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ABSTRAK 

Kanser adalah antara punca kematian di mana kanser payudara merupakan kanser yang 

kedua terbanyak di kalangan wanita di seluruh dunia. Rawatan kanser dengan ubat 

kanser, kemoterapi dan radiasi yang biasa digunakan telah menyebabkan kesan yang 

tidak diingini pada pesakit. Oleh itu, kalkon dengan pelbagai manfaat farmakologi 

seperti anti-kanser, anti-mitosis, dan lain-lain, telah mendapat perhatian sebagai subjek 

penyelidikan. Derivatif kalkon flavokawain B yang mengandungi kumpulan metoksi, 

dimetoksi, trimetoksi, bromo, kloro, floro, metil, metiltio, nitro, hidroksil dan 

dimetilamino pada benzaldehida telah disintesis melalui kaedah kondensasi Claisen-

Schmidt menggunakan pemangkin alkali; sebatian yang disintesis dicirikan dengan 

menggunakan spektrofotometri Ultraungu-Nampak (UV-Vis), spektroskopi Infrared 

(FTIR), Kromatografi Gas-Spektrometri Jisim (GC-MS) dan spektroskopi Resonans 

Magnetik Nuklear (NMR); dan dinilai untuk kesitotoksikan mereka terhadap sel kanser 

payudara dengan menggunakan asai MTT. Antara 22 sebatian yang disintesis, dua 

sebatian 80 dan 91 telah ditemui sebagai analog flavokawain B yang baru dan beberapa 

sebatian menunjukkan aktiviti anti-kanser yang bagus berikutan had nilai, IC50 adalah 

kurang daripada 30 μg/mL. Sebatian tersebut adalah kalkon 4 (7.70 ± 0.30 μg/mL), 5 

(8.90 ± 0.60 μg/mL), 75 (12.30 ± 1.40 μg/mL), 79 (6.50 ± 0.40 μg/mL), 80 (7.12 ± 0.80 

μg/mL), 82 (9.70 ± 0.70 μg/mL), 84 (5.50 ± 0.35 μg/mL), 85 (8.43 ± 0.40 μg/mL), 44 

(13.30 ± 3.10 μg/mL) dan 90 (6.50 ± 0.35 μg/mL) yang menunjukkan aktiviti anti-

kanser yang baik terhadap MCF-7. Kalkon 4 (5.90 ± 0.30 μg/mL), 5 (6.80 ± 0.45 

μg/mL), 75 (18.10 ± 1.10 μg/mL), 79 (4.12 ± 0.20 μg/mL), 80 (4.04 ± 0.30 μg/mL), 81 

(9.50 ± 0.60 μg/mL), 82 (8.30 ± 0.56 μg/mL), 84 (5.50 ± 0.40 μg/mL), 85 (7.22 ± 0.70 

μg/mL) dan 44 (17.10 ± 2.15 μg/mL) yang menunjukkan aktiviti anti-kanser yang baik 

terhadap MDA-MB-231, serta sebatian 79 dan 80 didapati lebih aktif daripada ubat 

rujukan doksorubisin (5.05 ± 0.20 μg/mL). Kajian perhubungan struktur-aktiviti 

menunjukkan bahawa sitotoksik yang bertambah baik ditunjukkan oleh derivatif 

flavokawain B dengan kumpulan halogen, diikuti oleh derivatif flavokawain B dengan 

kumpulan metoksi terutamanya ketika penggantian terjadi pada kedudukan 2 dan 3 di 

cincin aromatik B. 
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ABSTRACT 

Cancer is among the cause of death whereof breast cancer is the second leading cause 

of cancer death among women worldwide. Cancer treatment with standard anti-cancer 

drug, chemotherapy and radiation have caused unwanted side effects in the patient. 

Therefore chalcone with many pharmacological benefits such as anti-cancer, anti-

mitotic, etc., has gained attention as a subject of research. Flavokawain B derivative 

chalcones bearing methoxy, dimethoxy, trimethoxy, bromo, chloro, fluoro, methyl, 

methylthio, nitro, hydroxyl and dimethylamino groups on benzaldehyde were 

synthesized via Claisen-Schmidt condensation method using base catalyst; the 

synthesized compounds were characterized by using UV-Visible, Fourier Transform 

Infrared spectrophotometry (FTIR), Gas Chromatography-Mass Spectrometry (GC-MS) 

and Nuclear Magnetic Resonance (NMR) spectrometry and evaluated for their 

cytotoxicity against breast cancer cell line by using 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay in vitro. Among 22 synthesized compounds, 

two compounds, 80 and 91 have been discovered as new flavokawain B analogs and 

some compounds showed good anti-cancer activity following the cut-off point value, 

IC50 is less than 30 μg/mL. The compounds are chalcone 4 (7.70 ± 0.30 μg/mL), 5 (8.90 

± 0.60 μg/mL), 75 (12.30 ± 1.40 μg/mL), 79 (6.50 ± 0.40 μg/mL), 80 (7.12 ± 0.80 

μg/mL), 82 (9.70 ± 0.70 μg/mL), 84 (5.50 ± 0.35 μg/mL), 85 (8.43 ± 0.40 μg/mL), 44 

(13.30 ± 3.10 μg/mL) and 91 (6.50 ± 0.35 μg/mL) that exhibited good anti-cancer 

activity against MCF-7. Chalcone 4 (5.90 ± 0.30 μg/mL), 5 (6.80 ± 0.45 μg/mL), 75 

(18.10 ± 1.10 μg/mL), 79 (4.12 ± 0.20 μg/mL), 80 (4.04 ± 0.30 μg/mL), 81 (9.50 ± 0.60 

μg/mL), 82 (8.30 ± 0.56 μg/mL), 84 (5.50 ± 0.40 μg/mL), 85 (7.22 ± 0.70 μg/mL) and 

44 (17.10 ± 2.15 μg/mL) showed good anti-cancer activity against MDA-MB-231 as 

well as compound 79 and 80 was discovered to be more active than the reference drug 

doxorubicin (5.05 ± 0.20 μg/mL). Structure-activity relationship study suggested that 

significantly improved cytotoxicity was shown by halogenated flavokawain B, followed 

by methoxylated flavokawain B, particularly when substitution occurred at position 2 

and 3 in ring B. 
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CHAPTER 1 

 

 

INTRODUCTION 

1.1 Background of Research 

Chalcone (1,3-diphenyl-2-propene-1-one), also known as benzylidene-

acetophenone, consists of two aromatic rings that are linked by a three carbon α,β-

unsaturated carbonyl system. It is an aromatic ketone that acts as a precursor of 

flavonoids and isoflavonoids, which are widely present in edible plants (Rahman, 

2011). Chalcone is in flavonoid family and they are one of major class of natural 

products which are widely distributed in fruit, vegetables, tea, soy-based food and 

spices (Nowakowska, 2007). Flavonoid structure was formed due to the closure of 

hydroxychalcone structure. Flavonoids are responsible in pigments for hue of autumn 

and floral colors of yellow, orange and red (Carlo et al., 1999); and they are extensively 

distributed secondary metabolites with diverse metabolic functions in plants (Ferreyra 

et al., 2012). The main factor contributed to its biologically active nature is the presence 

of α,β-unsaturated carbonyl system of chalcone (Yerragunta et al., 2013). They are 

believed to exhibit multiple pharmacological activities such as anti-inflammatory, anti-

infective, anti-cancer, anti-oxidant, anti-bacterial, anti-malarial, anti-proliferative and 

anti-invasive (Coşkun et al., 2016; Mai et al., 2014). Flavokawain A, B and C are 

among chalcones that are widely found in the extract of kava-kava plant, whereof 

flavokawain A and flavokawain B are known to have anti-cancer property (Abu et al., 

2016; Abu et al., 2014). 

Cancer is an environmental disease with 90-95% of cases are attributed to 

environmental factors such as exposure to different types of chemical and radiation, and 

another 5-10% of cases are due to genetic mutations which is inherited in some 

families. Worldwide, breast cancer is the most common cancer among women after skin 

cancer, and it is also the second leading cause of cancer death in women after lung 

cancer. Studies in 2016 have reported that there were 2,600 new cases of breast cancer 
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in men, 246,660 new cases in women and about 61,000 cases of carcinoma in situ of 

female breast diagnosed in United States (Siegel et al., 2016). 

Chalcones are regarded as promising anti-cancer agents against most of the 

human cancers. Previous literature suggested that chalcones are capable of inducing 

apoptosis and also have the ability to uncouple mitochondrial respiration, resulting 

collapse mitochondrial membrane potential (Mai et al., 2014). Hence, chalcones and its 

derivatives are the interesting subject for research to be investigate about the potent 

anti-cancer effects of these compounds against the breast cancer cell lines. 

There are several methods used to synthesize chalcones and three major 

synthesis pathways are being extensively used. The three pathways are (1) Claisen-

Schmidt condensation reaction between the corresponding acetophenone and the 

corresponding aromatic aldehyde in the presence of base catalyst such as potassium 

hydroxide or sodium hydroxide, (2) Suzuki coupling reaction between cinnamoyl 

chloride and phenylboronic acids and (3) palladium-catalyzed carbonylative vinylation. 

Among these methods, Claisen-Schmidt condensation reaction are the most commonly 

used method to synthesize chalcones due to its simple operation, high reaction yields 

and eco-friendly nature. 

1.2 Problem Statement 

Cancer is the third leading cause of death after heart disease and stroke in the 

developing countries and the second leading cause of death (after heart disease) 

globally. Worldwide, breast cancer is the most common cancer among women after 

skin cancer and also the second leading cause of cancer death in women. Studies have 

shown that in 2017, there were 600,920 cases of cancer death and 63,410 cases of 

female breast carcinoma in situ reported in United States (Siegel et al., 2017). In 

Malaysia, breast cancer is the most common cancer and frequently diagnosed disease, 

affecting Malaysian women from all ethnic groups (Loganathan et al., 2015). 

Many anti-cancer drugs for instance doxorubicin have solubility and resistance 

problems. Multi-drug resistance (MDR) is a major problem for the success of cancer 

chemotherapy and closely associated with treatment failure in cases of most common 

cancer types, as lung, colon, breast, and cervical cancer. Although the chemotherapy 

and radiation for breast cancer destroy the constantly dividing breast cancer cells, these 
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treatments can also attack the healthy cells. Many patients that undergo these treatment 

suffer from side effects such as nausea, vomiting, lethargy, cachexia and poor oral 

consumption (Mai et al., 2014). Moreover, many conventional drugs cannot effectively 

bind to receptors in target cells due to poor drug efficacy which response to the side 

effects.  

There are several methods that can be used to synthesize chalcone and its 

derivatives. Challenges in the synthesis of chalcone and its derivatives includes the 

possibility that the reaction may not occur, uncertainty in reaction yield, and the 

production of unwanted by-products. Different reactants may require the use of 

different synthesis methods. The reaction with the presence of hydroxyl substituent in 

the aromatic aldehyde retards the base-catalyzed aldol reaction. Basic catalysts decrease 

the activity of aldehyde component by causing delocalization of the anion (Dhar, 1981). 

1.3 Objectives 

1. To synthesize and characterize flavokawain B derivative. 

2. To investigate the cytotoxic properties of flavokawain B derivative. 

3. To establish the structure-activity relationship between different substituted 

flavokawain B derivative. 

1.4 Scope of Study 

The aim of this research is to determine the new potential drug that potential for 

breast cancer cell line. This research has focused on flavokawain B and its derivative 

due to their significant pharmacological activity. Flavokawain B derivative have been 

synthesized via Claisen-Schmidt condensation reaction by using basic catalyst. The 

synthesized compounds were purified by column chromatography (CC), followed by 

crystallization and purity of the compounds have been monitored by using Thin Layer 

Chromatography (TLC) technique. The structure of synthesized compounds have been 

characterized by using UV-Visible, Fourier Transform Infrared spectrophotometry 

(FTIR), Gas Chromatography-Mass Spectrometry (GC-MS), and Nuclear Magnetic 

Resonance (NMR). Finally, the synthesized compounds have been tested for their 

cytotoxicity against breast cancer cell line, MCF-7 and MDA-MB-231 by using 3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and the structure-

activity relationship of different substituted benzaldehyde used in the synthesis have 

been studied. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

2.1 Overview of Chalcone 

Chalcone comes from the flavonoid family and known as benzylidene-

acetophenone or 1,3-diphenyl-2-propene-1-one. It consists of two aromatic ring linked 

by a three carbon α,β-unsaturated carbonyl system and contains conjugated double 

bonds. It has π-electron system that is completely delocalized on benzene ring A and B 

(Yerragunta et al., 2013). Chalcones are widely found in fruit and vegetables and 

responsible for pigments of color ranged from yellow to orange in flower and diverse 

tissues of plants (Aksöz et al., 2011). Chalcone, which is in flavonoid family act as the 

precursor of flavonoid and isoflavonoid and play an important role in the growth, 

development of plant. It exists as secondary metabolites with multiple metabolic 

functions in plants (Ferreyra et al., 2012). Flavonoid protect the leaf cells from photo-

oxidative damages and enhances the nutrient retrieval during senescence (Feild et al., 

2001). 

2.2 Synthesis of Chalcone 

Chalcone has been identified as an interesting compound with multiple 

biological activities and the discovery has led to development of various methods for 

synthesis of chalcone. 

2.2.1 Claisen-Schmidt Condensation Method 

Chalcone and its derivatives have been synthesized by Claisen-Schmidt base-

catalyzed condensation of acetophenone and aromatic aldehyde in the presence of 

sodium hydroxide (NaOH) in ethanol (EtOH) as shown in Figure 2.1. Similar reaction 

have been carried out in the presence of potassium hydroxide (KOH) in methanol 
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(MeOH) as reported in (Aksöz et al., 2011) and shown in Figure 2.2. The reaction 

mixture was stirred for 18 hr at room temperature (rt) (Weldon et al., 2014). The residue 

was purified by column chromatography equipped with silica gel in mixture of 10% 

ethyl acetate and 90% hexane as eluent and the products were characterized using 

different types of spectroscopic techniques (Bandgar et al., 2010a). Chalcone and its 

derivatives in Figure 2.3 were the example product from reaction using Claisen-

Schmidt condensation method. 

  

Figure 2.1 Synthesis of chalcone via Claisen-Schmidt condensation 

Source: Yerragunta (2013) 

 

Figure 2.2 Mechanism in synthesis of chalcone via base-catalyzed Claisen-Schmidt 

condensation 
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Figure 2.3 Chalcones derivatives (1-3) synthesized via Claisen-Schmidt 

condensation method 

Source: Akhtar (2015) 

2.2.2 Acid Catalyzed Aldol Reaction 

One of the most commonly used method for the synthesis of chalcones is 

Claisen-Schmidt condensation carried out in basic aqueous alkaline solutions. However, 

the presence of hydroxyl substituent on aromatic aldehyde has been found to retard the 

base-catalyzed aldol reaction. Basic catalysts decrease the activity of aldehyde 

component by causing delocalization of the anion. It is necessary to use protective 

groups for the preparation of the hydroxychalcones under basic conditions, and thus 

acid catalyzed aldol reaction has been the preferred method for such purposes (Go et al., 

2005). 

Acetophenone and benzaldehyde in absolute ethanol (abs. EtOH) were mixed 

together and thionyl chloride (SOCl2) was added dropwise as shown in Figure 2.4. The 

reaction mixture was stirred for 2 hr at room temperature (rt) and left standing for 12 hr 

before precipitated by the addition of water. The product was filtered, washed with cold 

ethanol and dried to form yellow crystals. (Petrov et al., 2008). 
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Figure 2.4 Synthesis of chalcone via Aldol reaction with acid catalyst 

Source: Petrov (2008) 

2.2.3 Microwave Irradiation Method 

Chalcone has also been synthesized by using microwave irradiation (MWI) 

method. Figure 2.5 shows the condensation of both ortho-hydroxyacetophenone and 

aromatic aldehyde in the presence of potassium carbonate (K2CO3) was carried out 

under microwave irradiations within 3-5 min (Jayapal et al., 2010). Another procedure 

for synthesis of chalcone using microwave irradiation method is the reaction between 2-

acetyl hetero cyclic derivatives and respective aldehydes. Both reactants were mixed 

and dissolved in minimum amount of alcohol. Then, aqueous potassium hydroxide 

solution was slowly added and mixed well. The entire reaction mixture was subjected to 

microwave irradiation for about 2–6 min at 180 watts (W) (Ahmad et al., 2011) 

 

Figure 2.5 Synthesis of chalcone derivatives by using microwave irradiation 

Source: Jayapal (2010) 

2.2.4 Synthesis of Chalcone by Using Boron Trifluoride Etherate 

Several chalcones have been synthesized by reacting substituted acetophenone 

with substituted benzaldehyde by using boron trifluoride etherate (BF3–Et2O). The 

reaction in Figure 2.6 was conducted for 15-150 min at room temperature. The solution 

was washed with moist ether and water to discharge the color and the BF3–Et2O 

complex. The ethereal solution obtained from the extraction was then dried over 

anhydrous sodium sulphate (Na2SO4) and evaporated under reduced pressure (Narender 

et al., 2007). 



9 

 

Figure 2.6 Examples of chalcone derivatives synthesized by using Boron trifluoride 

etherate 

Source: Narender (2007) 

2.2.5 Palladium-Catalyzed Chalcone Synthesis 

2.2.5.1 Cross-coupling Reaction of Aryl or Alkenylboronic Acids with Acid 

Chlorides 

The chalcone can be synthesized by cross-coupling reaction of aryl or alkenyl-

boronic acid with acid chlorides catalyzed by palladium using bis(dibenzylidene-

acetone)palladium(0) (Pd(dba)2) at room temperature, in the presence of copper(I) 

thiophene-2-carboxylate (CuTC) and triphenylphospine (PPh3) which act as the 

activators in diethyl ether (Et2O) as shown in Figure 2.7 and Figure2.8. This reaction 

has been performed under non-basic conditions. (Ogawa et al., 2013). 

 

Figure 2.7 Cross-coupling reaction of alkenylboronic acids with acid chlorides 

Source: Ogawa (2013) 

 

Figure 2.8 Cross-coupling reaction of arylboronic acids with acid chlorides 

Source: Ogawa (2013) 
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2.2.5.2 General Procedure for Reaction of 3-benzoylacrylic Acid with 

Arylboronic Acid 

The synthesis of chalcone derivatives can be achieved by reaction of 3-

benzoylacrylic acids that undergo decarboxylative arylation with arylboronic acids or 

aryl halides, catalyzed by palladium in the presence of copper salt oxidant as shown in 

Figure 2.9. The mixture of starting materials and catalyst were stirred under nitrogen at 

120°C (bath temperature) for 4−5 hr. After being cooled, the reaction mixture was 

quenched with water and extracted with ethyl acetate. The combined organic layer was 

dried over sodium sulphate (Na2SO4) (Unoh. et al., 2013). 

 

Figure 2.9 General reaction of 3-benzoylacrylic acid with arylboronic acid or aryl 

halides 

Source: Unoh (2013) 

2.2.5.3 Cross-coupling reaction of benzoyl chlorides with potassium 

styryltrifluoroborate 

Synthesis of chalcone has been achieved through the cross-coupling reaction of 

potassium styryltrifluoroborate and benzoyl chloride with palladium(II) chloride 

(PdCl2) as catalyst in a microwave (MW) tube. The reactants were flushed with argon 

for 1-2 min to prevent the presence of air triggering the decomposition of the palladium 

catalyst followed by the addition of dry 1,4-dioxane from a sure-seal bottle. The 

resulting mixture in the microwave tube was then inserted into the microwave and 

heated at 140°C for 30 min at 300 W as shown in Figure 2.10 (Al-Masum et al., 2011). 
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Figure 2.10 Cross-coupling reaction of benzoyl chlorides with potassium 

styryltrifluoroborate 

Source: Al-Masum (2011) 

2.2.6 Suzuki Coupling Reaction 

As phenols are very sensitive to autoxidation under even slightly basic 

conditions, there is a need for protecting group that is cleavable under neutral or slightly 

acidic conditions. The mild conditions of Suzuki coupling reaction has allowed the use 

of methoxymethylether (MOM) as a protecting group for phenolic compounds (Eddarir 

et al., 2003). 

