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Figure 1. Structure of Heat Shock Protein 90
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ke

oX,

client T 22 AL 9]

&, w23, ATl Voste ik Ax W Asde

o)

(cell signaling) ¥ A~E# A wHE (stress response) oA ZFA ¢l &S s,
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Client proteins Malignant phenotypes

Her2, EGFR, Raf, MEK Al 4
Akt, IGF—1R AL AE
JAK/STAT3, MMP2 o Aol
Cdk4, Cdk6 A F7]
VEGFR, HIF—-1 «, Src g4 B4
Telomerase T3 =4

Table 1. Hsp90 clients and the malignant phenotypes
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Hsp90 levelo] =t}

oje} L AMNEX Hsp90& Adlish= Zlo] mahz el &k 7[de] &

Aea AlAbetH, Gl el =2 &4 AEe Hsp90el dstAl dddstol 1 7ls

o

AAsh= sFehEol AR vy AL FEFe vIAEAM AL A9

= =N -
0% gt FAARA F8F A0% /YT & vk e AL Hsp90S



2. Hsp90 A&A g MEL =4 /Ao FdeA
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A Fo A Hsp90E Adlsts oz delzxl HAE Deguelin®] &2
ol FAS UeEhfE Ao 2A%Y] AREE =& ATE FYsPa, ok zg

o 224 2 78] Aok (ring truncation) dA2FE F3 Deguelin 54 L-802 &

Deguelin

Figure 3. Deguelin and its ring—truncated derivative, L—80
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2. 374

Sorafenib—type 3}3E2] A

Sodium tert—butoxide (NaO—Buw & 97|=Z 3} 2° —amino—4" 5’ —

=

dimethoxyacetophenone (1)3¥} ethyl foramteE HF2-A|# quinolinol 3}sHE (2)

3

ftlo
et
rok

% phosphorus tribromide (PBr3)< ©]&3] OHZ Brz X %3519

bromo—quinoline 3% (3)& L3t}

n—Butyllithium (n—Buli, 2.5M in hexane) < ©]€3] bromo—quinoline 3}

k= (3) ¥ 4-—nitrobenzaldehyde (4)& ®WH&AlA 2%F alcohol 3= (5) S §F

A4 Stk
o~ o~ o~
o . _o N _o
’ OH ’ B
~ ] T
NH, O Ny Ny
1 2 3
o~ o~
o )
0 c - OH
5 * M —_—
“ r NO ] O
2 N
NX X NO,
3 4 5

Scheme 1. Reagents and Conditions: (a) Ethyl formate, NaO/—Bu, 0C to r.t.;

(b) PBrs, DMF, OC tor.t.; (¢c) n—BuLi, THF, =78C tor.t.



o17] pyridine <=4 &}oll A acetyl chloride (AcCl) © & alcohol 3}3HE (5)
O—acetylation 3 ¥ (6), zinc® calcium chloride (CaCly) ZZ o)A
=

decarbonylation¥} nitro reductiong <33} quinolinyl methyl aniline 3}

i

(7) = S8l

22} alcohol 3}3E (5)S Dess—Martin periodinane (DMP) % oxidation

58t ketone 3HgHE (8) = skl

bof 24

ol

kol A A& nitro phenyl 3FTE (5, )L F4& 71A SkelA 10%

palladium on activated charcoal (10% Pd/C) ©. % reductiond}®] amino phenyl &}

> gt

B (9,100 9&

Scheme 2. Reagents and Conditions: (a) AcCl, pyridine, DCM, 0T to r.t.; (b)

Zn, CaCls, EtOH/H:20, 80C; (¢) DMP, DCM, 0T to r.t.; (d) Hs, Pd/C, MeOH, r.t.



Nitro reductiong %3] €2 amino phenyl 3}gE (7, 9, 10) 2 N,N-—
diisopropylethylamine (DIPEA)-& €7|=2 3}9] phenyl isocyanate $3t& (16)

3} couplings F33te] urea 3}d&E (11,12,13)S HFHoE AT 4+ St

CF
H H 3
7,9,10 16 11 -13
7 R=-CHy 11 R = -CH,-
_ 12 R = -CO-
9 R=-CO- 13 R = -CHOH
10 R = -CHOH- =- -

Scheme 3. Reagents and Conditions: (a) DIPEA, toluene, r.t.

22} alcohol 7% HF3TE (11)S pyridines G7|= 35
O—acylations 33} 3L ester 3% (14, 15)S HEHo7w o

o~ o~
A0 OH a A0 OR
OO0 T o0
NS NJ\N CF, NS NJJ\N CF,
H H H H
11

14 R = acetate

15 R = cyclopropanecarboxylate

Scheme 4. Reagents and Conditions: (a) RCOOCI, pyridine, DCM, 0C to r.t.

