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ABSTRACT. Inseparable Ursolic acid and its isomeric oleanolic acid are the major compounds in Fagraea fragrans fruits. 

The white solid crystals , 3.1 % of these triterpenic acids are easyly isolated from alcoholic extracts of these dried fruits. They 

are well known in both cosmeticeutical and medicinal industries. Therefore the objective of this work is to derivative those to 

be the  inseparable ethyl ursolate 3-ethyl ether [its isomeric ethyl oleanolate 3-ethyl ether], and to evaluate their anticancer 

activity against P-388 murine leukemia cells. The results are 71%  of the derivatives have been successfully made from the 

inseparable ursolic [its isomeric oleanolic] acids by in situ reaction between those triterpenic acids with thionyl chloride and 

ethanol in benzene. The anticancer activity of ethyl ursolate 3-ethyl ether  [its isomeric ethyl oleanolate 3-ethyl ether] against 

P-388 murine leukemia cells with IC50 value of 31.36 µg/mL is twofold (1.7)  more potent then their mother compounds, the 

inseparable ursolic [its isomeric oleanolic] acids with IC50 value of 53.5 µg/mL.  
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INTRODUCTION 

Such as anticancer drugs, cosmeticeutical 

conpound candidates had also to be evaluated their  

anti-neoplastic activity potentiality before they were 

applied as new therapeutic agents with the cancer 

chemopreventive effect on the cosmetical uses thereof 

because the primary neoplastic diseases of the skin 

was common. Ursolic [oleanolic] acids as a mixture or 

inseparable white solid crystals were the well known 

triterpenic acids for skin cares because of their 

pharmacological properties; antiinflammatory 

(Vasconcelos et al., 2006), antiallergic, antiparasitic, 

antibacterial (Catteau et al., 2017) antiviral, 

hepatoprotective, antiulcer, cardioprotective, and 

antitumor activities (Furtado et al., 2008; Meng et al., 

Song et al., 2010; Sultana, 2011). The synergistic 

activity of the acid mixture on skin cancer models was 

also repoted as well as the application these natural 

products as dermatocosmetology or various other 

therapeutic preparations (Soica et al., 2014; Wójciak-

Kosior et al., 2011), including as a protective effect 

against colon carcinogenesis (Furtado et al., 2008). 

They are also highly synergistic with β-lactams 

(ampicillin and oxacillin) at sub-MIC concentrations 

(Catteau et al., 2017). The recent progress of ursolic 

[oleanolic] acids was that they were having potential 

effects for treatment of type 2 diabetes acting as 

hypoglycemic and anti-obesity agents (Silva et al., 

2016), . including  OA (oleanolic acid)  and  its isomer 

UA (ursolic acid) are also potent anti-cancer agents to 

cause apoptosis in  human  liver cancer  HepG2, 

Hep3B, Huh7 and HA22T cell lines at  OA or UA at 2, 

4, 8 µmol/L (Mlala etal., 2019; Yan et al., 2010). 

Those triterpenic acids  having lower toxicity and 

attractive many pharmacological effects were not only 

found in apple peels (Malus X domestica Borkh) but 

also in other species such as Crataegus pinnatifida var. 

Psilosa fruits, Miconia fallax, Galium tortumense 

(Guvenalp et al.,  2006), and Eriope blanchetti (De 

L.e. Silva et al., 2012), but also in  Fagraea. fragrans 

fruits.
 
These were harvested  two times a year in May 

and September as ripe months of the fruits (Basir & 

Julinar, 2012). In short these triterpenic acids, 

especially modified ones could be used in both topical 

cosmetic,  and oral drug (Zacchigna et al.,  2014) or 

food suplement candidates (Silva et al., 2016), 

including as pratarget compounds for making their 

other derivatives with potent anticancer efficacy (Basir 

et al., 2014; Sultana, 2011).  

