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[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

S50l 10-2503296

A7) ExolavgtAd AsAlE, DNAY o]FUATZRE 2dstE G491 —‘fﬁol WAl e 28-S Walste &
92 el E EHARE, o E 59, JdEFALo|=(etoposide), o FEEHZEA (epipodophyllotoxin) EE= o]
59 23 F o}, old AgEHE A2 ofytt.

A7) tiAtd g A =, v &Y %—%“ﬂigl oAty el diste] 7149 A uAtEA Y deksie] MEe]

o

F, 48 gAEE BES onst. 4] 9 ]—QdZﬂL 2 B0, WEEHAO]E (netotrexate), ‘M]E'%“
Al = (pemetrexed), FEt=gdl(cl adrlblne) Z2r}ebgl (fludarabine), M EFH (mercaptopurine), 6-E]
ol (6-thioguanine), FZ3#}9l(clofarabine), 5—0}1}A]E]E‘(5—azacyt1dine), A Ebebdl (cytarabine), ©lAEF
Hl (decitabine), Oﬂ‘*7\]15}‘1”(enoc1tab1ne) 71wk (gimeracil), S H 2 (oteracil), F}a| Al ERAL
(capecitabine) FFEF 2 (carmofur), HAIEFZd (doxifl ur1d1ne) AAEM (gemcitabine), EH|7FEE
(tegafur), 2o 79ak2(5-11 uorourac11) T o5 28U F do}, o]d Ay E AL oy},

g dZRoluE=, AE FEE /MU, & W3 Solsta A LS b 98 2Ea

AEFY dARo|== o E B0, JEXA=(etoposide), Z=A|E
(docetaxel), TZFgeA(paclitaxel), F}HAE A (cabazitaxel), WE2F~E (vinblastine), ®WIZX~
(vincristine), ®]:=#W (vinorelbine), BIYXA|=(teniposide), Ez}HEH H(trabectedin) & o]59 =%
A 5 glont, old A@HE A opth.

A7 A8 A=, oW F3EY 47 R-CH2E =Y 58S z2bE, whgAo] Udd] w2 S4E AM¥x %
|71 DNAT-Z2E W7o, AMEdES doA Fetas 9 AXs5gads vehds 2AS vk, DNA-
AAgaE 3o, Ay dASAE dE 5o, A EgE (Okaliplatin), WTHF2®l (Bendamustine), E=2
[SR=IP J

=

=
22 (chlorambucil), @& (melphalan), FAF(busulfan), AFRZFE2A3v])=(cychlophosphamide), ©]¥%
= (ifosfamide),  7F¥2=® (carmustine), EF2E (lomustine), F2®(nimustine), FYF2=
(ranimustine), TF/}uFZ (dacarbaxine), HIEZZW = (temozolomide), E]SL HlF}(thiotepa) X o]E¢ =%
g Ao}, ol AgEE AL ofr}.

A7 g FREALS, FETHNEY FAA @ "3 FE A¥ENE Hole IREDS T
7] YA FAEALE 5 5o, E4FH[A(doxorubicin), EE|X=mlo]Xl(dactinomycin), T/POLE
(daunorubicin), o3 F8]Al(epirubicin), ©]tFFH]Al(idarubicin), HEFEE(mitoxanthrone), ¥ z}FH
(pirarubicin), ZE# <2wnto]Al(bleomycin), AAMHZE(ixabepilone), WERFO]AIC(mitomycin C) HEE ol%

Z£HY 4 gl ol A@HE e ok,

:L
OL

ﬂl

A7 ZEE A, O AFE 23 ¢ JdE ZEE FHE 4, A, A B A5 E AL on|d
t}. A7 CRERCS A A= o g ~E W AEZ(diethylstilbestrol), HEZAZZA AHE
(medroxyprogesterone), H A~ = (megesterol), ZW|AETE (fulvestrant), EFEA]Z(tamoxifen), E#w]l

(toremifene), wlo|ZFEM = (bicalutamide), EFEM]=(flutamide), o ~E=RZF(anastrozole), A~
El(exemestane), dEZZ(letrozole), A= (buserelin), A EH (gosereline), Hxzzay
(leuprorelin), EHEAA (triptorelin), oF:=ZFHE W= (aminoglutethimide) X o9 Fdqd 4 3l
O}, o] AgEE AL o},

XA 3olA| (targeted anticancer agents)s FAAFES U2 A X EX REo gz S TH o7 3o 9
AXTS ABdos FAstE S guete AR, AsHAGHZ AAA, AAERYY A4 To2HEH
AeUEE 15 oldd F St

A FAde] wE kA=, oldEld (Apatinib), =4E]Z#¥ (Oxaliplatin), SA&F8]Al(doxorubicin), &
28 (paclitaxel), W3 2~€ (vincristine), TH$-%=FH]Al(daunorubicin), ¥1E#~El(vinblastine), 9NE]
=mlo]Al-D(actinomycin-D), =AJE4(docetaxel), SEFEAo]=(etoposide), ElYFEAFO]=(teniposide), ]/‘P
Ed(bisantrene), X3P EY (homoharringtonine), =% (Gleevec; STI-571), Al~Zg}E€l(cisplatin),

L

SF e 28 (5-fluorouracil, 5-FU), o}l=glo}rlo]Al(Adriamycin), WEEZ A O] E (netotrexate), —‘jr’:—i-‘&
(busulfan), Z=ZZFF A (chlorambucil), AlFEFEA3v|=(cyclophosphamide), 2 Z%(melphalan), YE=ZZ
T 2E}F= (nitrogen mustard) ¥ UEZASHol nitrosourea)® o]Folx Fo2RE Ay 132 o)Ad & 9l

o}

o A el gle], A7) dstAlE olulEld (Apatinib), SAre]Zebel(Oxaliplatin) 2 5-ZF o & 9-e}Al (5-
fluorouracil, 5-FU)ZHE AEEE= 15 olAd 4 Ut}

_20_



10-2503296

s=s4

[0168]

=
;ﬁ
{Jo
<0
)

—_—

X
B

No

e B B I s

o

il
>
;ﬁ

Wby,

[0169]

e A9

fol 1t} o

S

Alet WEom AHS

5}

e Rtk olyel, &

=

F 9,

B

Ot,

£y

"

b, oA EZ, EF SRR

olo
- ‘I‘Wl\_

=
noor

9, % op=

el

719471

=S Aol 5o &

3

, B

dobul, N-wd-D-2 77

3 A
el

, OAIZ=

3R

o
Hlo

e,

w4

i3

Hlo
=3

Ay

[0173]

Al ARSE AL,

3}
o

e

kv
T

A 2
&

[0174]

Ton

el

e Ael Ageiie v

2
=4

kv
T

K
a

!

&

ol

)
ol

o
pr

ol
JXlO
w

i)

=)

[0177]

o}

71e ¥

AT, A, e,

=
T,

]

=

[0178]

I3

"

AlolEE A

I3

"

_21_



[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

= olo] N-SAolEg] §EE AlFHL,
o, mgAT Axd 2 APeE Foje] X My wrl A AWew Bk, hi, ol ® wyel o
Aow oW oJnRE old] ols] ¥ wWe] AW FAHE AL oin], B wyel el

s Fruglel wet Aed ot}

[AA]d 1] (E)-3-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (1,
DN203368) <] A%

AN

PivO

a1

1 (DN203368)

A 1: (E)-3-(1-(4-(4-isopropylpiperazin-1-v1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenyl pivalate

b-1)°] Az

1-isopropyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)phenyl)piperazine (1.98 g, 6.0 mmol), 3}
SHE a-1 (1.22 g, 5.0 mmol), ofe]@=wlAl (0.67 mL, 6.0 mmol)<= DMF (80 mL)&} & (40 mL)9] &3gujol
falA1Z1 H 0.025 M PACl,(PhCN), (2 mL, 0.05 mmol)S ¥l 45TCoA 108 71<gsltt. Cs.C05 (1.96 g, 6.0

moD)E W 12413 45CeNA FHastsinh, wgo] FANW WS oo £FE AHoAHOIEE FrhE 7
ol 47152 FEHAG. 4715S T4 NaS0,Z AEAA Ansgit. §u18 4G SR de AAE 2
¥ azetEad el s, PAste]l BHSEE b1 118 g (450)F AT,

WA 2: (E)-3-(1-(4-(4-isopropylpiperazin-1-y1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1l)phenol (1)2] |

-

[

MeOH:CH,Cl, (6 mL:1 mL)ol] 3&E b-1 (0.33 g, 0.62 mmol)S ¥l K,CO; (0.086 g, 0.62 mmol)S H7}s F 3
17F &t AA2oA] wHkA Y. ghgdle] 3 ool HolES FUtRE RUtete {7]5S FES)H
S 79 Na,SO, 2 AXAIA Agsiglth. & Y S/t €2 e 49 A=2nEagaHs o8, 4

Aste] ZA5gE 1 0.083 g (30%) 2 AU},

N

ofj

' NMR (400 MHz, CDsOD) & 7.22-7.15 (m, 4H), 7.14-7.08 (m, 4H), 6.87 (d, J = 8.7 Hz, 2H), 6.75 (d, J =

7.5 Hz, 1H), 6.73-6.69 (m, 2H), 6.65 (d, J = 8.8 Hz, 2H), 3.73 (d, J = 13.9 Hz, 3H), 3.60-3.46 (m,
1), 3.20 (t, J = 11.0 Hz, 3H), 3.09-3.00 (m, 2H), 2.91 (t, J = 12.8 Hz, 3H), 1.39 (d, J = 6.6 Hz,

6H), 0.95 (d, J = 6.9 Hz, 6H); C NMR (100 MHz, MeOD) & 157.02, 147.04, 145.18, 144.44, 139.59,
138.52, 135.90, 130.63, 130.61, 128.83, 126.83, 125.58, 120.10, 115.74, 115.23, 113.01, 53.28, 46.61,

31.64, 20.66, 15.66; MS (ESI+) m/z caled for CsHaN.0 [M+H]+ 441.29; found 441.38.

[AA]d 2] (E)-3-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylvinyl)phenol (2)¢] =

=
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[0190]
[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]
[0198]

[0199]

[0200]

SS=50dl 10-2503296

PivO Z

a-2

oA 1: (E)-3-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylvinyl)phenyl pivalate (b-

2)° Ax

Fare A 1o g 13 Sd3 e r HA59E b2

olr

sh3te a1 tidlell SHekeE a-2& ARES A A9
42 mg (31%)S AUct.

A 2t (E)-3-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylvinyl)phenol (2)°] Az
S3HE b1 tialel] S3HE b-28 AMES ZS Alstaie Al 19 oA 29 U WHoR HAIFHE 2
8 mg (3%)E C/\/\T;]—

' NMR (400 MHz, CDsOD) & 7.15 (dd, J = 12.5, 7.6 Hz, 3H), 7.08 (t, J = 7.3 Hz, 1), 7.01 (d, J = 6.9

Hz, 2H), 6.84 (d, J = 7.6 Hz, 1H), 6.79 (s, 1H), 6.73 (d, J = 8.7 Hz, 2H), 6.68 (dd, J = 8.0, 1.8 Hz,
1H), 6.58 (d, J = 8.7 Hz, 2H), 3.03 (t, J = 4.7 Hz, 4H), 2.69-2.62 (m, 5H), 1.79 (m, 1H), 1.08 (d, J =

6.5 lz, 6), 0.59 (dt, J = 5.9, 4.2 Hz, 2H), 0.28 (q, J = 5.7 Hz, 2H); MS (ESI') m/z caled for CyllssN:0
[M+H]" 439.28; found 439.25.

