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Reviewers' comments:

Reviewer #1: The article is recommended for publication in European Journal of Medicinal
Chemistry with major (stylistic and grammatical) revisions. Several grammatical and typing errors
are present throughout this paper.

There are a number of instances in the manuscript where improvements are needed.

Re:

Re:

Re:

Re:

Re:

Re:

Re:

Re:

In response to these comments, we thank the reviewer for the positive responses and critical
suggestions. We appreciate the time that the Reviewer spent editing our manuscript for errors
in the English grammar. We have incorporated the valuable editorial suggestions provided by
the Reviewer (revised as described below). The revised manuscript has since been edited by
scientists who are native English speakers, and the manuscript’s grammar and clarity were
greatly improved.

Page 3, Line 5, "anti- Helicobacter" change to "anti-Helicobacter".
We changed "anti- Helicobacter" to "anti-Helicobacter".

Page 5, Lines 2-3, the sentence is not clear, please re-write.
We have revised this sentence.

Page 6, Lines 1-4, the sentences are not clear, please re-write.
We have amended those sentences.

Page 6, Line 10, please change "4." to "4."
We changed “4.” to “4.”.

Paragraph 3.2. The authors studied the activity in the pH range 5-8. | think that this bacterium
lives in a more acidic environment (pH 1-2). Could you assess the biological activity also at
this pH level?

We thank you for this insightful comment. H. pylori can colonize in the harsh gastric
environment, but it dies rapidly in the low pH of the stomach lumen. Even with multiple acid
adaptation mechanisms, H. pylori remains susceptible to acid and can survive at low pH only
for a short period (review by Amieva MR et al., 2008). Another study reported that H. pylori
have developed several strategies to minimize exposure to the low pH in the stomach lumen by
remaining in very close proximity to the surface of the epithelium where the pH is near neutral
(Schreiber S et al., 2004). Colonization occurs within the mucus layer where H. pylori reside
in a moderately acidic zone (pH 4.5-6) (Schreiber et al., 2000). Before submitting this
manuscript, we indeed tried to culture H. pylori in vitro at pH < 5. However, H. pylori did not
grow in the acidic environment, consistent with previous findings. Therefore, we used the pH
range of 5-8 in our experiments.

Page 10, Lines 2-3, the sentence is not clear, please re-write.
We have amended this sentence.

Page 10, Lines 12, please change "on" to "of"
We changed "on" to "of".
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Re:

Re:

Re:

Re:

Re:

Re:

Re:

Re:

Page 10, Line 15, please change "to inhibiting" to "to inhibit"
We changed "to inhibiting" to "to inhibit".

Page 11, Line 16, please change " raging" to " ranging"
We changed "raging" to "ranging".

Page 28, Line 8, please change "evaulation” to "evaluation™

We changed "evaulation” to “evaluation™.

Discussion: too many bibliographic references. It seems a repetition of the Introduction
paragraph.

We thank for the valuable suggestions from the Reviewer. In the Discussion Section, we have
re-written and focused on the novel aspects.

Conclusions: The last sentence is not clear.

We have revised this sentence (page 14, lines 14-15).

Paragraph 6.2.1: Where do you use gentamicin in your assays??

H. pylori invasion activity in AGS cells was investigated using a standard gentamicin assay as
previously described (Geethangili M. et al., 2010). We have added this description in the
Experimental Section (page 30, lines 1-2).

Please check spaces of references (pages)

We have checked and revised the bibliography. All of the citations and references have been
revised by following Guide for Authors of European Journal of Medicinal Chemistry.

Figure captions: page 37, lines 2-3 are not clear.

We have revised this sentence in the figure legend (page 36, lines 3-4).

Table 1, please delete "and 5-methylbenzimidazole” and put R1, R2, and R3 as shown in
Figure.

The legend of table 1 has been revised (Page 39, lines 2-3).



Reviewer #2: In this manuscript, a number of 3,4,5-trimethoxybenzylbenzimidazole derivatives
were synthesized and their anti-Helicobacter pylori activities were evaluated. Some of the
compounds, such as 2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (FMTMB)
showed promising activities. The following points are required further concerns:

1. In table 1, the collection type of Helicobacter pylori strain should be indicated, and
Helicobacter pylori-SS1 (Sydney strain 1) is better to be used for the test. The agar dilution assay is
suggested to replace the paper disk to measure the MIC of each compound, and the paper disk assay
is not precise.

Re: In response to these comments, we thank the Reviewer for the critical suggestions that they
raised.

(1) Both Sydney strain 1 (SS1) and H. pylori 26695 (ATCC 700392) have been employed to
examine whether synthesized chemical compounds inhibit H. pylori activity. SS1 has been used
in a mouse model of H. pylori infection (Lee A et al., 1997). However, SS1 did not induce IL-8
secretion (Eaton KA et al., 2001). Pathogenic activity assays generally employ H. pylori strain
26695 (Crabtree JE et al., 1998; Eaton KA et al., 2001). Since the genomic DNA of H. pylori
strain 26695 has been completely sequenced and well characterized (Tomb, JF et al., 1997), we
thus chose this strain for further analysis in our model system. In addition, the target proteins for
chemical compounds were easily identified in H. pylori strain 26695.

(2) The agar dilution assay provides a more accurate MIC than does the paper disk method. We
completely agree with this viewpoint. The disk diffusion test has been used for antibiotic
susceptibility screening (McNulty C et. al., 2002). Moreover, many newly synthesized
compounds have been evaluated against H. pylori by the disk diffusion method (Foroumadi A et
al., 2008; Xu C et al., 2010; Souza Mdo C, et al., 2009). In this study, the anti-H. pylori
activities of benzimidazole derivatives were evaluated using the disk diffusion test. We then
determined the minimum bactericidal concentration (MBC) of the selected compounds by
micro-dilution assay. Combined disk diffusion and micro-dilution methods provided validation
of the anti-H. pylori activity of benzimidazole derivatives.

2. Inthis tests (table 1), the antimicrobial potency of a number of synthetic compounds are strong
than the three positive controls. | wonder if the H. pylori strain used in this test is a multi drug
resistant one.

Re: H. pylori strain 26695 is susceptible to amoxicillin, clarithromycin, and metronidazole. For
the disk diffusion assay, we used different concentrations of the tested samples and standard
antimicrobial agents. We have clearly described this in the footnote of Table 1 (page 40).

3. Purity of each tested compounds should be checked by HPLC or elemental analysis.

Re: All the synthetic benzimidazole derivatives, with the exception of compound 10, have been
checked by elemental analysis as described in the Experimental Section (page 15, lines 9-12).
Furthermore, the high purity (99.17%) of oil compound 10 was demonstrated by HPLC
analysis (Jasco) under the following conditions:

Column: NUCLEODUR C18 HTec, 5 um
Column length: 250 mm

Column ID: 4.6 mm

Dectector: Jasco UV975; wave length: 254 nm
Flow rate: 1 uL/Min.

Injection volumn: 20 pL



SISC Chromatography Data System

File:20111022_rflc037_4X_1.CHR
Injection Date:2011-10-22 Time:10:51:19
Print Date:2011-10-26 Time:20:29:08

Column : NUCLEODUR C18 HTec, 5um
Column Temperature (‘C) : 26

Column particle size (um) : 5.0
Column length (mm) : 250
Column internal diameter (mm) : 4.6

Detector : Jasco UV975, WL=254 nm
Mobile Phase : MeOH:H20=8:2

Flow rate(ml/Min.) : 1

Injection volume (uL) : 20

*Integration Parameter*
Up Slope= 30 , Down Slope= 30 , Minimum width= 10.00 sec , Sensitivity= 6 points
Time Event = 0.000 to 2000.000 min. Minimum area= 15000 uv*sec

NO. Ret. time  Peak name Area Area% Height Height%  Base code
in (uv*sec) my
1 3.601 96259 0.9340 5.5291 0.8255 i
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4.  All the expressions of ?<mu>g/ml should be ?<mu>g/mL throughout of the paper.
Re. We have corrected this throughout the manuscript.



Reviewer #3: This paper describes the short synthesis of a lot of new benzimidazole derivatives
with potential anti-H. pylori activity. Only one compound however has been fully submited to
biological tests, for reasons not completely clear to me (see below).

- Yields are given for the transformations 6 to 7 - 34 in the experimental part. An estimation of
yields for the transformations 1 to 6 would also be welcome in scheme 1.

Re: We tremendously appreciate the valuable suggestions of the Reviewer. The general yields
have been annotated for the transformations 1 to 6 in scheme 1 (page 47).

- The concentrations of benzimidazole, amoxicillin, clarithromycin, and metronidazole used for
comparison in the disk test are indicated in the experimental part. They would also be welcome in
the footnote of table 1.

Re: The concentrations of tested compound and standard antimicrobial agents were added in the
footnote of table 1 (page 40).

- Not clear in the text influence of compounds on epithelail cells. Only compound 26 showed
"hardly any influence on cell growth”. What about the other compounds tested: had they an
important influence, or no influence at all?

Re: The cytotoxicity of all new synthesized benzimidazole derivatives was evaluated by MTT
assay. Our results showed that several compounds (8, 11, 14, 23, 25, 26 and 34) possessed
higher anti-H. pylori activity; however, they also had a potent influence on cell viability. Only
derived compound 26, 2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole
(FMTMB), had no influence on AGS cell growth. We have revised these sentences in the
Results Section (Page 7, lines 16-20).

- Conclusion of table 2: a (even bibliographic) comparison with other common drugs (MTZ, for ex.)
would be welcome, as it is presented for the anti-adhesion / anti-invasion activity. Same remark for
the anti-vacuolation activity.

