Bulgarian Chemical Communications, Volume 49, Special Issue D (pp. 201 — 208) 2017

Synthesis and properties of several Betti bases as potential drugs
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The aim of the present study was to synthesize several Betti bases by a modified Betti reaction, to develop analytical
methods for the quantitative determination and testing the microbiological and antioxidant activities. For the
modification of the Betti reaction we used primary heterocyclic amine, aromatic aldehydes, 8-quinolinol and halogeno-
substituted aromatic aldehydes. Betti bases were obtained at yield 80-98% and characterized by elemental analysis and
NMR spectra. The applied analytical methods for quantitative determination of the studied Betti bases offered short
analysis time, high precision, high linearity and satisfactory limit of detection (LOD) and limit of quantification (LOQ)
values. The microbiological activity of studied Betti bases was tested against 23 test strains pathogenic microorganisms
(different gram positive and gram negative). The microbiological screening proved their selective microbiological
activity. According to the EPR study, the Betti bases possess radical structure and are likely to exhibit antioxidant

activity. We assume that the potential of the presented Betti bases as a pharmacological compound is promising.
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INTRODUCTION

Quinolones are extensively investigated as broad
spectrum  anti-bacterial,  anti-diabetic, anti-
convulsant, anti-inflammatory, anti-viral, anti-
fungal and anti-HIV agents [1-8]. In vitro studies
show that the hydrochlorides of the Mannich bases
of 8-hydroxyquinoline and 7-diethylaminomethyl-
8-hydroxyquinoline exhibit high cytotoxic activity
against human cancer cells of leukemia and
myeloma, as well as other tumors [6, 8]. The
scientific literature presents reports demonstrating
the antioxidant activity of quinoline-8-ol
derivatives [9, 10]. The study of Betti bases
chemistry started at the beginning of the 20th
century. The reaction of primary aromatic amines
with benzaldehyde and phenols or naphthols is
called a Betti reaction although it represents a
special case of the Mannich reaction and the
products (aminonaphthols) obtained are known as
Betti bases [11-15]. These bases have interesting
biological applications, such as antibacterial,
hypotensive, and bradycardic agents [3, 16-19].
The optically active Betti bases can be used as
ligands to chelate with organometallic reagents in
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different reactions to provide highly efficient
complex compounds [20-22]. However, various
modifications have been made to prepare Betti base
derivatives by using other naphthols or phenols,
quilinols, and amines [23-25]. Many procedures for
Betti reactions have also been successfully
developed [26-31].

In our previous investigations we have found
growth regulating activity of synthesized by us 7-
aminobenzyl-8-hydroxyquinolines [32] and
microbiological activity against a reference
Staphylococcus aureus strain of the synthesized by
us 2,5,7-substituted derivatives of 8-quinolinol
[33].

The aim of the present study was to synthesize
several Betti bases by a modified Betti reaction, to
develop analytical methods for its quantitative
determination and to test its microbiological and
antioxidant activities.

EXPERIMENTAL

Reagents

The halogen-substituted aromatic aldehydes,
quinolin-8-ol and 2-amino-6-methylpyridine used
in the syntheses are commercially available (Fluka,
Merck, Germany, > 99%) with analytical reagent
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grade. The amino benzylation of quinolin-8-ol was
carried out by modified by us Betti reaction: three-
component Mannich-type condensation of 8-
hydroxyquinoline (0.01mol), chloro-, fluoro- and
bromo-substituted benzaldehydes (0.01mol), 2-
amino-6-methylpyridin-2-amino-6-methylpyridine
(0.01mol) in absolute ethanol according to the
scheme (Fig. 1):

2-arino-6-methylpyridine (L/
( %—Z

arometic aldshyde

QL. 00

O

Fig. 1. Scheme of the reaction for the syntheses of 7-[(6-
methylpyridin-2ylamino)(halogenophenyl)methyl)]
quinolin-8ols, where Z is: 2-chloro; 3-chloro; 4-chloro;
2,4-dichloro; 2-bromo; 3-brom; 4-bromo and 2-fluoro.

The reaction mixtures were allowed to stand for
21 days at room temperature in a closed flask and
the time (in hours) required for the precipitation of
the products was reported. After completion of the
process, the separated solid phase was filtered (no
earlier than 21 days) and purified by recrysta-
llization from an organic solvent (preferably a
mixture of ethanol and acetone in the ratio 1:1).

