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Abstract

Benzothiazole-tethered pyranopyrazoles derivatives were prepared via environ-

mentally favorable conditions, which included eco-friendly catalyst, ethanol

−water solvent, one-pot reaction, and atom- and step-economy procedures.

Excellent yield of the products was observed. Besides, all products were

screened for their antimicrobial behavior. From the biological results, it was

seen that most of the compounds possessed high to moderate antimicrobial

properties. Compound 6a gave prominent antimicrobial property followed by

6d, 6l, and 6n. In addition, computer-aided studies of the active compounds

were also conducted. In this, selected compounds were docked into the interca-

lation site of DNA of the DNA−gyrase complex. From these results, the highest

binding energy of −10.1 kcal/mol was for 6a against DNA−gyrase. This is the
first eco-friendly synthetic method for the preparation of benzothiazole-

pyranopyrazoles and the synthetic effort in this study may serve as a model for

additional environmentally benign reactions. The biological results may

prompt further studies related to antibiotic drugs.

1 | INTRODUCTION

The synthesis of biologically potent compounds usually
involves a few routine and common benchmarks, but
synthetic routes involving environmentally favorable
strategies are far more critical because extra criteria
related to health and impacts on Nature must also be
included. The overarching perception of the 12 ideologies
of environmental chemistry is to initiate the growth and
application of eco-friendly reagents, which consequently

will lead to reduced toxicity and pollution to the environ-
ment as well as to human health.[1] Mostly, in synthetic
works, environmental threats occur because of the con-
sumption of toxic metal catalysts, multi-step reactions,
and use of hazardous solvents. To avoid the above condi-
tions, we make use of eco-friendly reagents,[2,3] green sol-
vents,[4] reusable catalysts, and biodegradable elements,
control of multiple steps, and use of an iterative approach
are attractive strategies in the area of synthetic
research.[5–9] Besides, from the green chemistry point of
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view, use of recyclable catalysts in multicomponent syn-
thetic pathways plays an important role to avoid bulk
usage of the catalyst and achieve economy. On the other
hand, compared to the regularly used synthetic organic
solvents, water-based solvents are desirable because they
are eco-friendly in synthetic research. The prime nature
of such solvents is that they can speed up the frequency
of product formation.[10] Recently, many synthetic works
have been carried out in the presence of aqueous
media.[11–15]

There is a metric established for the use of antibiotics
by the World Health Organization called DDD (defined
daily dose).[16,17] But the strength of this metric is doubt-
ful in hospitalized humans because its measurement is
based on human weight. In real cases, most health cen-
ters do not follow these metrics, and as a result patho-
genic resistance is rising. Moreover, one of the reasons
for the rise of microbial resistance is the inappropriate
prescriptions in hospitals.[18] The relation between the
inadequate usage of antibiotics and the rise in bacterial
resiatance has been evidently noticed, resulting in
increased mortality and costs.[19] Thus, in an epoch of
antibiotic defiance, to discover effective and new antibi-
otics gets precedence.[20]

Sulfur-included benzo-fused moieties such as ben-
zothiazoles display a broad range of biological properties,
including antimicrobial,[21,22] antiviral,[23] antitumor,[24–26]

and anti-HIV [27] activities. Besides, pyranopyrazole and
their byproducts play an important role in biological
organic research, because these compounds display antioxi-
dant and anti-inflammatory properties,[28,29] act as antifun-
gal agents,[30,31] and possess antibacterial.[32] and
anticancer properties [33] There are many reports that a
pyranopyrazole core and/or in combination with
pyranopyrazole holds many synthetic defects. Some syn-
thetic routes involve the use of metal catalysts, [34,35] while

some others involve complicated processes. [36] Moreover,
in the presence of a heavy catalyst like Fe-CaOx, Gangu
and coworkers have reported a preparation method for
such type of compounds.[37] Without the use of any solvent
or catalyst, a few researchers have reported synthetic routes
for pyranopyrazole derivatives.[38,39] In fact, some other
synthetic reports also exist,[40,41] but all such methods have
a few downsides. Based on all the above reports and our
own experience in the field of organic synthesis,[42–45] we
have undertaken in the current work the environmentally
friendly synthesis of benzothiazole-fused pyranopyrazoles.
Furthermore, antimicrobial activities of the compounds
were studied along with computer-aided calculations.

