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a b s t r a c t

A new method for synthesizing compounds having benzothiazole and pyrazole moieties in their back-
bone has been successfully performed, based on the rearrangement of pyrazolylylidene-
pyranopyrazolone in the presence of o-aminothiophenol in hot n-butanol. The new compound has
been alkylated with different alkylating agents under phase transfer catalysis conditions. A Hirshfeld
surface analysis for visually analyzing intermolecular interactions in crystal structures employing mo-
lecular surface contours and 2D fingerprint plots has been used to examine molecular shapes. The gas-
phase geometries of the new compound and one alkylated derivative were studied by the DFT-B3LYP
method. The anticancer properties of the compounds obtained have been evaluated.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Heterocyclic compounds are ubiquitous in nature [1] and the
synthesis of functionalized heterocyclic molecules has remained an
attractive target because of their many applications in the phar-
maceutical industry [2,3]. Functionalized 1,4-benzothiazines con-
taining benzene fusedwith a six-membered thiazine ring represent
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an important class of heterocyclic compounds which exhibit many
biological properties such as antimicrobial [4,5], antifungal [4], 15-
lipoxygenase inhibitor [4], anti-HIV [4], neuroleptics [4], antirheu-
matic [4], calcium antagonist [4] antioxidant [4], cardiovascular [4],
antimalarial [4], and anthelmintic activities [4]. Apart fromversatile
pharmaceutical applications, the 1,4-benzothiazine is a subunit of
many natural pigments, dyestuffs and is also present in one type of
melanin, pheomelanin [6,7].

Because of the versatile applications of this heterocyclic scaffold,
a plethora of synthetic methods has been developed. The most
straightforward approach for its synthesis is the direct
condensation-cyclization between 2-aminobenzenethiol and a 1,3-
dicarbonyl compound in the presence of various reagents/catalysts.
Some notable examples are the use of DMSO [8e10], H2O2 [11],
Baker's yeast [12] and hydrazine hydrate [13]. Most of these routes
suffer fromone ormore constraints such as the use of strongly basic
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Scheme 1. The structure of compound 3 was elucidated from spectral data (1H and 13C
NMR) as well as by single crystal X-ray diffraction.
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media, strong oxidizing agents, high temperature as well as the
formation of disulfide by-product [13,14] or decomposition of the
intermediate to benzothiazole [15]. In another synthetic approach,
the microwave-assisted synthesis of 1,4-benzothiazine has been
reported [16].

In a continuation of our previous work on the synthesis of new
heterocyclic derivatives [17e21], we are interested in the synthesis
of heterocyclic systems containing both benzothiazole and pyrazole
moieties and the evaluation of their biological activities.

We have shown that dehydroacetic acid constitutes an inter-
esting precursor in the synthesis of several heterocyclic com-
pounds. Thus 5-methyl-4-(3,4-dimethyl-1-phenyl-3a,7a-
dihydropyrano[2.3-c]pyrazol-6(1H)-ylidene)-2-phenyl-2.4-
dihydro-3H-pyrazol-3-one was prepared by the action of phenyl-
hydrazine in refluxing acetic acid [22]. It is worthy to note that the
literature reports little work concerning the reactivity of this
molecule with respect to nucleophilic reagents [23].

In this work we report the condensation of 5-methyl-4-(3,4-
dimethyl-1-phenyl-3a,7a-dihydropyrano[2.3-c]pyrazol-6(1H)-yli-
dene)-2-phenyl-2.4-dihydro-3H-pyrazol-3-one with 2-
aminothiophenol in refluxing n-butanol. We have been able to
isolate a new heterocyclic system containing benzothiazole and
pyrazole moieties, namely 4-(1,3-benzothiazole-2-yl)-3-methyl-1-
phenyl-2-pyrazolin-5-one as well as a bipyrazolic compound.
Alkylation of the former compound generated a series of new
heterocyclic compounds which have been studied to assess their
antitumor and antibacterial activities.

