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Abstract: New benzimidazole derivatives were synthesizedamséssed for antimicrobial
efficacy towardEscherichia coli, Bacillus cereus, Staphylococcus aureus, Candida albicans
andAspergillus fumigatus 293. Results indicated that compouldsand 3n have promising
activity towardS. aureus, whereas3i and 3j exhibitedremarkable=fficacy towardB. cereus.
Moreover, compoundc was proved to be the most active antifungal anatgard C.
albicans. On the other handn displayed the highest activity against fumigatus 293.
Antiguorum-sensing activity of the same compoundsaswalso tested against
Chromaobacterium violacium ATCC 12472, whereas compourisf, 3i-k and3m-o showed
acceptable activityln vitro antitumor testing of these compounds toward ligancer
(HepG2), colon cancer (HCT-116) and breast canb#CH-7) cell lines revealed that
compound3p has the highest potency against the three tesiédines. Moreover3f, 3m
and3n displayed promising activity toward all tested! ¢les. Compounds3f, 3m, 3nand
3p were esteemed for thein vivo antitumor activity against EAC cellsThe active
antimicrobial and antitumor analodia, 3c, 3f, 3i-k, 3m, 3nand3p were assessed for DNA-
binding affinity, and results indicated that, 3f, 3i, 3kand3n have strondNA-binding
affinity. The computational studies affirmed thahast all of the inspected compounds meet
the optimal requirements for good absorption arad lmioavailability.

Keywords: Synthesis, Benzimidazoles, Antimicrobial screenidmtiquorum-sensing
screening, Antitumor screening, Cytotoxicity tegtirDNA-binding assay, Computational
studies



1. Introduction

High prevalence of antimicrobial resistancpresents a serious concern worldwide
[1]. The excessive use and misuse of antimicrobralgs have contributed to a high
extent in the development of microbial resistareed hence the protective value of
antimicrobial agents is decreased [2]. Therefoegy antimicrobial strategies are required
to overcome pathogenesis and to prevent furtheeldpment of drug resistance. A
promising approach to combate bacterial resistatt@ough targeting virulence factors,
e.g., quorum-sensing (QS). QS is a cell commuminaprocess, it controls different
cellular activities like symbiosis, virulence, dnttic production, motility and biofilm
formation [3]. Therefore, it is an attractive tarder treatment of bacterial pathogenicity
[4]. QS inhibitors cause a significant reductiorthe expression of QS-controlled genes
without affecting cell growth and division, artence the selective pressure for the
evolution of resistance is minimized [Based on these facts, many research groups are
focused on the discovery of new antipathogenic slthgt inhibit QS.

In addition, cancer remains a major health thraad, it is considered to be the second
leading cause of death globally after heart disedéé It is characterized by the
unregulated growth and metastasis of the abnorarader cells. Metastasis is the primary
cause of death when cancer treatmfails [7]. Cancer therapeutics includes radiation
therapy, cell based immunotherapy, gene therapyciednotherapy. Ideal anticancer
drugs would kill cancer cells and disrupt some atpef cell division without harming
normal tissues. Therefore, there is an imperiovsdn®r the development of new
treatment approaches, especially the discoveryewf potent chemotherapeutics with
minimal adverse effects.

Compounds containing benzimidazole as a stralctootif have been vastly utilized in
medicinal chemistry and drug development. 2-Chlathyl-1H-benzimidazoles are
amongst thebenzimidazole derivatives of considerable imporgania biological
chemistry. They are precious intermediates in theparation of a wide variety of
biologically active compounds such as antibactefgal2], antifungal [8-10,13-15],
anthelmintic [10], antiviral [16], anti-inflammatpf17,18], analgesic [17] and anticancer
agents [19,20]. In addition, literature survey i@ed that substituted 2-(mercaptomethyl)
benzimidazoles have been implemented as fungiddland anti-inflammatory agents
[22]. Regarding these findings, and as a contiouaai our previous work [23-27], a new
series of benzimidazole derivativ8a-p was designed and synthesized. Our design
strategy was based on introducing substituted amétioyl, substituted pyrazol-1-yl
methyl, and substituted piperazin-1-yl methyl gre@b the 2-position of benzimidazole
nucleus to study their effect on antimicrobial,immhor and cytotoxic activities. DNA-
binding affinity of compound$8a, 3c, 3f, 3i-k, 3m, 3nand3p was also examined to
investigate their possible mode of action. A dethilstudy of the structure-activity
relationship (SAR) of the new analogs will pave tioad toward the design of more
potent compounds.



2.Results and Discussion

2.1. Chemistry

The reaction of 2-chloromethylbenzimidazoles hwiromatic or heteroaromatic
amines was reported iN,N-dimethylformamide (DMF) in presence of,®80; [8], in
DMF in presence of BCO; and Kl [13], in ethanol [16], in ethanol in preserof KOH
[28], or in ethanol in presence of KOH and Kl [18]17,20] to yield the 2-
(aryl/heteroarylamino)methylbenzimidazoles. In tberrent study, a straightforward,
efficient and reproducible method with simple wanik-procedure was followed for the
preparation of the new benzimidazol@s-p using 2-chloromethyl-H-benzimidazoles
2a,b [13] as starting materials (Scheme 1). This methwblves the reaction of the
appropriate 2-chloromethylH:benzimidazolea,b with the appropriate arylamine, ethyl
2-amino-5,6,7,8-tetrahydro-4cycloheptap]thiophene-3-carboxylate [29], 3-methyH1
pyrazol-5(4)-one [30] or 1-(4-fluorophenyl)piperazine in DM ipresence of
triethylamine to produce 2-(arylamino)methyl-5-(sumstituted benzimidazoleéa-| in
moderate to good yields (55-85%), ethyl cyclohdgthjophene-3-carboxylate analog
3m in reasonable yield (60%), pyrazol-b{(one derivatives3n,o in 50% and 65%
yields, respectively, and benzimidazole derivaBpean good yield(75%). The structures
of the new benzimidazol&a-p were ascertained by elemental analySds& **C NMR
and mass spectroscopyd NMR spectra showed a characteristic singlet 8t66-4.78
ppm integrated for two protons of Ggroup at 2-position of benzimidazole. In addition,
13C NMR spectra displayed a significant signab @0.4-56.0 ppm for Ckcarbon at 2-
position of benzimidazole.

2.2. Biological evaluation

2.2.1. Antimicrobial and antiquorum-sensing evaluation

Compoundsa-p were estimated faim vitro antimicrobial efficacy toward Gram -ve
bacterium Escherichia coli), Gram +ve bacteriaBécillus cereus and Saphylococcus
aureus) and pathogenic fungiCandida albicans and Aspergillus fumigatus 293) using
amoxicillin as a standard antibacterial antibi@ia fluconazole as a standard antifungal
agent.

The screening was done employing the two-feldas dilution method [25,26,31-33]
and the minimal concentrations of the compounds itifabit microbial growth (MICs,
pg/mL and mM) was detected visually (no turbidity).

