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Abstract: Two new pyrazole derivatives, namely compound 1 and compound 2, have been synthe-
sized, and their biological activity has been evaluated. Monocrystals of the obtained compounds were
thoroughly investigated using single-crystal X-ray diffraction analysis, FTIR spectroscopy, and NMR
spectroscopy. The results gathered from all three techniques are in good agreement, provide complete
information about the structures of 1 and 2, and confirm their high purity. Thermal properties were
studied using thermogravimetric analysis; both 1 and 2 are stable at room temperature. In order to
better characterize 1 and 2, some physicochemical and biological properties have been evaluated
using ADMET analysis. The cytotoxic activity of both compounds was determined using the MTT
assay on the A549 cell line in comparison with etoposide. It was determined that compound 2
was effective in the inhibition of human lung adenocarcinoma cell growth and may be a promising
compound for the treatment of lung cancer.

Keywords: cytotoxic activity; pyrazole derivatives; MTT assay; ADMET analysis; single-crystal
diffraction; FTIR spectroscopy; NMR spectroscopy thermogravimetric analysis

1. Introduction

There are many different types of compounds, both natural and synthetic, with
potential medical properties. Substances, such as imidazoles, oxadiazoles, pyrroles, and
many of their derivatives, are well studied and described in the literature [1–5]. The
main goal of medicinal chemistry is to synthesize compounds with promising activity
and therapeutic agents that exhibit lower toxicity. The search for new, pharmacologically
active chemical compounds is related to the modification of existing molecules. A group
of compounds that is potentially interesting, due to its structure and biological activity,
is those substances containing a pyrazole ring. Pyrazoles exist in many compounds
that are used as pharmaceuticals and other active compounds [6–8]. Diseases caused
by microbial infection are a serious menace to the health of human beings and often are
connected with some other diseases whenever the body system becomes debilitated. The
growing incidence of microorganisms that resist antimicrobials is a constant concern for
the scientific community. Pyrazoles have always been considered as a scaffold-of-choice
in designing novel therapeutic agents because of their anti-inflammatory, anti-tumor,
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antihyperglycemic, antipyretic, analgesic, antibacterial, and antifungal properties [9–16].
In this work, we present a synthesis, structural characterization, and investigation of the
biological, spectroscopic, and thermal properties of two new pyrazole derivatives. The
compounds were also tested for cellular survival through MTT assays on the A549 cell line,
which investigated their biological properties.

2. Results and Discussion
2.1. Synthesis

The title compounds 1 and 2 have been synthesized in the reaction of 1-cyanophenyl
acetic acid hydrazide with isocyanates (butyl and 2,4-dichlorophenyl), according to Scheme 1.

Scheme 1. Synthesis route of the obtained pyrazole derivatives.

Compound 1: 3-amino-N1,N2-dibutyl-5-oxo-4-phenyl-pyrazole-1,2-dicarboxamide.
To synthesize compound 1, 1.75 g of 1-cyanophenylacetic acid hydrazide (0.01 mol)

was dissolved while hot and in 15 mL of anhydrous acetonitrile. Then, 1.98 g (0.02 mol) of
butyl isocyanate was added to the warm mixture. Stirring was allowed for 7 days at room
temperature. The precipitate was then filtered off and dried. The reaction yield was 67%,
and the melting point was 131.1 ◦C.

Compound 2: 3-amino-N-(2,4-dichlorophenyl)-5-oxo-4-phenyl-2H-pyrrole-1-carboxamide.
To synthesize compound 2, 1.75 g of 1-cyanophenylacetic acid hydrazide (0.01 mol)

was dissolved in 15 mL of anhydrous acetonitrile. Then, 1.88 g (0.01 mol) of 2,4-dichlorophenyl
isocyanate was added. The mixture was kept at room temperature for 5 days. The precipi-
tate was then filtered off and dried. The reaction yield was 81%, and the melting point was
188.9 ◦C.

