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AT 1981 FEDBERMNE O RIROFE AL E 720 . 2020 F(21X 37 J7 8385
Ay AB 10 HFAHEZY OIEHIL 306.6 THY | MIETED 27.6%% 5D TN
5 WBRIEDOESRB AT, BARZ OB KREIZ L > THRAREBED 5 F4
73, ROBETRTEFEREICLE L TWD 5T, 272 @A O OB
PARRBER R OB AT ERITHMD — &5 5 Z LTINS, TD XD
IRRBLOH | KSR E L CREFOIRIIEN E N 2 R S VDR ANRE L FEINTE
D, ZHEDT U Ay hAT 4 B =— RRE N AFEIC 6T 5 T EEH o B
FHRRDHNTND,

INANTKTT DY OBIFICTIBOTIL, DNA ARy 2 % fLE - 5 (L
EAINE D SHILTHST2), G FEMTFOREBIHE, BADOHEEIZES T 5
BE DN ABIGAF N AME B DY =R T 4 v 7 IR BH 2 R~ -
Oy FRERFEOBIRENED LTV D, 2001 FEITA ~F =7 MRS T D5 FHERY
L U TP FDA 7GR S AV CTLIRE, 100 Al < D4y FHEERIEE DN EKGR S Tk
0. 2L ORAFICBOTIRFERINEZ AT TER2 2, Lo, WEEER S
TREREEDAFAE L WIS AR FET D1E0, —EREZ /R LI E LT, A
M PE DFEBLUZ K 0 SEWTEPFARG UM 2 15 L 72 B O m W EG A~ S R T 545
BB A=A L BT HEANOMRENERS EENL TV D,

IR, MG FEROPRGERRE R DY =X T 4 v 7 IR 17 T2 < . DNA
AF LR A FAEHiR ED T Y 2 2T 4 7 AEREDRE N, BNADSF
BAEICB W TEBERERZR TR LNERoTWNSE 5, TV = X7
AT AEREDO R BN L LR & L CTIX, DNA X FL{LiF%E (DNA
methyltransferases; DNMT) FREI v X N Bl 7 & F V1L EEF#E  (histone
deacetylases; HDAC) FHEFZED FDA QAR AZ RIS T T 5 (Figure 1)1, =
NOEDTE Y 23T 4 7 ATRIEEKIT N A BE 9 B O& s -3 B & il 4
HZENEEET, TNETOLTAEMSE L X872 0 80 o 7 T VRS HIENI
Lo THIBEBE RN BEIND Z LD, BARIEICBIT 87 el ko —
DEoTWA, S TIZ. RADZE 2 RT 4 v 7 BEICHE5T 5 4%
BRRFO P CERIGH E THED SNTENS FIER TR Y, AP TH
T TR KR 51 DERSR K ONRIREE D BHF 3D BV TV D,
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Figure 1. Chemical Structures of FDA approval drugs for epigenetic drugs.

EP300 (E1A-associated protein p300) A U8 CBP (CREB-binding protein) (%, t
AR TEFIVET AT =T —F (Histone acetyltransferases; HAT) #§HE 2 f L |
EARNETETF T HZ ECEEBETFORBEZHET A =2RT v
BIHLR {-D—>Td %, EP300/CBP DiBFEIFBICAE BILZ < OFEBIZ A L,
A DFEERCHERITIES G L TWD Z STy, 2o EIRITH
TR ARR DA EIRBIREO—2 L 725 Z E NI ST D 128, Lo,
ZAVE THAGE S 472 EP300/CBP FHEHRIT 22 < HHHEEAI OB R < EENT
W5,

FEZ, AV AR == T RONAAN—=T > VAT V==

(High-throughput screening; HTS) (2L % 2 2D 7 7 1 —F /)58 #l EP300/CBP

HAT [HEHROEGZHIE L, MHEICEF LI, HETE, A axs)
—=U L0 ELNTEE Yy MEEWO O OFERERICEDHH 48U K-
3-T1 VAR R EAR DR DN TS, 5 FH T HTS Lot v
MUY OFERER, KO 1,4-F4FFESBHO AT Y 74—/ Ry B
ZNZ X % invivo {E1E%E A3 % DS17701585 DI OV Tk~ 5 8 =5 T,
EP300 HAT FHEVEIEEE, & O ENREUGE 2 fR 10 L 7o s b sEic & 5
in vivo CTHRIJ7 ISR A2 AT %5 DS-9300 D & Z O IBEFEGIZ DV Tl
~_5D,

IR, BEICTARIENE Z5EMIZFLR T 2,
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B —E 4P YVRFRVI-INVNRUCBEREET HER
EP300/CBP HAT PHEZEK DGR & &N IErEES

B B

EANSH R, BENTDNA EREG LT a~vTF U fiEzk L, b
AN UREOILFEMIZC LD 7 a~F U lEOEbE N H—& LIBE 75
BLOBIIC EZE R EEH 2RI L TWD Y e~ F o BEoZ iz RE FhE
THHFEME LTI A N DUV T EF VR oS, B A b
o) UEkKIIe A M T EF NV ET AT =T —+ (histone
acetyltransferases; HAT) %/ L C7 2 F /LS, IEBMAFfEINSZ L TE
A~ & DNA L OFFEHAERZFHD 5, U K> TZ v~ F U HEERREA,
RNA R Y 2T —F II BN 172 & O DNA fEE % /)7 B & DNA BMEA L
TR ETRETHEANEEILEND B, =T, e A NPT BT UL
%3 (histone deacetylase; HDAC) XV VU EENS T v F NI A BRET HEEH
Td V., HAT £ HDAC D _HIZ L > T R b U P UERO T Fkikie L
TE VX7 4 v 7 RBIRTFRIESHE I TS (Figure 1-1)

EP300 M N EP300 & #§IERYIE iV HIFI M 27”37 CBP 1d, KAT3 77 2 U —(Z
BTHEAN S TEFALNT AT =27 —BTHY ., MlaBEGECHo, THE PEHE
Ffp Lok x il 7 v 2532 Z LA b T b 17 EP300/CBP 1%
FiZk A b H3KIS KX K27 7 B F LT HIE0, T v Ru U2 8RS
p33 I EDI v A N Z U RTEET BT LT D T L TBIn T OB &
LCW5 B9 X512 EP300/CBP [H 527 7 F_X—H —L L TOMEEEZH L,
BEOE A NS XV EROENZERE S L TSRO 7 nE
PRI OHIEIZBI G- LT\ 5 2,
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Figure 1-1. Regulation of chromatin structure and gene expression by HAT and HDAC.?!

EP300/CBP OFEfiE 41X, DA ZETHFEA EABIZE#EHT 5 Z LRGN
TW5, BINERDAIZEBNTIE, 7 R s 2% 1K (androgen receptor; AR) ¥
T FIVBNEEIIEMALT D Z & TR RS A OHFEMEE SN D EEZ 5T
WD M, BINLARDY A CIEFEIFEEL L Ty % EP300/CBP |22 @ AR ¥ 7 F /L DIEME
LICBEAG LTS 2 ERmbn TV D, 7RO HENBIT L7 AR & EP300/CBP
DFAEAEHT 5 Z & TKLK3 (PSA) 728D AR ¥ 7 F /W Ko THIE S 1T
BT ORBREZEE L, 2T X - TR A O BFE R FR S 5
2 ZPEEBENE A ME T, EP300/CBP |3 DNA O RICEM . Hla 8 W4T 12
B2 Bz T OS2 L TR Y . 2B BEME B M5 o MIE s C R e kIS
ESBEGLTWD B, ZoMizd KA 2, FFRIIEN A 2, /NIRRT A 26 D
HETROTHRAR & ORENRHE LTI Y . EP300/CBP 3HT72 7223 AR DL
&2 0G5 LB STV D,



#HE BN EP300/CBP FHEKOKRTE

EP300/CBP DFHE /2 H NI BE RAAL & LT, TETFNVEFT AT 2T
—BIEMEZ D> HAT RAA O, BRNZHEMHAEEM KA A > (nuclear
receptor interaction domain; NRID ) ., CREB-interacting kinase-inducible domain
interacting (KIX) RAA . 3 DOVATA L/ EAF VLU v F RAL

(CH1/CH2/CH3) | A5 M & S GIENZ G929 1 7 U ARAFEF ) —
PILENXIG K A A > (cyclin-dependent kinase inhibitor-reactive domain; CRD1) , 7
vF ALY U BT H 7 nE KA A (bromodomain; BRD), A > ¥ —7 =

B VA R A A > (interferon binding domain; IBiD) 232%1F 5415  (Figure 1-2)
27

o

NRID TAZ1/CH1 KIX CRD1BRD CH2 KAT ZZ TAZ2  NCBD/IBIiD

1T N 1 1 1

lm‘ Q-rich domain

Figure 1-2. Domain structure of EP300/CBP.?’

ZD9H, HAT RAA T 8T RAL URRABROELRIENE L TR
HENTEBY, 7uE KA A BLESHK TIE Inobrodib (CCS1477) 28, FT-7051 (%
WEFEBAR) P DSMIRNS Ao, RISEHRDS A& x5 & L CERRERBR A Thh T, —
J5C. HAT KA A VU ZLET HIEEMIE. Lys-CoA 2, C646 72 N HIL TV
H5H00, KA E TEATALEMIIEE L2\ (Figure1-3) 3%, Z Oiys
LTix., b DbE%i% EP300/CBP HAT R A A 2%t LCii) 72 in vitro B
EIGMEAT 5T, BIWECMIABELE R M ICFRE DX AL EMTh HT-0
I in vivo IZBWTHo e PUEBIEEN B SR W AlREER R T b s, L
L Z< H&iITiZ72 v . AbbVie f1:. Constellation Pharmaceuticals f1:2> 5 ZiLZ41 A-
485, CPI-1612 &\ 9 &i&EME7r EP300/CBP HAT [HEEM N A Sk &
Wxa L R ENTEHY ., EP300/CBP HAT [HESKBAZEIZ6 4 2 B0 4 i E -
TU \ 5 31,32O

Z 2 CEHEIL, in vivo THE 72388 % 7 EP300/CBP [HEHES A B2 A



VAR ) == TRONA AN—Ty hAZ ) == T REfmTH L
&L, ETHDITHFIEEREA Y RS STV ME— o 36 g ETH 5 EP300
HAT R AA 2/ Lys-CoA OFEIEFHMAZKIZLIE Ry o7 v Ialb—rvavic
L OoHBbEMBERZF T2 L & L,

NH.
Oj,NHz o o o (’NfLN N=
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o M T Snmogud ol Y o
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Figure 1-3. Structures of representative EP300/CBP HAT inhibitors.



B N—FxnNR7V—=v T ey NS

F7, AR STV S EP300HAT R A A > & Lys-CoA & D3k dbA%E 2 kO
C646 O K v % 7 7)1 3* Ofigrn> 5 EP300 HAT FHEICE 59 5 &80
FEEIZHLY #14, Figure 1-4 (233 O~Q@D 3 DD 77—~ 27 4 7 % EP300 &
DFREEIWCERE 7 7 —T7 a7 47 ThbHEDRHELTT,

. @Arg1410~ Thr1411
I~

S Tyr14673k £ Trp1466 & O K RS
BRK SR 5B 1le1435

Thr1411

Arg1410

Figure 1-4. Pharmacophore mapping of C646 with EP300 HAT?,

RELIET7 r—~a7xT74%b&ll, filROKRSFA—F¥VLIA4T7 T —
400 HibEME IV T FEy R L Glide lICEANN—F ¥ VAT ) —=0 T %
FhE L, Fr7-72 EP300 HAT PHERIEZR 21T - 7= (Figure 1-5), K v ¥ 7 Off
B, 2180 {LAEMNDLQD 7 7 —~a 7 x TIZHAE L. D ) blallxaffEfE A
ﬁﬁsuT®mé%kLf&»ké%%&bkhtﬂ,é%;immmﬁ&w
2 A LW AIbAE BRI L V&K L, RUEZ2m-Iba®mE LT 20
bEM % 8RIE L,

*1

[IERFTRERE B BN VNE ERE & RV B LG LTZBR o= b B — AP RE <D
72, AIERERRMIIE 2 D 5 LTI ATRER G B KT 2 Z L A EEN D, AR
BRI B TORENTRERMLEMEE TRV AL Z L2 A E LT, IEI%:_IHBF/\%I
DI TAT VT 2ELNTERE LT,
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Figure 1-5. Virtual screening workflow of the discovery of the hit compound 1.

Wiz, ERE 20 A A HEA L, EP300 HAT BHEEME % AlphaLISA #£1C C A
L= & Z A, Figure 1-5 (R 3ALAY 1 DI ICso N FH T & HREE DOTE M %
L. ZOEIE354uM TH o1z, Z O, BEMETIBLAY & L TRE L7z C646
%, 50 uM T 29%® EP300 HAT PHEEME 2R T OHRTH -7z,

{E&% 1 & EP300 & D R v &> 77 /L% Figure 1-6 [Z/~"3, L&MW1 OH
JVIR T HT Argl410, Thrl4ll, KO8 Trpld66 @ 3 DD 7T X/ BRIk & KERE
B HEMAAEHEAZRLTEY | fABICEHETH L Z LM R Ik,
EBITET Y a CENLD B LR = VR Tyrl467 & OKFEREAZIBR L TEY |
Tyrl467 TfFFEOEMIZE 7 Y v VBB, KOBKMEO 7 vn 7 2 = VI L - T
ED BN TS, 236 DOFEAREIT Lys-CoA D IAEILHEIESS C646 DHEE R v
X TR—R—FH LTV,

L& 1 1IXBEZ1 O EP300 HAT BHEHI Co46 & ERNIZEBIE R L, o+
ICEWIBRREZ T 2ILEMTH -T2, BHEOREEEE 20V E5 = ek



R 700 E L C646 VD B RV EP300 HAT PHETEMHZH L TW\WD A b E %R
vty MbEWmTHL EHIWT L, FEREEHEmTHIZ L L L,

TYR-1467

TRP-1466

’THR-1411

ARG-1410

Figure 1-6. Proposed docking pose of compound 1 with EP300 HAT (PDB: 3BIY). Intermolecular H-
bonds are shown by yellow lines. The figure was generated using PyMOL (http://www.pymol.org/).



B by MEAWERORBEEMEHEEE

ty MEAW 1 1. op-FERMANLVR= L EHET AN THDH LD,
C646 LRRRICV AT A VER X R T B E DRIGENRESNDIED, T8
RIZCHBERDIEN DILEMTH DL END, BOELEICLDEER—ADT v
YA B~ DEENEESND 3N, ZOZ b, BEHITETIERSWZ2 BH
ELTE T Y v iEofiss BEREREME~OLE A A7 (Table 1-1),

Table 1-1. Structures and activity evaluation of the synthesized compounds 2a—f for EP300 HAT

inhibition.
HO,C ‘ jo\ o Me
(L,
Compound R ICs0 (uM)
i~ 0
2a t{, 5 >50 (47%)
o}
2b ’o:t{, 4 >50 (47%)°
-~ 0
2¢ . ,t{, 4 >50 (27%)°
éﬂN _(0
2d N >50 (34%)
0]
— 0
N
2e Me&”f 37.3
o]
2t '}C( 35.1
MeO-~_ N~
1 35.4
C646 >50 (29%)°

“% inhibition at 50 uM

AIFV VY FRK (2a), Bl DUt miE 2b) KO e X bAoA v
B (2¢, 2d) OEAIZL Y, 50 pM TORHIIZIW T C646 & [FIZELL EiEE
MO BN, SHIC, NAN=F Y L RAT V==t v kERERICA FILHES A
N VR EOBUKMEES L A E e 5 BRZGA LILEW 2e 0 2f T, 1%

10



RuW LTZFBEK TH D 236 ka1 L R%ELL o EP300 HAT [HETE
M2 R LT,

5 BEREO AR ¥ 74—V KR v B2 72k T, B2 5 EP300 HAT BHETE
PEDE) b2 &R L CORRERRLE N 7 VB O KL% £l L7~ (Table 1-2) ,
tEMm 1 Oy X ITR-—AZ2BRT L, 7007 == LEAOIEICIE
Tyr1397 & Trpl436 (2 & » TR ST BKMEDBIBMNTEET 5 2 &b b,
ZZTIAEW2a D2V AFINNT ==V EE 2-F T FVIRICER LT 28 AT
I5 &, MMEmYEFREN EL, 184 uM D ICso iz R L7z, &HT2a D
T VUBRET AT = VERICAR LT 2h HELETEMEDS 2.5 EREEE N BT D 2 LA
HoNE7RoTc, 22T, ZTRHDEWE Table1-1 T b miEMEL R L2 2f D
B ARG DR T2 3a TIE, 20 005 12 2L EIEMED M B L7z (ICs5o=2.9 uM)

U bo Xk 91, BEFITREREER E A=Y OEAEDEICE Y —HF pM D
FLEIEMEZ AT oA ARG T 5 FENTE I,

RIZ, EP300 HAT PHFEIZESZ MO & 5 2 FEOMIBIRE & N CHf Au B 5l B 1S
PEA TN L7 ¥, /L&Y 3a OFLEISMHEZ 595 & LK2 Aifa KX O 2G2 flifaic
BWTHBE R EFEEZHERT D Z L1 TE R o7z, BT 3a SN
TIHEEMEZ R S 2o LB/ & UL BRI E R 7 2 Al s i 14 o
REIZHD EZ 2, IR A ORI ECIREE 2 2 Sk & D&
R 9N L7 (3b-3f), ZEFMRAEE Y VU WNR U EEE Lz 3b 1E 3a &A%
® HAT BREIEME (ICso=2.6 uM) %75 L7223, 3a & [AARIC LK2 #lfd & O 2G2
Nl ORI TRPAF TR A R S oo, —J7, B U DU VR A N-AF)L-
4-v° 1) R 3- VR Uk & L7z 3¢ IRV Cik, HAT FLETEMEIZSS TE T
1] T o 72h3, 2 FEORIBARIZ KT U TSR FETEME A 7~ L7z (LK2: Glso = 12.4 pM,
2G2:1Cs50=8.8 uM) ., 3¢ 23 FEIMENEEZ R LBl & L TiX, BV Nog
BOMBBIRFEADNVRU RO Rux vl Dy rNAKERBAICLY IRy
fen7a hrRN~vA7 ENT-Z &R0, HIVR CBEEL OBERMEE N L2 &
IZE > T, MBS REAM E L2 B OND, EHIC, BV RroEH
JRF OB AL BRI L T A, SRRSO =T L (3d) o4 Y 1
ELEL (3e) (XA TV (B¢) & RIFRE D HAT BHENEME K& OV a HE 5 P 56 4
Tholohd, RUUNVEEZEAN LT 3613 3¢ D 2 (5 &\ HAT FEIE A
RL (ICso=4.9 uM) . ZAUZxbii U CrEpasasEpa S & B L7 (LK2: Glso
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=2.7uM,2G2:1C50=2.4 uM) . LA EDFERIN S (4-E° U R -3-F1 )L iR U IE keI,
&R L FEORERRECOTEME L MR L oottt 2 m ¢ 52 LT
EHLNATTA I AZ—ERVEDLZ ENRINT,

Table 1-2. Structures and inhibitory activity evaluation of the synthesized compounds 2g—2h and 3a—
3f for EP300 HAT inhibition and cell growth inhibition.

Cell growth inhibition

EP300 HAT
Compound Structure LK2 2G2
I1Cso (LM)
Glso (M) Glso (uM)
HO,C ‘0\ e
2g g ™ 18.4 - -
HO,C ’s\ e
2h &NQMe 18.9 - -
Me
[
HO,C s 0
3a meo—~_N l l 2.9 >25 >25
[
HO,C 0
3b i g o A% S0 2.6 25 25
2 M o
HO,C s
3c L 1 weo-d N 10.6 12.4 8.8
N e
e
o
HO,C ’S\ o
3d |N| meo-! N 9.3 9.1 12.2
&
2 M o
HO,C s
3e L 1 weo-d N 11.8 11.8 9.3
N e
o
HO,C ’S\ o
3f LS oo LN 4.9 2.7 2.4

&
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Figure 1-7 (2, {t&%) 3¢ & EP300 HAT R A > (PDB: 3BIY) LD Rv¥»
TABT 4 OFERZRT, ALEW el —F v VA7V —="Tt v 1 L[
FROFEAHRAEZ L > TEY, HILARF AT Argl410, Thr1411 O Trpl466 &
FEAERZEKR L, Pt Rrvana Y BBO D VR=/VHIT Tyrl467 LKFEE
EIERT DI ENRBI N, 51T, 3¢ DF 7 FILEIE Tyr1397 & Trpld36
PH & AL T BROKPERRIBRIC I » THRLE T D5 R 235 7=, EP300 HAT FHFEFEAMN C
X, ZOBBROGCEKEDO T 7 FVEEMET 5 2 & CHEEEO M L%
FEHLTWDLZEND 3¢ DRy XU ITR—=RIZYUTHD I EIRBENT,

WIZ, BTz 4-BY RU3- VR U RERKEa T DFLEY 3e, 3f KO
BEEXHRIL G C646 D HAT 7 7 I U —I|Zxf 9 DN Z 5 L7 (Table 1-
3), C646 % EP300 %X TN CBP LV o> HAT 7 7 2 U —I{ZxF L CHRVPHETEM:
EHTHZENRHLNE ST, LA 3¢ L3 1, EP300/CBP 7 7 X U —I(C
*FUCHHEIEEZ BT 5 —F . MYST2, MYST4, PCAF, GCN5, TIP60 {Zxf L
TIIPAETEMEA R ST EP300/CBP IR RHERTH L Z LB L N E oo
776

&
o5

N 4

TYR-1397

TRP-1466

THR-1411

<

)( ARG-1410

Figure 1-7. Proposed docking pose of compound 3¢ with EP300 HAT (PDB: 3BIY). Intermolecular
H-bonds are shown by yellow lines. The figure was generated using PyMOL (http://www.pymol.org/).
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Table 1-3. In Vitro selectivity profiling of compounds 3¢, 3f against other histone acetyltransferases.

ICso (LM)
Compound
EP300 CBP MYST2 MYST4 PCAF GCNS5  TIP60
3c 10.6 3.4 >50 >50 >50 >50 >50
3f 4.9 1.3 >50 >50 >50 >50 >50
Co646 >50 >50 37.2 7.81 21.0 38.9 47.4
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BRE BHEEOGKIE

by MEEW 1 O Ty a gaA I )Y ) ERICERLI-LEY
DALY % Scheme 1-1 (273 L7-,

-OH
N A N
Jf\\—cuoa_. RO,C LO-CHO b | kro,c Lo, c EtO,C Lo NH,
(HO),B” X
HCl
6 7

4a (X=0) 5a (R=Et, X=0)
4b (X=S) 5b (R=tBu, X=0)
5¢ (R=Et, X=S)

EtO,C.
NHay

B
H,N. R XR N HO,C [ 0
2 X
VU + soohy — e e My = R e e N
N C% X

8 9a (R=H) 10a (R=H) 11a (R=H, X=0) 2a (R=H, X=0)
9b (R=Me) 10b (R=Me) 11b (R=Me, X=0) 2e (R=Me, X=0)
11c (R=H, X=S) 2h (R=H, X=S)

N
H ; EtO,C Io N 0 ik HO,C Lo 0
Et0,C.__N i N ! 2 0 Ny
\Qi E‘Ozcv"\Qi O&N\@

Scheme 1-1. Preparation of compounds 2a, 2e, 2h. Reagents and conditions: (a) Ethyl 3-
bromobenzoate or tert-butyl 3-bromobenzoate, PdCl>(PPh3z),, NaHCOs3, 1,4-dioxane, EtOH, H>O,
70 °C, 3.5 h, 5a (92%) or Sb (91%) or 5c¢ (71%); (b) NaOAc, hydroxylammonium chloride, EtOH,
70 °C, 1 h, 97%; (c) 1 mol/L HCI/H,0, 10% Pd/C, Ho, rt, 1.5 h, 72%; (d) (i) NaBH(OAc)s, DCM, rt,
6-19 h, (i1)) TFA, DCM, 0 °C to rt, 1-2 h, 10a (78%) or 10b (71%); (e) Sa or 5¢, NaBH(OAc)3, DCM,
rt, 3.5-64 h, 11a (36%) or 11b (40%) or 11c¢ (37%); (f) triphosgene, TEA, DCE, rt to 70 °C, 3.5 h; (g)
5 mol/L NaOH/H,0, EtOH, 70 °C, 3 h, 2a (33%) or 2e (48%), 2h (49%) for 2 steps; (h) Ethyl
glyoxylate, NaBH(OAc)3, DCM, tt, 18 h, 71%; (i) 7, triphosgene, TEA, DCE, 0 °C to 70 °C, 3 h, 70%;
(j) DIPEA, DMSO, 100 °C, 20 h; (k) 5 mol/L NaOH/H»0, EtOH, 70 °C, 0.5 h, 12% (two steps).

12 13 2c

FT, HREEEOR T VR 4a, 4b ZXHET DT BB LEFBRT ATV LA
CEA TV T EATH T L TR A ) Sa-5e 15T, e b 5a & & Ko
XUNT IVHFEETICTIEAT D Z L TAHF VL 6 25705, BMESMTicT
KRFBWMEIEZEAT O 2 & TT 7 570, (LA 2a, 2e. 2h DERIE, Tk
DT=Vr 8§ LT/NTER 9a, 9b LDEITHT I /b F BIMESME T To
Boc ZiDRFEIZ L - T 10a, 10b 2572%., XIS T 57 VT REDBEITLHT
I, EBWR NI ZFATIAFET NV ARAF U TRETHZ ETA X
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VuUBREMEE LI, AT NVOIKGRIZE > THET 5 2a, 2e, 2h %
5720 LAY 2¢ 1T, (LEWM 8 L7 VA XN F L EDRTHT I kL,
HWTCRYURRT T IV TRIEREED 2 ETU LT 13 21572, 56z
13 2SI TINS5 2 L CBRIL L7, = ATV OIAKS R L > TH
HIDILEY) 2¢ ~EFFHE LT,

{b&® 2b KON 2f 1%, Scheme 1-2 IR T Y ARk L7z, 7=V > 8 |[ZHHEME
SMETICTE)»4-7 0 03- 2 hH2-TTFUBAFLEZEASELZ L TER
0 UBRAMBE LR REER CTUET S TER Y VU IS N EEN
BT 15 £ 7 /L7 B R 5b % Knoevenagel i C 16 & L7720 %, Hantzsch = A
TIMCEDLDF VT 4 oDiEIeE | FBESETTO Bu =27 VORREIC
L EM 2 25T, (LA 21T, 15T LT KBa 2 V=T )T I UIEFE
TG 52 L CT17 & L7725 Hantzsch TAT /VIZ L A4 L7 0 U DIRETT L
WWCTTMS V7 VA ERIGEHDHZETATF LT ) —b—TFT )L E L, &
DICTZ AT NEIKRGET 5 Z & TR LT,

HZN\@ & weod No b o{ﬁo _ o tuos |8° \ No
8 RSN . . X
| -
HOZC\QI}%(O ahi EtOC Ic} \_ O HO,C ' ,_-} o
meo—{ -— o= o= x
Scheme 1-2. Preparation of compounds 2b, 2f. (a) Methyl 4-chloro-3-methoxy-2(E)-butenoate, KOAc,
MeCN, rt to reflux, 12 h, 54%; (b) c.HCI, 1,4-dioxane, rt, 1 h, 90%; (c) 5b, diethylamine, toluene,
100 °C, 2 h, 65%; (d) Diethyl 1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate, EtOH, toluene, rt,
4 h; (e) TFA, DCM, rt, overnight, 38% (two steps); (f) 5a, diethylamine, toluene, 100 °C, 2 h, 73%;
(g) Diethyl 1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate, EtOH, toluene, rt, 24 h; (h)
TMSCHN3, toluene, MeOH, 1t, 3 h; (i) 1 mol/L NaOH/H»O, THF, MeOH, rt, overnight, 77% (three
steps).

b5 2d XX 2g 1%, Scheme1-3 [Z/R" @Y SRk L7, 7=V 8 % 2,2.2-h
Vr7umaaxF iR =/ (Troc) RHIZEIVEEL. (LEWI18 2157~ {LEW
Sal VU AF NN AT N EDRTT L LG EITH Z & TIEAEW19 &
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L7=Db AbAEW 18 L EHMESFE T TNV L 72% . & 512 DMSO HCnE3 5
ZLTEX UM UBREMEL, SHICZATVEZNAKSHT S Z & THHOD
{bEW 2d 21537, (L&Y 2g 1%, {LEW Sa LG 21 L DECHT I /(6T
TI22E L7705, Boc OPRHE, HILR=LTA I XY —)L (CDI) % H
WS FHNBILEISICE DA S F VD ) VREE L, (LAWY 24 21572, K
UWNTC, S 2 W2 CN Iy P U ROSICE D 7 X LV UBREB A LT,
TATVEINKGEST D2 & TR 2g 21587,

HoN a i
\@ — = Troc \<j(
8

18

o, [-cHo NH . EtOC \@I\ﬁ
Et020\©/(\_/ g("
I\
HaN~Boc e 0 Y NH _t _EoC OI\\ﬂ Etozc\©/(o\\ﬁN~(o
H mel NH
24

21 22

R
hi HOOC o NN(O

oo

Scheme 1-3. Preparation of compounds 2d, 2g. (a) 2,2,2-Trichloroethyl chloroformate, TEA, DCM,
0 °Ctort, 2 h, 51%; (b) Glycine methyl ester hydrochloride, NaBH(OAc)3, DCM, tt, 2.5 h, 44%; (c)
18, DIPEA, toluene, reflux, 4 h, then DMSO, 120 °C, 10.5 h, 74%; (d) 5 mol/L NaOH/H,O, EtOH,
70 °C, 0.5 h, 38%; (e) 5a, NaBH(OAc)3;, DCM, rt, 18 h, 62%; (f) 4 mol/L HCI/1,4-dioxane, rt, 0.5 h,
91%; (g) CDI, TEA, THF, 70 °C, 1 h, 90%; (h) 2-Bromonaphthalene, Cul, trans-1,2-
cyclohexanediamine, KoCO3, 1,4-dioxane, 110 °C, 4.5 h, 71%; (i) 5 mol/L NaOH/H»O, EtOH, 70 °C,
0.5 h, 78%.

&%) 3a-3f 1. Scheme 1-4 |/~ 18 Y Ak L7z, TTIROILAH 25 (I2xF LT,
SfpE 2 W CN 7 a2y 7Y U TRORIC K > TF 7 FIVEEZHEAN L%
IR T T 5 2 LT Y VU 27T ~EEWE, W T 27 ETL
7t R 4¢ % Knoevenagel JSIZ X - THEAR L7 BT, Hantzsch = A7 /L2 K&
HEXIAFLUDRETLERNDVTTIMS VT VAR ERIGEEDH T ETAF L
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T )= —T )L 28 AT, S HIT, KMIST D7 mELER/BRT AT L LR
CE Ty 7Y T T AT IOV DMK Ko TLA W) 3a 2157 (LAWY
b, (bEW28 L 5-T T Y VU3 HAVRUERE DARBERA ) T
Wz L0157,

o]
G == wolryy

25 26

HO,C [ 0
f,gorh AN S Vi
SX I MeO Nl

3a (X=C)
3b (X=N)

o Q Q N\
Et0,¢ ", i Et0,C I j EtO,C ’s\ CHO K Et0,C L™\ 0
R R R
29 30c-f 31cf 32¢-f
(R=Me,Et,iPr,Bn)

_b o{ﬁo _cde  PinB lMS\O y No
e
27

28

MeO

o | A
lm,n HO,C S

—_ W 4

Né MeO N

3c-3f

(o]

Scheme 1-4. Preparation of 3a—f. (a) 2-Bromonaphthalene, Cul, DMEDA, K,COs3, toluene, 100 °C, 8
h, 66%; (b) c.HCI, 1,4-dioxane, rt, 17 h, 96%; (c) 4¢, diethylamine, EtOH, 90 °C, 2 h; (d) Diethyl 1,4-
dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate, EtOH, 90 °C, 4 h, 64% (two steps); (¢) TMSCHN,
toluene, MeOH, AcOH, rt, 16 h, 59%; (f) Ethyl 3-bromobenzoate, Pd(OAc),, SPhos, K3;POs, 1,4-
dioxane, H,0, 60 °C, 1 h; (g) 1 mol/L NaOH/H,O, THF, MeOH, rt, 18 h, 3a (29%, two steps); (h) 5-
Bromopyridine-3-carboxylic acid, PA(OAc),, SPhos, K3POs, 1,4-dioxane, H,O, 80 °C, 4 h, 3b (92%);
(1) R-X (X=Br,I), Cs2CO3, DMF, 1t to 50 °C, 2—8 h, 30c (90%) or 30d (89%) or 30e (50%) or 30f
(81%); (j) 5-(6-Methyl-4,8-dioxo-1,3,6,2-dioxazaborocan-2-yl)thiophene-2-carbaldehyde, Pd(OAc)s,
SPhos, K3POs, 1,4-dioxane, H>O, 60 °C, 3.5-24 h, 31c (60%) or 31d (28%) or 31e (46%) or 31f
(85%); (k) 27, diethylamine, EtOH, reflux, 3-4 h; (1) Diethyl 1,4-dihydro-2,6-dimethyl-3,5-
pyridinedicarboxylate, EtOH, chloroform, reflux, 1.5-24 h; (m) TMSCHN3, toluene, MeOH, rt, 12—
15 h; (n) 1 mol/L NaOH/H,0, THF, MeOH, rt, 2-17 h, 3¢ (39%) or 3d (40%) or 3e (43%) or 3f (10%)
(four steps).

18



BARHE A

ARETIL, EP300 HAT KA A > &2 EIRMICIHET 2B OS2 B L
T N—F Y NVARI V== T hE LT, R LN~ TFT vy LRI ) —= 7
by MEEW 1 30 R ET IR Eap-Rafih Vv R= V&2 &R
HZALEMTHY . VAT A EHE NG L DS DA R~ DT
WREESNDILEMTHL Z Lnn, ETITIERE W T 255 8K EM %
FEhii L7z, ZORER. BTV arBENOA IX YR UoEKEEOYE RrE R R
VEICERR LA A BT EAE Y 1 & [FASELL E o EP300 HAT FRETEME %
AT R U, R E W D a2 BB LT, S 612, MIaEmErH
FIEMEO M A2 B B VaR  BREML O BRVERE SRR YE 2 i i3 2 3 SRR
B & 320 L ZEERRICRZ T4 Y RU3-DVRUVBREKZHT LAY 3c-
3 2 AG Lic, baW 3 1T L BB/ 2 AT 169 3a & i LT, EP300
HAT BLEVEMEIXFRRE TH DI 0 0b b3, MR EIEEN 9 f5LL B
ELTEY 4B Y RUB3-TNRRERED, EFBRONATT A I AL =L
RV D Z EBIRENT,

F72. ALAW 3¢ O3 DBFEHAT 7 7 3 U — 6T D@23 L 72 &
ZA.C646 L LLEE L TEWEP300/CBP 7 7 R UV —%2 (T 5Z ENHLMNE 72
oo TNHDZENG, 4-YY R3-VR g% A9 5%l EP300/CBP
HAT BHEHI 3¢ 2 OY 3f 1% C646 L v & E4172 EP300/CBP HAT [HEMFED Y — /L
k&L 0185 Z ERsiiz,
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HWTE HTS b v 2O D invive Y — VLS DEE

H—Hi HTS b v bOESE

HIEEICBWNWT, N"—=F v L 27 U —= Tty bbb 4B U D3 0K
Feih (i~ L ARERT 5 Z & T, EP300 HAT BHETEM: K O im B FE I H)1E M
ERELIALEMEERTHENTE T, IHIT 4B DU 3- VR B
ERIT in vitro DAFE HAT 7 7 X U —IZ%F 9 2 2R RN 12 35 C EP300/CBP
77 U @R RAEEE AR U, 815 L 7o b &%) EP300/CBP HAT FHEHF
TR A E R invitro Y —1V LB Z LB LT,

FEWTEFIL, invivo iR, BIZIZERRIZBW TR O G TRt EmES %
Bfedichi-v., BEDIEMT7 A 77 ) —2IEA LINA ANV—T >y F RS
J—=27 (HTS) 12L&V, RIETHLNIALEM L XR R HHEKER T 5
PHERZRR T 52 & & LT,

F 9", EP300 HAT [LEIEMEAFRIE L LC, fEMNILEWM T4 77 U —# 46 Ji1k
BT OWT HTS 25 i L7 & 2 A, BFEEMEZ/RTH) 3000 HObEW % 5
HL7Z, &6, 26 DO/EAWIT-OUVT EP300 HAT BHETH M O 1 K AR
B, MO thermal shift assay (TSA) #BR%A FEh L7-fER. L&Y 33 IcfE s
5 1ATFVERUFBEERRA V== 7y bELTELNRTZ, (LAY 33
I% EP300 HAT (2% L C nM A — & —OFHEREME (ICso=0.61 M) Z7RxL, S5
I LK2 #ifdz W=/ T o H3K27 (2xb9 5 7 B F AR ENRME A REn L
72& 2 A, ICsofEIX 224 uM Th -7 (Figure2-1), LA EORER NG, {LEY 33
THIRINIZ IV T S EP300 HAT FREMEH 2" T AL v MEEMTHD &
A BN Figure2-1 1R T X OIS ALEME A FF 7 = =V (A BR) |
TRIe RabET U8 (BER), 4B UL (CBR) . A &Y — VERL

(D £88) @ 4 SOWEEITHEI LT, ENEIAEEIS MBS ®R 42 BfS 45
kLT,
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33 (HTS hit)

EP300 HAT inhibition ICs, 0.61 uM
H3K27ac inhibition (LK2 cells) IC5, 2.24 pM

Figure 2-1. Structure and properties of HTS hit 33.
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H 8 HTS b v MbAWED OGNSR

FT. TR Fuebv I iR BER) oL F ) L7z (Table 2-1), 7
NZbRRET VRBET 7 a7 VR )VERICERT 5 & (34, 35), EP300 HAT 1%
PRI T D BETEMEIL 4 5 B L7z, FRIZ, &7 XU F k35 1%, LK2 #if
Ik 5 H3K27 72 F /UALBAEFGIC I W T S BAF7eBEEE 2R L2 (ICso
=0.38uM), HFW\T, AF BB (CER) SO NAR L EDOBRFIE IR
LR T 57D bG35 DNFEEEE LT 2 A, (DHENR— 1
~—Td Y. HAT HEIEMEIX 0.050 pM @ ICs EZ < L. #MAN O H3K27 7%

F AL EFEEZRICIBVOTH 0.13 pM D ICs fifi & 38 ) 2 fLEF M2 R LTz,
—J7C. (OIRIFX H3K27 72 F /UL ERHME ClE & A ETREEEA R 37, HAT
RAA D CEBRE DR Z FEIZRGR L TWD Z DA LN E ol

W, RLH S 7=887172 EP300 HAT BRETEME 2 AT 2 A B a5
ROFEASHEEMNT T B 72012, /LAY (+)-35 & EP300 HAT @ X #RILHE dAs
%%%Ebk(E@m%ﬁoMﬁ%CW%@4/&/~Wﬁ®MH%&UZM
DERIF 1T, ZNE I Asplddd O FEFH I VR =)V H L O Tyr1446 O FEH NH J
ERFREAZIBR LTS, 2, 4 &Y —)LER & Hisl451 OMIZIE n-n fH A
TER DI R S A, VAR = VBT Serl1400 OfAIEH OH Jk & AKFEFEA 2k L
TWAHZ LRI T,

Z OILHE A AEEIZ FEDU T Table 2-1 OFEETEEMEBEZZ L L7 L&MW 33 O
T R7E Rrbt T UBROMBERFDPAEL TWDELIE, Phel374, Leul398,
Tyr1414, Leul418 |2 L » THER SN CW D BUKIEDO R 7 v v TH D, TDI=8,
FRIE Rut I UBES 7 a7 VX UBRICERT S 2 L TEUKMARBA/EHR N
WL, ZAUZfE> T HAT FREIEES M B L B2 b D,
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Table 2-1. SAR exploration from HTS hit 1.2

LK2
. ‘ EP300 HAT
Compound B ring Cring H3K27ac
ICs0 (UM)
ICs0 (UM)

33

(—o
*r”vl\)ﬂ 0.61 2.24

&

g Y{L 0.14 0.61
35 Q] ‘,{Q\/x 0.13 0.38

o

o

34

(-)-35

‘/—O
o s, NT >25

0
Y@z 0.050 0.13

(+)-35

A NT: Not Tested.

Aspl444 Tyrl446
Leu1398
M Leul418
\}\.\% :

His1451

Trpl466

Serl400 Tyr1414

Figure 2-2. Crystal structure of compound (+)-35 bound to EP300 (PDB ID: 7VHY). H-bonding

interactions (yellow) and n-r stacking interactions (blue) are shown as dashed lines.
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Figure 2-3. Superposition of (+)-35 and acetyl-CoA (PDB ID: 4PZS, orange) bound to EP300.

F7o. ZoOMHFEREE L A SN TV D Ac-CoA D ik 2 i by
% & EP300 HAT R A A ZHEE L72(#)-35 1% Ac-CoA D VU VR b7 2 R
HCER D (D35 DA XY B ARUBREOEHREFTFIL. Ac-CoA DT I ROWEFHR
JAIZER D Z &R STz (Figure 2-3),

L&Y (+)-35 DR 5@k & LT, LK2 Ml % Balb/c X — K~ U 22
fill L 7= xenograft &7 /L2 T, EP300 HAT BHE DI ) FH) A -~ — D1 — &
L CT#& z b HHLE[R - SRY-box transcription factor 2 (SOX2) ¢ mRNA FEHi41
FTETEZ M L 7= 3399 UL, OB G5RIC(H)-35 XM P& %~ X7, SOX2
mRNA OB/ BINHNIFR O Hiv7e - 7= (data not shown) ,

(H)-35 NI FRBEL R IR o T HK & LT, AF B RUBROBLAEHH IR
EINTZT20, HWTAIF VB RUER EOBBFRTDRER - ~DERSER
JRF~OEH, BBV A XOFE A I L, [HEEELZ R LoD, BOEZ B s
TIHZXATHRIEDO—2 LR b L ENZUGET LW OES B L7, L
L. WTFhoba% S EP300 HAT FHETEMESTEL T D858 &£ 720 (data not
shown), A X HE /XU BROEEFEIF T EP300 HAT HEIEMHICEE T, 4A%0E
NUBRDOREAGIZ X o THFEEZHERF T 262155 DITIEF TN TH
D LN E T,
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B AFX ¥ TN KRy F L SBDD 7 X a—F |2k 3y

— LB DR

ATEICIX HTS B v b5 B BROAHLZ X - T, EP300 HAT BHEIEMEN M7
nM D ICsofEZ R~ ITLEY (H)-35 %5 L7, — T, (P35I OTEITE -
TR L in vivo N Z2 RS T, Fi< XV B N BR_ EOE B LTI
FIEME, RO L EME % 7 STt OBIRIZIZE S 2 dr 0T, £ 2 TH
L. invivo iRBR CHE 2B T 26 EW 2 BIGT 572D, AF B F
PO DORMHAPMLETH L EEZ, C BHOAF Yy 74—/ Ry B 7 &%
i L7~ (Table 2-2),

EXTEIRERGE T, SIS SRR EHEBE AN R T X/ Ba N—A L L
T AX ¥ 74—V R v B2 702 K o TRE 2D BGE 7o HEIE TS M FE B 15 i D B
BJBrEMLsZ L, N-NAFALT T (36), N-AFN-D-7 7= (37), D-7
ol URBER (38, 39) ZARLIZEZA. ZNLDILEWITHTS & v HEZ
{bE# & [FFEEE D EP300 HAT PHETGMEZ R 9 2 L AR S L7z, FFlZ, D-7'1
U USRI T H3K27 7 2 FALETEMEIC OWT b BAF R E AR L,
TIVBER—ADAX Y 74— )L Ry B TIZL > TAEFH BN FEND
DEBNFRETH D Z &R LTz,

T, 7 a U RBEARD D OIENER LD PREME A RR T 5 72012 LAY 39
& EP300 & o X MRt 2 B Lz, (La® (H)-35 & 39 O3 i %
g5 & 138 A ERBROFE R ZHER L TH Y | FFITH)-35 DA FHE AN
VEREAEW 39 DT 0 Y VERDE UALEICH D Z E BT B0 E e 572 (Figure
2-4), HIEICEZHLI-L o0, AP B AU BROEBEEF T3 EP300 HAT PRETE
PEICEE 2 ZE 2 R 2D, SO RHMEEEEOR EZ B E LT 39D
7ul) VR EASONT R FOEANERTFTHZ L L Lz (Figure 2-5),

AERAEE DTN D, A B RUVBROBBRHHMEAEW 3907 m ) VB
ANABRICHIEST D Z L Rbond, 22T, Fu ) VRAGICA~TaiT L LT
7 vRRS, B Fex v ANVKR=VEEE AT S Z LI L7z (Table 2-3),

TyHERTFAEBALE 4AR-7 A a-D-F ) 40 (3, EEHR DY 39 &
V50772 HAT PLEEME 27~ L= (EP300 HAT ICs0=0.056 uM) , A %93
BROMBARMICE FeXd A28 AL 4R-E FaXxoD-7ml 4213, b
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V)= HDTT AT LA~ —ThHD45-t FuxvD-7ul 41 Lo b EiEts
RLTZH, 39 LRI EP300 HAT (HEEETH 72, 71 U VERICAL AR =)L
FEAERR LT 43 (3MEL 7 0 U > 39 L bl LT, HAT BHETEM & OV H3K27 7
Y F IALLERMEL & b ICiEE B T h o 7,
HWTEERNTOIEY D7 VT 7 AEHET LI, ~TAFI 70
YV —LE W invitro (R L EMERERZ i L7, 7oA n 7 m Y UiFEik 40
F—HD(LAEY The b 8172 HAT FHEVEMEZ R L7, WE#R T o) 39 &
[FRRICAREF L B EZ R Lz, — T, B Rax v R ONA LR = VA&
B L7t (40-43) 1T, ~ U AT 7 v Y — A CoORBIZLEMEN M LT,
VL EOFERNS, Ful UEFERIC T v EE LA E AT S D LT HAT JLEE
PEREER ET D52 08000, SHICANK=VEEZEANLLEY 43
(DS17701585) 7% HAT PBHFEIGME, MM CTo H3K27 7 & F /LB EIGE L Y
RFLZEMEDONT VAPENTWD ZERHLNE ST, 22 CTET, 7Y
VERADT v FRAEANI L o T HAT FREEES R E L ER A BET 52 &
& L kW TILEW) 43 (DS17701585) D72 5wkt 2 Fhi+ 2 Z & & LTz,

Table 2-2. SAR of scaffold hopping approach.

