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Highlights

1. In vitro, compoundqg was over 10-fold more potent thaapabucasin on U251,
HepG2, HT29 and CT26 cells.

2. In mouse model of colorectal canc@ug, significantly reduced tumor growth. The
TGI of 8q at 50 mg/kg was 63 %.

3. Compound8qg has a kg of 110.2 nM for full-length STAT3 recombinant peot
by surface plasmon resonance analysis.

4. The aqueous solubility &g was over 4.5-fold higher than thatradpabucasin.

5. Compoundq exhibited good safety profile in BALB/c mice model

Abstract
The transcription factor STAT3 is an attractivegtrfor a variety of cancers

therapy. Napabucasin, applied in phase Il clintdals for the treatment of a variety
of cancers, was regarded as one of the most prognasiticancer drug by targeting
STAT3. Herein, a novel series of napabucadgerivatives were designed and
synthesized, which presented a potent inhibitotiviéz on a variety of cancers cells.

Among the derivatives compour@t) exhibited potent inhibitory activity on U251,

HepG2, HT29 and CT26 cells with thesiGralues of 0.22, 0.49, 0.07 and 0.14 uM,
respectively, which was over 10-fold more potersntmapabucasin. Treatment with
compounddq decreased protein expression level of total STARS p-STAT3'® in

vitro. The binding of compoundBq with STAT3 were further validated by



electrophoretic mobility shift assay and surfacespion resonance analysis.
Compound8q has a kg of 110.2 nM for full-length STAT3 recombinant peot.
Moreover, the aqueous solubility 8§ was over 4.5-fold than that of napabucasin. In
addition, compoundq in vivo significantly reduced tumor growth compared to
untreated mice, and exhibited good safety proiiidicating its great potential as an
efficacious drug candidate for oncotherapy.

Key words: antitumor activity, STAT3 inhibitors, napabucadgrivatives.

1. Introduction
Signal transducer and activator of transcription(SIAT3), a STAT protein

family member [1], is an oncogene being frequeatljivated in numerous cancers,
such as glioma, lung, liver and other cancers [Rplays a critical role in some
cellular processes such as cell growth and apaptmsimediating the expression of
target genes [3]. Furthermore, evidences from testuidies have indicated that
STAT3 was related with the regulation of tumor rmaamvironment and tumor stem
cell, suggesting an important role for STAT3 inlols in the self-renewal and
differentiation of tumor stem cell and immunotherafg]. Thus, inhibiting the
activation of STAT3 is an effective strategy in ttencer therapies, and the STAT3
may be used widely as one of the most promisingamter target.

Over the past few years, there were significantaades in the discovery of
STAT3 inhibitors [5, 6]. Several potent compoundsvén been discovered and
promoted to early phase of drug development pipslinsuch asiclosamide,
HJCO0152, stattic, STX-0119, STA-21, LLL12, LY-5, napabucasin [7-14] (Figure
1).
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Figure 1. Representative small-molecule STAT3 inhibitors

Napabucasin, an excellent STAT3 small moleculebindvi by targeting and
blocking cancer stem cell pathway activity, whichsnapplied in phase Il clinical
trials for the treatment of a variety of cancershsas metastatic colorectal carcinoma,
pancreatic cancer, gastric cancer and non-sméllucej cancer [15-17]. Napabucasin
was regarded as one promising lead compound torafeneovel STAT3 inhibitors
[18]. Several new anticancer derivatives of napabimc were developed through
chemical structural modifications toward napabutasirecent years [19-21F(gure

2).
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Figure 2. Representative napabucasin derivatives

To seek napabucasin derivatives with enhanced gigtsemical properties, it is
necessary to identify the position suitable to rfyout the scaffold. Napabucasin was
docked into STAT3 protein (PDB code: 1BG1). Thetgcgroup at 2-position of
furan ring protrudes towards the receptor surfawdicating that it is a good site to
conduct structural modification and the bindingrafy will not decreases. In our first
series of compounds, f-Unsaturated ketone was selected as a lifteats extensive
application in antitumor drugs, for exam@earcumin Figure 3). The second series

of napabucasin derivativegs introduced with hydrophilic groups, such aspigyl,



pyrazinyl, and substituted amino groups by an atitdaeaction.
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Figure 3. The design concept of the target compounds

2. Results and discussion
2.1. Chemistry

The synthesis oRa-d was carried out following the procedures shown in
Scheme 1. The compounda-d were prepared by aldol condensation reaction
between commercially available 2-acetylnaphthof#lf@ran-4,9-dione 1) and
substituted aromatic aldehydes under the conditbmpiperidine in ethanol. As
illustrated in Scheme 2, compounds8a-u were prepared starting from reaction of
2-hydroxy-1,4-naphthoquinone)( with iodobenzene diacetate to give intermediate
3-phenyliodonio-1,2,4-trioxo-1,2,3,4-tetrahydrontyaienide 4). Then cyclization
reaction between 4 with propargyl alcohol afforded
2-hydroxymethyl-naphtho[2,Bfuran-4,9-dione %). The subsequent oxidation
reacton of 5 with  pyridinium  chlorochromate @ (PCC) yielded
2-formyl-4,9-dihydronaphthol[2,8}-furan-4,9-dione §), which was further oxidized
to the 4,9-dioxo-4,9-dihydronaphtho[2,3-b]furandmoxylic acid(7) by HO, and
glacial acetic acid. Finally, amidation reaction iafermediate compound with

different substituted alkyl amines Nrheterocycles to give target compouiddsu.
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Scheme 1. Synthesis oEa-d Reagents and conditions: (a) piperidine, EtOHIxe6-12h.
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Scheme 2. Synthesis 08a-u. Reagents and conditions: (a) PhI(CAQHCE, 5 h. (b) Propargyl
alcohol, CyO, 80°C, 2 h. (c) PCC, GE&I,, r.t., overnight. (d) D, 30%, AcOH, 75 °C, 4h. (e)
HATU, EtN, r.t., 2h.
2.2. Invitro cell growth inhibitory activity

To evaluate the anticancer activities of the syitheompounds, three STAT3
over- activated human cancer cell lines (U251, He@@d HT29 cells) and mice
CT-26 cells were examineddble 1). The inhibitory activity of compound2a and
2d were significantly decreased compared with thatagfabucasirb and2c, which
were substituted with heterocyclic groups, mairgdirthe inhibitory activities in
U251 and HT29 cells with the gvalues of 0.87-2.20 uM. But the activities 2if
and 2c had not been improved compared with thanhapabucasin, indicating that
aromatic substitution was adverse to improve agtiand substitution of heterocyclic
groups was favorable for the inhibitory activity.