NMR spectroscopy

'H (600.1 and 250.1 MHz), *C (150.9 MHz)
and **N (60.8 MHz) NMR spectra were acquired on
Bruker AVANCE AV600 I+ and DRX 250 NMR
spectrometers. All spectra were recorded in DMSO-
ds at room temperature. Chemical shifts are
referenced to the residual solvent *H (2.51 ppm)
and BC (39.50 ppm) signals. Inverse detected **N
NMR chemical shifts are referenced to external
liquid NHs. Unambiguous assignment of the NMR
signals was made on the basis of the gradient
enhanced versions of COSY, TOCSY, NOESY
(ROESY), HSQC and HMBC experiments; Bruker
TOPSPIN 3.5pl1 pulse library: cosygpmfqf,
dipsi2etgpsi, noesygpphzs, hsgcedetgpsisp.3 and
hmbcgp(lp)ndgf, 2015.
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UV-VIS Spectrophotometry

Standard stock solutions (100 pg/ml) were
prepared by dissolving the appropriate amount of 7-
[(6-methylpyridin-2-ylamino)(2.4-dichlorophenyl)
methyl]quinolin-8-ol (Bt4) in ethanol:HCI (pH 1.0).
Working standard solutions (1-100 pg/mL) were
prepared daily. The concentrations of Bt4 were
measured with UV-VIS spectrophotometer DR
5000 Hach Lange (Germany), supplied with 10 mm
quartz cells. All spectra were recorded in the UV
region at A 204 nm with 2 nm slit width, 900 nm
min~! scan speed and very high smoothing.

HPLC Study

RP-HPLC system comprising of a Hypersil BDS
C18 (5 uM, 4.6 x 150 mm) column, Surveyor LC
Pump Plus, PDA detector, and Surveyor
Autosampler Plus (Thermo Fisher Scientific) was
used. The used mobile phase consisted of a mixture
of MeOH:H,O (40:60, v/v). The samples were
monitored at 204 nm. The buffer pH was adjusted
to 3.2 with H3PO4. The volume injected into the
HPLC column was 20 pl.

All UV/VIS spectrophotometric and HPLC
analyses were made in triplicate. The experimental
data was analyzed by regression analyses and
determination of the corresponding correlation
coefficients (R?) and relative standard deviation
(RSD, %). The efficiency and accuracy of the
developed UV/VIS and HPLC methods was
estimated based on the calculated limit of detection
(LOD) and limit of quantification (LOQ).

Microbiological activity

The obtained solid substances of the Betti bases
were diluted in N,N'-dimethylformamide (DMF)
and their microbiological activity was tested at
concentrations of 4-500 pg/mL with Mueller-
Hinton agar medium, against 23 strains of
pathogenic microorganisms: Listeria 215, Listeria
362, Listeria 1094, Swine erysipelas, Staphylococus
1, Staphyloc. 5, Staphyloc. 42, Staphyloc. 78,
Staphyloc. 119, Bact. megat 10, Bact. megat 11,
Bact. megat 16, Bact. megat 39, Bact. cereus 12,
Past. mult. 10, Past. mult. SHp, Past. mult. R 11,
Salm. Dublin, Salm. Gollinarum 200, Salm. Enter
4767, E. coli 21, E. coli 56, E. coli 94. The
inoculation of the test strains was conducted in
Stuart equipment with 23 nests. After the
inoculation and the development of the bacterial
culture in agar, the samples were incubated at 37°C
for several days.
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The Betti base solutions were prepared for each
petri dish separately with dissolved agar. Sterilized
petri dishes and agar medium were used in the
present work. The antibacterial activities of the
compounds were evaluated by measuring the zone
of inhibition on nutrient agar plate. The
microbiological activities were tested for at least
three times against all microorganisms and average
values have been reported. Muller Hinton agar was
used in the anti-bacterial study.

Electron paramagnetic resonance (EPR) study

EPR measurements were performed at room
temperature on an X-band EMXmicro, SpPectrometer
Bruker, Germany, equipped with standard
Resonator. All EPR experiments were carried out in
triplicate and repeated. Spectral processing was
performed using Bruker WIN-EPR and SimFonia
software. For the EPR study, direct EPR
spectroscopy methods were used to investigate the
antioxidant properties of 7-((6-methylpyridin-2-
ylamino)(2,4-dichlorophenyl)methyl)quinolin-8-ol
(Bt 4). By a direct EPR spectroscopy an EPR
singlet signal was registered in the powdered form
of Bt 4. Quartz capillaries were used as sample
tubes. Sample tubes were filled with each powdered
form and placed in the EPR microwave cavity. The
EPR spectra of the Betti base in a powdered form
were recorded at the following spectrometer
settings: receiver gain 2x10% power 1.64 mW,
center field 3513.50 G, sweep width 200 G, time
constant 163.84 ms, sweep time 61.44 s,
modulation amplitude 10 G, 5 scans per sample.

