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Abstract

Curcumin is a secondary metabolite compound that has diverse biological activities. How-
ever, it is easily hydrolyzed at physiological pH due to the presence of the B-diketone group.
Therefore, the replacement of the B-diketone group with mono ketone is expected to over-
come this issue. We hereby report the synthesis of mono ketone curcumin derivatives from
piperidone by two-steps reactions. The synthesis of curcumin derivate 3 was carried out
by Claisen-Schmidt condensation between 4-piperidone and 4-methoxybenzaldehyde using
alkaline catalyst. The synthesized curcumin derivate 3 was then reacted with the 1-bromo-
3-chloropropane to produce curcumin derivate 5, 1-(3-chloropropyl)-3.5-bis((£)-4-methoxy-
benzylidene)piperidin-4-one, with 72% yield. The calculated docking scores, the curcumin
derivate 5 possessed a better affinity for receptors than the standard panduratin A. The cur-
cumin derivate 5 has a lower docking score of -6.40 kcal/mol compared to panduratin A
with value of -5.18 kcal/mol and also had strong binding interactions to DEN2 NS2B/NS3
protease. Thus, this compound is a promising candidate as a new anti-dengue agent.
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Introduction

Dengue virus infection is a major health
problem in 112 tropical' and subtropical
countries in Southeast Asia, the Western
Pacific, Central America and South
America,” and nearly 50 million new cases
occur worldwide each year’ The number
cases in Indonesia is rapidly increasing due
to several reasons such as population and
lack of public awareness in healthy living.*

There are four serotypes of dengue virus
(DENI1, DEN2, DEN3 and DEN4), whereas

dengue virus type 2 (DEN2) is the most
prevalent type.® The protease complex,
consisting of non-structural protein 3 (NS3)
and its cofactor (NS2B).® The NS3 serine
protease is responsible for proteolytic
processing of the viral polyprotein. The
binding of the NS3 serine protease to
an NS2B cofactor will form NS2B-NS3
protease complex’ that is required for DEN2
viral replication. Thus, this protease may
be a potential target for dengue antiviral
drugs by blocking the association of NS3
protease with its protein cofactor NS2B.®
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One of natural compound that has
potential as an anti-dengue virus is the
curcuminoid group. Curcuminoids include
diarylheptanoid derivatives and are the
main pigment of turmeric (Curcuma longa)
and various types of genus Curcuma.

Curcumin has traditionally been used in
the treatment of various diseases such as
cough, diabetes, hepatitis, anti-inflammatory,
rheumatism,  sinusitis,>'®  antioxidants,'!
anti-inflammatory,'> and  antibacterial."?
Curcumin is also known to have antiviral
activity.'*'®  Furthermore, in vivo study
showed that curcumin extract at doses of
0.147 mg/ml has antiviral effect against
DEN2 and reduce viremia period."”

Apart from the diverse biological activities,
the bioavailability of curcumin is very low
due its rapid hydrolysis to become inactive
metabolites and excreted from the body.
This is due to the presence of unstable
beta-diketone groups at physiological pH.'®
Therefore, synthesis of curcumin derivatives
for replacement of the beta-diketones with
mono ketone is expected to overcome this.

In previous study, several mono ketone
curcumin  derivatives  from  acetone,
cyclopentanone and cyclohexanone have
been synthesized to increase their stability,
activity and  selectivity.!”?!'  Recently,
researchers have put their interest to
curcumin derivatives from piperidone due to
their broad structure variations and spectrum
of bioactivity, including as antiviral.?*?
However, curcumin derivatives with the
modification of amine group in 4-piperidon as
anti-dengue agent only few has been reported.

Accordingly, our effort was to synthesis
curcumin derivatives from N-substituted
piperidonebyusing 1-bromo-3-chloropropane
as alkylating agent to the amine group and
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determined for their affinity to inhibit the
dengue virus type 2 against NS2B/NS3
protease through molecular docking studies.

Material and Methods

Materials

UV-Visible spectrophotometer (Genesys
10S UV-VIS v4.002 2L9N175013), IR
spectrophotometer (Shimadzu FTIR, IR
Prestige-21), HPLC (Shimadzu UFLC

Solution), NMR spectroscopy (Agilent
500 MHz), and glassware commonly
used in synthesis laboratories. The

starting materials used in this study were
synthesis reagent grade (>98%) includes
4-piperidone monohydrate hydrochloride
(Sigma-Aldrich), 4-methoxybenzaldehyde
(Sigma-Aldrich), 1-bromo-3-chloropropane
(Sigma-Aldrich), cesium carbonate (Sigma-
Aldrich), absolute ethanol (Merck), sodium
hydroxide (Merck), hydrochloric acid 37%
(Merck), universal indicator (Merck), GF254
TLC plates (Merck), aqua DM, absolute
ethanol (Merck), and organic solvents.