There are two pathways that are readily available for the synthesis of chalcones: 

Pathway A that involved the coupling between activated cinnamic acids and 

phenylboronic acids diluted with absolute toluene, catalyzed by tetrakis(triphenyl-

phospine)palladium(0) ((PPh3)4Pd) in the presence of base cesium carbonate (Cs2CO3) 

as shown in Figure 2.11; Pathway B that involved the coupling between activated 

benzoic acids and phenylvinylboronic acids using toluene as a solvent, catalyzed by 

tetrakis(triphenylphospine)palladium(0) in the presence of base cesium carbonate as 

shown in Figure 2.12. 

 

Figure 2.11 Pathway A, the coupling between activated cinnamic acids and 

phenylboronic acids 

Source: Eddarir (2003) 
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Figure 2.12 Pathway B, the coupling between activated benzoic acids and 

phenylvinylboronic acids 

Source: Eddarir (2003) 

2.3 Pharmacological Activities of Chalcones 

Chalcones are among the important compounds which are mostly obtained from 

natural sources and the examples include flavokawain A, B and C. Chalcones have 

exhibited multiple pharmacological activities including anti-leishmanial where stated in 

previous research by Ruiz (2011),  natural chalcone derivative extracted from leaves of 

Piper hispidum exhibited anti-leishmanial activity with an IC50 value of 0.8 μM when 

tested against Leishmanial amazonensis axenic amastigotes (Ruiz et al., 2011); anti-

cancer where according to Jin (2013), some chalcone derivatives with pyrimidinyl 

group has showed anti-cancer against several human cancer cell line better than 

curcumin and Fluorouracil (5-FU) such as oral carcinoma cell (KB) with IC50 5.55 μM, 

nasopharyngeal carcinoma cell (CNE2) with IC50 value 10.7 μM, against gastric 

carcinoma (MGC-803) with IC50 value 12.5 μM, breast carcinoma with IC50 value 15.9 

μM, leukemia cell with IC50 value 18.6 μM (C. Jin et al., 2013). Study by Chinthala 

(2015) stated that the chalcone-triazole derivatives showed anti-cancer activity against 

A549 (lung adenocarcinoma) cell line with range of IC50 value 35.81-65.86 μM in 

comparison with doxorubicin IC50 value of 69.30 μM, and one compound from these 

chalcone-triazole derivatives exhibited promising anti-cancer against human cancer cell 

lines A-549 (lung adenocarcinoma), MCF-7 (breast adenocarcinoma), DU-145 (prostate 

carcinoma), IMR-32 (neuroblastoma) and Hep-G2 (hepatoma) with IC50 value range of 

17.11-69.90 μM (Chinthala et al., 2015); Chalcone have anti-inflammatory where in 

study by Herencia 2002 where chalcone derivatives has exhibited NO-scavenging 

properties (Herencia et al., 2002); anti-fungal activity by substituted oxathiolone fused 

chalcone against Candida albicans with IC50 value of 62.5 μg/mL (Konieczny et al., 

2007); anti-invasive where chalcones help to inhibit the invasive of the human MCF-7/6 

mammary carcinoma cell line onto normal embryonic chick heart (Mukherjee et al., 
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2001); anti-tuberculosis when chalcone derivatives at concentration 12.5 μg/mL 

screened on Mvcobacterium tuberculosis H37Rv exhibited greater than 90% inhibition 

of tuberculosis bacteria, (Y.-M. Lin et al., 2002); anti-malarial where in research by M 

Liu (2001) and Hans (2010) , chalcones show growth inhibition against the strain of 

Plasmodium falciparum (Hans et al., 2010); (M Liu et al., 2001), immunosuppressive 

(Luo et al., 2012); anti-mitotic (Boumendjel. et al., 2008.); and anti-oxidant (Gopi et al., 

2016). Chalcones have also been found to act as anti-fibrogenic and modulate the p-

glycoprotein-mediated multi-drug resistance (Go et al., 2005) and play a role as 

cysteinyl leukotriene receptor-1 antagonist (Zwaagstra et al., 1998). 

Chemically, chalcones consist of two aromatic rings joined by a three carbon 

α,β-unsaturated carbonyl group. Chalcones have been found to be the precursor of 

flavonoids and isoflavonoids, abundantly available in edible plants and have also been 

known to display a various array of pharmacological activities. Among the flavonoids, 

chalcones are the most interesting compounds, which have been extensively 

investigated for their broad range of biological activities that include anti-inflammatory, 

anti-invasive, anti-tumor and anti-bacterial (Abu et al., 2015; Ahmad et al., 2011; 

Roman et al., 2012; Won et al., 2005).  

Recent reports have suggested that chalcones have exhibited anti-microbial 

(anti-bacterial and anti-fungal) activity which screened against Escheria coli, 

Pseudomonas aeruginosa, Aspergillus niger and Aspergillus flavus (Prasad et al., 

2008b; Tiwari et al., 2010), anti-malarial when screened against Plasmodium 

falciparum chloroquine sensitive strain 3D7 and K1 that give low cytotoxicity with 

minimum inhibitory concentration in range 0.25-1.19 μM, (Tadigoppula et al., 2012), 

anti-inflammatory activities against TNF-α (tumor necrosis factor alpha) and IL-6 

(interleukin 6) with 90-100% inhibition at 10 μM concentration (Bandgar et al., 2010a). 

Flavokawain B (4), flavokawain A (5) and flavokawain C (6) in Figure 2.13 are among 

the naturally occurred chalcones that have been extracted from kava-kava plant, Piper 

methsyticum, which has been traditionally known as the tonic of Pacific islands. The 

compounds play a vital role through their wide range of biological activities (Abu et al., 

2014; Dharmaratne et al., 2002). The extract from the roots of this plant contains a 

variety of interesting molecules including chalcone 4 and 5 which have been known for 

their anti-cancer property (Abu et al., 2016; Abu et al., 2014). 
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Figure 2.13 Natural chalcone Flavokawain B (4), A (5) and C (6) from kava-kava 

plant 

Source: Dharmaratne (2002) 

2.3.1 Anti-cancer Properties 

Anti-cancer drug refer to any drug that works effectively in the treatment of 

malignant or cancerous disease. (Gu et al., 2012). Permeability-glycoprotein (P-gp) is 

an ATP-binding cassette transporter that functions as a biological barrier by releasing 

toxins and xenobiotics out of cells, plays an important role in drug absorption and 

disposition (J. H. Lin et al., 2003). Permeability-glycoprotein is also known as multi-

drug resistance protein 1 that act as an efflux pump by translocating the substrate from 

the intracellular to the extracellular compartment (Kim, 2002). Over-expression of po-

glycoprotein can interrupt the efficacy of anti-cancer drug and become major problem 

to the successful cancer chemotherapy (Gu et al., 2012). Several studies of chalcones 

have showed that chalcones could act as P-gp and breast cancer resistance protein 

(BCRP) inhibitor, thus reversing P-gp and BCRP mediated-MDR (Juvale et al., 2013). 

Chalcones, especially bifendate-chalcone hybrids could reverse permeability-

glycoprotein (P-gp) mediated multidrug resistance (MDR) more potently than 

verapamil (VRP) by inhibiting P-gp efflux function with the very low intrinsic 

cytotoxicity where the IC50 value more than 200 μM. 
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Figure 2.14 Bifendate-chalcone hybrid as permeability-glycoprotein (P-gp) and 

breast cancer resistance protein (BCRP) inhibitor 

Source: Gu (2012) 

Bifendate-chalcone hybrid, 7 with methyl substituent at ortho and meta position 

in ring A as shown in Figure 2.14; has exhibited remarkable inhibitory effect on BCRP 

thus reversing P-gp and BCRP mediated-MDR (Gu et al., 2012). Chalcone has 

exhibited cytotoxic activity related with tubulin inhibition and the ability to interfere 

with microtubule formation. Dihalogenated chalcones series 8 and 9 with electron-rich 

4-diethylaminophenyl group, compound 10-11 with unsubstituted aromatic ring and 

compound 12 with elongated styryl group at position 3 on chalcone structure from 

Figure 2.15 have been found to inhibit the tubulin polymerization. Compound 13 shown 

in Figure 2.15 is a dienone derivative which has been found to stabilize the tubulin to 

the same extent of doxatacel, anti-cancer drug. Compound 8-13 exhibit cytotoxic 

activities towards individual cancer cells such as NCI-H69 (small-cell lung cancer), 

U937-GTB (lymphoma), RPMI 8226 (myeloma) and CCRF-CEM (leukemia) with IC50 

value ranged from 5.2-20.0 μM, 8.2-49.0 μM, 18.7-119 μM, and 14.8-280 μM, 

respectively for each cancer cell. (Dyrager et al., 2011). 
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Figure 2.15 Dihalogenated chalcones and dienone derivative that inhibit tubulin 

polymerization, stabilize the tubulin and exhibit cytotoxicity against 

RPMI 8226 (myeloma), CCRF-CEM (leukemia), U937-GTB 

(lymphoma) and NCI-H69 (small-cell lung cancer) cell line 

Source: Dyrager (2011) 

Additionally, compounds 14-15 as series of chalcones linked imidazolones with 

methoxy and hydroxyl substituents at position 3 and 4 in ring B, and phenyl and 4-

chloro phenyl substituent at imidazolones ring shown in Figure 2.16 have demonstrated 

good anti-cancer activity. Compound 14-15 with GI50 value, the concentration values 

ranged from 1.26 to 10.5 µM were able inhibit 50% of cell growth against 53 human 

cancer cell lines derived from leukemia, lung, colon, central nervous system (CNS), 

melanoma, ovarian, renal, prostate and breast cancer. These compounds have induced 

apoptotic cell death via caspase dependent pathway. These compounds also exhibited 

significant cell cycle arrest at G2/M phase on MCF-7 cell at 10 μM, concentration with 

48.85% and 31.65% of G2/M arrest, respectively compared to the positive control CA-4 

that give 68.8% of G2/M arrest (Kamal et al., 2010). The compound 16 shown in Figure 

2.17 has exhibited a potent selective cytotoxicity against human breast adenocarcinoma 

cells MCF-7 with ED50 value (median effective dose) of 0.16 μg/mL. The compound 
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has induced cell death by apoptosis as observed through the accumulation of sub G1 

DNA contents in cells and analyzed by flow cytometer (Won et al., 2005). 

 

Figure 2.16 Chalcones linked imidazolones with potent anti-cancer activity towards 

cancer cell lines derived from leukemia, long, colon, central nervous 

system (CNS), melanoma, ovarian, renal, prostate and breast cancer and 

exhibited cell cycle arrest at G2/M phase. 

Source: Kamal (2010) 

 

Figure 2.17 Potent chalcone derivative with selective cytotoxicity against MCF-7 

cancer cell and induced cell death by apoptosis 

Source: Won (2005) 

2.3.2 Anti-oxidant Properties 

Anti-oxidant agent is a molecule that inhibits the oxidation of other molecules 

thus preventing cell damages that occur due to exposure to free radicals (Shenvi et al., 

2013). Free radicals such as hydroxyl, superoxide, hydrogen peroxide and lipid 

peroxide radicals have been involved in a variety of diseases such as cancer, asthma, 

cardiovascular, diabetes, gastrointestinal inflammation, and other inflammatory 



18 

processes. Anti-oxidant properties of chalcones are greatly influenced by the presence 

of two aryl groups and the patterns of substitution and hydroxyl is one of the key groups 

that could improve the anti-oxidant activity of chalcones due to its easy conversion to 

phenoxy radical through hydrogen transfer mechanism (Bandgar et al., 2010a) and 

methoxy group also plays a part in anti-oxidant properties of chalcones. Chalcones 

derivatives 17-20 with hydroxyl and methoxy substituents shown in Figure 2.18, Figure 

2.19 and Figure 2.20 have demonstrated good anti-oxidant properties, granted by the 

presence of electron-releasing atom that has improved anti-oxidant activity of these 

compounds (Doan et al., 2011; Shenvi et al., 2013); (Bandgar et al., 2010a). Anti-

oxidant of compound was determined by DPPH free radical scavenging activity where 

it was measured in % anti-oxidant activity. Chalcone 17 and 18 exhibited anti-oxidant 

activity through DPPH radical scavenging method with value 41.00% and 40.90%, 

respectively compared to Vitamin C as the standard with value 97.92% (Doan et al., 

2011). Compound 19 exhibited good anti-oxidant activity with IC50 value of 2.563 

μg/mL 2.444 μg/mL and 2.103 μg/mL in comparison with the standard molecule, α-

topocole with IC50 3.039 μg/mL, 2.632 μg/mL and 3.685 μg/mL evaluated by DPPH 

free radical scavenging activity, nitric oxide scavenging and PhNHNH2 assay, 

respectively (Shenvi et al., 2013). Compound 20 has showed anti-oxidant activity when 

evaluated by DPPH free radical scavenging activity with value of 52.00 ± 0.43% 

inhibition in comparison to standard BHA with value 74.00 ± 0.53% (Bandgar et al., 

2010a). 
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Figure 2.18 Compound 17 and 18 with promising anti-oxidant activity compared 

with standard Vitamin C, determined through DPPH free radical 

scavenging method with good anti-oxidant activity 

Source: Doan (2011) 

 

Figure 2.19 Methoxy and hydroxy substituted chalcone with comparable anti-oxidant 

activity with standard molecule α-topocole, evaluated by DPPH free 

radical scavenging activity, nitric oxide scavenging and PhNHNH2 assay  

Source: Shenvi (2013) 

 

Figure 2.20 Chalcone derivative (20) with potent anti-oxidant properties in 

comparison with standard anti-oxidant BHA 

Source: Bandgar (2010) 
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2.3.3 Anti-inflammatory Properties 

Nitric oxide (NO) is a strong vasodilator that accelerates leukocyte migration 

and formation of edema, as well as leukocyte activity and cytokine production. In 

addition, NO could also react with superoxide anion to form peroxynitrite, a potent 

oxidizing molecule that has contributed to tissue injury during inflammatory responses 

(Rojas et al., 2002). Research have found that chalcones with trimethoxy substituents at  

ring B possess substantial anti-inflammatory properties (Bandgar et al., 2010a). 

Previous study showed that dimethoxy and trimethoxychalcone derivatives series 21 

and 22 shown in Figure 2.21 are the effective anti-inflammatory agents with IC50 value 

of 24.4 ± 8.1 and 46.8 ± 5.3, respectively. The value for constant second order rate of 

these compounds are 8.1 ± 2.2 ×107 M-1 s-1 and 4.0 ± 0.8 ×107 M-1 s-1, respectively by 

means the reaction rate that are used to evaluate the biological relevance of chalcone 

reactivity toward NO (Herencia et al., 2002).  

 

Figure 2.21 Chalcone with effective anti-inflammatory activitity in NO scavenging 

activity 

Source: Herencia (2002) 

Improved inhibition activity against nitrite production has been observed in 

chalcone derivatives with fluoro substitution at C4′. Trifluoromethyl group positioned 

at C2′ in dimethoxychalcones and trimethoxychalcones has been reported to possess 

potent inhibitory effects on nitrite accumulation. 
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Figure 2.22 Chalcone with strong inhibition activity against nitrite production 

Source: Rojas (2002) 

Chalcone compounds 23 and 24 in Figure 2.22 have exhibited remarkable 

inhibitory activity against nitrite production, measured in percentage, which value were 

73.7 ± 3.1% and 94.1 ± 1.4%, respectively. The IC50 value for the inhibition of nitrite 

accumulation of compound 23 and 24 are 0.28 μM and 0.03 μM, respectively The 

extent of influence that trimethoxy moiety has on inhibitory activity strongly depends 

on the substitution pattern of fluorine/ trifluoromethyl (CF3) in the benzoyl group of the 

compound. The presence of fluoro substituent at position 4 in ring A and 

trifluoromethyl substituent at position 2 in ring A has rendered improved inhibitory 

activity of chalcones against nitrite production (Rojas et al., 2002).  
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Figure 2.23 Chalcone derivatives with inhibitory activity against NO accumulation in 

RAW 264.7 cells 

Source: Won (2005) 

Other chalcone derivatives, labeled as 25, 26 and 27, represent 2′-hydroxy-3,4-

dichlorochalcone,2′,5′-dimethoxy-4-hydroxychalcone and 3,5-di-tert-butyl-2′,4,5′  

trihydroxychalcone, respectively (Won et al., 2005) shown in Figure 2.23 exhibited 

potent and concentration-dependent inhibitory activity against NO accumulation in 

RAW 264.7 cells with MIC values of 23.8 ± 1.0 µM, 23.3 ± 2.6 µM and 14.6 ± 0.1 µM, 

respectively. 

Compounds with electron donating groups such as methoxy and hydroxy 

exhibited good anti-inflammatory activity than that of which without such groups. 

Compounds containing halogen substituents such as chloro, fluoro and bromo groups 

have also exhibited significant anti-inflammatory activity (Avupati et al., 2014). 

2.3.4 Anti-bacterial Properties 

Chalcone, an important intermediate in flavonoid synthetic pathway, has 

exhibited diverse pharmacological activities, whereof  anti-bacterial is one of them 

(Doan et al., 2011). The presence of a reactive α,β-unsaturated keto function in 

chalcones has resulted in improved antimicrobial activity of chalcones (Choudhary et 

al., 2011; Prasad et al., 2008a). Anti-bacterial drug refers to the compound that will kill 
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bacteria and cure bacterial infections on various parts of the body by penetrating the cell 

wall of the associated microorganisms and disrupting the main functions of cells, which 

leads to suppressed microbial growth and reproduction. 

 

Figure 2.24 Chalcone with anti-Staphyloccus aureus activity 

Source: Tran (2012) 

Heterocyclic chalcone analogs 28-32 in Figure 2.24 have demonstrated anti-

Staphyloccus aureus activity. The positions of phenolic hydroxy groups in the ring B of 

active chalcone skeleton play important role in the anti-bacterial activity (Tran et al., 

2012). The synthesized chalcones 33-37 with fluoro and nitro substituted in ring A 

shown in Figure. 2.25 have showed good anti-bacterial activity when screened against 

Eschericia coli and Pseudomonas aeruginosa. In vitro anti-bacterial activity against 

Eschericia coli in term of zone of inhibition in mm for compound 33, 34, 35, 36 and 37 

were 15 mm, 12 mm, 10 mm, 12 mm and 14 mm, respectively in comparison with 

streptomycin, with value of 18 mm. Compound 33, 34, 35, 36 and 37 exhibited anti-

bacterial properties on Pseudomonas aeruginosa with value of 14 mm, 9 mm, 10 mm, 9 

mm and 8 mm, respectively in comparison with 18 mm of zone of inhibition for 
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standard streptomycin (Tiwari et al., 2010). Compound 38 in Figure 2.26 has been 

reported for its potent anti-microbial activity than norfloxacin, when tested against 

Staphylococcus aureus with minimum inhibitory concentration (MIC) of 2 μg/mL 

(Chen et al., 2010). Derivative 38 has showed strong inhibitory capability which 

suggests that the addition of two halogen atoms to the hybrid compound may improve 

associated anti-bacterial properties. Chalcones 39-43 in Figure 2.27 have showed good 

anti-bacterial activity against various bacterial strains such as Bacillus subtilis, 

Pseudomonas species, Escherichia coli and Staphylococcus aureus. Compound 39, 40, 

41, 42, 43 along with standard amphicilin with minimum inhibitory concentration 

(MIC) used at 50 μg/mL have exhibited anti-bacterial activity against strain Bacillus 

subtilis (BS) with zone of inhibition value of 17 mm, 20 mm, 15 mm, 14 mm, 17 mm 

and 19 mm, respectively. Compound 39-43 against Pseudomonas species (PS) have 13 

mm, 10 mm, 12 mm, 14 mm and 13 mm of inhibition zone in comparison with 

amphicilin with value of 23 mm. Compound 39-43 in comparison with amphicilin had 

exhibited anti-bacterial properties against Escherichia coli (EC) with zone of inhibition 

value of 11 mm, 16 mm, 12 mm, 15 mm, 16 mm and 15 mm, respectively, while for 

activity against Staphylococcus aureus (SA), the value of inhibition zone are 13 mm, 12 

mm, 13 mm, 14 mm, 13 mm and 17 mm, respectively (Jadhav et al., 2013). 
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Figure 2.25 Chalcone with potent anti-bacterial activity screened against Eschericia 

coli and Pseudomonas aeruginosa 

Source: Tiwari (2010) 

 

Figure 2.26 Hybrid chalcone with potent anti-bacteria properties than standard 

norfloxacin against Staphylococcus aureus with minimum inhibitory 

concentration value of 2 μg/mL 

Source: Chen (2010) 
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Figure 2.27 Compound with potent anti-bacterial activity against Bacillus subtilis, 

Pseudomonas species, Escherichia coli and Staphylococcus aureus 

compared to amphicilin 

Source: Jadhav (2013) 

2.3.5 Anti-leishmanial Properties 

Chalcone exhibiting anti-leishmanial activity has been used in the treatment of 

leishmaniasis to destroy the associated parasitic protozoa of genus Leishmania. 

