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Abstract
In continuation of our previous study on the urease inhibition by a number of chalcones, 2,3-dihydro-1,5-benzothiazepines
and 2,3,4,5-tetrahydro-1,5-benzothiazepines, FlexX docking has been exploited to get a deeper insight into the mechanism of
their inhibitory action. A comparison of the IC50 values of the active compounds reveals that, of the three classes of
compounds studied, 2,3-dihydro-1,5-benzothiazepines were the most potent urease inhibitors. An in silico examination of
these compounds showed that the activity is related to the interaction of ligand with the nickel metallocentre, its interaction
with two amino acid residues, Asp224 and Cys322, in addition to the orientation of rings A and B in the catalytic core of the
enzyme. The most active compound 2,3-dihydro-1,5-benzothiazepine (4) anchor tightly through a network of interactions
with Ni701 and Ni702. This includes a number of hydrogen bonds and hydrophobic contacts with the amino acid residues in
its vicinity. For their reduced analogs, the difference in the activity of different diastereomers has been observed to be
configuration-dependent. This may be ascribed mainly to the difference in the orientation of ring B of the two stereoisomers
and the extent of their interaction with Asp224 and Cys322 present in the catalytic core of the enzyme.
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Introduction

Urease (EC 3.5.1.5), amidohydrolase, is a multi-

subunit, nickel containing enzyme that catalyzes the

hydrolysis of urea to carbamate and ammonia as a

result of catabolism of nitrogen-containing com-

pounds [1]. The ammonia generated thereby causes

severe metabolic disorders besides causing severe

damage to gastric epithelium through its interactions

with the immune system in human beings [2,3]. In

agriculture, high urease activity causes significant

environmental and economical problems by releasing

abnormally large amount of ammonia into the

atmosphere during urea fertilization. Moreover, it

induces plant damage primarily by depriving plants of

their essential nutrients and by ammonia toxicity

which increases the pH of the soil [4]. It is therefore

extremely important to find urease inhibitors that may

provide remedy to the above cited problems.

Several types of compounds known to be urease

inhibitors are used both in medicine and agriculture,

e.g. hydroxamic acid and its derivatives [5], imidazole

derivatives [6], phosphorodiamidates, phosphazenes,

Ecabet sodium and N-substituted hydroxy ureas [7]

more recently literature chiral boric acid [8], dicoumar-

ols [9], biscoumarins [10], a-hydroxy ketones [11],

polyphenols [12] and a number of organobismuth

compounds [13] have also been evaluated for their

effect on urease inhibition. A diterpene ester having a

myrsinol type skeleton isolated from Euphorbia

decipiens [14] has recently been found to be a non-

competitive urease inhibitor. Although some a,b-
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unsaturated ketones have been reported as urease

inhibitors [15], and Chalcones, their structural

analogues were not generally found to be potential

urease inhibitors. We have reported earlier the synthesis

of a number of unsubstituted-, 2-hydroxy- and a few 4-

amino-substituted chalcones but they were not found

to have any significant activity against jack bean urease

[16]. More recently we have synthesized a parallel

library of twenty five ferrocenyl chalcones, another

library of thirty biphenyl-yl chalcones and a still larger

library of 3-hydroxy chalcones but none of the

members of any of these libraries was found to be

potential urease inhibitor [17].

1,5-Benzothiazepines, an important class of

heterocycles compounds with oxygen and sulfur as

heteroatoms in a seven-member ring, are syntheti-

cally accessible through a one pot reaction of

chalcones with 2-aminobenzenethiol by a [4 þ 3]

annulation procedure. Although they are known to

possess an impressive array of pharmacological

activities [18,19], but they were not found to be

tested for their potential as urease inhibitors. There-

fore, we synthesized a number of substituted

chalcones 1–24, converted them to 2,3-dihydro-1,5-

benzothiazepines 24–35 followed by their reduction

to 2, 3, 4, 5-tetrahydro-1, 5-benzothiazepines 36–40

[16]. Since these tetrahydrobenzothiazepines have

two chiral centers in the seven member thiazepine

ring, two diastereomers were found in each case

which was separated through fractional crystalliza-

tion. All these compounds were screened for their

potential as urease inhibitors and IC50 were

calculated. It was interesting to note that (with the

exception of one), none of the chalcones was found to

possess any significant activity (consistent with our

recent findings). However, the derived 2, 3-dihydro-

benzothiazepines were found to have significant

potential as urease inhibitors. The activity decreased

again upon reduction to 2, 3, 4, 5-tetrahydroben-

zothiazepines. Furthermore, the activity was found to

be configuration dependant as one of the diaster-

eomers in each case was found to be active and the

other inactive. These findings called for a systematic

study of the mechanism of urease inhibition of these

three types of compounds by conducting molecular

docking simulation studies on the active compounds

1–7 shown in Scheme 1.

