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TEHER, TN o1YYT, HFAY = 95, FY X 50, d¥Ed, HPELhY EsdR, AvdHE, 249
4 &2 AeE, A5 B AFA & S5, dastoHy oz NE MEld AATH Ao, vAE EE 8o
Ha gds Tg8ste 79 o) @54 23 719 &4 83F 9 4E F59 AEE Y%, Ad 9A A9
g F o= g o) HFHE FFE, B ol dAFHoR FHEHE A

A% 124

HDAC1 ®+ HDAC2e] 938 wizf=+ A3t w== Ao, HDAC3®] Y] mizixE A3t v Ao, wE Zgjti}o]s)
TEHER, TN o1YYT, HFAY = 95, FY X 50, d¥Ed, HPELhY EsdR, AvdHE, 249
A 224 A, Uk A3, 1E &, P 2 A & A5, dxseyorRy Mud A7As
2 el o dEA 23 719 &4 HE L 4R S50 AR TE AWS A3 oA Y A, A1
YA A1098 F o= g ghol] ATH R, B o]y AdATHoR FHERE P &

w4 29 dg B F=x

201311 3¢9 15¢xE EHUH v 7FEY A61/800,1705 H 2013 8¥ 7AAE EHUH v 7MEY A
61/863,2355.9] °]o](o]&] MAMNES 2 AFe] Fng ZgdE)E Fu).

7o}
B AANES dukxon s|AE dopEetAl("HDACT) EA(e]E S0}, HDAC1, HDACZ 2 HDAC3)E AT &
A= gerEdd #E Aotk

A 7R, 18709) HDACY} o17toll A elxQlm, 217k A 18709 6| AE ol e alAl(HDAC) 7} 7]%5 o] 23 a3}
A @gEvhE EA7F Frbstn vk, HDACE &R e tidh o]y AHEAd 7%t Y F8 aFoR
EREvh. 18-S HDACL, HDAC2, HDAC3 % HDACSS X3talm, AN RPD3o] th A54E& zZEth. HDACY,
HDACS, HDAC7 %! HDACO¥= Ila¥ell £ata, &X HDACIO thdh AHEAS ZH=v). HDACE % HDAC10L 2749 Zv)
Aelg Fetal, 1oz £F¥ARE, HACILS 18 3 119 dHeotAdaiA] & vrh gfshe oo S0 $4
Nx REY F7]E 23, VR ¢YR3th. o IDACE olg =rn) gdA otldg Ifstm, Efjzivld
ATSA) B BEl =Bl B[S R dobd R s sto] EEARHSAY) 19 B SHEdl o) AP, 1113 HDACE
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[0012]
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, WSired] tiE AEAS 23, BERAARA NADE Qetm, Zo 4
A oldL FHpelR] kvl dubH oz ol o)FZ HDACY HDAC AsiAlE Zn 2% 7], 2 ®W 24 =r
kel

HDACE thr9] Al #pagdol e #ofdirt. 3|2E olMHERLH A (HAT) B HDACE 3]4E o9ilde N %
So A 2ol #VE oM dstsli EolMdslste] AL B4 FIFS vjHT. o)L Hojm 5079 M5~
E @A, 48 o-FEHS MY F oldEgE 2dee 3eE EI UEHYT(dE &9, £d[Kahn, N
et al Biochem J 409 (2008) 581, Dokmanovic, M et al Mol Cancer Res 5 (2007) 981] #=).

AAR NP Fal HA% LWL WHSE Qe SAE dolMgnA(HAC) EAE AdFoRd AW ¢
A, FHEE opA™a B LolAPasl AZAM A ZAGIZ Ba, F4 B FFEAzNNY Fa
slaE gude] AgEs WA

Aol AREE 7119 AV Ak FEUeEols YR W DNAOﬂ 9 4
S2E wnae Aohids

o=mM GMde Fxo WAL FI o At HAsE Ao
(hypoacetylation)x 3]=E3} DNA EAdo]E ZZH9 A528S °
7 DNA Atelo] o Ad e AFE DNAZE #AF =4 a4 3 7 711 o % }o SHA] A
Sl=Eo N B oﬂ% Well EAste ghelal 7] E1 olME 7o A|AE %‘”Hﬁ}aoﬁ, e
o AotAds}, B AAF 714 R 2E 84 AP %‘37\]7]% o7 A},

weba, HDACY Adle % AR #4719 42 dotdadA oz AAl 2948 240 = . o9&
S0, HDAC A3NAd] 23l F 83 HAgkg & 7)vA AsA p2l

mlj

1o
°
o3
=
}r
ﬁ
—11::

Hik ol AR A AE F7] AANA F =
91 AEH] F=g debdlth. IAC AsiAle p2l fAxke] FHox s|laEe] dotAdst deje daaAA,
VVF AAE 1A sk gomM p2le] dAMES SR ZeR AZdEv. FUkR, AE A 3
A3 F71e] 2 Bl vslAE @idE HDAC B Sl&E obAE ERLHTAHAD A o8 eho]al ofAd
5 3 dotAEstE £ A=

e Amste o glojx 9 HDAC AsfAlY &EE AAGTE. & o], HIeiEHE

AA(SAHA) )= 79 T Al "HESS A5k sle= FDAY 93] Feldgka, n¥

gizhd 4o ARE A XA vk, F7bE, vE HDAC AdAE 54 =74 9E8H, A0

Fo B 1Y TS 4o ARE A3 AL Fol A, AEH HDACY/2 AsAE B AE F4 |

S AEFE ° £ F8% 5 vk (Stubbs, et al., Selective Inhibition of HDAC1

and HDAC2 is a Potential Therapeutic Option for B-ALL, Molecular Pharmacology, Drug Resistance: Poster

II, Poster Board I11-780 (December 5, 2010) % Witter et al., Bioorg. Med. Chem. Lett., 18:726-731
(2008) and Fournel et al., Mol. Cancer Ther. 7(4):759-68 (2008)).
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HBSFR Ape] =7kl oA Arbu e B @54 Aol #e
e 2o WAtk & Eo, HDAC AslAl NS276¢ #HE B vhes =
g A8 3w A9E = she AoR dEAY. BE IAC AdAle 229, g B 7]
effel ﬂ%f& XM/L%/ sl *164011*1 oA Aol B MTE AssAY AEA
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[Campuzano et al., Science 271:1423 (1996) ,
FEE AT o]Flo] HAte| G&FE A FAHR M} 22

Al A A A d o) oz =z HDAC A
A7 AlFEn AEFHPY A FHHeR JIFE vAE Few N EY=Teld] Az 3
@ [Herman D et al, Nat Chem Bio 2 551 (2006)], HABE® ™ tiafl L& [Thomas EA et al, Proc Natl Acad

Sci USA 105 15564 (2008)] ).
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Z83 24Y Aolgle Zvlslx= Z=AE AAE 7R A(Alberini CM, Physiol Rev 89 121 (2009)), CNS HF
&g &g}, v]5o]|d HDAC AslA|, d7Ad YEF FEECIEY g 57}

A7 V1Y e = 3L dA77F SrE A R(Stefanko DP et al, Proc Natl Acad Sci USA

106 9447 (2009)), Eol# oo ths] HA <4HA vk, 18 HDAC WA, HDAC2(Guan J-S et

al, Nature 459 55 (2009)) % HDAC3(McQuown SC et al, J Neurosm 31 764 (2011))21, <AA] AFolA A-E8=H
°|E

o Fa mHel o] Bge xAsk Hoz wegm, 1A soe] 9%

% le]— H 1, AT 2EdE Fof B AdE TE(0)EE AFEHAE E2)ddA 7]
o o B A4S A% T8 AHolge A Add 9 ATl vERAY.
HDAC A &4, 9l& Eo] HDAC1 B/%= HDAC2 A&z AsAl= A4 A% ZA3(SD) % B-AFaANA MBS A

& g vk o] AAA w) AATFRAGe] WA ¥ Ao e V) HolE ARsE
1t (Schoreder, et al., PLoS ONE 8(8): e71323 (2013)).

