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Figure 1-1. RA system (modified from Bioorg. Med. Chem. Lett.”)
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Table 1-1. The characters of RA system inhibitors (modified from Drug Discovery Today:

Therapeutic Strategies™)

ACE inhibitor ARB Renin inhibitor

Ang | level Increase Increase Decrease
Ang |1 level Decrease Increase Decrease
Active renin concentration Increase Increase Increase
Plasma renin activity Increase Increase Decrease
Bradykinin Increase No change No change
Non-ACE production of Ang Il Not blocked Blocked Not blocked
AT, receptor Not activated Not activated Not activated
AT,, AT, receptor Not activated Activated Not activated
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Figure 1-2. Hydrolysis of angiotensinogen by renin
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Chemistry & Biology

CGP 38560
Figure 1-3. X-ray crystal structure of CGP 38560 in complex with human renin
(a) general view (b) enlarged view (reprinted from Chem. Biol.*®)
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Figure 1-4. The structure of transition state analog CGP 29287
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Figure 1-7. Superposition of the crystal structures of CGP 38560 and Aliskiren
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Chemistry & Biology

Figure 1-9. X-ray crystal structure of piperidine derivatives in complex with human renin
(a) compound 2 (b) compound 3 (reprinted from Chem. Biol.**)
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BoE BN VUEKEAETAHEBL = THEROZRER

EXRY UK EAT D L= U HEANL 0 CTREEFEH 277 Ro-X1 O 2 22
BRI ACHFgE SN D K 91X o T2, F—EICBW T, oY DUFEkL v
N U= DA XSS mE AT ORE R 27~ L7223, Ro-X1 IZBA L C % [RAAk72 48 A
EREZRTZEBRRESL WD L ZOMAMEAENZ Figure 2-1 1287, & F L=
YOI T H 2 DDT ANT X P (Asp32 & Asp215) 1d, Ro-X1 D E~RY ¥
VEBREOEJBRFLHAEAL NS, 72, U VU 3INOBEBRLT SR
v e BNLDF T H LV UERIE S-S ARy FEMBEER LTS, —F, XY T
BANOSEVIEEEERLIT. t FL=r D7 Ty AL E RTINS ZEM A A L
TWb, ZDO7 7y TEAE, XY DUBRANOBBRENE ML= DX R T H
ZH L B Tyr7s & Trp39 OO KFMESEZMASEDH L THELDIERTHY, 4
(BB W ERILEZ FO Y D UHEKICEAOERTH S % LLED XIS
RO-X1 [T ARY VB D 345 (OFEBILN SR Ty b, 77 v 7L, Ss-Sy
Ry NEZRETNEET L2 L TEiEEEZR LTS,

RoO-X1 B EB S NIALEWIL, 7T v T ETEHT 2720128 U 440
I mWIRIEEESRIL 2 RO b ONR 20V, ZORFEILEWD 15 TH 5 Actelion-Merck
FED 45— TEBLE Y U U FHE R ACT-178882 (MK-1597) % Figure 2-1 12”9, ¥
AR VB INLICEMRLEE Vb DI, S EHAEEATAA T rE L
HAFOZ L TEEEZ R LTSS, L LR 5, ACT-178882 (MK-1597) 1% CYP
PR5E° hERG P & W o 72 - Wb cRIER B 5 Z E A ShTnd 4, CYP
i%ﬁ%ﬁ%ﬁéﬁ%%ﬁﬁ%%%@%@ CYP FHENEM 2 3HK| 2R U CYP T
R &= T 23K EOFH LIzt BRI OREZ R EOEWEEH 25 i 2
#Tb%ﬂ%éo*ﬁ\mms%yzw@M% (X, DEMTE OB A S QT A
fRa R IEHEAEZRL, HELRAEIRTH 5 torsades de pointes % 5| & il Z 3 A HE
MRB D 5, FD7=H, ACT-178882 (MK-1597) TH.H#15 X 972 CYP & hERG [
ELEEHEETDHZ LT, BREAMOBRBICBWTHLERATRTHDIEEZOND,
ACT-178882 (MK-1597) 7% CYP FHEX hERG P& 2/~ JRIRME S & L Cid, &
AN DNEMHEBEBEENE 2 bivs, FEES Actelion-Merck #113. UT4E = O IEEEME B #a

DN EAETHNAT > T D (5) 8 Zdfiiz, Ro-X1 A HEBEENLEmE L
T Pfizer DO TG O MALAW 4 W LNTND L BN Y NERT O VBRICER
SILTWVDHH, 45- " FH LY 2 FHEIK ACT-178882 (MK-1597) L[HIULL 7T v
TEAL TR TS 2 L TEIEEEZ TR L TWD, £72. (LAY 4 bRV CYP BREE
R, ACT-178882 (MK-1597) [Flkk, i WABEIRE UL & OJRKHEE Th 5
ETPREEND, —F. BEIZZA Y . Novartis #1728 4 (LICEHEL 2 Fi7- 72 3,5- [E#L
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B UK 6 2 L. (Figure 2-2) &, (LAW 6 I HETOERY DUk
EIREFIRY 7T TN ETEHA L TR0, b Vi 3 Lo EBIEN SR 7 v
N EHETHZETEIEEZ R LTS, LU 5, PPy LI & W IR &
HIETH 5 Xanthen BH#Z o> TRV EEEORMMEH 5,

S;sp
Asp32 Asp215 P
Asp32 Asp215
"y Pie) . ’
N! S

I

L6 5y

053707 " " 0oMe V N

5 OH / N 4
S OMe) © S, \ oY 3
3 S, > s, ¢ O A
\)/O a | _N

[ I ~_0

Flap °

o

OMe
cl Flap
Ro-X1 ACT-178882 (MK-1597)
S;sp @ @

Asp32  Asp215
N PP SqSP Asp32  Asp215

(6] \ ;
- \ K
SHY
IS g
OTNKT’JNLO
(6]

OMe Flap

Figure 2-1. Actelion-Merck’s and Pfizer’s renin inhibitors

Asp32 Asp215
S;sp

Figure 2-2. Novartis’ piperidine-based renin inhibitor
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ZOEHIC, BN P UBEERDL 1T, EIEA RTINS EE WIS
%ﬁ%%%ﬁoLﬂbﬁ#%\%%w%@iﬁﬁ%%%OMé%iﬁ%°%@ﬁT%
FEL 72 D AREMEN E, 2 CTEEIL, Ro-X1 OEE A LT 4 (LB 2 F - 20
B DUREROEREITI L& Ls, £70, EEMER LD 36L& 5L~
DOEHHIEA L DS-8108b D ENEMEFRBEN. THDL 7 = =17 FERT VB LIN 2
T 2 ROIERZRGTHZ & & Lz, & 2 AT, Novartis £:0 B ¥ B8R T
IEEW 6 DX D ITNLRD Ro-X1 & #7x D56 miEMEZ R L, YR Ro-X1 & [F U
BIERVEMZRTZ EBRMESRTWS & ZoREND, BN DUBERNERE
ME R T DICME SRR E L, XY DU EOBEBRILICL > TR EEZD
b, Al Ro-X1 ZIEICTHA U Z21T5 2 Lnn, BN U UERONRIL Ro-X1

—|Z3HZ L L L7z (Figure2-3) . DL bab~7=i@bv  AKEETIE, - Yk
BN OEEEZ R T L = U ERESR O OIT, SLEDHIE S 47z 3,5- &L
B CURRERT B RRITRBEN AT O 2L L LT,

H
N
Lol OH [y
05> 3707 " 0Me HoN,, N OH
P P : on o o
3 1 ' NS P !
ove © K @ 2
(e} + @: P fumaric acid
1
2-H,0
O\/‘/ (¢]] 2

OMe Ro-X1 DS-8108b

Figure 2-3. Design of 3,5-d|subst|tuted piperidine derivatives.
2—2) i35 B ERY U UFHEROHE

T A L ZATOTHID , BENY D UFHERTHE—T > I LOFET - W
TOBEMERNRE SN TVW5D Ro-XLIZHH L7- 1 Figure 2-4 |2oR$7 18 Y . £9° Ro-X1
DERY T UBR AN ORREMEEBRIEZFREL 8 L Uiz, 4EBRIEOREIC L DILE
TE M D K 72 J855 1 DS-8108b O miE MR BN 2 1EH T2 Z L T D 2 & & LTz,
Thbb, (LAY 8 D P3Py L THDHF 7 X L B%, DS-8108b O P3-Py #. TH
5 22-FRAF AT 2= L ERT DS UG EE D LT, T OB,
ERYUUVERET XV UROBEHAEEL, BN UVENLT FEXT U UERE
TOMHRMEIT 1 RFBLUTE L, BRI, 20082 HLAR=L (9) £/-1ZAF L
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> (10) ZN L CTHREE SEDh, BERE (11) SEpZ &Lz, E2AT, BERYY
VRS AN OBEHRIEARE LSS E P07 Ty ST T S L TS
N6, 77 v 7ENA LT =2 LR HABAERT 2664 & LTI, Aliskiren
X DS-8108b A HIL TV D, ZHbHDIEEWIX, Wit 2 &7 I REHLTSY
RNy M ERBEER LEEEZRT 20, 22T, SYARs v b E O ARG T
XHERYU VU INMOBEMREL LT 2/H/T I REEATLHIIEEL (12-14) | Z
NEYYT AL Lz,

H

4
O/SLJ?O/Y\OMe
5 b z OH o
1 '
3 OMe © P, ——> o ‘ OH
3 :

0 OMe 3 Py
O\/‘/ Pl
' 8
OMe RO-X1 |
i -
P, :
HoN,, N OH 1 !
O o P 3 i
\I/\N 2 .
N\/% o 3 H
@: P fumaric acid J\' N
1 2:H,0 p N
c 2 3 ¢ ‘><N A~
X730 OMe
Ps DS-8108b OH
| > P, P,
9 . X=CO
10,11: X =(CH,), (n=1,0)
P
HzN,,, N OH
OY\N o F)zI

A
@: p fumaric acid
1
al 2+H,0 &
Ps DS-8108b X/SL/\‘\( H/

. >

P,
12 : X=CO
13,14: X =(CH,), (1=1,0)

Figure 2-4. Initial design of 3,5-disubstituted piperidines as renin inhibitors

{bEW 12-14 5L V= BEIEEEZ RN L7, 728, BWE T LV CIHEh 2T
ZOITE R Ic BN THEW L =V ERE 2R TRENS Y Y B oBmET
NeELThH=I 4% VvEefHNnsZ Lirn, B b= EEREISNA THvmgES ¢
DL = HEEE G Lz, Table 2-1 [Z/RL7Z@Y . AR VIEEZFS(LAEY
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2 TS BHEESEZ RSP0k L, AF L&Y —& LTRYLAEY
131%, DTNt b= EEEZRLT (IC=4060M) ., —F5, 7 hEXT Y
VEREENRYDUBRNEERES LAY 14 1%, mVe ML= HEEEE R L
(ICsp=7.7nM) | P MfFEFTEH L= HFEEEZ R LT (ICs=54nM) ,

Table 2-1. In vitro renin inhibitory activities (ICso) of initial compounds ®°

Purified human Monkey plasma
Compound Structure renin renin
1Cs (nM) 1Cs (nM)

CLE
N
12 L T;i;ﬁ(j;;l}(n >1000 >1000
CLE s
N
N
13 I L;il\,i;;lﬁ(“ 406 >1000

H
N
14 YN 7.7 54
Cl

& Compounds were obtained as fumarate salts.
® Assay results of renin inhibitory activity are the average of at least two replicates.

TFRERIVUREERY VURORBAREADOENVTHEFEESRKRE S ZT D
HHEZHEND LT, (LAW 13 &t FL = LI, BIOL (kAW 14 & v |k
L= L DIFERIZOWT, EEE X kst 217 o7, £, ThETHE
SNTWLHENY DUFERE RIS, (LAY 13, 14 OB~ VU EOERFET
NE N L= OfEFEIL (Asp32 & Asp215) EAHAE/EH L CTWVWD Z LR HER ST,
Fo W LB FHBICEA L Y 2= FERT D URAE FL =D S-S,
Ry NEMBERTLZ ERHEND LT, bEW 13, 14 L L= LDHEE
IR X HRAL A S AENT 18 C L S3-S1 A7 v My & K L 72X % Figure 2-5., 2-6 (27~
t&aW 131X, v FL=V EMAEMERT LR, 7 hERT VU EOBEBED AL E
Yy a— R7 XTI S & 5 2 LR S du7 (Figure 2-5)  ZAuixf LT,
{bEaW 14 1XLERy 2a— R 7 M) T ARIE A L 5 2 & iR S 7= (Figure
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2-6) , MHAEMERARFOEENLZE THDHITE, Ehl e FL=r OEARELLET
REZ/ D ETFRINDZ LD, ZORELZEMEDZEN V= LEEEOZICH G
LizeE2BND, —H., DVR=VIEE Y U —IZFALEW 12 128 VU8R
ENERT UUBROERENMEEY 13 LRILTH D78, Figure 2-5 L [AEE/R Y = —
R7 X T NAREEE ED EBZOND, LLEENRDL, DIVER= VI ATFT L IZ
EREHREMES EEV, TOED, Va— RT3 T AREEN & BICREZE & 73
O PHETEENHEE LI EHERE IS,

Ps & §< YH
F

13

P N
Figure 2-5. X-ray crystal structure of 13 in complex with human renin.*? Pseudo-axial bond

between the piperidine ring and ketopiperazine ring is indicated.

O, Y?

14

Figure 2-6. X-ray crystal structure of 14 in complex with human renin*?

2—3) PrEMLE AT D Eint L&Y D ER

EXYVUUVRET 2= NERT D UREERT H 2 L TREIEMHLEY 14 (ICs
—THM)%ﬁ?Lt# Z DFRETEME T DS-8108b (ICs = 0.9 nM) 20z b~ F 721K
o S B2 HMHENEER O T 2155728 DS-8108b & LA 14 DR % g
Lto ZOREF, 141X Sy AR > N EFALERT 5 PUEALAFAE L 72N 2 & 353Dy
o770 SURT Y MIBAKMET 2 VBT I TWAT=D, PUrEML & L TR E
PadL A B AT 5 Z & CHEEEN M L35 & THEIND, 22 TRIZ, /L&YW 14 ~
O PrENCEANEZ T 52 & L LT,
EFTALEW 14 &L S-SR Ty NONMERMREZHERT L 70D, BEU LL=0
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BAR X BfE SEERT 217V S SO AR T M AEGR~Tz, Sy~ Sy 7w MNEL &k
K L7=K% Figure 2-7 12”77, EDORER, SRy M3A Y 7FALrETEEIATH
LRt L, SRy MIZETH D Z LR SN,

N\)Kﬁ 0
P
©[CI 1 p2'

14

Figure 2-7. X-ray crystal structure of 14 in complex with human renin*?

