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Highlights

Novel imidazo [1,2-c] pyrimidin-4-ol derivatives are designed.

Molecular docking study was carried out.

Synthetic methodol ogies |eading to targeted molecul es have been reported.
X-ray crystallographic study (ORTEP) of compound 7g was carried out.

Compounds are subjected to screening for antitubercular activity and cytotoxicity assay.
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Abstract: Filamenting temperature-sensitive mutant (FtsZa isovel target for the treatment of
tuberculosis. A series 0fRJ-2-(4'-chlorophenyl)-3-(4'-nitrophenyl)-1,2,3,5+&hydrobenzo[4,5]
imidazo[1,2€]pyrimidin-4-ol derivatives were designed and datken the FtsZ protein crystal
structure (PDB Id: 1RLU, resolution 2.08 A). Compdrt showed the highest docking score and
H-bond interaction with Arg140 and Gly19. Our st for synthesis ofR)-2-(4'-chlorophenyl)-3-
(4'-nitrophenyl)-1,2,3,5-tetrahydrobenzo[4,5]imidfl 2c]pyrimidin-4-ol  derivatives from o-
phenylenediamine as illustrated in scheme. Alldimethesized compounds were characterized by
FTIR, Mass spectrdH NMR, °C NMR, elemental analysis and purity was confirnbgdHPLC
and LCMS. Compoundg was also confirmed by single crystal X-ray anay3ihein silico results
are also validated wit vitro antitubercular activity of compoun&. Compoundrb exhibitedin
vitro antitubercular activity 3.13 pg/mL and 4.7 pg/mbeseas compoundt exhibitedin vitro
antitubercular activity 6.25 pg/mL and 9.4 pg/mingsGAST/Fe medium after week 1 and week 2
respectively againg¥l. tuberculosisHz7Rv. Medium 7H9/ADC/Tween was found to be very less
effective forin vitro antitubercular activity of all the benzimidazolerigdatives. Assays fan vitro
cytotoxicity against VERO cells of all the syntlesi compounds was found to be very less

cytotoxic.

Keywords:Tuberculosis, Docking study, Benzimidazole deriediIn vitro antitubercular activity,
Cytotoxicity assay, Structure-activity relationsii§AR).



1. Introduction

Tuberculosis (TB) is a foremost communicable diseasd we have not yet been able to
eradicate the malady. It is primarily caused Klycobacterium tuberculosigM. tb) of the
“Tuberculosis Complex” [1]. The chemical compasit of M. tb cell wall includes peptidoglycans
and a vast array of lipids, including mycolic agidghich are significant determinant of its
virulence. The unique structure of the cell wallhbftb allow it to lie dormant for many years as a
latent infection, particularly as it can resideidg@gsmacrophages, hiding it from the host immune
system [2]. TB is a contagious and deadly disehat lias reached pandemic proportions in the
world. According to the World Health OrganizatioWlO), 10-12 million new cases of TB are
diagnosed each year and makMgtb a leading cause of death in adults (2-3 millioafyelue to
an infectious agent [3A high proportion of these new cases and deatharaccHIV-positive
people with a significant number of AIDS deathsdeveloping countries being attributed to TB
infections. Global population growth is increasiihg disease burden, posing a continuing health

and financial burden in various parts of the wopldsticularly Asia and Africa [4].

The continuous rise in multi-drug resistant straimis M. tb (MDR-TB) has further
contributed to the urgent need for new antitubemcurugs, as no new TB drugs have been
introduced into clinical use in the past 4 decafeags active against resistant forms of TB are les
potent, more toxic and need to be taken for annebet@ period of timex18 months) [5]. Current
emergences of virtually untreatable extensivelygdesistant TB (XDR-TB) posses a new threat to
TB control world-wide. Recent findings by WHO froR®00 to 2004 suggested that 4% of MDR-
TB cases meet the criteria for XDR-TB. Effectivediment of TB in persons co-infected with HIV
is complicated because of drug-drug interactiorjs Teerefore, shorter and simpler regimens are
safe and effective against drug-susceptible and-tesistant TB, which are appropriate for joint
HIV-TB treatment and amenable to routine clinicattings, are required. New chemotherapeutic
agents to combat the emergence of the resistartsteategies which can effectively shorten the

duration of chemotherapy are urgently needed [7].

Isoniazid (INH), a well-known antitubercular drutg, believed to kill mycobacteria by
inhibiting the biosynthesis of mycolic acids andical components of the mycobacterial cell wall.
The catalase and peroxidase activities are thowgparticipate in the drug sensitivity mechanism
by converting INHn vivointo its biologically active form, which then aas its intracellular target
[8]. Substituted benzimidazole derivatives havenbesported to possess antitubercular activity
againstM. tb H3;Rv. These compounds, after penetration of the macteial cell wall, could be

bio-transformed by esterases or peroxidase-catalddeey are more active than the unmodified
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polar isosteres of isonicotinic acid, which maydue to better penetration of these agents into the

cell wall of the mycobacteria [9,10].

In the last 40 years, few drugs have been approyetthe Food and Drug Administration
(FDA) to treat TB, reflecting the inherent diffitigls in drug discovery and clinical testing of new
agents and the lack of pharmaceutical industryaresein the area [11ln addition to the current
drugs approved by the FDA for the treatment of Tl &o the drugs that commonly are
recommended for the treatment of TB but are not Fipproved, many compounds are under
investigation as potential antitubercular drugs][¥Mmong them, benzimidazole derivatives were
first reported in 1998 as antimycobacterial agemtsee most potent derivative showed minimum
inhibitory concentration (MIC) values ranging frdhv to 1.5 pg/mL again$d. th. Activity toward
drug-resistant strains ®f. tb was similar to that found toward sensitive strafigally, it was also

active toward non-tuberculosis mycobacteria wittCBlhigher that againM. tb [13].

Filamenting temperature-sensitive mutant Z (FtsZ)tubulin homologue, is a highly
conserved and ubiquitous bacterial cell divisioot@n. Similar to the process of microtubule
formation by tubulin, FtsZ polymerizes in a GTP-degent manner, forming a highly dynamic
cytokinetic structure, designated as the Z-ringhatmid-point of the cell. The recruitment of the
other cell division proteins leads to Z-ring cowntran and results in septum formation [14].
Because of the requirement of FtsZ in mycobactegtdkinesis, inhibition of FtsZ is a promising
target for antitubercular drug discovery. While ulib and FtsZ share structural and functional
homology and because tubulin inhibitors are knowaffect FtsZ assembly, the limited sequence
homology at the protein level affords an opportyrd discover FtsZ-specific compounds with
limited cytotoxicity to eukaryotic cells. Since Etss a proposed novel drug target, compounds
targeting FtsZ are expected to be active againsj desistantM. tb strains. Furthermore, the
validation of FtsZ as a novel antitubercular dragyét has been confirmed by the work of various
groups [15].

Southern Research Institute researchers have scrd@mwn tubulin inhibitors again.
tb and identified several benzimidazole, pyridopymazand pteridine based FtsZ inhibitors with
potent antituberular activity [16,17]. They havencluded that substituted benzimidazole
derivatives interfered and delayed e tb cell division processes. Benzimidazole derivatiaes
also reported as potent antitubercular agdittsy are polar and ionisable aromatic compounds and
used as a remedy to optimize solubility and biofakdity parameters of proposed molecules.

Clubbed-[1,2,3] triazole by fluorine benzimidazolasee also very potent antitubercular agents
4



againstM. tb Hs/Rv. It has broadened the scope in remedying variougogisons in clinical
medicines and play vital role in the field of medal chemistry which is an important
pharmacophore and exhibits potémtvivo andin vitro antitubercular activities [18,19]. Extensive
research works are also reported on benzimidaadledbatively very little is known so far about
substituted benzimidazoles. Ordinary organic sygithkas been widely employed for the synthesis
of diverse heterocycles. In bacteria, the main skatetal element involved in cell division is the Z
ring, a membrane associated structure consistipglgmers of the essential tubulin-related protein
FtsZ. The Z-ring then reduces in diameter duringdieision, drawing the cytoplasmic membrane
inwards. A number of accessory proteins that asemtial for cell division require being located to
the cell centre during cell division. The localipat of these proteins is achieved through
recruitment to Z-ring by either direct or indiranteraction with FtsZ [20,21]. Threrefore, docking
studies were performed on FtsZ target to understiaadasis of the mechanism of antitubercular
activity of the benzimidazole derivatives synthesimn this study. The binding domain identified to
accommodate GTP (Guanosine diphosphate monothipphte appears large enough to hold the
benzimidazole derivatives synthesized in this study

