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Abstract

Anoctamin 1 (ANO1), a calcium-activated chlorideachel, is highly expressed and
amplified in a number of carcinomas including btegsncreatic and prostate cancers.
Downregulation of ANO1 expression and function gigantly inhibits cell proliferation,
migration, and invasion of various cancer cell $in®evelopment of potent and selective
ANOL1 inhibitors is currently desirable, which mayopide a new strategy for cancer
treatment. Our previous study revealed a new a&ssSNO1 inhibitor, E)-2-(4-chloro-2-
methylphenoxyN'-(2-methoxybenzylidene)acetohydrazide (Ani9) and rucsural
optimization via chemical modification of Ani9 basskeleton was undertaken for the
development of more potent and specific inhibitorANOL. Structure-activity relationship

studies with newly synthesized derivatives reveaedumber of potent ANOL1 inhibitors,



among which5f is the most potent inhibitor with an J€value of 22 nM. The selectivity
analyses showed th&€ has excellent selectivity to ANO1 (>1000-fold owkNO2). In
cellular assaysf significantly inhibited cell proliferation of PC3/CF7, and BxPC3 cells
expressing high levels of ANOL1. In additid,strongly reduced the protein levels of ANO1
in PC3 cells. This study will be useful in the dieyenent of ANO1 inhibitors for treatment

of cancer and other ANO1-related diseases.

I ntroduction

ANO1, transmembrane member 16A (TMEM16A), is a icahcactivated chloride channel
(CaCC) and plays important roles in a wide rangeiabgical processes in various cell types
including epithelial cells, smooth muscle cellstestinal pacemaker cells and sensory
neurons [1-4]. In addition, ANOL1 is highly expredsand amplified in a variety of
carcinomas including breast cancer, pancreaticerapcostate cancer, glioblastoma, head-
and-neck squamous cell carcinoma (HNSCC) and gaststinal stromal tumor (GIST), and
play a pivotal role in the regulation of cancerl gebliferation, tumorigenesis and cancer
progression [5-11]. Recent evidence suggests th&dJAinhibitors may have potential utility
in treatment of ANO1-related diseases such asnmflatory airway diseases, hypertension
and pain [12, 13]. For example, ANOL1 inhibition m&ave a beneficial effect on
inflammatory airway diseases via inhibition of essi®e mucus secretion in airway
epithelium and airway smooth muscle contraction].[12hibition of ANO1 significantly
reduced blood pressure in spontaneously hypertensaig [14, 15]. In an animal model of
thermal pain, nocifensive behaviors are signifisadecreased by inhibition of ANO1, and
capsaicin-mediated pain-related behaviors areraldoced by ANO1 inhibition [16, 17]. In

addition, recent studies showed that inhibition AAIO1 by small-molecule inhibitors
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significantly decreased cell proliferation and ratgpn in a wide variety of cancer cell lines

including breast, pancreatic and prostate candkr eegoressing high levels of ANO1 [18-21].

ANO1 and ANO2 are verified as CaCCs and share itleebt sequence homology among
ANO family members [22-24]. ANO?2 is highly expredse olfactory sensory neurons and
plays an important role in the regulation of oltagt transduction. Interestingly, recent
evidence suggests that ANO2 is involved in redustiof spike generation in thalamocortical
and CA1 hippocampal neurons [25, 26], and ANO2 knat mice show deficits in executive

functions and severe impairment in motor learni®g, [28]. Thus, development of selective
inhibitors of ANO1 over ANO2 may be a more apprateitherapeutic approach to ANO1-
related disease. To date, several small-molecuibitors of ANO1 have been identified,

including CaCGn-A01, T16A.n-A01, MONNA, Ani9, and AACT {0Obm) (Figure 1) [12,

29-32], and Ani9 is the most selective ANOL1 intobiamong the ANOL inhibitors.

Figure 1. Chemical structures of reported ANO1 inhibitors
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With the basic knowledge of Ani9 in hand, we dedide conduct systematic structural
optimization via chemical modification of Ani9 tmél the more potent ANOL1 inhibitor with
better selectivity over ANO2, which is the topic tbis paper. As shown in Scheme 1, we
hoped to synthesize Ani9 derivatives by followihg four principles: (1) formation of a ring
(2) substitution of 2-methoxyphenyl by differentefero)aryl moieties (purple region) (3)
replacement of the acylhydrazone with different rpfecophores (green region) (4)

introduction of substituent(s) at the alpha positxd the carbonyl group.
Scheme 1. Synthetic Plan
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Results and discussion

Our synthetic plans for Ani9 derivatization is @uld in Scheme 2. Reduction of the
hydrazone unit in Ani9 with NaBHafforded acylhydrazin&. As conformational restriction
of initial hit compounds via additional ring intreckion may result in more potent biological
activities, benzofuran analogewas synthesized (Scheme 2). To evaluate the Budisti
effect of the phenyl ring in Ani9, acylhydrazoneidatives5 were prepared. Acylhydrazide
derived from ethyl 4-chloro-2-methylphenoxyacetatas allowed to react with various
(hetero)arylaldehydes to afforfl. The corresponding oxadiazolés were obtained by

oxidative ring closure of acylhydrazon®&so see if biological activity could be retainedhwi



oxadiazole unit. Furthermore, derivativéshaving an amide instead of an acylhydrazone
were synthesized by EDC coupling of the commerciakvailable 4-chloro-2-

methylphenoxyacetic acid with several amines.

Scheme 2. Syntheses of Ani9 Derivativesl, 3-7
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ANO1 and ANOZ2 inhibitory activities of the compouwndvere measured using YFP
fluorescence quenching assay in FRT-ANO1 and —ANE&M3 (Figure 2). Hydrazone moiety
of Ani9 seemed to be crucial as the correspondiydydzine 1 exhibited the decreased
activity. A conformationally restricted benzofuranalogue3 lost ANOL1 inhibitory activity.

Overall, either oxadiazol¢6a-k) or amide derivativeg7a-f) displayed decreased ANOL1

inhibition compared with acylhydrazonés). With respect to the substituent effects of the
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phenyl ring, substitution at the meta-position didt increase the activity. Interestingly,
electron-withdrawing groups such as fluorine arfthbromethyl at the ortho-position helped
to inhibit ANO1 although the activities are lesarithat of Ani9. Finally, acylhydrazorgf)
bearing a trifluoromethoxy group at the ortho-positshowed more potent ANO1 inhibitory
activity than AniSwhile 5g with a trifluoromethoxy group at the meta-positatid not inhibit
ANO1, indicating the importance of the orientatiad this functional moiety. The

corresponding ketone analog{®h) displayed rather weaker activity th&in

Figure 2. ANO1 and ANO2 inhibition by Ani9 analogues®

ICs0 (uM) of  IC50 (uM) of

Compound Structure ANO1 ANO2

10.7£0.14 >100

0
Ani9 /EIOQK”/N X 0.097 +0.01 >100
Cl OMe
® N
1 OQJ\N,NQ

O O
T4,
3 Cl HN N\\—Q >100 >100

MeO
4 0] O\p >100 >100
o 7 N\ ,lN OMe

N

6a o— OMe 19.4+001 12.4+0.05



5b

6b

5c

6c

5d

6d

se

6e

H
Cl

OMe
(0] \N
O \N/
Cl : ~
(0]
O\)J\N,N\
JOGR
Cl
O™ F

(0] \N
O \N/
Cl : ~
(0]

jeea

H

cl CF;
0~ CF;

>100

>100

0.89 £0.02

21.2+0.17

>100

>100

0.21+0.04

>100

NA

>100

NA

>100

NA

>100

NA

>100



@)
ot
H

6f Oi\ OCFs

= /N
/(j/\OJ\N
Cl
(@]
et e
Cl
OCF,
O™\
6g O =~ /N
o
Cl
(@]
Cl OCF;4
(0]
5 (@] N,N\
I H (0] CO,Et
o o
F

6i O™

0.021 £ 0.005

>100

>100

>100

0.3+0.02

15.7 £ 0.01

25.7+0.01

63.8 £ 0.02

NA

NA

NA

NA

>100

59.4 +0.45

NA

>100



5k

6k

5m

5n

7a

7b

ic

7d

31.3+0.57

>100

>100

>100

>100

20.6 £0.02

53.7 £0.05

14.2 + 0.07

>100

>100

NA

>100

NA

NA

13.1 £0.07

>100

NA

>100



.-y
A g T C0Me >100 NA
H

Cl

O N \
|
7f oQJ\N/kS 14.8+0.11 >100
H
cl” C /\

CO,Et

a IC,, values were determined using YFP fluorescence ahieg assay in FRT cells

expressing ANO1 and ANO2 (mean + S.E., n 3)A when the inhibition rate is less than
20%.