2 | RESULTS AND DISCUSSION

2.1 | Chemistry

The main goal was to prepare benzothiazole-fused
pyranopyrazoles via an environmentally favorable syn-
thetic method (Scheme 1). For this, we attempted various
synthetic approaches. At first, we prepared only 6a, 6b,
6c, and 6d using different eco-friendly methods, which
might lead to controlled reagent usage and cost minimi-
zation. Later, the rest of the compounds 6e–6n were pre-
pared by using the most efficient method. In this
manner, initially a neat reaction was carried out to pre-
pare the compounds 6a–6d using their corresponding
starting reactants. As a result, the products were formed
successfully but only trace yields of the products were
obtained (Path A, Scheme 2). The cause of the low yield
might be the lack of solvent or catalyst. In this method,
the corresponding side products 7a–7d were also formed
(Scheme 2). Further, to get better yields of the products
as well as to maintain environmentally safe conditions,

SCHEME 1 Preparation of

benzothiazole-linked

dihydropyranopyrazoles
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we decided to use the montmorillonite K10 catalyst.
Because, the K10 acid catalyst has such characteristics as
eco-friendliness, reusability, nontoxicity, and simple
work-up conditions, this catalyst belongs to the class of
environmentally friendly mateerials (Figure 1A). When
the K10 catalyst was inserted and the above neat reac-
tions were carried out again (Path B, Scheme 2), the com-
pound 6a was formed with a yield of 52%, 6b with 48%,
6c with 49%, and 6d with 51%. Here also, byproducts
were formed.

Even though the above two methods come under
environmentally favorable approaches, they are not effi-
cient due to the low yield. Generally, getting quantitative
yield also comes under the environmentally friendly
research category. This is because a high yield of the
product leads to the minimization of chemical usage,
controls repeat of the reaction, and avoids pollution dur-
ing the repeat reaction, work-up, and so on. Keeping this
strategy in mind, we decided to use an environmentally
friendly, nontoxic, simple-to-handle solvent with no extra

 

SCHEME 2 Compounds 6a–6d: production ways

FIGURE 1 Catalyst details. (A) Spur clay K10 montmorillonite. (B) Spur reusability graph

MALLIKARJUNA REDDY ET AL. 3



cost. Water–ethanol solvent in the ratio 4:1 was taken,
and it was added to the reaction mixture containing all
the starting compounds of product 6a including the K10
catalyst (Path C, Scheme 2). Consequently, 6a was
formed with 89% yield. By using the same method, the
compounds 6b, 6c, and 6d resulted with 86%, 90%, and
86% yield. That means outstanding results were observed
using this method. Moreover, there were no byproducts
formed in path C. The reason may be the presence of the
solvent that will help mix the reactants clearly, and as a
result, the yields were quantitative. Based on path C, the
rest of the products 6e–6n were prepared, resulting in
high yields of the products. Interestingly, the K10 catalyst
could be recycled up to five times and used for other reac-
tions (Figure 1B). This was the additional advantage of
this eco-friendly method. The possible way for the prepa-
ration of the target compounds is shown in Scheme 3.

Previously, we had tried the four-component one-pot
synthesis of dihydropyridine derivatives (Scheme 4)[46]

under simple synthetic conditions, but obtained only low
yields; and the synthetic methodology was not eco-
friendly. From this point of view and based on the above
results, a route involving PASE (pot, atom, step economy)
and eco-friendliness could be achieved in this synthetic
research. The final path had many advantages like eco-
logical favorability, involvement of water as well as a

water-miscible solvent, convenient work-up, and profit-
able product. In addition, K10 spur itself had eco-friendly
behavior, was reusable, and played a vital role to get high
yields.

2.2 | Biological discussion

The antimicrobial screening results of all synthesized
compounds against four bacteria are tabulated in Table 1.
All the antibacterial tests were carried out in two differ-
ent concentrations. Ciprofloxacin was taken as the refer-
ence drug for antibacterial studies. From the antibacterial
results, we were delighted to see that, except two com-
pounds 6g and 6h, all the other compounds showed reli-
able toxicity on the four bacteria. The exceptional
compounds were inactive towards Gram-negative bacte-
ria such as P. vulgaris and E. coli and showed only trace
antibacterial effects towards Gram-positive bacteria. In
fact, all the active compounds delivered high to mini-
mum antibacterial properties towards Gram-positive bac-
teria. Fascinatingly, the screened compounds showed
strong opposition only to S. aureus bacteria. This means
that these compounds (6a–6n) were more potent to
destroy the Gram-positive microbes and can work as
antibacterial agents. Among the antibacterial

SCHEME 3 Possible path for the formation of the target
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SCHEME 4 Comparative schemes previous and current synthetic plans

TABLE 1 Bacterial and fungal killing nature of all synthesized compounds 6a–6n

No.

