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TDP2 [17,23]. Although isoquinoline-1,3-dioneDthr\l/atives show high
TDP2 inhibition (2: ICsp = 1.9 pM), there is no synergistic effect
observed with etoposide. The disuldes 501U OOCOHOODOE OO D HHOOODEHOO DD OCOHHHOOODHHOOOE0H0 DOOOH on
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Scheme 2. Synthesis of compounds 19-31. Reagents and conditions: (a) NaClOg, conc. hydrochloric acid. (b) Ethyl acetoacetate, K,CO3z, MeCN, refux. (c) Secondary
amine, dioxane, rt. (for 23-26, 30 and 31). (d) ArB(OH)z, Ph(PPhz)s, Na,COs, DME (for 27-28). (e) R*H, NaH, THF (for 29).

Scheme 3. Synthesis of compounds 33-36. Reagents and conditions: (a) Ac,O, MeCN, rt.

acetoacetate to simultaneously give two isomers, N,O-anti isomer 19 (or
21) and N, O-syn isomer 20 (or 22). The target compounds 23-31 were
obtained through nucleophilic substitution or Suzuki reaction of the
chloro-substituted compounds 19 and 20 (Scheme 2) [27,28]. As shown
in Scheme 3, the target compounds 33-36 could be obtained from the
cyclization reaction of 5-bromo-furoquinone material with the hydra-
zines 32a-32d prepared according to the literature [29].

The furoquinolinedione derivatives 37-49 with various substituent
at 2-position were synthesized as shown in Scheme 4 and 5. Similarly,
the reaction of 6,7-dichloroquinoline-5,8-dione with AMR, such as ethyl
3-oxopentanoate, ethyl 4-methyl-3-oxopentanoate and ethyl 3-oxo-3-
phenylpropanoate, simultaneously gave two furoguinolinedione iso-
mers, N,O-anti isomer and N,O-syn isomer (Scheme 4). As shown in
Scheme 5, bromination could occur between the 2-methyl group of 9

and NBS in the presence of azodiisobutyronitrile (AIBN) to give the
monobromo-substituted derivative 43 and dibromo-substituted deriva-
tive 44 simultaneously. The compounds 45-47 were synthesized via the
nucleophilic substitution of 43 with amine materials. The bromo group
of 43 could be displaced by hydroxy group under 150 OC condition to
give 48, which was subsequently oxidized to give 49.

To study effect of the number and position of nitrogen atom in A-ring
on TDP2 inhibitory activity of the isoxazoloquinolinedione derivatives,
the isoxazoles 50-53 were synthesized as shown in Scheme 6. Under the
catalysis of Mn(OAc)3, the reaction of the 6- and 7-bromoisoquinoline-
5,8-diones with ethyl nitroacetate gave the target products 50 and 51,
respectively [30,31]. According to our reported method [25], the reac-
tion of 6,7-dichloroquinoxaline-5,8-dione with ethyl nitroacetate gave
the target compound 52. Under the catalysis of Phl(OAc), [32], the
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Scheme 4. Synthesis of compounds 37-42. Reagents and conditions: (a) RCOCH,COOEt, K,CO3, MeCN, refex.

o}
o} OEt o} OEt
N a N Br
T T — [ ° D *
Z o Z o)
o} o}
9 )

0
|
43 (44%

o)
o) OEt
N Br
AN
| B
Z O Br
o)
(15%)

44 (15%

borc l 6%-57%

o)
o OEt  45: R = CH,N(CH,CH,),NAc
N N 46: R = CH,N(CH,CH,),0
| P | R 47:R = CH,N(CH,CH,),S
o 48: R = CH,OH
o) 49: R = CHO
45-49

Scheme 5. Synthesis of compounds 43-49. Reagents and conditions: (a) NBS, AIBN, CCl,, refux. (b) Secondary amine, DCM, rt (for 45-47). (c) DMSO/H,0, air, 150

(obtained 48 and 49 simultaneously).

reaction of ethyl (Z)-2-(hydroxyimino)-3-oxobutanoate with 2,3-dime-
thylphenol gave the lacking A-ring analogue 53. As shown in Scheme
7, isoxazole derivatives 54-57 were synthesized from a one-pot reaction
of 6,7-dichloroquinoline-5,8-dione with nitroacetate materials. Similar
to the synthesis of 50 and 51, the reaction of 7-bromoquinolinedione
with various nitroacetates 58a-e gave the target isoxazoles 59-63
(Scheme 8). The cyclization between 7-bromoquinolinedione and 64a-g
in the presence of sodium hypochlorite and triethylamine afforded the
target products 65-71 [33].

Finally, twenty-seven furoquinolinedione derivatives and twenty
isoxazoloquinolinedione derivatives were synthesized and characterized
through HRMS and NMR spectra.

2.2. Engyme inhibition assays

All target compounds were screened frstly against three enzymes,
recombinant TOP1, TDP1 and TDP2 according to our reported protocol
[34-36]. All compounds did not show obvious inhibition against both
TDP1 at the highest concentration tested of 111 uM and TOP1 at the
highest concentration tested of 100 pM. Subsequently, the compounds
with TDP2 potency were tested at six or eight three-fold dilution con-
centrations from 111 pM to 0.46 uM or 0.051 pM against TDP2 using a
32p_jabeled single-stranded oligonucleotide TY19 substrate bearing 5-
phosphotyrosyl group [36]. The TDP2 inhibitory activities were
expressed as ICsq values, defned as the concentration of compound that
inhibits 50% of enzyme activity, and summarized in Tables 1.

In our previous investigation [25], N,O-anti furoquinolinedione de-
rivatives showed higher TDP2 inhibitory activity than that of the N,O-
syn isomers. Same SAR was observed in this work. For example, for N,O-
trans/N,O-syn isomers 37 (37 + 2.0 pM)/38 (=111 uM), 39 (25 + 7.7
uM)/40 (>111 pM), 41 (28 + 6.4 pM)/42 (47 + 24 pM), the activity of
N,O-trans isomers showed higher inhibitory activity, implying the
important role of nitrogen atom position at A-ring. The TDP2 inhibition
results also indicated that the activity could be decreased by removing
the nitrogen atom from A-ring (11: > 111 pM), as well as 14 with N atom
at 6-position (61 + 43 pM) and 15 with N atom at 7-position (>111 pM).
Furthermore, the presence of two N atoms at A-ring could not beneft the
activity (12: 32 + 3.2 uM, 13: > 111 pM), even if one of N atoms at 5-
position (12). The fused aromatic ring at A-ring abolished the activity
(16: > 111 pM).

According to the TDP2 inhibition (Table 1), the 6-substituent
decreased the activity comparing with 9 (11 £+ 1.0 pM), implying that
the larger steric bulk of the 6-substituent impaired the activity. For
example, compounds 25-29 with larger 6-substituted group did not
show TDP2 inhibition (>111 pM) except for 24 (44 £ 2.0 pM). Similarly,
the larger steric bulk of the 8-substituent also impaired the activity (36:
28 + 1.3 pM, 35: 69 + 3.1 uM, 34: > 111 pM). And, all compounds
(30-33) with 7-substituents did not show inhibitory activity (>111 pM),
implying that the 7-substituents abolished the activity.

