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ABSTRACT

Anoctaminl (ANO1), a calcium-activated chloride icmannel (CaCC), is associated with
various physiological functions including canceogmession and metastasis/invasion. ANO1 has been
considered as a promising target for cancer thetigzeas ANO1 is over-expressed in a variety of
cancers including glioblastoma (GBM) and inhibitioh ANO1 has been reported to suppress cell
proliferation, migration and invasion in GBM. GBM bne of the most common and aggressive
cancers with poor prognosis with median survival months. Lack of effective treatment options
against GBM emphasizes urgent necessity of efied®BM therapeutics. In an effort to discover
potent and selective ANOL inhibitors capable ofibitmg GBM cells, we have designed and
synthesized a series of new 2-aminothiophene-3szarhide derivatives and performed SAR studies
using both fluorescent cellular membrane potertsslay and whole-cell patch-clamp recording. We
observed that among these substangesnd 10q strongly suppress ANO1 channel activities and
possess remarkable selectivity over ANO2. Uniquecsiral feature ofiOg, a cyclopentane-fused
thiophene-3-carboxamide derivative, is the preseontebenzoylthiourea functionality which

dramatically contributes to activity. Bot and 10g suppress more strongly proliferation of GBM



cells than four reference compounds includgd\ni-9 and are also capable of inhibiting much enor
strongly colony formation than reference compoundsoth 2D colony formation assay and 3D soft
agar assay using U251 glioma cells. In additi®, and 10q suppress far more strongly
migration/invasion of GBM cells than reference compds. We, for the first time, found that the
combination of ANOL1 inhibitor ¢ or 3) and temozolomide (TMZ) brings about remarkable
synergistic effects in suppressing proliferationGBM cells. Our study may provide an insight into

designing selective and potent ANOL inhibitors aigrit GBM treatment.

Keywords: ANO1 chloride ion channel, ANO1 inhibitors, glialstoma (GBM), 2-aminothiophene-
3-carboxamides, combination of TMZ and ANOL1 intobit

1. INTRODUCTION

Anotamin-1 (ANO1), a Cd-activated chloride ion channel (CaCCs), plays irtant roles
in cellular physiological processes including snootuscle excitability, cardiac excitability and
nociception, and epithelial secretion in varioul tges[l, 2]. ANO1 has been considered as a
promising target for targeted cancer therapeucANMO1 is amplified and over-expressed in various
cancers such as breast[3], pancreas[4], prostaigffpry bladder[6], oesophagus[7], lung[8], head-
and-neck squamous cell carcinoma (HNSCC)[9], gadestinal stromal tumors (GIST)[10], and
glioblastoma (GBM)[11]. It has been reported th&@l is overexpressed in various GBM cells
including U87MG[12], U138[13], and U251[14] and dease of ANO1 expression by the treatment
of siRNA suppresses proliferation[12], invasion amdration[14] of GBM cells. ANO2 (TMEM16B)
has about ~60% sequence homology with ANO1 ancpsessed in the cilia of olfactory sensory
neurons[15] and mediates olfactory amplificatiof[l6ss of ANO2 expression leads to markedly
diminished action potential firing of inferior oavy neurons and ANO2 knockout mice exhibits
severe cerebellar motor learning deficits[17].dttherefore necessary to selectively inhibit ANO1
rather than ANO2 for anti-ANO1 drug discovery.

GBM is one of the most common and aggressive huraaners[18] and accouts for over 60%
of malignant glioma. Only around 5% of GBM patiestsvive for 5 years. GBM cell invasion occurs
in the parenchyma of the brain and surgical resecinevitably leads to recurrent disease[11].
Surgical resection followed by radiotherapy and coonitant and adjuvant chemotherapy with
temozolomide (TMZ) has become the standard firs-therapy against GBM with a small increase
(around 2.5 months) of the median survival[19]. [ides tremendous efforts to overcome GBM,
effective therapeutics against GBM are still veryited. No standard treatment has been established

for GBM recurrence which is almost inevitable angldian survival is measured in months[20].



BrH

S
0 OMe
FHN
By ® L ~ 4 }JC
\ 7N S o O HN-N 0
Y8 HN— | MeG NH
0=\ =N N (

Figure 1. Representative ANO1 channel blockers

To date, a few small molecule inhibitors (Fig. X)ANO1 have been described including
CaCCinh-A01 (), T16Ainh-A01 @), Ani-9 (3), and 10bm 4). Non-selective ANO1 ion channel
blockerl (IC5, = 2.1 uM), a cyclohexa]thiophene derivative, is capable of decreasing ANY@btein
expression level by ER-associated proteasomal datiom, which causes appreciable suppressive
effects on ANO1-dependent cellular proliferatiorhaad and neck squamous cell carcinoma (HNSCC)
and esophageal squamous cell carcinoma (ESCC)24d8lIsT16AINh-A01 2 (ICso = 1.39 uM)
discovered by high-throughput screening campaigibits the functional channel activity of ANO1

in vascular smooth muscle cells and relaxes humdmause blood vessels[22].

Ani-9 (3), discovered from screening of 54,400 synthetialsmolecules, is a selective and
potent ANO1 inhibitor with an 1§ value of 77 nM[23]. Ani-9 J), a benzylideneacetohydrazide
derivative, has low metabolic stability with a hlfé value of 32 minutes[24]. Another potent ANO1
inhibitor 4 belonging to one of the 2-acylaminocycloalkylthiepke-3-carboxylic acid arylamides
(AACTs) has an Ig value of 30 nM and displays over 10-fold improveettabolic stability
compared with3[25]. As part of a program to perform GBM drug daigery, we have decided to
explore effective ANO1 channel blockers and bederésted in the AACT analogye the most
potent ANO1 inhibitor although activity of against GBM has not been reported. In an effort to
discover potent and selective ANOL inhibitors cégalb inhibiting GBM cells, we have designed and
synthesized a series of new 2-aminocycloalkylthes@h3-carboxamide derivatives based on AACT
analogue4 and carried out an SAR study exploring inhibitagtivities on GBM cells as well as
against ANOL1 ion channel. We observed that amoad@synthetic 2-aminocycloalkylthiophene-3-
carboxamide derivatives prepared for this SAR st@dyand 10g completely block ANO1 channel
activity with appreciable selectivity and signifitly suppress proliferation and migration/invasain
GBM cells. Herein, we report th@t and10q are potent and selective ANO1 inhibitors as vdkiabi

compounds for GBM drug discovery.

2. RESULT AND DISCUSSION

2.1. Synthesis



All  the 2-aminothiophene-3-carboxamide derivativegere synthesized in a very
straightforward manner as described in Scheme brder to obtain C-4 and C-5 unsubstituted 2-
aminothophene-3-carboxami@end 2-aminocycloalkylthophene-3-carboxanmidec, we carried out
Gewald reactions[26] using commercially availableyanoacetamidé. The stable dimer oé-
mercapto acetaldehyde, 1,4-dithiane-2,5-diol waslensed witlb in the presence of triethylamine to
afford 6 in 75% yield. Compounda-c were also readily obtained by the condensationhef t
corresponding ketones with in the presence of elemental sulfur and morphdtiase in 65-73%
yield. The Gewald condensation produétand8a-c were directly utilized for the next step without
further purification. The aminé and8a-c were coupled with a variety of acyl chlorides toguce
the corresponding amidé&-c and 9a-i in 80-95% yield. The coupling d@a-c with various acyl
chlorides and ammonium thiocyanate afforded théretkbl-acylated thiourea derivatives[2Z0a-q
(65-88%).
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Scheme 1. Synthesis of 2-aminothiophene-3-carboxamide deviesit

®Reagent and condition: (a) 1,4-dithiane-2,5-didkNE EtOH, 70°C, 6 h, 75%; (b) various acyl
chlorides, pyridine, rt, 1 h, 80-95%; (c) varioustdnes, sulfur, morpholine, EtOH, 70, 12 h, 65-

73%; (d) various acyl chlorides, ammonium thiocyanacetone, reflux, 2 h, 65-88%.

2.2. Structure-Activity Relationships



Among several methods[28] for measuring ion chanmabdulation including
electrophysiology patch-clamp assay, competitivedinig assay with radiolabeled ligand, ion flux
assay using radioactive tracers or fluorescenceosgnmeasurement of ionic current using patch-
clamp has been considered to be most reliable ataticbut it suffers from low-throughput.
Fluorescent cellular membrane potential assay (RLi®*mat) using fluorescence sensors offers high
throughput efficiency and reproducible data. We ehaherefore adopted fluorescent cellular
membrane potential assay[29] as a primary assdgwied by ion current assessment using patch
clamp for secondary validation assay. We obsereaidscent cellular membrane potential assay data
for the three references, 2, and3) are in good agreement with patch clamp assay déiah is also
accordance with reporteddgvalues ofl (2.1 uM)[30],2 (1.1-1.8 uM)[23, 30], an@ (77 nM)[23].

In the performance of the fluorescent cellular meanmb potential assay, percent inhibitions at deing
concentration (1@M) were measured for all the derivatives, followsdestimation of 1, values for

the selected active (over 60% inhibiton) derivagive

Table 1. Inhibitory-activities of6, 7a-c, 8a-c and9a-i against ANO1

S R1J{O S SR R1J{O SR
HN—Q | HN—Q | HN—Q | HN—Q |
O \H, O \H, O \H, O \H,
6 7a-c 8a-c 9a-i
% inhibition (%} ICso (LM)
Entry Ry n R FLIPR FLIPR Patch
format format clamp
1 - - - 92.88 £ 0.24 1.31£0.77 1.53+£0.52
2 - - - 63.85 +0.28 2.60+£0.76 2.74£0.78
3 - - - 73.77 £5.17 0.06 £0.02 0.03+£0.01
4 NA® NA® 0.05+0.01
6 - - - inactiveé
7a tert-butyl - - inactive
7b 2-furyl - - 39.54+5.24
7c phenyl - - inactive
8a - 0 H 15.44 £ 0.41
8b - 2 H inactive
8c - 1 tert-butyl 80.09 £ 0.75 2.95+0.05 2.50+0.19



%9a tert-butyl 0 H 12.51 £ 3.17

%9b tert-butyl 2 H 67.94 +£0.78 4.79+1.10 4.07 £0.37
9c tert-butyl 1 tert-butyl 86.87 £2.01 3.10+£1.23 2.56 £0.05
ad 2-furyl 0 H 51.49+1.55

% 2-furyl 2 H inactive

of 2-furyl 1 tert-butyl inactive’

9g phenyl 0 H inactivé

oh phenyl 2 H 12.13 + 9.65

9 phenyl 1 tert-butyl 21.99+£0.12

& Average % inhibition value at M with S.D. are shown (mean + S.D., n = 2)
® Maximum inhibition is less than 10% at {L®!
° Not applicable

