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Abstract

Thirty-six N-arylsulfonyl-3-substituted indoles were designed aynthesized by combining
the N-arylsulfonylindoles with aminoguanidine, semicarble, and thiosemicarbazide,
respectively. Their antibacterial activities wemeegned, and cytotoxic activities were evaluated.
The results showed that aminoguanidin®s €xhibited much better antibacterial activity than
semicarbazide 7) and thiosemicarbazides8)( Most compounds in serie@ showed potent
inhibitory activity against the tested bacteriabts, includingmultidrug-resistant strains, with
MIC values in the range of 1.08-23.46 uM. The aytit activity of the compoundic, 6d, 6h, 6j,
6k and6l was assessed in two human cancer cell lines ARSIOSHE5C7901, and one human
normal cell line HEK 293T. The results indicatedtth compounds selected exhibited excellent
activity against the tested cancer cells withl@lues in the range of 1.51-15.12 uM suggesting
the potential of them as new antibacterial andcantier agents. What's more, the results of
resistance study revealed that resistance of Htedédacteria towaréd is not easily developed.
Molecular docking studies revealed that the amiaogline and arylsulfonylindole moieties
played a significant role in binding the targe¢ ©ifE. coli FabH-CoA receptor.

Keywords: N-arylsulfonylindole; aminoguanidine; antibacteriattigity; cytotoxic activities;
docking

1. Introduction

The search for new antibacterial drugs is an urgedtattractive goal for medicinal chemists
because of the increasing antibacterial resistafide Drug-resistant bacteria, such as
methicillin-resistantStaphylococcus aureuUdiRSA), vancomycin-resistant enterococci (VRE),
multi-drug resistanEscherichia coli and multi-drug resistarPseudomonas aerugingseause
lethal diseases and great difficulties in the treatt of community-acquired and nosocomial
infections [2-5], which severely threaten globablmi health and result in high economic costs
[6]. The main reason for this worldwide problemtie widespread use of broad-spectrum
antibiotics, anticancer drugs, and anti-HIV drughjch facilitate the evolution of resistance [7].
A possible solution for this problem is the respblesuse of existing drugs, and the search for
new antibacterial drugs with a new mechanism abaand/or with the ability to overcome drug
resistance.

Indole, an intercellular signaling molecule, regegavarious aspects of bacterial physiology,
including spore formation, plasmid stability, réamsce to drugs, biofilm formation, and virulence



[8]. A number of indole derivatives, including amphytohormone indole-3-acetic acid (IAA) and
neurotransmitters such as serotonin, have impodalhilar functions [9, 10]. Thus far, indoles
have been reported to exhibit important physiolalgifunctions and potent pharmacological
activities, including anti-inflammatory and antidaint [11], antineoplastic [12-14], antimicrobial
[15, 16], antiviral [14, 17, 18], anti-HIV activitjd 9], and anti-cancer [20N-arylsulfonylindoles,
an indole derivative, have received increasingnéitia in the field of chemical drug research as
5-HTs receptor antagonists [21], anti-AIDS agents [22)] antifungal agents [23]. Based on the
antibacterial property of sulfonamides, we investiigl a series oN-arylsulfonylindoles as
antibacterial agents in our previous wofkigure 1). Their marked inhibitory activity against
gram-positive bacteria (including multidrug-resigtalinical isolates) confirmed our hypothesis
thatN-arylsulfonylindole is a potent skeleton to devetmw antibacterial drugs [24].
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Figure 1. Structure of N-arylsulfonylindoles and hydrazone-containing aiotibs
(thioacetazone, furacin, and furazolidone)

Chemical compounds having azomethine —NHN=CH moi@tydrazone) represent an
important class for the development of antimicrbbgents [25, 26]. As representatives of clinical
drugs containing the hydrazone moiety, thioacetazturacin, and furazolidonéigure 1) play
an important role in the treatment of infectiong-pB]. Hydrazone compounds can easily form
multiple hydrogen bonds with the proteins of miegamisms to increase the binding force of the
receptor. Therefore, hydrazone compounds have éensively researched to find new
antimicrobial agents. Recently, this scaffold wasnid to have important therapeutic targets on
B-ketoacyl-acyl carrier protein synthase Il (Falgtizyme [30]. FabH has an important role in the
catalysis of branched-chain fatty acids, both engipositive and gram-negative bacteria; however,
there are no significant homologous proteins in &g 31].

Based on these observations, and as part of owirgngrogram aimed at the discovery and
development of new antimicrobial molecules, in thisvork, three series of
N-arylsulfonyl-3-substituted indolega-6l, 7a-71, and8a-8| were designed. The target compounds
were prepared by combining thearylsulfonylindoles with an aminoguanidine, a searbazide,
and a thiosemicarbazide moiety, respectively. Thrtibacterial activities were screened against
gram-positive and gram-negative bacteria, and mitdecdocking of FabH was performed to



verify the action target and understand the bingiagiern. Considering the reported anticancer
activity of numerous compounds containing guanidireety [32, 33], the anticancer activity of
aminoguanidinest) was also evaluated against two cancer cell sti@B690 cells and SGC7901
cells).

2. Resault and discussion
2.1. Chemistry

The synthetic route to prepare a new class of Nsalfgpnylindole-linked aminoguanidines,
semicarbazides, and thiosemicarbazides from indakeslb) and benzenesulfonyl chlorideza(
2b) is depicted inScheme 2. In one route, the reaction &fwith 2 in the presence of sodium
hydroxide and benzyltriethylammonium chloride in ydrdichloromethane produced
N-benzenesulfonylindoles3g-3d). Then compound&a-5h were prepared by the acetylization
and propionylation oBa-3d using acetyl chloride and propionic anhydride peetively, in the
presence of AIGI In another route, under Vilsmeier-Haack (DMF-P§Cbnditions, compounds
1la and1b were transformed into corresponding 3-carboxaldetynctionalized indolegl4, 4b),
which then reacted with benzenesulfonyl chloridiss 2b) to afford compoundsi-5l. Finally, the
condensation oba-5 with aminoguanidines, semicarbazides, and thiosainazides, produced
the target compoundia-6l, 7a-71, and8a-8l, respectively. The structures of the target comgsu
were well characterized Bi#-NMR, **C-NMR, and high-resolution mass spectrometry.

J N
/\R2
(@)

:IS:O 3aR;=H,R,=H

S0O,CI a N 3R, = 581, R, = H
T w0 e o) B
P/ 3dR, = 5:Br R, = 4-CHs

1aR, = 2aRy=H
1b Ry = SBr 2b R, =4-CHg

R4

So.Cl a
O/ Ri

=k
N\ /
-
U ZT o
N\ /
@)
2
/!
Py O
w
lo
e
—|-
N\ /
O
o Zh
A I
(@]
ZzT
=
I
N

4aR1 H 2aR,=H g Ll \\><(
4b Ry = 5-Br 2b R, = 4-CHj 3
5a R1 H, R2 =H, R3 = CH3 6a-61 X =NH
5b R1 5-Br, R2 =H, R3 = CH3 7a-71 X=0
5¢c Ry =H, Ry, = 4- CH3 Rs = CH3 8a-8l X=S8

5d R1 5-Br, R2—4CH3 R3—CH3
5e R1 H, R2—H R3—C2H5

5f R1 5-Br, R2—H Rs—C2H5

59 R1 H, R2—4 CH3 R3—C2H5
5h R, = 5-Br, R, = 4-CHg, Ry = CoHs
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51 R1 5-Br, R2—4CH3 R3—H

Scheme 1. The synthesis route of compours6l, 7a-7l, and8a-8l. Reagents and Conditions: (a)
NaOH/TEBA,; (b) POGDMF; (c) Aminoguanidine hydrochloride for seriefs6a-6l/
semicarbazide hydrochloride for seriesaf7l/thiosemicarbazide for series &d-8l.



2.2. Antimicrobial activity

All of the target compounds6#-6l, 7a-7l, and 8a-8l) were evaluated for theimn vitro
anti-bacterial activity using a serial dilution tetl to obtain the minimum inhibitory
concentration (MIC) against six gram-positive stga{S. aureus (CMCC(B) 2600snd CMCC
25923, S. pyogenes CMCC 32067, E. faecalis CMCQ2%2dB. subtilis CMCC 63501 four
gram-negative straing&( coli (CMCC 25922ndCMCC 44568pndP. aeruginosa (CMCC 27853
and CMCC 1010%) as well as two methicillin-resistant clinicablates §. aureus ATCC 43300
andATCC 3359)and two multidrug-resistant gram-negative stréiihsoli ATCC BAA-19&ndP.
aeruginosa ATCC BAA-21l1Gatifloxacin, moxifloxacin, norfloxacin, oxadil, and penicillin
were used as positive control drugs.

