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[129]

ol stell A, 2wl ol 7] Beka] 1= HAIH = S el FAlel R A oo
thste] WAl B Hof TAACZ A sHA Ry, B digo] 3] A o) 2§
=48 o),

<HEZA] 1>

O‘ (Cp*RhCly),
1
N Cu(OAc),
OO H NaBF,, MeOH
100°C, 12h
Sub 1 Sub 2 Formula 1
7] i A 13} o], - b of] whE 3}§ha & Rh(II) S shel] b gk 91

X-

(Cp*RhCly), OO .

AN, + R2—R2 Cu(OAc), ‘O NN
Oe N cl NaBF,, MeOH

100°C, 12h

1a Sub 2 Formula 2

1. Sub 1 4 4

1.1a 3-Z 2 Z-N-(Fo] d-1- ¢ W &)= Z ¥-1-0} 71 ;; 3-chloro-N-(pyren-1-ylm
ethyl)propan-1-amine) g7 <

T tHberE 222 25 mLOll 1-pyrene aldehyde (4.34 mmol, 1 g), 3-
chloropropan-1-amine hydrochloride (4.34 mmol, 0. 565 g), TEA (2.42 mL), ™ €t
< (6.5 mL)= ¥l 24A17F Fok ik 2 B A1 71 & 0°CE WS H sodium
borohydride (13 mmol, 0.5 g)& & 7}8}al 24A] {1 & QF 3 HEEl At} Hh-§-0] &4 1
H =8 s Frksk F E2 2 e o 2 33] A F eIt 715 75 Na,
SO,& AZA 7|3 7%k o3 3 5 35% 5 Ay A 2l 19 I (n-hexane:ethyl
acetate = 5:1)& ©|-&3to] A =& AAQ B A 1A, & 46%, 0.61 g).

'H NMR (400 MHz, CDCL;) & 8.37 (d, J = 9.24 Hz, 1H), 8.20-8.17 (m, 2H), 8.14 (d,
J=8.32 Hz, 2H), 8.04 (s, 2H), 8.02-7.98 (m, 2H), 4.49 (s, 2H), 3.67 (t, /= 6.48 Hz,
2H), 2.96 (t, J = 6.72 Hz, 2H), 2.02 (quint, J = 6.56 Hz, 2H), 1.50 (br-s, 1H); “C NMR
(100 MHz, CDCls) 6 133.9, 131.5, 131.0, 130.9, 129.3, 127.8, 127.6, 127.3, 127.2,
126.1, 125.3, 125.2, 125.0, 124.9, 123.4, 52.2, 47.0, 43 .4, 33.1.

IL 384 1 34 o]
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1. MF19 9-3-22 222 9)-7,8-1] 7 d A & & =[1,9-gh]o} o] & F = 9-F &
EgEF 22 B 9| E; 9-(3-chloropropyl)-7,8-diphenylphenaleno[1,9-ghlisoquin
olin-9-ium tetrafluoroborate) 34 4

Hl-o] ¢k 5 mLl| 3-chloro-N-(pyren-1-ylmethyl)propan-1-amine (1 mmol, 0.3 g),
diphenylacetylene (1.5 mmol, 0.27 g), copper acetate (2 mmol, 0.36 g), [Cp*RhCL], (5
mol%), sodium tetrafluoroborate (1.5 mmol, 0.165 g), W &= (5 mL)-& ¥ 31 100°Ce]|
A HEA ks 5 o ghshar, of el & 7kt s Sekal A9 AR wE 18 9(CH,
Cl:MeOH=5:1)E o] &-3to] A =& AATHA A 314, & 81%, 0.458 g).

'H NMR (400 MHz, DMSO) 6 11.33 (s, 1H), 9.66 (d, J =9.24 Hz, 1H), 9.00 (d, J
=9.16 Hz, 1H), 8.73(d, J=7.8 Hz, 1H), 8.58 (d, /=7.32 Hz, 1H), 8.45(d, J=9.2
Hz, 1H), 8.35 (t, / =7.68 Hz, 1H), 8.26 (d, / =9.24 Hz, 1H), 8.17 (s, 1H), 7.58 (t, J
=3.52 Hz, 2H), 7.46-7.37 (m, 8H), 4.82 (t, / = 7.4 Hz, 2H), 3.68 (t, J = 6.08 Hz, 2H),
2.44-2.40 (m, 2H); "C NMR (100 MHz, DMSO) 6 146.6, 143.6, 137.9, 137.8, 135.1,
134.2, 133.6, 131.9, 131.2, 131.0, 130.6, 130.46, 130.40, 129.9, 129.5, 128.8, 128.7,
128.6, 128.5, 128.4, 127.8, 123.5, 122.6, 121.9, 120.8, 120.4, 57.0, 41.9, 33.2; LC/
MS(ESI) m/z : 482 [M+H]"

2. MF32 (9-3-Z2 22X 29).7,8-9] 24-H S A 5 ) A & & =[1,9-gh] o}
°o|AFEH-9-F HEZHEFLZH Y | E; 9-(3-chloropropyl)-7,8-bis(4-
methoxyphenyl)phenaleno[1,9-ghlisoquinolin-9- ium tetrafluoroborate) &3 9

3-chloro-N-(pyren-1-ylmethyl)propan-1-amine % 1,2-bis(4-methoxyphenyl)ethyne
S 371 MF19 §4 2 o] &3to] A== cME}(ﬂ A LA, 8 82%, 0.259
).

