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Frifi

LTS & TR KRR O EEENIC LB A R E R AL T b, SRKER
(BEE - IRE - 2 v o3 78) xova—2 - 5l - 7 2 7 BRI I h, 22 o R
TIANNF—JEBEEIND, 73— R LERERORERIE L E VRBICHRS I, ZDil
BTIArF—fendT77 /v v=0 Vi (ATP) R E N5, € VBRI, RS
TR SN B IFRINSIET T b a Yy F Y 7o 7 = VBERFEICH TN, AL F—FEA
CBIES 2, 7z, BRI G S WIS T ik, eove VR ITMIRE N T AL RE
RNz,

v v VR KE## (Pyruvate Dehydrogenase: PDH) 13, 3 P23 v F U 7HICIFEL, B
EVEER T 2 F L CoA ICERT 2F TH 5, PDH IZfEHER L BFEIE L 2B, AL ¥ -
#EEERHECTH 2% 5, PDH V V(L Kinase, it U ~ (L Phosphatase I X 0 44K Tk
HICHEMERI T Tw3, PDH % U VER(L L TANEMEAL S 2 BER 2%, oL v v IR SRR +
F — <% (Pyruvate Dehydrogenase Kinase : PDHK) T» Y, 4 D T 4 V 7 + — LB FAET 5113,
PDHK D FEREMA, " Z It S PDHIGTEDIK T 25, BEPRIN, FEMMMORE, REEIIR
JEE, ISR, ks, A R W TR I N TV AE9, 2o PDH GO T 23
fifht % & BEE ML OEEN R REEZ G EEC L, Zh b oBERICE T 2 BHRHEE 0K & 7%
2TW3,

RFgEClx, L OREBICE T 2 R L iEERRLOEI A 22 2IET 2H 2 HW L L,
PDHK (313 2 (X FRHESR O RIZEM I 2 FEhi L 72, £ D%, 478 PDHK 74 V 7 4 — L CHf
WOMRIE S L7z ATP AV A4 b 2RO ICEE L, HANREEERE Hvibe 7 ¥4 v
(Structure-based drug design : SBDD)%Z 1T 2 72, 73 7% A4 X2/ & > Fragment (LAY % LAY
& L, SBDD FiEx 72 U — FLAYI ORI, W IcETEEHBERE 2T o 20T, Zhz
3EICD o T3 5,

% 1 ®E T, Fragment Screening IC XY V — FMLEVI DR E(LAEY 2B L 72, Hit finding A
7 — Y DI RNE LW T 5, ATP @ Adenine BROMEA T 5 K7 v PERHICE VT, Filla by
il &AL PR 2 OF R R 0BTy £ 2 4 7’0 Hit (LA ZHUS T 25 % HiWE L, PDHK4 IC
%f L C X-ray Fragment Screening % FEffi L 7z, Z ®FE, 55 4172 Fragment Hit D X fit# & Ak
X LT, F7 v MEEBICETES 27K 1D T AV X — i 247 5 FC, BERIEER X 0 & -
BRET 1 7 7 A A BER LBV DRI %A 7=,

B2 #cid, BHEEMER AR L 72 Hit to Lead 27 — Y OWFFENA % i3 5, Fragment

Screening F2R D ZBRMEL AP 5, PDHK ATP #5& 394 PO VK= - ) VAT E T
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% SBDD %l UC, BERMAERME ICoofli% nM L vici B4 2 Fa2RE L7z, BEEER
AT, F AR M2z XY muEEEEZE T 2tawr At e c, #OTo
PDHK FHEHFFEICHEF & 72 5 Y — FMLaPIoHdG 2 HiE L 72,

F3FTIE, MEWET I BRSSO A v b7 — 27 2B T 5 PDHK4 ATP #i&
A4 M LT, HAFEAT A F —GHR %8 U SR 2 T o 2 NE 2 M T 5,
RO, T hFEERCEELZ OFE I ALY -5 2 L 7223, EHIfE L OB S S
Niholz, 2070, RO EMZEE L 20T 1 HECREEZA LT 2HAHEL W H
x, BYNEETH L7 77 A Moy FiuEdk (Fragment Molecular Orbital Method : FMO %) %
FAWZFHREZBET Lz, OB, FRME L IMORHRE%21T) 2o oftiE&tEE2 Rt L
DEETH DL EEZ, FMOYIY I LETVOWME ZTo 72, Xic, RHL 7 FMO G S %
FA W 72 5T % PDHK4 ikt L CHEM L, FHIE L OB E WiEA B BT AL X — 552
RKLTze T, BTG ROMT B L C, PDHKATP %4 +F TOKEMAELX Y b7 —72

IC BT B EBMBE O FEM D R L 72,



% 1E Fragment Screening iIC X 5 PDHKATP #5694 +F TOHF R Y — FMLEYEHER

18 HREEHN

PDHK D& .0 CH 5 ATP fEAEALIE C RIFFEBICTFIE L, GHKL (Gyrase, Hsp90, Histidine
Kinase, MutL) ATPase Kinase superfamily I J& L T\ 312, Protein kinase & |3§iEF 0K % ¢ B
Y, TARAIXVEBEREOMBEFLE L, KOTENLIZKEBEA Y P 7 —27 iGN
UG %, Figure 1-1a, 1-1b 133EE 2 2 v 2 CTH % AMP-PNP & PDHK4 O X #8144
EZR L TH Y, Adenine FRD3E T v P EEICHAET 5 4 D DIKIF (WAT1~WAT4) & KFEHE &
Fv b7 =27 %KL T\ 500, GHKL family O BEAIFHEH] & L T Adenine 1% % Resorcinol &
BEHTZLEUPMONTEY, b Rr v P ERICHFET 2 KOKEREA Y b7 —2
KA AT 2 AR %2 X SE A S TR LT3, Figure 1-1c 1783 VER-24668 & PDHK2
& D X B A IREEIC 3\ T, Resorcinol B2 4 D DIRTFK DN WAT4 % Effad 2 iA=L
725 T3, Adenine % Resorcinol H#%id PDHK X L C—&E OFMMEEH T % 2%, GHKL
family ICHGE S 2K DIKFFGAEA v P 7 — 27 2R T 2 K56 TH 2 F0> 5, GHKL family i
BENoMD XY N7 EICHL CTHRROIBE TRHAT 5, 207, K7 v FIMElCOREZ
Wzl U CEIREZEG ST 20523 H Y, BREZ RS L 725U AYI3 VER-24668 1278 X
5 X5 I FREED R E v (VER-24668 D7 Fi = 553), fEHEEMICR Y LT LAY
T» % Rule of five D3 FEEZMA TH Y, #HTD PDHK ERM 2 HEFHEFFAEZIH 5 CFEL
T, REGFEL -T2,

® WAT2 ©

AMP-PNP VER-24668

Figure 1-1. PDHK 12 53" % X ##8 &A1&, Red sphere (37K T, Dashed line I3/KEE S % FR

(@) AMP-PNP (green color) & PDHK4 & @ X #i# A& (PDB ID = 2E0A), PDHK4 O X v ¥ 7B
Il % 27

(b) (@QDHEDILKRK, & v X7 ENERDOKM % Gray mesh THRR

(c) PDHK BEMIPHZERITH % VER-24668 (yellow color) & PDHK2 & @ X #tEAAHEIE(PDB ID =4V25)



BRI A Mo L CRRmIcki &3 2baW i R 355 & LC, Fragment Screening 232%1F
5 5121, High Throughput Screening (HTS)23, 431 & 300~500 fZ Dt &W2 & Y — M a
YOHUS %R A % DITxt L T, Fragment Screening T 134318 100~300 {i D HEME DK L ED)
BAZ)—=v 7T 5, TRONSMLEVERR L 3 2 F T, HNNILEY OB I
LU, BRI CSENICHEG T 2T IRE < b, 2 D7®, Fragment Screening D b v
PRI HTS & 0 b ECEA IR 52 (Figure 1-2), %72, MEEHRIN % K FEF T
THl 5 Z & TEHE T 5 Ligand Efficiency (LE)E23, HTS TEH 5k v F XV RWH DHAEH
N2 ERLVDURRTH 5, HEITTIBIMED FragmentHit %, YD X 5IC L CLEfE%
o dduEic) — FMeawicE ot EF w2 TH Y . SBDD D FikEiGHT 5 &
DHEHETH S, IR ) —=v 7D Hit ¥Z =, Hit 55 EHIEZ SBDD DFET7 4+ 1
—7 v 7L, HTS L3RG LEHED Y — MLEWE R T 2. LI DBE7 77 AV F R
7Y ==V I ORRNEEZEZTH D,

Fragment Screening HTS

N

Figure 1-2. Fragment Screening D& X

HTS 235778 300~500 FRE DL AW %E R 7 ) —= v 7"+ 2 DITHT LT, Fragment Screening T35 1
& 100~300 FE QMO MLAEME R 7Y —=v 7528 T, L% <Dey MLaER
%9 %, Fragment Hit O A RS EH % F V>, Fragment Growing, Merge, Linking %@ SBDD 7 7’1 —
Fick Y, HTS L i3R% 2 ) — MLAYOREZAA 5,

a

AW9EClx, PDHK ICX3 % Fragment Screening % i3 2 T, MALEM X Y D #FEIC
a3 5, $hbb LE OEWHHRAT €2 4 7RIS T 2 ¥l % 7T 72, Resorcinol & [AI%FLL
o LE THi& T 288l 24 7OG % HIS L, Fragment Screening % % L 7z,



F2HT EBH
% 1JH WaterMap % Fi \» 7z /KFIREIH D f AT

KF DT ANF—FHli 21T 5 WaterMap G5 % Efti 32 HHYT, Schrodinger Release version
2018-1 ZHHWTCEHE D A v 7'y MERE FEiL 72, PDHK4 &{LAY 1 © X #E GRS (PDB
ID = 7EAT) % #Hi&E & LTIl L, Maestro I & %1% Protein Preparation Wizard 12 X ¥, 43
F~DIREAN & A BAARAE A E L 72, C OKE, (LA 1 DR 8A INICE T B KHF
ZRFEL, 7 74 v b OFFEERE CHIIREE % /FRC L 72, WaterMap 315 1%, Binding site D H57E

I Fragment Hit 1 DFE & ERE % {#HH L, OPLS3e 135 % \»T 2ns ® MD G5 % Ejti L 7z,

21H Wtikic X 3 PDHK BERAEEMAIE

PDHK X514 D #5177 PDH & P % HI7E 3- 2 BER O T S hE v, BERBHEE M Tl % 52 bt L 7207,
¥ 9%, Sigma-Aldrich X Y i A L 7z porcine PDH #4412 K L T, recombinant PDHK (1, 2, 3 or 4)
R 4°CTA v F 2_— }F 2% Z & TPDH/PDHK HAKREEK L 72, Z D, % PDHK @ Ky
fEICHYS 32 ATP & SHlRILEWI Z RN L, FHT45 94 v ¥ 2_— 4, PDH OHEE (5.0
mM coenzyme A, 5.0 mM sodium pyruvate 35 & U° 12 mM B-nicotinamide adenine dinucleotide) % Jill X
TEi T 90 77 PDH [t % 1T X & 72, PDH JGHT#% D NADH # %, 340 nm D WG HIE CE
HILHICLY, HERZREHL 2, Fo 0 7HE%D» 5, FHFIEE ICs i % TIBCO-Spotfire %
HWTHEHL 7,

B3 XBRESHMET

PDHK2, PDHK4 D & v o3 7 G AEpE, FERUI PR O FEICHE W FENE L 7204 151 (PDHK4 : FEELF
5 10-411, PDHK2 J&%EE S 16-407), KiHlthk D PDHK4 X v X2 &%, 50 mM KHPO, pH 7.5, 1.7
M ammonium sulfate, 4% (v/v) PEG400 3 X ' 5mM ADP % i\, ~v ¥ v 7 Fay 7RI X Y i
mfl3 5 2 & T, XHREAERBENT CHIHI % PDHK4 £ v 5 7 E 2 G L 72,

X-ray Fragment screening (%, JT E3EHEWIFEHTIC TH 3 % Fragment Library 638 L&) % V>,
4 LYz enxin 125 mM ORECEHTLEYAIR%E PDHK4 1K L CHlINd % 5 CEhiE L
720 24 IRfft] soaking #2 IC A YEHERX (Photn Factory (Japan), SPring-8 (Japan), Canadian Light Source
(Canada) ¥ X UF Swiss Light Source (Switzerland)) T D St i& it % 5606 L 7z, PDHK2 12543 %
f5 AL BT 1X, 50 mM sodium acetate pH 5.5, 100 mM magnesium chloride 3 X U8 8% (v/v)
isopropanol Z 372~V ¥ v 7 Fa v ZETOHGERLIC X D EfiL 72,

PDHK4 # &% X O PDHK2 HERDOHIHE 7 V1%, %4 % 1 Protein Data Bank (PDB) 7 —



% (PDBID:2ZKJ & 2BTZ) %\ 724> FiEH#E T Coot ¥ 7 b v = TUSIZFIW-CHEEE L, CCP4
suite ¥ 7 + 7 = 7 @ REFMACS! 2 flwCOR#L L 72, BoNizT — X%, XDOPDB 2—FT
g% L7 (PDHK4-{LAP) 1: TEAT, PDHK4-{L.&4) 2 : 7TEBB, PDHK2-{L&%) 1 : TEA0, PDHK2-1t
A% 2 - TEAS, PDHK2-{L. 447 10 : 7TEBH, PDHK2-{L &%) 13 : 7VBU),

58 470 HSPY0 FHETEMEHEIE
BPS Bioscience ftD 7 v+ 4 ¥ v } (catalogue number : 50293)% i\ C, BHEIEEZEH L 72,

%5 57 BCKDK FHEWEHAIE

Promega Corporation @ ADP-GLO™ % Fi\», BCKDK (Branched Chain Keto Acid Dehydrogenase
Kinase) O RHEEPEREM SR Z #5555 L 72, Human recombinant BCKDK 1 0.2 uM @ ATP L&Y %
WL, 37°CT60 04 v Fa~x—1t L7, ZD%, ADP-GLO™ F{H % 7N L T=ifi T 40 73 4
V¥ axX—v a3 VEITW, kinase KIGZH T X &7, Z D%, Kinase Detection 53 % fill X T % i
THIC 40 534 v F 2= a v &{TH)HT, ADP % ATP ICAH#LL, ATP &% FLEE CER
L7z,

% 6JH Protein Kinase Panel Assay
DiscoveRx D KINOMEscan™ 7 v & £ #— & 2% F\»C, 59 ff D Protein Kinase X} 3" % j%&
PRUPERTAM 2 206 L 7=,



HI3A WMRLEE
% 178 X-ray Fragment Screening iC X 3 §#7 € &% 4 7O HE

PDHK ATP #i &% 4 M ic BT, Rl e b Ehnd &AL 2R 2 Of 2 R 0Bl £ 2 4 72 UG
T2HEZHME LT, Xray Fragment Screening % SEfti L 7z, JT KERAEWIEFTCH T % 638 &
D Fragment 74 77 V) —{t&W %\, PDHK4 IR LTV —F v 27 CTD X-ray Fragment
Screening % Ffiti L, 17 DAY BMEARICHEA L 72 X BESHIEELZ IS L 72, 17L&
ETATPFEAY A MITHEALTEY, ZDFH 5 2D Fragment Z R A{LAEY & L GEIKL 72
(Figure 1-3), H 1 i Catdi L7z X 512, ATP ¥4 b COMMPHERIRT v PRHICHFET S 4
BOREINZZAKSTFON 3 U EEEHL, KEHEEA Y P 7 =2 KA AT 2GR %2 T
LCw3, —JiC, Fragment Hit 1 [ZfRTFF/KDAN 2 fH (WAT3, WAT4) % Phenyl ZiCHEF L, BE
HUEEP L D b ATP ¥4 + OFERICHE A 3 2 RO b L7z, GO D Asp293 & 1F, B
DY AT I FEGD WATL &0 72 KEREE S v P T — 7 K AT G2 527, w7 v
MRS AV AT, BEAIHERNC A~ TR - @R 2 B3 2 H0HIfFcE 2 L&,
W e ft Gk X% /R 3~ Fragment Hit 1 ZEE{LAEY & L GERL 72, 5 —J7 D Fragment Hit 2
i, 7 HD WAT4 L, JR25 3 MORAKEKERMES v b7 — 27 2B T 2 HiEHk
AR O LN, TOEYIE, BIEHOM AR 2 Fragment Hitl ¢ RWVWEZR Y 2R3 2 L5
», Fragment Merge (C & % SBDD fu#{b 23 AlHEIC 72 2 LHARF L, IR L 72,

WAT2 © //' Asp293

C\*" WAT1 2
Fragment Hit 1 t_/& Fragment Hit 2 | P

Figure 1-3. PDHK4 (%9~ % X-ray Fragment Screening Gk L 7z 2 D Fragment Hit DL FHEER &

X B A REE, PDHK4 OREiE % Gray cartoon, ATP #5 &4 4 b O % Gray mesh TR, Red sphere

137K, Dashed line 137K A A % KR,

2 f#® Fragment Hit 12 L ¢, PDHK4 FEHEHEFIGEOMIE &, PDHK2 & O X #RAEAARHEIL
BEEML 72, ZORE, [MholtE&EYD 2.0 mM % T PDHK4 R HEE DD SNk -
7zo £ 72, PDHK2 & O X $MEARICBIL Tid, ATP 94 F TO 7 I/ #ELY 13 PDHK 7 4 ¥ 7
+—LHTHRIES LTV 2 EE KL, PDHK4 & A #E AR 2580 bz,



% 2JH Fragment Growing i X 3 V — FIEE{L AV DER

%5 417 Fragment Hit 1 2*5, SBDD iC X 2 BifI1E M 2 #RET L 72, PDHK4 & @ X #E AR
WE3E % FEAT L 72 79T, carbonyl @ o fiZJ71A11C Val298, 11e303, Leu306, Leu3s0 fl§H2> & HERK & 112 5
BT A+ 23R b7z (Figure 1-4), 2D A4 Ficp» > T Me %5 L72ALEY 3 2GR -
FFAi L 72, PDHK2, PDHK4 (613 2 fHEE O M L2330 b7,

Leu350 4, X \
j\ Fragment Hit 1 &9 3
Leu306 = gl e 0
, PDHK2 ICso 958 UM 50.2 uM
v V=
11e303 ¢//\ AN Val298 PDHK4 ICso >2000 uM (29% inh) 890 uM

Figure 1-4. PDHK4 O & v ¥ 7 G &K% AT BT L TR (C: gray, O:red, N : blue),

Fragment Hit 1 2> 5 B ICEMME 2 M L3 2 5K %2 C 5 HINT, WaterMap ¥ 7 b v = 7 Zf\»
7o KIS D ffdT % 2 L 72, WaterMap 1%, 730 FB1J1°# (Molecular Dynamics : MD) &R Cf%
LNBERET 72V 27 b Y =26, KOTFIERE S KAIF A P o, Wi v7Kickt
Lz ANF—REXZEET 270774 THD, A rKIE, KAKBTHEEL T3~35K
DIKFERAEEEML THEY, TvEAE—L LTRERIREBICH 2, $7-, MEHHEDRE W
EHH, NV ZKIFZY PR E—C L CHRERIKBICH S, 2DV TIKICHERL 722 v X
E—- v bot—fEH fRicHBTALF —fE%Z WaterMap st R CHRIIL, LYDKkEED XD
CHER $R&E D DERET- 72,

Fragment Hit 1 ® PDHK4 & @ X 8 & RE 1IC0f 4 2 WaterMap #H 8RS E %, Figure 1-5 1278
. WAT1 (3JE4 D PDHK4 5L, i ONIC Fragment Hit 1 & 4 S OKE/BEEZERL THY, =
VALY~ HHZ AV F —HI NV 7KXW RERKMPA F e LTRBEI N, BT 2
TEICEDIANF —DBEENHEIELEEKTH D LWL, WATL IZRFT2H L Lz, — 4,
WAT2 3T v Z A —- -2y bu b —flRHIC L 27 KkE ) REERKIMFA & LTHREBIR
720 WAT2 IZ, Asp293 fISHICHN 2 T Ne291, Thr358 FFH A LR = AT T 2 23, Th bRk
CIIKERATEROBBEAEL L RELHN TS, ZOFEEKML, WAT2 iICB 5Ty 2L
E— IV 2K E O RRE R G 2T 5, FFA b COMMILE AL, BUAEAO~F L
TA—EBZETDEIANF AR TH L EZOND, 2T, TREMHERIC X 2 8%EK



DHRDZEN AT 7a—FCcH 5 LHBT L, WAT2 FIECxt UCIBAMER OB A 23T L 72,

(a) 11e291 (b)
N Theass
-'_ R WAT1 -0.37 -0.46 +6.09
“ Ny /
N 7 WAT?2 7.11 3.99 3.12
WAT2 °}Q\ﬂ Asp293 ' ! "

©) kcal/mol

Nt 11e291
@* WAT1 4
\(k Thr358

Asp293

Figure 1-5. Fragment Hit 1 & PDHK4 ® X #48 & H5E 1T 3~ 5 WaterMap 1R A5 F

(a) Fragment Hit 1 £ PDHK4 © X 8 & ME

(b) 2K A MiTE T B3ESIE T 4 V¥ —Profile, Bulk K & I L7Z2HEZ AL ¥— (AG), T
VAL E—(AH), TV bnB ¥ —(TAS)E% R,

(c) WAT2 /KFIH A ticF T %7K D MD Trajectory.

L&Y 3 D WAT2 JiaIC B ESE A 217 o 72 /55 % Table 1-1 189, IREMEEOEAIC X S
FHE TS HEE O M) E 23388 5 41, Cyclopropyl Z & A L 72L& 5 IC 354> T PDHK2 =4.9 uM, PDHK4
=43.6 uM DEEFE I E [Cso A 720 & 7=, Methyl Amine Z3E A L 72{L&W 7 i B\ WTH AR B3
PEfE D A E A3 &4, PDHK2 ICso=0.59 uM, PDHK4 ICso=12.8 uyM D FHE G % 5 2 72, 1L
AW 7 DI Methyl AT H 2{LE4Y) 8 I VTI, PDHK2 ¥ X ¥ PDHK4 ICX9 3 ICs 133kic
300uM L ETH Y, Me EOBFMTRE RHEEELESRD b/,

R1

NH

Tablel-1. RI1 E&#{LA&¥D PDHK2, PDHK4 FHE 14

Compound 3 4 5 6 7 8

r

R1 H Et OMe NHMe NH:
ICss ~ PDHK2 50.2 11.0 4.9 Not tested 0.59 317
(uM)  PDHK4 890 304 42.6 842 12.8 455




Figure 1-6 i1Z, {L&%)7 & PDHK4 & @ X A HREER R T, ALRERKTH 52 WAT2 23
A L Tz il % Methyl Amine 28 5 CTH Y, BE L 2SR X E A ARHEIC B VTR
DO, LEY) 8 D Aniline FfZI1E, (LEW T & FIFRIC Asp293 LKERAEERT % L& 2
LA, WAT2 ZHEF 3 2 113 BERED A <, WAT2 2HEF 3 2L 7 & K& e BHEIG R A
L7eEz2oN5,

(b)
WAT2 MD

Trajectories

Figure 1-6. {447 & PDHK4 O X AR
(a) PDHK4 DH§i& % Gray cartoon, X ¥ %7 BN DK % Gray mesh THR, Red sphere 137K53F,
Dashed line (37K & & % Ko

(b) WaterMap FT& D WAT2 MD Trajectory & L& 7 O X ME A& K AR ELRED X

Fragment Growing DAERIF O N7z LEW 7 IS T %, 4D PDHK 74 V 7 4 — LR 5 [
FIHE TG O Gk R & Table 1-2 ICFL# T %, PDHK ATP &9 4 P ORI T A4 Y 7 4 — 4
WTHREFE SN T 2520 6, PDHKI~4 filuic it L€ b FHEE 2580 & vz, BHEEHEAE & IE
KFBIRFHH & B L 72 Ligand Efficiency (LE)ffi23, 0.48~0.63 & @WE%RLTEY, 1Y
A KN U TR AR 2B o T0 2 AR I N D,

RIS, ALEY T OFEFWET 0 7 7 4 L% Table 1-3 ISR T, SEfTHTH 5 Resorcinol {LA) I,
PDHK %3% %45 GHKL kinase superfamily (CHi# 3" 25 CTH 2 7 v P NEROKEZREEL 72
MEERZFK L TE Y, GHKL family N TORERMZ A7 v +F AfllofEA A L Tnik
Vo =77, ALEW T RFT v P NEOREKEST L, K7 v P EE O E Me FECHA LT
W3, KT v FEEED PDHK (ICRHEM 7 iRHk L MM AER 2R L T 2 HE KL, fho
GHKL family T 2% HSP90 - BCKDK 12X} 3" 2 iR ME25580 b 172, £72, 59 D Protein Kinase
ICXF3 % Panel FFAli % SEHME L 7277, 10 uM T 50%% H 2 5 FERRHEEA % 7R L 72821913 MTOR
EMASTI D 2FHDATH Y, RIFERMET 07 7 A VBRI Nz,

-10-



Table1-2. L&) 7 © PDHKI ~4 1% 3 2 HEEHfE & Ligand Efficiency (LE)

Target I1Cs0 (uM) LE
PDHK 0.37 0.63
PDHK2 0.59 0.61
PDHK3 8.4 0.50
PDHK4 12.8 0.48

Tablel-3. {L&%) 7 © GHKL family, Protein Kinase (X9 2 3R 1%
Family Target Inhibition (%) *
HSP90 3.2 30uM)
GHKL
BCKDK 14 (500 uM)
44 kinases <20
Protein 13 kinases 20-50
Kinase (10pM) MTOR 58
MASTI1 60

a. v aNOEILAPIRE

% 37 Fragment Merge IC X 3 V) — Vb &M 7 £ £ 4 THET

FEZATOPFEHK E LT, RKIC Fragment Hit 2 & ® Merging 85t L 72, Figure 1-7 I,
LAY 7 & Fragment Hit 2 IC 351 % PDHK4 X G HROEREDEXZ R T2, HRHBIBIR
HADARL T2, HRbEHEL S, ZRIEEK%E Design L, FEAYIOERK - 5

EEIEL -,

e
o

Compound 7

Fragment Hit 2 Tricyclic core

Figure 1-7. &%) 7 (purple) & Fragment Hit 2 (cyan)D b X

-11 -



BREEAE #EE L, Cyclopropyl %% K7 v M EERICELE 3 2 (LAY 5 & D Merging % F i
L 7z(Table 1-4), Merge L&) 9 1B \WT, {LEY) S L [AIF%D PDHK2 HEFHEMEAFED b,
PDHK4 (CH§ 2 1Cs fHASKES LT 328,  ZHIZIAMREAMET L 7= Fic v i < o 3l
DEMTERDPoTT2OTHDLEEZT\5, Pyridine2 fDULHFIC, 2 fiD Gly &% (PDHK4:
Gly 295, Gly297)D F-$H 77 v K = A3 PDHK TIRFI L TH D, Me FDEAIC X 5 CH-O HHA.
TEIE R 2 it L 72 L& 10 i C, FRFEMES M EL 72, BHic, Bi&H#iE% Pyridine 2> 5
Pyrimidine 12 Z5ff2 L 7-{L&% 11 1235 \»C, PDHK2, PDHK4 [fi# i< x4 3 BHE G D A L2352 o
bz, BH&% Pyrimidine ICZHd 2 HC, FHEIFIC L D Me HOMEME A EL, CH-OH
HERD8 e o o8B TH B L EHL T2,

Tablel-4. =IRVE{LEYID PDHK2, PDHK4 [HE L4

9 10 11
Compound
NH NH NH
Z >N N Z N
I

\ | ~ | N )\
ICso PDHK2 3.5 2.0 0.71
(uM) PDHK4 >300 (20%) 12.0 5.9

L& 7, 11 5 b N &R VERBIIEH % Fragment Hit 2 DIEAREH ©H 2 “BMEHKIcE
L, B35 24 7RIH%FEREL 72, Figure 1-8 T/R3 X 912, (LAY 11 DL EEE#R %
iGF L, Fragment Hit 2 OJEAFK%E 2-Me pyrimidine ICE# L 72, 20 LT, L&Y 11 ©
Cyclopropyl 2, (L&) 7 D Me-Amine & [FIER O % (56 3 % 7291, RIIBEHERIC 3 i+ D
REICHY 3 2 B BAT 2 FEGHE L 72,

N NH

NH N / N Sidechain length of three atoms
= X

R1

NH NH l > NH
o 2N Fragment Hit 2 /4

NS R2 XN
N | /)\
R37 N
Compound 7 Compound 11

2-Me Pyrimidine core

Figure 1-8. {L&#) 7 LALAY 11 oL EfEXoEREDERH LS, “BRIELEWE T ¥4 v

12 -



TR CEY OHEETER R % Table 1-5 1R d, 3 HFEFROEREL LTrPr E2EAL
ALEM OB EIT, LAY 12 1235 \\T PDHK2 HEFHMEAT W28 580 b, HIC,
a7 Oy ¥ vEBRMEE T 2 RELT 5 BV T RS0 B A 27w, ~e s
VIEEE AL 72ALAEY 13,14 IC BT, PDHK2 ICX 3 % ICso A —HT uM I £ T kL 72,

RIZ, PDHK i&HPEHL O Asp fHIEH & WEtH AER 223 2 BT, n-Pr #0067 D E LA
FEML 7z, LAY 15 O Pyrimidine 4 f7i1C Cl EZEA L 72 16 I B W CHEE O A AR
bilz7=0, FLEYIE Cl 2 BAL 28 CTAMZIT 27, Amide NH I X 2 FlEAH A.1F
R 24518 L 72L& 17, 18 2B L7225, Zh o LAY Tl PDHK 12 5t4 3 FHEE A
RELSWIIL7zo 77 v C-HIC X% CH-O HAMEMIEK z A L 72L& 19 TlE, PDHK2
& PDHK4 O ICs A 10 uM LA Fic ¢ kL 72,

NH

R2 /
NN
e pm AL N N/)\
Tablel-5. —ERH(LEY D PDHK2, PDHK4 FHEE
Compound 12 13 14 15
R2 CN Cl Br Me
1Cso PDHK2 >30 (34%) 1.8 2.2 14.7
(uM) PDHK4 >30 (8.5%) 11.0 12.4 >30 (17%)
16 17 18 19
\NH \H
Compound o o /
) NH J NH N ) NH . ) NH
N | N | SN | SN
. lN/J\ cl N/)\ cl N/J\ cl N/)\
1Cso0 PDHK2 9.9 42.8 >30 21%) 1.5
(uM) PDHK4 >30 (45%) >100 (34%) >30 (3.1%) 8.0

IS L 727 £ 24 7 Ch 2 “REEY 14 L ZBREAED 10 I L <, X BEAE
W& D HUS 2 BET L 72, PDHK2 & © X #EAHRIEHED T A3 E\rfiffie 2 52 2 Fr b, oD
fta®icxt L Tld PDHK2 & X #EAERMERT 2 L 7. 55 X fEAFEEL
Figure 1-9 1783, “ERMELEY 14 & ZBRIELEY 10 1310 K7 v FEEEICHETE L 72 WAT2
PR L, MREMEIES R v PEEZ GE T ME L ARt 5272, 72, Me HA
Gly292, 294 EfHA VKR = A HiGrET 2 #6252 Ts 0, ML %2 CH-O TOMAIEH

- 13-



e & BB B GHAD X BRE ARG IC VW TRY b,

(’\h

&\3\/

a
V) ;«
Q. f

\
J
Br 4

NH

]
N/)\

Compound 14 Compound 10

Figure 1-9. Fragment Merge IC & 0 R L7z, “BRMEA(LAY 14 L Z3RIECLAY 10 ofbEEE e X
RSHEN 3

PDHK2 D##ii % Gray cartoon, £ ¥ ¥ 27E N8O % Gray mesh THN

Red sphere (Z7K53F, Dashed line (37K FEHES % R,

-14 -



INKE

Fragment-based Drug Discovery D Fik% F\y, PDHK ATP %4 M ICHEG T 28HLr €4 A4
7D ) — FEit&W % 3 (L&Y 7,11,14) ZHU5 L 72, X-ray Fragment Screening Hit
7> 5 D Growing ¥ X U Merge I X W 1§ b7z, RFELAY D PDHK PHEGMAL & LE %
Table 1-6 IC7" 9", Fragment Screening IC X 0, JefTdiTdH % VER-24668 & [A] U Resorcinol H
WEET2LEW20 b Hit L LTHOLNTEY, MO0 ICT — 2 %2RT (LA 20 13,
PDHK?2 (c5xtd 2 BHEEMAESS 192 uM, PDHK4 104 2 FHEIET: 1Cso {28 345 yM TH 1,
LE fliZ% #1223 0.42, 039 TH %, Fragment Hit 1 (¥ Resorcinol ‘Hig & » b K7 v FHEERICHE L
AVALHEEREKZ/R L, PDHK2 I L CRI% D LE A (041)%R~ L7z, T Z2*H, WaterMap
At 8 O 7K RIREI D FRNT 2 1T\, R P EREICIFEES 2 WAT2 % HRATER cHER %
SBDD il % 7. CC, BV DGR - 5l & £ L 72, Z DFER, HEGEMHEMEZ F EL 228
b LE % k#E L 7L 5,7 #BUS 4% 2 LIS L, (LAY 7 @ X BEA KRG ICE VT
MUE L 74562 72 L 7z, PDHK 3 GHKL family IC/E L CTH Y, R7 v MERICHFET S
T AN X VBRI E N L KB E A v b — BT . T OKERES Y b
7 — 27 1% GHKL family WCREFI N TE D, KEMAES Y P T =2 2R L ARG T 5
Resorcinol 2 4 7 OBERLEWE, R v P AHID & 5D 2 1§ T ld family PN C ORI HF D
by, —JT, AECHE L 72 LA RT v FERICA Y ADHEAKRZ L > TE Y,
Ry PO HRED ZLEY T DS TH A XC, GHKL family IZJ& 3 % HSP90, BCKDK & 0%
FEZHI L w2 8RR E LB o5, HEWE M EL 72/LEY S & Fragment Hit 2
& D Merge %17 9 FHT, ZBRUIAAEY 11 & ZBRIELEY 14 b OF¢ THUS L 72,

Tablel-6. {XFRALEY) D PDHK2, PDHK4 FHE 1 ICs fili (1 M) & Ligand Efficiency

20 1 5 7 11 14
\NH
Compound
HO, OH NH Q(NQ NH y NH
o NH Br
: 4 0 o) Z N | IN
~ ° \NJ\ N/)\
HF TR 12 10 15 14 17 14
PDHK2 192 958 4.9 0.59 0.71 2.2
(LE) (0.42) (0.41) (0.48) (0.61) (0.49) (0.55)
PDHK4 345 >2000 43.6 12.8 59 12.4
(LE) (0.39) (0.40) (0.48) (0.42) (0.48)

-15-



$2E PDHKEAKEEBRZH W I FERENC X 2HEEREERE

18 HREEHN
%5 1 T, FragmentScreening IC X Y Lead (L&Y OEFLEMEREKR L7z, v FHRR
— P OWIRNAEZRE L 72, FHEREME ICs 25 mM L~ L @ Fragment Hit {t&4%> &, PDHK &
DA S E R A EH L 72 SBDD ZEMiL, uM L~ ofHEEM: & GHKL-family AT
DEREEFH T 2 3D ) — FMEfilteawx R L7z, 2 &ECid, Fon ) — FEfikds
Y7587 % SBDD ZFEfi L, FHEFELE ICso % nM L~ Vi b L 2N B 2 8lE 5 5,
3D Y — Ve am oW, HRkEo RS2 ER L, ZRIELEYTH 21LEY 10
REMNMEY E LCGEK L 72, Figure2-1 12, LAY 10, T VER-24668 & PDHK2 & @ X #i
BEHBREE 2R3, LAY 10 1X VER-24668 X 0 L ATP 4 MickEa L, F7 v bAM
ICIFTET 2 7 7 = v BEAIALI, ZERIMICIZIE 7z S Wz IRRBIC & 2, B 261 L& {LE
M0 b BICBEL T, ATP ¥4 PO R7 v MMl > CEfEER MRS 2HE Lk,

(b) (c)

b 9"-»9

=

/

Py
‘ “’

,l

0
l

l\\\;/ .5 W, ¢
'\./ — 5 \__\ 2
Q- ‘ él J\.(\)*-u" -*é

HO, ° Z T -
NH \@fo N F
e SRR
g P

L&Y 10 T VER-24668

\\l/
|

Figure 2-1. PDHK2 O X 18 &R H5HE, Red sphere 137K47 1, Dashed line 13 /KEFE & % £R

(a) L&Y 10 & D X HE A, PDHK2 D&% Gray cartoon C, Pocket #MAICH7E 3% ATPlid
FHIS, % magenta THER,

(b) L&Y 10 & o X EAEEEDIEAR, % v o8 7 EHNE OKRHE % Gray mesh THRR

(c) VER-24668 @ X fitt &kt

PDHK ATP %4 + ®F7 v FAMIlIZ, ATP V) R — 23 HEET 2800 ) VEED A T 280
Pr O X 3, ATP DY Vg% Y T v 7 2% E %10 5 ATP-lid & ME X % HED U5 I T 1E
$ %, ATP-lid (3IFEEZ(L25K % £, Figure 2-1 IR Y X SEAKREEICEWT D, BTHEER

- 16 -



BRI NTHELS TR\, BT TH 5 VER-24668 X, GHKL-family TOEREZH X 7
U resorcinol HHE 2 &R v PAMU~DARERZ TV, G LEREZ M L w3, 2o
R THAXDBKEL R>TEY (VER-24668 D 1B =553), #&I1ToD PDHK PHESE # Fi
FETBICLTREARFEL L >T0E, 20k, {LAYW10 DFRT v FMIlco A RUER %
HEDDICBEL T, I A X2 MR AR OHEEER M LT 2R EREL RS, 22T, ANE
BHIC &b CHEEAHRESE 2 T L, PDHK £ v X278 & DM EIEH % R #1542 i
B&%2 L2 2 Lic L7z,

