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Abstract: Benzohydrazide derivatives 1-43 were synthesized via “one-pot” reaction and
structural characterization of these synthetic derivatives was carried out by different
spectroscopic techniques such as 'H-NMR and EI-MS. The synthetic molecules were
evaluated for their in vitro urease inhibitory activity. All synthetic derivatives showed good
inhibitory activities in the range of (ICso = 0.87 £ 0.31 - 19.0 £ 0.25 uM) as compared to the
standard thiourea (ICsp = 21.25 £ 0.15 uM), except seven compounds 17, 18, 23, 24, 29, 30,
and 41 which were found to be inactive. The most active compound of the series was
compound 36 (ICsp = 0.87 £ 0.31 uM) having two chloro groups at meta positions of ring A
and methoxy group at para position of ring B. The structure-activity relationship (SAR) of
the active compounds was established on the basis of different substituents and their positions
in the molecules. Kinetic studies of the active compounds revealed that compounds can
inhibit enzyme via competitive and noncompetitive modes. In silico study was also
performed to understand the binding interactions of the molecules (ligand) with the active site

of enzyme.

Keywords: In vitro urease inhibitory activity; Benzohydrazide; In silico studies; Kinetic

studies.

Introduction

Urease (EC 3.5.1.5) is a member of family of amidohydrolase enzymes, it possesses two

nickel atoms in its core structure. The conversion of urea into ammonia and carbamate is
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catalyzed by the action of this enzyme. The excessive amount of ammonia released due to
hyper-activity of urease enzyme leads to alkalinity of stomach which in turn increase the
gastric mucosa permeability [1]. The nitrogen metabolism of cattle and various other animals
is controlled by the action of urease enzyme [2]. The elevated levels of these enzymes leads
to several pathogenic conditions, mostly it helps in the survival of some bacterial pathogens
thus leading to some severe side effects [3]. In humans, the low pH of stomach facilitates the
survival of Helicobacter pylori (HP) which leads to the development of gastric and peptic
ulcer which may eventually cause cancer [4]. The increased level of ammonia is also
responsible for several metabolic disorders and destructs the GIT epithelium. A number of
compounds belonging to different classes are reported as urease inhibitors such as thiolates
that binds with nickel atom of the enzyme, hydroxamic acid, its derivatives which acts as
competitive inhibitor and competes with urea, phosphodiamidates, and few peptides chains
having a ligand which may chelate with nickel of urease. Unfortunately, these molecules
have adverse side effects associated with them. Therefore, it is of crucial importance to
identify more urease inhibitors having significant stability, bioavailability, and low toxicity
[5-6].

Hydrazides are acylated derivatives of hydrazine and constitute a class of organic compounds
which had attained the attention of medicinal as well as synthetic chemists due to the fact that
they contain azomethine group (-NH-N=CH-) connected with carbonyl group. They are well
known for possessing a number of pharmacological activities, i.e. anti-inflammatory,
antitumoral, and-antitubercular [7-8]. Hydrazides commonly serves as intermediates and also
the starting materials for the synthesis of surfactants as well as pharmaceutical products [9,
10].

Our research group has contributed in identifying a number of urease inhibitors that belongs
to different classes. In this regard, we had synthesized libraries of compounds having
different functionalities and core structures in order to have a molecule which may serve as
lead compounds for urease inhibition [11-15]. In the recent past we had synthesized
benzohydrazide derivatives and identified them as urease inhibitors [16], therefore, in search
of potentially active compounds we had synthesized benzohydrazide derivatives 1-43 and
evaluated their in vitro urease inhibitory activity and found good results. Further
modifications and studies on these compounds might be helpful in bringing a number of lead

compounds which may serve as potential drug candidates (Figure-1).
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Figure-1: Rationale of current study

Results and discussion
Chemistry

Substituted N-benzoyl/nicotinoyl and aryl benzohydrazides were synthesized by treating
different hydrazide with various benzoyl chlorides in pyridine. The reaction mixture was
refluxed for 36 h. The products thus obtained were purified via crystallization [17]. The
synthetic molecules were then characterized with various spectral studies such as EI-MS, H'-
NMR (Scheme-1).



¢} o 0
X N V2 Cl . N
R, B H + R, Pyridine > R 0 I

X Reflux, 36 h

Benzohydrazide/Nicotinohydrazide Benzoylchloride 1-43

Scheme-1: Synthesis of N'-benzoyl/nicotinyl arylhydrazide derivatives (1-43)
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In vitro urease inhibitory activity

All synthetic benzohydrazide derivatives 1-43 were screened for their in vitro urease
inhibitory activity. It is noteworthy that except seven compounds 17, 18, 23, 24, 29, 30, and
41, rest of the derivatives were found to be significantly urease inhibitors with I1Csy values in
the range of 0.87 £ 0.31 to 19.0 + 0.25 uM as compared to the standard thiourea (ICsp =
21.25 + 0.15 uM). The variable activity of synthetic derivatives was might be due to the

different substituents on rings A and B. To understand the better structure-activity
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relationship we have divided the synthetic compounds into different categories on the basis of
their substitution on ring A (Table-1) (Figure-2).

Rl = CH3, OCH3, Cl,
NO,,
3-pyridine ring

__________

Figure-2: General Structure of Synthetic Compound
Structure-activity relationship (SAR)

Dichloro Substituted Ring A:

Compound 36 (ICso = 0.87 £ 0.31 «M) having two chloro groups at meta positions of ring A
and methoxy group at para position of ring B was the most active compound of library and
exhibited potential inhibitory activity as compared to the standard thiourea (ICsp = 22.3 +
1.06 uM). The activity of this compound might be due to the presence of methoxy group at
ring B which may have better binding interactions within the enzyme pocket. Compound 34
(1Cs0 = 2.13 £ 0.55 «M) bearing methyl group at para position of ring B also exhibited good
inhibitory activity, nonetheless, it was less active as compared to methoxy substituted
analogue 36, this shows that the oxygen of methoxy is binding well with the enzyme active
site through hydrogen bond interactions. The activity was decreased up to 4 folds when the
position of methyl was shifted from para to meta as in compound 35 (ICso=9.71 + 0.48 uM)

which showed that substitution at para position is actively participating in the activity.

Among chloro substituted compounds on ring B, compound 33 (ICsp = 1.82 £ 0.61 uM)
having one chloro group at para position was found to be most active might be due to
mesomeric effect of chloro group. Shifting the position of chloro group from para to meta
resulted in decreased activity as in compound 32 (ICsp = 16.7 + 0.36 xM). It indicated that the
substituents at para position are mainly contributing in the activity and binds well within the

active site of enzyme (Figure-3).



The di-chloro substituted compound 38 (ICsp = 4.65 % 0.45 M) having two chloro groups at
ortho and para positions also showed good inhibitory activity. Interestingly, compound 39
(1Cs0 = 5.01 + 0.90 M) having two chloro groups at ortho and para positions of both rings
was slightly less active as compared to compound 38, nevertheless, these compounds showed
potent activity in comparison with standard thiourea (1Cso = 22.3 £+ 1.06 M) (Figure-3).
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Figure-3: Structure-activity relationship of compounds 32-40

Mono Chloro Substituted Ring A

Compound 21 (ICso = 6.23 £ 0.28 M) bearing unsubstituted aromatic ring B was found to
have good inhibitory activity might be the unsubstituted ring fits well within the enzyme
pocket. Addition of chloro group at meta position of ring B resulted in decreased activity as
in compound 22 (ICsp=13.1 = 0.68 uM). Compound 27 (1Cso = 19.6 + 0.25 M) bearing two
chloro groups at ortho and para positions of ring B was found to have good inhibitory
activity as compared to the standard thiourea (1Cso = 22.3 + 1.06 xM). However, changing the
position of one of the chloro group from para to meta of ring B resulted in increased activity
as in compound 28 (ICsp = 7.35 = 0.28 uM). Compound 26 (ICso = 4.62 £ 0.62 M) having
methyl group at para position of ring B showed good inhibitory activity as compared to
chloro substituted analogs. The activity was decreased up to 2 folds when the position of

methyl was shifted from para to meta as in compound 25 (ICsp = 8.90 + 0.73 uM), it shows
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that the chloro group on ring B is deactivating the ring thus resulting in the decreased activity
as compared to its methyl analogs (Figure-4).
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Figure-4: Structure-activity relationship of compounds 21-29

Unsubstituted Ring A:

Compounds 1-8 have unsubstituted phenyl part as ring A also showed good inhibitory
potential as compared to the standard thiourea (1Cso = 22.3 + 1.06 «M). Compound 1 (ICso =
6.78 = 0.60 M) having unsubstituted phenyl rings both as ring A and B showed superior
inhibitory activity as compared to the standard. The most active compound among them was
compound 2 (1Cso = 5.30 £ 0.42 «M) having two chloro groups at ortho and para positions of
ring B, respectively. Compound 5 (1Cso = 9.48 £ 0.23 M) bearing chloro groups at ortho and
meta positions of ring B exhibited less activity as compared to compound 2 which showed
that the particular position of the substituents are helping in the good binding interactions of

compounds with enzyme.