Results (Table 1) illustrated th@&t albicans and A. fumigatus 293 are sensitive to
majority of the tested compounds. Particularly, poond 3c showed remarkable
antifungal efficacy towarc. albicans, while 3n displayed the highest efficacy towakd
fumigatus. It is noteworthy that compoun@s and3n have promising efficacy towaid
aureus, whereas3i and3j exhibitedprominent efficacy towar8. cereus.
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The same analogs were assessed for antiguemsmg efficacy toward
Chromobacterium violaceum ATCC 12472 using catechin as a positive control
[24,25,34]. QS system . violaceum releases violacein (a violet pigment) in response
to signaling molecules known as acyl homoserintteas [35,36]. Therefore, drugs that
disrupt the activity of QS i. violaceum will inhibit violacein production. QS inhibition
was calculated by subtracting the radius of baatgriowth inhibition (f) from the total
radius of both growth and pigment inhibition)(rtherefore, QS inhibition = fir;) in
mm. Results illustrated that compour8tsf, 3i-k and3m-ohave anti-QS efficacy (Table
2).

2.2.1.1. Structure-activity relationship

Correlation of the obtained results of antimoimal activity of compound8a-p and
structure variations was studied and revealeditftedduction of thiadiazol-2-yl moiety
into the unsubstituted benzimidazole nucleus ergtwanbe efficacy towarde. coli, S
aureus andC. albicans compared to its counterpart 5-nitrobenzimidaz8keversus3b).
Moreover, incorporation of benzothiazol-2-yl moietynto the unsubstituted
benzimidazole nucleus led to an obvious increasadtivity toward S. aureus, C.
albicans and A. fumigatus compared to its counterpart 5-nitrobenzimidaz8e \ersus
3d). In addition, replacement of thiadiazol-2-yl mgien 3a with benzothiazol-2-yl
counterpart led to improved activity towa®l aureus, C. albicans and A. fumigatus
(compound 3c). On the other hand, replacing thiadiazol-2-yl etpi in 3b with
benzothiazol-2-yl counterpart led to increasedvagtiagainstA. fumigatus (compound
3d). Also, incorporation of 6-nitroquinolin-5-yl mdie into the unsubstituted
benzimidazole nucleusi increased the activity toward all tested microaigas
compared to its 5-nitrobenzimidazole counterpgjrt Similarly, incorporation of 3-
methyl-5-oxopyrazol-1-yl or 2,3-dimethyl-5-oxo-1-ghylpyrazol-4-ylmoieties into the
unsubstituted benzimidazole nucleBk and 3n, respectively resulted in remarkable
activity againssS aureus, C. albicans andA. fumigatus compared to the corresponding 5-
nitrobenzimidazole derivative8l and 30, respectively. These results emphasized the
significant contribution of the unsubstituted beniziazole nucleus to the antimicrobial
activity compared to the 5-nitrobenzimidazole ceupart. On contrary, incorporation of
cycloheptap]thiophen-2-yl moiety into the unsubstituted benzazole nucleus did not
contribute to the antimicrobial activity (compouBiah).

2.2.2. In vitro antitumor evaluation

Compounds3a-p were subjected tan vitro antitumor testing against three different
cell lines; liver cancer (HepG2), colon cancer (HCI6) and breast cancer (MCF-7) cell
lines employing MTT assay [37-39]. The concentradicof the compounds and 5-
fluorouracil (reference drug) required to inhibla% of cell viability (1Go, mM) were
calculated. Results (Table 3) indicated that comdd@p has the highest potency against
the three selected cell lines. AlS§, 3m and3n displayed promising activity toward all
tested cell lines, where&§ and3m were proved to be relatively more potent than 5-
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fluorouracil against the three tested cell lines.atdition,3g, 3h, 3k and 3l exhibited
eminent efficacy toward HCT-116 cell line, whisg and3k showed reasonable activity
toward MCF-7.

2.2.2.1. Structure-activity relationship

The distance between the benzimidazole nudagsthe aryl moiety is critical for
antitumor activity. Extending the spacer lengthamsn the 5-nitrobenzimidazole nucleus
and the aryl moiety enhances the antitumor activdgmpound3p that possesses five
atoms spacer has optimal broad spectrum activighén than that of 5-fluorouracil)
compared to the other members of the new serieseder, incorporation of thiadiazol-
2-yl, benzothiazol-2-yl, 2,3-dihydronaphthalen-#dghe, 6-nitroquinolin-5-yl, 2,3-
dimethyl-5-oxo0-1-phenylpyrazol-4-yand 3-methyl-5-oxopyrazol-1-yl moieties into the
unsubstituted benzimidazole nucleus increased fleetiweness toward all tested cell
lines compared to the corresponding 5-nitrobenzuzite analogs (compoun@s, 3c,
30, 3i, 3kand 3n versus3b, 3d, 3h, 3j, 3land 30, respectively). This confirms the high
contribution of the unsubstituted benzimidazole etwito the antitumor activity
compared to the 5-nitrobenzimidazole counterpareplécement of thiadiazol-2-yl
moiety in compoundsa and 3b with benzothiazol-2-yl counterpart led to decrelase
efficacy toward all tested cell line8qand3d, respectively). In addition, incorporation of
1,3-dioxoisoindolin-2-yl, cyclohepth]thiophen-2-yl and 3-methyl-5-oxopyrazol-1-yl
moieties into the unsubstituted benzimidazole niglboosted the activity toward all
tested cell lines compared to the other moietiemfiounds3f, 3m and3n versus3a, 3c,
3g, 3iand3Kk).

2.2.3. In vivo antitumor evaluation

Compound8f, 3m, 3nand3p (exhibiting the highesn vitro antitumor activity) were
evaluated forin vivo antitumor activity against EAC in mice and resudte listed in
Tables 4-6. Three important measures have beemudatsl for assessment of antitumor
efficacy of the active compounds and 5-fluorouréwference drug) [40-42]. % Increase
in lifespan (%ILS) was determined by the equattdil,S = [(MST of treated group/MST
of positive control group)-1] x 100, where MST =ydaf each mouse in a group/total no.
of mice. Compound8f and 3p exhibited an obvious ILS of mice inoculated with EA
cells (Table 4). The viable cell count of EAC wastetmined. Compound3f and 3p
displayed prominent drop in viable tumor cell co(ifable 5). Effects on blood profile,
hemoglobin (Hb) content, total red blood cell (RB®@unt and white blood cell (WBC)
count were determined. Compourfsand 3p displayed higher Hb and RBC levels and
lower WBC count than 5-fluorouracil (Table 6).



2.2.4. In vitro cytotoxicity testing

Compounds$f, 3m, 3nand 3p were assessed fam vitro cytotoxicity toward human
normal lung fibroblast (W138) cell line employingTWl assay [37-39] and utilizing 5-
fluorouracil as a standard cytotoxic drugsd®@alues (mM) were calculated and listed in
Table 7. The results disclosed that the four se@@@ompounds are lesgtotoxic than 5-
fluorouracil.

2.2.5. DNA-binding assay

A wide variety of known antimicrobial and dathor agents exert their effect through
binding with DNA. Therefore, DNA-binding assay [48] was adopted for evaluation of
DNA-binding affinity of the active analogs in thstudy.