LK2
EP300 HAT
Compound B ring Cring H3K27ac
1Cs0 (WM)
ICs0 (WM)
0O
36 5;; S 0.19 1.01
;O
37 \Q; N H}’ 0.22 5.02
o
38 g LAY 0.17 0.42
"N
e,
39 é;% VSN 0.18 0.69
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Figure 2-4. Superposition of compound (+)-35 (PDB ID: 7VHY, cyan) and compound 39 (PDB ID:
7VHZ, orange) bound to EP300.

H
o] PN
e
N
~ o)
0 SBDD
(+)-35 approach J
_ 3 QNH
\0 0 0/1“'” =N
N Q
NH
~o o o’/"” =N
39

Figure 2-5. Structures of compound (+)-35 and 39 highlighting the strategy of additional substitutions

on the proline ring of 39.
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Table 2-3. SAR of the proline derivatives.

EP300 HAT LK2 Metabolic
Compound R H3K27ac stability
ICs0 (M)
1Cs0 (M) (MS, %)?
.
» LIV 0.18 0.69 10
0 H
F
o S . 0.056 0.46 5
o7 N
H
OH
! Y 091 1.45 57
o?N
H
OH
. 0 0.26 1.03 47
o7 N
H
(o]
43 5:°
LA 0.15 0.45 37
(DS17701585) o™

*The percentage (%) of the tested compound remaining after 0.5 h of incubation with mouse liver

microsomes (0.1 mg/mL).
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HBIUET LB 40 D in vitro TEHER EERIZOWVWTDELE

ATEI O A B NV BROBEEIR 128l L7 ERISE A (LAY 41-43) Tl
BAHE 72 HAT BEIEMED M BITERD o7y, 7 v R 28 A LTbs
Yy 40 TIL 3 FEOEEER E2XRBO LN, 2O b, 7y RRFEANC
£ % invitro {EER EOHR & LT, SRS F2IRIC X D EEHIES B E Sz,

Tu ) VBRANIZT vy RRETEEALTZT VAT v Y UiE, ocn— 0 Fer R
0 cu— 0 *cn DAIE DRI L - T gauche BLENZEL S 415 (Figure 2-5) 41,
F7o. (LA 39 & EP300 & 0 X #rtffdntEiE T (Figure 2-4) O7'1 ) VBRO
IEMEREIZEH T2 &, EERT 2 ) CFFER3ICENWTI TR Y VRO vy R
TN endo BLFEZ B~ TV | Z OBEEIEMEELE T 5 FA/REE S5 (Figure

2-6),
H
o ; O'C-N N
c- O
N N ‘\
o’cr Hy
OC-H
F F F

gauche anti

Figure 2-5. Stereoelectronic effects in 4-fluoroproline.*!

(a) (b)

o B

Figure 2-6. (a) Active conformation of unsubstituted-D-proline. (b) Active conformation of 4R-fluoro-

D-proline.
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AR-7 A -D-7 1 ) BT D exo KL endo KD IAKELHE Z Newman $557
NTRT &, exo RITEFERA L 7 v FIRAFD anti DEALR L 725 —5 | endo 1K1
gauche B L 720 . o cn— o *cr MWV o cn— o *cn DEILENFIC L - TLE
fbxivsd (Figure2-7), LEDOZ Lt ALEW39 DT vl VER~T v RIFH T
ZBALTALEW 40137 0 ) VERPNAREFZIRIC K o THEERRE TH 5 endo
At | Z 4B S v, 202 Ko C EP300 HAT FHFISHEA A B L7z b D L B8 LT,

Cy-exo Cy-endo
o 4 Fo)
H N F — |° . H
H
e H wh
I Il
H
Y — | ¢
N H
P @
H H
L iy

Figure 2-7. Ring conformations of 4R-fluoro-D-proline.
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R DS17701585 D& R AT

DS17701585 & EP300 A {AD X #iftini#if % Figure 2-8 (2777, DS17701585
1%, L& 39 IZR B 472 EP300 & OFE AR A MR L TV D oz T, Av
R VEEDOFERIF - Tyrl446 OIS OH 3 &Ky 129 LT KEREA & K
LTWb Z EnfEiR s,

Tyrl446 K

His1451 Ser1400

Figure 2-8. Crystal structure of compound 43 (DS15501585) bound to EP300. H-bonding interactions

(yellow) and nt-7 stacking interactions (blue) are shown as dashed lines.

WIZ . DS17701585 D HAT 7 7 X U —IZx9 2 Sl 2 5 L 7= (Table 2-4) ,
DS17701585 (%, EP300/CBP 7 7 X U —%##Rk$ % EP300 & Y CBP (Zxf L Tl
SR 7R I ETEME 2R — 5 oD HAT 7 7 2 U — (2% L CIEBREE M 208 &7,
A3 Coas L7oAb & & [RAEIZE O EP300/CBP B M2 A9 5k chd Z &
M SN E 72572,

Table 2-4. In Vitro selectivity profiling of DS17701585 against other histone acetyltransferases.

ICs0 (uM)
EP300 CBP MYST2 MYST4 PCAF GCNS5 TIP60
0.15 0.040 >50 >50 >50 >50 >50
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eV T, DS17701585 @ in vitro FEIEM: X TN ADME 712 7 7 A /L % Table 2-5
279, DS17701585 (%, HAT FHETEM:, H3K27 7 & F /AL EIEMEIC N A T,
LK2 #ifid %z iV 72 SOX2 mRNA FEEIMHIFHMIC BT H RAF 72 HEEEZ R L
72o FE7=. in vitro ADME g2 3T &l 2 ittt ARvaTE, Bk i OY
mAgEf & R I fEARRERT 2 ER bz, BLEL Y DS17701585 (3 in vivo
RBRICET DB THL Ll L, BRL&REHIZFERT 52 & & L,

Table 2-5. Summary of in vitro potency and ADME properties of DS17701585.

Compound 43 (DS17701585)
EP300 HAT ICso (uM) 0.15
H3K27ac (LK2 cells) I1Cs0 (uM) 0.45

SOX2 mRNA expression (LK2 cells) ICso (uM) 0.70
Solubility (mg/mL) [pH 5.0/ pH 7.4] 63/50
LogD 3.2
PAMPA (10 cm/s) [pH 5.0/ pH 7.4] >50/>50
Mouse MS (% remaining) 37
Plasma protein binding in mouse (%) 95.2
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A DS17701585 O in vivo ¥

LK2 fifatk% Balb/c X— R~ 7 ZDF NIZAHE L7 xenograft E7 /L&
T. DS17701585 @ in vivo T® SOX2 mRNA J&HINHITEM: 2 8% 1 & 512 CHEAM
L7- (Figure2-9), 50 mg/kg % ) 200 mg/kg D H[a# 5 6 B #1231 5 SOX2
mRNA FEHL L~V 2t FREE & Fel L7z, £ 05 R . DS17701585 (i 5 H K& OVl
B PRI EE O AN & ARBE L T HERIRFRY72 SOX2 mRNA FEBINGNEM:Z =~
ZENRHALMME 5Tz, £ LT, DS17701585 (X EP300/CBP 7 7 X U — &R 72
HAT BEEIEMEZ A LT 5 2 & 225, EP300/CBP HAT FHEVEMEIZEE-S < in vivo
BN THDHZ EHLRBENT,

° 1 100
R - .
L =
c - S
o I
.= 0.8
<2 | S
28 =
0.6 =
ES L 10 2
R 2
& 02 I g’
[a)]
0 T T 1
control 50 mg/kg 200 mg/kg @ Plasma conc.
DS17701585 o Tumor conc.

Figure 2-9. Dose-dependent in vivo inhibition of SOX2 mRNA expression by DS17701585 (N = 3).
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B MR LEHO G

HTS t > MG 33 XY B SR &2 28 L7k & D5 %% Scheme 2-1 (2
AT, MIRO= RV v 44 ZHFRFEEE L, XUUNMIETT AT H L
T AR, BERZES LK 45 2157, Wi, THIKD N-Boc =% / —/L 7
246 & 4T TUTNAXIMALTDHZ L THXYERUBEARE L, (R#LOLH
IZ X > TLEW 49 2157, iV T, 9-BBN &2 W ALERIRM e e Rrdk v HE
fbEZznichi< 7aeAf X =L 50 KNS5 E D8R » 7V 712k b
{b&® 52, 53 245372, KFBFHKA T TChz ZPREL, MIET D IR E
fMae Licth, A 2V — v EOREREEZBESMN T THhRET L2 ETERHOL
AW 33-35 1572, 351XF T H T 2EHWTIETFSEI T ALEYO)-35 &
(H)-35 #ZNENHEEL -,

(o}

a
e e S
~o
~o o
R
a4 a5 N-N
6@
Br
C'\)k,m 50 R=Boc
51 R=SEM R R
47 o o) N-N’ N-N'
H b e c e d o ¢ e o 2
Ho ™ goc Boc’N\/L CbZ'N\/L N(_ (\_/Lb
Cbz' HN
46 48 49 52 R=Boc 54 R=Boc
53 R=SEM 55 R=SEM
X
OSZKO H
~o o
45 X =CH,OCH,
56 X =(CHy), R H H
57 X=(CH,), o '/1~N' g (for 33, 35) o y~N o 91~N
X h (for 34 X i
~o 0 ~o0 o ~o 0

58 X =CH,OCH,, R = Boc 33 X =CH,OCH, ()-35 and (+)-35

59 X =(CHy), R=SEM 34 X =(CHy,

60 X =(CH,), R=Boc 35 X =(CHy),

Scheme 2-1. Preparation of compounds 33-35. (a) NaH, bis(2-bromoethyl)ether, DMF, 0 °C to rt,
74%; (b) NaH, DMF/THF, rt, 63%; (c) (i) 2 mol/L HCI/H,O, MeOH, rt; (ii) DIPEA, benzyl
chloroformate, DCM, 0 °C, 98%; (d) i. 9-BBN, THF, reflux; ii. K2CO3, 50 or 51, Pd(dppf)Cl.-DCM
adduct, DMF, H»0, 65 °C, 73—-85%; (e) Pd/C, Ha2, EtOH, rt; (f) carboxylic acid, DIPEA, HATU, DMF,
rt, 36—-82% (two steps); (g) 4 mol/L HCV/1,4-dioxane, DCM, rt, 79-82%; (h) TFA, DCM, rt, 28%; (i)
chiral separation (CHIRALPAK IA).
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bE¥ 36 DEAEL Scheme 2-2 (ZRT, THHIRD 2-AF A7 =0 61 10D,
T ERB LI FNBRILEUSC L O A V7 — VR B LTk, A
B —VDERFA EA~OREREAN L = b EOETLER T, FRIE 64a K&
W 6db Z45F7-, WIZ, TIROINVE R 56 =7 2 65 EfiA Liztk, =F v
T RAT NVOMKGIRZ L > TEAEY 67 21572, ZD%. 6d4a L O &, i<
Cbz FHDFREIZ L > THHDOILEY 36 2157,

H R
NH N-N N ~ R
\/© a 4 3 borc ? Nf d 9‘ N
—_— —_— —_—
ON O,N O,N H,N
61 62 63a R=Chz 64a R=Cbz
63b R=Boc 64b R=Boc

P /
HN_ okt

HCI H2N Cbz
65 . o . o 64a N-N
e f g o
oH —° . Ny, ——— N, —— ’I‘\)LNb
o o o
~o ~o ~o - o H
o
56 66

H
y~N
_h . ) b
N\)LN
~o o] H
36

Scheme 2-2. (a) NaNO,, AcOH, H>O, 1t, 79%; (b) DBU, benzyl chloroformate, DMF, tt, 77%:; (c)
TEA, Boc,O, DCM, 1t, 100%; (d) Zn, NH4Cl, MeOH, H»O, rt, 93-94%; (¢) DIPEA, HATU, DMF, rt,
54%; (f) LiOH, MeOH, H»O0, rt, 93%; (g) DIPEA, HATU, DMF, rt, 55%; (h) LiOH, MeOH, H,O, rt,
23%.

1bEW 37 DA RLE% Scheme 2-3 (27, RO /L2 U FFEK 69 & 64b
EHEG LT-%&. Boc R&FREL, TORINLARNVERST LHEAETHIETHRE
T 516 37 2157,
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N~N'B°c
(f i OH
H,N ~o (o]
o 64b o o} 57 , O
| | |
N _a . N b HN _° . N N
Boc OH Boc NN N-Boe — N NH N NH
Ho ey Hel H oy ~o o N
70 71 37

69
Scheme 2-3. (a) DIPEA, COMU, DMF, rt, 50%; (b) 4 mol/L HCI/1,4-dioxane, DCM, rt; (¢c) DIPEA,
COMU, DMF, 1t, 54% (two steps).

L&) 38 DA KL% Scheme 2-4 (o~ T, HillkD 7 1 U UFHER 72 % 3R
BEE LT, 64b L DOHEE L Coz FDREIZ L - THHELEW 74 15715, DVER
556 & DHEL L#:< Boc OBREICL > THWE T A{LEW 38 2157~

o e D e o
N a Cbz % b : c N
Cbz™ ™™, —_— IS B —_— IS e :
o7 OH o”N e 0”7 N~ N-Boc ~o O 07NN -Boc
=N

=N
72 73 74

d @Q(D
~o 0 o™N NH
H =N
38

Scheme 2-4. (a) DIPEA, COMU, DMF, rt, 73%; (b) Pd/C, Hy, EtOH, rt; (c) DIPEA, COMU, DMF,
rt, 50%; (d) 4 mol/L HCI/1,4-dioxane, DCM, rt, 70% (two steps).

1bE% 39 DERE% Scheme 2-5 (2773, kO 1 U U FFEIK 76 & 64a &

HES L. Boc AR ETAZLTT IV 18 25T, st W THILRUEE ST EHED
L7-%. Coz a2 BrEd 52 L THME T 2{EW 39 2157,
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N

OQ(OH
~o (o]
57
B ID a64a Boc"“:;> b H"Q b "D
oc™ % _— z _— z B —— B
oH o”N N-Cbz Hel 07 N N-Chz ~o 0 o”N N-Cbz
=N = H oy
79

76 7 78

- OQ(D
L
~o0 o oN NH
H =N
39

Scheme 2-5. (a) DIPEA, HATU, DMF, tt, 65%; (b) (i) 4 mol/L HCV/1,4-dioxane, DCM, rt; (ii)
SOCl,, DMF, DCM, 40 °C, (iii) DIPEA, DCM, tt; (c) K2COs, MeOH, THF, tt, 75% (two steps).

L&Y 40 DGR %A Scheme 2-6 (2”7, kRO 7' v U UFHEK 80 XY
VT ATV 81 ~EFEEE, Boc AAMifri#ET 22 L TT IV 82 4572, fil
T, WNVRUEEST & DS, RUDAEDOREIZ L > THNR U 84 2157~
%. 64b & DA L i< Boc EDONLRFEIZ L > THHE T 210G 40 21572,

oY
£ ~o o E

¥ ¥ §
Q a Q b Q ¢ '3 d
.N D —— N. —— HN —_— N —_—
Boc H Boc” Y Y
7 \0 0

o7 OH 070Bn o070Bn
80 81 82 83
B
N-N oc
0
HoN F
F 2 s
N 64b
~o 0 ,7OH ~o o oé\u‘ ;\‘NH

N
84 40

Scheme 2-6. (a) (i) Cs2CO3, MeOH, H»0, 0 °C; (ii) BnBr, DMF, rt, 91%; (b) 4 mol/L HCI/1,4-
dioxane, rt, 98%; (c) DIPEA, COMU, DMF, rt, 97%; (d) Pd/C, H», EtOH, rt, 91%; (e) (i) DIPEA,
COMU, DMF, rt; (ii) 4 mol/L HCI1/1,4-dioxane, rt, 88%.

LA 41 DAL % Scheme 2-7 (2777, RO 7 1 U 35K 85 2 FEMESc
HETFR DT AT )L 86 ~LFERZ, WK ST Liee L TEEY 87 &
iz, NTRU VNV AT V2 NKEGIR LT, 64b & Diffi & Boc KD
LR 2 CH B OALA Y 41 =157,
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N,Boc
@Q(OH (
OH OH o o

H2N
57

64b
b
s QTS SR ©Q~ OQ e
o>OH 07~0Bn 0 . %0Bn O ,>oH

85 86

o] /\N N.Boc O /\N

Scheme 2-7. (a) BnOH, PTSA, toluene, 120 °C, 61%; (b) DIPEA, COMU, DMF, rt, 80%; (c) Pd/C,
Ha,, EtOH, rt, 100%; (d) DIPEA, COMU, DMF, rt, 76%; (e) 4 mol/L HCI/1,4-dioxane, DCM, rt,
88%.

{5 42 D5 %L % Scheme 2-8 | 2777, Scheme 2-7 & [FlEED 2 T
THRD 7 1 U L EFER 50 7252 DL AT L 91 ~ L FFE% . VR U ST
EREA L TEE® 92 2457, iV Tk Rax v 27 v F VR THREL, X

VUNVTE AT NV ENKFEES R LT, 64b & Ofi A & i< Boc FDFREIC
THMET DB 42 21572,

OQ(OH
OH OH o o OH OAc
N a S b 57 N c N d
HN —— HN —_— N —_— D —_—
o7 OH 07-0Bn ~o 0 ,#0Bn ~o O ,70Bn

90 91 92 93

0Ac OH
N o 64b 13
~o 0 o%oH o’\N ° o’;\” “NH

94 42

Scheme 2-8. (a) BnOH, PTSA, benzene, reflux, 63%; (b) DIPEA, COMU, DMF, tt, 92%; (c) Ac:0,
pyridine, DCM, rt, 100%; (d) Pd/C, H,, EtOH, rt, 100%; (e) (i) DIPEA, COMU, DMF, 1t; (ii) 4
mol/L HCI/1,4-dioxane, 1t, 92%:; (f) Na,CO3, MeOH, H,O, rt, 89%.
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bW 43 DG RkEES Scheme 2-9 (2779, DIVRVERST g7 v ) R~k
L T I96 LHEETHIETHUNRUEEIT 5T, F T, H%Ez‘%ﬂﬂk%%
FHSELZ L TRAILARL 98 & LIz, 64b & Difie & #t< Boc HEDMifr#
Lo THRDILEY 43 2157,

B
S NoN' oc

6@
Q
Q HoN 50
OQ( OQ( 50 i, " Q
c
N _— 7
o /\OH ~o 0o o/ ~OH ~0 o oé\u NH
=N

98 43
(DS17701585)

Scheme 2-9. (a) (i) SOCl,, DMF, toluene, 60 °C; (ii) 96, NaHCOs, THF, H20, rt, 80%; (b) H20>,
AcOH, 50 °C, 74%; (c) (i) POCI3, N-methylmorpholine, DCM, 0 °C; (ii) 4 mol/L HCI/1,4-dioxane,
DCM, rt, 77%.
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C VAN TR 5

ARETIK, BHIbEM T4 77V —%HW- HTS TR Szt v MEAEY
MNHAFXF Y 74— )L KRy B 7L SBDD 7 72 —F 2KV | in vivo IZBWT
FEohE m I ke E IR LT,

£, EP300 BB EFEMEZIEE L L CHMLEM T4 7T U — DK 46 Tk
AW ONWT, HTS 2 FfEd 25 2 & T, 144X B RUBKEZAETHE v M
EMEST-, W, PIOFHERBEHICENT, 7 v FrEZ VRE V71
T VR IVERICAER T D Z & T, EP300 HAT BHETE M M OSHIfN T H3K27 7t
FIALIETEES M E L bEY (H-35 # /AL,

{EEY (H)-35 13587172 invitro i1EMEZ G T 5 —FH T, RO EIZ L D invivo 3
HEHMHIZ BN TP RELZ ST, AEREIEENFED biLRnol7od,
BT in vivo BRICB W TIEMEZ R T bEMORSEE HfE L, A B8R
OERERICEF L, L L, AT BN UER EOBEHIEZHCERE Y A XOH
i CIITEME AR TE P, AP U REN TOFHEEER IR ERME A
HeFF T 2L M OBSENRETH 72, £ 2 T, X B A OMHE % B 5
L7 R VBR—ADAX Y 74— )V Ry B 7 2FEmLT-EZA, By b
b& e H%Efﬁ@ in vitro TEMEE AT LA E LT, 7 u U UaFEk 39 & 5
H L7, . (935 & 39 oG A FLIZ L2 SBDD 7 e —F b Ak
G399 DT Y VR ANASOEBRIEEAZEE L, 7y RFEFEEALL 4R-
TNFa-D-7r Y 40 137 v RIEF ONRE DR K DTGP O HENC
& ¥ EP300 HAT PRFEVEVEAS 39 2 bRfE A L2 Z Lavrahiz, £z, 7r Y
VERICA NI =V EE AN LTALA Y 43 (DS17701585)1% in vitro 1&1ME & (R4
EMEZ ML T DGR E o7,

DS17701585 % AV T, 50 mg/kg. 200 mg/kg @ 2 F&IZ T LK2 Mtk % BHE
L7~ T AETIVZE D in vivo FENRER % it L7-A5 %, HEETEEE - C
SOX2 mRNA DOFBINHITENENGTRD H 7=, DS17701585 (% EP300/CBP HAT 7
7 U — @R EEMZ A L T Y, EP300/CBP FHEIEMEIZIE-S< in vivo
EETH D ENTRB ST,
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B=F 1 H 1 HORORECEREPERINRBEAET
JZHLIESREZI R %2 7/~ 9 DS-9300 DES
i EP300 HAT FLETEM: L E A BB ERROZE

AT, AFVERVROAT Yy 74— /L Ry B 7 L %< SBDD 7
Tn—FI2k D7) VEROERIZ X - T DS17701585 % HifS L. in vitro 5
EARHZENED 2 AR & LTZ3F 8RS in vivo IEMERBLUCAH TH D Z
ExR LT, RETIL, B2 5 in vivo IEMEM L& BRKCHEMHAIRER 7 v 7 7
ANEFFoTAbEMORSEZ BT L, L&YW 39 ks & LT in vitro 1&ME &K
W EMEZRIE L LIcih gk FE R+ 228 & L,

% T LAY (9)-35 & 39 O EEIE DO D  Te Y BRI O
& OEVNCE B U CHREIRERZ M L7z, AETIX D \BEEZIZER LT
MEAEMZ T2 &, (935 OREHRAITE _ETHEMLCE I, 1 &Y
—/VERS Hisl451 & nn BHAAFRHZIEAR L TEY . NiH M Asplddd O FHT
VIR =L | 2 NEDBEFEIF AT Tyrl446 O T NH & Zh FKERK A &2 TE
L TCW5D Z ez s (Figure 3-1A), LAY 39 I2BWTIE, A &Y
—/VER & Hisl451 & O nn AHAAMEMIZILE L TR CEX 52—, A v &V —/LER
® NiH 213 Glyl1443 O FEFH I VA=Vl | 2 i OBFRFI1IKD %2 LT
Aspl445 DEEH I VAR = VI EIKBREEZTER L TEBY | (H)-35 L ITE R LA
FRREZFFSZ NP6 E 7257 (Figure 3-1B),

Z 2T, WA YD EP300 HAT FHETENE & i G AR DO Lk 4 Figure 3-2 [T7R
9, (+)-35 1% ICso fEE T 50 nM & 587172 EP300 HAT PLEEM 2/ L T\ 5 — 7 T,
{bEW 39 13(+)-35 & b U THEEAFETEMS T L T\WD, 2D b, (H)-
35 & Aspld444 KO Tyrl446 & OFHEAEHD invitro IGVEIC EE 2T 2 K7 LT
WD EDNIRBENT-, T, 7l UFEER 39 1% L TH)-35 TRLND
X957 D BEOMEERZMNNT I ENnTEIUE, FREICEES 39 ©
EP300 HAT FHETEMZ I HIZM ETED LB X, A U ¥V — VEROEWZ I
THZEE LT
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(A)
Sp1444
Tyrly -

iS1451 g0 5 ,
ﬂuooJ..’

H
©

4 \ .l o
\ 0‘ °
y | oA
Ve O
3

Gly1443 o

i [\;p1445 4

R
Figure 3-1. (A) Detailed interactions of (+)-35 bound to EP300 (PDB ID: 7VHY). H-bonding
interactions (yellow) and n-n stacking interactions (blue) are shown as dashed lines. (B) Detailed
interactions of 39 bound to EP300 (PDB ID: 7VHZ). H-bonding interactions (yellow) and n-n stacking
interactions (blue) are shown as dashed lines. (C) Overlay of crystal structures of (+)-35 and 39 bound
to EP300. (+)-35 is orange, and 39 is cyan.

(+)-35 “Tyr1446

(strong in vitro activity) Structure-based design

EP300 HAT IC5, 50 nM and optimization

H3K27ac  ICs, 130 NM 'S ) Asp144a
9 ot C 0T
' ) Gly1443 )
~0 0 0;}_” —hll Tyl’1446
39 o/ Asp1445

(moderate in vitro activity)

EP300 HAT ICy, 176 nM
H3K27ac ICs, 693 NM

Figure 3-2. Design and modification strategy of novel EP300 inhibitor.
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EBE A VE Y NVBROEBELEHR

EFPFALEM 39O BRI EZ Y 7 a0 2 S LY 7 aaaF Y BRI E
ELT, AU — VB DLW A i L7= (Table 3-1), HLvEHs & OHEE
MEZA XY=V SNALE LTIALEY 99 1%, A > XV —)v 4 (L TR L= 39
& [AIZE D EP300 HAT FHETEMEAHERF L. 6 2 THEfe L7z 100 [XFHETEME 23855
TOMRELIoTe, WIT, A F Y —NVEBR%Z 2 MOEFRRTZ KBTI EHR
L7101 1 3fbE 39 & bl U T 3 fFfHEEMEDS M B L, LB & OH L E
AU R—= S E L2 102 IFHEFEEMEZ R LTI, SBIC, A U F Y — V44
DIRFBIR A% EFHRF I E S 272 103 13, (LA 99 & thig L C EP300 HAT FH.
FIEMED 10 f5m B LT, 2OZ 8D, 4 MOERETF DI AAEH 2 5%
4L, EP300 HAT BHEIGMEN M) E L7722 EAVRIB I NT-, HEVL T, AT CHEME
L7 vl VB E~OEBLE A TH LN EEEEHEEEREZIEH L, 7'r
U VBRICAT vl Z28 A LB 2 MAA b b O AR, 2 G
L7 BEEZ I 7~ Hh U ge LT, Vel VRBICT7 vFEFF 104, B R
U105, AVFE= V106 A L7z & 2 A, EP300 HAT FHEVEME O R
RO LIRS T, ALAY 104 LT 106 1 ZbE4 99 & bl L C H3K27 7k
F AL EIEVED 2 50 L L7z,
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Table 3-1. SAR of the optimization of the D-ring moiety.

]n L
-
N
A R
~ 0] ~N
(o 0"}
EP300 HAT  H3K27ac
Compound L R
ICso (nM) ICs0 (NM)
4
39 -CH>- [N 176 693
H
99 -CH- :%@? 254 916
S
100 -CHo- N 500 2786
4
101 -CH,- '»} 61 304
H
5 N
102 -CH>- N 213 709
/N 0
103 -CHo- N 24 52
H
N
104 3 g 24 21
N\ N
105 " "o 50 106
i’}, SN
%6 N~
106 5, g HN 22 27
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= (LA 104 & EP300 DILHE S EEMRAT

BT R SRR T A 2 — Vi BIROE G E R T 27201,
{EA% 104 & EP300 O X 3tk sagE 2 € L7z (Figure 3-3), L& 104 O
HLVE R OFEAHERIL, LA 39/EP300 —EHHE AR IT LAY 39 OfEA
£=X (Figure 3-1B) Z{RFFL CTWo, —FH T D RMOMAEMIL, 7THA ¥
V=)L 4 fEDERIFEA MK EZI LT Tyrldde O F8 NH & KFFREAEIER L T
BYO, TREY ., ST KBEREEEZER L TND I EBHALMNERoT, £,
T WA Y —VBRIT Hisl451 & nn HHEERZER L T, 7 A 2y —
JL 3 AL CH K% Asplddd O TE8 T VR = L5k & I g 20k BEfE & 2 TERL L
TWe, 61T, NiH 37212 K %29 LT Prol452 O EFH I VAR = L3k L KFH#
EEEER LTS Z ERBEINT,

LEXY i R S 7 A 2 — Va8 RIE Aspl444 L TN Tyr1446
EOMBEERZER L THNDZERHLNERD BB TR LAY 39 I
*F LT (+)-35/EP300 —HE AR TRILZ I NDMHAEM 2T 2 2 & TIEMEDR
BT 5 LW RFAE EIET DGR & e o7z,

Tyrl446

Aspladd

His1451

sersans /) [T

rol452

Figure 3-3. Crystal structure of compound 104 bound to EP300 (PDB ID: 8GZC). H-bonding

interactions (yellow) and n-w stacking interactions (blue) are shown as dashed lines.
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EUE (LAY 104 DIEEEBLSE

RIZ, in vivo RBREMIZE L7 EYEie 7 v 7 7 4 V2G5 216G o Tt
ZHfE L, R EEotsE L B ofiERkEb s EZuT 52 & & L,
AN T H3K27 7 & F /AL EEMED & b RAF 7254 104 @ ADME 7
07y ANEERTDHE, FI7 e Y —AFONRBIEEEITIREICE E DR
Th o7 (Figure3-4), ZOHERKR L LTI, ARE 7 ==L EDO A N AN
CYP R KX DA F AL, 7 = = VO @WVE 75 ’Elﬁ“éﬁiﬂtﬁéﬁi
KON, JERMESEI T 5 v 7 a A~V U EROBILENEE SN, £ 2T,

EIROIGTAVEIRIL, HEEHEAL DT 1 v 7 | B EBE R HEROE %afﬁ
ﬁ CEAZY T CHERERAZFEm L7,

AR SRR
KREWRI7 Ay 7

BFEEEH E?
PR . O o~NH

REBEWAI 7Oy 2 N

104

MLM: 0.77 mL/min/mg-protein

CLint HLM: 0.31 mL/min/mg-protein

Figure 3-4. Optimization strategies for improving metabolic stability.

T ALEW 104 O B BRI 7 v ~FH U ENL O & /G L 7= (Table 3-2),
It HhURET FTE R E T UVREARVATFARKICERLIILED
107 % Y 108 1%, EP300 HAT FHFEVEMEZ fREF L, (UHZEME S KR B3 556
Relpole, —H T, IBEMENKRIBIZARR L7282 L0 | Ml To EP300
HAT [HEDOIECTH 5. H3IK27 72 FIALILEFMEIZIE T L=, BEREOT 7
BV REEOREE N E T ey 7T AR ICREI LY v ARy e T
FI109, 7N A R Ta~F 0, VAT a7 T U in vitro
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IR L7 £, R etz deE L,

Table 3-2. Optimization of the B-ring.
0 \F
N
: H

~o o] 0;7‘-N
=N
W ,
N-N
H
CLint
(mL/min/mg-protein)
EP300 HAT H3K27ac Mouse Human
Cmpd R LogD . .
ICso (nM) ICso (nM) liver liver
microsome microsome
(MLM) (HLM)
104 g 24 21 3.1 0.77 0.31
o}
107 &% 31 101 1.6 0.05 0.01
108 "X 13 77 1.9 0.38 0.04
F F
109 Sé/ 24 20 2.1 0.12 0.04
F F
110 g 28 54 3.0 0.05 0.05
Me Me
111 48 53 3.1 0.24 0.10

X

BT, A BRSO E R L% Ehi L7~ (Table 3-3), & Ro[MEEEAEAL
27 oFENM2 KRN 7 da AF VAN R=UR 114, EFEEZKT S
e N3, AT IR NS 22N ENEGE - AL & 2A, WThofk
B 104 & [FI% D EP300 HAT FAETEME &K O H3K27 7 & F /LR ETEE 2 Ik
FrL. X7 vy — AL ENE b BGE I T - 72, itV T B BREBIC Table
3-1 OMFCTRMLENEDWEICHEG LY 7 0dn vy 7o~ UEA2EA
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L. DI AROBEBEAEAE E L7z, 7 vFREEEALE 116 1T 112 &
bl U CREE D U e A E L, SHICT7 v EEEZEALT A ROE
TFEEE TS &, REZEMEIIMET L, invitro IEME LGS L=, {LEW 110 D
ANFVEE AL A NVR = VIRITER LT 18 1, FETEEIZ DTN
L7223, BREMEDMEI L, PR 7 v v — AR EMEIIKIEIC Lz,

Table 3-3. Optimization of the A-ring.

Of
N
0 0 0'}:~H

<N
\_/
N-N
H
CLint
EP300 ‘
B H3K27ac  Log (mL/min/mg-
Cmpd Aring _ HAT '
ring ICs0 (nM) D protein)?
IC50 (nM)
MLM HLM
F
112 ‘oﬁ g 14 16 3.1 0.40 0.23
jag
113 ~o N 34 15 2.3 0.16 0.11
114 Fscm/@)' g 56 21 34 0.38 0.15
0
b
115 Ho,@)’ g 12 13 27 NT 0.14
. F_F
116 \OKJA g 36 57 30  NT 004
F F_F
117 \Oﬁ Q 76 142 3.2 NT 0.06
F
F_F
118 55/@_ g 55 95 1.6 NT 0.00
oo

“Intrinsic clearance of tested compounds (1.0 pM) with mouse or human liver microsomes. °NT = not

tested.
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BHE BLEEBD invivo BEYENRE S 07 7 A )L

ZIE COMERECRFHI B W THR LT AL b5 104, 109, 110, 112,
115, 118 {22\ T, BALB/c v 7 A% 7= in vivo EYEhRe 7 0 7 7 A4 U 7
% i L7= (Table3-4), (LA 109, 115, 118 (X, 104 & b L TR E MM
5 LTALEW TH - 7223, RO SRR 2 A SRy iR i3 Lz, —
FTALEY 110 LN 112 13, (LAWY 104 LRI EOZRZEZ5 L, FRbEw
110 1T 8 fF LA Lo MR E 2 /R Uiz, £72. 25 2{LAWIZ OV TER
N GRHZ BT 20BN VT 7 A &3HMi§ 25 &, L&Y 110 13bE
¥ 104 LI L TWThoO7 a7 7 AL KRELEBLTEY, NS4 TS
FEVT 4 3MHERESREL CWe, BLEXY . ALEW 110 13 in vitro 1ETEKR DY
HEOEICBWTEE LW T a7y AL E2HTHZ L5, BEREMEEWIC
BT LG THD EH %, DS-9300 &g L, BICFEMIZRi 28D 5 Z & &
L7,

Table 3-4. In vivo PK properties for compound (+)-35, 39, 104, 109, 110, 112, 115, 118 in BALB/c

mice.?
PO’ v
Compound AUC Crnax Tz Vdss CL v
(UM-h) (LM) (h) (L/kg) (mL/min/kg)
(+)-35¢ 0.10 0.08 2.0 1.76 87 2.2
39 0.42 0.32 0.60 NT NT NT
1047 15.0 10.8 1.4 0.29 5.3 21
109 2.29 1.61 2.1 NT NT NT
110°¢ 130 34.0 24 0.14 1.6 62
112¢ 16.8 12.7 1.2 0.15 6.3 31
115 0.87 0.34 2.8 NT NT NT
118 0.23 0.09 1.5 NT NT NT

“Values represent the average of two or three independent experiments. ?10 mg/kg, 0.5% methyl
cellulose suspension. IV = 2 mg/kg, DMA/Tween80/saline = 1/1/8. “IV = 1 mg/kg; DMSO/10% SBE-
7-pCD=1/9). IV = 1 mg/kg; DMSO/Tween80/saline = 1/1/8.
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ANE DS-9300 D HAT SZIR MM

DS-9300 ® HAT 7 7 X U —|ZkF4 5 3R 2 51 L 7= (Table 3-5), DS-9300
i, EP300/CBP 7 7 X U —% 4%/ 9 % CBP (Zxf L T, EP300 & [F%% o L EE M
ZrL7e (ICso=22nM), £D—F T, fiid HAT 7 7 X U —IZIIPHFIEMEZ R
97, 2000 fFLA EE WS mWVERMEE BT {LEMTH D Z EnNRENT,

Table 3-5. Selectivity assessment of DS-9300 against HAT family members.

HATs CBP TIP60 MYST2 MYST4 PCAF GCN5
ICs0 (nM) 22 >50000 >50000 >50000 >50000 >50000
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FLE BINZIRDS ARIRERIZIB T B DS-9300 @ in vitro $FAH

EP300 X TN CBP 1%, 7 R 55K (Androgen Receptor; AR) DHRE =27
JFR=F—L LTHLNTWD, £/, BINZRD AT TIEL, EP300/CBP @
HAT JEME7S AR TEPEZHTR L, AR JSBEMEBIn FORBEZFHFET 2 2 L PHES
TG 2, T4, AR BRMERTSEIR A A6 L C EP300/CBP FLEHIDNEAZ M %2 A
T 5 ENHEINTND T8 3 Flix OFINLIRD A3 5 DS-9300 O
HORR B FE AN VAT 2 5206 L 7= (Table 3-6), AR BHPERISZARDS AAMAEME CTH
% VCaP, 22Rvl 2 ONLNCaP (Zxf L Cix. £<£4 0.6 nM, 6.5 nM, 3.4 nM D
Glso fEZ /R L, 58D 2 BFEINGNEYE A2 /R LTz, — 5 C. AR [&Ed PC3 MifaikIC
*F L TIX AR BPERIRORK & Hole U CHEZRPETE MR < | 44478 {5 O@IRME%
L. AR BRI BRI Rl H EVEE 2 R~ T 2 E B b b o T,

Table 3-6. Antiproliferative activity of DS-9300 against VCaP, 22Rv1, LNCaP, and PC3 cells.”

Cell Lines VCaP 22Rv1 LNCaP PC3
Glso (nM) 0.6 6.5 34 287.2

“Compounds were incubated for 7 days.

WA, FMIN T H3K18 K N H3K27 O 7 B FLik & AR il & > X7 B TH
B IS RFF PR (Prostate-Specific Antigen; PSA) DOFELIZ %3 5 DS-9300 DFH

FHRNR AN L7z (Figure 3-5), AR [GPERISZIR S AMIER Tdb 5 VCaP MifEkK
& LNCaP #fRRIZ % LT, DS-9300 %2 72 BR/EH SH7- & Z A, Wi ol
BRIZBW T HIREE D S AR FAIC H3KI8 & TN H3K27 O 7 & F/L{k L PSA
DOFBNRIE ST, ZDZ & D, DS-9300 (XATN AR ARMAEEIZ BT 5 e
W5 N OB 7 o /X 7 T DFEBL 2 N R HIE T & 5 2 & VR S vz,
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VCaP
DS-9300 (nM)

1000 250 62.5 15.6 3.9

LNCaP
DS-9300 (nM)

Control

1000 250 62.5 15.6 3.9

H3K18ac - w——
H3K27ac -
H3 total o ————

Figure 3-5. Representative western blotting showing acetylated H3K 18, H3K27, total H3, and PSA

levels in VCaP and LNCaP cells exposed to DS-9300 for 72 h.
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FI\EI DS-9300 D in vivo ZKZhFEAM

eV VT in vivo [Z381T 5 DS-9300 D Hzh 2 a3 % 726012, Huldisakii 4 52 fi
THZE L LT, BISSBRAIET v Ra v 7 ks L CHEd 5 S
ToH Y, PEIRR A VT Vit A3 17 > (gonadotropin releasing hormone; GnRH)
T A=A RNRHLT v a3 EONGWIRIEIZ X > TT > Ra 7 v o53ih
RV T T IRELZHET DIRREPFE—BIRE 2> T D, Lor L, KES TN
WIRIEIZIBIMEZ T L 21220 EEBHRPUPERTSIIR2Y A (castration-resistant
prostate cancer; CRPC) & LN DIRAEICREATT 5 ¥, L8Pt 2 #8535 1%
RIHEFO—>L LT, AR DBIE AR, Wig, A7I7A4 07 )7
FOFRH, 7D AR OEAIZ LDV 7 FARBEOEMALR T S 4,
EP300/CBP /T AR {EMH:Z #2855 27 7 FX—% —Th v | EFEIZ DS-9300
X in vitro FHERIZEBUVT, AR BEPERTNZIRDS A RIRORR 2 %9~ 2 Hl e B F B TS
MEHLTEBY., AR IZX-> THIE SN D PSA ORBLAIEI L TWD Z & &R
L7z, £ZT, CRPC OJRREZEI LT, EZME~ 7 A THIL L7- VCaP Ml
xenograft &7 /L C in vivo 3Nk ER 2 30 L 7=,

DS-9300 # 1 H 1 [Ef¢A#H&E L, H&54% 32 B £ TOMEERE & IREL LA %t
FREEL IR L7 & 2 A, 0.3, 1. 3 mg/kg CH EARFER 72 S FEINHI A3 R
AU, FRZHm M EO 3 mg/kg TIE, BEIZHEIH T 2IHH STz (Figure 3-
6), ZDOK, WTHOEREGIIZBEWTHABERKERDITZBO 61T, (LG
EWVZEMEDNRIE Sz, £72. DS-9300 R E TSI PSA B A2 HIE L
2l A, HUEEZNR LB L THEKRFICH T PSA B2 T SE5 2 &7
RET (Figure3-7), LLEX V| DS-9300 iX in vivo FEAMi-R 235 T AR il &
VR OREBAIMEI L, TS X o TEBHBUERT IR A6 5 HiiEE
R RTZERALNE 2572, F LT, DS-9300 (X EBHCHIMERTSLIR A AT
FMZBWT 1 B 1 BO&EEIZL > CTHEERMESERZ R L0 O
EP300/CBP HAT #RAIPAFFE & 72 o 72,
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(A)
800 - —e—Control
—=—DS-9300 0.3 mg/kg QD
—=—DS-9300 1 mg/kg QD
& —=—DS-9300 3 mg/kg QD
£ 600
£
[}]
g
S 400
>
5}
£
s}
= 200
0 1 1 1 I 1

0 5 10 15 20 25

Days of administration

(B)

Body weight change (%)

20

10

-10

_—e— Control
—=—DS-9300 0.3 mg/kg QD
—=—DS-9300 1 mg/kg QD
—=—DS-9300 3 mg/kg QD

0 5 10 15 20 25 30 35
Days of administration

Figure 3-6. Antitumor activities of DS-9300 against xenografted VCaP tumors in castrated mice. (A)

Tumor growth curves of four groups: vehicle control, DS-9300 (0.3 mg/kg, QD), DS-9300 (1 mg/kg,
QD), and DS-9300 (3 mg/kg, QD). The tumor volumes are plotted as the mean = SEM. (B) Effects on

body weight changes of the mice during treatment with DS-9300.

3000

2000

1000

Plasma PSA conc. (pg/mL)

Control

, -1
0.3 1 3

mg/kg mg/kg mg/kg

DS-9300

Figure 3-7. The effect of DS-9300 on plasma PSA levels in the subcutaneous VCaP xenograft model

in castrated mice at 6 h after the final dosing of repeated administration (n = 5). Data are shown as

means = SEM. **p < (.01 vs. control.