With these results in hand, more analogues basé&fl ware prepared, which contain methyl,
dimethyl, and difluoro groups at theposition of the carbonyl to see the substituefeces
(Scheme 3).0O-alkylation of 4-chloro-2-methylphenol with threeffdrent o-bromoesters
followed by sequential reactions with hydrazine aBdrifluoromethoxybenzaldehyde
furnished 8a-c, respectively. Unfortunately, these substituents mbt lead to increased

activity (Figure 3).

Scheme 3. Syntheses of Ani9 Derivatives 8a-c
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Figure 3. ANO1 and ANO2 inhibition by Ani9 analogues 8a-¢*
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a IC,, values were determined using YFP fluorescence ahieg assay in FRT cells
expressing ANO1 and ANO2 (mean + S.E., n 3)A when the inhibition rate is less than

20%.
Taken together, the SAR studies led to a seriesn®iv Ani9 (E)-2-(4-chloro-2-
methylphenoxyN'-(2-methoxybenzylidene)acetohydrazide) derivati@esANO1L inhibitors,

and5f was the most potent and selective compound.

Electrophysiological studieson inhibitory effect of 5f on chloride channels

We further determined the inhibitory effect 6f on ANO1, ANO2 and cystic fibrosis
transmembrane conductance regulator (CFTR) usirgingschamber study. As shown in
Figure 4A and 4B, apical membrane current measuremd-RT cells expressing ANO1 and
ANO2 revealed thabf potently inhibited ATP-induced ANOL1 chloride curten a dose
dependent manner with ansfCvalue of 22 nM (Figure 4C), but ANO2 was very gdgor
inhibited by5f. Only 17.1+ 3.5% of ANO2 chloride current was blocked by 100 of 5f.

To investigate the effect &f on CFTR, a cAMP-regulated apical chloride chan@# TR

12



was activated by forskolin and inhibited with CF}RL72, a selective CFTR inhibitor
(Figure 4D). CFTR chloride current was not sigrafidy altered by high concentrations (30

and 100uM) of 5f. These results revealed tHdtis at least 1,000-fold more selective for

ANO1 than for ANO2 and CFTR.

Figure 4. Selectiveinhibition of ANO1 over ANO2 by 5f

A ANO1 B ANO2
5f (uM)
0
o N 10
: £
< 3 100
8 3
ATP 30's ATQ‘ 20s
C D 50 100
100+ P CFTR 172
. |
5% ANO1 5
£ 60; (ICs = 22 NM) <
€ 40; 3
= 207 ANO2 .
forskolin

0001001 01 1 10 100
5f (uM)

A-B) Representative apical membrane current measemein FRT cells expressing ANO1
and ANO2. The indicated concentrations5bfwere applied 20 minutes before ANO1 and
ANO?2 activation by 10@M ATP. C) Summary of dose responses (mean + S.E£.3+6). D)
Apical membrane current measured in FRT cells esgong human WT-CFTR cells. CFTR
was activated by 2(0M forskolin and indicated concentrations5fwere applied. CFTR was

completely inhibited by 1M CFTRp-172.

Effect of 5f on cell viability in PC3, MCF7 and BXPC3 cells expressing high levels of

ANO1
13



Downregulation of ANO1 significantly reduces celbfiferation and migration in prostate,
breast and pancreatic cancer cell lines expredsgig levels of ANO1 (PC3, MCF7 and
BxPC3, respectively) [11, 18, 19]. To investigatee teffect of ANO1 inhibitors on
proliferation of PC3, MCF7 and BxPC3 cells, thelxalere treated with Ani%f or 59 (a

nonfunctional analogue &f) for 48 hours and cell viability was estimated WMA'S assay.

Figure5. Effect of 5f, 5g and Ani9 on cell proliferation in PC3, MCF7 and BXxPC3 cells
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A-C) PC3, MCF7 and BxPC3 cells expressing highlewé ANO1 were treated with Ani9,
5f and5g at the indicated concentration for 48 hours. @elbility was determined by MTS
assay (mean = S.E., n = 3).

As shown in Figure 5, high concentrations of Ani@ kot strongly inhibit the cell viability in
PC3, MCF7 and BxPC3 cells. Howeveéf, strongly inhibited cell viability of PC3, MCF7
and BxPC3 cells in a dose dependent manner, andathi@inctional compoun8lg showed
only small decrease in cell viability at high contation as expected. In this experimeiit,
much more potently inhibited the viability of pratt, breast and pancreatic cancer cells
compared with Ani9, but electrophysiological stwd#howed that 1§ values of Ani9 andf

are 77 and 22 nM, respectively [31].

To investigate the low activity of Ani9 on the ibition of cell viability, we observed plasma
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stability of Ani9 and5f and the effect of these compounds on the proésels of ANOL1 in
PC3 cells expressing high levels of ANO1. As shawRigure 6A, Ani9 showed low plasma
stability but5f displayed longer stability in rat plasma compat@d\ni9. The half-life of
Ani9 and5f in rat plasma was 32 and 104 min, respectivelyn@fest5f strongly decreased
protein levels of ANOL1 at 3 and 1M, but Ani9 weakly reduced the protein levels of BN
only at 10uM (Figure 6B). These results showBflis a more stable, potent and selective

inhibitor of ANO1 compared with Ani9.

Figure 6. Plasma stability of Ani9 and 5f, and effect of the compoundson protein levels

of ANO1in PC3cdls
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A) Stability profiles of Ani9 andf in rat plasma. Ani9 (5 uM) arisf (5 pM) were incubated
in rat plasma at 3¢ fatifferent incubation time of 0, 30, 60, 120 and 24id. (mean = S.E.,
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n = 3). B) Western blot analysis of ANO1 in PC3gelpressing high levels of ANOL1. Cells
were incubated with indicated concentration of Aarl5f for 24 hours. (right) Summary of
band-intensity. The ANO1 band intensity was norgelitop-actin (mean £ S.E., n = 3). *P
< 0.05*P < 0.01, **P < 0.001.

Conclusion

We have evaluated the inhibitory effect of a sede#ni9 derivatives against ANO1. The
SAR analysis led to the identification of new pat&NO1 inhibitors includingsf (with an
ICs0 value of 22 nM). The selectivity analyses revedlet 5f is highly selective for ANO1,
showing >1,000-fold selectivity over ANO2. Thessuks show thabf is currently the most
potent and selective ANOL inhibitor. In vitro steslishowed thabf potently inhibited the
viability of PC3, MCF7 and BxPC3 cells in a dosgeledent manner. In additiobf, showed
>3 times longer plasma stability and strong reauncttf ANO1 protein levels compared to
Ani9. This study can be helpful in further effoitts identify potent and selective ANOL1

inhibitors as a pharmacological tool in studies ANO1, as well as a promising drug

candidate for treating ANO1-related diseases.

Experimental Section

General Methods

Unless specified, all reagents and starting mdsenare purchased from commercial sources
and used as received without purification. “Concaetd” refers to the removal of volatile
solvents via distillation using a rotary evaporat@ried” refers to pouring onto, or passing
through, anhydrous magnesium sulfate followed lityafion. Flash chromatography was
performed using silica gel (230-400 mesh) with Im@sa ethyl acetate, and dichloromethane
as the eluent. All reactions were monitored by-ihyer chromatography on 0.25 mm silica

plates (F-254) visualized with UV light. Melting ipts were measured using a capillary
16



melting point apparatusH and **C NMR spectra were recorded on a 400 MHz NMR
spectrometer and were described as chemical shiidjplicity (s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet), coupling constan hertz (Hz), and number of protons.

HRMS were measured with an electrospray ionizatte®l) and Q-TOF mass analyzer.

Synthesis of Ani9: A mixture of 2-(4-chloro-2-methylphenoxy)acetohyzde (100 mg, 0.47
mmol) and 2-methoxybenzaldehyde (76 mg, 1.2 equivittOH (2.5 mL) was stirred at
80 °C for 16 h. The precipitated product was cédlddy filtration and dried to give Ani9 as

a white solid.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(2-

O\)kN/NQiJ methoxybenzylidene)acetohydrazide (Ani9). White
CIJ©/\ : OMe| solid, mp: 160.8-162.9 °CH NMR (400 MHz, DMSO-

ds) 6 11.57 (s, 1H, isomer a), 11.56 (s, 1H, isomer b),

8.62 (s, 1H, isomer b), 8.34 (s, 1H, isomer a)3{BJ = 7.6 Hz, 1H, isomer a), 7.80 @ =

7.6 Hz, 1H, isomer b), 7.44-7.37 (m, 1H, isomdp)a,/.26-7.13 (m1H, isomer a, b), 7.09 (d,
J=8.4 Hz, 1H, isomer a, b), 7.03-6.96 (m, 1H, ispmeb), 6.88 (dJ = 8.8 Hz, 1H, isomer
b), 6.84 (dJ = 8.8 Hz, 1H, isomer a), 5.16 (s, 2H, isomer &64s, 2H, isomer b), 3.84 (s,
3H isomer a, b), 2.23 (s, 3H, isomer b), 2.20 K, i8omer a)*C NMR (100 MHz, DMSO-

ds) 0 168.8, 164.0, 157.6, 155.3, 143.3, 139.5, 13136,11, 130.1, 129.9, 128.4, 126.4, 126.3,
125.6, 123.9, 121.9, 120.7, 113.1, 111.8, 66.63,655.7, 15.9HRMS (ESI-QTOF)m/z

[M+H] " calcd for G/H3sCIN,O3 333.1000, found 333.1005.

