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Abstract

Tyrosyl-DNA phosphodiesterase 2 (TDP2) is a regediscovered enzyme specifically repairing topoiscase |l
(TOP2)-mediated DNA damage. It has been shownitihébition of TDP2 synergize with TOP2 inhibitorderein,
we report the discovery of the furoquinolinedioemotype as a suitable skeleton for the developwwfeselective
TDP2 inhibitors. Compound was identified as a TDP2 inhibitor as a resulsafeening our in-house compound
library for compounds selective for TDP2 vs. TDPrther SAR studies provide several selective TibRbitors at
low-micromolar range. The most potent compoidddshows inhibitory activity with 16, of 1.9 and 2.1 uM against
recombinant TDP2 and TDP2 in whole cell extractC@y, respectively.
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1. Introduction

Tyrosyl-DNA phosphodiesterase 2 (TDP2) is a regemtiscovered DNA repair enzyme that catalytically
hydrolyzes phosphotyrosyl bonds between a DNA Bsphate and a protein tyrosine residue [1, 2]. 8laee several
TDP2 single crystallographic analyses reported][3sBiich show that TDP2 catalytic residues in theyne active
site indirectly hydrolyze the 5'-phosphotyrosyl Han one-step with the coordination of divalent ahg®, 7]. In
eukaryotic cells, 5'-phosphotyrosyl protein-DNA derare mainly derived from abortive topoisomerdsd OP2)-
DNA cleavage complexes (TOP2cc) [8-10], which cantfapped by a broad range of exogenous factots asic
TOP2 poisons [8], DNA intercalators [11], cytosiaebinoside [12], ultimately resulting in doubleastded DNA
breaks, and subsequently 5'-tyrosyl-DNA adductehSadducts are the substrates of TDP2, which fonstas a
DNA repair enzyme that excises TOP2-DNA covalemngiexes resulting from stalled TOP2cc [13, 14]. Hig
expression of TDP2 results in resistance to etojgo§i], a widely used anticancer TOP2 poison [8, 1.
Conversely, TDP2-deletion or knockdown in cell @mimal model leads to hypersensitivity to etoposidelevated
levels of TOP2-mediated DNA damage [1, 17-20]. TOR3 also been identified as the VPg unlinkase raazy
which is required for the replication of picornamses that infect human and livestock worldwide laasgl been shown
to be involved for hepatitis virus replication [2Z12]. Hence, TDP2 inhibitors have the potentiab¢éodeveloped also
as novel antiviral drugs.

The increasing interest in elucidation the celldlarctions of TDP2 and its suitability as drug &tr§R, 23, 24]
prompted the discovery of TDP2 inhibitors. To dately a few of TDP2 inhibitor chemotypes have beeported,
including toxoflavins, deazaflavins, isoquinolingdiones NSC37596, 5,7-diaminoquinoline-2,8-dione
(NSC111041), NSC114532, NSC3198 and 7-azaindengiisolqnes (Figure 1) [19, 24-28]. It was shown that
deazaflavin TDP2 inhibitors synergize with the TAORZibitor etoposide at otherwise non-toxic concatitins [28].
Therefore, there is strong need to discover an@ldpvIDP2 inhibitors as potential anticancer antivaal drugs,
and probes to elucidate the molecular and celfulaction of TDP2.

In this study, we report the discovery, synthesis structure-activity relationship (SAR) of furogualinediones as

an alternative scaffold of TDP2 inhibitor.

2. Results and Discussion
2.1. Hit Identification

In an effort to discover new chemotypes of TDP2hitbrs, an in-house chemical library was screeagdinst
TDP2 using a single-stranded oligonucleotide TYdBssrate containing 5'-phosphotyrosyl group (Figedé [7]. A
furoquinolinedione derivativel (Figure 1) was found to inhibit recombinant hum@bP2 with an IG, (the
concentration of compound that inhibits 50% of eneyactivity) value of 11 puM (Figure 2B and 2E). laly,
compoundl did not inhibit TDP1 (a counter enzyme charactatias hydrolyzing a DNA 3'-phosphotyrosyl bond) [2,
10, 29] at concentrations up to 111 uM (Figure 2D)vhich assay a single-stranded oligonucleotidd Wsubstrate
containing 3'-phosphotyrosyl group was used (Fi@uie[30]. The inhibitory activity of compountl against human
TDP2 was also tested in whole cell extracts (TDR2B)N[28] and showed thatremained potent with Kg value of



22 uM (Figure 2C and 2E). The retention of the TD#2bitory potency in the WCE context shows that not
sequestered by binding to other cellular componpaniplying that1l binds specifically to TDP2. To study the
selectivity to TDP2, compoundl was screened against TOP2 and topoisomerase IRI)T®y using relaxation
assays, which indicated thhdid not inhibit TOP1 and TOP2 relaxing activity2& uM concentration (Figure 4). In
addition, TOP1-mediated DNA cleavage assay indic#tat compound. is unable to induce the formation of the
covalent complex of TOP1 and DNA at up to 300 (Figure 2S, Supporting Information), not a TORispn [31].
These results indicate that furoquinolinedioneseagsgnt a suitable chemotype for novel selective ZDiRibitors.
Therefore, we undertook a systematic exploratiothefSAR furoquinolinedione chemotype by probinglags ofl:

1) by modifying the ethoxy carbonyl group at pasiti3; and 2) by converting the furan ring into déee5-member

cycles including pyrrole, isoxazole and pyrazole.

2.2. Chemistry

The synthesis of designed furoquinolinedione anssgds outlined in Schemes 1-8. Furoquinolinedimm&ogues
1-6 could be synthesized in a one-pot reaction as shiovBcheme 1 [32]. The reaction of 6,7-dichlorogline-5,8-
dione with active methylene agent (AMR), such as$yletacetoacetate, acetylacetone and dimethyl (2-
oxopropyl)phosphonate, gave two furoquinolinedipneducts,N,O-antiisomer and\,O-synisomer. The structures
of isomersl and2 were characterized with HRMS, 1D and 2D NMR spettopy. The structure df was further
confirmed with X-ray single crystal analysis (Sugp@ Information, Figure 1S). The structural machtion of the
ester at position 3 of compountiand2 is shown in Schemes 2-6. Compoutdmd2 were hydrolyzed with agueous
sodium carbonate in isopropanol to give the coordmg carboxylic acidg and66, respectively. Treatment of acids
7 or 66 with thionyl chloride followed by amidation or esfication afforded the target amid@g2 (Scheme 2, Table
2), 67 and68 (Scheme 6), estel8-55 (Scheme 2, Table 2), agd (Scheme 6). The reaction of bromide analogie
with pyridine derivatives gave the pyridinium argles56 and57 (Scheme 3). Boc-protecting group 5#-53 was
removed by treatment with trifluoroacetic acid lieadto oxazole derivativé8 and anilines9 and60 (Scheme 4).
The alkyness4 and 55 were introduced into "click" reaction with varioadkyl azides to prepare triazol€§-64
(Scheme 5) [33]. In addition, 3-methyl analogiieé (Figure 4) was synthesized according to Cherkaweihod
(Supporting Information, Scheme S1) [34].

To assess the role of furan ring for TDP2 inhiljitpotency, analogue&-76 were designed as shown in Schemes
7 and 8. Thé\N,N-synpyrroloquinolinedion&0 (Scheme 7) was obtained from the reaction of TAoiquinoline-5,8-
dione with ethyl 3-aminocrotonate under Mn(OAcatalysis in a low yield (10%). Unfortunatel,N-anti product
71 was not obtained in sufficient quantities to allot8 evaluation as an inhibitor. The reaction of/-6,
dichloroquinoline-5,8-dione with ethyl acetoacetatel followed by treatment with methylamine maiglgve the
N,N-synpyrroloquinolinedione derivativé2. As shown in Scheme 8, the reaction of 6,7-dicddainoline-5,8-dione

with ethyl nitroacetate gave two isomé&and74 with isoxazole at C ring. Two synthetic pathwagatbway a and



b) were investigated, and unfortunately gave thgetasomers in low yields (2-11%). The pyrazolalagues/5 and

76 were obtained from the reaction of quinoline-5i@e with ethyl diazoacetate (Scheme 8).

2.3. TDP2 and TDP1 inhibition

All prepared compounds were tested at six or digtete-fold dilution concentrations from 111 pM td® pM or
0.051 puM against recombinant TDP2 and TDP1. Forctirapounds with high TDP2 inhibitory activity, artter
assay against TDP2 whole cell extracts (WCE) waslected to determine their potency against natD®a enzyme
in the presence of abundant cellular proteins. ihh#itory results are summarized in Tables 1-3 ergressed as
ICso value. Most compounds were selective against TRB2hey did not show significant inhibition agaimBP1 at
the highest concentration tested of 111 uM. Onipmpounds39 (TDP1 IG, 48 M) and48 (TDP1 1Gy 38 uM)
showed moderate TDP1 inhibitory potency.

Based on the TDP2 inhibition results, it could txserved that the ester functionality is preferrgdraamide or
methyl groups at position 37, >111 uM), either of which abolished TDP2 inhibjt@ctivity in otherwise similarly
substituted derivatives. For example, in ester/ap@iis 1 (ICso = 11 uM)B (inactive, i.e. 1G >111 uM),2 (43
HM)/67 (>111 uM),27 (18 pM)P (>111 pM),29 (7.6 pM)A0 (>111 pM) and32 (14 uM)A2 (>111 pM), the activity
of ester analogues was abolished by changing taearuinctionality (Tables 1-3). These findings pointt the
important role played by the neutral ester fundalidy in the activity of the furoquinolinedione sk as TDP2
inhibitors. Furthermore, the furoquinolinedioneeeras esterified to a number of different groupth ladiphatic and
aromatic (Table 2 and 33-65). The phosphorylethyl ested (TDP2 IG, = 9.0 uM) showed a slightly increased
TDP2 inhibition. The phenyl este?9 (TDP2 I1Gy = 7.6 uM and WCE I = 6.6 uM),33 (11 and 7.5 uM)63 (8.1
and 8.3 uM) and pyridinyl estéd (8.8 and 7.7 uM) showed increased inhibition agjddoth recombinant TDP2 and
TDP2 WCE. These results show that steric bulk lsrébed with respect to inhibitory properties. Oesghat, a few
analogues were found to be adversely affected éyritnoduction of larger conjugated aromatic groueaphthyl
40, benzoylphenyH6, 3,4-methylenedioxyphenyl9, as these derivatives were determined to be ireactfarious
functionality at the end of the conjugated groulesteon-donating (e.29, 30) and —withdrawing (e.g35, 36, 39)
substituents of the aryl analogues as well as afdfjeand acid §4) derivatives are tolerated.

The furan ring modified analogues revealed the mamze of the oxygen present in the parkrind2 for the
TDP2 inhibitory activity. Conversion of furan to pgle 70, N-methyl pyrrole72 or diazoles75 and 76 rendered
compounds inactive. Isoxazol@8 (TDP2 3.3 and WCE 3.1 uM) and@t (1.9 and 2.1 uM) gained an improved
inhibitory activity for both recombinant TDP2 andGE, resulting in the two most potent analoguehé deries to
date. The representative gels of TDP2 inhibitienshown in Figure 3A. The deazaflavin SV-163 (Fégl)y was used
as the positive control [24]. The tested compoustuswy full inhibition at the highest concentratidrl{ pM) and
progressive dose-response (Figure 3A). Conversay, do not inhibit TDP1 up to 1314M concentration (Figure 3B),

in which the indenoisoquinoline AM-8-3 (Figure 4asvused as a positive control [35].



To study the selectivity of the two most potent ponnds73 and 74, TOP1-mediated cleavage assay and
relaxation assay and TOP2-medaited relaxation assasg performed and indicated that compourgiand74 do not
have inhibitory potency to TOP1 and TOP2 (Figuredal Figure 2S, Supporting Information). Compouddvas
also tested using TOP2-mediated in vivo complesrafyme (ICE) assay (Figure 5B), which indicafdds unable to
induce the formation of TOP2cc at concentratiortaipO M concentration. These results imply they are selec
inhibitors of TDP2.

2.4. Molecular Modeling

In order to obtain a molecular view of TDP2 inhiduit by furoquinolinediones, we build a hypothetiGahding
model using in-silico docking. In the absence @& Human TDP2 (hTDP2) molecular structure, we hampleyed
homology modeling and constructed a hTDP2 strucusimg mouse TDP2 (mTDP2) as a template [4]. The
assumption of mTDP2 suitability as a homology mimdekemplate is born out of our observation thatDR2
enzymatic performance and responsiveness to inhsbiian be made to mimic that of hTDP2 with few keytations
in the relative proximity of the catalytic site [28

The docking of the furoquinolinediondsand?2 as well as their derivatives isoxazol&® and 74 into hTDP2
structure gave a theoretical insight into the bigdmode of these inhibitors. According to the moaofeV3-TDP2
(Figure 6), the polycyclic core of3 is arranged along the DNA binding region and foqpegar contacts to the
guanidinium group of Arg266 and the backbone am\tieof Thr230 (Figure 6B). The hypothetical bindimgpde is
in general agreement with the empirical SAR obggri¥fée formation of the contact between furan/izoia oxygen
atom and Arg266 highlights the importance of thdrbgen bond acceptor in that position; the replacenof this
oxygen with pyrazole NH o75 and 76 abolishes TDP2 inhibitory activity. The DNA bingircleft of TDP2 in the
proximity of the active site provides tight fit félhe polycyclic pharmacophore of furoquinolinedisr{€igure 6A).
The ester group of3 points toward solvent-accessible space of the tmmpimilar to the direction of TDP2-bound
DNA in mTDP2 complex, further validating the propdshinding mode (Figure 6C).

