 Hz, H-4´, H-4´´), 3.83 (s, 2´-OCH3, 2´´-OCH3), 3.82 (s, 3´-OCH3, 3´´-OCH3), 2.88 (t, 

J = 8.1 Hz,  H-1, H-3), 1.80 (m, H-2); 13C NMR (300 MHz, CDCl3) δ (ppm): 152.2 (C-2´, C-

2´´), 148.0 (C-3´, C-3´´), 136.2 (C-1´, C-1´´), 127.6 (C-5´, C-5´´), 115.6 (C-6´, C-6´´), 111.1 

(C-4´, C-4´´), 61.1 (2´-OCH3, 2´´-OCH3), 55.8 (3´-OCH3, 3´´-OCH3), 30.3 (C-1, C-3), 29.4 

(C-2). 

 

1,3-bis(2-bromo-4,5-dimethoxyphenyl)propane (34DAPBr): Yield: 61% as a 

white-beige solid; m.p. (n-hexane/ ethyl acetate 6:4) = 127.8 - 128.1 °C; IR (KBr, ʋ (cm-1)): 

3000 (Csp2-H); 2946, 2932, 2855, 2839 (Csp3-H); 1577, 1510, 1454 (aromatic C=C); 1210 (C-

O); 675 (C-Br); 1H NMR (300 MHz, CDCl3) δ (ppm): 7.00 (s, H-6´, H-6´´), 6.72 (s, H-3´, 

H-3´´), 3.86 (s, 5´-OCH3, 5´´-OCH3), 3.85 (s, 4´-OCH3, 4´´-OCH3), 2.73 (t, J = 7.8 Hz, H-

1, H-3), 1.90 (m, H-2); 13C NMR (300 MHz, CDCl3) δ (ppm): 148.3 (C-5´, C-5´´), 147.8 (C-

4´, C-4´´), 133.4 (C-1´, C-1´´), 115.5 (C-6´, C-6´´), 114.1 (C-2´, C-2´´), 112.9 (C-3´, C-3´´), 

56.2 (4´-OCH3, 4´´-OCH3), 56.1 (5´-OCH3, 5´´-OCH3), 35.5 (C-1, C-3), 30.5 (C-2). 
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Conclusions and Future 

Perspectives 

 

 

 



98 

 



 

99 

1. Conclusions  

 

The results obtained in this work allow us to draw some conclusions: 

• Using macroalgae bromophenols 1-9 as inspiration, a total of 10 brominated 

chalcone derivatives, including 5 chalcones, 3 dihydrochalcones, and 2 diarylpropanes were 

synthesized and characterized for the first time. Moreover, other non-brominated structure 

related compounds were obtained, including 3 chalcones, 3 dihydrochalcones, and 3 

diarylpropanes. 

• Brominated chalcones 34CBr2 and 23CBr3 were synthesized with 

moderate to high yield (87% and 55%, respectively) by Claisen Schmidt condensation 

performed at reflux of brominated acetophenones and benzaldehydes, previously prepared. 

However, the condensation of brominated building blocks 35Br4OMA and 67OMA with 

35Br4OMB and 34OMBBr, respectively, failed to produce the desired chalcones. Thus, 

the synthesis of chalcones were after accomplished using the same reactions performed at 

room temperature. 

• Chalcones 35CBr4, 34CR2, and 23CR1 were obtained by Claisen Schmidt 

condensation performed at room temperature with moderate to high yields (36% - 80%). 

• The condensation of 67OMA with 34OMBBr at reflux afforded the 

cinnamic acid derivative DACBr, instead of the desired chalcone. 

• In order to obtain brominated dihydrochalcones, non-brominated chalcones 

23OMC, 34OMC, and 6734OMC were firstly synthesized by Claisen Schmidt 

condensation, and submitted to reduction reactions to the corresponding dihydrochalcones 

23DHC, 34DHC and 6734DHC, which were afterward brominated. The selective 1,4-

conjugate reduction of chalcones by catalytic hydrogenation in a H2 atmosphere with Pd-C 

gave rise to dihydrochalcones 23DHC, 34DHC and 6734DHC with moderate yields (57% 

- 63%). The bromination of these dihydrochalcones with NBS afforded mono-brominated 

derivatives 23DHCBr, 34DHCBr, and 6734DHCBr with high yields (65% - 78%). 

• The synthesis of non-brominated diarylpropanes 23DAP, 34DAP, and 

6734DAP,  was achieved by catalytic hydrogenation of chalcones 23OMC, 34OMC and 

6734OMC in presence of Pd(OH)2/C, and H2 atmosphere, with good yields (34% - 84%). 

These diarylpropanes were after brominated with NBS affording derivatives 23DAPBr, 

and 34DAPBr with 58% and 61% yield, respectively. 
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2. Future perspectives 

 

 

After draw some conclusions about this work, it is possible to define some topics 

for future work: 

• Considering the biological potential of bromophenols 1-9 used as inspiration 

for this research work, it will be interesting to study the biological activities of all 

synthesized brominated chalcone derivatives, including chalcones, dihydrochalcones and 

diarylpropanes, namely antifungal, antitumor, antidiabetic and antioxidant activities. 

• It will be also interesting to study the same activity for the other synthesized 

structure related non-brominated analogues in order to perform structure-activity 

relationships (SAR) studies. The comparison of the results of the biological activities 

evaluation of brominated chalcone derivatives with those obtained for the structure related 

non-brominated analogues may allow some conclusions related with the importance of 

bromination to the studied biological activities. Moreover, the comparison between the 

biological activity obtained for chalcones and their structure related reduced derivatives will 

contribute to define the importance of the enone moiety for the studied biological activity. 

• Considering the existence of compounds that have a chiral center 

(6734DHC, 6734DHCBr and 6734DAP), it will be important to determine their 

enantiomeric purity. As is predicted that these compounds are a mixture of enantiomers, it 

will be interesting to try to separate them by chiral HPLC and evaluate the biological activity 

of pure enantiomers, in order to perform enantioselectivity studies.  
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Abstract: Macroalgae have been reported as an important source of halogenated aromatic 

secondary metabolites, being the majority of these derivatives isolated from red algae. Halophenols 

and haloindoles are the most common haloaryl secondary metabolites isolated from these marine 

organisms. Nevertheless, some halogenated aromatic sesquiterpenes and naphthalene derivatives 

have also been isolated. Most of these secondary metabolites showed interesting biological 

activities, such as antitumor, antimicrobial, antidiabetic, and antioxidant. This review describes in 

a systematic way the distribution and natural occurrence of halogenated aromatic secondary 

metabolites from extracts of red, brown, and green algae, as well as biological activities reported 

for these compounds.  

Keywords: macroalgae; secondary metabolites; haloaryl compounds; biological activity  

 

1. Introduction 

The search for bioactive compounds from marine organisms in recent decades has produced an 

abundance of secondary metabolites with pharmaceutical and industrial applications. Among these 

marine natural products, the isolation of halogenated derivatives from macroalgae has been 

exhaustively reported. This work describes in a systematic way the distribution, natural occurrence, 

and biological activities of aromatic secondary metabolites with halogens on the aromatic moiety. 

Over the past four decades, reports about the isolation of haloaryl secondary metabolites from 

macroalgae have been increasing, describing about two hundred halogenated aromatic secondary 

metabolites. Among algae, macroalgae—including brown, green, and red algae—are an important 

source of these secondary metabolites, with red algae being responsible for the production of nearly 

90% of these compounds identified thus far (Figure 1). 
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Figure 1. Distribution of the haloaryl secondary metabolites in macroalgae by clade. 

In spite of the variety of macroalgae families, most of these derivatives have been isolated 

from the Rhodomelaceae family, especially Laurencia (54 compounds), Rhodomela (43 

compounds), Symphyocladia (23 compounds), Polysiphonia (20 compounds), and Odontthalia (12 

compounds) (Figure 2). 

 

Figure 2. Distribution of the haloaryl secondary metabolites in (a) green, (b) brown, and (c) red 

algae by genus and family. 

The haloaryl secondary metabolites containing bromine are more common (176 compounds) 

than with chlorine (14 compounds) and iodine (9 compounds) (Table 1). Interestingly, the number 

of secondary metabolites with chlorine is very similar to that with iodine, which would not be 

expected because chloride and bromide are much more abundant than iodide in seawater [1]. 
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According to Lavoie et al. (2017), this disproportionately high number of iodinated compounds 

can be explained by the higher oxidation potential of iodide compared to bromide and chloride, 

allowing its faster oxidation by haloperoxidases, and their incorporation into the biosynthetic 

pathway of the secondary metabolites [2,3]. It is noteworthy that the halogenation degree is 

relatively higher for brominated metabolites than for chlorinated and iodinated metabolites 

(Table 1). 

Considering the aryl scaffold, a variety of derivatives have been isolated, including 

halophenols (117 compounds), indoles (46 compounds), sesquiterpenes (18 compounds), and 

naphthalene derivatives (3 compounds) (Table 1). 

Table 1. Degree of halogenation of macroalgae haloaryl secondary metabolites. 

 Number of Halogens 

 Bromo Chloro Iodo 

 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 

Halophenols - - - - - - - - - - - - - - - - - - 

- monoaryl halophenols 23 35 12 - - - 1 - - - - - 2 1 - - - - 

- dimers 1 7 15 6 6 4 - - - - - - - - - - - - 

- trimers - - - 1 2 - - - - - - - - - - - - - 

- tetramers - - - 1 - - - - - - - - - - - - - - 

Indoles - - - - - - - - - - - - - - - - - - 

- monoaryl 4 11 13 8 - - 3 5 4 - - - 6 - - - - - 

- dimers - 1 - 5 - 1 1 - - - - - - - - - - - 

Sesquiterpenes - - - - - - - - - - - - - - - - - - 

- monoaryl 15 2 - - - - - - - - - - - - - - - - 

- dimers - 1 - - - - - - - - - - - - - - - - 

Naphthalene derivatives - - 3 - - - - - - - - - - - - - - - 

Total of haloaryl derivatives 43 57 43 21 8 5 5 5 4 - - - 8 1 - - - - 

Among halophenols, the isolation of monoaryl bromophenols (70 compounds) and 

bromophenol dimers with a methylene bridge between the two phenyl rings is quite usual (25 

compounds), as well as the description of bromophenol dimers with different linkers such as 

oxygen (5 compounds), oxybis(methylene) (4 compounds), ethylene (4 compounds), and a 

carbonyl group (1 compound). The isolation of halophenol trimers (3 compounds) and tetramers 

(1 compound) has also been reported (Table 1). 