WIT, PUEBAI 2 AT HALE AR ET 572, DS-8108b™° L LAY 14 DEAE X
S ST R O ER A D EZ1T o 72, 723, DS-8108b L (k&4 14 Tl HAAE
AT 5L = OB RE RN N LR ST\ 5, Figure 2-8 (Z/R7 1
h. DS-81080 DT /LIS SR v MBI -> TRV LTS Z ENghnd, =
DOZFIFEDOIST, 14 O 2k 7T I NICHEET 2 RER T a b, 2~3 RAFLITNL
BELTWD, Fo, KERT a OFEDIE, #iERANZ X0 JRWERNFET 2 2 &N
il STz,

P, DS-8108b 14

mmm DS-8108b

mm 14

Figure 2-8. Superposition of the crystal structures of DS-8108b and 14*
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L EORER A SR LA 14 DRFIF T a > & EE B 77> T = F /1 3 (152)
BLOS YT F o (15b) ZMIE L7obAWa &k Uikl L 7=, Table 2-2 |Z/R7 i
WFNOEED b ILEFHEED A B L7z, Rl BG4 15b 13, DS-8108b & [ D

B b= UBEEEEZRLE (IC=16nM) .

Table 2-2. In vitro renin inhibitory activities (ICsg) of 14 and 15a-b*°

Purified human renin Monkey plasma renin
Cmpd  Structure
1Cso (nM) 1Cs (nM)
(0]
14 VNLJY 7.7 54
©:N\/% H/
Cl
oI
15a N ) 7\( 2.8 16
©:CI
15b LJ\( 7\( 16 10
©[CI

& Compounds were obtained as fumarate salts.
® Assay results of renin inhibitory activity are the average of at least two replicates.

BANLTETAVFRIVEN SR Ty e EALTWD Z & & 52 ka1 15b
b ML= OEEER X B mEEIT 21T > 7= (Figure 2-9) ., ZOR5H%R. kRFE
JHF a BRI BANCHIE LA Y T FAEN SURr Y v, b O HFDA Y TF
WIS SRy M AL TWD Z LR S LT,

15b

Figure 2-9. X-ray crystal structure of 15b in complex with human renin'?
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S LICEEMARTEREZIG S 7212, DS-8108b™° & b kL = DA X Hhs it s iR
Wrtg L oERE DY EIT o7, Figure 2-10 (2R L= K 912, L&MW 15b DA Y TF )L
He7d DS-8108b D PYEALICREIZE L, JA#IZ SRy P EEHA L TWAH T & DR
N, — HFZoORNMNG, 4 VY T7TFNEETVEE TELS LILEY 15a T,
DS-8108b @ Py )@ ST v NOEERAR+oThs ETFHEINE, £D
o= OBUKMMEAAFEHMET L, Y 7F i (15b) ITH~PRETEME DN
FLIEBEZXBND,

P DS-8108b 15b

=sm DS-8108b

mmm 15b

Figure 2-10. Superposition of the crystal structures of DS-8108b and 15b*?

2—4) Py ORI ZEHA

G MEZ R LAY 16b 25 L7 O T, IRITH VIR 7 v V) — LR OfEHEESR
WZxF T DL EMNZ RN LTz, iR 2 7 S 30 0k DGR EZIE LI is R,
21% & FEFITIRVMEZ 7~ UTe, RETZZEME IR MR X —fimicdcEZsns 2
it B AW 15b 1T A AT AL e LE, B FL =D SPARY v M
BOKMET 2 VBB TR S LTV D DITHRE LTSy A 7w MITEAMT 2 7 ERk s
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AET B, ZDT=8 . PYTLIC KB HILZ A LT b B2 MR 5 = L 3
SN TW5, EEE, Aliskiren O Py DB /LR FH 2 Ridk%EI LT Arg7d & FHHEEA
LTHY 2, DS-8108b @ Py DT /L3 — L FAK %S LT Arg74 35 L O Thr72 & AHHAE
I UBLEIRE AR L T D 10 22 TlkIc, PYELICKEERE (15cd) , =—TF /L
H (15e) , W VARF VT I R (16f) 28 A L72Ab&W % G Rk LEE L 7= (Table 2-3) ,
ZORER, WTNoLEM b E W BEEEEZ R Lz, IRIEMEOHFEME TH S clogP %
B LIZEZ A, LAY 15f O HMRIHARVMEZ R L2 2 &0 B, NEEMED KIE 72K
THRETFTOIEEIRTEZ5IZEZ LB 65, [REIEMEEHER: Lo ofRMERE 28
ATX7=OT, (L&YW 15e % T 15b & [AERICREIZ B2 30 L=, MfFL7-@
0. 15b ITHEARLEE STV D Z & HEND BT (61% in monkey)

Table 2-3. In vitro renin inhibitory activities (ICsg) of compounds 15b-f *®

RN

Purified human renin Monkey plasma renin

Compound  R?
|C50 (nM) |C5o (nM)

15b K( 16 10
15¢° HOJ\( 2.3 48
more polar

[SSSUURIIIYY

d
15d° HOJ\( 25 75
less polar

15e 1.4

o
15f J\N

O

/\ 1-3

\

8.4 23

% Compounds were obtained as fumarate salts.

® Assay results of renin inhibitory activity are the average of at least two replicates.
¢ Stereochemistry is not determined. 15¢ and 15d are single isomer.

¢ Compound 15d is the epimer of compound 15c.
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2—5) 7 v b invivo FFAf

a2 s LG 2 @S U E S 7z 3,5- e U FRE K 15e 25 LT
DT, WIZinvivo TOVEAZMERTHZ L L Lz, £7., {bEW 15 % SD 7 v hiZ
10 mglkg #E A h- L, ZO3EyBRe A3 L7z (Table 2-4) . ZDOfER, L&Y 15e
X BRI FEIR AR 2 "3 2 L3 0o T= (F = 45%) . Ro-X1 IZHE~EV M %
T2 EmE (Ro-X1, F=6%indog!®) . BV LB 4 A7 DB ER L) AT
LAV AV (W

Table 2-4. PK profile of compound 15e in SD rat

F (%) 45
Cmax (ng/mL) 540
SD rat, male Al ) o
(10 mg/kg, p.o., 0.5% MC) po,0-24h- g
. . CL (mL/min/kg) 31
(1 mg/kg, i.v., saline)

Vss (L/kg) £ g
ti2 (h) 20

WIZ, {bEW 15e OREEIERZ M Lz, L= HEROIEHEET LB & L
TELDEBENHLZEND, B N TP T oy ) —FrBLe FL=r Dk
FEFOITG 7 v b P& W THIERBR % 1T - 7= (Figure 2-11) . {t. A% 15e % 10 mg/kg
G Uik 5, 24 KR LA IS o7z » TRy T e TER 273 2 &7

o T,

40
w20
==
:
= 0
<
=
g 20
%]
)
g
S -40 =~ Vehicle (n=9)
-~ Compound 15¢, 10 mg/kg p.o. (n=10)
_60 1 L 1 1 ]
0 10 20 30 40 50
Time (h)

Figure 2-11. Effect of compound 15e on mean arterial pressure (MAP) in dTG rat
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2—6) 35-EHL Y D UFFEAKROARK

RE M L7z 3,5- B~ VU FEKD Sk Scheme 2-1, 2-2, 2-3, 2-5 (T
RLTz, 9. LAWY 12 B L OV 13 OA L% Scheme 2-1 1 27R3, HEIW 12 1%, X
BREEZN D SE TR ME 72 VR Uik 1620 B L OV 2 o 17Y 246 L. Boc K% TFA T
ELERICTARERNTHZ E TRk LT, —FH., BEI® 13 13, CEEEEITH
DNEIEWE R T LT B R 18 L7 2 v 17 % NaBH(OAC)s & W =8 e 7 X 2 {kic
LS L%, Boc EDORE L 7 < L RORINT XV 7=,

Boc . fumaric acid
{ Lx Ql)g
H 17
HOMN @), (), ) Y[j\r(

16 12

Boc NH fumaric acid
N )%
H N

@ ().
o} o} H/ — o} H/

18 13

Scheme 2-1. Reagents and conditions: (a) 17, BOP reagent, EtsN, CHCly, rt, 24 h. quant.; (b)
TFA, CH.Cl,, rt, 1.5 h; (¢) fumaric acid, MeOH, rt, 5 min., 88% (2 steps); (d) 17,
NaBH(OACc)s, AcOH, 1,2-dichloroethane, 0 °C, 4 h, 66%; (e) TFA, CH.CIy, rt, 2 h; (f)
fumaric acid, MeOH, rt, 5 min., 62% (2 steps).

Wz, LAY 14, 15b DA EEE% Scheme 2-2 12777, £9°. JeFEMER 19a-b™
Boc JE & [RE Ns JECIR#Z LIE L 20a-b & L7-, = A7 V3% IN KER{ET R U 7 ALK
IR TNt . 7 = =)L R AR U LT ¥ K& 7= Curtius #0712 L ¥ Teoc J&
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Scheme 2-2. Reagents and conditions: (a) TFA, CH.ClIy, rt; (b) NsCl, NaHCO3, CH,Cl, rt;
(c) IN NaOH ag., MeOH, 60 °C; (d) diphenylphosphoryl azide, Et;N, toluene,
2-trimethylsilylethanol, 90 °C; (e) 1 M TBAF in THF, THF, 50 °C; (f) 2-methylpropanal (23),
CH,Cl,, rt; (g) NCS, CH.CIy, rt; (h) MeOH, 65 °C; (i) conc. HCI ag., CH,Cl,, 40 °C; (j)
2-chloroaniline, AcOH, toluene, 130 °C, then NaBH(OAC)s, rt; (k) bromoacetyl bromide,
EtsN, CH,CI,, 0 °C, then 40 °C; (I) PhSH, Cs,CO3, CH3CN, rt; (m) fumaric acid, MeOH, rt.
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Scheme 2-3. Reagents and conditions: (a) 31, MeOH, THF, —20 °C, 1 day, 69%, 94% ee; (b)
diphenylphosphoryl azide, EtsN, toluene, benzyl alcohol, 90 °C, 5 h, 96%; (c) H,, Pd on
carbon, MeOH, rt, 1.5 h; (d) 2-bromo-2-methylpropanal 34, DMF, water, rt, 1 day, 73% (2
steps); (e) 4N-HCI in 1,4-dioxane, rt, 0.5 h; (f) NsCl, NaHCOg3, 1,4-dioxane, water, 0 °C, 1.5 h,
86% (2 steps); (g) 2-chloroaniline, AcOH, toluene, 130 °C, 4 h, then NaBH(OAC)3, rt, 16 h,
74%; (h) bromoacetyl bromide, EtsN, CH,Cl,, 0 °C, 2.5 h, then 40 °C, 3 h, 78%; (i) 1N NaOH
ag., MeOH, 0 °C, quant.; (j) amine 40a,c,d,f, HBTU, N,N-diisopropylethylamine, DMF, 0 °C;
(k) PhSH, Cs,CO3, DMF, rt; (1) fumaric acid, MeOH, rt.
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Scheme 2-5. Reagents and conditions: (a) PhSH, Cs,CO3;, CH3CN, rt, 2.5 h, quant.; (b)
(Boc),0, NaHCOg3, AcOEt, water, rt, 0.5 h, 68%; (c) LiOH-H,O, THF, water, 0 °C, 2 h,
quant.; (d) amine 40e, HBTU, N,N-diisopropylethylamine, DMF, 0 °C; (e) TFA, CH,Cly, rt;
(f) fumaric acid, MeOH, rt, 51% (3 steps).
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Methylenetriphenylphosphorane, toluene, rt, 16 h, 58% (2 steps); (c) H2, 10% Pd on carbon
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2—8) EBROKL
2—8—1) Synthesis

General

Starting reagents were purchased from commercial suppliers and used without further
purification unless otherwise specified. Flash column chromatography was performed on
silica gel 60 N (spherical, neutral), 40-50 mesh, purchased from Kanto Chemical Co., Inc., or
NH silica gel, 100-200 mesh, purchased from Fuji Silysia Chemical Ltd. *H NMR and **C
NMR spectra were obtained on a Varian Unity 400 or 500 spectrometer, or a Bruker Avance
I11 500 spectrometer. Spectra were taken in the indicated solvent at ambient temperature, and
chemical shifts are reported in parts per million (ppm (d)) relative to the lock of the solvent
used. Resonance patterns are recorded with the following notations: br (broad), s (singlet), d
(doublet), t (triplet), g (quartet), and m (multiplet). Mass spectra were obtained on a JEOL
JMS-LCmate or an LC—MS system composed of Waters Xevo Q-Tof MS and Acquity UPLC
systems. Optical rotations were measured on an Autopol V Plus. Elemental analyses for CHN
and CIF were determined on a Microcorder JM10 and a Dionex ICS-1500, respectively.
Infrared spectrum was recorded in a KBr disc or ATR mode with a Jasco FT/IR-6100.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazine-1-carbonyl]-N-isopentylpip
eridine-3-carboxamide fumarate (12)

