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INTRODUCTION

Compounds containing phenolic groups are found in many 
different areas of life. The inclusion of phenolic groups within 
pharmaceutical compounds endows them with reactive 
functionality of an acidic nature. One such group of bioactive 
compounds are drugs in which the phenolic group forms 
part of the structure of beta-2-agonists, which are used in the 
acute treatment of obstructive airway diseases (Čižmáriková 
et al., 2020; Yang et al., 2021). Furthermore, it is found in the 
structure of the main opium alkaloid morphine (Lugo et 
al., 2002; Mercadante, 2010) used as an analgesic, mainly in 
palliative care, as well as in the tetrahydroisoquinoline alkaloid 
ecteinascidin used to treat patients with advanced soft tissue 
sarcoma where previous drugs have been unsuccessful 
(Zewail-Foote & Hurley, 1999; Held-Warmkessel, 2003; Lau et 
al., 2005). The phenol group is also present in the structure of 
the anthelmintic niclosamide (Barini et al., 2018), as well as in 
tetracycline (Agwuh & MacGowan, 2006; Nelson et al., 2011) 
and ansamycin (Wrona et al., 2008; Skrzypczak et al., 2022) 
antibiotics. Propofol, a non-barbiturate intravenous anesthetic 

of phenolic nature, is extensively utilized in surgical settings 
for the induction and maintenance of sedation (Condello 
et al., 2021; Ferrier et al., 2022; Čižmáriková et al., 2023). 
The phenol group is found in the structure of the hormonal 
contraceptive estrogen (Stuenkel et al., 2015), the thyroid 
hormone thyroxine (Mondal et al., 2016; Dutta et al., 2021) and 
its synthetic form levothyroxine (Sue & Leung, 2020; Jonklaas, 
2022), the stress hormone adrenaline (Gough & Nolan, 2018; 
Gil-Jardine et al., 2022), and the neurotransmitters dopamine 
(Lerner at al., 2021; Mirabella et al., 2023) and serotonin 
(Fuller, 1992; David & Gardier, 2016; Liu et al., 2020). A large 
and important group of natural polyphenolic compounds 
are the flavonoids (Panche at al., 2016). They exhibit a broad 
spectrum of biological effects and are candidate compounds 
in the development of various medical agents in therapy as 
well as prevention of disease (Hasnat et al., 2024; Stachelska 
et al., 2025; Ullah et al., 2020). In particular, they are powerful 
antioxidants (Pietta, 2000; Zahra et al., 2024). Other fields 
of interest include infectious diseases (Liu et al., 2025; 
Cushnie & Lamb, 2005), cancer (Kopustinskiene et al., 2020; 
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Mir et al., 2024), inflammation (Al-Khayri et al., 2022), and 
neurodegenerative diseases (Cheng et al., 2025).
The antiradical (Bendary et al., 2013; Čižmáriková et al., 
2020), antimicrobial (Taguri et al., 2006; Cueva et al., 2010), 
antituberculosis (Mazlunat et al., 2019; Islam et al., 2021), 
and chelating activity of various substituted phenols were 
investigated (Olennikov et al., 2014; Rahim et al., 2016). 
Depending on the substituents present, phenols exist in 
so-called open and cyclic forms. Typically, this is a cyclic 
form that is associated with the presence of a hydrogen 
bond. The strength of a hydrogen bond can be studied 
by conformational analysis, and one of the parameters for 
determining its strength is the distance between the atoms 
forming the hydrogen bond (Rademacher et al., 2005; 
Lithoxoidou & Bakalbassis, 2005).
A significant number of phenolic compounds have been 
shown to possess substantial antiradical activity, which has 
been associated with their function as powerful antioxidants 
and anti-inflammatory agents important in the prevention 
of chronic diseases such as cancer, cardiovascular disease, 
diabetes, and neurodegenerative disorders. Both the 
bioactivity and toxicity of phenols are affected by the number 
and arrangement of their phenolic groups (Calliste et al., 
2001; Amouar et al., 2009; Kadoma et al., 2010). Furthermore, 
phenols have the ability to form complexes with metal ions 
(Hider et al., 2001; Fernandez et al., 2002).
The amine moiety is also considered a potent pharmacophore, 
for example, in mitochondria targeting agents with anticancer 
activity (Gao et al., 2025; Skrzypczak et al., 2021).
The aim of this study was to prepare novel phenolic derivatives 
bearing substituted amino moieties (compounds I–XV, Table 1)  
via a two-step synthesis. The antioxidant capacity of the 
products was then evaluated using two different methods.

EXPERIMENTAL

The melting point of the synthesized substances was 
determined using a Kofler block (HMK, Franz Küstner, 
Germany) and is uncorrected. The purity of the prepared 
compounds was verified by thin-layer chromatography (TLC) 
using Silufol® UV 254 silica gel plates (Merck) and a mixture 
of propan-1-ol:diethylamine solvents in a ratio of 9:1 v/v. A 
UV lamp was used for detection. Elemental analysis was 
performed using a FLASH 2000 Organic Elemental Analyzer 
(Thermo Scientific, Waltham, Massachusetts, USA).
Infrared spectra were measured using a reflective 
technique with an ATR adapter with ZnSe crystals and 
a Nicolet 6700 spectrophotometer (Thermo Scientific, 
Waltham, Massachusetts, USA). Ultraviolet spectra were 
measured using a GENESYS 10S spectrophotometer in 
the wavelength range of 200–400 nm. The concentrations 
of the measured base and salt solutions of the prepared 
aryloxyaminopropanols in methanol were approximately 0.2 
mol.m-3. 1H-NMR spectra were measured on a Varian Gemini 
2000 Spectrometer (Varian Inc., Palo Alto, USA) with an 

operating frequency of 300 MHz for 1H NMR. Tetramethylsilane 
was used as an internal standard. Deuterated solvents 
were used to dissolve the samples, namely, deuterated 
chloroform, methanol, DMSO, and water. Chemical shifts 
(δ) are expressed in ppm. Signal multiplicity is expressed 
as follows: s, singlet; d, doublet; t, triplet; q, quartet; and m,  
multiplet. 

Synthesis

Preparation of [3-(chloromethyl)-4-(hydroxy)phenyl]
alkylketones (Čižmáriková et al., 2002)
A sulfonation flask was set up with a mechanical stirrer, a 
contact thermometer, and a powder funnel. Then, 0.15 mol 
of 4-hydroxyphenylpropan-1-one and 90 mL of concentrated 
hydrochloric acid were added. The temperature was kept 
constant, and 7.5 g of paraformaldehyde was gradually 
added. The mixture was stirred, and the reaction was left to 
continue for 4.5 hours. After precipitation, the solid product 
was collected by means of suction filtration, washed with 
water, and then crystallized from benzene or ethyl acetate. 
The product was used without further purification.
[3-(chloromethyl)-4-(hydroxy)phenyl]methylketone 
Yield 62%, mp 159−161 °C (Čižmárikova et al., 2002:  yield 
57%, mp 160−162 °C).
[3-(chloromethyl) -4-(hydroxy)phenyl]ethylketone 
Yield 55%, mp 132−135 °C (Da Re & Verlichi, 1956: yield 59%, 
mp 133−136 °C).
 