Synthesis Procedure

Synthesis of 3,5-bis((E)-4-methoxy
benzylidine) piperidine-4-one (3):

The synthesis of curcumin derivate 3
has been carried out by modifying the
previous method.”® Compound 4-piperidone
monohydrate hydrochloride (5 mmol) and
4-methoxybenzaldehyde (10 mmol) were
dissolved in 10 ml of absolute ethanol and 10
ml of IN NaOH was added. Then the mixture
was refluxed for 5 hours at 80 °C. Reaction
was monitored using TLC plate per 30
minutes. After the completion of the reaction,
the mixture was neutralized using IN HCI.
The mixture was allowed to sit overnight
until a precipitate was formed. The precipitate
was filtered and washed using n-hexane and
aqua DM then air dried at room temperature.
The obtained product was recrystallized with
methanol to obtain curcumin derivate 3.
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Figure 1. Protocol of The Synthesis Reaction of Curcumin Derivatives

Synthesis of 1-(3-chloropropyl)-3,5-bis((E)-
4-methoxybenzylidine) piperidine-4-one (5):
Curcumin derivate 3 (1 mmol) was dissolved
in 20 ml of acetonitrile, then cesium carbonate
(2 mmol) and 1-bromo-3-chloropropane (1.5
mmol) were added, respectively. Then the
mixture was refluxed for 24 hours at 80 °C.
Reaction was monitored using TLC plate
per 6 hours. After the completion of the
reaction, the mixed reaction was cooled and
concentrated using a rotary evaporator to
produce a crude product. The crude product
was partitioned using ethyl acetate:water
system (3 x 15 ml). The organic layer was
taken, dried with anhydrous sodium sulfate
and evaporated using a rotary evaporator.
The obtained product was recrystallized with
methanol to obtain curcumin derivate 5.%

Molecular Docking

The docking study was carried out using
Molecular Operating Environment 2019.0101
from Chemical Computing Group Inc.,
(https://www.chemcomp.com).””  Molecular
docking simulation was performed using
ASUS E202S Netbook with Intel Celeron
N3060 1.6 GHz and 2GB RAM. The crystal
structure of DEN2 NS2B/NS3 Protease
(PDB ID: 2FOM) was downloaded from
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Protein Data Bank (https://www.rcsb.org/
structure/2FOM). The receptor protein is
prepared using a structure preparation wizard.
Then, the protein was energy minimized by
using AMBERI14:EHT force field. Ligand
compounds, curcumin derivate 5 was
prepared using the same method, Panduratin
A (PubChem ID: 6483648) was used as
positive control. The docking site was set
up using the site finder feature from MOE
around His51, Asp75, and Ser135 amino acids
residues. The ligand was synthesized using
the initial scoring methodology (London dG)
and the final scoring methodology (GBVI/
WSA) by placement using the Triangle
Matcher protocol and post-placement
refinement was Rigid Receptor. The lowest
bond energy conformation was taken and
visualized using the BIOVIA Discovery

Visualizer 2019 for further analysis.
Results and Discussion
The synthesis of targeted curcumin

compound was carried out through two-steps
reactions as shown in Figure 1. The first
step was the synthesis of curcumin derivate
3 through aldol condensation between
4-piperidone monohydrate hydrochloride 1
and 4-methoxybenzaldehyde 2. The reaction



Pharmacology and Clinical Pharmacy Research

ISSN:2527-7322 | e-ISSN: 2614-0020

Volume 5 No. 1 April 2020

Table 1. NMR data of Curcumin Derivate 5 (CD,Cl) 500 MHz
for '"H NMR and 125 MHz for *C NMR

Position 6. (ppm) o, (ppm) (Multiplisity, J)
-OCH3 55.5 3.85 (s, 6H)
2 55.2 3.83 (s, 2H)
3 131.4 -
4 187.3 -
5 131.4 -
6 55.2 3.83 (s, 2H)
Cﬁ 136.3 7.7 (s, 2H)
I 128.1 -
2 132.5 7.38 (d, J= 8.8 Hz, 4H)
3 114.3 6.96 (d, J= 8.8 Hz, 4H)
4 160.4 -
5 114.3 9.96 (d, J= 8.8 Hz, 4H)
6’ 132.5 7.38 (d, J= 8.8 Hz, 4H)
1” 43.1 2.71(t, J = 6.9 Hz, 2H)
27 30.4 1.91 (p,J=6.6 Hz, 2H)
3” 543 3.54 (t,J=6.4 Hz, 2H)