-17-



F2HT EBH
% 1JH WaterMap % F \» 7z /KFIREIH D f#AT

Schrédinger Release version 2019-1 % T, WaterMap st 5D A v 7 MER & FHE %2 i L
7o PDHK2 L ALAY) 22 @ X #EEK chain B #& (PDB ID = 7VBV) % ¥ & L <
L, Maestro IC& £ % Protein Preparation Wizard 1€ X W /KB & BARMIREZRE L7, T
DKL, Ligand &P 8 A LI & % 41 2 KILARE L, Default %7€ THIHIRGE % VE R L 72, WaterMap
RHALIE, Binding site DIEE IC/LEY) 22 DAEEEREZ M L, OPLS3e /185% FH\v>T 2 ns ® MD
AHEE FEhE L 7,

%23 PDHK2 ici§ 2 EAKET VIBH

Schrddinger Release version 2019-1 % W C, HAKETAERE DA v 7y MMER & GHR % Fi
L7z, PDHK2 kL&Y 35 © X #EAAEESE (PDB ID = 7VBX) % #¥)#ifiE e LR L,
Protein Preparation Wizard 1€ & Y /KA & A28 SMEARAE 2 ER, Glide ZHWVWTF v ¥ v 75
B Grid 7 7 ANVEER L7 (77 40 FEFRERGEMZ M), GlideSPE— FZMW<T, Fv
¥ v 7R % Efitk, OPLS3e J135% > 72 Macromodel TOfE R FIE 2T, HAKT
T EER L 72,

83 Wi X 5 PDHK HEEHEIE
F1EBEOE 2HIONTFE LD TFET, HEEMEIE 2 EM L 72,

F4H XRECHRET

51 Eo 3 HLEEOFET, PDHK2 & O X HEAKIT 2 EEL 72, Bohi7T—&
i¥, X® PDB = — I T Protein Data Bank I &% L 7z (PDHK2-{L&4) 22 : 7VBY, PDHK2-LAH)
35:7VBX),

% 51 BCKDK FHEFEMHHEIE
H1EOE STHLE Ak FEC, HEEMEZEmL 7=,

- 18 -



HI3A WMRLEE
FBUH =HEMAAY C36i 5D SBDD i X B iEMkE _E oRkEt

iz, ZBRMLAEY C3 ficxf L CEBEEA 21T\, Adenine #f & REIBT 65 © D GG
HIE8 (SAR; Structure Activity Relationship) 7 — & ZHfS L 7= (Table 2-1), N-methyl Amide (21),
phenyl (23), 2-Pyridine (24), 1,3,4-thiadiazole (26) D FHE TG 12, MEHATH 2LAY 10 L [F%E
D% R L7z, —7Ji, Methyl ester (22), Ester ZAfiff T& % oxadiazole (25)IC 351>C, PDHK2/4 IC
XL T4fEH 5 10 (50RFEEMED m 3@ b iz,

ZI

Table2-1. R1 E#{LAY)D PDHK2, PDHK4 P N

R1

Compound 10 21 22 23 24 25 26

—N 2:”
R1 H  CONHMe CO:Me  Phenyl  2-Pyridine 2:(\* \/ﬂ

ICso PDHK?2 2.03 5.51 0.21 5.33 1.51 0.49 1.49

(uM) PDHK4  11.87  >30 35%) 1.54 7.49 2.95 1.51 6.62

Ester J&38 A Coif A E R % {083 2 Hi <, (LAY 22 i<k L T PDHK2 & O X &
W& 2B L 72, o7 X SHEA G Figure 2-2 IC/R 325, ATP-lid DR ¥ 72 % 2 f#
M OWE % & U2 HUS X N 7=, Figure 2-2a IR THEHARICE WTIE, ATP-lid DETHE X
AT, MhElE kTR, —77, b ) —HHEOEAKRRETH 5 Figure 2-2b I BT,
ATP-lid 25L& 5 I Bl & TR CREE(L L, Phe326 HIBHMLATI & 2 2 v % v 73 B HTH
IAS G IR DR b 7z 3% 3 2 FEI DL KX % Figure 2-2¢ 1C7~ L T3 D, Phe326 {4 4° Ester
Carbonyl & m-n AHEEFH, %72 Arg258 fHI§5 & cation-n FH A {EF % TR LIS 2 il % Lo T /s,
fLaPr 22 & 25 1%, Z Ot LEWITHATEBRMEFICH LT R EB O EHEL PRI 70 i
Y %9 <, Figure 2-2b DHAIEAIE X D72 SAR & EBEEWRE V. ZDHEHL S, Figure
2-2a X 9 2-2b COMANFRAEA P TEEFILIREE % S~ 2 L HWT L, 2-2b TOREARRA ZHLIC
%7 %5 SBDD OfiEf #1795 H L L7,

fFonr X MEAHREELZ v, 5 1 558 3 H it L 72 WaterMap % > 72 /K FIFEIE O fig
W% AT o 7277, Lys299 * Arg302 - Leu303 CifEHEs 2 8HEIC 35\ C, ALIE /KB 89 6
iz (Figure2-3), %43 2KMFA MiE, =varv—- v b —fERtkic S v rKkED

-19-



ALERKE LTRIBINTHE Y, HHIZAVF—L& LT 2 KICH AT 5.4 keal/mol &\ A
G 2T TVEANE—EBRLEREBRCH L L0 b, MHHEEAZI L v N 7EL YAV
DB R F VT 4 — %M 2 HLARETH 2 LF 2 on, FREMEBEREIC X 3 RLEK
DR BN EFIETH L EHEELT,

®) © Arg258
S //— = rg
o - g .t 74/\
QL \ =T Asp290
Phe326

Compound 22 \

Figure 2-2. PDHK2 & LAY 22 © X S A AR, Pocket SMANICAZE S % ATPIlid I (magenta 571%)
ICBAL T, D Conformation 25528 & 17z, Red sphere (37K53 7, Dashed line 13/KFiEE % FoR
(a) X #HE A Chain A DHEIE,

(b) X ME AR Chain B D&, ATP lid SIS A RS L T 5,

(c) (b) DK, Phe326 25 Arg258 & Ester IED M EVEH % A,

|

)

Leu303 ﬁ
A Y

Nt
4 , o 5t Hydration Site

(lf Lys299

Sth +5.4 +1.4 +4.0

(b)

Arg302

kcal/mol

Figure 2-3. L&) 22 £ PDHK2 @ X SHE AL T35 WaterMap 51HELAGH

(a) WaterMap s TR & 72 KFI9 4 b, BTV F —flICH D % 1571 (-5.0 keal/mol : blue ~
+5.0 keal/mol : red) . ERFF DT X, MD FHE TOKDOIFIEROHNIER %R 3,

(b) ROIFRRELHHEI ALY —HE 5272, 5FHOKNY A b EZOHEKK

(c) 5 HHOKMIA MBI 2N FEIANLF =TT 740, SAZKEHKL AR ANVF
— (AG), TV XN —(AH), T}t —(-TAS)i% £x,

-20 -



WaterMap Tid®d b N7 ARLEKOHEF 2 HI & LT, /L&Y 25 D 1,3,4-0xadiazole BR 2 fiIC
Alkyl [BEHEEZEA L 72U EY D SAR #5H % Table 2-2 12783, Alkyl SO R I PHE TG PE(E
2L, L&Y 30 iICH T PDHK2 & PDHK4 ® 1Cso 252241 0.056 uM & 0.462 uM TH
> 7z, ALEY 31 13FE1THTH % VER-24668 DHE G TH Y, VER-24668 & [A%5 D [HEE M %
AT EAWE I TR, SEOFHIERICEWT, LEY 31 OHEEMEELEY 30 &
FZEDED D b 17z, {LEY) 31 OFEJFEFHED 32 1Tt L <, {LEY 30 DEF 4L 26 TH
220, LAY 30 X LEfEXSSGEL, X Y FREMNICHAFEHZEIIREL Tw 5,

Table2-2. R, & 1,3,4-oxadiazole FE#5%{A D PDHK2, PDHK4 [H & i1

ZI

Compound 25 27 28 29 30 31

R1 Me Et i-Pr n-Pr \\( W
,\J S

ICso PDHK2 0.494 0.190 0.130 0.091 0.056 0.035

(M) PDHK4 1.510 2.122 0.592 0.292 0.462 0.350

Ric, Wi pEREMEREEOR EZHE LT, Arg258 & EEHLER2EKT 2{L&Y%
PRI 29 L Lz, ATP-lid 13AKEHE DS W TH % 23, Figure2-2 THRBL X S I,
Phe326 2MUEWI & n-n HHEAER, A UNIC Arg258 & cation-n fHAAEA Z K L THEEL L T 3,
b&EP L Arg258 DM AEH Z N3 2720 IcEtT56 28T, =V brE—D_FLT 4 —
EfEoTwnaFEzond, VA Y FOHNTFNTran HAFERAZK L CTESE Arg258 & cation-
n AR ARG 2 2 & T, ATP-lid [dHHEDOEWIEEICHK I, v e e—D@Efl
EPBHIECE B L& 2T,

LEY 30 25, 53 FNTan AR 23 5 i@k % 79 4 3 % HIYC, PDB database
EXRE L7 = ROCHEERBE ZEME L 72 (Figure 2-4), LAY 30 oG KT F L& i,
oxadiazole & Phe326 fH|§# Phenyl ® —-D0 DEEDEAR % =X yeid R EFE L, MOE/PSILO V
7 by TR 72 ZROTHEER R EIE L 72, MR ORRICI, 2 0 DFFEER O L BRI
345-445 A, FHEBOMALA 52 - 248 EOHICK W R 2 EE L 72, 5507z Hitlbd
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Wik HECRIT L, 907N nn HAERABBICER L 5 2 BfLoBHA it Lk, Z ofiE,
PDB ID 2% 1TCX D @EEILIGFM AT AETH 2 L HIWT L, Merge (LEMTH 2{LEWY 32,33 D
THA v - G EERL 7= (Table2-3), Merge {LEVITH 5 32,33 1%, 7+ IKTILED 30 I
e~ C PDHK2/4 OFHEFIGHEE MM S 10 (552 R L 24 %2 5 2 72, £ 72, GHKL family
D BCKDK 1 xf 3 2 @R FHl Ic 5 T dh, RFRERE T v 7 7 4 A3l S 7z,

Step1 : Generate Step2 : Construct Step3 : Search PDB database
Docking Pose 3D search query and extract useful linker

= / Bg )A
A * y{;: T
I O~ ‘§I

N Aromatic centroid distance : 3.95A
30 \L( Angle of planes : 9.80 degrees

PDBID : ITCX
Figure 2-4.53 7 M n-n AAEAVER 23 % Ligand DR TFIE, {LEY) 30 DEESEET A2 b = RIGH
RAREZHELEL, PSILOPDB 7 — X~ — ZIZH LTHF W pi-pi HATER %Y % Ligand 2R

/ A\
=,
Table2-3. 1,3,4-oxadiazole $H#z{& D PDHK2, PDHK4, BCKDK FH & & 1 j\(
Compound 30 32 33 34
(o] (0] (o]
R1 H @/\)J\N/ ©/\NJ\/ ©/LNJJ\\“"
H H H
PDHK?2 0.0558 0.0042 0.0060 0.0171
1Cso
PDHK4 0.4624 0.0241 0.0329 0.0615
(uM)

BCKDK - >100 (3.0%) >100 (18%) -

¥ I ubEYITH LAY 34 £ PDHK2 & O X M A& RIE %, Figure2-5 ICR3, 794 v/
F & S L - ARG 25589 5, Tsoxazole & Phenyl 528 n-n A & v 7 L, 2>D Arg258 {4
& cation-n fEF 2B L 9 2 & COME 20 b7z (Figure 2-5a), ATP-lid 13, & HE A
AR C—RAEEEZIN-oTEL T, TV e ¥ —WICRERBBED S WEEICHIE Nk
EFEZbND, £72, WaterMap THLIE /KP4 23 H X 472 Lys299 + Arg302 + Leu303 i

22



FEDHA A, iso-butyl ETHAEIN TV 2 EDMRI N, HIT, Asn255 fll#H & KEAL 72
MWHER % Amide S92 L TV 2 F23, 72 7 & & L CTHUS & 17z, Figure 2-5¢ 1T, Merge
L&Y DL & 75 > 7z, Figure 2-4 PDB RO Hit #i& & o ERGDLEXZ TR T, EOER D
%52 2%HH 5, PDB TOfGAMKNZ 72 ZXOTHHERTE O H AR & iz,

(b) g e Arg258 ©
L/ Asn255

N\ Asp290
\_/ | N
N b
0OuN  Arg302 Y
N*T\( v Leu303
&Y 35 #~ 1 Lys299

Figure 2-5. PDHK2 & L&) 35 © X S8 &S, Pocket ¥MANICHAZE 3 % ATP lid fE1% % magenta 38

7Ro Red sphere ($7K5>F, Purple dashed line 3 7KF#%#, Orange dashed line 1 n fHAAFR % £~

(d) ATP % A4 t D4fk{R, ATPlid 7B, W& L 72\ Open REE CTFETE

(e) L& 35 AP DHEAR, 35 2343 7N n-n stucking ZFEA L, Arg258 & cation-n AHEAEF % AL
Asn255 LR E A U7 AHEAEF S K

(01L&t 35 @ PDHK2 f%4 Form &, T A v DKL 7z - 7= Figure 4 ® PDB #i% T Hit L 7= Ligand
% (PDBID = ITCX) & D EAADEIX
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FH  =EREMAEY c4 b~ ofBEFROEH

1 HTZBRMEAY C3 12025 @ SBDD %47\, LATICART 3 DOMAEHA LML €, BER
FHE S M E233E0 bz,

v Arg258 & @ Cation-pi #HA1EH

v Lys299 - Arg302 - Leu302 it D fistEY 4 + o b5f

v’ Asn255 & ORRER A AER

PDHK E£FPHEEY: 1Cs i nM L _AVICEEL 2 0D, - F&E 5005 T TRE
(o THY, ROMEZH KL CELR 2TV 4 XORBAEENL, b DAL
A4 v ME, ZBRECEY) C4 60 5 OJ A REERNIOE WIEICHEL T b, 2D, C4
BB CIN TR L NIAAEREZTHRT 2 2 L T, 01794 XK T 2 F0MfFcE 2,
% ZCRIT, C4fr25 D SBDD Gt L 72,

C4 PrIcHE 2 DEHEL A G 2 LAY L CEARE T ABEEL T, ekl 3 5
ODHAFEAZFHHL 5 2 BIREOBERZTo 72, ZOME, sp3Eomer e ) ¥ vEKicsny
T, Lys299 - Arg302 - Leu302 L5 DAY A b2 FET 2o b, vrl) v vE
1%, Asn255, Arg258 O RNCEIRIEZ 53 2 HEAARETH Y, C3 (ih o OMHAEERAFRA v
FEERT AHEAEREL LTEZ N0, FLAEY O A RIER % i L 7= (Figure 2-

6),

L&y 11

PDHK2 ICs0=0.71 uM
PDHK4 ICs0 = 5.90 uM

Figure 2-6. {L.&) 11 ® Pyrimidoindole C4 #iE#ar v V ¥ v {L &Y D PDHK2 ~DEAKET Vv

Table 2-4 12, ¥ w ) ¥ VFEKROHEEBETMAREL TS, vr) P VBAKTH LAY
35 T TOMEEE ORI ARD bz 23, RI FHICEREZEAT 2t ) v yolid
R 2 3817 L 72 36,37 1B T LAY 11 D HEF S 2 /3 2 0355080 b 7z, KRIC Arg258
& D cation-n AHAMERIEH & 5 L, Phenyl 3% v'm ) & v R2 FALICHH5 L 7271, benzyl (£ T
» 2LEY 40 BV CHEEEO M EAGED b, BT, RIFNIL S Asn255 & OFEMAH A
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TEF DI % 517 L 72L&V &% 1T\, Amide B:%E A L 72L& 42 125\ T, PDHK2 T
0.0045 uM, PDHK4 T 0.0264 uM @ ICs 23728 & 7=,

R1
Table 2-4. Pyrolidine L4 ® PDHK?2, PDHK4 [H 3 64 E)_
Compound 35 36 37 38
R1 H Ethyl (racemate) (S)-CH20H (R)-CH20H
1Cso PDHK2 2.41 0.758 0352 8.52
(uM)  PDHK4 10.3 8.46 4.53 >30 21%)
Compound 39 40 41
prone S on 0 Do My W,
HO H,N"O
1Cso PDHK2 1.01 0.073 0.0146 0.0045
(uM)  PDHK4 7.70 1.12 0.292 0.0264
Figure 2-7 1Z, 1350 72{t&4) 42 © PDHK2 I3 2 HAKRET VAR T, £T HEEIC

F\C, Benzyl H4% Arg258 & cation-n HHAMEM 2T L, Amide J:25 Asn255 LKFERA %
JER L T\ 5, Asn255 OfflgHIE, JEZL D PDHK £ & b KEROEZIEE L TH D, R

- (b)
(a) S 258 R . ~a——Arg258
Asn255 o= 7 N\R/ Asn255
/ = _ Asn290
7 Asn290 =S . =
vl e
/N O o p— ‘ ‘;,
/\473‘4 S A=0 " @\/E) “on \\\: \
— H,N H e
© ’ HN \%
L&t 42

O
OH

Figure 2-7. L&) 42 © PDHK2 1K 3 2 AT T L, Amide H#53A% Asn255 & KFEHEG R

Asn255 & KB AR T % HIYT, 2-carboxy pyrrole % 7% 4 v L, HAKE TV CHEE
FATERR % HfE 3%
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ICHEE I NZME L 7o T %, Asn255 I NH, D Ffllo 7w b v 238, U 7y FilEfFichn
B LB OKRBEANN— P T —DPEELBVIREL o TV EHELL, ZOED~DIKHE
WET 7272 —HACTHAEE M LT 2F03E2602, ZOHNTWL 29D T ¥4
vALEITR L CEARET A EREEL, £ D 5 Figure 2-7b 1783 2-carboxy pyrrole 4
RHYERREE U CORIKL 72,

2-carboxy pyrrole (KD E K % 1T 5 BRIC, Benzyl HZEE L 72 F £ TH 5 & mAH 500 % i@
ATLES>FED L, Bt Benzyl A TH 2 LAY 43—-45 D EAL - I EG MR- 21T - 72 (Table
2-5), PDHK2 O ICs fifi#% 0.0051~0.0092 uM, PDHK4 @ ICs filids 0.0122~0.0406 uM TH Y,
Asn255 & “RUCKERA Z LT 2 FDORMA RN S iz,

Table 2-5. Pyrrole 71V & v Bt A PDHK2, PDHK4 FHE S

Compound 43 44 45
N N N
H H H
R O N Q \ O N D OH o NQ OH
H \ HN HZW
1Cso PDHK2 0.0092 0.0051 0.0055
(uM) PDHK4 0.0406 0.0122 0.0178
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INKE

ARFE T4, Fragment Screening R D U — FEfli{.&P2> & SBDD % i L, Fs& FHE TG 1Cso
iz aM L_vici B L7ALEYI O T F A VIFFRIC DWW CRRER L 72 (Figure 2-8), EARIICI,
ATP 4 F O 7 7= VvIRFEGHEEZ 562 ZRILawr o, B7 v MMilicEET 3 )+
— R U VIBEATEIEICN L CARERMEZER L 72, C3 12 bAaNREREZED 28T, Vv
FEAE A MEIICTAAE T 2 ATP-lid 2REEL L, Arg258 & OMBAER % i3 2 Hikl 2kt Ak
L& 22 © X EAEREL TR bz, B0 W2 EAREEER» b, LLEKOPF, o
TN nn HAFHAOEEICEH L7 SBDD %1795 C & T, BERHEIEED nM L < VICEES 2
bt 33 # AL 72, Z DFE, PDB MZR%H D = Kytb&EM A GH L 720 7#%at %217 5 BT,
BHT2av 27 NCBET 2LEV 2R R C RIS 2 L 231k 7,

RIT, C3 L b oWEI TR b7z SBDD 1HR (Arg258 & @ Cation-pi MHZAFM, Lys299 -
Arg302 - Leu303 i fFDRAMES 4 b D5, Asn255 & oMMAMHAIERA) % c4 ficEzAL, &
TH A X BRI L B TIHER ORI 2R A7z, TF 4 VLAY L DEAKRE T v OMEHY
Brb, vu )P v EREREKE LCHALAREMEZTY, LAY 33 OMAFERZ T
LA 42 Z A L 7=, BHIC, Asn255 & A CKEMAZRIERT 3 Hz2 5L 2{LAY 0T ¥
4 v &ATV, Arg258 L @ Cation-n fHAANEH Z R\ 72 KB CRIZZ O HEGEEH 27”3, L&Y
44 HH7ZIC R L 72, KFE T 547 SBDD iz V2T, ATP ¥4 @K v MMl
BOCHERE L CHEEEZ A LT 2HATREL 2%, ZDOFHH S, PDHKATP ¥4 b icE ) (K
SR ER OB RO NI L C, EEAMAEZH - ICRET 2E1/ Mk ELZLND,

Novel ATP-lid \‘J\V Arg258
Conformation ~N5H WW
N ”7— - /" Asn255
) R N P “)_
IY';‘\;‘ \ i //Q - N e\ A
2~ P = AN C\ 2 ~
H N N N H N n N
/N Jo J o
/N =
B —N /3/ ,3/
o N

/
i
© A
/
ZZI
O
4

H N
L&) 22 L&) 33 L&Y 42 L&) 44

PDHK2 ICso = 210 nM 6.0 nM 4.5nM 5.1nM
PDHK4 ICso = 1540 nM 32.9 nM 26.4 nM 12.2 nM

Figure 2-8. =BRIEEALAY OMEIEH, PDHK B #RHEHM:E
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BIE 7 I7AV T THEE RV - REGEE A o 2T
F18 HFReEW

1R, 552 ®ICkH T, PDHK BEFEFHEIG M 1Cs fids mM L ~L @ Fragment Hit %> & SBDD
ZEML, nM LAV DEFEEZH T 2LEWE R L 2R ic>w il L 7z, PDHK & @
X MEAREE LD E, THA Vv LELAYO VN y ¥ v 72T A2 EET 2 H T, EE2H E
L7AL AV 2 RICHS 3 2 I Ml A2 R L7z, COBE, =T ABECHETCry v 72
a7 RSO R 2T LTHELNE D, —RINICE v ¥ v 2a 7 L EGHIRIE OB XK
W7z, FRIME O R I HARREM TR L 72, PDHK ~D#E A2 K X < Pl 2558 T
BERAMT T, XX CHEEEESR L 2 e R RIS 2 F3AREIC 72 2 & HATE
TIN5,

B 2 v o 2T 2 #EGBRE O, Thbblaam A —StE LT LED
B DNERLAT F 2 HE L & <475 $1iE, FHEB LYo cHELRIHEH TS 2, ZD7®, Linear
Interaction Energy (LIE) 5", Molecular Mechanics and generalized Born/surface area (MM-GBSA)i%
(201 Free Energy Perturbation (FEP)iEX Pz &', % OFEORFENED b NLT b, b D
FiEX, 7713 (MM; Molecular Mechanics) ~¥7 A — X ZF[HL TH Y, &FFICHf L THo
BRI ZE O Y CTCEEEFETT 5, (LG - R FRICE D ZEI Y Yo iy Tk codl
SrEMIL, T ORESZAL CTHEREP T EDMHERD 0, MBPEMEIHE ORE L+
SR 2RI, 2070, @BET2ETUIIERC, HMEKE~AELYy VT —2
ZEURERICHLTE, 2F NG EACCEAGAEB T A VX — 2R X CFHlT 2 2R
ThH b, N, BFIREIMYAALFHEEZIT S Fik e L <, &1 71% (QM; Quantum Mechanics)
FHOI2FERIET LN, QMIEEZHAWVWLET, 2 28 L Y 7Y FofEGHBZ AL F—
EREXCHE T 2HBMFCE 2208, ERD TR LEOES TRICE TR 2T H LG
HAmBsIEF IcEy,

7 77X N TiiEiRE (FMO; Fragment Molecular Orbital) (2, X v ¥ 27 &5 &5 1% I
T 2B NFEAEENRNICERT 5 FihkTh 52090, RFEETIE, FHENRIIT I 7 BERES
D7I7AV MBI, FTITTAVNET TRV FRTICH L CET ¥R £
T 5, WHHLAIREBECRERAZ B L CH 0, BFIAETORRRERZABICHT 3 5 F23rl6E
TH3, QM FtHEICE VT, BBHRIT polarizable continuum model (PCM)i%E7), conductor-like
screening model (COSMO)EPS4, 3 2\~ 13 GBSA &7 & TRt T 2 X024 S 115, FMO FHE
ICBWTH, TNOBEBRNREZIIAATZHERRBE O »HE I N TV D2, FFRICENT
ED XD RENEL B DIE AR EE S O,
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AREETIE PDHKATP ¥4 P 2R e L, i 4 v ¥ —IH%Z & 72 MM, FMO R Z FEfi L,

BEOEmNEAEB T AV ¥ —5rEFIREZ R L7z, Figure 3-1 IC77 9 L 9 I, PDHK ATP # A4
MEIT ZAANT X R 2L L LM KRR OA Yy V7 — 2 2B L CHh, HHDOE
THREEURNRTH D L EZOND, L OFHREN T MO FHR 2T 2 i, §HER4%
TENRE L TREHBRT AV F -5 2T 5 &, FHRARIETFMOEICE W Th EL R b,
P oL, VAV FELO7 I 7 BEEZUIV L GtHEET Y WV HLET V) 2HWT,
LRTOTANF — % HE T 2 FMO SHREMFOMRE 2 FEfi L T % 72049, 2 2o 35 34
F1HET, Y LET A ZH V72 FMO GHRERRERE S 2 BT I fftT L, #1Y) 2 st RSefh 2 88
Rz, B EIFME 2T, YLHLETAEAOAMHEFA T AL X —5IH 24 D MM,
FMO MRS CEM L, EHME L OB 217272, £72, FMO &% MW 72 MHAEH T 4 v
¥ -SRI 2, PDHK ATP ¥ 4 M 3\) 2 BRI %M L 72,

(b)

ATP analogue

Figure 3-1 PDHK @ X #{#E & 4HiE, PDHK O#HE% Gray cartoon, X ¥ ¥ 7B NERDO KM% Gray

mesh TR, Red sphere 137K53F, Dashed line 13/KEH A %R

(a) PDHK4 & AMP-PNP O X #i48 £{4H5i1&(PDB ID: 3CRL)

(b) 1L&H7, 14 £ PDHK @ X #E & 4ARE&EPDB ID: 7EBG, 7VBU), KERES 4 v b7 — 7 % g
Bz n

-29.-



F2HT EBH
% 15H PDHK4 ICX 3 2 HAEHET VOBE

Fragment Hit 1 ® PDHK4 & @ X ##E &AL (PDB ID = 7EAT) Z ARG ICHIAIL 72,
Schrodinger Release version 2021-2 % f\», Protein Preparation Wizard 1Z X 0 /KZE (N & H28 Bk
BEEZRE LT, TR, Asp293 DIEFFICIEET % 2 flidsK (Figure 3-1 TD WAT1 & WAT2) O
HERFEL, flio/KIZBRZ L7z, Protein Preparation 2t 85 Cld, /KHEJF T O A& REI LG % H
Lo SO NAEAERDO ) 7y FREEISH LT, SHERRILAEYE Bt bE 25T, #it < FMO
& LE LR O &% fERL L 72, Dimethyl Indole AL AICBI L T, Fragment Hit 1 O
sy cERADEIEE R T 5 72, Pyrimido Indole FH{LAMICEA L Tld, L&Y 14 D PDHK2
& D X BEAHKEE (PDBID=7VBU) % 7EAT & icEnabE, WIARMEZEEL 2, 20
&, ERbbEROILAEY 14 TR {LEVOEIREZENEDE T,

YERK L 728558 123 L T, General Atomic and Molecule Electrostatic Structure System (GAMESS) [47)
D ver2018 »¥ v 77— % il T FMO i {Lat 5 %2 920 L 72, FMO §H5HRfIC, PDHK4 X v
XU, Co L BEET 2 EMANRARETTI T /A Y DEILT, DAY Fo b8 ALK
WKHET 27 3 /7 iR (Met251-His266, 11e276-Val278, 11e289-Phe307, Gly333-Ser337, Leu34s-
Ne362+WATD) ZHiti L, Vv Fe o)y LEF7 L L, FMO fsmidfbal &% Eii L 7.
C OB, KT I BEEEO N K, CREN I, BET 27 3 B0 I IRREE FicT ¢
FAHE, AFAT IRECTEyy 7L, FMO BERELEIEE, U7y FRMSA LNICHE
HET D7 WM E ) 7y PO OREEZ EE L, % Ao R % rEhEIsc 3E L
THEE R 2 50 L7z, 6-31G HJKEA%, FMO2/RHF-D Fik#FHL, 2V 2813 1 7
I BERILHAITHE, RARZANLF 2T TV b2 3.0 x 10 Hatree/Bohr % i 72 3INR 5
frehodfLat Rz FhE L 72, MERERoEE%z, 2SR HT, < MM, FMO
—HEMEO ARG L L7z,

®2JH PDHKABESHEFAMICHT 2 EAERHI AN ¥ —5HE
Schrodinger Release version 2022-1 #F\»7z MM &IE, il 18I GAMESS version 2018-1 % >
72 FMO RIHEAZFEML 72, #HEHBEZ ALY — (AG) X, Tvarvr— (AH) ¢z vibpE—
(-TAS) R I NS (AG=AH-TAS), 5, FHENR L 5 2 {LEMITRHE LB L, 2DE
RO ABRE DL AVELS, =V e —HIMLEYR TESE LFEL, SHENR2 S
RO L7z VA Y Fob 12 A MINICIETES 2 7 3/ 83 (Val204 - Leu227, Leu248 - His266,
Thr274 - Leu282, Lys290 - Ser308, Gly333 - Ala341, Asp347 - Tyr363 & WAT1) ZH#iHiL, V7~ F
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LoV HiLET AR L CREEEHB T AL F -Gt REZ R L 72, OB, K7 I/ BEED
NoK, CRH L, B 27 IV BEREOVRREZ EICT v F L, X F17 I VECTF ¥
v 7 L7z,

MM/GBSA To—si5t 5%, Schrodinger Macromodel ® OPLS4 J1¥5% vy, 77 4L+ DEF
BRIFTHEML 72, MM/GBSA B0 A E T 3L £ — (AGWS4) 13, BITFIcRT (1)
EWREHL 72,

MM/GBSA __ ~MM/GBSA
AGbind - Gcomplex

MM/GBSA
receptor

-G _ GMM/GBSA ()

ligand

FMO %1%, FMO2-RHF/PCM[1(2))/6-31G*DaIH.&ffT, HEWKR - XV 7B - VAV FD
=T L CHEM L 72, FMO HEOERIC, BRiEEO HHE%Z&S® 5 HIYT, Asp293 7 7 7' 4
Y& WATL —20D7 77 AV McEld, ZooT I JBERET7 774 v Mk 1 EER
frc7 97 Ay MELCEHEZEML 72, FMO/PCM ETOREAEHMT AL F — (AGSPM)
F, UTioRd () Kt wREE LA, BHEAT AL F —1C GBSA EHROfEZ w7z
FMO/GBSA # A HH T AL F — (MG ) 1%, X (3) 1WR¥ X 5 IcE%Eh T FMO A

EF = AL ¥ — (AEEMO/Vacu0) 1o GBSA BiVAIEAI = L ¥ —IHA M A 3 FCEH L 72,

int

FMO/PCM _ ~FMO/PCM _ ~FMO/PCM _ FMO/PCM
AGbind — “complex Greceptor Gligand (2)
FMO/GBSA __ FMO/vacuo GBSA
AGbind - AEint + AGdesolv (3)

%310 PDHKAEHAEETAMICBIFZI N Y FOELZ ALY —FHE

VAV FOBEHZANLF—DRHNICIE, —EEOFIEFEEZMMLZ, VA Yy &L
T, %33 Schrédinger Macromodel % JT\» 7= BC S fi##T % SEf6 L 7z, OPLS4 /1352 FIAI L, GBSA
IKETNEMAGZT 7 40 b OFFREMCRUBERAE R T o 72, i\ T, 55 e RE BRI
L T GAMESS % i\ 7= fs ol L35 & S0 L 720 MP2/PCM[1(2))/6-31G*3H 54T, AT
FNF =TT A 1.0x 10" Hatree/Bohr % i 72 IR &t oLt 21T - 72, 55
NFEREO A 5, REETHAALF—fE (PN ZoElL, 0 (4) XY PDHK4 A

ligand min

DEAZRIFANF— (AEMOUPM w72,

ligand deform

AEFMO/PCM  _ oMP2/PCM

_ pMp2/PCM
ligand deform ligand

ligand min (4)
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¥ 478 QM, MD HEic X 3{bAYD ~HARNT

LAY 17 1K LT, GAMESS »¥ v 7 —Y Z vy, XFT I FEG ORKICH 3 % [k EE
DEMEZFEM L 72, “THM% 0-180 FEDHIFH T 10 BRI A CRUBEZFAEL, “HMEEE L% D
Z T MP2/PCM [1(2))/6-31G* et & moiifb U, [MEREEE D FHR %2 Fhi L 72,

RIT, Schrodinger Desmond 7' v 277 L% v, L&Y 17 D MD 5tRZEfi5 2H T, A
DRE 2L —va VT FEM L 72, PDHK4 AKX O 7y FEK (fE 7 +— L & )R
74 —2L) KT B MDEEE, 25ns DMD ¥ 3 2 L—3 = VT4 EIERM L, %Y 12.50s
OMD b 7Yz b —%EHTICHERL 72,
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HI3A WMRLEE
FT1H 77727 M THEEC X 3BEEHAIAVF—FHEOREL

P 5 I%, VA Y FREGHAELO 7 I 7 BB 210 L 25t RET V2w T, 2% TO
EEBHBET ALY —E% T 25 FMO FHRESM 0BG % Ehia L ¢ % 7244, Figure 3-2 12, K
JECNTNR E LI & v o288 L, )7y FofEX % Rd,

Neutral Ligands Ny

o Qﬁ? S Wl
= )

B1:2ZYE B2 : 309A
I Al : IFKF A2 : 1FKI | | |
FKBP HIV protease
NH2+
Charged Ligands

NH,
o

7 o
o +
\
o ©)LNH2 o
o
H,;NZ  NH,

+

NH,
C1 : Model on 3AXW D1:3GY7 D2 :3GY3 El:4ZE6
| J | J | J
CK2 kinase B-trypsin Endothiapepsin

Figure3-2 YJY Hi L= 7 A G15A D PDBID & U 77 v F oL &R

L&Y% A1-A2, B1-B2 13, FMOGIHFHIC ) A Kb 7 7 7 2 v ML GRtaFERs ¢ 7 7

Xy MezT, Il SMAlC - % FlE)

FPRD R S AR <, EA RS ISR IR A R LAY % & A TV B FKBP ICH LTI,
MO FI 4 XX UV L ET A~ EER BT 2 7201 2 BokEWEFIAL 72,
% 72, HIV Protease ICBIL Tid, 7 3/ Bl#Ho X X 2 &SI 2 HWT, 2foiHH
FMwie, $7, (LEYOBRNOEE LIRS HIT, 724 YY) 7Y F & & CK2 kinase,
HFF D AV FEED B-trypsing WA A~ ) #Y F % & T Endothiapepsin Z xR & L 72,
IHLDFHERICOWT, LAYBEOREZISEHM 5A,8A, 12A,154) Y1V L =E7F
JLICHE LT FMO GHRZ 1TV, 2% TO FMO stRCEOonfMEaH T A v ¥ —fEL O ik %
To7e HEFMOGHRICEFE 7 77 A Y MR WER%Z, Table3-1 1IR3, YIWHLET
VEFHT2HTT 772V MRBHHAT 225, FHERICX o TRREMRMOMEOEET 5,
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Table 3-1. FilHRICB T 277 7 AV M E#

(@) 777X MK

N
Y

Total number of protein fragments

Target cmpd
Full 15A 12 A 8 A 5A
Al 106 94 78 42 16
FKBP
A2 106 94 77 43 16
B1 208 169 122 81 48
HIV Protease
B2 205 166 126 78 44
CK2 kinase C1 330 129 95 51 21
D1 224 134 94 47 23
p-trypsin
D2 221 144 112 64 33
Endo thiapepsin El 331 150 102 56 23
(b) WEMEL H v aNBUEIE, KM 7 7 2B o, Hla~ A4 F 2B OMRH,
Total charge of protein fragments
Target cmpd
Full 15A 12 A 8 A 5A
+1 0 +1 +3 -1
Al
(+15,-14) (+13,-13) (+10, -9) (+6, -3) (+1,-2)
FKBP
+1 0 +1 +4 -1
A2
(+15, -14) (+13,-13) (+10, -9) (+7,-3) (+1,-2)
+9 +1 +1 +3 -4
B1
(+26, -17) (+16, -15) (+11, -10) (+8, -5) (+1,-5)
HIV Protease
-1 -3 -2 0 -2
B2
(+16, -17) (+11, -14) (+9, -11) (+5, -5) (43, -5)
-1 +6 +4 0 -2
CK2 kinase C1
(+48, -49) (+21,-15) (+17,-13) +7,-7) (+2,-4)
+6 +5 +3 0 -1
D1
(+17, -11) (+10, -5) (+7, -4) (+3,-3) (+1,-2)
p-trypsin
+6 +4 +6 +1 -3
D2
(+17, -11) (+10, -6) (+10, -4) (+4, -3) (0,-3)
-18 -17 -13 -8 -4
Endo thiapepsin E1
(+8,-26) (+2,-19) (0,-13) (0,-8) 0,-4)
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Table 3-2 12, HEtHARDRMEMIEZ AW zFRicikon s, HKifEL 72 2 FMO-PCM, FMO/MP2 &t
BoOIT AN ¥ —flizR"d, FMO/PCM 5 Cld, HF HAEER AL ¥— (AERF) & Buissif -
FNF— (AGgesory) ZatHE L, ZDfE LTHF LA TOKFIEAHHTALE— (AGHE,
EREH L7, ZOBE, BB AL ¥ — 1 E#EH (AGSS,,,) L IFFEHE (AGInee) 1cnEIL
THI L7z, £7, FMOMP2 GHH CETHBET A V¥ — (AE.,,) %ZEH L, HF L X1 TOK
A HEMmT AL ¥ — (AGHE) fHICIZ % 2 &, FMO WA A L ¥ —fE2EH L 7,

