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ABSTRACT: Cancer is a systemic disease that occurs by various molecular mechanisms and its certain treatment has
not been achieved yet. Antimicrobial drugs are the only option for the treatment of infections cause by bacteria and
fungi. However, most microorganisms might develop resistantance against these drugs. 1,4-Dihydropyridine (1,4-DHP)
is a partially saturated form of pyridine ring which shows calcium channel modulator activity. In addition to this
activity of 1,4-DHPs and analog compounds such as hexahydroquinoline (HHQ), other activities have also been
investigated. In this study, two new HHQ derivatives were synthesized to obtain a lead compound which has anticancer
and antimicrobial activity. The structures of the synthesized compounds were proved by spectral methods. These HHQ
derivatives compounds were conjugated to magnetic nanoparticles to investigate the changes in their anticancer and
antimicrobial activities. For this purpose, firstly, we synthesized silica-coated magnetic nanoparticles. The silica-coated
magnetic nanoparticles were conjugated with HHQ to enhance anticancer and antimicrobial activities. Anticancer and
antimicrobial activity studies were carried out for both compounds and magnetic nanoparticle (MNP) forms. In
addition, the physicochemical and pharmacokinetic properties, lipophilicity, water solubility and druglikeness of the
compounds were determined in silico. Altogether, our data indicate that the new hexahydroquinoline derivatives have
anticancer activity and the magnetic nanoparticle form led to increasing to this activity.

KEYWORDS: Hexahydroquinoline; magnetic nanoparticle (MNP); anticancer; antibacterial; antifungal; synthesis;
spectra; Hantzsch reaction.

1. INTRODUCTION

According to the data of the World Health Organization (WHO), cancer is among the diseases of the
highest cause of death in the world. It is stated that one out of every six deaths is due to cancer [1]. Breast
cancer is a common disease among women worldwide [2]. Although different treatment options are available
for breast cancer, the drug toxicity and drug resistance are the main cause of insufficient treatment. There is a
need for novel molecules that act on these pathways because of the discovery of a wide variety of cancer-
causing mechanisms in recent years. Therefore, the discovery of new anticancer drugs was aimed for most of
the drug research. Several novel candidate molecules have been suggested as effective agents for the treatment
of breast cancer [3]. In recent years, studies have been carried out to prepare nanoparticle derivatives based
on the approach that these compounds can be more effective by converting into nanoparticle forms [4].

In addition, infectious diseases are in the fourth place after ischemic heart diseases, stroke and chronic
obstructive pulmonary disease [5]. New medications and effective treatments are needed because of the
increasing difficulty in treating infectious diseases due to various reasons and resistance to existing drugs.

The medicinal chemistry gained an important ring system with the synthesis of 1,4-DHP ring by Arthur
Hantzsch in 1882 [6]. After this date, the studies on the 1,4-DHP ring system continued increasingly and
nifedipine was introduced to treatment as an antihypertensive drug in 1975 [7]. As a result of ongoing studies,
while other derivatives such as amlodipine are used for treatment, similar active compounds were attempted
to be obtained with all possible modifications in the 1,4-DHP ring [8]. In addition, studies on other
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pharmacological activities of these compounds have gained speed and it has been found that these compounds
may have other pharmacological activities. 1,4-DHP compounds possess antimicrobial, anti-inflammatory,
antioxidant, antiatherosclerotic, anti-Alzheimer, anti-Parkinson, antituberculosis, antiulcer activity [9-16]. This
group of compounds is also used to overcome multidrug resistance in tumor cells [17]. These compounds form
a model for NAD-NADP (nicotinamide adenine dinucleotide-nicotinamide adenine dinucleotide phosphate)
biological redox systems [18, 19].