Synthesis of 1: To a solution of Ani9 (20 mg, 0.06 mmol) in TFAIfiL) was added E®iH
17



(19.2uL, 2 equiv) at 0 °C. After being stirred at 0 °Q foh, the reaction mixture was diluted

with 15% aq. HCI (1 mL) and washed with hexanesn(l). Then, the aqueous layer was
carefully basified with KOH pellet and extractedlwCH,Cl, (1 mL x 2). The organic layer
was dried over MgS©and concentrated under reduced pressure to gevertide residue,

which  was purified by silica gel column chromatqgma (hexanes:ethyl

acetate:dichloromethane = 10:1:2) to givas a white solid.

2-(4-Chloro-2-methylphenoxy)-N'-(2-

0 , : : _
H methoxybenzyl)acetohydrazide (1). White solid, mp:

O\)kN’N\Q y Zy) Y ( ) P
C|©/\ H OMe!| 98.2-100.6 °C*H NMR (400 MHz, CDC}) 6 7.73 (br s,

1H), 7.29 (tJ = 7.0 Hz, 1H), 7.18 (dd] = 1.2, 7.6 Hz,

1H), 7.14-7.09 (m, 2H), 6.93-6.87 (m, 2H), 6.56 J&& 8.4 Hz, 1H), 5.04 (s, 1H), 4.50 (s,
2H), 4.04 (s, 2H), 3.86 (s, 3H), 2.11 (s, 38 NMR (100 MHz, CDC}) & 166.8, 158.1,
154.0, 131.0, 130.9, 129.5, 128.5, 126.9, 126.8,112120.6, 112.5, 110.6, 67.5, 55.6, 51.7,

16.3;HRMS (ESI-QTOF)m/z[M+H] * calcd for G7H2oCIN,Os 335.1157, found 335.1154.

Synthesis of 2: A mixture of 5-chloro-2-hydroxybenzaldehyde (30@,m.91 mmol), ethyl
bromoacetate (0.25 mL, 1.2 equiv), angCKs (795 mg, 3 equiv) in C¥CN (6.5 mL) was
stirred at 130 °C for 6 h. After being concentratetler reduced pressure, the reaction
mixture was diluted with CkCl, (5 mL) and water. The water layer was extracteth wi
CH.CI, (5 mL) one more time. The organic layer was doedr MgSQ and concentrateith
vacuoto give the crude residue, which was purified vétiica gel column chromatography

(hexanes:ethyl acetate:dichloromethane = 50:1:3jftwd 2 as a white solid.

18



Ethyl 5-chlorobenzofuran-2-carboxylate (2). White solid, mp:

0
Q/\/fcoza 49.1-51.3 °C'H NMR (400 MHz, CDC}) & 7.63 (d,J = 2.4 Hz,

C

1H), 7.50 (dJ = 9.2 Hz, 1H) 7.44 (s, 1H), 7.38 (d#i= 2.0, 8.8

Hz, 1H), 4.44 (g = 7.2 Hz, 2H), 1.42 (t) = 6.7 Hz, 3H);**C NMR (100 MHz, CDC}) &
159.3, 154.0, 147.1, 129.5, 128.3, 128.0, 122.3,51113.1, 61.9, 14.4RMS (ESI-QTOF)

m/z[M+H] " calcd for GiH1¢ClO3 225.0313, found 225.0315.

Synthesis of 3: A mixture of2 (50 mg, 0.23 mmol) and hydrazine (86, 5 equiv) in EtOH

(2 mL) was stirred at 80 °C for 3 h. After beingncentrated under reduced pressure, the
crude residue (acylhydrazide) was redissolved @HE{1 mL) and 2-methoxybenzaldehyde
(36.5 mg, 1.2 equiv) was added at rt. After beitigesl at 80 °C for 16 h, the resulting

precipitated product was collected by filtratiordatried to give3 as a white solid.

(E)-5-Chloro-N'-(2-methoxybenzylidene)benzofur an-

@1‘}_/(0 2-carbohydrazide (3). White solid, mp: 193.0-196.0 °C:
Cl HN—N

\\_Q IH NMR (400 MHz, DMSO#ds) 5 12.22 (s, 1H), 8.87 (s,

MeO 1H), 7.93 (s, 1H), 7.88 (d,= 7.6 Hz, 1H), 7.77-7.70 (m,

2H), 7.51 (dd,) = 2.0, 8.8 Hz, 1H), 7.44 (§,= 7.8 Hz, 1H), 7.11 (d] = 8.4 Hz, 1H), 7.03 (t,
J=7.6 Hz, 1H), 3.88 (s, 3H}*C NMR (100 MHz, DMSO¢s) § 157.9, 154.2, 152.9, 149.3,
144.3, 131.9, 128.6, 128.2, 127.1, 125.6, 122.2.112120.8, 113.6, 111.9, 110.1, 55.7;

HRMS (ESI-QTOF)m/z[M+H] * calcd for G-H1.CIN,Os 329.0687, found 329.0688.

Synthesis of 4: To a solution of3 (30 mg, 0.091 mmol) in Ci€l, (1 mL) was added

19



iodobenzene diacetate (32 mg, 1.1 equiv) at rterAfieing stirred at rt for 6 h, the reaction
mixture was concentratad vacuoto furnish the crude residue, which was purifigdsbica
gel column chromatography (hexanes:ethyl acetatdmiomethane = 10:1:2 to 7:1:2) to

give4 as a light yellow solid.

2-(5-Chlorobenzofur an-2-yl)-5-(2-methoxyphenyl)-
\(Q 1,3,4-oxadiazole (4). Light yellow solid, mp: 156.4-
0 0]
J@i/)_<\ | OMe | 159.0 °C;*H NMR (400 MHz, CDC}) § 8.04 (dJ = 7.6
Cl

Hz, 1H), 7.68 (dJ = 1.6 Hz, 1H), 7.60-7.49 (m, 3H),

7.40 (dd,J = 2.0, 8.8 Hz, 1H), 7.15-7.07 (m, 2H), 4.02 (s)3¥C NMR (100 MHz, CDC})
5 163.7, 158.2, 157.3, 154.1, 142.4, 133.7, 13128,8, 128.8, 127.4, 121.8, 121.0, 113.3,
112.4, 112.1, 109.3, 56.2IRMS (ESI-QTOF) m/z [M+H]* calcd for GH1.CIN,Os

327.0531, found 327.0532.

2-((4-Chloro-2-methylphenoxy)methyl)-5-(2-
methoxyphenyl)-1,3,4-oxadiazole (6a). White solid,
O mp: 104.8-105.9 °C*H NMR (400 MHz, CDC}) &

N
O\/j\\N/
CI/©/\ 7.93 (d,J = 8.0 Hz, 1H), 7.52 () = 8.0 Hz, 1H), 7.16-

7.04 (m, 4H), 6.95 (d] = 8.8 Hz, 1H), 5.231 (s, 2H),

3.95 (s, 3H), 2.23 (s, 3H*C NMR (100 MHz, CDC}) 6 164.7, 162.0, 158.1, 154.6, 133.6,
131.0, 129.5, 126.8, 126.7, 120.9, 113.2, 112.2,11560.7, 56.1, 16.34RMS (ESI-QTOF)

m/z[M+Na]" calcd for G/H;5CIN,NaO; 355.0820, found 355.0822.
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Compounds$b-5n and6b-6k were prepared by following the similar proceduasghose for

the syntheses &and4.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(3-
methoxybenzylidene)acetohydrazide (5b). White

)
ol solid, mp: 188.2-190.5 °C*H NMR (400 MHz,

DMSO-ds) 6 11.64 (s, 1H, isomer a), 11.55 (s, 1H,

isomer b), 8.26 (s, 1H, isomer b), 7.97 (s, 1Hmieoa), 7.45-7.1 (m, 4H, isomer a, b), 7.0 (s,
1H, isomer a, b), 6.95-6.75 (m, 1H, isomer a, )8%s, 2H, isomer a) 4.69 (s, 2H, isomer b),
3.78 (s, 3H, isomer a, b), 2.30-2.13 (m, 3H, isomer);*C NMR (100 MHz, DMSOd) &

169.0, 164.2, 159.5, 155.3, 154.9, 147.8, 143.%,513135.4, 130.1, 130.0, 129.9, 128.8,
128.4, 126.4, 126.3, 124.5, 123.9, 120.1, 119.6,41115.9, 113.2, 113.0, 111.5, 111.3, 66.9,