Compound 3 (ICso = 7.57 + 0.28 «M) bearing one chloro group at meta position also showed
good inhibition against urease enzyme, however, the activity was decreased when the chloro
group was placed at para position in compound 4 (ICsp = 9.32 = 0.36 xM). Compound 6 (ICs

= 12.7 = 0.57 uM) having methyl group at meta position was found to be less active as
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compared to the chloro substituted compounds of this category. Shifting the position of
methyl group from meta to para resulted in the decreased activity in compound 7 (ICso = 13.6
+ 0.66 uM), nevertheless, both of these compounds were more active as compared to the
standard thiourea (1Csp = 22.3 = 1.06 xM). Compound 8 (ICso = 9.63 + 0.41 M) having
methoxy group at para position also showed good inhibitory potential.

Concisely, the variation in activity was observed on the basis of substituents and their
particular positions, methyl and chloro substituted compounds were more active among them
and meta and para positions were also actively participating in the activity (Figure-5).

~

__________________

_____________________________________

~
-

4 7 0 H ‘O@ A
{ 1Csp =9.32+0.36 uM ! ©)‘\N,N

__________________

___________________

Figure-5: Structure-activity relationship of compounds 1-8
Nicitinohydrazide as Ring A
Amongst them, compound 11 (ICso = 3.83 *+ 0.33 M) having chloro group at para position
of ring B was most active which again showed that the presence of chloro group is

participating in the activity. Compound 10 (ICsp = 14.7 + 0.19 uM) bearing chloro group at

meta position of ring B showed good inhibitory activity as compared to standard thiourea
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(1Cs0 = 22.3 £ 1.06 M), nonetheless, it was less active as compared to compound 9. Addition
of another chloro group at ortho position as in compound 12 (ICso = 12.3 £ 0.19 uM) resulted
in 3 folds decreased activity which again showed that in these compounds substitution of
chloro group at para position is favorable and have more binding interactions within
enzyme’s active site, changing the position of chloro group or addition of another chloro
substituent a decreased activity was observed. Compound 9 (ICso = 9.64 + 0.19 uM) having
unsubstituted phenyl ring also showed potential activity as compared to the standard.
Compound 13 (ICso = 10.5 £ 0.83 M) having methyl group at meta position exhibited good
inhibitory activity, shifting the position of methyl from meta to para resulted in increased
activity as in compound 14 (I1Cso = 9.87 £ 0.24 4M). Compound 15 (ICso = 13.3 £ 0.72 uM)
having ethoxy group at ortho position was also found to have good inhibition against urease
enzyme as compared to the standard thiourea. It is. worth noting that among the
nicotinohydrazide derivatives chloro substituted compounds were more active as compared to
other analogs of this category. It was also observed that para position of the substituents also
resulted in the enhanced activity as in compounds 11 and 14 (Figure-6).

................... @ 10

{1Cs), 29.64 £0.19 M i -----------------
{ICs) = 14.7%0.19 uM

3
0 H
@‘\N’N I¢50 3 $3 :I:{O 3:# ﬂl\{'l @‘\ \’(©/
"o gl
0 Oc,H

..................

.IC50—133:|:072;1M . j(©
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Figure-6: Structure-activity relationship of compounds 9-15
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Methyl Substituted Ring A

Compound 16 (ICso = 9.07 £ 0.39 xM) having methyl groups at meta position of both rings A
and B also showed good inhibitory activity as compared to the standard thiourea (ICsp = 22.3
+ 1.06 uM). However, compound 17 having methyl group at para position of both rings was
found to be inactive which showed that changing the position of methyl group resulted in the

loss of activity (Figure-7).

CH,
0
H
N
i
o}
CH;,
16
1Cs0 #9.07 £ 0.39 M

Figure-7: Structure-activity relationship of compound 16

Compounds 19, and 20 with dimethyl groups at ortho and meta positions of ring A were also
found to have good inhibitory activity as compared to the standard. Among them compound
20 (1Csp = 1.64 + 0.48 uM) bearing methoxy group at para position was most active and was
the second most active compound of the series. Interestingly, compound 19 (ICsp = 2.72 +
0.11 M) having two chloro groups at ortho and meta positions was less active as compared
to the methoxy containing compound 20, might be the electronegative oxygen in methoxy is

helping in the hydrogen binding interactions (Figure-8).

_____________________

\

Figure-8: Structure-activity relationship of compounds 19-20

lodo Substituted Ring A

Compound 31 (ICsp = 13.7 + 0.65 M) having iodo group at ortho position of ring A and

methyl group at meta position of ring B showed good inhibitory activity as compared to the
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standard thiourea (ICso = 22.3 + 1.06 «M). The activity of this compound is less as compared
to other halogenated compounds might be due to the presence of methyl group which may
help in the formation of hydrogen bonds within the enzyme pocket (Figure-9).

____________________________________

Figure-9: Structure-activity relationship of compounds 30-31

Methoxy and Nitro substituted Ring A

Compound 42 (1Csp = 9.12 + 0.14 M) having tri-methoxy groups at meta and para positions
of ring A and di-chloro groups at ortho and meta positions of ring B showed good inhibitory
potential as compared to the standard thiourea (ICsp = 223 £ 1.06 uM). 3-
Nitrobenzohydrazide derivative, compound 43 (ICsp = 9.15 £ 0.24 M) exhibited comparable
activity as compound 42 which showed that chloro group at ring B and the oxygen atoms of

nitro and methoxy group are easily binding within the active site of enzyme (Figure-10).

'
I

Figure-10: Structure-activity relationship of compounds 42-43
Kinetic Studies

In order to explore the mechanism of inhibition, the detailed Kinetics studies were performed
on active compound 40, 20, 36, and 33. The Lineweaver-Burk plot for compound 36 revealed
a noncompetitive mode of inhibition, whereas, compounds 40, 20, and 33 showed
competitive mode of inhibition by illustrating the same y-intercept for uninhibited and
inhibited enzymes (Figure-11). Moreover, Michaelis-Menten kinetic parameters; Ky, and Vmax
of urease inhibition were also determined for inhibitors 40, 20, 36, and 33. In case of
compound 36, the maximal velocity (Vmax) and Michaelis constant (Kn) were found to

decrease with the increasing concentration of inhibitors (Figure-11c). On the other hand in
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case of compounds 40, 20, and 33, the maximal velocity (Vmax) Was found almost constant
even by using different concentrations of respective inhibitors, however, the Michaelis

constant (Km) was increasing with increase in concentration of inhibitors as presented in

Figure 11-a, -b and -d.
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Figure-11: Lineweaver-Burk plot for urease inhibitory activity by compounds 40 (a); 20 (b); 36 (c);
and 33 (d) using different concentrations of substrate (0, 250, 500, 1000 and 15000 x«M).

v

Molecular Docking Studies

To carry out the further investigation of potent inhibitors revealed by in vitro analysis, the
docking studies were carried out. The docking studies were carried out by LeadlT, however,
visualization was done by discovery studio. The protein structure PDB 3LA4 was selected
and docking analysis for the synthetic compounds was performed in the active pocket of jack
bean urease. The rational of docking studies was to justify the binding exhibited by enzyme-
ligand complex in active site and correlate with in vitro assay. The interactions showed by the

potent compounds were similar and all the compounds were found to bind in same orientation
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in the entrance of active pocket of enzyme. The overlay of the potent and selective

compounds from the series are presented in Figure-12.

Figure-12: The overlap of all the docked inhibitors in the active site of urease, compound 40
(red), 34 (purple), 19 (green), 20 (crimson), 37 (chocolate), 36 (blue), 33 (light brown).

When individual analysis were made for each compound, the similar results were noticed.
The compounds showed same binding interactions in the active site of urease. The active site
of urease possess the amino acid residues Ala436, His593, Arg639 and Arg609 in addition to
Asp494 and nickel ions. The nickel.ions are important for the catalytic activity of the enzyme
and compounds were found to bind in near vicinity to the nickel ions in active site of urease
(Figure-12). The diacyl hydrazide group (-NH-N=CH-) in the compounds serves as
stabilizing agent in the active site and prevent the binding of substrate. In addition to stabilize
the inhibitors, the -NH group of diacyl hydrazide was also involved making strong hydrogen
bonds with amino acid Arg439 and Ala636. The interactions were shown in 3D interaction

diagrams of inhibitors inside the binding site of urease (Figure-13a-g).

When detailed investigation was done for the docked poses of inhibitors, it was found that all
the potent and selective compounds exhibited di-chloro or tetra-chloro substitution at
benzohydrazide. The most potent compound 36, possess di-chloro at meta positions of ring
A, in addition to methoxy group at ring B. The replacement of methoxy by chloro or methyl
group cause the decrease in inhibitory activity to some extent. Another compound, 20 (N'-(4'-
methoxybenzoyl)-3,5-dimethylbenzohydrazide) having no chloro group exhibited significant

inhibition as well.