3. Conclusions

The furoquinolinedione scaffold was discovered asiozel chemotype for TDP2 inhibitors. Following the
identification of1 as TDP2 inhibitor, the SAR of furoquinolinedioneas explored through a series of analogues
designed to probe the potential substitutions atitipm 3 and alterations of the furan ring motifieTresults of this
exploration show that the presence of oxygen aitipnsl are critical for TDP2 inhibitory potencyufhermore, the
ester functionality at position 3 is preferred, antbulk substituent at position 3 is tolerated witkpect to TDP2
inhibitory potency. The exploration of furoquinatitione core analogues led to discovery of the mmraanalogues
73/74 which show the highest TDP2 inhibitory potencyttad entire series with Kgof 3.3/1.9 and 3.1/2.1 uM against
TDP2 and TDP2 WCE, respectively, and no activitpiagt TDP1, TOP1 or TOP2, indicating its selecfivin
summary, this report describes a new class of TiDRibitors and provides systematic SAR exploratiprgviding

ground for further development of furoquinolinedisras TDP2 inhibitors as potential anticancer amigieal agents.



4. Methods and Materials
4.1. General Experiments

The major chemical reagents for synthesis werehased from Alfa Aesar, Sigma Aldrich Co. or Alad&aagent
Database Inc (Shanghai), and were used withoutdugurification unless otherwise indicated. Theamals, such as
quinoline-5,8-diones, 6,7-dichloroquinoline-5,84k0 and 7-bromoquinoline-5,8-dione were prepared our
laboratory according to the reported methods [3§, Ghemical reaction courses were monitored higasijel Ghs,
thin layer chromatography. Melting points were deieed in open capillary tubes on a MPA100 Optimelt
Automated Melting Point System without being coteelc Nuclear magnetic resonance spectra were retamd a
Bruker AVANCE Ill 400 MHz spectrometer using tetratiylsilane as an internal reference. Mass speotra
analyzed on an Agilent 6120 (Quadrupole LC-MS) msgsctrometer. The high-resolution mass spectrae wer
analyzed on an SHIMADZU LCMS-IT-TOF mass spectr@nefll compounds tested for biological activitieere
analyzed by HPLC and their purities were more ©&#b.

4.2. General procedures for the synthesis of fuirta|inedionesl-6

To a solution of 6,7-dichloroquinoline-5,8-dione4® g, 2 mmoal) in acetonitrile (30 mL),,&O; (1.10 g) and
active methylene reagents (2.2 mmol) were added.yEiow reaction solution was stirred and heateden reflux
for 3-6 h and cooled to room temperature. The swlveas evaporated under reduced pressure. Theueesids

purified by silica gel column chromatography toggitheN,O-antiandN,O-synisomers, respectively.

4.2.1. Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofuro[2)Rjuinoline-3-carboxylatel)

Yellow solid, yield 9%, mp = 173.6-178°C. '"H NMR (CDCL) 6 9.06 (d,J = 4.0 Hz, 1H), 8.54 (d] = 7.6 Hz,
1H), 7.70 (dd)]) = 7.6, 4.7 Hz, 1H), 4.44 (d,= 6.7 Hz, 2H), 2.76 (s, 3H), 1.48 Jt= 7.2 Hz, 3H)*C NMR (CDCk)
0 175.4, 171.3, 164.4, 161.0, 153.4, 149.5, 14838.6], 127.6, 127.3, 126.3, 113.0, 60.7, 13.0. HRHSI) m/z
284.0551 [M - H], calcd for GsH;gNOs 284.0564. The structure of compouhdvas confirmed with 2D NMR

spectra and X-ray single crystal analysis.

4.2.2. Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofuro[3jRjuinoline-3-carboxylate?)

Yellow solid, yield 11%, mp = 173.5-178°. 'H NMR (CDCk) 6 9.04 (d,J = 4.8 Hz, 1H), 8.54 (d) = 8.0 Hz,
1H), 7.67 (dd] = 7.6, 4.7 Hz, 1H), 4.46 (d,= 7.1 Hz, 2H), 2.76 (s, 3H), 1.46 {t= 6.7 Hz, 3H)>*C NMR (CDCh)
0177.2,171.5, 165.4, 161.6, 154.2, 151.6, 14B5,4 130.7, 128.0, 127.6, 113.7, 61.6, 14.3, MRMS (ESI)m/z
284.0574 [M - HJ, calcd for GsH10NO5284.0564. The structure of compoudidias confirmed with 2D NMR spectra.

4.2.3. 3-Acetyl-2-methylfuro[2,3-g]quinoline-4,%de @)



Yellow solid, yield 5%, mp = 219.5-220°C. *H NMR (CDCk) 6 9.07 (d,J = 4.5 Hz, 1H), 8.55 (dd] = 7.8, 1.2
Hz, 1H), 7.73 (ddJ = 7.8, 4.7 Hz, 1H), 2.81 (s, 3H), 2.70 (s, 3HE NMR (CDCE) § 195.3, 178.3, 172.3, 165.0,
154.4, 150.1, 148.9, 134.7, 128.5, 127.9, 127.6,2131.9, 14.4. HRMS (ESH/z 256.0613 [M + H], calcd for
C14H10NO, 256.0604.

4.2.4. 3-Acetyl-2-methylfuro[3,2-g]quinoline-4,%de @)

Yellow solid, yield 10%, mp = 219.0-220°C. 'H NMR (CDCk) ¢ 9.07 (ddJ = 4.7, 1.7 Hz, 1H), 8.54 (dd,= 7.9,
1.7 Hz, 1H), 7.73 (dd] = 7.9, 4.7 Hz, 1H), 2.79 (s, 3H), 2.70 (s, 3HE NMR (CDCE) 6 195.1, 179.0, 171.5, 165.1,
154.6, 151.1, 147.6, 135.4, 130.4, 127.7, 127.0,9231.9, 14.5. HRMS (ESH/z 256.0593 [M + H], calcd for
C14H10NO, 256.0604.

4.2.5. Dimethyl-(2-methyl-4,9-dioxo-4,9-dihydrofi2@-g]quinolin-3-yl)phosphonates]

Yellow solid, yield 9%, mp = 183.4-183°€. '"H NMR (CDClL) 6 9.06 (d,J = 3.6 Hz, 1H), 8.55 (dJ = 7.8 Hz,
1H), 7.73 (ddJ = 7.7, 4.7 Hz, 1H), 3.95 (s, 3H), 3.92 (s, 3HBR(s, 3H)*C NMR (CDC}) § 177.0, 172.2, 169.3,
169.0, 154.4, 151.4, 151.3, 148.7, 134.8, 131.2,11328.6, 127.5, 108.2, 106.1, 53.6, 53.6, 14FRMS (ESI)m/z
322.0473 [M + HJ, calcd for GsH13NOgP 322.0475. The structure of compouBdvas confirmed with 2D NMR

spectra.

4.2.6. Dimethyl-(2-methyl-4,9-dioxo-4,9-dihydrofi,@-g]quinolin-3-yl)phosphonates)

Yellow solid, yield 10%, mp = 193.1-194°C. *H NMR (CDCk) ¢ 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.53 (dd,= 7.9,
1.7 Hz, 1H), 7.73 (dd] = 7.9, 4.7 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3HE(d,J = 2.0 Hz, 3H)*C NMR (CDC}) ¢
177.8, 171.3, 169.4, 169.1, 154.4, 152.4, 152.3,714135.3, 130.3, 130.2, 130.2, 127.6, 107.5,41053.4, 53.3,
14.5. HRMS (ESI)m/z 322.0485 [M + HJ, calcd for G4H13NOgP 322.0475. The structure of compouhiavas
confirmed with 2D NMR spectra.

4.3. Hydrolysis of compoundsand2

To a solution of compountlor 2 (4 mmol) in isopropanol (300 mL), a M20O; aqueous solution (2N, 30 mL) was
added. The mixture solution was stirred and heateter reflux for 30 min and cooled to room tempamat The
solvent was evaporated under reduced pressurecStrie was purified by silica gel column chromaapdy to give

the target compound or 66, respectively.

4.3.1. 2-Methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]quiline-3-carboxylic acid)
Yellow solid, yield 75%,"H NMR (CDCk) § 9.12 (dd,J = 4.7, 1.7 Hz, 1H), 8.59 (dd,= 7.9, 1.7 Hz, 1H), 7.82
(dd,J=7.9, 4.7 Hz, 1H), 2.93 (s, 3H). ESI-M8z 258.1 [M +HT.



4.3.2. 2-Methyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]quiine-3-carboxylic acidgt)

Yellow solid, yield 72%, mp = 176.9-177°8.'H NMR (DMSO)¢ 13.33 (s, 1H), 9.02 (d, = 3.3 Hz, 1H), 8.43 (d,
J=7.6 Hz, 1H), 7.89-7.83 (m, 1H), 2.68 (s, 3HC NMR (DMS0) 178.6, 171.6, 164.4, 163.1, 154.3, 152.1, 148.0,
135.2, 130.9, 128.3, 127.4, 114.0, 14.2. HRMS (B8%) 258.0409 [M + H], calcd for GsHgNOs 258.0397.

4.4. General procedures for the esterification oridation of compoundéand66

To a yellow solution of compound or 66 (1 mmol) in new distilled chloroform (80 mL), alstion of thionyl
chloride (1.5 mL) in new distilled chloroform (10Lnwas added dropwise. The mixture solution wasesti and
heated under reflux for 5 h and cooled to room trnapire. The solvent was evaporated under reduesdyre. The
yellow residue was dissolved in new distilled cbform (40 mL) and was added with a solution of DMAPRPL
mmol), EgN (1.2 mmol) and corresponding amines or alcohbl® fnmol) in new distilled chloroform (20 mL). The
reaction mixture was stirred and heated under xefitm 5 h and cooled to room temperature. The sulweas
evaporated under reduced pressure. The residupwified by silica gel column chromatography toegithe amide

or ester targets, respectively.

4.4.1. N-Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofurd§j]quinoline-3-carboxamidesf

Yellow solid, yield 55%, mp = 237.6-238&."H NMR (CDCk) § 9.52 (s, 1H), 9.08 (dl = 3.3 Hz, 1H), 8.56 (d,
J=7.4Hz, 1H), 7.76 (ddl = 7.7, 4.7 Hz, 1H), 3.50 (quinl,= 6.4 Hz, 2H), 2.93 (s, 3H), 1.34 §t= 7.2 Hz, 3H)*C
NMR (CDCl) ¢ 181.0, 171.9, 167.3, 160.7, 154.5, 150.5, 14838,8, 128.6, 128.1, 126.6, 115.9, 34.5, 15.1, 14.3.
HRMS (ESI)m/z 307.0699 [M + Nal, calcd for GsH1.N,O4Na 307.0689.

4.4.2. N-Phenyl 2-methyl-4,9-dioxo-4,9-dihydrof@,8Fg]quinoline-3-carboxamide)

Yellow solid, yield 41%, mp = 295.6-296°Z. 'H NMR (DMSO)¢ 11.10 (s, 1H), 9.06 (dl = 3.2 Hz, 1H), 8.51
(dd,J=7.8, 1.5 Hz, 1H), 7.91 (dd,= 7.7, 4.7 Hz, 1H), 7.76 (d,= 7.8 Hz, 2H), 7.42 () = 7.1 Hz, 2H), 7.17 (d] =
7.4 Hz, 1H), 2.78 (s, 3H)°C NMR (CDCk) ¢ 180.6, 170.9, 167.2, 157.8, 153.6, 149.6, 14735,2] 133.9, 128.0,
127.6,127.3,125.1, 123.5, 119.2, 115.4, 14.4. ISRESI)m/z 331.0723 [M - H] calcd for GgH11N,0,4 331.0724.

4.4.3. N-(2-hydroxyphenyl) 2-methyl-4,9-dioxo-4i®ydrofuro[2,3-g]quinoline-3-carboxamide Q)

Orange solid, yield 49%, mp = 290.1-292@ 'H NMR (DMS0) 5 11.19 (s, 1H), 9.07 (dl = 3.2 Hz, 1H), 8.51
(dd,J = 7.8, 1.5 Hz, 1H), 7.96 (s, 1H), 7.92 (dds 7.7, 4.7 Hz, 1H), 7.59 (d,= 8.2 Hz, 1H), 7.45 () = 8.1 Hz,
1H), 7.23 (d,J = 7.8 Hz, 1H), 2.76 (s, 3H}’C NMR (DMSO)s 180.2, 172.6, 168.8, 164.7, 159.8, 154.4, 150.5,
148.2, 140.3, 134.8, 133.8, 131.3, 129.1, 128.7,51224.3, 119.5, 118.4, 14.4. HRMS (E&fz 347.0656 [M - H]

, caled for GgH11N»O5347.0673.

4.4.4. N-(4-Methoxyphenyl) 2-methyl-4,9-dioxo-49¢drofuro[2,3-g]quinoline-3-carboxamide.{)



Red solid, yield 54%, mp = 332.7-333Q. *H NMR (DMS0)4 11.00 (s, 1H), 9.07 (d,= 3.3 Hz, 1H), 8.50 (dd]
= 7.8, 1.6 Hz, 1H), 7.91 (dd,= 7.7, 4.7 Hz, 1H), 7.67 (d,= 9.0 Hz, 2H), 6.99 (d] = 9.0 Hz, 2H), 3.77 (s, 3H), 2.77
(s, 3H).”*C NMR (DMS0)s 180.0, 172.1, 164.1, 158.5, 155.8, 153.8, 15Q18,6] 134.2, 133.4, 131.5, 128.6, 128.2,
126.9, 121.1, 114.2, 55.2, 14.0. HRMS (B8l 361.0817 [M - H] calcd for GoH1sN,Os 361.0830.

