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 ABSTRACT 

Caffeic acid (CA, 3, 4-dihydroxycinnamic acid) is one of the most important compound in the 

classification of phenolic acids. The synthesis of alkyl caffeic acid esters can significantly 

improve their function. Caffeic acid esters have reported to have enormous biological 

activities including antimicrobial, antioxidant, anti-cancer and anti-inflammatory. The aim of 

this study was to synthesize and study antibacterial and antioxidant activities of caffeic acid 

esters.  In this study four different caffeic acid esters including methyl, ethyl, propyl and butyl 

caffeate were synthesized using caffeic acid and different alcohols as a substrate and H2SO4 

as a catalyst. Structure elucidations of these compounds were done using spectroscopic 

method FTIR and NMR (1H NMR, 13C NMR, and DEPT 135 NMR). The antibacterial and 

antioxidant activities of the synthesized caffeic acid esters were screened. Butyl caffeate was 

shown to have strong activity, with zone of inhibition of 15 mm against S. auras while it 

inhibits growth of bacteria to 10, 14 and 11 mm against P. aeroginosa, E. coli and K. 

pneumonia, respectively. The other caffeic acid esters namely, methyl caffeate, ethyl caffeate, 

propyl caffeate had showed good antibacterial activity against P. aeroginosa, E. coli, K. 

pneumonia and S. auras. The synthesized caffeic acid esters were also assessed for their 

antioxidant using DPPH and ferric thiocyanate methods. Butyl caffeate 22, propyl caffeate 

19, ethyl caffeate 23 and methyl caffeate 17 significantly scavenged the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) by 92.0%, 91.3%, 89.9% and 89.7 % respectively at 100 µg/mL. It 

was also shown that methyl caffeate 17, ethyl caffeate 23, propyl caffeate 19 and butyl 

caffeate 22 inhibit peroxide formation by 68.4%, 71.7%, 74.7%, and 81.5%, respectively. The 

present findings showed that the antioxidant activities increase with the chain of the alcohol 

portion. The same trend was also observed for the antibacterial activity.  

Key words: Antibacterial activity, antioxidant activity, caffeic acid, caffeic acid esters.    
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1. INTRODUCTION 
1.1. Background  

Caffeic acid occurs naturally in a wide range of plants, free and in various combined forms 

[1]. Caffeic acid is constituents of numerous species, including Umbelliferae, Cruciferae, 

Cucurbitaceae, Polygonaceae, Theaceae, Compositae, Labiatae, Solanaceae, Leguminosae,  

Saxifragaceae, Caprifoliaceae and Valerianaceae [2]. 

Caffeic acid 1 (CA, 3, 4-dihydroxycinnamic acid) is one of the most important compound in 

the classification of phenolic acids. It has several pharmacological functions, such as 

antioxidant, anti-inflammatory, antibacterial and immunemodulatory [3–6]. The two 

hydroxyl groups of CA significantly contributed to the unique antioxidant properties [7]. 

Interestingly, some studies reported that CA acts as an anti-tumor agent [8]. CA exhibits low 

solubility and stability in various solvent systems, thus it is necessary to enhance its practical 

applicability by improving its solubility [9]. The strategy of esterification of hydrophilic CA 

with lipophilic molecules, such as aliphatic alcohols, could be employed to alter its solubility 

in hydrophobic media [10, 11]. In addition, the synthesis of alkyl esters can significantly 

improve their function. For example, it was found that alkyl esters of CA have a higher 

antioxidant activity and lipophilicity than CA to protect neuronal PC12 cells against oxidative 

stress [12]. The immense biological activities reported in the literature by caffeic acid esters 

make them a good prospect to further synthesis and explore their antibacterial using disk 

diffusion method and antioxidant activities using DPPH assay and ferric thiocyanate method. 

 

OH

OH

O

HO

1                     

OH

OH

O

RO

caffeic acid ester   

 

  

Figure 1. Chemical structure of caffeic acid and its esters 
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1.2. Statement of the Problem 

Due to the increasing number of multi-drug resistant microbial pathogens, the treatment of 

infectious disease has become a challenging problem in the hospital and community.  There 

are various methods for spread antibiotic resistance, these are included releasing large 

quantities of antibiotics into the environment through pharmaceutical manufacturing, during 

wastewater treatment, and presence of antibacterial in soaps and other products contribute to 

antibiotic resistance [13]. Furthermore, oxidative stress produces free radicals, which are 

highly reactive compounds that cause serious diseases, such as, Alzheimer’s disease (AD), 

inflammatory conditions, metabolic disorders, cellular aging, reperfusion damage, and 

cancer. Anti-oxidant agents are used to prevent the formation of or neutralize free radicals 

and repair the cell damage caused. Therefore, it is important to find new classes of antibiotics 

and anti-oxidant agents with broad spectrum activity and different modes of action to combat 

drug resistant pathogens and free radicals. 

Caffeic acid is a phenolic compound classified as hydroxycinnamic acid. The synthesis of 

alkyl esters can significantly improve their function. It was found that alkyl esters of CA have 

a higher antioxidant activity and lipophilicity than CA to protect neuronal PC12 cells against 

oxidative stress [12]. Caffeic acid esters have variety of biological activities including 

antioxidant, anti-inflammatory, antibacterial, anti-cancer activities. The anti-inflammatory 

activity increases with length of the alkyl ester chain in the compounds [14]. Due to these 

variety application, synthesis of caffeic acid ester is important. To the best of my knowledge 

there is limited scientific report on the antibacterial and ant-oxidant activities of caffeic acid 

esters. This research project was therefore designed to synthesize some alkyl caffeic acid 

esters using caffeic acid and alcohol using the readily available sulfuric acid as a catalyst. 

Antibacterial and antioxidant activities of the synthesized caffeic acid esters were evaluated.   

1.3. Objectives of the Study 

1.3.1. Main objective 

The main objective of this study was to synthesize and study antibacterial and antioxidant 

activities of caffeic acid esters. 

1.3.2. Specific objectives 

 To synthesize caffeic acid esters using caffeic acid as a substrate. 

 To characterize the synthesized caffeic acid esters by NMR,  and FT-IR 
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 To test the antibacterial activities of caffeic acid esters using agar diffusion method 

against one Gram positive strain (Staphylococcus aureus) and three Gram-negative 

strains (Escherichia coli, Pseudomonas aeroginosa and Klebsiella pneumoniae). 

 To evaluate the antioxidant activities of the synthesized caffeic acid esters using 

DPPH assay and ferric thiocyanate method. 

1.4. Significance of the Study  

Our interest in caffeic acid esters stems from the fact that they have several pharmacological 

functions including anti-inflammatory, antioxidant, antibacterial, immunemodulatory, 

anticancer, antifungal activities. It is expected that this work  will contribute to a better 

understanding of  the  effects  of  the  modification  of  the  alkyl  ester  side  chain  length  in  

the antimicrobial and antioxidant activities  of  the  compounds. Caffeic acid esters that were 

synthesized in this work may give compounds with pronounced antibacterial and antioxidant 

activities. 
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2. LITERATURE REVIEW 

2.1. Synthesis of Caffeic Acid Esters  

 Caffeic acid esters have been synthesized in different methods. As caffeic acid ester caffeic 

acid phenethyl ester and also other caffeic acid esters were synthesized by the following 

methods. 

2.1.1. Caffeic acid as a substrate for synthesis of caffeic acid esters 

2.1.1.1. Catalyst for directly catalyzing the production of caffeic acid esters from caffeic 

acid and alcohol 

 Caffeic acid phenethyl esters (CAPE) were synthesized using caffeic acid 1 and phenethyl 

alcohol 2 in the presence of a catalyst [15] (Scheme 1). 

OH

OH

O

HO
+

HO

HO

HO

O

O
catalyst

1 32

  

Scheme 1.The direct catalysis of CA and alcohol to synthesize CAPE 

For the synthesis of CAPE, different scholars used different catalysts which are briefly 

described as follows.  

 (1) The caffeic acid, SOCl2 and phenethyl alcohol were added in nitrobenzene solution, then 

mixed equimolarly, heated for 2 h, using the ether/hexane column to separate for CAPE with 

60% yield [15]; 

 (2) p-Toluene sulfonic acid was used as the catalyst to synthesized caffeic acid esters. 