Preparation of [3-(aminomethyl)-4-(hydroxy)phenyl]
methylketone
To a solution of 0.02 mol of 4-hydroxy-3-(chloromethyl)
phenylethanone in 100 mL of anhydrous benzene or toluene, 
0.04 mol of the appropriate amine is added at laboratory 
temperature and under constant stirring, and the reaction 
mixture is allowed to react further for 5 hours under constant 
stirring. The precipitated salt of the basic amine is then 
removed by suction and washed with benzene or toluene, 
and the solvent is distilled off. The residue after distillation 
is acidified with 5% HCl and washed with ethyl acetate. The 
acidic fraction is neutralized with NaHCO3 to a pH value of 
7.0 and extracted with benzene. The organic layer is washed 
with water and dried with Na2SO4, and the solvent is distilled 
off. The residue after distillation is crystallized from hexane, 
heptane, or cyclohexane. The crystalline product is obtained 
after cooling.

Preparation of [4-hydroxy-3-(piperidinomethyl)phenyl]
methylketone (Mannich synthesis)
0.04 mol of piperidine and 0.05 mol of paraformaldehyde are 
heated with a sufficient amount of ethanol (5 to 7 mL) until 
a clear solution is formed. After clarification, the solution is 
cooled and 0.05 mol of 4-hydroxyphenylmethylketone in 10 
mL of ethanol is gradually added. The resulting mixture is 
left to react for 1 hour at laboratory temperature and then 
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refluxed for 2 hours. The reaction mixture is left to cool to 
room temperature for 24 hours at laboratory temperature, 
ethanol is distilled off, and the final product is recrystallized 
from hexane. Yield 58%, MS: m/z (I/%) M+ 233(100%), 218 
(30%), 149 (34), 98 (62%), 84 (20%).

[ 3 - ( d i m e t hy l a m i n o m e t hy l ) - 4 - ( hyd r ox y ) p h e ny l ]
ethylketone (I)
Yield 30%, mp 39−41°C (hexane); Rf 0.84
IR (cm-1): 2800−3000 (νOH), 1680 (νC=O), 1597 (νC=C), 1251 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 220 log ε1 2.52, λ2 270 log 
ε2 2.54; 
1H-NMR (HMDSO, δ in ppm): 1.14 (s, 6H N(CH3)2, 1.26 (J = 7.10 
Hz, t, 3H, COCH2CH3), 2.91 (J = 7.20 Hz, q, 2H, -COCH2CH3), 3.61 
(s, 2H, CH2N), 6.62 (J = 8.20 Hz, d, 1H, ArH5), 7.70 (J = 2.10 Hz, 
d, 1H, ArH2), 7.75 (J = 8.10 Hz, d, 1H, ArH6), 11.12 (s, 1H, OH)
C12H17O2N, Mr 207.27; Elem. analysis: calc. %C 69.56 %H 8.27 
%N 6.76, found %C 69.53 %H 8.02 %N 6.62.

[ 3 - ( d i e t h y l a m i n o m e t h y l ) - 4 - ( h y d r o x y ) p h e n y l ]
methylketone (II)
Yield 35%, mp 40−42 °C (hexane); Rf 0.85
IR (cm-1): 2800−3276 (νOH), 1681 (νC=O), 1594 (νC=C), 1282 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 224 log ε1 2.62, λ2 288 log 
ε2 2.67
1H-NMR (HMDSO, d in ppm): 1.09 (J = 7.30 Hz, t, 6H, 
N(CH2CH3)2), 2. 49 (s, 3H, COCH3), 2.60 (J = 7.20 Hz, q, 4H, 
N(CH2CH3)2), 3.75 (s, 2H, CH2N), 6.71 (J = 8.25 Hz, d, 1H, ArH5), 
7.60 (J = 2.15 Hz, d, 1H, ArH2), 7.80 (J = 8.15 Hz, d, 1H, ArH6), 
11.22 (s, 1H, OH)
C13H19O2N, Mr 221.30; Elem. analysis: calc. %C 70.56 %H 8.65 
%N 6.33, found %C 70.44%H 8.86 %N 6.50.

[ 4 - ( hyd rox y ) - 3 - ( i s o p ro py l a m i n o m e t hy l ) p h e ny l ]
methylketone (III)
Yield 37%, mp 60−62 °C (hexane); Rf 0.42
IR (cm-1): 2800−3274 (νOH), 1683 (νC=O),1595 (νC=C), 1283 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 224 log ε1 2.62, λ2 288 log 
ε2 2.67
1H-NMR (HMDSO, δ in ppm): 1.08 (J = 6.30 Hz, d, 6H, HC(CH3)2), 
2.32 (s, 3H, COCH3), 2.60−3.00 (m, 1H, CH), 3.95 (s, 2H, CH2N), 
6.62 (J = 8.25 Hz, d, 1H, ArH5), 7.50 (J = 2.30 Hz, d, 1H, ArH2), 
7.81 (J = 8.35 Hz, d, 1H, ArH6), 11.32 (s, 1H, OH)
C12H17O2N, Mr 207.27; Elem. analysis: calc. %C 69.51 %H 8.27 
%N 6.76, found %C 69.63 %H 8.40 %N 7.05.

[4-(hydroxy(isopropylaminomethyl)phenyl]ethylketone 
(IV)
Yield 31%, mp 63−65 °C (hexane); Rf 0,40
IR (cm-1): 2900−3300 (νOH), 1684 (νC=O), 1596 (νC=C), 1285 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 225 log ε1 2.63, λ2 289 log 
ε2 2.68
1H-NMR (HMDSO, δ in ppm): 1.05 (J = 7.30 Hz, d, 6H, 2 CH3), 
1.25 (J = 7.20 Hz, t, 3H, COCH2CH3), 2.42−3.00 (m, 1H, CH), 2.89 
(J = 7.20 Hz, q, 2H, COCH2CH3), 4.00 (s, 2H, CH2N), 6.75 (J = 8.30 

Hz, d, 1H, ArH5), 7.50 (J = 2.16 Hz, d, 1H, ArH2), 7.75 (J = 8.40 Hz, 
d, 1H, ArH6), 11.02 (s, 1H, OH)
C13H19O2N, Mr 221.8; Elem. analysis: calc. %C 72.84 %H 8.56 
%N 5.66, found %C 73.00 %H 8.71 %N 5.90.