4.4.5. N-(3-Chlorophenyl) 2-methyl-4,9-dioxo-4,8ydIrofuro[2,3-g]quinoline-3-carboxamidéd.Z)

Orange solid, yield 50%, mp = 311.8-312G. 'H NMR (DMSO0) 6 11.11 (s, 1H), 10.02 (s, 1H), 9.05 (d= 3.3
Hz, 1H), 8.49 (dJ = 6.7 Hz, 1H), 8.18 (dJ = 7.8 Hz, 1H), 7.90 (dd] = 7.7, 4.7 Hz, 1H), 6.99 (§ = 7.2 Hz, 1H),
6.94 (d,J= 7.0 Hz, 1H), 6.82 () = 7.3 Hz, 1H), 2.83 (s, 3H}*C NMR (DMSO)s 180.0, 172.2, 165.7, 159.0, 153.8,
150.1, 148.6, 147.8, 134.1, 128.5, 128.1, 126.2,71221.8, 118.9, 115.6, 115.1, 14.7. HRMS (E%H 367.0480
[M + H]*, calcd for GgH1,N,0,Cl 367.0501.

4.4.6. Methyl 2-methyl-4,9-dioxo-4,9-dihydrofurdj]quinoline-3-carboxylatel)

Yellow solid, mp = 176.2-178.2C. "H NMR (CDCk) ¢ 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.54 (dd,= 7.9, 1.7 Hz,
1H), 7.71 (ddJ = 7.9, 4.7 Hz, 1H), 3.99 (s, 3H), 2.76 (s, 3L NMR (CDCE) 6 176.5, 172.3, 165.5, 162.3, 154.4,
150.6, 149.2, 134.6, 128.7, 128.4, 127.3, 113.64,524.1. HRMS (ESIm/z 294.0386 [M + Nal, calcd for
C14HgNOsNa 294.0373.

4.4.7. 2,2,2-Trifluoroethyl 4,9-dihydro-2-methyB4jioxofuro[2,3-g]quinoline-3-carboxylate 4)

Yellow solid, yield 61%, mp = 166.9-167€. *H NMR (CDCk) ¢ 9.06 (d,J = 3.5 Hz, 1H), 8.53 (dd] = 7.8, 1.5
Hz, 1H), 7.71 (ddJ = 7.8, 4.7 Hz, 1H), 4.77 (d, = 8.3 Hz, 2H), 2.78 (s, 3H}*C NMR (CDC) 6 175.1, 171.3,
165.6, 159.1, 153.6, 149.9, 148.0, 133.7, 127.2,312126.4, 121.8 (dJcr = 275.7 Hz), 111.1, 60.0 ()cr = 36.9
Hz), 13.3. HRMS (ESlin/z 362.0266 [M + Na], calcd for GsHsNOsFsNa 362.0247.

4.4.8. 2-((2-Methyl-4,9-dioxo-4,9-dihydrofuro[2,3gginoline-3-carbonyl)oxy)acetic acid®)

Yellow solid, yield 39%, mp = 205.8C (decomposing)'H NMR (CD;OD) & 8.95 (dd,J = 4.7, 1.6 Hz, 1H), 8.58
(dd,J = 7.9, 1.6 Hz, 1H), 7.84 (dd,= 7.9, 4.8 Hz, 1H), 4.07 (s, 2H), 2.78 (s, 3HE NMR (CDCB) 6 176.0, 171.8,
169.0, 166.0, 160.6, 153.7, 150.4, 148.4, 134.8,21228.1, 127.3, 112.5, 60.9, 13.6. HRMS (E&Y 338.0283 [M
+ NaJ', calcd for GsHgNO;Na 338.0271.

4.4.9. 2-Hydroxyethyl 2-methyl-4,9-dioxo-4,9-ditofdro[2,3-g]quinoline-3-carboxylatelf)

Yellow solid, yield 24%, mp = 184.7-186°C. 'H NMR (CDCk) & 9.08 (d,J = 3.2 Hz, 1H), 8.56 (dJ = 7.6 Hz,
1H), 7.73 (dd,) = 7.4, 4.4 Hz, 1H), 4.49 (§,= 4.4 Hz, 2H), 4.00 (t] = 4.4 Hz, 2H), 2.80 (s, 3H)°C NMR (CDCE) &
176.8, 172.3, 166.1, 162.3, 154.4, 150.6, 149.4,71328.3, 128.3, 127.4, 113.6, 62.9, 59.5, 3M43l. HRMS (ESI)
m/z 300.0514 [M - H}, calcd for GsH10NOg 300.0499.



4.4.10. 3-Hydroxypropyl 2-methyl-4,9-dioxo-4,9-ditofuro[2,3-g]quinoline-3-carboxylatel{)

Yellow solid, yield 25%, mp = 169.1-169°€. '"H NMR (CDCk) & 9.06 (d,J = 3.3 Hz, 1H), 8.54 (dJ = 7.0 Hz,
1H), 7.71 (dd] = 7.6, 4.7 Hz, 1H), 4.55 (§,= 5.9 Hz, 2H), 3.91 () = 5.9 Hz, 2H), 2.77 (s, 3H), 2.09 (quidts 5.8
Hz, 2H).13C NMR (CDCB) 6 176.8, 172.3, 166.1, 162.3, 154.4, 150.6, 14984,7], 128.3, 127.4, 113.6, 62.9, 59.5,
50.8, 31.3, 14.1. HRMS (ES#)/z 314.0653 [M - H] calcd for GeH1.NOg 314.0670.

4.4.11. 4-Hydroxybutyl 4,9-dihydro-2-methyl-4,9>dituro[2,3-g]quinoline-3-carboxylatelg)

Yellow solid, yield 24%, mp = 128.0-128°€. 'H NMR (CDCk) ¢ 9.06 (d,J = 3.5 Hz, 1H), 8.54 (dd] = 7.8, 1.1
Hz, 1H), 7.71 (ddJ = 7.8, 4.6 Hz, 1H), 4.43 (§,= 6.4 Hz, 2H), 3.75 (1] = 6.3 Hz, 2H), 2.76 (s, 3H), 1.95 (quidts
6.4 Hz, 2H), 1.81 (quint) = 6.4 Hz, 2H)*C NMR (CDCE) 6 175.5, 171.3, 164.8, 161.1, 153.3, 149.6, 148.8,713
127.4, 127.3, 126.4, 112.8, 64.6, 61.3, 28.2, 24R]1. HRMS (ESI)m/z 352.0810 [M + Na], calcd for
C17H1sNOgNa 352.0792.

4.4.12. 5-Hydroxypentyl 4,9-dihydro-2-methyl-4,6xdifuro[2,3-g]quinoline-3-carboxylatel 9)

Yellow solid, yield 42%, mp = 107.7-108°€."H NMR (CDCk) ¢ 9.05 (dd,J = 4.7, 1.7 Hz, 1H), 8.53 (dd,= 7.9,
1.7 Hz, 1H), 7.70 (dd) = 7.9, 4.7 Hz, 1H), 4.40 (§ = 6.5 Hz,2H), 3.71 () = 6.1 Hz, 2H), 2.76 (s,3H), 1.93-1.85
(m,2H), 1.73-1.55 (m, 4H)}*C NMR (CDCE) 6 176.5, 172.3, 165.6, 162.1, 154.3, 150.6, 149.4,613.28.6, 128.3,
127.3, 113.8, 65.6, 62.4, 32.2, 28.2, 22.2, 14RMS (ESI)m/z 366.0966 [M + Na], calcd for GgH;/NOgNa
366.0948.

4.4.13. 2-(2-Hydroxyethoxy)ethyl 4,9-dihydro-2-ngeth9-dioxofuro[2,3-g]quinoline-3-carboxylat@Q)

Brown solid, yield 31%, mp = 134.6-135@. 'H NMR (CDC}) 6 9.05 (dd,J = 4.7, 1.7 Hz, 1H), 8.53 (dd,= 7.9,
1.7 Hz, 1H), 7.71 (dd] = 7.9, 4.7 Hz, 1H), 4.56-4.53 (m, 2H), 3.94-3.81, @H), 3.80-3.77 (m, 2H), 3.71-3.68 (m,
2H), 2.76 (s, 3H)**C NMR (CDCE) 6 176.7, 172.3, 165.9, 161.9, 154.4, 150.6, 149.4,613128.6, 128.3, 127.3,
113.5, 72.5, 68.6, 64.5, 61.6, 14.0. HRMS (B8 368.0752 [M + Nal], calcd for G;H:sNO;Na 368.0741.

4.4.14. 2,3-Dihydroxypropyl 2-methyl-4,9-dioxo-4djBiydrofuro[2,3-g]quinoline-3-carboxylate?])

Yellow solid, yield 26%, mp = 193.7-195°8. "H NMR (CDCk) ¢ 9.08 (ddJ = 4.7, 1.7 Hz, 1H), 8.55 (dd,= 7.9,
1.7 Hz, 1H), 7.73 (dd] = 7.9, 4.7 Hz, 1H), 4.47 (d,= 5.2 Hz, 2H), 4.18 (quing] = 5.2 Hz, 1H), 3.83-3.74 (m, 2H),
2.80 (s, 3H)*C NMR (CDC) 6 177.4, 172.2, 166.9, 161.9, 154.5, 150.9, 14%8,8, 128.3, 127.8, 127.7, 112.9,
69.8, 66.9, 63.2, 14.1. HRMS (E$fyz 330.0604 [M - H] calcd for GgH1,NO; 330.0619.

4.4.15. (2'S)-2,3-Dihydroxypropyl 4,9-dihydro-2-mgt4,9-dioxofuro[2,3-g]quinoline-3-carboxylat@2)
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Yellow solid, yield 24%, mp = 173.4-174°8. *H NMR (CDCk) ¢ 9.09 (dd,J = 4.6, 1.6 Hz, 1H), 8.57 (dd= 7.8,
1.5 Hz, 1H), 7.75 (dd] = 7.8, 4.7 Hz, 1H), 4.48 (d,= 4.7 Hz, 2H), 4.19 (quind = 5.3 Hz, 1H), 3.85-3.76 (m, 2H),
2.81 (s, 3H)°C NMR (CDCE) ¢ 177.4, 172.2, 167.0, 161.9, 154.5, 150.9, 149.0,813128.3, 127.8, 127.7, 112.9,
69.8, 66.9, 63.2, 14.1. HRMS (ESiyz 332.0750 [M + H, calcd for GgH1NO; 332.0765.

4.4.16. (2'R)-2,3-Dihydroxypropyl 4,9-dihydro-2-imgt4,9-dioxofuro[2,3-g]quinoline-3-carboxylat@3)

Yellow solid, yield 48%, mp = 159.0-162°C. 'H NMR (CDCk) ¢ 9.01 (dd,J = 4.7, 1.7 Hz, 1H), 8.48 (dd,= 7.9,
1.7 Hz, 1H), 7.66 (dd) = 7.9, 4.7 Hz, 1H), 4.40 (d,= 5.2 Hz, 2H), 4.14-4.08 (m, 1H), 3.76-3.67 (m,)2R173 (s,
3H). *C NMR (CDCH) 6 177.4, 172.2, 167.0, 161.9, 154.5, 150.9, 149.@,813128.3, 127.8, 127.7, 112.9, 69.8,
66.9, 63.2, 14.1. HRMS (ESi#)/z 354.0596 [M + Nal, calcd for GgH1sNO;Na 354.0584.

4.4.17. 2-(Dimethoxyphosphoryl)ethyl 2-methyl-4@«d-4,9-dihydrofuro[2,3-g]quinoline-3-carboxyla(g4)

Yellow solid, yield 81%, mp = 182.5-183°C. 'H NMR (CDCk) ¢ 9.06 (dd,J = 4.6, 1.6 Hz, 1H), 8.54 (dd,= 7.9,
1.6 Hz, 1H), 7.71 (ddJ = 7.9, 4.7 Hz, 1H), 4.64-4.58 (1BH), 3.78 (d,J = 11.2 Hz, 6H), 2.77 (s, 3H), 2.46 (dt=
19.2, 7.8 Hz, 2H)1.3C NMR (CDCk) ¢ 176.5, 172.2, 165.8, 161.5, 154.4, 150.6, 149@,7, 128.4, 128.3, 127.3,
113.7, 59.6, 52.5 (dJcp = 6.3 Hz), 24.9 (d"Jcp = 139.5 Hz), 14.0. HRMS (ESH)/z 392.0538 [M - H] calcd for
C17H1sNOgP392.0541.

4.4.18. 2-Cyanoethyl 4,9-dihydro-2-methyl-4,9-dfoxa[2,3-g]quinoline-3-carboxylate2b)

Yellow solid, yield 49%, mp = 182.5-183°€.*H NMR (CDCk) ¢ 9.06 (ddJ = 4.6, 1.6 Hz, 1H), 8.54 (dd,= 7.9,
1.7 Hz, 1H), 7.72 (dd] = 7.9, 4.7 Hz, 1H), 4.60 (= 6.5 Hz, 2H), 2.99 () = 6.5 Hz, 2H), 2.78 (s, 3H}C NMR
(CDClg) 6 176.5, 172.2, 166.3, 161.2, 154.5, 150.8, 149.@,713128.34, 128.32, 127.4, 116.8, 112.8, 59.78,17.
14.2. HRMS (ESIn/z 311.0684 [M + HJ, calcd for GgH1:N,Os 311.0662.

4.4.19. Phenethyl 4,9-dihydro-2-methyl-4,9-dioxofR3-g]quinoline-3-carboxylate2g)

Yellow solid, yield 53%, mp = 141.8-144°C. "H NMR (CDCk) ¢ 9.07 (dd,J = 4.7, 1.7 Hz, 1H), 8.54 (dd,= 7.9,
1.7 Hz, 1H), 7.70 (dd] = 7.9, 4.7 Hz, 1H), 7.33-7.28 (m, 4H), 7.25-7.80 (H), 4.60 (tJ = 7.3 Hz, 2H), 3.19 (I =
7.3 Hz, 2H), 2.65 (s, 3H)?C NMR (CDCE) ¢ 176.5, 172.3, 165.5, 161.8, 154.4, 150.6, 149.7,613134.6, 129.0,
128.6, 128.5, 128.4, 127.3, 126.6, 113.8, 66.18,324.0. HRMS (ESI)m/z 384.0864 [M + Na], calcd for
C,1H1sNOsNa 384.0842.