[A Ao 3] (E)-1-isopropyl-4-(4-(1-(3-methoxyphenyl)-3-methyl-2-phenylbut-1-en-1-yl)phenyl )piperazine
(3)9] A=

N
O CHjsl, K,CO3, DMF O

DMF (1 mL)ell 3gE 1 (23 mg, 0.052 mmol)S ¥ il iodomethane (7.8 pL, 0.125 mmol), Ky,CO; (22 mg, 0.157
mmol)S 7 H 1A FoF Aol wHkAF Y, Hkg o] Z3 oHolMEH | EE FUIR HIlsle] f7]1F
S FE3AY. 715 S 9 NaS0, 2 AZRAIA AFsigltr. & 3 S/ 42 e 48 A=nE
aHIES o], AAStY] HH83E 3 3 mg (13%)S AT,

1H NMR (400 MHz, CDsOD) & 7.28 (t, J = 7.9 Hz, 1H), 7.18-7.14 (m, 2H), 7.11-7.08 (m, 3H), 6.88-6.82

(m, 4H), 6.78 (q, J = 1.1 Hz, 1H), 6.67-6.64 (m, 2H), 3.79 (s, 3H), 3.71 (d, J = 13.0 Hz, 2H), 3.57-
3.46 (m, 3H), 3.28-3.15 (m, 2H), 3.02-2.92 (m, 3H), 1.40 (dd, J = 17.0, 6.6 Hz, 6H), 0.93 (d, J = 6.9

Hz, 6H): MS (ESI+) m/z calcd for CaHsoNo0 [M+H]+ 455.31; found 455.30.

[ A] o 4] (E)-3-(1-(4-(4-isopropylpiperazin-1-yl)phenyl )-3-methyl-2-phenylbut—1-en-1-yl )phenyl
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[0201]

[0202]

[0203]

[0204]

[0205]
[0206]

[0207]

[0208]

[0209]

[0210]

SS90l 10-2503296

acetate (4)9] Ax

A

)
N
! acetic anhydride, pyridine, THF, 60°C
HO X O \[(O
® a9

1 4

aY

THF :pyridine (2 mL:1 mL)ol] 3}gE 1 (5 mg, 0.011 mmol)S Yl acetic anhydride (2.6 pL, 0.027 mmol)<-
A7 e F O 12A1%F BF 60TCE 71Eskgitt. whgdol E3 oM E 0| EE FUtR Ut fU]|5S FE3)
ATt F715ES 9 NaSO,= AXAIA AFsiitt. &vlE Y SRSt 42 e A3 A=ZnEa Y

e
S o8, GAsl HA3E 4 1.8 mg (26%)= AUt
H NMR (400 MHz, CD:OD) & 7.18-7.00 (m, 7H), 6.86 (d. J = 8.2 Hz, 2H). 6.74-6.64 (n, 4H), 3.71 (d, J =
13.3 Hz, 2H), 3.50 (d, J = 13.0 Hz, 3H), 3.19 (t, J = 11.6 Hz, 2H), 3.05-2.90 (m, 3H), 2.28 (s, 1H),
1.37 (d, J=17.1 HZ, 6H), 1.29 (S, SH), 0.93 (d, J=6.9 HZ, 6H), MS (ESI+) m/Z calcd for C32H39N202
[M+H]" 483.30; found 483.04.

[AA]d] 5] (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (12,
DN3317)<] A=

Y e Y

N N N

SO T

b-3 12 (DN3317)

A 1: (E)-4-(1-(4-(4-isopropylpiperazin-1-v1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenyl pivalate
(b-3)e] A=

olr

SHHE a-1 tidlell sHhE a-38 AREE AS AQstais AAld 19 @A 19 Td3 PHeR 5A5eE b-3

0.99 g (38%)< dgtt.

WA 2: (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methy1-2-phenylbut-1-en-1-v1)phenol (12)2] A

=

Pares AAlel 19] @A 29 B o SA5GE 12

i
ol

SR Ae Al

3IHE b-1 tjAle] 33HE b-3
0.31 g (12%)& 2gtt.

H NMR (400 MHz, CDOD) & 7.18-7.15 (m, 2H), 7.12-7.06 (m, 5H), 6.90 (d, J = 8.7 Hz, 2H), 6.79 (d, J =
8.5 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 3.73 (d, J = 13.2 Hz, 3H), 3.27 (d, J = 11.3 Hz, 2H), 3.15-3.05
(m, 3H), 1.40 (d, J = 6.6 Hz, 6H), 0.94 (d, J = 6.8 Hz, 6H); MS (ESI') m/z calcd for CaglsNo0 [MHH]'

441.29; found 441.17.
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[0211]

[0212]
[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

S=50l 10-2503296

[ Ao 6] (E)-4-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylvinyl)phenol (13)¢] A|

=

h

N

.
)
o © =

XN
a-4 O
PivO /\

A 1: (E)-4-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-y1l)phenyl)-2-phenylvinyl)phenyl pivalate (b-
4] Ax

olr

BIHE a1 thalel 33 E a-45 AFES AS A
0.18 g (45%)< Agth.

tares A 19] g 13 $d3 e r 5259E b4

WA 20 (E)-4-(2-cyclopropyl-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylvinyl)phenol (13)2] A=

S b1 g4l B b-4B A8F AS ASlshas Axe 19 WA 29 AW PEo BANTE 13
5.2 mg (31%)e C}\/\T;]—
1H NMR (400 MHz, CD,OD) & 7.32 (d, J = 8.7 Hz, 1H), 7.17-7.10 (m, 3H), 7.06 (m, 2H), 7.02-6.98 (m,

2H), 6.83-6.75 (m, 2H), 6.69-6.62 (m, 2H), 6.40-6.32 (m, 1H), 3.91 (d, J = 9.3 Hz, 1H), 3.73 (d, J =
13.4 Hz, 1H), 3.64-3.50 (m, 3H), 3.26-3.12 (m, 2H), 3.01 (t, J = 12.0 Hz, 1H), 1.85-1.72 (m, 1H), 1.43

(d, J =6.6 Hz, 31), 1.38 (d, J = 6.7 Hz, 3H), 0.61-0.56 (m, 2H), 0.32-0.25 (m, 2H); MS (ESI+) m/z
calcd for C,’g()H35N20 [M"’H]+ 439.28; found 439.13.

[AA]d] 7]  (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3,3-dimethyl-2-phenylbut-1-en-1-y1)phenol
(14)°] Az

T
o

Z +
PivO
oo
a5 Vany
A 10 (E)-4-(1-(4-(4-isopropylpiperazin-1-y1)phenyl)-3,3-dimethyl-2-phenylbut-1-en-1-v1)phenyl

pivalate (b-5)9] A=

31tE a-1 thalell e a-52 AR AL A9t AAd 19 9A 13 93 o r X3S b-5
9 mg (7)< At

WA 2: (E)-4-(1-(4-(4-isopropylpiperazin-1-y1)phenyl)-3,3-dimethyl-2-phenylbut-1-en-1-v1)phenol _(14)
o Az

SHEHE b-1 "jdlel 313E b-5& A8 AHES A9
1 mg (21%, E/7=1:1)S Ay}

{1

rr

AAlel 19 @A 29 FL7 WHoR SH4stE 14

ol
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[0224]

[0225]

[0226]
[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

S=50dl 10-2503296

' NR (400 MHz, CD,OD) & 7.26 (d, J = 8.5 Hz, 1H), 7.15-7.10 (m, 1H), 7.08-7.01 (m, 4H), 7.00-6.91

(m, 2H), 6.91-6.84 (m, 1H), 6.79-6.69 (m, 2H), 6.59 (d, J = 8.8 Hz, 1H), 6.31 (d, J = 8.6 Hz, 1H),
3.87 (d, J =13.9 Hz, 1H), 3.66-3.44 (m, 4H), 3.18-3.11 (m, 2H), 3.02 (t, J = 13.0 Hz, 1H), 2.86-2.79

(m, 1), 1.36 (q, J = 6.4, 5.9 Hz, 6H), 1.01-0.83 (m, 9H). MS (ESI+) m/z calcd for CMHWNA)[M+HT
455.31; found 455.31.

[AA] o 8] (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl )-3-methyl-2-phenylbut-1-en-1-yl )pheny!
acetate (15)¢] A=

Y Y

O O
N N
O acetic anhydride, pyridine, THF, 60°C O
¢ <
$ e
HO )J\o
12 15

=

setbe 1 gl SgE 128 ARRE 1S Alelstars Al 49 A3 Woew HASEE 15 1.7 g

(31%)& L.
MS (ESI+) m/z caled for C32H39N202[M+H]+ 483.30; found 483.02.

[ A] o 9] (E,Z)-1-isopropyl-4-(4-(1-(4-methoxyphenyl )-3-methy1-2-phenylbut-1-en-1-
yl)phenyl)piperazine (16)2] A%

e T
o

®
Z . . /@ PACI,(PhCN),, Cs,COs,
| DMF/H,0, 45°C
~N
o <
o0

NS
-6 H O
a ~N

16

tals AAle 19 @A 19 Fde o 5435dE 16

ol
rir

3HeHE a-1 Al 3 E 262 AHEE AL A9
3 mg (13%, E/7=8:1)& 4},

H NMR (400 MHz, CDOD) & 7.24-7.14 (m, 4H), 7.11-7.03 (m, 4H), 6.96-6.89 (m, 1H), 6.83-6.78 (m, 2H),
6.51 (d, 2H), 3.97-3.88 (m, 2H), 3.84-3.79 (m, 1H), 3.63 (s, 3H), 3.62-3.57 (m, 2H), 3.16-2.96 (m,
4H), 2.08-1.99 (m, 1H), 1.45 (d, J = 6.7 Hz, 6H), 0.95 (d, J = 6.9 Hz, 6H); MS (ESI') m/z calcd for

Collso0 [MHH] 455.31; found 455.12.

[ A Ao 10] (E,Z)-5-(1-(4-(4-isopropylpiperazin-1-y1)pheny! )-3-methyl-2-phenylbut-1-en-1-y1)-2-
methoxyphenol (5)¢] Az
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[0234]
[0235]

[0236]

[0237]

[0238]
[0239]

[0240]

[0241]

S=50dl 10-2503296

Ho = . .\ /@ PdCl,(PhCN),, Cs,COs,
| DMF/H,0, 45°C

31HE a-1 Aol 3HEHE a-72 AFE3E AL ALstns A 19 A 13 93 i o s 23 gE 5
8 mg (8%, E/7=6:1)< A},

H ONMR (400 MHz, CDOD) & 7.16-7.02 (m, 2H), 7.02-6.92 (m, 3H), 6.85-6.75 (m, 3H), 6.69-6.21 (m, 4H),
3.76 (s, 3H), 3.66-3.58 (m, 2H), 3.48-3.38 (m, 3H), 3.20-3.10 (m, 2H), 3.08-2.93 (m, 3H), 1.36-1.25
(m, 6H), 0.86-0.80 (m, 6H); MS (ESI') m/z caled for Colls0 [MHH]™ 471.30; found 471.25.

[AA] o 11] (E)-1-(4-(1-(3,5-dimethoxyphenyl )-3-methyl-2-phenylbut-1-en-1-y1 ) phenyl ) -4~
isopropylpiperazine (6)¢] A=

) )
N N
I

5 = .\ .\ PdCI,(PhCN),, 0s02003,
| DMF/H,0, 45°C
g
0 o o
2 &

)

O_ 6

3IHE a-1 el 3HE a-85 AFEE A ALdtas AAd 19 @A 13 53 WHor EXH33E 6
16 mg (6%)S LAT}.