65.3, 55.2, 15.94RMS (ESI-QTOF)m/z[M+H] " calcd for G7/H1sCIN,O3 333.1000, found

333.10083.
2-((4-Chloro-2-methylphenoxy)methyl)-5-(3-
OoM
© methoxyphenyl)-1,3,4-oxadiazole (6b). Light yellow
O™ solid, mp: 86.0-86.1 °CH NMR (400 MHz, CDC}) &
N , mp: 86. . ,
O\/j\\N/
/©/\ 7.64 (d,J = 7.6 Hz, 1H), 7.59 (s, 1H) 7.42 {t= 8.0 Hz,
Cl

1H), 7.17-7.07 (m, 3H), 6.94 (d,= 9.2 Hz, 1H), 5.31
(s, 2H), 3.88 (s, 3H), 2.24 (s, 3HJC NMR (100 MHz, CDC}) § 165.9, 162.3, 160.1, 154.5,
131, 130.4, 129.5, 126.9, 126.7, 124.6, 119.6,7118.3.1, 111.8, 60.6, 55.7, 16 RMS

(ESI-QTOF)M/z[M+H] " calcd for G;H16CIN,O3 331.0844, found 331.0845.
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(E)-2-(4-Chloro-2-methylphenoxy)-N'-(2-

OQJ\N/N@ fluorobenzylidene)acetohydrazide (5c). White solid,
PN
Cl

£ | mp:177.3-178.7 °CtH NMR (400 MHz, DMSO¢e)

11.8-11.63 (m, 1H, isomer a, b), 8.53 (s, 1H, isobje
8.21 (s, 1H, isomer a), 7.93 (s, 1H, isomer a,/9;7.05 (m, 5H, isomer a, b), 6.87 (s, 1H,
isomer a, b), 5.19 (s, 2H, isomer a), 4.70 (s, Bbmer b), 2.21 (s, 3H, isomer a, bic
NMR (100 MHz, DMSOek) 6 169.0, 164.3, 161.9, 159.4, 155.2, 154.9, 1368,Q, 131.9,
129.9, 128.4, 126.5, 126.4, 126.3, 124.9, 123.0,6,26.1, 115.9, 113.2, 113.1, 67.0, 65.3,

15.9;HRMS (ESI-QTOF)m/z[M+H] * calcd for GeH1sCIFN,O, 321.0801, found 321.0799.

2-((4-Chloro-2-methylphenoxy)methyl)-5-(2-
fluorophenyl)-1,3,4-oxadiazole (6¢). White solid, mp:
G2\ 96.8-98.7 °CH NMR (400 MHz, CDC}) 5 8.08 (t,J

O\)\\N'N
/@ = 7.6 Hz, 1H), 7.60-7.53 (m, 1H), 7.31 Jt= 7.6 Hz,
Cl

1H), 7.26 (tJ = 9.2 Hz, 1H), 7.16-7.11 (m, 2H), 6.94

(d,J = 9.2 Hz, 1H), 5.34 (s, 2H), 2.24 (s, 3H)¢ NMR (100 MHz, CDC}) 162.7, 161.5,
158.9, 154.5, 134.1, 134.0, 131.1, 130.0, 129.99,6] 127.0, 126.7, 124.9, 124.86, 117.3,
117.1, 113.1, 60.5, 16.24RMS (ESI-QTOF) m/z [M+H]* calcd for GgH1sCIFN,O,

319.0644, found 319.0641.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(3-

fluorobenzylidene)acetohydrazide (5d). White solid,

0O
ot :
Cl




mp: 200.3-201.8 °CtH NMR (400 MHz, DMSO#) & 11.7 (s, 1H, isomer a, b), 8.29 (s, 1H,
isomer b) 8.0 (s, 1H, isomer a), 7.61-7.43 (m, BHmer a, b), 7.32-7.12 (m, 3H, isomer a, b),
6.91-6.85 (m, 1H, isomer a, b) 5.20 (s, 2H, isomer4.70 (s, 2H, isomer b), 2.23 (s, 3H,
isomer b), 2.2 (s, 3H, isomer dfC NMR (100 MHz, DMSOdq) § 169.1, 164.3, 163.6,
161.2, 155.3, 154.9, 142.4, 136.6, 130.9, 130.8,113129.9, 128.4, 126.4, 126.3, 123.9,
123.6, 116.8, 113.1, 112.9, 112.7, 66.9, 65.3,;BEM S (ESI-QTOF)m/z[M+H] * calcd for

C16H15CIFN2O, 321.0801, found 321.0806.

2-((4-Chlor o-2-methylphenoxy)methyl)-5-(3-
fluorophenyl)-1,3,4-oxadiazole (6d). White solid, mp:
N 85.2-87.8 °C'H NMR (400 MHz, CDC}) 6 7.87 (d,J

O\/\\N’
= 8.0 Hz, 1H), 7.77 (dJ = 9.2 Hz, 1H), 7.55-7.47 (m,
Cl

1H), 7.3-7.23 (m, 1H), 7.17-7.12 (m, 2H), 6.93 Jd=

8.4 Hz, 1H), 5.32 (s, 2H), 2.24 (s, 3H)C NMR (100 MHz, CDC}) § 165.0, 164.96, 164.2,
162.6, 161.7, 154.5, 131.2, 131.1, 131.1, 129.5,012126.7, 125.5, 125.4, 123.0, 122.98,
119.5, 119.3, 114.4, 114.2, 113.0, 60.5, 16HRMS (ESI-QTOF)m/z [M+H] " calcd for

CleH13C|FN202 319.0644, found 319.0643.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(2-

@)
/(;QOQLN/NVQ (trifluoromethyl)benzylidene)acetohydrazide  (5e).
H
Cl

CF3 | White solid, mp: 158.2-160.0 °GH NMR (400 MHz,

DMSO-ds) 6 11.95 (s, 1H, isomer b), 11.87 (s, 1H,

isomer a), 8.66 (s, 1H, isomer b), 8.36 (s, 1Hmispa), 8.22 (dJ = 8 Hz, 1H, isomer a),
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8.17 (d,J = 8 Hz, 1H, isomer b), 7.83-7.7 (m, 3H, isomer7ag7-7.58 (m, 3H, isomer b),
7.27-7.12 (m, 3H, isomer a), 6.93-6.86 (m, 3H, isol), 5.23 (s, 2H, isomer a), 4.72 (s, 2H,
isomer b), 2.24 (s, 3H, isomer b), 2.21 (s, 3Hmispa);**C NMR (100 MHz, DMSO#) 5
169.2, 164.6, 155.2, 155.0, 139.0, 132.8, 131.8,113130.0, 129.9, 128.4, 127.1, 126.9,
126.4, 126.2, 125.9, 124.0, 113.3, 113.1, 67.08,6%6.9;HRMS (ESI-QTOF)m/z[M+H]"

calcd for G/H15CIFsN>O, 371.0769, found 371.0765.

2-((4-Chloro-2-methylphenoxy)methyl)-5-(2-
(trifluoromethyl)phenyl)-1,3,4-oxadiazole (6e). White
solid, mp: 70.8-72.0 °C'H NMR (400 MHz, CDC}) 5

N
O\/%N/
CIQ/\ 8.09-8.05 (m, 1H), 7.89-7.85 (m, 1H), 7.74-7.70 BH),

7.17-7.11 (m, 2H), 6.91 (d,= 8.4 Hz, 1H), 5.34 (s, 2H),

2,23 (s, 3H);*C NMR (100 MHz, CDC}) & 164.4, 163.5, 154.4, 132.4, 132.4, 132.1, 132.1,
132.1, 131.1, 129.6, 126.7, 112.8, 60.4, 16 HIRMS (ESI-QTOF)m/z [M+H]"* calcd for

Cl7H13C|F3N202 369.0612, found 369.0613.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(2-

o)
O\)J\N’N\ (trifluoromethoxy)benzylidene)acetohydrazide  (5f).
C|©/\ ; OCF3| White solid, mp: 157.2-158.0 °CH NMR (400 MHz,

DMSO-ds) 6 11.83 (s, 1H, isomer b), 11.76 (s, 1H,
isomer a), 8.57 (s, 1H, isomer b), 8.27 (s, 1Hmispa), 8.06 (dJ = 7.6 Hz, 1H, isomer a),
8.02 (d,J = 8.0 Hz, 1H, isomer b), 7.62-6.54 (m, 3H, isomgr7.52-7.43 (m, 3H, isomer a),

7.28-7.12 (m, 3H, isomer a), 6.92-6.84 (m, 3H, isoim), 5.2 (s, 2H, isomer a), 4.71 (s, 2H,
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isomer b), 2.24 (s, 3H, isomer b), 2.21 (s, 3Hmispa);**C NMR (100 MHz, DMSO#) 5
169.0, 155.2, 140.8, 137.2, 131.6, 130.1, 129.8.412128.1, 128.0, 127.0, 126.9, 126.6,
126.4, 126.2, 124.0, 121.8, 113.1, 67.0, 65.3, ;B S (ESI-QTOF)m/z [M+H]* calcd

for C;17H15CIFsN2O5 387.0718, found 387.0719.