Research have been conducted to determine the effects of different substitutions on ring 
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A and B in chalcones on the associated anti-leishmanial and cytotoxic activities. Such 

study is important for development of various synthetic chalcones with enhanced anti-

leishmanial and cytotoxic activities. Synthesized chalcones 44-46 in Figure 2.28 have 

exhibited highly potent anti-leishmanial activity against promastigotes of Leishmanial 

amazonensis with IC50 value of 0.7 ± 0.1 μM, 0.8 ± 0.0 μM and 0.5 ± 0.4 μM, 

respectively in comparison with pentamidine with IC50 value of 6.0 ± 0.5; and against 

intracellular amastigotes of Leishmanial amazonensis with IC50 value of 15.8 ± 0.4 μM, 

4.3 ± 0.8 μM and 6.3 ± 0.5 μM, respectively compared to pentostan with IC50 value of 

4.4 ± 0.2 μM due to substitutions of fluorine or a nitro group at para and meta positions 

in ring B and insertion of bromine substituent in ring A (Boeck et al., 2006). 

 

Figure 2.28 Chalcone with anti-leishmanial activity against promastigotes and 

intracellular amastigotes of Leishmanial amazonensis 

Source: Boeck (2006) 

Ten compounds as shown in Figure 2.29 have been found to be significantly 

more active than the standard anti-leishmanial drugs such as miltefosine and sodium 

stibogluconate (SSG) in an in vitro evaluation against leishmania promastigote and 

amastigotes. Compound 47-56 have exhibited inhibition percentage (%) at 25 μM with 

value of 88.9, 98.7, 97.4, 99.9, 99.8, 84.2, 100, 93.0, 99.9 and 100, respectively against 

extracellular promastigote and also exhibited IC50 value (μM) of 5.1, 6.1, 5.2, 2.0, 5.3, 

4.1, 2.0, 3.1, 2.5 and 2.8, respectively against intracellular amastigote of Leishmanial 

donovani. (Gupta et al., 2014). 
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Figure 2.29 Chalcone 47-56 with potent in vitro anti-leishmanial activity against 

extracellular promastigote and intracellular amastigote of Leishmania 

donovani 

Source: Gupta (2014) 
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2.3.6 Anti-malarial Properties 

Anti-malarial drug is designed to prevent or cure malaria. It defeat the 

symptoms of the infection by killing the parasites in the liver or bloodstream. Most of 

the malaria cases have been caused by Plasmodium falciparum. Chalcone is known for 

its biological potential that includes anti-malarial activity. Chalcone 57 in Figure 2.30 is 

the most active, exhibiting IC50 value of 3.4 µM and 3.8 µM when tested against D10 

(chloroquine-sensitive) and W2 (chloroquine-resistant) strains of P. falciparum, 

respectively (Hans et al., 2010). Another article has reported that some analogs of 

oxygenated chalcones, bischalcones and quinolinyl chalcones have showed anti-

malarial activity against P. falciparum K1 (Mei Liu et al., 2003b; Reddy et al., 2008). 

 

Figure 2.30 Chalcone with anti-malarial activity against D10 and W2 strains of P. 

falciparum 

Source: Hans (2010) 

Electron-deficient in ring A and methoxylated group in ring B of chalcones 58-

63 shown in Figure 2.31 have resulted in improved anti-malarial activity against P. 

falciparum 3D7 strain, rendering IC50 value of 1.8 μM, 2 μM, 4 μM, 4.6 μM, 6 μM and 

8 μM, respectively. It has also been found that 2,4,5-trimethoxy substitution in ring B is 

vital for anti-malarial activity (Kumar et al., 2010). 
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Figure 2.31 Chalcone derivatives with anti-malarial activity against P. falciparum 

3D7 strain 

Source: Kumar (2010) 

2.3.7 Immunosuppressive Activity of Chalcone 

Immunosuppressive drug prevents the activity of the immune system and lower 

the body’s ability to reject a transplanted organ. Chalcone derivative 64 shown in 

Figure 2.32 has showed potent immunosuppressive activity which has been achieved 

through an increase in cleavage of caspase-3 and poly (ADP ribose) polymerase 

(PARP), resulting in apoptosis of lymph node cells stimulated with anti-CD3/anti-

CD28. In general, the presence of electron donating substituent in both rings has 

contributed to immunosuppressive activities of the synthesized oximes (Luo et al., 

2012). 
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Figure 2.32  Chalcone with potent immunosuppressive activity 

Source: Luo (2012) 

2.3.8 Anti-proliferative Properties 

Chalcone with anti-proliferative activity has the ability to inhibit the cell growth, 

especially that of malignant cells invading surrounding tissues. Figure 2.33 shows 

compounds 65-67 containing conjugated azazerumbone and chalcone with 1-ethylene-

4-methylene-1,2,3-triazole linker. Anti-proliferative activity of the synthesized 

chalcones have been significantly improved due to the presence of methoxy group at 

position 3 of phenyl moiety in chalcone (Truong et al., 2015). Compound 65 has 

showed the best activity against lung adenocarcinoma (LU) cell lines with IC50 value of 

0.61 μg/mL whereas compound 67 has increased and exhibited good activity against 

breast cancer (MCF-7), colon adenocarcinoma (SW480), leukemia (P338), liver 

hepatocellular (Hep-G2) and lung adenocarcinoma (LU) cancer cell lines with IC50 

values of 0.58, 0.71, 0.77, 0.99, and 1.01 μg/mL, respectively where according to the 

rule established by the American National Cancer Institute (NCI) is in IC50 less than 30 

μg/mL, and for all standard anti-cancer agents the IC50 value was less than 25 μg/mL 

(Zheng et al., 2000)  . Conjugated derivatives 65, 66 and 67 have demonstrated anti-

proliferative activities that are nearly comparable to that of ellipticine (Truong et al., 

2015). 



32 

 

Figure 2.33 Conjugated chalcone and azazerumbone derivatives with 1-ethylene-4-

methylene-1,2,3-triazole linker with potent anti-proliferative activity  

Source: Truong (2015) 

Compound 68 in Figure 2.34 has showed strong cytotoxicity and promoted 

apoptosis in human hepatoma Hep-G2 cells. The IC50 value of compound 68 is 26 μM 

and less toxic when screened against normal porcine kidney proximal tubular ephitelial 

LLC-PK1 cells with IC50 value of 83 μM. The percentage inhibition of Hep-G2 cell 

growth are up to 91% and 98% of the control growth at 50 μM and 100 μM, 

respectively The exposure to compound 68 for 24 hr has induced the cleavage of 

caspase-8, caspase-3 and poly (ADP-ribose) polymerase (PARP). The percentage of 

apoptotic cells was significantly higher in cells treated with compound 68 than that of 

control. Compound 68 have exhibited 8.5 ± 2.2% and 31.2 ± 2.9% early apoptotic cell 

populations at 25 μM and 50 μM, respectively in comparison with 1.9 ± 0.5% of control 

(Park. et al., 2015). 
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Figure 2.34 Chemical compound that promote apoptotic cell death in human 

hepatoma cells 

Source: Park (2015) 

Combination of quinazolines structural features such as 2-phenyl ring bearing 

two methoxy groups and chalcone has led to an increase in inhibitory activity. 

Compounds 69 in Figure 2.35 has showed low cytotoxicity but proved to be the most 

effective inhibitor of ATP-binding cassette sub-family G member 2 (ABCG2) with GI50 

(median growth inhibition) value of about 93 μM. The compound was able to reverse 

MDR for the ABCG2 substrate SN-38 in the same concentration range as Ko143, the 

most potent ABCG2 inhibitor (Kraege et al., 2016). 

 

Figure 2.35 Compound with effective inhibitory activity against ABCG2 

Source: Kraege (2016) 

2.4 Structure-Activity Relationship of Chalcone 

The structure-activity analysis has showed that the presence of various 

functional groups in substituted chalcone plays important role in the pharmacological 

activities of chalcone. Hydroxy and methoxy group in phenyl rings of chalcone at 
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specific position have been found to favor anti-cancer activity (Karthikeyan et al., 

2015). Hydroxychalcone derivatives 70, 71 and 72 shown in Figure 2.36 have played 

important role in anti-cancer activity through their ability to uncouple mitochondria 

(Sabzevari et al., 2004). Compound 4, 5 and 6 in Figure 2.13 are natural chalcones that 

have exhibited potential cytotoxicity against breast cancer cell lines, indicating the role 

of methoxy and hydroxy moiety at position 4 in ring B contribute to anti-cancer activity 

(Abu et al., 2013). 

 

Figure 2.36 Hydroxychalcone derivatives with potential to uncouple mitochondria 

Source: Sabzevari (2004) 

Heteroatom substituted chalcone has also contributed to anti-cancer properties 

of chalcone. Dihalogenated chalcone 8-13 shown in Figure 2.15 have exhibited 

cytotoxic activity on lung cancer cell and inhibited tubulin polymerization (Dyrager et 

al., 2011). Chalcone 73 and 74 with chloro group at position ortho and meta in ring B of 

chalcone shown in Figure 2.37 have exhibited potent anti-cancer activity against breast 

cancer cells by inducing apoptosis in MCF-7 cells (Syam. et al., 2012). 
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Figure 2.37 Halogenated chalcone with potent anti-cancer activity 

Source: Syam (2012) 

2.5 Breast Cancer 

Breast cancer is the most frequently diagnosed invasive cancer and the leading 

cause of cancer death after lung cancer in women aged 20 to 59 years (Li et al., 2016) 

worldwide (Siegel et al., 2016). The most common early sign of breast cancer is 

formation of breast lump, which is often painless and less common symptoms include 

the change in breast shape, dimpling of the skin and discharged of fluid from the nipple. 

Patient with distant cancer, may experience bone pain, swollen lymph nodes, shortness 

of breath, or yellow skin. Breast cancer occurs in stages: early, curable breast cancer 

and metastatic breast cancer. 

 

Figure 2.38 Mammograms image of breast cancer  

Source: Singh (2015) 

Breast cancer is a cancer that develops from breast tissue. It most commonly 

developed in cells from the lining of milk ducts and the lobules that supply the ducts 

with milk (Sharma et al., 2010). Figure 2.38 shows the mammogram image of breast 
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cancer (Singh et al., 2015). In recent years, breast cancer does not only represent a 

single disease but rather a number of molecularly-distinct tumors arising from the 

epthilial cell of the breast (Comşa et al., 2015). Breast cancer can be divided into some 

types where patients of breast cancer have the expression of estrogen receptor (ER), 

progesterone receptor (PR), and amplification of HER-2/Neu analyzed. Two type of 

breast cancer that are mostly used by the researcher are MCF-7 and MDA-MB-231 

(Moses et al., 2016). 

MCF-7, abbreviated from Michigan Cancer Foundation 7, is a breast cancer cell 

line (Ghasemi et al., 2016) which its name was derived from Michigan Cancer 

Foundation originally isolated from pleural effusion of a 69 year old Caucasian women 

in 1970, named Frances Mallon which was a nun that attended the Immaculate Heart of 

Mary Convent in Monroe, Michigan (Lee et al., 2015). It is estrogen receptor (ER) 

positive, progesterone receptor (PR) positive, epidermal growth factor receptor (EGFR) 

positive and human epidermal growth factor receptor-2 (HER-2) positive which are one 

of factors that controlled the growth of MCF-7 cancer cell line. It also fit in luminal A 

molecular subtype, non-invasive cell line and being considered to have low metastatic 

potential. Estradiol has significant role in promoting the breast cancer cell growth.  

(Comşa et al., 2015). 

MDA-MB-231, known as triple negative breast cancer cell line, is an epithelial 

cell that was formed from a pleural effusion of a 51 year-old Caucasian female with the 

metastatic mammary adenocarcinoma (Cailleau et al., 1978). It is aggressive, invasive 

and in the group of triple negative breast cancer (TNBC) cell line because of its lack of 

estrogen receptor (ER) and progesterone receptor (PR) expression along with HER-2 

(Human epidermal growth receptor 2) amplification (Chavez et al., 2010; H. Liu et al., 

2003a).  

There are many commercialized drugs that are used to treat cancer such as 

doxorubicin, tamoxifen, paclitaxel, fluorouracil and cisplatin (Bassiouni et al., 2012). 

Breast cancer were prevented and treated with tamoxifen that are commonly used as 

anti-cancer drug (Jordan, 1993). Tamoxifen generally acts via estrogen receptors and 

displays anti-cancer properties in breast cancer negative to ERs but this drug also 

produces some non-desirable side effects by acting on another different targets (Rivera-

Guevara et al., 2011).  
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Chalcone exhibited anti-cancer properties toward breast cancer cell line. In 

recent studies, flavokawain A from chalcone family inhibits the proliferation and induce 

apoptosis in breast cancer cell line, MCF-7 and MDA-MB-231 as the selectivity index 

of this compound is noticeably higher that tamoxifen (Abu et al., 2014). Besides, 

chalcone based with newly β-carboline also have demonstrated strong inhibition of the 

cellular proliferation and highly effective in inducing apoptosis in MCF-7 cancer cell 

(Chauhan et al., 2014). 
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CHAPTER 3 

 

 

RESEARCH METHODOLOGY 

3.1 Synthesis of Flavokawain B Derivative (2, 4, 5, 44, 46, 75-91) by Claisen-

Schmidt Condensation  

Flavokawain B derivative were synthesized by using Claisen-Schmidt 

condensation. The 2′-hydroxy-4′,6′-dimethoxyacetophenone (ring A) (1.00 mmol) was 

dissolved in methanol (10 mL) and stirred. After that, aqueous potassium hydroxide 

(KOH) (40%, 4 mL) was added dropwise while stirring. After 15 min, the appropriate 

amount of substituted benzaldehyde (ring B) (1.00 mmol) was added gradually to the 

reaction and stirred at room temperature for 48-72 hr as shown in Figure 3.1 for the 

scheme of reaction. The completion of reaction was monitored by using Thin Layer 

Chromatography (TLC). After the reaction was completed, it was neutralized by using 

hydrochloric acid until the desired pH range was achieved. The crude product was 

extracted by solvent-solvent extraction using water and organic solvent such as ethyl 

acetate. The crude product was filtered with anhydrous sodium sulphate to remove 

moisture, followed by crystallization to get the corresponding product. The reactions 

gave out 75-95% yield.  
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Figure 3.1 Scheme 1: Synthesis of flavokawain B derivative (2, 4, 5, 44, 46, 75-91) 

by Claisen-Schmidt Condensation method 

3.2 Acetylation of 4-hydroxy-3-methoxybenzaldehyde 

Acetylation was conducted by dissolving the 4-hydroxy-3-

methoxybenzaldehyde (100 mg) with acetic anhydride (3 mL) in the presence of 

pyridine (5 mL) following the scheme 2 shown in Figure 3.2. The reaction was stirred 

at room temperature for 18 hr. The completion of reaction is monitored by using TLC. 

The product was collected and extracted by solvent-solvent extraction using water and 

chloroform. The pyridine from the product is removed by drying. The product of 

acetylation was later dissolved in chloroform and is passed through anhydrous sodium 

sulphate to eliminate the moisture.  

 

Figure 3.2 Scheme 2: General scheme for acetylation of 4-hydroxy-3-

methoxybenzaldehyde 
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3.3 Purification of Flavokawain B Derivative 

Flavokawain B derivative were purified by three techniques such as column 

chromatography, thin layer chromatography (TLC) and crystallization. 

3.3.1 Column Chromatography 

Purification of flavokawain B derivative was carried out by using silica gel 

column chromatography. Stationary phase used in this column chromatography was 

silica gel within size 100-200 mesh (Merck) and L230-400 mesh (Bendosen), while the 

mobile phase used was the mixture of hexane and ethyl acetate. Purification of the 

compound was done through slow and repetitive separation by column 

chromatography. The purity of each fraction collected in small vial was monitored by 

using Thin Layer Chromatography (TLC) plate. 

3.3.2 Thin Layer Chromatography Analysis 

Purity of compound isolated from column chromatography was checked on Thin 

Layer Chromatography (TLC) plate by using TLC silica gel 60 F254 (Merck). TLC 

analysis was done by spotting a small amount of samples on TLC plate using capillary 

tube. The size of TLC plate was cut according to the number of samples to be tested. 

TLC plate was put in TLC tank containing 10 ml of hexane:ethyl acetate. The 

developed and dried plates of TLC was observed under ultra-violet (UV) light at both 

long and short wavelengths for detection of UV-active compound. UV-inactive 

compound was observed on TLC plate after being sprayed with spraying reagent and 

heated. Pure compound appeared as a single spot on the TLC plate while impure 

compound appeared as multiple spots. The compounds were subjected to further 

purification process. 

3.3.3 Crystallization 

The synthesized flavokawain B derivative was purified by crystallization 

technique. The compound was dissolved in solvents such as ethyl acetate and methanol. 

It was then heated until supersaturated solution was formed. Next, the supersaturated 

solution was filtered on anhydrous sodium sulphate. Lastly, the solution was dried 

through slow evaporation until the crystal was formed. 
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3.4 Percentage Yield  

Percentage yield refers to the efficiency of chemical reaction. Firstly, in order to 

calculate the percentage yield, the chemical equation of the reaction was balanced. The 

limiting reagent was determined by calculating the number of moles of each reactant; 

each of the calculated value was then divided by the equation coefficient. The reactant 

with the least value was identified as the limiting reagent. Next, the theoretical yield is 

calculated by multiplying the number of mole of limiting reagent; the experimental ratio 

of the mole of desired product in equation coefficient to mole of limiting reagent in 

equation coefficient; and the molar mass of desired product. The actual yield was 

calculated in gram. The actual yield was divided by the theoretical yield and multiplied 

by 100% to calculate the percentage yield.  

%100/  ltheoreticaactualyield  3.1 

  

3.5 Characterization of Flavokawain B Derivative  

Pure flavokawain B derivative were characterized and identified using 

Ultraviolet-Visible (UV-Vis), Fourier Transform Infrared (FTIR), Gas 

Chromatography-Mass Spectroscopy (GC-MS) and Nuclear Magnetic Resonance 

(NMR) spectroscopic techniques. 

3.5.1 Ultraviolet-Visible Spectroscopic Analysis 

Ultraviolet-Visible (UV-Vis) spectroscopy was carried out by using UV-VIS 

spectrophotometer of Genesys 10s Thermo Scientific model. 1 mg of the isolated pure 

flavokawain B derivative was first diluted in 2 mL of chloroform or methanol and 

transferred into 1 cm path length glass cuvettes. Plastic cuvettes should not be used due 

to corrosive effects of chloroform on plastic. The cuvette walls were carefully cleaned. 

The solutions were scanned by light transmission of wavelength ranged from 200 nm to 

600 nm. UV-Vis spectrum of the unknown compound was elucidated and used to 

identify the wavelength of maximum absorbance of the isolated pure compound. 
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3.5.2 Fourier Transform Infrared Spectroscopy Analysis 

The pure unknown synthesized compound in the crystal form was scanned by 

using Fourier Transform Infrared Spectroscopy (FTIR) of Perkin Elmer Spectrum 1000 

model at room temperature with the spectral range of 4000 cm-1 to 400 cm-1. Potassum 

bromide (KBr) disk sample preparation method was used for FTIR scanning. As a 

precaution, KBr powder was dried overnight in an oven at temperature ranged from 100 

to 120°C to eliminate the moisture. Certain amount of dry solid compound was mixed 

with KBr powder at a ratio of one to ten by grinding the mixture using mortar and the 

pestle until the KBr was finely and equally mixed with the compound. The mixture of 

KBr powder was then equally spread on the KBr pellet dies and sandwiched between 

stainless steel die sets before it was pressed in a pelletizer under high pressure condition 

(5,000 ton) to form a thin, transparent sample disk. The sample disk was transferred 

onto FTIR sample holder and was placed inside FTIR spectrophotometer for 

transmission analysis. The background spectrum generated by FTIR spectrophotometer 

was collected prior to running FTIR analysis on the sample. This was done to subtract 

the background noise from the generated sample’s spectrum. Then, the sample was 

scanned and the single-beam spectrum displaying the absorption band of the sample 

was collected. Each band in the spectrum was labelled with respective name and value. 

