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Abstract

A series of novel 4-aminobenzensulfonamide/carbodandierivatives bearing naphthoquinone pharmacoplvere
designed, sythesized and evaluated for their pgotea inhibitory and antiproliferative activitiesaagst human breast
cancer cell line (MCF-7). The structures of thetbgsized compounds were confirmed by spectral aechezital
analyses. The proteasome inhibitory activity stedieere carried out using cell-based assay. The ratggsomal
activity results revealed that most of the compauexhibited inhibitory activity with different penctages against the
caspase-like (C-LB1 subunit), trypsin-like (T-Lp2 subunit) and chymotrypsin-like (ChT-B5 subunit) activities of
proteasome. Among the tested compounds, compa&driakearing 5-chloro-2-pyridyl ring on the nitrogeromat of
sulfonamide group is the most active compound & gbries and displayed higher inhibition withsd@alues of
9.9040.61, 44.83+4.23 and 22.27+0.15 pM against-ChC-L and T-L activities of proteasome comparedtte lead
compound PI-083 (I6=12.47+0.21, 53.12+2.56 and 26.37+0.5 uM), respelsti The antiproliferative activity was
also determined by MTT (3-(4,5-Dimethyl-2-thiazot@)s-diphenyl-H-tetrazolium bromide) assayn vitro.
According to the antiproliferative activity result] of the compounds exhibited cell growth inhilbjt@ctivity in a
range of IG= 1.72+0.14-20.8+0.5 uM and compouritBsand28 were found to be the most active compounds with
ICso values of 1.79+0.21 and 1.72+0.14 uM, respectivelythermore, molecular modeling studies were czroigt
for the compound3, 14 and28 to investigate the ligand-enzyme binding inteiausi

Keywords. proteasome inhibitor; antiproliferative activitpaphthoquinone; sulfonamide/carboxamide; molecular
docking; synthesis.



1 Introduction

The ubiquitin-proteasome system (UPS) is the maitepiytic pathway that plays a critical role in priot
homeostasis in eukaryotic celld This system is involved in several fundamentalutal processes such as cell cycle
regulation, DNA repair, apoptosis, immune and inflafonaresponse$26S proteasome, the vital component of the
UPS, is responsible for the ATP-dependent degredatigroly-ubiquitinated proteins and is composedvad 19S
regulatory particles and one multicatalytic prossie complex which is known as the 20S proteasomepeotiele>”
The 20S proteasome possesses multiple catalytidtes, including caspase-like (C-B1l subunit), trypsin-like (T-L,
B2 subunit) and chymotripsin-like (ChT-IB5 subunit) activities. Thesg catalytic subunits have slightly different
substrate specificity but they all perform a commmuechanism of proteolysis by nucleophilic attackotigh a
hydrophilic4-hydroxyl group of the N-terminal threonifié.Increased levels of proteasome and subsequergirprot
breakdown have been implicated in many disorderf ssccancer, inflammation, neurodegenerative anduine
diseases”™ Proliferation and apoptosis pathways are tightlyutagd in a cell by the UPS and alterations of this
system may result in cellular transformation oreotimportant pathologies especially can@eThe high rate of
protein production in cancer cells and the needpfoteasome function in these cells for keepinghgcancer cell
survival besides proliferation are making them neeesitive to proteasome inhibition than normalscél Therefore,
the devesllts)eyent of proteasome inhibitors has endeagean attractive target for the treatment of eamnd other
disorders:™

Bortezomib, Ixazomib and Carfilzomib have been appd by the U.S. Food and Drug Administration (FDA) fo
the treatment of multiple myeloma (MM) (Figure 1)All of the approved inhibitors carry a peptide hamke
containing an electrophilic warhead and they couitemound to the N-terminal threonine residue in tagalytic
subunits of the proteasome. Despite the remarkaldeess of these inhibitors in the clinic, intrindiefects such as
chemical instability, poor membrane permeabilitd @tquired drug resistance are the major probfénimsaddition,
these inhibitors have also been unsuccessful intrémment of solid cancel$.The peptide backbone and the
electrophilic reactive groups of these agents awadht to be the major cause of side effects, aedudrug resistance
and unsatisfactory pharmacokinetic proff@dherefore, much efforts have been dedicated ferdévelopment of
non-covalent and non-peptidic proteasome inhibigth different scaffolds which may limit some of#e intrinsic
pharmacokinetic drawbacks and may translate intcoader clinical profile in recent yeas> As a result of these
studies, several classes of proteasome inhibiteasithy distinct pharmacophoric groups have beeeldped®?° In
2009, Kazi et al. discovered PI-083 compound, achowon-peptide proteasome inhibitor, that posseasarique
naphthoquinone skeleton by screening compounds fin@enNCI (National Cancer Institute) chemical libesriand is
proved to have a broader antitumor activity anchdse selective against cancer cells compared tteBamibin vitro
andin vivo.”” Furthermore, studies regarding the non-peptide8Bland its analogues suggest the potential irtterac
of the y-hydroxyl group of the catalytic threonine residwéh the 2-chloronaphthoquinone unit. PI-083 and its
naphthoquinone scaffold have been acknowledged @wiging structural phenotypes for the developméntew
proteasome inhibitors.

According to the existing literature evaluation antpasome inhibitors, PI-083 was selected as tiiedempound
and a series of novel 4-aminobenzensulfonamidedgarhide derivatives bearing naphthoquinone pharptemic
group have been designed by molecular modificatiethod. As illustrated in Figure 2, the design & tompounds
was constructed based on the suggested hypothstitaiture as a result of docking and the struchetasty
relationship studies on P1-083 by Xu ef%Accordingly, pharmacophoric unit chloronaphthoquieavas linked to
hydrogen bond acceptor sulfonamide or carboxamideupy by phenylamine linker. Then, different
carbocyclic/heterocyclic rings bearing substituentth distinct electronic and steric properties weribstituted to
amide nitrogen. Herein, the synthesis, antipraiige and proteasome inhibitory activities of thesidned
compounds were reported. Also molecular modelindistuwere carried out for the active compout8sl4 and28
to investigate the ligand enzyme binding interatdio

2. Results and Discussion

2.1 Chemistry

In this study, novel thirty-three naphthoquinonaminobenzensulfonamide/carboxamide derivatives Hmeen
synthesized to evaluate their antiproliferative anasteasome inhibitory activities against MCF-7 &ak. PI-083 lead
compound was also synthesized in order to comparpritteasome inhibitory activity.

The synthesis of the target compounds was illiesdrat Schemes 1 and 2. As shown in Scheme 1, thenantfide
derivatives were synthesized in three steps acaprirthe literaturé®*>* First, acetanilide and chlorosulfonic acid
were reacted to yield 4-acetamidobenzensulfonylriaddo After this compound was reacted with appropriaténes
by the nucleophilic substitution (3) reaction, 4-amind-substitutedbenzenesulfonamide intermediates weegnzl
by the deacetylation reaction. Finally, 4-amMeubstitutedbenzenesulfonamides were treated witkdi2iBoro-1,4-
naphthoquinone to give the title compounds.

The carboxamide derivatives were prepared in twp-syathesis described in Scheme 2. Initially, 2¢3dro-1,4-
naphthoquinone was coupled with 4-aminobenzoic awidhtain 4-((3-chloro-1,4-dioxo-1,4-dihydronaphtral2-
yl)amino)benzoic acid. After this carboxylic acidridative was converted to acyl halide by using SQ€hgent, it



was reacted with corresponding amines to effort #tbaxamide products (compount® 20-25, 27, 32 and33).%%%

For the synthesis of compouni$, 26, 28-31, carboxylic intermediate 4-((3-chloro-1,4-dioxatdihydronaphthalen-
2-yl)amino)benzoic acid was converted to the estectional group in the presence of NMM and IBCF obefit was
treated with appropriate amin&s.

The structures of the target compounds were cogfirmay spectral (IR'H NMR, **C NMR and Mass) and
elemental analyses. According and *C NMR spectra, the proton and carbon resonance Isigfisaromatic and
aliphatic groups were observed at the expected megithe mass spectra of the title compounds weiBedeby ESI
or APCI spectra where the m/z values of molecular peaks were in complete agreement with the calculated
molecular weight for each compound. The purity Is\aflcompounds were determined by elemental angl@sill, N
and S) and the results were within + 0.4% of theutated values. The compoun®s3, 7, 11, 12, 15-17 and21-25
had water of crystallization (see Experimental seti

Regarding the literature survey, only compouttl was reported previously. However, except for predicte
antimalarial activity using constructed QSAR modelsilico, its synthesis and detailed spectral data havéeen
described® The synthesis and spectral data of the title camgs were reported for the first time in this stutlye
details of synthesis protocol and structural chiarazation are reported in the Experimental section

2.2. Biological activity

2.2.1.  Cdlular proliferation inhibition assay

Considering the fundamental role of proteasomeelhproliferation, we investigated the antiproliféva activity
of all the compounds on MCF-7 human breast cane#rlioe by MTT method compared to the referencagdr
doxorubicin. The activity results are listed in Tafh. The results revealed that all compounds déeuitrell growth
inhibitory activity at different ratios with the lgvalues varying from 1.72+0.14 to 20.8+0.5 uM. Thest active
compound in sulfonamide series (1-17) is compoliBdoearing 5-methyl-2-pyridyl ring on the nitrogerowt of
sulfonamide group with an kg value of 1.7940.21 pM. In terms of carboxamideidsives, the most active
compound is compoung8 that bearing 4-methyl-2-pyridyl ring on the nitesgatom of carboxamide group with an
ICs value of 1.72 £0.14 uM. These two most active commgis in both series showed slightly better antifeddtive
activity compared to the lead compound PI-083 with @5, value of 1.96+0.14 uM. The rest of carboxamide
derivatives did not produce any better activitynthihe lead compound PI1-083, whereas most of the camgs in
sulfonamide series exhibited antiproliferative ‘étigs comparable or superior to the lead compodiD83.
Replacing the sulfonamide group with a carboxamideu decreased the antiproliferative activity. lengral,
sulfonamides had better antiproliferative actiyityfile than carboxamides except for compoub@s23, 24, 27-29,
31 and 32. In terms of compound?7 where nitrogen atom of sulfonamide group is comklinto member of an
aliphatic cyclic ring provided a favorable effect the activity. In addition, introduction of methslibstituent into the
2-pyridyl ring on the nitrogen atom of amide graafforded the most active compounds in both sefibese results
indicated that the structure of the group attachkedhe amide group has considerable effect on nitipraliferative
activity.

2.2.2. Cell-based proteasome inhibition assay

The proteasome inhibitory activities of the synihed compounds were evaluated for the three aesviiChT-L,
C-L and T-L) of proteasome by cell-based assayguspecific fluorogenic substrates (Suc-LLVY-AMC fiwetChT-
L, Z-LLE-AMC for the C-L and Boc-LRR-AMC for the TLon MCF-7 human breast cancer cell line. MG132 was
used as a positive control. Inhibition potency @id compound PI-083 against ChT-L, C-L and T-Lvit@s of
proteasome was also determined for the comparisbipltafgical activity. In initial screening, the pentage of ChT-
L, C-L and T-L proteasome inhibitory activities thie compounds were measured and on the basis &f tbgglts a
dose-response kg values were obtained for compounds that displdygtier or comparable inhibition percentage
than the lead compound PI1-083 at 10 pM. The artépsmmal activity results of the compounds arerntedan Tables
2 and 3.

Generally, most of the compounds possessed inhytatctivity with varying ratios against the ChT-L,lCand T-L
activities of proteasome. Among the tested compguonly one sulfonamide (compourd8) and one carboxamide
derivative (compoun@®3) did not display any inhibitory activity againstlCactivity of proteasome, while seven
carboxamide derivatives (compountld, 25, 27-31) have been found inactive against T-L activityppbteasome.
Therefore, it can be concluded that sulfonamideivdtves possessed slightly better inhibitory atgivthan
carboxamide derivatives against all three proteasauwtivities.

Under the set of the compounds studied, compdi4htiearing 5-chloro-2-pyridyl ring on the nitrogeromt of
sulfonamide group is the most active compound wit8#%, 28.89% and 35.02% inhibition values agaitisthree
ChT-L, C-L and T-L activities of proteasome, regpedy. Additionally, this compound exhibited highmhibitory
potency than lead compound PI-083 bearing 2-pyridg on the nitrogen atom of sulfonamide groupihg\86.76%,
18.81% and 29.59% inhibition values against ChTe:L and T-L activities of proteasome, respectivelihe
introduction of chlorine atom into the 5-positiohZpyridyl ring resulted in an increase on theilition of all three
proteasomal acitivities and produced the most eaativmpound in the series, whereas the replacenfiafi@ine at
the 5-position on 2-pyridyl ring with methyl led &odecrease or loss in activity (compod3). The positional change



of this methyl group from the 5-position to 4 op@sitions on 2-pyridyl ring did not cause a sigrafit improvement
on activity. On the other hand, the conversion dfosamide group of the most active compound (conmplals)) to
carboxamide counterpart (compous@ led to a significant decrease in ChT-L and C-hilaitory activities and loss
of T-L inhibitory activity. These findings suggedtéhat the characterization of substituent on tpgridyl ring and
amide is important for the inhibitory activity potzy.

N-phenylcarboxamide derivative, compoult, bearing 4-nitrophenyl ring on the amide nitrogerthe second
most active compound in the series with 35.34%, 722.and 30.52% inhibition values against ChT-L, @Ad T-L
activities of proteasome, respectively and exhibiteearly similar potency with the lead compound &3-0The
introduction of an electron-withdrawing nitro groum @-position of N-phenyl ring dramatically enhanced the
inhibition potency compared to non-substitutégphenylcarboxamide derivative, compoub® Overall, in theN-
phenylcarboxamide derivatives, the presence ofbatiuent on theN-phenyl ring appeared to be benefical for the
potency when non-substituted derivatii® is compared to other compounds with different stusits on theN-
phenyl ring, except for compound8 and23 which exhibit low or no inhibition against C-L andlLTactivities.

