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Abstract

A novel series of 1,4-naphthoquinon8&8-44) tethered by opened and closed chain
sulfonamide moieties were designed, synthesized evaduated for their cytotoxic and
antimalarial activities. All quinone-sulfonamiderdatives displayed a broad spectrum of
cytotoxic activities against all of the tested aancell lines including HUCCA-1, HepG2,
A549 and MOLT-3. Most quinones33-36 and 38-43 exerted higher anticancer activity
against HepG2 cell than that of the etoposide. dpened chain analog6 and 42 were
shown to be the most potent compounds. Notablyrabkiicted sulfonamide anal@$ with
6,7-dimethoxy groups exhibited the most potent naakarial activity (1Go = 2.8 uM).
Quantitative structure-activity relationships (QSAfRudy was performed to reveal important
chemical features governing the biological actati Five constructed QSAR models
provided acceptable predictive performanég, (0.5647 - 0.9317 and RM$EO0.1231 -
0.2825). An additional set of structurally modifiedmpounds were generatedsilico (34a-
34d, 36a-36k 40a-40d and 42a-42K in which their activities were predicted usinge th
constructed QSAR models. A comprehensive discusHitime structure-activity relationships
was made and a set of promising compounds 8336, 38, 42, 36d, 36f, 42e 42gand42f)
were suggested for further development as anticarmbantimalarial agents.

Keywords: Naphthoquinone; Sulfonamide; QSAR; Anticancer aigtiv Antimalarial
activity



1. Introduction

Quinones are widely distributed in nature [1,2{d @re represented in many clinically
used drugs (e.g. doxorubicin, daunorubicin, bleansyanitomycin-C) [3]. Apparently, 1,4-
naphthoquinones have been found to possess ae&lnarge of biological activities including
anticancer and antimalarial activities [4-6]. Faample, calothrixins A and B isolated from
cyanobacterial Calothrix exhibited potent anticancer and antimalarial #ety [7].
Biological properties of quinones have been reléited wide range of molecular targets thus
rendering them to be promising lead molecules fanous therapeutic applications. Two
carbonyl groups of quinone have been well-docuntetdeact as electrophile and electron
acceptor, therefore, alkylation and reactive oxyggecies (ROS) production have been
stimulated on the two carbonyl sites (1,4-C), retipely [8-10]. In addition, cytotoxic
guinone derivatives were proven to be topoisomedrasé Il inhibitors [11,12]. Furthermore,
1,4-naphthoquinone derivatives were previously pseg to display antimalarial activity by
involving a cascade of redox reactions in the perd$3,14].

Aminonaphthoquinone, an important class of thexgue family, has been proven to
be interesting scaffold for pharmacological appgiaas [15-21]. For instance, 5-hydroxy-3-
amino-2-aceto-1,4-naphthoquinoné) (and 2-amino-3-chloro-1,4-naphthoquinon®), (as
shown in Fig. 1, exhibited significant cytotoxic 5|1 and antimalarial [16] activities
respectively. The extended studies to structurabtrans of the naphthoquinones revealed
that the presence of amino or chloro substituentthe 1,4-naphthoquinone would contribute
to their redox potentials [17-21]. Enhancing oflbgical potency was observed when amino
group was inserted at 2- and/or 3- positions [Phenylaminonaphthoquinones showed
superior anticancer activity than that of alkylamicounterparts, and the incorporation of
acetyl group on the phenylamino part led to improget of their cytotoxic potencies [17].
Furthermore, insertion of sulfonamide moiety to pflamino-1,4-naphthoquinone affording
P1-083 @, Fig. 1) that was capable of inhibition of celbpieration, and inducing apoptosis
with selective for malignant over normal cells [22]

To find novel lead candidates as promising antearand antimalarial agents based
on the attractive phenotypes, thus, target 1,44hapjuinone-sulfonamide derivatives (Fig.
2) were rationally designed as follows:

(i) use 2-chloro-3-anilino-1,4-naphthoquinone a®ee structure;

(ii) vary the position of sulfonyl group on anilimeg (3- or 4-position); and



(i) vary the type ofN-substituent of sulfonamide (opened chain alkylphemoup, opened
chain alkylpyridyl group or restricted isoquinolinag).

A variety of expected 1,4-naphthoquinone derixestiwere synthesized and evaluated
for theirin vitro antiproliferative activity against four cancerlsedind normal cell line as well
as antimalarial activity towarBlasmodium faciparum. To provide insights into the effect of
sulfonamide substituents on the quinone ring inirtiéological activities, quantitative
structure-activity relationships (QSAR) of the dwdized and structurally modified

compounds were investigated.

2. Results and discussion
2.1 Chemistry

The preparation of aminobenzenesulfonamid@s31 as starting materials for the
synthesis of phenylaminonaphthoquinone is illusttah Scheme 1. Initially, condensation of
various primary amines4{7) with either 3- or 4-nitrobenzenesulfonyl chlorigielded the
corresponding phenethyl sulfonamides8-16). Consequently, N-sulfonyl-1,2,3,4-
tetrahydroisoquinolineslg-19) were readily obtained using the Pictet-Spengbaction by
treatment of nitrobenzenesulfonamidd®-15) with paraformaldehyde in refluxing formic
acid. Reduction of the nitro derivative8-11) was carried out by catalytic hydrogenation
using palladium on charcoal whereas the reductfamtm analogs 12-19 was performed
using stannous chloride to give the correspondmmabenzenesulfonamide20t31). With
the amino derivatives2(0-31) on hands, a series of desired naphthoquinod@s!4 were
then synthesized by nucleophilic substitution @&a&ichloro-1,4-naphthoquinorg? with the
appropriate aminobenzenesulfonamide derivatR@81 in refluxing ethanol as shown in
Scheme 2. However, reaction of 2,3-dichloro-1,4htlapquinone32 with amines in the
presenc of bases (KOH orz&) and surfactant (LD or SDS) in agueous mediumehasen
recently reported.[23] The obtained compound88-44 Fig. 3) are categorized gmra-
isomer (amino and sulfonyl groups at 1,4-positibib@enzene ring33-38) and meta-isomer
(amino and sulfonyl groups at 1,3-position of berezeing, 39-44). N-substituents of these
sulfonamides are opened chain alkylpyridin@3 @6, 39 and42), alkylphenyls 83-34, 40-
41) and closed chain or restricted isoquinoliB&s38 and43-44).

Structures of the desired naphthoquin88el4 were confirmed based on their HRMS

and NMR spectra.'H NMR spectra showed the presence of NH proton amglet atd



around 9.5-9.6 ppm indicating that the nucleophtiisplacement of the phenylamino
derivative occurred at a chloro group of 2,3-dicbid,4-naphthoquinone. In additiof’C
NMR spectra displayed a characteristic signal ad tarbonyl groups (C=0) at chemical
shift in the range of 177-181 ppm.

2.2 Biological activities
2.2.1 Cytotoxic activity

In assessing the cytotoxicity, the series of 1 ghtlaoquinones33-44) were examined
against four human cancer cell lines including HACL (cholangiocarcinoma), HepG2
(hepatocellular carcinoma), A549 (lung carcinomajl #OLT-3 (lymphoblastic leukemia)
cell lines as summarized in Table 1.

2,3-Dichloro-1,4-naphthoquinon82 was reported to exert cytotoxic activity against
HuUCCA-1, HepG2, A549 and MOLT-3 cells withdQvalues 19.20, 65.19, 45.37 and 13.04
uM, respectively [16]. Distinctively, replacement thie chloro atom of compourP with
various aminobenzenesulfonamide moieties afforded dompounds with improved their
inhibitory potencies. It was observed that all tbsted naphthoquinone derivatives displayed
a broad spectrum of cytotoxic activities, in whibleir inhibition potencies depended on the
type of cancer cells.

Most naphthoquinones exhibited cytotoxic activitiegh comparable 16, values lesser
than 10uM against HUCCA-1 cell line, except for the regsee isoquinolines37 (ICso =
57.77uM) and44 (ICso = 26.42uM). Apparently, the opened chain pyridine anal@was
shown to be the most potent compound witk, €66 uM; however themeta-compound42
displayed 9-folds lower potency than the controugdrdoxorubicin. Additionally, the
compound42 was also shown to be the most potent compounadhstgab49 cell line (IG =
2.3 uM). The effects of chemical structuressta- and para- isomers, and substituents
towards bioactivities of the compounds are disadligsection 2.3).

Interestingly, most 1,4-naphthoquinongar@-analogs 33-36 and meta-analogs,38-43
showed higher anticancer activity against HepGPRtbeh that of the etoposide. Among these
compounds, the anald@p was shown to be the most potent compoundy(#C3.30 uM).
Reducing the alkyl chain length of pyridine anaR#jled to 3-folds and 5-folds improved
inhibition potencies as seen in the anaBfgagainst HepG2 and A-549 cells, respectively.

However those results could not be observednaa-analogs 39 vs 42). Obviously, in



MOLT-3 cell line, most compounds exerted comparalytetoxic activities with 1Gy lesser
than 5uM, in which the pyridine analogs33 and 36) have shown to be the most potent
compounds with identical Kgvalue of 1.37M.

It was observed that naphthoquinones bearing opehath sulfonamides exhibited
higher cytotoxicity (all tested cells) than the lagg containing cyclic sulfonamide as seen
for 34 vs 37, 35 vs 38 (except for MOLT-3 cell) and1 vs 44 (except for MOLT-3 cell). At
this point, it seemed reasonable that NH grouphefsulfonamide can act as a hydrogen bond
donor which might play a crucial role for cytotoxctivity.

These naphthoquinone83-44 were also tested against the noncancerous (\G&ib)
line obtained from African green monkey kidney (lEath). Comparison of the kg values
measured in cancer cells versus that obtained rimadocells, the isoquinoline8T, 38, 43
and44) had no selectivity. Most of theeta derivatives seem to be more cytotoxic to normal
cell than that of the correspondipgra-analogs. Notably, the opened chain compousis
and34 were found to be the most promising compounds st broad spectrum cytotoxic
activity with the best safety index. Both compouddsplayed cytotoxicities against the Vero

cell line with 1G5 values of 99.89 and >107.08/, respectively.

2.2.2 Antimalarial activity

Antimalarial activity of the quinone-sulfonamide83(44 was evaluated again$t.
falciparum (K1, multidrug resistant strain) as shown in TableThe synthesized quinones
with opened chain sulfonamide35( 40 and41) and restricted-ring sulfonamide37¢38and
43-44 showed significant antimalarial activity with JCvalues in the range of 2.80-14.74
uM. Dimethoxy group insertion on the benzene ringpana analogs34 and37 created the
corresponding compound35 and 38 with enhanced antimalarial activity; however the
reduced activity was observed foeta analogs 40 vs 41 and 43 vs 44). Replacement of
alkyl benzene with alkyl pyridine ipara analogs 34 vs 33, 36) could not improve the
antimalarial potency while the reduced activity waserved fometa analogs40 vs 39, 41).
Improving of the potency was observed when the egashain ofpara analogs34 and 35
was cyclized to the respective restricted anaBtand38in which the analo§8 was shown
to be the most potent compound {JC= 2.80 uM). These may be attributed to the
lipophilicity of dimethoxyphenyl and the restrictedppropriate tetrahydroisoquinoline



sulfonamide which may be required for enhancingabsorption of the compounds into the
cells.

2.3. QAR analysis

Chemical structures of the tested 1,4-naphthoo@s®d3-44(Fig. 3) along with their
experimental activity (pl§z) were used for performing QSAR study. The chenstalctures
were geometrically optimized and their physicochehidescriptors were calculated using
Gaussian 09 [24] and Dragon software (version 25) to obtain 13 quantum chemical and
3224 molecular descriptors, respectively. Corretathased feature selection was employed
to initially select a set of correlated descriptdos further selection process. Pearson’s
correlation coefficient (r) between descriptor esuand bioactivities were calculated and
descriptors having |# 0.5 was retained and further subjected to stepwistiple linear
regression (MLR) as implemented in SPSS statid®c8 or attribute elevator CfsSubsetEval
as implemented in the Waikato Environment for Krexge Analysis (WEKA) version 3.4.5
[26] to obtain a sets of 9 important descriptorsvimch their definitions and their calculated
descriptor values are shown in Table 2 and Suppitang Table S1, respectively. The
multivariate analysis was performed by (WEKA) versi3.4.5 [26] using multiple linear
regression (MLR) algorithm. Five QSAR models wemnstructed and their predictive
performance are summarized in Table 3.

