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phosphate buffered saline

positron emission tomography
phosphatidylinositol-3-kinase
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retinoic acid receptor

really interesting new gene

receptor interacting protein kinase

RNA-induced silencing complex

ribonucleic acid
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ribosome RNA

room temperature

singlet
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selective estrogen receptor downregulators
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short interfering RNA
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transcription activator-like effector nuclease
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tumor necrosis factor

transactivating crRNA

tumor necrosis factor receptor-associated factor
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tRNA transfer RNA

Ub ubiquitin

UPS ubiquitin-proteasome system
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WST water-soluble tetrazolium:

2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt
XIAP X-chromosome linked 1AP

ZFN zinc finger nucleases
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ENDETIZRA LT ITDDHZEEHENRTH 5,

13§V BEERONETS : k207 70—F

HIHi Tl & U NI EOFEE %2 BRFRNTHET 2 FHEICOWTHA Lz, Z20—F, &
W2 R EOFEE 2 AR, BIERERICHET 2 FEORBEMTONS K512 o T
W5, INSAAENTIERITER N TRV 2O, WlEFENT 70 —F & ik U T
PAREOEANEHETH D, £72. RNAI 72 & THW B EBBIZEERTRENILZE &\ o 7R
5, 61T, BEREREZ T 5 AR FETIEZNEEENT 70 —F LR L TSR
HNEEZ o, BENZHEPEZRDOR A IV CHRERZNABEIEI L Vo728 B
HTEB Y, BAE, ALFMTEIZOWTIZ Yale KD Crews 5D 27 )V — T HUEHIICHIZE %
DT WD, KREITIE, Crews 5 DB L7z PROTACs i£5 L CBUKME X ZEICH %2 4T T
HIT 2,

1.3.1 PROTACs &

PROTACs {EIX BEI X VI BED ) H Y R E3 DY A v R % kX 472 G845 F PROTAC
WEOBER R AN 7EIZHUT UPS 2 E L TEDHAMERZBAIEDLFIETH 5,
PROTACS %1% 2001 fEIZ @] DS A3 72 S N C LA, BIEE TIZ 10 2B R 2RI 1
THE Y., Hiltlk Crews 5D 2L — 7% PROTACS i % W 7= ii58 % 17> T\ %, PROTACs
EIZH WS PROTAC 73 T OMEMRX IZHEINTETWE 72O, R & LTHEEL 7z (Fig.
10),

&1 1#4 (2001-2003 &) : MIHID PROTACs Tk, & > /87 EIZx LT SCF R i
BRIZE AR F AL NEFELTVS 2%, 25 DOHETIE, PROTAC 2 FIT &
- T MetAP-2, ER, AR, DFfERBADZEKL TWD, L1rL, TH5D PROTAC 77 1i&
SCRFRP HEKD U H Y RELT 16 TI/BIPSREEER LV ARIE LDORTF R
GGGGGGDRHDSpGLDSpM (Sp 13V v ikt ) ») Z W= RTF KRR FTH o 72720,
M E M2 AL TE 59, MR TOMEME %G9 5 121% microinjection %% FIH L T
PROTAC 7> T & MifdIZE AT 2 BELH - 7=,

g2 #HE (2004-2013 &) : 55 2 R A PROTAC Tlk, VHL X > /82 E D E3 i&HME%FIH L
THMR N 7BOICFF UL NREFEL TS 72, ZNS5OMETHNTWS
PROTAC 0 F1& 77 I /D 5725 VHL DFEE X VXN 7'EH EDORTF Rt ALAPYIP % H
W, D C RN ME EME R 7 F R poly-D-arginine Z @3 % Z & T, PROTAC 41
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OIS @M 2 i ET 2 Z 22 LT WS, Crews 513 Z O 2 % PROTAC 7 1%
W, MIfERIZEWT AR, ER. FRS2a. PIBK R ¥ DFEERDZZEMR L., T SHI2ZhoN
BT 2DRANDBEEMERERL T WS, FRHZ PI3K 24X+ 5 PROTAC 4 Tlk, ¥V
2B EDRADRENMRERD SN TV B,

FE3HAR (2015 £F) : Crews 5 1% 2012 412 VHL &S BANCHEER T &L+ TV K%
RELY ZhzMHW5Z & TPROTAC DS FREILICKII L ¥, &£/, EHTFE
2 & o THIBGE R ME DN B U272, ZHETHE UM A —X —TEH N Tz PROTAC
- DFER R VR 7 IR ENEIL 100 M A — X —=T@RD 5N L5120 EEOmM R
D757z, NG T PROTAC IZBI 21X 2015 47217 TH 4 DM T kI T
BY, TOEXEHEDEI NI BNA S,

Ligand for terget protein Ligand for E3

1st generation : H
N-GGGGGGDRHDSpGLDSpM

(o}
PROTAC-1 (MetAP-2)

2nd generation :

OH
§
(o] t-Bu
o O(AOMHJYQ
4
X 0
3rd generation : S0,t-Bu o/ NH
NH
S

PROTAC-RIPK2 (RIPK2)

Figure 10. ZHHARDAERHN L PROTAC D FDHEE. O RNIFENZ 2 /XY EDAH.

F/- BETEHYY RS ROZX— Ty he L THSNT WS CRBN O E3WEMEZFIH L 7=
PROTAC £ T A8 X 1 3% PROTACS EIZEIT AW%EIZ L DAL TET WS,

1.3.2 BokMsy /%
SATA—NT A VT UERLERRZ VNIETIE @BE R SNI7BRNIZHDHKET I/
RFREE DI R VXNV EREIZEHR L TED, ZNE2FEBLIZry ROy X UNRIEIZE>TY
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F =T 4 VIPERIZEINS, UL, Yy ROVIZEEZHE T+ —NVT 1 v 7D HE
RIFBEIRATA—=NT 47 LTWGEE, RURX7EHONEEMER, $hbb a5 7
V= LR EZEBDRIZE > TIAT A —NVT o VI LR AT ERREI NS ¥, Bk
PR TEIE, SATA—=IVT 4 VTR UNRTEOSEEEEREEZFIH L TEN X V7B O
FEEZRDIELFETH D, BERAIZIE, EHNZ 2V RXIEDY) Y RIZHKEDENT
AV R VEME UGN T HYT 2V, BEHX VR IBORMEIT XYV RV E2GH
IH. AREME WEEHEENIC X 50 e ET 5 (Fig. 11),

o

.)L"’V A$ 2 NTH ° o
SO AT DO
Conacl ey O
@
B onrog Bk1E i
PhO YN -
O/ ?I/ \/\)LN/\/O\/\OJJ\Q {
SARD279 H,N
& NU FONE
o
CI\/\/\/\Q/\/O\/\N/U\@ \/\N
H
HyT13 TX2-121-1

Figure 11. BRUKME R 7 EDEA M & KR HYT 2 FDHEE.

Crews 51X ZDFEIZ L o T, MHER (SARD279 : #EI R V8 7B X AR, TX2-121-1 : ()
BTFEHerd) BIE LI TCHRLET I T4 v 22T T AL Vo7 invivo BT BEER & Vo8
2 BDFE RS (HyT13 : & > 8213 HaloTag) 23R L TW3 ©, 72, Bokikx
TR % W22 BRI F 0 YV F - —¥ Herd DFEEFAD I, BABRBICE W TIEFICEE
BEREFOMETH S ¥, Her3 1X, RABER VX2 BH L UTHA EGFR & A UAZEK
BMFoyrXr—¥773IV—Il@T 5, DADHTHENEL LT 74 F =7 (B
L) Ok 5% EGFR O F F— iR EAIZIHEF ICHEITH O, BHED TOAIEIEA
IZiTbhTnwbd, UL, Her3 3ZBERlFas v F—E¥ 773V =@ LA 6 55
—CIEN R 2R VR R R VR ETH D, Bk D FF —ERHEANT & 5 Herd 21 & L
TR ARBRIEAAHETH o 72, TAUTK L, Crews &1k TX2-121-1 JHIZ & 0 f74E & % g
B L THer3IZ KB ADIEMEALZEEL TE D 5 A DIBEHRIE DL KIZ DR - 72,
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Crews 5D 7 X v X LAY OMIZ, ER D43 % i#E 9 % SERDs H Bk & 7' & U THE
T30 FIZNETES, SERDSIFER 7 VX I=A MD—FETH . ER DIEFEIHITEM: &
[FIIFIZ ER DR % R8T 5, ZDONRFEMMIE LR 7 X<y 2 &Y L Rk T, ER
IZHEAT D2 & TER DARE/LS K EE I IC X 5 0% A8 T 5, DA DILFHE
HEIZBWTER D7 v X T=X ML BIEIZ > TWBH Z &0 6, ER DAfR%ZFET 5
SERDs A RIANAEFER L UTEHINTWS, BETIE, AT701 NEKE2ET S
fluvestrant °JE A 570 1 REHED GWT604 72 &, B4 2R FHWME XN TWS (Fig. 12)

e
AT L

Fluvestrant GW7604

Figure 12. f8ZRHY7% SERDs DIEE.

BOKME R 7, ERO@ED X VSV BOFERBDIZE TR ZND T WD —FT, &
M2 NI BEDREMEIEENEEINE Z B bho>T WS 2 2D, ZEEDED
RN BERIEN T 5541%, PROTACs RIREIZTRRZ T0sA Y /) v 7 X U ED &
578, FEN R VN TBITH LA R F UALEBET 2 FIEOAMEL TWE0E LR,
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1.4 FAFAv /v o8 0&E

HiEfi Tl Crews S 2 FAFE L 72 & VX7 B O EE 2 ALEIZHITS 5 FRIZDOWTIR A7z,
AHTIXEZDFRBEMEZTHAEINZE S5 —DDMEEHFIRICOVWTIHR S,

2010 4, FRr@sE=1% Crews 525K THB/N D 14 PROTAC 73 1-& L T SNIPER & &
VCZNERAWZENR N EANRFEFE [ TaTa v ) v o Xy Uk 2K Lz, 7
07y /)y Xy EE IAP O E3EMZFIH L TN X VRV BOGFHEEZBAIES
FETH B, KEicxTarA 2 /v 72T RIZDOWT, IAP, IAP UV 47> K, SNIPER O
AR 2 YT TRR S,

141 AP
IAP [Z, NF a2 BT A NVADEEFNA L) —= v 72 & b FER SNz, MFasei kST %
oAV IETHS, IAP IZBIRC L HIFIXN, TRTD IAP (3HE LT BIR L IEIEN 2
zinc finger KAA V%2695, & hTIESHED IAP BHEREINTHBH, ZTDHND 5 DIXE3
JEME % #15 RING finger KA 1 &AL T3 (Fig. 13) *,

clAP1 1 —— BIR1 — BIR2 — BIR3 — UBA CARD RING 604

clAP2 1 —— BIR1 — BIR2 — BIR3 — UBA CARD RING 618
XIAP 1 —— BIR1 — BIR2 — BIR3 — UBA —m— 497

ILP-2 1 — sr — A ——IER— 26
ML-IAP/Livin 1 — BR EE— 208
NAIP 1 —— BIRl — BIR2 — BIR3 —()()—M 1403
Apollon/BRUCE 1 —— BIR ()() @— 4830

Survivin 1 —— BIR —{ Coiled-coil — 142

Figure 13. £ |k IAP M#&5&. ILP-2: IAP-like protein-2; ML-IAP: melanoma IAP; NAIP: neuronal
apoptosis inhibitory protein; UBA: ubiquitin associated domain; CARD: caspase recruitment
domain; NACHT: domain present in NAIP, MHC class Il transactivator(ClITA),
20-hydroxyeicosatetraenoic acid synthase(HET-E) and transition protein 1(TP1); UBC:
ubiquitin-conjugating domain ; LRR:leucine-rich repeat domain.

HRLZA S PDEERDH > 2Bz, TR M=V AREDTa s 7 LI N-MIEIZ L > T
BE RN EI NS, IAP 1. TEFN—YADEGFTRHEFTTHINARN—FE2 I FF
fbU, BAR—YOREZ2FESTHZ & CTHIMEZIIEIT 5, TR NV A 2FET H0H
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23H 5354, Smac/DIABLO L IEIENS X 87 BEH IAP FIHAER L, IAP & 5 AX—=¥ D
MEEAZT VX IT=ANAIZHET A ZETIAP OT7 A b=y AMHIAHEEI N, 7H B
—VANEEIND M, Uh L, —EBD A AMINE T % Smac/DIABLO DFEBIRIE T 5 5\ d IAP
DBPIFBUZ L > TT AR M=V AR HF I N TV EIGENRDH D, BADEFEER L LT
IAP NSEH I TW 5,

142 BAFIAP PUIT_RNERRYFVFHEE
U EDRE? S, IAP ZHEIEN & U223 ABEESHE L LT, Smac D IAP f5AEF— 7 248
U7 fBDF IAP 7 > X T= A b DAIAE AIZIThN T WS %, Smac X > 78 7 B 13 N R bl
@ APVI 43 T clAPL, clAP2, XIAP M BIR3 K X 1 v 2 #E& T 5 Z & 23490 -> TH b (Fig.
14a) . EDTIAP 72 X T= A MIWThb APVI RT7F R S SRS 25 DTH
% (Fig. 14b),
a

AVPI peptide MV1 GDC-0512

Figure 14. (a) Smac ® APVOAQ R 7 F K & clAP1 M BIR3 K A A » DE A K5 F#E1E (PDB
ID: 3D9U) . APVIAQ @ AQ (& BIR3 EMEAEAEA L TLVELY. (b) Smac D IAP fEEEF—7
EEDFIAP 7 UARAITZR NDIEE.