2. Methods and materials

2.1. Chemistry

The melting points were measured with K€ofler bench or Büchi
Melting Point B-545 instruments. The nuclear magnetic resonance
spectra (1H, 13C, DEPT) were recorded on a Brüker AVANCE 300
instrument operating at 300MHz. The chemical shifts are given in
ppm (parts per million) with respect to the TMS internal reference.
The coupling constants (J) are expressed in hertz (Hz) and the
multiplicity is represented as follows: singlet (s), doublet (d),
doublet doubled (dd), triplet (t), multiplet (m) and quadruplet (q).
Mass spectra were performed on a PerkinElmer SCIEX API unit 300.
The samples are ionized by the electrospray technique (ESI).
Elemental analysis was performed on a Euro EA-CHNSO Elemental
Analyzer. The evolution of the reactions is followed by thin layer
chromatography on aluminum sheets coated with Merck 60 F254
silica gel (0.2 nm thick). The imaging of the plates is carried out
under an ultraviolet lamp at 254 nm. The purifications by column
chromatography are carried out on Merck silica gel 40e70 mm
(230e400 mesh). X-ray crystal structure data were collected on a
Bruker Smart APEX CCD diffractometer with graphite mono-
chromated Mo Ka radiation of wavelength l¼ 0.71073 Å.

2.2. The action of 2-aminothiophenol 2 on the compound (1)

2-aminothiophenol (0.014mol) and 5-[1-phenyl-3-methyl-5-
oxo-pyrazol-4-ylidene]-1,7-dimethyl-3-phenylpyrano[2,3-c]pyr-
azole (0.0025mol) was refluxed in 50mL of n-butanol for 72 h. The
product, 4-(1,3-benzothiazole-2-yl)-3-methyl-1-phenyl-2-

pyrazolin-5-one 3, precipitates first in 50% yield. After filtration
and concentration of the solution under reduced pressure the

second product bipyrazole (4) was isolated in low yield (Scheme 1).
Yield: 50%; m.p: 187; M¼ 307.36 g/mol; 1H NMR (DMSO‑d6,

300MHz) d, 9.7 (s, 1H, H-N), 2.4 (S, 3H, CH3), 7.16e8.02 (m, 9H,
Haromatic). 13C NMR (DMSO‑d6, 75MHz) d, 14.81, 161.79, 146.11,
140.71, 138.74, 126, 115.26, 96, 43, 128, 99, 128.82, 127.83, 124.84,
124.57, 122.09, 119.47, 115.26.

The 1H NMR spectrum of 3, in CDCl3 shows signals corre-
sponding to the aromatic protons, a signal at 2.4 ppm due to the
protons of the pyrazolic methyl group and a signal at 9.7 ppm
assigned to the NH group of the benzothiazole ring.

The 13C NMR spectrum of 3 shows signals assigned to the qua-
ternary carbons, the carbons of the aromatic rings, a signal at
161.79 ppm corresponding to the carbonyl group and a signal at
14.81 ppm attributable to the pyrazolic methyl group.

2.2.1. Synthesis of 3,30-dimethyl-1,10-diphenyl-1H,10H-[4,40-
bipyrazole]-5,50-diol (4)

Yield: 15%; m.p: 115e117; 1H NMR (DMSO‑d6, 300MHz) d, 3.40
(s, 1H, C-CH3), 7.33e8,12 (m, 9H, Har), 11.83 (s, 1H, OH). 13C NMR
(DMSO‑d6, 75MHz) d: 13.08, 112.29, 121.35, 129.3, 129.54, 133.48,
133.94, 151.16, 152.33. HRMS (ESI) Calculated for C18H15N3OS:
[M þ Hþ] ¼ 346.1420, Found: [M þ Hþ]¼ 346.1422. Elemental
analysis Calculated: C, 69.35%; H, 5.24%; N, 16.17%; O, 9.24%, Found:
C, 69.35%; H, 5.23%; N, 16.16%; O, 9.26%.

