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Abstract
New N-substituted oxime derivatives (5b, 5d-g, 5i-k, and 5m) and known compounds (5a, 5c, 5h, 5g, 5l, and 5n-q) were 
obtained by reacting phenyl and butyl oxime chloride analogs with aniline, piperazine derivatives, piperidine, and diethyl-
amine. Structures of all new compounds were determined by 1H NMR, 13C NMR, HRMS, and FTIR methods. All compounds 
were evaluated in vitro for their antiradical activity and hydrogen peroxide scavenging activity. Compounds 5g, 5h, 5i, 5j, 
5k, 5l, 5m, and 5p have shown good antiradical activities with  EC50 values < 1 (conc. antiradical (µM)/conc. DPPH (µM)). 
Similar results were obtained in the peroxide scavenging activity tests. These results have shown that piperidine and butyl 
substitution greatly increases the antiradical activity of the oximes. Compounds 5l and 5m were found to be the best radi-
cal scavengers. In addition, molecular docking studies were performed for compounds (5a-q) against CP450 (CYP1A2), 
NADPH oxidase, and Xanthine oxidase to predict their antioxidant capabilities through ROS-producing enzyme inhibitions.
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Introduction

Reactive oxygen species (ROS) such as superoxides  (O2
.−), 

hydrogen peroxide  (H2O2), hydroxyl radical (.OH), and sin-
glet oxygen (1O2) are unstable and highly reactive molecules 
that derive from molecular oxygen. ROS are biologically 
involved in cell signaling and cell defense against bacteria 
and xenobiotics [1]. ROS are produced by mitochondria dur-
ing ATP production, peroxisomes, and as a result of enzyme 
activites such as NADPH oxidase, CP450, and Xanthine oxi-
dase [2].

Increased levels of ROS in cells disrupt the redox homeo-
stasis and cause oxidative stress and damage proteins, lipids, 
enzymes and DNA structure in body. This can cause diseases 
such as cancer, liver disease, neurodegenerative disorders, 
diabetes, and atherosclerosis [3]. Antioxidant molecules can 

maintain redox homeostasis in cells by showing antiradical 
activity and scavenging ROS or inhibiting ROS-producing 
enzymes such as superfamily of CP450, NADPH oxidase, 
Xanthine oxidase, Lipoxygenase, Cyclooxygenase, and 
Monoamine oxidase, thus hindering ROS production [4].

Amidoximes, oximes, and oxime esters have gained con-
siderable attention in recent years due to many diverse bio-
logical activities such as antibacterial [5], antifungal [6], anti-
oxidant [7–9], and anticancer [10]. Also these compounds are 
known as effective AChE reactivators [11]. In addition, pip-
erazine and piperidine containing heterocyclic molecules are 
important compounds due to their wide biological activities 
such as antimicrobial [12], antiinflammatory [12], antioxidant 
[13, 14], and anticancer [15].

In literature, there are some works about antiradical 
activities of oxime compounds. Kala and coworkers obtained 
isatine oxime derivatives and they found DPPH reduction 
between 62.5 and 77.5% [8]. Also Harini and coworkers syn-
thesized methyl-piperidinone oxime esters and found antirad-
ical activity results with  IC50 values between 11 and 165 µM 
[9]. Moreover, Özen and Taş obtained amido-carbonyl oxime 
derivatives and these compounds show antiradical activities 
with  IC50 values between 39 and 104 µg/mL [10].

Considering the antioxidant capabilities of oxime deriva-
tives in literature, N-substituted oxime derivatives (5a-q) were 
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obtained to investigate these compounds’ antioxidant capabili-
ties and effects of different substituents on antioxidant powers 
of these compounds. DPPH and Ruch methods were carried 
out to investigate in vitro antiradical activities. Also, in silico 
molecular docking studies were performed to investigate inhi-
bition potentials and structure activity relationships against 
ROS-producing enzymes like CP450 (CYP1A2), NADPH 
oxidase, and Xanthine oxidase.

Results and discussion

Chemistry

The reactions of phenyl-substituted oxime chloride (3a) with 
amine derivatives (4a-f) are shown in Table 1. Reaction of 
3a with aniline (4a) gave compound 5a in 43% yield (lit 30% 
[16]). Also, N-substituted oxime compound 5b (42%) was 
obtained by reaction of 3a with piperazine (4b). In addition, 
5c (60%) (there is no information about yield in literature 
[17], 5d (69%), 5e (54%), and 5f (68%) were obtained by the 
reaction of 3a with piperazine derivatives 4c-f, respectively.

The reactions 3a-e with amine derivatives 4f-h are given in 
Table 2. Reaction of 3b with phenyl-piperazine (4f) gave 5g 
in 43% yield. N-substituted oxime derivative 5h (lit 80% [18]) 
was obtained in 67% yield from the reaction of 3a with 4g. 

Additionally, reactions of 2-hydroxyphenyl, 4-hydroxyphenyl, 
and 4-methoxyphenyl-substituted oxime chlorides (3c-e) with 
piperidine (4g) gave N-substituted oxime derivatives 5i (83%), 
5j (70%), and 5k (67%) in high yields, respectively. Moreover, 
n-propyl-piperidine–substituted oxime derivative 5l (83%) 
(lit. 41% [19]) and n-propyl-diethylamine–substituted oxime 
derivative 5m (80%) were obtained from the reactions of 3b 
with 4g (83%) and 4h (80%), in high yields.

N-substituted oxime derivatives (5n-q) that are present in liter-
ature were also obtained to evaluate their antiradical and peroxide 
scavenging activities. Synthesis of 5n-q is presented in Scheme 1.