Taking into account the structural similarity oetpyridopyrazine moiety, pteridine moiety,
albendazole, and thiabendazole, they envisionettiieabenzimidazole scaffold would be a good
starting point for the development of novel FtsHhiloitors, which have activity against both drug-
sensitive and drug-resistaM. th. Therefore, substituted benzimidazoles were ingatgd for
potent antitubercular activity [17]. Specificallye report the activity of 1,2,3,4-tetrahydrobenzo
[4,5] imidazo [1,2€]pyrimidin-4-ol derivatives againd¥l. tb Hs7Rv. Importantly, it substantiates
disubstituted benzimidazoles for the developmemneddt generation mycobacterial inhibitors with

activity against difficult to treat clinical stran

2. Results and discussion

2.1. Chemistry

Since benzimidazoles are well known for theirvivo andin vitro antitubercular activities
and their mode of action has been characterizefl (A2 work has focused on the synthesis of
novel molecules based on the benzimidazole skekonthe synthesized compounds were tested
for theirin vitro antitubercular activityThe synthetic pathways are illustrated in schemaebular
modeling of their binding to ENR was also perfornbedtudy whether this target was the ideal site
to exhibit their mechanism of antitubercular aggivor not. Our strategy for synthesis &){2-(4'-
chlorophenyl)-3-(4'-nitrophenyl)-1,2,3,5-tetrahybdemzo[4,5]imidazo[1,2]pyrimidin-4-ol 7a
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derivatives of benzimidazole is very simple assiltated in scheme. As per prescribed procedure,
compound3 was synthesized by the condensation-phenylenediamine with acetic acid and water
by refluxing at 80-8ZC for 4-4.5 h to obtain the intermediate derivatB/én good yields [23].
Compounds3 was refluxed with aromatic aldehyde derivativest@®-116C for 1.0 h and then
160-170C for 30 min to obtain the corresponding alkenevaéives 4 [24]. Compound4 was
refluxed with aniline derivatives with formaldehyded triethylamine in ethanol at 70°C2for 3.5-
4.0 h to obtain corresponding aniline substitutetzimidazole derivativé [25]. Epoxide was
formed by the condensation of compouiith sodium hypochlorite andR(R)-Jacobsen’s catalyst
with dichloromethane as solvent at 5:GZor 2.5-3.0 h [26]. Cyclization of the compou6dvas
take place by refluxing in aluminum trichloride Wwimethanol as solvent at 75°C7to afford the
target molecule3a-7t [27]. Synthesized compounds were purified by coluwhromatography and
structures of the compounds were confirmed by FIVRss spectralH NMR, **C NMR and
elemental analysis. Structure of compouigdvas also confirmed by single crystal X-ray anaysi
Purity of all the final synthesized compounds wasficmed by HPLC and purity of compoufid
and7j was also confirmed by LCMS. A series of cyclibstituted benzimidazole derivatives were
synthesized using-, m or p-substituted benzaldehydes and substituted andarevatives with
different reagents to form the desired heterocyloéazimidazole derivatives. Percentage yield of

the intermediate and final compounds were in thgeaof 68-87% and 60-67% respectively.
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Scheme. Synthesis of R)-2-(4'-chlorophenyl)-3-(4'-nitrophenyl)-1,2,3,5+&@hydrobenzo[4,5]
imidazo[1,2€]pyrimidin-4-ol derivatives7a-7t. Reagents and conditions: (d)O, 80-82C, 4 h;
(b) 100-116C for 1.0 h and then 160-1%® for 30 min, Ar-CHO; (c) gHsOH, HCHO, TEA, Ar-
NH,, 70-72C, 3.5-4.0 h; (d) NaOCIl, DCMR(R)-Jacobsen’s catalyst, 50-%2 2.5-3.0 h; (e) AlG|
CHsOH, 75-77C.



The IR spectrum of compourta illustrates broad stretching band around 2930r8%1 and
3598.52 crit due to aromatic CH and OH respectively and strargjching band at 1090.55 &m
accounting for C-N stretch. Strong stretching bahdNO, and Cl was observed at 1381.75tm
and 746.31cm respectively’H NMR of compound7a shows sharp singlets &t2.1 accountable
for OH and which was absent on@ exchange. The two protons of benzimidazole rireg w
appeared as doublet&?.49-7.51 with J value 8.6 Hz and other doubleét AB31-7.31 with J value
2.0 Hz for four aromatic hydrogen. Proton of Gihd CH was appeared as doubleé 4t48 and
3.90 respectively™>C NMR shows a peak &t 145.54 because of Ar-C of benzimidazole ring
system. Peak of CH and Gitas appeared at76.74 and 49.29 respectively. Further, molecwar i
peak (M, 96%), (M+2, 30%) and (M-1, 94%) were found at r#20.9, 422.8 and 419.0
respectively which confirm its molecular fragmeidatpatterns. Elemental analysis of C, H and N
were within £0.4% of the predicted values. HPLCifyuat retention time 9.747 min was found as
98.39% where 0.1% TFA in HPLC grade water and OTIRA in HPLC grade ACN selected as
mobile phase.

Broad stretching band around 2932.23'camd 3611.05 cthdue to aromatic CH and OH
respectively were found of the IR spectrum of comqmb7b. Strong stretching band of N@as
observed at 1383.68 ¢ém'H NMR of compoundZb shows sharp singlets &®2.1 accountable for
OH and which was absent on@exchange. The two protons of benzimidazole riag appeared
as singlet aé 7.87 and multiplet at 7.06-7.11 with four aromatic hydrogen. Proton éf,@nd CH
was appeared as doubletat.68 and 3.49 respective\C NMR shows a peak &t175.32 due to
Ar-C of aromatic ring system. Peak of CH and ;Gkhs appeared ai 76.74 ands 50.53
respectively. Further, molecular ion peak (M+1¥8&nd (M-1, 97%) were found at m/z 432.1 and
430.0 respectively confirms its molecular fragmemtemental analysis of C, H and N are within

+0.4% of the predicted values.

Strong stretching band of Nias observed at 3492.45 ¢rand broad stretching band
around 3076.87, 2948.63 nand 3775.94 cthdue to aromatic CH and OH respectively was found
of the IR spectrum of compourity. *H NMR of compound7g shows sharp singlets at2.02
accountable for OH and which was absent o@ [@xchange. Two protons of aromatic ring were
appeared as doublet &7.66 and multiplet ai 6.68-6.75 with two aromatic hydrogens. Proton of
CH,and CH was appeared as doublet 5t68 and 4.52 respectiveljyC NMR of the compoundg
confirms resonance of Gtnd C-N ab 21.7 and 170.04 respectively. It shows a peak a48.47
because of Ar-C of aromatic ring system. Peak ofddd CH was appeared at77.37 and 62.54

respectively. Further, molecular ion peak (M+1, 9&d (M-1, 97%) was found at m/z 412.8 and
7



411.0 respectively which confirms its moleculargireentation. Elemental analysis of C, H and N
are within £0.4% of the predicted values. HPLC pudt retention time 5.598 min was found as
97.67% where 0.1% TFA in HPLC grade water and OTIRA in HPLC grade ACN selected as
mobile phase. LCMS purity was found as 100% anteir time 3.015 min which was acquired by
UPLC-02 using the method of Formic_Normal at 23th@

The IR spectrum of compourd illustrates strong stretching band of MH3329.50 cm
and broad stretching band around 2781.81, 2978r52amd 3550.31 cthdue to aromatic CH and
OH respectively'H NMR of compound?j shows sharp singlets &t1.87 and 3.91 accountable
for OH and disappeared on,® exchange. The two protons of aromatic ring waseaped as
multiplet até 7.47 and singlet ai 7.51 for one aromatic hydrogen. Proton of,@Hd CH was
appeared as doublet &6.86, 5.12 and 3.93 respectively>C NMR shows a peak &t 156.62
because of Ar-C of aromatic ring system. Peak ofadd CH was appeared at108.51 and 76.29
respectively. Further, molecular ion peak’(M7%), (M+2, 30%), (M+4, 10%) and (M-1, 74%)
were found at m/z 426.8, 428.5, 430.7 and 425.peds/ely confirms its fragments. Elemental
analysis of C, H and N were within £0.4% of thedicted values. HPLC purity at retention time
4.216 min found as 98.25% where 0.1% TFA in HPL&dgrwater and 0.1% TFA in HPLC grade
ACN selected as mobile phase. LCMS purity was foard99.5% at retention time 1.903 min
which was acquired by UPLC-01 using the methodafriic_Normal at 309.0 nm. Single isomer

identification of compoundg was also confirmed by chiral HPLC methods of asialy

2.2. Analogue design

Our impetus to investigate the benzimidazole sdsels, exemplified by analogués-7t,
was driven by its ease of synthesis and the likelihthat compounds with lowered or absent
enzymatic induction effects would be generateds Taiter expectation was based on the known
diminution of FtsZ induction with the progressiororh isoniazid. Within this same order of
structural subclasses, there is also a trend ofiag@ possessing increased potency against drug
susceptible isolates of slow-growing mycobactend betterin vivo efficacy in mice. Our analysis
of the recently published structures has reveatedpproach for the chemical elaboration of the
benzimidazole core in a novel way that should leadnhanced binding affinity to both wild-type
and resistant strains [28].

2.3. Molecular docking study
The X-ray crystal co-ordinates bf. tb FtsZ in complex with GTP- gamma-S at a resolution

of 2.08 Awere obtained from the Protein Data Bank underait@ession code 1RLU.pdbl. tb
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FtsZ crystallized as a tight, laterally orientechdr distinct from the longitudinal polymer observed
for ap-tubulin. FtsZ and tubulin are known to pass thtougycles of polymerization and
depolymerisation, but the structural mechanismsetlyishg this cycle remain to be determined.
This protein play an essential role in bacteridl devision and interruption of this process is a
bactericidal event [29]. Ramachandran plot of taekbone torsion anglé3HI and PSI for local
geometry and the location of buried potasidues or exposed non-polar residues were exdmine
Energy refinement procedure was performed usingetiséructures. Kollman charges were used for
the protein while Gasteigere Huckel charges weleutated for the ligand. Then, this model was
subjected to energy minimization following the gead termination of the Powell method for 3000
iterations using Kollman united force field withmbonding cut off set at 109.0 and the dielectric
constant set at 4.5. While FtsZ retains only lichiteequence similarity to tubulin, the three-
dimensional X-ray structure shows a high degregroflarity to the structure af andp tubulin.3-

D structure of GTP was obtained from its X-ray tayso-ordinate which was found in 1RLU.pdb
file [30].