2.3. X-ray data collection, structure solution and refinement

The structures of compounds 3 and 6′ have been confirmed by
single-crystal X-ray crystallographic studies. A suitable crystal of 3
was mounted on a polymer loop and placed in the cold nitrogen
stream on the diffractometer. A full sphere of data was collected
under control of the APEX3 software [24] and reduced to F2 values
with SAINT [24] which also performed a global refinement of the
unit cell parameters. An empirical absorption correction and
merging of equivalent reflections were carried out with SADABS
[24], the structure was solved by direct methods (SHELXT [25]) and
refined by full-matrix, least-squares procedures (SHELXL [26]). The
H-atoms were located in a difference map and refined with

isotropic displacement parameters. The structure of 6’ was per-
formed similarly except at room temperature which necessitated
affixing the crystal to a nylon loop with a drop of epoxy cement.
While all H-atoms could be located in a final difference map, the
greater extent of vibrational motion made including them as riding
contributions in idealized positions with isotropic displacement
parameters tied to those of the attached atoms a more reasonable
model.



Fig. 1. Perspective view of 3 with labeling scheme and 50% probability ellipsoids.
Intramolecular hydrogen bonds are shown by dashed lines.
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2.4. Alkylation of compound (3)

(0.01mol) of compound 3 and potassium carbonate K2CO3

(0.01mol) were dissolved in 50mL of N,N-dimethylformamide
(DMF) and the desired alkyl halide (0.02mol) and tetra-n-buty-
lammonium bromide as a catalyst (0.001mol) were added to the
solution which was stirred at room temperature for 24 h. The res-
idue obtained after evaporation of the solvent was recrystallized
from dichloromethane/hexane to afford the major product and the
second product was obtained from the filtrate by column chro-
matography on silica gel (eluent: ethyl acetate/hexane (1/9).

2.4.1. The action of methyl iodide

2.4.1.1. 4-(1.3-benzothiazol-2-yl)-2,3-dimethyl-1-phenyl-3-
pyrazolin-5-one (5). Yield: 80%; m.p: 214e216; 1H NMR (DMSO‑d6,
300MHz) d, 3 (s, 1H, C-CH3), 3,36 (s, 3H, N-CH3), 7,27e8,09 (m, 9H,
Har). 13C NMR (DMSO‑d6, 75MHz) d, 13.08, 34.5, 163.29, 121.35,
129.54, 102.08, 133.483, 133.89, 151.12, 152.29, 160.67. HRMS (ESI)
Calculated for C18H15N3OS: [M þ Hþ] ¼ 321.0911, Found:
[M þ Hþ]¼ 321.0913. Elemental analysis Calculated: C, 67.27%; H,
4.70%; N, 13.07%; O, 4.98%, S, 9.98% Found: C, 67.28%; H, 4.69%; N,
13.08%; O, 4.97%, S, 9.98%.

2.4.2. The action of allyl bromide

2.4.2.1. 4-(1.3-benzothiazol-2-yl)-3-methyl-1-phenyl-2-(prop-2-
enyl)-3-pyrazolin-5-one (6). Yield: 80%; m.p: 144e146; 1H NMR
(DMSO‑d6, 300MHz) d: 7.42e8.03 (m, 9H, Haromatic), 2.9 (s,1H, CH3),
4,3 (d, 2H, J¼ 5.7 Hz, N-CH2), 5.6 (m, 1H, CH¼ ), 5.2 (dd, 2H,
Jtrans¼ 17 Hz, Jcis¼ 10Hz, C]CH2). 13C NMR (DMSO‑d6, 75MHz) d:
12.8, 49.05, 119.71, 163.77, 121.52, 121.68, 124.06, 125.75, 125.85,
128.16,129.46,129.80,160.32,152.60,152.22,134.02,133.98,103.73.
HRMS (ESI) Calculated for C20H17N3OS: [M þ Hþ] ¼ 347.1102,
Found: [M þ Hþ]¼ 347.1105. Elemental analysis Calculated: C,
69.14%; H, 4.93%; N, 12.09%; O, 4.60%, S, 9.23% Found: C, 69.15%; H,
4.94%; N, 12.06%; O, 4.61%, S, 9.24%.