'H NMR (400 MHz, CDCL;) & 11.44 (s, 1H), 9.54 (d, /= 9.0 Hz, 1H), 8.68 (d, J =
8.96 Hz, 1H), 8.47 (d, J=7.8 Hz, 1H), 8.31 (d, J =7.32 Hz, 1H), 8.22-8.15 (m, 2H),
8.11 (s, 1H), 7.91 (d, J =9.12 Hz, 1H), 7.24 (d, J = 8.64 Hz, 2H), 7.15 (d, J/ = 8.6 Hz,
2H), 6.94 (dd, J = 8.58, 6.96 Hz, 4H), 5.07 (t, J =7.32 Hz, 2H), 3.88 (s, 3H), 3.84 (s,
3H), 3.61 (t, J = 5.6 Hz, 2H), 2.458-2.453 (m, 2H); “C NMR (100 MHz, CDCl,) &
160.8, 159.7, 147.0, 143.6, 139.1, 139.0, 136.1, 134.1, 132.8, 131.9, 131.86, 131.81,
130.8, 130.7, 129.3, 128.6, 128.2, 127.7, 126.4, 123.6, 123.1, 122.3, 121.7, 120.7,
114.6, 114.3, 57.53, 55.6, 55.5, 41.3, 34.2; LC/MS(ESI) m/z : 542 [M+H]"

3.MF33 (9-3-Z22 22 29).78-4H 24-ZF 2 25 4)3 ¢ =[1,9-gh]
olo] A F = H-9-& H EZEZFQ Z B ¥ o] E; 9-(3-chloropropyl)-7,8-bis(4-
fluorophenyl)phenaleno[1,9-ghJisoquinolin-9- ium tetrafluoroborate) &3 9

3-chloro-N-(pyren-1-ylmethyl)propan-1-amine % 1,2-bis(4-fluorophenyl)ethyne-&-
A7 MF19 4 & ol &35t A& ¢ ME}(X* A 31|, 428 86%, 0.259 g).
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[140]

[141]
[142]

[143]

[144]

[145]
[146]

[147]

[148]

'H NMR (400 MHz, CDCL;) & 11.64 (s, 1H),9.63 (d, J=9.16 Hz, 1H), 8.78 (d, J =
9.04 Hz, 1H), 8.57 (d, J =7.76 Hz, 1H), 8.39 (d, J =7.32 Hz, 1H), 8.30 (d, J =9.08
Hz, 1H), 8.24 (t, J =7.68 Hz, 1H), 8.05 (s, 1H), 7.97 (d, J = 9.12 Hz, 1H), 7.37-7.34
(m, 2H), 7.24-7.22 (m, 2H), 7.15 (t, J = 8.32 Hz, 4H), 5.10 (t, / = 7.92 Hz, 2H), 3.64
(t, J=5.56 Hz, 2H), 2.52-2.45 (m, 2H); “C NMR (100 MHz, CDCL;) 6 164.5 (d, Jcr

=75.34 Hz), 162.0 (d, Jcr =72.41), 148.0, 142.5, 139.5, 138.0, 135.6, 134.6, 133.2,
132.7 (d, Jcr=8.55), 132.4 (d, Jor = 8.15 Hz), 131.8, 131.0, 130.8, 130.1 (d, Jer =
3.56 Hz), 129.7, 129.0, 128.5, 127.6, 126.9 (d, Jc = 3.83 Hz), 124.8, 123.5, 122.4,
121.7,120.2, 116.7 (d, Jcr =22.05 Hz), 116.4 (d, Jcr = 21.63 Hz), 57.5, 41.2, 34.2);
LC/MS(ESI) m/z : 518 [M+H]"

4. MF44 (9-3-2 222 29).78-t| = 2 F A &8 =[1,9-gh]o} o] & F] = -9-
 HEZEF L2 B9 9] E; 9-(3-chloropropyl)-7,8-dipropylphenaleno[1,9-
ghlisoquinolin-9-ium tetrafluoroborate) &3 9

3-chloro-N-(pyren-1-ylmethyl)propan-1-amine 2 4-octyne-S- 7] MF19 &/} &
ol-gsto] A ES AT = LA, 8 85%, 41.6 mg).

'H NMR (400 MHz, MeOD) 6 10.79 (s, 1H), 9.36 (d, J = 9.2 Hz, 1H), 8.93 (s, 1H),
8.75(d, J=9.12 Hz, 1H), 8.58 (d, J=7.76 Hz, 1H), 8.46 (d, /= 7.36 Hz, 1H), 8.37
(dd, J=22.4,9.16 Hz, 2H), 8.25 (t, /=7.72 Hz, 1H), 5.13 (t, / = 7.84 Hz, 2H), 3.91 (t,
J=5.84 Hz, 2H), 3.54-3.50 (m, 2H), 3.39-3.37 (m, 2H), 2.71-2.64 (m, 2H), 1.98-1.90
(m, 2H), 1.33-1.29 (m, 6H); "C NMR (100 MHz, MeOD) & 146.6, 145.5, 140.3,
138.4, 136.8, 134.8, 133.07, 133.04, 132.4, 131.5, 129.9, 129.8, 129.5, 129.2, 125.5,
124.8, 122.4, 122.2, 120.1, 57.8, 42.5, 35.6, 32.18, 32.15, 25.4, 24.6, 14.9, 14.6; LC/
MS(ESI) m/z : 414 [M+H]*

5.MF45 (9-3-2 222 29).7.8-8] 2(4-(t] dl € o} v =) ) A & &) :=[1,9-
ghlolo] 2 F & -9-§ HEHZF 2 & B ¥ o] E; 9-(3-chloropropyl)-7,8-bis(4-
(dimethylamino)phenyl)phenaleno[1,9-ghlisoquinolin-9-ium tetrafluoroborate) 3}
7

3-chloro-N-(pyren-1-ylmethyl)propan-1-amine % 4,4'-(ethyne-1,2-diyl)bis(N,N-
dimethylaniline)& 7] MF19 &4 {8 o] &35t A E-& AATHH A a4, 5
& 75%, 48.9 mg).