HDAC A3Al= g4 A3, oz vlelele PEE Asste o £3 §88 5 U}, & Eof, HDAC A3
A B FYEZutolgs FEY 9% HIV g9d AXY AEv A5" AXZEE dlolzxE 4% 4+ vt
(Blazkova j et al J Infect Dis. 2012 Sep 1;206(5):765-9; Archin NM et a/ Nature 2012 Jul 25,
487(7408):482-5) .

)
o
)
i
PR
o
il
o
ke
e
ol
rir
N
o,
il

(1)

BEe 54E A, g (12 87] shek2] (Ta) B 3444 (Ih) = 38 23Tk

Ry
R» R
0 3
- o Rs Rs
N Nd N
R»]-X_N\N/ H NHZ T NH2
R
Re (Ta) Ri-X ™ ()

2 A 71" gk (1) e 3|lag dotA"al A ("IDAC") aA(dE Eof, HDAC1, HDAC2
HACHE Asi@eh. o€ TEHnA o] glo), B4 (D) BT =E-olu]:(NH,) Wzolvle]= 32
o ojad &)= MACIA o} AERE (B Bol, olo] A)ett Ao AZAY.

TR, B olalste AN, (F Sol, AL £ s B4 (1) FUE JFIY RIS o
gl ol ATE, S (1) SEES A B A3 (D BFENAY oprlels A A o9
ArkelobRl(0PD) o) & & 2Als o WA 5 otk 0PDE ab7] B4 B9 2 f7] SgEelth,

NH»

NH,
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A B AZITA 9] A
Eorgdt Aot} OPD& T &) A
& At} 1]. OPD7} B& 29
ol & % HHE OPD =29 #HE &

#2714 whe B2 dehgd ) 2 0Py 53
~HEQ“W1]~¥ﬂ1@me 2(1981) 79 0PD Fo7} 7 HECAN 7+ F
oo BuEgtl - 16000me/kg -89 OPD7} Fol® 1Zd A 16vtE] & 5ufgly] HEV}
B3 A A5, 8000mg/kg AEHF TFANA 179t S SukElv) FFe] #AEEAT[3, 4], NCIRFE
B ogsl AE F vho] whg B [ g T ¥4 H 0P B F vpead AE F voa
& 71estgThs]. o) AL w3t 9 (Fischer) 344 SE R BEC3FI vhe-2oA OPDE 247

f
it
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st

fo o
N

rooR Mo wl —
ot
X o mlo
(o3
= o
oAl

f

oo EE

-4
2

. M o
e
M R o o
ool sl oy oo pO ml

o
ofl oft
ol
4
o o
iin

o] opUrhz]. f1 B4, 44 B4, ¢
o]
e

o2
N
-
>,

o
T
P

=y o

[e)

rlo

=

14
o2
il

W& AFRENSaruta) Bl 9§ oﬂ?(l%z)b HES dig 0PDY] F3} TR Qs F¥e] FARA gt
= 3E et ouiele] HES %S 1Y Tk 2dvith 45me/keo] AL A 57H 4 F<t 2dvkt) 90mg/
kgo] iLEFo] FoIFQrt. o :L—goﬂﬂt Zo¥o] AFEHA FJTH(1, 6]. 1A= E3kar, OPDE 19899
o ACGIHO 23l 2JAds8e 217t ddEdR BRHAV[2].

T, B owAEs, get (1) =] YA tA ARE Eetes orEe AR Aed ), &
g4 (D ﬁ}f&‘j tAbEdo] 0PDE Adder xgstA Feve A& TAsGT. B BAA ARgHE B
2, §o] "0PDE AEHoR TFepA Fer'e (i) g (1) FFEa 13, e, A B HE AZ)
o) A 8 (i) fr7] &0 Fof ddastel sk A gl o F tiabed &) Ao Hrbe He
A7 3Fe(lower limit of quantitation: LLOQ)OE gol& 7 AHaE 4 Yr o-wdI=AUL HYFH o
B4 Fol 0PD7F LC-MS/MSell ofsll AE=A edette 2la oudnt. dAld Fas Fxddnt

AN, 2 AAe] 7)Aot (D) SFEe nad gad dg-und A%E S0, 0
) 4T, A% Eof 656 WA 050 AT, AT Sof 75 A 95l AT, A8 T ) AWE
oz A B FANACR FEE FFERA AT AANE T S Uehar.

whepa, A FAA, Bl stEhe (D& 2t shihs, £ ol9 ofAgtHor s8ue 948 5Hor

(I)

(i) Y-[C(R),1,~A-[C(R)s1y-B

(i) Ax 243 =

rr

(iii) =0, C(R)~C(=0), C(=0)-C(R)),, SO~NR", NR'=S0,, C(=0)NR* = NR'-C(=0)o]H;

Y& A%, R CR 0, N BEE S(0),0]1
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[0035]

[0036]
[0037]
[0038]

[0039]

[0046]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]
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R 2 R'Y 2Z2te] A& H, F, OH, C1-C6 22, (3-C6 AFO]F22, Ny, 000-(C1-06 22), 000-(C3-C6 A}
1ZRY), C1-06 LFA, C1-06 EFLELFA 8l Alejohz By Syzon HeHA:

7] F stk o4 R B R'sh wstel 59 & glon:

dele 2o Rz, 247 F3w wad §7, 3-06 Aol ERed £ 3 WA 6719 ne] AxE T
dElAtel2d e @ @A, A7) s RAelEd mel Ux B S 0, S(0), B NRRIE HEHALY;

shubel RT3 shube] R, 242h 3308 gkaeh 30, (3-06 Aol FR 9 ®i 3 WA 649 e A4E =
Fei drlzslel2ae FAenl, 4] dd=Ael2d nE A4 F el 00 SO B R RIE HuEA
u;

gloje] 2o} R'E, 7h7F BaE ghadl 87, (3-C6 AtolZF ok w30 UK 6719 1@ AXE Tie
A 2E QA # sk 05 S(Om R NRTRRE MEEn;

rr

AEZA| ZE S At
R® % R':= 27 =yHow H, F, OH, C1-C6 <2, (3-C5 Ale]E=<Z, NH,, 0C0-(C1-C6 <Z), 0C0-(C3-C5
A ZREA), C1-C6 LT, C1-06 FFLZBIA R Aoole 2 AeH AL

R 2 Rd%, 2y7y -z Al A, (5-C7 ARl E2R Y EE 37 WA 671y 18] dXE EFgste FAH=
Apolzde PAela, A7) dEEAtel2y ne 9 F U £ 2E 0, $(0), B W 2RH Sgdos A
B

R, R, R° % R 9 Zzte] A9= H, C1-C6 &2, -C(=0)H, -C(=0)R", C(=0)0(C1-C6 &), C(=0NR'), 2
SORERE BYfor A8 R C1-06 24, (5] WA 10709 1g 948 2Fsh suzota),
CH(C6-C10 o}d) B (6-C10 old 2By Musr]; R’ Z7zte] A9 H, C1-C6 <&, CH-(570 =] 10704
wel AxE Tateht slElzold), CH-(C6-C10 oF) B C6-C10 o} =¥ ¥ %@Hox HuHa

R 7}7}e) A= H, F, OH, C1-C6 27, (3-C6 Ato]2 222, NH,, 000-(C1-C6 2721), 0C0-(C3-C6 Abo) 2=
&), C1-C6 &=FA], C1-C6 EFL2EZA U Alojol=2RE EyFom AHEAY,

R-CR': (3-C6 AlolZmalzl w37 ulx] 6719 wg] AxE Tatals b zAol2ds a7 FAsie], A
7 Azl 2d el A4 5 Fu= 03 S(O)m % NR 2R AU,

ik

R % ngl Zbzbe] A$= H, C1-06 22, -C(=0)H, -C(=0)R’, C(=0)0(C1-C6 %), C(=0)N(R); % SO, R o2