For the exploration of binding site interactions of the active compounds inside enzyme’s
pocket, the comprehensive analysis was done. The compounds having dichloro group at meta

position on ring A represent the hydrogen bond formation, which result in increased
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inhibition potential. Moreover, the methyl group substitution at meta position on ring A
showed significant inhibitory profile. The reason for increased inhibition might be that the
mobile flap of the active site in jack bean urease was covered and essential structural
modification in the conformation of enzyme occur [18]. These conformational changes are
responsible for the regulation of active site. In figure-13, it was clearly noticed that the ring A
and its substituents are completely fitted in the entrance of active site and thus responsible for
this behavior of compounds. In this way substrate was not available to the enzyme and
therefore, no product formation occur, and thus the inhibition took place. The figure-13 (a-g)
depicted that the hydrogen bonds were noticed between electronegative elements like
chloro/oxygen groups of compounds (40, 34, 19, 20, 37, 36 and 33) with the hydrogen atoms
of amino acid residues present inside the active pocket of Jack bean urease. However, the nn
interactions were observed between phenyl ring A and B and the active pocket amino acids.
All the selected compounds exhibited the interactions with most important residues of active
site like, Ala440, Arg439, Ala436 and Ala636 in addition to Met637. The compounds 33, 37,
19, 40, and 34 having di-chloro substitution along with methoxy or methyl groups prevent the
binding of substrate by occupying the entrance cavity and forming stable hydrogen bonds in
addition to m-m interactions. The hydrogen bonds and m-m interactions are playing significant
role in stabilizing the enzyme-inhibitor complex. Moreover, the inhibitors were found to be in
contact with nickel ions which is another contributing factor for the stability of enzyme-
inhibitor complex. Therefore, the substrate entry was prevented and hence no enzyme-

substrate complex was formed.

. METSSS
.

18



(9)

Figure-13: The putative binding modes for potent compounds in the series against urease;
a) 40: b) 34: ¢) 19: d) 20: e) 37: f) 36: g) 33.
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HYDE assessment of selective compounds against all the targets

The HYDE affinity evaluation was carried out for the first 30 top ranking docked
conformations inside the active pocket of Jack bean urease. The analysis helped in the
selection of better binding mode as well as the selective and potent compound. The binding
free energy AG and FlexX docking score for the active compounds were given in Table-2.
The FlexX docking score presented that the potent compound has lower energy scores as
compared to non-selective inhibitors. Moreover, the binding free energies AG showed that
the potent inhibitors exhibited higher affinity towards enzyme. The potent and selective
compounds exhibit better binding affinity and give favorable contributions.

Table-2: Docking and Hyde scores and their corresponding ranks by Hyde affinity estimation

Code FlexX score of the top | Binding free energy
ranking pose AG (KJ mol™)
19 -22.62 -10
20 -20.98 22
33 -22.55 -16
34 -22.80 21
36 -23.46 —29
37 -23.02 -19
40 -23.71 —20

ADME Profile of synthesized derivatives (1-43)

In order to determine the ADME (Absorption, Distribution, Metabolism, and Excretion)
properties of the selective and potent compounds (1-43), in silico evaluation has been carried
out with some physiochemical parameters. The results are shown in Table-3. Polar surface
area (PSA) is sum of all the polar atoms in compound. It gives us the estimated ability of
synthetic derivatives to cross the blood brain barrier (BBB). The value of PSA less than 140
is ideal and all compounds showing the values less than 100 [19-21]. Another parameter,
cLogP shows the octanol water partition coefficient (ratio of compound concentration in
octanol to water concentration). The parameter cLogP is responsible to calculate the
compound ability to cross the membrane. Similarly, cLogS is the calculation of water
solubility at 25 'C. The number of hydrogen bond donors (HD) and hydrogen bond acceptors
(HA) must be less than 5 and 10, respectively. All the compounds presented favorable

ADME properties and no violation of Lipinski’s rule was observed [22-24].
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Table-3: In silico calculation of some ADME parameters of the selective and potent
compounds 19, 20, 33, 34, 36, 37, and 40.

Codes Mol. Wt PSA cLogP cLogS HD | HA
19 337.20 58.20 4.405 -5.9998 2 2
20 298.34 67.43 3.181 -4.5816 2 3
33 343.59 58.20 4.405 -5.7863 2 2
34 323.17 58.20 4111 -5.5259 2 2
36 339.17 67.43 3.769 -5.1024 2 3
37 378.04 58.20 4.993 -6.5206 2 2
40 378.04 58.20 4.878 -6.5206 2 2
Conclusion

Benzohydrazide derivatives 1-43 were synthesized and screened for in vitro urease inhibitory
activity. It is worth-mentioning that all synthetic compounds were found to have potent
inhibitory activity in the range of (1Cso = 0.87 £ 0.31 — 16.7 + 0.36 uM) as compared to the
standard thiourea (ICsp = 22.3 + 1.06 «M), except compounds 17, 18, 23, 24, 29, 30, and 41
which were found to be inactive. Structure-activity relationship (SAR) was established on the
basis of varying structural features of the molecules. It showed that almost all structural
features are taking part in the inhibition potential but some groups CI, CH3, and OMe are
contributing an important role. Kinetic studies have been done through various parameters
and showed non-competitive or competitive mode of inhibition. However, in silico study was
performed to confirm the binding interactions of the molecules (ligand) with the active site of
enzyme. The current study had identified a range of chemical spaces which may act as lead

molecules for future research to explore powerful urease inhibitors for the treatment of ulcer.

Experimental
Materials and methods

Reagents were purchased from Sigma-Aldrich, USA. Thin layer chromatography was carried
out on pre-coated silica gel, GF-254 (Merck, Germany). Spots were visualized under
ultraviolet light at 254, 366 nm or iodine vapor. Mass spectra were recorded under on MAT
312 and MAT 113D mass spectrometers. The *H-NMR were recorded on a Bruker AM
spectrometers, operating at 300 and 400 MHz. The chemical shift values are presented in
ppm (o), relative to tetramethylsilane (TMS) as an internal standard and the coupling constant
(J) are in Hz. Melting points of the compounds were determined on a Stuart SMP10 melting

point apparatus and are uncorrected.
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General procedure for the synthesis of benzohydrazide (1-43)

N-benzoyl/nicotinoyl aryl benzohydrazides were obtained by treating different hydrazides
with various derivatives of benzoyl chlorides in pyridine and the reaction mixture was
refluxed for 36 h. The progress of reaction was monitored by TLC, after completion, the
reaction mixture was poured onto 19% HCI, precipitates formed were filtered further washed
with hot water and hexane. The solid product was crystallized from ethanol. The compounds
thus obtained were characterized via EI-MS and H-NMR. Among all synthetic derivatives,
compounds 19, 37, and 40 are new while rest of the compounds are reported in the literature
[25-37].

Spectral Data of Synthetic Compounds 1-43

N'-Benzoylbenzohydrazide (1) [CAS # 787-84-8]

Yield: 87%; M.p.: 241-242 C; *H-NMR (300 MHz, DMSO-ds);5 10.49 (s, 2H, 1”-NH, 2"-
NH), 7.93 (d, 265352635 = 1.2 Hz, 4H, H-2, H-6, H-2', H-6"), 7.61 (overlapping multiplete,
6H, H-3, H-4, H-5, H-3’, H-4', H-5"); EI-MS m/z (% rel. abund.): 240 (M*, 89), 105 (100), 77
(68), 51 (22).

N'-Benzoyl-2',4’-Dichlorobenzohydrazide (2) [CAS # 195066-99-0]

Yield: 77%; M.p.: 196-198 C; *H-NMR (300 MHz, DMSO-ds): 510.64 (s, 1H, NH), 10.49
(s, 1H, NH), 7.93 (d, J26135 = 7.2 Hz, 2H, H-2, H-6), 7.75 (s, 1H, H-3"), 7.59 (overlapping
multiplete, 5H, H-3, H-4, H-5, H-5', H-6"); EI-MS m/z (% rel. abund.): 308 (M", 7), 310
(M+2, 5), 173 (49), 105 (100), 77 (20).

N*-Benzoyl-3'-chlorobenzohydrazide (3) [CAS # 316142-01-5]

Yield: 87%; M.p.: 215-217 C; *H-NMR (300 MHz, DMSO-d): 5 10.63 (s, 1H, NH), 10.55
(s, 1H, NH), 7.94 (overlapping multiplete, 3H, H-2', H-5', H-6'), 7.69 (d, Js+5 = 8.4 Hz 1H,
H-4"), 7.62 (d, J26135 = 8.1 Hz 2H, H-2, H-6), 7.57 (overlapping multiplete, 3H, H-3, H-4, H-
5); EI-MS m/z (% rel. abund.): 274 (M™,41), 276 (M+2, 14), 139 (55), 111 (23), 105 (100), 77
(50).

N'-Benzoyl-4'-chlorobenzohydrazide (4) [CAS # 6828-55-3]

Yield: 69%:; M.p.: 222-223 C; 'H-NMR (400 MHz, DMSO-dg): & 10.61 (overlapping
multiplete, 2H, NH, NH), 7.94 (m, 4H, H-2, H-6, H-2', H-6"), 7.61 (d, J3 5126 = 8.4 Hz, 2H,

22



H-3', H-5"), 7.57 (overlapping multiplete, 3H, H-3, H-4, H-5); EI-MS m/z (% rel. abund.):
274 (M*, 17), 276 (M+2, 6), 139 (100), 111 (51), 105 (97), 77 (39).