BOP reagent (134 mg, 0.528 mmol) was added to a solution of (3R,5S)-1-tert-
butoxycarbonyl-5-(isopentylcarbamoyl)piperidine-3-carboxylic acid 16 (120 mg, 0.351
mmol) and 1-(2-chlorophenyl)-5,5-dimethylpiperazin-2-one 17 (100 mg, 0.418 mmol) and
triethylamine (68.0 mg, 0.527 mmol) in CH,Cl, (5.00 mL) under ice-cooling, and then the
reaction mixture was stirred at room temperature for 24 h. Water was added to the reaction
mixture, followed by extraction with CH,Cl,. Then, the organic layer was washed with brine,
and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced
pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 1/1 to 0/1) to obtain tert-butyl (3R,5S)-3-[4-(2-chlorophenyl)-2,2-
dimethyl-5-oxopiperazine-1-carbonyl]-5-(isopentylcarbamoyl)piperidine-1-carboxylate (200
mg, quant.) as a colorless solid. Trifluoroacetic acid (1.20 mL) was added to a solution of
tert-butyl (3R,5S)-3-[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazine-1-carbonyl]-5-
(isopentylcarbamoyl)piperidine-1-carboxylate (200 mg, 0.355 mmol) in CH,Cl, (2.00 mL) at
room temperature, and the mixture was stirred at the same temperature for 2.5 h. Saturated
NaHCO3 aqueous solution was added to the reaction mixture under ice-cooling, followed by
extraction with CH,Cl,. Then, the organic layer was washed with brine, and dried over
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anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, CH,Cl,/MeOH = 1/0 to
3/1) to obtain the free base of 12 (145 mg, 0.313 mmol). Fumaric acid (36.3 mg, 0.313 mmol)
was added to a solution of the free base of 12 (145 mg, 0.313 mmol) in MeOH (1.00 mL) at
room temperature, and the mixture was stirred at the same temperature for 5 min. The solvent
was evaporated under reduced pressure, and then Et,O was added to the residue. The resulting
solid was collected by filtration to obtain 12 (181 mg, 88%, 2 steps) as a colorless solid. *H
NMR (400 MHz, CD3;0D): & 7.58-7.52 (m, 1H), 7.45-7.36 (m, 3H), 6.70 (s, 2H), 4.40-4.33
(m, 2H), 3.93-3.86 (m, 1H), 3.74-3.66 (m, 1H), 3.44-3.38 (m, 1H), 3.22-3.03 (m, 6H),
2.86-2.78 (m, 1H), 2.22-2.15 (br m, 1H), 1.80-1.73 (m, 1H), 1.64-1.56 (m, 5H), 1.43-1.36 (m,
2H), 1.11 (d, J = 6.6 Hz, 2H), 0.92 (d, J = 6.6 Hz, 6H). HRMS (ESI*): m/z calcd for
C24H35CIN4O3+H: 463.2476; found: 463.2462.

(3S,5R)-5-{[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-ylJmethyl}-N-isopentylpi
peridine-3-carboxamide fumarate (13)

NaBH(OAc); (249 mg, 1.17 mmol) was added to a solution of tert-butyl
(3R,5S)-3-formyl-5-(isopentylcarbamoyl)piperidine-1-carboxylate 18 (133 mg, 0.588 mmol)
and 1-(2-chlorophenyl)-5,5-dimethylpiperazin-2-one 17 (281 mg, 1.17 mmol) and acetic acid
(43.0 mg, 0.717 mmol) in 1,2-dichloroethane (5.00 mL) under ice-cooling, and then the
reaction mixture was stirred at same temperature for 3.5 h. Water was added to the reaction
mixture, followed by extraction with AcOEt. Then, the organic layer was washed with brine,
and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced
pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 1/1 to 0/1) to obtain tert-butyl (3S,5S)-3-{[4-(2-chlorophenyl)-2,2-
dimethyl-5-oxopiperazin-1-yl]methyl}-5-(isopentylcarbamoyl)piperidine-1-carboxylate (212
mg, 66%) as a colorless solid. Trifluoroacetic acid (1.20 mL) was added to a solution of
tert-butyl (3S,55)-3-{[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]methyl}-5-
(isopentylcarbamoyl)piperidine-1-carboxylate (212 mg, 0.386 mmol) in CH,Cl, (2.00 mL) at
room temperature, and the mixture was stirred at the same temperature for 2 h. Saturated
NaHCO; aqueous solution was added to the reaction mixture under ice-cooling, followed by
extraction with CH,Cl,. Then, the organic layer was washed with brine, and dried over
anhydrous Na,SO,4. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, CH,Cl,/MeOH = 1/0 to
3/1) to obtain the free base of 13 (107 mg, 0.238 mmol). Fumaric acid (27.7 mg, 0.238 mmol)
was added to a solution of the free base of 13 (107 mg, 0.238 mmol) in MeOH (1.00 mL) at
room temperature, and the mixture was stirred at the same temperature for 5 min. The solvent
was evaporated under reduced pressure, and then Et,O was added to the residue. The resulting
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solid was collected by filtration to obtain 13 (134 mg, 62%, 2 steps) as a colorless solid. *H
NMR (400 MHz, CD;0D): & 7.54 (dd, J = 7.2, 2.2 Hz, 1H), 7.41-7.30 (m, 3H), 6.69 (s, 2H),
3.53-3.33 (m, 5H), 3.24-3.17 (m, 2H), 3.04-2.97 (m, 1H), 2.74-2.39 (m, 4H), 2.15-2.03 (m,
2H), 1.65-1.58 (m, 1H), 1.42-1.33 (m, 2H), 1.26-1.21 (m, 4H), 1.12 (d, J = 5.9 Hz, 4H), 0.93
(d, J = 6.6 Hz, 6H). HRMS (ESI"): m/z calcd for Cy4H3;CIN4O,+H: 449.2683; found:
449.2683.

Methyl (3R,5S)-5-[(1-isobutyl-3-methylbutyl)carbamoyl]-1-(2-nitrophenyl)sulfonylpipe
ridine-3-carboxylate (20b)

Trifluoroacetic acid (15.0 mL) was added to a solution of 19b (950 mg, 2.30 mmol) in
CH,Cl, (23.0 mL) at room temperature, and the mixture was stirred at the same temperature
for 1.5 h. Saturated NaHCOj3 aqueous solution was added to the reaction mixture, followed by
extraction with CH,Cl,. Then, the organic layer was washed with brine and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure to
obtain  crude  methyl (3R,5S)-5-[(1-isobutyl-3-methylbutyl)carbamoyl]piperidine-3-
carboxylate. EtsN (511 mg, 5.06 mmol) and 2-nitrobenzenesulfonyl chloride (559 mg, 2.53
mmol) were added to a solution of the crude methyl (3R,5S)-5-[(1-isobutyl-3-methylbutyl)
carbamoyl]piperidine-3-carboxylate in CH,Cl, (25.0 mL) at room temperature, and the
mixture was stirred at the same temperature for 18 h. Water was added to the reaction mixture,
followed by extraction with CH,Cl,. Then, the organic layer was washed with brine and dried
over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure,
and the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt =
9/1 to 1/1) to obtain 20b (1.00 g, 87%, 2 steps) as a colorless solid. *H NMR (400 MHz,
CDCly): 6 8.01-7.98 (m, 1H), 7.76-7.68 (m, 2H), 7.65-7.63 (m, 1H), 5.17 (d, J = 9.4 Hz, 1H),
4.11-3.93 (m, 3H), 3.71 (s, 3H), 2.90-2.80 (m, 2H), 2.69-2.61 (m, 1H), 2.45-2.37 (m, 1H),
2.30-2.23 (m, 1H), 1.86-1.74 (m, 1H), 1.61-1.53 (m, 2H), 1.31-1.24 (m, 4H), 0.95-0.88 (m,
12H).

Methyl (3R,5S)-5-isopentylcarbamoyl-1-(2-nitrophenyl)sulfonylpiperidine-3-
carboxylate (20a)

The title compound was prepared from 19a in a manner similar to that described for 20b as a
colorless solid (81%, 2 steps). *H NMR (400 MHz, CDCl3): & 8.01-7.99 (m, 1H), 7.75-7.69
(m, 2H), 7.66-7.63 (m, 1H), 5.65-5.57 (m, 1H), 4.15-4.10 (m, 1H), 4.00-3.96 (m, 1H), 3.71 (s,
3H), 3.32-3.22 (m, 2H), 2.91-2.83 (m, 2H), 2.68-2.61 (m, 1H), 2.45-2.39 (m, 1H), 2.31-2.26
(m, 1H), 1.81 (q, J = 11.8 Hz, 1H), 1.65-1.57 (m, 1H), 1.39 (g, J = 8.3 Hz, 2H), 0.93 (d, J =
9.5 Hz, 6H).
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2-Trimethylsilylethyl N-{(3R,5S)-5-[(1-isobutyl-3-methylbutyl)carbamoyl]-1-(2-
nitrophenyl)sulfonyl-3-piperidyl}carbamate (21b)

1IN NaOH aqueous solution (10.0 mL, 10.0 mmol) were added to a solution of 20b (2.00 g,
2.01 mmol) in MeOH (20.0 mL) at room temperature, and then the mixture was stirred at
60 °C for 1 h. 1 N HCI agqueous solution was added to the reaction mixture to acidify it (pH =
2-3). The reaction mixture was extracted with CH,Cl,, washed with brine and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure to
obtain crude (3R,5S)-5-[(1-isobutyl-3-methylbutyl)carbamoyl]-1-(2-nitrophenyl)
sulfonylpiperidine-3-carboxylic acid. EtsN (254 mg, 2.51 mmol) and diphenylphosphoryl
azide (614 mg, 223 mmol) were added to a solution of the crude
(3R,5S)-5-[(1-isobutyl-3-methylbutyl)carbamoyl]-1-(2-nitrophenyl)sulfonylpiperidine-3-carb
oxylic acid in toluene (10.0 mL) at rt, and the mixture was stirred at 90 °C for 2 h. After
cooling, 2-trimethylsilylethanol was added to the reaction mixture, and then stirred at 90 °C
for 24 h. The reaction mixture was cooled to room temperature and poured into water,
followed by extraction with AcOEt. Then, the organic layer was washed with brine and dried
over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure,
and the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt =
9/1 to 1/1) to obtain 21b (25.5 g, 96%, 2 steps) as a colorless solid. *H NMR (500 MHz,
CDCls): & 8.07-8.03 (m, 1H), 7.74-7.70 (m, 2H), 7.64-7.60 (m, 1H), 5.39-5.30 (m, 1H),
4.71-4.66 (m, 1H), 4.17-4.11 (m, 1H), 4.07-4.00 (m, 2H), 3.94-3.88 (m, 1H), 3.68-3.62 (m,
1H), 3.49 (s, 2H), 2.97-2.84 (m, 1H), 2.67-2.61 (m, 1H), 2.52-2.45 (m, 1H), 2.12-2.07 (m,
1H), 1.63-1.54 (m, 2H), 1.28-1.23 (m, 4H), 0.92-0.87 (m, 14H), 0.04 (s, 9H).

2-Trimethylsilylethyl N-[(3R,5S)-5-isopentylcarbamoyl-1-(2-nitrophenyl)sulfonyl-3-
piperidyl]carbamate (21a)

The title compound was prepared from 20a in a manner similar to that described for 21b as a
colorless solid (87%, 2 steps). *H NMR (400 MHz, CDCls): & 8.07-8.04 (m, 1H), 7.73-7.69
(m, 2H), 7.65-7.60 (m, 1H), 5.86-5.80 (m, 1H), 4.85-4.76 (m, 1H), 4.15-3.90 (m, 4H),
3.66-3.59 (m, 1H), 3.29-3.22 (m, 2H), 3.02-2.96 (m, 1H), 2.70-2.63 (m, 1H), 2.52-2.46 (m,
1H), 2.12-2.03 (m, 1H), 1.68-1.57 (m, 2H), 1.39 (q, J = 7.0 Hz, 2H), 1.00-0.93 (m, 2H), 0.91
(d, J=6.3 Hz, 6H), 0.04 (s, 9H).

(3S,5R)-5-Amino-N-(1-isobutyl-3-methylbutyl)-1-(2-nitrophenyl)sulfonylpiperidine-3-ca
rboxamide (22b)

1 M Tetrabutylammonium fluoride in THF (4 mL) was added to a solution of 21b (660 mg,
1.10 mmol) in THF (10.0 mL) at room temperature, and then the reaction mixture was stirred
at 50 °C for 3 h. Water was added to the reaction mixture, followed by extraction with CH,Cl..
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Then, the organic layer was washed with brine and dried over anhydrous Na,SO,. After
filtration, the solvent was evaporated under reduced pressure, and the residue was purified by
NH silica gel column chromatography (eluent, AcOEt /MeOH = 1/0 to 85/15) to obtain 22b
(380 mg, 76%) as a colorless solid. *H NMR (400 MHz, CDCls): § 7.98 (dd, J = 7.3, 1.5 Hz,
1H), 7.74-7.67 (m, 2H), 7.62 (dd, J = 6.8, 2.0 Hz, 1H), 5.19 (d, J = 9.3 Hz, 1H), 4.08-4.03 (m,
1H), 3.89 (dd, J = 12.5, 3.2 Hz, 2H), 2.94-2.89 (m, 1H), 2.85 (t, J = 12.2 Hz, 1H), 2.47-2.38
(m, 2H), 2.13-2.07 (m, 1H), 1.62-1.41 (m, 5H), 1.30-1.22 (m, 4H), 0.94-0.88 (m, 12H).

(3S,5R)-5-Amino-N-isopentyl-1-(2-nitrophenyl)sulfonylpiperidine-3-carboxamide (22a)

The title compound was prepared from 21a in a manner similar to that described for 22b as a
colorless solid (53%). *H NMR (400 MHz, CDCls): & 7.98 (dd, J = 7.2, 2.2 Hz, 1H),
7.74-7.67 (m, 2H), 7.64-7.62 (m, 1H), 6.09 (br s, 1H), 5.86-5.66 (m, 2H), 3.94-3.87 (m, 2H),
3.34-3.28 (m, 1H), 2.95-2.82 (m, 2H), 2.50-2.40 (m, 2H), 2.13-2.06 (m, 1H), 1.68-1.38 (m,
5H), 0.92 (d, J = 6.6 Hz, 6H).