As shown in Table 1, among four C-4 and C-5 unswitstl 2-aminothophene-3-
carboxamides tested, three derivativés fa, and 7c) are inactive and’b having 2-furyl amide
functional group exhibits a moderate ANO1 inhibjtactivity (39.54% inhibition at 10 uM) in
fluorescent cellular membrane potential assay.drusi 2-aminothophene-3-carboxamid®) (vith
unsubstituted cyclopentan&aj or cycloheptane8p) has little or no influence on activity &a
exhibits little activity andb is inactive like6. In contrastfert-butyl group substituted cyclohexane-
fused 2-aminothophene-3-carboxamifle) displays excellent activity with kg value of 2.95 uM in
fluorescent cellular membrane potential assay, wiscconfirmed in electrophysiology patch clamp
assay (IG= 2.50 uM). It is worth noting that this fusion witert-butylcyclohexane was inspired by
1 and ANOL1 inhibitory activities oBc are comparable to those G 1.31 pM from fluorescent
cellular membrane potential assay, 1.53 uM froncipatiamp assay) of. We next introduced a
variety of acyl groups on 2-aminocycloalkylthiopke®rcarboxamides to generafa-i and
investigated the effects of the acylations. In casttto the observation that installationteft-butyl
amide on8a having cyclopentane ring has no influence on agti@a), the incorporation aert-butyl
amide on inactivé&b possessing cycloheptane ring was found to leamhatraally to a highly active
derivative @b) with ICs, values of around 4 uM from both fluorescent calluhembrane potential
and patch clamp assays. Meanwhile, no differencg®iency were observed between very pdent
bearingtert-butylcyclohexane group ar@t obtained by introduction dért-butyl amide on8c. It is
worthwhile to note that9c exhibits the highest percentage (86.87%) of inkubitat single
concentration (10 uM) in fluorescent cellular meant potential assay among all our derivatives
tested and displays greatsfGralues of 3.10 uM and 2.56 uM fiuorescent cellular membrane
potential and patch clamp assays, respectivelyn&eadopted 2-furyl amide group incorporated. in

and explored the effects of 2-furyl amide functiigaln contrast to the contribution oért-butyl



amide group to ANOL1 inhibitory activity exemplifidry 9b, introduction of 2-furyl amide group on
8b has no influence on activityo€) even though the activity ddd installed with 2-furyl amide is
increased by around two-folds compared v To our surprise, incorporation of 2-furyl amide o

potent8c causes complete abolition of activigf)

Our attention next turned to an evaluation of tfiects of acylthiourea functionality on 2-
aminocycloalkylthiophene-3-carboxamide in comparis@ith amide functionality. Acylthiourea
group has been adopted for a variety of medicihahistry researches including PBD inhibitors[31],
15-lipoxygenase inhibitors[27], and histone dedess8 activators[32]. Benzoylthiourea is
absolutely superior to benzamide functionality émnts of the degree of contribution to ANO1
inhibitory activities of 2-aminocycloalkylthiopherBcarboxamides. To our surprise, inactdgeand
almost inactivedi were converted into a potent derivati@a (ICso = 2.83 pM from fluorescent
cellular membrane potential assay, 2.63 uM frontipatamp assay) and an active derivali®e by
substitution of benzamide group with benzoylthieugroup. The contribution of benzoylthiourea
group to ANOL1 inhibitory activity was not observed 2-aminothiophene-3-carboxamide fused with
cycloheptane ringlQb) in comparison between activities @t (12.13% inhibition at 10 uM) antDb
(21.13% inhibition at 10 uM). Encouraged by thetdbation of benzoylthiourea group to activity
exemplified with10a and 10c, we next investigated the effects of 2-furoylthieas and thiazole-5-
carbonylthiourea. In contrast to benzoylthioureaugr, substitutions of furan-2-amide group @h
and 9e with 2-furoylthiourea group result in decreasedwitgt (10d) and almost unaltered activity
(10e). Likewise, thiazole-5-carbonylthiourea functidtyabn 10g is not capable of enhancing activity.
Our attention next focused on investigating effadftsubstituents on the benzoylthiourea group in
order to improve potency dfOa. Unfortunately, neither electron-donating substitis (Og-1) nor
electro-withdrawing substituentd0m-q) increase ANOL1 inhibitory in comparison to theguaty of
10a having unsubstituted benzoylthiourea functionalithe electron-donating substituent®d-I)
and trifluoromethyl substituenil@m-n) cause little to no activities but 2-chlord06) and 4-chloro
(10q) substituents result in maintained activities canad with the activities dfOa. Interestingly, 3-
chloro substituentlQp) causes abolished activity. It is worth recallthgt replacement of benzamide
group on inactivedg with benzoylthiourea group dramatically causeshhigtency indicating that
benzoylthiourea functionality substantially contities to ANOL1 inhibitory activity. The activity (k&
= 1.75 pM from patch clamp assay) Xiq bearing 4-chloro substituted benzoylthiourea group
patch clamp assay is only marginally higher tha (tCso= 2.63 pM from patch clamp assay)16&.

Table 2. Inhibitory-activities ofl0a-gq against ANO1



O
© NH,
10a-q
% inhibition (%} ICso (ULM)
Entry Ry nooR FLIPR FLIPR Patch
format format clamp
10a phenyl 0 H 70.50 + 0.00 2.83+0.96 2.63+0.47
10b phenyl 2 H 21.13+16.94
10c phenyl 1 tert-butyl 70.28 £ 8.76 3.09+1.07 5.66+0.57
10d 2-furyl 0 H inactive
10e 2-furyl 2 H 21.75+4.32
10f 2-furyl 1 tert-butyl 13.79 £ 3.75
10g 4-methylthiazol-5-yl 0 H inactive
10h 3,4-dimethoxyphenyl 0 H inactive
10i 3,5-dimethoxyphenyl 0 H 46.07 £ 0.92
10j 3,4,5-trimethoxyphenyl 0 H inactive
10k 1,3-benzodioxol-5-yl 0 H 16.33 £ 14.22
10 géi'zdg&%’g;%‘_léx 0 H 12.28+3.85
10m  3-(trifluoromethyl)phenyl 0O H 26.69 £ 7.61
10n  A4-(trifluoromethyl)phenyl 0  H inactive
100 2-chlorophenyl 0 H 76.70 £ 10.75 229+0.30 3.12+0.27
10p 3-chlorophenyl 0 H inactive
10q 4-chlorophenyl 0 H 72.25+11.78 236+0.79 1.75+0.30

 Average % inhibition value at M with S.D. are shown (mean + S.D., n = 2)
® Maximum inhibition is less than 10% at ji®!

2.3. Endogenous ANO1 expression level in both normal cellsand GBM cells

It has been reported that ANOL1 is highly expreseg@BM cell lines such as US7MG[12],
U138[13] and U251[14]. Glioma is divided into I-iatcording to the pathological grade. The degree

of mMRNA and protein expression of ANOL1 is increagdtth increasing disease grade[12]. It has been



reported that inhibition of ANOL1 expression by siRMhibits cell proliferation[12], invasion and
migration[14] in GBM cell line US7MG. In order tekect GBM cell lines with high expression level
of ANO1, we measured the mRNA level and proteinresgion level of ANO1 using gRT-PCR and
western blot analysis.
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Figure 2. Expression level of endogenous ANOL1 in various GB&l lines and normal cells. (A)
Expression level of endogenous ANO1 mRNA. (B) Qifi@ation for expression level of endogenous
ANO1 mRNA using ImageJ. (C) Expression level of @gehous ANO1 protein. (D) Quantification
for expression level of endogenous ANO1 proteimgsimageJ. (B, D) statistics analysis was
evaluated by using Prism version 6.0. Band dessitiere measured using ImageJ software and
shown in the bar graph (mean + SD, two-tailed Sttige-test, **** p < 0.0001, *** p < 0.001, ** p

< 0.01, ns: not significant).

We also compared the levels of mMRNA and proteilrARO1 between normal IM-PHFA
(human fetal astrocyte) cells and three GBM celedi (US7MG, U251 and U138) (Fig. Z)he
expression level of ANO1 mRNA turned out to be vl in normal brain cells, IM-PHFA (0.13 +
0.06). The mRNA expression level of ANO1 in U2512(1+ 0.17) and U87MG (1.30 + 0.21) divided
into Grade 1V is slightly higher than that (1.060£15) in U138 (Fig. 2A-B). As expected, the
expression level of ANOL1 protein in IM-PHFA celtsvery low (0.12 + 0.01) and the level of ANO1
protein expression in both U251 (1.21 + 0.06) al@YMG (1.27 + 0.12) is higher than that (1.03 +
0.10) in U138 (Fig. 2C-D).

2.4. 2D and 3D Anti-proliferative effects of 9c and 10q in GBM céll lines

Inhibition of ANO1 by siRNA suppresses cancer gability in GBM[12], breast cancer[3],
prostate carcinoma[5] and ovarian cancer[33]. Iditeah, ANO1 channel blocket significantly
suppresses the growth of breast cancer cells[3ed@an the ANOL1 inhibitory activities estimated in
both fluorescent cellular membrane potential anttlpalamp assays, we selected seven potent
derivatives and assessed their anti-proliferatictvities on three GBM cell lines having high
expression level of ANO1 mRNA and protein.



Table 3. Anti-proliferative effects of selected derivatives

Glsc (UM)®
Entry Mouse primary U251 USTMG U138
astrocyte
1 inactive’ 41.89 +3.38 inactive 89.38 + 7.06
2 inactive 79.27 £8.09 inactive inactive
3 inactive® 36.48 + 0.54 32.98 +£2.16 32.44 +2.23
4 inactive’ 45.33 +0.59 48.00 £5.18 29.40+1.22
8c inactive’ 83.24 +5.07 inactive inactive
9b inactive’ inactive inactive inactive
9c 94,83 +4.13 12.58 £+ 0.75 31.49+0.60 22.24 0.6
10a inactive’ 24.37 £ 1.61 25.96 + 2.23 17.05 +0.59
10c inactive’ 70.18 £ 0.74 82.35 + 3.29 inactive
100 inactive 94.60 + 3.11 inactive inactive
10q 45.15+0.85 12.04 £0.20 23.77 £10.39 13.22 £0.7

& Cell Titer-glo assay results. Averages@alues with S.D. (n = 3, duplicate) are shown.
® Maximum inhibition <50% at 100M.