On the other hand, 3-chloro and 4-nitro substition theN-phenyl ring in theN-phenylsulfonamide derivatives
yielded the most active compounds and rest of ubstguents studied, namely 2-ethyl, 2-isopropyb-@imethoxy, 2-
nitro, 3-nitro and 4-bromo, produced compounds witarly equal activity (see Table 2). Interestinglgmme activity
trend was observed in tHé-phenylcarboxamide derivatives. 3-Chloro and 4engubstitution patterns on thé-
phenyl ring seems to give superior results thaerahbbstitutions in each series.

Concerning heterocyclic substitution on amide wgjgno in both series, the inhibitory effect of norstituted or
substituted heterocyclic ring depended on its switisin nature and pattern. In general, the sulfoida derivatives
(compounds 11-16) exhibited varying inhibition percentage againbe tthree proteasome subunits, whereas
heterocyclic ring substituted carboxamide derivegidid not follow similar trend except for compou28s32 and33.
These carboxamide derivatives displayed higher Chihibitory activity than C-L inhibitory activitiyand most of
them did not show any inhibitory activity againsi.Tproteasomal activity. Therefore, it can be spe®a that the
carboxamide derivatives are selective against Clattlvity of proteasome.

According to the literature survey, a compound th@gsesses high antiproliferative activity is expdcio have
good antiproteasomal activity. However, 5-methyl-2igyl substituted sulfonamide derivative (compour®) and 4-
methyl-2-pyridyl substituted carboxamide derivatie®mpound28) exhibited high antiproliferative activity, whilst
they possessed weak proteasomal inhibitory actiVitye discrepancy between antiproliferative actiaityl cell-based
proteasome inhibitory activity can be attributedttie fact that compounds exhibit cytotoxicity thgbua molecular
mechanism other than proteasome inhibition.

In continuation of our work, |6 values were determined for the most active compsiodmpoundd4 and21)
which played higher or comparable inhibition peregetthan the lead compound PI-083 against all #céeities of
proteasome. The results suggested that compbdistiowed higher inhibitory activity with Kgvalues of 9.90+0.61,
44.83+4.23 and 22.27+0.15 pM against ChT-L, C-L dnH activities of proteasome, respectively thae tead
compound PI-083 with 1§ values of 12.47+0.21, 53.12+2.56 and 26.37+0.5 uM.

Since compound4 showed the lowest Kgvalue on the activity of ChT-L among tested probeas catalytic
subunits and P1-083 has been previously determasesl chymotrypsin-like reversible proteasome itbiffj we next
determined the expression level of 20S proteasarbarst 5 which is related to ChT-L activity using MCF-7 leel
treated with compounii4, PI-083 or solvent control (DMSO) atdstoncentrations for 12 hours. Our immunoblotting
results showed that neither compouddnor PI-083 caused significant change on the exjmedsvels off5 subunit
suggesting the inhibition of ChT-L activity by cooynd14 does not depend on the expression level of tanmgdein
(Figure 3A). On the other hand, the evaluation of #idBed polyubiquitinated protein levels clearlywealed that
treatment of cells with compound4 at IG, concentration caused significantly more accumartatiof
polyubiquitinated proteins compared to treatmentelfs with PI-083 at 1€ concentration (Figure 3B). To sum, our
data suggested that compouldipotently inhibits ChT-L catalytic activity withowtffecting 20S proteasome subunit
5 protein expression.

Under the set of the compounds studied, the maseambmpound in the series hieheterocyclic ring substituted
sulfonamide structure, whereas the second mosteactimpound possessBdphenyl ring substituted carboxamide
structure. Acccording to the contribution of sulgiin on amide nitrogen in both series, 5-chlorbssitution of 2-
pyridyl ring and 4-nitro substitution of phenyl grseemed to yield superior compounds.

2.3. Docking Sudies

Docking is a very effective method to propose thallnig interactions between the ligand and the recept this
study, we have chosen the most active compound (@ontpl4) againstpl, p2 andp5 subunits of human 20S
proteasome for molecular modeling studies in orermpropose the non-covalent binding interactionswben
compoundl4 and the active sites. Also docking studies wereezhiout for compound&3 and28 which possessed
the highest antiproliferative but low antiproteasbmetivity to suggest the reason of discrepancybeh the two
activities in terms of binding interactions.



The proposed binding pose of compoudddn complex withp1 subunit has three important H-bonds (Figure 4A).
Two of these H-bonds are located between the carlgyouips of naphthoquinone ring and Ala49 and Gly2tham
acid residues. These H-bonds demonstrate thabtieestructure of the ligand is stabilized by the ey amino acids
of the active site. Ala49 draws attentions with thbedtds that forms between the important inhibitdes P1-083 and
Bortezomib?®% The third H-bond of compount# is observed between the NH of the sulfonamide grdithenside
chain and Asp51 amino acid.

On the other hand, the proposed binding pose of oamgl4 in complex withp2 subunit has four H-bonds: two
H-bonds between the carbonyl groups of naphthoquinageand Ala20 and Gly47 amino acid residues, onédthd
between the NH group adjacent to the naphthoquinogearid Thr21 amino acid and one H-bond between thefNH
the sulfonamide group of the side chain and Aspl6iBi@acid (Figure 4B). Three of these H-bonds arméd in the
active site and two H-bonds formed are remarkabtbe@swere formed with Thr21 and Gly47 key amino acldese
two amino acids take place in forming binding inttians with some important proteasome inhibitorsniolecular
modeling studie$’

Binding interactions of compount4 and thep5 subunit of proteasome are different from the oim®posed
binding poses. Naphthoquinone ring makes a strendnteraction with Tyrl69 which is heading out of thecket,
NH group located next to the ring forms a H-bond #1130 and also SO group of the sulfonamide ositteechain
stabilizes with Gly47, one of the key amino acidg(Fé 4C).

Docking studies of compountf3 and compound8 in complex withfl, B2 and 5 subunits of human 20S
proteasome reveal different binding interactiond different orientations in the active sites thampoundl4 (Figure
5). In B1 subunit's active site, compount’ and28 show similar orientation but settled in a differgebmetry than
compound14. Compoundl3 has one hydrogen bond formed between SO group arkD Adenino acid residue.
Compound?8 also has one hydrogen bond formed between NH of xanhide and Thr22 (Figures 5A, 6 and 7).

Similar case can be observedp subunit's active site for compountis and28. They both settled in a different
geometry than compount¥ but relatively similar orientation in each othéfigure 5B). Compound3 has two
hydrogen bonds which are located between SO grouflaridand pyridine-N and Thr21. Compou2®iformed only
one hydrogen bond between the carbonyl group ofthaghinone ring and Gly128 amino acid residue (g8 and
9).

In case of the proposed binding modes of compdithdnd28 in the active site of5 subunit, they both have
different orientations in the active gorge than poomd14 and also in themselves (Figure 5C). Compoliadas
three hydrogen bonds which of two are formed betwdard &nd NH and SO of sulfonamide. The third bond was
formed between the carbonyl group of naphthoquinimg andAla49. Compound8 formed two hydrogen bonds
with Thr 21 and the carbonyl group of naphthoquinong and NH group next to the naphthoquinone riigyres 10
and 11). See supplementary data for figures (5l ff)e proposed binding poses of the compourddsnd28.

In the light of these proposed binding poses amdhinding interactions, it can be observed that pmmd 14
forms important bonds with naphthoquinone pharmasophgroup and the side chains while compou3dand
compound28 settles in different orientations and forms thmirding interactions mostly with the side chaindimker
parts. It can be speculated that the proteasonikitiotty activity difference may be explained by theometry of the
compounds in the active sites and the differendarafing interactions.

23.1. Molecular Dynamics Smulations

Molecular dynamics (MD) simulations are an effectitechnique usually used to investigate the binding
interactions between the ligand and the active diteamically. The purpose of this technique isitoutate the body
enviroment and test if the ligand is stable in dlcéve site and the binding interactions of theppsed binding pose
are conserved or not in a time period.

With this aim, free molecular dynamics simulatiomss performed in order to test the stabilitypdf p2 andp5
subunits of human 20S proteasome, compdihith complex with1, B2 andp5 subunits, individually and see if the
binding interactions of compound 14 with the acsites were conserved.

The MD of the apo form of1 subunit demonstrated that the subunit was staligidually with RMSD value of
2.28 A throughout the 30 ns simulation (Figures 12 anjl H&wever, the MD simulation of compourdd in the
active site o1 subunit was stable in the active site but forméedrént bonds than the proposed binding interastio
It can be speculated that even though the naphthoge ring possessed two H-bonds, it was unabledoh Thrl
amino acid which located in the deepest part ofjtirge and very important for the inhibitor activiiigure 12).

MD simulation of compound4 in complex withp2 subunit was performed for 30 ns, also. The RMSieval
obtained from the MD of the apo form p2 subunit was 11.38. When the simulation images were examined in
detail, it is observed that the active site wasletdbring the simulation but the random coil pdrthee subunit which
is located between Argl87 and Glu220 lead to the RHISD value (Figures 13 and 16). MD simulation of
compoundl4 in the active site o2 subunit demonstrated that the ligand was stahfledractive site but the binding
interactions were not conserved. In the beginninghefsimulation the H-bond formed with Gly47 was brolead



when the ligand reached the stable position, Thrl A&sp166 bonds were conserved but the naphthoquirioge
was located with a $@Gngle compared to its initial pose due to the tfthe H-bond with Gly47 (Figure 13).

RMSD value of the MD simulation obtained from the dpom of 5 subunit had an avarage of 1.A6which
showed that the enzyme was stable throughout thdatiomu (Figures 14 and 17). On the other hand, thphycs of
compoundl4 in complex with5 subunit indicated that ther interaction was lost in the beginning of the sirtiola
and the ligand was leaned towards the deep of thgegamd located between Ala20, Ala22 and Val31 amindsaci
near the end of the simulation. See supplementary fbr figures (12-17) of RMSD plot and ribbon miod&the
compounds.

3. Conclusion

In this study, novel thirty-three 4-aminobenzensuéfmide/carboxamide derivatives bearing naphthaongn
pharmacophoric group were synthesized and evaldatetieir antiproliferative and proteasome inhibjt@activities
against MCF-7 cell linén vitro. The antiproteasomal activity results revealed thast of the compounds exhibited
inhibitory activity with varying percentage againise chymotrypsin-like (ChT-LB5 subunit), caspase-like (C-B1
subunit) and trypsin-like (T-Lp2 subunit) activities of proteasome. Among the swedecompounds, compourid
bearing 5-chloro-2-pyridyl ring on the nitrogen mtof sulfonamide group is the most active compoimthe series
and displayed higher inhibition with §gvalues of 9.90+0.61, 44.83+4.23 and 22.27+0.15 |girest ChT-L, C-L and
T-L activities of proteasome, respectively compai@dhe lead compound PI-083 (E£12.47+0.21, 53.12+2.56 and
26.37+0.5 uM). According to the antiproliferativetigity results, all compounds displayed differeatios of cell
growth inhibitory activity with the Ig, values varying from 1.72+0.14 to 20.8+0.5 pM agtiklCF-7 cell line. In
particular, compound43 and 28 were found to be the most active compounds witl V@lues of 1.79+0.21 and
1.72+0.14 pM, respectively. Those results suggestatithese derivatives can be starting compoundsbtain new
potent proteasome inhibitors.

4. Experimental

4.1. Chemistry

The chemical reagents and solvents in this study yperchased from common commercial suppliers aneé wer
used without further purification. Reactions wereadgel by thin-layer chromatography (TLC) on precdad#ica gel
plates (Kieselgel 60, F254, E. Merck, Germany). @oluchromatography was performed using silica ge0200
mesh). All yields were unoptimized and generally espnted. Melting points were determined on a StifP30
(Staffordshire, ST15 OSA, United Kingdom) melting goapparatus and are not corrected. IR spectra ef th
compounds were recorded on a Perkin Elmer 100 FIAIRR) spectrophotometer (Perkin Elmer Inc., MA) ahé
representative absorption bands were reported. Np&Rt were recorded on a Varian AS 400 Mercury RM&
(Varian Inc., Palo Alto, CA, USA) at 400 MHz fdH and 101 MHz for®C using DMSOd; as a solvent. The
chemical shifts&) of "H and**C NMR were reported in parts per million (ppm) relatto internal tetramethylsilane
(TMS), and coupling constantd) (were reported in hertz (Hz). Splitting patternsevieidicated as follows: s (singlet);
bs (broad singlet); d (doublet); dd (doublet-dotiblét (doublet-triplet); t (triplet); td (triplettublet); tt (triplet-triplet)
and m (multiplet). Molecular masses were determinéth atomic pressure chemical ionization (APCI-MSdan
electron spray ionization mass spectra (ESI-MSaofhermo MSQ Plus LC/MS instrument (Thermoscientific.,
San Jose, CA). Elemental analyses (C, H, N and S)pegfermed by Leco TruSpec Micro (Leco, St. Josépih.and
are within £0.4% of the theoretical values.

4.1.1. General procedure for the synthesis of sulfonamide derivatives (1-17)

4.1.1.1. Synthesis of 4-acetamidobenzenesulfonyl chloride

The chlorosulfonic acid (0.08 mol, 5.2 ml) was slowtided to thél-phenylacetamide (0.015 mol, 2 g) and stirred
at 60°C for 30 minutes. After cooling to room temperatutiée mixture was poured into the ice water, then
precipitated 4-acetamidobenzenesulfonyl chloride fifesed and washed with water. The compound was o&dai
without further purification. Yield 66%, mp: 14&.

4.1.1.2. Synthesis of 4-amino-N-substitutedbenzenesul fonamide intermediates

4-Acetamidobenzenesulfonyl chloride (0.016 mol, 33Y2vas added in portion to a solution of apprdpremine
(0.02 mol) in pyridine (0.129 mol, 10 ml) at’Q, then stirred for 1 h. The reaction mixture wasrgd into the ice
water, after stirring another 3 h at room tempematiihe resulting solid was filtered and dried folloM®y dissolved
in 10% NaOH aqueous solution. Impurities were remdwediltration. The filtrate was acidified with HCI (81) to
pH 3-4. The precipitate formed in reaction flask iiliered and dried. After precititate was dissolved20 ml of
NaOH (5 M) solution, 12 ml of methanol was added aratdweat 70C for 3h. Then, 2 M HCI solution was added to
the reaction mixture until the pH was 6. The crudaedpct formed by acid addition was recrystallizedhfrethanol/
water.

