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A B S T R A C T

The formation of a thrombus is a key event in thromboembolic disorders, that contribute to high mortality and
morbidity in affected patients. In the present study, we synthesized a library of novel substituted 3,3-dibutyl-8-
methoxy-2,3-dihydrobenzo [b] [1,4] thiazepin-4(5H)-one derivatives which were tested for their platelet ag-
gregation and thrombin inhibitory activity. Among the tested compounds, 3,3-dibutyl-7-(2-chlorophenyl)-8-
methoxy-2,3-dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (DCT) displayed the maximum thrombin inhibition
with an IC50 value of 3.85 μM and thus DCT was chosen for further studies. Next, the effect of DCT on primary
hemostasis was evaluated using agonist-induced platelet aggregation model. The lead compound inhibited the
collagen- or ADP- or thrombin-induced platelet aggregation in a dose-dependent manner. Furthermore, DCT
prolonged the process of clot formation when evaluating plasma re-calcification time (320 ± 11 sec at 5 µg
DCT), activated partial thromboplastin time (58.0 ± 0.01 sec at 2 µg), and prothrombin time (14.7 ± 0.01 sec
at 5 µg). Molecular docking studies suggested that the benzothiazepinones evaluated here consistently display
hydrogen bonding with Ser214 of thrombin, which is similar to that of the co-crystallized ligand (1-(2R)-2-
amino-3-phenyl-propanoyl-N-(2,5dichlorophenyl)methylpyrrolidine-2-carboxamide). DCT displayed additional
hydrogen bonding to Ser195 and π-π interactions between its methoxyphenyl groups and Trp60, thereby pro-
viding a structural rationale for the observed biological effect.

1. Introduction

Thromboembolism is characterized by dislodging of a blood clot
(thrombus) from the initial clotting site and circulated to obstruct an-
other blood vessel. Thromboembolic disorders contribute to high
mortality and morbidity and they are often associated with excessive
stimulation of the coagulation cascade [1]. Thrombin, a serine protease
identified as one of the major coagulation factors associated with pro-
gression of thromboembolic disorders [2]. Conversion of prothrombin
to thrombin followed by thrombin-catalyzed proteolytic cleavage of

fibrinogen to insoluble fibrin is the critical event in the activation of
coagulation [3]. Thrombin is one of the favorable targets for the de-
velopment of anticoagulants and rapid translation to clinical practice
[4]. Also, thrombin activates several proteins involved in activation of
platelets and their aggregation which contributes to upregulated coa-
gulation [5]. The management of coagulation includes the adminis-
tration of anticoagulants (heparin, low-molecular-weight heparin;
warfarin, rivaroxaban), thrombolytic agents (tissue plasminogen acti-
vator, streptokinase, urokinase) and surgical interventions [6]. How-
ever, the use of heparin, warfarin (4-hydroxy-coumarin derivative),
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streptokinase and urokinase suffers from several disadvantages. He-
parin has the requirement of inconvenient parenteral administration
and the use of warfarin demands steady vigilance and determination of
blood plasma levels [7,8]. Previous findings also suggested that heparin
possesses reduced efficacy for the inhibition of fibrin-bound thrombin
which may further trigger the growth of a thrombus [9]. The use of
streptokinase possesses the risk of immune reactions, while urokinase
has limited availability and appears cost-ineffective [10,11]. These
drawbacks in a regimen of thromboembolic disorders led to the parallel
discovery and development of new direct thrombin inhibitors (DTI)
such as hirudin, bivalirudin, dabigatran, argatroban, and melagatran
[9]. Unfortunately, dabigatran is associated with an increased risk of
myocardial infarction or acute coronary syndrome in a broad spectrum
of patients [12]. Ximelagatran is a prodrug of melagatran, which was
reported to transiently and asymptomatically elevate levels of the ala-
nine aminotransferase to more than three times the upper limit of
normal [13]. The increase in ximelagatran mediated ALT levels may
produce hepatotoxicity after long-term intake [14]. Recently, oral
thrombin inhibitor treatment was reported to aggravate platelet adhe-
sion and aggregation during arterial thrombosis that might contribute
to the increase in acute coronary syndromes observed clinically in pa-
tients [15]. The same study also revealed that oral thrombin inhibitor
treatment increases thrombus formation and its stability during arterial
thrombosis in mice. It was also demonstrated that the prothrombotic
action of oral thrombin inhibitor is not due to thrombin-mediated
coagulation suggesting the negative side of oral thrombin inhibitors
[15]. These findings suggest that it is essential to examine the pro-
thrombotic effect of thrombin inhibitors before their translation into
the clinic. Undeniably, anticoagulants with fewer complications are
required. Based on the above observations, it is reasonable to postulate
that the design of synthetic, orally administrable, bioactive, direct
thrombin inhibitor with lesser adverse effects may provide substantial
clinical benefit for patients with thromboembolic disorders.

Benzothiazepinone is one of the privileged heterocycles in the
medicinal chemistry due to its broad range of pharmacological prop-
erties [16–18]. Several research groups have proposed various synthetic
routes for the preparation of benzothiazepinone derivatives [19–22].
Previous report reveals that benzothiazepinone derivative TA-993
[(-)-cis-3-acetoxy-5-(2-(dimethylamino)ethyl)-2, 3-dihydro-8-methyl-2-
(4-methylphenyl)-1,5-benzothiazepin-4(5H)-one maleate] inhibited
platelet aggregation [23] while diltiazem is a benzothiazepine deriva-
tive that exhibited antiaggregatory properties in platelets [24–26].
MB3, a metabolite of diltiazem, inhibited aggregation of platelet-in-
duced by collagen, ADP, epinephrine, platelet activating factor, ara-
chidonic acid, and U-46619 in human platelets in vitro [27]. Clentiazem
(a diltiazem derivative) and its metabolites possess inhibitory activities
on platelet aggregation [28]. Moreover, diltiazem is well-documented
as a calcium channel blocker in myocardial and vascular smooth muscle
cells and used in the treatment of hypertension, and angina pectoris

[29,30]. The structures of TA-993, diltiazem and MB3 are presented as
Fig. 1. The underlying molecular mechanism of antiaggregatory prop-
erty of benzothiazepinone in platelets remained unclear. It is essential
note that, the aforementioned compounds were structurally altered on
the 7-membered ring while the aromatic ring remained untouched. In
addition, most of the previously studied benzothiazepinone (TA-993,
diltiazem, MB3) possess unstable α-hydroxyl amides in the 7-membered
ring. Therefore, in the present report, we synthesized a library of novel
3,3-dibutyl-8-methoxy-2,3-dihydrobenzo [b] [1,4] thiazepin-4(5H)-one
derivatives by introducing various substituents on the aromatic ring
and dibutyl group at the α-position of the amide chain that makes the
structure relatively more stable. The new compounds are screened for
their platelet aggregation and thrombin inhibitory activity.

