&5

Y molbank MBPY

Short Note
3,5-Bis((E)-4-methoxybenzylidene)-1-
(2-morpholinoethyl)piperidin-4-one

Tyas Kuswardani 1 Noval Herfindo 1, Neni Frimayanti 2 Rudi Hendra! and Adel Zamri 1'*

1 Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Riau, Kampus Bina

Widya, Jalan H.R. Subrantas KM. 12.5, Pekanbaru 28293, Indonesia; tyas.kuswardani@grad.unri.ac.id (T.K.);
novalherfindo@gmail.com (N.H.); rudi.hendra@lecturer.unri.ac.id (R.H.)

2 Department of Pharmacy, Sekolah Tinggi [lmu Farmasi (STIFAR) Riau, Jalan Kamboja, Pekanbaru 28293,
Indonesia; nenifrimayanti@gmail.com

*  Correspondence: adel.zamri@lecturer.unri.ac.id; Tel.: +62-813-6570-8146

check for

Received: 25 August 2020; Accepted: 5 October 2020; Published: 8 October 2020 updates

Abstract: The 3,5-bis((E)-4-methoxybenzylidene)-1-(2-morpholinoethyl)piperidin-4-one (3) compound
was synthesized by a two-step reaction with 92% yield. The chemical structure of compound 3 was
confirmed by IR, NMR, and mass spectrometry. The title compound was screened for its anti-dengue
activity against DENV2 NS2B-NS3 protease and showed 39.09% inhibitory activity at 200 ug/mL.
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1. Introduction

Dengue is a major health problem in tropical countries and the subtropics and is caused by
the dengue virus (DENV). According to the World Health Organization, incidents of dengue virus
infection have been increasing over the last 50 years. About 3.9 million humans in 128 countries are
at risk of dengue virus infection. America, Southeast Asia and the western Pacific are said to be the
most severely affected regions by this viral infection [1]. Fighting dengue infection can be done by
administering drugs that have biological activity, especially anti-viral activity. The issue at hand is the
absence of anti-viral vaccines or drugs on the market that are effective in preventing or treating dengue
fever. Dengue cases are usually only treated to relieve symptoms with intravenous fluids [2]. Thus,
research on the discovery of an effective anti-dengue treatment for all dengue strains is needed.

DENYV has RNA in its genome. Five serotypes have been identified (DENV 1-5). DENV2 is the
most prevalent cause of the pandemic, especially in Southeast Asia [3]. NS3 is a serine protease that
has a catalytic triad of His51, Asp75 and Ser135 and NS2B as the cofactor for enhancing its protease
activity [4,5]. NS2B/NS3 protease, as well as non-structural proteins of the dengue virus genome,
have been well studied and appear to be promising targets in anti-dengue discovery [6].

One of the compounds that has diverse biological activity is curcumin derivates. Curcumin is
known as a general natural product found in many regions in Indonesia. The value of this compound
means that curcumin has been used in traditional medicine as an antioxidant, anti-inflammatory,
antimicrobial and anticancer agent [7]. Additionally, curcumin was reported as having anti-viral
activity [8]. However, curcumin is unstable because it is easily hydrolyzed at the 3-diketone group,
decreasing its biological activity. Using monoketone groups by the synthesis method can be a strategy
for increasing its stability [9], as well as some modifications, such as adding a nitrogen-containing
moiety to increase its anti-dengue activity. Balasubramanian et al. (2018) reported some natural and
synthetic curcumin derivatives for inhibiting dengue virus [10]. The anti-viral activity of curcumin
containing piperidone was reported for the herpes virus (hsvl) and human immunodeficiency virus
(HIV-1) [11]. In recent years, we also reported synthetic curcumin from piperidone derivatives,
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where some compounds showed potential anti-dengue activity through in silico studies on the active
site of NS2B/NS3 protease [12-14].

Accordingly, we synthesized monoketone curcumin from piperidone conjugated to a nitrogen-
containing moiety, morpholine, to increase its anti-dengue activity. Anti-dengue activity was screened
against DENV2 NS2B-NS3 protease and a molecular docking study. We hope that this study could
contribute to the efforts in discovering potent anti-dengue agents.

2. Results

2.1. Chemistry

The title compound was obtained by a two-step reaction by utilizing N-alkylation and aldol
condensation reactions, according to the reverse step of a procedure already established [13]. Initially,
the amine group of 4-piperidone monohydrate hydrochloride was reacted to 4-(2-chloroethyl)
morpholine hydrochloride as an alkylating agent using Cs,COs3 as a base to neutralize the hydrochloride,
thus enabling nitrogen nucleophilicity to obtain compound 2 with a 98% yield [15]. Subsequently,
compound 2 was reacted to 4-methoxybenzaldehyde in the presence of a strong base to obtain
compound 3 through an aldol condensation reaction. We have found that the reversed step of this
reaction leads to pure yellow crystal formation of compound 3 with a 94% yield from compound 2
or a 92% yield of total reactions without chromatographic work-up. The synthesis route is shown in
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Figure 1.