2.2.5.1. DNA-binding assay on TLC-plates

It is well established that when DNA was applie RP-18 TLC plates, it migrates
using methanol/water (8:2) as an eluent. Howeveonumixing DNA with compounds
with which it binds (e.g., ethidium bromide), itrfos a complex that remains at the
baseline utilizing the same eluent. On contraryngounds with no affinity to DNA did
not cause the DNA to be remained at the baselihe Résults from DNA-binding assay
of benzimidazole8a, 3c, 3f, 3i-k, 3m, 3nand 3p are illustrated in Table 8 and revealed
that 3c, 3f, 3i, 3k and 3n have strongDNA-binding affinity. On the other hand,
compounds3a, 3] and 3p displayed moderate affinity, whereas the complexesew
migrated for short distances. Guided by these t®smost of the tested active analogs
have either strong or moderate DNA-binding affinayd therefore they are predicted to
exert their biological activity through interactianth DNA.

3. Computational tools

In silico techniques are utilized for studying the substhrnparameters that assist

medicinal chemists in estimating the physicochemgraperties of a compound. The
principal goal ofin silico studies is to overcome the dispensable costs iagstavith
biological screening of the compounds [45].
Lipophilicity and solubility are amongst theoperties of drugs that influence their
absorption. Thus, the new analdgs-p were studied for the anticipation of Lipinski's
rule [46] and other properties [47]. Results of pomational studies are provided in the
supplementary data.



4. Conclusion

In conclusion, an interesting series of bendamole derivatives3a-p bearing
substituted aminomethyl, substituted pyrazol-1-gthmyl, and substituted piperazin-1-yl
methyl groups at the 2-position of benzimidazoleleus was prepared. Antimicrobial
evaluation indicated different pharmacological pesf of these new compounds, the
benzimidazoles8c and3n displayed promising efficacy towafl aureus. Furthermore,
compound 3c showed good antifungal efficacy toward. albicans, whereas3i
demonstrated wonderful activity agaistcereus. Switching to the antitumor evaluation,
SAR studies demonstrated the significance of thacep length between the
benzimidazole nucleus and the aryl moiety for thié&amor activity, whereas compound
3p that possesses five atoms spacer exhibited thestigiotency against all tested cell
lines. Moreover, benzimidazol&$, 3m and 3n displayed promising activity toward all
tested cell linesln vivo antitumor evaluation showed that and 3p have the highest
activity. Cytotoxicity testing against W138 humaormal cell line proved that the active
antitumor analogs3f, 3m, 3n and 3p are less cytotoxic than 5-fluorouracil. Taken
together3f and3p have the highesh vitro andin vivo antitumor activities as well as the
least cytotoxic activity. Results of DNA-binding say confirmed that the active
antimicrobial and/or antitumor compounds;, 3f, 3i, 3j, 3k,3n and3p are thought to
exert their biological activities through interacti with DNA. Referring to the
computational studies, almost all the benzimidezqeepared in the current work are
foreseen to have good absorption and oral biodvhila Inspired by these auspicious
results, the active compounds, particul@ty 3f, 3i, 3nand3p will be further examined
against a variety of microbial strains and canedirimes to explore their broad spectrum
antimicrobial and/or antitumor activities. In addlit, these active compounds may serve
as promising candidates for future design, modifica and investigation to obtain new
potent antimicrobial and/or antitumor analogs.

5. Experimental

Fisher-Johns melting point apparatus was tmedetermining melting points °C. The
IR spectra (KBr disc) were obtained on a Unicam18B0 IR spectrometer n crit).
Varian GeminB00 MHz spectrometer was utilized for recordiftg& *C NMR spectra
using DMSOés as solvent and TMS as internal standard. Masdrspeere recordedn
JEOL JMS-600H spectrometer (70 eV). The new analogre analyzed for C, H & N
and agreed with the suggested structures, Micrgacal Center, Cairo University,
Egypt. TLC plates precoated with silica gel 6&,HE. Merck) were employed for
controlling the progress of reactions, and UV (3®6) was utilized for visualization of
the spots. Chloroform/methanol (9:1) was utilized aam eluent. Benzimidazolésa,b
[13], ethyl 2-amino-5,6,7,8-tetrahydrd44cycloheptalp]thiophene-3-carboxylate [29]
and 2-methyl-H-pyrazol-5(4)-one [30] were synthesized following the literaur
procedures.s aureus, B. cereus, E. coli and C. albicans were acquired from the
Department of Microbiology, Faculty of Pharmacy, fdaura University, EgyptA.
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fumigatus 293 was supplied by Prof. Nancy Keller, Departnegritiedical Microbiology
and Immunology, Wisconsin-Madison University, USA.violaceum ATCC 12472 was
provided by Prof. Bob Mclean, Department of Biolpdyexas State University, USA.
The cell lines and EAC cells were procured from NCiiro, Egypt.

5.1. Chemistry

5.1.1. Preparation of 2-(arylamino)methyl-5-(un)substituted-1H-benzimidazoles 3a-m,
1-((un)substituted-1H-benzimidazol-2-yl)methyl-3-methyl-1H-pyrazol-5(4H)-ones 3n,0
and 2-((2-(4-fluorophenyl)pi perazin-1-yl )methyl)-5-nitro-1H-benzimidazol e (3p)

A mixture of 2-chloromethyl-i-benzimidazole derivative2a,b (0.002 mol), the
appropriate arylamine, ethyl 2-amino-5,6,7,8-tefdab-4H-cycloheptap]thiophene-3-
carboxylate, 2-methylH-pyrazol-5(4H)-one or 1-(4-fluorophenyl)piperazine (0.002
mol) and triethylamine (0.3 mL) in DMF (10 mL) wasfluxed for 6-12 hours. The
mixture was poured onto ice and the precipitatenéat was filtered, dried and
crystallized from ethanol/water (2:1).

5.1.1.1. 2-[((5-Sulfamoyl-[ 1,3,4] thiadiazol -2-yl )amino)methyl] - 1H-benzimidazol e (3a)

65%, m.p. 173-175 °C. IR (KBx, cmi'): 3446, 3422 (Ni 2NH).'H NMR (DMSO-ds,

o ppm): 4.38 (s, 2H, CH), 7.14 (s, 3H, NH NH), 7.22-7.60 (m, 2H, Ar-H), 7.67-7.91
(m, 2H, Ar-H), 15.05 (s, 1H, NH)}*C NMR (DMSO4ds, & ppm): 46.7, 120.2, 124.0,
139.2, 140.2, 155.6, 168.0. M8z (%): 312 (4.81, N+2), 311 (3.46, Nk1), 310 (5.26,
M™), 63 (100.00). Anal. Calcd forigH10NsO,S; (310.36): C, 38.70; H, 3.25; N, 27.08%.
Found: C, 38.42; H, 3.16; N, 27.32%.