4.1.1.3. Synthesis of sulfonamide derivative final compounds (1-17)
2,3-Dichloro-1,4-naphthoquinone (0.03 mol, 0.6 gH aappropriate “amincN-substitutedbenzenesulfonamide
(0.03 mol) were suspended in 15 ml of absolute ehand refluxed at 118C for 3 days. The resultant precipitate



colored with orange/red was filtered and washed wihharatl. The crude product was rinsed with EtOAc (5 DM
(5-10 ml), methanol (5—-10 ml) and the mixture of DCieton (1:1; 5 ml) to remove the impurities, exdjvely and
recrystallized from ethanol.

4.1.1.4. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(2-ethyl phenyl) benzenesulfonamide (1)

Yield 13%; mp 258°C; IR vnas (FT/ATR): 3245 (NH), 3227 (NH), 3020 (CH-arom), 297H-aliph), 1673
(C=0), 1591 (C=C), 1329 (S&sym), 1158 (S@sym) cm’; 'H NMR (400 MHz, DMSOd,): 8 9.52 (1H, bs,
SONH), 9.43 (1H, bs, NH-Phenyl), 8.03 (2H, di7.6; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.86 (1J$7.6;
1.2 Hz, Naphthoquinone H-6 or H-7), 7.81 (1H, t#7.6; 1.2 Hz, Naphthoquinone H-6 or H-7), 7.52 (2HJ=B.4
Hz, Benzene H-2 and H-6), 7.17 (2H,J8.4 Hz, Benzene H-3 and H-5), 7.19-7.11 (2H, m, Pher4 and H-6),
7.04 (1H, td J=7.6; 1.3 Hz, Phenyl H-5), 6.88 (1H, di8.0; 1.2 Hz, Phenyl H-3), 2.46 (2H, &7.6 Hz, CH), 0.98
(3H, t,J=7.6 Hz, CH) ppm;**C NMR (101 MHz, DMSOd,): 5 180.4, 177.4, 143.5, 143.1, 140.8, 135.2, 1389,6,
134.0, 132.2, 130.9, 129.3, 127.2, 127.2, 127.8,7,2126.5, 122.8, 118.8, 23.5, 14.8 ppm; MS (ARGM}: 467
(M+H"), 469 (M+H+2); Anal. Calcd. for GH,;,CIN,O,S (468.95): C, 61.73; H, 4.10; N, 6.10; S, 6.87%,EbLC,
61.74; H, 4.18; N, 5.73; S, 7.10%.

4.1.1.5. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(2-isopropyl phenyl) benzenesul fonamide(2)

Yield 43%; mp 186°C; IR vnas (FT/ATR): 3238 (NH), 3085 (CH-arom), 2968 (CH-alipl)672 (C=0), 1590
(C=C), 1327 (S@asym), 1155 (S@sym) cm’; '"H NMR (400 MHz, DMSOd,): & 9.47 (1H, bs, NH-Phenyl), 8.03
(2H, d,J=7.2 Hz, Naphthoquinone H-5 and H-8), 7.88-7.79 (2HNaphthoquinone H-6 and H-7), 7.53 (2H,Jd8.0
Hz, Benzene H-2 and H-6), 7.26 (1H,J7.6 Hz, Phenyl H-6), 7.16 (2H, &:8.4 Hz, Benzene H-3 and H-5), 7.19-
7.15 (1H, m, Phenyl H-4), 7.02 (1H,J57.6 Hz, Phenyl H-5), 6.82 (1H, &7.6 Hz, Phenyl H-3), 3.29-3.23 (1H, m,
CH(CHy),), 0.98 (6H, d,J=6.8 Hz, 2xCH) ppm;**C NMR (101 MHz, DMSOde): 180.3, 177.4, 146.3, 143.4, 143.1,
135.2, 135.1, 134.9, 134.0, 132.2, 131.4, 130.9,4,2127.0, 126.7, 126.2, 122.7, 119.0, 27.1, pprh; MS (APCI)
m/z: 479 (M+H), 481 (M+H+2); Anal. Calcd. for GH,,CIN,O,S. 0.2 HO (484.57): C, 61.97; H, 4.45; N, 5.78; S,
6.62%, Found: C, 61.58; H, 4.07; N, 5.49; S, 6.71%.

4.1.1.6. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(3,5-dimethoxyphenyl ) benzenesul fonamide(3)

Yield 49%; mp 254'C; IR vnas (FT/ATR): 3231 (NH), 2981 (CH-aliph), 1674 (C=0), B@C=C), 1591 (C=C),
1340 (SG-asym), 1290 (=C-O-C), 1161 ($8ym) cm'; 'H NMR (400 MHz, DMSO#d,): 5 10.11 (1H, s, SENH),
9.47 (1H, s, NH-Phenyl), 8.03-8.00 (2H, m, Naphthogu@él-5 and H-8), 7.86-7.77(2H, m, Naphthoquinone H-6
and H-7), 7.67 (2H, dJ=8.4 Hz, Benzene H-2 and H-6), 7.18 (2H,Jd8.4 Hz, Benzene H-3 and H-5), 6.26 (2H, s,
Phenyl H-2 and H-6), 6.15 (1H, 2.2 Hz, Phenyl H-4), 3.63 (6H, s, 2xOgHpm;*C NMR (101 MHz, DMSO-
de): 6 180.2, 177.4, 161.1, 143.8, 143.0, 140.1, 13538,9, 133.6, 132.1, 130.9, 127.4, 127.0, 126.6,7,2P19.4,
98.6, 95.8, 56.5, 55.5 ppm; MS (APCI) m/z: 497 (M;HM99 (M-H+2); Anal. Calcd. for GH;sCIN,OgS. 3.41 HO
(560.37): C, 51.44; H, 4.64; N, 5.00; S, 5.72%, Foudb1.00; H, 4.37; N, 5.15; S, 6.11%.

4.1.1.7. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(2-nitrophenyl)benzenesul fonamide(4)

Yield 23%; mp 244C; IR vhas (FT/ATR): 3308 (NH), 3276 (NH), 3100 (CH-arom), 29Z3H-aliph), 2854 (CH-
aliph), 1672 (C=0), 1647 (C=0), 1591 (C=C), 1567 (¢=1514 (NQ-asym), 1350 (S@asym), 1328 (N@sym),
1160 (SG@-sym) cm’; 'H NMR (400 MHz, DMSO¢): 8 10.12 (1H, s, S@NH), 9.52 (1H, s, NH-Phenyl), 8.03 (2H,
dd, J=7.6; 1.5 Hz, Naphthoquinone H-5 and H-8), 7.92 (1¢4,J¢8.0; 1.5 Hz, Phenyl H-5), 7.86 (1H, t&7.6, 1.6
Hz, Naphthoquinone H-6 or H-7), 7.81 (1H, & 7.6; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.63-7(%Bl, m,
Phenyl H-3 or H-4), 7.60 (2H, d=8.6 Hz, Benzene H-2 and H-6), 7.36 (1H,Jd7.1; 1.2 Hz, Phenyl H-3 or H-4),
7.28 (1H, ddJ=8.2; 1.3 Hz, Phenyl H-2), 7.16 (2H, #8.8 Hz, Benzene H-3 and H-5) ppﬁf: NMR (101 MHz,
DMSO-dg): 8 180.3, 177.5, 144.2, 143.4, 142.9, 135.2, 1343@,Q, 133.0, 132.1, 130.9, 130.9, 127.5, 127.0,7126
126.7, 126.0, 125.9, 122.6, 119.7 ppm; MS (ESI): 82 (M-H), 484 (M-H+2); Anal. Calcd. for GH;4CIN;OgS.
0.9 GHeO (525.34): C, 54.41; H, 3.72; N, 8.00; S, 6.10%, Eb@) 54.60; H, 4.08; N, 8.38; S, 6.57%.

4.1.1.8. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(3-nitrophenyl) benzenesul fonamide(5)

Yield 59%, mp 268C; IR vmas (FT/ATR): 3260 (NH), 3257 (NH), 3100 (CH-arom), 1677=0), 1590 (C=C),
1527 (NGQ-asym), 1350 (N@sym), 1331 (S@asym), 1158 (S@sym) cnmi’; 'H NMR (400 MHz, DMSOd,): & 10.76
(1H, s, SGNH), 9.50 (1H, s, NH-Phenyl), 8.02 (2H, d&8.0; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.90-14#8,

m, Naphthoquinone H-6 and H-7, Phenyl H-2 and H#47 (2H, d,J=8.8 Hz, Benzene H-2 and H-6), 7.55-7.50
(2H, m, Phenyl H-5 and H-6), 7.16 (2H,X8.8 Hz, Benzene H-3 and H-5) ppHC NMR (101 MHz, DMSQdy): &
180.2, 177.4, 176.3, 148.6, 144.2, 142.9, 142.9,7,3135.1, 135.1, 134.0, 132.7, 132.1, 131.4,2,3130.9, 127.5,
127.5, 127.0, 126.6, 126.1, 122.7, 119.8, 118.9,l1ppm; MS (APCI) m/z: 484 (M+Hl, 486 (M+H+2); Anal.
Calcd. for G;H;4,CIN;OgS (483.88): C, 54.61; H, 2.92; N, 8.68; S, 6.63%,Meb\C, 54.59; H, 3.16; N, 8.29; S, 6.86%.

4.1.1.9. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(4-nitrophenyl) benzenesul fonamide(6)

Yield 21%; mp 271°C; IR vyaks (FT/ATR): 3300 (NH), 3252 (NH), 2990 (CH-arom), 16%6=0), 1592 (C=C),
1508 (NQ-asym), 1332 (S@asym), 1155 (S@sym) cm’; '"H NMR (400 MHz, DMSOdy): & 11.10 (1H, bs,
SONH), 9.49 (1H, bs, NH-Phenyl), 8.12 (2H, 9.1 Hz, Phenyl H-3 and H-5), 8.02 (2H, d&;8.0; 1.6 Hz,
Naphthoquinone H-5 and H-8), 7.86 (1H,J3d7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.81 (1H,3d7.4; 1.5 Hz,
Naphthoquinone H-6 or H-7), 7.74 (2H, 3:8.8 Hz, Benzene H-2 and H-6), 7.30 (2HJd9.1 Hz, Phenyl H-2 and
H-6), 7.18 (2H, dJ=8.8 Hz, Benzene H-3 and H-5) ppiC NMR (101 MHz, DMSOd,): 5 180.2, 177.4, 144.8,



144.5, 142.9, 142.9, 135.1, 134.0, 132.8, 132.1,013127.5, 127.0, 126.7, 125.7, 122.5, 120.2, 5L1Bm; MS
(APCI) m/z: 484 (M+H), 486 (M+H+2); Anal. Calcd. for GH;.CIN,O:S (483.88): C, 54.61; H, 2.92; N, 8.68; S,
6.63%, Found: C, 54.52; H, 3.11; N, 8.54; S, 6.48%.

4.1.1.10. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(2-chl or ophenyl ) benzenesul fonamide(7)

Yield 8%; mp 254°C; IR vpas (FT/ATR): 3262 (NH), 3047 (CH-arom), 1671 (C=0), 15@=C), 1337 (S@
asym), 1166 (S@sym) cni; ‘*H NMR (400 MHz, DMSOd): 5 9.80 (1H, bs, S@H), 9.51 (1H, bs, NH-Phenyl),
8.03 (2H, ddJ=7.6; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.88-1219, m, Naphthoquinone H-6 and H-7), 7.56
(2H, d,3=7.6 Hz, Benzene H-2 and H-6), 7.37 (1HJd/.6 Hz, Phenyl H-3), 7.26-7.25 (2H, m, Phenyl H-8 &h6),
7.16-7.14 (3H, m, Phenyl H-4, Benzene H-3 and H@np C NMR (101 MHz, DMSOd,): 6 180.3, 177.5, 143.7,
143.0, 135.2, 134.5, 134.1, 134.0, 132.2, 130.9,3,3129.6, 128.1, 128.0, 128.0, 127.3, 127.0,7.2822.7, 119.0
ppm; MS (APCI) m/z: 473 (M+B, 475 (M+H+2), 477 (M+H+4); Anal. Calcd. for GH,,CI,N,0,S. 0.3 HO
(478.73): C, 55.19; H, 3.07; N, 5.85; S, 6.70%, C565H, 3.25; N, 5.51; S, 6.70%.

4.1.1.11. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(3-chl or ophenyl) benzenesul fonami de(8)

Yield 9%; mp 266°C; IR vnyas (FT/ATR): 3254 (NH), 3085 (CH-arom), 1677 (C=0), 15@2=C), 1329 (S@
asym), 1156 (S@sym) cm’; 'H NMR (400 MHz, DMSO#dg): & 10.38 (1H, bs, SDIH), 9.48 (1H, bs, NH-Phenyl),
8.02 (2H, ddJ=7.6; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.87-18&0, m, Naphthoquinone H-6 and H-7), 7.63
(2H, d,J=8.0 Hz, Benzene H-2 and H-6), 7.24 (1H}48.4 Hz, Phenyl H-5), 7.16 (2H, 3:8.0 Hz, Benzene H-3 and
H-5), 7.07-7.04 (3H, m, Phenyl H-2, H-4 and H-6) ppi NMR (101 MHz, DMSOd,): 5 180.3, 177.4, 144.0,
143.0, 139.9, 135.2, 134.0, 133.8, 133.1, 132.1,313130.9, 127.4, 127.0, 126.7, 124.2, 122.7,8,1P19.5, 118.8
ppm; MS (APCI) m/z: 473 (M+B, 475 (M+H+2), 477 (M+H+4); Anal. Calcd. for GH,,CIL.N,0,S (473.32): C,
55.82; H, 2.98; N, 5.92; S, 6.7%, Found: C, 55.7(8.83; N, 5.57; S, 6.41%.