Chalcone 1 was synthesized by the reaction of

3,4-methylenedioxybenzaldehde with 2-hydroxyace-

tophenone under Claisen-Schmidt conditions. 2,3-

Dihydro-1,5-benzothiazepines (2–5) were syn-

thesized by the condensation of the corresponding

chalcones with 2-aminobenzenethiol based on a

[4 þ 3] annulation procedure. 2, 3, 4, 5-Tetrahy-

dro-1, 5-benzothiazepines (6–7) were prepared by the

reduction of the corresponding dihydrobenzothiaze-

pines with lithium aluminum hydride. All the

synthesized compounds were characterized through

their physicochemical parameters; their spectral data

have already been reported [16].

Since the reduced benzothiazepines 6 and 7 contain

two chiral centers in a 7-member ring at C-2 & C-4,

the resulting two diastereomers 6a & 6b as well as 7a &

7b were separated through fractional crystallization.

The relative configuration at the two chiral centres C-

2 & C-4 in 6a and 6b was found to be (2S, 4R) and

(2R, 4R) respectively based on their XRD analysis

[20] (supporting information). Such data could not be

obtained for the diastereomers 7a and 7b due to their

inability to crystallize.

Urease inhibition studies were carried out on all the

compounds synthesized in a previous study but only

compounds 1–7 shown in Scheme 1 were found to be

active with IC50 values from 19.07–93.74mM

(Scheme 1). In the current study thiourea was used

as standard. As is evident from the data shown in

Scheme 1, 2,3-dihydro-1,5-benzothiazepines (2–5)

are the most potent urease inhibitors although the

parent chalcones from which they have been derived

are inactive except chalcone 1 while 2,3,4,5-tetrahy-

dro-1,5-benzothiazepines (6–7) were found to be

comparatively less active. Therefore, a detail study of

the urease inhibition by these compounds has been

carried out through molecular docking simulation

studies.

Although urease was the first enzyme crystallized its

mechanism of inhibition is still not well understood.

There are many reports available that use the molecular

docking simulation techniques to study the inhibition

mechanism of a number of enzymes [21]. Therefore, we

exploited this important tool to explain the mechanism

of urease inhibition by compounds 1–7. A unique

feature of urease is the presence of a bimetallic centre

having two nickel ions Ni701 and Ni702 in its active site

which offer an opportunity for tight anchoring of the

ligand by making non-covalent interactions such as

hydrogen bonding and p-cation interactions.

Results and discussion

Current molecular docking studies on compounds 1–

7 reveal that the fitting-in mechanism of chalcone 1,

2,3-dihydro-1,5-benzothiazepines 2–5 and 2,3,4,5-

tetrahydrobenzothia-zepines 6–7 in the active site of

the enzyme is quite similar. Chalcone 1 found to be

active; it fits itself through ring A into the active site

and coordinates via a 2-hydroxy group on ring A with

the two nickel atoms, Ni701 and Ni702 at a distance

of 1.97 and 2.50 Å respectively. The same function-

ality strengthens the enzyme-ligand complex by

interacting through a week hydrogen bond with

His139 at 3.31 Å which in turn forms another but

strong hydrogen bond with Ala170 at 2.32 Å leading

to further stabilization. Moreover, a network of

histidine residues His137, His139, His222, His249,

His275, His323 and other amino acids Asp363,

F. L. Ansari et al.152
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Arg339, Ala170 present in the active site enable a

number of hydrophobic contacts with chalcone as

shown in Figure 1. A combined effect of all these

interactions suffices to provide a rationale for the only

chalcone found to have significant potential as urease

inhibitor with an IC50 value of 32.5mM.

