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(57) Abstract: The present invention relates to a derivative of semicarbazone or a pharmaceutically acceptable salt thereof, and a
composition for preventing or treating cancer, comprising the derivative as an active ingredient. The derivative of semicarbazone of
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preferably used for the prevention or treatment of cancer, and preferably, for the prevention or treatment of triple-negative breast cancet.

(57) &.9kA: B b & g] 0 A 1] F}ulE(thiosemicarbazone) =4 = o] o] ¢kt o 7 387153 o B Ay F A
FEAAEoE 45}0} oo e A58 HE TE Ao FA, E g o] B oMV FFekE R A S o Al Z A %
sty o] Fad Zt"L(tubuhn polymerization)2- A &l ato], 7| Ao Fo] A| & AlFE ] A F7] & 2l *ﬂi*} =
FozH AL 45 veherh, &) i e X 5, vk sk Al ’?:LZTC:’ ekl ot e X 5ol AFE-E 5 2l

m mﬂ il



WO 2022/086079 A |11} 000000 OO0 OO

(BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

=70

—  FAFRALE A &} A (FoF #2172 (3))



WO 2022/086079 PCT/KR2021/014463
1

™ A A
o) §Y: B oA SutE FEA] EE ]9 eH oz
§&7sd o 2ol &&=

¥ e Bl o Ap| ke F A mi ole] A 0 3§ o]

)

Az 84 - S (triple-negative breast cancer; ER-, PR-, HER2-) 32} = 71 #|
e 3k29] 10~15 % E AFA]5Fal, & 2 528 A (ER (estrogen receptor),
PR(progesterone receptor)) 2 HER2 9} A o] 7ﬂ dolx]of 9lo], T2 & X g Hol

HER2 A A A4 9] 3 dl& whA] g}, A s d i e a4 8+
A HEA Q1 M| 3 54 8} QFA| (Taxene Al 2 AnthracyclineZ])ol] &4 0.2 o] &S|
A= AAot G x4 X 5ATE 7] witel oE o}y 2 f{ibetel v 3|
A5 Aol b eFatA] kstth. v 5 A7g AL oy YA R 2
T3t o] SRzfell A 2~31d o] o] Aol ‘/}E]"/} ), gh W R o o] B
Z|#Ho 2 Hol7t A k= o] 2Ale] AEE el S v Z.

—_

37
G, O

(stage-IID E 2N ebRb-2- gkx} o 51 o] W} A F-8(5-years overall survival)<> 55
3}01‘34, oln] eFx o] 7} X 8 ¥ 2+ A} (advanced-stage)= 5 1 o] AEH] 30
gh2 W3- Y} o] & Aol RS g A 0= g3 o] B AR

O]Eﬂ] %= 5 ’1‘:14} Aol

_4_4

1] A A ¥H(microtubule)> Al 3 A 9] T2 T 2 AZA, a 2T A 2B
AHAA R o] Foy X FEH(tubulin) o] ¥ T A 2 T AT v A ATE A E
W, S AL AR W AS Ad, AR ol R T e Al e
2H-8-g asith Al o] FAREE Foll & WEALE At AAA T AR
Ao MEdE & F=08 FoEHeE Y FP e B EAFAg R
715 3HA] 8k M3 FA o] A A = o] M A} (apoptosis)©] Do LA H LR,
oAl o] gpAl o = FEkaL gl

UM ATS EA SR 6= =52 A vAATS A 7| = 9T & 8=
oFE i MM A&TS Bt SHA e ok F A 1F o R vt A A,
1] M| A 9FA A of] = taxane, paclitaxel(Taxol), decetaxel & ©] 3} ™, 1| A A 30|
G5 E = 2 Wl T8 A7) 2HEE gk o o] v Al A vk oF A
EA 52 taxane- A% 9 £ B 72 9 overlapping sitel] 233t} =4,
v Al &3 eobA Al of] = & 7] % (colchicine), vinca alkaloid 5-©] ) +=d], &7] 3
A A vinca A3 F9 ol Agtetth v A& A A T
of= KU} ol & v Al &AW AA E BHA R §h= oFE o] U ¥ s Rl aiE
Holw, AaA 0 2 N E fFAREE S Al dtrh= A& 5 dstt) upelA],



WO 2022/086079 PCT/KR2021/014463

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

2

et Xﬂfﬁﬁ AAAJD FEH T AMAE /st slo] &5 Aol
ki | 5 F Wl T} (flubendazole), €4l T} (Albendazole)< tubulin polymerization
1nh1b1tor?-_7‘1 T A 2= AT oFFol L, cell cycle arrestol] 9] $F A EAEH &4
7hsst, =g Al Ak A o APE g7t ZQlE of theFdt ¢h
A m A=A FERD QI Rk o f g wE g o)) o8 AW St
o] 2] & A& Holal a1, theF A FH A a4 TR s g2 F28o]

e, A2 Tzl S5 A o] el &7 1 gk,

T~

olof), B- i 2} 52 A3k E] QM| v 7FulE §- 5 A i o] o] kel o7
3| 275 do]l FEHU S AsiA 2 o AlFE MEFI]E F A A A (cell

cycle arrest) M| 3£ A}'H (apoptosis)= =30 A2 gFelslar, ¥ W&
ehAdSHAl ] AT

ey o] AAIE 4

71=2 3A

Bowlgo] o] F 12| 3Fi= 7|44 A= Bl oA v| FHelE = A = o] 9

oFst A © & 3] -87Hs % 95 Al w et Aol

gk B U o] ThE A2 Y] E QA ke f A B o] 9
ofslH o 2 3] 47ls% AL FaAYoR ¥et: S B X2 g
oFsld A =S A F3h= Aol

Egh B o] 2 542 4] Bl QA H FhakE A B o 9
oFst A 0 7 3187153 A& Ao FoAdtE & d B A RWHES
Al g8F= Aol ok

g B o] o] £ 312} 3H= 714 4] ThA| = o] Aol A A5 gk A ol
A gtE A o, AFEHA & T O E A 52 ol o] 7| A ZHE T
7)okl S| VAo Al Wk Al olElE 4 & Aol

A EC EX EEE
)

El 2 A 7hulE f 52
oFal A o & 3 &7} al

(sheh4] 1]
Sr— ,RB
¢35
S "TE\RQ
YN

H?m ~ s ;
Lo,

H
&71 8hek A 19014,



WO 2022/086079 PCT/KR2021/014463

[15] RS R,E X 3H¥ A =], - 2l =g
WA Cpol AMEE = ey A7), ¢ WA Cpél EFAI7], 227, B

ol

[16]  RA=C, A €8l A iz el e o 2v] whis A5 wiz 0] A 2 G,
WA Cypel b2 719,

171 2ol o TR RA, 471 (3HH o)A, 8 ok 271 ¢ WA €l
A4 E e g 477 £ gRA0E A8 A 5 9

8] gl vhE TR, 7] (3 1] 2 B4 oA m e
FEAE ] HERER ol Fol woRE AuE o gl A 4

o]
AR

[19] (st 1-1]

=

>—NH

Fogeita

201 [g}5t2] 1-2]

211 [se 1-3]