Smac/DIABLO & XIAP, ClAPL B LU 2D 7 v XI=AME UTEHT 713 THRL, IAP
DHE Ub b 7u T 7Y — A L2 0RE2FLETHIENHoNTES D, KD T IAP T~
2 T=A b% Smac/DIABLO & FIFRIZZ NS D IAP D fREFET 5, HlxI1E, 87 IAP
7Y RITZA NTHD GDC-0152 I%, 10 nM DifE T 15 ML T % 7215 T A2058 Mz NAE
T % cIAPL DFERZIFIFZRITHA I LI N TES Y,
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IAP7 >R I=Z MIZE5IAP HE UbfbiXFig. 15 IZRTAN=XLTRI B INT WS,
FI.IAPT Y RI=ZANHNBIRS AL VIZKEATSHL, BIR KAAVERING KA AL VD
DTN ESERADRRE NS, HWT, RING KA1 U iZBWT &R EA L, HTELIRE
LB THE UL iEE I NS »,

IAP
antagonist .
ek ® UBA 3 21
c
m 2 > ‘ ——3 Degradation
3
~ 12 UBA
Closed .
monomer

Dimerization & ubiquitination

Figure 15. cIAPs M B T Ub 1L #48.

BUE. IAP ZAERI L U 7203 A TRIESED Al Z2 T, o , OH _
R “Smac mimic” 72 1AP 7 > & I = Z b DAL E R\)‘;‘/NW% :n‘:sst;t:";nlz:OH
BIRZREEE DTV, T0O > Hh, EEELE © W BE04:NHMe
AT ET AT O S 1, Smac mimic TIZZWIAP Bl gioyre 16, Bestatin & 7 D&
EH X U T bestatin 8k Z B LT3 (Fig. 16) 4,  0H#E&.
Bestatin |% Streptomyces olivoreticulithe 7 6 Bt X iz, 7I ) RTFX—E B BLFEA ¥
VARTFR—LIZH U CHEEE2ET 5 KRYTH 2 P, Fix O OFEE, bestatin 75
1K MeBS (£ clAP1 @ BIR3 R A A v &ERNIZHEST S I E TCAPLOHE Ubfhe 7u 77
V=Ll kB NEFETEIEVRHO N o72 (72720, HE Ub b2 FET 5 5503 1AP
TYRIAZA N EFEBRED, HANR—KEEHETE0EAH) X, £72. MeBS DR TH
% BEO4 1%, 7 X/ XTI FRX—YHEEEDT < cIAPL FERIICHEAFEHT 5 Z L BREX
NTEH, D, cIAPLOHEILFFUAZFEEL BV VWIRHEELTWS ™,

1.4.3 SNIPER DAIS

PAEDRIR % BT, Frf@ifisi=s Tl bestatin iF AR IAP 7V X T=A MR XD IAP ) AV
R e R R ED ) 7Y R 2l S 885 T{bE&Y TSNIPER] ZAIB L, Thitk-
TEHR R ZEIZNT 22X F e 70T 7V =Ll X 50 EFE T 5FL [ 7o
TAV v IRy VE] 2RFE L (Fig. 17),

PRSI ZNE TIZHEA D SNIPER ZAI# L, AEflildd T CRABP X RAR, AR, ER DfE(E
B & ER L7z (Fig. 18) %, 2D THEES 1Z SNIPER D4 F-#&EHESH IZEDH 5 2 DD
MEZ/TNE, —DHIK, BERRXRYRIZED) AV REIAP DY A Y REDRSY vh—
DEITHE, ZVNNTEDUbIZ, RVNIBEREIH S Lys FRIEICBWTRI 5, Z0D
728, SNIPER D EE X VX EH & IAP %G DT BT, B X VNI EH D Lys AN 1AP
WX > T UL T WALIEIZFAET 2B ERH L, ZNEFHIHT Z2EWED D0 VH1—0D
RETHO . ETELVETERLD TS L, SNIPER DIFMENTIL 725 Z B30 hroTW5B 2,
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e A 1 IAPY H ¥ R
A K

SNIPER
(Specific and Nongenetic IAP-dependent Protein ERaser)

Ub
" JaFr7yV—L
o7 ~—
Ub=1E*Fv

Figurel17. 7074 >/ v U XUk

WW

\rw»ww o IO

CRABP SNIPER CRABP SNIPERII

0 M~uw>¢fw

RAR SNIPER
o) . o] y OH
OJ\'G \/}N \n/'\‘/\Ph
2H O NH,

AR SNIPER

ER SNIPER

TAIR S 7= SNIPER D .

ﬁmb

Figure 18. FTEHIRE

I ATEME DM TH B, BEVS %AW/ T

2 OHIX, IAP VA Y ROFREE L R X N 7'
SIRANENE 2 HEFF T A D2 L. MeBS

I F#EA L SNIPER [ZULHH% 48 h THEM X X208
W T AT OUEES B SNIPER TIRER & > 8 2 B TEED LIRS 24 h THE D IZ U .

48 h TIHEMEANLT 2 % 2z 2oV TlE, TATFVESOHIANTIIRLETH B720,
TEMEDPHFE CE R VDR EERHINTVWS >, £/, IAP TV XIT=ZAMTHB MVI® 2 H
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7z SNIPER % bestatin 8k 2 F\\W 72 O X 0 £IEMEA 10 58 £ 5 °, 2z oW T,
MeBS & MV1 @ clAP1 T Ub ALiEMEIZ MVL D S HNEEEIZ LT 10 f5REmRWN 2 2 9 5 %,
MV1 7% bestatin &AL D & clAPL BIRIMEA @S OWAREMEZZ X TV 5,

7B, S 1% SNIPER IZ K BHEI R ¥ R I RFEIEED A 1= X LT BT > TH D,
DclAP1 @ RNAI (2 & % SNIPER DiFMHHK. QT VKX v T vt A2 X 5[GST-BIR3-CRABP
SNIPER * CRABP-I=EHEEKD IR, GCRABP-II @ Ub LR, @7mu 77V — A
HHNZ & B SNIPER DIEMEH L, D4 DR TET WS I &Hh 5 25 SNIPER I3 fEEMRH
WO TR R VNI BEIZH U ClAPLIZ & 2 Ubfbe a7 7Y — LML K B 02 FET 52 L
THREELTWL I EZ 51D,

IAPDEIVEMZFIAT 2 70T 1Y) v XY ik VHL O E3JEM: % FIH 3 % PROTACs
FEIFELO a2 7 N THBINTOVSEH, WL DD D T PROTACS 1EIZ B 1) 2 B UG
INTVWDE, ZN6 2 DODFEDIHER % Table 112717,

Tablel. 70574 >/ v X UikL PROTACS ;SEDHEEA.

protein knockdown PROTACs
E3 IAPs VHL
relation to
oncogene tumor suppresser
cancer
4 N
o OH t-Bu
H N
inand ~N N\[('Y\Ph PPRG AcHN)\n/
Igan H,N-ALAPYIP-"Rg-OH
g H o NH, 2 8 [e] G NH
N
. i/
BE04 peptide from HIF-1 or VHL-1 S
Molecular Weight: 321.41 Molecular Weight: 1908.27 Molecular Weight: 472.60

NTREERKT S &, BITEMTH - 728 A PROTAC IZEWTHWSL N2 VHL Y AV
R0 78 1900 FBEEDORTF RiEf A7+ Th b, EBREICREEZEL TV, £2707
AV IRy EDOBICHR I NZE A PROTAC L IR L TH, TuT 1V /v ok
T THWS IAP VA2 K BEOA X VHL VA Y R DB FED 150 FREEL, &b
drug-like 72 8E0) & 2 X 2 B R EHIORIEAAF T N5, RIZ, FIFHL TWS E3 % iR d
52, IAP I VHL E[ERRIZ2EIZREBE L TWEH, TORHEEIZIVHL K%L, L%
K72 UPS OFENMIMGTES P, 512, ERUZ X DI IAP IZPADHERTTH Y,
PAMIIZBWTRERE L TWA ZEAHIONT WS, TD7d, DPAEEEZREMLZT
054y /v 27X T IAPOHCHREZFETHIAP T VX IT=A M2 WS Z & T,
IAP DA X VBN DFEEZRDIE L L WS L HEEEN T 70 —F L AT
Ho, EEIZZINEERLTWS S,
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— /T, VHL I AMGIELTTH Y. VEGF 72 & — D W A B T DIEE % ] 5 HIF-1a
D UbfbE4T>TW3 *, Crews 5A3RH L 72 VHL U 4> Rid VHL-HIF-1o#E &K D I % BE.
EITLHB/N? T TH D, PROTACS IEDFAIERABEETOEEVEEINTLES>Z LD
BiEm gl N5, AT, —#OAATIE VHL ORFEHRERIBED SNDE Z s O
PROTACS {ED DX AIEHAN DRI IZHIR & 1 2 /[ BEMED D 5,

72, Fi@mges &3S U T, BN ERS B RE AN ONE S XPER S D7V —T7%
TuTA Y )y IRy EIZET AMEICSE U BN RO E) Y REUTER T VA
= Z b tamoxifen % I\ 7= %7 7272 ER SNIPER™ %, HYA B & > /X7 TACC3 Z 1 & L
7z TACC3 SNIPER 2l E T\ 5 %,

I Skk% 72 SNIPER O TH, CRABP SNIPER & TACC3 SNIPER (Z DWW T AMIED
Bl 2 T 2EAPRDO ONTED, TusA Y /) v I Xy VEDEEE LTON
JFERSY LR g

15 FAFAv /) v o8 EOREREARFEOBN

FIHiC Rz & D12, TaF4 v /) v 7 X Tl 8 & v o8 7 b OFE R %
B L, BEROHOARMEERTIENTER, LW ->T, AFETIHERNX VA I7ED
DAV, bbb, AREY AV RRTI=ZAN, T7UVRI=ZA N REDENZ VN
Bzt USRI EER T 28N X 2 RS T 0, BIEWER V828Rt U,
TaTA Yy IR VR KB ERBD PG TE S,

U U, BRSO EDY) Y RBBEE WD IEKERFHIRIZRS & FHEIND, W
5., BEREMMT BB E R R VNI ETIIREN) AV RBRERBATHDEZ 0%, 7z,
ZTHZHRRN) ATV R EREFLZRWEIREAVNIBEEHE7-OTHSD, LD ->T, 7
07>/ y 7R EEERIZR VN EOBREMT P ER LR LISHL LS LA s

R VRIEDOY H Y REBREL LW AIEROMNLR KD S b,
vODF”E,l%_ﬁ%:E’J‘iK FEEHEIZTOTA Y )y IR EIIBIBENR R IEDY) YR

BHREE U \WHEEROMENL 2 HIE U, AHRICET Uiz, BBETIZ. 2 OWSEHN &2 2K
TREFTUZ 2 DOMFGEREE ZDEEIZDWT 2 FITFT THET 5,
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AFERETIE N X R TEDOV Y RERHWTIZ 0T Y ) v 7 RV RER TR
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211 #HEEUMREEEMI O NIBEOHESE

PRV U, PRI MR 2 (TP UL bR~ 2R DS & 2 & B it fE D AR
Thd, TIWVINAI—IH/, N—=F VYV VR N F VbR, BEmE R LAE & &5
FEOEENHSNT WS, HTHTIVYNA T —IFE S —F Y VIR IZARR & Y2
REEN E | B2 IR BRI AR O AR ZE 21T 5 T\ B, AR AV FL D BRARFE 13
2000 FEEHIZ 72 o T & 5 R K JHIKBE TR RIEA 7 = X LRI Wi 7-fRETH b, iR
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277 —YHERIZEEZTEFN AV VOB (TVYNA T —IK) 72 EDORERIEIFIE
TEHEDOATH S,
—EBOMREMEETIIIBEL T, B ¥ — MEEICEOEME X VXV EORSEAK L Tz
K3 2L ED SN, ZHBEBFEERD—DOTH DL INT WD, HHEIZBRSKIZ T
U, E@Etamaamt ) O —2R T, BIcE ARe UTHficie®s 35 (Fig. 1) L
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Figure 1. ZM 4 /X7 B D REBTE.