10
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Sorafenib—type &

th oAl =79 oA 3EF (lung cancer, breast cancer,

4 o

I =y

G7}et7]

3 eHAd

3t 5%
sletEof sl SRB(sulforhodamine B) AssayE 33l

liver cancer, stomach

cancer, colon cancer) % FAAIEF (lung fibroblast) &) =218 A6t AES
ICsodto. 2 Yelfo] H71akdch., kAl etoposideE @ )z (positive
control) & AF&-3}3A ¢}
Compounds Cell lines
R MDA - SK—
Code  _L_ A549  HCTLIG 7o P07 SNUG3S | MRC-5
11 > 3.41 2.20 3.11 2.98 4.50 >20
)
12 )k 6.25 5.05 5.23 4.76 6.31 6.54
OH
13 pe >20 19.96  >20 1652  >20 >20
o)
14 O)K 8.22 6.97 7.21 5.39 11.07 >20
o
15 O% 11.56 7.75 8.48 6.11 13.69 18.17
=
Etoposide
Ref. (+) 0.68 1.16 3.34 0.40 0.32 13.64

Ab549: Lung cancer cells, MDA—-MB—213: Breast cancer cells, SK—Hep—1: Liver cancer
cells, SNU638: Stomach cancer cells, HCT116: Colon cancer cells, MRC5: Lung

fibroblast

Table 2. Antiproliferative Activity of Sorafenib—type compounds (ICso, xM)
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Iv. A%

1. 2438 AKX (Experimental Information)

= J2ulE 73 (Thin layer chromatography, TLC)E precoated
silica gel plates (Kiesel gel 60F251, Merck) & AFE3}9 1, A9 =2 vlE 718 3]
silica gel (Kiesel gel 60, 230—400 mesh, Merck) & A3}, BE AZvlE]
o goj= Ak dF SulE AR T Low resolution mass spectrax VG
Trio—2 GC—MS, JEOL JMS—AX 505wA, JEOL JMS—HX/HX 110A spetrometer
2 Abgslo] ESIZE =48] m/zE YERATE 'H NMR (nuclear magnetic
resonance) spectras= JEOL JNM—-LA 300MHz ¢} JEOL JMCT 400MHzE o] &
st A8k, olwl  TMS(tetramethylsilane) & W% %354 (internal
standard) & AF&-3F31 2™, chemical shifti= ppm(d) @9 =, coupling constanti=

Hz(hertz) & YEF

2. 243 A (Experimental Procedures)

2.1. n—Buli coupling

Bromo quinoline 3}8& (1.0 equiv.) & tetrahydrofuran (THF) £wufje] =
Rl & —78TCoA 2.5M n—butyllithium (n—BuLi) solution in n—hexane (1.5
equiv.) S 3] A7Fst 9, aldehyde (1.0 equiv.) 3}eES A7}sldct. HFSES

A& oA 3AIZF EeF wHkEFG T HE-g-o] Eubd ammonium chloride (NH4CD) 3

o
b
ofo
12
o
oL,
2
rE
olo
tlo
ofN

Z)&}1l, ethyl acetate (EA)E FE3F{Th §71=%

14 .



brine©. % A 1 magnesium sulfate (MgSO,) 2 AZF3 H, 74 F=3d . DAL

= column chromatography @ A Aste] =S LAt

2.2. Synthesis of quinolinol

Ao amino acetophenone 3}3tE (1.0 equiv)e e ethyl

formate®l] =< %, sodium tert—butoxide (NaO#—Bu, 10.0 equiv.) & 0TeolA %

A3 dolFa AeoA 3A7F Tk wHkstglth 0CeolA HClI Fgdow =3}st
2, AAE 2AE oSl ethyl esterZ HAFU. olglA dojxl 1AE

2.3. Conversion of OH to Br

Quinolinol 3}3HE (1.0 equiv.) & 4294 dimethylformamide (DMF) £
o] =o]lar, OCelA phosphorus tribromide (PBrs, 1.2 equiv.) & X 3] & 7}sk
Ak Ad=elA 247 E_b wwkgk FH, ®Ego]  EuH 0TeolA  sodium
bicarbonate (NaHCO3) *3} F&No® Fslalqitt. EACRE FE3t1 F75=