' NMR (400 MHz, CD0D) & 7.07 (m, 2H), 7.03-6.95 (m, 3H), 6.80-6.74 (m, 2H), 6.57-6.50 (m, 2H), 6.31-
6.29 (m, 3M), 3.67 (s, 6I), 3.66-3.57 (m, 2H), 3.46-3.35 (m, 3M), 3.08 (t, J = 11.2 z, 2), 2.96-2.85
(m, 1), 2.77 (t, J=12.1 Hz, 2, 1.26 (d, J = 6.7 iz, 6I), 0.84 (d, J = 6. 9 Hz, 6H); MS (ESI) m/z
caled for CofliNo0, [N 485.32; found 485.38.

[AA] o 12] (E)-3-(1-(4-(4-isopropylpiperazin-1-y1)pheny!l)-3-methyl-2-phenylbut-1-en-1-y1)-5-
methoxyphenol (7)9] A%
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[0242]
[0243]

[0244]

[0245]

[0246]
[0247]

[0248]

[0249]

S=50dl 10-2503296

O BBrj, CHzclz O
X

gz 2 (1 L)l 3% 6 (12 mg, 0.025 mmol)S ¥
mmol )& HFHs] Hrletdleh, Aeow 2RE SEFa 14
o

e A AR o8, AAse] BA5tE

~N A

' NMR (400 MHz, CDsOD) & 7.18-7.14 (m, 2H), 7.11-7.05 (m, 3H), 6.87 (d, J = 8.7 Hz, 2H), 6.63 (d, J =

8.7 Hz, 2H), 6.32-6.26 (m, 3H), 3.75 (s, 3H), 3.71 (d, J = 13.4 Hz, 2H), 3.50-3.47 (m, 3H), 3.21-3.15
(m, 2H), 3.08-3.01 (m, 1H), 2.87 (t, J = 12.6 Hz, 2H), 1.37 (d, J = 6.6 Hz, 6H), 0.94 (dd, J = 6.9,

2.4 Hz, 6H); MS (ESI+) m/z caled for CsHaNyO» [M+H]+ 471.30; found 471.34.

[ A]e] 13] (E)-5-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)benzene-1, 3-
diol (8)9 Az

Y Y

N N

O BBrj, CHzclz O
S X

/
/

Al 129 wdd e 2A458E 8 1ng (4%)& LA

' NMR (400 MHz, CDsOD) & 7.19-7.16 (m, 2H), 7.13-7.07 (m, 3H), 6.88 (d, J = 8.8 Hz, 2H), 6.65 (d, J =
8.8 Hz, 2H), 6.23-6.20 (m, 3H), 3.73 (m, 2H), 3.56-3.49 (m, 3H), 3.23-3.09 (m, 3H), 2.89 (t, J = 11.8
Hz, 2H), 1.39 (d, J = 6.6 Hz, 6H), 0.96 (d, J = 6.9 Hz, 6H); MS (ESI+) m/z caled for CyoHsNs0, [M+H]+
457.29; found 457.33.

[ Ao 14] (E)-4-(4-(1-(3-hydroxyphenyl)-3-methyl-2-phenylbut—-1-en-1-y1)phenyl)-1-isopropylpiperazine
1-oxide (27)¢] A=
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[0250]
[0251]

[0252]

[0253]

[0254]
[0255]

[0256]

[0257]

[0258]

[0259]

SS90l 10-2503296

O mCPBA, CH,Cl, O
A HO O NS

1 27

(13 mg, 0.030 mmol)S ¥ 3 mCPBA (3 mg, 0.015 mmol)S A7} 5 108 AL0A
WRESEAATE, WEE- Aol NallS0, T84S M7t & dEolME el ER FE33T. 77]5E 74 NaSO,2 Az
o3tk s 3 SRS 42 MAE Ay FReEOHIYES o8, AAst H43EgE 27 2 ng
(16%)S LAT}.

= =

' NMR (400 MHz, CDsOD) & 7.55 (d, J = 8.9 Hz, 2H), 7.13-7.04 (m, 5H), 7.02-6.98 (m, 3H), 6.68 (d, J =

7.6 Hz, 1H), 6.63-6.59 (m, 12), 4.39 (t, J = 11.6 Hz, 2H), 4.06 (t, J = 11.6 Hz, 2H), 3.59-3.51 (m,
1H), 3.13 (t, J = 13.8 Hz, 4H), 3.01-2.92 (m, 1H), 1.32 (d, J = 6.5 Hz, 6H), 0.85 (d, J = 6.9 Hz, 6H);

13C NMR (100 MHz, MeOD) & 157.31, 149.93, 147.30, 144.87, 143.26, 138.66, 137.59, 130.82, 130.46,
129.17, 127.00, 126.00, 119.95, 118.67, 115.64, 113.50, 70.58, 62.90, 61.72, 55.72, 31.68, 20.51,

14.95; MS (ESI+) m/z calculated for CsHs;NoO, [M+H]+ 456.29; found 456.32.

[AA]lof 15] (E)-3,3'-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methylbut-1-ene-1,2-diyl)diphenol (9)
o] Az

Y p Y
)

) C
pivOO/ . © . .J{?LOH—' )
%ﬁg

- PivO
v Illi] OH

d-1 9

a-1

A 1 (E)-3-(2-(3-hydroxyphenyl)-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methylbut-1-en-1-
vDphenyl pivalate (d-1)¢] A%

)

ofo] LEwlAl tfAledl 3I3HE c-1& AFES S Astae AAld 19 9 13 FUd WHos EAsRHE
d-1 54 mg (40%)& <ic}.

A 2: (E)-3.3'-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methylbut—1-ene-1,2-divl)diphenol (9)2] A

[

shehE b-1 tidlel steE d-15 AR A AAlel 1e] @A 29 L o r SAEE 9

1 mg (11%)& A},

tlo
Y
o
_O‘L
k]
rlr

I NMR (400 MHz, CDsOD) & 7.18 (t, J = 7.8 Hz, 1H), 7.03-6.97 (m, 1H), 6.90 (d, J = 8.8 Hz, 2H), 6.70

(dt, J = 12.1, 8.3 Hz, BH), 6.57 (t, J = 7.7 Hz, 3H), 3.75 (d, J = 13.1 Hz, 2H), 3.59-3.47 (m, 3H),
3.21 (¢, J=12.5 Hz, 2H), 3.02 (m, 1H), 2.90 (t, J = 12.4 Hz, 2H), 1.42 (dd, J = 21.9, 6.7 Hz, 6H),

0.96 (d, J=6.9 HZ, 6H), MS (ESI+) IH/Z calcd for C,’goH:ﬁNgOg [M"’H]+ 457.29; found 457.32.
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[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]
[0269]

[0270]

[0271]

[0272]

[0273]

SS90l 10-2503296

[ A] o 16] (E)-3-(2-(4-hydroxyphenyl)-1-(4-(4-isopropylpiperazin-1-yl)phenyl )-3-methylbut-1-en-1-
yvl)phenol (10)2] A=

N OH
PivO Z + © + /©/
|
B c-2
oo
oA 1 (E)-3-(2-(4-hydroxyphenyl)-1-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-methylbut—1-en-1-

vD)phenyl pivalate (d-2)¢] AZ

i

ofolo=dlAl thalel BIRFHE 28 AMESE AS AQstuE Ao 19 ©@A 17 53 WHoeR EA3RE
d-2 42 mg (31%)S AYrh.

@7 2: _(E)=3-(2-(4-hvdroxyphenyl)-1-(4=(4-isopropylpiperazin-1-yl )phenyl)-3-methylbut-1-en-1-
vDphenol (10)¢] A=

2,
o

ol
o

sHhE b1 tiAlel sete d-28 AR AS = Al 19 @A 29 A e R 5435 10

1.8 mg (10%)S 2ATH.
MS (ESI+) IH/Z calcd for C,’goH:ﬁNgOg [M"’H]+ 457.29; found 457.28.

[AA]d] 17] (Z)-4-(1-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-3-methyl-2-phenylbut-1-en-1-y1)phenol
(26)9] Az

e g
o )
/©/\ + © + I© — \/N
£

)
PivO

e-1 f-1

a-5

oA _1:  _(Z)-4-(1-(6-(4-isopropylpiperazin-1-y1)pyridin-3-yl)-3-methyl-2-phenylbut-1-en-1-v1)phenyl
pivalate (f-1)¢] A=

3etE a-1 Al 3EgE a-55 AM83}al, 1-isopropyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)phenyl)piperazine thilel &3E e-1S AFESH AES AlQstas AAld 19 @A 13 3 o=z 53
318E -1 19 mg (99%)2 AT},

9A 2:  (Z)-4-(1-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-3-methyl-2-phenylbut-1-en-1-v1)phenol
(26)9] A=

33HE b-1 tAald 3IgE f-15 A3 AS AQstas AAld 19 wA 29 sd3 oz EX33HE 26
17 mg (quant.)& AU},

MS (ESI+) m/z calcd for CuolseNs0O [M+H]+ 442.29; found 442.14.
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[0274]

[0275]
[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

S=50dl 10-2503296

[AA]d 18] (E)-3-(3-methyl-2-phenyl-1-(4-(piperazin-1-y1)phenyl)but-1-en-1-y1)phenol (28)¢] A=

@ @ ®

PiVO Z

K,CO3, MeOH

28

A 1t (E)-tert-butyl 4-(4-(3-methyl-2-phenyl-1-(3-(pivaloyloxy)phenyl)but-1-en-1-
vl)phenyl)piperazine-1-carboxylate (f-2)¢] A %*

1-isopropyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)phenyl )piperazine tAilo] 3}g+E e-2& A}
43 A& Aestae AAld 19 9 13 sds e R EARME (-2 0.11 g (15%)S AT},

SA 2: (E)-3-(3-methyl-2-phenyl-1-(4-(piperazin-1-yl)phenyl)but-1-en-1-y1)phenyl pivalate (f-3)¢ A
=
DCM (3 mL)oll 3= -2 (0.11 g, 0.18 mmol)& ¥ TFA (141 pL, 1.84 mmol)S 7}k 5 12417 ot A

SOl A ankskint.

Hkgolo] 749t S/ete] d& e Ad AZvlEIaHIHE o8, HASe EH5E
f-3 49 mg (56%)S AUTt.

WA 3: (E)-3-(3-methyl-2-phenyl-1-(4-(piperazin-1-yl)phenyl)but-1-en-1-y1)phenol (28)2] A%

3}t b-1 thaldl] 3StE f-32 AL&3 AL AYstas AAd 19 WA 29 FU3 HHow A 3leHE 28
3 mg (%)< At

1H NMR (400 MHz, CDsOD) & 7.23-7.15 (m, 3H), 7.13-7.07 (m, 3H), 6.84-6.78 (m, 2H), 6.75 (d, J = 7.6
Hz, 1H), 6.73-6.66 (m, 2H), 6.59 (d, J = 8.8 Hz, 2H), 3.02-2.94 (m, 4H), 2.94-2.84 (m, 4H), 0.95 (d, J
= 6.9 Hz, 6H); MS (ESI+) m/z calcd for CoHsiNoO [M+H]+ 399.25; found 399.19.

[AAlof] 19] (E)-3-(1-(4-(1-isopropylpiperidin-4-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (24)
o] Az
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[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0290]

[0291]

[0292]

[0293]

[0294]

S=50dl 10-2503296

I
PivO // + é +

a-1

NaBH(OAc)s, acetone,

AcOH, DCE K2CO3, MeOH O
PivO HO O X O
g-3 24
A 1 (E)-tert-butyl 4-(4-(3-methyl-2-pheny1-1-(3-(pivaloyloxy)phenvl)but-1-en-1-

vD)phenyl)piperidine-1-carboxylate (g-1)¢] A=

1-isopropyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)phenyl )piperazine tAilo] 3}gtE e-3& A}
43 A& Aestae AAld 19 9 13 TUS Ho R EARME g-1 0.18 g (22%9)& AUT).