Diameter of prevention (mm)

Bacteria Fungi

GPB GNB
A. niger
(MTCC-1881)

A. flavus
(MTCC-1884)

ATCC-19433 (S.
aureus)

ATCC-6633 (B.
subtilis)

ATCC-29213 (P.
vulgaris)

ATCC-8739
(E. coli)

50 μg/
well

100 μg/
well

50 μg/
well

100 μg/
well

50 μg/
well

100 μg/
well

50 μg/
well

100 μg/
well

50 μg/
well

100 μg/
well

50 μg/
well

100 μg/
well

6a 44 ± 1 48 ± 3 38 ± 1 41 ± 3 32 ± 2 38 ± 1 27 ± 1 30 ± 2 35 ± 2 40 ± 2 28 ± 2 32 ± 2

6b 16 ± 2 21 ± 3 15 ± 1 21 ± 2 10 ± 2 15 ± 1 0 05 ± 1 14 ± 2 18 ± 1 08 ± 1 11 ± 1

6c 25 ± 3 31 ± 2 22 ± 1 26 ± 1 17 ± 2 23 ± 1 08 ± 3 12 ± 3 20 ± 2 25 ± 2 13 ± 3 17 ± 1

6d 42 ± 3 45 ± 2 36 ± 1 40 ± 1 30 ± 1 35 ± 2 25 ± 2 28 ± 1 33 ± 2 39 ± 3 26 ± 1 30 ± 1

6e 28 ± 1 33 ± 3 24 ± 3 29 ± 1 19 ± 3 25 ± 1 11 ± 1 16 ± 3 23 ± 1 27 ± 1 14 ± 1 19 ± 3

6f 31 ± 2 36 ± 2 27 ± 1 31 ± 1 21 ± 3 29 ± 1 15 ± 1 19 ± 3 24 ± 1 29 ± 1 16 ± 1 21 ± 1

6g 11 ± 3 16 ± 2 08 ± 1 13 ± 1 0 0 0 0 10 ± 3 13 ± 3 04 ± 1 06 ± 3

6h 09 ± 1 13 ± 2 06 ± 2 10 ± 1 0 0 0 0 06 ± 1 09 ± 1 03 ± 2 04 ± 1

6i 21 ± 2 28 ± 2 20 ± 1 24 ± 2 14 ± 2 19 ± 3 05 ± 2 09 ± 2 18 ± 2 22 ± 2 11 ± 1 16 ± 2

6j 14 ± 1 19 ± 2 13 ± 3 17 ± 2 09 ± 2 11 ± 2 0 04 ± 1 11 ± 1 15 ± 2 06 ± 1 09 ± 1

6k 34 ± 3 39 ± 1 29 ± 2 35 ± 2 24 ± 2 30 ± 2 17 ± 2 21 ± 1 27 ± 1 32 ± 1 21 ± 1 24 ± 3

6l 37 ± 1 41 ± 1 30 ± 1 36 ± 2 26 ± 1 31 ± 3 19 ± 2 23 ± 1 28 ± 1 33 ± 1 23 ± 2 25 ± 1

6m 20 ± 2 25 ± 1 18 ± 2 22 ± 3 13 ± 1 17 ± 2 03 ± 1 07 ± 1 16 ± 1 20 ± 3 10 ± 2 13 ± 2

6n 40 ± 2 44 ± 1 32 ± 2 38 ± 3 29 ± 1 33 ± 3 21 ± 2 25 ± 2 30 ± 2 36 ± 1 25 ± 2 29 ± 2

Ref 45 ± 2 49 ± 1 40 ± 2 43 ± 1 35 ± 1 39 ± 2 31 ± 1 33 ± 2 37 ± 1 41 ± 1 30 ± 2 34 ± 1

* - - - - - - - - - - - -

Abbreviations: *, control dimethyl sulfoxide; GNB, gram-negative bacteria; GPB, gram-positive bacteria; Ref, Ciprofloxacin or Ketoconazole.
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compounds, the highest antibacterial activity was
observed in the case of compound 6a towards four bacte-
ria in all two test concentrations shown in Table 1. In
addition, compounds 6d, 6l, and 6n had the next leading
effect on germs, while the compounds 6k and 6f dis-
played moderate antibacterial action.