2-((4-Chloro-2-methylphenoxy)methyl)-5-(2-
(trifluoromethoxy)phenyl)-1,3,4-oxadiazole (6f). Light
yellow solid, mp: 85.6-86.6 °C'H NMR (400 MHz,

~ N
o%N
. CDCl) § 8.18 (d,J = 7.2 Hz, 1H), 7.62 (tJ = 7.2 Hz,

1H), 7.52-7.41 (m, 2H), 7.18-7.09 (m, 2H), 6.92 Jc;

8.0 Hz, 1H), 5.34 (s, 2H), 2.23 (s, 3HJC NMR (100 MHz, CDC}) § 163.2, 163.0, 154.4,
146.6, 133.5, 131.0, 130.9, 129.5, 127.6, 126.6,612122.5, 121.8, 119.2, 117.8, 112.8, 60.4,

16.0;HRM'S (ESI-QTOF)m/z[M+H]* calcd for GsH15CIFsN,0; 385.0561, found 385.0563.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(3-

O . . .
O&J\ /Nv©\ (trifluoromethoxy)benzylidene)acetohydr azi
Cl

H de (5g). White solid, mp: 176.4-179.2 °CH

NMR (400 MHz, DMSO€) 6 11.76 (s, 1H,

isomer a), 11.70 (s, 1H, isomer b), 8.33 (s, 1binier b), 8.03 (s, 1H, isomer a), 7.76-7.65 (m,
3H, isomer a), 7.62-7.53 (m, 3H, isomer b), 7.4d & 8.4 Hz, 1H, isomer a, b), 7.28-7.12

(m, 3H, isomer a), 6.92-6.83 (m, 3H, isomer b)PH<L 2H, isomer a), 4.71 (s, 2H, isomer b),
2.24 (s, 3H, isomer b), 2.20 (s, 3H, isomer¥); NMR (100 MHz, DMSOdg) & 169.2,

164.4, 155.2, 154.9, 148.8, 146.1, 142.1, 136.6.5,3131.0, 130.8, 130.1, 129.9, 128.7,
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128.4, 126.4, 126.4, 126.2, 124.5, 123.9, 122.3,11221.3, 118.8, 118.7, 113.2, 113.1, 67.0,

65.3, 15.9;HRMS (ESI-QTOF) m/z [M+H]" calcd for G7H;sCIFsN,O; 387.0718, found

387.0715.
2-((4-Chloro-2-methylphenoxy)methyl)-5-(3-
OCF, | (trifluoromethoxy)phenyl)-1,3,4-oxadiazole (69).
White solid, mp: 80.3-80.8 °CH NMR (400 MHz,
(@] \N
/@/\OVK\N’ CDCls) & 8.02 (d,J = 8.0 Hz, 1H), 7.93 (s, 1H), 7.58 {t,
cl J = 8.0 Hz, 1H), 7.42 (d) = 8.4, 1H), 7.17-7.10 (m,

2H), 6.94 (dJ = 8.0 Hz, 1H), 5.33 (s, 2H), 2.24 (s, 3HJC NMR (100 MHz, CDC}) §
164.7, 162.7, 154.4, 149.8, 131.1, 131.0, 129.5,112126.7, 125.5, 125.4, 124.6, 121.8,
119.7, 113.0, 60.5, 16.24RMS (ESI-QTOF) m/z [M+H]" calcd for GsH13CIFsN,O5

385.0561, found 385.0568.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(1-(2-

trifluoromethoxy)phenyl)ethylidene)acetohydr az
Oﬁw"‘\ ( y)phenyl)ethy ) y
cl H OCF; | ide (5h). White solid, mp: 119.2-121.0 °GH NMR

(400 MHz, CDC}) 6 9.56 (s, 1H, isomer a), 9.35 (s,

1H, isomer b), 7.67 (d} = 7.6 Hz, 1H, isomer a), 7.48 @= 7.6 Hz, 1H, isomer b), 7.52-7.4
(m, 3H, isomer b), 7.37-7.28 (m, 3H, isomer a), 377215 (m, 2H, isomer a), 7.12 (s, 1H,
isomer b), 7.05 (dd] = 2.0, 8.6 Hz, 1H, isomer b), 5.09 (s, 2H, isoilmer.69 (s, 2H, isomer
a), 2.34 (s, 3H, isomer a), 2.32-2.26 (m, 3H, isomed), 2.21 (s, 3H, isomer HYC NMR

(100 MHz, CDC}4) 6 170.4, 163.7, 155.1, 153.5, 152.4, 147.8, 14648.7, 131.0, 130.8,
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130.8, 130.6, 130.5, 130.0, 127.1, 127.0, 127.96,2] 1120.5, 112.6, 112.4, 67.4, 66.1, 16.4,
16.3, 16.2, 16.16HRMS (ESI-QTOF) m/z [M+H]" calcd for GgH:7;CIFN,Oz 401.0874,

found 401.0873.

Ethyl (E)-2-(2-((2-(2-(4-chlor o-2-

9 methylphenoxy)acetyl)hydrazono)methyl)

OQJ\N,NVQ
N /@ H OYcozEt phenoxy)-2-fluoroacetate (5i). White solid,

F mp: 100.3-101.5 °C*H NMR (400 MHz,

CDCl) 6 9.50 (s, 1H, isomer a), 9.03 (s, 1H,
isomer b), 8.51 (s, 1H, isomer a), 8.20-8.15 (m, isBimer a, b), 7.91 (d,= 7.2 Hz, isomer
b), 7.47-7.40 (m, 1H, isomer a, b), 7.25-7.12 (M,fdr isomer a, 3H for isomer b), 7.07 (dd,
J=8.4 Hz, 1H, isomer b), 6.77 (d= 8.4 Hz, 1H, isomer a), 6.71 @= 8.8 Hz, 1H, isomer
b), 6.05-5.86 (m, 1H, isomer a, b), 5.13 (s, 2ldnisr b), 4.66 (s, 2H, isomer a), 4.41-4.32
(m, 2H, isomer a, b), 2.33 (s, 3H, isomer a), Z3@H, isomer b), 1.40-1.32 (m, 3H, isomer
a, b);**C NMR (100 MHz, CDC}) 5 169.4, 164.1, 163.8, 155.1, 154.4, 153.9, 14430,5],
132.3, 132.0, 131.0, 130.7, 127.6, 127.0, 126.5.012116.9, 116.7, 113.1, 112.7, 103.9,
103.8, 101.6, 101.56, 67.8, 66.2, 62.9, 62.8, 1862, 14.0, 13.9FRMS (ESI-QTOF)m/z

[M+Na]" calcd for GoH2oCIFNo.NaQs 445.0937, found 445.0936.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(furan-2-

O O
,NV(Q ylmethylene)acetohydrazide (5j). White solid, mp:

OQJ\N
N
C|/©/\ 140.5-143.7 °C:H NMR (400 MHz, DMSOds) &
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11.57 (s, 1H, isomer a), 11.48 (s, 1H, isomer 1)88&s, 1H, isomer b), 7.89 (s, 1H, isomer a),
7.86-7.81 (m, 1H, isomer a, b), 7.27-7.11 (m, Zdmer a, b), 6.93-6.90 (m, 1H, isomer a, b),
6.88 (d,J = 8.8 Hz, 1H, isomer b), 6.8 (d,= 8.8 Hz, 1H, isomer a), 6.65-6.61 (m, 1H,

isomer a, b), 5.09 (s, 2H, isomer a), 4.67 (s,i&bmer b), 2.23 (s, 3H, isomer b), 2.20 (s, 3H,
isomer a)fL3C NMR (100 MHz, DMSOedg) 6 168.6, 164.1, 155.2, 154.9, 149.1, 149.0, 145.4,
145.1, 137.7, 134.0, 130.1, 129.9, 128.8, 128.4,412126.3, 124.6, 124.0, 114.0, 113.8,

113.2, 113.0, 112.2, 112.19, 67.0, 65.0, 1H®’MS (ESI-QTOF)m/z [M+H]" calcd for

C14H14CIN2O3 293.0687, found 293.0687.

