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AL TIRER B LT OBEEEZ v,

Ac acetyl

ADMET absorption, distribution, metabolism, excretion and toxicity

All allyl

APCI atmospheric-pressure chemical ionization

ag. aqueous

Arg arginine

Asp aspartic acid

AUC area under the curve

BA bioavailability

bid bis in die (twice a day)

BM bone marrow

Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

Cbhz benzyloxycarbonyl

CL clearance

Crax maximum concentration

CoOMU 1-[(1-(cyano-2-ethoxy-2-oxoethylideneaminooxy) dimethylaminomorpholino)]
uronium hexafluorophosphate

CYP cytochrome P450

DAC decitabine

Dba dibenzylideneacetone

DIPEA N,N-diisopropylethylamine

DMA N,N-dimethylacetoamide

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

DNA deoxyribonucleic acid

DNMT DNA (cytosine-5)-methyltransferase

dppf 1,1'-bis(diphenylphosphino)ferrocene

ECso 50% effective concentration

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EHMT euchromatic histone-lysine N-methyltransferase

ESI electrospray ionization

Et ethyl

E max maximum efficacy

FCM flow cytometry

FDA Food and Drug Administration
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Glu

HBA
HBD
HAT
HATU

HBTU
HDAC
hERG
Hex
HPFH
HPLC
HRMS
HTS
HU
HUDEP
1Cs0
lle

Pr

IVIMN
KMT
LC/MS
LCR
Leu
LiHMDS
Log D
Log P
Lys
MBI
MC
MDCK
Me

min
mMRNA
Ms

MS
MW

G9a-like protein

glutamic acid

hour(s)

hydrogen bond acceptor

hydrogen bond donor

histone acetyltransferases
1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
histone deacetylase

human ether-a-go-go related gene

hexyl

hereditary persistence of fetal hemoglobin

high performance liquid chromatography

high resolution mass spectrometry

high-throughput screening

hydroxyurea

human umbilical cord blood-derived erythroid progenitor
50% inhibitory concentration

isoleiucine

isopropyl

intravenous

in vitro micronucleus

lysine methyltransferase

liquid chromatography/mass spectrometry

locus control region

leucine

lithium bis(trimethylsilyl)amide

logarithm of ocatanol-water distribution coefficient
logarithm of ocatanol-water partition coefficient
lysine

mechanism-based inhibition

methylcellulose

Madin-Darby Canine Kidney

methyl

minute(s)

messenger ribonucleic acid

methanesulfonyl

metabolic stability

molecular weight



uw
n, n-
NaHMDS
Nf
NMR
PD
PDB
PEG
Pen
Ph
Pin
PK
pKa
po

Py

qd
gPCR
quant.
RCM
rt
SAH
SAM
SAR
sat.
SCD
SD
SEM
t, t-, tert-
t1/2
TBAI
Tf
TFA
THF
THP
TLC
Ts
Val
vVOC
Xphos Pd G2

microwave

normal

sodium bis(trimethylsilyl)amide
nonafluorobutanesulfonyl

nuclear magnetic resonance
pharamcodynamics

protein data bank

polyethylene glycol

pentyl

phenyl

pinacolato

pharmacokinetics

logarithm of acidity constant

per os (oral administration)
pyridine

quaque die (once a day)
quantitative polymerase chain reaction
quantitative yield

ring closing metathesis

room temperature
S-adenosylhomocysteine
S-adenosylmethionine
structure—activity relationship
saturated

sickle cell disease

standard deviation

standard error of the mean
tertiary

elimination half-life
tetrabutylammonium lodide
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofolate or tetrahydrofuran
tetrahydropyranyl

thin-layer chromatography
toluenesulfonyl

valine

vaso-occlusive crisis
chloro(2-dicyclohexylphosphino-2', 4', 6'-tri-i-propyl-1, 1'-biphenyl)(2'-amino-
1, 1'-biphenyl-2-yl) palladium (I1)
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ASNEZ B EY (HDA; axfz) X 20 8L 2B DR D MNERZ VR IETHY, 25
DOXRIFRME afp —EAECELE L, AR O FEE A>T b, —F, AR oRimER
TIX B-Z7 U #Hofb) & LT y-7a e U EHAMESR -7 n B oxtind & LT
L. JRIEMEZ v ey (HDF;a2y2) DB AZ 7267, £ L CHARE®R, y-Z/rbriis/ne
VAL v F U T EMNENDS T e A LT B aEIicEEHZONDS Y2 (Figure 1),

R AR M EKSE (SCD) & B-H 7B ITIE—EWICHAOLN TV D HEBERFIERE~E 2
EUVIETHD, ~E/rEVDB-Ir b oG L EEICKEEL 2, BEEORMMMESR
MESIEEZF 3 B-HT7EITIE, RANESRELOEHRSD 1 DTHD B-r/rEy
FHOGWDIR TN ELIIRMEZFRE T HH-BETEETHD 4 SCD TIE, RANES
2 EOB#EEDOE —ORZERER (B6 Glu—Val) 12 X > THRIRIMEK~F 7 a2 v > (HbS;
02fs) MAEL, BiERIREIZ/A S 2 & CIm e MEMENRSER_SND S, ZhbD~E
sya b dEIX, 77U h, PR, A FIEKE, BE7 Y7, KOHFHEEZ &% < OHl
BCRSFEAL, HRATORBFAMEERICHEMEE TN ERMBALTND 2,

Normal
LCR LCR
After birth
e
£ ¥y 5 B £ o Y 5 B
HbF HbA HbF HbA

o B*
a A
Glug

Sickle-cell disease

LCR LCR
After birth
R
. — it r
£ N 5 B &y
HbS

HbF

& 2

Figure 1. Fetal hemoglobin and sickle cell disease. The predominant hemoglobin before birth is

fetal hemoglobin (HbF; a2y2) with a small contribution of adult hemoglobin (HbA; a2fB2). After
birth, only a small residual production of HbF and HbA predominates in the total amount of
hemoglobin. Sickle cell disease, due to its pS mutation of B-globin, only manifests after birth once
the contribution of HbF wanes.®

FERBFZE Clx, JRIMER TO HbF EAOEMM, -7 I 7 & SCD O BHEST DL #
WZORMBD I ENRENTEY , RIMEKD 72 0 K 30% D HbF O BEfE I B 23 B R 19 %h % 7R
TIERMBNTWD, Ziu, HbF 23pl A £ THife 3 5 R O SE G tE B Am MR T
b DB EMEE R MAFZE (HPFH) I8 W T, Z0OEEF D HF O L3 30%TH V) |
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JERZS SCD X° B-H 7 I T ORFICHERTRSEFOAFATEEZELELIZELVRESH
TWb 7, LMo T, HoF FEAE Z BN S B 2R 3RIX, ~T 7 1 B U EBH O K N A
RLERTCERLZIR TSI DL ODOHEERIGERIE L 7> TWWD, SCD DOIRFIHK L L THER
Ik XU fRHE (HU) (&, HbF EAZFHIE L, SCD BEDOHRZ I\ T 5 Z LR T
5, LLaens, TOAIMEORESRENER ., KOT X ToOBRE CHEAKSZ 5] = H
FTIERNTERWED, ZTOEKNARMEICITEERHRIH S 8,

BIfED SCD OFEMEIRF T, EICk Fu XU RFBICK DIBESC, KoMK, Wi, &EE
HEzalh XHRETHD, BEORF~E /0 U UEOREIL. £FETH-OICHEHR
BMAVLETHY, EME2ENTAMETHIERRIELZ KT 2083 H D % T4, mEM
ZERE (VOC) ODRAEZBVDEEDLL-INAEI VRO PRLIF UK THDLZ Y
PV AT AT LD, ~ET R EVICHEG L HS OB (RELZ T 22T Y v 7 1T
9 25AR¥FEr— kL (GBT-440) VN FDAIC L > THERB SN TS,

o
J_ oH

HoN

hydroxyurea L-glutamine voxelotol (GBT-440)

Figure 2. Chemical structures of FDA approval drugs for treating SCD.

F/-HBAETIZ.SCD 2B T 2720 DD WL DO EREHRI DR SN TS, i
ZI1E. DNA X FIUALEEHRILER] 5-TH o F oo T v e rad), EXAMNUHT 2T
MBI ER] (BEEEC/N ) B A4 v R &) ROWUREIRIFIE (X hFRALI 72 &) A,
AR E CESESERAD=AL%EZN LT HOF EAZFETHZOICHESA TV
B LhLads, Zhb0EBDLZ 1T LR oBEBICHT 2IRFEDRIC OV ToOMESE
EEZ T TR LTS OO, ZEELOFAHMEICEL TEXRELUZEORMPEH 5, Mo
ERR IR 21T, B- 7 e B BAREREZRIET DO OB MG E - ITMIEEER EDH
MRFEFTONHEN, ZNHIFEKRELTEABICHD M LeBnoT, fkaxle~ErmE
VIEDIRIED T OIT, LV FEH P ORWENE THOF OFELAZFET L ENTEXLHH L
WHE A T OERZAIHT D2 ERBAICKLELINLTWS,

FEHT, T2 ) XA TROY =y hR—A KR Y —=vJIZkb 2007 7a—F
DOFH B-Y T 7 ROSRIR IR M EREREIEOESZ HiE L, FRICEF L, 7=/
A TR ) == 7%, MIRSCEMET VAR TORRAMOLE 2 BT 25 2 & TEY)
Al 2 FETHY , BERICESBEELEMBR DT VEH S TLEM DO AT ) —
=T EITOIIED, OB T v L TL LAY EERRBRICETVEOEMMIZ/RD
2B EWHIR SN D (Figure 3), — ., X—7 v hR—ARNRAZ U —=2 7 1 TERKER
(7B E) LEMOEGRELEERELIZLZ > THROTWHWSFETHY, FED
DRIGEMB LIS v FIRFMR TH D - O E THRENNSWVESL, ERO X Xy
BOSNEEEZ R RN bLAMOT A VR TELENHE L LTHRITOND, EHITC



NH2o007 7 —FIZ Lo TR AZITS 2 LT, TNENOF R EZTED LT AR
BANHREE 7D & 2T,

WL1ETIH, HTSt Yy MEEMID DL 7 2 ) XA TR ) —=2 712k 0 R % £
L., Z0lMEREL, 2=— 7 &2 2-7 P A0 [33]~7 ¥ VU FEEK O BRSO
WTIR %, 5 2 ®TIE, HbF EAZFE Cx 590172 Ga/GLP [HEAIOHG % B L.
B ES DAk & D hERG [LEEM E PK 07 7 A L &2 E LIALEYM O ERFIZ SN
T2, 5 3 HETIE, &b 5 MiERE(LFIEIC L5 DS79932728 DI & % O JEPRGFE
iz >WTHlR <%,

Cat FRBAIV——>9 BERR—ADAIV——2
egory Phenotypic Screening Target-based Screening

F HMROEIET NS CORIRAZ(LZEETET ERE (92/VERY) YOS EEER

BT, EFHAT 5 FE IEREIC I TR TUKFE
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* ety o & !
BT LR t A ‘ [ EEEET IR t A
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SR I LAIEEE Step2: stepl Tty L TEALEIINIERICELD
Step2: stepl ThyNLTEHALEMHRENR 42/ WEBRERIEM TR I sHifEndhT, &2
FHUZOD, TOXN-LLFEST (CEHEURIRS(FIRE) E R g et

Eilj=1 EBR(CEEHEVCHRREOET IV EE-TE  FEOENORIERIRUVZS U IVEREFET
BWMOAN) - HETOD, YIHAORRETry 30T, FHHERES
A EEMNERRSSRGEVRORR IR R0 \IBIFEEZ RS baioTH
024 120 cED (SBDDACED)
Figure 3. &8I 27 J —=127" (Phenotypic Screening) EIEHX—ADRAT ) —=1 7

(Target-based Screening) O HEE & Fl 5L
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FBLE T2 )FATRI7IV—=7I12&% Invivo CTHOFFEBRZRT Y — NLEW
DEE
1-1 HTSt vy rOEE

FT. MPREDN RIGRLE L WIEYERETH (PK) v 77 A L kO3S FH (PD)
FetE 2 2 72 HOF O FEME A TS T 572912, b N ORIFEMIaK (HUDEP-2
f) WERWE T 2 ) XA TR ) == T ERENIEE T A 7T Y —17,958 L AW %f
LTERTLHIEE L, b hy- 7 U RRRN2RTURICE DY R A v F alISA Z
R RICBWT, BB TH LT Z L (05uM) OFEMEZEZ 1 245 L 025 2L Lo
HbF 38152 R 3/ba® (25uM) #b v hEEFRLZ, AAZ J—=2 72X 18D
bty MeEWwEESEL, ey MEAEWEBEZ LICRD 7 DO 7 ITY —IZHFELT
(Figure 1-1),

(1) X7 vA¥ RK7F a7 (idoxuridine)

(2) DO AR AF LT 27 2T —PHEAR (UNC0638)

(3) 9,10-AF V-1 7 bTF /) UFEK

(4) 4-F% 7 Vo) P FHER

(5) ¥+ U U FHEK

(6) 23-Pt FubtmuXx /o iFEk

(7) 3-T == )v-A V¥V — LiFEK

NH, o) )\ o
N*\ \

o. L, *

OH o)

decitabine Idoxuridine (1) UNCO0638 (2) 3

5

Figure 1-1. Chemical structures of hit compounds.

NG 7 o0h T IV —0F LD ARREREZEMTLIFERLERETH L E LT,
(1) X7 vA v F7F a7 (idoxyuridine) 1%, BExIRO T2 v &3 ) ¥
VEAATDOX I VA RT Il ThDL, TOMBEEEMBENS T AL TOXT L
I RORIEREZTRTZENRDLND  DNA OB ALNPIEREE L B 2, BREEo#
RPDAEMERITIERLRNWZEELE, (2) . EXMAATFARIT AT 27 —EH
EH| (UNC0638) TH D (2. 3FEIZBWVWTZ DX —4 v hOREFIBFICONWTEHERD),
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(3) I1TMIfaFEME & HOF 8IS Z i CE 3, ST v b7 X 7 UHEITELEHEED
BarRold, GRERZER Lo/, (4), (5), (6) FAKEHRZEMLEZE O
D W fife 72 1 3 15 PE AR BE O B fS S IR #EC & - 7= (data not shown), Figure 1-2 (2777 (7) KT
FOEBDOE v MEEW 8-10 1%, HUDEP2 |23 17 % HOF FHEJEMEIZTH VS DD (Emax :
LEGNER I NTZREICB T 2EMESBILEDT V2 B E0EY) . RITRTH L
B, B b CD34+HIMEZ A 72 @ RGEFA R TZE L 72 HOF S5 8RR ERR S -2, &
RIEAZ FETHZ & & Lz,

7 8 9 10
EC,, >10 uM EC,, >10 uM EC,, >10 uM EC,, >10 uM

E hax = 20%@10 pM E pax = 15%@10 pM E,. = 18%@2.0 uM E o = 24%@2.5 uM

Figure 1-2. Chemical structures of hit compounds 7-10.

1-2 3-Tz=n-AIFH - VHEEOEGRER

3T 2= A VXY = VFHEHEROGREREEET DICH o TR RE L%
Lzt A, ik L7kt v MEAY 7-10 1X HUDEP2 |[2%F9 5 HbF #FEEMEN VLT 10
uM L0 55 < LAY OREETEEMBEZ TG T 2720 ORISR & LTI & e &Il L
7o LT=do T, - PR Mk CD34 R AL (BM-CD34) ' % H 7= 214 &
EREE L, KALEHO HOF FEiG 25 M9 25 2 Lo L,

FPT. by MEAW 10 DERMO 7 VA0 7 = = VI OEW AT -7~ (Table 1-1), &
EHR I3 IZEMERM ELZb 00, o-7 /b F Rk 11 KL m-7 /b A ok 12 13iEME 1 &
L7ce 2OZEXD, FEOMNENGHEICEETOLZ ENDroT, £2, {ELE®W 10D
FHAE Cl L CR k., v 7 u UV RRICEB LAY 14-16 ©RERICTEESHEA L
oo ZNEV ., BT sp? A T THDH 7 2= )VENFERZRTOICEETHY, SHI2p
MOBBILORE S LIEHICEEEZE X2 ERNbroTo,

*1

b ME Bk CD34 BRI 2 1x10% cells/mL (278 4% . 37°C, 5% CO2 A > F = X— X N T 7 H W
BT DHZ LWL VATRFERA~AFTEL, #HBRIELAMEDRT ¥ B % 10 pliwell IZ THRIM L7, {LAWIR
NG 5 B, MZEIX L, FITC =% Fetal Hemoglobin Monoclonal Antibody (HBF-1) CT#:fa L T v-
globin (5= % 7 v —H 4 b A —% — (MACSQuant) |Z TN L7=, BBIE{LEM TH LT X E Y
% EC50=0.073 upM % /R L, SN it b @mWMEZ R L7720, LAY D HbF 37 E7E M 2 iR 9 2 340 R 23 1
BT - LRIl LT,
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Table 1-1. SAR of substituents at the 3-position of the isoxazole ring.

BM-CD34 , Metabolic stabilityc
Compound R ECg, (uM)2 Emax (%) human/monkey (%)
10 /@2\ 2.8 56 87/10
F
11 ©\)\ >5 - >100/4
F
12 Q)\ >5 - >100/55
F
s oy v s
14 /©/\ >5 - 83/3.8
Cl
15 J@) >5 . 95/16
FsC

a Compound concentration that induces HbF by 50% if the maximum induction of HbF by decitabine is taken as 100%.
b Maximum effect of the compound as a percentage of that of decitabine. Human BM-CD34+ cells were used in the assay.
¢ Remaining percentage of test compounds after 0.5 h incubation with human/monkey liver microsomes (0.5 mg/mL).

*2

LA 10 KON 1T OFEBRETH D LT A4 VX WY — Ko iSRS (CCDC: 1171030) ik
WT, 7T FONH LA YFH Y= LOBERABOWHBEL 225A L7220 SFNAKFHAZERK LT
WA R REMEN RIE S vz,
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Table 1-2. SAR of acyl isoxazole moieties.

BM-CD34 0n\b Metabolic stabilitye
Compound R EC, (uM)? Emax (%) human/monkey (%)
10 2.8 56 87/10
17 2.6 53 77117
18 >5 - 53/0.1
19d >5 - 90/32
20 >5 - 98/36
21 >5 - 94/41
o
N
22 >5 - 99/39
|\
N
H
o 7
N
23 , A\ >5 - >100/42
N

aCompound concentration that induces HbF by 50% if the maximum induction of HbF by decitabine is taken as 100%.

b Maximum effect of the compound as a percentage of that of decitabine. Human BM-CD34+ cells were used in the assay.
¢ Remaining percentage of test compounds after 0.5 h incubation with human/monkey liver microsomes (0.5 mg/mL).

d Diastereomer mixture.

WIZ, By MEEW 10 DR LE (T oA Y50 —VE) OEME 1T - 7= (Table 1-
) FT AV FH Y — L OfE BEMAR T, 8 (Figure 1-1) BNIEMHEZ R Lo R 2B £ 2 T,
AV FHY = VO EERK LT G/ - L7282 A EERIIMEEY 10 L0 b T i
] B L7225, Emax 1ZIEI L7z, eV T, A VX WY —LBEF TV —LVRICEH LIS
W18, 7V U DUBRICEB LTALEW 19 1%, IEENER LT, £ LEW 10 DT 2

12



R#Esz N-2AFfk (20) L&A, IR ALEZ, ZRb0EREI Y, L&Y 10 &
N7 EFEFLEHDOT I RON-H & A VFH Y — &Iy FRNKRER/KEZIER L (Table
1-228) 2, arv 73 A—vaEBELLTWDAREMENRB I Nz, 2D ORREIC
HKOWT, MARBER 2123 25%G - Gk L=, 2o o{bEWIVTh bigEzE R
AL E N

Table 1-3. SAR of dimethylamide and linker moieties.

N
Lo
N
F
BM-CD34 o\pMetabolic stabilitye BM-CD34 ,Metabolic stabilitye
Compound R, (uvye B0 manymon (9)  Compound R EC.p (1uM)*="™ ) human/mon (%)
SN o
10 ﬁN\ 2.8 56 87/10 29¢ \2_>LN\ >5 - 91/35
O
0 / \ N/
24 f)L” 26 89 >100/59 30¢ \ >5 - 61/52
O (@)
25 f}LNHz N.D.e ; 88/60 31 \(_}NG 17 50 80/1.6
N/ Q
26 <_F N . N.T 32 \(_}—N}OH 17 69 >10049
\N (0] Q /
J— 1
27 41 55 N.T.f 33 SS-N 42 65 91/47
\(_/_i<o \ZJ \
\
J— o) X
28 \[_«N 6.1 41 84/11 34 \Z_Q >5 39 87/25
o)

aCompound concentration that induces HbF by 50% if the maximum induction of HbF by decitabine is taken as 100%.

b Maximum effect of the compound as a percentage of that of decitabine. Human BM-CD34+ cells were used in the assay.
¢Remaining percentage of test compounds after 0.5 h incubation with human/monkey liver microsomes (0.5 mg/mL).
dRacemate.

¢ Not ditected.

f Not tested.

HNT, By MEAWI0 DAF LUER T AF LT 2 FIEOEHEIT- 7= (Table 1-
3, ILEMIODVAFNT I NIEEE ) AF LT I RIEICEHBLTZLEY 24 13D T MIC
EMENHE E LT, — ., BV REAIVFHER 25 1R VIEMREZ R L, EEE2BRET L2 L
INTEIRRMoT, 1. VAFAT I REEVAF LT I )26 1CEWHT D EEMENKT
L., 7 R OBIEHICEETHL Z EBRBR IR, TAXFAVEHO —RIBRTIER Lz
fb&W 27 ROV L7-ba® 28 1, L& 10 L VIEHIFETLEZL OO, 728 H 1Cs
EIX1LHD pM OFEMEZ R LT, A VXY — L e AF LT I Ko oMoY) b
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IAFNIEFBANLIALEW 29, 30 1%, IEMENKF L7z, ZoORICK AF L
BTG 2 R T A= AR, HFE DRI VERILIIFRI N2V J: W B E
oty WIT, VAFAT I RERILSETE V7 a X0 FOUR 3LIXIEMEN M E LA, W
NMEFI 78 Y — MBI RMLZEENEA LT, £ 2 TR E B 2 5D BRIRERIC
KBEAZBAN LT BF VR 2 X ZEENBIE L IEELRFE L, VAT AT 2
REZ T AF N ANVELST I RIBROAFY S — L34 BB LTI A, IEENEGE L
7oo LA b in vitro {EVER ORI Z EMEOR R L V. (L&Y 10, 13, 24, 32 £ L T{LEW
24 DNLEEMEARTH D 35 %) — NMeEWw L LTk L, ADMET O -l & ML D PK &
BRaedd st i L,

1-3 fRFBILEWOHIE ADMET & PK a7 57 A )V
Tl ® LTS D ADMET 72 77 A VLK TNPK a7 7 A /L% Table 1-4 |Z7~7,

Table 1-4. Chemical structures, activity, ADMET profiles, and PK profiles of isoxazole derivatives.

Compound 10 13 24 32 35
o/ R N/ N N H—OH
o N)’N\ o Nf,}\ o N//?’H o O‘
Structure Of?? ©/TZ:H Qf?:” Q/(f /@H
BM-CD34 ECsp 2.8 uM 1.7 uM 2.6 uM 1.7 uM 4.4 uM
Emax 56% 51% 89% 69% 51%
MW (g/mol) 305 287 291 333 291
LCLog P 3.7 3.3 3.1 2.5 3.2
CYP(1A2/2C9/2D
6/6/5/<0 N.T.® <0/5/0/<0 N.T.° N.T.°
6/3A4)?
Solubility®(ng/mL)
>100/>100 >100/>100 44/44 >100/>100 26/22
(JP1/3P2)
hERG inhibition
1.3%/7.1% N.T.® 2.6%/8.7% 2.4%/7.2% N.T.°
(1/10 pM)
Plasma protein
58% 55% 61% 56% 59%

binding (monkey)
PK parameters (monkey: 1 mg/kg, p.o.)
Cmax (ng/mL) 1362° 245 3845¢ 626 460
AUC st (ng*h/mL) 4365° 365 30026¢ 2037 2354
2 % Direct inhibition of CYP at 10 pM.

b JP1/JP2: Japanese Pharmacopoeia first/second test fluid (pH = 1.2/6.8)
¢ 10 mg/kg, p.o.

45 mg/kg, p.o.

¢ Not tested.
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W ObE® S 4 7 &2 300 g/mol fitk, LogP iX 2.5-3.7, HBD IZ 5 LA, HBA % 10
UFERYD BONAFT AT EVT  OERT-EYE TRIT 572 0ORERA (Lipinski
D)) TH D TRuleof five] B ayi7- Lz, WMEIL, Y AF/{£10, 13 Fe ¥
TEFOUERIRZIIRGTHSTEN, £ AF K17, 35 ZHRETH -7-, hERG fHE
EPE Y KO R 7 1 A PA50 (CYP) BHEEMEIC Wik, JFM L 72L& 10 uM 12 B W
TIREEALERES e ol, ZhiE, (LEWORREMEITKS, BEEEBREEZ R -2V
rEEZLND, £, 2o ObEWIX, P mEES X7 HIZHREICKHA LT (55—
61%),

PK B CIL., £9MLEW 10, 13 13 MmFIBEERE (AUChs) /NS < TR L ENE
DENDEEEZ NS LAY 32 bMFBREENPRE L oM, ThIIKEBELY
AL Z ECTRIEENS TR, BEEBRENME T L2 Sic X v maicikig iz < < 7
STLEoEBE2OND, kG 24 ENTERMEERI 2 GEX—ATHEKET S, 1k
AW 24 OF PRI FBEEL R L, LEXY ., [bEW 24 ZRFE(LAEWE L TEEK
L. MRNA L ~/LCo HbF FFEFHN, FEAIERR . 2 in vitro MAu 7 R <0 in vivo 3R
EEMETHE L LT,

1-4 mRNA VL@ in vitro 24

HUDEP2 filla % FI\ T mRNA L X)L T y-Z o B kO B-7 1 b 2 O3 B8 % | &
THIEICLY, HOF FEIEEOH 2 (LEW 24 DB LAV TTaE v AL v F T
NEETWD 0z L7z (Figure 1-3),

y-globin B-globin

6.0 ® dayl 1.2 u day1
< ] day? o o day?
Z 50 mdawyd =2 I I u day3
E dayd E daya
-
© 40 s
s I S os
2 o
] o
g 30 % 06
= a
o x
» 20 v 04 z
= ¥
= =
] =
g - i i I . i i : 2™
& &

0.0 00

compound 24 compound 29 Dis0 compound 24 compound 29 DMS0

y-globin/(y-globin + B-globin)

I
II| iiiz --.I
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o
et
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W day2
W day3
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o ©
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2
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51
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Figure 1-3. Relative expression of y-globin mMRNA induced by compounds 24 and 29 in HUDEP2
cell. Cells were harvested 1, 2, 3, and 4 d after exposure to compounds and subjected to analysis.
Data, obtained independently and in triplicate, are shown as mean + standard deviation.
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HbF 3BiE M0 & 5 (LA 24 13, y-Z7 1 B ® mRNA OFEBE OB L B-7 1 v DR
DR S NI HOF S5 8TEM O R W EEM 29 Tl y-Z/rbEy B-rrbr b bicay
fr—LTH?DH DMSO It L DEN A b /ehoT-, LELY, XU XI7EH L)L T
HOF S8 IE N HER SN TV H{EEY 24 128V T, mMRNA L XL T y-7 8 B U B~
DT ALy TF U T RERI N,

WIZ . HUDEP2 fili TR 64172 mMRNA L)L T a By 24 v F o 7N EmkOfaTH
5t bk CD34+HilTH Ao d 0 Zmid Lz (Figurel-4), t b~ CD34+#fifd % JR 2 EK &
BT 1 EMBEZIC, bEWE TN ZENKIRE 5 uM TIRINL 72, (bEW 24 1280 T,
JrauerilBid b y-7 e oG (y/(y+B)) IEEM L. HbF FE IS0 722 W Ead 29 &
DENHMBICA OGN, —FH, -7 e rBEMEOp-Za b BloLat, IR
KEDo7-, COMHMIIZIHIT S 2 b mRNA BB OIE 5> X3, (LAWIRIND %5
HZ LD MR O LE FECHE IR S R SIS RN E T MBS R 0 %) — MK <
ol itk EBZONT, FIBOEMRLE A La—R7x 8LV FEMBRBRFEITS Z
LR, TNH60EE O IIMBEIND EWREIND,

UEXY, y-rabey B-/rbEroBErRELZ#SHZHELHERE {LE&W 2413 ©
ARIFERFTELM AL (CD34+#1d, HUDEP2) 128\ T y-Z7 2 > mRNA O#NE B-/' m ey
MRNA OED 2 E L, MRNA L)L Ty-Z a BV BHE~OD T a by AL vF o 7 & RER
THZENTET,

y-globin B-globin

Relative expression of mRNA
Relative expression of mRNA

| ] 1 ]
. , .
compound 24 compound 20 DMS0D compound 24 compound 29 DMS0

y-globin/(y-globin + B-globin)

0.7
0.6
0.5
0.4
0.3
0.2
‘A m -
a
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Relative expression of mRNA

Figure 1-4. Relative mRNA expression analysis of y- or -globin gene in human CD34+ cell.
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1-5 {bEW 24 T AWTEERNBRRERO (Y =X7 1 7 ZREH)

Ju b rBEFREOHEIZIEL LT 2o00KERNHY, 2 P=2XT 47 A (<
F UK ) REH & DNAKAEERNFOEARN S L EE 25N TWD B KEITI,
EFTEW 24 DY =T 7 ZAREBREICHTLIHEFEN LR T L L& L,

— %2, HDAC, LSD-1, t A h v AF IV T AT 27— KR DNA XA FIL KT A
77 —BHERREOZE Y 2T 4 7 AR ESNIL, in vitro L OV in vivo T HbF %
FBETHZENMONTNDS 2O, 22 TET, 3-7 == )b-A VXV Y — LFHEKRD HbF 5
BFEICET ERMFZ2HEL 72D, 8T 2xT 4 7 ABEBEHEASRXLVT v A 525E
i U7z, HbF &8 MEIR 24 B OVARTEYEMR 29 @ 2 {L AoV Tn=2,10 uM TLL F DR
AV T HEEEZEAL T Y —ORTHHME L7z (B3R VOFEMITEREZ S ),

DMT demethylase 14 fE

DNMT DNA Methyl transferase 4 T

HAT Histone acethyltrasferase 9 i

HDAC Histone Deacetylase 16 F#

HMT Histone methyltransferase 28 fit

Histone [4:# kinase 10 F#

DNA repair [ 3 fft

Ubiquitin f& fifi % 3 6 fi

SMMT small molecule methyltransferase 3fE (W& —L 1L Q)

A3 93 L

FRO—#HDOREZLT v A T, ALAW 24 B 20%LL EOLEEMEZ R TEERIL 0o
oo LEERST, ARXRXALT v A DERERNLIT, ARHILEVMOZE Y =27 47 A
HEER I T HEMEH IR INT. KRMIEAEWIL DNA L X by (Zr~TF U
&) OEBEEMICIIES L TWARWI ERRBENT,

1-6 L&MW 24 AW ERNERZEQ (DNAKEEERFDER)

WIZ, 7o VB REOHBEO L 9 —>DOMFETH D . DNA FEEIE N O/EM %2
MR+ L L L,

B-HZ7 I T KW SCD IZBT D5/ LU A RNEREMHT i ONBAR 18T 72 5 0¥ % < @
HRAC &V | #55K]+ BCL11a, KLF, LRF (34032 LT y-7' 1 B2 O3B 240 L 2L, LIN28b
XZFORBEZHEIMSE D T 55N EHE ST b (Figure 1-5A) 22, il 21X, bellla
LI OBBERTEEZIT ) v I/ X752 L2850, =T AETITEWT in vitro
EFRERICARIFERMI AR IZ W T HbF ORBLDAFIEM LS Z E N miEA LN E -
TN B, F7o, VURREZFUREDH D AKX T REANL, KLFL &Y BCL11a % #il
THZEICE-T, B FRIMEKMMLOD HOF 27 v 7L X 2 L— 5 Z EAHE S TH
%2, BIEE CIZHEE SN HOF FEAICE ST 2 OERER O T, BCL1la &b
AU Ty —L L THLATEY  BCL11a DWFZENEAIZI TN T WD, #l 21X 2
<Hgif. BCL1la @ y-Z v B ORBLAZMGI OFEMR A D= X LAPRREINTEY 5, ik
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A O FRMEGH G TlL BCL11a XA E A L T NF-Y OFEEZT, y-7 1 D38
ZEEIT AR, BREH OR MM TIZ NF-Y B y-Z oy FuE—4—|2fae L TR
ZIEMHAE L TWDH Z EnHLNE STV D

«

m
r @) o “7 v B
v Fetal stage

= ~ &

(A) @ ¢ (B) Adult stage

BCL11A
~TCACCA-

HbF HbA . M -Globin -
Figure 1-5. (A) Transcription factors and epigenetic factors involved in the suppression of y-globin
expression.?® (B) Competitive binding between NF-Y and BCL11A controls hemoglobin
switching.?
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g 1.8 u day3 = 1 mday3
E 16 daya E 1.2 day4
o
‘s 14 e 10 I
€ .- a
o 12 G -
2 10 I I s 08
o o
208 x 06
o 06 g
s £ 04 =
& 04 T 0.2
] o«
e 0.2 =
0.0
o compound 24 compound 29 DMSO
compound 24 compound 29 DMS0
KLF LIN2BB
14 m dayl 45 m dayl
< mday? o 40 u day?2
E 1.2 mday3 E . mday3
£ dayd g 35 day4
5 0 S 30
§ o g
= 0. =
2 § 2.5
g_ 0.6 s 2.0
x» B3
@ @15
v 04 T [
2 210 I -
3 02 o
@ 0. 0.5
o o« =
0.0 0.0
compound 24 compound 29 compound 24 compound 29 DMS0

Figure 1-6. Relative mRNA expression analysis of transcriptional factors related to HbF induction
in HUDEP?2 cell.

Z 2T, ka4 R EROEGERFAZHRET 5 Z LICEk o T HbF 25584 2 gk
Z i ~7- (Figure1-6), HUDEP-2 Z{bL&W 24 (FXIEE 5uM) THOEEL7-%. 1. 2. 3. &
N4 HEIICEMNZIEVMmZEI L, RNeasy ~A 7 2% v k Z W T RNA#IH 2170,
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NanoDrop % V> T RNA #E 2l & L 7=, SuperScript VILO % T, 42°C T 1 B[,
GG E T > 72, 572 cDNA 2% L T 7900HT Fast Real-Time PCR System (Applied
Biosystems) % T qPCR # 1T~ 7=, B &EIZ JACtIEIZ LY, ACTB & N % #E B 1
ELTHIEEFT Y, £5# B ICBIT D DMSO MBS+ 2 Mt B EEZ KD 7=, 1LE
¥ 24 1%, bcllla, KIf X OV Irf OB %2 Z D SE7203, HOF FEIEHEZ A S 72X
BT 47 arba—ofbEm291L, ZNDOORBITEEL eho7-, £72, HOF BH O
EOFREHHRFTHS lin28b 1Z. (kAW 24 12k > TT v FL¥alb— FENEN, LAY
9F 7y L F¥alb— Lok, TNOLDORRLV (bEW 24 DT ELV AL v F
YU, TNOEER T ORBEEORIEZ L THB L THWDLZ ERRB I,

1-7 L&MW 24 @ in vitro IR v P4

HREINE & X, BREOMENK T L i oA ER N BIRT 2R TH S, B
B sEmITan=—lEL AT H2RAREMHRICE > THOATWDH 2, BHEHR
WHlEhdEan=—ERENMETFT 5, LiERo T, (LEHDO a0 =—JERRE~D BE
ERETHZETEMANGT20E0EF MM &5 B2, RALRGELMEOIZE A
CIXCDUHURAZFKBLL TWDHZ b, BiiH Kk COM+HIluAZfH L CZEDar=—F
FCREIC BIE T & 24 DB Z it L7z (Figure 1-7),

bEW 241, 15uM £ TIEE A EBEMHEINARD SR o722, 30uM IZB W\ T2
ha— L L g LT 200 D HEFEMEI 358D bz, —FH, AY T 47 ar ta—Lro7
TEE T, REKRF R EREIEIER 2RO b, 20%406] % TO R EIE 0.016 uM T
HY . BIAE AT RS B RIEER 2R LT,

1.2

0.8

0.6

0.4

0.2 I I
o = 1 I

30uM 15pM 7.5uM 375 1.9uM 094 047 SpM 4pM 2pM  1pM 05upM 025 0.125 0063 0031 0.016 0.0078
um M pM M EM M pM pM M

% of viable cells

Compound 24 Decitabine

Figure 1-7. Evaluation of myelosuppressive effects of compound 24 and decitabine.

Flz, TUH B ROMLEY 24 O HOF 35815 & CD34+/i s MmbifE-H o 7w » b
L7 % Figure 1-8 IZ/" 9, 7 v & B2 OERIKA Zh il I EE 1L Crax = 285-338nM & 1 5 4L
THEY Y, ZOREIZET 5D HOF FEEMIX 70-75%% /8 L2 A RIS E #im it b 40%75%
RSN, —F. L& 24 1%, HbF FHEIGMHEZ 70-75% R TR EIT BB L% 1-2 uM
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THY, TOREIZEBD CEBEMEIIRS o7z, £72. HOF FHEEMEE 70-75%% 3
FED 10 f5ORETH 5 10-20 uM IZB W T H FHi s MEIT 10%/R 5 L KRV EZ R Lz,
UEXo, f{bEad 24 OTEERBBEE EMRMEIBHRBEO~— VI T v ¥ TR
THEIZILP -T2 EBNbhhoT,

Wi, L& 24 % T Ames 3R BR & OV invitro /% (IVIMN) iR &2 i L7 & 2 A,
EH B LM o7 (datanotshown), L7223 T, L&MW 24 1B EFMEDBREN /N E L,
E RV RECT VAL LB ZEERE W ERHFFTE D 28,

100
Decitabine %
80

—— ST 70
60

—o—hCD34 HbF 50

DACESFRM-RE O
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20
10 DACESFREMTIRE
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100
Compound 24 =0
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—— STt 70 DACERMAREOE
60 /
——hCD34 HbF 50
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20
10
0
0.1 11-2 M 10 100 pM

Figure 1-8. Relationship between the active expression concentration of decitabine and compound
24 and the myelosuppressive expression concentration.

1-8 fLAW 24 @ in vivo P

N=TAYFNVETNLVERNT, LAWY 24 2R NOEL5 LG EICEMICERE IR F
HKIZBWT HbF BEAFETE 20O a5 8L L,

TYEE e PERBICBVWTRAKRGICE > THBF 2504 5 Z L&A Sh
TWb7H 20 B! 24 OFBIZNL > TT v X B b5 LIn R MR E L
TR 2 O 2 faik L7 (Figure 1-9), ‘B #i4 Az (Bone Marrow Cell : BMC) X Y fil
HiL7- RNAZ VT qPCR L. Hb ® -7 2 B2 & B-27 1 £ > mRNA J& 5 0 58 (v/B)
ZIEVEDOIREE L UCMNT L, 13BRHE CIX, 7% B % 5mglkg. 10 mg/kg (Wi
1 H1EKEE) CTEMLEZEZA, HEKFAWIZ v/B OWINEHEZRE L, £72. 1 H{BRA

(Figure 1-9a) & O* 3 ik H (Figure1-9c) <TiX. vehicle Bf & b L CTHEZEIRO LA
Mo, 2 B A (Figure 1-9b) Tl vehicle B & i L THEENE D N, B,
y-7 1 B> mRNA KO B-7 v B> mRNA O R BUIAE R TR 5729, vehicle BEF
BIECHIIE L7282 % L, Means+SD Tl L7z (Tablel-5: 1 BB I n=2 D72
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SD KL L), T Z B iE, HEEDOHEHIMT G L T HbF 35875 M 23 JUIE 3 2 M m 23 78
Holz, UbEED, T2 e OMBEFNRERNPRD b d, IRICKEREM
TIeEW 24 il % Z & & LT,
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6 15
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29 10
2 - . N l) N
0 L —— —

vehicle decitabine decitabine vehicle decitabine vehicle decitabine
5 mg/kg, QD 10 mg/kg, QD 15 mg/kg, QD 15 mg/kg, QD
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=
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Figure 1-9. Induction of HbF by decitabine in normal cynomolgus monkeys. (a) Cynomolgus
monkeys were administered decitabine (5 or 10 mg/kg, once a day) or vehicle orally from Day 0 to
Day 6. (n = 2) (b), (c) Cynomolgus monkeys were administered decitabine (15 mg/kg, once a day)
or vehicle orally from Day 0 to Day 6. Data show the mean (+SD) fold increase in the ratio of Hb
v-/B-subunit mRNA expression (n = 3; *p < 0.05, Dunnett’s test).

Table 1-5. Fold change value of y-globin against p-globin gene relative to vehicle control.

decitabine vehicle 5mg/kg QD 10 mg/kg QD 15 mg/kd QD

(a) 1588 1.0 2.6 6.4
(b)2:t888 | 1.0+0.8 12.8 + 4.6
(c)3:8H | 1.0+1.0 13.2 £ 8.1

Gene expression of y-globin and B-globin were determined in erythroblasts from cynomolgus monkey bone marrow.
Each unit is calculated by using following formula and compared with vehicle control; y-globin /B-globin = (y-
globin gene expression at day 6/y-globin gene expression at day 0)/(B-globin gene expression at day 6/B-globin

gene expression at day 0).

& 24 125V Tk, £9°75, 15 mglkg (WFh b 1 H 1EHES) TROKEEICLD
HbF 358154 2 3l L 7= (Figure 1-10a) . {b&% 24 1%, W@ v KA y-7 m B
B AFHE L, 15 mg/kg HERETHEZR y/B LD EF 233D 5z (*p < 0.05, Dunnett #&
BR), £, ARBYIMPOThoF LB THERBELSLITRD bR o -, MiEFIR
A TIE, 15 mg/kg BRI B W TR R MERE O JD A58 bz b oo, SRfmEkE, FEHIR
MERAEFE, FHROLKAE 7 n &, FHRMIR~NE 7 B RE, MP~ESm e
BE., ~~ 7 Uy Ma, /., ABmEREBICITIRE RZ(ITRD 5o 7o,
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vehicle Compound 24 Compound 24 vehicle Compound 24 Compound 24
5 mg/kg, QD 15 mg/kg, QD 7.5 mg/kg, BID 15 mg/kg, BID
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Figure 1-10. Induction of HbF by compound 24 in normal cynomolgus monkeys. (a) Cynomolgus
monkeys were administered compound 24 (5 or 15 mg/kg, once a day) or vehicle orally from Day
0 to Day 6. (b) Cynomolgus monkeys were administered compound 24 (7.5 or 15 mg/kg, twice a
day) or vehicle orally from Day 0 to Day 6. Data show the mean (+SD) fold increase in the ratio of
Hb y-/p-subunit mMRNA expression (n = 3; *p < 0.05, Dunnett’s test).

Table 1-6. Fold change value of y-globin against p-globin gene relative to vehicle control.

compound 24  vehicle 5mg/kg QD 10mg/kg QD 7.5 mg/kd BID 15 mg/kg BID
(a) 154588 1.0+ 0.8 1.4 +0.7 2.4+0.1
(b) 2itE8E 1.0+ 1.0 1.8+0.2 4.2 + 3.6

W2, Jed in vivo FEMRE R A LAY 24 D PK 7 — X% Z W T PKIPD DB %475 Z L
& L7z (Figure1-11), fb&¥ 24 o b % o R 7 FEA R (61%) #&ET 5L, 7V —IK
? ECs0 1£ 6.6 uM & 720 | 5 mg/kg D35H TIE Cnax TH ECso IZJmMN N &b o T,
L7zi3> T, 5 mglkg CTlx+o2FiREEL RSB0 DIIABEELZRF > TEY %
IRE ol EZbND, —J., 15 mglkg Tix, 7V —{KD ECso= 6.6 uM LL L if
fbEWIREZ 8T Fift T2 Z &b, Licino T, 15mg/kg’6i§£<§ﬁ ’ﬁfﬁi%

DROOLNTEBZZLND, LEXY | WICH KD & HEKFME % iR . 7.5
mg/kg. 15 mg/kg ® 2 HEICC, 1 H 2[E#F 5 Tinvivo iz £ 325 Z & & Lf:o
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100000 po. 5 mgkg Suspension

—8—p.o. 15 mg/keg Suspension
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Figure 1-11. PK data of compound 24 and ECso value in free form.

1Y oFbREE LEMND 2 ENZHENSE728 2 0ERTIX, HREEFENIZ y-7
2 B2 mRNA BHEOBEMAEZ S ., 15 mg/kg, 1 H 2 B GRENAFEHMEE L I EE T
& -o7- (Figure 1-10b), L2>L722AR 65, Hvd 3L 1 LT EH O KB KIS NRD 5
ot (ZNENEED v/B1X9.6,4.6,0.9) ., AEZITRO NN, B, A
ABRTTIX, L FBICEHEEE T A TORETIIER AT A —F —DOFEREHTA L)
272,

EMTRE R DOMAEEIT o728 2 A, LA 24 © 15 mglkg. 1 H 2 BHFGREICB W TREH
D& G% 12 B CoOMFERRENERO PK 7—F X 0VHEHLEZY I 2L —v a3y
OFFEME VK 110 K2 E2VH Lz (Figure 1-12), DX A I T by a2 b —
Ta By OMmMPIEENTETWRWNIEIAH TH D2, HbF 353815 0 50 A3 38R /i o
HEXLD BEP o ERIL, [LAEWREBN +0 CThrholclodlleBEx b, ZORK
ELTIE, OEFICE2NBEHRFENE Y . RBEHENHE 20 M EE DK TFIC
DIRP o ToFREtE, @8 Rl & 24 e O MAE P IR EEHERE O RV BN#EG CRrnoe (2D
MOWBRET — 2N LD EfE/e PRKAERICHE 572) AlfetE, QL& 24 D PK 77— X &
RET—F oy NBRERRLZOT, vy NEOAREEREZLND,
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Figure 1-12. Simulation of 15 mg/kg (bid: red line) of compound 24 and measured value 12 hours
after final administration (pink)

1-9 2-THFAEu33~T X U FEEDEGREH

WIZ, FofbEW 24 @ invivo REROFERZE FE 2 T, EHEEZRFLIEZEE PK AR T
Bt g 2 o n b o RS2 A+ 2 & Lz,

AFZHD ADME KON PK 70 7 7 A NV EFERT 5 &, BT 2R EEnE <,
PKIZEWTH N ENE W IEN o7, ZORRKE LT, ¥ AF AN CYPIZ
FOMRBICL VA TFAEIN T LE TR, 2OT I RHERTIT—EBRZ AT T —
BIZCK o TIMAKGREENTLESTZREEMENRB I N, £72, DO SARFEHR IV, U v
T —EBEITIEEZ R T ARXR—=ARNPNZ LR DroTWVWHD T, 2-7HF AL R [33]~T
2 UFHEBR R KOG T HZ & & Lz (Figure 1-13),

/_C))—Ni CYPIC&BBAFINL
EIEERT AR—ADERN °>_ BPIR
P N
Rigidity 1Y TAA—S 3V OEEL
— o]

TV ke

PZ5—EPIATF—Y o
[C&BIKT R

BM-CD34 ECsp: 2.8 uM
metabolic stability (%) human/monkey: 87/10
monkey p.o. (10 mg/kg) AUCiast: 4365 ng*h/mL
f2:1.2h

Figure 1-13. Compound design and strategies for improving PK profiles.
RIELPE 25 6 < A DR E 2> 2- 7T WA R [33]~TF X i, 4TI 7RV DE

iR SR L L TR SN 03 S ICIZEME A2 S ET D22 E N MBN TV D 3235
ZoOAEREITary T A—va Y EEELL OOV IKEED/NIWHIEWERBRILE D |
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EMZRET 2OCKREIEEER T2, 7o, VAFAEEIHET I FICTLHILETAFLLE
DEEMEI Lz, £z, 7T FEERENEEEFLZD LRELTL2LTxTT—F
TN L DMK fRZ M TE D &5 2T,

Table 1-7. SAR of 2-azaspiro[3.3]heptane derivatives.

o P

H
L0
N
X
BM-CD34 omp  Metablic stability
Compound X R EC,, (uM)? Emax (%) human/monkey (%)
24 F \(_)‘ \ 2.6 89 >100/59
S
36 F ’:N 2.9 64 84/79
S
37 H ’:N 2.8 54 >100/64
0. .0
'S
38 H ’:N 3.9 45 76/87
3
39 H |:N >5 47 68/69
o]
0 H |:N>\\( 5 27 94/41
N
41 H 5.0 50 100/87
o]
42 H >5 - 50/17

;

a Compound concentration that induces HbF by 50% if the maximum induction of HbF by decitabine is taken as 100%.
b Maximum effect of the compound as a percentage of that of decitabine. Human BM-CD34+ cells were used in the assay.
¢ Remaining percentage of test compounds after 0.5 h incubation with human/monkey liver microsomes (0.5 mg/mL).

FROBREEE X THRE - A L7 LG 36 1%, WIF7E Y ECsof 2.9 uM OiEMEZ R
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L, PVFI 7y —2IcB 5L EN L UE L (Tablel1-7), [REEIC, LD 7L
FuERELZILEY 37T bIEEEZRFE L, (bLAEW 36 XN 37 13/bEW 24 L bk L C
BN ONLCLogP ML TWAIZ b b b TRLEENLE SN, VT, 1t
EMITOTEFNANEEALZ L ANVKR=VEE38, oA =139, 2-AF LT et =
VI A0, FF = TR 41 TEEHMA L L EENMET L, 0. O 72 I IR

EAEEOT VT BT U UFFEMEK 42 AR FEAI LT & 2 A TEME L O L EME IR T
L, AV eEEOBMENERINTZ, LELY, 2 b o RIZIES W T, BAF72 invitro
TSR ML EEZ R Lo b &9 36 OV 37 Z VT, #1#] ADMET K& O PK ikl % 52
T HZEE LT,

1-10 kA% 36, 37 OFIH ADMET & PK 7u 77 A Vv

M BKE LIS 36, 37 © ADMET Yu 7 7 A )V} N PK 127 7 A /L% Table 1-8
WZRT, Toibamix, (bEW 24 Ll L TSI B BT, CYP HEEME
X° hERG FAEIEMEIXFEF ICH W EBH LN ERD ALERERTHDL Z ERRBINT,
PK RBR Tix, {bE&W 36, 37 X B2 iR &4 L, B2 LA 37 13 AUCaq 78 4212
ng-h/mL &72 0 (LkEW36 D250 MPIREEL R L, £/, (kEW 37T OEHAETO
PK B A FhE L7 & Z A, 15 mg/kg {23 T Cmax I 11310 ng/mL, AUCast I 65877 ng-
himL 720 EHEELEMPBEREICHEEEEZ T BT, LELY (LEW 37
AW Tinvivo il A2 £+ 252 L & L7,

Table 1-8. Chemical structures, activity, ADMET profiles, and PK profiles of compound 36, 37.

Compound 36 37

Structure % N& % N&

BM-CD34 ECso (Emax) 2.9 uM (64%) 2.8 uM (54%)
MW (g/mol) 343 325
LCLog P 3.3 3.2
CYP(1A2/2C9/2D6/3A4)? 1/<0/1/<0 3/<0/2/<0
Solubility®(ng/mL) (JP1/JP2) >100/>100 >100/>100
hERG inhibition (10 pM) N.T® 18%
Plasma protein binding (monkey) 2% 59%
PK parameters (monkey: 1 mg/kg, p.o.)

Cmax (ng/mL) 460 545
AUC st (ng*h/mL) 2354 4212

2 % Direct inhibition of CYP at 10 pM.
b JP1/JP2: Japanese Pharmacopoeia first/second test fluid (pH = 1.2/6.8)
¢ Not tested.
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1-11  fb&% 37 @ in vivo FE1f

{ba¥ 37 Z T, 15mglkg X 830 mg/kg @ 1 A 2 [A1# 512 T invivo iBR 2 £ i L 7=
(Figure 1-14), T O#ER, HEKEMEEZ S > T HOF FEEMEZ 8 L, #5112 30 mg/kg # 5
FECITAER HOF S8R bivic, —FH ., Zeom CIXELEZ L., &R
TIGEM-) AR 4L, 5 H HUBE CHEKRAFRREREBDNRO vz, £7o, MK5H
MBIV CIE, /b, AmEkE e SICHEKRFNZRERRD bR, LT, &
Bk &4 37 @ 30mglkg HEREICB T D LIEDOH LITENT, ROKREGE%IC—BEDRK
MEFERBLEIN, ZOFLVITERNSBI ST,

TR O tbig 2 3 5 72912 vehicle FEFHME CHIE L7284 H L. Means + SD T
Table1-9 IZEKFE L7z, B O L 22 523, k& 37 © 15mg/kg. 1 B 2 [ GHEIZER
WT, 7v v 15mglkg, 1 H 1EEERE (K13 4%) LR%FLU EOESWIEL R RE S
7=,

120
100
80
60

40

Fold increase (y/B)

vehicle Compound 37 Compound 37
15 mg/kg 30 mg/kg

Figure 1-14. Induction of HbF by compound 37 in normal cynomolgus monkeys. Cynomolgus
monkeys were administered compound 37 (15 or 30 mg/kg, twice a day) or vehicle orally from Day
0 to Day 6. Data show the mean (+SD) fold increase in the ratio of Hb y-/B-subunit mRNA
expression (n = 3 or 4; *p < 0.05, Dunnett’s test).