A

nE =yxow AdEn, RS 16 27, CH-G/A WA 1079 28 AxE& T e zetd), CHr
(C6-C100+2) 2 C6-Clootd =R AMewm; R9 Zzhe] A$E= H, C1-C6 27, CH-(571 WA 10719 2]
QA5 TahalE dEHEord), CH-(C6-C10 oF) 2 (6-C10 o}d2HE Eyxowm Mesn R 2R e of

9 9 Fezold TR 1] WA 379 E¥Hoz MuEE %3y F, C1-C6 ¢, 2902 C1-(6 ¢4, C3-
(6 AolZF2 U, C1-C6 LA, C1-(6 EFSLZETA] Ex APolol2 Aoz X3d 4 U1,
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F7TE

(a) A % B7k 22 Afelx, b7k 0d ®, X3 -V-[C(R):)-9) &2 e ZrhAr;

M) b7 0 == 19 W, A ¥ BE = t} o]2HAY F ¢,
(¢) A =+ B7} A4 mg] Axd i X 94 FezA 243 0, A B+ BE o|Fdxd F glon;
R1&

(i) 10 WA 379 R2 o=z X35, 571 WA 1079 18 448 x3as
ob&(oy7)A], ma] Y=} & 1) WA 471%= 0, N, N-H, N-R* % SERE =g

ull
=,
1z
i,
o
off
Ho,
2L
2

(i) 10 WA 3709 R'2 ez 289 6-C10 obd; =i

(i) 2kt 10 WA 67le) B2 Qolm X8hE (3-C10 Atel2 R T (3-C10 Abo] 22 ok d;

(Giv) 171 WA 6709 R'2 2oz xad, 37 WA 1049 me 948 s, sezileZ(o7)4, 1
2] 92 2 1) WA 470 0, N, N-H, N-R 2 SE5E =xdxoz Muy o]EAx9);

(v) F4olx;

R4E H T Roln, R ZZe ASE &zl (1-06 ¢ ZTROR(C1-06)%Y; se]==a; sfo]==x]
(C=Co¥A; C1-C6 LFA; EFLRE(C1-6)LFA; (C1-C6 LZ)C0)-; (C1-C6 LZINH-; (C1-C6 LZ)N-;
N®R (AN, B N-R & 57 =& 679 18] 928 2= ¥8 neg 84 9481, 1) £ 279 =
g A= dYE NH, N(C1-C6¥4Z), 0 e SEFF Fy2Aoz MHd oFdxd); ;) £4(C-C) ¢
Apolotie; Afolotw=(C-Cy) & Wl WMAS A (FE=ZAL)ZE)-(C0-06) Y (A7, HE|ZAtelEd FiE
x_—|1

L5 m=E ey 17 YAE T, 18] A = 17H T 270 NH, N(2), 0 & SEREE 5HHo
2 oMEE olEuAeln, 4] 27 ol EAT @, 4] 07 REE Rl djE B ABonA AEum,
7] 7 Nre] EAlEA ke ul, AHEAlel2 wa e AxE Rl ge dEmAtel2de] R X
owA ALY WY 5 B oo aE AAE T dERolR(ATM, g AR F 1A WA e
0, N, N-H, MR % sERH Hgdom Mud oEdx)(e]5e 77 17 ulx 39 R = Q=
88); S0-(C1-C6) %2 SO-(C1-CH) 2 R Yol =R o]Fojd ForBH Egxow Hulmi

R o) 7}7}e) A9 &=l 1-06 27; Z202(C1-06)%7; o] 30| T2 A)(C-C,) 87 C1-C6
=2, EFLR(C1-6)LF2]; (C1-06 €Z)C0)-; (C1-C6 LZ)NH-; (C1-C6 ¢Z)N-; FE; FERH(C-Cy)
a7; Afelotle; Alololi=(C-Cy) € WA; WAL A]; (JEHRAFIEH)-(C0-C6) LA(A7]A], e zAL|E
570 w2 6709 mE 9= =asln, ne 92 2 1] == 270 NH, N(C1-C627), 0 Ex S®
o2 Mely olFdxteln, Av] &4 Fgo] EAY uw, A7 F-E2 R1e] digk & ZHo
sty A7) 4 Bl EAT &5 uw, dHEA0EE #aA

o] B3 AdomA A4e); dAd; o/ £ 6719 1y AxE EFE)
N WA 4= 0, N, N-H, N-(C1-C6 ¢Z) % SEXE Egzxo=z A
(C1-COHrLd; B Yo|ERZ o]Fofx] ToRFE FHPHOZ MEsn;

$7] 2

4 2] YAAE R W3 dEH2Ale)EY
e RlH(7)A, mE] YA F 1
H olEAAY); S0,~(C1-C6)2Z; SO-

R 4, &2A; C1-06 €Z; Z2FQ2(C1-06)YZ; slo|==4; dlo|==22](C-C) Y2 ; (C1-06 4Z)C(0)-
s 2 EE(GCy &5 Alololi; ARolol:=((i-Cu) €, AA; (FEZA]|EE)-(C0-C6) LA (7] A, 3
5 = 679 ny] AAE E£@sl, w1 A = Ul =3 270 NH, N(C1-C6¢2),

o2 Ay o]FdX e, 4V] ¢ Fio] &AE W, 4v] 4" FEL Rl dE 7&
3 z} A7) ¢ Fio] A & W, dAEEAeEE va ] AxE R4 g SEHEAL
o299 R& xFdozA AEeh); #Hd; 5/ v 671y 1Y ARE TEEE dEHEoE (A4, 1y 4
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[0064]
[0065]
[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

Ul WA e 0, N, N, MR % SERE ZPzos Adg oFdxd)(elEe 27t 1 WA 39

RY 2 ooz A8E); S0-(C1-C6)2Z; S0-(C1-C6)2LZ; B Lfo]|ERE o]Fojz] FomiE My,

R2: H, F, Cl, CFs, CFCFs, CHCF;, OCFs, OCHF,, #d; T 17} WA 3749 Rz X8 #AdzPE
A

R3S H, F T Clojt},

T ohE AlA, 884 (1a)9 S3FES EFow dt)

T ohE AlA, 884 (1h)9) SFES EFow dt)

F7rel FdelAM, B gAM TAH R AE sk (1) SghE(EE o)d] @, 98 & AR
E¥E (g B, SFE Al-A24 =E AI-AIS, oS Eo] Al, A2, A3, A4, A5, A6, A7, All, Al2, AI3,
Al4, A15, A16, A17, A1, A19, A20, A21, A22, A23 T A24)& 5RO F &}

=
= =

) 5 AT oz S EHE RS THHE ZUEGIE 5 , oHATH 248 BYow

e 3% 5 9

=
o
g, HE AAgH A, 7] 2AES R dfe Ee Ho
o B AR, A7) 2EES FUHY ABAE FUE 23T 5 AT

WAl oF 2,000 2 2 (AE B0, oF 0182 WA °F 1,000 1%
O0.12e 258 WA <k 250de]2¥, <F 0. 182 WA ok 10082
dejadl, Ee o 0188 28 R o 2 ad)e] B WA ofdrte] g

< g3t (DY gFE Ex oY F(dE B, dARHoR FEEe 9)& Idste FAHF
o Pele AT don FEEE BA B/EE FUhY XEAE FUR 2 S

=
]
(o3
0,
oy
=2
éi
2,
il
o]
T O
ol O
S G
mEE
i)
NLI
fatic?
fatic?
12

el

WA ofevtel] AgoE npel ZE &3 (19 g9E EE o9 (A& B, dATHoR FHEYE
Yol 93] shh(EE 27) 2] HDAC(lE Eof, HDAC1 X HDACZ; <& Sof, HDAC3) =¥ 3} =1}+9] HDAC
£ Sof, HDAC1 ¥ HDAC2; dl& Sof, HDACI % HDAC3; o]& Eof, HDAC2 ¥ HDAC3; o]& Zof, HDACI,
HDAC2 ¥ HDAC3)E Adets Ho] B wAro] AFHct, 2e AAFE A, 47 BHE & B ME(d
2 B, AE xr 27) 59 su(EE 239 HAC(9E Eof, HDACT B+ HDAC2; <& £of, HDAC3)E &
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MS

