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(57) Abstract: The present invention relates to a novel benzopyran derivative or a pharmaceutically acceptable salt thereof and a
pharmaceutical composition comprising same as an effective ingredient. Having no influence on the complex structure of HSP90 and
HSF-1, the compound represented by chemical formula 1, a pharmaceutically acceptable salt thereof, or a solvate thereof according to
the present invention does not induce the activation of HSF-1 or the expression of HSP genes, with the consequent effective promotion
of cancer cell death and, as such, can be used as an effective ingredient of an anticancer agent.
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deposition)% Lol

[96] 4 w9 oPJrOl Hsp902] #2} AR & 752 Al o Ale Ad
75'13’_01] A 9= v s el A E w0 ok A 3t ghAd slol) F e sttt
A A Tt o] Ap=E W] o= QA 231 ol A Hsp90o] F2 Al
Tl o] 1-2% 5 AFA AR, @] o] Ap=5 Wiz 27 ol A 3= Hsp909] el 5

W AL SIheth ol A E dld o] okl EQlWlol = U 2 750
Hsp90 7|58 875kl Hsp90o] a0 & o]of x|, 4} 22 of] ]3]
I-E ¥ Hsp90-2 A E 9] &5 57 o] th(Bagatell, R.; Whitesell, L. Altered
Hsp90 function in cancer: A unique therapeutic opportunity. Mol. Cancer Ther. 2004,
3, 1021-1030).

[97] ErbB2, Src, Met E| 2241 7| 1}-o} A4, MEK 1/2(mitogen-activated protein kinase
kinase), Akt, Raf-1, AFo] &3 2]&EA] 7] Lo} A (Cyclin-dependent serine kinases),
2HEO|E T2 8, Wb A 59 9 A (telomerase),
< el 2 (MMP-2), HIF-1a(hypoxia-inducible factor-1a)E ¥ 3+3F= Hsp90
o)A E thll AL A o] AE =4 X Mol Al ATA =S
E3teteE st A S A A7 Aol EA) O}L oHd Al 7o gk
&1 4 9 th(Eustace, B. K.; Sakurai, T.; Stewart, J. K.; Yimlamai, D.; Unger, C.;
Zehetmeier, C.; Lain, B.; Torella, C.; Henning, S. W.; Beste, G.; Scroggins, B. T.;
Neckers, L.; llag, L. L.; Jay, D. G. Functional proteomic screens reveal an essential
extracellular role for hsp90 alpha in cancer cell invasiveness. Nat. Cell Biol. 2004, 6,
507-514).
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12 |NCT-20

13 |NCT-21




15

WO 2020/040582 PCT/KR2019/010731
14 |NCT-43 - [3}3H2] 15]
o
L
{
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f
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f
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20 |NCT-364 O \/\ﬁ& [3}3H2] 21]
f
21 |NCT-407 - []}3+2] 22]
7
22  |NCT-394 O\/\/ﬁi& [} 2}2] 23]
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[107]

[108]  ©l3}, A E Eate] 1wy
3

Al ghE] = 31 o = 4]
AoJ A 2 e Aot}
[109]
[110] AA ) 1: & A X
[111] & 38t A& P A o= o] & 758k 3l& ALgst ik A g7t A9

AEvtE 2y = A7 230-400 W4, Merckell A <=3 3131 o}

[112]  'HNMR 23 E 2.2 JEOL JNM-LA 300(300 MHz), 400(400 MHz), 500(500
MHz)oll A 7] 5 5 it

[113] 87 F24L 31329 Az iS4 g3 Aot

[114] )XQ‘

[115] AloF 2 Z71-& (a) 3-methyl-but-2-enal, pyridine, 140 °C ,0.n.; (b)Mel, K,CO,,
DMF, 70°C, 2h; (¢)H,O,, NaH,PO,, NaClO,, AC, r.t., 2h; (d)K,COs;, DMF, 70°C, 3h;
(€)10% Pd/C, Hy. (2)DCM, r.t, 2h: (NEDC-HCI, TEA, HOBt, DCMo] t}.

[116]

[117] 1.1. 5-Hydroxy-2.2-dimethyl-2H-chromene-6-carbaldehyde 2] A%
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[118]

[119]

[120]

[121]
[122]
[123]

[124]

[125]

[126]
[127]

o 0
H )r)\o a H
——
HO H HO

A7t FFEE 2710004 399 (50 ml)ol] 2, 4-dihydroxybenzaldehyde (5.53 g,
40 mmol) & &38| A1 71 3-8 o] 2, 3-methylbutenal (2 ml, 20 mmol)E # 7} ¥
A A (sand bath) & ©]-§-3to] HE-§ 2525 140 °CE FA| A 7] AL 24 ] {F
WHksEIT) o] 5, A AAEE A A F WSV E A2 02 A F] 31 IN HCIZ
%3171 ), EtOAc (100 mD) &} 2 (100 m)E %39t 59 §715&
MgSO, 2 Z1Z2A 7] 31 249 F 558131t EtOAc/Hex (1:4) & &5 &=
227+ (230-400 mesh) 2 A2 v E 1 9] 2 A A 3l
5-Hydroxy-2,2-dimethyl-2H-chromene-6-carbaldehyde & 53} $1 T}

yellow solid (1.35g, 32%). '"H NMR (300MHz, CDCl;) $11.62 (s, 1H,0H), 9.63 (s,
1H,-CHO), 7.26 (d, 1H, J = 8.43 Hz, H7-chromene), 6.66 (d, 1H, J = 10.05 Hz,
H4-chromene), 6.40 (dd, 1H, J = 8.61 Hz, 0.72 Hz, H8-chromene), 5.58 (d, 1H, 10.08
Hz, H3-chromene), 1.49 (s, 6H, CH;).