5.1.1.2. 5-Nitro-2-[ ((5-sulfamoyl-[ 1,3,4] thiadiazol -2-yl Jamino)methyl] - 1H-benzimidazole
(3b)

70%, m.p. 147-148 °C. IR (KB, cni'): 3383, 3102 (Nk 2NH).'H NMR (DMSO-d,

o ppm): 4.32 (s, 2H, CH), 7.20 (d, 1H, Ar-H), 7.50 (d, 1H, Ar-H), 7.75 (B, Ar-H),
8.15 (s, 2H, NH), 11.25 (s, 1H, NH), 12.70 (s, 1H, NHfC NMR (DMSOds, 6 ppm):
43.4, 111.8, 115.3, 118.7, 139.3, 139.5, 143.4,75P56.0, 172.9. MSnz (%): 357
(3.09, M'+2), 356 (1.99, M#1), 355 (10.60, M), 193 (100.00). Anal. Calcd for
C10H9N;O,S, (355.35): C, 33.80; H, 2.55; N, 27.59%. Found:33,71; H, 2.79; N,
27.26%.

5.1.1.3. 2-[((6-Fluorobenzothiazol -2-yl)amino)methyl ] - 1H-benzimidazole (3c)

60%, m.p. 197-198 °C. IR (KBw, cmi’): 3420 (2NH)."H NMR (DMSO-ds, § ppm):
4.32 (s, 2H, ChH), 7.02-7.13 (m, 2H, Ar-H), 7.29-7.39 (m, 5H, Ar;H8.51 (s, 1H, NH),
9.59 (s, 1H, NH)**C NMR (DMSOds, § ppm): 46.0, 111.6, 111.9, 116.8, 118.7, 120.6,
128.2, 136.4, 138.2, 148.4, 148.8, 160.7, 169.6.nVi5(%): 298 (0.87, M), 297 (0.36,
M™-1), 91 (100.00). Anal. Calcd for;€H::FN,S (298.34): C, 60.39; H, 3.72; N, 18.78%.
Found: C, 60.11; H, 3.95; N, 18.43%.

5.1.1.4. 2-[((6-Fluorobenzothiazol-2-yl)amino)methyl | -5-nitr o-1H-benzimidazol e (3d)

68%, m.p. 121-122 °C. IR (KBr, cmi®): 3448 (2NH).*H NMR (DMSO-ds, 6 ppm):
4.78 (s, 2H, Ch), 7.01-8.52 (m, 7H, Ar-H, NH), 12.36 (s, 1H, NHJC NMR (DMSO-
ds, 0 ppm): 45.5, 113.4, 116.6, 118.3, 121.4, 123.4,7,2829.0, 129.3, 139.3, 139.8,
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151.4, 164.4, 165.5, 165.6. M8z (%): 345 (0.6, N+2), 344 (1.05, Nk1), 343 (3.07,
M), 216 (100.00). Anal. Calcd for 1§H10FNsO,S (343.34): C, 52.47; H, 2.94; N,
20.40%. Found: C, 52.74; H, 2.62; N, 20.73%.

5.1.1.5. 5-Nitro-2-[ ((4-phenylthiazol -2-yl )Jamino)methyl ] - 1H-benzimidazol e (3€)

65%, 106-107 °C. IR (KB, cmi®): 3420 (2NH).'H NMR (DMSO-dg, 6 ppm): 4.35 (s,
2H, CH,), 6.61 (s, 1H, &H of thiazole), 7.10-7.38 (m, 5H, Ar-H), 7.45-7.68, 3H, Ar-
H), 8.85 (s, 1H, NH), 9.75 (s, 1H, NHYC NMR (DMSOds, § ppm): 46.7, 110.4, 115.6,
118.6, 120.1, 128.9, 129.0, 129.2, 130.7, 137.9,313140.1, 148.5, 151.6, 153.4. MS
m/z (%): 352 (10.61, M+1), 351 (18.54, M), 55 (100.00). Anal. Calcd fori@H;3N50,S
(351.38): C, 58.11; H, 3.73; N, 19.93%. Found: &36; H, 3.98; N, 20.21%.

5.1.1.6. 2-((1H-Benzimidazol -2-yl)methylamino)isoindoline-1,3-dione (3f)

70%, m.p. 185-186 °C. IR (KBN, cmi'): 3398, 3301 (2NH), 1652 (2C=0O% NMR
(DMSO-d, 6 p?m): 3.98 (s, 2H, CH), 7.19-7.67 (m, 8H, Ar-H), 8.86 (s, 1H, NH), 13.00
(s, 1H, NH).**C NMR (DMSO4ds, 6 ppm): 47.9, 114.4, 119.4, 122.7, 130.9, 133.3,
138.8, 142.1, 166.5. MBVz (%): 294 (37.79, Mk2), 293 (6.50, Nk1), 263 (100.00).
Anal. Calcd for GeH12N4O2 (292.29): C, 65.75; H, 4.14; N, 19.17%. Found6&.47; H,
4.46; N, 19.38%.

5.1.1.7. 1-((1H-Benzimidazol-2-yl)methyl)-2-(2,3-dihydro-7-methoxynaphthal en-4(1H)-
ylidene)hydrazine (3g)

55%, m.p. 182-183 °C. IR (KBr, cmi®): 3421 (2NH).'*H NMR (DMSO-ds, 6 ppm):
1.28-1.35 (m, 2H, C}J, 1.57 (t, 2H, CH), 1.81 (t, 2H, CH)), 3.96 (s, 3H, OCBJ, 4.52 (s,
2H, CH,), 6.82-7.08 (m, 3H, Ar-H), 7.14-7.28 (m, 2H, Ar;H).38-7.52 (m, 2H, Ar-H),
7.68 (s, 1H, NH), 11.45 (s, 1H, NHYC NMR (DMSO4ds, 6 ppm): 26.0, 26.1, 31.7,
51.5, 52.2, 114.5, 116.8, 120.6, 123.7, 124.2,,2631.7, 139.8, 143.2, 147.1, 164.6.
MS mvz (%): 321 (6.67, Ni+1), 320 (65.00, M), 64 (100.00). Anal. Calcd forigHooN4O
(320.39): C, 71.23; H, 6.29; N, 17.49%. Found: ©58; H, 6.52; N, 17.13%.

5.1.18. 2-(2,3-Dihydro-7-methoxynaphthal en-4(1H)-ylidene)-1-((5-nitro-1H-
benz mi dazol-2-yl)methyl ) hydrazine (3h)

62%, m.p. 142-143 °C. IR (KBw, cmi?): 3419 (2NH)."H NMR (DMSO-ds, § ppm):
1.65-2.16 (m, 6H, 3C}), 3.79 (s, 3H, OCHJ, 4.35 (s, 2H, Ch), 6.74-6.90 (m, 2H, Ar-
H), 7.08-7.35 (m, 2H, Ar-H), 7.52-7.70 (m, 2H, A)xHB.61 (s, 1H, NH), 9.78 (s, 1H,
NH). **C NMR (DMSO4ds, 6 ppm): 22.4, 22.8, 32.2, 46.0, 56.0, 106.7, 111H..9,
116.8, 117.4, 120.7, 130.4, 136.4, 138.2, 146.0,115153.2, 154.6, 168.9. M8z (%):
366 (1.83, M+1), 365 (2.75, M), 64 (100.00). Anal. Calcd for;gH419Ns0s (365.39): C,
62.46; H, 5.24; N, 19.17%. Found: C, 62.71; H, 5M318.89%.