This paper preferably describes the increase of  P-

388 muriine leukemia anticancer activity of ursolic 

acid [oleanolic acid] derivatives, namely  ethyl ursolate 

3-ethyl ether [its isomeric ethyl oleanolate 3-ethyl 

ether]. Those were made by means of alkoxylation at 

C-3 and esterificatin at C-28 between ursolic 

[oleanolic] acids of   Fagraea fragrans fruits, thionyl 

chloride, and ethanol in benzene as in situ reaction, 

see Figure 1.  Evethough, it had more  then hundreds 
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Figure 1. Derivatization reaction (a) and plausible reaction mechanism (b) of 1 to be 2 

 

of scientific articles published recently dealing with 

ursolic acid and oleanolic acid including their 

derivatives (Chen et al., 2015; Gnoatto et al., 2008; 

Shanmugam et al., 2014; Sun et al.,  2006), We are 

firstly reporting the transformation reaction of ursolic 

[oleanolic] acids to be the ethyl ursolate 3-ethyl ether 

[its isomeric ethyl oleanolate 3-ethyl ether] as new 

derivatives (Wang et al., 2014), and their 

antiproliferation activity in inhibiting P388 leukemia 

cell growth (Chu et al., 2014; De L.e. Silva et al., 

2012; Nelson et al., 2015). As a result, these modified 

compounds are expected to be the potential 

ingredients for topical cosmetic  rather then their 

mother compounds due to potent antitumor and no 

itching effects in topical  delivery (Zacchigna et al., 

2014). In short, the Fagraea fragrans fruits as the row 

material which are rich with 3.1% of  ursolic acid and 

its isomeric oleanolic acids (relatively 50% : 50%). They 

are similar in polarity and biologycal activities; they 

are only difference in position of methyl group in ring-

E so that they can be potential starting materail for 

both cosmeticeutical and medicinal compounds in the 

future. In addition both of these inseparable triterpenic 

acids can easyly explored just by means of 

recrystazation from the concentrated methanol 

extracts of  F. fragrans fruits. It seems to be profitable 

to make these anticancer derivatives from those fruits. 

 

EXPERIMENTAL SECTION 

Materials 

Technical methanol, activated carbon, Whatmann 

paper, HCl (Unilab), Silica gel Plate G60 F254, Silica 

gel G60 (70-230 mesh), Na2SO4 anhydrous, ethyl 

acetate, n-hexane aquadest, thionyl chloride, ethanol 

(p.a), and acetone, 3-(4,5-dimrthylthiazol-2yl)-2,5-

diphenyl-tetrazolium bromide (MTT), fetal bovine 

serum (FBS), penicillin, streptomycin, P388 murine 

leukemia cell culture supplied by Department of 

Chemistry (ITB), dimethyl sulfoxide (DMSO, phosphor 

buffer solution (PBS), artonin E, sodium dodecyl 

sulphate. 

Instrumentation 

Melting point was determined using Fisher Johns 

apparatus. UV (in absolute ethanol) and IR (in KBr 

form) spectra were recorded on a Beck DU-7500 UV 

and Shimadzu 8400 FTIR spectrometers, respectively. 

1
H (CD3OD) and 

13
C-NMR (CD3OD ) were determined 

on JEOL ECA500 spectrometer operating at 500 MHz 

(
1
H), and 125 MHz (

13
C), respectively. HITACHI L6200 

LC-MS ESI positive ion: Injection volume (5 µl), low (1 

mL / min), collumn C-8 (15 mm x 6 mm), and eluent 

(MeOH). 

Fruits Collection and Recovery of The Isomeric 

Triterpenic Acids 

The fruits of Fagraea. fragrans, Loganiaceae as 

row materials of this work were collected in Inderalaya 

swamp forest, South Sumatra, Indonesia at the first 

week of November 2020, dried  under sun light  for a 

week and at room temperature for a week, milled to 

be powder, and then extracted with methanol for 

preparing the starting materials for this works. The 

recovery methods of ursolic [oleanolic] acids were 

done according to our previous work (Basir & Julinar, 

2012; Basir et al., 2014). 

Derivatization of 1 to be 2 

Compound 1 (700 mg, 1.5 mmol) in benene (20 

mL) was stirred slowly for one hour at room 

temperature, and then thyonyl chloride (0.5 mL, 7.5 

mmol) was carefully dropped to the stirred benzene 

solutions. The temperature of reflux was raised to be 

60º C and stirring process was continueing for five 

hours. After that ethanol (0.2 mL, 3.0 mmol) was 

added to the thionyl chloride solutions while it was 

stirring for another three hours. Alkoxylation and 

esterification products of the in situ reactions were 

tested by TLC in 15% ethyl acetate in n-hexane 

(Rf.=0.2), and reaction will soon be stopped. Ethyl 
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acetate (200 mL) was added to this later products, 

washed with water (3 x 75 mL), shaked in separating 

funnel and then water solution was separated from 

ethyl acetate layers. The later organic solutions were 

dried with Na2SO4 anhydrous (5 g), filtered with 

Whatmann paper and evaporated by reduced 

pressure rotary evaporator. 