2.4.3. The action of propargyl bromide

2.4.3.1. 4-(1.3-benzothiazol-2-yl)-3-methyl-1-phenyl-2-(prop-2-
ynyl)-3-pyrazolin-5-one (7). Yield: 85%; m.p: 169e171, 1H NMR
(DMSO‑d6, 300MHz) d, 2.946 (s, 1H, C-CH3), 4.625 (s, 2H, CH2),
3.399 (s, 1H, C-H), 7.365e8.091 (m, 9H, Haromatic); 13C NMR
(DMSO‑d6, 75MHz) d, 12.98, 37.85, 163.59, 122.16, 129.94, 159.617,
155.514, 152.647, 134.266, 133.801, 104.937. HRMS (ESI) Calculated
for C20H15N3OS: [M þ Hþ] ¼ 345.0923, Found:
[M þ Hþ]¼ 345.0925. Elemental analysis Calculated: C, 69.54%; H,
4.38%; N, 12.17%; O, 4.63%, S, 9.28% Found: C, 69.55%; H, 4.36%; N,
12.18%; O, 4.64%, S, 9.27%.

2.5. Computational method

2.5.1. DFT calculation
The structures in the gas phase of 3 and 6′ were optimized by

means of density functional theory. The DFT calculation was per-
formed by the hybrid B3LYP method, which is based on the idea of
Becke and considers a mixture of the exact (HF) and DFT exchange
utilizing the B3 functional, together with the LYP correlation
functional [27,28]. In conjunction with a double-x basis set, ADZP,
the B3LYP calculations were done [29]. After obtaining the
converged geometry, the harmonic vibrational frequencies were
calculated on the same theoretical level to confirm that the number
of imaginary frequencies is zero for the stationary point. Both the
geometry optimizations and harmonic vibrational frequency ana-
lyses of 3 and 6’ were done by the Gaussian 16 program [30].
2.5.2. The Hirshfeld surface calculations
Both the definition of a molecule in a condensed phase and the

recognition of distinct entities in molecular liquids and crystals are
fundamental concepts in chemistry. Based on Hirshfeld's parti-
tioning scheme, Spackman et al. in 1997 proposed a method to
divide the electron distribution in a crystalline phase into molec-
ular fragments [31e33]. Their method partitioned the crystal into
regions where the electron distribution of a sum of spherical atoms
for the molecule dominates over the corresponding sum of the
crystal. Because it was derived from Hirshfeld's stockholder parti-
tioning, the molecular surface is named as the Hirshfeld surface. In
this study, the Hirshfeld surface analysis of 3 and 6′was performed
utilizing the CrystalExplorer program [34].

2.6. Anticancer activity screening

The new derivatives (3, 5, 6 and 7) are solubilized in dimethyl
sulfoxide (DMSO) before being incorporated into the culture me-
dium. The final concentration of DMSO in the different solutions is
less than 0.01%. A series of dilutions of the new compounds is
carried out with the culture medium in order to evaluate different
concentrations. For the evaluation of our products, we chose a
concentration range from 50 to 1.56 mg/mL.

Cells are seeded in 96 well plates at the appropriate density for
each line and cultured for 24 h at 37 �C. After incubation, the
products to be tested are deposited at different concentrations in
duplicate in the wells. The plates are then incubated for 48 h at
37 �C. Four hours before the end of the incubation, 10 mL of an MTT
solution (5mg/mL) is added to the wells. The plates are incubated
for 4 h at 37 �C in the presence of 5% CO2. Formation of the blue
crystals of formazan is visualized under an optical microscope. The
culture medium is removed and the same volume of DMSO (Sigma)
is added to each well. The plate is then subjected to gentle agitation
allowing the dissolution of the formazan crystals. The absorbance is
determined at 570 nm in a microplate reader and the results are
expressed as percent viability of the treated versus untreated cells.
Untreated cells are considered a control with a percentage of
viability of 100%. The cytotoxicity index is calculated using the
following formula:

%IC ¼ ð1�ðT=CÞÞx100
T and C: average optical densities of the tested fractions and

controls.
Mitomycin C was used as a positive control of our experiment.

Mitomycin C is an antineoplastic and antibiotic substance extracted
from Streptomyces caespitosus. It has an alkylating effect:



Fig. 2. Detail of the bifurcated NeH/O hydrogen bonds (blue dashed lines) and the p-stacking interactions (orange dashed lines).

Table 1
Hydrogen-bond geometry of 3.