[ 4 - ( h y d r ox y ) - 3 - ( i s o b u t y l a m i n o m e t h y l ) p h e n y l ]
methylketone (V)
Yield 36%, mp 83−85 °C (hexane); Rf 0.30
IR (cm-1): 2800−3000 (νOH), 1685 (νC=O), 1607 (νC=C), 1286 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 218 log ε1 2.01, λ2 268 log 
ε2 1.97

Table 1. Overview of the substances studied

OH

O

R1 R2

Substance R1 R2

I CH2CH3 N(CH3)2

II CH3 N(CH2CH3)2

III CH3 NHCH(CH3)2

IV CH2CH3 NHCH(CH3)2

V CH3 NHCH2CH(CH3)2

VI CH3 NHC(CH3)3

VII CH3
N 

VIII CH2CH3
N 

IX CH3
N 

X CH2CH3
N 

XI CH3
ON 

XII CH2CH3
ON 

XIII CH3 N 

XIV CH3
NN CH3

XV CH2CH3
NN CH3
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1H-NMR (HMDSO, δ in ppm): 0.94 (J = 6.70 Hz, d, 6H, CH(CH3)2), 
1.97 (m, 1H, CH), 2.50 (s, 3H, COCH3), 2.72 (J = 6.80Hz, d, 2H 
CH2-CH), 4.11 (s, 2H, CH2N), 7.88 (J = 8.35 Hz, d, 1H, ArH5), 7.90 
(J = 2.20 Hz, d, 1H, ArH2), 8.01 (J = 8.22 Hz, d, 1H, ArH6), 11.12 
(s, 1H, OH)
C13H19O2N, Mr 221.8; Elem. analysis: calc. %C 72.84 %H 8.56 
%N 5.66, found %C 72.77% H 8.42 %N 5.42.

[4-(hydrox y)-3-(ter t-but ylaminomethyl)phenyl]
methylketone (VI)
Yield 40%, mp 89−91 °C (hexane); Rf 0.57
IR (cm-1): 2900−3000 (νOH), 1675 (νC=O), 1596 (νC=C), 1235 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 230 log ε1 2.87, λ2 318 log 
ε2 3.22
1H-NMR (HMDSO, δ in ppm): 1.15 (s, 9H, C(CH3)3), 2.51 (s, 3H, 
COCH3), 4.01 (s, 2H, CH2N), 6.80 (J = 8.30 Hz, d, 1H, ArH5), 7.25 
(J = 2.30, d, 1H, ArH2), 7.78 (J = 8.20 Hz, d, 1H, ArH6), 10.12 (s, 
1H, OH)
C13H19O2N, Mr 221.8; Elem. analysis: calc. %C 72.84 %H 8.56 
%N 5.66, found %C 72.67 %H 8.50 %N 5.63.

[ 4 - ( hyd r ox y ) - 3 - ( p y r r o l i d i n - 1 - y l m e t hy l ) p h e ny l ]
methylketone (VII)
Yield 42%, mp 86−89 °C (hexane); Rf 0.52
IR (cm-1): 2800−3000 (νOH), 1667 (νC=O), 1597 (νC=C), 1251 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 220 log ε1 2.52, λ2 270 log 
ε2 2.54
1H-NMR (CDCl3, δ in ppm): 1.60−2.05 (m, 4H, CH2 pyrrolidine 
3,4), 2.50−2.80 (m, 4H, CH2 pyrrolidine 2,5), 2.67 (s, 3H, COCH3), 
3.87 (s, 2H, NCH2), 6.87 (J = 8.45 Hz, d, 1H, ArH5), 7.56 (J = 2.10 
Hz, d, 1H, ArH2), 7.71 (J = 7.82 Hz, d, 1H, ArH6), 11.51 (s, 1H, OH)
C13H17O2N, Mr 219.29; Elem. analysis: calc. %C 71.21 %H 7.81 
%N 6.39, found %C 71.32 %H 8.10 %N 6.40.

[ 4 - ( hyd r ox y ) - 3 - ( p y r r o l i d i n - 1 - y l m e t hy l ) p h e ny l ]
ethylketone (VIII)
Yield 45%, mp 91−94 °C (hexane); Rf 0.39
IR (cm-1): 2800−3100 (νOH), 1665 (νC=O), 1598 (νC=C), 1252 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 222 log ε1 2.54, λ2 272 log 
ε2 2.56
1H-NMR (CDCl3, δ in ppm): 1.15 (t, 3H, COCH2CH3), 1.70−1.90 
(m, 4H, CH2 pyrrolidine 3,4), 2.49−2.84 (m, 4H CH2 pyrrolidine 
2,5), 2.90 (J = 7.20 Hz, q, 2H, COCH2CH3), 3.80 (s, 2H, NCH2), 
6.75 (J = 8.45 Hz, d, ArH5), 7.13 (J = 2.10 Hz, d, 1H, ArH2), 7.26 (J 
= 8.40 Hz, d, 1H, ArH6), 11.31 (s, 1H, OH)
C14H19O2N, Mr 233.31; Elem. analysis: calc. %C 72.07 %H 8.21 
%N 6.00, found %C 72.40 %H 8.52 %N 5.61.

[4-(hydroxy)-3-(piperidinomethyl)phenyl]methylketone 
(IX)
Yield 60%, mp 57−59 °C, (hexane); Rf 0.61
IR (cm-1): 2800−3000 (νOH), 1679 (νC=O), 1598 (νC=C), 1250 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 219 log ε1 2.53, λ2 270 log 
ε2 2.55

1H-NMR (CDCl3, δ in ppm): 1.45−1.67 (m, 4H, CH2 piperidine 
2,6), 2.40−2.60 (m, 6H, CH2 piperidine 3,4), 2.50 (s, 3H, CH3), 
3.63 (s, 2H, NCH2), 6.73 (J = 8.40 Hz, d, 1H, ArH5), 7.51 (J = 2.15 
Hz, d, 1H, ArH2), 7.67 (J = 8.45 Hz, d, 1H, ArH6), 11.93 (s, 1H, OH)
C14H19O2N, Mr 233.12; Elem. analysis: calc. %C 72.07 %H 8.21 
%N 6.00, found %C 72.26 %H 8.05 %N 5.87.

[4-(hydroxy)-3-(piperidinomethyl)phenyl]ethylketone (X)
Yield 62%, mp 67−69 °C (hexane); Rf 0.79
IR (cm-1): 2800−3000 (νOH), 1680 (νC=O), 1599 (νC=C), 1255 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 220 log ε1 2.55, λ2 272 log 
ε2 2.65
1H-NMR (CDCl3, δ in ppm): 1.55−1.60 (m, 4H, CH2 piperidine 
2,6), 2.50 (J = 7.20 Hz, t, 3H, COCH2CH3), 2.55−2.68 (m, 6H, CH2 
piperidine 3,4,5), 2.96 (J = 7.15 Hz, q, 2H, COCH2CH3), 3.66 (s, 
2H, NCH2), 6.75 (J = 8.50 Hz, d, 1H, ArH5), 7.54 (J = 2.20 Hz, d, 
1H, ArH2), 7.69 (J = 8.30 Hz, d, 1H, ArH6), 11.90 (s, 1H, OH)
C15H21O2N, Mr 247.34; Elem. analysis: calc. %C 72.84 %H 8.56 
%N 5.66, found %C 72.66 %H 8.45 %N 5.57.