The binding site of the benzimidazole derivativessvestimated using a variety of scoring
functions that have been compiled into the singlesensus score (Total Scoréje Surflex-Dock
scoring function (originally used within Hammerh@adavas tuned to predict the binding affinities
of 34 protein-ligand complexes, with its outputrigerepresented in units of -ld¢q). Prior to start
of the docking operation, essential hydrogens arabtéiger charges were added to the
macromolecule [31]. Molecular docking of inhibitargo the active site of protein identifies the
binding orientations and the protein—inhibitor naietions responsible for the observed activithe
benzimidazole derivatives were docked to FtsZ uSlnglex Dock in Sybyl X1.2 [32]. Molecular
docking is used to determine the binding orientat inhibitors to their protein targets to predict
their affinity and activity when bound to the prioteSurflex is a fully automatic flexible molecular
docking algorithm that combines the scoring functimm the Hammerhead docking system with a
search engine that relies on a surface based ntatesimilarity method as a mean to rapidly
generate suitable putative poses for molecularnieags [33]. The dominant terms are the
hydrophobic contact term and a polar contact tévah has a directional component and is scaled by
formal charges on the protein and ligand atomssé&Hanctional terms are characterized on the
basis of distances between Vander Waals surfagés negative values indicating interpenetration
[34]. The docking study reveals compouridas highest active compound having docking score
7.1272.



Twenty poses were obtained from all compounds.dDthiem all, second pose of compound
7t obtains highest occupancy and highest dockingesob7.1272 (Tablé of supplementary file).
Compound7t shows various hydrogen bonding and hydrophobierattion with the aminoacids.
Hydrogen bonding of compoungt with Arg140, Gly19, Glyl101 and Glul02 takes withime
distance of less than 2.5 A take place (R)g.The terminal -NH of the Gly19 make a hydrogen
bond with oxygen of the hydroxyl group of the linkesterocyclic ring of th&t (N-H---O-H, 2.48
A). Another hydrogen bonding is observed betweedrdyen of the same hydroxyl group and
carboxyl oxygen of the amide linkage of the Glyl(@O---H-O, 2.05 A). Two more hydrogen
bonding is observed with the hydroxyl group of teeminal aryl substitution of compourd.
Carboxyl oxygen of the Glu102 make bonding with liydrogen of the hydroxyl group (C-O---H-
0, 2.14 A) and oxygen of the same hydroxyl grougeranother hydrogen bonding with guanidino
amine hydrogen of Arg140 (N-H---OH, 2.20 A). Thecopancy of the molecule in the binding
pocket of the enzyme is the other reason of thempactivity. Compoundt occupies the whole
cavity in the receptor site for the inhibition diet FtsZ (Fig2a). The terminal aryl substitution is
oriented near positively charged Arg139 and ArgIeause the negatively charged benzene ring
cloud is attracted towards the positively chargetina acid residues (Figb). Most of the amino
acids are oriented in the same manner as per tiei@@raction with the receptor. In the receptor,
the active site is in the V-shaped cavity and tlstactive compounds perfectly fit into the pocket,
hence validate thia silico results (Fig3). The proposed docking hypothesis is proposecttoine

the reason of inhibitory action dvtb Hz/Rv strain.

Fig. 1. Hydrogen bond interaction of compouridand compoundt is in the orange coloured ball

and stick model.
10
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Fig. 2. (&) The docking pose of compouiddin the receptor site and cyan coloured area ibelica
the excluded volume of the compourtd (b) Interacting amino acids of binding site amthpound
7t in the field as orange coloured ball and stick etod

Fig. 3. The occupancy of most potent compounds in theifgnplocket and the orange colour cloud
indicates the excluded volume of the compound&énlines format. The colour of binding domain
is as per cavity depth.
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2.3. Pharmacology

2.3.1. In vitro antitubercular activity

Benzimidazoles exhibits various types of pharmagicld activities including antimicrobial,
antitubercular, anticancer etc [22,35]. All the alinsynthesized substituted benzimidazole
derivatives/a-7t were evaluated fan vitro antitubercular activity again$. tb Hs;Rv. MICs were
determined in quadruplicate in iron-supplementedSGAor in Middlebrook 7H9 broth base
supplemented with 0.2% glycerol, 0.4% glucose, 0BSA fraction V, 0.08% NaCl and 0.05%
Tween 80 in 96w plates according to the broth naiituéion method using drugs from DMSO stock
solutions or with control wells treated with an e@lent amount of DMSO. Briefly, two-fold serial
dilutions of compounds in DMSO were added touhOof medium in round-bottom 96-well plates
(Nunc). An equal volume dfl. tb H3;Rv ATCC27294 diluted to 10,000 cells/mL in the restve
medium was added to each well. Positive contrattuded isoniazid. Plates were incubated for 1
and 2 weeks at 37 °C after which growth was deteethiusing an inverted enlarging mirror. The
MIC was determined as the lowest concentrationoofipound that completely inhibited growth of
the bacterium. The MIC for isoniazid was 0.0¢/mL [36]. The result of MICs of all the final
targeted synthesized compounds and standard deugeported in Tabld. Thus, all the final
synthesized substituted benzimidazole derivativerevevaluated fan vitro antitubercular activity
againstM. tb Hz7Rv. Compoundg&b, 7] and7t are active against3Rv strain ofM. th. MIC value
of compoundrb, 7j and7t was found to be 3.13 pg/mL, 6.25 pg/mL and 6.25nlgespectively.

Table 1l
In vitro antitubercular activity of benzimidazole derivavagainstMycobacterium tuberculosis
H3/RV.
ARG
Compd. R R’ 1-week MIC  2-week MIC 1-week MIC 2-week MIC
in ug/mL in pg/mL in ug/mL in ug/mL
(GAST/Fe) (GAST/Fe) (7H9/ADC/Tween) (7H9/ADC/Tween)
7a 4-NO, 4-Cl 100 >100 >100 >100
7b 3-NG, 4-NG, 3.13 4.7 25 37
7c 4-Cl 3,5-Cl 37 50 100 >=100

12



7d 2-Cl 3,5-Cl >100 >100 >=100 >100
7e 3,4-OChH 3,5-Cl 100 >100 >100 >100
7f 4-OH 4-Br 75 75 >=100 >100
79 2-NHy, 3,4- 2,6-CH; 37 75 100 >100
CHs
7h 2-OCH; 3,5-Cl 50 100 100 100
7i 2-OCH; 2,6-CH 100 100 50 >100
7 3-OH 2,6-Cl 6.25 9.4 37 50
7K 2-NO, 4-NO, 37 37 37 50
7l 3-Br 4-OCH >100 >100 >100 >100
7 Pyridine 4-OCH 12.5 19 >=100 >100
7q 4-OCH; 4-OCHs 50 75 100 >=100
Tr 2-OH 2-OChH 19 25 50 75
7s 2-OH, 5- 4-COOH >100 >100 >100 >100
OCH;
Tt 4-OH 2,6-CH 6.25 9.4 12.5 19
| soniazid 0.02 0.02 0.02 0.02

Minimum Inhibitory Concentration (MICs) againgycobacterium tuberculosids/Rv

2.3.2. Assays for in vitro cytotoxicity against VERells

In vitro cytotoxicity of the active compounds was measuwisthg Vero cells grown in
DMEM medium containing 10% fetal bovine serum. Ta#l suspensions were plated in 96-well
tissue culture plates (20,000 cells/well) and irated overnight at 37 °C in the presence of 5% CO
to allow cells to adhere. The medium was removed @@placed by 180 ul of fresh medium
containing the test compounds at two different eotr@tions (25 pg/ml and 50 pg/ml). Cells were
then incubated for a further 48 h. 20 ul of CeteTiBlue Reagent (Promega) were then added to
each well and incubated for a further 2 h at 37Avt 5% CQ. Optical density was recorded at
560 nm using a microplate reader. Percentage b$welival was calculated considering the control
wells (cells incubated in DMSO-containing mediufgble2 shows that most compounds are non
toxic for the Vero cells, as a compound is con&detoxic if it causes over 50% inhibition at
concentration 10 fold higher than its MIC. The mastive compoundgj and 7t only showed
moderate cytotoxicity (% Survival = Optical densdf/the test compound/Optical density of the
control *100).
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Table2
In vitro cytotoxicity assay against VERO cells.

% Survival % Survival
of Vero cells of Vero cells
Compound (50 pg/ml) (25 pg/ml)
7a ND ND
7b 69 66
7c 69 63
7d ND ND
7e ND ND
7t ND ND
79 73 64
7h ND ND
7i ND ND
7 61 63
7k 61 53
7l ND ND
7P 56 66
7q ND ND
r 69 63
7s ND ND
Tt 63 66
| soniazid 100 100

ND, not determined

2.4. Crystallography

Suitable needle shape crystals of compoudgdvas formed by evaporation of solution of
compound in dichloromethane and the crystal strectuas measured by "Single crystal X-ray
analysis". Bruker Smart Apex CCD area detector uwsed for the collection of diffraction data
using a graphite monochromated M Kadiation £ = 0.71073 A) at 20C. The structure of
compoundwas solved using the program SHELXL and Fouriefed#ince techniques and was
refined by full-matrix least-squares methodrSnAll hydrogen atoms were added theoretically and

crystal structure of compourg is shown in Fig4.
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Fig. 4. X-ray crystal structure (ORTEP) of compourgl

2.5. Structure-activity relationship (SAR) study

The structure-activity relationship study demortstlathat R)-2-(4'-nitrophenyl)-3-(3'-
nitrophenyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazfl,2-c]pyrimidin-4-ol 7b, (R)-2-(2',6'-
dicholrophenyl)-3-(3'-hydroxyphenyl)-1,2,3,5-tetyalnobenzo  [4,5]imidazo[1,2}pyrimidin-4-ol
7] and R)-2-(2',6'-dimethylphenyl)-3-(4'-hydroxyphenyl)-132%5-tetrahydrobenzo[4,5]imidazo[1,2-
c]pyrimidin-4-ol 7t were exhibited gooah vitro antitubercular activity again$. tb Hz;Rv. But, 3-
nitrophenyl and 4-nitrophenyl containing compoufidis cytotoxic up to certain level due to the
presence of nitro group. Therefore, compotihds not favorable for therapeutic potency against
M. tb Hs/Rv. The cyclic substituted benzimidazole ring is rendavorable for the potent
antitubercular activity. Optimunm vitro antitubercular activity was found by these comptsumay
be due to formation of free substituted benzimitdAD" complex. It may be responsible for the
inhibition of Mycobacteriumcell wall bio-synthesis3-Hydroxyphenyl; 2,6-dichlorophenyl; 4-
hydroxyphenyl and 2,6-dimethylphenyl are more fabde for the formation of substituted
benzimidazole-NAD complex. Benzimidazole containing 3,4-dimethylanpinenyl and 2,6-
dimethylphenyl or 3-hydroxyphenyl and 3,4-dichldnepyl are highly favorable moieties for
potentin vitro antitubercular activity again®. tb Hz/Rv.