Fopvesall



WO 2022/086079

[22]

[23]

[24]

[25]

[hst4) 1-4]

S

»—NH

joposT
N\
F N cH

[2Heh2) 1-5]

ELEE

PCT/KR2021/014463



WO 2022/086079 PCT/KR2021/014463

2O gy 1-g)
O_
2
O
S
NH
0 N N~NH
O
F N CHs
[27] [tety] 1-9]
C!
i
N-~NH
o T,
[28] [se4] 1-10]
Cl
S
M»—NH
0 N N~NH
IDRDRE
F N CH
[29] (58 1-11]
Cl

5

»—NH

ogente
N\
F ﬁ CHy



WO 2022/086079 PCT/KR2021/014463

[30] (548t 1-12]
F
S
N“NH
SO

311 [8}844] 1-13]

B2 (srery 1-14]
F
S
»—NH
oo
\
F N CH
[33] [s}3t4] 1-15]
F
F
s

[34] L
(3184 1-161

—NH

Jegossiy



WO 2022/086079

[35]

[36]

[37]

[38]

(882 1-17]

OCH;
s
S—NH
O
\
F N CH,
(854 1-19]
cl
s
»NH
e
\
. N CHy
(31384 1-20]
F

S
S—NH

S N  N~NH
ISR
F N CH

PCT/KR2021/014463



WO 2022/086079
8
391 (334 1-21]
s
9 MNH
oo
N\
N CH,
H
1401 (83 1-22]
S
o N—NH
SRS
(L~
N CH,
411 [5hsk4) 1-23]
OCH
S
9 M—NH
N N~NH
\>___<
N CH,
H
[42] [543} 1-24]
cl
S
o H—NH

SRS
\
CH,

N
H

PCT/KR2021/014463



WO 2022/086079

[43]

[44]

[45]

[46]

(34 1-25]

O

[58H4] 1-26]

\>——</

[3}8t4] 1-27]
“
\
N
H

(a3t 1-28]

0

s
S—NH

N~NH

CHs

M—NH

N~NH

S
NH
N“"NH

CHj

OCHs

S
S—NH
N-NH

CHs

PCT/KR2021/014463



WO 2022/086079
10

71 mey 1-20)

OCHj4

>—NH

[48] [3+8t4] 1-30]
S E
NH
N~NH
il
[49] [8hsh4 1-31]

>—NH

[50] [shat] 1-32]

OCHs

S
Q M—NH

N>"*<’N
A\
N  CH,

H

PCT/KR2021/014463



WO 2022/086079
11

0

S Nw;imNH
SN \QNH/

2] (1814 1-34]

[51] [s+8h4) 1-33]

[53] [#8h4 1-35]
OCHs
S
NH
//\\/S\[::I:N N~NH
N /
N>———<CH3
H
>4 (384 1-36]
Cl
S

PCT/KR2021/014463



PCT/KR2021/014463

12
=

7 A o]

[e]
=

o
jm g

1

ko)
-

T

[sh8h4] 1-37]

%%} (tubulin polymerization)
187}

&) & ] 7}l

WO 2022/086079
<

[55]
[57]
[58]

o
Ho

ol
TH

v

oR
|
fite]
;OD
P

Bl

A Aol F-ofsh= A

- =L ol O
st AE

187+

53

3

TC =

i

A

A

-
U

[e)

i

A} (apoptosis) & %=
(thiosemicarbazone)

Ay
s ol

==
L

€ ©.A v 7hnt

A](cell cycle arrest) A A Al

=
=)

23!

;o..a

Bl

3

E»

plo
st

0

N

ok
=

qoll o1 Al

Z

i

3

A]

KeN
=

o} /2% < 3(tubulin polymerization)

2}

0

7A
B

uh, gl

T .

SN

A



WO 2022/086079 PCT/KR2021/014463

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

13
Atk
THe) a4
12 4sEA ‘Cr>r‘jc>L <k (triple-negative breast cancer, TNBC) A 32 5-¢1

21 1-1, 1-4, 1-5, 1-7, 1-10 2 1-119] €] @ A1 7}put
FEAE A F AE AEES A A5 Vepd Aol

%2 23= HER2 A ot Al 591 JIMT-1001 A 3}8H4] 1-1, 1-4, 1-5, 1-7, 1-10
2 1-139] El A 7HE F A S A2 e & Al X AEEE el A9E
el Aol

% 32 JIMT-1, MDA-MB-231, HEK293, MCF10A A 359 H 3}8H2] 1-19]
Bl e Aln| 7hukE A o] G WE A E g2 Ss A9 ved
] o]u}

5= 43= JIMT-1, MDA-MB-231, HEK293 A| ¥ 520l 4] 3}8}4]
El @ A u| 7halE A o] G5k mE M X AEEES g4l
Zlol .

%= 5% MDA-MB-231 Al ZF0)| A F o 34 E B 7 3} &3 & ] o
3FekA] 141, 1-4, 1-7 2 1-109] &3l & A2 A& Z21s 2945 e
] o]u}

%62 JIMT-1 Al ZFo A i A ¥ B o7k sh3tE ) 2 iy of 31814
1-1,1-4,1-7 2 1-104 S5Fo| - Al AERS G2t A7 E e Aol

I ERREELERERE

<
o
z
<
%
[\
=
2
2
R
J?L'

-79]
At

VRN

fij

el

-G 252 B QA | FhEEE - A i o] 9] ofeh A o = 3] 8 Ts g o
el o of A--g Aa, V] FEA e e A& Felste] 2 S
A AT

B -4 4 o2 A7) B QA 7RIS F A7 o Al o A 2 8= o
FEH =& Adlsto] & M E TV & AFdelal Al EAPE S §-53H0 24
M E 548 YeEldtE 18 gelsksit

A7l AR EE, B w2 6] (31EA 112 A EH = B A 7k
F A L= o)) g4 o 7 387 A& AT 4 AT

(884 1]
L, ,RB
¢ %
$ =/ R,
BNH

R?! ..-‘\& N NMNH

[B6S:

CHy

&7 254 19 A,



WO 2022/086079 PCT/KR2021/014463

[76]
[77]

[78]

[79]
[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

14

R;<Z -C(=0)-Ry, -O-Ry, Bo5= -S-R,0] 3L,

R, R Rii= A7 58202 C WA Cpel AbEd = g &4 7], C WA
Cpol &FA17], FEA7], = 40,

R= C WA Cpo AFEd Bz arg) s o2 7], Bev= X8 = v 2] $HE G
WA Cyp®l o} 719,

T
T
ol

N, o] " H L SFE WA Fo EFH = AA EE AA4EL
bt Abdom npe] iz W g ol

14, Bl Ak grolgh, Al 27k iz ¥AE AP om, ALY
A7} Ak wow ofol BhelT R el A

o

v}
b rie
o, M
N
92

=)

0

A 4

by
©,
S
o

4

AA .
of "arg]&rolet, §7] &3E e FA0MA A H Fetol
o] | & Wt}
o] "At&d = ey A= 1 A 12709 g YA E
of = AR R T o] Fo| X 17} A EiE B A = e Y
kel

fe

R o ok
= o0
-
b

s
o r
D A (L e
i)
o
o3

rie
o
=

M
T
Px o

-

N
-~

ke
|

rle
ool R my R

.