NMR

ES' (M+H) 344

'H NMR (DMSO-dg) 8: 10.60
(s, TH), 8.83 (s, TH), 8.78 (m,
1H), 8.65 (s, [H), 8.37 (s, LH),
8.17 (d, ) = 8.7 Hz, 2H), 7.97
(d, J=8.7, 1H), 7.86 (m, 1H),
7.58 (d. T=8.1 Hz, 1H), 7.46
(d,J=17.5Hz, 1H).7.4-7.3 (m,
2H). 5.93 (s, 2H)

A2

ES* (M+H)™ 343

'H NMR (DMSO-dg) 8: 10.34
(br. s, LH), 8.56 (s, LH), 8.31
(s, 1H), 8.04 (d, ) =9 Hz, [H).
7.84 (d, T=9 Hz, IH), 7.44 (br.
d. 1H), 7.35-7.15 (m, SH), 5.72
(s, 2H)

A3

I
S
Z

EST (M+H) 347

'H NMR (DMSO-dg) &: 10.60
(s, IH), 8.60 (s, IH), 8.24 (s,
1H), 8.11 (d. J = 9 Hz, IH),
7.89 (d,J =9 Hz. 1H), 7.68 (s,
1H), 7.58 (br. d, ) = 7.8, 1H),
7.5-7.3 (m, 4H), 5.53 (s, 2H),
3.73 (s, 3H)

A4

-

I

z
o
o
Is

I
IS
Z

ST (M+1L)” 362

'H NMR (CD;0D) 3: 8.72 (br.
s, 1TH), 8.63 (m, 1H), 8.58 (s,
1H), 8.34 (s, [H), 8.17 (dd, J =
9. 1.5 Hz, IH), 7.90 (m, 1H),
7.85 (d.J —9 Hz. 1H), 7.6-7.4
(m, 4H), 5.92 (s, 2H)

]
S

I
3
Z

2| O

EST(M+H) 372

"HNMR (CD.0D) 3: 8.65 (s,
1H), 8.33 (br. s, LH), 8.18 (d, )
=8.7117,111),7.90 2 d, T =
8.7,8.1 Hz, 2H), 7.66 (d. T =
8.1 Hz, 1H), 7.6-7.4 (m, 4H),
5.91 (s, 2H), 2.86 (s, 3H). 2.74
(s, 3H)

A6

I
z
Y
o1}
Q
o

T
"~
Z
-

EST (M+H) 362

"H NMR (CD;0D) &: 8.88 (s,
1H), 8.83 (d. ] =5.7 Hz, LH),
8.61 (s, 1H), 8.52(d, J=8.1
Hz, 1H), 8.34 (s, 1H), 8.16 (dd,
J=8.7, 1.5 Hz, LH), 8.08 (dd, J
=8.1,6 Hz, 1H), 7.87 (d. T =
8.7 Hz, 1H). 7.46 (m. IH), 7.18
(m, 2H), 5.99 (s. 2H)

A7

-

o2}
Q
&

HN™
HzN

&

EST (M+H)™ 380

"H NMR (CD;0OD) &: 8.71 (br.
s, 1H), 8.62 (m, LH), 8.57 (s,
1H), 8.33 (s, 1H), 8.15 (dd, J —
8.7, 1.5 Hz, 1H), 7.99 (br. m,
1H). 7.83 (d. J=8.7 Hz, [H),
7.53 (m, 1H), 7.38-7.24 (m,
2H). 5.91 (s, 2H)

A8

.Boc
HN

H;N

&

EST (M+H)™ 390

'H NMR (CD;0D) &: 8.62 (s,
1H), 8.32 (s, TH), 8.16 (dd, T =
9.15Hz, H),7.92(d.J=8.1
Hz. IH), 7.84 (d, ] = 8.4 Hz,
1H). 7.66 (d. J = 8.4 Hz, LH),
7.48 (br.m, 1H), 7.21 (br. m,
2H), 5.90 (s, 2H), 2.86 (s, 3H),
2.75 (s, 3H)

A9

/

Br

\

I
5
Z

ES" (M+H) 379

THNMR (CD;0D) 8: 8.60 (m,
1H), 8.28 (s, 1), 8.11 (dd, T =
9, 1.5 Hz, IH),7.73(d. 1=9
Hz, 1H), 7.6-7.4 (m, 4H), 7.3~
7.0 (m, 3H), 5.69 (s, 2H)
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A10 Fj[::T/\m
F

ES™ (M+H) 397

"HNMR (CD,0OD) &: 8.58 (m,
1H), 8.27 (s. 1H), 8.09 (dd, T =
9,1.5Hz, 1H), 7.72 (d, 1 =9
Hz, 1H), 7.48 (br. dd. TH), 7.3~
7.0 (m, 5H), 5.69 (s, 2H)

All pr
>

ES™ (M+H)" 307

'H NMR (DMSO-dg) &: 10.59
(5. 1TH), 8.60-8.65 (m, 1H). 8.27
(d. J=0.8 Hz, 1H), 8.11 (dd,
J=8.8, 1.6 Hz, TH). 7.85 (d,
J=8.9 Hz, 1H), 7.33-7.62 (m,
4H), 4.37 (d. J-7.0 Hz, 2H),
1.25-1.36 (m, LH), 0.47-0.54
(m, 211), 0.38-0.44 (m, 211)

Br
Al2 [>—/

ES™ (M+H)" 325

"HNMR (CD;OD) 3: 8.57 (s.
1H), 8.21 (s, 1H), 8.10 (dd, T=
9,1.5Hz, 1H), 7.75(d, ) =9
Hz, 1H), 7.52 (dd, T=9, 5.1
Hz, LH), 7.35-7.25 (m, 2H),
438 (d, J=6.9 Hz, 2H), 1.35
(m, 1H), 0.57 (m, 2H), 0.45 (m,
2H)

Al3 N i

Boc
HN

I
S
z

ES (M+H) 344

"H NMR (DMSO-dg) &: 10.59
(s. LH), 8.96 (br. s, LH), 8.89
(s, 1H), 8.84 (br. d, 1H), 8.71
(s, LH), 8.41 (br. d, 1H), 7.96
(dd, 1H), 791 (d. T=9 Hz,
1H), 7.68 (d. 1 =9 Hz, 1H).
7.61(d, T="7.8 Hz, 1H), 7.50
(d,J=7.8Hz, 1H),7.42 (1, 1=
7.8 Hz, 1H), 7.33 (1, 1= 7.8 Hz,
LH), 5.94 (s, 2H)

Al4 NSy a

HN™
HoN

ES (M<H) 362

"HNMR (CD,OD) &: 8.76 (s.
2H), 8.67 (s. 1H), 8.62 (m. 1H),
8.09 (m, 1H), 7.98 (dd, 1 =9,
1.5 Hz, 1H), 7.74 (d. ) — 9 He,
1H), 7.6-7.4 {m, 4H), 5.92 (s,
2H)

1K

HN
HoN

as

ES™ (M+H)" 372

"H NMR (CD;0D) &: 8.77 (s,
1H), 8.63 (dd, )= 18,09 Hy,
1H), 8.14 (d. T =8.4 Hz, 1H),
7.97 (dd, ) -9, 1.8 He, LH),
7.71(2d.J=9,84Hz, 2H),
7.6-7.4 (m, 4H), 5.96 (s, 2H),
2.87 (s, 3H). 2.76 (s, 3H)

