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Etherification Studies on Chalcone Derivative with Series of Bromoalkanes 

Nurazrina Binti Mohd Damanhuri 
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Universiti Malaysia Sarawak 

ABSTRACT 

This research consists of two strategies which consist of the synthesis of chalcone and the introduction of 
the alk yl groups. A series of I-bromoalkyl namely C6, C7, C8 and C9 were introduced to the 
hydroxychalcone which was prepared using Claisen-Schmidt condensation reaction between 4
hydroxyacetophenone and benzaldehyde. Another strategy was carried out by alkylation of 4
hydroxyacetophenone prior to the synthesis of chalcone derivatives. The infrared (FT-IR) and the nuclear 
magnetic resonance eH and I3C) spectroscopy were used to analyzed the compound. This study is 
perfOim ed to determine the best strategy that will produce higher yield. The study also involve measuring 
the antibacterial properties of the synthesized chalcone on biological assay. 

Keywords: chalcone, Claisen-Schmidt condensation, antibacterial 

ABSTRAK 

Kajian ini mengandungi dua strategi yang termasuk sintesis kalkon dan pengenalan kepada kumpulan 
alkil. Satll siri bromoalkil iaitu C6, C7, C8 dan C9 telah digabungkan kepada hidroksikalkon yang dapat 
disediakan melalui tindakbalas kondensasi Claisen-Sehmidt an tara 4-hidroksiasetofenon dan benzaldehid. 
Strategi kedua dapat dijalankan melalui tindakbalas pengalkilan 4-hidroksiasetofenon terlebih dahulu 
sebelum merijalankan sintesis kalkon. Spektroskopi infra-merah dan resonans nukleus magnetik ('H dan 
'3C) digunakan IIntuk menganalisa sebatian yang diperoleh. Kajian ini dijalankan untuk mencari strategi 
terbaik yang dapat menghasilkan produk dengan kadar peratusan yang tinggi. Kajian ini juga melibatkan 
bioesei itlitu anti-bakteria terhadap kalkon yang telah disintesis. 

Kala "llnei : Kalkon, tindakbalas kondensasi Claisen-Sehm idt, anti-bakteria 

VIII 




CHAPTER 1 

INTRODUCTION 

1.1 General introduction 

Chalcone 1 is an aromatic ketone with the following structural formula: 

o 

d'u 
1 

Figure 1: Basic structure of a chalcone 

The chemical name for chalcone is 1,3-diphenyl-2-propen-l-one. There are also 

other names for chalcone such as benzylideneacetophenone and phenyl styryl ketone. 

This compound has a chemical formula of C1sH 120 and a molecular mass of 208.26 

glmol. The density of this compound shows a value of 1.071 g/cm3
• The range of melting 

and boiling point are 55-57 DC and 345-348 DC respectively. 

Chalcone and its derivatives can be synthesized in the lab for various purposes. 

For example, a new derivatives of 2-hydroxychalcone such as esters, and sulfonates were 

synthesized for the evaluation as antiparasitic agents (Llalibert, et. ai., 1968). In addition, 

the mono-, di-, tri- and tetrahydroxycha1cones were used in the preparation of tyrosinase 

inhibitor that can be used to treat hyperpigmentation (Nerya, et. ai., 2004). 



Chalcone can be prepared using acetophenone and benzaldehyde in a reaction 

called Claisen-Schmidt condensation reaction in the presence of base. According to 

Ravindrachady et al. (2004), Claisen-Schmidt condensation reaction was used in a 

reaction to synthesize chalcone derivative in the presence of aqueous solution of 

potassium hydroxide (KOH). 

The etherification process that results to an alkylation chain of chalcone 

derivative uses a solution of K2C03 and acetone before reflux for about 20 hours 

(Ishizaki, et al., 2004). 