2.2. Crystal Structure Analysis

Both structures crystallized in the P21/c space group in a monoclinic crystal system.
The crystal data and structure refinement details are summarized in Table 1. Compound
1, crystallized from CH3OH, has one molecule in the asymmetric unit (Figure 1a). One
of the butyl fragments shows a disorder. The single crystal of compound 2 crystallized
from DMSO. In this case, the molecules of solvents are built into the structure; this involves
two DMSO molecules, including one disordered and one water molecule (Figure 1b).
Tautomerism was described in an earlier publication from 2014 containing an analogous
compound [17]. Compound 2 adopts a keto tautomeric form in a crystalline state. There
are typical carbonyl bonds in the structure (C2-O3 = 1.221(4) Å, C9-O10 = 1.242(4) Å).
Compound 1 also contains only typical carbonyl groups.
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Table 1. Crystal and structure refinement data for 1 and 2 compounds.

Compound 1 2

Chemical formula C19H27N5O3 C16H12Cl2N4O2·2(C2H6OS)·H2O
Mr 373.45 537.47

Crystal system, space group Monoclinic, P21/c Monoclinic, P21/c
Temperature (K) 100 100

a, b, c (Å)
11.9591 (2), 16.2222 (2),

11.6359 (2) 7.0863 (2), 25.7334 (8), 13.7460 (4)

β (◦) 117.695 (2) 97.800 (3)
V (Å3) 1998.78 (6) 2483.45 (13)

Z 4 4
Radiation type Cu Kα Mo Kα

No. of measured,
independent and

observed [I > 2σ(I)] reflections
24,501, 4143, 3729 37,018, 7334, 5953

Rint 0.039 0.078
(sin θ/λ)max (Å−1) 0.635 0.736

R[F2 > 2σ (F2)], wR(F2), S 0.044, 0.119, 1.03 0.079, 0.203, 1.15
No. of reflections 4143 7334
No. of parameters 266 337

Figure 1. The molecular structure and atom-numbering schemes for: compound 1—figure (a), and
compound 2— figure (b), with displacement ellipsoids drawn at the 50% probability level.
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The conformation of the molecules is stabilized by intra-molecular hydrogen bonds
(S(6)), according to the theory of Bernstein [18]. These are N-H . . . O bonds (N26—
H26B· · ·O18 and N20—H20· · ·O27) (Table 2). The packing of the molecules of the structure
1 is layered (Figure 2). These layers are stabilized by chain hydrogen bonds N26—H26A
· · · O25 (C (7)—graph-set) and additionally form dimers N13—H13· · ·O27 (R2

2(14)).

Table 2. Hydrogen-bond geometry (Å, ◦) for 1.

D—H· · ·A D—H H· · ·A D· · ·A D—H· · ·A

N26—H26A· · ·O25 i 0.86 1.99 2.8055 (16) 158
N26—H26B· · ·O18 0.86 2.11 2.7088 (17) 127
N20—H20· · ·O27 0.86 2.00 2.6844 (15) 136

N13—H13· · ·O27 ii 0.86 2.00 2.8210 (15) 160
Symmetry codes: (i) x, −y + 3/2, z − 1/2; (ii) −x + 1, −y + 1, −z + 1.

Figure 2. The crystal packing of 1, viewed along the c axis.

The molecules in structure 2 create gaps into which the disordered solvent molecules
are fit (Figure 3). The DMSO molecules form hydrogen bonds of the N-H . . . O(DMSO)
type. A water molecule stabilizes the structure with three hydrogen bonds with two 2
molecules and one DMSO molecule (Table 3).

Figure 3. The crystal packing of 2, viewed along the c axis.
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Table 3. Hydrogen-bond geometry (Å, ◦) for 2.