Residue was preadsorbed to silica gel G60 (8 g) 

and subjected to silica gel G60 column (45 g) with 

increasing solvent polarity from 10 to 20% ethyl 

acetate in hexane. Compound 1 (497 mg) or 71% was 

collected from 38 to 91 vials (5 mL/vial), tested for 

both spectrocopy (LCMS positive ion, H and C NMR) 

including melting poit measurement,  and evaluated 

its P388 leukemia cell anticancer. 

Anticancer Test  

P-388 murine leukemia cancer cell cultures (3 x 10
3
 

cell/mL) were suspended into RPMI 1640 media 

having contained FBS (Fetal Bovine Serum), penicillin, 

and streptomycin. Cells were inoculated in microplate 

96 well plate and incubated in CO2 incubator for one 

day. At the second day, the DMSO (dimethylsulfoxide) 

solution of the crystals of 1[2], 3[4], and 5[6] was 

diluted with PBS (phosphoric buffer solution, pH = 

7.30-7.65) for variation concentrations of 100, 30, 

10, 3, 1, 0.3, and 0.1 µg/mL media and then was 

dropped into those cells respectively. These last cells in 

microplate were incubated again in CO2 incubator. 

The DMSO was used as negative control and artonin 

E (IC50 = 0.7 µg/mL) as positive control. 

After 48 h the incubation process, MTT reagent was 

added into the cells, incubated during 4 h, and SDS 

(Sodium Dodecyl Sulphate) was then added, shacked 

as well, and continuously incubated for other 24 h. The 

color change of MTT in viable mitochondria cells from 

yellow to purple could be quantified with 

spectrophotometer at λ = 550 nm. The values of OD 

and concentration (µg/mL) of tested compounds were 

reported as the mean three of replicates. The IC50 

value was noted from antilog graphics based on the 

correlation of tested compound concentrations 

(µg/mL) and color intensity of cell viable solution (Basir 

& Julinar, 2012; Basir et al., 2014). 

 

RESULTS AND DISCUSSION 

Compound 1 consisted of ursolic [oleanolic] 

acids; it had IC50 value of 5.78 µg/mL and IC50 value 

of 53.5 µg/mL against L-1210 murine  leukemia cells 

and P-388 murine leukemia cells respectively,  

including its graphics of  the concentration versus the 

absorption (OD) of P388 leukemia cells, tabel of  IC50 

and absorbance (optical density) at a wave length of 

550 nm, spectroscopy data and purification method 

from the dried Fagraea Fragrans fruits (Basir & 

Julinar, 2012; Basir et al., 2014).  

Compound 2 consisted of ethyl ursolate 3-ethyl 

ether [its isomeric ethyl oleanolate 3-ethyl ether]; it 

had m.p.= 144-145 
o
C with retention time (rt) = 0.2 

in 15% ethyl acetate in hexane. LC-MS ESI pos ion 

with eluent MeOH gave respectively a single peak at 

retention time (r.t.) = 6.12 min, see Figure 3B;  and 

main peaks at  m/z = 1025.5 [2M + H]
+
 as 

protonated dimeric ions,  519.3 [M + Li]
+
 as 

pseudomolecular ions, 484.2 [M – CH2 = CH2]
+
 as 

fragmentation molecular ions, and 467.0 (M – 

OCH2CH3]
+
, see Figure 4a. Therefore, molecular ion 

was M
+
 = 512 with C34H56O3 as empirical formula, 

m/z = 277.7 [base peak of 2]
+
,  while the base peak 

of 1 is at m/z=248 so that m/z = 247 was come from 

the [base peak of 2 (m/z = 277.7) – CH2=CH2 (m/z 

= 28) - 2H (m/z =2)]
+
 ion, see Figure 4b (Basir & 

Julinar, 2012). 