N'-Benzoyl-2,3-dichlorobenzohydrazide (5) [CAS # 1182292-59-6]

Yield: 67%; M.p.: 190-192 C; *H-NMR (400 MHz, DMSO-ds): & 10.64 (s, 1H, NH), 10.49
(s, 1H, NH), 8.73 (s, 1H, H-2), 7.93 (d, J4.5 = 7.6 Hz, 1H, H-4"), 7.78 (m, 1H, H-5"), 7.59 (t,
1H, H-4), 7.53 (overlapping multiplete, 3H, H-5, H-6"), 7.46 (overlapping multiplete, 1H, H-
3); EI-MS m/z (% rel. abund.): 308 (M*, 24), 310 (M+2, 14), 312 (M+4, 2), 173 (84), 145
(26), 105 (100), 77 (76), 51 (15).

N'-Benzoyl-3'-methylbenzohydrazide (6) [CAS # 108013-58-7]

Yield: 78%; M.p.: 208-210 C; 'H-NMR (400 MHz,<DMSO-ds): & 10.48 (overlapping
multiplete, 2H, NH, NH), 7.93 (d, Je35 = 7.2 Hz, 2H, H-2, H-6), 7.73 (overlapping
multiplete, 2H, H-4', H-6"), 7.59 (m, 3H, H-3, H-4, H-5), 7.40 (d, Js 4.5 = 4.8 Hz, 2H, H-5',
H-4"), 2.37 (s, 3H, CHz); EI-MS m/z (% rel. abound.): 254 (M", 15), 119 (100), 105 (50), 91
(33), 77 (20).

N'-Benzoyl-4'-methylbenzohydrazide (7) [CAS # 19338-21-7]

Yield: 81%; M.p.: 220-221 'C: *H-NMR (400 MHz, DMSO-dg): & 10.45 (s, 1H, NH), 10.41
(s, 1H, NH), 7.92 (d, Jowgs3.5= 7.2 Hz, 2H, H-2", H-6"), 7.83 (d, J3572¢ = 8.1 Hz, 2H, H-3’, H-
5, 7.61 (M, 3H, H-3; H-4, H-5), 7.33 (d, J2635 = 8.1 Hz, 2H, H-2, H-6), 2.37 (s, 3H, CH3);
EI-MS m/z (% rel. abound.): 254 (M*, 30), 119 (100), 105 (75), 91 (61), 77 (35), 65 (13).

N'-Benzoyl-4’-methoxybenzohydrazide (8) [CAS # 6781-59-5]

Yield: 89%; M.p.: 186-187 C; *H-NMR (300 MHz, DMSO-ds): 6 10.42 (s, 1H, NH), 10.34
(s, 1H, NH), 7.91 (overlapping multiplete, 4H, H-2, H-6, H-2', H-6"), 7.58 (overlapping
multiplete, 1H, H-4), 7.53 (t, J3256/34554 = 7.5 Hz, 2H, H-3, H-5), 7.06 (d, J3.5/2¢ = 8.7 Hz,
2H, H-3', H-5"), 3.82 (s, 3H, OCHz); EI-MS m/z (% rel. abund.): 270 (M", 48), 135 (100), 105
(64), 92 (16), 77 (47).

N'-Benzoylnicotinohydrazide (9) [CAS # 56352-76-2]

Yield: 79%; M.p.: 258-259 'C: "H-NMR (400 MHz, DMSO-dg): §10.70 (s, 1H, NH), 10.57
(s, 1H, NH), 9.07 (d, Jos = 1.6 Hz, 1H, H-2), 8.77 (dd, Js> = 1.2, Ju5 = 4.8 Hz, 1H, H-4), 8.26
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(d, J65 = 7.6 Hz, 1H, H-6), 7.92 (d, Jy ¢35 = 7.6 Hz, 2H, H-2’, H-6"), 7.60 (overlapping
multiplete, 4H, H-5, H-3’, H-4’, H-5"); EI-MS m/z (% rel. abund.): 241 (M*, 12), 105 (100),
77 (45), 51 (15).

N'-(3’-Chlorobenzoyl)nicotinohydrazide (10) [CAS # 258264-84-5]

Yield: 71%; M.p.: 230-232 C; 'H-NMR (300 MHz, DMSO-ds): & 10.78 (overlapping
multiplete, 2H, NH, NH), 10.72 (s, 1H, NH), 9.06 (s, 1H, H-2), 8.78 (d, Js5 = 3.9 Hz, 1H, H-
6), 8.27 (d, Js5 = 1.8 Hz, 1H, H-5), 7.89 (s, 1H, H-2") 7.87 (d, Jas = 7.5 Hz, 1H, H-4), 7.67
(Jo.s = 8.1 Hz, 1H, H-6"), 7.60 (t, 2H, H-5, H-5"); EI-MS m/z (% rel. abund.): 275 (M*, 41),
277 (M+2, 14), 139 (100), 113 (13), 111 (42), 106 (73), 78 (32), 75 (11), 51 (10).

N'-(4’-Chlorobenzoyl)nicotinohydrazide (11) [CAS # 56352-79-5]

Yield: 69%; M.p.: 192-194 C; 'H-NMR (400 MHz, DMSO-ds): & 10.73 (overlapping
multiplete, 2H, NH, NH), 9.06 (s, 1H, H-2), 8.77 (d, Js5 = 3.6 Hz, 1H, H-6), 8.25 (d, Ja5 =
7.6 Hz, 1H, H-4), 7.94 (d, J, ¢35 = 8.0 Hz, 2H, H-2', H-6"), 7.61 (overlapping multiplete,
3H, H-5, H-3’, H-5"); EI-MS m/z (% rel. abund.): 275 (M", 7), 277 (M+2, 3), 139 (100), 111
(19), 78 (12).

N'-(2',4’-Dichlorobenzoyl)nicotinohydrazide (12) [CAS # 392314-26-0]

Yield: 65%; M.p.: 254-256 C; 'H-NMR (400 MHz, DMSO-ds): 510.87 (s, 1H, NH), 10.58
(s, 1H, NH), 9.06 (s, 1H, H-2), 8.77 (d, Js5 = 4.4 Hz 1H, H-6), 8.27 (d, Js5 = 2.4 Hz 1H, H-
4), 7.76 (m, 1H, H-5), 7.55 (overlapping multiplate, 3H, H-3’, H-5’ H-6"); EI-MS m/z (% rel.
abund.): 309 (7), 311 (M+2, 4), 173 (100), 145 (13), 106 (37), 78 (24).

N'-(3’-Methylbenzoyl) nicotinohydrazide (13) [CAS # 821018-69-3]

Yield: 69%; M.p.: 216-218 'C; "H-NMR (400 MHz, DMSO-dg): 5 10.70 (s, 1H, NH), 10.52
(s, 1H, NH), 9.06 (s, 1H, H-2), 8.77 (d, Jus = 2.7 Hz, 1H, H-4), 8.26 (d, J&is = 7.5 Hz, 1H, H-
6), 7.73 (d, Jg/s = 8.7 Hz, 2H, H-6', H-5), 7.57 (s, 1H, H-2"), 7.40 (s, 2H, H-5",H-4); EI-MS
m/iz (% rel. abund.): 255 (M, 34), 119 (100), 106 (23), 91 (84), 78 (22), 65 (16), 51 (11).

N'-(4’-Methylbenzoyl) nicotinohydrazide (14) [CAS # 56352-79-5]
Yield: 68%; M.p.: 238-240 C; *H-NMR (400 MHz, DMSO-ds): 6 10.68 (s, 1H, NH), 10.50

(s, 1H, NH), 9.06 (s, 1H, H-2), 8.77 (d, Jus = 4.2 Hz, 1H, H-4), 8.26 (d, Jo5 = 7.8 Hz, 1H, H-
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6), 7.83 (d, J6',2'/5' 3= 8.1 Hz, 2H, H-2’, H-6’), 7.58 (m, lH, H-5), 7.33 (d, J3',5'/2"6' =78 Hz,
2H, H-3', H-5"), 2.37 (s, 3H, CHs); EI-MS m/z (% rel. abund.): 255 (M, 10), 119 (100), 106
(10), 91 (57), 78 (14), 78 (14), 65 (13).

N'-(2’-Ethoxybenzoyl) nicotinohydrazide (15) [CAS # 713490-22-3]

Yield: 70%; M.p.: 202-202 C; *H-NMR (300 MHz, DMSO-ds): & 11.03 (s, 1H, NH), 10.17
(s, 1H, NH), 9.06 (s, 1H, H-2), 8.76 (d, J45 = 4.2 Hz, 1H, H-4), 8.27 (Js 5 = 6.6 Hz, 1H, H-6),
7.77 (dd, Ja245 = 1.5 Hz, 1H, H-4), 7.57 (overlapping multiplete, 2H, H-6', H-4"), 7.19 (d,
Jag = 8.1 Hz, 1H, H-3"), 7.09 (t, 1H, H-5"), 4.24 (q, JocHz, cHa = 6.9 Hz, 2H, OCH,), 1.41 (t,
Jens,chz = 7.2 Hz, 3H, CHs). EI-MS m/z (% rel. abund.): 285 (M*, 9), 149 (100), 121 (74), 93
(10).

