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ABSTRACT. Hydrazones characterized by the azomethine group (NHN=CH-) are recognized for their
potent antimicrobial properties. Concurrently, compounds featuring a methyl group are utilized in the
treatment of bacterial infections in humans and animals. Taking all this into account, Swiss ADME and
Swiss Targeted Prediction software was used to study biological targets of the synthesized compounds and
to create their ADME profiles. New biological targets for phenylhydrazones include Mapping of
Bioavailability Radar of substances, ADME Profiling, Egan BOILED EGG, Lipinski Drug ability (ROF) criteria
and biological activities based on the obtained results. Thus, obtained results allow us to say that
synthesized phenylhydrazones are able to show biological activity.
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Introduction

Hydrazones, compounds with -NHN=CH- group, have a number of applications used in the fields of
medicinal chemistry for synthesizing biologically active substances (Vicini et al., 2002; Loncle et al., 2004;
Savini et al., 2004; Cocco et al., 2006.; Masunari & Tavares, 2007; Vicini et al., 2009), dye industry (Raue et
al., 1991), complex compounds (Rollas & Giiniz Kiictikgiizel, 2007) and so on. The main reason for the wide
application area is connected with the structure of hydrazones, which leads to the compounds having
electrophilic and nucleophilic properties. As a result of such structural features, hydrazones have
demonstrated activities against cancer, worms, depression, fungus, inflammation, swelling, and convulsions
( Al-Kahraman et al., 2012; Tan et al., 2018; El-Azab et al., 2016; Mauger & Mignani, 2005; Januario et al.,
2018; Mloston et al., 2016; Negi et al., 2012; Narang et al., 2012). Various investigations demonstrate that
hydrazones containing methyl and tert-butyl groups can be considered as compounds with the expected
biological activities.

Meanwhile, we know that the synthesis of new medications is an actual issue. As much actual as this
process is it requires effort, time and financial ability. In order to decreas financial issues and increase
efficiency, various programs with the ability to predict the biological properties of synthesised compounds
are used. The significance of the programs is highlighted by the following example. Exploratory studies, which
were conducted on approximately 10,000-30,000 substances, extend approximately a decade and cost up to
several billion dollars. Compounds with successful results are directed to preclinical studies, during which
their number was reduced to 250. Then, selected the best 5 substances participated in the clinical studies
(Dharampreet et al., 2020). This example shows clearly the importance of special programs predicting
biological properties.

Considering the above-mentioned, the calculating of physicochemical descriptors of synthesized hydrazones
by Swiss Targeted Prediction and Swiss ADME softwares, as well as determining absorption, distribution,
metabolism, and excretion- ADME parameters, drug design-like nature, drug chemistry compatibility, and related
pharmacokinetic properties (Ballester & Richards, 2007; Willett, 2011; Armstrong et al., 2010; Liu et al., 2011;
Armstrong et al., 2011; Pérez-Nueno et al., 2012; Sastry et al., 2011) were performed.
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Based on obtained results, we are able to predict that the methyl group containing phenyl hydrazones may
show biological activity and may be used as medicinal substances in the future.

Material and methods

Unless stated otherwise, all the reagents used in this study were obtained from commercial sources
(Aldrich, TCI-Europe, Strem, ABCR). NMR spectra were recorded on a Bruker Avance 300 (1H: 300 MHz,
Karlsruhe, Germany); chemical shifts (8) are given in ppm relative to TMS, coupling constants (J) in Hz. The
solvent signals were used as references (DMSO-d6 6H = 2.50ppm, 6C = 39.52pp). Predicting the biological
targets of synthesized hydrazone derivatives is available for free on the SwissADME software from the website
http://www.swissadme.ch .

Taking into account that hydrazones, as well as compounds containing methyl groups, show high
biological activity, we have synthesized the following phenylhydrazones.