Antioxidant and peroxide scavenging activity results 
of N‑substituted oxime derivatives (5a‑q)

General reaction mechanism with an antiradical with DPPH 
is given in Scheme 2.

According to this reaction mechanism, reaction of DPPH with 
the antiradical molecule (H-A) generates an electro-deficient 
radical  A˙. The more stable the formed radical  A˙, the higher 
the reactivity of the antiradical compound H-A against DPPH, 
thereby making H-A a potent antiradical compound. Inductive 

Table 1  Synthesis of 5a-f.
Entry Oxime chloride   Amine derivative        Product Yield(%)a

1

2

3

4

5

6

43

42

60

69

54

68

a Isolated yield based on amine derivative

Table 2  Synthesis of 5g-m
Entry Oxime chloride   Amine derivative        Product Yield(%)a

1

2

3

4

5

6

7

43

67

83

70

67

83

80

a Isolated yield based on amine derivative
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(electron donating) and mesomeric effects on these radicals 
increase its stability, and compounds in this work were designed 
by considering these effects. Antiradical activities of all synthe-
sized compounds (5a-q) are shown in Table 3.

While compound 5p shows good antiradical activity and 
fast reaction rate with an  EC50 value of 0.40, activity of 
5a is radically low  (EC50 = 10) with a slow reaction rate. 
However, electron-donating groups carrying N,N-diethyl 
(5n,  EC50 = 3.71) and N-propyl (5q,  EC50 = 3.71) oxime 
derivatives show much higher antiradical activity than 5a. 
Since piperazine carrying oxime derivative 5b has very low 
antiradical activity with an  EC50 value of 31, morpholine-
substituted 5o  (EC50 = 9.51) shows higher activity compared 
to 5b. However interestingly, N-methyl piperazine carrying 
oxime derivative 5c has higher antiradical effect with an 
 EC50 of 2.78. We think that this is due to electron-donating 
effect of methyl group on piperazine. Also, N-furoyl- (5d, 
 EC50 = 7.81) and N-carbethoxy (5e,  EC50 = 5.55)-substituted 

oxime derivatives having low antiradical powers show that 
electron-withdrawing groups on piperazine moiety lower 
the compounds’ antiradical capabilities. While phenyl and 
N-phenyl piperazine–substituted oxime derivative 5f shows 
high antiradical activity with an  EC50 of 1.65, propyl and 
N-phenyl piperazine–substituted oxime derivative 5g shows 
higher antiradical activity  (EC50 = 0.41). This result shows 
that inductive electron-donating effect caused by N-propyl 
group is more effective than mesomeric effect due to phenyl 
group on these oxime molecules. When comparing antiradi-
cal activity of morpholine- (5o,  EC50 = 9.51), piperazine- 
(5b,  EC50 = 31), and piperidine (5h,  EC50 = 0.56)-substituted 
oxime compounds to see which of these cyclic groups are 
more effective on the antiradical efficiency, it can be seen 
that piperidine substitution is much more effective than mor-
pholine and piperazine moieties.

In order to investigate the effect of phenyl substitiution 
on antiradical activity, phenyl-substituted oxime compounds 
such as o-OH (5i,  EC50 = 0.96), p-OH (5j,  EC50 = 0.38), and 
p-OMe (5k,  EC50 = 0.49) were prepared. Among these com-
pounds, best antiradical efficiency was observed on 5j with 
p-OH-phenyl-substituted oxime compound.

When these data are examined, it can be seen that antiradical 
activities of N-alkyl-substituted oximes ( 5g, 5h, 5n, 5q) and butyl-
oxime (5g) are higher than the other compounds we obtained. 
For this reason, we designed piperidine-butyl–substituted oxime 
compound 5l and piperidine-N,N-diethyl–substituted oxime com-
pound 5m to investigate antiradical activities of these compounds. 
As expected, 5l and 5m have the most antiradical power in this 
work with  EC50 values of 0.26 and 0.28, respectively.

In the light of these informations, we think that N-alkyl 
substitution on oximes makes the formed oxygen radical 
more stable. This electron-deficient radical makes intra-
molecular interactions with the lone pair of electrons on N 
and therefore making radical more stable and more easy to 
form. Also electron-donating substituents on oximes further 
increase this stability (Scheme 3).

Also, no N-substitution carrying 2-butanoneoxime was eval-
uated for antiradical activity to compare it with N-substituted 
oxime derivatives and it shows low antiradical activity with an 
 EC50 value of 35.10. This result further supports our theory that 

Scheme 1  Synthesis of 5n-q

Scheme 2  Reaction mechanism of DPPH with antiradical
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N-alkyl substitution increases the antiradical efficiency of oxi-
mes. Moreover, peroxide scavenging activity of N-substituted 
oxime derivatives (5a-q) and Trolox was investigated and results 
are presented in Table 4.

Compounds 5a, 5c, 5d, 5e, 5f, 5g, and 5k show higher  
peroxide scavenging activities than Trolox standard (Table 4). 
Peroxide scavenging activities of compounds 5b and 5l are 
lower than Trolox standard.

Molecular docking studies

In order to investigate binding energies and active site interac-
tions of 5a-q with CP450 (CYP1A2), NADPH oxidase, and 
Xanthine oxidase, molecular docking studies were performed.

To validate the docking procedure, native ligands (α- 
naphtoflavone for CYP1A2, Adenosine-5'-Diphosphate for 
NADPH oxidase, and Hypoxhanthine for Xanthine oxidase) 
in crystallized enzyme structures were redocked into their 
original binding pockets. Generated docking conformations 
were superimposed into experimental conformations. Root 
mean square deviation (RMSD) values between docked con-
formation and experimental conformation were calculated. 
RMSD values must be less than 2.0 Å to consider the dock-
ing protocol valid [4]. Overlapping of the redocked confor-
mations and native conformations is presented with RMSD  
values in Fig. 1.