WA _2: (E)-3-(3-methyl-2-phenyl-1-(4-(piperidin-4-y1)phenyl)but-1-en-1-y1)phenyl pivalate (g-2)¢] Al
=

_u

StE (-2 gidld StE g-1S AFES AS Al9stae AAld 189 wA 29F TUS WHoR 54
2 0.14 g (quant.)S ¥AUT}.

S}3E g

@A 3: (E)-3-(1-(4-(1-ethylpiperidin-4-v1)phenyl)-3-methyl-2-phenylbut-1-en-1-yl)phenyl pivalate (g-
3)e AX

DCE (3 mL)o] 3}¢+= g-2 (56 mg, 0.12 mmol), acetone (25 pL, 0.35 mmol), NaBH(OAc)s (74 mg, 0.35 mmol),

acetic acid (13 pL, 0.23 mmol)& Wil Ao 1A7F Fot WHkA AT, wh-Sdo] B3} oEolA|go]|EE >
7t2 Frtete §715S FEST. 7715E - NaS0E dXA|A A3egitt. &ulE 3 /st @&

e A9 azeEadyg o8, AAst] EA3gE g3 15 mg (24%)S AT

WA 4: (E)-3-(1-(4-(1-isopropylpiperidin-4-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (24)2] A

[

{1

rr

AAlel 19] @A 29} FL7 WHoR SH4sihE 24

ol

SHEHE b1 "gidlel 3EE g-35 A8 AES A9
2.5 mg (9%) S AU},

'H NMR (400 MHz, CDOD) & 7.20~7.12 (m, 3H), 7.11-7.05 (m, 3H), 6.92-6.86 (m, 4H), 6.77-6.72 (m, 1H),
6.69 (dd, J = 4.2, 2.1 Hz, 2H), 3.55-3.43 (m, 2H), 3.12-2.99 (m, 2H), 2.77-2.63 (m, 1H), 2.09-1.94 (m,
oH), 1.86-1.75 (m, 2H), 1.35 (d, J = 6.7 Hz, 7H), 0.94 (d, J = 6.9 Hz, 6H); MS (ESI) m/z caled for
CarllusNO [M4H]" 440.30; found 440.24.

[AA]d] 20] (E)-4-(1-(4-(1-isopropylpiperidin—4-y1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (25)
o] Az

o
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[0295]
[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

SS90l 10-2503296

?oc
N
= . . /@ TFA,CH,Cl,
|
PivO B.
O O
a-3 7\ ’< PivO
e-3 h-2
N
NaBH(OAc)s, acetone,
AcOH, DCE K,CO3, MeOH O
()
PivO HO
h-3 25
A 1t (E)-tert-butyl 4-(4-(3-methyl-2-phenyl-1-(4-(pivaloyloxy)phenyl)but-1-en-1-

vl)phenyl)piperidine-1-carboxylate (h-1)¢] A%

3etE a-1 thalel FSE a-3& AFEEaL, 1-isopropyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan—-2-
yDphenyl)piperazine tAile] 335 e-3& AMES ZS AYstas Al 19 @A 13 5L Yoz 54
3HeHE h-1 0.52 g (80%)& ¥Utt.

A 2: (E)-4-(3-methyl-2-phenyl-1-(4-(piperidin-4-v1)phenyl)but-1-en-1-yl)phenvl pivalate (h-2)¢] A

[

)

StE (-2 gidld SHE h-1S AFES AS Al9stae AAld 189 wA 29 TUs WHoR 54
2 0.43 g (quant.)S ¥AUT}.

3l3tE h-

9A 3¢ (E)-4-(1-(4-(1-isopropylpiperidin-4-yl)phenyl)-3-methyl-2-phenylbut-1-en-1-y1l)phenyl pivalate
(h-3)9] A =X

35 g-2 Al 3HEE h-28 AFESE AL AlQstas AAd 199 @A 33 TU3 HHow EA3eE h-
3 5 mg (33%)S At

YA 4: (E)-4-(1-(4-(1-isopropylpiperidin-4-y1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)phenol (25)2] A

[

ol
rir

3}t b-1 thaldl] 3HE h-32 AL&3 AL A9
2 mg (41%)S LA},

Fals AAd 19 @A 29F el WHoR HH3ehE 25
HONR (400 MHz, CD0D) & 7.26 (a, J = 8.3 Hz, 2H), 7.20-7.11 (m, 2H), 7.11-7.01 (m, 4H), 6.92-6.82

(m, 2H), 6.78 (d, J = 8.5 Hz, 1H), 6.69 (d, J = 8.7 Hz, 1H), 6.36 (d, J = 8.7 Hz, 1H), 3.58-3.45 (m,
3H), 3.26-3.18 (m, 2H), 3.08-3.03 (m, 1H), 2.21 (d, J = 12.8 Hz, 1H), 2.07-2.01 (m, 2H), 1.87-1.76 (m,

1H), 1.38 (dd, J = 23.1, 6.7 Hz, 6H), 0.93 (q, J = 3.5, 6H); MS (ESI+) m/z calcd for CsHaNO [M+H]+
440.30; found 440.33.
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[0305]

[0306]
[0307]

[0308]

[0309]

[0310]

[0311]

[0312]
[0313]

[0314]

[0315]

[0316]

[0317]

SS=50dl 10-2503296

[AA]d] 21] (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylbut-1-en-1-y1)phenol (11)2] A=

F ) )
) N N
. N DIPEA, + O TiCly, Zn,
o [ ] DMSO, 120°C O THF, 50 °C O
7 )
T e " oh
1=
HO HO
i 1

A 1: (4-hydroxyphenvl) (4-(4-isopropvlpiperazin-1-yl)phenyl)methanone (j-1)¢] A|Z

DMSO (8 mL)oll 33+E i-1 (0.73 g, 3.38 mmol), l-isopropylpiperazine (0.709 mL, 4.06 mmol)S Y il DIPEA
(0.709 mL, 4.06 mmol)& Z7}s+ H 12A17F &<t 120CANA 7FE3EAth. vEg- Ao 7t TH/Hst & A HE

A AZvEaYAHS o8, At HH35E J-1 1.1 g (quant.)& L34,

A 2: (E)-4-(1-(4-(4-isopropylpiperazin-1-yl)phenyl)-2-phenylbut-1-en-1-y1)phenol (11)9] A%

THF (1 mL)ell zinc (16 mg, 0.25 mmol)& il 0CE 2%F Y& 9 TiCly (14 pL, 0.12 mmol)& HH3]
7AsATE. ML 60T FAZ 7thE 5 3= j-1 (10 mg, 0.031 mmol)¥} 3E k-1 (5 mg, 0.037
mmol)S Yo=Y, HEEAS 50CE A7 7FEeiyh. WS E3tES 10% XEFE7IRUICIE =89 B 30
1 wHkA 7L 5 Alglo|EE o] 83l oA AT, oA ool HoER FET H f71FE 5 NaSO=
AEAIA sy, $ulE gasFste 4L e A9 AZvEIIHE o8, AASY H5433E
11 1mg (7S AU,

[ A] o 22] (E)-1-isopropyl-4-(4-(1-(4-methoxyphenyl )-4-methy1-2-phenylpent-1-en-1-
v1)phenyl)piperazine (17)9] A=

+ Ny _DIPEA, . , 0 _TiCly, Zn,
[ ] DMSO, 120° O THF, 50 °C
AT
(@)
o
\O k-2 \O

WA 1: (4-(4-isopropylpiperazin-1-yl)phenyl) (4-methoxyphenyl)methanone (j-2)2] A=

SFE -1 tAld SFE 28 AFES AL AYStuE AAd 219 ©A 17 TU WHo g EASIE j-
2 1.33 g (90 %)& Art.

@A 2 (E)-1-isopropyl-4-(4-(1-(4-methoxyphenyl)-4-methyl-2-phenylpent—-1-en—-1-y1)phenyl)piperazine
A7 Ax

i-25 ARgshaL, sHebE k-1 thalell shihE k25 ARES A Aleletals Al 21

' NMR (400 MHz, CD,OD) & 7.18-7.08 (m, 7H), 6.93 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.81

(d, J=8.9 Hz, 2H), 3.82 (s, 3H), 3.78 (d, J = 12.9 Hz, 2H), 3.63-3.57 (m, 3H), 3.37-3.28 (m, 2H),
3.19 (t, J=12.5 Hz, 2H), 2.37 (d, J = 7.3 Hz, 2H), 1.55-1.48 (m, 1H), 1.42 (d, J = 6.6 Hz, 6H), 0.82

(d, J=6.6 Hz, 6H); MS (ESI+) m/z caled for CaHyoN:0 [M+H]+ 469.31; found 469.16.
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[0318]

[0319]
[0320]

[0321]

[0322]

[0323]
[0324]

[0325]

[0326]

S=50dl 10-2503296

[AA]d] 23] (E)-1-isopropyl-4-(4-(1-(4-methoxyphenyl)-2-phenylhex—-1-en-1-yl)phenyl)piperazine (18)<]

e

® O
~o k-3 ~o

2% ALg9n, SR k-1 ool HEE k3% AR AL Aslsns Al 21
A 3gE 18 12 mg (25%, E/Z = 4:1)S AU}

1H NMR (400 MHz, CD,OD) & 7.22-7.08 (m, 8H), 6.93 (d, J = 8.4 Hz, 2H), 6.88-6.81 (m, 3H), 3.83 (s,
3, 3.79 (d, J = 13.4 Hz, 20), 3.63-3.58 (m, 3H), 3.41-3.33 (m, 2H), 3.21 (t, J = 12.4 Hz, 2H), 2.49-
2.42 (m, 2H), 1.42 (d, J = 6.5 Hz, 6H), 1.36-1.17 (m, 4H), 0.80 (t, J = 7.1 Hz, 3H); MS (ESI+) m/z
caled for CaoHyNo0 [M+H]+ 469.31; found 469.15.

[AA]of 24] (E)-1-isopropyl-4-(4-(1-(4-methoxyphenyl)-2-phenylprop-1-en-1-yl)phenyl)piperazine (19)<¢]
A Z

e

N

j-25 AHgstal, SE k-1 diild 33HE k48 AFESE AS AlQstae AAld 21
2A8eE 19 17 mg (36%, E/Z = 3:1)& 4},

1H NMR (400 MHz, CDsOD) & 7.37-7.19 (m, 3H), 7.18-7.05 (m, 5H), 7.04-6.90 (m, 5H), 3.83 (s, 3H), 3.81-
3.76 (m, 2H), 3.70-3.62 (m, 3H), 3.60-3.44 (m, 5H), 1.96-1.83 (m, 4H), 1.74-1.63 (m, 1H), 1.49-1.38
(m, 7H); MS (ESI+) m/z caled for C32H%N2()[M+H]+ 467.30; found 467.06.

[AAlo  25]  (E)-1-(4-(2-cyclopentyl-1-(4-methoxyphenyl)-2-phenylvinyl)phenyl)-4-isopropylpiperazine
(20)9] Az
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[0327]
[0328]

[0329]

[0330]

[0331]
[0332]

[0333]

[0334]

S=50dl 10-2503296

f o
O + O TiCly, Zn, THF, 50 °C
0

20
i-25 ARgshal, sHebE k-1 thalell shjtE k55 ARES A Aleletals Al 21

2453 20 27 mg (56%, E/Z = 5:1)S 9T},

1H NMR (400 MHz, CDsOD) & 7.23-7.14 (m, 5H), 7.12-7.05 (m, 3H), 7.00-6.92 (m, 5H), 3.82 (s, 3H), 3.79-
3.73 (m, 2H), 3.67-3.57 (m, 3H), 3.52-3.39 (m, 4H), 3.04-2.91 (m, 1H), 1.75-1.61 (m, 3H), 1.51-1.34
(m, 11H); MS (ESI+) m/z calcd for CgﬁhoNﬂ)[M+H]+ 481.31; found 481.15.