2-((4-Chlor o-2-methylphenoxy)methyl)-5-(furan-2-yl)-
= 1,3,4-oxadiazole (6j). White solid, mp: 110.6-112.3 °GH
NMR (400 MHz, CDC}) 7.66 (s, 1H), 7.21 (d] = 3.6 Hz,

O\/\\N'N
CIJ©/\ 1H), 7.16-7.10 (m, 2H), 6.92 (d,= 8.0 Hz, 1H), 6.62 (dd,

J = 3.2 Hz, 1H), 5.30 (s, 2H), 2.23 (s, 3Hjc NMR (100

MHz, CDCk) & 161.6, 158.7, 154.4, 146.2, 139.1, 131.1, 1292%,d, 126.7, 115.0, 113.0,
112.4, 60.3, 16.24RMS (ESI-QTOF)mM/z[M+H] " calcd for G4H1,CINzO, 291.0531, found

291.0530.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(pyridin-2-

=
i Nﬁ ylmethylene)acetohydrazide (5k). White solid, mp:
g N

o A,
o /©/\ H 179.8-180.2 °C*H NMR (400 MHz, DMSO#ds) §

11.81 (s, 1H, isomer a, b), 8.61 (s, 1H, isomeb)a,

8.31 (s, 1H, isomer b), 8.04 (s, 1H, isomer a)2&®0 (m, 2H, isomer a, b), 7.41 (s, 1H,
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isomer a, b), 7.28-7.10 (m, 2H, isomer a, b), @3B+ (M, 1H, isomer a, b), 5.21 (s, 2H), 4.72
(s, 2H), 2.29-2.15 (m, 3H, isomer a, BJC NMR (100 MHz, DMSOdg) 5 169.1, 164.5,
155.2, 154.9, 152.8, 149.6, 149.5, 148.0, 144.8,9.3136.8, 130.1, 129.9, 128.8, 128.4,
126.4, 126.3, 124.6, 124.4, 124.0, 120.0, 119.8,311113.1, 66.9, 65.2, 15HRMS (ESI-

QTOF)m/z[M+H] " calcd for GsH15CIN3O, 304.0847, found 304.0843.

2-((4-Chloro-2-methylphenoxy)methyl)-5-(pyridin-2-
yl)-1,3,4-oxadiazole (6k). White solid, mp: 118.3-
o2\ 120.0 °C;'H NMR (400 MHz, CDC}) 6 8.80 (d,J = 4.4

O\)\\N'
Hz, 1H), 8.27 (dJ = 8.0 Hz, 1H), 7.95-7.87 (m, 1H), 7.50
Cl

(dd,J = 5.2, 6.8 Hz, 1H), 7.16-7.10 (m, 2H), 6.94 Jd&

9.2 Hz, 1H), 5.35 (s, 2H), 2.23 (s, 3HJC NMR (100 MHz, CDCY) § 164.9, 163.1, 154.3,
150.4, 143.1, 137.3, 130.9, 129.4, 126.7, 126.6,21223.4, 112.7, 60.2, 16 IRM S (ESI-

QTOF)m/z[M+H] " calcd for GsH13CIN3O, 302.0691, found 302.0690.

Ethyl (E)-3-((2-(2-(4-chloro-2-
Q \ methylphenoxy)acetyl)hydrazono)methyl)indoli
O%N’NJ/NS ylphenoxy)acetyl)hy )methyl)
/@ H S zine-2-car boxylate (51). Yellow solid, mp: 169.0-
Cl

170.2 °C;*H NMR (400 MHz, DMSOdg) 5 11.81

(s, 1H, isomer b), 11.74 (s, 1H, isomer b), 9.7Q)1(d 6.8 Hz, 1H, isomer b), 9.32 (d= 6.4
Hz, 1H, isomer a), 9.21 (s, 1H, isomer b), 9.0k, isomer a), 7.73 (§,= 8 Hz, 1H, isomer
a, b), 7.28-6.84 (m, 6H, isomer a, b), 5.24 (s, @Bmer a), 4.73 (s, 2H, isomer b), 4.38-4.27

(m, 2H, isomer a, b), 2.29-2.15 (m, 3H, isomer jall41-1.28 (m, 3H, isomer a, b}C
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NMR (100 MHz, DMSOedg) 6 168.4, 163.8, 155.3, 155.0, 140.1, 137.1, 13438,4], 130.1,
129.9, 128.2, 127.7, 126.4, 126.3, 121.7, 121.8,2215.0, 113.2, 113.0, 104.1, 104.0, 66.9,
65.5, 60.5, 16.0, 14.24RMS (ESI-QTOF)m/z[M+H]" calcd for G;H21CIN3O4 414.1215,

found 414.1218.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(1-
N methyl-2-oxoindolin-3-ylidene)acetohydrazide

0]
. (5m). Yellow solid, mp: 209.3-210.8 °CH NMR

(400 MHz, CDC}) 6 13.81 (s, 1H, isomer a), 12.63

(s, 1H, isomer b), 7.83 (d,= 7.6 Hz, 2H, isomer a), 7.58 (@ = 7.2 Hz, 2H, isomer b), 7.41
(t, J=7.6 Hz, 1H, isomer a, b), 7.22-7.11 (m, 3H, isom, b), 6.88 (d) = 8 Hz, 1H, isomer
a, b), 6.74 (dJ = 8.4 Hz, 1H, isomer a, b), 5.24 (s, 2H, isome“bj5 (s, 2H, isomer a), 3.27
(s, 3H, isomer a, b), 2.44 (s, 3H, isomer a), 4811H, isomer b)**C NMR (100 MHz,
CDCl3) 6 166.1, 161.2, 153.9, 144.1, 138.9, 132.2, 13129,41 126.9, 126.7, 123.7, 123.6,
122.4, 121.0, 119.5, 112.1, 109.1, 67.5, 66.0,,2Z60, 16.6, 16.4RMS (ESI-QTOF)m/z

[M+H] " calcd for GgH;7CIN3O3 358.0953, found 358.0958.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(chroman-
4-ylidene)acetohydrazide (5n). White solid, mp:

O
o M N
CI/©/\ H o 215.4-217.5 °CH NMR (400 MHz, DMSO#€s) &

11.96 (s, 1H, isomer a), 10.62 (s, 1H, isomer 908

7.92 (m, 1H, isomer a, b), 7.35-7.12 (m, 3H, isomeb), 7.03-6.95 (m, 1H, isomer a, b),

6.90 (d,J = 7.6 Hz, 2H, isomer, a), 6.83 @= 8.4 Hz, 2H, isomer b), 5.23 (s, 2H, isomer a),
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4.76 (s, 2H, isomer b), 4.31-4.20 (m, 2H, isomd)a2.89-2.80 (m, 2H, isomer a, b), 2.22 (s,
3H, isomer a, b)‘?C NMR (100 MHz, DMSO+dg) 6 169.6, 164.1, 157.1, 156.9, 155.3, 154.9,
147.9, 142.8, 131.4, 131.0, 130.1, 129.9, 128.8,312126.4, 126.2, 124.8, 124.7, 124.3,
123.9, 121.3, 120.3, 117.5, 117.4, 113.0, 66.56,664.5, 25.6, 25.1, 16.6iRMS (ESI-

QTOF)m/z[M+Na]" calcd for GgH17CIN3NaO, 367.0820, found 367.0824.

Synthesis of 7a: To a solution of 2-(4-chloro-2-methylphenoxy)ace#icid (53 mg, 0.26
mmol) in CHCl, (1 mL) were added 2-methoxybenzylamine (42 1.2 equiv), EDC-HCI
(78 mg, 1.5 equiv), DMAP (2 mg, 0.05 equiv), angN\NEf76 uL, 2 equiv) at 0 °C. After being
stirred at 40 °C for 16 h, the reaction mixture widated with CHCI, (2 mL) and washed
with 15% HCI (1 mL). The aqueous layer was extraeteth CH,CI, (2 mL) one more time.
The organic layer was dried over Mg&ahd concentrated under reduced pressure to give th
crude residue, which was purified by silica gelucoh chromatography (hexanes:ethyl

acetate:dichloromethane = 20:1:2 to 10:1:2) to @avas a white solid.

2-(4-Chloro-2-methylphenoxy)-N-(2-
methoxybenzyl)acetamide (7a). White solid, mp:

@CQLH“() ybenzyl) (7a) p
Cl 91.6-93.5 °C;H NMR (400 MHz, CDC}) § 7.31-7.24

(m, 2H), 7.20 (br s, 1H), 7.13 (s, 1H), 7.08 Jds 8.4

Hz, 1H), 6.93 (t) = 7.4 Hz, 1H), 6.87 (d] = 8.4 Hz, 1H), 6.93 (d] = 8.8 Hz, 1H), 4.53 (d]
= 6.0 Hz, 2H), 4.53 (s, 2H), 3.81 (s, 3H), 2.243(d); *C NMR (100 MHz, CDC}) § 167.6,
157.7, 130.8, 129.8, 129.2, 128.2, 126.9, 126.5,8,2120.9, 112.5, 110.3, 67.7, 55.3, 39.4,

16.2;HRMS (ESI-QTOF)m/z[M+H] * calcd for G;H1gCINO3 320.1048, found 320.1045.
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Compounds/b-7f were prepared by following the similar procedusetzat for the synthesis

of 7a.