Although halophenols have been isolated from a wide range of genera, the isolation of halo-

indoles, -sesquiterpenes and -naphthalene derivatives have been mainly reported from a 

restricted number of genera, namely, the Rhodophyllis and Laurencia genera.  

Among haloindoles, the isolation of mono-indoles (39 compounds) is more common than 

dimers (only 7 compounds) and, in contrast to halophenols, the isolation of trimers or tetramers 

of haloindoles was not described (Table 1). Concerning the nature of the halogen, there are many 

more cases of indoles with chloro (13 compounds) or iodo (6 compounds) than in the halophenols 

class (Table 1). Nevertheless, the majority of the indoles presents two or three bromine atoms as 

happens with the phenol class. 

Among halosesquiterpenes, the isolation of monoaryl sesquiterpenes (17 compounds) is 

more usual than dimers (only one example was found) and again the isolation of trimers or 

tetramers was not described (Table 1). Concerning the halogen, only bromosesquiterpenes have 

been found until now. 

The naphthalene class is restricted to three bromonaphthalene derivatives. 

The structure, natural occurrence, and biological activities of haloaryl secondary metabolites 

isolated from macroalgae are presented in alphabetical order by clade and genus in the next 

sections. Further information is provided in Supplementary Table S1. 
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2. Haloaryl Secondary Metabolites Isolated from Macroalgae 

2.1. Haloaryl Secondary Metabolites Isolated from Red Algae 

Red algae are probably one of the oldest groups of eukaryotic algae with a high diversity of 

families and genera, being one of the richest sources of bioactive secondary metabolites [4]. A 

total of 167 haloaryl secondary metabolites, including indoles, halophenols, and aromatic 

sesquiterpenes belonging to the Cystocloniaceae, Halymeniaceae, Lithothamniaceae, and 

Rhodomelaceae families, were isolated from this clade (Supplementary Table S1). 

2.1.1. Cystocloniaceae Family 

Recently, 14 polyhalogenated indoles (1–14) were isolated from Rhodophyllis membranaceae 

and evaluated for cytotoxic and antifungal activities (Figure 3, Supplementary Table S1) [5]. In 

addition to indoles with only bromine substituents (compounds 1 and 2), indoles with both 

bromine and chlorine (compounds 3–8) and indoles with chlorine and iodine (compounds 9 and 

10) have also been isolated. Unusual indoles with the exceptionally rare presence of bromine, 

chlorine, and iodine were also found (compounds 11–14). Compounds 1, 3, 4, 6, and 11 revealed 

interesting cytotoxic activity in the acute promyelocytic leukemia (HL-60) cell line (IC50 values 

between 28 and 78 µM) and antifungal activity against Saccharomyces cerevisiae (IC50 values 

between 23 and 83 µM) with compound 6, with bromine and chloride at position 5 and 3, 

respectively, exhibiting the best results [5]. Changing the bromine to position 3 and chloride to 

position 5 led to a non-active compound. 

2.1.2. Halymeniaceae Family 

As a result of the search for new α-glucosidase inhibitors with antidiabetic activity by Kim 

et al., two bromophenols isolated from Grateloupia elliptica (compounds 15 and 16) [6] and one bis-

bromophenol ether (BDDE, 17) isolated from Polyopes lancifolius [7] were identified (Figure 3, 

Supplementary Table S1). Among these, BDDE (17) revealed the most potent activity, showing 

IC50 values of 0.098 μM and 0.120 μM against Saccharomyces cerevisiae and Bacillus 

stearothermophilus α-glucosidase, respectively, and 1.00 mM and 1.20 mM against rat intestinal 

sucrase and maltase [7]. Moreover, while compounds 15 and 16 showed a mixed type of 

inhibition against S. cerevisiae α-glucosidase, compound 17 displayed a competitive mixed type 

of inhibition [6,7]. The results obtained for these compounds suggest their potential application 

as nutraceuticals for the management of type 2 diabetes. BDDE (17) has also been isolated from 

other red macroalgae of the family Rhodomelaceae, namely, Odonthalia corymbifera [8] and 

Rhodomela confervoides [9], as well as from the brown algae Leathesia nana (Chordariaceae) [10], 

being also known for the promising antioxidant [11], antidiabetic [7,12], antitumor [10,13], 

antifungal [14], and antibacterial activities [15]. 

Liu et al. demonstrated that BDDE (17) has antifungal activity against several 

phytopatogenic fungi, namely, Valsa mali, Fusarium graminearum, Coniothyrium diplodiella, 

Colletotrichum gloeosporioides, and Botrytis cinerea [14]. Further studies revealed that 17 caused the 

disruption of the cell membrane integrity in Botrytis cinerea spores and newly formed germ tubes, 

as well as interacted with DNA via intercalation and minor groove binding [14]. These studies 

provided evidence that BDDE (17) has potential application in the control of gray mold after fruit 

harvest and could serve as a lead for the rational drug design of new antifungal agents [14]. 

This marine bromophenol (17) also has cytotoxic activity against several human tumor cell 

lines, through the interference with different cellular and molecular targets [10,16]. Liu et al. 

reported that compound 17 exhibited promising apoptotic activity in K562 cells via mitochondrial 

pathway and inhibited the activity of topoisomerase I, this effect being associated with the 

binding to the DNA minor groove [16]. Moreover, it was demonstrated that BDDE (17) acts as a 

potent antiangiogenesis agent both in vitro and in vivo [13]. In fact, this compound displayed in 
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vitro antiangiogenesis ability through the inhibition of HUVEC cell proliferation, migration, and 

tube formation, and blocked in vivo subintestinal vessel formation in zebrafish embryos [13]. 

2.1.3. Lithothamniaceae Family 

Only one halophenol is known from this family. Lithothamnin A (18), the first bastadin-like 

analogue isolated from a red alga, was described in 2011 from Lithothamnion fragilissimum 

collected east of Lighthouse Reef, Palau Island (Figure 3, Supplementary Table S1) [17]. 

Compound 18, with five bromines, exhibited modest antiproliferative activity against several 

human tumor cell lines, including melanoma (LOX), astrocytoma (SNB-19), ovarian serous 

adenocarcinoma (OVCAR-3), colon adernocarcinoma (COLO-205), and acute lymphyoblastic 

leukemia (MOLT-4) cell lines, showing IC50 values between 7.6 and 19.0 µM [17]. 

2.1.4. Rhodomelaceae Family 

Among all red algae, the Rhodomelaceae family is the main producer of haloaryl derivatives 

with a total of 150 secondary metabolites isolated from Callophycus, Laurencia, Odonthalia, 

Osmundaria, Polysiphonia, Rhodomela, Symphyocladia, and Vidalia species. 

2.1.4.1. Callophycus Genus 

In 2017, four new iodinated and brominated meroditerpenes (iodocallophycols A to D, 19–

22) with a unique structure were discovered from the Fijian red alga Callophycus sp. by Lavoie et 

al. (Figure 3, Supplementary Table S1) [3]. At 10 µM, none of the compounds revealed antibiotic 

activity against several wild-type and resistant bacterial strains [3]. 

 

Figure 3. Naturally occurring haloaryl secondary metabolites 1–22. Further information is 

provided in Supplementary Table S1. 

1. R1=R4=R7=H, R2=R3=R5=R6=Br

2. R4=R6=R7=H, R1=R2=R3=R5=Br

3. R1=R4=R7=H, R2=R5=R6=Br, R3=Cl

4. R1=R4=R7=H, R2=Cl, R3=R5=R6=Br

5. R1=R4=R7=H, R2=R3=Cl, R5=R6=Br

6. R4=R6=R7=H, R1=R5=Br, R2=R3=Cl

7. R4=R6=R7=H, R1=R2=R3=Cl, R5=Br

8. R4=R6=R7=H, R1=R2=R3=Cl, R7=Br

9. R1=R4=R7=H, R2=R3=R5=Cl, R6=I

10. R4=R6=R7=H, R1=R2=R3=Cl, R5=I

11. R1=R4=R7=H, R2=R3=Cl, R5=Br, R6=I

12. R1=R4=R7=H, R2=Cl, R3=R5=Br, R6=I

13. R1=R4=R7=H, R2=R5=Br, R3=Cl, R6=I

14. R4=R6=R7=H, R1=R2=Cl, R3=Br, R5=I

15

16

17. BDDE

18. Lithothamnin A

19. R1=R2=Br

20. R1=Br, R2=I

21. R1=I, R2=Br

22. R1=R2=I
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2.1.4.2. Laurencia Genus 

Laurencia, which is widely distributed along the coast in tropical and subtropical areas 

around the world, is one of the most important sources of bioactive haloaryl secondary 

metabolites from Rhodomelaceae, with approximately 54 compounds of this family being 

reported (23–76, Figure 4, Supplementary Table S1), including mainly haloindoles and aromatic 

sesquiterpenes.  

Bromo-1H-indole derivatives 23–26 were originally isolated from Laurencia brongniartii by 

Carter et al., in 1978, during an expedition in the Caribbean Sea [18]. Further reports include the 

isolation of these compounds from other species of Laurencia, namely, compounds 24 and 25 from 

L. similis [19], and 24–26 from L. decumbens [20] and L. complanata [21]. Bromo-1H-indoles 27–30 

have also been reported from Laurencia sp., namely, L. similis [19] and L. decumbens [20]. 