Among the selected seven derivatives, anti-pratfee activities oBc, 10a and10q in three
GBM cell lines (U251, U87MG and U138) turned outb® higher than those of the three reference
compounds], 2 and3). As shown in Table 3, the glvalues of9c, 10a and10q in U251 glioma cells
are 12.58 uM, 24.37 uM and 12.04 uM, respectiwghich are superior to those (41.89 uM, 79.27
MM, 36.48 uM and 45.33 uM, respectively) of fouferencesl, 2, 3 and4. We also examined
whether our ANO1 inhibitors possess differentiaiotgxic effects between glioma cancer cells and
normal brain cells, primary astrocytes derived fradult mouse brain. It was found tteat 10a and
10g have little to no effects on primary astrocytes angl capable of discriminating between glioma
cells and normal brain cells (Table 3). It is wartlile recalling that ANO1 inhibitory activities 6k,
10a and10q are inferior to those d3 and4 and comparable to those of bdtland2. It is not likely
that ANO1 inhibitory activities of all compoundssted in this study are well translated into anti-
proliferative effects in GBM cells. Reference compd 3 and 4 possess potent ANOL1 inhibitory
activities but display moderate dpValues of 36.48 uM and 45.33 puM, respectively orbU2ells.
Also, anti-proliferative activities of bothand2 on U251 glioma cells appear to be low in comparison
to their ANOL inhibitory potencies with lgvalues of around 2 pM. Meanwhile, it is worth ngti
that 3 has low plasma stability[24], which might contribub its moderate anti-proliferative activity
in GBM cells.

Based on the growth inhibitory activities ¢&l), endogenous ANO1 expression level and

glioma cell morphology, we selected U251 among éh@BM cell lines to perform further



experiments. In addition, botBc and 10q were elected as representative compounds as they
significantly suppress the proliferation of U251ogta cells with GJ, values of less than 20M
(Table 3).

Anchorage independent growth (AIG) is one of thénerks of tumorigenesis and AIG
assay has been considered as the most reliablgro method to detect cell transformation. The
theoretical basis for this technique relies onaodHular matrix (ECM) contact for normal cell gribw
and division, but cancer cells have capability t@owg and differentiate without affecting the
surrounding environment. Inhibition of ANO1 by siRNesults in a reduction of soft agar colony
formation on ovarian cancer[33] and colorectal eaj3] cells. To investigate if bo®tc and10q are
capable of blocking tumorigenesis of ANO1-expresG&M cells, we carried out colony formation
assay (2D) and soft agar assay (3D) in U251 glioaiks. Incubation with each compound at three
different concentrations (1, 3 and M) for 14 days suppressed anchorage-independenttlyrio

terms of colony number of U251 cells.

ns ns ns ns
1004

Relative Colony Number
(% of control)
o
=)
L

DMSO 1 2 3 4 9¢ 10q

Relative Colony Number
(% of control)
o
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1

Figure 3. Inhibition of ANO1 suppresses tumor cell growth 251 GBM cells. (A) Colony
formation assay (2D) in U251 GBM cells. (C) Anchggandependent growth (3D) of U251 GBM
cells. Cells embedded in 0.3% top agar were inagbwaiith indicated concentrations of compounds
for 14 days and colonies were observed (n = 3D(BThe results were compared to DMSO control.

Average number of colonies per well was automdyicaunted using ImageJ software and shown in



the bar graph (mean % SD, two-tailed Student'st;t&** p < 0.0001, ** p < 0.001, ** p < 0.01, ns

not significant).

In contrast to botl®c and 10g, none of three reference compoungds3 and4) exhibited
effects at even 10M in two-dimensional colony formation analysis. Hower, 10uM of 1 showed an
inhibitory effect. The degree (72.71%) of inhibitiby 1 (10 uM) is similar to that promoted by 8V
of 9c or 10g. Compoundc and10qg at 10uM concentration showed an inhibitory effect of /&
and 96.40%, respectively, which indicates that mtand 10q possess a concentration-dependent
inhibitory effect (Fig. 3A-B, Fig. S1). In the so#igar analysis (3D), colony formation was not
suppressed at 1M concentration of all compounds tested and thipedsional soft agar assays
were carried out with increased concentration (80 A00uM) of test compounds. None of three
reference compound®,(3 and4) displayed an inhibitory effect even at 100 but 1 showed an
inhibitory effect (72.65%) at 100M even though 3@M of 1 exhibited no effect. DerivativBc and
10g at 100 uM concentrationstrongly suppressed colony formation by 95.70% &8d05%,
respectively and showed dose-dependency in threerdiional soft agar assay (Fig. 3C-D, Fig. S1).
Taken together, botbc and10q turned to be superior to the three reference comged, 2 and3) in
terms of capability of inhibiting colony formation both 2D colony formation assay and 3D soft agar

assay using U251 glioma cells.

2.5. Inhibitory effects of 9c and 10q on migration and invasion of U251 GBM cells

Inhibition of ANO1 by shRNA or siRNA blocks cellulamigration and invasion in GBM,
anaplastic thyroid cancer[35] and ovarian cancér[38 addition, ANO1 channel inhibito2
suppresses migration and invasion of U251 GBM [ddlls In order to identify derivatives possessing
remarkable migration-inhibitory activity, a typicst¢ratch wound healing assay was conducted with 5
uM (Fig. S2) of selected seven derivatives of wHiCk, values are less thanuB/ in the Cell Titer-
Glo assay. Among these seven derivatives, Botland 10q significantly suppressed migration of
U251 cells. We next assessed dose-dependent afféii@nd10q andobserved that botic and10q
significantly blocked migration of U251 cells indmse-dependent manner (Fig. 4A-B). In addition,
both 9c and 10g also strongly suppressed invasion of U251 cell4pM in Boyden chamber
invasion assayFig. 4C-D). Indeed, migration and invasivenes$J261 cells were decreased up to
90% by9c (10 uM). It was observed thdt, 2, 3 and4 at 10uM concentration reduced migration of
U251 cells by 34.83%, 26.53%, 10.45% and 16.74%peetively (Fig. 4A-B) and decreased invasion

of U251 cells by 28.33%, 19.17%, 12.10% and 11,#8%pectively (Fig. 4C-D), which indicates that

both 9c and10q are superior td, 2, 3 and4 in terms of capability of suppressing both mignatand

invasion ofU251 cells. Based on the report that knockdown BOA using siRNA is related to



increase the expression E-cadherin in breast carwl&s{36], we investigated if the level of E-
cadherin in U251 glioma cells is increased by teatment of9c and 10q and observed that both
substances cause increase of E-cadherin in coatientdependent fashion (Fig. 4E-F). We also
investigated the effects of boic and10g on ANOL protein level in U251 glioma cells. The vezn
blot analysis reveals that bofla and 10q cause ANOL1 protein degradation in U251 cells arigl th
ANO1 degradation is blocked by the treatment of M&la proteasome inhibitor (Fig. 4G).
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Figure 4. Derivative 9c and 10g suppress migration and invasion of U251 GBM cdly. Each

compound treated at 10 UM concentration, were iattbfor 18 h after scratching cell monolayer.
Migration ratio was calculated using migration anesing Imaged. (C) Invasion assays were
performed using CHEMICON QCM 24 well invasion asg#ty Invasion assay ratio were calculated
using colorimetric reading of OD at 560 nm. (E) Resentative western marker related ANOL.

Analysis of EMT (Epithelial-mesenchymal transitiongirker, E-cadherin. Quantification of western



band was analysis using band density using Img@JU251 cells were incubated with ,0M

concentration of the inhibitord (9c or 10q) for 24 h Also, U251 cells were incubated with 10

MM concentration of the inhibitorsl(9c or 10q) for 6 h, followed by the treatment of MG132

(20 pM) for an additional 18 h(B, D, F) Significant differences were calculatethgsa one-way

ANOVA (* p <0.05; ** p <0.01; *** p< 0.001; **** p< 0.0001).

2.6. Electrophysiologic effects of 9c and 10q
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Figure 5. Both9c and10qg suppress ANO1 channel activities in HEK293 celisisfected with ANO1.
(A, E) inhibitory effects oBc and10g on ANO1 current amplitude at +80 mV. Error bargresent
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o

SD. (B, F) normalized current density at +80 mV.eTih values for each statistical analysis are
indicated at histograms. (C, G) inhibitory effeofs9c (10 uM) and 10qg (10 uM) on ANO1 current
amplitude at +80 mV. Error bars represent SD. (Pnbfmalized current density at +80 mV. The n
value for each statistical analysis is 3. Significdifferences were calculated using a one-way
ANOVA. (* p <0.05; ** p <0.01; *** p< 0.001; **** p< 0.0001).



In order to evaluate the effects 66 and 10g on ANO1 channel currents, whole-cell
recordings were carried using HEK293A cells tractsfd with GFP-mANO1 channel plasmids (Fig.
5). As depicted in Figure 5B and 5F, b&hand 10q effectively inhibit ANO1-mediated currents in
dose-dependent manner. ANO1 currents were inhibltgd50.64% and 57.63% at 10M
concentration oBc and 10g. I1Cs, values of9c and 10q were estimated to be 2.56/4 and 1.75uM
respectively for inhibition of ANO1-mediated curtenThese results clearly indicate that bettand
10g are capable of inhibiting channel activity of ANQf. addition, to examine the reversibility of
ANOL inhibition caused b9c and10q, we measured the ANO1-mediated currents after ovashf
compound9c and 10g. Reduced ANO1-mediated currents By were partially recovered after
washout. The amplitude of ANO1-mediated currents wexovered up to 85.80% compared to the
currents prior to the treatment @ (Fig. 5C-D), which reveals th& possesses reversible inhibitory
effect on ANO1-mediated currents. However, redud®&iD1-mediated currents b¥0q were not
recovered after washout, indicating tifiy irreversibly inhibits ANO1 channel activity. In dition
to 9c and 10q, other derivativesc, 9b, 10a, 10c and 100 were also submitted to whole-cell patch
clamp assay using GFP-mANOL1 transfected HEK293As cahd their effects on ANO1 channel

currents are described in Figure S3.

On the basis of a previous report that ANOL1 is lKigixpressed in U251 glioma cells[13].
We next examined the effects 8 and 10g on ANOL1 currents in U251 cells and observed that
ANO1-mediated currents are inhibited about 40 % @0% respectively by 1QM of 9¢ and 10q,
ANOL1 channel blockers (Fig. S4), which demonstr#éttes9c and10g have capability of inhibiting

ANOL1 currents in a glioma cells as well as in HERRZells transfected with ANO1.