<Insert Table 1>

First, compound$-8 were screened for their activity against six grawsiive strains and four
gram-negative strains. Initial screening resultscdbed as MIC values are presented @ble 1.
The results showed that gram-positive bacteria wissee susceptible to tested compounds than
gram-negative ones. The aminoguanidir®seihibited greater activity than semicarbazidg (
and thiosemicarbazide8)( Among aminoguanidine$), most of the tested compounds showed
potent inhibitory activity against the selected tbdal strains, especiall. aureus CMCC(B)
26003 and 25923, S. pneumonia CMCC 319@R, subtilis CMCC 635QlandE. coli CMCC
44568with MIC values in the range of 1.08-23.4Bl. Among them, compoundsa, 6f, and6h
showed the highest activity agair&tpneumonia CMCC 31968th MICs of 1.40, 1.12 and 1.08
uM, while compound$d and6j showed the best activity agaiistcoli CMCC 4456&vith MICs
of 1.12 and 1.19M respectivelyP. aeruginosasolates have a low antibiotic susceptibility and
are resistant to many common first-line antibiotltss worth mentioning that, in this study, some
compounds such aBa, 6¢, 6e, and 6i-6k exhibited good inhibition activity against twe.
aeruginosastrains CMCC 27853and CMCC 10104. For the series of semicarbazid§ and
thiosemicarbazides8), most of the compounds showed no inhibition dgtizgainst the selected
bacterial strains in the range of 267.78-359b5f except7b, 7d, 7g, 7i-7I, 8a, 8c, 8e, and8f,
which exhibited moderate activity against some gpasitive strains.

<Insert Table 2>

In the following trials, six compound$§d, 6d, 6h, 6, 6k, and6l) were chosen to evaluate their
inhibitory activity against two methicillin-resistticlinical isolates §. aureus ATCC 4330énd
ATCC 3359} and two multidrug-resistant gram-negative strglBscoli ATCC BAA-19@&ndP.
aeruginosa ATCC BAA-21lbased on their excellent performance in the piahkry trials. As
shown inTable 2, all the tested compoundied excellent inhibitory activities against the two



methicillin-resistant clinical isolates, with MI@s the range of 1.12-5.68. They also exhibited
moderate activity against the multi-drug resistantoli ATCC BAA-196yith MICs in the range
of 0.56-11.274uM. On the contrary, no inhibitory activity was noteghanstP. aeruginosa ATCC
BAA-2111at concentrations below 69.41-86.[{ except for compoundk, with an MIC of
11.27uM. In this trial, compoundd was the most potent one, with an MIC of 1M and 0.56
UM againstS. aureus ATCC 43308nd E. coli ATCC BAA-196respectively; it also showed
superior activity compared with that of gatifloxacimoxiflocaxin, norfloxacin, oxacillin, and

penicillin.
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Figure 2. Propensity of the development of bacterial rasis¢ toward compoundd and
norfloxacin. (A forS. aureusB for E. coli).

Bacterial resistance against most antibiotics magor threat to public health [34]. Thus, the
propensity of compounds to inhibit bacterial resise is an important property. The ability6of
to oppose the development of resistance ag&inatreusndE. coliwas tested. Norfloxacin was
selected as positive controls. Resistance is ysdafined as a > 4-fold increase from the original
MIC value [35]. No change in the MIC of compoufid presented in the test, indicating that
exposure of th&. aureusandE. colito it did not lead to the development of bacteriistance
over 18 generations. In contrast, norfloxacin shtibwa-fold and 16-fold increases in the MIC
values for theS. aureusandE. coli, respectively Kig. 2). The results revealed that resistance of
the tested bacteria towad is not easily developed.
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Figure 3. Interactions of compourtl with E. coliFabH (A for 2D model; B for 3D model).



FabH receptor (also callef-ketoacyl-acyl carrier protein synthase Il recepts a
condensing enzyme that plays key roles in fattg &cosynthesis [36]. It has been an essential
target for novel antibacterial drug design [37,.3B] this study, to illustrate the probable
molecular interactions between the antimicrobiahpounds andeceptor (PDB ID: 1HNJ) [39],
the molecular docking of representatBewas developed using Discovery Studio 4.5 versida (D
4.5, Fig. 3). The binding site was defined based on the volopwipied by the bound ligand in
“Define and Edit Binding site” tools of DS 4.5. Thiest validation of docking protocol was
performed by redocking of the co-crystallized ligaviLC to the active site of FabH proteifig.
4A). The RMSD value was used for evaluating the aagupf the docking protocol, which was
calculated by the difference between original adbcking poses using the DS 4.5 software. The
results suggested that the redocked ligand contplstgerimposed on the co-crystallized one

(Fig. 4B) with a low RMSD value of 0.722.
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Figure4. (A) The co-crystallized MLC in 3D ligand-protetomplex (PDB: 1HNJ). (B)
Redocking of the co-crystallized MLC yielded RMSD0G722A.

According to the molecular docking analy€id,showed a -CDOCKER_energy value of 22.65,
reflecting thatéd could bind with the active site well. As shown Fing. 3, the key residues
including GLU211, GLY209, ASN210, Val212, ASN24HIP213, ILE250, Met207, ILE156, and
ALA246, involved in the recognition fadd in the active site oE. coli FabH. The C=N group of
compoundéd as an H-bond acceptor was involved in the intesactiith the hydroxy group of
Asn210, while the guanidine group was responsiblii®tm a hydrogen bond and an electrostatic
interaction with Glu211. In addition to the abowe arylsulfonylindole showed various
interactions with some critical amino acid resid(®8/209, Asn247, Phe213, Val212, Met207,
lle156, 1le250, and Ala246j)ia aromatic stacking interaction, hydrogen bondingl Bydrophobic
force interaction. These docking results indicatieat aminoguanidine and arylsulfonylindole
moieties played a significant role in binding te target site oE. coliFabH-CoA receptor.
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Figure5. Interactions of compourf®B-418011 with E. coli FabH (A for 2D model; B for 3D

model).

For comparison, the potent FabH inhibigB418011 was performed by a molecular docking
(Fig. 5) [40]. TheSB418011 showed a similar -CDOCKER _energy value (26.47)amgare with
6d. The common residue GLY209 was responsible foi-sigtha stacked interaction with the
indole skeleton 06B418011. In addition, there are three alkyl interactionshwihe hydrophobic
residues of the inner cavity (ARG151, TRP32 and &M Specifically, the carboxylic acid
group of SB418011 formed a strong hydrogen bond and attractive chamtgraction. These
docking study results indicated a small differermtween the binding modes & and

SB418011.

<Insert Table 3>

<Insert Table 4>

2.3. Cytotoxic activity

Compoundste, 6d, 6h, 6j, 6k, and 6l were also chosen to evaluate their cytotoxic égtiv
against two human cancer cell lines: A590 and S@®CT#hd one human normal cell lines: HEK
293T. The IG, values of the tested compounds are showhalne 3. Interestingly, all the tested
compounds showed excellent activity against thestigated cancer cells with ans§Gange of
1.51-15.12 pM. The highest activity against A59sce@as exhibited by compourgh (ICsp =
2.33 uM), followed by compourngt (ICso = 2.68 uM). The highest activity against SGC79@k w
exhibited by compoundéd (ICso = 1.51 uM); compoundsc and 6k (ICsp = 2.38, 2.12 uM,
respectively) also exhibited good activities. Conmpas 6¢, 6d, 6h, 6j, 6k, and 6l showed IG
values in the range of 52.99-86.66 uM against thirenal cell line HEK 293T, and the results
indicated that these compounds have non-toxicitgdrmal cells in comparison to cancer cells,
suggesting a potential for a good therapeutic indexanticancer drugs. Additionally, their



selectivity index (SI) was calculated using theotgxicity against HEK 293T and their
antimicrobial activity Table 4). Due to the low toxicity and high antibacteriaktigity, most of
presented compounds showed acceptable Sl for it strains. Compoungd exhibited the
highest Sl value of 100.70 fofulti-drug resistant Escherichia coiTCC BAA-196.

3. Conclusion

In the present work, a series of novel N-arylsyfordoles containing an aminoguanidine, a
semicarbazide, or a thiosemicarbazide moiety wenethesized and characterized. These
compounds were screened for antimicrobial and amtier activities. Gram-positive bacteria were
more susceptible towards these tested compoundsgtiaan-negative ones. The aminoguanidine
derivatives §), having a greater polarity and more hydrogen bapndexhibited greater activity
than semicarbazide and thiosemicarbazide derivea{zand8). Compound$a-61 showed potent
inhibitory activity against the selected bactestahinswith MIC values in the range of 1.08-23.46
uM;, including the multidrug resistant strains. Amasfghem, compoundad was identified as the
most promising one, having superior activity toiftm@tacin, moxiflocaxin, norfloxacin, oxacillin,
and penicillin against the tested multidrug-resistatrains. Furthermore, compourtd also
exhibited significant anticancer activity againstd (A549) and gastric cancer cells (SGC7901),
with ICsq of 4.44 and 1.51 pM, respectively. To understéreddinding pattern, molecular docking
of representativéd was performed, which demonstrated that compdighidas a forceful binding
with the E. coli FabH-CoA, and that the aminoguanidine and arylsylfodole moieties of
compound6d play a significant role in binding with the targsite. These findings strongly
support the assumption that aminoguanidine andwfghylindole moieties are good options for
the development of new antimicrobial and anticamgemts.

