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Abstract: The pharmacophore hybridization approach is widely used for the design of drug-like
small molecules with anticancer properties. In the present work, a “cost-effective” approach to the
synthesis of the novel non-condensed pyrazoline-bearing hybrid molecule with 1,3,4-thiadiazole and
dichloroacetic acid moieties is proposed. The 5-amino-1,3,4-thiadiazole-2-thiol was used as a starting
reagent, and the synthetic strategy includes stepwise alkylation of the sulfur atom and acylation of the
nitrogen atom to obtain the target title compound. The structure of the synthesized 2,2-dichloro-N-[5-
[2-[3-(4-methoxyphenyl)-5-phenyl-3,4-dihydro-2H-pyrazol-2-yl]-2-oxoethyl]sulfanyl-1,3,4-thiadiazol-
2-yl]Jacetamide (yield 90%) was confirmed by 1H, 13C, 2D NMR and LC-MS spectra. Anticancer
activity in “60 lines screening” (NCI DTP protocol) was studied in vitro for the title compound.

Keywords: small molecules; hybridization; pyrazoline; 1,3,4-thiadiazole; dichloroacetic acid;
anticancer activity; in vitro screening

1. Introduction

The pharmacophore hybridization approach plays a key and leading role in the
modern medicinal chemistry of anticancer agents [1,2]. The application of the hybridization
concept allows the design and discovery of new small molecules as high-affinity ligands to
potential anticancer targets, as well as fighting and overcoming the multidrug resistance
problems [3-5]. The synthetic pathways applied for the obtaining of new anticancer
agents in the molecular hybridization context require fast, easy, and cheap (“cost-effective”)
synthetic schemes to the target hybrid molecules with their high yield and purity [6-8].

The small molecules containing substituted pyrazoline and 1,3,4-thiadiazole scaf-
folds are the leading objects in the modern anticancer agent drug design and present the
important groups of anticancer drugs (Figure 1) [9-11]. Pyrazoline-based molecules are
available in the pharmaceutical market as approved drugs targeted at different types of
cancer diseases: crizotinib—inhibitor of the receptor tyrosine kinases c-MET, ALK and
ROS1 [12-14]; ruxolitinib—]JAK 1 and 2 inhibitor [15,16]; encorafenib—selective BRAF
inhibitor (BRAFi) [17]; darolutamide—androgen receptor (AR) antagonist [18]. 1,3,4-
Thiadiazole derivatives demonstrate in vitro and/or in vivo efficacy across the cancer
models [19,20] and are currently at different stages of clinical trials as prospective inhibitors
of carbonic anhydrase [21], glutaminase [22], inosine monophosphate dehydrogenase [23],
and kinesin spindle protein (KSP, Eg5) [24]. In the last two decades, the number of reports
describing and supporting dichloroacetic acid (DCA) employment against some cancer
types has increased [25]. Currently, DCA and some bioisosteres are intensively studied
and evaluated in the synergistic conditions/experiments with other anticancer agents of
synthetic and natural origin for the optimization of anticancer potency [25,26].

Molbank 2022, 2022, M1328. https:/ /doi.org/10.3390/M1328

https:/ /www.mdpi.com/journal/molbank


https://doi.org/10.3390/M1328
https://doi.org/10.3390/M1328
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molbank
https://www.mdpi.com
https://orcid.org/0000-0001-7625-4531
https://orcid.org/0000-0002-9892-437X
https://orcid.org/0000-0002-3322-0080
https://doi.org/10.3390/M1328
https://www.mdpi.com/journal/molbank
https://www.mdpi.com/article/10.3390/M1328?type=check_update&version=1

Molbank 2022, 2022, M1328 20f7
Cl N=N
OH - [ N
CI)\n’ ks P N
o H
Advantages Targets Approved drugs
- Synergistic anticancer effects | |- Inhibitors of carbonic anhydrase | |- Crizotinib - inhibitor of the receptor
- Combined use with synthetic - Inhibitors of glutaminase tyrosine kinases ¢c-MET, ALK and ROS1
and natural compounds - Inhibitors of inosine - Ruxolitinib - JAK 1 and 2 inhibitor
- Improving of drug delivery monophosphate dehydrogenase | (- Encorafenib - selective BRAF inhibitor
- Improving of chemosensitivity | | - Inhibitors of kinesin - Darolutamide - androgen receptor
of cancer cells spindle protein (KSP, Eg5) antagonist

N-N _0
HZN/«S»\SH

Figure 1. Dichloroacetic acid, 1,3,4-thiadiazole, and pyrazoline scaffolds in modern anticancer
drug designs.