Table 3-2. FMO-RHF/PCM, FMO-MP2 £ CHHL 7z, £%CToD FMO MHAFEH =+ v ¥ —1fi

PCM MP2 PCM + MP2
HF Interaction Binding Correlation Total Binding
cmpd Desolvation Energy AGgesory
Energy Energy Energy Energy
AEjp Aoy AGRefy” AGhing AEcor AGhing
Al -30.5 38.5 51.9 59.9 -68.9 -9.0
A2 -26.0 29.3 40.3 43.6 -- --
B1 -85.9 71.1 59.0 442 -105.7 -61.5
B2 -81.4 76.8 51.9 47.3 -- --
Cl1 -114.0 99.8 333 19.1 -57.7 -38.6
D1 -15.9 7.9 16.1 8.1 -31.9 -23.8
D2 43 -5.2 29.5 28.6 -78.6 -50.0
E1 -81.1 67.7 9.4 -4.0 -33.5 -37.5

a) T A F—HA7 134T keal/mol

£ 913 FMO/PCM FHHRTCRLN D TALF —fEICBIL T, IV HLET L ERFR L DI H L
F—EZ2HH L7 (Table3-3), THALAYIDAER % Table 3-3a 1273 LT3 Y, HIV Protease A
RB1DOSAYIY IHLEFLICE VT, HEMAERATH ¥ —ff (AAEEF) < 5.0 keal/mol % ifd
A5 T ANFX—7 (-20.4 kcal/mol) 23588 H 417z, Table3-1 T/RL7=X 91, YIVHiLET L
IC X o TIIRER OEA R0 HAE L T\ %, HIV Protease &4 Bl Y10 L€ 71T,
PR TORBMHB+I TH LD LT, 15A EFATH, SAEFALTIE-4 L REL BAE-T
VWb, ZORE, BAUVIVHLEFACTH S 15A T HF A/ =40 ¥ —fl (AAEEF) <
2.5keal/mol, FE/NTI VL EF AL TH 3 5A % TlE-204keal/mol DK X 72 T F L F —FE 03300 &
NTWw3, [ UERTH 5 HIV Protease £ TH 2 ICH D 63, (LAY B2 DRSS T Bl
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Table 3-3. 1V HLEF L L LRICET 3 FMO/PCM SHE[EDZE T F N F—

a) Neutral ligands

Interaction Binding Energy
Desolvation Energy AAGgesoly
Size cmpd Energy
AAE AAGG o1y AAGRORR AAGying
15A Al -0.1 0.1 0 0
A2 -0.6 0.6 0 0
B1 2.5 2.4 0 -0.1
B2 -1.4 1.4 0 0
12A Al -0.1 0.3 -0.1 0.1
A2 0 0.3 -0.1 0.2
B1 -1.9 1.9 -0.1 -0.1
B2 -1.8 2.2 -0.1 0.3
8A Al 1.1 -0.3 -0.7 0.1
A2 -0.6 1.4 -0.5 0.3
B1 2.1 2.6 -0.8 -0.3
B2 5.1 -3.8 -0.6 0.7
5A Al -4.2 5.6 -5.0 3.6
A2 -0.9 3.6 -33 -0.6
B1 -20.4 21.2 -3.0 22
B2 -1.7 32 -2.3 -0.8
b) Charged ligands
Interaction Binding Energy
Desolvation Energy AAGgesoly
Size cmpd Energy
AAE AAGG o1y AAGRORR AAGying
154 C1 -75.6 75.4 0 -0.2
D1 -6.0 5.7 0 -0.3
D2 -22.0 21.2 0 -0.8
El -20.9 20.3 0 -0.6
12A C1 -42.9 43.1 -0.2 0
D1 -14.8 14.2 -0.1 -0.7
D2 20.4 -21.0 -0.1 -0.7
El -16.9 15.9 -0.1 -1.1
8A C1 72.0 -69.4 -0.6 2.0
D1 -95.8 93.4 -0.4 2.8
D2 -183.7 180.3 0.5 2.9
El -27.7 27.0 -0.3 -1.0
SA C1 113.8 -108.4 -33 2.1
D1 -126.9 124.7 -1.0 -32
D2 -276.9 272.4 -1.8 -6.3
El -61.3 57.0 -2.0 -6.3

I AL ¥ — BT 134 T keal/mol
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BRELIALF-ERRD LN TR, {LEY) B2 DWIHfELE L 75 PDB 7 —% (PDBID
=309A) 25T, HIV Protease D 7 FA Y R OMBIEHKEL T Y, 2R LVIDVHL
T NOREREDES BLICHRT/NE o> TWv 2 (Table3-1), TOHEH, KLUV HL
ETANDIANF—EHPNI LK BZERE LT EZOND, BUART + L ¥ —
OHEE (AAGSe ) KBLTDH, LAYBLICEWTRAVIVHLEFATHS 15A FTYH
2.4kcal/mol DT ANLF —ERED LN TH Y, HF HEMEA T AL ¥ —fE (AAEHF) & Rk IR
BREDOEZDHETH L LHEZOND, BUSKR OIEEHEE (AAGIRSe) 1Bl Tld, Y1V
LETFAHA XBN8A Z#Z 2 &, 0.8kcal/mol LA T DEUEICI F 2 K55 & iz,

BIRZ N &ic, HF/PCM GHHECfF o3 2o #EIH (AAERF L AAGSS,,) 1<BIL T, #F
T CHONESNIZIEF A2 R T & WO R S, 2hic k), ZAALF—THD
WHTH 5 HF e EBT A F— (AAGEE ) 1Bl <i, BEAHFMTOZALF—IHL Y
FHENTw2, 8AZMZ 2V HLEF AR CTHIE, AAGHF, D13 0.7 keal/mol 1L F
DR E G 2 72,

xic, EEEYICNT 200 HLET A OFERICOWTEEE T S (Table3-3b), THELA
P)DRER & AR, WAL AL ¥ — OIEEIE (AAGISNSe) D=/ E L, SAZMA 2Y)
DL ET VR THNILEAFAES 0.7 keal/mol I FE B KR BED b, —77 T, “FOFHEHE
TAVF—IH (AAELT L AAGES, ) DRI LAY DLGAICHRTIE 2 2IcKE L, &mAY)
DILEFATHS 15A FTH 75.6 keal/mol DL H N F —FERTD LNz, BETFAF
—DIEEDHHED TV LEFABICEZ->TEHY, YOHLHFA X2 KE L THICREN:
FRD N, WA AV TV FTHLLEWEL D F — X VEMITHHETS 225, Bk
LAY EFRRICKE R AL X AR bz, HHELEY LB LEYIcE T 5382
DER ZHE S Hi<, CK2 kinase & FKBP 2% TD FMO *T7HHAFH T AV F— (77 72
v DM EAEH = 4 v ¥ —PIE; Pair Interaction Energy) #H#8% % L 7= (Figure 3-3), CK2
kinase [MLAVIDBT =F VETH Y, AFF U ET I 7 EE L OICE - EREH AR M EE
T3, 777X MEERS 1-40, 200-330 © 7 3 2 BEFEIEIE ) A R b 15 A DLEEERL T
% %3, PIEA{#Z 10.0 keal/mol 2 2 @\WMEZ R L T2, HHALAY D FKBP GHRRICE W
TIF, PIEf##A5 10.0 keal/mol ¥z 2 D13 5 AUNICHET 3RoN-EEDOATH Y, FiE
ML %E &L CK2 DfER L ZKEC B A>Tw5, £72, el L7z X 9 i CK2kinase (3Y] b
HLETAEBICREROES K E { B> T3 (Table 3-1), &R DREMI{EIZ-1 TH 2 DIC
L, 15A%Cik+6, 12ARTIRH4 Lo THY, YW HLFAZDOKE V154 FZOHHHE
BAEOAENKE L o T3, ThIC XY, HFMHAEEHN A ¥— (AAEEF) Dz, 15
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A % Cl1%-75.6 keal/mol, 12 A ZTlE-42.9kcal/mol L 72> THED, YV H LY A4 XDKE W15
AZRICBWTHEENKEL R aERY G- L ERIND,

(a) CK2 system (b) FKBP system
40 a0 _ 40 40 g
30 30;):8/ 30 30 g
] / W\' L \J HHH e -
~ 0 frr s b A by 0 . 0- g oo O
2. ] T e 5 - TP
E -20 E "
\F-a/ -30 i/ -30
= ~40 > 40
0 50 100 150 200 250 300 0 50 100

Figure3-3 X VSRR 7 7 7 A v b e VA Y FREO, XTHAEFRHT AV ¥ — L ixiabk
REhE 7 3 BRAEES, RS B = v ¥ —{f, At MR RS, T AHAEMEM
IHAAX—%MS T 7 TR, REMEZITNRS T 7 CFRoR, EsiE, 15 A oz R
T XTHAEFAZALF—CBEL T, AFAVvEREDOIALVF—13HEE, 74 VvEREDT
NF =R, RO AL X — & BETETR,

(a) 7 =4 L&Y C1:CK2

(b) (LAY AL : FKBP

—J7C, B (LEYICBIL Td, HF/PCM MR T b 3 2 o #&EIE (AAEHE & AAGES \,)
ICBIL T, FFE AV I THHEANIZIER Ui A R 3 & ) R0t bz, CofER, =4
L¥F—JHORMTH 2 HF BAHMT AL ¥ — (MAGHE,) O#EIIRE CEME N, 12A 2
Z 510 L =T VR THIUTREAED 1.10 keal/mol 1IN F 2 FEHR 22D b Tz,

Kic, HEMNORERHE (A1,B1,C1, D1, D2, E1) XL T FMO-MP2 3R %17 5 F T, A
ER = AV ¥ —DIFFHEIHCTH 5 MBI 4 v ¥ — (Correlation Energy) % HH L, MP2 LT
DIRFEZENT L 72 (Table 3-4), BB A V¥ — (AAE.,) WKBL T, HifLAYIToiE
FNE L, IO HLY A XN W5ARICEWTDH 0.4keal/mol DFREICH T o 7, il
PP T 2 BB T AL ¥ — (AAE.,,) DMERETRE LMERIED b5, 12 A
ZHZ BU10 LTV R THNIERRZES 0.9 keal/mol 1IN F 2 #5235 7z, 1.4kcal/mol %
A 5T ANF -7 Table3-3 FHRFTAA 74 FLTH Y, hHLAYICETIE8A, fi
BHAMICECTII12A %, RACOKMEEHHRT2ZYLA Yy FIA Vv ELTHRET2H
BIRE TIN5,
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Table 3-4. Y0 i LEF L L 2% IcH T 2 FMO/PCM, FMP-MP2 B D7 T 4 N ¥ —

15A Neutral

8 A Neutral

D1 +1 0.1 -0.6 -0.5
15A Charged
D2 +2 0.3 -0.8 -0.5

D1 +1 -0.3 -2.8 -3.1
8 A Charged
D2 +2 -14 -2.9 4.3

I AL F — BT 134 T keal/mol
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%23 PDHKATP ¥4 MicXd 2A&BHT AN F—FHE OB

Figure 3-4 IR LAY 2R L LT, HAFAZ AL F -5 X OBEHBT A V¥ —FHH
%4 O MM, FMO FHREEMFCEM L, FRIE L OMBIMIT 2 £ L 2. chboE&wid, &5
| T2 2 JH TR L728RIC, PDHKATP 34 F DFRT v FFEHSICHET 2 &Ko PEF 2R L 72
fta¥cd 2, EllfEE OB EVEIRSESZ RI3 2 & T, X W AEAIC PDHK ATP % A4
F COLEYIREL % D 2 FHAIREIC 72 5 & HARF T 4L %, Dimethyl Indole &%, Pyrimido Indole
R olLEY%E, BHEEEIEICLEY ID % F1-F5, G1-G6 TH| Y 24T, Reference (L&Y 5 D
MEXHE A B o v F— % RN L7z T OFR, 1Cs % A5 ABIAIME D FREE & 70 2 MEE 2 Kd
fllLERL <, HHRAGHBT A VF - 2R L7,

(a) Dimethyl Indole %&4%

H “NH NH, ~o
o o) o o o} o]
Reference F1 F2 F3 F4 F5
et 3) e 7 L&t s) et 4) L& 6) tetn 8)
890 uM 12.8 uM 43.6 uWM 304 uM 455 uM 842 uM
(b) Pyrimido Indole %
\H
O
N / NH . / NH / NH / NH / NH
‘\N ‘\N ‘\N ‘\N ‘\N
NJ\~ N)\\ Cl N¢k\ N)\~ ¢] N%\
G1 G2 G3 G4 G5 G6
L& 19) L& 13) (Lt 14) de&a¥ie)  dL&¥1s) (a7
8.0 uM 11.0 yM 12.4 M 36.7 uM 144 yM 198 1M

Figure 3-4. 15 % Efa L 72 12 (&P (LA EER & PDHKS (IS5 % 1Cso fiE
Ay aNIC 1 E, 2ETOAEYESTE T T, SRHEEKTOMELRATRTL,
L o B oy R e S

51 IHTO FMO Wt o, b AYENR L T3 RK%RICH VW Tid, 2% COMAIER
IALF—fli%z 8A DYV HILEF A CHET 2L E2 005, S0, KEOKE2ED 5
LREMELT, MIVHLYA X% 2A CHRL CRAHBT AL ¥ 32 EHML 7,

Table 3-5 I1C, ICs fiEA HHE M L 2 RHEMEN RS HH T A V¥ — &, HHEGHRFECR O NS
BAHE S HH T AL ¥ — %R, FEMOMHHEE H H = 4 v ¥ —{H12-2.8 keal/mol F TIZIX
¥ 228, BEPTORREI AT —MHIMEER, 270, 7774 v FoaorriiEkitic-30.0

- 40 -



keal/mol % ¥ 2 2 A5G b7z, EHEM T ANV F —% Nz 25 <, HEMHAERZ AL -0
S EEA 230 2 & 41 5 ST NS HIE X 41, GBSA i C-15.0 keal/mol, PCM % C-10.0 kcal/mol D IC
¥ CHET HHEABED ST,

Table 3-5. PDHK4 i3 3 12 {bEY D r L F —fH?

RS & B BT AL F — Ligand

FEIHIE AT AfE Deformation
P MM/vacuo FMO/vacuo MM/GBSA  FMO/GBSA  FMO/PCM

DGy BB GETIONIC ppQUNIGEA a0/ pGOI g0 n
ref. 0.0 0.0 0.0 0.0 0.0 0.0 3.1
F1 -2.5 -6.3 -11.5 -2.8 -8.1 -8.3 5.4
F2 -1.8 7.1 -4.1 12.1 0.9 -5.6 5.8
F3 -0.6 10.7 -0.9 13.0 1.4 -2.5 6.4
F4 -0.4 -5.1 -10.3 1.8 34 -34 3.9
F5 -0.0 -3.8 -4.2 -4.9 -54 -4.4 7.8
G1 -2.8 -16.2 -19.3 -5.0 -8.1 -8.8 3.9
G2 -2.6 -10.7 -13.1 0.2 2.2 -7.2 3.6
G3 -2.5 -11.1 -14.2 0.3 -2.8 -8.3 2.9
G4 -1.9 -11.6 -14.9 -1.5 -4.7 -6.4 5.5
G5 -1.1 -7.9 -11.0 1.9 -1.1 -4.9 3.9
Go6 -0.9 -30.8 -31.0 -14.4 -14.6 -10.1 6.1

a) T ALF—fliZ4A T keal/mol, FEAEHIAAF—ICBILTIE, LAY D S oML A &R

EHFEAEHRT A ¥ —1fHiZ, SEH PDHK4 [Csofli & v & H

xS A B BT AL F — OFHRE L FREOMB %, ©7 v VHBIRE R < L 223 %
Figure 3-5 I8 S, BZEHCOMAEH T AL ¥ —3HEICBI LT, MM CTOMBIZ RET0.28 &
&<, FMOEIC B WT REA 040 £ TWET S Z &80 bz, it OIcTEES % Asp293
&, HEWET VITE W T Amide H5r CRFERE S T 2 LAY G6 (Figure 3-6)73, Rl TEHR
PHRKELEENIERLE > T3, LAY F4 B G6 & FIRRICERELE ST Asp293 &BMD
KFEEEEZL CTE Y (Figure3-6), (LAY F2, F3 LR THAFEH T AL ¥ —258< BfED
LNBRERELGZTWE, LEY G6 2RV ED R % R L LTIHLZLE Z 3,

MM/vacuo i 5> T 0.55, FMO/vacuo 12 BT 0.76 & 7z b FHEE23 A F L 7=,
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Rai =0.28 R 0 i
a. MM vacuo R_ge =0.55 b. FMO vacuo -G6 . )
Ie
10 * 0 F3 =
B F3
F2 ref 5 F*2 * ‘‘‘‘‘‘
g 0 F1 A g ................................ 35
3 — § 10 1 " N
; " * ’ F4 F5 8 48 G2.‘ ....................... . G5 F4
S = g * G5 S L G3
T [ G4
Lé] ¢ G3 G4 Ly -20
< Gl
20 Gl
< < -25
G6
-30 G’6 -30 -
3 2 1 0 -3 2 1 0
Rai =0.04 Rai =0.17
c. MM/GBSA R_gs =0.19 d. FMO/GBSA R_gs =043
* * ref
* w
10 F2 . . 8 - . B A
w
& < G5 A
O, G2,4G3 * * rif___ S P B G.4 B4,
S2 : * G5 F4 ”Go F5
=5 * G4 b * *x
S ST F > 3., Gl Fl
3 Gl F5 -
10
Go G6
-15 * 15 *
3 2 1 0 3 2 1 s
Rai =0.73 Rai =0.81
e. FMO/PCM R .. =092 f. FMO/PCM R_gs =091
0 A * F5
ref £ 0 F3 }
2 S P
= * O
& F3 % T2 ) F4
~ -4 s «
=] F2 o F4 5
= £ % o F5 g 4 3 .
¢ @ o G5 s 2 o G Gs
< * T3] 6 &
a4 Ft*" G4 [ G2a G6
----- - G3 G6 3 e
-10 Gl " 8 G’3
Gl
3 2 1 0 -3 2 1 0
AAG, AAGey,

exp

Figure 3-5. F2MIMDNREE H BT 4L ¥ — (W) & FHRMANEE BB A v ¥ — (fidh, ab
BHEERZ ALY —) ofEN

T AN F =BT keal/mol, Ra 3&(LEVIO v T Y Y HBIREL, R 13LEY) Go ZFRr\ 7z
7Y VHBIRE AR L, RIREMRE SRS

&S, W& Figure 3-4 127K L, Dimethyl Indole 524t % £, Pyrimido Indole & #t
OLIE, EELamz =ML cin
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Figure 3-6. {L&%) F1, F4, G1, G6 @ PDHK4 Icxf 4 2 & KET L
{LEVINEE 2 B DRI T, Asp293 Z HEDOKFIET, KT IIREDERTHRR

RIT, WM AN ¥ —IH 2N Z 756 OMEBABIR Z T L 72, 2+ 15dko GBSA — 4
LNX—TEE N2 7254, MM, FMO #Efilnic BT b MBS KiIgic B L7z, —J, B h%Hh
ko PCM BT X 2 A 4 L ¥ —IH% FMO LIS 2 2 T, 2fFToMEd2s RET 0.73 1T
FCm kL7,

B = AV F —IHCTORIEMRICKE 2000 b W EHR ZHEST 2 HYT, &LEY
ICEH & 7z GBSA 5 & PCM B DRI = 4 v ¥ — % fi#ifft L 72 (Table 3-6), Figure 3-6 T/R
L7=&91C, LAY FL, F4, G1, G6 D 4{LEWL, Asp293 & EHIETR Sy CHRPERE A EH % ERK
T3, chd 4 LAVORAER T AL ¥ — 13, GBSA k& PCM K CHZEOfHZRL T\ 5,
— 1T, fhobE?iz F5 %% PCM EICE VT GBSA & 0 b/N X A = A L ¥ — D
iR LCHY, R L TAHLEY O RBUARF = 4 L ¥ — 23 PCM BB W TE L &
> T3, 4 {LEVOEFBMAIERAD, PCM EICHE T GBSA kX 0 b 58 < BLASRI~F 1 7

e onsHEc, FHilEE OMHBEPSELZEEZONS,
Table 3-6. GBSA 35 & PCM & D BH A = 4 L ¥ — O ffi *

F1 F2 F3 F4 F5 G1 G2 G3 G4 G5 Go6

GBSA 3.4 5.0 23 6.9 -1.1 11.1 10.9 11.5 10.2 9.9 16.4

PCM 33 -1.6 -1.7 6.9 -0.2 10.4 59 59 8.4 6.0 20.9

PCM-GBSA -0.2 -6.5 -39 0.0 1.0 -0.7 -5.0 -5.6 -1.8 -3.8 4.5

a) AN F¥F—{HiZ4 T keal/mol,

RIT, PCMIET 4LEMITH § 2 BRI ~F A T 4 — 3@ < T o 2 H N 2 88§ 2 HIY T,

FMO/PCM &t % AT o 72 R O ERLENIC D\ TEHT L 72, Table-3-7 T, Asp293/WAT1 7 7 7" X
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v o OBEMBEMEE R T, ST HNEEEICE LTI, Asp293/WAT1 7 7 7 A v b li-le D4
B EZEIY Y Toh, FHEPICE W CEMBENZEILT 2 FIEM, —J7T, FMO/PCM FHHICk
WL, RWERSEINRE T2 EIR I N, EARREBICE W TIZ-027e, X v X7 HE]
FIREEIC B VT H 022 ROBMAHILT 7 772 v PiciEEhTw b, 58 DL A, KFE
EaEAy V7 =2 %BKT %Y 7V FE XU Gly295, Gly297, Thr358 15> THH, MM TOE
FRAE L (A E K B2 B TIRETHENMTbN T W I HEINREI N, £/, Asp293/WATI 7

BABHEIEARXOR R 2 ) H v FgIcRia Y, BN S OkE/lEGE2KT 2 FI,
F4, G1, G6 ICXf LT, XV K& 7%-0.050e 2 2 Em2MLEYICH L5 a Tz, 20D
i, LAY R 30 IREEZ FMO/PCM GHHTH 2 Cw 22K 5, U Eofkic,
Asp293/WAT1 2> & BMEEIAKEREA Y P 7—27 AT, (LEWEICH R 2 oiRE% 5
B )3 2 %5C, FMO/PCM atRICIH W THEHME L OB E B2 R E 52 EFE 2D
ns,

Table 3-7. FMO/PCM LI 1) % Asp293/WAT1 2> L JEA 7 7 7" A v + ~DE R FEENE
(a) HAMIKEECTOEMBEIHE

cmpd F1 F2 F3 F4 F5 G1 G2 G3 G4 G5 Go6

Asp293

0.265 0.272 0.272 0.268 0.279 0.276 0.273 0.274 0.274 0.269 0.273
/WAT1

ligand -0.056 -0.048 -0.049 -0.056 -0.047 -0.050 -0.047 -0.049 -0.043 -0.039 -0.061
Gly295  -0.059 -0.060 -0.061 -0.057 -0.060 -0.058 -0.058 -0.058 -0.058 -0.059 -0.057
Gly297  -0.040 -0.041 -0.041 -0.041 -0.041 -0.042 -0.040 -0.040 -0.043 -0.041 -0.040

Thr3s8  -0.085 -0.088 -0.087 -0.089 -0.103 -0.096 -0.095 -0.095 -0.096 -0.096 -0.093

(b) L+t 7 & —HMRREC O E S BE

cmpd F1 F2 F3 F4 F5 G1 G2 G3 G4 G5 Go6

Asp293

0.223  0.224 0.225 0.220 0.222 0.225 0.222 0.222 0.224 0.222 0.225
/WAT1

Gly295  -0.063 -0.062 -0.063 -0.060 -0.061 -0.061 -0.060 -0.060 -0.059 -0.060 -0.062
Gly297  -0.038 -0.039 -0.038 -0.038 -0.038 -0.039 -0.038 -0.038 -0.040 -0.038 -0.039

Thr3s8  -0.085 -0.086 -0.085 -0.088 -0.087 -0.090 -0.090 -0.090 -0.090 -0.090 -0.089
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KMl & OMBIASE & W7z FMO/PCM HEICE VT D, 51 &Kt LAY G6 DIEFIEHT 2552
oD, DB E D MRNT % RICHEM L 72, Figure3-6 IC78 L7z X 512, PDHK4 I3
TREEEKRETAMICE T, (LAY G6 13 2 DDKERA FF—NH % Asp293 D J5lAlIC [T T
W3, —HT, LEYFIROREICE VT, (LAY G6 @ 2 DDKFERE FF—NH i3, SO
% 72 KERIRBECTH FIET 2 L £ 2 b5, WTFNORENLE > 2R 2 HiT, L
BV G6 IR 2 BPEfENTRH & FEhE L 72 (Figure 3-7). Figure 3-7a 12, BT ¥R colbs
Vroto A7 ey FUERLTE Y, REIRESLERBEL LRI, G6 D PDHK4
ity 7+ — o L EREEDEIC, IO T AL ¥ —[EEE L L C 5.0 keal/mol %8 2 2 EH 7
LT3, ZOfNTERICH DR, Z(LAY D PDHKA A KREIC 1) 2 ILEREE D b DTE A
I AN F — 2GS H T A F =12 CHBIT 2 o TEML 72, % DR, Figure 3-
6f IR T X 5T, FEHMEE OMHBEA R ET 0.81 £ TekET 2 51HE2E® b7z (Figure 3-6),

(a) H (b)

kcal/mol

>
=
40%
6 S
=3
(3]
£ 30%
¢ 2 2
" 20% - Flipped
=
S form
2 m
Flipped 10%
form v_\_—/_/_\
0 0% =1 f
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Dihedral (degree) Dihedral (degree)

Figure 3-7. LAY G6 © —Hifast5 7 a v b

(a) QM (MP2/PCM¥6-31G*) IC X % [Alfin = A L ¥ —FEREGTHRL, SR IR A % R 7P CTHRR

(b) MD FtERFOIFELER, BTk s 7 7 2MLEWHE, Kol s 7 7 AR T

DIFELLZ RS
Figute 3-7b TlZ, {LA&Y G6 DKk X U E AR TD MD GHR %17 - 72BR D " H AL %

ML TWw2%, PDHK4 &R D MD FHHEICE VT, {LEY G6 1 MM T 0-30 EOMEE% A
L, FHfET 148 EOBRETHEL TWwb, —/ T, {LEYHFMToKE MD FHRZAT - 72
IZ1%, Figure3-7a Ti® H LD T AL X —[ERER ML, KEIKRE CRSEDOEIEDTFET 5
Rh G 2T, SRIOFHEMENICE VWL, LEVOHHERE ZvErb, =V bry—IH%
WHL T AL —5tHEZ2FEM L 72, MDAHEMER2LDEHEL LT, = o —IHZHlikT
AETHRICX Y, HAIBEWELITX 2 WREELRD 2 LEX LN,
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INKE

ARETIE, PDHKATP %4 F 20K L LG HBET AV F 5RO 217\, FHllfEE ©
FHBADS m O EHRSE 2 HRFE L 72, B S WEHRS 2 R 2 & T, AR 3 2 FRE ST
R XA ET 2 E00REL 7 5, PDHKATP %4 M i, ABMEH T2 T A7 F V% h
DE LEKRFEEBEA Y b7 =2 2R L CE Y, BREIFRLRIICHZ EELONS, T
DIz, BFFETCOMMBBEIC R D LHER, 777 AV yfiudik (FMO) % 73
BT & I E R L 72,

FIHETIE, LA EBLCTER, VIVHLEFAZH GV FMO G HE T AL ¥ —FHE
DINFRAVAC A1 VT 72 M5t B % BT WS fRAT L 72, FTFRIRIE D R 2{bEW % &L 5 D OFNIC
WNLT, YIOHLETAEREREDIANF —FERMTT 2 2 LT, THEIEYICHL TS
A, FEMHLATICHLTIE 12 A oY) b LIS HEN 25 cH 2 L 2L L L,
OB VI LET VOREMA R L RKE S RARZBICIE, U1 H LR D & 3302
REL R2HELIE TR L2, UV LT AE ARG, KBS AR I L Ol
3 2 BRICREIC R R D AR L 23 % 72, ARRFFEIC X 0 R E AR X FMO §HR o
BRI 2 K& CHRRT 2 FAFRETH 5 L HIfF I 2,

% 2 JHTIX, PDHK ATP ¥4 FoUI Y L EF A IcH L T4 DR CEAE BT A v
F—FHR 2TV, FEHE L OMEBADNE WETESM R IR L 7, IBIEE TV %2 8 0 73R BGET &
RBho, BT NEERCHE S FMO iEE POM ExfladbE - FETHAHH T AV ¥ — %5
By 2 HEMKER LICEETH L e BRI L2, £/, ST SRR BEEN T A ¥ —5&
HIETH 5 GBSA IKITH~, PCM IEDMATHORS % S5 3 2 fii B & 5 2 72 > DFEHT & 2 TIT W,
IKFEREAA Y b7 — 7 N CHEMARBMBENECTCHIEDHSL 2L Lz, Hic, FEillfde o
BME L EY) G6 1okt 3 2 AR DT 2 17\, (LEVDOELZANF— %2 25T, 2D
v T VAHBIREL R 2% 0.81 £ CeE T 2 MRS E Rt < & o3k 7=,

LLEDfIERr 5, YID L ET A ZFH V72 FMO sHE ORI, i FMO FHEIC PCM i
TOERBH T AL T —ZMZ 5B TOFELEOH R %S, 2o DHIRIE, PDHKATP ¥ A4
P ORRBREME KB E A Y P =2 BB T A IS L C, A HBTZ AL X —FHREE
UCCHERMLAEM AR T 2BICHEM R FIE L 22 FXRF T 5,
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KX TlE, A DRI E T 5 R L HIER(COEH A 2% RIET2FLZHNL L,
PDHK 1233 2 {0 F FHE S O BIFENT 72 2 R L 72,

% 1 BT, Fragment Screening i & Y U — FLAYDEESALEY % PRFE L 72, PDHK4 ICXf
% X # Fragment Screening % Efi 3 2 H <, BEAULAM L D ATP #EHR 7 v MICELAVIAD
FHL e AE Ok % 5 X % Fragment Hit 1 % L U 72, FHEIEM: 1Cs0 23 mM L <L D Fragment Hit
L&r s, X BMEEHME %S L 72 Fragment Growing % £ s 2 ic, R v FEFEH DK
FiEEAY P T—ZICEH L72KD T AN ¥ — it 2 0 L 72, WaterMap FtH X 0 15 5 72 4
Rh o, K7y PEEOKE RS YR T 2 T, HEEEZ A LT 2 Fc L, 72,
Fragment Hit 2 & @ Fragment Merge %179 FC, uM L XD ICs 78T 3 O U — Fififk
aMERR L7, Fon ) — FEmibamix, BEAEEA X O R v PRI A DAty
WMEAGLCEY, BRET 7 7 AL TERTWE ZEBHLR L R o7,

B 2E T, HEWEER EZER L, PDHKATP 4 PO U R—Z - U VEFEATOLICE T 2
BRERE ERL 72, ZBRMLAD O C3 (i bAMEMREED 28T, ) vEBEAERICE
T3 7L F 277 ATP-lid 2SH5E(L L, Arg258 & DM EAER % b3 2 Hiil e fs A28 X
PIE A RS TR0 bz, 150 NEAREEGE#RY b, FREKDOHF, 25 pi-pi tHA.
TEF OERICEH L72 SBDD %179 & & T, 1Cso 23 nM L~V ICH#E T 2{bE5WE AL 72,
I, C3 b DRI CfF b7z SBDD 15 %E C4 fricHzA L, 70194 X%k X DKL 72 A%
HlORI % RS T, HAKET LVOBEAGDEHELS, o) Vv 2 HEREKE LCHHL 72
BRERRZITV, oM LA OEREEZ X VNS W13 4 X TR {eEYEZRIH L 7.

3 E T, MEMERESEM KBRS A v b7 — 2 ZUAT 5 PDHK ATP ¥4 b ickf L
T, AT AV ¥ -5t E 208 U 72 MG BT 217 o 72, GHREBEI 2175 kgL <, &
THHEETH 27 77X v Mol e Ao zst it Eic ks e HEx /-, 22T, 7
FRIFE X FMO GHRZ1T S 720 OFHRESEMNZ RN Z L3 EETH 5 L F 2, LA EML
TEYIY LT OREHEE 2 BRI L 720 % OFER, PHLAmIcR LT 8 A,
LA LTk 12 A oU) ) I LEREEASEEN A D LY 4 XofsEch s 2 L2 R
H L7z, ki, RHL7 FMO 54t % H w72 fi3t % PDHKA It L CTEE L 72, 4 D5
Bt 21T, BUAEH T A V¥ — %2 B 1172k TH 2 PCM LTI T 2 548, FHllfiE & ofHE
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BREBH

Synthetic Schemes

Compounds 4-8 were synthesized as shown in Scheme 1. After protecting NH moiety of 7-bromo isatin
46 with PMB, the Wolff—Kishner reduction gave lactam 48. Methylation of 48 with methyl iodide produced
the key intermediate 49. Palladium-catalyzed boration of 49 with vinyl pinacol diborane gave 50. 50 was
hydrogenated with palladium hydroxide on carbon, and subsequent PMB deprotection gave compound 4.
PMB deprotection of 52 followed by palladium-catalyzed boration afforded compound 5. Palladium
catalyzed carbonylation of 49 gave 53, and subsequent Curtius rearrangement produced the Boc-protected
55. Deprotection of PMB and Boc with HBr-AcOH produced compound 6, and 7 was prepared in the same

procedure after methylation. Compound 8 was prepared by methylating the lactam 57.

Scheme 1
Br 0 0O, 0
r N r
N a i N//®, b i rO\ c R fO\ f N
46 47 48 4
49 :R=Br

d
[:50:R=Vi11yl
ey 51 R =Ethyl

ne,
52 5 L L, @’;&:o
0,
i I Nﬁ®’ N k O)\NH (@'D\ 6
* 49 —>» o — . — )Q
a)\M/ J@O\ “SNH "
: 53 : R =COOEt 55 o n o
T 54 r=coon ° —
56 7
~o ~o
K ° N
* C[)‘O —_—> 0
57 8

Reagents and conditions: (a) NaH, PMB-CI, DMF, 0°C; (b) N2Hs-H20, EtOH, 95°C; (c) NaH, Mel, DMF, 0°C; (d)
vinyl-Bpin,PdClx(dppf)-CH2Clz, Na2COs, DME, H2O, reflux; (e) Pd(OH)2, H2, MeOH, r.t.; (f) TFA, 60°C; (g) TFA,
50°C ; (h)cyclopropyl-B(OH)2, PACl2(dppf)-CH2Clz, Na2COs, DME, H>O, reflux; (i) CO,PdCla(dppf)-CH2Cla,
Et;N, EtOH, 80°C; (j) 2N NaOH, MeOH, THF, 60°C; (k) DPPA, EtsN, toluene, 85 °C then tBuOH, 60°C ; (1) TFA,
CHCI3, r.t.;(m) NaH, Mel, DMF, r.t. ; (n) TFA, 80°C; (0) n-BuLi, Mel, THF, r.t.
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Compounds 9-11 were synthesized as shown in Scheme 2. The palladium-catalyzed Suzuki-Miyaura
cross-coupling reaction of 2-bromoaniline 58 with cyclopropylboronic acid gave the cyclopropylbenzene
59, and conversion of the amino group to the iodine via the Sandmeyer reaction provided the iodobenzene
60. The palladium-mediated Buchwald-Hartwig type amination of the iodobenzene 60 and the
aminopyridine 61 gave the compound 63, and the subsequent intramolecular Heck-type cyclization
provided the pyridoindole 9. Pyridoindole 10 was prepared with the same procedure from 60 and 62. The
synthesis of compound 11 was started from 1-bromo-3-fluoro-2-nitrobenzene 65. The fluorine in compound
66, which was prepared from 65 and cyclopropylboronic acid by conducting the Suzuki-Miyaura cross-
coupling reaction, was substituted by ethyl cyanoacetate to obtain 67. Iron-mediated reduction of the nitro
group in 67 was accompanied with direct cyclization and gave the indole 68. The reaction of 68 and
acetonitrile, treated under acidic conditions of 4N-HCl/dioxane first, then under basic conditions of
saturated NaHCO; solution, gave the pyrimidoindole intermediate 69. The hydroxyl group in 69 was
converted to the chlorine 70 by treating with thionyl chloride, and subsequent hydrogenation with palladium

hydroxide on carbon gave pyrimidoindole 11.

Scheme 2
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|
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H
NH, a NH, b ] C g N R d N N
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= —
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61:R=H 63:R=H 9:R=H
62 : R =Me 64 : R=Me 10: R=Me
Br H H
NO, NO, N N
e NO f NH. h
A e A e O e S L O
F E COOEt
COOEt HO
65 66 67 68 69
H
. NG N . N
1 /,:?/ ] 7
=N
cl
70 11

Reagents and conditions: (a) cyclopropylboronic acid, PdClx(dppf)-CH2Clz, K3POs, toluene, H20O, 90°C, 6 h; (b)
HCL, H20, NaNOz, 0°C, 15 min, then Nal, 0°C, 30 min, then rt, 2 h; (¢) Pd(OAc)., Xantphos, sodium t-pentoxide,
toluene, reflux, 4 h; (d) Pd(OAc)2, CyJohnphos, DBU, DMA, 130 °C, 4 h; (e) cyclopropylboronic acid, PdCl(dppf)-
CH:Cly, K3PO4, DME, H20, 110 °C; (f) ethyl cyanoacetate, K2CO3, DMF, 90°C; (g) Fe, AcOH, 100°C; (h) MeCN,
4N-HCl in dioxane, r.t., then sat. NaHCOs aq, MeOH,75°C; (i) SOCls, CHCl3, DMF, 60°C; (j) Pd(OH)2/carbon, Ha,
K2COs, THF, MeOH, r.t.
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Compounds 12-16 were synthesized as shown in Scheme 3. For the synthesis of 12, 4-chloro-2-methyl-
7H-pyrrolo[2,3-d]pyrimidine 71 was protected by SEM to give 72. Next, the 6-position of
pyrrolopyrimidine was propylated and converted into 73, and the chloro was removed reductively to obtain
74. 74 was brominated with NBS to give 5-bromo compound 75. Finally, cyanation of 75 and deprotection
of SEM of 75 with BF3-Et,0 yielded 12. In the synthesis of 13 and 14, compound 78 was synthesized by
the Sonogashira reaction of 5-iodo-2-methylpyrimidin-4-amine 77 with 1-penthyne, and then pyrrole
cyclization under basic conditions gave 79. NCS-Chlorination and NBS-bromination of 79 gave 13 and 14,
respectively. The synthesis of 15 and 16 was started from 73 and bromination at the 5-position led to 80.
Conversion of the bromo of 80 to a methyl and then removal of SEM of 81 using TFA gave compound 16.