J

1.2. 5-Methoxy-2.2-dimethyl-2H-chromene-6-carbaldehyde &] A %

~0

i

e

DMF°l| 5-hydroxy-2,2-dimethyl-2H-chromene-6-carbaldehyde (1.35g, 6.6 mmol) &
B3l 3t =3t-g Mol LEFFIFE Y| o] E (3.69 g, 26.7 mmol) 2} iodomethane (1.24
mml, 19.9 mmol)& H7Fek F A A7} 5291 ¥ = 271 0 & 70°Cel| A 3AIF
WHEEF I TE o] - HAAS A 718t whg 255 Ao w vE 5 E (20
ml)& H7teto] vhg-& T 5353t} 3182 2 EtOAc (20 ml x 2) 2} brine (25
ml) & 3 331 MgSO,2 71 %2 T 749h-5 %319 o} EtOAc/Hex (7:3) 9
S8 v 2 A g7 (230-400 mesh) ZH A ZnpE 1 I 2 G A 3o
5-Methoxy-2,2-dimethyl-2H-chromene-6-carbaldehyde & 53} 1 T}

brown oil (1.05 g, 72%). 'H NMR (300MHz, CDCl;) 610.15 (s, 1H,-CHO), 7.63 (d,
1H, J = 8.58 Hz, H7-chromene), 6.62 (d, 1H, J = 8.61 Hz, H4-chromene), 6.57 (d, 1H,
J =10.08 Hz, H8-chromene), 5.67 (d, 1H J = 10.08, H3-chromene), 3.88 (s, 3H, CH,O
), 1.44 (s, 6H, CHy).

1.3. 5S-Methoxy-2.2-dimethyl-2H-chromene-6-carboxylic acid ol A x
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[128]
H

BN

o,

0
o
|

[129] oA Erfo] EH (20 ml)©l| 5-Methoxy-2,2-dimethyl-2H-chromene-6-carbaldehyde
(1.05 g, 4.81 mmol), NaH,PO, (114mg, 0.95mmol), H,O, (1.82mml, 3%, 4.8 Immol),
NaClO, (652.8mg, 7.22mmol)E F 7}}aL A 2ol A 2A] JF 1l HEsEA T
SFE AL EOAC/H20E 5% F MgSO, = & T 79 55319t
MC/MeOH (30:1)¢ &&= A 2] 7F4 (230-400 mesh) Z# A =ntE 1] =
354 & A A 5lo] 5-Methoxy-2,2-dimethyl-2H-chromene-6-carboxylic acid &
FE gl

[130] yellow solid (710.8 mg, 63%). '"H NMR (300MHz, CDCl;) 6 7.89 (d,1H,J = 8.79 Hz,
H7-chromene), 6.68 (dd, 1H, J = 8.79 Hz, 0.72 Hz, H4-chromene), 6.52 (dd, 1H, J =
10.05 Hz, 0.54 Hz, H8-chromene), 5.72 (d, 1H, ] =9.87 Hz, H3-chromene), 3.93 (s,
3H, CH;0O), 1.45 (s, 6H, CHj5).

[131]
[132] 1.4. 2-methoxy-4-nitrophenol 2] *] 3} (1. Mitsunobu reaction). (2. Williamson
Reaction)

[133] o é;

N

) b2 d o 1«{{:}2

— o
07N

[134] (1) 2-¥| F-A]-4-}o] EZ 5] & 9] dlo] B=FA 155 9] %] -2 Mitsunobu reaction
Z71 8 0|83tk DCMO| 4-nitroguaiacol (leq)& &3l ¢ ¢, 0°Coll A &=
e o] A3 &2 A Q1 (1.1eq) ¥ Triphenylphosphine (1.5eq) in DMC-S- & 7}¢t
F, DEAD (40%l/toluene) (1.5¢q) S 2 718t et 23808 A x7t F35 =
279 A2 A 15A1F 1R F E& Hrtsto] vhE 02 F R A EtOAcE
FE T MgSO.=2 71& ¥ 8h-5538F31th EtOAc/Hex (4:1)= g
S8 2 A7 (230-400 mesh) ZH A Z v E 9 2 £ A S

4] Ak e FEaAt

[135] (2) DMF®I| 4-nitroguaiacol (leq)¥ K,CO; (3 eq)2 &3l 5lo] 308 nHk &
Aeet A R-AZAIES FUFeA T A DARES o] &5to] BhgL-
70°Co| A 3AI g kst ol A AARRE A Aot A0 = B 2 =2 H st
W88 TR £3-F 7133 &2 EtOAcE FE 313 brine & = of ¥

Mol ¥ MgSO, 2 AZ ¥ 7H3t-5% 319 U] EtOAc/Hex (4:1)S &% &1 2
S8 2 A7 (230-400 mesh) Z ¢ AZvtE IR Z3EA S
QA st A5t stg=g 58T

[136]
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[137] 1.5.0ld=le] A=

[138]
[139]
[140]
[141] 1.6. ofnpol =A%t
[142] Qx
é ‘ N,
| /a-—
[143] g ol d ™ st MR A Hol Al = 35F=-8 DCMell &3 &F 5
EDC-HCI (1.5 eq)¢} HOB (1.5¢q), TEA (2 Seq) & A7l £ g
2| Z 8~ 275 o) 154 7F W HE Y] o HE2 oA T A A A EES A 7] 5]

qeow LEE el B2 Hrbstel WS EAG o] F

=

23 FIEHASDCM O E &5l brmefli ol#] ¥ Aol & H MgSO,= =
FAS-EEE Y AR s eyt Zd ArntE Y E
o]

[144]
[145] 1L7. A oA ¥4 4
[146] A gk A gk Wl = vfo] 2

[147] NCT-88

[148] 'H NMR (300MHz, CDCl;) § 9.61 (s, 1H), 7.96 (d, J = 8.79 Hz, 1H), 7.63 (d, J =
2.37 Hz, 1H), 6.94 (dd, J =8.43 HZ, 2.55 Hz, 1H), 6.84 (d, ] = 8.61 Hz, 1H), 6.72 (d, J
=8.61 Hz, 1H), 6.60 (d, J = 10.62 Hz, 1H), 5.73 (d, J = 10.08 Hz, 1H), 3.93 (s, 3H),
3.88 (s, 6H), 1.47 (s, 6H).