4.4.20. Phenyl 2-methyl-4,9-dioxo-4,9-dihydrofur8fg]quinoline-3-carboxylate 2{7)

Yellow solid, yield 36%, mp = 234.8-246°€. *H NMR (DMS0) ¢ 9.03 (dd,J = 4.7, 1.7 Hz, 1H), 8.49 (dd,=
7.9, 1.7 Hz, 1H), 7.87 (ddl = 7.9, 4.7 Hz, 1H), 7.62-7.46 (m, 2H), 7.44-7.28, @H), 2.78 (s, 3H)°C NMR
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(CDClg) 0 176.5, 172.3, 166.2, 160.4, 154.5, 150.7, 15048,11 134.7, 129.4, 128.4, 127.4, 126.2, 121.6,5113
14.1. HRMS (ESIn/z 332.0563 [M - H] calcd for GgH1o0NOs 332.0564.

4.4.21. 4-((Dimethoxyphosphoryl)oxy)phenyl 2-me#h§idioxo-4,9-dihydrofuro[2,3-g]quinoline-3-carbgate
(28)

Yellow solid, yield 62%, mp = 118.7-120°8. 'H NMR (CDCk) J 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.56 (dd,= 7.9,
1.7 Hz, 1H), 7.73 (dd) = 7.9, 4.7 Hz, 1H), 7.44 (d,= 8.9 Hz, 2H), 7.29 (d] = 8.4 Hz, 2H), 3.89 (d] = 11.2 Hz,
6H), 2.82 (s, 3H)™C NMR (CDCh) § 176.6, 172.3, 166.4, 160.3, 154.5, 150.7, 149.8,31¢t),%Jcp = 6.8 Hz), 147.3,
134.7, 128.5, 128.4, 127.4, 122.9, 120.8%0ds = 4.8 Hz), 113.2, 55.0 (dJ)cp = 6.2 Hz), 14.1. HRMS (ESH/z
458.0654 [M + H], calcd for G;H;/NOgP 458.0635.

4.4.22. 2-Hydroxyphenyl 2-methyl-4,9-dioxo-4,9-diojuro[2,3-g]quinoline-3-carboxylate20)

Yellow solid, yield 42%, mp = 252.1-253°€. *H NMR (DMS0) ¢ 9.81 (s, 1H), 9.03 (dl = 3.9 Hz, 1H), 8.49 (d,
J=7.7 Hz, 1H), 7.87 (dd] = 7.6, 4.7 Hz, 1H), 7.23 (d,= 7.8 Hz, 1H), 7.16 (t) = 7.6 Hz, 1H), 7.00 (d] = 7.9 Hz,
1H), 6.90 (tJ = 7.5 Hz, 1H), 2.80 (s, 3HY'C NMR (DMSO0)s 177.0, 172.8, 165.4, 159.7, 154.3, 151.4, 1498.,3]
138.5, 134.6, 129.0, 128.5, 128.2, 127.6, 123.8,71117.4, 116.1, 112.9, 14.5. HRMS (BE&Ir 348.0512 [M - H]

, caled for GgH1gNOg 348.0514.

4.4.23. 3-Hydroxyphenyl 2-methyl-4,9-dioxo-4,9-diojuro[2,3-g]quinoline-3-carboxylate3Q)

Yellow solid, yield 20%, mp = 241.3-243°. *"H NMR (DMS0) ¢ 9.81 (s, 1H), 9.03 (dl = 3.1 Hz, 1H), 8.49 (d,
J = 7.2 Hz, 1H), 7.87 (dd] = 6.6, 4.9 Hz, 1H), 7.27 (d,= 8.2 Hz, 1H), 6.88-6.68 (m, 4H), 2.76 (s, 3HE NMR
(CDCls) 6 180.5, 176.1, 170.2, 164.2, 162.0, 158.0, 1554,7, 152.7, 138.9, 133.7, 132.4, 131.7, 117.4,2017
116.4, 112.7, 110.8, 17.8IRMS (ESI)m/z 348.0499 [M - H], calcd for GgH1oNOg 348.0514.

4.4.24. 2-Chlorophenyl 2-methyl-4,9-dioxo-4,9-ditojdro[2,3-g]quinoline-3-carboxylate3(l)

Light yellow solid, yield 51%, mp = 212.4-2140. *H NMR (CDCk) § 9.06 (dd,J = 4.6, 1.6 Hz, 1H), 8.56 (dd,
=7.9, 1.7 Hz, 1H), 7.72 (dd,= 7.9, 4.7 Hz, 1H), 7.51 (ddd,= 9.7, 8.1, 1.4 Hz, 2H), 7.38 (td= 7.8, 1.5 Hz, 1H),
7.31-7.23 (m, 1H), 2.85 (s, Sﬁf’C NMR (CDCk) 0 176.4, 172.2, 166.2, 159.2, 154.4, 150.7, 1496,4, 134.7,
130.3, 128.7, 128.4, 128.0, 127.5, 127.4, 126.8,912112.8, 14.2. HRMS (ESi)/z 368.0335 [M + HJ, calcd for
C1gH1:NOsCI 368.0320.

4.4.25. 3-Chlorophenyl 2-methyl-4,9-dioxo-4,9-diloydro[2,3-g]quinoline-3-carboxylate3@)

Light yellow solid, yield 49%, mp = 212.9-214¢€.'H NMR (CDCL) 6 9.07 (dd,J = 4.6, 1.6 Hz, 1H), 8.56 (dd,
=7.9, 1.6 Hz, 1H), 7.72 (dd,= 7.9, 4.7 Hz, 1H), 7.52 (s, 1H), 7.37 (dds 8.4, 4.7 Hz, 1H), 7.29 (dd,= 4.4, 1.9
Hz, 1H), 2.83 (s, 1H)>C NMR (CDCE) § 176.5, 172.2, 166.6, 160.0, 154.5, 150.8, 15319,0] 134.7, 130.1, 128.4,
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128.4, 127.4, 126.5, 122.2, 120.0, 112.9, 14.1. ISR{@SI) m/z 368.0341 [M + H], calcd for GgH1;NOsCI
368.0320.

4.4.26. 4-Chlorophenyl 2-methyl-4,9-dioxo-4,9-ditojdro[2,3-g]quinoline-3-carboxylate3R)

Light yellow solid, yield 71%, mp = 217.0-2178. 'H NMR (CDC}) § 9.07 (dd,J = 4.6, 1.6 Hz, 1H), 8.56 (dd,
= 7.9, 1.6 Hz, 1H), 7.72 (dd,= 7.9, 4.7 Hz, 1H), 7.41 (br. s, 4H), 2.82 (s, 3f} NMR (CDC}) § 176.6, 172.3,
166.5, 160.2, 154.5, 150.8, 149.1, 148.9, 134.1,613129.5, 128.4, 128.4, 127.5, 123.0, 113.1,.14RMS (ESI)
m/z 368.0334 [M + H], calcd for GgH1:NOsCl 368.0320.

4.4.27. 2-Cyanophenyl 2-methyl-4,9-dioxo-4,9-dibfuio[2,3-g]quinoline-3-carboxylate34)

Light yellow solid, yield 53%, mp = 255.7-256'@. 'H NMR (CDC}L) § 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.57 (dd,
=7.9, 1.7 Hz, 1H), 7.92-7.61 (m, 4H), 7.42 dds 7.5, 1.4 Hz, 1H), 2.87 (s, 3HJC NMR (DMS0)é 176.3, 172.3,
166.1, 159.1, 153.9, 151.9, 151.1, 148.8, 135.3,11333.8, 128.5, 127.7, 127.4, 123.4, 119.5,211H11.0, 106.3,
14.2. HRMS (ESIn/z 381.0503 [M + Nal, calcd for GgH;oN,OsNa 381.0482.

4.4.28. 3-Cyanophenyl 2-methyl-4,9-dioxo-4,9-dibfuio[2,3-g]quinoline-3-carboxylate 36)

Light yellow solid, yield 62%, mp = 221.0-221°8. *H NMR (CDC}) § 9.08 (dd,J = 4.7, 1.7 Hz, 1H), 8.57 (dd,
= 7.9, 1.7 Hz, 1H), 7.82 (d,= 1.5 Hz, 1H), 7.79-7.73 (m, 2H), 7.63-7.53 (M) 2R84 (s, 3H)**C NMR (CDCE) ¢
176.6, 172.2, 166.9, 159.8, 154.6, 150.8, 150.9,014134.8, 130.4, 129.9, 128.4, 128.3, 127.5,6.2625.4, 117.8,
113.5, 112.6, 14.1. HRMS (ES#)/z 359.0679 [M + H]J, calcd for GgH11N,0s 359.0662.

4.4.29. 4-Cyanophenyl 2-methyl-4,9-dioxo-4,9-dibfuaio[2,3-g]quinoline-3-carboxylate36)

Light yellow solid, yield 53%, mp = 244.5-244€. *H NMR (CDCk) ¢ 9.08 (dd,J = 4.7, 1.7 Hz, 1H), 8.57 (dd,
= 7.9, 1.7 Hz, 1H), 7.76 (d,= 8.8 Hz, 2H), 7.74 (dd] = 7.8, 4.7 Hz, 1H), 7.63 (d,= 8.8 Hz, 2H), 2.84 (s, 3HYC
NMR (CDCL) ¢ 176.6, 172.2, 167.0, 159.6, 154.6, 153.6, 15049,Q, 134.8, 133.7, 128.3, 128.2, 127.6, 122.7,
118.2,112.6, 110.1, 14.1. HRMS (E81)z 381.0496 [M + Nd], calcd for GoH10N,OsNa 381.0482.

4.4.30. 4-Bromophenyl 2-methyl-4,9-dioxo-4,9-dilofdiro[2,3-g]quinoline-3-carboxylate3d()

Light yellow solid, yield 69%, mp = 214.3-215'8. 'H NMR (CDCL) 6 9.07 (dd,J = 4.7, 1.7 Hz, 1H), 8.56 (dd,
= 7.9, 1.7 Hz, 1H), 7.72 (dd,= 7.9, 4.7 Hz, 1H), 7.56 (d,= 8.8 Hz, 2H), 7.36 (d] = 8.8 Hz, 2H), 2.82 (s, 3HJ°C
NMR (CDCk) ¢ 176.6, 172.3, 166.5, 160.1, 154.5, 150.8, 14948, 11 134.7, 132.5, 128.4, 127.4, 123.4, 119.3,
113.1, 14.1. HRMS (ESH/z 411.9820 [M + HJ, calcd for GgH1:NOs Br 411.9815.

4.4.31. 4-(Methylsulfonyl)phenyl 2-methyl-4,9-dia@k®-dihydrofuro[2,3-g]quinoline-3-carboxylat&g)
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Light yellow solid, yield 57%, mp = 243.8-44°6. *H NMR (CDCk) 6 9.10 (dd,J = 4.7, 1.7 Hz, 1H), 8.59 (dd,=
7.9, 1.7 Hz, 1H), 8.07-8.03 (m, 2H), 7.76 (dd; 7.9, 4.7 Hz, 1H), 7.76-7.63 (m, 2H), 3.11 (s),38I86 (s, 3H)*°C
NMR (CDCk) 6 176.7, 172.3, 167.0, 159.8, 154.6, 154.4, 15049,1] 138.3, 134.8, 129.2, 128.4, 127.6, 122.7,
112.7, 44.7, 14.2. HRMS (ES#)/z 434.0334 [M + Nal], calcd for GoH1aNO;SNa 434.0305.

4.4.32. 4-Nitrophenyl 4,9-dihydro-2-methyl-4,9-difixo[2, 3-g]quinoline-3-carboxylate30)

Yellow solid, yield 44%, mp = 191.4-193°@. 'H NMR (CDCk) ¢ 9.11 (dd,J = 4.7, 1.7 Hz, 1H), 8.60 (dd,= 7.9,
1.7 Hz, 1H), 8.39-8.34 (m, 2H), 7.77 (dbs 7.9, 4.7 Hz, 1H), 7.74-7.68 (m, 2H), 2.87 (5).3FC NMR (CDCL) ¢
176.6, 172.2, 167.2, 159.5, 155.0, 154.6, 150.9,014145.6, 134.8, 128.4, 128.2, 127.6, 125.2,5,2P12.5, 14.2.
HRMS (ESI)m/z 379.0583 [M + H], calcd for GgH13N,O; 379.0561.

4.4.33. 2-Naphthalenyl 2-methyl-4,9-dioxo-4,9-dieydro[2,3-g]quinoline-3-carboxylatedQ)

Yellow solid, yield 78%, mp = 235.0-236°€. *H NMR (CDCL) 6 9.08 (d,J = 4.4 Hz, 1H), 8.56 (d] = 8.0 Hz,
1H), 7.95-7.86 (m, 4H), 7.72 (dd= 7.8, 4.8 Hz, 1H), 7.59 (dd,= 8.8, 2.4 Hz, 1H), 7.54-7.47 (m, 2H), 2.86 (s).3H
%C NMR (CDCk) 6 176.6, 172.3, 166.3, 160.5, 154.4, 150.7, 1498,11 134.7, 133.7, 131.6, 129.4, 128.5, 128.4,
127.8, 127.8, 127.4, 126.6, 125.8, 121.0, 118.8.4,114.1. HRMS (ESIm/z 382.0706 [M - H] calcd for
C,3H1,NO5 382.0721.