'H NMR (400 MHz, MeOD) 6 11.01 (s, 1H), 9.49 (d, J=9.16 Hz, 1H), 8.82 (d, J =
9.12 Hz, 1H), 8.63 (d, /= 7.8 Hz, 1H), 8.46 (d, J = 7.36 Hz, 1H), 8.35-8.26 (m, 3H),
8.06 (d,J=9.16 HZ, 1H), 7.28 (dd, J = 8.72, 1.96 Hz, 4H), 7.01 (d, J = 8.72 Hz, 2H),
6.80 (d, J= 8.8 Hz, 2H), 4.98 (t, J = 7.52 Hz, 2H), 3.61 (t, J = 5.6 Hz, 2H), 3.09 (s,
6H), 3.01 (s, 6H), 2.46-2.40 (m, 2H); "C NMR (100 MHz, MeOD) & 152.4, 150.3,
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[149]
[150]

[151]

[152]

[153]
[154]

[155]
[156]
[157]

[158]

[159]
[160]

146.7, 146.5, 141.0, 140.0, 137.9, 134.9, 133.3, 133.1, 132.8, 132.4, 131.3, 130.0,
129.9, 129.6, 129.0, 125.8, 124.9, 122.7, 122.6, 122.4, 119.8, 115.1, 113.1, 58.9, 42.2,
42.0, 40.5, 34.8; LC/MS(ESI) m/z : 569 [M+H]"

6. MF35 (9-3-2 22X 2 9)-7,8-H] 2 (4-(H] H d o} ] 1)) ) & &) =([1,9-
ghlolo] 2 F & -9-§ HEHZF 2 & B ¥ o] E; 9-(3-chloropropyl)-7,8-bis(4-
(diphenylamino)phenyl)phenaleno[1,9-ghlisoquinolin-9-ium tetrafluoroborate) 3
7

3-chloro-N-(pyren-1-ylmethyl)propan-1-amine % 4,4'-(ethyne-1,2-diyl)bis(N,N-
diphenylaniline)& 7] MF19 34 & o] &38Fo] A28 AAThHS 24 a4,
T8 77%, 69.6 mg).

'H NMR (400 MHz, MeOD) 6 11.01 (s, 1H), 9.40 (d, J=9.16 Hz, 1H), 8.75 (d, J =
9.04 Hz, 1H), 8.57 (d, J=7.8 Hz, 1H), 8.42 (d, J = 7.4 Hz, 1H), 8.40 (s, 1H), 8.32 (d,
J=9.12 Hz, 1H), 8.23 (t, J = 7.68 Hz, 1H), 8.10 (d, / =9.12 Hz, 1H), 7.35-7.29 (m,
10H), 7.19-7.07 (m, 20H), 5.07 (t, / = 7.64 Hz, 2H), 3.73 (t, /= 5.6 Hz, 2H), 2.54-2.47
(m, 2H); "C NMR (100 MHz, MeOD) & 150.8, 149.7, 148.7, 148.4, 146.8, 145.4,
140.6, 140.0, 137.0, 134.9, 133.25, 133.21, 133.0, 132.8, 132.1, 131.1, 130.77, 130.73,
130.4, 129.9, 129.8, 129.4, 128.9, 128.8, 126.2, 126.0, 125.7, 125.5, 125.3, 125.2,
124.9, 124.5, 123.4, 123.0, 122.6, 122.4, 122.0, 58.7, 42.4, 34.8; LC/MS(ESI) m/z :
817 [M+H]*

Bk of A Al ol A, in vivo 2 -2 A5 18~20 g2 657 =% Balb/c athymic
nude mice (Orient Bio Inc., Seungnam, Korea)& ©]-83}31 o1, &
A= A el m e e A EAE A A
o whel 4 % ALEEt Tk BRI S BT A R A FEAY LY
o] 91918 o] 2l M Z: DGMIF-19020701-00)2 A A X 838}t

[ 1183 A7 &4
H 2} 28 A A = =2 41 & o] 17 v (high signal to background ratio)& 7}4
of gttt ofof] - hgol] whE 31g=o] A Al71E A sH7] 9@l in vitro FH
oln 7 & Gt L.
%= la B 5 1boll A B vpek o], ¥k 319kE MF19, MF32, MF33 3 MF44
FAE H S A A TEE e Lo, MF359F MF45+= ATl
S R A = S B e =

3

o

s

_O
2 of

2l
o

[EAd 2l A5 R AAZALE a3 4
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[61]  Elebmoe] AA S o X sol 2gel7] Sl Ak Az A A FA ol
of o sk v, QLA ol A3z 18 A Sholof @), olo] & FH A EE ek B

b o] 3}8H5(MF19, MF32, MF33 2 MF44)ol] t&Fo] CCK-8 assayZ ©|-&3}¢]
A4} Al 3£ (CHO, 1929, CCD-18Co) 2 th 4 Al £ (RKO, SW480, HCT-116)°ll A1