In this paper, the etherification and synthesis of chalcone derivatives have been 

done using two different strategies. The schematic procedure of both strategies IS as 

shown: 

KOH + R-Br 
+¢ 6  HO

95% EtOH 

OH 

TBAI 

Scheme 1: Synthesis ofchalcone derivatives using strategy 1 
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,..... 

TBAI 
+ 	 R-BrI: 	 QQ - I: + cMEK, 

K2C03
OH 	 OR 

95% EtOH IKOH 

0 

R.... o 

Scheme 2: Synthesis ofchalcone derivatives using strategy 2 

1.2 Objectives 

1) 	 To synthesize chalcone derivative using two strategies and detennine the best 

strategy. 

2) To study biological assay on the synthesized chalcone for antibacterial properties. 

3 



I ,...... 


CHAPTER 2 


LITERATURE REVIEW 


2.1 Naturally Occurring Chalcone 

Chalcone can be extracted from various plants. For example, okanin and marein 

(okanin-40-0-b-glucopyranoside) were synthesized from Coreopsis tinctoria Nutt 

(Zhang, et al., 2006) and 2',4',6'-trihydroxy-3 ' -methoxy-a-hydroxymethyl-b-hydroxy

dihydrochalcone was isolated from dry leaves of Polygonum ferrugineum (Lopez, et al., 

2006). 

Besides, the chalcone synthase (Chs) gene that encodes a key enzyme of the 

flavonoid pathway can also be synthesized from plant (Wang, et al., 2007). The genomic 

DNA sequence of this Chs gene was cloned from Ginkgo bi/oba where the gene was 

composed of two exons and one intron (Pang, et al., 2005). In addition, these genes 

were synthesized from the Arabidopsis thaliana and its relative A. halleri ssp. gemm({era. 
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2.2 Etherification Process 

The technique to etherifY compound with carbonyl group is similar to the 

etherification of compound with hydroxyl group. According to Green et al. (1999), when 

a bromo alkene added to the phenylalcohol in the presence of K2C03 or added to the n

alkyl alcohol in the presence of NaH, compound 2 will be formed (Scheme 3). In this 

reaction, KzC03 and NaH act as a base. 

1) R =Ar: f-SC03 
R =Alk: NaH 

R-OH ... R.... O~ 

2)Br~ 
2 

Scheme 3 

Other research was also been done on the etherification process with the use of 

different base. Eichler et al. (200 I) was stated that the etherification of a compound 3 

required the used ofNaH or NaI and tetrahydrofuran (THF) for the reaction to be done. 

The bromo alkane will be added to the mixture to produce compound 4 (Scheme 4). This 

reaction was called alkoxide displacement of primary halide. This method is one of the 

steps in preparing oligosaccharides. These oligo saccharides can be used as antibacterial 

vaccme. 

5 




OH O~ 
BnO 

BnO Br~ 
NaH/Nal BnO SEt 

SEt THFBnO 
OBn

OBn 

3 4 

Scheme 4 

Besides that, Singh et al. (2006) was stated that etherification process consists of 

two steps. Acetyl chloride and acetone (30°C) were used in the first step of the reaction. 

Then, the second step was done using methyl iodide or phenyl methyl bromide with 

acetone and dimethyl sulfoxide (DMSO) in a ratio of 4: 1 respectively at 30°C. The yield 

obtained from this reaction is 74%. This reaction is one of the steps in the synthesis of 

tetramic acid. Tetramic acid derivatives exhibit a wide range of biological activities 

including antibiotic, antiviral, antifungal, cytotoxic and enzyme inhibitory activities 

against bacterial DNA-directed RNA polymerases. 

23 Synthesized Chalcone 

Chalcone can be synthesized in laboratory using a standard method between 

acetophenone and benzaldehyde in the presence of base. The reaction is known as aldol 

condensation reaction (Tanaka and Toda, 2000). The reaction is more efficient in the 

absence of solvent than in solution because it is difficult to remove the solvent. In this 

reaction, benzaldehyde, acetophenone and sodium hydroxide (NaOH) were used and 

6 




done at room temperature. The mixture was grounded by pestle and mortar for 5 minutes 

and turned to a pale yellow solid. Water was added to the solid and the mixture was 

filtered to give chalcone in 97% yield. However, the reaction will only produce 11 % 

yield if it was performed in 50% ofaqueous ethanol. 