3. Conclusion

The present study describes the docking, synthedrsicture ellucidationsjn vitro
antitubercular activity and cytotoxicity assay aghiVERO cells of benzimidazole derivatives. We
have synthesized and evaluated a series of cygbstisuted benzimidazole derivatives in good
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yields. All the synthesized compounds were evatlidein vitro antitubercular activity again$.

tb Hsz/Rv. Compound7b, 7] and 7t showed goodin vitro antitubercular activity and other
compounds showed moderate to signifidantitro antitubercular activity again$d. tb Hz7Rv. All

the synthesized compounds were found to be vesydgtotoxic usingn vitro cytotoxicity assay
against VERO cells. The potency, selectivity ana tytotoxicity of these compounds make them

valid leads for improved antitubercular developrsent
4. Experimental protocols

4.1. Technical details

All the reagents were purchased from Sigma-Aldi@emicals and were used without
further purification. All solvents were distilledhd dried using dry sieves as the usual manner. TLC
analysis was carried out on aluminum foil pre-cdatéth silica gel 60 F254 (Sigma-Aldrich,
Bangalore dealer). Melting points were determinedad’homas micro hot stage apparatus and are
uncorrected. FTIR spectra were determined as KBd slisc method on a Shimadzu model 470
spectrophotometetH NMR and**C NMR were recorded using Bruker Avance Il 400 Matm
100 MHz spectrometer using DMSO as NMR solvent amdreported in ppm down field from the
residual DMSO. Elemental analysis was performea@ @&iementar Vario Micro Cub&nalyzer and
results were within £0.4% of the predicted valuessdll compounds. FTIR (KBr) spectrum of all
the synthesized compounds has strong O-H absosptibrabout 3500-3700 ¢mThe medium
strong C=C band in IR spectra of all the compouapiseared at 1450-1575 ¢mwhich is similar
as that of the ordinary C=C absorption (1400-16060"c The formation of H-bond leads to an
increase of their polarity, so the strength of tlgiuble bond decreased and absorption moved to
lower wave number. The medium strong C-H band aAd 6and in IR spectra of all the
compounds appeared at 3000-3050'@nd 1160-1350 cihrespectively which is similar as that of
the ordinary C-H absorption (3000-3100 tnand C-N absorption (1080-1360 ¢nThe'H NMR
spectrum exhibited different signals at differeptrpwhich were assigned to the different types of
protons. *C NMR showed various$s values at different ppm for all the target synibed
compounds. Compountd is also confirmed by single crystal X-ray analy§dRTEP). Purity of
the final compounds were determined by HPLC (HPA@Bine) instrument using 0.1% TFA in
HPLC Grade water and 0.1% TFA in HPLC Grade ACNMXpurity was acquired using UPLC-
02 and UPLC-01 by Formic_Normal at 230.0 nm and.@®8n. Single isomer identification was
observed by chiral SFC and chiral HPLC methodsafysis.
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4.1.1. General procedure for synthesis of 2-metidbenzo[d]imidazolel)

5.43g (0.03 mmolp-Phenylenediamind was mixed with 20 mL water and 5.4 g (0.09
mmol) acetic aci®. Resulting reaction mixture was allowed to reflx80-85°C for 3.5-4.0 h.
After completion of the reaction, it was cooled dasified by the gradual addition of concentrated
ammonia solution. Precipitated crude product wheréid by vacuum filtration and recrystalized
from 10% aqueous ethanol. Mobile phase: Toluneta@kutrile = 2 : 1. Yield 87.15%. mp 130-132
°C. IR (KBr) cmi'; 1465.63 (C=C, Ar), 3496.31 (N-H), 1087.66 (C-l4#57.36 (C=N), 2950.55 (-
CHs). '"H NMR (400 MHz, DMSO)3 ppm 7.52-7.58 (m, 2H), 7.22-7.27 (m, 2H), 5.0 ¥sl),
2.51(s, 3H)*C NMR (DMSO, 100 MHz)p: 153.25, 138.37, 124.51, 115.20, 18.16. Anal. Céic
CgHgNo: C, 72.70; H, 6.10; N, 21.20; Found: C, 71.16;5%87; N, 20.78. MS (ESI, m/z): 133.2
(M+1, 98%), 131.0 (M-1, 63%).

4.1.2. General procedure for the synthesis of (#3-Ritrostyryl)-1H-benzo[d]imidazoletj

2-Methyl-1H-benzofllimidazole 3 (0.05 mmol) was mixed with 4-nitro benzaldehyde3(O.
mmol). Resulting reaction mixture was allowed ttheon silicon bath. When temperature reached
at 100 °C, mixture melted, and at 110 °C, wateniglation was observed by water drops appearing
on the neck of flask. Reaction mixture became wiscand water elimination ceased after 1 h.
Temperature increased to 160-170 °C and held tohOAfter completion of the reaction, it was
purified by dissolving in pyridine, precipitationitiw water and resolving by heating. Methanol
treatment was done to remove any soluble impuritiesther purification was accomplished by
column chromatography. Mobile phase: Ethyl acetdexane = 6 : 4. Yield 81.20%. mp 151-153
°C. IR (KBr) cm’: 1602.56 (C=C, Ar), 3320.82 (N-H), 1307.50 (C=M1$98.98 (CH=CH, alkene),
1446.35 (N-O, NG). *H NMR (400 MHz, DMSO) ppm 8.21-8.24 (d, J = 7.6 Hz, 2H), 8.01-8.03
(d, J = 7.6 Hz, 2H), 7.52-7.58 (m, 2H), 7.22-7.88 @H), 7.07-7.09 (d, J = 15.6 Hz, 1H), 5.0 (s,
1H). *3*C NMR (DMSO, 100 MHz)5: 157.31, 142.04, 137.62, 133.27, 126.38, 124.09.8P,
114.30, 111.56. Anal. Calcd fori£E111N3O,: C, 67.92; H, 4.18; N, 15.84; O, 12.06; Found: C,
66.52; H, 3.72; N, 16.26; O, 11.63. MS (ESI, m2§6.1 (M+1, 97%), 264.0 (M-1, 45%).

4.1.3. General procedure for synthesis of (E)-4uhN-((2-(4-nitrostyryl)-1H-benzo [d] imidazol-
1-yl)methyl)aniling5).

(E)-2-(4-Nitrostyryl)-1H-benzofllimidazole 4 (0.03 mmol) was dissolved in ethanol (10
vol). It was allowed to stirred at room temperattoe 20 min. Formaldehyde (0.02 mmol) was
added drop wise to the above reaction mixture. THemitro aniline (0.04 mmol) was added to
above reaction mixture. After 15 min, triethylamif@01 mmol) was added drop wise to above

reaction mixture. Resulting reaction mixture waswaéd to reflux at 70-7Z for 3.5-4.0 h. After
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completion of reaction, it was distilled off to rewe ethanol from reaction mixture. Then, it was
quinched with ice cold water and extracted withhtbcomethane. Dichloromethane layer was
distilled off to get crude product and further pgation was accomplished by column
chromatography. Mobile phase: Ethyl acetate: Hexa®e: 2. Yield 70.26%. mp 180-18Z. IR
(KBr) cm™: 1440.56 (C=C, Ar), 2952.48 (-GH 3361.32, (N-H), 1052.94 (C-N), 1401.28 (C=N),
1691.27 (CH=CH, alkene), 1238.08 (-B)0763.67 (-Cl)'H NMR (400 MHz, DMSOY ppm 8.21-
8.24 (d, J = 7.6 Hz, 2H), 8.01-8.03(d, J = 7.6 BH), 7.52-7.58 (m, 2H), 7.22-7.28 (m, 5H), 7.07-
7.09 (d, J = 15.6 Hz, 1H), 6.51-6.53 (d, J = 7.4 PH), 5.68 (s, 2H), 4.0 (s, 1H}’C NMR
(DMSO, 100 MHz)é: 158.63, 147.82, 143.54, 138.37, 136.52, 134.28,78, 123.64, 121.86,
112.08, 111.94, 65.30. Anal. Calcd fop8:/CIN4O2: C, 65.27; H, 4.23; Cl, 8.76; N, 13.84; O,
7.90; Found: C, 64.86; H, 3.81; Cl, 8.34; N, 14.257.49. MS (ESI, m/z): 404.9 (M94%), 406.7
(M+2, 33%), 403.0 (M-1, 61%).

4.1.4. General procedure for synthesis of 4-chiNr¢2-((2S,3S)-3-(4-nitrophenyl)oxiran-2-yl)-1H-
benzo[d]imidazol-1-yl)methyl)aniling).