The constructed models provided correlation coeffic (R.,) and root mean square
error (RMSE,) values in range of 0.5647 — 0.9317 and 0.1231282%, respectively. The
A549 modelprovided the best performance as represented byghestR., and its lowest
RMSE,, values. The experimental and predicted activi(lekCso values) of the tested
compounds33-44 against four cancer cell lines arfel falciparum are presented in

Supplementary Table S2 and Fig. 7.
HUCCA-1 céll line:

pICy, = 34.1344(X 1A) + 23.1368(Gm) + 9.4788(G2u) - 21.1565 Eq. 1

The QSAR model revealed that connectivity (X1A) aydmetry (Gm and G2u) of
the compound influenced anticancer activity agaiHsiCCA-1 cell line, Eq. 1. The

connectivity indices descriptor, X1A, was noted the most influential descriptor as



represented by its highest regression coefficieime. molecular connectivity indices represent
the molecular area which is accessible from outsadéecule and are successfully used for
describing physicochemical properties of the mdesand their intermolecular interactions
[27]. Positive regression coefficients in the QSARuation indicated that high values of

X1A, Gm and G2u are required for potent activitpiagt HUCCA-1 cell line.
HepG2 cell line:

pICs, = - 0097(RDF105m) - 0.2179 Eq. 2

According to QSAR equation, a mass-weighted RDBcdptor (RDF105m) was
noted as an influential descriptor for anticancetivdy against HepG2 cell line, Eq. 2.The
negative regression coefficient indicated low vahfeRDF105m is required for potent

activity against HepG2 cell line.
A549 cell line:

pIC,, = —0.0949(RDF 105m) + 0.6903(Mor 12u) + 0366 Eq. 3

The RDF105m descriptor was also found to influeaoéicancer activity against
A549 cell line (Eg. 3). In addition, a 3D-MoORSE deptor, Mor12u, was noted as the most
important descriptor as shown by its high regressioefficient (Eg. 3). The negative and
positive regression coefficient values of RDF105mMorl2u indicated the low RDF105m
value together with the high Morl2u value are esakefor the compound to exhibit potent

activity against A549 cell line.
MOLT-3 cdl line:

pICy, =10.9192(G2u) + 0.0185G(N..Cl)) - 2.5605 Eq. 4

In addition to the G2u descriptor, a geometridatathces between nitrogen (N) atom
and chlorine (Cl) atom, represented by G(N..Clxdgsor, was found to influence anticancer
activity against MOLT-3 cell line. Positive regrass coefficients presented in the QSAR
equation (Eqg. 4) indicated that high values of baéscriptors are required for high géC

value.

Antimalarial:



pICy, = —~1.6078Mor 22v) + 0.1457(BOS[ N — O]) + 1.2647(Mor 24u) - 1.4305 Eq.5

3D-MoRSE descriptors (i.e., Mor22v and Mor24u) déinel presence/absence of N-O
at topological distance 5 were noted as importastdptors governing antimalarial activity.
A van der Waals volume descriptor (Mor22v) was fotmbe the most influential descriptor
as indicated by its highest regression coefficienthe QSAR model, Eq. 5. The QSAR
equation revealed that low value of Mor22v alonghviiigh values of Mor24u and BO5[N-O]

are essential for potent activity.
2.4. Prediction of structurally modified compounds using the constructed QSAR models

The predicted plé values of structurally modified compound3é34d, 36a-36k
40a-40d and 42a-42k Figs. 4-6) were computed using the QSAR equationsvhich
important descriptor values were assigned as imdbpe K) variables to calculated
activities (dependent variabl€). Predicted activities of structurally modifiednepounds are
summarized in Supplementary Table S3.

2.5. Understanding structure-activity relationships

Understanding structure-activity relationships (SAR useful for the search of
potential compounds to be further developed [28,@FAR modelling has been successfully
employed for understanding SAR of various clasgsempounds and bioactivities [17, 30-
36]. In this study, a comprehensive analysis oati@hships between identified important
descriptor values and pdgvalue of the individual compound in the QSAR equa was
performed to gain insights into the SAR. The anadlyresults of tested compoun@3-{44
Fig. 3) and structurally modified compound¥4&34d, 36a-36k 40a-40d and 42a-42k
Figs. 4-6) are summarized in Tables-S8. The SAR analysis revealed that closed/opened
chain structurepara-/meta- position of amino and sulfonyl groups on the @ ring,
length of the carbon chain linker as well as typsubstituted ring and certain moieties may
affect activities of the compounds.

In overview, contrast effects of structural vaoas were observed betweeara-
(33-38) and meta- (39-44) series of the tested compounds (SupplementaryeTas). In
particular, N-atom of sulfonamide group substituvath benzene ring provided compound

with more potent anticancer activity than the piyredring for thepara-compounds34 > 33)
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except for MOLT-3 cell while the pyridine substitut was found to be more effective for
meta-compounds 39 > 40). The addition of dimethoxy (diOMe) moieties wasted to
improve activity of thgpara-compounds against malari&g> 37) and cancer cell line8% >
34 and 38 > 37, except for HUCCA-1 and A549 cell line84(> 35). For the meta-
compounds, diOMe groups were observed to ameligddte 40) and aggravate48 > 44)
anticancer activities against all cancer cell lirfegcept for MOLT-3), and antimalarial
activities 40> 41).

The structural modifications can cause an altemat@ther increase or decrease, of
descriptor values thereby influence activities loé tompounds. Herein, QSAR equations
along with descriptor values were used to revealrtiationships between these interactive
factors. The effects of chemical structure on dptmr values are summarized in
Supplementary Table S7. Detailed discussion of eealh line/activity is provided in
Supplementary data. In brief, the closed/openethdteucture influenced anticancer activity
against A549 and HepG2 cell lines, whereas the-fpaeta-structure dominated the activity
towards HUCCA-1 cell line. Position of aminopyridiand aminoquinoline as well as length
of alkyl chain linker were shown to be crucial fast for anticancer activity against MOLT-3
cell line. Particular moieties i.e., diOMe, £Rnd pyrrole ring were noted for their roles in
antimalarial activity.

A series of potential compounds exhibiting the mestent experimental and
predicted activities are summarized in Fig. 8. Tswomeric pyridine derivatives with 1C
length linker, compound36 and42, were found to be the most potent anticancer agdihie
para-compound36 was the most active compound against HepG2 and ™®ctell lines,
whereas theneta-compound42 was noted for HUCCA-1 and A549 cell lines. Varidyses
of substituted rings on sulfonamide group were $eethe most potent modified compounds
against each cell lines & falciparum. It should not be overlooked that the potent antea
activity against A549 and HepG2 cell lines werearsd from a set of 5-menbered ring
derivatives (thiophené2eand furam2f, respectively). Particularly, the positive gi@alues
of 42ewere predicted against A549 cell line. The chigroup was suggested to be a crucial
moiety governing the potent anticancer activity iagaMOLT-3 cell line. Likewise, the
diOMe substituents3g) were noted for antimalarial activity. The resdtgygested thabeta-
and para- isomers, types of substituted ring, length of hl&lain linker and particular
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moieties of the compounds are essential factorsi@n€ing anticancer activities against
distinct cell line, and antimalarial activity.

3. Conclusions

A novel series of quinone83-44 have been achieved by nucleophilic displacement
of 2,3-dichloro-1,4-naphthoquinone32 with appropriate aminobenzenesulfonamide
derivatives20-31. Most of the naphthoquinones bearing opened chiaionamides 33-36,
39 and41-42) exhibited higher anticancer activity than theliysulfonamides, in which the
analog34 displayed the best safety index. Apparently, then@d chain analod6 (para-
isomer) and2 (meta-isomer) were shown to be the most potent compoagdsst HepG2
and MOLT-3; and HUCCA-1 and A549 cells, respectivelhe para-isomer of restricted
sulfonamide with diOMe groups3®) exerted the most potent antimalarial activity.eTh
QSAR analysis revealed a set of important desasptdhich influence the activity of the
compound against particular cell lines. The preoinst of structurally modified compounds
indicated that certain chemical features (ineta-/para- and opened/closed chain structures)
and particular substituents (i.e., OMe, Cl and tergf alkyl linker) are essential for potent
activities. Finally, a set of promising compoundsiast cancer and malarial cell lines were
highlighted for guiding the design, synthesis arm/aelopment of naphthoquinone-based

anticancer and antimalarial agents.

4. Experimental section
4.1 Chemistry

Column chromatography was carried out using sijeb60 (70-230 mesh ASTM).
Analytical thin-layer chromatography (TLC) was merhed using silica gel 60 F254
aluminum sheetsH- and**C- NMR spectra were recorded on a Bruker AVANCE BD@R
spectrometer (operating at 300 MHz fot and 75 MHz for**C). The following standard
abbreviations were used for signal multiplicitisgglet (s), doublet (d), triplet (t), quartet
(q), multiplet (m), and broad (br). Mass spectrareveecorded on a Bruker Daltonics
(microTOF). IR spectra were obtained using a usiaeattenuated total reflectance attached
on a Perkin—Elmer Spectrum One spectrometer or Bh-BR Spectrum BX (Perkin Elmer)
in KBr. Melting points were determined using a @mnifmelting point apparatus and were

uncorrected.
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4.2 General Procedure for the synthesis of benzenesulfonamides (8-15)

A solution of the corresponding amine (10 mmoldiohloromethane (50 mL) was
added dropwise to a stirred mixture of benzeneswlfehloride (10 mmol) and sodium
carbonate (N O3, 14 mmol) in dichloromethane (20 mL). The reattioixture was stirred
at room temperature overnight, and added distivater (20 mL). The organic phase was
separated and the aqueous phase was extractedligliloromethane (Z 30 mL). The
organic extracts were combined and washed withrg@emL). The organic layer was dried
over anhydrous sodium sulfate (anh.,8&;), filtered and evaporated to dryness under

reduced pressure. The crude product was furthfiqelieither by recrystalization or column

chromatography.
'H NMR of 4-nitroN-(pyridin-2-ylmethyl)benzenesulfonamid®) ([37], 4-nitroN-
phenethylbenzenesulfonamide 12( [38], N-(3,4-dimethoxyphenethyl)-4-

nitrobenzenesulfonamidé&3) [38], 3-nitroN-phenethylbenzenesulfonamidif [39] andN-
(3,4-dimethoxyphenethyl)-3-nitrobenzenesulfonam{d&) [39] were consistent with that
reported in the literature.

4.2.1 4-nitro-N-(2-(pyridin-2-yl)ethyl )benzenesul fonamide (8)

From 2-pyridylethylaminet and 4-nitrobenzenesulfonyl chloride. Pale yelladics Yield:
88%. mp 147-148C. R; 0.33 (30% acetone:hexane). IR (UATR)tn3280.'H NMR (300
MHz, CDCk) 6 2.98 (t,J = 5.8 Hz, 2H, Py#,), 3.44 (t,J = 5.8 Hz, 2H, El,NH), 6.76 (br s,
1H, NH), 7.10 (dJ = 7.7 Hz, 1H, PM), 7.18 (ddJ = 7.1, 5.1 Hz, 1H, Ry), 7.61 (dt,J =
7.7,1.7 Hz, 1H, P), 8.05 (d,J = 7.6 Hz, 2H, AH), 8.33 (d,J = 7.6 Hz, 2H, AH), 8.47 (d,
J = 4.4 Hz, 1H, P§ ). 13C NMR (75 MHz, CDCJ): § 35.6, 42.3, 122.0, 123.5, 124.3 (2),
128.2 (2), 136.9, 146.3, 149.0, 149.9, 158.8. HRM®~: m/z [M+H] 308.0701 (Calcd for
Ci13H14N30,4S: 308.0700).

4.2.2 3-nitro-N-(2-(pyridin-2-yl)ethyl )benzenesulfonamide (10)

From 2-pyridylethylamine} and 3-nitrobenzenesulfonyl chloride. Light browslié. Yield:
80%. mp 119-126C. R 0.38 (30% acetone:hexane). IR (KBr) tn8451. *H NMR (300
MHz, CDCk) § 2.99 (t,J = 6.1 Hz, 2H, PyB,), 3.44 (br g, 2H, 6,NH), 6.79 (br s, 1H,
NH), 7.09 (dJ=7.7 Hz, 1H, PM), 7.16 (ddJ=6.9, 5.0 Hz, 1H, Ry), 7.61 (dtJ=7.7, 1.8
Hz, 1H, PWH), 7.72 (t, J = 8.0 Hz, 1H, AH), 8.20 (dt,J = 87.7, 1.5 Hz, 1H, A4), 8.40 (d,J

= 8.0 Hz, 1H, AH), 8.48 (dJ = 4.9 Hz, 1H, PM ), 8.69 (t,J = 1.9 Hz, 1H, AH). °*C NMR
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(75 MHz, CDC#¥): 6 35.6, 42.3, 122.0, 122.2, 123.5, 126.8, 130.3,6,3236.9, 142.6, 148.3,
149.0, 158.7. HRMS-TOF: m/z [M+NaB30.0516 (Calcd for GH13N3NaQ,S: 330.0519).
4.2.3 3-nitro-N-(pyridin-2-ylmethyl)benzenesulfonamide (11)

From picolylamine7 and 3-nitrobenzenesulfonyl chloride. Pale yell@lds Yield: 81%. mp
130-131°C. R; 0.38 (30% acetone:hexane). IR (UATR) tn3285. *H NMR (300 MHz,
CDCl) 6 4.33 (d,J = 1.8 Hz, 2H, Py#.), 6.32 (br s, 1H, N), 7.07-7.17 (m, 2H, RBY),
7.53-7.67 (m, 2H, Ad and P¥), 8.15 (d, J = 7.8 Hz, 1H, AH), 8.31 (d, J = 7.8 Hz, 1H,
ArH), 8.39 (dJ = 4.4 Hz, 1H, PM ), 8.61 (s, 1H, AH). **C NMR (75 MHz, CDCJ): 6 47.3,
122.0, 122.4, 122.9, 126.8, 130.2, 132.6, 136.9,314148.2, 149.1, 153.9 HRMS-TOF: m/z
[M+Na]* 316.0353 (Calcd for GH1:NsNaQyS: 316.0363).

