Accepted Manuscript =

EUROPEAN JOURNAL OF

Discovery of novel bacterial FabH inhibitors (Pyrazol-Benzimidazole amide
derivatives): Design, synthesis, bioassay, molecular docking and crystal structure A
determination

Yan-Ting Wang, Tian-Qi Shi, Jie Fu, Hai-Liang Zhu A
PII: S0223-5234(19)30244-2

DOI: https://doi.org/10.1016/j.ejmech.2019.03.026

Reference: EJMECH 11196

To appearin:  European Journal of Medicinal Chemistry

Received Date: 31 December 2018
Revised Date: 11 March 2019
Accepted Date: 11 March 2019

Please cite this article as: Y.-T. Wang, T.-Q. Shi, J. Fu, H.-L. Zhu, Discovery of novel bacterial FabH
inhibitors (Pyrazol-Benzimidazole amide derivatives): Design, synthesis, bioassay, molecular docking
and crystal structure determination, European Journal of Medicinal Chemistry (2019), doi: https://
doi.org/10.1016/j.ejmech.2019.03.026.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2019.03.026
https://doi.org/10.1016/j.ejmech.2019.03.026
https://doi.org/10.1016/j.ejmech.2019.03.026

Discovery of Novel Bacterial FabH Inhibitors (Pyrazol-Benzimidazole amide
derivatives): Design, Synthesis, Bioassay, Molecular Docking and Crystal
Structure Deter mination

Yan-Ting Wang ***, Tian-Qi Shi °, Jie-Fu *, Hai-Liang Zhu ®*

& Department of Environmental Science & Engineeringgldh University, Shanghai
200433, P. R. China

P State Key Laboratory of Pharmaceutical Biotechgglo Nanjing University,
Nanjing 210093, P. R. China

[N \
@ % 1C55 =1.22 uM against E. coli FabH : /
N
1:\ MIC =0.49-0.98 pg/mL against four, i
&

@ PN tested bacterial strains
F N
CE

N:

Molecule
docking of
31 with
THNJ

*Corresponding authors. Tel. & fax: +86-25-896825F-Pail: zhuhl@nju.edu.cn




Abstract

The enzyme FabH catalyzes the initial step of faityd biosynthesis that is
essential for bacterial survival. Therefore, Fald$ bbeen identified as an attractive
target for the development of new antibacteriainége/Ne present here the discovery
of a promising new series of Pyrazol-Benzimidazaheides with low toxicity and
potent FabH inhibitory. Twenty-seven novel compaihdve been synthesized, and
all the compounds were characterized'ByNMR, *C-NMR and MS. Afterwards
they were evaluated fan-vitro antibacterial activities againgt coli, P. aeruginosa
B. subtilisand S. aureusalong withE. coli FabH inhibition and cytotoxicity test.
Some compounds proved to be of low toxicity andepitespecially compoungil
exhibited the most potential to be a new drug WitlC of 0.49-0.98ug/mL against
the tested bacterial strains anddGf 1.22uM againstE. coli FabH. Eight analogues
16, 28, 30, 31, 33, 34, 35 and36 with low range MIC against wild typ€anthomonas
Campestriexhibited no inhibition against FabH-deficient amit strain, which firmly
proved the class of compounds arrived at antib@ttactivity via interacting with
FabH. In silico ADMET (Absorption, Distribution, Metabolism, Exdren and
Toxicity) evaluation also pointed out that thesempounds are potential for
druggability. Further, effective overall dockingoses of all the compounds have been
recorded, and docking simulation of compougidinto E. coli FabH binding pocket

has been conducted, where solid binding interasti@s been identified.
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1. Introduction

Although many kinds of antibacterial agents werscovered and used for
clinical treatment, the incidences of drug resisgaof microorganisms to antibacterial
agents were constantly reported [1, 2]. Thereftive,development of new types of
antibacterial agents is a very vital task and moicthe research effort is oriented to
the design of new antibacterial agents with hiditiehcy [3]. Recently, the research
has been focused toward development of new anéibakcagents with novel target. A
promising target is the fatty acid synthase (FA&hway in bacteria.

Bacterial FAS (type IlI) has been proved to be ipemsable for bacteria cell
survival [4, 5], which provides essential fatty dscifor use in the assembly of key
cellular components such as cell envelope, phogpts] lipoproteins,
lipopolysaccharides, and mycolic acids.

A key enzyme in this pathway jg&ketoacyl-acyl carrier protein synthase Il
(FabH) that initiates the fatty acid elongation legc[6] and participates in the
feedback regulation of FAS via product inhibitiorr9]. As shown in Fig. 1., FabH
catalyzes the condensation reaction between a @a8kad acetyl group and an
ACP-attached malonyl group, yielding acetoacetylPA&s its final product [10]. In
addition, FabH proteins are highly conserved atsiyguence and structural level in
both Gram-positive and -negative bacteria, whileeréh are no significantly
homologous proteins in humans. These attributeggesigthat small molecule
inhibitors of FabH enzymatic activity could be paial development candidates
leading to selective, nontoxic, and broad-spectamtibacterial [6].

The natural products platensimycin and platecing.(R2.), discovered by
employing a novel antisense differential sensifigtreening strategy, were reported
recently from soil bacterial strains &treptomyces platens[41-13]. Platencin is
considered a dual FabH-FabF inhibitior. The modepoof the natural products
targeting the condensing enzymes is platensimygcimgnomolar inhibitor of bacterial
elongation condensing enzymes, which has a MIC ativéen 0.5-1.0 pg/ml for
several important pathogens, includir aureus Enterococcus faeciumand
Streptococcus pneumonid4, 15]. Compoundl is a representative benzoic acid
FabH inhibitor [16], which exhibits potent inhibiio activity againstEnterococcus
faecalisFabH andStreptococcus pyogengEabH, 1Gy = 0.004umol/L.) FAS20013 is



an anti-tuberculosis drug developed by FASgen Compa7], which was originally
designed with FabH as its target. It exerts potahibition against multi-drug
resistant Mycobacterium tuberculosis, MIC = 0.75+4hg/L.) as well as compoundés
and3, discovered by McKinney et al. [18].

According to the structure analysis of these pakattH inhibitiors reported in
the literatures, phenylamide is an important stmattfragment, which can be used as
the skeleton structure of new FabH inhibitors. Besj with the aid of computer-aided
drug design, Li screened a large number of compewith different structures, and
results also revealed that phenylamide fragmentirug was beneficial to FabH
inhibition [19]. In addition, Subramani et al. edgicright exploited benzoyl amino
benzoic acid (compound) as the skeleton structure to design and devetyein
drugs targeting FabH which exhibited potent actij20].

Moreover, Polycyclic compounds containing benzimala ring units exhibit
multiple excellent biological activities, includirantibacterial, antifungal, anticancer,
analgesic, anti-inflammatory, antioxidant antidiéheantiparasitic, antihypertensive
ones and so on [21-26].

Further, Pyrazole possesses low molecular weigtitsseric hindrance, and is
often contributed as an active structural fragnterentimicrobial design [27].

Yet, the effectiveness of fragment hybrid of pheaglide, benzimidazole and
pyrazole has not been studied till now. To addtbass knowledge gap, a series of
novel Pyrazol-Benzimidazole amides targeting Fab&b wynthesized by fragment
hybrid, then modification.