Re: We have added new experiments to assess the standard antibiotic MTZ against H. pylori
26695 and multidrug-resistant strains in Table 2 (Page 41). The MTZ control group for
anti-vacuolation activity was also added to Figure 2.
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A series of 3,4,5-trimethoxybenzylbenzimidazole derivatives were synthesized.
2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (FMTMB) was
determined as the most potent in the inhibition of Helicobacter pylori growth and
pathogenesis of host cells.
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Highlights

A series of 3,4,5-trimethoxybenzylbenzimidazole derivatives were synthesized.
> These compounds possessed anti-Helicobacter pylori (H. pylori) activity. > The
compound, FMTMB, inhibited H. pylori adhesion and invasion of gastric epithelial
cells. > 2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (FMTMB)
attenuated H. pylori VacA-induced cellular vacuolation and CagA-induced
pathogenesis. > Results from this study provide evidence that FMTMB is a potent

therapeutic agent.
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Abstract

Helicobacter pylori infection is associated with gastritis, peptic ulcer, and even gastric

malignancy. H. pylori’s antibiotic resistance is the major obstacle preventing its eradication. A

series of 3,4,5-trimethoxybenzylbenzimidazole derivatives were synthesized and evaluated for their

anti-Helicobacter pylori activity. The compound, 2-fluorophenyl-5-methyl-1-

(3,4,5-trimethoxybenzyl)benzimidazole (FMTMB), was determined as the most potent in the

inhibition of H. pylori growth and pathogenesis of host cells. An in vitro H. pylori-infection model

revealed that FMTMB inhibited H. pylori adhesion and invasion of gastric epithelial cells. Results

from this study provide evidence that FMTMB is a potent therapeutic agent that exhibits both

anti-H. pylori growth properties, and anti-H. pylori-induced pathogenesis of cells.
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1. Introduction

Helicobacter pylori is a gram-negative bacterium that causes persistent infection in humans [1,

2]. A strong correlation between H. pylori infection and gastrointestinal disease has been

consistently reported [3], and a relatively high proportion of H. pylori-infected patients are at risk of

development of gastritis, peptic ulcers, and even gastric cancer [4, 5].

Eradication of H. pylori improves ulcer healing and reduces the recurrence of peptic ulcers [6,

7]. Treatment of patients with a proton pump inhibitor (PPI) combined with two different antibiotics

(principally clarithromycin, and amoxicillin or metronidazole) was commonly used in H.

pylori-infected patients [8, 9]. However, because of widespread use of those antibiotics during past

decades, H. pylori antimicrobial resistance rates have been high, leading to main cause of therapy

failure of H. pylori infection [10-12]. Therefore, we urgently require the development of novel

effective compounds for alternative therapeutic approaches for controlling resistant H. pylori and

associated diseases.

Benzimidazoles (Bls) were commonly used as PPIs to control stomach hyperacidity and also

have activity against H. pylori growth [13]. Several Bls have been characterized as having potent

and selective activities against not only H. pylori, but also against commensal and pathogenic

microorganisms [14]. A previous study demonstrated Bls potent anti-H. pylori activity in animals

[15]. However, nuoD (NADH:ubiquinone oxidoreductase), responsible for Bls resistance, was

found in spontaneous H. pylori mutants resistant to Bls [16]. Thus, Bl derivatives not only exhibit

multidrug-resistant H. pylori activity, but might also prove effective in the inhibition of H.
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pylori-induced pathogenesis of gastric epithelial cells. We identified several Bl-derivatives with
potent anti-H. pylori activity. We also determined the derivative with the greatest potency for
curbing the growth of multidrug-resistant H. pylori and for the inhibition of H. pylori-induced

pathogenesis in gastric epithelial cells.

2. Chemistry

The synthesis of substituted 3,4,5-trimethoxybenzylbenzimidazole (TMB) outlined in Scheme
1. To introduce a series of substitutions at positions 5 and 6 of the benzimidazole ring, the
substituted o-nitroaniline was used as starting material. o-Nitroaniline 1 was treated with an
appropriate acyl chloride 2 to obtain the corresponding amide 3. Reduction of the nitro moiety of
compound 3 using iron powder or sodium dithionite as reductive agent afforded amine 4.
Iminization of 4 with 3,4,5-trimethoxybenzaldehyde in methanol then gives the Schiff-base 5. The
targets 7 to 34 as shown in Table 1 were obtained by reduction of the appropriate 5 by treatment

with NaBH, in methanol, to provide 6, followed by cyclization to furnish the final products.

3. Results
3.1. Growth inhibition of H. pylori strains

The synthesized TMBs were evaluated for H. pylori growth inhibitory activity, and results are
shown in Table 1. Inhibition was assessed using the agar disk diffusion method, by measuring the

diameter of the inhibition zone in an agar dish of concentration 100 pg/mL. The results from



compounds 7-13 show that the introduction of an electron donating methyl group at positions 5 or 6

of the TMB core provided greater activity than compounds with electron withdrawing Cl and F

groups at those positions. However, substitution with the strongly electron donating OCHj3 group

dramatically reduced antimicrobial activity. Results from compounds 14-17 indicate that the

presence of a methyl group at position-5 of the TMB core produced greater activity than methyl

substitution at position-6. A variety of 5-methyl substituted TMB derivatives were synthesized

(18-34). The results show that the introduction of more bulky groups at the 2-position led to

compounds with reduced or little activity (27-32), and substitution at the 3’-postion of the aromatic

ring resulted in inactive compounds (20 and 22). However, compounds 23, 25, 26, and 34 exhibited

good activity against H. pylori in vitro assay.

Among the tested TMBs, compounds 8, 11, 14, 23, 25, 26, and 34 exhibited significant

potency with inhibition zones ranging from 21 to 24 mm (Table 1). These results are much better

than the performance of the standard antimicrobial agent benzimidazole (BI). Thus, TMB

derivatives, in particular compounds 26 and 34, may be useful in the development of novel

therapeutic agents targeting H. pylori growth.

We performed determinations to assess cell viability using the MTT method with untreated

cells, and test-sample-treated AGS cells. Our results showed that several compounds (8, 11, 14, 23,

25, 26 and 34) possessed higher anti-H. pylori activity; however, they also had a potent influence on

cell viability. Only derived compound 26, 2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)

benzimidazole (FMTMB), had no influence on AGS cell growth (data not shown). Therefore,
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FMTMB with a maximal concentration of 20 ug/mL was chosen to examine its biological effect on

the inhibition of H. pylori-induced pathogenesis of AGS cells.

3.2.  Minimum bactericidal concentration (MBC) of FMTMB against H. pylori

multidrug-resistant isolates

We assessed FMTMBs minimum bactericidal concentration (MBC) against H. pylori reference

strain (26695) and multidrug-resistant isolates, v633 and v1254. As shown in Table 2, at pH 7.0, the

MBC value for FMTMB was 25, 12.5, and 12.5 pg/mL, determined for H. pylori strains 26695,

v633, and v1254, respectively. It was interesting to observe that the effect of buffering pH (5.0, 7.0,

and 8.0) did not influence FMTMB bactericidal activity. This indicated that FMTMB harbors

superior bactericidal activity against both antibiotic-susceptible and multidrug-resistant strains of H.

pylori, and maintains its bactericidal activity over the range pH 5.0 to pH 8.0.

3.3. Inhibition of H. pylori adhesion to and invasion into AGS cells

The adhesion of H. pylori to gastric epithelial cells is an important initial step in the induction

of host cell pathogenesis [17]. Since we determined FMTMB to have an effective level of

bactericidal activity, we further examined whether it is able to inhibit the initial step of H. pylori

adhesion to, and invasion of host cells. As shown in Figure 1A, FMTMB exhibited dramatic

inhibition activity against H. pylori adhesion to AGS cells by 6%, 31%, and 58% at 5, 10, and 20

ug/mL respectively, as compared with the DMSO control. Additionally, FMTMB showed
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significant anti-invasion activity against H. pylori, with a reduction of 7%, 28%, and 52% in

concentrations of 5, 10, and, 20 pg/mL (Figure 1B). On the other hand, DMSO had no effect either

adhesion or invasion activities of H. pylori. Standard antibiotic MTZ (20 pug/mL) only produced

only a slight inhibitory effect (~20%) in anti-adhesion and anti-invasion assays, indicating that at

the same concentration of 20 pug/mL, FMTMB is more effective than the standard drug MTZ in

inhibition of H. pylori adhesion to, and invasion of, AGS cells. Results from this data demonstrate

that the BI derivative FMTMB, exhibited not only bactericidal activity, but also provides related

anti-adhesion and anti-invasion activities.

3.4. Inhibitory effects of H. pylori-induced vacuolation in AGS cells

H. pylori vacuolating cytotoxin A (VacA) induces formation of vacuoles, which to causes

continuous cell swelling that can eventually lead to cell death by necrosis [18]. We sought to assess

whether FMTMB was able to inhibit H. pylori VacA-induced vacuolation activity. A standard

neutral red uptake assay was employed for the detection of AGS cell vacuolation [19]. The assay

showed that AGS cells infected with H. pylori accumulate significantly more dye than un-infected

cells (Figure 2). Compared to the control, addition of Bl showed poor inhibition of H.

pylori-induced vacuole formation of cells. However, after pretreatment of FMTMB, we observed a

concentration-dependent inhibition of neutral red uptake (Figure 2). This suggests that FMTMB has

the ability to inhibit H. pylori-induced vacuolation in gastric epithelial cells.