4. Experimental section

4.1. Instruments and reagents

All the reagents and solvents were purchased #eaddin (Shanghai, China) or Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China), anc weed as received. Melting points were
determined in open capillary tubes and are unctdedreaction courses were monitored by
thin-layer chromatography (TLC) on silica gel-pratal F254 plates (Merck, Darmstadt,
Germany). Developed plates were examined with UWpk (254 nm). Nuclear magnetic
resonance spectroscopy was performed on an AV{88&remeter (Bruker, Zurich, Switzerland)
operating at 300 MHz for 1H and 75 MHz for 13C amidng DMSO-d6 as the solvent and
tetramethylsilane as the internal standard. Maisgisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-MS) expeemts were performed on a Bruker
ultrafleXtreme MALDI-TOF/TOF mass spectrometer (Beu Daltonik GmbH, Leipzig, Germany)
equipped with a smartbeam Il laser (1000 Hz).

4.2. Synthesis method and spectral data

4.2.1. General procedure for the preparation of potmds3a—3d

To a 50-mL round-bottom flask,Htindole (la, 1 mmol), benzenesulfonyl chlorid@a{ 1.2
mmol), sodium hydroxide (1.75 mmol), and benzyltngammonium chloride (TEBA, 0.1 mmol)



were added along with 30 mL of dry dichloromethahige resulting solution was stirred at room
temperature. The reaction was monitored with TL@okJ completion, the reaction was poured
into 15 mL water and the resulting aqueous solutias extracted with dichloromethane (30 mL
x 3). The combined organic layers were dried ovdrydrous NgSO, and concentrated in vacuo
to obtain a white crude solid 8&, which was directly used in the next step withouttification.
Compoundsb-3d were obtained using the same method as th&afor

4.2.2. General procedure for the preparation of ponmdsda—4b

To a cooled (0-5 °C) solution of dimethyl formami@@vF, 10 mL), 3 mL POGlwas added
slowly and stirred for 20 min. To the solution, itdlole (1a, 10 mmol) dissolved in 5 mL DMF
was added and stirred at 35 °C for 1 h. The regulteaction mixture was poured into 6 mL ice
water and then adjusted to PH = 8~9 using 30% agusodium hydroxide, which resulted in a
white precipitate. The precipitate was filtered ainigd to yield compounda. Compoundib was
obtained using the same method as thaddor

4.2.3. General procedure for the preparation of ponmdsba—5h

To a 100-mL round-bottom flask with AIE[6.0 mmol) and 15 mL dry dichloromethane, 3
mmol of acetyl chloride (foba-5d) or propionic anhydride (fose-5h) was added drop wise and
the reaction was stirred at room temperature forn#f; the dichloromethane solution of
compound3 was added to the reaction and the resulting solutias stirred for 1 h. The reaction
was monitored with TLC. Upon completion, the reactivas poured into 30 mL ice water and the
resulting agueous solution was extracted with dicdrhethane (30 mL x 3). The combined
organic layers were washed with saturated potasdiicarbonate solution and dried with
anhydrous Nz50,. The organic layer was evaporated to drynessrtoshu a white crude solid of
5, which was directly used in the next step withpurtification.

4.2.4. General procedure for the preparation of ponmdsbi—5l

To a 50-mL round-bottom flask, compoudd (1 mmol), benzenesulfonyl chlorid2a 1.2
mmol), sodium hydroxide (1.75 mmol), and benzyltngammonium chloride (TEBA, 0.1 mmol)
were added along with 30 mL of dry dichloromethahige resulting solution was stirred at room
temperature. The reaction was monitored with TL@okJ completion, the reaction was poured
into 15 mL water and the resulting aqueous soluvas extracted with dichloromethane (30 mL
x 3). The combined organic layers were dried ovdrydrous NgSO, and concentrated in vacuo
to obtain a white crude solid &f which was directly used in the next step withoutification.
The compoundsj-5l were obtained using the same method as th&i for

4.2.5. General procedure for the preparation of poxmdsGa-6l

Compound5 (0.5 mmol) was dissolved in 5 mL methanol and 6pdrof concentrated
hydrochloric acid were added to the solution. Teection was stirred for 5 min. Then,
aminoguanidine hydrochloride (0.45 mmol) was adtedhe resulting solution and stirred at
110 °C for 2 h. After cooling, the solvent was emagted invacw, followed by the purification of
the resulting residue by silica gel column chrorgedphy (dichloromethane/methanol = 6/1) and
acidized with concentrated hydrochloric acid toeyate a pure soliia-6l.

4.2.6. General procedure for the preparation of poomds/a-7I

To a 50-mL round-bottom flask, compoubd (1 mmol), semicarbazide hydrochloride (1
mmol), and sodium acetate (1 mmol) were added alitig10 mL of 50% ethanol. The mixture



was stirred at 110 °C for 9 h. After cooling, tr@vent was evaporated wacw, followed by
purification of the resulting residue by silica gelcolumn chromatography
(dichloromethane/methanol = 60/1) to generate aewbolid 7a. The compound§b-71 were
obtained using the same method as thatdor

4.2.7. General procedure for the preparation of ponmds8a-8I

Thiosemicarbazide (1 mmol) and potassium hydexXid mmol) were dissolved in 10 mL
ethanol and stirred for 30 min. The resulting solutvas added to a solution of compouifd(1
mmol) in 10 mL ethanol. The mixture was stirredla0 °C for 3 h. The reaction was cooled,
which resulted in a white precipitate that was thecrystallized in alcohol to obtain compound
8a. The compound8b-8| were obtained using the same method as th&afor

2-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)ethylidengjtirazine-1-carboximidamidé&d)

White solid, m.p. 256 °C, yield 30.6%4-NMR (DMSO-ds, 300MHz):6 2.47 (s, 3H, Ch),
7.30-7.72 (m, 9H, Ph-H, guanidyl-H), 7.97 (d, 1Hz 8.2 Hz, Ph-H), 8.08 (d, 2H,= 7.3 Hz,
Ph-H), 8.28 (d, 1HJ = 7.9 Hz, Ph-H), 8.42 (s, 1H, N-CH), 11.26 (s, IHCl). *C-NMR
(DMSO-ds, 75MHz): § 156.42, 149.94, 137.11, 135.39, 135.17, 130.49,41R 127.37, 127.33,
126.05, 124.84, 124.50, 121.03, 113.32, 16.62.HFQUS calcd for C17H18N502[M + H]*):
356.1176; found: 356.1172.

2-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)ethgene)hydrazine-1-carboximidamidéh)

White solid, m.p. 243 °C, yield 61.4%H-NMR (DMSO-ds, 300MH2z):6 2.46 (s, 3H, Ch),
7.55-7.76 (m, 4HPh-H), 7.82 (br.s, 4H, guanidyl-H), 7.91-8.09 (rhl, h-H), 8.34 (d, 1H) =
1.8 Hz, Ph-H), 8.47 (s, 1H, N-CH), 11.31 (s, 1H,IHEC-NMR (DMSO-ds, 75MHz): § 156.63,
149.71, 136.85, 135.60, 134.00, 130.51, 130.43,1529.28.80, 127.40, 126.68, 120.48, 117.74,
115.27, 16.72. ESI-HRMS calcd for C17H17BrN5OZM + H]"): 434.0281; found: 434.0272.

2-(1-(1-Tosyl-1H-indol-3-yl)ethylidene)hydrazineekrboximidamide &c)

light red solid, m.p. 184-185 °C, yield 86.48%1-NMR (DMSO-ds, 300MHz):d 2.32 (s, 3H,
CHjy), 2.47 (s, 3H, Ch), 7.32 (t, 1HJ = 7.2 Hz, Ph-H), 7.40 (d, 2H,= 8.1 Hz, Ph-H), 7.41 (t, 1H,
J=7.2 Hz, Ph-H), 7.73 (br.s, 4H, guanidyl-H), 7(@53H,J = 8.1 Hz, Ph-H), 8.27 (d, 1R,= 7.7
Hz, Ph-H), 8.39 (s, 1H, N-CH), 11.26 (s, 1H, HCIC-NMR (DMSO<ds, 75MHz): 6 156.40,
150.01, 146.33, 135.16, 134.21, 130.81, 129.44,4P27127.31, 125.97, 124.76, 124.45, 120.85,
113.34, 21.50, 16.62. ESI-HRMS calcd for C18H20NSOZM + H]): 370.1332; found:
370.1326.

2-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)ethylidene)hyaltine-1-carboximidamidesg)

White solid, m.p. 246-248 °C, yield 75.4%4-NMR (DMSO-ds, 300MHz): 6 2.33 (s, 3H,
Ph-CHy), 2.44 (s, 3H, N=C-Cl}, 7.42 (d, 2HJ = 8.0 Hz, Ph-H), 7.56 (d, 1H,= 8.9 Hz, Ph-H),
7.79 (br.s, 4H, guanidyl-H), 7.91 (d, 18 8.9 Hz, Ph-H), 7.95 (d, 2H,= 8.0 Hz, Ph-H), 8.35 (s,
1H, Ph-H), 8.44 (s, 1H, N-CH), 11.25 (s, 1H, HCiIC-NMR (DMSOds, 75MHz): & 156.57,
149.79, 146.61, 133.99, 133.94, 130.91, 130.47,182928.73, 127.45, 126.62, 120.31, 117.65,
115.29, 21.53, 16.67. ESI-HRMS calcd for C18H19BE2S (M + H]*): 448.0437; found:
448.0431.