=& 7tk

[162] WA, Z47pe] A3EE 969 Z¥ol B AlFstal 4 E MF33= 55 des)
o] A& &t vl. TAE Aol CCK-8 (10 wb/ D) A kS Al E o 7} 3 37°C
of| Al 90+ &<t F7FE Aol A5ttt &9 o] E 55 7](BioTek instruments,

Winooski, USA)E AF&3}e] 450 nmol| A &35 & =459t}

[163] 5 2a WA 5 2dellA] B3z v} o], MF19, MF32 5 MF44+= 74 Al 3 3 o
G AZ BT A FE o EH R 524 HAE e AT v, MF33
et A Eo| A FAS A EA]S BRI T AA M Eo| A= A LA 1)
BRI A ol whe) obAlEof) gk M e A A 5t oS 5 9l

[164] ool MF339] HCT-116 A| 3£oll A 24 @A 55 3 Al EAPE o v ‘1% o] &
& F7F AR A3, & ofol] =AIE nEe} gho], MF33 A1 2] @ HCT-116 Al 3291 4]
=y oF:Aown Zul) 34 Seo] 2askel om, v 8 2 A2 ¥ HCT-116 Al

Fo| A= 28 A &gkt =3 Annexin VE o] 83k A A A Aap 2goﬂ
A Bz vke) o], MF33 22 A el gt o 2 Al A o] AR 3| Frhehe o 4
o]

AA

[165]  MF339| A8 A A ELEAdo] e 3o bl = 248
ah7] 8l H ok, A HA S B A A E o AR T2
wABl) o1 AT, X 2ol A Wi je} ol A4 %
Al, MF33-2 A549, PC3 2 BHP103scp Al ol 4] -5 5 o] &
L ERH ST

[166]

(1671 [N 3] AEA gk Apdel Agr1a B4

[168]  A1E}A ok AbE ] 2871 S LA 8] e MF33 A &] HCT-116 Al £ 5 °] &
3] western blotting &A1& 535151t}

[169] WA, A @A 55 98 Al 3EE MF33.2. 2 37°C, CO, 15 o] B o] A{
24A| 3t & QF A 2] 6} a1, PBS(phosphate-buffered saline) 2 23] Al % 8} ST}, Z 2 |
oA L EATeELA] A A ZHE| Y 7] E(Thermo Fisher Scientific)E 3 $F5}= W
APH A 2 A (RIPA) €% 9 (Thermo Fisher Scientific IL, USA)S o] &3] A
EoAEdEg GElAZ T G| MEE (P S FaL A o A7 the- 4°C el A
13,000xg= A 2] 8} St} BCA(bicinchoninic acid) ¥ 4] 7] E(Thermo
Fisher Scientific)& A}-83Fo] whul A A Z-o A 2351910}

[170] & ©ilA S 10% 2F SUlA dHolE Zeofadeln = A AV|dF
o 2% 3}a1 PVDF % B ¢ 21 (Millipore, Billerica, MA, USA)2. 2 %A T} UHe
Tween-20(TBS-T)= 3£ §}3}5= TBS(Tris-buffered saline)ol| A 5% A §-= 1A 7+
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[171]

[172]

[173]

[174]
[175]
[176]

[177]

[178]
[179]
[180]

[181]

©
Wi

Febatar 4°Col A BEA) 5% BSACN A 2429 12} &FA| &2 B3l et lvt. Q15
2, Al 2-o| 4] HRP(horseradish peroxidase)- 7177 o] A ¥ 22} e+ A4 2 B
AZEEQ Bl EGl vk 2 TBS-TE 33| Al X3t A58 4+ 313}

& E o
o 0O
o

[u—

I
2l
2 3(ECL) A% Al “F(GE Healthcare Life Sciences, Pittsburgh, PA, USA)S- A}-8-3}
o] A Zak ol

A8 12} 8 A = -3 2t} p53 (Santa Cruz, working dilution 1:500), cleaved
caspase8 (Cell signaling; dilution 1:1000), cleaved caspase9 (Cell signaling; dilution
1:1000), PARP (Cell signaling; working dilution 1:1000), cleaved caspase3 (Cell
signaling; dilution 1:1000), p21 (Cell Signaling; dilution 1:1000), and p-actin (Cell
Signaling; dilution 1:5000).

A& HRP-F &% 22 34 & of5-3 &t} : anti-mouse (Cell Signaling) and
anti-rabbit (Cell Signaling).

Western blotting ¥4 A 7% 3a W A] X 3g), MF33 %] 2] ¥l HCT116 Al X o) A &
G AAJNAZAM Fp532] FF £do] e e, A 7] A A 2 A p212]
uhe] 22 03] E A E Al X EC MF33 A 2§l HCT-116 Al o A B4 ¢
A WEFS TR ME33.2 =2 A el | - A eyl Jh2abA] 84} FF 2 akA] 97F F 7t
ColE2 A A R A AEANE A R2AA 523t o] H B o]t
sk, MF33 A 2] ¥ HCT116 Al o A A 7h2 944 3 2 A vkl PARPS] F7F
T o A] A2 2E ME33°] p53/p21/7F=aA]-3 Ala Ad A 29

5 B8 P54 BAE FETS LS Aok

—~

=

ol &
2
o
_EL

Ol

mﬂ L=
0.|., m}ﬁ

[ 41 BA K &3 oA £4
B 4% MF33(1 mg/kg) S 2 mF$-2s0l) Go] ket 5 AA W 4 ol 4 &
T35k 2| 1IVIS Spectrum CTE ©]-8-35Fo] o|n| ] 35}5} 51 T}