2. Material and methods

All organic chemicals used were purchased from Sigma-Aldrich. 1H
and 13C NMR spectra were recorded on a Bruker WH-200 (400MHz)
and JEOLJSM-ECS (400MHz), spectrometer in CDCl3 or DMSO‑d6 as a
solvent, using TMS as an internal standard and chemical shifts are ex-
pressed as ppm. High-resolution mass spectra were determined on a
WATERS Q-TOF Premier-HAB213 instrument. Mass spectra were de-
termined on an Agilent LC-MS and the elemental analyses were carried
out using an Elemental Vario Cube CHNS rapid Analyzer. Collagen
type-I, ADP, and thrombin were purchased from Sigma Chemicals
Company, St. Louis, USA. Uniplastin, Liquicelin-E, and Fibroquant were
purchased from Tulip Diagnostics Pvt. Ltd., Goa, India. All other che-
micals and reagents used were analytical grade. Thrombin Inhibitor
Screening Kit (Catalog #: K374) was purchased from BioVision, Inc. A
fresh blood sample was collected from healthy human donors. All the
experimental protocols were approved by the Institutional Human
Ethical Committee, University of Mysore, Mysuru and the experiments
are conducted in accordance with the ethical guidelines.

2.1. Chemistry

2.1.1. Typical procedure for the synthesis of 3,3-dibutyl-8-methoxy-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (1)

2-(bromomethyl)-2-butylhexanoic acid (2.65 g; 0.01mol) and po-
tassium-2-amino-5-methoxy benzenethiolate (2.88 g; 0.015mol) was
dissolved in 30ml of THF at room temperature. The reaction mass was
heated at 60 °C for 3 h and the completion of the reaction was mon-
itored by TLC. The reaction mass was quenched in water, the pH is
adjusted to between 6 and 7 and extracted with ethyl acetate. The
combined organic phase was washed with brine to remove THF, dried
over anhydrous sodium sulfate and concentrated under vacuum to
obtain a brown liquid product with 85% yield. Thereafter, liquid pro-
duct along with DMF (30ml), TEA (1.01 g; 0.01mol), benzotriazol -1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP)

Fig. 1. Structure of known benzothiazepinone derivatives that possess antiaggregatory properties in platelets.
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(2.21 g; 0.5 mol) and NaHCO3 (10%) was stirred for 3 h. After the re-
action time, reaction mass diluted and extracted with ethyl acetate
(50ml). The organic layer was washed with brine, dried over anhy-
drous sodium sulfate and the solvent was removed in vacuum to obtain
3,3-dibutyl-8-methoxy-2,3-dihydrobenzo[b] [1,4]thiazepin-4(5H)-one
(1) as brown solid (2.56 g) with a yield of 80%.

2.1.2. Typical procedure for the synthesis of 3,3-dibutyl-7-iodo-8-methoxy-
2,3-dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (2)

To a solution of compound 1 (3.21 g; 0.01mol) in CH3CN/H2O
(1:30ml), 1,4-bis(triphenylphosphonium)-2-butene peroxodisulfate
(5.8 g; 0.01mol) and iodine (1.27 g; 0.01mol) was added and the re-
action mixture was stirred at ambient temperature for 3 h. The progress
of the reaction was monitored using TLC. The reaction mixture was
poured into an aqueous sodium thiosulfate solution (3.2 g in 20ml
water) and extracted with ethyl acetate. The organic layer was con-
centrated and the obtained crude product was purified using column
chromatography using n-hexane/ethyl acetate as eluent to get iodinated
product (2) with a yield (3.5 g) of 71%.

2.1.3. 3,3-dibutyl-7-iodo-8-methoxy-2,3-dihydrobenzo[b] [1,4]thiazepin-
4(5H)-one (2)

Off-white solid; mp 146–147 °C; 1H NMR (400MHz, DMSO‑d6) δ:
9.57 (s, 1H), 7.32 (s, 1H), 7.09 (s, 1H), 3.81 (s, 3H), 2.98 (s, 2H),
1.66–1.59 (m, 2H), 1.50–1.43 (m, 2H), 1.20–1.16 (m, 8H), 0.83–0.80 (t,
6H); 13C NMR (100MHz, DMSO‑d6) δ: 175.8, 150.8, 134.9, 128.6,
125.4, 115.2, 109.9, 87.6, 56.5, 51.7, 41.5, 37.6, 25.5, 22.6, 13.7;
HRMS Calcd 470.0621; Found: 470.0622 (M+Na+).

2.1.4. General procedure for CeN bond-formation reaction
The reaction flask was charged with substrate 2 (447mg; 1mmol),

amines (3a-i) (1 mmol), 1,3-Bis(2,4,6-trimethylphenyl)imidazolinium
Chloride (L4) (35mg, 0.1 eq), Pd2(dba)3 (45mg; 0.05 eq), and Cs2CO3

(143mg; 2.5 eq) followed by the addition of reagent grade 1,4 dioxane
(5ml). The reaction mixture was heated at 100 °C for 12 h. After the
completion of reaction, the mixture was cooled to room temperature,
quenched with water and diluted with ethyl acetate (10ml) and the
aqueous layer was extracted with ethyl acetate (30ml). The combined
organic layer was washed with water, dried over anhydrous sodium
sulfate and the solvent was removed in vacuum. The crude product was
purified using silica gel column chromatography using n-hexane/ethyl
acetate as eluent to get final product (4a-i).

2.1.4.1. 3,3-dibutyl-8-methoxy-7-(phenylamino)-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (4a). Yield 80% (329.6mg); Off-white
colored solid; mp 135–146 °C; 1H NMR (400MHz, CDCl3); 7.49–7.27
(m, 6H), 7.04 (s, 1H), 6.90 (s, 1H), 3.80 (s, 3H), 3.02 (s, 2H), 1.85–1.81
(m, 2H), 1.65–1.61 (m,2H), 1.31–1.25 (m, 8H), 0.97–0.87 (m, 6H); 13C
NMR (100MHz, CDCl3); 177.2, 152.5, 136.9, 133.0, 129.2, 128.1,
127.4, 123.7, 114.6, 56.0, 52.3, 41.5, 38.3, 29.6, 26.0, 23.2, 13.9;
LCMS (MM: ES+APCI) 413.4 (M+H)+.

2.1.4.2. 3,3-dibutyl-8-methoxy-7-(p-tolylamino)-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (4b). Yield 79% (340.8mg); White colored
solid; mp 146–147 °C; 1H NMR (400MHz, DMSO‑d6); 9.34 (s, 1H), 7.36
(s,1H), 7.04–7.03 (m, 4H), 6.96–6.95 (d, J=4Hz, 1H), 6.89–6.88 (d,
J=4Hz, 1H), 3.81 (s, 3H), 2.96 (s, 2H), 2.24 (s, 3H), 1.83–1.43 (m,
4H), 1.17 (m, 8H), 0.82 (m, 6H); 13C NMR (100MHz, DMSO‑d6); 175.8,
144.2, 135.0, 129.6, 129.3, 118.8, 116.2, 114.2, 107.3, 55.7, 51.6,
44.1, 25.7, 22.8, 20.2, 13.8; LCMS (MM: ES+APCI) 427.4 (M+H)+.