N'-(3’-Methylbenzoyl)-3-methylbenzohydrazide (16) [CAS # 59646-36-5]

Yield: 26%; M.p.: 220-222 C; *H-NMR (300 MHz, DMSO-ds): & 10.40 (s, 2H, NH, NH),
7.73 (overlapping multiplete, 4H, H-2, H-6, H-2/, H-6"), 7.40 (d, Jsa4/a.5/54/45 = 4.5 Hz, 4H,
H-5, H-4, H-5', H-4"), 2.37 (s, 6H, CH3); EI-MS m/z (% rel. abund.): 268 (M*, 18), 119 (100),
91 (62), 65 (16).

N'-(4’-Methylbenzoyl)-4-methylbenzohydrazide (17) [CAS # 1530-73-0]

Yield: 70%; M.p.: 253-254 'C; *H-NMR (300 MHz, DMSO-dg): & 10.36 (s, 2H, NH, NH),
7.82 (0, Jogssmeisi< 8.1 Hz, 4H, H-2, H-6, H-2", H-6"), 7.32 (d, Js50.63.512.¢ = 7.8 Hz, 4H,
H-3, H-5, H-3', H-5"), 2.36 (s, 6H, CH3); EI-MS m/z (% rel. abund.): 268 (M", 22), 119 (100),
91 (69), 65 (19).

N'-(3’-Chlorobenzoyl)-3,5-dimethylbenzohydrazide (18) [CAS # 1002706-72-0]

Yield: 63%; M.p.: 232-234 C; *H-NMR (400 MHz, DMSO-ds): 510.59 (s, 1H, NH), 10.41
(s, 1H, NH), 7.94 (s, 1H, H-2"), 7.88 (d, Jo5 = 7.6 Hz 1H, H-6'), 7.68 (d, Js5 = 6.8 Hz 1H,
H-4"), 7.58 (overlapping multiplete, 1H, H-5"), 7.52 (s, 2H, H-2, H-6), 7.22 (s, 1H, H-4), 2.32
(s, 6H, CHs CH3 ); EI-MS m/z (% rel. abund.): 302 (M*, 19), 304 (M+2, 8), 139 (80), 133
(100), 105 (59), 77 (29).
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2',3'-Dichloro-N'-(3,5-dimethylbenzoyl)benzohydrazide (19)

Yield: 67%:; M.p.: 208-210 C; *H-NMR (400 MHz, DMSO-dg): 6 10.84 (m, 2H, NH, NH),
7.94 (overlapping multiplete, 2H, H-4', H-6"), 7.69 (s, 1H, H-4), 7.65 (overlapping multiplete,
3H, H-2, H-6, H-5"), 2.65 (s, 6H, 3-CHjs, 5-CHs); EI-MS m/z (% rel. abund.): 336 (M?, 8),
338 (M+2, 5), 173 (76), 145 (12), 133 (100), 105 (21).

N'-(4’-Methoxybenzoyl)-3,5-dimethylbenzohydrazide (20) [CAS # 892004-94-3]

Yield: 66%; M.p.: 195 C; *H-NMR (400 MHz, DMSO-ds): & 10.29 (overlapping multiplete,
2H, NH, NH), 7.90 (d, Jy.43.5' = 8.4 Hz, 2H, H-2" H-6'), 7.51 (s, 2H, H-2, H-6), 7.21 (s, 1H,
H-4), 7.04 (d, Jy.52.¢ = 8.4 Hz, 2H, H-3’, H-5"), 3.82 (s, 3H, OCH3), 2.34 (s, 6H, CH3, CHa);
EI-MS m/z (% rel. abund.): 298 (M", 41), 135 (100), 105 (26), 92 (13), 77 (22).

N'-Benzoyl-3'-chlorobenzohydrazide (21) [CAS # 316142-01-5]

Yield: 62%; M.P.: 215-217 C; *H-NMR (400 MHz, DMSO-ds): §10.62 (s, 1H, NH), 10.55
(s, 1H, NH), 7.94 (overlapping multiplete, 4H, H-2, H-6, H-2', H-6"), 7.69 (d, J45 = 8.0 Hz,
1H, H-4), 7.59 (overlapping multiplete, 4H, H-5, H-3', H-4', H-5"); EI-MS m/z (% rel.
abund.): 274 (M", 22), 276 (M+2, 8), 139 (94), 111 (40), 105 (100), 77 (73), 51 (20).

3-Chloro-N*-(3'-chlorobenzoyl) benzohydrazide (22) [CAS # 38192-14-2]

Yield: 68%; M.p.: 234-236 'C; "H-NMR (400 MHz, DMSO-dg): & 10.68 (s, 2H, 2NH), 7.94
(d, Jo4ns = 1.6Hz, 2H, H-2, H-2"), 7.88 (d, Jssi6.5 = 7.6 Hz, 2H, H-6, H-6"), 7.69 (d, Jasa.s
= 8.0 Hz, 2H, H-4, H-4"), 7.58 (t, Js.455.65.4/5.¢ = 8.0 Hz, 2H, H-5, H-5"); EI-MS m/z (% rel.
abund.): 308 (M", 42), 310 (M+2, 30), 312 (M+4, 5), 139 (100), 111 (67), 75 (20)

3-Chloro-N'-(4'-chlorobenzoyl)benzohydrazide (23) [CAS # 316146-11-9]

Yield: 71%; M.p.: 206-208 C; *H-NMR (400 MHz, DMSO-ds): &6 10.64 (s, 2H, NH), 7.93
(overlapping multiplete, 4H, H-2, H-6, H-2" H-6"), 7.69 (d, Js5 = 8.0 Hz, 1H, H-4), 7.61
(overlapping multiplete, 3H, H-5, H-5', H-3"); EI-MS m/z (% rel. abund.): 308 (M", 10), 310
(M+2, 5), 312 (M+4, 1), 139 (100), 111 (44), 75 (13).

4-Chloro-N'-(4'-chlorobenzoyl) benzohydrazide (24) [CAS # 895-84-1]

Yield: 75%: M.p.: 220-222 C; *H-NMR (400 MHz, DMSO-ds): & 10.61 (s, 2H, NH, NH),
7.93 (d, J2,6/3,5/2’,6’/3’,5’ =8.4 HZ, 4H, H-2, H-6, H-2', H-6'), 7.61 (d, \]3,5/2,6/3’,5’/2’,6' =8.4 HZ, 4H,
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H-3, H-5, H-3", H-5'); EI-MS m/z (% rel. abund.): 308 (M", 6), 310 (M+2, 5), 139 (100), 111
(31), 75 (13).

3-Chloro-N'-(3’-methylbenzoyl) benzohydrazide (25) [CAS # 304456-89-1]

Yield: 66%; M.p.: 202-204 C; *H-NMR (400 MHz, DMSO-ds): & 10.60 (s, 1H, NH), 10.48
(s, 1H, NH), 7.94 (s, 1H, H-2), 7.88 (d, Js5 = 7.6 Hz 1H, H-6), 7.73 (overlapping multiplete,
3H, H-4, H-2', H-6"), 7.58 (d, Js4 = 7.6 Hz 1H, H-5), 7.40 (overlapping multiplete, 2H, H-4',
H-5", 2.37 (s, 3H, CHj); EI-MS m/z (% rel. abund.): 288 (M*, 44), 290 (M+2, 13), 139 (75)
119 (100), 111 (28), 91 (90), 65 (14).

3-Chloro-N'-(4’-methylbenzoyl) benzohydrazide (26) [CAS # 316142-02-6]

Yield: 68%; M.p.: 202-202 'C; *H-NMR (300 MHz, DMSO-dg): 5 10.58 (s, 1H, NH), 10.45
(s, 1H, NH), 7.93 (s, 1H, H-2), 7.68 (d, Js5 = 8.0 Hz, 1H, H-4), 7.82 (d, J».¢/3.5 = 8.0 Hz, 2H,
H-2', H-6"), 7.58 (t, Jsa56 = 7.6 Hz, 1H, H-5). 7.32 (d, J5.572-¢ = 8.0 Hz, 2H, H-3', H-5), 2.37
(s, 3H, CHa), EI-MS m/z (% rel. abund.): 288 (M", 21), 290 (M+2, 7), 139 (57), 119 (100),
111 (26), 91 (70), 75 (10), 65 (13).