2-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)propyliden®ydrazine-1-carboximidamid&€)



Dark red solid, m.p. 119-120 °C, yield 72.3%49:-NMR (DMSO-ds, 300MHZz):6 1.15 (t, 3H,J
= 7.4 Hz, CH), 2.97 (q, 2H,J = 7.2 Hz, CH), 7.31-7.71 (m, 5H, Ph-H), 7.73 (br.s, 4H,
guanidyl-H), 7.98 (d, 1HJ) = 8.2 Hz, Ph-H), 8.07 (d, 2H,= 7.7 Hz, Ph-H), 8.24 (d, 2H,= 7.8
Hz, Ph-H), 8.42 (s, 1H, N-CH), 11.40 (s, 1H, HCAC-NMR (DMSO-ds, 75MHz): § 156.61,
154.46, 137.05, 135.39, 135.28, 130.41, 129.05,6227127.35, 126.06, 124.88, 124.51, 119.81,
113.36, 22.47, 11.89. ESI-HRMS calcd for C18H20NSOZIM + H]"): 370.1332; found:
370.1330.

2-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)prgpdene)hydrazine-1-carboximidamidéf)

White solid, m.p. 260 °C, yield 96.0%4-NMR (DMSO-ds, 300MHz):6 1.13 (t, 3H,J = 7.3
Hz, CHy), 2.94 (g, 2HJ = 7.2 Hz, CH), 7.56-7.74 (m, 4H, Ph-H), 7.78 (br.s, 4H, guahidy,
7.94 (d, 1HJ = 8.8 Hz, Ph-H), 8.07 (d, 2H, = 7.3 Hz, Ph-H), 8.32 (d, 1H,= 1.8 Hz, Ph-H),
8.45 (s, 1H, N-CH), 11.39 (s, 1H, HCIJC-NMR (DMSO-ds, 75MHz): 6 156.65, 154.22, 136.82,
135.62, 134.13, 130.50, 130.11, 129.49, 128.82,3727126.69, 119.26, 117.76, 115.32, 22.49,
11.73. ESI-HRMS calcd for C18H19BINSO28M + H]*): 448.0437; found: 448.0422.

2-(1-(1-Tosyl-1H-indol-3-yl)propylidene)hydrazineearboximidamide &g)

Dark red solid, m.p. 175-176 °C, yield 60.094-NMR (DMSO-ds, 300MHz):6 1.15 (t, 3H,J
= 7.3 Hz, CHCHy), 2.30 (s, 3H, Ph-C¥), 2.97 (q, 2H,J = 7.4 Hz, CH), 7.30-7.44 (m, 4HPh-H),
7.77 (br.s, 4H, guanidyl-H), 7.93-7.97 (m, 3H, Ph-8124 (d, 1H,J = 7.8 Hz, Ph-H), 8.39 (s, 1H,
N-CH), 11.43 (s, 1H, HCI)**C-NMR (DMSOds, 75MHz): 6 156.50, 154.57, 146.33, 135.28,
134.17, 130.79, 129.10, 127.59, 127.39, 125.99,8024124.44, 119.62, 113.39, 22.42, 21.49,
11.88. ESI-HRMS calcd for C19H22N502@M + H]): 384.1489; found: 384.1478.

2-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)propylidene)hsakine-1-carboximidamidesk)

White solid, m.p. 242-244 °C, yield 73.7%-NMR (DMSO-ds, 300MHz):6 1.17 (t, 3H,J =
7.4 Hz, CHCH), 2.33 (s, 3H, Ph-C}), 2.88 (q, 2H,J = 7.5 Hz, CH), 7.32 (d, 2H,J = 8.3 Hz,
Ph-H), 7.45 (dd, 1HJ = 8.8 Hz,J = 1.9 Hz, Ph-H), 7.62 (br.s, 4H, guanidyl-H), 7@6 3H, J =
8.3 Hz, Ph-H), 8.25 (s, 2H, Ph-H, N-CH), 11.181(8, HCI). **C-NMR (DMSO-dg, 75MHz): 6
156.47, 153.93, 146.10, 134.18, 134.12, 130.52,4729.29.42, 128.43, 127.23, 126.40, 119.00,
117.59, 115.03, 22.58, 21.60, 11.59. ESI-HRMS cdtwd C19H21BrN5028 (M + H]"):
462.0594; found: 462.0588.

2-((2-(Phenylsulfonyl)-1H-indol-3-yl)methylene)hydrine-1-carboximidamidesi)

White solid, m.p. 246-247 °C, yield 67.1%1-NMR (DMSO-ds, 300MHz):6 7.35 (t, 1H,J =
7.5 Hz, Ph-H), 7.45 (t, 1H,= 7.7 Hz, Ph-H), 7.60-7.75 (m, 7H, Ph-H, guanidy)-7.97 (d, 1H,
= 8.2 Hz, Ph-H), 8.03 (d, 2H], = 7.7 Hz, Ph-H), 8.36 (d, 1H,= 7.9 Hz, Ph-H), 8.39 (s, 1H,
N-CH), 8.48 (s, 1H, CH=N), 12.08 (s, 1H, HC§C-NMR (DMSO+s, 75MHz): § 155.59, 142.77,
137.03, 135.50, 135.13, 131.59, 130.51, 127.30,8728.26.43, 124.89, 124.02, 117.59, 113.43.
ESI-HRMS calcd for Chemical Formula: C16H16N502GM + H]"): 342.1019; found:
342.1018.

2-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)metlidene)hydrazine-1-carboximidamidé

White solid, m.p. 224 °C, yield 57.9%4-NMR (DMSO-ds, 300MHz): 6 7.58-7.75 (m, 4H,



Ph-H), 7.77 (br.s, 4H, guanidyl-H), 7.93 (d, 1H; 8.8 Hz, Ph-H), 8.03 (dd, 2H; = 7.3 Hz,J, =

1.3 Hz, Ph-H), 8.36 (s, 1H, CH=N), 8.45 (d, 1M 1.7 Hz, Ph-H), 8.54 (s, 1H, N-CH), 12.04 (s,
1H, HCI). ®*C-NMR (DMSOds, 75MHz): § 155.63, 142.38, 136.77, 135.74, 133.99, 132.64,
130.61, 129.27, 128.59, 127.35, 125.80, 117.97,.9%16115.39. ESI-HRMS calcd for
C16H15BrN5025([M + H]"): 420.0124; found: 420.0120.

2-((1-Tosyl-1H-indol-3-yl)methylene)hydrazine-1-baximidamide §k)

Light yellow solid, m.p. 160-161 °C, vyield 69.69%-NMR (DMSO-ds, 300MHz):6 2.30 (s,
3H, CH), 7.32-7.47 (m, 4H, Ph-H), 7.72 (br.s, 4H, guahidy, 7.90 (d, 2H,J = 8.2 Hz, Ph-H),
7.95 (d, 1HJ = 8.3 Hz, Ph-H), 8.37 (d, 1H,= 7.8 Hz, Ph-H), 8.40 (s, 1H, N-CH), 8.45 (s, 1H,
CH=N), 12.03 (br.s, 1H, HCI}*C-NMR (DMSOds, 75MHz): § 155.54, 146.45, 142.83, 135.10,
134.10, 131.60, 130.90, 127.35, 126.85, 126.36,.8224123.97, 117.42, 113.44, 21.52.
ESI-HRMS calcd for C17H18N502%M + H]"): 356.1176; found: 356.1166.

2-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)methylidene)hyarine-1-carboximidamidesk)

White solid, m.p. 246-247 °C, yield 66.7%4-NMR (DMSO-ds, 300MHz): 6 2.33 (s, 3H,
CHy), 7.43 (d, 2H, = 8.0 Hz, Ph-H), 7.59 (d, 1H,= 8.7 Hz, Ph-H), 7.76 (br.s, 4H, guanidyl-H),
7.91 (d, 3H,J = 8.4 Hz, Ph-H), 8.35 (s, 1H, Ph-H), 8.45 (s, N{CH), 8.51 (s, 1H, CH=N), 11.31
(s, 1H, HCI)."*C-NMR (DMSOds, 75MHz): 6 155.61, 146.75, 142.45, 133.98, 133.85, 132.68,
131.00, 129.19, 128.57, 127.39, 125.76, 117.89,7916115.41, 21.55. ESI-HRMS calcd for
C17H17BrN5025([M + H]*): 434.0281; found: 434.0274.