BIE REMEZRTEMER VR IEE LT, TN I —IRKIZBIT ST I8 KN * tau,
NR=F VY IHILBF S VXL Ay, ZUTEY ZLZ I Y (polyQ) & i s —
OV BIZ BT 5 polyQ X Y RZBREPHSNTNS 2,

212 RYTSNEIVH/ENYFY hoiE??

polyQ Jiilx, HBFED R VNI EWET 52N Z IV O EUTFIN 7 A S 5 O EUEN
RIZ &> THREICHEL, BEMEZRTI SR o7 polyQ & VX2 Bz &k > THIET DI
BRI TH 5, PolyQ ¥ & L T HD(JF K polyQ & > /8275 : Hit) , Bk Bl i Z5#69E (androgen
receptor) . BIRIE TR IZ IR B ROV 1 AR ZEEE (atrophin-1), % L T 6 f& D & 8t/NMZEMESE (ataxin-1,
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2,3, 7, CACNAI1A, TATA-binding protein) 23#R& XT3,

HD (35 B AR B AR %2 R B DM EMER TH 5, fERE U TIHMOZEMEIZIED A
BERGES), RAFEEOM, MEERDOZILE Vo IR, EEHEERZ L A5N5, Zh
SDERIT T 005 2 0N TIRZ ITHEIT U, BASHIZIEHE FREEIC X 2 BER ETHRIZ
5, EOAREL100 TAIZ 17T A, HATZD 10 5EENRIET 2/ DBRTH 5, HD &
FHETIRNAICBIT S RRI VoA ERFER E U TRBEEERD D Sz TBJEEL
BT AEFREE LT, A VEZBD I E S VMAT2 RERIT I RFI VRS
ENDCE ULh L, fliowis b i e mR I RIEREE XM S LTV,

JRRZ VN E Hit I HTT BIEFIC &> Ta— K3 n b4 350kDa DX V8B T, 51T
FELTWD, IEH Hit OFFEL WEEREIXIH 5 2272 > TWAR WA, B2 > T Hit 234 — ©
77 V=l LU TWA AR I N, Ht BXUHD &4 — b7 7 ¥V — 2 OB I
DREE->TWVWS "8,

HTT & EFIEFDexon 1 IZ7 VKX I V%23 — K45 CAGDY ¥— MAMBFEELTH Y
EEN R HTT BIZ T TR 1I7TREEDOY Y — 267 505, HD B TIE 35 2@ X THRY MEE
FEUZCAG V=2 DEND (36-40 DCAG VE—MIT VL=V —=2ThO, FER
ELZWEESH D), £72. CAG DEIIMEROEBEI LCHEFHREESGLTED, EVWIZ
ETERPELARD, BIEFMD R RS, EELRCAGY =MD HTT 2o RS N5 IEH
Hit TIZZ VR I ) E— MBS IZanN) v 7 A% & 52089, R HTT SRS iz
ZHEHt (mHtt) 1ZpY— MEEZ 2 > TH Y, THISER L THRENZ RS (Fig.2)
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Figure 2. (a) CAG ') E— b & Htt @Eiﬂ@ﬁ?ﬁ? (b) EH Htt(17Q)D exonl E4 D#E
&R 1&1&E (PDB ID: 310W, molecule b). kDAY v ANTILZ T V&Y R LESD.
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mHtt AL L, FERT A2 I L THD BRIET 6 & Bl U728, @E, mHtt O X 5 &M X
VST BEIR ARSI X > TOMI NS 72D, BENOERIIEI 5V TTh 5,
BUIIE, A HHT 2Kt e U T, HD R ED MR VR 7 B 53 2 #ii A MR B TR
BIHR & 2 BRI ERUPS A — b7 7 V— 12w U Tt - [HEEEZELTWS
EWVWHFMBIEZ SN T WS Y, il 1E DiFiglia & & Davies 513 FNFH, FED HD BED
IR ~ 7 2 E TV ORI B W TE AR Ub PR TH 2 Z e 2 E L TWE 28,
T3, mHtt BEARD Ub (BRI X NS5 DD, 7aTF 7YV —LIZ&>THREINZ NI &
ZRBLTWS, 7z, Bence S IIALZEL S 72 GFP %2 FB1T 22 5\ T mHtt % 58]
FEIED L, ALEA GFP HROHEGREDRINT 5 Z & 2 L, mHtt BEEMAKS UPS
ZHELTWREEZ NS M, X512, Zucchelli 513 E3 D—FETH % TRAF6 A mHtt (25
U Lys6. Lys27. Lys29 #5 &M DRk Ub (L2475 2 & T mHtt DEEZEHET 5 L iE LT
B, mHIZIX UPS & I3# 725 Ub BHiDMTONT VB HREM S RIS LT W5 5,

LA ULZED— T, Jana 5IX E3WENEZET 5> ¥ Ra VX > /828 CHIP O FE
IZ& > T mHtt BERD 70 77 Y — MMKAFEIIZHAD T2 L MELTH D Jana 5 4TS
R DTN — T invivo 21D T > v R_u v X U BEOMBEIFKEIT X 5 T mHit c:ﬂ
LUPS ZFETEB WA LTWA Y, %72, Bhat 5IFHD EFIL < A% W72 FEERIZ
D, OmHtt IZ UPS ¥ 7L TH 5 Lysd8 &t Ubfb72 I TR K 2R ET 5 Lys63%
PEUbb%321F 5, @hkre & 1T Lysd8 f5AME Ub b5 E3 Td 25 Ube3a D FEBLE ANk
PF B, @HD ETIVY U A Ubela % BFEIRBL X 5 LMK mHtt 2338435 L LT
518, ZD&SIT, HDIZB T BEMX V82 B0 A BEIZ DWW TIRRR % 72 B S 5
NTHH, KEZHEMORMA D BRMTH B,

2.1.3 HDARICHT ZHRE

ER U7z & 512, HD IZx T MABIER RH I N TWRWZD, T ORI BIEORE &
o TW5,

BERALE DB TR mHt OEEIHRNICESANS TONTH D, BEZNET 26D
T ORIBME AZITDONTWBE Y, F, BWR VR ZEORHEEA Y I —BFSEFR KT

D, HARIFIEICES L TWRVWE T I O BHMEIN TSI, BERESES

EBEDTFORIMETbND & 5127 5 7 (RIE Fig. 3) %, Lh L. BERIBEAI T %*)% mHitt
DHIFENIZIER 5 72 £ 2 THZ I DV TR LIES, TDO LD RIEED-ON, HFuLTIE
mHtt DFEEZBDIE LS LT EHRABEZ TWD, K2, EEOEETT A l//y/ﬁ‘
Bfiom s H 0, EEROWEZ IV — TH RNAI X7 ) AFREIZ & 5 mHt O FEINH % 8
LTW3 2, £/, HULEMEFROELSD I —TIE, ¥y R VEEGEF — 7 & mHtt &
FHhFEEEF—T72ME LRI RTF RE2RBIE LT T, mHt ERWIZS vy a4t
FERA — R 7 7 V—OfFE . mHt OFERBADZER LTV P, UL LIS LAEYEN
FIETIE, EBICEREISH %2 MG 2B EYEFI %2 £ O & 5 ISR ELE X 5 2 )3
LB ERETEHELRD D P,
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221 BH

HD DOIAEIERFSIIBEOBETH v, /NG 712 L 5 mHtt OEEGIE. EYFEH
FHIZ & D mHt DIFERBD 2 Ehk2 77 7o —FI12 & 5 HD IR fThbhTwa, L
U, WINHMESDH S Z L IZRIHTRRZEY TH B,

R UEHIE, TaTa Y/ v o2 ETHNIE mHtt OFEREZ DS, D,
EH/ND T SNIPER O ITEHEIIFCE, LR OMERZRILTEELERTZ, TOEZD
HELEHIZ HDRHERZ VAR ZE mHt O 705+ >/ v o7 X v &2 HIZERE L, A5
HFU,

222 {EERER

TaFAy )y 7 X U EOFBE KO SNIPER O F#FHc < &, mHtt O 71 51
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WY Ay FIFRHIN TR, 2 THEE, REAEREZHEICER U,

MR Ve RS SR I, B R VX 7 BRI R RN WEW%?5$9 RN A
BN . TROLEERIITIREN) T R Th b, MREMEEEDOBHIZE T,
HD O & 5 BBLETIZERED D 2EETHNLBETZWDHRETH 25, TILY A X —JF
R EBIETICERDO IR NERO P EEBILEENIZZ W, 2D &5 RBE T2 DSEH T
ERVEEIR, MRAVEEEZ W U THRGMERA AR 2 B OBEAERY TV R v,
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s 7, TOUEERNS, BERY A RREIZT VYN T —IRDREZ V2B D
Btz fEm LU TR I N T WS A, H U EEEEZEET 2 mHt 2D WTHEERD H VR
Lo THBINBLEZONE, ZINOEMEETEEL BERY TV FEHWE,
BEIR % 1 & 3 2375 SNIPER TAgg SNIPER| ZAI# 32 Z 2T, mHtt Y A > RE2HWT
CmHt O 7054 ) v 2 XU ETD ZENARERDTIE RV H 272 (Fig. 4),

BEEVHUE IAPY H 2 R mHtt & R
Q@O o.
—_ oo
- % F.oooo
Agg SNIPER

Figure 4. Agg SNIPER [T KD mHtt D FOTA >V /v I XTI,
2.3 FEE - A

A TIE, BTHI TR AR EERSUZEE DWW T Agg SNIPER D4 Tkt 8 KOG EIZ DWW Tk
R,

2.3.1 HDFERET

BUE, BERIKY Y e UTHRA BRAERNI FARESNTE D, TDI BN D0AT A
VA BEmEREMR (FDA) IR COMHAPZEITIN TS (Flg 5) 2 28

ots el veny
= e
\CE >N—©—N' N RN CN
I

[''cIBTA ['?511PDB ['®F]FDDNP
—N
\ SNGZN
HN \ — 18 \ / OO 18F
N\ 7/ 0/\’)’ B N | N
N 3 | H P
18 NP H,N” N
['8F]AV-45 ['8F]T807 ['8F]JTHK-523

Figure 5. ARM AR T M ERZMEDEE. ['*FIAV-45 X FDA [CRAIENTH
Y. Amyvid D& TERIN TS,

AR HETIZINSDSE, BTAB LU PDB % SNIPER IZHWA Z 212 L 7=,
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BTA % &R U721, 2001 /2 RH X TR, BTA OMRAM A2k L L ToMt:
BOGEICHAR S, BTA XEERBFIME AN (Fig. 6). If1THE (Table 1) AREFT
HHLIENRIoTWAEEDTH S P, %72, BTA IZEEA L ORIV D TEILEY
Ialb—vavitkoTHEIINTWSE ¥, BUE, BEKRY F 2 R eRERE ORI
BLZEDTNEEDD, ZWR VR IEREROREEENRIZBHIN T RN S
HO. BTA DL D ITHESRERPREFT SN TV BRHEARD Y RIFI LTS L 20,

PDB I3, HgMBERH X N-EEAR) 7 RTH D, PDB 28RN L2 HHI%. FENRE
FIE (Fig.6) DRIFTHBDITMA. BTA & 0 BINNERERMAEL (Table2) 3, F7=,
PDB DRV Y F TV —=)VENLITFL V7Y I—)VEEALZFHER FPPDB (28 W T H 1
HEARBRMEDSHFF TN TH D (Fig. 6) **, SNIPER D4 FHEHEH DI TR T WD TH 5,

O <1 {0
[ N—\ \ N—Q 3
O+ 0 s

["'CIBTA ['2°1]PDB ['3FIFPPDB
Kd =2.8nM (AB40) K,‘ =8.2nM (ThS-AB42) K,' =13 nM (ThS-Aﬁ42)
logPyct = 3.4 0.5 nM (ThS-tau) 20 nM (ThS-tau)

Kg =45 nM (ThS-AByy)
45 nM (ThS-tau)

Figure 6. BTA O logP fEH & UKL AW D BRERIBIE

Table 1. [''C]BTA ZE8lRIZ 5 L=< I R DR EBLIIZH 1+ D HETEE. STk 29 & U FEEL.

Time post injection (%ID/g)

2 min 30 min 60 min

Blood 4.20%0.55 0.90+0.1 0.71+0.11
Whole brain 7.61 £0.27 2.76+0.13 1.2910.21

Cerebellum 8.70%+1.02 2.82+0.60 1.32+0.21

Table 2. [*°I]PDB Z&#IRi% 5 L 1= < 7 A DZERALIZ & 1 B HisTHE. STHR 33 & Y 1E&L
Time post injection (%ID/g)

2 min 30 min 60 min

Blood 7.12+1.11 2.241+1.88 1.551+1.88

Whole brain 0.94+0.18 2.54+0.40 2.89+0.42
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728, BTA B XU PDB &, fHH# ORGRHAR X4 it 31 w2 M B o0 B3 DB 2
RANZY T 5, BTA 3 LU PDB 12 & B QAT 1T B BIH IR & v 3 7 E OFRIC & 5 et
il E—HUTHED 2B 0o DEENRY) H Y RIFMRE R BIRERK X v 82 B0k
IR TE 2 E2 605,

MEDEHREZBE 2, BEAKR) H Y RBTAB LU PDB TN LA FF ) H—¥
CIAP1 @V 7> N BE04 % it X872 1 8L 2 % Agg SNIPER & U Cidt L7 (Fig. 7).

