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A B S T R A C T

The current study demonstrates the synthesis of coumarin-triazole hybrids 8 (a-e) in four steps starting from
substituted salicylaldehyde 1 (a-e), and diethyl malonate 2. The spectroscopic studies provide the structure proofs
of the new compounds, and the molecular structure of an intermediate 3a by crystallographic studies. The crystal
structure analysis revealed the C–H...O, C–H... π, C–O...π and π...π molecular interactions. Further, the intermo-
lecular interactions were quantified using Hirshfeld surface analysis and the DFT method B3LYP functional with
6–311þþ G (d,p) basis set was employed to optimize the molecular geometry. The synthesized new coumarin-
triazole hybrids, 8 (a–e) were screened for their α-amylase inhibitory potentials, and the results suggest that
amongst the series, compounds 8c, and 8e show the promising inhibition of the enzyme, and might act as lead
molecules for anti-diabetic activities. To understand the mode of action in silico molecular docking and ADME
screening were performed.
1. Introduction

The incidence of diabetes is tremendously increasing in recent de-
cades all over the globe, and the investigation of small molecules with
potent antidiabetic activities is one of the most interesting fields of
research. Diabetes mellitus (DM) is a chronic metabolic disease identified
by the imbalance in glucose homeostasis leads to a rise of glucose level in
blood [1, 2]. Type 2 diabetes and hypertension are very common risk
factor which leads to cardiovascular disease as well as leads neurological
disorders [3]. Heterocyclic chemistry has dominated the field with de-
cades of history and prospects and plays a primordial role in the synthesis
of future drugs. Amongst the heterocycles, coumarins, and triazoles have
attained more attention for their natural occurrence and immense bio-
logical activities. Coumarins are prepared via Pechmann condensation,
catalytic annulation phenolic acetates with acrylates [4], ZnBr2 catalyzed
reaction of salicylaldehyde with ynamides [5], Amberlyst-15 catalyzed
reaction of 1,3-dihydroxybenzene and ethyl acetoacetate under micro-
wave irradiation in a solvent free conditions [6] etc. Naturally occurring
coumarins in the glycoside forms are useful in medicine [7], and
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coumarins shows antimicrobial [8], anti-HIV [9], radical scavenging
[10], and anti-viral [11] properties.

Five-membered heterocycles, specifically, 1,2,4-triazoles plays a
pivotal role in medicinal chemistry for their versatile applications. 1,2,4-
Triazoles were synthesized by; a cycloaddition of nitriles and amidines in
the presence MCM-41/copper(I) complex as heterogeneous catalyst [12],
iodine catalyzed multicomponent reaction of aryl hydrazines, para-
formaldehyde, NH4OAc, and alcohols under electrochemical conditions
[13], regio-selective synthesis involving Ag(I) catalyzed reaction of ethyl
cyanoacetate with aryldiazoniumtetrafluoroborate in water at 0 �C [14],
Iodine catalyzed environmentally benign C–N bond formation from iso-
thiocyanates in water at room temperature [15], palladium and copper
catalyzed arylation of styrene [16], triflic anhydride activated
microwave-induced one-pot synthesis involving secondary amides and
hydrazides [17], and by the reaction of hydrazides with isothiocyanate
under optimized reaction conditions [18] 1,2,4-Triazoles were reported
to show DHFR inhibitor [19], and antimicrobial [20] activities.

1,2,4-Triazoles are versatile scaffolds in the synthesis of molecular
hybrids, and 1,2,4-triazole clubbed heterocycles exhibit enhanced
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Figure 1. Synthetic route for coumarin-triazole hybrids, 8 (a-e).
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biological activities comparable with the parent moieties, and therefore
have greater applications in medicinal chemistry [21]. For instance, the
fused 1,2,4-triazole-imidazolidines possess the enhanced
anti-proliferative, and HDAC-tubulin inhibitor [22], isonicotinic acid
tethered phenacyl triazoles show anticonvulsant [23], S,N-bis(acyclo-
nucleoside) derivatives exhibit anti-tubercular [24], Cox-2 inhibitor
[25], properties. Coumarin tethered pyrazole-oxadiazole hybrids show
improved antimicrobial and antioxidant activities [26], for instance,
Naproxen analogs of 1,2,4-triazole-5-thiones show potential anti-
nociceptive and anti-inflammatory [27], triazolo [4,3-b][1,2,4] tri-
azepine-8(9H)-ones have α-amylase and α-glucosidase inhibitory [28],
and 4-amino-1,2,4-triazole-Schiff's bases exhibit good anti-diabetic [29],
activities. In this context, this current study presents the synthesis of
coumarin-triazole hybrids, in vitro screening of their anti-diabetic activ-
ity, in silico docking and ADME screening studies. The structure proofs
were obtained by spectral analysis, one of the intermediate 3a by crys-
tallographic, also by the computational analysis using Hirshfeld surface
studies and density functional theory to substantiate the experimental
results.
Figure 2. ORTEP diagram of molecule 3a with t
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2. Experimental

2.1. Material and methods

The AR grade reagents and chemicals were procured from Sigma
Aldrich, SD Fine, SRL. Thin layer chromatography (TLC) was performed
with silica gel pre-coated aluminum plates (Merck, India), and visualized
under UV light. 1H NMR (400 MHz) and 13C{1H} NMR (100 MHz)
spectra were recorded on Agilent NMR spectrometer with DMSO-d6 and
CDCl3 as solvents. Mass spectra were recorded on Lynx SCN781 spec-
trometer (TOF mode). Melting points were determined in open capil-
laries using Centex apparatus and were uncorrected.
2.2. Synthesis of coumarin hydrazides 5(a-e)

To a solution of coumarin esters 3 (a-e) (10 mmol) in ethyl alcohol
(25 mL), hydrazine hydrate (10 mmol eq.) was added. Initially, the
mixture was stirred at a low temperature (0–5 �C) for about an hour and
then refluxed for 3 h on a water bath. The progress of the reaction was
hermal ellipsoids drawn at 50% probability.