(E)-4-ChloroN-((2-(4-nitrostyryl)-H-benzo {l] imidazol-1-yl)methyl)aniline 5 (0.05
mmol) was dissolved in dichloromethane (10 vol)diBm hypochlorite (1.01 mmol) was added to
above reaction mixture at rt. After 30 mRR-Jacobsen’s catalyst (0.01 mmol) was added portion
wise to above reaction mixture. It was alloweddfux at 50-52C for 2.5-3.0 h. After completion
of reaction, it was allowed to cool at rt and qhied in water followed by extracting with
dichloromethane. Dichloromethane layer was distitdf to get crude product. Further purification
was accomplished by Combiflash chromatography topgee product. Mobile phase: Methanol:
Dichloromethane = 1 : 9Yield 68.26%. mp 214-216C. IR (KBr) cmi*: 1585.20 (C=C, Ar),
2991.05 (-CH), 3333.36 (N-H), 1151.29 (C-N), 1417.42 (C=N), 438 (-NQ), 765.01 (-Cl)H
NMR (400 MHz, DMSO)5 ppm 8.19-8.21 (d, J = 7.6 Hz, 2H), 7.59-7.62 (id),47.22-7.27 (m,
4H), 6.52-6.54 (d, J = 7.6 Hz, 2H), 5.5 (s, 2HR &, 2H), 4.0 (s, 1H)**C NMR (DMSO, 100
MHz) &: 167.31, 158.76, 145.84, 141.33, 139.09, 134.28,6l7, 125.39, 121.66, 115.38, 66.37,
63.86, 55.03. Anal. Calcd for,@H;CIN,Os: C, 62.79; H, 4.07; Cl, 8.42; N, 13.31; O, 11.Ebund:

C, 62.38; H, 3.65; Cl, 8.02; N, 13.73; O, 10.99. NESI, m/z): 420.8 (M, 96%), 422.5 (M+2,
30%), 419.4 (M-1, 54%).

4.1.5. General procedure for synthesis of (R)-2e(Morophenyl)-3-(4'-nitrophenyl)-1,2,3,5-
tetrahydrobenzo[4,5]imidazo[1,2-c]pyrimidin-4-0Ta).
4-ChloroN-((2-((2539-3-(4-nitrophenyl)oxiran-2-yl)-H-benzofl] imidazol-1-yl) methyl)
aniline 6 (0.05 mmol) was dissolved in methanol (10 vol)w#s allowed to stir for 15 min at rt.
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Then, Aluminum trichloride (1.05 mmol) was addedttdResulting reaction mixture was allowed
to reflux at 75-77C for 2.0-2.5 h. After completion of reaction, itagv distilled off to remove
methanol from the reaction mixture. Then, it wasitraized by sodium bicarbonate solution and
extracted with dichloromethane and dichloromethiayer was distilled off to get crude product.
Further purification was accomplished by columnoohatography to get pure product. Mobile
phase: Methanol: Dichloromethane = 0.5 : 9.5. Yié&25%. mp 285-287 °C. IR (KBr) ¢hm
1583.27, 1664.27 (C=C, Ar), 3439.42 (N-H), 2930(3CH,), 1090.55 (C-N), 3598.52 (-OH),
746.31 (-Cl), 1381.75 (-N£. *H NMR (400 MHz, DMSO)5 ppm 7.49-7.51 (d, J = 8.6 Hz, 1H),
7.31-7.32 (d, J = 4.0 Hz, 1H), 6.98-7.0 (d, J =HA 1H), 6.84 (s, 3H), 6.76-6.78 (dd, J = 8.60,
2.28 Hz, 2H), 6.65 (s, 4H), 4.48 (s, 1H), 3.901(4), 3.79 (s, 1H), 3.53 (s, 1H), 2.1 (s, 1HMD
exchangeable, OH)*C NMR (DMSO, 100 MHz)s: 176.75, 145.54, 139.92, 139.31, 138.21,
128.92, 127.62, 127.56, 127.15, 127.12, 126.33,582119.73, 77.37, 77.26, 77.05, 76.74, 63.52,
55.84, 49.29, 43.63, 39.14. Anal. Calcd fopH; ,CIN4O3 : C, 62.79; H, 4.07; Cl, 8.42; N, 13.31; O,
11.41; Found: C, 62.39; H, 3.72 ; Cl, 8.13; N, #2.9, 10.95. MS (ESI, m/z): 420.9 {M96%),
422.8 (M+2, 30%), 419.0 (M-1, 94%), 299.71£814CIN3O, 11%), 310.0 (@H14N4O3, 15%),
332.7 (G7/H17CINO3, 14%). HPLC purity (RT 9.747 min, 98.39%) wherehit® phase 0.1% TFA
in HPLC grade water and 0.1% TFA in HPLC grade @uétle.

4.1.6. (R)-2-(4'-Nitrophenyl)-3-(3'-nitrophenyl)213,5-tetrahydrobenzo  [4,5] imidazo[1,2-c]
pyrimidin-4-ol (7b).

Yield 67.23%. mp 290-292 °C. IR (KBr) ¢m1667.16, 1583.27 (C=C, Ar), 2932.23 (-§H
3213.79 (-NH), 1084.76 (C-N), 3611.05 (-OH), 13&3(6NO,). ‘*H NMR (400 MHz, DMSO)8
ppm 7.87 (s, 2H), 7.62-7.66 (m, 3H), 7.50-7.56 8id), 7.06-7.11 (m, 4H), 4.68 (s, 2H), 3.49 (s,
1H), 2.27 (s, 1H), 2.1 (s, 1H,,D exchangeable, OH}’C NMR (DMSO, 100 MHz)s: 176.75,
175.32, 148.54, 145.06, 128.78, 127.44, 126.5737{7(7.26, 77.05, 76.74, 58.66, 50.53, 48.71,
43.90, 40.57, 40.36, 39.94, 39.32. Anal. Calcd@esH1/NsOs: C, 61.25; H, 3.97; N, 16.23; O,
18.54; Found: C, 60.80; H, 3.57; N, 15.86; O, 18M3 (ESI, m/z): 432.1 (M+1, 96%), 430.0 (M-
1, 94%), 309.3 (@H14N4Os, 11%), 341.2 (GH15N30s, 20%), 343.5 (&H17/N3Os, 7%), 379.3
(C17H13Ns0s, 23%), 415.8 (&H17Ns504, 34%).

4.1.7. (R)-2-(3',5'-Dichlorophenyl)-3-(4'-chloropid)-1,2,3,5-tetrahydrobenzo [4,5]imidazo [1,2-
c]pyrimidin-4-ol (7c).

Yield 63.28%. mp 295-297 °C. IR (KBr) ¢m1582.31 (C=C, Ar), 2951.52 (-GH 3202.22
(-NH), 1156.12 (C-N), 3597.56 (-OH), 749.20, 677(85l). 'H NMR (400 MHz, DMSO)3 ppm

8.10-8.12 (m, 1H), 7.65 (s, 1H), 7.46-7.50 (m, 2ZH%1-7.43 (m, 1H), 7.34-7.38 (m, 1H), 7.28-7.30
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(d, J=7.5Hz, 1H), 7.15-7.19 (m, 2H), 7.08-7.d0JX = 7.8 Hz, 1H), 6.83 (s, 1H), 5.12 (s, 1H)73.9
(s, 2H), 3.34 (s, 1H), 1.70 (s, 1H.® exchangeable, OH)*C NMR (DMSO, 100 MHz): 170.15,
148.61, 139.29, 130.15, 129.56, 128.52, 127.63,712d@19.96, 117.97, 77.37, 63.35, 52.33, 50.12,
46.52, 44.12, 40.51, 36.17, 34.58, 29.28, 22.0&4®Mnal. Calcd for §H1¢ClsNzO: C, 59.41; H,
3.63; Cl, 23.91; N, 9.45; O, 3.60; Found: C, 58.863.35; Cl, 22.12; N, 9.07; O, 3.17. MS (ESI,
miz): 444.9 (M, 97%), 446.7 (M+2, 31%), 448.4 (M+4, 15%), 443M1-1, 48%), 300.0
(C16H14CIN3O, 10%), 334.0 (@H1ClLN3O, 29%), 356.8 (GH16ClsNO, 41%), 397.0
(C16H16ClsN30, 26%), 341.5 (§H1Nz0, 18%).

4.1.8. (R)-2-(3',5'-Dichlorophenyl)-3-(2'-chloropig)-1,2,3,5-tetrahydrobenzo[4,5]imidazo [1,2-
c] pyrimidin-4-ol (7d).

Yield 61.36%. mp 290-292 °C. IR (KBr) ¢m1509.03 (C=C, Ar), 2969.84 (-GH 3338.18
(-NH), 1036.55 (C-N), 3624.55 (-OH), 665.32, 770(42l). '"H NMR (400 MHz, DMSO)5 ppm
7.56-7.63 (m, 4H), 7.37-7.52 (m, 2H), 7.12-7.18 {iH), 6.96-7.0 (m, 4H), 5.67 (s, 2H), 4.57-4.62
(q, 1H), 3.50 (s, 1H), 2.52-2.54 (m, 1H,Mexchangeable, OH)*C NMR (DMSO, 100 MHz):
170.15, 145.61, 139.20, 138.98, 130.15, 129.95,522827.63, 127.40, 126.71, 124.01, 119.74,
117.97, 117.56, 58.66, 50.53, 48.71, 43.50, 404038, 33.73, 33.32. Anal. Calcd for
C22H16CIsN3O: C, 59.41; H, 3.63; Cl, 23.91; N, 9.45; O, 3.60und: C, 58.43; H, 3.30; Cl, 22.48;
N, 9.17; O, 3.21. 443. MS (ESI, m/z): 444.8"(\®5%), 446.7 (M+2, 32%), 448.4 (M+4, 11%),
443.3 (M-1, 60%), 299.0 (H14CIN3O, 14%), 334.2 (&H13CIoN3O, 32%), 428.8 (&H16Cl3Ns,
5%), 341.4 (GH19N30, 23%), 325.4 (&H19N3, 20%).

