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This research investigates the discovery of cancer drugs through a hybrid approach involving two essential oil
molecules, salicylic acid, and eugenol, with or without an amino acid linker. Developing these anticancer drugs
employs computational methods, including ADMET, Lipinski rules, and in-silico docking against seven cancer
receptors: MMP9, MMP2, CDK2, P53, BAK, epidermal growth factor receptor, and MRPR. The synthesis of nonlinker
hybrid molecules involves esterification reactions with DCC and DMAP as catalysts, while hybrid molecules with an
alanine amino acid linker undergo a two-stage process: amidation with DCC catalyst and esterification using DCC/
DMAP catalyst. Characterization of the synthesis products is performed using thin-layer chromatography, FTIR,
and LCMS methods. ADMET and Lipinski rule analysis of nonlinker and alanine linker hybrid molecules indicates
that they meet the criteria for drug candidates. Additionally, docking results show that nonlinker hybrid molecules
are active against the BAK receptor (PDB ID: 6UXM), making them suitable as pro-apoptotic agents. On the other
hand, alanine linker hybrid molecules are active against the MMP9 enzyme (PDB ID: 4H1Q), responsible for cancer
migration, and also active against the pro-apoptosis BAK receptor (PDB ID: 6UXM). The analysis of nonlinker
hybrid molecule synthesis reveals a yield of 59.85%. Meanwhile, the analysis of hybrid molecules with an alanine
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linker shows a yield of 93.89%.

INTRODUCTION

The continuous increase in cancer cases and the
limitations of current treatments have prompted ongoing efforts
to discover new drugs. A significant issue in cancer treatment
is drug retention, and the complications associated with
cancer often require patients to consume multiple drugs that
can act synergistically to kill cancer cells. Polypharmacology
phenomena involve either (a) a single drug acting on multiple
targets in one disease pathway or (b) a single drug acting on
multiple targets related to various disease pathways [1]. One
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strategy in polypharmacology is hybridization. Hybridization
of multitarget drug compounds is a popular approach among
researchers. This strategy combines compounds already
possessing therapeutic potential to create opposing or synergistic
functions on different receptor targets, including enhancing
synergy, reducing side effects, and preventing drug resistance
[2,3]. Compound hybridization comes in various forms, one of
which is linked hybridization. Linked hybridization occurs when
a compound acts as a bridge between two pharmacophores.
Linked hybridization can work in a cleavable manner, where
the drug compound will later separate in the body and interact
with the target receptors [4,5]. A previous study of linked
hybridization compounds with anticancer potential demonstrates
the potential of amide-linked compounds as anti-proliferation
agents against cancer, with inhibition effectiveness four times
better than that of its pharmacophore compounds. Furthermore,
the study explains that forming ester-linked compounds also
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exhibits anti-proliferative properties and can reduce toxicity,
making them safe for human hepatocytes [6].

Natural compound preparations as pharmacophores,
such as volatile compounds, are influenced by chemical
structures such as terpenes and polyphenols with substituent
groups like hydroxyl, aromatic rings, esters, aldehydes,
methoxy, methylenedioxy, and so on. Essential oil compounds
and their derivatives, such as eugenol and salicylic acid, have
been reported to possess antibacterial, antifungal, antioxidant,
anti-inflammatory, and anticancer capabilities [7-9]. Previous
research also reported that salicylic acid and its derivatives,
including acetylsalicylic acid, can induce endoplasmic
reticulum stress and promote cancer cell death, making them
a potential candidate for anticancer drugs, suppressing the
epidermal growth factor receptor (EGFR) [10,11]. In addition
to the constituents of essential oils, amino acids have been
identified for their potential as anticancer agents in recent
studies. When combined with certain compounds, amino acid
derivatives demonstrate a notable reduction in the cytotoxicity
associated with drug compounds. Nonetheless, their efficacy in
treating various cancer types [12].

The supportive predictive methods for drug discovery
have become increasingly popular lately, one of which is by
integrating ADMET information and Lipinski’s principles.
This approach allows the research on new drugs to lead to
the design of molecules that are not only biologically active
but also meet the physicochemical requirements necessary for
clinical success. This initiative provides a strong foundation
for optimizing the therapeutic potential, bioavailability, and
safety of new drugs throughout the drug development stages
[13]. Molecular docking is also one of the in-silico structure-
based methods used to predict interactions between molecules
and biological targets and estimate their complementarity
through screening functions. Drug design has also evolved
due to natural compounds with good bioactivity, although only

some can meet the drug’s capabilities. Natural compounds can
be optimized through structural modifications with principles
such as enhancing binding potential and selectivity, improving
physicochemical properties distribution, enhancing biochemical
properties, pharmacokinetics, and reducing side effects, among
others [14,15].