FhE FHE LSOOG

D EBRE DA X — )V OT WA ) — LR DG %% Scheme 3-1 12
R, =haAFY =)L 119a KON 119b % Boc FSECTHR#EL/-%. = ks
WLTH LT, PHEA 121a KOV 121b 21572, £7o. TREHA 12313 5-7 n -
4-T A 2 — v HREEE LT, Pd itz W=7 I b &, #ie< A v
B — VB R FA B~ Boc FHEAIZ L - TH7,

1
R! R R CI__N H2N N
\N a I)\/‘\N b ITN My _cd \EJLAN
R? N R? N R? N SN SN
H Boc Boc H Boc
119a R1=NO, Re=H 120a R1=NO, Re=H 121a Ri=NH, Rz=H 122 123

119b Ri=H, Re=NO, 120b Ri=H, Rz=NO, 121b Ri=H, Re=NH,

Scheme 3-1. (a) Boc,O, DIPEA, DMAP, THF, rt, 89-90%; (b) Zn, NH4Cl, MeOH/H,O, rt, 72-86%;
(c) LHMDS, Pdx(dba)s, XPhos, THF, reflux; (d) Boc,O, TBAF, 0 °C, 76% (two steps).

Wiz, LA 99-103 DA FE% Scheme 3-2 (21, HERD LR i 57 %
g7 a ) R~EEFE%, 712 124 EHEATH I E T ATV 125 2457, it
WTRU D NVERATIVENKBOHRLUIZ%, ST HEFRET I v a5
Z & TAE® 101, 102 KN 127a—¢ 157, 127a—c [TFEMESMF T T Boc A% i
BT DHZ L THIET 2ILEW 99, 100 LT 103 ~ & E 7,

L&Y 105 D5 L% Scheme 3-3 (23, kD7 1 U U FHEK 128 2
VIVEAT V29 ~EFFE LT, ST V3 —L % TBS I L0 R, Fiv
T Boc & itk D2 & T I 131 #4572, {LEW1051X, 71131 %
TV TR 56 EfiaTR, N UINVERATIOVOIKFGREEHLS T I 123 D
fiG . Boc FEOMLRFEIZ K » THT-,
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H NQ

HCl E\OBn

124
D cord D
H —_—
(o] /\OBn ~o (o] 0/;\OH ~o (o] O, r‘j\H
r
N
e (for 127a-c) OQV( B
- ~o0 o O/’—\NH

126 101,102, 127a-c
Ar

99, 100, 103

=N
101: Ar= ﬁ\p 102: Ar= 127a: Ar= b/\ 127b: Ar= y N’BOC 127c: Ar= 6%
H N =N N-N

Boc

99: Al 100: Al 103: A \

D Ar= : Ar= : Ar=

NH Lo
N-N =N N-N

H H

G

Scheme 3-2. (a) (i) SOCl,, DMF, toluene, reflux; (ii) DIPEA, DCM, rt, 90%; (b) H>, Pd/C, EtOH, rt,
82%; (c) DIPEA, COMU, amine, DMF, rt, 81%; (d) POCIs, pyridine, amine, 0 °C to rt, 83%; (e) 4

mol/L HCI/1,4-dioxane, rt, 25-52% (two steps).
OQOH
~o o

OH oH oTBs oTBS 56 0oTBS
SR S RO o
Boc” D Boc’N ! Boc- NO HD N !
o7 OH 07°0Bn o#08Bn 0#0Bn ~o O 47~0Bn
128 129 130 131 132
H,N
! Y OH
oTBS 5
Boc \ '3
oTBS 123 rQ N
_® o NQ _f . ~o o) OZ\NH —9 . > O o7°NH
N 0 ioH N)§N N\ <N
o o” N 2
133 134 N-N 105 H'N
!
Boc

Scheme 3-3. (a) Cs,CO3, MeOH/H,0, BnBr, DMF, rt, 97%; (b) TBSCI, imidazole, DMF, tt; (c) TFA,
DCM, rt, 55% (two steps); (d) COMU, DIPEA, DMF, rt, 85%; (e) Ha, Pd/C, EtOH, 1t, 92%; (f) POCl3,
pyridine, rt, 20%; (g) TFA, DCM, rt, 92%.

LA 106 DL FLES Scheme 3-4 1253, THHROD B /LK e 56 287 2 Y
R~EFEE%, 72 135 L Offic. m-CPBA W =Bz k> TA LKV
137 #8537, 137 A TF N AT VENKGIR LT-th, BB el R~EZ8 8L,
7 X123 & DOffEE . Boe D MR 28 TIEAW 106 ~ & Huiz,
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135 r\‘s,o . r\'s,,o
on & . N —_— N
o ’\OME 0 02\0Me ~o 0 ,7OH

137 138

Q

H,N
Y
%0 Lo
123 BOC OQ({ OQ(I(
_4d ~0 o ox;\gi-. _°® . ~o o OJ\T

NN NN
\_/ 7
] 1)
139 N-N 106 N-N

Boc H

Scheme 3-4. (a) (i) oxalyl chloride, DMF, DCE, 1t to 75 °C; (ii) 135, DMAP, pyridine, DCE, 75 °C,
57%; (b) m-CPBA, DCM, 1t, 53%; (c) LiOH, THF, H-O, tt, 93%; (d) POCI3, pyridine, 0 °C to rt; (e)
TFA, DCM, rt, 32% (two steps).

WIZ, Fx O FIVER PR DA L% Scheme 3-5 (283, A 142a-d
X, HIRO 7 == 7% b=k VUV 140 (ZxIaT D0 7 ALT V%L ZAERA
SHETH, = N NVEREMESME TR T 5 2 & TRz, FRRIR 146 1%
MUV 140 DT VF UL TR —VORIREZIR T b 144 ~LiHuV
% . DAST Z W lifesany 7 v Fb & (ki< = b U AV ONIKGIRIZ K- TR,
A 154, 155, MOV 156 (X, HIRDO Y 7 o~ v 147 126 LTI T 5
Grignard 38 A AEH S W7ot it & D BAbA 27 AFE T TMSCN Z/EH &
B A CTE= MY VEIKGE, &2 NE DIBALH ZHWW=7 /L7 B R~d
ot & e < Pinnick BR1KIZ K - THR 7, HRAIAR 157 1X, @itk E 2 vz 2L
74F¢%@%mmiofﬁko¢%%m211Mﬂ%¢%%&&kﬁ%@ﬁ
ET=RUJL 159 ~ LW XD —T )LOMKESR E A FAkIC
FoT 161 &L, K 155 LAED FIETHNR U B~EFHFET HZ L TH
7o HRIA 165 12, NIV AMBLHI LS T vEE Y UV 163 £V maF
VHNVRUFBATF VDY) FIAT ) T—ReDIaAA T Y TG % L
i< AF N AT VORI L > THHTz, AR 174 12, TIRO LR
f2 166 720 8 LREAKRTAMK LI, T72bb, WARE 166 27 2l R~
EFHEL, Y U Ltert-7 XY REEHIES Z & Ttert-7 F /L= A7 /L 167
T W T, XY = = L& W= T O Al X 5 ViR = WAL
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MZEV 7 2=V X7 )L 168 457218 KSR L THRONTZ VR e 7
BR XA Y T FNEMEG L CEEZ AT L E L, B TKFELATHES Y
Ak o TEITTHZETT L a—L 170 2572, &I, k&YW 170 27 L
T b R~Eb L7, TMSCFRs Z W= v 74 m A F Vo8 A Rl
~ U A EROWERLE . tBu AT LVOMEE AT, TREIK 174 2157,

{LE% 104 Y 107-118 DA f%iE% Scheme 3-6 (273, kD7 1 U L iFE
{K 80 @ Boc #:% Fmoc Ji~EZRITR X 7214, BB/ a2l R176 ~LEX, 7 I
123 LHEa9 5 2 & TILEW 177 2437-, IRIZ, Fmoc F&ZBiiri# L7k, *ti
TN IR W EHEG L, Boc & NifRi#ES 5 2 & THLAY 104, 107-114, KT
116-118 Z 157, LAY 115 (X, HIRO B LR B 56 75 6 TREZRTAKL
o Fhbb, AR EES6 DA T ML, PSr DAL ARSI &
S THMR UM 181 2157, WIT, B/ v ) RL#nth, 7 22 178 & Off
HE. NUVNLVEK O Boe AEEAET H 2 L TILAEY 115 21572,
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140 141a-c Ri=H 142a-c Ri=H Me_ Me
141d Ri=F 142d Ri=F ¢, X= d, X= g
b
MeO_ OMe o F_F F_F
d e c
CN CN CN
~o ~o ~o ~o o
143 144 145 146
F_F F_F c F_F
F_F or
f 2 g 2 hi 2
@ I on —L - R ocN —L . R OH
~ ~ ~ o
o) X 2 X X
R R R?
147
148 X =0, R2=H 151X =0,R2=H 154 X=0,R2=H
149X =0,Re=F 152X =0,Re=F 155X =0,R2=F
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Scheme 3-5. (a) NaH, 2-bromo-1-(2-bromoethoxy)ethane (for 50a) or Mel (for 50b) or 1,5-
dibromopentane (for 50d), DMF, rt; (b) NaH, 1,3-dibromo-2,2-dimethylpropane (for 50c¢) or 1,3-
dibromo-2,2-dimethoxypropane (for 52), DMSO, Et,0, rt, 99%; (c) KOH, ethylene glycol, reflux, 23—
88%:; (d) 6 mol/L HCI/H20, acetone, 60 °C, 75%; (¢) DAST, DCM, rt, 83%; (f) RMgBr, THF, 0 °C
to rt, 62—75%; (g) InBr3, TMSCN, DCM, rt, 37-96%; (h) DIBALH, toluene, rt; (i) NaClO», 2-methyl-
2-butene, NaH>PO4, fBuOH/H>O0, 1t, 57-59% (two steps); (j) H2O2, AcOH, 50 °C, 47%; (k) Pd/C,
EtOH, rt, 99%; (1) Mel, K>COs, acetone, rt; (m) nBuLi, Pd»(dba);, TTBP-HBF, dicyclohexylamine,
methyl cyclohexanecarboxylate, toluene, rt, 40%; (n) NaOH, THF/MeOH, 50 °C, 78%; (0) (i) SOCl,,
DMF, DCM, 40 °C; (ii) KOsBu, THF, rt, 78%; (p) phenyl formate, Pd(OAc),, TEA, TTBP-HBF4,
MeCN, reflux, 71%; (q) NaOH, THF/MeOH, rt, 99%; (r) (i) TEA, isobutyl chloroformate, THF, 0 °C;
(i) NaBH4, H>0, 0 °C to rt, 90%; (s) DMP, DCM, 1t, 67%; (t) TMSCF3;, K,CO3, TBAF, DMF, rt,
96%; (1) MnO,, DCM, 1t, 91%; (v) TFA, DCM, rt, 88%.
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Scheme 3-6. (a) (i) 4 mol/L HCI/1,4-dioxane, rt; (ii)) NaHCO3, FmocCl, 1,4-dioxane/H,0, rt, 88%; (b)
SOCl,, DMF, DCM, 1t to 40 °C; (c) DIPEA, DCM, tt, 66%; (d) piperidine, DMF, 0 °C to 1t, 92%:; (e)
(i) carboxylic acid, SOCl,, DMF, DCM, 40 °C; (ii) DIPEA, DMF, rt; () (i) carboxylic acid, (COCl)a,
DMEF, DCM, rt; (ii) DIPEA, DMF, 1t; (g) COMU, DIPEA, DMF, rt; (h) TFA, DCM, 1t, 5.5-81% (two
steps); (1) KoCOs3, THF/MeOH, rt, 44—68% for 2 steps; (j) BBrs, DCM, —78 °C to rt, 98%; (k) BnBr,
K>CO3s, DMF, rt, 68%; (1) KOH, ethylene glycol, reflux, 97%; (m) (i) SOCl,, DMF, DCM, 40 °C; (ii)
178, DIPEA, DCM, 0 °C to 1t, 95%; (n) Hz, Pd/C, EtOAc, 1t, 95%; (0) TFA, DCM, rt, 98%.
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ARETIL AMETEHEONTZ Y — MEEY (H-35 & 39 DA ¥ — VR E
OHAEHOBDNIER L, 70l VB8R39 OA &Y — VB2 Kk 5
Z & TH 725 EP300 HAT FEIEMEDO M ERKN D &8 2, dF8 KRR 2 50 L
T2 ZORER, THA XY — )VERICEL LTLEY 104 120 TKRIEZRFR
EIEMEDOM_EAED ST, LAY 104 & EP300 HAT R A A > X #dthl ib i
HEO, THA 2= VEREEAT D Z L TERY BV FEK (135 &
[FEEDFEERRAAE & D T LR, bE 39 12xF LT (+)-35/EP300 &8
AR CTEEINDIMEERZMINT 2 Z & CHEEEN M ET 2D &0 ) (G E
FLRET DR E IR o7,

feW TR BN E 2 dR 1A L 7o SRR 2 i L 72/ R, v 7 ek
Bt EORHRANL ~ O Ha 8 A CHRIAM: 2 K08 L 72 b & REIC B W TR E
Peom ERGRD bz, FTH, (LAY 104 DY a~FH B2V T VAR
vrua~fHhUoRE LAY 110 (DS-9300) 1 R4F72 invitro BLETE M % #EFF
L., ¥V AZEBNTEWRE AR 2R Lz,

AISZARAS AR 2 FV N 72 DS-9300 O in vitro 7l & Elii L7= & Z A, AR Bk
ARRCRR I RE LTI 258 ) 2 A A PR e M 2 s L, RN IS8 W T H
BRIFHI 72 H3K18 K TNH3K27 7 & F /UL DBRE I ONC AR il # o /7 BT
&5 PSA OIBIHINFRD bz, S BT, BB~ T A TEINL L7 VCaP #
Jiel xenograft ~ & A & JHV N7z in vivo FEZNRHMIC IV T, DS-9300 13 EAKAFRY 7R
IS TR & fh PSA EOMMIRAZ/R$ 2 & Z2ffgsd L7z, DS-9300 (%
EEIPIMEAINI RS AT T VBV T 1 B 1 [0S CHEEZRPUEE R %25~
L 72 i W) D#E 1 EP300/CBP HAT FHEZETH V. A Mg BB FIMERT LR TR
WL 20 D DR A R LT,
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AFHSCTIE, FLAIZEER M & L Co R4 A9 5 EP300/CBP b A kv
TEFNEITFZ AT 2T —BIZRH LT, X"=F ¥ VAT V== T KA A
N—T" NAT U —=2 7 L) 2 DORIEETIEZ HWTHi#L EP300/CBP HAT
HEKOESEZ A L7-, T LT, HTS ICX>THLN-E v MEEDH A
Xv 74—V ARy BT XSRS ERE I Loy 7 e —F, KO
WBhRedE & fR 1A Lo il b 2 /T, BBRPUERI IR AT T ZB W
T 1 H1[EOR AL CBERPUELE R 4 7~7 DS-9300 Z Al L7z,

BT, BRI STV D EP300 HAT R A A > & Lys-CoA & O ik
W EE L LT TIRD T4 77 U —400 TILAEDZONTNN—F v L AT
—= U RERTAHILET, IV u B EET Ay MEAW 1 2157,
Wz, I OFEMRBEICB T Y AF L UEEZBAI L >o, B v MEA
Wy & [R5 LA > EP300 HAT FAETEME X BT 2 2f 2157, S bic, ZEH
FRERAL DOFFEMRRERIZ L - T, M EE S RIEIZm E L7z 4-8 0 R
3-HNVR UEEHEER 3¢ 3 A HUG LTZ, 2D ENnD, 4B Y R30IV R
BN, BEEBONATTA I AZ—L72 01552 2R LT,

Fo. HH HAT 7 7 U —ICkH 2 BPUEFH S . (LAY 3¢ O 3f 2
C646 L [z LT\ EP300/CBP IR 2R3 Z LRI L ) E e b | 3¢ KON 3f
25 C646 L U b {472 EP300/CBP HAT BHEMIED Y —AbGM & 70 155 2 &
s LTz,

# " EClX. EP300 HAT PHEVEMEZ IR L LT, #ENT A4 77 V) —{bEaW o
46 TTILEZONWTCANA AN—T"y NAZ V—=0 T % FEhiT 5 Z & T, 1k
EW 33 ITRESND 14-F X B RUFFEKRE e v MEEW & L THET, RIZ,
T FT7 b R BT EROER L ENC K- T, EP300 HAT FHEEMEDN
i oM O ICso lEZ R IT LA (H)-35 2 /L L7z, L&Y (+)-35 13587172 invitro
TEMEZ RS0 CL invivo FMIIC B W CIESRBEMEN RO o7z, 73/
feR—ADAF Y 74—V Rk B 7 2EfLI-L Z A, XV BB
WAL T, o v MEEW EFRRED in vitro IEMEEHT 571 U i EK
39 2R L7z, S50, GG A BRI L2 EIRE Cliba® 39 o 7 1
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U v 4 fL~DEBILE AT X o TRREEME & B et 2 W S ¥ 72t &4 43
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72 SOX2 mRNA FEHIMMHENEIEZ 7~ U, in vitro 15 PER B &2 M 2 fa ke
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T~ LT,

Fo_E T AR TER LY — MEEY (935 K39 DA &Y —)LERH
JE30 D EP300 & DFHAAFH DOEWICHE B U TR R A J40E L 7=, & DOFER.
10 f5FREE EP300 PHEVENE S ] L L7eAbEME LT, A U F Y — VB E T A v
B = )VERICEB LT LG 104 Z R L7z, fen T EEiiideE 4 B9l
RN~ DO EHFLEAS | B, KOG ER LOE &R AL Big L
T ERER A e LR, AW 104 O 7 u~nF Y UBRE YTV A0y
7 a s U EEH LT LE Y 110 (DS-9300) 23 B4 72 in vitro &M % R FF
L. O~ T ATEWTRARFEARINMELZ R~ (e e L TR Sz, DS-
9300 I% AR FEIMERTSZARAS AHIIRIZ % U CEBIRAO DD 38 ) 72 BB P S TR 2 7k L
EBHCHUERIN IR S AT T LV~ T A % W= in vive RHHIZEB W T, FHEIRTER
IRBUER DR L PSA EOMHIhREZ R LT,

EP300/CBP HAT PLEIZ L D RINIRB AT T N~ 7 A~OREER IR E
SNTWADA, 1 H 1 B O &G TR IEEOHIHILE %2~ L= fliE 2
FHTTHY , DS-9300 (110) 1T L > TEEFRIZBNWTLRRTE HHGEET
BB IR DS A OSEFEIHI A R O N7 2 S id, 5% OFERBICE - T
BB ThDH, AFRICBNTE LN RN, 41% D EP300/CBP
HAT PHLEIROAFFERIRIC D2 D Z & AR E- TV D,
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EBRIE

1. Chemistry

General

Unless otherwise noted, commercial reagents and solvents were obtained from commercial suppliers
and used without further purification. Normal-phase column chromatography was performed on silica
gel (S10,) or amino-silica gel using prepackaged cartridges. Analytical TLC was performed on Merck
pre-coated TLC glass sheets with silica gel 60 Fos4. 'H NMR spectra were recorded at 400 MHz, and
chemical shifts are given in ppm from TMS as an internal standard. ESI/APCI mass spectra were
recorded on Agilent Infinity 1260 series LC/MS. Conditions [column: Develosil Combi-RP-5 2.0 mm
x 50 mm, gradient elution: 0.1% HCO,H-H>0 / 0.1% HCO>H-MeCN = 98/2 — 0/100 (v/v), flow rate:
1.2 mL/min, UV detection: 254 nm, column temperature: 40 °C, ionization: APCI/ESI]. Purities of all
tested compounds were confirmed to be >95% by HPLC analysis. High resolution mass spectra
(HRMS) were obtained on an LC/MS system composed of the Waters Xevo Q-Tof MS system and the
Acuity UPLC system. All experimental procedures for animals were performed in accordance with
the in-house guidelines of the Institutional Animal Care and Use Committee of Daiichi Sankyo Co.,

Ltd.

B—E
Ethyl 3-(5-formylfuran-2-yl)benzoate (5a)
To a solution of ethyl 3-bromobenzoate (2.00 g, 8.73 mmol) in 1,4-dioxane
EtOZC\Q/KO\X‘CHO ,
(20 mL), ethanol (10 mL) and water (5.0 mL), 5-formyl-2-furanylboronic
acid (4a, 1.28 g, 9.15 mmol) and NaHCO; (2.20 g, 26.2 mmol) and
PdCIx(PPhs), (613 mg, 0.873 mmol) were added. The mixture was stirred at 70 °C for 3.5 h under a
N> atmosphere. The reaction solution was diluted with ethyl acetate, sequentially washed with water
and saturated brine, and dried over anhydrous sodium sulfate. The residue obtained by concentration
was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain compound 5a (1.97
g, 8.08 mmol, 92% yield) as a pale-yellow solid. 'H NMR (CDCl;) 8: 1.43 (3H, t, J = 7.1 Hz), 4.43
(2H, q,J=7.1 Hz), 6.94 (1H, d, /= 3.6 Hz), 7.35 (1H, d, /= 3.6 Hz), 7.54 (1H, t, /= 7.9 Hz), 8.03
(1H, d,J=7.9 Hz), 8.07 (1H, d, J= 7.9 Hz), 8.46 (1H, s), 9.69 (1H, s).

tert-Butyl 3-(5-formylfuran-2-yl)benzoate (Sb)
tBuO,C | NYcHo The reaction was carried out according to the procedure for 5a with zert-
(o}
butyl 3-bromobenzoate instead of ethyl 3-bromobenzoate to give
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compound 5b (470 mg, 1.73 mmol, 91% yield) as a pale-yellow oil. "H NMR (CDCls) &: 1.63 (9H, s),
6.92 (1H, d, J=3.6 Hz), 7.34 (1H, d, J= 3.6 Hz), 7.51 (1H, t, /J=7.9 Hz), 8.01 (2H, dd,J=7.9, 1.8
Hz), 8.38 (1H, d, J= 1.8 Hz), 9.69 (1H, s).

tert-Butyl 3-(5-formylthiophen-2-yl)benzoate (Sc)
. ™\_cHo The reaction was carried out according to the procedure for 5a with 5-
tozcw formyl-2-thiopheneboronic acid (4b) instead of 4a to give compound Se¢
(243 mg, 0.934 mmol, 71% yield) as a pale-yellow solid. '"H NMR
(CDCl3) &: 1.43 (3H, t,J="7.0 Hz), 443 (2H, q,J= 7.3 Hz), 7.49 (1H, d, J=4.2 Hz), 7.52 (1H, dd, J

=7.9,7.9Hz), 7.77 (14, d, J = 3.6 Hz), 7.85 (1H, d, J = 7.9 Hz), 8.07 (1H, d, J = 7.9 Hz), 8.35 (1H,
dd,J= 1.8, 1.8 Hz), 9.92 (1H, s).

Ethyl 3-{5-[(hydroxyimino)methyl]|furan-2-yl}benzoate (6)
.oH To a solution of 5a (500 mg, 2.05 mmol) in ethanol (10 mL),
Etozc\©/fc>_€ hydroxylammonium chloride (156 mg, 2.24 mmol) and sodium acetate
(184 mg, 2.24 mmol) were added. The mixture was stirred at 70 °C for
1 h. The reaction solution was diluted with ethyl acetate, sequentially washed with water and saturated
brine, and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure

to obtain compound 6 (513 mg, 1.98 mmol, 97% yield) as an E/Z-mixture. MS (ESI/APCI) m/z: 260
M +H)".

Ethyl 3-[5-(aminomethyl)furan-2-yl]benzoate-hydrogen chloride (7)

B To a solution of 6 (513 mg, 1.98 mmol) in ethanol (30 mL), 10%
F10,¢ O NH:z palladium-carbon (100 mg) and 1 mol/L aqueous HCI solution (3.0 mL,

Hel 3.00 mmol) were added, and the mixture was stirred at rt for 1.5 h under
hydrogen atmosphere. The reaction solution was filtered through celite using ethanol. The solvent was
distilled off under reduced pressure, and the residue obtained was formed into a slurry with ethyl
acetate, and then filtered off to obtain compound 7 (400 mg, 1.42 mmol, 72% yield) as a white solid.
"H NMR (DMSO-dq) 8: 1.35 (3H, t,J=7.3 Hz), 4.18 (2H, s), 4.36 (2H, q, /= 7.3 Hz), 6.70 (1H, d, J
=3.0Hz),7.12 (1H, d, J=3.0 Hz), 7.61 (1H, t,J=7.9 Hz), 7.90 (1H, d, /= 7.9 Hz), 8.03 (1H, d, /=

7.9 Hz), 8.30 (1H, s), 8.59 (3H, brs). MS (ESI/APCI) m/z: 246 (M + H)".

N'-(3,4-Dimethylphenyl)ethane-1,2-diamine (10a)
NH 2y To a solution of 3,4-dimethylaniline (8, 570 mg, 4.70 mmol) and sodium
K’N\Qi triacetoxyborohydride (3.32 g, 15.7 mmol) in DCM (20 mL), a solution of N-Boc-2-

aminoacetaldehyde (9a, 500 mg, 3.14 mmol) in DCM (10 mL) was added at 0 °C.
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The mixture was stirred at rt for 19 h. A saturated aqueous NaHCOj3 solution was then added, and the
mixture was stirred and then extracted with DCM. The organic layer obtained was washed with
saturated brine, and dried over anhydrous sodium sulfate. The residue obtained by concentration was
dissolved in DCM (5.0 mL). To the solution, trifluoroacetic acid (5.0 mL) was added at 0 °C, and the
mixture was stirred at rt for 2.5 h. The solvent was distilled off under reduced pressure, and the residue
obtained was subjected to amino silica gel column chromatography (hexane/ethyl acetate) to obtain
compound 10a (403 mg, 2.45 mmol, 78% yield) as a brown solid. 'H NMR (CDCI3) 6: 2.15 (3H, s),
2.19(3H,s),2.93 (2H, t,J=6.0 Hz), 3.16 (2H, t, /= 6.0 Hz), 6.42 (1H, dd, /= 7.9, 2.4 Hz), 6.48 (1H,
d,J=2.4Hz), 6.94 (1H, d, J= 7.9 Hz). MS (ESI/APCI) m/z: 165 (M + H)".

N'-(3,4-Dimethylphenyl)propane-1,2-diamine (10b)
NH 2 The reaction was carried out according to the procedure for 10a with terz-butyl
MGJ\’N\Qi N-(1-methyl-2-oxo-ethyl)carbamate (9b) instead of 9a to give the title compound
10b (369 mg, 2.07 mmol, 71% yield) as a brown oil. "H NMR (CDCl;) &: 1.14
(3H, d, J=6.0 Hz), 2.15 (3H, s), 2.19 (3H, s), 2.82-2.87 (1H, m), 3.09-3.17 (2H, m), 6.41 (1H, dd, J
=7.9,2.4Hz),6.47 (1H,d, J=2.4 Hz), 6.93 (1H, d, J= 7.9 Hz). MS (ESI/APCI) m/z: 179 (M + H)".

Ethyl 3-[5-({|2-(3,4-dimethylanilino)ethyl]amino}methyl)furan-2-yl|benzoate (11a)
B To a solution of 10a (220 mg, 1.34 mmol) and sodium
Etozc\©/rc>ﬁNH triacetoxyborohydride (868 mg, 4.10 mmol) in DCM (10 mL), a
Q_H solution of 5a (200 mg, 0.819 mmol) in DCM (5.0 mL) was added
Q at 0 °C. The mixture was stirred at rt for 64 h. A saturated aqueous
NaHCOs; solution was then added, and the mixture was stirred and
then extracted with DCM. The organic layer obtained was washed with saturated brine, and dried over
anhydrous sodium sulfate. The residue obtained by concentration was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain the title compound 11a (116 mg, 0.296 mmol, 36%
yield) as a white solid. "H NMR (CDCls) 6: 1.42 (3H, t, J = 7.3 Hz), 2.14 (3H, s), 2.18 (3H, s), 2.93
(2H,t,J=5.4Hz),3.22 2H, t,J=5.4 Hz), 3.87 (2H, 5),4.41 (2H, q,J="7.1 Hz), 6.28 (1H, d, J=3.0
Hz), 6.42 (1H,dd,J=17.9, 2.1 Hz), 6.47 (1H, d, J= 2.1 Hz), 6.66 (1H, d, J=3.0 Hz), 6.93 (1H, d, J=
79 Hz),7.44 (1H,t,J=79Hz), 7.82 (1H, d,J=7.9 Hz), 7.91 (1H, d, J= 7.9 Hz), 8.29 (1H, brs). MS

(ESIVAPCI) m/z: 393 (M + H)".

Ethyl 3-[5-({[1-(3,4-dimethylanilino)propan-2-ylJamino} methyl)furan-2-yl|benzoate (11b)
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The reaction was carried out according to the procedure for 11a

EtO,C ,0\ NH with 10b instead of 10a to give the title compound 11b (132 mg,

Me_Q_H 0.325 mmol, 40% yield) as a brown oil. '"H NMR (CDCl;3) 6: 1.17

Q (3H,d,J=5.4Hz), 1.42 3H,t,J=7.0 Hz), 2.12 (3H, s), 2.15 (3H,

s), 2.97-3.03 (2H, m), 3.10-3.16 (1H, m), 3.83 (1H, d, /= 14.5 Hz),

3.93 (1H,d,J=14.5 Hz), 441 (2H, q,J=7.0 Hz), 6.27 (1H, d,J=3.0 Hz), 6.39 (1H, dd, J=7.9, 1.8

Hz), 6.44 (1H, d, /= 1.8 Hz), 6.66 (1H, d, /= 3.0 Hz), 6.90 (1H,d, J="7.9 Hz), 743 (1H,t,J=7.9

Hz), 7.80 (1H, d, /= 7.9 Hz), 7.91 (1H, d, J = 7.9 Hz), 8.28 (1H, s). MS (ESI/APCI) m/z: 407 (M +
H)".

Ethyl 3-[5-({|2-(3,4-dimethylanilino)ethyl]amino}methyl)thiophen-2-yl|benzoate (11c)
B The reaction was carried out according to the procedure for 11a
Etozc\©/(s>ﬁNH with 5¢ instead of 5a to give the title compound 11c (141 mg,
&H 0.345 mmol, 37% yield) as a pale-yellow oil. *H NMR (CDCls) 6:
Q 1.42 (3H, t, J = 7.1 Hz), 2.15 (3H, s), 2.19 (3H, 5), 2.95 (2H, t, J =
5.7 Hz), 3.23 (2H, t, J = 5.7 Hz), 4.01 (2H, s), 4.41 (2H, q, J = 7.1
Hz), 6.43 (1H, dd, J = 8.2, 2.7 Hz), 6.49 (1H, d, J = 2.7 Hz), 6.90 (1H, d, J = 3.6 Hz), 6.94 (1H, d, J

=7.9Hz),7.22 (1H, d, J = 3.6 Hz), 7.43 (1H, t, I = 7.9 Hz), 7.74 (1H, d, J = 7.9 Hz), 7.93 (1H, d, J
= 7.9 Hz), 8.25 (1H, s). MS (ESI/APCI) m/z: 409 (M + H)*.

Ethyl 3-(5-{|3-(3,4-dimethylphenyl)-2-oxoimidazolidin-1-yl|methyl}furan-2-yl)benzoate (S1)
B To a solution of 11a (116 mg, 0.296 mmol) in 1,2-dichloroethane
Etozcw N—¢° (5.0 mL), tricthylamine (0.0614 mL, 0443 mmol) and
N\©( triphosgene (35.1 mg, 0.118 mmol) in 1,2-dichloroethene (1.0
mL) were added. The mixture was stirred at 70 °C for 3.5 h. A
saturated aqueous NaHCOj3 solution was then added, and the mixture was stirred and then extracted
with ethyl acetate, sequentially washed with water and saturated brine, and dried over anhydrous
sodium sulfate. The residue obtained by concentration was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain the title compound S1 (73.0 mg, 0.174 mmol, 59%
yield) as a colorless oil. 'H-NMR (CDCls) 8: 1.41 (3H, t, J= 7.0 Hz), 2.22 (3H, s), 2.26 (3H, s), 3.52
(2H,t,J=7.9Hz),3.79 2H, t,J=7.9 Hz), 441 (2H, q,J= 7.1 Hz), 4.53 (2H, s), 6.40 (1H, d, /= 3.6
Hz), 6.69 (1H, d, J=3.0 Hz), 7.08 (1H, d, /= 7.9 Hz), 7.23 (1H, dd, /= 7.9, 2.1 Hz), 7.41-7.46 (2H,
m), 7.83 (1H, d, J= 7.9 Hz), 7.92 (1H, d, J=7.9 Hz), 8.29 (1H, brs). MS (ESI/APCI) m/z: 419 M +

H)".
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3-(5-{|3-(3,4-Dimethylphenyl)-2-oxoimidazolidin-1-yljmethyl}furan-2-yl)benzoic acid (2a)
To a solution of S1 (38.3 mg, 0.0981 mmol) in ethanol (5.0 mL),
HOZC\<))|\/0\\ﬁ N_(O 5 mol/L aqueous NaOH solution (0.100 mL, 0.500 mmol) was
Q’N\Gi added. The mixture was stirred at 70 °C for 2 h. The temperature
was lowered to rt, 5 mol/L aqueous NaOH solution (0.100 mL,
0.500 mmol) was added and stirred at 70 °C for 45 min. The temperature was lowered to rt and Dowex
50W-X8 ion exchange resin (H'-form) was added. Dowex was filtered off and the residue obtained by
concentration was formed into a slurry with ethyl acetate, and then filtered off to obtain the title
compound 2a (38.3 mg, 0.0981 mmol, 56% yield) as a white solid. '"H NMR (DMSO-ds) 8: 2.13 (3H,
s), 2.17 3H, s), 3.43 (2H, t, J= 7.9 Hz), 3.75 (2H, t, J= 7.9 Hz), 4.43 (2H, s), 6.50 (1H, d, /= 3.0
Hz), 7.01-7.05 (2H, m), 7.27 (1H, dd, J=17.9, 2.1 Hz), 7.32 (1H, s), 7.52 (1H, t,J= 7.9 Hz), 7.81 (1H,
d,/=7.3Hz),7.89 (1H, d, J=7.9 Hz), 8.17 (1H, s), 13.12 (1H, brs). MS (ESI/APCI) m/z: 391 (M +

H)*. HRMS (EST) m/z: calcd for C23H23N204 (M + H)* 391.1652. Found: 391.1648.

Ethyl 3-(5-{I3-(3,4-dimethylphenyl)-5-methyl-2-oxoimidazolidin-1-yljmethyl} furan-2-
yDbenzoate (S2)

B The reaction was carried out according to the procedure for S1

Ft0,C 0 N—(o with 11b instead of 11a to give the title compound S2 (120 mg,

me N\©( 0.277 mmol, 85% yield) as a colorless oil. '"H NMR (CDCls) &:

1.39-1.43 (6H, m), 2.21 (3H, 5), 2.26 (3H, 5), 3.36 (1H, t, /= 7.9

Hz), 3.72-3.81 (1H, m), 3.89 (1H, t, J = 8.5 Hz), 4.28 (1H, d, J = 15.7 Hz), 4.40 (2H, q, J = 7.3 Hz),

4.82 (1H, d, J=15.7 Hz), 6.40 (1H, d, J = 3.0 Hz), 6.68 (1H, d, J = 3.0 Hz), 7.08 (1H, d, J = 8.5 Hz),

7.23 (1H, dd, J = 8.2, 2.1 Hz), 7.40-7.46 (2H, m), 7.82 (1H, d, J = 7.9 Hz), 7.92 (1H, d, J = 7.9 Hz),
8.28 (1H, 5). MS (ESUAPCI) m/z: 433 (M + H)".

3-(5-{I3-(3,4-Dimethylphenyl)-5-methyl-2-oxoimidazolidin-1-yl]methyl} furan-2-yl)benzoic acid
(2¢)

N The reaction was carried out according to the procedure for 2a

HO,C 0 N‘ﬁo with S2 instead of S1 to give the title compound 2e (64.4 mg,

e \©( 0.159 mmol, 57% yield) as a white solid. '"H NMR (DMSO-ds) :

1.31 (3H, d,J=6.0 Hz),2.16 (3H, s), 2.20 (3H, s), 3.31-3.35 (1H,

m), 3.63-3.72 (1H, m), 3.93 (1H, t, J= 8.8 Hz), 4.33 (1H, d, /= 15.7 Hz), 4.62 (1H, d, J = 15.7 Hz),

6.52 (1H, d, J=3.0 Hz), 7.03 (1H, d, /= 3.0 Hz), 7.07 (1H, d, /= 8.2 Hz), 7.29 (1H, dd, /= 8.2, 2.1

Hz), 7.34 (1H, brs), 7.55 (1H, t, J=7.9 Hz), 7.84 (1H, d, J = 7.9 Hz), 7.90 (1H, d, /= 7.9 Hz), 8.20

(1H, s), 13.13 (1H, brs). MS (ESI/APCI) m/z: 405 (M + H)*. HRMS (ESI) m/z: calcd for Co4H25N204
(M + H)* 405.1809. Found: 405.1814.
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Ethyl 3-(5-{[3-(3,4-dimethylphenyl)-2-oxoimidazolidin-1-yl|methyl}thiophen-2-yl)benzoate (S3)
B o The reaction was carried out according to the procedure for S1
'Etozc\<))\/s>ﬁ &-ﬁ with 11c instead of 11a to give the title compound S2 as a
\©i colorless oil. 'H NMR (CDCls) &: 1.41 (3H, t, J = 7.3 Hz), 2.22
(3H, 5), 2.27 (3H, 5), 3.46 (2H, t, J = 7.9 Hz), 3.80 (2H,t, J = 7.9
Hz), 4.40 (2H, q, J = 7.3 Hz), 4.64 (2H, s), 7.00 (1H, d, J = 3.6 Hz), 7.09 (1H, d, J = 7.9 Hz), 7.21-

7.26 (2H, m), 7.43 (2H, dd, J = 7.9, 7.9 Hz), 7.74 (1H, d, J = 8.5 Hz), 7.94 (1H, d, J = 7.9 Hz), 8.24
(1H, s). MS (ESI/APCI) m/z: 435 (M + H)*.

3-(5-{[3-(3,4-Dimethylphenyl)-2-oxoimidazolidin-1-ylJmethyl}thiophen-2-yl)benzoic acid (2h)
The reaction was carried out according to the procedure for 2a
H020\<j)\/\ﬁ N with S3 instead of S1 to give the title compound 2h (68.0 mg,
\©i 0.167 mmol, 49% vyield for 2 steps) as a white solid. *H NMR
(DMSO-de) 8: 2.16 (3H, s), 2.20 (3H, s), 3.41 (2H, t, J = 7.9 Hz),
3.77 (2H, t, 3 = 7.9 Hz), 4.56 (2H, s), 7.05-7.09 (2H, m), 7.29 (1H, dd, J = 8.2, 2.1 Hz), 7.36 (1H,
brs), 7.48 (1H, d, J = 3.6 Hz), 7.52 (1H, t, J = 7.9 Hz), 7.84 (1H, d, J = 7.9 Hz), 7.88 (1H, d, J = 7.9

Hz), 8.09 (1H, s), 13.15 (1H, brs). MS (ESI/APCI) m/z: 407 (M + H)*. HRMS (ESI) m/z: calcd for
CasH23N203S (M + H)* 407.1424. Found: 407.1427.

Ethyl N-(3,4-dimethylphenyl)glycinate (12)
To a solution of 8 (904 mg, 7.46 mmol) and sodium triacetoxyborohydride (3.16
ROC N\©: g, 14.9 mmol) in DCM (40 mL), a solution of 50% solution ethyl glyoxalate in
toluene (1.48 mL, 7.44 mmol) in DCM (10 mL) was added portionwise at 0 °C.
The mixture was stirred at rt for 18 h. A saturated aqueous NaHCOj solution was then added, and the
mixture was stirred and then extracted with DCM, sequentially washed with water and saturated brine,
and dried over anhydrous sodium sulfate. The residue obtained by concentration was purified by silica
gel column chromatography (hexane/ethyl acetate) to obtain the title compound 12 (1.10 g, 5.31 mmol,
71% yield) as a white solid. '"H NMR (CDCl;) &: 1.29 (3H, t, J = 7.1 Hz), 2.15 (3H, s), 2.20 (3H, s),
3.87 (2H, s), 4.10 (1H, brs), 4.23 (2H, q,J= 7.1 Hz), 6.38 (1H, dd, J="7.9, 1.8 Hz), 6.45 (1H, d, J =
1.8 Hz), 6.95 (1H, d, J= 7.9 Hz). MS (ESI/APCI) m/z: 208 (M + H)".

Ethyl 3-[5-({[(3,4-dimethylphenyl)(2-ethoxy-2-o0xoethyl)carbamoyl]amino}methyl)furan-2-
yl]benzoate (13)
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B To a solution of 12 (80.9 mg, 0.390 mmol) in 1,2-dichloroethane
Et020\©)\/eo:)ﬁc ”-ﬁo (4.0 mL), triethylamine (0.147 mL, 1.06 mmol) and triphosgene
g \©: (42.1 mg, 0.142 mmol) in 1,2-dichloroethane (1.0 mL) was added
at 0 °C. The mixture was stirred at rt for 2 h. To the reaction
mixture, a solution of 7 (100 mg, 0.355 mmol) was added, and the mixture was stirred at 70 °C for 1
h. A saturated aqueous NaHCOj; solution was then added, and the mixture was stirred and then
extracted with ethyl acetate. The organic layer obtained was washed with saturated brine, and dried
over anhydrous sodium sulfate. The residue obtained by concentration was purified by silica gel
column chromatography (hexane/ethyl acetate) to obtain the title compound 13 (119 mg, 0.249 mmol,
70% yield) as a brown oil. '"H NMR (CDCls) é: 1.26 (3H, t,J= 7.0 Hz), 1.42 (3H, t,J= 7.0 Hz), 2.23
(3H, s), 2.25 (3H, s), 4.20 (2H, q, J = 7.0 Hz), 4.34 (2H, s), 4.38-4.45 (4H, m), 4.84 (1H, t, /=54
Hz), 6.28 (1H, d, J=3.0 Hz), 6.64 (1H, d, /= 3.0 Hz), 7.12-7.17 (3H, m), 7.43 (1H, t, J = 7.9 Hz),
7.77 (1H, d, J=7.9 Hz), 7.90 (1H, d, J= 7.9 Hz), 8.24 (1H, s). MS (ESI/APCI) m/z: 479 (M + H)".

Ethyl 3-(5-{|3-(3,4-dimethylphenyl)-2,5-dioxoimidazolidin-1-yljmethyl}furan-2-yl)benzoate
(S4)

To a solution of 13 (106 mg 0.222 mmol) in DMSO (5.0 mL),
4/::(0 N,N-diisopropylethylamine (0.0565 mL, 0.332 mmol) was added.
© N\©i The mixture was stirred at 120 °C for 20 h. The reaction solution

was diluted with ethyl acetate, sequentially washed with water

\
Et0,C ’ o

and saturated brine, and dried over anhydrous sodium sulfate. The solvent was distilled off under
reduced pressure to obtain the title compound S4 (79.6 mg, 0.184 mmol, 83% yield) as a yellow solid.
'"HNMR (CDCl;) &: 1.41 (3H,t,J=7.1 Hz), 2.24 (3H, s), 2.28 (3H, s), 4.32 (2H, s), 4.40 2H, q, J =
7.1 Hz), 4.84 (2H, s), 6.51 (1H, d, J=3.6 Hz), 6.68 (1H, d, /J=3.6 Hz), 7.13 (1H, d, /J="7.9 Hz), 7.24
(1H, dd, /=179, 1.8 Hz), 7.37 (1H, d, J= 1.8 Hz), 7.44 (1H, t, J= 7.9 Hz), 7.85 (1H, d, /= 7.9 Hz),
7.92 (1H, d, J="17.9 Hz), 8.27 (1H, s). MS (ESI/APCI) m/z: 433 (M + H)".