4.4.34. Pyridin-3-yl 2-methyl-4,9-dioxo-4,9-dihyfirn[2,3-g]quinoline-3-carboxylate4(l)

Light yellow solid, yield 62%, mp = 218.2-22G.C. *H NMR (CDCk) 6 9.08 (ddJ = 4.7, 1.7 Hz, 1H), 8.77 (d,=
2.5 Hz, 1H), 8.58 (dd] = 3.6, 1.5 Hz, 1H), 8.56 (d,= 1.7 Hz, 1H), 7.87 (ddd,= 8.3, 2.7, 1.4 Hz, 1H), 7.73 (dii=
7.9, 4.7 Hz, 1H), 7.43 (dd,= 8.3, 4.8 Hz, 1H), 2.85 (s, 3HYC NMR (CDC}) § 176.6, 172.3, 166.9, 160.0, 154.6,
150.9, 149.1, 147.4, 147.3, 143.5, 134.8, 129.8,4,2127.5, 124.0, 112.7, 14.2. HRMS (EBiz 335.0673 [M +
H]", calcd for GgH1:N,Os 335.0662.

4.4.35. 3-Acrylamidophenyl 2-methyl-4,9-dioxo-4if8ydrofuro[2,3-g]quinoline-3-carboxylatelp)

Yellow solid, yield 51%, mp = 202.3-205°C. *H NMR (DMSO) 4 10.40 (s, 1H), 9.03 (dd, = 4.7, 1.6 Hz, 1H),
8.49 (dd,J = 7.9, 1.6 Hz, 1H), 7.87 (dd,= 7.9, 4.7 Hz, 1H), 7.85 (§,= 2.0 Hz, 1H), 7.59-7.54 (m, 1H), 7.46 {t=
8.1 Hz, 1H), 7.11-7.07 (m, 1H), 6.46 (db= 17.0, 10.1 Hz, 1H), 6.29 (dd= 17.0, 1.9 Hz, 1H), 5.80 (dd,= 10.1,
1.9 Hz, 1H), 2.77 (s, 3H)1.3C NMR (DMSO)¢ 177.1, 172.8, 165.7, 163.8, 160.5, 154.3, 151.0,715149.4, 140.7,
134.6, 132.1, 130.2, 129.0, 128.4, 128.2, 127.9,411117.1, 113.0, 112.6, 14.3. HRMS (E®l)z 403.0924 [M +
H]*, calcd for GoH1sN,Og 403.0925.

4.4.36. 4-Acrylamidophenyl 2-methyl-4,9-dioxo-4il®ydrofuro[2,3-g]quinoline-3-carboxylatelB)
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Yellow solid, yield 44%, mp = 206.5-208°€. *H NMR (DMSO0)4J 10.28 (s, 1H), 9.03 (dd, = 4.5, 1.3 Hz, 1H),
8.47 (ddJ = 7.8, 1.3 Hz, 1H), 7.87 (dd,= 7.8, 4.7 Hz, 1H), 7.79 (d,= 8.8 Hz, 2H), 7.33 (d] = 8.9 Hz, 2H), 6.46
(dd,J = 17.0, 10.1 Hz, 1H), 6.29 (dd= 17.0, 1.7 Hz, 1H), 5.78 (dd,= 10.1, 1.7 Hz, 1H), 2.76 (s, 3HfC NMR
(DMSO) 6 176.5, 172.3, 165.1, 163.1, 160.2, 153.8, 150.8,814145.6, 137.0, 134.1, 131.7, 128.5, 127.9,7127.
127.0, 121.9, 120.3, 112.2, 13.8. HRMS (B8} 403.0919 [M + HJ, calcd for G,H1sN,0g 403.0925.

4.4.37. 4-(3-Morpholinopropyl)phenyl 2-methyl-4 j@x-4,9-dihydrofuro[2,3-g]quinoline-3-carboxylafé4)

Yellow solid, yield 35%, mp > 338C. *H NMR (CDCk) 6 9.06 (ddJ = 4.7, 1.7 Hz, 1H), 8.56 (dd,= 7.9, 1.7 Hz,
1H), 7.72 (dd,) = 7.9, 4.7 Hz, 1H), 7.38-7.31 (m, 2H), 6.99-6.81, RH), 4.05 (tJ = 6.3 Hz, 2H), 3.74 (t] = 4.6 Hz,
4H), 2.82 (s, 3H), 2.54 (1] = 6.3 Hz, 2H), 2.50 (tJ = 4.6 Hz, 4H), 1.95 (t) = 6.3 Hz, 2H).*C NMR (CDC}) ¢
176.6, 172.3, 166.1, 160.8, 157.0, 154.5, 150.9,114143.9, 134.7, 128.6, 128.4, 127.4, 122.4,04815113.5, 67.0,
66.5, 55.5, 53.7, 26.4, 14.1. HRMS (EBl)z 477.1650 [M + HJ, calcd for GgH24N,0; 477.1656.

4.4.38. 4-(4-Acetylpiperazin-1-yl)phenyl 2-methy-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-carboage @5)
Brown solid, yield 61%, mp = 209.1-210°C. *H NMR (CDCk) 6 9.06 (d,J = 4.6 Hz, 1H), 8.56 (d] = 7.8 Hz,
1H), 7.72 (dd,]) = 7.8, 4.7 Hz, 1H), 7.35 (d,= 8.8 Hz, 2H), 6.98 (d] = 8.8 Hz, 2H), 3.81-3.74 (m, 2H), 3.67-3.62
(m, 2H), 3.21-3.18 (m, 2H), 3.17-3.14 (m, 2H), 2(823H), 2.16 (s, 3H)*C NMR (CDC) 6 176.6, 172.4, 169.0,
166.2, 160.8, 154.5, 150.7, 149.2, 149.1, 144.8,81328.6, 128.4, 127.4, 122.2, 117.5, 113.5,,508, 46.2, 41.3,

21.4, 14.2. HRMS (ESin/z 460.1503 [M + H], calcd for GsH2NzOg 460.1503.

4.4.39. 4-Benzoylphenyl 2-methyl-4,9-dioxo-4,9-dlibfuro[2,3-g]quinoline-3-carboxylate4f)

Yellow solid, yield 71%, mp = 187.8-190°Z. 'H NMR (CDCk) 6 9.07 (d,J = 1.8 Hz, 1H), 8.56 (d] = 7.7 Hz,
1H), 7.92 (dJ = 7.8 Hz, 2H), 7.82 (d] = 7.4 Hz, 2H), 7.76-7.70 (m, 1H), 7.60 (m, 3HpT/(t,J = 7.3 Hz, 2H), 2.85
(s, 3H).l3C NMR (CDCk) 6 195.6, 176.6, 172.3, 166.8, 160.0, 154.6, 153.6,81949.0, 137.4, 135.4, 134.8, 132.6,
131.7, 130.0, 128.39, 128.36, 127.5, 121.6, 1131®. HRMS (ESIn/z 438.0970 [M + H], calcd for GgH1gNOg
438.0972.

4.4.40. (S)-4-(2-Acetamido-3-methoxy-3-oxopropgipth 2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]qulime-3-
carboxylate 47).

Yellow solid, yield 81%, mp = 201.4-202°. 'H NMR (CDCL) ; 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.56 (dd,= 7.9,
1.7 Hz, 1H), 7.72 (dd] = 7.9, 4.7 Hz, 1H), 7.38 (d,= 8.5 Hz, 2H), 7.17 (d] = 8.5 Hz, 2H), 5.98 (d] = 7.5 Hz, 1H),
4.91 (dt,J = 7.7, 5.7 Hz, 1H), 3.75 (s, 3H), 3.17 (dd= 5.6, 3.4 Hz, 2H), 2.82 (s, 3H), 2.02 (s, 3K NMR
(CDCly) 6 176.6, 172.3, 171.9, 169.7, 166.3, 160.3, 15456,7] 149.6, 149.1, 134.7, 133.9, 130.3, 128.6,4128
127.4, 121.7, 113.3, 53.1, 52.4, 37.3, 23.1, 14RMS (ESI)m/z 477.1298 [M + H], calcd for GsHxN; Og
477.1292.
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4.4.41. 2-(Methoxycarbonyl)thiophen-3-yl 2-methy-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-carboage @8)

Yellow solid, yield 78%, mp = 218.0-221°C. *H NMR (CDC}) § 9.06 (s, 1H), 8.56 (d] = 6.9 Hz, 1H), 7.71 (s,
1H), 7.55 (dJ = 4.1 Hz, 1H), 7.20 (d] = 4.7 Hz, 1H), 3.81 (s, 3H), 2.87 (s, 3HC NMR (DMS0)6 176.1, 172.2,
165.4, 160.2, 158.3, 153.7, 150.9, 149.5, 148.8,(13132.0, 128.3, 127.7, 127.5, 123.8, 118.3,41132.0, 14.0.
HRMS (ESI)m/z 398.0326 [M + H], calcd for GgH1,NO;S 398.0329.

4.4.42. Benzo[d][1,3]dioxol-5-yl 2-methyl-4,9-dieAgO-dihydrofuro[2,3-g]quinoline-3-carboxylatd9)

Yellow solid, yield 58%, mp = 198.2-199°€. 'H NMR (CDCk) ¢ 9.06 (dd,J = 4.6, 1.8 Hz, 1H), 8.54 (dd,= 7.8,
1.8 Hz, 1H), 7.72 (dd] = 7.8, 4.6 Hz, 1H), 6.97 (d,= 2.4 Hz, 1H), 6.89 (dd] = 8.4, 2.4 Hz, 1H), 6.81 (d,= 8.4
Hz, 1H), 6.01 (s, 2H), 2.81 (s, 3HJC NMR (CDCE) 6 176.6, 172.3, 166.2, 160.7, 154.5, 150.7, 149.8,014.45.6,
144.7, 134.7, 128.6, 128.4, 127.4, 114.1, 113.3,900103.8, 101.8, 14.1. HRMS (ESHyz 378.0626 [M + H],
calcd for GgH1,NO; 378.0608.

4.4.43. 3-Bromopropyl 2-methyl-4,9-dioxo-4,9-ditofdro[2,3-g]quinoline-3-carboxylatebQ)

Light yellow solid, yield 58%, mp = 177.7-179C. '"H NMR (CDCL) 6 9.06 (dd,J = 4.7, 1.7 Hz, 1H), 8.54 (dd,
=7.9,1.7 Hz, 1H), 7.70 (dd,= 7.9, 4.7 Hz, 1H), 4.54 (§,= 5.8 Hz, 2H), 3.75 () = 5.4 Hz, 2H), 2.78 (s, 3H), 2.45-
2.36 (m, 2H)**C NMR (CDCE) ¢ 176.5, 172.3, 166.3, 162.0, 154.4, 150.6, 14989,6] 128.3, 128.2, 127.4, 113.3,
63.2, 31.4, 30.3, 14.1. HRMS (ESM)z 377.9996 [M + HJ, calcd for GgH13NOs 377.9972.

4.4.44. 2-((Tert-butoxycarbonyl)amino)phenyl 2-rgkth9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-canlylate
(51)

Yellow solid, yield 55%, mp = 115.9-117°€. *H NMR (CDCk) 6 9.07 (dd,J = 4.7, 1.7 Hz, 1H), 8.68 (s, 1H),
8.56 (dd,J = 7.9, 1.7 Hz, 1H), 8.25 (d,= 7.2 Hz, 1H), 7.74 (dd] = 7.9, 4.7 Hz, 1H), 7.26-7.17 (m, 2H), 7.08-7.00
(m, 1H), 2.85 (s, 3H), 1.52 (s, 9HJC NMR (CDCF) 6 177.5, 172.3, 167.8, 160.2, 154.5, 153.1, 150.9,114.38.8,
134.7, 131.4, 128.4, 128.0, 127.7, 126.9, 122.2,002120.4, 112.4, 80.4, 28.3, 14.2. HRMS (B8l 471.1177
[M+Na]", calcd for GHxN,O/Na 471.1163.

4.4.45. 3-((Tert-butoxycarbonyl)amino)phenyl  2-rgkth9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-cankylate
(52)

Yellow solid, yield 75%, mp = 181.6-183°8. 'H NMR (CDCk) J 9.06 (dd,J = 4.6, 1.6 Hz, 1H), 8.55 (dd,= 7.9,
1.6 Hz, 1H), 7.71 (dd] = 7.9, 4.7 Hz, 1H), 7.54 (s, 1H), 7.34Jt 8.0 Hz, 1H), 7.27 (d] = 7.6 Hz, 1H), 7.11 (d] =
8.0 Hz, 1H), 6.65 (s, 1H), 2.81 (s, 3H), 1.52 (d).9°C NMR (CDCE) § 176.5, 172.3, 166.2, 160.2, 154.5, 152.5,
150.8, 150.7, 149.1, 139.6, 134.7, 129.7, 128.8,412127.4, 116.1, 116.0, 113.4, 111.9, 80.8, 2B43]. HRMS
(ESI)m/z 449.1340 [M + H, calcd for G4H2:N,0O; 449.1343.
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4.4.46. 4-((Tert-butoxycarbonyl)amino)phenyl 2-rgkth9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-canlylate
(53)

Yellow solid, yield 90%, mp = 220.4-221°Z. 'H NMR (CDCk) 6 8.97 (d,J = 3.4 Hz, 1H), 8.47 (d] = 7.7 Hz,
1H), 7.63 (dd,) = 7.6, 4.8 Hz, 1H), 7.36 (d,= 8.5 Hz, 2H), 7.28 (d] = 8.8 Hz, 2H), 6.58 (s, 1H), 2.73 (s, 3H), 1.45
(s, 9H).lsC NMR (CDCEk) 0 176.6, 172.3, 166.2, 160.5, 154.4, 152.7, 150.9,114.45.7, 136.4, 134.7, 128.6, 128.4,
127.4,122.0, 119.3, 113.4, 80.6, 28.3, 14.1. HRES) m/z 449.1350 [M + H], calcd for G4H,107N, 449.1343.