4.1.1.12. N-(4-bromophenyl)-4-((3-chloro-1,4-dioxo- 1,4-dihydronaphthal en-2-yl )amino) benzenesul fonami de(9)

Yield 59%; mp 276'C; IR vpaks (FT/ATR): 3296 (NH), 3229 (NH), 3085 (CH-arom), 1670=0), 1588 (C=C),
1341 (SG-asym), 1152 (S@sym) cni’; '"H NMR (400 MHz, DMSOdg): 5 10.29 (1H, s, SENH), 9.49 (1H, s, NH-
Phenyl), 8.03 (1H, ddl=7.6; 1.6 Hz, Naphthoquinone H-5 or H-8), 8.02 (1H,3.6; 1.6 Hz, Naphthoquinone H-5
or H-8), 7.86 (1H, tdJ=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.81 (1HJ&V.4; 1.5 Hz, Naphthoquinone H-6
or H-7), 7.61 (2H, dJ=8.8 Hz, Benzene H-2 and H-6), 7.40 (2HJ=8.8 Hz, Phenyl H-3 and H-5), 7.15 (2HJd8.4
Hz, Benzene H-3 and H-5), 7.02 (2H,J¢8.8 Hz, Phenyl H-2 and H-6) ppr’ﬁC NMR (101 MHz, DMSOdg): 180.2,
177.4, 143.9, 143.0, 137.7, 135.1, 134.0, 133.2,4,3132.1, 130.9, 127.4, 127.0, 126.6, 122.7,5,2P19.5, 116.6
ppm; MS (APCI) m/z: 517 (M+B, 519 (M+H+2), 521 (M+H+4); Anal. Calcd. for GH;,BrCIN,0,S. 0.1 GH;O
(522.38): C, 51.04; H, 2.82; N, 5.36; S, 6.14%, Fouhd0.79; H, 2.86; N, 4.99; S, 5.74%.

4.1.1.13. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(naphthal en- 1-yl ) benzenesul fonami de(10)

Yield 47%; mp 291C; IR vus (FT/ATR): 3278 (NH), 3225 (NH), 2990 (CH-arom), 167=0), 1588 (C=C),
1574 (C=C), 1341 (SEasym), 1151 (S@sym) cnmi'; 'H NMR (400 MHz, DMSO«): & 10.08 (1H, bs, SDIH), 9.46
(1H, bs, NH- Phenyl), 8.02 (2H, dds7.6; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.99 (1H=8.0 Hz, Naphthalene
H-4), 7.86 (1H, tdJ=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.80 (1H, dd7.4; 1.5 Hz, Naphthoquinone H-6 or
H-7), 7.76 (2H, dJ=8.0 Hz, Naphthalene H-5 and H-8), 7.53 (2HJ=B.4 Hz, Benzene H-2 and H-6), 7.43 (2H, td,
J=8.0; 1.2 Hz; Naphthalene H-6 and H-7), 7.39 (1HJ+7.6 Hz, Naphthalene H-3), 7.17 (1H, 86.8 Hz,
Naphthalene H-2), 7.09 (2H, d=8.4 Hz, Benzene H-3 and H-5) ppMiC NMR (101 MHz, DMSOd): & 180.3,
177.4, 143.4, 143.0, 135.2, 134.4, 134.3, 133.9,9,3132.2, 130.8, 129.9, 128.4, 127.3, 127.2,Q,2126.6, 126.6,
126.4, 125.8, 124.0, 123.6, 122.7, 118.8 ppm; MSQARN/z: 489 (M+H), 491 (M+H+2); Anal. Calcd. for
C,¢H;7,CIN,O,S (488.94): C, 63.87; H, 3.50; N, 5.73; S, 6.56%,eb, 63.74; H, 3.66; N, 5.37; S, 6.39%.

4.1.1.14. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(3-methyl pyridin-2-yl )benzenesul fonamide(11)

Yield 54%; mp 282C; IR vyas (FT/ATR): 3329 (NH), 3259 (NH), 2972 (CH-arom), 28&H-aliph), 1671 (C=0),
1607 (C=C), 1592 (C=C), 1329 ($@sym), 1163 (SEsym) cm™ 'H NMR (400 MHz, DMSO+): 6 9.44 (1H, bs,
NH- Phenyl), 8.03 (1H, ddi=7.6; 1.2 Hz, Naphthoquinone H-5 or H-8), 8.02 (1H,Hd.6; 1.2 Hz, Naphthoquinone
H-5 or H-8), 7.86 (1H, tdJ=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.83-7.X8,(m, Naphthoquinone H-6 or H-
7), 7.79 (2H, dJ=8.0 Hz, Benzene H-2 and H-6), 7.61-7.59 (2H, m,ddyei H-4 and H-6), 7.17 (2H, d=8.0 Hz,
Benzene H-3 and H-5), 6.83-6.75 (1H, m, Pyridine)H2511 (3H, s, Ck) ppm;**C NMR (101 MHz, DMSOd,):
180.3, 177.3, 143.2, 142.8, 140.5, 135.2, 133.2,2,3130.9, 127.5, 127.0, 126.9, 126.6, 122.6,2,2P18.5, 17.7
ppm; MS (APCI) m/z: 454 (M+B, 456 (M+H+2); Anal. Calcd. for G;H;CIN;O,S. 0.55 HO (463.81): C, 56.97; H,
3.72; N, 9.06; S, 6.91%, Found: C, 56.53; H, 3.688.M0; S, 7.38%.

4.1.1.15. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl Jamino)-N-(4-methyl pyridin-2-yl )benzenesul fonamide(12)
Yield 51%; mp 283C; IR vpas (FT/ATR): 3270 (NH), 3047 (CH-arom), 2917 (CH-alipl)p81 (C=0), 1595
(C=C), 1332 (S@asym), 1145 (S@sym) cm"; ‘H NMR (400 MHz, DMSOd,): & 9.46 (1H, bs, NH-Phenyl), 8.02
(1H, dd,J=7.6; 1.2 Hz, Naphthoquinone H-5 or H-8), 8.01 (1H, 3 .6; 1.2 Hz, Naphthoquinone H-5 or H-8), 7.85
(1H, td,J=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.82-7.Z8,(m, Naphthoquinone H-6 or H-7, Pyridine H-6),
7.74 (2H, d, J=8.4 Hz, Benzene H-2 and H-6), 7.16 (2B3+8.8 Hz, Benzene H-3 and H-5), 6.97 (1H, s, Pyridire
3), 6.66 (1H, dJ=4.8 Hz, Pyridine H-5), 2.22 (3H, s, Qtppm;**C NMR (101 MHz, DMSOd,): & 180.3, 177.3,
153.9, 143.2, 142.8, 141.5, 137.2, 135.2, 133.9,213.30.9, 127.0, 126.6, 122.8, 118.4, 114.4, ppré; MS (APCI)



m/z: 454 (M+H), 456 (M+H+2); Anal. Calcd. for GH1CIN;O,S. 0.6 HO (464.71): C, 56.86; H, 3.73; N, 9.04; S,
6.90%, Found: C, 56.46; H, 3.78; N, 8.61; S, 6.50%.

4.1.1.16. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(5-methyl pyridin-2-yl ) benzenesul fonamide(13)

Yield 48%; mp 223C; IR vnas (FT/ATR): 3268 (NH), 2985 (CH-arom), 2907 (CH-alipl)679 (C=0), 1592
(C=C), 1365 (S@asym), 1133 (S@sym) cm’; "H NMR (400 MHz, DMSOd;): 5 9.46 (1H, bs, NH-Phenyl), 8.02
(1H, ddJ=7.6; 1.2 Hz, Naphthoquinone H-5 or H-8), 8.01 (1H,Hd.6; 1.2, Naphthoquinone H-5 or H-8), 7.86 (1H,
td, J=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.88-7.861,(m, Pyridine H-6), 7.82 (1H, tdl=7.4; 1.5 Hz,
Naphthoquinone H-6 or H-7), 7.72 (2H,38.8 Hz, Benzene H-2 and H-6), 7.53 (1H, &.8; 2.4 Hz, Pyridine H-
4), 7.15 (2H, d,J=8.8 Hz, Benzene H-3 and H-5), 7.06 (1HJd8.8 Hz, Pyridine H-3), 2.12 (3H, s, Qppm;*°C
NMR (101 MHz, DMSOsdg): 5 180.3, 177.4, 151.1, 143.2, 143.1, 141.1, 13633,.11 133.9, 132.1, 130.9, 127.5,
127.3, 127.0, 126.6, 126.2, 122.6, 118.9, 113.8 ppm; MS (APCI) m/z: 454 (M+H, 456 (M+H+2); Anal. Calcd.
for C,,H16CIN;O,S (453.90): C, 58.21; H, 3.55; N, 9.26; S, 7.06%,Meb\C, 57.99; H, 3.59; N, 9.21; S, 7.31%.

4.1.1.17. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(5-chlor opyridin-2-yl ) benzenesul fonami de(14)
Yield 53%; mp 230C; IR vyas (FT/ATR): 3336 (NH), 3228 (NH), 3039 (CH-arom), 1667=0), 1588 (C=C),
1335 (SG-asym), 1159 (S@sym) cm’ 'H NMR (400 MHz, DMSO¢): 5 11.14 (1H, bs, S®DIH), 9.51 (1H, bs, NH-
Phenyl), 8.20 (1H, dJ=2.4 Hz, Pyridine H-6), 8.03 (1H, dd:7.6; 1.2 Hz, Naphthoquinone H-5 or H-8), 8.02 (1H,
dd, J=7.6; 1.2 Hz, Naphthoquinone H-5 or H-8), 7.86 (1HJ&I’.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.83-7.76
(2H, m, Naphthoquinone H-6 or H-7, Pyridine H-4),77(2H, d,J=8.8 Hz, Benzene H-2 and H-6), 7.17 (2HJ<8.8
Hz, Benzene H-3 and H-5), 7.08 (1H, 8.8 Hz, Pyridine H-3) ppr’rf',"’C NMR (101 MHz, DMSOdg): 6 180.2,
177.4, 150.6, 146.4, 144.0, 143.0, 138.7, 135.4,113134.0, 132.1, 130.9, 127.8, 127.0, 126.7,6,2825.5, 122.4,
119.6, 113.8 ppm; MS (APCI) m/z: 474 (MBH476 (M+H+2), 478 (M+H+4); Anal. Calcd. for GH,5CI,N3O,S.
0.5 GH¢O. 0.4 CHCI, (535.92): C, 50.65; H, 3.27; N, 7.84; S, 5.98%, b\, 50.84; H, 2.91; N, 7.94; S, 5.80%.

4.1.1.18. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(2-chl or opyridin-3-yl ) benzenesul fonamide (15)

Yield 51%; mp 282C; IR vpas (FT/ATR): 3256 (NH), 3085 (CH-arom), 1670 (C=0), 15@=C), 1331 (S@
asym), 1163 (S@sym) cm'; '"H NMR (400 MHz, DMSO#d,): 5 9.53 (1H, bs, NH-Phenyl), 8.20 (1H, dik4.4; 1.6
Hz, Pyridine H-6), 8.03 (2H, dd}=7.8; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.86 (1d4,J:7.6; 1.2 Hz,
Naphthoquinone H-6 or H-7), 7.81 (1H, t47.6; 1.2 Hz, Naphthoquinone H-6 or H-7), 7.72 (1H, 38.0; 1.6 Hz,
Pyridine H-4), 7.58 (2H, d]=8.0 Hz, Benzene H-2 and H-6), 7.4 (1H, dd3.0; 4.8 Hz, Pyridine H-5), 7.17 (2H, d,
J=8.0 Hz, Benzene H-3 and H-5) ppHiC NMR (101 MHz, DMSOde): & 180.3, 177.5, 147.2, 146.2, 144.0, 143.0,
136.1, 135.2, 135.1, 134.0, 132.2, 131.3, 130.9,512127.3, 127.0, 126.7, 124.1, 122.7, 122.1, 4pm; MS
(APCI) m/z: 474 (M+H), 476 (M+H+2), 478 (M+H+4); Anal. Calcd. for GH;5CIN;O,S. 2 HO (510.34): C, 49.42;
H, 3.36; N, 8.23; S, 6.28%, Found: C, 49.47; H, 2M47.80; S, 6.24%.

4.1.1.19. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N- (4-methyl thi azol - 2-yl ) benzenesul fonami de(16)

Yield 49%; mp 271°C; IR vyaks (FT/ATR): 3328 (NH), 3224 (NH), 3085 (CH-arom), 167G=0), 1571 (C=C),
1386 (S@-asym), 1140 (S@sym) cm’; *H NMR (400 MHz, DMSOd,): 5 12.56 (1H, bs, S@IH), 9.45 (1H, s, NH-
Phenyl), 8.02 (2H, dd]= 7.2; 1.2, Naphthoquinone H-5 and H-8), 7.86 (1H,J#d7.4; 1.5 Hz, Naphthoquinone H-6
or H-7), 7.81 (1H, tdJ=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.67 (2HJ<1,8.8 Hz, Benzene H-2 and H-6),
7.17 (2H, d,J= 8.8 Hz, Benzene H-3 and H-5), 6.36 (1H, s, Thiatbl), 2.06 (3H, s, CH ppm;*C NMR (101
MHz, DMSOdg):  180.3, 177.3, 169.0, 143.1, 142.9, 137.3, 13533,11, 133.9, 132.2, 130.9, 127.0, 126.6, 126.4,
122.8, 118.5, 102.6, 13.7 ppm; MS (APCI) m/z: 460-EM), 462 (M+H+2); Anal. Calcd. for GH,,CIN;O,S,. 0.5
H,O (468.93): C, 51.23; H, 3.22; N, 8.96; S, 13.68%,eb\C, 51.20; H, 3.49; N, 8.56; S, 13.40%.

4.1.1.20. 2-chloro-3-((4-(mor pholinosul fonyl ) phenyl)amino)naphthal ene-1,4-dione(17)

Yield 55%; mp 230°C; IR s (FT/ATR): 3281 (NH), 3085 (CH-arom), 2990 (CH-alip)82 (C=0), 1607
(C=C), 1344 (S@asym), 1159 (S@sym), 1134 (C-O-C) cih 'H NMR (400 MHz, DMSOdy): & 9.57 (1H, s, NH-
Phenyl), 8.04 (2H, ddI=7.6; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.86 (11J£7.4; 1.5 Hz, Naphthoquinone H-6
or H-7), 7.82 (1H, tdJ=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.62 (2H]=8.0 Hz, Benzene H-2 and H-6), 7.28
(2H, d,J=8.0 Hz, Benzene H-3 and H-5), 3.63.3.60 (4H, m, Motime-H), 2.86-2.83 (4H, m, Morpholine-H) ppm;
%C NMR (101 MHz, DMSQdy): & 194.4, 180.2, 177.4, 144.4, 143.0, 135.1, 1343Q,11, 131.0, 128.5, 128.3, 127.0,
126.7, 122.6, 119.9, 65.7, 46.4 ppm; MS (APCI) m&3 (M+H"), 435 (M+H+2); Anal. Calcd. for GH;-CIN,OsS.
0.9 HO (449.09): C, 53.49; H, 3.87; N, 6.11; S, 7.00%, Eo@) 53.14; H, 3.96; N, 5.82; S, 7.02%.