- — - —
o |, OH 0 OH
\@:’)_@_Nﬂ e \Hjhlmphé UEF@‘E’\GO\/Z&HW‘%
1

BTA BEO4
BEERYH R clAP1Y) H K
_ J \ J

\: 2/

— _ b —_— — ‘\b )
s I 0 H (o] H OH
SaSAad kg g WAUSs s asion o
/
2

PDB BEO4

L BEEXRY R )L clAP1) H v K ) L )

Figure 7. Agg SNIPER 1 £ & U 2 D FE%Et.
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232 A

Agg SNIPER 1 % Scheme 1 IZ/R 3 & E D IZHM U7z, 5 DEMKTIZ, 3 DIIKZRKISIZE
WTCTADRTRTHET I/ FAT7 ) = NVEIANT 4 REEGEEB LY T, T/ F
AT )=V LUTHEBLILIITERP oD, PPhilk>TRTT42E L E 73
JERFREMETHIETE 2187, 7IVIDERTIE, 7=V 5& 6% 2mLLT
BondTIT NMREDEITNT I /b2 idAaz, 6 OBLIZL>TT VT F%2E5
ZEPNEETH o7z, TDH, TIVIA—=I 6% Ms{bLT7 ZERKL, 52D S\2 Mt
Boc DifR#EIZ L D7 IV 9 21572, BBIZ, INVEVEE10Y 7 IV 9 2HfHA L. Boc %
Hhiffi&€d % Z & T Agg SNIPER 1 %157z,

H,N
s a @\ b s
\@:/)_NHZ — S<g — \@/ NH,
N N
NH,
4

3 5

C d s
H(O\/)‘NHBoc — MS(O\/)*NHBoc — ,)-@-N‘(\/O)\/\NHR
3 3 N H 2

8:R=Boc

6 7

—» 9:R=H

4

o NHBoc

o , OH ] . o , OH
S O Ot e
—
N H 2 H O NHR

10 11 : R=Boc

—» 1:R=H

Scheme 1. Agg SNIPER 1 MDA A%. (a) 10 M NaOH aq., reflux, 18.5 h, 77%; (b) PPhs,
4-aminobenzoic acid, polyphosphoric acid, 220 °C, 4 h, 41%; (c) MsCl, NEt;, DCM, r.t., 45 min,
87%; (d) 5, K,COs, KI, DMF, 90 °C, 3.5 h, 30%; (e) 4 M HCI/1,4-dioxane, DCM, 0°C, 3 h; (f) 9, EDC,
HOBt, DIEA, DMF, r.t., 24 h, 33% (2 steps); (g) 4 M HCI/1,4-dioxane, DCM, r.t., 3 h, 80%



2. RUNTEOBE TN & T 5 ik
34 | Huntington JiRIN X v X2 BEDTaTA v ) v o XTI v

#t\ T Agg SNIPER 2 % Scheme 2 Dl D IZH M L7z, 14 DABTIE, SCHkEH®R * 25z 7
IVREIAFNTZV DAYy T E 0 T VAEY 13 2K L. BBry & W72 i
REIZL D72/ —)V 14 %157z, ISIZHBKRT 2D Sy2 Ktd & O Boc DEFE#IZL b
7 216 #1872, %I, Agg SNIPER 1 DA & [AEEIZ 77V K U 10 & Offith 3 & U Boc
DOREEIZ X Y Agg SNIPER 2 Z1587=,

a

RO

MeO s S
C[ PN = CEN’H‘;« N
N \

12 13:R=Me

—» 14:R=H

(o
S o\/>NHR
MS(O\/)‘NHBOC > \ N_<‘:©4
3 /N_O_N N :

15: R=Boc

—» 16:R=H

o) OH o |, OH
o N
HO th S \/>\N \n)\‘/\Ph
O NHB \ <:> N_<\:©4 H O NHR
oc N N’ N 3
/

17 : R=Boc

ZT
(]

10 f

—» 2:R=H

Scheme 2. Agg SNIPER 2 D & . (a) NaNO,, N,N-dimethylaniline, H,SO,, AcOH, 0°C, 15 min; (b)
BBr;, DCM, r.t., overnight; (c) 14, K,CO5;, DMF, 100°C, 7 h, 7% (3 steps); (d) 4 M HCI/1,4-dioxane,
DCM, r.t., overnight; (e) 16, EDC, HOBt, DIEA, DMF, rt.,, 24 h, 54% (2 steps); (g) 4 M
HCl/1,4-dioxane, DCM, r.t., 6 h, 80%.
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2.4 FEMEETME

AHITR, it AL Agg SNIPER 1251 5., BRI T 5 5 AIRIE L MR TO
mHtt JEANEMEIZ DO W TR B,

241 BEEFICHT EETENE

At - AU 72 Agg SNIPER 1 8 X U 2 1%, WINBEEARY H Y NI U & D K E 2k
PRIENTED, BEABMMEZEL > TWAHEENPEZ 6N, 22T, £TI1B&
O 2 BEERBANEZ MR L COW A2 MREET 5 Z 2 iz LTz,

BERE OFEGIABR T, S0EAE ThT (Fig.8) &7 LR I VA s /
62 #7572 RTF R (Qe R TF F) ¥ Dtk zE WL % \E:Iﬁf<:>*\
fForme ThT I KU NV EREKE BT 5 Z & T 1,440 \

M. Aer=485 Nm O BOETREE ASRNIS B &\ > Rk 7 SR %
B 2HEMEER N T TH B (Fig. 9),
3.5

3.0
2.5

Figure 8. ThT D&,

— ThT (free)

S —_—
3 20 / \ ThT (bound)
2
3 1.5 / \
R 1.0
o 0.5 \
/\\__
0 T e —
-0.5
450 500 550

HILEE (hm) @1, =440 nm
Figure 9. ThT D& LR E L L.

U72h3 5 T, Qe N7 F NEEMR L ThT % A7 38722124 LT Agg SNIPER % 8l L 72 B%
IZ. & L Agg SNIPER HDEEMREMHEMEHT 251X, ThT & Qe R 7'F N DOMHEAEH %5
BEHEL, ThT OHELEE DK T A FHEEI NS (Fig. 10), Z OFEERFIEIX, (LAY ORHEMR
R B REARERE LTI Tnw3,

I-.‘.
A
e .

Q, 7 F REEE WA EEE T
Agg SNIPER

Figure 10. #5&HBOERXK.

Agg SNIPER
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F72. Qe X7 F FORESIL GST ZAlA T TAEL L RIETIT 572 %, GST-Qg R 7 F
RNi&. GenScript #LIZ CTHRFLE K I N7z Qe X T F NIBIE T % pGEX X7 X —IZE AL, K
FICEBEERT 2 2 e CHREIEZ, ZNE2ITIVEXF AU E =R k> THE L 724,
thrombin IZ & > T GST % Qe X7 F R oYW d 5 Z & THRIE S E., #Eilbiz1T- 7=

FEGRBROMEE, 18 X002 IXEEIRFIIC ThT OEERE 2T X7 (Fig. 11),
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AEAR (10 pm)
1 (pm) —  — 01

2 (M) — = =
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| +
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Figure 11. #E& 5%,

728, Agg SNIPER 2 I3kt 29 2/LEWTH 5 H . 3 uM 2B\ T 485 nm DI FEDEIZ
ﬂ”ﬁ_énﬂlﬁlﬁ FIIL\&) bmt}\ﬁ‘ﬁf’ (Flg 12)

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0
-0.5

RHICRE (a.u.)

380 430 480 530
% B & (nm)

Figure 12. Agg SNIPER2 DKL A RS kL.

A EDKEFR S, Agg SNIPER 1 5 KU 2 13BN T 2 BRI ZMFF L T\ 5B 2 L AVR
®X -,
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2.4.2 HD BHEHEMITICES TS mHtt FERBDFEMY

T, Agg SNIPER @ mHtt fFFEEAEMEZ FEM L 72z, Z OEERTIL, HD BEHE
fibroblast il (HD fh) (ZAFET % mHtt %, polyQ iK% i\ T western blotting {2 & 0 #H
U. ZTOFEEDEALZ GG L 72, HD fo lZxf L Agg SNIPER 1 53X 0F2 % 96 h JWEEL 7= &
Z A, mHtt OFFEELEA U7 (Fig. 13),

- - 4
1uM) — 1 3 10 2(10uM)

1(10uM) — + =
mH{t

mH¢tt
(1B : polyQ) _....-_ (1B : polyQ) E
actin .-.-I tubulin |!- -

Figure 13. Agg SNIPER (D mHtt 777 854> & M o) S14H.

LEX D, mHtt OFEHEEZBAIE2EMELTLIELUV 22 /-RHETZ N TE L,
2.5 XH=XLEH

AHiTlE, Agg SNIPER 1 % F\\ 7z mHtt fZEEJEDIEED X 51 = X LIRHTIZ DWW TR B,

2.5.1 mHtt DD ICSH TS SNIPER DEREEDEEMDIRETE
1 @O mHtt FANEMED, 1 BEDK Y A Y FEEICHR T 5 a2 H 5, £ T DER
TlX, BTABXUBEM DV H Y REHMH 5 WNIEHHLELL . mHtt OJRADTEMEIZB T
1 DGR E D E B DREE L 72,
FERROFER, BTA B XU BE04 121k mHtt JikANEMEIXFRD 5 s dr o 72 (Fig. 14).
BEO4 (10pM) = + =— + =

BTA(10pM) — — + + =—

1T10pM) =— =— =— = +
mHtt

(IB : polyQ) . = . -
actin I..-.-

Figure 14. Agg SNIPER1 &£ & 1) /I > R D mHtt FHEER D EE.

ZDFERMN S, Agg SNIPER (2 & 5 mHtt JkANEME 1L Agg SNIPER O REE IZHKT 5 5
DTIFRL, 2, EEOHKBUT BRGNP BETH 2 Z AR I N,
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252 mHtt DBRPICHITZTOT 7Y —LMKIEHEOREE

TUaTAY )y IRy IETIIEN R VR IEIZH L UPS 23835, L7z - T, Agg
SNIPER DMEZEMRAHUE D IZ/EA L TW AR 51X, mHtt OFEEFMIBEWT e T 7Y —A
DEELTWARIXT THDS, TITIOERKRTIK, 7u77 Y —LHEAIZL->T Agg
SNIPER @ mHtt J&ANEMEDR F ¥ 2V I 0% MGE L 72,

72770, a5 7Y —AMER%E Agg SNIPER & [H U< 96 h WH T 2 DIMIfg~D K & 72
BHPGEHEINE, ZTDH, ZOMGETIEE T Agg SNIPER 1 @ mHtt J&AMEMED X 1 2 3
—AEMRL, EELPRNDERNC T BT 7Y —LHERZRINT 5 Z LT, Z DML
ER/ANRICINZS Z &2 U7,

RA LA—A%RMERLIZE Z A, Agg SNIPER 1 DMLHEE 72 h £ Tl mHtt DB & 2 5% 77F
MR X N7z (Fig. 15a), £ ZT7/ a5 7Y —LHESEETIX, Agg SNIPER 1 DL 72 h
DRFRTTBTT Y —LRER MG132 ZWEL L, £ 2705 24h 1% (Agg SNIPER 1 O JLEE A
55k 96 h#2) 12 western blotting 2475 Z &2 L 7=,

FEROAKER, Agg SNIPER 1 @ mHtt JlAMEMEIX MG132 20ffHT 5 Z & TF v VL a sz

(Fig. 15b), Z OfEEA 5. Agg SNIPER 112 &% mHt ZERDEAIZIE, TuaF7 YV —»4A
PG L TWS Z EDRIEBI N,

a b
1(10 pM)

MG132 (10 uM) =— + =— +
time(h) 0 24 48 72 1(10,M) = = + +
mHtt

I T e G T
actin | P — tubulin Im

Figure 15. (a) Agg SNIPER 1 OSEMD R 4 LI —RXFER. (b) TAT 7V — LBEEEER.

2.5.3 mHtt DFPICE 1T B cIAPL IRTFEMDIREE

BT, mHt DFAIZBWTAEFF 2 ) H—+ clAPL A5 2 HREEL 72,

Agg SNIPER AMEZEAR M D 12 mHtt BEER L clAPL DXUGICHHEAER T 5 Z & T %2 R
LTWBDTHIUL, clAPL EAHEAEA L 7\ Agg SNIPER AR T IE mHtt D171 2 IkANE
PEDZRD ST TH 5 (Fig. 16),

CIAPLE FEEFERA L7 1 - > F.Oggo
FEEEE :

Figure 16. SNIPER (& clAP1 EHBBEEARA LA WERZERAZ VRV ED Ub b EFETE 4.
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Z 2 TZOMGEERTIE, clAPL EMHEMEA L RWEEARZH 712G L. £ O mHit J&d
EMEEFHMEIT 5 Z 212 U7z, 2B, BEDHIEIZE T BE4 & clAP1 DFHEAEA 21X BEO4
D ROFLELTIVENEETHELI D> TWDE M, EEE s 2 KEICER
U7-i584K 18 1X clAPL XM AAMEAET, £72, BEOADIZ RuF v 7 I/ & Fr
72\~ SNIPER FAE(K 19 13KEM & » 8 7 B RFEIEM A% T 5 * (Fig. 17).

o
A
o [ oH OH
YTt ) Py
0 [ NH, o'NH 7Y ol NH
k[rNé/\oa\/N -NJI\E/-\/Ph
o] 2 o " on
BE04 CRABP SNIPER
o
o WOH
N N
N Ph
Fi?/ \fo]/\/\ N )\
o’ o
H H i
Hr"é/\o)'\/N\n/\NJ\/\/Ph
H
o 2 o
18 19
not interact to clAP1 no activity

Figure 17.BE04 Dt ROF L E LTI/ EDEEM.