Compounds 24 and 25 showed antimicrobial activity. Compound 24, with three bromines, 

showed antibacterial activity against Staphylococcus sp. with a minimum inhibitory concentration 

(MIC) value of 300 µg/mL [22]. Compound 25, with four bromines, displayed activity against 

Bacillus cereus and B. subtilis, Saccharomyces cerevisiae, Staphylococcus aureus, Streptococcus 

pneumoniae, and Candida albicans (Supplementary Table S1) [18,21]. In addition, this compound 

revealed antiproliferative activity in mouse lymphocytic leukemia tumor cells (L1210) (ID50 value 

of 3.6 µg/mL) [18]. In 1989, Tanaka et al. isolated 23 polybromoindoles (23–26, 31–49) [23]. 

Itomanindole B (32) as well as the structure-related polybromoindoles 33 and 50–52 were also 

isolated from the same species by El-Gamal et al. [24] and evaluated for their cytotoxicity against 

human colon adernocarcinoma (HT-29) and mouse lymphocytic leukemia (P-388) cell lines. Only 

bisindoles 51 and 52, both with sulfoxide groups, revealed cytotoxicity against the human tumor 

cell lines. In particular, compound 51 showed activity in both HT-29 and P-388 cell lines, and 

bisindole 52 exhibited cytotoxicity against the P-388 cell line [24]. The bisindole 53 was also 

isolated from L. similis [25] algae. 

Red algae of the genus Laurencia are a rich source of halogenated aromatic sesquiterpenes, 

including secondary metabolites 54–71 isolated from several species of Laurencia [22,26–29]. 

Among these compounds, cupalaurenol (54) showed antibacterial activity against Staphylococcus 

aureus, Staphylococcus sp., Salmonella sp., and Vibrio cholerae, with MIC values between 125 and 

200 µg/mL [22]. Laurinterol (55), bromolaurenisol (67), and the dimeric sesquiterpene 70, 

biogenetically derived by ortho coupling of two laurinterol molecules, displayed moderate 

cytotoxic activity against several human tumor cell lines [27]. 

In addition to haloindoles and aromatic sesquiterpenes, Laurentia sp. have also been an 

interesting source of other bioactive halogenated aromatic secondary metabolites, namely, 

naphthalene, benzophenone, and diphenyl ether derivatives. Highly brominated secondary 

metabolites 72–76 were isolated from red alga L. similis and evaluated for their inhibitory activity 

against protein tyrosine phosphatase 1B (PTP1B). All compounds displayed inhibitory effect in 

this enzyme, compounds 75 and 76 being the most potent, with IC50 values of 2.66 µg/mL and 

2.97 µg/mL, respectively [30]. 
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Figure 4. Naturally occurring haloaryl secondary metabolites 23–76. Further information is 

provided in Supplementary Table S1. 

23. R1=R3=R4=H, R2=R5=R6=Br, R7=CH3

24. R1=R2=R4=H, R3=R5=R6=Br, R7=CH3

25. R1=R4=R7=H, R2=R3=R5=R6=Br
26. R1=R4=H, R2=R3=R5=R6=Br, R7=CH3

27. R1=R4=R6=R7=H, R2=R3=R5=Br
28. R1=R4=R6=H, R7=CH3, R2=R3=R5=Br
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2.1.4.3. Odonthalia Genus 

From the Odonthalia genus, only bromophenols have been isolated. From these secondary 

metabolites, three are monoaryl bromophenols and six are bis-bromophenols. 

Kurihara et al. identified five bromophenols (17, 77–80) including BDDE (17) and lanosol (77) 

from the red alga Odonthalia corymbifera (Figure 5, Supplementary Table S1) [8]. Compounds 17, 

77, and 78 behave as yeast α-glucosidase inhibitors (17: IC50 = 0.098 µM, 77: IC50 = 89 µM, and 78: 

IC50 = 25 µM), the symmetrical dimer BDDE (17) being the most potent [8]. As these compounds 

act as irreversible inhibitors, it was proposed that the α-glucosidase inhibition might result from 

the interaction of o-quinones which are oxidative products of o-diphenols, such as 17, to enzyme 

protein. Moreover, the same research group studied the effect of these bromophenols as well as 

structure-related compounds in yeast and rat intestinal α-glucosidase sucrase and maltase [31]. 

Bromophenols 17, 77, and 78 displayed activity for both sucrase and maltase enzymes, with IC50 

values between 1.1 and 3.5 mM [31]. 

More recently, from the same species of red alga collected along the coast of Sokcho, South 

Korea, six bromophenols (77 and 81–85) were isolated and evaluated for their effect as isocitrate 

lyase (ICL) inhibitors, a key enzyme in the glyoxylate cycle highly expressed during 

appressorium-mediated plant infection by the fungal pathogen of rice Magnaporthe grisea (Figure 

5, Supplementary Table S1) [32]. All compounds were ICL inhibitors, being bromophenols 83 

(IC50 = 2.1 ± 0.1 µM), 84 (IC50 = 2.8 ± 0.2 µM), and 85 (IC50 = 2.0 ± 0.1 µM) more potent than 3-

nitropropionate, a well-known ICL inhibitor used as positive control. Interestingly, 

biarylbromophenols 83–85 displayed stronger ICL inhibitory activity than the simple brominated 

phenols such as 77, 81, and 82, and the debromination of all compounds resulted in the loss of 

the inhibitory effect upon ICL activity. Collectively, these data indicate that the diphenylmethane 

skeleton and bromine moiety of bromophenols are essential for potent inhibition of ICL activity 

[32]. 

Islam et al. isolated two new bromophenols with a unique structure, odonthadione (86) and 

odonthalol (87), from the alga Odonthalia corymbifera (Figure 5, Supplementary Table S1) [33]. 

Odonthadione (86) is a hybrid of a brominated hydroxylated benzyl (BHB) unit and a 

cyclopentenedione moiety, and odonthalol (87) is a BHB unit trimer with an ether linkage. The 

isolated algal bromophenols 86 and 87 were investigated for antioxidant and tyrosinase 

inhibitory activities [33]. Both compounds revealed DPPH and ABTS radical scavenging activity, 

showing EC50 values between 24.7 µM and 6.7 µM [33]. Compound 86 displayed two-fold 

stronger tyrosinase inhibitory activities than kojic acid, used as the positive control, whereas 

compound 87 showed only a slightly higher activity [33]. 

2.1.4.4. Osmundaria Genus 

Popplewell and Northcote reported the isolation of a new nitrogenous bromophenol, 

colensolide A (88), together with the known bromophenol lanosol (77), as well as its methyl ether 

(81), and the aldehyde (89) and butenone (90) derivatives of lanosol and rhodomelol (91) from the 

New Zealand red alga Osmundaria colensoi (Figure 5, Supplementary Table S1) [34]. Compounds 

77, 81, and 88–91 were evaluated for cytotoxicity against the HL-60 human leukemia cell line and 

for antibacterial activity against the MC2155 strain of Mycobacterium smegmatis. Lanosol butenone 

(90) exhibited moderate activity against HL-60 human leukemia cells (IC50 = 8.0 µM), whereas 

lanosol methyl ether (81), lanosol butenone (90), and rhodomelol (91) exhibited antibacterial 

activity against the MC2155 strain of Mycobacterium smegmatis (IC50 values of 7.8, 26.2, and 28.1 

µM, respectively) [34]. 

2.1.4.5. Polysiphonia Genus 

Two bromophenols (92, 93) were isolated from Polysiphonia morrowii, collected in Hakodate, 

southern Hokkaido, Japan (Figure 5, Supplementary Table S1). Compound 92 exhibited some 
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effect as both yeast and rat intestinal sucrase and maltase α-glucosidase inhibitors (yeast α-

glucosidase: IC50 = 100 μM; rat intestinal sucrose α-glucosidase: IC50 = 3.6 mM; rat intestinal 

maltase α-glucosidase: IC50 = 4.8 mM) [31]. 

Shoeib et al. identified by gas-liquid chromatography-mass spectrometry (GLC-MS) 

analysis, lanosol (77) and the methyl, ethyl, and n-propyl ethers of lanosol (81, 94, and 95, 

respectively), as well as the aldehyde of lanosol (89), in the chloroform fraction of red alga 

Polysiphonia lanosa, and all compounds showed in vitro cytotoxic activities against human colon 

cell lines DLD-1 and HCT-116 cells (Figure 5, Supplementary Table S1) [35].  
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Figure 5. Naturally occurring haloaryl secondary metabolites 77–108. Further information is provided in 

Supplementary Table S1. 
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Seven new natural occurring bromophenols 96–102 as well as known compounds 103–106 

were identified from the marine red alga Polysiphonia urceolata (Rhodomelaceae) and evaluated 

for their DPPH radical scavenging activity (Figure 5, Supplementary Table S1) [36–38]. All 

compounds revealed to be more potent than butylated hydroxytoluene (BHT), a well-known 

antioxidant agent used as the positive control, showing IC50 values ranging from 6.1 to 35.8 µM 

[36–38]. Among these compounds, some revealed a unique structure, particularly 9,10-

dihydrophenantrenes (99,100), 5,7-dihydrodibenzo[c,e]oxepine (101), and urceolatin (102). 

Bromophenols 99 and 100 represent the second example of 9,10-dihydrophenantrenes isolated 

from marine sources, the first example reported being (±) – polysiphenol (107) isolated in 1990 

from the red alga Polysiphonia ferulacea collected at Joal, Senegal [39]. It has been proposed that 

these compounds may biosynthetically derive from dihydrostilbene derivatives by oxidative 

phenolic coupling [40].  