4.1.1.21. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(pyridin-2-yl)benzenesul fonamide (P1-083)

Yield 44%; mp 272C; 3221 (NH), 3085 (CH-arom), 1683 (C=0), 1605 (C=352 (SG-asym), 1135 (S@sym)
cm’; '"H NMR (400 MHz, DMSO¢): & 9.44 (1H, bs, NH-Phenyl), 8.04-8.00 (3H, m, Naphthogoée H-5 and H-8,
Pyridine H-6), 7.85 (1H, td]=7.4; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.80 (1H,Xd7.4; 1.5 Hz, Naphthoquinone
H-6 or H-7), 7.75 (2H, d, J=8.0 Hz, Benzene H-2 an@)H?.72-7.69 (1H, m, Pyridine H-5), 7.16 (2H,Jd8.0 Hz,
Benzene H-3 and H-5), 7.17-7.13 (1H, m, Pyridine)H-8.86 (1H, tJ=6.4 Hz, Pyridine H-4) ppn1’C NMR (101
MHz, DMSOdg): § 180.3, 177.4, 153.4, 143.2, 143.1, 140.5, 13633,2, 133.9, 132.1, 130.9, 127.5, 127.2, 127.0,
126.6, 122.7, 118.8, 116.2, 114.1 ppm; MS (APCI) :m#a0 (M+H), 442 (M+H+2); Anal. Calcd. for
C,;H14.CIN;O,S. 0.3 HO (445.27): C, 56.64; H, 3.30; N, 9.44; S, 7.20%, Eo@) 56.27; H, 3.43; N, 9.30; S, 6.88%.



4.1.2. General procedure for the synthesis of carboxamide derivatives (18-33)

4.1.2.1. Synthesis of 4-[ (3-chloro-1,4-dioxo-1,4-dihydronaphthal ene-2-yl)amino] benzoic acid

2,3-Dichloro-1,4-naphthoquinone (0.002 mol, 0.5 gl &-aminobenzoic acid (0.002 mol, 0.3 g) were reftliin
the presence of anhydrous@O; (0.0007 mol, 0.1 g) in 20 ml of ethanol for 6 leTreaction mixture was filtered off
and the solid was washed with ethanol and water. Tiegoroduct was recrystallized from ethanol. Yiel&33np:
307°C.

4.1.2.2. Synthesis of carboxamide derivative final compounds (18, 20-25, 27, 32 and 33)

The previously synthesized 4-[(3-chloro-1,4-dioxd-tlihydronaphthtalen-2-yl)amino]benzoic acid wetused in
SOCL for 3 h. Then, excess SQGVas removed from the reaction mixture by rotary evafpion, the residue was
dissolved in 15 ml of dichloromethane (DCM) andretirunder argon atmosphere. Appropriate amine wasdatid
reaction mixture in an ice bath, and it was allowedtir for 3 h, gradually warming up to room tempere. The
resulting precipitate was filtered off and washed iit@M. The crude product was purified by recrystaliian from
ethanol or methanol. Compour82 and 33 were purified via coloumn chromatography utilizingdat:1 hexane:
chloroform/dichloromethane: methanol.

4.1.2.3. Synthesis of carboxamide derivative final compounds (19, 26, 28-31)

To a stirring solution of 4-[(3-chloro-1,4-dioxo4tdihydronaphthtalen-2-yl)amino]benzoic acid (0.580mol)
suspended in 10 ml of tetrahydrofuran (THF) codte@°C, N-methylmorpholine (NMM) (0.00107 mol) and isoydut
chloroformate (IBCF) (0.00114 mol) were added uratgon atmosphere and stirred for 4h 8€0Then, appropriate
amine (0.00053 mol) was added and the reactionungxtas refluxed up to 36-72 h. After completiont teaction
was monitered by TLC, the precipitated NMM.HCI was rgatb by filtration. The organic phase was evaporated
under reduced pressure, the obtained solid wasiguirifia column chromatography utilizing a 4:4:1 aes:
chloroform/dichloromethane:methanol.

4.1.2.4. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-phenyl benzamide(18)

Yield 40%; mp 304°C; IR vnas (FT/ATR): 3239 (NH), 3066 (CH-arom), 1673 (C=0), 16@mide 1), 1595
(C=C), 1569 (Amide II), 1288 (=C-N) ch'H NMR (400 MHz, DMSOd,): 5 10.12 (1H, s, CONH), 9.46 (1H, s,
NH-Phenyl), 8.04 (2H, diJ=8.0; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.90 (2H=8.0 Hz, Benzene H-2 and H-
6), 7.86-7.79 (2H, m, Naphthoquinone H-6 and H-7)J512H, d,J=8.0 Hz, Phenyl H-2 and H-6), 7.32 (2H,)£8.0
Hz, Phenyl H-3 and H-5), 7.20 (2H, &8.0 Hz, Benzene H-3 and H-5), 7.07 (1H]%7.6 Hz, Phenyl H-4) ppni®C
NMR (101 MHz, DMSOsdg): 5 180.6, 177.3, 165.6, 156.5, 143.2, 139.7, 1383%,2, 133.8, 132.3, 130.9, 130.1,
129.0, 128.1, 127.0, 126.6, 123.9, 122.7, 120.8; B (APCI) m/z: 403 (M+H), 405 (M+H+2); Anal. Calcd. for
C,:H15CIN,0.0.5 GHgO (425.87): C, 68.02; H, 3.99; N, 6.84%, Found: C76;7H, 4.39; N, 6.88%.

4.1.25. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(2-isopropyl phenyl )benzamide(19)

Yield 17%; mp 245C; IR vnas (FT/ATR): 3213 (NH), 2959 (CH-arom), 2925 (CH-alipig54 (CH-aliph), 1676
(C=0), 1638 (Amide 1), 1596 (C=C), 1568 (Amide II),88(=C-N) cni; 'H NMR (400 MHz, DMSO#d,): & 9.82
(1H, s, CONH), 9.47 (1H, s, NH-Phenyl), 8.08-8.05 (2H,Naphthoquinone H-5 and H-8), 7.93 (2H,Jd8.1 Hz,
Benzene H-2 and H-6), 7.89 (1H, tdk7.5; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.83 (1H, Xd7.5; 1.3 Hz,
Naphthoquinone H-6 or H-7), 7.35 (1H, &7.5 Phenyl H-6), 7.28-7.23 (1H, m, Phenyl), 7.2®,(d, J=7.3 Hz,
Benzene H-3 and H-5), 7.22-7.18 (2H, m, Phenyl H}831H, m, CH), 1.14 (6H, dl=6.7 Hz, 2xCH) ppm; **C
NMR (101 MHz, DMSOsdg): 8 180.5, 177.3, 165.9, 145.3, 143.2, 142.5, 13536,.2, 133.8, 132.3, 130.8, 129.7,
128.6, 128.0, 127.3, 127.0, 126.6, 126.2, 126.@.8,2117.5, 28.0, 23.6 ppm; MS (ESI) m/z: 445 (My;H447
(M+H+2%; Anal. Calcd. for GH»;,CIN,O5.0.1 CHC} (456.85): C, 68.62; H, 4.66; N, 6.13%, Found: C388H,
4.58; N, 9.60%.

4.1.2.6. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(m-tolyl ) benzamide(20)

Yield 46%; mp 261°C; IR vnas (FT/ATR): 3227 (NH), 3066 (CH-arom), 2971 (CH-alipi)674 (C=0), 1641
(Amide 1), 1593 (C=C), 1567 (Amide II), 1288 (=C-N) ¢mH NMR (400 MHz, DMSO#d,): 5 10.08 (1H, s, CONH),
9.45 (1H, s, NH-Phenyl), 8.04 (2H, d#s8.0; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.90 (2H=8,0 Hz, Benzene
H-2 and H-6), 7.87-7.79 (2H, m, Naphthoquinone H-6 BRd), 7.61 (1H, s, Phenyl H-2), 7.56 (1H, 8.0 Hz,
Phenyl H-6), 7.21-7.17 (1H, m, Phenyl H-5), 7.19 (2kH)=8.0 Hz, Benzene H-3 and H-5), 6.89 (1HJd3.0 Hz,
Phenyl H-4), 2.28 (3H, s, Q,b-lppm;BC NMR (101 MHz, DMSOdg): 8 180.4, 177.3, 165.3, 143.2, 142.5, 139.8,
138.1, 135.2, 133.9, 132.4, 130.8, 129.9, 128.8,8,2126.6, 124.6, 123.9, 122.7, 121.4, 120.6,8,121.7 ppm; MS
(APCI) m/z: 417 (M+H), 419 (M+H+2); Anal. Calcd. for GH;-CIN,05.1.1 GH:O (467.54): C, 67.31; H, 5.09; N,
5.99%, Found: C, 67.07; H, 5.49; N, 6.33%.

4.1.2.7. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(4-nitrophenyl )benzamide(21)

Yield 13%; mp >300°C; IR vyas (FT/ATR): 3206 (NH), 3028 (CH-arom), 1673 (C=0), 16@gmide I), 1594
(C=C), 1568 (Amide I1), 1539 (NLasym), 1331 (N@sym), 1290 (=C-N) cily '"H NMR (400 MHz, DMSOdy): &
10.69 (1H, s, CONH), 9.50 (1H, s, NH-Phenyl), 8.25 (2H]=8.2 Hz, Phenyl H-3 and H-5), 8.05 (2H,X8.4 Hz,
Phenyl H-2 and H-6), 8.08-8.02 (2H, m, Naphthoquindre and H-8), 7.92 (2H, d=8.4 Hz, Benzene H-2 and H-6),
7.89-7.80 (2H, m, Naphthoquinone H-6 and H-7), 722, d,J=8.4 Hz, Benzene H-3 and H-5) ppi'C NMR (101
MHz, DMSO-<g): 6 180.4, 177.4, 166.1, 146.1, 143.3, 143.2, 14238,2, 133.9, 132.2, 130.9, 129.1, 128.5, 127.0,



126.6, 125.2, 122.6, 120.2, 118.3 ppm; MS (APCI) :m#6 (M-H), 448 (M-H+2); Anal. Calcd. for
CrsH1.CIN305.0.5 HO (456.84): C, 60.00; H, 3.37; N, 9.02%, Found: C380H, 3.46; N, 8.62%.

4.1.2.8. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(3-chlorophenyl)benzami de(22)

Yield 28%; mp 267°C; IR vnyas (FT/ATR): 3230 (NH), 3028 (CH-arom), 1672 (C=0), 16¢@mide 1), 1592
(C=C), 1568 (Amide II), 1285 (=C-N) cfn'H NMR (400 MHz, DMSO#d,): & 10.36 (1H, s, CONH), 9.47 (1H, s,
NH-Phenyl), 8.03 (2H, dd}=7.2; 1.2 Hz, Naphthoquinone H-5 and H-8), 7.97 (1H]}=d..6 Hz, Phenyl H-6), 7.91
(2H, d,J=7.2 Hz, Benzen H-2 and H-6), 7.88-7.79 (2H, m, Napiptinone H-6 and H-7), 7.72 (1H, &8.0, Phenyl
H-2), 7.35 (1H, tdJ=8.0; 1.2 Hz, Phenyl H-5), 7.20 (2H, #7.2 Hz, Benzene H-3 and H-5), 7.13 (1H,X8.0; 1.2
Hz, Phenyl H-4) ppm*®C NMR (101 MHz, DMSOde): & 180.4, 177.3, 165.6, 143.2, 142.9, 141.3, 13533.9,
133.3, 132.2, 130.9, 130.7, 129.8, 129.5, 128.3,012126.6, 123.6, 122.7, 122.5, 120.2, 119.1,94pm; MS
(APCI) m/z: 437 (M+H), 439 (M+H+2), 441 (M+H+4); Anal. Calcd. for GH;,CIL,N,05.0.35 HO (479.63): C,
62.28; H, 3.34; N, 6.32%, Found: C, 62.41; H, 3.146I99%.

4.1.2.9. 4-((3-chloro-1,4-dioxo-1,4-dihydronaphthal en-2-yl)amino)-N-(4-chlorophenyl)benzami de(23)

Yield 26%; mp 275°C; IR vpas (FT/ATR): 3222 (NH), 3047 (CH-arom), 1674 (C=0), 16@mide 1), 1595
(C=C), 1568 (Amide II), 1286 (=C-N) cfn'H NMR (400 MHz, DMSOedg): & 10.31 (1H, s, CONH), 9.46 (1H, s,
NH-Phenyl), 8.04 (2H, diJ=7.6; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.91 (2H=8.8 Hz, Benzene H-2 and H-
6), 7.88-7.83 (2H, m, Naphthoquinone H-6 and H-B2712H, d,J=9.2, Phenyl H-2 and H-6), 7.38 (2H,1:8.8 Hz,
Phenyl H-3 and H-5), 7.20 (2H, &8.4 Hz, Benzene H-3 and H-5) ppH'C NMR (101 MHz, DMSOd,): 5 180.4,
177.3, 165.5, 143.2, 142.7, 138.7, 135.2, 133.9,213130.9, 129.7, 128.9, 128.2, 127.5, 127.0,6,2R22.7, 122.3,
117.8 ppm; MS (APCI) m/z: 437 (M+} 439 (M+H+2), 441 (M+H+4); Anal. Calcd. for GH.,Cl,N,05.0.5
C,Hg0.0.5 HO (505.37): C, 61.42; H, 3.87; N, 5.97%, Found: C661H, 4.07; N, 5.85%.