3-(5-{|3-(3,4-Dimethylphenyl)-2,5-dioxoimidazolidin-1-yljmethyl} furan-2-yl)benzoic acid (2¢)
B o The reaction was carried out according to the procedure for 2a
H02C\<))\/0\ﬁ N—ﬁ with S4 instead of S1 to give the title compound 2¢ (10.6 mg,
© \©( 0.0262 mmol, 14% yield) as a white solid. '"H NMR (DMSO-ds) :
2.19 (3H, s), 2.22 (3H, s), 4.54 (2H, s), 4.73 (2H, s), 6.54 (1H, d,
J=3.6Hz),7.02 (1H,d,/J=3.6 Hz), 7.14 (1H, d, J=8.5 Hz), 7.37 (1H, dd, /= 7.9, 1.8 Hz), 7.41 (1H,
d,J=1.8Hz), 7.55 (1H, t,J=7.9 Hz), 7.84 (1H, d, J= 7.9 Hz), 7.90 (1H, d, J = 7.9 Hz), 8.19 (1H,

s), 13.11 (1H, brs). MS (ESUAPCI) m/z: 405 (M + H)*. HRMS (ESI) m/z: caled for Co3HaN,Os (M +
H)* 405.1445. Found: 405.1447.
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1-(3,4-Dimethylphenyl)-4-methoxy-1,5-dihydro-2 H-pyrrol-2-one (14)
fo) To a solution of 8 (1.78 mL, 12.4 mmol) in acetonitrile (40 mL), potassium
MeO—@ acetate (1.26 g, 12.4 mmol) and a solution of methyl 4-chloro-3-methoxy-2(£)-
butenoate (2.15 g, 12.4 mmol) in acetonitrile (20 mL) were added. The mixture
was heated to reflux for 12 h. The reaction mixture was concentrated in vacuo. The residue was diluted
with ethyl acetate, sequentially washed with water and saturated brine, and dried over anhydrous
sodium sulfate. The residue obtained by concentration was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain the title compound 14 (1.45 g, 6.67 mmol, 54% yield)
as an orange solid. 'H NMR (CDCls) 8: 2.22 (3H, s), 2.26 (3H, s), 3.85 (3H, s), 4.26 (2H, s), 5.18 (1H,
s), 7.09 (1H, d, J= 8.2 Hz), 7.30 (1H, dd, /= 8.2, 2.4 Hz), 7.43 (1H, d, J = 2.4 Hz). MS (ESI/APCI)

m/z: 218 (M + H)".

1-(3,4-Dimethylphenyl)pyrrolidine-2,4-dione (15)
o To a solution of 14 (1.00 g, 4.60 mmol) in 1,4-dioxane (20 mL), concentrated
°='Cﬁ hydrochloric acid (20 mL) was added. The mixture was stirred at rt for 1 h. The
\©i volatile materials were removed under reduced pressure. The residue was diluted
with water, and the precipitated solid was collected by filtration and dried to obtain the title compound
15 (846 mg, 4.16 mmol, 90% yield) as mixture of keto-enol tautomers: '"H NMR (CDCl3) &: 2.22-2.14
(6H, m), 4.30 (2H, s), 4.93 (1H, s), 7.03-7.13 (1H, m), 7.37-7.45 (2H, m), 11.75 (1H, s). MS
(ESI/APCI) m/z: 204 (M + H)".

tert-Butyl 3-(5-{[1-(3,4-dimethylphenyl)-2,4-dioxopyrrolidin-3-ylidene|methyl} furan-2-
yl)benzoate (16)

N To a suspension of 15 (328 mg, 1.62 mml) and 5b (440 mg, 1.62

1Bu0,C | o o Yg® mmol) in toluene (30 mL), diethylamine (1 drop) was added. The

N\©i mixture was stirred at rt overnight. The reaction mixture was

concentrated in vacuo and ethanol was added to the residue. The
precipitated solid was collected by filtration and dried to obtain the title compound 16 (336 mg, 0.734
mmol, 65% yield) as an orange solid. The present compound was used for the next reaction without

further purification. MS (ESI/APCI) m/z: 458 (M + H)".

tert-Butyl  3-(5-{[1-(3,4-dimethylphenyl)-2,4-dioxopyrrolidin-3-yljmethyl} furan-2-yl)benzoate
(CS))
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B To a solution of 16 (233 mg, 0.509 mmol) in toluene (10 mL) and

’B“°2°\©Io\%{/° cthanol (10 mL), diethyl 1,4-dihydro-2,6-dimethyl-3,5-

° N pyridinedicarboxylate (149 mg, 0.450 mmol) was added. The

mixture was stirred at room temperature for 4 h. The solvent was

removed by concentration under reduced pressure, and the residue was purified by silica gel column

chromatography (chloroform/methanol) to obtain the title compound S5 (100 mg, 0.218 mmol, 43%

yield) as a yellow solid. '"H NMR (CDCls) é: 1.55 (9H, s), 2.15 (3H, s), 2.19 (3H, s), 3.56 (2H, s), 4.32

(2H, s), 6.16 (1H, d, /= 3.0 Hz), 6.91 (1H, d, J= 3.0 Hz), 7.05 (1H, d, /= 8.5 Hz), 7.39 (1H, d, J =

8.5 Hz), 7.48-7.52 (2H, m), 7.75 (1H, d, J=7.9 Hz), 7.86 (1H, d, /J=7.9 Hz), 8.11 (1H, s), 11.47 (1H,
s). MS (ESI/APCI) m/z: 404 (M - ‘Bu + H)".

3-(5-{[1-(3,4-dimethylphenyl)-2,4-dioxopyrrolidin-3-yljmethyl} furan-2-yl)benzoic acid (2b)

\ To a solution of S5 (69.0 mg, 0.150 mmol) in DCM (4.0 mL),
HO,C Lo 0

o trifluoroacetic acid (4.0 mL) was added. The mixture was stirred at
N

100 °C for 2 h. The reaction mixture was concentrated in vacuo.

The residue was diluted with hexane/diethyl ether and the
precipitated solid was collected by filtration and dried to obtain the title compound 2b (53.0 mg, 0.131
mmol, 88% yield) as a brown solid. "H NMR (DMSO-ds) &: 2.15 (3H, s), 2.19 (3H, s), 3.56 (2H, s),
4.32 (2H,s), 6.15 (1H, d, J=3.6 Hz), 6.92 (1H, d, /= 3.6 Hz), 7.05 (1H, d, J= 8.5 Hz), 7.38 (1H, dd,
J=28.5,2.1Hz),7.46 (1H,d,J=2.1 Hz), 7.51 (1H,dd, /= 7.6, 7.6 Hz), 7.79 (1H, d, J=7.9 Hz), 7.87
(1H, d, J=17.9 Hz), 8.16 (1H, s), 11.48 (1H, s), 13.11 (1H, brs). MS (ESI/APCI) m/z: 404 (M + H)".
HRMS (ESI) m/z: caled for C24H22NOs (M + H)*™ 404.1492. Found: 404.1503.

Ethyl 3-(5-{[1-(3,4-dimethylphenyl)-2,4-dioxopyrrolidin-3-ylidene]methyl}furan-2-yl)benzoate
a7

B The reaction was carried out according to the procedure for 16

Et0,C \ 0O

with 5a instead of 5b to give the title compound 17 (256 mg, 0.596
N\©i mmol, 73% yield) as an orange solid. "H NMR (CDCls) 3: 1.45
(3H,t,1=7.2Hz),2.27 (3H, s), 2.32 (3H, s), 4.27 (1.83H, 5), 4.32
(0.17H, s), 4.45 2H, q,J=7.2 Hz), 7.08 (1H, d, J= 3.6 Hz), 7.18 (1H, d, /= 8.5 Hz), 7.50-7.58 (3H,
m), 7.78 (1H, s), 8.06-8.09 (2H, m), 8.49 (1H, s), 8.61 (1H, s). MS (ESI/APCI) m/z: 430 (M + H)".

o

Ethyl 3-(5-{[1-(3,4-dimethylphenyl)-2,4-dioxopyrrolidin-3-yljmethyl} furan-2-yl)benzoate (S6)

B The reaction was carried out according to the procedure for S5
EtO,C 00 o with 17 instead of 16 to give the title compound S6 (250 mg, 0.579

N
\©i mmol, 96% yield) as a pale-yellow solid. 'H NMR (CDCls) 6: 1.42
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(3H,t,J=17.2Hz),2.22 (3H, s), 2.26 (3H, s), 3.74 (2H, s), 4.23 (2H, s), 4.41 (2H, q, J= 7.2 Hz), 6.31
(1H, d, J= 3.0 Hz), 6.69 (1H, d, J= 3.0 Hz), 7.00 (1H, s), 7.09 (1H, d, J = 8.5 Hz), 7.30-7.34 (1H,
m), 7.46-7.51 (2H, m), 7.78 (1H, d, J=7.9 Hz), 7.94 (1H, d, /= 7.9 Hz), 8.26 (1H, s). MS (ESI/APCI)
m/z: 432 (M + H)*.

Ethyl 3-(5-{[1-(3,4-dimethylphenyl)-4-methoxy-2-0x0-2,5-dihydro-1H-pyrrol-3-
yljmethyl}furan-2-yl)-benzoate (S7)
B To a solution of S6 (250 mg, 0.579 mmol) in toluene (30 mL) and
Etozcmo methanol (6 mL), 2 mol/L (trimethylsilyl)diazomethane in hexane
(0.637 mL, 1.27 mmol) was added. The mixture was stirred at rt
for 3 h. The reaction mixture was concentrated in vacuo, and the
residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain the title
compound S7 (226 mg, 0.507 mmol, 88% yield) as a white solid. 'H NMR (CDCl3) 6: 1.41 (3H, t, J
=7.2 Hz), 2.22 (3H, s), 2.26 (3H, s), 3.79 (2H, s), 4.08 (3H, s), 4.30 (2H, s), 4.40 (2H, q, /= 7.2 Hz),
6.20 (1H, d, J=3.0 Hz), 6.63 (1H, d, /= 3.0 Hz), 7.09 (1H, d, /= 8.4 Hz), 7.33 (1H, dd, /= 8.4, 2.0
Hz), 7.42 (1H, t,J=7.9 Hz), 7.53 (1H, d, J= 2.0 Hz), 7.79 (1H, d, J= 7.9 Hz), 7.88 (1H, d, J="7.9
Hz), 8.27 (1H, s). MS (ESI/APCI) m/z: 446 (M + H)".

3-(5-{|1-(3,4-Dimethylphenyl)-4-methoxy-2-0xo0-2,5-dihydro-1H-pyrrol-3-yljmethyl} furan-2-
yDbenzoic acid (2f)
B To a solution of S7 (226 mg, 0.507 mmol) in THF (8.0 mL) and
HOZC\Q{(:\O%O methanol (4.0 mL), 1 mol/L aqueous NaOH solution (4.0 mL) was
added. The mixture was stirred at rt overnight. The reaction
mixture was concentrated in vacuo, and the residue was diluted
with water. 1 mol/L aqueous HCI solution (4.0 mL) was added to the above solution and the mixture
was extracted with ethyl acetate. The organic layer obtained was washed with saturated brine, and
dried over anhydrous sodium sulfate. The residue obtained by concentration was diluted with ethyl
acetate, and the precipitated solid was collected by filtration and dried to obtain the title compound 2f
(192 mg, 0.460 mmol, 91% yield) as a pale-yellow solid. "H NMR (DMSO-dj) 6: 2.16 (3H, s), 2.20
(3H, s), 3.57 (2H, s), 3.98 (3H, ), 4.65 (2H, ), 6.19 (1H, d, /=3.3 Hz), 6.92 (1H, d, /= 3.3 Hz), 7.08
(1H, d, J= 7.9 Hz), 7.45-7.53 (3H, m), 7.80 (1H, d, /= 7.9 Hz), 7.86 (1H, d, /= 7.9 Hz), 8.16 (1H,
s), 13.10 (1H, brs). MS (ESI/APCI) m/z: 418 (M + H)*. HRMS (ESI) m/z: calcd for C2sH24NOs (M +
H)* 418.1649. Found: 418.1672.

2,2,2-Trichloroethyl (3,4-dimethylphenyl)carbamate (18)
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To a solution of 8 (500 mg, 4.13 mmol) and triethylamine (0.744 mL, 5.36
\©( mmol) in DCM (10 mL), 2,2,2-trichloroethyl chloroformate (0.609 mL, 4.54
mmol) was added at 0 °C. The mixture was stirred at 0 °C for 2 h. A saturated

ClC._O. N

aqueous NaHCOj3 solution was then added, and the mixture was stirred and then extracted with ethyl
acetate, sequentially washed with water and saturated brine, and dried over anhydrous sodium sulfate.
The residue obtained by concentration was purified by silica gel column chromatography
(hexane/ethyl acetate) to obtain the title compound 18 (625 mg, 2.11 mmol, 51% yield) as a white
solid. 'H NMR (CDCls) é: 2.23 (3H, s), 2.25 (3H, s), 4.82 (2H, s), 6.76 (1H, s), 7.09 (1H, d, J="7.9
Hz), 7.14 (1H, d, J= 7.9 Hz), 7.21 (1H, s).

Ethyl 3-(5-{[(2-methoxy-2-0xoethyl)amino]methyl}furan-2-yl)benzoate (19)
MeO The reaction was carried out according to the procedure for 11a with

o . . . . .
glycine methyl ester hydrochloride instead of 10a to give the title

NH
EtO,C | 0\ compound 19 (172 mg, 0.542 mmol, 44% yield) as a brown oil. "H NMR
(CDClIs) &: 1.42 (3H, t, J= 7.3 Hz), 3.50 (2H, s), 3.72 (3H, s), 3.89 (2H,
s), 4.41 2H, q,J=17.3 Hz), 6.31 (1H, d, J=3.0 Hz), 6.67 (1H, d, J=3.0

Hz), 7.44 (1H, t,J=79 Hz), 7.83 (1H, d, J=7.9 Hz), 7.92 (1H, d, J= 7.9 Hz), 8.30 (1H, s).

Ethyl 3-(5-{[3-(3,4-dimethylphenyl)-2,4-dioxoimidazolidin-1-yljmethyl}furan-2-yl)benzoate (20)

A To a solution of 18 (168 mg, 0.566 mmol) and 19 (172 mg, 0.542

EtO,C Lo WP . . .
g;ﬁ mmol) in toluene (5.0 mL), N,N-diisopropylethylamine (0.120 mL,
o \©i 0.706 mmol) was added. The mixture was heated to reflux for 4 h.

The temperature was lowered to rt, DMSO (2.0 mL) was added
and stirred at 120 °C for 8.5 h. The temperature was lowered to rt, 18 (160 mg, 0.539 mmol) and N,N-
diisopropylethylamine (0.0920 mL, 0.541 mmol) were further added and stirred at 120 °C for 2 h. The
reaction solution was diluted with ethyl acetate, sequentially washed with water and saturated brine,
and dried over anhydrous sodium sulfate. The residue obtained by concentration was purified by silica
gel column chromatography (hexane/ethyl acetate) to obtain the title compound 20 (173 mg, 0.400
mmol, 74% yield) as a brown oil. '"H NMR (CDCls) é: 1.42 (3H, t,J=7.1 Hz), 2.27 (3H, s), 2.28 (3H,
s), 4.10 (2H, s), 4.42 (2H, q, J=7.1 Hz), 4.72 (2H, s), 6.46 (1H, d, J=3.6 Hz), 6.72 (1H, d, /= 3.6
Hz), 7.11 (1H, dd, J = 7.9, 2.1 Hz), 7.15 (1H, brs), 7.22 (1H, d, J=7.9 Hz), 7.48 (1H, t, J = 7.9 Hz),
7.84 (1H, d, J=17.3 Hz), 7.96 (1H, d, J=7.9 Hz), 8.30 (1H, s). MS (ESI/APCI) m/z: 433 (M + H)".

3-(5-{[3-(3,4-Dimethylphenyl)-2,4-dioxoimidazolidin-1-ylmethyl} furan-2-yl)benzoic acid (2d)
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N The reaction was carried out according to the procedure for 2a with
HOZC\QIOXﬁN%o S7 instead of S1 to give the title compound 2d (61.8 mg, 0.153
ng\@i mmol, 38% yield) as a white solid. "H NMR (DMSO-de) 5: 2.24

(3H, s), 2.25 (3H, s), 4.16 (2H, s), 4.66 (2H, 5), 6.62 (1H, d, J=3.6
Hz), 7.07-7.12 (3H, m), 7.23 (1H, d, J=7.9 Hz), 7.56 (1H, dd, /= 7.9, 7.9 Hz), 7.86 (1H, d, J=7.9
Hz), 7.96 (1H, d, J="7.9 Hz), 8.22 (1H, ), 13.18 (1H, brs). MS (ES/APCI) m/z: 405 (M + H)*. HRMS
(ESI) m/z: caled for C23H21N2Os (M + H)" 405.1445. Found: 405.1416.

Ethyl 3-{5-[({2-[(tert-butoxycarbonyl)amino]ethyl}amino)methyl]furan-2-yl}benzoate (22)
B The reaction was carried out according to the procedure for 11a with
Etozc\Q/EO\ﬁN"h tert-butyl (2-aminoethyl)carbamate (21) instead of 10a to give the
Boc  title compound 22 (1.05 g, 2.53 mmol, 62% yield) as a brown oil.
"H NMR (CDCls) &: 1.39-1.47 (12H, m), 2.79 (2H, t, J = 6.0 Hz), 3.22-3.28 (2H, m), 3.85 (2H, s),
441 (2H, q, J=7.3 Hz), 4.96 (1H, brs), 6.28 (1H, d, J= 3.6 Hz), 6.67 (1H, d, /= 3.0 Hz), 7.44 (1H,

dd, J=17.9, 7.9 Hz), 7.81-7.84 (1H, m), 7.90-7.93 (1H, m), 8.28-8.30 (1H, m). MS (ESI/APCI) m/z:
389 (M + H)".

Ethyl 3-(5-{[(2-aminoethyl)amino]methyl}furan-2-yl)benzoate-hydrogen chloride (1/2) (23)
Hydrogen chloride (4 mol/L, 1,4-dioxane solution, 8 mL) was added to
22 (1.05 g, 2.53 mmol) in 1,4-dioxane (40 mL) at 0 °C, and the mixture

| N

(o] NH
ot SONH; :
HCI was stirred at rt for 0.5 h, and then concentrated under reduced pressure.

Et0,C

Then, the resultant sample was slurried with diethyl ether, and then
filtered to obtain the title compound 23 (829 mg, 2.29 mmol, 91% yield) as a white solid. The present
compound was used for the next reaction without further purification. MS (ESI/APCI) m/z: 289 (M +
H)".

Ethyl 3-{5-[(2-oxoimidazolidin-1-yl)methyl]furan-2-yl}benzoate (24)

A To a suspension of 23 (829 mg, 2.29 mmol) in THF (40 mL) were added
Etozc\©)l\/°\ﬁ{“:(o 1,1°-carbonyldiimidazole (409 mg, 2.52 mmol) and triethylamine
NH (0.795 mL, 5.74 mmol), and stirred at 70 °C for 1 h. Then, the mixture
was concentrated under reduced pressure, and the obtained residue was purified by silica gel column
chromatography (ethyl acetate/methanol) to obtain compound 24 (649 mg, 2.06 mmol, 90% yield) as
a pale-yellow solid. 'H NMR (CDCl;) 8: 1.42 (3H, t, J= 7.0 Hz), 3.40-3.53 (4H, m), 4.38-4.50 (SH,
m), 6.36 (1H, d, J=3.0 Hz), 6.68 (1H, d, J= 3.6 Hz), 7.45 (1H, dd, /= 7.9, 7.9 Hz), 7.81-7.85 (1H,

m), 7.90-7.94 (1H, m), 8.27-8.30 (1H, m). MS (ESI/APCI) m/z: 315 (M + H)".

Ethyl 3-(5-{[3-(naphthalen-2-yl)-2-oxoimidazolidin-1-ylJmethyl}furan-2-yl)benzoate (S9)

75



To a solution of 24 (100 mg, 0.318 mmol) in 1,4-dioxane (3.0

Etozc@)l\/}ﬁ N\(o mL) were added 2-bromonaphthalene (72.4 mg, 0.350 mmol),

Q’N copper (I) iodide (60.5 mg, 0.318 mmol), potassium carbonate

(87.9 mg, 0.636 mmol), trans-1,2-cyclohexanediamine (0.115

mL, 0.957 mmol), and stirred at 110 °C for 4.5 h. Then, the reaction solution was filtered through

celite using ethyl acetate, and the filtrate was concentrated in vacuo. The residue was purified by silica

gel column chromatography (hexane/ethyl acetate) to obtain compound S9 (98.9 mg, 0.225 mmol,

71% yield) as a white solid. "H NMR (CDCls) &: 1.41 (3H, t, J = 7.3 Hz), 3.58-3.64 (2H, m), 3.93—

3.99 (2H, m), 4.41 (2H, q, /= 7.3 Hz), 4.59 (2H, s), 6.44 (1H, d, J=3.0 Hz), 6.71 (1H, d, /= 3.6 Hz),

7.34-7.48 (3H, m), 7.65 (1H, d, J= 2.4 Hz), 7.74-7.87 (4H, m), 7.91-7.95 (1H, m), 8.14 (1H, dd, J =
8.8, 2.1 Hz), 8.29-8.32 (1H, m).

3-(5-{|3-(Naphthalen-2-yl)-2-oxoimidazolidin-1-ylmethyl}furan-2-yl)benzoic acid (2g)

N The reaction was carried out according to the procedure for 2a
HO,C | o
2 0 {‘:( with S9 instead of S1 to give the title compound 2g (72.6 mg,
N

0.176 mmol, 78% yield) as a white solid. 'H NMR (DMSO-ds)
8:3.55(2H,t,J="7.9 Hz), 3.96 2H, t,J= 7.9 Hz), 4.53 (2H, s),
6.57 (1H, d, J=3.0 Hz), 7.06 (1H, d, J= 3.0 Hz), 7.38 (1H, t, /= 7.9 Hz), 7.46 (1H, t, /= 7.9 Hz),
7.55 (1H, t,J=7.9 Hz), 7.73 (1H, d, J = 2.1 Hz), 7.82-7.89 (4H, m), 7.94 (1H, d, /= 7.9 Hz), 8.18

(1H, dd,J=9.1,2.1 Hz), 8.22 (1H, s), 13.16 (1H, s). MS (ESI/APCI) m/z: 413 (M + H)*. HRMS (ESI)
m/z: caled for C2sH21N204 (M + H)* 413.1496. Found: 413.1494.

4-Methoxy-1-(naphthalen-2-yl)-1,5-dihydro-2 H-pyrrol-2-one (26)
fo) To a suspension of 4-methoxy-3-pyrroline-2-one (25, 2.53 g, 22.1 mmol), 2-
Meo*Cﬁ bromonaphthalene (5.20 g, 24.4 mmol), copper (I) iodide (426 mg, 2.21
mmol) and potassium carbonate (4.92 g, 35.4 mmol) in toluene (50 mL), N,N-
dimethylethylenediamine (0.491 mL, 4.43 mmol) was added. The mixture was stirred at 100 °C for 8
h. The reaction solution was filtered through celite using DCM, and the filtrate was concentrated in
vacuo. The residue was purified by silica gel column chromatography (chloroform/ethyl acetate) to
obtain compound 26 (3.51 g, 14.7 mmol, 66% yield) as a pale-yellow solid: 'H NMR (CDCI3) &: 3.89
(3H, s), 4.42 (2H, s), 5.24 (1H, s), 7.38-7.45 (2H, m), 7.79-7.83 (3H, m), 7.89 (1H, s), 8.02 (1H, dd,
J=18.8,2.1 Hz). MS (ESI/APCI) m/z: 240 (M + H)".

1-(Naphthalen-2-yl)pyrrolidine-2,4-dione (27)
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o) To a solution of 26 (3.51 g, 14.7 mmol) in 1,4-dioxane (10 mL), concentrated
O’Cﬁ hydrochloric acid (10 mL) was added. The mixture was stirred at rt overnight.
The reaction mixture was diluted with water, and the precipitated solid was
collected by filtration and dried to obtain the title compound 27 (3.17 g, 14.1 mmol, 96% yield) as a
pale-orange solid. "H NMR (CDCl3) 6: 3.38 (2H, s), 4.46 (2H, s), 7.41-7.54 (2H, m), 7.76-8.00 (5H,
m). MS (ESIVAPCI) m/z: 226 (M + H)".

1-(Naphthalen-2-yl)-3-{[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-
yllmethylidene}pyrrolidine-2,4-dione (S10)

B The reaction was carried out according to the procedure for 16 with 27
O
Pin B% and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophene-2-
N
carboxaldehyde instead of 5b and 15 to give the title compound S10 as

an orange solid. The present compound was used for the next reaction

without further purification.

4-Hydroxy-1-(naphthalen-2-yl)-3-{[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-
yllmethyl}-1,5-dihydro-2H-pyrrol-2-one (S11)
B The reaction was carried out according to the procedure for S5 with S10

0
PinB” S

Vi instead of 16 to give the title compound S11 (600 mg, 1.34 mmol, 64%
N
yield for 2 steps) as a white solid. MS (ES/APCI) m/z: 448 (M + H)".

4-Methoxy-1-(naphthalen-2-yl)-3-{[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-
yl]methyl}-1,5-dihydro-2H-pyrrol-2-one (28)
B The reaction was carried out according to the procedure for S7 with S11
PinB M§ ol { instead of S6 to give the title compound 28 (346 mg, 0.750 mmol, 59%
yield) as a white solid. "H NMR (CDCl3) &: 1.31 (12H, s), 3.94 (2H, s),
4.02 (3H, s), 4.42 (2H, s), 7.04 (1H, d, J = 3.6 Hz), 7.35-7.49 (3H, m),
7.77 (2H, d, J=8.5 Hz), 7.81 (1H, d, J=9.1 Hz), 7.95 (1H, d, /= 2.4 Hz), 8.04 (1H, dd, /=9.1, 2.4

Hz). MS (ESI/APCI) m/z: 448 (M + H)".

Ethyl 3-(5-{[4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-
yllmethyl}thiophen-2-yl)benzoate (S12)

B To a solution of 28 (100 mg, 0.217 mmol) and ethyl 3-
O
EtOzC@)ggo% bromobenzoate (52.8 mg, 0.219 mmol) in 1,4-dioxane (2.55
N
mL) and water (0.5 mL) were added palladium acetate (5.0 mg,

0.022 mmol), SPhos (18.3 mg, 0.0432 mmol), and potassium
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phosphate (318 mg, 1.50 mmol). After a N, purge, the mixture was stirred at 60 °C for 1 h. The solvent
was removed by concentration under reduced pressure, and the residue was diluted with water. The
precipitate solid was collected by filtration and formed into a slurry with diethyl ether/ethyl acetate,
and filtered off to obtain the title compound S12 as a white solid. The present compound was used for

the next reaction without further purification. MS (ESI/APCI) m/z: 484 (M + H)".

3-(5-{[4-Methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-yljmethyl} thiophen-2-

yDbenzoic acid (3a)
B To a solution of crude compound S12 in THF (2.0 mL) and
o]
Hozcm MeOH (2.0 mL) was added 1 mol/L aqueous NaOH solution (1.0
N

mL). The mixture was stirred at rt for 18 h. The reaction mixture

was concentrated in vacuo, and the residue was diluted with
water. 1 mol/L aqueous HCIl solution (1.0 mL) was added to the above solution, and the precipitated
solid was collected by filtration and dried to obtain the title compound 3a (28.3 mg, 0.0621 mmol,
29% yield for 2 steps) as a white solid. 'H NMR (DMSO-de) 8: 3.71 (2H, s), 4.03 (3H, s), 4.85 (2H,
s), 6.92 (1H, d, J=3.6 Hz), 7.39-7.40 (2H, m), 7.46-7.52 (2H, m), 7.80-7.85 (4H, m), 7.91 (1H, d, J
= 8.5 Hz), 8.05 (1H, s), 8.10 (1H, s), 8.15 (1H, dd, J=9.1, 1.8 Hz), 13.11 (1H, brs). MS (ESI/APCI)
m/z: 456 (M + H)". HRMS (ESI) m/z: caled for C27H22NO4S (M + H)* 456.1264. Found: 456.1276.

5-(5-{[4-Methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-yljmethyl}thiophen-2-
ylpyridine-3-carboxylic acid (3b)

B The reaction was carried out according to the procedure for S12
o]

HOC \/ | Mi od { with 5-bromopyridine-3-carboxylic acid instead of ethyl 3-
N bromobenzoate to give the title compound 3b (109 mg, 0.239

mmol, 92% yield) as a brown solid. "H NMR (DMSO-d) &: 3.73
(2H, s), 4.03 (3H, s), 4.86 (2H, s), 6.98 (1H, d, J = 3.6 Hz), 7.39-7.47 (2H, m), 7.56 (1H, d, J=3.6
Hz), 7.81-7.92 (3H, m), 8.14-8.24 (3H, m), 8.91 (1H, d, /= 1.8 Hz), 9.04 (1H, d, J = 2.4 Hz). MS
(ESVVAPCI) m/z: 457 (M + H)*. HRMS (ESI) m/z: caled for C27H21N204S (M + H)* 457.1217. Found:
457.1212.

Ethyl 5-iodo-1-methyl-4-0x0-1,4-dihydropyridine-3-carboxylate (30c)
o) To a solution of ethyl 4-hydroxy-5-iodopyridine-3-carboxylate (29, 1.30 g, 4.44

E . i
tozc\h/l mmol) and cesium carbonate (2.89 g, 8.87 mmol) in DMF (15 mL) was added

I\hfle iodomethane (0.552 mL, 8.87 mmol). The mixture was stirred at rt for 2 h. The
solvent was removed by concentration under reduced pressure, and the residue was

purified by silica gel column chromatography (chloroform/methanol) to obtain a slurry with a diethyl
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ether. The slurry was then filtered to obtain the title compound 30¢ (1.35 g, 4.40 mmol, 90% yield) as
a white solid. '"H NMR (DMSO-de) 8: 1.24 (3H, t, J= 7.0 Hz), 3.69 (3H, s), 4.18 (2H, q, /= 7.0 Hz),
8.29 (1H, d, J=2.4 Hz), 8.34 (1H, d, J= 2.4 Hz). MS (ESI/APCI) m/z: 308 (M + H)".

Ethyl 1-ethyl-5-iodo-4-0x0-1,4-dihydropyridine-3-carboxylate (30d)
o The reaction was carried out according to the procedure for 30¢ with iodoethane
Eto,C I I instead of iodomethane to give the title compound 30d (978 mg, 3.05 mmol, 89%
gt yield) as a white solid. "H NMR (DMSO-de) 6: 1.24 (3H, t,J=7.1 Hz), 1.30 (3H, t,
J=17.1Hz),398 (2H, q,J=7.1 Hz), 4.18 2H, q, J= 7.1 Hz), 8.35 (1H, d, J=24

Hz), 8.43 (1H, d, J = 2.4 Hz). MS (ESUAPCI) m/z: 322 (M + H)".

Ethyl 5-iodo-4-ox0-1-(propan-2-yl)-1,4-dihydropyridine-3-carboxylate (30e)
o The reaction was carried out according to the procedure for 30¢ with 2-iodopropane
Etochﬁ/l instead of iodomethane to give the title compound (572 mg, 1.71 mmol, 50% yield)
)N\ as a white solid. '"H NMR (DMSO-ds) &: 1.24 3H, t, J= 7.1 Hz), 1.38 (6H, d, J =
6.7 Hz), 4.19 (2H, q, J= 7.1 Hz), 4.36-4.43 (1H, m), 8.34 (1H, d, J = 2.4 Hz), 8.47
(1H, d, J= 2.4 Hz). MS (ESI/APCI) m/z: 336 (M + H)*.

Ethyl 1-benzyl-5-iodo-4-0x0-1,4-dihydropyridine-3-carboxylate (30f)

o The reaction was carried out according to the procedure for 30c with benzyl bromide
Etozc\h/l instead of iodomethane to give the title compound (1.06 g, 2.77 mmol, 81% yield)
gn as a white solid. "H NMR (DMSO-d) é: 1.22 3H, t,J= 7.1 Hz), 4.18 2H, q, J =

7.1 Hz), 5.19 (2H, s), 7.34-7.43 (5H, m), 8.46-8.49 (2H, m). MS (ESI/APCI) m/z:
384 (M + H)".

Ethyl 5-(5-formylthiophen-2-yl)-1-methyl-4-0x0-1,4-dihydropyridine-3-carboxylate (31c)

o ™\ _cHo The reaction was carried out according to the procedure for S12 with 30¢
H
Etozcw and 5-(6-methyl-4,8-dioxo-1,3,6,2-dioxazaborocan-2-yl)thiophene-2-

I\’::Ie carbaldehyde instead of ethyl 3-bromobenzoate and 28 to give the title

compound 31¢ (85.4 mg, 0.293 mmol, 60% yield) as a brown solid. 'H
NMR (CDCl3) 8: 1.41 (3H, t,J=17.1 Hz), 3.86 (3H, s), 441 (2H, q, J= 7.1 Hz), 7.64 (1H, d, J=3.6
Hz), 7.73 (1H, d, J = 3.6 Hz), 7.87 (1H, d, J = 1.8 Hz), 8.15 (1H, d, J = 1.8 Hz), 9.92 (1H, s). MS

(ESVAPCI) m/z: 292 (M + H)".

Ethyl 1-ethyl-5-(5-formylthiophen-2-yl)-4-0x0-1,4-dihydropyridine-3-carboxylate (31d)
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o ™\_cHo The reaction was carried out according to the procedure for 31¢ with 30d
H
Etozc\h/(?‘ instead of 30c to give the title compound 31d (133 mg, 0.436 mmol, 28%

N yield) as a yellow solid. 'H NMR (CDCls) é: 1.41 (3H, t,J=7.1 Hz), 1.58

(6H,t,J=17.1Hz),4.05 (2H, q,J="7.1 Hz), 4.41 (2H, q, J= 7.1 Hz), 7.62
(1H,d,J=4.2Hz),7.71 (1H, d, J=4.2 Hz), 7.91 (1H, d, J= 2.4 Hz), 8.17 (1H, d, /= 2.4 Hz), 9.91
(1H, s). MS (ESI/APCI) m/z: 306 (M + H)".

Ethyl 5-(5-formylthiophen-2-yl)-4-0x0-1-(propan-2-yl)-1,4-dihydropyridine-3-carboxylate (31e)

o ™\_cHo The reaction was carried out according to the procedure for 31¢ with 30e

Etozcw instead of 30c to give the title compound 31e (239 mg, 0.748 mmol, 46%

)N\ yield) as a yellow solid. "H NMR (CDCls) é: 1.41 (3H, t,J=7.0 Hz), 1.60

(6H, d, J=17.3 Hz), 4.26-4.33 (1H, m), 4.42 (2H, q,J= 7.0 Hz), 7.65 (1H,

d,J=4.2Hz),7.72 (1H, d, J=4.2 Hz), 7.97 (1H, d, J= 2.4 Hz), 8.24 (1H, d, /= 2.4 Hz), 9.91 (1H,
s). MS (ESI/APCI) m/z: 320 (M + H)".

Ethyl 1-benzyl-5-(5-formylthiophen-2-yl)-4-0x0-1,4-dihydropyridine-3-carboxylate (31f)
o) ™\_cHo The reaction was carried out according to the procedure for 31¢ with 30f
Etozcﬁ/(?‘ instead of 30c¢ to give the title compound 31f (814 mg, 2.22 mmol, 85%
gn yield) as a yellow solid. "H NMR (CDCls) &: 1.39 (3H, t, J= 7.2 Hz), 4.39
(2H, q,J=17.2 Hz), 5.14 (2H, s), 7.28 (1H, d, /= 2.4 Hz), 7.38-7.43 (4H,
m), 7.53 (1H, d, J=4.2 Hz), 7.67 (1H, d, J=4.2 Hz), 7.90 (1H, d, /= 2.4 Hz), 8.22 (1H,d, /=24
Hz), 9.90 (1H, s). MS (ESI/APCI) m/z: 368 (M + H)*.

Ethyl  1-methyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-ylidene]methyl}thiophen-2-
yl)-4-0x0-1,4-dihydropyridine-3-carboxylate (32c¢)

o N The reaction was carried out according to the procedure for S10
Et0,C L™\ _ 0
2 S

| with 31¢ instead of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

| o N
I'\::I 2-yl)thiophene-2-carboxaldehyde to give the title compound
e

32¢ (177 mg, 0.355 mmol, 61% yield) as an orange solid. The

present compound was used for the next reaction without further purification.

Ethyl 1-ethyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-ylidene]methyl}thiophen-2-yl)-
4-0x0-1,4-dihydropyridine-3-carboxylate (32d)
0 M The reaction was carried out according to the procedure for 32¢

o]
EtO,C s ) with 31d instead of 31¢ to give the title compound 32d as a red

(o} N
Et solid. The present compound was used for the next reaction
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without further purification. MS (ESI/APCI) m/z: 513 (M + H)".

Ethyl 5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-ylidene]methyl}thiophen-2-yl)-4-oxo-1-
(propan-2-yl)-1,4-dihydropyridine-3-carboxylate (32¢)
o M The reaction was carried out according to the procedure for 32¢

(o]
EtO,C s ) with 31e instead of 31¢ to give the title compound 32e as a red

(o] N
)N\ solid. The present compound was used for the next reaction

without further purification.

Ethyl 1-benzyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-ylidene|methyl} thiophen-2-yl)-
4-0x0-1,4-dihydropyridine-3-carboxylate (32f)
0 M The reaction was carried out according to the procedure for 32¢

o]
EtO,C s ) with 31f instead of 31c¢ to give the title compound 32f as a red

(o} N
g solid. The present compound was used for the next reaction
n

without further purification. MS (ESI/APCI) m/z: 575 (M + H)*.

Ethyl  1-methyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-yljmethyl} thiophen-2-yl)-4-

0xo0-1,4-dihydropyridine-3-carboxylate (S13)

0 M The reaction was carried out according to the procedure for S5
S

EtO,C with 32c¢ instead of 16 to give the title compound S13 as a

| o N
“’7;' brown solid. The present compound was used for the next
e

reaction without further purification.

Ethyl 1-ethyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-yljmethyl}thiophen-2-yl)-4-oxo-
1,4-dihydropyridine-3-carboxylate (S14)

0 M o The reaction was carried out according to the procedure for S5
EtO,C (3 SO { with 32d instead of 16 to give the title compound S14 as a
Et brown solid. The present compound was used for the next
reaction without further purification.
Ethyl 5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-ylJmethyl} thiophen-2-yl)-4-0xo0-1-
(propan-2-yl)-1,4-dihydropyridine-3-carboxylate (S15)
0 M The reaction was carried out according to the procedure for S5
EtO,C s 0

with 32e instead of 16 to give the title compound S15 as an

(o] N
)N\ orange solid. The present compound was used for the next

reaction without further purification.
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Ethyl  1-benzyl-5-(5-{[1-(naphthalen-2-yl)-2,4-dioxopyrrolidin-3-yljmethyl}thiophen-2-yl)-4-
oxo-1,4-dihydropyridine-3-carboxylate (S16)
The reaction was carried out according to the procedure for S5

EtO,C S with 32f instead of 16 to give the title compound S16 as a brown

o N
g solid. The present compound was used for the next reaction
n

without further purification.

Methyl 5-(5-{|4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-
yljmethyl}thiophen-2-yl)-1-methyl-4-0x0-1,4-dihydropyridine-3-carboxylate (S17)

0 M o The reaction was carried out according to the procedure for S7

Me0,C S J with S13 instead of S6 to give the title compound S17 (71.0

L I meo N
N 0 ; qd 1
N mg, 0.142 mmol, 83% yield from 32¢) as a yellow solid. 'H

NMR (CDCls) &: 3.76 (3H, s), 3.91-3.92 (SH, m), 4.05 (3H, s),
4.43 (2H, s), 6.93 (1H, d, ] = 3.6 Hz), 7.36-7.39 (2H, m), 7.42-7.47 (1H, m), 7.68 (1H, d, J = 2.4 Hz),
7.77-7.81 (3H, m), 7.95 (1H, d, J = 2.4 Hz), 8.03 (1H, dd, J = 9.1, 2.4 Hz), 8.08 (1H, d, J = 2.4 Hz).
MS (ESVAPCI) m/z: 501 (M + H)".

Ethyl 1-ethyl-5-(5-{[4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-
ylmethyl}thiophen-2-yl)-4-0xo0-1,4-dihydropyridine-3-carboxylate (S18)

o M o The reaction was carried out according to the procedure for S7

Et0,C S J with S14 instead of S6 to give the title compound S18 (120 mg,

L I meo N
N 0/ i q 1
Ee 0.227 mmol, 53% yield from 31d) as a yellow solid. '"H NMR

(CDCls) &: 1.38 (3H, t, J = 7.0 Hz), 1.50 3H, t, J = 7.3 Hz),
3.92-3.94 (4H, m), 4.04 3H, 5), 4.37-4.41 (4H, m), 6.92-6.93 (1H, m), 7.38-7.43 (3H, m), 7.69-7.82
(4H, m), 7.95-8.12 (3H, m). MS (ESI/APCI) m/z: 529 (M + H)".

Ethyl 5-(5-{|4-methoxy-1-(naphthalen-2-yl)-2-0xo0-2,5-dihydro-1H-pyrrol-3-
yl]methyl}thiophen-2-yl)-4-0x0-1-(propan-2-yl)-1,4-dihydropyridine-3-carboxylate (S19)

The reaction was carried out according to the procedure for S7

(0] AN
I
s (o]

(T oo ¥ with S15 instead of S6 to give the title compound S19 (239 mg,

N 0.440 mmol, 60% vield from 31e) as a yellow solid. 'H NMR

A (CDCl3) 6: 1.39 (3H, t, J = 7.3 Hz), 1.52 (6H, d, J = 6.7 Hz),

3.90 (2H, s), 4.04 (3H, s), 4.15-4.22 (1H, m), 4.36-4.41 (4H, m), 6.94 (1H, d, J= 2.4 Hz), 7.35-7.46
(3H, m), 7.75-7.82 (4H, m), 7.95 (1H, s), 8.03 (1H, dd, /= 8.8, 2.4 Hz), 8.16 (1H, d, /= 2.4 Hz).

EtO,C
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Ethyl 1-benzyl-5-(5-{[4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-
yl]methyl}thiophen-2-yl)-4-0x0-1,4-dihydropyridine-3-carboxylate (S20)
o B The reaction was carried out according to the procedure for S7
o
EtO,C S with S16 instead of S6 to give the title compound S20 (76.0 mg,
I meo N . .
N 0.129 mmol, 18% yield from 31f) as a yellow solid: 'H NMR
Bn
(CDCls) &: 1.37 (3H, t, J= 7.3 Hz), 3.89 (2H, s), 4.03 (3H, s),
4.34-4.41 (4H, m), 5.03 (2H, s), 6.90 (1H, d, /= 3.6 Hz), 7.19-7.21 (2H, m), 7.29-7.45 (6H, m), 7.69
(1H, d, J= 1.8 Hz), 7.75-7.81 (3H, m), 7.94-8.03 (2H, m), 8.14 (1H, d, J = 1.8 Hz). MS (ESI/APCI)
m/z: 591 (M + H)*.

5-(5-{[4-Methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-yljmethyl} thiophen-2-
yl)-1-methyl-4-oxo-1,4-dihydropyridine-3-carboxylic acid (3c)
0 M The reaction was carried out according to the procedure for 3a

HO,C S J with S17 instead of S12 to give the title compound 3¢ (53.0 mg,

| I\";kl Weo N 0.109 mmol, 77% vyield) as a pale-yellow solid: 'H NMR

(DMSO-dy) 8: 3.71 (2H, s), 3.95 (3H, s), 4.02 (3H, s), 4.84 (2H,

s), 6.93 (1H, d, /=39 Hz), 7.39 (1H, t,J="7.0 Hz), 7.47 (1H, t, J= 7.0 Hz), 7.58 (1H, d, /= 3.9 Hz),

7.81 (1H, d, J= 8.5 Hz), 7.84 (1H, d, J= 8.5 Hz), 7.90 (1H, d, /= 9.1 Hz), 8.09 (1H, d, J = 2.4 Hz),

8.14 (1H, dd, /=9.1, 2.4 Hz), 8.64 (1H, d, /= 1.8 Hz), 8.69 (1H, d, J= 1.8 Hz). MS (ESI/APCI) m/z:
487 (M + H)". HRMS (ESI) m/z: calcd for C27H21N2OsS (M - H)485.1177. Found: 485.1171.

1-Ethyl-5-(5-{[4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-
yljmethyl}thiophen-2-yl)-4-0xo-1,4-dihydropyridine-3-carboxylic acid (3d)
0 M The reaction was carried out according to the procedure for 3a

HO,C S J with S18 instead of S12 to give the title compound 3d (82.0 mg,

| gtl Weo N 0.164 mmol, 75% vyicld) as a pale-yellow solid: 'H NMR

(DMSO-dg) 3: 1.41 (3H, t, J = 7.3 Hz), 3.72 (2H, 5), 4.02 (3H,

5), 425 (2H, q, J = 7.3 Hz), 4.84 (2H, s), 6.94 (1H, d, . = 3.6 Hz), 7.37-7.49 (2H, m), 7.61 (1H, d, J

— 3.6 Hz), 7.81-7.92 (3H, m), 8.10-8.16 (2H, m), 8.72-8.76 (2H, m). MS (ESVAPCI) m/z: 501 (M +
H)*. HRMS (ESI) m/z: calcd for C23H2sN>OsS (M + H)* 501.1479. Found: 501.1489.

