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Abstract: Pyrazole and its derivatives are z-electron-excess aromatic
heterocyclic compounds, the ring structure of which contains two
bonded nitrogen atoms. Pyrazoles are attracting increasing attention of
scientists due to their extensive and diverse range of biologically active
properties.

In this study a series of N-(acylalkyl)pyrazole derivatives were
synthesized by reactions of aliphatic and aromatic a-bromideketones
with pyrazole and its 3,5-dimethyl- and 3,5-diphenyl- derivatives via a
two-stage one-pot reaction, in the presence of the K>COs base. Thus,
new, previously undescribed N-pinacolopyrazoles with yields of 65—
92% and N-phenacylpyrazoles with yields of 38-91% were obtained.
The structures of the products were characterized by NMR, IR, X-ray
diffraction and GC-mass spectrometry. According to the X-ray
diffraction results, N-(acylalkyl)pyrazoles are conjugated z-systems, in
the formation of crystals of which carbonyl groups participate.

The cytotoxicity of the studied N-acylalkylpyrazoles towards Artemia
Salina crustaceans has been determined, and the toxicity depends on the
type of substituents. Thus, N-phenacylpyrazole has a cytotoxicity 6
times higher than the cytotoxicity of N-pinacolonpyrazole, and the
cytotoxicity of N-phenacylpyrazoles varies depending on the
substituents in the benzene ring, and decreases in the presence of
acceptors. The results of the cytotoxicity study can be used to develop
drugs with their further modification.

Keywords: pyrazole, N-acylalkylation, a-bromoketones, NMR, X-ray
structural analysis, cytotoxicity, Artemia Salina.

1. Introduction

Pyrazoles are five-membered m-electron-rich aromatic heterocyclic
compounds that have two linked nitrogen atoms (N-N bond) in the ring
structure (Elguero, J., et al., 1995; Rague Schleyer, P., et al., 1996;
Schmidt A., 2011; Stanovnik, B., et al., 2003), in addition, the molecules
of pyrazole 1a are planar and strongly associated due to hydrogen bonds
(Cour, T. etal., 1973; Sikora, M. et al., 2013) (Figure 1a).
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Figure 1. Hydrogen bonds in the molecule of pyrazole 1a (a) and its prototropic tautomerism (b)

Pyrazole ring derivatives have wide applications in various fields of human activity such as
technology, medicine and agriculture (Al-Aizari, F.A. et al., 2018). Pyrazoles are considered an
important class of nitrogen-containing heterocyclic compounds due to their wide range of biological
activities (Ansari, A. et al., 2017; Schmidt A., 2011). In medical sources, pyrazole derivatives are
described as substances with antibacterial (Alan, R. K., 1997; Karrouchi, K. et al., 2018; Secrieru,
A. et al., 2019), analgesic, antimicrobial, antiviral, antidepressant and anticancer properties
(Karrouchi K. et al., 2018). In addition, pyrazole is the main component of many pharmaceutical
and agrochemical substances (Unnava, R. et al., 2016). Thus, pyrazole systems as biomolecules are
currently attracting more and more attention from scientists due to their interesting pharmacological
properties (Calenda S., et al., 2024; Ozdemir, Z., et al., 2015; Salerno, L., et al., 2012; Sharma, T.,
et al., 2020; Sharma, T., et al., 2021).

Pyrazoles are usually synthesized by classical cyclocondensation of hydrazine derivatives
with a,b-unsaturated aldehydes and ketones (Karrouchi, K., et al., 2018; Katritzky, A. R. et al.,
2001; Lei, J., et al., 2021).

The presence of a mobile hydrogen atom of the NH-group and the main center — a nitrogen
atom of the pyridine type, in the pyrazole molecule is the reason for the manifestation of
prototropic, or so-called azole tautomerism (Secrieru, A., et al., 2019). Prototropic tautomerism of
pyrazole and its homologues is due to the migration of a proton from the NH-group (Alan, R.K.,
1997) (Figure 1, b).

The acid-base properties of pyrazole are due to the presence of pyrrole and pyridine nitrogen
atoms in its structure (Secrieru, A., et al., 2019). Due to the pyridine nitrogen atom, pyrazole
exhibits basic properties (pKy = 11.5), and due to the pyrrole nitrogen atom, it exhibits weak acidic
properties (pKa = 2.49) (Perrin, D. D., 1965). Moreover, the acidic proton of the NH-group is easily
subject to N-alkylation and N-acylation and N-alkylacylacylation reactions (Castillo, J.M., et al.,
2019).

Thus, in the scientific literature (Dhiman, Sh., et al., 2018; Marcos, A.P.M., et al., 2010;
Solomons, T.W., et al., 1965) one can find a large number of examples and conditions for the
synthesis of N-alkylated and N-alkylacylated pyrazoles 1 at the nitrogen atom of the NH-group
(Alan, R.K., 1997), in addition, pyrazoles have the ability to be alkylated again to form salts
(Solomons, T.W., et al., 1965). The formation of salts occurs due to interaction with the nitrogen
atom of the pyridine type, which exhibits weak basic properties. Pyrazole salts are quite stable
compounds and their stability is due to the delocalization of the positive charge in the pyrazolium
cation (Figure 2), or the negative charge in the pyrazolide anion between all the atoms of the ring
(Solomons, T.W., et al., 1965)
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Figure 2. Formation of pyrazole salts by delocalization of the positive charge in the pyrazolium
cation

Taking into account the above-described properties of pyrazole 1a, in this work, we
investigated a series of N-acylalkylation reactions of pyrazoles la-c with a-bromoketones 2a, 4a-g
via one-pot reaction in the presence of a base to release the intermediate salt and eliminate hydrogen
bromide. The resulting series of products were characterized by IR and NMR spectroscopy, GC-
mass spectrometry. The structural features of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a and 1-
phenyl-2-(1H-pyrazol-1-yl)ethan-1-one 5a were studied by X-ray diffraction, and the cytotoxicity
properties of N-acylalkylpyrazoles 3a, 5a-c, e, g on crustaceans Artemia Salina were considered.