1 A, 5 da E 5 4boll A Bz vl o], AL A F npg- o] A Al o) A
MF339] 73 g3 A s7t 4w o Az oEA o= &3 Az 7t A%
o %4 B % 443 s, A A4 Aol 4 dY AEot A%
ATt

[AA] ¢ 5] FATAA ] ABA AL F5 24

312 MF330] A4} A E7F oY SFA ZoA] MEN A 0 7 T E =X o] LE
A Yl A A Al E(CCD18co) B A A 2 F Ml 3E(RKO 2 HCT-116)
ol MF33& A&l & . 55 A 254U & ALgstel MF339] Al £ 558 3
ettt

5% 5a WA & 5coll =A|F vlef ol HAEH &
MF338] &= 71 2] ey #] oggkon, v %
4o % B AT 555 ephele.

Lo A CCD18Co A 3 o) A
b A2 Ao A oA = FE 9

L
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[182] Z7bE ) 313HE ME330] Aol FH oA Eok WS A ZHE e 4=
|

& ¥A13817] 918 HCT-116 F % HA np§-2=0f

B AR 5 244170 ol A W GG ol & A s I 5dol A & 5 3l
= vhe} o], MF33e] ol nh-2a o] S el A g3 A2t AEH A
Tk 1| 3]

| =1 [e)
ol U E nhp-2oll M= AEH A Fdh
o
5

(1831 B A A 9 olv] A e e AT, Se D sl A 1 e s) o],
ME33 9] vh$-2- 9] £ ofol A= Hhe &3 2 57} B2 E A7 08 2 5 nh
2o A= A H A gkt

[184] A7 Ao 25 813E MF339] in vivo 2 in vitro $A E A AE A F47 5

[185]

[186] [2Ad 61 ZAHEZHAA Y FF NS

[187] A EEZ AL ok Aol W E o }01 %ELL t}. 1 mg/kg MF33
£ nh9-22(N=5)9] whutee] v st AR 3047 F Z%% A sho] A A LH
g ol & At 7L AT, = 6a H = 6¢0l] LER BES}
ol A et 3 A S 7F HEE AT = eboll A K= vhe %01 *ﬂ Al ol &

ol AX| A HZ Aol A st F G NEE YER o, tixat H3E A
A= F A7 ERA] gttt A7 A ot 2R E ME330] Al E E%—H A
Y A& e 783 < 53

[188]

[189] [ Al 4 7]in vive &% 84 4

[190]  MF339] @ 35 24871 A8, HCT-116 § & B4 vh-200 7] 18] &
of 3F5-of ot H E7 A 25 F-3 1 mgkg 2 5 mg/kg] MF33-8 501331t
]3] 2 8912 5% DMSO, 55% DW, 40% PEG H| & & A 2= gl o, A= F
& A71E FA A T FI(mm’)E 7] A& RSkl ALkskaltt

[191] FoF B¥)(mm®) = d* x D2

[192]  A71A d: 7H & A7 (mm), D= 7 11 27 (mm) o] o}

[193] 223} Hl8E A2l e vk ARE A ool w24 49l FF A8 & et
WA OV 7a), MF33 2.2 A2 A5 55 o &2 07 3¢ 24& e
SATH(S- 7b). @8 5 mg/kg MF33 A 2] gl np-220l| M $-523 &5 mab7F e
AR, 1 mg/kg MF33 A o] | vh-9-220l| A 3= &5 % 2 37F EfubA] 9kt

[194] 5= 7doll A K= uke) gho], 1] 3] & 2 2] | v B vk MF33 A 2] ¥ np-9-220f A
T Tl o Wk oH, 5 mg/kg MF33 A 2§ np-g- 2ol A & 43k 2fo] 7p ik
A¥ A invivo FF 24 4 7, B8] F A2l d vk R MF33 A 2] | v}
G220 A B A A D AT s UEEA] e (5 Te), 1L 23 MF339] T
G AmARA L THeAdE FAD 5= U

[195]
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[196]

B2
fite]
0

o
ol
ofn

0%

[197]
[198]

F Aol t}, whebA], 2 g Al Aol 7Y

k)
=

o] 7bs

[E]

A7 910l o)

o}h <]

T
T .

o] Haw e

A ol §7H5 A

[199]
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[ 1]

[7d - 2]

[ 3]

[7d - 4]

(%453 5)

[ 6]

[T 7]

C~Cp®l &Z7]; A8 Hoi= B X 2HE Cy~Cyy 2l
]ﬂlﬂ Cs“'czo/] o]-w'ﬂﬂﬂ;’_( | g B = ] ]%]'lﬂ(b
FoIXI kol A AdE e,

Far, X gk Bz H A fh e C~Cyp 2l EZ 7] A 3 Bz Bl A
A| 2 = 1A $HE Co~Cyp®l o} 7] R A2 I
el 2 are] 7] = o Fol X ol A A B a1
Xt&?ﬂ”ﬂ] , F71AF o] & iz Frefol o,
o171, 7] &A7], AA7], ob LAY, obE Y] B FE| = are) 7=
"E‘I*/\ a7, C1“'(:1()/] %}7317];(:1“'(:109] A ];C6~C209] O]“-ﬂaﬂ; Z
NRRZQE°H4$Q?MA1 AE sk o] o] X&' v A gk