Our attention next turned into the evaluation désvity of both9c and10q in inhibiting
ion channel activities. In order to make comparid@tween inhibitory effects ddc and 10g on
ANO1, ANO2 and TTYH-1 channels which belongs tamify of human high-conductance chloride
ion channels, we obtained current-voltag&/) curves using HEK293A cells transfected with GFP-
MANO1, GFP-mANO2 or GFP-mTTYH-1. As shown in Figu& and B, apical membrane current
measurement in HEK293A cells expressing GFP-mANEHR-MANO2 or GFP-mTTYH-1 revealed
that ANO1 is more strongly inhibited rather than @Rland TTYH-1 is not inhibited by bofit and
10g. Both 9c and 10q strongly inhibit ATP-induced ANO1 chloride currenin a dose dependent
manner with 1G, values of 2.56 uM and 1.75 uM but slightly supprédNO2 with 1G, values of
15.43 pM and 7.43 uM. It is worth recalling that @R knockout mice exhibits severe cerebellar
motor learning deficits[17] and selective ANO1 tHers over ANO2 are obviously favarable to avoid

potential toxicities. It is challenging to obtaielectivity for ANO1 inhibition over ANO2 inhibitioms



ANO1 and ANO2 are highly homologous. It should bé¢ed that bott®c and10qg are selective ANO1
blockers over ANO2 and TTYH-1 chloride ion channel.
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Figure 6. Selective inhibition of ANO1 over ANO2 and TTYHHl 9c and10qg. (A, D) inhibition of
ANOL1 channel activity b¥c and10qg. (B, E) inhibition of ANO2 channel activity b§c and10q (C,

F) inhibition of TTYH-1 channel activity b9c and10qg. The n value for each statistical analysis is 3.
(G) 1Cso values 0Bc and10qg.

2.7. Combination treatment of 9c with temozolomide (TMZ) in U251 cells

As aforementioned, effective therapeutics agaiestirrent GBM are still very limited even though
surgical resection followed by radiotherapy andnebiherapy with temozolomide (TMZ)[37] has
become the first-line therapy against GBM. It waparted that the level of mRNA and protein
expression of ANO1 increases with increasing desegmade in GBM patients[12]. We hypothesized
that the combination of ANO1 inhibitors and TMZ wWaduesult in synergistic effects in suppressing
proliferation of glioma cells and for the first @nto the best of our knowledge, examined synecgist
effect of combination of an ANO1 inhibito®d or 3) and TMZ in U251 glioma cells.
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Figure 7. Synergistic effects of combination of ANO1 inhdit(9c or 3) and TMZ in suppressing
proliferation of U251 cells. (A, D) full titratiorcurve for3 or 9c combined with TMZ (B, E)
histogram for G, values (C, F) effects & or 9c combined with TMZ on the proliferation of U251
cells. (G) Gip and ClI values 08 and9c combined with TMZ. Significant differences were cédted
using a one-way ANOVA (* p <0.05; ** p <0.01; ***90.001; **** p< 0.0001).

As depicted in figure 7, appreciable synergistieat of combination of ANO1 inhibitor
and TMZ were observed and effect9uf combined with TMZ is superior to that 8fcombined with
TMZ. Glsg value (5.32tM) of 9c combined with TMZ is decreased by more than 50%pared with
that (Gko = 12.58uM) of 9c alone. CI value 08c combined TMZ (TMZ :9c = 1:1) is 0.63 + 0.03
(0.4< CI < 0.7, synergism). &lvalue of3 combined with TMZ is decreased by more than 40% wi



Cl value of 0.70 £ 0.03 (0.7< CI < 0.85, moderayaesgism). Cl values were estimated using

compusyn software.

3. Conclusions

Glioblastoma (GBM) is one of the most aggressiveceas with poor prognosis with median
survival for 15 months. Lack of effective treatmeptions against GBM emphasizes urgent necessity
of effective GBM therapeutics. ANO1, a calcium-gated chloride ion channel (CaCC), is over-
expressed in GBM and inhibition of ANO1 has begyorted to suppress cell proliferation, migration
and invasion in GBM. In order to identify potendaselective ANO1 inhibitors capable of inhibiting
GBM cells, we have designed and synthesized assefiemew 2-aminothiophene-3-carboxamide
derivatives. We performed SAR study using fluoresceellular membrane potential membrane
potential assay as a primary assay, followed by darrent assessment using patch clamp for
secondary validation assay and selected sevenatigds that effectively inhibit ANO1 channel
activity with IG5y values ranging from 1.75M to 5.66uM. It should be noted that manual whole-cell
patch clamp, the gold standard of electrophysickiginethod, requires a high expertise and a lot of
efforts with a very low throughput. These sevenssafices were submitted to anti-proliferation assay
using GBM cells and two lead compoun@s &nd10q) were identified. Unique structural feature of
10g, a cyclopentane-fused thiophene-3-carboxamidevakere, is the presence of benzoylthiourea
functionality which dramatically contributes to iadly. Both 9c and 10q suppress more strongly
proliferation of GBM cells than four reference carapds including3, Ani-9. ANO1 blocker9c and
10q are also capable of inhibiting much more stronglpoy formation than reference compounds in
both 2D colony formation assay and 3D soft agaayassing U251 glioma cells. In additiod®; and
10q suppress far more strongly migration/invasion of\GBells than reference compounds. Whole-
cell patch clamp recordings were carried out tofiomnactivities of seven inhibitors selected from
fluorescent cellular membrane potential assay. AM@@ckout mice was reported to exhibit severe
cerebellar motor learning deficits and selective@¥N\blockers over ANO2 are obviously favarable to
avoid potential toxicities. Satisfyingly, bofft and 10q turned to be selective ANO1 blockers over
ANO2 and TTYH-1 chloride ion channel. It is chaligmg to obtain selectivity for ANOL inhibition
over ANO2 inhibition as ANO1 and ANO2 are highlyrhologous. We, for the first time, found that
the combination of ANO1 inhibito9¢ or 3) and TMZ brings about remarkable synergistic afféa
suppressing proliferation of GBM cells. Our studgynprovide an insight into designing selective and
potent ANOL1 inhibitors as pharmacological toolswasdl as promising leads for novel GBM drug

discovery.

4. Experimental Section



4.1 Chemistry

Unless otherwise described, all commercial reagentssolvents were purchased from
commercial suppliers and used without further peatfon. All reactions were performed under
N, atmosphere in flame-dried glassware. Reaction® wesnitored by TLC with 0.25 mm E.
Merck precoated silica gel plates (60 F254). Reacftirogress was monitored by TLC analysis
using a UV lamp, ninhydrin, gp-anisaldehyde stain for detection purpose. All eptg were
purified by standard techniques. Purification ofiation products was carried out by silica gel
column chromatography using Kieselgel 60 Art. 93830—-400 mesh). The purity and of all
compounds was over 95% and mass spectra and miira}f compounds was analyzed using
Waters LCMS system (Waters 2998 Photodiode Arraye@er, Waters 3100 Mass Detector,
Waters SFO System Fluidics Organizer, Water 254t Gradient Module, Waters Reagent
Manager, Waters 2767 Sample Manager) using Sun®r€IL8 column (4.6 x 50 mm, pm
particle size): solvent gradient = 90% A at O nti#%% A at 5 min. Solvent A = 0.1% TFA in,B;
Solvent B = 0.1% TFA in MeCN; flow rate : 2.0 mLimiH and**C NMR spectra were obtained
using a Bruker 400 MHz FT-NMR (400 MHz fdH, and 100 MHz for'3C) spectrometer.

Standard abbreviations are used for denoting tireasimultiplicities.

2-Aminothiophene-3-car boxamide (6) To a suspension of 1,4-dithiane-2,5-diol (9.1 g85%mol)
and 2-cyanoacetamide (5.0 g, 59.8 mmol) in EtOHQ66L) was added triethylamine (16.3 mL,
119.6 mmol) at room temperature. The reaction mixtuas stirred at 78C for 6 h. The reaction
mixture was cooled to room temperature, dilutechviitOAc and quenched with,8. The organic
layer was washed with brine, dried over MgSfidtered and concentrated. The residue was dissbol
in CH,CI, and solidified by adding ED. The resulting solid was collected to affé¢{6.4 g, 75%) as
a brown solid'H NMR (400 MHz, DMSOsg) § 7.21 (s, 2H), 7.21 (brs, 1H), 7.04 (4 5.7 Hz, 1H),
6.71 (brs, 1H), 6.22 (dl = 5.7 Hz, 1H);"*C NMR (100 MHz, DMSOd;) 5 167.68, 161.80, 124.94,
107.20, 105.56; LRMS (ESijvz 143 [M + HT".

2-Amino-5,6-dihydro-4H-cyclopenta[ b]thiophene-3-carboxamide (8a) To a suspension of 2-
cyanoacetamide (3.0 g, 35.7 mmol), cyclopentan8riziL, 35.7 mmol), and morpholine (7.1 mL,
71.4 mmol) in EtOH (60.0 mL) was added sulfur (§,135.7 mmol) at room temperature. The
reaction mixture was stirred at 70 for 12 h. The reaction mixture was cooled to raemperature,
diluted with EtOAc and quenched with,®l. The organic layer was washed with brine, driedro
MgSQ,, filtered and concentrated. The residue was dissldh CHCI, and solidified by adding ED.
The resulting solid was collected to affdd (3.7 g, 73%) as a brown solitH NMR (400 MHz,



DMSO-ds) § 7.15 (s, 2H), 6.43 (brs, 2H), 2.77 §t= 7.0 Hz, 2H), 2.63 () = 7.2 Hz, 2H), 2.25 (m,
2H); *C NMR (100 MHz, DMSOds) § 167.69, 165.63, 139.94, 119.59, 103.02, 29.8272&6.95;
LRMS (ESl)m/z 227 [M + HT".

2-Amino-5,6,7,8-tetr ahydr o-4H-cyclohepta[ b]thiophene-3-car boxamide (8b) To a suspension of
2-cyanoacetamide (3.0 g, 35.7 mmol), cycloheptarfériemL, 35.7 mmol), and morpholine (7.1 mL,
71.4 mmol) in EtOH (60.0 mL) was added sulfur (§,135.7 mmol) at room temperature. The
reaction mixture was stirred at 70 for 12 h. The reaction mixture was cooled to rdemperature,
diluted with EtOAc and quenched with,®. The organic layer was washed with brine, driedro
MgSQ,, filtered and concentrated. The residue was disslah CHCI, and solidified by adding ED.
The resulting solid was collected to affd (4.9 g, 65%) as a brown solitH NMR (400 MHz,
DMSO-dg) & 6.81 (brs, 1H), 6.03 (s, 1H), 2.67 (m, 2H), 2.62 2H), 1.73 (m, 2H), 1.55 (m, 4H)C
NMR (100 MHz, DMSOdg) 6 167.81, 153.47, 136.20, 119.88, 113.29, 31.54388.21, 27.71,
27.09; LRMS (ESI)Wz 237 [M + HT".