The application of computational analysis to evaluate
the anticancer potential of both linked and nonlinked hybrid
compounds through forming amides and esters. Therefore, the
influence of hybridization on cancer drug development can
be understood. The formation of ester and amide compounds
can be achieved through stieglich and amidation reactions.
The stieglich reaction involves esterification formation with
the assistance of catalysts such as DCC and DMAP, and both
reactions have the same mechanism. The steglich reaction is
performed with carboxylic acid (COOH) compounds and
alcohols or amines with high selectivity and yield percentages
[16]. Meanwhile, amidation reactions using DCC as a catalyst
have been reported by George A. Kraus. Therefore, considering
the availability of functional groups such as alcohol (OH),
COOH, and amine (NH,) in eugenol, salicylic acid, and
amino acids, it is highly feasible to synthesize hybrid linker
compounds, both esters, and amides, for preparing anticancer
drug compounds.

EXPERIMENTAL SECTION

Materials and instrumentation

Eugenol (grade: 99%), alanine, salicylic acid, DCC
and DMAP catalysts were obtained from Sigma-Aldrich.
Ethyl acetate and n-hexane solvents, as well as reagents, were
purchased from Merck. The ultrasonic cleaner used was the
Krisbow DSA100-GLI-2.8L model KW1801033. thin-layer
chromatography (TLC) analysis was performed using TLC
Silica gel 60 F254 plates. FTIR analysis was performed using
the SHIMADZU 8,400s instrument, LCMS analysis was
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Figure 1. Synthesis illustration.
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conducted with an HP-5 capillary column on an LC C8 column.
Molecular Docking was performed using Pyrx 9.0 software.

Procedure

The research was conducted in two stages: 1.
Anticancer analysis using ADMET, Lipinski rules, and in-silico
docking; 2. Synthesis of linked compounds through amidation
and esterification and synthesis of nonlinked compounds
through esterification (Fig. 1).

Anticancer potential (Lipinski Rules, ADMET, in-silico Docking)

In this procedure, an analysis was conducted on
two molecular hybrid compounds, with or without alanine
linkage, to determine their drug similarity characteristics
in accordance with Lipinski’s rule. The assessment utilized
simplified molecular input line entry system (SMILES)
representations of the active compounds, which were input
into the swissADME web server (http://www.swissadme.ch/
index.php). The examined compounds underwent ADMET
analysis using either http://Immd.ecust.edu.cn/admetsarl/ or
http://lmmd.ecust.edu.cn/admetsar2/. This assessment required
input of the SMILES representation of the drug candidate
molecule. The ADMET analysis evaluated various parameters
associated with absorption, distribution, excretion, metabolism,
and drug toxicity, offering valuable insights into the safety and
effectiveness of the drug candidates. In-silico analysis was
conducted using Molecular Docking Pyrx 9.0. Table 1 provides
comprehensive details concerning the active site grid box of the
receptor. The docking results were selected based on criteria

such as RMSD (<2) and binding affinity. These results were
subsequently visualized in 3D using the BIOVIA Discovery
Studio 2019 application, while their interactions were analyzed
in 2D using Ligplot. This analysis aimed to identify optimal
interactions compared to both the ligand compounds and the
standard drug DOX (Doxorubicin).

Synthesis of eugenol and salicylic acid combination compounds
with amino linker

The complete reaction for the synthesis of the
combination compound of Eugenol and Salicylic Acid with an
amino linker is shown in Figure 2. The first stage of amino acid-
linked compound synthesis involved amidation, where alanine
(0.09 g, 1 mmol) was reacted with salicylic acid (0.3 g, 2 mmol)
using DCC Catalyst (0.412 g, 2 mmol) in THF solvent at 60°C
under sonication for 1.5 hours. The resulting product was then
separated through filtration using Whatman filter paper.