The clinically success of the nifedipine molecule -the prototype of 1,4-DHP compounds with calcium
channel blocker activity in antihypertensive therapy- has led to the synthesis of many new modified
derivatives including condensed analogs [20]. Hexahydroquinoline obtained by fusing 1,4-DHP molecule with
cyclohexane is the most common example of modifications. The proven experimental biological activity of
hexahydroquinoline derivatives as a calcium channel blocker has led scientists to focus on these derivatives
[21]. A large number of synthesized compounds; besides calcium channel blocker activity; have been screened
for antimicrobial, antioxidant, antimalarial, antitumor, bronchodilator, geroprotective, antiastmatic and anti-
inflammatory activities [22]. The cytotoxic effect of the synthesized hexahydroquinoline derivatives was
investigated in studies conducted by some research groups and it has been proved that hexahydroquinoline
derivatives show promising anticancer activity by various mechanisms [23]. In addition, many studies have
investigated antibacterial and antifungal activities of compounds having hexahydroquinoline ring system [24-
26]. Today, one of the the most important cancer treatment method is chemotherapy with other treatment
options such as radiotherapy and gene theraphy. Because of suppression of the immune system, microbial
infections can be seen in patients receiving chemotherapy [27]. Applying antimicrobial treatment in addition
to chemotherapy causes secondary diseases in patients with liver and kidney dysfunction. Therefore, a
compound that exhibits anticancer and antimicrobial activity is advantageous from therapy and patient
compliance perspective [28].

It has been experimentally proven that nanoparticle formulations increase biocompatibility,
pharmacokinetic and pharmacological properties. Based on this, studies have been conducted in which an
improvement in activity is observed by converting existing anticancer drugs, such as doxorubicin, into
magnetic nanoparticle form in the treatment [29]. Also in recent studies, the compounds with known
antimicrobial activity were conjugated with magnetic nanoparticle and the activities of the particle-conjugated
compounds were reexamined. In these studies, it has been found that the magnetic particle-conjugated
compounds show additive or synergistic activity according to their free form [30].

Fluoro substitution into the structure of the compounds is a strategic approach to increase the potency
of the drug in recent years. Fluorine substitution into a molecule; affects conformation, molecular target
selectivity by affecting pKa, membrane permeability, hydrophobic interactions, lipophilicity, pharmacokinetic
characteristics or a combination of these properties. Fluoro is an important atom for drug metabolism [31].

Although improvements in diagnosis and options of therapy, the incidence of breast cancer is still at
high level [32]. Chemotherapeutics used for breast cancer treatment have toxic effects and the patient can
develop resistance to chemotherapeutics during time [33].

In the current study, the effect of new hexahydroquinoline derivatives were analyzed to develope novel
candidate molecules for treatment of breast cancer. In order to do that two new hexahydroquinoline
derivatives were synthesized and their structure was proved by spectral methods (IR, 1IH-NMR, 13C-NMR,
HRMS and elemental analysis). In the following process, anticancer activity of the compounds were evaluated
by using MCF-7 breast cancer cell line. In addition antibacterial and antifungal activity of the compounds were
determined. We also conjugated the compounds with magnetic nanoparticle to reveal the possible
contribution to the mentioned activity.

2. RESULTS AND DISCUSSION
2.1. Chemistry

The compounds were synthesized by Hantzsch reaction in a conventional manner. The structure of the
compounds were elucidated by IR, TH-NMR, 3C-NMR and elemental analysis. The structure and properties
of the target compounds were given in Table 1.

In the IR spectra, characteristic N- H stretching bonds were observed at 3277 and 3297 cm. The
characteristic C=O (ester) and C=0 (ketone) bonds were seen at 1696, 1697 and 1644, 1651 cm-!, respectively.
In the TH-NMR spectra, the signals of two methyl groups at 6th position of HHQ ring were recorded at 0.8 and
0.9 ppm separately and as singlets. The HHQ ring’s 4th position peaks were seen as singlet at 4.89 and 4.91
ppm respectively for RG115 and RG127. The aromatic protons of the phenyl ring were seen at 7.15-7.53 and
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the protons of N-H protons were observed at 9.20 and 9.23 ppm. These peaks confirmed that HHQ ring was
successfully synthesized. The reason for the multiplet of methylene peak in the ethyl derivative is the long-
range interactions that occur due to the chiral carbon of the 4th position of HHQ.

Table 1. Structure of the synthesized compounds.

Compound Ar R m.p. (°C)  Empirical formula M.W.

RG115 2-fluoro-5- Ethyl 268-270 CooHasF4NO 425.16
trifluoromethylphenyl y 2URTENS ’

RG127 3-fluoro-5- Isopropyl  213-215 CosHasF4NO; 439.18

trifluoromethylphenyl

In the 3C-NMR spectra, each carbon atom appears only as a single resonance, the number of the signals
fitted exactly the number of carbon atoms. The signals belonging to carbonyl groups at 5th position of the
HHQ ring were seen at 200 ppm while the ester carbonyl groups were recorded at about 166 ppm. While the
carbons in the 3rd and 4a positions give a peak around 100 ppm, the carbon atoms in the 2nd and 8a positions
give a peak around 150 ppm due to the inductive effect of nitrogen, which is an electronegative atom.