2-Amino-6-(tert-butyl)-4,5,6,7-tetr ahydrobenzo[ b]thiophene-3-car boxamide (8c) To a suspension
of 2-cyanoacetamide (3.0 g, 35.7 mmol)ted-butylcyclohexanone (5.8 mL, 35.7 mmol), and
morpholine (7.1 mL, 71.4 mmol) in EtOH (60.0 mL) svadded sulfur (1.1 g, 35.7 mmol) at room
temperature. The reaction mixture was stirred atC7@r 12 h. The reaction mixture was cooled to
room temperature, diluted with EtOAc and quenchét W,O. The organic layer was washed with
brine, dried over MgS§) filtered and concentrated. The residue was disgolin CHCI, and
collected by adding ED. The resulting solid was collected to aff@d(5.2 g, 69%) as a brown solid.
'H NMR (400 MHz, DMSOds) & 6.91 (s, 1H), 6.48 (brs, 1H), 2.66 (m, 1H), 2.69 (H), 2.44 (m,
1H), 2.23 (m, 1H), 1.91 (m, 1H), 1.39 (m, 1H), 1.(4@ 2H), 0.89 (s, 9H)**C NMR (100 MHz,
DMSO-dg) 6 167.87, 159.34, 129.94, 116.08, 107.08, 44.58,4327.10, 26.99, 25.62, 24.18; LRMS
(ESI) m/z 247 [M + HJ'. HRMS (ESI)nVz calculated for GH,;N,OS" [M + H] 1 253.13. Found:
253.1505.

General procedure A for the synthesis of compounds 7a-c and 9a-i. To a solution ob or 8a-c (1
equiv) in pyridine(0.2 M) was added variouacyl chloride (1.1 equiv) at 6C. The reaction
mixture was stirred for 1 h at room temperaturesraphhed with HO and diluted with EtOAc. The
organic layer was washed with water and brine,dddeer MgSQ, filtered and concentrated. The

resulting residue was purified by flash column chatography on silica gel.



2-Pivalamidothiophene-3-car boxamide (7a) Compoundé (100 mg, 0.70 mmol) was transformed to
the target compound using general procedure A.r€helting crude product was purified by flash
column chromatography on silica gel (25% EtOAc/me)ato afford7a (108 mg, 84%)*H NMR
(400 MHz, DMSO#) 5 12.65 (s, 1H), 7.94 (brs, 1H), 7.53 (brs, 1H)27d,J = 5.8 Hz, 1H), 6.94 (d,
J = 5.8 Hz, 1H), 1.23 (s, 1H}*C NMR (100 MHz, DMSOdg) & 174.76, 167.24, 146.27, 122.94,
115.90, 114.98, 38.56, 30.67, 26.94; LRMS (E8Y 183 [M + HJ.

N-(3-Car bamoylthiophen-2-yl)furan-2-car boxamide (7b) Compound6 (100 mg, 0.70 mmol) was
transformed to the target compound using genemadgalure A. The resulting crude product was
purified by flash column chromatography on silia 5% EtOAc/hexane) to afforth (122 mg,
82%)."H NMR (400 MHz, DMSOdg) & 13.12 (s, 1H), 8.03 (dd,= 1.7, 0.7 Hz, 1H), 8.01 (brs, 1H),
7.60 (brs, 1H), 7.47 (d, = 5.7 Hz, 1H), 7.32 (dd} = 3.5, 0.7 Hz, 1H), 7.04 (d,= 5.7 Hz, 1H), 6.77
(dd,J = 3.5, 1.7 Hz, 1H)**C NMR (100 MHz, DMSQd,) & 166.98, 153.84, 146.68, 146.09, 145.13,
123.20, 116.64, 116.32, 115.85, 112.97; LRMS (BE®1)211 [M + HJ".

2-Benzamidothiophene-3-car boxamide (7¢) Compound6 (100 mg, 0.70 mmol) was transformed o
the target compound using general procedure A.r€helting crude product was purified by flash
column chromatography on silica gel (25% EtOAc/mejato afford7c (162 mg, 91%)H NMR
(400 MHz, DMSO#) 6 13.44 (s, 1H), 8.06 (brs, 1H), 7.93 (m, 2H), 764 4H), 7.50 (dJ = 5.7 Hz,
1H), 7.05 (d,J = 5.7 Hz, 1H);**C NMR (100 MHz, DMSQd,) & 167.37, 162.46, 146.20, 132.64,
132.13,129.17, 126.98, 123.17, 116.44, 115.64; BRESI)m/z 253 [M + HJ".

2-Pivalamido-5,6-dihydro-4H-cyclopental b]thiophene-3-carboxamide (9a) Compound8a (100
mg, 0.55 mmol) was transformed to the target comgausing general procedure A. The resulting
crude product was purified by flash column chrorgedphy on silica gel (25% EtOAc/hexane) to
afford 9a (117 mg, 80%)*H NMR (400 MHz, DMSOds) & 12.50 (s, 1H), 7.61 (brs, 1H), 6.65 (brs,
1H), 2.90 (tJ = 7.0 Hz, 2H), 2.77 (] = 7.2 Hz, 2H), 2.34 (m, 2H), 1.22 (s, 9C NMR (100 MHz,
DMSO-g) 6 174.50, 167.50, 149.16, 138.86, 131.33, 110.4265389.03, 28.17, 27.67, 26.94;
LRMS (ESI)m/z 267 [M + HT.



2-Pivalamido-5,6,7,8-tetr ahydr o-4H-cyclohepta[ b]thiophene-3-car boxamide (9b) Compound8b
(100 mg, 0.48 mmol) was transformed to the targehmound using general procedure A. The
resulting crude product was purified by flash caturchromatography on silica gel (25%
EtOAc/hexane) to afforélb (121 mg, 86%):H NMR (400 MHz, DMSOds)  10.42 (s, 1H), 2.67 (m,
4H), 1.81 (m, 2H), 1.58 (m, 4H), 1.23 @H); °C NMR (100 MHz, DMSQOds) 5 176.31, 144.52,
135.85, 132.10, 114.75, 98.22, 31.38, 28.35, 2833%2, 26.92, 26.73; LRMS (ESiyz 295 [M +
H]*. HRMS (ESI)m/z calculated for GH2,N,NaG,S" [M + Na]*: 317.13. Found: 317.1227.

6-(tert-Butyl)-2-pivalamido-4,5,6,7-tetr ahydr obenzo[ b]thiophene-3-car boxamide (9¢c) Compound
8c (100 mg, 0.40 mmol) was transformed to the taogehpound using general procedure A. The
resulting crude product was purified by flash caturshromatography on silica gel (25%
EtOAc/hexane) to afforéic (119 mg, 89%)™H NMR (400 MHz, DMSOsdy) § 12.34 (s, 1H), 7.52 (brs,
1H), 6.86 (brs, 1H), 2.76 (m, 2H), 2.64 (m, 1IHB&(m, 1H), 1.97 (m, 1H), 1.40 (m, 1H), 1.21 (m,
1H), 1.21 (s, 9H), 0.91 (s, 9H}C NMR (100 MHz, DMSOde) & 174.46, 167.87, 144.07, 128.64,
126.28, 114.48, 44.35, 38.56, 32.14, 27.07, 2@64£7, 2540, 24.11; LRMS (EStyz 337 [M + HJ".
HRMS (ESI)m/z calculated for GH»oN,O,S" [M + H] *: 337.19. Found: 337.1890.

N-(3-Car bamoy!-5,6-dihydro-4H-cyclopenta[ b]thiophen-2-yl)furan-2-carboxamide (9d)
CompoundBa (100 mg, 0.55 mmol) was transformed to the tacgetpound using general procedure
A. The resulting crude product was purified by flasolumn chromatography on silica gel (25%
EtOAc/hexane) to afforfid (144 mg, 95%)*H NMR (400 MHz, DMSOs) & 12.95 (s, 1H), 8.02 (d,
J=1.7 Hz, 1H), 7.68 (brs, 1H), 7.29 (= 3.2 Hz, 1H), 6.76 (ddl = 3.2, 1.7 Hz, 1H), 6.76 (brs, 1H),
2.94 (t,J = 7.2 Hz, 2H), 2.82 (1) = 7.2 Hz, 2H), 2.37 (m, 2H}*C NMR (100 MHz, DMSQds) &
167.22, 153.58, 147.72, 146.51, 146.18, 139.23,2P3216.05, 112.91, 111.40, 29.01, 28.22, 27.68;
LRMS (ESI)m/z276 [M + HT.

N-(3-Carbamoyl-5,6,7,8-tetr ahydro-4H-cyclohepta[b]thiophen-2-yl)fur an-2-carboxamide  (9e)
Compounddb (100 mg, 0.48 mmol) was transformed to the tacgetpound using general procedure
A. The resulting crude product was purified by flasolumn chromatography on silica gel (25%
EtOAc/hexane) to affor@e (129 mg, 89%)*H NMR (400 MHz, DMSOs) & 11.54 (s, 1H), 7.98 (d,
J=1.0 Hz, 1H), 7.50 (brs, 2H), 7.27 @7 3.3 Hz, 1H), 6.74 (dd} = 3.3, 1.0 Hz, 1H), 2.81 (m, 2H),
2.71 (m, 2H), 1.79 (m, 2H), 1.60 (m, 4HJC NMR (100 MHz, DMSQd,) & 167.55, 153.74, 146.32,



146.18, 136.91, 134.99, 130.87, 121.06, 115.80,7¥1281.46, 28.21, 28.13, 27.48, 27.04; LRMS
(ESI)mVz 305 [M + HT.

N-(6-(tert-Butyl)-3-car bamoyl-4,5,6,7-tetr ahydr obenzo[ b] thiophen-2-yl)fur an-2-car boxamide (9f)
CompoundBc (100 mg, 0.40 mmol) was transformed to the tacgetpound using general procedure
A. The resulting crude product was purified by flasolumn chromatography on silica gel (25%
EtOAc/hexane) to affor@f (126 mg, 92%)'H NMR (400 MHz, DMSOd;) & 12.75 (s, 1H), 7.99 (d,
J=1.5Hz, 1H), 7.59 (brs, 1H), 7.28 (W 3.3 Hz, 1H), 6.96 (brs, 1H), 6.74 (dbs 3.3, 1.5 Hz, 1H),
2.79 (m, 2H), 2.68 (m, 1H), 2.39 (m, 1H), 1.97 (hl), 1.42 (m, 1H), 1.23 (m, 1H), 0.90 (s, 9HC
NMR (100 MHz, DMSOsds) 6 167.57, 153.63, 146.44, 146.26, 142.53, 129.03.282 115.97,
115.68, 112.86, 44.31, 32.14, 27.04, 26.25, 22442; LRMS (ESI)Wz 347 [M + HT .

2-Benzamido-5,6-dihydr o-4H-cyclopenta[ b]thiophene-3-car boxamide (9g) Compounda (100 mg,
0.55 mmol) was transformed to the target compousidgugeneral procedure A. The resulting crude
product was purified by flash column chromatographysilica gel (25% EtOAc/hexane) to afféig
(143 mg, 91%)H NMR (400 MHz, DMSOds) & 13.28 (s, 1H), 7.90 (d] = 7.2 Hz, 2H), 7.65 (m,
4H), 6.78 (brs, 1H), 2.96 (8, = 6.9 Hz, 2H), 2.83 () = 7.0 Hz, 2H), 2.37 (m, 2H}C NMR (100
MHz, DMSO-d) 6 167.59, 162.15, 148.87, 139.23, 132.57, 132.22,043 129.18, 126.91, 111.16,
29.02, 28.23, 27.70; LRMS (EStyz 287 [M + HT".