2. Materials and methods

The starting materials for the syntheses were reagents purchased from Acros, Merck and
Aldrich, which were used without further purification. All reactions and purity were monitored by
thin-layer chromatography (TLC) on Silufol plates with detection by iodine vapor. Melting and
boiling points were determined in open capillaries using a Buchi M560 device.

'H NMR and C NMR spectra were obtained using Agilent 400-MR (400 MHz for H, 100
MHz for 3C) spectrometer in CDCls (chemical shift: § = 7.26 for *H, § = 77.76 for *3C) and
DMSO-ds (chemical shift: § = 2.47 for *H, § = 40.03 for 13C). Hexamethyldisiloxane was used as an
internal standard. Splitting is reported as s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet, br = broad and coupling constants are given in Hz. High-resolution mass spectra were
recorded on a GC-Mass analysis was performed on an Agilent 7890A gas chromatograph with an
Agilent 5975C mass-selective detector on an Rtx DHA-100 column; carrier gas was helium. The
samples were dissolved in 1 ml of acetone. Analysis time was 32 minutes. X-ray analysis was done
on a single-crystal diffractometer STADIVARI Pilatius 100K with 4 Cu-Ko radiation using
focusing mirrors. The IR spectra were obtained using a FSM 1201 FT-IR spectrophotometer in a
KBr pellet, in the frequency range: 400 — 4000 cm™.

Methodology for studying cytotoxic properties

Artificial sea water, 1 liter in volume, was prepared from the following substances, according
to the method (Kester, D.R. et al., 1967): NaCl (0.409 mol), Na2SO4 (0.028 mol), KCI (0.009 mol),
NaHCOs (0.009), KBr (0.0008 mol), HsBOs (0.0004 mol), NaF (0.00007 mol).

The cytotoxic activity of the extract was determined according to the method (Solis, P.N. et
al., 1992; Suleimenov, E.M., 2009). For the analysis, 200 mg of Artemia salina eggs in 1 liter of
artificial seawater were used. Artemia Salina cysts were kept under aeration conditions with
constant illumination and a temperature of 25°C for 2—3 days until hatching. Then one side of the
vessel was covered with aluminum foil, and 5 minutes later, the larvae that had gathered on the
bright side were removed with a Pasteur pipette. Each sample was tested in three parallel
experiments. 20-40 larvae (nauplii) were placed in 0.990 ml of seawater in a 2 ml cell of a
laboratory plate. A 10 mg/ml stock solution of the studied substance 3a, 5a-c, e, g was prepared in
dimethyl sulfoxide, and 0.10 ml of this solution was added to the cell. For the negative control, only
0.10 ml of dimethyl sulfoxide was added. The relative deviation of the percentage of dead Artemia
from the control values was calculated. Solutions with 10 pg/ml of the studied substances 3a, 5a-c,
e, g were added and the number of dead larvae was counted. The results were read by counting
under a dissecting microscope.
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The cytotoxic activity was determined using the method (Meyer, B.N. et al., 1982). The
number of dead individuals was calculated after 1, 4 and 24 hours, with the determination of the
concentration of the studied toxicant 3a, 5a-c, e, g, which causes the death of 50% of crustaceans in
24 hours. The percentage of mortality (P) was calculated using the following formula:

_(A-N - B)

Z * 100%

where A is the number of dead larvae after 24 h; N is the number of dead larvae before the
experiment; B is the average number of dead larvae in the control sample; Z is the total number of
larvae. The results are shown in Table 1.

Based on the number of dead larvae, the cytotoxic activity of the studied compounds on
Artemia salina larvae was determined, where the LCso (ug/ml) (lethal concentration) at which 50%
of the larvae die was determined.

Preparation of 1-(pinacolone)pyrazoles 3a-c

Synthesis of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a

2 g (0.0294 mol) of pyrazole 1la and 15 ml of acetone were placed in a 100 ml round-
bottomed flask. Then, 4 g (0.0294 mol) of anhydrous potassium carbonate was added to the
mixture. Then, 3.95 ml (5.3 g, 0.0294 mol) of 1-brompinecolone 2a was added to the mixture while
stirring. The reaction mass was stirred for 24 hours at room temperature. Then the reaction mixture
was filtered of inorganic salts. The solvent was evaporated on a rotary evaporator. The precipitated
yellowish crystals 3a were dried in air. The yield of product 3a is 4 g (84%). M.p. 56°C. *H NMR
(CDCl3) 6 (ppm) 8.54 (d, J = 3.0, 1H, Pyr), 8.08 (d, J = 6.8, 1H, Pyr), 6.71 (t, J = 3.0, 1H, Pyr), 4.67
(s, 2H, CH2), 1.28 (s, 9H, C(CHs)3). **C NMR (CDCls) 3 (ppm) 205.92 (C=0), 139.34 (CH, Pyr),
129.81 (CH, Pyr), 107.48 (CH, Pyr), 56.53 (CH2), 43.89 (C(CHz)3), 26.34 (C(CHs)s3). GC-MS
Retention time 11.759 min, m/z (EI) = 166, 151, 138, 109, 85, 81, 57, 41, 29, 28. IR v, cm™* (KBr,
neat): 2959 (CHz), 1716 (C=0), 1597 (C=N).