The HRMS spectra of the compounds were recorded using the electrospray ionisation-Q-TOF
technique. Molecular ion peaks (M+H) were seen in the spectra of both compounds. These peaks are also base
peaks in the spectra. In further fragmentation, the ions were formed by the cleavage of the ester group, O-
alkyl function and phenyl ring. Aromatisation of the DHP ring to the pyridine analogue was also realised.
Elemental analysis results were within + 0.4% of the theoretical values for both compounds.

2.2. Nanoparticle results

The chemical characterization of Fe304@SiO2@RG115 and Fe304@SiO2@RG127 nanoparticles was
performed by ATR-FTIR and UV-Vis analysis. The chemical composition of each step of the fabrication of the
RG115-MNPs and RG127 MNPs were identified by ATR-FTIR analysis (Figure 1). The specific C=O stretching
band and ketone C=0 streching band for both RG115 and RG127 were observed at 1690 cm! and at 1640 cm-
1, respectively as seen in Figure (1A-1B). Moreover, when the UV-Vis spectrums of the RG115-MNPs (Figure
1C) and RG127-MNPs (Figure 1D) were investigated, the absorption band for the spesific n-* transitions of
the hexahydroquinoline derivative compounds was observed at around 350 nm. According to these results it
can be said that both RG115 and RG127 compound were successfully conjugated to the silica coated magnetic
nanoparticles.

The morphology of the RG115 conjugated Fe304@SiO2 nanoparticles was clarified by TEM image
(Figure 2A). As seen in TEM images, the magnetic core and the silica layer of the particles can be seen clearly.
In addition the presence of RG115 coating was also observed as a very thin layer. The magnetic Fe304 core
was measured as 150 nm and almost 50 nm thickness of a silica shell formation was observed on the magnetic
core. In addition, the thickness of RG115 coating was measured about 5 nm.

The surface charge of the particle is an another proof of the identify the covering process of the particles.
Moreover, the zeta-potential values also important for the biomedical applications of the particles. To reveal
the change of the surface charge of the particles before and after the RG115 and RG127 conjugation, we have
measured the zeta-potential values of the particles. The releated diagram was given in Figure 2B. The zeta-
potential values of Fe304@Si02, Fe304@SiO2@ RG115, and Fe304@SiO2@RG127 were measured as -16+1.45,

-30+1.98 and -27+1.55 mV, respectively. This results indicate that the substitution of fluorine containing RG115
and RG127 compounds affected the negativity of zeta potential for the Fe304@SiO2@RG115 NPs, (B)
Fe304@SiO2@RG127 NPs [37].
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Figure 1. ATR-FTIR spectrum of (A) Fe304@SiO2@RG115 NPs, (B) Fe304@SiO2@RG127 NPs; UV-Vis spectrum of (C)
Fe304@SiO2@RG115 NPs and (D) Fe304@SiO2@RG127 NPs.

Zeta Potentials (mV)
a .

T T
Fe,0,@Si0, Fe,0,@Si0,@RG115 Fe,0,@Si0,@RG127

Figure 2. (A)TEM images of hexahydroquinoline derivative conjugated Fe304@SiO2 nanoparticles and high resolution
TEM of single nanoparticle, (B) Zeta-potentials of hexahydroquinoline derivative conjugated nanoparticles.

2.3. Anticancer activity results

To determine anticancer effects of the synthesized compounds and their MNP forms, xCELLigence
RTCA (Real Time Cell Analyzer) system was used for MCF-7 cells. RG115 did not cause cytotoxicity at
examined all concentrations (1, 5 and 10 mg/ml) (Figure 3A) but this compound showed anticancer effect on
MCE-7 cells after coating with nanoparticles (RG115MNP) (Figure 3B). While 10 mg/ml of sample RG115MNP
showed cytotoxic effect, 1 mg/ml and 5 mg/ml of sample RG115MNP was determined to anticancer effect on
MCE-7 breast cancer cells. The concentration of 1, 5 and 10 mg/ml of RG127 resulted to cause a same anticancer
effect compared with RG127MNP on MCEF-7 cells (Figure 3C and 3D). These findings clearly indicated that

RG115MNP, RG127 and RG127MNP have a potent anticancer effect against MCF-7 breast cancer cells (Table
2).