3.5.3 Gas Chromatography-Mass Spectroscopy Analysis 

Characterization of compounds was carried out by using Agilent 19091s-433 

Gas Chromatography. The sample for analysis using Gas Chromatography-Mass 

Spectroscopy (GC-MS) was prepared by diluting 1 mg of pure compound in 1 mL of 

acetone or chloroform solvent. Sample injection volume of 1 μL was required to 

conduct the analysis on the column of gas chromatography. Separation was carried out 

on HP-5 MS column with 0.25 μM film thickness for 32 min. The sample was injected 

into the gas chromatography using splitless injector with helium as the carrier gas, 

flowed at the rate of 1 mL/min. The temperatures of injector and detector were set at 

250°C and the solvent delay time was set to 2 min. 
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3.5.4 Nuclear Magnetic Resonance Spectroscopy Analysis 

The structure of unknown synthesized compound was confirmed through 

interpretation of spectra obtained from analysis using Proton Nuclear Magnetic 

Resonance (1H-NMR) and Carbon Nuclear Magnetic Resonance (13C-NMR) 

spectroscopy, conducted at Central Laboratory of Universiti Malaysia Pahang. The 

compound was dissolved in deuterochloroform (CDCl3) and transferred into 5 mm thin-

walled glass tube for NMR analysis. The glass tube was then placed between the poles 

of a powerful magnet and spun inside NMR tank. The analysis of 1H-NMR and 13C-

NMR were conducted using Ultra Bruker DPX-400 spectrometer at frequency of 500 

MHz, 600 MHz and 150 MHz, with tetramethylsilane as an internal standard. After 

complete set-up, the structure of unknown compound was projected on the screen 

following NMR data interpretation according to the H-NMR spectrum obtained. 

3.6 Cytotoxic Effects of Synthetic Flavokawain B Derivative 

Study on cytotoxic effects of twenty-two synthesized flavokawain B derivative 

was carried out in collaboration with Faculty of Biotechnology and Biomolecular 

Science, Universiti Putra (UPM). UPM provided the cultured cancer cell lines of MCF-

7 and MDA-MB-231 for the purpose of this study. The steps occurred in completing 

this biological analysis were preparation of cell line, preparation of stock solution bg, 

and determination of cell viability by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. 

3.6.1 Preparation of Cell Line 

Roswell Park Medium Institute (RPMI) medium supplemented with fetal bovine 

serum, penicillin (100 U/mL) and streptomycin (100 μg/mL) was used to grow MCF7- 

(Human breast adenocarcinoma cell line) obtained from American Type Culture 

Collection (ATCC) in a 5% carbon dioxide (CO2) incubator at 37°C (Abu et al., 2014). 

Dulbecco’s Modified Eagle Medium (DMEM) supplemented with fetal bovine serum, 

penicillin (100 U/mL) and streptomycin (100 μg/mL) was used to grow MDA-MB231-

(Human breast adenocarcinoma cell line) obtained from American Type Culture 

Collection (ATCC) in a 5% CO2 incubator at 37°C (Abu et al., 2014). 
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3.6.2 Preparation of Stock Solution of Flavokawain B Derivative 

Stock solution of 1 mg/mL was prepared by dissolving the derivatives of 

flavokawain B derivative chalcone (1 mg) in 1 mL dimethyl sulphoxide (DMSO) 

(Sigma, USA) and stored in a chiller at 4oC.  

3.6.3 Determination of Cell Viability by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) Assay 

Anti-cancer effects of flavokawain B derivative against different cancer cell 

lines, namely MCF-7 and MDA-MB-231 were evaluated via 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Merck). MTT assay is a 

colorimetric assay used to evaluate cellular metabolic activity. MTT assay was 

performed to evaluate the viability of cells and determine the toxicity effects of the 

synthesized flavokawain B derivative and doxorubicin (positive control) on the breast 

cancer cell lines. The MTT assay was conducted according to (Mosmann, 1983) with 

slight modification in cell type, volume of MTT solution and type of solvent used. The 

cells were seeded in a 96-well plates at a concentration of 0.8×105 cells/well. The cells 

were then incubated overnight in a CO2 incubator at 37°C. The synthesized flavokawain 

B derivative with seven different concentrations was added to the wells in the following 

day. The cell viability was measured at 72 hr after the treatment. MTT solution (5 

mg/mL) with a volume of 20 μL was added to each well and incubated for 4 hr. The 

solution was discarded afterwards and 100 μL of dimethyl sulphoxide (DMSO) instead 

of acid-isopropanol was added to each well to solubilize the formazan crystals. Finally, 

the plates was read by using µ Quant ELISA Reader (Bio-tech Instruments, USA) at a 

wavelength of 570 nm and 630 nm as the reference wavelength. The results obtained 

from analysis of the compound-treated cells were compared to standard, doxorubicin as 

the positive control. Each cell line was assayed in triplicate in three independent 

experiments (Abu et al., 2014). 
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3.7 Flow Chart of Research Activities 
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CHAPTER 4 

 

 

RESULTS & DISCUSSION  

4.1 Characterization of Synthesized Flavokawain B Derivative (2, 4, 5, 44, 46, 

75-91) 

Flavokawain B derivative were synthesized via Claisen-Schmidt condensation 

method performed under basic condition as described in page 38. These synthesized 

compounds were characterized by using UV-visible, FTIR spectrophotometry, GC-MS, 

1H-NMR and 13C-NMR spectroscopy techniques. The percentage yield obtained from 

the reactions was in a range of 75-95%. 

4.1.1 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-phenylprop-2-en-1-one (4) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-

phenylprop-2-en-1-one (4) was synthesized via Claisen-Schmidt condensation method 

as described in page 38, involving 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 

mmol) and benzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH 

and stirred at room temperature for 48 hr. The product was purified by column 

chromatography and obtained in yellow needle-shaped crystal with a yield 82.3% and 

melting point of 96-98°C (Abu et al., 2013).  

Compound 4 absorbed UV light in the wavelength range of 290-380 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore (Hufford 

et al., 1982). Figure 4.1 shows the UV-Visible spectrum of compound 4 with maximum 

absorption at wavelength, λmax of 340 nm.  
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Figure 4.1 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-

phenylprop-2-en-1-one (4) 

IR spectrum of compound 4 in Figure 4.2 shows absorption band at 3456 cm-1, 

which corresponded to hydroxy (O-H) and between 2940-3092 cm-1, which 

corresponded to aromatic C-H stretch Absorption band at 1623 cm-1 and between 1416-

1439 cm-1 was indicated the presence of carbonyl (C=O) and aromatic ring C=C, 

respectively. Absorption band appeared in the range of 1158-1219 cm-1 corresponded to 

(C-O) moiety (Akhtar et al., 2015). 

 

Figure 4.2 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-phenylprop-

2-en-1-one (4) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 4 in Figure 4.3 

(Appendix A1) shows two singlet at δ 3.84 and 3.92 which were assigned to the 

methoxy protons at C-4′ and C-6′, respectively. Two doublet that appeared at 5.96 (d, J 
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= 2.46 Hz) and 6.11 (d, J = 2.40 Hz) were assigned to C-5′ and C-3′ protons, 

respectively. A broad multiplet that appeared in the range of 7.38-7.42 was assigned to 

C-3, C-4 and C-5 protons. Two doublets observed at 7.62 (d, J = 8.04 Hz) and 7.60 (d, 

J = 8.04 Hz) were assigned to C-2 and C-6 protons, respectively. A downfield doublet 

at 7.78 (d, J = 15.55 Hz) was assigned to proton at α-carbon and another doublet 

observed at 7.90 (d, J = 15.55 Hz) was assigned to proton at β-carbon, which data is 

supported by previous publication (Abu et al., 2016; Seo et al., 2013). A downfield 

singlet that appeared at 14.30 was assigned to C-2′ hydroxyl proton chelated to carbonyl 

group. Further details of 1H-NMR and 13C-NMR spectra are shown in Table 4.1. 

 

Figure 4.3 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-phenylprop-2-

en-1-one (4) 

Table 4.1 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-phenylprop-2-

en-1-one (4) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1′ 108.14 - - - 

2′ 168.90 - - - 

3′ 93.60 6.11  (d, J = 2.40 Hz, 1H)  C3′-H 

4′ 166.70 - - - 

5′ 90.94 5.96 (d, J = 2.46 Hz, 1H) C5′-H 

6′ 162.50 - - - 

1 132.90 - - - 

2 130.20 7.62 (d, J = 8.04 Hz, 1H) C2-H 

3 128.10 7.38-7.42 (m, 3H) C3-H 

4 141.00 7.38-7.42 (m, 3H) C4-H 

5 128.10 7.38-7.42 (m, 3H) C5-H 

6 130.20 7.60 (d, J = 8.04 Hz, 1H) C6-H 

α 126.60 7.78 (d, J = 15.55 Hz, 1H, H-α) Cα-H 

β 142.51 7.90 (d, J = 15.55 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 55.70 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 55.53 3.92 (s, 3H) OCH3 (C6′) 

OH (C2′) - 14.30 (s, 1H) OH (C2′) 

C=O 193.20 - - - 

β 

α 
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Figure 4.4 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-

phenylprop-2-en-1-one (4) 

GC-MS spectrum of compound 4 shown in Figure 4.4 displays the main 

fragment ion at m/z = 284, 267, 207, 181, 152, 131, 103 and 77. The abundance of 

molecular peak at m/z = 284 was about 50%. Loss of ·OH radical from the molecular 

ion produced fragment ion at m/z = 267. The base peak at m/z = 207 was produced due 

to loss of phenyl group while another fragment formed at m/z = 77 due to β-cleavage. 

The fragment ion at m/z = 181 could be the radical ketone moiety formed due to α-

cleavage. Formation of fragment ion at m/z = 152 could be due to the cleavage of bond 

next to C=O and subsequent rearrangement; the other part formed a fragment ion at m/z 

= 131. The fragment ion at m/z = 103 was probably the C8H7
+ ion, formed after 

cleavage of bond next to C=O in structure of fragment ion observed at m/z = 131. The 

proposed mechanism of mass fragmentation is shown in Figure 4.5. 
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Figure 4.5 Mass fragmentation of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-

phenylprop-2-en-1-one (4) 
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4.1.2 (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-

1-one (5) 

Using the procedure described in page 38, 2′-hydroxy-4′,6′-

dimethoxyacetophenone (1.00 mmol) and 4-hydroxybenzaldehyde (1.00 mmol) diluted 

in 5 mL MeOH, catalyzed by 40% KOH and stirred at room temperature for 48 hr, gave 

product after purification by column chromatography, (E)-1-(2′-hydroxyl-4′,6′-

dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (5) with yield of 72.5%, 

melting point of 109-110°C (Boeck et al., 2006) as yellow flat crystal shaped. 

Compound 5 absorbed UV light in the wavelength range of 290-405 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore (Rapado. 

et al., 2014). Figure 4.6 shows the UV-Visible spectrum of compound 5 with maximum 

absorption observed at wavelength, λmax of 364-365 nm. 

  

Figure 4.6 UV spectrum of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 

IR spectrum of compound 5 shown in Figure 4.7 shows the absorption bands at 

3389 cm-1 and between 2860-3006 cm-1, which corresponded to hydroxyl (O-H) group 

and aromatic C-H stretch, respectively. The absorption bands at 1603 cm-1 and 1426-

1513 cm-1 corresponded to carbonyl (C=O) group and aromatic ring C=C, respectively. 
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Figure 4.7 IR spectrum of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 5 in Figure 4.8 

(Appendix A1) shows that a signal appeared as doublet at δ 6.09 (d, J = 2.40 Hz), and 

assigned to the C-3′ proton. A doublet appeared at 5.94 (d, J = 2.40 Hz) and was 

assigned to the C-5′ proton. Two doublets appeared at 7.56 (d, J = 8.76 Hz) and 7.54 (d, 

J = 8.76 Hz) were assigned to the C-2 and C-6 proton, respectively. Another doublet 

appeared at 6.92 (d, J = 8.70 Hz) and 6.91 (d, J = 8.70 Hz) were assigned to the C-3 

and C-5 proton, respectively. Three signals of singlet that appeared at 3.82 (s, 3H), 3.84 

(s, 3H) and 3.90 (s, 3H) were assigned to the methoxy protons at C-4, C-4′ and C-6′, 

respectively. A signal of doublet which appeared at 7.78 (d, J = 15.48 Hz) was assigned 

to proton α-carbon and a doublet at 7.79 (d, J = 15.48 Hz) was assigned to proton β-

carbon. A downfield singlet that appeared at 14.45 was assigned to the C-2′ hydroxyl 

proton chelated to carbonyl group, which data is supported by previous journal (Abu et 

al., 2014). The details of 1H-NMR and 13C-NMR spectra are shown in Table 4.2. 
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Figure 4.8 Structure of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 

Table 4.2 NMR data of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1′  130.10 - - - 

2′ 168.70 - - - 

3′ 93.56 6.09  (d, J = 2.40 Hz, 1H)  C3′-H 

4′ 166.20 - - - 

5′ 91.40 5.94 (d, J = 2.40 Hz, 1H) C5′-H 

6′ 163.10 - - - 

1 127.50 - - - 

2 130.10 7.56 (d, J = 8.76 Hz, 1H) C2-H 

3 114.30 6.92 (d, J = 8.70 Hz, 1H) C3-H 

4 160.90 - - - 

5 114.30 6.91 (d, J = 8.70 Hz, 1H) C5-H 

6 130.10 7.54 (d, J = 8.76 Hz, 1H) C6-H 

α 125.40 7.78 (d, J = 15.48 Hz, 1H, H-α) Cα-H 

β 141.60 7.79 (d, J = 15.48 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 55.79 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 55.53 3.90 (s, 3H) OCH3 (C6′) 

OCH3 (C4) 55.35 3.82 (s, 3H) OCH3 (C4) 

OH (C2′) - 14.45 (s, 1H) OH (C2′) 

C=O 192.60 - - - 

α 

β 
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Figure 4.9 GC-MS spectrum of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 

GC-MS spectrum of compound 5 is shown in Figure 4.9, which displays the 

main fragment ions at m/z = 314, 313, 297, 207, 181, 161, 152, 133 and 107. The 

abundance of molecular peak at m/z = 314 was about 80% and the base peak was 

produced at m/z = 313. Formation of fragment ion at m/z = 297 was due to loss of ·OH 

radical from the molecular ion. β-cleavage of carbon bond next to β-carbon gave out a 

fragment ion at m/z = 207, whereas the fragment ion observed at m/z = 107 was formed 

due to C7H7O
+ radical. Fragment at m/z = 181 represented ketone moiety cation. 

Formation of fragment ions at m/z = 152 and m/z = 161 could be due to the cleavage of 

bond next to C=O and rearrangement. The fragment ion at m/z = 133 probably 

representing C9H9O· ion which formed following the α-cleavage of bond next to 

carbonyl group in a fragment observed at m/z = 161. The possible mechanisms of main 

fragmentation was proposed and is shown in Figure 4.10. 
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Figure 4.10 Mass fragmentation of (E)-1-(2′-hydroxyl-4′,6′-dimethoxyphenyl)-3-(4-

methoxyphenyl)prop-2-en-1-one (5) 
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4.1.3 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-(methylthio)phenyl)prop-2-

en-1-one (75) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) was synthesized via Claisen-Schmidt 

condensation method between 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) 

and 4-(methylthio)benzaldehyde (1.00 mmol) diluted in 4 mL MeOH, catalyzed by 

40% KOH and stirred at room temperature for 50 hr as described in page 38. The 

product was obtained in a form of orange flat crystal with a yield of 78.3% and melting 

point of 129-131°C.  

Compound 75 absorbed UV-Visible light in a wavelength range of 300-420 nm, 

which corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. 

Figure 4.11 shows the UV-Visible spectrum of compound 75 with maximum absorption 

observed at the wavelength, λmax of 371-372 nm. 

 

Figure 4.11 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) 

IR spectrum of compound 75 shown in Figure 4.12 displays the absorption 

bands at 3469 cm-1 and 1619 cm-1, which representing the hydroxyl (O-H) and carbonyl 

(C=O) groups, respectively. Absorption band observed in a range of 1431-1432 cm-1 

and 2981-3014 cm-1 were assigned to aromatic ring (C=C) and aromatic carbon-proton 

(Ar C-H), respectively. Absorption bands that appeared in a range of 1155-1218 cm-1 

and 1548-1584 cm-1 corresponded to (C-O) and (C=C-C=O), respectively (Ali et al., 

2016). 
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Figure 4.12 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 75 in Figure 4.13 

(Appendix A2) shows that a singlet appeared at δ 2.51 and was assigned to the thio-

methyl protons at C-4. Two singlets that appeared at 3.83 and 3.91 were assigned to the 

methoxy proton at C-4′ and C-6′, respectively. Two doublets that appeared at 5.95 (d, J 

= 2.50 Hz) and 6.10 (d, J = 2.50 Hz) were assigned to the C-5′ and C-3′ protons, 

respectively. Two doublets that appeared at 7.25 (d, J = 8.50 Hz) and 7.23 (d, J = 8.50 

Hz) were assigned to the C-3 and C-5 protons, respectively. Two doublets observed at 

7.52 (d, J = 8.50 Hz) and 7.50 (d, J = 8.50 Hz) were assigned to the C-2 and C-6 

protons, respectively. A doublet that appeared at 7.76 (d, J = 15.50 Hz) was assigned to 

the proton at α-carbon while another doublet at 7.84 (d, J = 15.50 Hz) was assigned to 

the proton at β-carbon. A downfield singlet observed at 14.34 was assigned to the C-2′ 

hydroxyl proton (O-H) chelated to carbonyl which data is partially supported by 

previous research (Ali et al., 2016). The details of 1H-NMR spectra is shown in Table 

4.3. 
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Figure 4.13 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) 

Table 4.3 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.10  (d, J = 2.50 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.95 (d, J = 2.50 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 7.52 (d, J = 8.50 Hz, 1H) C2-H & C6-H 

3 7.25 (d, J = 8.50 Hz, 1H) C3-H & C5-H 

4 - - - 

5 7.23 (d, J = 8.50 Hz, 1H) C5-H & C3-H 

6 7.50 (d, J = 8.50 Hz, 1H) C6-H & C2-H 

α 7.76 (d, J = 15.50 Hz, 1H, H-α) Cα-H 

β 7.84 (d, J = 15.50 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.83 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.91 (s, 3H) OCH3 (C6′) 

S-CH3 (C4) 2.51 (s, 3H) S-CH3 (C4) 

OH (C2′) 14.34 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.14 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(4-

(methylthio)phenyl)prop-2-en-1-one (75) 

GC-MS spectrum of compound 75 is shown in Figure 4.14, which displays the 

presence of the main fragment ion of a molecular structure at m/z = 330, 302, 207, 181, 

151, 137 and 102. This finding may support the proposed structure of the synthesized 

compound 75. 

4.1.4 (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-

en-1-one (76) 

Flavokawain B derivative, (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) was synthesized via Claisen-Schmidt 

condensation method between 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) 

and 2,3-dimethoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 

40% KOH and stirred at room temperature for 48 hr as described in page 38. The 

product was obtained in a form of yellowish orange crystal with a yield of 83.4% and 

melting point of 121-123°C (Srinivas et al., 2003).  
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Compound 76 absorbed UV light in a wavelength range of 280-400 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 76 shown in Figure 4.15 displays the absorption peak at 

wavelength, λmax between 335-337 nm. 

 

Figure 4.15 UV spectrum of (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) 

IR spectrum of compound 76 shown in Figure 4.16 displays the absorption 

bands at 3458 cm-1 and between 2839-2985 cm-1, which corresponded to the hydroxyl 

(O-H) group and aromatic C-H stretch, respectively. Formation of absorption bands at 

1627 cm-1 and between 1350-1442 cm-1 were due to the presence of carbonyl (C=O) 

group and aromatic ring C=C, respectively. The absorption bands observed in a range 

of 1556-1581 cm-1 and 1213-1268 cm-1 corresponded to (C=C-C=O) and (C-O) groups, 

respectively. 
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Figure 4.16 IR spectrum of (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 76 shown in Figure 

4.17 (Appendix A2) displays four signals of singlet at δ 3.84, 3.89, 3.90 and 3.91, 

which were assigned to the methoxy protons at C-4′, C-3, C-2 and C-6′, respectively. 