[149]

[150] NCT-368

[151] 'H NMR (300MHz, CDCl;) §9.60(s,1H), 7.93(d,J = 8.79 Hz, 1H), 7.62 (s, 1H), 6.88
(s, 2H), 6.69 (d, J =8.79 Hz, 1H), 6.58 (d, ] =9.90 Hz, 1H), 5.71 (d, J = 10.08 Hz,
1H), 4.14 (t, ] = 5.31 Hz, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 3.75 (t, ] = 5.31 Hz, 2H), 3.43
(s, 3H), 1.44 (s, 6H).

[152]
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[153] NCT-66
[154] 'H NMR (300MHz, CDCl;) § 9.63 (s, 1H), 7.96 (d, J = 8.79 Hz, 1H), 7.65 (s, 1H),

[155]
[156]
[157]

[158]
[159]
[160]

[161]
[162]
[163]

[164]
[165]
[166]

[167]
[168]
[169]

[170]

6.91-6.89 (m, 2H), 6.72 (d, J = 8.79 Hz, 1H), 6.60 (d, J = 10.08 Hz, 1H), 5.73 (d, J =
10.08 Hz, 1H), 4.04 (t, J =5.31 Hz, 2H), 3.92 (s, 3H), 3.88 (s, 3H), 3.09 (t, J =5.13
Hz, 2H), 1.47 (s, 6H).

NCT-82

'H NMR (300MHz, CDCl;) §9.63 (s, 1H), 7.95 (d, J = 8.79 Hz, 1H), 7.66 (s, 1H),
7.89 (s, 2H), 6.72 (d, J =8.79 Hz, 1H), 6.59 (d, ] =9.87 Hz, 1H), 5.73 (d, J = 10.08
Hz, 1H), 4.16 (t, J = 5.13 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.06 (t, J =5.13 Hz, 2H),
2.57 (s, 3H), 1.46 (s, 6H).

NCT-69

'H NMR (300MHz, CDCl;) 6 9.62 (s, 1H), 7.96 (d, J = 8.58 Hz, 1H), 7.64 (d, J =
1.83 Hz, 1H), 6.90-6.89 (m, 2H), 6.72 (d, J = 8.58 Hz, 1H), 6.60 (d, J = 10.08 Hz, 1H),
5.72(d, J=9.90 Hz, 1H), 4.13 (t, ] = 6.03 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 2.83 (t,J
=6.03 Hz, 2H), 2.40 (s, 6H), 1.46 (s, 6H).

NCT-96

'H NMR (300MHz, CDCl;) §9.62 (s, 1H), 7.95(d, J = 8.61 Hz, 1H), 7.61 (d, J = 2.19
Hz, 1H), 6.93 (dd, J =8.61 Hz, 2.37 Hz, 1H), 6.87 (d, ] = 8.61 Hz, 1H), 6.72 (d, J =
8.61 Hz, 1H), 6.59 (d, ] =9.87 Hz, 1H), 5.73 (d, J =9.87 Hz, 1H), 4.11 (t, ] = 6.03 Hz,
2H), 3.91 (s, 3H), 3.88 (s, 3H), 2.99 (t, ] = 6.39 Hz, 2H), 2.00 (quin, J = 6.24 Hz, 2H),
1.46 (s, 6H).

NCT-101

'H NMR (300MHz, CDCl;) §9.68 (s, 1H), 7.95(d, J = 8.79 Hz, 1H), 7.69 (d, ] = 2.40
Hz, 1H), 6.94 (dd, J =8.61 Hz, 2.19 Hz, 1H), 6.85 (d, ] = 8.58 Hz, 1H), 6.72 (d, J =
8.58 Hz, 1H), 6.59 (d, ] =9.90 Hz, 1H), 5.74 (d, J = 10.08 Hz, 1H), 4.19 (t, J =5.49
Hz, 2H), 3.94 (s, 3H), 3.88 (s, 3H), 3.31 (t, ] = 5.52 Hz, 2H), 2.80 (s, 3H), 2.25 (quin, J
=5.49 Hz, 2H), 1.47 (s, 6H).

NCT-055

'H NMR (300MHz, CDCl;) §9.61 (s, 1H), 7.93(d, J = 8.58 Hz, 1H), 7.65 (s, 1H),
6.85 (br, 2H), 6.69 (d, J =8.79 Hz, 1H), 6.57 (d, ] =9.90 Hz, 1H), 5.71 (d, J = 10.05
Hz, 1H), 4.06 (t, J = 6.24 Hz, 2H), 3.88 (s, 3H), 3.85 (s, 3H), 2.81 (t-like, 2H), 2.49 (s,
6H), 2.18-2.15 (m, 2H), 1.44 (s, 6H).
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[171]
[172]

[173]
[174]
[175]

[176]
[177]
[178]

[179]
[180]
[181]

[182]
[183]
[184]

[185]
[186]
[187]

NCT-029

'H NMR (300MHz, CDCl;) §9.57 (s, 1H), 7.89 (d, J = 8.61 Hz, 1H), 7.57 (s, 1H),
6.83 (s, 2H), 6.65 (d, J =8.61 Hz, 1H), 6.53 (d, J = 10.08 Hz, 1H), 5.66 (d, J = 10.05
Hz, 1H), 4.11 (m, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 2.68 (m, 2H), 2.22 (s, 3H), 2.13 (br,
2H), 1.90 ( br, 2H), 1.80 (br, 2H), 1.40 (s, 6H).

NCT-375

'H NMR (500MHz, CDCl;) §9.58 (s, 1H), 7.94 (d, J = 8.70Hz, 1H), 7.59 (d, J =
2.15Hz, 1H), 6.91 (dd, J = 8.50Hz, 2.20Hz, 1H), 6.82 (d, J = 8.60Hz, 1H), 6.70 (d, J =
8.70Hz, 1H), 6.57 (d, J =9.95Hz, 1H), 5.70 (d, J = 10.00Hz, 1H), 3.88 (s, 3H), 3.86 (s,
3H), 3.82 (d, J =6.65Hz, 2H), 3.16 (d, J = 12.10Hz, 2H), 2.67 (td, J = 12.15Hz,
1.95Hz, 2H), 2.01-1.97 (m, 1H), 1.89 (d, J = 12.85Hz, 2H), 1.44 (s, 6H), 1.34-1.26 (m,
2H).