Subsequently, the synthesis proceeded to the second
stage, esterification. In this stage, the compound from the
first stage, 2-[(2-hydroxyphenyl)formamido] propanoic acid
(414 mg, 3 mmol), was reacted with DCC catalyst (118 mg,
3 mmol) and DMAP catalyst (50 mg, 0.4 mmol) in a solvent-
free reaction. Eugenol (985 mg, 6 mmol) was added dropwise,
and the reaction was conducted for 1-3 hours with monitoring
using TLC. Following the reaction, the mixture underwent
filtration, and the liquid phase was washed successively with
5% HCI (2 x 5 ml), 5% NaHCO3 (3 x 5 ml), and H20 3 x 5
ml). Anhydrous Na2S04 was employed for drying the organic
phase before the final compound, 2-methoxy-4-(prop-2-en-1-
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Figure 2. Synthesis of eugenol and salicylic acid combination compounds with amino linker.



Warsito et al. / Journal of Applied Pharmaceutical Science 15 (01); 2025: 256-265 259

CcH, [0} OH

CH, o

o OH |
o]

DCC/DMAP
HO +
(@]
OH o HOx
Salicylic acid Eugenal 2-methoxy-4-(prop-2-en-1-yl)phenyl 2-hydroxybenzoate

Figure 3. Synthesis of eugenol and salicylic acid combination compounds with ester linker (Eugenyl Salicylate).

Figure 4. Pose and ligan-receptors interaction: (A) Ligand complex 2-methoxy-4-(prop-2-en-1-yl) phenyl 2-[(2-hydroxyphenyl)
formamido] propanoate with MMP9 (PDB ID: 4H1Q); (B) Ligand complex 2-methoxy-4-(prop-2-en-1-yl)phenyl 2-[(2-hydroxyphenyl)
formamido] propanoate with BAK (PDB ID: 6UXM) ; (C) Eugenyl Salicylate complex witnh BAK. (PDB ID: 6UXM).

yl)phenyl 2-[(2-hydroxyphenyl)formamido] propanoate, was
evaporated using nitrogen gas.

Synthesis of eugenol and salicylic acid combination compounds
with ester linker (Eugenyl Salicylate)

The reaction equation for the synthesis of the
combination compound of Eugenol and Salicylic Acid with
an ester linker (Eugenyl Salicylate) can be seen in Figure
3. Salicylic acid (414 mg, 3 mmol) was reacted with DCC
catalyst (118 mg, 3 mmol) and DMAP catalyst (50 mg, 0.4
mmol) in a solvent-free reaction. Eugenol (985 mg, 6 mmol)
was added dropwise, and the reaction was carried out for
1-3 hours with monitoring using TLC. After the reaction,

the mixture underwent filtration, and the liquid phase was
sequentially washed with 5% HCI (2 x 5 ml), 5% NaHCO,
(3 x 5 ml), and H,O (3 x 5 ml). AnhydrousNa, SO, was
used for drying the organic phase before evaporating itwith
nitrogen gas.

RESULTS AND DISCUSSION

Anticancer potential through computational analysis:
ADMET, lipinski rules, and in-silico Docking

Drug similarity analysis was conducted on two hybrid
molecules with or without an alanine linker, using the five-
parameter Lipinski rule approach. Table 2 presents the results
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of the drug similarity analysis for the two ester molecules. Both
2-methoxy-4-(prop-2-en-1-yl)phenyl = 2-[(2-hydroxyphenyl)
formamido]propanoate and eugenyl salicylate comply with
Lipinski’s rule, exhibiting a molecular weight less than 500 Da,
fewer than 5 hydrogen bond donors, fewer than 10 hydrogen
bond acceptors, and a log p value of less than 5. Drugs with
high lipid solubility, indicative of low hydrogen bonding
and a larger polar surface area, can efficiently penetrate
hydrophobic phospholipid bilayers to access organs in the
body. Increasing a drug’s lipophilicity, especially for those
with poor permeability, is thought to enhance cell penetration.
Therefore, optimizing the physicochemical properties of drugs
is crucial in designing central nervous system-active drugs for
passive cell permeation. Values exceeding Lipinski’s rule may
impact the interaction between drug molecules and lipophilic
cell membranes. For hydrophilic central nervous system-
active drugs, enhancing lipidization through the drug’s polar

function can facilitate more efficient delivery into the central
nervous system [17,18].

