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Ac : acetyl

ATP : adenosine triphosphate

AUC : area under the blood concentration time curve
Bn : benzyl

Boc : t-butoxycarbonyl

Bu : butyl

CDI : carbonyldiimidazole

CL : clearance

CL, : intrinsic clearance

CNI : calcineurin inhibitor

CSA : 10-camphorsulfonic acid

DBU : 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DCE : 1,2-dichloroethane

DIBAL : diisobutylaluminium hydride
DIPEA : N,N-diisopropylethylamine

DMAP : 4-(dimethylamino)pyridine

DMF : N,N-dimethylformamide

DMI : 1,3-dimethyl-2-imidazolidinone
DMSO : dimethyl sulfoxide

DPPA : diphenylphosphoryl azide

DPTTA : 0,0’-di-p-toluoyl-tartaric acid

Et : ethyl

F : bioavailability

HATU : O-(7-azabenzotriazol-1-yl)-N,N ,N',N'-tetramethyluronium hexafluorophosphate
HBA : hydrogen bond acceptor

HBD : hydrogen bond donor

HOBt : 1-hydroxybenzotriazole

i- : iso-

iv. : intravenous

im. : intramuscular

IMPDH : inosine monophosphate dehydrogenase
IPE : diisopropyl ether

LAH : lithium aluminium hydride

m-CPBA : m-chloroperbenzoic acid



Me : methyl

Ms : methanesulfonyl

n- : normal-

NaMHDS : sodium hexamethyldisilazide
NBS : N-bromosuccinimide

NMP : N-methylpyrrolidone

NT : not tested

MMF : mycophenolate mofetil

MST : median survival time

PAMPA : parallel artificial membrane permeability assay
P, : permeability

Ph : pheny

p.o. : per os

PSA : polar surface area

Py : pyridine

s- : secondary-

SAR : structure—activity relationship
SEM : 2-(trimethylsilyl)ethoxymethyl
STAT : signal transducer and activator of transcription
t- : tertiary-

TBAF : tetrabutylammonium fluoride
TDI : time dependent inhibition
TFA : trifluoroacetic acid

TFAA : trifluoroacetic anhydride

THF : tetrahydrofuran

TIPS : triisopropylsilyl

TPSA : topological PSA

TsOH : p-toluenesulfonic acid

\'A : volume of distribution

WSCD : 1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide
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. MR & SRRSO

gt R A I T gt 2N PR RE AN TRl o 7o BR D B2 FB L L T IRS N D, TOBRICEE 2
SRR AR SO TR R | UIE USRI & 7 % BRIV T, IL-2 (interleukin-2) 73 B 2L
Kl ZH - TnD, P BiEsns &, BiilEdH ko MHC (major histocompatibility
complex) DFRE S, PURIE M K A PURIE RS E B, £ LT, ~N—T a2 G
ML Eav, BEOME - HIEICRED LA N UA U Th D IL2 DEAZFET L, 20 L)
IZ U CREA S IL-2 I K0 MR EME T M, B, ~ 27 v 7 7 — V&R Mg
Yk &, BiEEGSHE SN D, 20 L) SIS E D TR IL2 B ES LTV D
7o, IL-2 ¥ 7 MGREZ BN LIRSS 2 3692 2 L BB MEGR O EE Rz m S ¥ D
T TEETH D,

i er AR 1T 20 HACHIBE L VA B D L H 127 o 7oy i M SO S BREE & 70 0 B Ak i
RERMICOIEVAESEDLZ LI TE R, ZOBGRBHEIGEICKE RIERNA L
HEICTeo =D, REMERTH LT YT A7 U (azathioprine, 1) 23BH%E 4172 1960
FRIZA>THETHD (Figure 1.1), 7YV F A7V %, EERNTALD T N T Y (6-
mercaptopurine) & HITILTF A A /22U g (6-thioinosine 5'-monophosphate) (2 415,
ANAT KTV AL ARNOT Y ARG KR TH D denovo F%, FTAA v U VBRIT
salvage R & PHET 2 2 & THEMBARKA MG L.V >/ 8K A& 5 TefE 2« O iE 2 HET 2 %
ZOTHFATY 2T uA ReDHFHFRIERBREFRIEIZBWTEIMETH D Z & AR
SINDE, EbEBUERFOEEREL o7,

Figure 1.1. Structure and metabolites of azathioprine.

S
e o
N~ >s s lN| J
! NN H metabolism N N metabolism H G o
L Ly — - we<XS
N N N N »,-O._ _OH
H H

HO (/)l "OH

azathioprine (1) 6-mercaptopurine 6-thioinosine 5'-monophosphate

1970 FRIZAY | v =2 —U HFEA] (calcineurin inhibitor, CNI) ThH 57 1 AR
> (cyclosporine, 2) OMEIHIMERA N BRI ND &, BiilEds O AFERITREMIZH E Lz
(Figure 1.2), = LT, 1990 FFRIZIZF UL CNI ThHH ¥ 7 1 Y LA (tacrolimus,3) <°A /



vr—U UiET e Ru%F—+E (inosine monophosphate dehydrogenase, IMPDH) [HEA|TH %
Rav=x /) — /BT = F /L (mycophenolate mofetil, MMF, 4) 23EEIR{EH S5 L 91270 -
T CNLIZ ANy =a— Y Ol Y gt Z 33 % 2 & T, NF-AT (nuclear factor of activated
T-cells) SEENBAT L IL-2 BSEA SN DO ZHT 5 °0 MMF iE, AN TIaT7 =/ —L
% (mycophenolic acid, MPA) (21X S 4L, de novo 2 D% TdH 5 IMPDH % [HET 2 4,
U U RERIZET D 7Y AAEBAKIT de novo RITIRSARFEL TWD Z ML, THFATY L
TR0 U BRI A R BRI 20 R & R

HEIX CNI Z A& L7z, MMF, 27 uA RO 3 FISFHRIEDREERR & 2> THY |
2010~2014 £ D A AR TOAERBRIEIC I T 2 0% 1 £ L OS5 FOLFRITLZNEN 99.1%.
972%ZE TH EL TV, LALZRAD, CNLITIEBEREELCHRERE S . MMF (Z(3H L P
FHLEVSTZREARH L Z Lo, REIMEMRT 2 ECTHBEE Z2->T0D % Zhwzx, KV
BIVE R DML S 78T 7o 7o (R TR R D S0 R A NI S o Tn D

Figure 1.2. Structure of immunosuppresive agents.

QVY%@M‘Mm

mycophenolate mofetil (4)

IMPDH |nh|b|tor
L metabolism
o OH
= OH
cyclosporine (2) tacrolimus (3) © (6]
Y gNI OMe

mycophenolic acid

1-2. Janus Kinase & % @O BHEHA)

Janus Kinase (JAK) (I A A DOV T F NV RRBIZENWTEHEREE Z R LTNWDHT
X S—ETHDH |, FrF S —EIL, ATP-binding site (Z#5H L7 ATP (adenosine
triphosphate) U VI A HWCTHEMZ o X7 OF vy ks ) UMb+ 2 &K E 2 - T
W5, JAK 121X JAKL, JAK2, JAK3, TYK2 O 4 FEFED Y7 % A 7 )3FTE L | true kinase domain
& pseud-kinase domain & FE{X41 5 2 D@ kinase domain 4 L CW\WAH Z L, B—<MEED
Janus fIZIRNA TEDOL RO BT,

0= HEEICBIG T O MO TH 5, HORMRICEHZFF > T 5D,



WA N IA U PZFRARITHEST B LN O JAK 2351EME{E v, STAT (signal transducer and
activator of transcription) 73U b b, £ LT, U Bk S iviz STAT BERNBATT 5 2
& T, RIEMBEB T ORENMEE S D * (Figure 1.3), JAK1 & JAK3 (%, IL-2, IL-4, IL-7,
IL-9, IL-15, IL-21 LW/ y8{7 7 I U —H A A > (y-chaincytokines) D7 F VIR
Zi@ LT T Mook - RIS G- LT\ 2, JAK3 I 7 2 4 7L 87p v U o/ R
REYIZHBL L TWDH T EbHBILTWD, £72, JAKIL, JAK2, TYK2 |E IL-6 D> 7 F VAR E
WCBE LTS, EHIC,JAKR T ) 2R F U EoEmy A A Dy 7 IREIR
LG LTV DZ ERMBNT WD,

Figure 1.3. IL-2 signaling pathway via JAK1 and JAK3.

cell membrane

nucleus gene transcription

YA MIA LDV T FNVBREREDBONEDY 225 JAK (FAIFRY —7 > hLTEI NS
HERHINTE 7, 4 MEOY T XA T7ORTRIICAFES —F7 >y M LTHEA SO
JAK3 T®H 5, JAK3 KB 1L, HIEE A 0 A 2IE (severe combined immune deficient, SCID)
DIERZERTZ ERMBNTND Y, L LARBND, RV OMIEIZEY THY ., -8
BRI K D IBFATRE T D 2 & A3, JAK3 DRI R il o % — 7> b & L TR &
NTEHATH D, ZNETEL DO IJAK HEAPHRE SN TE R, ZOF X TH ATP-
binding site DA TLE A7 D TH D, = OH CTHKRFIEEE N OER SN TE =00,
7 7 AP —thiz ko TRH S H7z tofacitinib (5) TdH 5 "' (Figure 1.4), 513 JAK3, JAK2, JAKI
W2kt LERZ, ICs =080 nM, 3.1 nM., 3.7nM L3N EERHZRL, =74 P L%
AW BEBMERBRICB W TABERSRZ RT Z NG S, Z0®E X JAK FLER O



ISRl E L CORREMZ KWICHIfF S 2 b0 ThHo7-, Tk, B v~F &
JEL L TRZENED B, 2012 I KETEB N,

Figure 1.4. Structure of JAK inhibitors.

(0]
H =N
H N N\\I N —NH H
N AN \ | N "N N N\
) AN )
72
NC JJ\ O o o N |<l \)J\'\O NH
. “S-N .
", ./ (\ N
CN -
0=S
tofacitinib (5) baricitinib (6) 0 filgotinib (7) PF-06651600 (8)
pan-JAK inhibitor JAK1&2 inhibitor selective JAK1 inhibitor selective JAKS inhibitor
Launched Launched Phase Il Phase Il

5 OERK TOZEBERANRE SN TR, Z2< O JAK BEAN#ESND L) ICR o7z,
A A bEX Y R &37z baricitinib (6)1F, JAKI & JAK2 Z @RI ET 5 2 & 235
HATED 2017 FITHIN TR Y v~ F &2 @s & LIo&KR A2 T T D,

JAK OY 7% A TRINZE T DMFEMHEIZEWE S, 7 2 A4 78I 72 REH 2 L3 2
CIIREECH D EINTET, Ly L, MEEYFOHMESNZ LY SBDD (structure-based
drugdesign) IZX 57 70 —FNAREL R -T2 LG JAK ORFEDY 7 X A 7 2RI
PLET DA O®RE B TV D, ﬁ?ﬂﬁzﬁibﬁméﬂkm@mw%miJmm%
BIRICHET 2 Z A MEINTERY, B U~ F 285058 ZHERRRBR g T T
B2 JAK2 ZAET L 2 &L THAESN O BEMORBMEN 5§ LEETHRholo 2 L
ENTWD, 774 Y —tEX v R & 37 PF-06651600" (8)i%, LA #EAHID JAK [HEH|T
HY | JAK3 Z@EIRICHET 2 Z ERME SN TWD, BIE, BEEHY v~ FCHBMEILE &
W o TR B A TR IGSE & U CERIRBIFE DN D Hi1 T\ 5,

ZDEHIZEL O IAK [HEANHRSE S, B v~TF, Wik, 72—,
7~ h—7 A (systemic lupus erythematosus, SLE) Z (XU &3 HF A~ D H &)
TERRBRAI TN TWD, JAK 7% A FHOREIEMEDEWIC L - TH R R BRIk
TOLAEIERRRD LD, K2 O CRERBIZE > TEICHEEGT Y1 0
o TNDHIEHERLTND Y ZoZ Eid, WEERMERZZ ERZ OV E R
FERE T DAL O FTREME b HIfF S D,

% %

%A
22NN
8 &



1-3. AWf5ED HIY

ZDEHITEL D IAK ILEFINRE SN TWA D, JRes B O 5 SOS O Il 2 5
Z %A, JAK3 O JAKL #FET S 2 Lk IL2 Y 7L 245 2 & N
ThiHEZEZLND, SHIZIAK3 B U U NEKEIRIIZHEILL TWDH I ExE XD L. JAK3
PR LS Z I LA ORWER AR T & 5 AlREMER & 5 L B2 bivd, EEE. JAK3 FHEE M
EHT D 5 XY WINBER I O FEAGSOG O & G & L7CBRRBRE A D Tuve, Ll
725, CNI OFERE X #2245 L7=, MMF (fH OBERRERIC TEMNIRD L N-b O
D, BIEREEEORIER NS NBIEGBRIIPH LI £ TH D, BRTPBrosEM 2 h
IHIHNT > TR WA, CNI DOFERRE iz 200 5 ETOFHFE O BIRE O EF IR R D
THA NCMER S > - AREME LIRS V1D 5, 22T, EHDLIT, 5247 CNI O &
iz Tlde < | EEERIETod D CNI, MMF 28 O OF R IEIZH 72 7o 3KA 2 8N 3 2 Fik & 8 4R
L7z, ZHUT K- CRFEPFH T 2 EA o5& % TIiF. CNI, MMF ORIEHZ K T& %
DTEARWnEB 2T, BEL TS IJAK EAIOT 07 740 E LT,

1) FWNCE R S-9 5 JAK3 BLEEMEIL S D 1C,=0.80nM % L[R5 Z &
2) JAK2 FHEIZE M OEIERH O EN & 5 728 JAK2/IJAKS3 BIRMIT 5 2 FEI SR &7

EL. o7 s A vzeiobeW e RHT<RIETF LI,

Y5 OERRRBICBWD T A EMOEIERNRAZ NN, WTFNGEETH Y EEME L H -7 & s S
NTWABZEMNEL S 7 &1 50 JAK2/IJAKS EBIRMZ TRIS Z2WVMbeWE HEL L,
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B3 RIEMEN B L CYP3A4 MER K A7 B [E1388 |2 1) ) 7o et

2-1. EiEMEM Eo = oA ITE#

WMHERRICEY, Erenb D P BKEA725 9 2/ L2 Y (Figure 2.1), 9 1% JAK3,
JAK2, JAKI (2% LZ 21 ICs, = 1100 nM, 1800 nM., 2900 nM D LETEMEA R 23, 5 &t
B2 L 1000 5 0L HKTEE T o 7o, LALLM G, 0 FENR 229 L a7 R TholoZ &
DIEEEBRO RN ENEE X, 9% ) — RMbEe Lo GERICETF LT,

E V0 ENEERMEE M T A T 5I1CH 720 X IGO0 R 2 Hu iz, JAK3 @ ATP-
binding site | % hinge Ik OB PEFEIR D DL SN TN D, 9D Ny X VT OFER, v
no Y YU BRIT hinge FEIICAIE 95 Glu903 KON Leu90s & /kFEfEA Z I L CHAIEMT
HZ &, vraAaT Y URITBUKMER EHAEH LTS Z ERHEE SV (Figure 2.2),

Figure 2.1. Structure of lead compound 9.

NN

N
S
JAK3 |C50 =1100 nM
N_  JAK2ICs = 1800 nM
(j JAKA IC5p = 2900 nM

9

Figure 2.2. Predicted binding mode of 9 to human JAK3.




9 IR Y UUVERET T AT Y UBROMICHBEREFRRREESVHFAEL TN D
7o, V7 maF Y RN K0 BRANTHUK M & A AR T ST, U e EE
SNTWVWARERHDLEZEZT-, T2 Tar 7 A—varyzEEIEH, Z8&MEA
grvevanv') V) UEKREAT D10 27 YA 2 L, %O JAK3 RETEME A 7 L 7= (Figure
23),

ZORER, 10 X JAK3 (2% L ICs, = 54 nM OFREEEZ /R LT, Ry 7 aiT-7-
LA, Brnu 'l P UBA ATP-binding site O hinge fEIk & . BESN/Z2 7 o~FH B8
BRI EABBAEH LT D 2 & B3 EE Sz (Firure24), L723- T, BREIEMEOM
FEBRICEsTaryr A—arPEESINZEO BN, LLARRL, 5 &tk
WD EERRE LRI CTh o722 &b, ZRIEA IX Y R U Ui EROR
WEIEMEAB A REE L, iSO B2 B Lz,

Figure 2.3. Design of tricyclic imidazo-pyrrolopyridinone derivative.

H
N | R Restriction of | X
N\ - conformation N\
Z . by cyclization & NH
N .- - N—
o
9

10
JAK3 IC o = 1100 nM JAK3IC5o = 54 nM

Q

Figure 2 4. Predicted binding mode of 10 to human JAK3.




22 A IXZVE R Y ) UEEIRDARK

SR ) V) UHEAOGRKITTROYr oY 0 11 & IR L
LTIT>72 (Scheme2.1), £, SCHBEEN D HIEIZHEN ®, m-CPBA Z/EH S ¥ N-FF T
ELIte, mm/mn ZEEREL L TI1R2 2Lz, 2ok, BRI 2BEIZLY 13 &
L7ztk, Avnzvl REERHESESZE T4 7o) vy 14 T8 L, T L
T, ErebE Y YO NH%Z TIPS A CTIRi#ET 52 &L T15 L Lz, 22T, s-BuLi z V5%
SOLRIRAA N B Y FAMEITW Y 7o FBoFALZENIEL 2L T AT AELZEA
L16 & L7, =Dk, TBAF ZH\\C TIPS & FRETHZETI1T & LT,

Scheme 2.1. Synthesis of pyroropyridine 17.

0° o) °
H H o H o H
NNy  mcrBa NNy OH  KsCOg N NS MsCl NNy
w e . T 2 ] ]
Z DME Z CHCIgH,0 Z DMF &
0°Ctort, 4h 91% 0°C t080°C, 2h
63% Cl 86% Cl
11 12 13 14
s-BuLi
TIPSCI WS THF s Ho o
NaH N s -78°C,1h; N s TBAF N s
, .
DMF \ = ethyl chloroformate WCOQEt THF \ 2 60LEt
5°C,°2h | -78°C,0.5h rt, 1h z
79% C Cl 88% (2 steps) cl
15 16 17

WIZ Microwave SNEEE 2 HWT, 17 EE5MET 2 U & OB FHRREEB S ZITUV, 18,
18a—j ~ & 7= (Scheme2.2), HiW T, HEMSEH T ATV ENKGIRE LI NVR L EEE L
7ot . DPPA Z{EH ¥ % Z & T Curtius I8 A8 L7z A V7 R— FDAER LR 0+
TOBRLEZRT, ZBEA Iy Enat ) Y B EAT 5 10,19a-j 2157,



Scheme 2.2. Synthesis of imidazo-pyrrolopyridinone derivatives.

amine

H n-BuOH H LiOH-H,0 DPPA H
N N Microwave N N dioxane/H,0O Et3N N__N
S 150 °C B reflux DMF (or DMI) |
CO4Et or CO.Et or dioxane NH
Cl amine _NH 2 M NaOH ag. 120 °C, 2h N -<
EtsN R EtOH/THF R 0
NMP reflux
17 Microwave 18, 18a—j 10, 19a—j
180 °C

. O}a O}‘a
10 19a

@)
19b

19¢

19e

oo 2 OO

19f
mixture of

199
mixture of

diastereomers diastereomers

19h
mixture of
diastereomers
(ethanedioate salt)

19i
(hydrochloride salt)

19

23a |% Scheme 2.3 IR TAMIEIZ CEKR AT T2, 17T &£ 47 X /-1-Boc-&XY T LD
R EASOLN 21TV 202 & Lz, RIS, = AT VORI REELT - 7-1% . DPPA % {EH]
SHHZET2a & Lz, D%, Boc EDFREZITV 22a ~EBH L1412, Avrnml)

REAEHESEAHZ L T23a & L,

Scheme 2.3. Synthesis of 23a.

N

NH,
BOCNO/

_— >

81
/

= CO,Et n-BuOH
Microwave
cl 150 °C, 1 h
78%
17
NN
N
HCI =
= @NH
dioxane N {\
rn,2h (0]
quant.
AN " ohc

22a

BocN

ZT
=z

-z
N\

COLEt

) 2 M NaOH ag.
EtOH, reflux, 3 h

N E
P4
T

O0a

MsCI
EtsN
—_—
DMI
0 °C, 20 min
72%

2

) DPPA, Et N N—(
dioxane (j 0
120 °C, 3 h BocN

63% (2 steps)



23b,23c |
TR L EMEAE SED L TAEREIT T,

Scheme 2.4. Synthesis of 23b, 24.

IELTH. 373 /-1-Boc-ERIPUDRERDNSIEEZENEFNHNSZ LT
Scheme 2.3 & [Flfk D HFIEIZTHEKETIT>7- (Scheme 2.4, Scheme 2.5)

BocN ~NHz H H
NN 1) LiOH-H,0 NN
H | dioxane/H,0 |
N \ N\
N | N DIPEA COEt rtt0100 °C, 2.5 h % NH
\ ”
WCozEt n-BuOH BoeN =~y NH 2) DPPA, EtsN N
Microwave DMF/dioxane o
Cl 150 °C, 1 h o BocN
) 120 °C, 3h
° 68% (2 steps)
17 20b 21b
NN NN
MsCl
HCI W EtsN W
- . NH
dioxane N DMI o o N ‘<
CHzCloMeOH 5°Ctort, 0.5h ‘SN o}
nt,5h 41% /
quant. -2HCI
23b
o}
NC \)J\OH H N\
WSCD-HCI N
HOBt, DIPEA =
. NH
DMF N -\<
rt to 50 °c 2h j\\
% NC
Scheme 2.5. Synthesis of 23c.
H H
BooN NH, NN NN
Ho °°O’ Tl 1) 2M NaOH aq. Gl
N | N = CO,Et EtOH, reflux, 3 h = NH
\ ”
q%coza n-BuOH BocN NH 2) DPPA, EtgN N—
cl Microwave dioxane BocN @)
130 °C, 1 h 120 °C, 2h
32% 66% (2 steps)
17 20c 21c
NN NN
MsCI
HC A EtN L
- 5 NH — —° o NH
dioxane N ‘< DMI o 0 N ‘\<
rt,2h °C, 20 min °S “N 0
quant. 43% /
-2HCI
22c 23c

10

4 1L TiX, 22b &



(#£)—cis3-7T X /) 4-AF LY P 28 (%, Scheme 2.6 (28T HIEIZ TARM LIz, STHREE
HO22NIR U7 e REERHESE, BV V=0 L8260 & L, il C, Bib775 7
FEE FAKRBIRIMOEMEIAT 2 TCEY PUBOBILE{TWVD., 3-7 I /-EXRU 27 L

7= WKIZ. TEA % AT Boc HOBREETI,

Scheme 2.6. Synthesis of 28.

HHED 28 2157,

H2 (3 atm)
'\CLNHBOC BnBr BHN@NHBOC cat. Pto2 BI‘INO“‘NHBOC TEA BHNQ\\\NHZ
l —_— | —_—
= acetone Br A EtOH 7", CHCl, 7",
reflux, 3 h 40°C, 4h rt, 0.5 h
96% 69%
25

26

32a, b DAL Scheme 2.7 IZ/R T HIEIZTITo 72, 17 & 28 & O B RIZESSG % 1T
VN 29 b L7, REWT, kiR E Euicki< . DPPA ALERIZ LY =Rk I XY et

V) UBREREL 30 & Lt SHIT, KRR T VT LFEE FARFBERIMO KA Z &

T, Bn EDOBREZITVIL & Lz, £ LT, AR UVEEEOREERIGZEITV 32a,b 2 157-,

Scheme 2.7. Synthesis of 32a, b.

i H
R 1) LIOH-H,O NN
H N S | dioxane/H,0 S |
S Et,N = flux, 10 h %
C | 3 CO,Et reflux, 10 o NH
CO,Et NMP BN~ NH 2) DPPA, EtsN N
i Microwave O dioxane BnN O
180°C,1h N~ _"", reflux, 4h T\ i,
95% 57% (2 steps)
17 29 30
o)
H N . NC JJ\ OH H N <
H, (4 atm) & WSCD-HCI U
cat. Pd(OH), AN HOBL, Et;N AN\
EtOH N DMF 0o N
30 °C, 2 days o) rtto40°C, 3h \)L o)
99% HNQ ..... 66% N NQ .....
31 32a
N:N o© H o\
N | N N
Aoy W
WSCD-HCI NH
HOBY, EtgN o N
N=N JL e
DMF/NMP NN Ny
rt to 40 °C, 3 h hd

53%

11



2-3. AV ERu Y V) UFERORIETE AR

XLHIZ A0 DT 7 B~ T UEOBRY A XD JAK3 LEEVE~DRBIZ OV THREEL 72,
TEBRICZAR LT 19a TIX JAK3 ICs, = 180 nM & FHETEMHOIKR T, 7 BB~ZH L 7= 19b T
X JAK3IC5,=22nM L RFEIEEOR LB LN Z L K0 IEEEEHE L TWD Z & 230R
2 X7z (Table 2.1), —J7, ¥ 7 a~F I )L A FIL~ZH LT 19¢ TiE, 19b & FFEE OfF
BIEEET 5 00EROM EIxAonT, 10 LIZIERBECh-o7-, F07H, EiEOBR
WENEHEORBUIIEE TH DL B2 bz, — ., N EERER T, IREEOR K
& &b inviro R 7 VT 7 v ADMEOHKT b bRMEEIEDOEANR S bz, HEE
PEEDNT U 2AEBEB L, UBOEHBIZI0 DY 7 a~Xhrigab Licfio 2 e L,

Table 2.1. SARs of cycloalkyl groups.