NCT-385

'H NMR (300MHz, CDCl;) §9.53 (s, 1H), 7.88 (d, J =8.79 Hz, 1H), 7.54 (d, J = 2.19
Hz, 1H), 6.85 (dd, J =8.61 Hz, 2.22 Hz, 1H), 6.77 (d, ] = 8.58 Hz, 1H), 6.64 (d, J =
8.79 Hz, 1H), 6.53 (d, J = 10.08 Hz, 1H), 5.66 (d, ] =9.90 Hz, 1H), 3.82 (s, 3H), 3.80
(s,3H),3.79(t,J =6.24 Hz, 1H), 2.88 (d, J = 11.34 Hz, 2H), 2.25 (s, 3H), 1.96 (t, ] =
10.62 Hz, 2H), 1.85-1.82 (m, 3H), 1.51-1.39 (m, 8H).

NCT-20

'H NMR (300MHz, CDCl;) §9.57 (s, 1H), 7.89 (d, J = 8.61 Hz, 1H), 7.59 (s, 1H),
6.82 (s, 2H), 6.65 (d, J =8.79 Hz, 1H), 6.53 (d, J =9.90 Hz, 1H), 5.66 (d, J = 10.08
Hz, 1H), 4.14 (t, J = 6.06 Hz, 2H), 3.84 (s, 3H), 3.81 (s, 3H), 2.86(t-like, 2H), 2.59 (br,
4H), 1.62 (br, 4H), 1.39 (s, 6H).

NCT-21

'H NMR (300MHz, CDCl;) §9.61 (s, 1H), 7.93 (d, J = 8.61 Hz, 1H), 7.60 (d, ] =2.22
Hz, 1H), 6.92 (dd, J =8.61 Hz, J =2.19 Hz, 1H), 6.85 (d, ] =8.43 Hz, 1H), 6.69 (d, J =
8.61 Hz, 1H), 6.57 (d, ] =9.90 Hz, 1H), 5.71 (d, J = 10.05 Hz, 1H), 4.13 (t, ] = 6.21
Hz, 2H), 3.88 (s, 3H), 3.85 (s, 3H), 3.72 (t, } = 4.56 Hz, 4H), 2.81 (t, ] = 6.03, 2H),
2.57 (t,J =4.59 Hz, 6H), 1.44 (s, 6H).

NCT-43

'H NMR (300MHz, CDCl;) §9.60(s, 1H), 7.93 (d, ] = 8.79 Hz, 1H), 7.61 (d, J = 2.19
Hz, 1H), 6.90 (dd, J =8.79 Hz, 2.19 Hz, 1H), 6.85 (d, ] = 8.79 Hz, 1H), 6.69 (d, J =
8.79 Hz, 1H), 6.57 (d, J =9.87 Hz, 1H), 5.70 (d, J = 10.08 Hz, 1H), 4.12 (t, ] = 6.21
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[188]
[189]
[190]

[191]
[192]
[193]

[194]
[195]
[196]

[197]
[198]
[199]

[200]
[201]
[202]

Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.90 (t, J = 4.77 Hz, 4H), 2.80 (t, ] = 6.21 Hz, 2H),
2.53(t,J=4.77 Hz, 4H), 1.44 (s, 6H).

NCT-025

'H NMR (300MHz, CDCl;) 89.56 (s, 1H), 7.89 (d, J = 8.79 Hz, 1H), 7.56 (d, J =
2.01, 1H), 6.85 (dd, J =8.43 Hz, J =2.01 Hz, 1H), 6.80 (d, ] =8.61 Hz, 1H), 6.65 (d,J
=8.61 Hz, 1H), 6.53 (d, J = 10.08 Hz, 1H), 5.66 (d, J = 9.87 Hz, 1H), 4.07 (t, ] = 6.03
Hz, 2H), 3.83 (s, 3H), 3.81 (s, 3H), 2.79 (t,J = 6.21 Hz, 2H), 2.59 (br, 4H), 2.46 (br,
4H), 2.33 (s, 3H), 1.40 (s, 6H).

NCT-58

'H NMR (400MHz, CDCl;) §9.60 (s, 1H), 7.93 (d, J = 8.80 Hz, 1H), 7.62 (d, ] =2.40
Hz, 1H), 6.90 (dd, J = 8.40 Hz, 2.00 Hz, 1H), 6.85 (d, ] = 8.40 Hz, 1H), 6.70 (d, J =
8.40 Hz, 1H), 6.58 (d, ] =9.60 Hz, 1H), 5.71 (d, J = 10.00 Hz, 1H), 4.14-4.04 (m, 2H),
3.89 (s, 3H), 3.86 (s, 3H), 3.08 (bd, J = 12.00 Hz, 1H), 2.80-2.72 (m, 1H), 2.66 (dt, J =
11.60 Hz, 2.80 Hz, 1H), 1.89 (dd, J = 6.80 Hz, 2.8 Hz, 1H), 1.86 (d, J = 6.40 Hz, 1H),
1.78 (bd, J = 13.60 Hz, 1H), 1.69 (bd, J = 12.40 Hz, 1H), 1.60 (bd, J = 12.40 Hz,
1H),1.45 (s, 6H), 1.42-1.37 (m, 1H), 1.27-1.14 (m, 2H).

NCT-44

'H NMR (300MHz, CDCl;) 89.59 (s, 1H), 7.93 (d, J = 8.79 Hz, 1H), 7.59 (d, J = 2.58
Hz, 1H), 6.90 (dd, J = 8.61 Hz, 2.40 Hz, 1H), 6.82 (d, J = 8.61 Hz, 1H), 6.69 (d, J =
8.79 Hz, 1H), 6.57 (d, ] =9.87 Hz, 1H), 5.70 (d, J =9.90 Hz, 1H), 4.02 (t, ) = 6.39 Hz,
2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.12 (bd, J = 11.86, 2H), 2.68-2.60 (m, 2H), 1.76-1.69
(m, SH), 1.44 (s, 6H), 1.22-1.14 (m, 2H).