Table 1. Crystal structure refinement statistics of ethyl 6-bromo-2-oxo-2H-chromene-3-carboxylate, 3a.

Parameter Value

CCDC No. 2005362

Empirical formula C12H9BrO4

Formula weight 218.20

Temperature 296 K

Wavelength 1.54178 Å

Crystal system, space group Monoclinic, P21/n

Unit cell dimensions a ¼ 5.8503 (6) Å, b ¼ 13,2759 (14) Å, c ¼ 14.8674 (16) Å, α ¼ 90o, β ¼ 92.641 (3)o, γ ¼ 90�

Volume 1047.1 (2) Å3

Z 4

Density (calculated) 1.711 Mg m �3

Absorption coefficient 4.891 mm �1

F000 592

Crystal size 0.30 � 0.27 � 0.23 mm

Θ range for data collection 5.96o to 65.36o

Index ranges �6 � h � 6, �15 � k � 15

�17 � l � 17

Reflections collected 16788

Independent reflections 1900 [Rint ¼ 0.0566]

Absorption correction multi-scan

Refinement method Full matrix least-squares on F2

Data/restraints/parameters 1900/0/155

Goodness-of-fit on F2 1.083

Final [I > 2σ(I)] R1 ¼ 0.0457, wR2 ¼ 0.1215

R indices (all data) R1 ¼ 0.0459, wR2 ¼ 0.1217

Largest diff. peak and hole 0.644 and -0.810 e Å�3
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monitored by TLC, after the completion, the reactionmixture was cooled,
the solvent was evaporated in vacuo to get crude coumarin hydrazides 5
(a-e), and were recrystallized from methyl alcohol.

2.2.1. 6-Chloro-2-oxo-2H-chromene-3-carbohydrazide, 5b
Obtained from 3b (10 mmol) and 4 (10 mmol) as pale yellow solid in

52% yield; 1H NMR (DMSO-d6, δ ppm): 5.20 (s, 2H, –NH2), 7.16–7.24 (m,
1H, Ar–H), 7.60–7.61 (s, 1H, Ar–H), 7.85 (s, 1H, Ar–H), 7.98 (s, 1H, 4-H),
11.01 (s, 1H, –NH); 13C{1H} NMR (DMSO-d6, δ ppm): 125.2 (1C), 127.8
(1C), 128.6 (1C), 128.7 (1C), 129.9 (1C), 130.5 (1C), 130.4 (1C), 139.2
(1C), 146.3 (1C), 151.7 (1C, COO), 163.7 (1C, CONH). MS m/z: 238.02
(Mþ, 35Cl, 100), 240.02 (Mþ2, 37Cl, 31); Anal. Calcd. for C10H7ClN2O3
(%): C, 50.33; H, 2.96; N, 11.74; Found C, 50.24; H, 2.93; N, 11.68.
Figure 3. Intermolecular interactions leading to the supramolecular ring motif.
The colored region indicates R2

2 (14) [pink colored region indicates the R2
1 (6)

and the red color indicates the R2
2 (10)].

Figure 4. (a) dnorm; (b) shape index; and (c) curvedness mapped with Hirsh-
feld surface.
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Figure 5. The C–H...O intermolecular H-bond interactions involved in the for-
mation of supramolecular synthon.
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2.2.2. 7-Methoxy-2-oxo-2H-chromene-3-carbohydrazide, 5d
Obtained from 3d (10 mmol) and 4 (10 mmol) as sparkle like yellow

solid in 63% yield; 1H NMR (DMSO-d6, δ ppm): 3.80 (s, 3H, OCH3), 5.49
(s, 2H, –NH2), 7.36 (s, 1H, Ar–H), 7.50–7.52 (d, 1H, Ar–H), 7.92–7.94 (d,
2H, Ar–H), 11.09 (s, 1H, –NH); MS m/z: 234.74 (Mþ,100), Anal. Calcd.
for C11H10N2O4 (%): C, 56.41; H, 4.30; N, 11.96; Found C, 56.33; H, 4.27;
N, 11.90.
Figure 6. Optimized structu

Table 2. Calculated FMO energies and chemical reactive descriptors of the compoun

Parameters

EHOMO

ELUMO

ΔEgap
Ionization potential (I)

Electron affinity (A)

Electronegativity (χ)
Chemical hardness (η)
Global softness (σ)
Electrophilicity (ω)
Chemical potential (μ)
Dipole moment (Debye)

Where, χ ¼ (I þ A)/2, η ¼ (I-A)/2, σ ¼ 1/η and ω ¼ μ2/2η.
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2.2.3. 8-Ethoxy-2-oxo-2H-chromene-3-carbohydrazide, 5e
Obtained from 3e (10 mmol) and 4 (10 mmol) as pale yellow gummy

mass in 48% yield; 1H NMR (DMSO-d6, δ ppm): 1.10–1.14 (t, 3H, –CH3),
4.12–4.17 (q, 2H, –OCH2), 5.45 (s, 2H, –NH2), 7.43 (s, 1H, Ar–H), 7.51 (s,
1H, Ar–H), 7.61 (s, 1H, Ar–H), 8.04–8.08 (d, 1H, Ar–H), 11.20 (s, 1H,
–NH); 13C{1H} NMR (DMSO-d6, δ ppm): 14.6 (CH3), 59.6 (OCH2), 125.3
(2C), 127.8 (1C), 128.7 (1C), 128.9 (1C), 131.1 (1C), 131.9 (1C), 132.0
(1C), 155.0 (1C, COO), 163.2 (1C, CONH). MS m/z: 248.19 (Mþ, 100);
Anal. Calcd. for C12H12N2O4 (%): C, 58.06; H, 4.87; N, 11.29; Found C,
57.96; H, 4.84; N, 11.23.