Br
Al6 L

o

HN-ECC

I
S
z

ES™ (M+H)" 307

"H NMR (DMSO-dg) : 10.61
(s, 111), 8.70 (dd, J=1.6, 0.8 11z,
1H), 8.69 (d. J=0.7 Hz, 1H),
7.93 (dd, J=9.1, 1.7 Hz, 1H),
7.71 (d, J=9.0 Hz, 1H), 7.34-
7.67 (m, 4H), 434 (d, J=73
Hz, 2H), 1.38-1.48 (m, 1H),
0.56-0.61 (m, 2H), 0.45-0.50
(m, 2H)

B AN AAE SEES FAS T4 PN R e Roke) FUARAA FAR AAE ol getel yyHor
T b5 Y BD, BE0 348 488, Tk fola) Ax® FTARYE Ad REO /AR 4%
of meE WS AZE F AT f7] BA) Az R 48] 9@ % 2A9) o Fee @4 W R AR
B A BE EE ReplMe ¥F @ARTE oA 4ol £ Ar. BHH Bt uEAW 33
2A(%, %3 2%, AT, #3ELY B v, &0), 9 $)o] AFHE A%, 29 AN @ @, ge
F9 24% T% 8T F Yt AOE oldd Rolvh. A W 2O AET HAE MSEL £t §o)
of weh MF F AAW, olUd mAe ARH HHG @A) s Fa| Borel FAx o5 AL
Atk f7] 4 worel FUAE AAY Y B A R EAE B WANel AR BFEe I4% 3
5T BAS A WE 5 A 2 Q4T Aol

B Aol AAE STES P U e A S BB Fe) Robl BAH Yn, A8 Bof B

#[R.C. Larock, Comprehensive Organic Transformations, 2d.ed., Wiley-VCH Publishers (1999); P.G.M.

Wuts and T.W. Greene, Protective Groups in Organic Synthesis, 4th Ed., John Wiley and Sons (2007); L.
Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994);
2 L. Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995)] % o]
o] F& sk PR AE e et FRHEY AME vhFe 83 719 Be ¥ gRIE X3 ¢
Ut B3 R gHsY e B A Bov]Y AeYe gaf Fofd] Ggdxtel s &eolstA A" £ 3l
o, BEr]e g3 olE &9 ¢ I[Wuts PGM and Greene TW, 2006, Greene's Protective Groups in Organic
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Synthesis, Fourth Edition, John Wiley & Sons, Inc., Hoboken, NJ, USA]J(¥ WA Ao|A o2 HEFEo] HFxE
o7 E3E)oA Feold 4 Qrd. E @AM A BE7] 2 A 2 d 9 g 24 vk X
f7]9 ARl Bed viz 24D 5 vk,

[0405] 2 A ZAE T4 vhes §7) g9 Boke) Fdxte] il golshA AHE ¢ e AEE &0 F
o e 4 . AT &ule dkSe] N 22, = v oud A &0 Bld Y HAd ¢ e =
ZoA 28 EHSED), S04, v AAEY dd¥o= uisAdd U 249 wHEEs d &
T g 299 §ulY E£3HE Fo] A = v, B s Al oy, B TE dAle] A
&g A9 5 ot

[0406] 2 A 7" FELS Gl okl AW o) Heke uhHe] uh J—‘/]Eiaﬂ T U oE B,
AE GAE 2% Y, d7Ad 3 Z7]) T 2EEAE B, H H R/ E= “c MR) Hejd 39, 233
HE B0, W-7234), e A% 239%, £ A=2vEay, o7d 34d% 94 3=20rEay
(HPLC) X "5 AzvtEade 93 ZYHPE ¢ Ut

[0407] 2 BAAY ZAE e v EFERLE BEER, 2 A2vEaHY, 4% dA 229EaH
(HPLC), == Ad7ggiel 22 Wi 93 5712 HAdE 5

[0408] Fall ok FUAT AAld B 71AE A ol g3k (D9 FRMES Axshe FrFY o] thke
A& A2 Aol

[0409] Iv. %

[0410] 2 A 71" vkl 2 s|aE HolMEEADAC) = olMEs B3 AR RE ofMEr| Y AA(Eo}
AEsHE EFrigtsle ZIPElo|Eo] EAHU EAE e do9 ZEFEel=d 4 ). HDACH £33 <
EAL g Fopd FXEN QAUH(HE Eo], E@A[Finnin et al., 1999, Nature, 401:188] Z=). uwlzpA],

HDACE, FEUoES AAste H3, H4, H2a H H2BS} #L, S|aEY N ©dd X3 BHE go)al A7]9
g ol =78 EolAlEslg o gn fAx AAE gAstE T =d £ 9Jut. HDACE & wid, oA
o p53, E2F, a-FEH ¥ MyoDE X3 ZolMEgsit(dE &, FHA[Amnemieke et al., 2003, Biochem.
J., 370:737]1 &), DACx oz T3 IAgE = i, 249 IDACE 3 3 X3 AEA 5 toa e
2+ Urh.

[0411] 2w AR ek (D)9 3FdES 999 MACe Asaed & vy, B AA oA, B wAx
o A1AH &8 (1)9 FFEL, st o]4e] thE HDAC(AE Eo], 11ad, 11bE %= IVEY 3l o]ake]
HDAC) ¢} vlmsled, slub o]4ke] 18 HDAC(e]E Eof, HDACL, HDAC2 =+ HDAC3)E AsfislE Ao oF 2uj(q
& Eo, A% oF 5H], 100, 150] Ex 20¥)) =79 84& 7HA 3ot

Q

[0412] vhoksl AA oA, 384 (1)) &3EL HDACZ B HDAC3T vladled HDACL1e] MelAdolr). theksl 2A| 3
oA, 3teka] (1)9 &L HDACT 2 HDAC3® u]xlsto] HDAC2O] Melzo|v}h. thaksk 4 1 gl A, g3k
(I)9] 35854 HDACT H HDAC2¢} Blalsle] HDAC3e] A e zolvt. theksh Axdeod, 33+a (19 3JgFEe
HDAC3® Blarsked HDACL % HDAC2e AMelAojtt, thekst A e A, &3t (1) g5 HDAC2e9l v]ars)
o] HDAC1 R HDAC3¢] AMe#elv}. vhefet HAIFef X, stk (1)) $3E2 HDAC1¥} v]arste] HDACZ #

HDAC3o A€ 4 o)t

[0413] A FEe AR FaFe] 2 WA 71AE vkelk &S HDAC AshA], Ee ole] gAFH o R EHe @
& Folste dAlE XFste A9 ARE daR se dAN & ARnse e 5P vk 99 4
AMEEAA, de ¥ FE, A, &F, S5F, 98 £ grFeojnr. 23 AN, BEEe 54
Wy g vty gy, oA 54 924 WEPALL), B AZ F4 fZolA WMEM(B-ALL), B4 T4
Wy, vy g4 WEH(CLL), 3 E84 HEEIL) 3 RS AE aEy; g3, o A9 T AE
HZF(CICL), ¥IAY B2 T AE fH2F, Q17 T Al 73 npol2A(fITLV) o ddd "H=F, oo
AT AE MEY/FEFANL), EAY 3 vEAZ GEF, gAE P2F, vy oF B AE dEF
(DLBCL); W% |EF; AA S5 AZACNS) HEF; 2 S5F; olde] nd F%, «d7d ¥ F%,
AZBOMHIET, WHeES, 4Fs T, T T R d2d ST, 449 £ 1 FE, Odd AR
(g B, A7, §F 3 A%), vk A7) d(dE 5o, ddAt, ek, 2WFek, Ageh, ¥4, 1
ek, ek Boash, #sk, frdske 23T
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[0439]

[0440]

[0441]

[0442]

[0443]

[0444]