In this paper, some work has been done: discussyhihetic method of this
series of novel compounds, depict the results attraty studies; evaluate their
antibacterial and anti-FabH activities; detect tytaity and hemolytic activities;
appraise in silico ADMET (Absorption, Distribution, Metabolism, Exdren,
Toxicity). Additionally, molecular docking providethore information that could

elucidate antimicrobial mechanisms.



Fig. 1. Fatty acid biosynthesis pathyway (FabH lga&s the initiation reaction) [10]
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2. Results and discussion:



2.1. Chemistry

The synthesis of compound3-39 followed the general pathway was outlined in
Scheme 1. The target compounds were obtained in $teps as described in
experimental section. All of the synthetic composirade being reported for the first
time (Table 1) and gave satisfactory analysis grettsoscopic datdH NMR, °C
NMR, melting test and mass spectroscopy, and asalgesults were in full

accordance with their depicted structures.

Scheme 1 General synthesis of compouri839.

28-36

37-39



@ Reagents and conditions: (i) sodium acetate, ghgdsazine hydrochloride, 40, rt,
3 h; (ii) POCk, DMF, 58°C, 5 h, reflux; (iii)o-diaminobenzene, sodium metabisulfite,
DMF, 110°C, 4 h, reflux; (iv) benzoic acid, DMAP, EDBCI, DCM, rt, 4 h; (v)
nicotinic acid, DMAP, ED@EHCI, DCM, rt, 4 h; (vi) isonicotinic acid, DMAP,

EDCHCI, DCM, rt, 4 h.

Table 1. Structures of compount?39

Compound R, R, Compound R; R3 R,
13 CH; H 28 CH; H
14 CH; 2-CH; 29 CH; 5-CHs
15 CH; 3-CH; 30 CH; 6-CHs
16 CH; 4-CH, 31 F H
17 CH; 4-Cl 32 F 5-CH
18 F H 33 F 6-CHs
19 F 2-CH 34 CFK; H
20 F 3-CH; 35 CRs 5-CH;
21 F 4-CH, 36 Ck; 6-CH;
22 F 4-Cl 37 CH; - H
23 CF; H 38 F . H
24 Ck; 2-CH; 39 Ck; = H
25 CFK; 3-CH;
26 CFK; 4-CH,
27 CRs 4-Cl

2.2. Crystal structure determination

The crystal structures of compoudd were determined by X-ray diffraction
analysis. The crystal data presented in Table 2Fagd3 gave the perspective views
of 17 with the atomic labeling system. The crystallogniaplata have been deposited
at the Cambridge Crystallographic Data Centre (CT&%@ the deposition number of
17is 1494813.

Table 2. Crystallographic and experimental Datactompoundl7

Compound 17




Formule C40H»1CIN,O Z 4

Formula weight 488.98 Dc(gecm®) 1.339
Crystal system Monoclinic u(mmt) 0.189
Space group P-1 F(000) 1016
a(A) 10.062(3) frangl) 2.11- 28.76
b (A) 10.864(3) Refins collected 10275
c(A) 23.171(8) Reflns unique 651
a(®) 89.852(7) Goodness-of-fit o 1.048
BO) 89.696(7) R1, WR[I>24(1)] 0.0777,0.2074
O 73.268(7) R1, wR[all data] 0.0989, 0.2275
V(A3 2425.6(11) Max, mindp(e A3 0.539, -0.538

Fig. 3. ORTEP drawing of the crystal structurel 8f

2.3. Biological activity
2.3.1. Antibacterial activity

Two Gram-negative bacterial strainE. coli and P. aeruginosaand two
Gram-positive bacterial strain®. subtilis and S. aureuswere exploited in the
antimicrobial assay. All the synthesized compoub889 were evaluated for their

antibacterial activity with TTC double dilution nhetd, with DDCP and kanamycin B
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as controls. The results were listed in Table 3 as shown, the MIC (minimum
inhibitory concentration) value indicated that thesvel compounds showed better
inhibitory activity againstB. subtilisthan other bacteria. Some of them possessed
potent activity, for example, compound6, 21, 26, 28, 30, 31, 33, 34, 35 and 36
exerted the similar inhibitory activity with the mwols. Notably, compoundl
exhibited the most potent activity and broad-spauotantibacterial activity against all
the four bacteria strains, with MIC of 0.98, 0.898, 0.98.g/mL, respectively foE.

coli, P. aeruginosa, B. subtiliand S. aureus which was better than the positive
controls DDCP (3.9, 0.98, 3.9, 1.¢%5/mL) and kanamycin B (1.95, 3.9, 0.98, 0.98
pg/mL).

According to the data listed in Table 3, we couldva at the conclusion that the
activity of the tested compounds may be correl&ethe variation and modification
of the structure. Structure-activity relationshiAR) analysis demonstrated that type
and location of the substituent have importanuierices on the antibacterial activity.

We drew that nicotinic groups have better antilbréateffects than benzoic acid
groups according to the activity dat28-39 overall exhibited better antibacterial
activities tharl3-27. At the position of Rof the benzene ring attached to the pyrazole,
the order of activity of the group introduced i$4> 4-Ck > 4-CH;, indicating that
introduction of a halogen group at Bnhances the antibacterial activity.

Among compound43-27, different substituents were confirmed. With fiked,
4-CH; or 4-Cl was introduced at the, Rosition, and data showed that the activity
sequence was 4-GH> 4-Cl. The results showed that the introduction am
electron-donating group at,Rcan enhance the antibacterial activity. In additio
substituents at different positions are evaluatedvell. Also with R fixed, 2-CH /
3-CH;/ 4-CH; is introduced at the Rposition, and the order of activity from the
antibacterial data igara- > meta > ortho- (5d>5j>5m, 5¢>5k>5n, 5f>5|>50).

Furthermore, among compoun?’-39, when the R position was fixed and -H,
5-CH;s, 6-CH; was introduced at thesosition, the activity sequence can be obtained
from the antibacterial data -H < 6-GH 5-CH; (35 < 36 < 34, 32 < 33 < 31),
indicating that H at Renhances antibacterial activity. Compouidds 38, 39 have
lower antibacterial activity, demonstrating thabngotinic acid groups can not

enhance antibacterial activity.



Then, we drew two conclusions as follows: (1) Fssiibent in R could enhance
antibacterial activity. (2) Nicotinic acid group ksiitution linked to amide bonds
could also increase the activity. (3) Electron-domagroups angara-substituent at
R» can enhance the antibacterial activity.