Caffeic acid and phenethyl alcohol in benzene was heated with the reflux reaction for 3–4 

days, then the chromatography was used for separation of CAPE with 40% yield [16];  

(3) The caffeic acid, dicyclohexylcarbodiimide (DCC) and dimethylaminopyridine (DMAP) 

were added to THF/CH2Cl2 (1:1) mixed solution, and stirred at room temperature. Then 

phenethyl alcohol was dropped slowly. The progress of the reaction was monitored using 

TLC. The ethyl ether/n-hexane column was used to obtain pure product with 46% yield [16]. 
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2.1.1.2. The acyl chloride method 

Caffeic acid 1 with an excess of SOCl2 reacted at refluxing temperature, then the unreacted 

SOCl2 was removed with vacuum distillation, getting solid intermediate which was acyl 

chloride 4. At room temperature, the mixed solution of phenethyl alcohol, pyridine and 

nitrobenzene were added, reacting for 1 h. The CH2Cl2/n-hexane column was used to obtain 

pure product with 50%–86% yield [17] (Scheme 2). 

OH

O

HO

HO

+ SOCl2
Cl

O

HO

HO

OH

Pyridine

CAPE

1
4

2

3

 

Scheme 2. Synthesis of CAPE from acyl halide 

2.1.1.3. The reaction of caffeic acid and halo hydrocarbons 

The reaction of caffeic acid 1 and β-phenyl ethyl bromide 5, of which the specific process 

was caffeic acid and sodium hydroxide, were dissolved into hexamethylphosphoramide 

(HMPA). 1 h after mixing, the mixed solution of β-phenyl ethyl bromide 5 and HMPA was 

added. At room temperature, the ethyl ether/cyclohexane column was used to obtain pure 

product with 70% yield (Scheme 3) [16]. 

OH

O

HO

HO

+

Br

CAPE
1h

NaOH/HMPA

HMPA

1

5

3

 

Scheme 3. Synthesis of CAPE from halogen substituted hydrocarbon 

2.1.2. 3,4-Dihydroxy benzaldehyde as a substrate for synthesis of caffeic 

acid esters 

2.1.2.1. Wittig reaction 

Tri-phenyl phosphine acid phenethyl alcohol ester chloride 7 and 3,4-dihydroxy 

benzaldehyde 6 were dissolved into the mixed solution of CHCl3 and 1,4-dioxane. The 

K2CO3 was stirred into it. After ultrasound, TLC was used to track response. The reaction 
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liquid was distillated. The n-hexane/acetic ether column was used to obtain pure product with 

71% yield [17].  

3,4-dihydroxy benzaldehyde 6 and phosphonate ester 7 could also generate CAPE under base 

catalysis [18] (Scheme 4). 

HO

HO

H

O Ph3P
O

Ph

O

Cl
ultrasonic/K2CO3

CHCl3-dioxane
+ CAPE

6
7

3

 

Scheme 4. The scheme of Witting reaction 

2.1. 2.2. Malonic acid monoester method 

Malonic acid monoester method is another convenient method for the synthesis of caffeic acid 

esters (Scheme 5).  Using Wakasugi method, [19] the malonate di-esters were prepared. The 

malonic acid mono-esters were obtained by saponification of the malonate di-esters with one 

equivalent of potassium hydroxide. Finally, the caffeic acid esters were prepared by 

condensation reaction [20] (Scheme 5).  

O

OH

O

HO
+ 2ROH

Tolune

DPAT RO

O

OR

O KOH

<10oC

H+/H2O

5oC

O

OH

O

RO

N

CHHO

HO

NH
or

OR

O

8 9
10

6

11

heptane

R=

N
H2

+

S

O

O

-O F

F
F

Diphenyl ammonium triflate

DPAT=

O

   

Scheme 5. Synthesis of caffeic acid esters from malonic acid monoester  

Researchers synthesized CAPE using toluene as solvent, catalyst DPAT catalysed malonic 

acid and esterified for malonic acid diester 12. It reacted equimolarly with KOH for malonic 

acid monoester. The malonic acid monoester 13 was obtained by acidification, then 
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condensated for CAPE with 3,4-dihydroxy benzaldehyde by Knoevenagel-Doebner [21] 

(Scheme 6). 

HO OH

O O OH

O O
DPAT/Tolune

80oC

O O

(C2H2)2Ph

H/H2O
Ph(CH2)2

O OH

O O

+
H

O

HO

HO

Knoevenagel-Doebner

Ph(C2H2)2

+ 2

8 2
12

13 6
3

CAPE

KOH/EtOH

 

Scheme 6. Synthesis of CAPE from malonic acid monoester. 

2.1.2.3. One pot method 

Researchers synthesized CAPE 3 using toluene as solvent, isopropylidene malonate 14 and 

phenethyl alcohol 2. After a period of time, 3,4-dihydroxy benzaldehyde 6 and pyridine were 

added, stirred until dissolved. Then, piperidine was added. TLC was used to track response. 

The solvent was evaporated after reacting. The ethyl ether was added after the residual liquid 

cooling, stirred until dissolved. Dilute hydrochloric acid and water were used to wash it. The 

ethyl ether layer was collected, dried by anhydrous MgSO4 overnight. After filtering, ethyl 

ether was evaporated. The toluene was used to recrystallize it to obtain pure products, yield 

was 68.9% [22] (Scheme 7).  

O

OO

O

CHOHO

HO
+

+

HO

Solvent / catalyst

TLC
CAPE

6 14 2

3

 

Scheme 7. Scheme showing one pot synthesis of CAPE 

2.1.3. Biosynthetic method 

2.1.3.1. Chlorogenic acid hydrolase catalyzed synthesis 

During the study of the reaction system of chlorogenic acid, phenethyl alcohol, β-phenyl 

ethyl bromide and chlorogenic acid hydrolase,  Kishimoto et al found that chlorogenic acid 

hydrolase could hydrolyze chlorogenic acid 15 into caffeic acid 1 and quinic acid 16. 

Chlorogenic acid hydrolase had the activity of transesterification, and could catalyze 
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chlorogenic acid, benzyl alcohol, and β-phenyl ethyl bromide into CAPE. At the same time, 

the reaction system (Scheme 8–11) had also occurred in the substitution reaction of bromine, 

and catalyzed caffeic acid, β-phenyl ethyl bromide and water into CAPE [23]. 

During the system, the optimum pH of enzyme catalytic hydrolysis was neutral (pH 6.5), 

while the optimum pH of the catalytic transesterification and esterification was acid (pH 3–

4). The optimum mass fraction of phenethyl alcohol and β-phenyl ethyl bromide was 5%–

70%. Under this condition, the enzyme at 40 °C catalytic transesterification reaction of 4 h 

gave a maximum molar conversion rate of 50%, while the maximum molar catalytic 

esterification gave a conversion rate of 13%. 

HO

HO O

O

OH

OH
HOOC

HO

+ H2O
Enzyme catalyzed Hydrolysis

OH

OH

O

HO

caffeic acid

OH

OH

OH
OH

HOOC
+

15

1 16

Scheme 8. The reaction of enzyme catalytic hydrolysis 

HO

HO O

O

OH
OH

HOOC

HO

+

15

HO enzyme catalyzed transesterifiction + 16

2

CAPE

3

 

Scheme 9. The reaction of enzyme catalytic transesterification 

HO

HO O

O

OH
OH

HOOC

HO

+

15

Br
enzyme catalyzed transesterification + 16

5

H2O HBr+ CAPE +

3

 

Scheme 10. The reaction of enzyme catalytic reaction  
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OH

OH

O

HO

1

HO

Br

2

5

+
enzyme catalytic esterficatin

CAPE

3

 

Scheme 11. The reaction of enzyme catalytic esterification. 

2.1.3.2. Lipase-catalyzed synthesis via transesterification 

 Pang et al synthesized propyl caffeate using lipase-catalyzed transesterification in ionic 

liquid. The transesterification reaction was performed in a 5 mL screwcapped vial at a certain 

temperature for 38 h with a constant stirring speed of 120 rpm. Methyl caffeate 17 was 

dissolved into 1 mL ionic liquid. The reaction was initiated by adding immobilized lipase and 

1-propanol. The maximum propyl caffeate 19 yield of 98.5% was obtained using lipase-

catalyzed transesterification under the following optimal conditions: Novozym 435 as a 

biocatalyst, [Bmim] [CF3SO3] as a medium, a molar ratio of methyl caffeate to 1-propanol of 

1:5, a mass ratio of methyl caffeate to lipase of 1:20, and a reaction temperature of 60oC 

(Scheme 12). The two-step conversion of caffeic acid to propyl caffeate via methyl caffeate 

is an efficient way to prepare propyl caffeate with an overall yield of 82.7% [24]. 