NCT-364

'H NMR (500MHz, CD;0OD) 87.62 (d, J = 8.60Hz, 1H), 7.48 (d, J = 2.30Hz, 1H),
7.10 (dd, J = 8.65Hz, 2.35Hz), 6.94 (d, J = 8.65Hz, 1H), 6.67 (d, J = 9.90 Hz, 1H), 6.66
(d, J = 8.36Hz, 1H), 5.82 (d, J = 10.05Hz, 1H), 4.06 (t, 5.85Hz, 2H), 3.86 (s, 3H), 3.85
(s, 3H), 2.84 (br, 2H), 2.78 (br, 2H), 2.07 (quin, J = 7.75Hz, 2H), 1.72 (quin, J =
5.40Hz, 4H), 1.56 (br, 2H), 1.43 (s, 6H).

NCT-407

'H NMR (500MHz, CDCl;) 89.59 (s, 1H), 7.93 (d, J = 8.65 Hz, 1H), 7.61 (d, J = 2.25
Hz, 1H), 6.90 (dd, J = 8.60 Hz, 2.30 Hz, 1H), 6.82 (d, J = 8.60 Hz, 1H), 6.70 (d, J =
8.70 Hz, 1H), 6.57 (d, J = 10.00 Hz, 1H), 5.70 (d, 10.00 Hz, 1H), 4.02-3.99 (m, 2H),
3.89 (s, 3H), 3.86 (s, 3H), 3.15 (bd, J = 11.55 Hz, 1H), 2.66 (td, J = 12.10 Hz, 2.70 Hz,
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[203]
[204]
[205]

[206]
[207]
[208]

[209]
[210]
[211]

[212]
[213]

[214]

[215]

2H), 1.94-1.86 (m, 2H), 1.80 (bd, J = 12.60 Hz, 2H), 1.73 (bd, J = 13.45 Hz, 2H), 1.63
(bd, J = 13.60 Hz, 2H), 1.44 (s, 6H).

NCT-394

'H NMR (500Mhz, CDCl;) 6 9.58 (s, 1H), 7.93 (d, ] = 8.70 Hz, 1H), 7.58 (d, J = 2.10
Hz, 1H), 6.91 (dd, J = 8.55 Hz, 2.25 Hz, 1H), 6.82 (d, ] = 8.55 Hz, 1H), 6.70 (d, J =
8.70 Hz, 1H), 6.57 (d, J = 10.00 Hz, 1H), 5.70 (d, J = 10.05 Hz, 1H), 3.97 (t, J = 6.75
Hz, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 3.14 (bd, J = 12.10 Hz, 2H), 2.62 (bd, J = 11.70 Hz,
2H), 1.82 (quin, J = 6.80 Hz, 2H), 1.74 (bd, J = 12.85 Hz, 2H), 1.44 (s, 6H), 1.43-1.37
(m, 3H), 1.25-1.19 (m, 2H).

NCT-377

'H NMR (400MHz, CD;0D) 8.44 (s, 1H), 8.37 (d, J =4.00 Hz, 1H), 7.76 (d, ] = 8.00
Hz, 1H), 7.64 (d, ] = 8.40 Hz, 1H), 7.48 (d, J = 2.40 Hz, 1H), 7.36 (dd, J = 8.00 Hz,
5.20 Hz), 7.10 (dd, J = 8.40 Hz, 2.00Hz, 1H), 6.91 (d, J = 8.40 Hz, 1H), 6.68 (d,J =
10.00 Hz, 1H), 6.66 (d, J = 8.00 Hz, 1H), 5.82 (d, J =9.60 Hz, 1H), 4.00 (t, J = 6.40
Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.89 (t, J = 7.20 Hz, 2H), 2.10 (quin, J = 6.40 Hz,
2H), 1.44 (s, 6H).

NCT-383

'H NMR (300MHz, CDCl;) §9.60 (s, 1H), 8.50 (br, 2H), 7.93 (d, J=8.61 Hz, 1H),
7.63(d,J=2.19 Hz, 1H), 7.20 (br, 2H), 6.88 (dd, J = 8.43, 2.37 Hz, 1H), 6.79 (d, ] =
8.67 Hz, 1H), 6.69 (d, ] =8.79 Hz, 1H), 6.57 (d, J =9.87 Hz, 1H), 5.70 (d, J = 10.08
Hz, 1H), 3.99 (t, J = 6.24 Hz, 2H), 3.90 (s, 3H) 3.86 (s, 3H), 2.84 (t, J=6.96 Hz, 2H),
2.14 (quint, J = 6.57 Hz, 2H), 1.44 (s, 6H).

AA o 2: Aol & =4 HSP90 A 3 Al NCT1 13719 &4 &2 9 8¢
AN X F BT474, JIMT-1 € MDA-MB-2319 A &8 ZA}

AZE FHF M E S BT474, JIMT-1 2 MDA-MB-231 -2} 10% fetal bovine
serum (FBS), streptomycin-penicillin (100 U/ml) 2 Fungizone (0.625 yg/ml)-<-
I3k Dulbecco's modified Eagle's medium (DMEM)®l| 4| 5% CO,, 37°C
37 o 2 n &Fakglt.

AL ¢k AT BT474, JIMT-1 2 MDA-MB-2310| 4] 2158k wl =g o] &
Fr 524 HSP9O A 3l Al NCT1 137] 2] $H4 &2 (NCT-20, NCT-29, NCT-44,
NCT-58 NCT-364, NCT-375, NCT-377, NCT-383, NCT-385, NCT-394, NCT-407)<
10 uM 552 72417 A 2] 3F 5 MTS assay 7' H 02 A EAFEES S48 )
MTS assayi= 96 well plate®l] 24A| {F & <QF M| 32 & F2A| 71 & Wz 0to] & /- T4

72X 3k A2l s,
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[216]

[217]
[218]

[219]

[220]
[221]

[222]

[223]
[224]

[225]

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]-&3t°] 490 nmeol| A F3 == SA ST

71 A QE Al £ BT474, JIMT-1 2 MDA-MB-23101 A 13 2] #l Z 3} o] &
AR5 A4 (NCT-20, NCT-29, NCT-44, NCT-58, NCT-364, NCT-375, NCT-377,
NCT-383, NCT-385, NCT-394, NCT-407) 25 A% AEE-S F2 817
AA AT a7 oFEA g 7] /-9 A& unpaired Students t-test® 7 &
(*p<0.01; DMSO control vs NCT1 series)3to] =3 3}5 1 th(& 1).

