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Abstract

Colorectal cancer occupies the third position in the world (more than 940,000 cases). Natural compounds are widely used as anti-cancer
such as salicylic acid and eugenol isolated from clove (Syzygium aromaticum). The study of the qualitative relationship of eugenol-derived
activity structure in the benzene position associated with modification shows that the compound is active as an invitro cancer therapy
compound. This research is carried out chemical synthesis by condensation between eugenol and salicylic acid that produce new compound
and conducted invitro biological activity test on colorectal cancer cell HCT-116. This research aims to obtaine a new compound derived
eugenol that can inhibit the colorectal cancer cell HCT-116. The result of synthesis showed that condensation between eugenol isolates
with salicylic acid (ESA) have yield 75% of white needle crystal with melting point 60-650C. The result of in-vivo test showed that
compound ESA have IC50 of 20.98 + 2.1 pg / ml and the gossypol standard of natural compounds have IC50 14.22 £ 1.1 pg / ml. The
results of this test indicate that the results of this new compound need to be developed further so have a high potential as a colorectal
anticancer compound.
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1. Introduction with salicylic acid 10. The results of the synthesis compound were
tested for activity with MTT assay. It is expected that the synthe-
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Fig. 1: Esterification of Eugenol (1) With Salicylic Acid (2).

and other polyphenols2, 3. Natural ingredients that have been stud-
ied for cancer therapy include eugenol. Eugenol is a compound
found in cloves (Syzygium aromaticum).

The modification of eugenol derivatives by the nitration reaction of
the hydroxy group is capable of inhibiting prostate cancer cells 4,5.
Eugenol modification can be done by cluster method by considering
aromatic groups having the same properties, including esterifica-

2. Materials and methods

2.1. Esterification

Eugenol (1.0 equiv) was added to a solution of salicylic acids

tion with salicylic acid. Salicylic acid is used as colorectal anti-
cancer that can induce apoptosis and reduce the growth of colon
cancer cells SW480, HT29 and HCT116 6.

Synthesis of derivatives is more effective than random synthesis
which is difficult, expensive and time consuming7. The advantages
of this derivative synthesis include a high probability to produce a
more active compound of the guide compound 8,9. This study con-
ducted synthesis with esterification Mitsunobu reaction with cata-
lyst diethylazodicarboxylate (DEAD) and triphenylphosphine
(TPP) which condensation between two active compounds eugenol

(1.1 equiv) and triphenylphosphine reagent (TPP) (1.1 equiv) in
THF at 0 °C. The resulting suspension was added with diethyla-
zodicarboxylate (DEAD) (1.1 equiv) and the reaction mixture was
continued stirring at temperature room for 48 hours up to comple-
tion of the reaction. The solvent was evaporated and the residue
dissolved in ether, the TPP oxide precipitated and was filtered and
then the filtrate evaporated with evaporator. The product was puri-
fied by column chromatography on silica gel with elution gradient
hexane—ethyl acetate, 20: 1 until 10: 1 to get pure products®®.
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2.2. In-vitro test

Cell culture is taken from the stock stored in the liquid tank placed
in the locator at -196 ° C. Cell culture was thawed in water + 37.7 °
C, then the cell was grown in several (2-3) small tissue culture
flasks and incubated in an incubator at 37 ° C with a flow of 5%
CO:2 and 95% O.. After 24 hours, the media was replaced and the
cells are grown until confluent and the amount is enough for the
assay. After a sufficient or confluent cell count (£ 70%), the me-
dium is replaced with a new RPMI 1640 medium of 5 ml. Cells
were drawn as much as 3 x 104 cells / 100 pl of the media by count-
ing through the haemocytometer chambers!?.

2.3. Cytotoxicity test

The 100 pl suspension cell HCT-116 with a density of 3 x 104 cells
/100 pl of media distributed into wells at 96-well plate and incu-
bated for 24 hours. After incubation, into the well, 100 pl of the test
solution was added at various concentration series. As a positive
control 100 pl of Gossypol and cisplatin were added to various se-
ries of concentrations into wells containing 100 pl of cell suspense.
As a cell control, 100 pl of culture medium was added to the well
containing 100 pl of cell suspense and 100 uL. of DMSO was added
to the solvent in a well containing 100 pl of suspension of cells with
suitable delusions in the delusions of the concentration of the test
solution, then incubated for 24 hours in incubator with 5% COzand
95% Oz flow. At the end of incubation, the culture medium is dis-
carded and 10 pl of MTT solution is added (5 mg / mL PBS), then
the cell is incubated for 3-4 hours. The MTT reaction was discon-
tinued with the addition of an SDS stopper reagent (100 pl). The
microplate contains a suspended cell suspension + 5 minutes then
wrapped with aluminum foil and incubated for 1 night at room tem-
perature. Live cells react with MTT to form a purple color. Test
results are read with ELISA reader at 595 nm wavelength'2.