Compared with 9, compound 49 (5.2 + 4.1 uM) with formyl group at
2-position showed increased activity. Other compounds with 2-alkyl
(37, 39), -aromatic (41) and -alkylaminomethyl (45-47) group



H. Yang et al.

o)
o o} OEt
XX
XS I Q)
Y F 5%-7% o
Br 5
© 50-51
50: X =N,Y=CH
51:X=CH,Y=N
o)
o o) OEt
Ny cl Ny {
» o T
N Cl 5% N (0]
o o
52
o)
o o OH o} OEt
)J\’)J\O/\ + _C> N\ N
| 5% o
N.
OH o
53

Scheme 6. Synthesis of compounds 50-53. Reagents and conditions: (a)
NO,CH,CO,Et, Mn(OAc)3, MeCN. (b) Ethyl acetoacetate, K,CO3, MeCN, refux.
(c) PhI(OAc),, MeCN, H,0.

showed moderate activity, implying that the steric bulk is tolerated with
respect to inhibitory properties. However, compound 48 (>111 puM)
with 2-hydroxymethyl group did not show the inhibitory activity,
possibly implying that the H-bond donor at 2-position impaired the
activity.

Unlike furoquinolinedione analogues, the isoxazoloquinolinedione
derivatives with N atom at 6- or 7-position still showed good TDP2
inhibitory activity (50: 5.4 + 0.80 pM and 51: 12 + 2.4 uyM vs. 10: 1.9 +
0.28 pM). And the deletion of A-ring resulted in the loss of inhibitory
activity (53: > 111 pM), implying the important role of A-ring for the
potency. The isoxazole derivatives (54-57, 59-63) with various 3-
alkoxy carbonyl groups showed good inhibitory activity with ICsq
values of between 3.1 + 0.43 and 20 + 0.18 pM, implying the steric bulk
is tolerated to TDP2 inhibitory potency. Surprisingly, 3-alkyl and 3-aryl
displacement signifcantly increased TDP2 potency. For example, com-
pounds 65-71 showed high inhibitory activity with ICsg values at sub-
micromolar level ranging 046 + 0.15 to 099 + 0.13 pM

O

4-CIC¢H,CH,CH,

54 (7%)
56 (6%)
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concentration. And, compound 70 showed the highest TDP2 inhibitory
activity with 1C5p of 0.46 + 0.15 pM. This SAR was different from that of
furoquinolinedione analogues, of which the ester function at 3-position
is critical for TDP2 potency [25]. These results implied that the binding
mode of isoxazole derivatives with TDP2 enzyme might be different
from that of furoquinolinediones. The representative gels of TDP2 in-
hibitions are shown in Fig. 2. In TDP2 inhibition assays, deazafavin 1
was used as a positive control [15]. After being incubated with the in-
hibitors, the band of the enzyme product TP19 decreased in a dose-
dependent manner and almost disappeared at 0.46 pM concentration,
implying the full TDP2 inhibition. Similarly, the tested compounds
showed TDP2 inhibition also in a dose-dependent manner.

2.3. Molecular modeling

To view the molecular interactions of the bioactive iso-
xazoloquinolinedione derivatives with TDP2, we constructed a hypo-
thetical binding model using in-silico docking. The co-crystal structure
of humanized mouse TDP2 (PDB code: 5J3Z) was employed as a tem-
plate because of lack of human TDP2 structure [37]. The reason of using
mTDP2 as a homology modeling template is that the mutated mouse
residue to its human equivalent: H323L, which shows the same inhibi-
tory effcacy on SV-163 as hTDP2 and verifes the reliability of this
template [37]. Moreover, mTDP2 has few key amino acid residue mu-
tations adjacent to the catalytic site, implying it is suitable to be used as
a mimic of hTDP2 [16].

The inhibitors were docked into the binding site. The hypothetical
structure pose of the top-ranked 70 is shown in Fig. 3. elucidated the
binding mode. Fig. 3A shows that 70 binds to the DNA binding channel
adjacent to the site of tyrosyl-DNA phosphoester cleavage, similar to the
direction of TDP2-bound DNA in mTDP2 complex. The polycyclic core
of 70 is arranged along the hydrophobic cavity pocket formed by
Trp297, Leu305, and Phe315, and forms n-rn stacking with Trp297 and
Phe315 residues (Fig. 3B). Two H-bonds (2.7 A and 2.9 A) are observed
between the N atom of isoxazole and the guanidine group of Arg266,
implying the importance of the isoxazole ring. Also three H-bonds are
observed between the OCH3 groups and the backbone guanidine NH of
Arg231 (2.7 A and 2.8 A) and between the carbonyl group and the amide
group of Asn264 (2.7 A), implying the importance of the H-bond re-
ceptors. The hypothetical binding mode is in general agreement with the
empirical SAR observed.

3. Conclusions

Based on our previous study [25], a series of furoquinolinedione and
isoxazoloquinolinedione derivatives were synthesized for the discovery
of selective TDP2 inhibitors and the SAR study. TDP2-based assay
indicated that seven isoxazoloquinolinedione derivatives 65-71 showed
high TDP2 inhibitory activity at sub-micromolar concentration range.
Compound 70 had the highest TDP2 potency with ICsq of 0.46 + 0.15

55 (8%)
57 (7%)

Scheme 7. Synthesis of compounds 54-57. Reagents and conditions: (a) NO,CH,CO3R, K,CO3, MeCN.
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Scheme 8. Synthesis of compounds 59-63 and 65-71. Reagents and conditions: (a) Mn(OAc)z, MeCN. (b) NaClO, EtzN, DCM.

Table 1

The TDP2 inhibitory activity of the synthesized compounds.
Cpd. ICs0 (kM)? Cpd. ICso (HM)* Cpd. ICs0 (1M)?
1 0.27 £+ 0.07 31 >111 51 12 +24
11 >111 33 >111 52 93+27
12 32+32 34 >111 53 >111
13 >111 35 69 +£3.1 54 3.1+0.43
14 61 + 43 36 28+1.3 55 3.3 +£0.65
15 >111 37 37+20 56 15+ 1.3
16 >111 38 >111 57 9.9 +22
19 94 + 29 39 25+7.7 59 14 +29
20 >111 40 >111 60 10 + 1.48
21 21+55 41 28+ 6.4 61 8.7 £0.54
22 >111 42 47 + 24 62 11 +3.38
23 37+7.0 43 21+55 63 20 +£0.18
24 44 +£2.0 44 27+25 65 0.82+0.28
25 >111 45 31+4.2 66 0.94 +0.24
26 >111 46 22 +6.4 67 0.99 +£0.13
27 >111 47 31+64 68 0.74 £ 0.25
28 >111 48 >111 69 0.96 + 0.20
29 >111 49 52+41 70 0.46 +£0.15
30 >111 50 5.4 +0.80 71 0.74 £ 0.25

# The ICso was expressed as mean + SD from at least three independent ex-
periments unless otherwise indicated.

pM. For the furoquinolinediones, compound 49 with a formyl substit-
uent at 3-position showed the highest TDP2 potency with IC5g of 5.2 +
4.1 uM. The SAR for TDP2 inhibition was analyzed. In addition, enzyme-
based assays also showed that the synthesized compounds have no
inhibitory activity against both TDP1 and TOP1 at the highest tested
concentration, 111 pM for TDP1 and 100 pM for TOP1, respectively,
indicating that the furoquinolinedione and isoxazoloquinolinedione
derivatives are selective TDP2 inhibitors, consistent with our previous
results  [25]. In  summary, this work indicates that

isoxazoloquinolinedione scaffold is a productive chemotype for TDP2
inhibitors, and deserves further study as potential anticancer and anti-
viral drugs.