JAK3 in vitro
No. R ICy, CL,, CLogP
(nM) (mL/min/kg)

x
10 O 54 153 3.1

%,
19a @ 180 NT 25

5%
19b O 22 272 3.6
19¢ QJ% 60 802 3.6

VT, BUKMEREICE O BAEHEZ IR L, 27 a~FT Y VB XA FAREROEANZ B
L7- (Table 2.2), ¥ 7 a~FH 2 20 AT )VEEAEE A L7 19d Tix JAK3 ICy, = 3.0 nM &
KIEIZTEMERS M BT 2 2 & bhrotc, —J, Xt d 20058 19e Tld JAK3 ICy, = 27

TSy MEIza Y — RO EERR, Ty MFIZaY—Aa kAl A A v Fa—
ML, £ F 2= MR TOILEMOREMEDOEEE S LI, (K7 VT T 2 ADMH in vitro CL,,
(mL/min/kg) % WS 70, N KEWIE ERBZEEMENZ & Z2RT,
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nM & HETEMED R RIXREN TH -7, I, Y7 a~n%h 300, 4fi~DAFNIED
BAGBRET L7225, 19F LY 19g WFICEWTHRE RIEEOHEBIZITE S 2o T2, F
o, vraaXxt U 20T AF RN BT HIEMER RiIZAbh o, ek, ¥
a2 NANTTFUREZEALZ 19 ICBWTH 19d & RREOHEEEZ R LD
DD, CLogP=4.1 & RIEMENER L2 72 OB LZ EEDIK T AR LT,

Table 2.2. SARs of substituted cyclohexyl groups.

JAK3 in vitro
No. R ICy, CL,, CLogP
(nM) (mL/min/kg)

m

10 Q 54 153 3.1

19d Q ,,,,, 3.0 300 35
s

19¢ O\ 27 NT 35

19f¢ \Q 21 NT 35

W,
19¢° Q 42 NT 35
19h™" ©< 69 NT 4.1

x
19i¢ Q/ 3.0 >1000 4.1

“Mixture of diastereomers. "Ethanediate salt. ‘Hydrocholoride salt

13



S5OERY VU EOATFNVERBKER7Z  hEEELTHHENIMESE2EZD &,
ZO 2B ALIEATFNVESFEEOR Ty FEHAEEHLTWD Z RN, Fy
FUTATICBNT, 19d O e B Y VU BRIL 10 &[RRI hinge fEIk EFHAAEH L TV D
ZENRTHIENTZD (Figure2.5.A) . 2ALIZEA LT A F VIO RE LV IESRFGET 5729
(2. WaterMap™ |2 K 2T 21T - 7=,

WaterMap (L5 > /X7 E DV T2 REEE AL DK F OB e 2 3 5 FiETH
%, WaterMap ClE, U v FFEGEALICHFIE L, KFE/HEGEOHAEERICHEE Ly, =X
NI RRERKY T EFH TS, T LT, VY ROEEICL > TR Z 2 REE K
DTOBEBNDENTZTREEDINEHEL, U NIELEV T REDHEAIZL>TENZT
THRNFX—CLER SN E RIES 5, JAK3 O X #tEiEE# (PDB code 3LXK) XV H
Mo X—%2HHLIZEZ A WI-WIL O 11 HOREZE 2K F (AG=2.0kcal/mol) M
H&Eh (Figure 25B), 19d O B PUBIZE > T W2, W3, W4 DKFFR, 70
AFXHUBRIZE ST WO,WT OKGFVREEEINTWD, ZHHOKGFOERIL10 THiE
XTWVDHEHREINDD, 19d ITBWTIE, by 7t U 2 fLIc8 AL ATV
FEIZE > T W8 DARGFNEBRENTND, LEEN-T, 19d & JAK3 & DFEE N TR LF —
FINCAHFNZ 72 D IEMEDERIZ D72 R -T2 FE 2 b D,

Figure 2.5. A) Predicted binding mode of 19d to human JAK3. B) 19d with unfavorable water
molecules determined by WaterMap (AG =2.0 kcal/mol).

14



2-4. CYP3A4 B[RV AF R PH T o []kE

B—Em TR LI, EHEOITIAKHERZ Y 70 ) AR EOFERLHFHTLZ L%
HELTWD, #71 ) AADFERHEEFRIL CYP3A4 THDH-H P, CYP3A4 [LEIC L 53K
W BEERICE > T 70 ) AZDMPEED ERE2BL TRENDH 57,

Z 2T, 19d [ZEM B EAER ORBRENR20INE D IR T D72 0IC,. CYP3A4 [HERER
EATol-, TOFERE, 19d X ATHiEHE (reversible inhibition) |37k 72\ 6 DD, CYP3A4 FEAT
T 49% & K AFAYBEE (time dependent inhibition, TDI) Z /x4 Z & 2387 L 7= (Table 2.3),
—fi, TDLIMMbLAW T E & ONREW N CYP3A4 2 Rl Wi E S 2 2 ENFRINE B 2
HILDTD, FOMUIRE & L THIMRBEBM A FFE L ZORMEMZ D L BAHTH D,

19d ORFIMBEIT T2 L 2 A, v u~FHUBERREAH S TW5E Z &3 5 )
(272 o7z (Figure 2.6) , £ Z T, ¥ 7 T Y UEREZ AT nBRICEM LIRS A TIF 5 2 & T,
CYP3A4 |2 X 2t Z4mfil L TDI o+ B+ 2 & & Lz,

Table 2.3. CYP3A4 inhibition properties of 19d.

CYP3A4 CYP3A4
No. reversible inhibition TDI
% remaining % remaining
19d 95% 49%

Figure 2.6. Result of in vitro metabolite identification study on 19d.

Oxidation '~--------- '
by CYP3A4 19d

T a ) AAFERARFORMTRESEYC S e — LT AMNERH L0, WA
WCHEBETAHALEND D,

T bl & REESE CYP3A4 & % 30 R4 > F 2_— h L7284 (TDD & LAanWga (afiiflsE)
LT, CYP3A4 OFEFIEMNZFMIT AR TH D, FBEIEMEILZCYPIAL DREETHDHI XY T LN 1-
ERafi 4T LIRS NEEE2L EICRBED o772, T OREREIEVED 80%RM DHE .
TDI } VR #ifHE O &S & 0 &l L7,

15



Yru~ntdYUBREZT FTE Rt T URICER LT 19j TiE. JAK3IC, =270nM & FH5E
EEOIRT ZZ2H N D00, R EMEE CYP3A4 FRAFEMEICKIBRBGEN A DL
(Table24), L7 ->T, CLogP #I K FESEAELWMNEHTHDLHEEZ DNz, B D
22a ~DZEHIZEBWTH JAK3 ICs, = 1200 nM & BLETEMEIZIK THIAICH > 7228, XY v
DEFZBIF 1D ORI X - T, 19d © WaterMap FEHT Dt B H S 7= R 22 E 72K 551 WO,
W10, W11 OEBNAEE TlE 72V & & 272 (Figure 25B), £ 2T, AR T I REH
L7=23a DA AEITo72& 25, 23a TILJAK3 IC,, = 710 nM & BLETEVE DS E N H iz,
oI, BV VU DOERFFOMMEOREAZITV, R BIEM 23b 723 § BMEAK 23¢ LV b
EEMEZ R T 2 E R BT o T, KL\ T, AR T X REV Ok 21T o728 25,
T JHEERT I RICAEHA LT 24 1BV T JAK3 IC,, = 28 nM & fLEEMED M B bz,
Z LT, 19d TH LI AFNEDBE AN L HIEER EOMRAZIENL, BN U8 RIZA
FIHZE A LTz 32a Tl JAK3ICs, = 1.1 nM & KIEIZIEMED A B L7z, 32a (3AGH2 &M,
CYP3A4 AAEMEICEA L TH RIFCThHoTe, £/, TR Y= ZEAL 32b 1TV TH
JAK31ICs =14 nM & miE Mz R L, AREILEM., CYP3A4 FRAFEME S BAF CTh o7,

16



Table 2.4. SARs of heterocylcles.

NN
!
NH
N
R (@]
JAK3 in vitro CYP3A4
No. R ICs, CL., TDI CLogP
(nM) (mL/min/kg) % remaining
oy,
19d O 3.0 300 49% 35
%
19§ T 270 No. 90% 12
o Depletion
. S
22a C( 1200 NT NT 13
HN
Y
23a Me\S,I\O/ 710 NT NT 1.1
lolke)
0.0
23b Me S O‘ﬁ 63 NT NT 1.1
0.0
23c¢ Me'S‘UH 460 NT NT 1.1
(6]
24 NC NQ“H 28 NT NT 0.5
(0]
32a No Ay~ 11 No 90% 1.0
(racemate) 3 Depletion
2 Ny f
N I~ g No. 88% 0.86
(racemate) , Depletion

"Hydrocholoride salt

17



2-5. {LEW) 32a D R v 5 2 T HREAT I OY WaterMap FEATIC K 5542

32a lZBWVT JAK3 ICy, = 1.1 nM & &M B L2 ZKICE LT JAK3 & D R v %o J T
\Z KD EEEITH T2, JAK3 O hinge il N ONBRK PEREIL & OFEAE— FIX 10, 19d L [FEET
BTN, FTol> T 2 FDS glycine-rich loop @ Lys855 & OFHAEAEH # 4G L T\ 5 Z &0
FHl =7 (Figure2.7.A) . Z OMHAEH N KIEIC JAK3 BRETEMEZ W\ E S 72 E R/ - T
WoHbHLDOEEZ NS, £7-, WaterMap fifHTIZEB N TH, EXRY VU OERFE O OES
ey 7T JHEET X RS W9, W10, Wil ORZERKDFHEHRL TND Z L RHEE S,
oM EE2EMFITF D &z b (Figure 2.7.B),

Figure 2.7. A) Predicted binding mode of 32a to human JAK3. B) 32a with unfavorable water molecules

determined by WaterMap (AG =2.0 kcal/mol).

A) B)

hinge region

2-6. /NME

V—KbEMIDar T A—arzEEL, Y7 ar~dH U BRE JAK3 OBUK M fEIK
ERRINTHHEAEH S E LR FH =R IF Yy Pun ) o) VEKRET YA v Lz,
T OfEF, RIEIEMEZ W LS E7219d 2 A9 2 LI Lz, L L722AY 6, 19d 13 TDI
ALl et BB x0Tz 7 and U RENT O RICEIT DT 21T
STz, ZOREE. EIEMEN D BIAF 2L EME A7 L, TDI OSBRI S iz, 32a & L
T2 &I LT,

18



= EE R AR BT A T RS

3-1. B IEIERED 72 0 DA R IT 8

BAf7a7m 7 7 A VR Lz 32a =BT TV CRHIET 2125720 | 32a OB REFRER
AT o Tce TDRER, AUC KON A FT XA Z VT 4 (F) [ ZWTFRbEETH Y | RRHk
BRI RIED N 8 D & & A3 L 72 (Table 3.1),

Z DR A RINPEDJRR 2R D 7o . N LARE B A H v 72 B BR Td 5 parallel
artificial membrane permeability assay (PAMPA) "#17->7- & Z A, & iEMEDY, Permeability (P,)
=<0.7x10%cm/s LRRHIRALLT TH D Z EAUP L7z, DF D | BEIEMEDK S 23E#E 1%
IWHEDFRTH D &BEZ b, BEEELZET 272D OMIEE LT, 1) REtEa @t
VoL EEE 5 Z L8 2) WtEREFE (polar surface area, PSA) Z K FE&HHZ & 55 x|
W7 7' —F 06 OREEEEOWELRAD Z L& Lz (Figure 3.1),

Table 3.1. Pharmacokinetic parameters® of 32a.

iv. (1 mg/kg) p.o. (1 mg/kg)

CL Vd t] 2 AUCO»24 h Cmax Tmax t] 2 AUC0»24 h F
(mL/min/kg) (L/kg) (h) (ng-h/mL) (ng/mL) (h) (h) (ng'h/mL) (%)

113 3.62 1.13 148 2.98 0.25 11.8 11.8 11.2

“Pharmacokinetics were performed in SD rats (female).
Figure 3.1. Synthetic strategy for improving membrane permeability.

0N

WNH 1) Increasing lipophilicity to a favorable level
{\

(@)
z

2) Reducing PSA

32a
JAKBIC55=1.1 nM
PAMPA P, = <0.7 x 106 cm/s

TSy MO O R OEIRNIR G L, 2O MR OREELE S L ICKERT A— 2 B LT,
TONTARE A V- BB IR, R —Iwc e E RN Li=%. 120 3% 0T 727 X —
RO RF—REPIc I baWit s R, HHY 7 FEHWT, P, (em/s)& B H L=,
PATREO D BRSO TV A S OmERE (A,
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3-2. HHEIRDE R

AIFY et V) UFEROT I REOARRITE —ETAER LZPREE 31 2 0
T4T7->7= (Scheme 3.1), 31 & 2->7 ) 2-AF N7 aXUgeOMERISEITY Z & T 32¢
P E3LICLTHANEAS V70 REEEESZ L T33a,b DAKEIToT-,

SHIZ, 67 mnr=aF = kUM L THFBRREZERSOCEAT I T & T 34 2157,

Scheme 3.1. Modification of amide linkage.

(0]

H " %L OH H
NN NN
WSCD-HCI |
WNH HOB, EtgN NH
N— DMF o] N

\ O  rtt040°C,5h N\ o
SO o8
N R~ CI N
\ | P \ | P _ N ’Lae?_ o
Qj/\g\NH DIPEA W R= 33a (79%)

o 0 i N o :
HNQ ,,,,, R»\NQ ,,,, R [N * 33b (81%)
o/

31
H =N H
N | N NC@CI N | N
N\ _— \ Z
WNH _ BN WNH
N~ n-BuOH NC—/ N N
HN (0] Microwave N O
"""" 130 °C, 0.5h =
76%
31 34
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41 OE AL Scheme 3.2 2R HIEIZ TIT o7z, ErrE Y 17 O NH % SEM A TR L
7ot 28 L DG EFHEREE LSS EZITV 36 & Lz, HiW T, DIVR BRI R LT
DPPA Z{EH && 52 L T37 & Liz, ZZ°C, NaH f#7E F Mel Z{EfH &5 2 & T, NH®D
AFALZEAT 38 & Lz, HiW T, TFA Z1E S, SEM RDFREZiAA T2, TFA Z{EH
SHEDOHTIE, E RRF I AAFAEREEL TN LI ENDL, SHIZZF L YUT IV
EEHESE D Z L CREEZDTRRRELZITVNEY & Lz, KIZ, KL/ T VT LAROF
AT =0 LMEETIEAAIT) 2L TBn ERABREL 40 & Lo, &#ZEIZ, 7 JHEgL O
M G BSOS 24T\ 41 B 4572,

Scheme 3.2. Synthesis of 41.

BnN ©~°NH2 SEM

} N
,,,, 28 N R
H N SEMCI S\EM N N P

@ _ N TS _ DPEA COEt
= DMF = NMP NH
COEL  ecton, 1.5h COELt  4gpec,2n BN
Cl 97% Cl 98% N,
17 35 36
SEM SEM

1) 3M NaOH aq. NN NN 1) TFA

reflux, 2 h = NaH = rt, 2h
NH N-—

2) DPPA, EtgN R DMF N —{ 2) ethylenediamine
toluene BN o) 0°Ctort, 20min o) CH,Cl,/MeOH
110°C,3h T\ i, 97% PN D, 50°C,1h
89% (2 steps) 93% (2 steps)

37 38
o
NN NN, ne Aoy NN
N cat. Pd(OH), Sl WSCD-HCI S
= N HCO,NH, % N— _ HOBt DIPEA = N—
—_—
N MeOH N DMF/CH,Cl, 0 N
BAN o reflux, 0.5 h HN o r,1.5h \)\N 0
,,,, 62% 76% NC
39 40 41
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BT, AR ) V) VEBOE#REIT) X, T/AT e R43 DERERT L
7o T3.36 D AT )NVIEEAIREITC L 42 ~EHT 57290, DIBAL Z#{EH & 72 (Scheme 3.3),

Scheme 3.3. Synthesis of aldehyde 43.

SEM SEM SEM
N | N\ N | N\ N | N\
> N\ L __A__OH N\ A
T CO.Et DIBAL T MnO, T CHO
BnN THE BnN CH,Cl, BnN
,,,,, 0°Ctort,1.5h reflux, 2 h
70% quant.
36 42 43
SEM SEM
NN NN
LAH \ | % OH \ | Z
+
THF ~NH «NH
0°Ctort, 7.5h B”NQ B”NO
42 44
(70%) (14%)

LALRN G, 0°C TIERICDEITETEIRE CHIESE L2 A, o L Ebius X
Ry AR SNIENPREICEE 72, LAH Z V581280 TH, 0°C TIHERIEH
ETES, BRETHESELILER DT, £ L TEOHRAIITRAERY TH D A F IR
4 DER LRSI NTZ, 20X oI, TATAEKOBITNEMRGETET LV oid, =
AT DTV = IVFER G TN TARFERE S L DIBAL ° LAH O 7V =7 AR 03853 LIS
AL o TnbHebEE2 b5 (Figure32), 7/Va—/L 2067 /T b K43 ~DOZEHIT
ERANICET LIS OD B3R EH OB AT ) ECHERPHETH 722 L2,
L VR RERENVLETH T, £ T, D FRKRER-EETEE LRV EEZZ 6T
A 45 248k L7hl— R TORKEITH)> Z & & L,

Figure 3.2. Change of synthetic intermediate.

—> CN
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TILT e K43 ORLV— N TOA/RKIES Scheme 3.4 (ZR-d, 17 DT AT VIO IR R %
TV, IIVAR R 46 & LTz, #HEWT, 46 % CDI TIEMEAL LB T V=T KEMZHZ &
TAT ~E B LT, Z LT, TFAA LBV DU RERSE, IAREANEE LT ) HEA~D
ZHalL, Ernr b)Y 48 O NH % SEM ETCR#ET HZ L T49 & L7, WIT, 28 LD
FRREERSOG2 1TV 45 & L7-1% ., DIBAL Z{Ef]l &¥7-, DIBAL |2 X %3818
ICHETTL, BMET 2707 R43 % RAFRIRIC TR L Z L ITEh Lz,

Scheme 3.4. Improved synthesis of aldehyde 43.

cDI
H H DMF H
N 1 M NaOH aq. /N s r, 1 h; N s
N\ \ N\
CO,Et EtOH 7 >CO,H  28% NHjaq. Z > CONH,
60°C,1.5h Cl 4°Ctort,1h Cl
98% 84%
46 47
BnNQ“‘NHZ
28
TFAA H SEMCI ML YT
pyrldlne N _NaH N | Ny DIPEA
_—
o W A CN NMP
0°Ctort,1.5h 0°Ctort,3h 180 °C,2h
91% 88% Cl 91%
48 49
SEM SEM
NN NN
C Gl
7 ~cn _ DIBAL 7 >CHO
NH THF NH
BnN 0°C,1h BnN
,,,,, 82%
45 43
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54 OARIE Scheme 3.5 IZ R T HIEICTITo7e, 747 B 431 ReXx o7 I VR
WEERNSELZ LT, AF T L5028\, ZL T, ZraXEAa Y TF L2/ S
BT HZ L TCET Y —VBREMEL 51 & L7z, T, Z7ru X -7z T bl
MeOH [ L A MFRIZ LY Bn HAEFRELS2 & Lz, £ LT, TFA 2EH S 7-tk, =F L v
CTIVEERASESZ L TSEM EEREL 53 L L, KB, VT EEE L OfE ARG
ZITWV 54 &L LTz,

Scheme 3.5. Synthesis of 54.

(0]
M
oo
SEM SEM T SEM

N__N N__N EtgN N__N

Gl h NH,OH-HCI o > CH,Cl, |
= CHO pyridine % 0°Ctort,1h; \\ =
- | /
~NH EtOH WNH N evaporation; N-N
BnNQ 3 BnNQ OH porat N
,,,,, 96% 150 °C, 1.5 h n

56%

43 50 51
o <« (0]
SEM
oo EM TFA Ho o ne L,
N N CHJCl, N o
DCE N | reflux, 3 h; A\ | WSCD-HCI
65 °C, 1.5 h; = evaporation; = HOBt, DIPEA
/ / —_—
evaporation; N-N ethylenediamine N-N DMF
MeOH HN MeOH HN \ rt, overnight
reflux, 8h "7\ ., 55°C,0.5h T\ Ju., 32%
84% 68%
52 53
NN
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59 DA AT Scheme 3.6 IR T HIEIZ T To7z, T 747 R 43 % Wittig RUGIZE D 1
RFEWER LT ) —/VT—FT )L 55 & LTz, TD%, MIESRETMET 52 LT — LB &
KL, VErrbEY Y56 &L L, 61T, SEM KO Bn A EKFRE L 58 & L7121,
T R L O RISEAT D 2 & TS89 45T, KT 59 DOILFHIENER 59a, b DAL AT
272 (Scheme3.7), 57 ZF T /007 M THEIL, 57a,b #4372, £ LT, 59 L FEERDOEH
Z1TH Z LT, 59a,b 157,

Scheme 3.6. Synthesis of 59.

SEM SEM SEM
NN N__N N__N
s MeOCH,P+Ph,CI S v ub
N A cHO NaHMDS N A A~ oMo 80°C, 0.5 h: _
- /
BN NH THF BN < NH H,0, 80 °C, 1 h N
5 0°Ctort, 13 h 5 83% (2 steps)  gpN Q
43 55 56
(0]
TFA, CH,Cl, NN, NN ne Aoy NN
rt, overni_ght_; 8 | cat. Pd(OH), N | WSCD-HCI N |
evaporation; ¥ HCO.NH, = HOB, EtN =
> —_— _—
ethylenegiamine N / EtOH N J DMF 0 N /
1 M NaOH aq. N reflux, 2.5 h \ 45°C, 4h \)L \
MeOH/CH,Cl, B”NQ ,,,,, 84% HNQ ,,,,, 84% NC NN
rt, 2 h, quant.
57 58 59
Scheme 3.7. Synthesis of 59a, b.
0
NC
NN, NN, on NN,
ol cat. Pd(OH), 9 WSCD-HCI N
= HCO,NH,4 = HOB, EtsN =
* / / /
N MeOH N DME 0 2N
separation by BAN reflux, 05h 50°C, 2h \)\\N
chiralcolumn |  \  Ju"w 9% T\ 87% NC—" 7\ Jm
chromatography
(CHIRALPAK IA) 57a 58a 59a
57 — (chiral) (chiral) (chiral)
o
NC
NN, NN, Aon NN,
S | cat. Pd(OH), S | WSCD-HCI S |
% HCO,NH, % HOB, Et N %
L p j) /
N MeOH N DMF o] N
reflux, 0.5 h 50°C,2h JL
B”N\j\ 92% HNQ/\ 87% NC N\/:)/\
57b 58b 59b
(chiral) (chiral) (chiral)
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66 O 813 Scheme 3.8 IR T HIEIZTIT o7, 58 D 2 f& T NH % Boc £ TR L 721,
NBS Z/EISEHZ LT, Yt Y VUFRO 3 BRI e EEZEAL 61 & L
Too WIZ, ErBEY PO NH O Boc A MMM THREL 62 & L7z, SEM HE~D
REFEDOZRT R Z 21TV 63 ~EHL L7, £ LT, Zn(CN), ZzH\ 7=k v 7V > FRIGIZ LY
T RAEEAL 64 1372, fe T, BEMESE T SEM K U Boe B A RIRFIZEREL 65 & L
Too WMRIZ, V7 VBT I R~OEHEITH Z LT 66 2157,

Scheme 3.8. Synthesis of 66.

NN, NN NN
% ca?olé:ﬁllaP % NBS \ | & Br
N / CH,Cl, N / CH.Cl, N /s
HNQ ,,,,, "t ooh BOCNQ ,,, 0°C; 39 min BOCNQ ,,,,,
58 60 61
% % a2
MeOH N J DMF N / DMF
50 °808, 0/00.5 h BocN Q ””” 0°C t;)orot/,o 05h  gooN Q """ 1007200/;2 h
62 63
SEM H H
.y TPACHCL NN o L, N s
%CN evaporation; \ / _HATU, DIPEA \ & CN
N / ethylenediamine N DMF/CHZCIQ o} N /
o T W R e
85%
64 65 66
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RIZ, Corey-Fuchs Btz % N2 73 DH L %AT > 72 (Scheme3.9), 43 |[ZPH R kRFE Y
T2 VRAT 4 VEEREEL LT, V7 BEF LT 40 67 ~EH LT, T, DBU
ZEHESELZ LT, 7rETIAF 68 I2EHE, n-Buli z W TT B F Y R7 =4 240
SHHE, Mel ICThRT7 v 7 THZLTE9 & LT, Dk, +-BuOK #HHEE L THWS Z
ETER—UERAEMEL 70 L L=, £ LT, SEM &L Bn E&JHEKFREL, > 7/ Bifg &
HTHIETHMD 73 2157,

Scheme 3.9. Synthesis of 73.