The doublet observed at 5.96 (d, J = 2.10 Hz) was assigned to the C-5′ proton and 

another doublet at 6.11 (d, J = 2.10 Hz) was assigned to the C-3′ proton. The doublet 

appeared at 6.95 (d, J = 8.04 Hz) was assigned to the C-4 proton and another doublet at 

7.24 (d, J = 7.74 Hz) was assigned to the C-6 proton. A triplet that appeared at 7.08 (t, J 

= 8.04 Hz, 7.98 Hz) was assigned to the C-5 proton. A doublet observed at 7.96 (d, J = 

15.78 Hz) was assigned to the proton at α-carbon and a doublet at 8.08 (d, J = 15.78 

Hz) was assigned to the proton at β-carbon. A downfield singlet that appeared at 14.34 

represented the C-2′ hydroxyl proton, formed by chelation with carbonyl group. The 

details of 1H-NMR spectra is shown in Table 4.4. 
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Figure 4.17 Structure of (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) 

Table 4.4 NMR data of (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1′  106.47 - - - 

2′ 137.19 - - - 

3′ 113.76 6.11  (d, J = 2.10 Hz, 1H)  C3′-H 

4′ 162.55 - - - 

5′ 119.80 5.96 (d, J = 2.10 Hz, 1H) C5′-H 

6′ 166.18 - - - 

1 148.88 - - - 

2 168.40 - - - 

3 153.24 - - - 

4 124.12 6.95 (d, J = 8.04 Hz, 1H) C4-H 

5 129.79 7.08 (t, J = 8.04 Hz, 7.98 Hz, 1H) C5-H 

6 128.95 7.24 (d, J = 7.74 Hz, 1H) C6-H 

α 91.2 7.96 (d, J = 15.78 Hz, 1H, H-α) Cα-H 

β 93.7 8.08 (d, J = 15.78 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 55.84 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 55.58 3.91 (s, 3H) OCH3 (C6′) 

OCH3 (C2) 61.31 3.90 (s, 3H) OCH3 (C2) 

OCH3 (C3) 55.92 3.89 (s, 3H) OCH3 (C3) 

OH (C2′) - 14.34 (s, 1H) OH (C2′) 

C=O 192.93 - - - 

α 

β 
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Figure 4.18 GC-MS spectrum of (E)-3-(2,3-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (76) 

The GC-MS spectrum of compound 76 shown in Figure 4.18 displays the 

presence of the main fragment ions of a molecular structure at m/z = 344, 329, 313, 207, 

181, 164, 152, 149, 137 and 121. The result could support the tentative of synthesized 

compound 76. 

4.1.5 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-trimethoxyphenyl)prop-

2-en-1-one (77) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (77) was synthesized via Claisen-Schmidt 

condensation method between 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) 

and 2,4,6-trimethoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 

40% KOH and stirred at room temperature for 48 hr as described in page 38. The 

product was obtained in a form of orange crystal with a yield of 82.8% and melting 

point of 158-159°C (Rao et al., 2004)).  

Compound 77 absorbed the UV light in the wavelength range of 310-435 nm, 

which corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. 

The UV-Visible spectrum of compound 77 shown in Figure 4.19 shows that the 

maximum absorption occurred at a wavelength, λmax of 386 nm. 
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Figure 4.19 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (77) 

IR spectrum of compound 77 shown in Figure 4.20 displays the absorption 

bands at 3464 cm-1 and 1618 cm-1, representing the hydroxyl (O-H) and carbonyl (C=O) 

groups, respectively. Absorption bands that appeared in a range of 1414-1545 cm-1 and 

2941-3010 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption band appeared in a range of 1122-1217 cm-1 indicated the 

presence of (C-O). 

 

Figure 4.20 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (76) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 76 shown in Figure 

4.21 (Appendix A3) displays five singlets at δ 3.82, 3.85, 3.89, 3.90 and 3.90, which 

were assigned to the methoxy proton at C-4, C-4′, C-2, C-6 and C-6′, respectively. The 

doublet that appeared at 5.94 (d, J = 2.40 Hz) was assigned to the C-5′ proton and 
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another doublet at 6.09 (d, J = 2.40 Hz) was assigned to the C-3′ proton. The singlet 

appeared at 6.13 (s, 2H) was assigned to the C-3 and C-5 proton. A doublet appeared at 

8.25 (d, J = 15.78 Hz) was assigned to the α-carbon and another doublet at 8.32 (d, J = 

15.78 Hz) was assigned to the β-carbon. A downfield singlet observed at 14.76 was 

assigned to the C-2′ hydroxyl proton due to chelation with carbonyl group. The details 

of 1H-NMR spectra is shown in Table 4.5. 

 

Figure 4.21 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (77) 

Table 4.5 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (77) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.09 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.94 (d, J = 2.40 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 - - - 

3 6.13 (s, 2H) C3-H 

4 - - - 

5 6.13 (s, 2H) C5-H 

6 - - - 

α 8.25 (d, J = 15.78 Hz, 1H, H-α) Cα-H 

β 8.32 (d, J = 15.78 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.85 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.90 (s, 3H) OCH3 (C6′) 

OCH3 (C2) 3.89 (s, 3H) OCH3 (C2) 

OCH3 (C4) 3.82 (s, 3H) OCH3 (C4) 

OCH3 (C6) 3.90 (s, 3H) OCH3 (C6) 

OH (C2′) 14.76 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.22 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2,4,6-

trimethoxyphenyl)prop-2-en-1-one (77) 

GC-MS spectrum of compound 77 shown in Figure 4.22 displays the main 

fragment ions of a molecular structure at m/z = 374, 344, 329, 313, 281, 207, 181, 164, 

152, 149, 137 and 121. The result from this analysis could support the tentative of 

synthesized of compound 77. 

4.1.6 (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-

en-1-one (78) 

Flavokawain B derivative, (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 2,4-

dimethoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH. The reaction was 

catalyzed by 40% KOH and stirred at room temperature for 52 hr as described in page 

38. The product was obtained in a form of yellow crystal with a yield of 80.6% and 

melting point of 127-129°C (171-173°C, (Sekizaki, 1988)). The compound was 

characterized by using UV-visible, FTIR, GC-MS and 1H-NMR spectroscopy 

techniques. 
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Compound 78 absorbed UV light in the wavelength range of 290-420 nm, 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The 

maximum absorption of compound 77 was observed at wavelength, λmax, ranged from 

380-381 nm as elucidated on UV-Visible spectrum in Figure 4.23.  

 

Figure 4.23 UV spectrum of (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) 

IR spectrum of compound 78 shown in Figure 4.24 displays the absorption 

bands at 3465 cm-1 and 1625 cm-1, which represented the hydroxyl (O-H) and carbonyl 

(C=O) groups, respectively. Absorption bands produced in a range of 1447-1551 cm-1 

and 2842-3002 cm-1 were assigned to aromatic ring (C=C) and aromatic proton (Ar C-

H), respectively. Absorption band that appeared in a range of 1162-1215 cm-1 was 

assigned to (C-O) group. 
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Figure 4.24 IR spectrum of (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 78 is shown in Figure 

4.25 (Appendix A3). Four singlets elucidated at δ 3.83, 3.86, 3.89 and 3.91 were 

assigned to the methoxy protons at C-4, C-4′, C-2 and C-6′, respectively. A doublet at 

6.10 (d, J = 2.40 Hz) was assigned to the C-3′ proton and doublet observed at 5.95 (d, J 

= 2.34 Hz) was assigned to the C-5′ proton. A doublet appeared at 6.47 (d, J = 2.34 Hz) 

was assigned to the C-3 proton. A doublet of doublet elucidated at 6.53 (d, J = 2.34 Hz, 

8.58 Hz) was assigned to the C-5 proton. A doublet observed at 7.55 (d, J = 8.58 Hz) 

was assigned to the C-6 proton. A doublet that appeared at 7.90 (d, J = 15.72 Hz) was 

assigned to the proton at α-carbon and doublet at 8.11 (d, J = 15.72 Hz) was assigned to 

the proton at β-carbon. A downfield singlet observed at 14.56 was assigned to the C-2′ 

hydroxyl proton. The details of 1H-NMR spectra is shown in Table 4.6. 
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Figure 4.25 Structure of (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) 

Table 4.6 NMR data of (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.10 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.95 (d, J = 2.34 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 - - - 

3 6.47 (d, J = 2.34 Hz, 1H) C3-H 

4 - - - 

5 6.53 (dd, J = 2.34 Hz, 8.58 Hz, 1H) C5-H 

6 7.55 (d, J = 8.58 Hz, 1H) C6-H 

α 7.90 (d, J = 15.72 Hz, 1H, H-α) Cα-H 

β 8.11 (d, J = 15.72 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.86 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.91 (s, 3H) OCH3 (C6′) 

OCH3 (C2) 3.89 (s, 3H) OCH3 (C2) 

OCH3 (C4) 3.83 (s, 3H) OCH3 (C4) 

OH (C2′) 14.56 (s, 1H) OH (C2′) 

β 

α 
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Figure 4.26 GC-MS spectrum of (E)-3-(2,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (78) 

GC-MS spectrum of compound 78 shown in Figure 4.26 displays the main 

fragment ions of a molecular structure at m/z = 344, 325, 313, 297, 281, 207, 181, 164, 

152, 147, 137 and 121. The result from this analysis could support the tentative of the 

synthesized compound 78. 

4.1.7 (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (79) 

Flavokawain B derivative, (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 2-

chlorobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 64 hr as described in page 38. The product was obtained 

in a form of yellow crystal with a yield of 80.7% and melting point between 132-134°C 

(Roussaki et al., 2012). 
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Compound 79 absorbed UV light in the wavelength range of 290-385 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 79 shown in Figure 4.27 shows that the maximum 

absorption occurred at wavelength, λmax in a range of 341-342 nm (Boeck et al., 2006). 

 

Figure 4.27 UV spectrum of (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) 

IR spectrum of compound 79 is shown in Figure 4.28. The absorption bands 

observed at 3448 cm-1 and 2957-3132 cm-1 corresponded to the hydroxyl (O-H) group 

and aromatic C-H stretch, respectively. The absorption bands that appeared at 1632 cm-

1 and between 1338-1435 cm-1 represented to the carbonyl (C=O) group and aromatic 

ring (C=C), respectively. The absorption bands observed in a range of 1110-1219 cm-1 

and 1556-1585 cm-1 corresponded to the (C-O) and (C=C-C=O), respectively. The 

absorption band appeared in a range of 745-748 cm-1 was assigned to (C-Cl) (Boeck et 

al., 2006). 
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Figure 4.28 IR spectrum of (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 79 is shown in Figure 

4.29 (Appendix A4). Two singlets elucidated at δ 3.81 and 3.88 were assigned to the 

methoxy proton at C-4′ and C-6′, respectively. A doublet observed at 6.08 (d, J = 2.34 

Hz) was assigned to the C-3′ proton and a doublet at 5.93 (d, J = 2.40 Hz) was assigned 

to the C-5′ proton. Two broad multiplet were observed at 7.40 (m, 1H) and 7.67 (m, 

1H) and assigned to the C-3 proton and C-6 proton, respectively. A broad multiplet that 

appeared at 7.28 (m, 1H) was assigned to the C-4 and C-5 proton. A doublet appeared 

at 7.85 (d, J = 15.60 Hz) was assigned to the proton at α-carbon and another doublet at 

8.12 (d, J = 15.60 Hz) was assigned to the proton at β-carbon. A singlet that appeared at 

14.24 represent the C-2′ hydroxyl proton (Boeck et al., 2006). The details of 1H-NMR 

spectra is shown in Table 4.7. 
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Figure 4.29 Structure of (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) 

Table 4.7 NMR data of (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.08 (d, J = 2.34 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.93 (d, J = 2.40 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 - - - 

3 7.40 (m, 1H) C3-H 

4 7.28 (m, 1H) C4-H 

5 7.28 (m, 1H) C5-H 

6 7.67 (m, 1H) C6-H 

α 7.85 (d, J = 15.60 Hz, 1H, H-α) Cα-H 

β 8.12 (d, J = 15.60 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.81 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.88 (s, 3H) OCH3 (C6′) 

OH (C2′) 14.24 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.30 GC-MS spectrum of (E)-3-(2-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (79) 

GC-MS spectrum of compound 79 shown in Figure 4.30 displays the main 

fragment ions of a molecular structure at m/z = 318, 301, 283, 267, 207, 181, 165, 152, 

137 and 101. The result from this analysis could support the tentative of synthesized 

compound 79. 

4.1.8 (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (80) 

Flavokawain B derivative, (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 2-

fluorobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH. The reaction was catalyzed by 

40% KOH and stirred at room temperature for 72 hr as described in page 38. The 

product was obtained in a form of yellow crystal with a yield of 79.2% and melting 

point between 101-103°C.  

Compound 80 absorbed UV light in a wavelength range of 290-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 80 shown in Figure 4.31 shows that the maximum 

absorption occurred at a wavelength, λmax of 344 nm. 
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Figure 4.31 UV spectrum of (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) 

IR spectrum of compound 80 is shown in Figure 4.32. The absorption bands 

observed at 3445 cm-1 and 1632 cm-1 represented the hydroxyl (O-H) and carbonyl 

(C=O) groups, respectively. Absorption bands in a range of 1344-1488 cm-1 and 2941-

3088 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption band produced in a range of 1219-1220 cm-1 and 1568-1594 

cm-1 represented (C-O) and (C=C-C=O), respectively. 

 

Figure 4.32 IR spectrum of (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 80 is shown in Figure 

4.33 (Appendix A4). A doublet at δ 6.11 (d, J = 2.40 Hz) was assigned to the C-3′ 

proton and doublet at 5.96 (d, J = 2.34 Hz) was assigned to the C-5′ proton. A multiplet 

-1

0

1

2

3

4

150 250 350 450 550

A
b
so

rb
an

ce

Wavelength, nm

 



76 

that appeared at 7.11 (m, 1H) was assigned to the C-3 proton. Another multiplet that 

appeared at 7.35 (m, 1H) was assigned to the C-6 proton. The signals of triplet of 

doublet observed at 7.18 (td, J = 7.56 Hz, 7.50 Hz) was assigned to the C-4 proton and 

another triplet of doublet at 7.59 (td, J = 7.56 Hz, 7.68 Hz) was assigned to the C-5 

proton. The signal of doublet that appeared at 7.86 (d, J = 15.78 Hz) was assigned to 

the proton at α-carbon and doublet at 8.00 (d, J = 15.78 Hz) was assigned to the proton 

at β-carbon. Two singlets elucidated at 3.91 (s, 3H) and 3.84 (s, 3H) were assigned to 

the methoxy proton at C-6′ and C-4′, respectively. A singlet that appeared at 14.25 (s, 

1H) represented the C-2′ hydroxyl proton. The details of 1H-NMR spectra is shown in 

Table 4.8. 

  

Figure 4.33 Structure of (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) 

Table 4.8 NMR data of (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.11 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.96 (d, J = 2.34 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 - - - 

3 7.11 (m, 1H) C3-H 

4 7.18 (td, J = 7.56 Hz, 7.50 Hz, 1H) C4-H 

5 7.59 (td, J = 7.56 Hz, 7.68 Hz, 1H) C5-H 

6 7.35 (m, 1H) C6-H 

α 7.86 (d, J = 15.78 Hz, 1H, H-α) Cα-H 

β 8.0 (d, J = 15.78 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.91 (s, 3H) OCH3 (C6′) 

OH (C2′) 14.25 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.34 GC-MS spectrum of (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) 

GC-MS spectrum of compound 80 shown in Figure 4.34 displays the main 

fragment ions of a molecular structure at m/z = 302, 301, 285, 282, 207, 181, 166, 152, 

149, 137, 121, 101, 95 and 69. The result from this analysis could support the tentative 

of synthesized compound 80. 

4.1.9 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-methoxyphenyl)prop-2-en-1-

one (81) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 2-

methoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH 

and stirred at room temperature for 48 hr as described in page 38. The product was 

obtained in a form of yellow crystal form with a yield of 85.2% and melting point in a 

range of 113-114°C (Sekizaki, 1988). 
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Compound 81 absorbed UV light in the wavelength range of 294-400 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 81 shown in Figure 4.35 shows that the maximum 

absorption occurred at wavelength, λmax in a range of 360-362 nm. 

 

Figure 4.35 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) 

IR spectrum of compound 81 is shown in Figure 4.36. The absorption bands at 

3448 cm-1 and 1626 cm-1 corresponded to the hydroxyl (O-H) and carbonyl (C=O) 

groups, respectively. Absorption bands produced in a range of 1421-1487 cm-1 and 

2944-2997 cm-1 were assigned to the aromatic ring (C=C) and aromatic proton (Ar C-

H), respectively. Absorption band that appeared in a range of 1107-1250 cm-1 was 

assigned to (C-O). 
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Figure 4.36 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) 

The 1H-NMR spectrum (600 MHz, CDCl3) of compound 81 is shown in Figure 

4.37 (Appendix A5). A singlet that appeared at δ 3.82 was assigned to the C-4′ methoxy 

proton. A singlet observed at 3.89 was assigned to the C-2 methoxy proton and another 

singlet at 3.90 was assigned to the C-6′ methoxy proton. A doublet appeared at 5.95 (d, 

J = 2.40 Hz) was assigned to the C-5′ proton and another doublet at 6.10 (d, J = 2.40 

Hz) was assigned to the C-3′ proton. A doublet observed at 6.92 (d, J = 7.32 Hz) was 

assigned to the C-3 proton. A multiplet that appeared at 7.35 was assigned to the C-4 

proton and another multiplet at 6.98 was assigned to the C-5 proton. The doublet of 

doublet that appeared at 7.60 (dd, J = 1.68 Hz, 7.68 Hz) was assigned to the C-6 proton. 

A doublet that appeared at 7.96 (d, J = 15.78 Hz) was assigned to the proton at α-

carbon and a doublet at 8.14 δ (d, J = 15.78 Hz) was assigned to the proton at β-carbon. 

A singlet that appeared at 14.44 represented the C-2′ hydroxyl proton. The details of 

1H-NMR spectra is shown in Table 4.9. 
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Figure 4.37 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) 

Table 4.9 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1′  106.45 - - - 

2′ 162.52 - - - 

3′ 93.80 6.10 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ 168.36 - - - 

5′ 91.18 5.95 (d, J = 2.40 Hz, 1H) C5′-H 

6′ 166.05 - - - 

1 137.84 - - - 

2 131.20 - - - 

3 124.57 6.92 (d, J = 7.32 Hz, 1H) C3-H 

4 127.88 7.35 (m, 1H) C4-H 

5 111.20 6.98 (m, 1H) C5-H 

6 120.70 7.60 (dd, J = 1.68 Hz, 7.68 Hz, 1H) C6-H 

α 128.77 7.96 (d, J = 15.78 Hz, 1H, H-α) Cα-H 

β 158.65 8.14 (d, J = 15.78 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 55.76 3.82 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 55.55 3.90 (s, 3H) OCH3 (C6′) 

OCH3 (C2) 55.50 3.89 (s, 3H) OCH3 (C2) 

OH (C2′) - 14.44 (s, 1H) OH (C2′) 

C=O 193.06 - - - 

α 

β 
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Figure 4.38 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(2-

methoxyphenyl)prop-2-en-1-one (81) 

GC-MS spectrum of compound 81 shown in Figure 4.38 displays the main 

fragment ions of a molecular structure at m/z = 314, 299, 297, 283, 207, 180, 161, 152, 

137, 134, 119 and 91. The result from this analysis could support the tentative of 

synthesized compound 81. 

4.1.10 (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-

en-1-one (82) 

Flavokawain B derivative, (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 3,4-

dimethoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, was catalyzed by 40% 

KOH and stirred at room temperature for 54 hr as described in page 38. The product 

was obtained in a form of orange crystal form with a yield of 84.7% and melting point 

in a range of 151-153°C (Detsi et al., 2009)).  
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Compound 82 absorbed UV light in the wavelength range of 310-410 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 82 shown in Figure 4.39 shows that the maximum 

absorption occurred at wavelength, λmax in a range of 373-374 nm. 