5-(5-{[4-Methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1H-pyrrol-3-yljmethyl} thiophen-2-

yl)-4-ox0-1-(propan-2-yl)-1,4-dihydropyridine-3-carboxylic acid (3e)

o M The reaction was carried out according to the procedure for 3a
S

| I meo N

)N\ 0.305 mmol, 72% yield) as a pale-yellow solid: '"H NMR

(o]
HO,C with S19 instead of S12 to give the title compound 3e (157 mg,
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(DMSO-dg) 8: 1.52 (6H, d, J = 6.7 Hz), 3.73 (2H, s), 4.03 (3H, s), 4.66-4.73 (1H, m), 4.86 (2H, s),
6.96 (1H, d, J= 4.3 Hz), 7.38-7.51 (2H, m), 7.70 (1H, d, J= 4.3 Hz), 7.82-7.93 (3H, m), 8.10-8.17
(2H, m), 8.71 (1H, d, J=2.4 Hz), 8.75 (1H, d, J= 2.4 Hz). MS (ESVAPCI) m/z: 515 (M + H)". HRMS
(ESI) m/z: calcd for C2oH27N205S (M + H)* 515.1635. Found: 515.1668.

1-Benzyl-5-(5-{|4-methoxy-1-(naphthalen-2-yl)-2-0x0-2,5-dihydro-1 H-pyrrol-3-

yllmethyl}thiophen-2-yl)-4-0x0-1,4-dihydropyridine-3-carboxylic acid (3f)

0 M The reaction was carried out according to the procedure for 3a
S

HO,C | y with S20 instead of S12 to give the title compound 3f (37.0 mg,

gri Meo N 0.0658 mmol, 55% yield) as a pale-yellow solid: '"H NMR

(DMSO0-de) 6: 3.71 (2H, s), 4.01 (3H, s), 4.83 (2H, s), 5.46 (2H,

s), 6.94 (1H, d, J= 3.6 Hz), 7.34-7.49 (7H, m), 7.60 (1H, d, J = 3.6 Hz), 7.80-7.91 (3H, m), 8.09—

8.15 (2H, m), 8.80 (1H, s), 8.87 (1H, s). MS (ESI/APCI) m/z: 563 (M + H)*. HRMS (ESI) m/z: calcd
for C33H27N>05S (M + H)* 563.1635. Found: 563.1648.

4-(4-Methoxyphenyl)tetrahydro-2H-pyran-4-carboxylic acid (45)
o Under a N> atmosphere, a suspension of sodium hydride (purity >55%, 7.51 g,
OH 172 mmol) in DMF (150 mL) was ice-cooled, a solution of 4-
o} methoxyphenylacetonitrile (44, 10.5 mL, 78.1 mmol) and bis(2-

~o
bromoethyl)ether (20.2 g, 86.0 mmol) in DMF (50 mL) was added dropwise over

a period of 30 min, stirred under ice-cooling for 1 h and at rt for 4 h. After ice-cooling again, water
was added to the reaction solution, and the mixture was extracted with Et,O three times, and the
organic layer was washed with saturated brine and dried over anhydrous sodium sulfate. The organic
layer was filtered and concentrated under reduced pressure to obtain crude 4-(4-
methoxyphenyl)tetrahydro-2H-pyran-4-carbonitrile (22.4 g) as an oil. To this crude product (22.4 g),
ethylene glycol (100 mL) and potassium hydroxide (13.01 g, 234 mmol) were added and stirred for 8
h under heated reflux. After allowing to cool to rt, water was added to the reaction solution, and the
mixture was washed with Et:O twice. The aqueous layer was acidified by adding 1 mol/L hydrochloric
acid and stirred at rt overnight. The precipitated solid was collected by filtration and purified by silica
gel column chromatography (chloroform/methanol) to obtain 45 (13.6 g, 57.6 mmol, 74% yield) as a
white solid. '"H NMR (400 MHz, CDCls) 8: 1.93-2.00 (2H, m), 2.47-2.53 (2H, m), 3.58-3.64 (2H, m),
3.80 (3H, s), 3.89-3.94 (2H, m), 6.89 (2H, d, /= 8.5 Hz), 7.33 (2H, d, /= 8.5 Hz).

tert-Butyl 6-methylidene-1,4-oxazepane-4-carboxylate (48)
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(—0 To a suspension of sodium hydride (purity >55%, 11.4 g, 261 mmol) in DMF (150
Boc-N\/L mL) was added 3-chloro-2-(chloromethyl)prop-1-ene (47, 12.7 mL, 120 mmol) at 0 °C.
After the mixture was stirred for 10 min, 2-(tert-butoxycarbonylamino)ethan-1-ol (46,
19.3 g, 120 mmol) in THF (150 mL) was added dropwise over 1.5 h to the reaction mixture. The
mixture was stirred at rt for 2.5 h. The reaction mixture was diluted with water and then extracted with
Et;O three times. The organic layer was washed with saturated brine and dried over anhydrous sodium
sulfate. The organic layer was filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate) to obtain 48 (16.0 g, 75.0 mmol,
63% yield) as a colorless oil. 'H NMR (400 MHz, CDCI3) &: 1.46 (9H, s), 3.48-3.54 (2H, m), 3.69—
3.76 (2H, m), 4.06-4.19 (4H, m), 4.95-5.06 (2H, m).

Benzyl 6-methylidene-1,4-o0xazepane-4-carboxylate (49)
o To 45 (5.00 g, 23.4 mmol) was added HCI (2 mol/L, MeOH solution, 100 mL) at rt.
Cbz'N(_ After stirring at the same temperature overnight, HCI (2 mol/L, 1,4-dioxane solution,
20 mL) was added and stirred at rt for 3 h. The reaction solution was concentrated and
DIPEA (10.2 mL, 58.6 mmol) and benzyl chloroformate (3.67 mL, 25.8 mmol) were added to the
suspension of the residue in DCM (80 mL) under ice-cooling and stirred at the same temperature for
30 min. To the reaction solution, 1 mol/L hydrochloric acid was added, and the mixture was extracted
with DCM three times. The organic layer was dried over anhydrous sodium sulfate. After filtration
and concentration under reduced pressure, the residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain 49 (5.70 g, 23.0 mmol, 98% yield) as a colorless oil.
"H NMR (400 MHz, CDCls) 8: 3.56-3.62 (2H, m), 3.69-3.77 (2H, m), 4.16-4.21 (4H, m), 4.99-5.10

(2H, m), 5.15 (2H, s), 7.29-7.38 (5H, m).

tert-Butyl  4-({4-[(benzyloxy)carbonyl]-1,4-0xazepan-6-yl} methyl)-1H-indazole-1-carboxylate
(32)
Boc Under a N, atmosphere, 9-BBN (0.50 mol/L, THF solution, 46 mL) was

N-N
(\—ib added to 49 (5.63 g, 22.8 mmol) and stirred under reflux for 3 h. The reaction
cbzN solution was allowed to cool to rt and DMF (92 mL), water (9.2 mL),

potassium carbonate (3.93 g, 28.5 mmol), tert-butyl 4-bromo-1H-indazole-1-
carboxylate (50, 5.64 g, 19.0 mmol) and Pd(dppf)Cl, (0.775 g, 0.949 mmol) were added thereto and
stirred at 65 °C for 4 h. After the reaction solution was allowed to cool to rt, water was added thereto
at 0 °C, the mixture was extracted with ethyl acetate three times, and the organic layer obtained was
washed with saturated brine and dried over anhydrous sodium sulfate. After filtration and
concentration under reduced pressure, the residue obtained was subjected to silica gel column

chromatography (hexane/ethyl acetate) then to amino silica gel column chromatography (hexane/ethyl
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acetate) to obtain 52 (7.53 g, 16.2 mmol, 85% yield) as a colorless oil. '"H NMR (400 MHz, DMSO-
ds, 100 °C) 3: 1.66 (9H, s), 2.27-2.33 (1H, m), 2.81-2.93 (2H, m), 3.27 (1H, dd, J = 14.2, 8.2 Hz),
3.44 (2H, dd, J=12.4, 7.0 Hz), 3.61-3.71 (5H, m), 5.02 (2H, s), 7.14-7.33 (6H, m), 7.45 (1H, t, J =
7.9 Hz), 7.92 (1H, d, J= 8.5 Hz), 8.41 (1H, s).

tert-Butyl 4-[(1,4-oxazepan-6-yl)methyl]-1H-indazole-1-carboxylate (54)
Boc To a solution of 52 (300 mg, 0.644 mmol) in ethanol (10 mL) was added 10%-

N
(\—/OLS@ palladium carbon (100 mg) and stirred at rt for 2 h under a hydrogen atmosphere.

HN After a N, purge, the reaction solution was filtered, and the filtrate was

concentrated under reduced pressure to obtain the title compound as an oil. The present compound
was used for the next reaction without further purification. MS (ESI/APCI) m/z: calcd for Ci1sH26N303
(M +H)" 332.2, Found: 332.2.

tert-Butyl 4-({4-|4-(4-methoxyphenyl)oxane-4-carbonyl]-1,4-oxazepan-6-yl}methyl)-1H-
indazole-1-carboxylate (58)
Boc To a mixture of 54, 45 (0.198 g, 0.838 mmol), HATU (0.368 g,
0 (\—lb 0.967 mmol) in DMF (7 mL) was added DIPEA (0.225 mL, 1.29
mmol) and stirred at rt overnight. Then, aqueous saturated NH4Cl
~o solution was added, then the mixture was extracted with ethyl
acetate. The organic layer obtained was washed with aqueous saturated NaHCO3 and saturated brine
and dried over anhydrous sodium sulfate. After filtration and concentration under reduced pressure,
the residue obtained was subjected to silica gel column chromatography (hexane/ethyl acetate) then to
amino silica gel column chromatography (hexane/ethyl acetate) to obtain 58 (0.224 g, 0.408 mmol,
63% yield) as a white solid. '"H NMR (400 MHz, DMSO-de, 100 °C) &: 1.67 (9H, s), 1.72-1.81 (2H,
m), 1.96-2.05 (2H, m), 2.17 (1H, d, J = 13.9 Hz), 2.59-2.66 (1H, m), 2.70-2.75 (1H, m), 2.85-2.91
(1H, m), 3.11-3.18 (1H, m), 3.28-3.46 (4H, m), 3.55-3.72 (9H, m), 6.82 (2H, d, J = 7.3 Hz), 6.99—
7.07 3H, m), 7.47-7.51 (1H, m), 7.96 (1H, d, J = 8.5 Hz), 8.33 (1H, s). MS (ESI/APCI) m/z: calcd
for C31H40N306 (M + H)* 550.3, Found: 550.3.

{6-[(1H-Indazol-4-yl)methyl]-1,4-0xazepan-4-yl} [4-(4-methoxyphenyl)oxan-4-yljmethanone

(33)

To a solution of 58 (217 mg, 0.395 mmol) in DCM (0.5 mL) was added

° (\_3\6@ HCI (4 mol/L, 1,4-dioxane solution, 5 mL) and stirred at rt for 4 h.
After the reaction solution was concentrated, the residue was basified

by adding aqueous saturated NaHCOj3 and extracted with ethyl acetate.

The organic layer obtained was washed with aqueous saturated NaHCO3 and saturated brine and dried
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over anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the residue
obtained was suspended in ethyl acetate, collected by filtration and dried to obtain 33 (141 mg, 0.314
mmol, 79% yield) as a white solid. "H NMR (400 MHz, DMSO-ds, 100 °C) &: 1.67-1.80 (2H, m),
1.97-2.06 (2H, m), 2.16-2.20 (1H, m), 2.54-2.69 (2H, m), 2.83-2.90 (1H, m), 3.13-3.19 (1H, m),
3.26-3.65 (10H, m), 3.73 (3H, s), 6.77 (1H, d, /= 6.7 Hz), 6.84 (2H, d, /= 8.5 Hz), 7.00 (2H, d, J =
8.5 Hz), 7.24 (1H, t, J="7.9 Hz), 7.38 (1H, d, /= 7.9 Hz), 7.98 (1H, s), 12.79 (1H, s). HRMS (ESI)
m/z: caled for C26H32N304 (M + H)™ 450.2387, Found: 450.2387.

Benzyl 6-[(1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-indazol-4-yl)methyl]-1,4-oxazepane-4-
carboxylate (53)
sem In a manner similar to that employed for the synthesis of 52, 53 (2.2 g, 4.4

N-N’ . . .
(—O 4 mmol, 73% yield) was obtained as a pale-yellow oil from 49 (1.66 g, 6.72
cbz N mmol) and 4-bromo-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-indazole*®

(51, 2 g, 6.11 mmol). '"H NMR (400 MHz, DMSO-ds, 100 °C) &: -0.11 (9H,
s), 0.79 (2H, t,J= 7.9 Hz), 2.29-2.40 (1H, m), 2.79-2.87 (2H, m), 3.22-3.32 (1H, m), 3.36-3.49 (2H,
m), 3.55 (2H, t, J= 7.9 Hz), 3.70-3.85 (SH, m), 5.14 (2H, s), 5.80 (2H, s), 7.04-7.09 (1H, m), 7.33—
7.48 (6H, m), 7.58-7.63 (1H, m), 8.23 (1H, s). MS (ESI/APCI) m/z: calcd for C27H3sN304Si (M + H)*
496.3, Found: 496.3.

4-|(1,4-Oxazepan-6-yl)methyl]-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-indazole (55)
sem To a solution of 53 (2.2 g, 4.4 mmol) in ethanol (50 mL) was added 10%-

N-N
(\—3\6@ palladium carbon (1 g) and stirred at rt for 2 h under a hydrogen atmosphere.
HN After a Ny purge, the reaction solution was filtered and the filtrate was

concentrated under reduced pressure to obtain 55 (1.62 g, 4.48 mmol) as a grey
oil. '"HNMR (400 MHz, CDCl;) 8: -0.07 (9H, s), 0.86-0.91 (2H, m), 2.32-2.43 (1H, m), 2.73 (1H, dd,
J=13.3,7.3 Hz), 2.89 (2H, d, J= 7.9 Hz), 2.93-2.99 (2H, m), 3.04 (1H, dd, J = 13.6, 5.1 Hz), 3.48
(1H, s), 3.52-3.63 (3H, m), 3.71-3.77 (2H, m), 3.88 (1H, dd, /= 12.4, 5.1 Hz), 5.80 (2H, s), 7.05 (1H,
d, J=17.3 Hz), 7.40 (1H, dd, J = 7.3, 8.5 Hz), 7.50 (1H, d, J = 8.5 Hz), 8.11-8.12 (1H, m). MS
(ESI/APCI) m/z: calcd for C19H3,N30,Si (M + H)* 362.2, Found: 362.2.

[1-(4-Methoxyphenyl)cyclohexyl]{6-[(1-{[2-(trimethylsilyl)ethoxy]|methyl}-1H-indazol-4-
y)methyl]-1,4-0xazepan-4-yl}methanone (59)

sem In a manner similar to that employed for the synthesis of 58, 59

N-N
(\—ib (0.144 g, 0.249 mmol, 36% yield) as a colorless oil from 55 (250

N mg, 0.691 mmol) and 1-(4-methoxyphenyl)cyclohexane-1-
~o o carboxylic acid (56, 0.178 g, 0.761 mmol). 'H NMR (400 MHz,
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DMSO-ds) 3: -0.10 (9H, s), 0.82 (2H, t, J= 7.9 Hz), 1.18-1.25 (1H, m), 1.42—-1.54 (6H, m), 1.59-1.68
(1H, m), 2.01-2.08 (2H, m), 2.16-2.21 (1H, m), 2.53-2.60 (1H, m), 2.65-2.72 (1H, m), 2.81-2.88
(1H, m), 3.10-3.16 (1H, m), 3.28-3.37 (2H, m), 3.40-3.48 (2H, m), 3.54-3.60 (3H, m), 3.62-3.68
(1H, m), 3.72 (3H, s), 5.72 (2H, s), 6.80-6.85 (3H, m), 6.98 (2H, d, /= 8.5 Hz), 7.32 (1H, t,J=7.9
Hz), 7.53 (1H, d, J = 8.5 Hz), 8.05 (1H, s). MS (ESI/APCI) m/z: calcd for C33H4sN304Si (M + H)*
578.3, Found: 578.3.

{6-[(1H-Indazol-4-yl)methyl]-1,4-0xazepan-4-yl}[1-(4-methoxyphenyl)cyclohexyl|methanone
€0

N_n To a solution of 59 (141 mg, 0.244 mmol) in DCM (5.0 mL), TFA (2.0

(ib mL) was added at rt and stirred at the same temperature for 4 h. After

N the reaction solution was concentrated, the residue was azeotropically

"o ° concentrated with DCM. MeOH (5.0 mL) and ammonia water (28%,

2.0 mL) were added thereto and stirred at rt for 1.5 h. Water was added, and then the mixture was
extracted with DCM. The organic layer obtained was washed with saturated brine and dried over
anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the residue
obtained was subjected to silica gel column chromatography (hexane/ethyl acetate) then to amino
silica gel column chromatography (ethyl acetate /methanol) to obtain 34 (29.2 mg, 0.0652 mmol, 28%
yield) as a white solid. "H NMR (400 MHz, DMSO-de, 100 °C) &: 1.13-1.31 (1H, m), 1.37-1.58 (6H,
m), 1.59-1.73 (1H,m), 2.00-2.12 (2H, m), 2.15-2.24 (1H, m), 2.51-2.72 (2H, m), 2.77-2.90 (1H,m),
3.07-3.19 (1H,m), 3.26-3.35 (2H, m), 3.38-3.48 (2H, m), 3.53-3.69 (2H, m), 3.72 (3H, s), 6.73—6.84
(3H, m), 6.93-7.01 (2H, m), 7.20-7.26 (1H,m), 7.35-7.40 (1H, m), 7.98 (1H, s), 12.78 (1H, brs). 13C
NMR (101 MHz, DMSO-dg, 100 °C) &: 22.5, 22.6, 24.9, 33.7, 34.6, 37.3, 40.5, 49.5, 49.7, 51.3, 54.6,
68.5,72.0, 107.6, 113.7, 119.4, 122.6, 125.2, 125.8, 131.4, 131.9, 137.0, 139.8, 157.3, 173.2. HRMS
(ESI) m/z: calcd for C27H3aN303 (M + H)* 448.2595, Found: 448.2602.

tert-Butyl 4-({4-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-1,4-0xazepan-6-yl} methyl)-1H-
indazole-1-carboxylate (60)

N N’Boc In a manner similar to that employed for the synthesis of 58, 60

/\—lb (2.65 g,4.97 mmol, 82% yield) was obtained as a white solid from

/@Q(N 1-(4-methoxyphenyl)cyclopentanecarboxylic acid (57, 1.73 g,

~o ° 7.85 mmol) and 54 (2.00 g, 6.03 mmol). 'H NMR (400 MHz,

DMSO-ds, 100 °C) &: 1.55-1.57 (4H, m), 1.67-1.71 (10H, m), 1.82-1.85 (1H, m), 1.97 (1H, brs),

2.18-2.29 (2H, m), 2.61-2.77 (2H, m), 2.91 (1H, brs), 3.13-3.19 (1H, m), 3.28-3.71 (9H, m), 6.78

(2H, d, J=8.5Hz), 6.95 2H, d, J=7.9 Hz), 7.06 (1H, d, /= 5.4 Hz), 7.48 (1H, td, /= 7.9, 2.6 Hz),

7.95 (1H, d, J = 8.5 Hz), 8.32 (1H, s). MS (ESI/APCI) m/z: caled for C3;H4N30s (M + H)* 534.3,
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Found: 534.3.

{6-[(1H-Indazol-4-yl)methyl]-1,4-0xazepan-4-yl}[1-(4-methoxyphenyl)cyclopentyllmethanone
(33

In a manner similar to that employed for the synthesis of 33, 35 (2.11
(\_3\6@ g, 4.87 mmol, 98% yield) was obtained as a white solid from 60 (2.65
/@Q(N g, 4.97 mmol). "H NMR (400 MHz, DMSO-ds, 100 °C) &: 1.50-1.60
o © (4H, m), 1.72-1.86 (2H, m), 2.04-2.20 (2H, m), 2.25-2.33 (1H, m),
2.60-2.70 (2H, m), 2.93-2.87 (1H, m), 3.14-3.20 (1H, m), 3.27-3.45 (4H, m), 3.54-3.68 (2H, m),
3.72 (3H, s), 6,76-6.82 (3H, m), 6.98 (2H, d, /=79 Hz), 7.22 (1H, t,J="7.6 Hz), 7.37 (1H, d, J=8.5

Hz), 7.97 (1H, s), 12.77 (1H, s). MS (ESI/APCI) m/z: calcd for C26H32N303 (M + H)" 434.2, Found:
434.3.

{6-[(1H-Indazol-4-yl)methyl]-1,4-0xazepan-4-yl}[1-(4-methoxyphenyl)cyclopentylmethanone
((-)-35) and {6-[(1H-indazol-4-yl)methyl]-1,4-o0xazepan-4-yl}[1-(4-
methoxyphenyl)cyclopentyl]methanone ((+)-35)

Chiral HPLC enantioseparation of (£)-35 (600 mg) were performed on a shimadzu LC-20AD (UV
detection at A = 254 nm), equipped with a CHIRALPAK IA (250 mm % 20 mm) using hexane/ethanol
(70/30) as the mobile phase with the flow rate of 20 mL/min. The separated (-)-35 (281 mg, first peak,
[a]p?® -38.9°, ¢ = 1.0, MeOH, ee > 99%) and (+)-35 (282 mg, second peak, [a]p?® +37.9°, ¢ = 1.0,

MeOH, ee > 99%) were collected and concentrated in vacuo.
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Figure S1. Chiral HPLC chromatograms for (£)-35, (-)-35 and (+)-35. Panel A: (£)-35 (purity >99%);
Panel B: (-)-35 (ee > 99%); Panel C: (+)-35 (ee >99%).

4-Nitro-1H-indazole (62)
N—H To a solution of 2-methyl-3-nitroaniline (61, 2.27 g, 14.9 mmol) in AcOH (60.0 mL), a
{ solution of sodium nitrite (1.13 g, 1.13 mmol) in water (5.00 mL) was added, and the
mixture was stirred at rt for 2 h. Ice water was added to the reaction solution, the solid

thus precipitated was filtered off and dried to obtain 62 (1.91 g, 11.7 mmol, 79% yield)

O,N
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as an orange solid. MS (ESI/APCI) m/z: calcd for C;HsN3O, (M + H)" 164.0, Found: 164.2.

Benzyl 4-nitro-1H-indazole-1-carboxylate (63a)
Cbz To a solution of 62 (1.91 g, 11.7 mmol) in DMF (60.0 mL), DBU (1.92 mL, 12.9
y—N mmol) was added, the mixture was stirred at rt for 15 min, benzyl chloroformate (3.34
Osz mL, 23.4 mmol) was added thereto, and the mixture was stirred at rt for 4 h. To the
reaction solution, an aqueous NH4Cl solution was added, and the mixture was
extracted with ethyl acetate three times. The organic layer was washed with saturated brine, and then
dried over anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the
residue obtained was purified by silica gel column chromatography (hexane/ethyl acetate). After
concentration under reduced pressure, the solid obtained was suspended in hexane, filtered off and
dried to obtain 63a (2.68 g, 9.02 mmol, 77% yield) as a pale-yellow solid. 'H NMR (400 MHz, CDCl3)
8: 5.58 (2H, s), 7.39-7.45 (3H, m), 7.54-7.57 (2H, m), 7.70 (1H, t, /= 8.2 Hz), 8.28 (1H, d, J=7.9

Hz), 8.66 (1H, d, J = 8.5 Hz), 8.85 (1H, s).

tert-Butyl 4-nitro-1H-indazole-1-carboxylate (63b)
N—N'Boc To a solution of 62 (10.0 g, 57.4 mmol) in DCM (200 mL), triethylamine (10.2 mL,
b 73.6 mmol) and Boc,O (14.7 g, 67.4 mmol) were added, and the mixture was stirred
O,N at rt for 6 h. The mixture was separated into water and DCM, and the organic layer
obtained was dried over anhydrous sodium sulfate. A residue obtained by
concentration was purified by silica gel column chromatography (hexane/ethyl acetate) and then
recrystallized (hexane/Et,0) to obtain the 63b (15.1 g, 57.4 mmol) as an orange solid. "H NMR (400
MHz, CDCls) &: 1.75 (9H, s), 7.66-7.71 (1H, m), 8.27 (1H, d, /= 7.9 Hz), 8.64 (1H, d, J = 8.5 Hz),

8.83 (1H, s).

Benzyl 4-amino-1H-indazole-1-carboxylate (64a)
cbz To a suspension of 63a (1.00 g, 3.36 mmol) in MeOH (15.0 mL), zinc powder (1.54
5‘1—N g, 23.5 mmol) was added under ice cooling, the mixture was stirred at the same
Hsz temperature for 10 min, a saturated aqueous NH4Cl solution (15.0 mL) was then added,
and the mixture was stirred at rt for 5.5 h. After the reaction solution was filtered
through celite, the filtrate obtained was extracted with ethyl acetate three times. The organic layer was
washed with saturated brine, and dried over anhydrous sodium sulfate. After filtration and
concentration under reduced pressure, the residue obtained was purified by silica gel column
chromatography (chloroform/ethyl acetate) to obtain 64a (0.841 g, 3.15 mmol, 94% yield) as an
orange solid. '"H NMR (400 MHz, DMSO-d) 6: 5.47 (2H, s), 6.14 (2H, s), 6.42 (1H, dd, J=6.7, 1.8
Hz), 7.19-7.25 (2H, m), 7.37-7.46 (3H, m), 7.51-7.54 (2H, m), 8.47 (1H, s). MS (ESI/APCI) m/z:
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caled for CisHiaN3O2 (M + H)* 268.1, Found: 268.1.

tert-Butyl 4-amino-1H-indazole-1-carboxylate (64b)
Boc Inamanner similar to that employed for the synthesis of 64a, 64b (12.4 g, 53.1 mmol,
5‘1—N 93% yield) was obtained as a white solid from 63b (15.0 g, 57.0 mmol). 'H NMR
Hsz (400 MHz, CDCl3) 6: 1.72 (9H, s), 4.18 (2H, brs), 6.52 (1H, d, J= 7.3 Hz), 7.27-7.33
(1H, m), 7.54 (1H, d, J= 8.5 Hz), 8.12 (1H, s).

Ethyl N-[1-(4-methoxyphenyl)cyclohexane-1-carbonyl]-/N-methylglycinate (66)
o In a manner similar to that employed for the synthesis of 58, 66 (0.272
rll\)L o~~~ & 0.815mmol, 54% yield) was obtained as a colorless oil from 56 (0.370
~0 0 g, 1.50 mmol) and sarcosine ethyl ester hydrochloride (65, 0.261 g, 1.65
mmol). '"H NMR (CDCls, 400 MHz) &: 1.25-1.27 (4H, m), 1.65-1.74
(7H, m), 2.30-2.32 (2H, m), 2.63 (3H, s), 3.80 (3H, s), 3.98-4.00 (2H, m), 4.17-4.20 (2H, m), 6.88
(2H, d, J= 8.5 Hz), 7.23 (2H, d, J= 8.5 Hz). 1*C NMR (101 MHz, CDCl3) &: 14.2, 23.5, 26.0, 34.6,
36.8, 50.6, 51.7, 55.2, 60.8, 114.2, 126.6, 137.9, 158.1, 169.4, 175.7. HRMS (ESI) m/z: calcd for

C1oH2sNO4 (M + H)* 334.2013, Found:334.2024.

N-[1-(4-Methoxyphenyl)cyclohexane-1-carbonyl]-NV-methylglycine (67)
A mixture of 66 (0.272 g, 0.815 mmol), 4 mol/L aqueous lithium hydroxide
rll\)cj)\ OH solution (3 mL) and MeOH (9 mL) was stirred at rt for 2 h. To the resultant,
~o o 1 mol/L hydrochloric acid was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated brine, and dried
over anhydrous magnesium sulfate. Then the solvent was distilled off under reduced pressure, and the
residue was dried to obtain 67 (0.231 g, 0.758 mmol, 93% yield) as a white solid. 'H NMR (400 MHz,
CDCl) &: 1.20-1.34 (1H, m), 1.61-1.73 (7H, m), 2.28-2.35 (2H, m), 2.64-2.72 (3H, m), 3.80 (3H, s),
3.97-4.05 (2H, m), 6.86-6.89 (2H, m), 7.19-7.23 (2H, m). MS (ESI/APCI) m/z: calcd for C17H24NO4

(M + H)* 306.2, Found: 306.2.

Benzyl 4-({N-[1-(4-methoxyphenyl)cyclohexane-1-carbonyl]-N-methylglycyl}amino)-1H-
indazole-1-carboxylate (68)

Cbz  In a manner similar to that employed for the synthesis of 58, 68

o % (0.139 g, 0.250 mmol, 55% yield) was obtained as a pale-yellow oil

N\)LN from 67 (0.139 g, 0.455 mmol) and 64a (0.152 g, 0.501 mmol). 'H

~o ° H NMR (400 MHz, CDCl;) &: 1.25-1.34 (1H, m), 1.65-1.75 (7H, m),

2.35-2.41 (2H, m), 2.75 (3H, s), 3.71 (3H, s), 4.09-4.14 (2H,m), 5.56 (2H, s), 6.71-6.75 (2H, m),
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7.08-7.12 (2H, m), 7.36-7.45 (3H, m), 7.49-7.57 (3H, m), 7.88-7.99 (2H, m), 8.41 (1H, s), 9.89 (1H,
s).

N-{2-[(1H-Indazol-4-yl)amino]-2-oxoethyl}-1-(4-methoxyphenyl)-/V-methylcyclohexane-1-
carboxamide (36)
N-Ir:]l In a manner similar to that employed for the synthesis of 67, 36 (0.024
.o b g, 0.057 mmol, 23% yield) was obtained as a white solid from 68
N\)LN (0.139 g, 0.250 mmol). '"H NMR (400 MHz, CDCls) 8: 1.30-1.32 (1H,
~o o H m), 1.69-1.72 (7H, m), 2.40-2.42 (2H, m), 2.77 (3H, s), 3.71 (3H, s),
4.13 (2H,s), 6.73 (2H, d, J=8.2 Hz), 7.15 (2H, d, /= 8.2 Hz), 7.26-7.29 (1H, m), 7.37 (1H, t,J=7.9
Hz), 7.81 (1H, d, J= 7.3 Hz), 8.24 (1H, s), 9.64 (1H, s), 10.20 (1H, s). MS (ESI/APCI) m/z: calcd for
C24H20N4O3 (M + H)* 421.2, Found: 421.2.

tert-Butyl  4-{[N-(tert-butoxycarbonyl)-NV-methyl-D-alanyl]amino}-1H-indazole-1-carboxylate
(70)
. 0 To a solution of N-(tert-butoxycarbonyl)-N-methyl-D-alanine (69, 0.500
Boc'N\‘)LH/(ELNN,Boc g, 2.46 mmol) in DMF (7 mL) were added COMU (1.16 g, 2.71 mmol)
and DIPEA (0.558 mL, 3.20 mmol) at 0 °C, and the mixture was stirred
at rt for 5 min. 64b (0.632 g, 2.71 mmol) was then added, and the mixture was stirred at rt overnight.
A saturated aqueous NH4Cl solution was added to the reaction solution, and the mixture was extracted
with ethyl acetate three times. The organic layer was washed with a saturated aqueous NaHCO;
solution, and with saturated brine, and then dried over anhydrous sodium sulfate. After filtration and
concentration under reduced pressure, the residue obtained was subjected to amino silica gel column
chromatography (hexane/ethyl acetate) then to silica gel column chromatography (hexane/ethyl
acetate) to obtain 70 (0.517 g, 1.23 mmol, 50% yield) as a colorless oil. '"H NMR (400 MHz, CDCl3)
8:1.47 (3H,d,J=6.7Hz), 1.51 (9H, s), 1.73 (9H, s), 2.86 (3H, s), 4.85-4.88 (1H, m), 7.47-7.50 (1H,
m), 7.89 (1H, d, /= 7.9 Hz), 8.01 (1H, s), 8.27 (1H, s), 9.47 (1H, s). *C NMR (101 MHz, CDCl;) &:
13.0, 28.1, 28.4, 30.0, 54.3, 81.5, 85.1, 110.0, 113.2, 117.6, 130.0, 131.2, 136.2, 140.4, 149.1, 157.9,
170.0. HRMS (ESI) m/z: calcd for C21H31N4Os (M + H)" 419.2289, Found: 419.2292.

tert-Butyl 4-[(/V-methyl-D-alanyl)amino]-1H-indazole-1-carboxylate—hydrogen chloride (71)
, O Hydrogen chloride (4 mol/L, 1,4-dioxane solution, 8 mL) was added to 70
H N%HQNH (0.517 g, 1.23 mmol) in DCM (4 mL) at 0 °C, and the mixture was stirred at
CIH N rt for 4 h, and then concentrated under reduced pressure to obtain 71 (0.330 g,
1.30 mmol) as a white solid. The present compound was used for the next reaction without further

purification.
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N-{(2R)-1-|(1H-Indazol-4-yl)amino|-1-oxopropan-2-yl}-1-(4-methoxyphenyl)-/V-
methylcyclopentane-1-carboxamide(37)

.0 In a manner similar to that employed for the synthesis of 70, 37
/@Q(N%N/QNH (0.0629 g, 0.150 mmol, 38% yield) was obtained as a white solid
~o ° HoSN from 57 (0.0872 g, 0.393 mmol) and 71 (0.282 g, 1.05 mmol). 'H
NMR (400 MHz, CDCl3) &: 1.38 (3H, d, /= 6.7 Hz), 1.71-1.82 (4H, m), 2.00-2.02 (1H, m), 2.09—
2.11 (1H, m), 2.39-2.51 (5H, m), 3.71 (3H, s), 5.38-5.40 (1H, m), 6.68 (2H, d, /= 7.9 Hz), 7.08 (2H,
d,J=7.9 Hz), 7.24-7.26 (1H, m), 7.35-7.37 (1H, m), 7.81-7.82 (1H, m), 8.20 (1H, s), 9.45 (1H, s),
10.15 (1H, s). *CNMR (101 MHz, CDCl3) é: 12.7,24.7,25.1,31.4,37.7,38.9, 54.0, 55.1, 58.2, 105.4,

110.6, 114.1, 115.8, 126.0, 127.9, 130.8, 132.0, 136.4, 140.9, 157.9, 169.5, 179.0. HRMS (ESI) m/z:
calcd for Ca4H20N4O3 (M + H)" 421.2234, Found: 421.2238.

tert-Butyl 4-({1-[(benzyloxy)carbonyl]-D-prolyl}amino)-1H-indazole-1-carboxylate (73)

(\> In a manner similar to that employed for the synthesis of 70, 73 (4.06 g,
N
Cbz Py /Q 8.74 mmol, 73% yield) was obtained as a pale-yellow solid from 64b (2.81
| -Boc
° i —NN g, 12.0 mmol) and 1-[(benzyloxy)carbonyl]-D-proline (72, 3.00 g, 12.0

mmol). '"H NMR (400 MHz, DMSO-d) 8: 1.65 (9H, s), 1.85-2.08 (3H,
m), 2.23-2.39 (1H, m), 3.44-3.59 (2H, m), 4.52-4.61 (1H, m), 4.97-5.14 (2H, m), 7.06-7.39 (5H, m),
7.55 (1H, td, J = 8.2, 2.8 Hz), 7.81 (2H, dd, J = 14.8, 8.2 Hz), 8.52 (1H, d, J = 32.0 Hz), 10.36 (1H,
s). MS (ESI/APCI) m/z: caled for CasH2oN4Os (M + H)" 465.2, Found: 465.3.

tert-Butyl 4-(D-prolylamino)-1H-indazole-1-carboxylate (74)

H D In a manner similar to that employed for the synthesis of 54, 74 (2.05 g, 6.20
OE\N /QN'B oc mmol, 80% yield) was obtained as a light brown solid from 73 (3.60 g, 7.75
H o =N mmol). '"H NMR (400 MHz, CDCls) &: 1.73 (9H, s), 1.77-1.89 (2H, m),

2.07-2.15 (1H, m), 2.23-2.36 (2H, m), 3.03-3.09 (1H, m), 3.13-3.19 (1H, m), 3.97 (1H, s), 7.50 (1H,
t,J = 8.2 Hz), 7.90 (1H, d, J = 8.5 Hz), 7.96 (1H, d, J = 7.9 Hz), 8.21 (1H, s), 10.35 (1H, s). MS
(ESI/APCI) m/z: caled for C17H23N403 (M + H)* 331.2, Found: 331.2.

tert-Butyl 4-({1-[1-(4-methoxyphenyl)cyclohexane-1-carbonyl]-D-prolyl}amino)-1H-indazole-1-
carboxylate (75)
In a manner similar to that employed for the synthesis of 70, 75

~o0 (o] o;;\u N-Boc  solid from 74 (0.677 g, 2.05 mmol) and 56 (0.400 g, 1.71 mmol).

D Q (0.913 g, 1.67 mmol, 98% yield) was obtained as a pale-yellow
=N

'H NMR (400 MHz, CDCls) &: 1.24-1.89 (20H, m), 2.33-2.41
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(3H, m), 2.99-3.02 (2H, m), 3.79 (3H, s), 4.98-5.01 (1H, m), 6.83 (2H, d, /=9.2 Hz), 7.16 (2H, d, J
=9.2Hz), 7.46 (1H, dd, /= 8.2, 8.2 Hz), 7.87 (1H, d, /= 7.9 Hz), 8.02 (1H, d, /= 7.9 Hz), 8.50 (1H,
s), 10.53 (1H, s). 3C NMR (101 MHz, CDCl3) &: 23.3, 23.6, 25.4, 25.6, 28.2, 37.7, 48.0, 50.9, 55.2,
61.8,85.1,109.9, 113.3, 114.1, 117.7, 126.7, 130.0, 131.5, 136.3, 136.7, 140.3, 149.2, 158.1, 169.7,
177.6. HRMS (ESI) m/z: calcd for C31H3oN4Os (M + H)" 547.2915, Found: 547.2935.

N-1H-Indazol-4-yl-1-[1-(4-methoxyphenyl)cyclohexane-1-carbonyl]-D-prolinamide (38)

In a manner similar to that employed for the synthesis of 33, 38

75 (0.913 g, 1.67 mmol). '"H NMR (400 MHz, DMSO-ds) 6: 1.25—
1.77 (11H, m), 2.05-2.33 (3H, m), 3.01-3.06 (2H, m), 3.75 (3H, s),
4.67 (1H, t,J=17.0 Hz), 6.90-6.93 (2H, m), 7.23-7.28 (4H, m), 7.63 (1H, d, /= 6.7 Hz), 8.30 (1H, s),
10.06 (1H, s), 13.06 (1H, s). *C NMR (101 MHz, CDCl;) &: 22.7, 23.2, 25.4, 28.4, 37.2, 47.8, 50.0,
55.0,61.5,105.4,110.1, 113.9, 115.8, 126.58, 126.64, 131.4, 132.2, 137.0, 140.9, 157.6, 171.4, 172.9.
HRMS (ESI) m/z: caled for C26H31N4O3 (M + H)* 447.2391, Found: 447.2397.

D (0.520 g, 1.16 mmol, 70% yield) was obtained as a white solid from
~ o ;;\N
o (0] H ; _ NH

Benzyl 4-{[1-(tert-butoxycarbonyl)-D-prolyl]amino}-1H-indazole-1-carboxylate (77)

O In a manner similar to that employed for the synthesis of 58, 77 (0.302 g,
BocN 0.650 mmol, 65% yield) was obtained as a white solid from 1-(tert-
0" H _ N-Cbz butyoxycarbonyl)-D-proline (76, 0.216 g, 1.00 mmol) and 64a (0.282 g,

N
1.05 mmol). "H NMR (400 MHz, DMSO-ds) : 1.35 (9H, s), 1.83-2.03

(3H, m), 2.25 (1H, s), 3.36-3.49 (2H, m), 4.41-4.44 (1H, m), 5.52 (2H, s), 7.36-7.45 (3H, m), 7.51—
7.56 (3H, m), 7.71 (1H, d, J = 7.3 Hz), 7.86 (1H, d, J = 8.5 Hz), 8.51 (1H, s), 10.09 (1H, s). MS
(ESI/APCI) m/z: caled for CosH2oN4Os (M + H)* 465.2, Found: 465.2.

Benzyl 4-({1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-prolyl}amino)-1H-indazole-1-
carboxylate (78)

O To a suspension of 57 (0.168 g, 0.763 mmol) in DCM (5 mL),

QQ( N B thionyl chloride (0.111 mL, 1.53 mmol) and DMF (0.01 mL)

o °o H%N—Cbz were added, and the mixture was stirred at 40 °C for 4 h. After

allowing to cool to rt, the reaction solution was concentrated

under reduced pressure to obtain the crude acid chloride as a light brown oil. Hydrogen chloride (4

mol/L, 1,4-dioxane solution, 5 mL) was added to 77 (0.295 g, 0.635 mmol), and the mixture was

stirred at rt for 3 h, and then concentrated under reduced pressure to obtain the crude amine

intermediate. The intermediate was dissolved in DCM (5 mL), and a solution of the acid chloride

prepared previously in DCM (5 mL) was added. After ice-cooling, DIPEA (0.332 mL, 1.91 mmol)
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was added, and the mixture was stirred at rt overnight. To the reaction solution, 1 mol/L hydrochloric
acid was added, and the mixture was extracted with DCM. The organic layer was washed with a
saturated aqueous NaHCOs3 solution, and then dried over anhydrous sodium sulfate. After filtration
and concentration under reduced pressure, the residue obtained was purified by silica gel column
chromatography (chloroform/methanol) to obtain 78 (0.353 g, 0.623 mmol) as a pale-yellow solid. 'H
NMR (400 MHz, DMSO-ds) 8: 1.55-1.66 (5H, m), 1.72-1.94 (4H, m), 2.07-2.13 (1H, m), 2.27-2.36
(2H, m), 2.99 (2H, t, J = 5.4 Hz), 3.74 (3H, s), 4.60 (1H, dd, J= 8.5, 5.4 Hz), 5.52 (2H, s), 6.90 (2H,
d,J=9.1 Hz), 7.19 (2H, d, J = 9.1 Hz), 7.38-7.48 (3H, m), 7.55-7.59 (3H, m), 7.82-7.88 (2H, m),
8.62 (1H, s), 10.36 (1H, s). MS (ESI/APCI) m/z: calcd for C33H35N4Os (M + H)* 567.3, Found: 567.3.

N-1H-Indazol-4-yl-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-prolinamide (39)
To a solution of 79 (0.345 g, 0.609 mmol) in THF (1 mL), MeOH
QQ(D (5 mL) and potassium carbonate (0.252 g, 1.83 mmol) were added,
~o o O;N/EELN H and the mixture was stirred at rt for 2 h. To the reaction solution, 1
N mol/L hydrochloric acid was added, and the mixture was extracted
with ethyl acetate three times. The organic layer was washed with a saturated aqueous NaHCO;
solution and with saturated brine, and then dried over anhydrous sodium sulfate. After filtration and
concentration under reduced pressure, the residue obtained was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain 39 (0.197 g, 0.455 mmol, 75% yield) as a white solid.
"H NMR (400 MHz, DMSO-de) 8: 1.53-1.68 (5H, m), 1.73-1.95 (4H, m), 2.05-2.11 (1H, m), 2.28—
2.36 (2H, m), 2.97-3.00 (2H, m), 3.75 (3H, s), 4.64-4.68 (1H, m), 6.90 (2H, d, /= 8.5 Hz), 7.19-7.30
(4H, m), 7.66 (1H, d, J = 7.9 Hz), 8.29 (1H, s), 10.08 (1H, s), 13.07 (1H, s). *C NMR (101 MHz,
CDCl) 9: 24.65,24.74,25.0,28.7, 36.9,37.9, 47.5, 55.0, 57.6, 61.0, 105.4, 110.1, 113.9, 115.8, 126.6,

126.7,131.3, 132.1, 136.5, 140.9, 157.4, 171.4, 173.7. HRMS (ESI) m/z: calcd for C2sH2oN4O3 (M +
H)* 433.2234, Found: 433.2241.

2-Benzyl 1-tert-butyl (2R,4R)-4-fluoropyrrolidine-1,2-dicarboxylate (81)

F To a solution of (4R)-1-(tert-butoxycarbonyl)-4-fluoro-D-proline (80, 0.995 g, 4.23
Boc'NQ mmol) in MeOH (18 mL), an aqueous solution (2 mL) of cesium carbonate (0.695
0/f\OBn g, 2.13 mmol) cooled to 0 °C in advance was added at 0 °C and stirred at 0 °C for 5

min. The solvent was distilled off under reduced pressure and the residue was dried
at 30 °C. To a solution of the solid obtained in DMF (44 mL), benzyl bromide (0.512 mL, 4.31 mmol)
was added at 0 °C and stirred overnight. Ice was added to the reaction solution, and the mixture was
extracted with ethyl acetate, and the organic layer was washed with water three times and with

saturated brine, and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced

pressure, and the residue obtained was purified by silica gel column chromatography (hexane/ethyl
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acetate) to obtain 81 (1.26 g, 3.90 mmol, 91% yield) as a colorless oil. '"H NMR (400 MHz, CDCls) &:
1.36 and 1.45 (9H, s), 2.24-2.55 (2H, m), 3.57-3.90 (2H, m), 4.46-4.61 (1H, m), 5.08-5.28 (3H, m),
7.34-7.38 (5H, m). *C NMR (101 MHz, CDCls) &: 28.2, 28.3, 36.5, 36.8, 37.4, 37.6, 52.8, 53.0, 53.1,
53.3, 57.5, 57.8, 66.9, 80.4, 90.0, 90.2, 92.0, 93.0, 128.0, 128.1, 128.2, 128.3, 128.5, 135.7, 153.6,
153.9, 171.2, 171.5. HRMS (ESI) m/z: caled for C17H23FNO4 (M + H)* 324.1606, Found: 324.1619.