2.3. Synthesis of intermediate compounds 7(a-e)

To a solution of coumarin hydrazide 5(a-e) (10 mmol) and alcoholic
potassium hydroxide (15 mmol) in absolute ethyl alcohol (100 mL),
carbon disulphide 6 (15 mmol) was added slowly at a temperature below
5 �C, and then was stirred at room temperature for 24 h. The solid formed
was collected by filtration, washed with anhydrous ether (100 mL), and
dried in vacuo to obtain potassium dithiocarbazinate salts 7(a-e) in
quantitative yields, and were used as such without further purification.

2.4. Synthesis of coumarin-triazole hybrids 8(a-e)

To a suspension of the potassium salt of coumarin thiocarbazinate 7
(a-e) in water (5 mL), hydrazine hydrate (10 mmol eq.) was added. The
mixture was refluxed on a water bath conditions for 18–20 h. The change
of color with the liberation of H2S is observed, the reaction was
continued till to get a homogeneous reaction mixture. After this, the
re of the compound 3a.

d, 3a.

Value [B3LYP/6–311þþG (d,p)] (eV)

-7.0039

-2.9396

4.0643

7.0039

2.9396

4.9718

2.0321

0.4921

6.0819

-4.9718

1.6356



Figure 7. Frontier molecular orbitals with energy gap of the compound, 3a.

Figure 8. Molecular electrostatic potential map of the compound 3a.
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mixture was cooled and diluted with cold water (20 mL), and neutralized
with dil. hydrochloric acid to obtain the target compounds 8 (a-e), and
were recrystallized from ethyl alcohol.

2.4.1. 3-(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl)-6-bromo-2H-
chromen-2-one, 8a

Obtained as pale yellow gummy mass in 58% yield; 1H NMR (DMSO-
d6, δ ppm): 5.61 (s, 2H, –NH2), 7.29–7.39 (m, 2H, Ar–H), 7.58–7.59 (d,
1H, Ar–H), 8.38 (s, 1H, Ar–H), 13.60 (s, 1H, –SH); 13C{1H} NMR (DMSO-
Table 3. Percentage inhibition of α-amylase enzyme of synthesized compounds 8 (a-

Concentration (μM) 8a 8b

2 26.67 � 0.45 36.33 � 0.78

4 30.93 � 0.05 44.07 � 0.32

6 33.73 � 0.12 49.53 � 0.53

8 45.87 � 0.24 54.87 � 0.25

10 52.27 � 0.75 53.07 � 0.05

12 75.53 � 0.24 69.73 � 0.52
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d6, δ ppm): 128.7 (1C), 129.3 (1C), 131.4 (1C), 133.4 (1C), 134.0 (1C),
135.1 (1C), 135.8 (1C), 140.0 (1C), 143.9 (1C), 164.4 (COO), 179.5 (¼C-
SH). MS m/z: 337.06 (Mþ, 79Br, 100), 339.06 (Mþ2, 81Br, 92); Anal.
Calcd. for C11H7BrN4O2S (%): C, 38.95; H, 2.08; N, 16.52; Found C,
38.88; H, 2.05; N, 16.46.

2.4.2. 3-(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl)-6-chloro-2H-
chromen-2-one, 8b

Obtained as pale yellow solid in 61% yield, m.p. 234 �C; 1H NMR
(DMSO-d6, δ ppm): 5.62 (s, 2H, –NH2), 7.36–7.59 (m, 3H, Ar–H), 8.38 (s,
1H, 4-H), 13.61 (s, 1H, –SH); 13C{1H} NMR (DMSO-d6, δ ppm): 107.0
(1C), 111.9 (1C), 117.9 (1C), 123.7 (1C), 124.4 (1C), 125.6 (1C), 131.6
(1C), 138.1 (1C), 140.6 (1C), 147.2 (1C), 165.3 (COO), 175.2 (¼C-SH).
MS m/z: 293.02 (Mþ, 35Cl, 100), 295.02 (Mþ2, 37Cl, 28); Anal. Calcd.
for C11H7ClN4O2S (%): C, 44.83; H, 2.39; N, 19.01; Found C, 44.76; H,
2.36; N, 19.06.

2.4.3. 3-(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl)-8-methoxy-2H-
chromen-2-one, 8c

Obtained as pale yellow gummymass in 58% yield; 1HNMR (DMSO-d6,
δ ppm): 3.77 (s, 1H, –OCH3), 5.62 (s, 2H, –NH2), 7.35–7.58 (m, 3H, Ar–H),
8.38 (s, 1H,4-H), 13.62 (s, 1H, –SH); 13C{1H}NMR(DMSO-d6, δ ppm): 55.4
(CH3), 113.7 (1C), 119.5 (1C), 126.9 (1C), 130.6 (1C), 131.1 (1C), 131.3
(1C), 134.6 (1C), 134.7 (1C), 142.3 (1C), 166.1 (COO), 173.3 (¼C-SH). MS
m/z: 290.02 (Mþ, 100), 291.02 (Mþ1, 12); Anal. Calcd. for C12H10N4O3S
(%): C, 49.65; H, 3.47; N, 19.30; Found C, 49.55; H, 3.45; N, 19.24.
e) at different concentrations.

8c 8d 8e

25.13 � 0.80 37.80 � 0.27 25.00 � 0.58

30.80 � 0.28 46.93 � 0.40 32.53 � 0.24

32.40 � 0.82 46.87 � 0.17 33.27 � 0.27

59.80 � 0.28 48.27 � 0.18 54.93 � 0.05

79.20 � 0.75 58.27 � 0.28 78.73 � 0.72

86.05 � 0.27 54.27 � 0.77 79.67 � 0.58



Figure 9. Two-dimensional putative binding pose of ligand 8c with ACE (PDB
ID: 1O86) (a); Three-dimensional geometric pose wherein 8c deeply embedded
at the active site of ACE (b).