[ 4 - ( h y d r o x y ) - 3 - ( m o r p h o l i n o m e t h y l ) p h e n y l ]
methylketone (XI)
Yield 54%, mp 58−60 °C (hexane); Rf 0.48
IR (cm-1): 2500−3400 (νOH), 1672 (νC=O), 1597 (νC=C), 1251 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 220 log ε1 2.52, λ2 270 log 
ε2 2.54
1H-NMR (CDCl3, δ in ppm): 2.53 (s, 3H, CH3CO), 2.56-2.60 (m, 
CH2 morpholine 3,5), 3.72-3.76 (m, CH2 morpholine 2,6), 3.77 
(s, 2H, NCH2), 6.84 (J = 8.30 Hz, d, 1H, ArH5), 7.67 (J = 2.10 Hz, 
d, 1H, ArH2), 7.82 (J = 8.20 Hz, d, 1H, ArH6) 10.57 (s, 1H, OH)
C13H17O3N, Mr 235.1; Elem. analysis: calc. %C 66.36 %H 7.28 
%N 5.95, found %C 66.52 %H 7.37 %N 5.65.

[4-(hydroxy)-3-(morpholinomethyl)phenyl]ethylketone 
(XII)
Yield 56%, mp 67−69 °C (hexane); Rf 0.58
IR (cm-1): 2600−3200 (νOH), 1675 (νC=O), 1598 (νC=C), 1257 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 221 log ε1 2.54, λ2 272 log 
ε2 2.56 
1H-NMR (CDCl3, δ in ppm): 1.25 (t, 3H, COCH2CH3), 2.49 (m, 4H, 
CH2N morph 2,6), 2.93 (J = 7.20 Hz, q, 2H, COCH2CH3), 3.77 (s, 
2H, NCH2), 6.80 (J = 8.25 Hz, d, 1H, ArH5), 7.62 (J = 2.15 Hz, d, 
1H, ArH2), 7.80 (J = 8.30 Hz, d, 1H, ArH6), 10.50 (s, 1H, OH)
C14H19O3N, Mr 249.31; Elem. analysis: calc. %C 67.45 %H 7.68 
%N 5.62, found %C 67.52 %H 7.47 %N 5.75.

[3-(azepan-1-ylmethyl)-4-(hydroxy)phenyl]methylketone 
(XIII)
Yield 35%, mp 69−71 °C (hexane); Rf 0.80
IR (cm-1): 2800−3275 (νOH), 1673 (νC=O), 1584 (νC=C), 1265 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 226 log ε1 2.97, λ2 294 log 
ε2 3.07
1H-NMR (CDCl3, δ in ppm): 1.69-1.75 (m, 8H, CH2 azepan 
3,4,5,6), 2.50 (s, 3H, COCH3), 2.63-2.85 (m, 4H, CH2 azepane 
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2,7), 3.84 (s, 2H, NCH2), 6.82 (J = 8.10 Hz, d, 1H, H5 arom), 7.64 
(J = 2.12 Hz, d, 1H, H2 arom), 7.80 (J = 8.25 Hz, d, 1H, H6 arom), 
10.57 (s, 1H, OH)
C15H21O2N, Mr 247.34; Elem. analysis: calc. %C 72.84 %H 8.56 
%N 5.66, found %C 72.62 %H 8.35 %N 5.42.

[3-(N-methylpiperazin-1-ylmethyl)-4-(hydroxy)phenyl]
methylketone (XIV)
Yield 33%, mp 83−85 °C (hexane); Rf 0.22
IR (cm-1): 2900−3280 (νOH), 1685 (νC=O), 1583 (νC=C), 1265 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 222 log ε1 3.09, λ2 278 log 
ε2 3.12
1H-NMR (DMSO-d6, δ in ppm): 2.55 (s, 3H, COCH3), 2.31 (s, 3H, 
NCH3), 2.64−2.78 (m, 8H,CH2 piperazine 2,3,5,6), 3.74 (s, 2H, 
CH2N), 6.82 (J = 8.10 Hz, d, 2H, ArH5), 7.66 (J = 2.15 Hz, d, 1H, 
ArH2), 7.81 (J = 8.10 Hz, d, 1H, ArH6), 10.08 (s, 1H, OH)
C14H20O2N2, Mr 248.33; Elem. analysis: calc. %C 67.72 %H 8.12 
%N 11.28, found %C 67.50 %H 8.29 %N 11.48.

[3-(N-methylpiperazin-1-ylmethyl)-4(-hydroxy)phenyl]
ethylketone (XV)
Yield 33%, mp 80−83 °C (hexane); Rf 0.24
IR (cm-1): 2900−3300 (νOH), 1684 (νC=O), 1585 (νC=C), 1268 
(νC-N); UV (CH3OH, ε in m2.mol-1): λ1 219 log ε1 2.51, λ2 268 log 
ε2 2.51
1H-NMR (DMSO-d6, δ in ppm): 1.22 (t, 3H, CH3CH2CO), 2.34 (s, 
3H, NCH3), 2.54−2.58 (m, 8H, CH2 piperazine 2,3,5,6), 2.92 (q, 
2H, COCH2CH3), 2.34 (s, 3H, NCH3), 3.76 (s, 2H, CH2N), 6.84 (J = 
8.50 Hz, d, 2H, ArH5), 7.69 (J = 2.30 Hz, d, 1H, ArH2), 7.84 (J = 
8.20 Hz, d, 1H, ArH6), 10.60 (s, 1H, OH)
C15H22O2N2, Mr 262.35; Elem. analysis: calc. %C 68.67 %H 8.45 
%N 10.68, found %C 68.50 %H 8.39 %N 10.48.

Determination of antioxidant activity

DPPH assay (Brand-Williams et al., 1995)
This method determines the antioxidant capacity of the 
tested compounds based on their reaction with the stable 
radical 2,2-diphenyl-1-(2,4,6-trinitrophenyl)-hydrazyl (DPPH). 
The DPPH radical yields a purple-colored solution, exhibiting 
maximum absorption at 517 nm. During the reduction of 
DPPH, a change in color of the solution from purple to yellow 
is observed, which is accompanied by a respective shift in 
the UV-VIS spectrum. The measured antioxidant capacity of 
the compounds is negatively correlated with their measured 
absorption intensity. Firstly, a methanolic solution of DPPH 
was prepared, with a concentration of 44 μg/mL (112 μmol.
dm-3). Following this, solutions of the tested sample in 
methanol at concentrations of either 10-2 mol dm-3 or 10-3 
mol dm-3 were obtained. In the spectrophotometric assay, 
270 μl of the DPPH solution and 30 μl of the solution of the 
tested compounds or the standard were combined. The 
mixture was then subjected to spectrophotometric analysis 
using a microplate reader, with the absorption measured 

after 5 minutes at 517 nm. At each designated time point, the 
respective absorbances were corrected for the blank DPPH 
value. For each sample, three measurements were obtained 
in parallel. The Trolox standard was utilized as a reference 
point for the measurement of antioxidant activity in the 
compounds under investigation.