Table 3. MIC of synthetic compounds against baatend IG, against FabH

AT E. coli FabH"ICs, +
Compounds Gram-negative Gram-positive SD M)
E. coli P. aeruginosa| B. subtilis S. aureus

13 >62.5 62.5 31.25 >62.5 28.23+0.32
14 62.5 >62.5 62.5 >62.5 35.41+0.13
15 62.5 62.5 31.25 >62.5 33.17+0.13
16 3.9 31.25 0.98 >62.5 3.06£0.12
17 62.5 >62.5 62.5 >62.5 38.24+0.25
18 62.5 62.5 7.8 >62.5 22.08+0.21
19 >62.5 >62.5 62.5 >62.5 37.23+0.15
20 62.5 31.25 31.25 62.5 34.11+0.38
21 62.5 >62.5 0.98 >62.5 30.33+0.21
22 62.5 >62.5 62.5 >62.5 36.09+0.13
23 62.5 62.5 15.6 >62.5 25.65+0.24
24 >62.5 >62.5 62.5 >62.5 36.45+0.27
25 62.5 31.25 31.25 >62.5 34.86+0.29
26 62.5 >62.5 3.9 >62.5 31.82+0.36
27 62.5 31.25 62.5 >62.5 39.81+0.25
28 62.5 62.5 0.98 31.25 18.33+£0.23
29 62.5 62.5 7.8 62.5 9.56+0.13
30 62.5 62.5 0.98 62.5 16.88+0.13
31 0.98 0.49 0.98 0.98 1.22+0.23
32 62.5 62.5 15.6 62.5 22.09+0.19
33 1.95 62.5 0.98 62.5 4.02+0.34
34 62.5 62.5 1.95 62.5 15.23+£0.19
35 62.5 62.5 0.98 62.5 22.89+0.39
36 1.95 62.5 0.49 62.5 2.05+0.21
37 >62.5 62.5 31.25 62.5 33.88+0.13
38 >62.5 62.5 7.8 62.5 32.67+0.22

10



39 >62.5 62.5 31.25 62.5 30.28+0.24
DDCP 3.9 0.98 3.9 1.95 1.56+0.18

Kanamycin B 1.95 3.9 0.98 0.98

abyv/alues represent the average of three independpatiments run in triplicate.

2.3.2. E. coli FabH inhibitory activity of syntheticompounds

To generate data concerning the broad-spectrumnipateof these novel
compounds in Table 1, FabH enzymes inhibition &cts were determined by MTT
assay, and the Kgvalues were summarized Trable 3. As shown, to some extent the
antibacterial potential is consistent with the engyinhibition ofE. coli FabH, with a
few exceptions. In detail, compounds with low aatterial activity showed poor
E.coli FabH enzyme inhibitory activity, with kg >25 uM; compounds possessing
potent activity againdt. coli are generally endowed with significant potentighiast
the enzymée. coli FabH, with 1Gy of 1.22-22.89:M.

The 1Go values of compound28-39 are generally lower than 284, while ICs
of 13-27 is generally higher than 2BM, which demonstrated that the introduction of
nicotinic acid groups enhances the inhibitory attiof E.coli FabH enzyme. From
theE.coli FabH enzyme inhibitory activity sequere> 34 > 28 and18 > 23 > 13, it
was concluded that the F substituent a{lilogen group) enhances theoli FabH
enzyme inhibitory activity. Besides, among compai@839, H at R showed the
most potente.coli FabH enzyme inhibitory activity. In addition, angpnompounds
13-27, electron donating group introduced at s the lowest I§ value and the
highest enzyme inhibitory activity. Further, durialji the compounds31l exhibited
the most poter.coli FabH enzyme inhibitory activity, with kgof 22.89uM, which
was better than the positive control DDCPs(#1.56:M). Then, it is concluded that
the antibacterial ability of the compounds is rethto the inhibition of FabH enzyme,
for the FabH inhibition having a positive corretatiwith the antibacterial activity.
2.3.3. Antibacterial experiment on wild type and Ifd mutant Xanthomonas
Campestris

To further explain that the antibacterial effectahieved by inhibiting FabH,
wild type strain Xanthomonas oryzae pv. Ory*@ACC10331 and mutant strain
Xanthomonas oryzae pv. OryZdACC10331 A FabH were chosen for MIC

experiments.
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Table 4. MIC (ug/mL) of selected compounds against wild type andtamt

Xanthomonas Campestssrains.

Compounds Xanthomonas oryzae pv. Xanthomonas oryzae pv. Oryza
OryzaKACC10331 KACC10331AFabH
30 15.63 >62.5
31 0.49 >62.5
33 15.63 >62.5
34 15.63 >62.5
35 7.82 >62.5

1) wild-blank control wild-33

: wild-31 (8) mutant-31

Fig. 4.30, 31, 33, 34 and35 were assessed against two typeXafithomonas oryzae
pv. OryzaKACC10331 (wild type and mutant type)u8/mL of each compound was
added onto two types of strains. (1) wild typeistmithout compound treating; (2),
(3), (4), (5), (7)30, 33, 34, 35 and31 acted on wild type strain, respectively; (6), (8)
mutant type of strain were treated wa@hand31, respectively.

Five of the most potent analogu&§, 31, 33, 34 and35 were assessed against
the two strains (Table 4 and Fig. 4). As Table gicted, they all showed significant
inhibition, especially31 emerged as the most potent analogue with MIC 49 0.
ug/mL, however, all the selected compounds exhibited inhibition against
FabH-deficient mutant strain. In addition, Fig. ¥hibited the effect of g/mL of
each compound on two types Xanthomonas oryzae pv. Oryk&ACC10331 (wild
type and mutant type), and the results were inrdecwe with Table 4. Compouildd

12



displayed the strongest inhibition against wildetygacterial, and no bacteria was seen
in the medium plate treated withy®/mL of 31, then effect of35 followed after31.
Also, almost no inhibition was found in the actioig 31 and35 against mutant type
bacterial. Consequently, this experiment firmly gesfed the series of compounds
arrived at antibacterial activity via inhibiting Ibtd.
2.3.4. Cytotoxicity and hemolytic activities

For the sake of seeking for potent antibioticstingssafety of these compounds
is significant. One of the main obstacles to thaichl use of compounds with
effective antibacterial activities is their deganjury to mammalian cell that leads
to high hemolytic and cytotoxic activity dangeradosthe host organism. Hemolytic
activity is conventionally used as a measure obtoyticity and model for mammalian
cells because red blood cells are, in generalemdly fragile. However, sometimes
compounds which show low hemolytic activities h#lve severe cytotoxicity against
mammalian cells. So the hemolysis and 293T celm@mu kidney epithelial cell)
cytotoxicity assays were both tested. Overall,lasvd in Table 5, these compounds
displayed low hemolytic activities. Besides, basedthe data above, it showed that
the compounds with potent antibacterial inhibitacjivity were low toxic.
Table 5. Human kidney epithelial cell cytotoxiciCCso, ©M) and hemolytic

activities (LGo, mg/mL) of tested compounds

293T Hemolysis 293T Hemolysis
Compounds Compounds
(3CCso, uM) B Cqo (Mg/mL) (3CCso, uM) B Cqo (Mg/mL)

13 203.53+0.22 >10 27 180.91+0.23 >10
14 175.76x0.12 >10 28 189.36+0.26 >10
15 195.47+0.14 >10 29 155.45+0.25 >10
16 175.75+0.31 >10 30 145.42+0.16 >10
17 215.78+0.28 >10 31 215.54+0.23 >10
18 179.62+0.11 >10 32 119.44+0.25 >10
19 188.59+0.18 >10 33 136.51+0.14 >10
20 147.61+0.31 >10 34 158.22+0.15 >10
21 178.43+0.43 >10 35 123.46+0.14 >10
22 178.89+0.15 >10 36 153.23+0.26 >10
23 168.37+0.25 >10 37 150.59+0.24 >10
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24 179.34+0.31 >10 38 134.56+0.35 >10

25 154.46+0.22 >10 39 153.64+0.16 >10

26 168.62+0.44 >10 DDCP 201.23+0.12 >10

aby/alues are the average of three independent exeetimun in triplicate.