2.1.4.3. 3,3-dibutyl-8-methoxy-7-((4-methoxyphenyl)amino)-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (4c). Yield 80% (353.7mg);
White colored solid; mp 166–167 °C; 1H NMR (400MHz, DMSO‑d6);
9.60 (s, 1H), 7.44–7.42 (d, J=8.0 Hz, 2H), 7.35–7.31 (m, 3H), 7.22 (s,
1H), 6.82 (s, 1H), 3.85 (s, 3H), 3.83 (s,3H), 2.99 (s, 2H), 1.67–1.59 (m,

2H), 1.51–1.44 (m, 2H), 1.30–1.21 (m, 8H), 0.85 (m, 6H); HRMS Calcd
465.2182; Found: 465.2185 (M+Na+); Anal.Calcd for C25H34N2O3S:
C, 67.84; H 7.74; N 6.33; Found: C, 67.89; H, 7.69; N, 6.36.

2.1.4.4. 3,3-dibutyl-7-((4-chlorophenyl)amino)-8-methoxy-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (4d). Yield 78% (348.6mg);
White colored solid; mp 172–173 °C; 1H NMR (400MHz, DMSO‑d6);
9.43 (s, 1H), 7.74 (s,1H), 7.25–7.23 (d, J=8.0 Hz, 2H), 7.11–7.09 (d,
J=8.0 Hz, 2H), 7.01 (s, 1H), 6.97 (s, 1H), 3.82 (s, 3H), 2.98 (s, 2H),
1.58–1.47 (m, 4H), 1.18–1.16 (m, 8H), 0.85–0.82 (m, 6H); 13C NMR
(100MHz, DMSO‑d6); 174.2, 153.7, 137.1, 136.5, 131.9, 131.7, 130.1,
128.5, 116.6, 110.3, 56.5, 50.6, 45.7, 22.7, 13.7; LCMS (MM:
ES+APCI) 447.2 (M+H)+.

2.1.4.5. 3,3-dibutyl-8-methoxy-7-((2-methoxyphenyl)amino)-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (4e). Yield 76% (336mg);
Off-white colored solid; mp 151–152 °C; 1H NMR (400MHz,
DMSO‑d6); 9.51 (s, 1H), 7.30–7.26 (m, 2H), 7.05–7.04 (d, J=8Hz,
1H), 6.96–6.86 (m, 4H), 3.73 (s, 3H), 3.71 (s, 3H), 2.98 (s, 2H), 1.59
(m, 2H), 1.48 (m, 2H), 1.18–1.14 (m, 8H), 0.80 (m, 6H); 13C NMR
(100MHz, DMSO‑d6); 176.4, 159.4, 152.1, 138.8, 134.7, 130.1, 129.6,
128.6, 124.1, 121.8, 115.3, 115.1, 56.4, 55.5, 52.08, 42.2, 38.2, 26.1,
23.3, 14.4. LCMS (MM: ES+APCI) 443.4 (M+H)+.

2.1.4.6. 3,3-dibutyl-7-((2-chlorophenyl)amino)-8-methoxy-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (4f). Yield 75% (334mg);
White colored solid; mp 167–168 °C; 1H NMR (400MHz, CDCl3);
7.47–7.43 (d, J=8Hz, 1H), 7.43–7.42 (d, J=8.0 Hz, 1H), 7.29–7.22
(m, 4H), 7.02 (s, 1H), 6.77 (s, 1H), 3.75 (s, 3H), 3.02 (s, 2H), 1.84–1.77
(m, 2H), 1.64–1.58 (m, 2H), 1.25–1.24 (m, 8H), 0.88–0.84 (m, 6H); 13C
NMR (100MHz, CDCl3); 177.3, 153.0, 136.1, 133.8, 132.9, 131.5,
130.0, 129.5, 129.0, 128.9, 126.6, 124.1, 114.6, 56.1, 52.2, 41.8, 38.3,
26.1, 23.3, 14.0; LCMS (MM: ES+APCI) 448.4 (M+H)+.

2.1.4.7. 3,3-dibutyl-8-methoxy-7-((4-methylpyridin-2-yl)amino)-2,3-
dihydrobenzo [b] [1,4] thiazepin-4(5H)-one (4g). Yield 61% (260.8mg);
Off-White colored solid; mp 136–137 °C: 1H NMR (400MHz, DMSO‑d6);
9.34 (s, 1H), 8.05 (d, 1H), 7.54 (m, 3H), 7.36 (s, 1H), 7.29 (s, 1H), 3.81
(s, 3H), 2.96 (s, 2H), 2.24 (s, 3H), 1.54–1.45 (m, 4H), 1.20–1.11 (m,
8H), 0.85 (m, 6H); LCMS (MM: ES+APCI) 428.4 (M+H)+.
Anal.Calcd for C24H33N3O2S: C 67.41, H 7.78, N 9.83; Found: C,
67.48; H, 7.71; N, 9.89.

2.1.4.8. 2-(2-chloro-4-((3,3-dibutyl-8-methoxy-4-oxo-2,3,4,5-
tetrahydrobenzo [b] [1,4]thiazepin-7-yl)amino)-5-methylphenyl)-2-(4-
chlorophenyl)acetonitrile (4h). Yield 63% (383.7mg); Off-White
colored solid; mp 141–142 °C; 1H NMR (400MHz, DMSO‑d6); 9.38 (s,
1H), 7.49–7.47 (d, J=8.0 Hz, 2H), 7.40–7.33 (m, 5H), 7.28 (s, 1H),
7.05 (s, 1H), 6.31 (s, 1H), 3.88 (s, 3H), 3.01 (s, 2H), 2.30 (s, 3H),
1.60–1.48 (m, 4H), 1.21–1.13 (m, 8H), 0.87–0.83 (m, 6H); 13C NMR
(100MHz, DMSO‑d6); 175.8, 144.3, 142.3, 135.2, 134.8, 126.9, 126.6,
116.8, 114.4, 108.1, 55.8, 41.6, 44.0, 40.1, 37.2, 25.7, 22.7, 13.8, 13.4;
LCMS (MM: ES+APCI) 610.2 (M+H)+.

2.1.4.9. 3′-((3,3-dibutyl-8-methoxy-4-oxo-2,3,4,5-tetrahydrobenzo[b]
[1,4]thiazepin-7-yl)amino)-[1,1′-biphenyl]-2-carbonitrile (4i). Yield 65%
(333.5mg); Off-white colored solid; mp 143–144 °C; 1H NMR
(400MHz, DMSO‑d6); 9.51 (s, 1H), 7.43–7.40 (m, 6H), 7.34–7.32 (m,
3H), 7.21 (s, 1H), 6.81 (s, 1H), 3.83 (s, 3H), 3.02 (s, 2H), 1.63–1.59 (m,
4H), 1.12–1.11 (m, 8H), 0.82–0.78 (m, 6H); LCMS (MM:ES+APCI)
514.4 (M+H)+. Anal.Calcd for C31H35N3O2S: C, 72.48; H, 6.87; N,
8.18; Found: C, 72.51; H, 6.83; N, 8.14.