4. Methods and materials
4.1. General experiments

All chemical reagents for synthesis were purchased from local com-
mercial suppliers and were used without further purifcation unless
otherwise indicated. The halo-quinolinedione materials, such as 6,7-
dichloroquinoxaline-5,8-dione, 6,7-dichlorophthalazine-5,8-dione, 6,7-
dichloroisoquinoline-5,8-dione, 2,3-dichloronaphthalene-1,4-dione, 7-
bromoisoquinoline-5,8-dione, 2,3-dichloroacridine-1,4-dione, ethyl 5-
bromo-2-methyl-4,7-dioxo-4,7-dihydrobenzofuran-3-carboxylate, 6,7-
dichloroquinoline-5,8-dione, 6-bromoisoquinoline-5,8-dione were pre-
pared in our laboratory according to the reported methods
[26,29,38-43]. Chemical reaction courses were monitored by silica gel
GFys54 thin layer chromatography. Melting points were determined in
open capillary tubes on a MPA100 Optimelt Automated Melting Point
System without being corrected. Nuclear magnetic resonance spectra
were recorded on a Bruker AVANCE Il 400 MHz or 500 MHz spec-
trometer using tetramethylsilane as an internal reference. The high-
resolution mass spectra (HRMS) were analyzed on an SHIMADZU
LCMS-IT-TOF mass spectrometer. All compounds tested for biological
activities were analyzed by HPLC and their purities were>95%. The
analysis condition is: detection at 220 nm, 1.0 mL/min fowrate, a linear
gradient of 50%-15% PBS buffer (pH 3) and 50%-85% MeOH in 30 min.
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Fig. 2. Representative gels for the testing of the active compounds against Rec TDP2. Lane 1, DNA alone; lane 2, DNA and recombinant TDP2; lanes 3-26, DNA,
recombinant TDP2 and the active compounds at tested concentration. Tested concentrations were 0.051, 0.15, 0.46, 1.4, 4.1, 12.3, 37 and 111 pM. The deazafavin 1
was tested as the positive control at 0.0019, 0.0056, 0.017, 0.051, 0.15, 0.46, 1.4 and 4.1 pM. TY19 and TP19 are the substrate and product of TDP2, respectively.

Fig. 3. The hypothetical binding mode of isoxazole derivative 70. (A) An inhibitor steric ft in hypothetical binding mode of 70 to TDP2 (surface). (B) Molecular
interactions of 70 (green carbon atoms spheres and sticks representation) in complex with TDP2 (cartoon representation, residues in the proximity of the ligand
shown as sticks). (For interpretation of the references to colour in this fgure legend, the reader is referred to the web version of this article.)

4.2. General procedure for the synthesis of compounds 11-14, 16,
19-22, 37-42, 52 and 54-57.

The cyclization reaction between dichloroquinolinedione reagents
(2 mmol) and AMR under K,CO3 condition was conducted according to
our reported method [44]. Briefy, to a solution of dichlor-
oquinolinedione reagents (2 mmol) and K»CO3 (2.4 mmol) in acetoni-
trile (50 mL), a solution of AMR (6 mmol) in acetonitrile (2 mL) was
added dropwise at room temperature. The yellow reaction solution was
refuxed and stirred for 3 h and cooled to room temperature. The reac-
tion solution was added with H,O (20 mL) and extracted with ethyl
acetate (20 mL x 3). The combined organic layer was dried with
NaySOg4, Fltered and concentrated. The residue was purifed by column
chromatography on silica gel using ethyl acetate/petroleum ether as
eluent to give the target compounds.

4.2.1. Ethyl 2-methyl-4,9-dioxo-4,9-dihydronaphtho[2,3-b]furan-3-
carboxylate (11)

Luminous yellow solid, yield 95%, mp, 159.7-161.5 (Lit. [45]
149.3-159.9 °C). *H NMR (400 MHz, CDCl3) § 8.23-8.16 (m, 2H), 7.75
(dd,J =8.8,2.0Hz, 2H), 4.45 (q, J = 7.1 Hz, 1H), 2.72 (s, 3H), 1.45 (t, J
= 7.1 Hz, 3H). 13C NMR (100 MHz, CDCls3) § 178.6, 173.4, 164.4, 162.0,
151.3,134.1,133.6,131.5,128.2,127.3,126.4,113.7, 61.5, 14.2, 14.1.
HRMS (ESI) m/z: 307.0590 [M + Na] ™, calcd for C1gH1,0sNa 307.0577.

4.2.2. Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]isoquinoline-3-
carboxylate (12)

Yellow solid, yield 23%, mp, 143.7-145.4 . 1H NMR (400 MHz,
CDCl3) §9.35 (s, 1H), 9.01 (d, J = 4.9 Hz, 1H), 7.91 (d, J = 4.9 Hz, 1H),
4.38(q,J = 7.1 Hz, 2H), 2.67 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H). *3C NMR
(100 MHz, CDCl3) 6 178.1, 172.2, 165.5, 161.6, 155.6, 150.7, 149.2,
137.0, 128.5, 126.0, 118.42, 113.9, 61.7, 14.2, 14.1. HRMS (ESI) m/z:
286.0706 [M + H]", calcd for C15H12NOs 286.0710.
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4.2.3. Ethyl 2-methyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]isoquinoline-3-
carboxylate (13)

Yellow solid, yield 20%, mp, 146.2-148.1 . IH NMR (400 MHz,
CDCl3) 6 9.36 (s, 1H), 9.02 (d, J = 3.6 Hz, 1H), 7.91 (d, J = 4.1 Hz, 1H),
4.37(q, J= 7.1 Hz, 2H), 2.67 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H). **C NMR
(100 MHz, CDCI3) 6 177.7, 172.7, 165.2, 161.6, 156.0, 150.8, 148.4,
139.1, 128.3, 124.3, 119.5, 113.7, 61.7, 14.2, 14.2. HRMS (ESI) m/z:
286.0705 [M + H]™, calcd for C15H1,NOs 286.0710.

4.2.4. Ethyl 7-methyl-5,9-dioxo-5,9-dihydrofuro[2,3-g]quinoxaline-8-
carboxylate (14)

Yellow solid, yield 13%, mp, 176.6-178.0 . IH NMR (400 MHz,
CDCIl3) 59.06 (dd, J = 4.8, 2.2 Hz, 2H), 4.48 (q, J = 7.2 Hz, 2H), 2.81 (s,
3H), 1.49 (t, J = 7.1 Hz, 3H). *3C NMR (100 MHz, CDCl3) § 175.1, 170.3,
166.3, 161.6, 151.2, 148.3, 148.2, 145.4, 143.8, 128.6, 114.0, 61.9,
14.2, 14.0. HRMS (ESI) m/z: 287.0668 [M -+ H]", calcd for C14H11N,0s
287.0662.

4.2.5. Ethyl 2-methyl-4,11-dioxo-4,11-dihydrofuro[2,3-b]acridine-3-
carboxylate (16)

Yellow solid, yield 16%, mp, 223.9-225.1 . 'H NMR (400 MHz,
CDCl3) 5 9.08 (s, 1H), 8.47 (d, J = 8.5 Hz, 1H), 8.08 (d, J = 8.1 Hz, 1H),
7.99-7.91 (m, 1H), 7.76 (t, J = 7.2 Hz, 1H), 4.47 (q, J = 7.1 Hz, 2H),
2.77 (s, 3H), 1.50 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) §
176.5, 172.1, 165.5, 162.2, 151.6, 149.5, 148.2, 137.2, 133.3, 131.7,
129.9, 129.8, 129.6, 128.3, 125.5, 114.3, 61.8, 14.2, 14.1. HRMS (ESI)
m/z: 336.0856 [M + H]™, calcd for C19H14NOs 336.0866.

4.2.6. Ethyl-6-chloro-2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]
quinoline-3-carboxylate (19)

Yellow solid, yield 16%, mp, 167.7-168.5 . 'H NMR (400 MHz,
CDCl3) 68.49 (d, J =8.2 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 4.49-4.43 (q,
2H), 2.77 (s, 3H), 1.48 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDClg) 6
175.0, 171.4, 165.7, 161.8, 157.0, 150.3, 149.2, 137.2, 128.6, 128.4,
127.0, 114.0, 61. 8, 14.1. HRMS (ESI) m/z: 320.0317 [M + H]™, calcd
for C15H11NOsCI 320.0320.