The synthesis of 1-tertbutyl-2-(3,5-dimethyl-1H-pyrazol-1-yl)ethan-1-one 3b and 1-tertbutyl-
2-(3,5-diphenyl-1H-pyrazol-1-yl)ethan-1-one 3c was carried out in strict accordance with the
method for the preparation of 3a using the appropriate reagents.

Yield of product 3b is 3.7 g (65%), light yellow crystals. M.p. 82°C. *H NMR (DMSO-ds) &
(ppm) 5.82 (s, 1H, Pyr), 5.15 (s, 2H, CH2), 2.05 (s, 3H, CHzs), 2.00 (s, 3H, CHz), 1.14 (s, 9H,
C(CHs)3). *C NMR (DMSO-dg) § (ppm) 209.55 (C=0), 146.27 (C, Pyr), 140.67 (C, Pyr), 105.42
(CH, Pyr), 53.97 (CH), 43.26 (C(CHzs)3), 26.27 (C(CHz3)3), 13.60 (CHzs), 10.88 (CHz). GC-MS
Retention time 15.409 min, m/z (EI) = 194, 180, 166, 137, 109, 85, 57, 41, 29, 28. IR v, cm™ (KB,
neat): 2959 (CHs), 1620 (C=0), 1593 (C=N).

Yield of product 3¢ is 8.6 g (92%), light beige crystals. M.p. 110°C *H NMR (DMSO-dg) &
(ppm) 7.81 (d, J = 7.1, 2H, Ph), 7.46 — 7.42 (m, 2H, Ph), 7.42 — 7.35 (m, 5H, Ph), 7.29 (t, J = 7.3,
1H, Ph), 6.87 (s, 1H, Pyr), 5.34 (s, 2H, CH2), 1.02 (s, 9H, C(CHs)3). *C NMR (DMSO-ds) & (ppm)
209.52 (C=0), 150.16 (C, Pyr), 145.95 (C, Pyr), 133.62, 130.58, 129.30, 129.28, 129.22, 128.88,
128.15, 125.62 (Ph), 104.03 (CH, Pyr), 55.54 (CH2), 43.39 (C(CHa)s), 26.16 (C(CHz)3). GC-MS
Retention time 28.480 min, m/z (El) = 220, 191 165, 117, 77, 51, 39. IR v, cm™ (KBr, neat): 3015
(CH), 2959 (CHs), 1720 (C=0), 1620 (C=N).

Preparation of 1-(phenacyl)pyrazoles 5a-g

Synthesis of 1-phenyl-2-(1H-pyrazol-1-yl)ethan-1-one 5a.

3.4 g (0.05 mol) of pyrazole 1a and 15 ml of acetone were placed in a 250 ml round-bottomed
flask. Then, 6.9 g (0.05 mol) of anhydrous potassium carbonate was added to the mixture. Then, 10
g, (0.05 mol) of phenacylbromide 4a was added to the mixture while stirring. The reaction mass
was stirred for 24 hours at room temperature. Then the reaction mixture was filtered of inorganic
salts. The solvent was evaporated on a rotary evaporator. The precipitated yellowish crystals 5a
were dried in air. The yield of product 5a is 8.4 g (91%). M.p. 95°C. 'H NMR (CDCl3) & (ppm)
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7.95-7.89 (m, 2H, Ph), 7.59 — 7.52 (m, 2H, Ph), 7.48 — 7.42 (m, 4H, Ph, Pyr), 6.31 (t, J = 4.4, 1H,
Pyr), 5.54 (s, 2H, CH,). *°C NMR (CDCls3) & (ppm) 192.62 (C=0), 139.98 (CH, Pyr), 134.66 (C,
Ph), 134.12 (CH, Pyr), 131.03 (C, Ph), 129.03 (CH, Ph), 128.19 (CH, Ph), 106.59 (CH, Pyr), 57.75
(CH,). GC-MS Retention time 17.590 min, m/z (EI) = 186, 158, 105, 77, 51, 41, 28. IR v, cm™
(KBr, neat): 3013 (CH), 2986 (CH2), 1685 (C=0), 1601 (C=N)

The synthesis of  1-(4-bromophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one ~ 5b,  1-(2-
methoxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5c¢ and 1-(4-trifluoromethoxyphenyl)-2-(1H-
pyrazol-1-yl)ethan-1-one 5d was carried out in strict accordance with the method for the
preparation of 5a using the appropriate reagents.

Yield of product 5b is 11.9 g (90%), light beige crystals. M.p. 156°C. *H NMR (CDCl3) &
(ppm) 7.84 (d, J = 8.6, 2H, Ph), 7.65 (d, J = 8.6, 2H, Ph), 7.59 (d, J = 1.9, 1H, Pyr), 7.50 (d, J = 2.3,
1H, Pyr), 6.37 (t, J = 2.2, 1H, Pyr), 5.56 (s, 2H, CH>). $3C NMR (DMSO-ds) & (ppm) 193.45 (C=0),
139.40 (CH, Pyr), 134.08 (C, Ph), 132.41 (2CH, Ph), 131.95 (CH, Pyr), 130.47 (2CH, Ph), 128.43
(C, Ph), 106.01 (CH, Pyr), 58.01 (CH2). GC-MS Retention time 21.176 min, m/z (EIl) = 264, 236,
183, 155, 104, 76, 50, 41, 28. IR v, cm™ (KBr, neat): 3117 (CH), 2996 (CH2), 1709 (C=0), 1589
(C=N), 991, 551 (C-Br)