< /\l o 3: 7L AXFAM HEol & fr = NCT-58 R NCT-4079
SHAZNEESE SA

xﬂ 7EA o] ket Al BT474, JIMT-1 2 MDA-MB-23191 4] HSP90 # 3 A
NCT-58, NCT-4072 742} 0,0.1,0.5, 1, 5, 10 2 20 uM 2| T} 3t 5= =2 72 A 7F
b A et T A7) MTS assay 7| H 0.2 M| EAYEE-S 7819 TH(Cell seeding
numbers: 2(B), 1(J), 0.7(M) x 104 cells / wells (confluency > 25%)). Al 7F4] 2] 74t
A| E 0l Al NCT-58, NCT-407 oF & BF 55 S EA 0 2 ANENEES
S-2]5HA xi-g;ﬂf;j:]'- o ﬂo] ST M EAES AT EelA o7 3
T35l gl o, 72142 One-Way Anova, Bonferroni post-hoc test (*p<0.01;
DMSO control vs NCT-58 or NCT-407)% 7 F-ato] & 20 ZF Al 25 2
oFg A g2 T8 Zglsle] JERN AT

AA o 4: 5L A XS BT474, JIMT-1 £ MDA-MB-231°1 A @l z5}o]&
F =4 NCT-58 2 NCT-4072] A| & &) 3} A}

271 f-ukel Al S5 BT474, JIMT-1 2 MDA-MB-231¢] 4] NCT-58, NCT-407-%
10 uM & 5= 7241 F A 2] gk 2, oF = 9] o] gk A 54 of 75 A A A =
ol-g&3st] Al e H3E AEstgl). - 2 7E phase contrast microscopy &
x200 ¥ gl A #Q5to] 5 3] LEF ATE NCT-58, NCT-407 oF=2 # 2]
311 S ), BT474, JIMT-1 2 MDA-MB-231 A 5 F.Fof| A A EA o] 4=&38}+=
e Mot wz HQl o, AlEsAd o= Qlete] Tt o] AT g
AE = Al

AA o 5: 5L A XS BT474, JIMT-1 £ MDA-MB-231°0 A @l z5}o]&
Fr =4 NCT-58 2 NCT-407 E 2 Al ZAIE & A

NCT-58, NCT-407 &F&Eo] #-538h= A X o] APEA R E -4 X =4 7] (Flow
cytometry)E ©]-8¢F DNA &34 & Fato] 54313t BT474, JIMT-1 &
MDA-MB-231¢] o 3}], control (DMSO), NCT-58 2 NCT-4072 Z+Z}F 10 uM 2]
FEE DA A F AV AZES *éﬂ T, 24X F 52E0.5%
Tween-202 ¥313}= 95% ol ¥b2- 2 114 3lo], 304 &<} propidium iodide (PI, 50
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[226]

[227]

[228]
[229]

[230]

[231]

[232]

N

H:l
i

ng/ml)@ RNase (50 pg/m)E 7FA| 32 A 3E3A T} o] 2, 4] Q7=
ShA|SE o] APE A 5 HA 8l T

AHEA © 2 M| E 7] (cell cycle)+= /‘ﬂELH DNAQ] sheko] whef Gl
(*ﬂ EAAT)-S (A EEA7])-G2M (A FHD7N)E L o x|, Al EALE o)

S%H DNAS] dH ?54/“ (DNA fragmentatlon) S & HEsto], ZF Al ) &

DNAA gteFol G171 Bt A A 3] Hofxin). of 2§ Al AE o] A 3}i= Sub Gl
FAZM A EF7]o] EFAl B Sub G1o| B[ &S A& H7]8ke] & 49
717} Jehu 9l

371 NCT-58 3 NCT-407 5+ & 55 BT474, JIMT-1, MDA-MB-231 74 ¢F
M EFE A A EAFE (Sub-G1 population)= 2| 5HAl F- =3 2Fel sl Tl
M FZEAPE A2 54 0= 3 4230351 o1, /-9 A< unpaired Students
t-test= A 5-(*p<0.01; DMSO control vs NCT-58 or NCT-407)3}o], &= 4¢]] Z+7}+<]

A EFEE e L }sko] ERA AT,

A 6 Al ZTo] B XA NCT-58 L NCT-4079 2] 3 A| ZAHE A

A3l Al E/\}ﬂé % 212} caspase family member] 24 $}& Western Blotting

N,
ok
o
offt
of
s
PN
>
;L
32 &
_@

Western blotting Tﬁﬂ% %’4 3}4], control (DMSO), NCT-58 2 NCT-407-2 247} 10
uMe] F 52 72X 3F A 2§ &, ZF {99 M| 3258 phosphatase @} protease
inhibitorE 3 §}&}= lysis buffer (30 mM NaCl, 0.5% Triton X-100, 50 mM
Tris-HCI; pH 7.4)o| A &3] A| A A5 Nl EAst= dll &8 &) g d
55 542 Bradford protein assay kitE 7} 31 42851 9] o, 7+ oF &

A g] ol A el 30 pg-g 5817 F 8ko] SDS-Polyacrylamide gel

(8~15%)°N| 4] A 7| -5 35}¢] nitrocellulose membrane®l] A 7| 2] 0.2 & ¢ A] 7t}
7] B # 1< 5% bovine serum albumin (BSA)°ll & 4] ¥ A2} &4 [pro PARP
(1:1000), cleaved PARP (1:2000), cleaved caspase-3 (1:1000), cleaved caspase-7
(1:1000), B-actin (1:5000)] 2 7FA] 2L 4°Col| A 244 3F F-oF vb-8-81 3 2} g 9l
horseradish peroxidase (HRP)-conjugated rabbit IgG (1:3000)°l 2A] {F AF2-ol| A
HES Al Z T}, 7] @5 2] 41§ 7} % (Signal intensity) < Enhanced
Chemiluminescence Kit®} x-ray film S 2 235} T},