According to Ravindrachady et al. (2004), Claisen-Schmidt condensation reaction 

method was used to synthesize chalcone derivative. The reaction is between substituted 

benzaldehyde and substituted acetophenone in the presence of KOH to produce 

compound 5 (Scheme 5). The yield obtained from the synthesis is significantly high 

compared to the inorganic optical material. Then the compound was characterized to find 

its solubility by measuring the compound in acetone and dimethyl formamide (DMF) 

solvent. 

o 

5 
Scheme 5 

Another research of chalcone synthesis using the same reaction was proposed by 

Sivakumar et al. in 2006. The research shows the synthesis was carried out using 10 

mmol of aldehyde derivative and 10 mmol of acetaphenone derivative. These two 

compounds were added and stirred in 10 ml of methanol at room temperature. The pale 

yellowish precipitates appeared after 2M ofNaOH was added to the mixture under rapid 

7 




stirring (Scheme 6). The aldehyde derivatives and acetophenone derivatives were used to 

synthesize twenty-five chalcones (6) to test whether these compound contain 

antimycobacterial agent. The resulting compounds were tested for antitubercular activity. 

The yield obtained from this research was more than 80%. 

0 R1 o R50 
R2 

2MNaOH~H + if .. 
R3MeOH 

3 hrs 

Scheme 6 

Besides that, there is also a study by Rondon et. al. (2006) in synthesizing 

chalcone through Claisen-Schmidt condensation reaction by sonochemical and thermally 

activated reactions over a new type of zeolite as catalyst (Scheme 7). The catalyst was 

prepared by grafting amino groups on sodium and cesium exchange X zeolite. This 

reaction was a solvent-free procedure and the chalcone was produced in a very high yield 

(more than 95%). 

R6 

R7 

R4 
6 

oo 

H~ basic~c\) +ll) zeolite 

Scheme 7 

o 
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2.4 Biological Activity of Chalcone 

Based on the previous research, chalcone and its derivatives were shown many 

phannacological properties such as antitubercular and anti-inflammatory properties. 

Sivakumar et al. (2006) was stated that chalcones were synthesized for antimycobacterial 

agent and the resulting compounds were tested for antitubercular activity. Besides that, 

chalcone derivatives were also been tested for anti-inflammatory effect in mouse 

peritoneal macrophages (Herencia, et al., 1999) and for antimutagenic effect on the 

activity ofquinoline and other heterocyclic amine mutagens (Edenharder, et al., 1993). 

In addition, the studies of chalcone have shown that chalcone has properties that 

can inhibit the proliferation of human breast cancer cell by blocking the cell cycle 

progression and inducing apoptosis (Hsu, et al., 2006). According to Niu et al. (2006), 

chalcone derivatives namely 4-N.N-dimethylamino-4 methylacryloylamino chalcone 

(OMe), can be used as a fluorescence sensor for determining water content in organic 

solvents. 
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CHAPTER 3 


MATERIALS AND METHODS 


3.1 Preparation of cbalcone derivatives using strategy 1 

3.1.1 Synthesis of 1-(4-bydroxy-pbenyl)-3-pbenyl-propenone (7) 

HO 

7 

25g of potassium hydroxide (KOH) was dissolved in 300ml of95% ethanol. The 

mixture was stirred until all the KOH dissolved. 4-hydroxyacetophenone (0.1 mol, 13.6g) 

and benzaldehyde (0.1 mol, 1O.2ml) were added into the mixture. The mixture was stirred 

for overnight in an ice bath. 8M of hydrochloric acid (HCI) was added dropwise until 

neutral conditions occur. This condition was tested using pH paper. The neutral condition 

can also be detected when a yellow precipitates formed. The precipitates were filtered 

and washed using distilled water. The product was recrystallized in hot ethanol. The 

crystal product was then filtered and air dried . The yield of the compound 7 is 33%. m.p 