(3S,5R)-5-[(2,2-Dimethoxy-1,1-dimethylethyl)amino]-N-(1-isobutyl-3-methylbutyl)-1-(2-
nitrophenyl)sulfonylpiperidine-3-carboxamide (26b)

2-Methylpropanal 23 (61.0 mg, 0.847 mmol) was added to a solution of 22b (380 mg, 0.836
mmol) in CH,Cl, (5.00 mL) at room temperature, and then the reaction mixture was stirred at
the same temperature for 2 h. After filtration, N-chlorosuccinimide (110 mg, 0.827 mmol)
was added to the reaction mixture at room temperature, and then stirred at the same
temperature for 2 h. The solvent was evaporated under reduced pressure, and MeOH (5.00
mL) was added to the residue at room temperature, then, the reaction mixture was stirred at
65 °C for 2 days. 1IN NaOH aqueous solution was added to the reaction mixture, followed by
extraction with CH,Cl,. Then, the organic layer was washed with brine and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 7/3
to 0/1, and then CH,Cl,/MeOH = 1/0 to 85/15) to obtain 26b (220 mg, 46%, 3 steps) as a
colorless solid. *H NMR (400 MHz, CDCls): & 7.96 (dd, J = 7.2, 1.8 Hz, 1H), 7.73-7.65 (m,
2H), 7.63-7.60 (m, 1H), 5.21 (d, J = 9.4 Hz, 1H), 4.08-4.02 (m, 1H), 3.92-3.85 (m, 3H), 3.53
(s, 3H), 3.52 (s, 3H), 2.87-2.76 (m, 2H), 2.50-2.42 (m, 1H), 2.36-2.30 (m, 1H), 1.99-1.94 (m,
1H), 1.61-1.42 (m, 4H), 1.28-1.23 (m, 4H), 1.06 (s, 3H), 1.05 (s, 3H), 0.93-0.88 (m, 12H).

(3S,5R)-5-[(2,2-Dimethoxy-1,1-dimethylethyl)amino]-N-isopentyl-1-(2-nitrophenyl)sulfo
nylpiperidine-3-carboxamide (26a)

The title compound was prepared from 22a in a manner similar to that described for 26b as a
colorless solid (58%, 3 steps). *H NMR (400 MHz, CDCls): & 7.98-7.96 (m, 1H), 7.73-7.66
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(m, 2H), 7.64-7.61 (M, 1H), 6.13-6.05 (br m, 1H), 5.63-5.56 (br m, 1H), 3.89-3.84 (m, 3H),
3.52 (s, 3H), 3.51 (s, 3H), 3.25 (td, J = 7.4, 5.9 Hz, 2H), 2.87-2.78 (m, 2H), 2.50-2.44 (m, 1H),
2.36 (dd, J = 12.5, 10.9 Hz, 1H), 2.01-1.95 (m, 1H), 1.60-1.38 (m, 4H), 1.05 (s, 3H), 1.04 (s,
3H), 0.92 (d, J = 6.4 Hz, 6H).

(3S,5R)-5-[(1,1-Dimethyl-2-oxoethyl)amino]-N-(1-isobutyl-3-methylbutyl)-1-(2-nitrophen
yl)sulfonylpiperidine-3-carboxamide (27b)

12N HCI aqueous solution (5.00 mL) was added to a solution of 26b (251 mg, 0.440 mmol)
in CH,ClI; (5.00 mL) at room temperature, and then the reaction mixture was stirred at 40 °C
for 21 h. 5N NaOH aqueous solution was added to the reaction mixture at 0 °C, followed by
extraction with CH,Cl,. Then, the organic layer was washed with brine and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 1/1
to 0/1) to obtain 27b (135 mg, 58%) as a colorless solid. *H NMR (500 MHz, CDCls): § 9.42
(s, 1H), 7.96-7.94 (m, 1H), 7.74-7.68 (m, 2H), 7.63-7.61 (m, 1H), 5.31 (d, J = 9.0 Hz, 1H),
4.08-4.00 (m, 1H), 3.88-3.80 (m, 2H), 2.82 (t, J = 12.2 Hz, 1H), 2.64-2.58 (m, 1H), 2.46-2.36
(m, 2H), 2.06-2.01 (m, 1H), 1.61-1.49 (m, 4H), 1.28-1.24 (m, 4H), 1.23 (s, 3H), 1.17 (s, 3H),
0.93-0.88 (m, 12H).

(3S,5R)-5-[(1,1-Dimethyl-2-oxoethyl)amino]-N-isopentyl-1-(2-nitrophenyl)sulfonylpiperi
dine-3-carboxamide (27a)

The title compound was prepared from 26a in a manner similar to that described for 27b as a
colorless solid (61%). *H NMR (500 MHz, CDCls): § 9.42 (s, 1H), 7.95 (dd, J = 6.1, 1.7 Hz,
1H), 7.74-7.68 (m, 2H), 7.64-7.62 (m, 1H), 6.12-5.98 (br m, 1H), 5.90-5.82 (br m, 1H),
3.88-3.79 (m, 2H), 3.24 (dd, J = 14.6, 6.3 Hz, 2H), 2.84 (t, J = 12.2 Hz, 1H), 2.63-2.57 (m,
1H), 2.48-2.39 (m, 2H), 2.08-2.03 (m, 1H), 1.64-1.57 (m, 1H), 1.55-1.46 (m, 1H), 1.39 (dd, J
=15.1, 7.3 Hz, 2H), 1.23 (s, 3H), 1.16 (s, 3H), 0.91 (d, J = 6.8 Hz, 6H).

(3S,5R)-5-{[2-(2-Chloroanilino)-1,1-dimethylethyl]Jamino}-N-(1-isobutyl-3-methylbutyl)-
1-(2-nitrophenyl)sulfonylpiperidine-3-carboxamide (28b)

To a single-neck flask upon which there was placed a Dean-Stark, 27b (199 mg, 0.380
mmol), 2-chloroaniline (72.0 mg, 0.567 mmol), toluene (5.00 mL), and acetic acid (80.0 mg,
1.33 mmol) were added. The mixture was stirred at 130 °C for 1.5 h. After cooling in an ice
bath, NaBH(OACc); (161 mg, 0.759 mmol) was added to the reaction mixture. The mixture
was further stirred at room temperature for 16 h. Saturated NaHCOj3; aqueous solution was
added to the reaction mixture, followed by extraction with AcOEt. Then, the organic layer
was washed with brine and dried over anhydrous Na,SO,. After filtration, the solvent was
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evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 4/1 to 7/3) to obtain 28b (125 mg, 52%) as a
colorless solid. *H NMR (500 MHz, CDCls): & 7.75-7.73 (m, 1H), 7.66-7.62 (m, 1H), 7.58
(dd, J =8.1, 1.2 Hz, 1H), 7.53-7.50 (m, 1H), 7.27-7.24 (m, 1H), 7.17-7.14 (m, 1H), 6.65-6.62
(m, 2H), 5.10 (d, J = 8.8 Hz, 1H), 4.92-4.86 (m, 1H), 4.08-4.02 (m, 1H), 3.92-3.88 (m, 1H),
3.82-3.77 (m, 1H), 2.99-2.93 (m, 2H), 2.83 (t, J = 12.2 Hz, 1H), 2.75-2.69 (m, 1H), 2.44-2.33
(m, 2H), 1.98-1.93 (m, 1H), 1.61-1.45 (m, 4H), 1.27-1.23 (m, 4H), 1.21 (s, 3H), 1.20 (s, 3H),
0.93-0.87 (m, 12H).

(3S,5R)-5-{[2-(2-Chloroanilino)-1,1-dimethylethyl]amino}-N-isopentyl-1-(2-nitrophenyl)s
ulfonylpiperidine-3-carboxamide (28a)

The title compound was prepared from 27a in a manner similar to that described for 28b as a
colorless solid (91%). *H NMR (500 MHz, CDCls): § 7.70 (d, J = 7.8 Hz, 1H), 7.65-7.62 (m,
1H), 7.60-7.57 (m, 1H), 7.52-7.48 (m, 1H), 7.26-7.24 (m, 1H), 7.17-7.14 (m, 1H), 6.65-6.62
(m, 2H), 5.87-5.72 (m, 1H), 5.67-5.61 (m, 1H), 4.93-4.87 (br m, 1H), 3.93-3.89 (m, 1H),
3.77-3.74 (m, 1H), 3.27-3.19 (m, 2H), 2.96-2.93 (br m, 2H), 2.84 (t, J = 12.2 Hz, 1H),
2.76-2.69 (m, 1H), 2.47-2.36 (m, 2H), 2.01-1.95 (m, 1H), 1.62-1.48 (m, 2H), 1.37 (q, J = 7.3
Hz, 2H), 1.21 (s, 3H), 1.20 (s, 3H), 0.91 (d, J = 6.3 Hz, 6H).

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-(1-isobutyl-3-methyl
butyl)-1-(2-nitrophenyl)sulfonylpiperidine-3-carboxamide (29b)

A solution of bromoacetyl bromide (158 mg, 0.786 mmol) was added dropwise to a solution
of 28b (125 mg, 0.197 mmol) and EtzN (159 mg, 1.57 mmol) in CH,Cl;, (5.00 mL) under
ice-cooling. The reaction mixture was stirred at 0 °C for 20 min, and then stirred at 40 °C for
6.5 h. After cooling, water was added to the reaction mixture, followed by extraction with
CH,Cl,. Then, the organic layer was washed with brine and dried over anhydrous Na,SO;.
After filtration, the solvent was evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 4/1 to 1/4) to obtain
29b (120 mg, 90%) as a colorless solid. *H NMR (500 MHz, CDCls): & 7.95 (d, J = 7.3 Hz,
1H), 7.77-7.72 (m, 2H), 7.65 (dd, J = 7.6, 1.7 Hz, 1H), 7.47 (dd, J = 7.8, 1.5 Hz, 1H),
7.33-7.23 (m, 2H), 6.35-6.16 (m, 1H), 4.88-4.80 (m, 1H), 4.09-3.99 (m, 1H), 3.95-3.81 (m,
1H), 3.72-3.42 (m, 1H), 3.41-3.17 (m, 2H), 2.83-2.70 (m, 2H), 2.62-2.55 (m, 1H), 2.35-2.20
(m, 4H), 2.00-1.85 (m, 1H), 1.64-1.57 (m, 2H), 1.41-1.23 (m, 10H), 0.96-0.86 (m, 12H).

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-isopentyl-1-(2-nitrop
henyl)sulfonylpiperidine-3-carboxamide (29a)
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The title compound was prepared from 28a in a manner similar to that described for 29b as a
colorless solid (66%). *H NMR (500 MHz, CDCls): § 7.97-7.93 (m, 1H), 7.76-7.67 (m, 2H),
7.66-7.60 (m, 1H), 7.48-7.43 (m, 1H), 7.33-7.28 (m, 2H), 7.23-7.19 (m, 1H), 5.86-5.73 (br m,
1H), 3.94-3.76 (m, 2H), 3.74-3.61 (m, 1H), 3.60-3.44 (m, 1H), 3.42-3.32 (m, 1H), 3.32-3.16
(m, 4H), 2.80-2.70 (m, 2H), 2.54-2.46 (m, 1H), 1.99-1.83 (m, 2H), 1.65-1.56 (m, 1H),
1.40-1.30 (m, 8H), 0.91 (d, J = 6.3 Hz, 6H).

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-(1-isobutyl-3-methyl
butyl)piperidine-3-carboxamide fumarate (15b)

Cesium carbonate (30.0 mg, 0.215 mmol) was added to a solution of 29b (120 mg, 0.178
mmol) and thiophenol (30.0 mg, 0.273 mL) in CH3CN (3.00 mL) under ice-cooling, and the
mixture was stirred at room temperature for 1 day. Water and CH,CIl, was added to the
reaction mixture, followed by extraction with CH,Cl,. Then, the organic layer was washed
with brine and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, CH,CIl,/MeOH = 1/0 to 7/3) to obtain the free base of 15b (50.0 mg, 0.102 mmol).
Fumaric acid (11.8 mg, 0.102 mmol) was added to a solution of the free base of 15b (50.0 mg,
0.102 mmol) in MeOH (1.00 mL) at room temperature, and the mixture was stirred at the
same temperature for 5 min. The solvent was evaporated under reduced pressure, and then
15b (38.0 mg, 35%, 2 steps) was obtained as a colorless solid by washing with CH,Cl, and
diisopropyl ether. *H NMR (500 MHz, CDs;OD): & 7.53 (dd, J = 7.6, 1.7 Hz, 1H), 7.42-7.36
(m, 2H), 7.33-7.30 (m, 1H), 6.71 (s, 2H), 4.06-4.02 (m, 1H), 3.73-3.44 (m, 5H), 3.38-3.26 (m,
2H), 3.10-3.05 (m, 1H), 2.97 (t, J = 12.5 Hz, 1H), 2.84-2.77 (m, 1H), 2.14-2.04 (m, 1H),
1.99-1.91 (m, 1H), 1.65-1.55 (m, 2H), 1.38-1.32 (m, 2H), 1.29-1.24 (m, 2H), 1.12 (s, 3H),
1.11 (s, 3H), 0.95-0.89 (m, 12H). HRMS (ESI"): m/z calcd for Cy7H43CIN4O,+H: 491.3153;
found: 491.3175.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-isopentylpiperidine-
3-carboxamidefumarate fumarate (14)

The title compound was prepared from 29a in a manner similar to that described for 15b as a
colorless solid (69%, 2 steps). *H NMR (400 MHz, CDs;OD): & 7.53 (dd, J = 7.4, 2.0 Hz, 1H),
7.43-7.35 (m, 2H), 7.34-7.29 (m, 1H), 6.70 (s, 2H), 3.70-3.45 (m, 4H), 3.38-3.33 (m, 1H),
3.25-3.19 (m, 3H), 3.10-3.03 (m, 1H), 2.97 (t, J = 12.3 Hz, 1H), 2.85-2.77 (m, 1H), 2.15-2.07
(m, 1H), 1.98-1.88 (m, 1H), 1.67-1.57 (m, 1H), 1.44-1.34 (m, 7H), 1.14-1.11 (m, 2H), 0.93 (d,
J = 6.6 Hz, 6H). HRMS (ESI"): m/z calcd for C,3H3sCIN4O,+H: 435.2527; found: 435.2513.