In this regard, the main object of the present work was developing a fast and easy syn-
thetic scheme for hybrid molecules containing pyrazoline, 1,2,4-thiadiazole, and dichloroacetic
acid moieties, using cheap, commercially available reagents. The structure characterization
of the synthesized molecule, using NMR and LC-MS spectra and in vitro anticancer activity
evaluation accordingly to the “60 lines screening” algorithm (DTP NCI, USA), are presented
herein as well.

2. Results and Discussion
2.1. Synthesis of the Title Compound 3

For the synthesis of the title compound 3, the following “cost-effective” approach
(Scheme 1) was proposed. The 5-amino-1,3,4-thiadiazole-2-thiol (1), which could be easily
synthesized or be cheaply purchased, was used as a starting reagent. Initially, potassium
5-amino-1,3,4-thiadiazole-2-thiolate was generated in situ by the soft and short heating of 1
with an ethanolic solution of potassium hydroxide. Then, 2-chloro-1-[3-(4-methoxyphenyl)-
5-phenyl-3,4-dihydropyrazol-2-yl]ethanone and catalytic amount (0.1 mmol%) of potassium
iodide was added and the reaction mixture refluxed for 1.5 h. The selective alkylation of
the exocyclic sulfur atom in 1 was achieved using such an approach, and intermediate
compound 2 was obtained with an 81% yield. Differences in the nucleophilic properties
of thiol- and amine-group in 1 were the main reason for selective alkylation, and such an
approach is popular in the design of bioactive 1,3,4-thiadiazoles [27,28].

Me
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Scheme 1. Synthesis of title compound 3. Reagents and conditions: (i)—1 (10 mmol),
KOH (10 mmol), 2-chloro-1-[3-(4-methoxyphenyl)-5-phenyl-3,4-dihydro-2H-pyrazol-2-yl]ethanone
(11 mmol), KI (0.1 mmol%), ethanol (20 mL), reflux 1.5 h; (ii)—2 (10 mmol), triethylamine (10 mmol),
dichloroacetyl chloride (10 mmol), dioxane (15 mL), reflux 30 min.

In the next step, the acylation of the primary amino group of 2 was applied, and the
commercially available dichloroacetyl chloride was used as an acylating agent. The reaction
was performed in the dry dioxane in the presence of triethylamine by refluxing for 30 min,
and target compound 3 was obtained with a yield of 90%.
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The structure of synthesized compound 3 was confirmed using IH, I3C NMR, and LC-
MS spectra (copies of spectra are presented in the supplementary materials). In the 'H
NMR spectrum of compound 3, the characteristic signals of all protons are presented.
The proton of the amine-group resonated as a broad singlet at 13.57 ppm. The aromatic
protons were characterized by three doublets at 6.87,7.13, 7.80 ppm, and broad signal at
7.48 ppm. The signal of the proton in the dichloroacetic acid residue shifted in the weak
field and resonated as a strong singlet at 6.68 ppm. The protons of the pyrazoline moiety
had a pattern with three doublet of doublets at 5.54, 3.88, and 3.17 ppm, with appropriate
spin-spin coupling constants. The two protons of the methylene group were magnetic
non-equivalent and gave two doublets at 4.55 and 4.69 ppm with | = 15.6 Hz. The methyl
group protons resonated as a singlet at 3.71 ppm. The assignment of protons signals was
confirmed using 'H COSY technique.

The 3C NMR spectra of 3 showed 15 carbon signals, and some signals were overlap-
ping. Additional application of correlation 2D NMR technics (HSQC and HMBC) allowed
to distinguish that in the 3C NMR spectra of 3 two signals of aliphatic, and nine aromatic
methines, two methylene, and one methyl carbons were presented, as well one carbonyl
carbon. Carbons of aromatic methines resonated in the range from 114.5 to 159.0 ppm
and overlapped with each other, as well with the carbonyl group carbon (C-30) signal.
The carbon atom of the carbonyl group at C-3 resonated at 164.5 ppm.

In the IR-spectra of 2 and 3, the absorption bands at 1696 and 1645 cm ! are assigned
to the C=0 stretching vibrations, respectively. The absorption bands at 3312, 3120 cm ™!
appeared in the IR-spectrum of 3 and corresponded to the NH vibrations.

The molecular ion peak observed at an m/z value of 538.0 [M + H]* in the positive
ionization mode in the mass spectrum confirmed the formation of the title compound 3.

2.2. In Vitro Evaluation of the Anticancer Activity of Compound 3

The antitumor activity screening was performed for title compound 3, according to
the standard protocols of the National Cancer Institute (NCI, Bethesda, MD, USA) Devel-
opmental Therapeutic Program (DTP) [29-32]. The screening process included evaluation
of antitumor activity at the concentration of 10 uM against a panel of approximately sixty
cancer cell lines representing different types of cancer, including leukemia, melanoma, lung,
colon, CNS, ovarian, renal, prostate, and breast cancers. The results of the screening assay
are summarized in Table 1, and the complete data are presented in the supplementary
materials.