[AA]o  26] (E)-1-(4-(2-cyclohexyl-1-(4-methoxyphenyl )-2-phenylvinyl )phenyl )-4-isopropylpiperazine
(21)9] A=

H [o]
O , O TiCl,, Zn, THF, 50 °C
O o
N
~o k-6

-2 Abgetal, 3EE k-1 Ao 3EE k63 AFE3 AL AQstars AAd 21
2ASEE 21 17 mg (33%, E/Z = 19:1)& A},

' NR (400 MHz, CD,OD) & 7.21-7.13 (m, 4H), 7.11-7.04 (m, 3H), 6.96-6.89 (m, 4H), 6.81 (d, J = 8.6

Hz, 2H), 3.83 (s, 8H), 3.75 (d, J = 13.1 Hz, 2H), 3.62-3.53 (m, 3H), 3.37-3.30 (m, 2H), 3.20 (t, J =
12.4 Hz, 2H), 2.74-2.61 (m, 1H), 1.76-1.60 (m, 4H), 1.58-1.49 (m, 1H), 1.41 (d, J = 6.6 Hz, 6H), 1.21-

1.07 (m, 4H), 1.00-1.87 (m, 1H); MS (ESI+) m/z caled for CsHyNo0 [M+H]+ 495.33; found 495.60.

[AA] < 27] (E)-1-isopropyl—-4-(4-(3-methyl-1-(4-(methylthio)phenyl)-2-phenylbut-1-en-1-
vl)phenyl)piperazine (22)2] A%

_36_



[0335]
[0336]

[0337]

[0338]

[0339]

[0340]

[0341]

[0342]
[0343]

[0344]

[0345]

[0346]

[0347]

SS90l 10-2503296

\ N Y
5o o "

N
. N DIPEA, , 0 _TiClg, Zn,
o) [ j DMSO, 120°C O THF, 50 °C O
ST )
S AN
o ®
\S k-7 \S

j-3 22

WA 1: (4-(4-isopropylpiperazin-1-yl)phenyl)(4-(methylthio)phenyl)methanone (j-3)¢] A%

35 -1 dalel] 3HEE 1-35 AFESE AS AlQstas AAd 219 @A 13 TU3 HHo R EA3eE -
3 0.19 g (56 )& LA},
oA 2t (E)-1-isopropyl-4-(4-(3-methyl-1-(4-(methylthio)phenyl)-2-phenylbut-1-en-1-

vl)phenyl)piperazine (22)2] A%

shebeE j-1 tidlel shgh= j-38 ARSskal, s k-1 el sk k-7E AR AS Alflstars Al 21
of @A 29} LY o r 5H4351eE 22 9 mg (18%)& LA,

I NMR (400 MHz, CDsOD) & 7.29 (d, J = 8.1 Hz, 2H), 7.21-7.17 (m, 4H), 7.13-7.08 (m, 3H), 6.91 (d, J =

8.5 Hz, 2H), 6.76 (d, J = 8.6 Hz, 2H), 3.74 (d, J = 13.3 Hz, 2H), 3.62-3.54 (m, 3H), 3.29-3.26 (m,
2H), 3.12 (t, J = 12.3 Hz, 2H), 3.06-3.00 (m, 1H), 2.50 (s, 3H), 1.40 (d, J = 6.6 Hz, 6H), 0.96 (d, J

= 6.9 Hz, 6H); MS (ESI+) m/z calcd for CaHseNoS [M]+ 470.28; found 470.80.

[AA] o 28] (Z)-4-(1-(4-(4-isopropylpiperazin-1-yl )phenyl)-3-methyl-2-phenylbut-1-en-1-y1)-N,N-
dimethylaniline (23)2] A%

: )
O he N
DIPEA,  _ ., 0
O [ j DMSO, 120°C
~N 5
| i-4 k7
~N -

| j-4

@7 1: (4-(dimethylamino)phenyl)(4-(4~isopropylpiperazin-1-yl)phenyl)methanone (j-4)¢] A=

SIHE -4 dizlo] SFE i-45 AFES AL AYstas AAd 219 WA 17 FdS Yoz 543 E -
4 0.17 g (63 %)< AAT}.

oA 2t (Z)-4-(1-(4-(4-isopropylpiperazin-1-y1)phenyl)-3-methyl-2-phenylbut-1-en-1-y1)-N N-
dimethylaniline (23)9] A%
stE j-1

Aol shehe j-45 AREStaL, 3eE k-1 tAlel 3eE k78 AR AS Alflstas Al 21
of & 2¢9F FAF Yo r HAEgE 23 6 mg (12%, E/Z = 19: )& AU,

I NMR (400 MHz, CDsOD) & 7.33 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.20-7.11 (m, 9H), 3.95
(d, J=13.2 Hz, 2H), 3.67-3.60 (m, 3H), 3.41-3.32 (m, 2H), 3.25 (t, J = 12.4 Hz, 2H), 3.15 (s, 6H),
3.09-3.02 (m, 1H), 1.46 (d, J = 6.6 Hz, 6H), 0.97 (d, J = 6.8 Hz, 6H); MS (ESI+) m/z calcd for CaHuN;

[M+H]" 468.33; found 468.10.
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[0348]

[0349]
[0350]

[0351]

[0352]

[0353]

[0354]

[0355]

[0356]

[0357]
[0358]

[0359]

S=50dl 10-2503296

[AA] o 29] (Z)-5-(1-(3-hydroxypheny! )-3-methy1-2-pheny ! but-1-en-1-y1)-2-(4-isopropylpiperazin-1-
vl)phenol (29)9] A=

N DIPEA, TiCly, Zn,
] DMSO, 120°C THF, 50 °C
N
i-5
k-7
BBI’3, CH20|2
29
oA 1 (Z)-1-isopropyl-4-(2-methoxy—-4-(1-(3-methoxyphenyl)-3-methyl-2-phenylbut-1-en-1-

yvD)phenyD)piperazine (j-5)¢] A%

_L,

3= i-4 taled e 155 AFEE S AYetas AAd 219 @A 19 5Y3 YHoE HF
5 6 mg (8%)S AAtt.

shekE j-

oA 2. 1-isopropyl-4-(2-methoxy-4-((Z)-1-(3-methoxyphenyl )-3-methyl-2-phenylbut-1-
enyl)phenyl)piperazine (m-1)2] A=

33HE j-1 diAldl -5 ARgstar, e k-1 thalel s k-7 AFEI AL A9stae A4 21
o & 19+% 13 o R ZAH35E n-1 6 mg (8 %S ATt

A 3. (Z)-5-(1-(3-hydroxyphenyl)-3-methyl-2-phenylbut-1-en-1-y1)-2-(4-isopropylpiperazin-1-yl)phenol
(29)¢] A=

SIRHE 6 tiAledl sEE m-1
(30%)& LATt.

o
S
>
ofo
ol
rir
pacy
o
N
to
o
k]
rir
11
>,
2
—_
[N}
o,
oft
ifiea
o
o
i
lo
ft
I
2
ot
i)
it

29 1 mg

' NMR (400 MHz, CDsOD) & 7.17 (t, J = 7.4 Hz, 3H), 7.10 (dd, J = 8.9, 7.5 Hz, 3H), 6.73 (d, J=7.5

Hz, 1H), 6.69 (d, J = 6.2 Hz, 2H), 6.60 (d, J = 8.2 Hz, 1H), 6.47 (d, J = 1.8 Hz, 1H), 6.43 (dd, J =
8.2, 1.9 Hz, 1H), 3.55-3.48 (m, 1H), 3.41 (t, J = 14.9 Hz, 4H), 3.24 (d, J = 9.9 Hz, 2H), 3.06-2.99

(m, 1H), 2.85 (t, J = 11.7 Hz, 2H), 1.37 (d, J = 6.6 Hz, 6H), 0.93 (d, J = 6.9 Hz, 6H); MS (ESI+) n/z
calced for C,’goH:ﬁNgOg [M"’H]+ 457.29; found 457.20.

[4&e] 1] ERRy, ERRa, ERRB, ERa A¥ EA ¥ (binding assay)

1) ERRy 2% &A% (inverse agonist assay)

e

o] s ES HEFEET 10 ulFE ALEIA, 27t 2ueR MRS A4 2 ® 384 well plateol
Yoy, a#ar, GST7F 2% ERR gamma LBD (ligand-binding domain)E #HF-§% bnlMe] HEE H71s)|
31, fluorescien—conjugated coacitivator PGCla®} Tb-a-GST antibody”} Z}Z} 500nM=} 5nMe] T == X 7}8)
FAT. EE reagents7b H7FE 5, 20 CTollA 1AIRF &<t gently shakings & WA REgA]7]aL, RES
binding activityx TR-FRET W]o =2 ZA3}3tt. &, 340nmoll 4] excitation Al7]3L, 495nm®} 520nmol| A Z}+
emission #=< A% & AF B 490nm SHZ/020mmE Ao R FP o BEATZ 3L Prism 65 A}

St

o

olo _Ii ot
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[0360]

[0361]

[0362]

[0363]

[0364]

[0365]

[0366]

[0367]

[0368]

[0369]

[0370]

2) ERRa / ERRB / ERa ZE EXH (Selectivity test)

ERR alpha binding assay™ GST7} ZA3%t%l ERR alpha LBDE AFgslgow, 1 o]9e mE 2AFHMHS ERR
gamma binding assay$} FL3F3tt.

ERR beta binding assays= GST7F ZAgt® ERR alpha LBDE FHEF%% 10nM, fluorescien-conjugated
coacitivator PGClax 250nMo] HEZ ALE3dt¥on | 1 o]9eo RE AFHMHS ERR gamma binding assay®f
T3t

ER alpha binding assayi= ¥ o] 3}§tEo] 71 384 well plated] GST7F 2% ER alpha LBD (ligand-
binding domain)E HFFE 7.3nMo] HEF H7Fs] FAoh. 28]al, fluorescien—conjugated coacitivator
PGCla®} Tb-a-GST antibody”} Z+Zb 250nM¥} 5nM, agonist®l beta-estradiol S HFEEE 4nMo] HEE H71s)|

For). o]Fe] mE AFHHLE FRR gamma binding assay®} T U3Th.
[A&d4 2] ERRy 9F5A 7|5 ¥4 (inverse agonist functional assay)

AD293& 9 X 1047H/we11 FEE 0.5% FBSE H7}3k DMEM High glucose (Hyclone, USA) HiSFHS A}&3lo] 24
well plateol Al 24A17F w3lsdct. 10% FBSES %713+ DMEM High glucose ®i¥ol o= WA|S}al, TransIT-LT1
transfection reagent (Mirus, USA)9} pCMX-Gal4-ERRy , pFR-luciferase reporter plasmid, pCMV-B-gal& 4
of A Agler  24x7F vsigsiglet. o] % 2 4ol HFES 244 A H 92 lysate® luciferase
activity assay®} B-gal assay® 27t Fdaiqict. RE Ade A W oo HHEa wEE Aoz NE

==l

71 Addd 19 Y 29 A3E &) & 1 3 F 200 YERIY

Z 1
ERRy /ERRB ZAZEA (FXx: 10 pM)
shetE HE Binding assay at 10 uM, (% of control)
ERR y ERR 3
1 4.98 0
4 3.03 2.744
10 2.8 4.7
11 6.6 3.5
12 2.63 0
13 6.74 1.86
19 3.5 -9.0
20 2.1 -2.9
22 3.1 -2.0
=z 2

ERRy /ERR a /ERRB ZAFEA @ ERRy G&5A 71554 (1Cx)

3}etE M3 [Binding Assay, ICs (ud) functional assay,
ICso (LIM)
ERR ¥ ERR a ERR 3 ER a ERR ¥
1 0.023 0.850 0.033 0.730 0.010
12 0.021 >10 0.010 0.088 0.004
13 0.026 >10 0.018 0.165 0.005
(28 3] A W FEFE(in vivo PK) B7}



[0371]
[0372]
[0373]
[0374]
[0375]

[0376]

[0377]

[0378]
[0379]

[0380]

[0381]

[0382]
[0383]
[0384]
[0385]
[0386]

[0387]

[0388]

[0389]

[0390]

[0391]

[0392]

S=50dl 10-2503296

T(IV)ell e dMe s Ing/kg §F R FES FUIAT (FAM]).

il

T (PO)NA BFZ 10mg/kg &HC 2 FES FY3} (T8 zondec).