ABTS assay (Re et al., 1999)
Antiradical activity was measured as a percentage inhibition 
of the ABTS•+ cation-radical formation. Solutions of ABTS (7.7 
μg/mL, 14 mmol.dm-3) and K2S2O8 (1.32 mg/mL, 4.9 mmol.dm-

3) in water were prepared. The two solutions were mixed in a 
1:1 vol. ratio and left to cool for 24 hours in the refrigerator. 
The spectrophotometric measurement was conducted 
utilizing a 96-well plate reader. Each well of the microplate 
was filled with 60 μl of sample solution (10-2 or 10-3 mol.dm-

3, respectively) and 240 μl of ABTS solution. Absorbance was 
measured using a spectrophotometer at a wavelength of 
734 nm, 5 minutes after mixing the solutions. A total of three 
parallel measurements were conducted for each sample. 
In the course of the reaction, the colorless 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid is oxidized by potassium 
peroxydisulfate, resulting in the formation of the stable blue-
green ABTS•+ radical. Adding antioxidants reduces the ABTS•+ 
radical and causes discoloration.

Conformational analysis

Conformational analysis was performed using SYBIL 6.8 
software on a Silicon Graphics SGI 02 computer. Spatial models 
of the studied compounds were modeled using standard 
parameters and the Tripos potential field. The conformers 
obtained were subjected to complete optimization using the 
semi-empirical AM1 method (Tripos).

DISCUSSION

The aim of this work was to prepare 3-(aminomethyl)-
4-(hydroxy)phenyl]alkylketones by means of a two-
step synthesis (Scheme 1), except for [4-hydroxy-3-
(piperidinomethyl)phenyl]methylketone which was 
synthesized by Mannich reaction. The preparation of some of 
the compounds has been described previously, using various 
synthetic procedures, that is, II (Borthakur et al., 1984; Aljohani 
et al., 2019), III (Rastogi et al., 1992), VII (Aljohani et al., 2019), 
IX (Borthakur et al., 1984; Aljohani et al., 2020), XI (Borthakur 
et al., 1984; Aljohani et al., 2019; Reddy et al., 2008; Dai et 
al., 2017), and XIV (Boesen, 2003). The products contain a 
phenolic group and a basic group in position 2 relative to the 
phenolic group. The compounds under study (I-XV) (see Table 
1) were prepared from [3-(chloromethyl)-4-(hydroxy)phenyl]
alkylketones as starting compounds. These were obtained 
from 4-hydroxyphenylalkylketones by an electrophilic 
substitution reaction of paraformaldehyde with hydrochloric 
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acid (Čižmáriková et al., 2002). During the first stage, 
[3-(chloromethyl)-4-(hydroxy)phenyl]alkylketones were 
synthesized by electrophilic substitution reaction in a 55-62% 
yield. These are halogen derivatives with increased reactivity, 
which can result in diminished yields due to competing 
pathways, such as the formation of enamines, imines, 
tertiary amines, or quaternary ammonium salts. The reaction 
was carried out in a low-polarity environment (benzene 
or toluene) and in the presence of an excess of aliphatic 
amines (dimethylamine, diethylamine, isopropylamine, 
isobutylamine, tert-butylamine) and heterocyclic amines 
(pyrrolidine, morpholine, azepane, 4-methylpiperazine), 
achieving a yield of 30–60%. The products are white solids 
with melting points between 39 and 94 °C, soluble in organic 
solvents. The purity of the prepared compounds was checked 
using thin-layer chromatography with a propan-1-ol and 
diethylamine mobile phase in a 9:1 ratio, and the Rf values 
were calculated. Finally, the IR, UV, and 1H-NMR spectra of the 
products were measured.
In the IR spectra, valence vibration bands were identified at 
2500−3300 (νOH), 1665−1685 (νC=O), 1583−1607 (νC=C), and 
1251−1286 (νC-N). In UV spectra, the prepared compounds 
exhibited two absorption bands corresponding to transitions 
at λ1 218−220 nm (log ε1 2.52 m2.mol-1) and λ2 268−318 nm 
(log ε2 2.53−3.12 m2.mol-1). In the 1H-NMR spectra of the 
prepared compounds, proton signals of the phenolic group 
were identified within the range of 10.50–11.51 ppm. In 
addition, signals of protons of the aromatic nucleus, a singlet 
signal of CH2N at 3.63–4.11 ppm, signals of protons of the 
amine moiety, and signals of CH2 and CH3 groups of the acyl 
and of the aliphatic side chain were also identified. 
The compound 4-hydroxy-3-piperidinomethylphenylmethyl 
ketone (IX) was synthesized in a study by Borthakur et al. 
(1984). However, the authors only isolated it in the form 
of oil. For this reason, a Mannich reaction with a 60% yield 
was conducted. In addition to IR, UV, and NMR spectra, the 
structure was confirmed by MS spectra.
To expand knowledge of the potential biological effects 
of synthesized substances, primary screening of their 
antioxidant activity was performed on selected final 
compounds and intermediates of their synthesis. The DPPH 
method was used to screen antioxidant activity, as well as 
the ABTS method, which is more sensitive to this type of 
substance than the DPPH assay. The ABTS method is based 
on the decolorization of the blue-green solution of the 
activated radical ABTS•+ after its reaction with an antioxidant 

substance. The results of antioxidant activity measurements 
for all substances tested are shown in Table 2. The 
investigated compounds demonstrate significantly higher 
oxidation activity values than corresponding compounds 
with alkoxymethyl groups (Čižmáriková et al., 2020). The 
antioxidant activity determined by the DPPH method ranged 
from 2.9% to 6.2%, and that determined by the ABTS method 
for compounds with tertiary nitrogen ranged from 84.2% to 
99.1%. The value obtained using this method for compound 
IV with secondary nitrogen (NH-CH(CH₃)₂) was 33.5%. The 
intermediate product [3-(chloromethyl)-4-(hydroxy)phenyl]
methylketone (EACh) showed higher activity using both the 
DPPH method (4.3%) and the ABTS method (8.2%), whereas 
4-hydroxyphenylmethylketone  (4-OHaceto)  showed  low 
activity (0.94%) using only  the ABTS method. Compounds 
with alkoxy groups have been shown to possess significantly 
lower antioxidant activity values, ranging from 0.55% to 
12.58% by the DPPH method and from 0.92% to 28.14% by 
the ABTS method (Čižmáriková et al., 2020). Interestingly, 
the presence of nitrogen atoms also had a positive effect 
on increased antioxidant activity in beta-blocker-type 
substances (Čižmáriková et al., 2020, Čižmáriková et al., 2021). 
The distinguishing characteristic of these compounds is 
the formation of a hydrogen bond between the phenolic 
group and the nitrogen atom in the side chain, which 
was investigated using conformational analysis. The Sybyl 
program was employed to obtain 3D models of molecules 
and calculate the energy of a larger number of bonds around 
which rotation is possible and conformers that arose by 
rotation around simple bonds. The number of conformers for 
each compound was determined by the volume and spatial 
arrangement of substituents, as well as the number of bonds 
around which rotation is possible. Of the final compounds 
selected for analysis, the compound featuring an isobutyl 
substituent (V) yielded the highest number of conformers, 
a consequence of its flexible chain. The compound with a 
tert-butyl group (VI) gives the least conformers due to its 
conformational rigidity. When performing conformational 
analysis, the most suitable conformers were subjected 
to complete optimization using the semi-empirical AM1 
method (Table 3). From the resulting conformers obtained 
in this way, the most optimal conformers were selected and 
their geometric parameters characterizing the hydrogen 
bond, distances between atoms, and hydrogen bond angle 
were measured. In compounds with branched carbon chains 
V, VI and a nitrogen atom, there was the possibility of forming 