MgSO,=2 AZx3 9, 7Y 55319 Y. FAFE column chromatography @ 74 A s}

o =& LUk

2.4. DMP oxidation

Alcohol 383%E (1.0 equiv.)= dichloromethane (DCM) &wje] =o]3, 0T

ol ] Dess—Martin periodinane (DMP, 1.0 equiv.) 2 9t} A2o|x 1A]7F E<t

15 1



k3l %] sodium bicarbonate (NaHCO3) X3} g0 =g

Kl

o
e
ol

s
=
il 715 MgSOs&2 Axst ¥, #Y w5t IAME column

chromatography = A sto] WA ES ATt

2.5. Palladium (10% Pd/C) reduction

Ao A nitro 3FgE (1.0 equiv.) = methanol £Hjo] =2 % 10%

rE
iy
tlo

palladium on activated charcoal (10% Pd/C, 10% w/w) < Yot}

T 1A shell 2ol 2A1F FQF wREsHTE AlE E o] AbgRAE g

-
ftlo

celite pad®@ 333t F oJHS 7t H=81¥ . A= column chromatography

2 GAst A= A3l

2.6. Acylation

Alcohol 3}gHE (1.0 equiv.)= DCM £9jef =<l & (0To|A pyridine

(3.0 equiv.) ¥} acyl chloride (3.0 equiv.) & Z 7}t & Ab2ox 2A17F FoF wwyk

column chromatography 2 A A|&lo] YA ES At}

2.7. Urea Coupling

Aniline 3}8HE (1.0 equiv.)S toluene £wjo =<l & AF20o]A phenyl

isocyanate (1.5 equiv.) & N,N—diisopropylethylamine (DIPEA, 2.0 equiv.) < =}
16 ?



d 2 A7t wSES Ab2oA for overnight W wRFeIE T AAHE 1A 3
=2 o473t toluenel® Ao FRAt. o]EH A doR 1A FEES HAZEIHY

2.8. Biological Assay

SRB (sulforhodamine B) assay Cell lines: A549 (lung cancer cells),
MDA-MB—-231 (breast cancer cells), SK—Hep—1 (liver cancer cells), SNU638

(stomach cancer cells), HCT116 (colon cancer cells), MRC—5 (lung fibroblast)

96—well plate®] seedingdt A3 (3.5 — 3.7 x 10*cells/mL, 190uL) & 24|37+
S meke =, Al = &5 A2 (10 uL per welDdFal 72417 FF wiek
AT Wik & 10% trichloroacetic acid (TCA) 2 1A 3F th5, vkl -S A A5}
3L 0.4% sulforhodamine B (SRB) in 1% acetic acid solution ©.% stain3d}$itt. 2
ket ke dyeE Ao stained cellS 10mM Tris (pH 10.0)°] o]a
515nmellA FHEE SAHsIAT Alx S22 d=e vdad 22 BAoz Al
ATk

Cell proliferation (%)

_ average absorbance ompouna — average absorbanve,er, qay 100

average absorbance ,niro — average absorbance,er, qay

ICs0 k2 TableCurve 2D v5.01 software (Systant Software Inc., Richmond, CA)

g olgdl nAd 34 4= AitbE A

17 :



3. A3 dlo]g (Experimental Data)

1— (4—chloro—3— (trifluoromethyl) phenyl) —3— (4— ((6,7 —dimethoxyquinolin—

4—yl) (hydroxy)methyl) phenyl)urea

(compound 11)

LR 0
NS N” N CF,

H H

35% yield, white Solid; "H-=NMR (CDs0D, 400MHz) & 8.65 (d, 1H, J=5.2),
7.95 (d, 1H, J=2.8), 7.66 (d, 1H, J/=4.4), 7.57 (dd, 1H, /J;=8.8, J-=2.8), 7.46
(d, 1H, J/=8.8), 7.43 (m, 2H, /=8.8), 7.33 (m, 3H, J/=9.6), 7.25 (s, 1H), 6.33

(s, 1H), 3.94 (s, 3H), 3.79 (s, 3H); MS (ESD caled. for CssH2CIF3N304"

[M+H]": 532.1245. Found: 532.1268

1— (4—chloro—3— (trifluoromethyl) phenyl) —3— (4— (6,7 —dimethoxyquinoline—

4—carbonyl) phenyl) urea

(compound 12)

18



11% vyield, light Yellow Solid; '"H-NMR (CDs;OD, 600MHz) & 8.75 (d, 1H,
J=4.6), 8.00 (d, 1H, /=2.3), 7.82 (d, 2H, J=8.7), 7.64 (d, 2H, J=8.7), 7.64 (d,
1H, /=8.7),7.51 (d, 1H, J=8.7),7.46 (s, 1H), 7.37 (d, 1H, J=4.6), 7.13 (s, 1H),
4.02 (s, 3H), 3.80 (s, 3H); MS (ESD calcd. for CgsHzoCIFsN304" [M+H] ™