Figure 10. Two-dimensional putative binding pose of ligand 8e with ACE (PDB
ID: 1O86) (a); Three-dimensional geometric pose wherein 8e deeply embedded
at the active site of ACE (b).

Figure 11. Two-dimensional binding pose of standard inhibitor Lisinopril with
ACE (PDB ID: 1O86) (a). Three-dimensional geometric pose wherein Lisinopril
deeply embedded at the active site of ACE (b).
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2.4.4. 3-(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl)-7-methoxy-2H-
chromen-2-one, 8d

Obtained as light yellowish solid in 62% yield, m.p. 224 �C; 1H NMR
(DMSO-d6, δ ppm): 3.81 (s, 1H, –OCH3), 5.80 (s, 2H, –NH2), 7.18–7.68
(m, 3H, Ar–H), 8.40 (s, 1H, 4-H), 13.40 (s, 1H, –SH). MS m/z: 290.04
(Mþ, 100); Anal. Calcd. for C12H10N4O3S (%): C, 49.65; H, 3.47; N,
19.30; Found C, 49.56; H, 3.44; N, 19.33.

2.4.5. 3-(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl)-8-ethoxy-2H-
chromen-2-one, 8e

Obtained as light greenish gummy mass in 56% yield; 1H NMR
(DMSO-d6, δ ppm): 1.09–1.13 (t, 3H, –CH3), 3.95–4.01 (q, 2H, –OCH2),
5.92 (s, 2H, –NH2), 7.40–7.59 (m, 3H, Ar–H), 8.40 (s, 1H, 4-H), 13.62 (s,
1H, –SH); 13C{1H} NMR (DMSO-d6, δ ppm): 14.2 (CH3), 59.9 (OCH2),
116.1 (1C), 123.3 (1C), 125.3 (1C), 127.8 (1C), 128.9 (1C), 131.1 (1C),
131.9 (1C), 132.0 (1C), 145.0 (1C), 163.6 (COO), 176.2 (¼C-SH). MS m/
z: 304.13 (Mþ, 100); Anal. Calcd. for C13H12N4O3S (%): C, 51.31; H,
3.97; N, 18.41; Found C, 51.19; H, 3.94; N, 18.26.

2.5. Crystallographic studies

Single crystals were obtained by slow evaporation technique, and
defect free crystal suitable for X-ray diffraction studies of dimensions
0.30 � 0.27 � 0.23 mm was chosen with the aid of polarizing micro-
scope. X-ray intensity data were collected at 296 K using Bruker Pro-
teum2 CCD X-ray diffractometer. The X-ray generator was operated at 45
kV and 10 mA with CuKα radiation of wavelength 1.54178 Å. Data were
collected for 24 frames per set for different settings of ϕ (0� and 90�),
with the scan width of 0.5� and 5 s exposure time, keeping the sample to
detector distance of 45.10 mm. The complete intensity data sets were
processed with SAINT PLUS [30]. The structure was solved and refined



Figure 12. Two-dimensional binding pose of standard inhibitor ligand 8c with
α-amylase (PDB ID: 4W93) (a). Three-dimensional geometric pose wherein
ligand 8c deeply embedded at putative binding site of α-amylase (b).
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using SHELXS (direct method) and SHELXL (full-matrix least squares
method on F2) programs [30, 31]. The hydrogen atoms were positioned
geometrically, with C–H¼ 0.93 to 0.97 Å. The residual value is saturated
to 0.0457 in the final cycle of refinement. The PLATON [32] programwas
used to calculate the geometrical parameters. ORTEP and molecular
packing diagrams were drawn with the MERCURY [33] software. The
parameters in CIF format are available at Cambridge crystallographic
data center.

2.6. Computational studies

The theoretical studies were carried out for the 3b molecule through
Hirshfeld surface analysis (HSA) and density functional theory (DFT).
The HSA was carried out with Crystal Explorer 17.5 [34] to quantify the
intermolecular interactions. The structural coordinates were drawn, and
optimized using DFT/B3LYP hybrid functional with 6–311þþG (d,p)
level basis set [35, 36] in gas phase by Gaussian16 software [37]. The
energies of molecular orbitals and chemical reactive descriptors were
calculated. Further, the molecular electrostatic potential (MEP) map was
drawn to find the chemical active regions on the three dimensional
molecular surface. The optimized molecular geometry and their orbital
energy states were visualized using Gauss view 6.0.8 [38] software.

2.7. α-Amylase inhibition activity (DNSA) assay

The α-amylase inhibition experiment was performed according to the
reported procedure [39]. Briefly, a solution of test compounds 8 (a-e) of
25, 50, 75 and 100mg/mL concentrations were prepared by dissolving in
minimum quantity of DMSO and diluted with double distilled water. A
solution of test compounds, sodium phosphate buffer (500μL/0.02M),
7

α-amylase (0.5 mg/mL) (together of 500 μL) was incubated at 25 �C for
10 min. After this, a starch solution (500 μL/1%) in sodium phosphate
buffer (0.02M, pH 6.9 with 0.006M sodium chloride) was added to each
tube at an intervals of 5 s. The mixture was again incubated at 25 �C for
10 min, and DNSA (1mL) was added, and then placed in a boiling water
bath for 5 min, and cooled. Finally, the mixture was diluted with distilled
water (10 mL), the absorbance was recorded at 540nm. The results were
calculated as;