2',4'-Dichloro-N*-(3-chlorobenzoyl)benzohydrazide (27) [CAS # 316143-31-4]

Yield: 75%; M.p.: 212-214°'C; 'H-NMR (400 MHz, DMSO-dg): §10.77 (s, 1H, NH), 10.51
(s, 1H, NH), 7.95 (s, 1H, H-3"), 7.89 (d, Jg.s = 7.6 Hz, 1H, H-6"), 7.75 (s, 1H, H-2), 7.68 (d,
Js¢ = 7.6 Hz, 1H; H+5"), 7.58 (overlapping multiplete, 3H, H-4, H-5, H-6); EI-MS m/z (%
rel. abund.): 344 (M*, 5), 346 (M+2, 1), 173 (100), 139 (58), 111 (25), 83 (15).

2',3'-Dichloro-N'-(3-chlorobenzoyl)benzohydrazide (28) [CAS # 1182660-05-4]

Yield: 74%:; M.p.: 186-188 C; *H-NMR (400 MHz, DMSO-dg):5 10.79 (s, 1H, NH), 10.57
(s, IH, NH), 7.96 (s, 1H, H-2), 7.89 (d, J45 = 7.6 Hz 1H, H-4"), 7.78 (m, 1H, H-5"), 7.68 (d,
Je¢s» = 8.0 Hz, 1H, H-6"), 7.58 (t, Js4556 = 8.0 Hz, 1H, H-5) 7.50 (overlapping multiplete, 2H,
H-4, H-6); EI-MS m/z (% rel. abund.): 342 (M", 9), 344 (M+2, 8), 346 (M+4, 3), 173. (83),
139 (100), 111 (27), 75 (12).

3-Chloro-N'-(4'-methoxybenzoyl)benzohydrazide (29) [CAS # 316151-65-2]
Yield: 70%; M.p.: 206-208 C; *H-NMR (400 MHz, DMSO-d): 5 10.55 (s, 1H, NH), 10.39

(s, 1H, NH), 7.93 (overlapping multiplete, 4H, H-2 H-6, H-4', H-2"), 7.68 (d, J¢s» = 8.0 Hz,
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1H, H-6'), 7.58 (t, Js.q/s.4 = 7.6 Hz, 1H, H-5"), 7.05 (d, Js526 = 8.4 Hz 2H, H-3, H-5), 3.82
(s, 3H, OCHs); EI-MS m/z (% rel. abund.): 304 (M", 11), 306 (M+2, 4), 135 (100), 111 (32),
92 (19), 77 (25).

N'-(3’-Chlorobenzoyl)-2-iodobenzohydrazide (30) [CAS # 812686-07-0]

Yield: 68%; M.p.: 202-204 C; *H-NMR (300 MHz, DMSO-ds): & 10.70 (s, 2H, NH, NH),
7.94 (overlapping multiplete, 2H, H-2', H-6"), 7.86 (d, Jes56 = 7.8 Hz, 2H, H-5, H-6), 7.70
(d, Jazsa = 8.7 Hz, 2H, H-3, H-4), 7.59 (overlapping multiplete, 2H, H-4', H-5"); EI-MS m/z
(% rel. abund.): 308 (32), 310 (M+2, 20), 231 (19), 139 (100), 111 (56), 75 (17).

N'-(3’-methylbenzoyl)-2-iodobenzohydrazide (31) [CAS # 304480-86-2]

Yield: 65%; M.p.: 194 C; *H-NMR (300 MHz, DMSO-dg): 6 10.53 (s, 1H, NH), 10.30 (s,
1H, NH), 7.94 (d, Js5 = 7.8 Hz, 1H, H-6), 7.70 (overlapping multiplete, 2H, H-3, H-6"), 7.40
(overlapping multiplete, 2H, H-5, H-4), 7.25 (m, 1H, H-5"), 7.23 (overlapping multiplete, 3H,
H-2', H-3', H-4"), 2.37 (s, 3H, CHs); EI-MS m/z (% rel. abund.): 380 (M, 32), 231 (78), 202
(12), 119 (100), 91 (28).

3,5-Dichloro-N*-(3'-chlorobenzoyl)benzohydrazide (32) [CAS # 1182308-11-17]

Yield: 78%; M.p.: 280-282 C: *H-NMR (400 MHz, DMSO-ds): & 10.80 (overlapping
multiplete, 2H, NH, NH), 7.93 (overlapping multiplete, 5H, H-2, H-4, H-6, H-2', H-6"), 7.69
(d, Jy5 = 7.6 Hz, 1H, H-4"), 7.58 (t, Js¢/54 = 7.6 Hz, 1H, H-5"); EI-MS m/z (% rel.abund.):
344 (M*, 21), 346 (M+2, 7), 173 (80), 140 (100), 111 (80), 75 (24).

3,5-Dichloro-N'-(4'-chlorobenzoyl)benzohydrazide (33) [CAS # 909221-15-4]

Yield: 65%; M.p.: 180 C; 'H-NMR (400 MHz, DMSO-dg): 5 10.76 (s, 1H, NH), 10.71 (s,
1H, NH), 7.93 (overlapping multiplete, 5H, H-2, H-4, H-6, H-2', H-6"), 7.61 (d, J3 5126 = 8.4
Hz, 2H, H-3’, H-5"); EI-MS m/z (% rel. abund.): 342 (M", 10), 344 (M+2, 9), 346 (M+4, 3),
173 (39), 139 (100), 111 (50), 75 (22).

3,5-Dichloro-N'-(4'-methylbenzoyl)benzohydrazide (34) [CAS # 909221-07-4]

Yield: 70%; M.p.: 214-216 C; *H-NMR (400 MHz, DMSO-ds): 6 10.69 (s,1H, NH), 10.52
(s, 1H, NH), 10.35 (s, 1H, OH), 7.92 (overlapping multiplete, 3H, H-2, H-4, H-6), 7.82 (d,
Jrens = 8.0 Hz, 2H, H-2', H-6), 7.32 (d, J3512¢ = 7.6 Hz, 2H, H-3" H-5'), 2.37 (s, 3H,
CHz3); EI-MS m/z (% rel. abund.): 322 (M™, 3), 324 (M+2, 2), 173(10), 119 (100), 91 (26).
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3,5-Dichloro-N'-(3’-methylbenzoyl)benzohydrazide (35) [CAS # 909220-95-7]

Yield: 59%; M.p.: 244-246 C; *H-NMR (400 MHz, DMSO-ds): 610.71 (s, 1H, NH), 10.54
(s, 1H, NH), 7.92 (overlapping multiplete, 3H, H-2, H-4, H-6), 7.73 (overlapping multiplete,
2H, H-6', H-2"), 7.40 (overlapping multiplete, 2H, H-5', H-4"), 2.37 (s, 3H, CH3); EI-MS m/z
(% rel. abund.): 322 (M, 16), 324 (M+2, 8), 326 (M+4, 2), 173 (34), 145 (13), 119 (100), 91
(74), 65 (13).

3,5-Dichloro-N*-(4"-methoxybenzoyl)benzohydrazide (36) [CAS # 909221-09-6]

Yield: 68%; M.p.: 192 C; *H-NMR (400 MHz, DMSO-ds): & 10.66 (overlapping multiplete,
2H, NH, NH), 7.91 (overlapping multiplete, 4H, H-2, H-6, H-2’, H-6"), 7.05 (overlapping
multiplete, 3H, H-4, H-3’, H-5"), 3.82 (s, 3H, OCHz); EI-MS m/z (% rel. abund.): 338 (M", 9),
340 (M+2, 5), 300 (31), 173 (44), 135 (100), 107 (15),92(20), 77 (24).

2',3'-Dichloro-N*-(3,5-dichlorobenzoyl)benzohydrazide (37)

Yield: 69%; M.p.: 240-242 C; 'H-NMR (400 MHz, DMSO-ds): 510.91 (s, 1H, NH), 10.65
(s, 1H, NH), 7.94 (overlapping multiplete, 2H, H-4, H-4"), 7.79 (overlapping multiplete, 2H,
H-3', H-6"), 7.50 (d, Ja464 = 4.8 Hz, 2H, H-2, H-6); EI-MS m/z (% rel. abund.): 378 (M*, 7),
380 (M+2, 3), 173 (100), 145(19), 109 (6).

2',4'-Dichloro-N'-(3,5-dichlorobenzoyl)benzohydrazide (38) [CAS # 909221-11-0]

Yield: 68%; M.p.;.270-271 C; 'H-NMR (400 MHz, DMSO-ds): 510.88 (s, 1H, NH), 10.62
(s, 1H, NH), 7.93 (overlapping multiplete, 4H, H-2, H-6, H-5', H-6"), 7.75 (s,1H, H-3"), 7.56
(s, 1H, H-4); EI-MS m/z (% rel. abund.): 378 (M", 8), 380 (M+2, 4), 173 (100), 145 (26), 109
(10).