5.1.1.9. 5-Amino-N-((1H-benz midazol -2-yl )methyl)-6-nitroquinoline (3i)

85%, m.p. 214-215 °CH NMR (DMSO-<ds, 6 ppm): 3.66 (s, 2H, CH, 6.92-7.05 (m,
2H, Ar-H), 7.26-7.51 (m, 3H, Ar-H), 7.60-7.72 (mH2Ar-H), 8.05-8.20 (m, 2H, Ar-H),
8.82 (s, 1H, NH), 11.20 (s, 1H, NHY’C NMR (DMSOds, 6 ppm): 43.9, 117.3, 119.6,
121.5, 125.4, 125.7, 133.6, 135.7, 138.6, 138.8,114146.4, 151.6, 153.9. M8z (%):
321 (60.19, M+2), 320 (63.11, M+1), 319 (79.61, M), 55 (100.00). Anal. Calcd for
Ci17/H1aNsO, (319.32): C, 63.94; H, 4.10; N, 21.93%. Found:63,67; H, 3.79; N,
21.67%.
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5.1.1.10. 5-Amino-N-((5-nitro-1H-benzimidazol-2-yl)methyl )-6-nitroquinoline (3j)

80%, m.p. 229-230 °CH NMR (DMSO-dg, § ppm): 4.11 (s, 2H, Ch), 7.15 (d, 1H, Ar-
H), 7.55 (d, 1H, Ar-H), 8.22 (d, 1H, Ar-H), 8.46, (5H, Ar-H), 8.68-8.80 (m, 2H, Ar-H),
8.95-9.05 (m, 2H, Ar-H), 10.74 (s, 1H, NH), 13.85 {H, NH).**C NMR (DMSO+g, 6
ppm): 49.1, 108.5, 114.3, 118.8, 120.5, 123.0,9,2128.9, 134.1, 137.6, 145.8, 146.0,
154.2, 156.8, 156.9, 160.2, 163.0. M (%): 365 (9.68, Nk1), 364 (14.71, M), 55
(100.00). Anal. Calcd for GH12N6O4 (364.32): C, 56.05; H, 3.32; N, 23.07%. Found: C,
56.39; H, 3.56; N, 22.77%.

5.1.1.11. 4-((1H-Benz midazol -2-yl)methylamino)-1,2-dihydr o-2,3-dimethyl - 1-
phenyl pyrazol-5-one (3k)

55%, m.p. 210-212 °C. IR (KB, cmi'): 3422 (2NH), 1649 (C=O}H NMR (DMSO-
ds, 0 ppm): 1.76 (s, 3H, C¥), 2.48 (s, 3H, NCh), 4.08 (s, 2H, Ch), 7.00-7.18 (m, 2H,
Ar-H), 7.25-7.58 (m, 3H, Ar-H), 7.62-7.96 (m, 4Hr-A), 8.10 (s, 1H, NH), 8.70 (s, 1H,
NH). **C NMR (DMSOds, 6 ppm): 12.6, 37.0, 48.9, 111.1, 112.5, 113.3, 1,204..7,
128.5, 132.0, 133.6, 144.1, 145.6, 166.1. MR (%): 335 (4.95, Nk+2), 334 (4.91,
M*+1), 333 (6.78, M), 291 (100.00). Anal. Calcd for;6H;9NsO (333.39): C, 68.45; H,
5.74; N, 21.01%. Found: C, 68.61; H, 5.51; N, 2%33

5.1.1.12.  1,2-Dihydro-2,3-dimethyl-4-((5-nitro-1H-benzmidazol -2-yl)methylamino)-1-
phenyl pyrazol-5-one (3)

60%, m.p. 220-222 °C. IR (KB, cmi'): 3446, 3420 (2NH), 1680 (C=0jH NMR
(DMSO-ds, 0 ppm): 1.65 (s, 3H, C§), 2.74 (s, 3H, NCBh), 4.32 (s, 2H, Ch), 7.13-7.65
(m, 8H, Ar-H), 8.51 (s, 1H, NH), 9.56 (s, 1H, NH)JS m/z (%): 380 (19.39, M+2), 379
(23.81, M+1), 69 (100.00). Anal. Calcd for;6H1gNsOs (378.38): C, 60.31; H, 4.79; N,
22.21%. Found: C, 60.11; H, 4.63; N, 22.57%.

5.1.1.13. Ethyl 2-[ ((1H-benzi midazol-2-yl)methyl)amino] -5,6,7,8-tetrahydr o-4H-
cyclohepta[ b] thiophene-3-carboxylate (3m)

60%, m.p. 75-76 °C. IR (KBw, cmi'): 3420 (2NH), 1742 (C=OYH NMR (DMSO-dg, &
ppm): 1.30 (t, 3H, CkCHj3), 1.55-1.75 (m, 6H, 3C}), 2.55-2.90 (m, 4H, 2C#), 3.80 (s,
2H, CH,), 4.25-4.29 (q, 2H, C¥CHs), 7.05-7.21 (m, 2H, Ar-H), 7.36-7.58 (m, 2H, Ar-
H), 7.69 (s, 1H, NH), 10.65 (s, 1H, NHJC NMR (DMSO4ds, 6 ppm): 14.6, 25.8, 26.9,
27.9, 30.5, 32.1, 40.4, 61.1, 112.4, 113.6, 12128,2, 137.8, 139.5, 140.8, 152.1, 163.3.
MS mvz (%): 370 (48.57, Nw1), 369 (38.57, M, 80 (100.00). Anal. Calcd for
Co0H23N30,S (369.48): C, 65.02; H, 6.27; N, 11.37%. Found:66,36; H, 5.91; N,
11.53%.

5.1.1.14. 1-((1H-Benzimidazol-2-yl)methyl)-3-methyl- 1H-pyrazol-5(4H)-one (3n)

50%, m.p. 191-192 °C. IR (KBw, cmi®): 3308 (NH), 1657 (C=0O)H NMR (DMSO-ds,

o ppm): 1.56 (s, 3H, C¥), 2.31 (s, 2H, &H of pyrazolone), 4.25 (s, 2H, G 7.29-7.39
(m, 4H, Ar-H), 9.25 (s, 1H, NH)*C NMR (DMSO+s, 5 ppm): 20.9, 37.2, 50.8, 114.5,
120.7, 139.8, 147.1, 164.6, 195.6. M#z (%): 229 (70.76, N+1), 91 (100.00). Anal.
Calcd for GoH12N4O (228.25): C, 63.15; H, 5.30; N, 24.55%. Found6841; H, 5.63;
N, 24.76%.

5.1.1.15. 3-Methyl-1-((5-nitro-1H-benz midazol-2-yl)methyl)- 1H-pyrazol-5(4H)-one (30)
65%, m.p. 189-190 °C. IR (KBw, cmi’): 3412 (NH), 1622 (C=0)H NMR (DMSO-ds,

o ppm): 1.35 (s, 3H, C¥), 2.15 (s, 2H, GH of pyrazolone), 4.45 (s, 2H, G 7.39 (d,
1H, Ar-H), 7.70 (d, 1H, Ar-H), 8.10 (s, 1H, Ar-H}1.15 (s, 1H, NH}*C NMR (DMSO-
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ds, 6 ppm): 22.5, 43.3, 56.0, 119.0, 121.0, 124.9, 14148.9, 152.1, 159.0, 167.6, 176.4.
Anal. Calcd for G;H11Ns03 (273.25): C, 52.75; H, 4.06; N, 25.63%. Found52.42; H,
4.38; N, 25.27%.