BT474 2 JIMT-1 f-HFoF Al 520l A caspase-32] 413} & e <1 cleaved
caspase-32] & Western blotting 7|'H &2 &-21¢+ A 1} tff ="} H] 1L 5} o]
NCT-58 R NCT-407 A &}kl A @ 4| 3] @hfzko] S-7heh& 2]lsk3lt). DNA
3] 35 Q12}Q1 PARP (Poly (ADP-ribose) polymerase)+= caspase-32] substrate =4,
NCT-58 & NCT-407 &F= A g ol 23l f- =¥ casapse-32] 4 s}l ol 8] ¥4
& pro-PARP (116 kDa)2| 7+4 2 cleaved-PARP (86 kDa)2| 5712 &1t
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[233]
[234]

[235]

[236]

[237]

[238]
[239]

[240]

371 MDA-MB-231 Al 5] 4] 3= NCT-58 2 NCT-407 ] 2] ¢l 4] cleaved
caspase-3 ¥ cleaved caspase-7°] 57182 &2lst i), o= Ml zafo| ¢
A ] fats AZA o] caspre B4J0] BT E TSR A0

371 A= 5 5ol YER AT

Ao 7: Wl ZT}o] & = A] NCT-58 2 NCT-40791 £} 3 HSP9O0 clients <]
A A

BT474 R JIMT-1 Al =5+ HER2 S Y A EFE HSPI09] A
client?! HER2, HER1 (EGFR)<] #&d 2 4] (phosphorylation)e HSP90 & A A| 1
NCT-58 2 NCT-407°] 3taFz=4 é;} T A=A 47| Western blotting 7] ©. &
ZAFSER T B8 HSPYO clients = A 32 A Eo]] 5= 2.8k 12}& <1 ERK, Cyclin D1
2 Survivin®] ¥H S ZAFSFSI TF NCT-58 2 NCT-4072 2+ 10 uM 2] 5 %=
w, BT474, JIMT-1 4| 5% ¢| HER2, EGFR9] & &
o, 243} & <l phospho-HER2, phospho-EGFR ] & ¢
AA 8] A A T oFE B M EF2] Q1491 ERK, Cyclin D1 ¥
Survivin®] W& S A A Z & 2153

T 2 oA 78 S (triple-negative breast cancer,

TNBC) Al 24 fihehe] At 3 Aol &o] %2 &l
A dalde] AlE A5, ol R b ool @ " HSP902] th3E 4 client?]
EGFR, STAT39] &l 3 Q43S A3 o, AE 1441 AKT, ERK, Cyclin
D1 2 Survivin®] W& -& ZALSFSI T NCT-58 2 NCT-407 9= 25
A& MDA-MB-231 Al 3£ 550] A EGFR, STAT3 9] & 5k ol &,
24 3} & Q1 phospho-EGFR, phospho-STAT3 9] & & A A 3] AR 7] o,
AKT, ERK, Cyclin D1 & Survivin®] 282 & % 3] A a3t} 7] & 23k
client5 9] & 2= & 60l YER ST

/7] Western blotting©ll AF-8-3# &z} &A= [HER2 (1:5000), phospho-HER2
(Tyr1221/1222, 1:1000), EGFR (1:2000), phospho-EGFR (Tyr1068, 1:2000), Akt
(1:2000), ERK (1:2000), phospho-ERK (Thr202/Tyr204, 1:2000), STATS3,
phospho-STAT3 (Tyr705, 1:1000), Cyclin D1 (1:3000), Survivin (1:1000), 3-actin
(1:5000)] = 5% bovine serum albumin (BSA)®l 3] A d}o] AL-&-3F3A ).

AN A 8: A AFPAYG A EF DUI4S, AL Al EF HCT116, 3+ Al 2
HepG2 2 B4 A X5 SKOV-39 A iz so] & f-E A 71 Al ZAAE &9
X & g A

A G A A ES DUL4S, 4 Al 3£ HCT116, 7+ Al 3£ HepG2 2
A9k Al 5 SKOV-30| A Wl & 3to] & 75 2] NCT-375, NCT-394, NCT-407
oFE-Eo| g & ALl 47 e] k58 10 uM H 2 724 1 A 2] 8 &
7] MTS assay 7| W &2 Al A EE-S 543 A3, 3719 oF&E ¥5 DU14S,
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[241]
[242]

[243]

[244]

[245]

[246]
[247]
[248]

HCT116, HepG2 SKOV-3 Al ZFE oA MEA LSS {2 sHA A o
o i el S Rl e =) ‘rr/] )& unpaired Students t-test= 7% (*p<0.01;
DMSO control vs NCT-375, NCT-394 or NCT-407)3}¢] &%= 7of Y-ERH I T}

A Ao 9; Al Z o] & A NCT-58°] €354 vH-5-(Heat shock response) =
FESA FFE HSF-19 Y dP o2 FA}

B2 3132 NCT-58°] €574 Hh-3-(heat shock response)= =34 &2

A5kl AA} A} HSF-19] Al 3 ] & & ﬁi%‘j?ﬂ 1] 74 (confocal

microscopy) @ ZAFSFSITh HSF-12 AAL 2 QA2 524 vh-s 33 F-AAA
HSP709] & & gz dsts Jlo= dejx glan, xﬂié U] ol 41 HSP9O 2}
AFE FEE A g} 7]1E 9 N-2 e HSPOO A1 3l 4l 7F HSP90 o] N-2h ATP
A3 Abo] Eof] A 3tel Al ¥H HSF-1:= HSP90.o. 2 -] H-2] & of A 322 ol A
AFEEA) (trimerization) S & A 8lo] Q1AL3} ] of B4 S 7FRI T}, 24l 31 %] HSF-1-2
S 2§91 ¥ o] DNA 2] HSE(heat shock response element)®ll 2 3-3}31, HSP70,
HSP40 2 HSP27 58] €54 "h-33 ¥ € HSP A A&2] 2dl
TTHATI R A AE, T2 R A FEAE O] oA B 1= o] 7]
AN 7= AL A 2