3.5. Inhibitory effects of H. pylori-induced inflammation of AGS cells

H. pylori adherence to AGS cells induces translocation and phosphorylation of

cytotoxin-associated gene A (CagA) [20]. A previous study demonstrated the translocation and

phosphorylation of CagA in gastric epithelial cells, resulting in the activation of NF-xB, followed

by activation of IL-8 transcription and induction of hummingbird phenotype formation, indicating

that H. pylori CagA plays an important role in inducing IL-8 secretion [21]. Thus, we intended to

investigate whether FMTMB reduces the extent of H. pylori CagA translocation and

phosphorylation in AGS cells. CagA was immunoprecipitated from H. pylori-infected cells and

analyzed by immunoblot assay to quantify the amount of CagA protein delivered into AGS cells. As

shown in Figure 3A, both the levels of translocated and tyrosine-phosphorylated CagA decreased in

a concentration-dependent manner upon pretreatment of H. pylori-infected cells with various

concentrations of FMTMB (0 to 20 ug/mL). Compared with non-treated cells, there was nearly 55%

reduction in translocated CagA and tyrosine-phosphorylated CagA when H. pylori-infected cells

were treated with 20 pg/mL of FMTMB (Figure 3B and C). We next explored whether FMTMB, in

addition to inhibit translocation and phosphorylation of CagA, also specifically attenuates

CagA-induced responses by evaluating the hummingbird phenotype of AGS cells. Upon AGS cell

infection by H. pylori, around 30% of AGS cells exhibited the hummingbird phenotype, compared

to the non-treated cells (Figure 4). With pretreatment of FMTMB, the proportion of elongated cells

was reduced in a concentration-dependent manner. H. pylori-induced AGS elongation was

dramatically reduced by 98% of the starting population when infected cells were pretreated with
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20 pg/mL of FMTMB, indicating that FMTMB attenuates CagA translocation, leading to a

reduction in the amount of CagA phosphorylation, and attenuating the AGS cell hummingbird

phenotype. Collectively, these results indicate that FMTMB plays an important role in the reduction

of H. pylori CagA biological functions in AGS cells.

We further analyzed whether FMTMB influences NF-xB activation. NF-kB-luc construct was

used to determine luciferase expression following treatment of cells with FMTMB and

co-incubation with H. pylori. AGS cells were transiently transfected with NF-kB-luc construct,

followed by treatment with FMTMB and infected with H. pylori. The standard antimicrobial agent

Bl had only a slight inhibitory effect on the induction of NF-kB activity at a maximum

concentration of 20 pg/mL as compared to the DMSO control. In contrast to Bl, FMTMB exhibited

significant inhibition of luciferase activity by 14 and 42% compared to the DMSO control at

concentrations of 10 and 20 pg/mL, respectively (Figure 5A). Since H. pylori-induced IL-8

expression of gastric epithelial cells is mediated by activation of NF-xB [21], we next measured

FMTMBs inhibitory effect on H. pylori-induced AGS cell IL-8 expression. The secretion of IL-8 in

AGS cells infected with H. pylori in the presence of FMTMB at concentrations ranging from zero,

to 20 pg/mL was measured. In consistence with the NF-xB activity assay, IL-8 secretion in AGS

cells infected with H. pylori was reduced by 85% upon pre-treatment with 20 pug/mL of FMTMB

(Figure 5B). The results from this study indicate that suppression of IL-8 secretion by pretreatment

with FMTMB might contribute to attenuation of NF-kB activity by gastric epithelial cells in

response to H. pylori infection.
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4. Discussion

Benzimidazole derivatives are generally provided as PPIs to prevent gastric hyperacidity, and

have been investigated for inhibitory effects against several microbes including Fusobacterium

nucleatum [22], Streptococcus mutans [23], and H. pylori [15]. Target for Bl, including omeprazole

and lansoprazole, are gastric parietal cell proton-pumping P-ATPase’s and are commonly used as a

part of a multiple regimen for treatment of H. pylori-related gastroenteritis [24]. In addition, a Bl

analogue, 2-phenyl-5-(pyrrolidin-1-yl)-1-(3,4,5-trimethoxybenzyl)-1H-benzimidazole (PPTMB)

was found to have anti-cancer activity by the disruption of microtubule dynamics, arresting the cell

cycle and leading to stimulation of mitochondria-related apoptotic cascades in prostate cancer cells

[25]. Based on these previous reports demonstrating multiple functions of benzimidazole

derivatives, we synthesized a series of TMB derivatives, with the aim of developing therapeutic

agents against H. pylori growth and associated pathogenesis. After extensive functional screening

analysis of 28 derivatives, one compound, FMTMB, was clearly distinguished above the others.

Resistance to antibiotic treatment has become the most important factor in the eradication of H.

pylori infection [26]. H. pylori adhesion to epithelial cells is a crucial initial step in the pathogenesis

of gastric-related diseases [17]. Our previous study reported that pretreatment of H. pylori isolates

from the failure group of a clinical trial, had greater internalization activity than those from the

group that were successfully eradicated [27]. These reports suggest that H. pylori with either high

antibiotic resistance, or elevated invading activity, or both, survive better during antibiotic treatment,

12



thus leading to persistent intracellular survival in the human stomach. Therefore, development of a

new drug for inhibition of H. pylori invasion of host cells may be effective in the prevention of

bacteria forming antibiotic resistance. In the present study, it was observed that FMTMB displayed

greater anti-adhesion activity than BI did (Figure 1A). FMTMB also showed significantly better

inhibition of H. pylori growth, including multidrug-resistant strains from clinical isolates than that

of BI. In a study of 25 aerobic bacterial strains and 18 anaerobic bacterial strains, Carcanague et al.

showed that BI derivatives are highly selective for H. pylori, with minimal inhibition concentration

(MIC) values at 90% selectivity, greater than 64 pg/mL [14]. FMTMB produced MBC values

against H. pylori and multidrug-resistant strains ranging from 12.5 to 25 ug/mL (Table 2), which

were much better than Bl treatment of those strains. Additionally, FMTMB showed a dramatic

reduction in H. pylori invasion. These results indicate that FMTMB is effective as an anti-H. pylori

agent, in addition to its anti-adhesion and anti-invasion properties.

Two bacterial virulence factors — VacA and CagA, were previously thought closely associated

with peptic ulcers, and more virulent strains of H. pylori were thought to express both toxins [28].

Accumulated studies have demonstrated that VacA not only contributes to H. pylori colonization of

the stomach, but also facilitates bacterial invasion into host cells [29]. Another virulent bacterial

molecule — CagA, a highly immune-dominant antigen, can be translocated and phosphorylated by

gastric epithelial cells [20]. Translocation of CagA may play a crucial role in H. pylori induced

nuclear factor-kappaB (NF-kB) activation and IL-8 expression, which are important factors in the

induction of inflammatory response [21]. Thus, we considered that development of effective agents
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against H. pylori produced virulence factors would be useful for reducing of H. pylori-induced
pathogenesis. Among the BI derivatives, we demonstrated that FMTMB is most effective in the
control of H. pylori VacA-induced cellular vacuolation. Additionally, FMTMB suppressed H. pylori
CagA-induced inflammation through inhibition of CagA-translocation and phosphorylation, and the
pro-inflammatory signaling pathway components NF-«kB and IL-8. However, the mechanisms by

which FMTMB inhibits VVacA and CagA remain unclear and require further investigation.

5. Conclusions

In this study, we synthesized 28 TMB derivatives and demonstrated that the most potent of
these, FMTMB, is effective in the inhibition of H. pylori growth. FMTMB inhibits both H. pylori
adhesion and invasion of gastric epithelial cells, and diminishes both bacterial-induced IL-8
secretion and NF-xB activation. Moreover, FMTMB showed activity against both H. pylori
reference and multidrug-resistant strains. In particular, H. pylori-induced pathogenesis, which is
enhanced by CagA and VacA, showed a dramatic reduction after by treatment of cells with FMTMB.
Thus, this study showed that FMTMB has the potential to be a new potent therapeutic drug against

H. pylori infection and inflammation of gastric epithelial cells.

6. Experimental section
6.1. Chemistry

6.1.1 General Experimental Procedures
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Reagents and solvents were obtained commercially and used without further purification.
Reactions were monitored by TLC, using Merck plates with fluorescent indicator (TLC Silica Gel
60 F254). Flash column chromatography was performed on silica gel (Merck Silica Gel 60, 70-230
mesh). Melting points were determined on a Yanaco MP-500D melting point apparatus and were
uncorrected. *H and **C NMR spectra were obtained on a Bruker NMR AV 400 or DPX-200
spectrometer in DMSO-ds or CDClI3-d;. The following abbreviations are used: s, singlet; d, doublet;
t, triplet; m, multiplet. EI-MS and HRMS spectra were measured with a Finnigan/Thermo Quest
MAT95xI instrument. ESI-MS spectra were measured with a Bruker esquire HCT ultra instrument.
All the synthetic benzimidazole derivatives, with the exception of compound 10, were checked by
elemental analysis. Elemental analyses (C, H, and N) were performed on a Elementar vario EL III
analyzer, and the results were within £0.4% of the calculated values. The purity of the oil
compound 10 was checked by Jasco HPLC analysis possessed more than 99% purity.

6.1.2. N-(substituted-2-nitrophenyl)benzamides (3)

To a stirred solution of substituted 2-nitroaniline (4 mmol) and pyridine (8 mmol) in dry
dichloromethane (15 mL) was added dropwise the corresponding benzoyl chloride (8 mmol). The
reaction mixture was stirred at room temperature for 8 h. The solvent was evaporated in vacuo, and
the residue subjected to flash chromatography on silica gel using a mixture of hexanes-CHCl, (7:3)
as eluent which after drying in vacuo, afforded 3 as a solid.

6.1.3. N-(2-amino-substituted phenyl)benzamides (4)

To a suspension of compound 3 (3 mmol) in isopropanol (150 mL) was added iron powder (2 g)
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and ammonium chloride (0.3 mmol). The reaction mixture was heated at 100 °C for 12 h. The hot

mixture was filtered off and the filtrate was evaporated. The residue was subjected to flash

chromatography on silica gel using a mixture of hexanes-CH,Cl; (9:1) as eluent which after drying

in vacuo, afforded 4 as a white-gray solid.