DdH$$$A DdH H$$$A D$$$A DdH$$$A

N3eH3A$$$O1 0.822(17) 2.258(18) 2.8500(13) 129.3(15)
N3eH3A$$$O1i 0.822(17) 2.261 (17) 2.9198(14) 137.5(16)
C6eH6/O1 0.931(16) 2.317(15) 2.9627(15) 126.2(12)
C13eH13/O1i 0.993(15) 2.621(14) 3.2432(16) 120.8(10)

Symmetry code: (i) �xþ1, y, �zþ1/2.
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formation of adducts with the DNA, action particularly marked in
phases G1 and S.
Fig. 3. Packing viewed along the b-axis direction with a portion of the p-stacking shown b
dashed lines.
2.6.1. Cell maintenance and culture conditions
The cell line chosen for our cytotoxicity assays is the HEp-2 line

(ATCC No. CCL-23). These are epithelial type cells which are
adherent and derived from the culture of tumor cells of human
origin (laryngeal carcinoma). The cells are cultured in a suitable
medium DMEM (essential minimum Eagle medium) supplemented
with 10% fetal calf serum (FCS) and a mixture of Penicillin/Strep-
tomycin antibiotics. The cell lines are maintained at 37 �C in an
atmosphere saturated with moisture and containing 5% of CO2.

The cells are grown in monolayers and after three days are
observed under a reversed phase contrast microscope. When the
cells reach a subconfluent growth state, the culture medium is
y orange dashed lines and the NeH/O hydrogen bonds connecting the stacks by blue
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aspirated and the cells are washed with PBS (phosphate buffered
saline).

The cells are then detached with 500 mL of trypsin/EDTA (eth-
ylenediaminetetraacetic acid) for 5min at 37 �C and taken up in
Scheme 2. A plausible mechanism of the

Scheme 3. Tautomeric fo
10mL of new culture medium. The cells are then enumerated using
a Malassezhematimeter. Their viability is assessed by the trypan
blue exclusion method.
formation of the compounds 3 and 4.

rms of compound 3.



Scheme 4. It is significant that in no case was it possible for us to isolate a compound resulting from alkylation of the nitrogen atom of the benzothiazole moiety or of the oxygen
atom of the hydroxyl group. Also, compounds 5e7 possess a structure similar to that of the antipyrine, especially compound 5.

Fig. 4. Diagram with the labeling scheme and 50% probability ellipsoids for 60 .

Table 2
Hydrogen-bond geometry of compound 6’

DdH$$$A D$$$A

C3eH3/O1i 3.4589 (19)
C15eH15A$$$O1ii 3.4759 (16)
C17eH17B$$$Cg3iii 3.6098 (18)

Symmetry codes: (i) �xþ3/2, y�1/2,�zþ3/2; (ii) �xþ1/2, y�1/
2, �zþ3/2; (iii) �xþ1/2, yþ1/2, �zþ3/2.
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2.6.2. Evaluation of cell viability
To estimate cell viability, we performed a trypan blue exclusion

test. This test is based on the ability for live cells to exclude high
molecular weight dyes. Trypan blue (0.4% PBS) (Sigma-Aldrich) is
added to the cell suspension. Counting is performed on counting
slides: Mallassez's blade. Trypan blue is actively excluded from
living cells but it enters the cytoplasm of dead cells. In light mi-
croscopy, the dead cells are stained blue while the living cells
remain colorless [35].
3. Results and discussion

3.1. Description of the crystal structure of compound 3

The molecule of 3 is slightly bowed along its length as indicated
by the dihedral angles of 7.46(7)� and 6.20(5)� between the central
5-membered ring and, respectively, the phenyl ring and the ben-
zothiazole unit. The near planarity of the molecule is largely the
result of the intramolecular N3eH3A,,,O1 and C6eH6,,,O1
hydrogen bonds (Fig. 1). The bond distances are generally consis-
tent with the Lewis structure shown for tautomer 3b (Scheme 3),
particularly the C9eN2 distance of 1.3111(16) Å. Interestingly, the
C11eN3 distance of 1.3483(16) Å is shorter than the C8eC11 dis-
tance of 1.3920(17) Å which is unexpected and we have no ready
explanation for this.