4.3 General procedure for the synthesis of 1,2,3,4-tetrahydro-2-((nitrophenyl)sulfonyl)-
isoquinolines (16-19)

A mixture of nitrobenzenesulfonamide (0.67 mmol)d aparaformaldehyde (0.72
mmol) in formic acid (15 mL) was refluxed for 2 And then allowed to cool to room
temperature. The reaction mixture was added to BOofmwater, and the product was
extracted with CECI, (2 x 30 mL). Combined extracts were washed with satdragueous
NaHCG;, dried (anh. Ng&5Oy) and evaporated to dryness under reduced presBueecrude
product was recrystallized from methanol.

H NMR of 2-((4-nitrophenyl)sulfonyl)-1,2,3,4-tetratiroisoquinoline 16) [40], 6,7-
dimethoxy-2-((4-nitrophenyl)sulfonyl)-1,2,3,4-tetsadroisoquinoline  17) [41], 2-((3-
nitrophenyl)sulfonyl)-1,2,3,4-tetrahydroisoquin@in(1l8) [42] and 6,7-dimethoxy-2-((3-
nitrophenyl)sulfonyl)-1,2,3,4-tetrahydroisoquin@in(19) [39] were consistent with that
reported in the literature.

4.4 General procedure for the synthesis of aminobenzenesulfonamides (20-23)

A mixture of nitrobenzenesulfonamide (4 mmol) af@d4lPd-C (0.02 g) in absolute ethanol
(20 mL) was stirred at room temperature under adgeh atmosphere until completion of
the reaction as monitored by TLC. The catalyst reasoved by filtration and the filtrate was
concentrated under reduced pressure. The residiseparified using silica gel column
chromatography.

4.4.1 4-amino-N-(2-(pyridin-2-yl)ethyl )benzenesulfonamide (20)
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From 4-nitroN-(2-(pyridin-2-yl)ethyl)benzenesulfonamid®)( Yellow solid. Yield: 43%. mp
132°C (d). R 0.15 (30% acetone:hexane). IR (KBr) tn8418, 3335, 3214H NMR (300
MHz, DMSO-&) ¢ 2.79 (t,J = 7.7 Hz, 2H, Py#,), 2.99 (tJ = 7.7 Hz, 2H, EI;NH), 5.91 (s,
2H, NHy), 6.58 (d,J = 8.6 Hz, 2H, AH), 7.15-7.22 (m, 3H, NSO, and P¥), 7.39 (d,J =
8.6 Hz, 2H, AH), 7.66 (t,J = 7.7 Hz, 1H, PM), 8.43 (d,J = 3.9 Hz, 1H, PM ). **C NMR
(75 MHz, DMSO-@): 6 37.7, 42.8, 113.2 (2), 122.0, 123.7, 125.7, 128)9137.0, 149.5,
152.9, 159.0. HRMS-TOF: m/z [M+HR78.0973 (Calcd for GH16N30.S: 278.0963).

4.4.2 4-amino-N-(pyridin-2-ylmethyl)benzenesulfonamide (21)

From 4-nitroN-(pyridin-2-ylmethyl)benzenesulfonamid@)( Yellow solid. Yield: 52%. mp
142-143°C. R; 0.16 (30% acetone:hexane). IR (UATR) tn3468, 3374, 3243'H NMR
(300 MHz, DMSO-@) ¢ 3.97 (d,J = 6.4 Hz, 2H, Py#,), 5.93 (s, 2H, M), 6.60 (dJ=8.7
Hz, 2H, AH), 7.24 (ddJ = 6.5, 4.8 Hz, 1H, Ry ), 7.37 (dJ=7.9 Hz, 1H, PM ), 7.43 (d,J
= 8.7 Hz, 2H, AH), 7.69-7.77 (m, 2H, NSO, and Py{), 8.44 (dJ = 4.8 Hz, 1H, Pi ). °C
NMR (75 MHz, DMSO-q): ¢ 48.4, 113.1 (2), 122.0, 122.7, 125.8, 129.0 (3).1, 149.1,
153.0, 158.1. HRMS-TOF: m/z [M+Nap86.0633 (Calcd for GH1aNsNaG:S: 286.0621).
4.4.3 3-amino-N-(2-(pyridin-2-yl)ethyl )benzenesulfonamide (22)

From 3-nitroN-(2-(pyridin-2-yl)ethyl)benzenesulfonamid&Qj. Yellow solid. Yield: 48%.
mp 133-13£C. R; 0.28 (30% acetone:hexane). IR (UATR)tr8458, 3374, 3246H NMR
(300 MHz, DMSO-d) ¢ 2.83 (t,J = 7.7 Hz, 2H, Py#,), 3.08 (t, 2H, Ei,NH), 5.56 (s, 2H,
NH,), 6.74 (d,J = 8.0 Hz, 1H, AH), 6.86 (d,J = 7.7 Hz, 1H, AH), 6.97 (s, 1H, AH),
7.14-7.24 (m, 3H, Ad and P¥), 7.50 (br s, 1H, NSO,), 7.67 (t,J= 7.6 Hz, 1H, PM), 8.45
(d,J = 4.4 Hz, 1H, PM ). **C NMR (75 MHz, DMSO-¢): § 37.8, 42.8, 111.6, 113.6, 117.6,
122.1, 123.7, 130.0, 137.0, 141.2, 149.5, 149.8,815HRMS-TOF: m/z [M+N&] 300.0781
(Calcd for GaHisN3sNaG,S: 300.0777).

4.4.4 3-amino-N-(pyridin-2-ylmethyl)benzenesulfonamide (23)

From 3-nitroN-(pyridin-2-yImethyl)benzenesulfonamid#l). Yellow solid. Yield: 55%. mp
110-111°C. R; 0.29 (30% acetone:hexane). IR (KBr) tn3456, 3363, 3236H NMR (300
MHz, DMSO-&) ¢ 4.03 (d,J = 6.3 Hz, 2H, Py@#,), 5.56 (s, 2H, M), 6.75 (d,J = 8.0 Hz,
1H, ArH), 6.90 (dJ=7.7 Hz, 1H, AH), 7.00 (s, 1H, Ad), 7.18 (t,J = 7.8 Hz, 1H, AH),
7.25 (ddJ=7.5,4.8Hz, 1H, Ry), 7.38 (dJ=7.7 Hz, 1H, PM), 7.75 (tJ=7.7 Hz, 1H,
PyH), 8.05 (t,J = 6.2 Hz, 1H, MSOy), 8.44 (dJ = 4.7 Hz, 1H, PM ). °C NMR (75 MHz,
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DMSO-a): 6 48.4, 111.6, 113.7, 117.7, 121.9, 122.8, 130.0,.2,3141.3, 149.1, 149.8,
157.9. HRMS-TOF: m/z [M+Nd]286.0632 (Calcd for GH13N3sNaG,S: 286.0621).

4.5 General procedure for the synthesis of aminobenzenesulfonamides (24-31)

A mixture of nitrobenzenesulfonamide (4 mmol) amiC&2H,O (20 mmol) in absolute
ethanol (20 mL) was stirred under reflux until cdetipn of the reaction as monitored by
TLC until completion of the reaction as monitoredTL.C, then concentrated under reduced
pressure. Water (20 mL) was added and extractéd EtOAc (3 x 20 mL). The organic
extracts were combined and washed with water (20 amd brine (20 mL). The organic
layer was dried over anh. p&0, filtered and concentrated. The crude product puagied
using silica gel column chromatography.

'H NMR of 4-aminoN-phenethylbenzenesulfonamide24) [43], 4-aminoN-(3,4-
dimethoxyphenethyl)benzenesulfonamide 25)( [43], 3-amino-N-
phenethylbenzenesulfonamide 26} [44], 4-((3,4-dihydroisoquinolin-2¢)-
yh)sulfonyl)aniline 9 [45], 4-((6,7-dimethoxy-3,4-dihydroisoquinolini2{)-
yh)sulfonyl)aniline @9) [45] and 3-((3,4-dihydroisoquinolin-2)-yl)sulfonyl)aniline B0)
[42] and 3-((6,7-dimethoxy-3,4-dihydroisoquinolifi®)-yl)sulfonyl)aniline 1) [39] were
consistent with that reported in the literature.

4.5.1 3-amino-N-(3,4-dimethoxyphenethyl)benzenesulfonamide (27)

From N-(3,4-dimethoxyphenethyl)-3-nitrobenzenesulfonamid®). Yellow solid. Yield:
80%. mp 89-9¢°C. R 0.30 (30% acetone:hexane). IR (UATR)tn3467, 3372, 3259H
NMR (300 MHz, CDC}) 6 2.69 (t,J = 6.8 Hz, 2H, Ar€l,), 3.17 (q,J = 6.8 Hz, 2H,
CH,NH), 3.80, 3.83 (2s, 6H, 2 x @), 4.40 (t,J = 6.0 Hz, 1H, M), 6.56 (d,J = 1.8 Hz,
1H, ArH), 6.61 (ddJ = 8.1, 1.8 Hz, 1H, A#), 6.75 (d,J = 8.1 Hz, 1H, AH), 6.80 (ddJ =
8.0, 1.6 Hz, 1H, Atl), 7.02 (t,J = 1.8 Hz, 1H, AH), 7.10 (dJ = 7.7 Hz, 1H, AH), 7.22 (t,J

= 7.9 Hz, 1H, AH),. °C NMR (75 MHz, DMSO-g) 6 35.3, 44.4, 55.9 (2), 111.4, 111.8,
112.7, 116.6, 118.8, 120.8, 130.0, 130.1, 140.3,24147.9, 149.1. HRMS-TOF: m/z [M +
Na]" 359.1027Calcd for GgHN,NaQ,S: 359.1036).

4.6 General procedure for the synthesis of naphthoquinones (33-44)

A mixture of the appropriate amine (5 mmol) and-@ghloronaphthoquinon82 (5 mmol)

in absolute ethanol (20 mL) was stirred under sefluntii completion of the reaction as
monitored by TLC, and then concentrated under rediycessure. Water (20 mL) was added
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and extracted with EtOAc (3 x 20 mL). The orgaragdr was dried over anh. p&O,,
filtered and concentrated under reduced pressine ciiude product was purified using silica
gel column chromatography to afford the pure produc

4.6.1 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl Jamino)-N- (2-(pyridin-2-
yl)ethyl)benzenesulfonamide (33)

From 4-aminoN-(2-(pyridin-2-yl)ethyl)benzenesulfonamid2Qj. Red solid. Yield: 20%. mp
202-203°C. R; 0.21 (30% acetone:hexane). IR (UATR) tn8254, 1672, 1593H NMR
(300 MHz, DMSO-d) ¢ 2.82 (t,J = 7.4 Hz, 2H, Py#,), 3.10 (q,J = 6.9 Hz, 2H, Ei;,NH),
7.17-7.25 (m, 4H, Aty and P¥,), 7.59-7.70 (m, 4H, Atl,, PyH and NHSO,), 7.82 (dt,J =
7.4, 1.3 Hz, 1H, NT@ ), 7.85 (dtJ = 7.4, 1.3 Hz, 1H, NT@ ), 8.04 (d, J = 7.3 Hz, 2H,
NTQH), 8.44 (dJ = 4.5 Hz, 1H, Pi), 9.53 (s, 1H, M ). **C NMR (75 MHz, DMSO-g): §
37.7,42.8,118.9, 122.1, 122.9 (2), 123.7, 12827,1, 127.2 (2), 131.0, 132.2, 134.0, 134.9,
135.2, 136.9, 143.2, 143.4, 149.5, 158.8, 177.8,448HRMS-TOF: m/z [M+H] 468.0777
(Calcd for GsH19CIN3O4S: 468.0779).

4.6.2 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )Jamino)-N-
phenethyl benzenesulfonamide (34)

From 4-aminoN-phenethylbenzenesulfonamidad). Red solid. Yield: 45%. mp 181-18¢.
R 0.31 (30% acetone:hexane). IR (KBr) tnB275, 1674, 1591'*H NMR (300 MHz,
DMSO-t) 6 2.66 (t,J = 7.8 Hz, 2H, ArC®l,), 2.96 (q,J = 6.3 Hz, 2H, EI,NH), 7.15 (dJ=
8.6 Hz, 2H, AH), 7.17-7.30 (m, 5H, Ad), 7.63 (t,J = 5.8 Hz, 1H, MSG,), 7.69 (dJ=8.6
Hz, 2H, AH), 7.83 (tJ=7.4 Hz, 1H, NT® ), 7.88 (tJ= 7.4 Hz, 1H, NT® ), 8.05 (d,J =
7.4 Hz, 2H, NT®), 9.56 (s, 1H, M ). **C NMR (75 MHz, DMSO-g): 6 35.7, 44.6, 118.9,
122.9 (2), 126.7 (2), 127.1, 127.2 (2), 128.8 {29.1 (2), 130.9, 132.2, 134.0, 134.9, 135.2,
139.2, 143.2, 143.3, 177.5, 180.4. HRMS-TOF: m/z+Hl 467.0821 (Calcd for
Co4H20CIN2O,4S: 467.0827).