6.1.4. N-(substituted-2-(3,4,5-trimethoxybenzylidenamino)phenyl)benzamides (5)

A mixture of compound 4 (2 mmol) and 3,4,5-trimethoxybenzaldehyde (3 mmol) in methanol

was stirred at room temperature for 12 h. The suspension was filtered and the solid washed with

methanol to afford 5 as a solid.

6.1.5. N-(substituted-2-(3,4,5-trimethoxybenzylamino)phenyl)benzamides (6)

A suspension of compound 5 (3 mmol) in methanol was cooled with vigorous stirring while

cooled in an ice bath. Sodium borohydride was added dropwise until the color of the mixture

became white. Excess sodium borohydride was quenched by the addition of distilled water. The

resulting mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic components

were washed with brine, dried over anhydrous MgSQO,, and concentrated in vacuo to obtain 6 as a

solid.

6.1.6. Substituted-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazoles (7-34)

To a suspension of 6 (1 mmol) in ethanol (20 mL) was added 3 mL of 4 N HCI. The

suspension was heated with vigorous stirring at 50 °C for 5 h. After cooling, the reaction solution

was neutralized with ammonium hydroxide, and the resulting mixture was extracted with ethyl

acetate (3 x 50 mL). The combined organic components were washed with brine, dried over
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anhydrous MgSO,, and concentrated in vacuo. The residue was subjected to flash chromatography
on silica gel to obtain corresponding target as a solid.
6.1.7. 5,6-Dimethyl-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (7)

Yield 66% from 6 as a white solid, mp 146-147 °C; 'H NMR (400 MHz, DMSO-dg) & (ppm):
7.75-7.72 (m, 2H, ArH), 7.53-7.52 (m, 3H, ArH), 7.46 (s, 1H, ArH), 7.34 (s, 1H, ArH), 6.28 (s, 2H,
ArH), 5.42 (s, 2H, CH,), 3.57 (s, 3H, OCH3), 3.57 (s, 6H, OCH3), 2.31 (s, 6H, CHs); *C NMR (100
MHz, DMSO-ds) & (ppm): 160.5, 153.5, 153.5, 141.8, 137.2, 134.9, 133.1, 131.8, 130.0, 130.0,
130.0, 130.0, 129.5, 129.3, 119.8, 111.5, 104.2, 104.2, 60.4, 56.2, 56.2, 47.9, 21.4, 21.4, 21.4; EIMS:
m/z 402 (M"); Anal. Calcd for CsH»6N,O3: C, 74.60; H, 6.51; N, 6.96. Found: C, 74.41; H, 6.71; N,
6.70.

6.1.8. 5-Methyl-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (8)

Yield 89% from 6 as a white solid, mp 133-134°C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.83-7.79 (m, 3H, 4, 2°, 6°-H), 7.48-7.37 (m, 4H, 7, 3°, 4, 5°-H), 7.07 (dd, J = 8, 2 Hz, 1H, 6H),
6.29 (s, 2H, 27, 67-H), 5.34 (s, 2H, CHy), 3.57 (s, 3H, OCHj3), 3.57 (s, 6H, OCH3), 2.40 (s, 3H,
CHs); °C NMR (100 MHz, DMSO-dg) & (ppm): 164.6, 162.1, 153.5, 153.5, 152.8, 143.4, 137.1,
134.5, 133.0, 131.9, 131.9, 127.4, 124.6, 119.5, 116.3, 119.6, 111.2, 104.1, 104.1, 60.4, 56.2, 56.2,
48.0, 21.6; EIMS: m/z 388 (M™); Anal. Calcd for Co4H,4N,03: C, 74.21; H, 6.23; N, 7.21. Found: C,
74.15; H, 6.50; N, 7.14.

6.1.9. 5-Chloro-1-(3,4,5-trimethoxyphenyl)benzimidazole (9)

Yield 85% from 6 as a pale yellow solid, mp 122-123 °C; *H NMR (400 MHz, DMSO-ds) &
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(ppm): 7.78-7.76 (m, 3H, ArH), 7.64 (d, J = 8 Hz, 1H, ArH), 7.65-7.62 (m,3H, ArH), 7.29(dd, J = 8,
2 Hz, 1H, ArH), 6.28 (s, 2H, ArH), 5.48 (s, 2H, CH5), 3.58 (s, 3H, OCH), 3.58 (s, 6H, OCHs); °C
NMR (100 MHz, DMSO-ds) 6 (ppm):154.7 153.0, 153.0, 143.4, 136.7, 134.6, 132.0, 130.0, 129.8,
129.2, 129.2, 128.8, 128.8, 126.6, 122.7, 118.6, 112.6, 103.8, 103.8, 59.8, 55.7, 55.7, 47.6; ESIMS:
m/z 409 (M+1)*; Anal. Calcd for C3H» CIN,O3: C, 67.56; H, 5.18; N, 6.85. Found: C, 67.70; H,
5.20; N, 6.72.

6.1.10. 5-Fluoro-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (10)

Yield 57% from 6 as a light-brown solid; mp 102-104 °C; *H NMR (400 MHz, DMSO-dg) &
(ppm): 7.79-7.76 (m, 2H, ArH), 7.61-7.55 (m, 3H, ArH), 7.51-7.49 (m, 1H, ArH), 7.30-7.28 (m, 1H,
ArH), 7.14-7.12 (m, 1H, ArH), 6.29 (s, 2H, ArH), 5.48 (s, 2H, CHj), 3.56 (s, 3H, OCH3), 3.56 (s,
6H, OCHs); *C NMR (100 MHz, DMSO-dg) & (ppm): 154.9, 152.9, 152.9, 136.7, 132.5, 132.1,
130.0, 129.2, 129.2, 128.8, 128.8, 112.1, 111.9, 110.9, 110.6, 104.9, 104.7, 103.8, 103.8, 59.8, 55.7,
55.7, 47.6; EIMS: m/z 392 (M"); HRMS: m/z 392.1539.

6.1.11. 6-Methyl-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (11)

Yield 73% from 6 as a white solid, mp 86-93 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.76-7.73 (M, 2H, ArH), 7.58-7.53 (m, 4H, ArH), 7.38 (s, 1H, ArH), 7.08-7.05 (m,1H, ArH), 6.28 (s,
2H, ArH), 5.44 (s, 2H, CHy), 3.57 (s, 9H, OCHjz), 2.41 (s, 3H, CH3); *C NMR (100 MHz,
DMSO-dg) 6 (ppm): 153.0, 153.0, 152.8, 140.8, 136.7, 136.1, 132.5, 132.1, 130.4, 129.6, 129.6,
129.1, 129.1, 128.8, 123.7, 118.8, 110.7, 103.7, 103.7, 59.9, 55.7, 55.7, 47.3, 21.4; ESIMS: m/z 389

(M+1) *; Anal. Calcd for CosHxuN,Os: C, 74.21; H, 6.23; N, 7.21. Found: C, 74.10; H, 6.41; N,
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7.11.
6.1.12. 6-Methoxy-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (12)

Yield 77% from 6 as a white solid, mp 105-106 °C; 'H NMR (200 MHz, CDCls-dy) & (ppm):
7.74-7.64 (m, 3H, ArH), 7.46-7.43 (m, 3H, ArH), 6.93 (dd, J = 8, 2 Hz, 1H, ArH), 6.70 (d, J = 2 Hz,
1H, ArH), 6.28 (s, 2H, ArH), 5.30 (s, 2H, CHy), 3.82 (s, 3H, OCH3), 3.80 (s, 3H, OCHs), 3.69 (s,
6H, OCHs); *C NMR (50 MHz, CDCls-dy) 5 (ppm): 156.9, 153.8, 153.8, 153.8, 147.3, 137.4, 132.0,
129.7, 129.1, 129.1, 129.1, 128.8, 128.8, 128.8, 120.5, 111.6, 103.0, 103.0, 94.3, 60.9, 56.1, 56.1,
48.5, 43.3; EIMS: m/z 404 (M"); Anal. Calcd for Co4H24N204: C, 71.27; H, 5.98; N, 6.93. Found: C,
71.35; H, 6.01; N, 6.74.

6.1.13. 6-Chloro-2-phenyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (13)

Yield 64% from 6 as a pale-yellow solid, mp 110-111 °C; *H NMR (400 MHz, DMSO-dg) &
(ppm): 7.79-7.76 (m, 3H, ArH), 7.71 (d, J = 8 Hz, 1H, ArH), 7.57-7.55 (m, 3H, ArH), 7.26 (dd, J =
8, 2 Hz, 1H, ArH), 6.27 (s, 2H, ArH), 5.49 (s, 2H, CH,), 3.56 (s, 3H, OCHj), 3.56 (s, 6H, OCHy);
3C NMR (100 MHz, DMSO-dg) & (ppm): 154.3, 152.9, 152.9, 141.3, 136.8, 136.5, 132.0, 130.0,
129.9, 129.1, 129.1, 128.9, 128.9, 127.1, 122.5, 120.5, 111.1, 103.9, 103.9, 59.9, 55.7, 55.7, 47.5;
EIMS: m/z 408 (M"); Anal. Calcd for C3H2CIN,O3: C, 67.56; H, 5.18; N, 6.85. Found: C, 67.72;
H, 5.31; N, 6.74.