PLEOMIRZBE 2, clAP1 L HEAEH L7\ Agg SNIPER 1 &k e LT 21 2#&%& L. 9
& 20 DAfFEIZ L O & L7z (Scheme 3),

[o]
H
S, N
OOt + j)j M
N H 2 (o]
20

T
a S (\/0)\/\ N
>—< >—N N Ph
— \©:N’ H 2 H \g/\/\
21

Scheme 3. 21 M & . (a) EDC, HOBt, DIEA, DMF, r.t., 24 h, 54%.
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HD foiZxf L 21 % 96 h JLBE L 72 & Z A, 21 X mHtt DFF(E & % Jf A X &7 d2 - 7= (Fig. 18),
21 (uM) — = 3 10
1(uM) — 10 — =—

(IB:poTyl-g; - "‘
tubulin M

Figure 18. clAP1 K17 M DRREE.

ZDOFERMN S, Agg SNIPER 12 & % mHtt DAFEEIFANTIX clAPL 2B 5- LT W5 Z L AVR
BX Nz,

2.6 EE

AWERETIE, mHtt Z0E DO TIE R, ZTOBEREZERNELTLZETmHED 771
VIRV EAK, mHIt OFHEREEZBDIELZ LKLz, UL, Agg SNIPER
DIEFABEFEIZDOWT, FEKGUE D IZEHALUTWE 2 ER MM N"EEN 5, Agg
SNIPER Tl mHtt DEHEEAKD AN RFE X, mHtt DE ) ¥ —h%% 5 & TR 7203, EBR
(21 mHtt DIFEE DS western blotting TIZIFHER TERVWEF TR L7z, ZHIZDWTIE,
Hd fo IZF8BLS 5 mHtt OREREZ MR T 2B E VDD, /-, A7 X =7 v NORRFHE
W2 & D mHtt OFFIH O AREMEEZE X S5NEZ 6, mHIt O mMRNA &2 EET 522 H
EZTW5,
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27 FELHESEBOEE

AAFFERETIX, HD JRR R VRV ETHZ mHt D 7u74 > /) v I X v 2 gL -,
KD Ay RRREIN TR mHE O 7051 > /v 7 87 2B L, EEIEX mHt £
DHLDTIFR L, BEAZIER L 3§25 H#H SNIPER [Agg SNIPER] 12 & - T mHtt Z @4 X+
PAEENE BRIz, FEEGUC T D W TG - & U 72 Agg SNIPER 1 5 X OF 2 1%, polyQ
BERE OBIRMEZ/ZR L, HD o IZBWTHNET 5 mHtt DFERZFDI T2, £72, 1%
W7z A B = XL & D mHt JEAEMEDY 1 DK Y A RTHS BTA B LU BEV4 IZH
KT 2EDTIERNI EARIN, X512, Agg SNIPER 2707 7Y — A8 XU clAPL &
W mHtt 2D S ETWE Z AR I N/,

DAL EDFER NS EHIIARPERED HITH 2 mHtt OFFIEEEZ 70T 7 Y — LMRIFHIZ
BAIELEND T 1BLU2 2R THIOTRIR ST 2 Z LI U7z, FIRIZ, ARIFE
BREIZEoTTaTA Vv /) v XY EICBITE BNV RI2BZDED TR, &Y
NOBOEEERIEN L T2 kM) 2EiET 2N TERZ, RIFZEHRIZ, RIEZIHERE
DA TH 2 HD ODIRFEIZE VT, BIBFIEDRREIZ OB LZHATHLLHFEZATWS,

BE, ClAPL D/ v 7 X7 VEERX, SR iLEIAIZ & 5 [mHtt - Agg SNIPER - cIAP1] =##
BARDIE R 7 . Agg SNIPER D75 A 1= X Ltz DTS, MA T, Agg
SNIPER1 3 & 2 5% 10 uM, 96 h MLERLIZ B W T, #EFHICEZEZEIZRWE DD HD fb 124 L
THTOHFEEZRTZ S (Fig. 19). X DIKEE TIEM: 2/~ 39172 Agg SNIPER D£l|#
L HTETHTH 5,
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Figure 19. Agg SNIPER 1 £ & T 2 Oz (WST-1 assay) .
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2.9 SREAIR

2.9.1 Organic synthesis

General.

'H and **C NMR spectra were recorded on a JEOL JNM-ECA500 (500 MHz) spectrometer in the
indicated solvent. Chemical shifts (8) are reported in parts per million relative to the internal standard
tetramethylsilane (*H NMR) or the centerline of the triplet at 77.0 ppm of CDCl; (*C NMR). ESI and
FAB mass spectra were recorded on a BRUKER micrOTOF Il mass spectrometer and JEOL
JMA-HX110 mass spectrometer, respectively. Chemical reagents and solvents were purchased from
Aldrich Inc., Tokyo Chemical Industry Co.,Ltd., Wako Pure Chemical Industries,Ltd., and Kanto
chemical co.,inc. and used without purification. Routine TLC was performed on silica gel 60 F254
plates (Merck, Germany). Flash column chromatography was performed on Silica gel 60 (spherical,
particle size 40-100 um; Kanto Chemical, Japan)

Bis(4-methylaminophenyl)disulfane (4).

A mixture of 2-amino-6-methylbenzothiazole (3, 5.00 g, 30.5 mmol) in 10 N NaOH (40 mL) was
stirred under reflux for 18.5 h. The reaction mixture was poured into ice-water, acidified with
concentrated HCI to pH 1, neutralized with 2 N NaOH, and extracted with AcOEt. The organic layer
was washed with brine, and dried over MgSQ,. Filtration, evaporation of the solvent in vacuo, and
purification by flash column chromatography (n-hexane/AcOEt = 1:2) gave 3.23 g (77%) of 4 as a
yellow solid. *H NMR (500 MHz, CDCl5) & 6.97 (d, J =8.1 Hz, 2H), 6.95 (s, 2H), 6.64 (d, J = 8.1 Hz,
2H), 2.13 (s, 6H). MS (FAB) m/z 277 (M + H)".

2-(4-Aminophenyl)-6-methylbenzothiazole (5).

S
N

A mixture of 4 (2.007 g, 7.261 mmol), PPh; (1.92 g, 7.34 mmol), and 4-aminobenzoic acid (1.99 g,
14.5 mmol) in polyphosphoric acid (14.5 mL) was stirred at 220 °C for 4 h. After cooling, the reaction

mixture was poured into 10% aqueous Na,COs, stirred at 0 °C until gas evolution ceased, and
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extracted with AcOEt. The organic layer was washed with brine, and dried over MgSO,. Filtration,
evaporation of the solvent in vacuo, and purification by flash column chromatography
(n-hexane/AcOEt = 2:1) gave 1.45 g (41%) of 5 as a yellow solid. "H NMR (500 MHz, CDCl5) & 7.88
(d, J=8.5Hz, 2H), 7.87 (d, J = 7.9 Hz, 1H), 7.64 (s, 1H), 7.25 (d, J = 7.9 Hz, 1H), 6.73 (d, J = 8.5 Hz,
2H), 3.97 (s, 2H), 2.48(s, 3H). MS (FAB) m/z 241 (M + H)".

2-(2-(2-tert-Butoxycarbonylaminoethoxy)ethoxy)ethyl methansulfonate (7).

MS(O\/)‘NHBoc
3

To a mixture of 6 (51.0 mg, 0.205 mmol) and NEt; (51.6 mg, 0.510 mmol) in DCM (5 mL) was added
methansulfonyl chloride (50.0 mg, 0.440 mmol) at 0 °C and stirred at room temperature for 45 min.
The reaction mixture was washed with H,O and the organic layer was dried over MgSQ, and filtrated.
Evaporation of the solvent in vacuo and purification by flash column chromatography (AcOEt) gave
50.4 mg (87%) of 7 as a colorless oil. 'H NMR (500 MHz, CDCls) § 4.39 (t, J = 4.6 Hz, 2H), 3.77 (t, J
= 4.6 Hz, 2H), 3.62 (m, 4H), 3.53 (t, J = 5.2 Hz, 2H), 3.32 (br, 2H), 3.08 (s, 3H), 1.45 (s, 9H). MS
(FAB) m/z 328 (M + H)".

2-(4-(2-(2-(2-tert-Butoxycarbonylaminoethoxy)ethoxy)ethyl)aminophenyl)-6-methylbenz

othiazole (8).

s
Vg S e
N H 2

A mixture of 7 (34.5 mg, 0.105 mmol), 5 (20.4 mg, 84.9 umol), K,CO3 (7.4 mg, 53.0 umol), and Kl
(27.4 mg, 0.165 mmol) in DMF (0.2 mL) was stirred at 90 °C for 3.5 h. The reaction mixture was
poured into aqueous NaCl (brine/H,O = 1:1), extracted with CHCI3, and dried over MgSO,. Filtration,
evaporation of the solvent in vacuo, and purification by flash column chromatography
(n-hexane/AcOEt = 2:1 to 1:1) gave 11.9 mg (30%) of 8 as colorless oil. 'H NMR (500 MHz, CDCl5)
§7.89 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 1H), 7.63 (s, 1H), 7.24 (d, J = 8.5 Hz, 1H), 6.67 (d, J =
8.5 Hz, 2H), 3.73 (t, J = 5.2 Hz, 2H), 3.65 (m, 4H), 3.56 (t, J = 4.9 Hz, 2H), 3.39 (br, 2H), 3.34 (br,
2H), 2.47 (s, 3H), 1.45 (s, 9H). MS (FAB) m/z 472 (M + H)".
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2-(4-(2-(2-(2-Aminoethoxy)ethoxy)ethyl)aminophenyl)-6-methylbenzothiazole (9).

OOt

To a solution of 8 (11.9 mg, 25.2 umol) in DCM (0.8 mL) was added 4 M HCI/1,4-dioxane (0.8 mL) at
0 °C and stiired for 3 h. The reaction mixture was concentrated in vacuo to give crude 9
(dihydrochloride salt, 12.1 mg) as a yellow solid. The product was used in next step without further
purification. '"H NMR (500 MHz, CDCl5) & 7.88 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 1H), 7.63 (s,
1H), 7.24 (d, J = 9.8 Hz, 1H), 6.67 (d, J = 8.5 Hz, 2H), 3.73 (t, J = 5.2 Hz, 2H), 3.67 — 3.65 (m, 4H),
3.53 (d, J=5.2 Hz, 2H), 3.38 (d, J = 5.2 Hz, 2H), 2.89 (br, 2H), 2.47 (s, 3H). MS (FAB) m/z 372 (M +
H)".

2-(4-(2-(2-(2-((S)-2-((2S,3R)-3-tert-Butoxycarbonylamino-2-hydroxy-4-phenylbutanamid
0)-4-methylpentanamide)ethoxy)ethoxy)ethyl)aminophenyl)-6-methylbenzothiazole
(12).

0 OH
H
s
-t Yy S o
N 2 O NHBoc

To a mixture of 9 (12.1 mg), 10 (10.4 mg, 25.5 umol), 1-hydroxybenzotriazole monohydrate (8.1 mg,
60 pumol) and DIEA (20 uL) in DMF (0.5 mL) was added EDC (19.8 mg, 103 umol) at 0 °C and
stirred at room temperature for 24 h. The reaction mixture was treated with saturated aqueous NaHCO3,
extracted with CHCI;, and dried over MgSQO,. Filtration, evaporation of the solvent in vacuo, and
purification by flash column chromatography (CHCI; to CHCIz/MeOH = 20:1) gave 6.3 mg (33%, 2
steps) of 11 as a yellow amorphous solid. *H NMR (500 MHz, CD;0D) & 7.76 (d, J = 7.9 Hz, 2H),
7.71(d, J=7.9Hz, 1H), 7.64 (s, 1H), 7.25 — 7.18 (m, 1H), 6.68 (d, J = 8.5 Hz, 2H), 4.42 (dd, J = 9.8,
5.5Hz, 1H), 4.11 (dd, J = 7.9, 4.0 Hz, 1H), 3.65 — 3.48 (m, 8H), 3.32 (br, 2H), 3.27 (br, 2H), 2.80 (dd,
J=13.1, 7.6 Hz, 1H), 2.42 (s, 3H), 1.56 — 1.53 (m, 3H), 1.28 (s, 9H), 1.14 (s, 2H), 0.87 (dd, J = 17.1,
6.1 Hz, 6H) . MS (FAB) m/z 762 (M + H)".
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2-(4-(2-(2-(2-((S)-2-((2S,3R)-3-amino-2-hydroxy-4-phenylbutanamido)-4-methylpentana
mide)ethoxy)ethoxy)ethyl)aminophenyl)-6-methylbenzothiazole (1).