The main fragment reaction of 2 as retro Diels 

Alder  for its base peak at m/z  = 277.7 (experiment) 

and 278 (calculated) was given in Figure 2.  IR gave 

peaks (cm
-1
) at 2924,  2854 (-CH), 1697 (-C=O), 

1458, 1381 (-C = CH-), 1273, 1165, 1010, 887, 

825, 579, 532. 
1
H NMR and 

13
C NMR of 2 were 

showed in Table 1 including DEPT technique. In 

addition, HMBC spectral of 2 clearly had some circles 

countour coming from the ethylene proton (δ = 4.07, 

H1’) of the ester part to its carbon carbonyl of –

C28OO–CH2-C  (δ = 179.6) at C-28 position and 

methylene proton (δ = 2.91, H3’) of the ethoxyde part 

to the carbon of –C3–O-CH2-C (δ = 69.5) at C-3 

position connectivities. DEPT technique of  2 also 

indicated that the peaks at (δ) 84.5 (OA), 69.5 (UA) 

for CH at C-3, 123.7 (OA), 126.8 (UA) for CH at C-

12, and 48.2 (OA) , 47.2 (UA) for CH2 at –C3–O-

CH2-C  were isomeric peaks of ethyl ursolate 3-ethyl 

ether [its isomeric ethyl oleanolate 3-ethyl ether]. 

Such as pentacyclic triterpene saponins, namely 

chikusetsusaponin IVa isolated from Altermenthera 

philoxeroides (Mart.) Griseb, compound 2 with two 

simetrical ethoxyde (CH3CH2O-) substituents at C-3 

and C-28 of inseparable mixture of the ethyl ursolate 

3-ethyl ether [its isomeric ethyl oleanolate 3-ethyl 

ether] could be be also cosidered to be tested for 

antiviral activities (Wang et al., 2014).  

 

 

Figure 2. The main fragment reactions of 2. 
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     Moreover, A number of different reagents and 

methods had separately made methyl ursolate 3-

methyl ether and methyl oleanolate 3-methyl ether 

each other as the NO production inhibition activities 

on LPS-induced RAW264.7 cells (Kwon et al., 2009). 

As a summary, all of the aboved chemical and 

spectral data confirmated that the compound 2 was 

formed accuratelly as it is shown in Figure 1a, 

mechanism reaction is likely to be true as it is given 

in Figure 1b, and their fragmentation reaction was 

also synchronizing to the target compound  2 as it is 

shown in Figure 2.  Kinetically, another organic 

chemistry work is still necessary to evaluate the in situ 

transformating reactivity of the secondary alchohol 

via secondary alkyl chloride at C-3 and carboxyl at 

C-28  via acid chloride in ursolic [ oleanolic] acids to 

be ethyl ursolate 3-ethyl ether [its isomeric ethyl 

oleanolate 3-ethyl ether].

 

Table 1. 
1
H and 

13
C NMR chemical shiefts of 2 including DEPT technique 
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Anticancer Activity of Compound 2 

     Compound 2, ethyl ursolate 3-ethyl ether [its 

isomeric ethyl oleanolate 3-ethyl ether]                                                          

making in solvent condition by reacting ursolic acid [its 

isomer oleanolic acid], thionyl chloride, ethanol, and 

benzene as solvent clearly gave IC50 values of the P-

388 murine leukemia cell anticancer 31.36 µg/mL. 

The results of this in vitro test of compound 2 were 

given in Table 2 and compound 1 were reported in 

our previous work (Basir et al., 2014).  Artonin E and 

DMSO were used as positive and negative controls, 

while the absorbance (OD) was read at a wavelength 

of 550 nm. The IC50 values of compound 2 was 

determined from the graphics of the tested compound 

concentration versus the P388 leukemia cell 

absorption, see semilog graphics of 31.3598315 (x-

axis) as concentration (µg/mL) and 0.24630058 (y-

axis) as absorbance or optical density (OD), see Figure 

3A, while the graphics of the tested compound 

concentration of mother compound 1 versus the P388 

leukemia cell absorption with semilog graphics is 

53.3818 (x-axis) as concentration (µg/mL) and 

0.2937 (y-axis) as absorbance or optical density (OD), 

see also our previous work (Basir et al., 2014). As a 

result, the effect of –OCH2CH3 group at C-3 and –

COOCH2CH3 group at C-28 in compound 2 with the 

P-388 murine leukemia cell anticancer activity (31.36 

µg/mL) significantly increased almost twofold (1.7) 