D—H· · ·A D—H H· · ·A D· · ·A D—H· · ·A
N1—H1· · ·O10 0.86 1.97 2.689 (3) 140 S(6)
N5—H5· · · S1R 0.86 2.66 3.459 (3) 155
N5—H5· · ·O1R 0.86 2.26 2.799 (4) 121

N7—H7A· · ·O1W i 0.86 2.01 2.835 (4) 160
N7—H7B· · ·O1Aa 0.86 2.06 2.81 (4) 146
N7—H7B· · ·O1Bb 0.86 2.17 2.86 (3) 137

O1W—H1W1· · ·O1R 0.81 (2) 2.02 (3) 2.817 (4) 166 (7)
O1W—H1W2· · ·O3 ii 0.81 (2) 2.08 (3) 2.867 (3) 163 (6)

Symmetry codes: (i) −x + 2, −y + 1, −z + 2 (ii) x + 1, y, z.

2.3. NMR Studies

It is well known that monocrystals selected for single-crystal X-ray analysis do not
always represent the bulk material. Therefore, we additionally performed a validation
analysis of the studied materials using the solution NMR technique (Figures S1 and S2
are in the Supplementary Materials). For both compounds 1 and 2, we recorded series
of NMR spectra as 1H, 13C, 1H-1H COSY, 1H-13C HSQC, and 1H-13C HMBC, and made
full assignments of 1H as well as 13C signals. The following NMR parameters were noted
for studied compounds: compound 1, 1H (DMSO-d6) δ [ppm]: 0.87 (3 × H17, 3 × H24),
1.30 (2 × H16, 2 × H23), 1.44 (2 × H15, 2 × H22), 3.10–3.20 (2 × H14, 2 × H21), 7.20
(H4), 7.28 (H26), 7.37 (H3, H5), 7.49 (H2, H6), 8.10–8.26 (H13, H20) and 13C (DMSO-d6)
δ [ppm]: 13.5–13.6 (C17, C24), 19.2–19.3 (C16–C23), 30.7–31.2 (C15, C22), 39.2–40.1 (C14,
C21), 86.0 (C7), 125.6 (C4), 127.3 (C3, C5), 128.2 (C2, C6), 130.2 (C1), 150.5–152.7 (C12, C19),
156.0 (C8), 165.6 (C11); compound 2, 1H (DMSO-d6) δ [ppm]: 6.90 (2 × H7), 7.16 (H24),
7.34–7.37 (H23, H25), 7.46 (H15), 7.56 (H22, H26), 7.70 (H13), 8.31 (H16), 10.81 (H5), 11.73
(H1) and 13C (DMSO-d6) δ [ppm]: 85.9 (C8), 121.6 (C16), 122.9 (C21), 124.9 (C24), 126.6
(C22, C26), 127.1 (C12), 147.1 (C2), 128.0 (C15), 128.2 (C23, C25), 128.8 (C13), 131.4 (C14),
134.3 (C11), 156.3 (C6), 163.2 (C9). Apart from the listed resonances, the residual DMSO, as
well as the H2O and HOD signals, were clearly visible on the spectra. The results obtained
herein confirmed that both the 1 and 2 samples are homogenous, pure, and stable in DMSO
solution. The single-crystal structures presented in the previous section are fully consistent
with the NMR results.

2.4. FTIR Spectra

The FTIR spectra of both compounds confirm their molecular structures. Both spectra
(Figures 4 and 5) show several bands of various intensities and shapes that can be ascribed
to ν(NH) in the range of 3500–3100 cm−1—with the sharpest peaks at 3398, 3328, and
3297 cm−1 for 1 and 3459, 3308, and 3184 cm−1 for 2, respectively. Due to the presence
of a butyl group in the 1 molecule, we can observe characteristic bands in the range of
3090–2850 cm−1 that correspond to alkane ν(CH) modes, with peaks at 3081, 3060, 3028,
2954, 2931, and 2869 cm−1. In both spectra, we can observe sharp bands in the range of
1730–1680 cm−1 that result from ν(C=O) modes—in the 1 spectrum at 1707 cm−1 and in
the 2 spectrum at 1710 and 1694 cm−1. In both spectra, there are several bands present
in the 1630–1500 cm−1 region that can be ascribed to ν(CN), ν(C=C), and δ(NH) modes.
Sharp bands in the 1 spectrum at 1461 and 1440 cm−1 most likely correspond to the δ(CH)
methyl group modes. When moving to the lower wavenumbers, we can observe bands for
both compounds in ranges of 1280–1110 cm−1 and 790–690 cm−1 that correspond to β(CH)
and γ(CH) modes, respectively. Several sharp bands that result from ν(NN) vibrations
can also be observed in the 1 spectrum (1050 and 1016 cm−1) and in the 2 spectrum (1055,
1019 cm−1). The bands that are present in the 870–790 cm−1 range in the 2 spectrum, but
are absent in the 1 spectrum, can most likely be assigned to ν(CCl).
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Figure 4. FTIR spectrum of compound 1.