4.2.7. Ethyl-7-chloro-2-methyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]
quinoline-3-carboxylate (20)

Yellow solid, yield 17%, mp, 197.5-198.3 . *H NMR (400 MHz,
CDCl3) 6 8.49 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 8.3 Hz, 1H), 4.47 (q, J =
7.1 Hz, 2H), 2.77 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz,
CDCl3) 6176.4,170.1, 165.8, 161.5, 156.9, 151.4, 147.6, 138.1, 129.3,
128.9,127.99, 113.8,61.7, 14.4, 14.2. HRMS (ESI) m/z: 320.0313 [M +
H1*, caled for C15H11NOsCI 320.0320.

4.2.8. Ethyl-2,6-dimethyl-4,9-dioxo-4,9-dihydrofuro[2,3-glquinoline-3-
carboxylate (21)

Yellow solid, yield 11%, mp, 142.1-142.9 . IH NMR (400 MHz,
CDCl3) 5 8.40 (d, J = 8.0 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 4.44 (q, J =
7.1 Hz, 2H), 2.79 (s, 3H), 2.74 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H). 3C NMR
(100 MHz, CDCI3) 6 176.9, 172.6, 165.1, 164.9, 162.2, 150.5, 148.7,
134.8,128.3,127.2,126.1,114.0,61.7,25.3, 14.1, 14.0. HRMS (ESI) m/
2z: 300.0860 [M + H]™, calcd for C16H14NOs 300.0866.

4.2.9. Ethyl-2,7-dimethyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]quinoline-3-
Carboxylate (22)

Yellow solid, yield 16%, mp, 185.8-187.2 . IH NMR (400 MHz,
CDClg) 6 8.40 (d, J = 8.1 Hz, 1H), 7.53 (d, J = 8.1 Hz, 1H), 4.45 (q, J =
7.1 Hz, 2H), 2.79 (s, 3H), 2.74 (s, 3H), 1.45 (t, J = 7.1 Hz, 3H). *3C NMR
(100 MHz, CDCl3) 6 177.4, 171.8, 165.1, 164.6, 161.7, 151.6, 147.0,
135.5,128.6,127.8,127.5,113.6,61.6, 25.1, 14.2, 14.2. HRMS (ESI) m/
2: 300.0862 [M + H]™, calcd for C16H14NOs 300.0866.
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4.2.10. Ethyl 2-isopropyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-
carboxylate (37)

Yellow solid, yield 5%, mp, 144.6-147.9 AH NMR (400 MHz,
CDCl3) 6 9.05 (d, J = 2.1 Hz, 1H), 8.56-8.51 (m, 1H), 7.71 (dt, J = 7.6,
3.9 Hz, 1H), 4.49-4.40 (m, 2H), 3.18-3.09 (m, 2H), 1.51-1.43 (m, 3H),
1.43-1.35 (m, 3H). C NMR (100 MHz, CDCl3) § 176.6, 172.4, 169.8,
162.0, 154.4, 150.5, 149.1, 134.7, 128.7, 128.4, 127.3, 113.2, 61.8,
21.4, 14.0, 12.0. HRMS (ESI) m/z: 300.0869 [M + H]*, calcd for
C16H1405N 300.0866.

4.2.11. Ethyl 2-isopropyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]quinoline-3-
carboxylate (38)

Yellow solid, yield 21%, mp, 157.7-159.5 . 'H NMR (400 MHz,
CDClg) § 9.04 (dd, J = 4.7, 1.7 Hz, 1H), 8.52 (dd, J = 7.9, 1.7 Hz, 1H),
7.71(dd, J=7.9, 4.7 Hz, 1H), 4.44 (q, J = 7.1 Hz, 2H), 3.12 (q, J = 7.6
Hz, 2H), 1.45 (t, J = 7.1 Hz, 3H), 1.39 (t, J = 7.6 Hz, 3H). 3C NMR (100
MHz, CDCl3) 6 177.4, 171.5, 169.7, 161.6, 154.2, 151.6, 147.6, 135.4,
130.6, 128.1, 127.6, 112.9, 61.6, 21.7, 14.1, 12.0. HRMS (ESI) m/z:
300.0869 [M -+ H]", calcd for C16H1405N 300.0866.

4.2.12. Ethyl 2-isopropyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-
carboxylate (39)

Yellow solid, yield 15%, mp, 115.4-115.8 . *H NMR (400 MHz,
CDCI3) §9.05 (d, J = 4.4 Hz, 1H), 8.55 (d, J = 7.8 Hz, 1H), 7.70 (dd, J =
7.7,4.7 Hz, 1H), 4.45 (g, J = 7.1 Hz, 2H), 3.79-3.65 (m, 1H), 1.48 (t, J
= 7.1 Hz, 3H), 1.41 (d, J = 6.9 Hz, 6H). 13C NMR (100 MHz, CDCI3) §
176.8, 1 72.3, 162.1, 154.3, 150.4, 149.1, 134.7, 128.8, 128.5, 127.3,
112.4, 61.8, 27.8, 20.5, 14.0. HRMS (ESI) m/z: 314.1033 [M + H]*,
calcd for C17H1605N 314.1023.

4.2.13. Ethyl 2-isopropyl-4,9-dioxo-4,9-dihydrofuro[3,2-g]quinoline-3-
carboxylate (40)

Yellow solid, yield 25%, mp, 160.3-162.1 . *H NMR (400 MHz,
CDCl3) §9.05 (d, J = 4.6 Hz, 1H), 8.53 (d, J = 7.9 Hz, 1H), 7.72 (dd, J =
7.9, 4.7 Hz, 1H), 4.46 (q, J = 7.1 Hz, 2H), 3.76-3.63 (m, 1H), 1.46 (t, J
= 7.2 Hz, 3H), 1.42 (d, J = 7.0 Hz, 6H). 3C NMR (100 MHz, CDCls) §
177.6, 172.2, 171.4, 161.8, 154.3, 15 1.4, 147.7, 135.3, 130.5, 128.1,
127.6, 112.0, 61.8, 28.0, 20.5, 14.1. HRMS (ESI) m/z: 314.1030 [M +
H] ™, caled for C17H1605N 314.1023.

4.2.14. Ethyl 4,9-dioxo-2-phenyl-4,9-dihydrofuro[2,3-g]quinoline-3-
carboxylate (41)

Bright yellow solid, yield 10%, mp, 306.8-308.6 . IH NMR (400
MHz, CDCl3) 8 9.06 (dd, J = 4.7, 1.7 Hz, 1H), 8.58 (dd, J = 7.9, 1.7 Hz,
1H), 8.00-7.95 (m, 2H), 7.72 (dd, J = 7.9, 4.7 Hz, 1H), 7.51 (dd, J = 5.1,
1.9 Hz, 3H), 4.53 (q, J = 7.1 Hz, 2H), 1.46 (t, J = 7.1, 3H). 3C NMR
(100 MHz, CDCl3) 6 177.1, 178.0, 162.8, 158.9, 154.3, 149.9, 148.9,
134.9, 131.3, 130.1, 129.2, 129.0, 127.6, 127.5, 127.3, 113.5, 62.7,
13.9. HRMS (ESI) m/z: 348.0867 [M + H]", calcd for CyoH14NOs
348.0866.