OH

OH

O

O [Bmim][CF3SO3]HO

Novozym 435

+

HO

HO

O

O

(98.5%)
17 18 19  

Scheme 12. Synthesis of propyl caffeate via transesterification 

Stevenson et al reported, candida Antarctica lipase B (Novozym435) had the scope to 

generate CAPE by catalytic esterification of caffeic acid and phenethyl alcohol [25]. 

Accordingly, 0.5 mmol caffeic acid and 0.5 mmol phenethyl alcohol were added into the 

solvent of tertbutyl alcohol (2 mL tert-butyl alcohol + 0.2% BHT), and reacted for 500 h. 

Maximum conversion rate of CAPE was 40%. The esterification reaction could generate 

water, and the enzymatic reaction was inhibited, so the reaction needed molecular sieve 

added to remove water. 
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Widjaja et al optimized conditions of the generation system to catalyze caffeic acid and 

phenethyl alcohol into CAPE by Novozym 435 [26]. The results showed that although caffeic 

acid had low solubility in nonpolar solvents, its conversion rate in nonpolar solvents was 

much higher than that in polar solvents. When the reacting temperature was 70 °C, caffeic 

acid had high solubility, and the conversion rate was improved. The optimum molar ratio of 

caffeic acid and phenethyl alcohol was 1:92. The increase of phenethyl alcohol content could 

cause the enzyme to be inactivated. The optimum molar ratio of caffeic acid and enzyme was 

1:15. The conversion of the esterification reaction within 48 h rate was 100%. Reaction did 

not need stirring; 50 r/ min was sufficient to allow the substrate to mix. The reaction without 

stirring could make the stability of enzyme better, but the conversion rate was usually less 

than 90%. 

2.2. Biological Activities of Caffeic Acid Esters 

2.2.1. Anti-oxidant activity 

Phenolic acid compounds are known to be potent antioxidants, in great part by their radical 

scavenging activity, although other mechanisms are likely to be involved. Caffeic acid is a 

non-vitamin phenolic compound, which is largely found in food plants (fruits, vegetables, 

wine, olive oil, among others) and is therefore present in human plasma in a diet dependent 

concentration [27]. 

Jayaprakasam and co-workers synthesized a series of caffeic acid analogues with variable 

alkyl chain lengths. The antioxidant activity of these compounds was measured by the lipid 

peroxidation assay. In the lipophilic medium used for this test, the more lipophilic, long-chain 

alkyl esters (C16–C22) were the most potent antioxidants. Compounds with medium alkyl 

chain length (C4–C8) were less active (<20% inhibition) compared to caffeic acid (>80% 

inhibition) [28]. To further assess the structural parameters related to antioxidant activity, 

Silva and co-workers synthesized three alkyl (methyl, ethyl, and propyl) derivatives of caffeic 

and dihydrocaffeic acids. The radical scavenging activity of both classes of molecules was 

evaluated with the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. With the exception of 

caffeic acid, most of the tested compounds, including dihydroxycaffeic acid, showed better 

radical scavenging than α-tocopherol, a reference compound. The ethylene moiety didn’t 

influence radical scavenging activity since dihydrocaffeic acid was more potent than caffeic 

acid. Increasing the alkyl chain length in a modest fashion, from methyl to propyl, has no 

significant effect on radical scavenging activity [29]. 
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Using a Knoevenagel condensation, Zhang and co-workers synthesized a caffeic acid 

derivative, namely caffeic acid 3,4-dihydroxyphenethy ester 20, in high yield. Radical 

scavenging activity was evaluated with the DPPH assay and it appears that the 3,4-

dihydroxyphenethylester analogue shows radical scavenging activity [30].  Caffeic acid is 

prone to oxidative dimerization [31]. 

HO

HO

O

O

OH

OH

20  

Figure 2. Chemical structure of caffeic acid 3,4 dihydroxyphenethyl ester 

CAPE presents antioxidant properties, similar to those observed for caffeic acid, being able to 

inhibit lipid peroxidation and xantine oxidase activity, as well as to scavenge superoxide 

anion and DPPH radicals [32].  

 2.2.2. Anti-inflammatory activity  

Caffeic acid has been shown to possess anti-inflammatory properties, since it inhibits 5- and 

12 lipooxygenase activity, [33] in addition to inhibiting PKC, PKA and NF-kB activation 

induced by ceramides in U937 cells [34]. These anti-inflammatory actions extend to some of 

the caffeic acid derivatives.  

In fact, several studies have indicated that caffeic acid phenetyl ester (CAPE), a caffeic acid 

derivative originally isolated from the honeybee propolis, is able to specifically and potently 

inhibit NF-kB activation in U937 cells [35]. Furthermore, CAPE is effective in suppressing 

5-LOX activity [36]. As well as TPA-induced PGE2 production in human oral epithelial cells 

[37]. Incubation of RAW macrophages with this caffeic acid derivative inhibits LPS-induced 

iNOS expression [38].  Finally, in a rat model of vascular injury, the administration of CAPE 

diminishes COX-2 expression, NF-kB activation, and restenosis [39].  

 Da Cunha et al. analyzed the effects of caffeic acid butyl and octyl ester as well as CAPE on 

LPS-induced iNOS expression in RAW macrophages. CAPE as well as butyl and octyl 

derivatives were able to attenuate LPS-induced iNOS expression in RAW cells, this being the 

third proposed mechanism that could be involved in the decrease of nitrite levels detected in 

LPS stimulated RAW 264.7 cells treated with these caffeic acid derivatives and suggested 
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that elongation of the alkyl side chain of the alcoholic part of esters enhances the NO 

inhibitory activity of the caffeic acid derivatives [14].  

OH

OHO

O

21          3

HO

HO

O

O

  

OH

OHO

O

22  

Figure 3.  Anti-inflammatory activities of some caffeic acid esters 

2.2.3. Antibacterial activity 

In particular, for the series of alkyl caffeates, it is relevant to note that these molecules 

possess a head-and-tail structure, similar to an amphiphile. Amphiphiles are molecules with 

two parts: they have a water-loving part (hydrophilic) and a water-hating part (hydrophobic), 

usually a long-chain alkyl group [40]. In this case, the amphiphile of caffeic acid esters is 

associated with the presence of the two groups: the phenolic groups (hydrophilic moiety) and 

the alkyl side chain (lipophilic tail) [41]. This is actually the case for several phenolic acid 

esters, which has already mentioned, display a parabolic antimicrobial activity as function of 

their lipophilicity. This biological behavior could thereby be correlated with the cutoff 

phenomenon, very distinctive of amphiphilic substances: antimicrobial properties of 

amphiphiles tend to increase with increasing alkyl chain length; however, increasing their 

length decreases the solubility of amphiphiles in aqueous media, lowering their biological 

activity levels. This phenomenon is known as the cutoff effect due to insolubility [42] and is 

believed to explain, in part, the parabolic antimicrobial activity of such compounds. 
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Figure 4.  Anti-bacterial activities of some caffeic acid esters 

Table 1. Minimum inhibitory concentration and minimum bactericidal concentration of caffeic acid 

and its alkyl ester derivatives against Staphylococcus aureus and Escherichia coli [43]. 

OH

OH

O

RO

 

                                                         

 

R 

S. aureus E. coli 

MIC(mM) MBC(mM) MIC(mM) MBC(mM) 

Caffeic acid H 19.5 32.5 39 39 

Caffeic acid esters C2H5 0.4 6.5 0.4 13 

C4H9 1.6 3.25 0.4 3.25 

C6H13 0.4 0.6 0.15 >13 

C8H17 0.1 0.1 0.1 >19.5 

C10H21 0.1 0.15 0.1 >19.5 

 

Bacterial susceptibility of S. aureus and E.  coli  was  assessed  by  MIC  and  MBC 

determination  and it was concluded that all  of the compounds tested (caffeic acid and caffeic 

acid alkyl ester homologous  series) presented antimicrobial activity, even though caffeic acid 

led to MIC values that exceeded, in both bacteria, the acceptable range for a phytochemical to 

be considered an antimicrobial. It was also concluded that there was a very clear tendency for 



14 
 

increasing antimicrobial activity (i.e., for decreasing MIC values) with increasing length of 

the alkyl ester chain in the compounds [43] (Table 1). 

2.2.4. Anticancer activity  

Cancer is one of the world’s major risks to human health. Epidemiological studies had shown 

that eating a variety of rich vegetables, fruit and other natural foods, could significantly 

reduce the risk of cancer in humans [44], partly because natural foods contained esters, such 

as CAPE or benzene ester, which could inhibit certain types of cancer cell growth and 

selectivity [45]. CAPE was subsequently considered to be a potent anticancer component of 

propolis [46], and it was a natural anticancer drug with a good curative effect, and with little 

side effect [47]. CAPE was an earlier confirmed antitumor component against general in vivo 

and in vitro neoplasm models, melanomas, lung and prostate cancers and so on [48]. 