% of Inhibition ¼
�
Acontrol–Areaction mixture

Acontrol

�
� 100

2.8. Molecular docking and ADME predictions

Type 2 diabetes and hypertension are very common risk factor which
leads to cardiovascular disease as well as leads neurological disorders
[3]. The selected co-ordinates of α-amylase (PDB ID: 4W93),
Angiotensin-converting enzyme (ACE, PDB ID: 1O86) are drawn from
Brookhaven Protein Data Bank, these are chosen because the targeted
protein was co-crystallized with inhibitor [40, 41]. The Maestro 2D
sketcher was used to draw the structures of ligands, and OPLS 2005 used
to compute the energy minimize. Proteins prepared by retrieving in to
Maestro 9.3 platform, and protein structure corrected for the missing
loops with Prime software module. H2O molecules from ACE and hetero
atom were removed beyond 5 Å. Water molecules were optimized during
protein pepwizard, as these are important in interaction between the
receptor. OPLS 2005 force field was applied to the protein to restrained
minimization, and RMSD of 0.30 Å was set to converge heavy atoms
before start of docking. Grid for receptor mapping was executed by using
the co-crystallized substrate or inhibitor bound to the targeted protein.
Using Extra-precision (XP) docking and scoring; ligands were docked into
the receptor grid of radii 20 Å and the docking calculation was done on
the basis of docking score, ADME results and Glide energy. QikProp
program and Maestro 9.3 were used to calculate ADME properties, and
molecular visualization, respectively [42].

3. Results and discussion

3.1. Chemistry

In a multi-step route, a series of 3-(4-amino-5-mercapto-4H-1,2,4-
triazol-3-yl)-2H-chromen-2-ones, 8 (a-e) were efficiently synthesized
starting from various substituted salicylaldehyde 1 (a-e) and dieth-
ylmalonate 2. Initially, series of ethyl 2-oxo-2H-chromene-3-carboxylates
3 (a–e) [43-45] were prepared from substituted salicylaldehyde, 1 (a-e),
diethylmalonate, 2 in the presence of few drops of pyridine under solvent
free conditions. Then, a solution of compounds 3 (a–e) (10 mmol), hy-
drazine hydrate, 4 (10 mmol eq.) in ethyl alcohol (15 mL) was heated on
a water bath for 2 h to obtain hydrazides 5 (a–e). The reaction of 5 (a–e)
with CS2, 6 in the presence of KOH in ethyl alcohol yielded the inter-
mediate dithiocarbazate salts, 7 (a–e), which were used in situ without
being isolated and purified, the in situ reaction of 7 (a–e) with hydrazine
hydrate, 4 (10 mmol eq.) under reflux conditions produced the target
compounds 8 (a–e) in good yields (Figure 1).

3.2. Spectral studies

Structure proofs of the synthesized compounds 5b, 5d, 5e, and 8
(a–e) obtained by 1H NMR, 13C{1H} NMR, Mass spectroscopic studies,
and elemental analysis. Compounds 5b, 5d, and 5e show singlets at δ
5.20, 5.49, 5.45 ppm for –NH2; at δ 7.98, 7.86, 8.08 ppm for C4–H; and δ
11.01, 11.09, 11.20 ppm for –NH protons. These data were in agreement
and comparable with the reported molecules 5a [46], and 5c [47].
Compound 5d show singlet at δ 3.80 ppm for OCH3 protons; 5e show
quartet δ 4.12–4.17 (J ¼ 21.6 Hz) ppm, and a triplet at δ 1.10–1.14 (J ¼
14 Hz) ppm. All compounds show the other signals as multiplet in the



Figure 13. Two-dimensional binding pose of standard inhibitor ligand 8e with
α-amylase (PDB ID: 4W93) (a). Three-dimensional geometric pose wherein
ligand 8e deeply embedded at putative binding site of α-amylase (b).
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aromatic region in their respective spectra. The compounds 8 (a-e) show
singlets at δ 5.61–5.92 ppm for –NH2; at δ 8.38–8.40 ppm for C4–H; and
at δ 13.40–13.62 ppm for –SH protons. These spectral data are in good
agreement with the values of structurally similar molecule 3-(4-ami-
no-5-mercapto-4H-1,2,4-triazolyl-3-yl)-2H-chromen-2-one reported by
Raslan and Khalil [48]. Further all compounds show signals due to sub-
stituent and aromatic protons in the respective region in their spectra.

Compounds, 5b and 5e show resonance signals at δ 151.7 and 155.0
ppm for lactone-COO; at δ 163.7 and 163.2 ppm for CONH carbons.
Compound 5e show signals for CH3, and OCH2 carbons at δ 14.6 and 59.6
ppm. The aromatic carbons appear in the range δ 125.2–146.3 ppm.
These data were in good matching and comparable to reported molecules
5a [46], and 5c [47]. Compounds 8 (a-e) show resonance signals in the
region δ 142.3–147.2, 163.6–166.1, and 173.3–179.5 ppm for C¼N
(triazole ring), COO, and C-SH carbons; and were in good matching with
the data of structurally identical reported molecule 3-(4-amino-5--
mercapto-4H-1,2,4-triazol-3-yl)-2H-chromen-2-one [48, 49, 50]. They
also show the signals for aromatic and other carbons in the expected
region.

Compounds, 5b show base peak at m/z 238.02 owing to its molecular
mass (C10H7ClN2O3; MW¼ 238.01) and (Mþ2) peak at m/z 240.02 with
abundance of 33% due to 37Cl isotopic mass; 5d show base peak at m/z
234.74 (C11H10N2O4; MW ¼ 234.34), and 5e show base peak at m/z
248.19 (C12H12N2O4; MW ¼ 248.08). Compounds 8 (a-e) show base
peaks corresponding to their molecular mass, however, in addition to the
base peaks compound 8a show (Mþ2) peak at m/z 339.06 with a relative
abundance of 96% due to 81Br isotopic mass, and 8b show (Mþ2) peak at
m/z 295.02 (31%) due to 37Cl isotopic mass; which confirm the structure
of new compounds.