2.1.5. General procedure for CeC bond-formation reaction
The reaction flask was charged with substrate 2 (447mg; 1mmol),

boronic acid (5a-i) (1 mmol), 2,2′-bis(diphenylphosphino)-1,1′-
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binaphthyl (L3) (62.2 mg; 0.1 eq), Pd(PPh)3Cl2 (35.1mg; 0.05 eq), and
Cs2CO3 (142mg; 2.5 eq) followed by the addition of reagent grade 1,4
dioxane (5ml). The reaction mixture was heated at 100 °C for 8 h. After
the completion of reaction, mixture is cooled to room temperature,
quenched with water and diluted with ethyl acetate (10ml) and the
aqueous layer was extracted with ethyl acetate (30ml). The combined
organic layer was washed with water, dried over anhydrous sodium
sulfate and the solvent was removed in vacuum. The crude product was
purified using silica gel column chromatography using n-hexane/ethyl
acetate as eluent to get final product (6a-i). All the new compounds
exhibited spectral properties consistent with the assigned structures and
were fully characterized by their spectroscopic methods (1H, IR, Mass,
elemental and 13C NMR analysis).

2.1.5.1. 3,3-dibutyl-8-methoxy-7-phenyl-2,3-dihydrobenzo[b] [1,4]
thiazepin-4(5H)-one (6a). Yield 84% (333.6mg); White colored solid;
mp 154–155 °C; 1H NMR (400MHz, DMSO‑d6); 9.52 (s, 1H), 7.38–7.28
(m, 5H), 7.06–7.02 (2H), 3.79 (s, 3H), 2.99 (s, 2H), 1.61–1.59 (m, 2H),
1.49–1.47 (m, 2H), 1.19–1.15 (m, 8H), 0.80–0.78 (m, 6H); 13C NMR
(100MHz, CDCl3); 176.4, 152.1, 137.5, 134.7, 130.4, 129.5, 128.6,
127.7, 124.1, 115.1, 56.4, 52.1, 42.2, 38.2, 26.1, 23.3, 14.4. LCMS
(MM: ES+APCI) 398.4 (M+H)+.

2.1.5.2. 3,3-dibutyl-7-(4-chloro-3-(trifluoromethyl)phenyl)-8-methoxy-
2,3-dihydrobenzo [b] [1,4] thiazepine-4(5H)-one (6b). Yield 81%
(404.3mg); White colored solid; mp 184–186 °C; 1H NMR (400MHz,
CDCl3); 8.05 (s, 1H), 7.80–7.79 (d, J=4Hz, 1H), 7.60–7.57 (dd,
J1= 4Hz, J2= 4Hz, 2H), 7.02 (s, 1H), 7.93 (s, 1H), 3.79 (s, 3H), 2.93
(s, 2H), 1.87–1.79 (m, 2H), 1.64–1.57 (m, 2H), 1.23–1.22 (m, 8H),
0.86–0.82 (m, 6H); 13C NMR (100MHz, CDCl3); 177.6, 152.2, 136.0,
133.5, 131.2, 130.5, 128.4, 128.1, 123.4, 114.7, 56.1, 52.4, 41.2, 38.5,
26.1, 23.2, 14.0; LCMS (MM: ES+APCI) 500.2 (M+H)+.

2.1.5.3. 3,3-dibutyl-8-methoxy-7-(3-methoxyphenyl)-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (6c). Yield 83% (354.5mg); Off-white
colored solid; mp 136–138 °C; 1H NMR (400MHz, DMSO‑d6); 9.55 (s,
1H), 7.32 (m, 1H), 7.10–7.09 (d, J=4Hz, 2H), 7.00–6.93 (m, 3H),
3.77 (s, 3H), 3.75 (s, 3H), 3.34 (s, 2H), 1.63 (m, 2H), 1.53 (m, 2H), 1.20
(m, 8H), 0.85–0.82 (m, 6H); 13C NMR (100MHz, DMSO‑d6); 175.9,
158.8, 151.5, 138.3, 134.1, 129.6, 129.1, 128.1, 123.5, 121.3, 114.7,
112.5, 55.8, 54.9, 51.5, 41.7, 37.6, 25.5, 22.7, 13.8; LCMS (MM:
ES+APCI) 428.4 (M+H)+.

2.1.5.4. 3,3-dibutyl-8-methoxy-7-(4-(trifluoromethyl)phenyl)-2,3-
dihydrobenzo[b] [1,4] thiazepin-4(5H)-one (6d). Yield 81% (376.8mg);
White colored solid; mp 198–199 °C; 1H NMR (400MHz, CDCl3); 7.93
(s, 1H), 7.65–7.63 (d, J=8Hz, 2H), 7.59–7.57 (d, J=8Hz, 2H), 7.03
(s, 1H), 6.94 (s,1H), 3.79 (s, 3H), 3.0 (s, 2H), 1.87–1.82 (m, 2H),
1.65–1.59 (m, 2H), 1.31–1.23 (m, 8H), 0.86–0.83 (m, 6H); 13C NMR
(100MHz, CDCl3); 177.6, 152.4, 140.7, 133.4, 130.2, 129.7, 129.3,
125.1, 123.7, 114.7, 56.1, 52.4, 41.3, 38.4, 26.1, 23.2, 14.0; HRMS
Calcd 488.1842; Found: 488.1844 (M+Na+).

2.1.5.5. 3,3-dibutyl-7-(2-fluorophenyl)-8-methoxy-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (6e). Yield 79% (328mg); White colored
solid; mp 154–156 °C; 1H NMR (400MHz, DMSO‑d6); 9.63 (s, 1H),
7.48–7.44 (m, 1H), 7.32–7.28 (m, 3H), 7.18 (s,1H), 7.04 (s, 1H), 3.78
(s, 3H), 3.11 (s, 2H), 1.70–1.67(m, 2H), 1.60–1.55 (m, 2H), 1.25 (m,
8H), 0.89–0.87 (m, 6H); 13C NMR (100MHz, DMSO‑d6); 176.4, 152.5,
134.5, 132.0, 130.2, 130.1, 129.3, 124.9, 124.7, 124.5, 116.0, 115.8,
114.7, 56.4, 52.0, 42.2, 38.0, 26.0, 23.2, 14.3; LCMS (MM: ES+APCI)
416.4 (M+H)+.

2.1.5.6. 3,3-dibutyl-7-(2-chlorophenyl)-8-methoxy-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (6f, DCT). Yield 80% (344.9mg); White
colored solid; mp 146–147 °C; 1H NMR (400MHz, DMSO‑d6); 9.55 (s,

1H), 7.32–7.30 (m, 1H), 7.09–7.00 (m, 2H), 6.99–6.96 (s, 2H), 6.90 (s,
1H), 3.75 (s, 3H), 3.0 (s, 2H), 1.67–1.62(m, 2H), 1.55–1.51 (m, 2H),
1.23–1.18 (m, 8H), 0.85 (m, 6H); HRMS Calcd 454.1578; Found:
454.1582 (M+Na+);. Anal.Calcd for C24H30ClNO2S: C, 66.72; H,
7.00; N, 3.24; Found: C, 66.68; H, 6.97; N, 3.27.