1-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)ethyliden&sicarbazidea)

White solid, m.p. 211-213 °C, yield 32.0%4-NMR (DMSO-ds, 300MHz): § 2.29 (s, 3H,
CHa), 6.29 (s, 2H, NH), 7.30-7.72 (m, 5H, Ph-H), 7.95-8.06 (m, 3H, Ph-8i1L8 (s, 1H, N-CH),
8.28 (d, 1H,J = 7.7 Hz, Ph-H), 9.37 (s, 1H, NHFC-NMR (DMSOdgs, 75MHz): § 157.38, 142.14,
137.24, 135.34, 135.22, 130.34, 127.84, 127.31,21271.25.83, 124.70, 124.11, 122.38, 113.43,
15.07. ESI-HRMS calcd for C17H17N403@M + H]*): 357.1016; found: 357.1014.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)ethgene)semicarbazid&lf)

White solid, m.p. 235 °C, yield 58.0%4-NMR (DMSO-ds, 300MHz):6 2.27 (s, 3H, Ch),
6.29 (br.s, 2H, Nb), 7.53-7.72 (m, 4HPh-H), 7.90-8.06 (m, 3H, Ph-H), 8.24 (d, 1Hs 1.8 Hz,
Ph-H), 8.44 (s, 1H, N-CH), 9.43 (s, 1H, CONEAC-NMR (DMSOdg, 75MHz): § 157.26, 141.75,
137.00, 135.44, 134.18, 130.43, 129.69, 128.50,362827.30, 126.47, 121.74, 117.44, 115.40,
15.00. ESI-HRMS calcd for CL7H16BrNAO3@M + H]"): 435.0121; found: 435.0117.

1-(1-(1-Tosyl-1H-indol-3-yl)ethylidene)semicarbagi(fc)

White solid, m.p. 229 °C, yield 67.0%4-NMR (CDCl, 300MHz):5 2.31 (s, 3H, Ch), 2.37
(s, 3H, CH), 5.78 (br.s, 2H, N}, 7.27 (d, 2H,) = 8.8 Hz, Ph-H), 7.32-7.41 (m, 2H, Ph-H), 7.81
(d, 2H,J = 8.8 Hz, Ph-H), 7.82 (s, 1H, N-CH), 8.01 (d, Dt 8.1 Hz, Ph-H), 8.14 (d, 1H,= 7.5
Hz, Ph-H), 8.56 (s, 1H, CONH)’C-NMR (DMSOdg, 75MHz): § 157.64, 145.47, 135.60, 134.84,
130.08, 127.48, 126.94, 126.70, 126.64, 125.52,1024122.75, 121.15, 113.58, 21.59, 14.47.
ESI-HRMS calcd for C18H19N4O3HM + H]*): 371.1172; found: 371.1162.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)ethylidene)serarbazide 7d)



White solid, m.p. 234-235 °C, yield 84.0%i-NMR (DMSO-ds + CDCkL, 300MHZz):8 2.24 (s,
3H, Ph-CH), 2.31 (s, 3H, N=C-CH}, 6.11 (br.s, 2H, Nb), 7.30 (d, 2HJ = 8.3 Hz, Ph-H), 7.43
(dd, 1H,J, = 8.8,J, = 1.8 Hz, Ph-H), 7.82-7.86 (m, 3H, Ph-H), 8.021¢d, N-CH), 8.36 (d, 1HJ
= 1.8 Hz, Ph-H), 9.40 (s, 1H, CONHYC-NMR (DMSO<ds+ CDCL, 75MHz): § 157.38, 145.91,
141.58, 134.30, 134.18, 130.48, 129.63, 128.11,782727.14, 126.20, 121.52, 117.28, 115.10,
21.59, 14.95. ESI-HRMS calcd for C18H18BrN4OZM + H]*): 449.0278; found: 449.0274.

1-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)propylidersgmicarbaziderg)

White solid, m.p. 206 °C, yield 23.0%4-NMR (DMSO-ds, 300MHz):6 1.11 (t, 3H,J = 6.6
Hz, CHy), 2.76 (g, 2H,J = 6.7 Hz, CH), 6.21 (s, 2H, Nb), 7.28-7.61 (m, 5H, Ph-H), 7.96-8.03
(m, 4H, Ph-H), 8.22 (s, 1H, N-CH), 9.51 (s, 1H, NEC-NMR (DMSOds, 75MHz): 6 157.43,
146.40, 137.40, 135.50, 134.78, 129.97, 128.20,06271.26.40, 125.56, 124.42, 123.89, 121.22,
113.38, 21.09, 11.21. ESI-HRMS calcd for C18H19NSDEM + H]"): 371.1172; found:
371.1170.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl) ppylidene)semicarbazid&f(

White solid, m.p. 241 °C, yield 65.0%4-NMR (DMSO-ds, 300MHz):6 1.05 (t, 3H,J = 7.3
Hz, CHs), 2.76 (q, 2HJ = 7.5 Hz, CH), 6.26 (br.s, 2H, N, 7.53-7.73 (m, 4H, Ph-H), 7.93 (d,
1H, J = 8.8 Hz, Ph-H), 8.05 (d, 2H),= 7.4 Hz, Ph-H), 8.24 (s, 1H, N-CH), 8.44 (s, B-H),
9.58 (s, 1H, CONH)®C-NMR (DMSO«ds, 75MHz): 6 157.09, 145.99, 136.93, 135.47, 134.28,
130.44, 130.04, 128.52, 127.93, 127.29, 126.53,602017.46, 115.43, 20.87, 11.22. ESI-HRMS
calcd for C18H18BrN4O3Y[M + H]"): 449.0278; found: 449.0275.

1-(1-(1-Tosyl-1H-indol-3-yl)propylidene)semicarbdei(7g)

White solid, m.p. 214-216 °C, yield 66.08-NMR (DMSO-ds, 300MHz):5 1.07 (t, 3H,J =
7.4 Hz, CHCHy), 2.31 (s, 3H, Ph-C§), 2.79 (q, 2H,J = 7.4 Hz, CH), 6.27 (br.s, 2H, Nb),
7.31-7.40 (m, 4HPh-H), 7.90-7.96 (m, 3H, Ph-H), 8.14 (s, 1H, N-CBIR5 (d, 1HJ = 7.8 Hz,
Ph-H), 9.52 (s, 1H, CONH)*C-NMR (DMSO<ds, 75MHz): § 157.27, 146.51, 146.15, 135.44,
134.26, 130.74, 128.15, 127.30, 126.92, 125.78,6824124.06, 121.06, 113.50, 21.49, 20.90,
11.35. ESI-HRMS calcd for CLOH21N4O3GM + H]*): 385.1329; found: 385.1321.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)propylidene)seararbazide Th)

White solid, m.p. 237-238 °C, yield 68.09-NMR (DMSO-ds, 300MHz):5 1.10 (t, 3H,J =
7.5 Hz, CHCHg), 2.30 (s, 3H, Ph-C), 2.69 (q, 2H,) = 7.5 Hz, CH), 6.04 (s, 2H, Nk}, 7.26 (d,
2H,J = 8.2 Hz, Ph-H), 7.39 (dd, 1K, = 8.8,J, = 2.0 Hz, Ph-H), 7.78 (d, 2H,= 8.2 Hz, Ph-H),
7.81 (d, 1H,J = 8.8 Hz, Ph-H), 7.86 (d, 1H,= 2.0 Hz, Ph-H), 8.31 (s, 1H, N-CH), 9.36 (s, 1H,
CONH).®C-NMR (DMSOdg, 75MHz): 6 157.40, 150.45, 146.07, 145.83, 134.29, 134.263430
129.90, 128.07, 126.96, 126.13, 120.30, 117.3498121.60, 21.21, 10.97. ESI-HRMS calcd for
C19H20BrN4O3S([M + H]*): 463.0434; found: 463.0429.

1-((2-(Phenylsulfonyl)-H-indol-3-yl)methylene)semicarbazidé )

White solid, m.p. 197-199 °C, yield 63.09%4-NMR (DMSO-ds, 300MHz): 6 5.86 (s, 2H,
NH,), 7.29-7.62 (m, 5H, Ph-H), 7.83 (s, 1H, CH=N),07R99 (m, 3H, Ph-H), 8.09 (s, 1H, N-CH),
8.13 (d, 1H,J = 8.04 Hz, Ph-H), 10.23 (s, 1H, CONHJC-NMR (DMSOds, 75MHz): § 162.18,



142.25, 140.43, 140.14, 139.12, 134.31, 132.48,063231.53, 130.47, 128.95, 127.42, 123.34,
118.11. ESI-HRMS calcd for C16H15N403EM + H]): 343.0859; found: 343.0855.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl) nteglidene)semicarbazid&j)

White solid, m.p. 208-210 °C, yield 48.09-NMR (DMSO-dg+ CDChk, 300MHz): 6 6.02
(br.s, 2H, NH), 7.42-7.62 (m, 4H, Ph-H), 7.82-7.92 (m, 3H, Ph-HY6 (s, 1H, CH=N), 8.00 (s,
1H, N-CH), 8.18 (d, 1HJ = 1.4 Hz, Ph-H), 10.29 (s, 1H, CONHJC-NMR (DMSO-ds+ CDCE,
75MHz): 6 157.15, 137.19, 134.83, 134.76, 134.10, 129.89,1829129.03, 128.52, 126.97,
125.23, 118.05, 117.47, 115.09. ESI-HRMS calcdGa6H14BrN403S ([M + H]"): 420.9965;
found: 420.9960.