As can be seen in Fig. 1, all RMSD values obtained from 
redocking procedure are below 2.0 Å. This means the pro-
tocol used in this study is valid and can be carried out for 
the docking study of ligand compounds (5a-q). Nine dock-
ing poses were generated for each ligand in every docking 
calculation. Docking pose with highest docking score (bind-
ing free energy = ∆G = − Kcal/mol) was chosen to present. 
Binding energies of 5a-q and reference drugs (Fluvoxamine 
for CYP1A2, Dextrometorphan for NADPH oxidase, and 
Febuxostat for Xanthine oxidase) with CYP1A2, NADPH 
oxidase, and Xanthine oxidase are presented in Table 5.

By analyzing all docking scores, it can be seen that com-
pounds 5a, 5d, and 5f show the highest three docking scores 
against all three receptors.

The docking scores against CP450 showed that 10 (5a, 
5b, 5d, 5f-k, and 5o) out of 17 tested compounds have 

Table 3  Antiradical activity results of 5a-q and Trolox

a EC50 value is presented here as antioxidant concentration (µM)/
DPPH concentration (µM)
 bReaction rate means the time of the reaction to reach the steady 
state (fast: < 30 min, medium: 30 min–1 h, and slow: > 1 h)

Test compound EC50
a Reaction  rateb

5a 10.04 Slow
5b 31.00 Slow
5c 2.78 Slow
5d 7.81 Slow
5e 5.55 Slow
5f 1.65 Slow
5g 0.41 Medium
5h 0.56 Medium
5i 0.96 Medium
5j 0.38 Fast
5k 0.49 Fast
5l 0.26 Fast
5m 0.28 Fast
5n 2.75 Slow
5o 9.51 Slow
5p 0.40 Fast
5q 3.71 Slow
Trolox 0.11 Fast

Scheme 3  Intramolecular effects on the oxime radical to increase its 
stability

Table 4  Peroxide scavenging activity results of 5a-q and Trolox

a Percentage of  H2O2 scavenged for 20 or 10 µM concentrations of test 
compounds

Test compound 20 µMa 10 µMa

5a 70 55
5b 12 8
5c 70 45
5d 70 64
5e 63 43
5f 81 67
5g 66 41
5h 41 28
5i 58 48
5j 51 32
5k 94 58
5l 31 13
5m 51 25
5n 54 24
5o 42 34
5p 40 19
5q 50 40
Trolox 40 17
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docking scores (between − 8.0 and − 10.1 kcal/mol) higher 
than reference drug Fluvoxamine (∆G = − 7.7 kcal/mol).

Docking scores against NADPH oxidase showed that 2 
(5d = − 7.9 kcal/mol and 5f = − 7.9 kcal/mol) out of 17 com-
pounds gave docking scores higer than reference drug Dex-
trometorphan (∆G = − 7.6 kcal/mol) but compound 5a showed 
lower binding score than Dextrometorphan (− 7.3 kcal/mol).

Docking score results of Xanthine oxidase showed that none 
of the 17 test compounds showed higher docking scores than 
reference drug Febuxostat (∆G = − 7.8 kcal/mol) but 5a, 5d, 
and 5f gave close docking scores between − 7.5 and − 7.7 kcal/
mol.

Interactions of three compounds with best docking scores 
against CP450 (5a, 5d, and 5f) are presented in Fig. 2.

Fig. 1  Overlapping of the redocked conformations and experimental conformations

Table 5  Docking scores of 5a-q 
with ROS-producing enzymes

a NT not tested

Compound CP450 NADPH oxidase Xanthine oxidase

Binding free energy ∆G (− Kcal/mol)
5a  − 9.5  − 7.3  − 7.7
5b  − 8.4  − 6.7  − 5.8
5c  − 7.4  − 6.4  − 5.6
5d  − 10.1  − 8.0  − 7.5
5e  − 7.5  − 7.3  − 6.3
5f  − 8.8  − 7.9  − 7.5
5g  − 8.0  − 6.6  − 6.2
5h  − 8.6  − 6.6  − 6.0
5i  − 8.5  − 6.8  − 5.4
5j  − 8.0  − 6.6  − 6.0
5k  − 8.2  − 6.4  − 5.9
5l  − 6.3  − 5.2  − 5.5
5m  − 5.5  − 4.4  − 5.1
5n  − 7.6  − 5.7  − 5.1
5o  − 8.4  − 6.6  − 5.4
5p  − 7.3  − 5.7  − 7.2
5q  − 7.6  − 6.1  − 7.1
Fluvoxamine  − 7.7 NTa NTa

Dextrometorphan NTa  − 7.6 NTa

Febuxostat NTa NTa  − 7.8
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Target receptor CYP1A2 (PDB code: 2HI4) is a mem-
ber of CP450 superfamily. According to literature and PDB 
records, important active site residues of CP450 are Thr118, 
Thr124, Phe125, Glu225, Phe226, Lys250, Arg251, Lys253, 
Phe260, Asn312 Ala317, Gly318, Thr319 Asp320, Thr321, 
Val322 Leu382, Thr385, Ile386, Leu497, and Thr498 [20, 
21].

By investigating the interactions of Fluvoxamine with 
CYP1A2, it can be seen that phenyl group made π − σ inter-
actions with ALA317 and LEU497 and π − π stackings with 
GLY316 and PHE226. Also,  CF3 substitution on benzene 
ring interacts with LEU382. In addition, alkyl chain made 
π − alkyl interactions with PHE125 and PHE226.