Benzyl (4R)-4-fluoro-D-prolinate (82)

F A mixture of 81 (1.26 g, 3.90 mmol) and HCI (4 mol/L, 1,4-dioxane solution, 20 mL)
H N® was stirred at rt for 4 h. After the solvent was distilled off under reduced pressure, a
OE\OB" saturated aqueous NaHCO; solution was added. The mixture was extracted with a
mixed solvent of CHCI3/IPA (3/1), and the organic layer was dried over anhydrous
sodium sulfate. The solvent was distilled off under reduced pressure to obtain 82 (0.850 g, 3.81 mmol,
98% yield) as a beige oil. 'H NMR (400 MHz, CDCls) &: 2.17-2.40 (2H, m), 2.65 (1H, brs), 2.88—

2.98 (1H, m), 3.37-3.46 (1H, m), 3.85-3.87 (1H, m), 5.12-5.19 (3H, m), 7.30-7.40 (5H, m).

Benzyl (4R)-4-fluoro-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinate (83)
E In a manner similar to that employed for the synthesis of 70, 83 (0.920 g,
©Q(N§ 2.16 mmol, 97% yield) was obtained as a colorless oil from 57 (0.498 g,
~o o OE\OBn 2.26 mmol) and 82 (0.500 g, 2.24 mmol). 'H NMR (400 MHz, CDCls) &:
1.65-1.70 (4H, m), 1.83-1.86 (1H, m), 2.06-2.47 (5H, m), 2.97-3.05 (1H,
m), 3.31-3.37 (1H, m), 3.77 (3H, s), 4.83-5.04 (2H, m), 5.14 (1H, d, /= 12.4 Hz), 5.22 (1H, d, J =
12.4 Hz), 6.77 (2H, d, J = 9.1 Hz), 7.14 (2H, d, J= 9.1 Hz), 7.31-7.39 (5H, m). 3C NMR (101 MHz,
CDCl) 8: 24.9, 25.0,34.9 (J=21.1 Hz), 36.2,38.4, 53.3 (J=25.9 Hz), 55.2, 58.7, 63.1, 67.1,92.0 (J
=179.2 Hz), 114.2, 127.0, 128.2, 128.3, 128.5, 135.8, 136.0, 158.2, 171.0, 175.4. HRMS (ESI) m/z:

caled for CasHaoFNO4 (M + H)* 426.2075, Found: 426.2092.

(4R)-4-Fluoro-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-proline (84)
F In a manner similar to that employed for the synthesis of 54, 84 (0.660 g,
/@Q{(,ﬂ? 1.97 mmol, 91% yield) was obtained as a white solid from 83 (0.920 g, 2.16
~o0 o O;E\OH mmol). '"H NMR (400 MHz, CDCls) &: 1.67-1.79 (4H, m), 1.87-1.89 (1H,
m), 2.03-2.18 (2H, m), 2.32-2.35 (1H, m), 2.46-2.49 (1H, m), 2.67-2.71
(1H, m), 2.96-3.05 (1H, m), 3.34-3.40 (1H, m), 3.80 (3H, s), 4.85-5.01 (2H, m), 6.86 (2H, d, J=9.1
Hz), 7.15 (2H, d, J = 9.1 Hz). MS (ESI/APCI) m/z: calcd for Ci1sH23FNO4 (M + H)" 336.2, Found:

336.3.

(4R)-4-Fluoro-N-1H-indazol-4-yl-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-
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prolinamide (40)

F To a solution of 84 (0.657 g, 1.96 mmol) in DMF (10 mL), COMU
OQ(,Q (0.923 g, 2.15 mmol) and DIPEA (0.444 mL 2.55 mmol) were added
N o OZ\HQ—\# H at0 °C, and the mixture was stirred at rt for 5 min. 64b (0.594 g, 2.55
mmol) was then added at 0 °C, and the mixture was stirred at rt
overnight. Ice was added to the reaction solution, and the mixture was extracted with ethyl acetate.
The organic layer was washed with water three times, and with saturated brine, and then dried over
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and the residue
obtained was purified by amino silica gel column chromatography (hexane/ethyl acetate) to obtain an
intermediate. To a solution of the intermediate obtained in DCM (7 mL), HCI (4 mol/L, 1,4-dioxane
solution, 10 mL) was added, and the mixture was stirred at 50 °C for 2 h. Ice was added at rt, and then
the mixture was extracted with ethyl acetate. The organic layer was washed with water, and with
saturated brine, and then dried over anhydrous sodium sulfate. The solvent was distilled off under
reduced pressure, and the residue obtained was purified by silica gel column chromatography
(hexane/ethyl acetate) to obtain 40 (0.460 g, 1.02 mmol, 88% yield) as a white solid. 'H NMR (400
MHz, CDCls) &: 1.72-1.80 (4H, m), 1.99-2.02 (1H, m), 2.06-2.18 (2H, m), 2.31-2.38 (1H, m), 2.49—
2.56 (1H, m), 2.92-2.96 (1H, m), 3.19-3.28 (1H, m), 3.40-3.45 (1H, m), 3.77 (3H, s), 5.01-5.09 (2H,
m), 6.82 (2H, d, J= 8.5 Hz), 7.14 (2H, d, J = 8.5 Hz), 7.24 (1H, d, J = 8.5 Hz), 7.36-7.38 (1H, m),
7.87-7.89 (1H, m), 8.17 (1H, s), 9.76 (1H, s), 10.19 (1H, s). *C NMR (101 MHz, CDCl3) &: 24.5,
24.7,32.3 (d, J=23.1 Hz), 36.5, 37.9, 53.9 (d, /= 24.1 Hz), 55.2, 58.6, 61.4,92.1 (d, /= 174.4 Hz),
105.4,111.0, 114.4,116.0, 126.5, 127.9, 130.8, 132.1, 134.8, 140.9, 158.3, 168.8, 177.9. HRMS (ESI)

m/z: caled for CasH2sFN4O3 (M + H)* 451.2140, Found: 451.2163.

Benzyl (45)-4-hydroxy-D-prolinate (86)
OH A mixture of (45)-4-hydroxy-D-proline (85, 1.00 g, 7.63 mmol), benzyl alcohol (6 mL,
HN,j 57.7 mmol), p-toluenesulfonic acid hydrate (1.48 g, 7.78 mmol) and toluene (6 mL)
0,,\ oBn Wasstirred at 120 °C for 17 h. The solvent was distilled off under reduced pressure, and
then a saturated aqueous NaHCOs3 solution was added to the residue obtained. The
mixture was extracted with a mixed solvent of CHCI3/IPA (3/1), and the organic layer was dried over
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and the residue
obtained was purified by amino silica gel column chromatography (hexanes/ethyl acetate and ethyl
acetate /methanol) to afford 86 (1.03 g, 4.66 mmol, 61% yield) as a colorless oil. "H NMR (400 MHz,
CDCl) 6: 1.98-2.09 (1H, m), 2.13-2.22 (1H, m), 2.15-2.45 (2H, m), 2.89-2.98 (1H, m), 3.10-3.17
(1H, m), 3.98-4.08 (1H, m), 4.36-4.45 (1H, m), 5.16 (2H, s), 7.29-7.40 (5H, m).

Benzyl (45)-4-hydroxy-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-prolinate (87)
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In a manner similar to that employed for the synthesis of 70, 87 (1.18 g,

/@Q‘/ 2.79 mmol, 80% yield) was obtained as a white solid from 57 (0.765 g,

(o} /\OBn 3.47 mmol) and 86 (0.807 g, 3.65 mmol). '"H NMR (400 MHz, CDCl;) &:

1.23-1.29 (1H, m), 1.63-1.79 (4H, m), 1.81-1.94 (2H, m), 1.94-2.03 (1H,

m), 2.11-2.21 (1H, m), 2.33-2.46 (2H, m), 3.00-3.06 (1H, m), 3.07-3.13 (1H, m), 3.77 (3H, s), 4.21—

4.29 (1H, m), 4.66-4.73 (1H, m), 5.13 (1H, d, J= 12.1 Hz), 5.27 (1H, d, /= 12.1 Hz), 6.75-6.81 (2H,
m), 7.11-7.18 (2H, m), 7.30-7.40 (5H, m).

(45)-4-Hydroxy-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-proline (88)
In a manner similar to that employed for the synthesis of 54, 88 was obtained
/@QN quantitatively as a white solid from 87 (0.400 g, 0.945 mmol). "H NMR (400
O _30H MHz CDCL): 1.63-1.80 (4H, m), 1.91-2.06 (2H, m), 2.08-2.20 (1H, m),
2.20-2.31 (1H, m), 2.31-2.44 (2H, m), 2.95-3.03 (1H, m), 3.17-3.24 (1H,

m), 3.75-3.81 (1H, m), 3.78 (3H, s), 4.22-4.30 (1H, m), 4.69-4.79 (1H, m), 6.85 (2H, d, J= 9.1 Hz),
7.16 (2H, d, J=9.1 Hz).

tert-Butyl 4-({(45)-4-hydroxy-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-
prolyl}amino)-1H-indazole-1-carboxylate (89)

In a manner similar to that employed for the synthesis of 70, 89

(0.389 g, 0.709 mmol, 76% yield) was obtained as an orange solid

QQO( N’ °¢  from 64b (0.282 g, 1.21 mmol) and 88 (0.310 g, 0.930 mmol). 'H

NMR (400 MHz, CDCl3) 6: 1.61-2.10 (8H, m), 1.74 (9H, s), 2.32—

2.42 (1H, m), 2.46-2.57 (2H, m), 3.03-3.10 (1H, m), 3.23-3.31 (1H, m), 3.77 (3H, s), 4.29-4.37 (1H,

m), 5.07-5.14 (1H, m), 6.80-6.86 (2H, m), 7.13-7.18 (2H, m), 7.28-7.36 (1H, m), 7.71-7.79 (1H, m),
7.98 (1H, d, J= 7.9 Hz), 8.50 (1H, s), 10.54 (1H, s).

(45)-4-Hydroxy-/N-1H-indazol-4-yl-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-
prolinamide (41)

In a manner similar to that employed for the synthesis of 33, 41
/@Q‘/ (0.276 g, 0.616 mmol, 88% yield) was obtained as a white solid from
0 /\N NH 89 (0.385 g, 0.702 mmol). "H NMR (400 MHz, CDCl;) &: 1.70—1.74
(5H, m), 1.96-1.99 (2H, m), 2.09-2.13 (1H, m), 2.28-2.35 (1H, m),
2.58-2.65 (1H, m), 2.75-2.77 (1H, m), 3.06 (1H, dd, /= 11.8, 3.9 Hz), 3.29-3.32 (1H, m), 3.77 (3H,
s), 4.32-4.35 (1H, m), 5.12-5.14 (1H, m), 6.82-6.83 (2H, m), 7.15-7.17 (2H, m), 7.22-7.24 (1H, m),

7.34-7.36 (1H, m), 7.86 (1H, d, J = 7.3 Hz), 8.36 (1H, s), 10.26 (1H, s), 10.52 (1H, brs). 3C NMR
(101 MHz, CDCls) §: 24.7, 25.1, 35.2, 36.9, 38.5, 55.2, 55.5, 58.3, 60.3, 70.5, 105.7, 110.7, 114.1,
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115.8, 126.7, 127.7, 130.8, 132.2, 135.9, 140.9, 158.1, 170.0, 177.6. HRMS (ESI) m/z: calcd for
C2sH20N4O4 (M + H)* 449.2183, Found: 449.2187.

Benzyl (4R)-4-hydroxy-D-prolinate (91)
OH In a manner similar to that employed for the synthesis of 86 using benzene (9 mL) as a
H N‘3 solvent, 91 (1.59 g, 7.19 mmol, 63% yield) was obtained as a colorless oil from (4R)-4-
02\03" hydroxy-D-proline (90, 1.50 g, 11.0 mmol). '"H NMR (400 MHz, CDCl;) 6: 1.51-2.21
(2H, m), 2.01-2.09 (1H, m), 2.21-2.33 (1H, m), 2.95-3.03 (1H, m), 3.09-3.16 (1H, m),
3.83-3.91 (1H, m), 4.30-4.40 (1H, m), 5.14-5.24 (2H, m), 7.33-7.45 (5H, m).

Benzyl (4R)-4-hydroxy-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-prolinate (92)

OH In a manner similar to that employed for the synthesis of 70, 92 (1.24 g,

QQ(NQ 2.93 mmol, 92% vyield) was obtained as a white solid from 57 (0.700 g,
~o o

OE\OBn 3.18 mmol) and 91 (0.738 g, 3.34 mmol). 'H NMR (400 MHz, CDCls) &:

1.63-1.80 (4H, m), 1.86-1.92 (1H, m), 1.92-2.03 (2H, m), 2.09-2.19 (1H,

m), 2.29-2.46 (2H, m), 2.88-2.95 (1H, m), 3.25-3.33 (2H, m), 3.78 (3H, s), 4.05-4.14 (1H, m), 4.49—

4.56 (1H, m), 5.19 (1H, d, J=12.1 Hz), 5.33 (1H, d, /= 12.1 Hz), 6.79-6.85 (2H, m), 7.12-7.18 (2H,
m), 7.31-7.43 (SH, m).

Benzyl (4R)-4-(acetyloxy)-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-prolinate (93)
OAc To a mixture of 92 (0.556 g, 1.31 mmol), pyridine (0.317 mL, 3.94 mmol)
/@Q(NQ and DCM (5 mL), acetic anhydride (0.372 mL, 3.94 mmol) was added at
o o) O’E\ OBn 0 °C, and the mixture was stirred at rt for 4 h. After ethanol was added to
the reaction solution, the solvent was distilled off under reduced pressure.
0.3 mol/L Hydrochloric acid was added to the residue obtained, and the mixture was extracted with
ethyl acetate. The organic layer was washed with a saturated aqueous NaHCOj3 solution, with water
and with saturated brine, and then dried over anhydrous sodium sulfate. The solvent was distilled off
under reduced pressure to obtain 93 (0.610 g, 1.31 mmol, 100% yield) as a pink oil. "H NMR (400
MHz, CDCls) 6: 1.58-2.11 (7H, m), 1.78 (3H, s), 2.27-2.43 (3H, m), 3.04-3.12 (1H, m), 3.14-3.21
(1H, m), 3.77-3.79 (3H, m), 4.72-4.79 (1H, m), 4.89-4.96 (1H, m), 5.12 (1H, d, J = 12.4 Hz), 5.27
(1H, d, J=12.4 Hz), 6.75-6.80 (2H, m), 7.13-7.17 (2H, m), 7.29-7.42 (5H, m). MS (ESI/APCI) m/z:

caled for Co7H3:NOs (M + H)" 466.2, Found: 466.4.

(4R)-4-(Acetyloxy)-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-proline (94)
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OAc Inamanner similar to that employed for the synthesis of 54, 94 was obtained

/@Q(N‘§ quantitatively as a colorless oil from 93 (0.610 g, 1.31 mmol). 'H NMR (400

o o MHz, CDCl3) 6: 1.64-1.85 (4H, m), 1.86-2.00 (1H, m), 1.94 (3H, s), 2.02—

2.15 (1H, m), 2.15-2.28 (1H, m), 2.28-2.49 (3H, m), 3.08-3.20 (2H, m),

3.80 (3H, s), 4.67-4.77 (1H, m), 4.90-4.98 (1H, m), 6.86 (2H, d, /= 8.5 Hz), 7.16 (2H, d, /= 8.5 Hz).
MS (ESI/APCI) m/z: calcd for C20H26NOg (M + H)* 376.2, Found: 376.3.

(3R,5R)-5-[(1H-Indazol-4-yl)carbamoyl]-1-[1-(4-methoxyphenyl)cyclopentane-1-
carbonyl]pyrrolidin-3-yl acetate (95)
OAc In a manner similar to that employed for the synthesis of 40, 95 (1.24
/@Q(ﬁ?b g, 2.93 mmol, 92% yield) was obtained as a white solid from 94
o o) 0/’\HQ—\»TH (0.491 g, 1.31 mmol) and 64b (0.397 g, 1.70 mmol). 'H NMR (400
MHz, CDCl3) 8: 1.64-2.37 (8H, m), 1.95 (3H, s), 2.52-2.64 (1H, m),
2.78-2.88 (1H, m), 3.08-3.17 (1H, m), 3.27-3.37 (1H, m), 3.79 (3H, s), 4.89—4.98 (1H, m), 4.98-5.06

(1H, m), 6.81-6.87 (2H, m), 7.10-7.16 (2H, m), 7.22-7.26 (1H, m), 7.32-7.39 (1H, m), 7.83-7.91
(1H, m), 8.28 (1H, s), 10.00-10.77 (2H, m).

(4R)-4-Hydroxy-N-1H-indazol-4-yl-1-[1-(4-methoxyphenyl)cyclopentane-1-carbonyl]-D-

prolinamide (42)
OH 95 (0.153 g, 0.312 mmol) was dissolved in MeOH (4 mL) and water
/@Q‘/N’? (1.5 mL), then sodium carbonate (0.066 g, 0.624 mmol) was added
~o0 (o] OZ\”Q&“ H  at rt, and the mixture was stirred at rt for 4 h. Water was added to the

reaction solution, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, and dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the residue was purified by silica gel column
chromatography (hexane/ethyl acetate then ethyl acetate /methanol) to obtain 42 (0.124 g, 0.276 mmol,
89% yield) as a white solid. '"H NMR (400 MHz, CDCl3) &: 1.59-1.81 (4H, m), 1.87-2.06 (2H, m),
2.11-2.22 (1H, m), 2.23-2.35 (1H, m), 2.40-2.49 (1H, m), 2.50-2.61 (1H, m), 2.92-3.00 (1H, m),
3.18-3.26 (1H, m), 3.78 (3H, s), 4.20—4.28 (1H, m), 4.61-4.66 (1H, m), 5.06-5.12 (1H, m), 6.79-6.84
(2H, m), 7.09-7.13 (2H, m), 7.29 (1H, d, J= 8.5 Hz), 7.38 (1H, dd, /= 8.5, 7.3 Hz), 7.78 (1H, d, J =
7.3 Hz), 8.34 (1H, s), 10.26-10.45 (2H, m). '3C NMR (101 MHz, CDCls) &: 24.8, 24.9, 35.1, 36.8,
38.0,55.2,57.4,58.3,62.0,71.3,106.3, 111.9, 114.2, 116.3, 126.6, 127.8, 130.3, 132.0, 135.3, 140.9,
158.1, 172.3, 177.8. HRMS (ESI) m/z: calcd for C2sH29N4O4 (M + H)* 449.2183, Found: 449.2174.

(45)-3-{[1-(4-Methoxyphenyl)cyclopentyl]carbonyl}-1,3-thiazolidine-4-carboxylic acid (97)
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S To a mixture of 57 (2.50 g, 11.3 mmol) and toluene (50.0 mL), thionyl
/@Q,(N { chloride (2.60 mL, 34.0 mmol) and DMF (1 drop) were added at rt, and the
~o © o7 OH mixture was heated and stirred at 60 °C for 1 h. The reaction solution was
concentrated under reduced pressure, then the residue obtained was dissolved in THF (10.0 mL).
Under ice-cooling, the above solution was added to a mixture of (45)-1,3-thiazolidine-4-carboxylic
acid (1.96 g, 14.8 mmol), a saturated aqueous NaHCOj3 solution (40.0 mL) and THF (30.0 mL), and
the mixture was stirred for 22 h while gradually returning to rt. The reaction solution was diluted with
water, and acidified by the addition of 6 mol/L hydrochloric acid under ice-cooling, and then the
mixture was extracted with ethyl acetate. The organic layer obtained was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, then
the residue obtained was suspended in Et;O, and filtered to obtain 97 (3.04 g, 9.06 mmol, 80% yield)
as a pale-yellow solid. '"H NMR (400 MHz, DMSO-d) &: 1.51-1.74 (4H, m), 1.77-2.05 (2H, m),
2.21-2.35 (2H, m), 2.94 (1H, dd, J = 11.5, 4.8 Hz), 3.20-3.37 (1H, m), 3.74 (3H, s), 3.87-3.97 (1H,
m), 4.05-4.17 (1H, m), 4.75-4.86 (1H, m), 6.90 (2H, d, J = 8.5 Hz), 7.16 (2H, d, /= 7.9 Hz), 12.80
(1H, brs). MS (ESI/APCI) m/z: caled for Ci17H2oNO4S (M + H)" 336.1, Found: 336.1.

(45)-3-{[1-(4-Methoxyphenyl)cyclopentyl]carbonyl}-1,3-thiazolidine-4-carboxylic acid 1,1-
dioxide (98)
To a suspension of 97 (3.04 g, 9.06 mmol) in AcOH (20.0 mL), hydrogen
/@Q‘/N‘:‘; peroxide (34.5%, 3.73 mL) was added at rt, and the mixture was stirred for
~o 0, >~on | h, and then heated and stirred at 50 °C for 8 h. The reaction solution was
diluted with water, and then the precipitated solid was filtered to obtain 98
(2.47 g, 6.72 mmol, 74% yield) as a pale-yellow solid. "H NMR (400 MHz, DMSO-ds) &: 1.55-1.72
(4H, m), 1.82-2.05 (2H, m), 2.17-2.36 (2H, m), 3.40-3.49 (1H, m), 3.71-3.91 (5H, m), 4.22-4.32
(1H, m), 5.05-5.15 (1H, m), 6.86-6.94 (2H, m), 7.13-7.21 (2H, m), 13.32 (1H, brs). MS (ESI/APCI)
m/z: calcd for C17H20NO6S (M — H) 366.1, Found: 366.2.

(45)-N-(1H-Indazol-4-yl)-3-{|1-(4-methoxyphenyl)cyclopentyl]carbonyl}-1,3-thiazolidine-4-
carboxamide 1,1-dioxide (43, DS17701585)
Phosphoryl chloride (0.504 mL, 5.45 mmol) was added to the
/@Q(N'/s mixture of 98 (1.67 g, 4.55 mmol), 64b (1.38 g, 5.91 mmol), N-
~o o o;:\N ¢ "NH  methylmorpholine (5.05 mL, 45.5 mmol) and DCM (50.0 mL) at
0 °C and then allowed to stand in a refrigerator overnight. A 10%
aqueous citric acid solution was added to the reaction solution, and the mixture was extracted with

DCM. The organic layer was washed with water and a saturated brine and dried over anhydrous

sodium sulfate. The solvent was distilled off under reduced pressure, and the residue obtained was

102



subjected to silica gel column chromatography (hexane/ethyl acetate) to obtain an intermediate (2.04
g). To a solution of the intermediate (0.200 g) obtained in DCM (2.5 mL), HCI (4 mol/L, 1,4-dioxane
solution, 5 mL) was added at 0 °C, and the mixture was stirred at rt for 4 h. Ice was added at rt, and
then the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous NaHCOs3 solution and saturated brine, and then dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the residue obtained was purified by silica gel
column chromatography (hexane/ethyl acetate) to obtain 43 (DS1770158S5, 0.168 g, 0.348 mmol, 77%
yield) as a pale-yellow solid. "H NMR (400 MHz, CDCls) &: 1.72-1.74 (2H, m), 1.80-1.86 (3H, m),
2.22-2.29 (1H, m), 2.37-2.44 (1H, m), 2.53-2.59 (1H, m), 3.32-3.35 (1H, m), 3.58-3.61 (1H, m),
3.74 (3H, s), 4.09-4.11 (1H, m), 4.46-4.49 (1H, m), 5.70-5.73 (1H, m), 6.75 (2H, d, J= 8.5 Hz), 7.00
(2H, d,J=8.5Hz), 7.32-7.43 (2H, m), 7.79 (1H, d, /= 7.9 Hz), 8.26 (1H, s), 9.63 (1H, s), 10.24 (1H,
brs). *C NMR (101 MHz, CDCls) 8: 25.0, 25.2, 36.7, 39.1, 47.6, 55.2, 56.7, 58.4, 61.9, 106.6, 111.4,
114.9, 115.9, 126.2, 127.8, 129.8, 131.8, 134.3, 141.0, 158.6, 165.5, 178.0. HRMS (ESI) m/z: calcd
for C24H27N4OsS (M + H)* 483.1697, Found: 483.1707.

[

tert-Butyl 5-nitro-1H-indazole-1-carboxylate (120a).
O,N A solution of 5-nitroindazole (119a, 2.00 g, 12.3 mmol) in THF (30 mL) was
\©\/,;'N allowed to cool to 0 °C, supplemented with Boc,O (3.21 g, 14.7 mmol), DIPEA
Boc (3.84 mL, 22.1 mmol), and DMAP (150 mg, 1.23 mmol), and stirred at rt for 24 h.
The solvent was distilled off under reduced pressure and the obtained residue was subjected to silica
gel column chromatography (hexane/ethyl acetate) to obtain 120a (2.86 g, 10.9 mmol, 89% yield) as
a pale-yellow solid. '"H NMR (CDCls) &: 1.75 (9H, s), 8.32-8.36 (2H, m), 8.43 (1H, dd, J = 9.4, 2.1

Hz), 8.70 (1H, d, J = 2.4 Hz).

tert-Butyl 6-nitro-1H-indazole-1-carboxylate (120b).
\ In a manner similar to that employed for the synthesis of 120a, the title compound
ozN/©\/\NN 120b (2.89 g, 11.0 mmol, 90% yield) was obtained using 119b (2.00 g, 12.3 mmol)
and Boc2O (3.21 g, 14.7 mmol). '"H NMR (CDCl3) &: 1.77 (9H, s), 7.88 (1H, d, J =
9.0 Hz), 8.21 (1H, dd, J=9.0, 2.0 Hz), 8.31 (1H, s), 9.13 (1H, d, /= 2.0 Hz).

Boc

tert-Butyl 5-amino-1H-indazole-1-carboxylate (121a).
HZN\©\/\\ To a suspension of 120a (2.86 g, 10.9 mmol) in methanol (50 mL) was added zinc
N
N

powder (4.97 g, 76.0 mmol) under ice cooling. The mixture was stirred at the same
Boc
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temperature for 10 min, supplemented with a saturated aqueous NH4Cl solution (50 mL), and then
stirred again at rt for 3 h. After the reaction solution was filtered through a Celite pad, the obtained
filtrate was extracted with ethyl acetate and concentrated under reduced pressure. The obtained residue
was then purified by silica gel column chromatography (chloroform/ethyl acetate) to obtain 121a (2.18
g, 9.35 mmol, 86% yield) as a pale-yellow solid. 'H NMR (CDCls) &: 1.71 (9H, s), 3.73 (2H, brs),
6.93-6.95 (2H, m), 7.96-7.99 (2H, m).

tert-Butyl 6-amino-1H-indazole-1-carboxylate (121b).
; In a manner similar to that employed for the synthesis of 121a, the title compound
HZN@N 121b (1.83 g, 7.85 mmol, 72% yield) was obtained using 120b (2.89 g, 11.0 mmol)
and zinc powder (5.02 g, 76.8 mmol). 'H NMR (CDCls) &: 1.71 (9H, s), 4.02 (2H,
brs), 6.68 (1H, dd, /= 8.5, 1.8 Hz), 7.44 (1H, s), 7.47 (1H, d, J= 8.5 Hz), 7.97 (1H, s).

Boc

tert-Butyl 5-amino-1H-pyrazolo[4,3-b]pyridine-1-carboxylate (123).
H,N_ N A mixture of 5-chloro-1H-pyrazolo[4,3-b]pyridine (122, 14.7 g, 92.9 mmol),
\QI:{N Pd»(dba); (2.27 g, 1.86 mmol), XPhos (1.83 g, 3.71 mmol), LHMDS (1.09 mol/L,
Boc o lution in THEF, 200 mL, 218 mmol), and THF (100 mL) was stirred under reflux
for 6 h. The reaction solution was allowed to cool to rt and then left to stand for 16 h. The reaction
solution was then allowed to cool to 0 °C, supplemented with Boc,O (22.4 g, 97.5 mmol) in small
portions, and stirred at 0 °C for 40 min. The solution was then supplemented with TBAF (1 mol/L,
solution in THF, 279 mL, 279 mmol) at 0 °C and the resultant mixture was stirred at the same
temperature for 1 h. Water was added to this mixture at 0 °C, followed by extraction with ethyl acetate,
and the obtained organic layer was washed with saturated brine and dried over anhydrous sodium
sulfate. The solvent was distilled off under reduced pressure and the obtained residue was subjected
to silica gel column chromatography (hexane/ethyl acetate) to obtain a slurry with a diethyl
ether/hexane mixed solvent. This slurry was then filtered to obtain 123 (16.6 g, 70.9 mmol, 76% yield)
as a pale-yellow solid. "H NMR (DMSO-dc) &: 1.63 (9H, s), 6.25 (2H, s), 6.73 (1H, d, J = 9.1 Hz),
8.02 (1H, d, J=9.1 Hz), 8.09 (1H, s).

Benzyl 1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinate (125).
To a mixture of 1-(4-methoxyphenyl)cyclopentane carboxylic acid (57,
/@Q'(NQ' 8.20 g, 37.2 mmol) and toluene (100 mL) were added SOCIl, (5.69 mL,
~o o o’:\ OBn 74,5 mmol) and DMF (1 drop) at rt, and this mixture was then heated under
reflux for 45 min. The reaction solution was concentrated under reduced
pressure and the obtained residue was dissolved in DCM (30 mL). The resultant solution was added,

under ice cooling, in a dropwise manner to a mixture of D-proline benzyl ester hydrochloride (124,
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11.9 g, 48.4 mmol), DIPEA (26 mL), and DCM (70 mL), followed by stirring for 16 h while allowing
the mixture to gradually return to rt. The reaction solution was washed with 1 mol/L aqueous HCl
solution, a saturated aqueous NaHCO3 solution, and saturated brine, and dried over anhydrous sodium
sulfate. The solvent was distilled off under reduced pressure and the obtained residue was subjected
to silica gel column chromatography (hexane/ethyl acetate) to obtain 125 (13.7 g, 33.6 mmol, 90%
yield) as a pale-yellow oil. 'H NMR (CDCl;) 8: 1.64—1.80 (7H, m), 1.95-2.11 (3H, m), 2.36-2.40 (2H,
m), 2.96-2.98 (2H, m), 3.78 (3H, s), 4.53 (1H, dd, J=8.8, 5.1 Hz), 5.13 (1H, d, /= 12.1 Hz), 5.25
(1H, d, J=12.1 Hz), 6.76-6.79 (2H, m), 7.14-7.15 (2H, m), 7.33-7.37 (5H, m).

1-{[1-(4-Methoxyphenyl)cyclopentyl]carbonyl}-D-proline (126).
To a solution of 125 (13.7 g, 33.6 mmol) in ethanol (100 mL) was added

QQKNQ 10% Pd/C (1.00 g), and the mixture was stirred at rt under a H, atmosphere
~ (o)
o

07"OH  for 3 h. The reaction solution was filtered through celite using DCM and

methanol, and the solvent was distilled off under reduced pressure. The obtained residue was subjected
to silica gel column chromatography (ethyl acetate/methanol) to obtain 126 (8.78 g, 27.7 mmol, 82%
yield) as a colorless solid. "H NMR (DMSO-ds) 8: 1.50-1.68 (7H, m), 1.85-2.00 (3H, m), 2.26-2.29
(2H, m), 2.90-2.91 (2H, m), 3.73 (3H, s), 4.22 (1H, dd, J = 9.1, 4.8 Hz), 6.87-6.88 (2H, m), 7.15—
7.16 (2H, m), 12.29 (1H, brs).

N-1H-Indol-4-yl-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinamide (101).

To a solution of 126 (40.0 mg, 0.126 mmol) in DMF (1.5 mL) were
/@QKNO Q/NH added COMU (59.4 mg, 0.139 mmol) and DIPEA (0.0329 mL,
o ° o™ = 0.189 mmol), and the mixture was then stirred at rt for 15 min. 1H-
Indol-4-amine (20.0 mg, 0.151 mmol) was then added, followed by stirring at rt overnight. A saturated
aqueous NH4Cl solution was added to the reaction and the mixture was extracted with ethyl acetate
three times. The organic layer was washed with a saturated aqueous NaHCO3 solution, and with
saturated brine, and then dried over anhydrous sodium sulfate. After filtration and concentration under
reduced pressure, the obtained residue was purified by silica gel column chromatography
(chloroform/ethyl acetate) to obtain 101 (44.0 mg, 0.102 mmol, 81% yield) as a colorless solid. 'H
NMR (CDCl3) &: 1.64-2.00 (8H, m), 2.09-2.15 (1H, m), 2.30-2.36 (1H, m), 2.51-2.59 (2H, m), 2.94—
3.05 (2H, m), 3.77 (3H, s), 4.97-5.03 (1H, m), 6.78-6.80 (3H, m), 7.11-7.21 (5H, m), 7.90-7.94 (1H,
m), 8.29 (1H, s), 10.06 (1H, s). MS (ESI/APCI) m/z: 432.2 (M + H)". HRMS (ESI) m/z: calculated for
C26H30N303 (M + H)*, 432.2282; found, 432.2302.
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N-1H-Indol-5-yl-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinamide (102).
In a manner similar to that employed for the synthesis of 101, the title
QQV(NQ compound 102 (45.0 mg, 0.104 mmol, 83% yield) was obtained using
~o O 7 NH 126 (40.0 mg, 0.126 mmol) and 1H-indol-5-amine (20.0 mg, 0.151
mmol). 'H NMR (CDCls) &: 1.58-1.91 (7H, m), 1.96-2.11 (2H, m),
2.33-2.48 (3H, m), 2.95-3.08 (2H, m), 3.78 (3H, s), 4.85-4.87 (1H, m),
6.50-6.52 (1H, m), 6.83 (2H, d, /= 9.1 Hz), 7.15 (2H, d, J = 9.1 Hz),
7.18-7.21 (1H, m), 7.24-7.26 (1H, m), 7.32 (1H, d, J= 8.5 Hz), 7.91 (1H, s), 8.20 (1H, s), 9.21 (1H,
s). MS (ESI/APCI) m/z: 432.2 (M + H)". HRMS (ESI) m/z: calculated for C2H30N303 (M + H)*,
432.2282; found, 432.2305.

Iz

N-1H-Indazol-5-yl-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinamide (99).
A solution of 126 (500 mg, 1.58 mmol) in DMF (20 mL) was cooled to
/@Q(NQ 0 °C. Then, 121a (441 mg, 1.89 mmol), COMU (810 mg, 1.89 mmol),
~o © o7 NH and DIPEA (0.412 mL, 2.36 mmol) were added and the mixture was
stirred at rt for 16 h. Next, water and saturated brine were added in this
order and the mixture was extracted with a mixed solvent of ethyl
acetate/hexane. The resultant sample was washed with saturated brine
and then dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure,
after which the obtained residue was subjected to silica gel column chromatography (hexane/ethyl
acetate). The crude product 127a was given as a pale-brown oil and could be used in the next step
without further purification.
Next, 4 mol/L HCI (1,4-dioxane solution, 30 mL) was added at 0 °C to 127a and the mixture was
stirred at rt for 18 h. Toluene was added and the mixture was concentrated under reduced pressure.
Then, the resultant sample was subjected to amino silica gel column chromatography (hexane/ethyl
acetate). The obtained solid was slurried with ethyl acetate and hexane, and then filtered to obtain
compound 99 (355 mg, 0.820 mmol, 52% yield) as a colorless solid. "H NMR (CDCls) &: 1.44-2.02
(8H, m), 2.05-2.15 (1H, m), 2.31-2.52 (3H, m), 2.96-3.10 (2H, m), 3.79 (3H, s), 4.81-4.91 (1H, m),
6.83 (2H, d, J=8.5Hz), 7.14 (2H, d, J= 8.5 Hz), 7.36-7.44 (2H, m), 8.02 (1H, s), 8.12 (1H, s), 9.52
(1H, brs). MS (ESI/APCI) m/z: 433.2 (M + H)". HRMS (ESI) m/z: calculated for C2sH29N4O3 (M +
H)*, 433.2234; found, 433.2253.

N-1H-Indazol-6-yl-1-{[1-(4-methoxyphenyl)cyclopentyl]carbonyl}-D-prolinamide (100).
In a manner similar to that employed for the synthesis of 4, the title
/@Q(NQ \NN compound 5 (11.0 mg, 0.0254 mmol, 27% yield) was obtained using
~ o
o

=N H 126 (30.0 mg, 0.0945 mmol) and 121b (26.5 mg, 0.113 mmol). 'H
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NMR (DMSO-ds) 6: 1.50-1.79 (7H, m), 1.81-1.94 (2H, m), 2.01-2.11 (1H, m), 2.24-2.38 (2H, m),
2.94-3.01 (2H, m), 3.75 (3H, s), 4.43—4.49 (1H, m), 6.91 (2H, d, J = 8.6 Hz), 7.11 (1H, dd, J = 8.6,
1.2 Hz), 7.20 (2H, d, J = 8.6 Hz), 7.67 (1H, d, J = 8.6 Hz), 7.97 (1H, s), 8.16 (1H, s), 10.16 (1H, s),
12.89 (1H, s). MS (ESI/APCI) m/z: 433.2 (M + H)*. HRMS (ESI) m/z: calculated for C25sH290N4O3 (M
+ H)*, 433.2234; found, 433.2235.

1-{[1-(4-Methoxyphenyl)cyclopentyl]carbonyl}-N-1H-pyrazolo[4,3-b]pyridin-5-yl-D-

prolinamide (103).
A solution of 126 (150 mg, 0.473 mmol) and 123 (166 mg, 0.709 mmol)
/@Q,(NQ in pyridine (4 mL) was cooled to 0 °C, supplemented with POCI3 (0.130
~o ° OZ\NHN mL, 1.42 mmol), and then stirred at rt overnight. The resultant mixture
\\/ . was diluted with ethyl acetate, washed with 10% aqueous citric acid
H'N solution three times, with a saturated aqueous NaHCOj solution, and

with saturated brine, and then dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, after which the obtained residue was purified by silica
gel column chromatography (hexane/ethyl acetate) and then by amino silica gel column
chromatography (hexane/ethyl acetate) to obtain intermediate 127c¢ as a colorless oil. To this
intermediate was added 4 mol/L HCI (1,4-dioxane solution, 8 mL), after which the mixture was stirred
at rt for 4 h. The resultant mixture was then concentrated under reduced pressure, after which the
obtained residue was subjected to amino silica gel column chromatography (hexane/ethyl acetate).
The obtained solid was slurried with diethyl ether and hexane, followed by filtering to obtain
compound 103 (51.0 mg, 0.118 mmol, 25% yield) as a colorless oil. 'H NMR (CDCls) &: 1.63-1.91
(8H, m), 1.97-2.15 (2H, m), 2.39-2.54 (2H, m), 3.06-3.15 (2H, m), 3.82 (3H, s), 4.63—4.72 (1H, m),
6.90 (2H, d, J= 8.5 Hz), 7.24 (2H, d, J= 8.5 Hz), 7.72 (1H, d, /= 9.1 Hz), 8.07 (1H, s), 8.14 (1H, d,
J=09.1 Hz), 8.77 (1H, s), 11.36 (1H, s). MS (ESI/APCI) m/z: 434.3 M + H)". HRMS (ESI) m/z:
calculated for C24H23NsO3 (M + H)", 434.2187; found, 434.2189.

2-Benzyl 1-tert-butyl (2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate (129).

OH A solution of (4R)-1-(tert-butoxycarbonyl)-4-hydroxy-D-proline (128, 2.03 g, 8.80
Boc'N‘3 mmol) in methanol (30 mL) was cooled to 0 °C. Then, cesium carbonate (1.45 g,
o/;‘\an 4.40 mmol) in water (4 mL) was added and the mixture was stirred at rt for 5 min.

The solvent was distilled off under reduced pressure, after which the residue was
suspended in DMF (35 mL). Benzyl bromide was added at 0 °C and the mixture was stirred at rt
overnight. Then, water was added and the mixture was extracted with ethyl acetate. The resultant

sample was washed with saturated brine and then dried over anhydrous sodium sulfate. The solvent

was distilled off under reduced pressure, after which the obtained residue was subjected to silica gel
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column chromatography (hexane/ethyl acetate) to obtain compound 129 (2.73 g, 8.49 mmol, 97%
yield) as a colorless oil. "H NMR (CDCls, mixture of rotamers) 8: 1.34 and 1.47 (9H, 2s), 2.11 (1H, d,
J=14.5Hz),2.26-2.38 (1H, m), 3.19 and 3.24 (1H, 2d, J=9.7 and 9.7 Hz), 3.50-3.71 (2H, m), 4.32—
4.44 (2H, m), 5.12-5.38 (2H, m), 7.35-7.38 (5H, m).

Benzyl (4R)-4-{[fert-butyl(dimethyl)silyl|oxy}-D-prolinate (131).
oTBS A solution of 129 (2.68 g, 8.34 mmol) in DMF (10 mL) was cooled to 0 °C. Then,
HN,3 imidazole (3.41 g, 50.0 mmol) and TBSCI (5.03 g, 33.4 mmol) were added and the
o >oBn mMixture was stirred at rt overnight. The resultant mixture was diluted with ethyl acetate,
washed with water three times and with saturated brine, and then dried over anhydrous
sodium sulfate. The solvent was distilled off under reduced pressure, after which the obtained residue
was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain intermediate 130
as a colorless oil. To this intermediate were added DCM (8 mL) and TFA (16 mL) at 0 °C, after which
the mixture was stirred at rt for 3 h. After the reaction solution was concentrated under reduced
pressure, a saturated aqueous NaHCOj3 solution was added to the obtained residue. The mixture was
extracted with diethyl ether and the organic layer was dried over anhydrous sodium sulfate. After
filtration and concentration under reduced pressure, the obtained residue was subjected to amino silica
gel column chromatography (hexane/ethyl acetate) and then by silica gel column chromatography
(hexane/ethyl acetate) to obtain compound 131 (1.53 g, 4.56 mmol, 55% yield) as a colorless oil. 'H
NMR (CDCls) 9: 0.01 (3H, s), 0.03 (3H, s), 0.84 (9H, s), 2.00-2.05 (1H, m), 2.17-2.24 (1H, m), 2.48
(1H, brs), 2.84-2.87 (1H, m), 2.97-3.03 (1H, m), 3.78-3.80 (1H, m), 4.26-4.29 (1H, m), 5.11-5.19

(2H, m), 7.30-7.39 (5H, m).

Benzyl (4R)-4-{[tert-butyl(dimethyl)silyljoxy}-1-{[1-(4-methoxyphenyl)cyclohexyl]carbonyl}-D-
prolinate (132).
otes In a manner similar to that employed for the synthesis of 101, the title
N'3: compound 132 (841 mg, 1.52 mmol, 85% yield) was obtained using 56
(440 mg, 1.88 mmol) and 131 (600 mg, 1.79 mmol). "H NMR (CDCls) &:
—-0.17 (3H, s), —0.14 (3H, s), 0.74 (9H, s), 1.22-1.63 (5H, m), 1.73-1.84
(3H, m), 2.17-2.31 (3H, m), 2.80-2.84 (1H, m), 3.12-3.16 (1H, m), 3.77-3.82 (4H, m), 4.12 (1H, q,
J=17.3Hz),4.60 (1H, t,J= 8.2 Hz), 5.05-5.26 (2H, m), 6.80-6.83 (2H, m), 7.17-7.19 (2H, m), 7.29—
7.38 (5H, m).

\o (o) o/j\OBn

tert-Butyl 5-{[(4R)-4-{[tert-butyl(dimethyl)silyl]oxy}-1-{[1-(4-
methoxyphenyl)cyclohexyl]carbonyl}-D-prolyljamino}-1H-pyrazolo[4,3-b]pyridine-1-
carboxylate (134).
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oTBS To a solution of 132 (840 mg, 1.52 mmol) in ethanol (15 mL) was added

NQ 10% Pd/C (300 mg), after which the mixture was stirred at rt under a H»

o o} OE\NH atmosphere for 3 h. The reaction solution was filtered through celite
\ \/N using DCM and methanol, and the solvent was distilled off under reduced

N-lil pressure to obtain intermediate 133 (646 mg, 1.40 mmol, 92% yield) as

Boc a white solid. This intermediate was dissolved in pyridine (9 mL), and
POCI; (0.186 mL, 2.02 mmol) and 123 (729 mg, 3.11 mmol) were added at 0 °C, after which the
mixture was stirred at rt overnight. The resultant mixture was diluted with diethyl ether, washed with
10% aqueous citric acid solution three times and with saturated brine, and then dried over anhydrous
sodium sulfate. The solvent was distilled off under reduced pressure and then the obtained residue was
purified by silica gel column chromatography (hexane/ethyl acetate) to obtain compound 134 (214 mg,
20% yield) as a pale-yellow oil. 'H NMR (CDCls) 8: —0.17 (3H, s), —0.13 (3H, s), 0.64 (9H, s), 1.28-
1.31 (1H, m), 1.57-1.77 (17H, m), 2.08-2.40 (4H, m), 3.11-3.18 (1H, m), 3.81 (3H, s), 4.10—4.15 (1H,
m), 4.67-4.69 (1H, m), 6.93 (2H, d, /= 7.9 Hz), 7.27-7.29 (2H, m), 8.18 (1H, s), 8.38 (1H, d, /=9.1
Hz), 8.52 (1H, d, J=9.1 Hz), 8.80 (1H, s).