Table 1-9. Fold change value of y-globin against B-globin gene relative to vehicle control.

compound 37 vehicle 15 mg/kg BID 30 mg/kg BID
15U82H 1.0+ 0.3 24.6 £21.6 49.9 £ 27.6

F7o. ALAEW 37 © 30 mg/kg, 1 H 2 M GRS W TR&E H ORKER 5% 12 FEETO
MAEFREOFERE X, HElo PK RBELVEH LY I a2 —va VoOFHEME & ITIE—
# L7 (Figure 1-15), L7=23-> T, {b&W 37 1ZMEEY OBTEN TE TV Z & 0RE
SN, (LAEW2 L VL EBRBETH22DICEWESEZRLEZEEZ BN,
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Time (hr)

Figure 1-15. Simulation of 35 mg/kg (bid: red line) of compound 37 and measured value 12 hours
after final administration (light blue).
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1-12 3-T==-A IV FH Y —ALFEHEDERK

{b&¥ 10-20 KO 35 D& %% Scheme 1-1 [Z7R"$, WD B /LR Bk 43a-43] & 7 2
VIERRYE 44 DHEA G TX, HABU £721X EDCI 24 A#l & LCTHWA Z & T, A& T2
{bat 10-19 #1457, {b&W 351, H/LR e 43h &7 I VHEBRIE 45 26+ 52 L T
Bz, ALEW201X, T HAVREEA3a LT 2046 BFEA L. W TIKDIRZLT - 7=
BICHECTEINRUBEAS L ATF LT I U EEAESEDLZ & TH-,

O
(0]
OH
_ o + M N\/\( . —
RN N
43a; R = p-fluorophenyl 44 0; R = p-fluorophenyl|
43b; R = o-fluorophenyl 11; R = o-fluorophenyl
43c; R = m-fluoropheny!l 12; R = m-fluorophenyl
43d; R = phenyl 13; R = phenyl
43e; R = p-chlorophenyl 14; R = p-chlorophenyl
43f; R = p-trifluoropheny! 15; R = p-trifluorophenyl
439; R = cyclohexyl 16; R = cyclohexyl
o

48; R = OH

—— 20; R = N(Me),

Scheme 1-1. Synthesis of compounds 10-20, 35. Reagents and conditions: a) HABU or EDCI,
DIPEA or EtsN, DMF, rt, 1 h, 25%-62%; b) LiOH-H,0, THF, MeOH, H>0, rt, 2 h, 52%.
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{b&W 21-23 D& iE % Scheme 1-2 IZ/R 7, TIROE R —/L-2-X F )L AT )V 49 %7
LELEL, EBIEN-TAFALTT 252 247, fi\ T, DMSO 1 150 °C THN#EL
THELTT I X AKRE3 B th . AT VBRS4 EBAR-BEH A ) T EITH Z LT
A2l 257, kAW 22, 23 DHKIT, ETT 7 UNAFEATF LB ET I 56 #HNT
aza-Michael [ JSIZ X WALEW 57 215 7-, T D%, N-T ik, < 77 % 2k %2179 2
& TIbAEW 60 2457, K\ T, LAWY 60 ZBREER,. 7 7€~ b 62 & HV T Hantzsch

o — VRS Lo TIEEW 22 #157-, L&MW 23 1%, {LEW 22 D N-AF{kizck v
7=

Br o
o
7 a J b OMe y
‘ -+ Br B —— ‘ /\)\\N
N OMe T pr >~ N oMe ™™= [ N \
B N
Ho T NIV Br—\ N
51

49 50 52
o)
o e OH ° /\)\N/
/\)\N B d N \
_c N 4 /@/ on_ 9 =(
Br—\ N F F h
53 54 21

O (6] e (@) (0] o o i
e e SR S

55 56 57 58
o} o] o o o o o
MeO)K/\N/\)LN/ o, Eto)ﬁ/\)LN/ L b/\)LN/
HO | o) |

\
ﬁ °
EtO o) 59 60

0} O

/ /
S S
o . fe) \ . (0] \
+ /©)k/8r _I> N _]> N
F R /N\
N
62 H \
F 22 F 23

Scheme 1-2. Synthesis of compounds 21-23. Reagents and conditions: a) NaH, DMF, rt to 80 °C,
1 h, 77%; b) 3-amino-N,N-diethylpropanamide, K,CO3, DMF, rt to 80 °C, 2 h, 12%; c) DMSO,
150 °C, 4 h, 87%; d) Pd(PPhz)2Cl. (10 mol%), K.CO3, dioxane, H20, rt to 120 °C, 1 h, pW, 33%;
e) MeOH, rt to 50 °C, 16 h, 33%; f) DIPEA, CH.Cl;, 0 °C, 1 h, 45%; g) NaH, EtOH, 0 °C to rt, 17

h, 89%; h) AcOH, H20, rt to 90 °C, 2 h, 100%; i) NH4OAc, EtOH, rt, 17 h, 17%; j) NaH, Mel, DMF,
0°Ctort, 2h, 76%.
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HCI a

R —
+ H,N~
F
43a 63a; R = CH(CH,)CH,CO,Et  64a; R = CH(CH,)CH,CO,Et  65a; R = CH(CH,)CH,CO,H  29; R = CH(CH,)CH,CON(Me),
o 83D R=CH,CH(CH,)CO,Me 64b; R = CH,CH(CH,)CO,Me 65b; R = CH,CH(CH;)CO,H  30; R = CH,CH(CH,)CON(Me),
63c; R = CH,CHCO,Me 64c; R = CH,CHCO,Me 65c; R = CH,CH,CO,H
R a
N 24 R= CH,CH,CONHMe
25; R = CH,CH,CONH, O N,R
26; R = CH,CH,CH,N(Me), o j"‘ Ny

27; R = CH,CH,CH,CON(Me),
28; R = CH,CON(Me),
33; R = CH,CH,SO,N(Me),

66; R = CH,CH,0H —
31; R = cyclopentyl
32; R = hydroxyazetidy! F

34

Scheme 1-3. Synthesis of compounds 24-34. Reagents and conditions: (a) corresponding amine,
HATU or HBTU, DIPEA, DMF, 0 °C tort, 1 h, 15%-80%; (b) LiOH-H,0, THF, H;0, rt, 1 h-15 h;
(c) MeaNH-HCI, HATU, DIPEA, DMF, 0 °C to rt, 1 h, 30%-93%; (d) PPhs, hexachloroethane, EtsN,
CH2Clz rt, 16 h, 32%.

{b& 24-34 O G EE % Scheme 1-3 127 d, L& 24-28 LN 33 DAL, IR
i 43a ExtIn T 57 I B HWTHAE RIS ZIT 9 2 & TH, (kG 29, 30 DAL, F
TR B 43a LA DT AT VK 63a, 63b LN TENMES L. e\ TR SR &2 4T
W, SHIRTVAFAT IV EHMET 52 & TR, {ba 31, 321X, /v AR W 65c & xt
T DT IV EHWTHERILEZIT) 28 TERENST-, (L&Y 34 1%, /LR g 65¢
e ReXxo=F A7 Ivafa Lk, N 7=V RAT7 40 v 2EHS®ES 2 LT
XYY —VEREMEEL, HIWE T 2L6W 34 2157,

{b&¥ 36-42 DA RkE %L Scheme 1-4 (2”3, £, filkoO{bEY 43a, 43d & ik 7
V67 mMEAE L, (LB 68, 69 TN ENGT, Ft\ T, MPESRM T C Boc E&aREL
Teth, Bonler I 70, 1 278 F AT H L THIME T H{LEW 36, 37 2157,
fbE& 381X, (LEWMTL O N-ANVK= b E1TH 2 & THz, A, (LEW 39 LT 40
W, ST omE RN T b7 2 L TR EEM4LIZ. TE N LT
REHWEEILHT 2 ki Lo THEe, k& 4213, bEW 36 L REkD LT, {bH
W) 43d LN 72 B AR LT,
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a, for 47

NBOC " for a8
+ —_—

H,N
R
43a; RL=F 67 R = 70, R'=F
43d; Rt =H 69; Rl =H 71;R'=H 37, R1=H
e, for 38
f, for 39, 40
g, for 41

38; R? = SO,CH,
39; R2 = COCH,CH,
40; R2 = COCH(CH
41; R? = CH,CH,

3)2

Scheme 1-4. Synthesis of compounds 36-42. Reagents and conditions: a) 43a, COMU, EtsN, DMF,
0 °Ctort, 3 h, 56%; b) (i) 43d, SOClI,, EtsN, DMF, CH2Cly, rt to 50 °C, 4 h; (ii) 67, EtsN, CHClo,
0°Ctort,1h,91% over 2 steps; c) TFA, CH2Cl, 0 °C, 3 h, 54%-85%; d) AcCl, Py., CH.ClI,, 0 °C
tort, 1 h, 80%—-88%; e) MsClI, Py, CH,Cl,, 0 °C to rt, 3 h, 71%; f) carbonyl chloride, Py., CH2Cl;,
DMF, 0 °C to rt, 3 h, 90%-96%; g) acetaldehyde, NaBH(OACc)3, THF, 0 °Ctort, 1 h, 61%; h) HATU,
DIPEA, DMF, 0 °Ctort, 1 h, 41%; i) (i) TFA, CH2Cl3, 0 °C, 3 h, 61%; (ii) AcCl, Py., CHCl, 0 °C
tort, 1 h, 86%.

1-13 /&

HFEDEIRLNSNA T T A4 L VICHBIEA R DR D =X LORIE, £ < OIEHRESE
B E B 2 AIERFIEORENREE > T\W\WD, £ 2 THE, REAIZES RS
V==V IR OEEEZLEL, IEBAORE 2T Ta—F00 2L L
TSN TWD, EEE, 1999-2008 H 2B\ T FDA IZ/ARE SN FidE 2T+ 2 L. 7
F—ARA LT TADCWIEIT = ) BA T A7V —= Ik TRHBENEEHRESN
TED ®, IHICHEBKARL LTHEINL TV 3738

COHREBEZC.EFILI T ) XA T AT Y —= 7T Lo THH HbF FHE K 0 B
BEHELE, TN AL—T Y " NDT =2 ) XA TAZ Y —=" 7T 18,000 D{L4
WEFHML L., 18 DibkEaWw R v L, ZOH9H, by MEAEMDO 1 S>THD 3-7 ==/b
A XYY = LFERNS S RRER A E L. in vitro (231 5 HbF SFEiEM A2 R L o
S L DR rﬁzz’)xﬂﬁz% Licfb & 24 045 Lz, k&% 24 1%, BEFIO Y = %7
4T ADEY a2 Lb—F —IZEBE 5252 £7:<, Bcllla X° LRF 72 & ® HbF @ F 7= %A
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GRS EZ XX ab— T HZ L EWLNC LT, T2 (LEW 24 OIGHEFR LR
MBI R D~ — U LT VX BT R CIER TR < L Ames R & OV in vitro
IZE(IVIMN) RERCRIETH o722 & L0 {bAEW 24 IZFH MEOBREN/NEL, B X
VIRFBBRLT VA E LIV B REENE N ERHFTE D,

k& 24 1%, vz iz invivo BBRICEWT 7.5, 15 mg/kg (W 34vd 1 H 1 IEH%E@)
OROFLE TG LIz 2 A, FIFfFE Y FAEBEKFNIZ y-7 12 B2 O mRNA BB %5
15 mog/kg HGRETHEZR yB O EEREO LNTZ, —FH., 1 BH=D @&ﬁﬁlﬂ;&% 1 IEI
26 2 ENIHIIN S 728 2 O ERR TIE, AEEFHIC y-7 m B RELO XY K& 2B
BRINTE-bLOD, AEEITBD LN N -T2, BT RORIEEZITo72E 25, (LEY
24 @ 15 mg/kg, 1 H 2 [ GEEICIB W TRE H OREHR 5% 12 KEf] C o i 8 g g s o
Ral—varoptEELDH U0 KW A B L,

WIZ, WEEERFFLIZEE PK R CRBMNRIBRZEL R I{LEMORSEZHEL, 2
T A= arDEELE 2-THF AL O[33] T X UERKICHER Lz, Hifs@my, 2-7
#Ztm[33]f\7§7/m%ﬁ§ 7 FEMELRFF LoD, YA I /v Yy —AllBIT 5K

EMEbekE Lz, {bAW 37 ZH T, 15 mg/kg, &30 mg/kg @ 1 H 2 [ 5REIZ T
in vivo iRBR A EhE L7255 R, A BEENIC HOF 358 E M2~ L, $512 30 mg/kg #&5-#EC

A EZR HOF FFEEERR O bNve, £, LAWY 37 D 30 mglkg & 5-HEIZ B W THRAEH
@aﬁffk%é%ﬁ& 12 BRI ComETEEDERNMEIZ, I a2l — a3 v OFEMEEIFIF—
L7, LERST, kAW 37T IZEEBY OBEENRCTX TV ERRB I, (LAWY 24
FOLEBREThHoTTEDICHEWEDE R LT EEZ XN, £, RBEE Ok L 725
25 15mg/kg, 1 H 2 [BEI# 58 (vehicle #ilE#. 9 25(%) TH., 7 Z B ® 15mg/kg. 1
A 1EEERE (134 L0 bEAMOATREMESHEN S vz,

b vy MEAMIODL T2 ) XA T A7) —=0 712k 0 AR %3 L.
FORMENEL 22— REEEF O 2- TV A0 [33]~T ¥ U iFEIKk 37 2 A LT,
BRBSE CIX, B FaXx v REFOMBEEREOMBEEZMRIE L2 L ZETHRNR
HbF FEFI N RO SN TEBY . (LEW 37T I B-V T & I 7 X SCD DIGHEHE D B I (2% 57
SDEHfFFEIND,

N
Rigidity é)
; N
H
10 37
BM-CD34 ECs0: 2.8 uyM BM-CD34 ECs0: 2.8 uyM
metabolic stability (%) human/menkey: 87/10 metabolic stability (%) human/monkey: >100/64
monkey p.o. (10 mg/kg) AUCast: 4365 ng*h/mL monkey p.o. (1 mg/kg) AUCiast: 4212 ng*h/mL
tiz: 1.2 h t12: 3.7 h

Figure 1-16. Summary of section 1.
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#2E G/GLPEERE =TIV — NMLAWOES
2-1 EXx

TV RT 4 7 AHIEEER &1L, DNA Kb 2 > ~O#% KWL ZEfizm L T,
DNA ORI OEIZ LR WEEBFRELHE - (RETDHVAT LD ETHD ¥,
TV RXT v 7 ADRFIL, B EORA RSO N DA ietEnd v | BLEAISE
B ELTHERINLTWSD, TEY 2 RXT 47 ALK DB R FRIAFH IV TEHE K
HEZREZLTVWEDIE, TEFALE, AFALEEDIFEMEBEAT D [EXIALESE],
ITNHEWOBRLS BEERZ], KO, T TFALAESCATNVEEZRR LUMAAEERT 2 TRA
W& 7E) Thd (Figure2-1) 0 ZDH5b, EARDOAF I, Vv, 7
NI LRI B TTREOMRE - MEIcEESE L TWD, FlxiE, B X
VHEURIEHI D 4FHDOY v UFRIE (H3K4), H3K36, H3K79 72 & D A F UL ILis G
EMEAEDEZ > TV D BRFO 7 1 E—F —fHIEIC MR S v, H3K9, H3K27, H4K20 72 &
DAFNACITEEEMHINE Z > TV HHEEBIICAH SN TS, 2T LEEATFMEEITH
“writer” D& E A O BEHR T 7 I U —1T, & A b A F{bEE SR (Histone methyltransferase:
HMT) & BRI TV 5,

EXR

ERFDT7EFILE

HAT: EARSFEFILEEER

HDAC: ERPVIRFEFIL BN
BRD: 7OERAI S OR
(FTEFLIAEE S OR)

ERRDAFILE Tl
TET | | DNMT

KMT: ER b2 AF JLEBEXR
KDM: ER R B AF AL BER
MKBP: AF W) EE5 1 9R

DNADAFILIE

DNMT: DNAAFJLAL BEXE
TET: DNABAFJLILIZBAh B BER
MBDP: AFJL{EDNARS & 82 /3R

Figure 2-1. Epigenetics in DNA methylation and histone acetylation and methylation.*°

AR T2 L O, Z7abrBEIFRIAOHEIZEL L TC2o0MFERHY, 7 a~
FUREHRFOERE LTIE, Ve v AL v F Ul N T ey 8BETFY FAZ—ITBW
TZEY=%T 1 v 7 2Bt L, DNA L bR by (7 u<wF oMl OEBEERZES,
B 21X, BATRMERAAL D y-27 0 B Bin 1L, BIEARMERME S i LT, > hr R
F AL DRI K& OTEME B A kA& fi (H3K36m3, H3K9ac, H3K27ac) M2k & BIE L T
24 IAHDTEY =T 4 v 2L, DNA X FAALEES 1 (DNMTL) @/ v 7 %
BN L o T HOF OISR S D L v S MR & —5 L. EEIC DNMTL IER O F
2t BEERERBR T CTH D Y2 . B A N URT 2 FALEESE (HDAC) BHEHI AL IR
e AR TRHFAMEEESE, HOF ZHMS 2L VI MELH D B, 2o, b2
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Nl A FubESE (LSD1) 7 v F =2 A F (bR (PRMTS) 2 ER 7 m vy BT
B LA LTV ERMBNTWND, TOHRT, EHFIZIV U AFNVERTH D
G9a/GLP (% H L 7=,

G9a (EHMT2, KMT1C) I, AT NMEARTH S S- 77T /v VA F A= (SAM) 12X
STERARNSZUNRIEHI EOIFZHDY i (H3K9) o/ AFLfh, ¥ AF L
fbZfitift4 %, GLP (EHMT1, KMT1D) i, G9 & ZIZ®D SET KA A ZHE W\ T 80%
OEFIRFEINEZHF T 5 Gla k¥ X7 ETH ., FEIZT HIK9 O F U X F AL Zfillit5 5,
INDIFEA N OAFAMLERETHZ EiCL Y, DNAER, HELEE, KOEKR T
FHEICB W CTEEREZE 2R+ 4 S5I12.6% 1XZ < OEEMIE CHEEREL THBY,
H@“@%éi% EDEL ODFRFMET o v ACEBEL TWDLZ ERHLMNE RS TND %4 =
DX ST, G9a KN GLP iXHE A OB T8 LWIBIEIERN L EH S TR Y, EIRREDOH
u\ﬁﬁ?ﬂﬂﬂz& L CHi#l G9a/GLP BH 55 Al B R A FEMANIZI T TV 5

— . WU O IEZ L > TR b E ST\, 2015 4£(Z Krivega & 1% G9a/GLP
FLEHITH 5 UNC0638 (Figure 2-4) 73t bk CD34+7RIFERATEAMAL I W TRAE 7 2 B
YORK30%D HObF 2 EHESEDL L E2RE L%, £/, A D =X LMPTOFER. HbF
OLEFIIHBED - rofFBERIEMLERAD B-7 v G O BE L T
2o Thbb, p-7/ 1 riliinfDiiE T LDBI/GATA-1/TALL/LMO2 # & 1k & & IR s+
JEFEGEE (LCR) ICX > CHREI &N 523, Gla 2MHET D L y-F/ e vzt —
Z—7n b H3KIme2 RSN T LDBLEA KL EA L. y-/ rE VB 7 rE—X
— L LCR OMAEEANRESIND Z L Ty-Zun B 0iENERIL SN S (Figure 2-2),

H3K9me2

Figure 2-2. Model describing the role of G9a established H3K9me2 in regulation of fetal and adult
B-globin genes expression in adult erythrocytes.*®

F 7=, [AI4. Renneville 513 G9a KO GLP O fl #x OElE+ / v 7 X0 e haRIMERHR
JAlZB W T y-7 v B iBfn 38 L HOF PEAZFFEE L, G9a LN GLP 28 y-7 1 & L 4|
G T2V RxT 4 v 7 RHFABINTTHLI L EZRELTCND 2 X512, G &
W GLP O AE{EN O R BLEAL 2 The Human Protein Atlas™ 0 TH&E L/- & 2 A, Ga KN
GLP @ RNA RF U NI EPERHMN THO I EHICEBE L TWD Z Enbholz, Lz
NoT, HOF EAZ B ETX 55 N 72T 2 7/ GalGLP [LEHI OB IL, B-V T8I T K
NSCD #1RET HT-ODENT 7o —F L LTRYTHLEEZONT-, FEEE. Epizyme
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1% SCD ORI L L TR O E alfer Gla fLERITH 5 EZM8266 (FEiEIXIEAR) %
AR L72°%, LEXY, 2FIZBWTERIE, B-H 78I T LOSCD #iFEEOAIRL L L
THH Ga/lGLP fHEH OIS Hig 4+ 2 & & Lz,

2-2 BEAn GOa/GLP FHEHIORIE

2 10 M T, $5% < O GalGLP LEAINHE I T\ 5 52, BED G9a/GLP fHLEHA
X, AT — FIZESWT 1) SAM #illF#HGER . 2) £E (X7F F) BHEHEFH.
D2ODTN—TITHMTE D (Figure2-3), L FIZZNENDOHEFNZOWTHEINTT 5,

SAM B AL EANL, G9a KN GLP @ SAM fEAMALICHEA L, SAM EHiAT25 2 L1
X o T G DEE D A F AL H ST Ga i&FMENFLE S5, BIX01338 (Figure 2-4)
X, REBAMER TH D BIX01294 & & HIZ HTSIZX > TR S,V | G9% 1oxf L T 4.7
uM @ ICsofil 7~ L7z %3, 7=, BRD9539 (%, BIX01338 O (2 H S\ TR L VA L &
AU, ICso 1L GOa (2K LT 6.3 uM 7/ L7 %, LA L., BRD9539 [FMfd—2 DT vtk
A TIEHEEZTRST, ZHITMBEEEESMBENZ ERNREE L TEX LN, if:\
Chaetomium o ESNT-BEEH~ A a2 X0 THDHF v b oid, 2005 2V v
RO E A R AFNALERBEAE L TRIICHE SN 5, Fr= by vid, 1Cs =
2.5 UM T G9a ZBINAICPHLE L. LN O H3KImMe2 M 8 H3K9me3 L ~L Z Z IR ) |2 K
TE®HL, vEA7UyFUF, O BEEERAEWE L L T EN Lilly I2X-T
Streptomycesgriseoleus 7> 5 7y fff & 7172 58, #3#1L SAM (ZHHL L TH Y [ IC5=30uM T G9a
EEELET S,

A
R (SAM competltlve inhibitor)
(substrate) \ (substrate)

(substrate)
(substrate competitive inhibitor)

Figure 2-3. The mechanism of action of G9a and G9a inhibitors. (A) G9a catalyzes the methylation
of histone3 protein with S-adenosylmethionine (SAM) as a methyl donor. (B) The mechanism of
action of G9a inhibitors. Substrate competitive inhibitors bind the substrate site in G9a and block
the methylation of substrates. SAM competitive inhibitors compete with endogenous SAM, thus
inhibit the G9a activity. (K: Lysine; SAM: S-adenosyl methionine; SAH: S-adenosylhomocysteine;
Me: Methyl group).>?

*3

The Human Protein Atlas (HPA) X, AU = —F VDTNV —TNEEL TV B e O Z R T7EF D%
BHERT — I XN—ATboD, a7zt bOMERCH MM, MgkRICB T2 o R ERBEER - Eis
T (RNA) REIEHRE T o RIVBREEZRARDZENTE D,
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O=\..NH,
NH,
o OH
7N ‘oH

7N
|
H,N N)

BIX01338 BRD9539 Chaetocin Sinefungin

G9aIC, = 4.7 yM G9a IC,,= 6.3 M G9a IC, = 2.5 M G9a/GLP IC, = 30/28 pM

Figure 2-4. Chemical structures of SAM competitive G9a inhibitors.

BB (RXTFR) BAMEANL, B R D G ~DFE AU 2 B854 L. SAM & 5
BT HOTIERL<, G OIREIIITFEMICHE AT 2, —IC, EEHEAFEANIL SAM
A ER LD S Gl ok U TENTERMEA R L, BEEME LRV Z &S I
FEMATHOI TV D, BIX01294 (74) X, HTSIZ X » THE LN =& A D G%lGLP JEE i & [
EHTH D % (Figure2-5), LT, ZOXFFT Y IV UFEARDES S5 SARWFFEICL - T
UTFOZENRHLMMNE o7z, (1) BIX01294 DX LT G9a PHETEMICIIAE TH
H 2V EII vy LIEEO T v ax 7 X 2 ENHEEERICHEFTICEETH D,

(3) 27ICBiKMEIR A B AT D Z Lick - CHlMBBMEN S EL, MIT vy A28V T
HILEEMEZ RS, ZOELRICHSE, G/GLP (X L TEHNEN ICs=15/19 nM % 7~
58 /172 G9a/GLP FHEAI UNC0638 (75) A S 4L/, Lol s, PK 7177 AL
MAT3THO, BIERTOMEHILHIR I TV, UNC063L (X, AREMEN LV &<

(Log P=5.5vs Log P=4.8 for 75) & MEA i L, Ak~ 2 MR R C @y Ga PRLETEME %
R L7z %8, F72, UNC0638 ® SAR HFZEIZ L - T, 2D 7 m~F TN in vivo 128
TR LEEEDOIRTORKTH D Z &EM/REE I, UNC0638 D 2 (LD v 7 a~F /LA
75: 4,4-2 7 )V Fm B DT L7258 J) 72 G9alGLP BHE Al UNCO0642 (77) 7345 H vz

% UNCO0642 X, UNC0638 & fh#s L CHER 7 v A K OMIR T » A 2B W iGN M Lk
L., SHIZENTZ invivo PK 727 7 A NVEFFD, TAICATFALTZ Y NIKEZEANLZSX
U UFEEAR CM-272 1%, G9a & DNMT @ —&EHEFEAITH 0 | ik EE O 5 % 20 R 691 FH
EL, ZOTHR =V AZRET LI ENFEINTND O x5z, 7I /74 K=
A-366 (79) 51> EPZ035544 (80) 5264 2-7 3 /) R XA I XYV —)L{Kk81%% 7 & 2L
B2 DB/ O GlGLP FHEAINHRE SN TS, LLLARRL, WTFROBKIZCBWTY
hERG PHLETEM R T RIESAN ZF T 5 d (fENT —# : Figure 2-5 &), F7-. UNC0638

(75) <° UNCO0642 (77) 72 E@ﬂefy“u CEERIT, RETAIERD - 0 ISR ICAFE S h
TWDN O =i I EBENIEFICENE WS MENH D (] 0 UNC0638

(75). UNCO0642 (77) : MDCK Papp=0.22, 0.21x10%cm/s), & 512, EFF VU U #EEIC
BSOS GalGLP FLFANCHE T 2 XXMM EIXZ T < T nTH D R AN AR e
bivd, LLEX D | HF X Epizyme th2 b s & 47z EPZ035544 (80) ZHF{bAawE L
THR )72 FH GOalGLP BAEAI DRI Z HiE+ 2 & & LTz,
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o, o,

2N\/ \ - OMe s
/NC)N)\N OMe N\N O/V\NQ W/NC)N)\N o/\/\y\O

BIX01294 (74) UNCO0638 (75) UNCO0631 (76)
G9a/GLP IC,,= 1.9/0.7 uM G9a/GLP IC,,= 15/19 nM G9a IC, ;= 4.0 nM

hERG inh. (3 pM) = 21%
Ay !
Q\NH NH
N7 OMe _ OMe
//OIKNI j:o/\/\NQ WO/\/\N\D
E
E

UNCO0642 (77) CM272 (78)
G9a/GLP IC ;= <2.5/<2.5 nM G9a/GLP ICy,= 8 M

hERG inh. (3 uM) = 22%

“NH
OMe SN OMe H\g OMe
" (L KX L
N O/\/\NQ N/ N O/\/\NQ / N O/\/\NQ
H

A-366 (79) 81
G9a/GLP IC, = 3.3/38 M EPZ035544 (80) GYa/GLP IC,,= <100/<100 nM

hERG in. (3 M) = 20% hERG inh. (3 uM) = 23%

Figure 2-5. Chemical structures of substrate competitive G9a/GLP inhibitors.

OMe

2-3 EPZ035544 76 DA R E B

EPZ035544 (80) %, LN ® invitro 7 vt A ZfH L CFAli L7= & 2 A, G9a/GLP IZ%f
L CENZ4 16.9/185 nM @ ICs fli CHHFEEMEEZ R LT, —FH T, (kAW 80 O~ & PK
Ta T ANE, N FTT XA T YT 4 (BA) BN 1T%ERFTIEER<, 51 hERGH
EIEVE (42%at10puM) Z/RL7-, —f%IZ, hERG Z[LET S Z Lk » TLEXKO QT M
fEQER L, BUOEMLEAEIRZFRT H2BENH S50, hERG ITAIZEEBIZHB W TH)
BN DM DREL T =Ty FEEZEZ LTS, L&Y 80 28 hERG [HFIEME
ZaRLEFRREZZELEZEZA, MEEICB W THEER & IR E RIS EY) 72 R b
D ELRIE) 72 hERG ILEFEM 2 I HETH 2L EEZ N, LER- T, EH1TE
9. hERG PLEJEMOFEIZHIT ZH Y #lA & LT hERG LEFME 2~ 3LAEWD 7 7 —
~ a7 FTETIINIONWTHEH L7z, Aronov IZ X » THEZE SN 7- hERG L EEM 2 -4 7
7 —~ 37 4 7 EF /% Table 2-1 |2 539 0869,
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Table 2-1. Pharmacophore hypotheses by Aronov et al.®®

7
7

(A) pharmacophore

F,: nitrogen atom F,F,; 1837
@ﬁ: aromatic ring F,F,;: 6382

I

]
6.3-8.2A ,’ “ 4.8-6.7A @ F,: H-bond acceptor ~ F,F,: 4.8-6.7
Iy

1.8-3.7A

KFHEET 78T X — (F) EEFZFRT (F) 1X4867A KEMET 787 5%— (F)
EHEEEER (F3) 13 1.8-3.7A, BFF T (F) LHFHEKER (F) 1% 6.3-82A OfrEMLRIC
HHILEWIL, hERG BAEIEMHZ R TEAm N H D EFLE I TWD, K\ T, hERG [LETE
% /x93 EPZ035544 O ZERLE % 4y €T V> 7Y 7 U =7 Maestro (version 11.4)
EFHOWCEEAEL, 2ol 2% H L7 (Figure 2-6), EPZ035544 |3, % & B IC
BT FiF2=6.02A, FiF3=2.80A, FoF3=7.26A L7210 . Aronov (2 L » THRZE S 7= hERG
Ty aAT7FTETNAMIETEENTWVDLZ ERNbro T,

Cation

Aromatic ring

HBA

EPZ035544

Figure 2-6. Aronov hERG pharmacophore overlaid on calculated molecular model structures of
compound 80 for the most stable conformer. Pharmacophore points are shown as color-coded mesh
spheres according to the legend, with distances (A) between features marked by dashed red lines.

WIZ . Figure 2-5DBEF1 D Ga/GLPIHEAID L A& IZIER T 5 &0 T 6 HFEH O A4
DD L N3-(Er ) P r-1-40) 7aRd v EE2HT5203b0s, Z ORI,
FEEREHM OV U BREEAZREM L TRV | IEMEZ R T 72 DI IR U] 2207 (8 (23 VR E 6E
HEBATHLENDH D Z LN RBINT, £, ZOMEO LR MAEE (L& HT50PDB
code : BRIW* K ML & 790D PDB code : 4NVQ®) A EHELBIETH L. FuRx o i
HoEIIHMOEDDTIERS S EATWDLZ ERNbhr-7- (Figure 2-7),
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(A) E é (B)

Figure 2-7. Active conformations of (A) compounds 75°° and (B) 79%! obtained from co-crystal
structures with G9a.

EPZ035544D kM2 > 7 4 A —v a U EMRT X, Glalt iRl azlELI-E 2 A,
(EEMTSALEWTOL AT D 7 e REF L HIFHNSEATNDL I ERXbo T,

,,," \-‘7%:
|
4'/
7
\ 7/-— = | e |

— s
Figure 2-8. X-ray crystal structure of EPZ035544 (80) bound to G9a (PDB code: 7BTV).

UbozZ &nb, MEmEEEa 73 A —varokriciBno-EFBRIEL THEE
b4+ 22 & T, GlGLPIFE M ##F L D OhERGILE 7 7 —~ 2 7+ 7T ET L b,
hERGIHENWET 5D TIE W EFZ 2, REFOMIELr FE+ 52L& L, — KT,
a7 A= aryOlEEMRZ, ALEWOREBRIME, PKIe 7 s AV ROA T Z—5
v h7r 77 A4/ (hERGHE K O'CYPLE) OWFIZEN DD, RT v I TH A Dl
LR TFEDLDEEZ BN TWADOMN, 72035 G9ak GLPOIHMEMEIZ 1 1E 8 BB £ A3
H5H7w GEMIE3-328) . 4%IIGREEIEICOVWTERTHIZ LT D,

FP AHAEES SERETEILLEYE FeE o UL 82 1 3IE N KX <K F L=2S,
6 BETERIILLE N-XAFL-3-F FF b Rt P 83 1%, ICs B2 451 nM Z Rk L 7=

(Table2-2), ¥\ T, BHEFEFA2THLEN-AFNL-4-F T R Y D84 %, 1§
PEN 10 (AN DI FICBE £ >72 (IC50=92.9nM for G9a), — 5. (k&M 84 ODF A X F )L
Pk 85, BN VURBHER 86, MOE AT UV UEFEKR 87 1T, A KRESIE T LA,
W2, 7TBBROT NT e ka7 Er=/14& 88 1%, kb /17 GalGLP HEEMEZ R LT-
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(ICs0 = 15.1 nM for G9a. ICso=74.1nMforGLP), Zd»Z & kv, BV A X2 G9/GLP @
EMICKREREBELE 252 RN broTz,

Table 2-2. SAR of side chain.

“NH |
Py
N)\N @
H
Compound R1 G IC, ("M)* GLP IC,; ("M)2  Compound R Goa ICy, (NM)* GLP IC,, (nM)®
80 “o0"N 169 + 0.322 185 =+ 148 85 ’ \@ 225+ 9.09 1156 + 60.3
NH

82 \E/Ni 1494 + 686 2772 = 111 86 g \O 588 + 34.4 N. T
N
~
83 ’ \©/ 451+ 233 864+ 47.4 87 ’ \'\(/\ > 5000 N. T
N
~
g \CN 151 + 0449 741 + 2.98

84 ’ \@ 929+ 521 277 + 123 88
N\

aThe IC,, values are presented as the average of four technical replicates =+ the standard error of the mean (SEM).
b Not tested.

Table 2-3. SAR of tetrahydroazepine group.

NH ‘
B o
N)\N
H
Compound R1 G9a IC,; (nM)2 GLP IC, (nM)2 Compound Rt G9a IC,; (nM)2 GLP IC,, (nM)?
SO SN 9+ 0, + 14,
80 169+ 032 18 % 148 92 \CNJ 105+ 0208 441+ 141

89 ’ \CNH 431+ 0179 323+ 110 )
03 \CNO 145 + 755 1066 =+ 51.8

90 g \GNH 833+ 260 479 + 175
; OH
94 7 N/ 213+ 144 1586 =+ 60.1
91b \GNH 282+ 110 342 + 145

aThe IC,, values are presented as the average of four technical replicates =+ the standard error of the mean (SEM).
b Racemate.

WIZ. 7T v 7 FaT7EBE U HEHD SAR & J 7= (Table 2-3), 7 A A F/L#HE (K 89 1L,
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ATFIVFHEER 88 & bl LT G9a/GLP PRETEMEA M L, L& 80 & ik L C G9a (2%}
LC4f%, GLPIZKI L T6fEM< Iolz, ZOEMELHIL, G ML EHMEICIETICH F
LW EZL7-5 0, (LAY 891X 1C=4.31nM &\ ) 3R 172 G9a [LEEMEZ /R Lz, &
L7 Ay DALE FAMER 90 /2 IX AR O T B oS FF AR 91 IZTEENE T LU, @Y A
BOF VLT 4 S PIEEREERTEODICEETHL Z ENRBEINT, KRIZ, 7 T8 R
n7 BV UERNEZOEBERLOREIARF L, =F 09213, AF K88 &tk L
THEMED A | U722, EE AR 89 bbbl U CIHMEZME T L7z, RERIC, EIEE L K&
KLy a7 F 4k 03 bk 28 ALzt FeXx oo F il 04 [ 3iEMENME T L=,
fb&% 89 & Goa DGR DOIFEEMEENLDLL, T 7 T B Ko7 I 7 KDk
WIEHFE D A=A NRNZ &0, IO BT Tyrl067, Tyrll54, Phell58 %% @ BR/K M4
BERENZ VT OMEENTFRE SNV ERRB ST (2-4, Figure 2-9 21R)

WIZ, ALEWBID 7 == VEBRD A X U DSARZ A L7- (Table 2-4), Z DX k=%
VA7 m o5, AFLH96, FoF T T RKRTICEEHB D L. EENDTITIET
L7z, Fo, U7 dm A MZURBITEEEZREFELIENS, MU 7048 A %5993
G9at GLPO WM HIcx T 2 1EMA2ERICIKR TS Ebbhhotz, (LAWEILGlanHE
B0 LFE AL (2-4, Figure 2-9288) 76, A RFUHITERWVWEAELZHD, U 70
Fr A RFUEREDO I RE LT EERET LN Em WD, HEEMET T
LD EMRBEINT, B, MOENL, FICE U IV UEOMIO AT VT 2 HEMLD
AFIVHDSARNIFE 2 Fhii L7275 (>30fb&4) . (L& W89 X 0 IEMEA M L4 (k&M & 15
DT EMNTE 7)o 7= (data not shown),

Table 2-4. SAR of methoxy group.

SNH

| SN O@
N7KN 7
H

NH
Compound R? GY IC,, (nM)2  GLP IC,, (nM)2  Compound Rt GYa IC,, (nM)2  GLP IC,, (nM)?2

\ . _CN

89 NPAY 4.31 = 0.179 322+ 110 97 15.2 += 0.503 43.2 + 2.29
cl CFyH

95 N 6.32 = 0.221 27.1 + 0.921 98 Y 3.25 + 0.114 14.7 = 0.449
Me C‘:FS

96 g 14.2 + 0.554 109 + 4.75 99 Y 853 =+ 36.2 3801 = 145

aThe IC,, values are presented as the average of four technical replicates + the standard error of the mean (SEM).

2-4 LAWY 80 R UMLAM 89 & GOa o I:ik fhiE EMRAT

—fiC, REBAMEANIAFALED R —THDLSAMLEFHAT 5D TixR<, Gla~
DE XN OFEGENZEEEA L, Gad EEALIZ s RAICHA T 5., JEICE R - 271
L7 b7 Fr7 BE B EROGIa~DR AN Z M2 720IC (LA W89 L Glan Ik
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i b At 3 2 R E L7z (Figure 2-9), ARV . (L& W89 o JEE B &R EAI & kI b
AP TF REAEICEAL. 7 78 Fu 7 BE #8513 & KA AL O'SAM D
MER - EMAEERTH ZEnHLNER -T2, £/, T hJ7 e FueT7EBE 07 I M
%, Leul086D W /LR =V EEDFEFITKF RS AU L, Gal BE LM AAFEM Z I L T
W5, {LAEWBID T 2 /U I VUL, Aspl088 K (RAspl078 DS & K FE kA &Ik T
%, ALEW8ID A bk ML, Phell58, llel161, K ONLys1162DHIEHIC & -~ TR &7z
BRAKMER 7 FIZiEE > T 5,

DT, fLAWBOE(LEMBID ZNZE N DG% s DIl E LY, ERAbE & FEi
L7 (Figure 2-10), W#&EA KT, & > X7 BEMNCBEE 72 0 22 83 < | Argl157 O {85
WL HDMAEEALELAE CHRERIN, MEHOT IV EOMNELIZITER T, £,
Argl157OMI8{I1%, Leul086D KU DFESG U Y ROMEIZY H Yy REFITIT NNy F 7T
DT EbbnroT,

by el SAM

f Asp 1078

Tyr1154

1 Phe1158

N\ ; : Leu 1086 ~
i"\ /f "/ I\ \ m = S ¢< ’ ki
Figure 2-10. Overlay of X-ray crystal structure of compounds 80 (yellow; PDB code: 7BTV) and
89 (green; PDB code: 7BUC) bound to G9a.
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2-5 /L&MW 8 Db MEEEEH CD34 +/i & H 7z invitro FE4f
b MEFEEBECD34+MNL A VT RARB-Z m B r bRy rE A0 rE
MRNARBL DY W Bz (Fabr 2L v F 7)) 5T 252 L1k TRENRILLED
(lb&79. 80, & UN89) DAL ME% FF4l L 7= (Figure 2-11) 2, {bA&#800 Ml 7 =
AL T U ZIEEIE, ALEMTIDOZ N EIZIER U TH Y (Figure 2-11A) . L& 89D
IEMEE, AEEWTIDTEME: LV b3 M icE s - 7= (Figure 2-11B),

(A)
0.7 o.?
0.6 0.6
T 05 0.5
f1h]
@
+ 0.4 04
£
£ 03 0.3
3
= 0.2
S 02
£
0.1
s 0.1
o 1 o 1
@\« »\"-‘«‘b@c@@ ¢&'\°"\° @@@
SIS NI Q
O“\Q;\ Q.-;Q \} Q ) ()\ Qn;, N Q*\ Qf;. N

Figure 2-11. Effect of compounds 79, 80 (A), and 89 (B) on the cellular globin switching activity
(y/y+p globin mRNA ratio) using human bone marrow-derived hematopoietic progenitor CD34+
cells.

2-6 RFALGHOHHADMETR OPKT B 7 7 £ )b
Table 2-5. In vitro ADME parameters of compounds 80, 88 and 89.

MDCK Solubility?  Metabolic ~ CYP inhibition MBI® (% HERG
Compound Log D Papp (pg/mL) stability® (1A2/2C8/2C9/2  remainin hibition¢
(10¢cm/s)  (JP1/IP2) (m/mon/h)  C19/2D6/3A4) g, 3A4)
80 0.8 3.1 740/590 48/8/99 5/2/0/3/8/8 93.6 42%
88 1.3 8.4 710/360 23/2/76 N.T.® 87.3 17%
89 0.5 1.4 680/640 34/24/96  0/0/0/9/3/0 80.5 1%

2JP1/JP2: Japanese Pharmacopoeia first/second test fluid (pH 1.2/6.8).

b The percentage (%) of the tested compounds remaining after 0.5 h of incubation with mouse/monkey/human
liver microsomes (0.5 mg/mL).

¢ The % remaining at a concentration of 100 pM of compounds reacted with CYP3A4 probe substrates after 30
min of preincubation in human liver microsomes.

4 Inhibition at 10 pM.

¢ Not tested.
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IEEW80 K 2-3IC B W T EIEHZ R L& W88, 89D ADMET ' 1 7 7 A /L % Table 2-
512~ , {LEWes Kk (889I%., NRIEMEA KW= (LogD=0.5-1.3), MDCK#IIZ 31T %
B PERBR CIX PR E OB BN (Papp=1.4-8.4X10%cm/s) Z/Rx L7z, £72. 26Dk
AT rEpH & TEpHIC B T AIEMRERLE FIFS 7 v Y — A0 BT AR e BT
Thotlz, —FH., TNLOIEMEI~ TV ADHIZ v Y — A TEHRBLREEITTHEETH
D, YLDOFI 70 Y —ATEALETH-7-, 10 ;MO EJEICEB T 5 2 b 7 1 L P450

(CYP) E£#. 972 HCYPLA2, CYP2C8, CYP2C9, CYP2C19. CYP2D6. M (*CYP3A4
DFLEIZSOWTIE, {LAWBOK V8T L A CILEEZ RS o7, CYP3A4ITK T 25 A
=R LX—=ZADE (MBI) OHEFEDNRIT., ZHDDILAEWIIR S o3, EH1T,
{b& 88K 1891, L& 80 (42% at10uM) & bk L T, hERGFLFEIEMEN U#E L7z (b
H¥88, 89FNE1T%, 1% at10uM), 72¥, 7 F T & Fr 7 B i8Rk CThERGFLETE
PES ek L= B 13 (LS 89D i 5 ME X (pKa=9.35: ADMET predictor 9.5(2 & 5 3 Hifi,
LLFRER) fEE#80 (pKa=9.21) ERELSEDLOL RN ENDL, AT A —T gy
DOEEAIZ L > ThERGIZX T A BFMENE N L EZE X b5, £ 2T, L& FERIZ, 1k
AMBID I L ERIEZ Sy FEFT U 7Y 7 b7 =7 Maestro  (version 11.4) % W TEHE
L., ThZhohiiz %M L7 (Figure 2-12B),

(A)

Cation

<% Aromatic ring

) HBA

80 89
Figure 2-12. Aronov hERG pharmacophore overlaid on calculated molecular model structures of
compounds 80 (A) and 89 (B) for the most stable conformer. Pharmacophore points are shown as
color-coded mesh spheres according to the legend, with distances (A) between features marked by
dashed red lines.

IEAW89ITFF3=5.91AL 720 hERG7 7 —~ a7 4+ 7 E7 /)L (FF3=6.3-82A) »n5H
Siviz, ThbbH, AbAWBIDhERGILEIEMEN L E I =D, S DERILICL - Ta
V7 A—a NETEL, Aronovic Lo THEBEXNZhERG Y 7 —~ 2 7 4+ 7T EF )L
MBANTZ LI K> ThERGIZH T 2N IR T L7clcd /2l B2 b b,
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Table 2-6. Mouse PK profiles of compounds 80, 88 and 89.

PO? (10 mg/kg; n=2) IV® (1 mg/kg; n=2)
CLint
Compound Crmax AUCinf Tmax Co AUCinf Vdss
BA (%) Tuz (h) (mL/min/

(uM) (uM-h)  (h) (uM) (uM-h) (L/kg) ko)
80 0.22 2.86 5,50 17 0.26 1.71 4.0 8.3 27.4
88 0.21 3.14 0.63 26 0.22 1.2 5.6 14.9 38.7
89 0.45 3.15 2.00 40 0.40 0.79 7.0 24.6 62.9

@ Dosing vehicle: 0.5% MC.
® Dosing vehicle: DMSO/Tween80/saline= 1/1/8.

Wiz, ALAEM8OK VT R Tk Rue 7B #%EIK88, 89DPKY 17 7 A /L % Table 2-61C
RY, YU AICEBWTLImgkgD A& TIVES L7284, /&80, 88, KU8E, 7 U7
T AR EREOE (N, 27.4, 38.7, K 62.9mL/min/kg) %~ L. FEBHITZEN
Z14.0, 5.6, TORR &l E LWMEA R LTc, o, #Ph (10mglkg) (IZBWT, 7
TJE ReT7EBEUFHEK8s, 890 HMEAWE80L V LT nC i iEEEE (AUCik) 23M 1
L (88 : AUCin=3.14uM-h, 89 : AUCin=3.15uM-h), EHICBHFRAALFT XA T EY
7 4 (88 :BA=26%, 89: BA=40%) %#/~xL7=, 2B, (LAEMWSUIILAEWES L bl L T &
WChax (045 uM) , NA FT XA FZE VT 4 KORWERBZ R L7228, Zhid~ T XIT
BT LIRMLZEEDMEAWMEBLY B THLI-DIEEE 2 Ll (88: 2%, 89: 24%),

2-7 24-DOT77-6-AFNAEY I FEEDER
L& 80D & fk 14 % Scheme 2-112 7”7,

\ | |
(0] (e}
/@o - > /©[ i > /©:
O,N OH O2N O/\/\NQ H,N o

102

Cl
d o
= + 1 —_—
/iN\)N\ /ﬁ\)\ % )\ /©:O/\/\'D
103

80

O

Scheme 2-1. Synthesis of compound 80. Reagents and conditions: (a) 1-chloro-3-iodopropane,
K2COs, MeCN, rt to 80 °C, 2 h; pyrrolidine, Nal, TBAI, K,CO3, MeCN, rt to 80 °C, 3 h, 68% over
2 steps; (b) Hz, Pd/C, EtOH, rt, 3 h, 74%; (c) MeNH-HCI, K2CO3, DMF, rt, 5 h, 56%; (d) TFA,
'PrOH, pW, 140 °C, 1 h, 95%.

HROEWI00E HEYE L L, 1-7an-3-3— a2 H\T0o- TJI/ﬁF/I/{t%
1Tol-t, ¥*ul) P 2ERSETLEWI0125T-, {LAEWI0LICK L CT= e Eoig
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ATV, T =V K125 57-, — ., Y7 ra bl I Y1031k L THLE R
NT X EEBANL, AWM ET-%. O EW102L SNArR LR E1TH Z & TH é@k
T 5bEWe0%E 5=,

wiz. LA 82-850m A ik ik % Scheme 2-2(2 7174,
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Scheme 2-2. Synthesis of compounds 82-87. Reagents and conditions: (a) TFA, 'PrOH, rt to 140 °C,
uW, 100%; (b) Pd(dppf)Cl2 (20 mol%), K,CO3, dioxane, H20, uW, 120 °C, 1 h, 89%-98%; (c) TFA,
CHClIy, rt, 0.5 h, 87%-89%; (d) formaldehyde, NaBH(OACc)3, AcOH, CHCly, rt, 1 h, 82%-86%;
(e) Hz, Pd(OH)2/C, MeOH, rt, 12 h, 44%; (f) Pdz(dba)s; (10 mol%), Xantphos, 'BuONa, toluene, rt
to 100 °C, 2 h, 66%; (g) Fe, NH4CIl, MeOH, H:0, rt to 80 °C, 3 h, 73%; (h) H2, Pd(OH)./C, AcOH,
MeOH, rt, 3 h, 93%.

TR T AL B 104 L LB 105 % IV TSNAIEUS 21T 9 2 & T3 — FR106% 1572 #

N

47



AU AT V10T L AKR-"BI A~ 7Y 7 %475 Z & TILEW1I08% 157-, %t T.Boc
EEBREL, SHICAELET IV LTELNT I S E1TH> 2 THRNE T 51k
ABW82A& 15T, FAEIC, I — FE106 L A u v fige 27 L 110 D11 %E F R E RV THA
SED SV T EATH LT, ALA WSS, 84Ex NSz, {LAWeeIL. 1LAWesk
DIMKBRISIC L S TT AT il EREITT 52 & THE, LEW85IE, 3 — FIK106L A =
VBT AT NAIRERAWTEAR-BEH Y v SV v T B T o =%, TFAIZ X - TBockk & &4
52 ETHEZ, i, ALEMBTO A RRIEITE T, TIROILAW111IZ % L TBuchwald-
Hartwig?7 X /LIS IC L > TERT U EZE AL, {LAEWIsEST, W\ T, #x2H
WT= bheiERuTth, SNAIRSZ1T 9 2 & TILEWMILTZ 57, KRIZ, ChzkErE%k,
BT S JAERISIZ Lo TN-AFLfb L, B E T 5 W8T 2157,

W, 7 hT7 e R 7B k88990 Gik%a HIET Z & & L7, T OFDAKRIK DO
WM 2T o TeimslIic k2 &M, &b RO RTERERERO by 750 OMEER IS
zf@fﬁ'fﬁ/f‘/&vv Mo ReT7EBECREER TS, INDLDOTERBERERIT.
& L CFigure 2-13AIZ T 5 L O ICEFMSSKAMIC L B EENLIEFRELEN . 26D
ARIBEIZEEBROENY DUR5ERmotn U Uy Lk L CHEF N0,
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Comins' reagent, NaHMDS TfO

T, S0y,

120, 18% 121, 36%
NEF, LIHMDS H-Bpin, DIPEA .
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Figure 2-13. (A) Example of azepane and tetrahydroazepine containing natural products and drugs.
(B) Previous reports on the synthesis of tetrahydroazepine.

ThI7E Ru7BE L ILRF YT — FOAEIE. WL D0#EFI A H 5 (Figure 2-13B),
Zaverib ik, 6- X2 P -6-T L7 v[3.2.1]4 7 ¥ / 11912 %F L T Comin’sit 3R % 1 i &
HHZETHRY 77— MRI20KTN21% ENEIRIE 2N 55 TWAH™, £72, Clement
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Hl%, N-Boc7 B/ /12212%F L T-78 °CHLIHMDS A i\ 5 Z & THLE BRI 7 =
M AL EITV., 2 F 7 L — MR123Z I EE2% TH T WA, 7k, (MEBIRMEIZT U LD
WA — NEROREMFZEDRICENT D EHEEIATND, Z0%, #5371
— ME123Z A VYT 2 — VAT ZEBR LTV DN RN 23% LRI ETH > 72,

PLED X 52 N-Boc7 BB b EF a— LR T U KEE 5 01%, (i fEER Mo [
AR (INR) ODETOMERDHY ., LR LERENRRDOND, T TEH
%, Grubbsfitfi:z A W/=FBE A ¥ 2 (RCM) tZAWsZE T, 7 b7k Fur¥
ErovFa—ARI ok EERT S5 L L L7z (Scheme 2-3),

Iba 125 7 U b Lizth, TV % K 126 106 L TAEE RN 22 b Rk v #E (ki
Lo TIbEW 127 245727, #H iV T, LAY 127 (2% L T, Grubbs filtif % TR A ¥
A2 (RCM) KIbEHWAHZ L THMET AT M7 Re 7B K 128 2157, L&
W 128 O E MR 133 DA S FERIZ, (LEW 129 1% L T N-7 VX AL &2 1T o 7214,
MERRMNeE RrRUvELEiTH) 2 & TEAW 132 2457-, £ LT, {k&® 13212xt L
T Grubbs filt -2 FHWNCEHER A # v 2 (RCM) KinzHWAH Z T, B ET DT Mok
Fe 78 K133 2157,

Scheme 2-3. Synthesis of compounds 128, 133. Reagents and conditions: (a) allyl iodide, NaH,
DMF, rt, 3 days, 77%; (b) (Pin)2B2, CuCl, LiCl, AcOK, DMF, rt, 2 h, 63%; (c) 2nd Grubbs (5 mol%),
CHCly, rt, 15 h, 84%; (d) K2CO3s, MeCN, rt to 85 °C, 1 day; Boc20, rt, 1 h, 68%; (e) (Pin)2B2,
CuCl, LiCl, AcOK, DMF, rt, 2 days, 58%; (f) 2nd Grubbs (5 mol%), CH.Cl, rt, 3 h, 92%.

Wiz, fb& 88-94 DA Fk ik % Scheme 2-4 |2k 3, {LAW 106 &I E7-{bA W 128 %
AWTHAKR-E#HY v 7V T a1 To0t, Boc xbrETHZ L TIlLEW 89 2137-, i
WTC, ®InT 2707 RERiZvr7uar7 % ) v a0 CGELHNT 2 ARG EITH 2 &
T, BB E T 5B 88, 92 N3 2157z, 7. {LEW BI ITKT L THfiER LT D Z &
TETEKIL ZHB-, /- kW8I LTI eExd ) —LEZHNT N-7T X4 %E
1T9 2 & TILEW 94 2157, /LA 90 1%, JE & RERIC. (L&YW 106 & EIZH72baW 133
ZHWTSHAR-EH Y v TV o T RITo7-%. Boc iz brE+52 L TH-,
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Scheme 2-4. Synthesis of compounds 88-94. Reagents and conditions: (a) Pd(dppf)Cl2 (20 mol%),
K2COs3, dioxane, H20, rt to 120 °C, 1 h, uW, 98%:; (b) TFA, CH2Cl>, rt, 0.5 h, 87%; (c) aldehyde or
cyclobutanone, NaBH(OAC)s, AcOH, CH2Cly, rt, 1 h, 74%—-83%; (d) H2, Pd(OH)2/C, MeOH, rt, 12
h, 80%; (e) 2-bromoethanol, Nal, Cs,CO3, MeCN, rt to 80 °C, 2 h, 69%; (f) Pd(dppf)Cl. (20 mol%),
K2COs3, dioxane, H20, rt to 120 °C, 1 h, uW, 93%; (g) TFA, CH:Cly, rt, 0.5 h, 82%.