2.4. Antimicrobial activity results

Antimicrobial activity of HHQ derivatives compounds covered and noncovered MNPs were
determined against representative strains of Gram positive, Gram negative bacteria and a fungal strain C.
albicans. To identify the antimicrobial activity, 4 compounds (RG115, RG115MNP, RG127, RG127MNP) were
screened at a final concentration of 32 mg/mL in 96 well plates. The obtained Z-scores of all compounds were
shown in Figure 4. Using a Z-score of 2.0 as the threshold, none of the compounds had a Z-score equal or more

than 2.0, suggesting that tested compounds had not got an antimicrobial activity on any of the 12 different
microorganisms.

https://dx.doi.org/10.29228/jrp.120
J Res Pharm 2022; 26(1): 219-230
222


https://dx.doi.org/10.29228/jrp.120

Journal of Research in Pharmacy

Cetin et al.
A new perspective for hexahydroquinoline derivatives Research Article

A

W - -
....................................................................
D T e e e S e S

|

errme——

 p————

o0 M ST A

Tie (n Hour)

Figure 3. Real time cell analysis of antiproliferative effect of RG115, RG115MNP, RG127 and RG127MNP. The cell
index values for 1, 5 and 10 mg/ml of RG115 (A); RG115MNP (B), RG127 (C), RG127MNP (D) on MCEF-7 cells are
shown. The concentrations represented by different colors in Figure 3 (Red: Positive control, Green and Dark blue:
DMSO, Pink: 1mg/ml, Turquoise: 5 mg/ml, Purple: 10 mg/ml).

Table 2. The ratio of anti-cancer effect in RD115, RG115NP, RG127, RG127NP compounds (%).

Concentrations
Compounds 1 mg/ml 5 mg/ml 10 mg/ml
RG115 % 48.9+0.01 % 53.9+0.03 % 59.3+0.02
RG115NP % 65.7£0.01 % 77.8%0.01 % 91.5+0.01
RG127 % 57.8+0.02 % 64.9+0.01 % 78.4%0.02
RG127NP % 59.620.01 % 67.5+0.01 % 79.940.01

The resazurin activity of each compound was normalized to cell viability before the Z-score was
calculated. The results showed that none of the tested compounds exhibited antimicrobial activity any of the
tested concentrations. Although, covered counterparts exhibited slightly more efficiency compared to
noncovered versus, this activity increase was not statistically significant. As a result of our experiments, there
was no significant increase in the antibacterial and antifungal activity of the compounds immobilized into the
nanoparticle. It was found that this new formulation designed for compounds did not contribute positively to
antimicrobial activity.

2.4. In silico prediction of ADME and drug-likeness properties

The in silico physicochemical and pharmacokinetic properties, lipophilicity, water solubility and drug-
likeness of the compounds were determined by SwissAdme [38]. The calculated average LogP values are 4.85
for compound 1 and 5.15 for compound 2. Oral usage and absorption of the compounds depend on the
solubility indicated by LogS. The polar surface area and topological polar surface area, which is an important
criteria for the compounds to cross biological barriers such as the blood-brain barrier, should be less than 140
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A 2. Calculated total polar surface area (TPSA) values are 55.4 A2 for both compounds. Intestinal absorption,
which is an important parameter for drug candidate molecules, is calculated with the formula % ABS =109 -
(0.345 x TPSA) [39]. According to this calculation, both compounds have 89 % intestinal absorption. The
number of rotatable bonds must be less than ten for the compounds to bind to biological targets. The molar
refractive index, which should be less than 130, is 106.43 for RG115 and 111.24 for RG127. Although P-
glycoprotein (P-gp), which is found in many healthy tissues and some tumor cells, is responsible for the
pharmacokinetic and toxicokinetic properties of drug molecules, it causes multi-drug resistance.
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Figure 4. Z-scores of 4 compounds (RG115, RG115MNP, RG127, RG127MNP) following a primary screening.