Table 1 also shows the antifungal test results of the
synthesized compounds on two fungi, namely A. niger
and A. flavus. The antifungal examination was done in
50 and 100 micrograms per well concentrations, which is
enough to detect prominent antifungal compounds. In
these experiments, Ketoconazole was used as the stan-
dard drug. Compared to the reference drug, compounds
6a–6n exhibited high to minimal antifungal effects on
the two fungal strains. Moreover, all compounds

displayed high antifungal activity towards A. niger only.
Besides, molecule 6a was found to be more fungal resis-
tant than the other molecules, while the compounds 6d,
6f, 6k, 6l, and 6n displayed good to moderate antifungal
properties. On the other hand, the remaining molecules
showed low to minimum toxicity towards the fungi.

2.3 | MIC (MBC/MFC) results

The minimum inhibitory concentrations (MICs) as well
as the minimum bactericidal and fungicidal concentra-
tions (MBC and MFC) of compounds 6a, 6d, 6n, and 6l
are tabulated in Table 2. It is observed that 6a delivered
the minimum bacterial and fungal concentrations

TABLE 2 MIC (MBC/MFC) of targets 6a, 6d, 6n, and 6l

Samples
MIC (MBC/MFC)

S. aureus B. subtilis P. vulgaris E. coli A. niger A. flavus

6a 25 (50) 50 (100) 100 (>200) 25 (100) 25 (50) 50 (200)

6d 50 (100) 100 (>200) 50 (>200) 100 (>200) 100 (200) 50 (>200)

6n 25 (100) 50 (200) 25 (200) 50 (200) 50 (200) 25 (100)

6l 50 (200) 50 (>200) 25 (100) 50 (200) 25 (100) 100 (>200)

Refa 6.25 12.5 12.5 12.5 - -

Refb - - - - 12.5 12.5

aRef = Ciprofloxacin.
bRef = Ketoconazole.

TABLE 3 Docking scores of the docked compounds

Compunds
BA (kcal/
mol) R

6a −10.1 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E),Ser-84(A), Arg-
122(C), Asp-437(B), Arg-458(B), Asn-476(B), Glu-477(B)

6d −9.9 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E),Ser-84(A), Arg-
122(C), Asp-437(B), Arg-458(B), Asn-476(B), Glu-477(B)

6f −9.1 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E), Arg-122(C),
Asp-437(B), Arg-458(B), Glu-477(B), Asn-475(B), Asn-476(B)

6g −8.7 Thy-8(F), Gua-2009(F), Cyt-2012(E), Ade-2013(E), Thy-2014(E), Arg-122(C), Asp-437(B), Arg-458(B), Gly-
459(B), Lys-460(B), Leu-462(B), Glu-477(B), Asn-475(B), Asn-476(B)

6h −8.6 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E), Arg-122(C), Asp-437(B),
Arg-458(B), Gly-459 (B), Asn-474(B), Asn-476(B)

6k −9.4 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E), Arg-122(C), Asp-437(B),
Arg-458(B), Gly-459 (B), Asn-476(B), Glu-477(B)

6l −9.5 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E), Ser-84(A), Arg-122(C), Asp-
437(B), Arg-458(B), Gly-459 (B), Asn-476(B), Glu-477(B)

6n −9.9 Thy-8(F), Gua-2009(F), Gua-2010 (F), Cyt-2011(E), Cyt-2012(E), Ade-2013(E), Ser-84(A), Arg-122(C), Asp-
437(B), Arg-458(B), Gly-459 (B), Asn-476(B), Glu-477(B)

Abbreviations: BA, binding affinity; R, residues.
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compared to standard drug. Its MBC and MFC were
equal to twice the MIC against the two bacteria S. aureus,
B. subtilis and the fungus A. niger. In addition, compound
6d had MBC and MFC values twice the MIC against one
bacterium and one fungus only. In fact, the remaining
compounds had their MBC and MFC values greater than
twice the MIC values.

2.4 | Molecular docking studies analysis

Table 3 shows the docking molecules’ binding energy
towards the DNA–gyrase cleavage of the complex S.
aureus binding site enclosed by the protein residues,
which were analyzed using molecular docking studies.
The binding affinity of the molecule shows strong inter-
action energies with the DNA active site, and the results
are shown in Figure 2 and Table 3.