2.4. ADMET model
For in silico study, the ADMET (Absorption, Distribution, Metdlsm,

Excretion, Toxicity) simulation [28-30] fal3-39 was initially depicted in Fig. 5 The
parameters of AlogP (the partition coefficient ofigl in octanol/aqueous solution
calculated by ACD/PhysChem Suite Software) and P®A(the fast calculated polar
surface area from the 2D structure) were used ¢éaligr the Absorption (human
intestinal absorption) and BBB (blood-brain barg@netration) including 95% and
99% confidence ellipses as referenced [30]. All tmmpounds suggested good
potential in druggability, which are potential foral administration with low side

effects.

B Compounds
B Absorption (human intestinal)-95%
5T Abzorption (human intestinal)-99%
®E BBB(blood-brain barrier penetration)-95%
BBB(blood-brain barrier penetration)-99%

o = e
| / - L] l"“._ M""'\-\-..\_\_H
/ . N S
oo .' . l e O
2 | s M
o 1 " 0 8 L b “\
"\ - ™ . N,
| ) LY
A, 4

ADMET _Alo
[

=50 —2:5 IZ: 2:5 S:EI T:S 1II:III 1255

ADMET_PS4_20
Fig. 5. ADMET properties predicted for compouri®s29. Compounds located inside
the innermost oval are better for this parametaty @2, 35 and38 were outside the
innermost oval. The percentages in the figure ldgereant the 95% and 99%

confidence ellipses.
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2.5. Molecular docking

Docking is an effective and reliable approach taudate the probable binding
mode of ligands and proteins. To visualize the pbsinding model of interactions
between a protein (enzyme) and small moleculesar(ig) were the molecular
docking techniques used [31]. Molecular modellingthis study was conducted by
using CDOCKER protocol in Discovery Studio 3.5 (€sery Studio 3.5, Accelrys,
Inc. San Diego, CA). All twenty-seven compoundseva@ocked into the active site of
the receptor FabH (PDB code: 1HNJ), and effectieekohg scores of all the
compounds have been recorded. As depicted in Fithes CDOCKER Interaction
Energy (interaction energy between the ligand &edréceptor) was coincident with
the E.coli FabH enzyme inhibitory activity trend for all cooymds, and compound
31 showed the lowest energy valu®4.46 kcal/mol), which represented the most
potent binding affinity. This result hinted the swstency of the SAR and molecular
docking. Furthermore, the interacting model betwpratein receptor 1HNJ and the
most potent compoungll was investigated. 2D and 3D maps of them were thpic
in Fig. 7, showing both the detailed surroundinigation and the laconic binding site.
Seen in Fig. 731 formed three hydrogen bonds with ARG36 (@®N: 3.37 A),
ARG36 (O"H-N: 3.04 A) and ASN210 (OH-N: 3.22 A), indicating benzimidazole
amide was favorable for the activity increase. Aeaidinteraction between pyrazole
and GLY209 (distance: 4.91 Ay, — interaction between benzene ring neighboring
to pyrazole and PHE213 (distance: 5.11 A) andcation interaction between the
same benzene ring and ARG249 (distance: 4.12 Aptaiaed the basic binding
pattern of this series. Besides, the high affinityyompound3l with THNJ may also

be caused by some weak interactions, such as \favalals’ force.
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Fig. 6. The histogram about CDOCKER_INTERACTION_HNEY (-kcal/mol) of
compounds i3 - 39 and DDCP) for FabH, in the binding mode, compoB8hdad a
best estimated binding free energy of -54.46 kaall/m
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Fig. 7. Docking models of representative compo@hd(A) 2D molecular docking
modeling of compound®@l1 and surrounding residues &f coli FabH (PDB code:
1HNJ). (B) 3D molecular docking modeling of compd@i with E. coli FabH.
2.6 Lipinski's rule-of-five

In addition, this class of compounds were evaluatadpliance with Lipinski's
rule-of-five (Molecular weight (MWA500D, Number of hydrogen bond donors
(HBD)<5, Number of hydrogen bond acceptors (HBX), -Xcalculated lipophilicity
(logP)<5, Number of rotatable bonds (NRB)) for the preliminary screening. The
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indicator results were depicted in Table 6. Acaogdip this analysis, one can conclude
that this series of compounds showed excellentnpaeokinetic properties, and could
be used to improve novel attractive compounds.

Table 6 Calculated percentiles of main descripi@rshese compounds.

Descriptor | MW NRB lo§p HBA HBD
Data 454.53-542.956-10 4.2-7.8 1-5 0-6
3. Conclusion

Overall, we have designed and synthesized twengrsaew FabH inhibitors.
They exhibited excellent activity against both Grpasitive and Gram-negative
bacteria, as well as FabH inhibitory activity. Téyotoxicity test employing human
kidney epithelial cell 293T and hemolysis test aaded high safety. Of all these
compounds, compoun8l showed the most potent inhibition activity agaiftr
bacteria strains (with MIC of 0.98, 0.49, 0.98, D ®y/mL, respectively againdt.
coli, P. aeruginosaB. subtilisandS. aureusand FabH (with IG,of 1.22uM). FabH
mutant Xanthomonas Campestrexperiment validated that compounds binding site
outcomes FabH. Additionallyn silico ADMET evaluation also pointed out that these
compounds are potential for oral administrationhwdw side effects. Furthermore,
the probable binding mode proposed by the dockingulation may be a good
explanation of the impressive performance8bfin which 31 binds well with FabH
via three hydrogen bonds, an amid@teraction, ar — interaction and ar —cation

interaction.

4. Experimental section

4.1. Materials and measurements

All chemicals and reagents used in current studgevemalytical grade. Thin
layer chromatography (TLC), proton nuclear magnedésnance *H NMR) and
elemental microanalyses (CHN) were usually used.alyical thin-layer
chromatography (TLC) was performed on the glasséxsilica gel sheets (silica gel
60 A GF254). All compounds were detected using Whtl (254 nm or 365 nm).

Separation of the compounds by column chromatograys carried out with silica
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gel 60 (200 — 300 mesh ASTM, E. Merck). The qugrtftsilica gel used was 50-100
times the weight charged on the column. Meltinghpowere determined on a XT4
MP apparatus (Taike Corp., Beijing, Chin#i NMR spectra were measured on a
Bruker DPX 400 spectrometer at Z5 and referenced to M8i. Chemical shifts are
reported in ppmd) using the residual solvent line as internal stéadd Splitting
patterns are designed as s, singlet; d, doubletplet; m, multiplet. ESI-MS spectra
were recorded on a Mariner System 5304 Mass speeter. Elemental analyses
were performed on a CHN-O-Rapid instrument and weithin £ 0.4% of the
theoretical values.