2.1.5.7. 3,3-dibutyl-8-methoxy-7-(p-tolyl)-2,3-dihydrobenzo[b] [1,4]
thiazepin-4(5H)-one (6g). Yield 83% (341.2mg); White colored solid;
mp 143–144 °C; 1H NMR (400MHz, CDCl3); 7.63 (s, 1H), 7.47–7.45 (d,
J=8.0 Hz, 1H), 7.41–7.37 (m, 2H), 7.34–7.30 (m,1H), 7.01 (s,1H),
6.90 (s, 1H), 3.78 (s,3H), 3.00 (s, 2H), 2.34 (s, 3H), 1.87–1.79 (m, 2H),
1.65–1.59 (m. 2H), 1.32–1.24 (m, 8H), 0.88–0.84 (m, 6H); 13C NMR
(100MHz, CDCl3); 177.4,152.6, 137.0, 133.2, 131.1, 129.3, 129.2,
128.2, 127.5, 123.8, 114.7, 56.1, 52.4, 41.6, 38.4, 29.7, 26.1, 23.3,
14.0; LCMS (MM: ES+APCI) 412.4 (M+H)+.

2.1.5.8. 3,3-dibutyl-8-methoxy-7-(4-nitrophenyl)-2,3-dihydrobenzo[b]
[1,4]thiazepin-4(5H)-one (6h). Yield 41% (181.2mg); Off-white
colored solid; mp 139–140 °C; 1H NMR (400MHz, CDCl3); 8.33–8.31
(d, J=8.0 Hz, 2H), 7.53–7.47 (m, 3H), 7.03 (s, 1H), 6.84 (s, 1H), 3.77
(s, 3H), 3.01 (s, 2H), 1.86–1.78 (m, 2H), 1.65–1.57 (m, 2H), 1.30–1.24
(m, 8H), 0.88–0.85 (m, 6H); 13C NMR (100MHz, CDCl3); 177.3, 153.1,
145.9, 132.9, 131.6, 130.1, 129.6, 125.4, 124.3, 123.9, 115.9, 114.6,
56.2, 52.3, 41.6, 38.3, 26.1, 23.2, 14; LCMS (MM: ES+APCI) 443.4
(M+H)+.

2.1.5.9. 4-(3,3-dibutyl-8-methoxy-4-oxo-2,3,4,5-tetrahydrobenzo[b] [1,4]
thiazepin-7-yl) benzonitrile (6i). Yield 43% (181.5mg); Off-white
colored solid; mp 130–131 °C; 1H NMR (400MHz, DMSO‑d6); 9.31 (s,
1H), 7.73–7.71 (d, J=8.0 Hz, 1H), 7.65–7.58 (m, 3H), 7.50 (s, 1H),
7.01 (s, 1H), 3.83 (s, 3H), 3.0 (s, 2H), 1.54–1.39 (m, 4H), 1.23–1.18 (m,
8H), 0.88 (m, 6H); HRMS Calcd 445.1920; Found: 445.1924
(M+Na+); Anal.Calcd for C25H30N2O2S: C, 71.06; H, 7.16; N, 6.63;
Found: C, 71.10; H, 7.10; N, 6.69.

2.2. Biology

2.2.1. Thrombin inhibition assay
The effect of the newly synthesized compounds on thrombin activity

was measured using Thrombin Inhibitor Screening Kit, BioVision, the
USA as per the manufacturer’s instructions. Briefly, thrombin enzyme
solution is prepared with assay buffer and 50 µl of enzyme solution is
taken in each well in a 96-well plate. Thereafter enzyme is incubated
with new compounds and substrate for 15min followed by measuring
of the fluorescence activity. PPACK dihydrochloride was used as posi-
tive control.

2.2.2. Determination of plasma re-calcification time
The plasma re-calcification time was determined as described ear-

lier [31]. Briefly, the DCT (0–5 μg) was pre-incubated with 0.2 ml of
citrated human plasma in the presence of 10mM Tris HCl (20 μl) buffer
pH 7.4 for 1min at 37 °C. Then 0.25M CaCl2 (20 μl) was added to the
pre-incubated mixture and clotting time was recorded.

2.2.3. Determination of activated partial thromboplastin time (APTT) and
prothrombin time (PT)

Briefly, 100 μl of normal citrated human plasma and DCT (0–5 μg)
were pre-incubated for 1min at room temperature. Using the coagu-
lation analyzer (Labitec, Germany), APTT and PT performed according
to the manufacturer instructions. For APTT, we add 100 μl of Liquicelin-
E phospholipids preparation derived from Rabbit brain with ellagic
acid. The clotting reaction initiated by adding 100 μl of 0.02M CaCl2
and the clotting time was measured. For PT, the clotting reaction was
initiated by adding 200 μl of PT reagent (Uniplastin–rabbit brain
thromboplastin). The period for the visible clot documented in seconds
unit. The APTT ratio and the international normalized ratio for PT at
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each point analyzed and from the values of control plasma incubated
with the buffer for an equal period.

2.2.4. Determination of thrombin clotting time (TCT)
Thrombin clotting time was determined according to the slightly

modified method of Evans. Briefly, 100 µl of human citrated plasma
were pre-incubated with DCT (0–5 μg) in 10mM Tris–HCl buffer pH 7.4
at 37 °C. The clotting time was then determined after adding 100 µl of
diluted thrombin (0.5 units/ml) to the 100 µl of incubation sample.

2.2.5. Preparation of platelet-rich plasma and platelet-poor plasma
We employed Ardlie and Han methodology [32] for the preparation

of human platelet-rich plasma (PRP) and platelet-poor plasma (PPP).
The platelet concentration of PRP adjusted to 3.1×108 platelets/ml
with PPP. For aggregation process, the PRP maintained at 37 °C was
used within two hours. All the above preparations were performed
using plastic-wares or siliconized glassware.

2.2.6. Preparation of washed platelets
The method of Born was employed for the preparation of the wa-

shed platelets [33]. Acid citrate dextrose buffer 1.5 ml, (containing
2.5 g trisodium citrate dehydrate, 1.4 g of citric acid and 2 g of anhy-
drous D-glucose, pH 4.5) taken in a plastic centrifuge tube, 9ml of blood
was added and centrifuged for 15min at 30 g. The supernatant, PRP
was transferred into a plastic tube and kept in an incubator at 37 °C for
15min and then centrifuged for 20min at 4500g. The pellet collected,
and it further suspended in tyrode albumin buffer pH 6.5 (NaCl; 0.16 g,
KCl; 0.004 g, NaHCO3; 0.02 g, NaH2PO4; 0.00116 g, MgCl2 6H2O;
0.02033 g, HEPES; 0.11 g and BSA; 0.35 g in 100ml H2O) and mixed
well centrifuged for 20min at 4500 g. The pellet was again suspended
in tyrode albumin buffer pH 6.5 and centrifuged again for 20min at
4500 g and the pellet obtained was suspended in tyrode albumin buffer
pH 7.35 containing 2mM CaCl2 6H2O and this suspension was taken for
platelet aggregation study.