~ O

-

© o
ol [ K m

i)

N -

-

>

©

pill

il

)

>,

o
@ 92
i <
T

(H o
o)
(& g
L]
to L
Wl

I Z =R 3
U

1 fo

r}mm%r}m

-
-

sy ol vl @ TR A, 4] Set 1R B4 SEe, o
YT ER o Fol A= FORIE HHH = 1E o] 4l glo] vighA st}



WO 2022/086079

[88]

[89]

[90]

[91]

15

o
fegestla

[3tehe] 1-4]

[33h4] 1-1]

s
»—NH

fenesSn
\
F N CH

[2H8h4) 1-5]

(58t 1-7]

PCT/KR2021/014463



PCT/KR2021/014463

16
N~NH
/4
CH,

N
N

fege:

(382 1-10]
(384 1-11]
[2H34] 1-13]

WO 2022/086079

[92]
(93]
[94]

= g3t of

o]

23!

;o..a
ol

-

3

uF B

F & Aol Fof sk @A

T

=3

[¢]

1-8-7}

5

kOl

-

;OE
Ho

ol
Fo

Y

=
=

3

B B )

ik

A7F A A o] 5 A

Ko

Fo]

ks)

B = Al 9 3}



PCT/KR2021/014463

WO 2022/086079

17

o)

o)

) .
T=
o]
ATt

L

A~
T

Aol whepA Wz}

o
B
< 5

B A

m})

T ;(ﬂ

<
1=

Al ATA, A A A, A

EE

5
T

==
7Fste]

ojo

N
ol

plo

=
fo}

g
of

=
fo}

iy
a8

=

do

2

b3
=

AE b e

FoE 7Y S A Z AR S S5 ek volrh, Gitere]

's Pharmaceutical Science (Mack Publishing

= Remington

2,0

Company, Easton PA)°ll 7] A] & o

[102]
[103]

ol
B

0

3

o <

E A

L E oA

= Eel %7

EAL,

oA EAL, EY SR ZolA

ee
<M
)

isal

A

o,

Aotel N-w| & -D-=F7}

&)
ol

=

i

<

ol

of ofr At <]

)
Al &

ol=7|d, &

o] ul
[= SN

=

~
B OR

~ W

R TR T oF AR

ol
ZH
o

3

. N_.o

)
i

[104]

3

ol

wK



PCT/KR2021/014463

18

WO 2022/086079

—_
fite]

[105]

5 ool

71k 2

3

=
=

S

[106]

plo

¢

2}

e}

B 2 A

[108]

T

=
Py
=,
AR o 9]

A

AA, EZ7], A

T
=

=

g, °]

==

2

Kex
H

T

o]
AR

' AA,
°]

[e)

WA
=

o]

T
=

S| A A (-

23!

T

«

—

3

Tlo
o}

ﬂl

ZH

o
ol
2]

ol

[110]

X
Ho

0%

-

0

—_
fite]

[111]



PCT/KR2021/014463

19

WO 2022/086079

[112]
[113]

|

A
of

M

of wtE Bl A 7}ut

gtk e 7] E QA b

= 7182 13] F-o]A] 10018 W A] 3,000mg <]

o

dose) o2 32}o) A Fo
Sl gl ol ) 3hAbe] AE, A

[114]

ol

o}
1

ko)
-

H)

=

[e)

n =
[e]

=

[e]
1-

™= vl
917} o]

=2
i

ko)
-

3= S A= AR

A 714

)

A iz 27t
9] 4

1

k1

ks

o Azl

EECR=R

==
L

)

Fob Bt bR )
g—]_‘_

A3

=

=
=

H)

ks)

3
o
i,
o

v
ok I

1

ko)
-

T

Al A o]
-

o 71

& 3|4} 5l of of
1

ks)

-
U

]

ol A}

th B g A AT el A,
Ao o]3 ¥ oo}
71 A ol A st 9l gof

OF1-

e L.

1
7HA=

T

]

ks)

SRR
Aol A o] ¥ of

KeR
=

1

1.

3

UEA Aol HA =

T

7hs
A48

[115]
[117]
[118]

g
l
o

-

of o

L=
=

ShIT}. A A o

&) A ghE Ak FHA B = A

of <]

Al el &

Al
=



WO 2022/086079 PCT/KR2021/014463

[120
[121
[122
[123

— e e

[124]

[125]
[126]
[127]

[128]
[129]
[130]

20

TeE WA A&l Al Mool £3H¥ = A o= ofgf ¥ ofof gt

ERE

A 1 A 7iubE F A o] A&

B E 38 A|oke Al A o7 o] & 7}Es AL ALesEI Y Al A A
ARvtE ¥ = A7 230-400 H 51, Merckoll A 5733151 tF H NMR
229 E &1 & Bruker 400 MHz NMRo| A 7] 55| Q1 T}, 3} 7] o £ vy o]

Bl @ M 7huE F 2 A o] A A o AW 5571 ¥18ke] p-F phenol 278 £
W o] 335 19 A HAS ) F A o= Fy] whe2] o] VERH ST

[Rrg4 1]

CI\C[NO2
o NH
[/ # o zn N
F DMF, 60%-NaH, reflux F b NH;  AcOH,Zn F Hz
c

Latic acid
ethylene glycol
reflux

7\ $

=g HZNN N \\

b
NH
(n f‘lS)
O o CE <o AT (X
/@f \C[ Y0 H, c:o3 ACOH F
F

5%AcOH in BtOH  F
N 80°C

s~ ( f1: R=H 19: R=2-CI
FRYND. G f2:R=2.0H;  110: R=4-Cl
N R 3: R=3-CH;  f11: R=2,4-Cl
f4:R=4-CHy;  [12: R=2-F
-5 15: R=2,4-CHy  113; R=3.F

f6: R=2-0CH; f14: R=4.F
f7: R=4.0CH; f15: R=24.F
8: R=2,4-0CH;

1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yDethanol (d)2] 3+
4-(4-fluorophenoxy)benzene-1,2-diamine(9.24 g, 42.3 mmole)<S ethylene glycol 50
mLel =<1 ¥ lactic acid 50 mLZ 7}3@ 3 A|7F ZoF 71 B 5590

HEERES e o R QA MEE TR pHYt 80] | W 7hx 3}
FEAATE 7H8FSI T HE-S-E 3122 ethyl acetate 200 mLE 5% 3+
$%%%%ﬂTiTﬂﬂﬂﬁﬁ$TM@moiﬂ St of 7k o2 7

s kslo] Sul & A AT AR 71542 B A E column chromatography
(ethyl acetate:n-hexane = 1:1)(R; = 0.20)E ©]-8-35}o] ZA] A
1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethanol (8.28 g, yield: 85.77 %)<
el sl

1-(5-(4-fluorophenoxy)-1H-benzo[dlimidazol-2-ylethanone (e)2] 3+
Chromium trioxide(0.43 g, 16.87 mmole)= "4 A~ 2 mLell %1 % 90 °C=
7} HH A acetic acid 5 mLel] =<1
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanol(2.95 g, 12.9 mmole)
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&l