Many studies have demonstrated that phenolic acid compounds function as potent 

antioxidants [49]. Among them, caffeic acid (CA) is a non-vitamin phenolic compound found 

largely in vegetables and fruit. In addition to its antioxidant activity, CA exerts anti-

inflammatory effects in several kinds of cells [50]. Recent studies indicated that caffeic acid 

phenethyl ester (CAPE) 3, a CA derivative naturally isolated from honeybee propolis, also 

exerts its beneficial effects through antioxidant and anti-inflammatory activities [51]. 

Furthermore, it has been demonstrated that CAPE inhibits the proliferation of cancer cells 

and act as a potential anti-cancer agent [52]. 

HO

HO

O

O

3  

Figure 5. Anticancer activity of caffeic acid ester 

Research showed that CAPE in propolis had great impact on melanoma, colorectal and 

gastric cancer cell lines [53]. Hye believed that CAPE played a potential role in inhibiting 

tumor invasion and metastasis. This role was decided by the regulation of matrix 

metalloproteinases (MMPs) in cells [54]. Cell MMPs was a kind of proteolytic enzyme 

dependent on metal ion, playing a key role in the process of proliferation in the extracellular 

matrix. The activity of MMPs was regulated by three factors, which were the level of gene 

transcription, inactive enzyme precursor by proteolysis and activation, and the activity of 
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tissue inhibitor of metalloproteinases (TIMP). CAPE could restrain the expression of cancer 

gene, treating fibrosarcoma by using different doses of CAPE. Researchers found that CAPE 

could significantly inhibit the expression of genes. CAPE handled two P53 tumor mutant cell 

lines which were NCI-H358 and SKOV-3. Lacking type P53 cells could result in caspase-3 

and DNA fracturing. In addition, CAPE could regulate the expression of human glial 

blastoma cell surface antigen GBM-18. The mechanism of CAPE inhibiting tumor included 

induction of apoptosis. CAPE had the specific destruction on tumor cells.  

In 1988, the America scholar Grunberger used viral induced cells transformed as materials, 

and found CAPE with a concentration of 2 μg·mL −1 could effectively inhibit the abnormal 

cell growth. However, for normal mouse cells, even if the concentration of CAPE increased 

five times (10 μg·mL−1), it was not toxic [55]. CAPE exhibited inhibitory effects on the 

motility and invasion of C6 glioma cells when tested with scratch assay and Boyden chamber 

assay. Furthermore, CAPE induced the expression of nerve growth factor and p75 

neurotrophin receptor which were involved in neuroal cell differentiation and inhibited the 

activity of MMPs and induced the expression of RhoB, a tumor suppressor showing CAPE as 

an agent that possessed antitumor progression potential [56]. 

In 1995, Chiao et al extensively explored the role of CAPE in the transformation of cells 

induced by virus, and found CAPE could induce abnormal cell apoptosis, but normal cells 

were not affected [57]. At present, it was acknowledged that the formation of intestinal 

mucosal aberrant crypt foci (ACF) was the key stage of colorectal carcinogenesis. CAPE 

could reduce the formation of ACF of mice induced by carcinogen azoxymethane and the 

formation of the tumor could selectively kill the 26-L5 cancer cell lines with high mobility in 

mouse colon [58]. The EC50 for CAPE to colon cancer 26-L5 cells was 0.15 μmol·L −1, and to 

HeLa cells was 10.7 μmol·L −1 

The effect of CAPE on cholangiocarcinoma (CCH) growth both in vitro and in vivo was also 

studied. It decreased the growth of a number of CCH cells but not of normal cholangiocytes. 

On the other hand, Bax expression was increased whereas Bcl-2 expression was decreased in 

cells treated with CAPE. In BALB/c nude mice implanted subcutaneously with MzChA-1 

cells treated with daily CAPE for 77 days, tumor growth was decreased and tumor latency 

was increased two fold [59]. 
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 Chiang et al found CAPE could significantly inhibit the growth of colorectal tumors in a 

mouse xenograft model. The mechanisms of action included a modulation of PI3-K/Akt, 

AMPK and m-TOR signaling cascades both in vitro and in vivo [60]. 

Concerning various combined studies (both in vivo and in vitro), Chen found the effects of 

CAPE on tumor growth in relation to IL-1β signaling when examined in CE81T (human 

esophageal cancer cells) and CCL-241 cells (human normal intestine cell line) [61]. CAPE 

significantly reduced xenograft tumor growth. 

The effects of CAPE in a breast cancer model, including tumor growth both in vitro and in 

vivo were examined and its effects on the cell cycle, apoptosis, and angiogenesis in the 

hormone receptor negative MDA-231 and hormone receptor positive MCF-7 breast cancer 

cell lines were analyzed [62]. CAPE inhibited MDA-231 and MCF-7 human breast cancer 

cell growth. 
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3. MATERIALTS AND METHODS 

3.1. General 

Purification of the compounds were performed by column chromatography on silica gel (250-

400 mesh size), using solvent gradient Hex: EtOAc confirmed by analytical thin layer 

chromatography on silica gel 60 F254, revealing ultraviolet light at wavelengths (254 nm). The 

synthesized compounds were measured on Spectrum 65 FTIR (PerkinElmer) in the range 

4000-400 cm-1 using KBr pellets. 1H and 13C NMR spectra of compounds were obtained in 

‘Bruker-400’ machines (400 and 100 MHz for 1H and 13C, respectively). Deuterated solvent 

was used DMSO-d6 and CDCl3. Tetramethylsilane (TMS) was used as the internal standard.  

Chemical shifts (δ) were measured in parts per million (ppm) and coupling constants (J) in 

hertz (Hz). Melting point was measured by digital melting point apparatus using capillary 

tube. 

 

3.2. Reagent and Chemicals 

Caffeic acid (>97%) was purchased from alpha chemicals. Methanol (HPLC standard, 

99.9%), ethanol (absolutely anhydrous, 99.9%), butanol (99.5%) and propanol (99.5%) were 

purchased from local market. In this research commercially available sulfuric acid was used 

to activate carboxylic acids for synthesis of caffeic acid esters. Other chemicals like distilled 

water, sodium bicarbonate, n-hexane, ethylacetate, silica gel, 2, 2-dipphenyl-1 picrylhydrazyl 

(DPPH), linoleic acid, ammonium thiocyanate (NH4SCN), ferrous chloride (FeCl2), 

phosphate buffer, dimethyl sulfoxide (DMSO) and hydrochloric acid were used. 

3.3. Apparatus and Instruments 

In this study the following apparatus were used: reflux apparatus, rotary evaporator,   digital 

beam balance, analytical thin layer chromatography (silica gel 60 F254), beaker, separating 

funnel, melting point apparatus, NMR, FT-IR, column chromatography and UV-Vis 

spectrophotometer. 

3.4. General Procedure for the Synthesis of Caffeic Acid Esters 

The caffeic acid esters were synthesised by acid catalysis Fischer esterification following the 

procedure developed by Borges and co-workers [63]. A mixture of caffeic acid (1 g, 5.56 

mmol) and alcohol (50 mL) was heated under reflux in the presence of sulphuric acid (1 mL) 

for 5 h. The completion of the reaction was checked using TLC.  Then, alcohol was partially 
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removed under reduced pressure and the solution was diluted with 20 mL of water. The 

product was extracted with dichloromethane (20 mL x 3). The organic phase was neutralized 

with 5% NaHCO3 and washed with water, dried over anhydrous Na2SO4, and filtered after 30 

min.  After evaporation under reduced pressure, purified by chromatographic column over 

silica gel eluted with a mixture of hexane: ethyl acetate (7:3) with increasing polarity up to 

hexane: ethyl acetate (1:1). The purity was checked by TLC. Lastly the solvent were 

evaporated and the yields in each case were recorded. 

3.4. Biological Activities of Caffeic Acid Esters 

3.4.1. Antibacterial activity 

The in vitro anti-bacterial activity of the synthesized caffeic esters were evaluated using the 

American Test Culture Collection (ATCC) bacterial. Four bacterial strains were obtained 

from Oromia Public Health Research, Capacity Building and Quality Assurance Laboratory 

Center, Adama, Ethiopia. Three gram-negative bacterial strains (E. coli, P. aeroginosa and K. 

pneumoniae) and one Gram-positive strain (S. aureus) human bacterial pathogens were 

selected for the study. Mueller Hinton agar was prepared by using pour plate technique and 

wells were prepared using a sterile cork borer. 10 mg/mL concentration of the synthesized 

compounds in dimethyl sulfoxide (DMSO) was used. A drug-free control was included and 

the values of zone of inhibition (mm) was determined after 24 h of static incubation at 37oC. 