4.1.2.10. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(naphthal en-1-yl )benzami de(24)

Yield 42%; mp 264°C; IR vnas (FT/ATR): 3227 (NH), 3047 (CH-arom), 1674 (C=0), 16@mide 1), 1597
(C=C), 1569 (Amide II), 1287 (=C-N) cfn'H NMR (400 MHz, DMSO#d,): & 10.33 (1H, s, CONH), 9.49 (1H, s,
NH-Phenyl), 8.07-7.95 (5H, m, Naphthoquinone H-5 &8, Naphthalene-H), 7.91-7.81 (3H, m, Naphthoquinone
H-6 and H-7, Naphthalene-H), 7.80-7.71 (1H, m, NapbtmaH), 7.60-7.52 (3H, m, Benzene H-2 and H-6,
Naphthalene-H), 7.45-7.36 (1H, m, Naphthalene-H), 7224 @,J=8.4 Hz, Benzene H-3 ve H-5) ppHiC NMR (101
MHz, DMSO-<g): 6 180.5, 177.4, 166.1, 143.3, 142.7, 135.2, 13434,2, 133.9, 132.3, 130.9, 129.7, 129.6, 128.7,
128.3, 127.2, 127.0, 126.7, 126.6, 126.5, 126.8,212126.0, 124.4, 122.8, 122.4, 117.7 ppm; MS (ARDEk: 451
(M-H"), 453 (M-H+2); Anal. Calcd. for GH;,CIN,O3.0.6 HO (463.70): C, 69.94; H, 3.96; N, 6.04%, Found: C,
69.75; H, 4.14; N, 6.29%.

4.1.2.11. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(pyridin-3-yl)benzamide(25)

Yield 35%; mp 197°C; IR vyaks (FT/ATR): 3213 (NH), 3100 (CH-arom), 2960 (CH-arori75 (C=0), 1648 (
Amide 1), 1599 (C=C), 1572 (Amide II), 1294 (=C-N) ¢mH NMR (400 MHz, DMSO#d,): 5 10.36 (1H, s, CONH),
9.52 (1H, bs, NH-Phenyl), 8.92 (1H, 2.4 Hz, Pyridine H-2), 8.29 (1H, dd&4.4; 1.4 Hz, Pyridine H-6), 8.18 (1H,
dt, J=8.4; 2.0 Hz, Pyridine H-4), 8.04 (2H, d7.6; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.91 (2HI=8.8 Hz,
Benzene H-2 and H-6), 7.87 (1H, tdk7.6; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.82 (1H, Xd7.6; 1.6 Hz,
Naphthoquinone H-6 and H-7), 7.38 (1H, dd8.4; 4.8 Hz, Pyridine H-5), 7.22 (2H, 8:8.8 Hz, Benzene H-3 and
H-5) ppm;**C NMR (101 MHz, DMSOQd,): § 180.4, 177.3, 165.8, 144.8, 143.3, 143.0, 14236,4, 135.2, 133.9,
132.3,130.9, 129.8, 129.4, 128.2, 127.7, 127.6,6,2123.9, 122.7, 122.6, 117.9 ppm; MS (APCI) m@ (M+H),
406 (M+H+2); Anal. Calcd. for GH;4,CIN;0;.0.3 HO (409.23): C, 64.57; H, 3.60; N, 10.27%, Found: C384H,
3.76; N, 10.28%.

4.1.2.12. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(pyridin-4-yl)benzamide(26)

Yield 17%; mp 233C (decomp.); IRymas (FT/ATR): 3223 (NH), 3000 (CH-arom), 1673 (C=0), 1628nide 1),
1593 (C=C), 1565 (Amide Il), 1287 (=C-N) &m'H NMR (400 MHz, DMSO#d): & 10.49 (1H, s, CONH), 10.07 (1H,
bs, NH- Phenyl), 8.47-8.41 (1H, m, Pyridine-H), 8880 (2H, m, Pyridine-H), 7.89 (2H, &6.9 Hz, Benzene H-2
and H-6), 7.90-7.81 (3H, m, Naphthoquinone H-6 and, iPyridine-H), 7.77 (2H, d]=7.2 Hz, Naphthoquinone H-5
and H-8), 7.16 (2H, d]=6.9 Hz, Benzene H-3 and H-5) ppﬁ‘C NMR (101 MHz, DMSOdg): & 180.6, 166.3, 150.7,
147.3, 146.7, 146.6, 135.1, 133.6, 132.6, 131.8,5,2127.0, 126.5, 122.4, 114.5, 114.4 ppm; MS XESEk: 404
(M+H"), 406 (M+H+2); Anal. Calcd. for GH14CIN;0;.0.78 CHC). 0.46 GHy, (535.64): C, 57.27; H, 3.82; N,
7.84%, Found: C, 57.68; H, 3.85; N, 8.13%.

4.1.2.13. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(3-methyl pyridin-2-yl ) benzami de(27)

Yield 7%; mp 257°C; IR vmas (FT/ATR): 3228 (NH), 3090 (CH-arom), 2920 (CH-alipi)674 (C=0), 1644 (
Amide 1), 1592 (C=C), 1570 (Amide II), 1283 (=C-N) ¢nfH NMR (400 MHz, DMSO#d,): 5 10.40 (1H, s, CONH),
9.46 (1H, bs, NH-Phenyl), 8.29 (1H, #&5.1 Hz, Pyridine-H), 8.04 (2H, d=7.6 Hz, Naphthoquinone H-5 and H-8),
7.92 (2H, dJ= 8.7 Hz, Benzene H-2 and H-6), 7.86 (1H,Xd7.6; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.81 (1H, td
J=7.4; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.70 (1H, #8.1; 1.6 Hz, Pyridine-H), 7.23 (1H, dd7.5; 4.6 Hz,
Pyridine-H), 7.18 (2H, dJ= 8.6 Hz, Benzene H-3 and H-5), 2.18 (1H, sg0ppm;**C NMR (101 MHz, DMSOd,):

5 180.5, 177.4, 165.3, 150.9, 146.3, 143.3, 14239,7,, 135.2, 133.9, 132.3, 130.9, 130.2, 129.0,4,287.0, 126.6,



122.7, 122.5, 117.9, 18.1 ppm; MS (ESI) m/z: 418-K), 420 (M+H+2); Anal. Calcd. for GiH;¢CIN5O; (417.85):
C, 66.11; H, 3.86; N, 10.06%, Found: C, 65.75; H, 3N/89.67%.

4.1.2.14. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(4-methyl pyridin-2-yl ) benzami de(28)

Yield 2%; mp 259°C; IR vas (FT/ATR): 3217 (NH), 3045 (CH-arom), 2922 (CH-alipBB52 (CH-aliph), 1673
(C=0), 1636 (Amide 1), 1595 (C=C), 1561 (Amide I1),882(=C-N) cni; ‘H NMR (400 MHz, DMSO«d,): 5 10.52
(1H, s, CONH), 9.46 (1H, bs, NH-Phenyl), 8.21 (1H,)d5.1, Pyridine-H), 8.10-8.01 (3H, m, Naphthoquinon& H-
and H-8, Pyridine H), 7.97 (2H, d= 9.8 Hz, Benzene H-2 and H-6), 7.91-7.80 (2H, m, Nagjuinone H-6 and H-
7), 7.17 (2H, dJ=8.3 Hz, Benzene H-3 and H-5), 7.01-6.96 (1H, m,ddye-H), 2.34 (1H, s, CH ppm;°C NMR
(101 MHz, DMSOsdg): & 180.5, 177.4, 165.6, 152.8, 149.1, 148.0, 14343.0, 135.2, 133.9, 132.3, 130.9, 129.1,
128.5, 127.0, 126.6, 122.5, 121.1, 118.1, 115.6} ppm; MS (ESI) m/z: 418 (M+®, 420 (M+H+2); Anal. Calcd.
for C,3H16CIN3O5. 0.07 CHCJ. 0.28 GH,, (449.77): C, 66.09; H, 4.35; N, 9.34%, Found: C586H, 3.91; N, 9.31%.

4.1.2.15. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(5-methyl pyridin-2-yl ) benzami de(29)

Yield 8%; mp 241°C; IR vpas (FT/ATR): 3213 (NH), 3100 (CH-arom), 2996 (CH-alipi)674 (C=0), 1648
(Amide 1), 1594 (C=C), 1568 (Amide II), 1289 (=C-N) ¢mH NMR (400 MHz, DMSO#d): & 10.53 (1H, s, CONH),
9.45 (1H, bs, NH-Phenyl), 8.20-8.19 (1H, m, Pyriding-8107-8.03 (3H, m, Naphthoquinone-H, Pyridine-H),87.9
7.96 (2H, m, Benzene H-2 and H-6), 7.89-7.85 (1H, Maphthoquinone H-6 or H-7), 7.84-7.79 (1H, m,
Naphthoquinone H-6 or H-7), 7.64 (1H, d&8.5; 2.4 Hz, Pyridine H-4), 7.17 (2H, 8.6 Hz, Benzene H-3 and H-
5), 2.27 (1H, s, CE ppm;™°C NMR (101 MHz, DMSOd,): 5 180.4, 177.4, 165.5, 150.5, 148.0, 142.9, 1388,2,
133.9, 132.3, 130.9, 129.1, 128.4, 126.6, 122.8,0,1114.7, 40.6, 17.8 ppm; MS (ESI) m/z: 418 (M}H420
(M+H+2"); Anal. Calcd. for GH;6CIN;Os. 0.27 GHy,. 0.4 CHCY (488.32): C, 61.54; H, 4.05; N, 8.61%, Found: C,
61.98; H, 3.34; N, 8.54%.

4.1.2.16. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl Jamino)-N-(5-chloropyridin-2-yl ) benzamide(30)

Yield 3%; mp 283’C (decomp); IRvmas (FT/ATR): 3388 (NH), 3304 (NH), 3070 (CH-arom) 1676=(Q), 1665
(Amide 1), 1598 (C=C), 1572 (Amide II), 1289 (=C-N) ¢mH NMR (400 MHz, DMSO#d): & 10.83 (1H, s, CONH),
9.50 (1H, bs, NH-Phenyl), 8.42-8.41 (1H, m, Pyridine-81p1 (1H, ddJ=8.8; 1.2 Hz, Pyridine H-3), 8.04 (2H, dd,
J=7.6; 1.6 Hz, Naphthoquinone H-5 and H-8), 8.01-7192, m, Pyridine-H), 7.96 (2H, d=7.2 Hz, Benzene H-2 and
H-6), 7.87 (1H, ttJ=7.6, 1.5 Hz, Naphthoquinone H-6 or H-7), 7.82 (1HJ47.6, 1.5 Hz, Naphthoquinone H-6 or H-
7), 7.18 (2H, dJ=7.2 Hz, Benzene H-3 and H-5) pp’r?C NMR (101 MHz, DMSOdg): 6 180.5, 165.9, 151.4, 146.7,
138.2, 135.2, 133.9, 130.9, 128.6, 127.0, 126.6,8,2122.4, 119.0, 116.3 ppm; MS (ESI) m/z: 436HNI-438 (M-
H+2); Anal. Calcd. for GHsCI,N:05.1.34 GH,, (551.04): C, 65.48; H, 5.32; N, 7.63%, Found: C985H, 4.95 N,
9.38%.

4.1.2.17. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(thiazol -2-yl )benzamide(31)

Yield 2%; mp 246°C; IR vmas (FT/ATR): 3221 (NH), 2960 (CH-arom), 1676 (C=0), 13énide 1), 1596 (C=C),
1560 (Amide 11), 1289 (=C-N) cih *H NMR (400 MHz, DMSOeg): & 12.46 (1H, bs, CONH), 9.48 (1H, s, NH-
Phenyl), 8.07-8.02 (2H, m, Naphthoquinone H-5 an8)}8.03 (2H, dJ=8.4 Hz, Benzene H-2 and H-6), 7.88 (1H, td,
J=7.6; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.82 (1H,Jt7.6; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.53 (1H, d,
J=3.6 Hz, Thiazole H-3), 7.24 (1H, 3.6 Hz, Thiazole H-4), 7.19 (2H, d& 8.4 Hz, Benzene H-3 and H-5) ppm;
¥C NMR (101 MHz, DMSOde): 6 180.4, 177.4, 176.4, 143.6, 143.1, 142.9, 13%3,1, 133.9, 132.3, 131.4, 130.9,
128.7, 127.5, 127.0, 126.7, 122.4, 118.8, 114.3,61fppm; MS (ESI) m/z: 408 (M-H 410 (M-H+2); Anal. Calcd.
for C,oH,,CIN;03S.0.64 CHG.1.12 GH4, (580.50): C, 56.61; H, 4.53; N, 7.24; S, 5.52%, kbud, 56.97; H, 4.11;
N, 6.80; S, 5.42%.

4.1.2.18. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl )amino)-N-(4-methyl thi azol -2-yl ) benzami de(32)

Yield 16%; mp 204C; IR vyas (FT/ATR): 3365 (NH), 3269 (NH), 3096 (CH-arom), 30¥H-arom), 2918 (CH-
aliph), 1665 (C=0), 1646 (Amide 1), 1599 (C=C), 15A4nide Il), 1241 (=C-N) cni; '"H NMR (400 MHz, DMSO-
dg): 6 9.48 (1H, bs, NH-Phenyl), 8.06-8.01 (4H, m, Naphthogoé H-5 and H-8, Benzene H-2 and H-6), 7.87 (1H,
td, J=7.4; 1.6 Hz, Naphthoquinone H-6 or H-7), 7.82 (1HJ&¥.5; 1.5 Hz, Naphthoquinone H-6 or H-7), 7.18 (2H, d,
J=8.6 Hz, Benzene H-3 and H-5), 6.78 (1H, s, Thiatbl), 2.29 (3H, s, CK ppm;*°*C NMR (101 MHz, DMSQd):

5 180.4,177.4, 143.5, 143.1, 135.2, 133.9, 13230,9, 128.6, 127.0, 126.6, 122.4, 118.7, 108.8 ppm; MS (ESI)
m/z: 422 (M-H), 424 (M-H+2); Anal. Calcd. for GH1,CIN305S. 0.15CHC]. 0.2CHOH (448.18): C, 57.22; H, 3.36;
N, 9.38; S, 7.15%, Found: C, 57.65; H, 2.44; N, 899%.70%.