W, LB WI5-99D & i & Scheme 2-5127~d, HilRD 7 = 7 —/LK136IC% L TP 7
VAl L7ztk, i XoC=bhurEaRicdT 22 Tr =Y 1K138d% 157, LA 104
ExfInd 57 =V 2138a-138e & H W TSNAM S 21T 9 Z & T, {LA¥139a-13%e % Z %
N7, W T ALEaWI28 L 8 KR-BTH A v 7Y v 7 &4T-o =%, BockkzfrET 52 L T
Hi)E 3 (LB WB5-99% Z i,
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N)\CI H,N R N)\H R2 Boc
104 138a; R1=Cl, R2 = | 139a; R1=Cl, R = | 128
138b; Rl = Me, R2 = | 139b; Rl = Me, R2 = |
138¢c; R! = CN, R2 = Br 139¢; Rt = CN, R? = Br
138d; Rt = OCHF,,, R2 = | 139d; Rt = OCHF,, Rz = |
138e; R = OCF,, R? = Br 139; Rt = OCF,, R? = Br
~N
NH “NH
R 1
SN e R
LA — [}
z \
NT N 7 NeBoc N)\N 2
H H NH
140a; R! = Cl 95; Rl = Cl
140b; R! = Me 96; R! = Me
140c; R! = CN 97; Rt = CN
140d; Rt = OCHF, 98; R = OCHF,
140e; Rt = OCF, 99; Rl = OCF,

Scheme 2-5. Synthesis of compounds 95-99. Reagents and conditions: (a) diethyl
(bromodifluoromethyl)phosphonate, KOH, MeCN, H20, 0 °C, 3 h, 79%; (b) Fe, NH4Cl, MeOH,
H-0, 80 °C, 3 h, 92%; (c) 104, TFA, 'PrOH, uW, 140°C, 1 h, 52%-96%; (d) Pd(dppf)Cl. (20 mol%),
K2COs, dioxane, H20, rt to 120 °C, 1 h, pW, 86%—-98%; (e) TFA, CH2Clz, rt, 0.5 h, 65%-89%.

2-8 /NE

2015 %£, Renneville 5IZE AR AF NV T A7 27 —8 (HMT) THDH G £721%
GLP Offl # DiEfnT / v 7 X7 HOF EAZHET LI EE2HLMNE L, Lzdio
T, HbF FEAZFHETX 50 )70 G9a/GLP PHEHA OBRAFIX, B- 7 & I 7 & SCD % 1A
WT D DOENT Tu—F LN 5 L5 2 6, EHI1X Epizyme 12> 5 #H A
S 72 EPZ035544 (80) # Hi3&fb&n & LT 1728 #l Goa/GLP fAEH DRI A~ BHfE 4 2
Ll L, IbEWB0 L. tEND invitro 7 v A ZHAWTEM L E Z A, Ga/GLP (2%
L CENZI ICs fE 16.9/185 nM D FHEIEME % 7k L, hERG BHEIG A~ L7= (42% at 10
uM), EHIC, ZOAYMD~T A PK 77 7 A VITRIFTIE Ao (BA: 17%), &
FCIX, G9a/GLP PHEIEMEZMREF L7228 5, hERG LEEMELE PK 77 7 A V&2 HKEL
ke oEgE= i L,

F9. BREMZBG T 2H1IZ, hERGHFEME O U EFIZ M T 72 v #lA & L ThERGPH
EIEW A RT 7y —~ a7 3 T ETICOWTHER L=, EPZ0355441%, 22 ERLEEICZEH
WTArNOVIZ L > THEINTEZhERG Y 7 —~ a2 7 4 T ETAICETEENTNS Z &M
Do T,

—J7. EPZ0355440G9a & O3t fh A G L, HHOMEHD3- (e ) v r-1-A V) F'u
REVHDOER L T A= a v ZR LA, BEoESIZMURDLDOTIE 2 ML
BATNDZ ERbholz,
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UbkozZ enb, MIEHmEZEEa 73 A= a0l icliBno-EERIL CHEHE
{95 Z & T, G/GLPIEMZ#RFF L 72 £ ThERGIHEN K ET HDTIERVNEE X, K
Wl OMGFEE £ 22t & Lz, ar 74 A—va OEEITALAEY DR A B,
PKFm 7740, KOATZ7H—4 v h7 a7y AL (hERGHE K RCYPILE) O k#E 2%
NEDTED RIS R T v I T A O BIRBRFEDLIOEEZ LN TV DL HIFFED |
T hZ7E FeT7EE K89, (LEMB0L il L TGlZx L T4f5. GLPIZ X L Tof%iE M
Wi kL7, £, (B89 L Gad XHi#k fuf ik 2 & L7225 (PDB code: 7BUC) ., k&
WO L R DFEAT— RABREIN, T 7 FeT7E¥E 07 2/ HKiTLeul086D 7 /v
RN REKRFBREETR L, Gl BEEALMAEMEAZRT I ENbhoTe, EHIT, 1k
AB8IDNERGILETEMEIX10 uMIZEB W T1% E 20 LAWBOL VD #E LTz, (LAEWEID
hERGIHFTEME St L2 Bl 1%, M OBRILIC K~ Tar 7 A= g UAREE( L,
AronoviZ X > THERENT-hERG 7 7 —~ 2 7 4+ T ETANLHANTT-DE L ELR LT,

W, ~UAPKRBRZFE LA, (LEWBY 1L, (LG 88 &kl L THEIT PK
777 AN%E7x LT (AUCins = 3.15 uM*h, BA =40%, Cmax = 0.45 uM),

AROETIE, lIioT P e Ru7T B koBEkSREERN L% s B L.
ALEEIN e e Ra kv FE &L Grubbs filtliE 2 W= PAER A # & X (RCM) &% H
WHZ LT, BRART FIe FaT7 B U RoakiEE L LT,

PLEXY IE O, AR IEVERHN . X O S R EbIZ XV LAY 89 A FEIE S,
b5 80 & Ikl L C G9a/GLP FHEVEMES M Lz, S 62, {b&#¥ 89 1%, {LkEW 80 &
Dt hERG PHEIEMENLE L, vV RICEBITS PK 777y A v b#ELE (BA: 17%—
40%) ,

“NH “NH B 7 /
imi i Asp 1078 1 /
f ) OMe optimization . OMe P Ly J
| /@ | ~ iy YK
BN G SNEd W PN 5 NS ¥
H L/ H NH .
— ~— ' Y ant
80 89 7 N =
G9a/GLP ICso = 16.9 nM/185 nM G9a/GLP ICsc = 4.31 nM/32.3 nM
hERG inhibition (10 pM) = 42% hERG inhibition (10 pM) = 1%
BA (mouse) = 17% BA (mouse) = 40%

Figure 2-14. Summary of section 2.
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%I3E HbF FEPRE L ST HH Goa/GLP FREH 0 ES
31 7 hI7e FuT7 B AIEOMEE~DILH

ATE TlE. RO Ga/GLPILEAIOMEH & LTI HWLENTWND3- (Br ) vr-1-4
V) TaRF VEOEBROBH EITV., T R T Fu T B AT ChERGLE T M &
OPKZ7B 77 A NVORTHHTHLZ L xik_To, KETITET, o7 v J7 e Ra7
PEUCEOPAMEZR D702, BEAMDOG/GLPILEHI O oo g # I8 A L, 15k
SPADMET 2 7 7 AL, PK7 a7 7 A )V ZEE L= (Table 3-1),

Table 3-1. Chemical structures, activity, ADMET profiles, and PK profiles of tetrahydroazepine
derivatives.

Compound 89 141 142 143
T ‘o, ! oy
Structure [, AN/@[C s man T /N{\Nﬁc
H NH HQN SN 7\ NH NH
G9a ICso? (M) 4.31+0.179 2.00 + 0.0496 4.50 + 0.155 22.8+1.71
GLP ICso® (nM) 32.3+1.10 6.15 + 0.366 33.9+257 390 + 34.4
Log D (pH = 7.4) 0.5 0.3 -0.8 -0.3
MDCK Papp (10 cm/s) 1.4 0.23 2.7 0.6
Metabolic stability %
96/24/34 87/72/88 99/47/95 98/92/63
(human/monkey/mouse)
hERG inhibition (1/3/10/30
2/-1/1/23 N.T.P 5/6/5/5 8/2/3/8
uM)
PK parameters (mouse: 10 mg/kg, p.o.)
Cmax (LM) 0.45 0.02 0.04 0.03
AUCint (uM*h) 3.15 0.02 0.64 0.16
BA % 40 N.T.P 4.5 1.6

@ The I1Cso values are presented as the mean of four technical replicates + the standard error of
the mean (SEM).

b Not tested.

%9, Figure 2-5(2 /853 G9a/GLPILEHIT7 K V78D IEHMERE RICFKE ST, ¥/ U UiFdik
U1/ LIz A, WFFEVILEWEdIL v i H ikt 4A -k L7z (ICso = 2.00 nM for
G9a, 6.15nM for GLP), RIZ. A » F—/LihEKA-366 (79) 7 F Tk Ru 7B L%
BALTALE W43, IEERREF SN, RIS, RO XA I H4 Y —)L8LICT T
E 7 BENEEEAN LR XA LY — L LEW1431%., L&MW L ik L CTiE Mt
DSIEFRFEW D L=, 72 HGlikt L TICso=22.8nM%Z/r L7=, F7-. BEADG9a/GLP
FLEH OFRE T o > 7ZhERGHFEIEEN W TN OEKICE N TH & EMMm A~ L7z (<10%
atl0uM), LA XV, F Tk Ra7BE AMIED L L E I3 LT % G9l/GLPTE
MERL, WHEEETHZ 2B 6N E LT,
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X/ U UHERL1411Z, ADMETZ 1 7 7 A L OFE R, 2 @M B A 72 23 g i v A
B, PKTE 7 740 EChaxs AUCini & IR WEZ R L=, 21 & $500 g/mol Z i 2 C
B0, BREROENLEIIERNEEZTZ, £/, XU XA I H Y —{LEW14315. PK7 1
77 ANVICE O TAUCHIEAEWLI4LE VITE WD, CradTIEVMEEZ R LT, £ L TMED
TEMER MO BRI TIRWZ & X0, AREROEBLEEIZRWEE 2, LD K
FRME L ML EEN R T, PKT2 7 7 A MICEBNTH M HIEFEE (AUCin) 25 HFEE
ERLIZA Y R— VB8 RICE S 24 T, GlGLPILEIE 2R LN LPKT 2 7 7 A
MREESNTHHILEYORSZHETZ L & LT,

3-2 AV F—=NFHEEDOGKER
FT. A= AFEEROT F I Fu 7 B VROEREREOLEMBE O 7 0T F

VI DER A 1T > 7~ (Table 3-2),

Table 3-2. SAR of Indole derivatives.

Rt R* |
HoN—
N R?
Compound R? R2 GYa IC,, (nM)?2 GLP IC,, (nM)a
142 <> ' \CNH 450 + 0.155 33.9 & 257
(DS7913§2728) <> ' \CN 12.6 + 0.228 75.7 = 2.21
145 (3 '\CNJ 3.13 + 0.178 20.3 + 0.765
146 (3 ' \CN{ 8.57 =+ 0.426 61.6 = 2.51
147 ) ' \CN 32.0 = 1.45 155 =+ 4.80

148 O ' \CN 172 £ 11.2 1057 + 67.8
o
149 [j \CN 719 + 54.4 3491 + 143

aThe ICy, values are presented as the average of four technical replicates =+ the standard error of the mean (SEM).

TF VAL TIEME 2R EF L 72N, A F V1441 30EEDRLBIZIE F L. A Y 7 v L 146
WEIEMERLRIIE T L2, itWTCL bEMlddn v a7 F N E v 7 a X F U147/
VAT UNHIABTEIMBEZ D L IEEIXET L (ZF11Cs0=32,172nM), Z 1l
D OTEMERE 1T, A-366F B ROFER L —FH LS, b E KRN A-366 & [ UG9%/GLP X >
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INTEEAMNCHER T HZ ENRRB I NI, FAERIC, 7 F 7 & Ra B F =/L{K1491%, I&MENR
RKESEIH L., TOWMAICE N THERXOEANIZIRECTHL Z ER¥bhroTz,

WIZ, SARZE S LICHEG L THEMEEZH ESED201IC, 7 I FaT7 B R Eo®E
BB AN #{T -7 (Table 3-3), 7 h 7 R 7 BE UVEROWUMLICA T VELZEALZILE
#150-153I2 B W\ TiE, (LAWIS2O0 IEERRFHEMZ R L b OO, thofbEMmiTikE
ENOBIEENME T LAz, £/, 7 h 7 R 7 BEVEROBMICE ReX v EIF A My
VAL ALAWI154-1571. (LEWIS6D AIEENREHEm Z R L2 b Do, #F A
EYERMME T L, 2 oiEERRICO W T SBEICKL S F8L, 34 THHT 5,

\
o
HoN—Q
N

Table 3-3. SAR of Indole derivatives.

MeO

Rl
Compound R? G9a IC,, (nM)2 GLP IC, ("M)2  Compound Rt G9a IC,, (NM)2 GLP IC,, (nM)2
AN~ AN~
142 \GNH 450 + 0155  33.9 + 257 154 \GNH 155 + 165 1424 % 78.4
HO
150 \CN 2148 + 93.3 >5000
! 72
155 \GNH 2331 +99.8 >5000
151 \O 353+ 187 2174 + 126 MeO
N
156 NH 346+ 270 385+ 216
! 74
152 \Q 20.7 = 0559 855 % 2.19 HO
N~
I~ 157 NH 3151 +142 >5000
153 N— 102+ 383 205+ 7.05

aThe 1C,, values are presented as the average of four technical replicates =+ the standard error of the mean (SEM).

3-3 GOafHETEMME & GLPIHLEEMEMoEE

I ETHEM L TE 721328 D G9a/GLPIHE Al 2 H v T GalH H 1 M B & GLPFH & 1 4 &
DOAARIREE 2 F <72 (Figure3-1), RMEIX0.87L 720 . BWIEDOHHMEEENH 5 Z L b »n
Stz (7B, EMEIXG/GLP =53.1 TGalZ x4 B &M D BNdli->72), Z ik, Galk
GLPDFH[AI 4 1%80% & & < \G9a/GLPIHLEHR AR T 27 I VBEAELIZEZF L TH D
ehlEEFELLND,
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Correlation of G9a/GLP activity values

6 R?=0.8713
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Figure 3-1. The R?value was calculated from the G9a/GLP inhibitory activity values of the 132
compounds synthesized in-house.

3-4 fbAW144 L Goam i AR XE AR AT

BT RSN A v F—AFHEROE SR LR T 572012, (LEW144 LG9
D XHp Ik A & 2 P E L7- (Figure 3-2) . LA 144 & Gad 4t ;f*E.E.%;_ X, TSRS S h
7-A-366 (79) 1L R UKEAEAITH D . SAMIZK L TH A ERRX LRI 2 & 0NHL
Mmelpol, KEMENNZ— 0%, Leul086DIE T b T Far7 o7 & &
'Aspl1078. Aspl088. AsplO74DMIgH & 7 I PV HRDOMICB W THEEAZT 52 0D
Mmole, THHOREGHKNHA-366& FHELL T,

| W /&\
\ B s SO |
Asp 1088
- \5'\ )

Figure 3-2. X-ray crystal structure of compound 144 bound to G9a (PDB code: 7DCF).

Z O HEE R EICE SO T AL AW 150-157TDIEERE R 2 B2 Lz, LA 150, 151K O
1531%., Y1154 X D SR FE DT O ITIEMENK T L7z, £ LT, LB 152D Z MKW 7K
D T=DITIEEDNREE 2R L7 EHER LT, S 512, A b U FE K155 % V157D
TEMEIE. FIERICY1154IC K A SR DT DI KIEIZWI Lo EHEZR L7, — . B Re X
AR 154 K N1561%., Y1154 FE# DO B LR = L L K FERE A EZTERE L. ¥t & 156

56



DKRBREAGAITLAWIAL D bERL TV DL, IEERRET LI IR EEXD
o,

HWT, o FET U7 Y7 hv =7 Maestro (version 11.4) % T, Figure 3-200#
BEROILEDLIMADEEE | LEWIS0-15T~E BB LIZEZDORT Uy LR VX —%
DFHFYIalb—va Y7 bUx T Impact Tal& L, plCso L D B4R %Z 7~ 7= (Figure 3-
o TITORT VI ¥ NN RF— L, B LLEEREL LG VI EDEOHD D
FEZRENICKM LB TH D, {LEWIS2, 15655 DIEERRVMLEMIT R T > v v v
TR X =N/ TEENGV{EE 150, 151, 155, K TN1571E, AT v ¥y /L= RL
F—DBREL BTV DLZER DN, LEXYV T FTE P 7By rifiE{K£150-157
DIEMEIX, G U NIV BEEDEONY EENRKRESEEBL TWDH I ENRBINT,

157 (5.5, 189170), 155 (5.6, 10311900)
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Figure 3-3. Correlation between potential energy and plCso.

WIZ, ALEWIA L RIFE TR R ) 2 VR8I it E O ERA b EER L.
e Z k952 & & L7 (Figure 3-4),

+ \F P 4
helix (1074-1079) [ s V4

Asp 1078

'/ Leu 1086

.
&=

Asp 1088< :
'\ \\.ﬂ/ \

Figure 3-4. Overlay of the X-ray crystal structures of compounds 89 (gray, PDB code: 7BUC) and
144 (green, PDB code: 7DCF) bound to G9a.

\
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EZMEAOT T FuT7 B E U HSITIZIER CAEICH D . Leul086 Dl 84 1 /K & ik
ALTWAZ ERNbholz, —F., GaZ L /X7 ED~Y v 7 % (1074-1079%% ££) 144t
FEmTTNTEBY  AEEWIMMOGEITEANIC LV ESH TV, FREFERO S FH A4 X
DEWVWEZET DL, 778 a7 EBE U4 & Leul086 D AAEM R RES LD Z &
F0. ZOMEERMISETSMICB T 2HEAOMELZSHIEML TS EEXOND, D
FERL Y v 7 A (1074-10795%5 5) & O AERAHEDBLER M TRz -T2 E X BN D,
ZIITHEW, L AEWLI44D T —fkT X 7 HiE. Aspl078 K% UNAspl074 D {HIH & K FEFEA % T
T 208, ALBEWTID T 2 EArix. Aspl074L TiE7a< . AsplO78DHIEH D I & K FEfE A
T 5, & 512, Aspl088E DI AAEAICE W T, LEWMTIIT I /B U I VUL kK
FREEROEBEERK T 20, {LAW1I44D A > R — L ZEHK (X Aspl088 & D A MG & Ak
%o

3-5 RF|ALAGYVDOHUIHIADMETEPKI R 7 7 4 )V
Table 3-4. Physicochemical properties and ADMET profiles of compounds 142, 144, and 145.

Compound 142 144 145

5 6 5
Structure N ay HZN%Q/\CN N Y,
Log D (pH = 7.4) -0.8 -0.1 0.1
Solubility? (ug/mL) (JP1/JP2) 590/590 620/600 >650/>650
MDCK Papp (106 cm/s) 2.7 0.8 0.6
MS % (human/monkey/mouse) 47/95/99 21/79/98 14/86/95
CYP direct inhibition® 0/0/0/2/0/1 714/8/514/10 0/0/0/0/0/1
MBI 82 94 90
hERG inhibition (1/3/10/30 puM) 5/6/5/5 —6/-9/-6/1 4/4/8/16
Ames assays' N.T.f Negative N.T.
Rat hepatocyte toxicity (ICso) N.T.f >300 M N.T.f

aJP1/JP2: Japanese Pharmacopoeia first/second test fluid (pH = 1.2/6.8).

b The percentage (%) of the tested compound remaining after 0.5 h of incubation with
mouse/monkey/human liver microsomes (0.5 mg/mL).

¢ The percentage (%) inhibition of 1A2/2C8/2C9/2C19/2D6/3A4 at 10 uM.

d The percentage (%) remaining at a concentration of 100 pM of compound reacted with
CYP3A4 probe substrates after 30 min of preincubation in human liver microsomes.

¢ Ames assays were performed up to 1000 pg/well with or without S9 using Salmonella TA98
and TA100.

f Not tested.

REH LS 142, 144, K OIA5OADMET 1 7 7 A /L & Table 3-41277, 2151k
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AWK\ Log DIEZ R L, IRIAMEDNEWNZ ERbho Tz, F7-. B IXEEME pH KL Ot
PEpHW T ICB W THEm <, s e PO 7 12 Y —AIZB8WTH s TaWREHTZ
EMEZ R L2, CYPPLESCCYP3AAD A I = X L_X—ZADHE (MBI I2BWTH, LA
IR ETEME 2R S o T2, £, hERGIREEME I, & RK30 uMD £ T H LA 142,
1441310% L FOER L2 | LA L ik L TdkE S Lz (23% at30 uM), 7235, 1k
HA1441%, AmesiKBRCHREMETH V. 7 v MIFMIEEMERER THI1C50>300uM & 72 ) L4
PO ENGIGLPRHEAIEE 2 Hd,

Wiz, AbEm142, 144, K O1450D~ 7 APKZ 11 7 7 A L % Table 3-512 779, L& #142
E. I DfEHOENIRN (IV) HFE5 TR EWCEAZ R LcA, & A5 Tofm g
BEIIES, M A7 XA 7807 4 (BA) b45% LR bIEN-T, —T7. {LBEW1441,
CLnR @m0 b T, ROFGITE W THLE O F The b & W I o IR 58 5
(AUCint) &BAZ R L7, bLEWMLASIZIVE G TCLint MR o 7223, RO REE T3k &
14450 Lo 7z, kX, ~v2xTombigEER (AUChw 288 <. BAN96% & B 4f
Th o> eAbBE W44 % H TR VPKEER 2 i L 7,

Table 3-5. Mouse pharmacokinetics profiles of compounds 142, 144, and 145.

PO? (10 mg/kg; n = 2) IV® (1 mg/kg: n = 2)
Compound  Cp..  AUCint BA Co AUCint  Tuz  Vds CLint
wo e e @ M () Uk (mUminkg)
142 0.04  0.64 3.75 45 2.4 1.4 21.1  36.5 39.4
144 0.44  12.0 15 96 15 1.2 11.9 311 43.8
145 051 3.6 1.00 11 1.3 3.4 13.9 147 15.0

@ Dosing vehicle: 0.5% methylcellulose (MC) solution.

b Dosing vehicle: DMA/Tween80/saline = 10/10/80.

Table 3-6 12, {LEW 144 DYV PK a7 7 A V&~ T, {LEW 144 1%, AUCin=1.36
uM-h EEnifiRgE &2 L, ROKLGIZE D invivo PV PDAFEICE L7727 7 A
NWEHFFSOTWDZ LR LT, LR T LAWY 144 O CTERF 2 FEii 35 =
L7,

Table 3-6. Monkey pharmacokinetics profile of compound 144,

PO® (5 mg/kg; n = 2) IV® (0.5 mg/kg; n = 2)
Compound Cmax  AUCint  Tmax BA  Co AUCint  Tiz Vdss ClLin

(uM)  (uM-h)  (h) (%) (uM) (uM'h (h) (L) (mL/min/kg)
144 011  1.36 300 38 086 035 227 109 77.7

@ Dosing vehicle: 0.5% MC solution.
® Dosing vehicle: DMA/Tween80/saline = 10/10/80
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O HONWTELETHI L E L, £7. IREMEOEIE CH 5 LogD & EE R DR
*%T&)ZDMDCKmuﬁ%7 2y NL7EEZA BBLZEHENRSH D Z &b~ 7= (Figure
3-5A), RAFOILEWIT, —BAICEZEMEN B VW E S H10X10° cm/sBL EOfE (3Ew
DWILFERFI0%LL | & 72 2 G o) B2 r 3 baWidd 72 < | B I BRE D &
ST Wb D, £, MDCK &M 2310 X 108 em/sLL E il Z2 74712 1%. B8 L % Log
D=2BL EBGFFE LN EBbroTo, Hit\ T, BEHEMEDOEE CTH H5MDCKE M & PKEK
BRICBWTROBEREOAUCKHE Z7 ey NLIZEZ A, 2L LBBLZMHERD D Z
LMool (Figure3-5B), L7 > T, RRMD K 5 RIFGEMEIME < BEZE N H F
0 B TRWAEAE TR L CTlE, MDCKZE i 4 D B4 A3 AUCins, 372 20 B % 1 W UME K OV
HIREROWFEICORND I ENREINT,
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Figure 3-5. (A) Correlation between MDCK permeability and Log D. (B) Correlation between
AUCissand MDCK.

3-6 fLEW 144 OV NV EBEEBZMIE Z AWz invitro FE 4

=7 AV IVEREEMRE AT, (bEWI44, T X KO Fuf UJREDHDF
FEATH EIEME 2 5Pl L 7= (Figure 3-6), T v X B id, I=7 A4 VL BHEEMICE T
LHOFFEAZHMMT D5 L VWO HENDH D727, BiExRE L THWE, THEY, -7
EUBRPERR DEIE N TV F L AL EW144IZ B W TR EEFICEIM L., (LA W1440
W= A FIERHBEEMBICBWW T VX B LRIBEOHDFEAZFETEHZ ENHAL
Mmelpolz, —FH., B FuXxvRETIIy-Z o BB OBEIMIBE SR o T,
HiE, E R X URFOEIBEHDOA D =X LB A N AFRMERAEKIZIESNTED
Jua b AL vTF T ERETOIRETNTIEIA ML AFRMEREREZ BB TE 20T,
E ReXURFBIIy-Z7a B RBEOEME RIS oot E2bND, o, TV X BV
KOt Fu U R#E L L T, B-7 v B GHMIE0RA 3G Y1440 )5 3 LRI FE R
NTHY  ALEW A4 R IMER O L Nk 2 BIICHEE T, 72 e R v
JREXL D BEZEWERE N ERRB I NI,
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Figure 3-6. Assessment (F-cell; flow cytometry [FCM]) of in vitro activity of decitabine,
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hydroxyurea (HU), and compound 144 using cynomolgus monkey bone marrow mononuclear cells.
(A) y-Globin and B-globin levels in the cells were evaluated by FCM. Representative FCM plots of
each compound are shown. (B) The percentage of y-globin- and B-globin-positive cells at each
concentration of the compounds is shown. Data are expressed as the mean + the standard deviation
of the three biological replicates.

3-7 L&Y 144 O b MEEEEHE CD34+HIAE % F V7= in vitro 374
fEEW144% H\ T, 2-5& FAERIC E MG EHECD3M4+MIC X A ABIB- 7 m B v D
JRIERly-Z7m e~ 7 a B mRNARBLOYI W B2 (Ve v xS v F 7)) #d i L
(Figure 3-7) 2, {LBWI44D ML 7 0 B AL v F o ZiGHIE, (LAWT9D ZF N L1ZIFF
CTHDHZENDbMhoTz, LEXY ALEWI44T Y LRI ThR< b MWL TS
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Figure 3-7. Effects of compounds 79 and 144 on the cellular globin switching activity (y/y+-
globin mRNA ratio) using human bone marrow-derived hematopoietic progenitor CD34+ cells.
Data are expressed as the average response from two biological replicates.

3-8 LAY 144 DERGIBE L= =27 4 P AT T V% H VT invivo 3E4f
RFEAALEWL44% O Tinvivoll BT 2y- /v B O X X7 ERB & OFHEZ T 5
Tl L, I, BEETLIM (o), R (y). KUK B) BT DH725E Rp-2
DEVERTEEAT DRI VAV 2=y /v T A, B NTRID L) e —@EDORRIE
MOBRESND~NET O A,y F U TR T DIODY AT LATHDL, LrL, 2
LBOYTADE hy-Zm E NI~V ADORME T v B Ba T (-7 mE ) & LTHIET D
TENRHEINTEYY, O ADET LTI B E Y AL v F U 7K DEEENE
LR T DI EICERAR S LB R, FEEE B FeXx U RFIISCDDO KT A Y
=y T AET AT, HOFOFEHRZ RS W2 ERHEI R TWDE, —F,
NETBREVASL v T T ERFET O ERIEI I = AP ILET LV THOFZHET 5 2
EMITRENTVAS, FHOARICKE SN T, y-Z BV ORBEARE - N RESA TS
Fe FVERE. T bbb b= AP EHOTULEWL44Dy-7 v B U FEA DT E R % i
RBYypHZ L L LR,

fbEW1441F, € R X U RFEZRBE L CHIRVIBA L= =27 4 P LET IV (HHI1Z30F
FRRGIBE L C, M ~F 27 o B LUL2310.5 gldLoR i O & T 5V &2 et L7iz) %
LT, y-ZrErZpRmdF-fRRMmE (Fret) 2oL, y-7/m UV EAOFHEZHERL
7= (Figure 3-8), {bAW144%1H H»>55H H £ T15 mg/kgd H & T3ED ¥ v (L& 144-
1. 144-28% 1114-3) [C1H2EE A% 5 L=, & Fux v RF 1L, SCDIBEICE W TR
RSN REHEICHY T 535 mg/lkgD & T3EDH /L (HU-1, HU-2% TRHU-3) (2
IHHMMG5H B ETLIHIER OB S LT,

FERIE, LA 144 13 15mglkg Ty-Z BB DX U R BRBEOHEELRL, b KR
X URFBERIEDIEME R LT, £7- ALEW 144 OEfGEHR 512 X > TEE X% 30%D HbF
MEFELXNTHY (Figure 3-8B) . Fi Tl ~R7= L 912 p-¥ T I 7 & SCD DI HHEST D
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Figure 3-8. Efficacy of compound 144 and HU on F-reticulocytes (F-rets) per flow cytometry. (A)
Individual monkey data on the rate of change in F-rets before administration (pre-treatment) and
on days 8, 10, and 12. (B) Average rate of change in F-rets in the HU and compound 10 groups. F-
ret data for each treatment group are expressed as the mean + the standard deviation of the three
monkeys. *P <0.05 and **P <0.01 indicate statistically significant differences compared with each
pre-treatment group.

Wiz, R o PK 75— X ZfgHr L 7= (Figure3-9), HEEED PK T —X L W EH L
yal—varzEMTrl, ELTHS 1M, 20, 48, 7 HEOEREOIM T
EWREZF R TR L, (bEH L44 PN THROHETH Y I 2L —va vVi@h oI
WRE AR L TR, @G5 L5 M EYREDOREA LAY 0, P igeE MR
L2 e EHERLTWEZ ERNDho T,
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Figure 3-9. Measured values of plasma concentration of compound 144 in an in vivo test (blue) and
simulated monkey plasma concentration profile of compound 144 (green) at a dose of 15 mg/kg
twice daily over 7 days of administration using the average PK parameters at a single dose (orange
and gray).
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Figure 3-10. Tolerability was monitored by measuring neutrophil (A) and platelet (B)
concentrations. Neutrophil and platelet concentrations were evaluated 6, 4, and 2 days before
administration and 1, 3, 5, 8, 10, and 12 days after it. The pink range is the dosing period.

3-9 F U UBEK ML RORV AL IF S — LVFEK 143 DERK

&% 141 O A Flk % Scheme 3-1 127733, BEAI O (L& 4 158°%¢ % [ % 4)'E & L . Buchwald-
Hartwig 7 X /b % 80 FEIZHN 25 2 & T2 ALBINMIC Y 7 A B DL LA 8 A
L. {tA&W 159 #457-, #i\C. Buchwald-Hartwig 7 2 /LK E~A 7 0 v = — 7 BE
T120ETITH>2L T, HUET DY T I/ F /U K160 272, KIZ, Ry Uviks
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Scheme 3-1. Synthesis of compound 141. Reagents and conditions: (a) 4,4-difluoropiperidine,
Pdy(dba); (5 mol%), Xantphos, NaO'Bu, toluene, 80 °C, 1 h, 68%; (b) 4-amino-1-
isopropylpiperidine, Pdz(dba)s (5 mol%), Xantphos, NaO'Bu, dioxane, uW, 120 °C, 1.5 h, 44%; (c)
Hz, Pd/C, MeOH, rt, 1 h. quant.; (d) PhNTf;, K.COs, DMF, rt, 1 h, 64%; (e) Xphos Pd G2 (10
mol%), KsPOy, dioxane, H20, uW, 90 °C, 1 h, 92%; (f) TFA, CH2Cly, rt, 1 h, 99%.

W, L& 143 DA R E% Scheme 3-1 1277, BEEOLA&Y 1643 1%L TA Y 71
EAREEZEAL, SRl oT=brEE2BIcT 2L Tr =0 1K 166 #7157, #W\ T,
FA LTIt E L THL AW 167 25372 % I A F b < BIL 2R CTT 2 ) A I XV — LB
EREEL, LAWY 167 #1572, W2, XU U EERE®R, N 77— ML TLEY 170
Z157-, F DI Scheme 3-1 L [AEED TREZBRTHMB L T 58 143 2 157-,
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Scheme 3-2. Synthesis of compound 143. Reagents and conditions: (a) isopropylamine, Cs;COs,
MeCN, uW, 50 °C, 1 h, 16%; (b) Fe, NH4CIl, MeOH, H;0, 80 °C, 1.5 h, quant. (c) methyl
isothiocyanate, THF, rt, 18 h, 67%; (d) Mel, MeCN, CHCly, rt, 21 h; MeOH, 55 °C, 5 h, 60%; (e)
H,, Pd/C, EtOH, AcOEt, rt, 2 h, 83%; (f) PhNTf,, Cs,CO3s, DMF, rt, 1 h, quant.; (g) XPhos Pd G2
(10 mol%), K3PO4, 1,4-dioxane, H20, rt to 80 °C for 0.5 h, 74%; (h) TFA, CH2Cly, rt, 1 h, 51%.
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WIS EMHI CE e, NUPVEORENBRMICEITLZEEZONS, EHEOM
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EENICRHS AT VBBE T a2 — L AT VIR128E DEAR-"BE A 7V ZIZ L VLAY
177a-177d03 5 B 7z, BEMESH: F CTOBockk D RrE & ZICHE K N- 2 F LIz L VL &W
179a-179d% 7=, RO AEu[v 7 0 T F)-1,3-1 > R—)L]-2-7 2/ Bk OREE L,
BANCSweis B IC L - THE S50 (H 10%Pd/C; FERE. £721%Zn; BEfE) S Cir- 72
ML BHENMELS, RIE L holo, 2T, KISBEFIZAERSSE FerXx o7 I UK
DIRFRENE L fTHLTLEW, BBRENKLS Lo B 2N, LEB- T, — &
bt Rexo 7 I v EMAERYE L THEE%, THEROBKERE T, KEFRAK FCEILT
HZEIZkY, FRP T Fexs 7 IR TEF b ENTEMERm EL, BET S
T Ay R ViEE K144, 147-149% IR B < 2N E Gz, — . el fF72Bockk T
SN RLTTAlC R L CIESCERIE 21T 9 2 & T AW 181 A 1571412, Bockk & fr k%
T 52 ETIlhEWI2inG o, £, LB bEW178alixt L TN-= F /L(LON-1
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Scheme 3-3. Synthesis of compounds 142, 144—-149. Reagents and conditions: (a) dibromoalkane,
NaH, DMF, 0 °C to rt, 1 h, 67%—76%; (b) HNO3, Ac20, AcOH, 0 °C, 30 min, 59%-88%; (c) 10%
Pd/C, 1,4-cyclohexadiene, EtOH, AcOEt, rt to 80 °C, 30 min, 72%—100%; (d) Tf.O, EtsN, CH:Cl.,
0 °C, 30 min, 72%—96%; (e) Pd(dppf)Cl. (20 mol%), K.COs, dioxane, H.O, pW, 120 °C, 1 h,
79%-95%; (f) TFA, CH:Cl, rt, 30 min, 77%—-97%; (g) formaldehyde, NaBH(OAc)s, AcOH,
CH2Cly, rt, 1 h, 84%—-94%; (h) Zn, AcOH, THF, 40-50 °C, 5-10 min; Hz, 10% Pd/C, Ac.O, THF,
rt, 10—20 min, 35%—62% over 2 steps; (i) Etl, K.COs, MeCN, rt, 2 h, 75%; (j) acetone, NaBH(OAC)s,
AcOH, CHCly, rt, 30 min, 53%; (k) TFA, CHCly, rt, 12 h, 74%.

WIZ, 7RI RuT7BEVROT I RO affic AT VEEEAN LA VBT AT
JL 186a. 186b M UF 191a. 191b @ & RkiE% Scheme 3-4 12”9, HIRDF TNV T 7= ) —
JVEE R 182a, 182b @ 7 )L = — /L % Dess-Martin F2{b L, i < Wittig &SI L > TT U v
7 X 184a, 184b Tt T NGz, FWNT, 5-7 mr-1-_XF & HWT N-7 L F 11k
%175 Z & T 185a, 185b %1571 . Scheme 2-4 & [AARICALERIRA A 7 L K O RCM (2

67



Lo THMET H1LEW 186a, 186b & 2N Z N f37-, KRIT, JElTfF72 183a, 183b ITxf L
TRV TZ2=VINVARE RFVAFLYFRART U EEASESZ LT, AMafi= A7 L
& 187a, 187b #1H7=, F\ T, KFILKISIC L > TA LV 7 4 v &2EIL LIk, KF LAY
BVFTLE-oTCm ATV EETL, 7T/ —/ LK 188a, 188b #57-, BHobhi=T /12
— /L % Dess-Martin f&{k L. #t < KE-Bestmann 7 /L% AKiC k> T/LE4 189a, 189b %
Bz, Tk, a7V ALEHANT N-TILX L EITH 2 & T{hE M 190a, 190b %45
oo TOHITELFEBEO TREZRTHBE T 25{LEW 191a, 191b 2 Z N ZE NG,

N N b N oo
a c N 1
Boc” Boc” N Boc” X X N
oC T/\ OH — 5 DOC T/\ O — 5 boc j/\ —_— \/\/ j/\
(S)-182a (S)-183a (S)-184a (S)-185a
(R)-182b (R)-183b (R)-184b (R)-185b
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e
o PinB N PinB
H s =
_N X
Boc N OEt CN\ Boc CN(\BOC

(S)-187a (S)-186a (R)-186b
(R)-187b

f PinB
/ =

H ‘ N-Boc
g H = h i
Boc/Nj/\/\OH —_— Boc/N T — Boc”N Z
(S)-191a

(S)-188a (S)-189a (S)-190a PinB

(R)-188b (R)-189b (R)-190b =

N-Boc

(R)-191b

Scheme 3-4. Synthesis of tetrahydroazepines 186a, 186b, 191a and 191b. Reagents and conditions:
(a) Dess-Martin periodinane, CH2Cly, rt, 0.5 h, 82%-84%; (b) PhsPMeBr, 'BuOK, THF, 0 °C, 0.5
h; aldehyde, THF, 0 °C to rt, 1 h, 77%—82%; (c) 5-chloro-1-pentyne, ‘BuOK, DMF, 70 °C, 5 h;
17%—-39%; (d) 1) (Pin)2B2, CuCl, LiCl, AcOK, DMF, rt, 5 h, 28%—89%; 2) 2nd Grubbs (5 mol%),
CHCly, rt, 16 h, 88%—-96%; (e) PhsP=CHCOEt, THF, rt, 1 h, 77%—85%; (f) 10% Pd/C, MeOH, rt,
1 h; LiBH4, THF, 50 °C, 3 h, 66%—96% over 2 steps; (g) 1) Dess-Martin periodinane, CH2Cly, rt,
0.5 h, 67%—79%; 2) Ohira-Bestmann Reagent, K.CO3, MeOH, rt, 15 h, 25%—-51%; (h) allyl iodide,
NaH, DMF, rt, 2 h, 72%—-86%; (i) 1) (Pin).B,, CuCl, LiCl, AcOK, DMF, rt, 5-15 h, 60%—63%; 2)
2nd Grubbs (5 mol%), CH.Cly, rt, 2 h, 50%—-63%.

Wiz, k&M 150-153 DA Rk %k % Scheme 3-5 (2/R"T, BICAK LIZLEW 176a &R T
VBT AT LK 186a, 186b, 191a, 191b Z HHWWTEAR-EH A » 7V v 7 %479 2 & T,
fb&% 192a-192d # 15 7-% . Boc ZEDFRZE, #it < N- 2 F{KIT & - T 193a-193d % 157,
Z D&%, Scheme 3-3 & AR D KM CTE LB ZITWHM & 2G4 150-153 &= £
TN,
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O,N oTf 2

186a; R! = (S)-Me, R2 = H

192a; R! = (S)}-Me, R2 = H

176a 186b; R! = (R)-Me, R2 = H 192b; R! = (R)-Me, R2 = H
191a; R! = H, R2 = (S)-Me 192c; R = H, R? = (S)-Me
191b; R! = H, R2 = (R)-Me 192d; R! = H, R2 = (R)-Me

b
NC
O,N 2

193a; R! = (S)-Me, R2 = H,
193b; R! = (R)-Me, R2= H
193c; Rl = H, R? = (S)-Me
193d; R! = H, R? = (R)-Me

150; R! = (S)-Me, R2 = H
151; R! = (R)-Me, R2 = H
152; R! = H, R? = (S)-Me
153; R! = H, R2 = (R)}-Me

Scheme 3-5. Synthesis of compounds 150-153. Reagents and conditions: (a) Pd(dppf)Cl. (20
mol%), K,COs, dioxane, H,O, uW, 120 °C, 1 h, 65%-99%; (b) 1) TFA, CHxCl;, rt, 30 min,
86%-100%; 2) formaldehyde, NaBH(OACc)s, AcOH, CH.Cly, rt, 1 h, 65%—91%; (c) Zn, AcOH,
THF, 50 °C, 20 min; Hy, 10% Pd/C, Ac,0, THF, rt, 20 min, 54%—-81% over 2 steps.

OMOM OMOM .
S PinB |
OMOM 4 \\)\ b Og c = o
S o — NJ_’>%6 \ ) — N-goo + NC
- Boc”
Boc MOMO O,N oTf
(R)-194a (R)-195a (R)-196a (R)-197a 176a
(S)-194b (S)-195b (S)-196b (S)-197b
o
d NC f
—_—
O,N 7
MOMO MOMO
(R)-198a (R)-199a (R)-154
(S)-198b (S)-199b (S)-155
g l
| o
NC © A NC |
_— 7
ON 7 N—Boc ON N—-Boc
HO O\ (R)-202a; R = Boc
(R)-200a (R)-201a (S)-202b; R = Boc
(S)-200b (S)-201b i
(R)-156; R=H
(S)-157; R=H

Scheme 3-6. Synthesis of compounds 154-157. Reagents and conditions: (a) AIINH2-HCI,
NaBH(OACc)s, AcOH, CH2Cly, rt, 30 min, 49%-72%; Boc.O, EtsN, THF, rt, 2 h, 65%-86%; (b)
(Pin)2B2, CuCl, LiCl, AcOK, DMF, rt, 5 h, 78%—95%; (c) 2" Grubbs (5 mol%), CH2Cl,, rt, 2 d,
31%—-59%:; (d) Pd(dppf)Cl: (20 mol%), K,COs, dioxane, H,0, uW, 120 °C, 1 h, 93%—97%; (e) Zn,
AcOH, THF, 50 °C, 10 min; H2, 10% Pd/C, Ac.0O, THF, rt, 20 min, 43%—53% over 2 steps; (f) 4 M
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HCl/dioxane, MeOH, rt, 2 h, 73%—-87%; (g) 4 M HCl/dioxane, MeOH, rt, 2 h; Boc0, EtsN, THF,
rt, 2 h, 79%—81% over 2 steps; (h) Mel, NaH, DMF, rt, 15 h, 78%—-92%; (i) Zn, AcOH, THF, 50 °C,
10 min; H2, 10% Pd/C, Ac20, THF, rt, 20 min, 30%—-37% over 2 steps; (j) TFA, CH.Cly, rt, 1 h,
52%-100%.

WAz, ALEW154-157 D A ki % Scheme 3-612 797, BEAI DL & ¥194a, 194bL 7 U LT
RUEHAVWTEILHNT 2 LIS RV, E5IZBocfb T 5 Z & TlbAW195a, 195b% 4%
Too FEWT, MEERIRAY A ¥ FEL L PRCM AT WEAE#197a, 197bx 15721, L& ¥176a
EMIA-BEHA YTV 7 EITO 2 LT ALEW198a, 198bE TN E NG, EDHK, BT
BEIL 21TV, & DICERTESM FIC CTMOMME K O'Bockk 2 bR =425 2 L THRM E T 5(LE
154, 155% N EnfG7-, —F. EIZHB2{b&198a, 198biZ Xt L TMOMAE & (fBockk
ZERE L7212, N-Bocfkd 5 Z & TILA#200a, 200b% T fF7=, HiV T, O-X F )b
B L7 BITETCHBRIL 21TV, EbIZBockk ZfrETH 2 LT, HI & T 5{LE5W156, 157
EENTETNGT,
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Figure 3-11. Summary of section 3.
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EBRIE
1. Chemistry

General Methods

Proton nuclear magnetic resonance spectra (*H-NMR) were recorded on a JEOL JNM-EX400
spectrometer in the indicated solvent. Chemical shifts () are reported in parts per million relative
to the internal standard tetramethylsilane. Abbreviations of multiplicity are as follows: s: singlet,
d: doublet, t: triplet, g: quartet, m: multiplet, and br: broad. Data are presented as follows: chemical
shift (multiplicity, integration, coupling constant). APCI/ESI mass spectra were recorded on
Agilent Technologies Agilent 1100 or 1200 series LC/MS. HRMS was carried out by using an liquid
chromatography-mass spectrometry (LC-MS) system composed of a Waters Xevo Quadrupole
Time-of-Flight Mass Spectrometer and an Acquity UHPLC system. Elemental analyses were
conducted by using Microcorder JM10 and Dionex ICS-1500 systems. Compound purity was
confirmed to exceed 95% by the DAD signal area (%), which was calculated with an Agilent Infinity
1260 LC-MS system. The conditions used were: column, Develosil Combi-RP-5 2.0 mmID x 50
mmL; gradient elution, 0.1% HCO,H-H,0/0.1% HCO,H-MeCN = 98/2 to 0/100 (v/v); flow rate,
1.2 mL/min; UV detection, 254 nm; column temperature, 40 °C; ionization, APCI/ESI. Purity >95%
was determined by elemental analysis for each of the tested compounds. Chemical reagents and
solvents were purchased from Aldrich, Tokyo Kasei Kogyo, Fujifilm Wako Pure Chemical
Industries, Ltd., Kanto Kagaku, or Nacalai Tesque and used without purification. Flash column
chromatography was performed using Purif-Pack SI 30 pm and Purif-Pack NH 50 pm (Shoko
Scientific), Chromatorex SI 30 um and Chromatorex NH 60 pum (Fuji Silysia Chemical) or Merck
silica gel 60 (230—-400 mesh).

B
N-[3-(Dimethylamino)-3-oxo-propyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide (10):
General procedure A
o v Asolution of 3-(4-fluorophenyl)isoxazole-5-carboxylic acid 43a (300 mg,
j V1.4 mmol), 3-amino-N,N-dimethylpropanamide hydrochloride 44 (250 mg,
X 2.2 mmol), and DIPEA (0.80 mL, 4.6 mmol) in DMF (5.0 mL) was treated
with HBTU (660 mg, 1.7 mmol) at room temperature for 1 h. The resulting
mixture was partitioned between AcOEt (100 mL) and H.O (50 mL), and
the organic phase was washed with saturated aqueous NaCl, dried (Na2SO4), filtered, and

concentrated in vacuo. The residue was purified by silica gel column chromatography
(MeOH/CHCI3; from 0:100 to 10:90) to afford compound 10 (160 mg, 36%) as a colorless solid.
'H NMR (CDCls, 400 MHz): § 7.84-7.77 (2H, m), 7.60 (1H, br s), 7.20-7.13 (3H, m), 3.78 (2H,
dd, J = 11.3, 6.3 Hz), 2.99 (3H, s), 2.98 (3H, s), 2.63 (2H, t, J = 5.5 Hz); **C NMR (CDCls;, 101
MHz): § 171.1, 164.12, 164.05 (d, 3¢ r = 250 Hz), 162.2, 155.8, 128.9 (d, 3Jcr = 9.0 Hz), 124.4
(d, {Jcr = 4.0 Hz), 116.2 (d, 2Jcr = 22 Hz), 104.7, 37.0, 35.3, 35.1, 32.8; ESIMS-LR m/z 306
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[(M+H)*]; ESIMS-HR calcd for C1sH17FN3O3 (M+H)* 306.1248, found 306.1253.

N-[3-(Dimethylamino)-3-oxo-propyl]-3-(2-fluorophenyl)isoxazole-5-carboxamide (11)
o , Following General procedure A using 3-(2-fluorophenyl)isoxazole-5-
\ carboxylic acid 43b (75 mg, 0.36 mmol), 3-amino-N,N-
dimethylpropanamide hydrochloride 44 (68 mg, 0.45 mmol), DIPEA (190
uL, 1.0 mmol), HBTU (180 mg, 0.47 mmoal), and DMF (5.0 mL), compound
11 (59 mg, 53%) was obtained as a colorless solid. *H NMR (CDCls, 400
MHz): & 7.95 (1H, td, J = 7.5, 1.8 Hz), 7.68 (1H, br s), 7.48-7.42 (1H, m), 7.31-7.26 (1H, m),
7.24-7.18 (1H, m), 7.12 (1H, d, J = 3.8 Hz), 3.78 (2H, dd, J = 11.5, 6.3 Hz), 2.99 (3H, s), 2.98 (3H,
s), 2.64 (2H, t, J = 5.6 Hz); *C NMR (CDCl3, 101 MHz): § 171.1, 164.3, 163.0 (d, YJcr = 246 Hz),
162.2, 155.7, 130.8 (d, 3Jcr = 8.0 Hz), 122.7 (d, *Jcr = 3.0 Hz), 117.5 (d, 2Jcr = 21 Hz), 113.9 (d,
2JcF = 21 Hz), 104.8, 37.0, 35.4, 35.1, 32.8; ESIMS-LR m/z 306 [(M+H)*]; ESIMS-HR calcd for
Ci5H17FN303 (M+H)* 306.1248, found 306.1244.

N-[3-(Dimethylamino)-3-oxo-propyl]-3-(3-fluorophenyl)isoxazole-5-carboxamide (12)
o\ v Following General procedure A using 3-(3-fluorophenyl)-1,2-oxazole-5-
\  carboxylic acid 43¢ (100 mg, 0.48 mmol), 3-amino-N,N-
dimethylpropanamide hydrochloride 44 (70 mg, 0.49 mmol), DIPEA (250
uL, 1.5 mmol), HBTU (220 mg, 0.58 mmol), and DMF (5.0 mL), compound
12 (42 mg, 29%) was obtained as a colorless solid. *H NMR (CDCls, 400
MHz): & 7.66-7.52 (3H, m), 7.49-7.42 (1H, m), 7.20-7.14 (2H, m), 3.79
(2H, q, J = 5.7 Hz), 3.00 (3H, s), 2.99 (3H, s), 2.63 (2H, t, J = 5.7 Hz); 1*C NMR (CDCls, 101
MHz): § 171.1, 165.3, 159.4, 164.2 (d, Ycr = 254 Hz), 158.9, 132.1 (d, 3Jcr = 9.0 Hz), 127.6,
124.7 (d, 2Jcr = 4.0 Hz), 116.4 (d, ¢ = 21 Hz), 103.1 (d, 3Jcr = 10.0 Hz), 37.0, 35.3, 35.1, 32.9;
ESIMS-LR m/z 306 [(M+H)*]; ESIMS-HR calcd for CisHi7FN3Os (M+H)" 306.1248, found
306.1257.

N-[3-(Dimethylamino)-3-oxo-propyl]-3-phenyl-isoxazole-5-carboxamide (13)

}h( Following General procedure A using 3-.phenyl-5-isoxazo.lecarboxylic af:id
43d (550 mg, 2.9 mmol), 3-amino-N,N-dimethylpropanamide hydrochloride
44 (670 mg, 4.4 mmol), triethylamine (2.0 mL, 15 mmol), EDCI (840 mg,
4.4 mmol), and DMF (20 mL), compound 13 (270 mg, 32%) was obtained
as a colorless solid. *H NMR (CDCls, 400 MHz): § 7.85-7.79 (2H, m), 7.58

(1H, br s), 7.50-7.45 (3H, m), 7.18 (1H, s), 3.78 (2H, dd, J = 11.3, 6.3 Hz), 2.99 (3H, s), 2.98 (3H,

s), 2.63 (2H, t, J=5.5 Hz); 3C NMR (CDCls, 101 MHz): § 171.1, 164.0, 163.2, 130.5, 129.1, 128.1,

126.9, 104.9, 37.0, 35.3, 35.1, 32.8; ESIMS-LR m/z 288 [(M+H)*]; ESIMS-HR calcd for

Ci1sH1sN303 (M+H)* 288.1343, found 288.1352.

3-(4-Chlorophenyl)-N-[3-(dimethylamino)-3-oxo-propyl]isoxazole-5-carboxamide (14)
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Following General procedure A using 3-(4-chlorophenyl)isoxazole-5-
carboxylic acid 43e (75 mg, 0.34 mmol), 3-amino-N,N-
dimethylpropanamide hydrochloride 44 (62 mg, 0.41 mmol), DIPEA (0.18
mL, 1.0 mmol), HBTU (170 mg, 0.45 mmol), and DMF (5.0 mL), compound
14 (48 mg, 45%) was obtained as a colorless solid. *H NMR (CDCls, 400
MHz): & 7.72 (2H, dt, J = 9.0, 2.1 Hz), 7.68 (1H, br s), 7.46 (2H, dt, J = 9.0, 2.1 Hz), 6.92 (1H, s),
3.77 (2H, dd, J = 11.5, 6.3 Hz), 2.99 (3H, s), 2.97 (3H, s), 2.63 (2H, t, J = 5.6 Hz); ESIMS-LR m/z
323 [(M+H)*]; ESIMS-HR calcd for C15H17CIN3O3 (M+H)* 322.0953, found 322.0950.