Replaced with heterocyclic alkyl group at position Ba-g) was tolerated. The
inhibitory activity of compoundf, substituted with the 4-ethylpiperazin-1-yl at R
position, was increased for U251, HT29 and CT2&aeith the 1G values of 0.87,
0.21, and 0.59 uM, respectively. However, the camps8h-l, substituted with big
size on the cyclic amine, exhibited declined intmky activity. It demonstrated that

the substitutions with small size on the cyclic meniwere beneficial to improve



inhibitory activity.

Compound8q, with 2-(piperidin-1-yl)ethylamino- groupubstituted at the R
position, inhibited the growth of U251, HepG2, HT@8d CT26 cells with the Kg
values of 0.22, 0.49, 0.07 and 0.14 uM, respectivihe values were lowered over
10-fold compare with napabucasin. When the cornedipg position transformed to
aromatic alkyl amine 8s-u), the inhibitory activity declined obviously, swggiing
that the aromatic alkyl substitution at fosition was not versatile to improve activity.
Moreover, to evaluate the selectivity, the effaxftthe derivatives on STAT3-negative
prostate cancer PC-3 cell line were examined. Aegsalt, the IGy values of 16
derivatives were over 10 uM and the remaining lfivdéves and napabucasin were

over 2 uM.

Table 1 Activity of compoundsn vitro

0 0
0 0
B B
o] — (6] R2
o) R’ o)

2a-d 8a-u
|C5oiSDa(|JM)
Cpd. RY R?
U251 HepG2 HT29 CT26 PC-3
2a f@ >10 >10 >10 >10 >10
2 /
2b \EN) 1.50+0.25 >10 0.87+0.01  2.48+0.07 >10
/
2¢ » T\S/) 2204006  >10 1.52+0.01 >10 >10
2
2d >10 >10 >10 >10 >10
J\NJ
8a b 2.18+0.11 >10 1.08+0.03  0.58+0.05 9.65+1.24
J\N\I
8b <”3 2.16+0.11 >10 1.57+0.01 0.95+0.14 >10
~
8c {j 2.19+0.09 7.30+0.06 0.86x0.11 0.57+0.04 6.84+0.71
(o]
Rty
8d N 3.10+0.04 9.63+0.15 1.65+0.13 1.35+0.24 5.83%0.74
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1.37+0.02

0.87+0.03

0.58+0.02

5.92+0.43

>10

>10

>10

>10

2.65+0.43

>10

3.02+0.09

0.90+0.08

0.22+0.03

1.63+0.33

>10

3.36+0.57

6.32+0.62

2.60+0.38

5.27+0.13

>10

2.50+0.05

9.66+0.31

>10

>10

>10

>10

11.25+0.36

>10

>10

1.75+0.22

0.49+0.04

>10

>10

>10

>10

6.60+0.36

0.39+0.09 0.26%0.05

0.21+0.01  0.59+0.06

1.13+0.02 0.61+0.03

>10 -

>10 -

>10 -

>10 -

>10 -
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>10 -
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>10

>10
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>10

4.45+0.69

4.13+0.46

7.19+0.82

>10

>10

>10

5.25+0.57




#Values were the average of at least three sepdetgdeminations (Mean + SD). Dash (-) indicates
not determined.
2.3. Molecular docking

To explore the possible interaction modes of compsuvith STAT3molecular
docking studies were performed in Discovery St@8) 3.1. As shown ifrigure 4,
napabucasin could bind to the STAT3 (PDB code: 1B&42 domain by hydrogen
bonds with Arg609 and Arg595 residues. Furthermor@pabucasin was formed
cationq interactions with Ser636 and Lys591 residues. rEpeesentative compound
8q not only formed hydrogen bonds with Arg609 and 799 residues, but also new
hydrogen bonds with Lys591 and Arg595 residues, éndlso formed catiom-
interactions with the Ser636 and Lys591 residuéws flesult of the docking study
indicated that compoun8lg matched perfectly with the configuration of the SH
domain of STAT3, providing a rationale explainimg texcellent activity of compound
8q.

A | B

xxxxx

Figure 4. The binding mode afapabucasirBq andSTAT3 SH2 domain(A) Napabucasin in 3D
representationB) Napabucasin in 2D representati¢@) 8q in 3D representatio(D) 8q in 2D
representation. Hydrogen bond is shown in greerbhredash lines in 3D and 2D representation,
respectively.

2.4. The physicochemical properties of several final compounds

The aqueous solubility was tested by HPLC method] the Clog P was
calculated by ChemBioDraw Ultra 14.0. The aqueoud Bpid solubility of most

compounds were improveddble 2). For example, the solubility of compoud



and8e was improved to 70.7 and 109.4 ug/mL, respectivegmpounds$3q and8e,
with introduction of basic amino groups t8 position, were beneficial to increase the

water-solubility.
Table 2 Aqueous solubility of compoundeg-g, 8q and8r

Aqueous solubility +S0 Aqueous solubility +SD

Cpd. Structure Clog P
(hg/mL) (LM)
[o]
8c ©¢E\H 1.38 50.4+0.95 162.1+3.05
o &0
8d @@34 211 <25.0 <76.5
o &S
o
<
8e @f';j?_(N 1.94 109.4+3.76 337.4+£11.60
o &N
\
[e]
e
8f @iﬁ* 2.47 81.5+0.98 240.9+2.89
I Q)
AN
o ‘ . o
89 o Q 1.32 38.1+2.38 117.7£7.36
70.7+0.50 200.9+£1.42

D4
o Ol
8r ©¢®% 2.07 <25.0 <70.6
‘\*N/_\O
/

Napabucasin D 1.66 <15.0 <62.5

& Octanol-water partition coefficient (log P) wasadated by ChemBioDraw Ultra 14.0.
®Values were the average of at least three sepdetgeminations (Mean + SD).
2.5.1n Vivo Antitumor Activity Evaluation

The amino acid sequence of STAT3 is conserved legtvae@man and mice. And
the antitumor effects of STAT3 inhibitor is parttiepend on its regulation of the
immune systems [22]. Thus, to evaluate the effecfts STAT3 inhibitors,
immunocompetent mice are always used as animal InGdasistently, our data also
show that STAT3 inhibitor exhibit efficacy both uman colorectal cancer cell line

HT29 and in mouse colorectal cancer cell line CTR&ble 1). To further investigate



the antitumor potentiah vivo, we evaluated the effects of compouglin CT26
mouse tumor model. As shown Figure 5, compound8q exhibited potent oral
antitumor activity compared with the contréhe tumor growth delay induced By
was visualized by the final tumor tissue siz&igure 5A and the tumor growth curve
in Figure 5B. The TGI (tumor growth inhibition) and T/C (rekadi increment ratio)

with 8g at 50 mg/kg were 63% and 28%, respectively.
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Figure5. (A) Anatomical mice’s tumor tissues treated wdthand vehicle(B) Growth curves of
mice’s tumor volumgMean + SD, n = 5; *, p < 0.05, **, p < 0.01).
2.6. Preliminary safety profile of compound 8q

Compound8q was well tolerated and no significant differenéebody weights
was observed between control a8gl treated miceKigure S1). All mice survived
without apparent behavioral alterations or othde sffects.