Based on our in silico calculations, both compounds are not substrates for P-gp [40]. While both
compounds are inhibitor of CYP2C19, CYP2C9 and CYP3A4, none of them are inhibitor of CYP1A2 and
CYP2Dé6. Boiled-egg (Brain Or Intestinal EstimateD permeation predictive model) model is predictive in silico
tool for intestinal absorption and blood-brain barrier penetration. According to this model, the compounds
located in the yellow area display high intestinal absorption and brain penetration, the white area display only
intestinal absorption and the gray area is low intestinal absorption zone [41]. Aspect to the boiled-egg, our
compounds are located in the HIA (Human Intestinal Absorption) region.

Lipinski’s and Veber’s rules are applied to both compounds according to drug-likeness properties.
Compound 2 has a violation of Ghose, Egan and Muegge parameters, while compound 1 violates a rule only
in Ghose and Egan. Bioavailability score of both compounds is 0.55. Both compounds have high
gastrointestinal absorption when evaluated in terms of pharmacokinetic properties. Their solubility in water
ranges from poor to moderate. Considering all these values, it can be said that the compounds have similar
properties with the oral drugs currently used in the treatment. As a result whole compounds have high
potential to be drug (Table 3).

3. CONCLUSION

In this study, we synthesized new hexahydroquinoline derivatives and their magnetic nanoparticle
(MNP) forms to investigate their anticancer and antimicrobial activity. Here, we demonstrated the potential
anticancer role of both synthesized compounds and their MNP forms by examining its effects on breast cancer
cells. For the first time, we showed that anticancer activity of all tested compounds in breast cancer cells. These
results may provide new insights into the anticancer effect of hexahydroquinoline derivatives in the
management of breast cancer. Conjugation of synthesized hexahydroquinoline derivatives to magnetic
nanoparticles contributed positively to anticancer activity. While both compounds showed anticancer activity
at a dose of 1 and 5 mg / ml, RG127 was also active at a dose of 10 mg / ml. Significant results could not be
obtained in the antimicrobial activity studies that we conducted on the basis that the compounds can be dual-
acting. In the future studies, these compound will be tested by combining antibiotics, used at the treatment of
infectious diseases in order to investigate synergetic effects. By using in combinations, it may be possible to
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dicrease the dosage of antibiotics in treatment to elucidate side effects. Also calculating drug-likeness and
other parameters belonging to newly synthesized compounds showed that these derivatives can be considered
as precursor compounds for new group of anticancer agents. These results showed us that the new formulation
we obtained by converting the compounds into nanoparticle form increased the activity. The contribution to
anticancer activity of the compounds' nanoparticle forms can be studied with a larger number of compounds
in further studies.

Cetin et al.
A new perspective for hexahydroquinoline derivatives

Table 3. In silico ADME prediction of RG115 and RG127.

ADME properties RG115 RG127
MW (Molecular weight) <500 425.42 439.44
CLP (cLOGP) <5 4.85 5.15
LogS (Solubility) > -4 -5.61 -6.06
RB (Rotatable bonds) <10 5 5
HD (Hidrogen donors) <5 1 1
HA (Hidrogen acceptors) <10 7 7
MR (Molar refractivity) 40-130 106.43 111.24
% ABS 89.88 89.88
TPSA (Topological polar
surfa(ce :rea)gs 140pA2 5540 5540
GI Aborption High High
BBB penetration No No
P-gp substrate No No
CYP1A2 inhibitor No No
CYP2C19 inhibitor Yes Yes
CYP2C9 inhibitor Yes Yes
CYP2D6 inhibitor No No
CYP3A4 inhibitor Yes Yes
Bioavailability score 0.56 0.55

4. MATERIALS AND METHODS
4.1. Chemistry

All chemicals used were purchased from Aldrich (USA) and were used without further purification.
Purity of the synthesized compounds was checked by thin layer chromatography (TLC) on Merck aluminum
sheets (Germany), silica gel 60 F254, mobile phase ethyl acetate:n-hexane (1:1), and UV absorbing spots were
detected under short-wavelength (254 nm) light (Camag UV Cabinet, Germany). Melting points were
determined on a Thomas Hoover capillary melting point apparatus (USA) and uncorrected. Infrared spectra
(IR) were recorded on Perkin Elmer Spectrum BX FT-IR (UK) equipped with MIRacle ATR accessory (PIKE
Technologies, USA) and were reported in cm™. 1TH-NMR and 13C-NMR spectra were taken in dimethyl
sulfoxide (DMSO-d6) solution on a Bruker, 500 MHz high performance digital FT-NMR spectrometer (USA)
using tetramethylsilane (TMS) as internal standard. Chemical shifts were reported in parts per million (ppm).
HRMS was realized by Agilent 6530 Accurate-Mass Q-TOF. Elemental analysis (C, H and N) was obtained on
a Leco CHNS-932 Elemental Analyzer with accuracy 0.4%.