The experimental IR spectrum, the compound 3a show characteristic
stretching bands for C–H, C¼O (ester and lactone), C¼C, and C–Br
functions (Figure S1b). Whereas, the theoretical DFT-IR spectrum show
absorption bands with little higher absorption frequencies (Figure S1a).
The stretching absorption bands appear in the experimental FTIR spec-
trum at 2983, 1831, 1606, 1318, 1291, and 769 cm�1 were assigned to
C–H, COO-lactone, COO-ester, C¼C, C–O, and C–Br vibrations. The
theoretical FTIR spectrum from DFT analysis shows the absorption bands
at 3041, 1834, 1589, 1306, 1286, and 606 cm�1 were assigned to C–H,
COO-lactone, COO-ester, C¼C, C–O, and C–Br stretching vibrations.

In experimental 1H NMR spectrum, compound 3a (Figure S2b), shows
a triplet at δ 1.12 (J ¼ 14Hz) ppm due to ester CH3 protons, a quartet at δ
4.16 (J ¼ 21.2Hz) ppm due to OCH2 protons, one doublet each at δ 7.34,
and δ 7.51 ppm due to aromatic protons. A singlet observed at δ 8.83 ppm
was due to C-4 of coumarin ring. The theoretical 1H NMR spectrum ob-
tained from NMR-DB (Figure S2a) shows triplet at δ 1.29 (J ¼ 7.1Hz)
ppm, quartet at δ 4.10 (J ¼ 7.1Hz) ppm due to ester CH3, OCH2 protons.
two doublets at δ 7.50, and δ 7.79 ppm due to aromatic protons. A singlet
observed at δ 8.83 ppm was due to C-4 of coumarin ring. The theoretical
1H NMR (chemical shifts and splitting) and the reported 1H NMR data of
the compound [43, 44, 45] are in good agreement with each other as seen
in Figure S2.

3.3. Crystallographic studies

The compound 3a (CCDC#: 2005362) was crystallized from ethanol,
shows following crystallographic parameters: a ¼ 5.8503 (6) Å, b ¼
13.2759 (14) Å, c¼ 14.8674 (16) Å, α¼ 90o, β¼ 92.641 (3)o, γ ¼ 90� and
V ¼ 1153.3 (2) Å3. The compound crystallized in the monoclinic crystal
system with P21/n space group,whereas, the reported crystal structure is
monoclinic with P21/c space group [51]. The ORTEP of molecule 3a is
depicted in Figure 2, and crystal structure refinement data were sum-
marized in Table 1. The packing of the molecules viewed along the a-axis
(Figure S3), down the b-axis (Figure S4), and along the c-axis (Figure S5).
The H-bond interactions are shown by dotted lines, which lead to the
2-dimentional layered stacking. The bond length, bond and torsion an-
gles are given in Table S1, Table S2 and Table S3.
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The parameters such as bond lengths, bond angles, and torsion angles
of the molecule, 3a were compared with the reported data [51], and most
of the values are in good agreement. The slight changes observed in the
bond lengths for the O13–C12, Br17–C7, O11–C2, O1–C2, O14–C15, and
C2–C3 bonds were 1.204(4), 1.897(3), 1.198(4), 1.387(3), 1.459(4), and
1.461 (4) Å, respectively; for the same bonds the reported bond lengths
are 1.198(4), 1.888(3), 1.189(4), 1.379(3), 1.455(4), and 1.465 (4) Å.
The bond angles for the C10–O1–C2, O1–C10–C5, O11–C2–O1,
C4–C3–C12, C10–C5–C6 are 122.7(2), 120.7(2), 116.1(3), 117.4(2),
118.7(3)o; whereas the reported values for the same bond angles are
123.1(2), 121.0 (2), 116.8(3), 117.7(3), and 119.0 (17)o, respectively.
The slight changes in the torsion angles observed for C2–C3–C12–O13,
O11–C2–C3–C12 are -154.6 (3)o, 5.5 (5)o; but the reported torsion angles
values for the same are -155.0 (3)o, 6.1 (3)o, respectively. Further, the
molecular structure exhibits the similar kind of molecular interactions as
possessed by the compound reported earlier. The C–H...O intermolecular
interactions stabilizes the crystal structure (Table S4). The interactions
such as C–H...π, C–O...π and π…π also stabilizes the structure, and leads
to the R2

2 (14), R2
2 (10) and R2

1 (6) supramolecular synthons [51, 52, 53] as
shown in Figure 3.

3.4. Hirshfeld surface analysis

The CrystalExplorer 17.5 [34] software was used generate the 3D
dnorm map and 2D fingerprint plots on molecular Hirshfeld surfaces (HS).
The 3D dnorm (volume ¼ 282.07 Å3) surfaces were generated in the color
range of �0.226 au (blue) to þ1.271 au (red). The dnorm (Figure 4a) on
HS with color codes represents the different molecular contacts. Red
region on dnorm surface represents the short intercontacts, white color
represents the intercontacts with distance equal to van der Waals radii,
and the blue region represent the longer intercontacts [54, 55]. The 2D
fingerprint maps in expanded form [56, 57] for all contacts were drawn



Table 4. Computer aided ADME screening of the synthesized compounds, 8 (a-e).