46.3 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl Jamino)-N-(3,4-
dimethoxyphenethyl)benzenesulfonamide (35)

From 4-amindN-(3,4-dimethoxyphenethyl)benzenesulfonamig).(Red solid. Yield: 55%.
mp 191-192C. R; 0.21 (30% acetone:hexane). IR (UATR)tr8261, 1671, 1591H NMR
(300 MHz, DMSO-@) § 2.57 (t,J = 7.8 Hz, 2H, Ar®l,), 2.94 (g,J = 6.3 Hz, 2H, El,NH),
3.68, 3.70 (2s, 6H, 2 x OE), 6.63 (ddJ=8.2, 1.8 Hz, 1H, Ad), 6.72 (dJ = 1.8 Hz, 1H,
ArH), 6.81 (dJ=8.2 Hz, 1H, AH), 7.22 (dJ = 8.6 Hz, 2H, AH), 7.57 (tJ = 5.7 Hz, 1H,
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NHSO,), 7.67 (dJ= 8.6 Hz, 2H, AH), 7.82 (t,J = 7.6 Hz, 1H, NT® ), 7.87 (tJ = 7.6 Hz,
1H, NTQH ), 8.04 (d, J = 7.6 Hz, 2H, NT®), 9.53 (s, 1H, M ). *C NMR (75 MHz,
DMSO-&;): 0 34.8, 44.2, 55.4,55.5, 112.0, 112.6, 118.2, 1222.4 (2), 126.2, 126.5, 126.7
(2), 130.5, 131.1, 131.8, 133.4, 134.5, 134.7, 84243.1, 147.3, 148.6, 176.8, 179.9.
HRMS-TOF: m/z [M+H] 527.1036 (Calcd for £gH24CIN>OsS: 527.1038).

46.4 4-((3-chloro-1,4-dioxo-1,4-di hydr onaphthal en-2-yl Jamino)-N- (pyridin-2-
ylmethyl)benzenesulfonamide (36)

From 4-aminoN-(pyridin-2-ylmethyl)benzenesulfonamide21). Red-brown solid. Yield:
31%. mp 225-228C. R 0.38 (30% acetone:hexane). IR (UATR)tr8261, 1675, 1591'H
NMR (300 MHz, DMSO-g) 6 4.10 (d,J = 6.2 Hz, 2H, Py#,), 7.17-7.28 (m, 3H, A#,and
PyH), 7.36 (dJ= 7.8 Hz, 1H, PM), 7.65-7.77 (m, 3H, Afl, and PW), 7.84 (t,J = 7.4 Hz,
1H, NTQH ), 7.89 (tJ = 7.4 Hz, 1H, NT® ), 8.06 (d,J = 7.4 Hz, 2H, NT®), 8.19 (t,J =
6.2 Hz, 1H, NHSQ,), 8.44 (dJ = 4.3 Hz, 1H, Pi), 9.56 (s, 1H, M ). *C NMR (75 MHz,
DMSO-&): ¢ 48.4, 119.0, 122.0, 122.8 (2), 122.9, 126.7, 12127.2 (2), 131.0, 132.2,
134.0, 135.0, 135.2, 137.2, 143.1, 143.3, 149.2,.715177.5, 180.4. HRMS-TOF: m/z
[M+Na]" 476.0448 (Calcd for SH16CINsNaQ,S: 476.0442).

4.6.5 2-chloro-3-((4-((3,4-dihydroisoquinolin-2(1H)-yl)sulfonyl ) phenyl)amino)naphthal ene-
1,4-dione (37)

From 4-((3,4-dihydroisoquinolin-2E)-yl)sulfonyl)aniline ¢8). Red solid. Yield: 38%. mp
179-180°C. R; 0.36 (30% acetone:hexane). IR (KBr)tn3275, 1674, 159TH NMR (300
MHz, DMSO-d&) ¢ 2.84 (t,J = 7.8 Hz, 2H, C4-1®), 3.31 (t,J = 6.3 Hz, 2H, C3-If), 4.21
(s, 2H, C1-IQH), 7.07-7.18 (m, 4H, 16), 7.25 (dJ = 8.7 Hz, 2H, AH), 7.72 (d,J = 8.7
Hz, 2H, AH), 7.83 (tJ=7.4 Hz, 1H, NT® ), 7.88 (tJ = 7.4 Hz, 1H, NT® ), 8.05 (d,J =
7.4 Hz, 2H, NT®), 9.59 (s, 1H, M ). **C NMR (75 MHz, DMSO-¢): J 28.3, 44.0, 47.7,
119.7, 122.7 (2), 126.6, 126.7, 126.9, 127.0, 1272B.1 (2), 129.1, 130.0, 130.1, 131.0,
132.1, 133.5, 134.0, 135.2, 143.0, 144.1, 177.8,3l8HRMS-TOF: m/z [M+H] 479.0829
(Calcd for GsH20CIN2O4S: 479.0827).

4.6.6 2-chloro-3-((4-((6,7-dimethoxy-3,4-dihydr oisoquinolin-2(1H)-
yl)sulfonyl)phenyl)amino)naphthal ene-1,4-dione (38)

From 4-((6,7-dimethoxy-3,4-dihydroisoquinolin-2{(tyl)sulfonyl)aniline @9). Red solid.
Yield: 41%. mp 161-162C. R 0.29 (30% acetone:hexane). IR (KBr) tn8313, 1671,
1594."H NMR (300 MHz, DMSO-g) 6 2.75 (br tJ = 5.1 Hz, 2H, C4-1®l), 3.31 (t,J = 5.2
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Hz, 2H, C3-Idd), 3.68 (s, 6H, 2 x O&3), 4.11 (s, 2H, C1-1Q), 6.66, 6.76 (2s, 2H, 1Q),
7.25 (d,J = 8.6 Hz, 2H, AH), 7.70 (d,J = 8.6 Hz, 2H, AH), 7.83 (t,J = 7.3 Hz, 1H,
NTQH ), 7.88 (t,J = 7.3 Hz, 1H, NT® ), 8.05 (d, J = 7.3 Hz, 2H, NT®), 9.59 (s, 1H,
NH ). **C NMR (75 MHz, DMSO-¢): 6 27.8, 44.2, 47.5, 55.9 (2), 110.2, 112.2, 11928, 1
(2), 123.7, 125.2, 126.7, 127.1, 128.1 (2), 13031.0, 132.2, 134.0, 135.2, 143.1, 144.1,
147.8, 148.0, 177.5, 180.3. HRMS-TOF: m/z [M+NaJ561.0859 (Calcd for
Co7H25CIN2NaGsS: 561.0863).

4.6.7 3-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl Jamino)-N-(2-(pyridin-2-
yl)ethyl)benzenesulfonamide (39)

From 3-aminoN-(2-(pyridin-2-yl)ethyl)benzenesulfonamide22). Red solid. Yield: 22%.
mp 172-173C. R 0.21 (30% acetone:hexane). IR (KBr) tn8291, 1668, 1588H NMR
(300 MHz, DMSO-d) ¢ 2.85 (t,J = 7.4 Hz, 2H, Py#,), 2.96 (q,J = 6.9 Hz, 2H, Ei;NH),
7.18-7.24 (m, 2H, RY), 7.34-7.40 (m, 1H, Af), 7.47-7.55 (m, 3H, Ad), 7.68 (dt,J = 7.7,
1.7 Hz, 1H, PK), 7.75 (t,J = 5.7 Hz, 1H, MISO,), 7.81 (dt,J = 7.4, 1.1 Hz, 1H, NTE ),
7.88 (dt,J=7.4, 1.1 Hz, 1H, NTQ ), 8.02 (dd,J = 7.4, 1.1 Hz, 1H, NTH), 8.05 (dd,J =
7.4, 1.1 Hz, 1H, NT@), 8.45 (d,J = 4.5 Hz, 1H, PM), 9.52 (s, 1H, M ), *C NMR (75
MHz, DMSO-&): 0 37.8, 42.8, 116.8, 121.6, 122.1, 122.2, 123.7,6,2807.0, 127.3, 129.3,
130.9, 132.3, 133.8, 135.2, 136.9, 140.3, 140.3,514149.5, 158.7, 177.3, 180.3. HRMS-
TOF: m/z [M+HT 468.0768 (Calcd for 5H19CIN2O,4S: 468.0779).

4.6.8 3-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl Jamino)-N-
phenethyl benzenesulfonamide (40)

From 3-aminoN-phenethylbenzenesulfonamidzs). Red solid. Yield: 41%. mp 161-46¢.
R 0.36 (30% acetone:hexane). IR (UATR) tn8289, 1673, 1592'H NMR (300 MHz,
DMSO-&) ¢ 2.66 (t,J = 7.8 Hz, 2H, Ar@l,), 2.96 (q,J = 6.3 Hz, 2H, Ei;NH), 7.13-7.31
(m, 5H, AH), 7.34-7.39 (m, 1H, Ad), 7.48-7.55 (m, 3H, Af), 7.75 (t,J = 5.7 Hz, 1H,
NHSO,), 7.81 (t,J = 7.5 Hz, 1H, NT® ), 7.88 (tJ = 7.5 Hz, 1H, NT® ), 8.01 (d,J= 7.5
Hz, 1H, NTCH), 8.05 (d, J = 7.5 Hz, 1H, NT®), 9.52 (s, 1H, M ). **C NMR (75 MHz,
DMSO-&): 0 35.7, 44.5, 116.8, 121.6, 122.2, 126.6, 126.7,Q,2127.3, 128.8 (2), 129.1 (2),
129.4, 130.9, 132.3, 133.9, 135.2, 139.1, 140.8,744.43.5, 177.3, 180.3. HRMS-TOF: m/z
[M+Na]* 489.0652 (Calcd for £H19CIN.NaO,S: 489.0646).

4.6.9 3-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl Jamino)-N-(3,4-
dimethoxyphenethyl)benzenesulfonamide (41)
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From 3-amindN-(3,4-dimethoxyphenethyl)benzenesulfonamig@.(Red solid. Yield: 49%.
mp 163-164C. R; 0.33 (30% acetone:hexane). IR (UATR)tr8291, 1674, 1592H NMR
(300 MHz, DMSO-d) ¢ 2.60 (t,J = 5.7 Hz, 2H, Ar®l,), 2.95 (q,J = 5.7 Hz, 2H, Ei,NH),
3.69, 3.70 (2s, 6H, 2 x OGH 6.64 (ddJ = 8.2, 1.8 Hz, 1H, Ad), 6.74 (d,J = 1.8 Hz, 1H,
ArH), 6.82 (d,J = 8.2 Hz, 1H, AH), 7.33-7.38 (m, 1H, Af), 7.46-7.55 (m, 3H, Ad), 7.69
(t, J = 5.7 Hz, 1H, MSQ,), 7.79 (t,J = 7.6 Hz, 1H, NT® ), 7.87 (t,J = 7.6 Hz, 1H,
NTQH ), 7.99 (d, J = 7.6 Hz, 1H, NT®I), 8.04 (d, J = 7.6 Hz, 1H, NT®I), 9.49 (s, 1H,
NH ). *C NMR (75 MHz, DMSO-¢): 6 35.4, 44.7, 55.9, 56.0, 112.4, 113.1, 121.0 (2)..6,
122.2, 126.6, 127.0, 127.3, 129.3, 130.9, 131.2.313133.8, 135.2, 140.4, 140.8, 143.6,
147.8, 149.1, 177.3, 180.3. HRMS-TOF: m/z [M¥HR7.1053 (Calcd for £H24CIN,OgS:
527.1038).

4.6.10 3-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl Jamino)-N-(pyridin-2-
ylmethyl)benzenesulfonamide (42)

From 3-amindN-(pyridin-2-ylmethyl)benzenesulfonamide3). Red-brown solid. Yield:
28%. mp 180-182C. R 0.30 (30% acetone:hexane). IR (UATR)tr8209, 1680, 1593'H
NMR (300 MHz, DMSO-¢) ¢ 4.11 (d,J = 7.4 Hz, 2H, Py#,), 7.21-7.28 (m, 1H, RyY),
7.31-7.40 (m, 2H, Ad and Py), 7.45-7.58 (m, 3H, Af), 7.74 (t,J = 7.7 Hz, 1H, PH),
7.82 (t,J = 7.3 Hz, 1H, NT® ), 7.88 (t,J = 7.3 Hz, 1H, NT® ), 8.05 (d, J = 7.3 Hz, 2H,
NTQH), 8.29 (t,J = 6.3 Hz, 1H, NMSO,), 8.44 (d,J = 4.7 Hz, 1H, PM), 9.50 (s, 1H, M ).
¥C NMR (75 MHz, DMSO-g): § 48.4, 116.8, 121.6, 122.0, 122.1, 122.9, 126.6, 11,2
127.3, 129.3, 130.9, 132.3, 133.9, 135.2, 137.D.214140.8, 143.5, 149.2, 157.7, 177.3,
180.4. HRMS-TOF: m/z [M+Nd]476.0443 (Calcd for £H1¢CINsNaQ,S: 476.0442).