Inhibiton rate (%) = 1 — (absorbance of treatment group/absorb-
ance of control group) x 100%.

The 50% inhibitory concentrations (ICso) of the 48 hours are calcu-
lated with Bliss assay. Data interpretation Absorbance values that
are lower than the control cells indicate a reduction in the rate of
cell proliferation. Conversely, a higher absorbance rate indicates an
increase in cell proliferation.

3. Results and discussion

The Mitsunobu reaction, converts an alcohol into a variety of other
functional groups including esters, and this method could generate
esters in excellent yield (90%) via the condensation of a carboxylic
acid and alcohol with a mixture of triphenylphosphine (TPP) and
diethyl azodicarboxylate (DEAD)°. More specifically, the
Mitsunobu reaction is highly stereospecific and selective; therefore,
it is appropriate for preparing some products or derivatives with
sensitive groups. In the Mitsunobu reaction, the alcohol was usually
activated towards nucleophilic attack from the carboxylic acid, and
this activation was achieved by the reaction with a phosphine, typ-
ically TPP, and a dialkyl azodicarboxylate. In recent years, a num-
ber of reports have focused on generating other azo dicarboxylates
such as diisopropyl azodicarboxylate, di-2-methoxyethyl azodicar-
boxylate, azodicarbonyl dimorpholide 1315,

The Mitsunobu reaction in this study was used to change eugenol
with salicylic acid using triphenylphosphine and azodicarboxylate
such as diethyl azodicarboxylate (DEAD) or diisopropyl azodiccar-
boxylic (diad), with alcohols having stereochemical inversion, be-
ing EAS compounds. EAS purification results white solid, yield
(75%), TCL: Rf=0.72 (n-hexane—ethyl acetate, 4:1, v/v), (c=2,
CH3CI). IR (CCl4, 6 cm—1): 3403 (C-OH), 1683 (C=0), 1324 (C-
0), 2956 (C-H), 1587 (C=Caroma), 1IHNMR (CDCI3, 500 MHz) é:
7,06 — 7,08 (d, 2H, J=8,0 Hz, C3, C5) 7,51 — 7,56 (m, 1H, C4, ),
8,11 -8,12 (dd, 1H, J=8,0 ; 4,0 Hz, C6), 6,84 — 6,85 (d, 2H, J=8,0

Hz, C3°, C5’), 7,02 — 7,04 (d, 1H, J= 8,0 Hz, C6’), 3,40 — 3,42 (d,
1H, J=6,9 Hz, C7’), 5,91 — 6,05 (m, 1H, C8’), 5,08 — 5,19 (m, 1H,
C9°), 3,82 (s, 1H, C10°). 13C NMR (CDCI3, 500 MHz): 111.8,
161,7,119,3,136.0, 130.5, 168.5, 136.7, 151.5, 113.6, 139.5, 122.4,
40.0, 137.0, 116.2, 65.0, MS (ESI+) m/z: 284,1 m/z. The results of
the analysis of GCMS, FTIR, 1H-NMR spectrometer and 13C-
NMR, the eugenol derivative code ESA is a 4'-allyl-2'-methoxy-
phenyl 2-hydroxybenzoate compound as Figure 2.
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Fig. 2: Structure of 4'-Allyl-2'-Methoxyphenyl 2-Hydroxybenzoate (ESA).

Mitsunobu's reaction in drug synthesis produces simple molecules
containing ethyl aryl. The Mitsunobu reaction is usually used to
combine the functional groups of secondary carboxylic and alco-
holic acids with configuration inversion. In this research, it has been
successful in combining the carboxylic group of salicylic acid with
alcohol which is bound to the benzene ring of eugenol using the
reaction of Mitsunobu to produce compounds as shown. Undoubt-
edly, Mitsunobu's optimized products will be adopted as drug
chemist strategies to obtain biologically active compounds that
have high activity against a target disease. in this study, new com-
pounds were tested on HT-116 cells as colorectal anti-cancer.