Figure 1. Synthesis pathway of compound 3. (i) CH3CN, Cs,CO3, 4-(2-chloroehtyl)morpholine
hydrochloride, reflux at 80 °C; (ii) C,H50OH, NaOH, 4-methoxybenzaldehyde, reflux at 80 °C.

The chemical structure of the title compound was confirmed by IR, NMR, and mass spectroscopy.
The IR spectrum showed a characteristic absorption band at 1654 cm™! for the carbonyl group (C=0)
and at 1244 cm™! for the methoxy group (C-O), whereas the absence of absorption around 3200 cm™" of
the amine group indicated that alkylation of the amine group was successful. Furthermore, NMR and
HRMS spectra confirmed the targeted compound 3 structure. The "H NMR spectrum showed a
typical signal of two symmetrical sets of para-substituted aromatic protons around 7.03-7.47 ppm as
doublets with a coupling constant of 3] 8.4 Hz. The singlet signals at 7.54 ppm and 3.87 ppm were
assigned to the protons of the «,[3-unsaturated ketone and the methylenes of the piperidone ring,
respectively. The piperidone unit was also confirmed by a signal of 1>*C-NMR at 187.1 ppm, assigned
to carbonyl carbon. The presence of the morpholine unit was shown by a triplet signal at 3.45 ppm and
2.29 ppm with a coupling constant of 31 8.0 Hz, while two triplets at 2.67 ppm and 2.38 ppm with a
coupling constant of 3] 6.3 Hz indicated the bridge carbon of the morpholine unit of the piperidone ring.
The HRMS spectrum of compound 3 showed [M + H]* of m/z 449.2444 corresponding to a molecular
formula of CpyH33N>0y (caled. 449.2440).
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2.2. Anti-Dengue Activity Evaluation

Based on high-throughput screening (HTS) data tested at a concentration of 200 mg/mL,
the synthesized compound exhibited 39.09% inhibitory activity against NS2B-NS3 protease. Due to the
low inhibitory activity, the ICs9 was not determined. Therefore, a molecular docking simulation of
compound 3 was performed to identify plausible binding modes to the DEN2 NS2B/NS3 protease,
while panduratin A was used for comparison. Molecular docking was performed at the catalytic
triad of the DENV protease enzyme (His51, Asp75 and Ser135) [16]. The molecular docking results of
both compounds showed a strong bond to Asp75 of the protease enzyme catalytic triad (Figure 2).
Compound 3 also exhibited hydrogen bonding to Gly153, but lacked interactions with His51 of the
catalytic triad and Gly151 and Pro132, which are essential amino acid residues for antagonist activity
against the NS2B/NS3 protease [17]. The unavailability of these interactions might be the reason
compound 3 possesses low inhibitory activity against the NS2B-NS3 protease.

B:151 VAL
B:72

HIS
B:51

£
TYR lBas1
LEU

B:128

VAL
B:155

PRO
B:132

(a) (b)
Interactions
I:I Conventional Hydrogen Bond I:I Pi-Pi Stacked
D Carbon Hydrogen Bond D Alkyl
|:| Attractive Charge I:I Pi-alkyl

Figure 2. A 2D visualization of (a) compound 3 and (b) panduratin A in the NS2B/NS3 protease
active site.

3. Materials and Methods

All reagents were purchased from Sigma-Aldrich and Merck and were used without further
purification. The melting point was determined on a Fisher-Johns apparatus (Fisher Scientific, Waltham,
MA, USA) (uncorr). Thin Layer Chromatography (TLC) analysis was carried out using GF»54 (Merck
Millipore, Darmstadt, Germany) under a UV lamp 254/365 nm (Cole—Elmer®, Vernon Hills, IL, USA).
The UV spectrum was recorded on a Genesys'" 10S UV-visible spectrophotometer (Thermo Scientific ",
Waltham, MA, USA). The FT-IR spectrum was recorded in KBr powder on a Shimadzu® FT-IR
Prestige-21 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). The Mass spectrum was
measured using Water Xevo QTOFMS instrument (Waters, Milford, MA, USA). The 'H and 3C NMR
spectra were recorded on an Agilent® (Agilent Technologies, Santa Clara, CA, USA) at 500 MHz and
125 MHz, respectively.
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3.1. Synthesis of 1-(2-Morpholinoethyl)piperidin-4-one (2)

4-piperidone monohydrate hydrochloride (5 mmol) was dissolved in 20 mL of acetonitrile, then
cesium carbonate (10 mmol) and 4-(2-chloroehtyl)morpholine hydrochloride (7.5 mmol) were added.
Then the mixture was refluxed for 24 h at 80 °C. 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 an 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 compound 2 as a yellow crystal (0.207 g, 98% yield).