2-(4-Chloro-2-methylphenoxy)-N-(3-
methoxybenzyl)acetamide (7b). Light vyellow
cl solid, mp: 95.8-96.5 °C!H NMR (400 MHz,

CDCl) & 7.26 (t,J = 7.8 Hz, 1H), 7.16-7.10 (m,

2H), 6.88-6.78 (m, 4H), 6.70 (d,= 8.4 Hz, 1H), 4.55-4.51 (m, 4H), 3.78 (s, 3HRQ(s,
3H); *C NMR (100 MHz, CDC}) & 168.1, 160.1, 154.1, 139.3, 131.0, 130.0, 1285,9,
119.8, 113.2, 113.2, 112.8, 68.0, 55.4, 43.1, 18RMS (ESI-QTOF)m/z[M+H]* calcd for

C17H17CINO5; 320.1048, found 320.1043.

2-(4-Chloro-2-methylphenoxy)-N-(5-
Cl

Q chlorobenzo[d]oxazol-2-yl)acetamide (7c). White
N

A solid, mp: 165.5-168.2 °C*H NMR (400 MHz,
CDCls) 6 9.28 (br s, 1H), 7.61 (s, 1H), 7.42 (&= 8.4

oA,

Hz, 1H), 7.27 (ddJ = 2.0, 8.4 Hz, 1H), 7.20 (s, 1H), 7.16 (dds 2.0, 8.4 Hz, 1H), 6.75 (d,

= 8.8 Hz, 1H), 4.75 (s, 2H), 2.34 (s, 3H)c NMR (100 MHz, CDC}) 6 165.2, 154.5, 153.5,
146.7, 131.3, 130.6, 128.7, 127.6, 127.0, 124.8,211113.1, 111.1, 68.1, 29.7, 16HIRMS

(ESI-QTOF)m/z[M+H] * calcd for GeH13CloN,O3 351.0298, found 351.0296.

N-(Benzo[d]thiazol-2-yl)-2-(4-chloro-2-

o} Jl\f\@ methylphenoxy)acetamide (7d). White solid, mp:

oY




167.3-170.9 °C*H NMR (400 MHz,

CDCY) 5 9.70 (br s, 1H), 7.84 (d,= 8.0 Hz, 1H), 7.81

(d,J = 8.4 Hz, 1H), 7.47 () = 7.6 Hz, 1H), 7.35 (tJ = 7.6 Hz, 1H), 7.20 (s, 1H), 7.15 @,

= 8.8 Hz, 1H), 6.75 (dJ = 8.8 Hz,

CDCls) 6 166.7, 156.4, 153.7, 148

1H), 4.74 (s, 2H), 2.35 (s, 3HIC NMR (100 MHz,

4,131.4, 129.0, 12726,6, 124.5, 121.6, 121.5, 113.1,

67.7, 16.5;HRMS (ESI-QTOF) m/z [M+H]" calcd for GeH14CIN,O,S 333.0459, found

333.0461.

i '\f§oo M
e
Qk”)\s 2

Methyl 2-(2-(4-chloro-2-
methylphenoxy)acetamido)-4-methylthiazole-5-

carboxylate (7€). White solid, mp: 202.8-204.0 °C;

'H NMR (400 MHz, CDC})  9.55 (br s, 1H), 7.20

(s, 1H), 7.15 (ddJ = 2.0, 8.8 Hz, 1H), 6.73 (d,= 8.4 Hz, 1H), 4.72 (s, 2H), 3.87 (s, 3H),

2.66 (s, 3H), 2.33 (s, 3H*C NMR (100 MHz, CDC}) 6 166.4, 163.1, 157.8, 156.9, 153.6,

131.4, 128.9, 127.8, 127.1, 116.6, 113.2, 67.71,527.3, 16.5HRMS (ESI-QTOF)m/z

[|V|+H] * calcd for GsH16CIN>O4S 355.0514, found 355.0513.

CO,Et

O l\f \
jotan
H
Cl

Ethyl 2-(2-(4-chloro-2-
methylphenoxy)acetamido)thiazole-4-car boxylate
(7f). White solid, mp: 154.0-155.0 °CH NMR (400

MHz, CDCk) § 9.79 (br s, 1H), 7.90 (s, 1H), 7.19 (s,

1H), 7.13 (dd,) = 2.4, 8.8 Hz, 1H), 6.72 (d,= 8.8 Hz, 1H), 4.73 (s, 2H), 4.41 (= 7.2 Hz,

2H), 2.31 (s, 3H), 1.4 (1 = 7.0 Hz, 3H)3C NMR (100 MHz, CDC4) 5 166.9, 161.4, 156.6,

153.7, 142.1, 131.4, 129.1, 127.7, 127.0, 122.9,21167.8, 61.7, 16.5, 14.6iRM S (ESI-
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QTOF)m/z[M+Na]" calcd for GsH1sCIN:NaQ;S 377.0333, found 377.0331.

Synthesis of 8a: To a solution of 4-chloro-2-methylphenol (100 n@g7 mmol) in acetone
(2.5 mL) were added methyl 2-bromopropanoate(861.1 equiv) and KCOs; (194 mg, 2
equiv) at rt. After being stirred at 60 °C for 16the reaction mixture was concentrated under
reduced pressure to afford the crude residue wliashpurified by silica gel chromatography
(hexanes:ethyl acetate:dichloromethane = 50:1:2)giiee ester (methyl 2-(4-chloro-2-
methylphenoxy)propanoate) as a colorless oil. Atanecof ester (102 mg, 0.44 mmol) and
hydrazine (69uL, 5 equiv) in EtOH (2 mL) was stirred at 80 °C fb8 h. After being
concentrated under reduced pressure, the crudduesgacylhydrazide) was redissolved in
EtOH (1 mL) and 2-(trifluoromethoxy)benzaldehydé (iL, 1.2 equiv) was added at rt. After
being stirred at 80 °C for 16 h, the resulting peated product was collected by filtration

and dried to givéa as a white solid.

(E)-2-(4-Chloro-2-methylphenoxy)-N'-(2-

O%N’NVQ (trifluoromethoxy)benzylidene)propanehydrazide
H
ol /[ :[ OCF,

(8a). White solid, mp: 147.5-149.1 °CH NMR

(400 MHz, CDC}¥) 6 9.55 (s, 1H, isomer a), 9.15 (s,
1H, isomer b), 8.38 (s, 1H, isomer a), 8.20)d, 7.6 Hz, 1H, isomer a), 8.02 (s, 1H, isomer
b), 7.84 (d,J = 7.6 Hz, 1H, isomer b), 7.49-7.41 (m, 1H, isoraeb), 7.36-7.30 (m, 1H,
isomer a, b), 7.28-7.23 (m, 1H, isomer a, b), {sl4H, isomer a), 7.15-7.08 (m, 1H, isomer
a, b), 7.02 (ddJ = 8.6 Hz, 1H, isomer b), 6.78 (d~= 8.8 Hz, 1H, isomer a), 6.63 (@= 8.4
Hz, 1H, isomer b), 5.55 (d,= 6.8 Hz, 1H, isomer b), 4.78 (@= 6.8 Hz, 1H, isomer a), 2.31

(s, 3H, isomer a), 2.27 (s, 3H, isomer b), 1.71)(¢,6.8 Hz, 3H, isomer b), 1.67 (d, J = 6.8
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Hz, 3H, isomer a)**C NMR (100 MHz, CDC}) 6 173.0, 168.4, 153.7, 142.9, 132.0, 131.7,
131.3, 130.9, 129.6, 127.9, 127.4, 127.35, 12723,2, 127.1, 126.3, 126.2, 120.9, 114.8,
76.3, 715, 19.0, 18.1, 16.6, 16.4iRMS (ESI-QTOF) m/z [M+H]" calcd for

C1gH17CIFsN205 401.0874, found 401.0873.

Compounds8b-8c were prepared by following the similar proceduess those for the

synthesis oBa.

(E)-2-(4-Chloro-2-methylphenoxy)-2-methyl-N'-
(2-

O
O%J\N,N N
CI/(:( H OCF; | (trifluoromethoxy)benzylidene)propanehydrazide

(8b). White solid, mp: 175.8-178.2 °CH NMR

(400 MHz, CDC4) § 9.93 (s, 1H), 8.42 (s, 1H), 8.21 (dik 1.2, 7.6 Hz, 1H), 7.43 (6,= 7.0
Hz, 1H), 7.33 (tJ = 7.6 Hz, 1H), 7.26 (m, 1H), 7.18 (@= 2.0 Hz, 1H), 7.05 (dd] = 2.4,
8.8 Hz, 1H), 6.81 (dJ = 8.8 Hz, 1H), 2.26 (s, 3H), 1.61 (s, 6£C NMR (100 MHz, CDC})
5 171.3, 151.2, 147.8, 142.3, 132.7, 131.8, 131284, 127.8, 127.3, 126.6, 126.4, 121.8,
121.0, 120.9, 119.2, 82.2, 25.3, 17.HRMS (ESI-QTOF) m/z [M+H]* calcd for

ClnggC|F3N203 415.1031, found 415.1035.