4.6.11 2-chloro-3-((3-((3,4-dihydroisoquinolin-2(1H)-yl)sulfonyl ) phenyl)Jamino)naphthal ene-
1,4-dione (43)

From 3-((3,4-dihydroisoquinolin-2H)-yl)sulfonyl)aniline @0). Red solid. Yield: 32%. mp
224-225°C. R; 0.51 (30% acetone:hexane). IR (KBr)tn3286, 1671, 1591H NMR (300
MHz, DMSO-d&) ¢ 2.87 (t,J = 7.8 Hz, 2H, C4-1®), 3.29 (t,J = 6.3 Hz, 2H, C3-Ig), 4.22
(s, 2H, C1-IH), 7.15-7.29 (m, 4H, 1Q), 7.39-7.44 (m, 1H, Ad), 7.51-7.60 (m, 3H, Ad),
7.82 (dt,J=7.3, 1.3 Hz, 1H, NT} ), 7.88 (dtJ = 7.3, 1.3 Hz, 1H, NTQ ), 8.02 (dd,J =
7.3, 1.3 Hz, 1H, NT@), 8.06 (dd,J = 7.3, 1.3 Hz, 1H, NTQ), 9.52 (s, 1H, M ). **C NMR
(75 MHz, DMSO-@): ¢ 28.5, 44.1, 47.7, 117.0, 122.3, 123.0, 126.6, 8,2627.0, 127.2,
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127.5, 128.1, 129.2, 129.5, 131.0, 132.0, 132.3.5,3133.9, 135.2, 136.3, 140.7, 143.6,
177.4, 180.3. HRMS-TOF: m/z [M+H}79.0842 (Calcd for £H20CIN,0,S: 479.0827).
4.6.12 2-chloro-3-((3-((6,7-dimethoxy-3,4-dihydr oisoquinolin-2(1H)-
yl)sulfonyl)phenyl )amino)naphthal ene-1,4-dione (44)

From 3-((6,7-dimethoxy-3,4-dihydroisoquinolin-2(tM)sulfonyl)aniline @1). Red solid.
Yield: 39%. mp 199-206C. R 0.38 (30% acetone:hexane). IR (UATR)tn3297, 1672,
1592.'H NMR (300 MHz, DMSO-g) § 2.77 (t,J = 7.8 Hz, 2H, C4-1®l), 3.26 (t,J = 6.3 Hz,
2H, C3-IH), 3.69 (s, 6H, 2 x 083), 4.12 (s, 2H, C1-1Q), 6.69, 6.72 (2s, 2H, C5-@®and
C8-IQH), 7.38-7.44 (m, 1H, Af), 7.48-7.60 (m, 3H, Ad), 7.82 (dt,J = 7.4, 1.4 Hz, 1H,
NTQH ), 7.88 (dtJ = 7.4, 1.4 Hz, 1H, NT& ), 8.02 (dd,J = 7.4, 1.4 Hz, 1H, NT8), 8.05
(dd, J=7.4, 1.4 Hz, 1H, NTE), 9.52 (s, 1H, M ). *C NMR (75 MHz, DMSO-g): J 28.1,
44.2, 47.4, 55.9 (2), 110.2, 112.3, 116.9, 12228.1, 123.6, 125.2, 126.6, 127.0, 128.2,
129.5, 130.9, 132.3, 133.9, 135.2, 136.2, 140.8,614147.8, 148.0, 177.4, 180.3. HRMS-
TOF: m/z [M+Na] 561.0862 (Calcd for £H-:CIN,NaQsS: 561.0858).

4.7 Cytotoxic assay: cancer cell lines

The cells suspended in the corresponding cultigeivim were inoculated in 96-well
microtiter plates (Corning Inc., NY, USA) at a denof 10,000-20,000 cells per well, and
incubated for 24 h at 3T in a humidified atmosphere with 95% air and 5%, C&h equal
volume of additional medium containing either thegia dilutions of the test compounds,
positive control (etoposide and/or doxorubicin),n@gative control (DMSO) was added to
the desired final concentrations, and the microtiikates were further incubated for an
additional 48 h. The number of surviving cells acle well was determined using MTT assay
[46,47] (for adherent cells: HUCCA-1, HepG2, and48%cells) and XTT assay [48] (for
suspended cells: MOLT-3 cells). Thes¢Cvalue is defined as the drug (or compound)
concentration that inhibits cell growth by 50% &tele to negative control).

4.8 Antimalarial assay: Radioisotope techniques

P.falciparum (K1, multidrug resistant strain) was cultivatéa vitro conditions,
according to Trager & Jensen (1976) [49], in RPB4QA medium containing 20 mM HEPES
(N-2-hydroxyethylpiperazing¥-2-ethanesulfonic acid), 32 mM NaH@Gnd 10% heat
activated human serum with 3% erythrocytes, in Hified 37°C incubator with 3% C@©
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The culture was passaged with fresh mixture ofheoglytes and medium every day to
maintain cell growth. Quantitative assessment tifreadarial activity in vitro was determined
by microculture radioisotope techniques based upermethods described by Desjardins et
al. (1979) [50]. Briefly, a mixture of 200L of 1.5% erythrocytes with 1% parasitemia at the
early ring stage was pre-exposed tou250f the medium containing a test sample dissolved
in 1% DMSO (0.1% final concentration) for 24 h. Sequently, 25.L of [*H] hypoxanthine
(Amersham, USA) in culture medium (Ou&i) was added to each well and the plates were
incubated for an additional 24 h. Levels of incaogted radioactive labeled hypoxanthine,
indicating parasite growth, were determined usimg Top Count microplate scintillation
counter (Packard, USA). The percentage of pargsdaeth was calculated using the signal
count per minute of treated (CPMT) and untreatedditmns (CPMU) as shown by the
following equation;

% parasite growth = CPMT/CPMU x 100 Eqg. 6

4.9 Cytotoxicity assay: primate cell line (Vero)

The cytotoxicity assay was performed using the GrEkiorescent Protein (GFP)
detection method [51]. The GFP-expressing Vero loel was generated in-house by stably
transfecting the African green monkey kidney celél(Vero, ATCC CCL-81), with pEGFP-
N1 plasmid (Clontech). The cell line was maintaineda minimal essential medium
supplemented with 10% heat-inactivated fetal bowseeum, 2 mM L-glutamine, 1 mM
sodium pyruvate, 1.5 g/L sodium bicarbonate and @@mL geneticin, at 37 °C in a
humidified incubator with 5% C© The assay was carried out by addingd5of cell
suspension at 3.3 x 4@ells/mL to each well of 384-well plates contamif uL of test
compounds previously diluted in 0.5% DMSO, and tlecubated for 4 days at 3C
incubator with 5% C@ Fluorescence signals were measured using SpeatraMb
microplate reader (Molecular Devices, USA) in tloétdm reading mode with excitation and
emission wavelengths of 485 and 535 nm, respegtifdlorescence signal at day 4 was
subtracted from background fluorescence at dayCg; Values were derived from dose-
response curves, using 6 concentrations of 3-fetthlty diluted samples, by the SOFTMax
Pro software (Molecular device). Ellipticine and% DMSO were used as a positive and a

negative controls, respectively.
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4.10 QSAR analysis

Conceptually, the chemical structures of the testechpounds 33-44, Fig. 3)
together with their experimental activities §Cvalues) were used as data sets for
construction of five QSAR models. The additiondl&e30 structurally modified compounds
(34a34d, 36a-36k 40a-40d and42a-42k Figs. 4-6) was virtually constructed, and their
activities were predicted using the constructed Q$wodels.

4.10.1 Data set

Chemical structures of the tested compour4@) along with their 1G, values
were used as data sets for QSAR analysis. Regaadiingancer activity against 4 cancer cell
lines and antimalarial activity of the investigategimpounds, data sets were arranged as 5
data sets in which QSAR models were separatelylogsd. To obtain distribution of data
points, 1G, values of the tested compour44 were converted to pKg values by taking
the negative logarithm to the base of 10 (-logh)(Experimentally inactive compounds were

excluded from the data set.

4.10.2 Molecular structure optimization and descriptor calculation

Chemical structures of 12 teste®B{44, Fig. 3) and 30 structurally modifie®@4a
34d, 36a-36k 40a-40d and 42a-42k Figs. 4-6) compounds were drawn using the
GaussView software [52] and were subjected to gédcakoptimization to obtain the low-
energy conformers. Initially, all structures wemometrically optimized using Gaussian 09
[24] at the semi-empirical Austin Model 1 (AM1) kv Subsequently, density functional
theory (DFT) calculation was performed using thek&és three-parameter hybrid method
with the Lee-Yang-Parr correlation functional (B3R)together with the LANL2DZ ECP
basis set. The optimized structures were conselguesed as an input for extracting
descriptor values. A set of 13 quantum chemicatga®rs i.e., mean absolute atomic charge
(Qm), total energyH;ia), total dipole moment., highest occupied molecular orbital energy
(Enomo), lowest unoccupied molecular orbital ener§yuuo), energy difference of HOMO
and LUMO (HOMO-LUMGQs,p), electron affinity (EA), ionization potential (IPMulliken
electronegativity ), hardnessy|), softness §), electrophilic index ¢;) and electrophilicity
(w) were extracted using an in-house developed sdrip optimized structures were further
used for calculation of an additional set of 3,A2dlecular descriptors using Dragon software

(version 5.5) [25]. Dragon descriptors comprised2@f classes including Constitutional
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descriptors, Topological descriptors, Walk and mathnts, Connectivity indices, Information
indices, 2D autocorrelation, Edge adjacency indiBesden eigenvalues, Topological charge
indices, Eigenvalue-based indices, Randic molequiafiles, Geometrical descriptors, RDF
descriptors, 3D-MoRSE descriptors, WHIM descript@& TAWAY descriptors, Functional
group counts, Atom-centred fragments, Charge dascs, Molecular properties, 2D binary
fingerprints and 2D frequency fingerprints.

4.10.3 Descriptor selection

Feature selection was performed to select a setfefmative descriptors from the
whole set of descriptors obtained from the caloohatCorrelation-based feature selection
was employed for initial selection. The pair-coatedn of each descriptor value and
bioactivity (plG) was calculated and the Pearson’s correlationficaait (r) value of 0.5
were used as the cut-off value in which descripteith |r| < 0.5 were considered as low
correlated descriptors and were excluded whilergases with |rp> 0.5 were used for further
selection using stepwise multiple linear regresgiPiLR) as implemented in the SPSS
statistics 18.0 software or subjected to the aftebevaluator CfsSubsetEval using the
BestFirst search method as implemented in Waikawmar&ment for Knowledge Analysis
(WEKA) version 3.4.5 [26]. Finally, a set of impant descriptors were obtained for

multivariate analysis.

4.10.4 Multivariate analysis

Multivariate analysis was performed by Waikato #Eowment for Knowledge
Analysis (WEKA) version 3.4.5 [26] using multipleéar regression (MLR) algorithm where
the selected descriptors and gJ@alues were assigned as independent variablpsn(d
dependent variableY], respectively. The MLR models were constructedoeting to the

following equation.

Y=B,+Y BX, Eq. 7

whereY is the plGy values of compoundd®3, is the intercept an®, are the regression
coefficient of descriptorX,.

4.10.5 Data sampling
Leave-one-out cross validation (LOO-CV) was useddplitting the data set into a

training set and a testing set. Principally, ona@a was left out as the testing set while the
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remainingN-1 samples were used as the training set. Thisedwowe was continued until
every sample in the data set was used as thegestirio predicY variable (activity).

4.10.6 Evaluating the performance of QSAR models
The performance of constructed QSAR models watuatel using two statistical
parameters. The correlation coefficieR) {ndicated the predictive performance, and the roo

mean square error (RMSE) represented predictive efrthe models.

4.10.7 Prediction of structurally modified compounds using the constructed QSAR models

The important descriptor values of the structuraflgdified compounds3@a34d,
36a-36k 40a-40d and42a-42k Figs. 4-6) were obtained from the calculatiordascribed
previously. The QSAR equations were used to preditvities of these modified compounds
in which important descriptor values of each madificompound were assigned in the

equation for computing its predicted activity (ptdd plGo value).
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Figure Legends

Fig. 1. Representative structures of bioactive 1,4-naphtimeoesl-3

Fig. 2. Designed 1,4-naphthoquinone-based sulfonamides

Scheme 1Synthesis of aminobenzenesulfonamidés1

Scheme 2Synthesis of 1,4-naphthoquinone-based sulfonan@@e! through nucleophilic
displacement

Fig. 3.Chemical structures of the tested compowsid4

Fig. 4. Chemical structures of structurally modified compdsi serie§4 and40

Fig. 5.Chemical structures of structurally modified compdsi serieS6

Fig. 6. Chemical structures of structurally modified compdsi serieg2

Fig. 7. Plots of experimental versus predicted ialues of cytotoxic activities against four
cell lines (A: HUCCA-1, B: HepG2, C: A549, D: MOL3) and antimalarial activity (E)
generated by QSAR models (training set: compoumesepresented by closed circle and
regression line is shown as a solid line, leave-autevalidated testing set: compounds are
represented by opened hex and regression lin@vwershs a dotted line)

Fig. 8. Summary of potential anticancer and antimalarianag)



Tablel
Cytotoxic and antimalarial activities (46; UM) of compounds33 - 44).