Yield of product 5¢ is 4.1 g (38%), light beige crystals. M.p. 70°C. *H NMR (CDCl3) & (ppm)
7.84 (dd, J=7.8, 1.9, 1H, Ph), 7.52 (d, J = 1.9, 1H, Pyr), 7.49 (ddd, J = 8.6, 7.4, 1.9, 1H, Ph), 7.44
(d, J =23, 1H, Pyr), 6.99 (td, J = 8.3, 3.3, 2H, Ph), 6.30 (t, J = 2.2, 1H, Pyr), 5.53 (s, 2H, CH>),
3.93 (s, 3H, OCHs). *C NMR (CDCl3) & (ppm) 193.82 (C=0), 159.48 (C, Ph), 139.65 (CH, Pyr),
135.07 (CH, Ph), 131.28 (CH, Ph), 131.07 (CH, Pyr), 125.00 (C, Ph), 121.21 (C, Ph), 111.71 (CH,
Ph), 106.15 (CH, Pyr), 62.11 (OCHzs), 55.71 (CH2). GC-MS Retention time 20.714 min, m/z (El) =
216, 188, 157, 135, 105, 92, 77, 64, 51, 41, 28. IR v, cm™ (KBr, neat): 3016 (CH), 2996 (CH>),
1689 (C=0), 1597 (C=N), 1288, 1022 (C-O-C).

Yield of product 5d is 9.9 g (73%), light beige crystals. M.p. 138°C. *H NMR (CDCls) §
(ppm) 7.93 (d, J = 8.8, 2H, Ph), 7.49 (d, J = 1.9, 1H, Pyr), 7.41 (d, J = 2.3, 1H, Pyr), 7.22 (d, J = 8.4,
2H, Ph), 6.27 (t, J = 2.1, 1H, Pyr), 5.49 (s, 2H, CH2). °C NMR (CDCls3) § (ppm) 191.22 (C=0),
153.27 (C, Ph), 140.10 (CH, Pyr), 132.76 (C, Ph), 130.86 (CH, Pyr), 130.32 (2CH, Ph), 120.61
(2CH, Ph), 106.70 (CH, Pyr), 57.66 (CH2). GC-MS Retention time 17.040 min, m/z (El) = 270,
242, 189, 161, 133, 95, 84, 70, 64, 51, 28. IR v, cm™ (KBr, neat): 3096 (CH), 2996 (CH_), 1709
(C=0), 1612 (C=N), 1300, 1030 (C-O-C), 1200 (C-F).

Synthesis of 1-(4-nitrophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5e

3.4 g (0.05 mol) of pyrazole 1a and 15 ml of acetone were placed in a 250 ml round-bottomed
flask. Then, 6.9 g (0.05 mol) of anhydrous potassium carbonate was added to the mixture. Then,
12,2 g, (0.05 mol) of 4-nitrophenacylbromide 4e was added to the mixture while stirring. The
reaction mass was stirred for 24 hours at room temperature. Then the precipitate was filtered,
washed with acetone, and then washed with water to remove impurities of inorganic salts, and dried
in air. A light beige powder of 5e was obtained. The yield of product 5e is 10.4 g (90%). M.p.
202°C. *H NMR (DMSO-dg) & (ppm) 8.37 (d, J = 8.5, 2H, Ph), 8.23 (d, J = 8.5, 2H, Ph), 7.74 (d, J =
2.3, 1H, Pyr), 7.48 (d, J = 1.8, 1H, Pyr), 6.32 (t, J = 2.2, 1H, Pyr), 5.90 (s, 2H, CH2). 3C NMR
(DMSO-ds) 6 (ppm) 195.77 (C=0), 150.71 (C, Ph), 140.22 (C, Ph), 139.45 (CH, Pyr), 129.65 (CH,
Pyr), 128.65 (2CH, Ph), 124.35 (2CH, Ph), 106.17 (CH, Pyr), 58.46 (CH>). IR v, cm™ (KBr, neat):
3097 (CH), 2995 (CHz), 1709 (C=0), 1611 (C=N), 1523, 1350 (NO>).

The synthesis of 1-(4-hydroxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5f and 1-(4-
(methylsulfonyl)phenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5g was carried out exactly according to
the method for the preparation of 5e using the appropriate reagents.

Yield of product 5f is 8.5 g (84%), light beige powder. M.p. 255°C. *H NMR (DMSO-dg) &
(ppm) 10.01 (s, 1H, OH), 8.08 (s, 1H, Pyr), 8.06 (s, 2H, Ph), 7.60 (s, 2H, Ph), 7.25 (s, 1H, Pyr),
6.34 (s, 1H, Pyr), 4.66 (s, 2H, CH>). 3C NMR (DMSO-ds) & (ppm) 192.30 (C=0), 163.13 (C, Ph),
138.24 (CH, Pyr), 130.57 (2CH, Ph), 128.55 (CH, Pyr), 127.82 (C, Ph), 115.19 (2CH, Ph), 100.72
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(CH, Pyr), 70.49 (CH>). IR v, cm™ (KBr, neat): 3500 (OH), 2995 (CHz), 1701 (C=0), 1593 (C=N),
1230 (C-0).

Yield of product 5g is 10.3 g (78%), light beige powder. M.p. 178°C. 'H NMR (DMSO-ds) &
(ppm) 8.24 (d, J = 8.5, 2H, Ph), 8.11 (d, J = 8.5, 2H, Ph), 7.74 (d, J = 2.4, 1H, Pyr), 7.49 (d, J = 2.0,
1H, Pyr), 6.33 (t, J = 2.3, 1H, Pyr), 5.90 (s, 2H, CH,). 13C NMR (DMSO-ds) & (ppm) 193.82 (C=0),
145.29 (C, Ph), 139.50 (CH, Pyr), 138.79 (C, Ph), 131.96 (CH, Pyr), 129.42 (2CH, Ph), 127.87
(2CH, Ph), 106.11 (CH, Pyr), 58.37 (CH>), 43.59 (CH3). GC-MS Retention time 25.751 min, m/z
(El) = 249, 247, 223, 183, 155, 121, 103, 76, 70, 50, 28, 15.