(0] OH
H
S
\©:,j ::> H(\/O)\/\H N\I(H/\Ph
N 2 O NH,

4 M HCI/1,4-Dioxane (0.8 mL) was added to a solution of 11 (6.3 mg, 8.3 umol) in DCM (0.2 mL) at
0 °C and stirred at room temperature for 3 h. Evaporation of the solvent in vacuo and purification by
preparative thin-layer chromatography (CHCIs/MeOH/NH; aq. = 10:1:0.1) gave 5.4 mg (80%) of 1 as
a yellow amorphous solid. *H NMR (500 MHz, CD;0D) & 7.81 (d, J = 8.5 Hz, 2H), 7.76 (d, J = 7.9
Hz, 1H), 7.70 (s, 1H), 7.27 — 7.20 (m, 6H), 6.73 (d, J = 9.2 Hz, 2H), 4.42 (t, J = 7.3 Hz, 1H), 3.94 (d, J
= 3.1 Hz, 1H), 3.68 (t, J = 5.5 Hz, 2H), 3.63 — 3.61 (m, 4H), 3.53 (t, J = 5.5 Hz, 2H), 3.36 (t, J = 4.9Hz,
2H), 3.31 (br, 2H), 2.90 (dd, J = 13.4, 6.7 Hz, 1H), 2.67 (dd, J = 13.4, 7.9 Hz, 1H), 2.47 (s, 3H), 1.67 —
1.61 (m, 3H), 1.18 (t, J = 7.0 Hz, 1H), 0.93 (dd, J = 9.2, 5.5 Hz, 6H). *C NMR (125 MHz, CD;0D) &
173.89, 173.14, 168.75, 151.62, 151.53, 138.39, 134.53, 133.91, 128.86, 128.37, 128.11, 127.31,
126.02, 120.99, 120.83, 120.63, 111.88, 72.07, 69.96, 69.79, 69.13, 68.99, 55.08, 51.59, 42.43, 40.57,
39.10, 38.89, 24.51, 21.83, 20.64, 19.90. MS (FAB) m/z 662 (M + H)". HRMS (ESI) m/z: calcd for
CaH4gN505S", 662.3371; found 662.3374.

2-((4-Dimethylaminophenyl)diazenyl)-6-methoxybenzothiazole (13).

MeO S
\©: N, /
N N_Q_N\

To a mixture of 12 (502 mg, 2.79 mmol), AcOH (9.5 mL), and conc. H,SO, aq. (5.5 mL) was added
NaNO, ag. (240.5 mg, 3.49 mmol in 1.5mL of H,0) dropwise for 15 min at 0 °C and stirred for 10 min
at 0 °C. Then, to the reaction mixture was added a mixture of N,N-dimethylaniline (351 pL, 2.77
mmol) and 1.4 N HCI ag. (2.5 mL) dropwise for 15 min at 0 °C and stirred for 15 min at 0 °C. The
reaction mixture was neutralized and the precipitate was filtrated and washed with hexane. The
product was used in next step without further purification. *H NMR (500 MHz, CDCl,) & 7.97 (t, J =
9.0 Hz, 3H), 7.29 (d, J = 2.5 Hz, 1H), 7.06 (dd, J = 3.0 and 8.5 Hz, 1H), 6.76 (d, J = 9.0 Hz, 2H), 3.90
(s, 3H), 3.15 (s, 6H). MS (FAB) m/z 313 (M+H)".
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2-((4-Dimethylaminophenyl)diazenyl)-6-hydroxybenzothiazole (14).

HO. S
C[ PN /
O

To a solution of 13 (391 mg, 1.25 mmol) in DCM (12.0 mL) was added 1 M BBr; in DCM (3.8 mL)
and stiired at room temperature overnight. The reaction mixture was poured into saturated aqueous
NaHCO; and the precipitate was filtrated and washed with CHCI;. The product was used in next step
without further purification. ‘H NMR (500 MHz, DMSO-ds) & 9.99 (br, 1H), 7.86 (d, J = 9.0 Hz, 1H),
7.80 (d, J = 9.0 Hz, 2H), 7.27 (d, J = 2.0 Hz, 1H), 6.95 (dd, J = 2.5 and 8.5 Hz, 1H), 6.87 (d, J = 8.5
Hz, 2H), 3.13 (s, 6H). MS (FAB) m/z 299 (M+H)".

2-((4-Dimethylaminophenyl)diazenyl)-6-(2-(2-(2-tert-butoxycarbonylaminoethoxy)ethox
y)ethoxy)benzothiazole (15).

S 0\/>NHBoc
AT

A mixture of 14 (101.2 mg, 339.2 umol), 7 (112.3 mg, 343.0 umol), and K,CO; (46.7 mg, 337.9
umol) in DMF (10 mL) was stirred at 100 °C for 7 h. The reaction mixture was poured into NaCl ag.
(brine/H,0 = 1:1), extracted with CHCI;, and dried over MgSQO,. Filtration, evaporation of the solvent
in vacuo, and purification by flash column chromatography (CHCIs) gave 53.4 mg (7%, 3 steps) of 14
as a red amorphous solid. *H NMR (500 MHz, CDCls) & 7.97 (d, J = 9.0 Hz, 2H), 7.95 (d, J = 8.5 Hz,
1H), 7.31 (d, J = 2.0 Hz, 1H), 7.09 (dd, J = 2.5 and 9.5 Hz, 1H), 4.23 (t, J = 4.5 Hz, 2H), 3.91 (t, J =
4.5 Hz, 2H), 3.73 (dd, J = 2.5 and 5.0 Hz, 2H), 3.66 (dd, J = 2.5 and 5.0 Hz, 2H), 3.56 (t, J = 5.0 Hz,
2H), 3.33 (br, 2H), 3.15 (s, 6H), 1.45 (s, 9H). MS (FAB) m/z 530 (M+H)".

2-((4-Dimethylaminophenyl)diazenyl)-6-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)benzothiaz

ole (16).
S 0\/)‘NH
N— :@é 2
O RS

To a solution of 15 (21.4 mg, 40.4 umol) in DCM (2.0 mL) was added 4 M HCI/1,4-Dioxane (2.0 mL)
and stiired at room temperature overnight. The reaction mixture was poured into saturated aqueous
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NaHCO;3, extracted with CHCI;, and dried over MgSQ,. Filtration and evaporation of the solvent in
vacuo gave a red amorphous solid that was used in next step without further purification. '"H NMR
(500 MHz, CDCl3) § 7.97 (d, J = 9.2 Hz, 2H), 7.95 (d, J = 8.6 Hz, 1H), 7.31 (d, J = 2.3 Hz, 1H), 7.09
(dd, J=2.6 and 8.9 Hz, 1H), 4.23 (t, J = 4.9 Hz, 2H), 3.91 (t, J = 4.9 Hz, 2H), 3.75 (dd, J = 4.0 and 5.7
Hz, 2H), 3.67 (dd, J = 4.0 and 5.7 Hz, 2H), 3.53 (t, J = 5.2 Hz, 2H), 3.15 (s, 6H), 2.88 (t, J = 5.2 Hz,
2H). MS (FAB) m/z 430 (M+H)".

2-((4-Dimethylaminophenyl)diazenyl)-6-(2-(2-(2-((S)-2-((2S,3R)-3-tert-butoxycarbonylam
ino-2-hydroxy-4-phenylbutanamido)-4-methylpentanamide)ethoxy)ethoxy)ethoxy)benz

othiazole (17).
) %5 “&f
/

To a mixture of 16 (12.7 mg, 29.6 umol), 10 (12.1 mg, 29.6 umol), 1-hydroxybenzotriazole
monohydrate (9.0 mg, 65.0 umol) and DIEA (15.5 uL, 88.7 umol) in DMF (1.0 mL) was added EDC
(23.6 mg, 123 umol) at 0 °C and stirred at room temperature overnight. The reaction mixture was
poured into NaCl ag. (brine/H,O = 1:1), extracted with CHCI;, and dried over MgSO,. Filtration,
evaporation of the solvent in vacuo, and purification by flash column chromatography (CHCI; to
CHCIly/MeOH = 100:1) gave 16.7 mg (54%, 2steps) of 17 as a red amorphous solid. *H NMR (500
MHz, CDCl,) 6 7.96 (d, J = 9.2 Hz, 2H), 7.94 (d, J = 8.6 Hz, 1H), 7.32 (d, J = 2.3 Hz, 1H), 7.30 — 7.18
(m, 11H), 7.09 (dd, J = 2.3 and 9.2 Hz, 1H), 6.76 (d, J = 9.2 Hz, 2H), 4.46 — 4.43 (m, 1H), 4.23 (t,J =
4.6 Hz, 2H), 4.15 (dd, J = 2.3 and 6.9 Hz, 1H), 4.02 (s, 1H), 3.89 — 3.88 (m, 2H), 3.70 (t, J = 4.6 Hz,
2H), 3.62 (dd, J = 2.9 and 5.7 Hz, 2H), 3.54 (t, J = 5.2 Hz, 2H), 3.17 — 3.12 (m, 7H), 3.10 — 3.00 (m,
1H), 1.57 — 1.54 (m, 3H), 1.37 (s, 9H), 0.88 (dd, J = 6.6 and 10.0 Hz, 6H). MS (FAB) m/z 820
(M+H)*.

2-((4-Dimethylaminophenyl)diazenyl)-6-(2-(2-(2-((S)-2-((2S,3R)-3-amino-2-hydroxy-4-p

henylbutanamido)-4-methylpentanamide)ethoxy)ethoxy)ethoxy)benzothiazole (2).

P e oa

To a solution of 17 (16.3 mg, 19.9 umol) in DCM (1.0 mL) was added 4 M HCI/1,4-Dioxane (1.0 mL)
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and stiired at room temperature overnight. The reaction mixture was evaporated in vacuo and
purification of the residue by PTLC (CHCIl3/MeOH/NH; ag = 40:1:0.1) gave 11.4 mg (80%) of 2 as a
red amorphas solid. *H NMR (500 MHz, CDCls) & 7.97 (d, J = 9.2 Hz, 2H), 7.94 (d, J = 9.2 Hz, 1H),
7.50 (d, J = 8.6 Hz, 1H), 7.32 - 7.30 (m, 5H), 7.09 (dd, J = 2.6 and 8.9 Hz, 1H), 6.76 (d, J = 9.7 Hz,
2H), 4.44 — 4.43 (m, 1H), 4.22 (t, J = 4.6 Hz, 2H), 3.97 (d, J = 2.9 Hz, 1H), 3.88 (td, J = 2.1 and 4.7
Hz, 2H), 3.71 (td, J = 1.9 and 3.9 Hz, 2H), 3.62 (dd, J = 3.4 and 5.7 Hz, 2H), 3.55 (t, J = 5.2 Hz, 3H),
3.47 — 3.43 (m, 2H), 3.16 (s, 6H), 2.97 (dd, J = 5.2 and 13.2 Hz, 6H), 2.55 (dd, J = 9.5 and 13.5 Hz,
1H), 1.62 — 1.57 (m, 2H), 1.26 (s, 1H), 0.91 (dd, J = 6.3 and 10.3 Hz, 6H). **C NMR (125 MHz,
CD30D) 6 177.50, 175.47, 174.66, 159.48, 156.13, 147.96, 144.03, 140.01, 136.63, 130.39, 129.64,
127.53, 124.89, 117.50, 113.02, 106.81, 79.48, 73.65, 71.82, 71.31, 70.79, 70.53, 69.27, 56.62, 53.03,
42.09, 40.72, 40.46, 40.44, 40.42, 26.02, 23.38, 22.13. MS (FAB) m/z 720 (M+H)". HRMS (ESI) m/z:
calcd for Ca37HsoN;06S", 720.3538; found 720.3530.

2-(4-(2-(2-(2-((S)-2-(4-phenylbutanamido)-4-methylpentanamide)ethoxy)ethoxy)ethyl)am
inophenyl)-6-methylbenzothiazole (21).

To a mixture of 9 (12.4 mg, 33.4 umol), 20 (9.5 mg, 34.3 umol), 1-hydroxybenzotriazole
monohydrate (7.9 mg, 58.5 umol) and DIEA (18.0 uL, 99.8 umol) in DMF (0.5 mL) was added EDC
(10.6 mg, 55.3 umol) at 0 °C and stirred at room temperature overnight. The reaction mixture was
diluted with AcOEt, extracted with brine/H,O (1:1), and dried over MgSO,. Filtration, evaporation of
the solvent in vacuo, and purification by flash column chromatography (hexane/AcOEt = 1:3 to 1:6)
gave 12.2 mg (58%) of 21 as a yellow amorphous solid. *"H NMR (500 MHz, CDCl,) & 7.88 (d, J =
8.6 Hz, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.63 (s, 1H), 7.29 — 7.15 (m, 6H), 6.67 (d, J = 8.6 Hz, 2H), 6.00
(d, J=8.0 Hz, 1H), 4.45 (dd, J = 14.0 and 8.3 Hz, 1H), 3.72 (t, J = 5.2 Hz, 2H), 3.64 — 3.62 (M, 4H),
3.56 — 3.54 (m, 2H), 3.47 — 3.43 (m, 2H), 3.38 (t, J = 5.2 Hz, 2H), 2.62 (t, J = 7.4 Hz, 2H), 2.47 (s, 3H),
2.19 (t, J=7.7 Hz, 2H), 1.98 — 1.92 (m, 2H), 1.64 — 1.57 (m, 2H), 1.50 (t, J = 8.3 Hz, 1H), 0.92 (d, J
=4.6 Hz, 6H). BC NMR (125 MHz, CDCly) 6 172.91, 172.28, 167.86, 152.53, 150.63, 141.47, 134.79,
134.47, 129.08, 128.61, 128.56, 127.67, 126.16, 122.95, 121.97, 121.35, 112.73, 77.37, 70.44, 69.80,
69.59, 51.66, 43.19, 41.49, 41.46, 39.40, 35.89, 35.28, 27.24, 24.93, 22.97, 22.34, 21.63. HRMS (ESI)
m/z: calcd for CagH4N4NaO,S", 653.3131; found 653.3150.
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2.8.2 Biology

Cell culture condition.