2-Benzamido-5,6,7,8-tetr ahydr 0-4H-cyclohepta[ b]thiophene-3-car boxamide (9h) Compound8b
(100 mg, 0.48 mmol) was transformed to the targehmound using general procedure A. The
resulting crude product was purified by flash caturchromatography on silica gel (25%
EtOAc/hexane) to afforéih (124 mg, 83%)'H NMR (400 MHz, DMSOds) 5 11.78 (s, 1H), 7.86 (m,
2H), 7.65 (m, 2H), 7.58 (m, 3H), 2.81 (m, 2H), 2(#8 2H), 1.80 (m, 2H), 1.60 (m, 4H)'C NMR
(100 MHz, DMSO+dg) & 167.74, 162.63, 137.82, 135.13, 132.57, 132.38,8R3 128.97, 127.03,
121.17, 31.54, 28.28, 28.12, 27.57, 27.13; LRMS)E# 315 [M + HT.

2-Benzamido-6-(tert-butyl)-4,5,6,7-tetr ahydr obenzo[ b]thiophene-3-car boxamide (9i) Compound
8c (100 mg, 0.40 mmol) was transformed to the taogehpound using general procedure A. The
resulting crude product was purified by flash caturchromatography on silica gel (25%
EtOAc/hexane) to afforéi (123 mg, 87%)'H NMR (400 MHz, DMSOds) & 13.09 (s, 1H), 7.89 (m,
2H), 7.63 (m, 3H), 2.76 (m, 3H), 2.42 (m, 1H), 2(@® 1H), 1.42 (m, 1H), 1.25 (m, 1H), 0.93 (s, 9H);



3C NMR (100 MHz, DMSOdk) 5 167.92, 162.24, 143.70, 132.53, 132.35, 129.18,082 127.07,
126.93, 115.39, 44.35, 32.17, 27.08, 26.29, 22486; LRMS (ESI)Wz 357 [M + HJ.

General procedure B for the synthesis of compounds 10a-q. To a solution of ammonium
thiocyanate(1.5 equiv) in aceton€0.2 M) was added variouscyl chloride (1.0 equiv) at room
temperatureThe reaction mixture was refluxed for 1 h and tivelated with8a-c (1.0 equiv). The
reaction mixture was allowed to reflux for an aduoial 1 h and cooled to room temperature and
solidified by adding HO. The resulting solid was collected and purifieg filash column

chromatography on silica gel.

2-(3-Benzoylthioureido)-5,6-dihydro-4H-cyclopenta] b]thiophene-3-car boxamide (10a)
CompoundBa (100 mg, 0.55 mmol) was transformed to the tacgetpound using general procedure
B. The resulting crude product was purified by lilasolumn chromatography on silica gel (5%
MeOH/CH,CI,) to afford10a (159 mg, 84%) H NMR (400 MHz, DMSOd;) 5 14.84 (s, 1H), 11.56
(s, 1H), 7.97 (dJ = 7.7 Hz, 1H), 7.65 (m, 1H), 7.53 (m, 1H), 7.538s(hlH), 6.89 (brs, 1H), 2.96 (,

= 6.9 Hz, 2H), 2.85 (tJ = 7.3 Hz, 2H), 2.36 (m, 2H)’C NMR (100 MHz, DMSQd,) § 173.41,
166.28, 147.00, 139.64, 133.91, 132.95, 132.15,652828.38, 116.40, 29.17, 28.47, 27.62; LRMS
(ESI) Mz 346 [M + H]. HRMS (ESI)m/z calculated for GH1eN:0,S," [M + H] *: 346.06. Found:
346.0614.

2-(3-Benzoylthioureido)-5,6,7,8-tetr ahydr o-4H-cyclohepta[ b]thiophene-3-car boxamide (10b)
Compound3b (100 mg, 0.48 mmol) was transformed to the tacgetpound using general procedure
B. The resulting crude product was purified by Hlasolumn chromatography on silica gel (5%
MeOH/CH,CI,) to afford10b (139 mg, 78%)'H NMR (400 MHz, DMSOds) § 13.96 (s, 1H), 11.70
(s, 1H), 7.96 (dJ = 7.3 Hz, 1H), 7.70 (s, 2H), 7.66 (m, 1H), 7.53 @Hl), 2.72 (m, 4H), 1.81 (m, 2H),
1.59 (m, 4H);**C NMR (100 MHz, DMSOd,) & 173.76, 167.70, 166.50, 134.96, 134.23, 133.15,
132.25, 131.86, 128.69, 128.43, 128.18, 31.782&8.05, 27.78, 27.19; LRMS (ESIyz 374 [M +
H]*.

2-(3-Benzoylthioureido)-6-(tert-butyl)-4,5,6,7-tetr anydr obenzo[ b]thiophene-3-car boxamide (10c)
CompoundBc (100 mg, 0.40 mmol) was transformed to the tacgetpound using general procedure
B. The resulting crude product was purified by Hlasolumn chromatography on silica gel (5%
MeOH/CH,CL,) to afford10c (134 mg, 81%)*H NMR (400 MHz, DMSOdg) & 14.40 (s, 1H), 11.62



(s, 1H), 7.96 (m, 2H), 7.65 (m, 1H), 7.60 (brs, 1AB3 (M, 2H), 7.25 (brs, 1H), 2.73 (m, 3H), 2.41
(m, 1H), 1.99 (m, 1H), 1.44 (m, 1H), 1.24 (m, 1693 (s, 9H)*C NMR (100 MHz, DMSOdk) 5
173.92, 166.87, 166.34, 140.05, 133.04, 132.04,482928.80, 128.67, 128.42, 122.35, 44.52, 32.22,
27.10, 25.87, 25.30, 24.08; LRMS (EStyz 416 [M + HI. HRMS (ESI) m/z calculated for
CaiHaN:0,S," [M + H] *: 416.14. Found: 416.1385.

N-((3-Car bamoyl-5,6-dihydro-4H-cyclopenta[ b]thiophen-2-yl)car bamothioyl)fur an-2-

carboxamide (10d) Compound8a (100 mg, 0.55 mmol) was transformed to the tacgehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/C}KL,) to afford 10d (138 mg, 75%)'H NMR (400 MHz, DMSOd;) &
14.70 (s, 1H), 11.31 (s, 1H), 8.06 @7 1.1 Hz, 1H), 7.80 (d] = 3.5 Hz, 1H), 7.57 (brs, 1H), 6.88
(brs, 1H), 6.75 (ddJ = 3.5, 1.1 Hz, 1H), 2.95 (§ = 7.0 Hz, 2H), 2.84 (1) = 7.2 Hz, 2H), 2.35 (m,
2H); *C NMR (100 MHz, DMSOds) & 172.90, 166.27, 155.80, 148.18, 147.06, 144.79,603
133.93, 118.37, 116.33, 112.59, 29.20, 28.47, 2L.RMS (ESI)mVz 336 [M + HT".

N-((3-Carbamoyl-5,6,7,8-tetr ahydro-4H-cyclohepta[b] thiophen-2-yl)car bamothioyl)fur an-2-
carboxamide (10e) Compound8b (100 mg, 0.48 mmol) was transformed to the taogehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/CKLL,) to afford 10e (128 mg, 74%)'™H NMR (400 MHz, DMSOsd,) &
13.75 (s, 1H), 11.47 (s, 1H), 8.08 @5 1.7 Hz, 1H), 7.83 (d] = 3.7 Hz, 1H), 7.69 (brs, 2H), 6.76
(dd,J = 3.7, 1.7 Hz, 1H), 2.70 (m, 4H), 1.81 (m, 2HEA(m, 4H);:**C NMR (100 MHz, DMSQdy)

6 173.41, 166.39, 157.17, 148.49, 144.49, 135.04,183 132.29, 127.33, 118.73, 112.70, 31.79,
28.39, 28.02, 27.78, 27.19; LRMS (E8i)z 364 [M + HT .

N-((6-(tert-Butyl)-3-car bamoyl-4,5,6,7-tetr ahydr obenzo[ b]thiophen-2-yl)car bamothioyl)fur an-2-
carboxamide (10f) Compound8c (100 mg, 0.40 mmol) was transformed to the taggehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/CCLI,) to afford 10f (142 mg, 88%)*H NMR (400 MHz, DMSOdg) &
14.23 (s, 1H), 11.35 (s, 1H), 8.06 ®= 1.7 Hz, 1H), 7.80 (d] = 3.5 Hz, 1H), 7.57 (brs, 1H), 7.24
(brs, 1H), 6.75 (dd) = 3.5, 1.7 Hz, 1H), 2.70 (m, 3H), 2.39 (m, 1HRL (m, 1H), 1.43 (m, 1H), 1.23
(m, 1H), 0.92 (s, 9H)**C NMR (100 MHz, DMSOds) & 173.46, 166.26, 156.35, 148.30, 144.65,
140.04, 129.45, 128.78, 122.31, 118.52, 112.6314482.20, 27.08, 25.86, 25.28, 24.06; LRMS (ESI)
m/z 406 [M + HJ".



N-((3-Car bamoyl-5,6-dihydro-4H-cyclopental b] thiophen-2-yl)car bamothioyl)-4-methylthiazol e-
5-carboxamide (10g) Compound8a (100 mg, 0.55 mmol) was transformed to the tacgetpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/C}C,) to afford 10g (153 mg, 76%)H NMR (400 MHz, DMSOd,) &
14.69 (s, 1H), 11.57 (s, 1H), 9.20 (s, 1H), 7.68,(&H), 6.88 (brs, 1H), 2.96 = 6.6 Hz, 2H), 2.84
(t, J = 6.7 Hz, 2H), 2.62 (s, 3H), 2.35 (m, 2HJC NMR (100 MHz, DMSQOds) & 172.69, 166.36,
160.72, 157.79, 156.43, 147.10, 139.65, 134.00,3824116.24, 29.17, 28.47, 27.62, 17.24; LRMS
(ESI)m/z367 [M + HT".

2-(3-(3,4-Dimethoxybenzoyl)thioureido)-5,6-dihydro-4H-cyclopental b]thiophene-3-car boxamide
(10h) Compound8a (100 mg, 0.55 mmol) was transformed to the tacgebpound using general
procedure B. The resulting crude product was mdifiy flash column chromatography on silica gel
(5% MeOH/CHCI,) to afford10h (180 mg, 81%)H NMR (400 MHz, DMSOds) & 14.87 (s, 1H),
11.43 (s, 1H), 7.69 (dd,= 8.4, 1.8 Hz, 1H), 7.60 (d,= 1.8 Hz, 1H), 7.51 (brs, 1H), 7.09 ®= 8.4

Hz, 1H), 6.90 (brs, 1H), 3.86 (s, 3H), 3.85 (s, 3HY5 (t,J = 7.0 Hz, 2H), 2.84 () = 7.2 Hz, 2H),
2.35 (m, 2H);**C NMR (100 MHz, DMSQd) & 173.63, 166.25, 165.44, 152.91, 148.20, 146.98,
139.64, 133.85, 123.67, 122.86, 116.44, 111.54,941(5.74, 55.67, 29.18, 28.48, 27.62; LRMS
(ESI)mVz 406 [M + HT.