A7batdet & 5ol A 4 AIZE Sk ik 3 T k323t E
31 AA S 100 mLE 7} TF 2 ethyl acetate 200 mL= F% 3} S1 T}
MgSO, = A x£8kar o] 33k v 7t Ssto] S &

CZko] &2l 7157 e] HAE column chromatography (EtOAc:n-Hexane
= 1:D(R;=0.93)% A sto] =&k <l

1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone (0.92 g, yield: 31.5 %)E

FEshgh

oL 12 fo e
LI

S
-y o o

2 N i oo
o rlo 12

32 flo
5

slel] 1-19] A=

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £1(0.29 g, 1.78 mmole)S g 3L, 8 A|7F 7} SHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.48) 2 A A 5} o] =g 317 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-phenylthiosem
icarbazide (3} 8} 2 1-1, 0.29 g, yield: 44 %)E 5 3F A Ul

Melting Point: 126 °C, R; = 0.48 (Ethyl acetate : Hexane, 1:1. v/v)

'H NMR (400 MHz, CDCl;, 6, ppm): 2.53(s, 3H, -CHs;), 6.98~7.71(m, 12H, ArH),
8.85(s, 1H, -NH-), 9.40(br. s, 1H, -NH-), 10.41(s, 1H, -NH-)

slel2] 129 Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £2(0.32 g, 1.78 mmole)S E 3L, 8 A|7F 7} FHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.58)% A A 5} o] kA 314 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2-methylphen
yDthiosemicarbazide (3}8}2] 1-2, 0.25 g, yield: 37 %)& =5 &L T}

Yield 37 %, Melting Point: 149 °C, R; = 0.58 (EtOAc:n-Hexane = 1:1)

'H NMR: 2.32(s, 3H, Ar-CHs), 2.54(s, 3H, -CH;), 6.94~7.71(m, 11H, ArH), 8.87(s,
1H, -NH-), 8.95(br. s, 1H, -NH-), 10.1(s, 1H, -NH-)

s18t2] 139 A=

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ 97 o} £3(0.32 g, 1.78 mmole)S E 3L, 8 A|7F 7} SHH-5F3 ¢
W3S A2 o2 Wrhsal vhe 23S 797 8 F column

chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.55)Z A A5} o] = 315 <1
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(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(3-methylphen
yDthiosemicarbazide (3}8}2] 1-3, 0.26 g, yield: 38 %)S =5 &L T}

Yield 38 %, Melting Point: 132 °C, R; = 0.55 (EtOAc:n-Hexane = 1:1)

'H NMR: 2.34(s, 3H, Ar-CH.), 2.52(s, 3H, -CH,), 6.89~7.51(m, 11H, ArH), 8.85(s,
IH, -NH-), 9.23(br. s, 1H, -NH-), 9.42(s, 1H, -NH-)

slel 2] 149 A=

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o}u] - E] @ $-# o} f4(0.32 g, 1.78 mmole)S E L, 8417+ 71 35315 o
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography(EtOAc:n-Hexane = 1:1)(R; = 0.65) 2 A A 5}o] XA 314 1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(4-methylphen
yDthiosemicarbazide (3} 8] 1-4, 0.35 g, yield: 51 %)& 5331t}

Yield 51 %, Melting Point: 142 °C, Ry = 0.65 (EtOAc:n-Hexane = 1:1)

'H NMR: 2.26(s, 3H, Ar-CH;), 2.47(s, 3H, -CH;), 6.98~7.75(m, 11H, ArH), 8.75(s,
1H, -NH-), 9.34(br. s, 1H, -NH-), 10.52(s, 1H, -NH-)

slolA 159 A%

Ethanol ©fl =<1 5 % Z4F -8-4(5 mL)°ll
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £5(0.34 g, 1.78 mmole)S E 3L, 8 A|7F 7} SHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.59)% A A5} o] gk 214 <91
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2,4-dimethyl
phenyl)thiosemicarbazide (¥}3} 2] 1-5, 0.40 g, yield: 56 %)E =3It}

Yield 56 %, Melting Point: 151 °C, R; = 0.59 (EtOAc:n-Hexane = 1:1)

'HNMR : 2.13(s, 3H, Ar-CHs;), 2.24(s, 3H, Ar-CHj;), 2.43(s, 3H, -CH;),
6.84~7.75(m, 10H, ArH), 8.68(s, 1H, -NH-), 9.12(br. s, 1H, -NH-), 10.50(s, 1H, -NH-)

slel2] 169 A=

Ethanol ©fl =<1 5 % Z4F -8-4(5 mL)°ll
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o}1] - E] @ $-# o} £6(0.35 g, 1.78 mmole)S E 3L, 8 A|7F 7} SHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.42) 2 A A 5} o] = 315 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2-methoxyph
enyl)thiosemicarbazide (3} 8}2] 1-6, 0.32 g, yield: 45 %)& 53151}
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Yield 45 %, Melting Point: 157 °C, R; = 0.42 (EtOAc:n-Hexane = 1:1)
IH NMR: 2.50(s, 3H, -CH;), 3.97(s, 3H, Ar-OCH;), 7.03~7.81(m, 11H, ArH), 8.60(s,
1H, -NH-), 8.81(br. s, 1H, -NH-), 9.95(s, 1H, -NH-)

slel2] 1.79] A=

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £7(0.35 g, 1.78 mmole)S 2 3L, 8 A|7F 7} SHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.42)% A A5} o] kA 314 Q1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(4-methoxyph
enyl)thiosemicarbazide (¥} 8} 1-7, 0.35 g, yield: 49 %)& 53151 T}

Yield 49 %, Melting Point: 167 °C, R; = 0.42 (EtOAc:n-Hexane = 1:1)

'H NMR: 2.50(s, 3H, -CH,), 3.78(s, 3H, Ar-OCH,), 6.91~7.70(m, 11H, ArH),
10.28(s, 1H, -NH-), 10.99(br. s, 1H, -NH-), 12.8(s, 1H, -NH-)

slst2] 189 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o}1] - E] @ $-# o} £8(0.40 g, 1.78 mmole)S E 3L, 8 A|7F 7} FHH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.38)% A A5} o] kA 314 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2,4-methoxyp
henyl)thiosemicarbazide (3}3}2] 1-8, 0.35 g, yield: 45 %)E G5 3F3 t}.