The ADME profile summarizing the pharmacokinetic
properties of the test ligands is presented in Table 3.
These parameters cover various tests, including the Ames
mutagenesis test (Ames), acute oral toxicity (AQO), Caco-2
permeability (Caco2), P-glycoprotein substrate status (P-gp),
P-glycoprotein inhibitor status (P-gpi), CYP450 substrate and
inhibitor status (CYP2C9, CYP2D6, CYP3A4, CYP 1A2,
CYP2C19, and CYP3A4), human intestinal absorption (HIA+),
CYP enzyme activity inhibition (CYPPRO), carcinogenicity
(CARC), hERG-related gene inhibition (human ether-a-go-
20), and acute oral toxicity. Among these parameters, the first
considers the oral absorption of drugs using the Caco-2 cell
model, predicting permeability across the blood—brain barrier
(BBB). For the compound 2-methoxy-4-(prop-2-en-1-yl)
phenyl 2-[(2-hydroxyphenyl)formamido]propanoate, the BBB
value is negative, indicating its inability to cross the BBB and
reach the brain. In contrast, eugenyl salicylate shows a positive
BBB penetration value, ranging, with a range of values from
0.7 to 0.8, suggesting its potential to pass through the BBB.
Although the BBB value for this compound slightly exceeds
the control [19].

Based on the ADMET properties predicted using
admetSAR, the acute oral toxicity value in animals categorizes
this compound as belonging to Category III, both compounds
exhibit HIA+, suggesting improved absorption from the
digestive tract into the bloodstream after oral administration
[20]. The next parameter considered is the potassium ion
channel known as the human ether-a-go-go-related gene
(hERG), which regulates cardiac action potential. Inhibition
of hERG can lead to disturbances in ventricular repolarization,
potentially increasing the risk of cardiac arrhythmias, including
torsades de pointes. Both compounds demonstrate a lower
ability to inhibit the hERG potassium ion channel with pIC50
values <6.0 mol/l, indicating a lower potential to cause cardiac
arrhythmia issues [21]. Therefore, they could be predicted as
safe for human use [22]. Based on further ADMET properties
predicted by admetSAR, both compounds are non-AMES
toxic, meaning they do not induce genetic changes according
to the AMES test method. Eugenyl salicylate is classified as
an inhibitor/nonsubstrate, due to distribution by P-glycoprotein
(P-gp), while, 2-methoxy-4-(prop-2-en-1-yl)phenyl
2-[(2-hydroxyphenyl)formamido] propanoate is categorized
as a noninhibitor/nonsubstrate. Additionally, both compounds
are nonmutagenic, nontoxic, and noncarcinogenic. Eugenyl
salicylate has a Log S value of —3.3913, and 2-methoxy-4-(prop-
2-en-1-yl)phenyl 2-[(2-hydroxyphenyl)formamido] propanoate
has a LogS value of —3.4397, indicating lower solubility in
water for both compounds [23].

The results of in-silico analysis indicate that both
combinations of salicylic acid with eugenol, whether with or
without an amino acid linker, exhibit significant anticancer
potential against the positive control on MMP9, MMP2, CDK2,
P53, BAK, EGFR, and ADP Ribosepolymerase receptors
(Table 4). Based on these seven receptors, the compound
2-methoxy-4-(prop-2-en-1-yl)phenyl  2-[(2-hydroxyphenyl)
formamido] propanoate, containing an amino acid linker, excels
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in inhibiting MMP9 with a binding affinity of —8.9 kcal/mol. It
forms hydrogen interactions (Figure 4A) with Ala242, Tyr248,
and hydrophobic interactions with His226, Thr251, Arg249,
Pro246, Leul87, QIn227, Leul88, Alal89, Met247, Leu222,
Val223, Leu243, and Tyr245. Furthermore, the compound
with an amino acid linker also demonstrates good anticancer
potential against BAK with a binding affinity of —6.7 kcal/
mol, forming hydrogen interactions (Figure 4B) with Asn86
and Argl137, as well as hydrophobic interactions with Gly133,
Tyr136, Leul32, Vall29, Tyr89, Phe93, and I1e85. In contrast,
Eugenyl salicylate excels in BAK with a binding affinity of
—6.7 kcal/mol, forming hydrogen interactions (Figure 4C)
with Argl37 and hydrophobic interactions with Asn86, Tyr89,
Phe93, 11e85, Gly133, Vall29, Leul32, and Tyr136.