Furthermore, the pathological change in major ssgams examined by H&E
staining. As shown irFigure 6, the histology of the heart, liver, spleen, lungla
kidney indicated thathe cells of organ tissues from tiBg treated grougkept a
complete morphology, without obvious cellular imflanatory,edema or necrosis,

implying no noticeable toxicity to the five majorgans.

Heart

Control

8q (50mg/kg)

Figure 6. Histological section of anatomical heart, liverJegm, lung and kidney stained with



H&E from colorectal cancer model mice treated with compd&md
2.7. Compound 8q decrease protein expression of total STAT3 and p-STAT3''®

To gain insight into the mechanism of compo@qgdwe conducted western blot,
immunofluorescence argandwich enzyme-linked immunosorbent assays to ieeam
the protein expression level of total and p-STXP3in U251 and HepG2 after
treatment. As shown iffigure 7A, decrease of both total STAT3 and p-STAT3
was observed at 200 nM concentrations after 24 shobirtreatment in U251 and
HepG2 cells. Through immunofluorescence stainihg, éxpression of total STAT3
decreased obviously in HepG2 cells treated 8gh400 nM) for 24 h Figure 7B).
Furthermore, we evaluated the total and p-STAT3evels in U251 and HepG2 cells
by sandwich enzyme-linked immunosorbent assay.hsvae, both total STAT3 and
p-STAT3"® decreased significantly after treatment w8tn (200 nM for U251 and
400 nM for HepG2 cells) for 24 h or 48 Rigure 7C, D).
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Figure 7. 8q treatment decrease protein expression level af ®AT3 and p-STATZ *in vitro.
(A) Westernblot analysis of STAT3 and p-STAT%” in U251 and HepG2 cells treated wih
(200 nM for U251 and 400 nM for HepG2 cells) for add 48 h.(B) Immunofluorescence
analysis of total STAT3 in HepG2 cells treated v&th(400 nM) for 24 h. Images were taken on a

Zeiss inverted microscope with 20x objective |eBB, Bright-Field. Scale bar: ffn. (C, D)



Sandwich enzyme-linked immunosorbent assay of ttal p-STAT3’*® in U251 and HepG2
cells treated witl8g (200 nM for U251 and 400 nM for HepG2 cells) f@r &d 48 h. Error bars
represent standard deviations. Paired t-test wed fo statistical analyses of treatment groups
compared with control group. *, p< 0.05; **, p< 0.0
2.8. Binding of Compound 8qg with STAT3

Furthermore, we validate the binding of compo@8qgdvith STAT3 using EMSA
and SPR analysis. As shownhkigure 8A, compounddq incubation at 100 nM and
200 nM concentration dramatically decreased thedibgn of STAT3 with
biotin-labeled DNA probe. SPR analyses with Biacof@00 also show that
compound8q has a K of 110.2 nM for full-length STAT3 recombinant peot
(Figure 8B).

B
STAT3Ab - - - +
Cold Probe - - + - - - - - -
STAT3Pro - + + + + + + + +
8q (M) - - - + 0 25 50 100 200 100 4 Kp=110.2 nM

B M e -

e

STAT3 Yot H‘Hh-.

Response (RU)

A
i 204
g 1 T T T T 1
Prob . & 5 *‘ . -50 0 50 100 150 200 250
robe Time (s)

Figure 8. Electrophoretic mobility shift assay (EMSA) andfage plasmon resonance (SPR)
analysis.(A) The effects of compoungt] on the DNA binding activity of STAT3 was determihe
by EMSA with biotin-labeled DNA probe and Flag-taggSTAT3 pull-downed from HEK293T
cells transiently transfected with full-length STAEDNA. Ab, antibody; Pro, proteiiB) STAT3
and compoundq binding analyses with Biacore X100. The conceiunat of 8q are varied from
18.75 nM to 600 nM. The equilibrium dissociatiomstant () was obtained by using the GE

BIA evaluation 2.0 software.
3. Conclusion
In summary, a novel series of napabucasin derieatiwere designed,

synthesized and biologically evaluated. Most of tesigned compounds exerted

promising inhibitory activity on U251, HepG2, HT2&d CT26 cells, and exhibited



improved solubility compared with napabucasin. Thest potent compoun@&q
exhibited remarkable inhibitory activity on U251ep{52, HT29 and CT26 cells with
the 1G values of 0.22, 0.49, 0.07 and 0.14 ukpectively. In mouse model of
colorectal cance®Bq significantly inhibited tumor growth. Treatmenttivicompound
8q decreased protein expression level of total STAMS p-STAT3’% in vitro. The
binding of compoundqg with STAT3 were validated by EMSA and SPR analysis.
Compound8q has a kg of 110.2 nM for full-length STAT3 recombinant peot.
Molecular docking suggested that compo@&qgdoound to the SH2 domain of STAT3.
Together, compoun@q is worth of further investigations toward the digery of

STAT3 inhibitor as a drug candidate for oncotherapy

4. Experimental section
4.1. Chemistry

All common reagents and solvents were obtained rommercial suppliers and
used without further purification. Reaction progresas monitored using analytical
thin layer chromatography (TLC) on precoated siljeh 60 F254 plates (0.25 mm,
Qingdao Haiyang Inc.) and components were visugdlieultraviolet light (254 nm).
All the NMR spectra were recorded on Bruker Avan@érian Unity Inova)
spectrometer in CDGlor DMSO-g with TMS as internal standartd NMR and**C
NMR spectra were recorded respectively at 400 MHa@ 400 MHz, analyzed by
using MestReNova Software. Chemical shifts werentep in ppm. Splitting patterns
were expressed as s, singlet; d, doublet; t, triglequartet; dd, doublet of doublets; m,
multiplet; brs, broad singlet. High resolution masgectrometry (HRMS) was
performed on an Agilent LC/MSD TOF system G3250A3ilicycle silica gel
300-400 (particle size 40-63im) mesh was used for all flash column
chromatography experiments.