Yield 45 %, Melting Point: 128 °C, R; = 0.38 (EtOAc:n-Hexane = 1:1)

'HNMR : 2.49(s, 3H, -CHs;), 3.75(s, 3H, Ar-OCHs;), 3.82(s, 3H, Ar-OCH;),
6.64~9.75(m, 10H, ArH), 9.75(s, 1H, -NH-), 10.41(br. s, 1H, -NH-), 14.08(s, 1H,
-NH-)

slel 2] 1.99] A=

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £9 (0.36 g, 1.78 mmole)= ¥ 31, 8A| 7} 7} 3HH-5F3 ¢
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.65)Z A A 5} o] =g 317 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2-chlorophen
ylthiosemicarbazide (2} 3}2] 1-9, 0.27 g, yield: 37 %)E =331t}

Yield 37 %, Melting Point: 159 °C, Ry = 0.65 (EtOAc:n-Hexane = 1:1)
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'H NMR: 2.57(s, 3H, -CH;), 6.98~9.70(m, 11H, ArH), 9.70(s, 1H, -NH-), 10.12(br.
s, 1H, -NH-), 14.28(s, 1H, -NH-)

slet2 1109 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o}u] - E] @ $-# o} 10 (0.36 g, 1.78 mmole)E ¥ 3L, 8 A+ 7} 331t}
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.48)% A A 5} o] kA 314 Q1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(4-chlorophen
yD)thiosemicarbazide (3}82] 1-10, 0.36 g, yield: 50 %)Z 4-5 3} %t}

Yield 50 %, Melting Point: 135 °C, R; = 0.48 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.56(s, 3H, -CHj;), 7.00~8.84(m, 11H, ArH), 9.20(s, 1H, -NH-), 10.51(br.
s, 1H, -NH-), 14.25(s, 1H, -NH-)

slebAl 1119 Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
oln] - E] @ -7 o} £11(0.41 g, 1.78 mmole)S 2z, 8 A F 7} SHF31 A T}
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.53)% A A5} o] kA 214 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2,4-chlorophe
nyl)thiosemicarbazide (3} 8+2] 1-11, 0.38 g, yield: 49 %)E =331t

Yield 49 %, Melting Point: 171 °C, R; = 0.53 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 6, ppm): 2.50(s, 3H, -CHj;), 6.91~7.80(m, 10H,
ArH), 10.30(s, 1H, -NH-), 11.37(br. s, 1H, -NH-), 12.70(s, 1H, -NH-)

shetA 1129 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £12(0.33 g, 1.78 mmole)= ¥ 32, 8 A7+ 71 353515 o
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.53)% A A5} o] kA 214 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2-fluorophen
yDthiosemicarbazide (3} 8} 2] 1-12, 0.27 g, yield: 39 %)& 53+ .

Yield 39 %, Melting Point: 127 °C, Ry = 0.53 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.50(s, 3H, -CH5), 7.00~8.93(m, 11H, ArH), 9.32(s, 1H, -NH-), 10.31(br.
s, IH, -NH-), 14.30(s, 1H, -NH-)
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sletA 1139 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o] - E] @ $-# o} £13(0.33 g, 1.78 mmole)= ¥ 32, 8 A7+ 71 353515 o
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.69) % A A 5} o] kA 3141
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(3-fluorophen
yDthiosemicarbazide (3} 8} 2] 1-13, 0.27 g, yield: 39 %)& 53+ .

Yield 36 %, Melting Point: 162 °C, R; = 0.69 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 6, ppm): 2.50(s, 3H, -CH;), 6.75~7.71(m, 11H,
ArH), 10.17(s, 1H, -NH-), 11.20(br. s, 1H, -NH-), 12.81(s, 1H, -NH-)

shetA] 1-149] Al X

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
oln] - E] -7 o} £14(0.33 g, 1.78 mmole)S @z, 84| 7 71 317519 o)
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.44) 2 A A 5} o] = 317 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(4-fluorophen
ylthiosemicarbazide (2} 8}2] 1-14, 0.36 g, yield: 52 %)E =331t}

Yield 52 %, Melting Point: 170 °C, R; = 0.44 (EtOAc:n-Hexane = 1:1)

'HNMR : 2.51(s, 3H, -CH;), 7.00~8.87(m, 11H, ArH), 9.39(s, 1H, -NH-), 9.47(br. s,
1H, -NH-), 14.23(s, 1H, -NH-)

sletA 1159 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenoxy)- 1H-benzo[d]imidazol-2-yl)ethanone(0.4 g, 1.78 mmole)<}
o}u] - E] @ $-# o} £15(0.36 g, 1.78 mmole)= ¥ 32, 8 A7+ 71 353515 o
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.53)% A A5} o] kA 214 <1
(E)-1-(1-(5-(4-fluorophenoxy)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-(2,4-fluorophe
nyl)thiosemicarbazide (3} 8+2] 1-15, 0.33 g, yield: 46 %)E =331t}

Yield 46 %, Melting Point: 130 °C, Ry = 0.53 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.56(s, 3H, -CH;), 6.91~8.29(m, 11H, ArH), 9.49(s, 1H, -NH-), 10.26(br.
s, 1H, -NH-), 14.32(s, 1H, -NH-)

steta] 1-169 Al x
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Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluoophenylthio)- 1H-benzo[d]imidazol-2-yl)ethanone(0.15 g, 0.52 mmole)<}
oln] €] @ -7 o} f1(87.6 mg, 0.52 mmole)= ¥ 37, 8 A7} 7} 317519 o).
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.16) % A A 5} o] g2 314 Q1
(E)-1-(1-(5-(4-fluorophenylthio)- 1 H-benzo[d]imidazol-2-yl)ethylidene)-4-phenylthiose
micarbazide (8}3}2] 1-16, 0.11 g, yield: 48 %)E T53F 3} Ul

Yield 48 %, Melting Point: 122.5 °C, R;=0.16 (EtOAc:n-Hexane = 1:1)

'HNMR : 2.54(s, 3H, -CHj;), 7.09~9.47(m, 12H, ArH), 10.91(s, 1H, -NH-), 11.07(br.
s, IH, -NH-), 14.17(s, 1H, -NH-)

shetA 1179 Al X

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluoophenylthio)- 1H-benzo[d]imidazol-2-yl)ethanone(0.15 g, 0.52 mmole)<}
oln] - E] @ -7 o} £4(94.9 mg, 0.52 mmole)Z Y 37, 8 A7} 71 37519 o)
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.13)Z A A 5} o] = 315 <1
(E)-1-(1-(5-(4-fluorophenylthio)- | H-benzo[d]imidazol-2-yl)ethylidene)-4-p-tolylthiose
micarbazide (3}8H2] 1-17, 0.12 g, yield: 51 %)Z F53F3 T}

Yield 51 %, Melting Point: 134.4 °C, Ry = 0.13 (EtOAc:n-Hexane = 1:1)

'HNMR : 2.25(s, 3H, Ar-CHs;), 2.52(s, 3H, -CHj;), 7.02~9.42(m, 11H, ArH), 10.94(s,
1H, -NH-), 11.07(br. s, 1H, -NH-), 14.12(s, 1H, -NH-)

slet2 1189 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluoophenylthio)- 1H-benzo[d]imidazol-2-yl)ethanone(0.15 g, 0.52 mmole)<}
oln] €] -7 o} £7(103 mg, 0.52 mmole)E 2L, 8 A7+ 71 373F3A )
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.13)2 A A5} o] &4 514 <1
(E)-1-(1-(5-(4-fluorophenylthio)- 1 H-benzo[d]imidazol-2-yl)ethylidene)-4-p-methoxyp
henylthiosemicarbazide (¥} 8} 2] 1-18, 0.15 g, yield: 62 %)& 5351 T}