Ceftriaxone was used as a positive control.  

3.4.2. Antioxidant activity 

3.4.2.1 DPPH radical scavenging assay 

The radical scavenging assay of the caffeic acid esters assessed using DPPH according to the 

following procedure [64]: Caffeic acid and caffeic acid esters were dissolved in methanol to 

afford 1 mg/mL. It was serially diluted in methanol to give concentration of 500, 250, 125 

and 62.5 µg/mL. To 1 mL of each concentration, 4 mL DPPH (0.004% DPPH in MeOH) was 

added to make 100, 50, 25, and 12 µg/mL solutions. Then all the samples prepared were 

incubated in an oven at 37°C for 30 min and then absorbance was recorded at 517 nm using a 

UV-Vis spectrophotometer. A reaction solution without DPPH was used as blank and DPPH 

solution as control. Ascorbic acid was used as standard. The percentage inhibition was 

calculated using the following formula: 

% inhibition= [Acontrol –Atest] / Acontrol × 100…………………. (1) 
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       Where, Acontrol is the absorbance of DPPH solution and Atest is the absorbance of the test 

sample (DPPH solution plus sample)         

3.4.2.2. Ferric thiocyanate method 

Each 0.1 mg of each sample, 100 µL of linoleic acid, EtOH (5 mL) and phosphate buffer (5 

mL, 0.05 M, pH = 7) in water were separately added in to a vial and incubated at 40oC in an 

oven. After 24 h, 0.1 mL from each were taken and added in to a vial containing 75% 

aqueous EtOH (7 mL), 30% of NH4SCN (0.15 mL) and 0.15 mL of 0.02M FeCl2 in 3.5% 

HCl. Each was then subjected to UV-Vis spectrophotometer to record absorbance at 500 nm. 

Absorbance of the blank and ascorbic acid were done in the same fashion. The percentage 

inhibition using ferric thiocyanate method is calculated according to the following formula:  

         % inhibition=100 – (As/Ab ×100)…………… (2)            

Where, As is the absorbance of the sample and Ab is the absorbance of the blank. 
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4. RESULTS AND DISCUSSION  
4.1, Synthesis of Caffeic Acid Esters 

Four caffeic acid esters were synthesized using caffeic acid as a substrate and alcohols 

(methanol, ethanol, propanol and butanol) in the presence of sulfuric acid as a catalyst 

(Scheme 13). These caffeic acid esters were methyl caffeate, ethyl caffeate, propyl caffeate 

and butyl caffeate. 

OH

OH

O

HO

1

OH

OH

O

RO

ROH

H2SO4

 

R = CH3 (17), C2H5 (23), C4H9 (22), C3H7 (19) 

Scheme 13.   Synthesis of alkyl caffeic acid esters  

The yield of methyl caffeate, ethyl caffeate, propyl caffeate and butyl caffeate were 56.0%, 

52.2%, 49.2%, 46.2% respectively. The yields are good compared with other methods. For 

instance, Caffeic acid phenethyl esters (CAPE) were synthesized using caffeic acid 1 and 

phenethyl alcohol 2 in the presence of a catalyst thionyl chloride, p-toluene sulfonic acid 

(PTSA) and dicyclohexylcarbodiimide (DCC) with 60%, 40% and 46% yield respectively 

[15,16]. The method used in this study was selected for synthesis of caffeic acid esters, due to 

readily availability of sulfuric acid. 

4.2. Reaction Mechanism 

To drive the equilibrium to make more caffeic acid esters, excess alcohol is added following 

Le Chatelier’s Principle. In addition, an acid catalyst is needed. Its role is to facilitate the 

nucleophilic attack of the alcohol at the carbonyl carbon of the caffeic acid. The tetrahedral 

intermediate formed by the attack of the alcohol can then isomerize by means of proton 

migration, to allow water to behave as a leaving group. Loss of water yields a carbocation 

stabilized by resonance, which need only lose a proton to give the caffeic acid esters, and 

regenerate the acid catalyst. The mechanism of synthesis of these caffeic acid esters were 

depicted in Scheme 14. 
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Scheme 14. Mechanisms of synthesis of caffeic acid esters 

4.3. Characterization of Synthesized Caffeic Acid Esters 

4.3.1. Methyl caffeate (17) 

Compound 17 was synthesized as yellowish solid with 56.0%. It melted 159–162oC which 

agreed with previously reported for the same compound (158-161oC) [65].  

The FTIR spectrum of compound 17 (Table 2, Appendix 1) revealed characteristic peaks at 

2949, 3090 and 1676 cm-1 attributed to the stretching vibration of -C-H, =C-H, C=O  

respectively. The presence of sharp peaks in the FTIR spectrum at 1605 and 1534 shows the 

presence of aromatic carbon double bond. The presence of peaks at 3476 was attributed to 

aromatic hydroxyl oxygen-hydrogen stretching. The characteristic peaks at 1193 indicates the 

presence of C-O stretching which is specifically esters. The spectral data agreed with 

previously reported data [66].  

Table 2:  FTIR spectral data of compound 17  

 

Wavenumber(cm-1) Remark 

3476 Ar-OH 

2949 CSP
3-H 

3090 CSP
2

-H 

1678 C=O 

1605, 1534 C=C (Aromatic) 

1193 C-O 
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The 1H-NMR (400MHz, DMSO-d6) spectrum (Table 3, Appendix 2) of compound 17 

showed the presence of five proton signals in the aromatic and olefinic region and one proton 

signals in aliphatic region.  The protons signal observed at δH 6.23 (1H, d, J = 16 Hz) and δH 

7.44 (1H, d, J =16 Hz) are due to the proton on olefinic carbon oriented trans to one another. 

The remaining peaks observed in aromatic region at δH 7.03 (1H, s, C-6) 6.76 (1H, s, C-8), 

6.94 (1H, s, C-10). Signal observed at δH 3.64 (3H, s, C-1) is characteristics of oxygenated 

methyl groups. Furthermore, Broad signal δH 9.58(2H, br, s) is due to the presence of 

aromatic hydroxyl groups. The chemical shift of OH proton vary over a wide range 

depending on details of sample preparation and substrate structure. The shifts are very 

strongly affected by hydrogen bonding, with strong downfield shifts of H-bonded groups 

compared to free OH groups. Thus OH signals tend to move downfield at higher substrate 

concentration because of increased hydrogen bonding. Herein OH signals move downfield 

due to H-bonding with solvent DMSO [67]. 

Table 3: 1H NMR, 13C NMR and DEPT 135 NMR spectral data of compound 17 

Carbon 

position 1H NMR  (δH in ppm) 

 

Ref. 1H NMR  (δH in 

ppm)[66] 

13C 

NMR(δC 

in ppm) 

Ref.  13C 

NMR(δH in 

ppm)[66] 

DEPT 

135 

NMR Remark 

       

1 3.64 (3H, s) 3.64 (3H, s) 51.9 51.7 51.1  O-CH3 

2 -  168 167.5 - C=O 

3 6.23(1H, d, J =16 Hz) 6.24 (1H, d, J=15.9 Hz) 116.2 116.2 116.2  CH 

4 7.44(1H, d, J=16 Hz) 7.45 (1H, d, J=15.9 Hz) 145.6 145.9 145.6  CH 

5 - - 125.9 125.9 - C( Q) 

6 7.03(1H, s) 7.02 (1H, d, J=1.9 Hz) 114.2 114.1 114.2   CH 

7 - - 148.6 148.9 -   C( Q) 

8 - - 145.8 145.9 - C( Q) 

9 6.76(1H, s) 6.73 (1H, d, J=8.1 Hz) 114.7 115.1 114.7  CH 

10 6.94(1H, s) 6.96 (1H, dd, J=8.1, 1.9 Hz) 122.4 121.9 122.4  CH 

7-OH, 8-OH 9.58(2H, br, s) - -  - Ar-OH 

Q = quaternary, Ref. = reference 

The proton decoupled 13C-NMR (100 MHz, DMSO-d6) spectrum (Appendix 3) of compound 

17 with aid of   DEPT-135 (Appendix 4) showed the presence ten well resolved carbon 
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resonances of which five are due to methine, four are quaternary and the other is due to 

methyl carbon. The signals observed at δC 116.2, 145.6, 114.2, 114.7 and 122 were ascribed 

to C-3, C-4, C-6 C-9, and C-10 respectively. The quaternary carbon observed at δC 126.0, 

148.6, 145.6 (aromatic region) and 168.0 (carbonyl carbon) are accounted to C-5, C-7, C-8 

and C-2 respectively.  The remaining carbon signal observed at δC 51.9 is accounted to C-1. 