4.2.15. Ethyl 4,9-dioxo-2-phenyl-4,9-dihydrofuro[3,2-g]quinoline-3-
carboxylate (42)

Bright yellow solid, yield 17%, mp, 210.4-212.6 . 'H NMR (400
MHz, CDCl3)  9.08 (dd, J = 4.6, 1.6 Hz, 1H), 8.53 (dd, J = 7.9, 1.6 Hz,
1H), 8.21-7.84 (m, 2H), 7.72 (dd, J = 7.9, 4.7 Hz, 1H), 7.60-7.42 (m,
3H), 4.51 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1, 3H). 3C NMR (100 MHz,
CDCl3) 6178.0,171.1, 162.7, 158.9, 154.5, 150.9, 148.2, 135.1, 131.4,
130.3, 129.3, 129.0, 127.6, 127.6, 127.6, 127.2, 113.0, 62.5, 13.9.
HRMS (ESI) m/z: 348.0865 [M + H]™, calcd for CooH14NOs 348.0866.

4.2.16. Ethyl-4,9-dioxo-4,9-dihydroisoxazolo[4,5-g]quinoxaline-3-
carboxylate (52)

Yellow solid, yield 5%, mp, 185.7-186.2 . 1H NMR (400 MHz,
CDCl3) 5 9.15 (dd, J = 8.0, 2.1 Hz, 2H), 4.61 (q, J = 7.1 Hz, 2H), 1.51 (t,
J = 7.2 Hz, 3H). ¥*C NMR (100 MHz, CDCls) § 173.0, 169.6, 165.4,



H. Yang et al.

157.3,153.6, 149.4, 148.9, 145.3, 143.9, 120.5, 64.0, 13.7. HRMS (ESI)
m/z: 296.0278 [M + Na]™, calcd for C1oHgN3OsNa 296.0278.

4.2.17. Tert-butyl 4,9-dioxo-4,9-dihydroisoxazolo[5,4-g]quinoline-3-
carboxylate (54)

Yellow solid, yield 7%, mp, 147.3-148.1 . 'H NMR (500 MHz,
CDCl3) 6 9.14 (dd, J = 4.6, 1.7 Hz, 1H), 8.61 (dd, J = 8.0, 1.7 Hz, 1H),
7.81 (dd, J=8.0, 4.6 Hz, 1H), 1.69 (s, 9H). 3C NMR (100 MHz, CDCl3) 5
175.3, 170.7, 165.5, 156.6, 155.2, 154.3, 147.6, 135.8, 130.7, 128.6,
119.9, 86.1, 28.0. HRMS (ESI) m/z: 301.0819 [M + H]", calcd for
C15H13N205 301.0891.

4.2.18. Tert-butyl 4,9-dioxo-4,9-dihydroisoxazolo[4,5-g]quinoline-3-
carboxylate (55)

Yellow solid, yield 8%, mp, 157.1-157.9 .H NMR (500 MHz,
CDCl3) 6 9.14 (ddd, J = 9.5, 4.6, 1.7 Hz, 1H), 8.67 — 8.59 (m, 1H), 7.80
(td, J = 8.1, 4.7 Hz, 1H), 1.69 (s, 9H). 13C NMR (125 MHz, CDClg) §
174.5, 171.7, 164.7, 156.6, 155.7, 154.7, 148.9, 135.6, 128.8, 127.9,
120.3, 86.4, 27.9. HRMS (ESI) m/z: 301.0819 [M + H]*, calcd for
C15H13N205 301.0891.

4.2.19. 4-chlorophenethyl 4,9-dioxo-4,9-dihydroisoxazolo[5,4-g]
quinoline-3-carboxylate (56)

Yellow solid, yield 6%, mp, 145.8-146.5 IH NMR (500 MHz,
CDClg) 6 9.15 (dd, J = 4.6, 1.7 Hz, 1H), 8.61 (dd, J = 8.0, 1.6 Hz, 1H),
7.83 (dd, J=7.9, 4.6 Hz, 1H), 7.28 (d, J = 11.9 Hz, 2H), 7.23 (d, J = 8.2
Hz, 2H), 4.69 (t, J = 7.0 Hz, 2H), 3.14 (t, J = 7.0 Hz, 2H). *3C NMR (100
MHz, CDCl3) § 175.1, 170.5, 165.9, 157.5, 155.3, 153.1, 147.5, 135.9,
135.3, 132.8, 130.7, 130.4, 128.8, 120.0, 67.4, 34.2. HRMS (ESI) m/z:
383.0424 [M + H]™, calcd for C19H;12N,05CI 383.0429.

4.2.20. 4-chlorophenethyl 4,9-dioxo-4,9-dihydroisoxazolo[4,5-g]
quinoline-3-carboxylate (57)

Yellow solid, yield 7%, mp, 137.2-137.9 IH NMR (400 MHz,
CDClg) §9.24-9.13 (m, 1H), 8.63 (dd, J = 7.9, 1.6 Hz, 1H), 7.82 (dd, J =
7.9, 4.6 Hz, 1H), 7.29 (q, J = 3.1, 2.4 Hz, 2H), 7.23 (d, J = 8.6 Hz, 2H),
4.70 (t, J = 7.1 Hz, 2H), 3.17 (t, J = 7.1 Hz, 2H). 3C NMR (100 MHz,
CDCl3) 6 174.3,171.6, 165.2, 157.5, 155.8, 153.5, 148.8, 135.6, 135.3,
130.4,128.8, 128.0, 120.4, 67.5, 34.1. HRMS (ESI) m/z: 383.0434 [M +
H]Jr, calcd for C19H1oN>05Cl 383.0429.

4.3. The synthesis of product 15.

To a solution of 7-bromoisoquinoline-5,8-dione (0.48 g, 2 mmol) in
acetonitrile (30 mL), K,C0O3(0.83 g, 6 mmol), Cu(OAc), (0.91 g, 3 mmol)
and ethyl acetoacetate (2.4 mmol) were added. The yellow reaction
solution was stirred and heated under refux for 6 h and cooled to room
temperature. The solvent was evaporated under reduced pressure. The
residue was purifed by column chromatography on silica gel using ethyl
acetate/petroleum ether (1/2, V/V) as eluent to give compound 15.
Yellow solid, yield 18%, mp, 140.0-141.8 . H NMR (400 MHz,
CDCl3) 6 9.91 (s, 2H), 4.46 (q, J = 7.1 Hz, 2H), 2.78 (s, 3H), 1.46 (t,J =
7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 177.5, 171.8, 166.4, 161.2,
150.0, 146.8, 145.9, 128.2,125.2,123.7, 113.7, 61.9, 14.4, 14.1. HRMS
(ESI) m/z: 287.0665 [M + H]™, calcd for C14H11N,05 287.0662.

4.4. General procedure for the synthesis of compounds 23-26, 30 and
31.

The reaction solution of compound 19 or 20 (1 mmol) and secondary
amines (10 mmol) in dioxane (10 mL) was stirred at room temperature
for 3 h. The reaction solution was added with ethyl acetate (20 mL), and
washed with H,0O (20 mL x 2). The organic layer was dried over Na;SQOgy,
Fltered and concentrated under reduced pressure. The residue was pu-
rifed by column chromatography on silica gel using ethyl acetate/pe-
troleum ether (1/10-1/1, V/V) as eluent to give the target compounds.
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4.4.1. Ethyl-6-(dimethylamino)-2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-
glquinoline-3-carboxylate (23).

Red solid, yield 55%, mp, 191.7-192.9 . H NMR (400 MHz,
CDCl3) 5 8.18 (d, J = 9.0 Hz, 1H), 6.72 (d, J = 9.0 Hz, 1H), 4.43 (q, J =
7.1 Hz, 2H), 3.30 (s, 6H), 2.69 (s, 3H), 1.45 (t, J = 7.1 Hz, 3H).2°C NMR
(100 MHz, CDCl3) 6 177.8, 172.7, 163.5, 162.4, 160.6, 151.5, 149.9,
135.5, 126.6, 117.6, 113.6, 108.2, 61.4, 38.2,38.2, 14.3, 14.0. HRMS
(ESI) m/z: 329.1108 [M + H]™, calcd for C17H17N20s5 329.1132.