SEM SEM SEM
NN NN NN,
P cBr, S PP .
cHo _ PPhs Br DBU S
NH CH.CI NH DMSO ~NH Br
B 0°Ctort,1h oM oCtort,1h BN
,,,, 89% 85%
43 67 68
SEM
n-BuLi NN TFA, CH,Cl,
THF S | i, 2 h;
-50 °C, 0.5 h; = t-BuOK evaporation;
- \\ - -
Mel BN~ NH Me THF ethylenediamine
-78 °C to rt, 0.5 h Q rt to 50 :C, 4h 1M NaOH aq.
52%  N_ A, 38% MeOH/CH,Cl,
60°C,1h
69 90%
o)
ne A,
cat. Pd(OH), WSCD-HCI
HCO,NH, HOB, Et;N
EtOH DMF
reflux, 12 h 50°C, 2h
89% 88%
71 72 73
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78 DAL Scheme 3.10 (2R3 HIEICTIT o7, 56 1IZ%F LT, Boc,0 K UUKEE(L/ T T
DR TRFBIRMDEAFITAT$ 2 & T, Bn K% Boc FE~ZEHLL 74 & L7z, K\ T, 74 12
NBS #{El S22 & T, YotV EK M ~D T aThOEAEIToT-, Z D
8§ MLIZMA T 37 B EbEIN/cy 7 BB R PEIE LI DERINRICHE -T2, TDOHD
UL, 66 DERLDLE LFME, 7/ EOBANLIRELEDORELITVWTT & Lz, £ L T
BlC, 7 VEFET I RAEWT 52 L TT8 23T, i T, 78 ONEIG LR 78a DGk &
1T- 7 (Scheme3.11), ¥ 7 /77 AIZT 77a & 77b Z 3B L7-1%. 77a 2% LIEA KIS %17
22 &T78 L LT,

Scheme 3.10. Synthesis of 78.

SEM SEM SEM
N N\ H2 N N\ N N\
| cat. Pd(OH), | |
\ = Boc,O \ = NBS \8 =
/A /A /
\\\N MeOH gN CHCl, B o‘N
rt,2.5h 0°C, 10 min
BnN Q ,,,,, L BOCNQ ,,,,, o BOCNQ ,,,,,
56 74 75
SEM \)OL
\ H NC
NN TFA, CH,Cl, NN OH
Zn(CN), ol i, 2 h; &l WSCD-HCI
cat. Pd(PPhg), = evaporation; = HOBt, EtgN
DMF NC N ethylenediamine NC N DMF

Microwave 1 M NaOHag. rt,1h
100 °C, 1 h BOCNQ .... MeOH/CH,Cl, HNQ .... 60%
65% m,1h
76 quant. 77
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Scheme 3.11. Synthesis of 78a.

separation by

chiral column
chromatography
(CHIRALCEL OD-H)

77

o}
H
&l WSCD-HCI \ _
= HOB, EtgN )
B — NC
NC N DMF JOL N
\ 50°C, 2h N
HNQ ,,,,, 84% NC Q
78a
77a >
(chiral) (chiral)
H
N |N\
%
NC N /
HNQ’\
77b
(chiral)

82 /X Scheme 3.12 |Z/RTFIEIZTHAK L7, 56 I Eschenmoser’s salt Z{/Ef &5 Z & T,
vrro b Vg 8 BRIV ATFAT I ) AFAREEZEANL 19 & Lz, i\ T,
SEM JEDEREZITV 80 ~EH LT, WKIT, KRIL AT V0 DMFETRIERT E=0 L%
ZMBA 52T, Bn ROBRER R AT AT I ) AFNVED A FNVIE~OEHEEITO 81
LT, ki, v7 7 FERT I RS2 2 & T 82 2157,

Scheme 3.12. Synthesis of 82.

SEM S‘EM H
NN NN TFA, CH,Cl, NN
| | t, 2h; |
\ = Eschenmoser's salt \ = evaporation; \ %

N / DMF MeoN N / ethylenediamine  MeN N /

\ 60°C,1.5h \ 1 M NaOH ag. \

B”NQ ,,,,, 96% B”NQ ,,,,, MeOH/CH,Cl, B”N\D ,,,,,
rt, overnight
quant.
56 79 80
O
NC
cat. Pd(OH), C WSCD-HCI G
HCO,NH, = HOBL, EtsN /
/ > /

EtOH N DMF o N

reflux, 2 h 50°C,3h

1% 49%
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3-3. iR ME D UE

X CDITNEEMEZ RS ED Z LIk » TREEMEO W EL A5 Lz, RO RIX
RMZEMEDIRT & TDI DU 27 O¥ERZH L BN D 5720, #5722 FiPH R E I 2 5
TOHMENDD, ZIVE TOERLOMIE T, i ClogP=3.0 28 x 5 &, REIZLEMENE
fEF 2R HHNT=Z 8 XD, ClogP=30 & TRIZILEMET VA T2 L& L, IR
VB AR ST D7D T HETE LCiE, 7 i 2 ®IR L7z (Figure3.3), 7 R

#5373 JAK @ ATP-binding site DAMANZ A& L, BEHEFFARMEN SN TH A I EF X7 T
H5,

Figure 3.3. Modification strategy of 32a.

Interaction with

hinge region H ...... .
! N--T_’_“_;
\ 7
------------ NH
N

\ Increasing lipophilicity
by modification of
amide linkage

7RO afi~YAFNEEEZEA LT 32¢ TiE, JAK3ICs,=7.1 nM & FHETEMEDR T 23 A4
B/ (Table3.2), —J7, NRVEMEMARIZE Y P,=6.3x 10°cm/s & gz M O e B MM 4 7~ L
2o LINL7RNE, CYP3A4 FEAETEME 18% & TDI 232 & AL oTz, T/ AF
NVEEE AR DR LT 33a 2BV T, JAK3IC,=2.1nM EPHERMEIZIE T L= 0
D, P.=11x10°cm/s L BEEHEBIEOBGEN LTz, Ll 32¢ EFERIC, CYP3A4 FRAFTE
PEIE 11% & TDI 2" Z E R L MNITR o7z, £ 2C, 33a OIFEMEZREIT 5~ £V
RY A~ LUT- 33b AR L7Z, 33b O CYP3A4 FEFTEMEIT 61% & &8 L7228, B
2513 x10°%cm/s EARETH YV . JAK3 FHETEME D IC, =5.5 nM LR T Th o7z, Fiz,
DTNV P EEANLE 3418 WTITJAK3 ICy, = 1.6 nM & PLETEMEIZMREF L. IHiEE
PE BAFClEd o 7223, CYP3A4 FRAFIENEIL 29% & TDI 7~ 2 E B LTl o7z,

ZOXHIT, TR NEDOEBRI X D AREEORE L, FEBMEOUEIZIT - E DR
HFHNDHHEOD, JAK3 BAFIEMEE TDI DY R 7 L DNRT U A E D OBRKNEETH -7z,
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Table 3.2. Modification of amide linkage of 32a.

NN,
L
NH
N
o8
JAK3 CYP3A4 PAMPA
No. R ICy, TDI P, CLogP

(nM) % remaining  (x 10 cm/s)

32a 0
(racemate) NC \)LJJJ_J 1.1 90% <07 1.0
0
32c¢
(racemate) NC %ﬁ 7.1 18% 6.3 1.7
0
33
(racerr?ate) O“ = 2.1 11% 11 30
0
33b
(racemate) N 55 61% 1.3 1.5
o )
NC
> . _ 1.6 29% 8.8 28
(racemate) >
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I, PSAMKIIC K & Izt Ot 2 5 7o, — XAV, PSA 13K FERE A I — (HBD)
EIKFEREET 78T Z— (HBA) O E BT HZ ENMbNTND * 22T, A IXY
Eea vy Y vBEROEREITHIZEE LT, A4V e Y oo
B U YU BRI JAK @ hinge fHI &K FEFEG A L THAMEH L TV 5 72 DEMFF AR
EBEZOND, TDID, AIFXYEru YY) AR OA IX Y v CBROEWEIT O
N Y fal

Figure 3.4. Modification of imidazolone unit.

Interaction with
hinge region

Reducing PSA
by modification
of imidazolone unit

NH D A FAkiZ L - T HBD % HlJ L7- 41 I8V Tid, JAK3ICy, =5.0 nM & FHEEMED
KFE2BWZb00, BEFZEMEIT P, =2.5%x 10 cm/s & tiE A %2R L= (Table 33) . A 2
YT — VI H L HBA ZHIJE L7 54 I8 W T, JAK3ICs,=4.1nM & [AARIC
PREG IR T LAZb 0D, P,=59 x 10° cm/s & FERIED X L bERN A LN, 20
fER LD (HBD X OVHBA OHIIZ & 5 PSA ORI BLE MO UFICHN THDL LB X T,
ZLTC AIFY RV EZER—AAEHL, SHIZPSA Z I E/-yret ) 59 T
IX. P.=13x10%cm/s & P MED S 572 HFEITI A T, JAK31Cs,=0.44nM & BAEIGED
CIN SR SPPNY gW

Z DX HIT, HBD & HBA O & BT L PSA KB S5 2 & TG B2 %kET 5 2
TP LT, 591X CLlog P =20 & RERIFEMEDI R A fE > TW g7z, CYP3A4 7517
JEED 90% & TDI OIS HIRNZ EX MBI L7z, LEDORER XY, Yver ) U FKER
AU ThH-oZLinb, Ynnb ) VUFE~OBEHELEANNRERAET 52 L & L,

" PSA OfFE & LT ACD/Percepta |2 Cat% 21T > 72 TPSA (topological PSA) %\ 7=, TPSA 1T =&
JLo7 TS 7R LIZIEEIGHR L7 PSA DETH 5,
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Table 3.3. Modification of imidazo-pyrrolopyridinone scaffold.

o R
NC }NQ ,,,,,
JAK3 PAMPA CYP3A4
oo R MG B clep CToi . HBD HBA TESA
(nM)  (x10° cm/s) % remaining ¢
N N
|
32a WNH 1.1 <07 1.0 90% 2 8 105
(racemate) N «
= o
N NG
|
41 W — 50 2.5 1.1 NT 1 8 96
(racemate) ! «N
" 0
N NG
54 % 4.1 59 14 NT 1 7 91
(racemate) \ /
=N
‘—LI;—
N NG
|
59 N~ 0.44 13 2.0 90% I 6 78
(racemate) | /
g
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41 TOAFNEOBANZBWTHIEERDIRTRALONIZZ L 2B DL, BATE HEMH
KEORESICERAND D EE T, I T, MEITNEWEBRILOEAZ KT, R, IZ
VT ) AN LT 66 TliE, JAK3ICs, = 1.1 nM EIEMEDIE T2 b7z (Table34) . F
oo Ry ~AFIVEAZEA LT 73 TIE JAK3 IC,, = 0.17 nM & PREEMH XM ELZzb oD,
CYP3A4 FRAFIEME 44% & TDI 2R LTz, IRIZ, Ry, DEMEIT o2, 7 / Ka28 AL 78 T
I%. JAK31Cs,=0.38nM & 59 & [AFEE DL EEMEEZ R L, CYP3A4 FRAFTEMES 90% & B4FC
bolc, =), AFNVELEALL 82 Tk, MEEMEOK T LA TDI 27777 2 & AH M
otz LLEORERE LV, JAK3ICs <1.0 1M 73> CYP3A4 FRAFIEVE 90%LL ETH 0 . Bif7e
fEEPEZ R L2, 59 & T8 Z#BIRL TS LA b5 iziTo> & & LT,

Table 3.4. SARs of dipyrrolopyridine scaffold.

o A
NC }N\J
JAK3  CYP3A4 PAMPA
No. R, R, R, IC, TDI P, CLogP

(nM) % remaining  (x10° cm/s)

59 H H H 0.44 90% 13 2.0
(racemate)
66 H CN H 1.1 91% 3.8 1.5
(racemate)
73
H H Me 0.17 44% 26 2.5
(racemate)
78
CN H H 0.38 90% 13 2.2
(racemate)
82
Me H H 2.5 62% 23 2.5
(racemate)
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59 KT8 X7 EIERTH-72DT, ENENDONFIEHEKDEREIToTo, EORER.
3RAR K Td % 59a I JAK3 ICs, = 0.14 nM & | 3SASIKTH 5 59b LV & 1000 £i7 LA b EiEE
ThoHrZehbhrolz, 22T, 18ICBLTH 3RARIKTHD 18a G LTz L 2 A, JAK3
ICso = 0.11 nM &\ 9 EiEMEEZ /R L7z, 59a, 78a @ JAK3 PHEEMIZAME L L= 5 @ JAK3 [
FIGMEZ 5 SR B> TR0 | JAK2/JAK3 B S A% Th o7, 59a (B L CTix, #ika
RAHH BTV, T-cell ICsy =43 nM & 5 % E[al 5 T QI FE R EIEH 2~ LTz,

Table 3.5 Profiles of 59a, 59b and 78a.

59a 59b 78a
(chiral) (chiral) (chiral)
JAK3 JAK2 JAK1 T-cell in vitro CYP3A4 PAMPA
No. ICs, ICs, ICs, ICs, CL,, TDI P,
(nM) (nM) (nM) (nM)  (mL/min/kg) % remaining (x10°cm/s)
59a
(3R.4R) 0.14 0.30 0.46 43 138 89% 20
59b
(35. 45) 200 390 NT NT 89 88% 21
78a
(3R.4R) 0.11 14 32 NT 389 93% 14
5 0.80 3.1 3.7 23 63 100% 5.0

TIL2 IS KM E 5 A7 THIOEME 2 LA TENTE RET 20 EFMT 5%, IL-2 7
fREEIX. JAKL R TVJAKS3 20 L TIThN 5 DT, JAK] BLETENE L TAKS BLETEME., (LAW /i i
B E B AN L CWD Z L7 b,
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3-4. L&) 59a } X 78a O H Wy dEhHE

Blif7p7a 77 A4V Zx LT~ 59a KX 78a DY ERERBR 21T > 7~ ZDOFEE. WbSW
XFNFIF=103%., 824% & B/ A AT XA T VT 4 L+ hhBZEr LTz, ULk
DOFER L . PSA K L 0 EE R 2 %E ST 2 EBRARIED S EIZFHE Lz &

20

Table 3.6 Pharmacokinetic parameters® of compound 59a and 78a.

i.v. (1 mg/kg) p.o.(1 mg/kg)
No. CL Vo  tn AUCyu, Cow Tww  tn  AUCy, F
(mL/min/kg) (L/kg) (h) (ng-h/mL) (ng/mL) (h) (h) (ng-h/mL) (%)
32a 113 362 1.13 148 2.98 025 118 11.8 11.2
59a 18.8 152 1.64 889 260 050 258 917 103
78a 20.2 097 7286 1110 178 033 3.99 916 824

“Pharmacokinetics were performed in SD rats (female).

3-5. {b&% 59a KX 78a D F—F iR M

59a & 78a (B L T, 32 MO X T — BTk T 5@ IRMEA R L7z, < Ofii R % Table 3.7
IZF &z, 59a D JAK2/JAK3 ZIRVEIL 5 L [RIFRE D 24 (SRRETH D D% L, 78a1E 13
SRR O JAK2/JAK3 BIRMEAZH LT\ D (Table3.5) , 2D Z Lid, Wi{bAWNE-T=7 1
TrANERLTNDZLERBRLTWDA, Fh—EERMRHIIC W TRz 71
Ty ANER LT, 59a X JAK Y7 X A4 TR OBREITIE 2 > 72 H DD, 1000 nM DILE )
BEIZBWTH LCK, PKCa, ROCKI1 LIAto 29 FitE D+ —Floxf L CHEE M2 RS 72
molz, TOXIREWEREEZA L TWRRIE, BIBICEV a7 x A—va UEREE
fEL72Z & T JAK (23 L TREIIICHEMERT 2 L0120 lcdTh D EHFEABbND,
—7J5. 78a 1% 13 O *FF—+¥ (LCK., TRKA., AKTI, AurC, CaMK2a, CDK2, CHKI,
GSK3B. INK1, MAP2K1, p70S6K, PKCa, ROCK1) (2B L TlE, 50%LL EDRREZR LT,
ZOLEIICHF T —EBRIREPE L ZEHBIIENTIE WA, 7 2 HEEAICL HETKRGIZ)
RIZEY hinge FHIKE Ern ) UV EODHAEMIEEN 2O TIERVWNEZ X T
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W5, EEE S9a ' r Y U UBRO NH O pKa OFFEAE X 139804 TH L DITKE L, 78a
OFFEEIL 115204 EWMHEEN EF LTS Z N THISNE, i X > T ATP-binding
BP0 TiERnhEBbis,
ZOF S —BEBRMEFHE O R LV . BifleFF—BBIREEZ T 5 59a ZEHPET LI

site O hinge fEIK & DKFEREAL

- EZ
-5

THEFTM 21T OMLEW E L TRIR L7,

Table 3.7. Kinase selectivity” of compound 59a and 78a.

59a 78a 59a 78a
ABL >1000 nM  >1000 nM BMPRIA  >1000 nM >1000 nM
BTK >1000 nM  >1000 nM CaMK20  >1000 nM 54%"
CSK >1000 nM  >1000 nM CDK2 >1000nM  91%°
EGFR >1000 nM  >1000 nM CHK1 >1000 nM ~ 59%"
EphA2 >1000 nM  >1000 nM CK16 >1000 nM  >1000 nM
FAK >1000 nM  >1000 nM GSK3pB >1000nM  92%"
IGFIR >1000 nM  >1000 nM IKKB >1000 nM  >1000 nM
ITK >1000 nM  >1000 nM JNK1 >1000 nM 59%"
LCK 55%" 88%" MAP2K1  >1000 nM 90%"
SRC >1000nM  51%" MAP3K1  >1000 nM >1000 nM
SYK >1000 nM  >1000 nM MAPKAPK2 >1000nM >1000 nM
TIE2 >1000 nM  >1000 nM P38B >1000 nM  >1000 nM
TRKA >1000nM ~ 67%" p70S6K >1000 nM 78%"
ZAP70 >1000 nM  >1000 nM PKCa 67%" 98% °
AKTI >1000nM  80%" RAFI >1000 nM  >1000 nM
AurC >1000nM ~ 77%" ROCK]1 75%" 101%"°

“Described as ICs,. Inhibition % at 1000 nM.

* ACD/Percepta |Z X % #H 5L,
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3-6. {LEW 59a D R v o TRMTIC X 5 &5

59a & JAK3 & D Ry & U VT 21T o 72, % ORGSR % Figure 3.5 12”7, EARR Ry ¥

V7 RERE LT, 32a LRIEECTH o7 (Figure 3.5), 32a & 59a oS FARE ST, =B8Rk
BROIHL—RBAIFZY B VRETHLN, Er—LETHLINDENTH D, 32a05 59
BB L= 2 &, BAFIEEOR ERA LN, B —/VER2 JAK3 &#i7-22HAEH
B L TCOWDOTIERWNEHER SN, Ry 2 TN O35 728 BAEH & R
THLDIEnoTc, LMLAENG, Bu— VEBREITITEIKMEFISR AR N > TEB Y, A 2
A RN Ea— VEBRICERT D Z L TAT a B L, BKYERER & 0B RPER
FE D EEERM E LTI RN EEZ LTV D,

Figure 3.5. Predicted binding mode of 59a to human JAK3.
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3-7. A\bLEY 59a DS R

59a OEMIE, STEF TN T DN THFREI LI 57a LV1T-> T\ 5H 728 (Scheme
3.7). BT TV T OFFAL L BRI 2 E e 2 BE O REMRS & W ) BLE TIERER H
olz, I T, EMPOREIHET 2ERIEOHRN ZIT o7, FTNAH T LITKFELR
WIRBIE R OB & B 2 7256 BRBEER3-7 I /XY U 28a AL, 49 & D
TRREEBESUBEORIS 2T 2IX L WEFE X H% (Figure 3.6), 28a I3 28 DYt H|
WL/ EE LT,

Figure 3.6. Synthetic plan for 59a.

H N ]
b SEw i
— NN <NH NH,
BnN BnN
O = <1 . ="
Q CN N N
NC\)\\N ,,,,, Cl
49 28a 28
59a (chiral)
(chiral)

281326 DE VD UVEREZREILTHIETHEMLTWDA (Scheme 2.6), ZDNERIZ T T A
FilZnEmE LT REGHREZERN LELEICITRETH o7z, £2 T, B 7 LK EIT
DN 27 BT D ik OBE 2 Bia LTz,

fli 2 OAFENEZ T LT R, 26 Z AKFBIRMO LA L2, B O 7257 R oL
— KD EVEFRHSEDLZET2T DO NIAETH S 83 2 AMEKRE LTHELZ LIZRIIL
7= (Scheme 3.13), T LT, b7z 83 ZRIME/AKFZT b U U LK THAL 7 v m AL L
EROTHRBIEEZITO 28T, BT LR EITH) 2L/ 21 ~EH LT,

Scheme 3.13. Improved synthesis of 27.
BnNT/INHBoc BnNQ“‘ B”NQ\“NHBOC NaHCOj; aq. B”NQ\“NHBOC
R
©
Br K/ ,,,, acetone/H,0 ", CHCl; >

58% TsOH
26 27 83 27

H, (3—4 atm)
PtO,

EtOH
42-45°C,11 h

WRITHF BT 27 DI EN 2 BET LIz, 1T COIZHIEF T v 7 M X0 538 L7 FE
PRI 27a (2xF LTl CSA, DPTTA, U v Ffez B S EREMAE LN 500 E 9 DRt
ZiTol, ELTHRIBBHBONTESGEIC, B IRTH L 27 IGLNamafEam & LTE
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MESELZ L THRET L AEMEERO A 2T S EL Z R ATRENE O a2 1T o 72,
ZORER. L-DPTTA ZHWeHEOAH BRI E T2 84 NHE - FAEMEERE L THE L
(Scheme 3.14), ZDOXHICLTHLGNTZ84%T I /U BTNV EHNTHEL 27a & L7z
%. TFA Z VT Boc & FRETHZ L CTHIE 5 28a 2157, UL LD X 5z, HFAENE
BTHD 28a X T NI T LARNHFMES Y BTNV TORMAEITS 2 L MG T 5 FIEDH
FITEP LT,

Scheme 3.14. Synthesis of 28a.

BnNQ“‘NHBOC L-DPTTA BnNQ“\NHBOC amino silica gel BnNQ“‘NHBOC TEA BnNO“‘NHZ
—_— —_— —_—
,,,, EtOH CHCl3 CH.Cl,

| -L-DPTTA 96% 27a n,1h 28a
84 (41%) (chiral) quant. (chiral)
HOZC CogH (chiral)
d b NHBoc
L-DPTTA
27b
(chiral)

FEWT, 28a ZHWWCTEDRDOEBORF 21T 7=, ZDORER. Scheme 3.15 (2R T H L
— MR LT, BARNIZIZZ EIROEML— ML O TIEH DM, 5Ta D 58a
® Bn EOREIZBNT, JEIKDODERTHNWIKBIL AT VT LARNFRET V=0 A
FFE T CMBAZEAT ) FIEIRKEARICRAE Th ot DR 217272, T ORE, HlEK
WIRZ N Z T2 BT KEBb/ T 0 DFTE TKRFBIRMO KM T 2 & T, BTG %
ITEEDHZ LICHIIL, EINEEIZT 58a bz, ZOXIIC L THELZAH/L— R
LT, BWET NV TOEYDFAMLZIT 5 DI+ 8ED 59a 2445325 Z LR FREL I o7z,
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Scheme 3.15. Improved synthesis of 59a.

BHNQ«NHZ SEM . SEM N
.. 28a N N
SEM. " (chiral) u» g
N s DIPEA 26N DIBAL ZGHO
N\ 4
N NMP NH THF ~NH
© 160 °C, 5 h BN —78°Cto0°C,2h BN
Cl 9% N _ A, 7% N,
49 45a 43a
(chiral) (chiral)
SEM H
1) MeOCH,P+Ph,CI- N__N NN Ho (4 atm)
NaHMDS, THF 8 | 1) TFA, CH.Cl, S | cat. Pd(OH),
—78°Ctort,12 h Pz rt, 3h = 3 M HCI ag.
2) AcCl, MeOH N 2) ethylenediamine N EtOH
50 °C, 1 h; BnNQ, MeQHICH:Cl, BnNQ 00 S,2"
o, o L Y ]
H,0, 80 °C, 0.5 h 94% (2 steps)
83% (2 steps) 56a 57a
(chiral) (chiral)
o
H N NC \)J\OH H N
N N
N WSCD-HCI N
= HOB, DIPEA =
/ - = /
N DMF/CH,Cl, 0 N
f, 1.5 h \)L
WO TR e O
58a 59a
(chiral) (chiral)

3-8. 7 v MLEBHEET L TORMM

A SOSENHI R A BT X< 59a DT v MLBHEET LV TOFMEi 21T > 72, KRET /LT
%, B ACL 7 > R ODfiEZaBHE LT Lewis 7 v hE WD *, £ LT, W% 14 HIEH
B LB ODIROMEIO A EZ 28 HMBIZET 2 2 & THEMEUSIH Sz g )% ks
% (Figure 3.7) ,

Figure 3.7. Evaluation in rat heterotopic cardiac transplant model.

Day 0 Day 14 Day 28

administration of 59a

observations of heart beat
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IR G- OGA T A E WM PR (median survival time, MST)I% 5 days T DM 7, ¥
7 a ) AAZ% 002 mgkg fFHRNES L7284 Tk MST = 10 days (ZHER 92" (Table 3.8) .
—Ji, #7a U AAPFHT. 59a % 0.25 mg/kg K 0.5 mg/kg #% O BEH L7285 121, MST =
21 days LABIERDREZ R LI, LEORER LY | 59a &I IZ 36 1 2 HEAE RSl
s & LT SEA OB R & L TEIR LT,

Table 3.8. Effect of compound 59a on graft survival in a rat heterotopic cardiac transplant model.