Table 1: MTT Assay of New Compound With HCT-116 Cell Line

p%g:;s Inhibition of Compounds with concentration  1Cs
3'512 625 125 25 50 100
383 463 422 454 559 87,3 209
= 2 4 4 5 7 4 8
EU 434 479 447 454 581 837 250
9 5 4 5 1 7 6
sA 402 418 486 563 67,3 950 268
8 9 6 8 8 0 8
381 450 459 486 57,9 836 395
SRR 3 9 9 6 3 0 7
Cisol 390 427 372 411 524 734 104
P 4 8 5 8 1 4 7
Goss 385 422 390 433 529 778 142
Y 0 5 4 1 4 9 2

ESA: 4'-allyl-2'-methoxyphenyl 2-hydroxybenzoate; EU: Eugenol; SA: Sal-
icylic Acid; Cispl: Cisplatin; Gossy: Gossypol

The result of cytotoxicity test of the compound of eugenol deriva-
tive synthesis as Table 1, was further processed by linear regression
analysis method, by making a graph showing the relationship be-
tween% inhibition and log of sample concentration (ug / mL). The
graph shows the data of linear equations and correlation (r). The
value of IC50 can be determined by passing the value y = 50 on the
graph to get the value of x. IC50 value is an antilog of x value.
Graph of the relationship between% inhibition with log of maxi-
mum concentration (pg / mL) of eugenol derivatives Figure 3.
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Fig. 3: Cytotoxicity of ESA And Standard (ESA: 4'-Allyl-2'-Methoxy-
phenyl 2-Hydroxybenzoate; EU: Eugenol; SA: Salicylic Acid).

In vivo test of ESA showed that the 1Cso 20.98 + 2.1 pg / ml the
gossypol standard of 14.22 + 1.1 pg / ml. The results of this test
indicate that this new compound need to be developed further to be
potential as a colorectal anticancer compound. Thus, it is imperative
to search for new alternatives to colon cancer prevention agents.
This study shows that the new compound produced by eugenol and
salicylic acid is a phenolic compound, it is hoped that this com-
pound has activities such as other natural compounds including
gossypol piperine or cinnamaldehyde is an anti-inflammatory anti-
oxidant widely consumed, that compounds has strong anticancer
activity against human cancer cell lines in vitro assay. Gossypol is
used as an agent for BCL2 inhibition of apoptosis from the mecha-
nism of cancer. This is new Bcl-2 functional interface Bcl-2 in col-
orectal carcinoma cells. A similar study was carried out on piperine
induced mitochondrial dysfunction in HCT-116 human colon can-
cer triggers, responsible for caspase-dependent apoptosis pathways,
and elevated ratio of Bcl-2 is likely to be involved in this effect?S.
The inhibitory effect of ESA may be a potentil chemotherapeutics
or a chemopreventive agent based on its ability to induce apoptotic
in cancer cell with relatively low toxicity.

4. Conclusion

In conclusion the result of the present study indicated that conden-
sation of eugenol and salicylic acid can combined with esterifica-
tion with Mitsunobu reaction. This derivatives Eugenol modifica-
tion can be done by cluster method was considering aromatic
groups having the same properties as contribute and potent effects
as anticancer activities to colorectal cancer cell line HCT-116. This
new compound ESA need to be developed further to increase activ-
ity as a new colorectal anti-cancer.

Acknowledgement

We would like to thank our team. We are grateful to PITTA from
DRPM Universitas Indonesia for funding our research projects at
present times.

References

[1] Global, Regional, and National Cancer Incidence, Mortality, Years
of Life Lost, Years Lived with Disability, and Disability-Adjusted
Life-years for 32 Cancer Groups, 1990 to 2015: A Systematic Anal-
ysis for the Global Burden of Disease Study.

[2] LambertJD, HongJ, Yang G, Liao J, Yang CS. Inhibition of carcin-
ogenesis by polyphenols: evidence from laboratory investigations.
Am J Clin Nutr 2005;81(suppl):284S-91S
https://doi.org/10.1093/ajcn/81.1.284S.

[3] Carrasco, A., Espinoza C.L., Cardile, V., Gallardo, C., Cardona, G.,
Lombardo, L., Catalan, M.K, Cuellar F.M., and Russ, A., (2008). Eu-
genol and its Synthetic Analogues Inhibit Cell Growth of Human
Cancer Cells J. Brazz Chem. Soc. 19(3), 543-548
https://doi.org/10.1590/S0103-50532008000300024.