4.1.9. (R)-2-(3',5'-Dichlorophenyl)-3-(3',4'-dimettyphenyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol(7€).

Yield 63.41%. mp 287-289 °C. IR (KBr) ¢m 1576.52 (C=C, Ar), 3037.34, 2928.38,
2852.20 (C-H), 3325.64 (-NH), 1088.62 (C-N), 3578.@0OH), 648.92 (-Cl), 1001.25 (C-O),
1440.56 (C-H, OCH). *H NMR (400 MHz, DMSOY ppm 7.49-7.51 (m, 3H), 7.31-7.32 (d, J = 4.0
Hz, 2H), 6.98-7.0 (d, J = 5.0 Hz, 1H), 6.84 (s, 261Y6-6.78 (dd, J = 8.6, 4.2 Hz, 2H), 4.57-4.60 (d
J =12.8 Hz, 1H), 4.45-4.48 (d, J = 12.8 Hz, 1HY03(s, 1H), 3.79 (s, 6H), 3.53 (s, 1H), 2.52 (s,
1H, D,O exchangeable, OH}3C NMR (DMSO, 100 MHz)s: 163.42, 158.25, 146.40, 145.64,
144.46, 144.18, 119.73, 117.19, 114.64, 111.47,58)07107.51, 60.81, 57.43, 55.63, 40.16, 39.74,
39.11. Anal. Calcd for £H21CIoN3Os: C, 61.29; H, 4.50; Cl, 15.08; N, 8.93; O, 10.#Found: C,
60.84; H, 4.09; Cl, 14.71; N, 8.52; O, 9.82. MS (E8/z): 470.6 (M, 96%), 472.8 (M+2, 31%),
474.5 (M+4, 14%), 469.1 (M-1, 82%), 440.2,§814CI,N30,, 20%), 407.1 (&H20CIN3O,, 4%).
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4.1.10. (R)-2-(4'-Bromophenyl)-3-(4'-hydroxypheriyB,3,5-tetrahydrobenzo([4,5]imidazo[1,2-c]
pyrimidin-4-ol (7f).

Yield 60.28%. mp 293-295 °C. IR (KBr) ¢m1605.45, 1507.10 (C=C, Ar), 2880.17 (-§H
3428.81 (-NH), 1171.54, 1252.54 (C-N), 3677.59 ()OHD56.78 (C-O), 537.07 (-BrfH NMR
(400 MHz, DMSO)5 ppm 8.11 (s, 4H), 7.62-7.68 (m, 2H), 7.50-7.55 2i), 7.06-7.14 (m, 4H),
4.66 (s, 2H), 3.44 (s, 1H), 2.52 (s, 1H), 2.27-281 = 7.5 Hz, 1H), 1.86-1.91 (m, 1H), 1.70-1.72
(m, 1H, DO exchangeable, OH)-*C NMR (DMSO, 100 MHz): 185.61, 160.99, 154.95, 140.93,
138.40, 135.97, 130.39, 129.14, 127.50, 126.06,412%%.72, 42.31, 39.38, 27.69, 26.68, 25.47,
21.56, 13.50. Anal. Calcd for,gH1gBrN3;O,: C, 60.56; H, 4.16; Br, 18.31; N, 9.63; O, 7.38uRd:

C, 60.15; H, 3.76; Br 17.90; N, 9.23; O, 6.92. NES[, m/z): 436.8 (M, 99%), 438.9 (M+2, 94%),
435.0 (M-1, 65%), 281.0 (gH15N30,, 20%), 343.8 (GH14BrNzO, 43%), 421.2 (&H1sBrNzO,
17%), 357.3 (@H19N30,, 14%), 349.0 (&H1sBrO,, 30%). HPLC purity (RT 11.68 min, 95.14%)
where mobile phase 0.1% TFA in HPLC grade waterGafélo TFA in HPLC grade acetonitrile.

4.1.11. (R)-2-(2',6'-Dimethylphenyl)-3-(2'-amind&limethylphenyl)-1,2,3,5-tetrahydrobenzo [4,5]
imidazo[1,2-c]pyrimidin-4-o0(7g).

Yield 61.29%. mp 289-291 °C. IR (KBr) ¢hm 1509.99, 1588.09, 1650.77 (C=C, Ar),
3076.87 (-CH), 2948.63 (C-H), 1148.4, 1226.5, 1274.72 (C-N){B94 (-OH), 3492.45 (-NH}H
NMR (400 MHz, DMSO)5 ppm 7.66 (s, 2H), 7.42 (s, 1H), 7.29 (s, 1H), (8,01H), 6.86 (s, 2H),
6.68-6.75 (m, 2H), 5.69 (m, 1H), 5.68 (s, 1H), 5(@81H), 4.52 (s, 1H), 2.99 (s, 6H), 2.31 (s, 6H),
2.02 (s, 1H, BO exchangeable, OH}3C NMR (DMSO, 100 MHz)s: 170.4, 148.47, 139.06,
138.98, 130.15, 129.88, 128.65, 127.61, 126.71,002019.74, 117.58, 62.54, 52.02, 50.14, 46.62,
46.12, 42.05, 40.81, 36.17, 34.95, 22.04, 21.71.Analcd for GeH2sN4O: C, 75.70; H, 6.84; N,
13.58; O, 3.88; Found: C, 75.24; H, 6.47; N, 13(]13.48. MS (ESI, m/z): 412.8 (M99%), 411.0
(M-1, 97%), 307.3 (GH20N4O, 34%), 294.3 (H1N30, 36%), 396.5 (&sH2sN4, 32%), 324.4
(CooH19N3, 49%). HPLC purity (RT 5.598 min, 97.67%) wherehi® phase 0.1% TFA in HPLC
grade water and 0.1% TFA in HPLC grade acetonitti®VS (RT 3.015 min, 99%) acquired using
UPLC-02 by Formic_Normal at 230.0 nm.

4.1.12. (R)-2-(3',5'-Dichlorophenyl)-3-(2'-methokgmyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol (7h).

Yield 63.78%. mp 286-288 °C. IR (KBr) ¢ 1469.49 (-OCH), 1586.16 (C=C, Ar),
2970.80 (-CH), 2780.85 (C-H), 1088.62 (C-N), 3475.1 (-NH), 368 (-OH), 777.17 (-Cl),
2970.8, 2780.85 (-CH. 'H NMR (400 MHz, DMSOQ)§ ppm 7.74 (m, 1H), 7.46-7.52 (m, 1H),

7.38-7.42 (m, 2H), 7.22-7.33 (m, 5H), 7.15-7.17X& 8.1 Hz, 2H), 5.55 (s, 2H), 3.8 (s, 1H), 3.35
21



(s, 1H), 2.95-2.97 (d, J = 7.8 Hz, 3H), 2.53-2.585 (H), 1.85-1.91 (m, 1H, [® exchangeable,
OH). *C NMR (DMSO, 100 MHz)3: 169.53, 156.03, 153.98, 142.73, 141.99, 140.36,10,
135.04, 134.48, 132.18, 129.92, 128.60, 126.05,122321.8, 118.58, 109.22, 46.58, 31.58, 29.02,
21.03, 16.38. Anal. Calcd for,gH16Cl.N3sOy: C, 62.74; H, 4.35; Cl, 16.10; N, 9.54; O, 7.28uRd:

C, 62.33; H, 3.93; Cl, 15.68; N, 9.95; O, 6.85. [ESI|, m/z): 440.8 (M, 96%), 442.9 (M+2, 31%),
444.6 (M+4, 12%), 439.1 (M-1, 71%), 295.0:{8:/N30,, 25%), 334.3 (@H13CloN3O, 32%),
371.4 (GaH21Nz0,, 15%), 425.0 (G&H16ClN30, 14%), 406.0 (&Ho0CIN3O,, 9%).

4.1.13. (R)-2-(2',6'-Dimethylphenyl)-3-(2'-methoxgpyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol (7i).

Yield 65.28%. mp 293-295 °C. IR (KBr) ¢m1587.13 (C=C), 3322.75 (-NH), 1229.4,
1267.97 (C-N), 1469.49 (-OGH 2965.02, 2924.52 (-G§}f 2782.78 (C-H), 3500.17 (-OH}H
NMR (400 MHz, DMSQ)5 ppm 7.60-7.66 (m, 2H), 7.49-7.50 (m, 2H), 7.0617(f, 6H), 6.96-
7.02 (m, 1H), 5.67 (s, 1H), 4.68 (s, 2H), 4.101(d), 2.54 (s, 3H), 2.27-2.31 (t, J = 7.5 Hz, 6H),
1.85-1.92 (m, 1H, BD exchangeable, OHY*C NMR (DMSO, 100 MHz)5: 185.65, 161.0, 140.9,
138.44, 135.87, 130.29, 128.80, 127.44, 126.02,4¥238.83, 78.17, 75.73, 42.35, 36.78, 27.75,
26.73, 25.48, 21.58, 13.47. Anal. Calcd forstGsN3O,: C, 75.16; H, 6.31; N, 10.52; O, 8.01;
Found: C, 74.73; H, 5.91; N, 10.11; O, 8.41. MSI(E%z): 400.0 (M+1, 95%), 398.2 (M-1, 71%),
294.0 (GgH19N30, 14%), 295.0 (GH17N30,, 21%), 372.0 (€H21N30,, 12%), 384.1 (&H25N30,
20%), 341.2 (@H19N30, 14%), 386.0 (€aH23N30,, 27%).