Docking results against combinations of salicylic
acid with eugenol, incorporating amino acid linkers, suggest
that compounds with these linkers can inhibit tumor cell
proliferation, particularly concerning the MMP9 receptor.
This aligns with the inhibition mechanism of MMPY,

Table 1. Docking condition.

involving the formation of a 92 kDa type IV collagenase
complex, typically 92TCI(MMP9)-TIMP. This complex leads
to dimerization and activation of stromelysin (mediator) into
92TC-CII, capable of producing an active complex against
gelatin and fibrillar collagen. [24]. Additionally, the in-silico
results of the combination of salicylic acid with eugenol,
with or without amino acid linkers, indicate their potential
effect on the BAK receptor, suggesting that both compounds
can act pro-apoptotically against cancer cells. BAK is part
of the BCL2 pro-apoptotic group. Cancer cells, through
stabilization by overexpression of the anti-apoptotic BCL-2
protein, can evade apoptosis [25]. Loss of BAK can decrease
the permeability and conductance of the outer mitochondrial
membrane without altering the function of the inner membrane
MPTP (Mitochondrial permeability transition pore) leading
to resistance against excessive mitochondrial calcium and
cell death [26]. Thus, overcoming cancer involves inducing
or activating BAK as a pro-apoptotic factor. BAK functions
after receiving a death signal, its oligomerization leads to the
formation of mitochondrial pores, increasing mitochondrial
membrane permeability and releasing cytochrome ¢ (Cyt ¢)
into the cytosol, triggering cell death. During the docking
process, it is crucial to ensure that the ligand compound does

Reseptor PDBID Native Ligan Ukuran Gridbox U . ! . .
not inhibit the BAK protein receptor (having a high Ki value).
MMP9 4HIQ  OXX Center: X (29.606), Y (4.946), Z lthoueh both S £ salievi .
(19.187) Although both combinations of salicylic acid and
Dimension (A): X (37.148), Y eugenol, whether with or without an amino acid linker, do not
(46.563), Z (24.970) exhibit optimal interactions with receptors such as MMP2,
MMP2 JAYU Center: X (1.825), Y (~11.935) CDK, P53, EGFR, and ADP Ribose Polymerase, the presence
7 (—4.867) of binding affinity values and some similarities in amino acid
Dimension (A): X (53.500), Y residues still indicates the potential of both compounds as
(51.600), Z (46.678) cancer drugs. The hydrogen interaction between a substrate’s
CCNA 2V22 (35 Center: X (40.109), Y (24.281), chemical structure and the receptor results in the synergistic
Z(-0.477) action of volatile essential oil compounds as drugs [27].
Dimension (A): X (21.518), Y Furthermore, their structures also influence the differences
(20.544), Z (26.869) in the anticancer abilities of the two combinations of
TP53 2VUK P83 Center: X (122.898), Y (105.888), eugenol and salicylic acid, with or without an amino acid
Z (44.586) Dimension (A): X linker. Compounds containing an amino acid linker feature
(15.737), . . o . .
structures with a higher probability of hydrogen interactions
Y (18.076), Z (17.184) .
compared to ester linkers. Consequently, the eugenol and
BAK 6UXM  PEE Center: X (14.550), Y (10.387), licvli d ds with . id link hibi
7 (31.246) salicylic acid compounds with an amino acid linker exhibit
Dimension (A): X (25.201), Y lower binding affinity but engage in more interactions with
(34.579), Z (21.380) their receptors.
EGER SHGT 630 gén Ie;;é()(M.SSO), Y (10387), Synthesis of eugenol and salicylic acid combination
Dime;nsion (A): X (28), Y (36) compounds with ester linker (Eugenyl salicylate)
Z(36) The synthesis was initiated by reacting salicylic
ADPRibose 1UKO  FRM Center: X (6.525), Y (0.004), Z acid, DCC, and DMAP in a reaction flask. As the reaction was
Polymerase (31.246) carried out without a solvent, all reactants were combined, and
Dimension (A): X (35.140), Y eugenol was added dropwise. Upon the addition of eugenol,
(37.340), 2(25.583) the reactants dissolved, resulting in the synthesis reaction. The
Table 2. Drug likeness of hybrid molecules.
Compounds MW LogP HBA HBD MR Lipinski’s violation
2-methoxy-4-(prop-2-en-1-yl)phenyl 2-[(2-hydroxyphenyl) 355.38 3.54 5 2 97.89 0
formamido] propanoate
Eugenyl Salicylate 284.31 3.36 4 1 80.46 0
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Table 3. ADMET properties hybrid molecules.