As a result of the bioguided fractionation of red alga P. morrowii, compound 106 as well as 

the structure-related simple bromophenol 108 were identified as promising antiviral compounds 

against two fish pathogenic viruses, namely, infectious hematopoietic virus (IHNV) and 

infectious pancreatic necrosis virus (IPNV) (Figure 5, Supplementary Table S1) [41]. For both 

compounds, the concentration causing a 50% inhibition of flounder spleen cell (FSP cell) 

proliferation (CC50) and each viral replication (EC50) were measured. Both compounds exhibited 

antiviral activity with selective index (CC50/EC50) values of 20 and 42 against IHNV and IPNV, 

respectively. These results suggest the possible application of these compounds on the discovery 

of new beneficial agents against viral diseases of salmonid fish, which causes serious losses to the 

trout and salmon industries [41]. 

2.1.4.6. Rhodomela Genus 

Rhodomela confervoides, an alga commonly found along the coastlines of China, Japan, and 

Korea, has been reported as a source of bromophenols with diverse pharmacological activities, 

such as antibacterial, antitumor, antidiabetic, and antioxidant (Supplementary Table S1). In 2003, 

bis-phenols 109 and 110 (Figure 6), described for the first time, as well as the known bis-phenols 

17, 83, and 85 were isolated from the methanolic extract of this marine alga and evaluated for 

their antibacterial activity against four ATCC standard bacteria strains (Staphylcoccus aureus 

ATCC29213, Staphylcoccus epidermidis ATCC12228, Escherichia coli ATCC25922, and Pseudomonas 

aeruginosa ATCC27853), as well as four bacteria strains isolated from clinic (S. aureus 02-60, S. 

epidermidis 02-04, E. coli 02-26, and P. aeruginosa 02-29). All compounds exhibited antibacterial 

activity, with compound 17, the only bis-phenol linked by an oxygen atom, being the most active 

[15]. The same researchers isolated metabolite 111, a bromophenol derivative with an aliphatic 

chain as substituent, found in R. confervoides algae extracts [9]. Later, the promising antibacterial 

activity on these bacterial strains by bromophenol 17 was confirmed by Han et al. [42]. In addition 

to this compound, these researchers reported the isolation of the new monoaryl bromophenol 112 

and two known structure-related secondary metabolites 113 and 114 (Figure 6). Compounds 17 

and 112–114 showed antiproliferative activity in several human tumor cell lines (epithelial tumor 

cell (KB), human hepatocellular carcinoma (Be17402), and lung cancer cells (A549)), with 112, a 

bromophenol with an ester group, being the most potent (3.54 < IC50 < 3.09 µg/mL) [42]. Ma et al. 

reported the isolation of eight new bromoaryl secondary metabolites with an unusual structure, 

particularly bromophenols with a C–N coupled with methyl γ-ureidobutyrate (115–118), the 

phenylethanol bromophenol (119), and three phenylethanol sulfate bromophenols (120–122) 

from R. confervoides (Figure 6) [43]. Among these secondary metabolites, only halophenols 119–

122 displayed moderate cytotoxicity against a panel of five human cancer cell lines—lung 

adenocarcinoma (A549), human ovarian (A2780), hepatoma (Bel7402), stomach (BGC-823), and 

human colon (HCT-8) cancer cell lines [43]. 
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Protein tyrosine phosphatase 1B (PTP1B) acts as a negative regulator in insulin signaling 

pathways, therefore being an effective target for the treatment of type 2 diabetes mellitus. 

Considering the importance of this phosphatase for diabetes treatment, the PTP1B inhibitory 

effect of bromophenols 17, 85, 110, and 123 (Figure 6) isolated from R. confervoides was screened 

[9,12]. All compounds revealed potent inhibitory effect (2.4 < IC50 < 0.84 µM), with BPN (110) 

being particularly active (IC50 = 0.84 µM) [12]. 

In addition to the PTP1B inhibitory effect of BDDPM (85), this secondary metabolite has been 

described as a potent antitumor agent, having inhibitory effect on a wide range of human tumor 

cell lines—cervical (Hela), colon (RKO and HCT-116), hepatoma (Bel-7402), vascular endothelial 

(HUVEC), and glioblastoma (U87) cancer cells [44]. 

Bromophenols, including monoaryl 77, 81, 89, 90, 94, 119, and 124–135, diaryl 17, 83–85, 110, 

and 136, and triaryl derivatives 123 as well as seven new nitrogen-containing bromophenols (137–

143) were isolated from the methanolic and ethyl acetate extracts of R. confervoides and tested for 

their antioxidant potential using the DPPH and ABTS scavenging activity assay (Figure 6) [11,45]. 

All compounds showed potent scavenging properties for both radicals, exhibiting similar or even 

lower IC50 values than BHT and ascorbic acid, two well-known antioxidants used as positive 

controls. Compounds 77 (lanosol), 83, and 84 presented also DPPH and ABTS radical scavenging 

activity (77: IC50 (DPPH) = 9.52 ± 0.04 µM, TEAC (ABTS) = 2.06 ± 0.11 nM; 83: IC50 (DPPH) = 14.32 ± 

0.12 µM, TEAC (ABTS) = 3.00 ± 0.13 nM), and 84: IC50 (DPPH) = 19.60 µM, TEAC (ABTS) = 3.16±0.14 

nM) [11]. These results suggest the potential of this marine alga as a source of antioxidants, which 

may be used to prevent the oxidative deterioration of food and as a nutritional supplement 

[11,45]. 
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Figure 6. Naturally occurring haloaryl secondary metabolites 109–143. Further information is 

provided in Supplementary Table S1. 

2.1.4.7. Symphyocladia Genus 

Symphyocladia latiuscula (Harvey) Yamada is a member of the family Rhodomelaceae widely 

distributed along the coasts of northern China, Korea, and Japan [46]. This red alga is an 

important source of chemical diverse bromophenols, including monoaryl and diaryl secondary 

metabolites with antidiabetic, antioxidant, antifungal, and DNA polymerase inhibitory activities 

(Supplementary Table S1). 

In 1999, Kurihara et al. isolated compounds 144 and 145 (Figure 7) from this alga and tested 

their α-glucosidase inhibitory activity [31]. Both compounds proved to be promising yeast α-

glucosidase inhibitors, showing IC50 values of 11 µM and 0.030 µM, respectively. This effect was 

also observed using rat intestinal sucrase and maltase (Supplementary Table S1) [31]. 

As a result of the search for new bioactive secondary metabolites from S. latiuscula with 

potential effects on diabetes, a total of nine bromophenols, including four diaryl derivatives 145–

148 and five monoaryl derivatives 149–153 were isolated (Figure 7) [47,48]. Compounds 145–147, 
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150, and 151 displayed a significant aldose reductase inhibitory activity (0.11 < IC50 < 1.15 µg/mL), 

showing that all compounds had a higher inhibitory effect than the positive control quercetin 

(IC50 = 1.05 µg/mL), with the exception of compound 150, which exhibited a similar activity [47]. 

Bromophenols 81, 145, 148, 149, 152, and 153 revealed that they inhibited the PTP1B enzyme, with 

145, 148, and 149 showing strong activity with IC50 values of 4.3, 3.5, and 3.9 μmol/L, respectively 

[48]. 

Bromophenols 144, 145, 148–151, and 153–157 exhibited DPPH radical scavenging activity, 

with this effect being more potent than quercetin [49] or BHT [50] that were used as positive 

controls (Figure 7). Other compounds with this activity include two mono arylphenols possessing 

a methyl γ-ureidobutyrate (158) or cis-aconitic acid methyl ester (159) moieties (Figure 7) [46]. 

The antifungal activity of diaryl bromophenols 156, 160–162 and bromobenzyl methyl 

sulfoxide 163 was studied by Xu et al., showing compounds 156, 162, and 163 a moderate growth 

inhibitory effect against Candida albicans, with MIC values ranging from 37.5 to 12.5 µg/mL 

(Figure 7) [51,52]. 

Monoaryl bromophenols SL-1 (164) and SL-2 (165) were tested as DNA polymerase 

inhibitors using the polymerase chain reaction assay (PCR) [53]. Jin et al. verified that 0.5 µg of 

SL-1 (164) inhibited the enzyme, whereas SL-2 (165) only had the capability to inhibit this enzyme 

at 5 µg (Figure 7) [53]. 

2.1.4.8. Vidalia Genus 

The only report about haloaryl secondary metabolites described in algae from Vidalia sp. 

concerns the isolation of two bromophenols, vidalols A (166) and B (167), from the Caribbean red 

alga Vidalia obtusaloba (Figure 7) [54]. Wiemer et al. described that these two compounds 

significantly reduced the edema when applied topically to phorbol ester (PMA)-induced swelling 

of the mouse ear [54]. Moreover, both compounds inhibited bee venom phospholipase A2 (PLA2), 

showing an inhibition percentage of 96% at 1.6 µg/mL, suggesting their potential as lead 

compounds to design new PLA2 inhibitors [54]. According to Wiemer et al., the production of 

these bromophenols in V. obtusaloba could be important as a defense mechanism against some 

marine herbivores, an example being vidalol A (166) that has been shown to reduce the grazing 

of Thalassia testudinum by Caribbean herbivorous fishes [54,55]. 
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Figure 7. Naturally occurring haloaryl secondary metabolites 144–167. Further information is 

provided in Supplementary Table S1. 

2.2. Haloaryl Secondary Metabolites Isolated from Brown Algae 

Brown seaweeds exhibit significant morphological diversity and are dominant in marine 

littoral zones from subpolar to equatorial regions. From algae of the Chordariaceae and 

Dictyotaceae families, 10 dimeric halophenols have been isolated. 

2.2.1. Chordariaceae Family 

In 2004, Xu et al. isolated the dibenzyl bis-bromophenols 168–173 with different dimerization 

patterns and two propyl bromophenol derivatives (174 and 175), together with 11 known 

bromophenol derivatives (17, 77, 81, 83, 85, 89, 94, 110, and 176–178) from the ethanolic extract of 

the brown algae Leathesia nana (Figure 8). Among the isolated compounds, 83, 85, 110, and 170 

revealed potent cytotoxic effect against human cancer cell lines, especially lung adenocarcinoma 

(A549), stomach (BGC-823), breast (MCF-7), hepatoma (Bel7402), and human colon (HCT-8) cell 

lines, with IC50 values between 0.0018 and 0.0214 µM/mL [10]. 