6.1.14. 2-(4-Methoxyphenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (14)
Yield 68% from 6 as a white solid, mp 185-186 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):

7.69-7.67 (M, 2H, ArH), 7.45 (m, 1H, ArH), 7.39 (d, J = 6 Hz, 1H, ArH), 7.09 (dd, J = 8, 2 Hz, 2H,
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ArH), 7.04 (dd, J = 6, 2 Hz, 1H, ArH), 6.29 (s, 2H, ArH), 5.41 (s, 2H, CH,), 3.82 (s, 3H, OCHs),
3.56 (s, 9H, OCHj3), 2.41 (s, 3H, CHa); *C NMR (100 MHz, DMSO-dg) & (ppm): 160.3, 153.1,
152.9, 152.9, 142.9, 136.6, 134.0, 132.6, 131.0, 130.5, 130.5, 123.7, 122.6, 118.7, 114.2, 114.2,
110.4, 103.7, 103.7, 59.9, 55.7, 55.7, 55.2, 47.5, 21.2; EIMS: m/z 418 (M)"; Anal. Calcd for
CasH26N204: C, 71.75; H, 6.26; N, 6.69. Found: C, 71.66; H, 6.40; N, 6.58.

6.1.15. 5-Chloro-2-(4-methoxyphenyl)-1-(3,4,5-trimethoxybenzyl)benzimidazole (15)

Yield 86% from 6 as a pale-yellow solid, mp 116-117 °C; *H NMR (400 MHz, DMSO-ds) &
(ppm): 7.74-7.70 (m, 3H, ArH), 7.58 (d, J = 8 Hz, 1H, ArH), 7.25 (dd, J = 8, 2 Hz, 1H, ArH),
7.12-7.10 (m, 2H, ArH), 6.30 (s, 2H, ArH), 5.47 (s, 2H, CH,), 3.82 (s, 3H, OCHs), 3.57 (s, 9H,
OCHjz); 3C NMR (100 MHz, DMSO-dg) & (ppm): 161.1, 155.3, 153.6, 153.6, 144.0, 137.3, 135.2,
132.7, 131.2, 131.2, 127.0, 122.9, 122.5, 118.9, 114.9, 114.9, 112.9, 104.3, 104.3, 60.4, 56.3, 56.3,
55.9, 48.2; EIMS: m/z 438 (M)"; Anal. Calcd for Cy4sH23CIN,O4: C, 65.68; H, 5.28; N, 6.38. Found:
C, 65.54; H, 5.35; N, 6.32.

6.1.16. 2-(4-Methoxyphenyl)-6-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (16)

Yield 80% from 6 as a white solid, mp 96-97 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.69-7.66 (m, 2H, ArH), 7.54 (d, J = 8 Hz, 1H, ArH), 7.32 (s, 1H, ArH), 7.09-7.03 (m, 3H, ArH),
6.29 (s, 2H, ArH), 5.42 (s, 2H, CH,), 3.81 (s, 3H, OCHs), 3.57 (s, 9H, OCHj3), 2.40 (s, 3H, CHa);
3C NMR (100 MHz, DMSO-dg) & (ppm): 160.3, 153.0, 153.0, 140.8, 136.6, 136.1, 132.6, 131.7,
130.5, 130.5, 123.6, 122.6, 118.6, 114.2, 114.2, 113.4, 110.5, 103.6, 103.6, 59.9, 55.7, 55.7, 55.3,

47.3, 21.4; EIMS: m/z 418.0 (M"); Anal. Calcd for CosH,N,04: C, 71.75; H, 6.26; N, 6.69. Found:
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C, 71.58; H, 6.42; N, 6.55.
6.1.17. 6-Chloro-2-(4-methoxyphenyl)-1-(3,4,5-trimethoxybenzyl)benzimidazole (17)

Yield 68% from 6 as a pale-yellow solid, mp 92-93 °C; *H NMR (200 MHz, CDCls-dy) &
(ppm): 7.71 (dd, J = 8, 1 Hz, 1H, ArH), 7.62 (dd, J = 5, 2 Hz, 2H, ArH), 7.26-7.20 (m, 2H, ArH),
6.96 (d, J = 8 Hz, 2H, ArH), 6.25 (s, 2H, ArH), 5.30 (s, 2H, ArH), 3.83 (s, 3H, OCH3), 3.82 (s, 3H,
OCHs), 3.70 (s, 3H, OCHs); °C NMR (50 MHz, CDCls-d;) & (ppm): 161.2, 155.0, 153.9, 153.9,
141.8, 137.6, 136.8, 131.6, 130.6, 130.6, 128.5, 123.3, 121.9, 120.6, 114.4, 114.4, 110.3, 102.8,
102.8, 60.9, 56.2, 56.2, 55.4, 48.6; EIMS: m/z 438 (M"); Anal. Calcd for C,4H23CIN,O4: C, 65.68;
H, 5.28; N, 6.38. Found: C, 65.62; H, 5.56; N, 6.28.

6.1.18. 5-Methyl-1-(3,4,5-trimethoxybenzyl)-2-(4-cyanophenyl)benzimidazole (18)

Yield 97% from 6 as a pale-red solid, mp 165-166 °C; *H NMR (400 MHz, DMSO-dg) &
(ppm): 8.01 (d, J = 8 Hz, 2H, ArH), 7.95 (d, J = 8 Hz, 2H, ArH), 7.52-7.47 (m, 2H, ArH), 7.13 (d, J
=8 Hz, 1H, ArH), 6.27 (s, 2H, ArH), 5.47 (s, 2H, CH5), 3.57 (s, 9H, OCHs), 2.42 (s, 3H, CHs); °C
NMR (100 MHz, DMSO-ds) ¢ (ppm): 153.9, 153.5, 153.5, 151.8, 143.4, 137.3, 135.3, 134.8, 133.2,
133.2, 132.8, 132.2, 130.4, 130.4, 125.3, 119.7, 112.7, 111.4, 104.3, 104.3, 60.4, 56.3, 56.3, 48.2,
21.7; ESIMS: m/z 414 (M+1)"; Anal. Calcd for Co5H,3N303: C, 72.62; H, 5.61; N, 10.16. Found: C,
72.70; H, 5.68; N, 10.02.

6.1.19. 2-(4-Fluorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (19)
Yield 70% from 6 as a white solid, mp 132-133 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):

7.77-7.75 (m, 2H, ArH), 7.56-7.53 (m, 2H, ArH), 7.48-7.45 (m, 2H, ArH), 7.07 (dd, J = 8, 2 Hz, 1H,
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ArH), 6.28 (s, 2H, ArH), 5.44 (s, 2H, CH,), 3.56 (s, 9H, OCHy), 2.41 (s, 3H, CHs); *C NMR (100
MHz, DMSO-ds) & (ppm): 153.6, 153.4, 153.4, 143.5, 134.5, 133.1, 131.7, 130.9, 130.5, 130.2,
129.7,129.7, 129.4, 129.4, 124.6, 119.5, 111.2, 104.2, 104.2, 60.4, 56.2, 56.2, 48.0, 21.7; EIMS m/z
406 (M"); Anal. Calcd for CysH23FN,O5: C, 70.92; H, 5.70; N, 6.89. Found: C, 70.87; H, 5.84; N,
6.82.

6.1.20. 2-(3-Methoxyphenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (20)

Yield 88% from 6 as a white solid, mp 128-129 °C; *H NMR (400 MHz, CDCls-d;) & (ppm):
7.62 (s, 1H, ArH), 7.36-7.32 (m, 1H, ArH), 7.24-7.22 (m, 2H, ArH), 7.15(d, J = 8 Hz, 1H, ArH),
7.07 (dd, J = 1, 8 Hz, 1H, ArH), 7.01-6.98 (m, 1H, ArH), 6.28 (s, 2H, ArH), 5.33 (s, 2H, CH,), 3.80
(s, 3H, OCHy), 3.74 (s, 3H, OCHs), 3.68 (s, 6H, OCH3)2.48 (s, 3H, CH3); *C NMR (100 MHz,
CDCl3-d;) & (ppm): 159.8, 154.0, 153.8, 153.8, 143.4, 137.4, 134.3, 132.4, 132.3, 131.5, 129.8,
124.6, 121.4, 119.8, 116.3, 114.2, 109.9, 103.1, 103.1, 60.8, 56.1, 56.1, 55.3, 48.5, 21.6; EIMS: m/z
418 (M"); Anal. Calcd for CasH26N204: C, 71.75; H, 6.26; N, 6.69. Found: C, 71.69; H, 6.39; N,
6.55.

6.1.21. 2-(3-Methylphenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (21)

Yield 98% from 6 as a white solid, mp 137-138 °C; *H NMR (200 MHz, CDCls-d;) & (ppm):
7.60 (d, J = 6.92 Hz, 2H, ArH), 7.43-7.24 (m, 3H, ArH), 7.16-7.03 (m, 2H, ArH), 6.28 (s, 2H, ArH),
5.32 (s, 2H, CH,), 3.84 (s, 3H, OCHy), 3.68 (s, 6H, OCHj3), 2.48 (s, 3H, CHg), 2.37 (s, 3H, CHa);
3C NMR (50 MHz, CDCls-dy) & (ppm): 154.3, 153.7, 153.7, 143.5, 138.7, 138.7, 137.3, 134.2,

132.3, 132.3, 130.6, 130.2, 128.5, 126.0, 124.5, 119.7, 109.9, 103.0, 103.0, 60.8, 56.1, 56.1, 48.5,
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21.6, 21.4; EIMS: m/z 402 (M"); Anal. Calcd for CsH»6N,O3: C, 74.60; H, 6.51; N, 6.96. Found: C,
74.72; H, 6.56; N, 6.89.
6.1.22. 2-(3-Fluorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (22)

Yield 90% from 6 as a pink solid, mp 101-102 °C; *H NMR (400 MHz, DMSO-ds) & (ppm):
7.60-7.58 (m, 3H, ArH), 7.50-7.48 (m, 2H, ArH), 7.41-7.35 (m, 1H, ArH), 7.10 (dd, J = 8, 2 Hz, 1H,
ArH), 6.29 (s, 2H, ArH), 5.47 (s, 2H, CH,), 3.57 (s, 9H, OCHy), 2.42 (s, 3H, CHs); *C NMR (100
MHz, DMSO-ds) & (ppm): 163.7, 161.3, 153.5, 153.5, 143.3, 137.3, 134.6, 132.9, 131.9, 125.8,
124.9, 119.6, 117.2, 117.0, 116.6, 116.4, 111.3, 104.4, 104.4, 60.4, 56.2, 56.2, 48.1, 21.7; EIMS: m/z
406 (M"); Anal. Calcd for CysH3FN,O5: C, 70.92; H, 5.70; N, 6.89. Found: C, 71.20; H, 5.76; N,
6.75.