(3R,5S)-1-tert-Butoxycarbonyl-5-methoxycarbonylpiperidine-3-carboxylic acid (32)
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Methanol (43.0 mL, 105 mmol) was added to a solution of tert-butyl
2,4-dioxo-3-0xa-7-azabicyclo[3.3.1]nonane-7-carboxylate 30 (27.0 g, 105 mmol) and
N-[(S)-(6-methoxy-4-quinolyl)-(5-vinylquinuclidin-2-yl)methyl]-3,5-bis(trifluoromethyl)benz
enesulfonamide 31 (8.30 g, 13.8 mmol) in THF (1.00 L) at —20 °C, and the mixture was
stirred at the same temperature for 1 day. 1IN HCI ag. was added to the reaction mixture,
followed by extraction with Et,O-AcOEt. Then, the organic layer was washed with brine and
dried over anhydrous MgSO,. After filtration, the solvent was concentrated under reduced
pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 1/5 to 0/1) to obtain 32 (20.7 g, 69%, 94% ee) as a colorless solid. The ee
value of 32 was determined by chiral HPLC analysis: column, Chiral Pack AD-H (4.6 x 250
mm); eluent, n-hexane/ethanol = 95/5; flow rate = 0.5 mL/min; tg of (3R,5S)-isomer = 29.6
min; tg of (3S,5R)-isomer = 33.3 min. [a]o>° +5.77 (c 1.01, MeOH). *H NMR (500 MHz,
CDCly): 6 4.37 (br s, 2H), 3.71 (s, 3H), 2.72 (br s, 2H), 2.55-2.45 (m, 3H), 1.72 (q, J = 12.7
Hz, 1H), 1.47 (s, 9H). *C NMR (125 MHz, CDCly): & 177.8, 172.9, 154.5, 80.7, 52.0, 45.0,
40.7, 40.6, 30.0, 28.4. IR: 3197, 2982, 1739, 1670, 1435, 1252, 1147, 819, 627 cm™. HRMS
(ESI"): m/z calcd for C13H21NOg—H: 286.1291; found: 286.1298.

1-tert-Butyl 3-methyl (3S,5R)-5-(benzyloxycarbonylamino)piperidine-1,3-dicarboxylate
(33)

EtsN (11.3 mL, 80.8 mmol) and diphenylphosphoryl azide (20.4 g, 74.1 mmol) were added
to a solution of 32 (19.4 g, 67.4 mmol) in toluene (335 mL) at rt, and the mixture was stirred
at 90 °C for 1.5 h. After cooling, benzyl alcohol was added to the reaction mixture, and
mixture was stirred at 90 °C for 3.5 h. The reaction mixture was cooled to room temperature
and poured into water, followed by extraction with AcOEt. Then, the organic layer was
washed with brine, and dried over anhydrous Na,SO,. After filtration, the solvent was
evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 4/1) to obtain 33 (25.5 g, 96%) as a colorless
liquid. [a]p?° —4.16 (c 1.01, MeOH). *H NMR (400 MHz, CDCls): § 7.37-7.26 (m, 5H), 5.11
(br s, 3H), 4.06-4.03 (m, 2H), 3.70-3.63 (m, 5H), 3.09-3.05 (m, 1H), 2.60 (br s, 1H),
2.31-2.27 (m, 1H), 1.61-1.56 (m, 1H), 1.45 (s, 9H). **C NMR (125 MHz, CDCly): & 173.4,
155.5, 154.5, 128.4, 128.2, 127.6, 127.0, 80.3, 66.8, 65.3, 52.0, 46.4, 45.0, 40.0, 32.8, 28.3.
IR: 3342, 2976, 1720, 1671, 1522, 1435, 1239, 1157, 1047, 737 cm™. HRMS (ESI): m/z
caled for CyoH2sN>Og+H: 393.2026; found: 393.2023.

1-tert-Butyl 3-methyl (3S,5R)-5-[(1,1-dimethyl-2-oxoethyl)amino]piperidine-1,3-
dicarboxylate (35)

44



To a suspension of 33 (50.0 g, 127 mmol) in MeOH (300 mL), 10% Pd on carbon (50% wet,
5.00 g) were added. The suspension was stirred under H, atmosphere at room temperature for
1.5 h. H; in the reaction vessel was replaced by N, and then Pd on carbon was separated by
filtration. The solvent was evaporated under reduced pressure to obtain crude 1-tert-butyl
3-methyl (3S,5R)-5-aminopiperidine-1,3-dicarboxylate as a colorless liquid. 2-Bromo-2-
methylpropanal 34 (112 g, 792 mmol) was added to a solution of the crude 1-tert-butyl
3-methyl (3S,5R)-5-aminopiperidine-1,3-dicarboxylate in a mixed solvent of DMF (211 mL)
and water (52.0 mL) at room temperature, and the mixture was stirred at the same temperature
for 1 day. Saturated NaHCO3 aqueous solution was added to the reaction mixture, followed
by extraction with AcOEt. Then, the organic layer was washed with water, 10% NaCl
aqueous solution, and brine, and dried over anhydrous Na,SO,. After filtration, the solvent
was evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 1/1) to obtain 35 (31.8 g, 73%, 2 steps) as a light
yellow liquid. [0]o®° —9.47 (c 1.05, MeOH). 'H NMR (400 MHz, CDCls): & 9.43 (s, 1H),
4.32-4.21 (m, 1H), 4.11-4.01 (m, 1H), 3.68 (s, 3H), 2.71-2.61 (m, 1H), 2.54-2.41 (m, 2H),
2.30 (dd, J =12.7, 10.7 Hz, 1H), 2.20 (br d, J = 12.5 Hz, 1H), 1.45 (s, 9H), 1.40-1.33 (m, 1H),
1.22 (s, 3H), 1.17 (s, 3H). ®*C NMR (125 MHz, CDCls): & 203.8, 172.9, 154.6, 80.1, 61.3,
51.9, 50.8, 48.9, 44.9, 41.2, 36.5, 28.4, 22.7, 21.9. IR: 3334, 2974, 1726, 1679, 1425, 1326,
1252, 1172, 937, 899, 772, 661 cm™. HRMS (ESI*): m/z calcd for C1gH2sN,05+H: 329.2076;
found: 329.2071.

Methyl (3S,5R)-5-[(1,1-dimethyl-2-oxoethyl)amino]-1-(2-nitrophenyl)sulfonylpiperidine
-3-carboxylate (36)

4N-HCI in 1,4-dioxane (362 mL, 1.45 mmol) was added to 35 (31.8 g, 96.6 mmol) at room
temperature, and the mixture was stirred at the same temperature for 0.5 h. The solvent was
evaporated under reduced pressure to obtain crude methyl (3S,5R)-5-[(1,1-dimethyl-2-
oxoethyl)amino]piperidine-3-carboxylate. =~ NaHCO; (406 g, 483 mmol) and
2-nitrobenzenesulfonyl chloride (21.2 g, 95.6 mmol) were added to a solution of the crude
methyl (3S,5R)-5-[(1,1-dimethyl-2-oxoethyl)amino]piperidine-3-carboxylate in a mixed
solvent of 1,4-dioxane (250 mL) and water (250 mL) at O °C, and the mixture was stirred at
the same temperature for 1.5 h. Water was added to the reaction mixture, followed by
extraction with AcOEt. Then, the organic layer was washed with brine, and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 1/1
to 0/1) to obtain 36 (34.4 g, 86%, 2 steps) as a colorless solid. [a]p?>° +22.0 (¢ 1.04, MeOH).
'H NMR (500 MHz, CDCls): & 9.44 (s, 1H), 8.01-7.99 (m, 1H), 7.74-7.69 (m, 2H), 7.66-7.63
(m, 1H), 4.01-3.98 (m, 1H), 3.83-3.80 (m, 1H), 3.69 (s, 3H), 2.79-2.64 (m, 3H), 2.38 (dd, J =
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12.7, 10.7 Hz, 1H), 2.28 (br d, J = 12.7 Hz, 1H), 1.32 (q, J = 12.2 Hz, 1H), 1.24 (s, 3H),
1.18 (s, 3H). *C NMR (125 MHz, CDCly): & 203.7, 172.2, 148.0, 133.8, 132.1, 131.8, 130.9,
124.3, 61.4, 52.6, 52.1, 49.0, 46.6, 41.1, 35.9, 23.0, 21.9. IR: 3331, 2694, 1729, 1707, 1553,
1378, 1357, 1172, 1017, 782, 584 cm™. HRMS (ESI): m/z calcd for Ci7H»3N3O;S+H:
414.1335; found: 414.1330.

Methyl (3S,5R)-5-{[2-(2-chloroanilino)-1,1-dimethylethyl]amino}-1-(2-nitrophenyl)
sulfonylpiperidine-3-carboxylate (37)

To a single-neck flask upon which there was placed a Dean-Stark, 36 (17.1 g, 41.4 mmol),
2-chloroaniline (7.87 g, 61.7 mmol), toluene (400 mL), and acetic acid (8.67 g, 144 mmol)
were added. The mixture was stirred at 130 °C for 4 h. After cooling in an ice bath,
NaBH(OACc); (17.5 g, 82.6 mmol) was added to the reaction mixture. The mixture was further
stirred at room temperature for 16 h. Saturated NaHCO3 aqueous solution was added to the
reaction mixture, followed by extraction with AcOEt. Then, the organic layer was washed
with brine, and dried over anhydrous Na,SO.. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, n-hexane/AcOEt = 4/1 to 7/3) to obtain 37 (16.0 g, 74%) as a light colorless liquid.
'H NMR (500 MHz, CDCls): § 7.74 (d, J = 8.3 Hz, 1H), 7.64-7.58 (m, 2H), 7.52-7.48 (m, 1H),
7.25-7.23 (m, 1H), 7.17-7.14 (m, 1H), 6.65-6.62 (m, 2H), 4.85 (br s, 1H), 4.07 (br d, J = 9.3
Hz, 1H), 3.75-3.71 (m, 1H), 3.69 (s, 3H), 2.97 (d, J = 11.7 Hz, 1H), 2.94 (d, J = 11.7 Hz, 1H),
2.81-2.69 (m, 3H), 2.34 (dd, J = 12.5, 10.5 Hz, 1H), 2.21 (br d, J = 12.5 Hz, 1H), 1.32 (9, J =
12.2 Hz, 1H), 1.22 (s, 3H), 1.21 (s, 3H).

Methyl (3S,5R)-5-[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-1-(2-
nitrophenyl)sulfonylpiperidine-3-carboxylate (38)

A solution of bromoacetyl bromide (24.4 g, 121 mmol) in CH,CI, (80.0 mL) was added
dropwise to a solution of 37 (16.0 g, 30.5 mmol) and Et3N (24.8 g, 245 mmol) in CH,Cl, (320
mL) under ice-cooling over a period of 2.5 h. The reaction mixture was stirred at room
temperature for 45 min, and then stirred at 40 °C for 3 h. After cooling, water was added to
the reaction mixture, followed by extraction with CH,Cl,. Then, the organic layer was washed
with brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, n-hexane/AcOEt = 7/3 to 0/1) to obtain 38 (13.5 g, 78%) as a colorless liquid. *H
NMR (500 MHz, CDCl3): & 8.03-8.01 (m, 1H), 7.76-7.70 (m, 2H), 7.67-7.65 (m, 1H),
7.48-7.46 (m, 1H), 7.33-7.23 (m, 3H), 4.03 (br d, J = 11.2 Hz, 1H), 3.87-3.81 (m, 1H), 3.72 (s,
3H), 3.71-3.22 (m, 5H), 2.76-2.68 (m, 3H), 2.24-2.17 (m, 1H), 1.73-1.66 (m, 1H), 1.41-1.35
(m, 6H).
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(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-1-(2-nitrophenyl)sulfo
nylpiperidine-3-carboxylic acid (39)

A solution of 38 (195 mg, 0.350 mmol) in MeOH (150 mL) was cooled in an ice bath, and
then 1IN NaOH ag. (2.00 mL, 2.00 mmol) was added. The mixture was stirred at the same
temperature for 20 min. 1 N HCI aqueous solution was added to the reaction mixture to
acidify it (pH = 2-3). The reaction mixture was extracted with CH,Cl,, washed with water and
brine and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under
reduced pressure to obtain 39 (190 mg, quant.) as a colorless solid. *H NMR (500 MHz,
CDCls): 6 8.02-8.01 (m, 1H), 7.75-7.70 (m, 2H), 7.67-7.65 (m, 1H), 7.48 (dd, J = 7.3, 1.5 Hz,
1H), 7.36-7.22 (m, 3H), 4.01-3.94 (m, 1H), 3.87-3.80 (m, 1H), 3.72 (br d, J = 17.6 Hz, 1H),
3.63 (br d, J = 17.6 Hz, 1H), 3.48-3.41 (m, 1H), 3.29-3.23 (m, 2H), 2.77-2.70 (m, 3H),
2.26-2.20 (m, 1H), 1.71-1.58 (m, 1H), 1.41-1.35 (m, 6H).