5.1.1.16. 2-((4-(4-Fluorophenyl)piper azin-1-yl)methyl)-5-nitro-1H-benzimidazole (3p)

75%, m.p. 217-219 °C. IR (KBw, cmi®): 3421 (NH).'H NMR (DMSO-ds, d ppm): 2.66
(s, 4H, 2CH), 3.18 (s, 4H, 2CH), 3.75 (s, 2H, Ch), 6.92 (d, 2H, Ar-H), 7.38 (d, 2H, Ar-
H), 7.62-7.72 (m, 3H, Ar-H), 10.04 (s, 1H, NH). M8z (%): 357 (0.48, N+2), 356
(0.68, M'+1), 355 (1.69, M), 93 (100.00). Anal. Calcd for;gH1gFNsO, (355.37): C,
60.84; H, 5.11; N, 19.71%. Found: C, 60.53; H, 518619.46%.

5.2. Biology

5.2.1. Antimicrobial and antiquorum-sensing screening
5.2.1.1. Antibacterial screening

The new derivatives were assessed iforvitro antibacterial efficacy as reported
[25,26,31].

5.2.1.2. Antifungal screening

The new analogs were examined iforvitro antifungal activity following the literature
procedure [25,26,32,33].

5.2.1.3. Antiquorum-sensing screening

Antiguorum-sensing efficacy of the new compoundss vesteemed employing the
literature method [25,26,34].

5.2.2. In vitro antitumor screening

In vitro antitumor screenin@f the new derivatives was done adopting the replort
method [37-39].

5.2.3. In vivo antitumor assay

The detailed procedureiafvivo antitumor assay is provided in the supplementatg.d

5.2.4. In vitro cytotoxicity testing

In vitro cytotoxicity testing of3f, 3m, 3nand 3p was performed adopting the MTT
assay [37-39].
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5.2.5. DNA-binding assay on TLC-plates

DNA-binding assay was performed adopting iteedture procedure [43].

Acknowledgments

Great appreciation to Mr. Ahmed Abbas, FacatyPharmacy, Mansoura University,
Egypt, for assessment of antitumor and cytotoxiviies.

References

[1] B. Walker, S. Barrett, S. Polasky, V. Galaz, Folke, G. Engstrom, F. Ackerman, K.
Arrow, S. Carpenter, K. Chopra, G. Daily, P. EhliT. Hughes, N. Kautsky, S. Levin, K.
G. Méler, J. Shogren, J. Vincent, T. Xepapad&asge Zeeuw A, Environment. Looming
global-scale failures and missing institutions.efce 325 (2009) 1345-1346.

[2] R. M. Klevens, M. A. Morrison, J. Nadle, S. ReK. Gershman, S. Ray, L. H.
Harrison, R. Lynfield, G. Dumyati, J. M. Townes, 8. Craig, E. R. Zell, G. E. Fosheim,
L. K. McDougal, R. B. Carey, S. K. Fridkin, Invasivnethicillin-resistan8aphyl ococcus
aureus infections in the United States. JAMA 298 (200753-1771.

[3] M.B. Miller, B.L. Bassler, Quorum sensing in dbaria. Annu. Rev. Microbiol. 55
(2001) 165-199.

[4] L. Cegelski, G.R. Marshall, G.R. Eldridge, SHultgren, The biology and future
prospects of antivirulence therapies. Nat. Rev.rdbml. 6 (2008) 17-27.

[5] T. B. Rasmussen, M. Givskov, Quorum sensingibimbrs: a bargain of effects.
Microbiology 152 (2006) 895-904.

[6] A. Jemal, M. M. Center, C. DeSantis, E. M. Wa@lobal patterns of cancer incidence
and mortality rates and trends. Cancer Epidemiolmarkers Prev. 19 (2010) 1893-1907.

[7] C. M. Bagi, Summary-cancer cell metastasisisass. Musculoskel. Neuron Interact. 2
(2002) 579-580.

[8] C.M. Mahalakshmi, V. Chidambaranathan, Synthespectral characterization and
antimicrobial studies of novel benzimidazole detiwes. Int. J. Chem. Sci. 13 (2015), 205-
212.

[9] P.M. Madalageri, O. Kotresh, Synthesis, DNA tpation and antimicrobial activity of
some novel chloromethyl benzimidazole derivativesring dithiocarbamates. J. Chem.
Pharm. Res. 4 (2012) 2697-2703.

[10] S. Lingala, R. Nerella, K.R.S.S. Rao, Synthesantimicrobial and anthelmintic
activity of some novel benzimidazole derivatives. U. Pharm. Sci. Rev. Res. 10 (2011)
100-105.

-13 -



[11] B.N.B. Vaidehi, K.G. Deepika, R.V. Satya, R.Rangaramma, R.H. Kumar, Y.R.
Sudha, T.R. Kumar, Synthesis, characterization anttbacterial activity of 2-substituted
benzimidazole derivatives. Int. J. Res. Pharm. CI&(2012) 322-326.

[12] J. Gowda, A. M. A. Khader, B. Kalluraya, S.ddyathulla, Synthesis, characterization
and antibacterial activity of benzimidazole denvas carrying quinoline moiety. Indian J.
Chem. 50B (2011) 1491-1495.

[13] K. Petkar, P. Parekh, P. Mehta, A. Kumari, Baro, Synthesis & evaluation of 2-
chloromethyl-H-benzimidazole derivatives as antifungal agemtt. J. Pharm. Pharm.
Sci. 5 (2013) 115-119.

[14] H.M.F. Madkour, A.A. Farag, S.S. Ramses, N.A.krahiem, Synthesis and
fungicidal activity of new imidazoles from 2-(chtmmethyl)-1H-benzimidazole.
Phosphorus Sulfur Silicon Relat. Elem. 181 (200&5-265.

[15] H.M.F. Madkour, A.A. Farag, S.S. Ramses, N.A.lrahiem, Synthesis and
fungicidal activity of some new imidazoles from &iloromethyl)-H-benzimidazole.
Egyptian Journal of Chemistry 49 (1) (2006) 35-45.

[16] N.S. Nara, H.K. Mukoh, M.A. lkeda, 2-(4-Pyridyninomethyl)benzimidazole
derivatives having antiviral activity. US pateni8#8,761, Apr. 4 (1989).

[17] C.K. Achar, K.M. Hosamani, H.R. Seetharamasedeh-vivo analgesic and anti-
inflammatory activities of newly synthesized benmiazole derivatives. Eur. J. Med.
Chem. 45 (2010) 2048-2054.

[18] A. Rathore, M.-Ur-Rahman, A. A. Siddiqui, A.IAM. S. Yar, Synthesis and
evaluation of benzimidazole derivatives as selectBOX-2 inhibitors. Med. Chem. 11
(2015) 188-199.

[19] S. M. Abu-Bakr, N. M. Fawzy, M. Bekheit, H. MRoaiah, M. S. Aly, Synthesis of
novel benzimidazole derivatives with expected amir activities. Int. J. Pharm. Sci. Rev.
Res.35 (2015) 202-212.