2.2.7. Platelet aggregation
The turbidimetric method of Born [33] was followed using a

Chronolog dual channel whole blood/optical LUMI aggregation system
(Model-700). PRP aliquots were pre-incubated with various con-
centrations of DCT (0–3 μg) in the 0.25ml reaction volume. The ag-
gregation was initiated independently by the addition of agonists, such
as collagen and ADP followed for 6min. In another set, washed platelets

aliquots were pre-incubated with various concentrations of DCT
(0–3 μg) in the 0.25ml reaction volume and the aggregation was in-
itiated by the addition of thrombin followed for 6min.

2.2.8. Molecular docking studies of benzothiazepinone series against
thrombin target

We performed computational docking studies to investigate the
molecular interactions between the benzothiazepinone series and
thrombin. The whole set of 18 benzothiazepinones were prepared for
docking using LigPrep 2.5 [34], keeping the default settings and using
the Epik option that introduces energy penalties associated with ioni-
zation and tautomerization. The co-crystal structure of thrombin with
1-(2R)-2-amino-3-phenyl-propanoyl-N-(2,5-dichlorophenyl)methylpyr-
rolidine-2-carboxamide (PDB: 4UDW) was prepared for protein–ligand
docking with Glide [35]. The structure was prepared using the Protein
Preparation Wizard of Maestro 9.3 [36]. This was done following the
default protocol taking into account energy refinement, hydrogen ad-
dition, pKa assignment, and side-chain rotational isomer refinement.

Fig. 2. (A) Scheme for the synthesis of 3,3-
dibutyl-7-iodo-8-methoxy-2,3-dihydrobenzo
[b] [1,4]thiazepin-4(5H)-one. (B) Structure
of the ligands [1,10 -Phenanthroline (L1,
Diamine), 2′-(Dicyclohexylphosphino)acet-
ophenone ethylene ketal (L2, BINAP), 2,2′-
bis(diphenylphosphino)-1,1′-binaphthyl (L3,
Sympos) and 1,3-Bis(2,4,6-trimethylphenyl)
imidazolinium Chloride (L4, N-heterocyclic
carbine)] that were used for the CeN and
CeC bond formation reactions.

Table 1
Optimization of reaction conditions.a

Entry Catalyst Ligand Time (h) Yieldb (%)
CeN

Time (h) Yieldc (%)
CeC

1 Pd (OAc)2 L1 15 NR 15 NR
2 Pd (Oac)2 L2 15 NR 15 19
3 Pd (Oac)2 L3 15 21 15 NR
4 Pd (Oac)2 L4 15 16 15 25
5 Pd2dba3 L1 15 NR 15 NR
6 Pd2dba3 L2 15 NR 15 43
7 Pd2dba3 L3 12 50 15 20
8 Pd2dba3 L4 12 80 15 34
9 Pd2dba3 L4 6 57 6 15
10 Pd(PPh)3Cl2 – 12 NR 15 31
11 Pd(PPh)3Cl2 L1 15 NR 15 NR
12 Pd(PPh)3Cl2 L2 15 NR 8 81
13 Pd(PPh)3Cl2 L3 15 NR 8 84
14 Pd(PPh)3Cl2 L4 15 NR 15 45

a Reaction condition: for CeN/CeC bond formation:- 2 (1 mmol), aniline/
phenyl boronic acid/(1mmol), ligand (0.1 equivalence), Pd Catalyst (0.05
equivalence) and Cs2CO3 2.5 equivalent, 1,4 Dioxane solvent at 100 °C for
8–15 h.

b Isolated yield for CeN coupled products.
c Isolated yield for CeC coupled products.
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Table 2
Newly synthesized CeN coupled products.

Entry Substrate 2 Amines (3a-i) Products (4a-i)

1

2

3

4

5

6

7

8

(continued on next page)
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Then resolved water molecules were discarded and the structure was
centered using the co-crystallized ligand as the center of the receptor
grid generated for the protein structure. The co-crystal structure of
thrombin with 1-(2R)-2-amino-3-phenyl-propanoyl-N-(2,5-di-
chlorophenyl)methylpyrrolidine-2-carboxamide was selected as the
target structure. The prepared Benzothiazepinones were docked into
the active site of the thrombin with 1-(2R)-2-amino-3-phenyl-propa-
noyl-N-(2,5-dichlorophenyl)methylpyrrolidine-2-carboxamide (PDB:
4UDW) protein crystal structure. The Glide docking parameters were
Glide score that included standard precision (SP) and the flexible ligand
sampling option.

3. Results and discussion

3.1. Chemistry

3.1.1. Synthesis of 3,3-dibutyl-7-iodo-8-methoxy-2,3-dihydrobenzo [b]
[1,4]thiazepin-4(5H)-one

Given the remarkable medicinal importance of benzothiazepines
and continuation of efforts to explore the pharmacological properties of
new heterocycles [37–43], in the present work, we synthesized a new
series of benzothiazepine derivatives. Initially, we used a mild and se-
lective method for the iodination [44] of 3,3-dibutyl-8-methoxy-2,3-
dihydrobenzo[b] [1,4]thiazepin-4(5H)-one (1) using potassium-2-
amino-5-methoxy benzenethiolate and 2-(bromomethyl) − 2-bu-
tylhexanoic acid to form 3,3-dibutyl-7-iodo-8-methoxy-2,3-dihy-
drobenzo[b] [1,4]thiazepin-4(5H)-one (2) with a yield of 71%
(Fig. 2A).

The structure of 2 was determined by NMR and mass spectral
analysis techniques and provided as supplementary information.

In the next step, we focussed on the derivatization of (2) via CeN
and CeC bond formation reaction. Initially, we screened various classes
of ligands (Fig. 2B) such as 1,10-Phenanthroline Diamine (L1), 2′-

(Dicyclohexylphosphino)acetophenone ethylene ketal (L2, BINAP),
2,2′-bis(diphenylphosphino)-1,1′-binaphthyl (L3, Sympos) and 1,3-Bis
(2,4,6-trimethylphenyl)imidazolinium Chloride (L4, N-heterocyclic
carbine) for their ability to perform efficient coupling reactions. In
these reactions, Cs2CO3 was kept as a common base for coupling re-
action with a different palladium catalyst in 1,4-dioxane as a solvent.
To verify this method, (2) and aniline were used as model substrates for
CeN bond formation reaction, while (2) and phenylboronic acid for
CeC coupling reaction (Table 1). We observed that substrates were
transformed into the desired CeN coupled product in the presence of L3
and L4 (0.1 eq), and Pd2(dba)3 (0.05 eq) at 100 °C for 12 h. (Table 1,
Entry 7 and 8.) Optimization of reaction conditions revealed that a
combination of Pd2(dba)3 and L4 (Table1, Entry 8) efficiently trans-
formed substrates to the corresponding CeN coupled product with a
yield of 80%. The reduction in reaction time to 6h resulted in the
subsequent decline in yield to 57% (Table 1, Entry 9).