By investigating the interactions of 5a, it can be seen 
that oxime moeity made hydrogen bonding with ALA317 
and THR124. In addition, phenyl substitutions interact with 
PHE226, PHE260, GLY316, and LEU497 through π − π 
stackings.

By investigating the interactions of 5d, it can be seen that 
oxime moeity made hydrogen bonding with ASP313. Also, 

furan moeity made π − alkyl interactions with ALA317 and 
LEU382. In addition, piperazine ring made C-H bonding 
with THR124 and phenyl ring interacts with PHE226 and 
PHE260 through π − π stackings.

Lastly, phenyl rings of 5f made similar interactions with 
5d. Two phenyl moeities made π − π stackings and π − alkyl 
interactions with GLY316, PHE226, PHE260, ALA317, and 
LEU382. Also oxime group made hydrogen bonding with 
ASP320.

Summarily, 5a, 5d, and 5f showed similar residue inter-
actions with CYP1A2. It is clear that aromatic moeities of 
tested compounds interact with PHE226, PHE260, GLY316, 
ALA317, and LEU497. Reference drug Fluvoxamine showed 
similar interactions through its aromatic moeity. Also, oxime 
moeity on all test compounds made hydrogen bondings with 
THR124, ASP313, ALA317, and ASP320.

Interactions of three compounds with best docking scores 
against NADPH oxidase (5a, 5d, and 5f) are presented in Fig. 3.

According to literature and PDB site records, important 
active site residues of NADPH oxidase are GLY156, GLY158, 

Fig. 2  Binding interactions of 
5a, 5d, and 5f and Fluvoxamine 
with CP450
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TYR159, ILE160, ASP179, GLY180, HIS181, TYR188, 
LYS213, VAL214, ILE243, and GLY244 [4].

Six-membered cyclohexane ring of Dextrometorphan made 
π − alkyl interactions with TYR188, TYR159, and PRO298 
and π − σ interaction with LEU299. Also, methoxy group on 
benzene interacts with TYR159 through π − alkyl interactions.

By looking at the interaction diagram of 5a, it can be seen 
that oxime and N–H moeity made hydrogen bondings with 
ASP179. In addition, two phenyl groups of 5a made π − alkyl 
interaction with LYS213 and π − π stacking and π − alky inter-
action with ILE243.

Oxime moeity of 5d made hydrogen bondings with GLY180 
and HIS181. In addition, carbonyl group next to furan ring 
made another hydrogen bonding with LYS187. Benzene ring 
interacts with ILE243 and LYS213 through π − σ and π-alkyl 
interactions, respectively. Also, piperazine ring interacts with 
ASP179 through C-H bonding.

But investigating the interaction of 5f, it can be seen that 
oxime moeity made hydrogen bondings with HIS181. Also, 

two benzene rings interact with ILE243 and LYS213 through 
π − σ, π-π stacking, and π − alkyl interactions, respectively.

As a result, 5a, 5d, and 5f showed similar residue interac-
tions with NADPH oxidase through their aromatic moeities. 
Aromatic groups of these compounds interact with LYS213 
and ILE243. Also, like the interactions with CP450, oxime 
groups of 5a, 5d, and 5f made hydrogen bondings. The resi-
dues that were interacted with through hydrogen bondings 
are ASP179, GLY180, HIS181, and LYS187.

All these molecular docking predictions showed that com-
pounds 5a, 5d, and 5f have potentials to be inhibitor com-
pounds for CYP1A2 and NADPH oxidase.

Conclusion

In the presented work, N-substituted oxime derivatives (5a-q) 
were designed and evaluated in vitro for their antiradical capa-
bilities and they have shown  EC50 values between 0.26 and 
31. Low  EC50 values of piperidine-butyl– (5l,  EC50 = 0.26) 

Fig. 3  Binding interactions of 
5a, 5d, 5f, and Fluvoxamine 
with NADPH oxidase
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and diethylamine-butyl (5m,  EC50 = 0.28)–substituted com-
pounds indicate that amino and alkyl substitiuents on oximes 
highly increase antiradical activities.

Also, molecular docking studies of 5a-q against ROS-
producing enzymes (CP450, NADPH oxidase, and Xanthine 
oxidase) have shown that compounds 5a, 5b, 5d, 5f-k, and 
5o have higher docking scores against CP450 than reference 
drug Fluvoxamine. Also, compounds 5d and 5f have higher 
docking scores against NADPH oxidase than reference drug 
Dextrometorphan. These docking results are promising and 
molecules 5a, 5d, and 5f have potentials to be inhibitor mol-
ecules against CP450 and NADPH oxidase to hinder the 
ROS production of these enzymes. Obtaining new deriva-
tives and evaluation of in vitro inhibition studies of these 
molecules against CP450 and NADPH oxidase is an ongoing 
research project of our group.

Experimental

Melting points were determined on a Gallenkamp capillary 
melting point apparatus. IR spectra (ATR) were obtained with 
a Bruker Tensor27 spectrophotometer in the 400–4000-cm−1 
range with 2-cm−1 resolutions. 1H NMR and 13C NMR spec-
tra were recorded on a Varian Mercury-400 high performance 
Digital FT-NMR and Varian Oxford NMR300 spectrometers. 
High Resolution Mass Time-of-Flight spectra (TOF) were 
measured on an Agilent 1200/6210 LC/MS spectrophotom-
eter. UV absorbance was measured by Rigol Ultra-3000 
UV–VIS Spectrophotometer. Thin layer chromatographies 
(TLC) were performed on Merck aluminum-packed silica 
gel plates. Purification of products was performed by column 
chromatography on silica gel (Merck silica gel 60, 40–60 µm) 
or preparative TLC on silica gel of Merck  (PF254-366 nm). 
2,2-diphenyl-1-picrylhydrazyl (DPPH) and all reagents and 
solvents were commercially purchased.