Dose (p.0.) tacrolimus (i.m.) n graft survival time (days) MST (days) P- value®
- 0.02 mg/kg 7 6,7,9,10,10,11,12 10 -

0.1 mg/kg 0.02 mg/kg 8 6,7,7,8,10,10, 14,>28 9 -

0.25 mg/kg 0.02 mg/kg 7 12,12,15,21,22,22,>28 21 P <0.0001

0.5 mg/kg 0.02 mg/kg 7 8,8,16,21,22,22,24 21 P<0.05

*P-value calculated by log-rank test compared to combination therapy with vehicle plus tacrolimus group

3-9. /NE

B OETHHLEAIX Y Erut Y Uy 32a OFEYBERGRZITo72L 2 A, &K D
WMEZ 7R3 2 L AVEIB L 7o, BRI A Z OFR & & 2, PSA KJHIC L 2 iFEiE T
DREFRF LI, 2T, A3IX4 R V) U BROEREITV. EIEME»D BT
REEEYE A A L TDI DR &0 ny e nn vl 0 59a.78a 2 R Z Lickzh L7,
59a, 78a [ZBRUF/ARE AWML R LT Z & K0, BEFEEIEOBE R ORI O UEIZ ST
MolzbFZEZ b, Ik, F T —BERMEFMIZBVT, 59a 13 78a & ik L RAF 72 % F—
BBRMEZET L ENHB LD, 592 27 v MLDBHET VI CRHMli 21T 5 {bAW &
L TR L7z, £ LT, 59a 3Bl OB LR Z R L2 & D, 59a Zasiiic
B HAEM S A s & U2 KA 0BRSS ML & L TIRIR L 72,

FIOBAEDE 7 1) AZAOPE B sub-optimal dose T 5, AEHEDZ 7 1Y LA L JAK [HE
B OO & o THBHEBEROAEFIERE RN HIZGE, #70 ) AAOREEORET /b b EER
BOEEMAER TEZLO LB L T 5,
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=1
5>

Xl

HUE S

U—RbEMIDar 7 A—varzEEL, 7 r~FH URE JAK3 OBUKPERER
ERNRINCHBEER S, FH =R/ Iy vaenv ) Y VERET VA L
(Figure 4.1), ZO#EF, KIgIZHEMEZ M ESE7219d 2 RH 3 2 &2k L7z, 19d 13 TDI
ALz et R EB x0Tz 7 and U RENT O RICEIT DT 21T
ST, EORERE, WIEMEND BRI EME, TDI OED D7, 32a & AT 2 L1126k
LT,

L L3 s, SEYEhRERBRIZ B\ T, 32a IR O WM EZ /R4 2 L AVHI L 7o, i
PERBOBR LY, ZOFRRIIFESEEDKIICH D EE X DN, £ 2T, PSA Z{KH S
R RO G (N A < = i = B ) BN - - VN SR = = B ) BNV - o SONO LAk o B A A=
PO BAF R DRI 2 B9 (LAY 59a & BT Z Lok Lz, 59a IR/ )—
PERMEZTRL, 7y POBHEET VIZBWTHAMEZ RLIEZ L LV BB HEICEs T
LM OS2 @IS & U7 3EAI OB A & L CERIR L2, 20 X 9 IZiEEE M S,
ORI E BB S D0 T2 T A 0T 2 FIEFABEE AR L NZ D,

Figure 4.1. Summary.

H H
N N
N | = Restriction of N | X
N\ o conformation N\ _
Y by cyclization NH
N > N
S < w\<o 19d
Q ,,,,, JAKBIC55=3.0nM
CYP3A4 % remaining = 49%
9
JAKBIC59 = 1100 nM
%0 Conversion of
cyclohexane ring
to heterocycle ring
Improvement
H N in membrane H N

| S permeability
N\ _ by redusing PSA
o] N / 0

59a
JAK3IC50=0.14 nM

32a
JAK3ICgz,=1.1 nM

CYP3A4 % remaining = 89%
PAMPA P, =20 x 106 cm/s

CYP3A4 % remaining = 90%
PAMPA P, = <0.7 x 106 cm/s
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Experimental section

1. Chemistry

'H NMR spectra were recorded on a Bruker Avance 400, Bruker AV400M, Bruker Avance III HD,
Varian VNS-400, or Varian 400 MR. Chemical shifts are expressed in O values (ppm) using
tetramethylsilane as the internal standard (NMR peak description: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; and br, broad peak). Mass spectra (MS) were recorded using Agilent 1100, Thermo
Electron LCQ Advantage, or Waters UPLC/SQD. Elemental analyses were performed using Yanaco
MT-6 (C, H, N), Elementar Vario EL III (C, H, X), and Dionex ICS-3000 (S, halogene) and were within
+0.4% of theoretical values. Electrospray ionization positive high resolution mass spectrum (HRMS)
was conducted using Thermo Scientific Exactive Plus. Column chromatography was performed on silica
gel (Kieselgel 60). Unless otherwise noted, all reagents and solvents obtained from commercial suppliers

were used without further purification.

Ethyl 4-(cyclohexylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18)

A mixture of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (17) (24 mg, 0.11 mmol) and
cyclohexanamine (61 L, 0.53 mmol) in n-BuOH (120 #L) was heated in a microwave reactor at 150 °C
for 1 h. After cooling to room temperature, the reaction mixture was concentrated in vacuo and the
residue was purified by column chromatography on silica gel to give the product (17 mg, 56%). '"H NMR
(DMSO-dq) 6 1.32 (t,J =7.1 Hz, 3H), 1.33-1.77 (m, 8H), 1.99-2.08 (m, 2H), 3.95-4.08 (m, 1H), 4.26
(q,J=7.1Hz,2H),6.55 (d,J=3.5Hz, 1H),7.18 (d,J = 3.5 Hz, 1H), 8.54 (s, 1H), 8.84-8.88 (m, 1H),
11.67 (br s, 1H); MS (ESI) m/z 288 [M+H]".

Ethyl 4-(cyclopentylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18a)

7 “zT
b4

> CoLEt
NH

Q

18a
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A mixture of 17 (112 mg, 0.50 mmol), cyclopentanamine (99 L, 1.0 mmol), and Et;N (209 yL, 1.5
mmol) in NMP (3.0 mL) was heated in a microwave reactor at 180 °C for 1 h. After cooling to room
temperature, to the reaction mixture was added water and the solids were collected by filtration and
dried in vacuo to give the product (136 mg, quantitative yield) as a white solid. '"H NMR (DMSO-d,) 6
1.31 (t,J =7.2 Hz, 3H), 1.58-1.78 (m 6H), 1.99-2.11 (m, 2H), 4.25 (q,J = 7.0 Hz, 2H), 4.46—4.55 (m,
1H), 6.62-6.70 (m, 1H), 7.16-7.19 (m, 1H), 8.53 (s, 1H), 8.83 (d,/=7.4 Hz, 1H), 11.66 (br s, 1H); MS
(EST) m/z 274 [M+H]".

Ethyl 4-(cycloheptylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18b)

2T
2

&

7> CoEt
o
18b
A mixture of 17 (112 mg, 0.50 mmol), cycloheptanamine (76 L, 0.60 mmol), and Et;N (209 uL, 1.5
mmol) in NMP (3.0 mL) was heated in a microwave reactor at 180 °C for 1 h. After cooling to room
temperature, the reaction mixture was quenched with water and extracted with EtOAc. The organic layer
was dried over MgSO, and evaporated in vacuo. The crude mixture was purified by column
chromatography on silica gel (CHCly/MeOH = 100/0 to 90/10) to give the product (135 mg, 90%). 'H
NMR (DMSO-d,) 6 1.31 (t,J = 7.2 Hz, 3H), 1.98-2.10 (m, 2H), 1.43-1.72 (m, 10H), 4.17-4.30 (m,
3H), 6.57-6.61 (m, 1H), 7.16-7.20 (m, 1H), 8.54 (s, 1H), 8.89 (d, /= 8.1 Hz, 1H), 11.67 (br s, 1H); MS
(EST) m/z 302 [M+H]".

Ethyl 4-[(cyclohexylmethyl)amino]-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18c)

AEEZI
/4

> C0o,Et
NH

18¢c

Compound 18c was prepared from 17 in 62% yield as a white solid by a method similar to that
described for 18b. 'H NMR (DMSO-d,) 6 1.01-1.33 (m, 5H), 1.31 (t, J = 7.1 Hz, 3H), 1.61-1.86 (m,
6H),3.52 (t,/=6.1 Hz,2H),4.26 (q,J = 7.1Hz,2H), 6.66 (d,J = 3.6 Hz, 1H), 7.15 (d, J = 3.6 Hz, 1H),
8.53 (s, 1H), 8.81 (t,J =54 Hz, 1H), 11.67 (br s, 1H); MS (ESI) m/z 302 [M+H]".
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Ethyl 4-{[(15,2R)-2-methylcyclohexyl]amino}-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18d)

Compound 18d was prepared from 17 in 53% yield as a white solid by a method similar to that
described for 18. '"H NMR (DMSO-d,) 6 0.91 (d, J = 6.9 Hz, 3H), 1.32 (t,J = 7.1 Hz, 3H), 1.35-2.16
(m, 9H), 4.23-4.34 (m, 3H), 6.59 (d,J =3.5 Hz, 1H), 7.17 (d,J = 3.5 Hz, 1H), 8.68 (s, 1H), 9.02-9.06
(m, 1H), 11.66 (br s, 1H); MS (ESI) m/z 302 [M+H]".

Ethyl 4-{[(1R,2S5)-2-methylcyclohexyl]Jamino}-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18e)

2T

£

7> CoLEt
¢
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Compound 18e was prepared from 17 in 36% yield as a white solid by a method similar to that
described for 18b. 'H NMR (DMSO-d,) 6 091 (d,J = 6.9 Hz, 3H), 1.32 (t,J = 7.1 Hz, 3H), 1.35-2.16
(m, 9H), 4.23-4.34 (m, 3H), 6.59 (d,J =3.5 Hz, 1H), 7.17 (d,J = 3.5 Hz, 1H), 8.68 (s, 1H), 9.02-9.06
(m, 1H), 11.66 (br s, 1H); MS (ESI) m/z 302 [M+H]".

Ethyl 4-[(3-methylcyclohexyl)amino]-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18f)

N

~

Z okt

o

18f
(mixture of diastereomers)

7 “zT

Compound 18f was prepared from 17 in 82% yield by a method similar to that described for 18b. MS
(EST) m/z 302 [M+H]".
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Ethyl 4-[(4-methylcyclohexyl)amino]-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18g)

ZT

£

N
7 CoLEt

o

189
(mixture of diastereomers)

Compound 18g was prepared from 17 in 44% yield by a method similar to that described for 18b. 'H
NMR (DMSO-d;) 6 0.88-0.96 (m, 3H), 1.11-1.27 (m, 2H), 1.28-1.35 (m, 4H), 1.38-1.64 (m, 2H),
1.67-1.86 (m,3H),2.06-2.14 (m, 1H), 3.82-4.37 (m, 3H), 6.52-6.59 (m, 1H), 7.15-7.21 (m, 1H),8.51-
8.59 (m, 1H), 8.73-9.14 (m, 1H), 11.66 (br s, 1H); MS (ESI) m/z 302 [M+H]".

Ethyl 4-[(2,2-dimethylcyclohexyl)amino]-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18h)

N

2T

£

7> Co,Et

o

18h
(mixture of diastereomers)

Compound 18h was prepared from 17 in 86% yield as a white solid by a method similar to that
described for 18b. MS (ESI) m/z 316 [M+H]".

Ethyl 4-{[(1S,2R)-2-ethylcyclohexyl]amino}-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18i)

2T
2
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18i

Compound 18i was prepared from 17 in 84% yield as a pale yellow powder by a method similar to
that described for 18. "H NMR (DMSO-d) 6 0.81 (t,J = 7.1 Hz, 3H), 1.21-1.39 (m, 8H), 1.53—-1.72 (m,
5H), 1.86-1.94 (m, 1H),4.36 (q,J =7.1 Hz,2H),4.47-4.51 (m, 1H), 6.84-6.86 (m, 1H), 7.34-7.36 (m,
1H), 8.61 (s, 1H), 9.67-9.72 (m, 1H), 12.44 (br s, 1H); MS (ESI) m/z 316 [M+H]".
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Ethyl 4-(tetrahydro-2H-pyran-4-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (18j)

pzau

£

N
7> CoLEt

NH

5y
18
Compound 18j was prepared from 17 in quantitative yield as a white solid by a method similar to that

described for 18b. 'H NMR (DMSO-d;) 6 1.32 (t,J = 7.2 Hz, 3H), 1.42-1.63 (m, 2H), 1.98-2.11 (m,
2H), 3.50-3.65 (m, 2H), 3.81-3.93 (m, 2H), 4.19-4.35 (m, 3H), 6.62 (d,J = 3.8 Hz, 1H), 7.21 (d, J =
3.8 Hz, 1H), 8.56 (s, 1H), 8.86 (d, J = 8.0 Hz, 1H), 11.72 (br s, 1H); MS (ESI) m/z 290 [M+H]".

1-Cyclohexyl-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (10)

2T
2

4
Y
z
T

L

Q 0
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To a solution of 18 (150 mg, 0.52 mmol) in 1,4-dioxane (2.1 mL) and water (1.2 mL) was added
LiOH-H,0O (88 mg, 2.1 mmol) and the mixture was refluxed for 3 h. After cooling to room temperature,
to the reaction mixture was added 1 M HCI aqueous solution and the solids were collected by filtration
and dried in vacuo to give the crude product (83 mg) as a white solid. To a mixture of the obtained crude
product (77 mg, 0.30 mmol), Et;N (75 L, 0.53 mmol), 1,4-dioxane (1.5 mL) and DMF (0.39 mL) was
added DPPA (96 uL, 0.45 mmol) and the mixture was stirred under a nitrogen atmosphere at 120 °C for
2 h. After cooling to room temperature, water and CHCI; were added, and the organic layer was
separated. The organic layer was washed with brine, dried over MgSO,, and evaporated in vacuo. The
residue was purified by column chromatography on silica gel (CHCl;/MeOH = 10/1) to give the product
(30 mg, 24% from 18) as an off-white solid. 'H NMR (DMSO-d) 6 1.26-1.54 (m, 3H), 1.65-1.96 (m,
5H), 2.14-2.31 (m, 2H), 4.31-4.43 (m, 1H), 6.60 (m, 1H), 7.45 (t, J = 3.0Hz, 1H), 7.92 (s, 1H), 10.88
(brs, 1H), 11.60 (br s, 1H); MS (ESI) m/z 257 [M+H]*; HRMS (ESI) m/z Calcd for C,,H;N,O ([M+H]"):
257.1402, Found: 257.1400.
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1-Cyclopentyl-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19a)

2T
b4

A

NH

19a

Compound 19a was prepared from 18a in 35% yield as a white solid by a method similar to that
described for 10. 'H NMR (DMSO-d;) 6 1.68-1.79 (m, 2H), 1.91-2.02 (m, 4H), 2.11-2.02 (m, 2H),
4.86-497 (m, 1H), 6.53 (dd, J = 1.9, 3.5 Hz, 1H), 7.42-7.45 (m, 1H), 7.92 (s, 1H), 10.89 (br s, 1H),
11.58 (brs, 1H); MS (ESI) m/z 243 [M+H]"; HRMS (ESI) m/z Calcd for C,;H,sN,O ([M+H]"): 243.1246,
Found: 243.1243.

1-Cycloheptyl-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19b)

Compound 19b was prepared from 18b in 74% yield as a white solid by a method similar to that
described for 10. 'H NMR (DMSO-dy) 6 1.52-2.37 (m, 12H), 4.47-4.61 (m 1H), 6.52-6.58 (m, 1H),
741-747 (m, 1H), 7.92 (s, 1H), 10.86 (br s, 1H), 11.58 (br s, 1H); MS (ESI) m/z 271 [M+H]*; HRMS
(ESI) m/z Calcd for C;sH,,N,O ([M+H]"): 271.1559, Found: 271.1559.

1-(Cyclohexylmethyl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19¢)

Compound 19¢ was prepared from 18c¢ in 53% yield as a white solid by a method similar to that
described for 10. "H NMR (DMSO-d,) 6 1.05-1.15 (m, 5H), 1.58-1.86 (m, 6H), 3.82 (d, J = 7.2 Hz,
2H), 6.51-6.53 (m, 1H), 742 (t,J = 2.9 Hz, 1H), 7.92 (s, 1H), 10.86 (br s, 1H), 11.56 (br s, 1H); MS
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(ESD) m/z 271 [M+H]"; HRMS (ESI) m/z Calcd for C,sH;(N,O ([M+H]"): 271.1559, Found: 271.1561.

1-[(1S,2R)-2-Methylcyclohexyl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19d)

To a solution of 18d (4.70 g, 15.6 mmol) in EtOH (38 mL) and THF (10 mL) was added 2 M NaOH
aqueous solution (17 mL, 54.6 mmol) and the mixture was refluxed for 5 h. After cooling to room
temperature, to the reaction mixture was 3 M HCI aqueous solution and the solids were collected by
filtration and dried in vacuo to give the crude product (4.26 g) as a white solid. To a mixture of the
obtained crude product (4.00 g, 14.6 mmol), Et;N (3.3 mL, 23.4 mmol) and 1,4-dioxane (40 mL) was
added DPPA (3.8 mL, 17.6 mmol) and the mixture was stirred under a nitrogen atmosphere at 120 °C
for 3 h. After cooling to room temperature, water and CHCl;/MeOH = 4/1 solution were added, and the
organic layer was separated. The organic layer was washed with brine, dried over MgSO,, and
evaporated in vacuo. The residue was suspended in hot 2-propanol. After cooling to room temperature,
the precipitate was filtered and washed with EtOAc to give the product (2.10 g, 53% from 18d) as a
white powder. 'H NMR (DMSO-d;) 6 0.94 (d,J = 7.1 Hz, 3H), 1.38-1.84 (m, 7H), 2.32 (m, 1H),2.91-
3.02 (m, 1H), 4.39-4.48 (m, 1H), 6.47-6.48 (m, 1H), 7.41-7.44 (m, 1H), 7.89 (s, 1H), 10.71 (br s, 1H),
11.56 (brs, 1H); >C NMR (DMSO-d,) 6 12.38,19.25,23.74,26.06,31.15,33.29, 58.56,95.51, 103 26,
118.31,123.88,125.18,129.27,145.37, 154.20; MS (ESI) m/z 271 [M+H]*; IR (ATR,cm™) 3321,2930,
1684, 716; Anal. Calcd for C,sH,;N,O: C, 66.64; H,6.71; N, 20.73. Found: C, 66.48; H, 6.64; N, 20.68.

1-[(1R,25)-2-Methylcyclohexyl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19e)

Compound 19e was prepared from 18e in 90% yield as a yellow powder by a method similar to that

described for 19d. '"H NMR (DMSO-dy) 6 0.94 (d, J = 7.1 Hz, 3H), 1.38-1.84 (m, 7H), 2.32 (m, 1H),
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2.91-3.02 (m, 1H),4.39-4.48 (m, 1H), 6.47-6.48 (m, 1H), 7.41-7.44 (m, 1H), 7.89 (s, 1H), 10.71 (brs,
1H), 11.56 (br s, 1H); MS (ESI) m/z 271 [M+Na]*"; HRMS (ESI) m/z Calcd for C;sH;(N,O ([M+H]"):
271.1559, Found: 271.1567.

1-(3-Methylcyclohexyl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19f)
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19f
(mixture of diastereomers)

Compound 19f was prepared from 18f in 24% yield as a white solid by a method similar to that
described for 10. '"H NMR (DMSO-d,) 6 0.96 (d, J = 6.4 Hz, 3/2H), 1.14 (d, J = 7.2 Hz, 3/2H), 1 44—
2.54 (m, 9H), 4.37-4.66 (m, 1H), 6.55-6.58 (m, 1H), 7.44-7.46 (m, 1H), 7.91-7.92 (m, 1H), 10.88 (br
s, 1H), 11.60 (br s, 1H); MS (ESI) m/z 271 [M+H]"; HRMS (ESI) m/z Calcd for C,sH,;N,O ([M+H]"):
271.1559, Found: 271.1563.

1-(4-Methylcyclohexyl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19g)
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(mixture of diastereomers)

Compound 19g was prepared from 18g in 50% yield as a white solid by a method similar to that
described for 10. '"H NMR (DMSO-d,) 6 0.96 (d, J = 6.4 Hz, 3/2H), 1.12 (d, J = 7.2 Hz, 3/2H), 1.16-
1.24 (m, 1H), 1.53-2.06 (m, 6H), 2.22-2.51 (m, 1H), 3.30-3.37 (m, 1H), 4.27-4.41 (m, 1H), 6.58-6.62
(m, 1H), 7.43-7.47 (m, 1H), 7.91-7.92 (m, 1H), 10.87-10.89 (m, 1H), 11.61 (br s, 1H); MS (ESI) m/z
271 [M+H]*; HRMS (ESI) m/z Calcd for C,sH,(N,O ([M+H]"): 271.1559, Found: 271.1563.
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1-(2,2-Dimethylcyclohexyl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
ethanedioate (1:1) (19h)

(ke ®
HO,C—COH

19h
(mixture of diastereomers)

To a solution of 18h (158 mg, 0.50 mmol) in 14-dioxane (4.0 mL) and water (2.0 mL) was added
LiOH-H,O (105 mg, 2.5 mmol) and the mixture was refluxed for 12 h. After cooling to room temperature,
to the reaction mixture was added 1 M HCI aqueous solution. The reaction mixture was extracted with
CHCI;/MeOH = 10/1 solution, dried over MgSO, and evaporated in vacuo to give a crude product as a
pale brown solid. To a mixture of the obtained crude product (144 mg, 0.50 mmol), Et;N (139 L, 1.0
mmol), 1,4-dioxane (3.0 mL) and DMI (3.0 mL) was added DPPA (162 xL,0.75 mmol) and the mixture
was stirred under a nitrogen atmosphere at 120 °C for 2 h. After cooling to room temperature, water and
CHCI,; were added, and the organic layer was separated. The organic layer was washed with brine, dried
over MgSQO,, and evaporated in vacuo. The residue was purified by recrystalization from CHCI; and
EtOAc to give a brown solid. The solid was dissolved in EtOH. To the solution was added oxalic acid
(12 mg,0.13 mmol) in EtOH and the mixture was stirred for 30 min at room temperature. The precipitate
was filtered to give the product (37.2 mg, 20% from 18h) as a pale yellow solid. 'H NMR (DMSO-d;)
0 0.84 (s, 3H), 1.09 (s, 3H), 1.31-1.93 (m, 7H), 2.82-3.08 (m, 1H), 4.08-4.22 (m, 1H), 6.64-6.70 (m,
1H), 7.37-7.43 (m, 1H), 7.89 (s, 1H), 10.77 (br s, 1H), 11.56 (br s, 1H); MS (ESI) m/z 285 [M+H-
C,H,0,]"; HRMS (ESI) m/z calculated for C,H,,N,O ([M+H]"): 285.1715, Found: 285.1717.

1-[(1S,2R)-2-Ethylcyclohexyl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
hydrochloride (1:1) (19i)

To a solution of 18i (220 mg, 0.70 mmol) in EtOH (2.0 mL) was added 2 M NaOH (1.40 mL) and the
mixture was stirred at 110 °C for 3h. After cooling to 4 °C, to the reaction mixture was added 1 M HCI
aqueous. The reaction mixture was extracted with CHCl;/MeOH = 4/1 solution, dried over MgSO, and

evaporated in vacuo to give a crude product (185 mg) as a white powder. To a solution of the obtained
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crude product (185 mg), Et;N (0.27 mL, 1.9 mmol) and 1,4-dioxane (1.9 mL) was added DPPA (0.28
mL, 1.3 mmol) and the mixture was stirred under a nitrogen atmosphere at 120 °C for 2 h. The mixture
was cooled to room temperature and the precipitate was filtrated and washed with small amount of 1 4-
dioxane to give a crude product (75 mg) as a white solid. The solid was dissolved in 2-propanol (1.5
mL) and 1 M HCI aqueous (0.47 mL, 0.47 mmol). To the mixture was added EtOAc and the mixture
was stirred. The precipitate was filtrated and washed with acetonitrile to give the product (68 mg, 30%
from 18i) as a white powder. 'H NMR (DMSO-d;) 6 0.71 (t,J = 7.4 Hz, 3H), 1.35-1.99 (m, 8H), 2.86—
2.89 (m, 1H), 3.49 (m, 2H), 4.55-4.56 (m, 1H), 6.71-6.72 (m, 1H), 7.60-7.62 (m, 1H), 8.08 (s, 1H),
11.35 (br s, 1H), 12.26 (br s, 1H); MS (ESI) m/z 285 [M+H]*; HRMS (ESI) m/z Calcd for C,;H,,N,O
(IM+H]"): 285.1715, Found: 285.1711.

1-(Tetrahydro-2H-pyran-4-yl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (19j)

2T
P4

7
\
pa
T

v~
Qo

19

Compound 19j was prepared from 18j in 21% yield as a white solid by a method similar to that
described for 10. '"H NMR (DMSO-dy) 6 1.71 (dd, J = 4.4, 12.8 Hz, 2H), 2.44-2.55 (m, 2H), 3.51-3.59
(m, 2H), 4.04 (dd, J =4.4,11.6 Hz, 2H), 4.60-4.69 (m, 1H), 6.64 (dd, J =20, 3.6 Hz, 1H), 7.46-7.48
(m, 1H), 7.94 (s, 1H), 10.94 (br s, 1H), 11.62 (br s, 1H); MS (ESI) m/z 259 [M+H]"; HRMS (ESI) m/z
Calcd for C5H,sN,O, ([M+H]"): 259.1195, Found: 259.1200.