4.4.47. But-1-ynyl 2-methyl-4,9-dioxo-4,9-dihydrof@,3-g]quinoline-3-carboxylate54)

Light yellow solid, yield 77%, mp = 193.4-195°2. "H NMR (CDC}) 6 9.06 (d,J = 4.5 Hz, 1H), 8.54 (d] = 7.7
Hz, 1H), 7.70 (dd) = 7.8, 4.6 Hz, 1H), 4.50 (§,= 7.0 Hz, 2H), 2.88-2.64 (m, 5H), 2.02Jt= 2.6 Hz, 1H)*C NMR
(CDCly) 6 176.4, 172.3, 165.7, 161.4, 154.4, 150.64, 14184,6, 128.6, 128.3, 127.3, 113.5, 79.9, 70.1,,6B38,
14.2. HRMS (ESI)n/z 332.0544 [M + Nal, calcd for G;H;;NOsNa 332.0529.

4.4.48. 3-Ethynylphenyl 2-methyl-4,9-dioxo-4,9-dilojuro[2,3-g]quinoline-3-carboxylatebb)

Light yellow solid, yield 69%, mp = 221.3-22228.'H NMR (CDCL) 6 9.07 (dd,J = 4.6, 1.5 Hz, 1H), 8.56 (dd,
= 7.9, 1.7 Hz, 1H), 7.72 (dd,= 7.9, 4.7 Hz, 1H), 7.60 (s, 1H), 7.50-7.34 (m)38412 (s, 1H), 2.83 (s, 3HC NMR
(CDClg) 6 176.5, 172.3, 166.4, 160.1, 154.5, 150.7, 15049,11 134.7, 130.0, 129.4, 128.5, 128.4, 127.4,2125
123.6, 122.4, 113.2, 82.6, 78.2, 14.1. HRMS (B8P 380.0543 [M + Na], calcd for G;H;;NOsNa 380.0529.

4.4.49. N-Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofi8@-g]quinoline-3-carboxamides)

Yellow solid, yield 89%, mp = 243.5-244°6. 'H NMR (CDCk) § 9.41 (s, 1H), 9.09 (d] = 4.0 Hz, 1H), 8.56 (d]
= 7.8 Hz, 1H), 7.75 (dd] = 7.8, 4.7 Hz, 1H), 3.56-3.46 (m, 2H), 2.92 (s)3H34 (t,J = 7.2 Hz, 3H).*C NMR
(CDClg) 6 181.8, 171.2, 167.4, 160.7, 155.0, 151.3, 147.6,51330.09, 127.6, 125.9, 115.5, 34.4, 15.1, 4EAMVS
(ESI)m/z 285.0882 [M + H, calcd for GsH13N,0, 285.0870.

4.4.50. N-3-Chlorophenyl 2-methyl-4,9-dioxo-4,9yditofuro[3,2-g]quinoline-3-carboxamid&g)

Yellow solid, yield 83%, mp = 262.0-265°2. 'H NMR (DMS0)4 11.13 (s, 1H), 9.07 (d, = 3.9 Hz, 1H), 8.55 (d,
J=7.8Hz, 1H), 7.93 (s, 1H), 7.90 (dbs= 7.8, 4.8 Hz, 1H), 7.57 (d,= 8.0 Hz, 1H), 7.44 (t] = 8.0 Hz, 1H), 7.22 (d,
J = 8.0 Hz, 1H), 2.76 (s, 3HJ’C NMR (DMSO0) s 181.5, 171.4, 164.7, 159.7, 154.8, 151.6, 148.0,214135.5,
133.8, 131.3, 130.6, 128.4, 126.4, 124.3, 119.8,411116.0, 14.4. HRMS (ESH\/z 367.0494 [M + H]J, calcd for
C1oH12N,04Cl 367.0480.

4.4.51. 2-Hydroxyphenyl 2-methyl-4,9-dioxo-4,9-dioyuro[3,2-g]quinoline-3-carboxylates)
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Yellow solid, yield 48%, mp = 266.7-268°8. *H NMR (CDCk) ¢ 9.10 (ddJ = 4.7, 1.7 Hz, 1H), 8.61 (dd,= 7.9,
1.7 Hz, 1H), 8.52 (s, 1H), 7.76 (d#l= 7.9, 4.7 Hz, 1H), 7.38 (dd,= 8.1, 1.4 Hz, 1H), 7.23-7.15 (m, 1H), 7.12 (dd,
= 8.2, 1.6 Hz, 1H), 6.96-6.85 (m, 1H), 2.87 (s, 3¢ NMR (DMSO)s 178.1, 171.7, 165.5, 159.7, 154.3, 152.6,
149.4, 148.0, 138.5, 135.3, 131.0, 128.4, 127.8,312123.4, 119.7, 117.4, 112.5, 14.5. HRMS (ESH 350.0657
[M + H]*, calcd for GgH1NOg 350.0659.

4.5. Synthesis of compourtisand57

The reaction solution of compous@ (40 mg, 0.1 mmol) and pyridines (0.5 mmol) in TE® mL) was stirred and
heated under reflux for 8 h and cooled to room tenafpire. The reaction solution was added with gd@mL), and
yellow precipitate appeared. The resulting preatpitwas filtrated and purified by silica gel coluetrtomatography

to give target compound.

4.5.1. 1-(3-((2-Methyl-4,9-dioxo-4,9-dihydrofuraB2g]quinoline-3-carbonyl)oxy) propyl)pyridin-1-iunrdmide 66)

Yellow solid, yield 57%, mp > 332C."H NMR (CD;OD) 6 9.20 (dd,J = 5.8, 6.1 Hz, 2H), 9.02 (dd,= 4.7, 1.6
Hz, 1H), 8.74-8.53 (m, 2H), 8.29-8.08 (m, 2H), 7(88,J = 7.9, 4.8 Hz, 1H), 5.08 (§,= 7.4 Hz, 2H), 4.46 (1 = 5.6
Hz, 2H), 2.74 (s, 3H), 2.64-2.48 (m, 2IC NMR (CD;OD) ¢ 178.9, 173.3, 167.8, 163.4, 154.9, 152.6, 15&1,11
146.5, 146.5, 136.2, 130.1, 129.7, 129.7, 129.8,91213.7, 62.4, 60.3, 31.5, 14.0. HRMS (B8/} 377.1149 [M -
Br]", calcd for G;H1/N,OsBr 377.1132.

4.5.2. 4-(Dimethylamino)-1-(3-((2-methyl-4,9-diok®@-dihydrofuro[2,3-g]quinoline-3-carbonyl)oxy)prePpyridin-
1-ium bromide %7)

Yellow solid, yield 69%, mp = 136.9-138°C. *H NMR (CD;0D) 6 9.01 (dd,J = 4.7, 1.5 Hz, 1H), 8.61 (dd,=
7.9, 1.5 Hz, 1H), 8.35 (d,= 7.7 Hz, 2H), 7.89 (dd} = 7.9, 4.8 Hz, 1H), 7.01 (d,= 7.7 Hz, 2H), 4.57 (1 = 7.0 Hz,
2H), 4.40 (tJ = 5.6 Hz, 2H), 3.21 (s, 6H), 2.74 (s, 3H), 2.4812(m, 2H)*C NMR (CD;OD) 6 178.6, 173.3, 167.7,
163.4, 158.0, 154.9, 152.5, 150.1, 143.5, 136.D.013129.4, 128.9, 113.8, 109.1, 62.7, 56.0, 4889, 14.0.
HRMS(ESI)m/z 420.1555 [M - Br], calcd for GaH2N30sBr 420.1554.

4.6. Deprotection of Boc protective group of commuiabl-53

To a solution of Boc-protected compound (90 mg,rr@ol) in dichloromethane (6 mL), trifluoroaceticid (1.3
mL) was added. The reaction solution was stirred1fd at room temperature. The solvent was evaporahder
reduced pressure. The resulting solid was wash#deiler to give the target prod&& and60. The compound8

was obtained through the purification by silica gglumn chromatography.

4.6.1. 3-(Benzo[d]oxazol-2-yl)-2-methylfuro[2,3-gjgoline-4,9-dione §8)
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Yellow solid, yield 84%, mp = 266.9C (decomposing)*H NMR (CDCk) 6 9.10 (dd,J = 4.7, 1.7 Hz, 1H), 8.60
(dd,J=7.9, 1.7 Hz, 1H), 7.87-7.83 (m, 1H), 7.74 (d&; 7.9, 4.7 Hz, 1H), 7.69 (dd,= 6.2, 2.5 Hz, 1H), 7.48-7.40
(m, 2H), 2.96 (s, 3H):*C NMR (CDCk) 6 176.8, 172.2, 163.8, 155.7, 154.4, 151.0, 150.9,11441.5, 134.7, 128.6,
127.4,125.8, 124.8, 120.2, 111.1, 109.9, 14.3. ISRESI)m/z 331.0710 [M + HJ, calcd for GgH1,N,0, 331.0713.

4.6.2. 3-Aminophenyl 2-methyl-4,9-dioxo-4,9-dihydro[2,3-g]quinoline-3-carboxamides9)

Brown solid, yield 84%, mp > 300<C. '"H NMR (CD;0D) § 8.95 (d,J = 3.7 Hz, 1H), 8.57 (d] = 7.7 Hz, 1H),
7.85 (dd,J = 7.8, 4.8 Hz, 1H), 7.54 (§,= 8.1 Hz, 1H), 7.36-7.30 (m, 2H), 7.22 (tk 7.8 Hz, 1H), 2.76 (s, 3H}°C
NMR (CD;OD) ¢ 176.7, 171.8, 166.5, 160.1, 153.4, 151.4, 151.8,614135.6, 134.7, 130.6, 128.6, 127.9, 127.7,
119.6, 118.8, 114.8, 112.1, 12.7. HRMS (E8/} 349.0813 [M + HJ, calcd for GgH1aN,05 349.0819.

4.6.3. 4-Aminophenyl 2-methyl-4,9-dioxo-4,9-dihydro[2,3-g]quinoline-3-carboxamides()

Red solid, yield 62%, mp = 170°€ (decomposing)H NMR (DMS0) 4§ 9.03 (d,J = 3.7 Hz, 1H), 8.49 (d] = 7.3
Hz, 1H), 7.88 (dd,) = 7.7, 4.7 Hz, 1H), 7.23 (d,= 8.6 Hz, 2H), 7.02 (d] = 8.5 Hz, 2H), 2.76 (s, 3H}*C NMR
(CDs0OD) 6 176.8, 171.8, 166.6, 160.2, 153.4, 151.2, 150.8,614134.8, 130.0, 128.6, 127.9, 127.7, 123.4,2,.23.
112.1, 12.7. HRMS (ESH/z 349.0807 [M + H], calcd for GgH13N»Os 349.08109.

4.7. General procedures for the synthesis of comge6l-64

According to the reported "click chemistry" methwedh slight modification [33], A solution of 3-broopropanol
or 3-bromopropanic acid (1 mmol) and sodium azidi(mg, 2 mmol) in acetonitrile (20 mL) was stireetd heated
under reflux for 8 h, and cooled to room tempegtithe solvent was evaporated under reduced pectsigive
white solid. The resulting white solid was dissal\e water (5 mL) and was added with DMF (5 mL) auetylene
analog 54 or 55, 0.5 mmol). The mixture solution was added witldism ascorbate (20 mg, 0.1 mmol) and
CuSQy/5H,0 (12 mg, 0.05 mmol). The reaction solution wasresti and heated at 7% for 3 h. The resulting
suspension was diluted with water (50 mL). The agsesolution was extracted with dichloromethaner(@0x 2).
The combined organic layer was washed with watemgL x 2) and saturated aqueous saline (10 mL)daied with
anhydride MgSQ@ The solvent was evaporated under reduced presBueaesidue was purified by silica gel column

chromatography to give the target compound.

4.7.1. 2-(1-(3-Hydroxypropyl)-1H-1,2,3-triazol-4ygthyl  2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]qoiine-3-
carboxylate 61)

Brown solid, yield 24%, mp = 172.7-1736."H NMR (CDCL) ¢ 9.02 (d,J = 4.5 Hz, 1H), 8.57 (ddl = 7.9, 1.6
Hz, 1H), 7.98 (s, 1H), 7.75 (dd,= 7.9, 4.7 Hz, 1H), 4.70 (§,= 5.6 Hz, 2H), 4.58 (1] = 5.6 Hz, 2H), 3.68 (] = 5.8
Hz, 2H), 3.27 (tJ) = 5.6 Hz, 2H), 2.76 (s, 3H), 2.15 (quidts 5.9 Hz, 2H)**C NMR (CDCE) 6 176.5, 172.0, 166.5,
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162.3, 154.0, 150.6, 148.7, 144.3, 135.2, 128.8,112127.7, 123.4, 113.5, 65.1, 57.8, 46.4, 353%,214.2. HRMS
(ESI)m/z 433.1142 [M + N4, calcd for GoH1gN.OgNa 433.1119.

4.7.2. 3-(4-(2-((2-Methyl-4,9-dioxo-4,9-dihydrof{2B-g]quinoline-3-carbonyl)oxy)ethyl)-1H-1,2,3-éol- 1-
yl)propanoic acid §2)

Brown solid, yield 19%, mp = 216.6-217@. 'H NMR (CDCk) 6 8.99 (ddJ = 4.8, 1.4 Hz, 1H), 8.65 (dd,= 7.9,
1.5 Hz, 1H), 8.19 (s, 1H), 7.83 (ddi= 7.9, 4.8 Hz, 1H), 4.78 (8 = 5.6, 2H), 4.70 (t) = 5.0, 2H), 3.24 () = 5.0,
2H), 2.92 (tJ = 5.6, 2H), 2.79 (s, 3H}*C NMR (CD:0D) ¢ 178.1, 173.3, 166.9, 163.2, 154.8, 152.4, 15015,3]
136.0, 130.0, 129.3, 129.2, 124.9, 114.2, 65.43,435.9, 26.1, 14.1. HRMS (ESt)/z 423.0923 [M - H] calcd for
CuoH15sN4O7 423.0946.