Yield 62 %, Melting Point: 138.3°C, R;=0.13 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.49(s, 3H, -CHs;), 3.65(s, 3H, Ar-OCHs;), 6.64~8.81(m, 11H, ArH),
9.48(s, 1H, -NH-), 11.31(br. s, 1H, -NH-), 14.11(s, 1H, -NH-)

sheta] 1-199] Al x
Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluoophenylthio)- 1H-benzo[d]imidazol-2-yl)ethanone(0.15 g, 0.52 mmole)<}
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o] = E] @ -7 o} £10(105 mg, 0.52 mmole)E ¥ L, 8 Al 7+ 71
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E)-1-(1-(5-(4-fluorophenylthio)- 1 H-benzo[d]imidazol-2-yl)ethylidene)-4-p-chlorophe
nylthiosemicarbazide (£}3}4] 1-19, 0.11 g, yield: 45 %)E =3It}

Yield 45 %, Melting Point: 184 °C, R; = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.54(s, 3H, -CH;), 7.12~7.67(m, 11H, ArH), 9.48(s, 1H, -NH-), 10.33(br.

s, 1H, -NH-), 12.71(s, 1H, -NH-)

sleh2 1-209] A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluoophenylthio)- 1H-benzo[d]imidazol-2-yl)ethanone(0.15 g, 0.52 mmole)<}
oln] - E] -7 o} £14(97 mg, 0.52 mmole)Z 2L, 8 A7+ 71D 37F3F3A )
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E),(Z)-1-(1-(5-(4-fluorophenylthio)- |H-benzo[d]imidazol-2-yl)ethylidene)-4-p-fluoro
phenylthiosemicarbazide (2}8}2] 1-20, 0.13 g, yield: 55 %)& 5331t

Yield 55 %, Melting Point: 184.1 °C, Ry = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.58(s, 3H, -CH;), 7.12~8.06(m, 11H, ArH), 9.76(s, 1H, -NH-), 10.33(br.
s, 1H, -NH-), 12.77(s, 1H, -NH-)

spetr 1219 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-phenyl-(1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.75 mmole) 2}
oln] €] -7 o} f1(103 mg, 0.75 mmole)E 2L, 8 A7+ 7} 373F3A )
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.28)% A A| 5} o] &4
LA Q1(E)-1-(1-(5-phenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-phenylt
hiosemicarbazide($} 8}2] 1-21, 0.13 g, yield: 54 %)E 553151 Tl

Yield 54 %, Melting Point: 135.1 °C, Ry = 0.28 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.54(s, 3H, -CH;), 6.93~8.03(m, 13H,

ArH), 9.86(s, 1H, -NH-), 10.47(br. s, 1H, -NH-), 11.12(s, 1H, -NH-)

s}eka] 1200 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-phenyl-(1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.75 mmole) 2}
oln] - E] @ -7 o} f4(104 mg, 0.75 mmole)E 2L, 8 A7+ 71 37 3F3A )

O FE o =] O F B o SR
HES- S35 S A2 0 & YWasta ¥h-g 2328 79573t 3 column
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chromatography (EtOAc:n-Hexane = 1:1)(R;= 0.30)= A A 5} o] &4
LA Q1(E)-1-(1-(5-phenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-tolylt
hiosemicarbazide (3} &}2] 1-22, 0.12 g, yield: 37 %) & 5 3F At

Yield 37 %, Melting Point: 140.7 °C, R = 0.30 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.18(s, 3H, Ar-CH,), 2.48(s, 3H, -CH;), 6.92~8.83(m, 12 H, ArH), 9.86(s,
1H, -NH-), 10.47(br. s, 1H, -NH-), 11.12(s, 1H, -NH-)

s}t 1-239] A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-phenyl-(1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.75 mmole) 2}
oln] €] -7 o} £7(105 mg, 0.75 mmole)E 2L, 8 A7+ 71 37F3F3A )
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.26) = A A 5} o] &4
31A Q1(E)-1-(1-(5-phenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-meth
oxyphenylthiosemicarbazide (£} 3}2] 1-23, 0.12 g, yield: 38 %)E =3I Ut}

Yield 38 %, Melting Point: 144 °C, Ry = 0.26 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.49(s, 3H, -CHs), 3.79(s, 3H, -OCHs),
7.00~8.03(m, 12 H, ArH), 10.34(s, 1H, -NH-), 11.14(br. s, 1H, -NH-), 13.22(s, 1H,
-NH-)

s}t 1040 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-phenyl-(1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.75 mmole) 2}
oln] €] @ -7 o} £10(105 mg, 0.75 mmole)S ¥ a1, 8 Ak 71 SHF31 A o}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E)-1-(1-(5-phenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-chlorophenyl
thiosemicarbazide (2} 3}2] 1-24, 0.11 g, yield: 32 %)E 55351 Tl

Yield 32 %, Melting Point: 151 °C, R; = 0.14 (EtOAc:n-Hexane = 1:1)

'"H NMR : 2.53(s, 3H, -CHs;), 7.05~8.19(m, 12H, ArH), 9.73(s, 1H, -NH-), 11.59(br.
s, 1H, -NH-), 13.22(s, 1H, -NH-)

spet] 1059 A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-phenyl-(1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.75 mmole) 2}
oln] - E] @ -7 o} £14(105 mg, 0.75 mmole)S ¥ a1, 8 Ak 71 S35 o}
HEEHES A o® WA Y= YT T e F column

chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
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(E)-1-(1-(5-phenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-fluorophenyl
thiosemicarbazide(3} &} 2] 1-25, 0.13 g, yield: 40 %)& 53} S T},

Yield 40 %, Melting Point: 149.5 °C, Ry = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.58(s, 3H, -CHs;), 6.99~8.22(m, 12 H, ArH), 8.94(s, 1H, -NH-), 9.39(br.
s, 1H, -NH-), 10.75(s, 1H, -NH-)

s}t 1-269] Az

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.53 mmole)<}
o}u] - E] @ $-# o} £1(88.8 mg, 0.53 mmole)E ¥ i1, 8 A7k 71 331t}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.03)= A A5} o] &4 514 <1
(E)-1-(1-(5-(p-fluorophenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-pheny
Ithiosemicarbazide (2} 8}4] 1-26, 0.11 g, yield: 48 %)& =53t}

Yield 48 %, Melting Point: 138.4 °C, Ry = 0.03 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.44(s, 3H, -CH;), 7.02~7.65(m, 12 H, ArH), 8.20(s, 1H, -NH-), 8.81(br.
s, 1H, -NH-), 10.20(s, 1H, -NH-)

s}s 2] 1279 Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.53 mmole)<}
oln] - E] @ -7 o} £4(96.3 mg, 0.53 mmole)= W i1, 8 A7} 7} 37519 o)
WS Ao R WAshal vk 23S S ¢ ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.04)= A A5} o] &4 514 Q1
(E)-1-(1-(5-(p-fluorophenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-pheny
Ithiosemicarbazide (3}82] 1-27, 0.11 g, yield: 46 %)5 =53} 31 ).