RESULTS AND DISCUSSION
Synthesis

As a result of the condensation between 2-
amino-6-methylpyridin, 8-quinolinol and halogen-
substituted aromatic aldehydes, eight 7-[(6-
methylpyridin-2-ylamino)(halogenophenyl)methyl]
quinolin-8-ols, with a common formula presented

in Fig. 2, were obtained. The Betti bases, purified
from the organic solvent are crystalline substances.
The data for the common molecular formula,
molecular mass, melting point, elemental analysis
and yield of the newly synthesized derivatives of 8-
hydroxyquinoline are presented in Table 1. It was
established that the time required for extraction of
the reaction products at room temperature is
inversely proportional to their yield. The longer
settling time could be explained by steric
hindrance, as in the chemical structures of each of
the Betti bases there is a substituent on the 2-
position of the benzene ring.

. 4 3
RR (=
5 2
\ l'/ 6 5
HC . 6 9 o
=N 2" cH N
4' NH 8 3
\ /1" 10 8a\
S O N—)

Fig. 2. Common formula of the Betti bases, where R is a
substituent from 2-chloro (Btl), 3-chloro (Bt2), 4-chloro
(Bt3), 2-bromo (Bt5), 3-bromo (Bt6), 4-bromo (Bt7), 2-
fluoro (Bt8) and R,R” is 2,4-dichloro (Bt4).

Confirmation of the Structure of the Betti Bases

The structures of the studied Betti bases were
confirmed by their NMR spectra. They are also
characterized by their melting point determined by
Kofler microscope and by elemental analysis -
nitrogen, carbon and hydrogen were determined
(Table 1).

The NMR spectral assignment for the individual
compounds is presented below:

R = 2’-Cl (Bt1): *H NMR (250 MHz, DMSO-
ds) 8 9.93 (s, 1H, OH), 8.85 (dd, J = 4.2, 1.6 Hz,
1H, H-2), 8.30 (dd, J = 8.3, 1.6 Hz, 1H, H-4), 7.54
(dd, J = 8.3, 4.2 Hz, 1H, H-3), 7.48 — 7.23 (m, 8H),
7.10 (d, J = 7.8 Hz, 1H, NH-10), 6.98 (d, J = 7.8
Hz, 1H, H-9), 6.45 — 6.30 (m, 2H), 2.19 (s, 3H).

Table 1. Properties of the studied Betti bases with common formula shown in Fig. 2.

Betti bases Btl BL2 B3 Bt4 Bt5 Bt6 Bt7 Bt8
Eomgga' CpHiCINO  CpoHigCINGO  CpsHisCIN;O  CoHirCLNsO  CosHigBINGO  CopHigBIN;O  CHisBrN:O  CarHigFNZO
MG 375.85 375.85 375.85 4103 42031 42031 42031 359.40
Time, h 96 17 12 33 39 22 19 15
M.P.°C 183-185 154-156 144-146 184-186 185-187 172-174 151-153 181-183
vd, % 80 93 95 98 88 90 93 98
%N Calc. 11.18 11.18 11.18 10.24 10.00 10.00 10.00 11.69
%,N Found 11.03 1152 11.10 10.39 9.75 10.25 10.36 11.73
%,C Calc. 70.30 70.30 70.30 64.40 62.87 62.87 62.87 73.52
%,C Found 70.00 69.78 70.10 64.22 62.83 62.55 62.38 73.72
%,H Calc. 483 483 483 4.18 432 432 432 5.05
%,H Found 5.00 4.99 486 3.94 453 4.42 4.46 475
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2" isomer (25%) - 8.88 (dd, J = 4.1, 1.6 Hz),
8.46 (dd, J = 8.8, 1.6 Hz), 7.62 (dd, J = 8.8, 4.1
Hz), 6.98 (d, J = 8.0 Hz), 6.85 (d, J = 8.0 Hz), 2.24
(s).