(4R)-4-Hydroxy-1-{[1-(4-methoxyphenyl)cyclohexyl]carbonyl}-N-1H-pyrazolo[4,3-b]pyridin-5-
yl-D-prolinamide (105).

OH A solution of 134 (223 mg, 0.328 mmol) in acetonitrile (4.8 mL) was
NQ cooled to 0 °C. Then, TFA (2.4 mL) and water (2.4 mL) were added and
~o o) O;E\NH the mixture was stirred at rt for 1 h. After the reaction solution was
\\N concentrated under reduced pressure, a saturated aqueous NaHCOj3
Y
N-l{l solution was added to the obtained residue. This mixture was extracted
H

with ethyl acetate and the organic layer was dried over anhydrous sodium
sulfate. After filtration and concentration under reduced pressure, the obtained residue was subjected
to silica gel column chromatography (hexane/ethyl acetate) to obtain compound 105 (140 mg, 0.302
mmol, 92% yield) as a white solid. '"H NMR (CDCl3) &: 1.22-1.39 (1H, m), 1.60-1.82 (7H, m), 2.08—
2.15 (2H, m), 2.30-2.42 (2H, m), 2.89-2.97 (1H, m), 3.31-3.38 (1H, m), 3.81 (3H, s), 4.15-4.22 (1H,
m), 4.58-4.74 (2H, m), 6.90 (2H, d, J = 8.5 Hz), 7.22-7.25 (2H, m), 7.75 (1H, d, J = 9.1 Hz), 8.08
(1H, s), 8.18 (1H, d, J = 9.1 Hz), 8.99 (1H, s), 11.04 (1H, s). MS (ESI/APCI) m/z: 464.3 (M + H)".
HRMS (ESI) m/z: calculated for C2sH30NsO4 (M + H)*, 464.2292; found, 464.2309.

Methyl (45)-3-{[1-(4-methoxyphenyl)cyclohexyl]carbonyl}-1,3-thiazolidine-4-carboxylate (136).
To a solution of 56 (406 mg, 1.73 mmol) in DCE (8 mL) were added oxalyl

S
N:’ chloride (0.297 mL, 3.47 mmol) and DMF (2 drops), followed by stirring

~o o off\OMe of the mixture at rt for 25 min. To the reaction solution were further added
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oxalyl chloride (0.297 mL, 3.47 mmol) and DMF (1 drop), followed by stirring at rt for 50 min and
then at 75 °C for 45 min. A residue obtained by distilling off the solvent under reduced pressure was
dissolved in DCE (4 mL), followed by the addition of a solution of methyl (4S)-thiazoridine-4-
carboxylate (135, 232 mg, 1.58 mmol) in DCE (6 mL), pyridine (0.635 mL, 7.88 mmol), and DMAP
(23 mg, 0.189 mmol), with the resultant mixture then being stirred at 75 °C for 3.3 h. The resultant
mixture was allowed to cool to rt and supplemented with a saturated aqueous NH4Cl solution. The
resultant mixture was extracted with DCM, washed with a 10% aqueous citric acid solution and
saturated brine, and dried over anhydrous sodium sulfate. A residue obtained by distilling off the
solvent under reduced pressure was subjected to amino silica gel column chromatography
(hexane/ethyl acetate) and further to silica gel column chromatography (hexane/ethyl acetate) to obtain
compound 136 (328 mg, 0.902 mmol, 57% yield) as a colorless oil. "'H NMR (CDCl;3) &: 1.26-1.29
(1H, m), 1.58-1.70 (7H, m), 2.32-2.35 (2H, m), 2.97 (1H, dd, /= 11.8, 5.8 Hz), 3.13-3.15 (1H, m),
3.76 (3H, s), 3.80 (3H, s), 4.01-4.04 (1H, m), 4.12-4.14 (1H, m), 5.03-5.06 (1H, m), 6.88—6.89 (2H,
m), 7.21 (2H, d, J= 8.5 Hz).

Methyl (45)-3-{[1-(4-methoxyphenyl)cyclohexyl]carbonyl}-1,3-thiazolidine-4-carboxylate 1,1-
dioxide (137).
To a solution of 136 (118 mg, 0.325 mmol) in DCM (5 mL) was added m-

“,’O
N:’ S CPBA (purity <77%, 140 mg, 0.812 mmol), followed by stirring of the
o o 0/’\ oMe Mixtureatrt for 6.4 h. The mixture was then diluted with ethyl acetate and

supplemented with water. The resultant mixture was extracted with ethyl
acetate, washed with saturated brine, and dried over anhydrous sodium sulfate. A residue obtained by
distilling off the solvent under reduced pressure was subjected to silica gel column chromatography
(hexane/ethyl acetate) to obtain compound 137 (68 mg, 0.172 mmol, 53% yield) as a colorless solid.
"H NMR (CDCls) 6: 1.24-1.81 (8H, m), 2.17-2.27 (2H, m), 3.22 (1H, dd, J= 13.3, 5.4 Hz), 3.37-3.40
(1H, m), 3.77-3.80 (7H, m), 4.24-4.27 (1H, m), 5.38-5.40 (1H, m), 6.91 (2H, dd, J = 8.7, 2.0 Hz),
7.19 (2H, dd, J=8.7, 2.0 Hz).

(45)-3-{[1-(4-Methoxyphenyl)cyclohexyl]carbonyl}-1,3-thiazolidine-4-carboxylic  acid 1,1-
dioxide (138).

9/ o A solution of 137 (28 mg, 0.066 mmol) in THF (2 mL) was allowed to cool

N‘j to 0 °C, supplemented with water (1 mL) and lithium hydroxide

~o o O/E\OH monohydrate (9 mg, 0.21 mmol), and then stirred at rt for 24.5 h. The
organic solvent was distilled off under reduced pressure and 1 mol/L
aqueous HCI solution was added to obtain a pH of ~2. The resultant mixture was extracted with ethyl

acetate, washed with saturated brine, and dried over anhydrous sodium sulfate. A residue obtained by
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distilling off the solvent under reduced pressure was formed into a slurry with diisopropyl ether, and
the resultant sample was filtered off to obtain compound 138 (25 mg, 0.0066 mmol, 93% yield) as a
colorless solid. "H NMR (DMSO-dq) 8: 1.24-1.26 (1H, m), 1.44-1.79 (7H, m), 2.18-2.22 (2H, m),
3.39 (1H, dd, J= 13.6, 6.3 Hz), 3.73-3.75 (4H, m), 4.04-4.05 (1H, m), 4.11-4.13 (1H, m), 5.07-5.10
(1H, m), 6.92 (2H, d, J=9.1 Hz), 7.19 (2H, d, /= 9.1 Hz), 13.27 (1H, s).

(45)-3-{[1-(4-Methoxyphenyl)cyclohexyl]carbonyl}-N-(1H-pyrazolo[4,3-b]pyridin-5-yl)-1,3-
thiazolidine-4-carboxamide 1,1-dioxide (106).

9/0 A suspension of 138 (400 mg, 1.05 mmol) and 123 (491 mg, 2.10 mmol)
N,j in pyridine (6 mL) was cooled to 0 °C, supplemented with POCI3 (0.288
N o OE\N H mL, 3.15 mmol), and then stirred at a temperature from 0 °C to rt for 19.2
=N h. The resultant mixture was diluted with ethyl acetate, washed with 10%
\ ;_ §  aqueous citric acid solution three times, with a saturated aqueous
H

NaHCOs; solution, and with saturated brine, and then dried over
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, after which the
obtained residue was purified by silica gel column chromatography (hexane/ethyl acetate) and then by
amino silica gel column chromatography (hexane/ethyl acetate) to obtain intermediate 139 as a pale-
yellow solid. This intermediate was dissolved in DCM (6 mL), followed by the addition of TFA (6
mL), after which the mixture was stirred at rt for 2.3 h. The resultant mixture was concentrated under
reduced pressure, ethyl acetate and a saturated aqueous NaHCOj3 solution were added to the obtained
residue, and the mixture was then extracted with ethyl acetate. The organic layer was washed with
saturated brine and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced
pressure, after which the obtained residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to obtain compound 106 (168 mg, 0.338 mmol, 32% yield) as a colorless solid.
"H NMR (CDCls) &: 1.23-1.38 (2H, m), 1.61-1.85 (6H, m), 2.25-2.37 (2H, m), 3.24-3.36 (1H, m),
3.67-3.83 (2H, m), 3.77 (3H, s), 4.42-4.54 (1H, m), 5.64-5.71 (1H, m), 6.85 (2H, d, /= 8.5 Hz), 7.19
(2H, d, J = 8.5 Hz), 7.88 (1H, d, J = 9.1 Hz), 8.20-8.23 (2H, m), 9.17 (1H, s), 10.43 (1H, s). MS
(EST/APCI) m/z: 498.2 (M + H)*. HRMS (ESI) m/z: calculated for C24H2sNs0sS (M + H)", 498.1806;
found, 498.1825.

4-(4-Methoxyphenyl)tetrahydro-2 H-pyran-4-carboxylic acid (142a).
o Under a N, atmosphere, a suspension of NaH (7.51 g, 172 mmol) in DMF (150
OH mL) was ice-cooled, supplemented in a dropwise manner with a solution of 4-
o} methoxyphenylacetonitrile (140, 10.5 mL, 78.1 mmol) and 1-bromo-2-(2-

bromoethoxy)ethane (20.2 g, 86.0 mmol) in DMF (50 mL) over a period of 30

~o

min, and stirred under ice-cooling for 1 h and at rt for 4 h. After another session of ice-cooling, water
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was added to the reaction solution, the mixture was extracted with diethyl ether three times, and the
organic layer was washed with saturated brine and dried over anhydrous sodium sulfate. The organic
layer was filtered and concentrated under reduced pressure to obtain crude compound 141a (22.4 g)
as an orange oil. To this crude product (22.4 g) were added ethylene glycol (100 mL) and KOH (13.01
g, 234 mmol), followed by stirring for 8 h under heated reflux. After allowing the mixture to cool to
rt, water was added to the reaction solution and the mixture was washed with diethyl ether twice. The
aqueous layer was acidified by adding 1 mol/L aqueous HCI solution and stirred at rt overnight. The
precipitated solid was collected by filtration and purified by silica gel column chromatography
(chloroform/methanol) to obtain compound 142a (13.6 g, 57.6 mmol, 74% yield) as a pale-yellow
solid. "H NMR (CDCl;) &: 1.93-2.00 (2H, m), 2.47-2.53 (2H, m), 3.58-3.64 (2H, m), 3.80 (3H, s),
3.89-3.94 (2H, m), 6.89 (2H, d, /= 8.5 Hz), 7.33 (2H, d, J = 8.5 Hz).

2-(4-Methoxyphenyl)-2-methylpropanoic acid (142b).

Me Me In a manner similar to that employed for the synthesis of 142a, the title compound
142b (15.62 g, 80.4 mmol, 49% yield) was obtained using 140 (24.08 g, 163.6
mmol) and iodomethane (22.4 mL, 360 mmol). 'H NMR (DMSO-ds) 8: 1.44 (6H,

s), 3.73 (3H, s), 6.88 (2H, d, J = 8.5 Hz), 7.26 (2H, d, J= 8.5 Hz), 12.22 (1H, brs).

~o

1-(4-Methoxyphenyl)-3,3-dimethylcyclobutanecarboxylic acid (142c).
Me Me To a suspension of NaH (1.50 g, 34.0 mmol) in DMSO (40 mL) was added a
solution of 140 (2.30 g, 16.0 mmol) and 1,3-dibromo-2,2-dimethylpropane (4.00

OH
o g, 17.0 mmol) in diethyl ether (10 mL) in a dropwise manner, followed by stirring

° at rt for 20 h. Isopropyl alcohol was added to the reaction mixture, and then the
mixture was diluted with water and extracted with hexane. The organic layer was concentrated, diluted
with diethyl ether, and washed with water. The organic layer was dried over sodium sulfate, filtered,
and concentrated to obtain crude compound 141¢ (3.55 g) as a pale-yellow oil. To this crude product
(3.55 g) were added ethylene glycol (60 mL) and KOH (9.20 g, 140 mmol), followed by stirring for
30 min under heated reflux. After allowing the reaction solution to cool to rt, water was added to it,
and the mixture was then washed with diethyl ether twice. The aqueous layer was acidified by adding
1 mol/L aqueous HCl solution, and the precipitated solid was collected by filtration and dried to obtain
compound 142¢ (2.77 g, 11.8 mmol, 74% yield) as a white solid. '"H NMR (CDCls) 6: 0.99 (3H, s),
1.15 (3H, s), 2.33 (2H, d, /= 12.1 Hz), 2.73 (2H, d, J = 12.1 Hz), 3.79 (3H, s), 6.86 (2H, d, J=9.1
Hz), 7.24 (2H, d, J=9.1 Hz).

1-(3-Fluoro-4-methoxyphenyl)cyclohexanecarboxylic acid (142d).
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In a manner similar to that employed for the synthesis of 142a, the title compound
OH 142d (616 mg, 2.44 mmol, 23% yield) was obtained using 140 (2.20 g, 13.3
~o o mmol) and 1.5-dibromopentane (2.00 mL, 14.7 mmol). 'H NMR (CDCls) &:
1.26-1.73 (8H, m), 2.39-2.42 (2H, m), 3.87 (3H, s), 6.89—6.94 (1H, m), 7.13—
7.21 (2H, m).

3,3-Dimethoxy-1-(4-methoxyphenyl)cyclobutanecarbonitrile (143).
MeO OMe To a suspension of NaH (1.42 g, 32.6 mmol) in DMSO (40 mL) was added a
solution of 140 (2.18 g, 14.8 mmol) and 1,3-dibromo-2,2-dimethoxypropane (4.27

CN
g, 16.3 mmol) in diethyl ether (10 mL) in a dropwise manner, followed by stirring

° at rt for 16 h. Isopropyl alcohol was added to the reaction mixture, and then the
mixture was diluted with water and extracted with hexane. The organic layer was concentrated, diluted
with diethyl ether, and then washed with water. The organic layer was dried over sodium sulfate,
filtered, and concentrated to obtain compound 143 (3.64 g, 14.7 mmol, 99% yield) as a pale-yellow
solid. "H NMR (CDCls) &: 2.65-2.72 (2H, m), 3.05-3.12 (2H, m), 3.17 (3H, s), 3.28 (3H, s), 3.82 (3H,

s), 6.91 (2H, d, J= 8.5 Hz), 7.38 (2H, d, J = 8.5 Hz).

1-(4-Methoxyphenyl)-3-oxocyclobutanecarbonitrile (144).
0 To a solution of 143 (3.64 g, 14.7 mmol) in acetone (40 mL) was added 6 mol/L
aqueous HCI solution (10 mL), followed by heating to 60 °C and stirring for 1 h.

N The organic solvent was distilled off, neutralized with 5 mol/L aqueous NaOH and

o a saturated aqueous NaHCO3 solution, and then extracted with diethyl ether. The
organic layer was washed with saturated brine and dried over sodium sulfate. The residue obtained by
filtration and concentration was purified by silica gel column chromatography (hexane/ethyl acetate)
to obtain compound 144 (2.23 g, 11.1 mmol, 75% yield) as a pale-yellow oil. "H NMR (CDCls) &:

3.64-3.72 (2H, m), 3.84 (3H, s), 3.99-4.07 (2H, m), 6.93-6.99 (2H, m), 7.37-7.43 (2H, m).

3,3-Difluoro-1-(4-methoxyphenyl)cyclobutanecarbonitrile (145).
F F A solution of 144 (2.00 g, 9.94 mmol) in DCM (20 mL) was cooled to 0 °C and
supplemented in a dropwise manner with a solution of DAST (3.30 mL, 25.2 mmol)
~0 in DCM (10 mL), followed by stirring at rt for 20 h. The reaction mixture was diluted
with DCM and then sequentially washed with a saturated aqueous NaHCOj3 solution
and with saturated brine. The organic layer was dried over sodium sulfate, filtered, and concentrated,
and the obtained residue was purified by silica gel column chromatography (hexane/ethyl acetate) to
obtain compound 145 (1.85 g, 8.29 mmol, 83% yield) as a pale-yellow oil. 'H NMR (CDCls) 6: 3.10—

3.25 (2H, m), 3.43-3.55 (2H, m), 3.83 (3H, s), 6.92-6.99 (2H, m), 7.33-7.41 (2H, m).
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3,3-Difluoro-1-(4-methoxyphenyl)cyclobutanecarboxylic acid (146).

F F A mixture of KOH (955 mg, 17.0 mmol) and ethylene glycol (7.6 mL) was heated
OH and dissolved. The solution was cooled to rt, and then 145 (380 mg, 1.70 mmol)
o) was added and stirred at 150 °C for 5 min under a N atmosphere. The reaction

° mixture was cooled to rt, diluted with water, and then washed with diethyl ether.
The aqueous layer was acidified with concentrated HC1 and then extracted with diethyl ether. The
organic layer was dried over sodium sulfate, filtered, and concentrated, and the obtained residue was
purified by silica gel column chromatography (chloroform/methanol) to obtain compound 146 (257
mg, 1.06 mmol, 62% yield) as a brown oil. 'H NMR (CDCls) 6: 2.96-3.11 (2H, m), 3.38-3.51 (2H,

m), 3.80 (3H, s), 6.86-6.93 (2H, m), 7.19-7.28 (2H, m).

4,4-Difluoro-1-(4-methoxyphenyl)cyclohexanol (148).

F F A mixture of (4-methoxyphenyl)magnesium bromide (0.5 mol/L, THF solution, 44
mL, 20.0 mmol) and THF (40 mL) was cooled to 0 °C, supplemented with a
OH  solution of 4,4-difluorocyclohexanone (147, 2.68 g, 20.0 mmol) in THF (10 mL) in
"o a dropwise manner, and then stirred for 1 h while increasing the temperature to rt.
Next, the reaction mixture was cooled to 0 °C, slowly supplemented with 0.5 mol/L aqueous HCI
solution, and then extracted with diethyl ether. The residue obtained by washing the organic layer with
saturated brine, drying over anhydrous sodium sulfate, filtering, and concentrating was purified by
silica gel column chromatography (hexane/ethyl acetate) to obtain compound 148 (3.62 g, 14.9 mmol,
75% yield) as a white solid. "H NMR (CDCls) &: 1.43 (1H, s), 1.83-1.94 (2H, m), 1.97-2.18 (4H, m),

2.19-2.39 (2H, m), 3.81 (3H, s), 6.86-6.93 (2H, m), 7.39-7.45 (2H, m).

1-(3,5-Difluoro-4-methoxyphenyl)-4,4-difluorocyclohexanol (149).
E F Under ice-cooling, to a solution of 4-bromo-2,6-difluoroanisole (5.00 g, 22.4
mmol) in THF (50 mL) was added isopropyl magnesium chloride-lithium chloride
OH (1.3 mol/L, THF solution, 19 mL, 24.7 mmol), followed by stirring for 1 h. 147
(3.61 g, 26.9 mmol) was added and stirred at the same temperature for 1 h, then 1
mol/L aqueous HCI solution was added, and the mixture was extracted with ethyl
acetate, washed with saturated brine, and dried over anhydrous magnesium sulfate. The residue
obtained by concentration was purified by silica gel column chromatography (hexane/ethyl acetate) to
obtain compound 149 (3.88 g, 13.9 mmol, 62% yield) as a colorless solid. "H NMR (CDCl;) : 1.81—
1.85 (2H, m), 2.02-2.11 (4H, m), 2.17-2.35 (2H, m), 3.99 (3H, s), 7.01-7.05 (2H, m).

4,4-Difluoro-1-(4-methoxyphenyl)cyclohexanecarbonitrile (151).
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F F Under a N atmosphere, to a solution of indium(III) bromide (266 mg, 0.751 mmol)

and trimethylsilyl cyanide (1.90 mL, 15.0 mmol) in DCM (15 mL) was added a

CN  solution of 148 (1.82 g, 7.51 mmol) in DCM (15 mL) in a dropwise manner,

followed by stirring for 30 min. The residue obtained by concentrating the reaction

mixture was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain compound

151 (1.82 g, 7.24 mmol, 96% yield) as a colorless oil. 'H NMR (CDCls) &: 2.06-2.40 (8H, m), 3.82
(3H, s), 6.90-6.96 (2H, m), 7.37-7.44 (2H, m).

1-(3,5-Difluoro-4-methoxyphenyl)-4,4-difluorocyclohexanecarbonitrile (152).
F F In a manner similar to that employed for the synthesis of 151, the title compound
152 (3.128 g, 10.89 mmol, 78% yield) was obtained using 149 (3.88 g, 13.9 mmol).
CN  'HNMR (CDCl3) 8: 2.03-2.11 (2H, m), 2.18-2.36 (6H, m), 4.02 (3H, s), 7.02-7.09
(2H, m).

4,4-Difluoro-1-[4-(methylsulfanyl)phenyl]|cyclohexanecarbonitrile (153).
F F To a suspension of Mg (906 mg, 37.3 mmol) in THF (100 mL) was added 1-bromo-
4-(methylsulfamoyl)benzene (3.81 mL, 28.0 mmol), followed by stirring at 65 °C
CN for2h. 147 (2.50 g, 18.6 mmol) in THF (20 mL) was added, the mixture was stirred
s at rt for 3 h, and then 2 mol/L aqueous HCI solution was added, after which the
mixture was extracted with ethyl acetate. The organic layer was washed with saturated brine and dried
over anhydrous sodium sulfate. The residue obtained by concentration was purified by silica gel
column chromatography (hexane/ethyl acetate) to obtain crude compound 150 (2.94 g, 11.4 mmol,
61% yield) as a pale-yellow oil. Under a N, atmosphere, to a solution of indium(III) bromide (403 mg,
1.14 mmol) and trimethylsilyl cyanide (2.26 g, 22.8 mmol) in DCM (30 mL) was added a solution of
crude compound 150 (2.94 g) in DCM (10 mL) in a dropwise manner, followed by stirring for 3 h.
The residue obtained by concentrating the reaction mixture was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain compound 153 (1.12 g, 4.17 mmol, 37% yield) as a
colorless solid. 'H NMR (CDCl;) &: 2.10-2.35 (8H, m), 2.49 (3H, s), 7.28 (2H, d, J = 8.5 Hz), 7.40

(2H, d, J= 8.5 Hz).

4,4-Difluoro-1-(4-methoxyphenyl)cyclohexane carboxylic acid (154).

F F In a manner similar to that employed for the synthesis of 146, the title compound
154 (477 mg, 1.76 mmol, 88% yield) was obtained using 151 (503 mg, 2.00
mmol). "HNMR (CDCls) §: 1.88-2.15 (6H, m), 2.47-2.62 (2H, m), 3.80 (3H, s),
6.86-6.93 (2H, m), 7.32-7.38 (2H, m).

OH
o
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1-(3,5-Difluoro-4-methoxyphenyl)-4,4-difluorocyclohexanecarboxylic acid (155).

F F To a solution of 152 (1.00 g, 3.48 mmol) in toluene (10 mL) was added
diisobutylaluminum hydride (0.97 mol/L, toluene solution, 5.2 mL, 5.22 mmol).

F on After stirring for 20 min, a saturated aqueous L-(+)-potassium sodium tartrate
"o F ° solution was added and stirred at rt for 5 min. The mixture was extracted with

ethyl acetate, and the organic layer was washed with 1 mol/L aqueous HCl
solution and with saturated brine. The organic layer was dried over anhydrous magnesium sulfate and
concentrated to obtain crude aldehyde (0.982 g, 3.38 mmol) as a colorless oil. Under ice-cooling, to a
mixture of this crude compound (982 mg), tert-butyl alcohol (15 mL), and water (3 ml) were
sequentially added 2-methyl-2-butene (1.8 mL, 16.9 mmol), sodium dihydrogenphosphate (812 mg,
6.77 mmol), and sodium chlorite (612 mg, 6.77 mmol) and stirred at rt for 3 h. Then, 1 mol/L aqueous
HCI solution was added, the mixture was extracted with ethyl acetate, and the organic layer was
washed with saturated brine and dried over anhydrous magnesium sulfate. The residue obtained by
concentration was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain
compound 155 (603 mg, 1.97 mmol, 57% yield) as a colorless solid. '"H NMR (CDCls) &: 1.90-2.18
(6H, m), 2.51-2.53 (2H, m), 4.00 (3H, s), 6.96-7.01 (2H, m).

4,4-Difluoro-1-[4-(methylsulfanyl)phenyl]cyclohexanecarboxylic acid (156).

F F In a manner similar to that employed for the synthesis of 146, the title compound
156 (944 mg, 3.30 mmol, 79% yield) was obtained using 153 (1.12 g, 4.17 mmol).
"HNMR (DMSO-ds) 8: 1.82-2.09 (6H, m), 2.37-2.44 (2H, m), 2.46 (3H, s), 7.25
"8 (2H, d, J= 8.5 Hz), 7.36 (2H, d, J= 8.5 Hz), 12.80 (1H, brs).

OH

4,4-Difluoro-1-[4-(methylsulfonyl)phenyl]cyclohexanecarboxylic acid (157).

F F To a solution of 156 (400 mg, 1.40 mmol) in acetic acid (4 mL) was added
hydrogen peroxide water (concentration 35%, 0.575 mL) at 0 °C. After stirring

- X oH at 50 °C for 7 h, the mixed reaction solution was diluted with water, and the
o"s 0 resulting solid was collected by filtration to obtain compound 157 (208 mg, 0.654

mmol, 47% yield) as a colorless solid. "H NMR (DMSO-dc) &: 1.87-2.10 (6H,
m), 2.40-2.49 (2H, m), 3.22 (3H, s), 7.71 (2H, d, J= 8.5 Hz), 7.93 (2H, d, J = 8.5 Hz), 13.07 (1H,
brs).

1-[4-(Benzyloxy)-3-fluorophenyl]-4,4-difluorocyclohexanol (158).
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FE F In a manner similar to that employed for the synthesis of 149, the title compound

158 (6.21 g, 18.5 mmol, 66% yield) was obtained using 1-benzyloxy-4-bromo-2-

F OH fluoro-benzene (9.45 g, 33.6 mmol). 'H NMR (CDCl3) &: 1.47 (1H, s), 1.78-2.76

BnO (8H, m), 5.14 (2H, s), 6.95-7.00 (1H, m), 7.10-7.14 (1H, m), 7.23-7.28 (1H, m),
7.31-7.45 (5H, m).

1-[4-(Benzyloxy)-3-fluorophenyl]-4,4-difluorocyclohexanecarbonitrile (159).
F F In a manner similar to that employed for the synthesis of 151, the title compound
159 (2.50 g, 7.24 mmol, 55% yield) was obtained using 158 (4.40 g, 13.1 mmol).
F CN  'H NMR (CDCl;) &: 2.01-2.38 (8H, m), 5.16 (2H, s), 6.98-7.04 (1H, m), 7.15—
BnO 7.24 (2H, m), 7.31-7.46 (5H, m).

4,4-Difluoro-1-(3-fluoro-4-hydroxyphenyl)cyclohexanecarbonitrile (160).
F F In a manner similar to that employed for the synthesis of 126, the title compound
160 (1.46 g, 5.72 mmol, 99% yield) was obtained using 159 (2.00 g, 5.79 mmol).
F CN  'HNMR (DMSO-ds) 8: 1.99-2.35 (8H, m), 6.95-7.03 (1H, m), 7.15-7.21 (1H, m),
HO 7.31-7.38 (1H, m), 10.20 (1H, brs).

4,4-Difluoro-1-(3-fluoro-4-methoxyphenyl)cyclohexanecarbonitrile (161).
F F To a solution of 160 (500 mg, 1.96 mmol) in acetone (10 mL) were added K>CO3
(541 mg, 3.92 mmol) and iodomethane (556 mg, 3.92 mmol), followed by stirring
F CN  for 4 h. The reaction solution was filtered through celite using DCM and the solvent
"o was distilled off under reduced pressure. Crude product 161 was given as a pale-

brown oil and could be used in the next step without further purification.

4,4-Difluoro-1-(3-fluoro-4-methoxyphenyl)cyclohexanecarboxylic acid (162).
F F In a manner similar to that employed for the synthesis of 1585, the title compound
162 (348 mg, 1.21 mmol, 59% yield) was obtained using 161 (550 mg, 2.04
F OH  hmol). 'H NMR (DMSO-de) : 1.78-2.15 (6H, m), 2.37-2.46 (2H, m), 3.83 (311,
"o ° s), 6.99-7.26 (3H, m), 12.83 (1H, brs).

Methyl 1-(6-methoxypyridin-3-yl)cyclohexanecarboxylate (164).
Under a N> atmosphere, a solution of dicyclohexylamine (3.50 mL, 17.6 mmol)

OMe in toluene (150 mL) was ice-cooled, supplemented with nBuLi (1.6 mol/L,

hexane solution, 11 mL, 17.6 mmol), and stirred at rt for 30 min. Methyl

cyclohexanecarboxylate (3.0 mL, 20.7 mmol) was added at rt, stirred for 15 min,
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and then 5-bromo-2-methoxypyridine (163, 1.9 mL, 16.0 mmol), Pd»(dba); (735 mg, 0.798 mmol),
and TTBP-HBF, (461 mg, 1.60 mmol) were added and stirred at rt overnight. Next, 1 mol/L aqueous
HCI solution was added to the reaction solution and insoluble matter was filtered off. The filtrate was
extracted with ethyl acetate three times, and the organic layer was washed with saturated brine and
then dried over anhydrous sodium sulfate. After filtration and concentration under reduced pressure,
the obtained residue was purified by silica gel column chromatography (hexane/ethyl acetate) and then
purified again by amino silica gel column chromatography (hexane/ethyl acetate) to obtain compound
164 (1.61 g, 6.46 mmol, 40% yield) as a colorless oil. 'H NMR (CDCls) : 1.24-1.33 (1H, m), 1.41—
1.52 (2H, m), 1.56-1.75 (5H, m), 2.42-2.47 (2H, m), 3.64 (3H, s), 3.92 (3H, s), 6.70 (1H, d, J= 8.8
Hz), 7.60 (1H, dd, J= 8.8, 2.7 Hz), 8.18 (1H, d, /= 2.7 Hz).

1-(6-Methoxypyridin-3-yl)cyclohexanecarboxylic acid (165).
To a solution of 164 (1.60 g, 6.42 mmol) in THF (40 mL) were added methanol
OH (20 mL) and a 1 mol/L aqueous NaOH solution (19 mL), followed by stirring at

50 °C for 10 h. The reaction solution was acidified by adding 1 mol/L aqueous
HCI solution and then extracted with ethyl acetate three times, and the organic
layer was washed with saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The obtained residue was purified by silica gel column chromatography
(chloroform/methanol) to obtain compound 165 (1.17 g, 4.97 mmol, 78% yield) as a yellow solid. 'H
NMR (CDCls) 6: 1.25-1.34 (1H, m), 1.48-1.78 (7H, m), 2.42-2.45 (2H, m), 3.92 (3H, s), 6.72 (1H,
d,/=9.1 Hz), 7.66 (1H, d, J=9.1 Hz), 8.23 (1H, s).

tert-Butyl 1-(4-bromophenyl)cyclohexanecarboxylate (167).
To a suspension of 1-(4-bromophenyl)cyclohexanecarboxylic acid (166, 11.5 g,
otBu 41.0 mmol) in DCM (200 mL) were added thionyl chloride (5.6 mL, 81.9 mmol)
Br o and DMF (0.100 mL), followed by stirring at 40 °C for 4 h and then
concentration under reduced pressure. The procedure of adding toluene to the
residue and concentrating under reduced pressure was carried out twice to obtain a crude acid chloride.
To a solution of the crude acid chloride in THF (200 mL) was added potassium tert-butoxide (1.0
mol/L, THF solution, 50 mL) in a dropwise manner at 0 °C, followed by stirring at rt overnight. After
concentrating the reaction solution under reduced pressure, a 10% aqueous citric acid solution was
added to the residue and the mixture was extracted with ethyl acetate three times. The organic layer
was sequentially washed with a saturated aqueous NaHCO3 solution and with saturated brine, and then
dried over anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the
obtained residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain

compound 167 (10.9 g, 32.1 mmol, 78% yield) as a colorless solid. 'H NMR (CDCl;) &: 1.16-1.24
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(1H, m), 1.36 (9H, s), 1.45-1.68 (7H, m), 2.37-2.40 (2H, m), 7.27 2H, d, J = 8.5 Hz), 7.43 2H, d, J
= 8.5 Hz).

tert-Butyl 1-(4-acetylphenyl)cyclohexanecarboxylate (168).

Under a N atmosphere, to a mixture of compound 167 (10.9 g, 32.1 mmol),
otBu palladium(Il) acetate (361 mg, 1.61 mmol), and TTBP-HBF4 (1.86 g, 6.43
PhO o mmol) were added acetonitrile (50 mL), triethylamine (13.5 mL, 96.4
o mmol), and phenyl formate (10.5 mL, 96.4 mmol), followed by stirring at
80 °C overnight. After allowing the reaction solution to cool to rt, water was added to it, the mixture
was extracted with ethyl acetate three times, and the organic layer was washed with saturated brine
and then dried over anhydrous sodium sulfate. After filtration and concentration under reduced
pressure, the obtained residue was purified by silica gel column chromatography (hexane/ethyl
acetate) to obtain compound 168 (8.62 g, 22.7 mmol, 71% yield) as a colorless solid. '"H NMR (CDCl3)
6: 1.24-1.33 (1H, m), 1.38 (9H, s), 1.49-1.58 (2H, m), 1.64-1.73 (5H, m), 2.44-2.47 (2H, m), 7.19—

7.29 (3H, m), 7.40-7.45 (2H, m), 7.55 (2H, d, J= 8.5 Hz), 8.15 (2H, d, /= 8.5 Hz).

4-[1-(tert-Butoxycarbonyl)cyclohexyl]benzoic acid (169).
In a manner similar to that employed for the synthesis of 165, the title
OtBu  compound 169 (6.82 g, 22.4 mmol, 99% yield) was obtained using 168 (8.62
HO 0 g, 22.7 mmol). '"H NMR (CDCls) &: 1.21-1.31 (1H, m), 1.37 (9H, s), 1.46—
° 1.58 (2H, m), 1.62-1.72 (5H, m), 2.40-2.47 (2H, m), 7.51 (2H, d, J = 8.5
Hz), 8.06 (2H, d, J = 8.5 Hz).

tert-Butyl 1-[4-(hydroxymethyl)phenyl]cyclohexanecarboxylate (170).
To a solution of 169 (1.00 g, 3.29 mmol) in THF (15 mL) was added
OtBu triethylamine (0.687 mL, 4.93 mmol), followed by ice-cooling,
HO o supplementation with isobutyl chloroformate (0.518 mL, 3.94 mmol), and
then stirring at the same temperature for 30 min. After separating insoluble matter by filtration, the
filtrate was ice-cooled, supplemented with sodium borohydride (620 mg, 16.4 mmol) and water (3
mL), and then stirred at the same temperature for 15 min and at rt for 1 h. A saturated aqueous NH4Cl
solution was added to the reaction solution, the mixture was extracted with ethyl acetate three times,
and the organic layer was washed with saturated brine and then dried over anhydrous sodium sulfate.
After filtration and concentration under reduced pressure, the obtained residue was purified by silica
gel column chromatography (hexane/ethyl acetate) to obtain compound 170 (861 mg, 2.96 mmol, 90%
yield) as a colorless solid. "H NMR (CDCls) 8: 1.21-1.29 (1H, m), 1.37 (9H, s), 1.41-1.54 (2H, m),
1.60-1.71 (6H, m), 2.39-2.45 (2H, m), 4.67 (2H, d, /= 5.4 Hz), 7.31 (2H, d, J = 8.5 Hz), 7.39 (2H, d,
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J= 8.5 Hz).

tert-Butyl 1-(4-formylphenyl)cyclohexanecarboxylate (171).
To a suspension of Dess-Martin periodinane (4.56 g, 10.7 mmol) in DCM (24
OtBu mL) was added a solution of 170 (2.08 g, 7.16 mmol) in DCM (35 mL),
O o followed by stirring at rt for 3.5 h. To the reaction solution were added diethyl
ether, a saturated aqueous NaHCOj solution, and sodium thiosulfate pentahydrate (18.9 g, 75.2 mmol),
followed by stirring at rt for 1 h, after which the liquid was separated. The aqueous layer was extracted
with diethyl ether twice, and the organic layers were combined, washed with saturated brine, and then
dried over anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the
obtained residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain
compound 171 (1.39 g, 4.82 mmol, 67% yield) as a pale-yellow oil. '"H NMR (CDCls) &: 1.24-1.37
(10H, m), 1.48-1.57 (2H, m), 1.62-1.72 (5H, m), 2.44 (2H, d, J= 11.5 Hz), 7.57 (2H, d, J= 8.5 Hz),
7.84 (2H, d, J = 8.5 Hz), 10.00 (1H, s).

tert-Butyl 1-[4-(2,2,2-trifluoro-1-hydroxyethyl)phenyl]cyclohexanecarboxylate (172).
Under a N> atmosphere, to a solution of 171(1.39 g, 4.82 mmol) in DMF (25
oBu mL) were added (trifluoromethyl)trimethylsilane (0.855 mL, 5.78 mmol)
F3C o and K>COs3 (12.0 mg, 0.0964 mmol), followed by stirring at rt for 4 h, after
OH which K>COs3 (53.0 mg, 0.386 mmol) was added and stirring was performed
at rt for 2.5 h. (Trifluoromethyl)trimethylsilane (1.07 mL, 7.23 mmol) and K>COs3 (65.0 mg, 0.482
mmol) were further added, followed by stirring at rt for 1.5 h. After ice-cooling the reaction solution,
TBAF (1 mol/L, THF solution, 19.5 mL) was added and stirring was performed at rt for 30 min. Water
and saturated brine were added to the reaction solution, the mixture was extracted with diethyl ether
three times, and the organic layer was washed with saturated brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to obtain compound 172 (1.65 g, 4.60 mmol, 96%
yield) as a pale-yellow oil. '"H NMR (CDCls) &: 1.21-1.29 (1H, m), 1.37 (9H, s), 1.46-1.70 (7H, m),

2.43 (2H, d, J=10.9 Hz), 2.53-2.58 (1H, m), 4.97-5.03 (1H, m), 7.40-7.45 (4H, m).

tert-Butyl 1-[4-(trifluoroacetyl)phenyl]cyclohexanecarboxylate (173).
To a solution of 172 (1.65 g, 4.60 mmol) in DCM (25 mL) was added
OtBu  manganese dioxide (2.35 g, 23.0 mmol), followed by stirring at rt overnight.
FsC 0 Manganese dioxide (2.35 g, 23.0 mmol) was further added and stirred at rt
° overnight. After stirring at 40 °C for 8 h, the reaction solution was filtered

through celite, the filtrate was concentrated under reduced pressure, and then the obtained residue was
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purified by silica gel column chromatography (chloroform) to obtain compound 173 (1.50 g, 4.21
mmol, 91% yield) as a pale-yellow oil. "H NMR (CDCls) 6: 1.21-1.34 (1H, m), 1.38 (9H, s), 1.48—
1.58 (2H, m), 1.61-1.73 (5H, m), 2.42-2.45 (2H, m), 7.58 (2H, d, J= 8.5 Hz), 8.03 (2H, d, /= 8.5
Hz).

1-[4-(Trifluoroacetyl)phenyl]cyclohexanecarboxylic acid (174).
To a solution of 173 (1.50 g, 4.21 mmol) in DCM (20 mL) was added TFA (20
oH mL)underice-cooling and stirred at rt for 2 h. After concentrating the reaction
F3C o solution under reduced pressure, DCM was added to the residue, the mixture
o was washed with water, and then the organic layer was dried over anhydrous
sodium sulfate. After filtration and concentration under reduced pressure, the obtained solid was
suspended in hexane, collected by filtration, and dried to obtain compound 174 (1.11 g, 3.70 mmol,
88% yield) as a colorless solid. "H NMR (CDCls) 8: 1.26-1.35 (1H, m), 1.52-1.72 (5H, m), 1.77-1.84

(2H, m), 2.46-2.49 (2H, m), 7.63 (2H, d, J = 8.5 Hz), 8.05 (2H, d, J = 8.5 Hz).

(4R)-1-[(9H-Fluoren-9-ylmethoxy)carbonyl]-4-fluoro-D-proline (175).
F To (4R)-1-(tert-butoxycarbonyl)-4-fluoro-D-proline (80, 3.00 g, 12.9 mmol) was
FMOC'N,j added 4 mol/L HCI (1,4-dioxane solution, 30 mL), followed by stirring at rt for 4 h,
oFOH after which the mixture was concentrated under reduced pressure to obtain a solid.
This solid was dissolved in water (60 mL), ice-cooled, supplemented with NaHCO3
(5.40 g, 64.3 mmol), 1,4-dioxane (60 mL), and 9-fluorenylmethyl chloroformate (4.00 g, 15.4 mmol),
and stirred at rt overnight. Water was added to the reaction solution, the mixture was washed with
diethyl ether twice, and the aqueous layer was acidified by adding 1 mol/L aqueous HCI solution. The
layer was extracted with chloroform three times, and the organic layer was dried over anhydrous
sodium sulfate, and then filtered and concentrated under reduced pressure. Water was added to the
obtained residue, and the mixture was solidified by ultrasonication and left to stand in a refrigerator
overnight. The precipitated solid was collected by filtration and dried to obtain compound 175 (4.00
g, 11.3 mmol, 88% yield) as a colorless solid. "H NMR (DMSO-dq) &: 2.23-2.68 (2H, m), 3.54-3.75
(2H, m), 4.18-4.51 (4H, m), 5.32 (1H, dd, J = 52.9, 3.9 Hz), 7.31-7.35 (2H, m), 7.42-7.44 (2H, m),

7.65-7.68 (2H, m), 7.90 (2H, t, J= 7.0 Hz), 12.73 (1H, brs).

tert-Butyl 5-({(4R)-1-[(9H-fluoren-9-ylmethoxy)carbonyl]-4-fluoro-D-prolyl}amino)-1H-
pyrazolo[4,3-b]pyridine-1-carboxylate (177).
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F To a solution of 175 (300 mg, 0.844 mmol) in DCM (5 mL) were added thionyl

'3 chloride (0.612 mL, 8.44 mmol) and DMF (0.010 mL), followed by stirring at
Fmoc-N~
o Z~NH rt for 3 h and then at 40 °C for 30 min. After concentrating the reaction solution
( =N under reduced pressure, the residue was dissolved in DCM (1 mL),
Y
N—lil supplemented with hexane (10 mL), and the precipitated solid was collected by

Boc filtration and dried to obtain the acid chloride 176 (261 mg) as a pale-yellow
solid. To a mixture of 123 (162 mg, 0.696 mmol), DIPEA (0.157 mL, 0.904 mmol), and DCM (3 mL)
was added a solution of this intermediate 176 in DCM (3 mL) in a dropwise manner under ice-cooling,
followed by stirring at rt for 1.5 h. Then, 1 mol/L aqueous HCI solution was added to the reaction
solution, the mixture was extracted with DCM three times, and the organic layer was dried over
anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the obtained
residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain compound
177 (320 mg, 0.560 mmol, 66% yield) as a colorless solid. "H NMR (DMSO-ds) 6: 1.66 (9H, s), 2.32—
2.41 (1H, m), 2.52-2.70 (1H, m), 3.66-3.83 (2H, m), 4.23-4.32 (3H, m), 4.65 (1H, d, J = 9.7 Hz),
5.29 (1H, d,J=53.8 Hz), 7.15-7.38 (4H, m), 7.63 (2H, s), 7.81 (2H, s), 8.26-8.29 (1H, m), 8.39-8.42
(2H, m), 10.44 (1H, s).

tert-Butyl 5-{[(4R)-4-fluoro-D-prolylJamino}-1H-pyrazolo[4,3-b]pyridine-1-carboxylate (178).