3. Results

The results of this study are presented in a series of reactions to create new N-acylalkylated
pyrazoles 3a-c, 5c¢, f, g. Thus, the interaction of pyrazoles la-c with a-bromoketones 2a, 4a-g was
carried out via a one-pot reaction in the presence of a base to neutralize the released hydrogen
bromide. Probable reaction mechanism of the N-acylalkylation reaction with a-bromoketones 2a,
4a-g are considered.

The structures of the obtained products are characterized by NMR, IR, and GC-mass
spectrometry. The crystal structures of tert-butyl-1-(pyrazol-1-yl)butan-2-one 3a and 1-phenyl-2-
(pyrazol-1-yl)ethan-1-one 5a were described by X-ray diffraction, according to which, N-
(acylalkyl)pyrazoles 3a and 5a are conjugated m-systems, and carbonyl groups participate in the
formation of their crystals.

The studied compounds 3a, 5a-c, e, g showed some manifestation of cytotoxicity towards the
crustacean Artemia Salina (Table 1).

The results of the cytotoxicity study show the possibility of varying the cytotoxic properties
of the substance by introducing a certain functional group. Thus, N-phenacylpyrazole 5a showed
the highest toxicity, and in the presence of an acceptor group in the benzene ring of the N-phenacyl
substituent (5e), the toxicity of the studied compounds decreases.

Table 1. Results of cytotoxicity test of 3a, 5a-c, e, g on Artemia Salina

. Mortality
Ne Formula Cor(lfr?n/tr;?)t on (after 24 L/?;‘i)
g hours), % H9
GHa 100 1.87
3a /> cH, 500 241 644.00
/NI 1 1000 96

5a

100 18.75
500 92.59 108.89
N
| 1000 99
(o]

N

y

o 100 76.64
5b / 500 82.86 153.00
N
C/ 1000 91.84
— (0]

N
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100 4.04
500 94.32
5c S~ 264.00
| 1000 96.04
—N o OCH4
NO: 100 7.07
500 125 45,
5e ~ 3045.00
| 1000 13.00
N (o]
SO,CHs
100 7.23
5g J 500 49.00 723.00
N
CN/ I 1000 50.00
4. Discussion

Thus, N-acylalkylpyrazoles can be synthesized by two methods (Babaev et al., 2025), where
the first involves N-acylalkylation of pyrazoles la-c with a-bromoketones 2a, 4a-g with the
isolation of an intermediate salt, from which the N-acylalkylation products are released by treatment
with a base; the second approach involves one-pot reaction in the presence of a base, bypassing the
stage of obtaining salts. Taking into account the convenience of the latter method, we obtained a
series of substances 3a-c, 5a-g with the simultaneous use of a base — K>CO:s.

In the scientific literature, one can find a large number of examples and conditions for
carrying out N-alkylation reactions with a-haloketones in the presence of alkaline reagents (Dago et
al., 2018; Solomons et al., 1965). The base K.COs was chosen as the base due to previous
experience with its use (Babaev et al., 2025) and its easy availability; in addition, stronger bases
may lead to unwanted side effects (Balasubrahmanya, K.S. et al., 2023).

To obtain a series of products 3a-c, 5a-g, unsubstituted pyrazole 1a and two of its derivatives
1b, c, two types of a-haloketones, were used: aliphatic brompinacolone 2a (Figure 3) and a series of
aromatic phenacyl bromides 4a-g (Figure 4).

N o] N
R \ + CH3 I R \ CH3
BT K2COs h,c—C—CH, 7" N
Br CH3 - CH3
— u rt., 24h
; 2a O 3a(84%)
a-c = 1,3 R 3b (65%)
a)R=H, b)R = CHs, c)R = Ph 3¢ (92%)

Figure 3. Scheme for the synthesis of pinacolonpyrazoles 3a-c

Thus, under the conditions we have chosen, the reaction (Figure 3) occurs in the presence of a
base — potassium carbonate, which, in parallel with the N-alkylation reaction one-pot, neutralizes
the released hydrobromide with the formation of inorganic salts, as well as target products 3a-c.
Substance 3a was obtained with a yield of 84% and is a low-melting light-yellow crystal. In
reactions with substituted pyrazoles 1b, c, N-acylalkylation products 3b and 3c were obtained in
yields of 65% and 92%, respectively. The higher yield of 3c is probably due to the lipophobicity of
the phenyl substituents. With long-term standing of mother solutions 3b, an additional 10-20% of
the product can be extracted. Compounds 3a-c were characterized by IR, NMR spectroscopy and
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GC-MS. The structure of tert-butyl-1-(pyrazol-1-yl)butan-2-one 3a was described using X-ray
diffraction analysis (Figure 7).

Corresponding approaches have been implemented in other examples of N-acylalkylation of
pyrazole 1la with phenyl-substituted a-haloketones 4a-g (Figure 4).