2-(3-(3,5-Dimethoxybenzoyl)thioureido)-5,6-dihydro-4H-cyclopental b]thiophene-3-car boxamide
(10i) Compound8a (100 mg, 0.55 mmol) was transformed to the tammhpound using general
procedure B. The resulting crude product was mdify flash column chromatography on silica gel
(5% MeOH/CHCI,) to afford10i (185 mg, 83%)'H NMR (400 MHz, DMSOd,) 5 14.86 (s, 1H),
11.56 (s, 1H), 7.55 (brs, 1H), 7.15 (s, 1H), 6.B&(1H), 6.75 (s, 1H), 3.83 (s, 6H), 2.96J(t 7.0
Hz, 2H), 2.85 (tJ = 7.0 Hz, 2H), 2.35 (m, 2H}C NMR (100 MHz, DMSOdg) & 173.30, 166.30,
165.70, 160.24, 147.03, 139.65, 133.96, 116.40,2106.05.41, 55.60, 29.20, 28.49, 27.64; LRMS
(ESI)mVz 406 [M + HT.

2-(3-(3,4,5-Trimethoxybenzoyl)thiour eido)-5,6-dihydr o-4H-cyclopenta[ b]thiophene-3-

carboxamide (10j) Compound8a (100 mg, 0.55 mmol) was transformed to the tacgehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/CHCI,) to afford 10j (187 mg, 78%)'H NMR (400 MHz, DMSOd,) &



14.90 (s, 1H), 11.57 (s, 1H), 7.53 (brs, 1H), 7(862H), 6.91 (brs, 1H), 3.88 (s, 6H), 3.75 (s, 3H)
2.96 (t,J = 7.5 Hz, 2H), 2.85 (tJ = 7.5 Hz, 2H), 2.35 (m, 2H}3C NMR (100 MHz, DMSOd)
173.46, 166.28, 165.38, 152.56, 146.96, 141.53,673433.95, 126.66, 116.48, 106.32, 60.15, 56.16,
29.19, 28.50, 27.64; LRMS (EStYz 436 [M + HJ".

N-((3-Car bamoyl-5,6-dihydro-4H-cyclopenta[b]thiophen-2-

yl)car bamothioyl)benzo[d][1,3]dioxole-5-car boxamide (10k) Compound8a (100 mg, 0.55 mmol)
was transformed to the target compound using gepsseedure B. The resulting crude product was
purified by flash column chromatography on silicd 6% MeOH/CHCI,) to afford 10k (184 mg,
86%)."H NMR (400 MHz, DMSOd) § 14.82 (s, 1H), 11.36 (s, 1H), 7.63 {c& 8.3 Hz, 1H), 7.53 (s,
1H), 7.53 (brs, 1H), 7.05 (d,= 8.3 Hz, 1H), 6.88 (brs, 1H), 6.15 (s, 2H), 2(8% = 6.8 Hz, 2H),
2.84 (t,J = 6.7 Hz, 2H), 2.34 (m, 2H)C NMR (100 MHz, DMSOd,) 5 173.46, 166.28, 165.13,
151.39, 147.42, 147.02, 139.63, 133.85, 125.60,722416.37, 108.42, 107.99, 102.14, 29.18, 28.48,
27.62; LRMS (ESI)Wz 390 [M + HTJ".

N-((3-Car bamoyl-5,6-dihydro-4H-cyclopenta[ b]thiophen-2-yl)car bamothioyl)-2,3-
dihydrobenzo[b][1,4]dioxine-6-carboxamide (10l) Compound 8a (100 mg, 0.55 mmol) was
transformed to the target compound using genem@tgaure B. The resulting crude product was
purified by flash column chromatography on silica 6% MeOH/CHCI,) to afford 10l (164 mg,
74%)."H NMR (400 MHz, DMSOds) & 14.81 (s, 1H), 11.35 (s, 1H), 7.55 (s, 1H), 784 E 9.0 Hz,
1H), 7.54 (brs, 1H), 6.98 (d,= 9.0 Hz, 1H), 6.89 (brs, 1H), 4.32 (m, 4H), 2(83) = 6.9 Hz, 2H),
2.84 (t,J = 7.1 Hz, 2H), 2.35 (m, 2H)C NMR (100 MHz, DMSQd) & 173.49, 166.25, 165.15,
147.75, 146.98, 142.98, 139.62, 133.82, 124.61,522417.81, 116.95, 116.39, 64.52, 63.93, 29.16,
28.47, 27.61; LRMS (ESIvz 404 [M + HT.

2-(3-(3-(Trifluoromethyl)benzoyl)thioureido)-5,6-dihydr o-4H-cyclopenta[ b]thiophene-3-
carboxamide (10m) Compound8a (100 mg, 0.55 mmol) was transformed to the taogehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/C}LI,) to afford 10m (157 mg, 69%)'H NMR (400 MHz, DMSOd,) &
14.88 (s, 1H), 11.93 (s, 1H), 8.32 (s, 1H), 8.23)(d 7.9 Hz, 1H), 8.01 (d] = 7.9 Hz, 1H), 7.77 (dd,
J=7.9 Hz, 1H), 7.57 (brs, 1H), 6.90 (brs, 1H),72(8J = 7.2 Hz, 2H), 2.85 () = 7.2 Hz, 2H), 2.36
(m, 2H); *C NMR (100 MHz, DMSQd,) § 173.19, 166.32, 164.99, 147.04, 139.66, 134.02,2173



132.82, 129.61, 129.26, 129.15, 128.83, 125.52,192922.49, 116.38, 29.20, 28.48, 27.63; LRMS
(ESI)mVz 414 [M + HT.

2-(3-(4-(Trifluoromethyl)benzoyl)thiour eido)-5,6-dihydr o-4H-cyclopenta[ b]thiophene-3-
carboxamide (10n) Compound8a (100 mg, 0.55 mmol) was transformed to the tacgehpound
using general procedure B. The resulting crudeymbdas purified by flash column chromatography
on silica gel (5% MeOH/C}KL,) to afford 10n (148 mg, 65%)'H NMR (400 MHz, DMSOd;) &
14.85 (s, 1H), 11.86 (s, 1H), 8.13 ®F 8.2 Hz, 2H), 7.90 (d] = 8.2 Hz, 2H), 7.58 (brs, 1H), 6.89
(brs, 1H), 2.96 (tJ = 7.2 Hz, 2H), 2.85 (1) = 7.2 Hz, 2H), 2.36 (m] = 7.2 Hz, 2H);"*C NMR (100
MHz, DMSOdg) 6 173.09, 166.31, 165.31, 146.98, 139.67, 136326,0B3 129.62, 125.26, 125.22,
116.41, 29.17, 28.47, 27.62; LRMS (E8¥g 414 [M + HJ".

2-(3-(2-Chlorobenzoyl)thioureido)-5,6-dihydro-4H-cyclopental b] thiophene-3-car boxamide (100)
CompoundBa (100 mg, 0.55 mmol) was transformed to the tacgetpound using general procedure
B. The resulting crude product was purified by Hlasolumn chromatography on silica gel (5%
MeOH/CH,CI,) to afford100 (158 mg, 76%) H NMR (400 MHz, DMSOd;) & 14.77 (s, 1H), 11.98
(s, 1H), 7.62 (m, 1H), 7.61 (brs, 1H), 7.54 (m, 2AH}4 (m, 1H), 6.88 (brs, 1H), 2.97 Jt= 7.0 Hz,
2H), 2.85 (t,J = 7.2 Hz, 2H), 2.36 (m, 2H}*C NMR (100 MHz, DMSQOd,) § 172.80, 166.33, 165.55,
147.07, 139.59, 134.50, 134.02, 131.95, 130.04,512929.30, 127.08, 116.27, 29.18, 28.47, 27.62;
LRMS (ESI)m/z 380 [M + HT. HRMS (ESI)nVz calculated for GH1sCIN;O,S," [M + H] *: 380.02.
Found: 380.0217.

2-(3-(3-Chlorobenzoyl)thioureido)-5,6-dihydro-4H-cyclopental b] thiophene-3-car boxamide (10p)
CompoundBa (100 mg, 0.55 mmol) was transformed to the tacgetpound using general procedure
B. The resulting crude product was purified by Hlasolumn chromatography on silica gel (5%
MeOH/CH,CI,) to afford10p (148 mg, 71%)'*H NMR (400 MHz, DMSOd,) 5 14.83 (s, 1H), 11.74
(s, 1H), 8.02 (s, 1H), 7.90 (d,= 7.8 Hz, 1H), 7.71 (d] = 8.9 Hz, 1H), 7.57 (brs, 1H), 7.56 (dbx
8.9, 7.8 Hz, 1H), 6.90 (brs, 1H), 2.96 Jt= 7.3 Hz, 2H), 2.85 () = 7.2 Hz, 2H), 2.36 (m, 2H)’C
NMR (100 MHz, DMSO€) 6 173.14, 166.30, 164.93, 147.06, 139.63, 134.28,9773 133.08,
132.59, 130.28, 128.47, 127.40, 116.33, 29.1982824.62; LRMS (ESIji'z 380 [M + HT".

2-(3-(4-Chlorobenzoyl)thioureido)-5,6-dihydr o-4H-cyclopenta[ b]thiophene-3-car boxamide (10q)

CompoundBa (100 mg, 0.55 mmol) was transformed to the tacgetpound using general procedure



B. The resulting crude product was purified by Hlasolumn chromatography on silica gel (5%
MeOH/CH,CI,) to afford10q (165 mg, 79%)'*H NMR (400 MHz, DMSOds) 5 14.83 (s, 1H), 11.69
(s, 1H), 7.97 (dJ = 8.6 Hz, 1H), 7.60 (d] = 8.6 Hz, 1H), 7.60 (brs, 1H), 6.89 (brs, 1H),2(8J =

7.3 Hz, 2H), 2.85 (1) = 7.1 Hz, 2H), 2.35 (m, 2HJ’C NMR (100 MHz, DMSQds) § 173.24, 166.29,
165.28, 147.02, 139.64, 137.83, 133.94, 131.01,653028.44, 116.36, 29.18, 28.48, 27.62; LRMS
(ESI)m/z 380 [M + HJ". HRMS (ESI)mVz calculated for ¢H1sCIN3O,S," [M + H] *: 380.02. Found:
380.0215.