(E)-2-(4-Chloro-2-methylphenoxy)-2,2-difluoro-
0 N'=(2-

o X ,NVQ
N
CI/©/\F F H OCF,4 (trifluoromethoxy)benzylidene)acetohydrazide

(8c). White solid, mp: 167.4-170.2 °GH NMR (400
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MHz, CDCk) & 9.53 (s, 1H), 8.58 (s, 1H), 8.23 @z 7.6 Hz, 1H), 7.51 (t) = 7.0 Hz, 1H),
7.38 (t,J = 7.6 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H), 7.28-7.25 (m, 1H), 7.19 (s, 2HB2(s,
3H); *C NMR (100 MHz, CDC4) § 155.6, 155.2, 148.0, 146.0, 145.3, 133.4, 13238,1]
131.3, 127.9, 127.3, 127.0, 125.5, 123.4, 120.9.61116.5;HRMS (ESI-QTOF) m/z

[M+H] " calcd for G/H13CIFsN,0O3 423.0529, found 423.0527.

Stability in rat plasma

Ani9 or 5f was incubated in rat plasma at a final concewtnati 5 1M for various incubation

time (0, 30, 60, 120 and 240 min) at 87 shakimglrator. The reaction was terminated by
three times volume of ice-cold acetonitrile andtewed. The precipitated protein was
removed by centrifugation at 13,000 RPM for 10 mBupernatant was collected and
analyzed by LC-MS/MS. Percentage of the parent camg remaining was calculated by

comparing peak areas.

LC-MS/MSinstrument and chromatogr aphic separation

The HPLC system using Agilent 1200 series (Agiléathnologies, Santa Clara, CA, USA)
with an APl 4000 QTRAP triple quadrupole mass spaceter (AB Sciex, Foster City, CA,

USA) combined with a turbo electrospray interfaceswised for the quantitative analysis.
The chromatographic separation was conducted bgt&xnC18 column (50 mm x 2.1 mm
i.d., 3 um; Phenomenex, USA) with a Security Guait® guard column (4 mm x 20 mm i.d.,
Phenomenex, USA) and, the column was operatedtamperature of 35C . The mobile
phase was consisted of 0.1% formic acid in watkre(g¢ A) and 0.1% formic acid in ACN
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(eluent B by isocratic elution (A:B=20:80, v/v)aflow rate of 0.3 mL/min and run time was
3 min and injection volume of hL. The mass spectrometer was performed on multiple-
reaction monitoring (MRM) mode by positive ionizati condition. The most abundant
product ions of compounds were 333.261.2 for Ani9 and 387:%244.9 for5f. The
optimized mass parameters were set as follow: iprays voltage of 5500V; source
temperature of 55C gurtain gas (CUR) of 30 psi; nebulizing gas (GSf15® psi; heating

gas (GS2) of 50 psi; collision energy (CE) of 33 \2 respectively.

Bioassay

Cdl culture

Fisher rat thyroid (FRT) cells stably expressing @IN and ANO2 were established as
described previously [31, 33]. FRT cells were adtlin Coon's modified F12 medium
supplemented with 10% FBS, 2 mM L-glutamine, 10@samL penicillin and 10Qug/mL
streptomycin. PC3, MCF7 and BxPC3 cells were caltun RPMI1640 medium containing

10% FBS, 100 units/ml penicillin and 1Q8/ml streptomycin.

Y FP fluor escence quenching assay

The FRT cells stably expressing YFP-H148Q/1152LIF46d ANO1 or ANO2 were plated

in 96-well plates at210" cells per well and incubated for 48 hours. Ther@8l-plates were
washed 3 times with 300 PBS and 10Qul PBS was left, and test compounds were applied
at 20 minutes before the YFP fluorescence quenchisgpy. The 96-well plates were
transferred to a microplate reader and fluorescameasurements were performed. To

stimulate ANO1-mediated influx, 100ul of 70 mM T solution containing 20Q0M ATP was
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applied at 2 seconds, and the fluorescence wasumeh®once every 0.4 second and
continuously measured for 6 seconds. The inhibiteffect of the test compound was
measured by calculating the initial slope of YRRofescence reduction byihflux. Assays

were done using FLUOstar Omega microplate readstGB.abtech, Ortenberg, Germany)

and MARS Data Analysis Software (BMG Labtech).

Ussing chamber study

Snapwell inserts containing FRT cells expressingQANANO2 or CFTR were placed in
Ussing chambers (Physiologic Instruments, San Di€#). The basolateral bath was filled
with HCO;s'-buffered solution contained (in mM): 120 NacCl, &K1 MgClh, 1 CaC}, 10 D-
glucose, 2.5 HEPES, and 25 NaHC@EH 7.4). Amphotericin B (25Qg/mL) was added to
the basolateral bath for the selective permealitizeof basolateral membranes. The apical
bath was filled with half Clsolution. The half Clsolution was prepared by replacing 65 mM
NaCl with equimolar Na-gluconate in the Hg®uffered solution. The cells mounted on the
bath were stabilized for 20 minutes and aerateth 5% Q / 5% CQ at 37 °C. Test
compounds were added to the apical membrane foni@Qtes. Then, 100M ATP and 20
uM forskolin were added to the apical membrane tvaie ANO1/2 and CFTR, respectively.
Apical membrane currents were measured using an4BYC Multi-Channel V/I Clamp
(World Precision Instruments, Sarasota, FL), anté aeere recorded using PowerLab 4/35
(AD Instruments, Castle Hill, Australia). Data @ation and analysis were completed with

Labchart Pro 7 (AD Instruments). The sampling veds 4 Hz.

Cell viability assay

PC3, MCF7 and BxPC3 cells were plated in 96-weditgpland incubated with 2% FBS
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containing medium for 24 hourg/hen cells reached ~20% confluency, the cells weeded
with Ani9, 5f, and5g at 0.01, 0.03, 0.1, 0.3, 1, 3, 10 and®® for 48 hours. The medium
and compounds were exchanged every 24 hours. M§8y asas performed using the
CellTiter 96® AQueous One Solution Cell ProlifecatiAssay kit (Promega, Madison, WI).
Briefly, after removing the cell culture medium, @ Bolution was added to the 96-well plate
and reincubated for 1 hour. The absorbance of fsamavas measured by Infinite M200

microplate reader (Tecan, &lig, Austria) at 490 nm.

Western blot analysis

Western blotting was performed as described prelyol81]. Briefly, PC3 cells were lysed
with cell lysis buffer (50 mM Tris-HCI (pH 7.4), 1%onidet P-40, 150 mM NaCl, 1 mM
EDTA, 0.25% sodium deoxycholate, 1 mM JN®,, and protease inhibitor mixture). The
whole cell lysates were centrifuged at 15000 glferminutes at 4 °C and the supernatant
protein was separated into 4-12% Tris-glycine psegal (KOMA BIOTECH, Seoul, Korea).
The protein was then transferred to PVDF membradetizen blocked with 4% non-fat skim
milk in Tris-buffered saline contained in 0.1% Twe&0 (TBST) for 1 hour at room
temperature. Subsequently, the membrane was reaetdd primary ANO1 antibody
(ab64085, 1:500, Abcam, Cambridge, MA), washedethirmes with TBST and reacted with
goat anti-rabbit IgG secondary antibody (ADI-SABO3D, 1:2000, Enzo life science, New
York, NY) for 1 hour at room temperature. The meanigr was washed four times with TBST
and it was visualized using the ECL Plus westeattiblg detection system (GE Healthcare,

NJ).

Statistical analysis
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The results of multiple experiments are presenseiti@ means + S.E. Statistical analysis was
performed with Student's t-test or by analysisarfance as appropriate. A value of P < 0.05
was considered statistically significant. Dose-cese curve and Kg values were calculated

using GraphPad Prism Software.
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Highlights

- Anoctamin 1 (ANO1), a calcium-activated chloride channel, is highly expressed and
amplified in a number of carcinomas including breast, pancreatic and prostate cancers.
Downregulation of ANO1 expression and function significantly inhibits cell

proliferation, migration, and invasion of various cancer cell lines.

- A new class of ANO1 inhibitor, (E)-2-(4-chloro-2-methylphenoxy)-N'-(2-
methoxybenzylidene)acetohydrazide (Ani9), has been discovered in our previous

study.

- New Ani9 derivatives were designed and synthesized in order to identify more potent

and selective ANOL1 inhibitors.

- Structure-activity relationship studies with newly synthesized derivatives revealed 5f,

the most potent ANO1 inhibitor with an 1Cs value of 22 nM.

- The selectivity analyses revealed that 5f has excellent selectivity to ANO1 (>1000-
fold over ANO2). In cellular assays, 5f significantly inhibited cell viability of PC3
(prostate cancer), MCF7 (breast cancer) and BxPC3 (pancreatic cancer) cells
expressing high levels of ANOI. In addition, 5f strongly reduced the level of ANO1

protein expression in PC3 célls.