Subsequent reductive dehalogenation of chlorine gave 15.

Scheme 3
R SEM SEM
\ b N 1 i,
b d N f
o e e L ey
R =N NC =N
ci R
a 71:R=H 73:R=Cl 75:R=Br 12
[__’72:R:SEM 74:R=H 76 : R=CN
H,;N N H
HN_ _N ? B
* 2 IY g |\|N/ h \I\I N
=N — S Z — /7/
I = R Y
7 8 ; 79 :R=H —'Ib 14 : R=Br
[__’13:R=C1
H
NN
* N 7 \7/
Me =N
R
73 16 :R=Cl
k
80 : R=Br 11[__’IS:RZH
IL, 81:R=Me

Reagents and conditions: (a) SEMCI, NaH, DMF, tt, 1.5 h; (b) 1-lodopropane, n-BuLi, THF, rt, 1.5h; (¢) 1 atm-Hoa,
10% Pd/C, K2COs, rt, overnight; (d) NBS, DMF, rt, 1 h; (¢) TsCN, n-BuLi, THF, rt, 3 h; (f) BF3-Et2O, CHCl;, 1t,
overnight; (g) 1-Penthyne, PdCl2(dppf), Cul, EtsN, DMF, 70°C, 2 h; (h) t-BuOK, NMP, 100°C, 1 h; (i) NCS, DMF,
rt, 5 h; (j) NBS, CHCI3, t, 15 h; (k) NBS, DMF, rt, overnight; (1) Mel, n-BuLi, THF, tt, 2 h; (m) TFA, rt, 1 h; (n) 1
atm-Hz, 10% Pd/C, K2COs, 1t, 2 h

Compounds 17-19 were synthesized as shown in Scheme 4. Methylamide 17 was synthesized from 4-
chloro-2-methyl-7H-pyrrolo[2,3-d]pyrimidine 71. Similar to the synthesis of 81, compound 71 was
brominated to 82 and subsequently methylated to 83. After Ts protection of the pyrrole nitrogen,
introduction of the ethyl ester to the 6-position of 84 by anion reaction with ethyl carbonochloridate and #-

BuLi gave compound 85. After hydrolysis of the ester and deprotection of Ts with lithium hydroxide at the
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Scheme 4
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| [— 90:R=COOH 2
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91 : R = CONHMe
Reagents and conditions: (a) NBS, CHCIs, rt, overnight : (b) Mel, n-BuLi, THF, 0°C, 1 h : (¢) TsCl, NaH, DMF,
0°C, 0.5 h; (d) CICOOEt, n-BuLi, THF, rt, overnight; (¢) LiOH aq, THF, 50°C, overnight; (f) NH-Me, WSC,
DMAP, THF-CHCIs, tt, overnight; (g) DMF, n-BuLi, THF, 1t, 1 h; (h) EtPPhsBr, PhLi, THF, -78°C, 1.5 h; (i) TFA,
CHCI, tt, 1 h; (j) NCS, DMF, 1t, overnight; (k) NaClOz, NaH2PO4, 2-methylbut-2-ene, t-BuOH, HzO, rt, overnight;
(1) NH2Me, WSC, DMAP, CHCI;, rt, overnight; (m) NBS, CHCl3, tt, 2.5 h; (n) BF3-Et20, CH2Cla, rt, 2 h.

same time, to obtain carboxylic acid 86 was obtained. Methylamine, WSC, and DMAP were used to give
methylamide 17. Compounds 18 and 19 were both synthesized from 87 obtained by formylation of 72. The
Wittig reaction of the aldehyde 87 yielded trans-butene 88, which was converted to 19 by SEM deprotection
and NCS-chlorination. Carboxylic acid intermediate 90 was obtained from aldehyde 87 by the Pinnick
oxidation. Subsequent amidation of 90 gave methyl amide 91. NBS-Bromination gave 5-bromo compound

92 and SEM removal gave compound 18.

The synthetic methods of C3-position substituted pyridoindole 21 — 24 are illustrated in Scheme 5. The
bromopyridine 96 was synthesized from the cyanide 93, conducted the hydrolysis of the nitrile to the
carboxylic group, the esterification of 94 to the methyl ester 95, and the NBS-bromination of 95. The
palladium-mediated Buchwald-Hartwig type amination of the iodobenzene 60 and the aminopyridine gave
the compound 97 and 100, and the subsequent intramolecular Heck type cyclization provided the
pyridoindole 22 and 101. The ester of pyridoindole 22 was hydrolyzed to give the carboxylic acid 98, and

the amidation with methyl amine using HATU gave the compound 21. The compound 23 was prepared
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Scheme 5
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Reagents and conditions: (a) KOH, H20, 100 °C, 8 h; (b) SOCl2, MeOH, 80 °C, 15 h; (c) NBS, THF, tt, 2 h; (d)
Pd(OAc)2, Xantphos, sodium #-pentoxide, toluene, 140 °C 4 h; (¢) Pd(OAc)2, CyJohnphos, DBU, DMA, 130 °C, 4 h;
(f) NaOH, H.O, THF, EtOH, 60 °C, 4.5 h.; (g) NH2Me, HATU, Et;N, DMF, rt, 2 h; (h) phenyl boronic acid,
PdClx(dppf)-CH2Cl2, KoCOs, 1,4-dioxane, H20, 80 °C, 4 h; (i) (BPin)2, PdClz(dppf)-CH2Cl2, KOAc, DMSO,
100 °C, 2 h; (j) 2-bromopyridine, PACl2(dppf)-CH2Cl2, K2COs, 1,4-dioxane, H2O, 100 °C, 2 h.

from 101 by conducting the Suzuki-Miyaura cross-coupling reaction with the phenyl boronic acid. The
compound 101 was borated with bis(pinacolato)diboron to give 102, and the subsequent cross-coupling

reaction with 2-bromopyridine gave the compound 24.

The synthetic methods of C3-position substituted pyridoindole 25 — 30 and 32 are illustrated in Scheme
6. The acylhydrazine 103 was prepared from the carboxylic acid 98 by the amidation with fert-butyl
carbazate and the deprotection of N-Boc. In the next step, the compound 103 was reacted with the
carboxylic acid by using the HATU condensation to obtain the intermediate diacylhydrazine, which was
converted to the 1,3,4-oxadiazole 25 and 27— 30 by addition of the Burgess reagent. The thiadiazole 26 was
synthesized from corresponding diacylhydrazine using the Lawesson reagent. The compound 104 was
reacted with the carboxylic acid 105 using WSC/HOBt condensation to obtain the diacylhydrazine 106,
which was converted to the 1,3,4-oxadiazole 107 by addition of the Burgess reagent. N-Boc of 107 was
deprotected to the target amine 108 by treating with HCI in dioxane solvent. Finally, the 108 was treated

with 3-phenylpropanoyl chloride (109) under a basic condition to give the compound 32.
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Scheme 6
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Reagents and conditions: (a) #-butyl carbazate, WSC, HOBt, DMF, tt, 4 h; (b) HCI, 1,4-dioxane, 70 °C, 3 h; (c) HATU,
EtsN, DMF, rt, 16 h; (d) Burgess reagent, THF, tt, 3 h; (¢) Lawesson reagent, THF, 80 °C, 19 h; (f) WSC, HOBE, Et3N,
DMEF, tt, 3 h; (g) HCI, 1,4-dioxane, tt, 1 h; (h) EN, CHCls, 1 h. Ry substituents of 25 and 27 - 30 are listed in Table
2-2 in page 19.

The synthetic methods of C3-position substituted pyridoindole 33 are illustrated in Scheme 7. 2-
Isopropylmalonate (110) was reacted with the bromide 111 in the presence of NaH to give 112, and the
compound 112 was decarboxylated using KOH, and the subsequent amidation with fert-butyl carbazate
gave the compound 115. N-Boc of 115 was deprotected to the acylhydrazine 116 by treating with HCI in
dioxane solvent. The carboxylic acid 98 was treated with 116 under the WSC/HOBt condensation to obtain
the diacylhydrazine 117. Subsequent cyclization of 117 in the presence of POCI; gave the 1,3,4-oxadiazole
derivative 118. Deprotection of the benzyl group of 118 led to the alcohol 119, followed by Dess-Martin
oxidation and Pinnick oxidation to the aldehyde 120 and the carboxylic acid 121 in that order. And then,

the target compound 33 was obtained by the amidation with 121 and benzyl amine.
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Scheme 7
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Reagents and conditions: (a) NaH, DMSO, 60 °C, 3 h; (b) KOH, EtOH, reflux, 17 h; (c) KOH, H20, EtOH, reflux,
8 h, (d) BocNHNH2, WSC, HOBt, DMF, rt, 20 h.; (e) HCl, 1,4-dioxane, rt, 3.5 h; (f) WSC, HOBt, i-Pr2EtN, DMF, tt,
1 h; (g) POCl3, 110 °C, 2 h; (h) Pd/C (ASCA-2), Hz, tt, 2 days; (i) Dess-Martin Periodinane, CHCI3, t, 4 h; (j) NaClOo,
NaH2POs4, 2-methyl-2-butene, --BuOH, H>O, THF, rt, 1.5 h; (k) benzylamine, WSC, HOBt, CHCl3, 1t, 1 h

The synthetic methods of C3-position substituted pyridoindole 34 are illustrated in Scheme 8. The
isovaleric acid 122 was reacted with the chiral oxazolidinone 123, and the obtained compound 124 was
reacted with tert-butyl bromoacetate in the presence of LiHMDS to give compound 125. The chiral
carboxylic acid 126 was obtained from 125 by removing oxazolidinone using H,O>. The compound 104
was reacted with 126 by using the WSC/HOBt condensation to obtain the diacylhydrazine 127, which was
converted to the 1,3,4-oxadiazole 128 by addition of the Burgess reagent. Then, the fert-butyl group in 128
was deprotected by treating with an excess amount of TFA to give the carboxylic acid 129. Finally, the

amidation of 129 with (R)-1-phenylethiamine gave the corresponding amide compound 34.

Scheme 8
o o © o ©
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127 128 : R =COO-Bu 34

f L_’ 129 : R =COOH
Reagents and conditions: (a) WSC, DMAP, MeCN, rt, 19 h; (b) #-butyl 2-bromoacetate, LIHMDS, THF, rt, 3.5 h; (¢)

H202, THF, 0 °C, 1 h then LiOH, H:O, 1t, 1 h; (d) WSC, HOBt, i-Pr2EtN, DMF, rt, 2.5 h; (e) Burgess reagent, THF,
rt, 0.5 h; (f) TFA, rt, 1 h; (g) WSC, HOBt, DMF, rt, 1.5 h.
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The C4-position substituted pyrimidoindole 35 — 42 were prepared by the methods as detailed in
Scheme 9. The pyrrolidine compounds were synthesized by substitutions of the chlorine atom of 70 by
corresponding pyrrolidines using a Micro-Wave equipment. The cyano group of compound 133 was

hydrolyzed during the reaction to give the compound 42 as the second major component.

Scheme 9
N
N
a &
* 70 " > =N 35:R,=H,R,=H.R;=H
N — — —
36:R,=Et,R,=H,R;=H
m‘£;>_& “‘4:)*_m 37:R,=(5)-CH,OH, R, =H,R,=H
R &, 38 :R, =(R)-CILOIL R, =, R, =H
130 : R, =(S)-CH,0H, R, =Ph,R; =H 39:R,=(5)-CH,0H. R, =Ph.R; =H
131 : R, =(S5)-CH,0H, R, =Bn,R; =H 40 :R; =(5)-CH,0H. R, =Bn,R; =H
132 : R, = (5)-CH,OH, R, = Ph, R, = CH,OH 41 : R; =(5)-CH,0H, R, = Ph, R; = CH,0H
133 : R, =(5)-CH,0H, R, =Bn, R; =CN 42 : R, =(5)-CH,0H, R; = Bn, R; = CONH,

Reagents and conditions: (a) corresponding pyrrolidine, i-PrNEt2, NMP, Micro-Wave 140 °C, 2 h.

The synthetic methods of pyrrolidine compounds 130 — 133 are illustrated in Scheme 10. The carboxylic
acid 134 was reduced to alcohol 135 using BH3, and the subsequent N-Boc deprotection by treating HCl in
dioxane solvent gave the target pyrrolidine 130. The pyrrolidone 138 was synthesized from the pyrrolidone
136 by benzylating 3-position after protecting lactam NH with Boc group. The pyrrolidine 131 was obtained
by reducing the pyrrolidone 138 using BH3 and removing the Boc/Trityl protecting group by HCl in dioxane.
The pyrrolidine 141 was synthesized in the similar synthetic procedure of 139, except using methyl
chloroformate as an alkylating reagent. The alcohol group of pyrrolidine 141 was oxidized to the carboxylic
acid 142 using NaClO, which was then converted to the benzyl ester 143. After benzylating 4-position of
the pyrrolidine 143, the ester was reduced to the alcohol 145 using LAH, and the removal of the Boc/Trityl
protecting group gave target pyrrolidine 132. The pyrrolidine 148 was synthesized from 146 by mesylating
the 3-hydroxy with MsCl after protecting the 2-hydroxymethyl with trityl group. The methylsulfonyl group
of compound 148 was converted to cyano group using the tetraethylammonium cyanide, and the pyrrolidine
150 was synthesized by benzylating 4-position. The pyrrolidine 133 was obtained after removing the

Boc/Trityl protecting group of 150.
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Scheme 10
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Reagents and conditions: (a) BHs, THF, 80 °C, 20 min; (b) HCI, dioxane, rt, 1.5 h; (¢) Boc2O, DMAP, DMF, 70 °C, 4
h; (d) BnBr, LIHMDS, THF, rt, 1 h; (¢) Methyl chloroformate, LIHMDS, THF, CHCls, -30 °C, 1 h; (f) 1-Me-AZADO,

NaClO, NaClOz, +-BuOH, HO, tt, 1.5 h; (g) BnBr, K2COs, DMF, tt, 1.5 h; (h) LAH, THF, 0 °C, 30 min; (i) TrCl,
NEt;, DMAP, DMF, 60 °C, 4 h; (j) MsCl, Et:N, CHCLs, 0 °C, 30 min; (k) EuNCN, MeCN, 100 °C, 4 h.

The C4-position substituted pyrimidoindole 43 — 45 were prepared by the methods as detailed in Scheme
11. The pyrrolidine 152 was synthesized from 151 by reducing carboxylic acid to alcohol using BH3, which
was then oxidized to aldehyde using Dess-Martin Periodinane. The pyrrolidine 153 was reacted with
Ph;PMeBr to give 154, which was then hydrogenated to give the pyrrolidine 155. The pyrrolidine 157 was
synthesized by reacting TH,NPh after oxidizing the hydroxyl group of compound 155 with Dess-Martin
Periodinane. The palladium-mediated coupling reaction with pyrrole boronic acid gave the compound 158,
which was then hydrogenated to give the pyrrolidine 159. After removing N-Boc group by HCl in dioxane,
the pyrrolidine 160 was reacted with 70 using a Micro-Wave equipment to give 161. The pyrimidoindole
43 was obtained by hydrolyzing methyl ester with NaOH. The pyrimidoindole 44 was synthesized in the
similar synthetic procedure of 43, which was then amidated with ammonium chloride using HATU to give

the compound 45.
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Scheme 11
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Reagents and conditions: (a) BH3-THF, THF, 50 °C, 2 h; (b) Dess-Martin Periodinane, CH2Clo, rt, 1.5 h; (¢) PhsBMeBr,
t-BuOK, THF, rt, 5.5 h; (d) H2, Pd/C, MeOH, THEF, tt, 24 h; (e) Dess-Martin Periodinane, CH2Cly, rt, 1 h; (f) Tf2NPh,
LiHMDS, THF, -78 °C to rt, 1 h; (g) (5-(methoxycarbonyl)-1H-pyrrol-2-yl)boronic acid, PdClz(dppf)-CH2Cla,
Na2COs,toluene, H20, 90 °C, 2 h; (h) Hz2, Pd/C, MeOH, THF, rt, 24 h; (i) HCI, 1,4-dioxane, rt, 1.5 h; (j) i-PrNEt,
NMP, Micro-Wave 140 °C, 2 h; (k) NaOH, H.0, MeOH, THF, 80 °C; (1) NH4Cl, HATU, NEt;, CHCl3, rt, 18 h
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Synthetic Details

Solvents and reagents were obtained from commercial suppliers and used as received. Flash column
chromatography was performed using Merck 230-400 mesh silica gel 60. Proton nuclear magnetic
resonance (1H NMR) spectra were recorded on a Varian MERCURYplus-AS400, JEOL RESONANCE
Inc. INM-AL400, Bruker BioSpin K.K. AV400 or AVANCE III 400, or Agilent Technologies Inc. 400-
MR spectrometer in the indicated solvent. Chemical shifts (8) are reported in parts per million relative to
internal standard tetramethylsilane. High-resolution mass spectra (HRMS) analyses were performed on an

LC-MS system composed of Agilent 1290 Infinity LC and Thermo Fisher Orbitrap ID-X.
Preparation of compound 1, 2, 3 and 20

1, 2, 3 and 20 were obtained from commercial suppliers and used without further purification.

Synthesis of compound 31

Compound 31 was synthesized based on the reported synthetic procedure of this compound reference.

Synthesis of compound 4
Step 1: 7-Bromo-1-(4-methoxybenzyl) indoline-2,3-dione (47)

7-Bromo isatin (46; 2.5g, 11.1mmol) in DMF (10mL) was added by drops, using a dropping funnel, into
a solution of 60% sodium hydride (66 8mg, 16.7 mmol) in DMF (20 mL) at 0°C. Para- Methoxy benzyl
chloride (2.3mL, 16.7mmol) was added dropwise at 0 °C, and the mixture was stirred at room temperature
for 1.5 h. The reaction mixture was quenched with methanol (2 mL) at 0 °C and was diluted with H,O and
EtOAc. The organic layer was washed with H,O and brine, and dried over Na,SO4. After filtration and
concentration, the residue was purified by flash chromatography (solvent: EtOAc/CHCI; = 1/30 to 1/20) to

give the title compound 47 (1.75 g, 46% yield).

'H-NMR (400MHz, CDCLs) 8: 3.78 (s, 3H), 5.38 (s, 2H), 6.86 (d, J=8.8 Hz, 2H), 6.99 (dd, J=8.0, 7.2 Hz,

1H), 7.23 (d, J =8.8 Hz, 2H), 7.61 (dd, J=7.2, 1.2 Hz, 1H), 7.67 (dd, J =8.0, 1.2Hz, 1H)

Step 2: 7-Bromo-1-(4-methoxybenzyl)indolin-2-one (48)
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Hydrazine monohydrate (2 mL) was added to 47 (1.75 g, 5.06 mmol) in EtOH (20 mL) and stirred at
95 °C for 12 h. After cooling to room temperature, H>O and EtOAc were added to the reaction mixture.
The organic layer was washed with H>O and brine, and dried over Na;SQOj. After filtration and concentration,
the residue was purified by flash chromatography (solvent: EtOAc/Hexane = 1/5, 1/4 to 1/3) to give the
title compound 48 (876 mg, 52% yield).

'H-NMR (400MHz, CDCl;) &: 3.77 (s, 3H), 5.34 (s, 2H), 6.84 (d, J =8.8 Hz, 2H), 6.86-6.92 (m, 2H), 7.16-
7.21 (m, 3H), 7.28-7.32 (m, 1H), 7.35 (dd, J=8.4, 1.2 Hz, 1H)

Step 3: 7-Bromo-1-(4-methoxybenzyl)-3,3-dimethylindolin-2-one (49)

Compound 48 (876 mg, 2.64 mmol) in DMF (6 mL) was dropped into the solution of 60% sodium
hydride (232 mg, 5.81 mmol) in DMF (6 mL) at 0 °C. Methyl iodide (489uL, 7.92 mmol) was added
dropwise, and the mixture was stirred at room temperature for 2 h. The reaction mixture was quenched with
water at 0 °C, and extracted with EtOAc. The organic layer was washed with H>O and brine, and dried over
Na,SO,. After filtration and concentration, the residue was purified by flash chromatography (solvent:

EtOAc/Hexane = 1/6 to 1/5) to give the title compound 49 (889 mg, 93% yield).

'H-NMR (400MHz, CDCL3) &: 1.42 (s, 6H), 3.77 (s, 3H), 5.34 (s, 2H), 6.83 (d, J=8.8 Hz, 2H), 6.90 (dd, J

=8.4, 7.2Hz, 1H), 7.12-7.16 (m, 3H), 7.31 (dd, J=8.4, 1.2 Hz, 1H)

Step 4: 1-(4-methoxybenzyl)-3,3-dimethyl-7-vinylindolin-2-one (50)

A mixture of 49 (100 mg, 0.28 mmol), vinyl pinacol diborane (71 pL, 0.42 mmol) and Na,COs (89.0
mg, 0.84 mmol) in DME (2 mL) and H>O (1 mL) was treated with PdCl,(dppf)-CH.Cl, (11.0 mg, 0.014
mmol) and stirred at 95 °C for 3 h. After cooling to room temperature, H,O and EtOAc were added to the
reaction mixture. The organic layer was washed with H>O and brine, and dried over Na,SOs. After filtration
and concentration, the residue was purified by flash chromatography (solvent: EtOAc/Hexane = 1/5) to

give the title compound 50 (80.0 mg, 93% yield).

'H-NMR (400MHz, CDCLs) §: 1.44 (s, 6H), 3.78 (s, 3H), 5.08 (s, 2H), 5.20 (dd, J=10.8, 1.2Hz, 1H),5.48
(dd, J=17.2, 1.2Hz, 1H), 6.81-6.88 (m, 3H), 7.03 (dd, J =7.6, 7.6Hz, 1H), 7.09 (d, J =8.8Hz, 2H), 7.15-
7.18 (m, 2H)
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Step 5: 7-Ethyl-1-(4-methoxybenzyl)-3,3-dimethylindolin-2-one (51)

To a solution of 50 (80.0 mg, 0.26 mmol) in MeOH (3 mL) was added Pd(OH), (10 mg) and stirred
under 1.0 atm of hydrogen at room temperature for 12 h. After removal of the catalyst by Celite® filtration,

the filtrate was evaporated in vacuo to give the title compound 51 (73.0 mg, 91% yield).

'H-NMR (400MHz, CDCLs) 8: 1.10 (t, J=7.6 Hz, 3H), 1.44 (s, 6H), 2.39 (q, J =7.6 Hz, 2H), 3.77 (s, 3H),
5.10 (s, 2H), 6.83 (d, J =8.8 Hz, 1H), 6.99-7.01 (m, 2H), 7.04 (d, J =8.8Hz, 2H), 7.10 (dd, J =6.2, 2.2Hz,
1H)

Step 6: 7-Ethyl-3,3-dimethylindolin-2-one (4)

TFA (2 mL) was added to 51 (73.0 mg, 0.24 mmol) and stirred at 60 °C for 2 h. The reaction mixture
was evaporated in vacuo and quenched with saturated aqueous NaHCO;. EtOAc was added, and the
organic layer was separated. The organic layer was washed with H,O and brine, and dried over Na;SOs.
After filtration and concentration, the residue was purified by preparative TLC (solvent: EtOAc/Hexane =

1/3) to give the title compound 4 (28.0 mg, 62% yield).

'H-NMR (400MHz, CDCL) &: 1.26 (t, J=7.6 Hz, 3H), 1.40 (s, 6H), 2.60 (g, J=7.6 Hz, 2H), 6.98-7.07 (m,
3H), 7.91 (brs, 1H)

HRMS (ESI, m/z) calced for C12H14ON (M-H)™ 188.1081, found 188.1082

Synthesis of compound 5
Step 1: 7-Bromo-3,3-dimethylindolin-2-one (52)

TFA (2 mL) was added to 49 (310 mg, 0.86 mmol) and stirred at 50 °C for 2 h. The reaction mixture
was evaporated in vacuo and quenched with saturated aqueous NaHCO;. EtOAc was added, and the
organic layer was separated. The organic layer was washed with H,O and brine, and dried over Na;SOs.
After filtration and concentration, the residue was purified by preparative TLC (solvent: EtOAc/CHCl; =

1/10) to give the title compound 52 (155 mg, 75% yield).

'H-NMR (400MHz, CDCL) 8: 1.39 (s, 6H), 6.92 (dd, J =8.2, 7.2 Hz, 1H), 7.10 (dd, J =7.2, 1.0Hz, 1H),
7.31 (dd, J=8.2, 1.0Hz), 7.47 (brs, 1H)
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Step 2: 7-Cyclopropyl-3,3-dimethylindolin-2-one (5)

A mixture of 52 (80.0 mg, 0.33 mmol), cyclopropyl boronic acid (43.0 mg, 0.50 mmol) and Na,CO;
(140 mg, 1.32 mmol) in DME (3 mL) and H>O (1 mL) was treated with PdCL(dppf)-CH>Cl (24.0 mg, 0.03
mmol) and stirred at 95 °C for 7 h. After cooling to room temperature, H,O and EtOAc were added to the
reaction mixture. The organic layer was washed with H>O and brine, and dried over Na,SOs. After filtration
and concentration, the residue was purified by preparative TLC (solvent: EtOAc/Hexane = 1/2) to give the

title compound 5 (18.0 mg, 27% yield).

'H-NMR (400MHz, CDCl;) 8: 0.61-0.73 (m, 2H), 0.88-1.00 (m, 2H), 1.40 (s, 6H), 1.73-1.80 (m, 1H), 6.95-

7.04 (m, 3H), 7.75 (brs, 1H)

HRMS (ESI, m/z) calced for C13H14ON (M-H) 200.1081, found 200.1081

Synthesis of compound 6
Step 1: Ethyl 1-(4-methoxybenzyl)-3,3-dimethyl-2-oxoindoline-7-carboxylate (53)

To a solution of 49 (400 mg, 1.11 mmol) in EtOH (10 mL) was added PdCl,(dppf)-CH,Cl> (180 mg,
0.22 mmol) and Et:N (1.5 mL, 11.1 mmol), and stirred under 1.0 atm of carbon monoxide at 80 °C for 12
h. After cooling to room temperature, H,O and EtOAc were added to the reaction mixture. The organic
layer was washed with H>O and brine, and dried over Na,SOa. After filtration and concentration, the residue
was purified by flash chromatography (solvent: EtOAc/Hexane = 1/6 to 1/4) to give the title compound 53

(374 mg, 95% yield).

'H-NMR (400MHz, CDCls) 8: 1.20 (t, J=7.2 Hz, 3H), 1.45 (s, 6H), 3.73 (s, 3H), 4.14 (q, J =7.2 Hz, 2H),
5.22 (s, 2H), 6.75 (d, J=8.8 Hz, 2H), 6.92 (d, J=8.8Hz, 2H), 7.02 (dd, J=7.8, 7.2Hz, 1H), 7.32 (dd, J=7.2,
1.4 Hz, 1H), 7.35 (dd, J=7.8, 1.4Hz, 1H)

Step 2: 1-(4-Methoxybenzyl)-3,3-dimethyl-2-oxoindoline-7-carboxylic acid (54)

To a solution of 53 (374 mg, 1.06 mmol) in MeOH (4 mL) and THF (2 mL) was added aqueous 2N
NaOH (1.1 mL, 2.12 mmol) at room temperature. The reaction mixture was stirred at 60 °C for 2 h. After
cooling to 0 °C, aqueous 2N HCI (1.1 mL, 2.12 mmol) was added. After evaporating in vacuo, H,O and

CHCI; were added to the residue. The organic layer was washed with H>O and brine, and dried over Na;SOa.
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After filtration, the solvent was evaporated in vacuo to give the title compound 54 (360 mg, overweight) as

a crude product. This was used in the next step without further purification.

'H-NMR (400MHz, CDCls) &: 1.47 (s, 6H), 3.71 (s, 3H), 5.28 (s, 2H), 6.73 (d, J =8.6 Hz, 2H), 6.95 (d, J
=8.6Hz, 2H), 7.08 (dd, J =8.0, 7.2Hz, 1H), 7.38 (dd, J=7.2, 1.2 Hz, 1H), 7.56 (dd, J=8.0, 1.2Hz, 1H)

Step 3: tert-Butyl (1-(4-methoxybenzyl)-3,3-dimethyl-2-oxoindolin-7-yl) carbamate (55)

To a solution of 54 (360 mg, approx.1.06 mmol) in toluene (5 mL) were added Et;N (233 pL, 1.67 mmol)
and DPPA (310 pL, 1.44 mmol) and stirred at 85 °C for 10 min. /BuOH (1 mL) was added at room
temperature and stirred at 60 °C for 3 h. After cooling to room temperature, H,O and EtOAc were added to
the reaction mixture. The organic layer was washed with H,O and brine, and dried over Na,SO4. After
filtration and concentration, the residue was purified by flash chromatography (solvent: EtOAc/Hexane =

1/6 to 1/4) to give the title compound 55 (290 mg, 19% yield for 2 steps).

'H-NMR (400MHz, CDCls) §: 1.47 (s, 6H), 1.50 (s, 9H), 3.78 (s, 3H), 5.04 (s, 2H), 6.87 (d, J=8.8 Hz, 2H),
6.99-7.08 (m, 2H), 7.13-7.18 (m, 3H)

Step 4: 7-Amino-3,3-dimethylindolin-2-one (6)

HBr-AcOH (1mL) was added to 55 (50.0 mg, 0.169 mmol) and stirred at r.t. for 16 h. After cooling to
0 °C, the reactant mixture was diluted with sat. aqueous NaHCOs3, and extracted with AcOEt. The organic
layer was washed with H>O and brine, dried over Na,SO4. After filtration and concentration, the residue
was purified by preparative TLC (solvent: EtOAc/CHCI; = 1/1) to give the title compound 6 (4.0 mg, 13%
yield).

'H-NMR (400MHz, CDCls) &: 1.38 (s, 6H), 6.63 (dd, J=8.2, 1.4 Hz, 1H), 6.68 (dd, J=7.2, 1.4 Hz), 6.90
(dd, J=8.2, 7.2 Hz, 1H), 9.81 (brs, 1H)

HRMS (ESI, m/z) calced for C1oH11ON; (M-H) 175.0877, found 175.0878

Synthesis of compound 7

Step 1: tert-Butyl (1-(4-methoxybenzyl)-3,3-dimethyl-2-oxoindolin-7-yl)(methyl)carbamate (56)
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55 (145 mg, 0.37 mmol) in DMF (2 mL) was dropped into a solution of 60% sodium hydride (18.0 mg,
0.44 mmol) in DMF (1 mL) at 0 °C. Methyl iodide (35.0puL, 0.56 mmol) was added dropwise at 0 °C, and
the mixture was stirred at room temperature for 3 h. HO and AcOEt were added to the reaction mixture,
and the organic layer was separated. The organic layer was washed with H>O and brine, dried over Na,;SOs.
After filtration, the solvent was evaporated in vacuo to give the title compound 56 (172 mg, overweight) as

a crude product. This was used in the next step without further purification.

Step 2: 3,3-Dimethyl-7-(methylamino)indolin-2-one (7)

TFA (2 mL) was added to 56 (172 mg, approx. 0.37 mmol) in CHCI3 (0.5 mL) and stirred at 80 °C for
24h. The reaction mixture was evaporated in vacuo and quenched with saturated aqueous NaHCOs. CHCl;3
was added, and the organic layer was separated. The organic layer was washed with H,O and brine, dried
over Na,SOs. After filtration and concentration, the residue was purified by preparative TLC (solvent:

EtOAc/CHCI; = 1/5) to give the title compound 7 (50.0 mg, 70% yield for 2 steps).

'H-NMR (400MHz, CDCls) §: 1.38 (s, 6H), 2.92 (s, 3H), 3.94 (brs, 1H), 6.59 (d, J =8.0 Hz, 1H), 6.64 (d,
J =72 Hz, 1H), 7.00 (dd, J=8.0, 7.2 Hz, 1H)

HRMS (ESI, m/z) calced for C1H sON, (M+H)" 191.1179, found 191.1175

Synthesis of compound 8

To a solution of 7-methoxyindolin-2-one (57; 300 mg, 1.84 mmol) and LiCl (195 mg, 4.60 mmol) in
THF (5.0 mL), 1.60 M r-butyllithium in hexane (2.4 mL, 3.86 mmol) was added at 0 °C. After stirring for
1 h at 0 °C, methyl iodide (240 pL, 3.86 mmol) was added to the reactant mixture, and then the mixture
was stirred at r.t. overnight. The mixture was diluted with H>O and extracted with AcOEt. The organic layer
was washed with H,O and brine, and dried over MgSOs. After filtration and concentration, the residue was
purified by flash chromatography (solvent: EtOAc/Hexane = 1/9 to 1/2) to give the title compound 8 (186

mg, 53% yield).
"H-NMR (400MHz, DMSO-ds) 3: 1.22 (s, 6H), 3.81 (s, 3H), 6.89-6.96 (m, 3H), 10.3 (brs, 1H)
BC-NMR (400 MHz, DMSO-d;) &: 24.0 (2C), 44.1, 55.5, 110.7, 114.9, 122.1, 129.1, 136.8, 143.4, 182.0

HRMS (ESI, m/z) calced for C;1H130.N (M+H)" 192.1019, found 192.1014
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Synthesis of compound 9
Step 1: 2-Cyclopropylaniline (59)

A mixture of 2-bromoaniline (58; 32.0 g, 186 mmol), cyclopropylboronic acid (23.9 g, 278 mmol), and
K3PO4 (113 g, 532 mmol) in toluene (350 mL) and H,O (100 mL) was treated with PdCl,(dppf)-CH.Cl,
(5.66 g, 6.93 mmol) and stirred at 90 °C for 5 h under argon atmosphere. The mixture was cooled to 0 °C,
ammonium pyrrolidinedithiocarbamate (APDTC, 5.06 g, 30.8 mmol) was added and the mixture was stirred
at room temperature for 1 h. The reactant mixture was filtered through Celite®, and the organic layer was
separated and washed with H,O and brine. The resultant organic layer was loaded on silica gel column
chromatography (eluted with n-hexane/EtOAc = 80/20 (v/v), approximately 1.6 L) for elimination of the
polar component. The eluate was acidified by adding 4 M HCl in AcOEt (50 mL) without concentration.
The precipitated crystals were collected by filtration, washed with EtOAc and n-hexane, and dried to give

the hydrochloride salt of the title compound 59 as a white crystalline (28.6 g, 90% yield).

'H-NMR (400 MHz, DMSO-ds) &: 0.69-0.73 (m, 2H), 0.95-1.00 (m, 2H), 1.97-2.06 (br m, 1H), 7.09-7.05
(m, 1H), 7.22-7.26 (m, 1H), 7.31-7.39 (br m, 1H), 9.90 (br s, 3H).

Step 2: 1-Cyclopropyl-2-iodobenzene (60)

Sodium nitrate (11.5 g, 167 mmol) in H>O (70 mL) was dropped into the mixture of the hydrochloride
salt of 59 (25.6 g, 151 mmol) and 1 M aqueous HCI solution (20 mL) at 0 °C. After stirring at 0 °C for 15
min, to the reaction mixture was added sodium iodide (24.9 g, 166 mmol) in H,O (70 mL) at 0 °C. The
mixture was stirred at 0 °C for 30 min and then room temperature for 2 h. The reactant mixture was
quenched with aqueous NaS,03, and the mixture was extracted with EtOAc. The extract was washed with
H,O and brine, and dried over Na,SOs. The solvent was evaporated in vacuo. The residue was purified by
flash chromatography (Biotage-SNAP Ultra 100 g, eluted with n-hexane/EtOAc = 100/0 to 95/5 (v/v)) to

give the title compound 60 (31.9 g, 86% yield).

'H-NMR (400 MHz, CDCl;) 5: 0.63-0.68 (m, 2H), 0.99-1.05 (m, 2H), 1.98-2.06 (m, 1H), 6.88 (t, J =7.7
Hz, 1H), 6.92 (d, J=7.7 Hz, 1H), 7.24 (t, J=7.7 Hz, 1H), 7.83 (d, J=7.7 Hz, 1H)

Step 3: 3-Bromo-N-(2-cyclopropylphenyl)pyridin-2-amine (63)
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A mixture of 60 (1.00 g, 4.10 mmol), 3-bromopyridin-2-amine (61; 709 mg, 4.10 mmol), and sodium
tert-pentoxide (902 mg, 8.19 mmol) in toluene (10 mL) was treated with Pd(OAc), (92.0 mg, 0.41 mmol)
and Xantphos (237 mg, 0.41 mmol) and stirred at 140 °C for 4.5 h under argon atmosphere. After cooling
to room temperature, the mixture was diluted with EtOAc and H,O. The insoluble solid was filtered through
Celite®. The organic layer was separated from the filtrate and concentrated. The residue was purified by
flash chromatography (Biotage-SNAP Ultra 25 g, eluted with n-hexane/EtOAc = 99/1 to 90/10 (v/v)) to

give the title compound 63 (945 mg, 80% yield).