OH

O

R1 R2

OH

O

R1

OH

O

R1 Cl

HCl

paraformaldehyde amine

Scheme 1. Synthesis of the target compounds (R1/R2 see Table 1)
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a hydrogen bond between the hydrogen atom of the amino 
group and the oxygen atom of the phenol group NH∙∙∙O or 
a hydrogen bond between OH∙∙∙N. In compound (V) with 
an isobutyl group, given the geometric parameters and 
heat of formation of the given conformer, the formation of 
an NH∙∙∙O intramolecular hydrogen bond is more likely than 
in the conformer with an intramolecular hydrogen bond 
between the hydrogen atom of the OH group and the amino 
nitrogen. The assumption is that the length (NH∙∙∙O) is equal 
to 0.237 nm, the heat of formation ΔH is 332.48 kJ/mol, and 
the angle between the NH∙∙∙O atoms is 120.17°. These findings 
are consistent with data in the literature (Nunes et al., 2007, 
Grabowski, 2007), where the formation of intramolecular 
hydrogen bonds NH∙∙∙O is considered more likely. The energy 
of the hydrogen bond was approximated by the difference 
between the heat of formation of the conformation with 

the hydrogen bond and the same conformation without the 
hydrogen bond. When compounds with a built-in heterocycle 
(VII, IX, XIII, and XIV) are compared based on hydrogen bond 
length and bond energy, small differences in hydrogen bond 
energy are observed, with their energy being lower than that 
of compounds with an aliphatic chain (V and VI) (see Table 3). 
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Table 2. Antioxidant activities of the compounds investigated

Substance R1 R2 Inhibition 
DPPH[%]±SD

Inhibition 
ABTS[%]±SD

I CH2CH3 N(CH3)2 4.0±0.9 99.1±1.0

IV CH2CH3 NHCH(CH3)2 6.2±1.2 33.5±1.1

VII CH3 pyrrolidin-1-yl 4.1±0.9 94.1±0.8

IX CH3 piperidino 5.1±0.7 92.7±1.1

X CH2CH3 piperidino 4.5±1.1 90.8±1.0

XI CH3 morpholino 3.8±0.5 85.9±3.9

XII CH2CH3 morpholino 3.5±0.4 84.3±2.3

XIV CH3 N-methylpiperazin-1-yl 3.6±0.5 98.7±0.6

XV CH2CH3 N-methylpiperazin-1-yl 2.9±1.5 99.1±0.2

X CH2CH3 azepan-1-yl 3.8±0.6 98.7±0.8

4-OHaceto − n 0.94±0.01

EACh − 4.3±2.5 8.2±0.4

Table 3. Conformational analysis of [3-aminomethyl-4-(hydroxy)phenyl)methylketones

Compound
Heat of 

formation 
ΔHform(1) * 
[kJ.mol-1]

Heat of 
formation 
ΔHform(2) ** 
[kJ.mol-1]

Length of the 
hydrogen bond 

[nm]
NH...O

Length of the 
hydrogen bond 

[nm]
OH...N

Angle
[°]

Energy
[kJ.mol-1]

II -272.33 -259.62 0.247 132.56 12.71

V -332.48
-331.22

-312.75
-312.75 0.237 0.236 120.17

128.56
19.73
18.47

VI -301.63
-294.44

-280.14
-280.14 0.229 0.244 123.07

134.70
21.49
14.30

VII -249.25 -238.01 0.243 131.00 11.24

IX -295.64 -285.08 0.255 132.35 10.82

XI -305.64 -295.53 0.238 134.91 10.11

XIII -203.65 -191.28 0.246 131.63 12.37

XIV -385.94 -409.93 0.250 131.20 10.03

* Heat of formation without the contribution of hydrogen bonds
** Heat of formation with the contribution of hydrogen bonds



Antioxidant activity of novel phenolic compounds bearing basic substituents ... Ružena Čižmáriková et al.

 Eur. Pharm. J. 2026, AoP.

98

References

[1]	 Agwuh KN, MacGowan A. Pharmacokinetics and 
pharmacodynamics of the tetracyclines including glycylcyclines. 
J Antimicrob Chemother.  2006;58(2):256−265. 

[2]	 Aljohani G, Ali AA, Said MA, Hughes DL, Alraqa SY, Amran S, 
Ahmad F, Basar N. 2-Benzyloxynaphthalene aminoalkylated 
chalcone designed as acetylcholinesterase inhibitor: structural 
characterisation, in vitro biological activity and molecular 
docking studies. J. Mol. Struct. 2020;1222: 128898.

[3]	 Aljohani G, Said MA, Lentz D, Basar N, Albar A, Alraqa SY, Al-Sheikh 
Ali A. Microwave-assisted synthesis of mono- and disubstituted 
4-hydroxyacetophenone derivatives via Mannich reaction: 
synthesis, XRD and HS-analysis. Molecules. 2019;24(3):590.

[4]	 Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa FM, 
Al-Mssallem MQ. Flavonoids as potential anti-inflammatory 
molecules: a review. Molecules. 2022;27(9):2901.

[5]	 Amouar E, Calliste CA, Košinova P, Di Meo F, Duroux JL, 
Champavier Y. Free radical scavenging properties of guaiacol 
oligomers: A combined experimental and quantum study of the 
guaiacyl-moiety role. J Phys Chem A. 2009;113:13881–13891.

[6]	 Barini E, Miccoli A, Tinarelli F, Mulholland K, Kadri H, Khanim F, 
Stojanovski L, Read KD, Burness K, Blow JJ, Mehellou Y, Muqit 
MMK. The anthelmintic drug niclosamide and its analogues 
activate the Parkinson’s disease associated protein kinase PINK1. 
ChemBioChem. 2018;19 (5):425–429.

[7]	 Bendary E, Francis RR, Ali HMG, Sarwat MI, El Hady S. Antioxidant 
activity and structure-activity relationships (SARs) of some 
phenolic and anilines compounds. Ann Agric Sci. 2013;58(2),173–
181.

[8]	 Nielsen FS, Boesen T, Larsen M, Nielsen MB, Kromann H, inventors; 
Boesen T, assignee. Aminoalkoxy-functional chalcones. WO 
Patent No. WO03097574A2. November 27, 2003.

[9]	 Borthakur RC, Borthakur A, Rastogi RC. Synthesis and insecticidal 
activity of some new 3-substituted 4-hydroxyacetophenones. 
Ind J Chem. 1984;23B:244−248.

[10]	Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical 
method to evaluate antioxidant activity. LWT-Food Sci Technol. 
1995;28(1):25–30.

[11]	Calliste CA, Le Bail JC, Trouillas P, Pouget C, Habrioux G, Chulia 
AJ, Duroux JL. Chalcones: structural equirements for antioxidant, 
estrogenic and  antiproliferative activities. Anticancer Res. 
2001;21(6A):3949–3956.