Ethyl 4-{[1-(tert-butoxycarbonyl)piperidin-4-ylJamino}-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
(20a)

NH
BOCNO/

20a

To a solution of 17 (500 mg, 2.23 mmol) in n-BuOH (2.0 mL) were added tert-butyl 4-amino-1-
piperidinecarboxylate (1.34 g, 6.68 mmol). The mixture was heated in a microwave reactor at 150 °C

for 1 h. After cooling to room temperature, to the reaction mixture was added water. The precipitate was
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filtered and washed with water to give the product (673 mg, 78%) as a pale yellow powder. 'H NMR
(DMSO-dy) 0 1.32 (t,J = 7.2 Hz, 3H), 1.41 (s, 9H), 1.37-1.43 (m, 2H), 2.00-2.05 (m, 2H), 3.32 (m,
2H), 3.79-3.83 (m, 2H), 4.23-4.29 (m, 3H), 6.63-6.64 (m, 1H), 7.20-7.21 (m, 1H), 8.56 (s, 1H), 8.83—
8.85 (m, 1H), 11.72 (br s, 1H); MS (ESI) m/z 389 [M+H]".

Ethyl 4-{[(3R)-1-(tert-butoxycarbonyl)piperidin-3-ylJamino}-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (20b)
N_ N
N
<JV\%COZB
BOCNQ“‘NH

20b

To a solution of 17 (400 mg, 1.78 mmol) in n-BuOH (2.0 mL) were added terz-butyl (3R)-3-
aminopiperidine-1-carboxylate (712 mg, 3.56 mmol) and DIPEA (0.62 mL, 3.56 mmol). The mixture
was heated in a microwave reactor at 150 °C for 1 h. After cooling to room temperature, the reaction
mixture was quenched with water and extracted with EtOAc.The organic layer was dried over MgSO,
and evaporated in vacuo. The crude mixture was purified by column chromatography on silica gel
(hexane/AcOEt = 60/40 to 25/75) to give the product (525 mg, 76%) as a white powder. 'H NMR
(DMSO-dq) 0 1.00-2.12 (m, 13H), 1.30 (t,J = 7.1 Hz, 3H), 3.17-3.79 (m, 4H), 4.07-4.34 (m, 1H), 4.26
(q,/=7.1Hz,2H),6.64 (d,J=34Hz,1H),7.21 (d,J =3.4 Hz, 1H), 8.56 (s, 1H), 8.96 (d,J = 7.8 Hz,
1H), 11.71 (br s, 1H); MS (ESI) m/z 389 [M+H]".

Ethyl 4-{[(3S)-1-(tert-butoxycarbonyl)piperidin-3-ylJamino}-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (20c¢)

N
> Co,Et

NH
BOCNU

20c

gI
/7

Compound 20c¢ was prepared from 17 in 32% yield as a white amorphous solid by a method similar
to that described for 20b. '"H NMR (DMSO-d,) 6 1.03 (s, 9H), 1.15-1.99 (m, 8H), 1.30 (t, J = 7.2 Hz,
3H), 3.58-3.62 (m, 1H), 4.23-4.27 (m, 2H), 6.62 (m, 1H), 7.20-7.22 (m, 1H), 8.56 (s, 1H), 8.95-8.97
(m, 1H), 11.70 (br s, 1H); MS (ESI) m/z 389 [M+H]".
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tert-Butyl 4-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidine-1-
carboxylate (21a)

Compound 21a was prepared from 20a in 63% yield as a white powder by a method similar to that
described for 19d. 'H NMR (DMSO-d,) 6 1.47 (s, 9H), 1.74—1.77 (m, 2H), 2.25-2.33 (m, 2H), 2.98 (m,
2H), 4.11 (m, 2H), 4.59-4.66 (m, 1H), 6.45-6.46 (m, 1H), 7.40-7.42 (m, 1H), 7.94 (s, 1H), 10.95 (br s,
1H), 11.63 (br s, 1H); MS (ESI) m/z 358 [M+H]".

tert-Butyl  (3R)-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidine-1-
carboxylate (21b)

ZT
pd

2
N\

NH

N

BOCNQ 0

21b

Compound 21b was prepared from 20b in 68% yield as a white powder by a method similar to that
described for 10. '"H NMR (DMSO-d,) 6 1.07-2.05 (m, 4H), 1.41 (s, 9H), 2.66-3.03 (m, 1H), 3.25-3.58
(m, 1H), 3.90-4.19 (m, 2H), 4.19-4.49 (m, 1H), 6.54-6.66 (m, 1H), 7.41-7.52 (m, 1H), 7.94 (s, 1H),
10.98 (br s, 1H), 11.65 (br s, 1H); MS (ESI) m/z 380 [M+Na]*.

tert-Butyl  (35)-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidine-1-
carboxylate (21c¢)

ZT
b4

-
N\

NH

N~

BocN\j 0

21c

Compound 21c¢ was prepared from 20c in 66% yield as a white powder by a method similar to that
described for 19d. 'H NMR (DMSO-d;) 6 1.07-2.05 (m, 4H), 1.41 (s, 9H), 2.66-3.03 (m, 1H), 3.25—
3.58 (m, 1H), 3.90-4.19 (m, 2H), 4.19-4.49 (m, 1H), 6.54-6.66 (m, 1H), 7.41-7.52 (m, 1H), 7.94 (s,
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1H), 10.98 (br s, 1H), 11.65 (br s, 1H); MS (ESI) m/z 380 [M+Na]".

1-(Piperidin-4-yl)-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
(22a)

HN «2HCI

dihydrochloride

To a solution of 21a (210 mg, 0.588 mmol) in 1,4-dioxane (2.1 mL) was added 4 M HCI in 1 4-

dioxane (4.1 mL). The mixture was stirred at room temperature for 2 h. The reaction mixture was

evaporated in vacuo to give the product (194 mg, quantitative yield) as a white powder. 'H NMR
(DMSO-d;) 0 2.02-2.05 (m, 2H), 2.63-2.73 (m, 2H), 3.22-3.31 (m, 2H), 3.40-3.44 (m, 2H), 4.77-4 .84
(m, 1H), 7.37-7.38 (m, 1H), 7.66-7.68 (m, 1H), 8.15 (s, 1H), 8.85 (br s, 1H), 9.40-9.43 (m, 1H), 11.75

(br s, 1H), 12.54 (br s, 1H); MS (ESI) m/z 258 [M+H-2HCI]"; HRMS (ESI) m/z Calcd for C;H,,N,O

(IM+H-2HCI]%): 258.1355, Found: 258.1351.

1-[(3R)-Piperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one

dihydrochloride (22b)

Compound 22b was prepared from 21b in quantitative yield as a white powder by a method similar

to that described for 22a. '"H NMR (DMSO-d;) 6 1.83-2.22 (m, 3H), 2.31-2.63 (m, 1H), 2.77-4.50 (m,

4H), 4.94-5.19 (m, 1H), 7.21-7.33 (m, 1H), 7.61-7.72 (m, 1H), 8.15 (s, 1H), 9.s-9.37 (m, 1H), 9.76-

10.06 (m, 1H), 11.74 (br s, 1H), 12.48 (br s, 1H); MS (ESI) m/z 258 [M+H-2HCI]".
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1-[(3S)-Piperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
dihydrochloride (22¢)

Compound 22¢ was prepared from 21¢ in quantitative yield as a white powder by a method similar to
that described for 22a. '"H NMR (DMSO-dy) 6 1.97-2.02 (m, 3H), 2.41-2.46 (m, 1H), 3.00 (m, 1H),
3.33-3.43 (m, 3H), 4.96 (m, 1H), 7.04-7.05 (m, 1H), 7.60-7.61 (m, 1H), 8.08 (s, 1H), 9.09 (m, 1H),
9.50 (brs, 1H), 11.47 (br s, 1H), 12.14 (br s, 1H); MS (ESI) m/z 258 [M+H-2HCI]".

1-[1-(Methylsulfonyl)piperidin-4-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
(23a)

To a solution of 22a (30 mg, 0.091 mmol) in DMI (1.0 mL) was added Et;N (38 xL.,0.27 mmol). The
mixture was stirred at room temperature for 15 min. The mixture was cooled under ice bath and
methanesulfonyl chloride (7.7 yL, 0.10 mmol) was added. The mixture was stirred at the same
temperature for 20 min and water was added. The precipitate was filtered and washed with water to give
the product (22 mg, 72%) as a white powder. 'H NMR (DMSO-d,) 6 1.87-1.91 (m, 2H), 2.95 (s, 3H),
2.99-3.20 (m, 4H), 3.73-3.76 (m, 2H), 4.53-4.59 (m, 1H), 6.65-6.66 (m, 1H), 7.47-7.49 (m, 1H), 7.94
(s, 1H), 10.96 (br s, 1H), 11.63 (br s, 1H); MS (ESI) m/z 336 [M+H]"; HRMS (ESI) m/z Calcd for
C,4HsNsO5S ([M+H]"): 336.1130, Found: 336.1129.
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1-[(3R)-1-(Methylsulfonyl)piperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-
one (23b)

Compound 23b was prepared from 22b in 41% yield as a white solid by a method similar to that
described for 23a. '"H NMR (DMSO-dy) 6 1.69-1.85 (m, 1H), 1.90-2.03 (m, 2H), 2.39-2.56 (m, 1H),
2.86(dd,/=11.3,11.3 Hz, 1H),2.94 (s,3H),3.42 (dd,/=11.3,11.3 Hz, 1H), 3.61-3.77 (m, 2H), 4.46—
4.59 (m, 1H), 6.59-6.64 (m, 1H), 7.44-7.50 (m, 1H), 7.94 (s, 1H), 11.00 (br s, 1H), 11.66 (br s, 1H);
MS (ESI) m/z 336 [M+H]"; HRMS (ESI) m/z Caled for C,,H;{N;O5S ([M+H]"): 336.1130, Found:
336.1136.

1-[(35)-1-(Methylsulfonyl)piperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-
one (23¢)

Compound 23c was prepared from 22¢ in 43% yield as a white powder by a method similar to that
described for 23a. "H NMR (DMSO-d,) 6 1.23 (m, 1H), 1.79 (m, 1H), 1.95-1.98 (m, 4H), 2.85-2.88
(m, 1H), 2.94 (s, 3H), 3.65-3.73 (m, 1H), 4.50-4.54 (m, 1H), 6.55-6.67 (m, 1H), 7.49-7.51 (m, 1H),
7.97 (s, 1H), 11.12 (br s, 1H), 11.78 (br s, 1H); MS (ESI) m/z 336 [M+H]"; HRMS (ESI) m/z Calcd for
C.4HsNsO5S ([M+H]"): 336.1130, Found: 336.1135.

3-Ox0-3-[(3R)-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidin-1-
yllpropanenitrile (24)
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A mixture of 22b (38 mg, 0.12 mmol), cyanoacetic acid (13 mg, 0.15 mmol), HOBt (23 mg, 0.17
mmol), DIPEA (44 uL, 0.25 mmol), and WSCD-HCI (33 mg, 0.17 mmol) in DMF (1.4 mL) was stirred
at room temperature for 1 h and then stirred at 50 °C for 1 h. The mixture was diluted with AcOEt and
washed with saturated NaHCO; aqueous solution and brine. The organic layer was dried over Na,SO,
and evaporated in vacuo. The residue was purified by column chromatography on silica gel
(CHCIly/MeOH = 15/1 to 10/1) to give the product (2.3 mg, 6%) as a pale yellow solid. 'H NMR (DMSO-
dg) 0 1.15-3.91 (m, 7H), 4.02-4.11 (m, 2H), 4.27-4.58 (m, 2H), 6.60-6.65 and 6.74-6.80 (each m, total
1H), 7.42-7.49 (m, 1H), 7.93 and 7.94 (each s, total 1H), 10.99 (br s, 1H), 11.61 and 11.65 (each br s,
total 1H); MS (ESI) m/z 325 [M+H]"; HRMS (ESI) m/z Calcd for C,¢H,,N,O, ([IM+H]"): 325.1413,
Found: 325.1413.

1-Benzyl-3-[(tert-butoxycarbonyl)amino]-4-methylpyridinium bromide (26)

B”Nb/\NHBOC
Br® S
26

To a solution of zert-butyl (4-methylpyridin-3-yl)carbamate (25) (12.0 g, 57.62 mmol) in acetone (480
mL) was added benzyl bromide (6.98 mL, 58.77 mmol), followed by refluxing for 3 h. After cooling to
room temperature, the resulting solid was collected by filtration and washed with acetone (120 mL) to
obtain the product (21.0 g, 96%) as a pale yellow solid. 'H NMR (DMSO-dy) 6 1.50 (s, 9H), 2.50 (s,
3H), 5.84 (s, 2H), 7.40-7.52 (m, 5H), 8.00 (dd, J = 6.3 Hz, 1H), 8.23 (dd, /= 6.3, 1.4 Hz, 1H), 9.30 (d,
J=1.1 Hz, 1H), 9.57 (s, 1H); MS (ESI) m/z 299 [M-Br]".

tert-Butyl (x)-cis-[1-benzyl-4-methylpiperidin-3-yl]Jcarbamate (27)

To a solution of 26 (1.20 g, 3.16 mmol) in EtOH (48 mL) was added PtO, (Adam's Catalyst) (36 mg,
0.16 mmol), followed by catalytic reduction at 40 °C under 3 atm of hydrogen gas for 4 h. The reaction
mixture was separated by filtration through a Celite pad and the filtrate was concentrated under reduced
pressure. The obtained residue was neutralized with a saturated NaHCO; aqueous solution, and the
mixture was then extracted with CHCI;. The organic layer was dried over MgSO, and then filtered and
concentrated in vacuo. The obtained residue was purified by column chromatography on silica gel silica

gel (hexane/EtOAc = 90/10/ to 87/13) to obtain the product (664 mg, 69%) as a colorless oil. 'H NMR
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(DMSO-d,) 6 0.80 (d, J = 6.7 Hz, 3H), 1.30-1.36 (m, 1H), 1.37 (s, 9H), 1.42-1.55 (m, 1H), 1.56-1.68
(m, 1H), 1.92-2.10 (m, 2H), 2.53-2.70 (m, 2H), 3.38-3.49 (m, 2H), 3.51-3.59 (m, 1H), 6.12-6.23 (m,
1H), 7.20-7.26 (m, 1H), 7.27-7.33 (m, 4H); MS (ESI) m/z 305 [M+H]".

(x)-cis-1-Benzyl-4-methylpiperidin-3-amine (28)

To a solution of 27 (2.00 g, 6.57 mmol) in CH,Cl, (5.0 mL) was added TFA (5.0 mL) and the mixture
was stirred at room temperature for 30 min. The mixture was evaporated in vacuo and the residue was
quenched with saturated NaHCO; aqueous solution and extracted with CHCl;. The organic layer was
dried over Na,SO, and evaporated in vacuo to give the product (1.31 g, 98%). 'H NMR (DMSO-d;) 6
0.85(d,J=6.8Hz,3H), 1.29-1.47 (m,2H), 1.47-1.58 (m, 1H), 1.91-2.01 (m, 1H), 2.05-2.14 (m, 1H),
2.54-2.66 (m, 2H), 2.66-2.71 (m, 1H), 3.33 (br s, 2H), 3.37-3.47 (m, 2H), 7.20-7.26 (m, 1H), 7.27-
7.34 (m, 4H); MS (ESI) m/z 205 [M+H]".

(x)-cis-Ethyl 4-{[1-benzyl-4-methylpiperidin-3-ylJamino}-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (29)

Compound 29 was prepared from 17 in 95% yield as a white solid by a method similar to that
described for 18b. 'H NMR (DMSO-d,) 6 0.87 (d,J = 6.8 Hz, 3H), 1.37 (t,J = 7.2 Hz, 3H), 1.52-4 .43
(m, 12H),6.62 (dd,J=2.0,3.6 Hz, 1H),7.09 (dd,J =2.8,3.6 Hz, 1H), 7.13-7.35 (m, 5H), 8.56 (s, 1H),
9.33(d,J=9.6 Hz, 1H), 11.59 (br s, 1H); MS (ESI) m/z 393 [M+H]".

(2)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-
2(1H)-one (30)



Compound 30 was prepared from 29 in 57% yield as a white solid by a method similar to that
described for 10. 'H NMR (DMSO-dy) 6 0.94 (d, J = 7.1 Hz, 3H), 1.58-1.66 (m, 1H), 2.01-2.13 (m,
1H), 2.25-2.35 (m, 1H), 2.36-2.44 (m, 1H), 2.62-2.70 (m, 1H), 2.83-2.91 (m, 1H), 3.48-3.68 (m, 3H),
4.54-4.61 (m, 1H), 6.43-6.47 (m, 1H), 7.19-7.26 (m, 1H), 7.28-7.37 (m, 4H), 7.42-7.47 (m, 1H), 7.58
(s, 1H), 10.77 (br s, 1H), 11.60 (br s, 1H); MS (ESI) m/z 362 [M+H]".

(2)-cis-1-[4-Methylpiperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one
(31)

To a solution of 30 (8.10 g, 22.4 mmol) in EtOH (486 mL) was added 20% Pd(OH), on carbon (6.29
g, 4.48 mmol) at room temperature under nitrogen. Hydrogen gas was purged and stirred for 2 days at
30 °C under 4 atm. The mixture was filtered through a Celite pad. The filtrate was evaporated in vacuo
to give the crude product (6.00 g, 99%). The crude residue was used without further purification. 'H
NMR (DMSO-d;) 6 0.90 (d,J =7.0 Hz, 3H), 1.54-1.62 (m, 1H), 1.75-1.86 (m, 1H),2.31-2.41 (m, 1H),
2.61-2.70 (m, 1H),2.76-2.86 (m, 1H),2.94-3.02 (m, 1H), 3.35-3.51 (m, 1H), 3.78-3.86 (m, 1H), 4 .48—
4.55 (m, 1H), 6.51-6.55 (m, 1H), 7.42-7.45 (m, 1H), 7.89 (s, 1H), 10.78 (br, 1H), 11.56 (br s, 1H); MS
(ESI) m/z 272 [M+H]".

(x)-cis-3-[4-Methyl-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidin-
1-yl]-3-oxopropanenitrile (32a)

A mixture of 31 (40 mg, 0.15 mmol), cyanoacetic acid (16 mg,0.19 mmol), HOBt (30 mg, 0.22 mmol),
EtN (45 L, 0.32 mmol), and WSCD-HCI (57 mg, 0.29 mmol) in DMF (0.96 mL) was stirred at room
temperature for 1 h and then stirred in a hot bath for 2 h. The mixture was diluted with CHCl;/MeOH =
4/1 and washed with saturated NaHCO; aqueous solution. The organic layer was dried over MgSO,, and

evaporated in vacuo. The residue was purified by column chromatography on silica gel (CHCl;/MeOH

61



= 97/3 to 80/20) to give the product (33 mg, 66%) as a white solid. 'H NMR (DMSO-d,) 6 0.93-1.01

(m, 3H), 1.63-1.77 (m, 1H), 1.84-2.11 (m, 1H), 2.40-2.56 (m, 1H), 2.98-3.56 (m, 2H), 3.80-4.25 (m,
3H),4.33-4.45 (m, 1H), 4.52-4.65 (m, 1H), 6.51-6.55 (m, 1H), 7.41-7.47 (m, 1H), 7.89-7.92 (m, 1H),
10.86 (brs, 1H), 11.54—11.64 (m, 1H); "C NMR (DMSO-d;, 120 °C) 6 12.70,24.66,30.22,32.05,55.79,
95.69, 103.62, 115.63, 119.01, 124.44, 125.28, 129.56, 145.95, 154.55, 161.57; MS (ESI) m/z 339

[M+H]*; IR (ATR, cm™) 3252, 2967, 2886, 2259, 1703, 710; Anal. Calcd for C;;H,;N;0,-0.1H,0: C,
60.02; H, 5.39; N, 24.71. Found: C, 59.64; H,5.27; N, 24.33.

(£)-cis-1-[4-Methyl-1-(1H-tetrazol-1-ylacetyl)piperidin-3-yl]-3,6-dihydroimidazo[4,5-
d]pyrrolo[23-b]pyridin-2(1H)-one (32b)

32b

Compound 32b was prepared from 31 in 53% yield as a white solid by a method similar to that
described for 32a. '"H NMR (DMSO-dy) 6 0.99-1.05 (m, 3H), 1.66-2.19 (m, 2H), 3.02-3.59 (m, 1H)
3.68-4.51 (m, 4H) 4.63—4.76 (m, 1H) 5.54-5.90 (m, 2H), 6.52-6.58 (m, 1H), 7.45-7.48 (m, 1H), 7.90-
794 (m, 1H), 9.24-9.31 (m, 1H), 10.85-10.92 (m, 1H), 11.58-11.67 (m, 1H); MS (ESI) m/z 382
[M+H]*; Anal. Calcd for C;H,;N,O,-H,O: C, 51.12; H, 5.30; N, 31.56. Found: C, 51.23; H, 5.33; N,
31.24.

(2)-cis-2,2-Dimethyl-3-[4-methyl-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-
1(2H)-yl)piperidin-1-yl]-3-oxopropanenitrile (32c)

A mixture of 31 (80 mg, 0.29 mmol), 2-cyano-2-methylpropanoic acid (43 mg, 0.38 mmol), HOBt
(60 mg, 0.44 mmol), Et;N (90 L, 0.65 mmol), and WSCD-HCI (113 mg, 0.59 mmol) in DMF (1.0 mL)
was stirred at room temperature for 1 h and then stirred at 40 °C for 4 h. The mixture was quenched with

saturated NaHCO; aqueous solution and extracted with CHCl;. The organic layer was washed with brine,
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dried over MgSO,, and evaporated in vacuo. The residue was purified by column chromatography on
silica gel (CHCI;/MeOH = 99/1 to 80/20) to give the product (84.7 mg, 78%) as a white powder. 'H
NMR (DMSO-d,) 6 1.01 (d,J = 7.1 Hz, 3H), 1.55 (br s, 6H), 1.66-2.10 (m, 2H), 3.40-4.83 (m, 6H),
6.52-6.55 (m, 1H), 7.42-7.44 (m, 1H), 7.92 (s, 1H), 10.88 (br s, 1H), 11.61 (br s, 1H); MS (ESI) m/z
367 [M+H]"; HRMS (ESI) m/z Calcd for C,oH,;NO, ([M+H]"): 367.1877, Found: 367.1868.

(2)-cis-1-[4-Methyl-1-(piperidin-1-ylcarbonyl)piperidin-3-yl]-3,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-2(1H)-one (33a)

To a solution of 31 (80 mg, 0.30 mmol) and DIPEA (103 xL, 0.59 mmol) in CH,Cl, (2.4 mL) was
added 1-piperidinecarbonyl chloride (52 mg, 0.35 mmol). The mixture was stirred at room temperature
for 2 h. To the solution was added H,O (4.0 mL) and the mixture was extracted with CHCl;. The organic
layer was dried over MgSO, and evaporated in vacuo. The residue was purified by column
chromatography on amino functionalized silica gel (CHCl,/MeOH = 98/2 to 92/8) to obtain a clear solid.
The solid was washed with a small amount of CHCI; and a large amount of IPE to give the product (89
mg, 79%) as a white powder. 'H NMR (DMSO-dy) 6 0.99 (d,J = 7.2 Hz,3H), 1.39-1.56 (m, 6H), 1.64—
1.72 (m, 1H), 1.92-2.03 (m, 1H), 2.39-2.55 (m, 1H), 3.05-3.21 (m, 5H), 3.28-3.39 (m, 1H), 3.62-3.69
(m, 1H), 4.17-4.27 (m, 1H), 4.49-4.57 (m, 1H), 6.42-6.45 (m, 1H), 7.42-7.45 (m, 1H), 7.91 (s, 1H),
10.82 (br s, 1H), 11.61 (br s, 1H); MS (ESI) m/z 383 [M+H]"; HRMS (ESI) m/z Calcd for C,,H»,NO,
(IM+H]"): 383.2190, Found: 383.2179.

(x)-cis-1-[4-Methyl-1-(morpholin-4-ylcarbonyl)piperidin-3-yl]-3,6-dihydroimidazo[4,5-
d]pyrrolo[23-b]pyridin-2(1H)-one (33b)

NN
L
NH
o) N

33b

Compound 33b was prepared from 31 in 81% yield as a white powder by a method similar to that
described for 33a. 'H NMR (DMSO-d,) 6 0.99 (d, J = 7.1 Hz, 3H), 1.65-1.74 (m, 1H), 1.93-2.05 (m,
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1H), 2.39-2.54 (m, 1H), 3.09-3.22 (m, SH), 3.36-3.44 (m, 1H), 3.49-3.61 (m, 4H), 3.68-3.77 (m, 1H),
4.20-4.29 (m, 1H), 4.49-4.58 (m, 1H), 6.43-6.45 (m, 1H), 7.43-7.45 (m, 1H), 7.91 (s, 1H), 10.83 (br s,
1H), 11.61 (br s, 1H); MS (ESI) m/z 385 [M+H]*"; HRMS (ESI) m/z Calcd for C,oH,sN,O5 ([M+HT"):
385.1983, Found: 385.1970.