ADMET properties
Compound HIA BBB  CYP Inhibition/substrate Ames Carcinogenicity Aqueous
Toxicity solubility
2-methoxy-4-(prop-2-en-1-yl)phenyl 0.5316 - Non inhibitor/ non substrate nontoxic non-carcinogens -3.3913
2-[(2-hydroxyphenyl)formamido]
propanoate
Eugenyl Salicylate 0.9348 + Non substrate/ non inhibitor nontoxic non-carcinogens —3.4397

Table 4. Docking result against 7 cancer receptors.

Ligand Receptors Binding Interaction
Affinity
Native MMP9 —8.7 Hydrogen H230, G233, H226, Q227, Alal89, L188
Hydrophobic P193, D235,1234, Alal91, L114,Y179, L187, Y136, zn301, P246, M247, Y245, L243,
L333,Y245,Y11222
MMP2 - Hydrogen -
Hydrophobic -
CDK2 -7,8 Hydrogen Y286, Q254, R250
Hydrophobic E224, E220, T282, D283, T285, 1281, L214, 1213, M210, L253, W217
P53 =7,5 Hydrogen D228
Hydrophobic P151, P222, P223, C220, E221, V147, L145, T150, T230
BAK -5 Hydrogen R137,V129
Hydrophobic F93, 185, N86, Y89, L132, G135, F111, Y136, G133
EGFR -8.8 Hydrogen M893, Q791, N842
Hydrophobic Ala743, L844, M790, V726, F856, F723, R841, G719, L718, G796
ADPRP -11,3 Hydrogen H201
Hydrophobic R217,D109, L108, N207, N106, R204, H248, Y246, D105, G202, S203, L216
Doxorubicin MMP9 7,6 Hydrogen Q227
Hydrophobic H236, Zn301, H226, M247, P246, Y248, L188, L187, Y179, Alal89, H190, Alal91
MMP2 -7,2 Hydrogen R53, F50, S51, S43
Hydrophobic Q40, D32, Q29, D33, Ala36, F39
CDK2 —6,7 Hydrogen Q254,T282, W217
Hydrophobic T285, D216, Q406, Ala405, 1213
P53 =7,7 Hydrogen D148, D228, T150
Hydrophobic P151, P223, P222, E221, C220, T230, L145, V147, W146
BAK -5 Hydrogen R137,V129
Hydrophobic F93, 185, N86, Y89, L132, G135, F111, Y136, G133
EGFR -84 Hydrogen M793, L718, P794
Hydrophobic F856, V726, 1L.844, 1792, G796, F795, K716, V717
ADPRP -11,3 Hydrogen H201
Hydrophobic R217, D109, L108, N207, N106, R204, H248, Y246, D105, G202, S203, L216
2-Mhoxy-4-(Pp- MMP9 -8,9 Hydrogen Ala242,Y248

2-en-1-yl)Fnyl
2-[(2-hydroxyFnyl)
formamido] Ppanoate

Hydrophobic H226, T251, R249, P246, L187, Q227, L188m Alal89, M247, 1.222, V223, 1.243, Y245

MMP2 7.3 Hydrogen R37, F148
Hydrophobic F115,K146,L116, S113,L106, Y144, N147, V41, D44, R149, L150, T145
CDK2 -6,5 Hydrogen Q254

Hydrophobic T282, D216, Q406, 1213, W217, E220, V221, 1281, D283

Continued
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Ligand Receptors Binding Interaction
Affinity

P53 —6,6 Hydrogen S227

Hydrophobic P151, P222, P223, C220, E221, E224 V147, L145, T150, T230, S149
BAK -6,7 Hydrogen N86, R137

Hydrophobic G133,Y136,L132, V129, Y89, F93, 185
EGFR -7,9 Hydrogen -

Hydrophobic F723, R841, N842, C797, G796, L718, L844, Ala743, V726, S720, G719, D837, F856
ADPRP -9.4 Hydrogen H201, G202

Hydrophobic F236, Y235, Ala237, S243, Y246, S203, D105, As109, L108, N207, R217, L216