Figure 5. FTIR spectrum of compound 2.

2.5. Thermogravimetric Studies in Air

The thermal decomposition of 1 is shown in Figure 6. This compound is thermally
stable up to 125 ◦C. In the first stage of thermolysis, one of the aliphatic chains is destroyed.
In the temperature range of 125–175, the exothermic effect on the DTA curve is observed
(175 ◦C). When the temperature rises, further destruction of 1 takes place. On the TG
curve, there are three mass losses of 8.0% (calc. 7.78%), 19.0% (calc. 19.32%), and 40.0%
(calc. 39.68%) within the temperature ranges of 125–175 ◦C, 175–250 ◦C, and 250–525 ◦C,
respectively. The final step of decomposition is the burning of organic residues with
corresponding exothermic effects on the DTA curve at 680 ◦C. In Figure 7, the TG, DTG,
and DTA curves of 2 are shown. Compound 2 starts to decompose at 175 ◦C. The first
step of pyrolysis is the destruction of the benzene ring. This process is accompanied by
an exothermic peak on the DTA curve at 225 ◦C. The thermolysis of 2 is also a multi-stage
and overlapping process. In the temperature range of 175–240 ◦C, the experimental mass
loss is 21.0% and it is calculated at 21.23%. The next step is connected with the 52.0% (calc.
52.06%) loss of mass and occurs between 240 and 300 ◦C; on the DTA there are peaks at
270 ◦C, and when the temperature rises above 900 ◦C, the process stops.
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Figure 6. Thermal decomposition of compound 1.

Figure 7. Thermal decomposition of compound 2.

2.6. Biological Assays

In A549 cells, the 50% effective concentration (EC50) for compounds 1 and 2 was found
to be 613.22 and 220.20 µM, respectively. The values of the effective concentration after
the treatment of the compounds are given in Table 4. It was observed that all synthesized
molecules were very active; compound 1 showed much less toxicity than 2. These results
revealed that 2 showed the highest cytotoxicity and the most significant decrease in cell via-
bility relative to the A549 lung cancer cell line. This is very interesting, as both compounds
are active in between the activities of the etoposide.

Table 4. Cytotoxicity activity at the EC50.

Compound Cytotoxicity Activity EC50 [µM]

1 613.22 +/−23.56
2 220.20+/−22.47

etoposide 451.47+/−18.27 *
Results are presented as the means ± SD; EC50, 50% inhibition of the cell viability. Statistical significance was
assessed using a one-way ANOVA analysis. * p < 0.01 was considered significantly different between cancer and
non-cancer cell lines.
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2.7. ADMET Analysis