SN
X0 - X
O ety YN
R =

R=H, R4=H (1), R=CH3, R4=H (2)
R=CH3, R1=CH3 (3), R=CH3, R1= 3,5(CH3)2 (4)
R=C(CHj3)s, R1=H (5), R=C(CH3)3, R4=CHj3 (6)

R=C(CHz)3, R1= 3,4(CH3)2 (7)

Synthetic part

Schiff bases 1-7 were synthesized according to the reported method (Qacar et al., 2020, Nenajdenko et al.,
2017, Maharramov et al., 2018, Nenajdenko et al., 2023). A mixture of (2-nitrophenyl) hydrazine
hydrochloride (10.2 mmol), CH3COONa (0.82 g) and a corresponding aldehyde (10 mmol) were refluxed with
stirring in ethanol (50-100 mL) for 2-5h. The reaction mixture was cooled to room temperature and water (50-
100 mL) was added to give a precipitate of crude product, which was filtered off, washed with diluted ethanol
(1:3 with water) and dried in vacuo.

0

I (E)-1-benzylidene-2-phenylhydrazine. White solid (yield 92%, 181 mg), mp 122°C, Anal. Calcd for
C13H12N2 (M=196.25). 'H NMR (300 MHz, DMSO-dé6) & 6,8-7.7 (m, 10 H, arom), 7,9 (s, 1H, -CH), 10,3 (s, 1H,
-NH), 1*C NMR (75 MHz, DMSO) 6§ 112,4, 119,3, 1126,1, 128,3, 129,1, 136,3, 136,9, 137,1, 145,8

Jogae

II (E)-1-(4-methylbenzylidene)-2-(p-tolyl)hydrazine. White solid (yiled 82%, 184 mg), mp 111°C. Anal.
Calcd for C14H14N2 (M=210.28). 'H NMR (300 MHz, DMSO-d6) § 10.27 (s, 1H, -NH), 7.84 (s, 1H, -CH), 7.54
(d, J= 7.4 Hz, 2H, arom), 7.20 (d, J = 7.2 Hz, 3H, arom), 7.07 (d, J = 7.5 Hz, 2H, arom), 6.73 (t, ] = 7.4 Hz, 1H,
arom), 2.31 (s, 3H, -CHs). *C NMR (75 MHz, DMSO) § 21.3, 112.3, 118.9, 126.0, 129.5, 129.7, 133.5, 137.0,
137.8, 145.8

0L

III (E)-1-(4-methylbenzylidene)-2-(p-tolyl)hydrazine. White solid (yield 57%, 128 mg), mp 122°C. Anal. Calcd for
C15H16N2 (M=224.31). 'H NMR (300 MHz, DMSO-d6) & 10.15 (s, 1H, -NH), 7.80 (s, 1H, -CH), 7.52 (d, ] = 7.4 Hz,
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2H, arom), 7.18 (d, J = 7.4 Hz, 2H, arom), 7.00 (q, ] = 7.8 Hz, 4H, arom), 2.30 (s, 3H, -CHz), 2.21 (s, 3H, -CHz). 1*C
NMR (75 MHz, DMSO) 6 20.7, 21.3, 112.3, 125.9, 127.4, 129.6, 129.9, 133.6, 136.3, 137.6, 143.6.

O

IV (E)-1-(3,5-dimethylphenyl)-2-(4-methylbenzylidene)hydrazine. White solid (yield 57%, 136 mg), mp
122°C. Anal. Calcd for C16H18N2 (M=238.33). 'H NMR (300 MHz, DMSO-d6) &§ 9.82 (s, 1H, NH), 7.73 (s, 1H,
CH), 7.45 (d, J = 8.7 Hz, 2H, arom), 6.99 (d, ] = 8.2 Hz, 2H, arom), 6.91 (d, ] = 8.3 Hz, 2H, arom), 6.72 (d, = 8.7
Hz, 2H, arom), 2.93 (s, 6H, -CHs), 2.20 (s, 3H, -CH3 ). !3C NMR (75 MHz, DMSO) & 20.6,40.4, 112.1, 112.5, 124.2,
126.7,127.1, 129.8, 137.5, 144.0, 150.6.

JOC

V (E)-1-(4-(tert-butyl)benzylidene)-2-phenylhydrazine. White solid (yield 57%, 144 mg), mp 122°C. Anal.
Calcd for C17H20N2 (M=252.36). 'H NMR (300 MHz, DMSO-d6) § 10.24 (s, 1H, -NH), 7.83 (s, 1H, -CH), 7.55
(d, J=8.1Hz, 2H, arom), 7.43 — 7.36 (m, 2H, arom), 7.20 (t, J=7.7 Hz, 2H, arom), 7.04 (d, / = 8.0 Hz, 2H, arom),
6.73 (t, ] = 5.7 Hz, 1H, arom), 1.27 (s, 9H, -C(CHs)3). '3C NMR (75 MHz, DMSO) § 31.4. 111.7, 112.3, 119.0,
125.8, 129.5, 133.4, 137.0, 145.7, 151.0, 152.9.