N-[3-(Dimethylamino)-3-oxo-propyl]-3-[4-(trifluoromethyl)phenyl]isoxazole-5-carboxamide
(15)

Following General procedure A using 3-(4-trifluorophenyl)isoxazole-5-
carboxylic acid 43f (150 mg, 0.58 mmol), 3-amino-N,N-
dimethylpropanamide hydrochloride 44 (80 mg, 0.69 mmol), DIPEA (0.30
mL, 1.8 mmol), HBTU (270 mg, 0.70 mmol), and DMF (5.0 mL),
compound 15 (58 mg, 28%) was obtained as a colorless solid. *H NMR
(CDCls, 400 MHz): 8 7.95 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J = 8.3 Hz), 7.64 (1H, brs), 7.21 (1H,
s), 3.79 (2H, dd, J = 11.2, 6.1 Hz), 3.00 (3H, s), 2.99 (3H, ), 2.64 (2H, t, J = 5.5 Hz); ESIMS-LR
m/z 356 [(M+H)*]; ESIMS-HR calcd for C1sH17F3sN303 (M+H)* 356.1217, found 356.1208.

3-Cyclohexyl-N-[3-(dimethylamino)-3-oxo-propyl]isoxazole-5-carboxamide (16)
0\ N Following General procedure A using 3-cyclohexylisoxazole-5-carboxylic
ﬁ/L “ acid 43g (100 mg, 0.51 mmol), 3-amino-N,N-dimethylpropanamide
hydrochloride 44 (80 mg, 0.52 mmol), DIPEA (1.2 mL, 6.9 mmol), HBTU
(1.2 g, 3.2 mmol), and DMF (5.0 mL), compound 16 (72 mg, 25%) was
obtained as a colorless solid. *H NMR (CDCls, 400 MHz): § 7.48 (1H, br s),
6.75 (1H, s), 3.76 (2H, dd, J = 11.3, 6.3 Hz), 2.99 (3H, s), 2.98 (3H, s), 2.84-2.75 (1H, m), 2.62
(2H, t, J = 5.5 Hz), 2.02-1.94 (2H, m), 1.88-1.80 (2H, m), 1.79-1.72 (1H, m), 1.51-1.38 (4H, m),
1.36-1.23 (1H, m); 3C NMR (CDCls, 101 MHz): § 171.1, 169.2, 163.0, 156.2, 105.3, 37.0, 35.8,
35.3, 35.0, 32.8, 31.9, 25.8, 25.7; ESIMS-LR m/z 294 [(M+H)*]; ESIMS-HR calcd for C15H24N303
(M+H)* 294.1812, found 294.1832.

5-(4-Fluorophenyl)-N-[3-(methylamino)-3-oxo-propyl]isoxazole-3-carboxamide (35)
o\ , Following General procedure A using 3-cyclohexylisoxazole-5-
o ﬁ/LH carboxylic acid 43h (70 mg, 0.51 mmol), 3-amino-N-
N methylpropanamide hydrochloride 45 (72 mg, 0.52 mmol), DIPEA (0.20
ON mL, 1.1 mmol), HBTU (170 mg, 0.44 mmol), and DMF (5.0 mL),
F compound 35 (45 mg, 61%) was obtained as a colorless solid. *H NMR
(CDCls, 400 MHz): 6 7.83-7.77 (2H, m), 7.55 (1H, br s), 7.23-7.16 (2H,
m), 6.90 (1H, s), 5.58 (1H, s), 3.78 (2H, q, J = 6.1 Hz), 2.85 (3H, d, J = 4.8 Hz), 2.54 (2H, t, J =
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6.1 Hz); ESIMS-LR m/z 292 [(M+H)*]; ESIMS-HR calcd for CisH1sFN3O3 (M+H)* 292.1092,
found 292.1103.

N-[3-(Dimethylamino)-3-oxo-propyl]-5-(4-fluorophenyl)isoxazole-3-carboxamide (17)

o\ , Following General procedure A using 3-cyclohexylisoxazole-5-
N

o\ . \ carboxylic acid 43h (100 mg, 0.48 mmol), 3-amino-N,N-

{ H dimethylpropanamide hydrochloride 44 (80 mg, 0.52 mmol), DIPEA

I ON (0.25 mL, 1.5 mmol), HBTU (220 mg, 0.58 mmol), and DMF (5.0 mL),

E compound 17 (72 mg, 48%) was obtained as a colorless solid. *H NMR

(CDCls, 400 MHz): § 7.81-7.75 (2H, m), 7.68 (1H, br s), 7.21-7.14 (2H,
m), 6.88 (1H, s), 3.77 (2H, g, J = 5.9 Hz), 2.99 (3H, s), 2.97 (2H, s), 2.63 (2H, t, J = 5.8 Hz);
ESIMS-LR m/z 306 [(M+H)*]; ESIMS-HR calcd for CisHi7FNsOs (M+H)* 306.1248, found
306.1244.

N-[3-(Dimethylamino)-3-oxo-propyl]-2-(4-fluorophenyl)thiazole-4-carboxamide (18)
o , Following General procedure A using 2-(4-fluorophenyl)-1,3-thiazole-4-

o) N carboxylic acid 43i (75 mg, 0.34 mmol), 3-amino-N,N-

N
N,%;H dimethylpropanamide hydrochloride 44 (60 mg, 0.39 mmol), DIPEA (0.2
/©/Ls mL, 1.2 mmol), HBTU (160 mg, 0.42 mmol), and DMF (5.0 mL),
F compound 18 (65 mg, 60%) was obtained as a colorless solid. *H NMR

(CDCls, 400 MHz): § 8.10 (1H, br s), 8.05 (1H, s), 8.00-7.94 (2H, m), 7.18-7.11 (2H, m), 3.79 (2H,
dd, J = 11.7, 6.4 Hz), 2.99 (3H, s), 2.98 (3H, s), 2.66 (2H, t, J = 5.8 Hz); 3C NMR (CDCls, 101
MHz): § 171.4, 166.9, 164.2 (d, e = 250 Hz), 161.2, 150.9, 129.2 (d, “Jcr = 3.0 Hz), 128.7 (d,
3Jcr=7.0Hz), 122.7, 116.2 (d, 2Jc.r = 21 Hz), 37.0, 35.4, 35.1, 33.2; ESIMS-LR m/z 322 [(M+H)*];
ESIMS-HR calcd for CisH17FN30,S (M+H)* 322.1020, found 322.1034.

N-[3-(Dimethylamino)-3-oxo-propyl]-2-(4-fluorophenyl)thiazolidine-4-carboxamide (19)

° v, Following General procedure A using 2-(4-fluorophenyl)-1,3-

2 Nj | thiazolidine-4-carboxylic acid 43j (75 mg, 0.33 mmol), 3-amino-N,N-

%LH dimethylpropanamide hydrochloride 44 (65 mg, 0.43 mmol), DIPEA (0.2

/©/LS mL, 1.2 mmol), HBTU (160 mg, 0.42 mmol), and DMF (5.0 mL),

F compound 19 (49 mg, 46%) was obtained as a colorless solid. *H NMR

(CDCl3, 400 MHz, 2 : 1 mixture of diastereomers, selected data for the major diastereomer): 6 7.91

(1H, br s), 7.53-7.48 (2H, m), 7.08-7.00 (2H, m), 5.37 (1H, d, J = 9.5 Hz), 4.32-4.24 (1H, m),

3.67-3.57 (3H, m), 3.39-3.32 (1H, m), 2.99 (3H, s), 2.95 (3H, s), 2.59-2.45 (2H, m); ESIMS-LR
m/z 326 [(M+H)*]; ESIMS-HR calcd for C1sH2:FN30,S (M+H)* 326.1333, found 326.1352.

Methyl 3-[[3-(4-fluorophenyl)isoxazole-5-carbonyl]-methyl-amino]propanoate (47)
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o , Following General procedure A using 3-(4-fluorophenyl)isoxazole-5-
carboxylic acid 43a (500 mg, 2.4 mmol), methyl 3-
(methylamino)propanoate 46 (290 mg, 2.5 mmol), DIPEA (1.2 mL, 6.9
mmol), HBTU (1.2 g, 3.2 mmol), and DMF (5.0 mL), compound 47 (460
mg, 62%) was obtained as a colorless solid. *H NMR (CDCls, 400 MHz,

3:2 mixture of two rotamers at 25 °C) data for the major rotamer: 6 7.85-
7.78 (2H, m), 7.20-7.14 (2H, m), 7.07 (1H, s), 3.83 (2H, t, J = 6.9 Hz), 3.72 (3H, s), 3.35 (3H, s),
2.73 (2H, t, J = 6.9 Hz); ESIMS-LR m/z 307 [(M+H)™].

3-[[3-(4-Fluorophenyl)isoxazole-5-carbonyl]-methyl-amino]propanoic acid (48)

A solution of compound 47 (420 mg, 1.4 mmol) in THF (5.0 mL) and
H.0 (5.0 mL) was treated with LiOH-H.0 (140 mg, 3.4 mmol) at room
temperature for 2 h. The resulting mixture was partitioned between
AcOEt (50 mL) and 1 N HCI (30 mL), and the organic phase was washed
with saturated aqueous NacCl, dried (Na2SOa), filtered, and concentrated

in vacuo to afford compound 48 (210 mg, 52%) as a colorless solid. *H
NMR (CDsOD, 400 MHz): § 7.97-7.91 (2H, m), 7.29-7.21 (3H, m), 3.89-3.78 (2H, m), 3.30 (3H,
s), 2.77-2.67 (2H, m); ESIMS-LR m/z 293 [(M+H)*].

N-[3-(Dimethylamino)-3-oxo-propyl]-3-(4-fluorophenyl)-N-methyl-isoxazole-5-carboxamide

}N/ (20)

\ Following General procedure A using compound 48 (75 mg, 0.26 mmol),
dimethylamine in THF (0.13 ml, 0.26 mmol), DIPEA (0.12 mL, 0.69
mmol), HBTU (120 mg, 0.32 mmol), and DMF (5.0 mL), compound 20
(42 mg, 51%) was obtained as a colorless solid. *H NMR (CDCls, 400
MHz, 3: 2 mixture of two rotamers at 25 °C) data for the major rotamer: & 7.84-7.78 (2H, m), 7.21-
7.14 (2H, m), 7.05 (1H, s), 3.84 (2H, t, J = 7.0 Hz), 3.38 (3H, s), 3.05 (3H, s), 2.97 (3H, 3), 2.75
(2H, t, J = 7.0 Hz); *3C NMR (CDCl3, 101 MHz, a mixture of rotamers, selected data for the major
rotamer): § 170.6, 165.2, 164.1 (d, XJcr = 250 Hz), 161.4, 158.1, 128.9 (d, 3Jc,r = 9.0 Hz), 124.3
(d, “Jcr = 4.0 Hz), 116.3 (d, 2JcF = 22 Hz), 106.3, 46.2, 37.3, 35.4, 34.6, 32.8; ESIMS-LR m/z 320
[(M+H)*]; ESIMS-HR calcd for C16H1sFN3O3 (M+H)* 320.1405, found 320.1406.

Methyl 4-bromo-1-(2-bromoethyl)pyrrole-2-carboxylate (51)

Br A solution of methyl 4-bromopyrrole-2-carboxylate 49 (1.2 g, 5.9 mmol) and NaH

@YOME (430 mg, 60% dispersion in mineral oil, 11 mmol) in DMF (10 mL) was treated
SN with 1,2-dibromoethane 50 (0.91 mL, 11 mmol) at room temperature, and the
mixture was stirred at 80 °C for 1 h. The resulting mixture was partitioned between AcOEt (100
mL) and H,O (50 mL), and the organic phase was washed with saturated aqueous NaCl, dried
(NazS0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; from 0:100 to 30:70) to afford compound 51 (1.4 g, 77%) as a
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colorless oil. 'H NMR (CDCls, 400 MHz): 8 6.96 (1H, d, J = 2.0 Hz), 6.91 (1H, d, J = 2.0 Hz), 4.63
(2H, t, J = 6.4 Hz), 3.82 (3H, s), 3.65 (2H, t, J = 6.4 Hz): ESIMS-LR m/z 310 [(M+H)"].

Methyl 4-bromo-1-[2-[[3-(dimethylamino)-3-oxo-propyl]amino]ethyl]pyrrole-2-carboxylate
(52)
o o A solution of compound 51 (490 mg, 1.6 mmol) and K,CO3 (280 mg, 2.0
J\TN/\)LN\/ mmol) in DMF (3.0 mL) was treated with 3-amino-N,N-
BN : dimethylpropanamide (240 mg, 2.1 mmol) at room temperature, and the
mixture was stirred at 80 °C for 2 h. The resulting mixture was partitioned between AcOEt (50 mL)
and saturated aqueous NaHCO3 (30 mL), and the organic phase was washed with H,O (30 mL) and
saturated aqueous NaCl, dried (Na2SO,), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane; from 20:80 to 90:10) to
afford compound 52 (67 mg, 12%) as a colorless oil. *H NMR (CDCls, 400 MHz):5 6.93—6.89 (2H,
m), 4.38 (2H, t, J = 6.3 Hz), 4.08-4.02 (1H, m), 3.91-3.85 (1H, m), 3.80 (3H, s), 2.99 (3H, s), 2.94
(3H, s), 2.87 (2H, t, J = 6.3 Hz), 2.47 (2H, t, J = 6.3 Hz); ESIMS-LR m/z 346, 348 [(M+H)*].

3-(7-Bromo-1-ox0-3,4-dihydropyrrolo[1,2-a]pyrazin-2-yl)-N,N-dimethylpropanamide (53)
o A solution of compound 52 (80 mg, 0.23 mmol) in DMSO (1.5 mL) was stirred
Q N/\/\X\N\/ at 150 °C for 4 h. The mixture was partitioned between AcOEt (50 mL) and
Br/gfb H.0 (30 mL), and the organic phase was washed with saturated aqueous NaCl,
dried (Na2S0.4), filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (NH-SiO2, AcOEt/hexane; from 40 :60 to 100:0) to afford
compound 53 (63 mg, 87%) as a colorless oil. *H NMR (DMSO-dg, 400 MHz):5 7.12 (1H, d, J =
1.8 Hz), 6.63 (1H, d, J = 1.8 HZz), 4.13-4.08 (2H, m), 3.72-3.67 (2H, m), 3.58 (2H, t, J = 7.3 Hz),

2.95 (3H, s), 2.81 (3H, s), 2.59 (2H, t, J = 7.3 Hz); ESIMS-LR m/z 314, 316 [(M+H)™].

3-[7-(4-Fluorophenyl)-1-oxo0-3,4-dihydropyrrolo[1,2-a]pyrazin-2-ylI]-N,N-
dimethylpropanamide (21)

/
_ /N \ fluorophenylboronic acid 54 (42 mg, 0.30 mmol), and K,CO3 (83 mg,
. N NJ 0.60 mmol) in dioxane (2.0 mL) and H,O (1.0 mL) was treated with

Pd(PPh3)2Cl, (14 mg, 0.020 mmol) at room temperature; the mixture was

(@] i -
o /\)L A suspension of compound 53 (63 mg, 0.20 mmol), 4

stirred at 120 °C for 1 h with pW irradiation and then cooled to room temperature. The resulting
mixture was partitioned between AcOEt (100 mL) and H,O (50 mL), and the organic phase was
washed with saturated aqueous NaCl, dried (Na.SOy), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (CHCIl3/MeOH; from 40:60 to 100 :0)
to afford compound 21 (22 mg, 33%) as a colorless solid. *H NMR (CDCls, 400 MHz): § 7.45-7.41
(2H, m), 7.11 (1H, d, J = 1.9 Hz), 7.06-7.00 (2H, m), 6.93 (1H, d, J = 1.9 Hz), 4.13-4.08 (2H, m),
3.94-3.89 (2H, m), 3.79 (2H, t, J = 6.1 Hz), 3.01 (3H, s), 2.94 (3H, s), 2.76 (2H, t, J = 6.1 Hz); *C
NMR (CDCls, 101 MHz): § 171.3, 161.5 (d, YJc,r = 244 Hz), 159.7, 130.8 (d, *Jc,r = 3.0 Hz), 126.7
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(d, 3Jcr = 8.0 Hz), 125.8, 125.3, 119.2, 115.6 (d, 2Jcr = 22 Hz), 110.1, 48.1, 44.2, 44.1, 37.3, 35.4,
32.5; ESIMS-LR m/z 330 [(M+H)*]; ESIMS-HR calcd for C1gH21:FN3O, (M+H)* 330.1612, found
330.1609.

Methyl 3-[[3-(dimethylamino)-3-oxo-propyl]amino]propanoate (57)

O o A suspension of methyl acrylate 55 (0.20 mL, 2.23 mmol) in MeOH (5.0
MGOJK/\N/\)L"“/ mL) was treated with compound 56 (31 mg, 2.7 mmol) at room temperature,
and the mixture was stirred at 50 °C for 16 h. The resulting mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiO,
AcOEt/hexane; from 20 :80 to 90 : 10) to afford compound 57 (22 mg, 33%) as a colorless oil. *H
NMR (CDCls, 400 MHz): 6 3.68 (3H, s), 2.99 (3H, s), 2.94 (3H, s), 2.93-2.87 (4H, m), 2.54-2.48
(4H, m); ESIMS-LR m/z 203 [(M+H)"].

Ethyl 3-[[3-(dimethylamino)-3-oxo-propyl]-(3-methoxy-3-oxo-propyl)amino]-3-oxo-
propanoate (59)

o o A solution of compound 57 (170 mg, 0.84 mmol) and DIPEA (0.17 mL,

Meo)K/\N/\)LN/ 1.0 mmol) in CH2Cl; (10 mL) was treated with ethyl malonyl chloride 58

ﬁo | (0.13 mL, 1.0 mmol) at 0 °C, and the mixture was stirred at 0 °C for 1 h.

Et0” S0 The resulting mixture was partitioned between AcOEt (100 mL) and H,0

(50 mL), and the organic phase was washed with saturated aqueous NacCl,

dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (NH-SiO, AcOEt/hexane; from 30 : 70 to 90 : 10) to afford compound 59 (120 mg,

45%) as a colorless oil. 'H NMR (CDCl3, 400 MHz): § 4.23—4.17 (2H, m), 3.71-3.65 (5H, m), 3.61

(2H, td, J = 7.0, 2.5 Hz), 3.55 (2H, d, J = 7.0 Hz), 3.01 (3H, d, J = 2.0 Hz), 2.94 (3H, d, J = 6.3
Hz), 2.69-2.59 (4H, m), 1.28 (3H, td, J = 7.2, 1.9 Hz); ESIMS-LR m/z 317 [(M+H)"].

Ethyl 1-[3-(dimethylamino)-3-oxo-propyl]-4-hydroxy-6-oxo-2,3-dihydropyridine-5-
carboxylate (60)

o o o A solution of compound 59 (110 mg, 0.35 mmol) in EtOH (2.0 mL) was

Eto)ﬁ/\/u\,\,/ treated with NaH (17 mg, 60% dispersion in mineral oil, 0.43 mmol) at

HO | ! 0 °C, and the mixture was stirred at room temperature for 17 h. The

resulting mixture was concentrated in vacuo to afford compound 60 (88

mg, 89%) as a colorless oil. This product was used in the next reaction without further purification;
ESIMS-LR m/z 285 [(M+H)*].

3-(2,4-Dioxo-1-piperidyl)-N,N-dimethylpropanamide (61)
o o A solution of compound 60 (88 mg, 0.31 mmol) in H20 (1.0 mL) was treated
/@/\/U\N/ with AcOH (0.5 mL) at room temperature, and the mixture was stirred at 90 °C
0% ! for 3 h. The resulting mixture was concentrated in vacuo. The residue was
purified by silica gel column chromatography (MeOH/CHCI3; from 1:99 to
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15:85) to afford compound 61 (66 mg, 100%) as a colorless oil. *H NMR (CDCls, 400 MHz): &
3.81(2H,t,J=6.1Hz),3.75(2H, t, J = 6.1 Hz), 3.31 (2H, s), 3.00 (3H, s), 2.94 (3H, s), 2.71 (2H,
t,J = 6.0 Hz), 2.60 (2H, t, J = 6.0 Hz); ESIMS-LR m/z 213 [(M+H)"].

3-[2-(4-Fluorophenyl)-4-0x0-6,7-dihydro-1H-pyrrolo[3,2-c]pyridin-5-yl]-N,N-
dimethylpropanamide (22)

A solution of compound 61 (66 mg, 0.31 mmol) and 2-bromo-4'-
jN\ fluoroacetophenone 62 (81 mg, 0.373 mmol) in EtOH (3.0 mL) was treated

\
~ N with ammonium acetate (120 mg, 1.6 mmol) at room temperature for 17 h.
N The resulting mixture was partitioned between AcOEt (100 mL) and H20
F (50 mL), and the organic phase was washed with saturated aqueous NacCl,

dried (Na2SO,), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (NH-SiO2, MeOH/CHCI3; from 1:99 to 10:90) to afford compound 22 (17 mg,
17%) as a colorless oil. *H NMR (CDCl3z, 400 MHz): § 7.87-7.81 (1H, m), 7.44-7.39 (2H, m),
7.09-7.03 (2H, m), 6.74 (1H, d, J = 2.8 Hz), 3.76 (4H, td, J = 6.8, 1.2 Hz), 3.03 (3H, s), 2.96-2.91
(5H, m), 2.72 (2H, t, J = 6.8 Hz); ESIMS-LR m/z 330 [(M+H)*]; ESIMS-HR calcd for C1gH21FN30
(M+H)* 330.1612, found 330.1618.

3-[2-(4-Fluorophenyl)-1-methyl-4-0x0-6,7-dihydropyrrolo[3,2-c]pyridin-5-yI]-N,N-
dimethylpropanamide (23)
o, Asolution of compound 22 (6.8 mg, 0.021 mmol) and NaH (1.0 mg, 60%
o jN\ dispersion in mineral oil, 0.025 mmol) in DMF (1.5 mL) was treated with
B " Mel (0.0013 mL, 0.021 mmol) at 0 °C, and the mixture was stirred at room

N\ temperature for 2 h. The resulting mixture was partitioned between AcOEt

F (50 mL) and saturated aqueous NaHCO3 (30 mL), and the organic phase was

washed with H,O (30 mL) and saturated aqueous NacCl, dried (Na>S0O4), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane;
from 50:50 to 100:0) to afford compound 23 (5.5 mg, 76%) as a colorless oil. *H NMR (CDCls,
400 MHz): & 7.35-7.30 (2H, m), 7.14-7.07 (2H, m), 6.54 (1H, s), 3.82-3.74 (4H, m), 3.47 (3H, s),
3.04 (3H, s), 2.94 (3H, s), 2.87 (2H, t, J = 6.8 Hz), 2.73 (2H, t, J = 6.8 Hz); ESIMS-LR m/z 344
[(M+H)*]; ESIMS-HR calcd for C19H21FN302 (M+H)* 344.1769, found 344.1775.

3-(4-Fluorophenyl)-N-[3-(methylamino)-3-oxo-propyl]isoxazole-5-carboxamide (24)

Following General procedure A using compound 43a (7.0 g, 34 mmol),
3-amino-N-methylpropanamide hydrochloride 45 (5.0 g, 36 mmol),
DIPEA (8.9 mL, 51 mmol), HBTU (1.5 g, 41 mmol), and DMF (50 mL),
compound 24 (7.9 g, 80%) was obtained as a colorless solid. *H NMR
(CD30D, 400 MHz): 6 7.96-7.89 (2H, m), 7.35 (1H, s), 7.28-7.21 (2H,
m), 3.64 (2H, t, J = 6.9 Hz), 2.73 (3H, s), 2.51 (2H, t, J = 6.9 Hz);
ESIMS-LR m/z 292 [(M+H)*]; ESIMS-HR calcd for Ci4sHisFN3O3 (M+H)*" 292.1092, found
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292.1099.

N-(3-Amino-3-oxo-propyl)-3-(4-fluorophenyl)isoxazole-5-carboxamide (25)
o) Following General procedure A using compound 43a (250 mg, 1.2 mmol),
jNHZ B-alaninamide hydrochloride (100 mg, 1.1 mmol), DIPEA (0.62 mL, 3.7
mmol), HATU (600 mg, 1.6 mmol), and DMF (3.0 mL), compound 25 (93
mg, 28%) was obtained as a colorless solid. *H NMR (DMSO-ds, 400
MHz): 4 8.99 (1H, t, J = 5.5 Hz), 8.02-7.95 (2H, m), 7.63 (1H, s), 7.43—
7.34 (3H, m), 6.86 (1H, br s), 3.46 (2H, dd, J = 12.9, 7.3 Hz), 2.37 (2H, t, J = 7.3 Hz); ESIMS-LR
m/z 278 [(M+H)*]; ESIMS-HR calcd for C13H13FN3O3 (M+H)* 278.0935, found 278.0944.

N-[3-(Dimethylamino)propyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide (26)
, Following General procedure A using compound 43a (120 mg, 0.58 mmol),
/_fN\ N,N-dimethyl-1,3-propanediamine (0.080 mL, 0.63 mmol), DIPEA (0.30
N mL, 1.8 mmol), HBTU (280 mg, 0.74 mmol), and DMF (5.0 mL),
compound 26 (25 mg, 15%) was obtained as a colorless solid. 'H NMR
(CDCls, 400 MHz): 6 9.04 (1H, br s), 7.85-7.78 (2H, m), 7.20-7.13 (3H,
m), 3.61-3.56 (2H, m), 2.51 (2H, t, J = 5.9 Hz), 2.32 (6H, s), 1.80-1.74 (2H, m); ESIMS-LR m/z
292 [(M+H)*]. ESIMS-HR calcd for C1sH1oFN3O2 (M+H)* 292.1456, found 292.1455.

N-[4-(Dimethylamino)-4-oxo-butyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide (27)
Following General procedure A using compound 43a (100 mg, 0.48 mmol),
4-amino-N,N-dimethylbutanamide (76 mg, 0.58 mmol), DIPEA (0.22 mL,
1.3 mmol), HBTU (220 mg, 0.58 mmol), and DMF (5.0 mL), compound
27 (46 mg, 30%) was obtained as a colorless solid. *H NMR (CDCl3, 400
MHz): 6 7.85-7.79 (2H, m), 7.68 (1H, br s), 7.21-7.13 (3H, m), 3.53 (2H,
dd, J = 12.8, 5.8 Hz), 3.02 (3H, s), 2.98 (3H, s), 2.48 (2H, t, J = 6.5 Hz),
2.07-1.99 (2H, m); 3C NMR (CDCls, 101 MHz): § 172.6, 164.2, 164.1 (d, YJcr = 250 Hz), 162.2,
156.1, 128.9 (d, 3Jc,r = 9.0 Hz), 124.4 (d, {Jc,r = 3.0 Hz), 116.2 (d, ?Jcr = 22 Hz), 104.5, 39.9, 37.3,
35.7, 31.2, 23.7; ESIMS-LR m/z 320 [(M+H)*]; ESIMS-HR calcd for CisHi1oFN3Os (M+H)*
320.1405, found 320.1414.

N-[2-(Dimethylamino)-2-oxo-ethyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide (28)

Following General procedure A using compound 43a (100 mg, 0.48 mmol),
2-amino-N,N-dimethylacetamide (60 mg, 0.59 mmol), DIPEA (0.16 mL, 0.94
mmol), HATU (50 mg, 0.13 mmol), and DMF (1.5 mL), compound 28 (98
mg, 70%) was obtained as a colorless solid. *H NMR (CDCls, 400 MHz): §
7.86-7.80 (2H, m), 7.75 (1H, br s), 7.21-7.15 (3H, m), 4.25 (2H, d, J = 4.0
Hz), 3.05 (6H, d, J = 1.0 Hz); **C NMR (CDCls, 101 MHz): § 166.8, 164.1 (d, YJcr = 250 Hz),
163.6, 162.3, 155.7, 128.9 (d, 3Jc.r = 9.0 Hz), 124.3 (d, “Jcr = 4.0 Hz), 116.2 (d, 2Jcr = 22 H2),
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105.0, 41.3, 36.0, 35.7; ESIMS-LR m/z 292 [(M+H)*]; ESIMS-HR calcd for C14H15FN3O3 (M+H)*
292.1092, found 292.1117.

N-[2-(Dimethylsulfamoyl)ethyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide (33)

O:S;o . Following General procedure A using compound 43a (75 mg, 0.36 mmol),
~ " 2-amino-N,N-dimethylethanesulfonamide (80 mg, 0.53 mmol), DIPEA
N (0.19 mL, 1.1 mmol), HBTU (180 mg, 0.47 mmol), and DMF (1.5 mL),

compound 33 (38 mg, 31%) was obtained as a colorless solid. 'H NMR

(DMSO-ds, 400 MHz): & 9.19 (1H, br s), 8.04-7.97 (2H, m), 7.67 (1H, s),
7.43-7.36 (2H, m), 3.69-3.62 (2H, m), 3.35-3.30 (2H, m), 2.79 (6H, s); ESIMS-LR m/z 342
[(M+H)*]; ESIMS-HR calcd for C14H17FN304S (M+H)* 342.0918, found 342.0916.

Ethyl 3-[[3-(4-fluorophenyl)isoxazole-5-carbonyl]lamino]butanoate (64a)

Following General procedure A using compound 43a (200 mg, 0.97 mmol),
ethyl 3-aminobutyrate 63a (150 mg, 1.2 mmol), DIPEA (0.50 mL, 2.9
mmol), HATU (480 mg, 1.3 mmol), and DMF (5.0 mL), compound 64a (70
mg, 23%) was obtained as a colorless solid. *H NMR (CDCls, 400 MHz):
§ 7.84-7.79 (2H, m), 7.29-7.25 (1H, m), 7.20-7.14 (3H, m), 4.62-4.52
(1H, m), 4.20 (2H, q, J = 7.2 Hz), 2.65 (2H, dd, J = 5.4, 1.6 Hz), 1.38 (3H, d, J = 6.8 Hz), 1.29 (3H,
t,J = 7.2 Hz); ESIMS-LR m/z 321 [(M+H)].

N-[3-(Dimethylamino)-1-methyl-3-oxo-propyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide
(29)
o, Asolutionof compound 64a (70 mg, 0.22 mmol) in THF (1.5 mL) and H20
N (0.5 mL) was treated with LiOH-H>O (20 mg, 0.48 mmol) at room
temperature for 1 h. The resulting mixture was partitioned between AcOEt
(50 mL) and 1 M aqueous HCI (30 mL), and the organic phase was washed

with saturated aqueous NaCl, dried (Na2SOs), filtered, and concentrated in
vacuo. A solution of the crude 65a, DIPEA (0.11 mL, 0.65 mmol) and dimethylamine hydrochloride
(22 mg, 0.27 mmol) in DMF (1.5 mL) was treated with HATU (110 mg, 0.29 mmol) at room
temperature for 1 h. The resulting mixture was partitioned between AcOEt (50 mL) and H.0O (30
mL), and the organic phase was washed with saturated aqueous NacCl, dried (Na2S04), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiOz,
AcOEt/hexane; from 40 :60 to 100:0) to afford compound 29 (33 mg, 47% over 2 steps) as a
colorless solid. *H NMR (CDCls, 400 MHz): § 8.04 (1H, d, J = 8.5 Hz), 7.84-7.78 (2H, m), 7.20—
7.14 (2H, m), 7.13 (1H, s), 4.60-4.51 (1H, m), 3.04 (3H, s), 2.98 (3H, s), 2.73 (1H, dd, J = 16.1,
4.3 Hz), 2.60 (1H, dd, J = 16.1, 5.3 Hz), 1.41 (3H, d, J = 6.8 Hz); **C NMR (CDCl3, 101 MHz): §
170.9, 165.3, 164.3 (d, Ncr = 250 Hz), 162.2, 155.2, 128.9 (d, ®Jcr = 9.0 Hz), 124.5 (d, *Jcr = 4.0
Hz), 116.2 (d, 2Jc,r = 22 Hz), 104.6, 43.3, 37.4, 37.3, 35.3, 20.0; ESIMS-LR m/z 320 [(M+H)'];
ESIMS-HR calcd for C16H19FN303 (M+H)* 320.1405, found 320.1411.
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Methyl 3-[[3-(4-fluorophenyl)isoxazole-5-carbonyl]amino]-2-methyl-propanoate (64b)
Following General procedure A using compound 43a (150 mg, 0.73 mmol),
methyl 3-amino-2-methylpropanoate hydrochloride 63b (130 mg, 0.87
mmol), DIPEA (0.37 mL, 2.2 mmol), HATU (360 mg, 0.95 mmol), and DMF
(3.0 mL), compound 64b (96 mg, 44%) was obtained as a colorless solid. *H
NMR (CDCls, 400 MHz): & 7.84—7.79 (2H, m), 7.20—7.15 (3H, m), 7.11 (1H,
br s), 3.77-3.70 (1H, m), 3.75 (3H, s), 3.59-3.51 (1H, m), 2.86-2.79 (1H, m), 1.27 (3H,d, J = 7.3
Hz); ESIMS-LR m/z 307 [(M+H)"].

N-[3-(Dimethylamino)-2-methyl-3-oxo-propyl]-3-(4-fluorophenyl)isoxazole-5-carboxamide
(30)

Assolution of compound 64b (92 mg, 0.30 mmol) in THF (1.5 mL) and H»0
(0.5 mL) was treated with LiOH-H,O (25 mg, 0.60 mmol) at room
temperature for 15 h. The resulting mixture was partitioned between
AcOEt (50 mL) and 1 M aqueous HCI (30 mL), and the organic phase was
washed with saturated aqueous NaCl, dried (NaSOa), filtered, and

concentrated in vacuo. A solution of crude 65b, DIPEA (0.15 mL, 0.90 mmol) and dimethylamine
hydrochloride (30 mg, 0.37 mmol) in DMF (1.5 mL) was treated with HATU (150 mg, 0.40 mmol)
at room temperature for 1 h. The resulting mixture was partitioned between AcOEt (50 mL) and
H.O (30 mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na>SOy),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; from 20:80 to 80:20) to afford compound 30 (68 mg, 71% over 2 steps) as a
colorless solid. *H NMR (DMSO-ds, 400 MHz): § 9.02 (1H, t, J = 5.6 Hz), 8.02-7.95 (2H, m), 7.64
(1H, s), 7.39 (2H, t, J = 8.9 Hz), 3.46-3.38 (1H, m), 3.28-3.20 (1H, m), 3.19-3.11 (1H, m), 3.04
(3H, s), 2.84 (3H, s), 1.03 (3H, d, J = 6.8 Hz); 1*C NMR (CDCls, 101 MHz): § 174.6, 164.1 (d, Nc
= 250 Hz), 164.0, 162.3, 156.1, 128.9 (d, 3Jcr = 8.0 Hz), 124.3 (d, “Jcr = 4.0 Hz), 116.2 (d, 2JcF
= 22 Hz), 104.8, 42.1, 37.1, 35.9, 35.6, 14.9; ESIMS-LR m/z 320 [(M+H)*]; ESIMS-HR calcd for
Ci16H1oFN303 (M+H)* 320.1405, found 320.1399.

Methyl 3-[[3-(4-fluorophenyl) isoxazole-5-carbonyllamino] propanoate (64c)

SN A solution of compound 43a (10 g, 48 mmol) in CH2CI, (150 mL) and DMF
(0.50 mL) was treated with SOCI, (5.7 mL, 78 mmol) at 0 °C and the mixture
was stirred at 40 °C for 18 h. The solvent was then removed in vacuo to
afford acid chloride as a yellow solid. The acid chloride was dissolved in

CHCI; (150 mL) and added dropwise to a mixture of compound 63c (11 g,
79 mmol) and EtsN (22 mL, 158 mmol) in CH,Cl, (20 mL) at 0 °C, and the mixture was stirred at
room temperature for 5 h. The solvent was then removed in vacuo and the residue was quenched
with H20 (10 mL). The resulting mixture was partitioned between AcOEt (200 mL) and H.0O (100
mL), and the organic phase was washed with saturated aqueous NacCl, dried (Na2S04), filtered, and
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concentrated in vacuo. The residue was purified by silica gel column chromatography
(MeOH/CHCI3; 0 : 100 to 10 : 90) to afford compound 64c (12 g, 85%) as a colorless oil. *H NMR
(CDCl3, 400 MHz): &: 7.84-7.79 (2H, m), 7.23-7.13 (4H, m), 3.79-3.72 (5H, m), 2.68 (2H, t, J =
6.0 Hz). ESIMS-LR m/z 293 [(M+H)™].

3-[[3-(4-Fluorophenyl)isoxazole-5-carbonyl]amino] propanoic acid (65c¢)
oy Asolution of compound 64c (12 g, 41 mmol) in THF (100 mL) and H20 (30
o j mL) was treated with LiOH-H20 (2.0 g, 84 mmol) at room temperature for
4 h. The resulting mixture was partitioned between AcOEt (200 mL) and 1
N HCI (100 mL), and the organic phase was washed with saturated aqueous

NaCl, dried (NazSO4), filtered, and concentrated in vacuo to afford
compound 65c¢ (7.1 g, 62%) as a colorless solid. This material was used in the next reaction without
further purification. *H NMR (CD30OD, 400 MHz) &: 7.94-7.87 (2H, m), 7.33 (1H, s), 7.27-7.19
(2H, m), 3.66 (2H, t, J = 6.9 Hz), 2.66 (2H, t, J = 6.9 Hz). ESIMS-LR m/z 279 [(M+H)*].

3-(4-Fluorophenyl)-N-(3-oxo-3-pyrrolidin-1-yl-propyl)isoxazole-5-carboxamide (31)
}Nj Following General procedure Ausing compound 65¢ (150 mg, 0.80 mmol),
K pyrrolidine (0.20 mL, 2.4 mmol), DIPEA (0.28 mL, 1.6 mmol), HATU
(330 mg, 0.88 mmol), and DMF (3.0 mL), compound 31 (200 mg, 76%)
was obtained as a colorless solid. *H NMR (DMSO-ds, 400 MHz): & 8.94
(1H, t, J = 5.5 Hz), 8.02-7.96 (2H, m), 7.64 (1H, s), 7.42-7.34 (2H, m),
3.49 (2H, dd, J = 12.8, 7.3 Hz), 3.39 (2H, t, J = 6.8 Hz), 3.30-3.27 (2H, m), 2.55 (2H, t, J = 7.2
Hz), 1.90-1.83 (2H, m), 1.80-1.73 (2H, m); ESIMS-LR m/z 332 [(M+H)*]; ESIMS-HR calcd for
C17H19FN303 (M+H)* 332.1405, found 320.1422.

3-(4-Fluorophenyl)-N-[3-(3-hydroxyazetidin-1-yl)-3-oxo-propyl]isoxazole-5-carboxamide (32)

o) Following General procedure A using compound 65c¢ (100 mg, 0.36

o jNyOH mmol), 3-hydroxyazetidine hydrochloride (48 mg, 0.44 mmol),

DIPEA (0.20 mL, 1.1 mmol), HBTU (170 mg, 0.44 mmol), and DMF

(5.0 mL), compound 32 (45 mg, 38%) was obtained as a colorless

solid. *H NMR (CDCl3, 400 MHz): 7.86-7.80 (2H, m), 7.54 (1H, br

s), 7.22-7.15 (3H, m), 4.29-4.17 (3H, m), 4.00 (1H, dd, J = 8.8, 2.0

Hz), 3.93 (1H,t,J=7.5Hz), 3.77 (2H, ddd, J = 11.8, 6.0, 2.3 Hz), 2.44 (2H, t, J = 6.0 Hz); ESIMS-
LR m/z 334 [(M+H)*]; ESIMS-HR calcd for C16H17FN304 (M+H)* 334.1198, found 334.1190.

3-(4-Fluorophenyl)-N-[3-(2-hydroxyethylamino)-3-oxo-propyl]isoxazole-5-carboxamide (66)
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oH  Following General procedure A using compound 65c¢ (40 mg, 0.14
mmol), 2-aminoethanol (0.010 mL, 0.17 mmol), DIPEA (0.073 mL,
0.43 mmol), HATU (71 mg, 0.19 mmol), and DMF (3.0 mL), compound
66 (43 mg, 93%) was obtained as a colorless solid. *H NMR (CDCls,
400 MHz): & 7.84-7.79 (2H, m), 7.20-7.14 (3H, m), 3.81-3.72 (4H,

m), 3.47 (2H, dd, J = 10.3, 5.5 Hz), 2.57 (2H, t, J = 5.9 Hz), 2.14 (1H, t, J = 5.1 Hz); ESIMS-LR

m/z 322 [(M+H)™].

3-(4-Fluorophenyl)-N-(2-oxazol-2-ylethyl)isoxazole-5-carboxamide (34)
N, Asolution of compound 66 (40 mg, 0.13 mmol), hexachloroethane (80 mg,
_)° 0.34 mmol) and Et:N (100 uL, 0.72 mmol) in CHCl; (1.0 mL) was treated
with triphenylphosphine (100 mg, 0.38 mmol) at room temperature for 16 h.
The resulting mixture was partitioned between AcOEt (50 mL) and saturated

agqueous NaHCOs3 (30 mL), and the organic phase was washed with H,0 (30
mL), and saturated aqueous NaCl, dried (Na>SOy), filtered, and concentrated in vacuo. The residue
was purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane; from 50 : 50 to 100: 0)
to afford compound 34 (12 mg, 32%) as a colorless solid. *H NMR (CDs;OD, 400 MHz): & 7.91—
7.84 (2H, m), 7.76 (1H, d, J = 1.0 Hz), 7.64 (1H, s), 7.25-7.17 (2H, m), 7.07 (1H, d, J = 1.0 Hz),
3.82 (2H,t,J =6.9 Hz), 3.15 (2H, t, J = 6.9 Hz); ESIMS-LR m/z 302 [(M+H)*]; ESIMS-HR calcd
for C1sH13FN3O3 (M+H)* 302.0935, found 302.0927.

tert-Butyl 6-[[3-(4-fluorophenyl)isoxazole-5-carbonyllamino]-2-azaspiro[3.3]heptane-2-

carboxylate (68)

nBoc A solution of compound 43a (2.0 g, 9.7 mmol), compound 67 (2.3 g, 11
mmol), and EtsN (5.4 mL, 39 mmol) in DMF (50 mL) was treated with
COMU (6.2 g, 15 mmol) at 0 °C, and the mixture was stirred at room
temperature for 3 h. The resulting mixture was partitioned between AcOEt
(50 mL) and saturated aqueous NaHCO3 (30 mL), and the organic phase

was washed with saturated aqueous NaCl, dried (NaSO.), filtered, and
concentrated in vacuo to afford compound 68 (2.2 g, 56%) as a colorless solid. This product was
used in the next reaction without further purification; ESIMS-LR m/z 346 [(M-'Bu+H)*].

tert-Butyl 6-[(3-phenylisoxazole-5-carbonyl)amino]-2-azaspiro[3.3]heptane-2-carboxylate
(69)

A solution of compound 43d (5.5 g, 29 mmol), DMF (0.1 mL) in CH,Cl; (50
mL) was treated with SOCI, (2.6 mL, 37.8 mmol) at room temperature, and
the mixture was stirred at 50 °C for 4 h. The resulting mixture was
concentrated in vacuo. A solution of the acid chloride and triethylamine (16
mL, 120 mmol) in CH2Cl; (50 mL) was treated with compound 67 (7.4 g, 35
mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h. The resulting mixture was
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partitioned between AcOEt (100 mL) and saturated aqueous NaHCO3 (50 mL), and the organic
phase was washed with H,O (50 mL) and saturated aqueous NaCl, dried (Na2SO,), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; from 3:7 to 8 : 2) to afford compound 69 (10 g, 91%) as a colorless solid. *H NMR
(CDCls, 400 MHz): & 7.84-7.78 (2H, m), 7.51-7.46 (3H, m), 7.21 (1H, s), 6.77 (1H, d, J = 7.5 Hz),
4.45 (1H, g, J = 8.3 Hz), 4.01 (2H, s), 3.90 (2H, s), 2.75-2.66 (2H, m), 2.28-2.20 (2H, m), 1.44
(9H, s); ESIMS-LR m/z 328 [(M-'Bu+H)*].

N-(2-Azaspiro[3.3]heptan-6-yl)-3-(4-fluorophenyl)isoxazole-5-carboxamide (70)

’ A solution of compound 68 (2.2 g, 5.4 mmol) in CH,Cl; (50 mL) was treated

N with TFA (10 mL) at 0 °C for 3 h. The resulting mixture was concentrated in
g) vacuo. The residue was purified by silica gel column chromatography (NH-
SiO2, MeOH/CHCI3; from 1:99 to 13:87) to afford compound 70 (880 mg,
54%) as a colorless solid. *H NMR (DMSO-ds, 400 MHz): § 9.17 (1H, d, J =
7.3 Hz), 8.01-7.95 (2H, m), 7.61 (1H, s), 7.42-7.35 (2H, m), 4.22 (1H, dd, J
=15.9, 7.9 Hz), 3.51 (2H, ), 3.39 (2H, 5), 2.48-2.41 (2H, m), 2.18 (2H, td, J = 9.0, 2.8 Hz); ESIMS-
LR m/z 302 [(M+H)™].

N-(2-Azaspiro[3.3]heptan-6-yl)-3-phenyl-isoxazole-5-carboxamide (71)

A solution of compound 69 (11 g, 29 mmol) in CH2Cl, (20 mL) was treated with
TFA (11 mL, 140 mmol) at 0 °C for 3 h. The resulting mixture was concentrated
in vacuo. The residue was purified by silica gel column chromatography (NH-
SiO2; MeOH/CHCI3; from 1:99 to 15:85) to afford compound 71 (6.9 g, 85%)
as a colorless solid. *H NMR (CDCls, 400 MHz): § 7.84-7.79 (2H, m), 7.51-7.46
(3H, m), 7.20 (1H, s), 6.67 (1H, br s), 4.43 (1H, dd, J = 16.4, 8.7 Hz), 3.72 (2H,
s), 3.61 (2H, s), 2.76-2.71 (2H, m), 2.20-2.11 (2H, m); ESIMS-LR m/z 284 [(M+H)™].

N-(2-Acetyl-2-azaspiro[3.3]heptan-6-yl)-3-(4-fluorophenyl)isoxazole-5-carboxamide (36)

A solution of the compound 70 (310 mg, 1.0 mmol) and pyridine (420 uL,
5.1 mmol) in CH2Cl; (10 mL) was treated with acetyl chloride (110 pL, 1.5
mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. The
resulting mixture was partitioned between AcOEt (50 mL) and H,O (30
mL), and the organic phase was washed with saturated aqueous NaCl, dried

(NazS0.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (MeOH/CHCl3; from 1:99 to 13:87) to
afford compound 36 (310 mg, 88%) as a colorless solid. *H NMR (DMSO-ds, 400 MHz): § 9.23
(1H, dd, J=7.3, 2.5 Hz), 8.02-7.95 (2H, m), 7.63 (1H, d, J = 2.3 Hz), 7.42-7.34 (2H, m), 4.29 (1H,
dd, J = 16.1, 8.0 Hz), 4.17 (1H, s), 4.06 (1H, s), 3.89 (1H, s), 3.78 (1H, s), 2.57-2.52 (2H, m),
2.35-2.28 (2H, m), 1.72 (3H, d, J = 4.3 Hz); 3C NMR (CDCls, 101 MHz, a mixture of rotamers,
selected data for the major rotamer): § 170.4, 164.2 (d, YJcr = 250 Hz), 163.5, 162.5, 155.1, 128.9
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(d, 3Jcr = 8.0 Hz), 124.1 (d, “Jcr = 3.0 Hz), 116.3 (d, 2Jcr = 22 Hz), 105.2, 62.7, 61.1, 60.0, 58.3,
41.2, 39.9, 18.8; ESIMS-LR m/z 344 [(M+H)*]; ESIMS-HR calcd for CigH1sFN3O3 (M+H)*
344.1405, found 344.1414.

N-(2-Acetyl-2-azaspiro[3.3]heptan-6-yl)-3-phenyl-isoxazole-5-carboxamide (37)

A suspension of compound 71 (6.4 g, 23 mmol) and pyridine (9.1 mL, 110
mmol) in CH2Cl, (100 mL) was treated with acetyl chloride (2.4 mL, 34 mmol)
at 0 °C, and the mixture was stirred at room temperature for 1 h. The resulting
mixture was partitioned between AcOEt (300 mL) and H20 (100 mL), and the
organic phase was washed with saturated aqueous NaCl, dried (Na2SOy),

filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (MeOH/CHCIs3; from 1:99 to 15: 85) to afford compound 37 (5.9 g, 80%)
as a colorless solid. *H NMR (CDCls, 400 MHz): & 7.84-7.79 (2H, m), 7.51-7.47 (3H, m), 7.22
(1H, d, J = 2.5 Hz), 6.69 (1H, br s), 4.49 (1H, dd, J = 16.6, 7.8 Hz), 4.21 (1H, s), 4.11 (1H, s), 4.08
(1H, s), 3.98 (1H, s), 2.77-2.71 (2H, m), 2.30 (2H, td, J = 9.4, 3.3 Hz), 1.87 (3H, d, J = 6.0 Hz);
3C NMR (CDCl3, 101 MHz, a mixture of rotamers, selected data for the major rotamer): & 170.5,
163.41, 163.36, 155.2, 130.7, 129.2, 127.8, 126.9, 105.3, 60.6, 41.2, 39.9, 31.5, 18.8; ESIMS-LR
m/z 326 [(M+H)*]; ESIMS-HR calcd for C1sH20N303 (M+H)* 326.1499, found 326.1516.

N-(2-Methylsulfonyl-2-azaspiro[3.3]heptan-6-yl)-3-phenyl-isoxazole-5-carboxamide (38)
°-S’Q, A solution of compound 71 (50 mg, 0.18 mmol) and pyridine (71 pL, 0.88
N mmol) in CH,Cl, (1.0 mL) was treated with methanesulfonyl chloride (20 pL,
g) 0.26 mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h.
The resulting mixture was partitioned between AcOEt (50 mL) and H,0O (30

mL), and the organic phase was washed with saturated aqueous NaCl, dried

(Na2S0.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane; from 30 :70 to 100:0) to afford compound 38
(45 mg, 71%) as a colorless solid. *H NMR (CDCls, 400 MHz): & 7.85-7.78 (2H, m), 7.51-7.46
(3H, m), 7.22 (1H, s), 6.71 (1H, d, J = 7.3 Hz), 4.53-4.42 (1H, m), 4.01 (2H, s), 3.92 (2H, s), 2.86
(3H, s), 2.79-2.72 (2H, m), 2.35-2.26 (2H, m); *C NMR (CDCls, 101 MHz): § 163.5, 163.3, 155.1,
130.7, 129.1, 127.8, 126.9, 105.4, 61.6, 60.3, 40.9, 39.9, 36.7, 31.4; ESIMS-LR m/z 362 [(M+H)"];
ESIMS-HR calcd for C17H20N304S (M+H)* 362.1169, found 362.1174.

3-Phenyl-N-(2-propanoyl-2-azaspiro[3.3]heptan-6-yl)isoxazole-5-carboxamide (39)

OW Asolution of compound 71 (80 mg, 0.28 mmol), pyridine (110 puL, 1.4 mmol)
in CH2Cl; (2.0 mL), and DMF (1.0 mL) was treated with propionyl chloride
(37 uL, 0.42 mmol) at 0 °C, and the mixture was stirred at room temperature
for 3 h. The resulting mixture was partitioned between AcOEt (50 mL) and
saturated aqueous NaHCO3 (30 mL), and the organic phase was washed with

saturated aqueous NaCl, dried (Na2S0Oa), filtered, and concentrated in vacuo.
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The residue was purified by silica gel column chromatography (MeOH/CHCI3; from 1:99 to 13:87)
to afford compound 39 (86 mg, 90%) as a colorless solid. *H NMR (CDCls, 400 MHz): § 7.84—7.79
(2H, m), 7.51-7.47 (3H, m), 7.22 (1H, d, J = 2.3 Hz), 6.71 (1H, t, J = 8.2 Hz), 4.53-4.43 (1H, m),
4.19 (1H, s), 4.09 (2H, d, J = 2.3 Hz), 3.98 (1H, s), 2.77-2.71 (2H, m), 2.29 (2H, dt, J = 13.8, 4.4
Hz), 2.14-2.05 (2H, m), 1.12 (3H, td, J = 7.6, 2.4 Hz); 3C NMR (CDCls, 101 MHz, a mixture of
rotamers, selected data for the major rotamer): 6 173.9, 163.40, 163.37, 155.2, 130.7, 129.1, 127.8,
126.9, 105.4, 62.3, 60.7, 60.0, 58.3, 41.3, 40.0, 31.9, 24.7; ESIMS-LR m/z 340 [(M+H)*]; ESIMS-
HR calcd for C1gH22N3O3 (M+H)* 340.1656, found 340.1659.

N-[2-(2-Methylpropanoyl)-2-azaspiro[3.3]heptan-6-yl]-3-phenyl-isoxazole-5-carboxamide
(40)

A solution of compound 71 (70 mg, 0.25 mmol), pyridine (100 pL, 1.2
mmol) in CH,Cl; (2.0 mL), and DMF (1.0 mL) was treated with isobutyryl
chloride (39 pL, 0.37 mmol) at 0 °C, and the mixture was stirred at room
temperature for 3 h. The resulting mixture was partitioned between AcOEt
(50 mL) and saturated aqueous NaHCO3 (30 mL), and the organic phase was

washed with saturated aqueous NaCl, dried (Na;SO.), filtered, and
concentrated in vacuo. The residue was purified by silica gel column
chromatography (MeOH/CHCls; from 1:99 to 13:87) to afford compound 40 (84 mg, 96%) as a
colorless solid. *H NMR (CDCls, 400 MHz): § 7.84-7.80 (2H, m), 7.51-7.47 (3H, m), 7.22 (1H, d,
J=2.3Hz),6.71 (1H, t, J = 8.0 Hz), 4.53-4.44 (1H, m), 4.23 (1H, s), 4.13 (1H, s), 4.08 (1H, s),
3.97 (1H, s), 2.78-2.71 (2H, m), 2.47-2.38 (1H, m), 2.33-2.26 (2H, m), 1.10 (3H, d, J = 2.5 Hz),
1.09 (3H, d, J = 2.5 Hz); 3C NMR (CDCl3, 101 MHz, a mixture of rotamers, selected data for the
major rotamer): 6 176.9, 163.41, 163.37, 155.2, 130.7, 129.1, 127.8, 126.9, 105.4, 62.4, 60.8, 60.0,
58.3, 41.3, 40.0, 31.9, 29.8, 18.8; ESIMS-LR m/z 354 [(M+H)*]; ESIMS-HR calcd for C20H24N303
(M+H)* 354.1812, found 354.1832.