5. Fo] & AuEo]l o] AL 0.08, 0.25, 0.5, 1, 2, 4, 6, 8, 24A7F E< 9] AFL AHAA WA AA|

6. Tl § AFFowe] 49 0.25, 0.5, 1, 4, 6, 8, 10, 247t T3t 109 ] ANFE HFAMo| A AA gt
13 A= 200ul o]},

7. 7} delS K2EDTA FHo| Hol &l B

-

)
<

)

.

8. AR 7E B 45 plasmas E2t}.

9. LCMS/NS A|2¥lo] Fqlate] obgg RA T,
* 3
ﬂ'@—% _ET:‘O:}% AUCaH AUC]_\[F BA Cmax Cl(observe Tmax ti (h) Vss FW
H35 d)/F
- (uMh) | Culh) %) | (uM) (h) (L/Kg)
. . . (mL/min/k
g)
1 IV 1.88 1.95 66.2 16.2 5.45 5.57 529.55
PO 12.44 12.70 1.33 3 4.06

(234 4] WFY, G2, AFAG, 8, ABRAES, vE3 4 SE3Ag dd 243
1. A8 9 ¥y

1.1. A2 Ans 24

ERRB/y Ak 410 &3m0 (Oncomine) HBloJElHlo] =2 RE AojZ tjF< dlolg AEE A1-8319H.
1.2. 9% =4 A& &4

= o] ZoF ulo]lm Z o] o] (tumor microarray, TMA; BC051110c)S US Biomax, Inc.=ZY-E T
o}, o W 2 L FHulEAH (hematoxylin) @ o] @4 (eosin) 0.2 QML AHo|A AZF35HA
A, 2+ g BEF5dA 29 24 ZA(FA 2amE AATE. TMAS]  WHYxA s}

(Immunohistochemical, IHC) <322 anti-human ERR gamma (mouse monoclonal antibody; PP-H6812-00;

)

dilution 1:100; R& systems, Minneapolis, MN) 2 anti-human ERR beta (mouse monoclonal antibody; PP-
H6707-00; dilution 1:100; R&D systems, Minneapolis, MN)ZS A}-&3}o] =3 =i},

1.3. &

E4 wqto] flE=(Specific pathogen-free, SPF), 6FHel 47 Balb/c F¥&= wh$2~
(immunocompetent ) Balb/c P2+ SLC, Inc.ZHE Fustdct. RE & 298 Hxls g+
At AE 55 A dF4e A8 55 #g 2 A AR w21 2 AHEEHAY. = %‘Q% g 7
2 o7 Hal Ay B2 A §8 7|3 AAYYE (59 WS DEMIF-19020701-00)] 490 A A=Y
o,

1.4. A=

oﬁ fo
W)
2
X
RN

HCT-116, RKO, SW480, CT26, PC-3, A2780, MDA-MB231, MCF-7, BE2C, CAL62, BHT101, BHP103scp, BcPAP % BJ
(Human fibroblast) A|¥3i= ATCC (American Type Culture Collection)ollA FL3}ATt.

A2780, HCT-116, RKO, CT26, PC3, MDA-MB231, MCF-7, BHP103scp 2 SW480 A3+ 10% FBS (Gibco FBS; Thermo
Fisher Scientific) % 1% A~E=1Eulo|Al/#HUaHo] HZ% RPMI 1640914 FA%%lct. B] AEE 10% A H)
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[0393]
[0394]

[0395]

[0396]

[0397]

[0398]

[0399]

S50l 10-2503296

ol A (FBS) ¥ 1% 2EFERo|A/HAUANS T3l 1-FF 32 Dulbecco M3 Eagle ¥ (high-glucose
Dulbecco modified Eagle medium)oll A wik= A}, BE2CE 10% FBS % 1% A~EZ Ewnlo]al/Hydddoe] WZEF
DMEM:F-12014 %] At}. CAL629} BePAPE= 10% FBS 2 1% ~E | Ewfo]al/#|L A # o] H%Q DMEMol| A 4] =]

Atk BHT101S 20% FBS 9 1% ~EflEvto]il/dyxdde] B DMEMIlA A=A, BE AXEE 37T, 5%
C0, #9171 slellA AAEAY. v ZEZ2=vl(Mycoplasma) El22E+E BioMycoX Mycoplasma PCR Detection Kit

(CellSafe)& AR&sto] wid A7 om ¢ AT,

M ZF(Cell Lines) | M28H& A A(Biological source)
BJ M8 OFM|Z (human normal fibroblast cell)
CHO A A AT M Z(normal ovary epithelial cell)
HCT-116
RKO

CH &2t (colon cancer)
SW480
CT26
PC-3 ™2 M (prostate cancer)
A2780 -t @t(ovarian cancer)
MDA-MB231

S et (breast cancer)
MCF-7
BE2C A B M EE (neuroblastoma)
CAL62 i

0|23 2 (anaplastic thyroid cancen)
BHT101
BHP103scp N ) ) .

EFE 2t M R (poorlydifferentiated thyroid cancer)

BcPAP

1.5. AX A2 (Cell viability) ¥4

AE YEEL Cell Counting Kit-8 (Dojindo molecular technologies, MD, USA)S AF&3fe] EA¥ict. z+
Sl =

MEZE 96-well plated] THEstar, 332 1(DN203368) Hx 3132 12(DN3317)S Aoldt sr= A slqitt.
FAE A Ao A K-8 (10 pL/well) AJeFS M|Xo] H7tslk the | 37ColA 908 ToF /1= wjgstgt. =
do]E 2t (BioTek Instruments, Winooski, USA)E AF&3}e] 450mmol| Aol &3 =S =451},

6. =" EX

o

% @A (total protein)?] FE& 98, AEE 37T, €0, AFHlolElol A 24A17F <t 3H3HE 1(DN203368) =
212]3ka, PBS(phosphate-buffered saline)®@ 23] ARt Ax AP ZZeolA] D EAuelA] A3 A
ZIY 7] E(protease and phosphatase inhibitor cocktail kit) (Thermo Fisher Scientific)E $h3}+
RIPA(radioimmunoprecipitation assay) ™3 (Thermo Fisher Scientific, IL, USA)E A}-&3te] &dAIAY. &
T8 AE(lysed cells)E HAS T3 A &A1 the, 4TCdA 13,000 xg= FAE st @l AE
< BCA(bicinchoninic acid) ©@¥& &4 7]E (Thermo Fisher Scientific)® g=3}= S},

(

J

Q]
=

o

kol Wil AE-S 10% SDS(sodium dodecyl sulfate)-PAGE(polyacrylamide gel electrophoresis)el] =% 3}
PVDF @} (Millipore, Billerica, MA, USA)o2 o]&AFH T}, S TBS-T(Tween-20)S $Hi3h+= TBS(Tris—
buffered saline)oll A 5% EAF(skim milk) 2 1A1ZF B¢ BEE2AA)7)3, 4TColA A 5% BSAolA Az} A
2 ZREAZG. el $

Rl off

% 98 HRP(horseradish peroxidase)-& % o]z} A= Ao 1A17F FF
IREAZT. WS TBS-T= A ¥ AlH3}aL, ECL(enhanced chemiluminescence) 7% A9k (GE Healthcare
Life Sciences, Pittsburgh, PA, USA)& Al&3&te] AlFE A 73}5 T},

AbgE dxt A= o2 2l ERRB (R&D systems), ERRy (R&D systems), PARP (Cell signaling; working
dilution 1:1000), cleaved caspase3 (Cell signaling; dilution 1:1000), acetyl-p53 (Cell Signaling;
dilution 1:1000), Bcl-2 (Cell Signaling; dilution 1:1000), BID (Cell Signaling; dilution 1:1000), p21
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[0400]
[0401]

[0402]

[0403]

[0404]

[0405]

[0406]

[0407]

[0408]

[0409]

[0410]

[0411]
[0412]
[0413]
[0414]

[0415]

[0416]

[0417]

SE53 10-2503296
(Cell Signaling; dilution 1:1000), Cyclin D1 (Cell Signaling; dilution 1:1000), CDK4 (Cell Signaling;
dilution 1:1000), ¥ B-actin (Cell Signaling; dilution 1:5000).
A& HRP-3- ¥ o]z} A= vh3-# 2t} anti-mouse (Cell Signaling) %! anti-rabbit (Cell Signaling).

1.7. AEF7])(Cell-cycle) #4]

AH 9D 48 AMEE 0.50L PI(propidium iodide)/RNase @A) €kl o= QoA 158 5k A-2eA] 14
3k, DNA $HF, AEF7) =23 9 AW Aeh(forward scatter, FSC)2 488 nm (excitation) 2 575 nm

(peak emission)olA W& #HZE 7]%5°] 9+ Becton Dickinson LSRFortessa. (BD Diagnostics)& AR&3dlo] &
A=At FlowJo (BD biosciences)ZE Al&3le] dlolgHE #4351},

1.8. Al¥AME (Apoptosis) ¥4

AEE 1% HS(horse serum)Z 3$H3}= PBSZ A& 3}ar, FITC-Annexin V A¥AIE #HEF Z]E 1 (BD

Biosciences)@ A&o]A 3087+ oFalojA @ aaklth. Becton Dickinson LSRFortessa & AR&3ke] DNA 12k,
AEF7] 229 @ A A Z291U8 AASa, Flowlo software® #293}% ).

1.9. Caspase3/7 &A](Caspase3/7 activity) ¥4

3}etE 1(DN203368) *€] % caspased/7 &4l luminescent Caspase-Glo3/7 (Promega) assays AR&3}o] A|x
QAo AHel wet Zgakgleh. =, zhzhe] HCT-116, SW480, RKO M-S 10/99] W 314-w 96-2 wjo
Z Y o] E(white-walled 96-well culture plate)ol] A|W3&tHTt. 3}E 1(DN203368) A& Z thokgh Aol A
MEE At mF = 100 uL Caspase-Glo3/7 A1¢kS 7z} AWMZo H7lstgh. IVIS LuminallE AFEs)e]
gt 4= E S5kt

1.10. AA N 23 (In vivo therapy)

A% HCT116, RKO, SWAS0, CT26, BE2C, A2780, MDA-MB231 2 BHP103scpE Z+zF 2 X 100 /§% mpo-2~o] s5}o)
AL, AU Ta01d AE fske] wlHskel MDA-MB231 MEE 7 ¥R ol 9| mammary fat padol
FAFsFSItE. A7l (inspection) % ZFZ (palpation)el 93] T o] HHAHUS wf, 3HE 1(DN203368) =
10 F<t abFol e H74 U T 4 Tkt

H] 3] Z(vehicle) AR+E op&3 o} @ v]8]|Z &AL 10% DMSO, 15% DW = 75% PEG (B7 FAME), 0.5% W€
A]EEOJ\ _&oﬂ(ﬁ:rl Toq_g_)o‘lq

A4 AhNA AYHARE FF A7)2 ST, T% 3 () S o] A4S AFRE] At

ZoF Bu(m) = d2 X D/2

o714, d¢t D= 247 mm ©9l9] Hd 2 HA H Ao},

F7 AHES 98 AAE HCT116, RKO, SW480 2 BHP103scp &S A/star, 10% TETHo| 1A ST
1.11. HGE &4 & IHC

S B HE 4 ZEEZ wel Ado=w Adsigitt. SW480, RKO

BHPlOSscp TY =24 77t g 2w AXdoA detES AAsI, F5hs ohe, [HC A4S f% I3

A (antigen retrieval) & FsArh. WA Fikst a4hE Fikstrdol] o8] 10237 v SA AT, T4

514 AAS AzdAe] AL wEl rabbit monoclonal anti-Ki-67 (1:200, abl6667; Abcam) 2 rabbit

polyclonal anti-cleaved caspase-3 (9661, #1:200 dilution, Cell Signaling, Boston, MA, USA)C. = =23}
ATk, AztstE 98l DAB HZ 71E (Pierce, Rockland, IL, USA)E A}&&}SiTt.