ZIHES] 10-2015-0132345

=g 4 vk (Rl did Ade 5, oAl vk, g, A VR lER AdEHAE )& A
g3ked) ol=E CO0R,S BHE 5, A Eie wAS N-(o-otvmsd)olvlo| B o847 HE EE NN

g T B X8 p-dHldHtte|olRl(e] 7] A, P= E@ [Wuts PGM and Greene TW, 2006, Greene's Protective
Groups in Organic Synthesis, Fourth Edition, John Wiley & Sons, Inc., Hoboken, NJ, USAJel| Aeolg nls}
2 23799 ofulolm A Rk I AlxHTE. utHoer, ttE diEE FEHAME ANSEE
BHEE $ Udn, FEAANE BE EE ORI, X3 TE 63, odHddvtololid} HkEs 4 Qi)
o] F, FIHA| ofwlo|m A7) Z|AE viilR FIl ok FHAAA dE] FAE WHE o8] R-X ol
Agste Al dhgd F vk, £ PAA AAE FFES Gl Bk FHRA gy FAEHA 9l
T, dE Eo] E#[Wuts PGM and Greene TW, 2006, Greene's Protective Groups in Organic Synthesis,
Fourth Edition, John Wiley & Sons, Inc., Hoboken, NJ, USAJe] 7]A|€ o] 9l #WS o83t A3 A5
g9H3E T dojd ¢ Qi)

]

SAJe) 10 N-(2=0pr e 5] U )~ I~((5-F 0 & 5] 2] H-3- ) ] &)~ [}]-S] G} =57 B 2s0prpo] =, Ad] G

(@)
COzMe /D)J\ éﬁO/
ofo| £0tE 1 EtO|E N,
Y N
45

F

NH, o
I : Q Y
NHBoc 4 N
K N H
heoH N/ or R Néjg)‘\u NHBoc = N Nz
N HATU PrNEt R [ ¢ N
NN =
q =

—

F

g ATE-5-F1BAFo|E: olo]iold LEFO)E(26.8g, 22.8mm)E oA EAHACOH, 20m¢) ¢ g 4-o}
v =-3-w el oo E(3.4g, 20.8mmol) ¢ E3HE| HAUlstith. e EFES H2A 1A B, o]o]A] 80
TolA 5A17F B ey, o]AE EFHA7]1, JIFES A7t 2 29 2=29E a9 (F4/Et0Ac 10:1
YA 2:1D)E GAst &Fd dE H-AuhE-5-7tE5 A Ho|EE A%,

e 1-((-EFL=3d-3-)E)-1-AFE-5-7H5H | E: DMF(20ml) 2] e IH-ArE-5-715-4 )
Ol E(694mg, 3.94mmol)2] HNo A2o)x H(FREHE)-5-ZF2E2HH(3.94mol, 1.29%, SOCI,9 LF=2
F-E] AlZ) B Cs£0:(3.85g) % A7, 65T Al 3417 witet F, ¥hg EFES A AGURFOR F
GAAT, A7) EFE(EL R e 23E)S LR 3XAT R, telErgwuor F&EE1, ¥3)
NalCO; B A= AFstGnt. o3& o)F NaS0, A= AN AAANZ|R FSH5A 5. AF
wtE2 ] (FAE0Ac 7:1 WA 0:DE AFASe] Ao ddA AAE HE 1-((-EF2L=29YU-3-¢
HH-At}E-5-7H A e o] E(422mg) B WE 2-((5-&F 334rﬂ9—3—%)uﬂ%)—ZH—%wﬁ—S—ﬂ%@Eﬂ o|lE
& 43, AAE o] ¥ ZREZTAA Ao FYPda, TAE AREste] YA o] AA N-(2-o}r| =H
((5-EF 2292 H-3-4) W) -2H-Ap&-5-7l 5 Lofupol = A4S P33T

1-((5-EF 29 d-3-9) A )-1H-A FE-5-7H5-A 4k 524 NaOH(3N, 2m0)E A=0A] MeOH/THF(1:1, 10me)

9 WE 1-((-&F 2292 d-3-Y) v &)-1H-2Av}Z&E-5-71 52 2 o] E(422mg, 0.94mmol) 2] & o] %ﬂéh, £
FES B wEtstith. 7] £9E B Sl AAS T, AR A4S pi=2-30F gAY, n¥EES
A2 Tt AFAA HE 1-((-ZF2 298 P-3-Y) v e)-1H-2 v} Z-5-71 22 8] o) E(328mg) & EAB}
tert-HBC-(1-((-EF 29 d-3-) &) -1H-AFE-5-F1E2oln x) wd)Ftubdlo]E: HATU(185mg, 1.5
okek), DIPREACO.226m0) % tert-F-El(2-olu|wsd)7}ulu|o] E(8lng, 1.298)E 0T DMF(3mL) F& Abv
Z1AE vl 2 AFF AH(100mg, 0.325mmol) o] E-o) ArlEFT. EFES Jh2A7)a, 16A1%F FoF wEkslg
o, o]ALS A AFdEFoR FHAY|R, BER 4, Yo)EERugo g FEstn, E§ NaH(0; B o
T2 AFHGT. o) AL o] F NaS0, AR AXAII G| EFAZTH FFES Ax=E HPLCE FAs
o] AAE tert-FHEE-(1-((5-EF 2292 H-3-Y) H & )-1H-AU}&E-5-FHE 2ot 2 ) ) d) 7hubw| o] E(130mg) &
SR A=
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[0445]

[0446]

[0447]

[0448]

[0449]

[0450]

[0451]

[0452]

[0453]

ZIHES] 10-2015-0132345

N-(2-olr] = d)-1-((5-EF L 29 d-3-) ) -1H-AJE-5-FF2olrte]| = AM: Boc BE® &2 (130mg)
£ 0TANA 247 Fot, oloa] A2ox WA Ho]SA(3me) H MeOH(1m¢) F&] HCI(TFo] &4k Fo] 4M, 1mé) 3}
FAgste] BRIANZT. EFES o)F =FA17]3, HCI Ho] HAHUT. o)7L 7)1 MeOH/EtOACE
AHate] HOl A(106mg) 024 ALS AT, HPLC/UV: &% >97%. LC/MS: m/z 3620MH) H MR (CDiOD)

§:8.72 (br. s, ), 8.63 (m, 1H), 8.58 (s, 1H), 8.34 (s, 1), 8.17 (dd, J =9, 1.5 Hz, 1H), 7.90 (m,
M), 7.85 (d. J =9 Hz, 1H), 7.6-7.4 (m, 4H), 5.92 (s, 2H).

HDAC &4 A3

MAC ®4 A4S Adllsle AE 9 TYE d4sty] flal sh71g vl E HDAC 24 Al A4 s
Stk HDAC AdfAY A% FMES 969 HAA Zeo]E(HAA Alo]AE]H (Fisher scientific), #07-200-309)
Well Al HDAC A4 +&A)(25mM E]2/HCI, pH 8.0, 137mM NaCl, 2.7mM KC1, ImM MgCl,, pH 8) 5ol Alzxslx,
125pg/mee) BSA B Zzb 1.25, 1.32 R 0.167pg/me =Y AAE HDACL(BPS H}o]Q Alo] A2 (BPS
Bioscience), |3 o}s Al Tjo|il, #50051), HDAC2(BPS Hfe] 2 Ale]allAl2, #50053), Hei= HDAC3/NcoR2(BPS
upo] @ Afelall A2, #50003) 9] EA bl A2 A 2217 Tt dujEg2A s Gvh. dRE-2AE] -, Fluor-de-
Lys(AEH) 718z go]E Aleo]AAr]A(Enzo Life Sciences), #HaAWYols Zgo|vp$-2 g BML-KI1104-
0050)< 10uM9 HF ¥EE Hristi, SHEE A2 30% ¢ F7= F2A-gsgn. a4 s
Egz2E " (Trichostatin) A(AN 204 =2 X ((Sigma-Aldrich), UlF2F AHIE o)X #I8552, &
FTEo100nmDe bl ofF FHAIFIR, 100pg/mtS] HEF TR EEHEES EHAWP ste]ed 0P
Biomedicals), 28le]leF &8, #02101179)& F7letdvh. A2 168 F2Ae] F, 365molA9 7] 3
460mol| A o] BE R AFHETYA(Spectramax) M2 EFAI(EF tyvfol Al &(Molecular Devices), 3o}
F AU E AMgstd FHFE 7B, 94E9E 2 EHE ZEE(GraphPad Prism) (§343%) b(2H=
HE HZE(GraphPad Software), HE|EUols &t Zep)ofAl o] SAY &3-9--g (VM9 7]&7]) A& o] &%
S EH IC0 #h& AFstGItE. HDAC 24 A AAAM Y Mg SGFE g Z7rt £ 5ol ArH At
(IC50 HY: TA>20pM, A< 1pM, 1<B<5b5uM, 5<C<10uM, 10 <D< 20pM, ND: ZAHEA &=