4.1.2.19. 4-((3-chloro-1,4-dioxo-1,4-dihydr onaphthal en-2-yl)amino)-N-(5-methyli soxazol -3-yl ) benzami de(33)

Yield 5%, mp 159C; IR vyas (FT/ATR): 3284 (NH), 3215 (NH), 3081 (CH-arom), 29T2H-aliph), 2852 (CH-
aliph), 1692 (C=0), 1668 (Amide 1), 1597 (C=C), 158nide II), 1280 (=C-N) cif; *H NMR (400 MHz, DMSO-
dg): 8 9.49 (1H, bs, NH-Phenyl), 8.04 (2H, &t7.6; 1.6 Hz, Naphthoquinone H-5 and H-8), 7.90-784, m,
Naphthoquinone H-6 or H-7, Isoxazole-H), 7.86 (2H}=B.8 Hz, Benzene H-2 and H-6), 7.82 (1H,Jd7.6; 1.6 Hz,
Naphthoquinone H-6 or H-7), 7.16 (2H, 8.8 Hz, Benzene H-3 and H-5), 3.81 (3H, s,30ppm;*C NMR (101
MHz, DMSOdg): 6 180.4, 177.5, 166.4, 144.2, 143.1, 135.2, 1343Q,2, 130.9, 129.7, 127.0, 126.7, 124.4, 122.5,
119.0, 52.4 ppm; MS (APCI) m/z: 407 (M 409 (M+2); Anal. Calcd. for GH;/,CI,N,0,.0.9 GH;O (449.27): C,
60.95; H, 4.35; N, 9.35%, Found: C, 61.38; H, 4.769I48%.



4.2. Biological evaluation
421. Cdl culture

Human breast cancer cell line (MCF-7) was obtainesnfrAmerican Type Culture Collection (ATCC) and
maintained as exponentially growing monolayers bdiucag according to the supplier's instructions.

4.2.2.  Cédl proliferation inhibition assay

The antiproliferative activity of the synthesizeshgpounds was determined on MCF-7 cells. Cells wezdeskin
96-well plates at a density of 6000 cells/well. Afét h incubation, cells were treated for 48 h withirges
concentration of compounds according to their sttybranges. Cell viability was determined by MTB-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenylH2-tetrazolium bromide) (Sigma Aldrich, UK). After 48 mMmcubation of
compounds, the mixture of MTT and medium (1:9) weglaced with old media in each well and the platesewer
incubated for 4 h at 37°C. 150 pL of DMSO was addedissolve violet formazan crystals and the amount o
formazan product was measured absorbance at waJelBi@tnm with a microplate reader a (Varioscan, Tleerm
Fisher Scientific, US). DMSO (dimethyl sulfoxide, VWRHS) was used a solvent control or a negative coniibl.
tests were performed in triplicate. Cytotoxic effecf the compounds were determined ag hich refers to the
concentration of the drug to inhibit 50% of celbility and calculated by Graph Pad Prism 5 (San ®i€d\, US).

4.23. Ceéll-based proteasome inhibition assay

To determine proteasome inhibitory activity of caupds in protein extracts, MCF-7 cells were hareestih a
lysis buffer of 8.56 g sucrose, 0.6 g HEPES2-hydroxyethyl)-1-piperazineethanesulfonic dc@i2 g MgC}, 0.037
g EDTA (ethylenediaminetetraacetic acid) prepare@id0 ml (before lysis, DTT (dithiothreitol) was adbfreshly to
the lysis buffer at a final concentration of 1 mMhe supernatant was used to measure the activipraiéasome
subunit activity. Reaction mixture included 225 s buffer (pH 7.8) containing 7.5 mM MgOAc, 7.5 mMgKl,,
45 mM KCI, and 1 mM DTT/ The protein extracts were incubated with reactioxtumé for 10 min. Then, potential
proteasome inhibitors with determined doses accgrtiirthe cell viability assay were added and inoedbdor 1h at
37 °C. While the fluorogenic peptide Suc-Leu-Leu-Fg-AMC (Enzo Life Sciences; US) was used as a satesat
a concentration of 200 pM to measure chymotrypgim-dctivity of the proteasome, Ac-Gly-Pro-Leu-Asp-AMTO0
KUM) (Enzo Life Sciences; US) and Z-Leu-Leu-Glu-AMQ@ (4M) (Enzo Life Sciences; US) flourogenic peptidese
used to determine caspase-like and trypsin-likéviactof the proteasome, respectively. After tmelbation, the
fluorogenic substrates were added with desired cong®éor 1 h at 37 °C. Methyl coumarin (MCA) libematiwas
measured with a fluorescence reader at 360 nm &&ait460 nm emission (Varioscan, Thermo Fisher SidienUS).
While DMSO was used as a solvent control, MG-132, knprmateasome inhibitor, was used as a positive obntr

The selected and potential proteasome inhibitore wesated to MCF-7 cells for 12 h to determing, &alue at
proteasome subunits activity. Then, proteasome rstlbgtivities were determined as mentioned above fEesults
were normalized via total protein level performedB@A (Bicinchonic acid) assay (Thermo Fisher Sdfentus).

4.24. Immunoblotting assay

MCF-7 cells were treated with igvalues of compound4 and PI-083 for 12 hours. Cells then lysed with RIPA
buffer (50mM Tris-HCI, pH 8.0, 1% NP-40, 0.1% SDS, 180rNaCl, 0.1% Triton X-100, 5mM EDTA) with
protease inhibitors (Roche, Switzerland) in ordepriepare whole cell lysates. Protein concentratioer® determined
by bicinchoninic acid (BCA) protein assay (Thermshgr Scientific, US). 40 g total cellular proteimsre used for
immunoblotting studies. Samples were denatured ihaemmli buffer at 95 °C for 5 min and were sepatéty
handcast SDS-PAGE electrophoresis and transferredd-Pnembranes (EMD Milipore, Thermo Fisher Scientific
US). After blocking the membranes with PBS—0.1% Twe@nv&h 5% non-fat dry milk, first primary antibodies
namely anti-20935 subunit (Enzo, BML-PW8895-, US), anti-K48 linka§eecific Polyubiquitin (CST, 8081, US)
and anti-actin (Sigma-Aldrich-A5316, UK) and then gaati-rabbit and anti-mouse HRP-Conjugated secondary
antibodies (Thermo Fisher Scientific, US) were useditermination of target proteins. Protein signve¢re detected
using Clarity ECL substrate solution (BIORAD, US) byskun-FX7 (Vilber Lourmat, Thermo Fisher Scientific, JUS
A well known proteasome inhibitor MG-132 was used ajilMconcentration.

4.3. Molecular modeling studies

4.3.1. Docking studies
4.3.1.1. Compounds 13, 14 and 28 in $1, 52 and 5 subunits of human 20S proteasome

In order to prepare the ligand and the subunitthefprotein for docking studies, compourids 14 and 28 were
built, protonated and energy minimized by using MA@#x in MOE2014.09. On the other hand, the crystactire
of human 20S proteasome in complex with bortezoRIDE code 5LF3) resolved at 241 were downloaded from
Protein Data Bank. After the ligand and the watereaoadles were removedl, p2 andp5 subunits were saved
individually. Then, each subunit was protonatedpriztonate 3D protocol and subjected to energy miation using
AMBER99 force field in MOE2014.08



Docking simulations of compounds, 14 and28 in complex withf1, B2 andf5 subunits were carried out with
GOLD 5.2.1 program with default settings” The binding site was defined around the backbomeocaof Gly47
with a sphere of 22 A in each active sitepaf 2 andp5 subunits. Goldscore and Chemscore standard precisire
selected as the scoring function and 50 confirmatizvere allowed. Proposed binding poses of the ligaibdinit
complexes were selected by visual inspection using[BBPR.1 program.

4.3.2. Molecular dynamics simulations

Molecular dynamics simulations were carried outtf@ apo forms of th@1, p2 andf5 subunits of human 20S
proteasome and the selected poses of compbtimdcomplex withB1, B2 andp5 subunits of human 20S proteasome,
individually. AMBER 14 program was used for all theeparation steps of the apo forms of enzymestamgrotein-
ligand complexes and AMBER 12 program was used ®siimulation part*

After the atom types and the partial charges of eaamg 14 with selected geometries were calculated by AM1-
BCC charge model of antechamber module, proteinrgtdand protein subunit-ligand complexes were g for
energy minimisation and MD simulations by using gheap module of AmberToolsT4*In order to generate the
model, compound4 and the enzyme subunits were parameterized @éifii and AMBERff99SB force field using
parmchk module, respectively** While compoundli4-g1 subunit and compount#-g5 subunit complexes were
neutralized by 7Kand 3Cl counterions, respectively; compoub#p2 subunit was already neutral in its current form.
The complexes were solvated by water molecules foh @mplex, respectively in octahedral box usin@3R
leaving at least 10 A between the solute atoms amddnder of the boX. The solvated and neutralized complexes
were energy minimized by Sander module of AMBER. Thiére systems were heated from 50 to 300K with
positional restrains (force constant: 10 kcal/mbj/for 0.3 ns for compound4-p1 subunit and compount¥-g2
subunit; 0.1 ns for compourid-p5 subunit allowing the solvent and the counteriansmiove freely. 9 Aut off for the
short-range nonbonded interactions was used combiftedthe particle mesh Ewald optiéhin order to constrain
bond vibrations involving the hydrogen atoms, ®edffjorithm was useti. Then the positional restrains were reduced
to allow unrestrained MD simulations for all atomsl avere reached the equilibration state.

Apo forms of the three protein subunits and compdlffil subunit, compounti4-p2 subunit and compouridi-
B5 subunit complexes were subjected to free MD sirioriatfor 30 ns for compount#-f1 subunit, compoundi4-$2
subunit complexes and 10 ns for compoude5 subunit complex. VMD was used for the visualizatainthe

trajectories and XMGRACE software was used for prepatiaglots’®*°(See Supplementary Data)

Declaration of Competing I nterest
The authors declare that they have no conflicht#rest.
Acknowledgments

This study was supported by grants from The Scientind Technological Research Council of Turkey
(TUBITAK, Project Number:116S300) and Ege University (BtojNumber: 14ECZ042). The authors thank also to
the Pharmaceutical Sciences Research Centre (FABALBge University, Faculty of Pharmacy for spectad
elemental analyses of the compounds.

Appendix A. Supplementary data

Supplementary data to this article can be founéherdt...

References

1. Ciechanover A. Proteolysis: From the Lysosome to Uikiilgand The Proteasome. Nat Rev Mol Cell Biol.
2005; 6: 79-87.

2. Hershko A, Heller H, Elias S, Ciechanover A. ComponaitdéJbiquitin-Protein Ligase System. J Biol
Chem. 1983; 258 (13): 8206-8214.

3. Ciechanover A, Heller H, Katz-Etzion R, Hershko A. Activatof The Heat-Stable Polypeptide of The
ATP-dependent Proteolytic System. Proc Natl AcadBS8iA. 1981; 78(2): 761-765.

4. Gilardini A, Marmiroli P, Cavaletti G. Proteasome Ipition: A Promising Strategy for Treating Canceut b
What About Neurotoxicity? Curr Med Chem. 2008; 1523@3035.

5. Orlowski M, Wilk S. Catalytic Activities of the 20 S®easome, A Multicatalytic Proteinase Complex. Arch
of Biochem Biophys, 2000; 383(1): 1-16.

6. Unno M, Mizushima T, Morimoto Y, Tomisugi Y, Tanaka Kasuoka N. The structure of the mammalian

20S proteasome at 2.75 A resolution. Structure. 2002609-618.

Adams J. The Proteasome: Structure, Function, afelIR¢he Cell. Cancer Treat Rev. 2003; 29(1): 3-9.

8. Myung J, Kim KB, Crews CM. The ubiquitin-proteasopathway and proteasome inhibitors. Med Res Rev.
2001; 21(4): 245-273.

N



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gaczynska M, Osmulski PA. Inhibitor at the Gates, Iitbibin the Chamber: Allosteric and Competitive
Inhibitors of the Proteasome as Prospective Drugs: ed Chem — Immunol Endocr Metab Agents. 2002;
2: 279-301.

Jankowska E, Stoj J, Karpowicz P, Osmulski PA, Gaczyik@ihe proteasome in health and disease. Curr
Pharm Des. 2013; 19: 1010-1028.

Zhang W, Sidhu SS. Development of Inhibitors in Wigquitination Cascade, FEBS Lett. 2014; 588(2):
356-367.

Crawford LJ, Walker B, Irvine AE. Proteasome Inhibitin Cancer Therapy. J Cell Commun Signal. 2011;
5:101-110.

Groll M, Huber R. Inhibitors of The Eukaryotic 20SoRrasome Core Particle: A Structural Approach.
Biochim Biophys Acta. 2004; 1695: 33-44.

Moore BS, Eustaquio AS., McGlinchey RP. Advances id applications of proteasome inhibitors. Curr
Opin Chem Biol, 2008; 12: 434-440.

Tan X, Osmulski PA, Gaczynska M. Allosteric Regulatdrshe Proteasome: Potential Drugs and A Novel
Approach for Drug Design. Curr Med Chem, 2006; 13:-165.

Tsukamoto S, Yokosawa H. Targeting the ProteasomevBgttExpert Opin Ther Tar. 2009; 3(5): 605-621.
Guedes RA, Serra P, Salvador JAR, Guedes RC. Commahtpproaches for the discovery of human
proteasome inhibitors: An overview. Molecules. 20A85(927): 1-27.

Carmony K, Lee W, Kim KB. High-Resolution Snapshofs Rsoteasome Inhibitors in Action Revise
Inhibition Paradigms and Inspire Next-Generatioribitbr Design. Chem Bio Chem. 2016; 17: 2115-2117.
Gozzetti A, Papini G, Candi V, Brambilla CZ, Siriannj Bocchian M. Second Generation Proteasome
Inhibitors in Multiple Myeloma. 2017; 17(7): 92082

Basse N, Montes M, Maréchal X, Qin L, Bouvier-Durand@#&nin E. Novel organic proteasome inhibitors
identified by virtual and in vitro screening. J MEtlem. 2010; 53(1): 509-513.

Kaffy J, Bernadat G, Ongeri S. Non-Covalent Proteasimtmibitors. Cur Pharm Des, 2013; 19, 4115-4130.
Guédat P, Colland F. Patented Small Molecule Inbiibitin the Ubiquitin Proteasome System. BMC
Biochem. 2007; 8: 14.