4.2. General procedure for preparation of 1-pherBd(l-(p-tolyl)ethylidene)
hydrazine (4)[32, 33]

To prepared compour] p-methylacetophenone (compouhd6.71 g, 50 mmol)
was reacted with phenylhydrazine hydrochloride §&660 mmol) at the presence of
sodium acetate (10.21 g, 75 mmol) in water (120 .mAffer stirring at room
temperature for 3.5 h, a large amount of yellovdseinerged and was filtered to give
compound 4 (yields 95 %). The corresponding substituted
1-phenyl-2-(1-phenylethylidene) hydrazines followdis way to prepare pure
compound$ and6 with yields of 91% and 96%.

4.3. General procedure for preparation of
1-phenyl-3-(p-tolyl)-1H-pyrazole-4-carbaldehyde (3R, 33]

Compound4 (8.97 g, 40 mmol) was treated with Vilsmeier-Haaeagent
(DMF-POCE, 30 mL DMF and 10 mL POg)l After stirring at 55 °C for 6 h, the
mixture was poured into ice-cold water, with a saifed solution of sodium hydroxide
being added to neutralize the mixture. Then a lameunt of solid emerged, which
was filtered, washed with water, and dried to gireenpound? (yields 91 %). The
corresponding  substituted 1,3-diphenif-piyrazole-4-carbaldehydes  were
synthesized following this way to receive pure commpds8 and9 with a yield of
88% and 93%.

4.4, General procedure for preparation of
2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-1H-benzdjchidazole (10)[34]

O-phenylenediamine (3.24 g, 30 mmol) was coupleth witmpound’ (10.51 g,

30 mmol) in DMF (70 mL) at the presence of sodiwropulfite (11.41 g, 60 mmol).

The heterogeneous mixture was stirred at ‘Clfbr 4 h, then cooled and poured onto
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a lot of ice. A large amount of solid would emergad was filtered to give
2-(1-phenyl-3-p-tolyl)-1H-pyrazol-4-yl)-H-benzoflimidazole (10), a yellow
powder, yielding 83%. The corresponding substituted
2-(1,3-diphenyl-H-pyrazol-4-yl)-H-benzofllimidazoles were synthesized following
this way, and we got pure compouridsand12 with a yield of 82% and 85%.

4.5, General synthesis method of
(2-(1,3-diphenyl-1H-pyrazol-4-yl)-1H-benzo[d]imidak1-yl)(phenyl)methanone

(13)

To obtain compound3, the intermediate produdD (0.35 g, 1mmol) coupled
with benzoic acid (0.18 g, 1.5 mmol) in 30 mL dmtdmethane at room temperature
for 4.5 h, with the help of triethylamine (2 - 3ogs), EDC-HCI (0.25 g, 1.3mmol)
and DMAP (0.16 g, 1.3mmol). The reaction mixtureswthen extracted with
dichloromethane (15 mL x 3) and distilled water {bh). After the solvent was
evaporated under reduced pressure, products wergfiepu by column
chromatography on silica gel (200 - 300 mesh) usihyl acetate / petroleum ether
(v/iv = 1:6) as eluent to yield pure compoutfl (yields 68 %). The corresponding
substituted
(2-(1,3-diphenyl-H-pyrazol-4-yl)- H-benzof]imidazol-1-yl)(phenyl)methanone
compounds,
(2-(1,3-diphenyl-H-pyrazol-4-yl)-H-benzof]imidazol-1-yl)(pyridin-3-yl)methanon
e compounds and
(2-(1,3-diphenyl-H-pyrazol-4-yl)- H-benzof]imidazol-1-yl)(pyridin-4-yl) methanon
e compounds were prepared following this way, witklds of 56 - 82% for pure
compoundd4 — 39.

4.5.1. phenyl(2-(1-phenyl-3-(p-tolyl)-1H-pyrazoly}-1H-benzo[d]imidazol-1-yl)
methanone (13)

White powder, yield: 87%. M. p: 146 - 14, '"H NMR (DMSO-ds, 400 MHz)d:
2.27 (s, 3H); 7.04 (d] = 8, 2H); 7.25 - 7.31 (m, 4H); 7.36 - 7.40 (m, 4AW7 - 7.50
(m, 3H); 7.52 - 7.55 (m, 2H); 7.79 (@= 5.2, 2H); 7.86 (dJ = 5.2, 1H); 8.84 (s, 1H).
ESI-MS: 454.53 (GgH2N4O, [M+H]™).

4.5.2. (2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-1-Henzo[d]imidazol-1-yl)
(o-tolyl)methanone (14)
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White powder, yield: 69%. M. p: 165 - 162, '"H NMR (DMSO-ds, 400 MHz)J:
2.34 (s, 3H); 2.48 (s, 3H); 7.05 (s, 2H); 7.21257(m, 3H); 7.28 (s, 2H); 7.37 - 7.42
(m, 3H); 7.52 - 7.57 (m, 4H); 7.68 (s, 2H); 7.8018l); 8.44 (s, 1H). ESI-MS: 468.56
(C31H24N4O, [M+H]).

4.5.3. (2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-1-Henzo[d]imidazol-1-yl)
(m-tolyl)methanone (15)

Yellow powder, yield: 87%. M. p: 183 - 18&, ‘*H NMR (DMSO-ds, 400 MHz)4:
2.34 (s, 3H); 2.37 (s, 3H); 6.66 - 6.68 (m, 1H¥&(d,J = 5.2, 1H); 7.07 - 7.09 (m,
1H); 7.21 (dJ = 4.8, 1H); 7.26 (dJ = 5.2, 2H); 7.29 - 7.31 (m, 1H); 7.38 (= 3.2,
2H); 7.49 - 7.51 (m, 2H); 7.70 (d,= 5.6, 2H); 7.76 (dJ = 12, 2H); 7.82 (dJ = 5.2,
2H); 8.51 (s, 1H). ESI-MS: 468.56 {E1,4N40, M+H)).

4.5.4. (2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-1-Henzo[d]imidazol-1-yl)
(p-tolyl)methanone (16)

White powder, yield: 60%. M. p: 159 - 16@, '"H NMR (DMSO-ds, 400 MHz)J:
2.24 (d,J = 2.8, 6H); 7.11 (dJ = 5.2, 4H); 7.28 - 7.31 (m, 4H); 7.34 - 7.53 (rh))4
7.54 - 7.55 (m, 2H); 7.80 - 7.85 (m, 3H); 8.851H). ESI-MS: 468.56 (GH24N4O,
[M+H] ). Anal.

4.5.5. (4-chlorophenyl)(2-(1-phenyl-3-(p-tolyl)-1Hyrazol-4-yl)-1H-benzo[d]
imidazol-1-yl)ymethanone (17)

Yellow powder, yield: 65%. M. p: 181 - 182, *H NMR (DMSO-ds, 400 MHz)4:
2.21 (s, 3H); 7.08 (d] = 5.6, 2H); 7.12 - 7.14 (m, 2H); 7.32 (s, 3H);&-37.39 (m,
2H); 7.41 - 7.46 (m, 2H); 7.51 - 7.66 (m, 3H); 7(656J = 5.2, 2H); 7.83 (dJ = 5.6,
1H); 8.74 (s, 1H). ESI-MS: 488.98 41,,.CIN4O, [M+H]").