R = 3’-Cl (Bt2): ‘H NMR (250 MHz, DMSO-
de) & 10.03 (s, 1H, OH), 8.86 (dd, J = 4.2, 1.7 Hz,
1H, H-2), 8.29 (dd, J = 8.4, 1.6 Hz, 1H, H-4), 7.66
(d, J = 8.6 Hz, 1H, H-6), 7.54 (dd, J = 8.3, 4.2 Hz,
1H, H-3), 7.42 (d, J = 8.6 Hz, 1H, H-5), 7.42 (m,
1H, H-2%), 7.39 — 7.19 (m, 6H), 6.88 (d, J = 8.9 Hz,
1H, H-9), 6.48 (d, J = 8.4 Hz, 1H, H-6"), 6.38 (d, J
=7.2 Hz, 1H, H-4""), 2.23 (s, 3H).

R = 4’-CI (Bt3): *H NMR (600.1 MHz, DMSO-
de) & 10.08 (s, 1H, OH), 8.86 (dd, J = 4.2, 1.6 Hz,
1H, H-2), 8.29 (dd, J = 8.3, 1.6 Hz, 1H, H-4), 7.64
(d, J = 8.6 Hz, 1H, H-6), 7.54 (dd, J = 8.3, 4.2 Hz,
1H, H-3), 741 (d, J = 8.6 1H, H-5), 7.38;7.35
(AA’XX, 4H, H-2,3°,5°,6"), 7.31 (d, J = 8.9 Hz,
1H, NH-10), 7.28 (dd, J = 8.3, 7.3 1H, H-5""), 6.85
(d, J = 8.7 Hz, 1H, H-9), 6.46 (d, J = 8.3 Hz, 1H,
H-6""), 6.36 (d, J = 7.2 Hz, 1H, H-4"), 2.22 (s, 3H,
CHs-3”); ®C NMR (150.9 MHz, DMSO-ds) &
157.43 (C-1°"), 155.68 (C-3""), 149.60 (C-8),
148.31 (C-2), 142.78 (C-1°), 138.11 (C-8a), 137.24
(C-57), 136.04 (C-4), 130.97 (C-4"), 128.92 (C-
2°,6”), 128.10 (C-3°,5%), 127.52 (C-4a), 126.61 (C-
6), 125.36 ((C-7), 121.72 (C-3), 117.46 (C-5),
111.31 (C-4""), 105.26 (C-6""), 51.06 (C-9), 24.24
(CHs-3""); 5N NMR (60.8 MHz, DMSO-ds) 5 296
(N-1), 91 (d, J = 92, N-10), 266 (N-2").

R, R® =2’4’-Cl (Bt4): *H NMR (250 MHz,
DMSO-ds) § 10.00 (s, 1H, OH), 8.85 (dd, J = 4.2,
1.7 Hz, 1H, H-2), 8.30 (dd, J = 8.4, 1.7 Hz, 1H, H-
4), 7.56 (d, J = 2.0 Hz, 1H, H-3"), 7.54 (dd, J = 8.3,
4.2 Hz, 1H, H-3), 7.45 (d, J = 8.4 Hz, 1H, H-6"),
7.40 (dd, J = 8.4, 2.0 Hz, 1H, H-5"), 7.38 (d, J =
8.5, 1H, H-5), 7.32 (d, J = 8.5, 1H, H-6), 7.27 (dd, J
= 8.5, 7.5 Hz, 1H, H-5"’), 7.15 (d, J = 7.6 Hz, 1H,
NH-10), 6.95 (d, J = 7.6 Hz, 1H, H-9), 6.40 (d, J =
8.6 Hz, 1H, H-6’"), 6.36 (d, J = 7.5 Hz, 1H, H-4""),
2.19 (s, 3H).

R = 2°-Br (Bt5): 'H NMR (250 MHz, DMSO-
de) 8 9.93 (s, 1H), 8.85 (dd, J = 4.1, 1.6 Hz, 1H, H-
2),8.29 (dd, J = 8.4, 1.7 Hz, 1H, H-4), 7.61 (m, 1H,
H-3%), 7.53 (dd, J = 8.4, 4.1 Hz, 1H, H-3), 7.45 —
7.16 (m, 7H), 7.10 (d, J = 7.7 Hz, 1H, NH-10), 6.91
(d, J = 7.7 Hz, 1H, H-9), 6.37 (m, 2H), 2.19 (s, 3H).

2" jsomer (21%) 8.88 (dd, J = 4.1, 1.5 Hz), 8.46
(dd, J = 8.7, 1.5 Hz), 7.62 (m), 6.98 (d, J = 8.1 Hz),
6.83 (d, J = 8.1 Hz), 2.25 (s).