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-2-hydroxy-1-is
obutyl-3-methylbutyl]piperidine-3-carboxamide fumarate (15c)

HBTU (207 mg, 0.544 mmol) was added to a solution of 39 (200 mg, 0.363 mmol) and
(4R)-4-amino-2,6-dimethylheptan-3-ol hydrochloride 40c (142 mg, 0.726 mmol) and
N,N-diisopropylethylamine (0.260 mL, 1.45 mmol) in DMF (3.00 mL) under ice-cooling, and
then the reaction mixture was stirred at room temperature for 18 h. Water was added to the
reaction mixture, followed by extraction with AcOEt. Then, the organic layer was washed
with brine and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, CH,CIl,/MeOH = 20/1) and NH silica gel column chromatography (eluent, AcOEt) to
obtain (3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl] -N-[(1R)-2-hydroxy-
1-isobutyl-3-methylbutyl]-1-(2-nitrophenyl)sulfonylpiperidine-3-carboxamide (182 mg) as a
colorless solid. '"H NMR (400 MHz, CDCls): & 7.98-7.96 (m, 1H), 7.77-7.70 (m, 2H),
7.65-7.63 (m, 1H), 7.47 (dd, J = 7.8, 1.6 Hz, 1H), 7.33-7.21 (m, 3H), 5.87 (d, J = 9.0 Hz, 1H),
4.21-4.14 (m, 1H), 3.94-3.83 (m, 2H), 3.72-3.47 (m, 2H), 3.39-3.17 (m, 4H), 2.81-2.69 (m,
2H), 2.58-2.50 (m, 1H), 2.02-1.85 (m, 2H), 1.76 (d, J = 5.9 Hz, 1H), 1.69-1.62 (m, 1H),
1.57-1.53 (m, 1H), 1.47-1.30 (m, 7H), 1.26-1.19 (m, 1H), 1.02 (d, J = 6.8 Hz, 3H), 0.97-0.92
(m, 9H). Cesium carbonate (102 mg, 0.318 mmol) was added to a solution of
(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[ (1R)-2-hydroxy-1-isobu
tyl-3-methylbutyl]-1-(2-nitrophenyl)sulfonylpiperidine-3-carboxamide (180 mg, 0.260 mmol)
and thiophenol (56.0 uL, 0.547 mmol) in DMF (1.30 mL) under ice-cooling, and the mixture
was stirred at room temperature for 2.5 h. Water and CH,Cl, was added to the reaction
mixture, followed by extraction with CH,Cl,. Then, the organic layer was washed with brine
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and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced
pressure, and the residue was purified by silica gel column chromatography (eluent,
CH,CIl,/MeOH = 1/0 to 7/3) to obtain the free base of 15c¢ (44.0 mg, 0.0867 mmol). Fumaric
acid (10.0 mg, 0.0867 mmol) was added to a solution of the free base of 15c¢ (44.0 mg, 0.0867
mmol) in MeOH (1.00 mL) at room temperature, and the mixture was stirred at the same
temperature for 5 min. The solvent was evaporated under reduced pressure, and then 15c
(41.0 mg, 19%, 3 steps) was obtained as a colorless solid by washing with CH,Cl, and
diisopropyl ether. 'H NMR (500 MHz, CD3;0D): § 7.90 (d, J = 9.3 Hz, 1H), 7.53 (dd, J = 7.8,
1.5 Hz, 1H), 7.42-7.31 (m, 2H), 6.72 (s, 2H), 4.10-4.03 (m, 1H), 3.71-3.34 (m, 6H), 3.17-2.82
(m, 4H), 2.22-2.12 (m, 1H), 1.97-1.88 (m, 1H), 1.72-1.33 (m, 11H), 0.99-0.89 (m, 12H).
HRMS (ESI"): m/z calcd for C,7H43CIN4Os+H: 507.3102; found: 507.3094.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-ethyl-3-meth
ylbutyl]piperidine-3-carboxamide fumarate (15a)

The title compound was prepared from 39 and (3R)-5-methylhexan-3-amine hydrochloride
40a in a manner similar to that described for 15c as a colorless solid (42%, 3 steps). '"H NMR
(500 MHz, CD3;0D): 6 7.85 (br d, J = 9.8 Hz, 1H), 7.53 (dd, J = 7.3, 1.5 Hz, 1H), 7.42-7.36
(m, 2H), 7.33-7.31 (m, 1H), 6.70 (s, 2H), 3.87-3.83 (m, 1H), 3.67-3.44 (m, 4H), 3.38-3.23 (m,
3H), 3.11-3.05 (m, 1H), 2.99 (t, J = 12.5 Hz, 1H), 2.85-2.79 (m, 1H), 2.13-2.06 (m, 1H),
2.00-1.91 (m, 1H), 1.65-1.50 (m, 2H), 1.41-1.25 (m, 9H), 0.94-0.88 (m, 9H). HRMS (ESI™):
m/z calcd for CosH39CIN4O,+H: 463.2840; found: 463.2874.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-2-hydroxy-1-is
obutyl-3-methylbutyl]piperidine-3-carboxamide 0.25 fumarate (15d)

The title compound was prepared from 39 and (4R)-4-amino-2,6-dimethylheptan-3-ol
hydrochloride 40d in a manner similar to that described for 15c as a colorless solid (27%, 3
steps). *H NMR (500 MHz, CD3;0D): & 7.53 (d, J = 7.3 Hz, 1H), 7.43-7.31 (m, 3H), 6.73 (s,
0.25H), 4.20-4.14 (m, 1H), 3.70-3.34 (m, 6H), 3.11-3.07 (m, 2H), 3.02-2.96 (m, 1H),
2.92-2.83 (m, 1H), 2.20-2.15 (m, 1H), 1.97-1.90 (m, 1H), 1.63-1.49 (m, 4H), 1.43-1.30 (m,
7H), 0.99-0.92 (m, 12H). HRMS (ESI"): m/z calcd for Cy7H43CIN4O3+H: 507.3102; found:
507.3098.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(dimethylcar
bamoyl)-3-methylbutyl]piperidine-3-carboxamide fumarate (15f)

The title compound was prepared from 39 and (2R)-2-amino-N,N,4-trimethylpentanamide
hydrochloride 40f in a manner similar to that described for 15c as a colorless solid (16%, 3
steps). 'H NMR (400 MHz, CD;0OD): & 7.57-7.52 (m, 1H), 7.44-7.33 (m, 3H), 6.74 (s, 2H),
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3.72-3.47 (m, 4H), 3.38-3.32 (m, 1H), 3.28-3.21 (m, 2H), 3.15 (s, 3H), 3.13-2.98 (m, 2H),
2.95 (s, 3H), 2.91-2.81 (m, 2H), 2.28-2.20 (m, 1H), 1.92-1.81 (m, 1H), 1.72-1.57 (m, 2H),
1.47-1.33 (m, 7H), 0.99-0.92 (m, 6H). HRMS (ESI"): m/z calcd for CasH4CINsO3+H:
506.2898; found: 506.2875.

1-tert-Butyl 3-methyl (3S,5R)-5-[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]
piperidine-1,3-dicarboxylate (45)

Cesium carbonate (9.31 g, 28.6 mmol) was added to a solution of 38 (13.5 g, 23.9 mmol)
and thiophenol (3.64 mL, 35.7 mmol) in CH3CN (400 mL) under ice-cooling, and the mixture
was stirred at room temperature for 2.5 h. After concentration under reduced pressure, water
was added to the reaction mixture, followed by extraction with CH,Cl,. Then, the organic
layer was washed with brine, and dried over anhydrous Na,SO,. After filtration, the solvent
was evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, CH,Cl,/MeOH = 1/0 to 7/3) to afford methyl (3S,5R)-5-[4-(2
-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]piperidine-3-carboxylate (9.10 g, quant.).
Di-t-butyl dicarbonate (6.00 g, 27.5 mmol) was added to a solution of methyl (3S,5R)-5-[4-(2-
chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]piperidine-3-carboxylate  (9.10 g, 23.9
mmol) obtained above and NaHCO3 (6.20 g, 73.8 mmol) in a mixed solvent of AcOEt (200
mL) and water (200 mL), and the mixture was stirred at room temperature for 0.5 h. The
reaction mixture was extracted with AcOEt, washed with brine, dried over anhydrous Na,SQ,,
and purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 7/3 to 1/9) and
NH silica gel column chromatography (eluent, n-hexane/AcOEt = 1/0 to 1/1) to afford 45
(7.80 g, 68%) as colorless solid. *H NMR (500 MHz, CDCls): & 7.47 (dd, J = 7.3, 1.5 Hz, 1H),
7.34-7.22 (m, 3H), 4.29 (br s, 1H), 4.12 (br s, 1H), 3.74-3.52 (m, 5H), 3.36-3.29 (m, 2H),
3.02-2.98 (m, 1H), 2.68-2.56 (m, 3H), 2.14 (br s, 1H), 1.84-1.73 (m, 1H), 1.48 (s, 9H),
1.44-1.31 (m, 6H).

(3S,5R)-1-tert-Butoxycarbonyl-5-[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]p
iperidine-3-carboxylic acid (46)

A solution of 45 (7.80 g, 16.3 mmol) in a mixed solvent of THF (150 mL) and water (75.0
mL) was cooled in an ice bath, and then lithium hydroxide monohydrate (1.37 g, 32.6 mmol)
were added. The mixture was stirred at the same temperature for 2 h. 1IN HCI aqueous
solution was added to the reaction mixture to acidify it (pH = 2-3). The reaction mixture was
extracted with CH,Cl,, washed with brine, and dried over anhydrous Na,SO,. After filtration,
the solvent was evaporated under reduced pressure to obtain 46 (7.70 g, quant.) as a colorless
solid. *H NMR (500 MHz, CDCls): & 7.47 (dd, J = 7.8, 1.5 Hz, 1H), 7.34-7.25 (m, 3H), 4.30
(br s, 1H), 4.12 (br s, 1H), 3.76 (br d, J = 17.6 Hz, 1H), 3.66 (br d, J = 17.6 Hz, 1H),
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3.38-3.29 (m, 2H), 3.03-2.99 (m, 1H), 2.69-2.56 (m, 3H), 2.22-2.15 (m, 1H), 1.81-1.69 (m,
1H), 1.47 (s, 9H), 1.43-1.32 (m, 6H). ESI-MS (m/z): 466 [M+H] *

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-ethoxymethy
I-3-methylbutyl]piperidine-3-carboxamide fumarate (15¢)

HBTU (180 mg, 0.475 mmol) was added to a solution of 46 (148 mg, 0.318 mmol) and
(2R)-1-ethoxy-4-methylpentan-2-amine  40e (920 mg, 0.633 mmol) and
N,N-diisopropylethylamine (0.166 mL, 0.953 mmol) in DMF (3.00 mL) under ice-cooling,
and then the reaction mixture was stirred at room temperature for 18 h. Water was added to
the reaction mixture, followed by extraction with AcOEt. Then, the organic layer was washed
with brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, n-hexane/AcOEt = 3/1 to 0/1) to obtain tert-butyl (3R,5S)-3-[4-(2-chlorophenyl)-2,2-
dimethyl-5-oxopiperazin-1-yl]-5-{[(1R)-1-ethoxymethyl-3-methylbutyl]carbamoyl}piperidine
-1-carboxylate (137 mg, 73%) as a colorless solid. *H NMR (500 MHz, CDCls): § 7.48-7.46
(m, 1H), 7.33-7.22 (m, 3H), 5.64 (br d, J = 4.9 Hz, 1H), 4.22-4.10 (m, 2H), 3.77-3.70 (m, 1H),
3.62-3.31 (m, 8H), 2.98 (br s, 1H), 2.74-2.68 (m, 2H), 2.34 (br s, 1H), 1.99-1.91 (m, 2H), 1.58
(br s, 1H), 1.48 (s, 9H), 1.46-1.31 (m, 8H), 1.20 (t, J = 6.8 Hz, 3H), 0.93-0.91 (m, 6H).
Trifluoroacetic acid (0.350 mL, 4.71 mmol) was added to a solution of tert-butyl
(3R,5S)-3-[4-(2-chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-5-{[ (1R)-1-ethoxymethyl-3
-methylbutyl]carbamoyl}piperidine-1-carboxylate (135 mg, 0.228 mmol) in CH,Cl, (0.700
mL) at room temperature, and the mixture was stirred at the same temperature for 15 min.
Saturated NaHCO; aqueous solution was added to the reaction mixture under ice-cooling,
followed by extraction with CH,Cl,. Then, the organic layer was washed with brine, and dried
over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure,
and the residue was purified by NH silica gel column chromatography (eluent, CH,Cl,/MeOH
= 20/1 to 7/3) to obtain the free base of 15e (94.0 mg, 0.190 mmol). Fumaric acid (22.0 mg,
0.190 mmol) was added to a solution of the free base of 15e (94.0 mg, 0.190 mmol) in MeOH
(1.00 mL) at room temperature, and the mixture was stirred at the same temperature for 5 min.
The solvent was evaporated under reduced pressure, and then 15e (97.0 mg, 51%, 3 steps)
was obtained as a colorless solid by crystallization from CH,Cl, and Et,0. [0]p>>° +18.3 (c
1.05, MeOH). *H NMR (400 MHz, CD3OD): & 7.54-7.52 (m, 1H), 7.43-7.32 (m, 3H), 6.69 (s,
2H), 4.12-4.08 (m, 1H), 3.69-2.94 (m, 13H), 2.84-2.78 (m, 1H), 2.16-2.10 (m, 1H), 1.98-1.89
(m, 1H), 1.67-1.58 (m, 1H), 1.54-1.32 (m, 8H), 1.17 (t, J = 7.0 Hz, 3H), 0.95-0.90 (m, 6H).
3C NMR (125 MHz, CD;0D): § 173.0, 171.4, 169.4, 140.1, 136.3, 133.3, 131.5, 130.9, 130.5,
129.5, 73.8, 67.5, 63.5, 54.8, 50.3, 47.7, 47.0, 45.6, 41.5, 32.6, 26.0, 25.1, 24.3, 23.7, 23.1,
22.3,21.7, 15.6. IR: 2967, 2870, 1648, 1556, 1386, 1272, 1174, 984, 755 cm™. HRMS (ESI*):

50



m/z calcd for Co6H41CIN4O3+H: 493.2945; found: 493.2963. Anal.
C26H41C|N403'C4H404'H20; calcd: C 57.45, H 7.55, N 8.93, Cl 5.65; found: C 57.43, H 7.50,
N 8.82, Cl 5.54.

tert-Butyl N-[(1S)-3-methyl-1-vinylbutyl]carbamate (48)

A solution of SO3-Py (3.30 g, 20.7 mmol) in DMSO (15.0 mL) was added to a solution of
tert-butyl N-[(1S)-1-hydroxymethyl-3-methylbutyl]carbamate 47 (1.50 g, 6.90 mmol) and
EtzN (2.88 mL, 20.7 mmol) in DMSO (15.0 mL) under ice-cooling, and the mixture was
stirred at the same temperature for 10 min. Water was added to the reaction mixture, followed
by extraction with Et,O. Then, the organic layer was washed with 10% citric acid ag., water,
and brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure to obtain crude tert-butyl N-[(1S)-1-formyl-3-methylbutyl]carbamate.
Methylenetriphenylphosphane (5.70 g, 20.7 mmol) was added to a solution of crude tert-butyl
N-[(1S)-1-formyl-3-methylbutyl]carbamate in toluene (13.0 mmol) under ice-cooling, and the
mixture was stirred at room temperature for 24 h. Water was added to the reaction mixture,
followed by extraction with AcOEt. Then, the organic layer was washed with brine, and dried
over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure,
and the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt =
9/1 to 4/1) to obtain 48 (860 mg, 58%, 2 steps) as a colorless liquid. *H NMR (500 MHz,
CDCl3): 6 5.77-5.70 (m, 1H), 5.15 (br d, J = 17.6 Hz, 1H), 5.06 (br d, J = 10.3 Hz, 1H), 4.38
(br s, 1H), 4.14, (br s, 1H), 1.72-1.64 (m, 1H), 1.44 (br s, 9H), 1.36-1.30 (m, 2H), 0.93-0.91
(m, 6H).