4.5.6. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazok#)-1H-benzo[d]imidazol-1-
yl)(phenyl)methanone (18)

White powder, yield: 66%. M. p: 172 - 17&¢, 'H NMR (DMSO-ds, 400 MHz)d:
7.18 - 7.21 (m, 2H); 7.29 - 7.31 (m, 2H); 7.37 3% (m, 2H); 7.42 - 7.55 (m, 8H);
7.80 (d,J = 5.2, 2H); 7.86 (dJ = 5.2, 2H); 8.87 (s, 1H). ESI-MS: 458.50
(CaoH1oFNLO, [M+H]"). Anal.

4.5.7. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazob#)-1H-benzo[d]imidazol-1-
yl)(o-tolyl)methanone (19)

Yellow powder, yield: 66%. M. p: 156 - 15C, *H NMR (DMSO-ds, 400 MHz)4:
2.02 (s, 3H); 7.09 - 7.12 (m, 2H); 7.22 - 7.28 @H); 7.37 - 7.40 (m, 2H); 7.43 - 7.47
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(m, 2H); 7.54 - 7.59 (m, 4H); 7.65 (@= 5.2, 1H); 7.77 (dJ = 5.2, 2H); 7.88 (dJ =
4.8, 1H); 8.81 (s, 1H). ESI-MS: 472.52:(H,:FN,O, M+H)").

4.5.8. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazob#)-1H-benzo[d]imidazol-1-
yl)(m-tolyl)methanone (20)

Yellow powder, yield: 67%. M. p: 214 - 216, *H NMR (DMSO-ds, 400 MHz):
2.09 (s, 3H); 7.16 - 7.24 (m, 5H); 7.28 (= 4.8, 1H); 7.37 - 7.40 (m, 2H); 7.43 -
7.44 (m, 1H); 7.47 - 7.50 (m, 2H); 7.53 - 7.55 @hi); 7.78 (d,J = 5.2, 2H); 7.86 (d,
J=5.2, 1H); 8.85 (s, 1H). ESI-MS: 472.52:(8,:.FN,O, M+H)").

4.5.9. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazoky)-1H-benzo[d]imidazol-1-
yl)(p-tolyl)methanone (21)

White powder, yield: 70%. M. p: 187 - 189, 'H NMR (DMSO-ds, 400 MHz)J:
2.25 (s, 3H); 7.13 - 7.19 (m, 4H); 7.34 - 7.43 6H); 7.47 - 7.50 (m, 2H); 7.53 - 7.56
(m, 2H); 7.81 - 7.86 (m, 3H); 8.87 (s, 1H). ESI-M&2.52 (GoH2:FN4O, M+H)").
4.5.10. (4-chlorophenyl)(2-(3-(4-fluorophenyl)-1-ehyl-1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)methanone (22)

Yellow powder, yield: 67%. M. p: 177 - 178, *H NMR (DMSO-ds, 400 MHz)4:
7.17 - 7.20 (m, 2H); 7.36 - 7.41 (m, 4H); 7.46 507 (m, 5H); 7.52 - 7.57 (m, 3H);
7.80 - 7.82 (m, 3H); 7.86 (d,= 5.2, 1H). ESI-MS: 492.94 ¢6H:4sCIFN,O, M+H)").
4.5.11. phenyl(2-(1-phenyl-3-(4-(trifluoromethyl)@myl)-1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)methanone (23)

Yellow powder, yield: 66%. M. p: 192 - 19€, *H NMR (DMSO-ds, 400 MHz):
7.29 - 7.32 (m, 2H); 7.36 - 7.45 (m, 4H); 7.49 5277 (m, 3H); 7.54 - 7.57 (m, 2H);
7.71 - 7.75 (m, 4H); 7.82 - 7.87 (m, 3H); 8.941(d)). ESI-MS: 508.50 (§H15FsN4O,
[M+H] ).

4.5.12. (2-(1-phenyl-3-(4-(trifluoromethyl)phenyl)H-pyrazol-4-yl)-1H-benzol[d]
imidazol-1-yl)(o-tolyl)methanone (24)

Yellow powder, yield: 56%. M. p: 171 - 172, *H NMR (DMSO-ds, 400 MHz)4:
2.04 (s, 3H); 6.92 - 6.95 (m, 1H); 7.11 - 7.15 BH); 7.26 - 7.29 (m, 1H); 7.40 - 7.49
(m, 3H); 7.56 - 7.61 (m, 3H); 7.78 - 7.81 (m, 6M)88 (d,J = 5.2, 1H); 8.88 (s, 1H).
ESI-MS: 522.53 (GiH21FsN4O, M+H)").

4.5.13. (2-(1-phenyl-3-(4-(trifluoromethyl)phenyl)H-pyrazol-4-yl)-1H-benzol[d]
imidazol-1-yl)(m-tolyl)methanone (25)
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White powder, yield: 66%. M. p: 199 - 26@, 'H NMR (DMSO-ds, 400 MHz)J:
2.08 (s, 3H); 7.16 - 7.19 (m, 1H); 7.25 - 7.30 @H); 7.38 - 7.46 (m, 3H); 7.51 - 7.58
(m, 3H); 7.74 (dJ = 1.6, 4H); 7.82 - 7.83 (m, 2H); 7.87 (U= 5.2, 1H); 8.94 (s, 1H).
ESI-MS: 522.53 (G1H21FsN4O, M+H)").

4.5.14. (2-(1-phenyl-3-(4-(trifluoromethyl)phenyl)H-pyrazol-4-yl)-1H-benzo
[d]imidazol-1-yl)(p-tolyl)methanone (26)

Yellow powder, yield: 76%. M. p: 188 - 18@, *H NMR (DMSO-ds, 400 MHz)4:
2.25 (s, 3H); 7.14 (d) = 5.2, 2H); 7.30 - 7.36 (m, 2H); 7.39 - 7.43 (nM)47.55 -
7.58 (m, 2H); 7.69 (dJ = 1.6, 4H); 7.86 (dJ = 5.6, 3H); 8.96 (s, 1H). ESI-MS:
522.53 (GiH21FsN4O, M+H)).

4.5.15. (4-chlorophenyl)(2-(1-phenyl-3-(4-(triflueamethyl)phenyl)-1H-pyrazol-4-
yl)-1H-benzo[d]imidazol-1-yl)methanone (27)

White powder, yield: 68%. M. p: 211 - 21, '"H NMR (DMSO-ds, 400 MHz)J:
7.38 - 7.46 (m, 6H); 7.51 - 7.53 (m, 2H); 7.56 5&(m, 2H); 7.68 - 7.72 (m, 4H);
7.84 - 7.87 (m, 3H); 8.96 (d,= 7.6, 1H). ESI-MS: 542.95 (GH15CIFsN,O, M+H)").
4.5.16. (2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl}tbenzo[d]imidazol-1-yl)
(pyridin-3-yl)methanone (28)

Yellow powder, yield: 60%. M. p: 191 - 192, *H NMR (DMSO-ds, 400 MHz)4:
2.28 (s, 3H); 7.15 (d) = 5.2, 2H); 7.24 - 7.27 (m, 3H); 7.37 - 7.39 (n)17.41 -
7.48 (m, 2H); 7.53 - 7.55 (m, 2H); 7.70 - 7.75 @hl); 7.78 (d,J = 5.2, 2H); 7.88 (d,
J = 5.2, 1H); 8.49 (s, 1H); 8.57 (d, = 3.2, 1H); 8.87 (s, 1H). ESI-MS: 455.52
(C20H21Ns0, [M+H]").