'H-NMR (400 MHz, CDCls) 8: 0.67-0.78 (m, 2H), 0.97-1.12 (m, 2H), 1.80-1.91 (m, 1H), 6.63 (dd, J =7.7,
4.9 Hz, 1H), 6.97 (td, J=7.7, 1.2 Hz, 1H), 7.19 (dt, J=7.7, 1.2 Hz, 1H), 7.26 (td, J=8.1, 1.2 Hz, 1H), 7.75

(dd, J=7.7, 1.6 Hz, 1H), 7.78 (br's, 1H), 8.18 (dd, J=4.9, 1.6 Hz, 1H), 8.39 (dd, J=8.1, 1.2 Hz, 1H)

Step 4: 8-Cyclopropyl-9H-pyrido[2,3-b]indole (9)

A solution of 64 (945 mg, 3.27 mmol) and DBU (1.48 mL, 9.80 mmol) in DMA (19 mL) was treated
with Pd(OAc); (73.4 mg, 0.327 mmol) and CyJohnPhos (229 mg, 0.65 mmol) under argon atmosphere and
stirred at 140 °C for 2 h. After cooling to room temperature, the mixture was diluted with H,O and extracted
with EtOAc. The organic layer was washed twice with H>O and brine, and dried over Na>SOs. After
filtration and concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra 25 g,
eluted with n-hexane/EtOAc = 92/8 to 34/66 (v/v)). After concentration, for further purification, the residue
was slurried in n-hexane/AcOEt (2/1 (v/v)). The precipitated solid was collected by filtration, washed with

n-hexane, and dried to give the title compound 9 (251 mg, 37% yield).

'H-NMR (400 MHz, DMSO-d) &: 0.76-0.80 (m, 2H), 1.03-1.08 (m, 2H), 2.38-2.45 (m, 1H), 6.99 (d, J
=7.6 Hz, 1H), 7.13 (t, J=7.6 Hz, 1H), 7.20 (dd, J=7.8, 4.8 Hz, 1H), 7.95 (d, J =7.6 Hz, 1H), 8.43 (dd, J
=4.8, 1.5 Hz, 1H), 8.48 (dd, J=7.8, 1.5 Hz, 1H), 11.92 (s, 1H)

HRMS (ESI, m/z) calced for C14H;3Ny (MH+H)* 209.1073, found 209.1072

Synthesis of compound 10
Step 1: 3-Bromo-N-(2-cyclopropylphenyl)-6-methylpyridin-2-amine (64)

A mixture of 60 (150 mg, 0.615 mmol), 3-bromo-6-methylpyridin-2-amine (62; 138 mg, 0.738 mmol),

and cesium carbonate (300 mg, 0.921 mmol) in toluene (1.5 mL) was treated with Pd(OAc), (28.0 mg,
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0.125 mmol) and Xantphos (72.0 mg, 0.139 mmol) and stirred at 130 °C for 3 h under argon atmosphere.
After cooling to room temperature, the mixture was diluted with EtOAc and H,O. The insoluble solid was
filtered through Celite®. The organic layer was separated from the filtrate and concentrated. The residue
was purified by flash chromatography (Biotage-SNAP Ultra 10g, eluted with n-hexane/EtOAc = 99/2 to

85/25 (v/v)) to give the title compound 64 (64.0 g, 34% yield).

'H-NMR (400 MHz, CDCls) 8: 0.70-0.75 (m, 2H), 1.03-1.09 (m, 2H), 1.80-1.89 (m, 1H), 2.45 (s, 3H), 6.51
(d, J=7.9 Hz, 1H), 6.94 (td, J=7.6, 1.3 Hz, 1H), 7.19 (dt, J=7.6, 1.3 Hz, 1H), 7.25 (td, J=8.1, 1.3 Hz, 1H),
7.62 (d, J=7.9 Hz, 1H), 7.82 (s, 1H), 8.58 (dd, J=8.1, 1.3 Hz, 1H)

Step 2: 8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole (10)

A solution of 64 (64 mg, 0.211 mmol) and DBU (63.0 pL, 0.421 mmol) in DMA (1.0 mL) was treated
with Pd(OAc), (14.0 mg, 6.24 x 10-2 mmol) and CyJohnPhos (22.0 mg, 6.28 x 10-2 mmol) under argon
atmosphere and stirred at 140 °C for 20 h. After cooling to room temperature, the mixture was diluted with
H>0 and extracted with EtOAc. The organic layer was washed twice with H,O and brine, and dried over
Na,S0s. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 10g, eluted with n-hexane/EtOAc = 90/10 to 0/100 (v/v)). After concentration, for further
purification, the residue was purified by preparative TLC (n-hexane/AcOEt = 1/1 (v/v)) to give the title

compound 10 (35 mg, 75% yield).

'H-NMR (400 MHz, CDCls) §: 0.77-0.81 (m, 2H), 1.01-1.05 (m, 2H), 2.06-2.14 (m, 1H), 2.69 (s, 3H), 7.05
(d, J=7.8 Hz, 1H), 7.16-7.22 (m, 2H), 7.85 (dd, J=7.2, 1.8 Hz, 1H), 8.19 (d, J=7.8 Hz, 1H), 8.67 (s, 1H)

HRMS (ESIL, m/z) calced for CisH;sN> (M+H)* 223.1230, found 223.1226

Synthesis of compound 11
Step 1: 1-Cyclopropyl-3-fluoro-2-nitrobenzene (66)

A mixture of 1-bromo-3-fluoro-2-nitrobenzene (65, 49.8 g, 226 mmol), cyclopropylboronic acid (21.4
g, 249 mmol), and K3PO4 (106 g, 499 mmol) in DME (300 mL) and H,O (150 mL) was treated with
PdCl,(dppf)-CH2Cl» (9.25 g, 11.3 mmol) and stirred under reflux for 1 h. After cooling to room temperature,
the mixture was diluted with AcOEt and H»O, filtered through Celite®, and the organic layer was separated

and washed with H>O and brine. After filtration and concentration, the residue was purified by flash
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chromatography (solvent : EtOAc/Hexane = 5/95 to 25/75) to give the title compound 66 (36.8 g, 89%

yield).

'H-NMR (400 MHz, DMSO-ds) 8: 0.77-0.81 (m, 2H), 0.99-1.04 (m, 2H), 1.85-1.92 (m, 1H), 7.03-7.05 (m,
1H), 7.35-7.40 (m, 1H), 7.52-7.58 (m, 1H)

Step 2: Ethyl 2-cyano-2-(3-cyclopropyl-2-nitrophenyl) acetate (67)

Compound 66 (3.00 g, 16.6 mmol) and ethyl 2-cyanoacetate (3.50 mL, 33.1 mmol) was dissolved in
DMF (15 mL). To the solution, K2CO; (6.90 g, 49.7 mmol) was added, and the mixture was stirred at 90 °C
for 3 h. After cooling to 0 °C, the reactant mixture was diluted with H,O (50 mL), acidified by adding 6.0
M aqueous HCl solution (25 mL), and extracted with 1:1 n-hexane-AcOEt. The organic layer was washed
with H>O and brine, and dried over Na,SOs. After filtration, the solvent was evaporated in vacuo to give
the title compound 67 (5.0 g, overweight) as a crude product which was used for the next step without

further purification.

'H-NMR (400 MHz, CDCLs) &: 0.64-0.77 (m, 2H), 0.96-1.06 (m, 2H), 1.30 (t, J =7.3 Hz, 3H), 1.98-2.06
(m, 1H), 4.26 (g, J=7.3 Hz, 2H), 5.00 (s, 1H), 7.21 (dd, J=7.7, 0.8 Hz, 1H), 7.04 (t, J =7.7 Hz, 1H), 7.54
(dd, J=7.7,1.6 Hz, 1H)

Step 3: Ethyl 2-amino-7-cyclopropyl-1H-indole-3-carboxylate (68)

To the solution of 67 (5.0 g, approx. 16 mmol) in AcOH (30 mL) was added iron powder (5.09 g,
91.1 mmol), and the mixture was stirred at 90 °C for 2 h. After cooling to room temperature, the reactant
mixture was diluted with 1:1 toluene-H,O (60 mL), filtered through Celite®, and the organic layer was
separated and washed with H,O, saturated NaHCOj; solution and brine sequentially, and dried over Na;SOs.
After filtration and concentration, the residue was purified by flash chromatography (Yamazen-Universal
Premium L, eluted with n-hexane/EtOAc = 85/15 to 40/60 (v/v)) to give the title compound 68 (2.10 g,

52% two-step yield from 66).

'H-NMR (400 MHz, CDCls) &: 0.71 (br s, 2H), 0.93 (br s, 2H), 1.42 (t, J=7.1 Hz, 3H), 1.91 (br s, 1H),
4.36(q,J=7.1 Hz, 2H), 5.68 (br s, 1H), 6.79 (d, J=7.4 Hz, 1H), 7.04 (t, J=7.4 Hz, 1H), 7.64 (d, J=7.4 Hz,
1H), 7.92 (br s, 2H)
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Step 4: 8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-ol (69)

Compound 68 (5.00 g, 20.5 mmol) was dissolved in 4 M aqueous HCI solution (25 mL). To the solution,
MeCN (7.5 mL) was added, and the mixture was stirred at room temperature for 20 h. The resultant
suspension was diluted with 1:1 n-hexane-dioxane (50 mL), and the precipitated solid was collected by
filtration, washed with n-hexane, and dried in vacuo. The obtained solid was redissolved in MeOH (65 mL)
and H>O (20 mL). Saturated NaHCOj3 solution (40 mL) was added to the solution, and the reactant mixture
was stirred at 75 °C for 2.5 h. After cooling to 0 °C, the reactant mixture was acidified by adding 6 M
aqueous HCI solution (7.5 mL), diluted with H,O (100 mL), and then stirred at 0 °C for 15 min. The
precipitated solid was collected by filtration, washed with H>O, and dried to give the title compound 69

(4.88 mg, 99% yield).

'H-NMR (400 MHz, DMSO-ds) 5: 0.77-0.73 (m, 2H), 0.99-1.04 (m, 2H), 2.30-2.37 (m, 1H), 2.42 (s, 3H),
6.80 (d, J=7.5 Hz, 1H), 7.10 (t, J=7.5 Hz, 1H), 7.73 (dd, J=7.5, 0.9 Hz, 1H), 12.07 (s, 1H), 12.12 (s, 1H)

Step 5: 4-Chloro-8-cyclopropyl-2-methyl-9H-pyrimido [4,5-b] indole (70)

To a suspension of 69 (4.88 g, 20.4 mmol) in CHCl; (66 mL) was added thionyl chloride (7.42 mL, 102
mmol) and DMF (33 mL), and the mixture was stirred at 60 °C for 2 h. The resultant solution was cooled
to 0 °C and quenched with H>O. The mixture was extracted with AcOEt, and the organic layer was washed
twice with H,O and brine, and dried over NaxSOs. After filtration and concentration, the residue was
purified by flash chromatography (Yamazen-Universal Premium 3L, eluted with n-hexane/EtOAc = 90/10

to 20/80 (v/v)) to give the title compound 70 (2.44 mg, 46% yield).

'H-NMR (400 MHz, CDCl;) &: 2.05-2.09 (m, 2H), 2.27-2.31 (m, 2H), 3.08-3.14 (m, 1H), 3.68 (s, 3H),

7.26-7.31 (m, 2H), 7.93-7.98 (m, 1H), 8.84 (s, 1H)

Step 6: 8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indole (11)

A solution of 70 (40.0 mg, 0.155 mmol) in THF (0.6 mL) and MeOH (0.6 mL) was treated with 10%
palladium hydroxide on activated carbon (15.0 mg) and K,COs3 (32.0 mg, 0.233 mmol), and the mixture
was stirred under 1.0 atm of hydrogen at room temperature for 7 h. After removal of the palladium catalyst

by Celite® filtration, the filtrate was concentrated. The residue was suspended in 1:1 n-hexane-AcOEt and
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slurried for a while. The precipitated solid was collected by filtration, washed with 2:1 n-hexane-AcOEt,

and dried to give the title compound 11 (30.0 mg, 86% yield).

'H-NMR (400 MHz, DMSO-ds) 5: 0.77-0.81 (m, 2H), 1.04-1.09 (m, 2H), 2.33-2.40 (m, 1H), 2.71 (s, 3H),
7.02 (d, J=7.6 Hz, 1H), 7.20 (t, J=7.6 Hz, 1H), 7.97 (d, J=7.6 Hz, 1H), 9.30 (s, 1H), 12.27 (s, 1H).

HRMS (ESIL, m/z) calced for CisH1sN3 (M+H)" 224.1182, found 224.1183

Synthesis of compound 12
Step 1: 4-Chloro-2-methyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine (72)

4-Chloro-2-methyl-7H-pyrrolo[2,3-d]pyrimidine (71, 5.00 g, 29.8 mmol) was added to a suspension of
sodium hydride 60% dispersion in mineral oil (1.43 g, 35.8 mmol) and DMF (30 mL) at 0 °C. After stirring
for 30 min at 0 °C, 2-(chloromethoxy)ethyltrimethylsilane (6.79 mL, 38.7 mmol) was added to the solution
at 0 °C, and the mixture was stirred at room temperature for 1.5 h. The mixture was diluted with H,O and
extracted with EtOAc, and the organic layer was washed with H,O and brine, and dried over MgSOs. After
filtration and concentration, the residue was purified by silica gel column chromatography (eluted with n-

hexane/EtOAc = 100/0 to 90/10 (v/v)) to give the title compound 72 (7.80 g, 89% yield).

'H-NMR (400 MHz, DMSO-dg) &: -0.10 (s, 9H), 0.81-0.86 (m, 2H), 2.65 (s, 3H), 3.50-3.55 (m, 2H), 5.59

(s, 2H), 6.63 (d, J=3.7 Hz, 1H), 7.75 (d, J=3.7 Hz, 1H)

Step 2: 4-Chloro-2-methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine
(73)

To a solution of 72 (2.00 g, 6.71 mmol) in THF (20 mL), 1.63 M n-butyllithium in hexane (5.34 mL,
8.70 mmol) was added at -78 °C. After stirring for 3 h at -78 °C, 1-iodopropane (847 pL, 8.72 mmol) was
added to the reactant mixture, and then the mixture was stirred at room temperature for 1.5 h. The mixture
was diluted with H,O and extracted with AcOEt, and the organic layer was washed with H,O and brine,
and dried over MgSOs. After filtration and concentration, the residue was loaded on silica gel column
chromatography (eluted with n-hexane/EtOAc = 100/0 to 95/5 (v/v)) for elimination of the polar component.
The title compound 73 (1.10 g) was obtained as a mixture with unknown compounds, which was applied

to the next step without further purification.
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Step 3: 2-Methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine (74)

A solution of 73 (1.10 g, ~3.2 mmol) and potassium carbonate (450 mg, 3.26 mmol) in MeOH (11 mL)
was treated with 10% palladium on activated carbon (110 mg) and stirred under 1.0 atm of hydrogen
overnight at room temperature. After removal of the palladium catalyst by Celite® filtration, the filtrate
was diluted with H,O and extracted with AcOEt. The organic layer was washed with H,O and brine, and
dried over MgSOs. After filtration and concentration, the title compound 74 (1.00 g) was obtained, which

was applied to the next step without further purification.

Step 4: 5-Bromo-2-methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7 H-pyrrolo[2,3-dpyrimidine
(75)

To a solution of 74 (1.00 g, ~3.2 mmol) in DMF (20 mL) was added N-bromosuccinimide (582 mg, 3.27
mmol). After stirring at room temperature for 1 h, the reactant mixture was quenched with saturated
NaHCO:s; solution. The mixture was extracted with AcOEt, and the organic layer was washed with H,O and
brine, and dried over MgSO.. After filtration and concentration, the residue was purified by silica gel
column chromatography (eluted with n-hexane/EtOAc = 95/5 to 90/10 (v/v)) to give the title compound 75
(770 mg, 30% yield, 3 steps from 72).

'H-NMR (400 MHz, DMSO-d) &: -0.10 (s, 9H), 0.82-0.87 (m, 2H), 0.95 (t, J =7.6 Hz, 3H), 1.69 (tq, J
=7.6, 7.6 Hz, 2H), 2.67 (s, 3H), 2.84 (t, J=7.6 Hz, 2H), 3.48-3.54 (m, 2H), 5.64 (s, 2H), 8.72 (d, 1H)

Step 5: 2-Methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7 H-pyrrolo[2,3-d]pyrimidine-5-

carbonitrile (76)

To a solution of 75 (200 mg, 0.520 mmol) in THF (2.0 mL), 1.63 M n-butyllithium in hexane (414 pL,
0.676 mmol) was added at -78 °C. After stirring for 1 h at -78 °C, p-toluenesulfonyl cyanide (122 mg, 0.673
mmol) was added to the reactant mixture, and then the mixture was stirred at room temperature for 3 h. The
mixture was quenched with saturated NH4Cl solution and extracted with AcOEt. The organic layer was
washed with H,O and brine, and dried over MgSOs. After filtration and concentration, the residue was
purified by preparative TLC (n-hexane/AcOEt = 4/1 (v/v)) to give the title compound 76 (110 mg) as a
mixture with 2-methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine, which

was applied to the next step without further purification.
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Step 6: 2-Methyl-6-propyl-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (12)

To a solution of 76 (50.0 mg, ~0.150 mmol) in CH»Cl, (1.0 mL), boron trifluoride diethyl etherate (57.0
pL, 0.512 mmol) was added at room temperature. After stirring overnight at room temperature, the mixture
was quenched with saturated NaHCO; solution and extracted with AcOEt. The organic layer was washed
with H>O and brine, and dried over MgSQO,. After filtration and concentration, for purification, the residue
was slurried in n-hexane/AcOEt (1/1 (v/v)). The precipitated solid was collected by filtration, washed with

n-hexane, and dried to give the title compound 12 (13.0 mg, 28% yield, 2 steps from 75).

'H-NMR (400 MHz, DMSO-de) &: 0.92 (t, J=7.4 Hz, 3H), 1.77 (tq, J =7.4, 7.4 Hz, 2H), 2.65 (s, 3H), 2.87

(t,J=7.4 Hz, 2H), 8.93 (s, 1H), 12.89 (br s, 1H)

HRMS (ESI, m/z, MH+) Caled for Ci1Hi3N4: 201.1135, Found: 201.1138

Synthesis of compound 13
Step 1: 2-Methyl-5-(pent-1-yn-1-yl)pyrimidin-4-amine (78)

A solution of 5-iodo-2-methylpyrimidin-4-amine (77; 640 mg, 2.72 mmol), 1-penthyne (805 pL, 8.17
mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (220 mg, 0.269 mmol), copper(l)
iodide (51.0 mg, 0.268 mmol) and triethylamine (569 pL, 4.08 mmol) in DMF (10 mL) was stirred at 70 °C
for 2 h under argon atmosphere. The mixture was cooled to room temperature, diluted with H,O and
extracted with AcOEt. The organic layer was washed with H>O and brine, and dried over MgSOs. After
filtration and concentration, the residue was loaded on silica gel column chromatography (eluted with »n-
hexane/EtOAc = 50/50 (v/v)) for elimination of the polar component. The title compound 78 (305 mg, 64%

yield) was obtained, which was advanced to the next step without further purification.

Step 2: 2-Methyl-6-propyl-7H-pyrrolo[2,3-d]pyrimidine (79)

To a solution of 78 (300 mg, 1.71 mmol) in NMP (3.0 mL), potassium fert-butoxide (400 mg, 3.56 mmol)
was added at room temperature and then stirred at 100 °C for 1 h. The mixture was cooled to room

temperature, quenched with 1 N HCI solution and extracted with AcOEt. The organic layer was washed
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with H>O and brine, and dried over MgSOs. After filtration and concentration, the residue was purified by

silica gel column chromatography (eluted with EtOAc) to give the title compound 79 (155 mg, 52% yield).

'H-NMR (400 MHz, DMSO-de) &: 0.92 (t, J =7.4 Hz, 3H), 1.70 (qt, J =7.4, 7.4 Hz, 2H), 2.58 (s, 3H), 2.68
(t,J=7.4 Hz, 2H), 6.19 (br s, 1H), 8.69 (s, 1H), 11.67 (br s, 1H)

Step 3: 5-Chloro-2-methyl-6-propyl-7H-pyrrolo[2,3-d]pyrimidine (13)

To a solution of 79 (30.0 mg, 0.171 mmol) in DMF (1.0 mL) was added N-chlorosuccinimide (34.0 mg,
0.255 mmol). After stirring at room temperature for 5 h, the reactant mixture was quenched with saturated
NaHCO:s solution. The mixture was extracted with AcOEt, and the organic layer was washed with H,O and
brine, and dried over MgSOs. After filtration and concentration, the residue was purified by preparative

TLC (n-hexane/AcOEt = 1/1 (v/v)) to give the title compound 13 (18.0 mg, 50% yield).

'H-NMR (400 MHz, DMSO-dg) &: 0.90 (t, J =7.4 Hz, 3H), 1.69 (qt, J =7.4, 7.4 Hz, 2H), 2.62 (s, 3H), 2.72

(t, J=7.4 Hz, 2H), 8.73 (s, 1H), 12.11 (br s, 1H)

HRMS (ESI, m/z, MH+) Calcd for C10H13N3Cl: 210.0793, Found: 210.0788

Synthesis of compound 14

To a solution of 79 (45.0 mg, 0.256 mmol) in CHCl; (1.0 mL) was added N-bromosuccinimide (55.0 mg,
0.308 mmol). After stirring overnight at room temperature, the reactant mixture was quenched with
saturated NaHCOs solution. The mixture was extracted with AcOEt, and the organic layer was washed with
H,O and brine, and dried over MgSO.. After filtration and concentration, for purification, the residue was
slurried in n-hexane/AcOEt (2/1 (v/v)). The precipitated solid was collected by filtration, washed with »-

hexane, and dried to give the title compound 14 (41.0 mg, 63% yield).

'H-NMR (400 MHz, DMSO-de) &: 0.90 (t, J =7.4 Hz, 3H), 1.69 (qt, J =7.4, 7.4 Hz, 2H), 2.63 (s, 3H), 2.71
(t,J=7.4 Hz, 2H), 8.65 (s, 1H), 12.23 (br s, 1H)

HRMS (ESI, m/z, MH+) Caled for CioH13N3Br: 254.0284, Found: 254.0287

Synthesis of compound 16
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Step 1: 5-Bromo-4-chloro-2-methyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-

d]pyrimidine (80)

To a solution of 73 (450 mg, 1.32 mmol) in DMF (5.0 mL) was added N-bromosuccinimide (260 mg,
1.46  mmol). After stirring overnight at room temperature, the reactant mixture was quenched with
saturated NaHCO;s solution. The mixture was extracted with AcOEt, and the organic layer was washed with
H>O and brine, and dried over MgSOs. After filtration and concentration, the residue was loaded on silica
gel column chromatography (eluted with n-hexane/EtOAc = 90/10 (v/v)) for elimination of the polar
component. The title compound 80 (500 mg, 90% yield) was obtained, which was proceeded to the next

step without further purification.

Step 2: 4-Chloro-2,5-dimethyl-6-propyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-

d]pyrimidine (81)

To a solution of 80 (500 mg, 1.19 mmol) in THF (5.0 mL), 1.63 M r-butyllithium in hexane (950 pL,
1.55 mmol) was added at -78 °C. After stirring for 1 h at -78 °C, methyl iodide (96.0 pL, 1.54 mmol) was
added to the reactant mixture, and then the mixture was stirred at room temperature for 2 h. The mixture
was diluted with H,O and extracted with AcOEt. The organic layer was washed with H,O and brine, and
dried over MgSQO4. After filtration and concentration, the residue was purified by silica gel column
chromatography (eluted with n-hexane/EtOAc = 90/10 (v/v)) to give the title compound 81 (337 mg, 80%

yield).

'H-NMR (400 MHz, DMSO-d) &: -0.10 (s, 9H), 0.81-0.87 (m, 2H), 0.93 (t, J =7.4 Hz, 3H), 1.61 (qt, J

=7.4,7.4 Hz, 2H), 2.35 (s, 3H), 2.59 (s, 3H), 2.78 (t, J =7.4 Hz, 2H), 3.45-3.50 (m, 2H), 5.58 (s, 2H)

Step 3: 4-Chloro-2,5-dimethyl-6-propyl-7H-pyrrolo[2,3-d]pyrimidine (16)

Compound 81 (150 mg, 0.424 mmol) was dissolved in TFA (1.5 mL), and the mixture was stirred at
room temperature for 1 h. After evaporation of TFA, the residue was diluted with THF and neutralized with
2 N NaOH solution, and then extracted with AcOEt. The organic layer was washed with HO, 1 N HC1
solution and brine, and dried over MgSQOs. After filtration and concentration, for purification, the residue
was slurried in n-hexane/AcQOEt (10/1 (v/v)). The precipitated solid was collected by filtration, washed with

n-hexane, and dried to give the title compound 16 (35.0 mg, 37% yield).
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'H-NMR (400 MHz, DMSO-de) &: 0.88 (t, J=7.4 Hz, 3H), 1.63 (qt, J =7.4, 7.4 Hz, 2H), 2.31 (s, 3H), 2.55

(s, 3H), 2.65 (t, J=7.4 Hz, 2H), 11.88 (br s, 1H)

HRMS (ESI, m/z, MH+) Calcd for C11HisN3Cli: 224.0949, Found: 224.0950

Synthesis of compound 15

A solution of 16 (25.0 mg, 0.112 mmol) and potassium carbonate (15.0 mg, 0.109 mmol) in MeOH (1.0
mL) was treated with 10% palladium on activated carbon (10 mg) and stirred under 1.0 atm of hydrogen at
room temperature for 2 h. After removal of the palladium catalyst by Celite® filtration, the filtrate was
diluted with H,O and extracted with AcOEt. The organic layer was washed with H,O and brine, and dried
over MgSOs. After filtration and concentration, for purification, the residue was slurried in z-hexane/AcOEt
(1/1 (v/v)). The precipitated solid was collected by filtration, washed with n-hexane, and dried to give the

title compound 15 (17.0 mg, 81% yield).

'H-NMR (400 MHz, DMSO-de) &: 0.88 (t, J=7.4 Hz, 3H), 1.64 (qt, J=7.4, 7.4 Hz, 2H), 2.18 (s, 3H), 2.57

(s, 3H), 2.64 (t, J =7.4 Hz, 2H), 8.67 (s, 1H), 11.40 (br s, 1H)

HRMS (ESI, m/z, MH+) Calcd for C11Hi16N3: 190.1339, Found: 190.1342

Synthesis of compound 17
Stepl: 5-Bromo-4-chloro-2-methyl-7H-pyrrolo[2,3-d]pyrimidine (82)

To a suspension of 4-chloro-2-methyl-7H-pyrrolo[2,3-d]pyrimidine (71, 2.00 g, 11.9 mmol) in CHCI3
(20 mL) was added N-bromosuccinimide (2.55 mg, 14.3 mmol). After stirring overnight at room
temperature, the reactant mixture was quenched with saturated NaHCO; solution. The mixture was
extracted with CHCI3 and AcOEt, and the organic layer was washed with H,O and brine, and dried over
MgSOs. After filtration and concentration, for purification, the residue was slurried in n-hexane/AcOEt (1/1
(v/v)). The precipitated solid was collected by filtration, washed with n-hexane, and dried to give the title
compound 82 (2.50 g, approx. 70% yield) as a mixture of 15% of 5,6-dibromo-4-chloro-2-methyl-7H-

pyrrolo[2,3-d]pyrimidine.

'H-NMR (400 MHz, DMSO-ds) 5: 2.62 (s, 3H), 7.82 (d, J=2.5 Hz, 1H), 12.69 (br s, 1H)
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Step 2: 4-Chloro-2,5-dimethyl-7H-pyrrolo[2,3-d]pyrimidine (83)

To a solution of 82 (85% purity, 2.50 g, 8.70 mmol) in THF (45 mL), 1.63 M n-butyllithium in hexane
(15.0 mL, 23.3 mmol) was added at -78 °C. After stirring for 1 h at -78 °C, methyl iodide (662 pL, 10.6
mmol) was added to the reactant mixture, and then the mixture was stirred at 0 °C for 1 h. The mixture was
diluted with H>O and extracted with AcOEt. The organic layer was washed with H,O and brine, and dried
over MgSOs. After filtration and concentration, for purification, the residue was slurried in z-hexane/AcOEt
(2/1 (v/v)). The precipitated solid was collected by filtration, washed with n-hexane, and dried to give the
title compound 83 (660 mg, approx. 35% yield) as a mixture of 10 % of 4-chloro-2-methyl-7H-pyrrolo[2,3-

d]pyrimidine.

'H-NMR (400 MHz, DMSO-ds) 8: 2.38 (br s, 3H), 2.58 (s, 3H), 7.30 (br s, 1H), 11.94 (br s, 1H)

Step 3: 4-Chloro-2,5-dimethyl-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (84)

Compound 83 (90% purity, 660 mg, 3.27 mmol) was added to a suspension of sodium hydride 60%
dispersion in mineral oil (160 mg, 4.00 mmol) was dissolved in DMF (6.0 mL) at 0 °C. After stirring for
30 min at 0 °C, p-toluenesulfonyl chloride (762 mg, 3.99 mmol) was added to the solution at 0 °C, and the
mixture was stirred at room temperature for 30 min. The mixture was diluted with H,O and extracted with
AcOEt, and the organic layer was washed with H,O and brine, and dried over MgSQOy,. After filtration and
concentration, for purification, the residue was slurried in n-hexane. The precipitated solid was collected
by filtration, washed with n-hexane, and dried to give the title compound 84 (1.00 g, 91% yield) which was

applied to the next step without further purification.

Step 4: Ethyl 4-chloro-2,5-dimethyl-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylate (85)

To a solution of 84 (1.00 g, 2.98 mmol) in THF (10 mL), 1.55 M n-butyllithium in hexane (2.88 mL,
4.46 mmol) was added at -78 °C. After stirring for 3 h at -78 °C, ethyl chloroformate (426 pL, 4.46 mmol)
was added to the reactant mixture, and then the mixture was stirred overnight at room temperature. The
mixture was diluted with H,O and 1N HCI solution, and extracted with AcOEt. The organic layer was
washed with H>O and brine, and dried over MgSOs. After filtration and concentration, the residue was

purified by silica gel column chromatography (eluted with n-hexane/EtOAc = 90/10 to 80/20 (v/v)) to give
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the title compound 85 (560 mg, 46% yield) as a mixture containing a small amount of impurities. This was

advanced to the next step without further purification.

Step 5: 4-Chloro-2,5-dimethyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid (86)

To a solution of 85 (560 mg, 1.37 mmol) in THF (5.0 mL), 1.0 M lithium hydroxide solution (6.00 mL,
6.00 mmol) was added. After stirring overnight at 50 °C, the mixture was diluted with H>O. And then, the
mixture was neutralized with 6.0 M aqueous HCI solution. Precipitated solid was collected by filtration,
washed with H»O, and dried to give the title compound 86 (300 mg, 97% yield) which was advanced to the

next step without further purification.

Step 6: 4-Chloro-N,2,5-trimethyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxamide (17)

To a solution of 86 (100 mg, 0.443 mmol) in 1:1 CHCI;-THF (2.0 mL) was added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (169 mg, 0.886 mmol), N,N-dimethyl-4-
aminopyridine (5.00 mg, 0.0409 mmol) and 40% methylamine in methanol (34.0 pg, 0.493 mmol), and the
mixture was stirred overnight at room temperature. The mixture was diluted with H,O and extracted with
AcOEt. The organic layer was washed with H,O, saturated aqueous NaHCO; solution and brine, and dried
over MgSO,. After filtration and concentration, for purification, the residue was slurried in AcOEt. The
precipitated solid was collected by filtration, washed with a small portion of AcOEt, and dried to give the

title compound 17 (73.0 mg, 69% yield).

'H-NMR (400 MHz, DMSO-dg) 8: 2.60 (s, 3H), 2.61 (s, 3H), 2.81 (d, J=4.6 Hz, 3H), 8.11 (br d, J=4.6 Hz,
1H), 12.32 (br s, 1H)

HRMS (ESI, m/z, MH+) Calcd for C10H12N4Cly: 239.0694, Found: 239.0688

Synthesis of compound 19

Step1: 4-Chloro-2-methyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine-6-
carbaldehyde (87)

To a solution of 72 (1.50 g, 5.03 mmol) in THF (15 mL), 1.63 M n-butyllithium in hexane (4.01 mL,

6.54 mmol) was added at -78 °C. After stirring for 3 h at -78 °C, N, N-dimethylformamide (503 pL, 6.54
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mmol) was added to the reactant mixture, and then the mixture was stirred at room temperature for 1 h. The
mixture was diluted with H,O and saturated aqueous NH4Cl solution, and extracted with AcOEt. The
organic layer was washed with H>O and brine, and dried over MgSQOs. After filtration and concentration,
the residue was loaded on silica gel column chromatography (eluted with n-hexane/EtOAc = 90/10 (v/v))
for elimination of the polar component. The title compound 87 (1.08 g, 66% yield) was obtained, which

was applied to the next step without further purification.

Step 2: (E)-4-Chloro-2-methyl-6-(prop-1-en-1-yl)-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-

d]pyrimidine (88)

Phenyllithium (2.1 M) in dibutyl ether (613 pL, 1.28 mmol) was added at 0 °C to a solution of
ethyltriphenylphosphonium bromide (250 mg, 0.673 mmol) in THF (2.5 mL) and stirred for 15 min at 0 °C.
The mixture was cooled to -78 °C and a solution 87 (200 mg, 0.613 mmol) in THF (2.5 mL) was added.
After stirring at -78 °C for 30 min, additional 2.1 M phenyllithium in dibutyl ether (292 pL, 0.613 mmol)
was added to the mixture, and then stirred for another 1.5 h at -78 °C. The reactant mixture was diluted
with H,O and saturated aqueous NH4Cl solution, and extracted with AcOEt. The organic layer was washed
with H>O and brine, and dried over MgSOs. After filtration and concentration, the residue was purified by

preparative TLC (n-hexane/AcOEt = 4/1 (v/v)) to give the title compound 88 (50.0 mg, 24% yield).

'H-NMR (400 MHz, DMSO-ds) &: -0.11 (s, 9H), 0.80-0.88 (m. 2H), 1.93 (d, J =4.6 Hz, 3H), 2.63 (s, 3H),
3.46-3.52 (m, 2H), 5.65 (s, 2H), 6.64-6.66 (m, 2H), 6.77 (s, 1H)

Step 3: (E)-4-Chloro-2-methyl-6-(prop- 1-en-1-yl)-7H-pyrrolo[2,3-d]pyrimidine (89)

Compound 88 (50 mg, 0.153 mmol) was dissolved in 1:1 CHCI3-TFA (2.0 mL), and the mixture was
stirred at room temperature for 1 h. After evaporation of CHCI3 and TFA, the residue was diluted with THF
and neutralized with 2 N NaOH solution, and then extracted with AcOEt. The organic layer was washed
with H,O, 1 N HCI solution and brine, and dried over MgSQO4. After filtration and concentration, for
purification, the residue was slurried in n-hexane/AcOEt (10/1 (v/v)). The precipitated solid was collected

by filtration, washed with n-hexane, and dried to give the title compound 89 (20.0 mg, 65% yield).

'H-NMR (400 MHz, DMSO-dg) &: 1.89 (d, J =5.5 Hz, 3H), 2.59 (s, 3H), 6.38-6.58 (m, 3H), 12.37 (brs,

1H)
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Step 4: (E)-4,5-Dichloro-2-methyl-6-(prop-1-en-1-yl)-7H-pyrrolo[2,3-d]pyrimidine (19)

To a solution of 89 (10.0 mg, 4.82 x 10-2 mmol) in DMF (1.0 mL) was added N-chlorosuccinimide (10.0
mg, 7.49 x 10-2 mmol). After stirring overnight at room temperature, the reactant mixture was quenched
with saturated NaHCOj3 solution. The mixture was extracted with AcOEt, and the organic layer was washed
with H>O and brine, and dried over MgSOs. After filtration and concentration, the residue was purified by

preparative TLC (n-hexane/AcOEt = 1/1 (v/v)) to give the title compound 19 (5.0 mg, 43% yield).

'H-NMR (400 MHz, CDCL) &: 2.00 (dd, J=6.7, 1.7 Hz, 3H), 2.73 (s, 3H), 6.23 (dq, J=16.1, 6.7 Hz, 1H),

6.58 (dq, J=16.1, 1.7 Hz, 1H), 9.57 (br s, 1H)

HRMS (ESI, m/z, MH+) Caled for CioH10N3Cla: 242.0246, Found: 242.0527

Synthesis of compound 18

Step 1: 4-Chloro-2-methyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[ 2,3-d]pyrimidine-6-

carboxylic acid (90)

Sodium dihydrogen phosphate dihydrate (114 mg, 0.734 mmol), 2-methylbut-2-ene (650 pg, 6.14 mmol)
and sodium chlorite (68.0 mg, 0.736 mmol) were sequentially added to a solution of 87 (200 mg, 0.613
mmol) in 2:2:1 ~-BuOH-H,O-THF (2.5 mL) and stirred overnight at room temperature. The reactant mixture
was diluted with H,O and extracted with AcOEt. The organic layer was washed with H,O and brine, and
dried over MgSQOs. After filtration and concentration, for purification, the residue was slurried in #n-hexane.
The precipitated solid was collected by filtration, washed with n-hexane, and dried to give the title
compound 90 (120 mg, 57% yield) as a mixture with a small amount of impurities. This was used for the

next step without further purification.

Step 2: 4-Chloro-N,2-dimethyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxamide (91)

To a solution of 90 (120 mg, 0.350 mmol) in CHCI3 (2.0 mL) was added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (74.0 mg, 0.386 mmol), N,N-dimethyl-4-aminopyridine (2.00 mg, 0.0164

mmol) and 40% methylamine in methanol (39.0 pL, 0.386 mmol), and the mixture was stirred overnight at
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room temperature. The mixture was diluted with H>O and extracted with AcOEt. The organic layer was
washed with H,O, saturated aqueous NaHCOj3 solution and brine, and dried over MgSO,. After filtration
and concentration, the residue was loaded on silica gel column chromatography (eluted with n-
hexane/EtOAc = 66/34 (v/v)) for elimination of the polar component. The title compound 91 (90.0 mg,

72% yield) was obtained, which was used for the next step without further purification.

Step 3: 5-Bromo-4-chloro-N-2-dimethyl-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-

d]pyrimidine-6-carboxamide (92)

To a suspension of 91 (90.0 mg, 0.253 mmol) in CHCI3 (2.0 mL) was added N-bromosuccinimide (54.0
mg, 0.304 mmol). After stirring at room temperature for 2.5 h, the reactant mixture was quenched with
saturated NaHCO;s solution. The mixture was extracted with AcOEt, and the organic layer was washed with
H,O and brine, and dried over MgSQ,. After filtration and concentration, the residue was purified by
preparative TLC (n-hexane/AcOEt = 2/1 (v/v)) to give the title compound 92 (92.0 mg, 84% yield) as a
mixture with a small amount of impurities. This mixture was used for the next step without further

purification.