14}

- G - ] %-JZ—
Al 1&el Aol A, 7] R*= A3 = v 2 v d V]l A 5H o=
Stz o ol = A RE 2=
Al 13l $ho1 M, 7] R:= C~Ch ol €791 s S 05 o= ¢ o
FEEARS 2T
Al 13el Slol A, 7] R 213k = X 3 CrCp ] BBl = a12] 7]l
Ae SACR = B ARE 2w
A 38ke]l oA, A7 R%= A7 AL EA 0= 5= oF o v A
5g2A4E
Al 38l Aol A, 7] R*= R, C~Ceol ¥ 7]  -NRR" 2.2 o] F
o el A A B g skt ol el A&y & X)ghE dd e, 4V R R
R"™EME SHA QR C~Cool L7 iz A 7R A& 5 o= sk
el EE AR g 2B
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|

2

Q_—rL

[

<& (Ilymphangioendotheliosarcoma), /3 Al 3£

o
<, EMC(extraskeletal myxoid

Ay
s ol

% ]
A

chondrosarcoma), ¥ &, H ¢,

M

¥ o 2
or o ™
o B Mo
T T AT
Pm w o
mémuf
e Mo
Pm o No
m 4 T oo
= B gl
o B
i
%%ﬁ%
i o
T o P
< oF
Mo Mo o
of of "
T Mo
21 B Mo
Mo B
T o o
" o oF
s
S0 Mo o
B or =
T % B

Y

NS

3(caspase-3) A

254

7}

p533, p21 &£+

j= e}
=

A7 24

2

A

3l glof

Al 1

5} 9]
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[

2] 12 3AH
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" ME SHAOR C~Cd €V HdE V] R RS
50171 ol 4 A elgch)

A 12 A= 3 eS FadE o= F3hshe o o] o

=~ &
g
o ™

:

73 11] st

e
:

12308 C,~Cpp® AZ17]; 2|3 H 3= 1] X 2HE CnCy )
i)

= B A2 C~Cy ] V5 X 8F Him WA
13 BE3= 1] X 3HE CrCpp®l oF 7] R 2] 3 5
Bl2are] 7] 2 o] Fofxl ol A A ey ar,

o] L= defolxolH,

A7), ol LAY, oY R El 2 a7 =
%Z,:i; @'iﬂl; Ci~Cio %}7317]; Ci~Cio®l &HA| 7]; Co~Ca0® O]“-ﬂaﬂ; Z
-NRR"; &2 o] Foi 3] sto| A e H st o] ko] X 8k7] = o] & | ghd

A
T A,

7R AR MR SHHOE C-Coo L7597 R 22284
7]z o] Folxl el A A El et}
47 12] AR WA AR T o= 3 o] 2AES Folahs dAE Eehe

2
N
2
oy
N
gl
i
N
12
=
u
Nt
O



1/18

WO 2024/237697 PCT/KR2024/006644

DMSO MF 19 MF 32

5.0

MF 33 MF 35 MF 44 MF 45 K0

1.0

€ 8x10°
S

=

% 6x10° -
A=

>

Q

@ 9

3 4x10°
=

L

g

5 2x10°

(Y]

x

©

5

[ o—




WO 2024/237697

[5=2a]

150 -

100+

%)
o

Cell viability (% of control)

2/18

-# CHO

& 1929

. RKO

- SWA480

u % HCT116
.. - CCD-18Co

150 -

100

%)
o
{

Cell viability (% of control)

-#- CHO

& L1929

- RKO

-4 SW480

#- HCT116

- CCD-18Co

PCT/KR2024/006644



3/18

WO 2024/237697 PCT/KR2024/006644
[5=2c¢]
MF33 CHO
150 - g 1929
#- RKO
’§ & SW480
*cc'; - HCT116
ke 100 -+ CCD-18Co
(@]
O\O
Py
S 50+ e
2 o
D
O
0 T ] |
0 5 10 15
uM
[52d]
MF44
150 -
(@]
E g L929
8 100 -4 -z RKO
© & SW480
= | # HCT116
= m LB -w- CCD-18Co
= 504 9
©
=
©
O
O i § i
0 5 10 15



4/18

WO 2024/237697 PCT/KR2024/006644
[5=2¢]
150 -
-@- AB49
[= % PC3
C
§ 100 & BHP103scp
o
S
=
5 50~
8
>
©
o
0 ! i J




5/18

PCT/KR2024/006644

WO 2024/237697

6.0}

L O el

0b 401

et

Qe O 0

e

Lo

=

N j

%G6'.6
——

5
%

i
¢
%

%
t
%C

e Gy

M
.m,
0796

w\.&a

)
§
[

N

£

2 =

SJUno?

0€c

10

(Ar)ee4n



WO 2024/237697

[5=3a]

P53
p21

Caspase 8

Cleaved Caspase 8

Caspase 9

Cleaved Caspase 9

Caspase 3

Cleaved
Caspase 3

PARP

Cleaved PARP

B-actin

6/18

MF33(uM)

HCT116

PCT/KR2024/006644



7/18

WO 2024/237697 PCT/KR2024/006644

[5=3b]

=]
<
2
2
g
£
©
C
©
m
MF33(uM)
[%23c]
p21
1.5~
=]
<
> 1.0~
2]
3
£
£ 05-
m
0.0~
0 1 3

MF33(uM)



WO 2024/237697

3d]

Band intensity (A.U)

3e]

Band intensity (A.U)

Cleaved Caspase 8

4 -
3
2.
1
0 -
0 1 3
MF33(uM)

Cleaved Caspase 9

MF33(uM)

8/18

PCT/KR2024/006644



9/18

WO 2024/237697 PCT/KR2024/006644

[5=31]
Cleaved Caspase 3

3 -

Band intensity (A.U)

o 1 3
MF33(uM)