We next optimized the reaction conditions for CeC bond formation.
We found that use of Pd(PPh)3Cl2 as a catalyst converted substrate into
the product in the absence of ligand (Table 1, Entry 10) with a yield of
31%. Further investigation on the choice of ligands revealed that the
use of L2 and L3 in the particular base system for CeC cross-coupling
reaction at 100 °C for 8 h resulted in efficient organic transformation
with a yield of 81% and 84% (Table1, Entry 12 and 13). The reaction
with other palladium catalysts and ligands resulted in a moderate yield
of the product, despite longer reaction time and high temperature.
Based on these results, we examined the generality of CeN bond
forming reaction on (2) with different substituted aromatic amines
(Table 2). It was observed that the products (4a-f), derived from elec-
tron-rich substituents of aromatic amines resulted in good yield
(Fig. 3A). However, the use of heterocyclic amines (3g) and substituted
biphenylamines (3h and 3i) resulted in only moderate conversion into
products.

Further, the CeC bond formation reaction protocol was extended on

Table 2 (continued)

Entry Substrate 2 Amines (3a-i) Products (4a-i)

9

Fig. 3. Schematic representation of the synthesis and derivatization of dibutyl benzothiazepinone via (A) CeN bond formation reactions (B) CeC bond formation
reactions.
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(2) using various substituted aryl boronic acids (Table 3). Most of the
reactions were completed within 8h with a good product yield (Fig. 3B).
We observed the decrease in reaction efficiency for boronic acids
bearing electron withdrawing groups (5h and 5i), leading to poor
conversion.

3.1.2. X-ray crystal structure determination of 4g and 6c
Crystals of compound 4g and 6c were grown using slow evaporation

technique. Using an X-ray diffractometer, the single crystal structures of
4g (size: 0.3× 0.27× 0.25mm) and 6c (size: 0.29×0.27×0.25mm)
were solved by direct methods using SHELXS97 and successive least-

Table 3
Newly synthesized CeC coupled products.

Entry Substrate 2 Boronic acid (5a-i) Products (6a-i)

1

2

3

4

5

6

7

8

9
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squares full-matrix refinement was done using SHELXL97. The final
refinement method for the full matrix least-squares on F2 which ex-
plains the convergence implying the best fit including R1=0.0995 and
0.0430, R2= 0.2754 and 0.1286 with goodness-of-fit 1.254 and 1.065
for the structures of 4g and 6c, respectively. The single crystal refine-
ment data for the compounds 4g and 6c are provided as Supplementary
Tables 1 and 2. The structures of compounds 4g and 6c are shown in
Fig. 4A and B. The substituted phenyl rings at the 6 and 7 positions of
4g and 6c are planar.

3.2. Biological studies

3.2.1. In vitro screening against thrombin
Benzothiazepinone derivatives are known for their inhibitory ac-

tivity towards platelet aggregation and underlying molecular me-
chanism still needs to be explored. Therefore, initially, all the newly
synthesized benzothiazepinone derivatives were examined for their in
vitro thrombin inhibitory activity at the concentration of 10 μM and the
activity of thrombin was presented based on the fluorescence (RFU:
Relative Fluorescence Unit) of the AMC-based peptide substrate.
Among the newly synthesized library of benzothiazepinones, DCT
(compound 6f) displayed the maximum thrombin inhibition with an
IC50 value of 3.85 μM. Compounds 4e, 6d, 6e, and 6h displayed still
significant but lesser inhibitory activity with an IC50 value of 4.86, 6.74,
8.02 and 15.75 respectively and marginal inhibition was observed by
other derivatives (Fig. 5A). These results indicate that the biphenyl
tethered benzothiazepinones having electron withdrawing groups
showed potent inhibition towards thrombin except compound 6i
(R=CN), whereas the reverse was the case for electron donating
groups in the same position.

3.2.2. DCT prolongs the clotting time of human plasma
Thrombin is a serine protease that cleaves fibrinogen to form fibrin

which is essential for blood coagulation. To firstly determine whether
DCT possess anticoagulant activity, we performed a plasma re-
calcification assay, which detects the increase in clotting time of ci-
trated human plasma in a concentration-dependent manner. We ob-
served the maximum clotting time at 320 ± 11 sec in the sample
treated with DCT (5 µg), compared to vehicle control with a clotting
time of 200 ± 07 sec (Fig. 5B). These results indicate that DCT pos-
sesses anticoagulant activity.

3.2.3. Effect of DCT on activated partial thromboplastin time (APTT), and
prothrombin time (PT)

Blood coagulation occurs through two pathways namely, extrinsic
and intrinsic pathway. Since DCT exerts anticoagulant property, we
further investigated the effect of DCT on both extrinsic and intrinsic
coagulation pathways. In APTT assay, the addition of a negatively
charged substance to plasma triggers activation of factor XII and sets off
the intrinsic pathway of coagulation [45]. In PT assay, coagulation is
triggered through the extrinsic pathway by adding tissue extracts to the
plasma [45,46]. Both the coagulation pathways converge at the
downstream event that leads to the activation of thrombin [31].
Therefore, we performed APTT and PT to evaluate the effect of DCT on
intrinsic and extrinsic coagulation pathway. APTT is extended during
the deficiency of any of the coagulation factors or in the presence of
inhibitors of coagulation factors including prothrombin. To measure
APTT, phospholipids preparation with ellagic acid and calcium ions was
used for the activation of clotting factors and the effect of DCT (1–5 µg)
was evaluated (see Table 4). The results demonstrated the delay in clot

Fig. 4. ORTEP diagram of compound 4g (A) and 6c (B), based on single-crystal
X-ray data.

Table 4
The effect of DCT on clotting time of normal human plasma.

DCT
(µg)

PT
(S)

PT (INR Values) APTT
(S)

APTT ratio TCT
(S)

0 11.5 ± 0.02 0.99 ± 0.02 37.3 ± 0.03 1.36 ± 0.03 25 ± 0.7
1 12.3 ± 0.03 1.06 ± 0.02 50.3 ± 0.03 1.83 ± 0.03 30 ± 0.4
2 12.9 ± 0.02 1.12 ± 0.01 58.0 ± 0.01 2.11 ± 0.01 37 ± 0.5
3 13.5 ± 0.01 1.17 ± 0.02 57.6 ± 0.02 2.09 ± 0.02 41 ± 1
4 14.5 ± 0.02 1.26 ± 0.01 55.6 ± 0.04 2.02 ± 0.04 49 ± 0.8
5 14.7 ± 0.01 1.28 ± 0.01 46.7 ± 0.03 1.70 ± 0.03 57 ± 1
Heparin

(1 µg)
12.5 ± 0.2 – 49.6 ± 2.5 – 80.7 ± 4.9

PT: Prothrombin time; APTT: Activated partial thromboplastin time; INR: International normalized ratio; TCT: Thrombin clotting time. Heparin represents the
positive control and the PT, APTT and TCT values for heparin is taken from a previous report [52].
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formation on DCT (2 µg) treatment to 58 ± 0.01 s when compared
with 37.3 ± 0.03 s in control. The PT was also found to be extended to
14.7 ± 0.01 s in DCT (5 µg) treated sample compared to 11.5 ± 0.02 s
in the control. Overall, DCT prolonged the clot formation process in
both APTT and PT with an increase in the concentration of DCT. These
results suggest that DCT may inhibit thrombin in order to interfere with
both the coagulation pathways.