1-(1-(1-Tosyl-1H-indol-3-yl)methylidene)semicarbdei(k)

White solid, m.p. 217-218 °C, yield 46.0%I-NMR (DMSO-dg+ CDCh, 300MHz):5 2.30 (s,
3H, CHy), 6.21 (br.s, 2H, Nb), 7.25 (d, 2H, = 8.0 Hz, Ph-H), 7.30 (d, 1H,= 7.3 Hz, Ph-H),
7.74 (d, 2H,J = 8.0 Hz, Ph-H), 7.82 (s, 1H, CH=N), 7.83-7.89 @H, Ph-H), 8.01 (s, 1H, N-CH),
8.07 (d, 1H,J = 7.8 Hz, Ph-H), 10.19 (s, 1H, CONHJC-NMR (DMSOds, 75MHz): 6 157.21,
145.64, 135.28, 134.53, 130.54, 130.25, 127.86,35271.26.93, 125.65, 124.18, 122.84, 118.57,
113.36, 21.58. ESI-HRMS calcd for CL7H17N4AOZM + H]"): 357.1016; found: 357.1012.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)methylidene)sararbazide 7l)

White solid, m.p. 225 °C, yield 52.09%H-NMR (DMSO-ds, 300MHz):6 2.31 (s, 3H, Ch),
6.42 (br.s, 2H, Nk, 7.39 (d, 2H,) = 7.8 Hz, Ph-H), 7.56 (dd, 1H; = 8.4 Hz,J, = 1.8 Hz, Ph-H),
7.87-7.92 (m, 3H, Ph-H), 8.03 (s, 1H, CH=N), 8.28(4, N-CH), 8.31 (d, 1H] = 1.8 Hz, Ph-H),
10.31 (s, 1H, HCN®*C-NMR (DMSO«ds, 75MHz): 6 157.00, 146.50, 134.55, 134.08, 133.98,
130.88, 130.03, 129.16, 128.81, 127.30, 125.46,121817.51, 115.49, 21.52. ESI-HRMS calcd
for C17H16BrN40O35([M + H]"): 435.0121; found: 435.0113.

1-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)ethyliden&)iosemicarbazidesg)

White solid, m.p. 218-219 °C, yield 56.09%4-NMR (DMSO-ds, 300MHz): 6 2.41 (s, 3H,
CHy), 7.30-7.73 (m, 6H, Ph-H), 7.97 (d, 1Bi= 7.9 Hz, Ph-H), 8.07 (d, 2H,= 7.7 Hz, Ph-H),
8.25 (s, 1H, NH), 8.35 (s, 1H, N-CH, NbJ, 10.31 (s, 1H, NH)*C-NMR (DMSOds, 75MHz): 6
180.12, 147.54, 137.96, 136.15, 136.05, 131.21,822428.35, 128.17, 126.77, 125.65, 125.05,
122.52, 114.21, 16.69. ESI-HRMS calcd for C17H17R8& (M + H]*): 373.0787; found:
373.0785.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)ethgiene)thiosemicarbazid 8if)

White solid, m.p. 234 °C, yield 80.0%4-NMR (DMSO-ds, 300MHz): 6 2.38 (s, 3H, Ch),
7.54-7.76 (m, 5HPh-H), 7.91-8.09 (m, 3H, Ph-H), 8.32 (br.s, 1H,NI8.39 (s, 1H, N-CH), 8.40
(br.s, 1H, NH), 10.36 (s, 1H, NH)*C-NMR (DMSO-ds, 75MHz): 6 179.42, 146.67, 136.91,
135.57, 134.08, 130.50, 129.97, 129.39, 128.64,3827121.11, 117.61, 115.31, 99.99, 15.84.
ESI-HRMS calcd for C17H16BrN4O2SEM + H]"): 450.9893; found: 450.9892.

1-(1-(1-Tosyl-1H-indol-3-yl)ethylidene)thiosemicatide Bc)

White solid, m.p. 233 °C, yield 70.3%i-NMR (DMSO-ds+ CDChk, 300MHz):6 2.34 (s, 3H,



CHa), 2.39 (s, 3H, Ch), 7.29-7.34 (m, 5H, Ph-H), 7.82-7.93 (m, 3H, Ph-81p5 (s, 1H, Nh),
8.16 (s, 1H, NH), 8.21 (s, 1H, N-CH), 10.13 (s, 1H, NHJC-NMR (DMSOds, 75MHz): &
179.27, 145.71, 135.34, 134.52, 130.38, 130.32,082827.54, 127.15, 127.07, 125.50, 124.33,
121.50, 113.33, 21.58, 15.56. ESI-HRMS calcd foBIEION402S2 ([M + H]"): 387.0944;
found: 387.0936.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)ethylidene)ttsemicarbazided()

White solid, m.p. 203-205 °C, yield 82.6%4-NMR (DMSO-ds, 300MHz): 6 2.33 (s, 3H,
Ph-CH), 2.38 (s, 3H, N=C-ClJ, 7.40-7.55 (m, 4H, Ph-H), 7.89-7.96 (m, 3H, Ph-81B5 (br.s,
3H, NH,, N-CH), 10.34 (s, 1H, NH)**C-NMR (DMSO-ds, 75MHz): 6 179.45, 159.64, 146.53,
134.10, 134.02, 130.89, 129.38, 128.63, 128.56,5227127.42, 121.02, 117.53, 115.34, 21.52,
15.96. ESI-HRMS calcd for C18H18BrN4O25(BM + H]*): 465.0049; found: 465.0043.

1-(1-(1-(Phenylsulfonyl)-1H-indol-3-yl)propyliderth)josemicarbazideBg)

White solid, m.p. 201 °C, yield 58.6%4-NMR (DMSO-ds, 300MHz):6 1.10 (t, 3H,J = 6.9
Hz, CHs), 2.95 (g, 2H,J = 6.8 Hz, CH), 7.30-7.41 (m, 3H, Ph-H), 7.58-7.70 (m, 3H, Ph-FD7
(d, 1H,J = 8.0 Hz, Ph-H), 8.06 (d, 2H,= 7.3 Hz, Ph-H), 8.21 (s, 1H, NH 8.31 (s, 2H, N-CH,
NH,), 10.42 (s, 1H, NH)*C-NMR (DMSOds, 75MHz): 6 179.44, 150.79, 137.12, 135.35,
135.23, 130.38, 128.58, 127.84, 127.33, 125.98,8624124.11, 120.56, 113.47, 21.51, 11.86.
ESI-HRMS calcd for C18H19N40258M + H]*): 387.0944; found: 387.0940.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)prgpdene)thiosemicarbazid &f(

White solid, m.p. 221 °C, yield 83.0%4-NMR (DMSO-ds, 300MHz):6 1.09 (t, 3H,J = 7.2
Hz, CH), 2.91 (q, 2HJ = 7.2 Hz, CH)), 7.48 (br.s, 1H, NbJ, 7.54-7.75 (m, 4H, Ph-H), 7.93 (d,
1H, J = 8.8 Hz, Ph-H), 8.07 (d, 2H,= 7.7 Hz, Ph-H), 8.34 (br.s, 1H, NK18.37 (s, 2H, Ph-H,
N-CH), 10.34 (s, 1H, NH)**C-NMR (DMSOds, 75MHz): § 179.84, 150.44, 136.92, 135.54,
134.20, 130.64, 130.47, 129.76, 128.64, 127.69,3627120.10, 117.66, 115.35, 21.53, 11.75.
ESI-HRMS calcd for C18H18BrN4025gM + H]"): 465.0049; found: 465.0046.

1-(1-(1-Tosyl-1H-indol-3-yl)propylidene)thiosemidazide 8g)

White solid, m.p. 208 °C, yield 78.9%4-NMR (DMSO-ds, 300MHz):8 1.10 (t, 3H,J = 7.1
Hz, CH.CHjy), 2.30 (s, 3H, Ph-C§), 2.94 (g, 2H,J = 7.1 Hz, CH), 7.30-7.40 (m, 5HPh-H),
7.92-7.97 (m, 3H, Ph-H), 8.21 (br.s, 1H, NHB.30 (s, 1H, N-CH), 8.34 (br.s, 1H, B10.42 (s,
1H, NH). ®*C-NMR (DMSOds, 75MHz): § 179.41, 150.84, 146.26, 135.35, 134.22, 130.77,
128.60, 127.84, 127.36, 125.90, 124.77, 124.07.422013.49, 21.59, 21.48, 11.88. ESI-HRMS
calcd for C19H21N402SA[M + H]"): 401.1100; found: 401.1096.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)propylidene)thisemicarbazidegh)

White solid, m.p. 205 °C, yield 79.7%4-NMR (DMSO-ds, 300MHz):6 1.09 (t, 3H,J = 6.6
Hz, CH,CHs), 2.30 (s, 3H, Ph-C¥), 2.91 (g, 2H,) = 6.7 Hz, CH), 7.39 (d, 2H,) = 7.7 Hz, Ph-H),
7.52-7.89 (m, 3H, Ph-H), 7.93 (d, 28i= 7.7 Hz, Ph-H), 8.34 (br.s, 3H, NFN-CH), 10.50 (s, 1H,
NH). *C-NMR (DMSOdg, 75MHz): § 179.75, 150.57, 146.50, 134.19, 134.00, 130.85,7129
129.51, 128.55, 127.38, 126.55, 119.96, 117.5836121.81, 21.50, 11.77. ESI-HRMS calcd for
C19H20BrN402S2([M + H]"): 479.0206; found: 479.0201.