Yield 46 %, Melting Point: 142.4 °C, Ry = 0.04 (EtOAc:n-Hexane = 1:1)

'H NMR : 2.32(s, 3H, Ar-CH,), 2.44(s, 3H, -CHj;), 7.00~8.25(m, 11H, ArH), 8.78(s,
1H, -NH-), 10.16(br. s, 1H, -NH-), 12.47(s, 1H, -NH-)

s}t 1-28¢9] A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.53 mmole)<}
oln] €] -7 o} £7(0.10 g, 0.53 mmole)E ¥ 3L, 8 A7+ 71 37313}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.03)= A A5l o] &4 214 <1
(E)-1-(1-(5-(p-fluorophenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-met
htoxyphenylthiosemicarbazide (£} 3}2] 1-28, 0.11 g, yield: 45 %)E 5 3F 3t}
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Yield 45 %, Melting Point: 142.9 °C, Ry = 0.03 (EtOAc:n-Hexane = 1:1)
IH NMR : 2.45(s, 3H, -CHs;), 3.78(s, 3H, -OCH,;), 6.75~8.16(m, 11H, ArH), 8.80(s,
1H, -NH-), 10.16(br. s, 1H, -NH-), 12.47(s, 1H, -NH-)

s}t 1-299] A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-fluorophenyl)- 1H-benzo[d]imidazol-2-yl)methanone (0.2 g, 0.53 mmole) <}
oln] - E] @ -7 o} £10(0.11 g, 0.53 mmole)S @z, 8 A F 7} 3731 T}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.04)= A A5} o] &4 514 Q1
(E)-1-(1-(5-(p-fluorophenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-chlo
rophenylthiosemicarbazide (¥} 8}2] 1-29, 0.11 g, yield: 40 %)& 531 $l T}

Yield 40 %, Melting Point: 139.6 °C, R = 0.04 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.55(s, 3H, -CH;), 7.34~8.04(m, 11H,
ArH), 10.43(s, 1H, -NH-), 11.29(br. s, 1H, -NH-), 13.13(s, 1H, -NH-)

s}sb 2] 1-309] Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-methylphenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.71 mmole) <}
o] - E] @ $-# o} f1(0.12 g, 0.71 mmole)S E 3L, 8 A|7F 7} SH7-5F3 ¢
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.15)% A A5l o] &4 5141
(E)-1-(1-(5-(p-methylphenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-phen
ylthiosemicarbazide (3} 8}2] 1-30, 0.12 g, yield: 39 %)E 535l T

Yield 39 %, Melting Point: 180 °C, R; = 0.15 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.40(s, 3H, Ar-CH;), 2.55(s, 3H, -CH,),
7.30~8.02(m, 12H, ArH), 10.42(s, 1H, -NH-), 11.21(br. s, 1H, -NH-), 12.32 (s, 1H,
-NH-)

318t 1-319] Al

Ethanol ©fl =<1 5 % Z4F -8-4(5 mL)°ll
1-(5-(4-methylphenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.71 mmole) <}
o] - E] @ $-# o} f4(0.13 g, 0.71 mmole)S E L, 8417+ 71 35315 o
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.15)% A A5l o] &4 514 <1
(E)-1-(1-(5-(p-methylphenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-tol
ylthiosemicarbazide (3} 8}2] 1-31, 0.11 g, yield: 35 %)E 5535l T

Yield 35 %, Melting Point: 194 °C, Ry = 0.15 (EtOAc:n-Hexane = 1:1)
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'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.28(s, 3H, Ar-CH;), 2.34(s, 3H, Ar-CHs),
2.43(s, 3H, -CH.),7.30~8.02(m, 12H, ArH), 10.42(s, 1H, -NH-), 11.21(br. s, 1H,
-NH-), 12.32 (s, 1H, -NH-)

3182 1-329] Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(4-methylphenyl)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.71 mmole) <}
o] - E] @ $-# o} £7(0.14 g, 0.71 mmole)S E 3L, 8 A|7F 7} SHH-5F3 ¢
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E)-1-(1-(5-(p-methylphenyl)methanone- 1 H-benzo[d]imidazol-2-yl)ethylidene-4-p-me
thoxyphenylthiosemicarbazide (¥}8} 2] 1-32, 0.13 g, yield: 39 %)& 53151t}

Yield 39 %, Melting Point: 135 °C, R; = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 8, ppm): 2.43(s, 3H, Ar-CH;), 2.53(s, 3H, Ar-CHs),
3.80(s, 3H, -OCH3), 6.98~8.01(m, 11H, ArH), 10.34(s, 1H, -NH-), 11.14(br. s, 1H,
-NH-), 13.20 (s, 1H, -NH-)

s}st 2] 1-339] Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.85 mmole) 2}
oln] - E] @ -7 o} £1(0.14 g, 0.85 mmole)E 23z, 84k 71 S35 T}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.08)= A #| s} o] &4 5141
(E)-4-phenyl-1-(1-(1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)ethylidene)thiosemica
rbazide (3}8H2] 1-33, 0.15 g, yield: 46 %)E 53 T}

Yield 46 %, Melting Point: 123.5 °C, Ry = 0.08 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-ds, 8, ppm): 0.95(t, 3H, S-CH,CH,CHs), 1.45(m, 1H,
S-CH,CH,CH,), 1.63(m, 1H, S-CH,CH,CH,), 2.79 (s, 3H, -CHs;), 2.80(m, 1H, S-CH,
CH,CH,), 2.88(m, 1H, S-CH,CH,CH,;), 7.24~7.97(m, 8H, ArH), 10.39(s, 1H, -NH-),
11.10(br. s, 1H, -NH-), 13.16 (s, 1H, -NH-)

3182 1-349] Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.85 mmole) 2}
oln] - E] @ -7 o} £4(0.15 g, 0.85 mmole)E 2L, 84k 71 S35 T}
HhEEES Ao R Ygsta w3 ES A F8 ¥ column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E)-1-(1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)ethylidene)-4-p-tolylthiosemicarba




WO 2022/086079 PCT/KR2021/014463

[299]
[300]

[301]
[302]
[303]

[304]
[305]

[306]
[307]
[308]

[309]
[310]

[311]
[312]
[313]

32

zide (382 1-34, 0.12 g, yield: 35 %) 2 55389t}

Yield 35 %, Melting Point: 131 °C, R; = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-dg, 6, ppm): 0.95(t, 3H, S-CH,CH,CH,), 1.45(m, 1H,
S-CH,CH,CHs;), 1.63(m, 1H, S-CH,CH,CH,), 2.24 (s, 3H, Ar-CH,), 2.79 (s, 3H, -CHs),
2.80(m, 1H, S-CH,CH,CH3), 2.88(m, 1H, S-CH,CH,CHy;), 7.25~7.97(m, 7H, ArH),
10.39(s, 1H, -NH-), 11.12(br. s, 1H, -NH-), 13.17 (s, 1H, -NH-)

3182 1-359] A%

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.85 mmole) 2}
oln] €] -7 o} £7(0.17 g, 0.85 mmole)E ¥ 3L, 8 A7+ 71 37313}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.05)% A A5l o] &4 514 <1
(E)-4-(4-methoxyphenyl)-1-(1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)ethylidene)th
iosemicarbazide (8} 8}2] 1-35, 0.11 g, yield: 31 %)E T535F 3 U