4.1.1. General proceduresfor the preparation of 2a-d

To a solution of 2-acetylnaphtho[2,3-b]furan-4,& (1) (0.42 mmol) in EtOH
(5 mL), piperidine (1.25 mmol) and aromatic aldedyyd0.62 mmol) were added. The
reaction mixture was heated to reflux and stirred # hours, then cooled to room

temperature. The mixture was filtered and therfiteke was washed with 10mL of



EtOH for three times, and dried under vacuum t@ giompound&a-d.
(E)-2-cinnamoylnaphtho[2,3-b]furan-4,9-diordz

'H NMR (400 MHz, DMSOY 8.53 (s, 1H), 8.19 — 8.13 (m, 2H), 7.99 — 7.90 (m,
5H), 7.87 (dJ = 15.6 Hz, 1H), 7.52 — 7.48 (m, 3LC NMR (100 MHz, Pyrp 179.8,
178.0, 174.0, 156.3, 153.5, 145.6, 134.6, 134.3,213133.4, 133.0, 131.3, 130.9,
129.2 (2C), 129.2 (2C), 127.0, 126.9, 121.0, 11BRMS (Q-TOF): calculated for
C,1H1:04 329.0736 [M + H]J, found329.0815. Purity 95.0%.
(E)-2-(3-(1-methyl-1H-pyrrol-2-yl)acryloyl)naphth®|3-b]furan-4,9-dionefb)

'H NMR (400 MHz, DMSO) 8.30 (s, 1H), 8.19 — 8.13 (m, 2H), 7.95 — 7.90 (m,
2H), 7.80 (d,J = 15.2 Hz, 1H), 7.52 (d] = 15.2 Hz, 1H), 7.17 (d] = 3.2 Hz, 2H),
6.25 — 6.23 (m, 1H), 3.80 (s, 3tC NMR (100 MHz, DMSO) 180.4, 177.1, 174.1,
156.5, 153.7, 134.9 (2C), 133.4, 133.3, 133.0,8,380.6, 130.1, 127.1, 127.0, 115.4,
115.4, 114.0, 110.5, 34.5. HRMS (Q-TOF): calculdtadC,;H;3NO,4 332.0845 [M +
H]*, found 332.0905. Purity 95.0%.
(E)-2-(3-(thiophen-2-yl)acryloyl)naphtho[2,3-b]funa4,9-dione2c)

'H NMR (400 MHz, DMSO)s 8.44 (s, 1H), 8.20 — 8.13 (m, 2H), 8.05 Jd=
15.4 Hz, 1H), 7.96 — 7.91 (m, 2H), 7.88 Jc5 5.0 Hz, 1H), 7.79 (d] = 3.4 Hz, 1H),
7.61 (d,J = 15.4 Hz, 1H), 7.24 (m, 1HJC NMR (100 MHz, DMSOY 180.2, 177.6,
174.1, 155.8, 153.9, 139.8, 138.1, 135.0, 134.9.313133.4, 133.0, 132.2, 130.8,
129.4, 127.2, 127.0, 120.1, 115.0. HRMS (Q-TOF)lcdated for GgH1404S
335.0300 [M + H]J, found 335.0385. Purity 95.0%.
(E)-2-(3-([1,1'-biphenyl]-4-yl)acryloyl)naphtho[2;B]furan-4,9-dionegd)

'H NMR (400 MHz, DMSO) 8.55 (s, 1H), 8.19 — 8.14 (m, 2H), 8.04 (m, 2H),
7.97 (d,J = 14.0 Hz, 1H), 7.94 (m, 2H), 7.90 @z= 10.2 Hz, 1H), 7.79 (m, 4H), 7.51
(t, J = 7.6 Hz, 2H), 7.42 (t) = 7.4 Hz, 1H)**C NMR (100 MHz, DMSO) 180.3,
177.9, 174.2, 155.9, 154.1, 144.9, 143.2, 139.6,(13134.9, 133.8, 133.5, 133.1,
130.8, 130.4, 129.5, 128.6, 127.6, 127.3, 127.2,11221.9, 115.5. HRMS (Q-TOF):
calculated for GH1¢04 406.1082 [M + HJ, found 406.2045. Purity 95.0%.

4.1.2. Synthesis of 3-phenyliodonio-1, 2, 4-trioxo-1,2,3,4-tetrahydronaphthalenide
(4)



The synthesis of compoundl was carried out according to the previously
reported procedure [23].To a solution of 2-hydrdx#-naphthoquinong3) (5 g,
28.7mmol) in CHJ (60 mL), iodobenzene diacetate (15 g, 46.6mmob agded at
room temperature. After the reaction mixture stireg¢ this temperature for 6 h, the
mixture was filtered to give an orange precipitatashed with CHGIfor three times
and dried to afford compountas orange solid (9.8 g, 91.0%).

4.1.3. Synthesis of 2-hydroxymethyl-naphtho[2,3-b]furan-4,9-dione (5)

To a stirred solution of (5.0 g, 13.3 mmol) in pyridine (60 mL), cuproudade
(5.0 g) was added at room temperature. Then tlotioeanixture was heated to 80 °C.
The mixture solution was added propargyl alcoh®l ifiL) slowly, and stirred at this
temperature for 2.5 h. The solution was cooledadonr temperature, filtered and
diluted with 400 mL of 10% aqueous HCI. The acidatution was extracted three
times with 50 mL of EtOAc. The organic layer wassiwad with saturated copper
sulfate solution and dried over anhydrous, 3@, filtered and concentrated under
reduced pressure. The residue was purified by catagnaphy on Si gel column with
DCM- MeOH to obtain compoun8l as an orange solid (540 mg, 17.84)NMR
(400 MHz, DMSO) 8.14 — 8.04 (m, 2H), 7.94 — 7.81 (m, 2H), 6.941(), 5.72 (tJ

= 4.8 Hz, 1H), 4.61 (d] = 4.8 Hz, 2H).
4.1.4. Synthesis of 2-formyl-4,9-dihydronaphtho[ 2,3-b]-furan-4,9-dione (6)
To a solution of5 (500 mg, 2.19 mmol) in DCM (5 mL), pyridinium

chlorochromate (1.5 g) was added. The mixture viiaeed at room temperature for
overnight. Then the solution was diluted withHand extracted with DCM for three
times. The combined organic phase was washed wiite Bnd dried over anhydrous
NaSQy, filtered and concentrated under reduced pres3ire.residue was purified
by chromatography on Si gel column with DCM to goeampounds as a yellow solid
(398 mg, 80.4%JH NMR (400 MHz, DMSO0)5 9.91 (s, 1H), 8.23 — 8.09 (m, 2H),
8.04 (s, 1H), 7.98 — 7.86 (m, 2H).
4.1.5. Synthesis of 4,9-dioxo-4,9-dihydronaphtho[2,3-b]furan-2-carboxylic acid (7)
The synthesis of intermediate compound 7 was chromt according to the

previously reported procedure [19].To a solutior6dB00 mg, 1.33 mmol) in glacial



HOAc (20 mL), HO, (30%, 10 mL) was added at 75 °C, and the mixtuae stirred
at this temperature for 4 h. Then it was conceattainder reduced pressure, and the
residue was filtered and washed withCHfor three times, and dried in a vacuum
dryer to afford compound 7 as a yellow solid (28§, 90.0%)'H NMR (400 MHz,