Compounds 110, 170, and 172 exhibited potent in vitro growth inhibitory activity against 

eight human cancer cell lines (A549, BGC-823, MCF-7, B16-BL6, HT-1080, A2780, Bel7402, and 

HCT-8) with an IC50 value below 10 μg/mL, this effect being associated with a moderate inhibitory 
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activity against protein tyrosine kinase (PTK) with over-expression of c-kit. Together, these 

results indicated that these bromophenol derivatives can be used as potent antitumor agents for 

PTK over-expression of c-kit [56]. 

2.2.2. Dictyotaceae Family 

In 2009, Areche et al. reported the isolation of the unusual chlorinated meroditerpenoid 4´-

chlorostypotriol triacetate (179) (Figure 8) from the dichloromethane extract of the brown alga 

Stypopodium flabelliforme (Dictyotaceae family) collected in Easter Island, Chile. This compound 

was the first metabolite reported from the Stypopodium genus possessing one halogen atom [57]. 

2.3. Haloaryl Secondary Metabolites Isolated from Green Algae 

The isolation of haloaryl secondary metabolites from green algae is uncommon, with a 

description of only five compounds isolated from the Cladophoraceae and 

Dichotomosiphonaceae families. 

2.3.1. Cladophoraceae Family 

The new bromoindole 180 possessing both chlorine and bromine was isolated from the 

ethanolic extract of the green alga Chaetomorpha basiretorsa (Cladophoraceae) in 2005 (Figure 8) 

[58]. 

2.3.2. Dichotomosiphonaceae Family 

A total of four bromophenols were isolated from Avrainvillea sp., including the brominated 

diphenylmethanes 181–182, the monoaryl phenol 183, and the tetraarylphenol 184 (Figure 8). 

According to Carte et al., avrainvilleol (181) was identified from the ether extract of A. longicaulis, 

whereas its methyl ether was isolated from the methanol extract of the same species [59]. Studies 

of A. nigricans resulted in the isolation of not only avrainvilleol (181), but also the structure-related 

diaryl bromophenol 182, and the monoaryl phenol 183 (Figure 8). Compounds 181–183 showed 

inhibitory activity against Bacillus subtilis and Staphylococcus aureus, with 183 being also active 

against Pseudomonas aeruginosa, Escherichia coli, Serratia marcesens, and Candida albicans [60]. In 

addition, bromophenol 183 showed to be an in vitro growth inhibitor of the human KB cancer 

cell line with an ED50 value of 8.9 µg/mL [60]. The secondary metabolite 184 exhibited HMG-CoA 

reductase inhibitory activity with an IC50 value of 5 µM (Figure 8) [59]. 



 

129 
 

 

 

Figure 8. Naturally occurring haloaryl secondary metabolites 168–184. Further information is 

provided in Supplementary Table S1. 

3. Conclusions and Perspectives 

Marine macroalgae play an essential role in the marine environment for the production of 

oxygen and as a source of food for marine animals. Moreover, these organisms generate 

compounds and products utilized in many commercial fields, such as fertilizers, and help to 

obtain compounds with pharmaceutical, cosmetic, and industrial applications. 

This review provides an overview of the most relevant haloaryl secondary metabolites 

isolated from macroalgae, including their distribution and biological activities. A total of 184 

haloaryl secondary metabolites, including halophenols, indoles, aromatic sesquiterpenes, and 

naphthalene derivatives were isolated from macroalgae, with red algae currently being the most 

prominent source of these compounds, particularly several species of algae from the 

Rhodomelaceae family. Nevertheless, further biochemical analyses on green and brown 

macroalgae in the future may also result in the discovery of new compounds from other clades. 

Most of these halogenated compounds are brominated with a diverse degree of halogenation, as 

well as some examples of secondary metabolites with chlorine and iodine being described. The 

168 169 170

171 172 173

174 175

176. R1=CHO, R2=Br, R3=H, R4=OH

177. R1=COOH, R2=R4=H, R3=Br

178. R1=COOH, R2=H; R3=Br, R4=OH

179 180
181. Avrainvilleol

182. 5'-Hydroxyisoavrainvilleol
183 184. Rawsonol



130 

most abundant haloaryl derivatives are bromophenols, with most of them possessing at least one 

catechol group. 

The biological potential of the majority of haloaryl secondary metabolites has been 

exhaustively reported, as they are well known their antioxidant, antitumor, antimicrobial, and 

antidiabetic activities. Therefore, it is expected that some of these compounds may be used in the 

future in drug discovery. As the distribution of many of the macroalgae is rare in nature, 

strategies for securing the sustainable production of these secondary metabolites must be 

implemented. One strategy for overcoming this bottleneck is by using bioprocess technology to 

produce cell and tissue cultures of marine macroalgae. In fact, the bioprocess engineering of 

macroalgae for the production of secondary metabolites has been an emerging area of marine 

biotechnology. Several cell and tissue cultures derived from marine macroalgae have been 

developed, not only to facilitate the study of secondary metabolites biosynthesis, but also to allow 

the manipulation and controlled production of these compounds [61–63]. Other strategies may 

include the chemical synthesis of these or nature-inspired haloaryl compounds. 

Among the bioactive compounds, bromophenols possessing 2,3-dibromo-3,4-dihydroxy 

phenyl rings, such as BDDE (17) and BDDPM (85), are the most promising. In fact, both 

compounds revealed to be quite active in a diverse array of biological activities, especially 

antitumor and antidiabetic. Taking these results into account, it will be interesting to develop 

new BDDE and BDDPM synthetic analogues in order to explore the potential of these compounds 

as leads for drug discovery. 

Although several studies about the biological potential of these macroalgae natural products 

have been described, some unique indoles and aromatic sesquiterpenes have not been explored 

concerning their biological potential. Therefore, it is expected that the future exploitation of these 

haloaryl derivatives may contribute to medicinal chemistry in the discovery of innovative 

bioactive compounds. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: Haloaryl 

secondary metabolites isolated from macroalgae and biological activities. 
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Table S1. Haloaryl secondary metabolites isolated from macroalgae and biological activities. 

Secondary Metabolite Specie/Family Biological Activity 

Red Alga (Phylo Rhodophyta) 

Family: Cystocloniaceae 

1–14 Rhodophyllis membranaceae 99 

Cytotoxic and antifungal activity 99 

(1) 

IC50 = 38 µM (HL-60) 

IC50 = 69 µM (S. cerevisiae) 

(2, 5, 7–10, 12–14) 

IC50 > 10 µM (similar for both activities tested) 

(3) 

IC50 = 78 µM (HL-60) 

IC50 = >83 µM (S. cerevisiae) 

(4) 

IC50 = 61 µM (HL-60) 

IC50 = 63 µM (S. cerevisiae) 

(6) 

IC50 = 28 µM (HL-60) 

IC50 = 23 µM (S. cerevisiae) 

(11) 

IC50 = 49 µM (HL-60) 
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IC50 = 39 µM (S. cerevisiae) 

Family: Halymeniaceae 

15 Grateloupia elliptica 21 

α-glucosidase inhibitory activity 21 

IC50 = 60.3 µM (S. cerevisiae α-glucosidase) 

IC50 = 130.3 µM (B. stearoyhermophilus α-glucosidase) 

IC50 = 4.2 mM and 5.0 mM (rat intestinal sucrase and maltase) 

16 Grateloupia elliptica 21 

α-glucosidase inhibitory activity 21 

IC50 = 110.4 µM (S. cerevisiae α-glucosidase) 

IC50 = 230.3 µM (B. stearoyhermophilus α-glucosidase) 

IC50 = 3.6 mM and 4.8 mM (rat intestinal sucrase and maltase) 

17. BDDE Polyopes lancifolia 13 

α-glucosidase inhibitory activity 13 

IC50 = 0.098 and 0.120 µM (S. cerevisiae and B. stearothermophilus) 

IC50 = 1.00 and 1.20 mM (rat intestinal sucrase and maltase) 

Antifungal activity 20 

% inhibition = 80.0 ± 7.2; 77.1 ± 5.3; 75.0 ± 8.5; 67.7 ± 5.9 (V. mali, F. graminearum, 

C. diplodiella and C. gloeosporioides) 

Antitumor activity 26 

IC50 = 13.9 µg/mL (K562) 

Anti-angiogenesis (HUVEC) 18 

Family: Lithothamniaceae 

18. Lithothamnin A Lithothamnion fragilissimum 100 
Antitumor activity 100 

IC50 = 9.5 µM (LOX) 
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IC50 = 7.6 µM (SNB-19) 

IC50 = 7.6 µM (OVCAR-3) 

IC50 = 19.0 µM (COLO-205) 

IC50 = 19.0 µM (MOLT-4) 

Family: Rhodomelaceae 

Callophycus genus 

19–22 Callophycus sp. 101 ---- 

Laurencia genus 

23–26 

(23–26) Laurencia brongniartii 102 

(24–26) Laurencia decumbens 103 

(24, 25) Laurencia similis 104 

(24–26) Laurencia complanata 105 

(23) Laurencia sp. 106 

Antitumor activity (L1210)102 

ID50 of 3.6 µg/mL (25) 

Antimicrobial activity for B. subtillus and S. cerevisiae at 100 µg 102 ( Ø inhibition 

= 16mm and 14mm respectively) (25) 

Antibacterial activity 106 

MIC = 300 µg/mL (Staphylococcus sp.) (24) 

Antimicrobial activity 105 

Ø inhibition = 11mm; 12mm; 12mm and 8.5 mm (B. cereus, S. aureus, S. 

pneumoniae and C. albicans) (25) 

27–30 
(27–29) Laurencia similis 104 

(30) Laurencia decumbens 103  
---- 

31–33 Laurencia brongniartii 107-108 ---- 

34–39 Laurencia brongniartii 107 ---- 

40 Laurencia brongniartii 107 ---- 
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41–43 Laurencia brongniartii 107  