more potent then compound 1 with the P388 leukemia 

cell anticancer activity (53,5 µg/mL) having –OH 

group at C-3 and -COOH group at C-28. However in 

our previous work, N-butyl-urs-2,12-dien-28-amide 

[N-butyl-olean-2,12-dien-28-amide], and N-phenyl-

urs-2,12-dien-28-amide [N-phenyl-olean-2,12-dien-

28-amide] making in free solvent condition by 

reacting between ursolic [oleanolic] acids, thionyl 

chloride, n-buthylamine, and phenylamine 

respectively gave the IC50 value of 81, 4 μg/mL and 

83.6 μg/mL. It was 1.5 times lower then  the IC50 value 

of mother compounds (53,5 µg/mL) because the –OH 

group at C-3 was converted to be –C = C- group 

(Basir et al,. 2018).  It means that ethoxy group at  C-

3  is very important for anticencer activity rather then 

hydroxyl group, and hydroxyl group at C-3 is much 

better then unsaturated carbons (-C=C-) at C-2 and 

C-3 positions (Ovesná et al.,  2006). 

 

Table 2. IC50 and absorbance (optical density) of 2 at a wavelenght of 550 nm. 

No Concentration Compound 2   

  (µg/mL Optical density (OD) IC50 (µg/mL) 

1 100 -0.02266  

2 30 0.25573  

3 10 0.30200  

4 3 0.33501 31.36 

5 1 0.34000  

6 0.3 0.40333  

7 0.1 0.38767   

OD of positive blank for 1 = 0.2943 and 2 =0.2463  

 

 
 

(A) (B) 

Figure  3. ( A) =  Graphics  of  the  concentration of  2 vs the  absorption (OD) of  P388  leukemia cells with 

IC50 = 31.36 µg/mL and  (B)  = LC chromatogram of 2 with retention time = 6.12 minutes. 
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(a) 

 

(b) 

Figure 4.  LC-MS ESI pos ion of 2 : (a) = pseudomolecular ion peak (519.26 [M+Li]
+
), protonated dimeric 

ion peak (1025.54 [2M+H]
+
), and (b) = its base peak (277.66 [M-234]

+
).    

      

Table 3. The effectiveness of 1 and 2 against Leukemic cells based on their IC50  

No. 

  

Leukemic 

Cells 

       IC50 of  Compounds 

  

1 (cosmetic use) 2 (drug use) 

1 P-388 53.5 µg/mL 31.4 µg/mL* 

2 L-1210 5.8  µg/mL 3.1  µg/mL ** 

Standard value for cancer drug is 40 µg/mL for P-388  leukemic cell (*) and  

4.0 µg/mL for L-1210 leukemic cell (**) 

     

     As a result not only P-388 but also L-1210 murine 

leukemia cells seem to be especially sensitive to both 

of these triterpenic acids, ursolic acid  [its isomeric 

oleanolic acid] (Ayeleso et al., 2017; Shanmugam et 

al., 2014; Sun et al., 2006; Yan et al., 2010),  but also 

ethyl ursolate 3-ethyl ether [its isomeric ethyl 

oleanolate 3-ethyl ether], the C-3 and C-28 modified 

triterpenic acids indicated more potent anticancer 

activity. compound 2 is a promising one to be use in 

topical cosmetic with no itching  effects but needs 

molecular mechanism of mutagenesis test, especially 

in sperm quality whenever it is used in oral application 

 

(Ovesná et al., 2006; Wójciak-Kosior et al., 2011), 

see Table 3. 

    

CONCLUSIONS 

     It is clear,  this works  was improved that  both of 

secondary alchohol at C-3 and carboxyl at C-28 of 

ursolic [oleanolic] acids were  successfully converted to 

secondary alkyl chloride and acid chloride 

respectively, and then in situ transformed to be ethyl 

ursolate 3-ethyl ether [its isomeric ethyl oleanolate 3-

ethyl ether]. They could become safe and promising  

molecules  for  both topical  cosmetics and  medicines  
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rather then their ursolic [oleanolic] acids form because 

their anticancer efficacy is stronger then their mother 

triterpenic acids. 
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