General synthesis procedure and spectroscopic data 
of N‑substituted oxime derivatives (5a‑q)

Firstly, oxime derivatives (2a-e) were obtained from the reac-
tion of aldehydes with hydroxylamine.HCl by known meth-
ods [22]. All oxime chlorides (3a-e) were obtained from the 
reactions of aldoxime derivatives with N-chlorosuccinimide 
(NCS) [23] (Scheme 4).

N-substituted oxime derivatives (5a-q) were obtained with 
the procedure described below:

In a reaction vessel, corresponding N-substituted deriva-
tive (4a-k, 1.2 mmol) and  Et3N (3.0 mmol) was homoge-
nized in 5 mL of THF and stirred in ice bath. Solution of 
corresponding oxime derivative (3a-e, 1 mmol) in 2 mL of 
THF was added dropwise. After instillation, reaction vessel 
was removed from ice bath and allowed to stir overnight. 

Reaction was monitored with TLC. After completion, water 
was added and crude product was extracted with chloroform 
(3 × 20 mL). Combined organic phases were neutralized 
by water (3 × 20 mL), dried over anhydrous  Na2SO4, and 
evaporated. Solid crude products were purified by crystal-
lization from EtOAc, and oily substances were purified with 
column chromatography (Hexane/EtOAc = 1/1 as eluent). 
All obtained compounds were isolated as E/Z isomer mix-
tures but Z isomers are dominant. All spectral data provided 
belongs to Z isomers.

(Z)‑N'‑Hydroxy‑N‑phenylbenzimidamide (5a) [16]

Yield 43% (0.29 g) as yellow solid; m.p: 119–121 °C (lit m.p: 
132–134 °C); 1H NMR (400 MHz, DMSO-  d6), δ (ppm): 
10.52 (1H, s, N–H), 8.26 (1H, s, O–H), 7.36–7.26 (5H, m, 
Ar–H), 7.02 (2H, t, J = 7.6 Hz, Ar–H), 6.74 (1H, t, J = 7.6 Hz, 
Ar–H), 6.62 (2H, d, J = 8.0 Hz, Ar–H).

(Z)‑Phenyl(piperazin‑1‑yl)methanone oxime (5b)

Yield 42% (0.993 g) as yellow solid; m.p: 170–172 °C; IR 
(ATR) ʋmax 3299 (OH), 3200 (NH), 3057 (arom. C-H), 2863 
(aliphatic C-H), 1632 (C = N), 1139 (C-N), 770, 698 (arom. 
C-H)  cm−1; 1H NMR (400 MHz, DMSO-  d6), δ (ppm): 9.29 
(1H, s, O–H), 7.42–7.31 (5H, m, Ar–H), 3.27 (1H, s, N–H), 
2.80 (4H, t, J = 4.8 Hz, -CH2-), 2.68 (4H, t, J = 4.8 Hz, 
-CH2-); 13C NMR (100 MHz, DMSO-  d6), δ (ppm): 158.8 
(C = N), 131.9 (arom. C), 129.3 (arom. C), 129.0 (arom. C), 
128.5 (arom. C), 48.6 (-CH2), 45.5 (-CH2); HRMS (ESI) 
(m/z) Calcd for  C11H15N3O 206.12878 found: 206.12971 
(M + H)+.

(Z)‑(4‑Methylpiperazin‑1‑yl)(phenyl)methanone 
oxime (5c) [17]

Yield 55% (3 g) as colorless solid; m.p: 140–142 °C; IR 
(ATR) ʋmax 3145 (OH), 3057 (Ar. C-H), 2840 (Aliphatic 
C-H), 1624 (C = N), 1139 (C-N), 770, 693 (Ar. C-H)  cm−1; 
1H NMR (400 MHz,  CDCl3), δ (ppm): 7.46–7.39 (5H, 
m, Ar–H), 3.06 (4H, t, J = 5.2 Hz, -CH2-), 2.40 (4H, t, 
J = 5.2 Hz, -CH2-), 2.28 (3H, s, -CH3); 13C NMR (100 MHz, 

Scheme  4  General synthesis of oximes (2a-e) and oxime chlorides 
(3a-e)
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 CDCl3), δ (ppm): 160.3 (C = N), 130.8 (arom. C), 129.3 
(arom. C), 128.9 (arom. C), 128.3 (arom. C), 54.67 (-CH2), 
46.86 (-CH2), 46.15 (-CH3); HRMS (ESI) (m/z) Calcd for 
 C12H17N3O 220.14443 found: 220.14419 (M + H)+.

(Z)‑Furan‑2‑yl(4‑((hydroxyimino)(phenyl)methyl)
piperazin‑1‑yl)methanone (5d)

Yield 69% (5.78 g) as colorless solid; m.p: 125–127 °C; IR 
(ATR) ʋmax 3284 (OH), 3110 (arom. C-H), 2834 (Aliphatic 
C-H), 1660 (C = O) 1618 (C = N), 1147 (C-N), 765, 700 
(arom. C-H)  cm−1; 1H NMR (400 MHz,  CDCl3), δ (ppm): 
7.48–7.34 (5H, m, Ar–H), 7.38 (1H, d, J = 2.0 Hz, Ar–H), 
7.01 (1H, d, J = 3.6 Hz, Ar–H), 6.47 (1H, dd, J = 3.2, 2.0 Hz, 
Ar–H), 3.82 (4H, s, -CH2-), 3.42 (4H, t, J = 5.2 Hz, -CH2-), 
3.11 (1H, t, J = 5.2 Hz, OH); 13C NMR (100 MHz,  CDCl3), 
δ (ppm): 159.3 (C = N), 153.9 (C = O), 147.8 (arom. C), 
143.7 (arom. C), 129.8 (arom. C), 129.6 (arom. C), 128.8 
(arom. C), 128.5 (arom. C), 116.6 (arom. C), 111.3 (arom. 
C), 49.0 (-CH2), 47.3 (-CH2); HRMS (ESI) (m/z) Calcd for 
 C16H17N3O3 300.13426 found: 300.13566 (M + H)+.