2,4-Dichloro-N"-(2',4'-dichlorobenzoyl)benzohydrazide (39) [CAS # 76114-78-8]

Yield: 74%; M.p.: 264-265 'C; *H-NMR (400 MHz, DMSO-dg): & 10.64 (s, 2H, NH, NH),
7.74 (s, 2H, H-3, H-3"), 7.55 (s, 4H, H-6, H-5, H-6', H-5"); EI-MS m/z (% rel. abund.): 378
(M*, 7), 380 (M+2, 3), 173 (100), 145 (25), 109 (12).
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2,3-Dichloro-N'-(2',3'-dichlorobenzoyl)benzohydrazide (40)

Yield: 77%; M.p.: 270-272 C; *H-NMR (400 MHz, DMSO-ds): & 10.68 (s, 2H, NH, NH),
7.78 (m, 2H, H-4, H-4"), 7.49 (overlapping multiplete, 4H, H-5, H-6, H-5', H-6'); EI-MS m/z
(% rel. abund.): 378 (M, 8), 380 (M+2, 2), 173 (100), 139 (28), 111 (14), 75 (15).

4-Methoxy-N'-(4’-methoxybenzoyl)benzohydrazide (41) [CAS # 849-82-1]

Yield: 78%; M.p.: 224-225 'C; *H-NMR (400 MHz, DMSO-dg): & 10.26 (s, 2H; NH, NH),
7.90 (d, J35n.63572.¢ = 8.8 Hz, 4H, H-3, H-5, H-3", H-5"), 7.05 (d, J26342.6/3.5 = 8.8 Hz, 4H,
H-2, H-6, H-2', H-6"), 3.82 (s, 6H, OCHs); EI-MS m/z (% rel. abund.):'300 (M*, 57), 135
(100), 107 (30), 92 (31), 77 (42), 64 (12).

N'-(2",3'-Dichlorobenzoyl)-3,4,5-trimethoxybenzohydrazide (42) [CAS # 1182681-57-7]

Yield: 68%; M.p.: 208-210 C; *H-NMR (400 MHz, DMSO-d): 5 10.58 (s, 1H, NH), 10.49
(s, 1H, NH), 7.79 (m, 1H, H-5"), 7.50 (overlapping multiplete, 2H, H-4', H-6"), 7.27 (s, 2H,
H-2, H-6), 3.72 (s, 3H, 4'-OCHg3), 3.84 (s, 6H, 3’-OCHs;, 5'-OCHg); EI-MS m/z (% rel.
abund.): 398 (M7, 24), 400 (M+2, 21), 402 (M+4, 4), 195 (100), 173 (21), 152 (10).

3’-Chloro-N'-(3-nitrobenzoyl)benzohydrazide (43) [CAS # 3161-49-08-3]

Yield: 80%; M.p.: 217 _C; 'H-NMR (400 MHz, DMSO-dg): & 10.97 (s, 1H, NH), 10.77 (s,
1H, NH), 8.73 (s, 1H, H-2), 8.46 (d, J45 = 8.0 Hz 1H, H-4), 8.35 (d, Js5 = 7.2 Hz, 1H, H-6),
7.95 (s, 1H, H-2%), 7.67 (m, 2H, H-5, H-6'), 7.59 (overlapping multiplete, 2H, H-4', H-5"); EI-
MS m/z (% rel. abund.): 319 (M*, 11), 321 (M+2, 4), 150 (28), 139 (100), 120 (13), 111 (31).

Urease Inhibition Assay

In vitro urease inhibition assay of the synthetic compounds was determined according to the

previously reported literature protocols [38-39].

Kinetic Studies

In order to characterize the interaction of the potent inhibitors of urease, the type of inhibition
was determined using Michaelis-Menten Kinetics. For this purpose, the initial rates of the
enzyme inhibition were measured at different substrate concentrations in the absence and

presence of different concentrations of the selected representative inhibitors against
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respective enzymes. The results were depicted as double reciprocal Lineweaver-Burk plots
using PRISM 5.0 (GraphPad, San Diego, California, USA).

Molecular Docking Studies

Selection of protein structure and preparation of ligands

Ligand-bound crystallographic structures of Jack bean urease (PDB ID: 3LA4) was
downloaded from Protein Data Bank (PDB) [18]. The MOE builder tool was used to generate
the 3D structures of the compounds [40]. The minimization of protein was done by MOE
(MOE 2014.09) by keeping the four histidine residues surrounding two nickel ions in the
active site pocket of enzyme [40]. Protein structure was protonated using AMBER99 force
field and minimized with a RMSD gradient of 0.05 kcal/mal, prior to docking studies [41].
Afterwards, addition of hydrogen atoms was done to all-.the compounds and charges were
assigned to respective atom. At the end the energy minimization of generated 3D structure
was carried out by applying force field MMFF94x at the RMSD gradient of 0.01 kcal/mol A
[41].

Docking experiment

The docking analysis was done by LeadlT (BioSolvelT GmbH, Germany) [42], after the
compound and proteins preparation. The docking analysis and studies were carried out for the
selected inhibitors and reference standards without modifying the default parameters. Top 50
ranking poses were visualized and selected for each ligand and further analysis was done
using HYDE assessment to investigate the favorable and unfavorable interactions [43]. Poses
with lowest binding energy and favorable affinity were chosen and further analyzed by
Discovery Studio Visualizer [44].

Acknowledgement: This work was financially supported by the Higher Education
Commission (HEC) Pakistan (Project No. 20-1910), under the National Research Program
for Universities. J. Igbal is grateful to the Organization for the Prohibition of Chemical
Weapons (OPCW), The Hague, The Netherlands and Higher Education Commission of
Pakistan for the financial support through Project No. 20-3733/NRPU/R&D/ 14/520.

References:

[1] M. Ahmed, M.A. Qadir, A. Hameed, M.N. Arshad, A.M. Asiri, M. Muddassar.

Azomethines, isoxazole, N-substituted pyrazoles and pyrimidine containing curcumin

31



[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

derivatives: Urease inhibition and molecular modeling studies. Biochem. Biophy.
Res. Commun. 490 (2017) 434-440.

S.T. Sudkolai, F. Nourbakhsh. Urease activity as an index for assessing the maturity
of cow manure and wheat residue vermicomposts, Was. Manage. 64 (2017) 63-66.

M. Taha, S.A.A. Shah, A. Khan, F. Arshad, N.H. Ismail, M. Afifi, S. Imran, M.I.
Choudhary. Synthesis of 3,4,5-trinydroxybenzohydrazone and evaluation of their
urease inhibition potential, Arab. J. Chem. (2015) 1-10.

JR.M. Peek, M.J. Blaser. Helicobacter pylori and gastrointestinal tract
adenocarcinomas, Nat. Rev. Canc. 2 (2002) 28-37.

L.T.B. Upadhyay. Urease inhibitors: A Review, Ind. J. Biotech. 11 (2012) 381-388.

S. Shamim, K.M. Khan, U. Salar, F. Ali, M.A. Lodhi, M. Taha, F.A. Khan, S. Ashraf,
Zaheer Ul-Hag, M. Ali, S. Perveen. 5-Acetyl-6-methyl-4-aryl-3,4-dihydropyrimidin-
2(1H)-ones: As potent urease inhibitors; synthesis, in vitro screening, and molecular
modeling study, Bioorg. Chem. 76 (2018) 37-52.

S. Rollas, S.G. Kigikgizel. Biological activities of hydrazone derivatives, Molecules,
12 (2007) 1910-1939.

V. Arjunan, A.Jayaprakash, K. Carthigayan, S. Periandy, S. Mohan. Conformational,
structural, vibrational and quantum chemical analysis on 4-aminobenzohydrazide and
4-hydroxybenzohydrazide-A comparative study, Spectrochim. Acta Part A: Mol.
Biomol. Spec. 108 (2013) 100-114.

K. Sambathkumar, S. Jeyavijayan, and M. Arivazhagan. Electronic structure
investigations of 4-aminophthal hydrazide by UV-visible, NMR spectral studies and
HOMO-LUMO analysis by ab initio and DFT calculations, Spectro. Acta Part A:
Mol. Biomol. Spectro. 147 (2015) 124-138.

E. Grunberg, and R. Schnitzer. Anti-mycobacterial properties of a new derivative of
Isoniazid. Proceed. Soc. Exp. Bio. Med. 84 (1953) 220-222.

32



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

K.M. Khan, F. Naz, M. Taha, A. Khan, S. Perveen, M.l. Choudhary, W. Voelter.
Synthesis and in vitro urease inhibitory activity of N,N”-disubstituted thioureas.
European J. Med. Chem. 74 (2014) 314-323.

A.U. Rehman, M. Ayoub, M.A. Abbasi, S. Gul, M. Ashraf, R. Hassan, I. Ahmad,
K.M. Khan. Synthesis of N-substituted derivatives of N-(4-(N-(5-choloro-2
methoxyphenyl)sulfamoyl)phenyl)acetamide with potential antiurease activity, J.
Chem. Soc. Pak. 35 (2013) 1516-1521.

S.A. Shahzad, M. Yar, Z.A. Khan, I.U. Khan, S.A.R. Nagvi, N. Mahmood, K.M.
Khan. Microwave-assisted solvent free efficient synthesis of 1,3,4-oxazole-2(3H)-
thiones and their in vitro Urease Inhibitory Activity, Eur. J. Chem. 3 (2012) 143-146.

T. Akhtar, S. Hameed, K.M. Khan, A. Khan, M.l..Choudhary. Design, synthesis, and
urease inhibition studies of some 1,3,4-oxadiazole and 1,2,4-triazoles derived from
mandelic acid, J. Enz. Inhibit. Med. Chem. 25 (2010) 572-576.