R = 3’-Br (Bt6): *H NMR (250 MHz, DMSO-
ds) 6 10.04 (s, 1H), 8.86 (dd, J = 4.2, 1.7 Hz, 1H,
H-2), 8.29 (dd, J = 8.3, 1.6 Hz, 1H, H-4), 7.66 (d, J
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= 8.5 Hz, 1H, H-6), 7.57 (m, 1H, H-2"), 7.54 (dd, J
=8.3,4.2 Hz, 1H, H-3), 7.42 (d, J = 8.5 Hz, 1H, H-
5), 7.41—7.21 (m, 5H), 6.88 (d, J = 8.9 Hz, 1H, H-
9), 6.47 (d, J = 8.2 Hz, 1H, H-6""), 6.38 (d, J = 7.1
Hz, 1H, H-4"’), 2.23 (s, 3H).

R = 4’-Br (Bt7): 'H NMR (250 MHz, DMSO-
ds) 6 10.02 (s, 1H), 8.85 (dd, J = 4.2, 1.6 Hz, 1H,
H-2), 8.28 (dd, J = 8.4, 1.7 Hz, 1H, H-4), 7.64 (d, J
= 8.5 Hz, 1H, H-6), 7.53 (dd, J = 8.3, 4.2 Hz, 1H,
H-3), 7.48 (d, J = 8.5 Hz, 1H, H-5), 7.50 — 7.25 (m,
5H), 6.84 (d, J = 8.7 Hz, 1H, H-9), 6.46 (d, J = 8.3
Hz, 1H, H-6"), 6.37 (d, J = 7.1 Hz, 1H, H-4"),
2.23 (s, 3H).

R =2’-F (Bt8): 'H NMR (600 MHz, DMSO-ds)
6 10.00 (s, 1H, OH), 8.84 (dd, J = 4.1, 1.6 Hz, 1H,
H-2), 8.29 (dd, J = 8.3, 1.6 Hz, 1H, H-4), 7.54 (d, J
= 8.5 Hz, 1H, H-6), 7.53 (dd, J = 8.5, 4.1 Hz, 1H,
H-3), 7.40 (d, J = 8.9 Hz, 1H, H-5), 7.38 (m, 1H,
H-6), 7.27 (dd, J = 8.3, 7.2 Hz, 1H, H-5"’, m, 1H,
H-4%), 7.20 (d, J = 8.4 Hz, 1H, NH-10), 7.13 (m,
2H, H-3",57), 7.04 (d, J = 8.4 Hz, 1H, C-9), 6.44 (d,
J = 8.3 Hz, 1H, H-6"’), 6.35 (dt, J = 7.2, 0.7 Hz,
1H, H-4>"), 2.20 (s, 3H); ¥C NMR (150.9 MHz,
DMSO-ds) & 160.12 (C-2’ d, J = 245.4), 157.24
(C-17"), 155.62 (C-3"’), 149.87 (C-8), 148.25 (C-2),
138.05 (C-8a), 137.11 (C-5"’), 136.03 (C-4), 130.35
(C-1"d, J=14.2),128.94 (C-6’ d, J = 4.3), 128.60
(C-4d, J = 7.9) 12758 (C-4a), 126.75 (C-6),
124.33 (C-7), 124.06 (C-5" d, J = 3.4), 121.69 (C-
3), 116.99 (C-5), 115.20 (C-3” d, J = 21.5), 111.19
(C-4>"), 105.28 (C-6"), 46.21 (C-9 d, J = 3.6),
24.28 (CH3-2"); N NMR (60.8 MHz, DMSO-ds)
8296 (N-1), 88 (d, J = 90, N-10), 266 (N-2"").

2" isomer (12%) - 8.87 (dd, J = 4.1, 1.6 Hz),
8.48 (dd, J = 8.7, 1.6 Hz), 7.61 (dd, J = 8.7, 4.1
Hz), 6.42 (dt, J =8.3, 0.7 Hz, 1H, H-4""), 6.38 (dt, J
=7.1,0.7 Hz, 1H, H-4""), 2.24 (s).

For the ortho (2') substituted derivatives two sets
of signals are registered due to the hindered rotation
around the C-9-C-1' bond. The ratio of the two
observed atropisomers depends on the nature of the
substituents and on the temperature.

