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_________________________________________________________________________________ 

ABSTRACT— Synthesis of dihydrocoumarin derivatives from methyl trans-cinnamate is described. The reaction can 

be carried out as a simple one pot reaction using acid catalyst. Firstly, methyl trans-cinnamate was converted into 

cinnamic acid via hydrolysis reaction with alkaline. Secondly, esterification reaction of cinnamic acid was carried out 

by using an acid catalyst p-toluensulfonic acid with phenol, o-cresol, p-cresol which lead to the production of 4-

phenylchroman-2-one, 8-methyl -4-phenylchroman-2-one, and 6-methyl-4-phenylchroman-2-one. 

 

Keywords— dihydrocoumarin derivatives, methyl trans-cinnmate, cinnamic acid, 4-phenylchroman-2-one, 8-methyl -4- 

                      phenylchroman-2-one, and 6-methyl-4-phenylchroman-2-one. 

_________________________________________________________________________________ 

 

1. INTRODUCTION 

Methyl trans-cinnamate is basically a kind of essential oil which is contained in a lot of quantities in a plant from 

Alpinia malaccensis species of Zingiberaceae families, which is one of the most important groups of medicinal plants1. 

Methyl trans-cinnamate has been successfully isolated from A. malaccensis with a high yield and good purity 2. Research 

in the field of organic synthesis of methyl trans-cinnamate derivative also has evolved. Cinnamic acid is an analog 

derivative of methyl trans-cinnamate, which is included in pathway derivative of shikimic acid 3. Cinnamic acid and its 

natural derivatives are known for its use in the treatment of cancer for several centuries. Ginsenoside Rg1 from ginseng, 

cinnamic acid from Xuanshen, and tanshinon IIA from Danshen (RCT) is the traditional treatment for keeping someone 

from aging and maintaining the chemical balance for the whole the body to prevent from any disease. Exploring further, 

RCT is given into osteosarcoma cell (MG-63) which is a histologic form of the most common of bone-cancer 4. Other 

derivatives of cinnamic acid compounds are caffeic acid, cinnamide, cinnamoyl ester, cinnamic acid, and hydrazide. 

These derivatives of cinnamic acid compounds, both natural and synthetic one, have been tested as anti-cancer agents. 
Cinnamic acid and some compounds of its derivatives have been examined as good inhibitor against activity of 

AKR1C3. AKR1C3 is cancer cell which forms with the existence of hormones such as prostate cancer, breast cancer, and 

endometrial cancers. Cinnamic acid and 3,4,5-trimetoksisinamat acid (IC50 = 50 µM) are good inhibitors against 

AKR1C3 (IC50 = 50 µM). In addition, caffeic acid has a potential as low cytotoxic in vitro who fight the cells myeloid 

leukemia (HL-60) and also potentially as a chemopreventive agent for fight against skin cancer 5. Combination of 

cinnamic acid compounds and guanylhydrazone also has been synthesized. The resulted compounds of the synthesis has 

a high activity for fighting the Mycobacterium tuberculosis H37Rv which is a causal agent of tuberculosis (TB) 6. 

Bairwa et al. (2010) and Li et al. (2011) reported the synthesis of cinnamic acid with thionyl chloride producing 

halide acid 6. This halide acid can be reacted with alcohol so that become ester cinnamate (cinnamoyl ester). Cinnamate 

ester is a group of anticancer agent. Some cinnamate ester which was isolated from Netherlands propolis, benzyl caffeat, 

phenethyl caffeate, and cinnamoyl caffeate were found to be potent an antiproliferative agents toward colon 26-L5 
carcinoma with EC50 values of 0.288, 1.76, and 0.114 µg/mL respectively. Phenethyl caffeate (Caffeic Acid Phenethyl 

Ester, CAPE) has several biology activities such as antioxidants, anti-inflammation, and inhibition of tumor growth 5.One 

way of manufacturing of coumarin is with hydroarylation of cinnamic acid and phenol by using strong acid 7. Coumarin 
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derivatives have long been known to have broad biological activities such as anti-inflammatory, antioxidant, anti-aging, 

and anticancer. Esculetin is potentially the best among other coumarins as a radical catcher on antioxidant testing 8. 7-

isopentenyloxy-coumarin is one of the active compounds from Heracleum lanatum Michx. It is to be potent as an against 

tumor prevention 9. Calanon (derivate of coumarin compound) from Callophyllum sp. has activities as anticancer against 

HeLa cervical cancer cells with value of IC50 22.887 μM 
10

. Coumarin is also active towards cytotoxic testing of HeLa 

cervical cancer cells with value of IC50 54.2 µM 11.  
The purpose of this research is to study and synthesize dihydrocoumarin derivatives and also to test the inhibitory 

activity of the synthesized compounds on the growth of P388 Leukemia cells and HeLa cells. Synthesized compounds of 

dihydrocoumarin derivatives were 4-phenylchroman-2-one, 8-methyl-4-phenylchroman-2-one, and 6-methyl-4-

phenylchroman-2-one. Here, we report synthesis of dihydrocoumarin derivatives using acid catalyst in the absence of 

solvent at 170oC. 