6.1.23. 2-(2-Methoxyphenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (23)

Yield 68% from 6 as a white solid, mp 194-195 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.55 (t, J = 8 Hz, 1H, ArH), 7.48 (dd, J = 8 Hz, 1H, ArH), 7.44-7.42 (m, 2H, ArH), 7.22 (d, J = 8 Hz,
1H, ArH), 7.11 (t, J = 8 Hz, 1H, ArH), 7.04 (d, J = 8 Hz, 1H, ArH), 6.27 (s, 2H, ArH), 5.15 (s, 2H,
CHa), 3.76 (s, 3H, OCHy), 3.56 (s, 6H, OCHs), 3.54 (s, 3H, OCH3), 2.40 (s, 3H, CHs); *C NMR
(100 MHz, DMSO-dg) 6 (ppm): 157.4, 153.3, 153.3, 151.7, 142.6, 137.2, 133.6, 132.9, 132.7, 132.2,
131.2, 124.2, 121.2, 120.4, 119.3, 112.3, 110.9, 105.0, 105.0, 60.4, 56.2, 56.0, 56.0, 47.9, 21.6;
EI-MS: m/z 418 (M"); Anal. Calcd for Co5Ho6N2O4: C, 71.75; H, 6.26; N, 6.69. Found: C, 71.65; H,
6.35; N, 6.52.

6.1.24. 2-(2-Methylphenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (24)
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Yield 94% from 6 as a white solid, mp 160-166 °C; 'H NMR (200 MHz, CDCls-dy) & (ppm):
7.60 (s, 1H, ArH), 7.41-7.28 (m, 4H, ArH), 7.24-7.19 (m, 1H, ArH), 7.08 (dd, J = 8, 1 Hz, 1H, ArH),
6.13 (s, 2H, ArH), 5.08 (s, 2H, CH,), 3.75 (s, 3H, OCHs), 3.65 (s, 6H, OCH3), 2.48 (s, 3H, CHy3),
2.17 (s, 3H, CH3); *C NMR (50 MHz, CDCls-d1) & (ppm): 153.4, 153.4, 143.4, 138.3, 137.4, 132.9,
132.1, 131.8, 130.5, 130.1, 130.1, 129.8, 125.7, 124.3, 119.8, 110.2, 109.8, 103.8, 103.8, 60.8, 56.0,
56.0, 48.0, 21.5, 19.7; EIMS: m/z 402 (M™); Anal. Calcd for Co5H26N20s: C, 74.60; H, 6.51; N, 6.96.
Found: C, 74.68; H, 6.59; N, 6.85.

6.1.25. 2-(2-Chlorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (25)

Yield 24% from 6 as a pale-yellow solid, mp 174-175 °C; *H NMR (400 MHz, DMSO-ds) &
(ppm): 9.66 (s, 1H, NH), 7.98 (d, J = 8 Hz, 2H, ArH), 7.56-7.49 (m, 3H, ArH), 7.26-7.13 (m, 5H,
ArH), 7.03 (d, J = 8 Hz, 1H, ArH), 7.73-7.71 (m, 3H, ArH), 6.59 (dd, J = 8, 2 Hz, 1H, ArH), 5.33 (t,
J =6 Hz, 1H, NH), 4.24 (d, J = 6 Hz, 1H, CH,), 3.75 (s, 6H, OCHs), 3.71 (s, 3H, OCHj3); *C NMR
(100 MHz, DMSO-ds) 6 (ppm): 166.2, 153.3, 153.3, 146.3, 144.8, 143.6, 136.6, 136.3, 135.1, 131.8,
128.7,128.7, 128.3, 128.3, 127.3, 126.9, 126.6, 126.6, 122.6, 114.2, 110.0, 104.9, 104.9, 74.9, 60.2,
56.2, 56.2, 47.1, 21.2, 14.5; EIMS: m/z 422 (M"); Anal. Calcd for C»4H,3CIN,O3: C, 68.16; H, 5.48;
N, 6.62. Found: C, 68.26; H, 5.54; N, 6.55.

6.1.26. 2-(2-Fluorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (26)

Yield 95% from 6 as a white solid, mp 93-95 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):

7.68-7.62 (m, 2H, ArH), 7.52-7.37 (m, 4H, ArH), 7.10 (dd, J = 8, 2 Hz, 1H, ArH), 6.25 (s, 2H, ArH),

5.27 (s, 2H, CH>), 3.57 (s, 3H, OCHs), 3.55 (s, 6H, OCHj3), 2.41 (s, 3H, CH3); *C NMR (100 MHz,
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DMSO-ds) 6 (ppm): 161.3, 158.9, 153.3, 153.3, 148.6, 143.6, 137.3, 133.7, 132.9, 132.8, 131.8,
125.5, 1245, 119.6, 116.8, 116.6, 111.3, 104.7, 104.7, 60.2, 56.5, 56.5, 47.9, 21.6; EIMS: m/z 406
(M™"); Anal. Calcd for C,4H23FN,O3: C, 70.92; H, 5.70; N, 6.89. Found: C, 70.84; H, 5.82; N, 6.81.
6.1.27. 5-Methyl-2-(naphthalen-1-yl)-1-(3,4,5-trimethoxybenzyl)benzimidazole (27)

Yield 95% from 6 as a white solid, mp 127-128 °C; 'H NMR (400 MHz, DMSO-ds) 6 (ppm):
8.13 (d, J = 8 Hz, 1H, ArH), 8.04 (d, J = 8 Hz, 1H, ArH), 7.76 (t, J = 8 Hz, 2H, ArH), 7.67 (t, J = 8
Hz, 1H, ArH), 7.58-7.50 (m, 4H, ArH), 7.12 (d, J = 8 Hz, 1H, ArH), 6.10 (s, 2H, ArH), 5.22 (s, 2H,
CHy), 3.47 (s, 3H, OCHs), 3.41 (s, 6H, OCH3), 2.4 (s, 3H, CHs); *C NMR (100 MHz, DMSO-ds)
o (ppm): 153.2, 153.2, 152.1, 143.6, 137.1, 133.7, 133.6, 132.5, 132.2, 131.7, 130.6, 129.2, 128.9,
128.2, 127.6, 127.0, 125.8, 125.7, 124.6, 119.6, 111.3, 104.8, 104.8, 60.3, 56.0, 56.0, 47.9, 21.7;
EIMS: m/z 438 (M)*; Anal. Calcd for CasHosN2O3: C, 76.69; H, 5.98; N, 6.39. Found: C, 76.55; H,
6.12; N, 6.28.

6.1.28. 5-Methyl-2-(naphthalen-2-yl)-1-(3,4,5-trimethoxybenzyl)benzimidazole (28)

Yield 91% from 6 as a white solid, mp 123-124 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
8.33 (d, J = 2 Hz, 1H, ArH), 8.07 (d, J = 8 Hz, 1H, ArH), 8.00-7.79 (m, 2H, ArH), 7.89 (dd, J = 8, 2
Hz, 1H, ArH), 7.61-7.52 (m, 4H, ArH), 7,11 (d, J = 8 Hz, 1H, ArH) 6.30 (s, 2H, ArH), 5.54 (s, 2H,
CHy), 3.55 (s, 6H, OCHs), 3.50 (s, 3H, OCHs3), 2.43 (s, 3H, CHs); *C NMR (100 MHz, DMSO-ds)
o (ppm): 153.1, 152.9, 152.9, 143.1, 136.7, 134.2, 133.0, 132.6, 132.5, 131.3, 128.8, 128.3, 128.3,
127.9, 127.6, 127.3, 126.8, 126.3, 124.2, 118.9, 110.7, 103.9, 103.9, 59.9, 55.6, 55.6, 47.6, 21.2;

EIMS: m/z 438 (M"); Anal. Calcd for CogH26N,03: C, 76.69; H, 5.98; N, 6.39. Found: C, 76.53; H,
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6.23; N, 6.22.
6.1.29. 5-Methyl-2-styryl-1-(3,4,5-trimethoxybenzyl)benzimidazole (29)

Yield 64% from 6 as a white solid, mp 160.5-165.1°C; *H NMR (200 MHz, CDCls-dy) &
(ppm): 7.95 (d, J = 16 Hz, 1H, CH), 7.57-7.49 (m, 3H, ArH), 7.35-7.32 (m, 3H, ArH), 7.20 (d, J =
16 Hz, 1H, CH), 7.13-6.99 (m, 2H, ArH), 6.31 (s, 2H, ArH), 5.35 (s, 2H, CH,), 3.75 (s, 3H, OCHy),
3.66 (s, 6H, OCHy), 2.47 (s, 3H, CHs3); *C NMR (50 MHz, CDCls-dy) & (ppm): 153.7, 151.0, 143.5,
137.5, 137.2, 135.9, 133.7, 132.6, 131.8, 129.0, 129.0, 128.8, 128.5, 128.5, 127.2, 124.4, 119.2,
113.1, 109.0, 103.1, 103.1, 60.8, 56.1, 56.1, 47.0, 21.6; EIMS: m/z 414 (M"); Anal. Calcd for
CasH26N203: C, 75.34; H, 6.32; N, 6.76. Found: C, 75.22; H, 6.39; N, 6.47.