N-(2-Ethyl-2-azaspiro[3.3]heptan-6-yl)-3-phenyl-isoxazole-5-carboxamide (41)

N~ Asolution of compound 71 (50 mg, 0.18 mmol), acetaldehyde (5 M in THF
solution, 190 pL, 0.95 mmol) in THF (10 mL) was treated with sodium
triacetoxyborohydride (140 mg, 0.64 mmol) at 0 °C, and the mixture was
stirred at room temperature for 1 h. The resulting mixture was partitioned
between AcOEt (50 mL) and H,0 (30 mL), and the organic phase was washed
with saturated aqueous NacCl, dried (Na2SOg), filtered, and concentrated in

vacuo. The residue was purified by silica gel column chromatography (MeOH/CHCls; from 1:99
to 13:87) to afford compound 41 (60 mg, 61%) as a colorless solid. *H NMR (CDCls, 400 MHz):
5 7.84-7.79 (2H, m), 7.50-7.46 (3H, m), 7.20 (1H, s), 6.66 (1H,d, J = 7.5 Hz), 4.46 (1H,q, J=8.3
Hz), 3.25 (2H, s), 3.15 (2H, s), 2.71-2.64 (2H, m), 2.42 (2H, q, J = 7.2 Hz), 2.19-2.12 (2H, m),
0.95 (3H, t, J = 7.2 Hz); *C NMR (CDCls, 101 MHz): § 163.6, 163.4, 155.0, 130.6, 129.1, 127.9,
126.9, 105.2, 66.0, 64.9, 53.6, 41.2, 40.6, 33.0, 12.4; ESIMS-LR m/z 312 [(M+H)*]; ESIMS-HR
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calcd for C1gH22N30, (M+H)* 312.1707, found 312.1703.

tert-Butyl 3-[[(3-phenylisoxazole-5-carbonyl)amino]methyl]azetidine-1-carboxylate (73)
Following General procedure A using compound 43d (40 mg, 0.14 mmol),
HhCNBOC tert-butyl 3-(aminomethyl)azetidine-1-carboxylate 72 (500 mg, 2.7 mmol),
DIPEA (1.2 mL, 7.1 mmol), HATU (1.1 g, 2.9 mmol), and DMF (30 mL),
compound 73 (370 mg, 41%) was obtained as a colorless solid. *H NMR
(CDCls, 400 MHz): 8 7.84-7.78 (2H, m), 7.21-7.15 (3H, m), 6.72 (1H, brs),
4.06 (2H, t, J = 8.5 Hz), 3.70 (4H, dd, J = 8.9, 5.1 Hz), 2.90-2.79 (1H, m), 1.44 (9H, s); ESIMS-
LR m/z 320 [(M-'Bu+H)"].

N-[(1-Acetylazetidin-3-yl)methyl]-3-phenyl-isoxazole-5-carboxamide (42)

A solution of compound 73 (3.1 g, 8.7 mmol) in CH,Cl, (10 mL) was treated
3 NhCN ‘o with TFA (3.3 mL, 43 mmol) at 0 °C for 3 h. The resulting mixture was
partitioned between AcOEt (50 mL) and saturated aqueous NaHCO3 (30 mL),
and the organic phase was washed with saturated aqueous NaCl, dried

(Na2S0.), filtered, and concentrated in vacuo to afford the free amine (1.4 g, 61%) as a colorless
solid. A solution of the free amine (280 mg, 1.1 mmol) and pyridine (440 pL, 5.4 mmol) in CH,Cl;
(1.0 mL) was treated with acetyl chloride (120 pL, 1.7 mmol) at 0 °C, and the mixture was stirred
at room temperature for 1 h. The resulting mixture was partitioned between AcOEt (50 mL) and
H.O (30 mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na.SOy),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(MeOH/CHCI3; from 1:99 to 13:87) to afford compound 42 (280 mg, 86%) as a colorless solid.
'H NMR (CDCls, 400 MHz):  7.85-7.79 (2H, m), 7.52-7.47 (3H, m), 7.24 (1H, s), 6.94 (1H, br s),
4.25 (1H,t,J = 8.4 Hz), 4.14 (1H,t,J = 9.2 Hz), 3.94 (1H, dd, J = 8.7, 5.1 Hz), 3.83-3.75 (2H, m),
3.70-3.62 (1H, m), 2.99-2.89 (1H, m), 1.87 (3H, s); 1*C NMR (CDCls, 101 MHz): § 170.9, 163.5,
163.3, 156.4, 130.7, 129.2, 127.8, 126.9, 105.5, 53.7 50.8, 42.5, 28.2, 18.7; ESIMS-LR m/z 300
[(M+H)*]; ESIMS-HR calcd for C16H1sN303 (M+H)* 300.1343, found 300.1338.

B

1-[3-(2-Methoxy-5-nitro-phenoxy)propyl]pyrrolidine (101)
| A solution of compound 100 (3.0 g, 18 mmol) and K2COs3 (3.2 g, 23 mmol)
/@o in MeCN (30 mL) was treated with 1-chloro-3-iodopropane (2.2 mL, 21
OaN O/\/\"D mmol) at room temperature, and the mixture was stirred at 80 °C for 2 h.
The resulting mixture was partitioned between AcOEt (100 mL) and H,0
(50 mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na.SOa), filtered,
and concentrated in vacuo to afford crude 101° (4.3 g, 18 mmol) as a brown solid. A suspension of
crude 101’ (4.3 g, 18 mmol), Nal (5.3 g, 35 mmol), TBAI (260 mg, 0.70 mmol), and K,COs (7.3 g,
53 mmol) in MeCN (30 mL) was treated with pyrrolidine (2.9 mL, 35 mmol) at room temperature,
and the mixture was stirred at 80 °C for 3 h. The resulting mixture was partitioned between AcOEt
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(100 mL) and saturated aqueous NaHCO3 (50 mL), and the organic phase was washed with saturated
aqueous NaCl, dried (Na2SO.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (NH-SiO2, AcOEt/hexane; 0:100 to 40:60) to afford compound
101 (3.3 g, 68% over 2 steps) as a yellow oil. *H NMR (CDCls, 400 MHz) &: 7.90 (1H, dd, J = 8.7,
2.6 Hz), 7.80 (1H, d, J = 2.6 Hz), 6.90 (1H, d, J = 8.7 Hz), 4.18 (2H, t, J = 6.7 Hz), 3.96 (3H, s),
2.64 (2H, t, J = 7.0 Hz), 2.55-2.46 (4H, m), 2.14-2.05 (2H, m), 1.82-1.75 (4H, m). ESIMS-LR m/z
281 [(M+H)"].

4-Methoxy-3-(3-pyrrolidin-1-ylpropoxy)aniline (102)
| A solution of compound 101 (2.0 g, 7.1 mmol) in EtOH (30 mL) was
QO treated with 10% Pd/C (760 mg), and the mixture was vigorously stirred
HoN O/V\NQ under Hz atmosphere (balloon pressure) at room temperature for 3 h. The
catalyst was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo to afford compound 102 (1.3 g, 74%) as a pale brown oil. This material was
used in the next reaction without further purification. *"H NMR (CDCls, 400 MHz) &: 6.71 (1H, d,
J=8.3 Hz), 6.35 (1H, d, J = 2.4 Hz), 6.23 (1H, dd, J = 8.3, 2.4 Hz), 4.04 (2H, t, J = 7.0 Hz), 3.79
(3H, s), 3.42 (2H, br s), 2.62 (2H, t, J = 7.0 Hz), 2.55-2.48 (4H, m), 2.09-2.02 (2H, m), 1.82-1.75

(4H, m). ESIMS-LR m/z 251 [(M+H)*].

2-Chloro-N,6-dimethyl-pyrimidin-4-amine (104)

“NH A suspension of 2,4-dichloro-6-methyl-pyrimidine 103 (5.2 g, 32 mmol) and K,CO3
/%\N (13 g, 92 mmol) in DMF (50 mL) was treated with methylamine hydrochloride (2.1 g,

SN“>cl 32 mmol) at room temperature for 5 h. The resulting mixture was partitioned between
AcOEt (300 mL) and H,O (100 mL), and the organic phase was washed with saturated aqueous
NaCl, dried (Na2S0O4), filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (AcOEt/hexane; 20:80 to 80:20) to afford compound 104 (2.8 g, 56%) as
a colorless solid. tH NMR (DMSO-ds, 400 MHz) &: 7.69 (1H, s), 6.27 (1H, s), 2.75 (3H, s), 2.15
(3H, s). ESIMS-LR m/z 158 [(M+H)"].

N2-[4-Methoxy-3-(3-pyrrolidin-1-ylpropoxy)phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine
(80): General procedure B

“NH | A solution of compound 104 (189 mg, 1.2 mmol) and compound 102
| \)N\ Qo (300 mg, 1.2 mmol) in 2-propanol (5.0 mL) was treated with TFA
N7 N O/V\NQ (0.37 mL, 4.8 mmol) at room temperature, and the mixture was

stirred at 140 °C for 1 h with uW irradiation; then, the mixture was
cooled to room temperature. The precipitates were collected by filtration and washed twice with
AcOEt (10 mL) to afford compound 80 (420 mg, 95%) as a colorless solid. *H NMR (CDCls, 400
MHz) &: 7.52 (1H, br s), 6.92 (1H, dd, J = 8.5, 2.4 Hz), 6.80 (1H, d, J = 8.5 Hz), 6.70 (1H, s), 5.71
(1H, s), 4.78 (1H, brs), 4.11 (2H, t, J = 7.0 Hz), 3.84 (3H, s), 2.93 (3H, d, J = 5.5 Hz), 2.62 (2H, t,
J =7.6 Hz), 2.54-2.49 (4H, m), 2.25 (3H, s), 2.13-2.04 (2H, m), 1.80-1.75 (4H, m). ESIMS-LR
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m/z 372 [(M+H)*]; ESIMS-HR calcd for CaoHaoNsO, (M+H)* 372.2394, found 372.2392.

N2-(3-l1odo-4-methoxy-phenyl)-N4,6-dimethyl-pyrimidine-2,4-diamine (106)
Following general procedure B using compound 104 (470 mg, 3.0 mmol),

~N

NH
oSN QO compound 105 (740 mg, 3.0 mmol), TFA (0.91 mL, 12 mmol), and 2-propanol
N)\” |

(4.0 mL), the title compound, 106 (1.1 g, quant.), was obtained as a colorless

solid. *H NMR (DMSO-ds, 400 MHz) &: 10.27 (1H, s), 9.01 (1H, s), 8.15 (1H,
s), 7.51 (1H, dd, J = 9.1, 2.1 Hz), 7.04 (1H, d, J = 9.1 Hz), 6.04 (1H, s), 3.82 (3H, s), 2.91 (3H, d,
J=4.3 Hz), 2.25 (3H, s). ESIMS-LR m/z 371 [(M+H)*].

tert-Butyl 3-[2-methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,5-
dihydropyrrole-1-carboxylate (108): General procedure C

SNH | A solution of compound 106 (100 mg, 0.27 mmol), compound 107 (96

| \Jl\ /@OC/ mg, 0.32 mmol), and K2CO3 (75 mg, 0.54 mmol) in 1,4-dioxane (3.0

NT N | 'N-Boc  mL) and H.0 (0.4 mL) was treated with Pd(dppf)Cl> (40 mg, 0.054

mmol) at room temperature. The mixture was stirred at 120 °C for 1 h

with puW irradiation, followed by cooling to room temperature. The resulting mixture was

concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiOx,

AcOEt/hexane; 30:70 to 90:10) to afford compound 108 (110 mg, 98%) as a pale yellow amorphous.

'H NMR (CDCls, 400 MHz) &: 7.62-7.53 (1H, m), 7.39 (1H, ddd, J = 16.3, 8.8, 2.7 Hz), 6.86 (1H,

dd, J = 8.8, 2.7 Hz), 6.70 (1H, br s), 6.51-6.35 (1H, m), 5.71 (1H, d, J = 6.1 Hz), 4.76-4.61 (1H,

m), 4.53 (2H, d, J = 22.6 Hz), 4.31 (2H, d, J = 27.5 Hz), 3.85 (3H, d, J = 6.1 Hz), 2.94 (3H, d, J =
4.9 Hz), 2.25 (3H, d, J = 3.7 Hz), 1.51 (9H, d, J = 5.5 Hz). ESIMS-LR m/z 412 [(M+H)"].

N2-[3-(2,5-Dihydro-1H-pyrrol-3-yl)-4-methoxy-phenyl]-N4,6-dimethyl-pyrimidine-2,4-
diamine (109): General procedure D
~NH ‘ A solution of compound 108 (99 mg, 0.24 mmol) in CH2Cl; (6.0 mL) was
‘ \J\j\ o treated with TFA (2.0 mL, 26 mmol) at room temperature for 0.5 h. The
N7 ”/QENH reaction was quenched by EtsN (1.8 mL, 13 mmol) at room temperature.
The resulting mixture was concentrated in vacuo. The residue was purified
by silica gel column chromatography (NH-SiO2, MeOH/CHCIs; 0:100 to 10:90) to afford compound
109 (67 mg, 89%) as a pale brown solid. *H NMR (CDCls, 400 MHz) &: 7.48 (1H, d, J = 2.5 Hz),
7.39 (1H, dd, J = 8.9, 2.5 Hz), 7.04 (1H, br s), 6.83 (1H, d, J = 9.2 Hz), 6.51 (1H, t, J = 1.8 Hz),
5.69 (1H, s), 4.96 (1H, br s), 4.14-4.09 (2H, m), 3.96-3.91 (2H, m), 3.83 (3H, s), 2.90 (3H, d, J =
4.9 Hz), 2.23 (3H, s). ESIMS-LR m/z 312 [(M+H)"].

N2-[4-Methoxy-3-(1-methyl-2,5-dihydropyrrol-3-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-

diamine (82): General procedure E
Asolution of compound 109 (34 mg, 0.11 mmol), formaldehyde solution (37%) (13 mg, 0.16 mmol),
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“NH | and AcOH (0.013 mL, 0.21 mmol) in CH2Cl> (1.0 mL) was treated with

| \jl\ /QOQ NaBH(OACc)z (93 mg, 0.44 mmol) at room temperature for 1 h. The

NT N | 'N— reaction was quenched by saturated aqueous NaHCO3 (2.0 mL) at room
temperature. The resulting mixture was concentrated in vacuo. The

residue was purified by silica gel column chromatography (NH-SiO2, MeOH/CHCl3; 1:99 to 10:90)
to afford compound 82 (29 mg, 82%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.44
(1H, s), 7.41 (1H, dd, J = 8.5, 2.4 Hz), 6.88 (1H, s), 6.83 (1H, d, J = 8.5 Hz), 6.36 (1H,t, J = 1.8
Hz), 5.69 (1H, s), 4.82 (1H, br s), 3.88-3.84 (2H, m), 3.83 (3H, s), 3.67-3.62 (2H, m), 2.91 (3H, d,

J = 4.9 Hz), 2.54 (3H, s), 2.23 (3H, s). ESIMS-LR m/z 326 [(M+H)*]; ESIMS-HR calcd for
C1sH24NsO (M+H)* 326.1975, found 326.1974.

N2-[4-Methoxy-3-(1-methyl-3,6-dihydro-2H-pyridin-5-yl)phenyl]-N4,6-dimethyl-pyrimidine-
2,4-diamine (83)

~NH ‘ Following general procedure C using compound 106 (100 mg, 0.27 mmol),

‘ \)N\ QOQ compound 110 (72 mg, 0.32 mmol), K,COs; (75 mg, 0.54 mmol),

N7 N | N~ Pd(dppf)Cl2 (40 mg, 0.054 mmol), 1,4-dioxane (1.5 mL), and H20 (0.2 mL),

the title compound, 83 (82 mg, 89%), was obtained as a brown oil. *H NMR

(CDCls, 400 MHz) 8: 7.51 (1H, dd, J = 9.0, 2.6 Hz), 7.34 (1H, d, J = 2.6 Hz), 6.80 (1H, d, J = 9.0

Hz), 6.69 (1H, br s), 5.84-5.80 (1H, m), 5.70 (1H, s), 4.70 (1H, br s), 3.78 (3H, s), 3.23 (2H, dd, J

=4.5,2.1Hz), 292 (3H, d, J =4.9 Hz), 2.59 (2H, t, J = 5.8 Hz), 2.40 (3H, s), 2.39-2.33 (2H, m),

2.24 (3H, s). ESIMS-LR m/z 340 [(M+H)*]; ESIMS-HR calcd for C19H26NsO (M+H)* 340.2132,
found 340.2138.

N2-[4-Methoxy-3-(1-methyl-3,6-dihydro-2H-pyridin-4-yl)phenyl]-N4,6-dimethyl-pyrimidine-
2,4-diamine (84)

N Following general procedure C using compound 106 (100 mg, 0.27 mmol),
|

N o compound 111 (72 mg, 0.32 mmol), K2COs (75 mg, 0.54 mmol),

| NJ\NQ@ Pd(dppf)Cl2 (40 mg, 0.054 mmol), 1,4-dioxane (1.5 mL), and H,O (0.2 mL),

" | NS the title compound, 84 (88 mg, 96%), was obtained as a yellow oil. *H NMR

(CDCls, 400 MHz) &: 7.49 (1H, dd, J = 8.9, 2.5 Hz), 7.33 (1H, d, J = 2.5 Hz), 6.82-6.76 (2H, m),

5.80-5.76 (1H, m), 5.68 (1H, s), 4.82 (1H, br s), 3.77 (3H, s), 3.11-3.07 (2H, m), 2.90 (3H, d, J =

4.9 Hz), 2.66-2.61 (2H, m), 2.60-2.55 (2H, m), 2.40 (3H, s), 2.23 (3H, s). ESIMS-LR m/z 340
[(M+H)*]; ESIMS-HR calcd for C19H26Ns0 (M+H)* 340.2132, found 340.2145.

N2-[4-Methoxy-3-(1-methyl-4-piperidyl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine (86)
“H A solution of compound 84 (45 mg, 0.13 mmol) in MeOH (1.3 mL) was
| treated with 20% Pd(OH)./C (19 mg), and the mixture was vigorously

(0]
~N
\ NJ\NQ@ stirred under H, atmosphere (balloon pressure) at room temperature for 12
H
NS h. The catalyst was filtered through a pad of Celite, and the filtrate was

concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiO,
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AcOEt/hexane; 30:70 to 70:30) to afford compound 86 (20 mg, 44%) as a colorless oil. 'H NMR
(CDCls, 400 MHz) &: 7.44 (1H, d, J = 3.1 Hz), 7.38 (1H, dd, J = 8.9, 2.1 Hz), 6.82-6.73 (2H, m),
5.68 (1H, s), 4.79 (1H, br s), 3.80 (3H, s), 3.00-2.86 (6H, m), 2.32 (3H, s), 2.24 (3H, s), 2.09 (2H,
td, J = 11.3, 3.5 Hz), 1.84-1.74 (4H, m). ESIMS-LR m/z 342 [(M+H)*]; ESIMS-HR calcd for
C19H2sNsO (M+H)* 342.2288, found 342.2290.

tert-Butyl 4-[2-methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-3,6-
dihydro-2H-pyridine-1-carboxylate (113)
Following general procedure C using compound 106 (200 mg, 0.54

~N

N\HN 5 mmol), compound 112 (200 mg, 0.65 mmol), K,COs; (150 mg, 1.1

N%NQC mmol), Pd(dppf)Cl. (80 mg, 0.11 mmol), 1,4-dioxane (3.0 mL), and

" | NBoc  H,0 (0.4 mL), the title compound, 113 (220 mg, 94%), was obtained as

a pale yellow amorphous. *H NMR (CDCls, 400 MHz) &: 7.48 (1H, d, J

=8.8 Hz), 7.37 (1H, s), 6.82 (1H, d, J = 8.8 Hz), 6.67 (1H, s), 5.80 (1H, s), 5.71 (1H, s), 4.65 (1H,

br s), 4.07-4.01 (2H, m), 3.79 (3H, s), 3.63-3.55 (2H, m), 2.93 (3H, d, J = 4.9 Hz), 2.55-2.46 (2H,
m), 2.25 (3H, s), 1.50 (9H, s). ESIMS-LR m/z 426 [(M+H)*].

N2-[4-Methoxy-3-(1,2,3,6-tetrahydropyridin-4-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-
diamine (85)

~

NH S Following general procedure D using compound 113 (210 mg, 0.49 mmol),
| IJJI\N/QO TFA (1.0 mL, 13 mmol), and CH,Cl; (3.0 mL), the title compound, 85 (230

H | Wn Mg, 87%), was obtained as a pale brown solid. *"H NMR (CDCls, 400 MHz)

8: 7.50 (1H, dd, J = 9.0, 2.5 Hz), 7.33 (1H, d, J = 2.5 Hz), 6.81 (1H, d, J

= 9.0 Hz), 6.67 (1H, s), 5.87-5.82 (1H, m), 5.70 (1H, s), 4.66 (1H, br s), 3.79 (3H, s), 3.52-3.48

(2H, m), 3.06 (2H, t, J = 5.8 Hz), 2.93 (3H, d, J = 5.5 Hz), 2.47-2.41 (2H, m), 2.25 (3H, s). ESIMS-
LR m/z 326 [(M+H)*]; ESIMS-HR calcd for C1sH24NsO (M+H)* 326.1975, found 326.1974.

Benzyl 4-(2-methoxy-5-nitro-phenyl)piperazine-1-carboxylate (115)
Assuspension of 2-bromo-1-methoxy-4-nitro-benzene 114 (800 mg, 3.4 mmol),
Qo Xantphos (240 mg, 0.41 mmol), 1-Z-piperazine (840 mg, 3.8 mmol), and
ON U ‘BuONa (500 mg, 5.2 mmol) in toluene (17 mL) was treated with Pdz(dba)s
ez (320 mg, 0.34 mmol) at room temperature, and the mixture was stirred at 100
°C for 2 h. The resulting mixture was filtered through a pad of Celite and washed with chloroform.
The filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 20:80 to 80:20) to afford compound 115 (850 mg, 66%) as a brown
amorphous. *H NMR (CDCls, 400 MHz) &: 7.97 (1H, dd, J = 9.0, 2.9 Hz), 7.77 (1H, d, J = 2.9 Hz),
7.43-7.32 (5H, m), 6.92 (1H, d, J = 9.0 Hz), 5.18 (2H, s), 3.98 (3H, s), 3.75-3.68 (4H, m), 3.14-
3.02 (4H, m). ESIMS-LR m/z 372 [(M+H)™].

Benzyl 4-(5-amino-2-methoxy-phenyl)piperazine-1-carboxylate (116)
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| A solution of compound 115 (830 mg, 2.2 mmol) and NH4CIl (600 mg, 11
/@O mmol) in MeOH (30 mL) and H,O (10 mL) was treated with iron powder (440
H,N

NK/N mg, 7.8 mmol) at room temperature, and the mixture was stirred at 80 °C for

23 h The resulting mixture was filtered through a pad of Celite and washed
with MeOH. The filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 10:90 to 50:50) to afford compound 116 (560 mg, 73%) as a brown
solid. *H NMR (CDCls, 400 MHz) &: 7.40-7.30 (5H, m), 6.69 (1H, d, J = 8.5 Hz), 6.35 (1H, dd, J
= 8.5, 2.4 Hz), 6.30 (1H, d, J = 2.4 Hz), 5.17 (2H, s), 3.80 (3H, s), 3.68 (4H, t, J = 5.2 Hz), 3.41

(2H, br s), 3.05-2.94 (4H, m). ESIMS-LR m/z 342 [(M+H)*].

Benzyl 4-[2-methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]piperazine-
1-carboxylate (117)

Following general procedure B using compound 116 (140 mg, 0.90 mmol),

}HN S compound 104 (280 mg, 0.82 mmol), TFA (0.25 mL, 3.3 mmol), and 2-

\NJ\HQN/\ propanol (4.0 mL), the title compound, 117 (480 mg, quant.), was obtained

"Ny as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.40-7.29 (5H,

m), 7.10 (1H, dd, J = 8.5, 2.4 Hz), 6.79 (1H, d, J = 8.5 Hz), 6.72 (1H, br s), 5.71 (1H, s), 5.17 (2H,

s), 4.64 (1H, br s), 3.84 (3H, s), 3.70 (4H, t, J = 4.9 Hz), 3.10-2.98 (4H, m), 2.93 (3H, d, J = 4.9
Hz), 2.25 (3H, s). ESIMS-LR m/z 463 [(M+H)"].

N2-(4-Methoxy-3-piperazin-1-yl-phenyl)-N4,6-dimethyl-pyrimidine-2,4-diamine (118)
“NH ‘ A solution of compound 117 (380 mg, 0.82 mmol) and acetic acid (0.10 mL,
r)l\l\ /C[O 1.6 mmol) in MeOH (4.1 mL) was treated with 20% Pd(OH),/C (115 mg),
SN N UH and the mixture was vigorously stirred under H, atmosphere (balloon
pressure) at room temperature for 3 h. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO2, MeOH/CHClIs3; 0:99 to 10:90) to afford compound 118 (250 mg,
93%) as a colorless amorphous. *H NMR (DMSO-dg, 400 MHz) &: 8.60 (1H, s), 7.49 (1H, s), 7.26
(1H, d, J = 8.8 Hz), 6.84 (1H, br s), 6.74 (1H, d, J = 8.8 Hz), 5.71 (1H, s), 3.70 (3H, s), 2.90-2.77
(11H, m), 2.08 (3H, s). ESIMS-LR m/z 329 [(M+H)"].

N2-[4-Methoxy-3-(4-methylpiperazin-1-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine
(87)
“NH | Following general procedure E using compound 118 (48 mg, 0.15 mmol),
r)N\ @[o formaldehyde solution (37%) (18 mg, 0.22 mmol), AcOH (0.017 mL, 0.29
N N U mmol), NaBH(OACc)s (120 mg, 0.58 mmol), and CH,Cl, (2.0 mL), the title
compound, 87 (43 mg, 86%), was obtained as a colorless amorphous. *H
NMR (CDCls, 400 MHz) &: 7.40 (1H, d, J = 2.4 Hz), 7.09 (1H, dd, J = 8.5, 2.4 Hz), 6.81-6.72 (2H,
m), 5.69 (1H, s), 4.67 (1H, br s), 3.84 (3H, s), 3.12 (4H, br s), 2.93 (3H, d, J = 4.9 Hz), 2.63 (4H,
brs), 2.36 (3H, s), 2.24 (3H, s). ESIMS-LR m/z 343 [(M+H)*]; ESIMS-HR calcd for C1gH27NO
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(M+H)* 343.2241, found 343.2246.

tert-Butyl N-allyl-N-pent-4-ynyl-carbamate (126)

/\/\N/BOC A suspension of compound 125 (1.6 g, 8.7 mmol) and allyl iodide (0.87 mL, 9.6
mmol) in DMF (20 mL) was treated with NaH (460 mg, 55% dispersion of mineral
oil, 10 mmol) at room temperature for 3 days. The resulting mixture was
partitioned between AcOEt (200 mL) and H,O (100 mL), and the organic phase was washed with

saturated aqueous NaCl, dried (Na2SO,), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 40:60) to afford compound
126 (1.5 g, 77%) as a colorless oil. *H NMR (CDCls, 400 MHz) §: 5.84-5.72 (1H, m), 5.12 (2H, d,
J=11.6 Hz), 3.82 (2H, d, J = 15.9 Hz), 3.33-3.22 (2H, m), 2.19 (2H, td, J = 7.0, 2.4 Hz), 1.96 (1H,
t,J =2.7 Hz), 1.75 (2H, t, J = 6.1 Hz), 1.46 (9H, s). ESIMS-LR m/z 168 [(M-'Bu+H)"].

tert-Butyl  N-allyl-N-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pent-4-enyl]carbamate
(127)

\-BoC A suspension of LiCl (340 mg, 8.1 mmol) in DMF (30 mL) was treated with

BPin H copper (1) chloride (800 mg, 8.1 mmol) at room temperature for 3 h. AcOK (790

| mg, 8.1 mmol), bis(pinacolato)diboron (2.0 g, 8.1 mmol), and compound 126 (1.5

g, 6.7 mmol) were added to the mixture at room temperature, and the whole mixture was stirred at

room temperature for 2 h. The resulting mixture was filtered through a pad of Celite and washed

with AcOEt. The filtrate was partitioned between AcOEt (200 mL) and NH.CI (100 mL), and the

organic phase was washed with H>O (100 mL), saturated aqueous NaCl, dried (NaSQOJ), filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane; 0:100 to 15:85) to afford compound 127 (1.5 g, 63%) as a colorless oil. *H NMR

(CDCl3, 400 MHz) &: 5.83-5.72 (2H, m), 5.61 (1H, s), 5.16-5.05 (2H, m), 3.88-3.73 (2H, m), 3.24—

3.10 (2H, m), 2.15-2.06 (2H, m), 1.69-1.57 (2H, m), 1.45 (9H, s), 1.26 (12H, s). ESIMS-LR m/z
252 [(M-'BuCO2+H)"].

tert-Butyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-tetrahydroazepine-1-
carboxylate (128)

Pins__ A solution of compound 127 (1.5 g, 4.2 mmol) in CH,Cl, (210 mL) was treated

\GN—BOC with Grubbs catalyst, 2nd generation (180 mg, 0.21 mmol), at room temperature

for 15 h. The resulting mixture was concentrated in vacuo. The residue was

purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 30:70) to afford compound

128 (1.2 g, 84%) as a pale brown oil. *H NMR (CDCls, 400 MHz) &: 6.52 (1H, t, J = 4.3 Hz), 4.09—

4.04 (1H, m), 4.00-3.94 (1H, m), 3.53 (1H, t, J = 6.1 Hz), 3.46 (1H, t, J = 6.1 Hz), 2.36-2.28 (2H,

m), 1.82-1.74 (2H, m), 1.45 (9H, d, J = 4.9 Hz), 1.25 (12H, s). ESIMS-LR m/z 268 [(M-'Bu+H)].

tert-Butyl N-allyl-N-but-3-ynyl-carbamate (131)

98



Boc A suspension of but-3-en-1-amine hydrochloride 129 (3.0 g, 28 mmol) and
\/\/N\/\\ K.CO3 (17 g, 120 mmol) in MeCN (200 mL) was treated with 3-butynyl p-

- toluenesulfonate 130 (4.2 mL, 24 mmol) at room temperature; the mixture was

stirred at 85 °C for 1 day, after which it was cooled to room temperature. Boc.O (6.4 g, 29 mmol)
was added to the mixture at room temperature, and the whole mixture was stirred at room
temperature for 1 h. The resulting mixture was filtered through a pad of Celite and washed with
AcOEt. The filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 5:95) to afford compound 131 (4.2 g, 68%) as a colorless
oil. *H NMR (CDCls, 400 MHz) &: 5.84-5.70 (1H, m), 5.10-5.00 (2H, m), 3.42-3.26 (4H, m), 2.47—

2.38 (2H, m), 2.34-2.24 (2H, m), 2.00-1.95 (1H, m), 1.46 (9H, s).

tert-Butyl N-but-3-enyl-N-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-
enyl]carbamate (132)
Boc A suspension of LiCl (970 mg, 23 mmol) in DMF (190 mL) was treated with
\/\/N srin  copper (1) chloride (2.3 g, 23 mmol) at room temperature for 1 h. AcOK (2.2
W g, 23 mmol), bis(pinacolato)diboron (5.8 g, 23 mmol), and compound 131
(4.2 g, 19 mmol) were added to the mixture at room temperature, and the whole mixture was stirred
at room temperature for 2 days. The resulting mixture was filtered through a pad of Celite and
washed with AcOEt. The filtrate was partitioned between AcOEt (200 mL) and NH4CI (100 mL),
and the organic phase was washed with H,O (100 mL), saturated aqueous NaCl, dried (Na;SOJ),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 5:95) to afford compound 132 (3.9 g, 58%) as a colorless oil. *H NMR
(CDCl3, 400 MHz) &: 5.87-5.71 (2H, m), 5.65 (1H, d, J = 3.1 Hz), 5.06 (1H, d, J = 17.1 Hz), 5.00
(1H, d, J = 8.5 Hz), 3.38-3.14 (4H, m), 2.36-2.27 (4H, m), 1.46 (9H, s), 1.27 (12H, s).

tert-Butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,6,7-tetrahydroazepine-1-
carboxylate (133)
PinB A solution of compound 132 (3.3 g, 9.4 mmol) in CH,CI, (950 mL) was treated
\GN—BOC with Grubbs catalyst, 2nd generation (400 mg, 0.47 mmol), at room temperature
for 3 h. The resulting mixture was concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 10:90) to afford compound
133 (3.9 g, 92%) as a pale brown oil. *H NMR (CDCls, 400 MHz) §: 6.70-6.66 (1H, br s), 3.49—
3.38 (4H, m), 2.48-2.33 (4H, m), 1.45 (9H, s), 1.26 (12H, s). ESIMS-LR m/z 268 [(M-'Bu+H)"].

tert-Butyl 5-[2-methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,3,4,7-
tetrahydroazepine-1-carboxylate (134)

Following general procedure C using compound 106 (300 mg, 0.81 mmol), compound 128 (320 mg,
0.97 mmol), K2CO3 (220 mg, 1.6 mmol), Pd(dppf)Cl, (120 mg, 0.16 mmol), 1,4-dioxane (4.0 mL),
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“NH and H>O (1.0 mL), the title compound, 134 (350 mg, 98%), was
\

SN 0 obtained as a colorless amorphous. H NMR (CDCls, 400 MHz) &:

| N%N%N . [54-7.38 (2H, m), 6.83-6.67 (2H, m), 5.83 (1H, d, J = 5.5 Hz), 5.70
H —Boc

(1H, s), 4.85-4.63 (1H, m), 4.05 (1H, d, J = 4.3 Hz), 3.96 (1H, d, J =

4.9 Hz), 3.77 (3H, s), 3.67-3.61 (1H, m), 3.61-3.55 (1H, m), 2.92 (3H, d, J = 4.3 Hz), 2.58-2.53
(2H, m), 2.24 (3H, s), 1.90-1.83 (2H, m), 1.47 (9H, d, J = 4.9 Hz). ESIMS-LR m/z 440 [(M+H)*].

N2-[4-Methoxy-3-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-
diamine (89)

~NH ‘ Following general procedure D using compound 134 (340 mg, 0.77 mmol),

‘ \)N\ % TFA (2.0 mL, 26 mmol), and CH2Cl, (6.0 mL), the title compound, 89
NN 7 (230 mg, 87%), was obtained as a colorless amorphous. *H NMR (DMSO-

ds, 400 MHz) 6: 8.69 (1H, s), 7.63-7.46 (2H, m), 6.95-6.83 (1H, m), 6.81

(1H, d, J = 9.2 Hz), 5.76-5.70 (2H, m), 3.70 (3H, s), 3.28 (2H, d, J = 5.5 Hz), 2.95 (2H, t, J = 5.5
Hz), 2.80 (3H, d, J = 3.7 Hz), 2.47-2.42 (2H, m), 2.07 (3H, s), 1.68-1.60 (2H, m); 1*C NMR (CDCls,
100 MHz) o: 164.3, 159.9, 151.8, 145.9, 134.9, 133.2, 131.1, 121.1, 119.1, 110.0, 77.2, 55.8, 52.7,

47.7, 33.3, 29.4, 28.2, 24.0. ESIMS-LR m/z 340 [(M+H)*]; ESIMS-HR calcd for CioH2sNsO
(M+H)* 340.2132, found 340.2149.

N2-[4-Methoxy-3-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)phenyl]-N4,6-dimethyl-
pyrimidine-2,4-diamine (88)
Following general procedure E using compound 89 (60 mg, 0.18 mmol),
N o formaldehyde solution (37%) (22 mg, 0.27 mmol), AcOH (0.021 mL,
| NJ\NQC 0.35 mmol), NaBH(OACc)s (150 mg, 0.71 mmol), and CH2Cl, (2.0 mL),
: N the title compound, 88 (46 mg, 74%), was obtained as a colorless
amorphous. *H NMR (CDCls, 400 MHz) &: 7.51 (1H, dd, J = 8.5, 2.4 Hz),
7.30 (1H, s), 6.79 (1H, d, J = 8.5 Hz), 6.65 (1H, br s), 5.80 (1H, t, J = 6.1 Hz), 5.69 (1H, s), 4.70
(1H, br s), 3.79 (3H, s), 3.22 (2H, d, J = 6.1 Hz), 2.93 (3H, d, J = 4.9 HZz), 2.85 (2H, t, J = 5.5 Hz),
2.56 (2H, t, J = 5.5 Hz), 2.39 (3H, s), 2.24 (3H, s), 1.84-1.74 (2H, m). ESIMS-LR m/z 354
[(M+H)*]; ESIMS-HR calcd for C20H2sNsO (M+H)* 354.2288, found 354.2316.

N2-[3-(Azepan-4-yl)-4-methoxy-phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine (91)
“NH ‘ A solution of compound 89 (20 mg, 0.059 mmol) in MeOH (1.0 mL) was
| \)N\ QOG treated with 20% Pd(OH)2/C (8.2 mg), and the mixture was vigorously
NN nH Stirred under H, atmosphere (balloon pressure) at room temperature for 12
h. The catalyst was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiO,
MeOH/CHCl3; 1:99 to 12:88) to afford compound 91 (16 mg, 80%) as a colorless solid. 'H NMR

(CDCls, 400 MHz) 5: 7.48 (1H, d, J = 2.4 Hz), 7.34 (1H, dd, J = 8.5, 2.4 Hz), 6.98 (1H, br s), 6.78
(1H, d, J = 8.5 Hz), 5.68 (1H, s), 4.87 (1H, br s), 3.79 (3H, s), 3.25-3.05 (3H, m), 3.00-2.86 (5H,
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m), 2.24 (3H, s), 2.04-1.88 (3H, m), 1.86-1.66 (3H, m). ESIMS-LR m/z 342 [(M+H)*]; ESIMS-HR
calcd for C19H2sNsO (M+H)* 342.2288, found 342.2284.

N2-[3-(1-Ethyl-2,3,4,7-tetrahydroazepin-5-yl)-4-methoxy-phenyl]-N4,6-dimethyl-pyrimidine-
2,4-diamine (92)

Following general procedure E using compound 89 (30 mg, 0.088 mmol),

N o) acetaldehyde (7.0 pL, 0.14 mmol), AcOH (0.011 mL, 0.18 mmol),

NANQCJ NaBH(OAc)s (75 mg, 0.35 mmol), and CH2Cl, (2.0 mL), the title

. N compound, 92 (27 mg, 83%), was obtained as a colorless amorphous. *H

NMR (CDCls, 400 MHz) &: 7.47 (1H, dd, J = 8.9, 2.7 Hz), 7.33 (1H, d,

J=3.1Hz), 6.83-6.75 (2H, m), 5.79 (1H, t, J = 6.1 Hz), 5.68 (1H, s), 4.86 (1H, br s), 3.78 (3H, s),

3.32 (2H, d, J = 6.1 Hz), 2.98 (2H, t, J = 5.2 Hz), 2.90 (3H, d, J = 4.3 Hz), 2.65-2.55 (4H, m), 2.24

(3H, s), 1.79-1.71 (2H, m), 1.10 (3H, t, J = 7.3 Hz). ESIMS-LR m/z 368 [(M+H)*]; ESIMS-HR
calcd for C21H3oNsO (M+H)* 368.2445, found 368.2462.

N2-[3-(1-Cyclobutyl-2,3,4,7-tetrahydroazepin-5-yl)-4-methoxy-phenyl]-N4,6-dimethyl-
pyrimidine-2,4-diamine (93)
Following general procedure E using compound 89 (36 mg, 0.11

“NH
\
N 0 mmol), cyclobutanone (0.013 mL, 0.16 mmol), AcOH (0.013 mL,
\ N)\H 7\ 0.21 mmol), NaBH(OACc)3 (89 mg, 0.42 mmol), and CH,Cl; (2.0 mL),
C the title compound, 93 (32 mg, 77%), was obtained as a colorless oil.

'H NMR (CDCls, 400 MHz) 8: 7.49 (1H, dd, J = 8.5, 2.4 Hz), 7.31
(1H, d, J = 3.1 Hz), 6.80 (1H, brs), 6.77 (1H, d, J = 9.2 Hz), 5.78 (1H, t, J = 6.4 Hz), 5.68 (1H, s),
4.88 (1H, br s), 3.77 (3H, s), 3.12 (2H, d, J = 6.1 Hz), 3.09-3.00 (1H, m), 2.90 (3H, d, J = 4.9 Hz),
2.77 (2H, t, J = 5.5 Hz), 2.56 (2H, t, J = 5.5 Hz), 2.24 (3H, s), 2.09-2.01 (2H, m), 1.93-1.82 (2H,
m), 1.77-1.57 (4H, m). ESIMS-LR m/z 394 [(M+H)*]; ESIMS-HR calcd for CosHzNsO (M+H)*
394.2601, found 394.2619.

2-[5-[2-Methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-yllamino]phenyl]-2,3,4,7-
tetrahydroazepin-1-yl]lethanol (94)

“NH | A solution of compound 89 (36 mg, 0.11 mmol), Cs2COs (69 mg,
| \J\J\ © 0.21 mmol), and Nal (32 mg, 0.21 mmol) in MeCN (1.0 mL) was
N7 ”/QCNIOH treated with 2-bromoethanol (0.020 mL, 0.16 mmol) at room
temperature, and the mixture was stirred at 80 °C for 2 h. The
resulting mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (NH-SiO,, MeOH/CHCls; 1:99 to 10:90) to afford compound 94 (28 mg, 69%) as
a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.43 (1H, dd, J = 8.9, 3.1 Hz), 7.37 (1H, d,
J =25 Hz), 6.91 (1H, br s), 6.77 (1H, d, J = 9.2 Hz), 5.76 (1H, t, J = 6.1 Hz), 5.68 (1H, s), 4.95
(1H, br s), 3.78 (3H, s), 3.60 (2H, t, 3 = 5.5 Hz), 3.35 (2H, d, J = 6.1 Hz), 3.01 (2H, t, J = 5.8 Hz),
2.90 (3H,d, J=4.9 Hz), 2.73 (2H, t, J = 5.2 Hz), 2.58 (2H, t, J = 5.2 Hz), 2.23 (3H, s), 1.78-1.71

101



(2H, m). ESIMS-LR m/z 384 [(M+H)*]; ESIMS-HR calcd for C21H30Ns02 (M+H)* 384.2394, found
384.2400.

tert-Butyl 4-[2-methoxy-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,3,6,7-
tetrahydroazepine-1-carboxylate (135)

SNH | Following general procedure C using compound 106 (300 mg, 0.81

| \j\ J::LOG mmol), compound 133 (310 mg, 0.97 mmol), K.CO3 (220 mg, 1.6

NN | N-Boc mmol), Pd(dppf)Cl2 (120 mg, 0.16 mmol), 1,4-dioxane (4.0 mL), and

H20 (1.0 mL), the title compound, 135 (330 mg, 93%), was obtained

as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.46 (1H, dd, J = 8.9, 2.7 Hz), 7.36-7.30

(1H, m), 6.78 (1H, d, J = 9.2 Hz), 6.74-6.68 (1H, m), 5.83 (1H, br s), 5.70 (1H, s), 4.70 (1H, br s),

3.79 (3H, s), 3.62-3.49 (4H, m), 2.92 (3H, d, J = 4.9 Hz), 2.65-2.54 (2H, m), 2.45-2.34 (2H, m),
2.24 (3H, s), 1.48 (9H, s). ESIMS-LR m/z 440 [(M+H)"].

N2-[4-Methoxy-3-(2,3,6,7-tetrahydro-1H-azepin-4-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-
diamine (90)

~NH ‘ Following general procedure D using compound 135 (330 mg, 0.76

‘ \/NL © mmol), TFA (2.0 mL, 26 mmol), and CH,Cl, (6.0 mL), the title

N H%NH compound, 90 (210 mg, 82%), was obtained as a colorless amorphous.

'H NMR (CD3;0D, 400 MHz) §: 7.44 (2H, dd, J = 9.0, 2.1 Hz), 6.83 (1H,

d, J=9.0Hz),5.92 (1H, t, J = 6.4 Hz), 5.75 (1H, s), 3.78 (3H, s), 2.96-2.91 (2H, m), 2.90 (3H, 3),

2.87-2.82 (2H, m), 2.60 (2H, t, J = 4.9 Hz), 2.39 (2H, dd, J = 10.4, 6.1 Hz), 2.16 (3H, s). ESIMS-
LR m/z 340 [(M+H)*]; ESIMS-HR calcd for C1oH26Ns0 (M+H)* 340.2132, found 340.2130.

1-(Difluoromethoxy)-2-iodo-4-nitro-benzene (137)
A solution of 2-iodo-4-nitrophenol 136 (920 mg, 3.5 mmol) and KOH (2.3 g, 42
FYF mmol) in MeCN (30 mL) and H>O (30 mL) was treated with diethyl
/@io (bromodifluoromethyl)phosphonate (1.9 mL, 10 mmol) at 0 °C for 3 h. The
O,N | resulting mixture was partitioned between AcOEt (200 mL) and H>O (100 mL),
and the organic phase was washed with saturated aqueous NacCl, dried (Na2SO4),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 137 (860 mg, 79%) as a colorless oil. *H NMR
(CDCls, 400 MHz) 6: 8.73 (1H, d, J = 3.1 Hz), 8.26 (1H, dd, J = 9.2, 2.4 Hz), 7.28 (1H, d, J = 9.2

Hz), 6.67 (1H, t,J = 71.7 Hz).

4-(Difluoromethoxy)-3-iodo-aniline (138d)
F. F Asolution of compound 137 (850 mg, 2.7 mmol) and NH4CI (720 mg, 13 mmol)
?)/ in MeOH (10 mL) and H,O (5.0 mL) was treated with iron powder (530 mg, 9.4
! N/@: mmol) at room temperature, and the mixture was stirred at 80 °C for 3 h. The
2

! resulting mixture was filtered through a pad of Celite and washed with MeOH.
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The filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 10:90 to 50:50) to afford compound 138d (710 mg, 92%) as a
colorless oil. 'H NMR (CDCls, 400 MHz) §: 7.14 (1H, d, J = 3.1 Hz), 6.96 (1H, d, J = 8.5 Hz), 6.62
(1H, dd, J = 8.5, 2.4 Hz), 6.38 (1H, t, J = 74.2 Hz), 3.66 (2H, br s). ESIMS-LR m/z 286 [(M+H)].

N2-(4-Chloro-3-iodo-phenyl)-N4,6-dimethyl-pyrimidine-2,4-diamine (139a)
Following general procedure D using compound 104 (300 mg, 1.9 mmol),
Q c/ compound 138a (480 mg, 1.9 mmol), TFA (0.91 mL, 7.6 mmol), and 2-
| NJ\N/©:I propanol (10 mL), the title compound, 139a (690 mg, 96%), was obtained
H as a colorless amorphous. *H NMR (DMSO-dg, 400 MHz) &: 10.22 (1H, br
s), 8.98 (1H, br s), 8.41 (1H, s), 7.60-7.52 (2H, m), 6.08 (1H, s), 2.96-2.90 (3H, m), 2.27 (3H, s).
ESIMS-LR m/z 375 [(M+H)*].

“NH

N2-(3-l1odo-4-methyl-phenyl)-N4,6-dimethyl-pyrimidine-2,4-diamine (139b)
Following general procedure D using compound 104 (270 mg, 1.7 mmol),
oy Me Compound 138b (480 mg, 2.1 mmol), TFA (0.91 mL, 6.9 mmol), and 2-
| . /@E propanol (10 mL), the title compound, 139b (570 mg, 94%), was obtained
NN ' asa colorless solid. 'H NMR (DMSO-ds, 400 MHz) &: 10.16 (1H, br s),
9.00 (1H, br s), 8.29 (1H, s), 7.43 (1H, dd, J = 7.9, 1.8 Hz), 7.34 (1H, d, J
= 7.9 Hz), 6.05 (1H, s), 2.93 (3H, d, J = 4.3 Hz), 2.35 (3H, s), 2.26 (3H, s). ESIMS-LR m/z 355

[(M+H)"].

“NH

2-Bromo-4-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]benzonitrile (139c)
Following general procedure D using compound 104 (270 mg, 1.7 mmol),
SN cN compound 138c (480 mg, 2.1 mmol), TFA (0.91 mL, 6.8 mmol), and 2-
| N)\N/©:Br propanol (10 mL), the title compound, 139c (570 mg, 94%), was obtained
H as a colorless solid. *H NMR (DMSO-ds, 400 MHz) &: 9.82 (1H, s), 8.60
(1H, br s), 7.83 (1H, s), 7.73 (1H, d, J = 8.5 Hz), 7.28 (1H, br s), 5.93 (1H, s), 2.85 (3H, s), 2.17
(3H, s). ESIMS-LR m/z 318, 320 [(M+H)™].

~

NH

N2-[4-(Difluoromethoxy)-3-iodo-phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine (139d)
Following general procedure D using compound 104 (340 mg, 2.2
§ OCHF, mmol), compound 138d (680 mg, 2.4 mmol), TFA (0.66 mL, 8.6 mmol),
| j\ /@i and 2-propanol (10 mL), the title compound, 139d (610 mg, 70%), was
N ” I obtained as a colorless solid. *H NMR (DMSO-dg, 400 MHz) &: 10.29—
10.11 (1H, m), 8.98 (1H, br s), 8.32 (1H, s), 7.59 (1H, d, J = 8.5 Hz),
7.26 (1H,d, J=9.2 Hz), 7.23 (1H, t, J = 73.5 HZz), 6.07 (1H, s), 2.92 (3H, s), 2.27 (3H, s). ESIMS-

LR m/z 407 [(M+H)™].

~

NH

N2-[3-Bromo-4-(trifluoromethoxy)phenyl]-N4,6-dimethyl-pyrimidine-2,4-diamine (139¢)
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~NH Following general procedure D using compound 104 (250 mg, 1.6 mmol),
SN OCF; compound 138e (0.26 mL, 1.7 mmol), TFA (0.49 mL, 6.3 mmol), and 2-

| N)\N/©: propanol (10 mL), the title compound, 139e (480 mg, 80%), was obtained
H as a colorless solid. *H NMR (DMSO-ds, 400 MHz) &: 10.61 (1H, br s),

9.09 (1H, brs), 8.25 (1H, d, J = 1.8 Hz), 7.65 (1H, dd, J = 9.2, 2.4 Hz), 7.58 (1H, d, J = 9.2 Hz),

6.11 (1H, s), 2.94 (3H, d, J = 4.9 Hz), 2.28 (3H, s). ESIMS-LR m/z 377, 379 [(M+H)*].

Br

tert-Butyl  5-[2-chloro-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,3,4,7-
tetrahydroazepine-1-carboxylate (140a)

~NH Following general procedure C using compound 139a (300 mg, 0.80

SN Cl mmol), compound 128 (310 mg, 0.96 mmol), K2CO3 (220 mg, 1.6

| NJ\N g mmol), Pd(dppf)Cl. (120 mg, 0.16 mmol), 1,4-dioxane (3.0 mL),
H N-Boc

and H20 (0.4 mL), the title compound, 140a (350 mg, 98%), was

obtained as a pale yellow amorphous. *H NMR (CDCls, 400 MHz)
§: 7.60-7.38 (2H, m), 7.24-7.18 (1H, m), 6.82 (1H, br s), 5.85-5.76 (1H, m), 5.74 (1H, s), 4.95—
4.68 (1H, m), 4.05 (1H, d, J = 4.9 Hz), 3.97 (1H, d, J = 4.9 Hz), 3.65 (1H, t, J = 6.1 Hz), 3.60 (1H,
d, J = 6.1 Hz), 2.94 (3H, d, J = 4.9 Hz), 2.60-2.53 (2H, m), 2.25 (3H, s), 2.00-1.89 (2H, m), 1.48
(9H, d, J = 3.1 Hz). ESIMS-LR m/z 444 [(M+H)*].

tert-Butyl  5-[2-methyl-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,3,4,7-
tetrahydroazepine-1-carboxylate (140b)

Following general procedure C using compound 139b (300 mg, 0.85

‘ \)N\ Me mmol), compound 128 (330 mg, 1.0 mmol), I-(2C03 (230 mg, 1.7

N7 N 7N\ Boc mmol), Pd(dppf)Cl, (120 mg, 0.17 mmol), 1,4-dioxane (3.0 mL), and

H.O (0.4 mL), the title compound, 140b (310 mg, 86%), was

obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) §:

7.46-7.33 (2H, m), 7.05 (1H, t, J = 7.0 Hz), 6.74 (1H, br s), 5.73-5.66 (2H, m), 4.69 (1H, br s),

4.04 (1H, d, J=4.3 Hz), 3.95 (1H, d, J = 5.5 Hz), 3.66 (1H, t, J = 5.8 Hz), 3.60 (1H, d, J = 5.8 Hz),

2.94 (3H, d, J = 4.9 Hz), 2.52-2.45 (2H, m), 2.24 (3H, s), 2.20 (3H, s), 1.95-1.84 (2H, m), 1.48
(9H, d, J = 6.1 Hz). ESIMS-LR m/z 424 [(M+H)"].