The pharmacokinetic profile of compound 1 is very promising. ACD/Percepta soft-
ware indicated optimal human plasma protein binding (74.49%); 4.6 L/kg of distribution
volume, which means good distribution to all parts of the human body; and 91.7% of single
50 mg dose bio-availability per os. Compound 2 exhibited more problematic distribu-
tion properties: 96.81% human plasma protein binding, 0.34 L/kg of distribution volume,
and 36.9% of single 50 mg dose bio-availability per os. Moreover, the prediction results
(ACD/Percepta, admetSAR 2.0) indicate the possibility of blood–brain barrier penetration
for both structures. The physicochemical profiles of compounds 1 and 2 indicate that both
structures are good candidates for drug agents, as they both show the fulfillment of the
Lipinski rule [19], the Ghose rule [20], the Egan rule [21], and the Muegge rule [22]. The
basic physicochemical properties of compounds 1 and 2 were gathered in Table 5. The
analysis results indicate that compounds can affect the pharmacokinetics of other drugs
because of their effects on cytochromes P450 isoenzymes. Compound 1 showed inhibition
properties for CYP2C19, CYP2C9, CYP3A4, and compound 2 showed inhibition properties
for CYP1A2. Both compounds have very promising physicochemical properties for oral
bio-availability (Figure 8). Both compounds showed a very low probability of positive
AMES test results and hERG inhibition test results. A ProTox II analysis classified both
compounds to toxicity class 4 (predicted LD50 1000 mg/kg). Moreover, both compounds
had very promising results of the detailed prediction of the toxicity profile—compound
1 showed a 0.6 probability of carcinogenicity (1 positive test result out of 17 different
predictions), while compound 2 showed a 0.52 probability of carcinogenicity and a 0.64
probability of hepatotoxicity (2 positive test results out of 17 different predictions).

Table 5. Basic physicochemical properties of the two compounds.

Compound Molecular Weight
[g/mol] LogP pKa (Acid) pKa (Base) TPSA [Å2]

Molar Refractivity
[m3/mol]

1 373.45 2.83 11.70 3.90 111.15 106.29
2 363.20 3.17 9.60 3.48 92.91 95.59

Log p value is an average of 5 prediction algorithms (iLOGP, XLOGP, WLOGP, MLOGP, SILICOS-IT); TPSA—topological polar surface area.

Figure 8. Oral bio-availability graph generated using the SwissADME service. The red–coloured
zone is physicochemically suitable for oral bio-availability. LIPO—lipophility (−0.7 < XlogP3 <
+5.0); SIZE—molecular weight (150 g/mol < MW < 500 g/mol); POLAR—polarity (20 Å2 < TPSA
< 130 Å2); INSOLU—insolubility (0 < logS < 6); INSATU—insaturation (0.25 < fraction Csp3 < 1);
FLEX—flexibility (0 < num. of rotatable bonds < 9).
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3. Materials and Methods
3.1. Chemistry

All of the chemicals used for the synthesis were purchased from Sigma-Aldrich,
AlfaAesar, and POCH, and were used without further purification. The FTIR spectra
were recorded with an IRTracer-100 Schimadzu Spectrometer (4000–600 cm−1), with an
accuracy of recording 1 cm−1 using KBr pellets. The thermolysis of the compounds in the
air atmosphere was studied using TG-DTG-DTA techniques in the temperature range of
25–1000 ◦C at a heating rate of 10 ◦C min−1; TG, DTG, and DTA curves were recorded on
a Netzsch TG 209 apparatus under air atmosphere (v = 20 mL × min−1) using ceramic
crucibles. Ceramic crucibles were also used as a reference material. All NMR experiments
were run at 298 K on a 500 MHz Bruker Avance III spectrometer, which was equipped
with 1H with a 13C BB probehead (1H-detected experiment) and operating at 500.13 and
125.76 MHz for 1H and 13C nuclei, respectively. The samples were prepared in DMSO-d6
(99.8% + D) from Armar Chemicals. The chemical shifts in 1H and 13C were referenced
to the methyl groups of DMSO (2.50 and 39.5 ppm, respectively). The 13C NMR data
were assigned by using the standard 2D 1H-13C NMR correlation techniques, gradient-
selected heteronuclear single-quantum correlation (gs-HSQC) [23], and gradient-selected
heteronuclear multiple-bond correlation (gs-HMBC) [24,25].

3.2. Crystal Structure Determination

X-ray data were collected at 100 K on an XtaLAB Synergy, Dualflex, Pilatus 300K
diffractometer apparatus (Rigaku Corporation, Tokyo, Japan) equipped with a PhotonJet
microfocus X-ray tube apparatus (Rigaku Corporation, Tokyo, Japan). Data reduction
was performed using CrysAlisPro (Agilent Technologies UK Ltd., Yarnton, UK) [26]. The
structure was refined in ShelXL [27]. Molecular plots and packing diagrams were drawn
using Mercury [28]. Molecular geometry parameters were computed using PLATON
and publCIF [29,30]. The crystallographic information files for the crystal structures are
available under the deposition numbers: 2075915 and 2075918.