DMSO) 6 14.17 (brs, 1H), 8.40 — 8.05 (m, 2H), 8.02 — {1&42H), 7.68 (s, 1H).
4.1.6. General proceduresfor the preparation of 8a-u
The solution of intermediate compound 7 (0.20 mml)DCM (3 mL) was

stirred with HATU (0.31 mmol) at room temperaturer f10 minutes and then
triethylamine (0.31 mmol), substituted alkyl amir@sN-heterocycles (0.36 mmol)
was added. After the reaction mixture stirred amdemperature for 2h, the mixture
was evaporated under vacuum, purified by chromapdgr on Si gel column with
DCM to afford compound8a-u.
2-(pyrrolidine-1-carbonyl)naphtho[2,3-b]furan-4,9aheBa)

'H NMR (400 MHz, CDC}) § 8.16 — 8.10 (m, 2H), 7.95 — 7.88 (m, 2H), 7.55 (s,
1H), 3.81 (t,J = 6.8 Hz, 2H), 3.52 (J = 6.8 Hz, 2H), 1.95 (m, 2H), 1.91 — 1.83 (m,
2H).**C NMR (100 MHz, DMSO) 180.4, 173.8, 156.4, 152.6, 152.5, 134.9, 134.9,
133.3, 132.8, 130.4, 127.1, 127.0, 111.7, 48.25,426.4, 23.8. HRMS (Q-TOF):
calculated for ¢H;13NO4318.0849M + NaJ*, found 318.0705. Purity 95.0%.
2-(piperidine-1-carbonyl)naphtho[2,3-b]furan-4,9etie g8b)

'H NMR (400 MHz, DMSO) 8.17 — 8.09 (m, 2H), 7.95 — 7.88 (m, 2H), 7.44 (s,
1H), 3.71 — 3.54 (m, 4H), 1.61 (m, 6HC NMR (100 MHz, DMSO) 180.4, 173.7,
157.7, 152.3, 152.2, 134.9, 134.8, 133.3, 132.8,2327.1, 126.9, 110.7, 47.9, 43.5,
26.7, 25.7, 24.3. HRMS (Q-TOF): calculated fofgd3sNO4 310.1001 [M + HJ,
found 310.1030. Purity 95.0%.
2-(morpholine-4-carbonyl)naphtho[2,3-b]furan-4,%die @c)

'H NMR (400 MHz, DMSO) 8.17 — 8.08 (m, 2H), 7.92 — 7.87 (m, 2H), 7.53 (s,
1H), 3.68 (s, 8H)**C NMR (100 MHz, DMSO) 180.3, 173.7, 157.9, 152.5, 151.4,
134.9, 134.9, 133.3, 132.7, 130.2, 127.1, 126.9,61566.6, 66.5, 66.5, 66.5. HRMS
(Q-TOF): calculated for GH13NOs 334.0794 [M + Nd], found 334.0603. HPLC
purity 100.0%.



2-(thiomorpholine-4-carbonyl)naphtho[2,3-b]furan94gione 8d)

'H NMR (400 MHz, DMSO) 8.19 — 8.05 (m, 2H), 8.01 — 7.85 (m, 2H), 7.48 (s,
1H), 3.90 (m, 4H), 2.82 — 2.68 (m, 4 NMR (100 MHz, DMSOY 180.3, 173.7,
158.2, 152.4, 151.6, 134.9, 134.9, 133.3, 132.0,2327.1, 126.9, 111.2, 27.7, 27.5,
27.3, 27.2. HRMS (Q-TOF): calculated fog813NO,S 350.0564 [M + Nd] found
350.0402. HPLC purity 99.3%.
2-(4-methylpiperazine-1-carbonyl)naphtho([2,3-b]ford,9-dione 8e)

'H NMR (400 MHz, DMSO) 8.15 — 8.09 (m, 2H), 7.94 — 7.87 (m, 2H), 7.48 (s,
1H), 3.67 (s, 4H), 2.41 — 2.37 (m, 4H), 2.22 (s).5l& NMR (100 MHz, DMSOY
180.3, 173.7, 157.7, 152.4, 151.7, 134.9, 134.8.23132.7, 130.2, 127.1, 126.9,
111.3, 55.3, 54.6, 46.8, 46.0, 42.6. HRMS (Q-TOé&glculated for GgH16N204
347.1110 [M+ Nal, found 347.0997. HPLC purity 99.5%
2-(4-ethylpiperazine-1-carbonyl)naphtho[2,3-b]furdB-dione &f)

'H NMR (400 MHz, DMSO) 8.16 — 8.09 (m, 2H), 7.96 — 7.87 (m, 2H), 7.49 (s,
1H), 3.67 (s, 4H), 2.46 — 2.42 (m, 4H), 2.38Jc 7.2 Hz, 2H), 1.02 (t) = 7.2 Hz,
3H).13C NMR (100 MHz, DMSO) 180.3, 173.7, 157.7, 152.4, 151.7, 134.9, 134.8,
133.2, 132.7, 130.2, 127.1, 126.9, 111.3, 53.13,521.8, 47.0, 42.7, 12.3. HRMS
(Q-TOF): calculated for GH1eN-O4 339.1267 [M + H], found: 339.1235. HPLC
purity > 99.8%
2-(4-oxopiperidine-1-carbonyl)naphtho[2,3-b]furan94dione 8Qg)

'H NMR (400 MHz, DMSOY 8.17 — 8.10 (m, 2H), 7.94 — 7.87 (m, 2H), 7.57 (s,
1H), 3.96 (brs, 4H), 2.55 (§ = 6.4 Hz,4HY:*C NMR (100 MHz, DMSO) 207.3,
180.4, 173.7, 158.3, 152.5, 151.6, 134.9, 134.9.313132.8, 130.2, 127.1, 126.9,
111.6, 44.6, 41.4, 40.8, 39.5. HRMS (Q-TOF): calted for GsH13NOs 324.0794 [M
+ HJ", found 324.0898. HPLC purity 99.4%
Methyl-2-(1-(4,9-dioxo-4,9-dihydronaphtho[2,3-b]&m-2-carbonyl)piperidin-4-yl)ac
etate gh)

'H NMR (400 MHz, DMSO) 8.16 — 8.10 (m, 2H), 7.91 (m, 2H), 7.44 (s, 1H),
4.39 (m, 1H), 4.09 — 4.00 (m, 1H), 3.60 (s, 3HRS3(mM, 1H), 2.94 — 2.83 (m, 1H),
2.32 (d,J = 7.0 Hz, 2H), 2.08 — 1.98 (m, 1H), 1.82 — 1.72 £H), 1.31 — 1.15 (m,



2H).2C NMR (100 MHz, DMSOY 180.4, 173.7, 172.7, 157.7, 152.3, 152.1, 134.9,
134.8, 133.3, 132.8, 130.2, 127.1, 126.9, 110.9,,516.9, 42.6, 40.2, 32.8, 32.3, 31.4.
HRMS (Q-TOF): calculated for £H10NOg 382.1212 [M + HJ, found: 382.1282.
Purity> 95.0%.
2-(4-(3-chlorophenyl)piperidine-1-carbonyl)napht¢8-b]furan-4,9-dioneg)