178.0- 179.5 DC. Rr0.24. Ethyl acetate: petroleum ether (1:5). IR Vrnax: 1646 cm-I (C=C), 

3134 cm-I (OH) 1222 (C-O). IH NMR (CDCb, 500 MHz): 0 (ppm) 6.7 (1H in ethylenic 

-CH=CH-C(=O)-,d), 7.8 (lH in ethylenic -CH=CH-C(=O)-,d), 6.9-8.1 (9H in aromatic 
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group). I3C NMRo (ppm): 188.1, 162.8, 143.7, 136.1,132.0,131.8,130.9,129.6,129.2, 

122.8, 116.4, and 116.1 

3.1.2 General procedure of etherification process 

A mixture of 1-(4-hydroxy-phenyl)-3-phenyl-propenone I-bromoalkyl (C6, C7, 

C8 or C9), potassium carbonate (K2C03) and tetra-n-butyl ammonium iodide (TBAI) in 

methyl edlyl ketone (MEK) was heated and reflux for overnight. The mixture was then 

cooled to room temperature, filtered and washed using dichloromethane (DCM). The 

workup was done using distilled water in separating funnel and DCM to extract the 

organic layer. The organic layer was dried, filtered and concentrated under reduced 

pressure in a rotorvapour. Pure products were obtained from recrystallization and by 

column chromatography. 

3.1.2.1 Etherification of 1-(4-hydroxy-phenyl)-3-phenyl-propenone with 

bromohexane (8) 

8 

A mixture of tetra-n-butyl ammODlum iodide (0.003mol, 1.1Ig), potassium 

carbonate (0.036mol, 4.98g) and 4-hydroxyachalcone (0.03mol, 6.72g) were put into a 

tri-neck roWld bottom flask. 60 ml of methyl ethyl ketone (MEK) was added into the 

mixture as the solvent. 0.036 mol of bromohexane (S.OSml) was further added into the 
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mixture. The mixture was heated overnight, and was cooled to room temperature. The 

worked up was done according to the general procedure and give yield of the compound 

8 of59010. m.p 66.9- 67.7 °C. Rr 0.74. Ethyl acetate: petroleum ether (1 :8). IR Vrnax : 1656 

cm-' (C=C), 2950 cm-' (C-H stretch), 1258 (C-O). IH NMR (CDCh, 500 MHz): 0 (ppm) 

6.9 (IH in ethylenic -CH=CH-C(=O)-,d), 8.0 (l H in ethylenic -CH=CH-C(=O)-,d), 6.9

8.0 (9H in aromatic group). 13C NMR 0 (ppm): 188.6, 163.0, 143.8, 135.0, 130.8, 130.2, 

128.8,128.3, 12L.7, 114.1,68.2,31.7,29.2,29.1,29.0,25.9,22.6 and 14.0 

3.1.2.2 Etherification of 1-(4-hydroxy-pheny 1)-3-phenyl-propenone with 

bromoheptane (9) 

9 

A mixture of tetra-n-butyl ammonium iodide (0.003 mol, 1.llg), potassium 

carbonate (0.036mol, 4.98g) and 4-hydroxyachalcone (O.03mol, 6.72g) were put into a 

tri-neck round bottom flask. Methyl ethyl ketone (60ml) and bromoheptane (0.036mol, 

5.66ml) were added into the mixture. The mixture was heated overnight, and was cooled 

to room temperature. The worked up was done according to the general procedure and 

give yield of the compound 9 of 47%. m.p 76.3- 77.4 °C. Rr 0.68. Ethyl acetate: 

petroleum ether (l :6). IR Vrnax : 1656 cm-I (C=C), 2922 cm- I (C-H stretch), 1257 (C-O). 