4.1.14. (R)-2-(2',6'-Dicholrophenyl)-3-(3'-hydrognyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol (7}).

Yield 61.27%. mp 287-289 °C. IR (KBr) ¢m1586.16, 1468.53 (C=C), 2978.52, 2781.81 (-
CHy), 3329.50 (-NH), 1088.62, 1228.43 (C-N), 3550.82H), 775.24 (-Cl)*H NMR (400 MHz,
DMSO) & ppm 8.10-8.12 (m, 1H), 7.51 (s, 1H), 7.47 (m, 2H¥1-7.43 (m, 1H), 7.34-7.38 (m,
1H), 7.28-7.30 (m, 1H), 7.13-7.19 (m, 2H), 7.0007(d, J = 7.0 Hz, 1H), 6.86 (s, 1H), 5.12 (s, 1H),
3.93 (s, 1H), 3.91 (s, 1H), 3.65 (s, 1H), 3.341¢d), 1.87 (s, 1H, BD exchangeable, OH}C
NMR (DMSO, 100 MHz)é: 164.87, 156.62, 153.83, 137.47, 135.28, 133.22,.9B, 129.95,
127.80, 125.68, 120.53, 114.65, 109.71, 76.29,3%328.34, 32.24, 4.70, 23.25, 19.72. Anal. Calcd
for CooH17CIoN3O2: C, 61.98; H, 4.02; Cl, 16.63; N, 9.86; O, 7.5buRkd: C, 61.57; H, 3.61; ClI,
16.21; N, 10.28; O, 7.92. MS (ESI, m/z): 426.8'(1d8%), 428.5 (M+2, 30%), 430.7 (M+4, 10%),
425.0 (M-1, 74%), 281.0 (gH15N3Oz, 7%), 335.0 (GH13CloN3O, 21%), 358.1 (&H19N3Os,
14%), 410.3 (&H;17CloN3O, 35%). HPLC purity (RT 4.216 min, 98.25%) wherehie phase

0.1% TFA in HPLC grade water and 0.1% TFA in HPL@dg acetonitrile. LCMS (RT 1.903 min,
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99.5%) acquired using UPLC-01 by Formic_Normal@d.8 nm.

4.1.15. (R)-2-(4'-Nitrophenyl)-3-(2'-nitrophenyl)213,5-tetrahydrobenzo [4,5] imidazo[1,2-C]
pyrimidin-4-ol (7k).

Yield 64.92%. mp 293-295 °C. IR (KBr) ¢m1595.81, 1436.71 (C=C), 2944.77 (-§H
1087.66, 1161.90 (C-N), 3273.57 (-NH), 3696.87 ()OH349.93 (-NG). 'H NMR (400 MHz,
DMSO) & ppm 7.45 (m, 5H), 7.12-7.14 (m, 2H), 6.94-7.02 i), 4.07-4.15 (m, 1H), 3.86-3.89 (t,
J = 6.66 Hz, 2H), 3.41 (s, 1H), 2.20-2.29 (m, 1HQRexchangeable, OHY*C NMR (DMSO, 100
MHz) &: 154.31153.66, 130.42, 129.50, 127.95, 124.82,252(0119.88, 109.63, 108.56, 107.51,
79.17, 78.51, 54.76, 52.62, 50.28, 40.14, 39.518%838.28, 28.58, 25.24. Anal. Calcd for
CxH17NsOs: C, 61.25; H, 3.97; N, 16.23; O, 18.54; Found6Q.,84; H, 3.55; N, 16.65; O, 18.13.
MS (ESI, m/z): 432.1 (M+1, 98%), 430.2 (M-1, 95%309.7 (GeH14N4Os3, 31%), 343.5
(C17H17N30s, 33%).

4.1.16. (R)-2-(4'-Methoxyphenyl)-3-(3'-bromopheiiy,3,5-tetrahydrobenzo[4,5]imidazo [1,2-C]
pyrimidin-4-ol (71).

Yield 60.28%. mp 288-290 °C. IR (KBr) ¢m568.89 (-Br), 1494.56 (-OGJ 3500.06 (-
OH), 1585.20 (C=C), 2982.37, 2775.06 (HB256.22 (-NH), 1194.69, 1375.96 (C-Ni NMR
(400 MHz, DMSO0)5 ppm 7.88-7.91 (m, 2H), 7.32-734 (m, 4H), 7.25-7(&9 4H), 7.17-7.22 (m,
2H), 5.50 (s, 2H), 3.39 (s, 1H), 2.92-2.96 (t, 3.%6 Hz, 1H), 2.71 (s, 1H,X exchangeable, OH),
2.33-2.36 (t, J = 7.16 Hz, 3H)*C NMR (DMSO, 100 MHz)s: 199.86, 156.53, 142.99, 134.70,
128.37, 128.14, 127.35, 127.17, 125.52, 80.07,7{7(%.25, 76.93, 72.75, 57.78, 51.19, 36.31,
35.12, 31.53, 31.21, 22.13. Anal. Calcd fogHzBrNsO.: C, 61.34; H, 4.48; Br, 17.74; N, 9.33; O,
7.11; Found: C, 61.52; H, 3.64; Br, 16.85; N, 8.0822.85. MS (ESI, m/z): 450.7 (M99%), 452.5
(M+2, 97%), 449.1 (M-1, 73%).

4.1.17. (R)-2-(2',6'-Dimethylphenyl)-3-(3'-hydrokgnyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c] pyrimidin-4-ol(7n).

Yield 61.27%. mp 289-291 °C. IR (KBr) ¢m1491.67, 1528.31, 1651.73 (C=C), 1110.8,
1216.86 (C-N), 3102.9 (-G 3322.75 (-NH), 3788.47 (-OH), 2965.02 (-§H'H NMR (400
MHz, DMSO)$ ppm 7.67-7.71 (t, J = 9.3 Hz, 3H), 7.50-7.57 (it),17.40-7.46 (m, 1H), 7.22-7.33
(m, 4H), 7.16-7.20 (m, 2H), 5.61 (s, 2H), 3.811(4), 3.35 (s, 1H), 2.91 (s, 1H,D exchangeable,
OH), 2.63 (s, 1H, BD exchangeable, OH), 2.50 (d, J = 6.4 Hz, 6£g.NMR (DMSO, 100 MHz)

o: 172.11, 169.50, 156.11, 154.0, 14.67, 140.49,513634.65, 130.25, 126.31, 123.06, 121.77,

118.60, 110.29, 99.49, 79.23, 78.57, 46.18, 3R®BL/1, 28.77, 20.76, 16.43, 13.82. Anal. Calcd for
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C,oiH>3 N3O, C, 74.78: H, 6.01; N, 10.90; O, 8.30; Found: €37; H, 5.61; N, 11.32;: O, 7.89. MS
(ESI, m/z): 386.2 (M+1, 97%), 384.0 (M-1, 94%).

4.1.18. (R)-2-(4'-Methoxyphenyl)-3-(3'-pyridinylply®-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol (7p).

Yield 52.37%. mp 281-283 °C. IR (KBr) ¢ém3657.34 (-OH), 1490.70 (-OGH 1652.70,
1529.27 (C=C), 2960.20 (-GH 3322.75, (-NH), 1216.66, 1346.07 (C-NH NMR (400 MHz,
DMSO) é ppm 7.81-7.82 (d, J = 4.0 Hz, 1H), 7.75-7.77 (& 8.6 Hz, 1H), 7.38-7.45 (m, 2H),
7.29-7.32 (d, J = 8.6 Hz, 1H), 7.22-7.24 (d, JZHz, 1H), 7.04-7.19 (m, 4H), 6.81-6.90 (m, 2H),
457 (s, 2H), 3.81 (s, 1H), 3.10 (s, 1H), 2.551¢d, D,O exchangeable, OH), 2.06-2.11 (m, 3 H).
3 NMR (DMSO, 100 MHz): 180.55, 156.82, 148.47, 145.34, 143.87, 140.88,4R, 131.56,
128.04, 125.98, 119.48, 77.18, 73.49, 49.98, 431830, 39.77, 32.37, 31.84, 17.42, 13.37, 12.18.
Anal. Calcd for GoH20N4O,: C, 70.95; H, 5.41; N, 15.04; O, 8.59; Found: 6,88; H, 4.55; N,
16.60; O, 7.37. MS (ESI, m/z): 373.0 (M+1, 98%)137(M-1, 88%).

4.1.19. (R)-2-(4'-Methoxyphenyl)-3-(4'-methoxyphehy?,3,5-tetrahydrobenzo [4,5] imidazo [1,2-
c]pyrimidin-4-ol (7q).

Yield 58.39%. mp 274-27 °C. IR (KBr) ¢in 3548.38 (-OH), 1428.99 (-OGH 1649.80,
1509.03 (C=C), 2955.38 (-GH 3291.87 (-NH), 1230.36, 1326.79 (C-NH NMR (400 MHz,
DMSO) 6 ppm 7.61-7.67 (m, 3H), 7.50-7.55 (m, 3H), 7.0727(4, 6H), 4.68 (s, 2H), 4.10 (s, 1H),
3.52-3.56 (m, 3H), 3.33-3.35 (m, 3H), 1.92 (s, 1HY2 (s, 1H, BO exchangeable, OH)*C NMR
(DMSO, 100 MHz)é: 185.61, 161.06, 154.99, 140.92, 138.43, 135.9.6I3 130.33, 129.15,
127.49, 126.06, 123.47, 78.92, 78.27, 75.73, 42463,7, 39.34, 27.72, 25.48, 21.58, 13.49. Anal.
Calcd for G4H23N303: C, 71.80; H, 5.77; N, 10.47; O, 11.96; Found:7Q,37; H, 5.67; N, 11.31;
0, 10.83. MS (ESI, m/z): 402.0 (M+1, 98%), 400.0-1VP6%).