Fibroblast cells from Huntington’s disease patients (GM04281-17/68 CAG), obtained from Coriell
Cell Repositories, were cultured in D-MEM supplemented with 10% heat-inactivated FBS and the

antibiotics penicillin/streptomycin at 37 °C in a humidified atmosphere of 5% CO in the air.

Construction, Expression, and purification of GST-Qep.

GST-Qs2 cDNA was obtained by cloning the synthesized DNA sequence coding for 62 Qs (GenScript
Japan Inc.) into the BamH1 and EcoR1 sites of pGEX 4T-1 plasmid vector (GE Healthcare). GST-Qs2
was expressed in transformed Rosetta™ (DE3) competent cells derived from Escherichia coli BL21
grown in LB medium by induction with 0.1 mM of IPTG at 37 °C for 4 h. Cell suspensions were
centrifuged at 3000xg for 5 min and bacterial pellets were resuspended in sonication buffer (25 mM
Tris, 300 mM NaCl, 10% v/v glycerol, and 1 mM PMSF). Cell suspensions were sonicated and
centrifuged at 14000xg for 10 min. Supernatants were batch purified on glutathione-Sepharose 4B
resin (GE Healthcare) and eluted GST-Qs; using elution buffer (50 mM Tris-HCI, 10 mM Glutathione
(reduced form, Aldrich), pH 8.0). Amount of SGT-Qg, Was quantified using bradford protein assay and
SDS-PAGE with Oriole™ Fluorescent Gel Stain (Bio-Rad).

Qs2 peptide binding assay.

10 uM of GST-Qg, was cleaved by thrombin (1 unit / 100 ug of GST-Qs,, GE Healthcare) at room
temperature overnight and aggregation was monitored by measuring the turbidity at 600 nm on
ARVO™ SX microplate reader. Aggregate of Qg, was incubated in the presence of 1 uM of ThT at
room temperature for 15 min. To the mixture was added BTA-1 or SNIPER_EG3 and incubated at
room temperature for 15 min. After incubation, fluorescence intensity of ThT in the mixture was
measured on fluorescence spectrometer (Jasco FP-6500) with excitation set at 440 nm and emission set
at 485 nm.

Western blotting.

Cells were washed with PBS, lysed in SDS lysis buffer (1% SDS, 10 mM EDTA and 50 mM Tris, pH
8.1) and boiled for 5 min. Protein concentrations were determined using BCA protein assay and
normalized by total protein concentration in each lysate. After boiling for 5 min with Laemmli buffer
(2% SDS, 50 mM Tris pH 6.8, 0.1 M DTT, 10% glycerol, 0.02% bromopenol blue), each lysate was
resolved by SDS-PAGE with SuperSep™ Ace 5-12% (Wako Pure Chemical Industries) and
transferred onto PVDF membrane. After blocking with TBS-T (20 mM Tris, 137 mM NaCl, 0.1%
Tween 20, pH 7.5) containing 5% skim milk, the transblotted membrane was probed with anti-polyQ
mouse monoclonal antibody 3B5H10 (SIGMA, 1:1000), anti-B-tubulin antibody (Boeringer
Mannheim, 1:200), anti-pB-actin antibody 1-19 HRP conjugates (Santa Cruz Biotechnology, Inc.,
1:1000), and anti-mouse 1gG antibody 12-349 HRP conjugates (Millipore, 1:1000) in Can-Get-Signal
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solution (Toyobo). After probing, the membrane was washed twice more with TBS-T. The
immunoblots were visualized by enhanced chemiluminescence with Immobilon™ Western

Chemiluminescent HRP Substrate (Millipore).
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Scheme 1. DhaA & & U\ HaloTag @ i HEHE.
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3.4 SEMEFLE

3.4.2 HaloTag-CREB1 Ic ¥ 3 FEERDEM
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WEL 7Y AT LOHRET 5 Z 2 ARE 0z (Fig. 5).
10 pM

— 1a 1b 1c 1d

HaloTag | g e e s

% of Ctrl 100 69 65 71 75

ACtin |w . — —

Figure 5. HaloTag SNIPER 1a-d () HaloTag-CREB1 jFi /&M LM, £1b4% 6 h AL,

E7e. BBHIEEDORD 572 1b & W TIREMKFA 2 8 L 72 & Z 5, HaloTag-CREBL j#4>
EHISEEKRGETHD, I0uM TT I b—IZETEHZ B0 o7z (Fig.6a), X H5IZ, 1b D
EMERA LI —AZMER L7 T A, 1b T 1 h DANITIEMEZ RBL U, 24 h BLETEMED

Fii s 5 Z & A - 72 (Fig. 6b),

a b
1b 10 pM
ib(uM) — 01 1 10 30 time(h) 0 1 3 6 12 24

actin -Q“ﬂ ACHN| ey — ————

Figure 6. (a) HaloTag SNIPER 1b (= & % HaloTag-CREB1 82> i& M4 0 B AR F 4.
(b) HaloTag SNIPER 1b [Z & % HaloTag-CREBL JHAEMHD 4 4 L2 —X.

BT, HaloTag-CREB1 DMz T T T Epoxomicin 10 uM — + - +

TV AHEE LT WAL, BB, 0% 1b10uM — — + +
BRI 1b ZTRIT 5 6 hiiic 70 57 ) — A% HaloTag | e eme —

0,
#| epoxomicin ZRM L 7z, EEROKER, 1b @ % of Ctrl 100 93 63 78
actin | s o —

HaloTag-CREB1 J# A& ME I epoxomicin (Z& > T 5
i .77y —LARESEER.

XvveLEnE (Fig 7). ZOHENS. Figure 7. 7077 Y —ARERE

HaloTag-CREB1 DI/ 7B 77V — LW G L TW5 Z & AREB I N7z,




3. VAV RGN &2 53 5 ik
62 | HaloTag % FIFH U 72 N 0 i 8 o A 7 L DR

72, 1b OMIfEFEE 2R L2 2 A, 6h I W TAEELRFEIZRD ST, 24h ML
HIZPWTEHETOFHEENRDSNEBETH -7 (Fig. 8),

120 A * n.s.
S 1 1
> 1004 3
% 80
h)
Z 60
3
o 40
2
5 204
E ()}
DMSO 1b DMSO 1b
24 h 6h

Figure 8. (a) HaloTag-c-jun B4 /A, &1E&% 18 h L. (b) HaloTag-TNFa.
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Figure 9. (a) HaloTag-c-jun J& 2> B4 ZE{H (18 h ALIE). (b) HaloTag-TNFou 2> SR ZEAH (24 h ALIE).
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3.8 REIF

3.8.1 Organic synthesis

General.

'H and **C NMR spectra were recorded on a JEOL JNM-ECA500 (500 MHz) spectrometer in the
indicated solvent. Chemical shifts (8) are reported in parts per million relative to the internal standard
tetramethylsilane ("H NMR) or the centerline of the triplet at 77.0 ppm of CDCI; (*C NMR). ESI and
FAB mass spectra were recorded on a BRUKER micrOTOF Il mass spectrometer and JEOL
JMA-HX110 mass spectrometer, respectively. Chemical reagents and solvents were purchased from
Aldrich Inc., Tokyo Chemical Industry Co.,Ltd., Wako Pure Chemical Industries,Ltd., and Kanto
chemical co.,inc. and used without purification. Routine TLC was performed on silica gel 60 F254
plates (Merck, Germany). Flash column chromatography was performed on Silica gel 60 (spherical,

particle size 40-100 um; Kanto Chemical, Japan)

2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethyl azide (4a)
C|/\/\/\<o\/)‘N3
3

To a mixture of 3a (42.3 mg, 241 umol) and NaH (22.3 mg, 93 umol) in DMF (1 mL) was added 2
(52.0 plL, 342 umol) at 0°C. The reaction mixture was stirred at room temperature for 7.5 h, diluted
with AcOEt, washed with brine/water (1:1), and dried over MgSO,. Filtration, evaporation of the
solvent in vacuo, and purification of the residue by flash column chromatography (hexane/AcOEt =
3:1) gave 26.1 mg (33%) of compound 4a as a colorless oil. '"H NMR (500 MHz, CDCls) & 3.69 — 3.65
(m, 8H), 3.59 (dd, J = 6.0 and 3.7 Hz, 2H), 3.53 (t, J = 6.9 Hz, 2H), 3.46 (t, J = 6.9 Hz, 2H), 3.39 (t, J
=5.2 Hz, 2H), 1.81 - 1.75 (m, 2H), 1.63 — 1.57 (m, 2H), 1.49 — 1.35 (m, 4H). MS (ESI) m/z 316 (M +
Na)".

2-(2-(2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl azide (4c)
C|/\/\/\<o\/)‘N3
5

The title compound was prepared from 3c (52.1 mg, 198 umol) according to the procedure described
for 4a. Yield: 45.3 mg (60%). Colorless oil. '"H NMR (500 MHz, CDCl,) & 3.69 — 3.57 (m, 18H), 3.53
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(t, J = 6.9 Hz, 2H), 3.46 (t, J = 6.6 Hz, 2H), 3.39 (t, J = 5.2 Hz, 2H), 1.81 — 1.75 (m, 2H), 1.63 — 1.57
(m, 2H), 1.48 — 1.42 (m, 2H), 1.40 — 1.35 (m, 2H). MS (FAB) m/z 382 (M + H)".

2-(2-(2-(2-tert-Butoxycarbonylaminoethoxy)ethoxy)ethoxy)ethoxy)ethoxy)ethoxy)hexyl
chloride (7)

CI/\AA‘(O\/}NHBOC
6

The title compound was prepared from 6 (20.7 mg, 54.3 umol) according to the procedure described
for 4a. Yield: 17.1 mg (63%). Colorless oil. '"H NMR (500 MHz, CDCl,)  5.14 (br s, 1H), 3.66 — 3.52
(m, 24H), 3.46 (t, J = 6.6 Hz, 2H), 3.32 (t, J = 5.2 Hz, 2H), 1.80 — 1.75 (m, 2H), 1.63 — 1.57 (m, 2H),
1.44 —1.35 (m, 13H). MS (FAB) m/z 522 (M + Na)".

2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethylamine (5a)
Cl/\/\/\;(o\/>‘NH2
3

A mixture of 4a (1 equiv.), PPhs (1.2 equiv.), and water (20 uL) in THF was stirred at room
temperature for 24 h. Evaporation of the solvent in vacuo gave the crude 5a, which was used
immediately in the next step without further purification. MS (ESI) m/z 268 (M + H)".

2-(2-(2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethylamine (5c)
Cl/\/\/\;(o\/>‘NH2
5

The title compound was prepared from 4c¢ (12.7 mg, 33.3 umol) according to the procedure described
for 5a. The crude product was used immediately in next step without further purification. MS (ESI)
m/z 356 (M + H)".
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(S)-2-((2S,3R)-3-tert-Butoxycarbonylamino-2-
hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethyl)-4-met
hylpentanamide (9a).

NHBoc

. o) f OH
cl lr:ll th
3 (o)

To a mixture of 5a (25.1 mg, 93.6 umol), 8 (38.2 mg, 93.6 umol), 1-hydroxybenzotriazole
monohydrate (20.3 mg, 150 umol) and DIEA (50 pL, 281 umol) in DMF (0.5 mL) was added EDC
(27.4 mg, 143 umol) at 0 °C. The reaction mixture was stirred at room temperature for 24 h, diluted
with AcOEt, washed with brine/water (1:1), and dried over MgSO,. Filtration, evaporation of the
solvent in vacuo, and purification of the residue by flash column chromatography (CHCI;/MeOH =
100:1 to 30:1) gave 48.7 mg (79%, 2 steps) of compound 9a as a colorless amorphous solid. *H NMR
(500 MHz, CDCly) & 7.32 — 7.19 (m, 5H), 6.79 (s, 1H), 5.59 (s, 1H), 5.09 (s, 1H), 4.48 (br s, 1H), 4.13
(d, J = 4.6 Hz, 1H), 3.64 — 3.44 (m, 16H), 3.02 (d, J = 28.6 Hz, 2H), 1.80 — 1.74 (m, 2H), 1.70 — 1.59
(m, 5H), 1.48 — 1.23 (m, 13H), 0.92 (dd, J = 14.6, 6.0 Hz, 6H). MS (ESI) m/z 680 (M + Na)".

(S)-2-((2S,3R)-3-tert-Butoxycarbonylamino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(
2-(6-chlorohexyloxy)ethoxy)ethoxy)ethoxy)ethyl)-4-methylpentanamide (9b).

. o) " OH
cl lr:ll th
4 (o]

NHBoc

The title compound was prepared from 5b (21.9 mg, 70.2 umol) according to the procedure described
for 9a. Yield: 39.7 mg (81%). Colorless amorphous solid. *H NMR (500 MHz, CDCls) & 7.31 — 7.20
(m, 5H), 6.89 (s, 1H), 5.61 (s, 1H), 5.12 (br s, 1H), 4.49 (br s, 1H), 4.13 (br s, 1H), 3.65 — 3.44 (m,
20H), 3.00 (br s, 2H), 1.79 — 1.74 (m, 2H), 1.70 — 1.56 (m, 5H), 1.47 — 1.26 (m, 13H), 0.92 (dd, J =
14.9, 6.3 Hz, 6H). MS (ESI) m/z 724 (M + Na)".
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(S)-2-((2S,3R)-3-tert-Butoxycarbonylamino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(
2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl)-4-methylpentanamide (9c).