Cleaved PARP

I
i

N
i

Band intensity (A.U)

MF33(uM)



10/18

PCT/KR2024/006644

WO 2024/237697

[5=4a]

#2

#1

7.0

x108

2.0

€€4IN Jo uonoslul Jeye sinoH




11/18

WO 2024/237697 PCT/KR2024/006644

1.5x10""

1x10""

5x10'°

Total Radiant Efficiency [p/s] / [w/cm’]

10.0

Heart
Pancreas
Spleen

Liver
2.0

Brain




12/18

WO 2024/237697 PCT/KR2024/006644

ki
I

[5=4d]

1.5x1010 -

1x1010 -

5x10°

Total Radiant Efficiency [p/s] / [law/cn]

CCD18-Co

7 g MF33(uM)

R675-H :: SPC-H




13/18

WO 2024/237697

RKO

10! 103 10° 10’
R675-H :: SPC-H

MF33(uM)

HCT-116

PV (L 1

10’

MF33(uM)
R675-H :: SPC-H

PCT/KR2024/006644



14/18

PCT/KR2024/006644

WO 2024/237697

[5=5d]

5mg/kg
MF33

omg/kg
MF33

Vehicle
Vehicle




15/18

PCT/KR2024/006644

WO 2024/237697

-
vy
i

3

5
x101°
0.01

™

-

prd
—
5 o)
5ol
o
£ pd
B x -
S x =
e X S
S c
> O
© (@) C
AR AN iaecer e e Susaeey S
L % & & % % ° =
= 5 & F & =

[wo/mM] / [s/d] Aoueroiyg Jueipey [ejoL

Fluorescent




16/18

WO 2024/237697 PCT/KR2024/006644

1.36
x10°
0.06
Control paw Injected paw
[%=7a]
HCT-116
1500
T
£
j;; 1000 -
£
3
(@)
>
5 500~
£
3
|_
] 1 i
10 15 20

Days post-therapy

-@- Vehicle
- 1 mglkg MF33
5 mg/kg MF33




17/18

PCT/KR2024/006644

WO 2024/237697

[5=7b]

S

* %
Body wight

0 1
MF33 (mg/kg)

Day 18 post-therapy

1500 -
500~

o
o
S
W) 8Wn|OA Jown | WybIm Apog

€

[5=7c¢]

14

7
Days post-therapy

Vehicle

1 mg/kg MF33
s 5 mg/kg MF33




18/18

WO 2024/237697
L=7d]
Day 18 post-therapy
*
1.5 |

—

(®)]
o’

b

i -

=

(5]

=

S

O

e

: e

0 1 5

MF33 (mg/kg)

PCT/KR2024/006644



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2024/006644

A.

CLASSIFICATION OF SUBJECT MATTER

A61K 31/473(2006.01)i; A61K 41/00(2006.01)i; A61P 35/00(2006.01)i; A61P 35/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K 31/473(2006.01); A61K 49/00(2006.01); CO7D 221/18(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal), STN (registry, caplus), Google & keywords: ¥ & #] &= ¢} ©] 2 7] & €] 5 (phenaleno isoquinoliniu
m), Y(cancer), &%} (anticancer), Bl 2} 2112 A] 2x(Theragnosis), 7+A] # * A (sentinel lymph node, SLN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

KR 10-2023-0023911 A (KOREA RESEARCH INSTITUTE OF CHEMICAL TECHNOLOGY et al.) 20
February 2023 (2023-02-20)

A See claims 1, 6 and 9. 1-12
HAN, Y. R. et al. Discovery of novel phenaleno isoquinolinium-based fluorescence imaging agents for
sentinel lymph node mapping. Journal of Materials Chemistry B. 2021, vol. 9, no. 48, pp. 9946-9950.

A See abstract; figure 1; formula 1; and Conclusions. 1-12
OKUDA, H. et al. Identification of an Ultimate Mutagen of 10-Azabenzo [a] pyrene: Microsomal
Oxidation of 10-Azabenzo [a] pyrene to 10-Azabenzo [a] pyrene-4, 5-oxide. Chemical and
Pharmaceutical Bulletin. 1979, vol. 27, no. 10, pp. 2547-2549.

A See abstract; and Chart 1 (compounds 1 to 6). 1-12
SONG, L. et al. Chemoselective Peptide Backbone Diversification and Bioorthogonal Ligation by
Ruthenium-Catalyzed C-H Activation/Annulation. Advanced Synthesis & Catalysis. 2021, vol. 363, no.
13, pp. 3297-3304.

A See table 1 (compound 3-13). 1-12

Further documents are listed in the continuation of Box C.

See patent family annex.

®

WA

“pr
“g»

“p

“«o”

«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

wr

D&

wyr

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

02 September 2024

Date of mailing of the international search report

04 September 2024

Name and mailing address of the [SA/KR

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2024/006644

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

KRIEGER, J. -P. et al. Efficient and Modular Synthesis of New Structurally Diverse Functionalized [n]
Paracyclophanes by a Ring-Distortion Strategy. Angewandte Chemie. 2014, vol. 126, no. 33, pp. 8849-
8852.

See formula 10 (compound 49).

SON, K. H. et al. Discovery and Feasibility Study of Medical Fluorophore 33 as a Novel Theranostic
Agent. ACS applied materials & interfaces. 2023 (15 October 2023), vol. 15, no. 39, pp. 45539-45548.