According to Table 3, the molecules were docked into
the intercalation location of DNA of the DNA–gyrase
complex. The molecule bound to the DNA was stabilized
by hydrogen bonding, hydrophobic, and π–π interactions.
In all the eight molecules, the side chain
5-chlorobenazothiazole ring was stabilized by the thy-
mine ring (DT-8) and guanine (DG2009) of the F chain

with π–π interactions. The 1,4-dihydropyranopyrazole
core containing NH forms a stable hydrogen bond with
the side chain carboxylic oxygen of ASP-437 of the B
chain, which was observed in active molecules 6a, 6d, 6l,
and 6n. NH2 forms a hydrogen bond with the side-chain
ring nitrogen of F chain guanine (DG2010), as observed
in 6a, 6d, 6k, and 6n molecules. The phenyl ring of the
molecule 6d, 2-methyl phenyl of 6a, and 4-hydroxy phe-
nyl of 6n, substituted on 1,4-dihydropyranopyrazole ring
were stabilized by the B chain amino acid residues Asn-
476, Arg-458, and Glu-477. The molecules 6h and 6g with
the electron-withdrawing groups –NO2 and –F on the
phenyl ring and –OMe group in 6f are stabilized by only
Asn-476. The loss of the hydrogen bond with Asp-437
observed in molecules 6g and 6h may cause the decrease
in the activity of these molecules. The interaction of
DNA bases and the amino acid side-chain proteins with
active 6a and 6d molecules and the less active molecules
6g and 6h is also shown in Figure 2 and Figure S1.

3 | CONCLUSION

In this study, a series of benzothiazole-included
pyranopyrazoles were designed, synthesized, and screened

FIGURE 2 Docking of compounds 6a, 6d, 6g, and 6h. They were docked at the DNA–gyrase cleavage complex of S. aureus

(PDB_ID:5CDQ). Inhibitor fragments are shown by white sticks and the DNA side chains and amino acid side chains are shown by lines
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for their antimicrobial activities. The synthetic strategy in
this research involved environmentally favorable condi-
tions only. All the compounds were formed with good
yields. In addition, antimicrobial test results showed that,
except two compounds, all the other compounds displayed
reliable antimicrobial effect towards bacteria and fungi
when compared with standard drugs. In fact, compound
6a showed high antimicrobial property, followed by 6d, 6l,
and 6n. Besides, molecular docking studies of compounds
were conducted at the intercalation location of DNA of
the DNA–gyrase complex. On the basis of computer-aided
study results, the highest binding energy of −10.1 kcal/
mol was shown by 6a against DNA–gyrase.

4 | EXPERIMENTAL

4.1 | General

All the initial compounds, reagents, and solvents were
commercially available. Melting points were verified by a
micro melting point device and were uncorrected. Tetra-
methylsilane (TMS) was used as the internal standard
(δ 0) for 1H NMR. CDCl3/CDCl3 + DMSO were used
for 13C NMR. CDCl3/DMSO (δ 77.27) was used as
internal standard. For 1H NMR, 300 MHz and for 13C
NMR 75 MHz were used. Carbon NMR spectra were
obtained with complete proton decoupling. Low-
resolution MS and HRMS data were obtained using ES
ionization.[47-50]

4.1.1 | Procedure for the synthesis of 6a,
6b, 6c, and 6d

Path A: The five starting reagents, 5-chlorobenzo[d]thia-
zole-2-thiol (1, 1 mmol), ethyl 4-chloro-3-oxobutanoate
(2, 1 mmol), hydrazine (3, 1 mmol), malononitrile (4,
1 mmol), and 2-methylbenzaldehyde (5a, 1 mmol) were
taken in a round-bottom flask and the reaction was
allowed to proceed at 60� under inert atmosphere for
5–7 h. After the completion of reaction, as checked by
TLC, the product 6a and the side product 7a were iso-
lated using chromatography. For this, ethyl acetate–
hexane solvent mixture was used as the eluent. Similar
procedures were followed to prepare 6b–6d.

Path B: The same reaction mentioned above was
carried out in the presence of the green montmorillon-
ite K10 catalyst (0.5% by mass to 5a) under same condi-
tions. The compound 6a and its byproduct resulted,
which were isolated. Likewise, 6b, 6c, and 6d were
obtained.