UV/VIS and HPLC methods for determination of 7-
[(6-methylpyridin-2-ylamino) (2,4-
dichlorophenyl)methyl]quinolin-8-ol (Bt4) in liquid
phase

The UV/VIS spectra of Bt4 in acidic ethanol
solutions (pH 1.0, Fig. 3 a,b) displayed maximum

absorbance peaks in the UV region at A=204 nm for
the entire concentration range 1-100 pg/ml.
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Fig. 3b. UV/VIS spectra of Bt4.

The obtained standard curve for Bt4 was linear
over the tested range of initial concentrations C, 1 -
100 pg/ml. The high value of the calculated
correlation coefficient - R? 0.9970, and the well-
resolved UV absorption peaks of the heterocyclic
compound proved the applicability of this method
for determination of Bt4 concentrations in aqueous
medium in the range Co 1 - 100 pg/ml.

The HPLC experiments were conducted with ten
Bt4 standard solutions in the concentration range 10
- 100 pg/ml. The used mobile phase consisted of
methanol:H,O (40:60, v/v). Optimal performance
was obtained at a flow rate of 0.8 ml/min. The
effect of temperature on the separation process was
studied in the range 18 - 30°C. Satisfactory peak
resolution and optimum analyses time were
established at 30°C, at wavelength A=204 nm. Bt4
was successfully detected within 1.5 min (Fig. 4
a,b). The standard calibration curve plotted, based
on the spectral peak areas, characterized with a high
correlation coefficient R? 0.9825 and the following
linear equation:

y=3211028x+ 1&6864

The obtained HPLC chromatograms did not
contain any interference peaks, which could
influence the quantitative results. Besides, the base
line is straight and stable with lower signal noise.
The correlation regression coefficient of the
obtained standard calibration curve at these HPLC
conditions was sufficiently high, although lower
than that of the UV/VIS method.

250000 /
L] / !
- b
v’
- o
Pt
100000 /
pe

&
C, pgimlL.

Fig. 4a. HPLC calibration curve.
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Fig. 4b. HPLC spectra of Bt4.

The values of LOD and LOQ were estimated
according to the guidelines of the International
Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals
for Human Use (ICH) based on the standard
deviation of the response and the slope of the
calibration curve of the analyte [34]. The values of
these parameters are presented in Table 2.

The comparative analyses of the obtained
experimental results revealed that the developed
and applied UV/VIS spectrophotometric method
characterized with the highest correlation
coefficient and lowest SD value.

Table 2. Values of the characteristic parameters and error functions for the UV/VIS and HPLC methods.

Method R? SD Sx

Sy LOQ, pg/mL. LOD, pg/mL

UV/VIS 0.9969 0.2201 0.0021
HPLC 0.9825 14704

0.0999
138.5093 6672.28 7.0782

2.9117 8.8233
21.4491

Sx — standard deviation of the slope; Sy — standard deviation of the intercept
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Table 3. Microbiological activities of the studied Betti bases — MIC, pg/mL.

Test strains Btl, Bt2,

Listeria 212 32 250
Listeria 362 32 500
Listeria 1094 32 250
Swine erysipelas 125 250
Staphylococus 1 64 250
Staphylococus 5 64 500
Staphylococus 42 64 500
Staphylococus 78 64 500
Staphylococus119 64 +
Bact. megat 10 64 500
Bact. megat 11 64 500
Bact. megat 39 64 500
Bact. megat 16 64 500
Bact. cereus 12 64 +
Past. mult. 10 0 4
Past. mult. SHp 0 4
Past. mult. R I 0 4
Salm. Dublin 250 +
S. Gollinarum200 250 500
Salm.enter4767 250 +
E.coli 21 250 +
E. coli 56 500 +
E. coli 94 500 +

Bt3, Bt4, Bt5, Bt6, Bt7, Bt8,
pg/mL  pg/mL  pg/mL  pg/mL  pg/mL  pg/mL  pg/mL  pg/mL
250 500 125 4 4/500 0
500 + 250 500 500 250
500 500 250 250 250 250
500 500 125 250 250 500
250 500 125 + 500 250
500 500 125 + 500 250
500 500 500 + + 250
500 500 125 + 250 250
250 500 125 + 250 250
500 500 250 500 500 250
500 500 500 500 500
500 500 250 500 500 250
500 500 125 500 500 250
+ + + 500 500 500
4 + 4 4 4 4
4 + 8 8 8 4
4 + 8 8 8 8
+ + + + + +
+ + + + + +
+ + + + + +
+ + 500 500 + 64
+ + + + + 64
+ + + + + 64

“+” - registered growth of the tested pathogenic strains in the entire concentration range (4-500 pg/mL)
“0” — not registered growth of the tested pathogenic strains in the entire concentration range (4-500 pg/mL)

Besides, the determined LOD and LOQ values
were the lowest. According to the spectra presented
in Fig. 4b, however, solutions with Bt4
concentration lower than 5.0 pg/mL are
characterized with not well resolved spectral peaks,
i.e. the accuracy of the method below this limit is
unsatisfactory. Among the basic advantages of the
UV/VIS method is its cost-effectiveness and
rapidity.