The NMR spectral data reported herein is in good agreement with the NMR spectral data 

previously reported for the same compound [66]. Based on the FTIR and NMR spectral data 

the compound fits with methyl caffeate whose structure is shown in Figure 6. 
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Figure 6. Chemical structure of compound 17 (methyl caffeate) 

4.2.2. Ethyl caffeate (23) 

Compound 23 was synthesized as white solid with 52.2% yield. It melted at 149–152oC 

which agreed with previous report for the same compound (149–151oC) [68]. 

The FTIR spectrum of compound 23 (Table 4, Appendix 5) revealed characteristic peaks at 

2986, 3094 and 1668 cm-1 attributed to the stretching vibration of -C-H, =C-H and C=O 

respectively. The presence of sharp peaks in the FTIR spectrum at 1607 and 1534 shows the 

presence of aromatic carbon double bond. The presence of peaks at 3459 was attributed to 

aromatic hydroxyl oxygen-hydrogen stretching. The characteristic strong peaks at 1188 

indicates the presence of C-O stretching which is specifically esters.  Spectral data agreed 

with previously reported data [68]. 

Table 4:  FTIR spectral data of compound 23 

Wavenumber(cm-1) Remark 

3459 Ar-OH 

3094 CSP
2-H 

2986 CSP
3-H 

1668 C=O 

1603, 1534 C=C(Aromatic) 

1188 C-O 
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The 1H-NMR (400MHz, DMSO, d6) spectrum (Table 5, Appendix 6) of compound 23 

showed the presence of five proton signals in the aromatic and olefinic region and two proton 

signals in aliphatic region.  The proton signals observed at δH 6.13 (1H, d, J=16Hz, C-4) and 

7.41 (1H, d, J=16Hz, C-5) are due to the proton on olefinic carbon oriented trans to one 

another. The remaining peaks observed in aromatic region at δH 6.89 (1H, s, C-9), 6.76(1H, d, 

J=8Hz C-10) and 6.80 (1H, d, J=8Hz, C-11). The signals at δH 4.14(2H, q, J=8Hz, C-2) the 

presence of oxygenated methylene group. Signals at δH 1.23(3H, m, C-1) is characteristics of 

terminal methyl groups. Furthermore, Broad signal at δH 8.67 (2H, br, C8,9-OH) is due to the 

presence of aromatic hydroxyl groups. The shifts are very strongly affected by hydrogen 

bonding, with strong downfield shifts of H-bonded groups compared to free OH groups. Thus 

OH signals tend to move downfield at higher substrate concentration because of increased 

hydrogen bonding. Herein OH signals move downfield due to H-bonding with solvent 

DMSO [67]. 

Table 5:  1H NMR, 13C NMR and DEPT 135 NMR spectral data of compound 23 

Carbon 

position 1H NMR (δ in ppm) 

Ref. 1H NMR (δ in 

ppm)[68] 

13C 

NMR (δ 

in ppm) 

Ref.13C 

NMR (δ in 

ppm)[68] 

DEPT 

135 

NMR Remark 

1 1.23(3H, t, J=8Hz) 1.25(3H, t, J=7.3 Hz) 14.4 14.6 14.4 CH3 

2 4.14(2H, q, J=8Hz) 4.17(2H, q, 7.3(Hz) 60.4 60.5 60.4 O-CH2 

 

- - 167.5 167.4 - C(Q) 

4 6.13(1H, d, J=16Hz) 

 

6.27(1H, d, J=16.1Hz) 116.2 

 

116.3 116.2 CH 

5 7.41(1H, d, J=16Hz) 7.53(1H, d, J=16.1Hz) 145.3 145.5 145.3 CH 

6 - - 126.0 127.6 - C(Q) 

7 6.99(1H, s) 7.16(1H, d, 2Hz) 114.5 115.2 114.5 CH 

8 - - 148.5 148.6 - C(Q) 

9 -  -  145.5 145.2 - C(Q) 

10 6.76(1H, d, J=8Hz) 6.87(1H, d, J=7.8Hz)   114.7   115.7 114.7  CH 

11 6.80 (1H, d, J=8Hz)    122.0  122.0 CH 

8,9-OH 8.67(2H, br, s) 8.29(2H, br, s)   -      - Ar-OH  

Q = quaternary, Ref. =reference  

The proton decoupled 13C-NMR (100MHz, DMSO, d6) spectrum (Appendix 7) of compound 

23 with aid of   DEPT-135 (Appendix 8) showed the presence eleven  well resolved carbon 

resonances of which five are due to methine, four are due to quaternary and the others are due 
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to methylene and methyl carbons. The signals at δC 116.2, 145.3 114.5, 114.7 and 122 were 

ascribed to C-4, C-5, C-9, C-10 and C-11 respectively. The quaternary carbon observed at δC 

126, 148.5, 145.7(aromatic region) and 167.5(carbonyl group) are accounted to C-6, C-8, C-9 

and C-3 respectively.  The remaining carbon signals centered at δC 14.5 and 60.4 (oxygenated 

methylene carbon) are accounted to C-1 and C-2 respectively. The NMR spectral data 

reported herein is in good agreement with the NMR spectral data previously reported for the 

same compound [68]. Based on the FTIR and NMR spectral data the compound fits with 

ethyl caffeate whose structure is shown in Figure 7. 
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Figure 7. Chemical structure of compound 23 (ethyl caffeate) 

4.2.3. n-Propyl caffeate (19) 

Compound 19 was synthesized as brawn solid with 49.2%. It melted at 128–1131oC which 

agreed with previously reported the same compound (129-131 oC) [68].  

The  FTIR spectrum of compound 19 (Table 6, Appendix 9) revealed characteristic peaks at 

2923,3038 and 1686 cm-1   attributed  to  the  stretching  vibration  of  -C-H,  =C-H and C=O  

respectively. The presence of sharp peaks in the FTIR spectrum at 1605 and 1534 shows the 

presence of aromatic carbon double bond. The presence of sharp peaks at 3495, 3324 are 

attributed to aromatic hydroxyl oxygen-hydrogen stretching. The characteristic peaks at 1184 

indicates the presence of C-O stretching which is specifically esters. Spectral data are 

expected and agreed with previously reported data [68]. 

Table 6:  FTIR spectral data of compound 19 

Wavenumber(cm-1) Remark 

3495, 3324 Ar-OH 

3038 CSP
2-H 

2923 CSP
3-H 

1686 C=O 

1605, 1534 C=C(Aromatic) 

1184 C-O 



26 
 

The 1H-NMR (400MHz, CDCl3) spectrum (Table 7, Appendix 10) of propyl caffeate 19 

showed the presence of five proton signals in the aromatic and olefinic region and three 

proton signals in aliphatic region.  The proton signals observed at δH 6.21 (1H, d, J=16, C-5) 

and 7.49 (1H, d, J=16Hz, C-6) are due to the proton on olefinic carbon oriented trans to one 

another. The remaining peaks observed in aromatic region at δH 7.02Hz, (1H, d, J=2Hz, C-8), 

6.77(1H, d, J=8Hz C-11), 6.91 (1H, dd, J=2Hz, 8Hz, C-12). The signals at δH 4.10 (2H, t, 

J=6.4, C-3), indicates the presence of oxygenated methylene group. The presence of signals 

at δH 1.63-1.72 (2H, m, C-2) accounted to methylene group. Furthermore, the proton signal at 

δH 0.94 (3H, t, J=7.6Hz, C-1) is characteristics of terminal methyl group. 