(£)-cis-6-[4-Methyl-3-(2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-yl)piperidin-
1-yl]nicotinonitrile (34)

ZT
pzd

74
2\
pd
T

A mixture of 31 (80 mg, 0.30 mmol), 6-chloronicotinonitrile (61 mg, 0.44 mmol) and Et;N (123 L,
0.89 mmol) in n-BuOH (0.99 mL) was stirred under microwave irradiation at 130 °C for 0.5 h. After
cooling to room temperature, the reaction mixture was concentrated in vacuo. The residue was diluted
with EtOAc/THF and washed with water. The organic layer was dried over MgSO, and evaporated in
vacuo. The crude product was recrystallized from EtOAc and n-hexane to give the product (84 mg, 76%)
as a white solid. '"H NMR (DMSO-d,) 6 1.06 (d,J=7.2 Hz,3H), 1.74-1.82 (m, 1H), 1.97-2.07 (m, 1H),
2.45-2.56 (m, 1H), 3.28-3.43 (m, 1H),4.20-4.29 (m, 1H), 4.42-4.56 (m, 2H), 4.60—4.70 (m, 1H), 6.40—
6.44 (m, 1H),7.03 (d,J=9.2 Hz, 1H), 7.37-7.41 (m, 1H), 7.81 (dd,J=2.0,9.2 Hz, 1H,), 7.92 (s, 1H),
8.43-8.45 (m, 1H), 10.87 (br s, 1H), 11.59 (br s, 1H); MS (ESI) m/z 374 [M+H]"; HRMS (ESI) m/z
Calcd for CyyH,,N,O ([IM+H]"): 374.1724, Found: 374.1714.

Ethyl 4-chloro-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (35)

To a solution of 17 (2.00 g, 8.90 mmol) in DMF (30 mL) was added NaH (60% dispersion in mineral
oil, 427 mg, 10.7 mmol) at 0 °C and the mixture was stirred at the same temperature for 1 h. To the
solution was added SEMCI (1.72 mL, 9.79 mmol) and the resulting solution was allowed to stir for 30
min at room temperature. The mixture was quenched with saturated NaHCO; aqueous solution and

extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO,, and evaporated in
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vacuo. The residue was purified by column chromatography on silica gel (hexane/AcOEt = 100/0 to
90/10) to give the product (3.07 g, 97%) as colorless oil. 'H NMR (DMSO-d;) 6 —0.10 (s, 9H), 0.82 (t,
J=8.1Hz,2H), 1.36 (t,J =72 Hz,3H),3.52 (t,J = 8.0 Hz,2H), 4.36 (q,J = 7.0 Hz, 2H), 5.67 (s, 2H),
6.75(d,J=3.7Hz, 1H),7.82 (d,J = 3.6 Hz, 1H), 8.75 (s, 1H); MS (ESI) m/z 355 [M+H]".

Ethyl (%)-cis-4-{[1-benzyl-4-methylpiperidin-3-ylJamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate (36)

SEM

NN
N

A mixture of 35 (1.05 g, 2.96 mmol), 28 (725 mg, 3.55 mmol), and DIPEA (1.55 mL, 8.88 mmol) in
NMP (3.0 mL) was heated at 180 °C for 2 h. After cooling to room temperature, the reaction mixture
was quenched with water and extracted with EtOAc. The organic layer was washed with bine, dried
over Na,SO,, and evaporated in vacuo. The crude mixture was purified by column chromatography on
silica gel (hexane/AcOEt = 95/5 to 85/15) to give the product (1.51 g, 98%). 'H NMR (DMSO-d;) 6 —
0.11 (s,9H),0.79 (t,J = 8.2 Hz, 2H), 0.86 (d, J = 6.7 Hz, 3H), 1.37 (t,/ = 7.0 Hz, 3H), 1.50-1.63 (m,
2H), 1.81-1.94 (m, 1H), 2.08-2.17 (m, 1H), 2.23-2.31 (m, 1H), 2.72-2.88 (m, 2H), 3.38-3.60 (m, 4H),
4.28-4.45 (m, 3H),5.51 (s,2H), 6.72 (d,J = 3.9 Hz, 1H), 7.11-7.23 (m, 3H), 7.28 (d, J = 3.6 Hz, 1H),
7.30-7.35 (m, 2H), 8.61 (s, 1H), 9.36 (d, J = 9.9 Hz, 1H); MS (ESI) m/z 523 [M+H]".

(2)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-6-{[2-(trimethylsilyl)ethoxy]methyl}-3,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (37)

Compound 37 was prepared from 36 in 89% yield by a method similar to that described for 19d. 'H
NMR (DMSO-d,) 60 —0.10 (s, 9H), 0.86 (t,J = 8.0 Hz, 2H),0.93 (d,J = 7.0 Hz, 3H), 1.57-1.65 (m, 1H),
2.02-2.15 (m, 1H), 2.25-2.43 (m, 2H), 2.61-2.69 (m, 1H), 2.84-2.93 (m, 1H), 3.47-3.55 (m, 3H), 3.59—
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3.64 (m, 2H), 4.54-4.61 (m, 1H), 5.60 (s, 2H), 6.55 (d,J = 3.7 Hz, 1H), 7.19-7.26 (m, 1H), 7.28-7.37
(m, 4H),7.63 (d,J =3.7 Hz, 1H), 7.94 (s, 1H), 10.86 (br s, 1H); MS (ESI) m/z 492 [M+H]".

(2)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-3-methyl-6-{[2-(trimethylsilyl)ethoxy]methyl}-3,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-2(1H)-one (38)

To a solution of 37 (262 mg, 0.53 mmol) in DMF (5.0 mL) was added NaH (60% dispersion in mineral
oil, 26 mg, 0.64 mmol) at O °C and the mixture was stirred at the same temperature for 5 min. To the
solution was added Mel (40 uL, 0.64 mmol) and the resulting solution was allowed to stir for 15 min at
room temperature. The mixture was quenched with water and extracted with CH,Cl,. The organic layer
was dried over Na,SO, and evaporated in vacuo. The residue was purified by column chromatography
on amino functionalized silica gel (CHCI; = 100/0) to give the product (260 mg, 97%). '"H NMR
(DMSO-dq) 0 -0.09 (s,9H),0.81 (t,J = 8.0 Hz,2H),0.92 (d,J = 7.2 Hz, 3H), 1.58-1,67 (m, 1H), 2.04—
2.15 (m, 1H), 2.26-2.44 (m, 2H), 2.62-2.74 (m, 1H), 2.83-2.91 (m, 1H), 3.35 (s, 3H), 3.48-3.68 (m,
5H), 4.57-4.64 (m, 1H), 5.62 (s, 2H), 6.57 (d, J = 3.7 Hz, 1H), 7.19-7.25 (m, 1H), 7.27-7.36 (m, 4H),
7.66 (d,J =3.7Hz, 1H), 8.12 (s, 1H); MS (ESI) m/z 506 [M+H]".

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-3-methyl-3,6-dihydroimidazo[4,5-d]pyrrolo[ 2,3-
b]pyridin-2(1H)-one (39)

To a solution of 38 (260 mg, 0.51 mmol) in CH,Cl, (2.0 mL) was added TFA (2.0 mL) and the mixture
was stirred at room temperature for 2 h. The mixture was evaporated in vacuo and the residue was
quenched with saturated NaHCO; aqueous solution and extracted with CHCl; and MeOH. The organic
layer was dried over Na,SO, and evaporated in vacuo. To the resulting residue in CH,Cl, (2.0 mL) and

MeOH (2.0 mL) was added ethylenediamine (69 uL, 1.03 mmol) and the mixture was stirred at 50 °C
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for 1 h. The mixture was quenched with water, extracted with CHCI; and MeOH. The organic layer was
dried over Na,SO, and evaporated in vacuo. The residue was purified by column chromatography on
amino functionalized silica gel (CHCl;/MeOH = 100/0 to 95/5) to give the product (180 mg, 93%). 'H
NMR (DMSO-d;) 6 092 (d,J =7.1 Hz, 3H), 1.58-1.67 (m, 1H), 2.06-2.14 (m, 1H), 2.26-2 .44 (m, 2H),
2.62-2.71 (m, 1H), 2.82-2.91 (m, 1H), 3.34 (s, 3H), 3.48-3.69 (m, 3H), 4.57-4.65 (m, 1H), 6.47 (d,J
= 3.5 Hz, 1H), 7.19-7.25 (m, 1H), 7.27-7.37 (m, 4H), 7.46-7.50 (m, 1H), 8.07 (m, 1H), 11.65 (br s,
1H); MS (ESI) m/z 376 [M+H]".

(£)-cis-3-Methyl-1-[4-methylpiperidin-3-yl]-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-
2(1H)-one (40)

To a solution of 39 (180 mg, 0.48 mmol) in MeOH (5.0 mL) were added 20% Pd(OH), on carbon (34
mg, 0.048 mmol) and ammonium formate (302 mg, 4.8 mmol) at room temperature. The mixture was
refluxed for 30 min. After cooling to room temperature, the mixture was filtered through a Celite pad.
The filtrate was partitioned between saturated NaHCO; aqueous solution and CHCl;. The organic layer
was dried over Na,SO, and evaporated in vacuo. The residue was purified by column chromatography
on amino functionalized silica gel (CHCl;/MeOH = 100/0 to 95/5) to give the product (85 mg, 62%). 'H
NMR (DMSO-d;) 6 0.89 (d,J =7.0 Hz, 3H), 1.53-1.63 (m, 1H), 1.76-1.86 (m, 1H), 2.31-2.47 (m, 2H),
2.61-2.71 (m, 1H), 2.76-2.87 (m, 1H), 2.94-3.02 (m, 1H), 3.38 (s, 3H), 3.77-3.89 (m, 1H), 4.51-4.59
(m, 1H),6.54-6.58 (m, 1H),7.45-7.49 (m, 1H), 8.70 (s, 1H), 11.63 (br s, IH); MS (ESI) m/z 286 [M+H]".

(2)-cis-3-[4-Methyl-3-(3-methyl-2-0x0-3,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-1(2H)-
yDpiperidin-1-yl]-3-oxopropanenitrile (41)

A mixture of 40 (80 mg,0.28 mmol), cyanoacetic acid (36 mg, 0.42 mmol), HOBt (45 mg, 0.34 mmol),
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WSCD-HCI (64 mg, 0.34 mmol) and DIPEA (98 ul, 0.56mmol) in DMF (1.5 mL) and CH,Cl, (1.5 mL)
was stirred at room temperature for 1.5 h. The reaction mixture was evaporated in vacuo and the residue
was purified by column chromatography on amino functionalized silica gel (CHCIl;/MeOH = 100/0 to
95/5) to give the product (75 mg, 76%) as a white powder. 'H NMR (DMSO-dy) 6 0.95 (d,J = 7.1 Hz,
3/2H),0.96 (d,J =7.1 Hz, 3/2H), 1.62-1.76 (m, 1H), 1.85-1.96 (m, 1/2H),2.01-2.13 (m, 1/2H), 2.93-
3.11 (m, 1H), 3.14-3.19 (m, 1H), 3.378 (s, 3/2H), 3.381 (s, 3/2H), 3.47-3.56 (m, 1/2H), 3.80-3.89 (m,
1/2H), 3.95-4.26 (m, 3H), 4.34-4.41 (m, 1/2H), 4.43-4.49 (m, 1/2H), 4.52-4.60 (m, 1/2H), 4.63—4.69
(m, 1/2H), 6.53-6.58 (m, 1H), 7.44-7.57 (m, 1H), 8.10 (s, 1H), 11.63 (br s, 1/2H), 11.67 (br s, 1/2H);
MS (ESI) m/z 353 [M+H]"; HRMS (ESI) m/z Calcd for C,sH, N.O, ([M+H]"): 353.1726, Found:
353.1732.

4-Chloro-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridine-5-carbonitrile (49)

SEM
NN
Tl
Z>CN
o]
49

To a suspension of NaH (60% dispersion in mineral oil,2.70 g, 67.6 mmol) in THF (50 mL) and DMF
(100 mL) was slowly added 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carbonitrile (48) (10.0 g, 56.3 mmol)
in an ice bath and the mixture was stirred at the same temperature for 20 min. To the solution was added
SEMCI (13.8 mL, 78.8 mmol) and the resulting solution was allowed to stir for 3 h at room temperature.
The mixture was quenched with saturated NH,CI aqueous solution and extracted with EtOAc. The
organic layer was washed with brine, dried over MgSQO,, and evaporated in vacuo. The residue was
purified by column chromatography on silica gel to give the product (15.2 g, 88%) as a white solid. 'H
NMR (DMSO-d;) 6 -0.10 (s, 9H), 0.82 (t, J = 8.2 Hz, 2H), 3.52 (t, J = 8.0 Hz, 2H), 5.68 (s, 2H), 6.82
(d,J=3.7Hz, 1H),8.01 (d,J=3.7 Hz, 1H), 8.77 (s, IH); MS (ESI) m/z 308 [M+H]".

(2)-cis-4-{[1-Benzyl-4-methylpiperidin-3-ylJamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrrolo[2,3-b]pyridine-5-carbonitrile (45)

A mixture of 49 (5.05 g, 16.4 mmol), 28 (3.69 g, 18.0 mmol), and DIPEA (8.57 mL, 49.2 mmol) in
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NMP (15 mL) was stirred at 180 °C for 2 h. After cooling to room temperature, the reaction mixture was
quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over
Na,SO,, and evaporated in vacuo. The crude mixture was purified by column chromatography on silica
gel (n-hexane/EtOAc = 90/10 to 70/30) to give the product (7.08 g,91%). 'H NMR (DMSO-d) 6 —0.11
(s,9H),0.78 (t,J = 8.0 Hz,2H), 0.85 (d,J = 6.9 Hz, 3H), 1.44-1.60 (m, 2H), 1.84-1.95 (m, 1H), 2.08-
2.18 (m, 1H), 2.26-2.33 (m, 1H), 2.75-2.88 (m, 2H), 3.43-3.51 (m, 3H), 3.56-3.62 (m, 1H), 4.42-4 48
(m, 1H), 5.53 (s, 2H), 6.32 (d,/ =99 Hz, 1H), 6.87 (d,J = 3.8 Hz, 1H), 7.16-7.29 (m, 3H), 7.34-7.39
(m,2H),7.44 (d,J = 3.8 Hz, 1H), 8.19 (s, 1H); MS (ESI) m/z 476 [M+H]".

(2)-cis-4-{[1-Benzyl-4-methylpiperidin-3-ylJamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrrolo[2,3-b]pyridine-5-carbaldehyde (43)

To a mixture of 45 (13.0 g,27.3 mmol) and THF (74 mL) was added DIBAL (1.0 M n-hexane solution,
68.0 mL, 68.0 mmol) in an ice bath. The reaction mixture was stirred at the same temperature for 1 h.
After consumption of the starting material, the reaction mixture was cooled to —78 °C and then quenched
by addition of MeOH (10 mL). To the resulting mixture was added 1 M HCI aqueous solution (40 mL)
and the resulting solution was allowed to stir for 20 min in an ice bath. To the mixture was added 1 M
NaOH aqueous solution (45 mL). The reaction mixture was filtered and the filtrate was extracted with
EtOAc. The organic layer was washed with H,O, dried over MgSO,, and evaporated in vacuo. The crude
mixture was purified by column chromatography on silica gel (n-hexane/EtOAc =4/1 to 2/1) to give the
product (10.7 g, 82%) as a colorless oil. 'H NMR (DMSO-d;) 6 —0.10 (s, 9H), 0.77-0.85 (m, 5H), 1.49—
1.58 (m, 2H), 1.83-1.93 (m, 1H), 2.05-2.14 (m, 1H), 2.27-2.34 (m, 1H), 2.77-2.88 (m, 2H), 3.43-3.58
(m, 4H), 4.39-4.45 (m, 1H), 5.54 (s, 2H), 6.79 (d, J = 3.8 Hz, 1H), 7.12-7.25 (m, 3H), 7.30-7.38 (m,
3H), 8.28 (s, 1H), 9.87 (s, 1H), 10.02 (d, J = 9.9 Hz, 1H); MS (ESI) m/z 479 [M+H]".
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(2)-cis-N-[1-Benzyl-4-methylpiperidin-3-yl]-5-[ (hydroxyimino)methyl]-1-{[2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridin-4-amine (50)

To a mixture of 43 (4.00 g, 8.36 mmol) and EtOH (20 mL) was added NH,OH-HCI (871 mg, 12.5
mmol) and pyridine (2.02 ml, 25.1 mmol). The reaction mixture was stirred at room temperature for 3
h. The mixture was evaporated in vacuo and the residue was diluted with water and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSO,, and evaporated in vacuo. The
crude mixture was purified by column chromatography on silica gel. The obtained solid was washed
with a mixture of EtOAc and n-hexane to give the product (3.95 g, 96%) as a white solid. '"H NMR
(DMSO-d;) 6 -0.10 (s, 9H), 0.76-0.82 (m, 2H),0.92 (d, J = 6.8 Hz, 3H), 1.54-1.76 (m, 2H), 1.84-1.97
(m, 1H), 2.14-2.34 (m, 2H), 2.69-2.82 (m, 2H), 3.37-3.57 (m, 4H), 4.29-4.36 (m, 1H), 5.49 (s, 2H),
6.56 (d,J =39 Hz, 1H), 7.08-7.18 (m, 3H), 7.21-7.27 (m, 3H), 7.93 (s, 1H), 8.36 (s, 1H), 8.58 (d, J =
9.4 Hz, 1H), 10.80 (s, 1H); MS (ESI) m/z 494 [M+H]".

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-6-{[2-(trimethylsilyl)ethoxy]methyl}-1,6-
dihydropyrazolo[3.4-d]pyrrolo[2,3-b]pyridine (51)

To a mixture of 50 (500 mg, 1.01 mmol), CH,Cl, (10 mL) and Et;N (0.17 mL, 1.22 mmol) was added
isobutyl chloroformate (0.16 mL, 1.22 mmol) in an ice bath. The reaction mixture was stirred at same
temperature for 30 min and was allowed to warm to room temperature for 30 min. The mixture was
evaporated in vacuo. To the residue was added DMF (5.0 mL) and the mixture was stirred at 150 °C for
1.5 h. After cooling to room temperature, the reaction mixture was concentrated in vacuo and the residue
was diluted with water and extracted with EtOAc. The organic layer was washed with brine, dried over

MgSQO,, and evaporated in vacuo. The crude product was purified by column chromatography on silica
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gel (n-hexane/EtOAc = 85/15 to 83/17) to give the product (268 mg, 56%) as a pale yellow oil. 'H NMR
(DMSO-d;) 0 -0.11 (s, 9H), 0.76-0.81 (m, 2H), 0.85 (d, J = 6.8 Hz, 3H), 1.46-1.59 (m, 2H), 1.85-1.95
(m, 1H), 2.09-2.18 (m, 1H), 2.26-2.32 (m, 1H), 2.75-2.87 (m, 2H), 3.44-3.51 (m, 3H), 3.56-3.62 (m,
1H), 4.42-4.48 (m, 1H), 5.53 (s, 2H), 6.31 (d,J = 9.8 Hz, 1H), 6.86 (d,J =4.0 Hz, 1H), 7.17-7.22 (m,
1H), 7.23-7.29 (m, 2H), 7.34-7.39 (m, 2H), 7.44 (d, J = 3.7 Hz, 1H), 8.19 (s, 1H); MS (ESI) m/z 476
[M+H]".

(x)-cis-1-[4-Methylpiperidin-3-yl]-6-{[2-(trimethylsilyl)ethoxy]methyl}-1,6-dihydropyrazolo|[ 3 4-
d]pyrrolo[23-b]pyridine (52)

To a mixture of 51 (300 mg, 0.63 mmol) and DCE (3.0 mL) was added 1-chloroethyl chloroformate
(86 uL, 0.79 mmol) at room temperature. The reaction mixture was stirred at 65 °C for 1.5 h. The
solution was concentrated in vacuo and to the residue was added MeOH (6.0 mL). The mixture was
refluxed for 3 h. After cooling to room temperature, the reaction mixture was concentrated in vacuo and
the residue was purified by column chromatography on amino functionalized silica gel (CHCl,/ n-
hexane = 50/50 to 100/0) to give the product (204 mg, 84%) as a colorless oil. 'H NMR (DMSO-d;) 6
—-0.10 (s,9H), 0.76-0.87 (m, 5H), 1.31-1.51 (m, 2H), 1.88-1.99 (m, 1H), 2.35-2.45 (m, 1H), 2.47-2.57
(m, 1H), 2.71-2.78 (m, 1H), 2.87-3.00 (m, 2H), 3.49 (t, J = 8.0 Hz, 2H), 4.32-4.38 (m, 1H), 5.54 (s,
2H),6.37 (d,J=9.8 Hz, 1H),6.87 (d,J=3.8 Hz, 1H), 7.45 (d,J/ = 3.7 Hz, 1H), 8.17 (s, 1H); MS (ESI)
m/z 386 [M+H]".

(£)-cis-1-[4-Methylpiperidin-3-yl]-1,6-dihydropyrazolo[3.4-d]pyrrolo[2,3-b]pyridine (53)

To a solution of 52 (250 mg, 0.65 mmol) in CH,Cl, (3.0 mL) was added TFA (1.5 mL) and the mixture

was stirred at 40 °C for 3 h. The mixture was evaporated in vacuo and the residue was dissolved in
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MeOH (5.0 mL). To the mixture was added ethylenediamine (300 uL, 4.49 mmol) and the mixture was
stirred at 55 °C for 0.5 h. The mixture was evaporated in vacuo. The residue was purified by column
chromatography on amino functionalized silica gel (CHCl;/MeOH = 97/3 to 96/4) to give the product
(113 mg, 68%) as a white powder. 'H NMR (DMSO-dy) 6 0.79 (d, J = 6.6 Hz, 3H), 1.33-1.55 (m, 2H),
1.81-1.93 (m, 1H), 2.09-2.29 (m, 2H), 2.87-3.01 (m, 2H), 3.40-3.50 (m, 1H), 4.43-4.53 (m, 1H), 6.01
(d,J=9.8Hz, 1H), 6.65-6.73 (m, 1H), 7.12-7.22 (m, 1H), 7.30-7.43 (m, 1H), 11.67 (br, 1H); MS (ESI)
m/z 256 [M+H]".

(x)-cis-3-[4-Methyl-3-(pyrazolo[3,4-d]pyrrolo[2,3-b]pyridin-1(6 H)-yl)piperidin-1-yl]-3-

oxopropanenitrile (54)

Compound 54 was prepared from 53 in 32% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) ¢ 0.85-1.08 (m, 4H), 1.52-1.70 (m, 2H), 2.13-2.27 (m, 1H),
3.14-3.83 (m, 3H), 3.98—4.12 (m, 2H), 4.28-4.47 (m, 1H), 5.77-6.28 (m, 1H), 6.71-6.86 (m, 1H), 7.30
(s, 1H), 8.12 (s, 1H), 11.89 (br, 1H); MS (ESI) m/z 323 [M+H]"; Anal. Calcd for C;H;{NO-0.6H,0: C,
61.28; H, 5.81; N, 25.22. Found: C, 61.37; H, 5.66; N, 24 .83.

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-6-{[2-(trimethylsilyl)ethoxy]methyl}-1,6-
dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine (56)

To a mixture of (methoxymethyl)(triphenyl)phosphonium chloride (8.42 g, 24.6 mmol) and THF (50
mL) was added NaHMDS (1.07 M THF solution, 23.0 mL, 24.6 mmol) in an ice bath and the reaction
mixture was stirred at the same temperature for 30 min. To the solution was added 43 (5.88 g, 12.3

mmol) in THF (20 ml). The mixture was warmed to room temperature and was stirred for 13 h. To the
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solution was added saturated NH,Cl1 aqueous solution and the mixture was extracted with EtOAc. The
organic layer was washed with brine, dried over MgSO,, and evaporated in vacuo. The crude product
was purified by column chromatography on silica gel (n-hexane/EtOAc = 85/15 to 80/20) to give the
product (5.6 g, 11.1 mmol) as a yellow oil. To a mixture of the obtained product and MeOH (40 mL)
was slowly added AcCl (2.36 mL, 33.2 mmol) at room temperature. The resulting mixture was stirred
at 80 °C for 0.5 h. To the solution was added water (5.0 mL) and the mixture was stirred at 80 °C for 1
h. After cooling to room temperature, the reaction mixture was concentrated in vacuo. To the residue
was added saturated NaHCO; aqueous solution. The mixture was extracted with EtOAc, washed with
brine, dried over MgSO,, and evaporated in vacuo. The crude product was purified by column
chromatography on silica gel (n-hexane/EtOAc = 87/13 to 83/17) to give the product (4.85 g, 83%) as a
pale yellow oil. 'H NMR (DMSO-d;) 6 —0.13 (s,9H),0.50 (d,J = 6.8 Hz, 3H),0.75-0.82 (m, 2H), 1.56—
1.67 (m,2H), 2.12-2.29 (m, 2H), 2.63-2.70 (m, 1H), 2.85-2.96 (m, 1H), 3.02-3.09 (m, 1H), 3.49-3.62
(m, 4H), 5.00-5.05 (m, 1H), 5.67 (s, 2H), 6.66 (d,J = 3.3 Hz, 1H), 6.89 (d,J = 3.7 Hz, 1H), 7.19-7.24
(m, 1H), 7.28-7.37 (m, 4H), 749 (d, J = 3.7 Hz, 1H), 8.04-8.11 (m, 1H), 8.50 (s, 1H); MS (ESI) m/z
475 [M+H]".