'H NMR (400 MHz, CDCY) 6 8.28 — 8.19 (m, 2H), 7.84 — 7.76 (m, 2H), 7.45 (s,
1H), 7.26 (s, 1H), 7.23 — 7.20 (m, 2H), 7.13 — 7(0 1H), 4.83 (brs, 1H), 4.44 (brs,
1H), 3.35 (brs, 1H), 2.93 (brs, 1H), 2.85 (m, 1)1 (m, 2H), 1.78 (m, 2H)C
NMR (100 MHz, DMSO)s 180.4, 173.7, 157.8, 152.4, 152.0, 148.4, 13434.8]
133.6, 133.3, 132.8, 130.8, 130.3, 127.3, 127.6,9.226.8, 126.1, 110.9, 47.2, 44.4,
43.1, 41.8 , 32.8. HRMS (Q-TOF): calculated fouHieCINO;442.0924 [M + Nal],
found 442.0811. Purity 95.0%.
2-(4-(4-fluorophenyl)piperidine-1-carbonyl)naphtt2gB-b]furan-4,9-dione§j)

'H NMR (400 MHz, DMSO) 8.17 — 8.10 (m, 2H), 7.95 — 7.88 (m, 2H), 7.51 (s,
1H), 7.36 — 7.31 (m, 2H), 7.16 — 7.09 (m, 2H), 4(B8s, 1H), 4.20 (brs, 1H), 3.49
(brs, 1H), 2.92 (m, 2H), 1.85 (brs, 2H), 1.69 (&) 2*C NMR (100 MHz, DMSO)
180.4, 173.7, 162.5, 160.1, 157.8, 152.4, 152.@.(a14134.9, 133.3, 132.8, 130.2,
129.1, 129.0, 127.1, 126.9, 115.6, 115.4, 110.%,443.2, 41.3, 33.7, 33.2. HRMS
(Q-TOF): calculated for £H1gFNO,426.1220 [M + Nal, found: 426.1106. Purity
95.0%.
2-(4-(4-methoxyphenyl)piperidine-1-carbonyl)naplighd-b]furan-4,9-dionegk)

'H NMR (400 MHz, DMSO) 8.15 — 8.10 (m, 2H), 7.93 — 7.87 (m, 2H), 7.50 (s,
1H), 7.20 (dJ = 8.6 Hz, 2H), 6.87 (d] = 8.6 Hz, 2H), 4.57 (brs, 1H), 4.19 (brs, 1H),
3.72 (s, 3H), 3.36 (brs, 1H), 2.94 (brs, 1H), 2-88.78 (m, 1H), 1.84 (m, 2H), 1.66
(m, 2H)!*C NMR (100 MHz, DMSO0)5 180.4, 173.7, 158.2, 157.8, 152.3, 152.1,
137.8, 134.9, 134.8, 133.3, 132.8, 130.2, 128.),(227.1, 126.9, 114.3 (2C), 110.9,
55.5, 47.6, 43.3, 41.2, 33.6, 33.4. HRMS (Q-TORlculated for GsH21NOs
438.1420 [M + Nal, found: 438.1308. Purity 95.0%.
2-(4-(3-(trifluoromethyl)phenyl)piperazine-1-carbdmaphtho[2,3-b]furan-4,9-dione
(8l)



'H NMR (400 MHz, DMSO) 8.17 — 8.10 (m, 2H), 7.94 — 7.88 (m, 2H), 7.56 (s,
1H), 7.46 (tJ = 7.6 Hz, 1H), 7.27 (d) = 7.6 Hz, 1H), 7.23 (s, 1H), 7.11 @= 7.6
Hz, 1H), 3.86 (s, 4H), 3.41 — 3.36 (m, 4E}C NMR (100 MHz, DMSO)S 180.4,
173.7, 157.8, 152.5, 151.5, 151.2, 134.9, 134.9.313132.8, 130.6, 130.3, 130.2,
127.1, 126.9, 119.6, 115.5, 111.8, 111.7, 48.26,462.4, 40.6. HRMS (Q-TOF):
calculated for g4H;7F3sN,04 455.1140 [M + HJ, found: 455.1151. Purity 95.0%.
N-(4,4-dimethylcyclohexyl)-4,9-dioxo-4,9-dihydrohtm([2,3-b]furan-2-carboxamid
e @m)

'H NMR (400 MHz, DMSO)S 8.72 (d,J = 8.0 Hz, 1H), 8.17 — 8.09 (m, 2H),
7.94 — 7.88 (m, 2H), 7.67 (s, 1H), 3.74 (m, 1HH71- 1.52 (m, 4H), 1.41 (m, 2H),
1.32 — 1.21 (m, 2H), 0.93 (d,= 9.4 Hz, 6H)**C NMR (100 MHz, DMSOY 180.4,
173.8, 156.1, 152.7, 152.6, 134.9, 134.8, 133.2,93130.8, 127.0, 127.0, 110.2,
48.8, 38.0 (2C), 32.6, 29.8, 28.2 (2C), 24.6. HRNIS-TOF): calculated for
C21H21NO,4 374.1471 [M + Na], found: 374.1358. Purity 95.0%.
N-(adamantan-1-yl)-4,9-dioxo-4,9-dihydronaphthofbj8uran-2-carboxamidegn)

'H NMR (400 MHz, DMSO) 8.19 — 8.07 (m, 2H), 8.02 (s, 1H), 7.91 (m, 2H),
7.75 (s, 1H), 2.08 (s, 9H), 1.67 (s, 68 NMR (100 MHz, DMSOY 180.5, 173.7,
156.3, 152.9, 152.5, 134.9, 134.8, 133.3 (s), 13139.7, 127.0, 127.0, 110.1, 52.8,
41.1 (3C), 36.4 (2C), 29.3 (4C). HRMS (Q-TOF): cddted for GsHxNO, 376.1471
[M + H]*, found 376.1539. Purity 95.0%.
N-cyclohexyl-4,9-dioxo-4,9-dihydronaphtho[2,3-bHar2-carboxamided)

'H NMR (400 MHz, DMSO0)5 8.70 (d,J = 8.0 Hz, 1H), 8.17 — 8.08 (m, 2H),
7.94 — 7.88 (m, 2H), 7.68 (s, 1H), 3.77 (m, 1HB2L(m, 1H), 1.77 — 1.71 (m, 2H),
1.61 (m, 2H), 1.37 — 1.31 (m, 3H), 1.23 (m, 280. NMR (100 MHz, DMSO)5
180.4, 173.8, 156.1, 152.7, 152.6, 134.9, 134.8.313132.9, 130.7, 127.0, 127.0,
110.2, 48.9, 32.6 (2C), 25.3 (2C). HRMS (Q-TOF)icatated for GoH:7NO4
324.1158 [M + HJ, found: 324.1235. Purity 95.0%.
4,9-dioxo-N-(2-(pyrrolidin-1-yl)ethyl)-4,9-dihydraphtho[2,3-b]furan-2-carboxamid
e@p)