Table 7: 1H NMR, 13C NMR and DEPT 135 NMR spectral data of compound 19 

carbon 

position 1H NMR (δ in ppm) 

 

 

ref. 1H NMR (δ in ppm)[68] 

13C 

NMR (δ 

in ppm) 

Ref.13C 

NMR (δ in 

ppm)[68] 

DEPT 

135 

NMR Remark 

1 0.94(3H, t, J=7.6 Hz) 0.94 (3H, t, J= 7.3 Hz) 10.3 10.6 10.3 CH3 

2 1.63-1.72(2H, m) 1.62–1.73 (2H, m) 22.0 22.8 22.0 CH2 

3 4.10(2H, t, J=6.8 Hz)  4.09(2H, t, J= 6.8Hz 65.1 66.1 65.5 O-CH2 

4 - - 168.2 167.5 - C=O 

5 6.21(1H, d, J=16 Hz) 6.28 (1H, d, J= 16.1 Hz) 114.7 115.7 114.7 CH 

6 7.49(1H, d, J=16 Hz) 7.54 (1H, d, J= 16.1 Hz) 145.3 146.2 145.3 CH 

7 - - 126.6 127.6 - C(Q) 

8 7.02( 1H, d, J=2Hz) 7.16 (1H, d, J= 2.0 Hz) 114.0 115.2 114.0 CH 

9 - - 147.2 148.6 - C(Q) 

10 - - 144.7 145.5 - C(Q) 

11 6.77 (1H, d, J=8.4Hz) 6.87 (1H, d, J= 7.8 Hz) 115.2 116.3 115.2 CH 

12 6.91(1H, dd, J=2Hz, 8Hz) 7.03 (1H, dd, J= 2.0, 7.8 Hz) 122.0 122.5 122.0 CH 

Q = quaternary, Ref. = reference  

The proton decoupled 13C-NMR spectrum (Appendix 11) of compound 19 with aid of   

DEPT-135 (Appendix 12) showed the presence twelve well resolved carbon resonances of 

which five are due to methine, four  are due to quaternary and the others are due to methylene 

and methyl  carbons. The signals at δC 114.7, 145.3, 114.0, 115.2 and 122.0 are ascribed to C-

5, C-6, C-8, C-11 and C-12 respectively. The quaternary carbon observed at δC 126.6, 147.2, 

144.7(aromatic region) and 168.2 (carbonyl group) are accounted to C-7, C-9, C-10 and C-4 

respectively. The remaining carbon signals at 10.3, 22.0, and 65.1(oxygenated methylene 

carbon), are accounted to C-1, C-2, and C-3 respectively. The NMR spectral data reported 
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herein is in good agreement with the NMR spectral data previously reported for the same 

compound [68]. Based on the FTIR and NMR spectral data the compound fits with propyl 

caffeate whose structure is shown in Figure 8. 
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Figure 8. Chemical structure of compound 19 (propyl caffeate) 

4.2.4. n-butyl caffeate (22) 

Compound 22 was synthesized as brown solid with 46.2%. It melted at 110-112oC which 

agreed with previously reported for same compound (109-111 oC) [68].  

The  FTIR spectrum of compound 22 (Table 8, Appendix 13) revealed characteristic peaks 

at, 2868 and 2951 cm-1 attributed to the stretching vibration of -C-H. The strong peak shown 

at 1684 indicates the stretching vibration of C=O (carbonyl carbon). The presence of sharp 

peaks in the FTIR spectrum at 1605 and 1538 shows the presence of aromatic carbon double 

bond. The presence of sharp peaks at 3485 and 3348 was attributed to aromatic hydroxyl 

oxygen-hydrogen stretching. The characteristic peaks at 1186 indicates the presence of C-O 

stretching which is specifically esters. FTIR spectral data agreed with previously reported 

data [68].  

Table 8: FTIR spectral data of compound 22 

Wavenumber(cm-1) Remark 

3485, 3348 Ar-OH 

2868, 2951  CSP
3-H 

1684 C=O 

1605, 1538 C=C 

                 1186                    C-O 

The 1H-NMR (400MHz, DMSO-d6) spectrum (Table 9, Appendix 14) of compound 22 

showed the presence of five proton signals in the aromatic ring and olefinic region and four 

proton signals in aliphatic region.  The protons signal at δH 6.10 (1H, d, J=16) and δ 7.39 (1H, 

d, J=16Hz) are due to the proton on olefinic carbon. The remaining peaks observed in 

aromatic region at δH 6.89(1H, s, C-9), 6.72(1H, d, J=8Hz C-12), 6.79 (1H, d, J=8Hz, C-13). 
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The signals at δH 4.06 (2H, t, J=6.4), indicates the presence of oxygenated methylene group. 

The presence of signals observed at δH 1.31-1.37 (2H, m, C-2) and 1.55-1.62 (2H, m, C-3) 

shows methylene groups. Signal observed at the proton signal at δ 0.87 (3H, t, J=8Hz, C-1) is 

characteristics of terminal methyl group. Furthermore, δH 8.89-9.19(2H, br) is due to the 

presence of aromatic hydroxyl groups. This OH signals tend to move downfield at higher 

substrate concentration because of increased hydrogen bonding. Herein OH signals move 

downfield due to H-bonding with solvent DMSO [67]. 

Table 9: 1H NMR, 13C NMR and DEPT 135 NMR spectral data of compound 22 

Carbon 

Position 1H NMR (δ in ppm) 

Ref.  1H NMR (δ in 

ppm)[68] 

13C 

NMR(δ in 

ppm) 

Ref.13C 

NMR(δ in 

ppm)[68] 

DEPT 

135 

NMR Remark 

1 0.87 (3H, t, J=8Hz) 0.92 (3H, t, J= 7.8 Hz) 13.8 14.0 13.8  CH3 

2 1.31-1.37(2H, m, ) 1.34–1.46 (m, 2H) 19.0 19.8 19  CH2 

3 1.55-1.62 (2H, m ) 1.58–1.68 (m, 2H) 30.5 31.6 30.5  CH2 

4 4.06 (2H, t, J=6.4) 4.13 (1H, t, J= 6.3 Hz) 64.1 64.4 64.1  O-CH2 

5 - - 167.5 167.5    - C=O 

6 6.10 (1H, d, J=16Hz) 6.28 (1H, d, J= 16.1Hz) 116.2 116.3  116.2  CH 

7 7.39 (1H,d, J=16Hz) 7.54 (1H, d, J= 16.1Hz 145.4 145.5  145.4  CH 

8 - - 125.9 127.6    - C(Q) 

9 6.89 (1H, s) 7.16 (1H, d, J= 2.0Hz) 114.4 115.2   114.4  CH 

10 - - 148.6 148.6     - C(Q) 

11 - - 145.8 146.2      - C(Q) 

12 6.72(1H,d, J=8Hz) 6.86 (1H, d, J= 8.3Hz 114.6 115.7   114.6  CH 

13 6.79(1H, d, J=8Hz) 7.03(1H, dd, J=2.0,8.3Hz) 122.1 122.4   122.1  CH 

11,10-OH 8.89-9.91(2H, br)  8.27 (2H, br, s) - -    - Ar-OH 

Q = quaternary, Ref. =reference 

The proton decoupled 13C-NMR spectrum (Appendix 15) of compound 22 with aid of   

DEPT-135 (Appendix 16) showed the presence thirteen well resolved carbon resonances of 

which five are due to methine, four are due to quaternary carbon and the others are due to 

methylene and methyl carbons. The signals at δC 116.2, 145.4 114.4, 114.6 and 122.1 were 

ascribed to C-6, C-7, C-, C-12 and C-13 respectively. The quaternary carbon observed at δC 

125.9, 148.6, 145.8 (aromatic region) and 167.5 (carbonyl group) are accounted to C-8, C-10, 

C-11 and C-5 respectively. The remaining carbon signals at 13.8, 19, 30.5 and 64.1 

(oxygenated methylene carbon), are accounted to C-1, C-2, C-3, and C-4 respectively. The 
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NMR spectral data reported herein is in good agreement with the NMR spectral data 

previously reported for the same compound [68]. Based on the FTIR and NMR spectral data 

the compound fits with butyl caffeate whose structure is shown in Figure 9. 
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Figure 9. Chemical structure of compound 22 (butyl caffeate) 

4.3. Anti-bacterial Activity 

In this study  we evaluated the  anti-bacterial activity of  caffeic acid and synthesized alkyl 

esters to inhibit the growth of four bacterial strains namely, gram negative bacteria 

(Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli) and gram positive 

(Staphylococcus aurous), using agar diffusion method. 10 mg/mL concentration of the 

synthesized compounds in dimethyl sulfoxide (DMSO) was used. Table 10 summarizes the 

in vitro susceptibilities of the four bacteria strains against all the test compounds 

Table 10:  Antibacterial activities of caffeic acid and its synthesized esters  

 

OH

OH

O

RO

 
 

 

Zone of inhibition (in mm) 

 

 

    R E. coli S. aurous P. aeruginosa 

K. 

pneumoniae 

Caffeic acid H 8 8 8 8 

 

CH3 8 9 8 10 

caffeic acid esters C2H5 8 9 9 9 

 

C3H7 9 10 9 14 

 

C4H9 14         15                   11 

 

12 

Ceftriaxone (positive control)  30         22                   14  19 

DMSO(negative control)  0         0                       0   0 
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The results obtained in this study revealed that all the studied compounds presented 

antibacterial activity. Butyl caffeate 22 was shown to have strong activity, with zone of 

inhibition of 15 mm against S. auras while it inhibited growth of bacteria to 10, 14 and 11mm 

against P. aeroginosa, E. coli and K. pneumonia, respectively. The zone of inhibition 

exhibited by propyl caffeate 19 against E. coli, K. pneumonia, P. aeroginosa and S. aurous 

was found to be 9 mm, 14 mm, 9 mm and 10 mm, respectively. Ethyl caffeate 23 was shown 

to have weak activity, with zone of inhibition against E. coli (8mm), K. pneumonia (9 mm), 

P. aeroginosa (9mm) and S. aurous (9mm). Methyl caffeate 17 was have also weak 

antibacterial activity, with zone of inhibition against S. aurous (9mm), P. aeruginosa (8mm), 

E.coli (8mm), and K. pneumoniae (10mm).  