[20] M. Rashid, A. Husain, R. Mishra, S. Karim, Ehan, M. Ahmad, N. Al-wabel, A.
Husain, A. Ahmad, S. A. Khan, Design and synthesfisbenzimidazoles containing
substituted oxadiazole, thiadiazole and triazoladiazines as a source of new anticancer
agents. Arab. J. Chem. (2015), doi:10.1016/].arabj5.08.019.

[21] R.M. Mamedov, A. Ya. Malkina, B.P. Fedorov, rigicidal activity of someS
substituted 2-(mercaptomethyl)benzimidazoles. AzKtm. Zh. 3(1965) 61-63

[22] M. Samudrala, L. Thallada, P. K. Thallada, €. Veerati, Synthesis and
antiinflammatory activity of 2-[(H-benzimidazol-2-ylmethyl)sulfanylN-
(phenylmethylidine)acetohydrazide derivatives. lht.Res. Pharm. Chem. 1 (2011) 148-
155.

[23] N. S. El-Gohary, M. I. Shaaban, Swdis, antimicrobial, antiquorum-sensing,
antitumor and cytotoxic activities of new seriesfded [1,3,4]thiadiazoles. Eur. J. Med.
Chem. 63 (2013) 185-195.

-14 -



[24] N. S. EI-Gohary, M. I. Shaaban, Antrobial and antiquorum-sensing studies. Part 2:
Synthesis, antimicrobial, antiquorum-sensing artdtoyic activities of new series of fused
[1,3,4]thiadiazole and [1,3]benzothiazole derivasivMed. Chem. Res. 23 (2014) 287-299.

[25] N. S. El-Gohary, M. I. Shaaban, Antimicrobsdd antiguorum-sensing studies. Part 3:
Synthesis and biological evaluation of new serids [133,4]thiadiazole and fused
[1,3,4]thiadiazole derivatives. Arch. Pharm. Chéife Sci. 348 (2015) 283-297.

[26] N. S. El-Gohary, M. |. Shaaban, Synthesis,naictobial, antiquorum-sensing, and
cytotoxic activities of new series of isoindoling4dione, pyrazolo[5,Hjisoindole and
pyridine derivatives. Arch. Pharm. Chem. Life S48 (2015) 666-680.

[27] M. T. Gabr, N. S. El-Gohary, E. R. El-Bendai. M. El-Kerdawy, N. Ni, M. .
Shaaban, Synthesis, antimicrobial, antiquorum-sgnsind cytotoxic activities of new
series of benzothiazole derivatives. Chin. Chentt. P& (2015) 1522-1528.

[28] A. Tiwari, A. Singh, V. Tiwari, Synthesis ofndine substituted benzimidazole
derivatives. Asian J. Chem. 23 (2011) 2823-2824.

[29] M. Perrissin, L. Duc, G. Narcisse, F. Bakngeais, F. Huguet, 4,5,6,7-
Tetrahydrobenzdj] and 5,6,7,8-tetrahydroHtcycloheptap]thiophenes. Eur. J. Med.
Chem.15 (1980) 413-418.

[30] C. Sharma, B. Thadhaney, G. Pemawat, G. llesBaa, Synthesis of some novel
ethoxyphthalimide derivatives of pyrazolo[Z}pyrazoles. Indian J. Chem. 47@008)
1892-1897.

[31] Clinical Laboratory Standards Institute (CLSIPerformance Standards for
Antimicrobial Susceptibility Testing; Twenty-Fiftinformational Supplement. Clinical and
Laboratory Standards Institute, Wayne, PA, USA BJ(M100-S25.

[32] Clinical Laboratory Standards Institute (CLSReference Method for Broth Dilution
Antifungal Susceptibility Testing of Yeasts; Appeal Standard-Third Edition. Clinical
and Laboratory Standards Institute, Wayne, PA, U&Z¥08) M27-A3.

[33] Clinical Laboratory Standards Institute (CLSReference Method for Broth Dilution
Antifungal Susceptibility Testing of Filamentous rfgiy Approved Standard-Second
Edition. Clinical and Laboratory Standards InsgtutVayne, PA, USA (2008) M38-A2,

[34] K. H. McClean, M. K. Winson, L. Fish, A. TayloS. R. Chhabra, M. Camara, M.
Daykin, J. H. Lamb, S. Swift, B. W. Bycroft, G. Stewart, P. Williams, Quorum sensing
and Chromobacterium violaceum: exploitation of violacein production and inhiloiti for
the detection oN-acyl homoserine lactones. Microbiology 143 (193703-3711.

[35] R. McClean, L. S. Pierson, C. Fuqua, A simgereening protocol for the
identification of quorum signal antagonists. J. idhbol. Methods 58 (2004) 351-360.

[36] W. Cha, D. A. Vattem, V. Maitin, M. B. BarneR, J. Mclean, Bioassays of quorum
sensing compounds usirAgrobacterium tumefaciens and Chromobacterium violaceum.
Methods Mol. Biol. 692 (2011) 3-19.

[37] T. Mosmann, Rapid colorimetric assay for cifigrowth and survival: Application to
proliferation and cytotoxicity assays. J. Immuridethods 65 (1983) 55-63.
-15-



[38] F. Denizot, R. Lang, Rapid colorimetric assty cell growth and survival.
Modifications to the tetrazolium dye procedure ggvimproved sensitivity and reliability.
J. Immunol. Method89 (1986) 271-277.

[39] D. Gerlier, T. Thomasset, Use of MTT colorimetassay to measure cell activation. J.
Immunol. Method94 (1986) 57-63.

[40] C. Oberling, M. Guerin, The role of virusestire production of cancer. Adv. Cancer
Res. 2 (1954) 353-423.

[41] K. R. Sheeja, G. Kuttan, R. Kuttan, Cytotoxied antitumour activity of Berberine.
Amala Res. Bull. 17 (1997) 73-76.

[42] B. D. Clarkson, J. H. Burchenal, Preliminagreening of antineoplastic drugs. Prog.
Clin. Cancen (1965) 625-629.

[43] J. M. Pezzuto, S. K. Antosiak, W. M. Messm#&t, B. Slaytor, G. R. Honig,
Interaction of the antileukemic alkaloid, 2-hydre3y8,9-trimethoxy-5-
methylbenzaf]phenanthridine (fagaronine), with nucleic aci@hem. Biol. Interact. 43
(1983) 323-339.

[44] J. M. Pezzuto, C. T. Che, D. D. McPhersorR.JZhu, G. Topcu, C. A. J. Erdelmeier,
G. A. Cordell, DNA as affinity probe useful in tloetection and isolation of biologically
active natural products. J. Nat. Prod. 54 (1992P18530.

[45] R. U. Kadan, N. Roy, Recent trends in drugetigss prediction: a comprehensive
review ofin silico methods. Ind. J. Pharm. Sci. 69 (2007) 609-615.

[46] C. A. Lipinski, F. Lombardo, B. W. Dominy, Rl. Feeney, Experimental and
computational approaches to estimate solubility padmeability in drug discovery and
development settings. Adv. Drug Deliv. Rev. 46 (P0B-26.