Head-to-tail p-stacking interactions between pyrazole and
benzothiazole rings generate stacks along the b-axis direction
(Fig. 2). In these, the centroid … centroid distance between the
C7,,,C9/N2/N1 and C12/C17/S1/C11/N3 rings alternates between
3.8519(8) and 3.7285(8) Å along the stack. The stacks are tied
together by C13eH13,,,O1 and bifurcated N3eH3A,,,O1
hydrogen bonds (Table 1 and Figs. 2 and 3).
3.2. Mechanism of the formation of compounds 3 and 4

A plausible mechanism for the formation of 3 from the
condensation of 2-aminothiophenol with 5-methyl-4-(3,4-
dimethyl-1-phenyl-3a,7a-dihydropyrano[2,3-c]pyrazol-6(1H)-yli-

dene)-2-ph�enyl-2.4-dihydro-3H-pyrazol-3-one 1, is as follows:
The nucleophilic attack of the amino group of 2-

aminothiophenol 2 on the carbon at the 9-position of the pyranic

ring in 1 leads to the ring opening of the pyranic moiety giving the
intermediate [A] (Scheme 2). Subsequently, the formation of the
benzothiazole ring occurs by nucleophilic attack of the SH group of
the intermediate [A’] on the iminic carbon leading to an intra-
molecular cyclization rearrangement and loss of a pyrazolic deriv-
ative (A00). In addition, the 2-aminothiophenol, being in excess in
the reaction medium, makes a second attack on the intermediate
[A’’] leading to [A”’] and pyrazolonewhich, after dimerization, leads



Fig. 5. Detail of one chain in 60 formed by CeH/O hydrogen bonds (black dashed lines) and CeH$$$p(ring) interactions (green dashed lines).

Fig. 6. Packing in 60 seen along the b-axis direction providing edge views of two layers with the CeH/O hydrogen bonds shown as dashed lines.
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to the formation of bipyrazole 4.

3.3. Alkylation of 4-(1,3-benzothiazole-2-yl)- 3-methyl-1-phenyl-
2-pyrazolin-5-one 3

Having efficiently obtained compound 3, and for the purpose of
preparing a series of monosubstituted derivatives of 4-(1,3-

benzothiazole-2-yl)-3-methyl-1-phenyl-2-pyrazolin-5-one 3 we
used solid-liquid phase transfer catalysis conditions.
In the liquid state, 3 can exist in the tautomeric forms 3a, 3b, 3c,

and 3d while 3b is the most stable in the solid state (Scheme 3).
We carried out the alkylation reaction of 4-(1,3-benzothiazole-

2-yl)-3-methyl-1-phenyl-2-pyrazolin-5-one 3 by different alkylat-
ing agents in N,N-dimethylformamide in the presence of potassium
carbonate as a base and tetra-n-butylammonium bromide (TBAB)
as the catalyst.

In all cases, we were able to isolate two compounds. The major
compound corresponding to the N-alkylation precipitates from the



Table 3
Crystal data and parameters for structure refinement of 3 and 6’

Compound 3 60

CCDC deposit No CCDC 1894222 CCDC 1894223
Chemical formula C17H13N3OS C20H17N3OS
Formula weight 307.36 347.42
Temperature (K) 100(2) 296(2)
Crystal size (mm) 0.188� 0.219 x 0.244 0.41� 0.37� 0.26
Crystal system monoclinic monoclinic
Space group C 2/c P21/n
a, b, c (Å) 27.029(3),7.4019(7), 14.0657(14) 11.0064(4), 10.6756(4), 15.5992(7)
b (�) 97.475 (1) 94.626 (1)
Volume(Å3) 2790.2 (5) 1826.93 (13)
Z 8 4
Radiation type Mo Ka Mo Ka
m (mm�1) 0.24 0.19
Data collection
Diffractometer Bruker Smart APEX CCD Bruker Smart APEX CCD
Absorption correction Multi-scan

SADABS (Bruker, 2016)
Multi-scan
SADABS (Bruker, 2016)

No. of measured, independent and observed [I> 2s(I)] reflections 26030, 3717, 3122 15765, 4901, 3093
Rint 0.034 0.070
(sin q/l)max (Å�1) 0.684 0.684
Refinement
No. of reflections 3717 4901
No. of parameters 251 227
H-atom treatment All H-atom parameters Riding
Drmax, Drmin (e Å�3) 0.82, �0.23 0.24, �0.25

Fig. 7. The B3LYP-optimized geometries of 3 and 6’.
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reaction mixture and was obtained in about 80% yield (Scheme 4).
The structures of the new compounds were confirmed by NMR
(1H and 13C) spectral data and single crystal X-ray diffraction. For
example, the diagram of 6’ is depicted in Fig. 4.