4.1.1. General synthesis of alkyl 2,6,6-trimethyl-4-(disubstitutedphenyl)-5-oxo0-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate derivatives

The compounds were synthesized via Hantzsch reaction. 4,4-dimethylcyclohexane-1,3-dione (1 mmol),
disubstituted benzaldehyde derivative (1 mmol), appropriate alkyl acetoacetate (1 mmol) and ammonium
acetate (5 mmol) were refluxed for eight hours in absolute methanol. Reaction mixture was monitored by TLC
and after completion of the reaction, it was cooled to room temperature. The obtained precipitate was filtered
and crystallized from ethanol for further purification. The synthetic route was shown in Fi.

Ethyl  2,6,6-trimethyl-4-(2-fluoro-5-trifluoromethylphenyl)-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (RG115). The compound was obtained by the reaction of 4,4-dimethylcyclohexane-1,3-dione, 2-
fluoro-5-trifluorobenzaldehyde, ethyl acetoacetate and ammonium acetate in 10 mL methanol. Yellowish
solid, m.p: 268-270, yield: 76%. IR (v, cm™) 3297 (N-H), 1696 (C=0, ester), 1644 (C=0, ketone). 'H-NMR (5,
DMSO-de): 0.89 (3H; s; 6-CHa), 0.97 (3H; s; 6-CHs), 1.14 (3H; t; J= 6.8 Hz, CH>CH3), 1.69-1.73 (2H; m; quinoline
H7), 2.27 (3H; s; 2-CH3s), 2.47-2.52 (2H; m; quinoline H8), 3.89-3.94 (2H; m; COOCH>CHz); 4.89 (1H; s; quinoline

https://dx.doi.org/10.29228/jrp.120
J Res Pharm 2022; 26(1): 219-230
225


https://dx.doi.org/10.29228/jrp.120

Cetin et al. Journal of Research in Pharmacy

A new perspective for hexahydroquinoline derivatives Research Article

H#%), 7.23 (H, t; J= 9.2 Hz, aromatic), 7.48-7.53 (2H, m; aromatic) 9.2 (1H, s; NH). 3C-NMR (5, DMSO-dg): 14.3
(COOCH2CH3), 18.6 (2-CHs), 23.3 (C-8), 24.6 (6-CHs), 25.0 (6-CHs), 33.3 (C-7), 34.5 (C-4), 40.1 (C-6), 59.5
(COOCH:CHz), 101.5 (C-3), 108.0 (C-4a), 116.8, 123.4, 125.3, 128.4, 136.0, 163,4 (phenyl carbons), 125,4 (CFs)
146.5 (C-2), 150.7 (C-8a), 166.9 (COOCH2CHs), 199.7 (C-5). HRMS (ESI/Q-TOF) m/z: [M+H]* Calcd for
CxHxFiNO; 426.1648; Found 426.1707, 380.128, 262.145, 234.114. Anal. Caled. for CoHxFiNOs; C, 62.11; H,
5.45; N, 3.29. Found: C, 61.85; H, 5.87; N, 3.40.