5. Bioassays

CaCcCinh-A01 1), T16Ainh-A01 @) and Ani-9 @) were purchased from Sigma-Aldrich. MG132
was purchased from selleckchem. The ANOL1 inhibt®hm @) was synthesized as described in

previous paper[24].
5.1. Cell culture

U251 and U138 cells kindly provided by Profes3ae-Yong ParkKorea University, Seoul) were
cultured at DMEM. U87MG cells purchased from KCLBepul, Korea) were cultured at MEM
media, respectively, supplemented with 10% (v/itplfdovine serum (FBS), penicillin (100
U/mL) and streptomycin (100g/mL) in a humidified 5% C@incubator at 37 °C.

5.2. Isolation of mouse primary astrocyte
The isolation of mouse primary astrocyte was cdroet by methods previously reported [40].
5.3. Anti-cell proliferation assay

5.0 x 1G cells per well were seeded in a 96-well plateeAfivernight, the test compounds were
added to the wells with 1:4 serial dilution in DMS@fter 72 h, the cellular viability was

determined by Cell Titer-Glo reagent (G7572, PromddSA). Dose-response curve was fitted
and Gk values were calculated using Graphpad prism &ifvace. All assays were performed

in triplicate, and standard deviation (SD) was duteed from three independent experiments.
5.3. ANOL1 channel activity assay

5.3.1. ANOL1 channdl activity assay (fluorescence method) Human ANO1 expressed HEK293 cells
were trypsinized, counted and seeded in blackr-tleomed 96 well plates at a density of 50,000
cells per well and incubated overnight. Next dagdima was removed from cell plates andi2massay
buffer (1.11 mM CaGl 0.43 mM MgC}-6H,0, 0.36 mM MgSQ@7H,0, 4.98 mM KCI, 0.39 mM
KH,PQO,, 122 mM NacCl, 0.3 mM N#PQ,, 4.86 mM D-glucose, 17.7 mM HEPES, pH 7.4) was



added. FLIPR Red membrane potential dye soluti@Aljlwas added to the wells and incubated at
room temperature for 40-60 min. Dye solution waglenap in assay buffer. Compound dilutions
(including serial dilutions) were performed in DM3i@n transferred to intermediate dilutions within
10 minutes just before adding to the cell platem@ounds were incubated for 10 minutes at room
temperature. The plates were then placed in th®Rldnd fluorescence monitored. After 20 seconds
agonist, ionomycin, was added and the fluorescemsemonitored for 90 seconds at 488 nm/510-570
nm, ex/em. The compounds and all controls wereedest a final DMSO concentration of 0.5%.
Compounds were tested at 30, 10, 3, 1, 0.1, Or@ll0#01uM in duplicate.

5.3.2. Electrophysiological recording (Patch clamp)

Current-voltage (I-V) relationship curves were ab¢al from HEK293 cells transfected with
GFP-mANO1, GFP-mANO2 or GFP-mTTYH1, and U251 cédisendogenous ANO1 currents.
Currents were measured by applying 1s duratioragelramps from +80 to —80 mV (a holding
potential of — 10 mV) at room temperature. For nneiag ANO1- and ANO2-mediated currents,
recording electrodes (4—7 M) were filled with 146 mM CsClI, 5 mM Ca-EGTA-NMDG@, mM
HEPES, 2 mM MgGl and 10 mM sucrose (pH adjusted to 7.3 with CsOHEe standard bath
solution contained 139 mM NaCl, 10 mM HEPES, 3 mKaIK2 mM CacCJ, 2 mM MgCl, and
5.5 mM glucose (pH adjusted to 7.3 with NaOH). Faasuring TTYH1-mediated currents, the
standard solution for pipette contained 70 mM Thase, 70 mM aspartic acid, 15 mM HEPES,
0.4 mM CaCJ, 1 mM MgCh, 1 mM EGTA, 1 mM ATP, and 0.5 mM GTP (pH adjusted7.2
with CsOH). Bath contained 70 mM Tris-HCI, 1.5 mMa@,, 10 mM HEPES, 10 mM D-
glucose and 10 mM sucrose (290 mOsm/kg; pH 7.4 @&®H). To inhibit K channels, 5 mM
triethylamine and 5 mM Baglwere added in the bath solution. Hypotonic sohgidad the
same ionic composition without sucrose from thehbsdlution (220 mOsm/kg; pH 7.4 with
CsOH), and these solutions refereed to a previtudys(1). To examine the reversibility of
ANO1 current, ANO1 inhibitors were washed out aftee maximized inhibition of ANO1
currents were obtained by 1M 9c and 10g. Whole-cell currents were amplified using the
Axopatch 200A patch clamp system (Molecular Devi¢¢SA). Data acquisition was controlled
by pCLAMP 10.2 software (Molecular Devices, USA).

5.4. Migration assay (Wound healing method)

U251 cells were seeded in 24-well plates (Thernsiéii Scientific, MA, USA) at a density of
2.0 x 10 cells per well, and incubated overnight. After B4 cells were scraped with a
SPLScarTM Scratcher (SPL Life Sciences, ROK) andhed with PBS twice to remove the
detached cells and then incubated in complete medells were incubated with various

concentrations (1, 5 and 10M) of 9c or 10q for 18 h. The images of scratched regions were



recorded before and after 18 h incubation, and atign ratios were calculated from migration

areas determined using Image J software.
5.5. Invasion assay (Boyden chamber method)

The invasion assay was performed using CHEMICON QZ2Mwell Invasion assay kit (ECM
554, Chemicon International, MA, USA). U251 cellere seeded in the |@n ECMatrix™-
coated transwell chamber (Chemicon Internationa, MSA) at a density of 2.5 x 1@ells per
well after serum starvation for 24 h. The cells evercubated for 48 h at 37 °C in a humidified 5%
CG; incubator. Invaded cells from the bottom of tharmlber were detached using 385o0f cell
detachment solution (Chemicon International, MA AY$or 30 min at 37 °C. The detached cells
were lysed with 7L of lysis buffer (Chemicon International, MA, USA&pntaining CyQuant
GR Dye solution (Chemicon International, MA, USAy f15 min at room temperature and the
fluorescence intensities of 2Q@ of the mixtures in a 96-well black-wall plate veemeasured
using a FlexStation3 microplate reader (excitatwavelength of 480 nm and emission
wavelength of 520 nm). Invasion ratios were cal@dafrom relative fluorescence intensities

acquired at different concentrations (1 andulg) of 9c or 10g.
5.6. Western blot assay

E-cadherin antibodies were purchased from celladigg. ANO1 andp-actin were purchased
from SantaCruz. Cells (5 x 1@ells) were treated with indicated compounds ®hland briefly
washed with ice-cold PBS twice. Cells were thenjexttbd to lysis in a NP40 buffer (50 mM
Tris-HCI pH7.5, 1% NP40, 1 mM EDTA, 150 mM NaCl,msM NaVO, and 2.5 mM NaF)
containing 1x protease inhibitor cocktail (Roch2}.ug/well of lysate was separated by SDS-
PAGE gel and transferred to nitrocellulose membratieof primary antibodies were pre-diluted
in TBS-T at 1:1000 (v/v) except for actin (1:1000@hile secondary antibodies were pre-diluted
in TBS-T with 1% skim milk at 1:10000.

5.7. Proteosomal degradation analysis of ANO1
The effects ofl, 9c and10q on ANOL1 protein level were investigated by westelot analysis.
B-actin was used as a loading control. U251 cells (BF cells) were incubated with 1AM

concentration of the ANOL1 inhibitor4,(9c or 10q) for 24 h. In order to examine the effect of

MG132, a proteasome inhibitor, U251 cells (5 x° Hells) were incubated with 1QM

concentration of the ANOL1 inhibitor4,(9c or 10q) for 6 h, followed by the treatment of MG132
(20 pM) for an additional 18 h. The remaining procedunéshe western blotting are the same

as those described above.



5.8. Reversetranscription polymerase chain reaction (RT-PCR) analysis

Total RNA in mammalian cell lines was extractechgsi RIZOL (Invitrogen, USA) according to
the manufacturer’s instructions. Reverse trandoriptvas performed with 2g of total RNA
using M-MLV reverse transcriptase (Promega, USALRPreactions were amplified using
AccuPower PCR PreMix (Bioneer, ROK) with complenaggptDNA. Sequences of primers for
RT-PCR reactions were as follows: a forward primefor ANO1l; 5'-
GAGCCAAAGACATCGGAATCTG-3 a reverse primer for ANO 5'-
TGAAGGAGATCACGAAGGCAT-3; a forward primer for pB-actin; 5'-
TCCTGTGGCATCCACGAAACT-3, a reverse primer for pB-actin; 5'-
GAAGCATTTGCGGTGGACGAT-3'. PCR products were resalven 1.8% agarose gels and

relative mRNA levels were determined by densitognatralysis using Image J software.
5.9. Colony for mation assay

U251 cells were seeded on 6-well plates (ThermoA)U8 1.0 x 16 cells per well. The cells
were incubated with the indicated compounds fore2ks at 37 °C and 5% GQrolonies were
stained using crystal violet staining solution (@B®% crystal violet, 1% methanol, 1%
formaldehyde in PBS) for 24 h. After staining, atks were washed with PBS 2 times and
10%(v/v) acetic acid for 30 min and detected th&@@&m using plate reader Envision 2013.

5.10. Anchor age I ndependent Assay

On the 0.6% bottom agar, cells in the complete medintaining 0.3% agar was plated at a
density of 2.0 x 1dcells in 6-well plates. The cells were incubatéthvindicated compounds for
14 days at 37 °C and 5% GGCSpheroids were stained using crystal violet stgirsolution
(Sigma-Aldrich) for 24 h. The entire area of eaatllwas photographed without magnification,

and the average number and size of colonies in walitwere counted using ImageJ software.
5.11. Synergy analysis

Combination index (Cl) of temozolomide with each @N channel inhibitor was determined by
the Chou-Talalay method using CompuSyn softwarar(@dsyn, USA) (Chou, 2010; Chou &
Talalay, 1984). Cell proliferative assay data wased to evaluate the CI values of temozolomide
with each ANOL1 channel inhibitor. The CI valueside$ synergism (Cl < 1), additive effect (ClI

= 1) and antagonism (CI > 1).

5.12. Statistical analysis.



Numerical data are presented as mean + standarétidev The significance of data for
comparison was evaluated by using one-way ANOVRtiiism ver 6.0 (GraphPad software, Inc.,
CA, USA). *P< 0.05, **P< 0.01, ***P<0.001 and ****R0.0001.
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Highlight

Unique 2-aminothiophene-3-carboxamide derivatives were designed and synthesized.
ANOL inhibitory activity from FLIPR assay were confirmed by patch clamp recording.
9c and 10q strongly inhibit ANOL channel activity with selectivity over ANO2.

9c and 10q suppress proliferation, migration and invasion of glioblastoma cells.

Synergistic effects of combination of TMZ and 9c in GBM cells were found.
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