§ / /\(@ K,CO3, H,C- c CH3 L
r.t., 24h

4a-g O sa- -g

4,5
a)R'=H, b) R" = 4-Br, ¢c) R' = 2-OCHjs, d) R' = 4-OCF3, e) R' = 4-NO,, f) R' = 4-OH, g) R' =4-SO,CHj,

Figure 4. Scheme for the synthesis of phenacylpyrazoles 5a-g

Referring to the author’s reasoning (Baker, J., 1941), it can be assumed that the interaction of
a-haloketones 2a, 4a-g with pyrazoles la-c involves the carbonyl group taking an active part in the
process in the reactions of substitution of the bromine atom by the pyrazole anion. In particular,
when bromine is exchanged for a pyrazole group, the primary interaction of the reagent with the
carbon atom of the carbonyl group occurs. In the formed anion, an electron shift occurs, shown by
the arrows (pinacol electron shift), which ends with the release of a bromine ion and the shift of a
proton to the adjacent NH-group (Figure 5).

R']
Y R
1a-c / Br
"~ oo R
an /o
/ R1 Br—=C ® N
> — =N o
slow fast CH:
2
2a, 4a-g _0
R1 3a-c, 5-g

R', R?= Alk, Ar

Figure 5. Probable routes of N-acylalkylation of pyrazoles

N-acylalkylation reactions (Figure 3, 4) are accompanied by the formation of resin-forming
by-products 6, as well as by-product self-condensation reactions (Balasubrahmanya, K.S. et al.,
2023) of a-bromoketones 2a, 4a-g (Figure 6), especially when the temperature of the reaction
mixture increases, in this regard, it is not recommended to heat reaction mixtures, even partially,
during the process of lyophilization of the solvent.

0
0 Br o)
OH

Br

R 24 4ag R = Alk, Ar R 6 R

Figure 6. Scheme of side reactions of self-condensation of a-bromoketones 2a, 4a-g
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The use of the one-pot approach reduces the reaction time and the number of manipulations,
which gives on average yields of compounds 5a-g varying in the range of 38-91%. N-phenacyl-
substituted pyrazoles. Pyrazole 5¢ with a methoxy group in position 2 of the phenyl ring was
isolated with the lowest yield (38%). Other substances were obtained in yields of (61-91%).
Products 5a—g were characterized by IR, NMR spectroscopy and GC-MS. The structure of 1-
phenyl-2-(pyrazol-1-yl)ethan-1-one 5a was described using X-ray structural analysis (Figure 7).

3a Sa

Figure 7. Crystal structures of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a and 1-phenyl-2-
(pyrazol-1-yl)ethan-1-one 5a according to X-ray diffraction data

During X-ray diffraction analysis it was determined that the crystal 3a, formed by ordered
molecules 3a, has an orthorhombic crystal lattice with symmetry type C», with 2 vertical planes of
symmetry located along the axis (space group Pna2:). And crystal 5a has a triclinic crystal lattice
with symmetry type C1 (Space group P1i) and molecules 5a fit more tightly to each other due to
additional w-stacking interactions of phenyl rings.

Thus, crystals of substances 3a and 5a are formed from a pair of molecules connected to each
other by two hydrogen bonds, in the formation of which carbonyl groups participate. The formation
of the crystal structure 3a involves the C=0 group of the tert-butyl fragment of one molecule and
the hydrogen H-C of the tert-butyl fragment of the second molecule. The mechanism of hydrogen
bond formation in 5a is similar, but the donor of hydrogen interaction is the H-C hydrogen of the
adjacent phenyl fragment. The pyrazole fragment in both molecules is planar and lies in the same
plane as the carbonyl group.

In light of recent advances in anticancer drug development, pyrazole derivatives have been
extensively studied due to their pronounced cytotoxic activity. It is important to note that the studies
are not limited to cytotoxicity alone; many of these compounds also demonstrate other valuable
biological properties. The paper (Zhang, Y., et al., 2023) details how pyrazole derivatives have
already been tested for cytotoxicity. The authors highlight that many of these compounds have
shown strong inhibitory activity against various cancer cell lines. However, there is no information
in the available sources on the study of N-acylalkyl derivatives of pyrazole for the manifestation of
toxic properties. In order to fill the gap in this information, we determined the cytotoxic properties
of the studied compounds 3a, 5a-c, e, g on Artemia salina crustaceans. The Artemia salina model is
a useful initial screening tool and helps to quickly eliminate known toxic compounds (Solis, P.N. et
al., 1992). However, it should be considered as a preliminary method. More complex and specific
methods are needed for accurate assessment of cytotoxicity.

Standard research methods were used for the experiment. The cytotoxic activity of the extract
was determined using the generally accepted method (Suleimenov, E.M., 2009). For the analysis,
200 mg of Artemia salina eggs in 1 liter of artificial seawater were used. The water was prepared
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using the method specified in (Kester, D.R. et al., 1967). The cytotoxic activity was determined
using the method (Meyer, B.N. et al., 1982) of survival of Artemia salina crustaceans in 3 parallel
experiments with concentrations of 10, 5 and 1 mg/ml, at a temperature of 25°C, with a larval
density of 20-40 specimens in each test tube. During the biotesting, Artemia salina larvae were 1
day old.

The obtained LCso values (ug/ml) (Table 1) indicate that all the studied compounds 3a, 5a-c,
e, g, have cytotoxicity towards Artemia salina crustaceans, since the LCso value (lethal
concentration at which 50% of crustaceans die) is below 1000 pg/ml. However, it was determined
that N-acylalkylpyrazole 5e with the presence of a nitro-group in the para-position does not have
cytotoxicity, since the LCsg value is 3045, which is higher than 1000 pg/ml.

When comparing the cytotoxicity of N-pinacolone pyrazole 3a with N-phenacylpyrazole 5a, it
was shown that when the phenacyl substituent is replaced by a pinocolone substituent, the
cytotoxicity drops almost 6 times (from LCsg 108.89 pg/ml to 644.00 ug/ml).