Ethyl (Z)‑4‑((hydroxyimino)(phenyl)methyl)
piperazine‑1‑carboxylate (5e)

Yield 54% (4.74 g) as colorless crystal; m.p: 131–133 °C; IR 
(ATR) ʋmax 3284 (OH), 3067 (arom. C-H), 2834 (Aliphatic 
C-H), 1665 (C = O), 1620 (C = N), 1136 (C-N), 1016 (C-O), 
768, 694 (arom. C-H)  cm−1; 1H NMR (400 MHz,  CDCl3), 
δ (ppm): 7.46–7.43 (5H, m, Ar–H), 4.13 (2H, q, J = 6.8 Hz, 
O-CH2CH3), 3.46 (4H, t, J = 5.2 Hz, -CH2-), 3.00 (4H, t, 
J = 5.2 Hz, -CH2-), 1.24 (3H, t, J = 7.2 Hz, O-CH2CH3); 13C 
NMR (100 MHz,  CDCl3), δ (ppm): 160.1 (C = N), 155.4 
(C = O), 130.3 (arom. C), 129.6 (arom. C), 128.9 (arom. 
C), 128.4 (arom. C), 61.5 (-CH2), 46.9 (-CH2), 43.2 (-CH2), 
14.6 (-CH3); HRMS (ESI) (m/z) Calcd for  C14H19N3O3 
278.14991 found: 278.14952 (M + H)+.

(Z)‑Phenyl(4‑phenylpiperazin‑1‑yl)methanone 
oxime (5f)

Yield 68% (5.76 g) as colorless solid; m.p: 114–116 °C; IR 
(ATR) ʋmax 3296 (OH), 3051 (arom. C-H), 2827 (Aliphatic 
C-H), 1629 (C = N), 1230 (C-N), 754, 688 (arom. C-H)  cm−1; 
1H NMR (400 MHz,  CDCl3), δ (ppm): 7.52 (1H, dd, J = 8.0, 
1.6 Hz, Ar–H), 7.46 (1H, dd, J = 2.4, 1.2 Hz, Ar–H), 7.39 
(2H, d, J = 8.0 Hz, Ar–H), 7.29 (2H, d, J = 8.0 Hz, Ar–H), 
6.95–6.86 (4H, m, Ar–H), 3.56 (2H, t, J = 4.8 Hz, -CH2-), 
3.27–3.14 (6H, m, -CH2-); 13C NMR (100 MHz,  CDCl3), δ 
(ppm): 154.3 (C = N), 151.5 (C = O), 133.9 (arom. C), 129.6 
(arom. C), 129.1 (arom. C), 128.9 (arom. C), 128.4 (arom. C), 
120.1 (arom. C), 116.4 (arom. C), 50.2 (-CH2), 48.8 (-CH2); 

HRMS (ESI) (m/z) Calcd for  C17H19N3O 282.16008 found: 
282.15959 (M + H)+.

(Z)‑1‑(4‑Phenylpiperazin‑1‑yl)butan‑1‑one oxime 
(5g)

Yield 43% (0.436 g) as colorless crystal; m.p: 124–126 °C; IR 
(ATR) ʋmax 3279 (OH), 3061 (arom. C-H), 2827 (Aliphatic 
C-H), 1629 (C = N), 1234 (C-N), 755, 684 (arom. C-H)  cm−1; 
1H NMR (400 MHz,  CDCl3), δ (ppm): 8.10 (1H, s, OH), 
7.28 (2H, td, J = 7.2, 1.2 Hz, Ar–H), 6.94 (2H, d, J = 7.6 Hz, 
Ar–H), 6.88 (1H, t, J = 7.6 Hz), 3.27 (4H, dt, J = 5.6, 2.4 Hz, 
-CH2-), 3.20 (4H, dt, J = 5.6, 2.4 Hz, -CH2-), 2.49 (2H, dt, 
J = 8.0, 4.0 Hz, -CH2-), 1.65–1.55 (2H, m, -CH2-), 1.01 (3H, 
t, J = 7.6 Hz, -CH3); 13C NMR (100 MHz,  CDCl3), δ (ppm): 
161.6 (C = N), 151.2 (arom. C), 129.1 (arom. C), 120.1 
(arom. C), 116.4 (arom. C), 49.1 (-CH2), 46.0 (-CH2), 26.4 
(-CH2), 19.6 (-CH2), 14.2 (-CH3); HRMS (ESI) (m/z) Calcd 
for  C14H21N3O 248.17573 found: 248.17662 (M + H)+.

(Z)‑Phenyl(piperidin‑1‑yl)methanone oxime (5h) 
[18]

Yield 67% (6.68 g) as colorless crystal; m.p: 140–142 °C 
(lit m.p: 145 °C); 1H NMR (400 MHz,  CDCl3), (Z/E): (98.5: 
1.5); Z isomer δ (ppm): 7.47–7.39 (5H, m, Ar–H), 2.98 (4H, 
t, J = 5.6 Hz, -CH2-), 1.53 (6H, s, -CH2-).