Blackburn C, Gigstad KM, Hales P, Garcia K, Jones MizBese FJ, Barrett C, Liu JX, Soucy TA, Sappal
DS, Bump N, Olhava EJ, Fleming P, Dick L R, Tsu @tchak MD, Blank JL. Characterization of A New
Series of Non-covalent Proteasome Inhibitors witlyuisite Potency and Selectivity for the 28&subunit.
Biochem J, 2010; 430: 461-476.

Bordessa A, Keita M, Maréchal X, Formicola L, Lagaid, Rodrigo J, Bernadat G, Bauvais C, Soulier JL,
Dufau L, Milcent T, Crousse B, Reboud-Ravaux M, Onger a- and - Hydrazino Acid-based
Pseudopeptides Inhibit The Chymotrypsin-like Actividf The Eukaryotic 20S Proteasome”, Eur J Med
Chem. 2013; 70: 505-524.

Maréchal X, Genin E, Qin L, Sperandio O, Montes M, Bass, Richy N, Miteva MA, Reboud-Ravaux M,
Vidal J, Villoutreix BO. 1,2,4-Oxadiazoles Identifiegt Wirtual Screening and their Non-Covalent Inhibition
of the Human 20S Proteasome. Curr Med Chem, 20123581-2362.

Scarbaci K, Troiano V, Micale N, Ettari R, Tamborlgi Giovanni CD, Cerchia C, Grasso S, Novellino E,
Schirmeister T, Lavecchia A, Zappala M. Identifioatiof a New Series of Amides as Non-covalent
Proteasome Inhibitors. Eur 3 Med Chem. 2014; 76:1-9

Kazi A, Lawrence H, Guida WC, McLaughin ML, SprtgGM, Berndt N, Yip RM, Sebti SM.
Discovery of A Novel Proteasome Inhibitor Selectiee Cancer Cells over Non-transformed Cells, Cell
Cycle, 2009; 8 (12): 1940-1951.

Lawrence HR, Kazi A, Luo Y, Kendig R, Ge Y, Jain S, DarielSantiago D, Guida WC, Sebti SM.
Synthesis and Biological Evaluation of Naphthoquad@malogs as A Novel Class of Proteasome Inhibitors.
Bioorg Med Chem. 2010; 18: 5576-5592.

Xu K, Xiao Z, Tang YB, Huang Li, Chen CH, Ohkoshi E, Ligd. Design and Synthesis of Naphthoquinone
Derivatives as Anti-proliferative Agents and 20S Pasteme Inhibitors. Bioorg Med Chem Lett. 2012; 22:
2772-2774.

Barbosa MLDC, Lima LM, Tesch R, Sant’Anna CMR, TatZk, Kubbutat MHG. Novel 2-chloro-4-anilino-
quinazoline derivatives as EGFR and VEGFR-2 duabitdris. Eur J Med Chem. 2014; 71: 1-14.

Yu S, Zhang L, Yan S, Wang P, Sanchez T, Christ Robién-containing polyhydroxylated aromatics as
HIV-1 integrase inhibitors: synthesis, structuréaty relationship analysis, and biological actiui J
Enzyme Inhib Med Chem. 2012; 27(5): 628-640.

Mital A, Sonawane M, Bindal S, Mahlavat S, Negi V. Sitbted 1,4-naphthoquinones as a new class of
antimycobacterial agents. Der Pharma Chem. 201(; @8373.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47,

48.
49,

Lima LM, Castro P, Machado AL, Fraga CAM, Lugnier Dg Moraes VLG. Synthesis and anti-
inflammatory activity of phthalimide derivativesesigned as new thalidomide analogues. Bioorg Med
Chem. 2002; 10: 3067-3073.

Uysal S, Cak U, Soyer Z. Synthesis and Anticonvulsant Activity 8bme 2/3-Benzoylaminopropionanilide
Derivatives. Arzneim-Forsch Drug Res. 2012; 62(6):-308.

Pingaew R, Prachayasittikul V, Worachartcheewan A, Nam@mat C, Prachayasittikul S, Ruchirawat S,
Prachayasittikul V.Novel 1,4-naphthoquinone-based sulfonamides: Syisth€3SAR, anticancer and
antimalarial studies. Eur J Med Chem. 2015; 1034139.

Borissenko L, Groll M. 20S protasome and its inlutst crystallographic knowledge for drug development
Chem Rev. 2007; 107(3): 687-717.

Karademir B, Sari G, Jannuzzi AT, Musunuri S, WickgrGrune T, Mi J, Hacioglu-Bay H, Forsberg-
Nilsson K, Bergquist J, Jung T. “Proteomic approfarhunderstanding milder neurotoxicity of Carflzdmi
against Bortezomib”, Scientific Reports, 2018; &18): 1-13.

Molecular Operating Environment (MOE), 2013.08; CheahiComputing Group ULC, 1010 Sherbooke St.
West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2018

Jones G, Willett P, Glen RC. Molecular recognitionre€eptor sites using a genetic algorithm with a
description of desolvation. J Mol Biol. 1995; 2413-53.

Jones G, Willett P, Glen RC, Leach AR, Taylor R. Depeient and validation of a genetic algorithm for
flexible docking. J Mol Biol. 1997; 267: 727-748.

Case DA, Darden TA, Cheatham TE, Simmerling CL, WanBuke RE, Luo R, Walker RC, Zhang W,
Merz KM, Roberts B, Hayik S, Roitberg A, Seabra G, SwajlGoetz AW, Kolosavy |, Wong KF, Paesani
F, Vanicek J, Wolf RM, Liu J, Wu X, Brozell SR, Stbiecher T, Gohlke H, Cai Q, Ye X, Wang J, Hsieh M.
J, Cui G, Roe DR, Mathews DH, Seetin MG, Salomon-Fd&rreBagui C, Babin V, Luchko T, Gusarov S,
Kovalenko A, Kollman PA. Amber 12, University of Califiia, San Francisco. 2012.

Jakalian A, Bush BL, Jack DB, Bayly Cl. Fast, effitigeneration of high-quality atomic charges. AM1-
BCC model: I. Method. J Comput Chem. 2000; 21: 138-

Hornak V, Abel R, Okur A, Strockbine B, Roitberg A, Sintiimgy C. Comparison of multiple Amber force
fields and development of improved protein backbpaeameters. Proteins. 2006; 65: 712-725.

Wang J, Wolf RM, Caldwel, JW, Kollman PA, Case DA. Depshent and testing of a general amber force
field. J Comput Chem. 2004; 25: 1157-1174.

Jorgensen WL, Chandrasekhar J, Madura JD. Compasfssimple potential functions for simulating ligui
water. J Chem Phys. 1983; 79: 926-935.

Essmann U, Petera L, Berkowitz ML, Darden T, Lee H,ePsh LG.A smooth particle mesh Ewald
method. J Chem Phys. 1995; 103(19): 8577-8593.

Miyamoto S, Kollmann PA. Settle: An analytical versiof the SHAKE and RATTLE algorithm for rigid
water models. J Comput Chem. 1992; 13: 952-962.

Humphrey W, Dalke A, Schulten K. VMD: Visual Molecular itgmics. J Mol Graph. 1996; 14(1): 33-38.
Turner PJ. XMGRACE, Version 5.1.19. Center for Coaatad Land-Margin Research, Oregon Graduate
Institute of Science and Technology, Beaverton, 2IR5.



Tables1, 2 and 3

Table 1. Invitro antiproliferative activity of final compounds agai MCF-7 cell line.

Compound No 1G(UM)? Compound No 165(uM) @
1 2.43+0.11 18 15.4 £5.25
2 5.38+1.16 19 2.61+0.2
3 2.20+0.14 20 14.43+3.29
4 3.99+0.35 21 16.15+2.53
5 2.17+0.19 22 16.57+2.71
6 2.84+0.13 23 4.52+0.78
7 2.56+0.37 24 4.80+0.11
8 2.10+0.31 25 6.04+0.26
9 3.37+0.48 26 20.80+0.5
10 3.32+0.45 27 4.32+0.4
11 1.91+0.13 28 1.72+0.14
12 2.11+0.15 29 4.16+0.4
13 1.79+0.21 30 6.19+0.1
14 4.43+0.31 31 3.84+0.27
15 4.65+0.63 32 2.44+0.19
16 4.23+0.59 33 10.15+0.12
17 1.84+0.18
P1-083 1.96+0.14 Doxor ubicin 0.93+0.06

*The G values are shown as an average of three indepedel@nminations.



Table 2. 20S proteasomib, f1 andB2 subunits inhibition of final compounds

Compound No Inhibition % (10M)?
ChT-L(B5) activity C-L B1) activity T-L(2) activity

1 17.36 13.88 21.08
2 20.01 115 17.12
3 19.98 12.01 22.66
4 17.31 14.25 21.27
5 23.51 7.44 19.38
6 26.03 14.13 22.70
7 3.25 1.21 6.29
8 28.83 14.20 24.54
9 22.17 10.02 23.81
10 18.44 15.40 21.16
11 14.76 9.01 12.96
12 11.70 3.35 7.26
13 10.06 n.i. 11.56
14 42.31 28.89 35.02
15 22.41 11.17 22.08
16 24.82 15.44 20.96
17 10.79 16.17 2.76
18 4.03 10.72 3.19
19 17.24 9.94 n.i.
20 14.61 15.06 3.39
21 35.34 22.77 30.52
22 21.64 11.71 27.55
23 15.85 n.i. 1.55
24 16.92 16.71 4.41
25 16.28 1.20 n.i.
26 8.96 7.87 2.43
27 11.41 9.52 n.i.
28 16.65 8.37 n.i.
29 22.01 7.42 n.i.
30 19.40 8.55 n.i.
31 19.65 3.59 n.i.
32 22.29 7.76 7.11
33 18.89 8.36 6.55

P1-083 36.76 18.81 29.59

MG132 38.23 18.39 51.42

#The values reported are the average of three imdgpe determinations; n.i.: no inhibition



Table 3. ICsq values of compounds 14, 21 and PI-083 for antgasbmal activity

Compound No ICs0 (UM)°
ChT-L(35) activity C-L 1) activity T-L(@2) activity
14 9.90+0.61 44.83+4.23 22.27+0.15
21 33.14+0.29 >50 >50
P1-083 12.47+0.21 53.12+2.56 26.37+0.5

#The values reported are the mean+SEM of three ettt experiments.
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Figure 1. Chemical structures of FDA-approved proteasome inhibitors

O o o
Cor, O Cr
NH NH NH
) ?ﬁ'@ <>
O\\ -
S\‘ H-bond sulfonamide/
HN/ © > acceptor —_— carboxamide

Z "N
| carbocyclic/
A tailing heterocyclic
ring

(@) (b) ()

Figure 2. () Structure of PI-083 lead compound (b) General schematic structure of proteasome inhibitors bearing 1,4-naphthoquinone
pharmacophoaric unit (c) General structure of the designed compounds
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Figure 3. Evaluation of the expression level of 20S proteasome subunit B5 which is related to ChT-L activity (A) and accumulation of K-48
linked polyubiquitinated proteins (B). MCF-7 cells were treated with compound 14 and PI-083 at their 1Cs, concentrations for 12 h (A, B). 20S
proteasome subunit B5 protein level and K48-linked polyubiquitinated proteins were detected by immunoblotting with the antibody against 5 and
K48 linkage Specific Polyubiquitin, respectively. B-actin was used as loading control. MG-132, well known proteasome inhibitor was used at 10
UM as positive control. The experiments were repeated three times independently; with one representative result shown.
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Figure 4. Proposed binding poses of compound 14 in the active gorge of (A) p1 subunit (B) 2 subunit and (C) 5 subunit of human 20S

proteasome. (Compound 14 is colored as pink sticks while the involved residues are named using three letters code and colored as dark gray
sticks)
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Schemes1 and 2

NHCOCH- NHCOCH3 1) R=2-§thylphenylamino )
(2) R=2-isopropylphenylamino
(3) R=3,5-dimethoxyphenylamino
(4) R=2-nitrophenylamino
(5) R=3-nitrophenylamino
(6) R=4-nitrophenylamino
(7) R=2-chlorophenylamino
o= S o (8) R=3-chlorophenylamino
CI R (9) R=4-bromophenylamino

(10) R=1-naphthylamino
(11) R=3-methyl-2-pyridylamino
0=S=0 (12) R=4-methyl-2-pyridylamino
| (13) R=5-methyl-2-pyridylamino
R (14) R=5-chloro-2-pyridylamino
(15) R=2-chloro-3-pyridylamino
(16) R=4-methyl-2-thiazolylamino
(17) R=4-morpholino
(P1-083) R=2-pyridylamino

a) Chlorosulfonic acid b) Pyridine, R: appropriate amines; 5 M NaOH, MeOH; 2 M HCI c) 95% EtOH, 2,3-dichloro-1,4-naphthoquinone

Scheme 1. Synthesis of compounds 1-17

(18) R=Phenylamino

Cl (20) R=3-methylphenylamino
(21) R=4-nitrophenylamino
(22) R=3-chlorophenylamino

NH (23) R=4-chlorophenylamino

0 (24) R=1-naphthyla_mino

(0] 0o (32) R=4-methyl-2-thiazolylamino

cl cl (33) R=5-methyl-3-isoxazolylamino

O = Q) "
R™ S0
N

Cl H

o) O

b (25) R=3-pyridylamino
o / (27) R=3-methyl-2-pyridylamino
\C\

Cl
‘ (19) R=2-isopropylphenylamino

NH (26) R=4-pyridylamino
o) (28) R=4-methyl-2-pyridylamino
(29) R=5-methyl-2-pyridylamino
(30) R=5-chloro-2-pyridylamino
(31) R=2-thiazolylamino

a) 95% EtOH, 4-aminobenzoic acid b) SOCIl,; DCM, R: appropriate amines c) THF, NMM, IBCF, R:appropriate amines

Scheme 2. Synthesis of compounds 18-33



Highlights

A series of novel 4-aminobenzensulfonamide/carbadamerivatives were explored as proteasome irdribit

Compoundl4 inhibited ChT-L (1G;=9.90 puM), C-L (1Gy=44.83 uM) and T-L (I6p= 22.27 uM) activities of
proteasome.

All of the compounds exhibited good antiprolifevatiactivity in a range of I§= 1.72- 20.8 uM.

The binding mechanism of compouidiwas carried out with docking studies.
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