So, substances 5a-c have medium toxicity, substances 3a, 5g, exhibit low toxicity, 5e is not
toxic. This can be compared to the toxicity of some fungicides and herbicides, as well as some plant
extracts or fungal toxins (Libralato, G., et al., 2016). For example, the LCso of some toxic fungal
metabolites for Artemia salina can range from 9.78 to 40.84 pg/ml, which is also high (Favilla, M.,
et al., 2006). In the series of N-phenacylpyrazoles 5a-c, e, g, the cytotoxicity decreases in the
presence of an acceptor group in the benzene ring of the N-phenacyl substituent.

5. Conclusion

Thus, based on known N-acylalkylation methods, a series of N-acylalkylated pyrazoles 3a-c
and 5a-g were synthesized, including new, previously undescribed N-pinacolone pyrazoles 3a-c and
N-phenacylpyrazoles 5c, f, g. The course of the reaction is affected by temperature, since with an
increase in temperature the reaction shifts toward the formation of by-products.

The structures of the obtained products were characterized by NMR, IR, X-ray diffraction and
GC-mass spectrometry.

The studied compounds 3a, 5a-c, €, g, showed a certain manifestation of cytotoxicity in
relation to crustaceans Artemia Salina. It is shown that in the presence of an acceptor group in the
benzene ring of the N-phenacyl substituent (5e), the toxicity of the studied compounds decreases,
relative to unsubstituted phenacylpyrazole 5a.

The above method using Artemia Salina is a simple and inexpensive screening test for
cytotoxic compounds. It has the advantages of requiring only small amounts of compounds and the
employment of microplate technology facilltates the testing of large number of samples and
dilutions. Although the assay did not detect those compounds which require metabollc activation in
man, it maybe conveniently used where, as in the case of the quassinoids, the brine shrimp is a
reliable detector of biological activity.

The results of the cytotoxicity study show the possibility of varying the cytotoxic properties
of the substance by introducing a certain functional group into N-acylalkylpyrazole derivatives, and
can be used as a trend for further molecular design or pharmacological optimization.
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N-AUMJIaJdKHINEPA30IAapAbIH  CHHTE31 JKoHe oJIapAblH KYPbLIBIMbIHBIH
HUTOYBITTBUIBIK KaCHETTepiHe dcepi

Ha3pim AskanmapoBa, Csersnana Ilanbmmna, Mapar Ho6paeB, Aceabr Kymmna, AKHYp
Opa3zoait

Angarna. [Iupazonnap *oHe oJlapAblH TYBIHABLIAPHI CaKMHA KYpPBUIBIMBIHJA €Ki OallaHbICKaH
a30T aTOMbl Oap 7-3JEKTPOHIBI apOMATThl T'eTEPOLUKIAI KOochulbicTap. [lMpa3on TybIHABLIAPHI
OMOJIOTHSUIIBIK OeNiceH/l KacHETTEpiHIH KEeH JKOHE allyaH TYpJUliriHe OaigaHbICThl FaJIbIMAApAbIH
Ha3apbIH ayaapanabl. [1upazon jxoHe OHBIH TOMOJOITAphl MOJIEKYJIANAPIbIH KhIIIKBUIABIK-HET13/I1K
KacueTTepine bIKnan eTeTiH NH-ToOBl MpOTOHBIHBIH MHUTPAIMACHI HOTHIXKECIHAE Taiiaa OoJaThiH
MIPOTOTPONTHI TAYTOMEPHUSIMEH CUIATTANIAIbI.
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byn 3eprreyne mupa3ongapiblH KAaCHETTEPIH €CKEpe OTBIPBIN, amudarThl XKOHE apoMarThl -
OpOMUIKETOHIAP/IBIH MTUPA30JIMEH JKOHE OHBIH 3,5-TUMETHII-XKoHE 3,5-Au(eHMI-TYbIHABLUIapbIMEH
e3apa  OpeKeTTecy  peakuussiapbiHbIH - Oipkatap  N-(anmmankwn)nupaszonmapsl  Oenme
TeMIIepaTypachlHa apajblK Ty3aap MeH OpomcyrekTiH Oeminyi ymiH KoCOsz HeriziHiH
KATBICYBIMEH alleTOHJAFbl €Ki caThbUlbl «One-poty peakuuschl apKbUIbI CUHTE3EN . 3epTTEIeTiH
KOCBUIBICTApABIH  imiHae  65-92%  meiFbIMBI - Oap  JKaHa, OYpbIH  CUIATTaJIMaraH
MUHAKOJIOHTIUpazomaap xkoHe 38-91% mbiFeiMbl Oap ¢eHamumupasongap cuaresmenmi. N-
aIMIIATIKWIICHY PEaKIUsAChIHBIH BIKTUMA JKOJIaphl KapacThIpPbLIabl.

Aneiaran  eHiMaepaiH KypeutbiMaapel SIMP, UK, PKT xone I['X-Macc-cnekTpoMeTpusiMeH
cunarranabl. PKT Hotmxkenepi 6otibiama N-(anumankuia)nmupa3ongap KpUCcTalapblHbIH TY31TylHE
KapOOHMII TONTAPBI KaTHICATHIH KAa3bIK KOHBIOTAIMSUIAHFAH 7-)Kyienep O0ibIn TaObuIabl.