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine (57)

Compound 57 was prepared from 56 in quantitative yield as a white powder by a method similar to
that described for 53. 'H NMR (DMSO-d,) ¢ 0.51 (d, J = 6.9 Hz, 3H), 1.57-1.69 (m, 2H), 2.13-2.32
(m, 2H), 2.63-2.72 (m, 1H), 2.82-2.95 (m, 1H), 3.00-3.07 (m, 1H), 3.50-3.62 (m, 2H), 4.97-5.04 (m,
1H), 6.61 (d,J =3.3 Hz, 1H), 6.73-6.78 (m, 1H), 7.19-7.25 (m, 1H), 7.26-7.38 (m, 5H), 7.94-8.03 (m,
1H), 8.43 (s, 1H), 11.57 (br s, 1H); MS (ESI) m/z 345 [M+H]".
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1-[(3R 4R)-1-Benzyl-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-5:2' 3'-d]pyridine ~ (57a)
and 1-[(35,45)-1-Benzyl-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine
(57b)

57a 57b
(chiral) (chiral)

The racemate 57 (310 mg) was separated by chiral column chromatography (DAICEL CHIRALPAK
IA5 ym, 20 mm ¢ x 250 mm, n-hexane/EtOH = 95/5, flow rate: 8 mL/min) to give 57a (112 mg, 100%
ee, tg = 9.341 min) and 57b (119 mg, 99.6% ee, t; = 10.678 min), respectively.

(2)-cis-1-[4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2'3'-d]pyridine (58)

To a solution of 57 (2.20 g, 6.39 mmol) in EtOH (44 mL) were added 20% Pd(OH), on carbon (448
mg, 0.64 mmol) and ammonium formate (4.03 g, 63.9 mmol) at room temperature. The mixture was
stirred at 90 °C for 2.5 h. After cooling to room temperature, the mixture was filtered through a Celite
pad. The filtrate was concentrated in vacuo. To the residue was added saturated NaHCO; aqueous
solution and the mixture was extracted with CHCl;/2-propanol. The organic layer was washed with brine,
dried over MgSO,, and evaporated in vacuo. The residue was purified by column chromatography on
amino functionalized silica gel (CHCIl;/MeOH = 99/1 to 98/2). The obtained solid was washed with a
mixture of EtOH and IPE to give the product (1.36 g, 84%) as a white powder. 'H NMR (DMSO-d;) 0
0.59 (d, J =7.1 Hz, 3H), 1.50-1.60 (m, 1H), 1.66-1.76 (m, 1H), 2.27-2.36 (m, 1H), 2.43 (br s, 1H),
2.65-2.75 (m, 1H),2.91-3.00 (m, 1H), 3.04-3.11 (m, 1H), 3.25-3.32 (m, 1H), 4.86-4.92 (m, 1H), 6.58
(d,J =34 Hz, 1H), 6.70-6.72 (m, 1H), 7.29-7.33 (m, 1H), 7.74-7.80 (m, 1H), 8.44 (s, 1H), 11.58 (br
s, 1H); MS (ESI) m/z 255 [M+H]".
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1-[(3R 4R)-4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine (58a)

58a
(chiral)

Compound 58a was prepared from 57a in 95% yield by a method similar to that described for 58. 'H
NMR (DMSO-d;) 6 0.59 (d,J =7.1 Hz, 3H), 1.50-1.60 (m, 1H), 1.66-1.76 (m, 1H),2.27-2.36 (m, 1H),
243 (brs, 1H), 2.65-2.75 (m, 1H), 2.91-3.00 (m, 1H), 3.04-3.11 (m, 1H), 3.25-3.32 (m, 1H), 4.86—
492 (m, 1H), 6.58 (d,J = 3.4 Hz, 1H), 6.70-6.72 (m, 1H), 7.29-7.33 (m, 1H), 7.74-7.80 (m, 1H), 8.44
(s, IH), 11.58 (br s, 1H); MS (ESI) m/z 255 [M+H]".

1-[(35,45)-4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine (58b)

ZT
b4

7
Z7N\

o

58b
(chiral)

Compound 58b was prepared from 57b in 92% yield by a method similar to that described for 58. 'H
NMR (DMSO-d;) 6 0.59 (d,J =7.1 Hz, 3H), 1.50-1.60 (m, 1H), 1.66-1.76 (m, 1H),2.27-2.36 (m, 1H),
243 (br s, 1H), 2.65-2.75 (m, 1H), 2.91-3.00 (m, 1H), 3.04-3.11 (m, 1H), 3.25-3.32 (m, 1H), 4.86—
492 (m, 1H), 6.58 (d,J = 3.4 Hz, 1H), 6.70-6.72 (m, 1H), 7.29-7.33 (m, 1H), 7.74-7.80 (m, 1H), 8.44
(s, IH), 11.58 (br s, 1H); MS (ESI) m/z 255 [M+H]".

(2)-cis-3-[3-(Dipyrrolo[2,3-b:2' 3'-d]pyridin-1(6H)-yl)-4-methylpiperidin-1-yl]-3-

oxopropanenitrile (59)

Compound 59 was prepared from 58 in 84% yield as a white powder by a method similar to that
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described for 32¢. 'H NMR (DMSO-d;) ¢ 0.57-0.71 (m, 3H), 1.59-1.76 (m, 1H), 1.81-1.93 (m, 1H),
2.37-2.54 (m, 1H), 3.34-4.36 (m, 6H), 4.94-5.10 (m, 1H), 6.62-6.69 (m, 1H), 6.74-6.79 (m, 1H), 7.17-
7.31 (m, 1H), 7.32-7.36 (m, 1H), 8.44-8.49 (m, 1H), 11.65 (br s, 1H); MS (ESI) m/z 322 [M+H]";
HRMS (ESI) m/z Calcd for C,sH,,NsO ([M+H]"): 322.1662, Found: 322.1653.

3-[(3R 4R)-3-(Dipyrrolo[2,3-b:2' 3'-d]pyridin-1(6 H)-yl)-4-methylpiperidin-1-yl]-3-

oxopropanenitrile (59a)

59a
(chiral)

Compound 59a was prepared from 58a in 87% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) 6 0.57-0.71 (m, 3H), 1.59-1.76 (m, 1H), 1.81-1.93 (m, 1H),
2.37-2.54 (m, 1H), 3.34-4.36 (m, 6H), 4.94-5.10 (m, 1H), 6.62-6.69 (m, 1H), 6.74-6.79 (m, 1H), 7.17-
7.31 (m, 1H), 7.32-7.36 (m, 1H), 8.44-8.49 (m, 1H), 11.65 (br s, 1H); C NMR (DMSO-d,, 80 °C) 6
13.97,24.76,29.26,32.22,43.52,47.03, 54.66,96.87,101.94, 104.25, 115.67, 117.77, 12191, 123 .44,
134.55,137.20, 144.79, 161.88; MS (ESI) m/z 322 [M+H]*; [a] > +50.1 (¢ 0.733,0.1 M HCl aq.); IR
(ATR, cm™) 3294, 2934, 2263, 1643, 710; Anal. Calcd for C,;H,(N;O: C, 67.27; H, 5.96; N, 21.79.
Found: C, 67.22; H, 6.06; N, 21.70.

3-[(35,45)-3-(Dipyrrolo[2,3-b:2' 3'-d]pyridin-1(6H)-yl)-4-methylpiperidin-1-yl]-3-

oxopropanenitrile (59b)

59b
(chiral)

Compound 59b was prepared from 58b in 87% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) 6 0.57-0.71 (m, 3H), 1.59-1.76 (m, 1H), 1.81-1.93 (m, 1H),
2.37-2.54 (m, 1H), 3.34-4.36 (m, 6H), 4.94-5.10 (m, 1H), 6.62-6.69 (m, 1H), 6.74-6.79 (m, 1H), 7.17—
7.31 (m, 1H), 7.32-7.36 (m, 1H), 8.44-8.49 (m, 1H), 11.65 (br s, 1H); MS (ESI) m/z 322 [M+H]"; [a]
b =52.3 (¢ 0.723,0.1 M HCl aq.); HRMS (ESI) m/z Calcd for C sH,,NsO ([IM+H]*): 322.1662, Found:
322.1654.
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tert-Butyl (2)-cis-1-[1-(tert-butoxycarbonyl)-4-methylpiperidin-3-yl]dipyrrolo[2,3-5:2'3'-
d]pyridine-6(1H)-carboxylate (60)

To a mixture of 58 (103 mg, 0.41 mmol), DMAP (4.9 mg, 0.040 mmol) and CH,Cl, (2.0 mL) was
added Boc,O (221 mg, 1.01 mmol). The reaction mixture was stirred at room temperature for 0.5 h. The
mixture was quenched with saturated NH,Cl aqueous solution and extracted with CH,Cl,. The organic
layer was washed with brine, dried over Na,SO,, and evaporated in vacuo. The residue was purified by
column chromatography on silica gel (n-hexane/EtOAc = 70/30 to 50/50) to give the product (170 mg,
92%). '"H NMR (DMSO-d) 6 0.54-0.66 (m, 3H), 1.14—1.52 (m, 9H), 1.63 (s, 9H), 1.57-1.80 (m, 2H),
2.30-2.40 (m, 1H), 3.17-3.39 (m, 1H), 3.60-3.69 (m, 1H), 3.73-3.89 (m, 1H),4.00-4.12 (m, 1H), 4.93—
499 (m, 1H),6.73 (d,J =34 Hz, 1H),7.11 (d,J =42 Hz, 1H), 738 (d,/ =34 Hz, 1H),7.72 (d,J =
4.2 Hz, 1H), 8.63 (s, 1H); MS (ESI) m/z 455 [M+H]".

tert-Butyl (2)-cis-3-bromo-1-[1-(tert-butoxycarbonyl)-4-methylpiperidin-3-yl]dipyrrolo[2,3-
b:2' 3'-d]pyridine-6(1H)-carboxylate (61)
Boc
N N

To a mixture of 60 (170 mg, 0.37 mmol) and CH,Cl, (3.0 mL) was slowly added NBS (67 mg, 0.37
mmol) in an ice bath. The reaction mixture was stirred at the same temperature for 10 min. The mixture
was quenched with saturated NaHCO; aqueous solution, warmed to room temperature, and extracted
with CH,Cl,. The organic layer was dried over Na,SO, and evaporated in vacuo. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 70/30 to 50/50) to give the product
(179 mg, 90%). '"H NMR (DMSO-dg) 6 0.57-0.73 (m, 3H), 1.08-1.50 (m, 9H), 1.63 (s, 9H), 1.68—1.80
(m, 2H), 2.29-2.39 (m, 1H), 3.13-3.26 (m, 1H), 3.55-3.62 (m, 1H), 3.81-3.93 (m, 1H), 4.06—4.13 (m,
1H), 4.98-5.03 (m, 1H), 7.16 (d,J = 4.4 Hz, 1H), 749 (s, 1H), 7.80 (d, J = 4.1 Hz, 1H), 8.50 (s, 1H);
MS (ESI) m/z 533,535 [M+H]".
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tert-Butyl (£)-cis-3-(3-bromodipyrrolo[2,3-b:2' 3'-d]pyridine-1(6H)-yl)-4-methylpiperidine-1-
carboxylate (62)

A mixture of 61 (700 mg, 1.31 mmol), K,CO; (544 mg, 3.94 mmol) and MeOH (7.0 mL) was stirred
at 50 °C for 0.5 h. To the solution was added water and the mixture was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO,, and evaporated in vacuo. The residue was
purified by column chromatography on silica gel (CHCl;/MeOH = 95/5) to give the product (500 mg,
88%) as a white solid. 'H NMR (DMSO-d,) 6 0.63-0.76 (m, 3H), 1.14-1.81 (m, 11H), 2.31-2.44 (m,
1H), 3.12-3.49 (m, 2H), 3.77-3.91 (m, 1H), 4.02—4.14 (m, 1H), 4.92-5.00 (m, 1H), 6.80-6.85 (m, 1H),
7.33 (s, 1H), 7.40-7.45 (m, 1H), 8.34 (s, IH) 11.84 (br s, 1H) ; MS (ESI) m/z 433,435 [M+H]".

tert-Butyl (+)-cis-3-[3-bromo-6-{[2-(trimethylsilyl)ethoxy]methyl}dipyrrolo[2,3-5:2'3'-d]pyridin-
1(6H)-yl]-4-methylpiperidine-1-carboxylate (63)

Compound 63 was prepared from 62 in 70% yield as a colorless amorphous solid by a method similar
to that described for 49. 'H NMR (DMSO-dy) 6 —0.10 (s, 9H), 0.60-0.77 (m, 3H), 0.78-0.86 (m, 2H),
1.07-1.81 (m, 11H), 2.32-2.45 (m, 1H), 3.13-3.31 (m, 1H), 3.48-3.66 (m, 3H), 3.78-3.98 (m, 1H),
4.06-4.16 (m, 1H), 4.96-5.03 (m, 1H), 5.68-5.78 (m, 2H), 6.95 (d, J = 3.7 Hz, 1H), 7.40 (s, 1H), 7.64
(d,J=3.6 Hz, 1H), 8.42 (s, 1H) ; MS (ESI) m/z 563, 565 [M+H]".
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tert-Butyl (£)-cis-3-[3-cyano-6-{[2-(trimethylsilyl)ethoxy]methyl}dipyrrolo[2,3-5:2'3'-d]pyridin-
1(6H)-yl]-4-methylpiperidine-1-carboxylate (64)

A mixture of 63 (455 mg, 0.81 mmol),Zn(CN), (143 mg, 1.22 mmol), Pd(PPh;), (186 mg,0.16 mmol)
and DMF (2.5 mL) was stirred at 100 °C for 2 h. After cooling to room temperature, to the reaction
mixture was added saturated NaHCO; aqueous solution and the mixture was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO,, and evaporated in vacuo. The crude product
was purified by column chromatography on silica gel (n-hexane/EtOAc = 70/30 to 50/50) to give the
product (310 mg, 75%) as a colorless oil. 'H NMR (DMSO-d;) 6 —0.11 (s, 9H), 0.65-0.84 (m, 5H),
0.96-1.53 (m,9H), 1.72-1.84 (m, 2H), 2.35-2.53 (m, 2H), 3.49-3.56 (m, 2H), 3.58-3.68 (m, 1H),3.75-
3.93 (m, 1H), 4.00-4.11 (m, 1H), 5.02-5.07 (m, 1H), 5.70-5.78 (m, 2H), 6.99 (d,J = 3.6 Hz, 1H), 7.71
(d,J=3.5Hz, 1H), 8.20 (s, 1H), 8.63 (s, 1H); MS (ESI) m/z 510 [M+H]".

(x)-cis-1-[4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine-3-carbonitrile (65)

Compound 65 was prepared from 64 in 85% yield as a white powder by a method similar to that
described for 53. '"H NMR (DMSO-dy) 6 0.59 (d, J = 7.0 Hz, 3H), 1.49-1.58 (m, 1H), 1.63-1.72 (m,
1H),2.27-2.38 (m, 1H), 2.47-2.73 (m, 2H), 2.97-3.03 (m, 1H), 3.07-3.12 (m, 1H), 3.25-3.33 (m, 1H),
4.97-501 (m, 1H), 6.85-6.88 (m, 1H), 7.48-7.50 (m, 1H), 8.54 (s, 1H), 8.80 (s, 1H), 11.97 (br s, 1H);
MS (ESI) m/z 280 [M+H]".
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(x)-cis-1-[1-(cyanoacetyl)-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine-3-
carbonitrile (66)

Compound 66 was prepared from 65 in 55% yield by a method similar to that described for 32¢. 'H
NMR (DMSO-di) 6 0.57-0.70 (m, 3H), 1.60-1.76 (m, 1H), 1.80-1.97 (m, 1H), 2.36-2.52 (m, 1H),
3.25-4.38 (m, 6H), 5.06-5.20 (m, 1H), 6.84-6.94 (m, 1H), 7.50-7.54 (m, 1H), 8.20-8.25 (m, 1H), 8.52—
8.57 (m, 1H), 12.02 (br s, 1H); >*C NMR (DMSO-d,, 80 °C) 6 14.15,24.90, 28.74,31.80, 43.66, 55.65,
85.39,97.22,104.43,115.38,115.69,116.50, 123.79, 132.44,134.57,134.82, 145.68, 162.26; MS (ESI)
m/z 347 [M+H]"; IR (ATR,cm™) 3273, 2959,2259,2224,1622,727; Anal. Calcd for C,oH;N4O.1 4H,0:
C,61.41; H,5.64; N, 22.62. Found: C, 61.76; H, 5.53; N, 22.40.

(2)-cis-N-[1-Benzyl-4-methylpiperidin-3-yl]-5-(2,2-dibromovinyl)-1-{[2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridin-4-amine (67)

To a mixture of 43 (1.75 g, 3.66 mmol), triphenylphosphine (5.75 g, 21.9 mmol) and CH,Cl, (17.5
mL) was added CBr, (3.64 g, 11.0 mmol) in an ice bath. The reaction mixture was warmed to room
temperature and stirred for 1 h. The mixture was quenched with saturated NaHCO; aqueous solution
and extracted with CHCl;. The organic layer was washed with brine, dried over MgSQ,, and evaporated
in vacuo. The crude product was purified by column chromatography on silica gel (n-hexane/EtOAc =
100/0 to 90/10) to give the product (2.07 g, 89%). 'H NMR (DMSO-d,) 6 —0.10 (s, 9H), 0.77-0.82 (m,
2H),0.86 (d,J = 6.6 Hz, 3H), 1.44-1.57 (m, 2H), 1.79-1.88 (m, 1H),2.01-2.12 (m, 1H), 2.25-2.31 (m,
1H), 2.65-2.83 (m, 2H), 3.43-3.55 (m, 4H), 4.24-4.31 (m, 1H), 5.33-5.38 (m, 1H), 5.50 (s, 2H), 6.68
(d,J=39Hz, 1H),7.19-7.25 (m, 1H), 7.30-7.38 (m, 5H), 7.57 (s, 1H), 7.84 (s, 1H); MS (ESI) m/z 633,
635,637 [M+H]".
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(x)-cis-N-[1-Benzyl-4-methylpiperidin-3-yl]-5-(bromoethynyl)-1-{[ 2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridin-4-amine (68)

To a mixture of 67 (2.06 g, 3.25 mmol) and DMSO (20 mL) was added DBU (1.46 mL, 9.74 mmol)
in an ice bath. The reaction mixture was warmed to room temperature and stirred for 1 h. The mixture
was cooled in an ice bath, quenched with 1 M HCI aqueous solution, and extracted with EtOAc. The
organic layer was washed with water and brine, dried over MgSO,, and evaporated in vacuo. The crude
product was purified by column chromatography on silica gel (n-hexane/EtOAc = 100/0 to 90/10) to
give the product (1.53 g, 85%). '"H NMR (DMSO-d,) 6 —0.12 (s, 9H), 0.74-0.82 (m, 5H), 1.39-1.55 (m,
2H), 1.78-1.91 (m, 1H), 1.98-2.09 (m, 1H), 2.27-2.34 (m, 1H), 2.78-2.87 (m, 2H), 3.43-3.53 (m, 4H),
4.37-4.44 (m, 1H), 549 (s,2H), 6.19-6.24 (m, 1H), 6.73 (d,/ =3.9 Hz, 1H), 7.19-7.24 (m, 1H), 7.29-
7.40 (m, SH), 8.00 (s, 1H); MS (ESI) m/z 553, 555 [M+H]".

(x)-cis-N-[1-Benzyl-4-methylpiperidin-3-yl]-5-(prop-1-yn-1-yl)-1-{[2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2,3-b]pyridin-4-amine (69)

To a mixture of 68 (500 mg, 0.90 mmol) and THF (5.0 mL) was slowly added n-BuLi (1.65M THF
solution, 1.2 mL, 2.0 mmol) at —50 °C. The reaction mixture was stirred at the same temperature for 0.5
h. The mixture was cooled to —78 °C. To the solution was added Mel (67 pl, 1.1 mmol). The mixture
was warmed to room temperature and stirred for 0.5 h. The solution was quenched with saturated NH,Cl
aqueous solution and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO,,
and evaporated in vacuo. The crude product was purified by column chromatography on silica gel (n-
hexane/EtOAc = 100/0 to 93/7) to give the product (229 mg, 52%). '"H NMR (DMSO-dy) 6 —0.12 (s,
9H), 0.74-0.82 (m, 5H), 1.44-1.53 (m, 2H), 1.78-1.90 (m, 1H), 2.00-2.10 (m, 1H), 2.21 (s, 3H), 2.27-
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233 (m, 1H), 2.79-2.86 (m, 2H), 3.43-3.52 (m, 4H), 4.34—4 40 (m, 1H), 5.48 (s, 2H), 6.18-6.24 (m,
1H), 6.68 (d,J = 3.9 Hz, 1H), 7.18-7.23 (m, 1H), 7.26-7.31 (m, 3H), 7.33-7.37 (m, 2H), 7.92 (s, 1H);
MS (ESI) m/z 489 [M+H]".

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-2-methyl-6-{[2-(trimethylsilyl)ethoxy]methyl}-1,6-
dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine (70)

To a mixture of 69 (70 mg, 0.14 mmol) and THF (0.7 mL) was added +~-BuOK (24 mg, 0.21 mmol) at
room temperature. The reaction mixture was stirred at room temperature for 2 h and at 50 °C for 1 h. To
the solution was added ~-BuOK (56 mg, 0.50 mmol) and the mixture was stirred at 50 °C for 1 h. The
mixture was quenched with saturated NH,Cl aqueous solution and extracted with CHCl;. The organic
layer was washed with water and brine, dried over MgSO,, and evaporated in vacuo. The crude product
was purified by column chromatography on silica gel (n-hexane/EtOAc = 100/0 to 80/20) to give the
product (26 mg, 38%). '"H NMR (DMSO-dg) 6 —0.10 (s, 9H), 0.77-0.86 (m, 5H), 1.59-1.66 (m, 1H),
2.09-2.20 (m, 1H), 2.30-2.54 (m, 5H), 2.66-2.73 (m, 1H), 3.01-3.16 (m, 2H), 3.49-3.55 (m, 2H), 3.68
(s,2H),5.08-5.16 (m, 1H), 5.68 (s,2H),6.37 (s, 1H), 6.61 (d,J/ =3.6 Hz, 1H), 7.21-7.27 (m, 1H), 7.30-
740 (m,4H),7.54 (d,J = 3.5 Hz, 1H), 8.39 (s, 1H); MS (ESI) m/z 489 [M+H]".

(x)-cis-1-[1-Benzyl-4-methylpiperidin-3-yl]-2-methyl-1,6-dihydrodipyrrolo[2,3-5:2' 3'-d]pyridine
(71)

Compound 71 was prepared from 70 in 90% yield as by a method similar to that described for 53. 'H
NMR (DMSO-dg) 6 0.83 (d,J=7.2 Hz, 3H), 1.60-1.67 (m, 1H),2.07-2.18 (m, 1H), 2.31-2.40 (m, 1H),
2.40-2.54 (m, 4H), 2.66-2.74 (m, 1H), 2.98-3.05 (m, 1H), 3.07-3.16 (m, 1H), 3.67 (s, 2H), 5.09-5.17
(m, 1H), 6.32 (s, 1H), 6.50-6.54 (m, 1H), 7.20-7.26 (m, 1H), 7.29-7.39 (m, 5H), 8.32 (s, 1H), 11.59 (br
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s, 1H); MS (ESI) m/z 359 [M+H]".

(x)-cis-2-Methyl-1-[4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine (72)

Compound 72 was prepared from 71 in 89% yield by a method similar to that described for 58. 'H
NMR (DMSO-dg) 6 0.87 (d,J =7.3 Hz, 3H), 1.53-1.60 (m, 1H), 1.99-2.10 (m, 1H), 2.33-2.59 (m, 5H),
2.71-2.83 (m, 2H), 3.08-3.19 (m, 1H), 3.53-3.63 (m, 1H), 5.03-5.11 (m, 1H), 6.31 (s, 1H), 6.58-6.62
(m, 1H), 7.32-7.36 (m, 1H), 8.32 (s, 1H), 11.55 (br s, 1H); MS (ESI) m/z 269 [M+H]".