[12]	Cheng S, Gao H, Yang Y, Zhang M, Wang J, Li N, Ji Y, Wang H, 
Zhou Y. Pharmacological diversity of flavonoids and their clinical 
application prospects in neurological disorders. Phytother Res. 
2025;39(11):5222-5248.

[13]	Condello I, Santarpino G, Fiore F, Di Bari N, Speziale G, Moscarelli 
M, Nasso G. Propofol pharmacokinetics and pharmacodynamics-a 
perspective in minimally invasive extracorporeal circulation. 
Interact Cardiovasc Thorac Surg. 2021;33(4):625−627.

[14]	Cueva C, Moreno-Arribas MV, Martín-Álvarez PJ, Bills G, 
Vicente MF, Basilio A, Rivas CL, Requena T, Rodríguez JM, 
Bartolomé B. Antimicrobial activity of phenolic acids against 
commensal, probiotic and pathogenic bacteria. Res Microbiol. 
2010;161(5):372–382.

[15]	Cushnie TP, Lamb AJ. Antimicrobial activity of flavonoids. Int J 
Antimicrob Agents. 2005;26(5):343-56.

[16]	Čižmáriková R, Habala L, Markuliak M. General intravenous 
anesthetics - pharmacodynamics, pharmacokinetics and chiral 
properties. Ceska Slov Farm. 2023;72(4):155−164.

[17]	Čižmáriková R, Markuliak M, Habala L, Valentová J, Bilková 
A: Synthesis, antimicrobial and antiradical activity of 
(3-alkoxymethyl-4-hydroxyphenyl)propan-1-ones intermediates 
of biologically active compounds and activity comparison with 
3-(alkoxymethyl)-4-(alkylamino-2-hydroxypropoxyphenyl)
alkanones type of  beta-blockers. Eur Pharm J. 2020;67(2): 
34−44.

[18]	Čižmáriková R, Polakovičová M, Mišíková E. Synthesis, 
physicochemical properties and conformational studies of 
(3-alkoxymethyl-4-hydroxyphenyl)ethanones. Chem Pap. 
2002;56:256−260.

[19]	Čižmáriková R, Valentová J, Habala L, Konušová L. 
Synthesis, antioxidative activity and enantioseparation of 
aryloxyaminopropanols derived from 3-methylphenol – 
bevantolol, toliprolol and a pyrazolidine derivative (in slovak) 
Farm Obzor. 2021;8−9:137−143.

[20]	Čižmáriková R, Valentová J, Horáková R. Chirality of β2-agonists. 
An overview of pharmacological activity, stereoselective analysis, 
and synthesis. Open Chemistry. 2020;18(1):628−647.

[21]	da Re P, Verlichi L. Chloromethylation of hydroxypropiophenone 
and synthesis of alcohols and aldehydes of chromone group. Ann 
Chim. 1956;46:910–914. Chem. Abstr. 51c 6618f.

[22]	Dai JL, Shao NQ, Zhang J, Jia RP, Wang DH. Cu(II)-catalyzed 
ortho-selective aminomethylation of phenols. J. Am. Chem. Soc. 
2017;139(36):12390−12393.

[23]	David DJ, Gardier AM. Les bases de pharmacologie fondamentale 
du système sérotoninergique: application à la réponse 
antidépressive [The pharmacological basis of the serotonin 
system: application to antidepressant response]. L’Encéphale. 
2016;42(3):255−263.

[24]	Dutta D, Jindal R, Kumar M, Mehta D, Dhall A, Sharma M. 
Efficacy and safety of once weekly thyroxine as compared 
to daily thyroxine in managing primary hypothyroidism: a 
systematic review and meta-analysis. Indian J Endocrinol Metab. 
2021;25(2):76–85.

[25]	Fernandez MT, Mira ML, Florencio MH, Jennings KR. Iron 
and copper chelation by flavonoids: an electrospray mass 
spectrometry study. J Inorg Biochem. 2002;92(2):105–111.

[26]	Ferrier DC, Kiely J, Luxton R. Propofol detection for monitoring 
of intravenous anaesthesia: a review. J Clin Monit Comput. 
2022;36(2):315−323.

[27]	Fuller RW. Basic advances in serotonin pharmacology. J Clin 
Psychiatry. 1992;53 Suppl:36−45.

[28]	Gao X, Tang X, Tu Z, Yu J, Bao Y, Long G, Sheu WC, Wu H, Liu J, Zhou 
J. Tertiary amine modification enables triterpene nanoparticles 
to target the mitochondria and treat glioblastoma via pyroptosis 
induction. Biomaterials. 2025;317:123035.

[29]	Gil-Jardine C, Lefort H, Gil C, Ramage C, Bounaud N, Chauvin 
A. Une trilogie à bien appréhender: adrénaline, allergie et 



Antioxidant activity of novel phenolic compounds bearing basic substituents ... Ružena Čižmáriková et al.

 Eur. Pharm. J. 2026, AoP.

98

anaphylaxie [A trilogy to understand: adrenalin, allergy and 
anaphylaxis]. Rev Infirm. 2022;71(282):24−26.

[30]	Gough CJR, Nolan JP. The role of adrenaline in cardiopulmonary 
resuscitation. Crit Care. 2018;22(1):139.

[31]	Grabowski SJ. N–H…O intramolecular hydrogen bonds – the 
influence of external agents on π-electron delocalization. J Mol 
Struct Theochem. 2007;811:61−67.

[32]	Hasnat H, Shompa SA, Islam MM, Alam S, Richi FT, Emon NU, 
Ashrafi S, Ahmed NU, Chowdhury MNR, Fatema N, Hossain MS, 
Ghosh A, Ahmed F. Flavonoids: A treasure house of prospective 
pharmacological potentials. Heliyon. 2024;10(6):e27533.

[33]	Held-Warmkessel J. Ecteinascidin-743. Clin J Oncol Nurs. 
2003;7(3):313−319.

[34]	Hider RC, Liu ZD, Khodr HH. Metal chelation of polyphenols. 
Methods Enzymol. 2001;335:190–203.

[35]	Islam BU, Suhail M, Khan MK, Zughaibi TA, Alserihi RF, Zaidi SK, 
Tabrez S. Polyphenols as anticancer agents: toxicological concern 
to healthy cells. Phytother Res. 2021;35:6063–6079.

[36]	Jonklaas J. Role of levothyroxine/liothyronine combinations 
in treating hypothyroidism. Endocrinol Metab Clin North Am. 
2022;51(2):243−263.

[37]	Kadoma Y, Murakami Y, Ogiwara T, Machino M, Yokoe I, Fujisawa S. 
Radical-scavenging activity and cytotoxicity of p-methoxyphenol 
and p-cresol dimers. Molecules. 2010; 26;15(3):1103–1112.

[38]	Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J. 
Flavonoids as anticancer agents. Nutrients. 2020;12(2):457.

[39]	Lau L, Supko JG, Blaney S, Hershon L, Seibel N, Krailo M, Qu 
W, Malkin D, Jimeno J, Bernstein M, Baruchel S. A phase I and 
pharmacokinetic study of ecteinascidin-743 (Yondelis) in children 
with refractory solid tumors. A Children’s Oncology Group study. 
Clin Cancer Res. 2005;11(2 Pt 1):672−677.