Step 4: 5-Bromo-4-chloro-N-2-dimethyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxamide (18)

To a solution of 92 (90.0 mg, 0.207 mmol) in CH,Cl, (1.0 mL), boron trifluoride diethyl etherate (77.0
pL, 0.624 mmol) was added at room temperature. After stirring overnight at room temperature, the mixture
was quenched with 2 N NaOH solution and extracted with AcOEt. The organic layer was washed with H,O
and brine, and dried over MgSQs. After filtration and concentration, for purification, the residue was
slurried in AcOEt. The precipitated solid was collected by filtration, washed with n-hexane, and dried to

give the title compound 18 (49.0 mg, 77% yield).

'H-NMR (400 MHz, DMSO-de) &: 2.63 (s, 3H), 2.84 (d, J =4.4 Hz, 3H), 8.29 (q, J=4.4 Hz, 1H), 13.17 (br

s, 1H)

HRMS (ESI, m/z, MH+) Calcd for CoHoO1N4Br1Clo: 302.9643, Found: 302.9636

Synthesis of compound 22

Stepl : 6-Amino-2-methylnicotinic acid (94)
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6-amino-2-methylnicotinonitrile (93, 50.0 g, 3.76 x 10> mmol) was added to a solution of KOH (120 g,
2.14 mol) and H,O (500 mL), and the mixture was stirred at 100 °C for 8 h. After cooling to room
temperature, the reactant mixture was neutralized with 12 M aqueous HCI solution (178 mL, 2.14 mmol).
The precipitated solid was collected by filtration, washed with H,O, and dried to give the title compound

94 (40.2 g, 70% yield).

'H-NMR (400 MHz, DMSO-ds) 8: 2.52 (s, 3H), 6.27 (d, J = 8.9 Hz, 1H), 6.56 (s, 2H), 7.81 (d, /= 8.9 Hz,
1H), 12.10 (s, 1H)

Step2 : Methyl 6-amino-2-methylnicotinate (95)

To a solution of 94 (40.0 g, 2.63 x 10?> mmol) in MeOH (400 mL) was added thionyl chloride (52.0 mL,
7.21 x 10> mmol) at room temperature, and then the mixture was stirred at 80 °C for 15 h. Under cooling
to 0 °C, the reactant solution was quenched with saturated aqueous NaHCOj; solution (approx. 600 mL),
dropwise. The precipitated solid was collected by filtration, washed with H,O, and dried to give the title

compound 95 (39.7 g, 91% yield).

'H-NMR (400 MHz, DMSO-ds) §: 2.52 (s, 3H), 3.73 (s, 3H), 6.29 (d, J = 8.5 Hz, 1H), 6.66 (s, 2H), 7.82
(d, J=8.5 Hz, 1H)

Step3 : Methyl 6-amino-5-bromo-2-methylnicotinate (96)

To a solution of 95 (75.7 g, 4.55 x 10> mmol) in THF (500 mL) was added N-bromosuccinimide (89.2
mL, 5.01 x 10?> mmol), portionwise, with stirring and the mixture was cooled externally by using a water
bath. After stirring at room temperature for 2 h, the reactant solution was quenched with H>O (500 mL).

The precipitated solid was collected by filtration, washed with H,O, and dried to give the title compound

96 (92.0 g, 82% yield).

'H-NMR (400 MHz, DMSO-ds) : 2.51 (s, 3H), 3.73 (s, 3H), 6.97 (br s, 2H), 8.05 (s, 1H)

Step 4 : Methyl 5-bromo-6-((2-cyclopropylphenyl)amino)-2-methylnicotinate (97)

A mixture of 96 (15.1 g, 6.16 x 10 mmol), 60 (16.5 g, 6.76 x 10 mmol), and sodium tert-pentoxide (10.2

g, 9.26 x 10 mmol) in toluene (160 mL) was treated with Pd(OAc), (1.40 g, 6.24 mmol) and Xantphos (3.60
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g, 6.22 mmol) and stirred at 140 °C for 4 h under argon atmosphere. After cooling to room temperature, the
mixture was diluted with EtOAc and H,O. The insoluble solid was filtered through Celite®. The organic
layer was separated from the filtrate and concentrated. The residue was purified by flash chromatography
(Biotage-SNAP Ultra 100g, eluted with n-hexane/EtOAc = 98/2 to 80/20 (v/v)) to give the title compound

97 (9.33 g, 38% yield).

'H-NMR (400 MHz, DMSO-ds) 8: 0.62-0.66 (m, 2H), 0.92-0.97 (m, 2H), 1.82-1.89 (m, 1H), 2.57 (s, 3H),
3.79 (s, 3H), 7.06-7.14 (m, 2H), 7.23 (t, J= 7.8 Hz, 1H), 8.02 (d, /= 7.8 Hz, 1H), 8.25 (s, 1H), 8.39 (s, 1H)

Step 5 : Methyl 8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carboxylate (22)

A solution of 97 (8.00 g, 2.21 x 10 mmol) and DBU (6.70 mL, 4.48 x 10 mmol) in DMA (50 mL) was
treated with Pd(OAc), (500 mg, 2.23 mmol) and CyJonphos (780 mg, 6.22 mmol) under argon atmosphere
and stirred at 130 °C for 4 h. After cooling to room temperature, the mixture was diluted with H,O and
extracted with EtOAc. The organic layer was washed twice with H,O and brine, and dried over Na,SOs.
After filtration and concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra

100g, eluted with n-hexane/EtOAc = 94/6 to 50/50 (v/v)) to give the title compound 22 (4.79 g, 66% yield).

'H-NMR (400 MHz, DMSO-dp) &: 0.73-0.84 (m, 2H), 1.00-1.11 (m, 2H), 2.32-2.44 (m, 1H), 2.87 (s, 3H),
3.89 (s, 3H), 7.00 (d, J= 7.6 Hz, 1H), 7.16 (t, J= 7.6 Hz, 1H), 8.00 (d, /= 7.6 Hz, 1H), 8.95 (s, |H), 12.25
(s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.0 (2C), 10.4, 25.2, 51.7, 113.2, 115.9, 118.3, 120.0, 120.5, 121.4,
127.0, 138.9, 152.8, 156.9, 167.0, 170.2

HRMS (ESI, m/z, MH+) Caled for Ci7H170,N2: 281.1285, Found: 281.1284

Synthesis of compound 21
Stepl : 8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carboxylic acid (98)

Compound 22 (4.79 g, 1.71 x 10 mmol) was dissolved in 1:1 THF-MeOH (34 mL). To the solution, 4
M aqueous NaOH solution (17.1 mL, 6.84 x 10 mmol) was added, and the mixture was stirred at 60 °C for
4.5 h. After cooling to room temperature, the reactant mixture was acidified by adding 2 M aqueous HCl

solution (42.8 mL, 8.56 x 10 mmol), and was stirred at room temperature for 1 h. The precipitated solid
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was collected by filtration, washed with H>O, and dried to give the title compound 98 (5.07 g, quant.),

which was proceeded to the next step without further purification.

'H-NMR (400 MHz, DMSO-d) 5: 0.76-0.81 (m, 2H), 1.03-1.08 (m, 2H), 2.34-2.41 (m, 1H), 2.88 (s, 3H),
6.99 (d,J= 7.6 Hz, 1H), 7.15 (t, J= 7.6 Hz, 1H), 8.00 (d, J="7.6 Hz, 1H), 8.96 (s, 1H), 12.21 (s, 1H), 12.75
(s, 1H)

Step2 : 8-Cyclopropyl-N,2-dimethyl-9H-pyrido[2,3-b]indole-3-carboxamide (21)

Methylamine (45.6 mg, 6.76 x 10" mmol), HATU (206 mg, 5.41 x 10! mmol) and Et:N (137 mg, 1.35
mmol) were added to a solution of 98 (120 mg, 4.51 x 10! mmol) in DMF (1.2 mL), and the reactant
mixture was stirred at room temperature for 2h. The mixture was quenched with saturated aqueous NaHCO;
solution and extracted with CHCls. The organic layer was dried over MgSOs4. After filtration and
concentration, the residue was purified by preparative TLC (CHCl3/MeOH = 20/1 (v/v)) to give the title

compound 21 (57.5 mg, 46% yield).

'H-NMR (400 MHz, DMSO-ds) 5: 0.76-0.80 (m, 2H), 1.03-1.08 (m, 2H), 2.34-2.41 (m, 1H), 2.67 (s, 3H),
2.81 (d,J=4.8 Hz, 3H), 6.96 (d, J= 7.5 Hz, 1H), 7.13 (t,J=7.5 Hz, 1H), 7.92 (t, J= 7.5 Hz, 1H), 8.33 (q,
J=4.8 Hz, 1H), 8.47 (s, 1H), 12.00 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.1 (2C), 10.4,23.3,26.1,79.1, 112.4,117.9, 119.9, 120.7, 123.8, 126.7,
127.8, 138.7, 151.6, 152.9, 169.3

HRMS (ESI, m/z, MH+) Calcd for Ci7HsON3: 280.1444, Found: 281.1441

Synthesis of compound 23
Stepl : 3,5-Dibromo-N-(2-cyclopropylphenyl)-6-methylpyridin-2-amine (100)

A mixture of 60 (5.00 g, 2.05 x 10 mmol), 3,5-dibromo-6-methylpyridin-2-amine (99; 5.45 g, 2.05 x 10
mmol) and sodium tert-pentoxide (3.39 g, 3.08 x 10 mmol) in toluene (50 mL) was treated with Pd(OAc),
(0.46 g, 2.05 mmol) and Xantphos (1.18 g, 2.05 mmol) and stirred at 140 °C for 4 h under argon atmosphere.
After cooling to room temperature, the mixture was diluted with EtOAc and H,O. The insoluble solid was

filtered through Celite®. The organic layer was separated from the filtrate and concentrated. The residue
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was purified by flash chromatography (Biotage-SNAP Ultra 100g, eluted with n-hexane/EtOAc = 98/2 to

80/20 (v/v)) to give the title compound 100 (2.89 g, 37% yield).

'H-NMR (400 MHz, CDCls) 8: 0.65-0.79 (m, 2H), 0.98-1.12 (m, 2H), 1.77-1.77 (m, 1H), 2.55 (s, 3H), 7.20
(dt,J=17.8, 1.4 Hz, 1H), 7.25 (td, J= 7.8, 1.4 Hz, 1H), 7.80 (br s, 2H), 7.83 (s, 1H), 8.02 (dd, J=7.8, 1.4

Hz, 1H)

Step2 : 3-Bromo-8-cyclopropyl-2-methyl-9H-pyrido[2,3-b] indole (101)

A solution of 100 (2.89 g, 7.56 mmol) and DBU (2.28 mL, 1.51 x 10 mmol) in DMA (29 mL) was
treated with Pd(OAc), (693 mg, 7.56 x 10! mmol) and CyJonphos (1.06 g, 3.03 mmol) under argon
atmosphere and stirred at 130 °C for 4 h. After cooling to room temperature, the mixture was diluted with
H>0 and extracted with EtOAc. The organic layer was washed twice with H,O and brine, and dried over
Na,S0Os. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 100g, eluted with n-hexane/EtOAc = 94/6 to 50/50 (v/v)) to give the title compound 101 (590
mg, 26% yield).

'H-NMR (400 MHz, CDCl;) &: 0.75-0.82 (m, 2H), 0.99-1.08 (m, 2H), 2.03-2.14 (m, 1H), 2.78 (s, 3H),
7.15-7.26 (m, 2H), 7.81 (d, J= 7.5 Hz, 1H), 8.41 (s, 1H), 8.69 (br s, 1H)

Step3 : 8-Cyclopropyl-2-methyl-3-phenyl-9H-pyrido[2,3-b]indole (23)

A mixture of the compound 101 (170 mg, 5.64 x 10! mmol), phenyl boronic acid (103 mg, 8.47 x 10!
mmol), and K,COs (156 mg, 1.13 mmol) in 1,4-dioxane (2.5 mL) and H,O (2.5 mL) was treated with
PdCly(dppf)-CH:CL, (461 mg, 5.60 x 102 mmol) and stirred under 80 °C for 4 h. After cooling to room
temperature, the mixture was diluted with EtOAc and H,O, filtered through Celite®, and the organic layer
was sepatated and washed with H,O and brine. After filtration and concentration, the residue was purified
by flashchromatography (Yamazen-Fuji Silysia Q-PACK SI50 SIZE400, eluted with n-hexane/EtOAc =

92/8 to 25/75 (v/v)) to give the title compound 23 (75.3 mg, 45% yield).

'H-NMR (400 MHz, DMSO-d) : 0.75-0.83 (m, 2H), 1.01-1.11 (m, 2H), 2.34-2.45 (m, 1H), 2.56 (s, 3H),
6.94 (d, J= 7.5 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 7.35-7.44 (m, 1H), 7.44-7.54 (m, 4H), 7.91 (d, J=7.5
Hz, 1H), 8.29 (s, 1H), 11.87 (s, 1H)

-84 -



BC-NMR (400 MHz, DMSO-de) §: 8.1 (2C), 10.4, 23.7, 113.5, 118.0, 119.5, 119.9, 120.5, 126.5, 126.7,

128.1, 128.2 (2C), 129.4, 129.5 (2C), 138.6, 140.8, 151.1, 151.8

HRMS (ESI, m/z, MH+) Calcd for C21H19N2: 299.1543, Found: 299.1542

Synthesis of compound 24

Stepl : 8-Cyclopropyl-2-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-pyrido[2,3-b]indole

(102)

A mixture of 3-bromo-8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole (101, 100 mg, 3.32 x 10"} mmol),
(Bpin), (126 mg, 4.96 x 10"! mmol), and KOAc (98.0 mg, 9.99 x 10! mmol) in DMSO (2.0 mL) was treated
with PdCly(dppf)-CH,Cl, (28.0 mg, 3.43 x 102 mmol) under argon atmosphere. The mixture was heated at
100 °C for 2 h. After cooling to room temperature, the reactant mixture was diluted with H,O and extracted
with AcOEt, and the organic layer was washed with H,O and brine, and dried over MgSOs. After filtration
and concentration, the residue was purified by flashchromatography (Biotage-SNAP Ultra 10 g, eluted with

n-hexane/EtOAc = 66/34 (v/v)) to give the title compound 102 (30.0 mg, 26% yield).

'H-NMR (400 MHz, CDCL) &: 0.77-0.81 (m, 2H), 1.02-1.07 (m, 2H), 1.40 (s, 12H), 2.07-2.14 (m, 1H),

2.88 (s, 3H), 7.16-7.21 (m, 2H), 7.85-7.89 (m, 1H), 8.71 (s, 1H), 9.36 (s, 1H)

Step2 : 8-Cyclopropyl-2-methyl-3-(pyridin-2-yl)-9H-pyrido[2,3-b]indole  (24)

A mixture of 102 (57.8 mg, 1.66 x 10" mmol), 2-bromopyridine (52.2 mg, 3.32 x 10" mmol), and K»CO;
(69.0 mg, 4.98 x 10! mmol) in 1,4-dioxane (2.0 mL) was treated with PdClx(dppf)-CH,Cl> (14.0 mg, 1.71
x 102 mmol) under argon atmosphere. The mixture was heated at 100 °C for 2 h. After cooling to room
temperature, the reactant mixture was diluted with H>O and extracted with AcOEt, and the organic layer
was washed with H>O and brine and dried over MgSQOs. After filtration and concentration, the residue was
purified by preparative TLC (n-hexane/AcOEt = 1/1 (v/v)) to give the title compound 24 (11.0 mg, 22%
yield).

"H-NMR (400 MHz, DMSO-dj) 8: 0.77-0.81 (m, 2H), 1.04-1.09 (m, 2H), 2.37-2.44 (m, 1H), 2.67 (s, 3H),
6.96 (d, J=7.5Hz, 1H), 7.12 (t,J=7.5 Hz, 1H), 7.40 (ddd, J=7.5, 4.9, 0.9 Hz, 1H), 7.69 (dt,J=7.8, 0.9
Hz, 1H), 7.93 (td, J= 7.8, 1.8 Hz, 1H), 7.95 (d, /= 7.5 Hz, 1H), 8.51 (s, 1H), 8.72 (ddd, J= 4.9, 1.8, 0.9

Hz, 1H), 11.96 (s, 1H)
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BC-NMR (400 MHz, DMSO-ds) : 8.0 (2C), 10.4, 23.8, 113.4, 118.0, 119.7, 120.0, 120.6, 121.6, 124.3,

126.6, 127.3, 129.8, 136.5, 138.7, 149.0, 151.3, 152.5, 158.8

HRMS (ESI, m/z, MH+) Calcd for C20H1sN3: 300.1495, Found: 300.1496

Synthesis of compound 25

Stepl : tert-Butyl 2-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carbonyl)hydrazine- 1-carboxylate
(103)

To a solution of 98 (5.00 g, 1.70 x 10 mmol) and tert-butyl carbazate (3.37 g, 2.55 x 10 mmol) in DMF
(50 mL) was added WSC-HCI (4.89 g, 2.55 x 10 mmol) and HOBt-H,O (3.91 g, 2.55 x 10 mmol), and
the mixture was stirred at room temperature for 4 h. The reactant solution was dropped into saturated
aqueous NaHCOj solution under stirring. The precipitated solid was collected by filtration, washed with
H,O0, and dried to give the title compound 103 (6.61 g, overweight), which was proceeded to the next step

without further purification.

'H-NMR (400 MHz, DMSO-ds) 8: 0.76-0.80 (m, 2H), 1.03-1.08 (m, 2H), 1.45 (s, 9H), 2.34-2.41 (m, 1H),
2.71 (s, 3H), 6.97 (d, J= 7.5 Hz, 1H), 7.13 (t, J= 7.5 Hz, 1H), 7.93 (d, J = 7.5 Hz, 1H), 8.46 (s, 1H), 8.94
(br's, 1H), 9.99 (br's, 1H), 12.00 (br s, 1H)

Step2 : 8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carbohydrazide (104)

A suspension of 103 (6.60 g, approx. 1.7 x 10 mmol) in 1,4-dioxane (40 mL) was treated with 4 M HCI
in 1,4-dioxane (40 mL) and stirred at 70 °C for 3 h. The resultant suspension was filtrated and washed with
1,4-dioxane, and dried to give the hydrochloride salt of the title compound 104 (5.43 g, 84% yield, 2steps),

which was proceeded to the next step without further purification.

'H-NMR (400 MHz, DMSO-ds) 5: 0.77-0.82 (m, 2H), 1.04-1.09 (m, 2H), 2.38-2.45 (m, 1H), 2.76 (s, 3H),
7.01 (d, J= 7.6 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.96 (d, J= 7.6 Hz, 1H), 8.69 (s, 1H), 10.79 (br s, 2H),

11.56 (s, 1H), 12.24 (s, 1H)

Step3 : 2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-methyl-1,3,4-oxadiazole  (25)
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AcOH (45.5 mg, 7.58 x 10" mmol), HATU (288 mg, 7.58 x 10" mmol) and Et;N (191 mg, 1.89 mmol)
were added to a solution of 104 (200 mg, 6.31 x 10! mmol) in DMF (1.2 mL), and the mixture was stirred
at room temperature for 16 h. The mixture was quenched with saturated aqueous NaHCOs3 solution and
extracted with CHCI;. The organic layer was dried over MgSOs. After concentration, the residue was
suspended in 1:1 n-hexane-EtOAc and stirred. The precipitated solid was collected by filtration, washed
with n-hexane, and dried to give the intermediate diacyl hydrazide compound. After adding THF (4.0 mL)
and the Burgess reagent (300 mg, 1.26 mmol), the mixture was stirred at room temperature for 3 h. The
mixture was diluted with H>O and extracted with EtOAc. The organic layer was washed twice with H,O
and brine, and dried over MgSQ,. After filtration and concentration, the residue was purified by flash
chromatography (Biotage-SNAP Ultra 100 g, eluted with n-hexane/EtOAc = 50/50 (v/v)) to give the title

compound 25 (71.7 mg, 37% yield).

'H-NMR (400 MHz, DMSO-dq) 5: 0.78-0.82 (m, 2H), 1.04-1.09 (m, 2H), 2.36-2.43 (m, 1H), 2.63 (s, 3H),
2.95 (s, 3H), 7.02 (d, J="7.5 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 8.05 (t, J= 7.5 Hz, 1H), 8.94 (s, 1H), 12.29
(s, 1H)

BC-NMR (400 MHz, DMSO-de) &: 8.1 (2C), 10.4, 10.6, 25.2, 110.2, 113.6, 118.4, 119.7, 120.5, 121.5,
127.0, 129.0, 139.0, 152.4, 154.1, 163.2, 164.3

HRMS (ESI, m/z, MH+) Calcd for C1sH170N4: 305.1397, Found: 305.1397

Synthesis of compound 27 — 30
2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-ethyl-1,3,4-oxadiazole (27)

Compound 27 was synthesized in the same procedure described above for compound 25, except using
the propionic acid instead of AcOH to obtain the corresponding diacyl hydrazide intermediate (8-
cyclopropyl-2-methyl-N'-propionyl-9H-pyrido[2,3-bJindole-3-carbohydrazide). ~ Starting  from  the

compound 104 (200 mg, 6.31 x 10! mmol), the title compound 27 (87.4 mg, 46% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.78-0.82 (m, 2H), 1.04-1.09 (m, 2H), 1.38 (t, J = 7.5 Hz, 3H), 2.36-
2.43 (m, 1H), 2.95 (s, 3H), 2.99 (q, J= 7.5 H z, 2H), 7.02 (d, J = 7.6 Hz, 1H), 7.18 (t, /= 7.6 Hz, 1H), 8.06
(t,J=7.6 Hz, 1H), 8.96 (s, 1H), 12.29 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.1 (2C), 10.4, 10.5, 18.4,25.2,110.3,113.6, 118.5, 119.7, 120.5, 121.5,

127.0, 129.1, 139.0, 152.4, 154.1, 164.2, 167.0
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HRMS (ESI, m/z, MH+) Calcd for C1oH19ON4: 319.1553, Found: 319.1556

2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-isopropyl-1,3,4-oxadiazole  (28)

Compound 28 was synthesized in the same procedure described above for compound 25, except using
the isobutyric acid instead of AcOH. Starting from the compound 104 (200 mg, 6.31 x 10! mmol), the title

compound 28 (97.0 mg, 46% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) 5: 0.78-0.82 (m, 2H), 1.05-1.09 (m, 2H), 1.43 (d, J = 7.2 Hz, 6H), 2.36-
2.43 (m, 1H), 2.94 (s, 3H), 3.28-3.38 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 8.07 (¢t, J
= 7.6 Hz, 1H), 8.98 (s, 1H), 12.29 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) 8: 8.1 (2C), 10.4, 19.8 (2C), 25.2,25.7, 110.3, 113.6, 118.5, 119.8, 120.5,
121.5, 127.0, 129.1, 139.0, 152.4, 154.1, 164.2, 170.0

HRMS (ESI, m/z, MH+) Calcd for C20H210N4: 333.1710, Found: 333.1711

2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-propyl-1,3,4-oxadiazole  (29)

Compound 29 was synthesized in the same procedure described above for compound 28, except using
the butyric acid instead of AcOH. Starting from the compound 104 (200 mg, 6.31 x 10"! mmol), the title

compound 29 (97.6 mg, 47% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.78-0.82 (m, 2H), 1.03 (t, J = 7.5 Hz, 3H), 1.05-1.11 (m, 2H), 1.80-
1.90 (m, 2H), 2.36-2.43 (m, 1H), 2.95 (s, 3H), 2.95 (t, J= 7.5 Hz, 3H), 7.02 (d, J= 7.6 Hz, 1H), 7.18 (t, J
= 7.6 Hz, 1H), 8.06 (t, /= 7.6 Hz, 1H), 8.96 (s, 1H), 12.29 (s, 1H)

BC-NMR (400 MHz, DMSO-dp) : 8.1 (2C), 10.4, 13.4,19.5,25.2,26.4,110.3,113.6, 118.5, 119.7, 120.5,
121.5, 127.0, 129.1, 139.0, 152.4, 154.1, 164.2, 166.0

HRMS (ESI, m/z, MH+) Calcd for C20H210N3: 333.1710, Found: 333.1711

2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-isobutyl-1,3,4-oxadiazole  (30)
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Compound 30 was synthesized in the same procedure described above for compound 25, except using
the isovaleric acid instead of AcOH. Starting from the compound 104 (200 mg, 6.31 x 10"} mmol), the title

compound 30 (73.6 mg, 34% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.78-0.82 (m, 2H), 1.03 (d, J = 6.6 Hz, 6H), 1.04-1.09 (m, 2H), 2.17-
2.27 (m, 1H), 2.36-2.43 (m, 1H), 2.87 (d, J = 6.9 Hz, 2H), 2.94 (s, 3H), 7.02 (d, J = 7.6 Hz, 1H), 7.18 (t, J
= 7.6 Hz, 1H), 8.06 (t, J= 7.6 Hz, 1H), 8.95 (s, 1H), 12.29 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.1 (2C), 10.4, 22.0 (2C), 25.2, 26.6, 33.2, 110.3, 113.6, 118.5, 119.7,
120.5, 121.5, 127.0, 129.1, 139.0, 152.4, 154.1, 164.3, 165.4

HRMS (ESI, m/z, MH+) Calcd for C21H230N4: 347.1866, Found: 347.1870

Synthesis of compound 26
2-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-5-ethyl-1,3,4-thiadiazole (26)

8-Cyclopropyl-2-methyl-N"-propionyl-9H-pyrido[2,3-b]indole-3-carbohydrazide (15.0 mg, 4.46 x 107
mmol) was prepared in the same method listed above for compound 27. THF (2.0 mL) and Lawesson
reagent (38.0 mg, 9.41 x 102 mmol) was added, and the reactant mixture was stirred at 80 °C for 19 h. After
cooling to room temperature, the mixture was diluted with H>O and extracted with EtOAc. After filtration
and concentration, the residue was purified by preparative TLC (n-hexane/AcOEt = 2/1 (v/v)) to give the

title compound 26 (6.0 mg, 40% yield).

'H-NMR (400 MHz, DMSO-ds) &: 0.78-0.82 (m, 2H), 1.04-1.09 (m, 2H), 1.41 (t, J = 7.5 Hz, 3H), 2.36-
2.43 (m, 1H), 2.84 (s, 3H), 3.19 (q, J= 7.5 Hz, 2H), 7.00 (d, J = 7.6 Hz, 1H), 7.16 (t, J = 7.6 Hz, 1H), 8.02
(d,J=7.6 Hz, 1H), 8.80 (s, 1H), 12.21 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.1 (2C), 10.4, 14.0,22.9,24.7,113.6, 116.4, 118.4,119.7, 120.2, 121.3,
126.8, 130.7, 138.9, 152.0, 153.0, 166.9, 171.6

HRMS (ESI, m/z, MH+) Calcd for C1oH19N4S: 335.1325, Found: 335.1330

Synthesis of compound 32

Stepl : tert-Butyl (1-(2-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carbonyl)hydrazineyl)-3-

methyl-1-oxobutan-2-yl)carbamate (106)

-89 -



To a solution of the hydrochloride salt of 104 (200 mg, 6.31 x 10"! mmol) and N-(fert-butoxycarbonyl)-
DL-valine (105; 164 mg, 7.57 x 10" mmol) in DMF (2.0 mL) was added WSC-HCI (145 mg, 7.56 x 107!
mmol), HOBt-H,O (116 mg, 7.58 x 10"! mmol) and EtN (105 pL, 7.53 x 10" mmol), and the mixture was
stirred at room temperature for 3 h. The mixture was quenched with saturated aqueous NaHCOs3 solution
and extracted with EtOAc. The organic layer was washed twice with H,O and brine, and dried over MgSOs.
After filtration, the solvent was evaporated in vacuo to give the title compound 106 (310 mg, overweight)

as a crude product. This was used to the next step without further purification.

Step2 : fert-Butyl (1-(5-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-2-

methylpropyl)carbamate (107)

To a solution of 106 (310 mg, approx. 6.3 x 10" mmol) in THF (5.0 mL) was added Burgess reagent
(300 mg, 1.26 mmol), and the mixture was stirred at room temperature for 3 h. The mixture was diluted
with H,O and extracted with EtOAc. The organic layer was washed twice with H,O and brine, and dried
over MgSO,. After filtration and concentration, the residue was suspended in 1:2 n-hexane-EtOAc and
slurried for a while. The precipitated solid was collected by filtration, washed with n-hexane, and dried to

give the title compound 107 (200 mg), which was used to the next step without further purification.

'H-NMR (400 MHz, DMSO-ds) 8: 0.77-0.83 (m, 2H), 0.93 (d, J = 6.7 Hz, 3H), 1.02 (d, J = 6.7 Hz, 3H),
1.04-1.10 (m, 2H), 1.42 (s, 9H), 2.22-2.31 (m, 1H), 2.36-2.44 (m, 1H), 2.93 (s, 3H), 4.69-4.76 (m, 1H),
7.03 (d, J="7.5 Hz, 1H), 7.19 (t, J= 7.5 Hz, 1H), 7.71 (d, /= 8.3 Hz, 1H) 8.00 (d, /= 7.5 Hz, 1H), 8.94 (s,
1H), 12.31 (s, 1H)

Step3 : 1-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-2-methylpropan-
1-amine (108)

Compound 107 (200 mg, approx. 4.3 x 10! mmol) was treated with 4 M HCl in 1,4-dioxane (2.0 mL)
and stirred at room temperature for 1 h. The solvent was removed by in vacuo, and then the residue was
suspended in EtOAc and slurried for a while. The precipitated solid was collected by filtration, washed with

EtOAc, and dried to give the title compound 108 (170 mg, 68%, 3 steps).
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'H-NMR (400 MHz, DMSO-d¢) 8: 0.78-0.83 (m, 2H), 1.02 (d, J = 6.8 Hz, 3H), 1.04-1.11 (m, 2H), 1.13 (d,
J= 6.8 Hz, 3H), 2.35-2.48 (m, 2H), 2.98 (s, 3H), 4.71-4.83 (m, 1H), 7.04 (d, J= 7.5 Hz, 1H), 7.20 (t, J =
7.5 Hz, 1H), 8.02 (d, J = 7.5 Hz, 1H), 9.04 (s, 1H), 8.94-9.08 (br m, 3H), 12.37 (s, 1H)

Step4 : N-(1-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-2-

methylpropyl)-3-phenylpropanamide (32)

To a solution of 108 (20.0 mg, 5.03 x 10 mmol) and 3-phenylpropanoyl chloride (109; 9.00 pL, 6.36 x
102 mmol) in CHCl; (1.0 mL) was added Et;N (18.0 uL, 1.28 x 10"! mmol), and the reactant mixture was
stirred at room temperature for 1 h. The mixture was quenched with saturated aqueous NaHCO; solution,
and extracted with EtOAc. The organic layer was washed with H>O and brine, and dried over MgSOs. After
filtration and concentration, the residue was suspended in n-hexane and slurried for a while. The
precipitated solid was collected by filtration, washed with n-hexane and dried to give the title compound

32 (24.0 mg, 96%).

'H-NMR (400 MHz, DMSO-de) 5: 0.77-0.83 (m, 2H), 0.90 (d, J = 6.7 Hz, 3H), 0.96 (d, J = 6.7 Hz, 3H),
1.04-1.10 (m, 2H), 2.21-2.31 (m, 1H), 2.35-2.44 (m, 1H), 2.48-2.61 (m, 2H), 2.86 (1, J = 7.6 Hz, 1H), 2.92
(s, 3H), 5.07 (dd, J= 8.3, 7.9 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 7.06-7.13 (m, 1H), 7.15-7.31 (m, SH), 8.02

(d,J=7.6 Hz, 1H), 8.58 (d, J= 8.6 Hz, 1H), 8.92 (s, 1H), 12.32 (s, 1H)

BC-NMR (400 MHz, DMSO-d;) &: 8.1 (2C), 10.4, 18.4, 18.9, 25.1, 30.8, 30.9, 36.5, 50.4, 109.9, 113.5,
118.3, 119.6, 120.5, 125.7, 127.1, 128.06 (2C), 128.10 (2C), 128.18, 128.23, 129.1, 141.0, 152.4, 154.1,

164.2,165.4,171.6

HRMS (ESI, m/z, MH+) Calcd for C30H3202Ns: 494.2551, Found: 494.2550

Synthesis of compound 33
Stepl : Diethyl 2-(2-(benzyloxy)ethyl)-2-isopropylmalonate (112)

To a suspension of sodium hydride (60% dispersion in mineral oil, 480 mg, 1.20 x 10 mmol) in DMSO
(10 mL), diethyl 2-isopropylmalonate (110, 2.00 mL, 1.00 x 10 mmol) and ((2-
bromoethoxy)methyl)benzene (111, 1.60 mL, 1.00 x 10 mmol) were added at room temperature. Then the
mixture was stirred at 60 °C for 3 h. The mixture was quenched with aqueous NH4Cl solution and extracted

with AcOEt, and the organic layer was washed with brine, and dried over MgSQOs. After filtration and
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concentration, the residue was purified by silica gel column chromatography (eluted with n-hexane/EtOAc

= 90/10 (v/v)) to give the title compound 112 (2.56 g, 76% yield).

'H-NMR (400 MHz, DMSO-ds) 5: 0.91 (d, J= 7.0 Hz, 6H), 1.14 (d, J = 7.0 Hz, 6H), 2.10 (t, J= 6.9 Hz,
2H), 2.20-2.30 (m, 1H), 3.44 (t, J= 6.9 Hz, 2H), 4.40 (s, 2H), 7.25-7.36 (m, SH)

Step2 : Ethyl 4-(benzyloxy)-2-isopropylbutanoate (113)

To a solution of 112 (2.56 g, 7.60 mmol) in EtOH (26 mL), EtOH (4.0 mL) solution of KOH (2.55 g,
4.56 x 10 mmol) was added at 0 °C, and the reactant mixture was stirred at reflux temperature for 17 h. The
reactant solution was acidified by adding 2 M aqueous HCI solution (30 mL), extracted with EtOAc, and
the organic layer was washed with brine. The solvent was evaporated in vacuo to give the title compound

113 (2.50 g, overweight) as a crude product. That was used in the next step without further purification.

Step3 : 4-(Benzyloxy)-2-isopropylbutanoic acid (114)

To a solution of 113 (2.50 g, approx. 7.6 mmol) in EtOH (25 mL), 8 M aqueous KOH solution (4.80 mL,
3.84 x 10 mmol) and H>O (10 mL) were added, and the reactant mixture was stirred at reflux temperature
for 8 h. The reactant solution was quenched with 1 M aqueous HCl solution (40 mL) and extracted with
EtOAc. The organic layer was washed with brine, and dried over MgSQs. After filtration and concentration,
the residue was purified by flash chromatography (Biotage-SNAP Ultra 50g, eluted with n-hexane/EtOAc

= 66/34 (v/v)) to give the title compound 114 (850 mg, 47% yield, 2 steps).

'H-NMR (400 MHz, DMSO-ds) &: 0.89 (d, J = 6.7 Hz, 6H), 1.64-1.86 (m, 3H), 2.13-2.20 (m, 1H), 3.32-

3.47 (m, 2H), 4.43 (s, 2H), 7.24-7.37 (m, 5H), 12.08 (br s, 1H)

Step4 : tert-Butyl 2-(4-(benzyloxy)-2-isopropylbutanoyl)hydrazine-1-carboxylate (115)

To a solution of 114 (536 mg, 2.27 mmol) and fert-butyl carbazate (300 mg, 2.27 mmol) in DMF (3.0
mL) were added WSC-HCI (522 mg, 2.27 mmol) and HOBt*H,O (263 mg, 2.27 mmol), and the mixture
was stirred overnight at room temperature. The reactant solution was diluted with aqueous NaHCOs

solution and extracted with n-hexane/EtOAc (3/1 (v/v)). The organic layer was washed with brine, and
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dried over MgSO.. After filtration, the solvent was evaporated in vacuo to give the title compound 115 (801

mg, quant.) as a crude product.

Step5 : 4-(Benzyloxy)-2-isopropylbutanehydrazide hydrochloride (116)

The compound 115 (800 mg, approx. 2.2 mmol) was dissolved in 4 N HCI dioxane solution (8.0 mL),
and the mixture was stirred at room temperature for 3.5 h. The reaction solution was concentrated in vacuo
to give the title compound 116 (700 mg, quant.), which was used for the next step without further

purification.

Step6 : N'-(4-(Benzyloxy)-2-isopropylbutanoyl)-8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-
carbohydrazide (117)

To the solution of 98 (160 mg, 6.01 x 10"! mmol) and 116 (350 mg, approx. 1.1 mmol) in DMF (2.0 mL)
was added WSC-HCI (176 mg, 9.18 x 10! mmol), HOBt-H,O (140 mg, 9.14 x 10! mmol) and i-Pr,EtN
(260 pL, 1.53 mmol), and the mixture was stirred at room temperature for 1 h. The reactant solution was
dropped into saturated aqueous NaHCOs3 solution under stirring. The precipitated solid was collected by

filtration, washed with H»O, and dried to give the title compound 117 (232 mg, 76%) as a crude product.

Step7 : 2-(1-(Benzyloxy)-4-methylpentan-3-yl)-5-(8-cyclopropyl-2-methyl-9 H-pyrido[2,3-b]indol-3-yl)-
1,3,4-oxadiazole (118)

A solution of 117 (460 mg, 9.23 x 10" mmol) in POCI; (3.0 mL) stirred at 110 °C for 2 h. The reactant
solution was poured into H,O, and then the mixture was extracted with CHCIs. The organic layer was
washed with saturated aqueous NaHCO;5 solution, and dried over MgSOs. After filtration and concentration,
the residue was purified by silica gel column chromatography (eluted with n-hexane/EtOAc = 75/25 to

67/33 (v/v)) to give the title compound 118 (250 mg, 57% yield).