(Z)‑(2‑Hydroxyphenyl)(piperidin‑1‑yl)methanone 
oxime (5i)

Yield 83% (0.182 g) as colorless solid; m.p: 156–158 °C; IR 
(ATR) ʋmax 3223 (OH), 3080 (arom. C-H), 2928 (Aliphatic 
C-H), 1638 (C = N), 1224 (C-N), 722 (Ar. C-H)  cm−1; 1H 
NMR (400 MHz, DMSO-  d6), δ (ppm): 9.32 (1H, s, -OH), 
7.44 (2H, dt, J = 6.8, 2.0 Hz, Ar–H), 7.33 (2H, dt, J = 6.8, 
2.0 Hz, Ar–H), 2.85 (4H, t, J = 5.2 Hz, -CH2-), 1.47 (6H, s, 
-CH2-); 13C NMR (100 MHz, DMSO- d6), δ (ppm): 157.8 
(C = N), 133.6 (arom. C), 131.2 (arom. C), 131.1 (arom. C), 
128.5 (arom. C), 48.4 (-CH2), 25.3 (-CH2), 24.6 (-CH2); 
HRMS (ESI) (m/z) Calcd for  C12H16N2O2 239.14011 found: 
239.09510 (M + H)+ +  H2O.

(Z)‑(4‑Hydroxyphenyl)(piperidin‑1‑yl)methanone 
oxime (5j)

Yield 78% (5.0 g) as brown oil; IR (ATR) ʋmax 3205 (OH), 
2932 (arom. C-H), 2853 (Aliphatic C-H), 1620 (C = N), 1223 
(C-N), 749 (arom. C-H)  cm−1; 1H NMR (400 MHz, DMSO- 
 d6), δ (ppm): 9.59 (1H, s, -OH), 9.06 (1H, s, -OH), 7.16 (2H, 
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dt, J = 6.8, 1.6 Hz, Ar–H), 6.74 (2H, dt, J = 6.8, 1.6 Hz, Ar–H), 
2.84 (4H, t, J = 5.2 Hz, -CH2-), 1.46 (6H, s, -CH2-); 13C NMR 
(100 MHz, DMSO-  d6), δ (ppm): 158.8 (C = N), 158.1 (arom. 
C), 130.8 (arom. C), 122.5 (arom. C), 115.1 (arom. C), 48.6 
(-CH2), 25.4 (-CH2), 24.7 (-CH2); HRMS (ESI) (m/z) Calcd 
for  C12H16N2O2 239.14011 found: 239.09617 (M + H)+ +  H2O.

(Z)‑(4‑Methoxyphenyl)(piperidin‑1‑yl)methanone 
oxime (5k)

Yield 65% (1.8 g) as colorless solid; m.p: 174–176 °C; IR 
(ATR) ʋmax 3186 (OH), 2967 (arom. C-H), 2852 (Aliphatic 
C-H), 1624 (C = N), 1247 (C-N), 1121 (C-O), 732 (arom. 
C-H)  cm−1; 1H NMR (400 MHz, DMSO-  d6), (Z/E): (62:38); 
Z isomer δ (ppm): 9.33 (1H, s, -OH), 7.29 (2H, d, J = 2.4 Hz, 
Ar–H), 6.92 (2H, dd, J = 6.8, 2.4 Hz, Ar–H), 3.85 (3H, s, 
-OCH3), 1.47 (10H, s, -CH2-); 13C NMR (100 MHz,  CDCl3), 
δ (ppm): 160.1 (C = N), 159.1 (arom. C), 130.5 (arom. C), 
113.6 (arom. C), 111.5 (arom. C), 48.3 (-CH3), 48.2 (-CH2-), 
25.43 (-CH2), 24.50 (-CH2); HRMS (ESI) (m/z) Calcd for 
 C13H18N2O2 235.14410 found: 235.14319 (M + H)+.

(Z)‑1‑(Piperidin‑1‑yl)butan‑1‑one oxime (5l) [19]

Yield 82.5% (0.30 g) as yellow oil; IR (ATR) ʋmax 3273 (OH), 
2871 (Aliphatic C-H), 1638 (C = N), 1255 (C-N)  cm−1; 1H 
NMR (400 MHz,  CDCl3), δ (ppm): 3.07 (4H, s, -CH2-), 2.43 
(2H, t, J = 8.0 Hz, -CH2-), 1.54 (8H, s, -CH2-), 0.96 (3H, 
t, 7.2 Hz); 13C NMR (100 MHz,  CDCl3), δ (ppm): 162.5 
(C = N), 46.9 (-CH2), 46.9 (-CH2), 26.5 (-CH2), 25.5 (-CH2), 
19.75 (-CH2), 14.2 (-CH3); HRMS (ESI) (m/z) Calcd for 
 C9H18N2O 171.14919 found: 171.14860 (M + H)+.

(Z)‑N,N‑Diethyl‑N'‑hydroxybutyrimidamide (5m)

Yield 80% (2 g) as yellow oil; IR (ATR) ʋmax 3273 (OH), 2871 
(Aliphatic C-H), 1638 (C = N), 1255 (C-N)  cm−1; 1H NMR 
(400 MHz,  CDCl3), δ (ppm): 3.14 (4H, q, J = 6.8 Hz, -CH2-), 
2.42 (2H, t, J = 8.4 Hz, -CH2-), 1.61–1.51 (2H, m, -CH2-), 1.07 
(6H, t, J = 6.8 Hz, -CH3), 0.97 (3H, t, J = 7.6 Hz, -CH3); 13C 
NMR (100 MHz,  CDCl3), δ (ppm): 165.1 (C = N), 42.1 (-CH2), 
35.3 (-CH2), 20.5 (-CH2), 14.1 (-CH3), 13.3 (-CH3); HRMS 
(ESI) (m/z) Calcd for  C8H18N2O 159.14919 found: 159.14986 
(M + H)+.