Eugenyl Salicylate MMP9 -84 Hydrogen P255

Hydrophobic T251, 1243, 1.222, V223, Y248, Hi226, R249, Y245, M247, Ala242, E241
MMP2 -6,9 Hydrogen 1141

Hydrophobic Y142,Y3,L137,L116, F148,N147, R149, T145, G135, T143
CDK2 -6,2 Hydrogen T282, Q254

Hydrophobic T285, L253, M210, 1214, L214, W217
P53 6,1 Hydrogen T150

Hydrophobic P151, P222, P223, C220, E221, V147, S227, L145, T230, D228
BAK —6,7 Hydrogen R137

Hydrophobic N86, Y89, F93, 185, G133, V129, L132, Y136
EGFR -7,6 Hydrogen -

Hydrophobic C797, F856, G719, F723, V726, L718, M793, Ala743, L844, L792
ADPRP -8,6 Hydrogen D105, N207, H201, S203

Hydrophobic R217,L216, Ap109, R204, N106, G202, Y235, Y246

resulting product, eugenyl salicylate, appeared as a brownish-
yellow liquid. Monitoring using TLC (Silicagel 60 F254;
n-hex:EtOAc(9:1)) revealed new spots (Rf 0.78) indicative of
the synthesis of eugenyl salicylate. FTIR analysis (Figure 5)
confirmed specific absorption bands, including C = O vibration
(1,680—1,650 cm™) and asymmetric C-O stretch (1,200-1,175
cm™). Based on LCMS analysis, the yield of eugenyl salicylate
was determined to be 59.85%.

Synthesis of eugenol and salicylic acid combination
compounds with amino linker

The reaction of 2-[(2-hydroxyphenyl)formamido]
propanoic acid produced a colorless solution, monitored
through qualitative TLC using n-hexane: ethyl acetate
eluent (9:1), generating new spots with an Rf value of
0.58. Subsequent FTIR analysis of the resulting compound,
2-[(2 hydroxyphenyl)formamido]propanoic acid (Figure 6),
indicating the formation of an amide group, evidenced by
absorption bands at 1246 cm™' (C-N), 3200 cm™' (N-H), and
1,600 cm—1 (C = O) LCMS analysis further confirmed the
presence of the product compound, 2-[(2-hydroxyphenyl)
formamido] propanoic acid, with a yield of 57.79%.
Previously, esterification reactions were conducted by Silva
et al. [28] who reacted eugenol with benzoic acid. The
reaction involvedmixing eugenol, DMAP, DCC, and benzoic
acid in dichloromethane solvent. The mixture was stirred at
room temperature for 24 hours, yielding a 70% product yield.
Similarly, Intan Nurjaya adopted a comparable method to

formester compounds by reacting salicylic acid and quinidine,
resulting in a 97% yield [29].

The reaction of 2-methoxy-4-(prop-2-en-1-yl)phenyl
2-[(2-hydroxyphenyl)formamido] propanoate produced a
yellow solution, observed using qualitative TLC with n-hexane:
ethyl acetate eluent (9:1), resulting in new spots with an Rf value
of 0.71. Subsequent FTIR analysis of the product compound,
2-methoxy-4-(prop-2-en-1-yl)phenyl  2-[(2-hydroxyphenyl)
formamido] propanoate, revealed the presence of the C= O ester
group at 1,220 cm™ (C-O) and 1,687 cm™'. Additionally, LCMS
analysis confirmed the presence of the product compound,
2-methoxy-4-(prop-2-en-1-yl)phenyl  2-[(2-hydroxyphenyl)
formamido] propanoate, with a yield of 93.89%.

CONCLUSION

Based on the research findings, hybrid molecules
of eugenol and salicylic acid, both without a linker and with
a linker, exhibit properties that meet the criteria for drug
candidates based on ADMET and Lipinski approaches.
Furthermore, in silico analysis suggests that hybrid molecules
without a linker have the potential as pro-apoptotic agents
(BAK), while hybrid molecules with an alanine linker show
promise as both pro-apoptotic agents (BAK) and inhibitors
of enzymes responsible for cancer metastasis (MMP9). The
synthesis results indicate that hybrid molecules without a linker
yield 59.85%, while those with an alanine linker yield 93.89%.
This research demonstrates the potential of hybridization
approaches, particularly using natural compounds such as
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essential oil compounds. Further research on native tumor cells
is needed for future investigations.
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