3.4. Description of the crystal structure of compound 6’

The benzothiazine moiety is planar to within 0.038(1) Å with an
r.m.s. deviation of the fitted atoms of 0.001. Its mean plane is in-
clined to that of the N2/N3/C18/C14/C20 ring by 74.96(6)� while the
angle between the mean planes of the N2/N3/C18/C14/C20 and
C7/C12 rings is 35.72(8)�. The bond distances are generally in
accord with the Lewis structure for 6’ shown in Scheme 4. Thus the
C13eN1 and C18eN3 distances are, respectively, 1.2802(17) and
1.2864(17) Å while the C13eC14 distance is 1.5094(17) Å. In the
crystal, alternating C3eH3/O1 and C15eH15A$$$O1 hydrogen
bonds, together with C17eH17B$$$Cg3 interactions (Table 2; Cg3 is
the centroid of the C1,,,C6 ring) form chains parallel to (110)
(Fig. 5). These chains are associated through C3eH3/O1 and
C15eH15A$$$O1 hydrogen bonds to form layers parallel to [001]
which have the phenyl groups on the outside surfaces (Fig. 6).
Furthermore, the data and parameters for structure refinement of 3
and 6’ are summarized in Table 3.

3.5. The DFT results of 3 and 6’

The DFT-B3LYP functional was used to optimize the gas-phase
geometries of compounds 3 and 6′ with the results shown in
Fig. 7. In contrast with 3, 6′ has an additional -CH2-CH]CH2 group.
As depicted in Fig. 7, it is found that the optimized geometry of 3
shows a discrepancy from that of 6’.

3.6. The Hirshfeld surface analyses of 3 and 6’

The standard resolution molecular Hirshfeld surface (dnorm) of 3
and 6'are shown in Fig. S1. The surface is shown as transparent so
the molecular moiety can be visualized in a similar orientation for
all of the structures around which they were calculated. The 3D
dnorm surface could be used to identify very close intermolecular
interactions. The value of dnorm is negative (positive) when



Scheme 5. The objective of this study is to test new heterocyclic systems that bring together two large classes of compounds known for their antitumor activity (pyrazole and
benzothiazole). Thus we tested the anti-tumor activity of compound 3 and its alkylated derivatives shown in Scheme 6.

Scheme 6. Structures of compounds 3, 5, 6 and 7.

Table 4
Presentation of the percentage of cell viability compared to increasing concentra-
tions (50e1.56 mg/ml) of the four compounds tested.

Mit 3 5 6 7

50 mg/mL 3% 35% 70% 76% 116%
25 mg/mL 4% 53% 69% 85% 122%
12.5 mg/mL 9% 68% 87% 96% 146%
6.25 mg/mL 12% 74% 93% 123% 158%
3.12 mg/mL 40% 97% 99% 105% 175%
1.56 mg/mL 73% 142% 94% 134% 173%
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intermolecular contacts are shorter (longer) than the van derWaals
radii. The dnorm value is mapped onto the Hirshfeld surface by red,
white or blue colors. The red regions represent closer contacts with
a negative dnorm value while the blue regions represent longer
contacts with a positive dnorm value. Moreover, the white regions
represent contacts equal to the van derWaals separation and have a
dnorm value of zero. As depicted in Fig. S1, the major interactions in
the title compounds are the intramolecular H┈O, H┈N, and H┈S
hydrogen bonds.

The 2D fingerprint plots highlight particular atom pair contacts
and enable the separation of contributions from different interac-
tion types that overlap in the full fingerprint. Using the standard
0.6e2.6 views with the de and di distance scales displayed on the
graph axes, the 2D fingerprint plot for 3 and 6'are shown in Fig. S2.
Including the reciprocal contactsfor 3, the contribution of the
H,,,O contact is the largest among the three hydrogen bonding
interactions (Fig. S2). However, for 6′, the largest contribution
among the three hydrogen bonding interactions is the H,,,N
contact (Fig. S2).