2. MATERIALS AND METHODS 

2.1 Chemicals and Materials 

The materials used in this study were methyl trans-cinnamate compounds isolated from galangal (A. malaccensis) 

through the steam distillation process to produce galangal oil, then recrystallized, filtration and drying so as to obtain 
crystals of methyl cinnamate, cinnamic acid obtained from hydrolysis of methyl trans cinnamate in alkaline condition, 

sodium hydroxide (NaOH), thionyl chloride (SOCl2), phenol, p-cresol, o-cresol,  p-toluene sulfonic acid monohydrate (p-

TSOH), organic solvents (methanol, ethanol, butanol, ethyl acetate, dichloromethane, and n-hexane), hydrochloric acid 

(HCl), sodium sulfate anhydrous (Na2SO4), distilled water, sea water, shrimp Artemia salina, dimethyl sulfoxide 

(DMSO), filter paper, silica gel, and thin layer chromatography plate (TLC) GF254. 

2.2 Instruments 

The equipments used in this study were spherical flask, column chromatography, thermometer, hot plate, stirrer, rotary 

evaporators, oil bath, UV light, pipette Eppendorf, UV-Vis spectrophotometer, and 1H-NMR spectrometer (500 MHz) 

and 13C-NMR (125 MHz), LC-MS, GC-MS as well as other chemical glassware. 

2.3 Method 

2.3.1 Synthesis of dihydrocoumarin derivatives 
Into a round flask 30 mL was added cinnamic acid, p-TSOH acid, and phenol/o-cresol/p-cresol with equivalent mole 
ratio of 1: 1.2: 1.2, respectively. The reaction mixture was heated with an oil bath to a temperature of 170 °C for 3 hours. 

This reaction takes place without the use of solvents. The reaction mixture was diluted with ethyl acetate and  neutralized 

using 0.5 M NaOH. The reaction mixture was extracted with ethyl acetate several times. Ethyl acetate phases were dried 

with anhydrous Na2SO4, evaporated, and purified by column chromatography with eluent n-hexane: ethyl acetate 10:1, 

v/v 10. Products were weighed and identified by 1H NMR,13C NMR.  

2.3.2 Toxicity Test in BSLT 
13,14 

2.3.2.1 Shrimp larvae hatching 

Approximately 50-100 mg of eggs hatched shrimp in the place rectangular (2 x 10 cm) equipped with 2 mm diameter 

perforated barrier and had been filled with sea water, covered with aluminum foil on the part that contains the eggs, and 

left for 48 hours under lights. The eggs would hatch and the larvae of shrimps to be tested were taken with a pipette on 

the shiny side. 

2.3.2.2 Preparation of the solution to be tested  

Pure compounds to be tested were made with concentrations of 2000, 1000, 200, 20 ppm in seawater.  Insoluble 

compounds in seawater, added 10 mL DMSO. 

2.3.2.3 Toxicity tests 

Shrimp larvae which live as much as 10-15 tails inserted into the test vial containing 100 mL seawater. Added to the 

sample solution to be tested each 100 mL, so the final concentration to be 10, 100, 500, 1000 ppm. Solution was stirred 

until homogeneous, for each concentration performed three repetitions. Controls carried out without the addition of the 

sample, and then allowed to stand for 24 hours. Dead and live larvae were counted amount. Furthermore the mortality 

rate is calculated by comparing the number of dead larvae divided by the total number of larvae. Then made the graph 

between log concentrations and % mortality in order to obtain the linear regression equation y = ax + b. LC50 values 

obtained by inserting the value of y = 50, the obtained concentrations of test compound that caused 50% mortality of 

larvae, called LC50. 

2.3.2.4 Cytotoxicity test by MTT method 
15,16 

Test compounds were made as much as 1000 ppm stock solution with dimethylsulfoxide. Stock solution was then diluted 

with media Dulbecco's Modified Eagle Media (DMEM) to test against HeLa cells (ATCC CCL2) and P388 cells to 

obtain the variation of the concentration of the test solution. Concentrations of test solutions used were 100, 50, and 10 

ppm. Cells were grown in DMEM medium and distributed into 96 well plate with the number 2000 cells / well (100μl) 

were then incubated for 24 hours at 37 °C in a 5% CO2 incubator. Test solution in various concentrations of each added 

to the HeLa cells/P388, and incubated again for 24 hours. Each test compound tested three times repetition. 3-(4,5-

dimethyltiazol-2-yl(-2,5-diphenyl tetrazolyum bromide) (MTT) in sodium hydrogen carbonate (NaHCO3) was then 

added to 10 mL/well at each concentration and further incubated for 4 h at 37 °C to form formazan. Living cells will 
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convert the MTT into dark-blue formazan. Formazan formed was dissolved in 96% ethanol. Uptake read by ELISA 

reader at a wavelength of 562 nm.  