Table 1. Anticancer activity data of compound 3 at concentration 10 uM.

60 Cell Lines Assay in One Dose, 10 uM

Compound Ranee of Growth Most Sensitive Cell Line(s)
Mean Growth, % o (gLin /Panel) ! Growth Inhibition
’ etane Percent/Line/Panel
65.80/SR/Leukemia
65.80 (SR,
3 96.95 Leukemia) to 117.74 71.26/HCT-15/Colon

75.73/SK-MEL-5/Melanoma

(HT 29, Colon) 76.73/K-562 / Leukemia

The screening results revealed that synthesized derivative 3 possessed a low level of
anticancer activity and only four cancer cell lines (Table 1) were slightly sensitive at 10 pM.
In general, it should be noted that the leukemia lines were most sensitive to the impact of
compound 3.

3. Materials and Methods

Melting points were measured in open capillary tubes on a BUCHI B-545 melting
point apparatus (BUCHI Labortechnik AG, Flawil, Switzerland), and were uncorrected.
The elemental analyses (C, H, N) were performed using the Perkin-Elmer 2400 CHN
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analyzer (PerkinElmer, Waltham, MA, USA) and were within +0.4% of the theoretical
values. The 400 MHz 'H and 126 MHz '3C NMR spectra were recorded on Varian Unity
Plus 400 (400 MHz) spectrometer (Varian Inc., Paulo Alto, CA, USA). All spectra were
recorded at room temperature, except where indicated otherwise, and were referenced
internally to solvent reference frequencies. Chemical shifts () are quoted in ppm and
coupling constants (J) are reported in Hz. LC-MS spectra were obtained on a Finnigan
MAT INCOS-50 (Thermo Finnigan LLC, San Jose, CA, USA). The reaction mixture was
monitored by thin layer chromatography (TLC) using commercial glass-backed TLC plates
(Merck Kieselgel 60 F254). Solvents and reagents that are commercially available were used
without further purification. Starting compound 1 was prepared according to protocol
described in [33]. The 2-chloro-1-[3-(4-methoxyphenyl)-5-phenyl-3,4-dihydropyrazol-2-
yl]ethanone was accomplished by the reaction of 2-chloroacetyl chloride with appropriate
5-(4-methoxyphenyl)-3-phenyl-4,5-dihydro-1H-pyrazole according to the reported method
described in [7].

2-[(5-Amino-1,3,4-thiadiazol-2-yl)sulfanyl]-1-[ 3-(4-methoxyphenyl)-5-phenyl-3,4-dihydro-2H-
pyrazol-2-yljethanone (2)

To a stirred solution of 2-amino-5-mercapto-1,3,4-thiadiazole (1) (1.33 g, 10 mmol) in
ethanol (10 mL) at ca. 20 °C, was added a potassium hydroxide (0.56 g, 10 mmol) solution
in ethanol (10 mL). The mixture was then heated to reflux for 15 min. Then, the 2-chloro-1-
[3-(4-methoxyphenyl)-5-phenyl-3,4-dihydropyrazol-2-yl]ethanone (3.62 g, 11 mmol) and
potassium iodide (1.66 mg, 10 umol) were added to the reaction mixture and the mixture
was then heated to reflux for 1.5 h (monitored by TLC). After completion, the reaction
mixture was cooled to the room temperature. The resultant white solid of compound 2
was collected by filtration, washed with methanol (5-10 mL), diethyl ether and crystallized
from the mixture DMF:ethanol (1:2).

Yield 81%, white powder, mp 209-211 °C (DMF:EtOH (1:2)). 'H NMR (400 MHz,
DMSO-d,, 6): 3.15 (dd, 1H, ] =4.5, 18.1 Hz, CH,), 3.72 (s, 3H, OCH3), 3.86 (dd, 1H, | = 11.8,
18.1 Hz, CHy), 4.32 (d, 1H, ] = 15.1 Hz, CHj), 4.45 (d, 1H, ] = 15.1 Hz, CH,), 5.52 (dd, 1H,
J=4.4,11.6 Hz, CH), 6.87 (d, 2H, | = 8.6 Hz, arom.), 7.14 (d, 2H, | = 8.6 Hz, arom.), 7.29
(s, 2H, NH,), 7.44-7.50 (m, 3H, arom.), 7.80 (d, 2H, ] = 7.5 Hz, arom.).