4.7.3. 3-(1-(3-Hydroxypropyl)-1H-1,2,3-triazol-4phenyl 2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-gjqoline-3-
carboxylate 63)

Light yellow solid, yield 55%, mp = 181.6-182&.'"H NMR (CDCL) 6 9.08 (dd,J = 4.7, 1.7 Hz, 1H), 8.58 (dd,
= 7.9, 1.7 Hz, 1H), 7.93 (s, 1H), 7.85 (= 1.8 Hz, 1H), 7.82 (s, 1H), 7.74 (dbi= 7.9, 4.7 Hz, 1H), 7.52 (,= 7.9
Hz, 1H), 7.44-7.37 (m, 1H), 4.61 @,= 6.7 Hz, 2H), 3.72 (t) = 5.8 Hz, 2H), 2.85 (s, 3H), 2.27-2.16 (m, 2HLC
NMR (CDCk) ¢ 175.6, 171.3, 165.3, 159.3, 153.5, 149.7, 14948.Ql 145.8, 133.8, 131.2, 128.9, 127.5, 127.4,
126.5, 122.4, 120.3, 119.7, 117.8, 112.3, 57.79,4531.5, 13.2. HRMS (ESIn/z 457.1138 [M - H] calcd for
CaqH17N4O6 457.1154.,

4.7.4. 3-(4-(3-((2-Methyl-4,9-dioxo-4,9-dihydrof{2¢8-g]quinoline-3-carbonyl)oxy)phenyl)-1H-1,2,3&rol-1-
yl)propanoic acid §4)

Yellow solid, yield 80%, mp = 218.6-220°€. *H NMR (DMSO0)é 12.54 (s, 1H), 9.04 (dd,= 4.6, 1.6 Hz, 1H),
8.68 (s, 1H), 8.50 (dd] = 7.9, 1.6 Hz, 1H), 7.89 (dd,= 7.9, 4.7 Hz, 1H), 7.85 (d,= 1.9 Hz, 1H), 7.82 (d] = 7.8
Hz, 1H), 7.60 (tJ = 7.9 Hz, 1H), 7.35 (dd] = 8.1, 1.4 Hz, 1H), 4.63 (§,= 6.7 Hz, 2H), 2.97 () = 6.7 Hz, 2H), 2.81
(s, 3H).13C NMR (DMS0)¢ 176.6, 172.3, 171.7, 165.3, 160.0, 153.8, 15(&6,6], 148.8, 145.2, 134.1, 132.4, 130.3,
128.5, 127.9, 127.7, 122.9, 122.2, 121.0, 118.2,11145.6, 33.9, 13.9. HRMS (ESt)/z 471.0920 [M - H], calcd
for Cy4H1sN4O; 471.0946.

4.8. Synthesis of sodium séft

To a solution of aci®4 (0.2 mmol) in ethanol (10 mL), a solution of Na@Hethanol (20%, 0.2 mmol) was added
dropwise at room temperature. The reaction soluti@s stirred at room temperature for 30 min. Thaulteng
precipitate was filtered, washed with ethanol andddito give the yellow solié6 (85%). HRMS (ESIm/z 495.0938
[M + H]", calcd for GH1gN4O;Na 495.0911.
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4.9. Synthesis of ethyl 2-methyl-4,9-dioxo-4,9dliby1 H-pyrrolo[3,2-g]quinoline-3-carboxylater()

The reaction solution of 7-bromoquinoline-5,8-didfe48 g, 2 mmol), Mn(OAg)(0.80 g, 3 mmol) and ethyl 3-
aminocrotonate (0.31 g, 2.4 mmol) in acetonitrd® (L) was stirred and heated under reflux for&ntd cooled to
room temperature. The solvent was evaporated uadaced pressure. The residue was purified byasijel column
chromatography to give a yellow solidd{ 57 mg), yield 10%, mp = 215.3-2176. 'H NMR (CDCk) 6 11.41 (s,
1H), 8.91 (dJ = 3.7 Hz, 1H), 8.51 (d] = 7.6 Hz, 1H), 7.63 (ddl = 7.7, 4.7 Hz, 1H), 4.43 (d,= 7.2 Hz, 2H), 2.64 (s,
3H), 1.44 (tJ = 7.2 Hz, 3H).130 NMR (CDCk) 6 177.8, 173.9, 163.8, 153.2, 148.2, 143.7, 13%3,3, 131.6, 127.4,
125.5, 113.8, 61.0, 14.3, 13.6. HRMS (ESlx 285.0870 [M + HJ, calcd for GsH1aN,0, 285.0870. The structure of

compound’0 was confirmed with 2D NMR spectra.

4.10. Synthesis of ethyl 1,2-dimethyl-4,9-dioxeditydro-1H-pyrrolo[3,2-g]quinoline-3-carboxylat&'2)

The solution of 6,7-dichloroquinoline-5,8-dinoe g, 1 mmol), sodium acetate (160 mg, 2 mmol) ety
acetoacetate (0.13 mL, 1.1 mmol) in THF (10 mL) wtsed and heated under reflux for 3 h and cotdetbom
temperature. The solvent was evaporated under edduymessure. The resulting residue was dissolved in
dichloromethane (100 mL). The organic solution weashed with water (20 mL x 2), saturated aqueolisesé20
mL) and concentrated under reduced pressure toygiew oil. The crude yellow oil was dissolved ethanol (10
mL), and added with methylamine aqueous solutid®440.5 mL, 4 mmol). The reaction solution wasrstrand
heated under reflux for 5 h and cooled to room &napire. The solvent was evaporated under reduesdyre. The
residue was purified by silica gel column chromeatphy to give a yellow solid7g, 27 mg), yield 9%, mp = 209.3-
210.8°C.™H NMR (CDCL) § 8.97 (dd,J = 4.6, 1.6 Hz, 1H), 8.48 (dd,= 7.8, 1.6 Hz, 1H), 7.62 (dd,= 7.8, 4.7 Hz,
1H), 4.44 (qJ = 7.1 Hz, 2H), 4.10 (s, 3H), 2.52 (s, 3H), 1.44)(t 7.1 Hz, 3H)*C NMR (CDCH) 6 197.6, 177.9,
174.3, 164.1, 153.5, 148.7, 143.1, 134.8, 130.9.513127.0, 113.9, 61.2, 33.2, 14.1, 11.0. HRMSIYE®/z
229.1017 [M + HJ, calcd for GeH1sN,0, 229.1026.

4.11. The synthesis of isoxazole analoglBand74
Procedure A Following "General Procedures for the synthediuboquinolinediones", the reaction of 6,7-

dichloroquinoline-5,8-dione with ethyl nitroacetgi@ve the target product8 (5%) andr4 (2%), respectively.

Procedure B The isoxazole analogues were synthesized acgpi@muang method [38]. Briefly, a solution of
quinoline-5,8-dione (1 mmol) , ethyl nitroacetaf®0 mg, 4 mmol) and manganese (lll) acetate (§,68 mmol) in
acetic acid (15 mL) was stirred and heated at 76Vi&&night, followed by the addition of ethyl niametate (540 mg,
4 mmol) and manganese (lll) acetate (1.61 g, 6 mndle reaction solution was stirred and heatedCatC
overnight again. The reaction mixture was dilutethwichloromethane (100 mL) and washed with sataraqueous

sodium bisulfite (50 mL), water (50 mL x 3) and aqus saturated sodium bicarbonate (50 mL x 3).sbhesnt was
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evaporated under reduced pressure. The residupwified by silica gel column chromatography togyihe target

compound’3 (11%) andr4 (8%), respectively.

4.11.1. Ethyl 4,9-dioxo-4,9-dihydroisoxazolo[5,4tginoline-3-carboxylate7R)

Yellow solid, mp = 122.7-124.3C. *H NMR (CDClk) 6 9.14 (s, 1H), 8.62 (d] = 7.9 Hz, 1H), 7.86-7.81 (m, 1H),
4.59 (q,J = 6.9 Hz, 2H), 1.50 (1) = 6.9 Hz, 3H)*C NMR (CDC}) 6 175.1, 170.6, 165.8, 157.6, 155.2, 153.4, 147.5,
135.9, 130.7, 128.6, 120.0, 63.6, 14.0. HRMS (ESH 273.0494 [M + H], calcd for GsHgN,Os 273.0506. The

structure of compound3 was confirmed with 2D NMR spectra.

4.11.2. Ethyl 4,9-dioxo-4,9-dihydroisoxazolo[4,5tginoline-3-carboxylate4)

Yellow solid, yield 8%, mp = 119.5-120°%€. '"H NMR (CDCk) 6 9.17 (dd,J = 4.7, 1.7 Hz, 1H), 8.64 (dd,= 7.9,
1.7 Hz, 1H), 7.82 (dd) = 7.9, 4.7 Hz, 1H), 4.59 (§,= 7.1 Hz, 2H), 1.51 (t) = 7.1 Hz, 3H).*C NMR (CDC}) &
174.3,171.6, 165.1, 157.6, 155.8, 153.8, 148.9,61328.8, 128.0, 120.4, 63.7, 14.0. HRMS (E&Y 273.0496 [M
+ HJ", caled for GaHgN,Os 273.0506. The structure of compoufwas confirmed with 2D NMR spectra.

4.12. Synthesis of compourtisand 76
A solution of quinoline-5,8-dinoe (318 mg, 2 mmaid ethyl diazoacetate (0.24 mL, 2.2 mmol) in toké0 mL)
was stirred and heated under reflux overnight. Pphecipitate was filtered and purified by silica galumn

chromatography to give two isomefs and76.

4.12.1. Ethyl 4,9-dioxo-4,9-dihydro-1H-pyrazolo[@jljuinoline-3-carboxylate1b)

Yellow solid, yield 10%, mp = 208.3-211°Z. 'H NMR (CDCk) § 9.06 (d,J = 3.7 Hz, 1H), 8.66 (d] = 7.9 Hz,
1H), 7.77 (ddJ = 7.6, 4.4 Hz, 1H), 4.55 (¢, = 7.1 Hz, 2H), 1.50 (t) = 7.1 Hz, 3H).*C NMR (CDC}k) ¢ 176.3,
174.8, 169.3, 159.7, 154.0, 153.8, 148.2, 136.2,01328.3, 120.0, 62.3, 13.9. HRMS (EBI) 272.0657 [M + H],
calcd for GsH1gN30O4 272.0666. The structure of compourfiwas confirmed with 2D NMR spectra.

4.12.2. Ethyl 4,9-dioxo-4,9-dihydro-1H-pyrazolo[4Rjuinoline-3-carboxylate16)

Yellow solid, yield 11%. mp = 208.6-210°8. 'H NMR (CDCk) 6 9.07 (d,J = 4.3 Hz, 1H), 8.58 (d] = 7.9 Hz,
1H), 7.67 (ddJ = 7.8, 4.2 Hz, 1H), 4.51 (¢} = 7.1 Hz, 2H), 1.49 (t) = 7.1 Hz, 3H).*C NMR (CDC}k) ¢ 176.1,
175.4, 167.9, 159.5, 154.6, 153.9, 149.9, 135.8,61227.4, 120.2, 62.3, 13.7. HRMS (EBI)z 272.0658 [M + H],
calcd for GsH1gN:O4 272.0666. The structure of compouriwas confirmed with 2D NMR spectra.

4.13. Recombinant TDP1 asq8Q]

A 5-[*P]-labeled single-stranded DNA oligonucleotide eiming a 3'-phosphotyrosine (N14Y) was incubated at
1 nM with 10 pM recombinant TDPL1 in the absenceresence of inhibitor for 15 min at room temperatar LMP1
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assay buffer containing 50 mM Tris HCI, pH 7.5,8M KCI, 2 mM EDTA, 1 mM DTT, 4Qug/mL BSA, and 0.01%
Tween-20. Reactions were terminated by the addafoh volume of gel loading buffer [99.5% (v/v) foamide, 5
mM EDTA, 0.01% (w/v) xylene cyanol, and 0.01% (whfomophenol blue]. Samples were subjected to a 16%
denaturing PAGE with multiple loadings at 12-minenvals. Gels were dried and exposed to a Phosphg#dr
screen (GE Healthcare). Gel images were scannad astyphoon 8600 (GE Healthcare), and densitonastayyses
were performed using the ImageQuant software (Gélthigare).

4.14. Recombinant TDP2 assay

TDP2 reactions were carried out as described puslyiavith the following modifications [7]. The 18ensingle-
stranded oligonucleotide DNA substrate (TY187P-cordycepin-3'-labeled) was incubated at 1 nM vath pM
recombinant human TDP2 in the absence or presdringibitor for 15 min at room temperature in th®B2 assay
buffer containing 50 mM Tris-HCI, pH 7.5, 80 mM K& mM MgC}, 0.1 mM EDTA, 1 mM DTT, 40 pg/mL BSA,
and 0.01% Tween 20. Reactions were terminatedraatet similarly to recombinant TDP1 reactions @save).

4.15. Whole cell extract TDP2 assay

DT40 knockout cells (1 x Ipfor TDP2 (TDPZ) complemented with human TDP2 were collected, washnd
centrifuged [28]. Cell pellets were then resuspdnisie100uL of CellLytic M cell lysis reagent (SIGMA-Aldrich
C2978). After 15 min on ice, lysates were centgfdigit 12000 g for 10 min, and supernatants wensfeered to a
new tube. Protein concentrations were determinéthwes Nanodrop spectrophotometer (Invitrogen), whdle cell
extracts were stored at -80 °C. The TY19 DNA sutstwvas incubated at 1 nM withu§/mL of whole cell extracts
in the absence or presence of inhibitor for 15 atimoom temperature in the LMP2 assay buffer. Reastwere

terminated and treated similarly to recombinant TD&actions (see above).