Tewde] wqF v
U_ Z

1.12. A E2X(Statistical Analysis)

BE dolH+ HE+XESF HA(mean + standard deviation, SD)E EAEHW, ESAF F9JAS GraphPad
Prism 5 (La Jolla, CA, USA)9|] unpaired Student's testE AM&3te] ZAAE AT, 0.05 v|vke] P 32 A4
o2 fFosittal HFHAL.
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2. A}
2.1, A4 ERRB & ERRy 9] A3k ZZ (Up-regulation of ERRB and ERRy in colorectal cancer)

ERRB/y &Y} digt wehel I8 FaAAE A7 98, 237121 (Oncomine) dlo]|EHo] 25 A3}
of g bl A ERRB/y TES B8 Ay, A& olF uFTd 2ARY gy 2404 ¢ =2 AS
gelekait.

=
ot

EXYS AMgste] AN 29 $F 27 ZFoA ERRB/y LS w3 Ay, FRRB/y #HHLS
A z2ART 24 2400 A 2dEHISS FASATHE 19 A £ B).

FARRE A A FF whel AR P o] (BC051110c, 12709 B4 =2 2 108709 % =4S

& zAolA ERRB/y @ld el zpolE Fs3itt. ERRB/y-5

2 wlo]lmZoj# o] (TMA) ¥4 Az}, tFd ZHdA AN 24 w8 ¢ 2 52
ERRB/y 2dE YeATH(E 19 ©).
ol#13t A3+ ERRB/
W othgete) 93 X5 7
2.2. S}¥E 1(DN203368) el 28t <t AXE F29 oA
HCT116, RKO, SW480 % (126 M9} e U2 EdwiolE 7kx oy 39 et Axe =24 o3t 33
1(DN203368) 2] oAl a2 Yolr i} 3Ftt.

mokd

2 o
o
)
2
it
S
>,
oo
o
BN
X,
o

wdo] e dEhlH, o]Z5F ERRB/y 7 A

b
K

o<

N
)
22
o3l
o 1o
o
ok
fluj
o
AC)
e
2
m
X,
=)

[

b

o,
i

= 12 Mg o i

Al W(in vitro)ol A 3+3HE 1(DN203368)2] Z4] oAl &332 H7lelz] Hol, ERRB/y o Wl &d
& doluy] flgte] ERRB/y o 5olA FAE o] &ate] 2" BRY A4S Fssi. = 20 =A% vt
Zol, ERRB/y o 2l Wild & o] it AlxolA A=A CCK-8 w419 Ade 33t
1(DN203368) o] Wt AE T2 &4 AAE FEFS HAFAI=E 4 2 £ 5). 500 M2 4%
A (50% cell growth inhibition, GIz)E &8 HX= HCT-116, SW480, RKO % CT26 AlFEolA z+zt 3.5
M, 4.9 pM, 3.9 uM 2 2.2 pMe|ATHE 6). 2eir}, AH obAlE (B M%) 2 A3 AE (CHO MZ)¢ %
S AN AxelAe -T2 &I YEuA FAtHE 3). A7) AFREE, g Ax O sEE
1(DN203368) o] e A AE HAE FRlstirt.

S2gZ2ke (Oxaliplatin) ¥ 5-ZFQ 2922 (5-fluorouracil, 5-FU)2 thaet Alxe 1 2 Aayoe=r o
5 EE O AmAY A gEsted 49 AHEHa k. digd MEzdA e IddA 9 SHE
1(DN203368)& Hlast A7, g}3HE 1(DN203368)S A st A2z A 352 gyt 71& FdA] Sael s
€ EE 5-FUE A AEEg 9 (= 7 2 = 8).

hun

b

2.3. WA AT A FH3E 1(DN203368)-vi/l N EF7] FA(cell cycle arrest) 2 A EAE (apoptosis)Y
f=

SI3HE 1(DN203368)2 5 pM % 10 pMellA A AfoldE 2 ga AxoA oAws N2 =

ok, ogd M2 3E 1(DN203368)-Hl A AAZE AEFT] AR R MEANE FE9F #Eo] 9

32} &t

AE 2 A} A, AEF7) £4E 3FE 1(DN203368)-H 2 d AENA sub-G1 ¥ o] &F-o&A F7}
olZaldtH(%E 9). Annexin 9 PIE AMEEE FACS &4 A, HsZ-AHg" Axee g s3E

1(DN203368)-A 2] ¥l A FEo| A &F-o)FH Wrlo g AN EALE #3 (apoptotic fraction, AF)S AR Adk =

g YEFAATHE 10).

2.4. p53 otAE e B 2HS T tFY HEANAM caspase-3-o]EH AEAMRS L3}

it

odel  AFE)A FEE 1(DN203368)e]  d-=2] FIel TEE ANsz ARE Folsry] 98, IE
1(DN203368)-A 2] €t MEolA ERRB/y o WdAd #Hd & AT, ERRB Tde #AE 33E
1(DN203368)-A 2l €l M| XA JH-oJEH o= AFSHAl,  ERRy = WS AEAAM 3=

19
o
3L

Z Ho

1(DN203368) 9l 2]3)] 818 =A== Aoz 3lEAu (L 119

sHgHE 1(DN203368)-mi ) AlZAbEel Add v ARE S9sy] fs, 30709 A A FRA 131879
F9-5e14 FA Eax-5olH FAE Atk FA ofdlelE hehE 1(DN203368)-A % SWAS0 T gt Al
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X5 AMESle] Sk, po3el itstel AEFr] 9 M EAMES Zdets umde] A Wt 3=
1(DN203368)-= 2] ¢ Al Fo A LA AT},

Aadd 5% 24S B3l A ofdololA LN E AF e 3 AR 9wAS FUME gQlsgith. X
F7) AA D AFAPES fEE p53 FAE P Foll Hi AESE Ayl sigEch. 3FgE 1(DN203368)
Al § TF AAARA p53e] oY g FEE AT Ay, = 119 Col Al ukek o], p53 ofAE s}
T2 v EF-HH A s sFE 1(DN203368)-H 2| AEZoA o Egkrh. pb3ell 93t AEF7] AXA
T T p2l/WAF1S] AR &/dste] ofsf mizjett. %= 11°] Bell m=AlE npe} o], 3HekE 1(DN203368)-# ] ¥
ek AsEeA p21 (MEF7] A o] S7kske 2e 2t p21e cyclin E/Cdk2 3 cyclin D/Cdk4
EAl Agste] AEFTS Gl-9A BAE F=skal, (DK4 B cyelin D19 S e sEE

1(DN203368)-A 2] & A|3Eo A E =] RiT).

AZAPE-#E T g2 S9HE 1(DN203368)-A el tlgd AZAdA F71=2 FAESE. = 119 Cofl =A1E
uke}l 7+o] | Bcel-2 (anti-apoptotic protein)i= 3Fg&E 1(DN203368)-x 2l A FEoA 38 APy, vl
2 3}3E 1(DN203368)<> BID (proapoptotic protein)9] T7FE YeERcH 53], 3dFE 1(DN203368) A=
olsl] HAu®l JtA3A 3(caspase 3) % AwrE PARPY &H-olFEF Zyprt @Atk Ay}, 3EE
1(DN203368)-A 2] ¥ HCT116 A|3Eo|A Bcl-29] Alzb-o]&2 rAtgr ofyel, dAud 7h2mA4 3 2 ddd
PARP19] 2712 39t E 119 E).

S AlEe] shgh= 1(DN203368)-i7] A AIZF Fhavbal 3-o)&4 A=l 7|lek=A #lstr] 9k,
g 742~3kA] 3(active caspase 3)9 AR B &8F-o|FA WslE Caspase-Glo 3/7 assay % Z-VAD (pan-
caspase inhibitor)& AR&3te] ATk, &, tiget Alxe] shek= 1(DN203368) A %, IVIS o]u]7d Al
288 AlR-sle] 7 o)k M Eo|A] caspase 3/7 T FHE RAFE 3 A5 WeE EUHHSS .

T 129 A 2 Coll EAIgE npe} o], g Moo ARk 9 §8-oEA F7kE sMeHE 1(DN203368)-A 2 € Al
T HE 7Pttt wEkA, AX AEH A 3FE 1(DN203368) - 2d A EdA] A7 2 &89
EH o2 MASATHE 129] B). FH, Z-VAD JAIA= st= 1(DN203368)-AH 2l f MEoA FS7Fe ¢d As
714 FEor shak 2A5HtHE 129 D).

K

Gl r

ode] AxtmEH, 3gE 1(DN203368)°l o A A= Y Aol p53- w7l Gl-AEF7] AA] =R

caspase 3-2|&4 MEAIE FE9 Aol S gl

2.5. AA WN(in vivo) A o]Fo)4] 2 (xenograft model)ol A 3FE 1(DN203368) F=H ZH3I I=
& 5%

gt BdoA 3ghE 1(DN203368)2 HEY mIE HrIe7] 8, WAy wpgeo diFdd A EZ(HCT-
LGS GFASUTE 199 0. 6 $9 20t ool 109 59 10 18 9 ) $45 59 98
1(DN203368) < . & 139 B 2 Coll EAI3 nke} o], H|FF-AYH w2 A
e ¢ s UrEP‘fiP—Ur, sh3t= 1(DN203368)°] A a2 HCT-116 FF A7l o] &%-o)&
Asksdth. 5 mg/kg SFghe 1(DN203368)-A2]el whg-2olM Sk A oAl Zarh depgA Rt =
upg-2=9 EAA Aol AEA %rh. 10 mg/kg SHHE 1(DN203368)-A g]¥ wh9-2~9 A9, A8 & 7Y
FH 1797HA] A S A A7 #EEHJT. A W AR S, FFE 1(DN203368)-A 2 RS-0l A
HIZZAQ e AT Fae HEEA Gt (e 139 D). 2 54 g 4 A5 4 #4& S8 &
Zz dwd dRw 2 FY2HE, EgZgAzl=, AST(aspartate aminotransferase), ALT(alanine
aminotransferase) ¥ ALP(alkaline phosphatase)®] =<=¢| H|d|E-A ¥ wl-29F s3HE 1(DN203368) - &
Foukg-2 el o8k xlol7) gle Ao®E UEHTH(E 139 E).

g =2, RKO 2 SW4800l 4] 3}3HE 1(DN203368)2] A& A¥E dolrr] 9lsle], = 149 Aol =A|H nieb

ol

o], 3}ehE 1(DN203368)= 109 &<t i 54 W FAME &al 2 TF B k-0l Fofsigltt. SW480 o
T o149 A, FFF By 4DA N FoAF AolE THA AL As BHAEHNCH, BLANAE AEHH AT (=