4.5.17. (5-methylpyridin-3-yl)(2-(1-phenyl-3-(4-{luoromethyl)phenyl)-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)methanoneq2

White powder, yield: 61%. M. p: 173 - 17¢, 'H NMR (DMSO-ds, 400 MHz)d:
2.29 (s, 3H); 7.15 - 7.16 (m, 2H); 7.22 - 7.24 @H); 7.37 - 7.40 (m, 1H); 7.43 - 7.47
(m, 2H); 7.48 - 7.50 (m, 1H); 7.53 - 7.56 (m, 2A)75 - 7.79 (m, 3H); 7.87 - 7.88 (m,
1H); 8.26 (d,J = 1.2, 1H); 8.39 (dJ = 0.8, 1H); 8.87 (s, 1H)*C NMR (DMSO+s,
100 MHz)¢: 17.72, 21.28, 112.35, 114.69, 119.10, 120.26,3¥5125.59, 127.49,
127.62, 128.51, 128.54, 129.03, 129.31, 129.72,1P30130.22, 132.08, 132.47,
134.23, 137.80, 138.53, 139.25, 143.08, 146.58,7B47150.71, 153.71, 167.21.
ESI-MS: 523.52 (GH20FsNsO, [M+H]").

4.5.18. (6-methylpyridin-3-yl)(2-(1-phenyl-3-(p-td}-1H-pyrazol-4-yl)-1H-benzo

22



[d]imidazol-1-yl)methanone (30)

Yellow powder, yield: 71%. M. p: 189 - 19C, *H NMR (DMSO-ds, 400 MHz)4:
2.25 (s, 3H); 2.36 (s, 3H); 7.11 - 7.14 (m, 3HRZ(d,J = 5.2, 2H); 7.37 - 7.41 (m,
2H); 7.44 - 7.46 (m, 1H); 7.53 - 7.56 (m, 2H); 760.62 (m, 2H); 7.79 (d] = 5.2,
2H); 7.86 (d,J = 5.2, 1H); 8.38 (dJ = 1.6, 1H); 8.85 (s, 1H)}*C NMR (DMSO-,
100 MHz)¢: 31.21, 33.43, 112.31, 114.27, 119.32, 120.41,522125.21, 125.37,
127.42, 127.71, 129.13, 129.37, 129.72, 132.06,2834137.90, 138.12, 139.39,
143.41, 146.85, 150.22, 151.15. ESI-MS: 469.55H&Ns0, [M+H]").

4.5.19. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazdlyl)-1H-benzo[d]imidazol-1-
yl)(pyridin-3-yl)methanone (31)

Yellow powder, yield: 72%. M. p: 169 - 170, *H NMR (DMSO-ds, 400 MHz)4:
7.20 - 7.22 (m, 2H); 7.28 - 7.30 (m, 1H); 7.38 407(m, 1H); 7.43 - 7.49 (m, 4H);
7.53 - 7.56 (m, 2H); 7.72 (d,= 5.2, 1H); 7.78 (dJ = 5.6, 2H); 7.82 (dJ = 5.2, 1H);
7.88 (d,J = 5.2, 1H); 8.56 - 8.58 (m, 1H); 8.58 - 8.59 (h)18.88 (s, 1H). ESI-MS:
459.48 (GgH18FNsO, [M+H]").

4.5.20. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazdlyl)-1H-benzo[d]imidazol-1-
yl)(5-methylpyridin-3-yl)methanone (32)

White powder, yield: 70%. M. p: 157 - 158, 'H NMR (DMSO-ds, 400 MHz)J:
2.05 (s, 3H); 7.20 - 7.23 (m, 2H); 7.38 - 7.41 (iH); 7.43 - 7.49 (m, 4H); 7.54 - 7.57
(m, 3H); 7.76 - 7.79 (m, 3H); 7.88 (d= 5.2, 1H); 8.33 - 8.40 (M, 2H); 8.89 (s, 1H).
ESI-MS: 473.51 (GH2oFNsO, [M+H]™).

4.5.21. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazdhyl)-1H-benzo[d]imidazol-1-
yl)(6-methylpyridin-3-yl)methanone (33)

Yellow powder, yield: 74%. M. p: 149 - 150, *H NMR (DMSO-ds, 400 MHz)4:
2.37 (s, 3H); 7.15 - 7.20 (m, 3H); 7.38 - 7.43 @H); 7.44 - 7.47 (m, 3H); 7.54 - 7.56
(m, 2H); 7.62 (dJ = 5.2, 1H); 7.68 - 7.70 (m, 1H); 7.79 @z 5.2, 2H); 7.87 (dJ =
5.2, 1H); 8.45 (s, 1H); 8.87 (s, 1H). ESI-MS: 473(8,5H20FNsO, [M+H] ™).

4.5.22. (trifluoromethyl)phenyl)-1H-pyrazol-4-yl)H-benzo[d]imidazol-1-
yh)(pyridin-3-yl)methanone (34)

White powder, yield: 56%. M. p: 182 - 184, 'H NMR (DMSO-ds, 400 MHz)J:
7.31 (s, 1H); 7.41 -7.48 (m, 3H); 7.55 (b 6.8; 2H); 7.67 - 7.88 (m, 9H); 8.61 (@,
=8, 2H); 8.95 (s, 1H). ESI-MS: 509.494816F:NsO, [M+H]".