Ligand a* b* (Å3) c* (Å3) d* (Å3) e* (Å3) f* (Å3) g* (Å3) h* (Å3) i* (nm/sec) j* (Å3) k* (nm/sec) l* (Kp in m/hr) m* (Å3) n* (%) o*

8a 26.70 9.78 18.66 13.27 0.73 -2.32 -3.32 -5.33 71.69 -0.23 229.40 -5.78 -0.40 64.40 0

8b 26.35 9.67 18.39 13.27 0.66 -2.23 -2.50 -5.29 71.68 -0.24 213.35 -5.78 -0.42 63.99 0

8c 26.89 9.41 19.47 13.74 0.31 -1.81 -2.18 -5.28 73.45 -0.47 88.81 -5.68 -0.49 62.13 0

8d 26.81 9.40 19.77 13.72 0.30 -1.77 -2.18 -5.23 73.42 -0.46 88.76 -5.69 -0.49 62.09 0

8e 29.18 10.02 19.90 13.63 0.69 -2.33 -2.43 -5.76 73.67 -0.63 89.09 -5.59 -0.41 64.41 0

Lisinopril 40.97 14.93 26.56 19.58 -1.19 -1.70 -1.20 -2.31 0.16 -1.96 0.11 -8.09 -0.92 5.66 0

A# 13 to 70 4 to 18 8 to 35 4 to 45 -2 to 6.5 -6.5 to 0.5 < -5 <25 poor to
>500 good

-3 to 1.2 <25 poor to
>500 good

– -1.5 to 1.5 <25% poor Max is 4

A# - 95% drug possess these criteria ranges: Note: a*-QPpolrz; b*-QPlogPC16; c*-QPlogPoct; d*-QPlogPw; e*-QPlogPo/w; f*-QPlogS; g*-CIQPlogS; h*-QPlogHERG; i*-
QPPCaco; j*-QPlogBB; k*-QPPMDCK; l*-QPlogKp; m*-QPlogKhsa; n*-Percent Human Oral Absorption; o*-Rule of Five.
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in the scale of 0.6–2.8 Å (Figure S6). The 2D fingerprint plot revealed the
contribution of various individual intermolecular contacts. The O...H
contacts are found to be the major interaction with the contribution of
25.4%. Further, the C–H...O interactions involved in the formation of
supramolecular synthon on the 3D dnorm surface with the hydrogen bond
distances (Figure 5). HSA also revealed the role of C–H...π and π...π in-
teractions in stability of the crystal structure. The shape index, and
curvedness generated in the range of -1.0 au to 1.0 au (Figure 4b), and
-4.0 au to 0.4 au (Figure 4c), respectively to analyze the π-stacking in-
teractions [53, 58, 59].

3.5. Density functional theory calculations

The quantum computational calculations help to study the chemical
and electronic behaviour of the compounds. The FMO energies and MEP
surface analysis results in identification of the chemically active sites of
the molecule. The DFT/B3LYP hybrid functional with 6311þþG (d,p)
basis set was used to optimize the geometrical coordinates of molecule,
3a (Figure 6) in gas phase. The computed structural parameters were
compared with the experimental results. The optimized structure is well
correlated with the experimental results, confirmed by the correlation
coefficient values of bond lengths (0.9969), bond angles (0.9909), and
torsion angles (0.9997) (Table S1–S3). Further, the frontier molecular
orbital energies (EHOMO, ELUMO and Eg) and chemical reactive descriptors
[60, 61, 62, 63, 64] calculated were summarized in Table 2.

These global reactive parameters are very important to know the
molecular stability and reactivity of the compound. The ionization po-
tential (I) play a key role in reactivity of atoms and molecules. High
ionization energy (6.8897 eV) specifies high stability and chemical
inertness, electron affinity (2.9396 eV) value indicates that the molecule
is less electrophilic. The highest value of EHOMO (-7.0039 eV) indicates a
better inhibition efficiency and lower the ELUMO (-2.9396 eV), the easier
is the acceptance of electrons. Global hardness (2.0321 eV) and softness
(0.4921 eV) are very important properties indicating the low inhibition
efficiency. The electronegativity (4.9718 eV) and chemical potential
(-4.9718 eV) values signifies that the molecule is less reactive and has
medium inhibition property. The low value of dipole moment (1.6356
Debye) specifies the low adsorption property of the molecule.
Table 5. The Docking scores of the compounds, 8 (a-e) against α-Amylase and ACE.

Protein α-Amylase (PDB ID: 4W93)

Ligand Docking Score Glide Evdw Glide Energy Glide Emodel XP Hbon

8a -2.96 -24.58 -25.61 -29.02 -0.61

8b -3.09 -24.96 -26.76 -31.14 -0.90

8c -3.42 -23.42 -33.01 -41.38 -0.77

8d -2.47 -23.91 -22.77 -23.43 0.00

8e -3.34 -27.60 -28.71 -31.72 -0.85

Lisinopril – – – – –
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The energy gap has a significant role in case of organic molecules as
it relates to the specific movement of the electrons from one energy
state to another. The HOMO and LUMO behaves as an electron donor
and acceptor, respectively. The polarizability and chemical reactivity
can be evaluated with the band gap energy. The energy gap of molecule
3a show its chemically hard and less reactive nature. Figure 7 illus-
trates the HOMO-LUMO energies and their energy gap (ΔEgap ¼ 4.0643
eV); H-1 and Lþ1 energies and their energy gap (6.3283 eV). The red
and green color of the HOMO-LUMO signifies the positive and the
negative phases of the wave functions. The MEP map (Figure 8) is
drawn with the color range of -5.126 e�2 au (deepest red) to þ5.126
e�2 au (deepest blue). The blue coloured region indicates the electro-
philic reactivity with positive scale, green coloured region with nega-
tive scale indicates the nucleophilic reactivity, and red colour
representing the sites of electrophilic attack. The red colour spread over
the oxygen, and blue colour is concentrated around the hydrogens of
carbon atoms.

3.5. α-Amylase inhibition activity

The results of the α-amylase inhibition study are summarized in
Table 3.

The synthesized compounds 8 (a-e) shows varying effect on glucose
utilization at the tested concentrations. Amongst the series, the com-
pounds 8c and 8e showed maximum inhibition of the enzyme with the
values ranging from 5.43μM and 5.98μM respectively. Moderate inhibi-
tion was showed by the compounds 8a and 8bwith values of 8.02 μMand
9.14μM, respectively. The compound 8d showed least α-amylase inhi-
bition from 11.54μM. The compound 8c (Figure S7) shows maximum
inhibition of the enzyme with the IC50 values of 5.43μM. This study
investigated the ability of synthesized compounds 8 (a-e) to serve as
effective anti-diabetic agents.