“NH

tert-Butyl 5-[2-cyano-5-[[4-methyl-6-(methylamino)pyrimidin-2-ylJamino]phenyl]-2,3,4,7-
tetrahydroazepine-1-carboxylate (140c)

SNH Following general procedure C using compound 139c¢ (200 mg, 0.63
| SN CN mmol), compound 128 (240 mg, 0.75 mmol), K.CO3 (170 mg, 1.3
N)\” 7 \—Boc mmol), Pd(dppf)Cl. (92 mg, 0.13 mmol), 1,4-dioxane (3.0 mL), and

H.O (0.4 mL), the title compound, 140c (270 mg, 98%), was
obtained as a yellow amorphous. *H NMR (CDCls, 400 MHz) &: 7.68—7.47 (3H, m), 7.10 (1H, s),
5.98 (1H, t, J = 4.9 Hz), 5.82 (1H, s), 4.80 (1H, s), 4.10 (1H, d, J = 4.3 Hz), 4.05 (1H, d, J = 4.3
Hz), 3.67 (1H,t, J = 6.1 Hz), 3.62 (1H, d, J = 6.1 Hz), 2.96 (3H, d, J = 4.9 Hz), 2.70-2.62 (2H, m),
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2.27 (3H, s), 2.03-1.94 (2H, m), 1.48 (9H, d, J = 2.4 Hz). ESIMS-LR m/z 435 [(M+H)"].

tert-Butyl 5-[2-(difluoromethoxy)-5-[[4-methyl-6-(methylamino)pyrimidin-2-
yllamino]phenyl]-2,3,4,7-tetrahydroazepine-1-carboxylate (140d)

SNH Following general procedure B using compound 139d (220 mg,

| \i OCHF, 0.54 mmol), compound 128 (210 mg, 0.65 mmol), K2COs (150 mg,

N7 H 7 \=Boc 1.1 mmol), Pd(dppf)Cl, (80 mg, 0.11 mmol), 1,4-dioxane (3.0 mL),

and H2O (0.4 mL), the title compound, 140d (260 mg, 99%), was
obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.53 (1H, dt, J = 30.9, 12.2 Hz),
7.34-7.22 (1H, m), 7.01 (1H, t, J = 10.4 Hz), 6.77 (1H, br s), 6.34 (1H, t, J = 75.4 Hz), 5.87 (1H,
d, J = 18.3 Hz), 5.75 (1H, s), 4.68 (1H, br s), 4.04 (1H, d, J = 4.3 Hz), 3.97 (1H, d, J = 5.5 Hz),
3.64 (1H, t,J=5.5Hz), 3.59 (1H, d, J = 5.8 Hz), 2.94 (3H, d, J = 4.9 Hz), 2.56 (2H, t, J = 5.5 Hz),
2.25 (3H, s), 1.93-1.86 (2H, m), 1.47 (9H, d, J = 3.7 Hz). ESIMS-LR m/z 476 [(M+H)"].

tert-Butyl 5-[5-[[4-methyl-6-(methylamino)pyrimidin-2-yl]Jamino]-2-
(trifluoromethoxy)phenyl]-2,3,4,7-tetrahydroazepine-1-carboxylate (140e)

Following general procedure C using compound 139e (260 mg, 0.69

§ OCF, mmol), compound 128 (270 mg, 0.83 mmol), K2CO3 (190 mg, 1.4

| j‘\ mmol), Pd(dppf)Cl, (100 mg, 0.14 mmol), 1,4-dioxane (3.0 mL),

N N N-Boc and H,O (0.4 mL), the title compound, 140e (330 mg, 97%), was

obtained as a pale yellow amorphous. *H NMR (CDCl3, 400 MHz)

5: 7.62-7.37 (2H, m), 7.11 (1H, t, J = 8.5 Hz), 6.87 (1H, br s), 5.87 (1H, dt, J = 17.4, 4.7 Hz), 5.76

(1H,s), 4.79 (1H, d, J = 43.7 Hz), 4.04 (1H, d, J = 4.9 Hz), 3.97 (1H, d, J = 4.9 Hz), 3.64 (1H, t, J

=6.1Hz), 3.59 (1H, d, J =5.8 Hz), 2.95 (3H, d, J = 4.9 Hz), 2.55 (2H, t, J = 5.5 Hz), 2.26 (3H, s),

1.94-1.85 (2H, m), 1.47 (9H, d, J = 6.7 Hz). ESIMS-LR m/z 494 [(M+H)"].

SNH

N2-[4-Chloro-3-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]-N4,6-dimethyl-pyrimidine-2,4-
diamine (95)

Following general procedure D using compound 140a (180 mg, 0.41
SN Cl mmol), TFA (2.0 mL, 26 mmol), and CH2Cl, (6.0 mL), the title
| N)\N / compound, 95 (90 mg, 65%), was obtained as a colorless solid. *H NMR
H N (CDCls, 400 MHz) 8: 7.53 (1H, dd, J = 8.5, 2.4 Hz), 7.40 (1H, br s),

7.22 (1H, d, J = 8.5 Hz), 6.79 (1H, br s), 5.85 (1H, t, J = 5.5 Hz), 5.75

(1H,s), 4.73 (1H, brs), 3.48 (2H, d, J = 5.5 Hz), 3.13 (2H, t, J = 5.5 Hz), 2.95 (3H, d, J = 4.9 Hz),
2.60 (2H, t, J = 5.2 Hz), 2.25 (3H, s), 1.88-1.82 (2H, m). ESIMS-LR m/z 344 [(M+H)*]; ESIMS-
HR calcd for C1gH23CINs (M+H)* 344.1636, found 344.1643.

“NH

N4,6-Dimethyl-N2-[4-methyl-3-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]pyrimidine-2,4-
diamine (96)
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Following general procedure D using compound 140b (310 mg, 0.72

N Me mmol), TFA (2.0 mL, 26 mmol), and CH,Cl, (6.0 mL), the title

| N)\N y compound, 96 (180 mg, 76%), was obtained as a colorless solid. *H

H NF NMR (CDCls, 400 MHz) &: 7.44 (1H, dd, J = 8.5, 2.4 Hz), 7.30 (1H, br

s), 7.05 (1H, d, J = 8.5 Hz), 6.74 (1H, br s), 5.75 (1H, t, J = 5.5 Hz),

5.71 (1H, s), 4.70 (1H, br s), 3.47 (2H, d, J = 5.5 Hz), 3.13 (2H, t, J = 5.8 Hz), 2.94 (3H, d, J = 4.9

Hz), 2.54 (2H, t, J = 5.2 Hz), 2.24 (3H, s), 2.23 (3H, s), 1.85-1.78 (2H, m). ESIMS-LR m/z 324
[(M+H)*]; ESIMS-HR calcd for C1oH2sNs (M+H)* 324.2182, found 324.2189.

“NH

4-[[4-Methyl-6-(methylamino)pyrimidin-2-ylJamino]-2-(2,3,4,7-tetrahydro-1H-azepin-5-
yl)benzonitrile (97)
Following general procedure D using compound 140c (260 mg, 0.60
N CN mmol), TFA (2.0 mL, 26 mmol), and CHCl, (6.0 mL), the title
| N)\N Y compound, 97 (170 mg, 85%), was obtained as a colorless solid. *H
H M NMR ((DMSO-ds, 400 MHz) 3: 9.54 (1H, s), 8.10 (LH, br s), 7.72 (1H,
brs), 7.56 (1H, d, J = 8.5 Hz), 7.18 (1H, brs), 5.93 (1H, t, J = 5.5 Hz),
5.88 (1H, s), 3.38-3.31 (2H, m), 2.96 (2H, t, J = 5.8 Hz), 2.83 (3H, s), 2.61 (2H, t, J = 5.2 Hz),
2.15 (3H, s), 1.80-1.73 (2H, m). ESIMS-LR m/z 335 [(M+H)*]; ESIMS-HR calcd for CioH23Ns
(M+H)* 335.1979, found 335.1982.

“NH

N2-[4-(Difluoromethoxy)-3-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]-N4,6-dimethyl-
pyrimidine-2,4-diamine (98)
Following general procedure D using compound 140d (260 mg, 0.54
Q OCHF, mmol), TFA (1.0 mL, 13 mmol), and CH,Cl, (3.0 mL), the title
| N)N\N y compound, 98 (170 mg, 84%), was obtained as a colorless solid. *H
H NH NMR (CDCls, 400 MHz) &: 7.57 (1H, dd, J = 8.5, 2.4 Hz), 7.39 (1H,
s), 7.01 (1H, d, J = 8.5 Hz), 6.82 (1H, br s), 6.36 (1H, t, J = 75.1 Hz),
5.91 (1H, t, J = 5.5 Hz), 5.75 (1H, s), 4.75 (1H, s), 3.47 (2H, d, J = 5.5 Hz), 3.13 (2H,t, J =5.8
Hz), 2.95 (3H, d, J = 4.9 Hz), 2.60 (2H, t, J = 5.2 Hz), 2.26 (3H, s), 1.84-1.76 (2H, m). ESIMS-LR
m/z 376 [(M+H)*]; ESIMS-HR calcd for C19H24F2Ns0O (M+H)* 376.1943, found 394.1926.

“NH

N4,6-Dimethyl-N2-[3-(2,3,4,7-tetrahydro-1H-azepin-5-yl)-4
(trifluoromethoxy)phenyl]pyrimidine-2,4-diamine (99)

Following general procedure C using compound 140e (310 mg, 0.63
SN OCF; mmol), TFA (1.0 mL, 13 mmol), and CH2Cl, (3.0 mL), the title
| N)\N Y compound, 99 (220 mg, 89%), was obtained as a colorless amorphous.
H N 'H NMR (CDCls, 400 MHz) §: 7.58 (1H, dd, J = 9.0, 2.7 Hz), 7.43 (1H,
s), 7.12 (1H, dd, J = 9.0, 1.2 Hz), 6.80 (1H, br s), 5.92 (1H,t, J=5.5
Hz), 5.76 (1H, s), 4.71 (1H, br s), 3.47 (2H, d, J = 5.5 Hz), 3.13 (2H, t, J = 5.8 Hz), 2.95 (3H, d, J
= 4.9 Hz),2.60 (2H, t, J =5.2 Hz), 2.26 (3H, s), 1.84-1.77 (2H, m). ESIMS-LR m/z 394 [(M+H)"];

SNH
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ESIMS-HR calcd for C19H23F3sNsO (M+H)* 394.1849, found 394.1864.

FoE
7-Benzyloxy-4-chloro-2-(4,4-difluoro-1-piperidyl)-6-methoxy-quinoline (159)
cl Asuspension of compound 158 (400 mg, 1.2 mmol), 4,4-difluoropiperidine
\/ | oMe (159 mg, 1.3 mmol), Xantphos (69 mg, 0.12 mmol) and NaO'Bu (130 mg,
FQ N OBn 1.3 mmol) in toluene (12 mL) was treated with Pdz(dba)s (55 mg, 0.060
F mmol) at room temperature, and the mixture was stirred at 80 °C for 1 h,

and then the mixture was cooled to room temperature. The resulting mixture was filtered through a
pad of Celite and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (SiO2, AcOEt/hexane; 0:100 to 20:80) to afford compound 159 (340 mg,
68%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.49 (2H, t, J = 7.6 Hz), 7.43-7.36
(2H, m), 7.36-7.30 (1H, m), 7.15 (1H, s), 6.97 (1H, s), 5.27 (2H, s), 4.00 (3H, s), 3.81 (4H, t, J =
5.5 Hz), 2.12-1.99 (4H, m). ESIMS-LR m/z 419 [(M+H)*].

7-Benzyloxy-2-(4,4-difluoro-1-piperidyl)-N-(1-isopropyl-4-piperidyl)-6-methoxy-quinolin-4-
amine (160)
A suspension of compound 159 (340 mg, 0.82 mmol), 4-amino-1-
)\“O\ isopropylpiperidine (0.52 mL, 3.3 mmol), Xantphos (47 mg, 0.082 mmol)
™ ome and NaO'Bu (160 mg, 1.6 mmol) in 1,4-dioxane (10 mL) was treated with
N \/N osn Pd2(dba)s (37 mg, 0.041 mmol) at room temperature, and the mixture was
FQQ stirred at 120 °C for 1.5 h with uW irradiation, and then the mixture was
cooled to room temperature. The resulting mixture was filtered through a pad
of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (NH-SiO2, AcOEt/hexane; 0:100 to 50:50) to afford compound 160 (190 mg, 44%)
as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.49 (2H, d, J = 7.3 Hz), 7.38 (2H, t, J =
7.3 Hz), 7.32 (1H, t, J = 7.0 Hz), 7.13 (1H, s), 6.77 (1H, s), 5.94 (1H, s), 5.24 (2H, s), 4.36 (1H, d,
J=7.3Hz),3.96 (3H, s), 3.77 (4H, t, J = 5.8 Hz), 3.48 (2H, q, J = 6.9 Hz), 2.92 (2H, d, J = 12.2
Hz), 2.84-2.75 (1H, m), 2.38 (2H, t, J = 11.6 Hz), 2.18 (2H, d, J = 11.6 Hz), 2.12-2.00 (4H, m),
1.08 (6H, d, J = 6.1 Hz). ESIMS-LR m/z 525 [(M+H)"].

2-(4,4-Difluoro-1-piperidyl)-4-[(1-isopropyl-4-piperidyl)amino]-6-methoxy-quinolin-7-ol
(161)

)\ A solution of compound 160 (190 mg, 0.36 mmol) in MeOH (10 mL) was
@\NH ‘ treated with 10% Pd/C (50 mg), and the mixture was vigorously stirred under

_ 0 Hj atmosphere (balloon pressure) at room temperature for 1 h. The catalyst

FQ SN on was filtered through a pad of Celite and the filtrate was concentrated in vacuo
F to afford compound 161 (160 mg, quant.) as a colorless oil. This material was

used in the next reaction without further purification. ESIMS-LR m/z 435 [(M+H)"].
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[2-(4,4-Difluoro-1-piperidyl)-4-[(1-isopropyl-4-piperidyl)amino]-6-methoxy-7-quinolyl]
trifluoromethanesulfonate (162)
A solution of compound 161 (160 mg, 0.36 mmol) and K,CO3 (100 mg, 0.72

}D\ mmol) in DMF (5.0 mL) was treated with PANTf, (150 mg, 0.43 mmol) at
™ o room temperature for 1 h. The resulting mixture was partitioned between

NN orr ACOEt (300 mL) and H.O (100 mL), and the organic phase was washed with
F7© saturated aqueous NaCl, dried (Na.SO.), filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography
(AcOEt/hexane; 20:80 to 50:50) to afford compound 162 (130 mg, 64%) as a colorless amorphous.
'H NMR (CDCls, 400 MHz) &: 7.51 (1H, s), 6.89 (1H, s), 6.03 (1H, s), 4.41 (1H, d, J = 7.3 H2),
4.00 (3H, s), 3.81 (4H, t, J = 5.8 Hz), 3.53-3.44 (1H, m), 2.97-2.88 (2H, m), 2.84-2.76 (1H, m),
2.38 (2H, t, J = 11.3 Hz), 2.18 (2H, d, J = 11.6 Hz), 2.13-1.99 (5H, m), 1.09 (6H, d, J = 6.7 Hz).
ESIMS-LR m/z 567 [(M+H)*].

tert-Butyl 5-[2-(4,4-difluoro-1-piperidyl)-4-[(1-isopropyl-4-piperidyl)amino]-6-methoxy-7-
quinolyl]-2,3,4,7-tetrahydroazepine-1-carboxylate (163)
A solution of compound 162 (130 mg, 0.23 mmol), compound 128 (110

)\“O\ mg, 0.34 mmol) and K3PO4 (92 mg, 0.46 mmol) in 1,4-dioxane (10 mL),
/NH 5 H,0 (1.0 mL) was treated with XPhos Pd G2 (18 mg, 0.023 mmol) at

HQN N "o room temperature, and the mixture was stirred at 90 °C for 1 h, and then
¢ the mixture was cooled to room temperature. The resulting mixture was

partitioned between AcOEt (100 mL) and H20 (50 mL), and the organic
phase was washed with saturated aqueous NaCl, dried (Na2SOa), filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane; 0:100 to
50:50) to afford compound 163 (130 mg, 92%) as a colorless amorphous. *H NMR (CDCls, 400
MHz) &: 7.41 (1H, d, J = 11.6 Hz), 6.69 (1H, s), 6.01 (1H, s), 5.91 (1H, t, J = 4.9 Hz), 4.43-4.37
(1H, m), 4.11-4.07 (1H, m), 3.99 (1H, d, J = 4.9 Hz), 3.87 (3H, s), 3.78 (4H, t, J = 5.5 Hz), 3.68—
3.63 (1H, m), 3.62-3.56 (1H, m), 3.54-3.44 (1H, m), 2.92 (2H, d, J = 12.2 HZz), 2.83-2.75 (1H, m),
2.58-2.52 (2H, m), 2.38 (2H, t, J = 10.7 Hz), 2.19 (2H, d, J = 9.8 Hz), 2.12-2.01 (5H, m), 1.94—
1.85 (2H, m), 1.49 (9H, d, J = 4.3 Hz), 1.08 (6H, d, J = 6.7 Hz). ESIMS-LR m/z 558 [(M-tBu+H)"].

2-(4,4-Difluoro-1-piperidyl)-N-(1-isopropyl-4-piperidyl)-6-methoxy-7-(2,3,4,7-tetrahydro-
1H-azepin-5-yl)quinolin-4-amine (141)

Following general procedure D using compound 163 (130 mg, 0.21
mmol), TFA (3.0 mL, 39 mmol), and CH.Cl, (3.0 mL), the title
compound, 141 (110 mg, 99%), was obtained as a colorless amorphous.
'H NMR (CDCls, 400 MHz) &: 7.43 (1H, s), 6.69 (1H, s), 6.03-5.98 (2H,
m), 4.40 (1H, d, J =7.3 Hz), 3.90 (3H, s), 3.78 (4H, t, J = 5.5 Hz), 3.52—
3.45 (4H, m), 3.15 (2H, t, J = 5.5 Hz), 2.92 (2H, d, J = 12.2 Hz), 2.84—
2.75 (1H, m), 2.60 (2H, t, J = 5.2 Hz), 2.38 (2H, t, J = 10.4 Hz), 2.19 (2H, d, J = 11.0 Hz), 2.12-

108



2.01 (4H, m), 1.83-1.75 (2H, m), 1.09 (6H, d, J = 6.7 Hz); 3C NMR (CDCls, 101 MHz) §: 157.2,
152.6, 148.7, 145.6, 145.5, 143.5, 127.9, 122.6 (t, Jcr = 241 Hz), 97.9, 95.8, 93.0, 86.5, 55.8, 54.6,
52.5, 49.8, 47.6, 47.5, 43.1 (t, Jcr = 5.0 Hz), 33.7 (t, Jcr = 22 Hz), 33.1, 32.3, 18.3. ESIMS-LR
m/z 514 [(M-tBu+H)*]. ESIMS-HR calcd for CosH42F2NsO (M+H)* 514.3352, found 514.3361.

4-Benzyloxy-N-isopropyl-5-methoxy-2-nitroaniline (165)

‘ A suspension of 1-benzyloxy-4-fluoro-2-methoxy-5-nitro-benzene 164 (1.8 g, 6.4
HN % mmol) and Cs,COsz (4.4 g, 13 mmol) in MeCN (15 mL) was treated with
OQN:C[OBn isopropylamine (1.7 mL, 19 mmol) at room temperature, and the mixture was

stirred at 50 °C for 1 h with uW irradiation, and then the mixture was cooled to

room temperature. The resulting mixture was partitioned between AcOEt (200 mL) and H,0O (100

mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na;S0Q,), filtered, and

concentrated in vacuo. The residue was purified by silica gel column chromatography (SiOa,

CH.Cla/hexane; 0:100 to 10:20) to afford compound 165 (0.32 g, 16%) as a colorless oil. *H NMR

(CDCls, 400 MHz) 8: 8.48-8.41 (1H, br s), 7.69 (1H, s), 7.46—7.29 (5H, m), 6.18 (1H, s), 5.07 (2H,

s), 3.94 (3H, s), 3.76-3.74 (1H, m), 1.34 (6H, d, J = 6.8 Hz). ESIMS-LR m/z 317 [(M+H)*].

4-Benzyloxy-N1-isopropyl-5-methoxybenzene-1, 2-diamine (166)

‘ A solution of compound 165 (1.3 g, 4.2 mmol) and NH4CI (1.1 g, 21 mmol) in
HNj@O MeOH (32 mL) and H,0 (8.0 mL) was treated with iron powder (1.2 g, 21 mmol)
H,N oBn at room temperature, and the mixture was stirred at 80 °C for 1.5 h. The resulting

mixture was filtered through a pad of Celite and washed with CH,Cl,. The filtrate
was concentrated in vacuo. The residue was partitioned between CH,Cl, (100 mL) and H,O (50
mL), and the organic phase was washed with saturated aqueous NacCl, dried (Na2S0O4), filtered, and
concentrated in vacuo to afford compound 166 (1.2 g, quant.) as a dark reddish brown oil. This
material was used in the next reaction without further purification. *"H NMR (CDCls, 400 MHz) §:
7.46-7.41 (2H, m), 7.39-7.33 (2H, m), 7.32-7.27 (1H, m), 6.41 (1H, s), 6.40 (1H, s), 5.04 (2H, s),
3.83 (3H, s), 3.55-3.44 (1H, m), 1.21 (6H, d, J = 6.4 Hz).

1-[5-Benzyloxy-2-(isopropylamino)-4-methoxyphenyl]-3-methylthiourea (167) *The position at
which thiourea is introduced is estimated.
A solution of compound 166 (1.2 g, 4.3 mmol) in THF (50 mL) was treated with
!

SDN/ 0 methyl isothiocyanate (450 mg, 6.1 mmol) at room temperature for 18 h. The
X
OBn

N" N resulting mixture was concentrated in vacuo. The residue was purified by silica
H H

gel column chromatography (SiO2, CH2CIl,/AcOEt; 0:100 to 90:10) to afford
compound 167 (1.03 g, 67%) as a brown solid. *H NMR (CDCls, 400 MHz) &: 7.41-7.27 (5H, m),
6.91-6.86 (1H, br s), 6.59 (1H, s), 6.30 (1H, s), 5.70-5.61 (1H, br s), 5.02 (2H, s), 3.90 (3H, 9),
3.63-3.53 (m, 2H), 3.04 (3H, d, J=4.8 Hz), 1.18 (6H, d, J = 6.4 Hz). ESIMS-LR m/z 360 [(M+H)"].

5-Benzyloxy-1-isopropyl-6-methoxy-N-methyl-benzimidazol-2-amine (168)
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\( ‘ A solution of compound 167 (0.61 g, 1.7 mmol) in MeCN (30 mL) and CH,Cl,
H%Nﬁ[o (10 mL) was treated with iodomethane (0.14 mL, 2.2 mmol) at room
/N oBn temperature for 21 h. The resulting mixture was concentrated in vacuo to afford

crude compound (0.74 g). A solution of this crude compound (0.74 g) in MeOH
(75 mL) was stirred at 55 °C for 5 h. The resulting mixture was partitioned between CH>Cl, (50
mL) and H,O (30 mL), and the organic phase was washed with saturated aqueous NaCl, dried
(NazS0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (NH-SiO2, MeOH/CH,Cl;; 0:100 to 1:99) to afford compound 168 (0.33 g, 60%)
as a brown solid. *H NMR (CDCls, 400 MHz) &: 7.49-7.43 (2H, m), 7.40-7.23 (3H, m), 7.11 (1H,
s), 6.84 (1H, s), 5.16 (2H, s), 4.70 (1H, br), 4.36-4.24 (1H, m), 3.92 (3H, s), 3.09 (3H, d, J = 4.8
Hz), 1.56 (6H, d, J = 6.8 Hz). ESIMS-LR m/z 326 [(M+H)"].

1-Isopropyl-6-methoxy-2-(methylamino)benzimidazol-5-ol (169)

‘ A solution of compound 168 (0.16 g, 0.49 mmol) in EtOH (6.0 mL) and EtOAc
“%\Nmo (2.0 mL) was treated with 10% Pd/C (0.25 g), and the mixture was vigorously
/N OH stirred under H, atmosphere (balloon pressure) at room temperature for 2 h. The

catalyst was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford
compound 169 (96 mg, 83%) as a brown solid. This material was used in the next reaction without
further purification. 'TH NMR (DMSO-ds, 400 MHz) &: 8.15 (1H, br), 6.87 (1H, s), 6.67 (1H, s),
6.20 (1H, br), 4.52-4.40 (1H, m), 3.76 (3H, s), 2.82 (3H, d, J = 4.8 Hz), 1.43 (6H, d, J = 7.2 Hz).
ESIMS-LR m/z 236 [(M+H)*].

[1-1sopropyl-6-methoxy-2-(methylamino)benzimidazol-5-yl] trifluoromethanesulfonate (170)
\( | A suspension of compound 169 (95 mg, 0.40 mmol) and Cs,CO3 (0.11 g, 0.83
H_<\N:©:O mmol) in DMF (3.0 mL) was treated with N-
/N ott  phenylbis(trifluoromethanesulfonimide) (0.17 g, 0.48 mmol) at room
temperature for 1 h. The resulting mixture was partitioned between AcOEt (100

mL) and H,O (50 mL), and the organic phase was washed with saturated aqueous NaCl, dried
(Na2S0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (SiO2, MeOH/CHCl;; 0:100 to 3:97) to afford compound 170 (0.15 g, quant.) as
a brown oil. *H NMR (CDCls, 400 MHz) §: 7.34 (1H, s), 6.85 (1H, s), 4.94 (3H, s), 4.42-4.28 (1H,
m), 4.06 (1H, br), 3.13 (3H, d, J = 5.2 Hz), 1.59 (6H, d, J = 6.8 Hz). ESIMS-LR m/z 368 [(M+H)"].

tert-Butyl 5-[1-isopropyl-6-methoxy-2-(methylamino)benzimidazol-5-yl]-2, 3, 4, 7-tetrahydro-
azepine-1-carboxylate (171)

—~ | A solution of compound 170 (300 mg, 0.81 mmol), compound 128 (270 mg.,

/Hﬁ:% 0.85 mmol) and K3PO4 (530 mg, 2.5 mmol) in 1,4-dioxane (15 mL) and H.0O

N-Bee (1.5 mL) was treated with XPhos Pd G2 (63 mg, 0.080 mmol) at room

temperature, and the mixture was stirred at 80 °C for 0.5 h, and then the

mixture was cooled to room temperature. The resulting mixture was partitioned between AcOEt
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(100 mL) and H>0 (50 mL), and the organic phase was washed with saturated aqueous NaCl, dried
(NazS0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (NH-SiO2, MeOH/CHCl»; 0:100 to 2:98) to afford compound 171 (250 mg, 74%)
as a brown amorphous. *H NMR (CDCls, 400 MHz) &: 7.23 (1H, br), 6.73 (1H, s), 5.81 (1H, dd, J
=5.6 Hz, J = 4.8 Hz), 4.40-4.27 (1H, m), 4.05 (1H, br), 3.99-3.89 (2H, m), 3.81 (3H, s), 3.69-3.54
(2H, m), 3.12 (3H, d, J = 5.2 Hz), 2.61-2.53 (2H, m), 1.90-1.80 (2H, m), 1.57 (6H, d, J = 7.2 Hz),
1.47 (9H, s). ESIMS-LR m/z 415 [(M+H)*].

1-Isopropyl-6-methoxy-N-methyl-5-(2, 3, 4, 7-tetrahydro-1H-azepin-5-yl)benzimidazol-2-
amine (143)

H\g <‘3 TFA (2.5 mL, 33 mmol), and CH,Cl, (7.6 mL), the title compound, 143 (99
/N%\NQCNH mg, 51%), was obtained as a colorless solid. *H NMR (CDCls, 400 MHz) &:
7.25(1H, s), 6.73 (1H, s), 5.88 (1H, t, J = 6.0 Hz), 4.39-4.28 (1H, m), 3.96

(1H, br), 3.84 (1H, s), 3.54-3.47 (2H, m), 3.20-3.14 (2H, m), 3.12 (3H, d, J = 4.8 Hz), 2.67-2.58
(2H, m), 1.85-1.71 (2H, m), 1.57 (6H, d, J = 6.8 Hz); 13C NMR (CDCls, 101 MHz) §: 176.6, 152.5,
146.9, 146.1, 139.8, 134.5, 131.0, 116.6, 105.2, 56.4, 53.0, 52.7, 47.7, 33.6, 31.4, 29.4, 16.9.
ESIMS-LR m/z 315 [(M+H)*]; ESIMS-HR calcd for C1gH27N4O (M+H)* 315.2179, found 315.2190.

Following general procedure D using compound 171 (250 mg, 0.61 mmol),

1-(4-Benzyloxy-3-methoxy-phenyl)cyclobutanecarbonitrile (173a): General Procedure F

‘ A suspension of compound 172 (10 g, 39 mmol), 1,3-dibromopropane (4.8 mL,
NCQC[O 47 mmol) in DMF (200 mL) was treated with NaH (4.3 g, 55% dispersion of

OBn  mineral oil, 99 mmol) at 0 °C, and the mixture was stirred at room temperature
for 1 h. The resulting mixture was partitioned between AcOEt (300 mL) and H,O (100 mL), and
the organic phase was washed with saturated aqueous NaCl, dried (Na.SO4), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 173a (7.8 g, 67%) as a colorless oil. *H NMR
(CDCls, 400 MHz) 6: 7.46-7.41 (2H, m), 7.40-7.34 (2H, m), 7.34-7.28 (1H, m), 6.92-6.85 (3H,
m), 5.16 (2H, s), 3.92 (3H, s), 2.83-2.75 (2H, m), 2.64-2.53 (2H, m), 2.46-2.35 (1H, m), 2.10-1.99
(1H, m).

1-(4-Benzyloxy-3-methoxy-phenyl)cyclopentanecarbonitrile (173b)

Q@ Following general procedure F using compound 172 (600 mg, 2.4 mmol), 1,4-
NC

o dibromobutane (0.34 mL, 2.8 mmol), NaH (260 mg, 55% dispersion of mineral

oen  0il, 5.9 mmol), and DMF (25 mL), the title compound, 173b (550 mg, 76%), was
obtained as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.43 (2H, d, J = 7.3 Hz), 7.37 (2H, t,
J=7.3Hz), 7.34-7.28 (1H, m), 6.98 (1H, d, J = 2.4 Hz), 6.90 (1H, dd, J = 8.5, 1.8 Hz), 6.85 (1H,
d, J = 8.5 Hz), 5.16 (2H, s), 3.92 (3H, s), 2.50-2.39 (2H, m), 2.09-1.98 (4H, m), 1.97-1.87 (2H,
m).
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1-(4-Benzyloxy-3-methoxy-phenyl)cyclohexanecarbonitrile (173c)

Following general procedure A using compound 172 (600 mg, 2.4 mmol), 1,5-
o) dibromopentane (0.39 mL, 2.8 mmol), NaH (260 mg, 55% dispersion of mineral
oil, 5.9 mmol), and DMF (25 mL), the title compound, 173c (570 mg, 75%), was
obtained as a colorless oil. 'H NMR (CDCls, 400 MHz) &: 7.43 (2H, d, J = 7.3
Hz), 7.37 (2H, t, J = 7.6 Hz), 7.33-7.28 (1H, m), 7.02 (1H, d, J = 2.4 Hz), 6.93 (1H, dd, J = 8.5,
2.4 Hz), 6.86 (1H, d, J = 8.5 Hz), 5.16 (2H, s), 3.92 (3H, s), 2.14 (2H, d, J = 12.8 Hz), 1.92-1.79
(5H, m), 1.78-1.66 (2H, m), 1.33-1.19 (1H, m).

NC

OBn

4-(4-Benzyloxy-3-methoxy-phenyl)tetrahydropyran-4-carbonitrile (173d)
o) Following general procedure A using compound 172 (600 mg, 2.4 mmol), 2-
@g@o bromoethyl ether (0.36 mL, 2.8 mmol), NaH (260 mg, 55% dispersion of mineral
e oil, 5.9 mmol), and DMF (25 mL), the title compound, 173d (540 mg, 70%), was
obtained as a yellow solid. *H NMR (CDCls, 400 MHz) &: 7.44 (2H, d, J = 7.3
Hz), 7.38 (2H, t, J = 7.3 Hz), 7.35-7.29 (1H, m), 7.01 (1H, d, J = 2.4 Hz), 6.94 (1H, dd, J = 8.5,
2.4 Hz), 6.89 (1H, d, J = 8.5 Hz), 5.17 (2H, s), 4.08 (2H, dd, J = 11.9, 2.7 Hz), 3.93 (3H, s), 3.92—

3.85 (2H, m), 2.16-1.98 (4H, m).

OBn

1-(4-Benzyloxy-5-methoxy-2-nitrophenyl)cyclobutanecarbonitrile (174a): General Procedure
G

NC © mL) was treated with 69% nitric acid (1.2 mL, 29 mmol) at 0 °C for 30 min. The
ON OB resulting mixture was partitioned between AcOEt (300 mL) and H,0 (100 mL),
and the organic phase was washed with saturated aqueous NaCl, dried (Na2SO4), filtered, and

%@ A solution of compound 173a (4.2 g, 14 mmol) in AcOH (16 mL) and Ac.0 (16

concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 20:80 to 60:40) to afford compound 174a (2.9 g, 59%) as a yellow solid. *H NMR
(CDCls, 400 MHz) 6: 7.64 (1H, s), 7.47-7.35 (5H, m), 6.75 (1H, s), 5.20 (2H, s), 3.98 (3H, s),
2.99-2.93 (2H, m), 2.52-2.47 (3H, m), 1.97-1.91 (1H, m).

1-(4-Benzyloxy-5-methoxy-2-nitrophenyl)cyclopentanecarbonitrile (174b)
‘ Following general procedure G using compound 173b (530 mg, 1.7 mmol), AcOH
%@O (5.0 mL), Ac20 (5.0 mL), and 69% nitric acid (0.20 mL, 5.2 mmol), the title
O;N oBn  compound, 174b (440 mg, 72%), was obtained as a pale yellow solid. *H NMR
(CDCls, 400 MHz) 6: 7.51 (1H, s), 7.46-7.33 (5H, m), 6.98 (1H, s), 5.18 (2H, s), 3.97 (3H, 9),
2.76-2.64 (2H, m), 2.10-1.99 (4H, m), 1.95-1.83 (2H, m).

NC

1-(4-Benzyloxy-5-methoxy-2-nitrophenyl)cyclohexanecarbonitrile (174c)

112



Following general procedure G using compound 173c (530 mg, 1.6 mmol), AcOH
S (5.0 mL), Ac20 (5.0 mL), and 69% nitric acid (0.20 mL, 4.9 mmol), the title
compound, 174c (500 mg, 83%), was obtained as a pale yellow solid. *H NMR
(CDCls, 400 MHz) &: 7.46-7.33 (6H, m), 7.07 (1H, s), 5.17 (2H, s), 3.98 (3H, 9),
2.39 (2H, d, J = 7.9 Hz), 1.95-1.82 (7H, m), 1.35-1.24 (1H, m).

NC
O,N OBn

4-(4-Benzyloxy-5-methoxy-2-nitrophenyl)tetrahydropyran-4-carbonitrile (174d)
‘ Following general procedure G using compound 173d (420 mg, 1.6 mmol), AcOH
%0 (5.0 mL), Ac20 (5.0 mL), and 69% nitric acid (0.20 mL, 4.9 mmol), the title
O,N oBn compound, 174d (420 mg, 88%), was obtained as a pale yellow solid. *H NMR
(CDCls, 400 MHz) &: 7.50 (1H, s), 7.46-7.33 (5H, m), 6.98 (1H, s), 5.19 (2H, s),
4.09 (2H, dd, J = 11.6, 3.7 Hz), 4.03-3.94 (2H, m), 3.98 (3H, s), 2.37 (2H, d, J = 11.6 Hz), 2.18
(2H, td, J = 12.5, 4.1 Hz).

1-(4-Hydroxy-5-methoxy-2-nitrophenyl)cyclobutanecarbonitrile (175a): General Procedure H

‘ A solution of compound 174a (8.0 g, 24 mmol), 1,4-cyclohexadiene (11 mL, 120
é%@o mmol) in EtOH (60 mL) and AcOEt (40 mL) was treated with 10% Pd/C (4.0 g) at

O:N OH room temperature, and the mixture was stirred at 80 °C for 0.5 h, and then the

NC

mixture was cooled to room temperature. The catalyst was filtered through a pad of Celite and the
filtrate was concentrated in vacuo to afford compound 175a (5.9 g, quant.) as a brown solid. This
material was used in the next reaction without further purification.

1-(4-Hydroxy-5-methoxy-2-nitrophenyl)cyclopentanecarbonitrile (175b)
| Following general procedure H using compound 174b (430 mg, 1.2 mmol), 1,4-
NC ° cyclohexadiene (0.57 mL. 6.1 mmol), EtOH (5.0 mL), AcOEt (5.0 mL), and 10%
oaN °" pdic (200 mg), the title compound, 175b (260 mg, 81%), was obtained as a pale
yellow solid. *H NMR (CDCls, 400 MHz) &: 7.48 (1H, s), 6.97 (1H, s), 5.81 (1H, br s), 4.00 (3H,
s), 2.75-2.64 (2H, m), 2.10-1.98 (4H, m), 1.95-1.84 (2H, m).

1-(4-Hydroxy-5-methoxy-2-nitrophenyl)cyclohexanecarbonitrile (175c)
Following general procedure H using compound 174c¢ (490 mg, 1.3 mmol), 1,4-
N%o cyclohexadiene (0.63 mL. 6.7 mmol), EtOH (5.0 mL), AcOEt (5.0 mL), and 10%
0N on Pd/C (240 mg), the title compound, 175c (320 mg, 87%), was obtained as a yellow
solid. *H NMR (CDCls, 400 MHz) §: 7.35 (1H, s), 7.07 (1H, s), 5.80 (1H, br s),
4.01 (3H, s), 2.41-2.31 (2H, m), 1.95-1.80 (7H, m), 1.35-1.23 (1H, m).

4-(4-Hydroxy-5-methoxy-2-nitrophenyl)tetrahydropyran-4-carbonitrile (175d)

o Following general procedure H using compound 174d (460 mg, 1.2 mmol), 1,4-
N%o cyclohexadiene (0.58 mL. 6.2 mmol), EtOH (5.0 mL), AcOEt (5.0 mL), and 10%

O,N on Pd/C (230 mg), the title compound, 175d (250 mg, 72%), was obtained as a yellow
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solid. *H NMR (CDCls, 400 MHz) §: 7.47 (1H, s), 6.97 (1H, s), 5.86 (1H, br s), 4.09 (2H, dd, J =
12.3, 4.3 Hz), 4.02 (3H, s), 4.02-3.93 (2H, m), 2.36 (2H, d, J = 13.4 Hz), 2.19 (2H, td, J = 12.3,
4.3 Hz).

[4-(1-Cyanocyclobutyl)-2-methoxy-5-nitrophenyl] trifluoromethanesulfonate (176a): General

Procedure |
| A solution of compound 175a (5.9 g, 24 mmol), EtsN (5.0 mL, 36 mmol) in CH,Cl>
(0]
NC (120 mL) was treated with trifluoromethanesulfonic anhydride (4.8 mL, 29 mmol)
O,N oTf

at 0 °C for 30 min. The resulting mixture was partitioned between AcOEt (300
mL) and H.O (100 mL), and the organic phase was washed with saturated aqueous NaCl, dried
(NazS0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 20:80 to 50:50) to afford compound 176a (6.5 g, 72%) as a pale
yellow solid. 'H NMR (CDCls, 400 MHz) &: 8.00 (1H, s), 6.94 (1H, s), 4.06 (3H, s), 3.02-2.96 (2H,
m), 2.60-2.49 (3H, m), 2.03—-1.95 (1H, m).

[4-(1-Cyanocyclopentyl)-2-methoxy-5-nitrophenyl] trifluoromethanesulfonate (176b)
Following general procedure | using compound 175b (260 mg, 0.99 mmol), EtsN
Nc%o (0.21 mL, 1.5 mmol), trifluoromethanesulfonic anhydride (0.20 mL, 1.2 mmol),
ON ot and CH2Clz (5.0 mL), the title compound, 176b (340 mg, 87%), was obtained as a
pale yellow solid. *H NMR (CDCls, 400 MHz) §: 7.85 (1H, s), 7.20 (1H, s), 4.05
(3H,s), 2.79-2.67 (2H, m), 2.16-2.04 (4H, m), 2.00-1.89 (2H, m).

[4-(1-Cyanocyclohexyl)-2-methoxy-5-nitrophenyl] trifluoromethanesulfonate (176c¢)
Following general procedure I using compound 175c (310 mg, 1.1 mmol) and EtzN
NG o (0.23 mL, 1.7 mmol), trifluoromethanesulfonic anhydride (0.22 mL, 1.3 mmol),
O,N ot and CH>Cl, (5.0 mL), the title compound, 176¢c (420 mg, 92%), was obtained as a
colorless solid. *H NMR (CDCls, 400 MHz) §: 7.73 (1H, s), 7.28 (1H, s), 4.05 (3H,

s), 2.41 (2H, d, J = 6.1 Hz), 1.98-1.84 (7H, m), 1.38-1.24 (1H, m).

[4-(4-Cyanotetrahydropyran-4-yl)-2-methoxy-5-nitrophenyl] trifluoromethanesulfonate
(176d)
o Following general procedure | using compound 175d (210 mg, 0.75 mmol), EtzN
| (0.16 mL, 1.1 mmol), trifluoromethanesulfonic anhydride (0.15 mL, 0.91 mmol),
N%O and CH2Cl;, (5.0 mL), the title compound, 176d (300 mg, 96%), was obtained as a
colorless solid. *H NMR (CDCls, 400 MHz) &: 7.84 (1H, s), 7.19 (1H, s), 4.13 (2H,
dd, J = 12.5, 4.0 Hz), 4.07 (3H, s), 4.00 (2H, t, J = 12.2 Hz), 2.40 (2H, d, J = 12.2 Hz), 2.23 (2H,
td, J = 12.5, 4.3 Hz).

O,N

tert-Butyl  5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-2,3,4,7-tetrahydroazepine-1-
carboxylate (177a)
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Following general procedure C using compound 176a (500 mg, 1.3 mmol),

NC compound 128 (510 mg, 1.7 mmol), KoCO3 (360 mg, 2.6 mmol), Pd(dppf)Cl,

2N N-Boc (190 mg, 0.26 mmol), 1,4-dioxane (5.0 mL) and H.0 (1.0 mL), the title

compound, 177a (520 mg, 93%), was obtained as a colorless amorphous. *H

NMR (CDCl3, 400 MHz) &: 7.81 (1H, s), 6.71 (1H, s), 5.87 (1H, t, J = 4.9 Hz), 4.08 (1H, d, J = 4.3

Hz), 3.98 (1H, d, J = 4.9 Hz), 3.91 (3H, s), 3.68-3.63 (1H, m), 3.62-3.57 (1H, m), 3.02-2.93 (2H,
m), 2.56-2.45 (5H, m), 1.97-1.85 (3H, m), 1.48 (9H, d, J = 5.5 Hz).

tert-Butyl 5-[4-(1-cyanocyclopentyl)-2-methoxy-5-nitrophenyl]-2,3,4,7-tetrahydroazepine-1-
carboxylate (177b)
Following general procedure C using compound 176b (100 mg, 0.25 mmol),
NG 0 compound 128 (98 mg, 0.36 mmol), K»COs3 (70 mg, 0.51 mmol), Pd(dppf)Cl.
ON 7 \eBoe (37 mg, 0.051 mmol), 1,4-dioxane (3.0 mL) and H20 (1.0 mL), the title
compound, 177b (88 mg, 79%), was obtained as a brown amorphous. H
NMR (CDCls, 400 MHz) 6: 7.67 (1H, s), 6.95 (1H, s), 5.86 (1H, t, J = 4.6 Hz), 4.08 (1H, d, J = 4.3
Hz), 3.97 (1H, d, J = 4.3 Hz), 3.91 (3H, s), 3.68-3.62 (1H, m), 3.61-3.55 (1H, m), 2.76-2.64 (2H,
m), 2.52-2.44 (2H, m), 2.13-2.00 (4H, m), 1.98-1.85 (4H, m), 1.50-1.43 (9H, m).

tert-Butyl  5-[4-(1-cyanocyclohexyl)-2-methoxy-5-nitrophenyl]-2,3,4,7-tetrahydroazepine-1-
carboxylate (177c)

Following general procedure C using compound 176c (100 mg, 0.25 mmol),
o) compound 128 (95 mg, 0.29 mmol), K.CO3 (68 mg, 0.49 mmol), Pd(dppf)Cl.
(36 mg, 0.049 mmol), 1,4-dioxane (3.0 mL) and H2O (1.0 mL), the title
compound, 177c (92 mg, 82%), was obtained as a brown amorphous. H
NMR (CDCls, 400 MHz) 8: 7.54 (1H, s), 7.04 (1H, s), 5.86 (1H, t, J = 4.9 Hz), 4.07 (1H,d, J = 4.9
Hz), 3.97 (1H, d, J = 4.9 Hz), 3.91 (3H, s), 3.66-3.62 (1H, m), 3.61-3.55 (1H, m), 2.52-2.45 (2H,
m), 2.41-2.35 (2H, m), 1.96-1.82 (9H, m), 1.49-1.44 (9H, m), 1.35-1.24 (1H, m).

NC

OaN —Boc

tert-Butyl 5-[4-(4-cyanotetrahydropyran-4-yl)-2-methoxy-5-nitrophenyl]-2,3,4,7-
tetrahydroazepine-1-carboxylate (177d)

o Following general procedure C using compound 176d (100 mg, 0.24 mmol),

e S compound 128 (94 mg, 0.29 mmol), K.COs3 (67 mg, 0.49 mmol), Pd(dppf)Cl:

ON 7 (36 mg, 0.049 mmol), 1,4-dioxane (3.0 mL) and H2O (1.0 mL), the title

N—Boc
compound, 177d (106 mg, 95%), was obtained as a colorless amorphous. *H

NMR (CDCls, 400 MHz) &: 7.66 (1H, s), 6.94 (1H, s), 5.87 (1H, t, J = 4.9 Hz), 4.15-4.06 (3H, m),
4.04-3.95 (3H, m), 3.92 (3H, s), 3.67-3.62 (1H, m), 3.61-3.56 (1H, m), 2.53-2.46 (2H, m), 2.38
(2H, d, J = 13.4 Hz), 2.22 (2H, td, J = 12.4, 4.3 Hz), 1.93-1.85 (2H, m), 1.48 (9H, d, J = 6.1 Hz).

1-[5-Methoxy-2-nitro-4-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]cyclobutanecarbonitrile
(178a)
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| Following general procedure D using compound 177a (520 mg, 1.2 mmol), TFA

NC ° (3.0 mL, 39 mmol), and CH,Cl; (6.0 mL), the title compound, 178a (380 mg,

N NH  9504), was obtained as a pale yellow amorphous. *H NMR (CDCls, 400 MHz)

5:7.86 (1H, s), 6.71 (1H, s), 5.93 (1H, t, J = 5.8 Hz), 3.93 (3H, s), 3.54 (2H, d,

J =5.5Hz), 3.20 (2H, t, J = 5.8 Hz), 3.03-2.92 (2H, m), 2.59-2.54 (3H, m), 2.53-2.49 (2H, m),
2.00-1.92 (1H, m), 1.88-1.81 (2H, m).

o

1-[5-Methoxy-2-nitro-4-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]cyclopentanecarbonitrile
(178b)
| Following general procedure D using compound 177b (30 mg, 0.068 mmol),

NC CHCl; (3.0 mL), and TFA (1.0 mL, 13 mmol), the title compound, 178b (21
NH  mg, 91%), was obtained as a pale yellow amorphous. *H NMR (CDCls, 400

MHz) &: 7.71 (1H, s), 6.95 (1H, s), 5.94 (1H, t, J = 5.8 Hz), 3.93 (3H, s), 3.49
(2H, d, J=5.5Hz), 3.15(2H, t, J = 5.8 Hz), 2.76-2.66 (2H, m), 2.58-2.50 (2H, m), 2.14-2.02 (4H,
m), 1.96-1.86 (2H, m), 1.84-1.76 (2H, m).

1-[5-Methoxy-2-nitro-4-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]cyclohexanecarbonitrile
(178c)
Following general procedure D using compound 177c (40 mg, 0.087 mmol),
NC °© CHCI; (3.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, 178c (24 mg,
OaN 7 wn  77%), was obtained as a pale yellow amorphous. *H NMR (CDCl3, 400 MHz)
8:7.59 (1H, s), 7.04 (1H, s), 5.94 (1H, t, J = 5.8 Hz), 3.93 (3H, s), 3.48 (2H, d,
J=5.5Hz), 3.14 (2H, t, J = 5.8 Hz), 2.54 (2H, t, J = 5.2 Hz), 2.39 (2H, d, J = 7.9 Hz), 1.98-1.85
(7H, m), 1.82-1.74 (2H, m), 1.37-1.24 (1H, m).

4-[5-Methoxy-2-nitro-4-(2,3,4,7-tetrahydro-1H-azepin-5-yl)phenyl]tetrahydropyran-4-
carbonitrile (178d)

o Following general procedure D using compound 177d (50 mg, 0.11 mmol),

|
NG 0 CHCI; (3.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, 178d (38 mg,
O,N 7\ 97%), was obtained as a pale yellow amorphous. *H NMR (CDCls, 400 MHz)

d: 7.71 (1H, s), 6.94 (1H, s), 5.95 (1H, t, J = 5.5 Hz), 4.10 (2H, dd, J = 12.5,
3.4 Hz), 4.00 (2H, t, J = 11.6 Hz), 3.94 (3H, s), 3.49 (2H, d, J = 6.1 HZz), 3.14 (2H, t, J = 5.8 Hz),
2.55 (2H,t,J =5.5 Hz), 2.38 (2H, d, J = 12.2 Hz), 2.22 (2H, td, J = 12.5, 4.1 Hz), 1.83-1.75 (2H,
m).

1-[5-Methoxy-4-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)-2-
nitrophenyl]cyclobutanecarbonitrile (179a)
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Following general procedure E using compound 178a (5.2 g, 16 mmol),

NG 0o formaldehyde (1.8 mL, 37% solution, 24 mmol), AcOH (5.0 mL, 79 mmol),

ON 7 N— NaBH(OACc)s (5.4 g, 26 mmol) and CH2Cl; (80 mL), the title compound, 179a

(5.1 g, 94%), was obtained as a pale yellow solid. *H NMR (CDCls, 400 MHz)

5: 7.88 (1H, s), 6.70 (1H, s), 5.86 (1H, t, J = 6.1 Hz), 3.92 (3H, s), 3.22 (2H, d, J = 6.1 Hz), 3.01-

2.93 (2H, m), 2.84 (2H, t, J = 5.5 Hz), 2.57-2.47 (5H, m), 2.40 (3H, s), 1.99-1.90 (1H, m), 1.86—
1.78 (2H, m).

1-[5-Methoxy-4-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)-2-
nitrophenyl]cyclopentanecarbonitrile (179b)
| Following general procedure E using compound 178b (21 mg, 0.062 mmol),
NC © formaldehyde (7.5 puL, 37% solution, 0.092 mmol), AcOH (7.4 uL, 0.12 mmol),
o 7N NaBH(OAC)s (52 mg, 0.25 mmol) and CH2Cl, (1.0 mL), the title compound, S-
179b (19 mg, 87%), was obtained as a pale brown oil. *H NMR (CDCls, 400
MHz) &: 7.73 (1H, s), 6.94 (1H, s), 5.85 (1H, t, J = 5.8 Hz), 3.91 (3H, s), 3.21 (2H, d, J = 6.1 Hz),
2.84 (2H, t, J = 5.8 Hz), 2.75-2.65 (2H, m), 2.53-2.48 (2H, m), 2.40 (3H, s), 2.13-2.00 (4H, m),
1.96-1.86 (2H, m), 1.85-1.77 (2H, m).

1-[5-Methoxy-4-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)-2-
nitrophenyl]cyclohexanecarbonitrile (179c)
Following general procedure E using compound 178c (24 mg, 0.067 mmol),
o formaldehyde (8.2 uL, 37% solution, 0.10 mmol), AcOH (8.1 uL, 0.14 mmol),
ON 7 NaBH(OACc)s3 (57 mg, 0.27 mmol) and CH2Cl, (1.0 mL), the title compound,
179¢ (21 mg, 84%), was obtained as a pale brown oil. *H NMR (CDCls, 400
MHz) é: 7.61 (1H, s), 7.03 (1H, s), 5.85 (1H, t, J = 6.1 Hz), 3.92 (3H, s), 3.21 (2H, d, J = 6.1 Hz),
2.84 (2H,t,J =5.5Hz), 2.51 (2H, t, J = 5.5 Hz), 2.43-2.36 (5H, m), 1.98-1.85 (7H, m), 1.84-1.77
(2H, m), 1.37-1.23 (1H, m).

4-[5-Methoxy-4-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)-2-nitrophenyl]tetrahydropyran-4-
carbonitrile (179d)

o Following general procedure E using compound 178d (38 mg, 0.11 mmol),
A 6 formaldehyde (13 puL, 37% solution, 0.16 mmol), AcOH (13 pL, 0.21 mmol),
0N % NaBH(OACc)z (90 mg, 0.43 mmol) and CH>ClI; (1.0 mL), the title compound,

179d (35 mg, 89%), was obtained as a pale brown solid. *H NMR (CDCls, 400
MHz) &: 7.73 (1H, s), 6.93 (1H, s), 5.86 (1H, t, J = 6.1 Hz), 4.10 (2H, dd, J = 12.5, 3.4 Hz), 3.99
(2H, t, J = 11.6 Hz), 3.92 (3H, s), 3.22 (2H, d, J = 6.1 Hz), 2.84 (2H, t, J = 5.8 Hz), 2.51 (2H, t, J
= 5.2 Hz), 2.42-2.35 (5H, m), 2.22 (2H, td, J = 12.2, 3.9 Hz), 1.85-1.78 (2H, m).

5'-Methoxy-6'-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)spiro[cyclobutane-1,3'-indole]-2'-
amine (144)
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A solution of compound 179a (5.1 g, 15 mmol) in THF (100 mL) and AcOH
(17 mL) was treated with Zn (4.9 g, 75 mmol) at room temperature, and the
mixture was stirred at 40 °C for 5 min, and then the mixture was cooled to

room temperature. The resulting mixture was filtered through a pad of Celite,
and the filtrate was concentrated in vacuo to afford compound 144° (4.3 g, 87%) as a colorless solid.
This material was used in the next reaction without further purification. A solution of crude 144’
(1.0 g, 3.1 mmol) and Ac20 (0.29 mL, 3.1 mmol) in THF (110 mL), was treated with 10% Pd/C
(500 mg), and the mixture was vigorously stirred under H, atmosphere (balloon pressure) at room
temperature for 20 min. The catalyst was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (SiOa2,
MeOH/CHCl3; 0:100 to 10:90) to afford compound 144 (670 mg, 71%) as a colorless solid. 'H
NMR (CDCls, 400 MHz) §: 7.02 (1H, s), 6.94 (1H, s), 5.78 (1H, t, J = 6.4 Hz), 3.85 (3H, s), 3.21
(2H, d, J = 6.7 Hz), 2.85 (2H, t, J = 5.8 Hz), 2.56 (2H, t, J = 5.2 Hz), 2.51 (4H, t, J = 7.6 Hz), 2.43—
2.32 (4H, m), 2.26-2.13 (1H, m), 1.83-1.74 (2H, m); **C NMR (CDCls, 101 MHz) &: 176.6, 152.5,
147.2, 147.0, 139.9, 134.3, 127.1, 116.7, 105.2, 62.0, 56.4, 55.9, 53.0, 46.0, 33.5, 31.4, 26.0, 16.9.
ESIMS-LR m/z 312 [(M+H)*]; ESIMS-HR calcd for C1gH26NsO (M+H)* 312.2070, found 312.2074.