Comparatively to the fitting-in mechanism of

chalcone, dihydrobenzothiazepine 4 anchors more

tightly into the active site by coordinating through one

of the two oxygens of the dioxymethylene moiety fused

to ring B with both Ni701 and Ni702 at much stronger

distances (1.75 and 2.17 Å respectively). The same

oxygen also makes strong hydrogen bonds at 3.24 and

3.90 Å respectively with His249 and His137; the latter

receives another hydrogen bond from His275 at

2.60 Å. A number of hydrophobic contacts with

His249, Asp363, His275, Asp224, His323 and

Ala170 are also established with the ligand in the

active site, thereby, strengthening the enzyme-ligand

complex. As mentioned earlier, thiourea was used as

standard urease inhibitor in the present study; however,

its structure cocrystallized with jack bean urease is not

available in the protein data bank. Therefore, urease

cocrystallized with acetohydroxamic acid has been

NH S

O
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+

R2
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5''

6''

1'2'
3'

4'
5'

6'

6
7 8

9

3
1''1'

iii

ii

i

A

A A

AB B

BB

R2

R2

Compound R1 R2 IC50 [µM] + SEM*

1 2-OH 3,4-OCH2O- 32.51±0.045

2 H H 26.31±0.011

3 H 4-Me 24.65±0.005

4 2-OH 3,4-OCH2O- 19.07±0.045

5 H 4-NO2 36.71±0.017

6 a (2S,4R) 2-OH H 91.21±0.013

6 b (2R,4R) 2-OH H inactive

7 a (2S,4R)** 2-OH 4-F 93.74±0.079

7 b (2R,4R)** 2-OH 4-F Inactive

Thiourea 21.10+0.310 

i) EtOH, NaOH. ii) Conc. HCl, anhydrous MeOH, 2-aminobenzenethiol. iii) LiAlH4, THF

*SEM is the standard error of the mean. **determined through molecular docking studies.

Scheme 1. General scheme for the synthesis of compounds 1–7 and

their in vitro Jack bean urease inhibitory activities.

Figure 1. Compound 1 into the active site of urease. The molecule in

gray is the ligand with the active site residues. Metals are represented

in green.
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taken as reference to control the performance of the

docking approach. A comparison of compound 4 with

that of acetohydroxamic acid-inhibited urease reveales

a similarity in the fitting-in mechanism of the two

ligands; while 4 made a pentavalent coordination

pattern through one of the oxygens of the dioxymethy-

lene functionality, acetohydroxamic acid shows an

analogous pentavalent interaction with its oxygen of the

hydroxyl group [22]. Further, the same set of amino

acid residues is found to stabilize the enzyme-ligand

complex by building hydrophobic contacts (Figure 2).

The fitting-in mechanism of 2,3-dihydrobenzothia-

zepine 5 substituted with a 4-nitro group on the ring is

found to be the same with respect to its anchoring in the

active site through ring B and a pentavalent coordi-

nation pattern with only one of the oxygens of the nitro

group as observed in 4. However, the observed

difference in their activity may be ascribed to the

absence of any strong interactions with Ni metals. The

other dihydrobenzothiazepines 2 and 3, although

lacking hydrophilic groups, are found to establish

quite strong hydrophobic linkages with a number of

amino acid residues such as His222, Glu223, Asp224,

His249, Cys322, His323, Asp363, Ala366 and Met367

present in the active site may be considered responsible

for their strong potential as urease inhibitors.

As is evident from the IC50 values given in Scheme 1,

of the three series of compounds screened, tetrahy-

drobenzothiazepines 6 and 7 are found to be relatively

weak urease inhibitors. This decrease in their affinity for

urease may be ascribed either to a decrease in their

flexibility to get into the active site or a loss of hydrogen

bonding capability or a combined effects of the two.

As already mentioned, both diastereomers of

tetrahydrobenzothiazepines 6 and 7 have been

screened and in both cases only one of the two

isomers is found to be active. As is evident from the

XRD drawing of the two diastereomers (supporting

information), the relative configuration at the two

chiral centres in diastereomers 6a and 6b is 2S,4R and

2R,4R respectively, the former being active (IC50

91.21) while the latter inactive.

This difference in their urease inhibitory potential

may be ascribed to their interaction with two

important amino acid residues: Cys322 and Asp224

in the active site of the enzyme. The distance of two

amino acid residues in case of 6a are smaller than

those in 6b justifying the activity of the former

stereoisomers.