3.6. Statistical analysis

Five compounds 8 (a-e) are analyzed for their ability to inhibit
α-amylase enzyme at four different concentration levels by Two–way
analysis of variance (ANOVA) (Table S5), it is observed that the
Docking scores and Glide energies (kcal/mol).

Angiotensin-converting enzyme (PDB ID: 1O86)

d Docking Score Glide Evdw Glide Energy Glide Emodel XP Hbond

-2.78 -19.17 -23.99 -20.13 -1.14

-2.88 -17.98 -22.91 -17.84 -1.18

-5.60 -6.13 -19.01 -26.81 -2.87

-5.33 -15.14 -30.52 -9.84 -1.98

-5.87 -6.05 -19.67 -30.01 -3.07

-16.70 -39.88 -75.39 -125.99 -3.95
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compounds show statistically significant results. In other words, mean
values differences amongst the compounds are greater than the ex-
pected by chance with statistically significant difference (P ¼ <0.001).
Since the results are significant, we computed pair-wise comparison
test by Duncan's multiple range tests to know the pair-wise effect for
pair of compounds 8 (a-e) (Table S6) using SPSS (version 20) statistical
software. It was observed that, all the pair of compounds shows sta-
tistically significant pair-wise effects, except 8e vs. 8c, 8d vs. 8b and 8b
vs. 8a. Obviously, from the statistical analysis (ANOVA), the com-
pounds 8c vs. 8a and 8c vs. 8b exhibit more statistical significant re-
sults at different concentrations as compared to other pair of
compounds.

The residual plot (Figure S8a) was used to determine evaluation of the
goodness of a fitted model and homoscedasticity plot (Figure S8b) rep-
resents the variance around the regression line, and is the same for all
predictor variable percentage of inhibition. The Figure S8c shows that
the compound 8c exhibit more α-amylase inhibition activity compare to
8e. The column mean difference at 95% confidence intervals of ligands
8(a-e) is given in Figure S8d, wherein the % of inhibition plots the
predicted residual (or weighted residual) assuming sampling from a
Gaussian distribution.

3.7. Molecular docking and ADME predictions

A molecular docking study gives an insight view of potent molecule
interacting in a putative binding site. With this in background to un-
derstand the mechanism of action, and the binding site, the synthe-
sized small molecules were executed on to molecular docking platform
for virtual screening. Molecular docking results suggest that ligand 8c
and 8e possess high affinity towards the active site of α-amylase and
ACE [65]. Ligand 8c forms hydrogen bond with Glu384, His513 along
with catalytically water molecule and also forms interact with Zinc
metal via salt bridge (Figure 9a). ACE, a metalloproteinase containing
Zinc at the activity site, is very essential for catalysis. Any interaction
with Zinc suggests that the ligand might have competitive binding with
the enzyme, which though it is very essential criteria for a good in-
hibitor in drug discovery [65]. Three-dimensional view of 8c suggests
that the ligand is deeply embedded with docking score of -5.60
(kcal/mol) (Figure 9b). Whereas ligand 8e also bind with similar
fashion as that of 8c at active site by forming hydrogen bond with
amino acids His513, Glu384, Tyr523 and with catalytic water mole-
cules surrounding at the active site, along with salt bridge with Zinc
atom (Figure 10a), with the docking core of -5.87 (kcal/mol). Molec-
ular docking results were validated by using a standard inhibitor
Lisinopril, which forms hydrogen bond with His513, Glu384, Tyr523,
Try520, Lys511, Arg523, Ala356, Glu162 and salt bridge with Zinc and
Glu162 (Figure 11a). These interactions with amino acids are very
important during catalysis [66, 67]. The three-dimensional view of the
standard Lisinopril shows that the Lisinopril deeply binds at the active
site (Figure 11b).

Ligand 8c and 8e also binds as similar fashion as that of standard
inhibitor binds with ACE. Whereas in case of α-amylase, ligand 8c and 8e
also binds efficiently with docking score of -3.42 and -3.34 (kcal/mol)
respectively. Ligand 8c binds with hydrogen bond with Asp356
(Figure 12a) and three-dimensional view depicts it bind a bit far of 5Å
from chloride ion (Figure 12b). Ligand 8e also follows the same pattern
of binding with Asp353 and Asp356 amino acids via hydrogen bond
(Figures 13a and 13b). A maximum violation of 4 or above is considered
as the ligand is not able to pass through ADME studies. Whereas in case of
8(a-e) possess all the different criteria ranges, which a 95% of drug
warranties to have, with these cut-off ranges it is suggested that 8(a-e)
possess good ADME values within the range as mentioned in (Table 4).
Hence these results suggest that the ligand 8c and 8e is potent ligands
among the series of 8(a-e) based on molecular docking (Table 5) and
ADME studies up to 95% of drugs with zero violation criteria of Lipinski's
rule as mentioned (Table 4).
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4. Conclusion

In summary, a series of new coumarin-triazole hybrids 8 (a-e) syn-
thesized and characterized, and the crystal and molecular structure of the
intermediate 3a was confirmed by crystallographic and computational
studies. The compound 3a is stabilized through the formation of supra-
molecular ring motif [R2

2 (14), R2
2 (10) and R2

1 (6)]. The HSA shows that,
the intermolecular O…H (25.4%) interactions are the main contributor
amongst the other interactions. The DFT studies revealed the good cor-
relation between the calculated and experimental structural parameters.
The energy gap (4.0463 eV) value indicating the molecule 3a is chemi-
cally hard and is less reactive. Further, the α-amylase inhibition assay
results of compounds 8 (a-e) show promising inhibitory potentials.
Amongst them, compounds 8c and 8e found remarkable with the IC50
values of 5.43μM and 5.98μM, and therefore these might act as leads as
diabetic agents, which was supported by the comparative statistical
analysis and ADME calculation results.
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