OH

/\/\/\(O\/} i “
cl N \[('Y\Ph
H

5

o NHBoc

The title compound was prepared from 5c¢ (11.8 mg, 33.3 umol) according to the procedure described
for 9a. Yield: 18.7 mg (75%, 2 steps). Colorless amorphous solid. *H NMR (500 MHz, CDCls) & 7.27
—7.17 (m, 5H), 4.47 (dd, J = 9.5, 5.4 Hz, 1H), 4.15 (dd, J = 7.7, 5.4 Hz, 1H), 3.97 (s, 1H), 3.65 — 3.51
(m, 20H), 3.47 (t, J = 6.6 Hz, 2H), 3.37 — 3.34 (m, 2H), 2.88 — 2.84 (m, 2H), 1.79 — 1.73 (m, 2H), 1.67
—1.55 (m, 5H), 1.45— 1.37 (m, 13H), 0.93 (dd, J = 20.0, 6.3 Hz, 6H). MS (FAB) m/z: 747 (M + H)*.

(S)-2-((2S,3R)-3-tert-Butoxycarbonylamino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(
2-(2-(2-(6-chlorohexyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl)-4-methylpentana
mide (9d).

NHBoc

. o) f OH
cl H \[('Y\Ph
6 o

4 M HCI/1,4-dioxane (0.5 mL) was added to a solution of 7 (17.1 mg, 34.2 umol) in DCM (0.5 mL)
and the mixture was stirred at room temperature for 2 h. Then, the solvent of the reaction mixture was
evaporated in vacuo. To a mixture of the residue, 8 (14.4 mg, 35.3 umol), 1-hydroxybenzotriazole
monohydrate (11.6 mg, 85.8 umol) and DIEA (17.6 uL, 103 umol) in DMF (0.7 mL) was added EDC
(26.5 mg, 138 pumol) at 0 °C. The mixture was stirred at room temperature for 19 h, diluted with
AcOEt, washed with brine/water (1:1), and dried over MgSQO,. Filtration, evaporation of the solvent in
vacuo, and purification of the residue by flash column chromatography (CHCI;/MeOH = 100:1 to
30:1) gave 20.9 mg (77%) of compound 9d as a colorless amorphous solid. *H NMR (500 MHz,
CDCls) §7.28 — 7.20 (m, 5H), 5.56 (d, J = 9.2 Hz, 1H), 4.46 (t, J = 7.4 Hz, 1H), 4.13 (d, J = 7.4 Hz,
1H), 4.02 (s, 1H), 3.67 — 3.53 (m, 24H), 3.48 (t, J = 6.9 Hz, 2H), 3.39 (d, J = 5.2 Hz, 2H), 2.94 - 2.84
(m, 2H), 1.81 —1.75 (m, 2H), 1.64 — 1.59 (m, 5H), 1.50 — 1.44 (m, 2H), 1.41 — 1.35 (m, 11H), 0.94 (dd,
J=17.8 and 6.3 Hz, 6H). MS (ESI) m/z: 812 (M + Na)".
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(S)-2-((2S,3R)-3-Amino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(6-chlorohexyloxy)et
hoxy)ethoxy)ethyl)-4-methylpentanamide (1a).

. o) f OH
cl lr:ll th
3 O NH,

4 M HCI/1,4-dioxane (1.0 mL) was added to a solution of 9a (48.7 mg, 74.0 umol) in DCM (1.0 mL)
and the mixture was stirred at room temperature for 4 h. Evaporation of the solvent in vacuo and
purification of the residue by flash column chromatography (CHCI;/MeOH = 100:1 to 30:1) gave 41.0
mg (99%) of compound 1a as a colorless amorphous solid. *"H NMR (500 MHz, CD;0D) & 7.32 —
7.20 (m, 5H), 4.43 (dd, J = 8.9, 5.4 Hz, 1H), 3.93 (d, J = 2.9 Hz, 1H), 3.60 — 3.46 (m, 14H), 3.39 —
3.31 (m, 2H), 2.78 (dqg, J = 118.4, 7.0 Hz, 2H), 1.79 — 1.73 (m, 2H), 1.68 — 1.56 (m, 5H), 1.48 — 1.37
(m, 4H), 0.95 (dd, J = 10.6 and 6.0 Hz, 6H). *C NMR (125 MHz, a mixture of CDCly/CD;0D)
5173.37, 172.60, 137.97, 129.06, 128.43, 126.41, 77.58, 72.05, 71.07, 70.23, 69.83, 69.69, 69.29,
54.66, 51.27, 44.76, 40.84, 39.02, 32.26, 29.09, 26.41, 25.09, 24.60, 22.60, 21.39. HRMS (ESI) m/z:
calcd for CpgH4eCIN3Og ", 558.3304; found 558.3321.

(S)-2-((2S,3R)-3-Amino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(2-(6-chlorohexyloxy
Jethoxy)ethoxy)ethoxy)ethyl)-4-methylpentanamide (1b).

. o) ! OH
cl lr:ll th
4 O NH,

The title compound was prepared from 9b (39.7 mg, 56.5 umol) according to the procedure described
for 1a. Yield: 35.2 mg (100%). Colorless amorphous solid. '"H NMR (500 MHz, a mixture of
CDCIly/CD;0D) § 7.33 — 7.24 (m, 5H), 4.44 (s, 1H), 3.98 (s, 1H), 3.661 — 3.36 (m, 21H), 2.81 (dg, J =
134.6, 6.9 Hz, 2H), 1.78 (t, J = 7.4 Hz, 2H), 1.63 — 1.59 (m, 5H), 1.49 — 1.43 (m, 2H), 1.41 — 1.35 (m,
2H), 0.95 (dd, J = 10.0, 4.9 Hz, 6H). *C NMR (125 MHz, a mixture of CDCl,/CD,0D) & 173.44,
172.62, 138.10, 128.99, 128.35, 126.29, 72.21, 70.99, 70.19, 70.16, 70.12, 69.77, 69.68, 69.24, 54.61,
51.17, 44.68, 40.81, 39.10, 38.98, 32.22, 29.04, 26.35, 25.05, 24.55, 22.53, 21.30. HRMS (ESI) m/z:
calcd for C3oHs3CIN;O- ", 602.3567; found 602.3554.
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(S)-2-((2S,3R)-3-Amino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(2-(2-(6-chlorohexylo
xy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl)-4-methylpentanamide (1c).

. o) f OH
cl H \[('Y\Ph
5 O NH,

The title compound was prepared from 9c (7.8 mg, 10.5 umol) according to the procedure described
for 1a. Yield: 3.7 mg (54%). Colorless amorphous solid. ‘"H NMR (500 MHz, a mixture of
CDCIls/CD;0D) & 7.34 — 7.22 (m, 5H), 4.46 (t, J = 7.2 Hz, 1H), 3.97 (d, J = 2.9 Hz, 1H), 3.68 — 3.54
(m, 20H), 3.50 (t, J = 6.6 Hz, 2H), 3.42 — 3.36 (m, 3H), 2.81 (dq, J = 121.6, 6.9 Hz, 2H), 1.82 — 1.76
(m, 2H), 1.69 — 1.59 (m, 5H), 1.52 — 1.46 (m, 2H), 1.44 — 1.339 (m, 2H), 0.98 (dd, J = 10.6 and 6.0 Hz,
6H). *C NMR (125 MHz, CD;0D) & 174.88, 172.62, 139.10, 130.45, 129.80, 127.86, 72.17, 71.58,
71.55, 71.53, 71.24, 71.18, 70.46, 56.55, 53.15, 45.71, 42.11, 40.46, 40.41, 39.53, 33.77, 30.55, 27.73,
26.51, 26.03, 23.37, 22.22. HRMS (ESI) m/z: calcd for C3,Hs,CIN;Og", 646.3829; found 646.3850.

(S)-2-((2S,3R)-3-Amino-2-hydroxy-4-phenylbutanamido)-N-(2-(2-(2-(2-(2-(2-(6-chlorohex
yloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl)-4-methylpentanamide (1d).

. o) f OH
cl H \[('Y\Ph
6 O NH,

The title compound was prepared from 9d (9.4 mg, 11.9 umol) according to the procedure described
for 1a. Yield: 5.3 mg (65%). Colorless amorphous solid. ‘"H NMR (500 MHz, a mixture of
CDCly/CD40D) & 7.33 — 7.21 (m, 5H), 4.45 (t, J = 7.2 Hz, 1H), 3.97 (d, J = 2.9 Hz, 1H), 3.71 — 3.53
(m, 24H), 3.49 (t, J = 6.6 Hz, 2H), 3.40 — 3.36 (m, 3H), 2.80 (dg, J = 125.9, 6.9 Hz, 2H), 1.81 — 1.75
(m, 2H), 1.65 — 1.58 (m, 5H), 1.49 — 1.44 (m, 2H), 1.42 — 1.37 (m, 2H), 0.96 (dd, J = 10.9 and 6.3 Hz,
6H). B3¢ NMR (125 MHz, CD5;0D) & 175.18, 174.64, 139.62, 130.44, 129.72, 127.70, 73.11, 72.16,
71.56, 71.54, 71.25, 71.19, 70.48, 56.60, 53.07, 45.71, 42.14, 40.45, 40.42, 40.18, 33.77, 30.56, 27.74,
26.51, 26.04, 23.39, 22.20. HRMS (ESI) m/z: calcd for C34Hg CIN3Og", 690.4091; found 690.4090.
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1.2. Biological assay

Cell culture condition and transfection.

Human embryonic kidney HEK293 cells were cultured in D-MEM containing 5% heat-inactivated
fetal bovine serum (FBS), and penicillin and streptomycin mixture at 37 °C in a humidified
atmosphere of 5% CO; in air. Breast cancer cell line MCF-7 cells were cultured in D-MEM containing
10% heat-inactivated FBS, and penicillin and streptomycin mixture at 37 °C in a humidified
atmosphere of 5% CO, in air.

HEK?293 cells stably expressing HaloTag-CREB1 were established by co-transfection with HaloTag
7-CREB1 cDNA (Kazusa DNA Res. Inst) and mRFP cDNA (OriGene Technologies, Inc.: for
selection) using Lipofectamine LTX reagent and PLUS reagent (Invitrogen), and G418 (Nacalai
tesque) selection. MCF-7 cells were transiently transfected with HaloTag 7-c-jun cDNA (Kazusa DNA
Res. Inst.) using Lipofectamine LTX reagent and PLUS reagent according to the manufacturer’s

instructions. Four hours after transfection, indicated compounds were treated for 21 h.

Western blotting.

Cells were washed with PBS, lysed in SDS lysis buffer (1% SDS, 10 mM EDTA and 50 mM Tris, pH
8.1) and boiled for 5 min. Protein concentrations were determined using bicinchoninic acid (BCA)
protein assay and normalized by total protein concentration in each lysate. After boiling for 5 min with
Laemmli buffer, each lysate was resolved by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) with SuperSep™ Ace 10-20% (Wako Pure Chemical Industries) and
transferred onto PVDF membrane. After blocking with TBS-T (20 mM Tris, 137 mM NaCl, 0.1%
Tween 20, pH 7.5) containing 5% skim milk, the transblotted membrane was probed with
anti-HaloTag rabbit polyclonal antibody (Promega, 1:1000), anti- alpha 1 sodium potassium ATPase
antibody ab7671 (Abcam, 1:1000), anti-lamin antibody H-110 (Santa Cruz Biotechnology, Inc., 1:500),
anti-p-tubulin antibody (Boeringer Mannheim, 1:200), anti-B-actin antibody HRP conjugates 1-19
(Santa Cruz Biotechnology, Inc., 1:1000), anti-mouse IgG antibody HRP conjugates 12-349 (Millipore,
1:1000), and anti-rabbit IgG-HRP conjugates (Amerham, 1:2000) in Can-Get-Signal solution (Toyobo).
After probing, the membrane was washed twice more with TBS-T. The immunoblots were visualized
by enhanced chemiluminescence with Immobilon™ Western Chemiluminescent HRP Substrate
(Millipore).

Nuclear and cytoplasmic protein extraction
HEK?293 cells were harvested with trypsin-EDTA and the cytoplasmic and nuclear fractions were
extracted using NE-PER Nuclear and Cytoplasmic Extraction Reagent kit (Thermo Scientific)

according to the manufacturer’s instructions.

Fluorescence microscopic analysis
HaloTag-fused proteins expressed in HEK293 cells or MCF-7 cells on glass-base dishes were labeled
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with HaloTag Oregon Green (Promega) according to the manufacturer’s instructions, fixed with 10%
formalin-PBS containing 0.4 pg/mL Hoechst 33342 (ICN Biomedicals) at room temperature for 30
min, and washed with PBS containing 0.05% Tween 20. Images were acquired using an 1X70 inverted

fluorescence microscope (Olympus).

WST-1 cell viability assay
Toxicity of compound 1b was measured using Cell Counting Kit (Dojindo) according to the
manufacturer’s instructions.
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