13C NMR (126 MHz, DMSO-d;, §): 37.6 (CH,), 42.6 (CH)), 55.6 (CH3), 59.8 (CHal.),
114.4 (CHar.), 127.3 (CHar.), 129.2 (CHar.), 129.3 (CHar.), 131.0 (CHar.), 131.2 (CHar.), 134.2
(CHar.), 149.9 (CHar.), 155.7 (CHar.), 158.9 (CHar.), 164.9 (CHar.), 170.4 (C=0).

IR (KBr): 1696, 1657 (C=0), 1563 (C=C) cm ™.

LCMS (Electrospray ionization (ESI+)): m/z 426.2 (100%, [M + H]*)

Anal. calc. for CooH19N50,S,: C 56.45%, H 4.50%, N 16.46%. Found: C 56.62%,
H 4.63%, N 16.58%.

2,2-Dichloro-N-[5-[2-[3-(4-methoxyphenyl)-5-phenyl-3,4-dihydro-2H-pyrazol-2-yl]-2-
oxoethyl]sulfanyl-1,3,4-thiadiazol-2-yllacetamide (3)

A mixture of compound 2 (2.12 g, 5 mmol) and triethylamine (0.5 g, 5 mmol) in dry
dioxane (10 mL) was slightly heated to complete dissolving. Then, dichloroacetyl chloride
(0.74 g, 5 mmol) in dry dioxane (5 mL) was added slowly to the reaction mixture during
intensive stirring, and the mixture was then heated to reflux for 30 min (monitored by TLC).
After completion, the reaction mixture was cooled to room temperature. The resultant white
solid of compound 3 was collected by filtration, washed with petroleum ether (5-10 mL),
and crystallized from the toluene.

Yield 90%, white powder, mp 140-142 °C (Toluene). 'H NMR (400 MHz, DMSO-dg, 6):
3.17(dd, 1H,] =4.1, 18.2 Hz, CHy), 3.71 (s, 3H, OCH3), 3.88 (dd, 1H, | = 11.7, 18.2 Hz, CH)),
4.55 (d, 1H, | = 15.6 Hz, CHy), 4.69 (d, 1H, | = 15.6 Hz, CH,), 5.54 (dd, 1H, | = 4.0, 11.3 Hz,
CHy), 6.68 (s, 1H, CH), 6.87 (d, 2H, | = 8.2 Hz, arom.), 7.13 (d, 2H, | = 8.2 Hz, arom.), 7.48
(br.s, 3H, arom.), 7.80 (d, 2H, | = 7.0 Hz), 13.57 (br.s, 1H, NH).

13C NMR (126 MHz, DMSO-dg, 5): 37.2 (CH,, C-2), 42.7 (CH,, C-8), 55.6 (CH3, C-23),
60.0 (CHal., C-9), 66.6 (CHal., C-32), 114.5 and 127.3 and 129.3 (8*CHar., C-12,13; C-15,16; C-
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17,18; C-20,21), 128.7 (CHar., C-14), 131.1 (CHar., C-11), 134.1 and 134.2 (CHar.,C-10), 156.0
(2*CHar., C-7 and C-27), 159.0 (2*CHar.+ C=0, C-19 and C-24 and C-30), 164.5 (C=0, C-3).

IR (KBr): 3312, 3120 (NH), 1645, 1598 (C=0), 1517 (C=C) cm .

LCMS (Electrospray ionization (ESI+)): m/z 538.0/540.0 (100.0%, [M + H]*)

Anal. calc. for C22H19C12N503822 C 49.26%, H 3.570/0, N 13.05%. Found: C 49.390/0,
H 3.72%, N 13.18%.

4. Conclusions

In the present work, the “cost-effective” synthetic approach to novel non-condensed
hybrid molecules containing pyrazoline, 1,3,4-thiadiazole, and dichloroacetic acid moieties
was proposed. The target title compound—2,2-dichloro-N-[5-[2-[3-(4-methoxyphenyl)-5-
phenyl-3,4-dihydro-2H-pyrazol-2-yl]-2-oxoethyl]sulfanyl-1,3,4-thiadiazol-2-yl]acetamide
was synthesized using the proposed approach, and its structure was confirmed by 'H,
13C NMR, and LC-MS spectra. The in vitro anticancer activity of the title compound was
studied, and low cytotoxicity effects on cell lines of leukemia (K-562, SR), colon cancer
(HCT-15), and melanoma (SK-MEL-5) were identified. The obtained results contribute to
the medicinal chemistry of heterocyclic hybrid molecules as possible anticancer agents.

Supplementary Materials: The following are available online. Figures S1-S7: 'H NMR, 1*C NMR
and LC-MS spectra of compounds 2 and 3; data of anticancer activity of compound 3.
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