4.4.2. Ethyl-2-methyl-4,9-dioxo-6-(piperidin-1-yl)-4,9-dihydrofuro[2,3-g]
quinoline-3-carboxylate (24)

Red solid, yield 58%, mp, 162.3-163.4 . 'H NMR (400 MHz,
CDCl3) 6 8.15 (d, J = 9.0 Hz, 1H), 6.80 (d, J = 9.1 Hz, 1H), 4.43 (q, J =
7.1 Hz, 2H), 3.83 (d, J = 5.0 Hz, 4H), 2.69 (s, 3H), 1.79-1.63 (m, 7H),
1.44 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 177.8, 172.4,
163.5, 162.5, 160.0, 151.5, 150.1, 135.7, 126.5, 117.6, 113.6, 108.4,
61.4,46.0,46.0, 25.8, 25.8, 24.5, 14.3, 14.0. HRMS (ESI) m/z: 369.1415
[M + H]™, calcd for CooH21N2O5 369.1445.

4.4.3. Ethyl-2-methyl-6-(4-methylpiperazin-1-yl)-4,9-dioxo-4,9-
dihydrofuro[2,3-g]quinoline-3-carboxylate (25)

Red solid, yield 80%, mp, 152.8-154.5 . *H NMR (400 MHz,
CDCl3) 6 8.26 (d, J =9.1 Hz, 1H), 6.89 (d, J = 9.0 Hz, 1H), 4.45 (q, J =
14.2, 7.1 Hz, 2H), 4.12 (s, 4H), 2.90 (s, 4H), 2.72 (s, 3H), 2.62 (s, 3H),
1.47 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 177.5, 172.3,
164.0, 162.2, 159.7, 151.2, 149.5, 136.3, 127.0, 119.0, 113.6, 109.2,
61.5,53.9,53.9,44.7,44.7,43.2,14.1, 14.0. HRMS (ESI) m/z: 384.1549
[M + H]™, calcd for CogH2oN305 384.1554.

4.4.4. Ethyl-2-methyl-6-(methyl(prop-2-yn-1-yDamino)-4,9-dioxo-4,9-
dihydrofuro[2,3-g]quinoline-3-carboxylate (26)

Red solid, yield 57%, mp, 165.6-167.2 . H NMR (400 MHz,
CDCl3) 6 8.24 (dd, J = 8.9, 1.9 Hz, 1H), 6.81 (d, J = 8.9 Hz, 1H), 4.64 (s,
2H), 4.44 (q, J = 7.1 Hz, 2H), 3.28 (s, 3H), 2.70 (s, 3H), 2.25 (t, J = 2.4
Hz, 1H), 1.45 (t, J = 7.1 Hz, 3H). *3C NMR (100 MHz, CDCl3) § 177.3,
172.6, 163.8, 162.3, 159.9, 151.3, 149.6, 136.0, 126.9, 118.7, 113.6,
108.9, 78.5, 72.3, 61.5, 39.0, 35.7, 14.3, 14.0. HRMS (ESI) m/z:
353.1112 [M + H]™, calcd for C1gH;17N»05 353.1132.

4.4.5. Ethyl-7-(dimethylamino)-2-methyl-4,9-dioxo-4,9-dihydrofuro[3,2-
glquinoline-3-carboxylate (30)

Red solid, yield 29%, mp, 177.9-179.2 . 'H NMR (400 MHz,
CDCl3) 5 8.18 (d, J = 9.0 Hz, 1H), 6.73 (d, J = 9.0 Hz, 1H), 4.44 (q, J =
7.1 Hz, 2H), 3.29 (s, 6H), 2.70 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H). 3C NMR
(100 MHz, CDCI3) 6 177.5, 172.7, 164.3, 162.2, 160.5, 151.2, 147.7,
136.2, 127.8, 120.2, 113.7, 108.7, 61.5, 38.2, 38.2, 14.3, 14.2. HRMS
(ES|) m/z: 329.1123 [M + H]+, calcd for C17H17N205 329.1132.

4.4.6. Ethyl-2-methyl-4,9-dioxo-7-(piperidin-1-yl)-4,9-dihydrofuro[3,2-g]
quinoline-3-carboxylate(31)

Red solid, yield 49%, mp, 198.5-199.3 . 'H NMR (400 MHz,
CDCl3) §8.15 (d, J = 9.1 Hz, 1H), 6.83 (d, J = 9.1 Hz, 1H), 4.43 (q, J =
7.1 Hz, 2H), 3.81 (d, J = 5.3 Hz, 4H), 2.70 (s, 3H), 1.68 (dd, J = 11.9,
6.5 Hz, 6H), 1.44 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) &
177.3, 172.8, 164.2, 162.2, 160.0, 151.2, 147.9, 136.4, 127.8, 120.2,
113.7,109.0, 61.5, 45.9, 45.9, 25.7, 25.7, 24.5, 14.2, 14.2. HRMS (ESI)
m/z: 369.1449 [M + H]", calcd for CooHp1N205 369.1445.

4.5. The synthesis of compounds 27 and 28.

Under nitrogen, to a solution of compound 19 (1.87 mmol) in a
mixed solvents (dichloroethane/water = 5:1, 18 mL), (4-methox-
yphenyl)boronic acid or furan-2-ylboronic acid (2.81 mmol) was added.
And then, Pd(PPhg)s (0.037 mmol) and NayCO3z (3.74 mmol) were
added to the reaction solution. The resulting solution was heated and
stirred at 70 for 12 h. After the reaction was completed, the reaction
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solution was cooled to room temperature and added with saturated
Na,CO3 (20 mL), and extracted with CH,Cl;, (20 mL x 3). The combined
organic layer was dried over NaySOy4, Fltered and concentrated under
reduced pressure. The residue was purifed by column chromatography
on silica gel using EtOAc/petroleum ether as eluent to give 27 or 28,
respectively.

4.5.1. Ethyl6-(4-methoxyphenyl)-2-methyl-4,9-dioxo-4,9-dihydrofuro
[2,3-glquinoline-3-carboxylate (27)

Yellow solid, yield 48%, mp, 191.6-192.8 . IH NMR (400 MHz,
CDCl3) 5 8.42 (d, J = 8.3 Hz, 1H), 8.13 (d, J = 8.4 Hz, 2H), 7.94 (d, J =
8.2 Hz, 1H), 6.96 (d, J = 8.3 Hz, 2H), 4.39 (q, J = 7.0 Hz, 2H), 3.82 (s,
3H), 2.67 (s, 3H), 1.40 (t, J = 7.1 Hz, 3H).*3C NMR (100 MHz, CDCl3) §
176.7, 172.5, 164.8, 162.2, 162.0, 161.2, 150.8, 149.2, 135.2, 129.9,
129.4,129.4,128.4,126.1,122.3,114.4,114.4,114.0, 61.6, 55.5, 14.2,
14.0. HRMS (ESI) m/z: 392.1142 [M + H]*, calcd for CopH1gNOg
392.1129.

4.5.2. Ethyl-6-(furan-2-yl)-2-methyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]
quinoline-3-carboxylate (28)

Yellow solid, yield 32%, mp, 223.4-224.7 . *H NMR (400 MHz,
CDCl3) 58.52 (d, J = 8.3 Hz, 1H), 8.00 (d, J = 8.3 Hz, 1H), 7.66-7.63 (m,
1H), 7.49 (d, J = 3.5 Hz, 1H), 6.63 (dd, J = 3.2, 1.4 Hz, 1H), 4.46 (q, J =
7.1 Hz, 2H), 2.74 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz,
CDCl3) 6 176.4,172.2, 165.0, 162.1, 153.1, 152.4, 150.8, 149.5, 145.4,
135.4,128.3,126.1, 121.2,114.0,113.5, 113.0, 61.7, 14.2, 14.1. HRMS
(ESI) m/z: 352.0799 [M + H]™, calcd for C1oH14NOg 352.0816.