(3R)-5-Methylhexan-3-amine hydrochloride (40a)

To a solution of 48 (860 mg, 4.00 mmol) in MeOH (30.0 mL), 10% Pd on carbon (50% wet,
430 mg) was added with stirring under H, atmosphere at room temperature for 1.5 h. H; in the
reaction vessel was replaced by N, and then Pd on carbon was separated by filtration. The
solvent was evaporated under reduced pressure to obtain crude tert-butyl N-[(1R)-1-ethyl-3-
methylbutyl]carbamate. Trifluoroacetic acid (5.00 mL) was added to a solution of crude
tert-butyl N-[(1R)-1-ethyl-3-methylbutyl]carbamate in CH,Cl, (10.0 mL) at room temperature,
and the mixture was stirred at the same temperature for 10 min. Saturated NaHCO3 aqueous
solution was added to the reaction mixture, followed by extraction with CH,Cl,. Then, the
organic layer was washed with 1IN NaOH ag. and brine, and dried over anhydrous Na,SO,.
After filtration, the solvent was evaporated under reduced pressure. 4N-HCI in 1,4-dioxane
(2.00 mL) was added to the residue. The solvent was evaporated under reduced pressure, and
then 40a (340 mg, 56%, 2 steps) was obtained as a colorless solid by crystallization from
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AcOEt. 'H NMR (500 MHz, CDCly): & 8.34 (br s, 3H), 3.22-3.16 (m, 1H), 1.92-1.84 (m, 1H),
1.80-1.64 (m, 3H), 1.50-1.44 (m, 1H), 1.08 (t, J = 7.8 Hz, 3H), 0.95-0.93 (m, 6H).

tert-Butyl N-[(1R)-2-hydroxy-1-isobutyl-3-methylbutyl]carbamate (50c, 50d)

A solution of SO3-Py (2.20 g, 13.8 mmol) in DMSO (10.0 mL) was added to a solution of
tert-butyl N-[(1R)-1-hydroxymethyl-3-methylbutyl]carbamate 49 (1.00 g, 4.60 mmol) and
EtsN (1.92 mL, 13.8 mmol) in DMSO (10.0 mL) at room temperature, and the mixture was
stirred at the same temperature for 10 min. Water was added to the reaction mixture, followed
by extraction with Et,O. Then, the organic layer was washed with brine, and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure to
obtain crude tert-butyl N-[(1R)-1-formyl-3-methylbutyl]carbamate. 0.7 M isopropyl lithium in
toluene (21.0 mL, 14.7 mmol) was added to a solution of crude tert-butyl
N-[(1R)-1-formyl-3-methylbutyl]carbamate in toluene (20.0 mL) at -78°C, and mixture was
stirred at room temperature for 0.5 h. Saturated NH4Cl aqueous solution was added to the
reaction mixture, followed by extraction with AcOEt. Then, the organic layer was washed
with brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
(eluent, n-hexane/AcOEt = 2/1) to obtain 50c (292 mg, 24%, 2 steps, more polar) as a
colorless solid and 50d (256 mg, 21%, 2 steps, less polar) as a colorless liquid. More polar;
'H NMR (500 MHz, CDCly): & 4.72-4.65 (br m, 1H), 3.83-3.75 (m, 1H), 3.30-3.24 (m, 1H),
1.70-1.62 (m, 3H), 1.44 (s, 9H), 1.24-1.19 (m, 1H), 0.97-0.89 (m, 12H). Less polar; *H NMR
(500 MHz, CDCly): & 4.66-4.61 (m, 1H), 3.81-3.74 (m, 1H), 3.15-3.09 (m, 1H), 1.74-1.62 (m,
3H), 1.43 (s, 9H), 1.31-1.25 (m, 1H), 0.97-0.90 (m, 12H).

(4R)-4-Amino-2,6-dimethylheptan-3-ol hydrochloride (More polar) (40c)

4N-HCI in 1,4-dioxane (7.90 mL, 31.7 mmol) was added to 50c (584 mg, 2.25 mmol) at
room temperature, and the mixture was stirred at the same temperature for 45 min. The
solvent was evaporated under reduced pressure to obtaine 40c (440 mg, quant.) as a colorless
solid. '"H NMR (400 MHz, CD;0D): §3.38-3.27 (m, 2H), 1.72-1.63 (m, 3H), 1.38-1.31 (m,
1H), 1.05 (d, J = 6.6 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H), 0.96 (d, J = 6.3 Hz, 3H), 0.89 (d, J =
6.6 Hz, 3H).

(4R)-4-Amino-2,6-dimethylheptan-3-ol hydrochloride (Less polar) (40d)

The title compound was prepared from 50d in a manner similar to that described for 40c as a
colorless solid (quant.). '"H NMR (400 MHz, CD30D): §3.26-3.20 (m, 2H), 1.80-1.71 (m, 2H),
1.60-1.52 (m, 1H), 1.47-1.40 (m, 1H), 0.99-0.94 (m, 12H).

52



(2R)-2-(Dibenzylamino)-4-methylpentan-1-ol (52)

K2.COj3 (14.7 g, 107 mmol) was added to a solution of (R)-leucinol 51 (5.00 g, 42.7 mmol)
and benzyl bromide (11.2 mL, 93.9 mmol) in ethanol (200 mL) at room temperature, and the
mixture was stirred at the same temperature for 4 days. The reaction mixture was concentrated
under reduced pressure and diluted with water, followed by extraction with AcOEt. Then, the
organic layer was washed with brine and dried over anhydrous Na,SO,. After filtration, the
solvent was evaporated under reduced pressure, and the residue was purified by silica gel
column chromatography (eluent, n-hexane/AcOEt = 10/1 to 1/1) to obtain 52 (10.8 g, 85%) as
a colorless liquid. *H NMR (400 MHz, CDCls): & 7.33-7.21 (m, 10H), 3.81 (d, J = 13.3 Hz,
2H), 3.48 (dd, J = 10.6, 5.1 Hz, 1H), 3.42 (d, J = 10.6 Hz, 1H), 3.37 (d, J = 13.3 Hz, 2H), 3.19
(br's, 1H), 2.84 (ddt, J = 9.8, 5.1, 2.4 Hz, 1H), 1.55-1.46 (m, 2H), 1.20-1.11 (m, 1H), 0.92 (d,
J=6.3 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H).

(2R)-N,N-Dibenzyl-1-ethoxy-4-methylpentan-2-amine (53)

NaH (60%, dispersion in paraffin liquid) (349 mg, 8.74 mmol) was added to a solution of 52
(2.00 g, 6.72 mmol) and Etl (0.700 mL, 8.74 mmol) in THF (30.0 mL) at room temperature
over a period of 10 min. The reaction mixture was stirred at room temperature for 18 h. Water
was added to the reaction mixture, followed by extraction with AcOEt. Then, the organic
layer was washed with brine, and dried over anhydrous Na,SO,. After filtration, the solvent
was evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 1/0 to 5/1) to obtain 53 (1.78 g, 81%) as a
colorless liquid. *H NMR (400 MHz, CDCls): & 7.37 (br d, J = 7.4 Hz, 4H), 7.30-7.26 (m, 4H),
7.22-7.17 (m, 2H), 3.75 (d, J = 13.7 Hz, 2H), 3.66-3.61 (m, 3H), 3.45 (g, J = 7.0 Hz, 2H),
3.38 (dd, J =9.8, 5.1 Hz, 1H), 2.89-2.83 (m, 1H), 1.84-1.74 (m, 1H), 1.46 (ddd, J = 13.7, 8.2,
5.4 Hz, 1H), 1.22 (t, J = 7.0 Hz, 3H), 1.10 (ddd, J = 13.7, 8.2, 5.4 Hz, 1H), 0.82 (d, J = 6.3 Hz,
3H), 0.59 (d, J = 6.3 Hz, 3H).

(2R)-1-Ethoxy-4-methylpentan-2-amine (40e)

To a suspension of 53 (1.78 g, 5.47 mmol) in MeOH (25.0 mL), 20% Pd(OH), on carbon
(50% wet, 360 mg) was added. The suspension was stirred under 1 MPa H, at room
temperature for 6 h. H, in the reaction vessel was replaced by N, and then Pd(OH), on
carbon was separated by filtration. The solvent was evaporated under reduced pressure to
obtain 40e (799 mg, 98%) as a colorless liquid. [a]p>° —11.8 (c 1.03, MeOH). *H NMR (500
MHz, CDCls): 8 3.55-3.45 (m, 2H), 3.39 (dd, J = 9.0, 3.7 Hz, 1H), 3.12 (t, J = 8.6 Hz, 1H),
3.05-3.00 (m, 1H), 1.77-1.69 (m, 1H), 1.22-1.13 (m, 5H), 0.93 (d, J = 6.8 Hz, 3H), 0.90 (d, J
= 6.8 Hz, 3H). HRMS (ESI"): m/z calcd for CgH1gNO+H: 146.1545; found: 146.1552.
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2—8—2) Biology assays

I1Cs in buffer

The activity of renin inhibitors against purified enzyme was measured using the following
protocol: All reactions were carried out in a flat bottom black opaque microtiter plate. Test
compounds in DMSO (2 uL) were mixed with 100 uL of the assay buffer (50 mM Tris-HCI
(pH 7.9), 100 mM NaCl) containing 5 uL of trypsin-activated recombinant human renin (final
enzyme concentration of 50 uM), and the solution was pre-incubated at room temperature for
10 min. Next, 2 uM of the substrate (Arg-Glu(EDANS)-Ile-His-Pro-Phe-His-Leu-Val-lle-His-
Thr-Lys(DABCYL)-Arg) in 100 pL of the assay buffer was added, and the resulting mixture
was incubated at 37 °C for 90 min. After completion of incubation, the concentration of
generated angiotensin | was measured by fluorescence at 492 nm (excitation at 340 nm) using
a multilabel reader (PerkinElmer Inc.). The slope of the linear portion of the plot of
fluorescence increase as a function of time was then determined, and the rate was used to
calculate % inhibition in relation to uninhibited control. The % inhibition values were plotted
as a function of inhibitor concentration, and the 1Cs, value was determined by probit analysis.
The ICso value is defined as the concentration of a particular inhibitor that reduces the
formation of product by 50% relative to a control sample containing no inhibitor.

ICsp in plasma

The activity of renin inhibitors in vitro in cynomolgus monkey plasma was measured by the
decrease in plasma renin activity (PRA) levels observed in the presence of the compounds.
Compounds were dissolved in DMSO and the final concentration of DMSO was 1%.
Incubation mixtures were contained in the final volume of 20 pL of test compound solution,
200 pL of pooled mixed-gender human or cynomolgus monkey plasma stabilized with EDTA,
20 pL of pH adjusting solution, and 10 pL of Inhibitor A solution. Reaction mixture was
incubated at 37 °C for 60 min. After incubation, angiotensin | in the reaction mixture was
measured by competitive radioimmunoassay using a commercial available RIA kit, RENIN
RIABEAD (Yamasa Co.). An uninhibited tube containing 1% DMSO and control tube
incubated at 4 °C were used to derive the % inhibition for each concentration of inhibitors.
The % inhibition values were plotted as the function of inhibitor concentration, and the ICs
value was determined from a fit of this data to a four parameter equation. The 1Cs value is
defined as above.

Metabolic stability

After 1 uM of compounds were incubated with human liver microsome in the presence of a
NADPH generating system at 37 °C for 30 min, remaining concentration of compounds was
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semi-quantitatively analyzed by LC-MS/MS. The microsomal protein concentration in the
assay was 0.5 mg/mL and % remaining was calculated by the following formula.

[% remaining] = [compound concentration] after incubation / [compound concentration]
before incubation x 100

2—8—3) Animal studies

Blood pressure study in dTG rats

Double transgenic rats (dTGRs) were bred at PhoenixBio Co., Ltd. from parents who were
homozygous for hREN or hAOGEN.? Male and female hypertensive dTGRs (150-200 g) >8
weeks of age were instrumented with telemetric devices (TA11PA-C40, Data Sciences
International Inc.) using a sterile technique. Baseline values were recorded for 24 h prior to
administration. Following measurement of baseline values, rats were dosed by oral gavage
with vehicle (0.5% methylcellulose, n = 9) or compound 15e at 10 mg/kg (n = 10) after which
animals were monitored for 48 h post-dose. Blood pressure signals were digitized and
analyzed using Dataquest Art Software (Data Sciences International Inc.) for the derivation of
MAP. These MAP values are reported as 1 h average values and also as changes from the
corresponding time-matched baseline values.

Pharmacokinetics

The pharmacokinetics of compounds 15e were determined in fasting SD rats. Compounds
15e were administered intravenously as a saline solution or by oral gavage in 0.5%
methylcellulose. Following dosing, blood samples were taken over 24 h with a minimum of 7
time points, and plasma concentrations were measured by HPLC/MS/MS. PK parameters
were calculated from non-compartmental analysis of the plasma concentration-time curves.
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Figure 3-1. The results in chapter 2
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Table 3-1 (Z/R L7181V . {LAW 15D, ¢, e ITWVT R HRWILPEE Z /R Lz, $FIT,
Py¥fALIC e Ko gk (15¢c) e=—T7 14 (15e) ZEFLAWIL. 15b > HACHTZ
EMENGELZICL DD LT L0 IRWI P REEZ R LTz, ZOMENS, BIEED
BN XD EEEORBAARTN, BEBENS OWPK T Z5|ZEZ L T0nHEE X
ST, FTTWIC, MMEEAEAT S 2 &< 15b oI EE AR L&Y S o
T, M RFEOUELHET L L L,

Table 3-1. In vitro renin inhibitory activities (ICso and Ratio), metabolic stabilities, and oral

eeoderd

exposures of 15b, ¢, e, 54a®"

. Cynomolgus
Purified Monkey plasma .
) ) Metabolic  monkey PK
) human renin renin - .
Cmpd R stability (Img/kg, po)
%) AUC 0.
ICso (NM) ICso ("M)  Ratio® (%) Pog-an
(ng*h/mL)
15b k( 1.6 10 2.8 21 25 4
15¢¢ J\( 23 4.8 0.8 90 10 3
15¢ (o~ 13 1.4 0.5 61 14 4
54a (j 2.1 9.0 1.0 75 51 3

2 Compounds were obtained as fumarate salts. ® Assay results of renin inhibitory activity are
the average of at least two replicates. © Ratio = ICso (nM) of compound / ICsg (nM) of
Aliskiren. ¢ % remaining after 30 min in monkey liver microsomes. ® The data were obtained
by cassette dosing. © Number of compounds dosed in cassette. ¢ Stereochemistry is not
determined.