3.7. In vitro anticancer activity

The compounds containing pyrazole or benzothiazole moieties
are heterocyclic compounds with interesting pharmacological ac-
tivities. The study of their anti-tumor activity has grown consid-
erably in recent years [36e44].

The first series of compounds combining a pyrazole and a
thiazolidinedione nucleus was described in 2006 as having an
inhibitory potential for CDC25 phosphatases which are involved in
the multiplication of cells thus stopping the development of tumor
cell lines [41]. Three other sets of molecules with similar structures
have also been patented for three different types of activities:



Fig. 8. Cytotoxic effects of 3, 5, 6 and 7 vis-a-vis the Hep2 line. The cells are incubated with increasing concentrations (50e1.56 mg/mL) for 48 h. Cell viability is assessed using the
MTT test (n¼ 2). Mitomycin is used as a positive control of the test.

I. Chakib et al. / Journal of Molecular Structure 1198 (2019) 12691010
A first acts by blocking the ubiquitinylation and, therefore, the
degradation of proteins involved in the cell cycle, thus causing the
latter to stop [42].

A second has the effect of blocking the hypoxia signals that
cause angiogenesis [43].

The third acts on the PIM kinases involved in cell proliferation
[44] (Scheme 5).

The evaluation of the cytotoxicity of the products in vitro with
respect to the Hep2 line was performed by measuring the cell
viability using the MTT test. The cells were treated with the
different synthetic products at increasing concentrations for 48 h
(Table 4). Curves representing viability percentages as a function of
the concentrations of the different products are presented in Fig. 8.
The 50% inhibitory concentrations (IC50) were calculated by
extrapolation and the results are expressed as mean± SD.

The curve for product 3 shows that there is a good dose-
response correlation for the range of concentrations tested and
the cytotoxic activity is proportional to the concentration of the
products studied. The IC50, the concentration at which we have 50%
viability is on the order of 25 mg/mL. The Hep2 line remained un-

affected by 5, 6 and 7. We did not observe a remarkable cytotoxic
effect opposite the Hep2 line at the concentrations tested. The IC50
values for the different products are greater than 70 mg/mL for

products 5 and 6. For 7, the IC50 value is greater than 100 mg/mL. It is
worth taking note that 7 showed a cell viability larger than 100% no
matter with its concentration. It could be ascribed to the fact that
the MTT assay is a comparative method in general. The MTT assays
give one some readout like the optical density, not the cell viability
directly. If the optical densities of treated cells is 16% higher than
that of the control group, the treated cells are not necessarily 16%
more viable than the control group.

The study of the anti-tumor activity carried out on 3, 5, 6 and 7

proved to be interesting only for compound 3. This applied at a
concentration of the order of 28 mg/mL and was able to create

cellular cytolysis of about 50%. On the other hand, 5 and 6 showed a

medium cytotoxic activity while 7 has no effect on the tumor cells.
4. Conclusion

The use of the pyrazololylide-pyranopyrazolone rearrangement
has been shown to be a new synthetic route for new heterocyclic
systems containing benzothiazole and pyrazole moieties. Pyr-
azololylidepyrazolopyrone behaves like a heterocyclic 1,3-
difunctional compound which undergoes nucleophilic attack-
inducing opening reactions to give intermediates which cyclize
later in different ways to lead to new compoundswhich are difficult
to prepare by other synthetic routes. The alkylation reactions car-

ried out on compound 3 allowed us to prepare a series of com-
pounds from alkylation of nitrogen and carbon atoms at 4 and 2
positions of the pyrazolone moiety. It is worthy to note that the N-
alkylated compound 5 has a similar structure to that of antipyrine
in which the hydrogen atom at the 4-position of the pyrazole
moiety was replaced by a benzothiazole nucleus.

The evaluation of the anticancer activities of these new com-
pounds proved interesting only for 4-(1,3-benzothiazol-2-yl)-3-

methyl-1-phenyl-2-pyrazolin-5-one (3). The alkylation of the pyr-
azole ring and the absence of a free NH group made these alkyl
derivatives inactive.
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