4.16. Detection of TOP2-DNA covalent cleavage cergd in vivo

In vivo complex of enzyme (ICE) assay was conduetecbrding to the reported method [39]. Briefly, 6Q0°
CCRF-CEM cells were treated for 2 h prior lysishwii% Sarkosyl. DNA was prepared, and TOP2-DNA cexgs
were detected by Western slot blot using Ki-S1 reargi-human TOR2antibody from EMD Millipore.

4.17. Molecular modeling

The active furoquinolinedione analogues were dodékidthe hTDP2. The hTDP2 model was built usinglS®/
MODEL [40], using mouse TDP2 struture as a template sequence of the mouse TDP2 crystal stru¢RDd:
4GZ1) was trimmed by removing one of the monomieosind DNA, magnesium ions, and water oxygen atahis [
The prepared structure and hTDP2 sequence (UniBrotkD95551) were submitted to SWISS-MODEL for
homology modeling. The hTDP2 structure was furtg@wmetry-optimized MacroModel [41], using AMBER*rfe
field with 300 iterations of Steepest Descent (&iimization. The strutures of ligands were pregare Maestro

[42], and geometry-optimized in MacroModel using IR force field with 2500 iteration of Polak-Ribi@onjugate
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Gradient (PRCG) minimization. The docking of theivae TDP2 inhibitors was performed with Glide [43ising
Extra Precision setting [44]. The grid for liganaclling was set to encompass the entire DNA bindneg.

4.18. Statistical Analysis
All data are expressed as the mean * standardtidevistatistical comparisons were conducted usitgme-way

analysis of variance (ANOVA) using the Prism stata software package (GraphPad Software, USA).
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L egends of schemes and figures

Reagents and conditions: (a) EHOCHR, MeCN, KCO;, reflux.
Scheme 1. Synthesis of compoundsé.

Reagents and conditions: (a) 2N,88&;, i-PrOH, reflux. (b) i) chloroform, SOglreflux; ii) DMAP, TEA, amines
for 8-12 or alcohols forl3-55.
Scheme 2. Synthesis of compoun@s55.

Reagents and conditions: (a) THF, reflux.
Scheme 3. Synthesis of compound&$ and57.

Reagents and conditions: (a) DCM, TFA, rt.
Scheme 4. Synthesis of compoun&s-60.

Reagents and conditions: (a) i) 3-bromopropanal §fig 63) or 3-bromopropanic acid (f@2, 64), MeCN, NaN,
reflux; ii) DMF, H,O, 5 mol% CuS@5H,0, 10 mol% L-ascorbic acid sodium, 76. (b) NaOH, EtOH, rt.
Scheme 5. Synthesis of compoun@4-65.

Reagents and conditions: (a) 2N,88&;, i-PrOH, reflux. (b) i) chloroform, SOglreflux; ii) DMAP, TEA, amines
for 67-68 or catechol fol9.
Scheme 6. Synthesis of compoun@3-69.

Reagents and conditions: (a) ethyl 3-aminocrotgnda(OAc), MeCN, reflux. (b) i) THF, AcONa, ethyl
acetoacetate, reflux; i) EtOH, MeNH,O, reflux.
Scheme 7. Synthesis of compound®-72.
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Reagents and conditions: (a) MeCN,GQOs, ethyl nitroacetate, reflux. (b) AcOH, Mn(OAckethyl nitroacetate, 70
°C. (c) ethyl diazoacetate, toluene, reflux.

Scheme 8. Synthesis of compounds-76.

Figurel. The reported TDP2 inhibitors and our TDP21hit

Figure 2. (A) Schematic representation of TDP2 and TDPalgaed phosphotyrosyl cleavage reaction.
Representative inhibition gels of compouhdgainst Rec TDP2 (B), TDP2 WCE (C) and TDP1 (&) Dose-
response curves dfagainst Rec TDP2 and TDP2 WCE expressed as m&ih ¥esting concentrations: 0.46, 1.4,
4.1,12.3, 37 and 13dM.

Figure 3. Representative gels for the testing of compolaginst Rec TDP2 (A) and TDP1 (B). The compounds
were tested at concentrations increasing from @3111uM (for eight doses) or 0.46 to 1M (for six doses). The
deazafavin SV-163 was tested as the positive dofardf DP2 assay at concentrations increasing fb@17 to 37
uM. The indenoisoquinoline AM-8-3 was tested aspbsitive control for TDP1 assay at concentrationsdasing
from 0.051 to 111M.

Figure4. The structures of compounds and AM-8-3.

Figure 5. The inhibition gels compounds against TOP1 and ZZGR) TOP1-mediated (left) and TOP2-mediated
(right) relaxation assay gels. Lane 1, supercqiB&322 DNA alone; lane 2, DNA and enzyme; lanes BEA,
enzyme and the tested compound atu®b concentration, respectively. Camptothecin (CPA) atoposide (ETP)
were used as positive controls for TOP1 and TORBgpactively. R, relaxed DNA; Sc, supercoiled DNB) (
Detection of TOP2-DNA covalent cleavage complexgimbvivo complex of enzyme (ICE) assay using COREM
cells. Lane 1, untreated control; lanes 2 and IBs teated with ETP at 10 and M concentration, respectively;
lanes 4 and 5, cells treated with at 10 and 5QuM concentration, respectively; lane 6, cells caited with 10uM
ETP and 5M 74.
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Figure 6. The hypothetical binding mode of isoxazole derixa73. (A) An inhibitor steric fit in hypothetical bindg
mode of73 (gray carbon atoms ball and stick representatomTDP2 (cyan surface). (B) Molecular interactiaris
73 in complex with hTDP2 (cartoon representationjdess in the proximity of the ligand shown as sjckC)
Comparison of binding of3 and DNA (cartoon, from mTDP2 complex, PDB ID 4GZIhe representations were

constructed using PyMOL.
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Tables.

Table 1. The inhibitory activity of compounds6 against TDP2.

(@] o R
X
s
(6]
ICs0 (WM)*
Cpd X Y R
TDP2 TDP2 WCE

1 N CH COEt 11+1.0 22+1.7
2 CH N COEt 43+55 54 +2.5
3 N CH COMe 35+5.1 36+2.4
4 CH N COMe >111 ND
5 N CH PQMe, >111 ND
6 CH N PQMe, 99 + 11 ND

*The 1G, was expressed as mean = SD from at least threpémdient experiments unless otherwise indicated.

®'ND" means "not determined".



Table 2. The structures and inhibitory activity of compdsg-55 against TDP2.

0
0 R
N
| A\
X o
o)
8-55
ICs0 (UM)* ' ICs0 (WM)*
Cpd. R TDP2 | Cpd. R TDP2
TDP2 | TDP2
WCE WCE
8 NHEt >111 ND 32 3-OGH.CI 14+18  11+1.1
9 NHPh >111 ND 3 4-OGH.CI 11+14 7.5:056
10 2-NHGH.OH >111 ND 34 2-0C:H.CN >111 >111
11 4-NHGH.OMe >111 ND 35 3-OGH.CN 12+18  10£27
12 3-NHGH.CI >111 ND 36  4-0CGH.CN 15+21  13+45
13 OMe 26433  12+11) 37 4-OGH.Br 35+48 12092
14 OCH,CF; 28+11  24+68| 38 4OGHSOMe 14+21 16442
15 OCH,COH 51420  37+64 | 39  4-OGHNO,  28+57 ND
16 O(CH,),OH 20+1.3 9.8+14! 40 2-OC,oH >111 ND
17 O(CH,):0H 17422 114062 41  3-pyridinyloxy 88+11  7.7+061
: 0
18 O(CH;).OH 642 125036 42 o I_  71%54 ND
: 0
19 O(CH;)sOH 5217 10:37 o Ao esxel ND
h /N
' 4—OC6H4O(H2C)3N\_/O
20 O(CHCHORH 22+37  13+0.77! 44 51+21 ND
21 o L ¥, 20+1.9  11%04| 45  aocHN Mo 3711 34%20
22 o 1 on 124065 14+0.72) 46  4-OGH,COPh >111 ND
23 on 50 + 15 1542 | 47 NP 23+18  17+6.7
R + + + + 0.
O\ OH AcHN  OMe
5 MeO,C
24 O(CH)POMe, 9.0+075 17463 48 S 22+85  24+6.6
! O



25  OCH,CH,CN  14+45  13+3.7: 49 OQj >111 >111
| o)

26 OCH,CH,Ph 53+3.1 24 +55 50 O(CHy)3Br ND ND

27 OPh 18+1.1 10+1.6 51 2-OGHsNHBoc 36+14 ND

28 4-OGH,OPOMe, 31+3.5 ND 52 3-OGHsNHBoc 31+6.4 ND

29 2-OGH,OH 76+21 6.6 + 0.385 53 4-OGHsNHBoc 88 + 33 ND

30 3-OGH,OH 29+ 20 88+1.2 54 O(CH,),C=CH 22+3.9 15+0.47
31 2-OGH.CI 10+1.6 14+3 55 3-OCgH4C=CH 43 +6.8 13+2.4

*The 1G, was expressed as mean = SD from at least threpémdient experiments unless otherwise indicated.

®'ND" means "not determined".



Table 3. The inhibitory activity of synthesized compouradginst TDP2.

ICs0 (LM)? ICs0 (LM)?
Cpd. . Cpd.
TDP2 TDP2 WCE | TDP2 TDP2 WCE
56 32+1.6 24+5.3 67 >111 ND
57 43 +17 38+8.2 68 >111 ND
58 >111 ND 69 29+7.4 39+ 4.1
59 16+ 2.0 12+ 2.1 70 >111 ND
60 19+5.7 ND 72 >111 ND
61 66 + 11 72+18 73 3.3+0.43 3.1+ 0.1
62 20+1.1 16 £2.2 74 1.9+ 0.28 2.1+ 0.1
63 8.1+0.11 8.3+2.0 75 >111 ND
64 22+2.0 13+0.03 76 >111 ND
65 50 + 11 28+7.1 77 >111 ND

*The 1G, was expressed as mean + SD from at least threpémdent experiments unless otherwise indicated.

b*ND" means "not determined".



R N_ _R!
NT YT
~ N
PN N
R2
H Toxoflavins
N,
| N
N\N'

2
NSC111041

SH BN l%

NSC114532: n =
NSC3198: n =1

7-azaindenoisoquinolines

SO;H
NSC375976
o)
R’ NH
R? o)

Isoquinoline-1,3-diones

Furoquinolinedione 1



A
TDP2

Tyr-5-TCCGTTGAAGCCTGCTTT-3'dA* ——>» phosphate-5-TCCGTTGAAGCCTGCTTT-3'dA*
(TY19) -Tyr (TP19)

TDP1
5-2P.GATCTAAAAGACTT-3-Tyr ——> 5-32P-GATCTAAAAGACTT-3'-phosphate

(N14Y) -Tyr (N14P)

&
v @)
& N
Compound 1 < Qv
s

< R
(¢}

Compound 1

Q
@_—

-—— e = - LT L L IRR%E
— e em— —— PR —— - TP19
D E ¢ Rec TDP2 (ICsp = 11 + 1.0 uM, n=6)

N
QQ = TDP2 WCE (ICso = 22 + 1.7 uM, n=3)
= Compound 1

<
§ Qg? — 100-1

D - | = N1gY

—— ———— - - N14P

1 10 100
Concentration (uM)

% Inhibition
3




- e = TY10
. - TP19

it T ST —— DO

" —— — . - — — ———— ~4TP19
QQ‘\/

T« & 29 27 22

S O

e e D p——————— e

- ——— —— ——— —— - ~a TP19
B QQ‘\
T & AM-8-3 74
S

-
SR sssssssssns| v

" Ssssna. - eeesemw| -~
N
Q
T’\Q 29 27 22
N
Q Q'A_—‘_-—___-—

D o e —— — S — — — — — o= o > = o® | < N14Y
- — —— — — — ————— — — — — w— o wonen o | <l N14P




ACCEPTED MANUSCRIPT




<
Z
(@)
[
n

Sc DNA
TOP2
ET

1 74 73

- - 25 25 25 25 - - 25 25 25 25 uM

B ETP 74
10 uM ETP
10uM  50puM 10pM 50 yM  + 50 uM 74

[




=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<




T I D

X o SN ol
@) O

R Comp. Comp

CokEt 1 2
COMe 3 4



ACCEPTED MANUSCRIPT

OEt O OH




ACCEPTED MANUSCRIPT

(0] © O
| A\
X o

© 50
a \ NC\>~R
O

0 0 —_r
afe \/\’NU
o Br

N

@)
56:R=H
57: R = NMe,



BocHN

uﬁt& @:&

H2N S

/

/

52: m-NHBoc 59. m-NH,
53: p-NHBoc 60: p-NH,




61: R = CH,OH
62: R = CO,H

Q o Noo
N
a
_ . r A\
A &/\g:i\/; /NN
N
o) &R

55 63: R = CH,OH
( 64: R = CO,H
65: R = CO,Na



67: R = NHEt
68: R = 3-NHCgH,Cl
69: R = 2-OCgH,OH

OH






7

7




Resear ch highlight

>A novel TDP2 hit (1) was found through screening from in-house chemical library.
>Seventy seven furoguinolinedione anal ogues were synthesized.

>Compound 74 showed the most TDP2 inhibition with 1Csy at low micromolar range.
>The SAR was analyzed.

>Furoguinolinedinone chemotype represents a novel skeleton for novel TDP2 inhibitors.