Artemia Salina masH Topi3ainepiHe KaThICTBI 3epTTesieTiH  N-alMianKkuImupa3oiaapabH
[UTOYBITTBUIBIFBIHBIH ~ KOPIHICI aHBIKTANABl KOHE YBITTBUIBIK OpBIHOAcapiiapAblH — TYpiHE
OaiimanpicTel  ekeHi  kepceTuireH.  CoHbIMEH,  (DEHAUWIMHUPA3OJNIbIH  LUTOYBITTHUIBIFBI
MMMHAKOJIOHITUPA30J/IBIH ~ [IUTOYBITTBUIBIFBIHAH 6 ece Kem, ai  (eHAIMINIPa30IIap IbIH
UTOYBITTBUIBIFBI OCH30J1 CaKWHACBIHIAFbI OpbhIHOAcapiapra OailaHBICTBI ©3Tepei >KoHe OeH3011
SIPOCHIHJIA aKIenTopiap OONFaH Ke3le ToMeHACHIi. [IUTOYBITTBUIBIKTBEI 3epTTEeYy HOTHIKEIepi
oJlap/ibl OIaH KeHiHr1 Moau(UKAIM Ke31H e TOPUTIK 3aTTap bl )Kacay YIIiH KOJJAHBLUTYybl MYMKIiH.

Tyiiin ce3aep: mwmpazon, N-amunankuiaeny, o-o6pomketonmap, SAMP, PKT, mUTOYBITTBUIBIK,
Artemia Salina.

Cunre3 N-anuJajJKHINUPA30J0B M BJUSAHME HX CTPYKTYpPbl HAa CBOICTBA
HUTOTOKCUYHOCTUM

Ha3pim AspkanmapoBa, Csersnana I[lanbmmna, Mapar U6paes, Acenbp KymunHa, AKHYp
Opa3soaii

AnHoTanusi: Ilupa3onsl M €ro NpPOM3BOJHBIE — 3TO Z-3JIEKTPOHM3OBITOUHBIE ApPOMAaTHYECKHE
reTepOLMKINYECKNE COEIMHEHHUS, B CTPYKType KOJbIa KOTOPHIX MMEIOTCS JiBa CBA3aHHBIX aTOMa
azorta. [Ipou3BoaHbIe MMpa3osa NpUBJIEKAIOT BCe OONbIIE BHUMAaHMS YYEHBIX, Ojarogaps cBoeMy
OOLIMPHOMY M pPa3HOOOpa3HOMY psay OHOJIOTMYECKHM AaKTUBHBIX cBoOWcTB. Ilupasomam u ero
rOMOJIOTaM CBOMCTBEHHA IPOTOTPOIIHAS TAYTOMEPHSI.

VYuuTtbiBas CBOMCTBA NMUPA30JI0B, B JAHHOM HCCIIEJOBAaHMM CHUHTE3UPOBAH PsJl MPOoU3BOIHBIX N-
(aUMTaNIKWIT)IUPA30JIOB  peakluil B3auMOJCHCTBUSA anu]aTHYecKUX ¢ apOMAaTHUYECKUX  a-
OpOMHUIKETOHOB C TMHPa3ojoM u ero 3,5-gumetun- u 3,5-TUQEHUINPON3BOIHBIMU  Yepes
IBYXCTaJUHHYI0 peakinuio «One-poty B aneToHe, NpU KOMHATHOW TeMIepaType, B NPUCYTCTBUU
ocHoBauuss KoCO3 1yt BBICBOOOXICHUS MTPOMEXKYTOUYHON COIM W OTIIEIUICHUS OpOMOBOJIOPOJIA.
Cpenu uccineayeMblX COEAMHEHNH MOTY4YEHbl HOBBIE, paHEe HE ONMCAaHHbIE MMHAKOJIOHIIUPA30JIbI C
BbIxomamu 65-92% wu denammmmupazonsl ¢ Beixogamu 38-91%. PaccMoTpeHBI BEpOSTHBIE ITyTH
peakuuu N-anuaanaKuIMpOBaHuUs.

CTpyKTypbl NOJYYEHHBIX MPOAYKTOB OXapaKTEpU30BaHbl meToAamu crekrpockonuun AMP, UK,
PCA u I'X-Macc-cniektpomerpuu. CornacHo pesynbratam PCA, N-(anmmamkuia)nupaszonbl —
IUIOCKHE, COMPSIKEHHBbIE 7-CUCTEMbI, B (OPMUPOBAHUU KPUCTAIJIOB KOTOPHIX YYacTBYIOT
KapOOHMJIbHBIE TPYIIIIHI.

OmnpeneneHo NposiBICHWE HUTOTOKCMYHOCTH H3ydaeMbIX N-alnIaJKuINupa3ojioB B OTHOLIEHUU
paukoB Artemia Salina, npudyeM moka3aHo, YTO TOKCHYHOCTb 3aBHCHUT OT THIA 3amecTuTenci. Tak,
(dbeHamINMUpa3ol KMMeeT IMTOTOKCMYHOCTb, B O pa3 MPEBHIIAOIIYI0 IUTOTOKCUYHOCTh
MUHAKOJIOHIHNPA30Jia, a LUTOTOKCHYHOCTh (PEHALMIIUPA30JI0OB MEHSIETCS B 3aBUCUMOCTH OT
3aMecTuTeNnel B OEH30JIbHOM KOJblle, IpUYEM MaJaeT NpU HAJIMYUU aKIENTOpOB B OEH30JIHHOM
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saape. Pe3ynbraThl Mccie0BaHUS HIUTOTOKCHYHOCTH MOTYT OBITh MCHOJIB30BAHBI ISl pa3padOTKU
JIEKapCTBEHHBIX CPEJCTB IIPU UX AajbHEeHIIeH MoaupuKaum.

KiroueBbie cjoBa: mmpason;  N-amwrankwidpoBanue; — a-Opomkeronsr, SAMP, PCA,
IUTOTOKCHYHOCTH, Artemia Salina.
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