Regarding the developed HPLC methodology,
and based on the data from Table 2, it could be
concluded that it is characterized with lower
accuracy and efficiency as the determined RSD,
LOD and LOQ values were higher as compared to
those of the UV/VIS method. The HPLC spectral
data of Bt4 (Fig. 4b) revealed that its spectral peaks
are characterized with great area. Besides, they
were significantly more pronounced in the entire
tested concentration range as compared to the
UV/VIS peaks. The presence of two secondary
peaks (at 2 and 2.2 min) could be attributed to the
detection of methanol, as the area and height of
these peaks remain constant at different initial Bt4
concentrations, which does not influence the
analytical results. According to the spectra
presented in Fig. 4b, the solutions with Bt4
concentration 1.0 pg/mL are characterized with a
very well resolved spectral peak, i.e. the accuracy
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of the method is satisfactory. Another advantage of
the HPLC method is the registered short retention
time — 1.5 min.

Biological activities

Considering the wide range of biological
activities of compounds containing phenolic
hydroxyl group, including 8-hydroxyquinoline [1-
8] and the physiological activity of the amino
derivatives of the pyridine series [2-4, 11], we
predicted high biological activity of the synthesized
Betti bases. The results of the microbiological
screening are presented in Table 3, where the
compounds are denoted as in Table 1. The present
study established that the microbiological activity
depends on the number and position of the halogen-
substitute in the benzene ring of the studied Betti
bases. The presence of Cl-atom on position 2 of the
benzene ring (Bt1) raised the bacteriostatic activity
against all tested strains, as compared to the other
Betti bases. All studied Betti bases, except Bt4,
showed a bacteriostatic activity against test strains
Past. Mult. in low concentrations (Table 3).
Probably, the accumulation of Cl-atoms in the
benzene ring of the Betti bases decreases the
bacteriostatic activity. The presence of F-atom on
position 2 of the benzene ring (Bt8) raised the
bacteriostatic activity against E. coli strain (64
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ug/mL, Table 3). The results of the microbiological
screening of the studied Betti bases showed that
they possess selective microbiological activity.

The established microbiological activity of the
studied  [(6-methylpyridine-2ylamino)(halogeno-
phenyl)methyl]quinolin-8-ols was probably due, on
the one hand to the presence of a quinoline ring in
their molecular structure, and on the other - to the
possibility of the —OH group on 8-position of the
quinoline ring to form chelate complexes with
traces of ions of some d-elements. Probably, the
chelate complexes of 3d-elements and the
derivatives  of  8-hydroxyquinoline,  which
penetrated into the bacterial cell, lead to
disturbance of the endo-cellular esterase within the
cell, and caused violations of the metabolism of
vital for the microorganisms enzymes. These
observations of the prepared Betti bases correspond
to those reported by other research teams [35]. The
microbiological activity may also be due to the
ability of 8-hydroxyquinoline derivatives to capture
free radicals (spin - trap) [10], which allows us to
continue our research in this direction and to
investigate the antioxidant activity of Bt4.

EPR spectroscopy of Bt4

By a direct EPR spectroscopy, the EPR singlet
signal, registered in the powdered forms of Bt4,
exhibited almost a symmetrical single EPR signal
(Fig. 5). According to it, the intensive central
singlet in the EPR spectrum characterized with a g
factor 1.9737 = 0.0002 and width - 43 mT (Fig. 5).
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Fig. 5. EPR singlet signal in the powdered form of Bt4.

According to the registered EPR spectrum, Bt4
possesses radical structure. Considering the
presence of a phenolic group in its structure (Fig.
2), we suppose that this group is involved in the
formation of radical species and it could possibly
capture reactive oxygen species (ROS), i.e. exhibit
antioxidant activity. It is known that ROS such as
superoxide radicals (O2~"), hydroxyl radicals (*OH)
and hydrogen peroxide (H20) play a key role in
human cancer development and has gained much

support recently. They have been shown to possess
several characteristics of carcinogens [36, 37].