[4] Yogesh, Y., Eric, A., Owens, Vibhuti, S., Ritu, A., Maged, H., (2014).
Synthesis and evaluation of antiproliferative activity of a novel series
of hydroxychavicol analogs. European Journal of Medicinal Chem-
istry. 75, 1010 https://doi.org/10.1016/j.ejmech.2014.01.016.

[5] Fadilah, F., Andrajati, R., Yanuar, A., Arsianti, A., (2017). In-vitro
ant cancer activity combination of eugenol and simple aromatic ben-
zoate compounds against human colon HCT-116 cells and WiDr
cells. Journal of Pharmaceutical Sciences and Research. 9(3), 637-
641

[6] Pathi, S., Jutooru, I., Chadalapaka, G., Nair, V., Lee, S.O., Safe, S.,
(2012) Aspirin Inhibits Colon Cancer Cell and Tumor Growth and
Downregulates Specificity Protein (Sp) Transcription Factors. PLoS
ONE. 7, 10, e48208. https://doi.org/10.1371/journal.pone.0048208.

[7]1 Hughes, J.P., Rees, S., Kalindjian, S.B., Philpott, K.L., (2011). Prin-
ciples of early drug discovery. British J. Pharm. 162(6), 1239-1249.
https://doi.org/10.1111/j.1476-5381.2010.01127 x.

[8] Francis, A.C., Richard J.S., (2013). Advanced Organic Chemistry
Part B: Reactions and Synthesis. Springer

[9]1 Hunziker, J., Koch, G., Neil, J., (2016). Reaction: Synthesis in Drug-
Discovery, the Short and Long of It. Chem. 1, 331-338.
https://doi.org/10.1016/j.chempr.2016.08.018.

[10] Mitsunobu, O. (1981). The Use of Diethyl Azodicarboxylate and Tri-
phenylphosphine in Synthesis and Transformation of Natural Prod-
ucts. Synthesis. 1, 1-28 https://doi.org/10.1055/s-1981-29317.

[11] Mary C.P., (1998). Current Protocols in Cell Biology. John Wiley &
Sons, Inc 1.1.1-1.1.10

[12] Wilson, Anne P. (2000). "Chapter 7: Cytotoxicity and viability". In
Masters, John R. W. Animal Cell Culture: A Practical Approach. 1
(3rd ed.). Oxford: Oxford University Press. ISBN 978-0-19-963796-
6

[13] Fitzjarrald VP, Pongdee R. 2007. A convenient procedure for the es-
terification of benzoic acids with phenols: a new application for the
Mitsunobu  reaction.  Tetrahedron  Lett. 48, 3553-3557.
https://doi.org/10.1016/j.tetlet.2007.03.095.

[14] Hagiya K, Muramoto N, Misaki T, Sugimura T. 2009. DMEAD: a
new dialkyl azodicarboxylate for the Mitsunobu reaction. Tetrahe-
dron 65, 6109-6114. https://doi.org/10.1016/j.tet.2009.05.048.

[15] Lanning ME, Fletcher S. 2013. Azodicarbonyl dimorpholide
(ADDM): an effective, versatile, and water-soluble Mitsunobu rea-
gent. Tetrahedron Lett. 54, 4624-4628
https://doi.org/10.1016/j.tetlet.2013.06.049.

[16] Ren, J., Cheng, H., Xin, W.Q., Chen, X., & Hu, K. (2012). Induction
of apoptosis by 7-piperazinethylchrysin in HCT-116 human colon
cancer cells. Oncology Reports, 28, 1719-1726
https://doi.org/10.3892/0r.2012.2016.


https://doi.org/10.1093/ajcn/81.1.284S
https://doi.org/10.1590/S0103-50532008000300024
https://doi.org/10.1016/j.ejmech.2014.01.016
https://www.scopus.com/sourceid/19700174933?origin=recordpage
https://doi.org/10.1371/journal.pone.0048208
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2010.01127.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2010.01127.x/abstract
https://doi.org/10.1111/j.1476-5381.2010.01127.x
https://doi.org/10.1016/j.chempr.2016.08.018
https://doi.org/10.1055/s-1981-29317
https://books.google.com/books?id=cU4120EgXZcC
https://en.wikipedia.org/wiki/Oxford_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-19-963796-6
https://en.wikipedia.org/wiki/Special:BookSources/978-0-19-963796-6
https://doi.org/10.1016/j.tetlet.2007.03.095
https://doi.org/10.1016/j.tet.2009.05.048
https://doi.org/10.1016/j.tetlet.2013.06.049
https://doi.org/10.3892/or.2012.2016