149] B). RKO ©]F o]49] 45, A5 F 6LdAl 32 1(DN203368)-A 2l vh-2olld FF A7 A7
[e]
[e}

oletAl HxHAL, FF = ol WASATCE 149] 0. ShhE 1DN203368) & Foldhs b vl
AR Yo AT Has DA FUTHE 1 94 DR E). A Wl A& F SH480 R RKO TFE AAst
a1, W zA s et RS Srasie] ok xﬂg =4 3 A AAA-8 e ﬁﬂo}@ﬂ = 149 Fell =4
g owpeh o], T AE A WARM Ki-67 A E }%6& HefzAser PAabe vls|F-AH 2w Si480 & el

A 35S 1(DN203368)-AH 2 & SW480 F ol Axct o =2 2ds veplitt, dud JtamA]-3 A5 A3
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19
BN
_\ﬁ

5] sistd AAle vslE-AgH TYHRT 33HE 1(DN203368)-A 2 H TFolA o ©
THE 149 F 2 G). o] 25E 335 1(DN203368)2 tlgets x=3sl7] 93k kA= A}
o}

shgHE 1(DN203368) 9] A Fol& Sk tigetel digh ¢ &35 sk sk, & 150 =A]H ukeh
ol HCT-116 2 CT26 AEE F38h= tide ZdS ARgste] A3 Adgsiint. T Bf vhg2oA 109
Bt 1Y 13 AT 52 Z3) 10 mg/ke 3HgHE 1(DN203368) & Fols 159] Boll E=Algl u}&} o],

HE 1(DN203368) 2] AT+ Fol= HCT-116 ©]F o]AdA 5S¢ a3 A3z fFEglor, X5 $ 1344
2o A (126 F% o] AAsH
|

of folgt Aol7} AS TEFHAG. T3, 3FHE 1(DN203368)-H 2 w2
b, )8 E-A e E ks E BEEA FUTH(E 159 D). AF VI F9F vAAAEA dEy
2 WAFA FAHE 159 C9F BE). (126 Y B vpg-29 4 Agisty Al vs|E-AH g
29} 319HE 1(DN203368)-A 2| wh-2=ol A 2+ 2 A 54 B vlele nfAL o ojA] E

o

).12& i

(<3

Ku
il
_>‘J_|(

igju}(c 16) ol#g Ad=FH, shek= 1(DN203368) tidet AuE A B+ &4 IdA=

2.7. 3= 1(DN203368) ¢l <% t}d3t FF AXE 49 oA

g ole] Tk z & M=, 5 AYAGPC-3), T2 (A2780), A (MDA-MB231, MCF-7), AZRAEF

(BE2C), m&3} 2 e2sb7baMer(CAL62, BHT101, BHP103scp, BcPAP) Al ZAo] sk 3H3HE 1(DN20336
89 oA f3E Lolr izl AU},

A © SI5HE 1(DN203368)°] AyAY, Hadd, 9y, AARAELSE, vits 4 g7 ﬂ@*o

o AE T4 &F-9E4 AAE FETS RAFAHH(=E 179 A € B). 2y, A olHE (B] AE)

-3 8 T 179] 4). 7] A=

> BoNE u

= A a7 JeEhA] Ggti(= 3 2 &
2RY, A4, dAad, 9, AARAES, v 2 @RS AE W g38E 1(DN203368) 2]
94 Ay 54 A5t

2.8. AA W(in vivo) AARMNEF L FAYY o]Fo]4] 2P (xenograft model)oA 33E 1(DN203368)
7

27 f18te], 3%+ 1(DN20336

MZAEMNEF BE2C ©]F o]AREdA 3}3tE 1(DN203368)e] A& adE o
Zt T4 HF vk TO%F 0. g a3 4YANYE

8 149 Fk vl B ) FAE Ea) 7
H9om, 0LANAE ALHRon o4 EF FAHATHE 189] A

WAQE A2780 o] oA EHo A 33tE 1(DN203368)9] A& &35 Zolrr] sl 33E 1(DN203368)= 14
d st wd 5 U FARE FE 2 Y B oabe2dd Rk, X5 $ 104A e 3h3HE 1(DN203368)-
A E npgzo A FF A AATE FosiAl AN, FEY a7E 16 AR AEHHom HHHUY
(% 189 B)

9. AA WN(in vivo) F9¢e] o]Fo]2] 2 (xenograft model) ¥ E40]4] 24 (orthotopic model)dA &
& 1(DN203368) Fr=H A% Id5F &3

tlo do

ek MDA-MB231 o] Fol Al Rl A }gE 1(DN203368)9) A= EIE Lolry] $1ste], 3EE 1(DN203368)

149 Feh WY B W FAE B 4 % me vhesd TFolddd. Az F UM TR
L(ON203368)- A el 8l vhe-2ol ] FF A oAk wANAT, FFF Eobe 23 YA BAY O Feold
T3 FAHAT (% 199] 4).

N

=

O

SHpek MDA-MB231 H-4o]4 B 552 1(DN203368)2 X & &S Lolrr] 935te], 3F3HE 1(DN203368)
S 14d B wd l—%?& W FALE %611 7t FF HF vhezol TGt AE F 3dAel sHE
1(DN203368)-x1 2] w} AAZF FolsiA #HAHJA, FFF 2= 23 R E AU
(%= 199 B).

—(o
é
2
o\
02
oX,
Y

2.10. AA W(in vivo) EE3AFA L9 o]Fo]2] Rd(xenograft model)o] A 3}+3HE 1(DN203368) F=dH 7
43 Y a3

g2 szt Ak et BHP103scp ©]F ol A=A 3H3HE 1(DN203368)Y X8 e dolrnr] sy, IIAE
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[0465]
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1(DN203368)= 14¢¥ &<+ wid H4 W FAE Bal % Ef vh9-zo T35t Xm F 8dAl 3=
1(DN203368)-A 2] wh-¢-2oll A FF A AA7F FofsiA BAEA, F5F ads U 2dHA
=209 A). é‘r?&% 1(DN203368) & fFofshz &<t WA Feat AT i A=A AT 209
B). AA Wl A& ¥ BHP103scp TS AAlsta, WAxA e #4S Fste] ¢ Ax T2 2 ddd 7t
29 A4-3 FES AASIATE. & 209 Coll =AIG vpol o], TF AE F2 vARA Ki-67 FAE AR W
AzAglst Arke vl E-A ¥ BHP103scp FFlA &3&E 1(DN203368)-* 2 ¥ BHP103scp & &ALt
o FdS veidllth, dad gtagA4-3 FAE AR WA st A2 vEE-AYe TR S35
E 1(DN203363)-H & FTdolA o B2 Zd S7FE BAT(E 209 0).
ol 4w wiel o], s}ghE 1(DN203368) tidet, ANARAEE, Ak, foe, dEshiddd 59 v
g XA T& AR AT FAARE ARSI S Rl

2.11. 352 12(DN3317) ¢ <% U3t FF AE F4¢ A

AHA(PC-3), A (A2780), WEAEF(UTMG) % 313441 9H(BHP103scp, BePAP) Ao Z2of djsh
3 12(DN3317) 9] A &= <olr izt kgl

CCK-8 41 A7}, sH5H% 12(0N3317)0] AAM, waeh, RRALE 2 SRPIAG AX S48 832
EHoRE AT & %% F AATHE 21).

2.12. 33E 1(DN203368) 3 FdAIe] HE Foo 3 I AE F29 oA

ool M E(HCT116, SWA80 2 CT26 A XE)elA 712 aobalel sh3hE 1(DN203368)e] W& FoJ= <lak bt
AE F4 oA &3 dolnad s,

7]

A

grolA 2 o}ubE]d (Apatinib), A#]Zgt€l(Oxaliplatin), 5-ZF2 292} (5-fluorouracil, 5-FU)<
=

ofo

el AEF HCT-116 AlEA 71E 30 uM oFu}E]d (Apatinib) 2 5 M DN203368S w52 S wols 2
83%, 79%¢] ME AEES Bk, 12} 30uM oFFhEld (Apatinib) @ 5uM DN2033685 FAlol A g -
= 27%9 AE AEES BPU(E 229 A 2 B). Y AEF HCT-116 AZEANA 2 pM 5—@&_;%3}@1(5—
fluorouracil, 5-FU)3} 2.5 pM DN203368S w02 Agdk 9ol zhz; 70%, 68%9] M¥E BEES Bt).
2 uM 5-ZF 9 =92} (5-fluorouracil, 5-FU)I} 2.5 pM DN203368S SAlol A3 ALolE 54%2 AE A
EE5S HIAU(E 229 O). A AEF HCT-116 AZEAA 0.5 pM %%al—a—a}%(omhplatm)i} 2.5 uM
DN2033685 ©=A7 P& dwloe 27 82%, 68%2] AX AEES Btk 0.5 uM SAElE2kd (Oxaliplati
n)¥ 2.5 pM DN203368S EAlol A st 49-ols 5699 AXAYEES HATHE 229 D).

717_'}

thgdet AIES SWA80 AEoNA 2 uM 5-ZF 9 292+ (5-fluorouracil, 5-FU)3} 2.5 pM DN203368S ©HEo=
Ags Agole 2z 79%, 80%e] AE AELES w2 pM 5-ZF &S24 (5-fluorouracil, 5-FU)¥}
2.5 uM DN2033685 sAlel A Af-ol= 49 %9 Al ASE&S BTH(E 239 A). diZet AlEF SW480 Al
FolA 0.5 uM 4l Zee (Oxaliplatin) ¥ 2.5 pM DN203368< =2 1S wols zH2: 92%, 80%] Al
AEES BYth. 0.5 pM S| Zeke (Oxaliplatin) @ 2.5 pM DN203368% EAlo] HMEoz A3 H$-oes
68% MXE AEES HIUTH(E 239 B).

thgdet AESF 126 AEolA 6 pM okubEld (Apatinib)¥} 5 pM DN203368S 5] 5 24217k wjol= Z4zt

94%, 70%S] A AEES HS. 6 uM o}3Ed (Apatinib)@ 5 pM DN203368S sAldl M-S woll= 9%
o AE AEES HATHE 24).

o AW whsh gol, ¥ we] wWE ¥l HFEe AL Yate] HEHOR B o BY L FFH &
3} o ey wE ARl #8370 A8E F Aok, E@, B2 | I

_46_



omn
J
Jm

=9
EH]
A Normal tissues Tumor tissues B
#1 H2 #3 #4 #5 #1 #2 #3 #4 #5 Normal (n = 10), Tumor (n = 10)
ERRB “-W g ERRB :1_:; ERRy
©
ERRYy | & 257 4x & 154
> >
el Q2 * %k
o 2.0 = ———
ST M_.—- ﬁ 'ﬁ b
@ 1.5+ @
E E
#H6 H7 #8 #9 #10 #6 #7 #8 #9 #10 2 104 2
= = 0.5+
= 'L g
ERRG | ™= ™ =~ &~ — G P o~ 2 05 £
3 ]
£ 00— £ 00—
ERRy = Normal Tumor = Normal Tumor
—— @ o
B-actin -.-m_'_'
C Dx
Normal Cnacer el
ERRgamma  Neg h== 12 33 45
Dx W % 100.0% 30.6% 37.5%
Pos h== 0 75 75
ERRy
Dx W % 0.0% 69.4% 62.5%
A N 12 108 120
Dx W % 100.0% 100.0% 100.0%
ERRbeta Neg M= 12 27 39
Dx U % 100.0% 25.0% 32.5%
Pos Th== 0 81 81
ERRB
Dx U % 0.0% 75.0% 67.5%
£ s 12 108 120
Dx U % 100.0% 100.0% 100.0%
=
Q,Q
O W n°
&N &

ERRy l_#um‘"
B-actin M

ERR

S, | — — —

B

B-actin w

_47_

10-2503296



k1
N2
(VA
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