 

Percent inhibition of proliferation was calculated based on the value of Optical Density (OD) with the formula: 

 

    ….(1) 

 

Results of inhibition  then plotted with concentration or log concentration and the linear regression equation. 50% cell 

viability rates included in the linear regression equation obtained in order to obtain IC50 values. 

 

3. RESULTS AND DISCUSSION 

 Cinnamic acid obtained from hydrolysis of methyl trans cinnamate in alkaline condition, in this reaction was 

produce a product of cinnamic acid in 85 % yield, respectively. The cyclization of cinnamic acid with phenolic 

compounds in high temperature and the absence of solvent were resulted of the dihydrocoumarin derivatives (Scheme 1). 

We used cinnamic acid (an electron-rich) as starting material in addition to phenol, o-cresol and p-cresol which were 

examined as shown in Table 1.  The mixture of starting material and substrate in p-toluensulfonic acid was stirred for 3 h 

at 170oC. Workup (neutralization and extraction) followed by purification (column chromatography on silica gel) gave 4-

phenylchroman-2-one, 8-methyl -4-phenylchroman-2-one, and 6-methyl-4-phenylchroman-2-one. The p-toluensulfonic 

acid afforded dihydrocoumarins derivative through inter-molecular reaction type. This reaction is a very simple and 

useful method. The structures of compounds were elucidated from their 1H-NMR and  13C-NMR. 

 
Scheme 1. Synthesis of dihydrocoumarin derivatives; 4-phenylchroman-2-one (R1=H, R2=H), 

  8- methyl-4-phenylchroman -2-one (R1=CH3, R2=H), 6-methyl-4-phenylchroman-2-one  
  (R1=H, R2=CH3) 

 

 
 

                Scheme 2. Mechanism synthesis reaction of dihydrocoumarin derivatives 
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For example; the 1H NMR spectrum of 4-Phenylchroman-2-one exhibited  two doublets at 3.09 and 3.06 (J=7 

Hz; J=10 Hz, 2H), one triplet  at 4.37 (1H), one doublet at 6.99 ( J=7.8, 1H), two doublet doublets at 7.15 (J=3.3; J=7.8, 

2H), one triplet at 7.17 (1H), four doublet doublets at 7.32 (J=2 Hz; 6.5 Hz, 2H) and 7.37 (J=2 Hz; 6.5 Hz, 2H), one 

triplet at 7.10 (1H). The 13C-NMR spectrum of 4-Phenylchroman-2-one exhibited carbonyl group at 167.8, cyclic group 

in lactone ring at 37.2 and at 40.8, aromatic group at 129.0, 124.8, 128.5, 117.3, 151.9 and 125.9 and phenyl group at 

140.4, 127.7, 127.8, and 129.3 (Table 2). 
 

 Table 1.  Synthesis Dihydrocoumarin from hydroarylation of cinnamic acids with phenol, o- cresol and p-cresol 

Entry Substrate Product  Temperatur 

 (oC) 

Melting point 

(oC) 

Time 

(h) 

Yield 

(%) 

1.  

 

 

 
 

 

 
 

 

 

 

 

125 

 

 

 

 

78 

 

 

 

 

 

3 

 

 

 

 

56.2 

2. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

170 

 
 

 

 

 

 

 

 

 

60 

 

 

 

 

 

 

 

3 

 

 

 

 

 

 

 

41.6 

3.  

 

 

 
 

 

 

 
 

 

 

 

 

 

170 

 

 

 

 

 

70 

 

 

 

 

 

 

3 

 

 

 

 

 

55.2 

 

 

4.  

The reaction of cinnamic acid as an electron rich substrate with phenol was examined 4-phenylchroman-2-one 

in 56.2 % yield. Similar reaction of cinnamic acid with o-cresol and p-cresol gave the corresponding 8-methyl-4-

phenylchroman-2-one and 6-methyl-4-phenyl chroman-2-one. 
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Figure 1.  Dihydrocoumarin derivatives ; 4-phenylchroman-2-one (R1=H, R2=H),  8-methyl-4-phenylchroman  2-one   
    (R1=CH3, R2=H), 6-methyl-4-phenylchroman-2-one (R1=H, R2=CH3) 

 

Table 2.  H-NMR and 13C-NMR Data for Dihydrocoumarin derivatives 

 

 

Position 

Chemical Shift (δ, J in Hz) 