Further, we hypothesized that the antioxidant
action of the studied [(6-methylpyridin-
2ylamino)(2,4-dichlorophenyl)methyl]quinolin-8-ol
may be responsible for the beneficial effects of this
compound, thus the other 6-methylpyridin-
2ylamino)(halogenophenyl) methyl]quinolin-8-ols
could be used as antioxidants. According to the
result obtained in this study, the compounds tested
can probably be used for the treatment of diseases
associated with oxidative stress.

CONCLUSION

We investigated a three-component reaction of
8-hydroxyquinoline, halogeno-substituted
benzaldehydes and 2-amino-6-methylpyridine,
found a convenient methodology for the synthesis
and efficient analytical methods for quantification
in liquid phase of new type of Betti bases. The
potential applications of this reaction in synthetic
and medicinal chemistry might be significant. We
assume that the potential of the studied Betti bases
as pharmacological compounds is promising.
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CUHTE3 U CBOMCTBA HA HSIKOU BETH BA3U KATO I[TIOTEHIIVAJIHU JJEKAPCTBEHU
[TPEITAPATHU

H. FeoereBal*, 3. SIneBal, C. Cumosa?, I'. Hukonosa®
! Bemepunapno-meduyuncxu paxynmem, Tpaxuticku ynueepcumem, Cmyodenmcku 2pad, 6000 Cmapa 3azopa,
bwaeapus
2 Unemumym no opeanuyna xumus ¢ Lenmvp no gumoxumus, Bvreapcka axademus na naykume,
yi. Akao. I'. Bonues, 6a. 9, 1113 Coghus, bvaeapus
3 Meouyuncku gpaxynmem, Tpaxuiicku ynusepcumem, yi. ,, Apmeticka “11, 6000 Cmapa 3azopa, Bvieapus

Hocrermna va 18 anpun 2017 r.; Kopurupana wa 02 roru 2017 r.

(Pesrome)

Ienta Ha HacTosmIeTO M3cieABaHe Oe ma ce cuHTe3mpar beru 6asm upe3 moambunmpana peaknus Ha beru, ma ce
pa3paboTAT aHANUTHYHM METOIM 33 KOJMYECTBEHO OIpEeNeNsHe W TeCTBaHE HA TAXHATA MHKPOOWOJIOTHYHA U
AHTHOKCHJIAHTHA aKTUBHOCTH. 3a MoAW(QUKaIusITa Ha peaknuita Ha beTm HWe W3MOA3BaxMe ITbPBHYCH
XETePOLUKIINUCH aMUH, 8-XUAPOKCUXUHOJIMH U XaJIOT'€HO-3aMECTEHH apOMaTHH ajjieXuau. [IpuiokeHnTe aHaIMTHYHN
METOIM 32 KOJMYECTBEHO OIpeJesiHe Ha M3cienBaHuTe berm 0a3u ca ¢ BHCOKa TOYHOCT, BHCOKA JIMHEHHOCT M
3aI0BOJIUTEIIHU CTOMHOCTH Ha rpanuua Ha otkpuane (LOD) u rpanuna Ha konmuuyectBeHo ompexnensiHe (LOQ). Beru
6azute Osixa momyueHu ¢ no6uB 80-98% wu oxapakTepusupaHu upe3 eineMeHTeH aHanu3 u SIMP  cnekrpu. TsxHara
MHUKpPOOHOJIOTHYHA aKTHBHOCT O€ TecTBaHa cpemly 23 MaTrOreHHH [aMOBE MUKPOOPTaHWU3MH (Pa3iMyHU TIpam-
TIOJIOKUTETTHN U TPaM-OTPUIATENTHN). MUKPOOHOIOTHYHHAT CKPUHMHT JIOKa3a TSAXHATa CeJIEKTHBHA MUKPOOMOJIOTHYHA
aktuBHOCT. Criopen EINP m3cnenBanero betm 0asuTe mpuTekaBaT paauKaloBa CTPYKTypa W BEpPOSTHO TPOSBSIBAT
aHTHOKCHJIAHTHA AaKTHBHOCT.  Hwe mpeamonarame, 4Ye mOTEHOMAnbT HA IpeAcTaBeHuTre berm 06asm  karo
(hapMaKoJIIOTHYHHY TPETapaTH € TONIsAM.
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