4.1.2 | Preparation of targets 6a–6n

Path C: To all starting compounds of product 6a, 5 mL of
the solvent water–ethanol (4:1) was added, followed by the
same volume of catalyst mentioned in Path B. After TLC
check, the reaction mixture was filtered through a funnel
containing cotton, and filtrate was evaporated using a
rotary evaporator. The resulting solid product 6a was rec-
rystallized from methanol. The catalyst-containing cotton
was dipped into ethyl acetate solvent. Consequently, the
catalyst settled down at the bottom. The solvent was then
decanted and the catalyst dried in an oven at 50�. The
recovered clay was reused for further reactions. Similarly,
the other targets 6b–6n were synthesized.

Spectral data
6-Amino-3-(((5-chlorobenzo[d]thiazol-2-yl)thio)methyl)-
4-(o-tolyl)-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitril
e (6a): Light yellow powder; yield 89%; m.p. 216�C–
218�C; IR (KBr) (cm−1): 3438, 3339 (NH2), 2243 (C≡N),
1664 (C=N) 1639 (C=C); 1H NMR (CDCl3 + DMSO-d6):
δ 2.32 (s, 3H, CH3), 3.59 (s, 2H, CH2), 4.53 (s, 1H, СH),
7.27–7.74 (m, 7H, Ar-H), 8.61 (br, 2H, NH2) ppm; 13C
NMR (75 MHz, DMSO-d6): δ 167.5 (amine attached C),
162.3 (N=C-S), 156.4 (O-C-NH), 152.3, 141.5, 134.9,
133.5, 131.2, 130.4, 128.6, 126.3, 124.1, 123.4, 122.2, 121.6,
121.1, 119.3, 111.3 (CN), 57.2 (C-CN), 34.1 (CH), 28.5
(CH2), 17.3 (CH3) ppm; HRMS: m/z calcd for
C22H17ClN5OS2 (M + H)+ 466.0563; Found 466.0560.

6-Amino-3-(((5-chlorobenzo[d]thiazol-2-yl)thio)meth
yl)-4-(2-chlorophenyl)-1,4-dihydropyrano[2,3-c]pyrazole-
5-carbonitrile (6b) Light yellow powder; yield 86%; m.
p. 183�C–185�C; IR (KBr) (cm−1): 3440, 3341 (NH2), 2239
(C≡N), 1662 (C=N) 1644 (C=C); 1H NMR
(CDCl3 + DMSO-d6): δ 3.66 (s, 2H, CH2), 4.54 (s, 1H,
СH), 7.15–7.79 (m, 7H, Ar-H), 8.68 (br, 2H, NH2) ppm;
13C NMR (75 MHz, DMSO-d6): 168.4 (amine attached C),
160.9 (N=C-S), 155.6 (O-C-NH), 152.3, 142.6, 136.1,
134.5, 132.1, 129.3, 128.3, 126.5, 124.1, 123.2, 122.3, 121.1,
120.6, 119.5110.5 (CN), 57.2 (C-CN), 36.5 (CH), 31.0
(CH2). ppm; HRMS: m/z calcd for C21H14Cl2N5OS2 (M
+ H)+ 486.0017; Found 486.0015.

6-Amino-3-(((5-chlorobenzo[d]thiazol-2-yl)thio)meth
yl)-4-(3-hydroxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazol
e-5-carbonitrile (6c) Yellow powder; yield 90%; m.
p. 205�C–207�C; IR (KBr) (cm−1): 3447, 3329 (NH2), 2234
(C≡N), 1676 (C=N) 1643 (C=C); 1H NMR (CDCl3): δ 3.72
(s, 2H, CH2), 4.54 (s, 1H, СH), 7.26–7.74 (m, 7H, Ar-H),
8.51 (br, 2H, NH2) ppm; 13C NMR (75 MHz, CDCl3): δ
167.5 (amine attached C), 160.8 (N=C-S), 155.2 (O-C-
NH), 152.3, 142.6, 136.2, 135.4, 134.2, 133.2, 131.8, 128.4,
127.2, 126.5, 124.1, 122.2, 120.1, 119.4, 111.3 (CN), 56.3
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(C-CN), 34.3 (CH), 29.5 (CH2). ppm; HRMS: m/z calcd
for C21H15ClN5O2S2 (M + H)+ 468.0356; Found 468.0354.
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