4.1.20. (R)-2-(2'-Methoxyphenyl)-3-(2'-hydroxypHedy?2,3,5-tetrahydrobenzo [4,5] imidazo [1,2-
c]pyrimidin-4-ol (7r).

Yield 58.37%. mp 277-279 °C. IR (KBr) ¢m3759.48 (-OH), 1439.6 (-OG) 1509.03,
1561.09, 1649.8 (C=C), 2795.31 (-@H3195.31 (-NH), 1113.69, 1235.18 (C-N{ NMR (400
MHz, DMSOQ) 8§ ppm 7.72-7.75 (m, 2H), 7.43-7.46 (m, 2H), 7.0607(th, 2H), 6.99-7.03 (m, 4H),
6.84-6.88 (m, 2H), 4.48-4.61 (m, 2H), 3.84 (s, 1B139-3.47 (m, 1H), 3.11 (s, 3H), 2.88-2.89 (d, J
= 4.4 Hz, 2H, DO exchangeable, OH}*C NMR (DMSO, 100 MHz)5: 189.22, 147.09, 141.68,
134.13, 132.03, 130.08, 129.45, 129.41, 126.60,112319.62, 77.05, 76.73, 53.38, 53.7, 46.91

41.01, 32.03, 22.68. Anal. Calcd fopsH1N30O3: C, 71.30; H, 5.46; N, 10.85; O, 12.39; Found: C,
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70.52; H, 4.68; N, 10.22; O, 11.96. MS (ESI, m288.0 (M+1, 96%), 386.2 (M-1, 85%).

4.1.21. (R)-2-(4'-Carboxylphenyl)-3-(2'-hydroxy, ®8thoxyphenyl)-1,2,3,5-tetrahydrobenzo [4,5]
imidazo [1,2-c]pyrimidin-4-o(7s).

Yield 60.25%. mp 279-281 °C. IR (KBr) ¢ém3657.34 (-OH), 1420.32 (-OGH 1509.03
(C=C), 2953.45 (-Ch), 3356.22 (-NH), 1177.33, 1326.79 (C-N), 1714.40=Q of COOH),
1227.47 (C-O of COOH}H NMR (400 MHz, DMSO) ppm 12.19 (s, 1H), 7.50-7.51 (d, J = 7.64
Hz, 2H), 7.24-7.34 (m, 7H), 7.11-7.15 (t, J = 7.3 BAH), 5.54 (s, 2H), 5.32 (s, 1H), 4.55 (s, 1H),
3.39 (s, 2H, BO exchangeable, OH), 2.77 (s, 3t NMR (DMSO, 100 MHz): 177.63, 146.15,
143.58, 143.48, 127.71, 125.48, 125.13, 78.95,27/8/8.30, 77.97, 71.34, 56.30, 51.87, 45.39,
41.0, 40.18, 38.92, 35.79, 26.78, 23.81. Anal. €& C4H21N3Os: C, 66.81; H, 4.91; N, 9.74; O,
18.54; Found: C, 65.48; H, 4.16; N, 8.56; O, 17M8. (ESI, m/z): 432.1 (M+1, 99%), 430.0 (M-1,
83%).

4.1.22. (R)-2-(2',6'-Dimethylphenyl)-3-(4'-hydrokgnyl)-1,2,3,5-tetrahydrobenzo [4,5] imidazo
[1,2-c]pyrimidin-4-ol (7t).

Yield 52.81%. mp 274-276 °C. IR (KBr) ¢m3696.87 (-OH), 2959.23 (-G} 1469.49
(C=C), 3349.34 (-NH), 1166.76, 1267.34 (C-N).NMR (400 MHz, DMSO) ppm 7.56-7.63 (m,
4H), 7.37-7.52 (m, 2H), 7.12-7.18 (m, 1H), 6.9637(fn, 4H), 5.67 (s, 2H), 5.44 (s, 1H), 4.57-4.62
(q, J = 7.0 Hz, 1H), 4.20 (s, 1H), 2.52-2.54 (m)&M10 (s, 1H, BO exchangeable, OH)’*C NMR
(DMSO, 100 MHz)é: 167.49, 158.10, 141.51, 140.86, 138.05, 136.68,28, 130.44, 130.35,
128.82, 127.40, 126.46, 123.48, 121.21, 120.34,3118.91, 78.58, 78.25, 66.23, 46.27, 39.53,
38.90, 14.30. Anal. Calcd foragH23N30,: C, 74.78; H, 6.01; N, 10.90; O, 8.30; Found: 8.,20;

H, 5.45; N, 11.16; O, 7.25. MS (ESI, m/z): 386.0H]M 99%), 384.2 (M-1, 94%).
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Captionsto Scheme, Figuresand Tables

Scheme. Synthesis of R)-2-(4'-chlorophenyl)-3-(4'-nitrophenyl)-1,2,3,54t@hydrobenzo[4,5]
imidazo[1,2¢€]pyrimidin-4-ol derivatives’a—7t. Reagents and conditions: {80, 80-82C, 4 h;
(b) 100-116C for 1.0 h and then 160-170 for 30 min, Ar-CHO; (c) gHsOH, HCHO, TEA,
Ar-NH,, 70-72C, 3.5-4.0 h; (d) NaOCIl, DCMRR)-Jacobsen’s catalyst, 50%2 2.5-3.0 h; (e)
AICl3, CHOH, 75-77C.

Fig. 1. Hydrogen bond interaction of compouridand compoundt is in the orange colored ball

and stick model.

Fig. 2. (&) The docking pose of compoutdin the receptor site and cyan colored area ineitat
the excluded volume of the compouit (b) Interacting amino acids of binding site and

compoundrt in the field as orange colored ball and stick nhode

Fig. 3. The occupancy of most potent compounds in theitghgocket and the orange color
cloud indicates the excluded volume of the compsundhe lines format. The color of binding

domain is as per cavity depth.

Fig. 4. X-ray crystal structure (ORTEP) of compourgl

Tablel

In vitro antitubercular activity of benzimidazole derivasvagainsMycobacterium tuberculosis

HaRV

Table2
In vitro cytotoxicity assay against VERO cells



Table1

In vitro antitubercular activity of benzimidazole derivasvagainsMycobacterium tuberculosis

H3/RV.
A
Compd. R R' 1-week MIC  2-week MIC 1-week MIC 2-week MIC
in pug/mL in pg/mL in pg/mL in pg/mL
(GAST/Fe) (GAST/Fe) (7H9/ADC/Tween) (7HO9/ADC/Tween)
7a 4-NO, 4-Cl 100 >100 >100 >100
7b 3-NO, 4-NO, 3.13 4.7 25 37
7c 4-Cl 3,5-Cl 37 50 100 >=100
d 2-Cl 3,5-Cl >100 >100 >=100 >100
7e 3,4-OCH; 3,5-Cl 100 >100 >100 >100
7t 4-OH 4-Br 75 75 >=100 >100
79 2-NH_, 3,4- 2,6-CH 37 75 100 >100
CH;
7h 2-OCH; 3,5-Cl 50 100 100 100
7i 2-OCH; 2,6-CH 100 100 50 >100
7 3-OH 2,6-Cl 6.25 9.4 37 50
7k 2-NG;, 4-NO, 37 37 37 50
7l 3-Br 4-OCH >100 >100 >100 >100
P Pyridine 4-OCH 12.5 19 >=100 >100
7q 4-OCH; 4-OCH; 50 75 100 >=100
T 2-OH 2-0CH 19 25 50 75
7s 2-OH, 5- 4-COOH >100 >100 >100 >100
OCH;s
Tt 4-OH 2,6-CH 6.25 9.4 12.5 19
I soniazid 0.02 0.02 0.02 0.02

Minimum Inhibitory Concentration (MICs) agairigtycobacterium tuberculosis Ha/Rv



Table 2
In vitro cytotoxicity assay against VERO cells.

% Survival % Survival
of Vero cells of Vero cells
Compound (50 pg/ml) (25 pg/ml)
7a ND ND
7b 69 66
7c 69 63
d ND ND
7e ND ND
7t ND ND
79 73 64
7h ND ND
7 ND ND
7i 61 63
7k 61 53
7l ND ND
7p 56 66
7q ND ND
Tr 69 63
s ND ND
Tt 63 66
| soniazid 100 100

ND, not determined
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Fig. 1. Hydrogen bond interaction of compound 7t and compound 7t is in the orange coloured
ball and stick model.



Fig. 2. (@) The docking pose of compound 7t in the receptor site and cyan coloured area
indicated the excluded volume of the compound 7t. (b) Interacting amino acids of binding site

and compound 7t in the field as orange coloured ball and stick model.



Fig. 3. The occupancy of most potent compounds in the binding pocket and the orange colour
cloud indicates the excluded volume of the compounds in the lines format. The colour of binding

domain is as per cavity depth.



Fig. 4. X-ray crysta structure (ORTEP) of compound 7g.
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Scheme. Synthesis of K)-2-(4'-chlorophenyl)-3-(4'-nitrophenyl)-1,2,3,54t@hydrobenzo[4,5]
imidazo[1,2¢€]pyrimidin-4-ol derivatives’a—7t. Reagents and conditions: {&)O, 80-82C, 4 h;
(b) 100-116C for 1.0 h and then 160-170 for 30 min, Ar-CHO; (c) gHsOH, HCHO, TEA, Ar-
NH,, 70-72C, 3.5-4.0 h; (d) NaOCIl, DCMRR)-Jacobsen’s catalyst, 50%2 2.5-3.0 h; (e)
AICl3, CHOH, 75-77C.