530.1089. Found: 530.1107

1—(4—chloro—3— (trifluoromethyl) phenyl) —3— (4— ((6,7—dimethoxyquinolin—

4—yl) methyl) phenyl) urea

(compound 13)

21% yield, white solid; '"H-NMR (DMSO, 400MHz) & 9.08 (s, 1H), 8.75 (s,
1H), 8.55 (d, 1H, J=4.6), 8.05 (s, 1H), 7.56 (m, 2H), 7.35 (d, 2H, /=8.8), 7.34
(s, 1H), 7.32 (s, 1H), 7.19 (d, 2H, J=8.4), 7.10 (d, 1H, J=4.6), 4.31 (s, 2H),
3.87 (s, 3H), 3.84 (s, 3H); MS (ESD calcd. for CssH22CIF3N3O3" [M+H] ™

516.1296. Found: 516.1301

19 :



(4— (83— (4—chloro—3— (trifluoromethyl) phenyl) ureido) phenyl) (6,7 —

dimethoxyquinolin—4—yl)methyl acetate

(compound 14)

47% yield, light Yellow Solid; '"H-NMR (DMSO, 400MHz) § 9.25 (s, 1H), 9.00
(s, 1H), 8.68 (d, 1H, J/=4.4), 8.04 (d, 1H, /=1.6), 7.56 (s, 2H), 7.39 (m, 7H),
7.21 (s, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 2.16 (s, 3H); MS (ESD calcd. for

CosH24CIFsN305" [M+H]": 574.1351. Found: 574.2000

(4— (83— (4—chloro—3— (trifluoromethyl) phenyl) ureido) phenyl) (6,7 —

dimethoxyquinolin—4—yl) methyl cyclopropanecarboxylate

(compound 15)

66% yield, light Yellow Solid; "TH-=NMR (DMSO, 400MHz) & 9.16 (s, 1H), 8.93
(s, 1H), 8.69 (d, 1H, /=4.8), 8.04 (d, 1H, /=2.0), 7.56 (s, 2H), 7.38 (m, 7H),

7.22 (s, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 1.81 (m, 1H), 0.93 (m, 2H), 0.87 (m,
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2H); MS (ESD calcd. for C30Hz6CIFsN30s" [M+H] ™ 600.1508. Found: 600.2000
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Abstract

Design, Synthesis, and Biological
Evaluation of Novel Hsp90 inhibitors

based on Lenvatinib and Sorafenib

Dasol Cho
College of Pharmacy, Pharmaceutical Chemistry Major
The Graduate School

Seoul National University

Heat Shock Proteins (HSPs) are molecular chaperone proteins that play a key
role in maintaining cellular protein homeostasis by participating in protein
folding. They are induced as adaptive responses to various cellular stresses.
Hsp90, which has a molecular weight of about 90 kDa, is one of the most
abundant molecular chaperons in eukaryotes. It stabilizes and activates various

proteins involved in the pathways of cell growth, differentiation and survival.

Hsp90 1s highly activated and expressed in cancer cells. It promotes
differentiation by stabilizing unstable mutated proteins (including v—Src, Ber—
Abl, and p50) generated during transformation. Therefore, inhibition of Hsp90

by strong binding might have a selective anticancer effect while having a

23



relatively little toxicity on normal cells. In addition, an Hsp90 inhibitor might
inhibit various oncoproteins and thus be effective against several kinds of

cancer.

Hsp90 functions in the form of homodimer. Each dimer is made up of
monomers that consist of three structural domains: N—terminal ATPase domain

(NTD), middle domain (MD), and C—terminal dimerizing domain (CTD).

Hsp90 inhibitors that target the N—terminal domain of Hsp90 have been
reported to induce heat shock response (HSR), a phenomenon that increases
the expression of other HSPs to compensate for inhibition. On the other hand,
compounds that inhibit the Hsp90 C—terminal do not increase the expression of
other HSPs, so C—terminal inhibitors are worth exploring for anticancer activity.
However, C—terminal inhibitors reported so far do not show satisfactory

efficacy, and further research on new derivatives is needed.

In this study, new compounds were designed and synthesized with the
aim of developing anticancer drugs that inhibit Hsp90 C—terminal domain. Ten
new compounds were designed and synthesized through the pharmacophore mix
and match approach by combining the pharmacophores of the Deguelin
derivative derived from previous studies and protein kinase inhibitors
(sorafenib and lenvatinib). The inhibitory effect of these compounds on cancer
cell proliferation was evaluated. Some compounds showed in vitro anticancer

activity.
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