Hoahol

VI (E)-1-(4-(tert-butyl)benzylidene)-2-(p-tolyl)hydrazine. White solid (yield 57%, 152 mg), mp 122°C. Anal.
Calcd for C18H22N2 (M=266.39). 'H NMR (300 MHz, DMSO-d6) & 10.11 (s, 1H, -NH), 7.79 (s, 1H, CH), 7.53
(d, J = 7.4 Hz, 2H, arom), 7.38 (d, ] = 7.2 Hz, 2H, arom), 7.01 (d, J = 7.5 Hz, 2H, arom), 6.94 (d, ] = 7.4 Hz, 2H,
arom), 2.19 (s, 3H, -CHs), 1.26 (s, 9H, -C(CHz)s). *C NMR (75 MHz, DMSO) § 20.6, 31.4, 112.3, 125.7, 125.8,
126.4, 127.6, 130.0, 133.5, 136.3, 143.5, 150.6, 150.8.

Voggel

VII (E)-1-(4-(tert-butyl)benzylidene)-2-(3,4-dimethylphenyl)hydrazine. White solid (yield 57%, 160 mg), mp
122°C. Anal. Calcd for C19H24N2 (M=280.42). 'H NMR (300 MHz, DMSO-d6) § 'H NMR (300 MHz, DMSO-d6)
6 10.06 (s, 1H, NH), 7.79 (s, 1H, CH), 7.46 (dd, J = 46.5, 8.4 Hz, 4H, arom), 7.08 — 6.59 (m, 3H, arom), 2.17 (s,
3H, -CHz), 2.12 (s, 3H, -CHz), 1.28 (s, 9H, -C(CHz)s). '*C NMR (75 MHz, DMSO) 6 19.0, 20.2, 31.5, 34.8, 109.8,
113.7,125.7,125.8, 126.4, 130.4, 133.7, 136.1, 137.0, 143.7, 150.7.

Result and discussion

NMR interpretation

Corresponding phenylhydrazones were synthesized in ethanol through the condensation reaction of
benzaldehyde derivatives in CHs;COONa medium at a temperature of 78 degrees. At 300 MHz, in the 'H NMR
spectrum of compounds in DMSO-ds solvent, signals of N-H and —CH=N-protons resonated in singlet form
at 10.11-10.3 and 7.79-7.9 parts per million (ppm), respectively. All aromatic (6.8-7.7) and aliphatic —CHj3
and —(CHjs),, -C(CHs)s) protons were observed in the expected areas.
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Potential biological targets prediction and ADME profiling

The investigation of new biological targets and ADME properties of phenylhydrazones is considered by
means of Swiss ADME and Swiss Targeted Prediction software. New biological targets for phenylhydrazones
include Mapping of Bioavailability Radar of substances, ADME Profiling, Egan BOILED EGG, Lipinski Drug
ability (ROF) criteria and biological activities

Mapping of bioavailability radar of phenylhydrazones

Firstly, the pharmacokinetic properties of the synthesized phenylhydrazones were studied. Lipophilicity,
volume, polarity, insolubility, insaturation and elasticity of compounds are studied by means of the Swiss
ADME program (Pastewska et al., 2021, Atakishiyeva et al., 2023, Yousuf et al., 2022). For the six descriptors
mentioned below (INSATU, SIZE, INSOLU, FLEX, LIPO, POLAR), red lines are situated in the pink zone, which
means that the compounds show good bioavailability properties in the body (Table 1).

Table 1. Activity indicators of hydrazones.