"H-NMR (400 MHz, DMSO-ds) &: 0.78-0.83 (m, 2H), 0.91 (d, J = 6.7 Hz, 3H), 1.03 (d, J = 6.7 Hz, 3H),
1.04-1.10 (m, 2H), 2.15-2.25 (m, 1H), 2.35-2.44 (m, 1H), 2.91 (s, 3H), 3.84-3.95 (m, 2H), 4.52 (dd, J =
27.5,12.3 Hz, 2H), 7.03 (t, J= 7.5 Hz, 1H), 7.16-7.32 (m, 6H), 8.03 (d, /= 7.5 Hz, 1H), 8.91 (s, 1H), 12.28
(brs, 1H)
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Step8 : 3-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-methylpentan-
1-ol (119)

A solution of 118 (230 mg, 4.79 x 10"! mmol) in THF (3.0 mL) was treated with ASCA-2 (120 mg) and
stirred under 1.0 atm of hydrogen at room temperature for 2 days. After removal of the catalyst by Celite®
filtration and concentration, the residue was purified by silica gel column chromatography (eluted with n-

hexane/EtOAc = 67/33 (v/v)) to give the title compound 119 (97.0 mg, 52% yield).

1H-NMR (400 MHz, CDCls) §: 0.79-0.84 (m, 2H), 1.02 (d, J= 6.7 Hz, 3H), 1.08 (d, J = 6.7 Hz, 3H), 1.04-
1.11 (m, 2H), 2.06-2.24 (m, 4H), 3.02 (s, 3H), 3.16-3.24 (m, 1H), 3.65-3.81 (m, 2H), 7.21-7.26 (m, 2H),
7.87-7.93 (m, 1H), 8.79 (s, 1H), 9.45 (br s, 1H)

Step9 : 3-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-

methylpentanal (120)

To a solution 0f 119 (97.0 mg, 2.48 x 10" mmol) in CHCI; (2.0 mL) was added Dess-Martin Periodinane
(158 mg, 3.73 x 10! mmol), and the mixture was stirred at room temperature for 4 h. The reaction was
quenched with saturated aqueous NaHCOj solution. The mixture was extracted with CHCI3, and the organic
layer was washed with aqueous Na;CO; and brine. After dried over Na,SO4 and filtration, the solvent was
evaporated in vacuo to give the title compound 120 (108 mg, overweight) as a crude product. That was

used to the next step without further purification.

Step10 : 3-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-

methylpentanoic acid (121)

To the solution of 120 (108 mg, approx. 2.5 x 10" mmol) in 8:2:1 THF--BuOH-H,O (5.5 mL) was
added 2-methyl-2-butene (300 pg, 2.78 mmol), NaH,PO, (130 mg, 8.33 x 10! mmol) and NaClO, (75.0
mg, 8.33 x 10! mmol), and the mixture was stirred at room temperature for 1.5 h. The reaction was
quenched with aqueous Na»S,04 solution, and then acidified by adding 6 M aqueous HCI solution under
stirring. The mixture was extracted with EtOAc, and the organic layer was washed with brine. After dried

over MgSQ; and filtration, the solvent was evaporated in vacuo. The residue was resolved into CHCl3, and
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the insoluble residue was removed by filtration. The organic layer was concentrated to give the title

compound 121 (132 mg, overweight).

'H-NMR (400 MHz, DMSO-ds) 5: 0.76-0.84 (m, 2H), 0.94 (d, J = 6.7 Hz, 3H), 0.99 (d, J = 6.7 Hz, 3H),
1.04-1.12 (m, 2H), 2.05-2.23 (m, 1H), 2.30-2.47 (m, 1H), 2.93 (s, 3H), 2.74-2.97 (m, 2H), 3.32-3.45 (m,
1H), 7.03 (d, J= 7.7 Hz, 1H), 7.18 (t, /= 7.7 Hz, 1H), 8.07 (d, J= 7.7 Hz, 1H), 8.96 (s, 1H), 12.29 (s, 1H),
12.34 (br's, 1H)

Stepl1 : N-Benzyl-3-(5-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-

methylpentanamide (33)

To a solution of 121 (25.0 mg, approx. 4.7 x 102 mmol) and benzylamine (15.0 pL, 1.37 x 102 mmol)
in CHCl; (2.0 mL) was added WSC-HCI (20.0 mg, 1.04 x 10! mmol) and HOBt-H,O (16.0 mg, 1.04 x 10
! mmol), and the mixture was stirred at room temperature for 1 h. The mixture was quenched with saturated
aqueous NaHCO; solution and extracted with CHCls. The organic layer was dried over MgSOs. After
filtration and concentration, the residue was purified by preparative TLC (n-hexane/EtOAc = 1/2 (v/v))

twice to give the title compound 33 (11.0 mg, 51%, 3 steps).

'H-NMR (400 MHz, DMSO-ds) 8: 0.76-0.84 (m, 2H), 0.94 (d, J = 6.9 Hz, 3H), 1.01 (d, J = 6.9 Hz, 3H),
1.03-1.12 (m, 2H), 2.06-2.19 (m, 1H), 2.35-2.45 (m, 1H), 2.68-2.90 (m, 2H), 2.93 (s, 3H), 3.45-3.53 (m,
1H), 4.25 (ddd, J = 35.3, 15.4, 5.8 Hz, 2H), 7.03 (d, J = 7.7 Hz, 1H), 7.11-7.23 (m, 6H), 8.05 (d, /= 7.7
Hz, 1H), 8.56 (t, /= 7.7 Hz, 1H), 8.93 (s, 1H), 12.28 (brs, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 8.1 (2C), 10.4, 19.1 (2C), 20.0, 25.1, 30.6, 35.3, 41.9, 110.2, 113.5,
118.4, 119.6, 120.4, 121.5, 126.5, 126.9 (2C), 127.0, 128.0 (2C), 129.0, 138.9, 139.2, 152.3, 154.0, 164.0,
167.2,169.9

HRMS (ESI, m/z, MH+) Caled for C30H320,Ns: 494.2551, Found: 494.2549

Synthesis of compound 34
Stepl : (S)-4-Benzyl-3-(3-methylbutanoyl)oxazolidin-2-one (124)

To a solution of isovaleric acid (122, 10.0 g, 5.65 x 10 mmol) and (S)-4-benzyl-2-oxazolidinone (123,

7.40 mL, 6.78 x 10 mmol) in MeCN (100 mL) were added DMAP (3.40 g, 2.79 x 10 mmol) and WSC*
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HCI (12.0 g, 6.28 x 10 mmol), and the mixture was stirred at room temperature for 19 h. The reaction was
quenched with saturated aqueous NaHCO; solution. The mixture was extracted with toluene, and the
organic layer was washed with H,O, 1 M aqueous HCI solution, H,O and brine. After drying over MgSO4
and filtration, the solvent was evaporated in vacuo to give the title compound 124 (15.0 g, quant.), which

was applied to the next step without further purification.

'H-NMR (400 MHz, CDCls) §: 1.01 (d, J = 6.6 Hz, 3H), 1.03 (t, J = 6.6 Hz, 3H), 2.17-2.28 (m, 1H), 2.75
(dd, J=13.2,9.6 Hz, 1H), 2.84 (ddd, J=44.9, 16.2, 6.9 Hz, 2H), 3.32 (dd, J= 13.2, 3.4 Hz, 1H), 4.13-4.22
(m, 2H), 4.65-4.72 (m, 1H), 7.12-7.38 (m, 5H)

Step2 : tert-Butyl (S)-3-((S)-4-benzyl-2-oxooxazolidine-3-carbonyl)-4-methylpentanoate (125)

The compound 124 (2.00 g, approx. 7.7 mmol) was dissolved in THF (20 mL). To the solution, 1.0 M
LiHMDS in THF (8.43 mL, 8.43 mmol) was added at -78 °C. tert-Butyl bromoacetate (1.66 mL, 1.15 x
10 mmol) was added to the reactant mixture, and then the mixture was stirred at room temperature for 3.5
h. The mixture was quenched with aqueous NH4Cl solution and extracted with AcOEt, and the organic
layer was washed with aqueous NaHCOs solution and brine, and dried over MgSO. After filtration and
concentration, the residue was crystallize in CHClz-n-hexane. The precipitated solid was collected by

filtration, washed with n-hexane, and dried to give the title compound 125 (1.52 g, 53% yield, 2 steps).

'H-NMR (400 MHz, DMSO-ds) &: 0.80 (d, J = 6.8 Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H), 1.39 (s, 9H), 1.89-
2.00 (m, 1H), 2.45 (dd, J = 16.5, 3.7 Hz, 1H), 2.64 (dd, J = 16.5, 11.6 Hz, 1H), 2.85 (dt, J= 13.4, 8.0 Hz,
1H), 2.99 (dd, J = 13.4, 3.0 Hz, 1H), 4.00 (ddd, J = 11.6, 3.7, 3.0 Hz, 1H), 4.14 (dd, J = 8.8, 2.5 Hz, 1H),

432 (t,J=8.0 Hz, 1H), 4.65 (tt, J = 8.0, 2.5 Hz, 1H), 7.23-7.33 (m, 5H)

Step3 : (S)-4-(tert-Butoxy)-2-isopropyl-4-oxobutanoic acid (126)

The compound 125 (1.52 g, 4.05 mmol) was dissolved in THF (40 mL). To the solution, 30% aqueous
H,0 solution (1.65 mL, 1.62 x 10 mmol) and 0.4 M aqueous LiOH solution (2.03 x 10 mL, 8.10 mmol)
was added at 0 °C, and then the mixture was stirred at room temperature for 1 h. After cooling to 0 °C, the
reactant mixture was quenched with aqueous Na,S;O; solution. After concentration of the organic layer,
the aqueous layer was washed with CHCl; three times, and then acidified by adding 6 N HCl solution. The

mixture was extracted with EtOAc, and the organic layer was washed with H>O and brine. After drying
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over MgSO, and filtration, the solvent was evaporated in vacuo to give the title compound 126 (840 mg,

96%).

'H-NMR (400 MHz, DMSO-ds) &: 0.85 (d, J = 6.8 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H), 1.37 (s, 9H), 1.82-
1.94 (m, 1H), 2.30 (dd, J = 16.0, 3.9 Hz, 1H), 2.36-2.49 (m, 2H), 12.16 (br s, 1H)

Step4 : tert-Butyl (S)-3-(2-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indole-3-carbonyl)hydrazine-1-

carbonyl)-4-methylpentanoate (127)

To a solution of the hydrochloride salt of 104 (500 mg, 1.58 mmol) and (S)-4-(tert-butoxy)-2-isopropyl-
4-oxobutanoic acid (126, 512 mg, 2.37 mmol) in DMF (5.0 mL) was added WSC-HCI (290 mg, 1.89 mmol),
HOBt-H>O (363 mg, 1.90 mmol) and i-PrEtN (670 uL, 3.94 mmol), and the mixture was stirred at room
temperature for 2.5 h. The reactant solution was dropped into saturated aqueous NaHCOj3 solution under
stirring. The precipitated solid was collected by filtration, washed with H,O, and dried to give the title

compound 127 (716 mg, 95% yield).

'H-NMR (400 MHz, DMSO-ds) §: 0.77-0.83 (m, 2H), 0.94 (d, J = 6.7 Hz, 3H), 0.9 (d, J = 6.7 Hz, 3H),
1.03-1.10 (m, 2H), 1.32 (s, 9H), 2.07-2.18 (m, 1H), 2.35-2.44 (m, 1H), 2.78 (dd, J = 16.3, 5.2 Hz, 1H), 2.86
(dd, J=16.3, 10.0 Hz, 1H), 2.93 (s, 3H), 3.33-3.40 (m, 1H), 7.03 (d, J = 7.6 Hz, 1H), 7.18 (t, J= 7.6 Hz,

1H), 8.06 (d, J= 7.6 Hz, 1H), 8.96 (s, 1H), 12.30 (s, 1H)

Step5 : tert-Butyl (S)-3-(5-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-

methylpentanoate (128)

To a solution of 127 (716 mg, 1.50 mmol) in THF (14 mL) was added Burgess reagent (1.07 g, 4.49
mmol), and the mixture was stirred at room temperature for 30 min. The mixture was diluted with HO and
extracted with EtOAc. The organic layer was washed twice with H>O and brine, and dried over Na;SOs.
After filtration and concentration, the residue was purified by silica gel column chromatography (eluted

with n-hexane/EtOAc = 85/15 to 67/33 (v/v)) to give the title compound 128 (432 mg, 63% yield).

'H-NMR (400 MHz, DMSO-ds) §: 0.77-0.83 (m, 2H), 0.94 (d, J = 6.8 Hz, 3H), 0.9 (d, J = 6.8 Hz, 3H),
1.04-1.10 (m, 2H), 1.32 (s, 9H), 2.08-2.18 (m, 1H), 2.35-2.44 (m, 1H), 2.78 (dd, J = 16.2, 5.3 Hz, 1H), 2.86
(dd, J=16.2, 10.2 Hz, 1H), 2.93 (s, 3H), 3.33-3.40 (m, 1H), 7.02 (d, J = 7.4 Hz, 1H), 7.18 (t, J = 7.4 Hz,

1H), 8.06 (d, J= 7.4 Hz, 1H), 8.96 (s, 1H), 12.30 (s, 1H), 12.38 (brs, 1H)
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Step6 : (S)-3-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-

methylpentanoic acid (129)

The compound 128 (432 mg, 9.38 x 10! mmol) was dissolved in TFA (2.0 mL), and the mixture was
stirred at room temperature for 1 h. The reaction solution was concentrated in vacuo and azeotroped twice
with toluene. The residue was purified by twice precipitation in CHCls/n-hexane/EtOAc (1/1/1 (v/v)) and
MeOH/H,0 (1/2 (v/v). The precipitated solid was collected by filtration and dried to give the title compound

129 (311 mg, 82% yield).

'H-NMR (400 MHz, DMSO-ds) 8: 0.77-0.84 (m, 2H), 0.94 (d, J = 6.9 Hz, 3H), 0.99 (d, J = 6.9 Hz, 3H),
1.03-1.11 (m, 2H), 2.09-2.20 (m, 1H), 2.35-2.44 (m, 1H), 2.79 (dd, J = 16.7, 4.8 Hz, 1H), 2.93 (s, 3H),
2.86-2.94 (m, 1H), 3.34-3.45 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 8.07 (d, J= 7.6
Hz, 1H), 8.97 (s, 1H), 12.29 (s, 1H), 12.38 (br s, 1H)

Step7 : (S)-3-(5-(8-Cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-3-yl)-1,3,4-oxadiazol-2-yl)-4-methyl-N-

((R)-1-phenylethyl)pentanamide (34)

To the solution of 129 (20.0 mg, 4.94 x 102 mmol) and (R)-1-phenylethan-1-amine (9.50 pL, 7.45 x 10-
2 mmol) in DMF (1.0 mL) was added WSC-HCI (14.0 mg, 7.30 x 102 mmol) and HOBt-H,O (12.0 mg,
7.84 x 102 mmol), and the reactant mixture was stirred at room temperature for 1.5 h. The reactant solution
was dropped into saturated aqueous NaHCOj3 solution under stirring. The precipitated solid was collected

by filtration, washed with H>O, and dried to give the title compound 34 (25.0 mg, 99% yield).

'H-NMR (400 MHz, DMSO-ds) 8: 0.77-0.83 (m, 2H), 0.94 (d, J = 6.9 Hz, 3H), 1.00 (d, J = 6.9 Hz, 3H),
1.03-1.11 (m, 2H), 1.32 (d, J= 7.2 Hz, 3H), 2.05-2.16 (m, 1H), 2.35-2.44 (m, 1H), 2.66-2.74 (m, 2H), 2.84
(dd, J=15.1, 10.1 Hz, 1H), 2.90 (s, 3H), 3.40-3.48 (m, 1H), 4.81-4.91 (m, 1H), 7.00-7.12 (m, 4H), 7.14-
7.21 (m, 3H), 8.04 (dd, J= 7.8, 1.0 Hz, 1H), 8.92 (s, 1H), 12.28 (s, 1H)

3C-NMR (400 MHz, DMSO-ds) 8: 8.1 (2C), 10.5, 19.2 (2C), 20.1, 22.5, 25.2, 30.8, 35.5, 47.7, 110.3,
113.5, 118.4, 119.7, 120.4, 121.5, 125.6 (2C), 126.3, 127.1, 127.9 (2C), 129.1, 139.0, 144.4, 152.4, 154.1,

164.0, 167.2, 169.1
[0]?> = +44.0 (¢ = 0.10, DMSO)
HRMS (ESI, m/z, MH+) Calcd for C3H340,Ns: 508.2707, Found: 508.2709
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Synthesis of compound 35

A microwave vial was charged with 70 (150 mg, 5.82 x 10! mmol), pyrrolidine (49.7 mg, 6.98 x 10!
mmol), i-Pr;NEt (301 mg, 2.328 mmol), and NMP (3.00 mL). The vial was heated to 140 °C and then
irradiated with the microwave apparatus for 2 h. The mixture was diluted with H,O and extracted with
AcOEt, and the organic layer was washed with H>O and brine, and dried over Na,SOs. After filtration and
concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra 100 g, eluted with

n-hexane/EtOAc = 50/50 (v/v)) to give the title compound 35 (117 mg, 69% yield).

'H-NMR (400 MHz, DMSO-de) &: 0.70-0.73 (m, 2H), 0.97-1.02 (m, 2H), 1.90-1.94 (m, 4H), 2.28-2.35 (m,
1H), 2.44 (s, 3H), 3.82-3.85 (m, 4H), 6.82 (d,J= 7.7 Hz, 1H), 7.03 (t, J= 7.7 Hz, 1H), 7.81 (d, J= 7.7 Hz,
1H), 11.88 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) 8: 7.8 (2C), 10.4, 25.1 (2C), 25.8, 49.4 (2C), 94.6, 118.5, 119.2, 119.5,
120.1, 126.2, 136.1, 156.9, 157.5, 161.8

HRMS (ESI, m/z, MH+) Calcd for Ci1sH21N4: 293.1761, Found: 293.1761

Synthesis of compound 36 — 42
8-Cyclopropyl-4-(2-ethylpyrrolidin-1-yl)-2-methyl-9 H-pyrimido[4,5-b]indole  (36)

Compound 36 was synthesized in the same procedure described above for compound 35, except using
the 2-ethyl pyrrolidine instead of the pyrrolidine. Starting from the compound 70 (150 mg, 5.82 x 10 mmol),

the title compound 36 (175 mg, 94% yield) was obtained.

'H-NMR (400 MHz, DMSO-de) 8: 0.70-0.74 (m, 2H), 0.87 (t, /= 7.4 Hz, 3H), 0.98-1.03 (m, 2H), 1.49 (dq,
J=22.0,6.7Hz, 1H), 1.58-1.71 (m, 2H), 1.85-1.95 (m, 2H), 2.10-2.18 (m, 1H), 2.29-2.36 (m, 1H), 2.46 (s,
3H), 3.75-3.79 (m, 1H), 3.96-4.02 (m, 1H), 4.50-4.57 (m, 1H), 6.83 (d, /= 7.7 Hz, 1H), 7.06 (t, J= 7.7 Hz,
1H), 7.70 (d, J= 7.7 Hz, 1H), 11.89 (s, 1H)

BC-NMR (400 MHz, DMSO-de) 8: 7.8, 7.9, 9.8, 10.4, 25.2, 25.9, 26.3, 29.6, 51.9, 58.7,95.4, 118.5, 119.1,
119.5, 120.1, 126.2, 136.2, 157.2, 157.7, 161.7

HRMS (ESI, m/z, MH+) Calcd for C20H25N4: 321.2074, Found: 321.2076
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(8)-(1-(8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-yl)pyrrolidin-2-yl)methanol  (37)

Compound 37 was synthesized in the same procedure described above for compound 35, except using
the (S)-2-pyrrolidine methanol instead of the pyrrolidine. Starting from the compound 70 (150 mg, 5.82 x

10 mmol), the title compound 37 (111 mg, 59% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.70-0.77 (m, 2H), 0.99-1.04 (m, 2H), 1.24-1.25 (m, 2H) 1.87-2.21 (m,
3H), 2.30-2.37 (m, 1H), 2.47 (s, 3H), 3.53-3.59 (m, 1H), 3.68-3.73 (m, 1H), 3.85 (t, /= 7.6 Hz, 1H), 4.65-
471 (m, 1H), 4.96 (t, J= 5.1 Hz, 1H), 6.84 (d, J= 7.8 Hz, 1H), 7.06 (t, /= 7.8 Hz, 1H), 7.76 (d, J= 7.8
Hz, 1H), 11.93 (s, 1H)

BC-NMR (400 MHz, DMSO-de) &: 7.8, 7.9, 10.4, 24.9, 25.7, 27.6, 51.9, 59.4, 62.6, 95.1, 118.6, 119.4,
119.5, 120.1, 126.2, 136.2, 157.3, 157.7, 161.6

[0]%p = -272 (¢ = 1.00, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C190H230N;,: 323.1866, Found: 323.1866

(R)-(1-(8-Cyclopropyl-2-methyl-9 H-pyrimido[4,5-b]indol-4-yl)pyrrolidin-2-yl)methanol  (38)

Compound 38 was synthesized in the same procedure described above for compound 35, except using
the (R)-2-pyrrolidine methanol instead of the pyrrolidine. Starting from the compound 70 (150 mg, 5.82 x

10 mmol), the title compound 38 (88.6 mg, 47% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) 8: 0.70-0.77 (m, 2H), 0.99-1.04 (m, 2H), 1.69 (td, J = 17.6, 9.2 Hz, 1H),
1.87-2.21 (m, 3H), 2.30-2.37 (m, 1H), 2.47 (s, 3H), 3.53-3.59 (m, 1H), 3.68-3.73 (m, 1H), 3.85 (t, J= 7.6
Hz, 1H), 4.03 (td, J= 9.2, 6.4 Hz, 1H), 4.65-4.71 (m, 1H), 4.96 (t, J= 5.2 Hz, 1H), 6.84 (d, /= 7.8 Hz, 1H),

7.06 (t, J=7.8 Hz, 1H), 7.76 (d, J= 7.8 Hz, 1H), 11.93 (s, 1H)

BC-NMR (400 MHz, DMSO-de) &: 7.8, 7.9, 10.4, 24.9, 25.7, 27.6, 51.9, 59.4, 62.6, 95.1, 118.6, 119.4,
119.5, 120.1, 126.2, 136.2, 157.3, 157.7, 161.6

[0]%p = +284 (c = 1.00, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C190H230N;,: 323.1866, Found: 323.1867

((28,4S)-1-(8-Ccyclopropyl-2-methyl-9H-pyrido[ 2,3-b]indol-4-y1)-4-phenylpyrrolidin-2-yl)methanol (39)
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Compound 39 was synthesized in the same procedure described above for compound 35, except using
pyrrolidine 130 instead of the pyrrolidine. Starting from the compound 70 (20.0 mg, 7.76 x 102 mmol), the

title compound 39 (13.0 mg, 42% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.67-0.77 (m, 2H), 0.96-1.05 (m, 2H), 2.13-2.22 (m, 1H), 2.28-2.37 (m,
1H), 2.40-2.48 (m, 1H), 2.48 (s, 3H), 3.84 (dd, 1H, J=9.9, 5.3 Hz, 1H), 4.57 (dd, J=10.1, 7.1 Hz, 1H),
4.87-4.94 (m, 1H), 4.98 (t, J = 5.3 Hz, 1H), 6.84 (d, /= 7.8 Hz, 1H), 7.05 (1, J= 7.8 Hz, 1H), 7.11-7.27 (m,
6H), 7.79 (d, J= 7.8 Hz, 1H), 11.96 (s, 1H)

BC-NMR (400 MHz, DMSO-de) &: 7.7, 7.8, 10.3, 25.7, 34.5, 41.7, 57.3, 59.0, 62.1, 94.8, 118.6, 119.2,

119.3, 120.1, 126.2 (2C), 126.6 (2C), 128.4 (2C), 136.1, 143.3, 156.8, 157.7, 161.7
[0]*D = -321 (c = 0.40, DMSO)

HRMS (ESI, m/z, MH+) Calcd for CosH27N4O: 399.2179, Found: 399.2181

((2S,4R)-4-Benzyl-1-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-4-yl)pyrrolidin-2-yl)methanol (40)

Compound 40 was synthesized in the same procedure described above for compound 35, except using
pyrrolidine 131 instead of the pyrrolidine. Starting from the compound 70 (20.0 mg, 7.76 x 102 mmol), the

title compound 40 (26.0 mg, 81% yield) was obtained.

"H-NMR (400 MHz, DMSO-dj) §: 0.75 (td, J= 5.4, 3.2 Hz, 2H), 1.03 (ddd, J=9.1, 5.4, 3.2 Hz, 2H), 1.81-
1.90 (m, 1H), 2.03-2.11 (m, 1H), 2.31-2.40 (m, 1H), 2.54 (s, 3H), 2.53-2.57 (m, 1H), 2.65-2.76 (m, 1H),
3.58 (dd, /= 10.7, 6.0 Hz, 1H), 3.66 (dd, J= 10.7, 4.5 Hz, 1H), 3.73-3.65 (m, 1H), 4.21 (dd, /= 9.8, 6.4
Hz, 1H), 4.77-4.85 (m, 1H), 6.88 (d, J = 7.4 Hz, 1H), 7.18-7.25 (m, 2H), 7.70 (d, J= 8.1 Hz, 1H), 12.28
(brs, 1H)

B3C-NMR (400 MHz, DMSO-ds) 8: 8.0, 8.1, 10.4,24.5,32.2,38.2,38.7, 56.5, 59.4, 62.3,94.9, 119.1, 119.3,

119.5, 120.8, 126.0, 126.8, 128.2 (2C), 128.7 (2C), 136.2, 140.2, 155.7 (br, 2C), 159.9 (br)
[0]*p = -295 (c = 0.20, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C26H29N40: 413.2336, Found: 413.2338

((25,4S5)-4-Benzyl-1-(8-cyclopropyl-2-methyl-9H-pyrido[2,3-b]indol-4-yl)pyrrolidine-2,4-
diyl)dimethanol (41)
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Compound 41 was synthesized in the same procedure described above for compound 35, except using
pyrrolidine 132 instead of the pyrrolidine. Starting from the compound 70 (20.0 mg, 7.76 x 102 mmol), the

title compound 41 (19.0 mg, 55% yield) was obtained.

'H-NMR (400 MHz, DMSO-de) &: 0.71-0.78 (m, 2H), 0.98-1.07 (m, 2H), 1.20-1.32 (m, 1H), 1.20-1.32 (m,
1H), 1.71-1.85 (m, 2H), 2.28-2.40 (m, 2H), 2.48 (s, 3H), 3.32-3.43 (m, 2H), 3.53-3.60 (m, 1H), 3.62-3.68
(m, 1H), 3.68 (d, /= 10.5 Hz, 1H), 3.94 (d, /= 10.5 Hz, 1H ), 4.76-4.85 (m, 1H), 4.87 (t, J= 5.4 Hz, 1H),
495 (t, J= 5.0 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.89-6.95 (m, 2H), 7.02-7.10 (m, 4H), 7.68 (d, /= 7.6
Hz, 1H), 11.96 (s, 1H)

BC-NMR (400 MHz, DMSO-ds) &: 7.8 (2C), 10.4,25.7,33.4,39.1, 48.2, 57.9, 59.8, 62.8, 64.2,106.0, 118.4,
119.1,119.5, 120.2, 125.8, 126.5, 127.6 (2C), 129.9 (2C), 130.2, 137.0, 138.2, 157.6 (2C), 161.8

[0]%p = -344 (¢ = 0.04, DMSO)

HRMS (ESI, m/z, MH+) Caled for C;7H31N40s: 443.2442, Found: 443.2438

(35,55)-3-Benzyl-1-(8-cyclopropyl-2-methyl-9H-pyrido[ 2,3-b]indol-4-y1)-5-(hydroxymethyl)pyrrolidine-

3-carboxamide (42)

Compound 42 was synthesized in the same procedure described above for compound 35, except using
pyrrolidine 133 instead of the pyrrolidine. Starting from the compound 70 (103 mg, 4.00 x 10"! mmol), the

title compound 42 (34.0 mg, 19% yield) was obtained.

'H-NMR (400 MHz, DMSO-ds) &: 0.71-0.79 (m, 2H), 0.99-1.08 (m, 2H), 2.03-2.27 (m, 2H), 2.30-2.41 (m,
1H), 2.67 (s, 3H), 2.83-3.06 (m, 1H), 3.52-3.70 (m, 2H), 3.85 (d, /= 10.5 Hz, 1H), 4.13 (d, J = 10.5 Hz,
1H ), 4.81-4.94 (br m, 2H), 6.80-6.87 (m, 3H), 7.00-7.10 (m, 4H), 7.16 (br s, 1H), 7.19-7.38 (m, 2H), 7.47
(brs, 1H), 7.65 (d, J = 8.1 Hz, 1H), 11.98 (s, 1H)

13C-NMR (400 MHz, DMSO-ds) &: 7.8, 7.9, 10.4, 25.8, 34.5, 40.0, 53.8, 57.5, 58.1, 62.2, 95.4, 118.6, 119.1,
119.3, 120.1, 126.1 (2C), 127.7 (2C), 129.2 (2C), 136.2, 137.2, 157.6, 157.7, 161.8, 174.9

[0]%p = -359 (¢ = 0.30, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C27H30N20s: 456.2394, Found: 456.2397

Synthesis of pyrrolidine 130
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Stepl : tert-Butyl (25,4S)-2-(hydroxymethyl)-4-phenylpyrrolidine- 1-carboxylate (135)

To a solution of (25,45)-1-(tert-butoxycarbonyl)-4-phenylpyrrolidine-2-carboxylic acid (134, 100 mg,
3.43 x 10! mmol) in THF (1.0 mL) was added 1.0 M BH;-THF in THF (1.00 mL, 1.00 mmol) at room
temperature, and then the mixture was stirred at 80 °C for 20 minutes. The reactant mixture was quenched
with saturated aqueous NaHCOs3 solution, and the mixture was extracted with EtOAc. The extract was
washed with H>O and brine, and dried over Na,SO4. The solvent was evaporated in vacuo to give the title

compound 135 (105 mg, overweight), which was advanced to the next step without further purification.

'H-NMR (400 MHz, CDCls) §: 1.48 (s, 9H), 1.96-2.07 (br m, 1H), 2.18 (dd, J = 20.3, 10.6 Hz, 1H), 3.34-

3.52 (br m, 2H), 3.66-3.85 (m, 3H), 4.15-4.27 (br m, 2H), 7.19-7.25 (m, 3H), 7.29-7.36 (m, 2H)

Step2 : ((25,4S5)-4-Phenylpyrrolidin-2-yl)methanol (130)

Compound 135 (105 mg, approx. 3.4 x 10"! mmol) was treated with 4 M HCl in 1,4-dioxane (500 pL)
and stirred at room temperature for 1.5 h. The reaction mixture was evaporated and dried in vacuo to give

the hydrochloride salt of the title compound 130 (75.0 mg, 94% yield (2 steps)).

'H-NMR (400 MHz, CDCls) §: 1.48 (s, 9H), 1.96-2.07 (br m, 1H), 2.18 (dd, J = 20.3, 10.6 Hz, 1H), 3.34-
3.52 (br m, 2H), 3.66-3.85 (m, 3H), 4.15-4.27 (br m, 2H), 7.19-7.25 (m, 3H), 7.29-7.36 (m, 2H)

Synthesis of pyrrolidine 131
Stepl : tert-Butyl (S)-2-0x0-5-((trityloxy)methyl)pyrrolidine-1-carboxylate (137)

To a solution of (S)-5-((trityloxy)methyl)pyrrolidin-2-one (136, 9.00 g, 2.52 x 10 mmol) in DMF (50
mL) were added Boc,O (6.60 mL, 3.02 x 10 mmol) and DMAP (3.70 g, 3.03 x 10 mmol) at room
temperature. The reaction mixture was stirred at 70 °C for 4 h. After cooling to room temperature, the
reaction was quenched by an addition of TMEDA (1.63 mL, 1.25 x 10 mmol). After stirring for 30 minutes
at room temperature, the mixture was diluted with 1 M HCI solution and extracted with EtOAc. The organic
layer was washed with H,O and brine, and dried over Na;SO4. Evaporation of the solvent in vacuo gave

the title compound 137 (11.9 g, overweight), which was applied to the next step without further purification.
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'H-NMR (400 MHz, CDCls) &: 1.44 (s, 9H), 1.90-1.99 (m, 1H), 2.05-2.17 (m, 1H), 2.42 (ddd, J=17.7, 9.8,
1.8 Hz, 1H), 2.80 (ddd, J=19.3,9.8, 8.2 Hz, 1H), 3.11 (dd, J= 9.5, 2.8 Hz, 1H), 3.48 (dd, /= 9.5, 4.6 Hz,

1H), 4.22-4.30 (m, 1H), 7.18-7.41 (m, 15H)

Step2 : tert-Butyl (3R,5S)-3-benzyl-2-oxo0-5-((trityloxy)methyl)pyrrolidine- 1 -carboxylate (138)

To a solution of 137 (250 mg, approx. 5.4 x 10"! mmol) in THF (7.0 mL) was added 1 M LiHMDS in
THF (655 uL, 6.55 x 10" mmol) at -78 °C. The reaction mixture was stirred at -30 °C for 15 minutes before
adding benzyl bromide (84.0 uL, 7.07 x 10" mmol) at -78 °C and stirred 1 h at room temperature. The
mixture was diluted with saturated NH4Cl solution and extracted with EtOAc. The organic layer was
washed with H,O and brine, and dried over Na,SOs. After filtration and concentration, the residue was
purified by flash chromatography (Biotage-SNAP Ultra 25g, eluted with n-hexane/EtOAc = 90/10 to 60/40

(v/v)) to give the title compound 138 (232 mg, 77% yield (2 steps)).

'H-NMR (400 MHz, CDCL;) &: 1.43 (s, 9H), 1.78 (td, J= 12.4, 8.8 Hz, 1H), 1.78 (dd, J= 12.4, 8.8 Hz, 1H),
1.94 (dd, J = 12.4, 8.8 Hz, 1H), 2.57 (dd, J = 14.0, 9.9 Hz, 1H), 3.09 (dd, J = 19.5, 3.0 Hz, 1H), 3.11-3.21
(m, 1H), 3.33 (dd, J = 14.0, 4.0 Hz, 1H), 3.41 (dd, J = 9.5, 4.6 Hz, 1H), 4.11-4.16 (m, 1H), 7.14-7.35 (m,

20H)

Step3 : tert-Butyl (2S,4R)-4-benzyl-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (139)

To a solution of 138 (232 mg, 4.23 x 10" mmol) in THF (2.0 mL) was added 1.0 M BH3-THF in THF
(2.10 mL, 2.10 mmol) at room temperature, and then the mixture was stirred at 80 °C for 30 minutes. The
reactant mixture was quenched with saturated aqueous NaHCO; solution and H>O at 0 °C, and the mixture
was extracted with EtOAc. The extract was washed with H,O and brine, and dried over Na,SO4. After

filtration and concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra 25g,

eluted with n-hexane/EtOAc = 100/0 to 70/30 (v/v)) to give the title compound 139 (175 mg, 78%).

'H-NMR (400 MHz, CDCls) &: 1.24-1.51 (m, 9H), 1.58-1.77 (m, 1H), 1.87-2.13 (m, 1H), 2.49-2.90 (m,

4H), 2.96-3.15 (m, 2H), 3.24-3.52 (m, 1H), 3.91-4.09 (m, 1H), 7.08-7.47 (m, 9H)

Step4 : ((25,4R)-4-Benzylpyrrolidin-2-yl)methanol (131)
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Compound 139 (175 mg, 3.28 x 10! mmol) was treated with 4 M HCI in 1,4-dioxane (800 pL) and
stirred at room temperature for 2 h. The reaction mixture was evaporated and dried in vacuo, and the residue
was decanted three times with n-hexane to give the hydrochloride salt of the title compound 131 (75.0 mg,

overweight).

'H-NMR (400 MHz, DMSO-ds) 5: 1.67-1.80 (m, 2H), 2.49-2.60 (m, 1H), 2.62-2.91 (m, 3H), 3.14-3.24 (m,
3H), 3.49 (dd, J=11.6, 7.3 Hz, 1H), 3.60 (t, J= 11.6, 4.2 Hz, 1H), 3.65-3.76 (m, 1H), 5.33 (br s, 1H), 7.19-
7.26 (m, 3H), 7.28-7.34 (m, 2H), 8.69 (br s, 1H), 9.54 (br s, 1H)

Synthesis of pyrrolidine 132
Stepl : 1-(tert-Butyl) 3-methyl (3R,5S5)-2-ox0-5-((trityloxy)methyl)pyrrolidine-1,3-dicarboxylate (140)

To a solution of 137 (3.60 g, approx. 6.6 mmol) in THF (50 mL) was added 0.93 M LiHMDS in THF
(8.50 mL, 7.87 mmol) at -78 °C. The reaction mixture was stirred at -30 °C for 20 minutes before adding
methyl chloroformate (755 pL, 9.83 mmol) at -78 °C followed by stirring 1 h at -30 °C. The mixture was
diluted with H>O and extracted with EtOAc. The organic layer was washed with H,O and brine, and dried
over NaySOs. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 50g, eluted with n-hexane/acetone = 90/10 to 65/35 (v/v)) to give the title compound 140 (2.70

g, 80% yield (2 steps)) as a mixture of diastereomers.

'H-NMR (400 MHz, CDCl;) &: 1.42 (s, 4.5H), 1.47 (s, 4.5H), 2.11 (ddd, J = 13.0, 9.0, 1.0 Hz, 0.5H), 2.49-
2.59 (m, 0.5H), 2.83 (dd, J = 14.1, 3.3 Hz, 0.5H), 2.92 (dd, J= 14.1, 8.4 Hz, 0.5H), 3.03-3.11 (m, 1H), 3.35
(dd, J=9.0, 3.9 Hz, 0.5H), 3.54-3.60 (m, 0.5H), 3,79 (s, 1.5H), 3.81 (s, 1.5H), 3.79-3.84 (m, 1H), 3.92 (dd,

J=11.2,9.1 Hz, 0.5H), 4.38-4.26 (m, 1H), 7.14-7.43 (m, 15H)

Step2 : tert-Butyl (2S,4R)-4-(hydroxymethyl)-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (141)

To a solution of 140 (2.70 g, 5.24 mmol) in THF (10 mL) was added 1.0 M BH3-THF in THF (30.0 mL,
2.62 x 10 mmol) at room temperature, and then the mixture was stirred at 80 °C for 2.5 h. The reactant was
cooled at 0 °C and quenched with H,O, and the mixture was extracted with EtOAc. The extract was washed
with 1M HCI solution, saturated aqueous NaHCOs solution and brine, and dried over Na;SOs4. After

filtration and concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra 50g,
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eluted with n-hexane/acetone = 90/10 to 65/35 (v/v)) to give the title compound 141 (1.15 g, 46% yield) as

a mixture of diastereomers.