Isopropyl 2,6,6-trimethyl-4-(3-fluoro-5-trifluoromethylphenyl)-5-oxo-1,4,5,6,7,8-hexahydroquinoline-
3-carboxylate (RG127). The compound was obtained by the reaction of 4,4-dimethylcyclohexane-1,3-dione, 3-
fluoro-5-trifluorobenzaldehyde, isopropyl acetoacetate and ammonium acetate in 10 mL methanol. Yellowish
solid, m.p: 213-215 yield: 69%. IR (cm) 3277 (N-H), 1697 (C=0, ester), 1651 (C=0, ketone), 'H-NMR (5, DMSO-
de): 0.88 (3H; s; 6-CH3), 0.99 (3H; s; 6-CHs), 1.00 (3H, d, CH(CHa)2), 1.17 (3H, d, J= 6.4 Hz CH(CHas)2), 1.71-1.76
(2H, m, quinoline H7), 2.30 (3H, s, 2-CH3), 2.50-2.58 (2H, m, quinoline H8), 4.81-4.85 (1H, m, CH(CHz)2), 4.91
(1H, s, quinoline H%), 7.15 (H, d, J= 9.65 Hz, aromatic), 7.33 (H, s, aromatic), 7.38 (H, d, J= 8.6 Hz, aromatic),
9.23 (1H, s, NH). *C-NMR (6, DMSO-de): 18.7 (2-CH3), 21.7 (COOCH(CHz)z), 22.2 (COOCH(CHa)z2), 23.3 (C-8),
24.5 (6-CHs), 25.3 (6-CHs), 34.5 (C-7), 37.1 (C-6), 40.4 (C-4), 66.7 (COOCH(CHs)2), 102.6 (C-3), 108.6 (C-4a), 110.6,
118,6, 120.8, 122.8, 130.2, 161,6 (phenyl carbons), 125.0 (CF3), 151.0 (C-2), 152.9 (C-8a), 166.3 (COOCH(CHs)o),
200.0 (C-5). HRMS (ESI/Q-TOF) m/z: [M+H]* Caled for CpsHzsFiNOs 440.1804; Found 440.1859, 398.139,
381.298, 234.114. Anal. Caled. for C2sHxsFiNO3; C, 62.86; H, 5.73; N, 3.19. Found: C, 62.77; H, 5.91; N, 3.26.

Ar—CHO
CH, CH,COO NH,

CH, + =
CH;OH
o o

O O

H,C MO’R

R: -CH,-CH; -CH(CH3),

F F
oSNyt
F3C F3C

Figure 5. Synthesis of the target compounds.

4.1.2. The transformation of HHQ molecules to nanoparticles

Synthesis of silica-coated magnetic nanoparticles: Magnetic FesO4 nanoparticles (NP) were synthesized by
using coprecipitation method as described previously [34]. Briefly, a solution of FeCl3.6H>O (0.5 g) and FeCl»
4H>0 (0.18 g) in 20 mL deionized water (DI) was heated at 40 °C for 20 min with vigorous stirring. After that,
5 M NaOH (1.5 mL) was slowly added to the solution and a black precipitate was obtained. The black solution
was stirred at room temperature (RT) for 2 h. Then the magnetic nanoparticles were collected by centrifuge
and washed with DI water and ethanol several times.

The synthesized magnetic nanoparticles were coated with a silica layer using the following procedure.
The Fe3O4 NPs (10 mg) were dispersed in a solution of ethanol (8 mL) and DI water (2 mL). This solution was
sonicated for 20 min. Subsequently, 100 pL of tetraethylorthosilicate (TEOS) was added to the solution under
vigorous stirring at RT. Then, 2M NaOH solution was added to the mixture drop by drop while the solution
stirring. This solution was stirred for an additional 6 h at RT. At the end of this time, the Fe;0,@5iO, NPs were
collected by a simple magnet and washed several times.

Synthesis of HHQ conjugated silica-coated magnetic nanoparticles: The silica coated magnetic nanoparticles
were conjugated with HHQ molecules. For this purpose, firstly, the silica coated magnetic nanoparticles were
functionalized by an epoxy-silane agent, 3-Glycidyloxypropyltrimethoxysilane (GPTS), to conjugate HHQ
molecules on the particle surface. Briefly, 5mg of silica coated magnetic nanoparticle was dispersed into 5 ml
DMSO and the solution was sonicated for 20 min. After that 20pL GPTS was added to the particle solution.
This solution was stirred for 6h at RT to prepare epoxy-functionalized silica-coated magnetic nanoparticles
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[35]. At the end of the time, a 5 mL solution of 1mg/1mL HHQ compound which is prepared in DMSO was
added into the solution of GPTS-functionalized particle. This solution was stirred for another 24 h at RT to
conjugate HHQ molecules on the magnetic nanoparticles. The HHQ conjugated magnetic nanoparticles were
collected by a simple magnet. The collected particles washed with DI Water several times and then dried in a
vacuum oven at RT. The functionalized particles were characterized by using ATR-FTIR, UV-Vis
Spectroscopy. Moreover, the particles morphology was identified by TEM image.