Bioavailability radar Lipophilicity Volume Polarity Insolubility Insaturation Elasticity
Situated Situated Situated Situated Situated clearly  Situated
in the pink in the pink in the pink in the pink out in the pink
zone zone zone zone of the pink zone zone
1.
Situated Situated Situated Situated in the Situated

Situated out

P in the pink in the pink in the pink ink . in the pink
) in the pi in the pi in the pi pi of the pink zone in the pi
| s zone zone zone zone zone
2. i
/1N ' Situated Situated Situated Situated . Situated
|2 LT in the pink in the pink in the pink in the pink Situated out in the pink
'/ / of the pink zone
£ zone zone zone zone zone
3.
) Isn’t situated Situated Situated Situated . Situated
in the pink in the pink in the pink in the pink Situated out in the pink
of the pink zone
zone zone zone zone zone
4.
Situated Situated Situated Situated Situated Situated
in the pink in the pink in the pink in the pink in the pink in the pink
zone zone zone zone zone zone
5.
Situated Situated Situated Situated Situated Situated
in the pink in the pink in the pink in the pink in the pink in the pink
zone zone zone zone zone zone
6.
w :," - Situated slightly Situated Situated Situated Situated Situated
A out of the pink in the pink in the pink in the pink in the pink in the pink
o zone zone zone zone zone zone
7.
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From the results obtained by means of the program, it was determined that the insaturation in the radar
of the bioavailability of hydrazone, which does not contain any substitution group, has sharply deviated from
the pink zone. This sharp deviation decreases with increasing number of methyl groups in the compound.

In the compound (E)-1-(3,5-dimethylphenyl)-2-(4-methylbenzylidene)hydrazine, that is, in the
hydrazone containing tret-butyl group, all properties are located in the pink zone. Increasing the number of
methyl groups in the compound caused a change in the lipophilic property. Thus, in compound 7 a slight
deviation of the lipophilic property was observed.

Generally, as the number of methyl groups in the hydrazones increases, indicators show increasingly good
bioavailability radar properties for INSATU, SIZE, INSOLU, FLEX, LIPO, POLAR identifiers.

Biological activities

The similarity of hydrazones, which are supposed to be biologically active, to some enzymes and proteins
is compared by means of the Swiss Targeted Prediction program (Figure 1). Thus, screenings are performed
to find similar molecules between synthesized phenylhydrazones and other active compounds known to be
on trial of the approximately 4,000 proteins. (Daina et al., 2019). In the following table demonstrated this
biological activities diagram.

Compound 2

Compound 1

46.7% 46.7%
6.7% ‘
6.7% s rise
26.7% 6.7% 13.3%
<l 13.3% & i
13.3% 6.7%
e W enzyme B ramiyB G mosptor W C
@ Cayme B Keson B Ondencucne B FamilyA G protein cousled receplr 1 Prolesse T Keuse
el b e s il v I Family C O prodn <ouples meiptnr
Compound 3 Compound 4
% 6.7% 13.3%
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! Z 20.0%
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Compound 7
67%

13.3%
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0 Ferpme T3 Farniy C G protwe coupied mcnghor
W Owdoraductase [ Famiy B G proncoupied moeptor

N Moo

Figure 1. Biological activities of compounds.
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Compounds 1, 2, 4, 5 and 6 are predicted to be enzyme inhibitors predominantly, whereas compound 7 is
predicted to be a protease inhibitor. Compound 3 is predicted to be a nuclear receptor inhibitor. At the same
time, compound 4 is a family of CG protein-coupled receptor.

Egan boiled egg, pi charts of biological activities

Brain or Gut permeability method (Egan BOILED-Egg) was also used by means of SWISS ADME prediction
program. The method - Brain or Gut permeability refers to a computer software that gives accurate predictions
calculating the polarity and lipophilicity properties for small organic molecules. The principle of operation is as below.

WLOGP and TPSA characterize the total area of the polar surface, and the relationship between them is
shown as a graph. These graphs are presented as a white ellipse and a yellow ellipse, which is similar to egg
white and yolk. If the compounds are passively absorbed in the gastrointestinal tract they are situated in the
white ellipse, if the compounds enter central nervous system despite BBB (meaning Blood-brain barrier) and
have high chance of being absorbed they are situated in the yellow ellipse as dots. Compounds with lack of
BBB permeability or good absorption are situated in the grey zone.

As for the color of the dots, blue dot compounds are actively absorbed from the gastrointestinal lumen or
brain, which allows us to say that they will be substrates of P-glycoprotein (PGP+) , while red dot means the
exact opposite (Figure 2).

Mol D\ 7
o &

Mmg\e 5
4 Mme&u\efr

Molegple 4
Mu\g\e 3
3 Molegyle 2
Molecule 1

Figure 2. biological activities of phenylhydrazone using Brain or Gut permeability method.