See abstract; RESULTS AND DISCUSSION and CONCLUSIONS; and figures 1 and 2.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2024/006644
Patent document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) Y (day/month/year)
KR 10-2023-0023911 A 20 February 2023 KR 10-2632535 Bl 02 February 2024

Form PCT/ISA/210 (patent family annex) (July 2022)



A F AR A

=AEUHE
PCT/KR2024/006644

A, DR £ IS EFEASIHEFUAPC)

A61K 31/473(2006.01)i; A61K 41/00(2006.01)i; A61P 35/00(2006.01)i; A61P 35/04(2006.01)i

B. FA

-

d Eof

e

A H A DA S EFE 71

A61K 31/473(2006.01); A61K 49/00(2006.01); CO7D 221/18(2006.01)

ZALE 7] s obel]l Hohe H AR o] o] d
P dGAlE R B g ) 84k i Ak H A ekl 7] 2| IPC
AEFHH GG R B A7) Golebe v A HAEF el 7] A€ IPC
= A Al o] 8- Ak ol B M o] 2 (H o] H M o] 2 2] A B A Mol (3 Sl F )
eKOMPASS(5-3] 4 W& AHAYA| 28, STN(registry, caplus), 75 & 7|9 = %ﬂ Y o}o] A~ = 2] F(phenaleno
isoquinolinium), $(cancer), 3 %(anticancer), Bl €71 A] 2~(Theragnosis), 7 4] # 3 A (sentinel lymph node, SLN)
c. BEEH
G ECE QgAY % wd THENGHE 32 71 el 97
KR 10-2023-0023911 A (-7 3} 8t 791 &) 2023.02.20
A 471,69 -2
HAN, Y. R. 5, “Discovery of novel phenaleno isoquinolinium-based fluorescence imaging agents for
sentinel lymph node mapping”, Journal of Materials Chemistry B, 2021, 978, 483, pp. 9946-9950
A Z2F; = 1; =4 1; Conclusions 1-12
OKUDA, H. 5, “Identification of an Ultimate Mutagen of 10-Azabenzo [a] pyrene: Microsomal
Oxidation of 10-Azabenzo [a] pyrene to 10-Azabenzo [a] pyrene-4, 5-oxide”, Chemical and
Pharmaceutical Bulletin, 1979, 273, 103, pp- 2547-2549
A 25221 (EHE 1WA 6) 1-12
SONG, L. 5, “Chemoselective Peptide Backbone Diversification and Bioorthogonal Ligation by
Ruthenium-Catalyzed C-H Activation/Annulation”, Advanced Synthesis & Catalysis, 2021, 36373, 133,
pp- 3297-3304
A E1EHE 3-13) 1-12
KRIEGER, I. -P. ‘&, “Efficient and Modular Synthesis of New Structurally Diverse Functionalized [n]
Paracyclophanes by a Ring-Distortion Strategy”, Angewandte Chemie, 2014, 1267, 333, pp. 8849-8852
A =210 (815 E 49) 1-12

[V]57t #210] 2ol 714 5] o) Ag5LIe

#QgH Sy 5 :/]’E'H»T’—E]:
“AY S| o] gl Ao ol Al | E5E S T EAEYY B S ol BAH Ao 23}
Aol wd JEehA gron W o] v 27k s gL o] B8 ol sl sl
D& FAEYoA U] AR R 3l dgdEd
B FAZYARG ME SUY B LHYS I FAZUY w0 swe gelo] 9l Hal 8P Bal shbvr o T uh o
o] o] TP HEU e 58 £ AR e R H A o] 9y A 0w B},
L AT Fel o i Al v|she Bl Ei rhe 2l 4w Al . N .
R e e e sioter Y ST R0 5§ o B ool s ol el vk
FY Tt o 53 ol f(o]+ 8 YAHE B3] 7] Hshed e e Ehal o o
&d v qui¢1'4—]-?:doif] o’:lr_ g = qul S ?11]'01] Al Ad gk ¢
R bz 3 H S 2 HAo Ao F
07 FE AN, A, AN EE ) FEg ARt g B STAMEE dn Aol fE Ao
P A o) Fol FAHYO ZAZAY oA AR HR & TALASEATA Sk
A z=ARe] A R = A AR LA E A
20241309902 (02.09.2024) 20241109904 (04.09.2024)
ISA/KR®] 3 2 A2 A A
RS 534
(35208) WA F G A| A7 HALZ 189, 4% (AL, CEX

AR NAH A
22 1 5. +82-42-481-8578

2 8} 5 +82-42-481-5373

XA PCT/ISA/210 (- A 27y (202213 78)




A EALE A ZAEANE.

PCT/KR2024/006644
C #d £33
G EEE QGTAY R el FAENTE B2 A el 7Y

SON, K. H. ‘&, "Discovery and Feasibility Study of Medical Fluorophore 33 as a Novel Theranostic
Agent", ACS applied materials & interfaces, 2023(2023.10.15), 153,393, Pp- 45539-45548

PX %5 RESULTS AND DISCUSSION; CONCLUSIONS; =% 1,2 1-12

A& PCT/ISA/210 (- 1A £-4]) 2022\ 79)



A Z AR I A TAEUH D
NSE3 o B AR

PCT/KR2024/006644
A ZA ALk A hev E =] & hev
jj;]% g’;g_%“] 1 2 =3 2
KR 10-2023-0023911 A 2023/02/20 KR 10-2632535 B1 2024/02/02

A2 PCT/ISA210 (H]-8-5-3] F=7F8-#]) (2022 79)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