Another argument in favor of the difference in their

behavior as urease inhibitors may be due to the

difference in the orientation and stereochemistry of

the ring B; while the ring B in 6a is completely

sandwiched between Asp224, Cys322 and His323

making a flat structure that allows its easy and strong

fitting into the catalytic core and hence greater activity

(Figure 3). On the contrary, the ring B in 6b is

completely flipped and makes a cup shape which

hinders its anchor into the active site of the enzyme,

thereby providing a rationale for its inactivity as urease

inhibitor (Figure 3).

Almost similar situation was observed in thiazepine

7 having a 4-fluoro substituent on ring B, the urease

inhibitory potential of the active diastereomer 7a

Figure 2. Compound 4 into the active site of urease. The lignad is

represented as a ball and stick model.

Figure 3. Superimposition of the docking pose of 6a (tan), 6b

(gray), 7a (green) 7b (white) showing the difference in the

orientation of ring B in the catalytic core of urease. Additionally

the active site of urease clearly demonstrating the role of Asp224 and

Cys322. The ligands are represented as a ball and stick model.
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(IC50 93.7) is about the same as that of 6a (IC50 91.2)

but the distances from Asp224 and Cys322 in the

active diastereomer 7a & the inactive isomer 7b are not

much different compare to compound 6. The

argument developed for 6 based on the distance

from Asp 224 and Cys 322 and the difference in the

orientation and stereochemistry of ring B making a flat

structure (as explained in case of 6) plays an

overriding role in making 7a as the active and 7b as

the inactive isomer. This is clearly observed by doing

the superimposition of the docking pose of two

stereoisomers 7a and 7b as shown in Figure 3.

As mentioned earlier, the relative configuration at

C-4 and C-6 in diastereomers 6a and 6b was

determined from their XRD data, but no such

information was available for the two diastereomers

7a and 7b because they could not be crystallized for

carrying out their XRD analysis. However, our

docking studies have provided strong evidence that

the relative configuration at the two chiral centres in

the active isomer 7a is 2S, 4R and 2R, 4R in the inactive

isomer 7b similar to that in 6a and 6b respectively.

The goal of the present study is to explore the

possible binding modes of chalcones, 2, 3-dihydro-1,

5-benzothiazepines and 2,3,4,5-tetrahydro-1, 5-ben-

zothiazepines which have already shown the ability as

urease inhibitors. A sound docking technique has been

used to figure out the difference in their urease

inhibitory potential. One major observation based on

the computational docking studies is that the most

active 2, 3-dihydrobenzothiazepine 4 anchors tightly

into the catalytic core through a network of hydrogen

bonding with the nickel metallocentre and a number

of amino acid residues in its vicinity. In the case of

diastereomeric tetrahydrobenzothiazepines 6–7, the

fitting-in mechanism is different and is configuration

dependent. The superimposition of the docking pose

of the two diastereomers 6a & 6b as well as 7a & 7b

reveals that the difference in the orientation of the ring

B and its interaction with Asp224 and Cys322 is

responsible for the difference in the activity of the two

diastereomers.

In order to understand the interaction of the ligands

1–7 with urease active site, they were subjected to

molecular docking simulation studies that were

conducted by using FlexX under Tripos SYBYL

environment. Since the structure of thiourea cocrys-

tallized with jack bean urease was not available in

protein data bank, therefore, urease cocrystallized with

acetohydroxamic acid was taken for a comparison to

control the performance of the docking approach. The

three dimensional structures of each ligand was

constructed using commercially available molecular

modeling package SYBYL 6.9 [24]. In order to

determine the binding mode of these compounds to

urease, the FlexX implemented in SYBYL was applied

to dock ligands with most of the default parameters

(otherwise specified), in the catalytic core of the

enzyme [25]. An important point worth mentioning

here is that SYBYL 6.9 is not completely parameter-

ized for nickel ions, hence the atomic parameters for

nickel have to be assigned by approximation. Shukla

et al [26] have reported that such a replacement of

metal atoms during molecular docking has little or no

effect on the structure of protein. Accordingly the

nickel atoms of urease have been replaced by zinc

during this study. A radius of 6.5 Å was used to define

the interaction points in the active site. The energy

minimization was performed using the tripos force

field [27] with a distance gradient algorithm with

convergence criterion of 0.05 kcal/(mol Å) and a

maximum of 1000 interactions, respectively. The

docking results were analyzed by VMD [28]. All

computational studies were performed by using a dual

processor 1.5 GHz Intel based PC running in the

LINUX SUSE 10.2 operating system.
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