'H NMR (400 MHz, DMSO)5 8.88 (t,J = 5.8 Hz, 1H), 8.18 — 8.08 (m, 2H),



7.96 — 7.86 (m, 2H), 7.63 (s, 1H), 3.40 Jgs 6.6 Hz, 2H), 2.59 (J = 6.6 Hz, 2H),
2.49 (m, 4H), 1.76 — 1.60 (m, 4£8C NMR (100 MHz, DMSOY 180.4, 173.8, 156.9,
152.7, 152.5, 134.9, 134.8, 133.3, 132.9, 130.7,112127.0, 110.3, 55.1 (2C), 54.1,
38.8 (2C), 23.6. HRMS (Q-TOF): calculated fore@.gN,0s 339.1267 [M + HJ,
found 339.1348. Purity 95.0%.
4,9-dioxo-N-(2-(piperidin-1-yl)ethyl)-4,9-dihydrophtho[2,3-b]furan-2-carboxamide
(8a)

'H NMR (400 MHz, DMSO)5 8.83 (t,J = 5.8 Hz, 1H), 8.18 — 8.08 (m, 2H),
7.94 — 7.86 (m, 2H), 7.62 (s, 1H), 3.39 Jcg 6.6 Hz, 2H), 2.44 (J = 6.6 Hz, 2H),
2.38 (m, 4H), 1.49 (m, 4H), 1.41 — 1.34 (m, 2£0. NMR (100 MHz, DMSO)5
180.4, 173.8, 156.9, 152.7, 152.5, 134.9, 134.8.313132.9, 130.7, 127.1, 127.0,
110.2, 57.9, 54.5 (2C), 37.1, 26.0 (2C), 24.5. HRMSTOF): calculated for
Ca0H20N20,353.1423 [M + HJ, found 353.1504. HPLC purity 98.8%
N-(2-morpholinoethyl)-4,9-dioxo-4,9-dihydronaphtBd-b]furan-2-carboxamide
(8r)

'H NMR (400 MHz, DMSO)5 8.87 (t,J = 5.6 Hz, 1H), 8.19 — 8.09 (m, 2H),
7.96 — 7.87 (m, 2H), 7.63 (s, 1H), 3.61 — 3.54 4i), 3.41 (qJ = 6.6 Hz, 2H), 2.47
(t, J = 6.6 Hz, 2H), 2.42 (m, 4HC NMR (100 MHz, DMSO) 180.4, 173.8, 156.9,
152.7, 152.5, 134.9, 134.8, 133.3, 132.9, 130.7,112127.0, 110.3, 66.7 (2C), 57.6,
53.7 (2C), 36.7. HRMS (Q-TOF): calculated fore€.gN,0s 355.1216 [M + HJ,
found: 355.1290. HPLC purity 98.8%
4,9-dioxo-N-phenethyl-4,9-dihydronaphtho[2,3-b]fofa-carboxamide8s)

'H NMR (400 MHz, DMS0)3 9.03 (t,J = 5.6 Hz, 1H), 8.16 — 8.08 (m, 2H),
7.95 — 7.86 (m, 2H), 7.60 (s, 1H), 7.26 (m, 5HR73- 3.48 (q,) = 7.4 Hz, 2H), 2.87
(t, J = 7.4 Hz, 2H)"*C NMR (100 MHz, DMSO) 180.3, 173.8, 156.9, 152.7, 152.5,
139.6, 134.9, 134.8, 133.3, 132.8, 130.7, 129.1,(228.9 (2C), 127.0, 127.0, 126.7,
110.2, 41.0, 35.3. HRMS (Q-TOF): calculated forHGsNO4368.1001 [M + Nal,
found: 368.0698. Purity 95.0%.
N-(4-chlorophenethyl)-4,9-dioxo-4,9-dihydronaphthd-b]furan-2-carboxamides()

'H NMR (400 MHz, DMSO)$ 9.01 (t,J = 5.6 Hz, 1H), 8.17 — 8.08 (m, 2H),



7.94 — 7.87 (m, 2H), 7.61 (s, 1H), 7.38 — 7.33 2#d), 7.30 — 7.26 (m, 2H), 3.52 (q,
7.2 Hz, 2H), 2.86 (t) = 7.2 Hz, 2H)**C NMR (100 MHz, DMSO) 180.4, 173.8,
156.9, 152.7, 152.4, 138.7, 134.9, 134.8, 133.3,9.331.3, 131.1 (2C), 130.7, 128.7
(2C), 127.1, 127.0, 110.3, 40.7, 34.5. HRMS (Q-T:Gf)culated for H14CINO,
380.0611 [M + HI, found: 380.0690. Purity 95.0%.
N-(4-methoxyphenethyl)-4,9-dioxo-4,9-dihydronap[i®b]furan-2-carboxamideg
u)

'H NMR (400 MHz, DMSO)5 8.99 (t,J = 5.6 Hz, 1H), 8.17 — 8.07 (m, 2H),
7.96 — 7.86 (m, 2H), 7.61 (s, 1H), 7.16 Jc 8.4 Hz, 2H), 6.86 (d] = 8.4 Hz, 2H),
3.72 (s, 3H), 3.48 (q] = 7.4 Hz, 2H), 2.80 () = 7.4 Hz, 2H):*C NMR (100 MHz,
DMSO)s 180.4, 173.8, 158.2, 156.9, 152.7, 152.5, 13439,8, 133.3, 132.9, 131.5,
130.7, 130.1 (2C), 127.0, 127.0, 114.3 (2C), 118625, 41.2, 34.5. HRMS (Q-TOF):

calculated for gH;7NO5398.1107 [M + Na], found: 398.1009. Purity 95.0%.
4.2. Invitro inhibitory activity
U251, HepG2, HT29, CT26 and PC-3 cells were seaudd&b-well plates at a

density of 5x16 cells/well and cultured for 24 h. Following thedéibn of different

concentrations of compounds, the cells were furtheétured for 72 h, with 0.5%
DMSO as the solvent control group. Then cells vilecabated for 4 h with 5mg/ml of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu bromide (MTT) solution, and
the formazan crystals were dissolved with 150uDMSO. After gentle shaking for
10min, the optical density (OD) was measured anBv@ising a Spectra MAX M5
microplate spectrophotometer. Each treatment waforpeed in triplicate. Results

were analyzed with GraphPad Prism 6 and data virenersas Mean + SD.
4.3. Molecular docking
Molecular docking studies were carried out using Bhscovery Studio (DS) 3.1

software. The protein was constructed based oriXifaey structure of STAT3, which
was available through the RCSB Protein Data BarlBB(Rode: 1BG1)Both the

compounds and the structure of STAT3 were prepanedoptimized using Discovery
Studio 3.1. The protein was prepared with addingirbgens, deleting water

molecules. The low energy clusters were identifeetti binding energies were



evaluated.
4.4. The deter mination of aqueous solubility
The aqueous solubility of the compounfls-g, 8q and8r were determined by