Ab o |

AE FEEe 100N §HS Dol £ HC1Y 0.0IM &9 59 10nM DMSO &5 g9 32 3] A|zxs)
Atk B3 A%, BHA1004)S AEYeli WPLO/VA o8] B4t e M= ofae] WA Age
I AT ZIEHoBA ARESISITE. A AMEY UHAIE 50TolA d2Aglstn, A8 2A7, 447 " 24
A7 T BES FHYT, 2Y A9, 24X R 3047 BES HYT. o) AE FUS HPLC/IV el ¢
3 Bk, Ag SEEd ASste 9aY WHE SASYrE. o, 017 Wi 1009149 T3 ot W
Hol thd FeAY F o] WA nERA 249 APl B UEES AN 040 WS ) Bae
AL, GdEA g, F dUAF FHE 7Pgste] Akl dig @& WEEe] FM sk 93 2447tk
$o URES AU, 2447 FeHY Fol de WRES s & 59 AAEe] Y, o374 Ax 606 &
o A-g3sta, BE 40% WA 60%0]1L, C& 20% WA 4045 E@ata, DE 20% Uk o)t

A5 o

218 FFES 300 sFo|EBEAERE--Alo|ERYAED 100mM oA EAVER(pH 5.5), 5% DMSO 59 0.5mg
/m¢ =X Smg/mbE A FsHETE. C57/BL6/T vh-<ol Smg/kg i S0mg/kg® s.c. FUEEAY, Smg/kgR i.v. F
Fetgitt. sEE T A, FF F o, 168, 308, 1A7F, 2A17F R 4AT) gkERALAlT G, @3 B HE
Ak, Aldvieh S3Fvh 3vkele] BES ARESEITE. EE LC/MS/MS gl o3 4 | oA g3Ee
FAE AP, Cu(H)/Coe(B) S BIEEA /84 H[E(BPR)S ALttt 237 & boll 7145
9L, o714 1A= 0.1 mwke] BPRo| A+-$3kar, D& 0.1 WA 0.20]3, C+= 0.2 WA 0.5¢]3, B= 0.5 WA 1

AZEW wlopAE Al A3 A DAC HA)

GM 15850(HZolTAE AEF) AXE 969 ZHoE WA 10% v/v & Blo} EAH(FBS), 1% v/v AYadzl/~
EdEnfolal B 1% v/v L-FFEE 3550 90409 RPMI1640 wix] ¢ @3k W=(100,00071¢) A|xE/4)
2 Agsignt. §EE 4I5S 100% DMSO 5o TrE3, 2% DMSOo| 98] wix] =4 #a AT, 1040
S$HE JMES AXd Hriste dste w2  AHSPr. A X DNS0e HF FEE 0.2%%T.
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[0454]

[0455]

[0456]

[0457]

AEZE 5% CO0 o) 37ColA 4AZF B¢+ d=2AeGet. d2A47 §, AEE ddEEstn, 4AAE AA
stk AE AEG 100409 Y @3 HNAFPRO)E AH S, o]F 45409 &) EA(HDAC A4 $3A|
(pH 8.0)(25nM E@]2/HCl, 137mM NaCl, 2.7mM KCl, 1mM MgCl,) + 1% v/v oA (Igepal) CA-630)2 E-3|AZ

IAet7] 18, HDAC 71 KI-104(<l% o] Z Afe]dr]s, & ? FYAL)E 50ule] HE v=
A7hst vl 50u02] #AAl(developer) (HDAC HA 54 F 9 6mg/mee] EFA) Y Yyl 23] 30%& >
WS TEAZTE. Bkgo] Ao 308 Tk MAEA s, A4 360nm4 of7] 7 B 470me] W=
2 2FAEGH s M2, EalEe tutolrs, A EYlE MUML)E ALt 3 A5 E HE
HE eI de Zgjs 5. 0(aPZHe AZEY S, AL ols & Zhollx 7FR 7]E&7]R S
g Ao didstd 10508 AAsgint. 34 a5 B AFE 44 AXE 7‘%1 we T % ‘;‘
7 1 FEEs 2A we gET %«1 AT % o) A, 10502 F 5ol 7EHS

vlwke] 10508 YeERWHAL, By 1M WA 5uMelar, C+ 5uM WAl 10pMe]ar, D= 10uM WA
ZOpMO]F’_, IAh 20uM =79 1050% L}E}Hﬁ:‘r

Z e (FXN) nRNA 2ol ofjdh HDAC A 3|jAle] &3}

sglege]s] £5A% A ZURIE SR EDIAE fsts #
Azdxe] Ao wEl #@Z2]A(Repligen)o] #HE HE  EY Eoete JZ 2E wFR 0P
ol e wtZs, Sslo|eF EE)E AMESlA %ﬂ%}%m. Slakd % 2 (PBS) T FHEF AlE &, AE
& AE A% H A F 69 AE WY ZHOE W2 IR AE HDAC AA SHES &% A 14
(RE 1M WA 10pMe] H2 Wehom Axe Hrbstm, 0.1% DMSOE HIX 8 2T oA AE shte] ¥
o] A7EF. AEE C0, F2A7] oA 37Colx 4847k Bt a2 g)st; 7R Ed A (Countess) AHE
st AIE A7V EZA(Invitrogen), Z|EYols ZanE=)E AREste AE AFE HPvh. 2E A
ZA9 hF AxY 53 #—3— AR 3 Astetn, AE L3 dEA To AABAHE. AZHA
9l Ao uwal gdo]e 2-Z+7] DNAse Ea) WAE EF8h= RNeasy "IH 71E(RNeasy Mini Kit)(FHeolAl
(Qiagen), MelFT1jo}F WalAoh)E Abgale] e 1x10 /19 14 WX TFRRE A4 RAE DAz, w
g FEo2 T gy 4z 8 AEdete FXY QlAcube(Fokdl, BeE Yol wullrol)E Algdle] 4
P39t RNA & 9 FEE J=EFNanodrop) TFFEAHE A Ale|dE]d, wiEA=2T dE)E A}
B35tod AAsta, RNA S50 weh, 29 Z2EF F e AMgsle] el (FXN) JAMA A& S48
th. Hoj& 1bng/me] RNAE Frste AEY A%, TagMan(S543%) ZEH 7R &80 Alo]er|2H=
(Applied Biosystems), Z@FEo}F ZAnj=) oRT-PCR W< o] gatA|wt, 15ng/ml v|whe] RNAS Erahi
HE0] A9, SYBR ¥ RT-PCR WS o]&8itt. TagMan(T5743%) Z=28 7|9k WA, FXN 3 GAPDHOI
3 Eolzd Zglow/ZE2H #S Z+7F] wh2oA] AEE(multi-plexing)dtvl. SYBR =& v A, FXN H
GAPDHE /9] REgoAl FZA170E. B & voA], & A% vh-golA] cDNA 74 % PR TZ9 Has A
TS 25 gfske 194 oRT-PCR whE EFES AREste] Z17b9] RNA AMES 38 (alRA st &) E& 23
(HA22) B39, Alo)E3HE 453 &, MxPro 2ZEYA(NAHE A== XL (Agilent Technol ogies)
M) Z Yol AtEl E8teh)E AMEsted 3 E dolHE £4stn dx2T AEF vlalste] FXN mRNAS| Ad] &