1-((1-(Phenylsulfonyl)-1H-indol-3-yl)ymethylene)tisemicarbazided()

White solid, m.p. 201-202 °C, yield 26.0%4-NMR (DMSO-ds, 300MHz): 6 6.89 (s, 1H,
NH,), 7.19 (s, 1H, Nb), 7.28-7.55 (m, 5H, Ph-H), 7.92-8.03 (m, 5H, Pha=N), 8.25 (s, 1H,
N-CH), 10.63 (s, 1H, NH)**C-NMR (DMSOds, 75MHz): § 177.50, 139.15, 137.58, 135.46,
134.36, 130.01, 129.54, 126.97, 126.81, 126.01,4924122.37, 117.11, 113.57, 77.47, 77.04,
76.62. ESI-HRMS calcd for C16H15N40ZM + H]): 359.0631; found: 359.0629.

1-(1-(5-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)ymetlidene)thiosemicarbazid §j(

White solid, m.p. 207-210 °C, yield 51.5%4-NMR (DMSO-dg+ CDCh, 300MHz): §7.27
(br.s, 1H, NH), 7.41 (br.s, 1H, Nb), 7.45-7.60 (m, 3H, Ph-H), 7.81-7.96 (m, 4H, Ph-81p1 (s,
1H, Ph-H), 8.16 (s, 1H, CH=N), 8.19 (s, 1H, N-CH}.43 (s, 1H, NH)}*C-NMR (DMSOds+
CDCl;, 75MHz): § 178.23, 137.64, 137.15, 134.85, 134.07, 130.35,8729128.83, 128.67,
126.97, 125.22, 117.66, 117.45, 114.99. ESI-HRMS8dctor C16H14BrN402S2([M + H]Y):
436.9736; found: 436.9733.

1-(1-(1-Tosyl-1H-indol-3-yl)methylidene)thiosemitazide 8k)

White solid, m.p. 206 °C, yield 50.09%4-NMR (CDCl, 300MHz):6 2.33 (s, 3H, Ck), 6.94
(s, 1H, NH), 7.16 (s, 1H, Nk}, 7.23 (d, 2H,) = 8.2 Hz, Ph-H), 7.32-7.41 (m, 2H, Ph-H), 7.80 (d,
2H,J = 8.2 Hz, Ph-H), 7.92 (s, 1H, CH=N), 7.98 (d, THs 8.4 Hz, Ph-H), 8.02 (d, 1H,= 8.2
Hz, Ph-H), 8.24 (s, 1H, N-CH), 10.61 (s, 1H, NHJC-NMR (DMSO-ds, 75MHz): 5 176.99,
145.67, 139.46, 135.45, 134.59, 130.14, 127.24,027126.77, 125.91, 124.32, 122.33, 116.85,
113.59, 21.59. ESI-HRMS calcd for CL7H17N4O28®1 + H]"): 373.0787; found: 373.0782.

1-(1-(5-Bromo-1-tosyl-1H-indol-3-yl)methylidene)dsemicarbazides()

White solid, m.p. 225 °C, yield 68.6%4-NMR (DMSO-ds, 300MHz): 6 2.33 (s, 3H, Ch),
7.42 (d, 2H,J = 7.5 Hz, Ph-H), 7.56 (d, 1H,= 7.4 Hz Ph-H), 7.78 (br.s, 1H, NH7.91 (d, 3H,
= 7.5 Hz, Ph-H), 8.19 (br.s, 1H, NH 8.24 (s, 1H, CH=N), 8.35 (s, 1H, Ph-H), 8.39 18,
N-CH), 11.44 (s, 1H, NH)*C-NMR (DMSOds, 75MHz): § 178.20, 146.63, 137.83, 134.02,
133.96, 131.58, 130.93, 128.99, 128.85, 127.39,.5825117.69, 117.48, 115.41, 21.54.
ESI-HRMS calcd for C17H16BrN4O2SEM + H]"): 450.9893; found: 450.9889.

4.3. Evaluation of anti-bacterial activity in vitro

Test bacteria were grown to mid-log phase in Mudfimton broth (MHB) or Tryptone Soya
Broth (TSB) and diluted 1000-fold in the same metiBacteria (1DCFU/mL) were inoculated
into MHB or TSB and dispensed at 0.2 mL/well inGav@ell microtiter plate. As positive controls,
gatifloxacin, moxifloxacin, norfloxacin, oxacillirgnd penicillin were used. Test compounds were
prepared in DMSO, the final concentration of whilith not exceed 0.05%. The MIC was defined
as the concentration of a test compound that cdsiplénhibited bacteria growth during 24-h
incubation at 37 °C. Bacteria growth was determimgdheasuring the absorption at 630 nm using
a microtiter enzyme-linked immunosorbent assay 8)Ireader. All experiments were carried
out three times.

4.4. Evaluation of cytotoxicity activity in vitro



Lung cancer cell line (A590), gastric cancer dak(SGC7901) and human embryonic kidney
293T cells (HEK 293T cells) were used to test §itetoxic activity of the new compounds. A590,
SGC7901and HEK 293T cells were grown in Dulbeccdliffed Eagle medium supplemented
with fetal bovine serum (10%), and antibiotics (jpéln-streptomycin mixture (100 U/ml)). Cells
at 80 to 90% confluence were split by trypsin (02 PBS; pH 7.4), and the medium was
changed at 24-h intervals. The cells were cultate8l7 °C in a 5% C@incubator. The cells were
grown to three passages, and approximately 1*xdls were seeded into each well of a 96-well
plate and allowed to incubate to allow attachménthe cells to the substrate. After 24 h, the
medium was replaced with  DMEM supplemented with 1@BBS containing various
concentrations (0.3, 1, 3, 10, 30, and 1@bl/L) of test compounds and incubated for 48 h. Fo
each concentration, three wells were set in pardiken, 20 pL of CCK-8 solution was added to
each well. After incubation for 3 h, the opticahdi#y was measured at 450 nm using a microtiter
ELISA reader. The 1§ values were defined as the concentrations inhgpifi0% of cell growth.
For the purpose of comparing the safety of thesepoands, the selectivity index (SI) was
calculated as ratio between cytotoxicity fdn HEK 293T cells and antibacterial activity (MIC
(Selectivity index (SI) = Iy / MIC).

4.5. Propensity of bacterial resistance development

In order to evaluate the propensity of developiagtérial resistance towards the compounds,
one of the potent compoundéd) was used in the study. First, MIC of compousdl was
determined against S. aure®&gphylococcus aureus CMCC 25928d E. coli Escherichia coli
CMCC 44568, and subsequently the compounds was challengeatedly at the 1/2 MIC level.
Norfloxacin was chosen to be the control antibiofike initial MIC values o6d andnorfloxacin
were determined against respective bacteria. Afterinitial MIC experiment, serial passaging
was initiated by transferring bacterial suspensignown at the sub-MIC of the
compound/antibiotic (at MIC/2) and was subjectecitother MIC assay. After 22 h incubation
period, cells grown at the sub-MIC of the test compd/antibiotic were once again transferred
and assayed for MIC experiment. The process wasateg for 18 passages for both S. aureus and
E. coli, respectively. The MIC fosd and norfloxacin was plotted against days to determiree t
propensity of bacterial resistance development [41]

4.6. Docking studies

Molecular docking of compoungt into theE. coli FabH-CoA complex structure (PDB code:
1HNJ) [36] was carried out using the Discovery iugtersion 4.5) as implemented through the
graphical user interface DS—CDOCKER protocol. TBesgucture of 1HNJ in docking study was
downloaded from Protein Data Bank. The three—dimo@as$ structures obd was constructed
using Chem. 3D ultra 12.0 software [Chemical StiieetDrawing Standard; Cambridge Soft
corporation, USA (2010)], and was energetically imimed by using MMFF94 with 5000
iterations and a minimum RMS gradient of 0.10. postein preparation, the hydrogen atoms
were added, and water and impurities were remoVkd.3D structure ofd was placed during
the molecular docking procedur@éypes of interactions of the docked protein wéth were
analyzed after molecular docking. Compound woulthine10 poses, and were ranked and
selected by CDOCKER_INTERACTION_ ENERGY.
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Table 1. Inhibitory activity (MIC, umol/L) of compound$a-6l, 7a-71, and8a-8l against gram-positive and gram-negativetéda.