B b o] Wl Z3ho] & F- A 91 NCT-58(N58) C-et HSPOO A] 3l Al =
HSF-10] SKBR3 A2 9] W2 2 %] ¢F&-& 2213519 o, N-EHHSPI0
A3l Al €1 geldanamycin (Gelda) HSF-10] & Wjell A Z}slA] el &
H o Z < M (Immunocytochemistry) 71 H & &3}l glstit). 47| oFE 9
o] gt HSF-19] d A#t= & 8ol YLt

A S v @l SKBR3 Al 255 8] Sefo]l o) ¥538¢] NCT-58 ==
geldanamycing 24X 7 A 2] gk 3 M EZE 49
v} 3 5 ¢ o] 3] = (paraformaldehyde) 2 327 8} St HSF-1 ¢ 2} §14) 2
Alexa-488 goat anti-rabbit IgG ©] 2} & A| & o] -8-3}o] HH &g A S
Tt o, AL E-E DAPIE A AT 7] olu| Al = xR o=
50040 o] wjg-el A ZF st

o
S
Ot
i
N

L mlo

°|

A

A 10: Wz o] F =4 NCT-58°] HSP709] H @ o WX & G & A}

NCT-58(N58) 3} 3= o] 54 w38 F5ot4] &e& &elstr] ¢85t
HSP709] #&-& £AF3H T HSF-10] § % 3F= HSP70-2 Al EAME § & 1#<l
caspases, death receptors, bax &3 A ¢3to] g =4 Q& A FEAE o] o A ¥ =
Wol7| Aol &g sirl7]= Ao m def A Ak N-Ed HSP9O 4] 3 Al 91
geldanamycin (Gelda)& HSP709] & & 798t/ 7 xghs W A4 A
(Immunocytochemistry) 7| H & 5 3to] &elativt. Mlzatol & f =4 Ql C-2dt
HSP90 #] 3}l 2] NCT-58-2 HSP702] "Hd & - 5-5H#4] ¥+-& SKBR3 3 JIMT-1
A E S B0l A S etlth 7] eFeoll 2l 3 HSP7029] & A= & 90

Ty
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[249]  AWHE E}mﬂr 2t} SKBR3 2 JIMT-1 Al £ 5 J 1 o] =0
T 5F] NCT-58 %+ geldanamycine 24 A F A 2] $F & A& 49
g xS s =2 143t HSP70 ¢ A} &b 2 Alexa—488 goat anti-rabbit
IgG o2} FA & o] &3te] HA P FA NS 3t o, A E3]-S DAPIE
AASEATE A7) ol v A= AN A o= 5000 o v gl A 2T
[250]
[251] A Al ¢ 11: NCT 44 £ NCT 589] &3 = 574
[252]  NCT 44 Z NCT 589 &3] %= & SA4st7] Ysto], T4 (Standard curve)> 1
mg/ml product solutionS serial dilutiond} ] # <& -5 % 100ng/ml, 200ng/ml,
500ng/ml 55 9] &3 JHET, o] 8- N5 standard = 3} sample?] 55
AHE381S1 31, Serial dilution®l] 4] ©]-& /3~ MeOH= A}-8-51 51 T}
[253] 5 54 AE-E Product 3 mg-S- 100ul EtOH®] = ¢] solution-S-
A Z3FATHEE = 30mg/ml). FOFO 2 T} & A ¢ Bol L 24 2 v gk
AMZzo] Az Z,: glom g AA R & A% AL A A7) 30mg/n119]
g oS A A F-2)(13,200rpm, 5 min)dFaL L AFE <l 50ul T 53] F-A] 9
APESFI TN A ZE L B A o] EEEFA] ). 30mg/mlS serial dilution 3] ] <&
552 300ng/ml®] ¥ Al 8} th(standard curve &5 H ¢ otol] S o] 71A] 8] 4] sfo]
W-41). 300ng/ml2] &N & A 3aL 437 ol A standard curve S ET] 2 & *
F5E ALbe i
[254] 1 2%}, NCT 44 2 NCT 58] w7l v] 3] &3] =7} 58 21-&
kel sttt
[255]
[256] [3%2]
MW Solubility (in Ethanol)
Deguelin 394.42 50 mM
NCT 44 466.58 66 mM
NCT 58 466.58 69 mM
[257]
[258]

[259]

28
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379

g7 1] sl B 1R BAE = e iz ole] e o R 587 4,
EE O BEE
[shebA 1]

O

&71 Al A,
RIS X3} =
R2 R3 R+ % 1 R5:= 7}z
k71 7] (alkyl)©] 3L;
&71 Rio A 2| gk =i A 9] A9, 7] A 27]= A dA)

LA7] = C-Co A 7] (alkyh) 2 2] Sl S| B 2 a1e] g

A 7] (alkyD(F Bl 2 D A= A, Ak, 3 F st o] g x3teh,

e = =543, 643 arelolth)elth
g2l Al 0101*1 ”71 R'&| S 2 a2 q SV = )

= 1

7@ 3] ﬂlﬂﬂooviﬂ7 =
] & A] 7] (methoxy), 2- ™ %/\] -9l & A] 7](2-methoxy-ethoxy),
2-olu] d of] Z A] 7] (2-aminylethoxy),
2-v| & o}11] d of] & A] 7] (2-methylaminylethoxy),
2-t] W & o} 1] d of] & A| 7] (2-dimethylaminylethoxy),
3-o}n| d 3% 2 2 A] 7| (3-aminylpropoxy),
3-w| & olw] d 32 2 32 A] 7] (3-methylaminylpropoxy),
3-t W & o} m] d 3 & 3£ A] 7](3-