[47] A. Jarrahpour, J. Fathi, M. Mimouni, T. Bendda, J. Sheikh, Z. H. Chohan, A.
Parvez, Petra, Osiris and molinspiration (POM) thge as a successful support in drug
design: antibacterial activity and biopharmacelta@aracterization of some azo Schiff
bases. Med. Chem. Res. 19 (2011) 1-7.

-16 -



Captions of Tables and Scheme

Table 1. Antibacterial and antifungal activities of compogi3a-p
Table 2. Antiquorum-sensing activity of compoun@a-p

Table 3. In vitro antitumor activity of compound3a-p toward HepG2, HCT-116 and
MCEF-7 cancer cell lines

Table 4. Effect of compound8f, 3m, 3nand3p on mean survival time and % increase
in lifespan of mice inoculated with EAC cells

Table 5 Effect of compound8f, 3m, 3nand3p on tumor volume and viable tumor cell
count of mice inoculated with EAC cells

Table 6. Effect of compound8f, 3m, 3nand3p on blood profile of mice inoculated with
EAC cells

Table 7.1n vitro cytotoxic activity of compound3f, 3m, 3nand3p toward W138 human
normal cell line

Table 8.DNA-binding affinity of compound8a, 3c, 3f, 3i-k, 3m, 3nand3p

Scheme 1Synthesis of compounda-p

-17 -



Table 1.Antibacterial and antifungal activities of composi3a-p

Comp. No. MIC, pg/mL (mM)?
E. coli B. cereus S. aureus C. albicans A. fumigatus
3a 625 (2.01) - 625 (2.01) 312.£(1.007 -
3b - - - 625 (1.76) -
3c - - 156.25 (0.524) 78.125(0.262) 1250 (4.19)
3d - - - 625 (1.82) 1250 (3.64)
3e - - - 625 (1.78) 1250 (3.56)
3f - - - 625 (2.14) 1250 (4.28)
39 - - 1250 (3.90) 1250 (3.90) -
3h - - - 1250 (3.42) 2500 (6.84)
3i 625 (1.96) 156.25(0.489) 1250 (3.91) 1250 (3.91) 1250 (3.91)
3 1250 (3.43) 312.5(0.858) 2500 (6.86) 2500 (6.86) 2500 (6.86)
3k 2500 (7.50) 1250 (3.75) 312.5(0.937) 625 (1.87) 625 (1.87)
3l 2500 (6.60) 1250 (3.30) 625 (1.65) 2500 (6.60) 2500 (6.60)
3m - - - - -
3n - 1250 (5.48) 156.25(0.684) 625 (2.74) 312.5(1.37)
30 - 1250 (4.57) 2500 (9.15) 1250 (4.57) 625 (2.29)
3p 2500 (7.03) 2500 (7.03) 1250 (3.52) 2500 (7.03) 2500 (7.03)
Ampicillin 19.53 (0.056) 1250 (3.58) 312.5 (0.894) nt nt
Fluconazole nt nt nt 2500 (8.16) -

Bold values refer to the best results.
MICs (mM) are shown between parentheses.
#-, MIC > 2500 pg/mL.

nt, not tested.
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Table 2. Antiquorum-sensing activity of compounga-p*°°

Comp. No. Diameter of pigment Comp. No. Diameter of pigment

inhibition (mm) inhibition (mm)
Ch. violaceum Ch. violaceum

3a - 3j 4

3b - 3k 6

3c 11 3l -

3d 6 3m 3

3e 6 3n 4

3f 4 30 3

39 - 3p -

3h - Catechin 2

3i 8 e e

@Sample concentration: 5000 pg/mL, Sample volunten@L/well.
® Results were calculated after subtraction of DM$viy.
° No activity (-, inhibition zone < 2 mm); weak adty (2-9 mm); moderate activity (10-15 mm); stroagfivity (>15 mm).
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Table 3. 1n vitro antitumor activity of compound3a-p toward HepG2, HCT-116 and
MCF-7 cancer cell lines

Comp. No. IC 50 (MM)
HepG2 HCT-116 MCF-7
3a 0.162 0.156 0.228
3b 0.18¢ 0.17¢ 0.23(
3c 0.233 0.238 0.242
3d 0.26: 0.25: 0.291
3e 0.22¢€ 0.19¢ 0.25¢
3f 0.03: 0.031 0.037
39 0.08 0.041 0.063
3h 0.09¢ 0.04¢ 0.07¢
3i 0.25¢ 0.204 0.237
3j 0.265 0.256 0.274
3k 0.06: 0.03¢ 0.05:
3l 0.093 0.04¢ 0.C78
3m 0.04: 0.031 0.04
3n 0.05¢ 0.04: 0.06%
30 0.26¢ 0.2C 0.281
3p 0.022 0.014 0.015
5-Fluorouracil 0.061 0.041 0.0415

Bold values refer to the best results.
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Table 4. Effect of compound8f, 3m, 3nand 3p on mean survival time and % increase
in lifespan of mice inoculated with EAC cells

Group Mean survival time (day) % Increase in lifespan
Normal nd’ nd
EAC cells only 14.5 nd
5-Fluorouracil 49 237.93
3f 46.7 222.07
3m 39 168.9
3n 315 110.34
3p 44.5 206.98
*nd: not determined.

Bold values refer to thesbresults.
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Table 5. Effect of compound8f, 3m, 3nand3p on tumor volume and viable tumor cell
count of mice inoculated with EAC cells

Group Tumor volume (mL)  Viable tumor cell count/100pL
Normal nd ndf
EAC cells only 9.85 83.20 x19
5-Fluorouracil 1.60 20.17 x19
3f 2.15 21.95 x10
3m 3.23 29.65 x10
3n 4.16 45.3¢x1C°
3p 2.32 23.54 x10
2nd: not determined.

Bold values refer to the best results.
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Table 6. Effect of compound8f, 3m, 3nand3p on blood profile of mice inoculated with
EAC cells

Group Hb RBC Count WBC Count
(g/dI) 10°%/mm? 10%¥mm?
Normal 13.73 5.84 5.99
EAC cells only 8.15 3.69 23.96
5-Fluorouracil 12.96 5.21 8.86
3f 13.21 5.52 7.11
3m 12.13 4.89 9.11
3n 11.47 4.55 11.26
3p 13.15 5.36 7.34

Bold values refer to the best results.
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Table 7.1n vitro cytotoxic activity of compound3f, 3m, 3nand3p toward W138 human
normal cell line

Comp. No. IC 50 (MM)
3f 0.322
3m 0.058
3n 0.246
3p 0.298
5-Fluorouracil 0.051
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Table 8. DNA-binding affinity of compound8a, 3c, 3f, 3i-k, 3m, 3nand3p

Comp. No. DNA-binding affinity
3a ++
3c +++
3f +++
5i o+
3j ++
3k o+
3m +
3n +++
3p ++

Ethidium bromide +++

+++ Strong affinity.
++ Moderate affinity.
+  Weak affinity.
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Scheme 1Synthesis of compoun@a-p
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» New benzimidazole analogs were synthesized.

» The newly synthesized compoungsre screened for antimicrobial and antitumor i
» Compounds$c, 3i and3n are the most active antimicrobial agents.

» Compoundsp and3f are the most potent analogs against all testeckcaell lines.