HPLC method. The calibration standards were prebaiéh concentrations for 15,
25, 50, 75, 100, 12pg/mL and used to assess calibration curves. Theoconds (2
mg) were added into 1.5 mL EP tubes respectiveig gure water (1 mL) was added
into each EP tube. Then the EP tubes were vortéxe®@0s and swung at room
temperature for 24 h to obtain saturated solutishich weredisposedby HPLC

system.
4.5. In Vivo Antitumor Activity Evaluation
CT-26 cells (1 x 1%) were subcutaneously implanted in the right flamks

6-week-old male BALB/c mice, which were purchaseoiht DaShuo experimental
animal Co. Ltd. (Chengdu, Sichuan, China). Aftee golid tumors volume were
reached about 70 niymice were randomized to two groups with five npee group
and were orally administrated wiy 50mg/kg and vehicle per day. Compousyl
was dissolved at 5% 1-methyl-2-pyrrolidinone inymthylene glycol 400, and the
blank control group received oral administrationegual volume 05% NMP, 95%
PEG. The tumors were measured every 3 days witligec. Tumor volume (V) was
estimated using the equation V =%29 where a and b stand for the longest and
shortest diameter, respectively. After treatmentemvere sacrificed and dissected to
weigh the tumor tissues and to examine the inteong&n injury by macroscopic
analysis. TGl and T/C were calculated accordintipéofollowing formula:
TGI = (the mean tumor weight of control group - thean tumor weight of treated
group)/ (the mean tumor weight of control group).
T /C=mean RTV of treated group/mean RTV of congralup
RTV, namely, relative tumor volume, is/Wy (Vt is the tumor volume measured at
the end of treatment;o\Ms the tumor volume measured at the beginningeaftinent).
4.6. Western blot and immunofluorescence analysis

Total cellular proteins were extracted in RIPA leuf{Beyotime Biotechnology)

supplemented with protease inhibitor cocktail (Sagaidrich). Protein concentrations



were determined with BCA protein assay kit (Therfsher Scientific). Equal
amounts of protein were run out on 10% SDS-PAGEagdlsubsequently transferred
onto PVDF membranes (Millipore). Membranes wereckdal in 5% skimmed milk
and incubated with the following primary antibodies 41 overnight. mouse
monoclonal antibodyto total STAT3 (Cell Signaling, 1:1000, #9139), lbdb
monoclonal antibody to p-STAT3 (Tyr705) (Cell Signg, 1:1,000, #9145) and
rabbit polyclonal antibody to GADPH (BOSTER, 1:58A2913). Second antibodies
were from Beyotime Biotech and used at a dilutioh 102,000. Enhanced
chemiluminescence (ECL) and digital imaging (Clir@cience Instruments,
Chemiscope 5300) were wused for detection of targebteins. For
immunofluorescence analysis, the primary antibodiotal STAT3 was the same as
used in western blot. Cell nucleus was stained A1 (Roche). Images were taken
on a Zeiss microscope (Axio Observer).

47. Total STAT3 and p-STAT3""® sandwich enzymelinked immunosorbent
assay

Whole-cell lysates were prepared using cell lysisiffds (Beyotime
Biotechnology) containing protease inhibitor codktéSigma-Aldrich). Protein
concentrations were quantified with BCA proteinagskit (Thermo Fisher Scientific).
Levels of total and p-STAT3* were measuring by using PathScan Total Stat3 and
Phospho-Stat3 (Tyr705) Sandwich ELISA Kit (Cell @ating, 7305 & 7300)
according to the manufacturer’s instructions. Theasurements were repeated three
times. For statistical analyses, treatment grougewompared with control group by
paired t-test and data are represented as meaiis £ S
4.8. Electrophoretic Mobility Shift Assay (EM SA)

HEK293T cells were transiently transfected with évstinal FLAG-tagged
STAT3 expression construct (1@/10 cm dish). Forty-eight hours post transfection,
cells were harvested and dissolved in lysis bu{e®0 ulL/10 cm dish). After
sonification and centrifugation, STAT3 were purfiby Anti-FLAG M2 Magnetic
Beads from Sigma (M8823) according to the instangi Protein was eluted from

beads with 200uL flag peptide (200ug/mL). EMSA was performed by using



Chemiluminescent EMSA Kit (GS009, Beyotime) accogdito the instructions.
Biotin labeled STAT3 probe, cold probe and nylonnmbeanes were also purchased
from Beyotime (GS083B, FFN10 ). 8 eluted protein and L probe were loaded
with each lane. Anti-total STAT3 antibody is themsa as used in western blot.
Enhanced chemiluminescence (ECL) and digital in@¢linx Science Instruments,
Chemiscope 5300) were used for detection of taygeeins. Compon8qg was added
as indicated.

4.9. Purification of STAT 3 and Surface Plasmon Resonance (SPR) analysis

Full-length STAT3 with N-terminal His-tag was expsed by baculovirus in Sf9
insect cells. Briefly, STAT3 vector was co-transéetwith Bac-N-Blue DNA into Sf9
cells. Recombinant virus was amplified in Sf9 celtgl expressed in High Five cells.
2-3 d post-infection, cells were spun down and mhedium was collected for
purification. After filter, concentration and dialg, protein was purified by Ni-NTA
Agarose and gel-filtration columns. Protein purity0%) and concentration were
determined by SDS-PAGE with Coomassie stainingldvidpectrometry.

STAT3 and compoundq binding analyses was performed by using Biacore
X100 (GE Healthcare, UK) according to standard mesh Protein was covalently
immobilized to the surface of a CM5 sensor chi;mgsa amine coupling kit (GE
Healthcare). Compoundq was diluted with 5% DMSO in PBS buffer. The
concentrations were set at 600, 300, 150, 75, &b 18.75 nM. The equilibrium

dissociation constant (KD) was obtained by usirggBhAevaluation 2.0 software.
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Highlights

1.

In vitro, compound 8q was over 10-fold more potent than napabucasin on U251,
HepG2, HT29 and CT26 cells.

In mouse model of colorectal cancer, 8q significantly reduced tumor growth. The
TGl of 8q at 50 mg/kg was 63 %.

Compound 8q has a Kp of 110.2 nM for full-length STAT3 recombinant protein
by surface plasmon resonance analysis.

The aqueous solubility of 8q was over 4.5-fold higher than that of napabucasin.
Compound 8q exhibited good safety profile in BALB/c mice model.