4.6. The synthesis of compound 29.

To a solution of 3-hydroxypyridine (0.48 g, 5 mmol) in fresh distilled
tetrahydrofuran (20 mL), NaH (0.60 g, 25 mmol) was added slowly at
0 . And then, the mixture solution was heated and stirred at 50  for
30 min. A solution of 19 (0.80 g, 2.5 mmol) in fresh distilled tetrahy-
drofuran (5 mL) was added dropwise. The reaction solution was stirred
at 50 for 3 h and cooled to room temperature. The solvent was
evaporated under reduced pressure. The residue was purifed by silica
gel column chromatography to give compoungd 29. Yellow solid, yield
7%, mp, 168.1-168.8 . *H NMR (400 MHz, CDCl3) 5 8.53 (s, 1H), 8.45
(d, J=8.5Hz,2H), 7.71 (dd, J= 8.3, 1.2 Hz, 1H), 7.35 (dd, J = 7.9, 4.7
Hz, 1H), 7.20 (d, J = 4.2 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.64 (s, 3H),
1.34 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 175.5, 171.8,
165.4, 164.8, 161.8, 150.5, 149.6, 148.4, 146.5, 143.1, 138.4, 129.0,
128.1, 124.6, 124.1, 115.8, 113.9, 61.6, 14.2, 14.1. HRMS (ESI) m/z:

L[379(092BI[M + H]™, calcd for CooH15N206 87@.8028:vAdy
A E

4.7. Gendrual procedure for the synthesis of c@npdsidis\8B486R .Dsi | [ %860 d T %860 T

To a solution of 32a-d (2 mmol) in a mixed solvents acetonitrile (10
mL) and acetic anhydride (5 mL), a solution of ethyl 5-bromo-3-ethoxy-
carbonylfuroquinone (0.31 g, 1 mmol) in acetonitrile (2 mL) was added
dropwise at room temperature. The reaction solution was stirred for 12 h
at room temperature. The solvent was evaporated under reduced pres-
sure. The residue was purifed by silica gel column chromatography to
give the tarw
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the disappearance of starting material (typically for between 4 and 8 h).
The reaction solution was added with water (20 mL) and extracted with
dichloromethane (20 mL x 3). The combined organic layer was washed
with brine and concentrated under reduced pressure. The residue was
purifed by silica gel column chromatography to give the target
compounds.

4.9.1. Ethyl 2-((4-acetylpiperazin-1-yDmethyD-4,9-dioxo-4,9-dihydrofuro
[2,3-glqui noline-3-carboxylate (45)

Yellow solid, yield 35%, mp, 167.7-170.2 . IH NMR (400 MHz,
CDCl3) 59.07 (d, J = 2.6 Hz, 1H), 8.56 (d, J = 7.5 Hz, 1H), 7.75-7.69 (m,
1H), 4.46 (dd, J = 13.6, 6. 7 Hz, 2H), 4.03 (s, 2H), 3.63 (s, 2H), 3.48 (s,
2H), 2.63 (s, 2H), 2.58 (s, 2H), 2.07 (s, 3H), 1.48 (t, J = 6.9 Hz, 3H). 13C
NMR (100 MHz, CDCl3) 6 176.5, 172.4, 168.9, 162.5, 161.7, 154.6,
151.3, 149.0, 134.8, 128.5, 128.2, 127.4, 116.6, 62.2, 52.9, 52.7, 52.5,
46.2, 41.3, 21.3, 14.0. HRMS (ESI) m/z: 412.1503 [M + H]", calcd for
C21H2206N3 412.1503.

4.9.2. Ethyl 2-(morpholinomethyl)-4,9-dioxo-4,9-dihydrofuro[2,3-g]
quinoline-3-ca rboxylate (46)

Yellow solid, yield 57%, mp, 139.3-141.8 . 'H NMR (400 MHz,
CDCl3) §9.07 (d, J = 4.5 Hz, 1H), 8.56 (d, J = 7.8H z, 1H), 7.72 (dd, J =
7.7, 4.7 Hz, 1H), 4.46 (q, J = 6.8 Hz, 2H), 3.99 (s, 2H), 3.72 (d, J = 3.7
Hz, 4H), 2.63 (d, J = 3.7 Hz, 4H), 1.48 (t, J = 7.1 Hz, 3H). *C NMR (100
MHz, CDCl3) 6 176.5, 172.4, 162.7, 161.7, 154.5, 151.2, 149.0, 134.8,
128.6,128.3, 127.4, 116.6, 66.8, 62.1, 53.3, 53.2, 14.0. HRMS (ESI) m/
2:371.1235 [M + H]™*, calcd for CrgH1906N, 371.1238.

4.9.3. Ethyl 4,9-dioxo-2-(thiomorpholinomethyl)-4,9-dihydrofuro[2,3-g]
quinoline3-carboxylate (47)

Yellow solid, yield 57%, mp, 145.7-147.1 . "H NMR (400 MHz,
CDClg) 6 9.06 (dd, J = 4.7, 1.7 Hz, 1H), 8.55 (dd, J = 7.9, 1.7 Hz, 1H),
7.71 (dd, J = 7.9, 4.7 Hz, 1H), 4.46 (q, J = 7.2 Hz, 2H), 4.01 (s, 2H),
2.90-2.85 (m, 4H), 2.70-2.66 (m, 4H), 1.47 (t, J = 7.1 Hz, 3H). 3C NMR
(100 MHz, CDCl3) 6 176.5, 172.4, 163.0, 161. 8, 154.5, 151.2, 149.1,
134.8, 128.6, 128.3, 127.4, 116.5, 62.1, 54.6, 53.8, 28.0, 14.0. HRMS
(ESI) m/z: 387.1016 [M + H]™, calcd for C19H190sNS 387.1009.

4.10. The synthesis of compounds 48 and 49

Compound 43 (2 mmol) was dissolved in dimethyl sulfoxide (5 mL)
and stirred at 150  under air. The reaction was continued until the
disappearance of 43. And then, water (20 mL) was added. The resulting
solution was extracted with ethyl acetate (20 mL x 3). The combined
organic layer was washed with brine and evaporated under reduced
pressure. The resulting residue was purifed by silica gel column chro-
matography to give the compounds 48 and 49, simultaneously.

4.10.1. Ethyl-2-(hydroxymethyD-4,9-dioxo-4,9-dihydrofuro[2,3-g]
quinoline-3-carbo-xylate (48)

Yellow solid, yield 21%, mp, 164.6-166.6 . H NMR (400 MHz,
CDCl3) 6 9.08 (dd, J = 4.6, 1.2 Hz, 1H), 8.55 (dd, J = 7.9, 1.2 Hz, 1H),
7.73 (dd, J=7.8, 4.7 Hz, 1H), 4.96 (5,2H), 4.48 (q, J = 7.1 Hz, 2H), 3.69
(s, 1H), 1.51 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) 5 176.2,
172.6, 166.7, 162.9, 154.6, 150.9, 149.1, 134.8, 128.3, 128.1, 127.5,
115.2, 62.6, 57.2, 14.0. HRMS (ESI) m/z: 302.0656 [M + H]™, calcd for
C15H12NOg 302.0659.