4-Phenylcroman-2-one 8- Methyl-4-phenylchroman 2-

one 

6- Methyl -4-phenylchroman 2-

one 
1
H-NMR 13

C-

NMR 

1
H-NMR 13

C-NMR 1
H-NMR 13

C-NMR 

2 - 167.8 - 168.0 - 168. 1 

3 3.09(dd, 1H, J=7; 

J=10) 

3.06 (dd, 1H, J=7; 

J=10) 

37.2 3,07 (dd, 1 H,   

J = 9,7. 16,5) 

3,04 (dd, 1 H ,  

J = 5,8. 16,5) 

37.1 3,04 (dd, 1H, 

J=16,2; 5,85) 

3.03 (dd, 1H, 

J=16,2; 6,5 ) 

37.3 

4 4.37 (t, 1H, J=7) 40.8 4,33 (t, 1 H,   

J = 6,5) 

40.9 4,28 (t, 1H, 6,5) 40.9 

5 6.99 (d, 1H, J=7.8) 129.0 6,82 (d,1H, J = 7,1) 126.0 6,77 (d) 127.7 

6 7.15 (dd, 1H, 

J=3.3; J=7.8) 

124.8 7,28 (t, 1H = 7,1) 127.8 - 127.8 

 6’ - - - - 2,24 (s, 3H) 20.3 

7 7.17 (t, 1H, J=7.8) 128.5 7,16 (d, 1H= 7,1) 124.3 7,02 (dd, 1H, 8,45) 129.5 

8 7.15 (dd, 1H, 
J=3.3; J=7.8) 

117.3 - 125.7 7,09 (t, 1H, 8,45 ) 117.0 

  8’ - - 2,37 (s, 3 H  ) 16.0 - - 

9 - 151.9 - 150.1 - 149.8 

10 - 125.9 - 126.6 - 134.5 

11 - 140.4 - 140.6 - 140.7 

12 7,32 (dd, 1H, J=2,0 

Hz;J= 6,5 Hz) 

127.7 6,98 (dd, 1 H ,  

J = 7.8) 

129.2 7.15 (dd, 1H, 2,0; 

7,0) 

129.3 

13 7,37 (dd, 1H,  

J=6,5 Hz;  

J=7,0 Hz) 

129.3 7,36 (dd, 1H,  

J= 7.1) 

129.9 7,34 (dd, 1H, 2,0; 

7,0) 

129.5 

14 7,10 (t, 1H,  J=7,0 

Hz) 

127.8 7,15 (t, 1H,  

J= 7,14) 

127.7 7,29 (t, 1H, 7,0) 128.8 

15 7,37 (dd, 1H, J=6,5 

Hz; J=7,0 Hz) 

129.3 7,36 (dd, 1H,  

J= 7.1) 

129.9 7,34 (dd, 1H, 2,0; 

7,0) 

129.5 

16 7,32 (dd, 1H, J=2,0 

Hz; J=6,5 Hz) 

127.7 6,98 (dd, 1 H ,  

J = 7.8) 

129.2 7,15 (dd, 1H, 2,0; 

7,0) 

129.3 

 

Cinnamic acid and its natural analogues are known for the treatment of cancer for over centuries. Herein, we 

observed evaluation especially for the dihydrocoumarin derivatives and their anticancer potentials. In our laboratory, 

dihydrocoumarin derivatives have been tested in vitro cytotoxic potential against P388 Leukemia cells and HeLa cervical 

cancer cells. Biological activities of cinnamic acid and dihydrocoumarin derivatives were described in Table 3 below. 
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 Table 3. Evaluation of Biological Activity 

No Compounds Biological Activity 

BSLT (LC50 in ppm) Cancer Cells 

1 Methyl trans-cinnamate 199.53 P388 Leukemia cells 

IC50 = 20.35 µg/mL  

2 Cinnamic Acid 204.17 P388 Leukemia cells 

IC50 = 48.85 µg/mL 

3 4-Phenylcroman-2-one 112.72 HeLa cells 

> 50 % inhibition       

4 8- Methyl-4-phenylchroman 2-one 110.80 P388 Leukemia cells 

IC50 = 68.42 µg/mL 

5 6- Methyl -4-phenylchroman 2-one 93.33 P388 Leukemia cells 
IC50 = 37.85 µg/mL  

  

5. CONCLUSION 

Hydrolysis reaction of methyl trans-cinnamate to cinnamic acid was produced with a yield of 83.6%. Reaction of 

cinnamic acid with phenol, p-cresol and o-cresol using p-toluensulfonat was produced 4-phenylchroman-2-one, 8-

methyl-4-phenylchroman-2-one and 6-methyl-4-phenyl chroman-2-one in 56.2 %, 41.2 % and 55.2 % yield respectively. 

This method is very simple for the dihydrocoumarin natural product synthesis. And Evaluation their biological activity 

results that they have potency as candidate anti-cancer. 
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