F To a solution of 177 (310 mg, 0.542 mmol) in DMF (10 mL) was added piperidine

H N,3: (0.500 mL, 5.05 mmol) under ice-cooling, followed by stirring under ice-cooling for
O’E\N H 15 min and at rt for 15 min. Water was added to the reaction solution, the mixture was
=N extracted with ethyl acetate three times, and the organic layer was washed with

\ ;_ u saturated brine and then dried over anhydrous sodium sulfate. Next, the aqueous

Boc layers were combined, extracted with DCM twice, and the organic layer was dried

over anhydrous sodium sulfate. The obtained organic layers were combined, filtered, concentrated
under reduced pressure, and then the residue was purified by silica gel column chromatography (ethyl
acetate/methanol) to obtain compound 178 (174 mg, 0.498 mmol, 92% yield) as a colorless solid. 'H
NMR (DMSO-ds) 8: 1.66 (9H, s), 2.21-2.41 (2H, m), 3.07-3.26 (2H, m), 3.54 (1H, s), 3.92 (1H, d, J
=7.3 Hz),5.26 (1H, d, J=54.4 Hz), 8.41-8.48 (3H, m), 10.57 (1H, s).

(4R)-4-Fluoro-1-{[1-(4-methoxyphenyl)cyclohexyl]carbonyl}-N-1H-pyrazolo[4,3-b]pyridin-5-
yl-D-prolinamide (104).
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F To a solution of 56 (2.58 g, 11.0 mmol) in DCM (78 mL) were added

NQ thionyl chloride (1.60 mL, 22.1 mmol) and DMF (0.085 mL), and the
~0 (o) OE\NH mixture was stirred at 40 °C for 30 min. The reaction mixture was
{ =N concentrated under reduced pressure to obtain the crude acid chloride. To

Y

N-lil a solution of 178 (2.40 g, 6.87 mmol) in DCM (40 mL) was added the

H crude acid chloride (2.60 g, 10.3 mmol) in DCM (14 mL) at 0 °C, and
the mixture was stirred at 0 °C for 3 h. To the resultant mixture was added a saturated aqueous NH4Cl
solution, followed by extraction with ethyl acetate. The organic layer was washed with saturated brine
and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, after
which the obtained residue was subjected to silica gel column chromatography (hexane/ethyl acetate)
to obtain the intermediate (3.88 g) as a colorless solid. To a solution of this intermediate in DCM (40
mL) was added TFA (40 mL) under ice-cooling, followed by stirring at rt for 2 h. After concentrating
the reaction solution under reduced pressure, the obtained residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain 104 (1.62 g, 3.48 mmol, 51% yield) as a colorless
solid. "H NMR (CDCls) &: 1.25-2.23 (10H, m), 2.31-2.47 (2H, m), 2.54 (1H, t, J = 16.9 Hz), 3.42—
3.64 (1H, br m), 3.82 (3H, s), 4.77-4.92 (1H, m), 5.02 (1H, d, J=53.2 Hz), 6.93 (2H, d, J = 8.5 Hz),
7.23-7.31 (2H, m), 7.84 (1H, d, J = 9.1 Hz), 8.14 (1H, s), 8.38 (1H, d, J = 9.1 Hz), 8.57 (1H, brs),
10.22 (1H, brs). MS (ESI/APCI) m/z: 466.3 (M + H)*. HRMS (ESI) m/z: calculated for C25sH29FNsO3
(M + H)", 466.2249; found, 466.2266.

(4R)-4-Fluoro-1-{[4-(4-methoxyphenyl)tetrahydro-2 H-pyran-4-yl]carbonyl}-N-1H-
pyrazolo[4,3-b]pyridin-5-yl-D-prolinamide (107).

o F To a suspension of 142a (180 mg, 0.751 mmol) in DCM (5 mL) were

N’§ added oxalyl chloride (0.318 mL, 3.76 mmol) and DMF (0.0100 mL),

~o o, ~NH and the mixture was stirred at rt for 1 h. Then, the mixture was
1 \/N concentrated under reduced pressure to obtain the crude acid chloride as

N-lil a pale-yellow oil. To a solution of 178 (175 mg, 0.501 mmol) in DCM (5

H mL) was added DIPEA (0.262 mL, 1.50 mmol). Then, the mixture was
cooled with ice, supplemented with a solution of the acid chloride obtained above in DCM (5 mL),
and stirred at rt for 30 min. To the reaction solution was added a saturated aqueous NH4Cl solution
and the mixture was extracted with DCM three times. The organic layer was washed with a saturated
aqueous NaHCOs solution and then dried over anhydrous sodium sulfate. The resultant mixture was
filtered, concentrated under reduced pressure, and then the obtained residue was purified by silica gel
column chromatography (ethyl acetate/methanol) to obtain the crude compound (305 mg) as a

colorless solid. To a solution of this crude compound in THF (2 mL) were added methanol (5 mL) and

K>CO3 (140 mg, 1.00 mmol), and the mixture was stirred at rt for 2 h. To the reaction solution was
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added 1 mol/L aqueous HCI solution, after which the mixture was extracted with ethyl acetate three
times. The organic layer was washed with a saturated aqueous NaHCOj3 solution and with saturated
brine, and then dried over anhydrous sodium sulfate. After filtration and concentration under reduced
pressure, the obtained residue was purified by silica gel column chromatography
(chloroform/methanol) to obtain compound 107 (103 mg, 0.220 mmol, 44% yield) as a colorless solid.
'"H NMR (DMSO-ds, 100 °C) &: 1.83-2.38 (6H, m), 3.22-3.36 (2H, m), 3.67-3.76 (7H, m), 4.77 (1H,
d,/=9.1Hz),5.05 (1H, d, J=53.2 Hz), 6.95 (2H, d, /= 8.5 Hz), 7.26 (2H, d, J= 8.5 Hz), 7.98-8.08
(3H,m), 9.91 (1H, s), 13.03 (1H, s). MS (ESI/APCI) m/z: 468.2 (M + H)*. HRMS (ESI) m/z: calculated
for C24H27FNsO4 (M + H)*, 468.2042; found, 468.2044.

(4R)-4-Fluoro-1-[2-(4-methoxyphenyl)-2-methylpropanoyl]-N-1H-pyrazolo[4,3-b]pyridin-5-yl-
D-prolinamide (108).

F In a manner similar to that employed for the synthesis of 107, the title

Me MeN'3: compound 108 (145 mg, 0.341 mmol, 68% yield) was obtained using

o o OE\NH 142b (150 mg, 0.751 mmol) and 178 (175 mg, 0.501 mmol). 'H NMR
=N (DMSO-ds, 100 °C) 6: 1.45 (6H, s), 2.05-2.16 (1H, m), 2.27-2.43 (1H,

\ ;-ﬁ m), 3.02-3.39 (2H, m), 3.75 (3H, s), 4.74 (1H, d, J = 8.5 Hz), 5.07 (1H,

H d,J=54.4Hz), 6.93 (2H, d,J= 8.5 Hz), 7.26 (2H, d, /= 8.5 Hz), 7.97—
8.10 (3H, m), 9.86 (1H, s), 13.03 (1H, s). MS (ESI/APCI) m/z: 426.2 (M + H)*. HRMS (ESI) m/z:
calculated for C22HasFNsO3 (M + H)*, 426.1936; found, 426.1945.

(4R)-1-{[3,3-Difluoro-1-(4-methoxyphenyl)cyclobutyl]carbonyl}-4-fluoro-N-1H-pyrazolo|[4,3-
b]pyridin-5-yl-D-prolinamide (109).

F F F To a solution of 146 (173 mg, 0.716 mmol) in DMF (7 mL) were added
N’j COMU (368 mg, 0.859 mmol) and DIPEA (0.25 mL, 1.43 mmol), and
~o o) OE\NH the mixture was stirred at rt for 15 min. 178 (250 mg, 0.716 mmol) was
\\/N then added and the mixture was stirred at rt overnight. A saturated
N-l{l aqueous NH4Cl solution was added to the reaction solution and the
H

mixture was extracted with ethyl acetate three times. The organic layer
was washed with a saturated aqueous NaHCOj3 solution and with saturated brine, and then dried over
anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the obtained
residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain the
intermediate (323 mg) as a white solid. To a solution of this intermediate in DCM (6 mL) was added
TFA (3 mL) under ice-cooling, and the mixture was stirred at rt for 2 h. After the reaction solution was
concentrated under reduced pressure, a saturated aqueous NaHCOj3 solution was added to the obtained

residue. The mixture was extracted with DCM three times and the organic layer was dried over
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anhydrous sodium sulfate. After filtration and concentration under reduced pressure, the obtained
residue was purified by silica gel column chromatography (hexane/ethyl acetate) to obtain compound
109 (157 mg, 0.332 mmol, 46% yield) as a white solid. '"H NMR (DMSO-ds, 100 °C) &: 2.14-2.28
(1H, m), 2.30-2.52 (1H, m), 2.93-3.10 (2H, m), 3.19-3.57 (4H, m), 3.75 (3H, s), 4.66-4.87 (1H, m),
5.07-5.27 (1H, m), 6.94 (2H, d, J=7.9 Hz), 7.36 (2H, d, J = 7.9 Hz), 7.92-8.08 (3H, m), 9.85 (1H,
brs), 12.95 (1H, brs). MS (ESI/APCI) m/z: 4742 (M + H)*. HRMS (ESI) m/z: calculated for
C23H2F3Ns503 (M + H)", 474.1748,; found, 474.1749.

(4R)-1-{|4,4-Difluoro-1-(4-methoxyphenyl)cyclohexyl]carbonyl}-4-fluoro-N-1H-pyrazolo|4,3-
b]pyridin-5-yl-D-prolinamide (110, DS-9300).

F F . In a manner similar to that employed for the synthesis of 109, the title

,j compound 110 (247 mg, 0.493 mmol, 69% yield) was obtained using 154

“© X N E\NH (193 mg, 0.716 mmol) and 178 (250 mg, 0.716 mmol). 'H NMR (DMSO-
o N ds, 100 °C) &: 1.74-1.86 (1H, m), 1.88-2.53 (9H, m), 3.19-3.42 (2H, m),

\_/ 3.72-3.80 (3H, m), 4.74-4.84 (1H, m), 4.9-5.15 (1H, m), 6.90-6.98 (2H,

H m), 7.22-7.31 (2H, m), 7.93-8.09 (3H, m), 9.91 (1H, brs), 12.95 (1H,

brs). MS (ESI/APCI) m/z: 502.2 (M + H)". HRMS (ESI) m/z: calculated

for C25sH27F3Ns03 (M +H)*, 502.2061; found, 502.2060. Anal. calculated for C2sHacF3NsOs: C, 59.87;
H, 5.23; N, 13.97; F, 11.37. Found: C, 59.76; H, 5.28; N, 13.81; F, 11.46.

(4R)-4-Fluoro-1-{[1-(4-methoxyphenyl)-3,3-dimethylcyclobutyl]carbonyl}-N-1H-pyrazolo[4,3-
b]pyridin-5-yl-D-prolinamide (111).

Me Me F In a manner similar to that employed for the synthesis of 109, the title

N,3 compound 111 (198 mg, 0.425 mmol, 59% yield) was obtained using

o o OE\NH 142¢ (168 mg, 0.716 mmol) and 178 (250 mg, 0.716 mmol). 'H NMR
\\N (DMSO-ds, 100 °C) &: 1.07 (3H, s), 1.09 (3H, s), 2.11-2.45 (4H, m),

; o 2.63-2.77 (2H, m), 3.26-3.48 (2H, m), 3.72 (3H, s), 4.72 (1H, d, J=8.5

H Hz), 5.14 (1H, d, J=53.5 Hz), 6.89 (2H, d, /= 8.5 Hz), 7.29 (2H, d, J =
8.5 Hz), 7.91-8.10 (3H, m), 9.64 (1H, brs), 12.95 (1H, brs). MS (ESI/APCI) m/z: 466.3 (M + H)".
HRMS (ESI) m/z: calculated for CosH20FNsOs (M + H)*, 466.2249; found, 466.2247.

(4R)-4-Fluoro-1-{[1-(3-fluoro-4-methoxyphenyl)cyclohexyl]carbonyl}-N-1H-pyrazolo[4,3-
b]pyridin-5-yl-D-prolinamide (112).
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F In a manner similar to that employed for the synthesis of 104, the title
F NQ compound 112 (186 mg, 0.385 mmol, 81% yield) was obtained using
0o E\NH 142d (200 mg, 0.793 mmol) and 178 (166 mg, 0.475 mmol). 'H NMR

\o o
SN (CDCh) & 1.23-137 (IH, m), 1.60-1.82 (7H, m), 2.07-2.59 (4H, m),
Y%
% 3.01-3.40 (IH, m), 3.50-3.65 (1, m), 3.91 (3H, 5), 4.77-4.93 (IH, m),

H 5.06 (1H, d, J = 52.6 Hz), 6.99-7.13 (3H, m), 7.82 (1H, d, /= 9.1 Hz),
8.12 (1H, s), 8.33 (1H, d, /= 9.1 Hz), 8.52 (1H, s), 10.50 (1H, s). MS (ESI/APCI) m/z: 484.2 (M +
H)*. HRMS (ESI) m/z: calculated for C2sH2sF2NsO3 (M + H)*, 484.2155; found, 484.2162.

(4R)-4-Fluoro-1-{[1-(6-methoxypyridin-3-yl)cyclohexyl|carbonyl}-N-1H-pyrazolo[4,3-
b]pyridin-5-yl-D-prolinamide (113).

F To a suspension of 165 (270 mg, 1.15 mmol) in DCM (10 mL) were

_ N‘§ added oxalyl chloride (0.147 mL, 1.71 mmol) and DMF (1 drop), and the
~oN |l o OE\NH mixture was stirred at rt for 30 min. Then, the mixture was concentrated
1 \/N under reduced pressure to obtain the crude acid chloride as a pale-yellow

N-lil oil. To a solution of 178 (200 mg, 0.572 mmol) in DCM (10 mL) was

H added DIPEA (0.350 mL, 2.00 mmol). Then, the mixture was cooled with
ice, a solution of the acid chloride obtained above in DCM (5 mL) was added, and the mixture was
stirred at rt for 2 h. To the reaction solution was added a saturated aqueous NH4CI solution and the
mixture was extracted with DCM three times. The organic layer was washed with a saturated aqueous
NaHCOs3 solution and then dried over anhydrous sodium sulfate. The resultant sample was filtered,
concentrated under reduced pressure, and then the obtained residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain the intermediate (170 mg) as a pale-yellow solid. To
a solution of this intermediate in DCM (3 mL) was added TFA (3 mL) under ice-cooling, followed by
stirring at rt for 1 h. After concentrating the reaction solution under reduced pressure, the obtained
residue was purified by silica gel column chromatography (ethyl acetate/methanol) to obtain 113 (95.9
mg, 0.206 mmol, 36% yield) as a colorless solid. 'H NMR (DMSO-d, 100 °C) &: 1.24-2.40 (12H, m),
3.04-3.53 (2H, m), 3.85 (3H, s), 4.74-4.83 (1H, m), 5.09 (1H, d, J = 53.8 Hz), 6.75-6.79 (1H, m),
7.59-7.64 (1H, m), 7.96-8.17 (4H, m), 10.00 (1H, s), 13.06 (1H, s). MS (ESI/APCI) m/z: 467.2 (M +
H)*. HRMS (ESI) m/z: calculated for C24H2sFN¢O3 (M + H)*, 467.2201; found, 467.2217.

(4R)-4-Fluoro-N-1H-pyrazolo[4,3-b]pyridin-5-yl-1-({1-[4-
(trifluoroacetyl)phenyl]cyclohexyl} carbonyl)-D-prolinamide (114).
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F In a manner similar to that employed for the synthesis of 113, the title

N,3 compound 114 (149 mg, 0.280 mmol, 56% yield) was obtained using

F5C o) o;;'\NH 174 (180 mg, 0.601 mmol) and 178 (175 mg, 0.501 mmol). '"H NMR
o \ \/N (CDCl3) 8: 1.27-1.43 (1H, m), 1.66-1.96 (7TH, m), 2.11-2.59 (4H, m),
N-N 3.09-3.59 (2H, m), 4.75-4.92 (1H, m), 5.06 (1H, d, J=52.0 Hz), 7.60

(2H, d, J=8.5Hz), 7.84 (1H, d, J=9.1 Hz), 8.14-8.19 (3H, m), 8.34
(1H, d, J=9.1 Hz), 8.44 (1H, s), 10.60 (1H, s). MS (ESI/APCI) m/z: 530.2 (M — H)". HRMS (ESI)
m/z: calculated for Co6H24F4Ns5O3 (M — H)7, 530.1821; found, 530.1796.

(4R)-1-{|4,4-Difluoro-1-(3-fluoro-4-methoxyphenyl)cyclohexyl]carbonyl}-4-fluoro-N-1H-
pyrazolo[4,3-b]pyridin-5-yl-D-prolinamide (116).

F F . To a solution of 162 (330 mg, 1.15 mmol) in DCM (6 mL) were added
\ thionyl chloride (0.087 mL, 1.20 mmol) and DMF (0.012 mL), and the
F NQ mixture was stirred at 40 °C for 2 h. The reaction mixture was
"o © O/I\NIIN concentrated under reduced pressure to obtain the crude acid chloride. To
\_/ 5 asolution of 178 (210 mg, 0.601 mmol) in DCM (6 mL) was added the

N-N

H crude acid chloride obtained above in DCM (6 mL) at 0 °C, and the
mixture was stirred at rt for 30 min. To the resultant mixture was added
1 mol/L aqueous HCI solution, followed by extraction of the mixture with DCM. The organic layer
was washed with saturated brine and dried over anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure to obtain the crude compound (328 mg) as a white solid. To a solution of
this crude compound in methanol (5 mL) was added K,CO; (146 mg, 1.06 mmol), and the mixture
was stirred at rt for 2 h. To the reaction solution was added 1 mol/L aqueous HCI solution, followed
by extraction of the mixture with ethyl acetate three times. The organic layer was washed with a
saturated aqueous NaHCOj3 solution and with saturated brine, and then dried over anhydrous sodium
sulfate. After filtration and concentration under reduced pressure, the obtained residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to obtain compound 116 (193 mg, 0.372
mmol, 62% yield) as a white solid. "H NMR (DMSO-ds) &: 1.66-1.78 (1H, m), 1.91-2.49 (9H, m),
3.02-3.16 (1H, m), 3.27-3.36 (1H, m), 3.85 (3H, s), 4.79—4.85 (1H, m), 5.09 (1H, d, J = 54.1 Hz),
7.11-7.28 (3H, m), 8.06 (1H, d, J = 9.1 Hz), 8.12-8.18 (2H, m), 10.59 (1H, s), 13.29 (1H, s). MS
(EST/APCI) m/z: 520.3 (M + H)*. HRMS (ESI) m/z: calculated for C25sH»6F4sNsO3 (M + H)", 520.1966;
found, 520.1966.

(4R)-1-{[1-(3,5-Difluoro-4-methoxyphenyl)-4,4-difluorocyclohexyl]carbonyl}-4-fluoro-/N-1H-
pyrazolo[4,3-b]pyridin-5-yl-D-prolinamide (117).
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F F In a manner similar to that employed for the synthesis of 113, the title

, N,3°F compound 117 (158 mg, 0.294 mmol, 38% yield) was obtained using 155
R ) E\NH (200 mg, 0.653 mmol) and 178 (288 mg, 0.784 mmol). 'H NMR (DMSO-
° F 0 SN ds) 6: 1.80-2.20 (6H, m), 2.23-2.47 (4H, m), 3.35-3.49 (2H, m), 3.92
L/ v (3H, s),4.82 (1H, d, J=7.9 Hz), 5.12 (1H, d, /= 54.1 Hz), 7.08 (2H, d,

N-

H J = 9.7 Hz), 7.95-8.06 (3H, m), 10.04 (1H, s), 12.89 (1H, brs). MS
(ESI/APCI) m/z: 538.3 (M + H)*. HRMS (ESI) m/z: calculated for
C25H2sFsNsO3 (M + H)", 538.1872; found, 538.1871.

(4R)-1-({4,4-Difluoro-1-[4-(methylsulfonyl)phenyl]cyclohexyl}carbonyl)-4-fluoro-N-1H-
pyrazolo[4,3-b]pyridin-5-yl-D-prolinamide (118).

F F In a manner similar to that employed for the synthesis of 109, the title
S compound 118 (19.5 mg, 0.0355 mmol, 5.5% yield) was obtained using
NQ 157 (206 mg, 0.647 mmol) and 178 (250 mg, 0.716 mmol). 'H NMR
0\"8“0 ° Oé\N\HN (DMSO-ds, 100 °C) 8: 1.82-2.45 (10H, m), 3.16 (3H, s), 3.21-3.37 (2H,
\_/ 5 m), 4.78-4.85 (1H, m), 5.07 (1H, d, /= 53.7 Hz), 7.65 (2H, d, J = 7.9
N-N

H Hz), 7.91-8.07 (§H, m), 10.06 (1H, s), 13.00 (1H, s). MS (ESI/APCI)
m/z: 550.2 (M + H)". HRMS (ESI) m/z: calculated for C25H27F3N504S
(M + H)", 550.1730; found, 550.1745.

1-(4-Hydroxyphenyl)cyclohexanecarboxylic acid (179).
Under a N> atmosphere, 56 (5.00 g, 21.3 mmol) was suspended in DCM (50.0
on ML), cooled to —78 °C, supplemented with boron tribromide (1 mol/L, DCM
HO o solution, 28.2 mL) in a dropwise manner, and stirred at the same temperature for
1 h and at rt for 2 h. Iced water was poured into the reaction solution and the
mixture was stirred at rt for 40 min. After concentration under reduced pressure, the obtained solid
was collected by filtration and dried to obtain compound 179 (4.60 g, 20.9 mmol, 98% yield) as a pale-
yellow solid. "H NMR (DMSO-dp) &: 1.17-1.63 (8H, m), 2.25-2.34 (2H, m), 6.70 (2H, d, J = 8.5 Hz),

7.17 (2H, d, J = 8.5 Hz), 9.26 (1H, s).

Benzyl 1-[4-(benzyloxy)phenyl]cyclohexanecarboxylate (180).
To a mixture of 179 (1.00 g, 4.54 mmol) and K>COs3 (1.26 g, 9.08 mmol) were
oBn added DMF (20.0 mL) and benzyl bromide (1.27 mL, 10.4 mmol), followed
BnO o by stirring at rt overnight. Water was added to the reaction solution, the mixture
was extracted with ethyl acetate, and then the organic layer was washed with

saturated brine and dried over anhydrous sodium sulfate. After filtration and concentration under
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reduced pressure, the obtained residue was purified by silica gel column chromatography
(hexane/chloroform) to obtain compound 180 (1.24 g, 3.10 mmol, 68% yield) as a colorless solid. 'H
NMR (DMSO-de) 8: 1.18-1.70 (8H, m), 2.33-2.39 (2H, m), 5.05-5.09 (4H, m), 6.96 (2H, d, J=9.2
Hz), 7.17-7.45 (12H, m).

1-[4-(Benzyloxy)phenyl]cyclohexanecarboxylic acid (181).
In a manner similar to that employed for the synthesis of 154, the title compound
on 181 (898 mg, 2.89 mmol, 97% yield) was obtained using 180 (1.20 g, 3.00
o mmol). '"H NMR (DMSO-de) &: 1.15-1.31 (1H, m), 1.33-1.48 (2H, m), 1.50—
1.66 (5H, m), 2.24-2.36 (2H, m), 5.08 (2H, s), 6.96 (2H, d, J = 8.5 Hz), 7.25-
7.48 (7TH, m), 12.20 (1H, brs).

BnO

tert-Butyl 5-{[(4R)-1-({1-]|4-(benzyloxy)phenyl]cyclohexyl}carbonyl)-4-fluoro-D-prolyl]amino}-
1H-pyrazolo[4,3-b]pyridine-1-carboxylate (182).

F In a manner similar to that employed for the synthesis of 177, the title

N,3: compound 182 (1.18 g, 1.84 mmol, 95% yield) was obtained using 181

Bno o OE\NH (600 mg, 1.93 mmol) and 178 (675 mg, 1.93 mmol). "H NMR (CDCls)
=N d: 1.25-1.39 (1H, m), 1.50-1.89 (17H, m), 2.29-2.47 (2H, m), 2.50—

\ 11—'11 2.64 (1H, m), 2.97-3.31 (1H, m), 3.40-3.61 (1H, m), 4.71-5.12 (4H,

Boc m), 7.00 (2H, d, J= 8.5 Hz), 7.26 (2H, d, J = 8.5 Hz), 7.30-7.46 (5H,
m), 8.21 (1H, s), 8.41 (1H, d, /=9.2 Hz), 8.48 (1H, d, /=9.2 Hz), 8.69
(1H, s).

(4R)-4-Fluoro-1-{[1-(4-hydroxyphenyl)cyclohexyl]carbonyl}-N-1H-pyrazolo[4,3-b]pyridin-5-yl-
D-prolinamide (183).

F In a manner similar to that employed for the synthesis of 126, the title
N’D: compound 183 (960 mg, 1.74 mmol, 95% yield) was obtained using 182
HoO o) O,'j\NH (1.18 g, 1.84 mmol). 1H NMR (DMSO-de) 6: 1.20-1.32 (1H, m), 1.44—
( \/N 1.83 (16H, m), 2.01-2.46 (4H, m), 3.05-3.34 (2H, m), 4.69—4.81 (1H,
N—lil m), 5.05 (1H, d, J=53.1 Hz), 6.76 (2H, d, J= 7.9 Hz), 7.13 (2H, d, J =
Boc 7.9 Hz), 8.33-8.53 (3H, m), 9.34 (1H, s), 10.51 (1H, s).

(4R)-4-Fluoro-1-{[1-(4-hydroxyphenyl)cyclohexyl]carbonyl}-N-1H-pyrazolo[4,3-b]pyridin-5-yl-
D-prolinamide (115).
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F To a solution of 183 (150 mg, 0.272 mmol) in DCM (3 mL) was added

NQ TFA (1.5 mL), and the mixture was stirred at rt for 6 h. The resultant
HO o OE\NH sample was concentrated under reduced pressure, a saturated aqueous
( =N NaHCOs solution was added to the obtained residue, then the mixture
Y . .
N N was extracted with ethyl acetate. The resultant sample was washed with
H

saturated brine and dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, after which the obtained residue was purified by silica gel column
chromatography (chloroform/methanol) to obtain compound 115 (120 mg, 0.266 mmol, 98% yield) as
a white solid. "H NMR (DMSO-de) &: 1.15-1.35 (1H, m), 1.42-1.83 (7H, m), 1.93-2.45 (4H, m),
3.04-3.36 (2H, m), 4.63—4.82 (1H, m), 5.04 (1H, d, J = 53.7 Hz), 6.76 (2H, d, J= 7.9 Hz), 7.13 (2H,
d, J=17.9 Hz), 7.99-8.22 (3H, m), 9.34 (1H, s), 10.18 (1H, s), 13.26 (1H, s). MS (ESI/APCI) m/z:
452.2 (M +H)*. HRMS (ESI) m/z: calculated for C24H27FNsOs (M + H)*, 452.2092; found, 452.2096.

2. X-ray crystallography

Procedure of protein production, purification, crystallization and structure determination
Human EP300 (1159-1666, Y1467F(A1520-1580), hereafter hEP300(1159-1666)) with an N-terminal
His tag was overexpressed by E. coli BL21 (DE3) and purified to a single band on SDS-PAGE by Ni-
affinity chromatography, 3c-protease treatment followed by reverse affinity chromatography, and size
exclusion chromatography. The fractions containing hEP300(1159-1666) were collected and
concentrated up to 30 mg/mL in buffer [20mM Tris(pH 7.5), 150mM NacCl, 5% (v/v) Glycerol(w/v),
0.5 mM TCEP].

Purified hEP300(1159-1666) was mixed with final 2 mM of compound (+)-35, 38, 43, 104 and co-
crystallized by the vapor diffusion method with a 1:1 mixture of protein solution and reservoir solution
(11-20% PEG3350 and 0.1 M HEPES (pH 7.0)). Three-dimensional crystals were obtained within a
few days by the seeding method and flash-frozen with 20% Glycerol in the reservoir solution as a
cryoprotectant.

Diffraction data were collected with in-house CuKo X-ray source (compound (+)-35, 43) or at the
Photon Factory BL1A beamline (Tsukuba, Japan; compound 38, 104) at cryogenic temperature and
processed by XDS*. Phases were determined by molecular replacement using Phaser’® with PDB
4BHW, 4PZS, and 7VHY as search models. Refinement and model building were performed using the
REFMACS5°!, Phenix®> and Coot>® programs. The coordinates and statistics for the co-crystal
structures with compound (+)-35, 38, 43, and 104 are shown in Table E1 and available from the PDB
using accession code 7VHY, 7VHZ, 7VI0, 8GZC respectively.

Table E1. Data collection and refinement statistics.
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Wavelength
Resolution range

Space group

Unit cell

Total reflections

Unique reflections
Multiplicity
Completeness (%)
Mean I/sigma(I)
Wilson B-factor
R-merge

R-meas
R-pim

CC1/2
CC*
Reflections used in
refinement
Reflections used for

R-free

R-work

R-free

CC(work)
CC(free)
Number of non-
hydrogen atoms
macromolecules
ligands

solvent

(+)-35
1.5418
19.87-2.3
(2.382-2.3)
P1

44.49 88.781
89.949 116.577
99.444 85.295

111546 (9432)

50892 (4621)
2.2 (2.0)
94.28 (85.83)
7.54 (0.80)
39.84
0.1123 (1.037)
0.1517 (1.402)

0.1014 (0.9374)

0.991 (0.338)
0.998 (0.711)

50874 (4621)

2590 (239)

0.2139 (0.3309)

0.2498 (0.3437)

0.951 (0.565)
0.926 (0.534)

7299

6951
38
310

38
1.100

19.78-2.001
(2.073-2.001)

P1
43.676 89.219
91.132 114.986
95.327 92.022

144538 (13125)

78659 (7716)
1.8 (1.7)
94.28 (92.14)
10.69 (1.08)
37.98
0.04389 (0.6288)
0.06206 (0.8891)

0.04387 (0.6285)

0.998 (0.521)
1(0.828)

78649 (7716)

3904 (392)

0.1940 (0.3303)

0.2212 (0.3306)

0.962 (0.673)
0.939 (0.695)

7579

6970
70
539

131

43
1.5418
19.24-2.102
(2.177-2.102)
P1
43.555 88.361
90.655 116.519
94.38 91.358

262338 (24190)

66781 (6410)
3.9 (3.8)
95.16 (91.43)
8.75 (0.97)
35.06
0.1279 (1.323)
0.1481 (1.537)
0.07458
(0.7803)
0.996 (0.466)
0.999 (0.797)

66634 (6410)

3320 (325)

0.1992 (0.3159)

0.2343 (0.3585)

0.961 (0.686)
0.939 (0.683)

7551

6970
74
507

104
1.100
19.91-2.0
(2.071-2.0)
Pl
43.589.3591.6
116.598 95.182
91.782
423002
(24591)
81804 (7946)
52(3.1)
98.86 (95.87)
8.15 (0.48)
46.71
0.1066 (2.068)
0.1179 (2.498)
0.04968
(1.386)
0.998 (0.2)
0.999 (0.577)

81784 (7944)

4086 (404)

0.1979
(0.3998)
0.2299
(0.4034)
0.968 (0.465)
0.937 (0.376)

7280

6925
74
281



Protein residues 876 878 874 880

RMS (bonds) 0.003 0.005 0.004 0.003
RMS (angles) 0.59 0.74 0.76 0.64
Ramachandran
97.81 97.70 97.57 96.56
favored (%)
Ramachandran
2.19 2.30 243 3.44
allowed (%)
Ramachandran
0.00 0.00 0.00 0.00

outliers (%)

Rotamer outliers

0.94 1.20 1.33 2.31
(%)
Clashscore 3.67 4.47 5.26 3.62

Average B-factor 54.75 48.93 46.93 65.39
macromolecules 55.16 49.09 47.13 65.87

ligands 42.41 39.93 42.63 52.13

solvent 46.94 48.08 44 .81 57.25
Number of TLS

1 1 1 1
groups

Statistics for the highest-resolution shell are shown in parentheses.

3. Biological assay procedures

HAT selectivity assay procedure

ICs0 values of compounds inhibiting EP300 were determined by time-resolved fluorescence resonance
energy transfer technology (LANCE; PerkinElmer) by detecting H4 peptide acetylation. Test
compounds were incubated with 200 ng/mL recombinant human full-length EP300 produced by
Daiichi Sankyo RD NOVARE, 400 nM biotinylated H4 peptide (Anaspec, #65242-1), and 8 uM
Acetyl-CoA (Sigma-Aldrich, #A2056) in 50 mM Tris-HCI buffer (pH 8.0) containing 0.1 mM EDTA,
0.01% Tween 20, 1 mM dithiothreitol, and 0.01% bovine serum albumin (BSA), and 330 nM
trichostatin A with a total volume of 10 pL in each well of a 384-well plate (PerkinElmer, #6008289)
for 60 min at 28 °C. The enzymatic reaction was stopped by the addition of LANCE detection buffer
(PerkinElmer, #CR97-100) containing 30 uM Lys-CoA (Daiichi Sankyo Co., Ltd.) with a total volume
of 5 pL. To detect H4 acetylation, LANCE detection buffer containing 2 nM Eu-anti-acetyl-Lysine
Antibody (PerkinElmer, TRF0412) and 50 nM ULight-labeled Streptavidin (PerkinElmer, TRF-0102)
was added to each well and then allowed to react overnight at rt. After incubation, the fluorescence
(Ex 615 nm, Em 665 nm) of each well in the microplate was measured with an EnVision Xcite

Multimode Plate Reader (PerkinElmer). Data (n = 4) were analyzed by the program GraphPad Prism
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6 (GraphPad Software Inc.). CBP, MYST2, and MY ST4 were produced and purified in our laboratory.
TIP60, PCAF, and GCNS5 were purchased from SignalChem Biotech. Reaction buffer was composed
of 25 mM Tris-HCI (pH 8.0), 0.1 mM EDTA, 1 mM dithiothreitol, 0.1% Tween-20, 0.01% bovine
serum albumin, 330 nM trichostatin A. 2.5 pL of reaction buffer containing Acetyl-CoA (Sigma-
Aldrich, #A2056) at the indicated concentration shown in Table E2 and 50 nM Histone H4 (1-25)-
GSGSK(Biotin) (Anaspec, #65242-1) or Histone H3 (1-21)-GGK(Biotin)-NH2 (Anaspec, #AS-
61702) as shown in Table E2 was added to respective wells of a 384-well plate which contained 25 nL
of dimethyl sulfoxide containing 50-0.0031 uM compounds at enzyme reaction. A total of 2.5 pL of
each enzyme was added to start the reaction and the plates were incubated at rt for 1 h. Thereafter, 2.5
pL of AlphalLISA 1x Epigenetics Buffer 1 (Perkin Elmer Co., Ltd., #ALOO8F) containing 30 pM Lys-
CoA or 600 uM Anacardic Acid (CALBIOCHEM, #172050) for terminating the enzyme reactions, 30
UM Acetylated-Lysine Antibody (Cell Signaling, #9441L), 15 pg/ml Protein A AlphalLISA Acceptor
Beads (Perkin Elmer Co., Ltd., #AL101M), and 15 pg/ml AlphaScreen Streptavidin Donor Beads
(Perkin Elmer Co., Ltd., #6760002) were added to each well, and the resultant sample was cultured at
rt for 1 h. EnVision Xcite (PerkinElmer Co., Ltd.) was used to measure the AlphalLISA signal. This
measured signal was used to determine the enzyme inhibition rates at the respective concentrations of
the compounds, and the data (n = 4) thus obtained were analyzed using the medical statistical analysis

software GraphPad Prism (GraphPad Software, Inc.) to calculate I1Cs values.

Table E2. Components of enzymatic reaction. Each concentration at the enzyme reaction is

shown.
EP300 | CBP TIP60 MYST2 MYST4 PCAF GCN5
Acetyl-
0.4 1 4 11 2 3 3
CoA (uM)
Histone
H4 H4 H4 H4 H4 H3 H3
peptide
Enzyme
0.6 0.3 30 50 2 1 1
(nM)
Stop Lys- | Lys- | Anacardic | Anacardic | Anacardic | Anacardic | Anacardic
compound | CoA | CoA Acid Acid Acid Acid Acid

Cell line culture

LK2 cells were purchased from Human Science Research Resources Bank. VCaP, 22Rv1, LNCaP, and
PC3 were purchased from American Type Culture Collection (ATCC). VCaP cell line was cultured in
Dulbecco’s Modified Eagle’s Medium (Thermo Fisher Scientific Inc.) supplemented with 10% heat-
inactivated fetal bovine serum (FBS, Hyclone). LK2, 22Rv1, LNCaP, and PC3 were cultured in ATCC-
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modified RPMI-1640 medium (Thermo Fisher Scientific Inc., #11095) containing 10% FBS. All cells

were grown at 37 °C in a humidified atmosphere containing 5% COs,.

Evaluation of Intracellular H3K27ac Inhibitory Activity

LK2 cells were seeded in a 96-well plate at 20000 cells/100 pL/well and were cultured overnight at
37 °C in 5% CO,. Thereafter, 11 pL of a solution of the compound (in which the final concentration
of DMSO was 0.1%) was added to each well, and the resultant sample was cultured at 37 °C in 5%
CO; for 3 h. The supernatant was discarded, 4% paraformaldehyde was added at 100 pL/well, and the
resultant mixture was left to stand at rt for 15 min. Then, the 4% paraformaldehyde was discarded and
the resultant sample was washed with PBS-T. A quenching bufter (PBS-T containing 1% H>0>) was
added at 100 pL/well and the resultant sample was left to stand at rt for 10 min. The sample was then
washed with PBS-T, supplemented with a blocking buffer [StartingBlocK T20 (TBS) Blocking Buffer
(Thermo Fisher Scientific, #37543)] at 200 pL/well, and left to stand at rt for 1 h. Next, the supernatant
was discarded, Acetyl-Histone H3 (Lys27) (D5E4) XP™ Rabbit mAb (Cell Signaling, #8173) diluted
with a blocking buffer was added at 50 puL/well, and the resultant mixture was left to stand at 4 °C
overnight. The resultant sample was then washed with PBS-T, supplemented with Anti-Rabbit IgG-
HRP (Cell Signaling, #7074S) diluted with a blocking buffer at 50 pL/well, and the resultant mixture
was cultured at rt for 1 h. The resultant sample was washed with PBS-T, supplemented with
SuperSignal™ ELISA Pico Chemiluminescent Substrate (Thermo Fisher Scientific, #37069) at 50
pL/well, and the signal was measured using EnVision. Based on the measured signal, the enzyme
inhibition rates at the respective concentrations of the compounds were measured, and the data thus
obtained were analyzed using the medical statistical analysis software GraphPad Prism (GraphPad

Software, Inc.) to calculate ICso values.

Evaluation of in vitro SOX2 mRNA expression (LK2 cells)

LK2 cells were seeded in a 12 well plate at 10000 cells/1000 puL/well, and were cultured overnight at
37 °C in 5% COas. Thereafter, 10 pL of a solution of DS17701585 (in which the final concentration of
dimethyl sulfoxide was 0.25%) was added thereto, and the resultant was cultured at 37 °C in 5% CO»
for 6 h. SOX2 mRNA abundance in LK2 cells were quantified by qRT-PCR.

Mouse Xenograft Model (in vivo SOX2 mRNA expression assay)

LK2 cells were trypsinized, counted and resuspended in a 1:1 mixture of PBS and Matrigel (Corning,
#354234) on ice. Cell suspension was then injected (5.0 x 10° cells/mouse) subcutaneously into the
right axilla of 5-week-old female BALB/c-nude mice (Charles River Laboratories). At 12 days post-
inoculation, mice with 200400 mm? of tumor were selected and randomized to each PK/PD study

groups (n=3).
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PK/PD experiment (ir vivo SOX2 mRNA expression assay)

Mice bearing LK2 tumors were administered vehicle (0.5w/v% Methyl Cellulose 400) or DS17701585
(50 and 200 mg/kg, p.o., 0.5w/v% Methyl Cellulose 400 suspension), followed by blood and tumor
tissue collections at 6 h post-treatment. Compound concentration in plasma and tumors were
determined using LC/MS/MS methods. SOX2 mRNA abundance in tumors was quantified by qRT-
PCR.

Determination of tumor SOX2 mRNA level (QRT-PCR)

RNAs from tumor samples were isolated with RNeasy Mini Kit (QIAGEN, Venlo, the Netherlands)
following a manufactured standard protocol. 10 ng of RNA was directly subjected to qRT-PCR using
TagMan Fast Virus 1-step Master Mix (Thermo Fisher Scientific, Waltham, MA). qRT-PCR was
performed in triplicate. The 2-24°T method was used to analyze the relative changes in gene expression
with GAPDH as a reference gene. TagMan probes were purchased from Thermo Fisher Scientific

(SOX2; Hs01053049 s1, GAPDH; Hs02758991 gl)

Cell Proliferation Assay. VCaP (8000 cells/well), 22Rv1 (2000 cells/well), and PC3 (2000 cells/well)
were plated in 96-well plates. These cells were treated for 7 days with various concentrations of DS-
9300. After treatment with DS-9300, CellTiter-Glo (Promega Corporation, G9241) solution was added
to each well and cell proliferation was assessed by measuring the luminescence using a 96-well plate

reader (PerkinElmer, EnVision 2104 Multi-label Reader).

Western Blotting Assay. VCaP and LNCaP cells were seeded in six-well plates at 2 x 10° cells/well
and treated with DS-9300 at the indicated concentrations for 3 days. After the treatment, cells were
lysed in RIPA buffer (Thermo Fisher Scientific, #89900) supplemented with PhosSTOP (Sigma-
Aldrich, #4906837001) and cOmplete Mini (Sigma-Aldrich, #04693116001). Protein concentration
was determined using the DC-protein Assay Kit (Bio-Rad Laboratories, Inc., #500-0116). Protein
samples were subjected to 10%—-20% SDS-polyacrylamide gradient gel electrophoresis and transferred
to polyvinylidene difluoride (PVDF) membranes. These membranes were blocked in PVDF blocking
reagent (TOYOBO Co., Ltd.) for 1 h and incubated with primary antibody for H3 (Cell Signaling
Technology, Inc., #4499), H3K18ac (Cell Signaling Technology, Inc., #13998), H3K27ac (Cell
Signaling Technology, Inc., #8173), PSA (Abcam, #ab76113), or actin (Cell Signaling Technology,
Inc., #4970) diluted with Can Get Signal Solution 1 (TOYOBO Co., Ltd.) at 4 °C. The next day, the
membranes were washed three times with TBS-T and incubated with anti-rabbit IgG antibody (GE
Healthcare, #NA934V) diluted with Can Get Signal Solution 2 (TOYOBO Co., Ltd.) for 1 h. After

washing three times, the membranes were visualized with a chemiluminescence reagent (Millipore,
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#WBLUF0500) and the labeled proteins were detected with ImageQuant LAS 4000 (GE Healthcare).

Measurement of LogD. Equal amounts of PBS and 1-octanol were shaken and left overnight. The
upper layer (1-octanol) and lower layer (PBS) were collected separately. Each test compound was
dissolved in 1-octanol or PBS. The same amount of either PBS or 1-octanol was added and the mixture
was shaken vigorously for 30 min at rt followed by centrifugation at 2100 g for 5 min at rt.
Subsequently, both phases were separated and assayed by HPLC and LC-MS. LogD7.4 was calculated
using the following equation:

LogD7.4 = log(peak area of compound in 1-octanol / peak area of compound in PBS).

Pharmacokinetic Experiments. BALB/cAnNCrICrlj mice (Charles River Laboratories Japan, Inc.)
were used for the experiments. The tested compounds were administered intravenously via the tail
vein at 1 mg/5 mL/kg or orally by gavage to mice at 10 mg/10 mL/kg under fed conditions. Blood was
drawn from the jugular vein and plasma was generated by centrifugation at 10,000 g for 5 min. Plasma
samples were stored at —20 °C until analysis. The plasma concentration—time data were analyzed by
noncompartmental analysis. AUC was calculated using the trapezoidal rule. Total plasma clearance
(CL) was estimated as dose/AUC. Bioavailability (BA) was calculated using AUC data obtained upon

oral and intravenous administration.

In Vivo Study (for DS-9300). Four-week-old NSG male mice (Charles River Laboratories Japan, Inc.)
were inoculated subcutaneously with 1.0 x 107 VCaP suspended tumor cells in the right flank (Day 0).
Surgical removal of both testes was conducted on each mouse (Day 11). On Day 21, the mice were
divided by stratified randomization into treatment groups (N = 5) and treated orally once daily for 33
days with the test compound DS-9300 at different doses. The length and width of each tumor were
measured using a digital caliper on Days 21, 24, 28, 31, 35, 38, 42, 46, 50, and 53. Tumor volume was
calculated using the following formula: TV = L x W x W/2. The mice were weighed daily with a
digital balance for animals from Day 21 to Day 53. Plasma samples and tumor samples (Day 53) were
collected from all mice in each group. The PSA concentration of each plasma sample was determined
using Human PSA Total (KLK3) ELISA kit (Thermo Fisher Scientific Inc.), in accordance with the

manufacturer’s instructions.
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