5'-Methoxy-6'-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)spiro[cyclopentane-1,3'-indole]-2'-
amine (147)

A solution of compound 179b (19 mg, 0.053 mmol) in THF (1.0 mL) and

AcOH (0.064 mL) was treated with Zn (17 mg, 0.27 mmol) at room
N— temperature, and the mixture was stirred at 50 °C for 10 min, and then the

mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 147’ (16 mg,
88%) as a colorless solid. This material was used in the next reaction without further purification.
A solution of crude 147’ (16 mg, 0.047 mmol) and Ac20 (0.0044 mL, 0.047 mmol) in THF (1.0
mL), was treated with 10% Pd/C (8.0 mg), and the mixture was vigorously stirred under H:
atmosphere (balloon pressure) at room temperature for 10 min. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography [NH-SiO,, MeOH/(hexane:AcOEt = 1:1); 0:100 to 15:85] to afford
compound 147 (8.9 mg, 58%) as a colorless solid. *H NMR (CDCls, 400 MHz) §: 6.97 (1H, s), 6.71
(1H, s), 5.79 (1H, t, J = 6.4 Hz), 3.79 (3H, s), 3.22 (2H, d, J = 6.1 Hz), 2.85 (2H, t, J = 5.5 Hz),
2.57 (2H, t, J = 5.2 Hz), 2.39 (3H, s), 2.13-2.04 (2H, m), 2.03-1.93 (6H, m), 1.83-1.74 (2H, m).
ESIMS-LR m/z 326 [(M+H)*]; ESIMS-HR calcd for C20H2sN30 (M+H)* 326.2226, found 326.2231.

5'-Methoxy-6'-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)spiro[cyclohexane-1,3"-indole]-2-
amine (148)

A solution of compound 179¢ (21 mg, 0.057 mmol) in THF (2.0 mL) and AcOH (0.068 mL) was
treated with Zn (19 mg, 0.28 mmol) at room temperature, and the mixture was stirred at 50 °C for
10 min, and then the mixture was cooled to room temperature. The resulting mixture was filtered
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through a pad of Celite, and the filtrate was concentrated in vacuo to afford

o compound 148’ (17 mg, 84%) as a colorless solid. This material was used in

N 7 \_ the next reaction without further purification. A solution of crude 148 (17

mg, 0.048 mmol) and Ac.0O (0.0045 mL, 0.048 mmol) in THF (1.0 mL), was

treated with 10% Pd/C (19 mg), and the mixture was vigorously stirred under H, atmosphere

(balloon pressure) at room temperature for 10 min. The catalyst was filtered through a pad of Celite,

and the filtrate was concentrated in vacuo. The residue was purified by silica gel column

chromatography [NH-SiO2, MeOH/(hexane:AcOEt = 1:1); 0:100 to 15:85] to afford compound 148

(7.8 mg, 48%) as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.07 (1H, s), 7.01 (1H, s), 5.80

(1H, t, J = 6.1 Hz), 3.82 (3H, s), 3.23 (2H, d, J = 6.7 Hz), 2.86 (2H, t, J = 5.8 Hz), 2.58 (2H, t, J =

5.5 Hz), 2.39 (3H, s), 1.98-1.86 (3H, m), 1.84-1.74 (4H, m), 1.68-1.57 (4H, m), 1.56-1.44 (1H,

m). ESIMS-LR m/z 340 [(M+H)*]; ESIMS-HR calcd for C1H3oN3O (M+H)* 340.2383, found
340.2392.

5-Methoxy-6-(1-methyl-2,3,4,7-tetrahydroazepin-5-yl)spiro[indole-3,4'-tetrahydropyran]-2-

amine (149)
o A solution of compound 179d (44 mg, 0.12 mmol) in THF (2.0 mL) and
o AcOH (0.14 mL) was treated with Zn (39 mg, 0.59 mmol) at room
SR 4 temperature, and the mixture was stirred at 50 °C for 10 min, and then the

mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 149’ (26 mg,
61%) as a colorless solid. This material was used in the next reaction without further purification.
A solution of crude 149’ (20 mg, 0.056 mmol) and Ac20 (0.0052 mL, 0.056 mmol) in THF (2.0
mL), was treated with 10% Pd/C (10 mg), and the mixture was vigorously stirred under H;
atmosphere (balloon pressure) at room temperature for 10 min. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO,, MeOH/(hexane:AcOEt = 1:1); 0:100 to 15:85) to afford
compound 149 (11 mg, 58%) as a colorless amorphous. *H NMR (CDs0D, 400 MHz) &: 7.26 (1H,
s), 6.89 (1H, s), 5.77 (1H, t, J = 6.4 Hz), 4.17-4.01 (4H, m), 3.85 (3H, s), 3.27 (2H, d, J = 6.1 Hz),
2.91 (2H,t,J=5.5Hz),2.58 (2H, t, J =5.2 Hz), 2.38 (3H, s), 2.15 (2H, td, J = 12.8, 5.2 Hz), 1.89—
1.79 (2H, m), 1.52 (2H, d, J = 13.4 Hz). ESIMS-LR m/z 342 [(M+H)*]; ESIMS-HR calcd for
C20H28N302 (M+H)* 342.2176, found 342.2184.

tert-Butyl 5-(2'-amino-5'-methoxy-spiro[cyclobutane-1,3'-indole]-6'-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (181)

A solution of compound 177a (110 mg, 0.12 mmol) in THF (5.0 mL) and
AcOH (0.30 mL) was treated with Zn (80 mg, 1.2 mmol) at room
temperature, and the mixture was stirred at 50 °C for 10 min, and then

the mixture was cooled to room temperature. The resulting mixture was
filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 181°
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(85 mg, 69%) as a colorless amorphous. This material was used in the next reaction without further
purification. A solution of crude 181 (80 mg, 0.19 mmol) and Ac,0 (0.018 mL, 0.19 mmol) in THF
(5.0 mL), was treated with 10% Pd/C (40 mg), and the mixture was vigorously stirred under H
atmosphere (balloon pressure) at room temperature for 10 min. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography [NH-SiO,, MeOH/(hexane:AcOEt = 1:1); 0:100 to 12:88] to afford
compound 181 (53 mg, 69%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.03 (1H,
s), 6.86 (1H, s), 5.81 (1H, s), 4.08-4.02 (1H, m), 3.95 (1H, d, J = 4.9 Hz), 3.84 (3H, s), 3.68-3.55
(2H, m), 2.59-2.47 (6H, m), 2.44-2.32 (1H, m), 2.24-2.12 (1H, m), 1.92-1.81 (2H, m), 1.50-1.45
(9H, m); ESIMS-LR m/z 398 [(M+H)"].

5'-Methoxy-6'-(2,3,4,7-tetrahydro-1H-azepin-5-yl)spiro[cyclobutane-1,3"-indole]-2'-amine
(142)

A solution of compound 181 (74 mg, 1.2 mmol) in CH2Cl; (3.0 mL) was
treated with TFA (0.5 mL, 7.0 mmol) at room temperature for 12 h. The
resulting mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (NH-SiO2, MeOH/CHCl3; 1:99 to 12:88)
to afford compound 142 (41 mg, 74%) as a colorless solid. *tH NMR (CDCl3, 400 MHz) &: 7.03 (1H,
s), 6.90 (1H, s), 5.88 (1H, t, J = 5.8 Hz), 3.87 (3H, s), 3.46 (2H, d, J =5.5 Hz), 3.13 (2H,t, J =5.5
Hz), 2.60 (2H, t, J = 5.2 Hz), 2.55-2.48 (4H, m), 2.45-2.34 (1H, m), 2.25-2.15 (1H, m), 1.80-1.74
(2H, m); 3C NMR (CDCls, 101 MHz) &: 176.6, 152.5, 146.9, 146.1, 139.8, 134.5, 131.0, 116.6,
105.2, 56.4, 53.0, 52.7, 47.7, 33.6, 31.4, 29.4, 16.9. ESIMS-LR m/z 298 [(M+H)*]. ESIMS-HR
calcd for C1gH24N3O (M+H)* 298.1914, found 298.1922.

1-[4-(1-Ethyl-2,3,4,7-tetrahydroazepin-5-yl)-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (180a)
‘ A suspension of compound 178a (100 mg, 0.31 mmol) and K>.CO3 (93 mg,
NC © 0.67 mmol) in MeCN (2.0 mL) was treated with Etl (0.032 mL, 0.40 mmol)
O2N 7/ at0°C, and the mixture was stirred at room temperature for 2 h. The residue
was purified by silica gel column chromatography (NH-SiOg,
AcOEt/hexane; 20:80 to 80:20) to afford compound 180a (81 mg, 75%) as a pale brown oil. 'H
NMR (CDCl3, 400 MHz) 6: 7.87 (1H, s), 6.69 (1H, s), 5.87 (1H, t, J = 6.1 Hz), 3.92 (3H, 3), 3.31
(2H, d,J =6.1 Hz), 3.00-2.91 (4H, m), 2.61 (2H, q, J = 7.3 Hz), 2.55-2.48 (4H, m), 1.98-1.91 (1H,
m), 1.82-1.75 (1H, m), 1.11 (3H, t, J = 7.0 Hz).

1-[4-(1-1sopropyl-2,3,4,7-tetrahydroazepin-5-yl)-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (180b)
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‘ A solution of compound 178a (80 mg, 0.24 mmol), acetone (30 mg, 0.49
NC o mmol) and AcOH (0.029 mL, 0.49 mmol) in CH2Cl> (1.0 mL) was treated
O,N 4 N{ with NaBH(OAc)3 (210 mg, 0.98 mmol) at room temperature for 0.5 h. The

reaction was quenched by H,0O (2.0 mL) at room temperature, and the whole
mixture was filtered through a pad of Celite, and the filtrate was concentrated in vacuo. The residue
was purified by silica gel column chromatography (NH-SiO», AcOEt/hexane; 10:90 to 70:30) to
afford compound 180b (48 mg, 53%) as a pale brown oil. tH NMR (CDCls, 400 MHz) &: 7.87 (1H,
s), 6.69 (1H, s), 5.89 (1H, t, J = 6.1 Hz), 3.92 (3H, s), 3.31 (2H, d, J = 6.1 Hz), 3.01-2.92 (5H, m),
2.55-2.46 (5H, m), 1.98-1.91 (1H, m), 1.82-1.73 (2H, m), 1.07 (6H, d, J = 6.1 Hz).

6'-(1-Ethyl-2,3,4,7-tetrahydroazepin-5-yl)-5'-methoxy-spiro[cyclobutane-1,3'-indole]-2"-
amine (145)
A solution of compound 180a (74 mg, 0.21 mmol) in THF (2.0 mL) and
AcOH (0.25 mL) was treated with Zn (68 mg, 1.0 mmol) at room
./ temperature, and the mixture was stirred at 50 °C for 10 min, and then the

mixture was cooled to room temperature. The resulting mixture was
filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 145’
(61 mg, 86%) as a colorless solid. This material was used in the next reaction without further
purification. A solution of crude 145” (60 mg, 0.18 mmol) and Ac,0 (0.017 mL, 0.18 mmol) in THF
(2.0 mL), was treated with 10% Pd/C (30 mg), and the mixture was vigorously stirred under H
atmosphere (balloon pressure) at room temperature for 10 min. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography [NH-SiO,, MeOH/(hexane:AcOEt = 1:1); 0:100 to 12:88] to afford
compound 145 (27 mg, 47%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.02 (1H,
s), 6.94 (1H, s), 5.78 (1H, t, J = 6.4 Hz), 3.86 (3H, s), 3.33 (2H, d, J = 6.1 HZ), 2.99 (2H, t, J =5.5
Hz), 2.66-2.57 (4H, m), 2.54-2.47 (4H, m), 2.44-2.32 (1H, m), 2.25-2.13 (1H, m), 1.79-1.71 (2H,
m), 1.09 (3H, t, J = 7.0 Hz); *3C NMR (CDCls, 101 MHz) &: 176.5, 152.6, 147.23, 147.20, 140.0,
134.2,127.3, 116.8, 105.2,59.1, 56.4, 53.0, 52.4, 49.2, 33.9, 31.4, 24.6, 16.9, 12.5. ESIMS-LR m/z
326 [(M+H)"]; ESIMS-HR calcd for C20H2sN3O (M+H)* 326.2226, found 326.2236.

6'-(1-1sopropyl-2,3,4,7-tetrahydroazepin-5-yl)-5'-methoxy-spiro[cyclobutane-1,3"-indole]-2'-

amine (146)

A solution of compound 180b (44 mg, 0.12 mmol) in THF (2.0 mL) and
AcOH (0.14 mL) was treated with Zn (39 mg, 0.60 mmol) at room
temperature, and the mixture was stirred at 50 °C for 10 min, and then the

mixture was cooled to room temperature. The resulting mixture was
filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 146’
(38 mg, 90%) as a colorless solid. This material was used in the next reaction without further
purification. A solution of crude 146 (38 mg, 0.11 mmol) and Ac.0 (0.010 mL, 0.11 mmol) in THF
(2.0 mL), was treated with 10% Pd/C (19 mg), and the mixture was vigorously stirred under H
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atmosphere (balloon pressure) at room temperature for 10 min. The catalyst was filtered through a
pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO,, MeOH/(hexane:AcOEt = 1:1); 0:100 to 12:88) to afford
compound 146 (18 mg, 50%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.02 (1H,
s), 6.92 (1H, s), 5.81 (1H, t, J = 6.1 Hz), 3.85 (3H, s), 3.35 (2H, d, J = 6.1 Hz), 3.06-2.97 (3H, m),
2.59 (2H, t, J = 5.5 Hz), 2.51 (4H, t, J = 7.9 Hz), 2.44-2.32 (1H, m), 2.24-2.13 (1H, m), 1.78-1.70
(2H, m), 1.07 (6H, d, J = 6.7 Hz); *3C NMR (CDCls, 101 MHz) 8: 176.5, 152.6, 147.0, 146.6, 139.8,
134.3,127.9, 116.7, 105.2, 56.4, 55.2, 53.0, 52.0, 50.3, 33.9, 31.4, 25.2, 19.3, 16.9. ESIMS-LR m/z
340 [(M+H)*]; ESIMS-HR calcd for C21H3oN3sO (M+H)* 340.2383, found 340.2388.

tert-Butyl N-[(1S)-1-methyl-2-oxo-ethyl]carbamate (183a)
y A solution of compound 182a (800 mg, 4.6 mmol) in CH2Cl; (22 mL) was treated
Boc” \éAO with Dess-Martin periodinane (2.3 g, 5.5 mmol) at room temperature for 0.5 h. The
resulting mixture was partitioned between CHCI3 (200 mL) and saturated aqueous
NaHCO3 (100 mL), and the organic phase was washed with H,O (30 mL), and saturated aqueous
NaCl, dried (Na2S0.4), filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (AcOEt/hexane; 0:100 to 40:60) to afford compound 183a (650 mg, 82%)
as a colorless solid. *tH NMR (CDCls, 400 MHz) &: 9.57 (1H, s), 5.17-5.01 (1H, m), 4.24 (1H, t, J

= 6.4 Hz), 1.46 (9H, s), 1.34 (3H, d, J = 7.3 H2).

tert-Butyl N-[(1R)-1-methyl-2-oxo-ethyl]carbamate (183b)
H A solution of compound 182b (1.2 g, 6.8 mmol) in CH2Cl, (34 mL) was treated with
Boc” \]/§O Dess-Martin periodinane (3.5 g, 8.2 mmol) at room temperature for 0.5 h. The
resulting mixture was partitioned between CHCI; (200 mL) and saturated aqueous
NaHCO3z (100 mL), and the organic phase was washed with H,0 (30 mL), and saturated aqueous
NaCl, dried (Na2S0O4), filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (AcOEt/hexane; 0:100 to 40:60) to afford compound 183b (1.0 g, 84%) as
a colorless solid. 'H NMR (CDCls, 400 MHz) &: 9.57 (1H, s), 5.17-5.01 (1H, m), 4.30-4.20 (1H,
m), 1.46 (9H, s), 1.34 (3H, d, J = 6.7 Hz).

tert-Butyl N-[(1S)-1-methylallyl]carbamate (184a)

H A suspension of potassium tert-butoxide (260 mg, 2.3 mmol) in THF (20 mL) was
Boo” \/\ treated with methyltriphenylphosphonium bromide (820 mg, 2.3 mmol) at 0 °C for
0.5 h. Compound 183a (200 mg, 1.2 mmol) was added to the mixture at 0 °C, and
the whole mixture was stirred at room temperature for 1 h. The resulting mixture was partitioned
between AcOEt (50 mL) and H.O (30 mL), and the organic phase was washed with saturated
aqueous NaCl, dried (Na;SOJ), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (SiO., AcOEt/hexane; 0:100 to 20:80) to afford compound 184a
(160 mg, 82%) as a colorless oil. 'H NMR (CDCls, 400 MHz) &: 5.89-5.76 (1H, m), 5.14 (1H, d, J

= 17.6 Hz), 5.06 (1H, d, J = 10.3 Hz), 4.45 (1H, br s), 4.29-4.16 (1H, m), 1.45 (9H, s), 1.21 (3H,
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d, J = 6.7 Hz).

tert-Butyl N-[(1R)-1-methylallyl]carbamate (184b)
H A suspension of potassium tert-butoxide (260 mg, 2.3 mmol) in THF (20 mL) was
Boc” Y\ treated with methyltriphenylphosphonium bromide (820 mg, 2.3 mmol) at 0 °C for
0.5 h. Compound 183b (200 mg, 1.2 mmol) was added to the mixture at 0 °C, and
the whole mixture was stirred at room temperature for 1 h. The resulting mixture was partitioned
between AcOEt (50 mL) and H»O (30 mL), and the organic phase was washed with saturated
aqueous NaCl, dried (Na2SQ.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (SiO2, AcOEt/hexane; 0:100 to 20:80) to afford compound 184b
(150 mg, 77%) as a colorless oil. 'TH NMR (CDCls, 400 MHz) &: 5.89-5.75 (1H, m), 5.14 (1H, d, J
= 17.1 Hz), 5.06 (1H, d, J = 10.3 Hz), 4.45 (1H, br s), 4.27-4.14 (1H, m), 1.45 (9H, s), 1.21 (3H,

d, J = 7.3 Hz).

tert-Butyl N-[(1S)-1-methylallyl]-N-pent-4-ynyl-carbamate (185a)
Boc A suspension of compound 184a (140 mg, 0.82 mmol) and potassium tert-
\/\/N\/\ butoxide (100 mg, 0.90 mmol) in DMF (1.5 mL) was treated with 5-chloro-1-
5 pentyne (0.094 mL, 0.90 mmol) at room temperature, and the mixture was
stirred at 70 °C for 5 h. The resulting mixture was partitioned between AcOEt (50 mL) and H,0 (30
mL), and the organic phase was washed with saturated aqueous NacCl, dried (Na2S0O4), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 10:90) to afford compound 185a (76 mg, 39%) as a colorless oil. *H NMR
(CDCl3, 400 MHz) 6: 5.92-5.80 (1H, m), 5.13 (1H, d, J = 4.3 Hz), 5.09 (1H, d, J = 12.1 Hz), 4.83—
4.48 (1H, m), 3.22-3.02 (2H, m), 2.21-2.13 (2H, m), 1.95 (1H, t, J = 2.4 Hz), 1.85-1.66 (2H, m),
1.47 (9H, s), 1.25 (3H, d, J = 6.7 Hz). ESIMS-LR m/z 182 [(M-'Bu+H)].

tert-Butyl N-[(1R)-1-methylallyl]-N-pent-4-ynyl-carbamate (185b)
Boo A suspension of compound 184b (140 mg, 0.82 mmol) and potassium tert-
\/\/N\l/\ butoxide (100 mg, 0.90 mmol) in DMF (1.5 mL) was treated with 5-chloro-1-
pentyne (0.12 mL, 1.1 mmol) at room temperature, and the mixture was stirred
at 70 °C for 5 h. The resulting mixture was partitioned between AcOEt (50 mL) and H20 (30 mL),
and the organic phase was washed with saturated aqueous NaCl, dried (Na;SO4), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 10:90) to afford compound 185b (33 mg, 17%) as a colorless oil. *H NMR
(CDCls, 400 MHz) &: 5.92-5.80 (1H, m), 5.12 (1H, d, J = 4.3 Hz), 5.09 (1H, d, J = 11.6 Hz), 4.82-
4.48 (1H, m), 3.22-3.01 (2H, m), 2.21-2.13 (2H, m), 1.95 (1H, t, J = 2.7 Hz), 1.84-1.66 (2H, m),
1.47 (9H, s), 1.25 (3H, d, J = 7.3 Hz). ESIMS-LR m/z 182 [(M-'Bu+H)].

tert-Butyl (7S)-7-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (186a)
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_ : Step 1. A suspension of LiCl (6.9 mg, 0.16 mmol) in DMF (1.0 mL) was treated
PmB\CNBoc with copper (1) chloride (16 mg, 0.16 mmol) at room temperature for 1 h. AcOK
(16 mg, 0.16 mmol), bis(pinacolato)diboron (41 mg, 0.16 mmol), and compound
185a (32 mg, 0.13 mmol) were added to the mixture at room temperature, and the whole mixture
was stirred at room temperature for 5 h. The resulting mixture was filtered through a pad of Celite
and washed with AcOEt. The filtrate was partitioned between AcOEt (50 mL) and saturated aqueous
NH4CI (30 mL), and the organic phase was washed with H,O (30 mL), saturated aqueous NacCl,
dried (Na>SO.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 20:80) to afford compound 186a’ (14 mg, 28%) as a
colorless oil. 'TH NMR (CDCls, 400 MHz) §: 5.92-5.80 (1H, m), 5.77 (1H, d, J = 3.1 Hz), 5.61 (1H,
s), 5.12-5.02 (2H, m), 4.81-4.62 (1H, m), 3.12-2.88 (2H, m), 2.09 (2H, t, J = 6.7 Hz), 1.73-1.56
(2H, m), 1.46 (9H, s), 1.32-1.20 (15H, m). ESIMS-LR m/z 266 [(M-'BuCO2+H)*].
Step 2. A solution of compound 186a’ (12 mg, 0.032 mmol) in CH2Cl, (1.7 mL) was treated with
Grubbs Catalyst, 2nd Generation (1.4 mg, 0.0016 mmol) at room temperature for 16 h. The resulting
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 186a (9.7 mg, 88%) as a colorless oil. 'H NMR
(CDCls, 400 MHz) &: 6.22-6.13 (1H, m), 5.12-4.82 (1H, m), 3.77-3.53 (1H, m), 3.09-2.94 (1H,
m), 2.29-2.18 (2H, m), 2.12-1.90 (2H, m), 1.62-1.54 (1H, m), 1.46 (9H, s), 1.28-1.18 (15H, m).
ESIMS-LR m/z 282 [(M-'Bu+H)"].

tert-Butyl (7R)-7-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (186b)
_ Step 1. A suspension of LiCl (7.0 mg, 0.17 mmol) in DMF (1.5 mL) was treated
PmB\@Boc with copper (1) chloride (17 mg, 0.17 mmol) at room temperature for 1 h. AcOK
(16 mg, 0.16 mmol), bis(pinacolato)diboron (42 mg, 0.17 mmol), and compound
185b (33 mg, 0.14 mmol) were added to the mixture at room temperature, and the whole mixture
was stirred at room temperature for 5 h. The resulting mixture was filtered through a pad of Celite
and washed with AcOEt. The filtrate was partitioned between AcOEt (50 mL) and saturated aqueous
NH4CI (30 mL), and the organic phase was washed with H,O (30 mL), saturated aqueous NacCl,
dried (Na2S0a), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 20:80) to afford compound 186b’ (45 mg, 89%) as a
colorless oil. 'H NMR (CDCls, 400 MHz) &: 5.92-5.80 (1H, m), 5.77 (1H, d, J = 3.1 Hz), 5.61 (1H,
s), 5.12-5.03 (2H, m), 4.81-4.62 (1H, m), 3.12-2.88 (2H, m), 2.09 (2H, t, J = 6.7 Hz), 1.72-1.56
(2H, m), 1.46 (9H, s), 1.32-1.20 (15H, m). ESIMS-LR m/z 266 [(M-'BuCO2+H)"].
Step 2. A solution of compound 186b’ (45 mg, 0.032 mmol) in CH2Cl; (6.1 mL) was treated with
Grubbs Catalyst, 2nd Generation (5.2 mg, 0.050 mmol) at room temperature for 16 h. The resulting
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 186b (40 mg, 96%) as a colorless oil. tH NMR
(CDCls, 400 MHz) 6: 6.22-6.13 (1H, m), 5.12-4.82 (1H, m), 3.79-3.51 (1H, m), 3.08-2.92 (1H,
m), 2.28-2.18 (2H, m), 2.12-1.89 (1H, m), 1.66-1.55 (1H, m), 1.46 (9H, s), 1.29-1.18 (15H, m).
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ESIMS-LR m/z 282 [(M-'Bu+H)"].

Ethyl (E,4S)-4-(tert-butoxycarbonylamino)pent-2-enoate (187a)
o] A solution of compound 183a (460 mg, 2.7 mmol) in THF (20 mL) was
Boc” No/\ treated with [(ethoxycarbonyl)methylene]triphenylphosphorane (1.1 g, 3.2
7 mmol) at room temperature for 1 h. The resulting mixture was partitioned
between AcOEt (100 mL) and H.O (50 mL), and the organic phase was washed with saturated
aqueous NaCl, dried (Na;SOQ.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane; 0:100 to 30:70) to afford compound 187a (550
mg, 85%) as a colorless oil. *H NMR (CDCl3, 400 MHz) &: 6.90-6.84 (1H, m), 5.93-5.89 (1H, m),
4.51-4.38 (1H, m), 4.20 (2H, q, J = 7.1 Hz), 1.45 (9H, s), 1.31-1.26 (6H, m).

Ethyl (E,4R)-4-(tert-butoxycarbonylamino)pent-2-enoate (187b)
H o] A solution of compound 183b (760 mg, 4.4 mmol) in THF (20 mL) was
BWNNO/\ treated with [(ethoxycarbonyl)methylene]triphenylphosphorane (1.8 g, 5.3
mmol) at room temperature for 1 h. The resulting mixture was partitioned
between AcOEt (100 mL) and H,O (50 mL), and the organic phase was washed with saturated
aqueous NaCl, dried (Na2S0Oa), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane; 0:100 to 30:70) to afford compound 187b (820
mg, 77%) as a colorless oil. *H NMR (CDCl3, 400 MHz) &: 6.90-6.84 (1H, m), 5.93-5.89 (1H, m),
4.51-4.38 (1H, m), 4.20 (2H, q, J = 7.1 Hz), 1.45 (9H, s), 1.32-1.24 (6H, m).

tert-Butyl N-[(1S)-4-hydroxy-1-methyl-butyl]carbamate (188a)
H A solution of compound 187a (520 mg, 2.1 mmol) in MeOH (20 mL) was
Boc/N\,/\/\oH . .
: treated with 10 % Pd/C (110 mg) at room temperature, and the mixture was
vigorously stirred under H; atmosphere (balloon pressure) at a room
temperature for 1 h. The catalyst was filtered off through a pad of Celite, and the filtrate was
concentrated in vacuo to afford compound 188a’ (520 mg, 99%) as a colorless oil. This material
was used in the next reaction without further purification. A solution of compound 188a’ (520 mg,
2.1 mmol) in THF (20 mL) was treated with lithium borohydride (140 mg, 6.4 mmol) at 0 °C, and
the mixture was stirred at 50 °C for 3 h. The reaction was quenched by saturated aqueous NH 4Cl
(30 mL) at 0 °C. The resulting mixture was partitioned between AcOEt (50 mL x 3) and H,O (50
mL), and the organic phase was washed with saturated aqueous NacCl, dried (Na2S04), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 40:60 to 100:0) to afford compound 188a (420 mg, 97%) as a colorless oil. *H
NMR (CDCls, 400 MHz) &: 4.37 (1H, br s), 3.74-3.62 (3H, m), 1.65-1.56 (2H, m), 1.55-1.46 (2H,
m), 1.44 (9H, s), 1.13 (3H, d, J = 6.7 Hz).

tert-Butyl N-[(1R)-4-hydroxy-1-methyl-butyl]carbamate (188b)
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H A solution of compound 187b (760 mg, 3.1 mmol) in MeOH (20 mL) was
B°°/N\l/\/\OH treated with 10 % Pd/C (110 mg) at room temperature, and the mixture was
vigorously stirred under H; atmosphere (balloon pressure) at a room
temperature for 1 h. The catalyst was filtered off through a pad of Celite, and the filtrate was
concentrated in vacuo to afford compound 188b’ (670 mg, 87%) as a colorless oil. This material
was used in the next reaction without further purification. A solution of 188b’ (670 mg, 2.7 mmol)
in THF (20 mL) was treated with lithium borohydride (180 mg, 8.2 mmol) at 0 °C, and the mixture
was stirred at 50 °C for 3 h. The reaction was quenched by saturated aqueous NH4CI (30 mL) at 0
°C. The resulting mixture was partitioned between AcOEt (50 mL x 3) and H,O (50 mL), and the
organic phase was washed with saturated aqueous NacCl, dried (NaSQO.), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane; 40:60 to
100:0) to afford compound 188b (420 mg, 76%) as a colorless oil. *H NMR (CDCls, 400 MHz) &:
4.37 (1H, br s), 3.75-3.61 (3H, m), 1.65-1.57 (2H, m), 1.53-1.47 (2H, m), 1.44 (9H, s), 1.13 (3H,
d, J=6.7 Hz).

tert-Butyl N-[(1S)-1-methylpent-4-ynyl]carbamate (189a)
Step 1. A solution of compound 188a (420 mg, 2.1 mmol) in CH>Cl, (10 mL)
\/\/ was treated with Dess-Martin periodinane (1.0 g, 1.4 mmol) at room temperature
) for 0.5 h. The resulting mixture was partitioned between CHCI; (200 mL) and
saturated aqueous NaHCO3 (100 mL), and the organic phase was washed with H,O (30 mL), and
saturated aqueous NaCl, dried (Na.SOa), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 40:60) to afford the
aldehyde (280 mg, 67%) as a colorless oil.
Step 2. A suspension of the aldehyde (240 mg, 1.2 mmol) and K,CO3 (0.33 g, 2.4 mmol) in MeOH
(10 mL) was treated with dimethyl (1-diazo-2-oxopropyl)phosphonate (0.20 mL, 1.3 mmol) at room
temperature for 15 h. The resulting mixture was partitioned between AcOEt (100 mL) and saturated
aqueous NaHCO3 (50 mL), and the organic phase was washed with H.O (50 mL), and saturated
aqueous NaCl, dried (Na2SO.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane; 0:100 to 30:70) to afford compound 189a (120
mg, 51%) as a colorless solid. *H NMR (CDCls, 400 MHz) &: 4.36 (1H, br s), 3.81-3.68 (1H, m),
2.24 (2H,td, J = 7.6, 2.4 Hz), 1.96 (1H, t, J = 2.4 Hz), 1.70-1.62 (2H, m), 1.44 (9H, s), 1.15 (3H,
d,J = 6.7 Hz). ESIMS-LR m/z 142 [(M-'Bu+H)"].

tert-Butyl N-[(1R)-1-methylpent-4-ynyl]carbamate (189b)
Step 1. A solution of compound 188b (420 mg, 2.1 mmol) in CH.Cl, (10 mL)

H
= . . -
N 7~ was treated with Dess-Martin periodinane (1.0 g, 1.4 mmol) at room temperature

-

Boc

for 0.5 h. The resulting mixture was partitioned between CHCI3z (200 mL) and
saturated aqueous NaHCO3 (100 mL), and the organic phase was washed with H,O (30 mL), and
saturated aqueous NaCl, dried (Na2SO,), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 40:60) to afford the
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aldehyde (330 mg, 79%) as a colorless oil.

Steps 2. A suspension of the aldehyde (300 mg, 1.5 mmol) and K,COs3 (0.42 g, 3.0 mmol) in MeOH
(10 mL) was treated with dimethyl (1-diazo-2-oxopropyl)phosphonate (0.25 mL, 1.6 mmol) at room
temperature for 15 h. The resulting mixture was partitioned between AcOEt (100 mL) and saturated
aqueous NaHCO3 (50 mL), and the organic phase was washed with H,O (50 mL), and saturated
aqueous NaCl, dried (Na2SO.), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane; 0:100 to 30:70) to afford compound 189b (74
mg, 25%) as a colorless solid. *H NMR (CDCls, 400 MHz) §: 4.36 (1H, br s), 3.82-3.68 (1H, m),
2.24 (2H, td, J = 7.3, 2.4 Hz), 1.96 (1H, t, J = 2.4 Hz), 1.72-1.61 (2H, m), 1.44 (9H, s), 1.15 (3H,
d, J = 6.7 Hz). ESIMS-LR m/z 142 [(M-'Bu+H)"].

tert-Butyl N-allyl-N-[(1S)-1-methylpent-4-ynyl]carbamate (190a)
| A suspension of compound 189a (120 mg, 0.61 mmol) and allyl iodide (0.061
H mL, 0.67 mmol) in DMF (4.0 mL) was treated with NaH (33 mg, 55% dispersion
Boc/NM of mineral oil, 0.72 mmol) at room temperature for 2 h. The resulting mixture
7 was partitioned between AcOEt (50 mL) and H20 (30 mL), and the organic phase
was washed with saturated aqueous NacCl, dried (Na»SOs), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 15:85) to afford
compound 190a (120 mg, 86%) as a colorless oil. *H NMR (CDCls, 400 MHz) §: 5.92-5.75 (1H,
m), 5.20-5.02 (2H, m), 4.31-4.13 (1H, m), 3.83-3.59 (2H, m), 2.16 (2H, t, J = 7.0 Hz), 1.95 (1H,
t,J=2.7Hz), 1.87-1.76 (1H, m), 1.67-1.57 (1H, m), 1.46 (9H, s), 1.15 (3H, d, J = 6.7 Hz). ESIMS-
LR m/z 182 [(M-'Bu+H)™].

tert-Butyl N-allyl-N-[(1R)-1-methylpent-4-ynyl]carbamate (190b)
| A suspension of compound 189b (74 mg, 0.38 mmol) and allyl iodide (0.037 mL,
H _ 0.41 mmol) in DMF (2.0 mL) was treated with NaH (20 mg, 55% dispersion of
Boc” j/\/ mineral oil, 0.45 mmol) at room temperature for 2 h. The resulting mixture was
partitioned between AcOEt (50 mL) and H2O (30 mL), and the organic phase was
washed with saturated aqueous NaCl, dried (Na.SOy), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 15:85) to afford
compound 190b (64 mg, 72%) as a colorless oil. *H NMR (CDCls, 400 MHz) §: 5.91-5.76 (1H, m),
5.19-5.04 (2H, m), 4.30-4.13 (1H, m), 3.83-3.59 (2H, m), 2.21-2.11 (2H, m), 1.99-1.91 (1H, m),
1.88-1.76 (1H, m), 1.67-1.57 (1H, m), 1.46 (9H, s), 1.15 (3H, d, J = 6.1 Hz). ESIMS-LR m/z 182
[(M-'Bu+H)*].

tert-Butyl (2S)-2-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-

tetrahydroazepine-1-carboxylate (191a)

PinB._/ Step 1. A suspension of LiCl (26 mg, 0.61 mmol) in DMF (5.0 mL) was treated
N—-Boc

with copper (1) chloride (61 mg, 0.61 mmol) at room temperature for 1 h. AcOK
(60 mg, 0.61 mmol), bis(pinacolato)diboron (150 mg, 0.61 mmol), and compound
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190a (120 mg, 0.51 mmol) were added to the mixture at room temperature, and the whole mixture
was stirred at room temperature for 15 h. The resulting mixture was filtered through a pad of Celite
and washed with AcOEt. The filtrate was partitioned between AcOEt (50 mL) and saturated aqueous
NH4CI (30 mL), and the organic phase was washed with H,O (30 mL), saturated aqueous NacCl,
dried (Na2SO,), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 20:80) to afford compound 191a’ (110 mg, 60%) as a
colorless oil. 'H NMR (CDCls, 400 MHz) &: 5.91-5.80 (1H, m), 5.76 (1H, s), 5.60 (1H, s), 5.17—
5.00 (2H, m), 4.26-4.13 (1H, m), 3.87-3.60 (2H, m), 2.15-2.04 (2H, m), 1.45 (9H, s), 1.26 (12H,
s), 1.15-1.07 (3H, m). ESIMS-LR m/z 266 [(M-'BuCO2+H)"].

Step 2. A solution of compound 191a’ (90 mg, 0.25 mmol) in CH2Cl, (12 mL) was treated with
Grubbs Catalyst, 2nd Generation (10 mg, 0.012 mmol) at room temperature for 2 h. The resulting
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 191a (42 mg, 50%) as a colorless oil. *H NMR
(CDCls3, 400 MHz) §: 6.47 (1H, d, J = 9.8 Hz), 4.36 (1H, d, J = 11.3 Hz), 4.13 (1H, d, J = 11.3 Hz),
3.60-3.56 (1H, m), 2.48-2.33 (1H, m), 2.21-2.06 (1H, m), 1.93-1.77 (1H, m), 1.64-1.57 (1H, m),
1.44 (9H, d, J = 12.8 Hz), 1.25 (12H, s), 1.09 (3H, d, J = 6.1 Hz). ESIMS-LR m/z 282 [(M-'Bu+H)"].

tert-Butyl (2R)-2-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (191b)
PinB_/ Step 1. A suspension of LiCl (13 mg, 0.30 mmol) in DMF (2.0 mL) was treated
\G'N*B"C with copper (1) chloride (30 mg, 0.30 mmol) at room temperature for 1 h. AcOK
(30 mg, 0.30 mmol), bis(pinacolato)diboron (77 mg, 0.30 mmol), and compound
190b (60 mg, 0.25 mmol) were added to the mixture at room temperature, and the whole mixture
was stirred at room temperature for 5 h. The resulting mixture was filtered through a pad of Celite
and washed with AcOEt. The filtrate was partitioned between AcOEt (50 mL) and saturated aqueous
NH4CI (30 mL), and the organic phase was washed with H,O (30 mL), saturated aqueous NaCl,
dried (Na2SOa), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 20:80) to afford compound 191b’ (58 mg, 63%) as a
colorless oil. '"H NMR (CDCls, 400 MHz) &: 5.92-5.80 (1H, m), 5.76 (1H, s), 5.60 (1H, s), 5.18—
5.00 (2H, m), 4.28-4.12 (1H, m), 3.85-3.61 (2H, m), 2.15-2.05 (2H, m), 1.45 (9H, s), 1.26 (12H,
s), 1.16-1.07 (3H, m). ESIMS-LR m/z 266 [(M-'‘BuCO2+H)"].
Step 2. A solution of compound 191b’ (50 mg, 0.14 mmol) in CH.CI, (6.8 mL) was treated with
Grubbs Catalyst, 2nd Generation (5.8 mg, 0.050 mmol) at room temperature for 2 h. The resulting
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(AcOEt/hexane; 0:100 to 30:70) to afford compound 191b (29 mg, 63%) as a colorless oil. *H NMR
(CDCls, 400 MHz) 6: 6.47 (1H, d, J = 9.2 Hz), 4.42-4.31 (1H, m), 4.18-4.07 (1H, m), 3.60-3.56
(1H, m), 2.46-2.33 (1H, m), 2.21-2.06 (1H, m), 1.92-1.78 (1H, m), 1.65-1.57 (1H, m), 1.44 (9H,
d, J=12.8 Hz), 1.25 (12H, s), 1.09 (3H, d, J = 6.1 Hz). ESIMS-LR m/z 282 [(M-'Bu+H)™].

tert-Butyl (7S)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-7-methyl-2,3,4,7-
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tetrahydroazepine-1-carboxylate (192a)

Following general procedure C using compound 176a (12 mg, 0.032 mmol),
compound 186a (9.1 mg, 0.027 mmol), K.CO3 (7.5 mg, 0.054 mmol),
Pd(dppf)Cl; (3.9 mg, 0.0054 mmol), 1,4-dioxane (3.0 mL) and H,0 (1.0 mL),
the title compound, 192a (7.7 mg, 65%), was obtained as a colorless
amorphous. *H NMR (CDCls, 400 MHz) &: 7.82 (1H, s), 6.71 (1H, s), 5.43 (1H, s), 5.18-4.89 (1H,
m), 3.92 (3H, s), 3.86-3.63 (1H, m), 3.23-3.12 (1H, m), 3.02-2.89 (2H, m), 2.70-2.59 (1H, m),
2.55-2.44 (3H, m), 2.16-2.01 (2H, m), 1.97-1.89 (1H, m), 1.80-1.69 (1H, m), 1.50 (9H, s), 1.31—
1.22 (3H, m). ESIMS-LR m/z 342 [(M-'BuCO2+H)*].

tert-Butyl (7R)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-7-methyl-2,3,4,7-
tetrahydroazepine-1-carboxylate (192b)
Following general procedure C using compound 176a (54 mg, 0.14 mmol),
NC o compound 186b (40 mg, 0.12 mmol), K2COs; (33 mg, 0.24 mmol),
ON 7 NeBoc Pd(dppf)Clz (17 mg, 0.024 mmol), 1,4-dioxane (3.0 mL) and H-O (1.0 mL),
the title compound, 192b (52 mg, 99%), was obtained as a colorless
amorphous. 'H NMR (CDCls, 400 MHz) &: 7.82 (1H, s), 6.71 (1H, s), 5.43 (1H, s), 5.18-4.89 (1H,
m), 3.92 (3H, s), 3.88-3.63 (1H, m), 3.24-3.12 (1H, m), 3.01-2.89 (2H, m), 2.70-2.58 (1H, m),
2.55-2.44 (3H, m), 2.16-2.00 (2H, m), 2.00-1.90 (1H, m), 1.81-1.69 (1H, m), 1.50 (9H, s), 1.30-
1.23 (3H, m). ESIMS-LR m/z 342 [(M-'BuCO2+H)"].

tert-Butyl (2S)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-2-methyl-2,3,4,7-
tetrahydroazepine-1-carboxylate (192c)
Following general procedure C using compound 176a (46 mg, 0.12 mmol),
NC o compound 191a (34 mg, 0.10 mmol), K.CO3 (28 mg, 0.20 mmol),
n—Boc Pd(dppf)Cl2 (15 mg, 0.020 mmol), 1,4-dioxane (3.0 mL) and H,O (1.0 mL),
the title compound, 192c (34 mg, 76%), was obtained as a colorless
amorphous. *H NMR (CDCls, 400 MHz) &: 7.81 (1H, d, J = 11.0 Hz), 6.69 (1H, s), 5.74 (1H, br s),
4.53-4.31 (1H, m), 4.29-4.05 (1H, m), 3.89 (3H, s), 3.68-3.64 (1H, m), 3.00-2.91 (2H, m), 2.58—
2.44 (4H, m), 2.35-2.21 (1H, m), 2.01-1.89 (2H, m), 1.85-1.76 (1H, m), 1.51-1.43 (9H, m), 1.16
(3H, d, J =6.7 Hz). ESIMS-LR m/z 342 [(M-'BuCO2+H)"].

O,N

tert-Butyl (2R)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-2-methyl-2,3,4,7-
tetrahydroazepine-1-carboxylate (192d)

Following general procedure C using compound 176a (42 mg, 0.11 mmol),
compound 191b (31 mg, 0.092 mmol), K;COsz (25 mg, 0.18 mmol),
Pd(dppf)Cl; (14 mg, 0.018 mmol), 1,4-dioxane (3.0 mL) and H,O (1.0 mL),
the title compound, 192d (38 mg, 93%), was obtained as a colorless
amorphous. *H NMR (CDCls, 400 MHz) §: 7.81 (1H, d, J = 11.0 Hz), 6.70 (1H, s), 5.81-5.70 (1H,
m), 4.52-4.33 (1H, m), 4.29-4.06 (1H, m), 3.89 (3H, s), 3.68-3.64 (1H, m), 3.01-2.91 (2H, m),
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2.59-2.44 (4H, m), 2.36-2.21 (1H, m), 2.01-1.90 (2H, m), 1.85-1.76 (1H, m), 1.51-1.43 (9H, m),
1.16 (3H, d, J = 6.7 Hz). ESIMS-LR m/z 342 [(M-'BuCO2+H)*].

1-[4-[(7S)-1,7-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (193a)

Step 1. Following general procedure D using compound 192a (7.0 mg, 0.016
mmol), CH2Cl, (2.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, S-
193a’ (5.6 mg, quant.), was obtained as a colorless oil.

Step 2. Following general procedure E using compound 193a’ (5.6 mg, 0.016
mmol), formaldehyde (2.0 pL, 37% solution, 0.025 mmol), AcOH (2.0 uL, 0.033 mmol),
NaBH(OACc)s (14 mg, 0.066 mmol) and CH>Cl, (1.0 mL), the title compound, 193a (3.8 mg, 65%),
was obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.85 (1H, s), 6.71 (1H, s),
5.54 (1H, d, J = 4.3 Hz), 3.94 (3H, s), 3.81-3.72 (1H, m), 3.25-3.10 (2H, m), 3.03-2.91 (2H, m),
2.68 (1H, t, J = 13.1 Hz), 2.58-2.47 (3H, m), 2.45-2.35 (1H, m), 2.37 (3H, s), 2.03-1.90 (2H, m),
1.47-1.36 (1H, m), 1.28 (3H, d, J = 7.3 Hz). ESIMS-LR m/z 356 [(M+H)"].

1-[4-[(7R)-1,7-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (193b)

Step 1. Following general procedure D using compound 192b (26 mg, 0.059
NC mmol), CH2Cl; (2.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, S-
N— 193b’ (19 mg, 95%), was obtained as a colorless oil.

Step 2. Following general procedure E using compound 193b’ (19 mg, 0.056
mmol), formaldehyde (6.8 pL, 37% solution, 0.083 mmol), AcOH (6.7 pL, 0.11 mmol),
NaBH(OACc)s3 (47 mg, 0.22 mmol) and CH2Cl; (1.0 mL), the title compound, 193b (18 mg, 91%),
was obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.85 (1H, s), 6.71 (1H, s),
5.54 (1H, d, J = 5.5 Hz), 3.94 (3H, s), 3.81-3.73 (1H, m), 3.24-3.10 (2H, m), 3.01-2.91 (2H, m),
2.68 (1H, t, J = 13.1 Hz), 2.57-2.47 (3H, m), 2.45-2.36 (1H, m), 2.37 (3H, s), 2.03-1.90 (2H, m),
1.45-1.36 (1H, m), 1.28 (3H, d, J = 7.3 Hz). ESIMS-LR m/z 356 [(M+H)"].

1-[4-[(2S)-1,2-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (193c)

Step 1. Following general procedure D using compound 192c¢ (16 mg, 0.036
mmol), CH2Cl; (2.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, 193¢’
(11 mg, 89%), was obtained as a colorless oil.

Step 2. Following general procedure E using compound 193¢’ (11 mg, 0.032
mmol), formaldehyde (3.9 pL, 37% solution, 0.048 mmol), AcOH (3.9 pL, 0.064 mmol),
NaBH(OACc)s (27 mg, 0.13 mmol) and CH,Cl; (1.0 mL), the title compound, 193c (9.8 mg, 86%),
was obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) §: 7.87 (1H, s), 6.71 (1H, s),
5.77 (1H, t, J = 5.2 Hz), 3.93 (3H, s), 3.51-3.33 (1H, m), 3.01-2.88 (3H, m), 2.58-2.44 (5H, m),
2.38 (3H, s), 1.99-1.89 (1H, m), 1.82-1.73 (1H, m), 1.71-1.61 (1H, m), 1.15 (3H, d, J = 6.7 Hz).
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ESIMS-LR m/z 356 [(M+H)*].

1-[4-[(2R)-1,2-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5-methoxy-2-
nitrophenyl]cyclobutanecarbonitrile (193d)

Step 1. Following general procedure D using compound 192d (15 mg, 0.036
mmol), CH2Cl, (2.0 mL) and TFA (1.0 mL, 13 mmol), the title compound, 193d’
(10 mg, 86%), was obtained as a colorless oil.

Step 2. Following general procedure E using compound 193d’ (11 mg, 0.032
mmol), formaldehyde (3.9 pL, 37% solution, 0.048 mmol), AcOH (3.9 uL, 0.064 mmol),
NaBH(OACc)s (27 mg, 0.13 mmol) and CH2Cl, (1.0 mL), the title compound, 193d (9.6 mg, 84%),
was obtained as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.87 (1H, s), 6.71 (1H, s),
5.77 (1H, t, J = 5.5 Hz), 3.93 (3H, s), 3.51-3.33 (1H, m), 3.01-2.89 (3H, m), 2.57-2.45 (5H, m),
2.38 (3H, s), 2.00-1.89 (1H, m), 1.83-1.73 (1H, m), 1.71-1.62 (1H, m), 1.15 (3H, d, J = 6.7 Hz).
ESIMS-LR m/z 356 [(M+H)*].

6'-[(7S)-1,7-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5'-methoxy-spiro[cyclobutane-1,3"-
indole]-2'-amine (150)

A solution of compound 193a (3.8 mg, 0.011 mmol) in THF (1.0 mL) and
AcOH (0.013 mL) was treated with Zn (3.5 mg, 0.053 mmol) at room
temperature, and the mixture was stirred at 50 °C for 20 min, and then the

mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford the crude (3.3 mg) as
a colorless solid. This material was used in the next reaction without further purification. A solution
of the crude (3.3 mg, 0.0097 mmol) and Ac20 (0.9 puL, 0.0097 mmol) in THF (1.0 mL), was treated
with 10% Pd/C (2 mg), and the mixture was vigorously stirred under H, atmosphere (balloon
pressure) at room temperature for 20 min. The catalyst was filtered through a pad of Celite, and the
filtrate was concentrated in vacuo. The residue was purified by silica gel column chromatography
[NH-SiO2, MeOH/(hexane:AcOEt= 1:1); 0:100 to 20:80] to afford compound 150 (1.9 mg, 54%
over 2 steps) as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.04 (1H, s), 6.93 (1H, s), 5.45
(1H, d, J =4.9 Hz), 3.87 (3H, s), 3.85-3.77 (1H, m), 3.27-3.12 (2H, m), 2.73 (1H, t, J = 13.1 Hz),
2.56-2.45 (1H, m), 2.44-2.36 (1H, m), 2.37 (3H, s), 2.26-2.14 (1H, m), 2.08-1.95 (1H, m), 1.39—
1.28 (1H, m), 1.26 (3H, d, J = 6.7 Hz). ESIMS-LR m/z 326 [(M+H)*]; ESIMS-HR calcd for
C20H28N30 (M+H)* 326.2232, found 326.2218.

6'-[(7R)-1,7-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5'-methoxy-spiro[cyclobutane-1,3"-
indole]-2'-amine (151)

A solution of compound 193b (18 mg, 0.051 mmol) in THF (1.0 mL) and AcOH (0.060 mL) was
treated with Zn (17 mg, 0.25 mmol) at room temperature, and the mixture was stirred at 50 °C for
20 min, and then the mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford the crude (16 mg) as a
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colorless solid. This material was used in the next reaction without further
purification. A solution of the crude (16 mg, 0.050 mmol) and Ac20 (4.7 uL,
0.050 mmol) in THF (1.0 mL), was treated with 10% Pd/C (4 mg), and the
mixture was vigorously stirred under H, atmosphere (balloon pressure) at

room temperature for 20 min. The catalyst was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography [NH-SiO»,
MeOH/(hexane: AcOEt= 1:1); 0:100 to 20:80] to afford compound 151 (13 mg, 74% over 2 steps)
as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.04 (1H, s), 6.93 (1H, s), 5.45 (1H, d, J = 5.5
Hz), 3.87 (3H, s), 3.85-3.77 (1H, m), 3.26-3.12 (2H, m), 2.73 (1H, t, J = 13.4 Hz), 2.56-2.45 (1H,
m), 2.44-2.34 (1H, m), 2.36 (3H, s), 2.26-2.14 (1H, m), 2.06-1.93 (1H, m), 1.37-1.28 (1H, m),
1.25 (3H, d, J = 7.3 Hz). ESIMS-LR m/z 326 [(M+H)*]; ESIMS-HR calcd for C20H2sN30 (M+H)*
326.2232, found 326.2236.

6'-[(2S)-1,2-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5'-methoxy-spiro[cyclobutane-1,3'-
indole]-2'-amine (152)

A solution of compound 193c (9.1 mg, 0.026 mmol) in THF (1.0 mL) and
AcOH (0.031 mL) was treated with Zn (8.4 mg, 0.13 mmol) at room
temperature, and the mixture was stirred at 50 °C for 20 min, and then the

mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford the crude (7.7 mg) as
a colorless solid. This material was used in the next reaction without further purification. A solution
of the crude (7.7 mg, 0.023 mmol) and Ac20 (2.8 uL, 0.023 mmol) in THF (1.0 mL), was treated
with 10% Pd/C (4 mg), and the mixture was vigorously stirred under H, atmosphere (balloon
pressure) at room temperature for 20 min. The catalyst was filtered through a pad of Celite, and the
filtrate was concentrated in vacuo. The residue was purified by silica gel column chromatography
[NH-SiO2, MeOH/(hexane:AcOEt= 1:1); 0:100 to 20:80] to afford compound 152 (5.7 mg, 69%
over 2 steps) as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.04 (1H, s), 6.93 (1H, s), 5.69
(1H, t, J = 5.8 Hz), 3.86 (3H, s), 3.49 (1H, dd, J = 15.3, 6.1 Hz), 3.39 (1H, dd, J = 15.6, 5.2 Hz),
2.99-2.92 (1H, m), 2.59-2.48 (6H, m), 2.45-2.38 (1H, m), 2.36 (3H, s), 2.25-2.13 (1H, m), 1.72—
1.64 (2H, m), 1.15 (3H, d, J = 6.7 Hz). ESIMS-LR m/z 326 [(M+H)*"]; ESIMS-HR calcd for
C20H28N30 (M+H)* 326.2232, found 326.2232.