6.1.30. 2-(3,4-Dichlorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (30)

Yield 68% from 6 as a white solid, mp 127-128 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.96 (d, J = 2 Hz, 1H, ArH), 7.79 (d, J = 8 Hz, 1H, ArH), 7.72 (dd, J = 8, 2 Hz, 1H, ArH), 7.52-7.50
(m, 2H, ArH), 7.11 (d, J = 8 Hz, 1H, ArH), 6.30 (s, 2H, ArH), 5.46 (s, 2H, CH,), 3.58 (s, 9H, OCHj),
2.42 (s, 3H, CHs); *C NMR (50 MHz, CDCls-dy) § (ppm): 153.9, 153.9, 151.5, 143.2, 137.6, 134.5,
134.3,133.1, 132.9, 131.8, 131.1, 130.7, 130.1, 128.1, 125.2, 119.9, 109.8, 102.9, 102.9, 60.9, 56.1,
56.1, 48.5, 21.6; EIMS: m/z 457 (M™); Anal. Calcd for C,4H2,CI;N,O3: C, 63.03; H, 4.85; N, 6.13.
Found: C, 62.89; H, 4.96; N, 6.01.

6.1.31. 2-(2,4-Dichlorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (31)
Yield 35% from 6 as a pale-yellow solid, mp 148-149 °C; *H NMR (200 MHz, CDCls-d) &

(ppm): 7.61 (s, 1H, ArH), 7.53-7.52 (m, 1H, ArH), 7.33-7.32 (m, 2H, ArH), 7.19 (d, J = 8 Hz, 1H,
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ArH), 7.10 (dd, J = 8, 1 Hz, ArH), 6.11 (s, 2H, ArH), 5.12 (s, 2H, CH,); *C NMR (50 MHz,
CDCl3-d;) & (ppm): 153.4, 153.4, 149.9, 143.3, 137.5, 136.8, 135.2, 133.0, 133.0, 132.4, 131.4,
129.8, 127.3, 125.0, 120.0, 110.0, 103.7, 103.7, 60.8, 56.0, 56.0, 48.4, 21.5; EIMS: m/z 457 (M™);
Anal. Calcd for Cp4H22CIN,03: C, 63.03; H, 4.85; N, 6.13. Found: C, 62.85; H, 4.94; N, 6.06.
6.1.32. 2-(2,3-Dichlorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (32)

Yield 73% from 6 as a pale-yellow solid, mp 157-158 °C; *H NMR (400 MHz, DMSO-dg) &
(ppm): 7.84 (dd, J = 8, 2 Hz, 1H, ArH), 7.60 (d, J = 2 Hz, 1H, ArH), 7.55-7.49 (m, 3H, ArH), 7.12
(d, J =8 Hz, 1H, ArH), 6.24 (s, 2H, ArH), 5.19 (s, 2H, CH,), 3.57 (s, 9H, OCH3), 2.42 (s, 3H, CH3);
B3C NMR (50 MHz, DMSO-ds) § (ppm): 153.4, 153.4, 150.4, 143.2, 137.5, 133.8, 132.9, 132.5,
132.4, 132.0, 131.3, 130.4, 127.5, 125.0, 120.1, 110.0, 103.8, 103.8, 102.9, 60.8, 56.0, 56.0, 48.4,
21.5; EIMS: m/z 457 (M"); Anal. Calcd for C,4H2,CI,N,O3: C, 63.03; H, 4.85; N, 6.13. Found: C,
62.89; H, 4.96; N, 6.01.

6.1.33. 2-(2,5-Difluorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (33)

Yield 74% from 6 as a white solid, mp 122-123 °C; *H NMR (400 MHz, DMSO-dg) & (ppm):
7.58-7.47 (m, 5H, ArH), 7.07 (dd, J = 8, 2 Hz, 1H, ArH), 6.28 (s, 2H, ArH), 5.44 (s, 2H, CH,), 3.56
(s, 9H, OCHj3), 2.41 (s, 3H, CHs); *C NMR (100 MHz, DMSO-dg) & (ppm): 153.6, 153.3, 153.3,
147.2, 1435, 137.3, 133.7, 132.5, 131.9, 125.1, 119.7, 119.6, 119.4, 119.4, 119.2, 118.9, 111.4,
104.8, 104.8, 60.4, 56.2, 56.2, 48.0, 21.7; EIMS: m/z 424 (M"); Anal. Calcd for Cy4H,,F,N,0s: C,
67.91; H, 5.22; N, 6.60. Found: C, 67.79; H, 5.38; N, 6.54.

6.1.34. 2-(2,5-Difluorophenyl)-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole (34)
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Yield 61% from 6 as a white solid, mp 106-112 °C; *H NMR (200 MHz, CDCls-dy) & (ppm):
7.63 (d, J = 1 Hz, 1H, ArH), 7.45-7.41 (m, 1H, ArH), 7.18-6.98 (m, 4H, ArH), 6.19 (s, 2H, ArH),
5.15 (s, 2H, CH,), 3.75 (s, 3H, 0CHa), 3.67 (s, 6H, OCHs3), 2.26 (s, 3H, CH3); °C NMR (50 MHz,
CDCl3-d;) & (ppm): 158.7, 158.7, 153.5, 143.8, 142.8, 137.4, 133.0, 132.6, 132.4, 132.2, 131.3,
124.9, 120.1, 112.1, 111.6, 110.0, 104.1, 103.4, 103.4, 60.8, 55.9, 55.9, 48.3, 21.5; EIMS: m/z 424
(M™"); Anal. Calcd for CpsH2F2N,03: C, 67.91; H, 5.22; N, 6.60. Found: C, 67.81; H, 5.35; N, 6.51.
6.2. Biological evaluation
6.2.1. Chemicals and reagents

Benzimidazole (BI), amoxicillin (AMX), clarithromycin (CLR), and metronidazole (MTZ),
gentamicin, and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) were
purchased from Sigma—Aldrich (St. Louis, MO). Lipofectamine 2000 and F12 cell culture media
were purchased from Invitrogen (Carlsbad, CA). B-galactosidase expression vector, luciferase
substrate (Promega, Madison, MA), fetal bovine serum (FBS, Gibco BRL, Grand Island, NY) were
obtained from various suppliers. The NF-kB-luc promoter construct was kindly gifted from Dr.
Chih-Hsin Tang (Department of Pharmacology, China Medical University) [30]. All other
chemicals and reagents were of the highest grade commercially available and supplied either by
Sigma-Aldrich or Merck (Whitehouse Station, NJ).

6.2.2. H. pylori strains
H. pylori, strain 26695 (ATCC 700392) was used as a reference strain as described previously

[31]. The antibiotic resistant H. pylori strains, v633 and v1254, were clinical isolates, which were
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characterized as resistant to both metronidazole and clarithromycin as previously described [27]. H.

pylori strains were routinely cultured on Brucella blood agar plates (Becton Dickinson, Franklin

Lakes, NJ), containing 10% sheep blood under micro-aerophilic conditions at 37 °C for 48-72 h.

6.2.3. Determination of anti-H. pylori activity

The disk agar diffusion method was used to evaluate the anti-H. pylori activities of BI

derivatives as described previously [31]. Four standard antimicrobial agents were used as positive

controls, namely: benzimidazole (BI, 100 pg/mL), amoxicillin (AMX, 50 ug/mL), clarithromycin

(CLR, 50 pg/mL), and metronidazole (MTZ, 800 50 ug/mL). While DMSO was used as a negative

control.

6.2.4. Determination of minimum bactericidal concentration (MBC)

H. pylori strain 26695 and multidrug-resistant isolates were used to determine the MBC for Bl

and FMTMB using micro-dilution analysis at pH 5.0-8.0 as described previously [32]. The MBC is

the lowest concentration of a tested sample that completely inhibits visible H. pylori growth on a

Brucella blood agar plate.

6.2.5. Cell culture and cytotoxicity assay

Human gastric adenocarcinoma epithelial cells (AGS cells, ATCC CRL 1739) obtained from

American Type Culture Collection (ATCC, Rockville, MD), were performed and cultured by a

previously described method [31]. MTT assay was used to test the benzimidazole derivatives

cytotoxicity towards AGS cells as described in our previous report [33].

6.2.6. Assays of H. pylori adhesion to and invasion into AGS cells
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H. pylori invasion activity in AGS cells was investigated using a standard gentamicin assay as
previously described [33]. Analyses H. pylori anti-adhesion and anti-invasion of AGS cells were
performed as previously reported [33]. The controls, containing H. pylori infected AGS cells,
without test samples, were used to define 100% adhesion or invasion. Results were expressed as the
percentage of relative inhibition of H. pylori adhesion or invasion, by comparison with the controls.
6.2.7. Analysis of H. pylori-induced vacuolation of AGS cells

The vacuolation activity was determined by using neutral red uptake assay with slightly
modification [19]. Briefly, AGS cells (0.5 x 10° cells) were cultured in 96-well microtiter plates for
24 h followed by infected with H. pylori strain 26695 at an MOI of 100. After 24 h incubation, the
culture medium was removed and stained with 0.05% (w/v) neutral red (Sigma-Aldrich) for 5 min.
The stained cells were then washed three times with PBS, and the neutral red was extracted using
acidified alcohol. The levels of neutral red uptake was measured by a microplate ELISA reader
(Biotek, Winooski, VT) at OD 540 nm. The control was a population of AGS cells without H. pylori
infection or test sample present, and was used to define 100% cellular vacuolation. The results were
expressed as the percentage of relative vacuole formation, by comparison with the control.