H. Pervez, N. Manzoor, M. Yaqub, A. Khan, K.M. Khan, F. Nasim, M.l. Choudhary.
Synthesis and Urease inhibitory properties of some new N-4-substituted 5-
Nitroisatin-3-thiosemicarbazones, Letters in Drug. Des. Discov. 7 (2010) 102-108.

M. Taha, N.H. Ismail, H.M. Zaki, A. Wadood, E.H. Anouar, S. Imran, B.M. Yamin,
F. Rahim, M. Ali, K.M. Khan. 3,4-Dimethoxybenzohydrazide derivatives as antiulcer:
Molecular-modeling and density functional studies. Bioorg. Chem. 75 (2017) 235-
241.

A.K. Prajapati and Vishal Modi, Mesogenic bent-shaped nitrooxadiazoles and
thiadiazoles, Liquid Crystals, 38(2), 2011, 191-199

A. Balasubramanian, K. Ponnuraj, Crystal structure of the first plant urease from jack
bean: 83 years of journey from its first crystal to molecular structure. J. Mol. Biol.
400 (2010) 274-283.

K. Asokkumar, L. T. Prathyusha, M. Umamaheshwari, T. Sivashanmugam, V.
Subhadradevi, P. Jagannath, A. Madeswaran, F. Salesheir. Design, Admet and
Docking Studies on some Novel Chalcone Derivatives as Soluble epoxide Hydrolase
Enzyme Inhibitors. J. Chil. Chem. Soc. (2012) 57 1442-1446.

33



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

D. E. Clark, S. D. Pickett. Computational methods for the prediction of ‘drug-
likeness. Drug Discov. Today 2000, 5, 49-58.

S. EKins, Y. Nikolsky, T. Nikolskaya. Techniques, applications of systems biology to
absorption, distribution, metabolism, excretion, and toxicity. Trends Pharmacol. Sci.
2005, 26, 202-2009.

W. J. Egan, G. Zlokarnik, P. D. J. Grootenhuis, In Silico prediction of drug safety:
despite progress there is abundant room for improvement. Drug Discov. Today
Technol. 2004, 1, 381-387.

C. A. Lipinski, F. Lombardo, B. W. Dominy, P. J. Feeney. Experimental and
computational approaches to estimate solubility and permeability in drug discovery
and development settings. Adv. Drug Deliv. Rev. (2001) 46, 3-26.

W. T. Ashton, C. L. Cantone, L. L. Chang, S. M. Hutchins, R. A. Strelitz, M.
MacCoss, R. S. L. Chang, V. J. Lotti, K. A. Faust, T.-B. Chen, P. Bunting, T. W.
Schom, S. D. Kivlighn, P. K. S. Siegl. Nonpeptide angiotensin Il antagonists derived
from 4H-1,2,4-triazoles and 3H-imidazo[1,2-b][1,2,4]triazoles. J. Med. Chem.
(1993) 36, 591-6009.

T.L. Andersen, W. Caneschi, A. Ayoub, A.T. Lindhardt, M.R.C. Couri, T.S.
Andersen. 1,2,4- and 1,3,4-Oxadiazole synthesis by palladium-catalyzed
carbonylative assembly of aryl bromides with amidoximes or hydrazides. Adv. Syn.
Cat. 356 (2014) 3074-3082.

L. Besgubenko, S. Pipko, A. Sinitsa. Complexes of silicon and phosphorus chlorides
with nitrogen-containing bases as the condensing agents in the synthesis of amides.
Russ. J. Gen. Chem. 82 (2012) 1382-1390.

F. Broussard, C. Neri, F. Somenzi. Process for the preparation of symmetrical

diacylhydrazines. 2002, Google Patents.

K.C. Chiang, F.F. Wong, C.S. Chang, M.J. Hour, Y.L. Wang, S.B. Wen, M.Y. Yeh.
Synthesis and characterization of 1,3,4-oxadiazole-triazolopyridinone hybrid
derivatives as new blue-greenish photoluminescent materials, J. Hetero. Chem. 44
(2007) 591-596.

34


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Andersen%2C+Thomas+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Caneschi%2C+Wiliam
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ayoub%2C+Ali
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lindhardt%2C+Anders+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Couri%2C+Mara+R+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Skrydstrup%2C+Troels

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A. Grekov, E. Nesynov. Synthesis of new 1,3,4-oxadiazole derivatives. Zhur. Obsh.
Khim. 31 (1961) 1122.

M.A. Herrero, J. Wannberg, and M. Larhed. Direct microwave synthesis of N,N'-
diacylhydrazines and boc-protected hydrazides by in situ carbonylations under air.
Synlett, 2004 (2004) 2335-2338.

R.V. Hoffman, and A. Kumar. The oxidation of amines with sulfonyl peroxide. 8.
oxidative deamination of amines by arylsulfonyl peroxides. J. Org. Chem. 49 (1984)
4011-4014.

T. Imamoto. The formation of benzoyl chlorides from 1,2-dibenzoylhydrazines or
dibenzoyldiimides. Bull. Chem. Soc. Jap. 45 (1972) 2216-2217.

R.T. Lewis, K.J. Merchant, and A.M. MaCleod. Heterocyclic compounds, processes
for their preparation and pharmaceutical compositions containing them, 1996, Google

Patents.

M. Montanari, A.E. Beezer, and C. Montanaric. QSAR based on biological
microcalorimetry: The interaction of Saccharomyces cerivisiae with hydrazides.
Thermochimica acta, 328 (1999) 91-97.

P.A. More, B.L. Gadilohar, and G.S. Shankarling. In Situ generated
cetyltrimethylammonium bisulphate in choline chloride-urea deep eutectic solvent: A
novel catalytic system for one pot synthesis of 1,3,4-oxadiazole, Cat. Lett. 144 (2014)
1393-1398.

Z. Soltanzadeh, G. Imanzadeh, N. Noroozi-Pesyan, E. Sahin. Green synthesis of
pyrazole systems under solvent-free conditions. Green Chem. Lett. Rev. 10 (2017)
148-153.

M. Zarei. One-pot synthesis of 1,3,4-thiadiazoles using Vilsmeier reagent as a
versatile cyclodehydration agent. Tetrahedron. 73 (2017) 1867-1872.

M.W. Weatherburn. Phenol-hypochlorite reaction for determination of ammonia.
Anal. Chem. 1967, 39, 971-974.

35



[39]

[40]

[41]

[42]
[43]

[44]

M.K. Rauf, A. Talib, A. Badshah, S. Zaib, K. Shoaib, M. Shahid, U. Flérke, Imtiaz-
ud-Din, J. Igbal. Solution-phase microwave assisted parallel synthesis of N,N'-
disubstituted thioureas derived from benzoic acid: Biological evaluation and
molecular docking studies. Eur. J. Med. Chem. 70 (2013) 487-496.

MOE (Molecular Operating Environment) Version 2014.0901. Chemical Computing
Group, (CCQG). http://www.chemcomp.com/MOEMolecular_Operating_
Environment.htm.

P. Labute, Protonate 3D: Assignment of Macromolecular Protonation State and
Geometry, Chemical Computing Group, 2007.
http://www.chemcomp.com/journal/proton.htm.

LeadlT, 2014, at http://www.biosolveit.de/Leadl T

N. Schneider, G. Lange, S. Hindle, R. Klein, M.A. Rarey. Consistent description of
HYdrogen bond and DEhydration energies in protein-ligand complexes: methods
behind the HYDE scoring function. J. Comput. Aided Mol. Des. 27 (2013) 15-29.
Accelrys Software Inc. Discovery Studio Modeling Environment, Release 4.0;
Accelrys Software: San Diego, CA, 2013.

36


http://www.chemcomp.com/journal/proton.htm

Synthesis and in vitro urease inhibitory activity of benzohydrazide derivatives, in silico and Kinetic studies
Azhar Abbas,® Basharat Ali,> Kanwal,® Khalid Mohammed Khan,»® Jamshed Igbal,” Shafiq ur Rahman,” Sumera Zaib,” Shahnaz
Perveen?
aH. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi-
75270, Pakistan
bCentre for Advanced Drug Research, COMSATS University Islamabad, Abbottabad Campus, Abbottabad-22060, Pakistan
‘Department of Clinical Pharmacy, Institute for Research and Medical Consultations (IRMC), Imam Abdulrahman Bin
FaisalUniversity, P.O. Box 31441, Dammam Saudi Arabia

dpCSIR Laboratories Complex, Karachi, Shahrah-e-Dr. Salimuzzaman Siddiqui, Karachi-75280, Pakistan

The overlap of all the docked inhibitors in the active site of urease, compound 40 (red), 34 (purple), 19 (green), 20 (crimson), 37
(chocolate), 36 (blue), 33 (light brown).
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Highlights:

e Synthesis of benzohydrazide derivatives 1-43.

e Urease inhibitory activity of synthesized derivatives have been evaluated.
e Kinetic study of the active has been performed.

e The in silico study of the active compounds was also done.
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