3.2.4. Effect of DCT on thrombin clotting time (TCT)
TCT is a measure of the time taken for stable clot formation after the

addition of thrombin to citrated plasma [47]. Thrombin converts fi-
brinogen to fibrin which is essential for the formation of a stable clot.
TCT specifically allows the detection of thrombin or fibrin inhibitors
[47]. Therefore, we next performed TCT to evaluate the effect of DCT
on the formation of a stable clot. Interestingly, DCT prolonged the clot
formation process of TCT from 25 ± 0.7 s (control) to 57 ± 1 s (DCT
treated (5 µM), Table 4). The results clearly demonstrated that DCT
significantly increases clotting time by interfering with the conversion
of fibrinogen to fibrin. Therefore, it is evident that DCT induces anti-
coagulative activity via inhibition of thrombin.

3.2.5. Effect of DCT on agonist-induced platelet aggregation
To examine the effect of DCT on the function of platelets, we next

evaluated the effect of DCT on agonist-induced platelet aggregation.
Collagen, ADP, and thrombin were used as agonists of platelet ag-
gregation in independent experiments. The pretreatment of PRP with
various concentrations of DCT resulted in the inhibition of ADP- and
collagen-induced platelet aggregation of about 62.0% and 98% re-
spectively at the concentration of 3 μg/ml (Figs. 6 and 7). Similarly, the
treatment of washed platelets with different concentrations of DCT
resulted in the inhibition of thrombin-induced platelet aggregation of
about 76% (Fig. 8). We also observed the inhibition of agonist-induced
platelet aggregation in a dose-dependent manner (Table 2).

3.2.6. Molecular docking studies against thrombin
The benzothiazepinone series have consistently displayed hydrogen-

bonding mode with Ser-214, which is similar to that of the co-crystal-
lized ligand (PDB ID: 4UDW). Furthermore, additional trends in binding
modes were observed for 6d and DCT (Fig. 9): Hydrogen bonding to
Ser-195, and π-π interactions between the methoxyphenyl groups and
Trp-60. In fact, DCT, which displayed the highest activity in the in vitro
assay, has exhibited the highest docking score among the whole series

Fig. 5. (A) Screening of new benzothiazepinone derivatives against the activity of thrombin at 10 μl. The positive control is PPACK dihydrochloride. (B) DCT (0–5 μg)
was pre-incubated with 0.2ml of citrated human plasma in the presence of 20 μl 10Mm Tris–HCl buffer pH 7.4 for 1min at 37 °C. 20 μl of 0.25M CaCl2 was added to
the pre-incubated mixture and clotting time was recorded. DCT prolongs the clotting time of human plasma. *P < 0.05; **P < 0.01.

C.P. Baburajeev, et al. Bioorganic Chemistry 87 (2019) 142–154

151

http://firstglance.jmol.org/fg.htm?mol=4UDW


of compounds. It is noted that the hydrogen bonding interactions with
the Ser-195 and Ser-214 exhibited by 6d and DCT are similar to those
exhibited by another co-crystallized ligand of PDB ID: 1XMN. The dis-
tances from the carbonyl groups of 6d and DCT to the hydroxyl group of
Ser-195 were computed, and they were 1.79 and 1.68 Å respectively,
and from the amino groups of 6d and DCT to the carbonyl group of Ser-
214, they were 1.89 and 1.98 Å respectively.

3.2.7. Statistical analysis
Using Origin 8 (OriginLab) software, the statistical analysis was

carried out. The Mann–Whitney U test was used to determine P-values.
*P < 0.05 versus control. **P < 0.01 versus control.

4. Conclusion

In the present study, we synthesized benzothiazepinone derivatives
and evaluated their possible thrombin inhibitory activity. The results of
the assay presented DCT as a potent thrombin inhibitor. The role of
thrombin in coagulation is well-established and therefore we used
various coagulation tests such as determination of plasma re-calcifica-
tion time, prothrombin time, activated partial thromboplastin time and
thrombin clotting time. Collagen, ADP, and thrombin are known in-
ducers of platelet aggregation. Collagen induces platelet aggregation by
interacting with its glycoprotein receptor on platelets and activates
phospholipase C-mediated signaling cascade [48]. P2Y12 is a platelet

Fig. 7. DCT significantly downregulated collagen-induced platelet aggregation
in a dosage-dependent manner. Platelet aggregation was initiated by adding
collagen as an agonist to PRP. (A) Trace 1 (Collagen 2 µg/ml); Trace 3 (Collagen
2 µg/ml+ 1 μg of DCT); Trace 5 (Collagen 2 µg/ml+ 2 μg of DCT); Trace 7
(Collagen 2 µg/ml+3 μg of DCT). The values represent ± SD of three in-
dependent experiments. (B) Dose-dependent platelet aggregation in percentage.
(C) Dose-dependent platelet aggregation inhibition in percentage. *P < 0.05;
**P < 0.01.

Fig. 6. DCT significantly downregulated ADP-induced platelet aggregation in a
dosage-dependent manner. Platelet aggregation was initiated by adding ADP as
an agonist to PRP. (A) Traces of platelet aggregation: Trace 1 (ADP 10 µM);
Trace 3 (ADP 10 µM+1 μg of DCT); Trace 5 (ADP 10 µM+2 μg of DCT); Trace
7 (ADP 10 µM+3 μg of DCT). The values represent ± SD of three independent
experiments. (B) Dose-dependent platelet aggregation in percentage. (C) Dose-
dependent platelet aggregation inhibition in percentage. *P < 0.05.
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ADP receptor; Several antiplatelet small molecules such as thienopyr-
idines (clopidogrel) inhibit P2RY12 signaling and suppress the ADP-
induced platelet aggregation [49]. Thrombin inhibitors such as arga-
troban were reported to inhibit collagen-induced platelet activation and
aggregation [50,51]. The treatment of DCT resulted in the inhibition of
collagen, ADP, and thrombin-induced platelet aggregation. In sum-
mary, we report the synthesis of benzothiazepinone derivatives and
evaluated all the new compounds for their thrombin inhibitory activity.
The results presented DCT as a potent inhibitor of thrombin. The
functional studies revealed that DCT possesses the antiplatelet effect.
The molecular docking analysis revealed the putative interactions of
DCT with thrombin. Since several thrombin inhibitors are associated
with secondary complications in in vivo conditions, further compre-
hensive investigation is essential to understand the possible adverse
effects of DCT and its off-targets.
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