 

Figure 4.39 UV spectrum of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

IR spectrum of compound 82 is shown in Figure 4.40. The absorption bands at 

3447 cm-1 and 1622 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) groups, 

respectively. Absorption bands observed in a range of 1443-1509 cm-1 and 2851-2994 

cm-1 were assigned to the aromatic ring (C=C) and (Ar C-H), respectively. Absorption 

bands that appeared at 1220 cm-1 and between 1583-1584 cm-1 were corresponded to 

the (C-O) and (C=C-C=O) groups, respectively. 
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Figure 4.40 IR spectrum of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

1H-NMR spectrum (600 MHz, CDCl3) of compound 82 is shown in Figure 4.41 

(Appendix A5). Two doublets at δ 6.11 (d, J = 2.40 Hz) and 5.96 (d, J = 2.40 Hz) were 

assigned to the C-3′ and C-5′ proton, respectively. A doublet that appeared at 7.12 (d, J 

= 1.98 Hz) was assigned to the C-2 proton and a doublet at 6.90 (d, J = 8.28 Hz) was 

assigned to the C-5 proton. A doublet of doublet observed at 7.22 (dd, J = 1.98 Hz, 8.28 

Hz) was assigned to the C-6 proton. The signal of doublet elucidated at 7.75 (d, J = 

15.48 Hz) was assigned to the proton at α-carbon and a doublet at 7.80 (d, J = 15.48 

Hz) was assigned to the proton at β-carbon. The signals of singlet produced at 3.93 (s, 

3H) was assigned to the methoxy proton at C-4′ and singlet appeared at 3.94 (s, 3H) 

was assigned to the methoxy proton at C-6′, A singlet that appeared at 3.91 (s, 3H) 

represented the methoxy proton at C-3 and a singlet at 3.84 (s, 3H) corresponded to the 

methoxy proton at C-4. A singlet appeared at 14.42 (s, 1H) due to the presence of C-2′ 

hydroxyl proton chelated to carbonyl group. The details of 1H-NMR spectra was shown 

in Table 4.10. The ORTEP diagram and crystal parameters and data for structure 

refinement of compound 82 were shown in Figure 4.42 and Table 4.11, respectively. 
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Figure 4.41 Structure of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

Table 4.10 NMR data of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.11 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.96 (d, J = 2.40 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 7.12 (d, J = 1.98 Hz, 1H) C2-H 

3 - - - 

4 - - - 

5 6.90 (d, J = 8.28 Hz, 1H) C5-H 

6 7.22 (dd, J = 1.98 Hz, 8.28 Hz, 1H) C6-H 

α 7.75 (d, J = 15.48 Hz, 1H, H-α) Cα-H 

β 7.80 (d, J = 15.48 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.93 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.94 (s, 3H) OCH3 (C6′) 

OCH3 (C3) 3.91 (s, 3H) OCH3 (C3) 

OCH3 (C4) 3.84 (s, 3H) OCH3 (C4) 

OH (C2′) 14.42 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.42 ORTEP diagram of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

Table 4.11 Crystal parameters and data for structure refinement of (E)-3-(3,4-

dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (82) 

Parameter Data 

CCDC Number 1548734 

Molecular Formula C19H20O6 

Molecular Weight 344.35 

Crystal System Triclinic 

Space Group 1P  
a (Å) 8.4560 (17) 

b (Å) 8.4790 (17) 

c (Å) 12.549 (3) 

α (°) 104.166 (3) 

β (°) 92.063 (3) 

γ (°) 106.227 (3) 

V (Å3) 832.4 (3) 

Z 2 

Dcalc (g cm-3) 1.374 

Crystal dimensions (mm) 0.58 × 0.18 × 0.11 

μ (mm-1) 0.10 

Tmin/Tmax 0.7665, 0.9584 

Reflections measured 28367 

Ranges/indices (h, k, l) -11→11; -11→11; -17→17 

θ limit (°) 1.7-29.2 

Unique reflections 4491 

Observed reflections   

(I> 2σ(I)) 2352 

Parameters 234 

Goodness of fit on F2 1.02 

R1, wR2 [I ≥ 2σ(I)] 0.055, 0.176 
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Figure 4.43 GC-MS spectrum of (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 

GC-MS spectrum of compound 82 shown in Figure 4.43 displays the main 

fragment ion of a molecular structure at m/z = 344, 327, 313, 282, 207, 191, 181, 164, 

152 and 137. The abundance of a molecular peak at m/z = 344 was about 82%. Loss of 

·OH radical from the molecular peak gave out a fragment ion at m/z = 327. Loss of one 

methoxy group (-OCH3) at ring B resulted in formation of fragment ion at m/z = 313 

and loss of one more methoxy group resulted in fragment ion observed at m/z = 282. 

The fragment ion at m/z = 207 was formed due to β-cleavage of bond in between the β-

carbon and C8H9O2
+ groups and resulted in the formation of fragment ion at m/z = 137. 

The fragment ion at m/z = 181 was formed due referred to α-cleavage of bond next to 

carbonyl group and another fragment ion was produced at m/z = 163. Formation of 

fragment ions at m/z = 152 and 191 could be due to cleavage of bond next to carbonyl 

and rearrangement afterwards. Loss of ·OH radical from the fragment ion observed at 

m/z = 181 probably resulted in formation of fragment ion at m/z = 164. The proposed 

cleavage mechanisms of compound 82 is shown in Figure 4.44. 
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Figure 4.44 Mass fragmentation (E)-3-(3,4-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (82) 
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4.1.11 (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-

en-1-one (83) 

Flavokawain B derivative, (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (83) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 3,5-

dimethoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH 

and stirred at room temperature for 47 hr as described in page 38. The product was 

obtained in a form of yellow crystal with a yield of 86.3% and melting point in a range 

of 155-158°C (Valdameri et al., 2012).  

Compound 83 absorbed UV light in the wavelength range of 290-400 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 83 shown in Figure 4.45 shows that the maximum 

absorption occurred at a wavelength, λmax of 346 nm. 

 

Figure 4.45 UV spectrum of (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (83) 

IR spectrum of compound 83 is shown in Figure 4.46. The absorption bands at 

3448 cm-1 and 1634 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) groups, 

respectively. Absorption bands observed in a range of 1279-1456 cm-1 and 2965-3010 

cm-1 were represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands that appeared in a range of 1220-1221 cm-1 and 1567-

1595 cm-1 represented to (C-O) 1 and (C=C-C=O), respectively. 
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Figure 4.46 IR spectrum of (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (83) 

1H-NMR spectrum (600 MHz, CDCl3) of compound 83 is shown in Figure 4.47 

(Appendix A6). A doublet at δ 6.11 (d, J = 2.40 Hz) was assigned to the C-3′ proton 

and doublet at 5.96 (d, J = 2.34 Hz) was assigned to the C-5′ proton. Two doublets that 

appeared at 6.76 (d, J = 2.22 Hz) and 6.75 (d, J = 2.22 Hz) were assigned to the C-2 

and C-6 proton, respectively. A triplet that appeared at 6.51 (t, J = 2.22 Hz, 2.28 Hz) 

was assigned to the C-4 proton. A doublet that appeared at 7.69 (d, J = 15.5 Hz) was 

assigned to the proton at α-carbon and doublet at 7.86 (d, J = 15.5 Hz) was assigned to 

the proton at β-carbon. The signals of singlet that appeared at 3.91 (s, 3H) was assigned 

to the methoxy proton at C-6′ and a singlet at 3.84 (s, 3H) corresponded to methoxy 

proton at C-4′. The signal of singlet that appeared at 3.837 (s, 3H) represented the 

methoxy proton at C-3 and singlet at 3.837 (s, 3H) was assigned to the methoxy proton 

at C-5. A singlet that appeared at 14.26 (s, 1H) represented the hydroxyl proton at C-2′ 

chelated to carbonyl group. The details of 1H-NMR spectra shown in Table 4.12. 
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Figure 4.47 Structure of (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′- 

dimethoxyphenyl)prop-2-en-1-one (83) 

Table 4.12 NMR data of (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (83) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.11 (d, J = 2.40 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.96 (d, J = 2.34 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 6.75 (d, J = 2.22 Hz, 1H) C2-H 

3 - - - 

4 6.51 (t, J = 2.22 Hz, 2.28 Hz, 1H) C4-H 

5 - - - 

6 6.75 (d, J = 2.22 Hz, 1H) C6-H 

α 7.69 (d, J = 15.50 Hz, 1H, H-α) Cα-H 

β 7.86 (d, J = 15.50 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.91 (s, 3H) OCH3 (C6′) 

OCH3 (C3) 3.837 (s, 3H) OCH3 (C3) 

OCH3 (C5) 3.837 (s, 3H) OCH3 (C5) 

OH (C2′) 14.26 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.48 GC-MS spectrum of (E)-3-(3,5-dimethoxyphenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (83) 

GC-MS spectrum of compound 83 shown in Figure 4.48 displays the main 

fragment ions of a molecular structure at m/z = 344, 329 313, 207, 181, 164, 151, 149, 

137 and 121. The result from this analysis could support the tentative of synthesized 

compound 83. 

4.1.12 (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (84) 

Flavokawain B derivative, (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) was synthesized by Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 3-

chlorobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 58 hr as described in page 38. The product was obtained 

in a form of yellow crystal form with a yield of 83.1% and melting point in a range of 

105-107°C (Chiaradia et al., 2008). 

Compound 84 absorbed UV light in the wavelength range of 290-380 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 84 shown in Figure 4.49 shows that the maximum 

absorption occurred at wavelength, λmax in a range of 338-339 nm. 
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Figure 4.49 UV spectrum of (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) 

IR spectrum of compound 84 is shown in Figure 4.50. The absorption bands 

observed at 3460 cm-1 and 1634 cm-1 represented the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption bands in a range of 1342-1443 cm-1 and 2945-

3014 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands observed in a range of 1213-1215 cm-1 and 1567-1585 

cm-1 corresponded to (C-O) and (C=C-C=O), respectively. 

  

Figure 4.50 IR spectrum of (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) 
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1H-NMR spectrum (600 MHz, CDCl3) of compound 84 is shown in Figure 4.51 

(Appendix A6). A doublet at δ 6.11 (d, J = 2.34 Hz) was assigned to the C-3′ proton 

and a doublet at 5.97 (d, J = 2.34 Hz) was assigned to the C-5′ proton. One broad 

singlet that appeared at 7.57 (brs, 1H) was assigned to the C-2 proton. Two multiplets 

observed in a range of 7.35-7.46 were assigned to the C-4, C-5 and C-6 proton. The 

signal of doublet that appeared at 7.68 (d, J = 15.60 Hz) was assigned to the proton at 

α-carbon and a doublet observed at 7.86 (d, J = 15.60 Hz) was assigned to the proton at 

β-carbon. The signal of singlet elucidated at 3.93 (s, 3H) corresponded to the proton of 

methoxy at C-6′ and singlet observed at 3.85 (s, 3H) represented the methoxy proton at 

C-4′. A singlet appeared at 14.19 (s, 1H) due to the C-2′ hydroxyl proton chelated to 

carbonyl group. The details of 1H-NMR spectra is shown in Table 4.13. 

  

Figure 4.51 Structure of (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) 

Table 4.13 NMR data of (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.11 (d, J = 2.34 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.97 (d, J = 2.34 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 7.57 (brs, 1H) C2-H 

3 - - - 

4 7.35 (m, 1H) C4-H 

5 7.46 (m, 1H) C5-H 

6 7.35 (m, 1H) C6-H 

α 7.68 (d, J = 15.60 Hz, 1H, H-α) Cα-H 

β 7.86 (d, J = 15.60 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.85 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.93 (s, 3H) OCH3 (C6′) 

OH (C2′) 14.19 (s, 1H) OH (C2′) 

α 

β 
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Figure 4.52 GC-MS spectrum of (E)-3-(3-chlorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (84) 

GC-MS spectrum of compound 84 shown in Figure 4.52 displays the main 

fragment ions of a molecular structure at m/z = 317, 314, 297, 283, 267, 207, 181, 167, 

152, 137 and 121. The result obtained from this analysis could support the tentative of 

synthesized compound 84. 

4.1.13 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-methoxyphenyl)prop-2-en-1-

one (85) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 3-

methoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH 

and stirred at room temperature for 49 hr as described in page 38. The product was 

obtained in a form of yellow crystal with a yield of 87.9% and melting point in a range 

of 111-112°C (Sekizaki, 1988). 
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Compound 85 absorbed UV light in the wavelength range of 290-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV 

spectrum of compound 85 shown in Figure 4.53 shows that the maximum absorption 

occurred at a wavelength, λmax of 345 nm (Sekizaki, 1988). 

 

Figure 4.53 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

IR spectrum of compound 85 is shown in Figure 4.54. The absorption bands at 

3449 cm-1 and 1631 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) group, 

respectively (Sekizaki, 1988). Absorption bands elucidated in a range of 2949-3006 cm-

1 and 1435-1484 cm-1 corresponded to the aromatic carbon-proton (Ar C-H str.) and 

aromatic ring (C=C), respectively. Absorption bands produced in a range of 1157-1247 

cm-1 and 1575-1580 cm-1 represented (C-O) and (C=C-C=O), respectively. 
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Figure 4.54 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

1H-NMR spectrum (600 MHz, CDCl3) of compound 85 is shown in Figure 4.55 

(Appendix A7). A singlet at δ 3.83 (s, 3H) represented the methoxy proton at C-3; a 

singlet at 3.84 (s, 3H) represented the methoxy proton at C-4′; a singlet at 3.91 (s, 3H) 

corresponded to the methoxy proton at C-6′. A broad singlet observed at 7.11 (brs, 1H) 

was assigned to the C-2′ proton. A doublet elucidated at 6.10 (d, J = 2.34 Hz, 1H) was 

assigned to the C-3′ proton and doublet at 5.95 (d, J = 2.40 Hz, 1H) was assigned to the 

C-5′ proton. A triplet produced at 7.32 (t, J = 7.92 Hz, 7.86 Hz, 1H) was assigned to the 

C-5 proton. A doublet that appeared at 6.94 (d, J = 8.22 Hz, 1H) was assigned to the C-

4 proton and a doublet at 7.21 (d, J = 7.86 Hz, 1H) was assigned to the C-6 proton. A 

singlet that appeared at 14.29 (s, 1H) was assigned to the hydroxyl proton at C-2′ due to 

chelation with carbonyl group. A doublet observed at 7.73 (d, J = 15.54 Hz) was 

assigned to the proton at α-carbon and another doublet at 7.87 (d, J = 15.54 Hz) was 

assigned to the proton at β-carbon. The details of 1H-NMR spectra is shown in Table 

4.14. The ORTEP diagram and crystal parameters and data for structure refinement of 

compound 85 were shown in Figure 4.56 and Table 4.15, respectively. 
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Figure 4.55 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

Table 4.14 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.10 (d, J = 2.34 Hz, 1H)  C3′-H 

4′ - - - 

5′ 5.95 (d, J = 2.40 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 7.11 (brs, 1H) C2-H 

3 - - - 

4 6.94 (d, J = 8.22 Hz, 1H) C4-H 

5 7.32 (t, J = 7.92 Hz, 7.86 Hz, 1H) C5-H 

6 7.21 (d, J = 7.86 Hz, 1H) C6-H 

α 7.73 (d, J = 15.54 Hz, 1H, H-α) Cα-H 

β 7.87 (d, J = 15.54 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.84 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 3.91 (s, 3H) OCH3 (C6′) 

OCH3 (C3) 3.83 (s, 3H) OCH3 (C3) 

OH (C2′) 14.29 (s, 1H) OH (C2′) 

 

 

Figure 4.56 ORTEP diagram of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

 

α 

β 
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Table 4.15 Crystal parameters and data for structure refinement of (E)-1-(2′-

hydroxy-4′,6′-dimethoxyphenyl)-3-(3-methoxyphenyl)prop-2-en-1-one 

(85) 

Parameter Data 

CCDC Number 1548733 

Molecular Formula C18H18O5 

Molecular Weight 314.32 

Crystal System Orthorhombic 

Space Group Pbca 

a (Å) 14.447 (3) 

b (Å) 7.9755 (15) 

c (Å) 26.203 (5) 

α (°) 90 

β (°) 90 

γ (°) 90 

V (Å3) 3019.0 (10) 

Z 8 

Dcalc (g cm-3) 1.383 

Crystal dimensions (mm) 0.55 × 0.27 × 0.14 

μ (mm-1) 0.10 

Tmin/Tmax 0.8489, 0.9495 

Reflections measured 14974 

Ranges/indices (h, k, l) -16→16; -9→9; -30→28 

θ limit (°) 1.6-24.6 

Unique reflections 2516 

Observed reflections   

(I> 2σ(I)) 1594 

Parameters 211 

Goodness of fit on F2 1.05 

R1, wR2 [I ≥ 2σ(I)] 0.056, 0.156 
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Figure 4.57 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

methoxyphenyl)prop-2-en-1-one (85) 

GC-MS spectrum of compound 85 shown in Figure 4.57 displays the main 

fragment ions of a molecular structure at m/z = 314, 297, 286, 207, 192, 181, 164, 152, 

137 and 121. The result obtained from this analysis could support the tentative of 

synthesized compound 85. 

4.1.14 (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-nitrophenyl)prop-2-en-1-one 

(44) 

Flavokawain B derivative, (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) was synthesized via Claisen-Schmidt condensation of 

2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 3-nitrobenzaldehyde (1.00 

mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and stirred at room temperature 

for 48 hr as described in page 38. The product was obtained in a form of yellow cotton 

with a yield of 82.6% and melting point in a range of 169-171°C (Srinivasarao et al., 

2013).  

Compound 44 absorbed UV light in the wavelength range of 280-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 44 shown in Figure 4.58 shows that the maximum 

absorption occurred at wavelength, λmax of 336 nm (Boeck et al., 2006). 
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Figure 4.58 UV spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) 

IR spectrum of compound 44 is shown in Figure 4.59. The absorption bands at 

3460 cm-1 and 1638 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) group, 

respectively. Absorption bands at 1427-1525 cm-1 and 2851-3092 cm-1 corresponded to 

aromatic ring (C=C) and aromatic proton (Ar C-H), respectively. Absorption bands at 

1223-1225 cm-1 and 1583 cm-1 represented the (C-O) and (C=C-C=O), respectively 

(Boeck et al., 2006). 

  

Figure 4.59 IR spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 44 is shown in Figure 4.60 

(Appendix A7). Two singlet at δ 3.91 (s, 3H) and 4.04 (s, 3H) represented the methoxy 

proton at C-4′ and C-6′, respectively. A broad singlet that appeared at 8.56 (brs, 1H) 
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was assigned to the C-2 proton. Doublet observed at 6.17 (d, J = 2.35 Hz, 1H) and 6.14 

(d, J = 2.35 Hz, 1H) were assigned to the C-3′ proton and C-5′ proton, respectively. A 

triplet that appeared at 7.78 (t, J = 7.95 Hz, 8.00 Hz, 1H) corresponded to the C-5 

proton. A doublet elucidated at 8.30 (d, J = 8.00 Hz, 1H) was assigned to the C-4 

proton and doublet at 8.22 (d, J = 7.75 Hz, 1H) was assigned to the C-6 proton. A 

doublet observed at 7.84 (d, J = 15.70 Hz) was assigned to the proton at α-carbon and a 

doublet at 8.15 (d, J = 15.70 Hz) was assigned to the proton at β-carbon (Boeck et al., 

2006). The details of 1H-NMR spectra is shown in Table 4.16. 

  

Figure 4.60 Structure of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) 

Table 4.16 NMR data of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) 

Carbon  1H (δ) Multiplicity Designation 

1′  - - - 

2′ - - - 

3′ 6.17 (d, J = 2.35 Hz, 1H)  C3′-H 

4′ - - - 

5′ 6.14 (d, J = 2.35 Hz, 1H) C5′-H 

6′ - - - 

1 - - - 

2 8.56 (brs, 1H) C2-H 

3 - - - 

4 8.30 (d, J = 8.00 Hz, 1H) C4-H 

5 7.78 (t, J = 7.95 Hz, 8.00 Hz, 1H) C5-H 

6 8.22 (d, J = 7.75 Hz, 1H) C6-H 

α 7.84 (d, J = 15.70 Hz, 1H, H-α) Cα-H 

β 8.15 (d, J = 15.70 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 3.91 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 4.04 (s, 3H) OCH3 (C6′) 

OH (C2′) - (s, 1H) OH (C2′) 

α 

β 
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Figure 4.61 GC-MS spectrum of (E)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)-3-(3-

nitrophenyl)prop-2-en-1-one (44) 

GC-MS spectrum of compound 44 shown in Figure 4.61 displays the main 

fragment ions of a molecular structure at m/z = 329, 301, 281, 254, 207, 181, 152, 95 

and 73. The result obtained from this analysis can support the tentative of synthesized 

compound 44. 

4.1.15 (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (86) 

Flavokawain B derivative, (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) was synthesized via Claisen-Schmidt 

condensation of 2′-hydroxy-4′,6′-dimethoxyacetophenone (1.00 mmol) and 4-

bromobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 70 hr as described in page 38. The product was obtained 

in a form of orange crystal with a yield of 80.5% and melting point of 165.8-167.5°C 

(Boeck et al., 2006). 