[40]	Lerner TN, Holloway AL, Seiler JL. Dopamine, updated: 
reward prediction error and beyond. Curr Opin Neurobiol. 
2021;67:123−130.

[41]	Lithoxoidou AT, Bakalbassis EG. PCM study of the solvent and 
substituents effects on the conformers, intramolecular hydrogen 
bonds and bond dissociation enthalpies of 2-substituted 
phenols. J Phys Chem. 2005;109,366−377.

[42]	Liu Y, Zhu J, Liu Z, Zhi Y, Mei C, Wang H. Flavonoids as promising 
natural compounds for combating bacterial infections. Int J Mol 
Sci. 2025;26(6):2455.

[43]	Liu Z, Lin R, Luo M. Reward contributions to serotonergic 
functions. Annu Rev Neurosci. 2020;43:141−162.

[44]	Lugo RA, Kern SE. Clinical pharmacokinetics of morphine. J Pain 
Palliat Care Pharmacother. 2002;16(4):5−18.

[45]	Mazlun MH, Sabran SF, Mohamed M, Abu Bakar MF, Abdullah 
Z. Phenolic compounds as promising drug candidates in 
tuberculosis therapy. Molecules. 2019;24(13):2449.

[46]	Mercadante S. Intravenous morphine for management of cancer 
pain. Lancet Oncol. 2010;11(5):484−489.

[47]	Mir SA, Dar A, Hamid L, Nisar N, Malik JA, Ali T, Bader GN. 
Flavonoids as promising molecules in the cancer therapy: an 
insight. Curr Res Pharmacol Drug Discov. 2023;6:100167.

[48]	Mirabella G, Pilotto A, Rizzardi A, Montalti M, Olivola E, Zatti 
C, Di Caprio V, Ferrari E, Modugno N, Padovani A. Effects of 
dopaminergic treatment on inhibitory control differ across 

Hoehn and Yahr stages of Parkinson’s disease. Brain Commun. 
2023;6(1):fcad350.

[49]	Mondal S, Raja K, Schweizer U, Mugesh G. Chemistry and biology 
in the biosynthesis and action of thyroid hormones. Angew 
Chem Int Ed. 2016;55(27):7606–7630.

[50]	Nelson M.L, Levy S.B. The history of the tetracyclines. Ann NY 
Acad Sci. 2011;1241(1):17−32.

[51]	Nunes CCA, Jesus AJL, Rosado MTS, Eusério MES. Conformation 
study of isolated pindolol by HF, DFT and MP2 calculation. J Mol 
Struct Theochem. 2007;806:231−238.

[52]	Olennikov DN, Kashchenko NI, Chirikova NK. A novel HPLC-assisted 
method for investigation of the Fe2+-chelating activity of flavonoids 
and plant extracts molecules. 2014;19(11),18296−18316.  

[53]	Panche AN, Diwan AD, Chandra SR. Flavonoids: an overview. J 
Nutr Sci. 2016;5:e47.

[54]	Pietta PG. Flavonoids as antioxidants. J Nat Prod. 2000;63(7):1035-
42.

[55]	Rademacher P, Khelashvili L, Kowski K. Spectroscopic 
and theoretic studies on intramolecular OH- π hydrogen 
bonding in 4-substituted 2-allylphenols. Org Biomol Chem. 
2005;3:2620−2625.

[56]	Rahim A, Björnmalm M, Suma T, Faria M, Ju Y, Kempe K, Müllner M, 
Ejima H, Stickland AD, Caruso F. Metal-phenolic supramolecular 
gelation. Angew Chem Int Ed Engl. 2016;55(44):13803−13807.

[57]	Rastogi RC, Khan RH, Borthakur RC. A direct evidence for 
hyperconjugation from nuclear Overhauser effect study. J. Indian 
Chem. Soc. 1992;69(6):310–311.

[58]	Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans 
C. Antioxidant activity applying an improved ABTS radical cation 
decolorization assay. Free Radic Biol Med. 1999;26(9):1231–1237.

[59]	Reddy MV, Su CR, Chiou WF, Liu YN, Chen RY, Bastow KF, Lee KH, 
Wu TS. Design, synthesis, and biological evaluation of Mannich 
bases of heterocyclic chalcone analogs as cytotoxic agents. 
Bioorg. Med. Chem. 2008;16(15):7358-7370.

[60]	Skrzypczak N, Przybylski P.  Modifications, biological origin and 
antibacterial activity of naphthalenoid ansamycins. Nat Prod Rep. 
2022;39:1653−1677.

[61]	Skrzypczak N, Pyta K, Ruszkowski P, Mikołajczak P, Kucińska M, 
Murias M, Gdaniec M, Bartl F, Przybylski P. Anticancer activity and 
toxicity of new quaternary ammonium geldanamycin derivative 
salts and their mixtures with potentiators. J Enzyme Inhib Med 
Chem. 2021;36(1):1898-1904. 

[62]	Stachelska MA, Karpiński P, Kruszewski B. A comprehensive 
review of biological properties of flavonoids and their role in 
the prevention of metabolic, cancer and neurodegenerative 
diseases. Appl Sci. 2025;15(19):10840.

[63]	Stuenkel CA, Davis SR, Gompel A, Lumsden MA, Murad 
MH, Pinkerton JV, Santen RJ. Treatment of symptoms of the 
menopause: an Endocrine Society clinical practice guideline. J 
Clin Endocrinol Metab. 2015;100(11):3975−4011.

[64]	Sue LY, Leung AM. Levothyroxine for the treatment of subclinical 
hypothyroidism and cardiovascular disease. Front Endocrinol 
(Lausanne). 2020;11:591588.

[65]	Taguri T, Tanaka T, Kouno I. Antibacterial spectrum of plant 
polyphenols and extracts depending upon hydroxyphenyl 
structure. Biol Pharm Bull. 2006;29(11):2226-2235.



Antioxidant activity of novel phenolic compounds bearing basic substituents ... Ružena Čižmáriková et al.

 Eur. Pharm. J. 2026, AoP.

OR10

[66]	Tripos Bookself 6.8. Tripos Inc. USA (2001)
[67]	Ullah A, Munir S, Badshah SL, Khan N, Ghani L, Poulson BG, 

Emwas AH, Jaremko M. Important flavonoids and their role as a 
therapeutic agent. Molecules. 2020;25(22):5243.

[68]	Wrona IE,  Agouridas V, Panek JS. Design and synthesis of 
ansamycin antibiotics. Comptes Rendus Chimie. 2008;11(11): 
1483−1522.

[69]	Yang A, Yu G, Wu Y, Wang H. Role of β2-adrenergic receptors in 
chronic obstructive pulmonary disease. Life Sci. 2021;265:118864.

[70]	Zahra M, Abrahamse H, George BP. Flavonoids: antioxidant 
powerhouses and their role in nanomedicine. Antioxidants. 
2024;13(8):922.

[71]	Zewail-Foote M, Hurley LH. Ecteinascidin 743: a minor groove 
alkylator that bends DNA toward the major groove. J Med Chem. 
1999;42(14):2493−2497. 