Compound Cancer cell lines® Antimalarial  Verocell line’
HuCCA-1 HepG2 A549 MOLT-3
33 5.88 £ 0.09 10.32 £ 0.58 31.37+ 0.42 1.37+ 0.09° Inactive 99.89
34 493+0.71 6.27+0.51 11.24+1.06 2.18+0.31 Inactive >107.08
35 550+£0.14 6.07+£0.69 13.00£1.63 2.05+0.21 9.96 21.10
36 5.00+0.21 3.30+0.40 588+0.04 1.37+0.14° Inactive 10.84
37 57.77 £0.11 36.87 £+2.52 48.44+1.69 856+0.71 14.74 20.27
38 5.21£0.13 14.38 £3.18 20.240.45 1.73:0.28 2.80 0.944
39 5.77 £0.46 5.13+0.85 3.931.05 2.20+ 0.03 Inactive 20.20
40 9.47 £0.13 12.85+1.32 31.853.54 3.30:0.38 6.30 3.85
41 850+0.52 9.49+0.92 27.352.74 4.95¢+ 0.60 10.08 3.76
42 3.66 +0.37 4.56+0.85 2.3%0.07° 2.38+0.21 Inactive 2.82
43 6.08 £0.01 1096 £1.06 21.920.31 1.92+0.33 7.27 4.20
44 26.42+1.10 43.28x7.67 63.8%6.66 2.340.21 8.79 11.21
Etoposidé ND 33.98+£0.01 ND 0.04% 0.003 ND ND
Doxorubicirf 0.42 +£0.02 0.5% 0.05 0.37+ 0.02 ND ND ND
Mefloquin€ ND ND ND ND 0.0269 ND
Dihydroartemisinine ND ND ND ND 1.43 ND
Ellipticine® ND ND ND ND ND 4.05

@Cancer cell lines comprise the following: HUCCAnten cholangiocarcinoma cancer cell line, HepG2amnhepatocellular carcinoma
cell line, A549 human lung carcinoma cell line, MDB human lymphoblastic leukemia cell line

®Vero cell line was African green monkey kidney digie

©1Cso > 107.08uM denoted as non-cytotoxic.

9The compound exhibited the most potent activity.

€Etoposide, doxorubicin, mefloquine, dihydroartemiise and ellipticine were used as reference drugs.

fICsois shown as nM.

ND = not determined



Table?2

Definition of descriptors using for development@5AR models.

Descriptor  Type Definition

X1A Connectivity indices  Average connectivity index of order 1

Gm WHIM descriptors Total symmetry index / weightsdmass

G2u WHIM descriptors " component symmetry directional WHIM index / unweiegh
RDF105m RDF descriptors Radial Distribution Funetidl05 / weighted by mass
Mor12u 3D-MoRSE descriptors  Signal 12 / unweighted

G(N..CI) 3D Atom Pairs Sum of geometrical distanbesveen N..Cl

Mor22v 3D-MoRSE descriptors  Signal 22 / weightedv/ay der Waals volume
BO5[N-O] 2D Atom Pairs Presence/absence of N - @pological distance 5
Mor24u 3D-MoRSE descriptors  Signal 24 / unweighted

Table3

Summary of QSAR equations and their predictivegreninces in predicting cytotoxic and

antimalarial activities of 1,4-naphthoquinones datives 83 - 44).

M odel Equation N Ry, RM SE+, Rev RM SEcy

HuCCA-1 plCso = 34.1344K1A) + 23.1368Gm) + 9.4788G2u) 12 0.8130 0.1936  0.5647 0.2825
- 21.1565

HepG2 pICso = -0.097RDF105n) - 0.2179 12 0.8730 0.1596 0.8249  0.1855

A549 plCso = -0.0949RDF105n) + 0.6903Mor12u) + 0.366 12 0.9506 0.1310 0.9317 0.1534

MOLT-3 pICso = 10.9192G2u) + 0.0185G(N..Cl) - 2.5605 12 0.8119 0.1281 0.6277 0.1740

Antimalarial plCsq=-1.6078Mor22\) + 0.1457B05[N-O]) + 7 0.9650 0.0552 0.8147 0.1231

1.2647(lor24y) - 1.4305

plCsois the concentration of compound required for 5@#6hition of cell growth.

N is a number of data set.

Ry is a correlation coefficient of the training set.

RMSE;, is a root mean square error of the training set.

Rev is a correlation coefficient of leave-one-out srgalidation (LOO-CV) of the testing set.
RMSEy is a root mean square error LOO-CV of the tessiety



Fig. 1.
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Sy aNHz ) N N
) |« —— H \O No, — 1) - H \O NH,
4:X=N;R=H;n=2 8:4-NOy;n=2 20:4-NHy; n=2
5:X=C;R=H;n=2 9:4-NOy; n=1 21:4-NH,; n =1
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»Novel guinone-sulfonamides (33-44) were synthesized.

» All quinones displayed a broad spectrum of cytotoxic activities.

» The quinone 34 was the most potent cytotoxic compound without affecting normal cell.
» Most quinones exerted higher anticancer activity against HepG2 cells than etoposide.

» QSAR was performed to reveal important chemical features governing the activities.
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TableS1
Values of informative molecular descriptors of tested compounds (33 - 44) and virtually modified
compounds (34a - 34d, 36a - 36k, 40a - 40d, 42a - 42K).

Compound X1A Gm G2u RDF105m Morl2u G(N..Cl) Mor22v BO5[N-O] Mor24u

33 0439 0165 0.169 9.034 -1.301 25.398 -0.098 0 0.180
34 0439 0.168 0.186 5.288 -1.411 12.093 0.015 0 0.158
35 0.442 0153 0.192 9.242 -1.170 12.129 -0.094 0 0.159
36 0437 0170 0.178 4.405 -1.024 24.863 -0.003 1 0.054
37 0429 0154 0.149 10.263 -1.400 12.088 -0.042 0 0.217
38 0.433 0.157 0.167 10.226 -1.336 12.077 -0.262 1 0.324
39 0439 0.157 0.165 3.707 -0.890 20.606 0.043 1 0.294
40 0439 0.158 0.168 8.445 -1.403 11.321 -0.024 1 0.371
41 0.442 0159 0.153 7.980 -1.140 11.300 -0.044 1 0.184
42 0437 0167 0.183 4.231 -0.506 21.46 0.074 1 0.146
43 0429 0.166 0.185 9.677 -1.300 11.757 0.020 1 0.299
44 0433 0156 0.174 13.964 -1.143 11.766 -0.072 1 0.209
34a 0435 0172 0.176 3.642 -1.202 12171 0.036 0 0.276
34b 0437 0178 0.152 5.997 -1.131 12734 -0.158 0 0.175
34c 0432 0152 0.191 9.839 -0.855 12.156 -0.124 0 0.496
34d 0.418 0.166 0.168 11.664 -2.804 12.757 0.323 0 0.521
36a 0435 0173 0.177 9.576 -0.746 20.724 -0.118 0 0.269
36b 0.435 0.166 0.188 4.402 -0.701 21.273 -0.097 1 0.246
36¢ 0435 0173 0.161 4.769 -0.760 21.919 -0.154 0 0.138
36d 0434 0173 0.188 18.383 -0.543 40.053 -0.091 0 0.100
36e 0.433 0.172 0.180 8.465 -0.259 12.122 -0.096 0 0.135
36f 0433 0176 0.192 2.899 -0.951 12.135 -0.222 0 0.400
369 0433 0174 0.168 4311 -0.640 22.224 -0.113 0 0.628
36h 0430 0.163 0.151 11.257 -0.596 20.778 -0.037 0 0.285
36i 0430 0.177 0.169 7.782 -0.697 22.338 -0.152 1 0.397
36j 0430 0.168 0.198 9.144 -0.953 20.422 -0.117 0 0.240
36k 0430 0.168 0.188 9.170 -0.531 20.805 -0.103 0 0.328
40a 0435 0175 0.154 2.942 -0.516 12.014 -0.117 1 0.108
40b 0437 0172 0.181 7.740 -1.320 11.015 0.055 1 0.216
40c 0432 0160 0.152 3.266 -0.244 11.977 -0.097 1 0.306
40d 0418 0.156 0.176 6.737 -2.754 11.358 0.491 1 0.377
42a 0435 0162 0.182 1.943 -0.523 20.083 -0.172 1 0.297
42b 0435 0172 0.161 3.696 -0.248 20.397 -0.107 1 0.304
42c 0.435 0.166 0.166 2.768 -0.453 22.119 -0.14 1 0.060
42d 0434 0177 0.166 2.100 -0.438 37.873 -0.091 1 0.128
42e 0433 0166 0.204 0.169 0.032 11.981 -0.124 1 0.226
42f 0433 0.173 0.169 0.135 -0.309 11.985 -0.417 1 0.296
429 0.433 0.159 0.156 0.267 -0.473 21.027 -0.239 1 0.599




42h 0430 0.169 0.198 5.604 -0.364 20.710 -0.030 1 0.359
42i 0430 0168 0.174 5.080 -0.734 23.552 -0.082 1 0.214
42j 0430 0154 0.179 5.981 -0.226 23831 -0.039 1 0.605
42k 0.430 0.160 0.169 3.738 -0.238 20.110 -0.211 1 0.361

Table S2
Experimental and predicted cytotoxic and antimalarial activities (plCsp) of compounds 33 - 44.

Compound HuCCA-1 HepG2 A549 MOLT-3 Antimalarial

Exp.  Pred. Exp.  Pred. Exp.  Pred. Exp.  Pred. Exp.  Pred.
33 -0.769 -0.748 -1.014 -1.102 -1.497 -1.377 -0.137 -0.309 -2 -2
34 -0.693 -0.460 -0.797 -0.718 -1.051 -1.150 -0.338 -0.296 -2 -2
35 -0.740 -0.602 -0.783 -1.150 -1.114 -1.342 -0.312 -0.204 -0.998 -1.176
36 -0.699 -0.584 -0.519 -0.679 -0.769 -0.756 -0.137 -0.167 -2 -2
37 -1.762 -1.235 -1.567 -1.160 -1.685 -1.554 -0.932 -0.569 -1.168 -0.991
38 -0.717 -1.254 -1.158 -1.217 -1.306 -1.562 -0.238 -0.555 -0.447 -0.571
39 -0.761 -1.018 -0.710 -0.530 -0.594 -0.603 -0.342 -0.386 -2 -2
40 -0.976 -0.915 -1.109 -1.030 -1.492 -1.386 -0.519 -0.516 -0.799 -0.741
41 -0.929 -0.950 -0.977 -0.993 -1.434  -1.155 -0.695 -0.675 -1.003 -0.956
42 -0.563 -0.660 -0.659 -0.619 -0.364 -0.426 -0.377 -0.104 -2 -2
43 -0.784 -1.048 -1.040 -1.171 -1.341  -1.464 -0.283 -0.334 -0.862 -0.995
44 -1.422  -1.026 -1.636 -1.525 -1.800 -1.678 -0.369 -0.454 -0.944 -0.881

Exp. = experimental activity, Pred. = predicted activity. - # = the compound was experimentally inactive and was excluded from the data set of QSAR

analysis



Table S3
Predicted cytotoxic and antimalarial activities (pl Csp) of modified compounds (34a - 34d, 36a - 36k, 40a

- 40d and 42a -42k) and experimental activities of reference drugs.

Compound HuCCA-1 HepG2 A549 MOLT-3 Antimalarial
34a -0.660 -0.571 -0.809 -0.414 -1.139
34b -0.681 -0.799 -0.984 -0.665 -0.955
34c -1.083 -1.172 -1.158 -0.250 -0.604
34d -1.455 -1.349 -2.677 -0.490 -1.291
36a -0.628 -1.147 -1.058 -0.244 -0.901
36b -0.685 -0.645 -0.536 -0.114 -0.818
36¢ -0.779 -0.680 -0.611 -0.397 -1.008
36d -0.558 -2.001 -1.753 0.233° -1.158
36e -0.691 -1.039 -0.616 -0.371 -1.105
36f -0.484° -0.499 -0.566 -0.240 -0.568
369 -0.758 -0.636 -0.485 -0.315 -0.455
36h -1.276 -1.309 -1.114 -0.527 -1.011
36i -0.782 -0.973 -0.854 -0.302 -0.538
36j -0.715 -1.105 -1.160 -0.021 -0.939
36k -0.810 -1.107 -0.871 -0.123 -0.850
40a -0.799 -0.503 -0.269 -0.657 -0.960
40b -0.545 -0.969 -1.280 -0.380 -1.100
40c -1.268 -0.535 -0.112 -0.679 -0.742
40d -1.611 -0.871 -2.174 -0.429 -1.597
42a -0.835 -0.406 -0.179 -0.202 -0.633
42b -0.802 -0.576 -0.156 -0.425 -0.728
42c -0.894 -0.486 -0.209 -0.339 -0.984
42d -0.673 -0.422 -0.136 -0.047 -0.977
42e -0.602 -0.234 0.372° -0.111 -0.799
42f -0.772 -0.231° 0.140 -0.493 -0.240
429 -1.219 -0.244 0.014 -0.468 -0.143°
42h -0.692 -0.762 -0.417 -0.015 -0.783
42i -0.942 -0.711 -0.623 -0.225 -0.882
42 -1.219 -0.798 -0.358 -0.165 -0.457
42k -1.175 -0.580 -0.153 -0.343 -0.489

Etoposide® ND*® -1.531 ND¢ 1.387 ND*®

Doxorubicin?® 0.377 0.244 0.432 ND° ND°

Mefloquine® ND°® ND*® ND® ND°® 1.570

Dihydroartemisinine? ND® ND¢ ND¢ ND® 2.848

3Experimental plCs values. ® The compound which was predicted to be the most potent compound. ®Not tested.