4.10.2. Ethyl-2-formyl-4,9-dioxo-4,9-dihydrofuro[2,3-g]quinoline-3-
carboxylate (49)

Yellow solid, yield 6%, mp, 176.8-179.1 . 'H NMR (400 MHz,
CDCl3) §10.23 (s, 1H), 9.13 (d, J = 4.1 Hz, 1H), 8.60 (d, J = 7.9 Hz, 1H),
7.77 (dd, J=7.8, 4.7 Hz, 1H), 457 (9, J = 7.1 Hz, 2H), 1.51 (t, J = 7.1
Hz, 3H). 3C NMR (100 MHz, CDCl3) § 178.4, 175.8, 172.8, 160.0,
155.1, 153.3, 152.4, 148.9, 135.2, 129.0, 127.8, 127.7, 123.8, 63.3,
14.0. HRMS (ESI) m/z: 300.0454 [M + H]", calcd for C
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135.4, 130.8, 128.9, 123.9, 118.9, 67.0, 34.2. HRMS (ESI) m/z:
394.0671 [M + H]+ calcd for C19H1oN307 394.0670.

4.11.7. 2-(((3 s,5s,7s)-Adamantan-1-yl)oxy)ethyl 4,9-dioxo-4,9-
dihydroisoxazolo[4,5-g]quinoline-3-carboxylate (63)

Yellow solid, yield 33%, mp, 137.3-138.2 . 'H NMR (500 MHz,
CDCl3) 5 9.15 (dd, J = 4.6, 1.7 Hz, 1H), 8.62 (dd, J = 8.0, 1.7 Hz, 1H),
7.83 (dd, J = 8.0, 4.6 Hz, 1H), 4.68-4.58 (m, 2H), 3.83 (t, J = 5.2 Hz,
2H), 2.21-2.11 (m, 3H), 1.77 (d, J = 2.9 Hz, 6H), 1.66-1.58 (m, 6H). 13C
NMR (125 MHz, CDCl3) 6 175.0, 170.6, 165.8, 157.7, 155.2, 153.3,
147.5, 135.9, 130.7, 128.7, 120.1, 72.9, 67.3, 57.6, 41.4, 36.4, 30.5.
HRMS (ESI) m/z: 445.1375 [M + Na]* calcd for CpzHppN,0g 445.1370.

4.12. The synthesis of 53.

Compound 53 was prepared according to the method [32]. Briefy, to
a solution of 2,3-dimethylphenol (122 mg, 1 mmol) in a mixed solvent
(acetonitrile/water = 2:1, 6 mL), (diacetoxyiodo)benzene (966 mg, 3
mmol) was added and stirred at room temperature for 5 h. And then,
ethyl (Z)-2-(hydroxyimino)-3-oxobutanoate (191 mg, 1.2 mmol) was
added. The reaction solution was stirred for 12 h and added with water
(10 mL) and extracted with ethyl acetate (20 mL x 3). The combined
organic layer was washed with brine and evaporated in vacuo. The
residue was purifed by silica gel column chromatography to give the
compound 53. Light yellow solid, yield 5%, mp <70 . IH NMR (400
MHz, CDCl3) 6 4.54 (q, J = 7.2 Hz, 2H), 2.16 (s, 6H), 1.47 (t,J = 7.1 Hz,
3H). 3C NMR (100 MHz, CDCl3) 5 178.4, 174.5, 164.5, 157.9, 152.7,
144.1, 140.4, 118.0, 63.3, 14.0, 13.0, 12.1. HRMS (ESI) m/z: 250.0703
[M + H]™, calcd for C15H1,NOs 250.0710.

4.13. General procedure for the synthesis of compounds 65-71.

The compounds 65-71 were prepared according to the literature
method [33]. Briefy, to a solution of 7-bromoquinoline-5,8-dione (60
mg, 0.25 mmol) in dry dichloromethane (5 mL), a solution of NaCIO in
water (14%, 0.25 mL), active oxime reagents (0.5 mmol) and Et3N (5
mg, 0.05 mmol) were sequentially added at 0 . And then, the reaction
solution was stirred at room temperature for 12 h. After completion of
the reaction, the solvent was evaporated under reduced pressure. The
residue was purifed by column chromatography on silica gel using
EtOAc/petroleum ether as eluent to give the target compounds.

4.13.1. 3-(Phenoxymethyl) isoxazolo[4,5-g]quinoline-4,9-dione (65)

Yellow solid, yield 27%, mp, 142.9-144.2 . 1H NMR (500 MHz,
CDCl3) § 9.14 (dd, J = 4.7, 1.7 Hz, 1H), 8.59 (dd, J = 7.9, 1.7 Hz, 1H),
7.80 (dd, J = 8.0, 4.6 Hz, 1H), 7.39-7.30 (m, 2H), 7.04 (dd, J = 17.1,7.9
Hz, 3H), 5.52 (s, 2H). *3C NMR (100 MHz, CDCls) § 177.3, 170.8, 165.5,
158.0, 157.8, 155.1, 148.1, 135.5, 130.4, 129.7, 128.4, 122.1, 120.4,
115.0, 60.4. HRMS (ESI) m/z: 307.0712 [M + H]* calcd for C;7H11N»04,
307.0713.

4.13.2. 3-((2-Chlorophenoxy)methyl)isoxazolo[4,5-g]quinoline-4,9-dione
(66)

Yellow solid, yield 34%, mp: 154.7-155.9 . *H NMR (500 MHz,
CDCl3) 6 9.13 (dd, J = 4.6, 1.7 Hz, 1H), 8.59 (dd, J = 7.9, 1.7 Hz, 1H),
7.81(dd, J = 7.9, 4.6 Hz, 1H), 7.37 (dd, J = 7.8, 1.6 Hz, 1H), 7.25 (dd, J
=7.8,1.6 Hz, 1H), 7.16 (dd, J = 8.3, 1.3 Hz, 1H), 6.99 (td, J = 7.8, 1.5
Hz, 1H), 5.56 (s, 2H). *3C NMR (100 MHz, CDCl3) § 177.2, 170.8, 165.6,
157.5, 155.1, 153.5, 148.1, 135.5, 130.7, 130.4, 128.4, 127.9, 123.90,
115.1, 100.1, 61.6. HRMS (ESI) m/z: 341.0324 [M + H]* calcd for
C17H10N,0g 341.0324.

4.13.3. 3-((4-(Methylsulfonyl)phenoxy)methyl)isoxazolo[4,5-g]quinoline-
4,9-dione (67)

Grey solid, yield 28%, mp, 213.4-214.5 .'H NMR (400 MHz,
DMSO dg) §9.10 (dd, J = 4.7, 1.7 Hz, 1H), 8.52 (dd, J = 7.9, 1.7 Hz, 1H),
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7.98-7.86 (m, 3H), 7.38-7.28 (m, 2H), 5.70 (s, 2H), 3.19 (s, 3H).13C
NMR (100 MHz, DMSO dg) 6 178.4, 166.9, 161.8, 157.7, 154.8, 149.2,
135.2, 134.1, 130.6, 129.8, 128.8, 119.6, 115.8, 61.0, 44.3. HRMS (ESI)
m/z: 385.0486 [M + H]" calcd for C1gH13N,06S 385.0489.

4.13.4. 4-((4,9-Dioxo-4,9-dihydroisoxazolo[4,5-g]quinolin-3-yl)
methoxy)benzonitrile (68)

Light yellow solid, yield 21%, mp, 178.6-178.9
MHz, CDCl3) 8 9.18 (dd, J =

. H NMR (400



for molecular modeling. Site Finder was used to get the binding pocket
containing Glu152, Ser229, Asp262 and Leu313 residues. Compounds
were constructed using ChemDraw and saved in SDF Ffle formats, which
were optimized using Discovery Studio software. For compound 70, it
was docked 10 times, starting each time from different orientations and
the default automatic genetic algorithm parameter settings were used.
All torsion angles of compound were allowed to rotate freely and the
results were scored and ranked by using MOE. The selected top ligand-
binding pose was merged into the crystal structure. The AMBER force
Teld of the MOE was utilized for energy minimization. The calculation
was terminated when the gradient reached a value of 0.05 kcal/mol-A.
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