6'-[(2R)-1,2-Dimethyl-2,3,4,7-tetrahydroazepin-5-yl]-5'-methoxy-spiro[cyclobutane-1,3"-
indole]-2'-amine (153)

A solution of compound 193d (8.8 mg, 0.025 mmol) in THF (1.0 mL), AcOH
(0.030 mL) was treated with Zn (8.1 mg, 0.12 mmol) at room temperature,
and the mixture was stirred at 50 °C for 20 min, and then the mixture was

cooled to room temperature. The resulting mixture was filtered through a pad
of Celite, and the filtrate was concentrated in vacuo to afford the crude (8.2 mg) as a colorless solid.
This material was used in the next reaction without further purification. A solution of the crude (8.2
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mg, 0.024 mmol) and Ac20 (2.3 pL, 0.024 mmol) in THF (1.0 mL), was treated with 10% Pd/C (4
mg), and the mixture was vigorously stirred under H, atmosphere (balloon pressure) at room
temperature for 20 min. The catalyst was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (NH-SiO,
MeOH/(hexane: AcOEt= 1:1); 0:100 to 20:80) to afford compound 153 (6.6 mg, 81% over 2 steps)
as a colorless solid. *H NMR (CDCls, 400 MHz) &: 7.03 (1H, s), 6.93 (1H, s), 5.69 (1H, t, J = 5.8
Hz), 3.86 (3H, s), 3.49 (1H, dd, J = 15.7, 6.1 Hz), 3.40 (1H, dd, J = 15.7, 5.2 Hz), 3.00-2.92 (1H,
m), 2.59-2.48 (6H, m), 2.45-2.38 (1H, m), 2.36 (3H, s), 2.25-2.14 (1H, m), 1.72-1.64 (2H, m), 1.15
(3H, d, J = 6.7 Hz). ESIMS-LR m/z 326 [(M+H)*]; ESIMS-HR calcd for Cz0H2sNsO (M+H)*
326.2232, found 326.2230.

tert-Butyl N-allyl-N-[(2R)-2-(methoxymethoxy)pent-4-ynyl]Jcarbamate (195a)
OMOM A solution of compound 194a (1.9 g, 13 mmol), allylamine hydrochloride (5.0 g,
53 mmol) and AcOH (1.6 mL, 27 mmol) in CH,Cl, (100 mL) was treated with
BOC/N\J NaBH(OACc)s (5.7 g, 27 mmol) at room temperature for 0.5 h. The reaction was
quenched by NaHCO3; (10 mL) at room temperature, and concentrated in vacuo.

7

The residue was purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane; 10:90 to
70:30) to afford free amine (1.2 g, 49%) as a colorless oil. A solution of the free amine (1.5 g, 8.2
mmol) and EtsN (1.4 mL, 9.8 mmol) in THF (40 mL) was treated with Boc.O (2.0 g, 9.0 mmol) at
room temperature for 2 h. The resulting mixture was partitioned between AcOEt (200 mL) and H,0
(100 mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na2SOa4), filtered,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (SiO,
AcOEt/hexane; 0:100 to 35:65) to afford compound 195a (2.0 g, 86%) as a colorless oil. *H NMR
(CDCl3, 400 MHz) 6: 5.85-5.70 (1H, m), 5.18-5.05 (2H, m), 4.77-4.60 (2H, m), 4.10-3.91 (2H,
m), 3.84 (1H, d, J = 14.6 Hz), 3.53-3.44 (1H, m), 3.38 (3H, s), 3.33-3.15 (1H, m), 2.55-2.38 (2H,
m), 2.02 (1H, t, J = 2.7 Hz), 1.46 (9H, d, J = 9.8 Hz). ESIMS-LR m/z 184 [(M-tBuCO2+H)"].

tert-Butyl N-allyl-N-[(2S)-2-(methoxymethoxy)pent-4-ynyl]carbamate (195b)
OMOM A solution of compound 194b (550 mg, 3.9 mmol), allylamine hydrochloride (1.4
g, 15 mmol) and AcOH (0.46 mL, 7.7 mmol) in CH.CI, (30 mL) was treated with
,N\J NaBH(OACc)s3 (1.6 g, 7.7 mmol) at room temperature for 0.5 h. The reaction was
quenched by NaHCO3 (10 mL) at room temperature, and concentrated in vacuo.

/

The residue was purified by silica gel column chromatography (NH-SiO2, AcOEt/hexane; 10:90 to
70:30) to afford free amine (510 mg, 72%) as a colorless oil. A solution of the free amine (510 mg,
3.3 mmol) and EtsN (0.46 mL, 3.3 mmol) in THF (10 mL) was treated with Boc,0 (670 mg, 3.1
mmol) at room temperature for 2 h. The resulting mixture was partitioned between AcOEt (200 mL)
and H,0O (100 mL), and the organic phase was washed with saturated aqueous NaCl, dried (Na;SO4),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(SiO2, AcOEt/hexane; 0:100 to 35:65) to afford compound 195b (520 mg, 65%) as a colorless oil.
'H NMR (CDCls, 400 MHz) §: 5.86-5.70 (1H, m), 5.20-5.05 (2H, m), 4.73 (1H, d, J = 6.1 Hz),
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4.70-4.62 (1H, m), 4.12-3.90 (2H, m), 3.89-3.78 (1H, m), 3.53-3.44 (1H, m), 3.38 (3H, s), 3.34—
3.16 (1H, m), 2.55-2.38 (2H, m), 2.02 (1H, t, J = 2.4 Hz), 1.46 (9H, d, J = 9.8 Hz). ESIMS-LR m/z
184 [(M-tBuCO2+H)"].

tert-Butyl N-allyl-N-[(2R)-2-(methoxymethoxy)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pent-4-enyl]carbamate (196a)

OMOM A suspension of LiCl (170 mg, 4.0 mmol) in DMF (30 mL) was treated with
PinBM\) copper (1) chloride (400 mg, 4.0 mmol) at room temperature for 1 h. AcOK (390

Boc”

mg, 4.0 mmol), bis(pinacolato)diboron (1.0 g, 4.0 mmol), and compound 195a
(940 mg, 3.3 mmol) were added to the mixture at room temperature, and the whole mixture was
stirred at room temperature for 5 h. The resulting mixture was filtered through a pad of Celite and
washed with AcOEt. The filtrate was partitioned between AcOEt (200 mL) and saturated aqueous
NH4CI (100 mL), and the organic phase was washed with H,O (100 mL) and saturated aqueous
NaCl, dried (Na2SO.4), filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (AcOEt/hexane; 0:100 to 25:75) to afford compound 196a (1.3 g, 95%) as
a colorless oil. 'H NMR (CDCls, 400 MHz) &: 5.88-5.65 (2H, m), 5.19-5.03 (2H, m), 4.76-4.54
(2H, m), 4.11-3.78 (2H, m), 3.51-3.16 (5H, m), 2.55-2.23 (2H, m), 1.46 (9H, d, J = 11.0 Hz), 1.27
(12H, s). ESIMS-LR m/z 312 [(M-'BuCO»+H)*].

tert-Butyl N-allyl-N-[(2S)-2-(methoxymethoxy)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pent-4-enyl]jcarbamate (196b)
OMOM Asuspension of LiCl (84 mg, 2.0 mmol) in DMF (10 mL) was treated with copper
PinBJL/\N\) (1) chloride (200 mg, 2.0 mmol) at room temperature for 1 h. AcOK (200 mg, 2.0
Boc” mmol), bis(pinacolato)diboron (500 mg, 2.0 mmol), and compound 195b (470
mg, 1.7 mmol) were added to the mixture at room temperature, and the whole mixture was stirred
at room temperature for 5 h. The resulting mixture was filtered through a pad of Celite and washed
with AcOEt. The filtrate was partitioned between AcOEt (200 mL) and saturated aqueous NH4ClI
(100 mL), and the organic phase was washed with H,O (100 mL) and saturated aqueous NacCl, dried
(Na2S0.), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane; 0:100 to 25:75) to afford compound 196b (530 mg, 78%) as a
colorless oil. 'H NMR (CDCls, 400 MHz) §: 5.88-5.67 (3H, m), 5.18-5.04 (2H, m), 4.75-4.54 (2H,
m), 4.04-3.78 (2H, m), 3.49-3.10 (5H, m), 2.46-2.20 (2H, m), 1.46 (9H, d, J = 13.4 Hz), 1.26 (12H,
s). ESIMS-LR m/z 312 [(M-'BuCO»+H)"].

tert-Butyl (3R)-3-(methoxymethoxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (197a)
PinB._~ A solution of compound 196a (1.3 g, 3.2 mmol) in CH2Cl, (160 mL) was treated
\GNB with Grubbs Catalyst, 2nd Generation (130 mg, 0.16 mmol) at room temperature
MOMO for 2 days. The resulting mixture was concentrated in vacuo. The residue was

purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 25:75) to afford compound
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197a (370 mg, 31%) as a colorless oil. tH NMR (CDCls, 400 MHz) §: 6.59-6.49 (1H, m), 4.71 (1H,
dd, J = 6.7, 3.1 Hz), 4.61 (1H, t, J = 6.7 Hz), 4.37-4.18 (1H, m), 4.02-3.78 (3H, m), 3.38 (3H, s),
3.25-3.17 (1H, m), 2.58-2.49 (2H, m), 1.45 (9H, d, J = 7.3 Hz), 1.25 (12H, s). ESIMS-LR m/z 284
[(M-'BuCO2+H)™].

tert-Butyl (3S)-3-(methoxymethoxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3,4,7-
tetrahydroazepine-1-carboxylate (197b)
PinB__ A solution of compound 196b (530 mg, 1.3 mmol) in CH,Cl, (60 mL) was treated
poBee with Grubbs Catalyst, 2nd Generation (55 mg, 0.064 mmol) at room temperature
MOMO for 2 days. The resulting mixture was concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 25:75) to afford compound
197b (290 mg, 59%) as a colorless oil. *H NMR (CDCls, 400 MHz) §: 6.54 (1H, d, J = 11.6 Hz),
4.71(1H,dd, J=6.7,2.4 Hz), 4.61 (1H, t, J = 6.4 Hz), 4.37-4.18 (1H, m), 4.02-3.78 (3H, m), 3.38
(3H, s), 3.26-3.15 (1H, m), 2.60-2.49 (2H, m), 1.45 (9H, d, J = 7.3 Hz), 1.25 (12H, s). ESIMS-LR
m/z 284 [(M-'BuCO2+H)"].

tert-Butyl (3R)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-(methoxymethoxy)-
2,3,4,7-tetrahydroazepine-1-carboxylate (198a)
| A solution of compound 197a (130 mg, 0.34 mmol), compound 176a (160 mg.,

o
NC 0.41 mmol) and K,COs3 (94 mg, 0.68 mmol) in 1,4-dioxane (4.0 mL) and H,O
oan N-Bee (1.0 mL) was treated with Pd(dppf)Cl. (50 mg, 0.068 mmol) at room
MOMO temperature, and the mixture was stirred at 120 °C for 1 h with uW irradiation,

and then the mixture was cooled to room temperature. The resulting mixture was concentrated in
vacuo. The residue was purified by silica gel column chromatography (SiO., AcOEt/hexane; 20:80
to 80:20) to afford compound 198a (160 mg, 97%) as a colorless amorphous. *H NMR (CDCls, 400
MHz) 6: 7.87 (1H, d, J =5.5 Hz), 6.72 (1H, d, J = 4.3 Hz), 5.98 (1H, t, J = 4.9 Hz), 4.70-4.62 (2H,
m), 4.19-4.09 (1H, m), 4.04-3.97 (1H, m), 3.93 (3H, s), 3.87-3.76 (1H, m), 3.38-3.26 (1H, m),
3.36 (3H, s), 3.01-2.92 (2H, m), 2.73-2.65 (2H, m), 2.56-2.47 (3H, m), 1.98-1.91 (2H, m), 1.48
(9H, d, J = 9.2 Hz). ESIMS-LR m/z 388 [(M-'BuCO2+H)"].

tert-Butyl (35)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-(methoxymethoxy)-
2,3,4,7-tetrahydroazepine-1-carboxylate (198b)
| A solution of compound 197b (280 mg, 0.73 mmol), compound 176a (330

o

Ne mg., 0.88 mmol) and K,CO3 (210 mg, 1.5 mmol) in 1,4-dioxane (5.0 mL) and
Z4

oan N-Bec  H,0 (1.0 mL) was treated with Pd(dppf)Cl, (110 mg, 0.15 mmol) at room

MOMO temperature, and the mixture was stirred at 120 °C for 1 h with MW irradiation,

and then the mixture was cooled to room temperature. The resulting mixture was concentrated in
vacuo. The residue was purified by silica gel column chromatography (SiO2, AcOEt/hexane; 20:80
to 80:20) to afford compound 198b (330 mg, 93%) as a colorless amorphous. *H NMR (CDCls, 400
MHz) 6: 7.87 (1H, d, J =5.5 Hz), 6.72 (1H, d, J = 4.3 Hz), 5.98 (1H, t, J = 5.2 Hz), 4.70-4.62 (2H,
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m), 4.18-4.09 (1H, m), 4.03-3.97 (1H, m), 3.93 (3H, s), 3.86-3.75 (1H, m), 3.37-3.26 (1H, m),
3.36 (3H, s), 3.02-2.93 (2H, m), 2.73-2.66 (2H, m), 2.57-2.46 (3H, m), 1.96-1.91 (2H, m), 1.48
(9H, d, J = 9.2 Hz). ESIMS-LR m/z 388 [(M-'BuCO2+H)*].

tert-Butyl (3R)-5-(2'-amino-5'-methoxy-spiro[cyclobutane-1,3"'-indole]-6"-yl)-3-
(methoxymethoxy)-2,3,4,7-tetrahydroazepine-1-carboxylate (199a)
| A solution of compound 198a (30 mg, 0.061 mmol) in THF (2.0 mL) and

HN— AcOH (0.074 mL) was treated with Zn (20 mg, 0.31 mmol) at room
N 4

N-Boc  temperature, and the mixture was stirred at 50 °C for 10 min, and then the

MOMO mixture was cooled to room temperature. The resulting mixture was

filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 199a’
(23 mg, 79%) as a colorless amorphous. This material was used in the next reaction without further
purification. A solution of crude 199a’ (21 mg, 0.044 mmol) and Ac.0O (0.0041 mL, 0.044 mmol)
in THF (2.0 mL), was treated with 10% Pd/C (5.0 mg), and the mixture was vigorously stirred under
H, atmosphere (balloon pressure) at room temperature for 20 min. The catalyst was filtered through
a pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography [NH-SiO;, MeOH/(hexane:AcOEt = 1:1); 0:100 to 15:85] to afford
compound 199a (11 mg, 54%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.03 (1H,
d,J=4.9Hz),6.89 (1H, d, J =4.3 Hz), 5.92 (1H, t, J =5.5 Hz), 4.73-4.60 (2H, m), 4.22-3.93 (3H,
m), 3.86 (3H, s), 3.36 (3H, s), 3.34-3.23 (1H, m), 2.79-2.71 (2H, m), 2.55-2.48 (4H, m), 2.43-2.33
(2H, m), 2.28-2.15 (1H, m), 1.47 (9H, d, J = 9.8 Hz). ESIMS-LR m/z 458 [(M+H)].

tert-Butyl (3S)-5-(2'-amino-5'-methoxy-spiro[cyclobutane-1,3'-indole]-6-yl)-3-
(methoxymethoxy)-2,3,4,7-tetrahydroazepine-1-carboxylate (199b)
| A solution of compound 198b (200 mg, 0.41 mmol) in THF (2.0 mL) and

HN— AcOH (0.50 mL) was treated with Zn (140 mg, 2.1 mmol) at room
7

N-Boc temperature, and the mixture was stirred at 50 °C for 10 min, and then the

MOMO mixture was cooled to room temperature. The resulting mixture was

filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford compound 199b’
(120 mg, 62%) as a colorless solid. This material was used in the next reaction without further
purification. A solution of crude 199b’ (120 mg, 0.25 mmol) and Ac.0 (0.024 mL, 0.25 mmol) in
THF (5.0 mL), was treated with 10% Pd/C (20 mg), and the mixture was vigorously stirred under
H. atmosphere (balloon pressure) at room temperature for 20 min. The catalyst was filtered through
a pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO,, MeOH/CHClI3; 0:100 to 12:88) to afford compound 199b (98
mg, 85%) as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.03 (1H, d, J = 4.9 Hz), 6.89
(1H, d, J = 4.3 Hz), 5.92 (1H, t, J = 5.8 Hz), 4.73-4.61 (2H, m), 4.19-3.95 (3H, m), 3.86 (3H, 9),
3.36 (3H, ), 3.34-3.23 (1H, m), 2.80-2.71 (2H, m), 2.55-2.49 (4H, m), 2.46-2.32 (2H, m), 2.27—
2.15 (1H, m), 1.47 (9H, d, J = 9.8 Hz). ESIMS-LR m/z 458 [(M+H)"].
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(3R)-5-(2'-Amino-5'-methoxy-spiro[cyclobutane-1,3'-indole]-6"-yl)-2,3,4,7-tetrahydro-1H-
azepin-3-ol (154)

A solution of compound 199a (4.4 mg, 0.0096 mmol) in MeOH (0.5 mL)
was treated with 4N HCl/dioxane (1.0 mL) at room temperature for 2 h and
the resulting mixture was concentrated in vacuo. The whole mixture was

qguenched by saturated aqueous NaHCO3; (3.0 mL), and concentrated in
vacuo. The residue was purified by silica gel column chromatography (NH-
SiO2, MeOH/CHCI3; 0:100 to 18:82) to afford compound 154 (2.2 mg, 73%) as a colorless solid.
'H NMR (CD30D, 400 MHz) &: 7.21 (1H, s), 6.73 (1H, s), 5.90 (1H, t, J = 5.5 Hz), 3.91-3.83 (4H,
m), 3.44-3.38 (1H, m), 3.34 (1H, d, J = 5.5 Hz), 2.87-2.77 (2H, m), 2.73-2.59 (3H, m), 2.52-2.43
(1H, m), 2.41-2.33 (2H, m), 2.31-2.22 (1H, m). ESIMS-LR m/z 314 [(M+H)*]; ESIMS-HR calcd
for C1gsH24N302 (M+H)* 314.1863, found 314.1869.

(3S)-5-(2'-Amino-5'-methoxy-spiro[cyclobutane-1,3"'-indole]-6'-yl)-2,3,4,7-tetrahydro-1H-
azepin-3-ol (155)

A solution of compound 199b (92 mg, 0.20 mmol) in MeOH (0.5 mL) was
treated with 4N HCl/dioxane (2.0 mL) at room temperature for 2 h and the

resulting mixture was concentrated in vacuo. The whole mixture was

quenched by saturated aqueous NaHCO3 (3.0 mL), and concentrated in
vacuo. The residue was purified by silica gel column chromatography (NH-
SiO2, MeOH/CHCI3; 0:100 to 18:82) to afford compound 155 (55 mg, 87%) as a colorless solid. *H
NMR (CDCls, 400 MHz) 3: 7.04 (1H, s), 6.89 (1H, s), 6.00 (1H, t, J = 5.8 Hz), 3.98-3.92 (1H, m),
3.91 (3H, s), 3.56-3.51 (1H, m), 3.41-3.36 (1H, m), 3.30-3.26 (1H, m), 3.08-3.04 (1H, m), 2.86
(2H, d, J=5.5Hz), 2.56-2.49 (4H, m), 2.45-2.34 (1H, m), 2.27-2.15 (1H, m). ESIMS-LR m/z 314
[(M+H)*]; ESIMS-HR calcd for C1gH24N302 (M+H)* 314.1863, found 314.1865.

tert-Butyl (3R)-5-[4-(1-Cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-hydroxy-2,3,4,7-
tetrahydroazepine-1-carboxylate (200a)

| A solution of compound 198a (110 mg, 0.23 mmol) in MeOH (0.5 mL) was
NC ° treated with 4N HCl/dioxane (1.0 mL) at room temperature for 2 h and the
oan ” N-soo resulting mixture was concentrated in vacuo to afford free amine (77 mg) as a

HO colorless solid. This material was used in the next reaction without further
purification. A solution of free amine (77 mg, 0.22 mmol) and EtsN (0.037 mL, 0.27 mmol) in THF
(5.0 mL) was treated with Boc.O (54 mg, 0.25 mmol) at room temperature for 2 h. The resulting
mixture was partitioned between AcOEt (100 mL) and H,O (50 mL), and the organic phase was
washed with saturated aqueous NaCl, dried (Na;SOy), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane; 30:70 to 70:30) to afford
compound 200a (79 mg, 79%) as a colorless oil. *H NMR (CDCls, 400 MHz) &: 7.85 (1H, s), 6.73
(1H,s), 5.69 (1H, s), 4.46-4.40 (1H, m), 4.28-4.17 (1H, m), 3.94 (3H, s), 3.91-3.74 (2H, m), 3.65—
3.58 (1H, m), 3.01-2.94 (2H, m), 2.71-2.47 (5H, m), 1.98-1.91 (1H, m), 1.51 (9H, s). ESIMS-LR
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m/z 344 [(M-'BuCO2+H)"].

tert-Butyl (3S)-5-[4-(1-Cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-hydroxy-2,3,4,7-
tetrahydroazepine-1-carboxylate (200b)

| A solution of compound 198b (30 mg, 0.23 mmol) in MeOH (0.5 mL) was
NC ° treated with 4N HCl/dioxane (1.0 mL) at room temperature for 2 h and the
oan N-Bec  resulting mixture was concentrated in vacuo to afford free amine (21 mg) as a
HO colorless solid. This material was used in the next reaction without further
purification. A solution of free amine (21 mg, 0.061 mmol) and EtsN (0.010 mL, 0.073 mmol) in
THF (3.0 mL) was treated with Boc,O (15 mg, 0.067 mmol) at room temperature for 2 h. The
resulting mixture was partitioned between AcOEt (100 mL) and H,O (50 mL), and the organic phase
was washed with saturated aqueous NaCl, dried (Na»S0Qa4), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane; 30:70 to 70:30) to afford
compound 200b (22 mg, 81%) as a colorless oil. *H NMR (CDCl3, 400 MHz) &: 7.85 (1H, s), 6.73
(1H,s), 5.69 (1H, s), 4.46-4.40 (1H, m),, 4.31-4.15 (1H, m), 3.94 (3H, s), 3.92-3.73 (2H, m), 3.65—
3.56 (1H, m), 3.01-2.93 (2H, m), 2.73-2.46 (5H, m), 2.01-1.89 (1H, m), 1.51 (9H, s). ESIMS-LR
m/z 344 [(M-'BuCO2+H)™].

tert-Butyl (3R)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-methoxy-2,3,4,7-
tetrahydroazepine-1-carboxylate (201a)
| A suspension of compound 200a (20 mg, 0.045 mmol) and NaH (3.0 mg, 55%

NC °©

dispersion of mineral oil, 0.067 mmol) in DMF (1.0 mL) was treated with Mel

N
0o N—Boc

(0.0042 mL, 0.068 mmol) at room temperature for 15 h. The resulting mixture
N was partitioned between AcOEt (50 mL) and H,O (30 mL), and the organic
phase was washed with saturated aqueous NaCl, dried (Na.SO.), filtered, and concentrated in vacuo.

0

The residue was purified by silica gel column chromatography (AcOEt/hexane; 10:90 to 70:30) to
afford compound 201a (19 mg, 92%) as a colorless oil. 'H NMR (CDCls, 400 MHz) &: 7.86 (1H, d,
J=4.3 Hz), 6.72 (1H, d, J = 5.5 Hz), 5.98-5.90 (1H, m), 4.32-4.15 (2H, m), 4.00-3.85 (4H, m),
3.61-3.51 (1H, m), 3.40-3.16 (4H, m), 3.02-2.92 (2H, m), 2.75-2.62 (2H, m), 2.59-2.46 (3H, m),
2.01-1.89 (1H, m), 1.49 (9H, d, J = 9.8 Hz). ESIMS-LR m/z 458 [(M+H)"].

tert-Butyl (3S)-5-[4-(1-cyanocyclobutyl)-2-methoxy-5-nitrophenyl]-3-methoxy-2,3,4,7-

tetrahydroazepine-1-carboxylate (201b)

! A suspension of compound 200b (20 mg, 0.045 mmol) and NaH (3.0 mg, 55%
dispersion of mineral oil, 0.067 mmol) in DMF (1.0 mL) was treated with Mel

NBee (0.0042 mL, 0.068 mmol) at room temperature for 15 h. The resulting mixture

N was partitioned between AcOEt (50 mL) and H20 (30 mL), and the organic

phase was washed with saturated aqueous NaCl, dried (NaSO.), filtered, and concentrated in vacuo.

o

The residue was purified by silica gel column chromatography (AcOEt/hexane; 10:90 to 70:30) to
afford compound 201b (16 mg, 78%) as a colorless oil. 'H NMR (CDCls, 400 MHz) &: 7.86 (1H, d,
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J = 4.3 Hz), 6.73 (1H, d, J = 5.5 Hz), 5.98-5.90 (1H, m), 4.33-4.14 (2H, m), 4.00-3.71 (4H, m),
3.61-3.51 (1H, m), 3.41-3.15 (4H, m), 3.03-2.91 (2H, m), 2.75-2.62 (2H, m), 2.59-2.44 (3H, m),
1.99-1.88 (1H, m), 1.49 (9H, d, J = 9.8 Hz). ESIMS-LR m/z 458 [(M+H)"].

tert-Butyl (3R)-5-(2"-amino-5"-methoxy-spiro[cyclobutane-1,3'-indole]-6"-yl)-3-methoxy-
2,3,4,7-tetrahydroazepine-1-carboxylate (202a)
A solution of compound 201a (18 mg, 0.039 mmol) in THF (2.0 mL) and
N AcOH (0.047 mL) was treated with Zn (13 mg, 0.20 mmol) at room
N-Boc  temperature, and the mixture was stirred at 50 °C for 10 min, and then the
o mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford
the crude (12 mg) as a colorless solid. This material was used in the next reaction without further
purification. A solution of the crude (12 mg, 0.027 mmol) and Ac.0 (0.0028 mL, 0.027 mmol) in
THF (2.0 mL), was treated with 10% Pd/C (4.0 mg), and the mixture was vigorously stirred under
H, atmosphere (balloon pressure) at room temperature for 20 min. The catalyst was filtered through
a pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO2, MeOH/CHCI3; 0:100 to 12:88) to afford compound 202a (6.3
mg, 54%) as a colorless amorphous. *H NMR (CDCl3, 400 MHz) &: 7.04 (1H, d, ] = 4.3 Hz), 6.88
(1H, d, J = 5.5 Hz), 5.96-5.87 (1H, m), 4.29-3.95 (2H, m), 3.88-3.64 (4H, m), 3.55-3.48 (1H, m),
3.40-3.35 (3H, m), 3.34-3.09 (1H, m), 2.83-2.66 (2H, m), 2.56-2.48 (4H, m), 2.44-2.32 (1H, m),
2.26-2.14 (1H, m), 1.50-1.44 (9H, m). ESIMS-LR m/z 428 [(M+H)™].

tert-Butyl (35)-5-(2'-amino-5'-methoxy-spiro[cyclobutane-1,3'-indole]-6"-yl)-3-methoxy-
2,3,4,7-tetrahydroazepine-1-carboxylate (202b)
A solution of compound 201b (16 mg, 0.035 mmol) in THF (2.0 mL) and
N AcOH (0.047 mL) was treated with Zn (13 mg, 0.20 mmol) at room
N-Boc  temperature, and the mixture was stirred at 50 °C for 10 min, and then the
) mixture was cooled to room temperature. The resulting mixture was filtered
through a pad of Celite, and the filtrate was concentrated in vacuo to afford
the crude (11 mg) as a colorless solid. This material was used in the next reaction without further
purification. A solution of the crude (11 mg, 0.027 mmol) and Ac.0 (0.0023 mL, 0.025 mmol) in
THF (2.0 mL), was treated with 10% Pd/C (4.0 mg), and the mixture was vigorously stirred under
H. atmosphere (balloon pressure) at room temperature for 20 min. The catalyst was filtered through
a pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (NH-SiO2, MeOH/CHCIs; 0:100 to 12:88) to afford compound 202b (4.5
mg, 30% over 2 steps) as a colorless amorphous. *H NMR (CDCls, 400 MHz) &: 7.04 (1H, d, J =
3.7Hz), 6.88 (1H, d, J = 6.1 Hz), 5.96-5.87 (1H, m), 4.28-3.96 (2H, m), 3.88-3.65 (4H, m), 3.55—
3.47 (1H, m), 3.39-3.09 (4H, m), 2.82-2.65 (2H, m), 2.57-2.48 (4H, m), 2.45-2.32 (1H, m), 2.27—
2.12 (1H, m), 1.50-1.42 (9H, m). ESIMS-LR m/z 428 [(M+H)"].
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(3R)-5-(2'-Amino-5'-methoxy-spiro[cyclobutane-1,3'-indole]-6"-yl)-2,3,4,7-tetrahydro-1H-
azepin-3-ol (156)
A solution of compound 202a (5.1 mg, 0.012 mmol) in CH2Cl, (2.0 mL)
was treated with TFA (1.0 mL, 13 mmol) at room temperature for 1 h. The
resulting mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography [NH-SiO2, MeOH/(hexane:AcOEt = 1:1);
h 1:99 to 20:80] to afford compound 156 (3.9 mg, quant.) as a colorless solid.
'H NMR (CDCls, 400 MHz) §: 7.04 (1H, s), 6.92 (1H, s), 5.92 (1H, t, J = 5.5 Hz), 3.88 (3H, s),
3.46-3.36 (4H, m), 3.35 (3H, s), 2.96 (1H, dd, J = 14.6, 9.2 Hz), 2.79 (2H, d, J = 4.9 Hz), 2.58-
2.50 (4H, m), 2.46-2.35 (1H, m), 2.27-2.17 (1H, m). ESIMS-LR m/z 328 [(M+H)*]; ESIMS-HR
calcd for C19H26N30, (M+H)* 328.2020, found 328.2014.

(3S)-5-(2'-Amino-5'-methoxy-spiro[cyclobutane-1,3"'-indole]-6'-yl)-2,3,4,7-tetrahydro-1H-
azepin-3-ol (157)

A solution of compound 202b (3.5 mg, 0.0082 mmol) in CH>Cl, (2.0 mL)
was treated with TFA (1.0 mL, 13 mmol) at room temperature for 1 h. The
resulting mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography [NH-SiO2, MeOH/(hexane:AcOEt = 1:1);
1:99 to 20:80] to afford compound 157 (1.4 mg, 52%) as a colorless solid.
'H NMR (CDCls, 400 MHz) &: 7.04 (1H, s), 6.92 (1H, s), 5.93 (1H, t, J = 5.5 Hz), 3.88 (3H, s),
3.47-3.36 (5H, m), 3.35 (3H, s), 2.96 (1H, dd, J = 13.7, 8.2 Hz), 2.80 (2H, d, J = 4.9 Hz), 2.58—
2.48 (4H, m), 2.46-2.33 (1H, m), 2.28-2.15 (1H, m). ESIMS-LR m/z 328 [(M+H)"]; ESIMS-HR
calcd for C19H26N30, (M+H)* 328.2020, found 328.2020.
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2. Biological evaluation

H—E

2-1 HbF induction assay using human CD34" cells

The fetal hemoglobin (HbF) induction assay using human CD34" cells (Lonza USA) was performed
for the study. Briefly, 1 x 10 cells/mL were cultured in Stemline Il Hematopoietic Stem Cell
Expansion Medium (S0192; Sigma-Aldrich Japan) supplemented with stem cell factor, FLT-3 ligand
(126-FL-010; R&D Systems USA), and interleukin (IL)-3 (203-IL; R&D Systems USA), at a final
concentration of 50 ng/mL each, at 37 °C and 5% CO; for 7 days to induce differentiation into
proerythroid cells. The cells were then resuspended in Stemline Il medium with various
concentrations of test compounds or decitabine as a positive control and seeded at a density of 1 x
10* cells/100 uL in 96-well plates. After 5 days incubation, cells were harvested and fixed with
0.05% glutaraldehyde, followed by treatment with 0.1% Triton X-100 for 5 min. The treated cells
were then stained with fluorescein isothiocyanate (FITC)-conjugated anti-fetal hemoglobin (HBF-
1) monoclonal antibody (MHFHO1; ThermoFisher Scientific Japan) or FITC-conjugated mouse
IgG1 « isotype control antibody (400108; BioLegend USA). Mean fluorescence was measured at
488 nm and the percentage of y-globin-positive cells was determined using flow cytometry
(MACSQuant; Miltenyi Biotec Japan). The Emax (i.€. the drug concentration at which the maximum
effect is observed) of each compound was calculated as a percentage of the maximum effect of
decitabine. The ECso was defined as the concentration of a compound that resulted in a half-
maximal HbF induction response relative to the effect of decitabine, which was set at 100%.

2-2 Cell viability measured using propidium iodide viability assay

BM CD34* cells isolated from human bone marrow (Lonza) were seeded at a density of 2000 cells
per well in differentiation medium containing 50 ng/ml stem cell factor (SCF), 50 ng/ml FIt3 ligand
(FL), and 50 ng/ml thrombopoietin (TPQO). After 3 days of incubation at 37 °C in a 5% CO;
humidified atmosphere, test compounds were added to the culture medium. After further incubation
for 4 days, cell viability was measured by propidium iodide staining. Cell viability of 100% was
calculated from cells without test compounds.

2-3 Pharmacokinetic profile of chemicals

In order to measure drug clearance and the ability of drug exposure to predict pharmacokinetic (PK)
profiles, blood samples were collected from two cynomolgus monkeys at 0, 0.25, 0.5, 1, 2, 4, 6, 8,
and 24 h after oral administration of the lead compounds 10, 24, 32, 25, 36 and 37 (at concentrations
of 1 or 10 mg/kg). The blood samples were then centrifuged, and the resulting plasma fractions
were analyzed using liquid chromatography/mass spectrometry (Acquity Ultra performance LC,
Acquity TQ Detector, and Acquity UPLC BEH CI18 column 1.7 pm, 2.1 x 50 mM Waters
Corporation) to measure the amount of test compound in the blood.

2-4 In vivo studies in non-human primates
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An in vivo study was performed by monitoring HbF population changes in bone marrow erythroid
cells of cynomolgus monkeys before and after the administration of test compounds. All animal
experiments were approved by the Ethics Committee for Animal Experiments of Asubio Pharma
Co. Ltd and were performed in the Shinyaku Research Center (Approval no. #171205B). All
cynomolgus monkeys were maintained in a stress-free environment and only monkeys that had
adapted well to the research environment were used in the experiments. The experiments were
designed based on the PK profiles and performed as follows. In the first experiment, 5 and 15 mg/kg
lead compound 24 was administered orally once a day (qd) to three monkeys each for 5 d. Three
monkeys administered with PBS, served as vehicle controls. The results observed were compared
with those after orally administering the positive control compound decitabine (15 mg/ kg qd [n =
3]). In the second experiment, the lead compound 24 was administered orally (7.5 mg/kg twice a
day (bid) [n = 3], 15 mg/kg bid [n = 3]). Three monkeys administered with PBS, served as vehicle
controls. Detailed information regarding the cynomolgus monkeys used in these 2 experiments is
as follows, 1% experiment: age, 3-9 years old; sex, 6 males and 6 females; body weight, 2.49-5.64
kg; 2nd experiment: age, 3-9 year old; sex, 5 males and 4 females; body weight, 2.61-6.04 kg. In
the third experiment, four monkeys each were administered 15 or 30 mg/kg, p.o., Compound 37
twice daily; another four monkeys were administered an equal volume of PBS and served as the
vehicle controls. The cynomolgus monkeys (5 males, 7 females) used in the experiments were 3-9
years old and weighed 2.6-6.01 kg. On the day before the first administration of test compound
(Day 0) and after the last administration (Day 6), each animal was anaesthetized using a mixture of
ketamine hydrochloride (5 mg/kg; 9001961; Cayman Chemical USA) and xylazine hydrochloride
(1 mg/kg; X-1251; Sigma-Aldrich Japan), and a 2-mL sample of bone marrow cells was extracted
from the pelvis. These samples were then subjected to real-time polymerase chain reaction (PCR)
to determine y-globin (HBG) and B-globin (HBB) mRNA expression. HBG and HBB expression
before administration was quantified as “pre” values, whereas expression after the 6 successive
days of oral administration was quantified as “post” values. The ratio of post/pre expression was
calculated for HBG and HBB separately to investigate changes in the expression of each gene
individually. In addition, we determined the ratio of post/pre HBG expression to post/pre HBB
expression as an indicator of HbF induction.

B
2-5 Enzymatic assay procedure

ICso values of compounds inhibiting G9a were determined by Amplified Luminescence
Proximity Homogeneous Assay technology (AlphaLISA; PerkinElmer) by detecting H3K9
dimethylation. Test compounds were incubated with 5 pM recombinant human G9a (amino acid
Nos. 913-1193 tagged with His Tev, Lot # T1452) produced by Daiichi Sankyo RD Novare, 15 nM
biotinylated H3K9mel peptide (EpiCypher, # 12-0010), and 45 uM SAM (Sigma, # A7007) in 50
mM Tris-HCI buffer (pH 9.0) containing 10 mM NaCl, 0.01% Tween 20, 1 mM dithiothreitol, and
0.01% bovine serum albumin (BSA), with a total volume of 5 pL in each well of a 384 -well plate
(PerkinElmer, # 6008359) for 40 min at room temperature (RT). The enzymatic reaction was
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stopped by the addition of 0.5 uM A-366, 0.05% Anti-Dimethyl-Histone H3K9 rabbit monoclonal
antibody (CST, # 4658S), 5 ug/mL Protein A AlphaLISA Acceptor Beads (PerkinElmer, # AL101M),
and 5 pg/mL AlphaScreen Streptavidin-coated Donor Beads (PerkinElmer, # 6760002), in
AlphaLISA Epigenetics Buffer (PerkinEImer, # ALOO8F) with a total volume of 7.5 pL. After
incubation for 120 min at RT, fluorescence (Ex 680 nm, Em 615 nm) of each well in the microplate
was measured with an EnVision Multilabel Plate Reader (PerkinElmer). For the determination of
ICso values for GLP (recombinant human GLP, amino acid Nos. 982-1266 tagged with His Tev, Lot
# T1700, produced by Daiichi Sankyo RD Novare), reactions were conducted under the same
conditions as in the G9a assay, except for the concentrations of SAM and BSA (2.5 uM
SAMWithout BSA) in the reaction buffer and the concentration of A-366 (3 uM) in the stopping
buffer. Data (n = 4) were analyzed by the program Graphpad Prism 6 (Graphpad Software Inc.).
ICso values of the test compounds on G9a and GLP were calculated by regression analysis using
the four-parameter logistic equation of Prism 6 sigmoidal dose-response (variable slope). More
precisely, the following equation was used for the calculation of ICso values.
Y=Bottom + (Top—Bottom)/(1+10*[(LoglCso—X)*HillSlope)]
Top: Constant equal to 100
Bottom: Constant equal to 0

The values of inter-assay variance in the G9a assay and GLP assay evaluated at A-366 are
23.3% and 18.0%, respectively.

2-6 Globin switching activity in hematopoietic progenitor cells

The activity of the compounds was tested by evaluating switching of the globin mRNA
expression from adult-type B-globin to fetal-type y-globin using human bone marrow-derived
hematopoietic progenitor CD34+ cells. Human bone marrow-derived CD34+ cells (Lonza Japan,
Tokyo, Japan) were cultured with a hematopoietic progenitor cell expansion DXF medium
(PromoCell, Heidelberg, Germany) supplemented with Cytokine Mix E containing thrombopoietin,
stem cell factor, flt-3 ligand, and interleukin-3 (PromoCell) in a CO; incubator for 9 days. The cells
were further cultured with Stemline 11 Hematopoietic Stem Cell Expansion Medium (Sigma-Aldrich,
MO, USA) supplemented with Cytokine Mix E for 8 days. The cultured cells were suspended in
DXF medium supplemented with 4 U/mL human erythropoietin (R&D Systems, MN, USA), 0.8
mg/mL human holo-transferrin (Fujifilm Wako Pure Chemicals, Osaka, Japan), and 0.1, 0.3, and 1
1M test compounds at a cell density of 2 x 10%/mL and inoculated into each well of 24-well plates
(0.25 mL/well). The cells were cultured in a CO; incubator for 14 days by exchanging the old
medium with fresh medium containing test compound three times a week. After cultivation, the
cells were harvested for the extraction of mMRNA and subjected to the evaluation of globin mMRNA
expression by quantitative RT-PCR. The amounts of a-, B-, and y-globin and B-actin mRNA were
measured and the level of each globin’s mRNA expression was expressed as the ratio of globin

MRNA to B-actin mRNA. Data were analyzed from two biological replicates in each experimental
group.
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F=E
2-7 Monkey F-cell flow cytometric analysis

All experimental procedures for animals were performed in accordance with the in-house
guidelines of the Institutional Animal Care and Use Committee of Daiichi Sankyo Co., Ltd.

Mononuclear cells from cynomolgus monkey bone marrow were prepared with Lymphoprep
(Abbott Diagnostic Technologies AS, Oslo, Norway), in accordance with the manufacturer’s
instructions. The cells were suspended in Stemline Il Hematopoietic Stem Cell Expansion Medium
(Sigma-Aldrich, MO) supplemented with 5 U/mL human erythropoietin (R&D Systems, MN), 0.8
mg/mL human holo-transferrin (Fujifilm Wako Pure Chemicals, Osaka, Japan), and serially diluted
test compounds (decitabine, hydroxyurea, or compound 144) at a cell density of 4 x 10%/mL and
inoculated into each well of 96-well microplates (0.1 mL/well). The cells were cultured in a CO;
incubator for 2 days, supplemented with 0.1 mL of fresh medium containing test compound, and
additionally cultured for 3 days.

After cultivation, y-globin and B-globin expression in the cells was evaluated by flow
cytometric analysis. Briefly, the cells in 96-well microplates were fixed with 4% paraformaldehyde
(Fujifilm Wako Pure Chemicals) at room temperature for 30 min. The fixed cells were treated with
0.05% Triton X-100 solution in Dulbecco’s phosphate-buffered saline (D-PBS) containing 0.5%
bovine serum albumin (BSA, Fraction V pH 7.0; Fujifilm Wako Pure Chemicals) and 2 mM EDTA
at room temperature for 30 min. The cells were washed with D-PBS, 0.5% BSA, and 2 mM EDTA
(BSA/EDTA/D-PBS) and re-suspended in eBioscience Flow Cytometry Staining Buffer (Thermo
Fisher Scientific, MS). The cells were labeled with 1/10-diluted Brilliant Violet 421 Goat Anti-
mouse 1gG (minimal x-reactivity) Antibody (Biolegend, CA) and 1/10-diluted Fetal Hemoglobin
Mouse Anti-Human Antibody, Unlabeled, Clone:2D12 (Becton Dickinson NJ), at room temperature
for 20 min under shaded conditions. The cells in the negative wells were stained with 1/10-diluted
Brilliant Violet 421 Mouse 1gG1, k Isotype Ctrl Antibody (Biolegend) under the same conditions.
The cells were washed with BSA/EDTA/D-PBS, resuspended in Flow Cytometry Staining Buffer,
and labeled with 1/10 Hemoglobin B Antibody (37-8) PE (Santa Cruz Biotechnology, TX) at room
temperature for 20 min under shaded conditions. The cells in the negative wells were stained with
1/10-diluted PE Mouse IgG1, « Isotype Ctrl Antibody (Biolegend) under the same conditions. The
labeled cells were washed with BSA/EDTA/D-PBS and subjected to flow cytometric analysis with
a MACS Quant flow cytometer (Miltenyi Biotech, Bergisch Gladbach, Germany), in accordance
with the manufacturer’s instructions. Data were analyzed from three biological replicates in each
experimental group.

2-8 In vitro and in vivo DMPK and toxicity assay.
Log D, solubility, microsomal stability, MBI and hERG inhibition assay were performed as
previously described.® !

2-9 Pharmacokinetic evaluation in mice
The test compounds were administered intravenously (IV) or orally (PO) to 7-week-old male
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C57BL/6J mice at doses of 1 mg/kg (IV) or 10 mg/kg (PO). The 1V solution was prepared with
dimethyl sulfoxide (Wako Pure Chemical Industries)/Polysorbate 80 (HX2) (NOF
CORPORATION)/saline (Otsuka Pharmaceutical Co., Ltd.) in the proportion of 1/1/8, and the PO
solution was prepared with 0.5% (w/v) methyl cellulose 400 solution (Wako Pure Chemical
Industries). Blood samples were collected from the peripheral vein at several time points after
dosing and centrifuged at 14,000 rpm for 3 min at 4 °C to obtain plasma. Plasma samples were
stored at —20 °C until analysis. The plasma concentration was determined by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) using an APl 4000 QTRAP system
(Applied Biosystems/MDS SCIEX). PK parameters were calculated via non-compartmental
analysis by using the BioBook function of the E-WorkBook Suite (IDBusiness Solutions Ltd.).

2-10 Pharmacokinetic evaluation in monkeys

The test compounds were administered to 3- to 5-year-old male cynomolgus monkeys at doses
of 0.5 mg/kg (1V) or 5 mg/kg (PO). The IV solution was prepared with N,N-dimethylacetamide
(Nacalai Tesque, Inc.)/Polysorbate 80 (Nacalai Tesque, Inc.)/saline (Otsuka Pharmaceutical Co.,
Ltd.) in the proportion of 1/1/8, and the PO solution was prepared with 0.5% (w/v) methyl cellulose
400 solution (Wako Pure Chemical Industries). Blood samples were collected from the peripheral
vein at several time points after dosing and centrifuged at 14,000 rpm for 3 min at 4 °C to obtain
plasma. Plasma samples were stored at —20 °C until analysis. The plasma concentration was
determined by LC-MS/MS using an APl 4000 QTRAP system (Applied Biosystems/MDS SCIEX).
PK parameters were calculated via non-compartmental analysis by using the BioBook function of
the E-WorkBook Suite (IDBusiness Solutions Ltd.).

2-11 In vivo fetal hemoglobin inducing study
2-11-1 Protocol for building in vivo phlebotomized cynomolgus monkey model

Six Cynomolgus macaques (age 3-4 years old, male) were phlebotomized from femoral venous
3 times a week (Monday, Wednesday, and Friday) under conscious condition. Phlebotomy volumes
were 10 or 13 mL/kg to keep the Hb level between 8 to 11 g/dL throughout the experiment. CBC
analysis was performed using phlebotomized blood samples three times a week. Plasma iron level
was monitored weekly, and iron was supplemented weekly as described elsewhere. *

2-11-2 Administration method

DS79932728 and hydroxyurea (TCI) were suspended or dissolved in 0.5w/v% Methyl Cellulose
400 (Wako). 35 mg/kg of hydroxyurea once daily (N=3), or 15 mg/kg of DS79932728 twice daily
(N=3) were orally administered for 5 consecutive days.

2-11-3 F-reticulocytes (fetal hemoglobin-expressing reticulocytes) in flow cytometric analysis

Whole blood cells collected from cynomolgus monkeys were suspended in 4%
paraformaldehyde solution in PBS and incubated for 30 min at room temperature. Cells were
centrifuged at 800 g for 3 min. After removing the supernatant, cells were suspended in 0.05%
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glutaraldehyde solution in PBS and immediately centrifuged at 800 g for 3 min at room temperature.
Cells were then washed with PBS containing 0.5% BSA and 2 mM EDTA before permeabilization
with 0.05% Triton X-100 in PBS for 3-5 min at room temperature. Cells were washed twice with
PBS containing 0.5% BSA and 2 mM EDTA and re-suspended in 200 uL of PBS containing 0.5%
BSA and 2 mM EDTA. The cell suspension was added to eBioscience Flow Cytometry Staining
Buffer (Thermo Fisher Scientific, Waltham, MA, USA). F-reticulocytes among the cells were
analyzed by flow cytometry using the MACS Quant Analyzer (Miltenyi Biotec, Bergisch Gladbach,
Germany) after staining with thiazole orange using BD Retic-Count and BV421-conjugated anti-
HbF antibody, clone 2D12 (BD Bioscience, San Jose, CA, USA). Data analysis was performed
using FlowJo software (Becton Dickinson, Franklin Lakes, NJ, USA). After gating the red blood
cell population, thiazole orange and HbF dual-positive F-reticulocytes were evaluated. Data were
analyzed from three biological replicates in each experimental group.
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3. X-ray crystallography

3-1 Protein production and purification

A DNA fragment encoding human G9a (residues 913-1193) was amplified by PCR and inserted
into the pET15b vector (Novagen) to produce an N-terminal 6xHis-tagged G9a. The expression was
performed in E. coli strain BL21 (DE3). After sonication and centrifugation of the cells, the
supernatant was applied to a HisTrap FF crude column (GE Healthcare), and the protein was eluted
with a gradient from 20 to 500 mM imidazole. Purified protein was subjected to TEV protease
reaction and the released 6xHis-tag was removed by second Ni-affinity chromatography. Untagged
G9a was further purified by gel filtration chromatography using a HiLoad 26/600 Superdex 200 pg
column (GE Healthcare) with buffer consisting of 20 mM Tris-HCI pH 8.0, 150 mM NacCl, and 0.2
mM TCEP. Fractions containing hG9a were collected, concentrated to 21 mg/ml, and stored at
—-80 °C.

3-2. Co-crystallization

Buffer of purified 6xHis-tagged G9a (residues 913-1193) was exchanged to 20 mM Tris-HCI (pH
8) / 150 mM NaCl /0.2 mM TCEP (pH 6.8) by repeated cycles of concentration and dilution using
a Viva-spin ultra-filtration unit (Sartorius, Germany). At the final cycle, an excess amount of SAM
and the test compound were added. The mixed sample was concentrated to 18-20 mg/ml, aliquoted,
and stored at —80 °C. After the addition of 0.02 U/pL Turbo-TEV (Accelagen, CA) for in situ tag
removal, thawed sample was subjected to the sitting drop vapor diffusion method at 20 °C.
Co-crystals of compound 80, SAM, and G9a were grown under conditions of 0.2 M ammonium
acetate / 20% polyethyleneglycol #3350. Obtained crystals were cryo-protected with 0.167 M
ammonium acetate / 16.7% polyethyleneglycol #3350 / 16.7% glycerol and vitrified in liquid
nitrogen.

Co-crystals of compound 89, SAM, and G9a were grown under conditions of 0.2 M magnesium
acetate / 20% polyethyleneglycol #3350. Obtained crystals were cryo-protected with 0.167 M
magnesium acetate / 16.7% polyethyleneglycol #3350 / 16.7% glycerol and vitrified in liquid
nitrogen.

Co-crystals of compound 144, SAM, and G9a were grown under conditions of 0.2 M sodium acetate,
pH 7, and 20% polyethylene glycol # 3350. Obtained crystals were cryo-protected with 0.2 M
sodium acetate, pH 7, and 35% PEG3350, and vitrified in a cold nitrogen flow.

3-3 Data collection

Diffraction data of compound 80 / SAM / G9a co-crystal were collected on the XtalLab
SynergyCustom system (Rigaku, Tokyo, Japan) and processed with CrysAlisP™ (Rigaku Oxford
Diffraction, 2016) and aimless.%? Diffraction data of compound 89 / SAM / G9a co-crystal were
collected at the SWISS LIGHT SOURCE (SLS) on beamline X10SA and processed with mosflm®3
and aimless.®? Diffraction data of compound 144 / SAM / G9a co-crystal were collected on the
XtalLab SynergyCustom system (Rigaku, Tokyo, Japan) and processed with CrysAlisP™ (Rigaku
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Oxford Diffraction, 2016) and aimless.%

3-4. Structure determination

The initial phase was obtained by the molecular replacement method with Phaser®? using the in-
house G9a crystal structure as a starting model. Phase refinement and model building were carried
out in accordance with the standard protocol using Refmac5% and coot®®. The statistics for data

processing and phase refinement are summarized in Table E1.

Table E1. Statistics for data collection and phase refinement.

Compound 80

Compound 89

Compound 144

PDB code BTV 7BUC 7DCF
Data Collection
X-ray source MicroMax 007 SLS X10SA MicroMax 007
Detector HyPix 6000HE EIGER X16M HyPix 6000HE
Wavelength (A) 1.542 1.000 1.542
Temperature (K) 100 100 100
Space group P2, P2 P2
Unit cell dimensions a=56.4A b=791 a=565A b=784 a=559Ab=727
A, A, A,
c=725A, c=73.04, c=63.6A,
a=90°=918°y @a=90°p=916°y a=090°p=927°y
=90° =90° =90°

Resolution (A)

Total No. of
observations

Unique reflections

26.6-2.0 (2.05-2.0)
134485 (7956)

42628 (2865)

148

78.4-2.6 (2.72-2.6)
60135 (7484)

19580 (2367)

Multiplicity 3.2 (2.8) 3.1(3.2)
Completeness (%) 98.8 (91.4) 99.3 (99.5)
I/o(T) 20.6 (2.9) 6.8 (1.7)
Rmerge® 0.068 (0.845) 0.116 (0.678)
Refinement
Resolution (A) 25-2.0 25-2.6
No. of reflections 40516 18627
RMS bonds (A) 0.007 0.002
RMS angles (°) 1.538 0.796
No. of atoms
protein 4347 4212
water and Zn ion 323 32
ligand  (including 108 104
SAM)

20.6-1.8 (1.86-1.8)
168791 (6074)

47106 (2706)
3.6 (2.2)
99.8 (98.1)
10.2 (1.0)
0.086 (0.891)

20.6-1.8
44794
0.007
1.567

4126
306
100



Average B value (A?) 36.1 49.0 24.3

protein 36.6 50.7 24.3
water and solvent 38.1 49.3 26.8
ligand (include 32.5 37.5 17.7
SAM)
R-value® 0.194 0.212 0.200
R free” 0.244 0.260 0.246

& Rmerge = XhXj |[<I(h)> — I(h)j | / ThXj <I(h)>, where <I(h)> is the mean intensity of symmetry-
related reflections.

bR-value = X | |[Fobs| — |Fcalc| | / = |Fobs|. Reee for 5% of reflections excluded from refinement.
Values in parentheses are for the highest-resolution shell.
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Figure E1. Ligand interaction diagram of compound 144 with G9a.

Ligand interaction diagram of compound 144 with G9a was generated by using Maestro
(Schrodinger Release 2019-4: Maestro, Schrodinger, LLC, New York, NY, 2019). Amino acid
residues are represented as colored teardrop shapes, labeled with 1-letter code and residue number,
and colored according to their properties; negatively charged (red), positively charged (blue),
hydrophobic (green), and cyan (polar). The point on the teardrop shape is oriented in the direction
of the side chain of amino acid residues. The chain is represented as a black curve connecting
residues. Black dots on this curve represented the residues are not within 4.0 A of compound 144.
Interactions between the residues and compound 144 are drawn as lines, colored by interaction
type; hydrogen bond (magenta), m-cation interaction (red), and salt-bridge (blue-red gradient).
Residues without these lines are involved in nonspecific hydrophobic interactions with compound
144. The binding pocket is indicated by a thicker curve drawn around compound 144, colored by
the color of the nearest residue.
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