                   

A                                                                                B 

                      

C                                                                                      D 

Figure 10. Zone of inhibition on antibacterial activity (CA= caffeic acid, MC=Methyl caffeate, EC= 

Ethyl caffeate, PC=propyl caffeate, BC=butyl caffeate), A) P. aeruginosa, B) S. auras, C), E. coli, 

D) K. pneumonia 
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Some of these caffeic acid esters antibacterial activity was reported. Venkateswarlu et al [68] 

was tested anti-bacterial activity of butyl caffate at a concentration 500μg/0.05 mL against 

E.coli, S. aureus and P. aeruginosa. Butyl caffeate, with zone of inhibition of 14 mm against 

E.coli which have exactly same zone of inhibition which have similar concentration used in 

this  study (10 mg/ml) but in this literature reported that butyl caffeate have no activity 

against S. auras and P. aeruginosa. In this study, butyl caffeate 22 have good activity against 

S. auras and P. aeruginosa with zone of inhibition of 15 mm and 11 mm respectively.  

Gangan et al was evaluated the antibacterial activity and results showed that the base 

molecule, caffeic acid 1 and its derived esters viz. methyl 17 and ethyl caffeate 23 have 

antibacterial activities against S. aureus and E.coli [65]. This report agreed with our findings. 

Merkl et al was evaluated the anti-bacterial activity of Propyl caffeate 19 against Escherichia 

coli DMF 7503, Bacillus cereus DMF 2001 which have antibacterial activity [69]. This is 

also agreed with our finding. 

These caffeic acid esters were better antibacterial activity than caffeic acid. In particular, for 

the series of alkyl caffeates, it is relevant to note that these molecules possess a head-and-tail 

structure, similar to an amphiphile. Amphiphiles are molecules with two parts: they have a 

water-loving part (hydrophilic) and a water-hating part (hydrophobic), usually a long-chain 

alkyl group [40]. In this case, the amphiphile of caffeic acid esters is associated with the 

presence of the two groups: the phenolic groups (hydrophilic moiety) and the alkyl side chain 

(lipophilic tail). In this study butyl caffeate 22 has best antibacterial activity than the other 

synthesized caffeic acid esters.  

4.4. Antioxidant Activity 

4.4.1 DPPH radical scavenging assay 

The DPPH assay was used to assess the free radical scavenging activity of our synthesized 

Compounds. DPPH radical scavenging assay is a simple method for finding antioxidants by 

measuring absorbance at 517 nm due to the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

radical [71]. The antiradical activities of all compounds are shown in Table 11. 
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Table 11: Radical scavenging activity of caffeic acid and its esters 

Compound name Concentration in µg/Ml % inhibition 

Caffeic acid 100 84.5 

50 78.1 

25 70.9 

12 56.4 

Methyl caffeate 100 89.7 

50 83.2 

25 79.4 

12 68.9 

Ethyl Caffeate 100 89.9 

50 82.0 

25 74.2 

12 64.9 

Propyl caffeate  100 91.3 

50 82.2 

25 73.4 

12 62.9 

Butyl caffeate 100 92.0 

50 86.9 

25 78.0 

12 71.1 

Ascorbic acid 100 94.9 

Caffeic acid and caffeic acid esters were able to reduce the stable DPPH radical to the 

yellow-colored diphenyl picryl hydrazicine indicating their potential as radical scavengers. 

The caffeic acid esters reduced DPPH radicals significantly as compared to the caffeic acid. 

From DPPH radical scavenging data it is evident that increasing the alkyl chain enhance the 

antioxidant activity. Butyl caffeate 22, propyl caffeate 19, ethyl caffeate 23 and methyl 
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caffeate 17 scavenged the DPPH by 92.0%, 91.3%, 89.9% and 89.7% respectively at 

100µg/mL. Caffeic acid which scavenged the DPPH by 84.5% have less scavenging activity 

than caffeic acid esters. At the same concentration standard, ascorbic acid scavenged the 

DPPH radical by 94.9%.  

4.4.2. Ferric thiocyanate method 

The degree of lipid peroxidation which was evaluated using ferric thiocyanate method can be 

used to measure the antioxidant potential of compounds or extracts. Lipid peroxides resulting 

from radical action can alter the membrane fluidity and modify the function of membrane 

proteins. In turn these lipid peroxides can generate peroxyl radicals leading to toxic end 

products such as malondialdehyde [72]. Table 12 shows the results of the antlipid peroxide 

formation of the caffeic acid and its esters. 

Table 12: Antilipid peroxidation activities of caffeic acid and its synthesized esters 

Compound name Absorbance at 500 nm % inhibition 

Blank 0.513 - 

Caffeic acid 0.20 61.0 

Methyl caffeate 0.162 68.4 

Ethyl caffeate 0.145 71.7 

Propyl caffeate 0.13 74.7 

Butyl caffeate 0.095 81.5 

Ascorbic acid 0.08 84.4 

As depicted in Table 12, caffeic acid esters namely, methyl caffeate 17, ethyl caffeate 23, 

propyl caffeate 19 and butyl caffeate 22 inhibit peroxide formation by 68.4%, 71.7, 74.7%, 

and 81.5% respectively, demonstrating their potential in preventing the formation lipid 

peroxides. The butyl caffeate 22 were turned out to be comparable with ascorbic acid with 

inhibition of 84.4%. On the other hand, caffeic acid 1 was shown to have low ability of 

inhibiting peroxide formation (61.0%) compared with caffeic acid esters.  
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

In this study four caffeic acid esters were synthesized namely methyl caffeate, ethyl caffeate, 

propyl caffeate and butyl caffeate. The synthesized caffeic acid esters had good antibacterial 

activity against S. aureus, E. coli, P. aeruginosa and K. pneumonia. The antioxidant activities 

displayed by the caffeic esters were significant compared with ascorbic acid indicating the 

potential antioxidants. These caffeic acid esters have better antibacterial and antioxidant 

activities than caffeic acid.  

5.2 Recommendations 

 As alkyl chain increase their antibacterial and antioxidant activities increase, due to 

this it is necessary to synthesized long chain caffeic acid esters for antibacterial and 

antioxidant activities. 

 Further study would be necessary on action of mechanism how to inhibit the growth 

of bacteria.  

 As caffeic acid esters may have immense biological activities, it is necessary to 

evaluate the anti-cancer, anti-inflammatory and antifungal activity. 
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7. APPENDIXES 
Appendix 1. FTIR spectrum of compound 17  
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Appendix 2. 1H NMR Spectrum of compound 17 

 

 

 

Appendix 3. 13C NMR Spectrum of compound 17 
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Appendix 4. DEPT 135 NMR spectrum of compound 17 

 

Appendix 5. FTIR spectrum of compound 23 
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Appendix 6.  1H Spectrum of compound 23  

 

 

Appendix 7. 13C NMR Spectrum of compound 23 
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Appendix 8. DEPT 135 Spectrum of compound 23 

 

 

 

 

Appendix 9. FTIR spectrum of compound 19 
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Appendix 10. 1H NMR Spectrum of compound 19 

 

 

 

 

Appendix 11. 13C NMR Spectrum of compound 19 



47 
 

 

 

 

 

Appendix 12. DEPT 135 Spectrum of compound 19 

 

 

Appendix 13. FTIR spectrum of compound 22 
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Appendix 14. 1H NMR spectrum of compound 22 

 

 

 

 

Appendix 15. 13C NMR spectrum of compound 22 
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Appendix 16. DEPT 135 spectrum of compound 22 

 

 

 