£ A48t 71EA 1A x%aé(adaptwe) 712 WS ol Esled, old o3 dniyEe 279 %,Lj
B oZhzte] dme g AAd 7]EA 4012& Asor MYgrt. FF VG 9AE dAgsta, 24 =&
Aksl7] 913 ASste FA AlolE

= GAPDH) Ol i3t Ct S #HE3). ?%%237(@ 1brator)°ﬂ 3 A FEoEA MEZ W FXN(EE
GAPDH) 9] & dA sk, 0471*1 TASA7] AEE 19 49 o] v}, 3 :

71 wg g

l

ofl
O:i
)

l%

-2 (04 714, ACt = (Ct_FAA) PR - (Ct_Fd2A)F 4S54 7o]1, FaAE BN £
GAPDHe B, T74&7d 7]+ DMSO uj= "”iolﬂ v A= HDACi ﬂﬂﬂ AMED). XN Ao F8& AlxX 5 3
RNA =l sttt dolels st7] & 5ol EaE o] 13, o7]A] FXN mRNAS) 29 ZF7hel] Bag Fkv
SuM vjekel A ARA, SuM WA 10uMSl ¢ BEA, 10uM 232 A9 CEA B,
INE Z2EE
2 sty & of

AN RGEP SEES] o4 R oiALE Wrhshn tARAS BB Ash. LASNSE o
a4 T BAEY $ES DUHITORA A, A%l A % A= BAEGS FeAY F REP
o UALE B 9lel o WAL AAskdTh Avke E 5ol Z1AEe] Ark((Hep o) W& % 1A < 108,

Mo o

_59_



[0458]

[0459]

[0460]

[0461]

[0462]

ZIHES] 10-2015-0132345

50% < A, 50% > B > 30%, 30% > C > 10%, ND: A& =R &),
2]

o Zgto)| Hlo| e AAHl EPE FA=#HE LC/MS/MS; ofels BlH(ice bucker), BlolH; 96¥ ZolE; &=
(Falcon), ZFE= 353072%; 969 Zdo]E Rw7]; vhokst m=l: 1040, 20u0, 2000 2 1000ue; A EH: 7
227 VWR 47729-5723., 13x100mm

—

B3 4 Ao

= up JIgEa1 i3S

A7 M E A A2 (Celsis) X008001

w0l AL A A] 2~ M00350

AN DHE A 2 M00205

HE A E AN 2 M00005

EZVE gA4A Z3HE QI ER HAERAA 799000

(Invitro Technologies)

¢l W EF GRO HT #} % A A 2 799019

¢ W EZ GRO KHB A X 2 799074

oM Ervtol g ¥ A A-9981

W ek 3] A A-1521

Euy BF &9 Alart A T-8154

Azb 8 7E71E 37CE Atk KB &3AE AW, ol3le] AR Ao g2 =S vk, IS0 &5
] RGFP 3}3H&E9] 2.5mM =2 &0)3v}t. 10009 A7) DMSO 258 2490409 KB 4349 #A7}&tar; RGFP
TFEO #HF Tt 10pMo] € Zojth. 45mee] UM ER HT A (InVitro HT Medium)E F+ 50mle] 4%
Welld 37C=E og3ivl. 45mee] QIBER HT wiAvic} 1.0me] E=#Hx 3| itiLE(Torpedo Antibiotic

rJﬂO{N

Mix)& H7harh, B2 A EFEs 25 18mlo] w5edd HT A< 16mo] 4% #ow FUoh. A
Aa(Ad)ZFE AL HPO]OLO ZAEHA AAGT. vpe]dE 37T T804 Z/\] "—‘1%“\]7&3}. Aol ¢
Aol =& wi7kAl 2stebA gAY 37C 5 WM AEE dad ARt AA FAATIA Fer. vhel
¢ WEES IWAE e 13m£4 A CIRER HT MiRZ S v, ¢33 o5& A48y 93 3+
AEE 9 &2 HT WA E vfoldg ATt A2 58 F<t 600RPMe. = Al @B s A&, o
AR IAYFRACRE XA € ATy s v ARA o), IE BEE olEste] FAAA
o2 AANE WHY. (H29) 1.0nt8 KHB &FAE AE delef fo Ariart, dAAdEe]r] #& 23
A 2EENAA FoEN /‘ﬂ Al =

]
S =&k k. 1004409 7] B Aol #Hoem {73, 900449
KB &A1& #riste]l AEZE Agdr. Exd EF vlAl H(Trypan Blue exclusion method)& o]

A AZ AF B AFA /‘1144 5 AAST. ME AFE Jded, o Foll 100314 ARt 71eEh) &
Tttt Has 849 KB 43AE MHAEE Fhste Bl Aviste, 2E A7 2009009 A /w7t 4
etk 50ute] 2005t e AE/mE 96Y Eelo]Eol Eujstal, o]F 50u02] DMSO £2%5& Z4zhe] o Frie
th(ololl o), RGFP 3FE9 F=+ 5uMolar, AES £ Z+zhe] Ao 1000000)thH . ZHOEE 5% C0,E
doll tid Erie Zdflo]E) vk ( A1 0

&

37C FeA 7] WA ARl GAALY. 2zt A

’C T
AZE, 1ARE, 2213 B 6417 A A1 B, 100Y B BlS AbEt. 39 e RGFP531(101JM)
W BEE, 0.1% A B AdESge)SEM00n)S st ol EYe|EY gdojt}t, ik gl Hd Il
<A A7) AFE OPDY &<l 3l AFgo] AR H AT Kot R H3lE FH A wgY & T
S BHAGTE, RE S48 15m FOo® 273, $HE38] &-FA17)aL, 14000RPMo) A 4Co)A 58 HoF HAEE
ste] AME F27|E HPA T LC-MS/MSOIA E4 & 9139 150%«1 A ve] YR Fv.

RGFP 31t E % OPDE T &stw dAFE"o dig LC-MS/MS ®i7/l™4=: API 2000 QTrapell o)gk LC-MS/MS =74
7}k

0 A" HPLC 11005 28 : AW Y (Gemini) C18, 5uM 4.6x50mm; Zrd =%: FW; MS: API 2000 QTrap(MI
Hk2l); o] =4 A HPLC B3 0.05% ZAk; o] =4 B: oA Evte]ELF 0.05% %*&. E 4= B gAAMA A
B e e g8 HEE = e FFE ALl ik oA]A <l HPLC B S Kol
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2000QTrap LCMSel ol gk TPLC " #

& 10-2015-0132345

AA AZCE)

O A
=

(/%)

Ata

B%a

Cha

D%

750

8BS

15

750

85

15

750

a5

750

as

750

8BS

15

750

85

15
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s I I s I e T s s

_61_

AL F e A7 =
HDAC1 HDACZ | HDAC3 Cmax  DAC 6 l ,d 3 opp P |24 N'QT
clogP | tPSA 1oeq umy 1c50 (uh |icso uny| BPR 4 loso <<t (ngimy 22X gy
(ng/mL)  (uM) ZHA] (%) uM (A A ()
151 | 83 A A A < c A A # e o e 54
otm
301 71 A A A A c A B 2 o ge B
112 | 86 A A A [ c A A A oPD &
=, )
174 | 83 A A < c A A A g b 9s 53 53
ot okd
=73 57
A ole PES 5
251 | 83 A A A < c A B bogle |OPD W o ohg
186 | 83 A A A ND ND B B b els |OPD RS ;3 A
208 | 83 A A A [ c B B b gle- |oPD WE 1:& B
]
285 | 83 A B A ND ND B A Al |oPD WE :‘}:j A
322 | 71 A A A A < ND B AFgle (OPD WE A A
357 | 71 A A A A B ND [o} A oae |op e 57 [
ol
=3
b oot o Qe
221 | 71 A A A c B ND B8 b le | 0PD R o B
256 | 71 B c A B B 1A [of A ws jop e C B
151 | 83 A A A 1A c A A A oPD &
174 | 83 A A c c A A A oPb @&
- o 2]
A 251 83 A B A 1A c A A A U R 3 76
biss) a4
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