Compound

R

R>-

Rs-

Gram-positive strains

Gram-negative strains

26003 25923 32067 31968 2921F 63501 25928 44568 27853 10104
6a H H CHy 2254 2254 22.54 1.40  45.07 22.54 45.07 11.27  .1490 45.07
6b 5-Br H CH 4.62 462 29561 4.62 9.24 9.24 18.48 9.24-295.61 >295.61
6c H 4-CH CHy  10.84 5.42 21.68 271  43.36 10.84 21.68 10.84  .8B46 10.84
6d 5-Br 4-CH  CH, 4.47 2.24  286.35 2.24 8.94 4.47 286.35 1.12  gB6. >286.35
6e H H CHs 2168  21.68 10.84 10.84 4336  >346.88 43.36 43.36173.44 43.36
6f 5-Br H GHs 4.47 4.47 >286.35 1.12 8.95 4.47 17.90 447 gB6. >286.35
69 H 4-CH; GCoHs 522  10.44 5.22 83.55  20.89 10.44 20.89 20.89 .2BB4 >334.20
6h 5-Br 4-CH CHs 4.34 2.17  138.83 1.08 4.34 2.17 34.71 434 >K7.6 >277.66
6i H H H 5.87 11.73 >375.37 46.92  46.92 11.73 >375.37 23.46 46.92 23.46
6i 5-Br H H 152.74 2.37 30549 >305.49  19.09 4.77 595 1.19 >305.49 9.55
6k H  4-ChH H 11.28 11.28 >360.56 2.82 4512 5.64 11.28 11.28 45.12 11.28
6l 5-Br  4-CH H 2.31 2.31 >295.61 >295.61 9.24 2.31 9.24 2.31295%61 >295.61
7a H H CHy, 35955 >359.55 >359.55 >359.55 >359.55 89.89 B9 >359.55 >359.55 >359.55
7b 5-Br H CHy 294.93 29493 >294.93 >294.93  36.87 294.93 >204.9>294.93  >294.93 >294.93
7c H 4-CH; CH; 345.95 >345.95 >34595 >34595 >345.95 345.95 555 >34595 >345.95 >345.95
7d 5-Br 4-CH CH; 28571 >285.71 >285.71 >285.71 >285.71 8.93 285, >285.71  >285.71 >285.71
7e H H CHs >345.95 34595 >34595 >345095 >34595  >34505 4595 >34595 >345095 >345.95
7 5-Br H GHs >28571 >28571 >28571 >28571 >28571  >28571 28531 >285.71 >285.71 >285.71
79 H 4-CH, GCHs 333.33  83.33 >333.33 >333.33 >333.33 333.33 3®3. >333.33 >333.33 >333.33
7h 5-Br 4-CH GCHs >277.06 >277.06 >277.06 >277.06 >277.06  >277.06 277:06 >277.06 >277.06 >277.06




7

7]

7k

7l

8a

8b

8c

8d

8e

8f

89

8h

8i

8

8k

8l
Gatifloxacin
Moxifloxacin
Norfloxacin
Oxacillin

penicillin

H
5-Br

5-Br

5-Br

5-Br

5-Br

5-Br

5-Br

5-Br

H
4- CHy

4-CH

4- CHy
4- CH,

4- ChHy
4- CH

4- CHy
4- CH,

CHs

CHs
CHs
GHs
CHs
CHs

I T T T

93.57
38.10
44.94

294.93

344.09

284.44

331.61

275.86

64

275.86

320.00

133.89

178.77

293.58

343.16

284.44

0.33
0.31
0.39
0.31
0.37

93.57
304.76
179.78

>294.93
344.09
>284.44
331.61
275.86
331.61
>275.86
320.00
267.78
>357.54
>293.58
>343.16
>284.44
0.33
0.31
0.39
0.31
0.37

>374.27
>304.76
>359.55
>294.93
>344.09
>284.44
>331.61
>275.86
>331.61
>275.86
>320.00
>267.78
>357.54
>293.58
>343.16
>284.44
>341.33
>319.20
>401.25
>319.20
>383.23

>374.27
>304.76
>359.55
>294.93
>344.09
>284.44
>331.61
>275.86
>331.61
>275.86
>320.00
>267.78
>357.54
>293.58
>343.16
>284.44
>341.33
>319.20
>401.25

>374.27
>304.76
>359.55
>294.93
>344.09
>284.44
331.61
>275.86
165.80
>275.86
>320.00
>267.78
>357.54
>293.58
>343.16
>284.44
2.67
2.49
3.13

>319.20 319.20
>383.23 383.23

93.57
19.05
44.94
9.22
172.04
284.44
165.80
>275.86
82.90
68.97
>320.00
>267.78
>3567.5
3=39
>343.16
>284.44
5.33
4.99
6.27
>319.20
383.23

743871  >374.27
>304.76  >304.76
$59. 359.55
1499 >294.93
®44. 344.09
4428  >284.44
331.6 331.61
586/ >275.86
331.61 .6331
8E6/5 >275.86
0Xg2 >320.00
B7  267.78
>357.54  >357.54
>293.58 >293.58
>343.16  >343.16
>284.44  >284.44
0.33 0.33
0.31 0.31
0.39 0.39
319.20 >319.20
383.23 >383.23

>374.27
>304.76
359.55
>294.93
344.09
>284.44
331.61
>275.86
331.61
275.86
>320.00
>267.78
357.54
>293.58
343.16
>284.44
5.33
4.99
6.27
>319.20
>383.23

>374.27
>304.76
>359.55
>294.93
>344.09
>284.44
>331.61
>275.86
>331.61
>275.86
>320.00
>267.78
>357.54
>293.58
>343.16
>284.44
5.33
9.98
12.54

>319.20

95.81

3Staphylococcus aure@MCC(B)26003” Staphylococcus aure@MCC 25923° Streptococcus pyogen€d1CC 32067 Streptococcus pneumon@MCC 31968
®Enterococcus faecaliEMCC 292127 Bacillus subtilisCMCC 635019 Escherichia coliCMCC 25922 Escherichia coliCMCC 44568’ Pseudomonas aerugino€MCC

27853 Pseudomonas aerugino€MCC 10104.



Table 2 Inhibitory activity (MIC, pmol/L) of compoundac, 6d, 6h, 6j, 6k, and6l against clinical isolates of multidrug-resistamasts.

multidrug-resistant Gram-positive strains multicinegistant Gram-negative strains
Compound R1- R,- Ra-

43300 3359F BAA-196° BAA-2111
6c H 4- CH; CH; 5.42 5.42 10.84 >86.72
6d 5-Br 4-CHz CHj 112 224 0.56 >71.59
6h 5-Br 4-CH  GCHs 2.17 2.17 8.68 >69.41
6j 5-Br H H 2.39 2.39 2.39 >76.37
6k H 4- CH H 2.82 5.63 11.27 11.27
6l 5-Br 4-CH H 1.15 115 115 >73.90
Gatifloxacin — — — 1.33 0.67 1.33 2.66
Moxifloxacin — — — 1.25 0.62 1.25 2.49
Norfloxacin — — — 1.57 0.78 1.57 3.13
Oxacillin — — — 159.60 19.95 ND ND
penicillin — — — 95.81 >95.81 ND ND

3 Staphylococcus auredd CC 43300® Staphylococcus auredd CC 33591 ¢ multi-drug resistanEscherichia collTCC BAA-196;
4 multi-drug resistanPseudomonas aerugino8aCC BAA-2111; ND: not detected



Table 3 The Inhibitory activity (IG,, pmol/L) of compounds§c, 6d, 6h, 6j, 6k, and6l against cancer
cell lines A590 and SGC7901 and normal cell lin&<H293T.

Compound R1- R,- Rs- A590 SGC7901 HEK 293T
6¢c H 4-CH CH, 2.68 2.38 52.99
6d 5-Br 4-CH  CH, 4.44 1.51 56.39
6h 5Br 4-CH  GCHs 2.33 3.92 57.64
6j 5-Br H H 14.67 3.06 71.61
6k H  4-CH H 12.22 2.12 86.66
6l 5-Br  4-Ch H 15.12 4.00 73.46

Table 4. Selectivity index values of compoun@s, 6d, 6h, 6j, 6k, and6l against bacterial strains
(mammal cell was HEK 293T).

6c 6d  6h 6 6k 6l

Staphylococcus aure @MCC(B)26003 489 1262 13.28 047 7.68 31.80
Staphylococcus aure@MCC 25923 9.78 25.17 13.28 30.22 7.68 31.80
Streptococcus pyogen€dCC 32067 2.44 0.20 0.42 0.23 <0.24 <0.24
Streptococcus pneumonZMCC 31968 1955 25.17 53.37 <0.23 30.73 <0.25
Enterococcus faecalEMCC 29212 1.22 6.31 13.28 375 192 7.95
Bacillus subtilisCMCC 63501 489 12.62 26.56 15.01 15.37 31.80
Escherichia coliCMCC 25922 244 020 166 750 7.68 7.95
Escherichia coliCMCC 44568 489 50.35 13.28 60.18 7.68 31.80
Pseudomonas aerugino€MCC 27853 0.15 <0.20 <0.21 <0.23 1.92 <0.25
Pseudomonas aerugino€MCC 10104 489 <020 <0.21 750 7.68 <0.25
Methicillin-resistantStaphylococcus auredd CC 43300 9.78 50.35 26.56 29.96 30.73 63.88
Methicillin-resistantStaphylococcus auredd CC 33591 9.78 25.17 26.56 29.96 15.39 63.88
Multi-drug resistant Escherichia cokiTCC BAA-196 489 100.70 6.64 2996 7.67 63.88

Multi-drug resistant Pseudomonas aeruginddadCC BAA-2111 <0.61 <0.79 <0.83 <0.94 7.67 <0.99




Highlights:

« N-arylsulfonylindoles containing an aminoguanidine showed excellent inhibitory
activity against multidrug-resistant strains -

« Anti-cancer activity was also confirmed with a high selectivity

» Resistance of strains S. aureus and E. coli toward 6d is not easily developed -

e Molecular docking studies suggested the FabH was involved in the the
antibacterial activity of 6d