(x)-cis-3-[4-Methyl-3-(2-methyldipyrrolo[2,3-5:2' ,3'-d]pyridin-1(6 H)-yl)piperidin-1-yl]-3-

oxopropanenitrile (73)

Compound 73 was prepared from 72 in 88% yield by a method similar to that described for 32¢. 'H
NMR (DMSO-di) 6 0.81-0.97 (m, 3H), 1.58-1.69 (m, 1H), 1.92-2.27 (m, 1H), 2.45-2.57 (m, 3H),
2.90-4.70 (m, 7H),4.79-5.14 (m, 1H), 6.34-6.39 (m, 1H), 6.53-6.59 (m, 1H), 7.30-7.37 (m, 1H), 8.32—
8.36 (m, 1H), 11.54-11.64 (m, 1H); MS (ESI) m/z 336 [M+H]"; HRMS (ESI) m/z Calcd for C,yH,,NsO
(IM+H]"): 336.18189, Found: 336.18143.

tert-Butyl (£)-cis-4-methyl-3-[6-{[2-(trimethylsilyl)ethoxy]methyl}dipyrrolo[2,3-5:2'3'-d]pyridin-
1(6H)-yl]piperidine-1-carboxylate (74)
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To a solution of 56 (14.5 g, 30.5 mmol) in MeOH (60 mL) were added 20% Pd(OH), on carbon (2.14
g, 3.05 mmol) and Boc,O (7.33 g, 33.6 mmol) at room temperature. Hydrogen gas was purged and the
mixture was stirred for 2.5 h at room temperature under 1 atm and filtered through a Celite pad. The
filtrate was evaporated in vacuo. The residue was purified by column chromatography on silica gel (n-
hexane/EtOAc = 85/15 to 70/30) to give the product (14.8 g, quantitative yield). 'H NMR (DMSO-d;)
0 -0.11 (s, 9H), 0.57-0.71 (m, 3H), 0.76-0.85 (m, 2H), 1.11-1.53 (m, 9H), 1.57-1.68 (m, 1H), 1.72—
1.82 (m, 1H), 2.32-2.43 (m, 1H), 3.18-3.40 (m, 1H), 3.48-3.56 (m, 2H), 3.61-3.70 (m, 1H), 3.72-3.86
(m, 1H), 4.01-4.13 (m, 1H), 4.92-4.98 (m, 1H), 5.65-5.73 (m, 2H), 6.68 (d,J =3.2 Hz, 1H), 6.87 (d,J
=3.7Hz,1H),7.28 (d,/=3.4Hz, 1H),7.53 (d,J=3.6 Hz, 1H), 8.53 (s, |H); MS (ESI) m/z 485 [M+H]".

tert-Butyl (+)-cis-3-[8-bromo-6-{[2-(trimethylsilyl)ethoxy]methyl}dipyrrolo[2,3-5:2'3'-d]pyridin-
1(6H)-yl]-4-methylpiperidine-1-carboxylate (75)

Compound 75 was prepared from 74 in 35 % yield by a method similar to that described for 61. 'H
NMR (DMSO-d,) 6 -0.11 (s, 9H), 0.65-0.73 (m, 3H), 0.76-0.88 (m, 2H), 1.20-1.64 (m, 10H), 1.83-
1.95 (m, 1H),2.39-2.58 (m, 1H), 3.38-3.59 (m, 4H), 3.75-4.08 (m, 2H), 5.65-5.77 (m, 3H), 6.78 (d, J
=3.4Hz, 1H),7.35(d,J=3.4Hz, 1H),7.83 (s, 1H), 8.61 (s, 1H) ; MS (ESI) m/z 563, 565 [M+H]".

tert-Butyl (£)-cis-3-[8-cyano-6-{[2-(trimethylsilyl)ethoxy]methyl}dipyrrolo[2,3-5:2'3'-d]pyridin-
1(6H)-yl]-4-methylpiperidine-1-carboxylate (76)

Compound 76 was prepared from 75 in 65% yield by a method similar to that described for 64. 'H
NMR (DMSO-d,) 6 -0.11 (s, 9H), 0.66-0.74 (m, 3H), 0.78-0.86 (m, 2H), 1.14-1.63 (m, 10H), 1.92—
2.12 (m, 1H), 2.36-2.57 (m, 1H), 3.40-3.62 (m, 4H), 3.72-3.89 (m, 1H), 3.94-4.12 (m, 1H), 5.25-5.32
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(m, 1H), 5.75 (s, 2H), 6.84 (d, J = 3.5 Hz, 1H), 7.45 (d, J = 3.4 Hz, 1H), 8.61 (s, 1H), 8.73 (s, 1H); MS
(EST) m/z 510 [M+H]".

(2)-cis-1-[4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine-8-carbonitrile (77)

Compound 77 was prepared from 76 in quantitative yield by a method similar to that described for
53. 'H NMR (DMSO-d,) 6 0.59 (d,J = 6.9 Hz, 3H), 1.44-1.55 (m, 1H), 1.79-1.90 (m, 1H), 2.23-2.35
(m, 1H), 2.66-2.73 (m, 1H), 2.92-3.01 (m, 1H), 3.05-3.13 (m, 1H), 3.27-3.39 (m, 1H), 4.06—4.13 (m,
1H), 5.25-5.31 (m, 1H), 6.74 (d, J = 3.3 Hz, 1H), 8.01 (br s, 1H), 8.33 (s, 1H), 8.62 (s, 1H), 12.85 (br,
1H); MS (ESI) m/z 280 [M+H]".

1-[(3R 4R)-4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine-8-carbonitrile
(77a) and  1-[(35,45)-4-Methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2'3'-d]pyridine-8-
carbonitrile (77b)

77a 77b
(chral) (chiral)

The racemate 77 (3.2 g) was separated by chiral column chromatography (DAICEL CHIRALCEL
OD-H 0.46 cm I.D. x 25 cmL, MeCN/MeOH/i-PrNH, = 95/5/0.1, flow rate: 1.0 mL/min) to give 77a
(1.0 g,>98% ee, tg =5.752 min) and 77b (1.2 g,>98% ee, tx = 8.224 min).
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(2)-cis-1-[1-(Cyanoacetyl)-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridine-8-

carbonitrile (78)

Compound 78 was prepared from 77 in 60% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) 6 0.60-0.78 (m, 3H), 1.53-1.75 (m, 1H), 1.92-2.14 (m, 1H),
2.38-2.57 (m, 1H), 3.39-3.64 (m, 1H), 3.77-3.97 (m, 2H), 4.00-4.34 (m, 3H), 5.28-5.43 (m, 1H), 6.77—
6.82 (m, 1H), 7.37-7.45 (m, 1H), 8.36 (s, 1H), 8.63-8.66 (m, 1H), 12.90 (br s, 1H); MS (ESI) m/z 347
[M+H]*; HRMS (ESI) m/z Calcd for C,qH,(N,O ([M+H]"): 347.16149, Found: 347.16115.

1-[(3R 4R)-1-(Cyanoacetyl)-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine-
8-carbonitrile (78a)

78a
(chiral)

Compound 78a was preparedfrom 77a in 84% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) ¢ 0.60-0.78 (m, 3H), 1.53-1.75 (m, 1H), 1.92-2.14 (m, 1H),
2.38-2.57 (m, 1H), 3.39-3.64 (m, 1H), 3.77-3.97 (m, 2H), 4.00-4.34 (m, 3H), 5.28-5.43 (m, 1H), 6.77—
6.82 (m, 1H), 7.37-7.45 (m, 1H), 8.36 (s, 1H), 8.63-8.66 (m, 1H), 12.90 (br s, 1H); °C NMR (DMSO-
ds, 80 °C) 0 14.02, 24.66, 29.22, 32.33, 43.21, 55.50, 80.80, 102.85, 103.46, 115.58, 118.57, 119.93,
125.21,132.89, 133.76, 139.89, 144 21, 161.89; MS (ESI) m/z 347 [M+H]"; [a] p” +5.95 (¢ 0.507,0.1
M HCI aq.); IR (ATR, cm™) 3184, 3146, 2938, 2261, 2218, 1634, 743; Anal. Calcd for C,,H {N:O: C,
65.88; H, 5.24; N, 24.26. Found: C, 65.95; H, 5.39; N, 23.94.
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(2)-cis-1-(1-[1-Benzyl-4-methylpiperidin-3-yl]-6-{[2-(trimethylsilyl)ethoxy]methyl}-1,6-
dihydrodipyrrolo[2,3-b:2' 3'-d]pyridin-8-yl)-V,V-dimethylmethanamine (79)

To a mixture of 56 (160 mg, 0.34 mmol) and DMF (3.2 mL) was added Eschenmoser's salt (8§81 mg,
0.44 mmol) at room temperature. The reaction mixture stirred at 60 °C for 1.5 h. The mixture was
quenched with saturated NaHCO; aqueous solution and extracted with CHCI;. The organic layer was
washed with water, dried over MgSO,, and evaporated in vacuo. The crude product was purified by
column chromatography on silica gel (CHCI;/MeOH = 100/0 to 92/8) to give the product (172 mg, 96%)
as a pale yellow oil. 'H NMR (DMSO-dy) 6 -0.13 (s, 9H), 0.48 (d, J = 6.8 Hz, 3H), 0.73-0.82 (m, 2H),
1.59-1.67 (m, 2H), 2.11-2.34 (m, 2H), 2.25 (s, 6H), 2.57-2.64 (m, 1H), 2.94-3.05 (m, 2H), 3.41-3.54
(m, 3H), 3.63-3.79 (m, 3H), 4.95-5.00 (m, 1H), 5.66 (s, 2H), 6.87 (d, J = 3.5 Hz, 1H), 7.18-7.23 (m,
1H), 7.25-7.30 (m, 2H), 7.33-7.37 (m, 2H), 7.48 (d, J = 3.7 Hz, 1H), 7.93-8.08 (m, 1H), 8.57 (s, 1H);
MS (ESI) m/z 532 [M+H]".

(x)-cis-1-{1-[1-Benzyl-4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2' 3'-d]pyridin-8-yl}-
N,N-dimethylmethanamine (80)

Compound 80 was prepared from 79 in quantitative yield as a white amorphous solid by a method
similar to that described for 53. 'H NMR (DMSO-d,) 6 0.51 (d, J = 6.7 Hz, 3H), 1.59-1.69 (m, 2H),
2.19 (s, 6H), 2.10-2.35 (m, 2H), 2.58-2.68 (m, 1H), 2.91-3.04 (m, 2H), 3.41-3.48 (m, 1H), 3.57-3.70
(m, 3H), 4.93-4.99 (m, 1H), 6.71-6.83 (m, 1H), 7.17-7.23 (m, 1H), 7.25-7.43 (m, 5H), 7.86-8.01 (m,
1H), 8.48-8.57 (m, 1H), 11.54 (br s, 1H); MS (ESI) m/z 402 [M+H]".
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(x)-cis-8-Methyl-1-[4-methylpiperidin-3-yl]-1,6-dihydrodipyrrolo[2,3-b:2',3'-d]pyridine (81)

Compound 81 was prepared from 80 in 71% yield as a white amorphous solid by a method similar to
that described for 58. 'H NMR (DMSO-d,) ¢ 0.60 (d, J = 7.0 Hz, 3H), 1.50-1.60 (m, 1H), 1.64—1.73
(m, 1H), 2.24-2.31 (m, 1H), 2.34 (d, J = 0.92 Hz, 3H), 2.43-2.58 (m, 1H), 2.65-2.73 (m, 1H), 2.92—
3.01 (m, 1H), 3.02-3.09 (m, 1H), 3.21-3.28 (m, 1H), 4.79-4.85 (m, 1H), 6.66-6.76 (m, 1H), 7.29 (t,J
=2.9Hz, 1H),7.54 (br s, 1H), 8.39 (s, 1H), 11.54 (br s, 1H); MS (ESI) m/z 269 [M+H]".

(£)-cis-3-[4-Methyl-3-(8-methyldipyrrolo[2,3-5:2' 3'-d]pyridin-1(6H)-yl)piperidin-1-yl]-3-

oxopropanenitrile (82)

Compound 82 was prepared from 81 in 49% yield as a white powder by a method similar to that
described for 32¢. 'H NMR (DMSO-d;) 6 0.59-0.74 (m, 3H), 1.59-1.94 (m, 2H), 2.30-2.64 (m, 4H),
3.25-3.44 (m, 1H), 3.52-3.96 (m, 3H), 4.00-4.34 (m, 2H), 4.86-5.04 (m, 1H), 6.71-6.75 (m, 1H), 6.94—
7.04 (m, 1H), 7.29-7.35 (m, 1H), 8.37-8.45 (m, 1H), 11.60 (br s, 1H); MS (ESI) m/z 336 [M+H];
HRMS (ESI) m/z Calcd for C,qH,,N5O ([M+H]"): 336.1819, Found: 336.1810.

tert-Butyl (%)-cis-[1-benzyl-4-methylpiperidin-3-yl]Jcarbamate 4-methylbenzene-1-sulfonic acid
salt (1:1) (83)

To a solution of 26 (70.0 g, 185 mmol) in MeOH (210 mL) was added PtO, (1.05 g, 4.61 mmol),
followed by catalytic reduction at 42 °C under 3 atm of hydrogen gas for 7 h. The reaction mixture was

separated by filtration through a Celite pad and the filtrate was concentrated under reduced pressure.
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The obtained residue was neutralized with a saturated NaHCO; aqueous solution, and the mixture was
then extracted with CHCI;. The organic layer was dried over MgSO, and then filtered and concentrated
in vacuo. To a solution of the obtained residue in MeOH was added PtO, (180 mg), followed by catalytic
reduction at 45 °C under 4 atm of hydrogen gas for 4 h. The reaction mixture was separated by filtration
through a Celite pad and the filtrate was concentrated under reduced pressure. The obtained residue was
neutralized with a saturated NaHCO; aqueous solution, and the mixture was then extracted with CHCl,.
The organic layer was dried over MgSO, and then filtered and concentrated in vacuo. To a soluton of
the obtained residue in acetone was added TsOH-H,O (35.1 g, 185 mmol) dissolved in a small amout of
H,0. After stirring for 5 min at room tempaterute, the mixture was concentrated under reduced pressure.
The obtained residue was washed with acetone/AcOEt to obtain the product (51.4 g, 58%) as a white
powder. 'H NMR (DMSO-d;, 120 °C) ¢ 0.89 (d, J = 6.8 Hz, 3H), 1.34—1.40 (m, 9H), 1.55-1.79 (m,
2H), 1.84-2.08 (m, 1H), 2.28 (s, 3H), 2.73-3.22 (m, 4H), 3.81-3.90 (m, 1H), 4.19-4.40 (m, 2H), 6.16—
6.51 (m, 1H), 7.07 (d,J = 8.0 Hz,2H), 7.41-7.51 (m, 5H), 7.53 (d, J = 8.0 Hz, 2H), 8.39-9.59 (m, 1H);
MS (ESI) m/z 305 [M+H]".

tert-Butyl (x)-cis-[1-benzyl-4-methylpiperidin-3-yl]Jcarbamate (27)

To a solution of 83 (310 g, 650 mmol) in CHCI; was added saturated NaHCO; aqueous solution. The
mixture was vigorously stirred and was neutralized. The mixture was then extracted with CHCl;. The
organic layer was dried over MgSO, and then filtered and concentrated in vacuo to obtain the product
(196 g,99%) as a pale yellow oil. 'H NMR (DMSO-d) 6 0.80 (d, J = 6.7 Hz, 3H), 1.30-1.36 (m, 1H),
1.37 (s, 9H), 1.42—-1.55 (m, 1H), 1.56-1.68 (m, 1H), 1.92-2.10 (m, 2H), 2.53-2.70 (m, 2H), 3.38-3.49
(m, 2H), 3.51-3.59 (m, 1H), 6.12-6.23 (m, 1H), 7.20-7.26 (m, 1H), 7.27-7.33 (m, 4H); MS (ES]) m/z
305 [M+H]".

tert-Butyl [(3R 4R)-1-benzyl-4-methylpiperidin-3-ylJcarbamate
(2R 3R)-2,3-bis[(4-methylbenzoyl)oxy]butanedioic acid salt (1:1) (84)

‘L-DPTTA

84
(chiral)
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To a solution of 27 (2.00 g, 6.57 mmol) in EtOH (10 mL) was added L-DPTTA (2.54 g, 6.57 mmol).
After stirring for 15 min at room temperature, to the mixture was added small amout of 84. The mixture
was stirred for 30 min and was allowed to stand overnight. The solid was collected and was washed with
EtOH to obtain the product (1.88 g,41%) as a white powder.'H NMR (DMSO-d) 6 0.74 (d,J = 6.6 Hz,
3H), 1.22-1.54 (m, 11H), 1.61-1.76 (m, 1H), 2.38 (s, 6H), 2.41-2.59 (m, 2H), 2.71-2.98 (m, 2H), 3.61-
3.73 (m, 1H), 3.74-3.94 (m, 2H), 5.75 (s, 2H), 6.50-6.66 (m, 1H), 7.28-7.41 (m,9H), 7.88 (d,J = 8.2
Hz, 4H); MS (ESI) m/z 305 [M+H]".

tert-Butyl [(3R 4R)-1-benzyl-4-methylpiperidin-3-ylJcarbamate (27a)

27a
(chiral)

Compound 84 (12.0 g, 17.4 mmol) was dissolved in CHCI;. The solution was passed through a short
wash column of amino functionalized silica gel (100% CHCI;) to obtain the product (5.07 g, 96%) as a
colorless oil. 'H NMR (DMSO-dy) 6 0.80 (d, J = 6.7 Hz, 3H), 1.30-1.36 (m, 1H), 1.37 (s, 9H), 1.42—
1.55 (m, 1H), 1.56-1.68 (m, 1H), 1.92-2.10 (m, 2H), 2.53-2.70 (m, 2H), 3.38-3.49 (m, 2H), 3.51-3.59
(m, 1H), 6.12-6.23 (m, 1H), 7.20-7.26 (m, 1H), 7.27-7.33 (m, 4H); MS (ESI) m/z 305 [M+H]".

(3R 4R)-1-Benzyl-4-methylpiperidin-3-amine (28a)

28a
(chiral)

Compound 28a was prepared from 27a in quantitative yield by a method similar to that described for
28. 'H NMR (DMSO-d,) 6 0.85 (d, J = 6.8 Hz, 3H), 1.29-1.47 (m, 2H), 1.47-1.58 (m, 1H), 1.91-2.01
(m, 1H), 2.05-2.14 (m, 1H), 2.54-2.66 (m, 2H), 2.66-2.71 (m, 1H), 3.33 (br s, 2H), 3.37-3.47 (m, 2H),
7.20-7.26 (m, 1H), 7.27-7.34 (m, 4H); MS (ESI) m/z 205 [M+H]".

2. Biology

2.1. Kinase assay

Human JAK1,JAK2, and JAK3 kinase-domains were purchased from Carna Biosciences, Inc. (Kobe,
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Japan) and assays were performed using streptavidin-coated 96-well plates. Reaction mixtures contained
15 mM Tris-HCI (pH 7.5),0.01% Tween 20,2 mM DTT, 10 mM MgCl,, 250 nM Biotin-Lyn-Substrate-
2 (for JAK1, 2 and 3, Peptide Institute, Inc., Osaka, Japan), and ATP at final concentrations of 200 uM
for JAK1, 10 uM for JAK2, and 8 uM for JAK3. A test compound was dissolved in DMSO and the
reaction was initiated by adding the kinase domain, followed by incubation at room temperature for 1 h.
Kinase activity was measured as the rate of phosphorylation of Biotin-Lyn-Substrate-2 using an HRP-
conjugated anti-phosphotyrosine antibody (HRP-PY-20; Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) and a phosphotyrosine-specific ELISA. Experiments were performed in duplicate for all test
compounds except for 5, and the ICs, value for each experiment was calculated using linear regression
analysis. The assay of 5§ was performed in four experiments, and the ICy, value was calculated using
Sigmoid-Emax non-linear regression analysis. Twenty-nine other human kinase assays were performed

at Carna Biosciences Inc. using standard conditions.

2.2. Rat T-cell proliferation

Splenocytes from male Lewis rats were suspended in RPMI1640 (Sigma, St. Louis, MO, USA)
supplemented with 10% fetal bovine serum and 50 uM 2-mercaptoethanol at a density of 1.5x10°
cells/mL. Splenocytes were cultured with Concanavalin A (Sigma) for 24 h at 37 °C to induce IL-2
receptor expression and then incubated with IL-2 (BD Biosciences, San Diego, CA, USA) and test
compounds at designated concentrations in 96-well tissue culture plates. After a 3-day incubation,
alamarBlue® (Life Technologies, Carlsbad, CA, USA) was added to each test well and incubated for 6
h. Fluorescence intensity was measured at an excitation wavelength of 545 nm and an emission
wavelength of 590 nm. Experiments were performed in duplicate for all test compounds except for 5,
and the ICs, value for each experiment was calculated using linear regression analysis. The assay of 5
was performed in four experiments, and the ICsy value was calculated using Sigmoid-Emax non-linear

regression analysis.

2.3. Rat cardiac transplantation model

ACI rats (Japan SLC, Inc.) were used as cardiac donors and Lewis rats (Charles River Japan Inc.) as
cardiac recipients. All procedures were conducted under aseptic conditions. Rats were intraperitoneally
anesthetized with pentobarbital (40 mg/kg). Abdominal vascularized heterotopic cardiac transplantation
was conducted in accordance with a previously reported method.” Compound 59a was dissolved in
propylene glycol. Compound 59a at 0.1, 0.25 and 0.5 mg/kg was orally administered in combination

studies with tacrolimus. Tacrolimus (0.02 mg/kg) was diluted with saline and intramuscularly
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administered. Beginning on the operation day, all test compounds were administered once a day for 14
consecutive days. Cardiac allograft function was assessed by daily palpation for 28 days, and graft

rejection was defined as the cessation of palpable cardiac graft beats.

2.4. In vitro liver microsomal stability

To estimate stability against rat hepatic CYPs, test compound (0.2 uM) was incubated with male SD
rat liver microsomes (0.2 mg protein/mL) with NADPH (1 mM) and EDTA (0.1 mM) in phosphate
buffer (100 mM) at 37 °C. Incubations were conducted for 45 min. The peak area ratio of unchanged
compound was determined by LC-MS/MS. Intrinsic clearance values (CL;,) were calculated on the

basis of the rate of substrate disappearance within the reaction time.

2.5. CYP3A4 reversible and time-dependent inhibition assay

For the CYP3A4 inhibition assay, midazolam was used as a probe substrate to monitor changes in
CYP3A4 activity during exposure to each test compound. Reaction mixtures containing 0.1 mg
protein/mL human liver microsomes (HLM), 1 mM NADPH, 0. mM EDTA, 100 mM Na"-K"
phosphate buffer (pH 7.4) and 5 uM test compounds were prepared and pre-incubated for 0 or 30 min
at 37 °C. Reactions were initiated by the addition of 2 uM of midazolam and incubated for 20 min and
then terminated by addition of 80% acetonitrile with an internal standard. The peak area ratio of 1’-
hydroxymidazolam and the internal standard was measured by LC-MS/MS. Residual metabolic
activities for reversible (eq. 1) and time-dependent (eq. 2) inhibition were calculated using the following
equations:

% Remaining Activity = A o/ Ay, 0 x 100 (eq. 1)

% Remaining Activity = (Ac 30 / Av,30) / (Ac,0/ Ay, 0) x 100 (eq. 2)

where, A, , denotes peak area ratio obtained in the presence of a compound and without 30 min pre-
incubation, A, , denotes peak area ratio obtained in the absence of a compound and without 30 min pre-
incubation, A_ ;, denotes peak area ratio obtained in the presence of a compound and with 30 min pre-
incubation and A, 3, denotes peak area ratio obtained in the absence of a compound and with 30 min

pre-incubation.

2.6. Pharmacokinetic study

The pharmacokinetic studies of compound 32a, 59a, and 78a were conducted in female SD rats.

Compound 32a, 59a, and 78a were intravenously administered at 1.0 mg/kg in a mixture of
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DMF/propylene glycol/saline (1/1/8) solution for injection, and orally at 1.0 mg/kg in a mixture of
DMF/propylene glycol/water (1/1/8) solution. Blood samples were taken at multiple time points up to
24 h after a single administration of the compounds. Concentrations of unchanged compound in plasma
were determined using LC-MS/MS. The AUC and pharmacokinetic parameters after i.v. and p.o.

administration were calculated using a program developed in house.

2.7. Parallel artificial membrane permeability assay (PAMPA)

PAMPA was conducted using the PAMPA Evolution from pION Inc. (Billerica, MA). In this assay, a
‘sandwich’ is formed by a 96-well microtiter plate (pION Inc.) and a 96-well filter plate (pION Inc.)
such that each composite well is divided into two chambers, with donor at the bottom and acceptor at
the top, separated by a lipid (pION Inc.) coated microfilter disc. Drug stock solutions (5 pL, 10 mM
DMSO solution) in a 96-well polypropylene microtiter plate were introduced by the robotic liquid
handling system and mixed into an aqueous buffer solution of 10% (v/v) DMSO to attain a final sample
concentration of 50 uM. The drug solutions were filtered through a 96-well filter plate (polyvinylidene
fluoride; Corning Inc., Corning, NY) and added to the donor compartments. The donor solution was
adjusted to pH 6.5 (NaOH-treated buffer; pION Inc.), whereas the acceptor solution had a pH of 7.4
(pION Inc.). The plates were sandwiched together and incubated at room temperature for 2 h in a
humidity-saturated atmosphere. After incubation, the sandwiched plates were separated, and both the
donor and acceptor compartments were assayed for the amount of material present by comparison of the
peak heights by HPLC. Mass balance, which is the difference between the reference and sum of the
donor and acceptor, was used to determine the amount of material remaining in the membrane barrier.

Permeability was calculated using PAMPA Evolution software (pION Inc.).

3. Molecular Modeling and Calculation of Chemical propertiues

3.1. Docking study

Docking calculation was done on the crystal structure of tofacitinib (5) bound to JAK3 (PDB code:
3LXK'®). The protein-ligand complex was prepared with the Protein Preparation Wizard in Maestro
(version 9.3, Schrodinger, LLC, New York, NY, 2012.), impref applying the appropriate side-chain
protonation states, refine, and structure minimization. Docking grids were generated and defined based
on the centroid of tofacitinib in the ATP binding site incorporating hydrogen-bond constraints to the
hinge and hydrophobic regions. Ligands were prepared using LigPrep (version 2.5, Schrédinger, LLC,
New York, NY, 2012) and ConfGen (version 2.3, Schrodinger, LLC, New York, NY, 2012), energy-
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minimized conformation of each ligands were used to docking calculation input molecules. Ligand
receptor docking was conducted using XP mode in Glide (version 5.8, Schrédinger, LLC, New York,

NY, 2012). The top-scoring pose assessed by GlideScore was employed for discussions.
3.2. WaterMap

WaterMap (version 1.4, Schrodinger, LLC, New York, NY, 2012) calculation was done on the crystal
structure of tofacitinib bound to JAK3 (PDB code: 3LXK), the structure preparation method is as
described above. WaterMap was run in the default mode using tofacitinib structure to define the binding
site but removed in the MD simulation. A G,y of binding and ligand strain energies were calculated
using the ab initio form of the displaced-solvent functional as described by Abel et al >

3.3. Calculation of Chemical properties

The value of CLogP, HBD counts, HBA counts and TPSA were calaculated by ACD/Percepta.
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