'H-NMR (400 MHz, CDCLs) 8: 1.32 (br's, 4.5H), 1.47 (br s, 4.5H), 1.59-1.99 (br m, 2H), 2.07-2.63 (br m,
2H), 2.88-3.74 (br m, 5H), 3.96-4.17 (br m, 1H), 7.17-7.46 (m, 15H)

Step3 : (3R,55)-1-(tert-Butoxycarbonyl)-5-((trityloxy)methyl)pyrrolidine-3-carboxylic acid (142)

To a solution of 141 (1.15 g, 2.43 mmol) in 3:1 +~-BuOH-H,O (8.0 mL) were added 5% NaClO solution
(362 pL, 2.42 x 10! mmol), 1-Me-AZADO (41.0 mg, 2.47 x 10! mmol) and 80% NaClO, (549 mg, 4.86
mmol) at 0 °C, and then the mixture was stirred for 1.5 h at room temperature. The reactant was quenched
with Na;SO; (918 mg, 7.28 mmol) and H,O, and then the mixture was extracted with EtOAc. The extract
was washed with brine, and dried over Na>SOs. Evaporation of the solvent in vacuo gave the title compound

142 (1.20 g, overweight), which was advanced to the next step without further purification.

Step4 : 3-Benzyl 1-(tert-butyl) (3R,5S)-5-((trityloxy)methyl)pyrrolidine-1,3-dicarboxylate (143)

To a solution of 142 (500 mg, approx. 1.0 mmol) in DMF (5.0 mL) were added K,CO3 (212 mg, 1.53
mmol) and benzyl bromide (146 pL, 1.23 mmol) at room temperature and stirred 1.5 h. The mixture was
diluted with H>O and extracted with EtOAc. The organic layer was washed with H,O and brine, and dried
over Na;SOs. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 25g, eluted with n-hexane/EtOAc = 95/5 to 60/40 (v/v)) to give the title compound 143 (410

mg, 69% yield (2 steps)) as a mixture of diastereomers.

'H-NMR (400 MHz, CDCLs) 8: 1.31 (brs, 4.5H), 1.47 (br s, 4.5H), 1.81-1.89 (br m, 1H), 2.08-2.33 (br m,
1H), 2.96-3.43 (br m, 2H), 3.59-4.78 (br m, 3H), 3.93-4.18 (br m, 1H), 5.07-5.16 (m, 2H), 7.18-7.43 (m,
20H)

Step5 : 3-Benzyl 1-(tert-butyl) (35,55)-3-benzyl-5-((trityloxy)methyl)pyrrolidine-1,3-dicarboxylate (144)

To a solution of 143 (410 mg, 7.10 x 10"! mmol) in THF (8.0 mL) was added 1.0 M LiHMDS in THF
(852 pL, 8.52 x 10! mmol) at -78 °C. The reaction mixture was stirred at -30 °C for 10 minutes before

adding benzyl bromide (127 pL, 1.07 mmol) at -78 °C and stirred for 30 minutes at room temperature. The
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mixture was diluted with H,O and extracted with EtOAc. The organic layer was washed with H,O and
brine, and dried over Na;SOs. After filtration and concentration, the residue was purified by flash
chromatography (Biotage-SNAP Ultra 25g, eluted with n-hexane/EtOAc = 95/5 to 60/40 (v/v)) to give the

title compound 144 (325 mg, 69% yield) as a mixture of diastereomers.

'H-NMR (400 MHz, CDCL3) 8: 1.31 (brs, 4.5H), 1.31-1.43 (br m, 1H), 1.52 (br s, 4.5H), 2.00-2.30 (br m,
2H), 2.35-2.57 (br m, 1H), 2.76-2.92 (br m, 1H), 2.94-3.06 (m, 2H), 3.21-3.51 (br m, 1H), 3.54-3.90 (br m,
2H), 3.92-4.17 (br m, 1H), 4.91-5.17 (m, 2H), 6.97-7.07 (m, 2H), 7.16-7.42 (m, 18H)

Step6 : tert-Butyl (25,4S5)-4-Benzyl-4-(hydroxymethyl)-2-((trityloxy)methyl)pyrrolidine-1-carboxylate
(145)

To a solution of 144 (325 mg, 4.87 x 10"! mmol) in THF (8.0 mL) was added LAH (37.0 mg, 9.75 x 10°
"'mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 30 minutes before quenching by H,O (37 pL),
4 M NaOH solution (37 uL) and H,O (74 pL). After filtration and concentration, the residue was purified

by flash chromatography (Biotage-SNAP Ultra 25g, eluted with n-hexane/EtOAc = 90/10 to 60/40 (v/v))

to give the title compound 145 (244 mg, 89% yield) as a single diastereomer.

'H-NMR (400 MHz, CDCl3) &: 1.24-1.59 (br m, 9H), 1.75-2.06 (br m, 3H), 2.63-2.76 (m, 2H), 2.94-3.78

(br m, 6H), 3.88-4.16 (br m, 1H), 7.17-7.33 (br m, 14H), 7.38-7.43 (m, 6H)

Step7 : ((25,45)-4-Benzylpyrrolidine-2,4-diyl)dimethanol (132)

Compound 145 (100 mg, 1.77 x 10"! mmol) was treated with 4 M HCI in 1,4-dioxane (500 pL) and
stirred at room temperature for 2 h. The reaction mixture was evaporated and dried in vacuo, and the residue
was decanted three times by 1:1 n-hexane-AcOEt to give the hydrochloride salt of the title compound 132

(46.0 mg, quant.).

'H-NMR (400 MHz, DMSO-de) &: 1.45 (dd, J = 13.4, 10.5 Hz, 1H), 1.81 (dd, J = 13.4, 7.0 Hz, 1H), 2.75
(dd, J=129.1, 13.4 Hz, 1H), 3.01 (dd, J = 43.0, 11.7 Hz, 1H), 3.23 (s, 2H), 3.42-3.70 (m, 2H), 5.11 (br s,
1H), 5.34 (br's, 1H), 7.20-7.36 (m, SH), 8.93 (br s, 2H)

Synthesis of pyrrolidine 133
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Stepl : tert-Butyl (2S,4R)-4-methoxy-2-((trityloxy)methyl)pyrrolidine-1-carboxylate hydrate (147)

To a solution of tert-butyl (25,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidine-1-carboxylate (146, 5.00 g,
2.30 x 10 mmol) in DMF (30 mL) were added TrClI (7.10 g, 2.55 x 10 mmol), EtsN (9.60 mL, 6.90 x 10
mmol) and DMAP (845 mg, 6.92 mmol) under cooling in a water bath, and the mixture was stirred at 60 °C
for 4 h. After cooling to room temperature, the reactant mixture was quenched with 2 M aqueous HCI
solution, and the mixture was extracted with EtOAc. The extract was washed with H,O and brine, and dried
over Na,SOs. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 200g, eluted with n-hexane/EtOAc = 30/70 to 0/100 (v/v)) to give the title compound 147 (10.1

g, 95% yield).

'H-NMR (400 MHz, CDCL3) &: 1.29-1.48 (br m, 9H), 1.62 (br s, 1H), 1.90-2.11 (br m, 1H), 2.15-2.22 (m,
1H), 2.92-3.64 (br m, 4H), 4.10 (br s, 1H), 4.51 (br s, 1H), 7.18-7.29 (m, 9H), 7.29-7.36 (m, 6H)

Step2 : tert-Butyl (2S,4R)-4-((methylsulfonyl)oxy)-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (148)

To a solution of 147 (2.00 g, 4.35 mmol) in CHCl; (10 mL) were added MsCl (510 pL, 7.55 mmol) and
Et;N (1.20 mL, 8.71 mmol) at 0 °C, and the mixture was stirred at 0 °C for 30 minutes. The reactant mixture
was quenched with 1 M aqueous HCI solution, and the mixture was extracted with EtOAc. The extract was
washed with saturated aqueous NaHCOs solution and brine, and dried over Na;SO4. The solvent was
evaporated in vacuo to give the title compound 148 (2.40 mg, overweight), which was applied to the next

step without further purification.

'H-NMR (400 MHz, CDCl) &: 1.30-1.53 (br m, 9H), 2.16-2.51 (br m, 2H), 3.01 (s, 1H), 2.89-3.34 (br m,
2H), 3.56-4.00 (br m, 2H), 4.14 (br d, J = 24.7 Hz, 1H), 5.38 (br d, J = 31.7 Hz, 1H), 7.20-7.33 (m, 9H),
7.35-7.40 (m, 6H)

Step3 : tert-Butyl (25,4S)-4-cyano-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (149)

A mixture of 148 (2.40 g, approx. 4.3 mmol) and tetraethylammonium cyanide (2.1 g, 1.34 x 10 mmol)
in MeCN (10 mL) was stirred at 100 °C for 4 h. After cooling to room temperature, the mixture was diluted
with H»O, and the mixture was extracted with EtOAc. The extract was washed with saturated aqueous

NaHCOs; solution and brine, and dried over Na;SO4. The organic layer was separated and concentrated.
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The residue was purified by flash chromatography (Biotage-SNAP Ultra 50g, eluted with n-hexane/EtOAc
= 85/15 to 50/50 (v/v)) to give the title compound 149 (1.50 g, 74% yield (2 steps)).

'H-NMR (400 MHz, CDCL) &: 1.25-1.53 (br m, 9H), 2.26-2.61 (br m, 2H), 2.89-3.01 (br m, 1H), 3.07-
3.60 (br m, 3H), 4.06 (br dd, J= 11.0, 7.5 Hz, 1H), 7.20-7.34 (m, 9H), 7.39-7.43 (m, 6H)

Step4 : tert-Butyl (25,4S5)-4-benzyl-4-cyano-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (150)

To a solution of 149 (900 mg, 1.92 mmol) in THF (7.0 mL) was added 1 M LiHMDS in THF (2.30 mL,
2.30 mmol) at -78 °C. The reaction mixture was stirred at -30 °C for 10 minutes before adding benzyl
bromide (342 mL, 2.88 mmol) at -78 °C and stirred 30 minutes at room temperature. The mixture was
diluted with H>O and extracted with EtOAc. The organic layer was washed with H,O and brine, and dried
over NaySOs. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 25g, eluted with n-hexane/EtOAc = 99/1 to 65/35 (v/v)) to give the title compound 150 (383

mg, 35% yield).

'H-NMR (400 MHz, CDCL) &: 1.25-1.53 (br m, 9H), 2.26-2.61 (br m, 2H), 2.89-3.01 (br m, 1H), 3.07-
3.60 (br m, 3H), 4.06 (br dd, J= 11.0, 7.5 Hz, 1H), 7.20-7.34 (m, 9H), 7.39-7.43 (m, 6H)

Step5 : (3S,55)-3-Benzyl-5-(hydroxymethyl)pyrrolidine-3-carbonitrile (133)

Compound 150 (383 mg, 6.85 x 10! mmol) was treated with 4 M HCI in 1,4-dioxane (2.0 mL) and
stirred at room temperature for 2 h. The reaction mixture was evaporated and dried in vacuo, and the residue
was decanted three times by n-hexane to give the hydrochloride salt of the title compound 133 (152 mg,

88% yield).

'H-NMR (400 MHz, DMSO-de) &: 1.94-2.18 (m, 2H), 2.95-3.19 (m, 3H), 3.41-3.56 (m, 2H), 3.57-3.68 (m,
1H), 3.69-3.88 (br m, 1H), 5.34-5.41 (br m, 1H), 7.09-7.44 (m, 5H), 9.52 (br s, 2H)

Synthesis of compound 43
Stepl : tert-Butyl (2S,4R)-4-(benzyloxy)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (152)

To a solution of tert-butyl (25,4R)-4-(benzyloxy)-2-(1-hydroxyvinyl)pyrrolidine-1-carboxylate (151,
25.0 g, 7.80 x 10 mmol) in THF (100 mL) was added 0.94 mol/L THF solution of BH3-THF (99.0 mL, 9.30
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x 10 mmol) at temperature, and the mixture was stirred at 50 °C for 2 h. The reactant mixture was quenched
with saturated aqueous NaHCOs solution, and the mixture was extracted with EtOAc. The extract was
washed with H>O and brine, and dried over Na,SO4. After filtration, the solvent was evaporated in vacuo

to give the title compound 152 (19.4 g, 81%)).

'H-NMR (400 MHz, CDCls) &: 1.47 (s, 9H), 1.58-1.68 (m, 1H), 2.13-2.24 (m, 1H), 3.40 (dd, /= 12.1, 4.0
Hz, 1H), 3.56 (ddd, J= 11.3, 7.2, 2.9 Hz, 1H), 3.59-3.78 (m, 2H), 4.05 (br s, 1H), 4.08-4.19 (m, 1H), 4.50
(dd, J=16.3, 11.3 Hz, 1H), 4.88 (d, J = 8.1 Hz, 1H), 7.28-7.38 (m, 5H)

Step2 : tert-Butyl (2S5,4R)-4-(benzyloxy)-2-formylpyrrolidine-1-carboxylate (153)

To a solution of 152 (9.15 g, 2.98 x 10 mmol) in CH>Cl, (92 mL) was added Dess-Martin Periodinane
(4.20 g, 9.79 mmol) at temperature, and the mixture was stirred at room temperature for 1.5 h. The reaction
was quenched with aqueous NaHCO; solution and aqueous Na,S,0; solution. The mixture was extracted
with CHCl; using a Phase Separator. The solvent was evaporated in vacuo to give the title compound 153

(9.18 g, overweight), which was advanced to the next step without further purification.

Step3 : tert-Butyl (2S,4R)-4-(benzyloxy)-2-vinylpyrrolidine-1-carboxylate (154)

Ph;PMeBr (31.6 g, approx. 8.8 x 10 mmol) was dissolved in THF (90 mL). To the solution, -BuOK
(9.92 g, 8.80 x 10 mmol) was added at 0 °C, and the mixture was stirred at 0 °C for 15 min. And then, the
solution of 153 (9.00 g, 2.95 x 10 mmol) in THF (45 mL) was added to the reactant mixture at 0 °C followed
by the stirring 5.5 h at room temperature. The mixture was diluted with H,O and extracted with AcOEt,
and the organic layer was washed with H,O and brine, and dried over Na,SO4. After filtration and
concentration, the residue was purified by flash chromatography (Biotage-SNAP Ultra 100 g, eluted with
n-hexane/EtOAc = 97/3 to 70/30 (v/v)) to give the title compound 154 (7.18 g, 20% yield (2 steps)).

'H-NMR (400 MHz, CDCl;) 8: 1.44 (s, 9H), 1.88 (dt, J= 13.1, 5.8 Hz, 1H), 2.15-2.27 (m, 1H), 3.48 (dd, J
= 11.5, 4.6 Hz, 1H), 3.70 (br s, 1H), 4.07-4.14 (m, 1H), 4.36 (br s, 1H), 4.50 (dd, J = 17.5, 12.1 Hz, 2H),
4.96-5.19 (m, 2H), 5.72 (br s, 1H), 7.26-7.38 (m, 5H)

Step4 : tert-Butyl (2R,4R)-2-ethyl-4-hydroxypyrrolidine-1-carboxylate (155)
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A solution of 154 (7.18 g, 2.37 x 10 mmol) in THF (36 mL) and MeOH (36 mL) was treated with 5%
palladium on activated carbon (N.E. Chemcat PE-type, 2.5 g) and stirred under 1.0 atm of hydrogen at room
temperature for 24 h. After removal of the palladium catalyst by Celite® filtration, the filtrate was
concentrated to give the title compound 155 (5.20 g, overweight), which was advanced to the next step

without further purification.

'H-NMR (400 MHz, CDCls) &: 0.84 (t, J= 7.5 Hz, 3H), 1.46 (s, 9H), 1.64-1.97 (m, 3H), 1.99-2.10 (m, 1H),
3.39 (dd, J = 12.0, 4.2 Hz, 1H), 3.48 (s, 1H), 3.54 (br s, 1H), 3.87 (br s, 1H), 4.35-4.42 (m, 2H)

Step5 : tert-Butyl (R)-2-ethyl-4-oxopyrrolidine-1-carboxylate (156)

To a solution of 155 (5.20 g, approx. 2.4 x 10 mmol) in CH>ClL, (104 mL) was added Dess-Martin
Periodinane (15.4 g, 3.62 x 10 mmol) at temperature of a water bath, and the mixture was stirred at room
temperature for 1 h. The reaction was quenched with aqueous NaHCOs solution and aqueous Na»S>O;
solution. The mixture was extracted with CHCl; using a Phase Separator. The solvent was evaporated in
vacuo to give the title compound 156 (6.02 g, overweight), which was advanced to the next step without

further purification.

Step6 : tert-Butyl (R)-2-ethyl-4-(((trifluoromethyl)sulfonyl)oxy)-2,3-dihydro-1H-pyrrole-1-carboxylate
(157)

Compound 156 (5.15 g, approx. 2.0 x 10 mmol) was dissolved in THF (155 mL). To the solution, 1.1 M
LiHMDS in THF (26.3 mL, 2.90 x 10 mmol) was added at -78 °C, and the mixture was stirred at -30 °C
for 15 min. After cooling to -78 °C, Tf;NPh (10.8 g, 3.02 x 10 mmol) was added to the reactant mixture,
and then the mixture was stirred at room temperature for 1 h. The mixture was diluted with aqueous NH4Cl
solution and extracted with AcOEt, and the organic layer was washed with H,O and brine, and dried over
Na,S0Os. After filtration and concentration, the residue was purified by flash chromatography (Biotage-
SNAP Ultra 50 g, eluted with n-hexane/EtOAc = 100/0 to 80/20 (v/v)) to give the title compound 157 (3.66

g, 50% yield (3 steps)).

'H-NMR (400 MHz, CDCls) 5: 0.85 (t, J="7.5 Hz, 3H), 1.49 (s, 9H), 1.76-1.90 (m, 2H), 4.14 (dd, J = 14.9,
5.1 Hz, 1H), 4.30 (dd, J=29.7, 14.9 Hz, 1H), 4.53-4.70 (m, 1H), 5.66 (d, J= 19.7 Hz, 1H)
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Step7 : 1'-(tert-Butyl) 5-methyl (R)-5'-ethyl-4',5"-dihydro-1H,1'H-[2,3"-bipyrrole]-1',5-dicarboxylate (158)

A mixture of 157 (1.80 g, 5.21 mmol), (5-(methoxycarbonyl)-1H-pyrrol-2-yl)boronic acid (1.32 g, 7.82
mmol) and Na,CO; (600 pL, 1.20 mmol) in toluene (14 mL) and H,O (7.0 mL) was treated with
PdCly(dppf)-CH2Cl, (426 mg, 5.21 x 10! mmol) and stirred at 90 °C for 2 h under argon atmosphere. After
cooling to room temperature, the mixture was diluted with AcOEt and H>O, and the organic layer was
washed with H>O and brine, and dried over Na,SOs. After filtration and concentration, the residue was
purified by flash chromatography (Biotage-SNAP Ultra 25 g, eluted with n-hexane/EtOAc = 96/4 to 80/20

v/v)) to give the title compound 158 (1.09 g, 65%) as a mixture of isomers on the olefine part.
(v/iv))to g p (1.09 g, ) p

'H-NMR (400 MHz, CDCL) &: 0.85 (t, J = 7.5 Hz, 3H), 1.50 (s, 4.5H), 1.51 (m, 4.5H), 1.71-1.94 (m, 3H),
3.86 (s, 1.5H), 3.87 (br s, 1H), 4.29-4.70 (m, 2H), 5.03 (d, J = 28.1 Hz, 0.5H), 6.21 (dd, J= 6.4, 3.7 Hz,
0.5H), 6.27 (dt, J= 4.6, 1.9 Hz, 0.5H), 6.86-6.89 (m, 0.5H), 6.90-6.98 (m, 1H), 9.24 (br s, 1H)

Step8 : Methyl 5-((3S,5R)-1-(tert-butoxycarbonyl)-5-ethylpyrrolidin-3-yl)-1 H-pyrrole-2-carboxylate
(159)

A solution of 158 (1.00 g, 3.12 mmol) in THF (5.0 mL) and MeOH (5.0 mL) was treated with 10%
palladium on activated carbon (200 mg) and stirred under 1.0 atm of hydrogen at room temperature for 24
h. After removal of the palladium catalyst by Celite® filtration, the filtrate was concentrated and purified
by flash chromatography (Biotage-SNAP Ultra 25 g, eluted with n-hexane/EtOAc = 96/4 to 80/20 (v/v)) to

give the title compound 159 (762 mg, 75%).

'H-NMR (400 MHz, CDCls) &: 0.86 (t, J= 7.5 Hz, 3H), 1.47 (s, 9H), 1.64-2.14 (m, 3H), 2.44-2.56 (m, 1H),
3.14-3.31 (m, 2H), 3.79 (br s, 1H), 3.84 (s, 3H), 3.93-4.20 (m, 1H), 6.04 (t, /= 3.5 Hz, 1H), 6.84 (dd, J =
3.5,2.5 Hz, 1H), 9.27 (br s, 1H)

Step9 : Methyl 5-((3S,5R)-5-ethylpyrrolidin-3-yl)-1 H-pyrrole-2-carboxylate (160)

Compound 159 (760 mg, 2.36 mmol) was dissolved in 4 M HCI in 1,4-dioxane solution (7.6 mL) and
stirred at room temperature for 1.5 h. The reactant mixture was dried under vacuum to give the title
compound 160 (615 mg, overweight) as a hydrochloride salt, which was applied to the next step without

further purification.
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'H-NMR (400 MHz, DMSO-dq) 8: 0.96 (t, J = 7.5 Hz, 3H), 1.61-1.85 (m, 3H), 2.41-2.50 (m, 1H), 3.04-
3.23 (m, 1H), 3.38 (br s, 1H), 3.42-3.59 (s, 3H), 3.74 (s, 3H), 6.11 (dd, J = 3.6, 2.6 Hz, 1H), 6.72 (dd, J =
3.6, 2.6 Hz, 1H), 9.02 (br s, 1H), 9.73 (br s, 1H), 11.86 (s, 1H)

Step10 : Methyl 5-((3S,5R)-1-(8-cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-yl)-5-ethylpyrrolidin-

3-yl)-1H-pyrrole-2-carboxylate (161)

A microwave vial was charged with 160 (250 mg, 9.70 x 10! mmol), 70 (251 mg, 9.70 x 10! mmol), i-
ProNEt (800 pL, 4.40 mmol), and NMP (8.0 mL). The vial was heated to 140 °C, irradiated the microwave
for 2 h. The mixture was diluted with H>O and extracted with EtOAc, and the organic layer was washed
with H>O and brine, and dried over Na,SO4. After filtration and concentration, the residue was purified by

preparative TLC (EtOAc/MeOH = 20/1 (v/v)) to give the title compound 161 (191 mg, 45% yield).

'H-NMR (400 MHz, DMSO-de) 5: 0.68-0.78 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H), 1.00-1.04 (m, 2H), 1.57-
1.69 (m, 1H), 1.92-2.03 (m, 2H), 2.31-2.38 (m, 1H), 2.51 (s, 3H), 2.46-2.55 (m, 1H), 3.12-3.21 (m, 1H),
3.73 (s, 3H), 3.92 (t, /= 10.3 Hz, 1H), 4.16 (t, J = 8.1 Hz, 1H), 4.67-4.75 (m, 1H), 6.15 (dd, J = 3.6, 2.4
Hz, 1H), 6.73 (dd, J = 3.6, 2.4 Hz, 1H), 6.85 (d, J= 7.7 Hz, 1H), 7.08 (t, J = 7.7 Hz, 1H), 7.63 (d,J= 7.7
Hz, 1H), 11.78 (brs, 1H), 11.97 (s, 1H)

Stepll : 5-((3S,5R)-1-(8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-yl)-5-ethylpyrrolidin-3-yl)-

1H-pyrrole-2-carboxylic acid (43)

Compound 161 (190 mg, 4.32 x 10! mmol) was dissolved in 1:1 THF-MeOH (6.0 mL). To the solution,
2M aqueous NaOH solution (1.74 mL, 3.60 mmol) was added, and the mixture was stirred at 80 °C for 4
h. After cooling to room temperature, the reactant mixture was neutralized with 2.0 M aqueous HCI solution
and diluted with H>O. The precipitated solid was collected by filtration, washed with H>O, and dried to give

the title compound 43 (165 mg, 90% yield).

'H-NMR (400 MHz, DMSO-de) 5: 0.68-0.78 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H), 1.00-1.04 (m, 2H), 1.57-
1.69 (m, 1H), 1.92-2.05 (m, 2H), 2.31-2.38 (m, 1H), 2.51 (s, 3H), 2.47-2.54 (m, 1H), 3.11-3.20 (m, 1H),
3.92 (t, J=10.3 Hz, 1H), 4.16 (t, /= 8.1 Hz, 1H), 4.67-4.74 (m, 1H), 6.11 (dd, J = 3.5, 2.5 Hz, 1H), 6.67
(dd, J=3.5,2.4 Hz, 1H), 6.85 (d, J= 7.8 Hz, 1H), 7.08 (t, /= 7.8 Hz, 1H), 7.64 (d, J=7.8 Hz, 1H), 11.64
(s, 1H), 11.98 (s, 1H), 12.09 (s, 1H)
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BC-NMR (400 MHz, DMSO-de) 8: 7.8, 8.0, 9.7, 10.5, 25.9, 26.5, 35.7,37.4, 57.9, 58.5, 95.6, 106.6, 114.9,

118.7,119.0, 119.4, 120.2, 122.3, 126.3, 136.2, 137.0, 157.2, 157.6, 161.8 (2C)
[0]*p = -310 (¢ = 1.00, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C2sH2302Ns: 430.2238, Found: 430.2239

Synthesis of compound 44 and 45
Stepl : tert-Butyl (S)-4-ox0-2-((trityloxy)methyl)pyrrolidine-1-carboxylate (162)

To a solution of 147 (3.00 g, 6.52 mmol) in CHCl; (15 mL) was added Dess-Martin Periodinane (4.20
g, 9.79 mmol) at temperature of a water bath, and the mixture was stirred at room temperature for 1 h. The
reaction was quenched with NaHCOs (2.50 g, 19.8 mmol) and H,O (25 mL). The mixture was diluted with
H>O and extracted with AcOEt, and the organic layer was washed with aqueous Na,CO; and brine. After
drying over Na,SOy and filtration, the solvent was evaporated in vacuo to give the title compound 162 (2.90

g, 97%).

'H-NMR (400 MHz, CDCL) &: 1.38-1.51 (br m, 9H), 2.51-2.42 (br m, 1H), 2.65-3.03 (br m, 2H), 3.46-
3.69 (br m, 1H), 3.89-4.05 (br m, 2H), 4.35-4.51 (br m, 1H), 7.33-7.20 (m, 15H)

Step2 : tert-Butyl (S)-4-(((trifluoromethyl)sulfonyl)oxy)-2-((trityloxy)methyl)-2,3-dihydro-1H-pyrrole-1-
carboxylate (163)

The compound 162 (1.40 g, 3.17 mmol) was dissolved in THF (10 mL). To the solution, 1.0 M LiIHMDS
in THF (3.80 mL, 3.80 mmol) was added at -78 °C, and the mixture was stirred at -30 °C for 15 min. After
cooling to -78 °C, N-phenyltrifluoromethanesulfonimide (T;NPf, 1.50 g, 4.00 mmol) was added to the
reactant mixture, and then the mixture was stirred at room temperature for 1 h. The mixture was diluted
with aqueous NH4Cl solution and extracted with AcOEt, and the organic layer was washed with H,O and
brine, and dried over Na,SOs. After filtration and concentration, the residue was purified by
flashchromatography (Yamazen-Universal Premium L, eluted with n-hexane/EtOAc = 95/5 to 65/35 (v/v))

to give the title compound 163 (1.66 mg, 89% yield).

'H-NMR (400 MHz, CDCl;) &: 1.26-1.53 (br m, 9H), 3.18-3.53 (br m, 2H), 4.19-4.36 (br m, 2H), 4.63-
4.70 (br m, 1H), 5.66-5.84 (br m, 1H), 7.21-7.30 (m, 9H), 7.36-7.41 (m, 6H)
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Step3 : 1'-(tert-Butyl) S-methyl (S)-5'-((trityloxy)methyl)-4',5"-dihydro-1H,1'H-[2,3"-bipyrrole]-1',5-
dicarboxylate (164)

A mixture of 163 (300 mg, 5.09 x 10" mmol), (5-(methoxycarbonyl)-1H-pyrrol-2-yl)boronic acid (172
mg, 1.02 mmol) and 2.0 M aqueous Na,COjs solution (600 pL, 1.20 mmol) in DMA (1.5 mL) was treated
with PdCly(dppf)-CH,Cl, (42.0 mg, 5.14 x 102 mmol) and stirred at 90 °C for 1 h under argon atmosphere.
After cooling to room temperature, the mixture was diluted with AcOEt and H»O, and the organic layer
was washed with H>O and brine, and dried over Na>SOs. After filtration and concentration, the residue was
purified by preparative TLC (n-hexane/AcOEt = 2/1 (v/v)) to give the title compound 164 (167 mg, 58%

yield).

'H-NMR (400 MHz, CDCl) 8: 1.32-1.51 (br m, 9H), 3.13-3.50 (m, 2H), 3.88 (s, 3H), 4.34-4.58 (br m, 2H),
4.75-4.82 (br m, 1H), 5.82-6.02 (br m, 1H), 6.23 (br s, 1H), 6.88 (br s, 1H), 7.20-7.30 (m, 9H), 7.37-7.41

(m, 6H), 9.14-9.21 (br m, 1H)

Step4 : Methyl 5-((3S,5S)-1-(tert-butoxycarbonyl)-5-((trityloxy)methyl)pyrrolidin-3-yl)-1 H-pyrrole-2-
carboxylate (165)

A solution of 164 (167 mg, 2.96 x 10! mmol) in THF (8.0 mL) and MeOH (8.0 mL) was treated with
10% palladium on activated carbon (80.0 mg) and stirred under 1.0 atm of hydrogen at room temperature
for 5 h. After removal of the palladium catalyst by Celite® filtration, the filtrate was concentrated and
purified by preparative TLC (n-hexane/AcOEt = 2/1 (v/v)) to give the title compound 165 (129 mg, 77%

yield).

'H-NMR (400 MHz, CDCl3) 8: 1.32-1.48 (br m, 9H), 2.11-2.21 (m, 1H), 2.38-2.56 (m, 1H), 3.09-3.52 (br
m, 4H), 3.84 (s, 3H), 4.06-4.13 (br m, 2H), 6.04 (br s, 1H), 6.83 (br s, 1H), 7.20-7.30 (m, 9H), 7.39-7.42
(m, 6H), 9.01 (br s, 1H)

Step5 : Methyl 5-((3S,5S)-5-(hydroxymethyl)pyrrolidin-3-yl)-1H-pyrrole-2-carboxylate (166)

Compound 165 (129 mg, 2.28 x 10"! mmol) was dissolved in 4 N HCl in 1,4-dioxane solution (2.0 mL)

and stirred at room temperature for 2 h. The reactant mixture was diluted with H>O (250 pL) and washed
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with n-hexane (1.0 mL) three times. The aqueous layer was dried under vacuum to give the title compound

166 (56.0 mg, overweight), which was applied to the next step without further purification.

Step6 : Methyl 5-((3S,55)-1-(8-cyclopropyl-2-methyl-9 H-pyrimido[4,5-b]indol-4-y1)-5-

(hydroxymethyl)pyrrolidin-3-yl)-1H-pyrrole-2-carboxylate (167)

A microwave vial was charged with 70 (58.0 mg, 2.25 x 10"! mmol), 166 (56.0 mg, approx. 2.3 x 10!
mmol), i-ProNEt (200 pL, 1.1 mmol), and NMP (2.0 mL). The vial was heated to 140 °C, irradiated the
microwave for 2 h. The mixture was diluted with H>O and extracted with EtOAc, and the organic layer was
washed with H,O and brine, and dried over Na,SOs. After filtration and concentration, the residue was
purified by preparative TLC (EtOAc/MeOH = 20/1 (v/v)) to give the title compound 167 (68.8 mg, 69%
yield).

'H-NMR (400 MHz, DMSO-de) 8: 0.67-0.79 (m, 2H), 1.00-1.04 (m, 2H), 2.13-2.22 (m, 1H), 2.31-2.38 (m,
1H), 2.43-2.49 (m, 1H), 2.51 (s, 3H), 3.13-3.22 (m, 1H), 3.64-3.70 (m, 1H), 3.72 (s, 3H), 3.75-3.80 (m,
1H), 3.89 (t, /= 10.3 Hz, 1H), 4.24 (t, /= 8.1 Hz, 1H ), 4.81-4.88 (br m, 1H), 4.94 (t, J= 5.4 Hz, 1H), 6.13
(dd, J=3.3,2.5 Hz, 1H), 6.74 (dd, J=3.7, 2.5 Hz, 1H), 6.85 (d, /= 7.8 Hz, 1H), 7.07 (t, /= 7.8 Hz, 1H),
7.64 (d, J="7.8 Hz, 1H), 11.77 (s, 1H), 11.98 (s, 1H)

Step7 : 5-((3S,55)-1-(8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-yl)-5-

(hydroxymethyl)pyrrolidin-3-yl)-1 H-pyrrole-2-carboxylic acid (44)

Compound 167 (57 mg, 1.3 x 10"! mmol) was dissolved in 1:1 THF-MeOH (2.0 mL). To the solution,
2M aqueous NaOH solution (580 pL, 1.2 mmol) was added, and the mixture was stirred at 60 °C for 3 h.
After cooling to room temperature, the reactant mixture was neutralized with 2.0 M aqueous HCl solution
and diluted with H>O. The precipitated solid was collected by filtration, washed with H>O, and dried to give

the title compound 44 (41 mg, 73% yield).

'H-NMR (400 MHz, DMSO-ds) &: 0.67-0.79 (m, 2H), 0.98-1.06 (m, 2H), 2.13-2.22 (m, 1H), 2.31-2.38 (m,
1H), 2.42-2.48 (m, 1H), 2.50 (s, 3H), 3.12-3.21 (m, 1H), 3.67 (dd, J = 10.5, 5.7 Hz, 1H), 3.78 (dd, J= 10.5,
3.9 Hz, 1H), 3.89 (t, /= 10.3 Hz, 1H), 4.24 (t, /= 8.1 Hz, 1H), 4.81-4.88 (m, 1H), 4.95 (brs, 1H), 6.09 (dd,
J=3.4,2.6 Hz, 1H), 6.68 (dd, J = 3.4, 2.4 Hz, 1H), 6.85 (d, J= 7.7 Hz, 1H), 7.08 (t, /= 7.7 Hz, 1H), 7.65

(d,J=17.7 Hz, 1H), 11.62 (s, 1H), 11.98 (s, 1H), 12.07 (br's, 1H)
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BC-NMR (400 MHz, DMSO-de) &: 7.7, 8.1, 10.5, 25.8, 33.6, 37.3, 58.0, 59.1, 62.8, 95.4, 106.3, 114.9,
118.7,119.2,119.4, 120.3, 122.3, 126.3, 136.3, 137.1, 157.4, 157.7, 161.8 (2C)

[0]%p = -342 (¢ = 1.00, DMSO)

HRMS (ESI, m/z, MH+) Calcd for C24H2603Ns: 432.2030, Found: 432.2032

Step8 : 5-((35,595)-1-(8-Cyclopropyl-2-methyl-9H-pyrimido[4,5-b]indol-4-y1)-5-(hydroxymethyl)

pyrrolidin-3-yl)-1H-pyrrole-2-carboxylic acid (45)

Ammonium chloride (7.2 mg, 1.4 x 10"! mmol), HATU (39 mg, 1.0 x 10" mmol) and Et;N (47 uL, 3.4
x 10! mmol) were added to a solution of 44 (29 mg, 6.7 x 102 mmol) in CHCI; (1.0 mL), and the reactant
mixture was stirred at room temperature for 18 h. The mixture was diluted with H,O and extracted with
CHCls, using ISOLUTE® Phase Separator manufactured by Biotage AB. After concentration, the residue
was suspended in 1:1 n-hexane-EtOAc and stirred. The precipitated solid was collected by filtration,

washed with n-hexane, and dried to give the title compound 45 (7.2 mg, 25% yield).

'H-NMR (400 MHz, DMSO-dé) &: 0.66-0.77 (m, 2H), 0.98-1.02 (m, 2H), 2.14 (dd, J=22.5, 12.1 Hz, 1H),
2.29-2.36 (m, 1H), 2.39-2.44 (m, 1H), 2.48 (s, 3H), 3.08-3.17 (m, 1H), 3.63-3.68 (m, 1H), 3.74-3.78 (m,
1H), 3.84 (t, J= 10.2 Hz, 1H), 4.22 (t, J= 8.2 Hz, 1H), 4.78-4.85 (m, 1H), 4.92 (t, J= 5.4 Hz, 1H), 5.99 (t,
J=2.7Hz, 1H), 6.69 (dd, J=3.5, 2.7 Hz, 1H), 6.79 (brs, 1H), 6.83 (d,./= 7.7 Hz, 1H), 7.06 (t, /= 7.7 Hz,
1H), 7.38 (brs, 1H), 7.62 (d, J = 7.7 Hz, 1H), 11.30 (s, 1H), 11.96 (s, 1H)

BC-NMR (400 MHz, DMSO-de) &: 7.7, 8.1, 10.5, 25.8, 33.6, 37.2, 58.2, 59.1, 62.8, 95.3, 105.4, 110.7,
118.7,119.2, 119.5, 120.2, 125.7, 126.3, 135.0, 136.2, 157.4, 157.7, 161.8, 162.3

[0]%p = -332 (¢ = 1.00, DMSO)

HRMS (ESI, m/z, MH+) Caled for C24H270,Ns: 431.2190, Found: 431.2191
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