(Z)‑N,N‑Diethyl‑N'‑hydroxybenzimidamide (5n) [24]

Yield 74% (0.29 g) as yellow crystal; m.p: 68–70 °C (lit m.p: 
79 °C 50); 1H NMR (400 MHz,  CDCl3), δ (ppm): 7.45–7.35 (5H, 

m, Ar–H), 3.06 (4H, q, J = 6.8 Hz, -CH2-), 1.03 (6H, t, J = 6.8 Hz, 
-CH3).

(Z)‑Morpholino(phenyl)methanone oxime (5o) [25]

Yield 50% (6.0 g) as colorless crystal; m.p: 118–120 °C (lit m.p: 
121–122°C51); 1H NMR (400 MHz,  CDCl3), δ (ppm): 7.47–7.41 
(5H, m, Ar–H), 3.68 (4H, t, J = 5.2 Hz, -CH2-), 3. 00 (4H, t, 
J = 4.8 Hz, -CH2-).

(Z)‑N'‑Hydroxybenzimidamide (5p) [16]

Yield 45% (0.195 g) as yellow oil; 1H NMR (400 MHz, DMSO- 
 d6), δ (ppm): 9.61 (1H, s, -OH), 7.66–7.63 (2H, m, Ar–H), 
7.36–7.34 (3H, m, Ar–H), 5.81 (2H, s,  NH2).

(Z)‑N'‑Hydroxy‑N‑propylbenzimidamide (5q) [26]

Yield 65% (0.75 g) as orange oil; 1H NMR (400 MHz,  CDCl3), 
δ (ppm): 7.47–7.35 (5H, m, Ar–H), 5.33 (1H, d, J = 2.8 Hz, 
NH), 2.96 (2H, t, J = 6.0 Hz, -CH2-), 1.43 (2H, q, J = 7.2 Hz, 
-CH2-), 0.8 (3H, t, J = 7.2 Hz, -CH3).

DPPH radical scavenging method

The DPPH radical scavenging method was carried out accord-
ing to slightly modified Brand-Williams method [27]. Different 
concentrations of antiradical compounds and Trolox as standart 
and 6 ×  10−5 M DPPH solution were prepared in methanol.

For the method, 0.1 mL of antiradical compound at desired 
concentration was added to 3.9 mL of 6.5 ×  10−5 M DPPH. 
The decrease in absorbance was monitored by UV–VIS spec-
trophotometer at 515 nm at 0 min, 1 min, and every 15 min 
until reaction reached a plateu. Exact concentration of DPPH 
 ([CDPPH]) in reaction medium was calculated from the calibra-
tion curve with the equation:

Remaining percentage of DPPH in reaction medium was 
calculated as follows:

where [CDPPH]T=0 is the starting concentration of DPPH. Per-
centage of remaining DPPH as a function of time for each 
antiradical concentration was plotted graphically to calculate 
the time needed for the reaction to reach the steady state. Then, 

Abs
515nm = 12.509x

[

CDPPH

]

− 2.58x10−3

%DPPHrem =

[

CDPPH

]

[

CDPPH

]

T=0

x100
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the percentage of remaining DPPH at the steady state was plot-
ted as a function of antiradical concentration to calculate  EC50 
values. The antiradical activity  (EC50) was expressed as conc. 
of antiradical sample/conc. of DPPH needed to reduce DPPH 
concentration by 50%.  EC50 is inversely related to antiradical 
power, thus low  EC50 means better antiradical efficiency. Also, 
the time needed to reach the steady state was calculated and 
reaction time was presented for each antiradical compound as 
fast (< 30 min), medium (30–60 min), and slow (> 60 min).

H2O2 scavenging method

Peroxide scavenging activity of N-substituted oxime derivatives 
was carried out according to modified literature method [28]. A 
total of 40 mM  H2O2 solution was prepared in phosphate buffer 
(100 mM, pH: 7.4). Test compounds and Trolox standart were 
prepared in 10 and 20 µM concentrations in DMSO.

Firstly, absorbance of 40 mM  H2O2 solution without test 
compound was monitored at 230 nm with UV–VIS spectro-
photometer as control absorbance. A total of 3.4 mL of test 
compound at desired concentration was added to 0.6 mL 
of  H2O2 solution. Absorbance of reaction was monitored 
after 10 min at 230 nm. Percentage of scavenged  H2O2 was 
calculated with the equation:

where At is the absorbance of  H2O2 solution with test com-
pound and A0 is the absorbance of control. Peroxide scav-
enging ability was expressed as percent scavenged  H2O2 for 
10 and 20 µM concentrations of test compounds.

Molecular docking method

Three dimensional structures of CYP1A2, NADPH oxidase, 
and Xanthine oxidase were obtained from Protein data bank. 
All co-crystallized ligands, metal atoms, and water molecules 
were removed; polar hydrogens and Kollman charges were 
added using Autodock Tools 1.5.7. Active site coordinates were 
determined with Discovery Studio Visualizer 2020. All docking 

% scavenged peroxide = 100 −
[

[At ∕A0
] × 100

]

calculations were performed with AutoDock Vina 1.1.2 [29]. 
Docking results were analyzed with Discovery Studio Visual-
izer 2020. PDB codes of receptors, gridcenter coordinates, and 
grid size used for docking protocol are presented in Table 6.

In order to prepare ligand molecules (5a-q), conformational 
analysis and geometry optimizations were performed with 
Avogadro 1.1 software [30]. Optimized ligands were converted 
to pdbqt format with Autodock Tools 1.5.7.
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