Yield 31 %, Melting Point: 142 °C, Ry = 0.05 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-d,, 8, ppm): 0.95(t, 3H, S-CH,CH,CHs), 1.48(m, 1H,
S-CH,CH,CHs), 1.64(m, 1H, S-CH,CH,CH5), 2.54 (s, 3H, -CHs), 2.80(m, 1H, S-CH,
CH,CH,), 2.88(m, 1H, S-CH,CH,CHs), 3.79 (s, 3H, -OCH,), 7.02~7.97(m, 7H, ArH),
10.36(s, 1H, -NH-), 11.10(br. s, 1H, -NH-), 13.15 (s, 1H, -NH-)

3182 1-369] Al

Ethanol®ll =215 % Z4F -8 9%(5 mL)°l
1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.85 mmole) 2}
oln] €] -7 o} £10(0.17 g, 0.85 mmole)S @z, 8 A F 7} 3731 T}
HEEHES A o® WA Y= YT T e F column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.14)2 A A5} o] A 514 Q1
(E)-4-(4-chlorophenyl)-1-(1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)ethylidene)thio
semicarbazide (8} 3}2] 1-36, 0.13 g, yield: 37 %)E TS5 315 Tl

Yield 37 %, Melting Point: 130 °C, R; = 0.14 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-ds, 8, ppm): 0.95(t, 3H, S-CH,CH,CHs), 1.48(m, 1H,
S-CH,CH,CH,), 1.64(m, 1H, S-CH,CH,CH,), 2.54 (s, 3H, -CHs), 2.80(m, 1H, S-CH,
CH,CH,), 2.88(m, 1H, S-CH,CH,CH,;), 7.38~8.02(m, 7H, ArH), 10.44(s, 1H, -NH-),
12.57(br. s, 1H, -NH-), 13.30 (s, 1H, -NH-)

spebd 1-379] A&
Ethanol®l] %215 % Z4F 8 <(5 mL)°l|
1-(5-(propylthio)-1H-benzo[d]imidazol-2-yl)methanone(0.2 g, 0.85 mmole) <}
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oln] - E] @ -7 o} £14(0.17 g, 0.85 mmole)S 2z, 8 A F 7} 3731 ¢}
1:]]--—.'9:_61—‘3 S e oz W7Ela ]:]]-.9_16]—‘3 29 E}%L%_[E%gL 5 column
chromatography (EtOAc:n-Hexane = 1:1)(R; = 0.08)= A #| s} o] &4 5141
(E)-4-(4-fluorophenyl)-1-(1-(5-(propylthio)- 1 H-benzo[d]imidazol-2-yl)ethylidene)thio
semicarbazide (8} 3}2] 1-37, 0.14 g, yield: 41 %)E 53151 Tl

Yield 41 %, Melting Point: 128 °C, R; = 0.08 (EtOAc:n-Hexane = 1:1)

'H NMR (400 MHz. DMSO-ds, 8, ppm): 0.95(t, 3H, S-CH,CH,CHs), 1.48(m, 1H,
S-CH,CH,CH,), 1.64(m, 1H, S-CH,CH,CH,), 2.53 (s, 3H, -CHs), 2.80(m, 1H, S-CH,
CH,CHs), 2.88(m, 1H, S-CH,CH,CHs), 7.14~7.97(m, 7H, ArH), 10.44(s, 1H, -NH-),
11.22(br. s, 1H, -NH-), 13.13 (s, 1H, -NH-)

2ol 2. FrHFet M EFol A Bl A M Al § A O] A E AEH 54
QN3 254 7 S (triple-negative breast cancer, TNBC) A| 3521

MDA-MB-231 Cell seeding numbers: 1(M231) x 10* cells/wells (confluency = 25

%), HER2 %/ -4 2H(HER2 positive breast cancer, HER2+ BC) Al %1
JIMT-1(Cell seeding numbers: 1.2(JIMT) x 10# cells/wells (confluency = 25 %)=
/\1 & oﬂ /\}}lg}oﬂ E}

A7 A EFE-2 242 10 % fetal bovine serum (FBS), streptomycin-penicillin (100
U/ml) 2 Fungizone (0.625 yg/ml)& $F-7-3}5= Dulbecco's modified Eagle's medium
(DMEM)°| A 5 % CO,, 37 °C 37 . & vl %3} o

A1 AZE A A 7 Al 32 MDA-MB-2319 A 88H4] 1-1, 1-4, 1-5, 1-7,
1-10 B 1-118] E| A1 7hukE 24 5, 471 1P HER2 $A 8 Al 2=
JIMT-101 4 5182 1-1, 14, 1-5, 1-7, 1-10 B 1-139] o] W] thFE] S A 1] 7}uf&
FEAE 24240,05, 1,5 uMe] tFFe 552 72 AIRE B9F A8 g &, MTS
assay 7| H o2 A EAEES 543 TE MTS assay = 96 well plateol] 24 A J+
EXAMEE FZAAZ 7] Bl A 7HakE A & 72 AL E 4
A 2l ated,
MTS(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H
-tetrazolium) & 4A] {F & <F WA Sl ]| Spectramax Plus384 microplate analyzer &
o]-&38Fo] 490 nmell A 52 SA T

SAET 2345 =1 F 20 eIt = 1 2 2= 77 MDA-MB-231 2
JIMT-19]] T3t Al 2 A EH -2 FQlgh Aol

1 A A7) Q17 -1 Al 5 MDA-MB-231 2 JIMT-10l1 A4 AH7]

B A 7htE F A &2 thirwo] w1 oS4 o2 A ZAEE S Adfsh=
o] g E At ol ol 284 1-19] B| @AM 7HakE 714 &
HEK293 2 MCF10A M| 3520 thall A & M E AEE-E AN
5 30 vhEb A3} REo] 24734 3 HEK293 % MCF10A ¢} H
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5, B 37 shera 29] Bl b
5 A ((E)-2-(1-(5-chloro-1H-benzo[ d]imidazol-2-yl)ethylidene)-N-phenylhydrazine-
1-carbothioamide, Indian Journal of Chemistry, Vol. 52B, 2013, pp 535-545)%}
MDA-MB-231 2 JIMT-19 4] Al AEE S vlalste] =54 & 69
LERH AT

[she4 2]

ol g3t ol AAlal 5ol Hl% F wvlel] o) A u o), o
T4 itokel A Bge] A4S b3 Aehd 4718 V12 E R 716H 54 T
WS A5 5 oleh ol 2 Hof, 8 H | EEo] HyE W B 2A
FE A, RS AR A2, TR, R, 32 e P esEe] 4y
WO YU dY w2 gL, B8 TR EE FEE sl
oA E A B s A A Atk 9dE 4

Tk A el W ol S8
AR ol 87154

- 92 E] @ M| 1] 7}l (thiosemicarbazone) F 54 Bz o] 9] oFgl A 0 2
5873 9 AV F A E FEAAE R E3ehE o ol = X R R
2w ol B Ao g, Pl o] Bl QAW IS Fr A= o Al ol A
g4 sl o} /2% 5 F(tubulin polymerization)& #] 3l 31, 7 A|ol] F-o] A] oF
Al 718 Abdshal A FAPE S et 2 M A E 54 Yebd=nt, oF e
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