3.2. Synthesis of 3,5-Bis((E)-4-methoxybenzylidene)-1-(2-morpholinoethyl)piperidin-4-one (3)

Compound 2 (3 mmol) and 4-methoxybenzaldehyde (6 mmol) were dissolved in 10 mL of absolute
ethanol and 10 mL of 1 N NaOH was added. Then the mixture was refluxed for 5 h at 80 °C. After the
completion of the reaction, the mixture was neutralized using 1 N HCl. The mixture was allowed to sit
overnight until precipitate was formed. The precipitate was filtered and washed using n-hexane and
demineralized water then air dried at room temperature. The obtained product was recrystallized
with methanol to obtain compound 3 as a yellow crystal (0.421 g, 94% yield). The characterization data
of compound 3 are as follows: m.p. 146-147 °C; 'H-NMR (500 MHz, DMSO-dg) & (ppm): & 7.54 (s, 2H),
747 (d, ] =84 Hz,4H),7.03 (d, ] = 8.4 Hz, 4H), 3.87 (s, 4H), 3.81 (s, 6H), 3.45 (t, ] = 8.0 Hz, 4H), 2.67 (t,
] = 6.3 Hz, 2H), 2.38 (t, ] = 6.3 Hz, 2H), 2.29 (t, | = 8.0 Hz, 4H). 13C-NMR (126 MHz, DMSO-d) & (ppm):
5 187.10, 160.50, 135.02, 132.92, 132.26, 127.68, 114.77, 66.49, 57.09, 55.76, 55.12, 53.93, 53.34. HRMS
(ESI): my/z 449.2444, [M + H]* (caled for Cp7H33N,Oy: 449.2440). FTIR (KBr) U (cm™): 3073 (m), 3002
(s), 2957 (m), 1654 (s), 1598 (m), 1515 (s), 1340 (s), 1244 (s). UV-vis (EtOH) Amax: 366 nm. Copies of the
spectroscopy data of compound 3 (Figures S1-5S5) are provided in the Supplementary Materials.

3.3. DENV2 NS2B-NS3 Protease Inhibition Assay

The inhibition assay was performed according to the protocol proposed by Rothan et al. [18].
A reaction mixture in a 100 mL aliquot was prepared by dissolving fluorogenic peptide
(Boc-Gly-Arg-Arg-MCA) (10 mmol/L) and recombinant DENV2 NS2B-NS3 (0.5 mmol/L) in Tris-HCI
buffer (200 mmol/L, pH 8.5). For the assay, three parallel reactions were performed viz. buffer
only, buffer with enzyme and buffer with the enzyme, using 200 pg/mL of synthesized compound.
Drug inhibitors were pre-incubated with the NS2B-NS3pro at 37 °C for 10 min prior to the addition of
the fluorogenic peptide substrate.

The assay mixture was incubated at the same temperature (37 °C) for another 1 h. The assay
conditions were validated by simultaneously running a blank control (100 mL of 200 mmol/L Tris-HCI
only) and a positive control (100 mmol/L substrate BOC-GRR-MCA and 0.5 mmol/L NS2B-NS3pro
in 200 mmol/L Tris—-HCl) and the experiment was carried out in quadruplicate. The percentage
of DENV2 NS2B-NS3 protease inhibition by the peptide inhibitor was measured by fluorescence
emission spectroscopy using a Tecan M1000 PRO 96-well microplate reader for emissions between
410 and 460 nm upon excitation at 365 nm. The inhibitory activity was calculated according to the
equation below:

JoActivity = [RFUsample - RFUblank]/ RFUnegative control 1)

%Inhibition = 100% — %Activity (2)
where RFU is the relative fluorescence units.

3.4. Molecular Docking Study

The docking study was carried out using Molecular Operating Environment 2019.0101 from
Chemical Computing Group Inc. (https://www.chemcomp.com). The molecular docking simulation
was performed using an ASUS E202S Netbook with Intel Celeron N3060 1.6 GHz and 2GB RAM.
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The crystal structure of DEN2 NS2B/NS3 Protease (PDB ID: 2FOM) was downloaded from Protein Data
Bank (https://www.rcsb.org/structure/2FOM). The receptor protein was prepared using a structure
preparation wizard. Then, the protein was energy minimized by using AMBER14:EHT force field.
Ligand compounds were prepared using the same method. The docking site was set up using the site
finder feature of MOE around His51, Asp75 and Ser135 amino acids residues. The compound docking
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 for further analysis.

4. Conclusions

A novel monoketone curcumin derivative containing a morpholine moiety has been synthesized
at a high yield. Compound 3 showed low inhibitory activity against the NS2B/NS3 serine protease.
Thus, this compound still needs further development to increase its anti-dengue activity.

Supplementary Materials: The following are available online. Figure S1: 'H NMR spectrum of 3, Figure S2: 13C
NMR spectrum of 3, Figure S3: Mass spectrum of 3, Figure S4: FTIR of 3, Figure S5: UV-Vis spectrum of 3.
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