4.1.3. The determination of biological activities of HHQ molecules
Anticancer activity studies

Cell culture: MCF-7 breast cancer cells were obtained ATCC and cultured in Dulbecco's Modified Eagle
Medium (DMEM, Sigma). The culture media was added with 10% fetal bovine serum (FBS, Gibco) and 1%
Penicillin- streptomycin (Sigma). Cells were grown at 37°C in in a humidified atmosphere containing 5% CO2.
After the confluency, cells were cultivated in E-plate of real time cell analyzer (RTCA) system.

Determination of anti-growth effect by the real time cell analyzer (RTCA) system: Cell proliferation was also
continuously monitored using the xCELLigence RTCA Instrument (Roche, Germany). MCF-7 cells seeded at
a density of 1 x 104 cells per well of e-plate (xCELLigence RTCA, Roche, Germany). After 24 h, synthesized
compounds and their MNP forms were added to the wells at different concentrations (1, 5 and 10 mg/ml).
Proliferation was monitored every 1 h and time dependent cell index (CI) graph was produced by the device
using the RTCA software program of the manufacturer (xCELLigence RTCA, Roche, Germany).

Antimicrobial activity studies

Bacterial strains: In the in vitro tests, bacterial strains were obtained from the collection of the
Biotechnology Institute Microbiology Department (Ankara). The minimum inhibitory concentration (MIC) of
coated and uncoated MNPs (compounds) were determined by the according to the Clinical and Laboratory
Institute (CLSI) (45) against the Gram positive bacteria Staphylococcus epidermidis (ATCC 12228), S. epidermidis
(359984), Staphylococcus aureus (ATCC 25923), S. aureus MRSA (ATCC 43300), Streptococcus pneumoniae,
Enterococcus faecalis (ATCC 29212), Acinetobacter baumannii; Gram negative Escherichia coli (ATCC 25922), E. coli
(ETECQ), S. Typhimurium (ATCC 14028), Klebsiella pneumoniae and the fungus Candida albicans (ATCC 90028).
All test strains were grown in Mueller Hinton Broth (MHB, Merck) broth at 37 °C with agitation (200 rpm) if
nedded. Strains were stored at — 80 °C with the addition of 15 % glycerol in growth medium.

Minimum inhibitory concentration (MIC): Briefly, MHB (Merck) was added in duplicate to the suitable
amount of compounds previously dissolved in DMSO. The serial dilutions from the stock solutions of
compounds were made ranging from 32 pg/mL to 0.25 pg/mL. The overnight incubated bacterial suspension
was diluted to 5 x 105 CFU/mL. From this suspension 45 pL was inoculated into the each well. For growth
and sterility control, MHB without bacteria was used for each test strain. Fungal strain was cultured for 3 days
on Yeast Extract-Peptone Dextrose (YPD) agar at 30 °C. A yeast suspension of 5 x 105 cells (as determined by
OD530) was prepared by picking and dissolving colonies in Yeast Nitrogen Base (YNB). Stock suspensions
were diluted with YNB to a final concentration of 2.5 x103 CFU/mL. From this suspension 45 pL was
inoculated into the each well of plates, containing coated and uncounted MNPs, individually. For growth and
sterility control, YNB without yeast was used for each test strain. The microtiter plates, containing compounds
and test bacteria, were incubated at 18h for bacteria and 48h for yeast at 37 °C. Following the incubation, 10
pL of a 0.001% resazurin was added to each well as an indicator of microbial growth. Resazurin supplemented
plates were incubated at 37 °C for 2 hours. On completion of the incubation, columns with no colour change
(blue resazurin colour remained unchanged) were determined visually and scored as above the MIC value.

Growth inhibiton and Z-score: The absorbance was also measured using ELISA reader (Perkin Elmer,
Victor 3) after the addition of resazurin at a 0.001 % final concentration. Growth inhibition of bacteria was
determined measuring absorbance between 590 and 570 nm (OD590-570). The percentage of the inhibition
values was determined by Z-scores, calculated using the average and standard deviation of the test wells,
containing microorganisms and MNPs. Samples with the inhibition value above 80 % and Z-score above 2 for
either replicate were classed as actives [36, 37].
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