Compound 86 absorbed UV light in the wavelength range of 290-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 86 shown in Figure 4.62 shows that the maximum 

absorption occurred at a wavelength, λmax at 346 nm (Boeck et al., 2006). 
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Figure 4.62 UV spectrum of (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) 

IR spectrum of compound 86 is shown in Figure 4.63. The absorption bands at 

3447 cm-1 and 1633 cm-1 corresponded to the hydroxyl (O-H) and carbonyl (C=O) 

group, respectively. Absorption band observed in a range of 1338-1488 cm-1 and 2949-

3010 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption band elucidated in a range of 1215-1218 cm-1 and 1568-1590 

cm-1 represented (C-O) and (C=C-C=O), respectively (Boeck et al., 2006). 

  

Figure 4.63 IR spectrum of (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 86 is shown in Figure 4.64 

(Appendix A8). Two singlets at δ 3.83 (s, 3H) and 3.90 (s, 3H) represented the methoxy 

proton at C-6′ and C-4′, respectively. A doublet that appeared at 6.09 (d, J = 2.00 Hz) 
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was assigned to the C-3′ proton and doublet at 5.95 (d, J = 2.50 Hz) was assigned to the 

C-5′ proton. Two doublets that appeared at 7.53 (d, J = 8.50 Hz) and 7.51 (d, J = 8.50 

Hz) were assigned to the C-2 and C-6 proton, respectively. Two doublets observed 

presented at 7.45 (d, J = 8.50 Hz) and 7.43 (d, J = 8.50 Hz) corresponded to the C-3 and 

C-5 proton, respectively. A doublet that appeared at 7.68 (d, J = 15.50 Hz) was 

assigned to the proton at α-carbon and a doublet at 7.85 (d, J = 15.50 Hz) was assigned 

to the proton at β-carbon (Boeck et al., 2006). The details of 1H-NMR spectra is shown 

in Table 4.17. 

  

Figure 4.64 Structure of (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) 

Table 4.17 NMR data of (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1′  106.29 - - - 

2′ 168.45 - - - 

3′ 93.85 6.09 (d, J = 2.00 Hz, 1H)  C3′-H 

4′ 166.40 - - - 

5′ 91.32 5.95 (d, J = 2.50 Hz, 1H) C5′-H 

6′ 162.48 - - - 

1 134.53 - - - 

2 129.68 7.53 (d, J = 8.50 Hz, 1H) C2-H 

3 132.10 7.45 (d, J = 8.50 Hz, 1H) C3-H 

4 124.19 - - - 

5 132.10 7.43 (d, J = 8.50 Hz, 1H) C5-H 

6 129.68 7.51 (d, J = 8.50 Hz, 1H) C6-H 

α 128.15 7.68 (d, J = 15.50 Hz, 1H, H-α) Cα-H 

β 140.78 7.85 (d, J = 15.50 Hz, 1H, H-β) Cβ-H 

OCH3 (C4′) 55.89 3.83 (s, 3H) OCH3 (C4′) 

OCH3 (C6′) 55.61 3.90 (s, 3H) OCH3 (C6′) 

OH (C2′)  - (s, 1H) OH (C2′) 

C=O 192.31 - - - 

α 

β 
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Figure 4.65 GC-MS spectrum of (E)-3-(4-bromophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (86) 

GC-MS spectrum of compound 86 shown in Figure 4.65 displays the main 

fragment ions of a molecular structure at m/z = 363, 362, 346, 281, 209, 207, 181 and 

152. The result obtained from this analysis could support the tentative of synthesized 

compound 86. 

4.1.16 (E)-3-(4-chlorophenyl)-1-(2′-hydroxy-4′,6′-dimethoxyphenyl)prop-2-en-1-

one (87) 

Flavokawain B derivative, (E)-3-(4-chlorophenyl)-1-(2′-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) was synthesized via Claisen-Schmidt 

condensation of 2'-hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and 4-

chlorobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 50 hr as described in page 38. The product was obtained 

in a form of yellow crystal with a yield of 84.3% and melting point in a range of 171-

173°C (Srinivasarao et al., 2013). 
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Compound 87 absorbed UV light in the wavelength range of 290-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV 

spectrum of compound 87 shown in Figure 4.66 shows that the maximum absorption 

occurred at wavelength, λmax in a range of 342-343 nm. 

 

Figure 4.66 UV spectrum of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 

IR spectrum of compound 87 is shown in Figure 4.67. The absorption bands at 

3420 cm-1 and 1630 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) group, 

respectively. Absorption bands observed in a range 1488-1591 cm-1 and 2981-3018 cm1 

corresponded to the aromatic ring (C=C) and aromatic proton (Ar C-H), respectively. 

Absorption bands observed in a range of 1217-1219 cm-1 and 820-822 cm-1 indicated 

the presence of (C-O) and aromatic carbon-chloro (Ar C-Cl) (Boeck et al., 2006). 
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Figure 4.67 IR spectrum of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 

1H-NMR spectrum (600 MHz, CDCl3) of compound 87 is shown in Figure 4.68 

(Appendix A8). Two singlets at δ 3.84 and 3.92 were assigned to the methoxy proton at 

C-4' and C-6', respectively. Two doublets that appeared at 5.96 (d, J = 2.40 Hz) and 

6.11 (d, J = 2.40 Hz) were assigned to the C-5' proton and C-3' proton, respectively. 

Two doublets elucidated at 7.38 (d, J = 8.46 Hz) and 7.37 (d, J = 8.46 Hz) were 

assigned to the C-3 and C-5 proton, respectively. Doublets produced at 7.53 (d, J = 8.46 

Hz) and 7.52 (d, J = 8.46 Hz) were assigned to the C-2 and C-6 proton, respectively. A 

doublet that appeared at 7.72 (d, J = 15.60 Hz) was assigned to the proton at α-carbon 

and a doublet at 7.85 (d, J = 15.60 Hz) was assigned to the proton at β-carbon. A 

singlet observed at 14.24 represented the hydroxyl proton at C-2' chelated to carbonyl 

group (Boeck et al., 2006). The details of 1H-NMR spectra is shown in Table 4.18. 
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Figure 4.68 Structure of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 

Table 4.18 NMR data of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.11 (d, J = 2.40 Hz, 1H)  C3'-H 

4' - - - 

5' 5.96 (d, J = 2.40 Hz, 1H) C5'-H 

6' - - - 

1 - - - 

2 7.53 (d, J = 8.46 Hz, 1H) C2-H 

3 7.38 (d, J = 8.46 Hz, 1H) C3-H 

4 - - - 

5 7.37 (d, J = 8.46 Hz, 1H) C5-H 

6 7.52 (d, J = 8.46 Hz, 1H) C6-H 

α 7.72 (d, J = 15.60 Hz, 1H, H-α) Cα-H 

β 7.85 (d, J = 15.60 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.84 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.92 (s, 3H) OCH3 (C6') 

OH (C2') 14.24 (s, 1H) OH (C2') 

α 

β 
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Figure 4.69 GC-MS spectrum of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 

GC-MS spectrum of compound 87 shown in Figure 4.69 displays the main 

fragment ions of a molecular structure at m/z = 318, 301, 283, 207, 181, 165, 152, 137, 

111 and 102. The abundance of molecular peak observed at m/z = 318 was about 57%. 

Fragment ion elucidated at m/z = 301 corresponded to the loss of radical ·OH from the 

molecular ion. Loss of radical ·Cl from the molecular ion led to formation of fragment 

ion at m/z = 283. The base peak was observed at m/z = 207 due to loss of phenyl 

chloride from molecule structure, which fragment was elucidated at m/z = 111. 

Fragment ion observed at m/z = 181 could potentially represented radical ketone 

moiety, formed due to α-cleavage with its counterpart observed at m/z = 137. Formation 

of fragment ion at m/z = 152 could be due to cleavage of bond next to C=O and further 

structural rearrangement, with its counterpart elucidated at m/z = 165. Fragment ion at 

m/z = 102 possibly represented C8H6
+· ion, formed as a result of the cleavage of Cl· 

radical from the fragment ion observed at m/z = 137. The proposed mechanisms of 

cleavage is shown in Figure 4.70. 
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Figure 4.70 Mass fragmentation of (E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (87) 
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4.1.17 (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-

one (46) 

Flavokawain B derivative, (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) was synthesized via Claisen-Schmidt 

condensation of 2'-hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and 4-

fluorobenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 48 hr as described in page 38. The product was obtained 

in a form of yellow crystal with a yield of 80.7% and melting point in a range of 144-

145°C (Boeck et al., 2006). 

Compound 46 absorbed UV light in the wavelength range of 290-390 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 46 shown in Figure 4.71 shows that the maximum 

absorption occurred at wavelength, λmax, in a range of 342-343 nm (Boeck et al., 2006). 

 

Figure 4.71 UV spectrum of (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) 

IR spectrum of compound 46 is shown in Figure 4.72. The absorption bands at 

3460 cm-1 and 1632 cm-1 represented the hydroxyl (O-H) and carbonyl (C=O) group, 

respectively. Absorption bands observed in a range of 2854-3118 cm-1 and 1345-1507 

cm-1 corresponded to the aromatic carbon-proton (Ar C-H str.) and aromatic ring 

(C=C), respectively. Absorption bands produced in a range of 1115-1216 cm-1 and 

1573-1592 cm-1 represented the (C-O) and (C=C-C=O) group, respectively (Boeck et 

al., 2006). 
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Figure 4.72 IR spectrum of (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) 

1H-NMR spectrum (600 MHz, CDCl3) of compound 46 is shown in Figure 4.73 

(Appendix A9). Doublets that appeared at δ 6.11 (d, J = 2.40 Hz) and 5.96 (d, J = 2.40 

Hz) were assigned to the C-3' and C-5' proton, respectively. A multiplet elucidated at 

7.09 was assigned to the C-3 and C-5 proton. A multiplet observed at 7.58 was assigned 

to the C-2 and C-6 proton. A doublet that appeared at 7.74 (d, J = 15.60 Hz) was 

assigned to the proton at α-carbon and doublet at 7.82 (d, J = 15.60 Hz) was assigned to 

the proton at β-carbon. A singlet produced at 3.84 (s, 3H) was assigned to the methoxy 

proton at C-4' and a singlet at 3.92 (s, 3H) was assigned to the methoxy proton at C-6'. 

A singlet that appeared at 14.28 represented the hydroxyl proton at C-2' due to chelation 

with carbonyl group (Boeck et al., 2006). The details of 1H-NMR spectra is shown in 

Table 4.19. 
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Figure 4.73 Structure of (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) 

Table 4.19 NMR data of (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.11 (d, J = 2.40 Hz, 1H)  C3'-H 

4' - - - 

5' 5.96 (d, J = 2.40 Hz, 1H) C5'-H 

6' - - - 

1 - - - 

2 7.59 (m, 2H) C2-H  

3 7.10 (m, 2H) C3-H  

4 - - - 

5 7.09 (m, 2H) C5-H 

6 7.58 (m, 2H) C6-H 

α 7.74 (d, J = 15.60 Hz, 1H, H-α) Cα-H 

β 7.82 (d, J = 15.60 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.84 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.92 (s, 3H) OCH3 (C6') 

OH (C2') 14.28 (s, 1H) OH (C2') 

α 

β 
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Figure 4.74 GC-MS spectra of (E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (46) 

GC-MS spectrum of compound 46 shown in Figure 4.74 displays the main 

fragment ions of a molecular structure at m/z = 302, 301, 285, 274, 207, 181, 153, 137, 

121, 101 and 69. The result obtained from this analysis supports the tentative of 

synthesized compound 46. 

4.1.18 (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-tolyl)prop-2-en-1-one (88) 

Flavokawain B derivative, (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-

tolyl)prop-2-en-1-one (88) was synthesized via Claisen-Schmidt condensation of 2'-

hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and p-tolualdehyde (1.00 mmol) 

diluted in 5 mL MeOH, catalyzed by 40% KOH and stirred at room temperature for 55 

hr as described in page 38. The product was obtained in a form of orange crystal with a 

yield of 84.6% and melting point in a range of 126-128°C (Boeck et al., 2006). 

Compound 88 absorbed UV light in the wavelength range of 290-400 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 88 shown in Figure 4.75 shows that the maximum 

absorption occurred at a wavelength, λmax, of 349 nm. 

 



115 

 

Figure 4.75 UV spectrum of (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-

tolyl)prop-2-en-1-one (88) 

IR spectrum of compound 88 is shown in Figure 4.76. The absorption bands 

observed at 3453 cm-1 and 1624 cm-1 corresponded to the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption bands produced in a range of 1435-1437 cm-1 

and 2916-2994 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands which appeared in a range of 1218-1220 cm-1 and 1558-

1560 cm-1 were assigned to (C-O) and (C=C-C=O), respectively (Boeck et al., 2006). 

  

Figure 4.76 IR spectrum of (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-

tolyl)prop-2-en-1-one (88) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 88 is shown in Figure 4.77 

(Appendix A9). Doublet at δ 6.11 (d, J = 2.35 Hz) was assigned to the C-3' proton and 

doublet at 5.96 (d, J = 2.40 Hz) was assigned to the C-5' proton. Two doublets 
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elucidated at 7.22 (d, J = 8.00 Hz) and 7.21 (d, J = 8.00 Hz) were assigned to the C-3 

and C-5 proton, respectively. Two doublets observed at 7.52 (d, J = 8.10 Hz) and 7.50 

(d, J = 8.10 Hz) were assigned to the C-2 and C-6 proton, respectively. A doublet that 

appeared at 7.77 (d, J = 15.60 Hz) was assigned to the proton at α-carbon and a doublet 

at 7.82 (d, J = 15.60 Hz) was assigned to the proton at β-carbon. A singlet at 3.84 (s, 

3H) was assigned to the methoxy proton at C-4' and a singlet at 3.92 (s, 3H) was 

assigned to the methoxy proton at C-6'. A singlet elucidated at 2.39 (s, 3H) represented 

the methyl proton at C-4 (Boeck et al., 2006). The details of 1H-NMR spectra is shown 

in Table 4.20. 

 

Figure 4.77 Structure of (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-tolyl)prop-2-

en-1-one (88) 

Table 4.20 NMR data of (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-tolyl)prop-

2-en-1-one (88) 

Carbon  13C (δ) 1H (δ) Multiplicity Designation 

1'  106.35 - - - 

2' 168.39 - - - 

3' 93.77 6.11 (d, J = 2.35 Hz, 1H)  C3'-H 

4' 166.14 - - - 

5' 91.26 5.96 (d, J = 2.40 Hz, 1H) C5'-H 

6' 162.50 - - - 

1 126.49 - - - 

2 129.65 7.52 (d, J = 8.10 Hz, 1H) C2-H  

3 128.42 7.22 (d, J = 8.00 Hz, 1H) C3-H  

4 140.58 - - - 

5 128.42 7.21 (d, J = 8.00 Hz, 1H) C5-H 

6 129.65 7.50 (d, J = 8.10 Hz, 1H) C6-H 

α 132.81 7.77 (d, J = 15.60 Hz, 1H, H-α) Cα-H 

β 142.58 7.86 (d, J = 15.60 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 55.87 3.84 (s, 3H) OCH3 (C4') 

OCH3 (C6') 55.62 3.92 (s, 3H) OCH3 (C6') 

OH (C2') - - (s, 1H) OH (C2') 

CH3 (C4) 21.56 2.39 (s, 3H) CH3 (C4) 

C=O 192.73 - - - 

α 

β 
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Figure 4.78 GC-MS spectrum of (E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-

tolyl)prop-2-en-1-one (88) 

GC-MS spectrum of compound 88 shown in Figure 4.78 displays the main 

fragment ions of a molecular structure at m/z = 298, 297, 282, 270, 207, 181, 152, 136, 

115, 105, 91 and 69. The result obtained from this analysis support the tentative of 

synthesized compound 88. 

4.1.19 (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (89) 

Flavokawain B derivative, (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (89) was synthesized by using method as 

described in page 39 and the product of acetylation (1.00 mmol) was then used in 

Claisen-Schmidt condensation method for a reaction with 2'-hydroxy-4',6'-

dimethoxyacetophenone (1.00 mmol) after diluted in 5 mL MeOH, catalyzed by 40% 

KOH and stirred at room temperature for 48 hr as described in page 38. The product 

was obtained in a form of yellow solid particle with a yield of 72.2%. 
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Compound 89 absorbed UV light in the wavelength range of 300-420 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV 

spectrum of compound 89 shown in Figure 4.79 shows that the maximum absorption 

occurred at wavelength, λmax, in a range of 371-373 nm. 

 

Figure 4.79 UV spectrum of (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (89) 

IR spectrum of compound 89 is shown in Figure 4.80. The absorption bands 

observed at 3415 cm-1 and 1624 cm-1 corresponded to the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption bands elucidated in a range of 1429-1554 cm-1 

and 2925-2927 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands produced in a range of 2837-2838 cm-1 and 1162-1270 

cm-1 corresponded to the alkane (C-H) and (C-O), respectively (Srinivasarao et al., 

2013). 
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Figure 4.80 IR spectrum of (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (89) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 89 is shown in Figure 4.81 

(Appendix A10). Two doublets at δ 6.11 (d, J = 2.35 Hz) and 5.96 (d, J = 2.40 Hz) 

were assigned to the C-3' proton and C-5' proton, respectively. A doublet that appeared 

at 6.95 (d, J = 8.20 Hz) was assigned to the proton at C-5. A doublet elucidated at 7.08 

(d, J = 1.80 Hz) represented the C-2 proton interacted with C-6 proton at meta-position. 

A doublet of doublet that appeared at 7.21 (dd, J = 1.85 Hz, 8.25 Hz) was assigned to 

the proton at C-6. A doublet observed at 7.75 (d J = 15.50 Hz) was assigned to the 

proton at α-carbon and a doublet at 7.8 (d, J = 15.50 Hz) was assigned to the proton at 

β-carbon. A singlet which appeared at 3.84 (s, 3H) was assigned to the methoxy proton 

at C-4'; a singlet at 3.95 (s, 3H) corresponded to the methoxy proton at C-3 and another 

singlet observed at 3.92 (s, 3H) was assigned to the methoxy proton at C-6' 

(Srinivasarao et al., 2013). The details of 1H-NMR spectra is shown in Table 4.21. 
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Figure 4.81 Structure of (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (89) 

Table 4.21 NMR data of (E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (89) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.11 (d, J = 2.35 Hz, 1H)  C3'-H 

4' - - - 

5' 5.96 (d, J = 2.40 Hz, 1H) C5'-H 

6' - - - 

1 - - - 

2 7.08 (d, J = 1.80 Hz, 1H) C2-H  

3 - - -  

4 - - - 

5 6.95 (d, J = 8.20 Hz, 1H) C5-H 

6 7.21 (dd, J = 1.85 Hz, 8.25 Hz, 1H) C6-H 

α 7.75 (d, J = 15.50 Hz, 1H, H-α) Cα-H 

β 7.80 (d, J = 15.50 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.84 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.92 (s, 3H) OCH3 (C6') 

OCH3 (C3) 3.95 (s, 3H) OCH3 (C3) 

OH (C2') - (s, 1H) OH (C2') 

 

4.1.20 (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) 

Flavokawain B derivative, (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) was synthesized via Claisen-Schmidt 

condensation of 2'-hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and 4-

(dimethylamino)benzaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% 

KOH and stirred at room temperature for 48 hr as described in page 38. The product 

was obtained in a form of bluish-orange crystal with a yield of 89.7%. 

 

α 

β 
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Compound 2 absorbed UV light in the wavelength range of 370-480 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 2 shown in Figure 4.82 shows that the maximum 

absorption occurred at wavelength, λmax, in a range of 428-430 nm. 