is initiated by the attack of the hydroxide
ion of strong base catalyst which acts as a
nucleophile to the acidic Ha of the ketone
compound to form the enolate ion. Enolate
ions that are formed will attack the aldehydes
which act as electrophiles to form B-hydroxy
ketone as intermediate compounds, followed
by dehydration to form curcumin derivate
3. The second step, the curcumin derivate
3 was reacted with a compound 4 to obtain
curcumin derivate 5 with 72% yield.
This reaction occurs between the amine group
(NH) of 4-piperidone ring with 1-bromo-
3-chloropropane as alkylating agent. This
alkylation is a simple substitution reaction,
where the nitrogen atom in the amine group
acts as a nucleophile, the atomic carbon (CX)
in the alkylating agent as an electrophile and
Cs,CO, as a catalyst. The amine group that
has been activated by the catalyst will attack
the C-Br carbon, followed by the release of
the halogen atom to obtain the final product.
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The UV spectrum of curcumin derivate
5 showed absorption at wavelength of
244 and 365 nm which indicated an
electronic transition from orbitals 1 — =w*
of the conjugated framework of curcumin
derivate molecule with = electrons are
delocalized through the whole molecule.
The FTIR spectrum showed transmittance at
2995 and 2960 cm-1 revealed the presence
of aromatic C-H bonds from phenyl rings
and vibrations of the aliphatic C-H bond
of the methoxy group and the piperidone
ring, respectively. In addition, the presence
of transmittance at 1666 and 1597 cm-1
indicated of the C=0 and C=C bonds from
an enone group of curcumin, and C-O
bond vibration from the methoxy group
at 1258 cm-1. The absences of N-H bond
in the spectrum of curcumin derivate S,
indicated the substitution reaction of N-H
group with compound 4 was successfully
occured and the final product was formed.
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Table 2. Molecular Docking Result
Against the DEN2 NSB/NS3 Protease

S (score) Interactive AA (Distance in A)

No Compound
(kcal/mol)  Hydrophilic Hydrophobic
1 -5.18 Asp75 (2.15)  His51 (5.46)
Glyl51 (3.08) Val72  (2.76)
Leul28 (5.41)
Prol32 (4.85)
~o Vall55 (4.62)
Tyrl61 (5.14)

Panduratin A
2 -6.40 Arg54 (2.46)  Val72  (2.93)
Asp75 (4.72)  Lys73 (2.88)

O
\O NH\ O/

Cl

Curcumin Derivate 5

Thr120 (2.44)  Asnl52 (2.42)
Glyl53 (2.35)

Vall54  (4.83)

Furthermore, NMR dan HRMS spectra
confirmed the curcumin derivate 5 chemical
structure. 'H NMR spectrum showed the
presence of two set of aromatics with
two substitutions and methoxy groups. In
addition of 2 set of methylenes at 6, 3.83
(s, 2H) corresponding to piperidone unit
and proton B resonance at 6H 7.77 (s, 2H).
The presence of three methylenes at 6H 2.71(t,
J=6.9Hz,2H),1.91 (p,/=6.6 Hz,2H),and 3.54
(t, J= 6.4 Hz, 2H) assigned as chloropropane
unit. BC NMR spectrum revealed carbonyl
ketone at 6. 187.3 and methoxy unit at 6
55.5 (Table 1). HRMS spectrum showed

[M+H] of 412.1678 corresponding to
a molecular formula of C,H,NO,CI
(caled.  412.1679  for  C,H, NO,CI).

Molecular docking simulation of curcumin
derivate 5 was performed to identify plausible
binding modes to DEN2 NS2B/NS3 protease.
Panduratin A was also docked as comparison,
panduratin A isolated from Boesenbergia
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rotunda (L.) showed good inhibitory activities
towards dengue-2 virus.!” The molecular
docking result of curcumin derivate 5 to
DEN2 NS2B/NS3 protease showed that
this compound had a strong bond to the
catalytic triad of the DENV protease enzyme
(His51, Asp75, and Ser135).”® Panduratin A
exhibited hydrophilic interactions through
hydrogen bonds with Asp75 and Gly151, and
hydrophobic interactions with catalytic triads,
through & stack interactions with His51 (Figure
2A). The curcumin derivate 5 demonstrated
hydrophilic interaction through cationic
interaction with Asp75 and through hydrogen
bonding with Arg54 and Thr120, as well as
hydrophobic interactions through van der
Waals forces with Gly153 (Figure 2B). These
amino acid residues are known to be essential
in antagonistic activity against dengue virus.’
Calculated docking scores of the curcumin
derivate 5 and panduratin A were -6.40 kcal/
mol and -5.18 kcal/mol, respectively (Table
2). A lower docking score of the curcumin
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Figure 2. 2D and 3D Visualization of the Binding Mode of Panduratin A (A)
and Curcumin Derivate 5 (B) Compound to the NS2B/NS3 Protease

derivate 5 compared to panduratin A and some
strong interactions to the essential amino acid
residues at the active site of the protease,
presumably the curcumin derivate 5 showed
good inhibitory activity against DEN2 NS2B/
NS3 protease.

Conclusion

The curcumin derivate 5 was successfully
synthesized by two-steps reactions with
72% vyield. Chemical structure of curcumin
derivate 5 was confirmed by FTIR, NMR,
and HRMS spectroscopy analysis. Molecular
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docking result showed that the compound
has better affinity to the DEN2 NS2B/NS3
protease than panduratin A as positive control.
The curcumin derivate 5 also showed strong
interactions to Arg54, Asp75, and Thrl120
which is essential in antagonistic activity
NS2B/NS3 protease. Thus, it can be assumed
that the compound is a potential candidate as a
new agent in inhibiting the type 2 dengue virus.
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