44–49 Laurencia brongniartii 107 ---- 

50  Laurencia brongniartii 108 ---- 

51, 52 Laurencia brongniartii 108 

Cytotoxic against 108 

(51) HT-29 and P-388 cell lines 

(52) P-388 cell line  

53 Laurencia similis 109 ---- 

54. Cupalaurenol Laurencia sp. 106 

Antibacterial activity 106 

MIC = 125, 125, 125 and 200 µg/mL (S. aureus, Staphylococcus sp., Salmonella sp. 

and V. cholerae) 

55. Laurinterol 

Laurencia okamurai 110 

Laurencia microcladia 111 

Laurencia tristicha 112 

Antitumor activity 111 

IC50 = 128.3 µM (K562) 

IC50 = 67.2 µM (MC7) 

IC50 =76.6 µM (PC3) 

IC50 = 83.9 µM (HeLa) 

IC50 = 74.6 µM (A431) 

IC50 = 165.8 µM (CHO) 

56. Isolaurinterol 
Laurencia okamurai 110 

Laurencia tristicha 112 
---- 

57. Dibromophenol 

58. Neolaurinterol 

(57, 58) Laurencia okamurai 110 

(57) Laurencia tristicha 112 
---- 
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59. Aplysin  

60. Aplysinol  

61 

(59–61) Laurencia okamurai 110 

(60) Laurencia tristicha 112 
---- 

62 Laurencia okamurai 110 ---- 

63. Allolaurinterol Laurencia okamurai 110 ---- 

64–66 Laurencia okamurai 110 ---- 

67. Bromolaurenisol Laurencia microcladia 111 

Antitumor activity 111 

IC50 = 112.7 µM (K562) 

IC50 = 78.3 µM (MC7) 

IC50 =92.4 µM (PC3) 

IC50 = 105.8 µM (HeLa) 

IC50 = 81.6 µM (A431) 

IC50 = > 200 µM (CHO) 

68 Laurencia tristicha 112 ----- 

69 Laurencia tristicha 112 ----- 

70 
Laurencia microcladia 111 

Laurencia tristicha 112 

Antitumor activity 111 

IC50 = 153.5 µM (A549) 

 

71 Laurencia sp. 113 ---- 

72–74 Laurencia similis 24 
PTP1B inhibitory activity 24 

IC50 = 102 µg/mL (72) 
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IC50 = 65.3 µg/mL (73) 

IC50 = 69.8 µg/mL (74) 

5 Laurencia similis 24 
PTP1B inhibitory activity 24 

IC50 = 2.66 µg/mL 

76 Laurencia similis 24 
PTP1B inhibitory activity 24 

IC50 = 2.97 µg/mL 

Odonthalia genus 

17. BDDE Odonthalia corymbifera 14 
Inhibition of yeast α-glucosidase reaction 14 

IC50 = 0.098 µM 

77. Lanosol Odonthalia corymbifera 14 

α-glucosidase inhibitory activity 22 

IC50 = 89 μM (yeast α-glucosidase)  

IC50 = 2.4 and 2.5 mM (rat- intestinal sucrase and maltase) 

Antimicrobial activity (ICL inhibitors) 114 

IC50 = 92.6 ± 5.8 µM 

78-80 Odonthalia corymbifera 22 

α-glucosidase inhibitory activity 22 

IC50 = 25 μM (yeast α-glucosidase) (78) 

IC50 = 3.5 and 3.1 mM (rat intestinal sucrase and maltase α-glucosidase) (78) 

IC50 = 53 µM (yeast α-glucosidase) (79) 

81 Odonthalia corymbifera 22 

α-glucosidase inhibitory activity 22 

IC50 = 170 μM (yeast α-glucosidase) 

Antimicrobial activity (ICL inhibitors) 114 

IC50 = 125.6 ± 8.6 µM 
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82 Odonthalia corymbifera 114 
Antimicrobial activity (ICL inhibitors) 114 

IC50 = 116.1 ± 7.3 µM 

83, 84 Odonthalia corymbifera 114 

Antimicrobial activity (ICL inhibitors) 114 

(83) IC50 = 2.1 ± 0.1 µM 

(84) IC50 = 2.8 ± 0.2 µM 

85. BDDPM Odonthalia corymbifera 114 
Antimicrobial activity (ICL inhibitor) 114 

IC50 = 2.0±0.1 µM 

86. Odonthadione Odonthalia corymbifera 115 

DPPH and ABTS radical scavenging activity 115 

EC50 = 24.7 µM (DPPH) EC50 = 17.3 µM (ABTS) 

Tyrosinase inhibition 115 

IC50 = 17.3 µM 

87. Odonthalol Odonthalia corymbifera 115 

DPPH and ABTS radical scavenging activity 115 

EC50 = 13.5 µM (DPPH) 

EC50 =6.7 µM (ABTS) 

Tyrosinase inhibition 115 

IC50 = 31.0 µM 

Osmundaria genus 

77. Lanosol Osmundaria colensoi 116 --- 

81 Osmundaria colensoi 116 
Antibacterial activity (Mycobacterium smegmatis) 116 

IC50 = 7.8 µM 

88. Colensolide A Osmundaria colensoi 116 ---- 
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89 Osmundaria colensoi 116  ---- 

90 Osmundaria colensoi 116 

Antibacterial activity (Mycobacterium smegmatis) 116 

IC50 = 26.2 µM 

 

Antitumor activity 116 

IC50 = 8.0 µM (HL-60) 

91. Rhodomelol Osmundaria colensoi 116 
Antibacterial activity (Mycobacterium smegmatis) 116 

IC50 = 28.1 µM 

Polysiphonia genus 

77. Lanosol Polysiphonia lanosa 117 
Antitumor activity 117 

IC50 = 18.3 ± 0.94 µM (DLD-1) and 20.4 ± 2.9 µM (HCT-116) 

81 Polysiphonia lanosa 117 
Antitumor activity 117 

IC50 = 14.6 ± 3.1 µM (DLD-1) and 14.1 ± 2.5 µM (HCT-116) 

89 Polysiphonia lanosa 117 
Antitumor activity 117 

IC50 = 30.9 ± 2.7 µM (DLD-1) 

92, 93 Polysiphonia morrowii 22 

-glucosidase inhibitory activity 22 

IC50= 100 µM (yeast α-glucosidase) (92) 

IC50 = 3.6 and 4.8 mM (rat intestinal sucrase and maltase α-glucosidase) (92) 

IC50 = > 1000 µM (yeast α-glucosidase) (93) 

94, 95 Polysiphonia lanosa 117 

Antitumor activity 117 

(94) IC50 = 13.5 ± 2.3 µM (DLD-1) and 2.51 ± 0.95 µM (HCT-116) 

(95) IC50 = 12.4 ± 1.1 µM (DLD-1) and 1.32 ± 0.3 µM (HCT-116) 
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96 Polysiphonia urceolata 118 
DPPH radical scavenging activity 118 

IC50 = 16.11 ± 0.06 µM 

97 Polysiphonia urceolata 118 
DPPH radical scavenging activity 118 

IC50 = 21.90 ± 0.1 µM 

98 Polysiphonia urceolata 118 
DPPH radical scavenging activity 118 

IC50 = 9.67 ± 0.04 µM 

99, 100 Polysiphonia urceolata 119 

DPPH radical scavenging activity 119 

IC50 = 6.8 µM (99) 

IC50 = 6.1 µM (100) 

101 Polysiphonia urceolata 119 
DPPH radical scavenging activity 119 

IC50 = 8.1 µM 

102. Urceolatin  Polysiphonia urceolata 120 
DPPH radical scavenging activity 120 

IC50 =7.9 µM 

103 Polysiphonia urceolata 118  
DPPH radical scavenging activity 118 

IC50 = 19.64 ± 0.09 µM 

104. Urceolatol Polysiphonia urceolata 119 
DPPH radical scavenging activity 119 

IC50 = 15.1 µM 

105, 106 
(105, 106) Polysiphonia urceolata 119 

(106) Polysiphonia morrowii 121 

DPPH radical scavenging activity 119 

IC50 = 20.3 µM (105) 

IC50 = 35.8 µM (106) 

Antiviral activity 121 
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(106) 

EC50 = 45.0 ± 9.1 µM (IHNV) and 57.0 ± 10.6 µM (IPNV) 

107. (±) Polysiphenol Polysiphonia ferulacea 122 ------ 

108 Polysiphonia morrowii 121 
Antiviral activity 121 

EC50 = 27.0 ± 6.3 µM (IHNV) and 22.0 ± 0.6 µM (IPNV) 

Rhodomela genus 

17. BDDE Rhodomela confervoides 23  

DPPH and ABTS radicals scavenging activity 19 

IC50 = 17.61 ± 0.08 µM (DPPH) 

TEAC = 3.05 ± 0.13 nM (ABTS) 

Antibacterial activity 16 

MIC = 35 µg/mL (Staphylcoccus epidermidis ATCC12228) 

MIC = 70 µg/mL (Staphylcoccus aureus ATCC29213, Staphylcoccus aureus 02-60, 

Pseudomonas aeruginosa ATCC27853 and Pseudomonas aeruginosa 02-29) 

MIC = 140 µg/mL (Staphylcoccus epidermidis 02-4 and Escherichia coli ATCC25922) 

MIC < 140 µg/mL (Escherichia coli 02-26) 

PTP1B inhibitory activity 15 

IC50 = 1.5 µmol/mL 

Antitumor activity 25 

IC50 = 4.19 µg/mL (KB) 

IC50 = 7.94 µg/mL (Bel 7402) 

IC50 = > 10 µg/mL (A549) 

IC50 = 7.41 µg/mL (HELF) 
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77. Lanosol Rhodomela confervoides 23, 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 42.33 ± 0.25 µM (DPPH) 