3.3. ADMET Analysis

Compound 1 and compound 2 were analyzed using ACDLabs Percepta software ver-
sion 14.0.0 (Advanced Chemistry Development, Inc., Metropolitan, Toronto, ON, Canada),
SwissADME service (Swiss Institute of Bioinformatics, Lausanne, Switzerland, 2021) [31],
admetSAR 2.0 service (admetSAR 2019) [32], and ProTOX II service [33] to obtain the
computational pharmacokinetic and toxicologic profiles of the tested compounds.

3.4. Biological Assays

To evaluate the active metabolic cells, the MTT (3-(4,5-dimethylthiazol-2-yl))-2,5
diphenyltetrazoliumbromide) assay was used [34]. In this method, EC50 (the effective
concentration of the tested drug, where a 50% growth reduction is observed in cell growth
compared to the untreated control) was used. An MTT assay was performed to test the
in vitro cytotoxicity against the A549 cells, which were from a human lung adenocarcinoma
that was obtained from the European Collection of Cell Cultures (ECACC, Salisbury, UK).
The cells were cultured in Dulbecco’s Modified Eagle’s Medium (PAN-Biotech, Aidenbach,
Germany), 100 units of penicillin/mL (Sigma Aldrich, St. Louis, MO, USA), 100 µg of
streptomycin/mL (Sigma Aldrich, St. Louis, MO, USA), 2 mM L-glutamine (Sigma Aldrich,
St. Louis, MO, USA), 10% Fetal Bovine Serum (FBS) (Sigma Aldrich, St. Louis, MO, USA),
and MTT (3-(4,5-dimethylthiazol-2-yl))-2,5 diphenyltetrazoliumbromide) (Sigma Aldrich,
St. Louis, MO, USA). To complete the analyses of the new compounds, the cells were
cultured overnight at 37 ◦C with 5% CO2 in a standard 96-well flat-bottomed plate con-
taining 104 cells/well. The following day, the medium was replaced by 100 µL of 1, 2, and
etoposide added in varying concentrations to the wells. After 24 h of incubation, 50 µL
MTT was added to each well for the last 2 h. The final absorbance was measured in analyt-
ical wavelengths (570 nm for blue-violet insoluble formazan) using a microplate reader



Int. J. Mol. Sci. 2021, 22, 6692 10 of 11

(Synergy H1, BioTek, Winooski, VT, USA). The viability and cell cycle analysis results were
presented as mean ± standard deviation. All assays were performed in triplicate, and the
results were obtained in three independent experiments [35].

4. Conclusions

In summary, etoposide is one of the most commonly used anticancer agents. For many
years, it has been the standard therapy for small cell lung cancer, leukemia, lymphoma,
germ-cell tumors, and neuroblastoma [36]. Our present findings have shown that both
derivatives were very effective in the inhibition of human lung adenocarcinoma cell growth
in comparison with etoposide. In conclusion, our present findings showed that the new 3-
amino-N-(2,4-dichlorophenyl)-5-oxo-4-phenyl-2,5-dihydro-1H-pyrazole-1-carboxamide 2
(EC50 = 220.20+/−22.47 µM,) was much more effective in the inhibition of human lung
adenocarcinoma cell growth in comparison to compound 1 with 2,4-dichlorophenyl moiety.
These results suggest that compound 2 may be a promising molecule for the treatment of
lung cancer. In addition, our studies gained new knowledge about pyrazole derivatives.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijms22136692/s1. Figure S1. Solution-state 1H NMR (DMSO-d6) of 1 (a) and 2 (b). Figure S2.
Solution-state 13C NMR (DMSO-d6) of 1 (a) and 2 (b).
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