 

Figure 4.82 UV spectrum of (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) 

IR spectrum of compound 2 is shown in Figure 4.83. The absorption bands 

observed at 3435 cm-1 and 1627 cm-1 corresponded to the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption bands elucidated in a range of 1439-1530 cm-1 

and 2854-2924 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands produced in a range of 1154-1214 cm-1 and 1345-1347 

cm-1 indicated the presence of (C-O) and tertiary amine (C-N), respectively (Mandge. et 

al., 2007; Syam. et al., 2012). 
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Figure 4.83 IR spectrum of (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 2 is shown in Figure 4.84 

(Appendix A10). Two doublets at δ 6.10 (d, J = 2.40 Hz) and 5.95 (d, J = 2.40 Hz) 

were assigned to the C-3' proton and C-5' proton, respectively. Two doublets that 

appeared at 7.53 (d, J = 8.75 Hz) and 7.51 (d, J = 8.75 Hz) were assigned to the C-2 

and C-6 proton, respectively. Two doublets observed at 6.70 (d, J = 8.90 Hz) and 6.68 

(d, J = 8.90 Hz) were assigned to the C-3 and C-5 proton, respectively. A singlet 

produced at 3.04 (s, 6H) was assigned to the proton of two methyl attached to nitrogen 

group, referred to dimethylamino substitute at C-4. A singlet that appeared at 3.83 (s, 

3H) was assigned to the methoxy proton at C-4' and a singlet at 3.91 (s, 3H) was 

assigned to the methoxy proton at C-6'. A doublet that appeared at 7.75 (d, J = 15.40 

Hz) was assigned to the proton at α-carbon and a doublet elucidated at 7.83 (d, J = 

15.40 Hz) was assigned to the proton at β-carbon. The details of 1H-NMR spectra is 

shown in Table 4.22. 
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Figure 4.84 Structure of (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) 

Table 4.22 NMR data of (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (2) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.10 (d, J = 2.40 Hz, 1H)  C3'-H 

4' - - - 

5' 5.95 (d, J = 2.40 Hz, 1H) C5'-H 

6' - - - 

1 - - - 

2 7.53 (d, J = 8.75 Hz, 1H) C2-H  

3 6.70 (d, J = 8.90 Hz, 1H) C3-H  

4    

5 6.68 (d, J = 8.90 Hz, 1H) C5-H 

6 7.51 (d, J = 8.75 Hz, 1H) C6-H 

α 7.75 (d, J = 15.40 Hz, 1H, H-α) Cα-H 

β 7.83 (d, J = 15.40 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.83 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.91 (s, 3H) OCH3 (C6') 

OH (C2') - (s, 1H) OH (C2') 

CH3 (C4) 3.04 (s, 6H) (CH3)2-N (C4) 

α 

β 
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Figure 4.85 GC-MS spectrum of (E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (2) 

GC-MS spectrum of compound 2 shown in Figure 4.85 displays the main 

fragment ions of a molecular structure at m/z = 327, 310, 283, 207, 181 and 147. The 

result obtained from this supports the tentative of synthesized compound 2. 

4.1.21 (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (90) 

Flavokawain B derivative, (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (90) was synthesized via Claisen-Schmidt 

condensation of 2'-hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and 5-

bromosalicylaldehyde (1.00 mmol) diluted in 5 mL MeOH, catalyzed by 40% KOH and 

stirred at room temperature for 72 hr as described in page 38. The product was obtained 

in a form of yellow crystal with a yield of 76.2% and melting point in a range of 166-

168°C (Srinivasarao et al., 2013). 

Compound 90 absorbed UV light in the wavelength range of 300-400 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV 

spectrum of compound 90 shown in Figure 4.86 shows that the maximum absorption 

occurred at a wavelength, λmax, of 359 nm. 
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Figure 4.86 UV spectrum of (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (90) 

IR spectrum of compound 90 is shown in Figure 4.87. The absorption bands 

observed at 3435 cm-1 and 1623 cm-1 corresponded to the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption band observed in a range of 1419-1590 cm-1 and 

2945-2994 cm-1 represented the aromatic ring (C=C) and aromatic proton (Ar C-H), 

respectively. Absorption bands that appeared in a range of 1220-1221 cm-1 was referred 

to (C-O). 

  

Figure 4.87 IR spectrum (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (90) 
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1H-NMR spectrum (600 MHz, acetone) of compound 90 is shown in Figure 4.88 

(Appendix A11). Two singlets at δ 3.88 and 3.98 were assigned to the methoxy proton 

at C-4' and C-6', respectively. Two broad singlets that appeared at 6.13 (brs, 1H) and 

6.12 (brs, 1H) were assigned to the C-3' proton and C-5' proton, respectively. A doublet 

elucidated at 6.97 (d, J = 8.64 Hz) was assigned to the C-3 proton and a doublet at 7.39 

(d, J = 8.70 Hz) was assigned to the C-4 proton. A broad singlet observed at 7.78 (brs, 

1H) was assigned to the C-6 proton. A doublet that appeared at 8.01 (d, J = 15.70 Hz) 

was assigned to the proton at α-carbon proton and another doublet appeared at 8.12 (d, J 

= 15.70 Hz) was assigned to the proton at β-carbon. A singlet produced at 14.19 

represented the hydroxyl proton at C-2', chelated to carbonyl group. The details of 1H-

NMR spectra is shown in Table 4.23. 

  

Figure 4.88 Structure of (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (90) 

Table 4.23 NMR data of (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (90) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.13 (brs, 1H)  C3'-H 

4' - - - 

5' 6.12 (brs, 1H) C5'-H 

6' - - - 

1 - - - 

2 - - - 

3 6.97 (d, J = 8.64 Hz, 1H) C3-H  

4 7.39 (d, J = 8.70 Hz, 1H) C4-H 

5 - - - 

6 7.78 (brs, 1H) C6-H 

α 8.01 (d, J = 15.70 Hz, 1H, H-α) Cα-H 

β 8.12 (d, J = 15.70 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.88 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.98 (s, 3H) OCH3 (C6') 

OH (C2') 14.19 (s, 1H) OH (C2') 

α 

β 
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Figure 4.89 GC-MS spectrum of (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (90) 

GC-MS spectrum of compound 90 shown in Figure 4.89 displays the main 

fragment ions of a molecular structure at m/z = 379, 364, 333, 305, 281, 251, 227, 214, 

207, 191, 142, 115, 95 and 73. The result obtained from this analysis could supports the 

tentative of synthesized compound 90. 

4.1.22 (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (91) 

Flavokawain B derivative, (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) was synthesized via Claisen-

Schmidt condensation of 2'-hydroxy-4',6'-dimethoxyacetophenone (1.00 mmol) and 2-

bromo-3-hydroxy-4-methoxybenzaldehyde (1.00 mmol) diluted in 5 mL MeOH, 

catalyzed by 40% KOH and stirred at room temperature for 72 hr as described in page 

38. The product was obtained in a form of orange crystal with a yield of 85.6% and 

melting point in a range of 201-203°C. 
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Compound 91 absorbed UV light in the wavelength range of 300-415 nm, which 

corresponded to the conjugated α,β-unsaturated carbonyl (C=O) chromophore. The UV-

Visible spectrum of compound 91 shown in Figure 4.90 shows that the maximum 

absorption occurred at wavelength, λmax, in a range of 366-369 nm. 

 

Figure 4.90 UV spectrum of (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) 

IR spectrum of compound 91 is shown in Figure 4.91. The absorption bands 

observed at 3425 cm-1 and 1634 cm-1 represented the hydroxyl (O-H) and carbonyl 

(C=O) group, respectively. Absorption bands produced in a range of 1496-1596 cm-1 

and 2838-3014 cm-1 corresponded to the aromatic ring (C=C) and aromatic proton (Ar 

C-H), respectively. Absorption band that appeared in a range of 1213-1259 cm-1 

corresponded to (C-O). 
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Figure 4.91 IR spectrum of (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) 

1H-NMR spectrum (500 MHz, CDCl3) of compound 91 is shown in Figure 4.92 

(Appendix A11). The signal of singlet produced at δ 3.75 was assigned to the methoxy 

proton at C-4'; a singlet that appeared at 3.85 was assigned to the methoxy proton at C-

6'; a singlet at 3.81 was assigned to the methoxy proton at C-4. A doublet elucidated at 

5.88 (d, J = 2.35 Hz) represented the C-5' proton and a doublet appeared at 6.00 (d, J = 

2.50 Hz) was assigned to the C-3' proton. A doublet that appeared at 6.78 (d, J = 8.55 

Hz) was assigned to the C-5 proton and a doublet at 7.20 (d, J = 8.60 Hz) was assigned 

to the C-6 proton. A doublet observed at 7.67 (d, J = 15.45 Hz) was assigned to the 

proton at α-carbon and another doublet elucidated at 8.02 (d, J = 15.40 Hz) was 

assigned to the proton at β-carbon. The details of 1H-NMR spectra is shown in Table 

4.24. 

 



130 

  

Figure 4.92 Structure of (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) 

Table 4.24 NMR data of (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) 

Carbon  1H (δ) Multiplicity Designation 

1'  - - - 

2' - - - 

3' 6.00 (d, J = 2.50 Hz, 1H)  C3'-H 

4' - - - 

5' 5.88 (d, J = 2.35 Hz, 1H) C5'-H 

6' - - - 

1 - - - 

2 - - - 

3 - - -  

4 - - - 

5 6.78 (d, J = 8.55 Hz, 1H) C5-H 

6 7.20 (d, J = 8.60 Hz, 1H) C6-H 

α 7.67 (d, J = 15.45 Hz, 1H, H-α) Cα-H 

β 8.02 (d, J = 15.40 Hz, 1H, H-β) Cβ-H 

OCH3 (C4') 3.75 (s, 3H) OCH3 (C4') 

OCH3 (C6') 3.85 (s, 3H) OCH3 (C6') 

OCH3 (C4) 3.81 (s, 3H) OCH3 (C4) 

OH (C2') - (s, 1H) OH (C2') 

α 

β 
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Figure 4.93 GC-MS spectrum of (E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-

hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91) 

GC-MS spectrum of compound 91 shown in Figure 4.93 shows the main 

fragment ions of a molecular structure at m/z = 409, 408, 403, 229, 207, 202, 181, 165, 

141, 112, 87 and 59. The result obtained from this analysis could support the tentative 

of synthesized compound 91. 
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4.2 Cytotoxic Effects of Flavokawain B Derivative against MCF-7 and MDA-

MB-231 Breast Cancer Cell Line 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 

performed to screen the potential anti-cancer activity of the synthesized compounds 

against the breast cancer cell lines. Cytotoxicity of the synthesized compounds was 

studied by performing MTT assay in two human breast cancer cell lines that already 

well-documented study with different characteristics namely, MCF-7 and MDA-MB-

231 for 72 hr (Moses et al., 2016). 

Table 4.25 IC50  values of flavokawain B derivative in a cytotoxicity test against 

MCF-7 and MDA-MB-231 cell lines. 

Compound IC50 values (μg/mL)  

 MCF-7 MDA-MB-231 

4 7.70 ± 0.30 5.90 ± 0.30 

5 8.90 ± 0.60 6.80 ± 0.45 

75 12.30 ± 1.40 18.10 ± 1.10 

76 25.00 ± 1.80 21.10 ± 1.20 

77 >30 >30 

78 >30 >30 

79 6.50 ± 0.40 4.12 ± 0.20 

80 7.12 ± 0.80 4.04 ± 0.30 

81 >30 9.50 ± 0.60 

82 9.70 ± 0.70 8.30 ± 0.56 

83 >30 >30 

84 5.50 ± 0.35 5.50 ± 0.40 

85 8.43 ± 0.40 7.22 ± 0.70 

44 13.30 ± 3.10 17.10 ± 2.15 

86 >30 >30 

87 >30 >30 

46 >30 >30 

88 >30 >30 

89 >30 27.00 ± 1.50 

2 >30 20.50 ± 1.60 

90 6.50 ± 0.35 14.16 ± 1.10 

91 >30 >30 

Doxorubicin 2.10 ± 0.10 5.05 ± 0.20 

Table 4.25 shows the IC50 values of flavokawain B derivative when tested 

against MCF-7 and MDA-MB-231 using doxorubicin as the positive control and 

DMSO as the negative control; and the chart from Table 4.25 is shown in Appendix B. 

Compound 4, 5, 75, 79, 80, 82, 84, 85, 44 and 90 showed good cytotoxicity against all 

cell lines, whereas compound 81 exhibited better cytotoxicity against MDA-MB-231 

compared to MCF-7. Compound 76 showed moderate cytotoxicity against MCF-7 and 
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MDA-MB-231 with an IC50 values of 25.00 ± 1.80 μg/mL and 21.10 ± 1.20 μg/mL, 

respectively. Compound 89 and 2 demonstrated moderate cytotoxicity against MDA-

MB-231 with an IC50 values 27.00 ± 1.50 μg/mL and 20.50 ± 1.60 μg/mL, respectively. 

Compound 77, 78, 83, 86, 87, 46, 88 and 91 showed low cytotoxic effects on both 

MCF-7 and MDA-MB-231 cell lines, whereas compound 81, 89 and 2 showed low 

cytotoxicity particularly against MCF-7 cancer cell line, rendering an IC50 values of 

more than 30 μg/mL, according to the rule established by the American National 

Cancer Institute (NCI) is in IC50 less than 30 μg/mL, the compound is considered 

exhibits good cytotoxicity (Zheng et al., 2000). 

The results obtained from MTT assay were analyzed for structure-activity 

relationship study focus given on flavokawain B with heteroatom and methoxy 

substituents. Flavokawain B with halogen substituent in ring B has shown better 

biological activity than those with methoxy substituent. The results showed that the 

synthesized compound with chloro substituent at position 3 in ring B is more active 

against MCF-7 than those with chloro substituent at position 2. On the other hand, the 

synthesized compound with chloro substituent at 2-position in ring B are more potent 

against MDA-MB-231, than those with chloro substituent at position 3. Other than 

halogenated compounds, most chalcones with methoxy group substituent at position 2 

or 3 in ring B have shown good anti-cancer activity against both cancer cell lines. In 

addition, it is well established that anti-cancer properties of chalcone are due to the 

presence of α,β-unsaturated ketone moieties and among the tested chalcone, the 2′-

hydroxyl group in ring A is essential for the cytotoxicity, predominantly its anti-cancer 

properties. 

Previous study reported that chalcones with halogen substituent at position 3 in 

ring B were more active than that of position 4 and improvement in inhibition of cell 

growth was observed when the ring B was substituted with chloro group compared to 

fluoro group in position 3 or 4 (Dias et al., 2013). The presence of electron-withdrawing 

and electron-donating group affects the α,β-unsaturated system which eventually affects 

the cytotoxicity (F. Jin et al., 2007). Generally, electron-donating group in ring A 

improves the cytotoxic properties, as it affects the acidity of the 2′-hydroxyl group in 

ring A, while electron donating group in ring B did not improve the IC50 values at 30 

μg/mL. This is possibly due to the effects of electron-donating group on the α,β-
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unsaturated system since α,β-unsaturated system becomes more nucleophile and the 

Michael receptor or protein cannot bind effectively therefore the activity decrease. In 

contrast, compound with electron-withdrawing groups in ring B possessing chloro and 

fluoro especially at position 2 and 3, have exhibited better cytotoxicity against breast 

cancer cell line (Mai et al., 2014). The presence of electron-withdrawing group pulled 

the electrons from α,β-unsaturated ketone make it more electrophilic, so the receptor 

(nucleophile) possibly creates a strong interation with the compound. The compound 

with electron-donating group such as methoxy group especially at position 3,4 or 3,5 

and 2,4,6 could cause rich in nucleophilicity and resonate the α,β-unsaturated carbonyl 

(Nakhjiri et al., 2012), the structure become less effective eventually and binding with 

the Michael receptor (nucleophile) and the compounds reduce the cytotoxicity. (Bakar 

et al., 2018; Mai et al., 2014; Pouget et al., 2001) 

The cytotoxicity results obtained from this study have proven the anti-cancer 

properties of flavokawain B derivative whereof chalcones with halogen substituent at 

position 2 and 3 in ring B have demonstrated the most potent anti-cancer activity 

against MCF-7 and MDA-MB-231 followed by chalcones with methoxy substituent. 
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CHAPTER 5 

 

 

CONCLUSION 

5.1 General conclusion 

Chalcone and its derivative have many pharmacological properties as well as 

anti-cancer. Flavokawain B is a natural chalcone that can be extracted from the root of 

kava-kava plants and also can be synthesized by using several method. In this research 

project, twenty-two (22) flavokawain B derivative have been synthesized by reacting 2'-

hydroxy-4',6'-dimethoxyacetophenone with different substituted benzaldehydes via 

Claisen-Schmidt condensation reaction and purification of products by column 

chromatography was conducted. The compounds were elucidated by using different 

spectroscopic techniques such as UV-Vis, FTIR, GC-MS and NMR. Among twenty-

two (22) synthesized compounds, two compounds were found to be the new 

flavokawain B analogs, which are (E)-3-(2-fluorophenyl)-1-(2′-hydroxy-4′,6′-

dimethoxyphenyl)prop-2-en-1-one (80) and (E)-3-(2-bromo-3-hydroxy-4-methoxy-

phenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (91). Previously, 

compound 80 was synthesized by Bandgar (2010) and used as the intermediate for the 

preparation of nitrogen-containing chalcones, however the data was not published 

(Bandgar et al., 2010b). All compounds were tested for their cytotoxicity against MCF-

7 and MDA-MB-231. 

Among the synthesized flavokawain B derivatives, compound 4 (7.70 ± 0.30 

μg/mL), 5 (8.90 ± 0.60 μg/mL), 79 (6.50 ± 0.40 μg/mL), 80 (7.12 ± 0.80 μg/mL), 82 

(9.70 ± 0.70 μg/mL), 84 (5.50 ± 0.35 μg/mL), 85 (8.43 ± 0.40 μg/mL) and 90 (6.50 ± 

0.35 μg/mL) have demonstrated good anti-cancer activity against MCF-7 while 

compound 4 (5.90 ± 0.30 μg/mL), 5 (6.80 ± 0.45 μg/mL), 79 (4.12 ± 0.20 μg/mL), 80 

(4.04 ± 0.30 μg/mL), 81 (9.50 ± 0.60 μg/mL), 82 (8.30 ± 0.56 μg/mL), 84 (5.50 ± 0.40 
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μg/mL) and 85 (7.22 ± 0.70 μg/mL) have demonstrated good anti-cancer activity 

against MDA-MB-231. 

5.2 Recommendation 

It is recommended that in future research, focus is given on compound 79 and 

84 obtained in this study considering their huge potential as a good anti-cancer agent 

especially against breast cancer cell lines. It is also recommended to use tamoxifen as 

positive control in MTT assay and perform cytotoxicity test on normal cells derived 

from breast tissue to check on the compound selectivity.  

More flavokawain B derivative should be synthesized to test on cancer cell. A 

mechanism study and more in depth study of structure-activity relationship between the 

compound derivatives and the respective anti-cancer activity should be conducted in 

future. Docking study and 3D QSAR study are possible to be conducted in the next 

study. These flavokawain B derivative can also be tested against other cancer cell line 

such as liver, lung, colon, prostate and many more cancer cell. 
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APPENDIX A1 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-phenylprop-2-en-1-one (4) 

 

(E)-1-(2'-hydroxyl-4',6'-dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (5) 
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APPENDIX A2 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(4-(methylthio)phenyl)prop-2-en-1-one (75) 

 

(E)-3-(2,3-dimethoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (76) 
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APPENDIX A3 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (77) 

 

(E)-3-(2,4-dimethoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (78) 
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APPENDIX A4 

(E)-3-(2-chlorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (79) 

 

(E)-3-(2-fluorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (80) 
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APPENDIX A5 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(2-methoxyphenyl)prop-2-en-1-one (81) 

 

(E)-3-(3,4-dimethoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (82) 
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APPENDIX A6 

(E)-3-(3,5-dimethoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (83) 

 

(E)-3-(3-chlorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (84) 
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APPENDIX A7 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(3-methoxyphenyl)prop-2-en-1-one (85) 

 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(3-nitrophenyl)prop-2-en-1-one (44) 

 

 



155 

APPENDIX A8 

(E)-3-(4-bromophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (86) 

 

(E)-3-(4-chlorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (87) 
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APPENDIX A9 

(E)-3-(4-fluorophenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (46) 

 

(E)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)-3-(p-tolyl)prop-2-en-1-one (88) 
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APPENDIX A10 

(E)-3-(4-hydroxy-3-methoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one 

(89) 

 

(E)-3-(4-(dimethylamino)phenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (2) 
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APPENDIX A11 

(E)-3-(5-bromo-2-hydroxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-1-one (90) 

 

(E)-3-(2-bromo-3-hydroxy-4-methoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-2-en-

1-one (91) 
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APPENDIX B 

Chart of IC50 values of Flavokawain B derivative in a cytotoxicity test against MCF-7. 

 

Chart of IC50 values of Flavokawain B derivative in a cytotoxicity test against MDA-MB-231. 
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