TEAC = 1.56 ± 0.02 mM (ABTS) 

 

81 Rhodomela confervoides 23, 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 40.50 ± 0.20 µM (DPPH) 

TEAC = 1.62 ± 0.03 mM (ABTS) 

83 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 32.01 ± 0.12 µM 

TEAC = 1.09 ± 0.01 mM 

DPPH and ABTS radical scavenging activity 19 

IC50 = 14.32 ± 0.12 µM (DPPH) 

TEAC = 3.00 ± 0.13 mM (ABTS) 

Antibacterial activity 16 

MIC = 70 µg/mL (S. aureus ATCC29213, Staphylcoccus aureus 02-60, 

Staphylcoccus epidermidis ATCC12228 and Staphylcoccus epidermidis 02-4)  

84 Rhodomela confervoides 23 

DPPH and ABTS radical scavenging activity 19 

(84) 

IC50 = 19.60 ± 0.11 µM (DPPH) 

TEAC = 3.16 ± 0.14 mM (ABTS) 

85. BDDPM Rhodomela confervoides 23 
DPPH and ABTS radical scavenging activity 19 

IC50 = 16.91 ± 0.10 µM 
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TEAC = 3.18 ± 0.13 mM 

PTP1B inhibitory activity 15 

IC50 = 2.4 µmol/L 

Antibacterial activity 16 

MIC = 140 µg/mL (S. aureus ATCC29213, S. aureus 02-60, S. epidermidis 

ATCC12228, S. epidermidis 02-4, Escherichia coli ATCC25922, P. aeruginosa 

ATCC27853 and Pseudomonas aeruginosa 02-29) 

Antitumor activity 124 

IC50 = 17.63 μg/mL (HeLa) 

IC50 = 11.37 μg/mL (RKO) 

IC50 = 10.58 μg/mL (HCT-116) 

IC50 = 8.7 μg/mL (Bel 7402) 

IC50 = 23.69 μg/mL (U87) 

IC50 = 30.15 μg/mL (HUVEC) 

90 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 7.62 ± 0.01 µM (DPPH) 

TEAC = 3.45 ± 0.12 mM (ABTS) 

92 Rhodomela confervoides 123 ---- 

94 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 38.42 ± 0.23 µM 

TEAC = 1.36 ± 0.01 mM 

109,110. BPN Rhodomela confervoides 23 Antibacterial activity 16 
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(109) 

MIC = 140 µg/mL (S. aureus ATCC29213, S. aureus 02-60 and S. epidermidis 

ATCC12228 

MIC < 140 µg/mL (E. coli ATCC25922 and P. aeruginosa ATCC27853 

Antibacterial activity 16 

(110) 

MIC = 70 µg/mL (S. aureus ATCC29213) 

MIC = 140 µg/mL (S. aureus 02-60, S. epidermidis ATCC12228, S. epidermidis 02-4 

and Escherichia coli ATCC25922) 

DPPH and ABTS radical scavenging activity 19 

(110) 

IC50 = 13.81 ± 0.08 µM (DPPH) 

TEAC = 2.78 ± 0.12 mM (ABTS) 

PTP1B inhibitory activity 15 

(110) 

IC50 = 0.84 µM 

111 Rhodomela confervoides 23 ---- 

112–114 
(112) Rhodomela confervoides 23 

(112–114) Rhodomela confervoides 25 

Antitumor activity 25 

(112) 

IC50 = 3.09 µg/mL (KB) 

IC50 = 3.18 µg/mL (Bel 7402) 

IC50 = 3.54 µg/mL (A549) 
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IC50 = 6.39 µg/mL (HELF) 

(113) 

IC50 = 6.26 µg/mL (KB) 

IC50 = 3.33 µg/mL (Bel 7402) 

IC50 = 7.08 µg/mL (A549) 

IC50 = 2.65 µg/mL (HELF) 

(114) 

IC50 = 8.71 µg/mL (KB) 

IC50 = 5.36 µg/mL (Bel 7402) 

IC50 = 7.56 µg/mL (A549) 

IC50 = > 10 µg/mL (HELF) 

115 Rhodomela confervoides 125 ---- 

116 Rhodomela confervoides 125 ---- 

117 Rhodomela confervoides 125 ---- 

118 Rhodomela confervoides 125 ---- 

119–121 Rhodomela confervoides 123, 125 

Antitumor activity 125 

(119) 

IC50 = 19.7 µM (A549) 

IC50 = 19.9 µM (A2780) 

IC50 = 19.4 µM (Bel7402) 

IC50 = 20.2 µM (BGC-823) 
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IC50 = 15.4 µM (HCT-8) 

(120) 

IC50 = 14.7 µM (A549) 

IC50 = 9.4 µM (A2780) 

IC50 = 14.8µM (Bel7402) 

IC50 = 24.0 µM (BGC-823) 

IC50 = 14.6 µM (HCT-8) 

(121) 

IC50 = 18.5 µM (A549) 

IC50 = 20.8 µM (A2780) 

IC50 = 20.4 µM (Bel7402) 

IC50 = 19.1µM (BGC-823) 

IC50 = 18.8 µM (HCT-8) 

DPPH and ABTS radical scavenging activity 123 

(119) 

IC50 = 30.91 ± 0.12 µM (DPPH) 

TEAC = 1.98 ± 0.01 mM (ABTS) 

122 Rhodomela confervoides 125 

Antitumor activity 125 

IC50 = 14.5 µM (A549) 

IC50 = > 16.9 µM (A2780) 

IC50 = 13.5 µM (Bel7402) 
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IC50 = 15.1 µM (BGC-823) 

IC50 = 12.1 µM (HCT-8) 

123. BDB Rhodomela confervoides 15, 19 

DPPH and ABTS radical 

scavenging activity 19 

IC50 = 8.90 ± 0.04 µM (DPPH) 

TEAC = 3.58 ± 0.13 mM (ABTS) 

PTP1B inhibitory activity15, 126 

IC50 = 1.7 µmol/L 

124 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 7.43 ± 0.10 µM (DPPH) 

TEAC = 2.11 ± 0.04 mM (ABTS) 

125–132 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

(125) 

IC50 = 20.47 ± 0.07 µM (DPPH) 

TEAC = 1.87 ± 0.02 mM (ABTS) 

(126) 

IC50 = 19.84 ± 0.06 µM (DPPH) 

TEAC = 2.87 ± 0.11 mM (ABTS) 

(127) 

IC50 = 50.58 ± 0.23 µM (DPPH) 

TEAC = 1.60 ± 0.04 mM (ABTS) 
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(128) 

IC50 = 26.28 ± 0.21 µM (DPPH) 

TEAC = 2.35 ± 0.02 mM (ABTS) 

(129) 

IC50 = 30.24 ± 0.20 µM (DPPH) 

TEAC = 2.07 ± 0.12 mM (ABTS) 

(130) 

IC50 = 58.15 ± 0.39 µM (DPPH) 

TEAC = 1.32 ± 0.02 mM (ABTS) 

(131) 

IC50 = 9.52 ± 0.04 µM (DPPH) 

TEAC = 2.06 ± 0.08 mM (ABTS) 

(132) 

IC50 = 50.31 ± 0.34 µM (DPPH) 

TEAC = 1.86 ± 0.02 mM (ABTS) 

133 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

IC50 = 8.72 ± 0.05 µM (DPPH) 

TEAC = 3.68 ± 0.12 mM (ABTS) 

134, 135 Rhodomela confervoides 123 

DPPH and ABTS radical scavenging activity 123 

(134) 

IC50 = 18.62 ± 0.08 µM (DPPH)  
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TEAC = 2.11 ± 0.11 mM (ABTS) 

(135) 

IC50 = 50.87 ± 0.32 µM (DPPH)  

TEAC = 1.63 ± 0.01 mM (ABTS) 

136 Rhodomela confervoides 19 

DPPH and ABTS radicals scavenging activity 19 

IC50 = 13.60 ± 0.03 µM (DPPH)  

TEAC = 3.21 ± 0.13 mM (ABTS) 

137–139 Rhodomela confervoides 19 

DPPH and ABTS radicals scavenging activity 19 

(137) 

IC50 = 15.90 ± 0.09 µM (DPPH)  

TEAC = 2.68 ± 0.11 mM (ABTS) 

(138) 

IC50 = 18.50 ± 0.18 µM (DPPH)  

TEAC = 2.21 ± 0.12 mM (ABTS) 

(139) 

IC50 = 5.22 ± 0.04 µM (DPPH)  

TEAC = 2.87 ± 0.10 mM (ABTS) 

140, 141 Rhodomela confervoides 19 

DPPH and ABTS radicals scavenging activity 19 

(140) 

IC50 = 5.43 ± 0.02 µM (DPPH) 

TEAC = 2.31 ± 0.11 mM (ABTS) 
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(141) 

IC50 = 5.70 ± 0.03 µM (DPPH)  

TEAC = 2.14 ± 0.08 mM (ABTS) 

142, 143 Rhodomela confervoides 19 

DPPH and ABTS radicals scavenging activity 19 

(142) 

IC50 = 23.60 ± 0.10 µM (DPPH)  

TEAC = 2.11 ± 0.04 mM (ABTS) 

(143) 

IC50 = 20.81 ± 0.08 µM (DPPH)  

TEAC = 2.36 ± 0.08 mM (ABTS) 

Symphyocladia genus 

81 Symphyocladia latiuscula 127 

PTP1B inhibitory activity 127 

IC50 = 39.0 ± 4.0 µmol/l 

144 Symphyocladia latiuscula 22, 128 

-glucosidase inhibitory activity 22 

IC50 = 11 µM (yeast α-glucosidase) 

IC50 = 4.2 mM and > 5.0 mM (rat intestinal sucrase and maltase) 

DPPH radical scavenging activity 128 

IC50 = 7.5 µM 

145, 146 Symphyocladia latiuscula 22, 129-130 

-glucosidase inhibitory activity 22 

IC50 = 0.030 μM (yeast α-glucosidase) (145) 