4.5.23. (5-methylpyridin-3-yl)(2-(1-phenyl-3-(4-{fluoromethyl)phenyl)-1H-
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pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)methanone5)3
Yellow powder, yield: 65%. M. p: 193 - 196, *H NMR (DMSO-ds, 400 MHz)4:
2.05 (s, 3H); 7.42 - 7.48 (m, 3H); 7.55 - 7.59 RH); 7.64 (s, 1H); 7.74 (s, 5H)7.81
(d, J = 8, 2H); 7.88 - 7.90 (m, 1H); 8.38 - 8.42 (m,)218.95 (s, 1H). ESI-MS:
523.52 (GoH20F3N50, [M+H]™).
4.5.24. (6-methylpyridin-3-yl)(2-(1-phenyl-3-(4-{luoromethyl)phenyl)-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)methanoneg)3
Yellow powder, yield: 75%. M. p: 188 - 190, *H NMR (DMSO-ds, 400 MHz)4:
2.38 (s, 3H); 7.17 (d] = 8, 1H); 7.40 - 7.46 (m, 3H); 7.54 - 7.59 (m, 3AY9 (s, 4H);
7.72 - 7.75 (m, 1H); 7.82 - 7.88 (m, 3H); 8.511sl); 8.96 (s, 1H). ESI-MS: 523.52
(CaoH20FsNsO, [M+H]™).
4.5.25. (2-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazdhyl)-1H-benzo[d]imidazole
-1-yh)(pyridin-4-yl)methanone (37)
White powder, yield: 76%. M. p: 221 - 222, 'H NMR (DMSO-ds, 400 MHz)J:
7.21 - 7.31(m, 4H); 7.42 - 7.57 (m, 5H); 7.68 (kl)227.86 - 7.92 (m, 4H); 8.44 (s,
1H); 8.87 (s, 2H). ESI-MS: 459.48 £:5FNsO, [M+H]").
4.5.26. (2-(1-phenyl-3-(4-(trifluoromethyl)phenyl)H-pyrazol-4-yl)-1H-benzol[d]
imidazol-1-yl)(pyridin-4-yl)methanone (38)
Yellow powder, yield: 65%. M. p: 149 - 150, *H NMR (DMSO-ds, 400 MHz)4:
7.20 - 7.23 (m, 3H); 7.43 - 7.45 (m, 1H); 7.53 Jd; 4.8, 1H); 7.60 - 7.65 (m, 4H);
7.83 (d,J = 5.6, 3H); 7.98 - 8.00 (m, 2H); 8.19 M5 5.6, 2H); 9.16 (s, 1H); 12.62 (s,
1H). ESI-MS: 509.49 (&H1sFsNsO, [M+H]™).
4.5.27. (2-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yItbenzo[d]imidazol-1-yl)
(pyridin-4-yl)methanone (39)
Yellow powder, yield: 71%. M. p: 186 - 18T, *H NMR (DMSO-ds, 400 MHz)s:
2.35 (s, 3H); 7.29 - 7.31 (m, 2H); 7.37 - 7.39 @Hl); 7.42 - 7.55 (m, 9H); 7.80 (d,
=5.2, 2H); 7.86 (dJ = 5.2, 1H); 8.87 (s, 1H). ESI-MS: 455.52,¢8,:1Ns0, [M+H]*).
4.6. Minimum inhibitory concentration (MIC) assay sing TTC double dilution
method

The MTT is defined as the lowest concentrationh&f substance that prevents
visible bacterial growth. Two Gram-negative baetestrains:E. coli ATCC 25922
andP. aeruginosaATCC 27853 and two Gram-positive bacterial straBssubtilis
ATCC 530 andS. aureusATCC 25923 were employed in the antibacterialvatitis
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test, using the method recommended by National Gaserfor Clinical Laboratory
Standards (NCCLS). By TTC double dilution methduk in vitro activities of the
compounds were tested in nutrient broth (NB) focteaa. Seeded broth (broth
containing microbial spores) was prepared in NBnfr&4 h old bacterial cultures on
nutrient agar (Hi-media) at 37 C. The bacterialpsnsion was adjusted with sterile
saline to a concentration of 1¥1® 1x10 CFU/mL. The tested compounds and
reference drugs were prepared by two- fold serilitidn to obtain the required
concentrations of 250, 125, 62.5, 31.25, 15.631,73891, 1.95ug/mL. The tubes
were incubated in BOD incubators at B7for bacteria. The MICs were recorded by
visual observations after 24 h (for bacteria) ofuimation. Antibiotic DDCP and
kanamycin B were used as standards for bacterd.observed MICs are presented
in Table 3.
4.7. FabH inhibition activity

The potency of FabH inhibition (K was determined using®H]- or
[*“C]-radiolabeled substrates ¢alues correspond to the concentration at which
half of the enzyme activity is inhibited by the goound). This was accomplished at
fixed concentrations of acetyl-CoA in a coupled BatabH assay system that
generates the substrate malonyl-ACP in situ. Sulesdty, the FabH acetylation
reaction was performed to exclude the possible rikmriion of undesired FabD
inhibitory activity. Compounds were included in cgstallization trials with
Entercoccus faecaliand Haemophilus in- fluenzaBabH proteins and the derived
protein-inhibitor cocrystal structures were usedutbher optimize the inhibitors. The

FabH inhibition activity results are presented able 3.

4.8. Cytotoxicity test and Hemolysis test
The cytotoxic activityin vitro was measured against mammalian cells, human

macrophage using the MTT assay. The cell was grawnDMEM medium
supplemented with 10% PBS and 1x antimycotic arttacterial solution (sigma
USA) at 37 °C, in humidified atmosphere having 5% £Q00xL of the confluent
fibroblast stock suspension was dispensed in 9648sle culture plate. The original
medium from the wells was replaced with 10@0serum free DMEM when the cells
reached 90% confluence after 5 h incubation in a, G@ubator. Various

concentrations of the compounds were added to ribwiigg cells and incubated for
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24 h. The absorbance was measured at a waveleh§f0axm (OD570 nm) on an
ELISA microplate reader. Three replicate wells wased for each concentration and
each assay was measured three times, after whecvdrage of C§ was calculated.
The cytotoxicity of each compound was expresseith@gsoncentration of compound
that reduced cell viability to 50% (G§).

Hemolytic activity was assayed using fresh capillamman blood. Erythrocytes
were collected by centrifuging the blood three snie chilled phosphate buffered
saline (PBS at £C) at 1000 x g for 10 min. The final pellet wasuggended in PBS
to give a 2% w/v solution. Using a microtitre plattD0 mL of the erythrocyte
solution was added to dextran, PLL, stearyl-PLL siearyl-PLL t LDL
(1-1000/mg/mL) in a volume of 100 mL. Samples wibien incubated for 3 h and the
microtitre plate was centrifuged then at 1000 »m@1i0 min and the supernatants (100
mL) transferred into a new microtitre plate. Henulgh release was determined
spectrophotometrically using a microtitre platedeza(absorbance at 550 nm). Results
were expressed as the amount of released hemoghahioed by the compounds as a
percentage of the total.

4.9. Protocol of ADMET study

The three-dimensional structures of the aforemaetio compounds were
constructed using Chem. 3D ultra 15.0 software f@lbal Structure Drawing
Standard; Cambridge Soft corporation, USA (201&}jen they were minimized a
CHARMmM based force field the same as in dockingstd'he ADMET study was
conducted using the Calculate Molecular Propemie€amall Molecules module of the
Discovery Studio (version 3.5). The ADMET propestimap and data were provided
by the ADMET Descriptors tool.

4.8 Experimental protocol for docking study

Molecular docking was carried out using the Disecgv@tudio (version 3.5) as
implemented through the graphical user interface MD®CKER protocol. The
three-dimensional structures of the aforementionethpounds were constructed
using Chem. 3D ultra 15.0 software [Chemical Stret Drawing Standard;
Cambridge Softorporation, USA (2016)], then they were energdticainimized by
using MMFF94 with 5000 iterations and minimum RM&djent of 0.10. The crystal
structures of protein complex were retrieved frdme RCSB Protein Data Bank

(http:// www.rcsb.org/pdb/home/home.do). All boumndater and ligands were
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eliminated from the protein. The molecular dockinghis study was performed by
inserting compound 31 into the binding pockettofcoli FabH (PDB code: 1HNJ)
based on the binding mode. Types of interactionsthef docked protein with
ligand-based pharmacophore model were analyzed #fte end of molecular

docking.
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> 27 novel Pyrazol-Benzimidazole amide derivatives have been synthesized, and their
biological activities were evaluated as potential FabH inhibitors.

> Cytotoxicity, hemolytic activities and in silico ADMET were also appraised as well
as molecular docking.

> Compound 31 showed the most potent inhibitory activity against four tested
bacterial and FabH.

> Crystal structure of compound 17 was determined.