Table 4

Summary of structure-activity relationships (SAR) of the tested compounds (33 - 44).

Activity/ cell Series Closed / opened Typeof ring M ethoxy group

line (compounds)

HuCCA-1 para- opened > closed : 34 > 37 benzene > pyridine: | activity : 34> 35
(33-38) closed > opened® 38 > 35 34>33 1 activity : 38 > 37
meta- closed > opened : 43 > 40 pyridine > benzene: 1 activity : 41 > 40
(39-44) opened > closed® 41 > 44 39> 40 | activity : 43> 44
opened-chain para > meta : 34 > 40, - para: | activity : 34> 35
(33-35 & 39-41) 35>412 meta: 1 activity : 41 > 40

meta > para: 39 > 33

closed-chain meta > para: 43> 37 - para: 1 activity : 38> 37
(37-38 & 43-44) para> meta®: 38 > 44 meta: | activity : 43> 44
Length of linker 1C>2C:36>33 - -
(33, 36 and 42) meta > para®: 42 > 36

HepG2 para- opened > closed : 34 > 37 benzene > pyridine: 1 activity : 35> 34,
(33-38) opened > closed®:35 > 38 34>33 38> 37
meta- closed > opened : 43 > 40 pyridine > benzene: 1 activity : 41 > 40
(39-44) opened > closed® 41 > 44 39>40 | activity : 43> 44
opened-chain meta > para: 39 >33 - para: 1 activity : 35> 34

(33-35 & 39-41)

closed-chain
(37-38 & 43-44)

Length of linker
(33, 36 and 42)

para > meta : 34 > 40,
35> 417

meta > para: 43> 37
para> meta®: 38 > 44

1C>2C:36>33
para> meta®: 36 > 42

meta: 1 activity : 41 > 40

para: 1 activity : 38 > 37
meta: | activity : 43 > 44

2 With the presence of methoxy substitutions. ® For 1C length linker.



Table 4

Summary of structure-activity relationships (SAR) of the tested compounds (33 - 44), continued.

Activity/ cell Series Closed / opened Typeof ring M ethoxy group

line (compounds)

A549 para- opened > closed : 34 > 37 benzene > pyridine: | activity : 34> 35
(33-38) opened > closed® 35 > 38 34>33 1 activity : 38 > 37
meta- closed > opened : 43 > 40 pyridine > benzene: 1 activity : 41 > 40
(39-44) opened > closed™ 41 > 44 39>40 | activity : 43> 44
opened-chain meta > para: 39 > 33 - para:| activity : 34> 35
(33-35 & 39-41) para > meta: 34 > 40, meta :1 activity : 41 > 40

35>412

closed-chain meta > para: 43> 37 - para: 1 activity : 38 > 37
(37-38 & 43-44) para> meta®: 38 > 44 meta: | activity : 43> 44
Length of linker 1C>2C: 36 >33 - -
(33, 36 and 42) meta > para®: 42> 36

MOLT-3 para- opened > closed : 34 > 37 pyridine > benzene: 1 activity : 35> 34, 38 > 37
(33-38) closed > opened® 38 > 35 33>34
meta- closed > opened : 43 > 40 pyridine > benzene: | activity : 40> 41,43 > 44
(39-44) closed > opened™ 44 > 41 39>40
opened-chain para > meta : 33 > 39, - para: 1 activity: 35> 34

(33-35 & 39-41)

closed-chain
(37-38 & 43-44)

Length of linker
(33,36 and 42)

34> 40, 35 > 41°

meta > para: 43> 37
para> meta®: 38 > 44

1C=2C:36=33
para > meta " 36 > 42

meta: | activity : 40 > 41

para: 1 activity: 38 > 37
meta: | activity : 43> 44

3 With the presence of methoxy substitutions. ® For 1C length linker.



Table 4

Summary of structure-activity relationships (SAR) of the tested compounds (33 - 44), continued.

Activity/ cell Series Closed / opened Typeof ring M ethoxy group
line (compounds)
Antimaarid para- closed > opened: 37 > 34 both pyridine (33) and 1 activity: 35> 34,38>37
(33-38) closed > opened® 38 > 35 benzene (34) derivatives are
inactive
meta- opened > closed: 40 > 43 benzene > pyridine : | activity : 40> 41,43 > 44
(39-44) closed > opened® 44 > 41 40> 39
opened-chain meta > para: 40> 34 - para: 1 activity: 35> 34

(33-35 & 39-41)

closed-chain
(37-38 & 43-44)

Length of linker
(33,36 and 42)

meta ~ para: 39 ~ 33
para > meta: 35> 41?2

meta > para: 43> 37
para> meta®: 38 > 44

1C=2C:36=33
meta = para® 42 = 36

meta: | activity : 40 > 41

para: 1 activity: 38 > 37
meta: | activity : 43> 44

2 With the presence of methoxy substitutions. ® For 1C length linker.



Table S5
Summary of structure-activity relationships (SAR) of modified compounds series 34 and 40.

Modified  Activity / Length of linker chain CF3; moiety Typeof ring
series cell line
34 HUCCA-1 attached >1C>2C:34a>34b >34  |activity: benzene > adamantane :
Shorter is better 34a > 34c 34a > 34d
HepG2 attached >2C>1C:34a>34>34b  |activity: benzene > adamantane :
34a> 34c 34a > 34d
A549 attached>1C>2C:34a>34b >34  |activity: benzene > adamantane :
Shorter is better 34a > 34c 34a>> 34d
MOLT-3 2C > attached >1C:34>34a>34b  ftactivity : benzene > adamantane :
34c > 34a 34a> 34d
Antimaaria 1C > attached >2C:34b>34a>34  factivity : benzene > adamantane :
34c >> 34a 34a> 34d
40 HuUCCA-1 1C > attached > 2C: 40b > 40a>40  |activity : benzene > adamantane :
40a > 40c 40a> 40d
HepG2 attached >1C >2C:40a>40b>40  |activity: benzene > adamantane :
Shorter is better 40a > 40c 40a > 40d
A549 attached >1C >2C:40a>40b > 40  factivity : benzene > adamantane :
Shorter is better 40c > 40a 40a > > 40d
MOLT-3 1C > 2C > attached : 40b >40>40a  |activity : adamantane > benzene :
40a > 40c 40d > 40a
Antimalarial  2C > attached >1C:40>40a>40b  factivity : benzene > adamantane :

40c > 40a 40a > 40d




Table S6
Summary of structure-activity relationships (SAR) of modified compounds series 36 and 42.

Series Activity / cell line  Typeof ring Cl moiety Position of Position of aminoquinoline Notes

aminopyridine

36 HUCCA-1 F>PD>T>PR: tactivity: 2AP > 3AP > 4AP: 5AQ > 8AQ >isoQ > 2AQ: 2AP > 2AQ : 36a > 36h
36f > 36a > 36e > 369 36d > 36a 36a > 36b > 36¢ 36j > 36i > 36k > 36h All 5-menbered monocyclic rings >
AQ series (except 5AQ)
HepG2 F>PR>T>PD: lactivity: 3AP > 4AP > 2AP: 8AQ >5AQ >is0Q > 2AQ: 2AP > 2AQ: 36a > 36h
36f > 369 > 36e > 36a 36a > 36d 36b > 36¢ > 36a 36i > 36] > 36k > 36h All 5-menbered monocyclic rings >
AQ series (except BAQ)
A549 PR>F>T>PD: lactivity: 3AP > 4AP > 2AP: 8AQ >is0Q > 2AQ > 5AQ: 2AP > 2AQ: 36a> 36h
369 > 36f > 36e > 36a 36a > 36d 36b > 36¢ > 36a 36i > 36k > 36h > 36 All 5-menbered monocyclic rings >
AQ series
MOLT-3 F>PD>PR>T: tactivity: 3AP > 2AP > 4AP: 5AQ > is0Q > 8AQ > 2AQ: 2AP > 2AQ : 36a > 36h
36f > 36a > 369 > 36e 36d > 36a 36b > 36a > 36¢ 36j > 36k > 36i > 36h All AQ series (except 2AQ) > 5-

menbered monocyclic rings

Antimaarid PR>F>PD>T: lactivity: 3AP > 2AP > 4AP: 8AQ >is0Q >5AQ > 2AQ: 2AP > 2AQ: 36a > 36h
369 > 36f > 36a > 36e 36a > 36d 36b > 36a > 36¢ 36i > 36k > 36j > 36h All 5-menbered monocyclic rings
(except T) > AQ series (except 2AQ
and 8AQ)

AP = aminopyridine, AQ = aminoquinoline, isoQ = isoquinoline, F = furan, PD = pyridine, T = thiophene, PR = pyrrole



Table S6

Summary of structure-activity relationships (SAR) of modified compounds series 36 and 42, continued.

10

Series Activity / cell line  Typeof ring Cl moiety Position of Position of aminoquinoline Notes
aminopyridine
42 HUCCA-1 T>F>PD>PR: tactivity: 3AP > 2AP > 4AP: 2AQ > 8AQ >isoQ > 5AQ: 2AQ > 2AP: 42h > 42a
42e > 42f > 42a > 429 42d > 42a 42b > 42a > 42¢ 42h > 42i > 42k > 42j All 5-menbered monocyclic rings >
AQ series (except 2AQ)
HepG2 F>T>PR>PD: lactivity: 2AP > 4AP > 3AP: is0Q > 8AQ > 2AQ > 5AQ: 2AP > 2AQ: 42a> 42h
42f > 42e > 429 > 42a 42a > 42d 42a > 42c > 42b 42k > 42i > 42h > 42 All 5-menbered monocyclic rings >
AQ series
AbB49 T>F>PR>PD: tactivity: 3AP > 2AP > 4AP: isoQ > 5AQ > 2AQ > 8AQ: 2AP > 2AQ: 42a> 42h
42e > 42f > 429 > 42a 42d > 42a 42b > 42a > 42¢ 42k > 42j > 42h > 42i All 5-menbered monocyclic rings >
AQ series
MOLT-3 T>PD>PR>F: tactivity: 2AP > 4AP > 3AP: 2AQ >5AQ > 8AQ > is0Q: 2AQ > 2AP: 42h > 42a
42e > 42a > 429 > 42f 42d > 42a 42a > 42c > 42b 42h > 42 > 42i > 42k AQ series > 5-menbered monocyclic
rings (except thiophene, 42¢)
Antimaarid PR>F>PD>T: lactivity: 2AP > 3AP > 4AP: 5AQ >is0Q > 2AQ > 8AQ: 2AP > 2AQ: 42a> 42h
42g > 42f > 42a > 42e 42a > 42d 42a > 42b > 42¢ 42] > 42k > 42h > 42i All 5-menbered monocyclic rings

(except thiophene, 42¢€) > AQ series

AP = aminopyridine, AQ = aminoquinoline, isoQ = isoquinoline, F = furan, PD = pyridine, T = thiophene, PR = pyrrole
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TableS7

Effects of structural modifications on important descriptor values.

Activity / closed/ para-/ OMe Length of Types of Cl moiety CFsmoiety AP AQ
cell line opened meta- moiety linker ring position position
chain
HUCCA-1 X1A Gm X1A Gm Gm Gm X1A Gm Gm
Gm G2u G2u G2u G2u Gm G2u G2u
G2u G2u
HepG2 RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m
A549 RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m RDF105m
Morl12u Morl12u Mor12u Mor12u Morl12u Morl12u Mor12u
MOLT-3 G2u G2u G2u G2u G2u G(N..Cl) G2u G2u G2u
G(N..Cl) G(N..Cl) G(N..Cl) G(N..Cl) G(N..Cl) G(N..Cl) G(N..Cl) G(N..Cl)
Antimalarial Mor22v Mor22v Mor22v Mor22v Mor22v Mor22v Mor22v Mor22v Mor22v
Mor24u BO5[N-O] Mor24u Mor24u Mor24u Mor24u Mor24u Mor24u Mor24u

Mor24u
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Under standing structure-activity relationships: A detailed discussion

Considering the para-compounds, more potent activities against four cancer cell lines were
observed for the opened chain compounds than the closed chain compounds (34 > 37), while the
opposite effect was found for antimalarial activity (37 > 34). Distinct effects of diOMe substituent to
activities of para-compounds (33-38) were noted for particular cancer cell lines. The closed chain
para-compound dicited more potent activities against HUCCA-1 and MOLT-3 cell lines (38 > 35),
while the opened chain para-compound were observed to be more active against HepG2 and A549
cell lines (35 > 38). For meta-compounds, the closed chain compound was noted as more potent
compound against all cancer cell lines (43 > 40). In contrast, dimethoxy derivative of the opened
chain meta-compound exerted more potent activities than the closed chain analog (41 > 44), except
for cytotoxic activity against MOLT-3 cell line and antimalarial activity. In addition, the length of
alkyl chain linking between sulfonamide group and pyridine ring was found to influence the
anticancer activities against all cancer cell lines except for MOLT-3. The compound with 1C length
linker was noted for its more potent activities against HUCCA-1, HepG2 and A549 cdll lines when
compared to the compound with 2C length (36 > 33). However, the influence of the length of linker,
either 1C or 2C, on anticancer activity against MOLT-3 cell line, and antimalarial activity was not
observed (36 = 33). For compounds with 1C linker, similar effects of meta-/para- isomers were noted
for HUCCA-1 and A549 cdll lines in which the meta-compound was noted to be more potent than the
para-compound (42 > 36). In contrast, the para-compound exhibited more potent activities against
HepG2 and MOLT-3 cell lines (36 > 42).