'H NMR (CDCh, 500 MHz): 0 (ppm) 6.9 (lH in ethylenic -CH=CH-C(=O)-,d), 8.0 (lH 

12 




in ethylenic -CH=CH-C(=O)-,d), 6.9-8.1 (9H in aromatic group). 13C NMR 0 (ppm): 

188.6, 163.0, 143.8, 135.0, 130.7, 130.5, 130.2, 128.8, 128.3, 121.8, 114.2, 68.2, 31.7, 

29.0,28.9,29.0,25.9,22.5 and 14.0 

3.1.23 Etherification of 1-(4-hydroxy-phenyl)-3-phenyl-propenone with 

bromooctane (10) 

10 

A mixture of tetra-n-butyl ammODlum iodide (0.003mol, 1.11g), potassium 

carbonate (0.036mol, 4.98g) and 4-hydroxyachalcone (0.03mol, 6.72g) were put into a 

tri-neck round bottom flask. 60 ml of methyl ethyl ketone (MEK) was added into the 

mixture as the solvent and 0.036 mol of bromo octane (6.24ml) was further added into the 

mixture. The mixture was heated overnight, and was cooled to room temperature. The 

worked up was done according to the general procedure and give yield of the compound 

10 of60%. m.p 77.2- 78.3°C. Rf 0.69. Ethyl acetate: petroleum ether (1 :8). IR Vrnax: 1654 

cm-' (C=C), 2921 cm-I (C-H stretch), 1222 (C-O). lH NMR (CDCh, 500 MHz): 0 (ppm) 

6.9 (lH in ethylenic - CH=CH-C(=O)-,d), 8.0 (lH in ethylenic -CH=CH-C(=O)-,d), 6.9

8.0 (9H in aromatic group). J3C NMR 0 (ppm): 188.7, 163.0, 143.8, 135.0, 130.7, 130.2, 

128.8, 128.3, 121.9, 114.2,68.2,31.7,29.2,29.1,29.0,25.9,22.6 and 14.0 
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3.1.2.4 Etherification of 1-(4-hydroxy-phenyl)-3-phenyl-propenone with 

bromononane (11) 

11 

Tetra-n-butyl ammonium iodide (0.003 mol, 1.11g), potassium carbonate 

(O.036mol, 4.98g) and 4-hydroxychalcone (0.03mol, 6.72g) were calculated and put into 

a tri-neck round bottom flask. The mixture was dissolved into the 60 ml of methyl ethyl 

ketone (MEK). Bromononane (0.036mol, 6.85ml) was further added into the mixture. 

The mixture was heated overnight, and was cooled to room temperature. The worked up 

was done according to the general procedure and give yield of the compound 11 68%. 

m.p 85.2- 86.6°C. Rr 0.82. Ethyl acetate: petroleum ether (1 :6). IR Vrnax : 1656 em-I 

(C=C), 2937 em-I (C-H stretch), 1224 (C-O). IH NMR (CDCh, 500 MHz): 0 (ppm) 6.9 

(lH in ethylenic -CH=CH-C(=O)-,d), 8.0 (lH in ethylenic -CH=CH-C(=O)-,d), 6.9-8.0 

(9H in aromatic group). I3C NMR 0 (ppm): 188.6, 163.0, 143.7, 135.0, 130.7, 130.2, 

128.8,128.2,121.8,114.2,68.2,29.4,29.3,29.1,29.0, 25.9, 22.6 and 14.0 

3.2 Preparation of chalcone derivatives using strategy 2 

3.2.1 General procedure of etherification process 

A mixture of 4-hydroxyacetophenone, I-bromoalkyl (C6, C7, C8 or C9), 

potassium carbonate (K2C03) and tetra-n-butyl ammonium iodide (TBAI) in methyl ethyl 

one (MEK) was heated and reflux for overnight. The mixture was then cooled to room 
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