6.2.8. Analysis of cytotoxin-associated gene A (CagA) translocation and phosphorylation of AGS
cells

The preparation of immunoprecipitates for analysis of H. pylori translocated and phosphorylated
CagA was described in our previous report [34]. The immunoprecipitates were then subjected to

6.5% SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) membrane (Pall, East Hills,
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NY) for immunoblot analysis. CagA was probed with mouse anti-CagA antibody (Santa Cruz
Biotechnology); tyrosine-phosphorylated CagA was probed with mouse anti-phosphotyrosine
antibody (4G10) (Upstate Biotechnology, Billerica, MA). To ensure equal loading of each prepared
sample, actin from whole-cell lysates, was stained using goat anti-actin antibody (Santa Cruz
Biotechnology). The proteins of interest were visualized using enhanced chemiluminescence reagents
(GE Healthcare, Buckinghamshire, UK) and were detected by exposure to X-ray film (Kodak, Boca
Raton, FL, USA).
6.2.9. Assessment of H. pylori-induced hummingbird phenotype of AGS cells

AGS cells (1 x 10° cells) were cultured in 12-well plates at 37 °C for 24 h followed by infection
with H. pylori strain 26695 at a MOI of 50 for 6 h. Elongated cells (hummingbird phenotype) were
defined as cells that had thin needlelike protrusions that were greater than 20 um long, and presented
a typical elongated shape as described by our previous report [34]. All samples were determined in
duplicate from three independent experiments. The proportion of elongated cells was calculated from
the numbers of H. pylori-infected cells having the hummingbird phenotypes.
6.2.10. Transient transfection of NF-xB reporter and measurement of 1L-8

The analysis of NF-kB reporter luciferase activity and measurement of IL-8 expression have
been described in our previous reports [32, 33].
6.2.11. Statistical analysis

The Student's t-test was used to calculate the statistical significance of experimental results

between two groups. Differences in data values were considered significant at *P < 0.05.
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Figure captions

Figure 1. Effects of FMTMB and standard antimicrobial agents on H. pylori adhesion (A) and
invasion (B) to gastric epithelial cells. AGS cells were treated with FMTMB and antimicrobial
agents, followed by incubation with H. pylori at MOl 50 for 6 h. Amoxicillin (AMX),
clarithromycin (CLR), metronidazole (MTZ), and benzimidazole (BI) were used as positive control
antimicrobial agents. Each experiment result shown represents mean values + the standard deviation
of three independent experiments. Statistical analysis was calculated using the Student’s t-test when

compared to DMSO treated cells. *P < 0.05 was considered as statistically significant.

Figure 2. FMTMB attenuates VacA-induced vacuolation of H. pylori-infected AGS cells.
Pretreatment of H. pylori-infected AGS cells with B, and various concentrations (5, 10, and 20
ug/mL) of FMTMB; the cells were cultured for 24 h and stained with 0.05% neutral red. The net
OD for each well, indicating the accumulation of neutral red dye in cells, was evaluated. The
control of AGS cells without H. pylori infection and without test sample present was used as a
baseline for 100% cellular vacuolation. Results are shown as mean values + standard deviations

from three independent experiments. *P < 0.05 was considered as significantly different.

Figure 3. The effects of FMTMB on H. pylori CagA translocation and phosphorylation. (A)
AGS cells were treated with various concentrations of FMTMB (5, 10, and 20 ug/mL) after prior

infection by H. pylori at MOI 100 for 6 h. After washing three times, whole-cell lysates were
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immunoprecipitated for CagA, and subjected to immunoblot analysis. Translocated CagA and

phosphorylated CagA were stained using mouse anti-CagA and mouse anti-phosphotyrosine

antibodies, respectively. B-actin was detected using goat anti-actin antibody to represent an internal

control for equal loading. The quantitative results of (B) CagA translocation and (C) CagA

phosphorylation were determined using densitometric analysis. Results are shown as mean values £

standard deviations from three independent experiments. *P < 0.05 was considered as statistically

significant.

Figure 4. Inhibitory effects of FMTMB on H. pylori CagA-induced pathogenesis of AGS cells.

The hummingbird phenotype of H. pylori CagA-induced AGS cells was reduced after treatment

with FMTMB. (A) Mock infection, (B) H. pylori-infected AGS cells, (C) pretreatment of H.

pylori-infected AGS cells with FMTMB (20 ug/mL), followed by incubation for a further 6 h, (D)

the proportion of elongated (hummingbird phenotype) cells was evaluated. Results are shown as

mean values * standard deviations from three independent experiments. Differences were

considered significant for *P < 0.05. Scale bar, 20 um.

Figure 5. The effects of FMTMB on H. pylori-induced AGS cells inflammatory response.

FMTMB inhibits (A) NF-kB activation and (B) IL-8 expression. Benzimidazole (Bl) (20 pg/mL)

was used as a control standard antimicrobial agent. We determined luciferase activity and IL-8

secretion in the culture supernatants. Results are shown as mean values + standard deviations from
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three independent experiments. Statistical significance was calculated using the Student’s t-test

when compared to the DMSO control. *P < 0.05 was considered as statistically significant.
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Tables

Table 1. Chemical structures of benzimidazole derivatives and their inhibitory effect on H. pylori

26695 (ATCC 700392) growth during the disk agar diffusion test

R N
e
Ry N

\
H@Oﬁ(/
HaCO™ b,
Chemical Inhibition zone
Compound?® R1 R2 R3
formula (mm)
7 CosH26N203 CH; CH; Ph 16
8 C24H24N203 CH; H Ph 22
9 Ca3H21CIN,O3 Cl H Ph 11
10 C23H21FN203 F H Ph 17
11 C24H24N203 H CH; Ph 21
12 C24H24N204 H OCH3; Ph 0
13 Ca3H21CIN,O3 H Cl Ph 14
14 CosH26N204 CH; H 4-OCHjs-Ph 22
15 C24H23CIN,O4 Cl H 4-OCHs-Ph 11
16 CosH26N204 H CH; 4-OCHs-Ph 15
17 C24H23CIN,O4 H Cl 4-OCHs-Ph 12
18 CosH23N303 CH; H 4-CN-Ph 12
19 C24H23FN203 CH; H 4-F-Ph 17
20 CosH26N204 CH; H 3-OCHjs-Ph 0
21 CosH26N203 CH; H 3-CHs-Ph 19
22 C24H23FN,03 CH; H 3-F-Ph 0
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23 CasH26N204 CHs H 2-OCHjs-Ph 21

24 CasH2sN205 CHs H 2-CHs-Ph 14
25 Ca4H23CIN,O3 CHs H 2-CI-Ph 21

26
CasH2sFN,Os CHa H 2-F-Ph 24

(FMTMB)

27 CasH26N205 CHs H 1-Naphthyl 12
28 CasH26N205 CHs H 2-Naphthyl 0
29 CasH26N205 CHs H Styryl 15
30 CasH2:CloN;05 CHs H 3,4-diCl-Ph 9
31 CasH2:CloN;0; CHs H 2,4-diCl-Ph 11
32 CasH2:CloN;0; CHs H 2,3-diCl-Ph 13
33 CasHo2F2N,05 CHs H 2,5-diF-Ph 11
34 CasH2oF2N,05 CHa H 2,6-diF-Ph 24
BI C7HgN; 0
AMX 14
CLR 21
MTZ 7

*FMTMB: 2-fluorophenyl-5-methyl-1-(3,4,5-trimethoxybenzyl)benzimidazole, Bl: Benzimidazole,
AMX: amoxicillin, CLR: clarithromycin, and MTZ: metronidazole. Concentration of compounds
7-34 was at 100 pg/mL, Bl at 100 pg/mL, AMX and CLR at 50 pg/mL, and MTZ at 800 pg/mL.

DMSO was used as a negative control.
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Table 2. Effect of pH on minimum bactericidal concentration (MBC) of FMTMB against H. pylori

26695, and multidrug-resistant strains v633 and v1354.

Tested compound® MTZ Bl FMTMB

pH pH pH

H. pylori strains 5.0 7.0 8.0 5.0 7.0 8.0 5.0 7.0 8.0

26695 6.25 125 125 >800 400 >800 25 25 25
V633 50 50 50 >800 400 400 125 125 125
v1254 100 100 100 >800 400 400 125 125 125

JAMX: amoxicillin, Bl: Benzimidazole, FMTMB: 2-fluorophenyl-5-methyl-1-(3,4,5-
trimethoxybenzyl)benzimidazole. Concentrations of FMTMB and standard antimicrobial agents

were in pg/mL.
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Figure 4
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Figure 5
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Scheme

Scheme 1. Synthesis of trimethoxybenzylbenzimidazole derivatives

H H
Ry NH, o R N_ R
X . R, N_ Rj i 1 3
X owe O O e Ty
R, NO, 90-97% g, NO)  60-87% Ry” 7 “NHy
1 2 3 4
H R N R R
R, N_ Rs AN 3 INX N
(iii) | TU (iv) | Pz j)( (v) | = )R
Ry N © . R NH . R N
54~90% k 85~95% K
— 2\, OCHg HCO—( —
7\, -OCH; (/ \
— OCH H3CO
H3CO OCHs H3CO : OCHs
5 6 7-34

Reagents and conditions: (i) pyridine, CH,Cly, rt; (ii) Fe, NH4CI, IPA, 100 °C; or Na,S,04, ethanol,
reflux; (iii) 3,4,5-trimethoxybenzaldehyde, MeOH, rt; (iv) NaBH,, MeOH; (v) MeOH/4N HCI (2:1),

50 °C.

47



Compounds 7-20
Click here to download Mol Files: compounds 7-20.mol


http://ees.elsevier.com/ejmech/download.aspx?id=289957&guid=d2fddc97-e9b1-4b0b-85ed-f17dcec9edaa&scheme=1

Compounds 21-29
Click here to download Mol Files: compounds 21-29.mol


http://ees.elsevier.com/ejmech/download.aspx?id=289958&guid=e2e8a51c-4f29-4c1d-8ebd-f3b36ad207e9&scheme=1

Compounds 30-34
Click here to download Mol Files: Compounds 30-34.mol


http://ees.elsevier.com/ejmech/download.aspx?id=289959&guid=85bccbd9-eee5-4ce8-acfe-763b2086e0e9&scheme=1