Similar results were noted for structurally modified compounds in series 34 and 40
(Supplementary Table S5). The benzene substituted compounds were predicted to exhibit more potent
anticancer and antimalarial activities than adamantane derivatives (34a > 34d and 40a > 40d), except
for MOLT-3 cell lines (40d > 40a). Substitution of trifluoromethyl (CF3) moiety to compounds 34
and 40 was found to improve antimalarial activity while aggravate anticancer activities. However, the
improved anticancer activities against MOLT-3 and A549 cdl lines were observed for compounds
34c and 40c, respectively. In addition, the results indicated that particular length of akyl chain linker
isrequired for potent activity against distinct cell lines.

Various effects of structurad modifications were observed for series 36 and 42
(Supplementary Table S6). The addition of chlorine moiety can both ameliorate and aggravate
activities of the compounds. Most of the 5-membered monaocyclic substituted compounds (36e - 36g
and 42e - 42g) exhibited more potent activities than aminoquinoline (AQ) derivatives (36h - 36k and
42h - 42k). However, more potent cytotoxic activities against MOLT-3 cell line were found for AQ
derivatives rather than monocyclic-substituted compounds. The comparison between aminopyridine
(AP) compounds (36a and 42a) and AQ compounds (36h and 42h) showed that the AP moiety
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provided more potent activities, except for anticancer activities of compound 42h against HUCCA-1
and MOLT-3 cell lines. Certain positions of substituted AP and AQ on N-atom of sulfonamide were
found to influence activities of the compounds. Derivatives of 2AP and 3AP exhibited the most potent
activities when compared to the others in the same AP series. Similarly, 5AQ, 8AQ and isoquinoline
moieties were predicted as crucial substituents essential for potent activities. Concerning the types of
substituted ring, the most potent compounds of the modified series 36 against particular cancer cell
lines were noted to be furan (36f) and pyrrole (36g) derivatives. In addition, furan (42f) and thiophene
(42e) compounds were found to be the most potent anticancer agents of the series 42. For antimalarial
activity, the pyrrole derivatives (36g and 42g) were predicted as the most potent compounds.

For HUCCA-1 cdll line, the position of substituents, length of akyl linker and type of
subgtituted ring can directly affect the symmetry of the compounds as represented by the alteration of
Gm and G2u descriptor values. The aterations of these descriptor values (Table S1) were notably
observed when comparing the para-compounds with their meta- derivatives (i.e., 33 & 39, 34 & 40
and 37 & 43) in which both isomers possess equal connectivity indices, X 1A value, but have different
Gm and G2u valuesi.e., para compound 33 (Gm = 0.165, G2u = 0.169) and meta compound 39 (Gm
= 0.157, G2u = 0.165). The most potent compound (42, plCs, = -0.563) had the highest total
symmetry value (Gm = 0.167) among the meta compounds (39-44). In addition, the opened/closed
chain structures, diOMe and CF; moieties altered the value of X1A descriptor which indicated their
influences on the connectivity (X1A) of the compounds. A reduced X 1A value was observed for the
least potent compound 37 (X1A = 0.429), which is the closed chain analog of the second most potent
compound 34 (X1A = 0.439). The addition of diOMe moiety was generally observed to increase X 1A
values of the compounds comparing to the ones without diOMe i.e., 35 (XIA = 0.442) > 34 (XIA =
0.439), 38 (XIA = 0.433) > 37 (XIA = 0.429), 41 (XIA = 0.442) > 40 (XIA = 0.439), and 44 (XIA =
0.433) > 43 (XIA = 0.429). However, this modification can possibly lead to improved and reduced
activities of the compounds. On the other hand, the compounds with CF; moiety (34c and 40c) had
lower X1A values as compared to the compounds without CF; (34a and 40a), thereby aggravated the
activity (HUCCA-1) of the compounds as noted by plCs, values (Table S2) i.e., 34a (-0.660) > 34c (-
1.083) and 40a (-0.799) > 40c (-1.286).

For A549 cell line, the structure of closed/opened chain and para-/meta-isomers were found
to mainly affect mass-descriptor, RDF105m, value (Tables S1) in which the closed chain compounds
with the same isomer (m- or p- isomer) had higher RDF values than their opened chain analogsi.e., p-
isomers 37 (RDF105m = 10.263) > 34 (RDF105m = 5.288) and m-isomer 43 (RDF105m = 9.677) >
40 (RDF105m = 8.445). According to the QSAR model, the high value of Mor12u but low RDF105m
values are required for potent activity of the compound. This was noted for the most potent activity
(A5469) of the opened chain compound 42, which had the highest Morl2u (-0.506) but low
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RDF105m (4.231) values. Other structural modifications can ater both RDF105m and Morl2u
descriptor values. Improved and decreased activities can be observed when introducing CF; moiety to
the compounds. In case of CF; moiety aggravates the activity, an approximately 3 folds increased of
RDF105m value of trifluoromethyl compound 34c was observed when compared to its non- CF;
substituted analog 34a (activity: 34a (plCsp = -0.809) > 34c (plCsp = -1.158), RDF105m: 34a = 3.642,
34c = 9.839). In contrast, the Mor12u value may influence the improved activity (activity: 40c (plCso
=-0.112) > 40a (plCs, = -0.269), Mor12u: 40a = -0.516, 40c = -0.244). Similar effects were observed
for chloro substituted compounds in which the improved activity (plCsp), 42d (-0.136) > 42a (-0.179),
can be noted for the compounds with the higher Morl2u 42d (-0.438) > 42a (-0.523) whereas the
reduced activity may be due to the 2-folds increase RDF105m value (activity: 36a (plCsy = -1.058) >
36d (plCsp = -1.753), RDF105m: 36a = 9.576, 36d = 18.383). Notably, modification by various types
of ring resulted in the alteration of RDF105m values as observed for 5-membered ring substituted
series of compounds 42 i.e., 42e (thiophene), 42f (furan) and 42g (pyrrole), in which approximately
10-folds decreased RDF105m values (42e = 0.169, 42f = 0.135 and 42g = 0.267) comparing to
subgtituted pyridine ring 42a (RDF105m = 1.943). The markedly improved activity affording positive
plCso values (42e = 0.372, 42f = 0.140 and 42g = 0.014, Table S3) were observed as compared to
their six-membered ring anal og, 2-aminopyridine compound 42a (plCsp = -0.179).

In HepG2 cdll line, RDF105m descriptor governed the activity of compound in which the
opened chain analogs (33-36 and 39-42) had lower RDF105m values than the closed chain. The most
potent para-compound 36 (pICsy = -0.519) possessed relatively low RDF105m value (4.405).
Similarly, relatively high potency of meta-compound 42 (plCs, = -0.659) had low value of RDF105m
(4.231). Mogt of the structurally modified compounds had low RDF105m value but with high plCs
comparing to their parent compounds (TableS1 and S3). Particularly, meta compounds (42e-42g) with
five membered ring analogs possessed very low RDF105m (< 0.300) in which the furan 42f had the
lowest RDF105m (0.135) with the highest predicted plCs, (-0.230). Similarly, thiophene (42¢€) and
pyrrole (42g) analogs had relatively high plCsg values (-0.234 and -0.244) but with remarkably low
RDF105m of 0.169 and 0.267, respectively. In addition, meta isomer of pyridine analogs (42a-42d)
also exhibited high predicted plCs, values (-0.576 to -0.406) as compared to methylpyridine analog 42
(pICsp = -0.659), in which their RDF105m values were well correlated with the plCsy values. The
results suggested that directly connected pyridine ring (42a-42d) to N-atom of aminosulfonyl group
afforded high predicted plCs, value comparing to the pyridine compound with CH, linker (42).
Furthermore, meta-isomer of phenyl derivatives (40a and 40c), and its analog with CH, linker (40b)
as well as 1-adamantyl analog 40d had high predicted plCsy values which were correlated with their
RDF105m values. Inversely, the least potent closed chain compound 44 (plCsy = -1.636) had the
highest RDF105m value (13.964).
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For MOLT-3 cell line, compound 33 exhibited a comparable potent activity with that of
compound 36 which suggested the corresponding linkers with 2C and 1C length as appropriate length.
Unlike other cell lines, chlorine substitution increased G(N..Cl) descriptor values thereby improved
activities of compounds 36d (p-isomer) and 42d (m-isomer). Considerably, the most potent one (36d)
of structuraly modified compounds possessed the highest G(N..Cl) value of 40.053 (Table S1), and
was the only compound exhibiting positive plCs, value (0.233, Table S3) against MOLT-3 cell.
Similarly, very high G(N..Cl) value (37.873) was noted for m-compound (42d) with relatively high
predicted plCs, value (-0.047). In addition, positions of aminopyridine and aminoquinoline, and
length of alkyl chain linker affected activity of the compounds by influencing their symmetry, as
indicated by the altered G2u values. It was found that compound 36b (3AP) with high G2u (0.188)
had high predicted plCs, (-0.114), while the compound 42a (2AP) with lower G2u (0.182) possessed
the lower predicted plCs (-0.202). Similar effects were noted for p-isomer 36j (5AQ, G2u = 0.198,
plCs = -0.021), and for mrisomer 42h (2AQ, G2u = 0.198, plICs, = -0.015). For five-membered ring
subgtituted compounds, furan 36f with high G2u (0.192) had high predicted plCs, (-0.240) as well as
thiophene 42e had G2u = 0.204 and plCs, = -0.111.

For antimalarial activity, structural modifications mostly affected Mor22v and Mor24u
descriptors. The interactive role of these descriptors was generally observed. Particularly, markedly
reduced in van der Waals volume (Mor22v) together with large increased Mor24u values were found
for compounds exhibiting potent activity i.e., compounds 38 and 42g. The addition of diOMe moiety
can decrease Mor22v value indicated its effect on the van der Waal volume of the compound.
Notably, the diOMe substitution caused a change from inactive compound 34 to weakly active
compound 35 via marked reduction of Mor22v value shifting from positive to negative value (34 =
0.015, 35 = -0.094, Table S1). It was found that introducing CF; moiety increases Mor24u value
thereby improves activities of trifluoromethyl derivatives (34c and 40c). Likewise, substitution with
pyrrole ring caused the increase of Mor24u value giving rise to the mark improved activity. Greater
than 2-folds increased Mor24u values were found for pyrrole analogs 36g (Mor24u = 0.628) and 429
(Mor24u = 0.599) as compared to their pyridine analogs 36a (Mor24u = 0.269) and 42a (Mor24u =
0.297). Therefore, higher activities (plCso values) were noted for 36g (-0.455) and 42g (-0.143)
comparing to 36a (-0.901) and 42a (-0.633).
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ACCEPTED MANUSCRIPT

'H and *C NMR spectra of compound 8 (CDCl3)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 10 (CDCl5)
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*H and **C NMR spectra of compound 11 (CDCls)
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ACCEPTED MANUSCRIPT

'H and *C NMR spectra of compound 20 (DM SO-dg)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 21 (DM SO-de)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 22 (DM SO-dg)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 23 (DM SO-dg)
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*H and **C NMR spectra of compound 27 (DM SO-dg)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 33 (DM SO-dg)
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*H and **C NMR spectra of compound 34 (DM SO-dg)
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*H and **C NMR spectra of compound 35 (DM SO-dg)
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'H and **C NMR spectra of compound 36 (DM SO-dg)
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*H and **C NMR spectra of compound 37 (DM SO-dg)
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*H and **C NMR spectra of compound 38 (DM SO-dg)
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*H and **C NMR spectra of compound 39 (DM SO-dg)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 40 (DM SO-dg)
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*H and **C NMR spectra of compound 41 (DM SO-dg)
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ACCEPTED MANUSCRIPT

*H and **C NMR spectra of compound 42 (DM SO-dg)
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*H and **C NMR spectra of compound 43 (DM SO-dg)
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*H and **C NMR spectra of compound 44 (DM SO-dg)
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