It bears mentioning that all of the 7 compounds were observed as red dots in the white ellipse, so we
can say that they enter the central nerve system, but they are non-substrates of P-glycoprotein (PGP-).

ADME Profiling by using Swiss ADME

With additional data from the program, it is possible to do the pharmacokinetic calculation of P-
glycoprotein and cytochrome P450 protein. It should be noted that, pharmacokinetics studies the movement
trajectory of medicines in the human organism. Cytochromes P450 (also written as P450s or CYPs) refers to
a family of enzymes. Thus, their main function is to oxidize protein steroids, and fatty acids in mammals, they
are crucial in the synthesis and decomposition of some hormones. From the results of the program, it was
determined that all the compounds have good GI absorption and good BBB permeability.

All compounds other than compound 1 showed inhibition against CYP2D6, but compound 5 showed inhibition
against CYP2C9. Compounds 2-6 showed inhibition against CYP1A2. As a result, the gastrointestinal absorption
of compounds is good. In addition, blood-brain barrier permeability is excellent (Table 2).

Acta Scientiarum. Technology, v. 47, €70639, 2025
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Table 2. Pharmacokinetic property of the compounds.

Substance GI absorption BB P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
Bermeant substrate inhibitor inhibitor inhibitor inhibitor  inhibitor

1 High + - - + - - -

2 High + - + + - + -

3 High + - + + - + -

4 High + - + + - + -

5 High + - + + + + -

6 High + - + + - + -

7. High + - - + - + -

Lipinski Drug ability criteria- ROF

Lipinski's five rules- ROF, also known as Pfizer's five rules, are utilized to determine the similarity between
drugs and compounds that are drug candidates. These rules are used in order to determine whether the compounds
that are assumed to have pharmacological activity show necessary physical and chemical properties.

Since it is impossible to test so many chemical compounds, i.e., ligands, drug-like properties of substances
are investigated.

For this purpose, Lipinski's five rules are used. This rule was proposed by Christopher Lipinski in 1997 to
characterize the pharmacological and biological activity of a chemical compound (Lipinski et al., 2012). The
principle often applies to oral tablets. According to this principle, in order for a substance to be similar to a
drug, it must have the following properties:

- The number of hydrogen bond donors (OH and / or NH) should not exceed 5

- The total number of hydrogen bond acceptors (nitrogen and/or oxygen atoms) should not exceed 10

- Molecular weight should be less than 500 Da (Dalton);

- Lipophilicity should not exceed 5 (log P < 5 in octanol/water medium) and

- Must not have excessive conformational mobility (no more than 10 rotators).

The following table shows the physico-chemical properties of the compounds, from which it can be seen
that they comply with Lipinski's 5 rules (Table 3).

Table 3. Physico-chemical property of compounds.

Given data 1 2 3 4 5 6 7
Molecular weight g mole! 196.25 210.27 224.30 238.33 252.35 266.38 280.41
Number of heavy atoms 15 16 17 18 19 20 21
Number of aromatic heavy atoms 12 12 12 12 12 12 12
Fraction Csp3 0.00 0.07 0.13 0.19 0.24 0.28 0.32
Number rotatable bonds 3 3 3 3 4 4 4
Number of H-bond acceptors 1 1 1 1 1 1 1
Number of H-bond donors 1 1 1 1 1 1 1
Molar Refractivity 63.92 68.89 73.85 78.82 83.19 88.16 93.12
TPSA 24.39 A? 243942  24.39A% 243942 24.39 A2 24.39 A? 24.39 A?
Log Po/w(iLOGP) 2.28 2.44 2.69 2.96 3 3.25 3.44
Conclusion

If we consider the data obtained by means of the Swiss ADME and Swiss Targeted Prediction program, it
is possible to determine that all synthesized phenylhydrazones will demonstrate biological activity. However,
it can also be noted that as a result of the increase in the number of methyl groups in the composition of the
compounds, the elimination of deviations in 6 indicators (INSATU, SIZE, INSOLU, FLEX, LIPO, POLAR) in the
bioavailability radar, and the biological activities of the synthesized phenylhydrazones are more similar to
enzymes. has been done. Based on these results, we can predict that the synthesized phenylhydrazones may
show biological activity and may be used as medicinal substances in the future.
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