IC50 = 2.4 mM and 3.2 mM (rat intestinal sucrase and maltase) (145) 
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Aldose inhibitory activity 129 

IC50 = 0.40 µg/mL (145) 

IC50 = 0.40 µg/mL (146) 

DPPH radical scavenging activity 130 

(145) 

IC50 = 8.1 µM 

PTP1B inhibitory activity 127 

(145) 

IC50 = 4.3 ± 0.1 µmol/L 

147 Symphyocladia latiuscula 129 
Aldose inhibitory activity 129 

IC50 = 0.11 µmol/mL 

148 Symphyocladia latiuscula 127 

DPPH radical scavenging activity 130 

IC50 = 10.2 µM 

PTP1B inhibitory activity 127 

IC50 = 3.5 ± 0.2 µmol/L 

149–151 Symphyocladia latiuscula 127, 129 

Aldose inhibitory activity 129  

(150) IC50 = 1.15 µg/mL 

(151) IC50 = 0.25 µg/mL 

DPPH radical scavenging activity 130 

(149) 

IC50 = 8.5 µM 

(150) 
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IC50 = 14.0 µM 

(151) 

IC50 = 24.7 µM 

PTP1B inhibitory activity 127 

(149) 

IC50 = 3.9 ± 0.2 μmol/L 

152 Symphocladia latiuscula 127 
PTP1B inhibitory activity 127 

IC50 = > 50 µmol/L 

153 Symphocladia latiuscula 127, 130 

DPPH radical scavenging activity 130 

IC50 = 18.5 µM 

PTP1B inhibitory activity 127 

IC50 = 25.6 ± 4.8 µmol/L 

154 Symphyocladia latiuscula 130 
DPPH radical scavenging activity 130 

IC50 = 24.0 µM 

155 Symphyocladia latiuscula 128 
DPPH radical scavenging activity 128 

IC50 = 8.5 µM 

156 Symphyocladia latiuscula 22, 130 

DPPH radical scavenging activity 130 

IC50 = 10.5 µM 

Antifungal Activity 131 

MIC = 12.5 µg/mL (C. albicans) 

157 Symphyocladia latiuscula 129 DPPH radical scavenging activity 130 
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IC50 = 24.0 µM 

158 Symphyocladia latiuscula 132 
DPPH radical scavenging activity 132 

IC50 = 14.5 μg/mL 

159 Symphyocladia latiuscula 132 
DPPH radical scavenging activity 132 

IC50 = 20.5 μg/mL 

160 Symphyocladia latiuscula 131 
Antifungal Activity 131 

MIC = > 100 µg/mL (C. albicans) 

161, 162 Symphyocladia latiuscula 131 

Antifungal activity 131 

(161) 

MIC = > 100 µg/mL (C. albicans) 

(162) 

MIC = 25 µg/mL (C. albicans) 

163 Symphyocladia latiuscula 133 
Antifungal activity 133 

MIC = 37.5 µg/mL (C. albicans) 

164. SL-1 

165. SL-2 
Symphyocladia latiuscula 134 (164-165) Inhibitor of Taq DNA polymerase activity 134 

Vidalia genus 

166. Vidalol A Vidalia obtusaloba 135 
Anti-inflammatory activity 135 

(inhibition of phospholipase A2) 

167. Vidalol B Vidalia obtusaloba 135 
Anti-inflammatory activity 135 

(inhibition of phospholipase A2) 
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Brown Alga (Phylo Phaeophyta) 

Family: Chordariaceae 

17. BDDE Leathesia nana 17 

Antitumor activity 17 

IC50 = 0.0054 µM/mL (A549) 

IC50 = 0.0180 µM/mL (BGC-823) 

IC50 = 0.0046 µM/mL (MCF-7) 

IC50 = 0.0074 µM/mL (Bel7402) 

IC50 = 0.0059 µM/mL (HCT-8) 

77. Lanosol Leathesia nana 17 ---- 

81 Leathesia nana 17 ---- 

83 Leathesia nana 17 

Antitumor activity 17 

IC50 = > 0.0195 μM/mL (A549) 

IC50 = 0.0086 μM/mL (BGC-823) 

IC50 = 0.00214 μM/mL (MCF-7) 

IC50 = > 0.0019 μM/mL (Bel 7402) 

IC50 = > 0.0207 μM/mL (HCT-8) 

Antitumor activity 136 

IC50 = > 10 μg/mL (A549) 

IC50 = 4.42 μg/mL (BGC-823) 

IC50 = 9.0 μg/mL (MCF-8) 

IC50 = 7.88 μg/mL (B16-L16) 
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IC50 = 5.28 μg/mL (HT-1080) 

IC50 = > 10 μg/mL (A2780) 

IC50 = > 10 μg/mL (Bel7402) 

IC50 = 9.64 μg/mL (HCT-8) 

85. BDDPM Leathesia nana 17 

Antitumor activity 17 

IC50 = 0.0018 μM/mL (A549) 

IC50 = 0.0038 μM/mL (BGC-823) 

IC50 = 0.0027 μM/mL (MCF-7) 

IC50 = > 0.0182 μM/mL (Bel 7402) 

IC50 = > 0.0022 μM/mL (HCT-8) 

 

89 Leathesia nana 17 ---- 

94 Leathesia nana 17 ----- 

110. BPN Leathesia nana 17 

Antitumor activity 17 

IC50 = > 0.0190 μM/mL (A549) 

IC50 = 0.0046 μM/mL (BGC-823) 

IC50 = 0.0034 μM/mL (MCF-7) 

IC50 = 0.0055 μM/mL (Bel 7402) 

IC50 = 0.0028 μM/mL (HCT-8) 

Antitumor activity 136 

IC50 = > 10 μg/mL (A549) 
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IC50 = 2.40 μg/mL (BGC-823) 

IC50 = 1.81 μg/mL (MCF-8) 

IC50 = 1.75 μg/mL (B16-L16) 

IC50 = 3.81 μg/mL (HT-1080) 

IC50 = 3.76 μg/mL (A2780) 

IC50 = 2.97 μg/mL (Bel7402) 

IC50 = 1.46 μg/mL (HCT-8) 

Moderate inhibitory activity against protein tyrosine kinase (PTK) 136 

168 Leathesia nana 17 ---- 

169 Leathesia nana 17 ---- 

170 Leathesia nana 17 

Antitumor activity 17 

IC50 = 0.0025 μM/mL (A549) 

IC50 = 0.0088 μM/mL (BGC-823) 

IC50 = 0.0027 μM/mL (MCF-7) 

IC50 = 0.0048 μM/mL (Bel 7402) 

IC50 = > 0.0168 μM/mL (HCT-8) 

Antitumor activity 136 

IC50 = 1.49 μg/mL (A549) 

IC50 = 5.21 μg/mL (BGC-823) 

IC50 = 3.46 μg/mL (MCF-8) 

IC50 = 4.25 μg/mL (B16-L16) 
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IC50 = 3.84 μg/mL (HT-1080) 

IC50 = 1.58 μg/mL (A2780) 

IC50 = 2.83 μg/mL (Bel7402) 

IC50 = > 10 μg/mL (HCT-8) 

Moderate inhibitory activity against protein tyrosine kinase (PTK) 136 

171 Leathesia nana 17 ---- 

172 Leathesia nana 17 

Antitumor activity 136 

IC50 = > 10 μg/mL (A549, BGC-823, B16-L16, A2780, Bel7402 and HCT-8) 

IC50 = 8.27 μg/mL (MCF-8) 

IC50 = 6.36 μg/mL (HT-1080) 

Moderate inhibitory activity against protein tyrosine kinase (PTK) 136 

173 Leathesia nana 17 ---- 

174 Leathesia nana 17 ---- 

175 Leathesia nana 17 ---- 

176–178 Leathesia nana 17 ---- 

Family: Dictyotaceae 

179 Stypopodium flabeliforme 137 ---- 

Green Alga (Phylo Clorophyta) 

Family: Cladophoraceae 

180 Chaetomorpha bariretorsa 138 ----- 

Family: Dichotomosiphonaceae 
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181. Avrainvilleol Avrainvillea nigricans 139 

Antimicrobial activity 139 

Ø inhibition = 10 mm at 25 µg; 12 mm at 50 µg and 14 mm at 100 µg for Bacillus 

subtillus 

Ø inhibition = 9 mm at 200 µg for Serratia marcesens 

Ø inhibition = 10 mm at 25 µg; 12 mm = 50 µg; 16 mm = 100 µg for Staphylococcus 

aureus 

Antitumor activity (KB) 139 

ID50 = 10-100 µg/mL 

182. 5'-

Hydroxyisoavrainvilleol 
Avrainvillea nigricans 139 

Antimicrobial activity139 

Ø inhibition = 9 mm at 25 µg; 10 mm at 50 µg and 11 mm at 100 µg for Bacillus 

subtillus 

Ø inhibition = 10 mm at 100 µg for Staphylococcus aureus 

183 Avrainvillea nigricans 139 

Antitumor activity (KB) 139 

ID50 = 8.9 µg/mL 

Antimicrobial activity 139 

Ø inhibition = 8 mm at 25 µg; 10 mm at 50 µg and 12 mm at 100 µg for Bacillus 

subtillus 

Ø inhibition = 8 mm at 25 µg; 11 mm at 50 µg and 13 mm at 100 µg for 

Staphylococcus aureus 

Ø inhibition = 8 mm at 100 µg; 9 mm = 200 µg for Pseudomonas aeruginosa 

Ø inhibition = 10 mm at 200 µg for Escherichia coli 

Ø inhibition = 9 mm at 100 µg; 13 mm = 200 µg for Serratia marcesens 

Ø inhibition = 8 mm at 200 µg for Candida albicans 
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184. Rawsonol Avrainvillea rawsoni 140 
HMG-CoA reductase inhibitory activity 140 

IC50 = 5 µM 

 

 

 