AL EMEZ M ESEL72DI2E, —ICUT 4 >OGERHVW b S, BIHONR
ETEDIRIRL, ORHTFAL~DOEBRILEA, ONFHTNLOFRE, ORFHBAL 2 Sl i
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Figure 3-2. Design of compound 54a
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Table 3-2. In vitro renin inhibitory activities, metabolic stabilities, oral exposures of 54a-g*

OY\N/O\(HT”#
SOl

b

Purified Cynomolgus
Monkey .
human . Metabolic monkey PK
1 ) . plasma renin o .
Cmpd R R renin stability (Img/kg, po)
d

ICs0 ICso Ratio® (%) AUCpo,0-4n K

(nM) (nM) (ng*h/mL)
54a i-Bu Ph 2.1 9.0 1.0 75 51 3
54b Et Ph 2.1 6.6 1.8 76 60 3
54c Et 2-F-Ph 3.3 11 2.3 83 90 3
54d Et 3-F-Ph 1.8 14 2.8 82 57 3
54e Et 4-F-Ph 2.4 19 3.7 78 52 3
54f Et 3-CI-Ph 2.3 25 5.0 81 83 3
54g Et 4-CI-Ph 5.2 55 11 79 130 3

2 Compounds were obtained as fumarate salts. ® Assay results of renin inhibitory activity are
the average of at least two replicates. © Ratio = 1Cso (nM) of compound / ICs, (nM) of
Aliskiren. ¢ % remaining after 30 min in monkey liver microsomes. ® The data were obtained
by cassette dosing. " Number of compounds dosed in cassette.

PYEIIAC 7 = = VI B FF AL BN LV h Y MEHICBW CERBEEL R T 2 &
NGNS T=DT, I, vty MG EFIT U T2k 575 O %2 4P O W TREE
iTo7= (Table3-3) . It v FMEHEICLDMPBEENLESNTOHILAY 54b %
BTG LT 2 A, {bE M 15e D) 10 {5, DS-8108b & [A% i B#E 4 <4 =
EDMEDO BT, LLEORERNG | mB&EL T 35 E Y U UKL &
BTDFELLT, Vbbb y MEGICEDBENARITHD Z LR ENT,

Table 3-3. Oral exposures of compounds 15¢, 54b, and DS-8108b in cynomolgus monkeys?

Cynomolgus monkey PK

Compound
(3 mg/kg, po), AUCyq_24n (ng*hr/ml)
15e 60
54b 730
DS-8108b 685

& The data were obtained by individual dosing.
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3—3) CYP3A4 1 L (N hERG E it PHERIF O Ft

s D RAF 2R I PR 2 R 3L AW 5da & VT IRICHIE in vitro 222 MERT
Miz1T -7, &N G, (LAWY 54a 13 10 pM (2B T CYP3A4 O EBZFAE (49%)
Z . 30 uM (23 T hERG EiifHE (36%) Z 7~ L7, 7235, CYP3A4 DOHEEFHE X,
Rt TlaZe <ALAEWBE FIZ L 5 CYP3A4 DILEZ R L TWD, 5 TR _7Z# 1 |
CYP OFHFEIX, AU CYP TR Z T 23K & OFH LI 8 IS 3EAI DR E %2 — K
ZED, BEVRIERZSI X Z 3R H 5, CYP O 40%23 CYP3A4 |2 X
L0 THY O @Il EREIIMOERZ AT 2HANE N L5, CYP3A4 H
EEDORBHINETH D, £7- hERG F v XNV DLEIL, EELRAREIRTH D
torsades de pointes % 5| i Z TR REMEA D D Z L 5 10 CYP3A4 L [AIBEICIHE D E]
WERMLERAR THDH, 2 TRIC, CYP3AS EHEIHER L O hERG BHEEM: DK
ZHETZEE LT

— I ACE I DIRIAYEINME T4 5 & CYP3A4 X° hERG F v R/ ~DFEEHENE B
ZOMREFFEHIZER T T2 ° L= HEAIOMEICBWTH, IFIREOEEIC X S
CYP3A4 1 X (O hERG Bt fLE DO EBEAHE STV Y, 2T, PyD 7 == /L3
FERRICEHT 2L T, BRI ERAD Z b L Uiz, HERE LTI 2-EY
VLKL (54h) | 3-B U UVEL (B4)) . 5-A VFXH VUK (B4l) . BXON2-AFH
VULE (BA4m) AR L-, Fio, Yo i boE#HIL L LT A e o BE
REINE-Z e, 5-704u 2-v'Y Dk (B4i) . BLXO, 5-7/v4nw 3-v°Y 2L
5 (54k) HOFETARK Lz, L= BREEME, REZEE, vy MESICX A1
R EE DG R % Table3-4 IR d, WTFNOILEM b m L = U TRETEME & R4 723
LEMZ R Uz, L LS, (LAY 54)-m 1T KRG P ENME T Li-, Ziix
Table 3-1 & FAIERDOFERTH Y | 3,5- B E Y U U FERA~OMMERE AL, BE
FE D OWIUK F 2 RS IC5 SR § 2 ERHER SN, —F, 2-v Y UK (54h)
BELOE-T7 A4 w-2-v°V V)VH (54i) OH M FPREEDHERF S dviz, HERITIEH 503,
{EEMDIGE R Z BiR T D88, —RIZ 287 T RO NH & B U PV EOEHZR 1
DOEIT5 BERMED G FINAZEEBR L2720, MAPBENER S E 2 Tv
% (Figure 3-3) ., 728, W THKERMEEEKT 5 Z & TROWIUWER R E+5 2 &
ITE<menTkY, TO—pF% Figure 3-3 (Z7"9, LHRH 7o X T=A FTdh 5
TAK-013 (56) 1. 2 FHAKRFEREZIET 272D EW 55 L0 @I FiRE %2 R
TEHRSN TS Y, £z 2-v ) VLFFEK 58 1L, HFNAKBEREZES-D 4-
B UARBEIRST L mOESEEE R~ T LRI TS Y,
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Table 3-4. In vitro renin inhibitory activities (ICsp and Ratio), metabolic stabilities, and oral

eederd

exposures of 54a,h-m?®

- Cynomolgus
Purified Monkey plasma .
) ) Metabolic monkey PK
) human renin renin o .
Cmpd R stability (Img/kg, po)
%) AUC,0.
ICso (NM) ICso ("M)  Ratio® (%) Poo-Ah
(ng*h/mL)
54a é 2.1 9.0 1.0 75 51 3
54h o 14 17 3.6 87 52 3
=
54i ) 1.0 9.7 2.1 70 53 3
F
54j N 2.1 4.2 0.9 76 1.6 3
N
54k m 1.7 6.9 0.8 80 5.4 3
F _N
541 éo 1.1 3.3 0.6 89 11 3
=N
54m O/LN 1.9 8.3 1.4 86 15 3
\—/

2 Compounds were obtained as fumarate salts. ° Assay results of renin inhibitory activity are
the average of at least two replicates. © Ratio = ICso (nM) of compound / I1Csg (nM) of
Aliskiren. ¢ % remaining after 30 min in monkey liver microsomes. ® The data were obtained
by cassette dosing. " Number of compounds dosed in cassette.
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R

54h: R=H 55: Z=CH,, AUC, g, =0.27 uM*h
54i: R=F 56: Z=0, AUC, 4, = 0.85 uM*h

N
Y I
— N/
H\N NH, H\N NH
Qe

F)app(A toB) = 43 nm/sec Papp(A t0B) = 177 nm/sec
57 58

Figure 3-3. Effect of intramolecular hydrogen bond

K@ L= PHEEME & B2 2R Lz /b&® 540 2 AT, CYP3A4
6 L UVhERG &I DR EIEME A FHE L7z, WIFFL72@ Y . 10 uM IZ81F 5 CYP3A4 D
ERERHETEME(22%), B LN 30 uM IZ31F % hERG & EEME (27%) 25, L&Y
Blda |ZHERBE SN TWD Z EXgo T,

3—4) P3 IR OREE AL

P KO P S OREIEAHIC LV | mn b= U HETEM & RAF2 i hiRE 2R L,
CYP3A4[HE & hERG &EifHE Y A 7 MR S N7k & 54i 2157, LI LR 6,
hERG EJFEEIEM: (27%) OERIE 7 Tid7el, SR bWENEEND, £
TIRIZ, P3EBALORIEME 2K F S5 Z & T hERG EHFLERMED & 6722 51K % B
Rzl Lz, b, KIERIREMEOIER NIIAZICMPREZETIELZ L0 b,
HEVA M 2 Bl L 7= clogP Z 4812 AL BT A > %17 - 7=, DS-8108b J&34 D 1%
PEFRRE “1 2 2E12, clogP 2N F NI LTz o- bAoA Pdk (54n) & 5-7 /1A 1
2-AF N7 = =)V (540) & Py ARl L CRIR L7z, L= FHEIRME, clogP, 1%
BZEME, MHREOMEF %A Table 3-5 (2R, 728, XV RS I PR E 2 ik
LIz, Y hEBEMCTROEBS LiHMliZ1To72, Wbt EistEz R L, §F
IALEY) 54n Y VIETIC B W Tl b RV L = U IHETEM 2R Lz, ZhuE, JBIE
PEDIR FIZ L0 MAEH X7 & DOFEERNBD L, EFIZHBT 2658 54n D7 Y
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—RIRE DA B L2l E B X ST, R ALE Y 54n DISES L3 7 kG R (55%
in monkey) (%, 54i (71% in monkey) KV IRWMEZR L 7o, E7/LAW 54n iE. NEE
PEARTBUZ WA Z EME RS ORI BT 5 Z & gnoTe,

Table 3-5. In vitro renin inhibitory activities (ICsp and Ratio), clogP, metabolic stabilities,
and oral exposures of 54i,n,0%"

. F F F
54i 54n 540
Purified Monkey plasma . Cynomolgus
] _ Metabolic
human renin renin d . monkey PK (10
Cmpd clogP™ stability
. ¢ e mg/kg), AUCpo,0-24h
ICs0 (NM) ICs0 (NM)  Ratio (%) ¢
(ng*h/mL)
54i 1.0 9.7 2.1 4.7 70 2579
54n 1.6 7.0 0.9 4.5 84 3190
540 1.3 16 2.1 4.6 80 NT?

2 Compounds were obtained as fumarate salts. ® Assay results of renin inhibitory activity are
the average of at least two replicates. © Ratio = ICso (nM) of compound / ICsg (nM) of
Aliskiren. ¢ cLogP values were calculated using cLogP daylight version 4.83 which was
supplied by Daylight Chemical Information Systems, Inc. ® % remaining after 30 min in
monkey liver microsomes. " The data were obtained by individual dosing. ¢ NT = not tested.

B L= UPHEEME L LR AR LT 54n AW T, IR i 21T o 72,
Z DR, ALAEY 54n 13 10 pM (2B T 54i & RIREIZH9V Y CYP3A4L O B E R

(30%) Z#/R~L7-, £7-. 30 uM (2T B hERG EFRFLEEM (5.2%) 25 KigIZ
iz,

3—5) LAY DEFE in vitro FEA
P’ P KON P I OREEZE I L 0 BTz L = U BREIRME, BAF2f% 10 2R,

KV CYP3A4 EH2PHE & hERG ELE Y A 7 T HLLEW 54n 25845 L=, Ik
12, HENE L TCOBERZWEND DT, LM in vitro T— X 25T 52 L &
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L 7=, %FE in vitro O FE R % Table 3-6 1237, JEMEE 2BV Tl S sEs (ICs,
=7.0nM) 7213 CT2< B MlEF (ICso = 3.6 nM) IZB W T H58V L = fHEIEMEA
R LT WPEEICEBWTIL, FHEME (clogP = 4.5) & [FERICERICH VTS BIF2 5
aME (LogD7g = 2.0) Zn L7, 70, REILEMEITT LV (84%) OHRLT, B |

(100%) BELUT > b (89%) IZHBWTHENTMELRT Z LN mnodz, MEX
NRIFEERITIWTNORETYH BIFREZRLTEY L&Y 54n 33y 7 7 —H 721
TRMBEFICE N THEW L=V EEEZ R T I E2XHT /MR EVZ D,
CYP OEFEAE L L Tid, CYP3A4 7217 T2 <, BIEMIZANIFET D CYP2D6 <°
CYP2CY, ZDWRICHE & 22 BB M DL\ CYPIAY IZOWT B L 72, W ho
FRIZBWNT S CYP OEEEAFEIEMEIIMKS, BIA YR ZBRNZ L 2R L, D
~OEHE LTIL, RikoOiE Y RV hERG FREEHZ RT3, 7 XTIV UVEREZ R
T 5 L= THEANThERG FLEMEH & 13NN ER 2 /R 3 Al REtE S R S T
W5 4 BRI, ALAMOISEERE WA, BT v b OBEELG Z V-
TEENEEAT I 69 2 VR AT T 90% F A5 MR O T B B A7 Hife IR (APDgo) OD%EHE & |
e R HOEE  (dV/dtmax) 2Bl STV 5, 2T, (LAY 54n REBEDIER %
AT EIT o 70, FOREER, Z{LITBMTHVIRY A7 Th D Z L3RS,
F 7o EBEMERBRE LT Ames R AT o - R B TH 5 Z L VD BT,
Z OO in vitro FHIE & LT, DT ANRT X UBRT 0T T —F & OBIRMEFEAL A E
ZHN5D, aHMlIEARFEM CTH DM, FFHHMNE U Novartis #:00 3,5- “EH Y
FR (6) BRM U7 ==y FERT DU & O DS-8108b% 73 & U VRIME AR
T2 e, RRICEWERIREZRF & RIS,
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Table 3-6. In vitro profile of compound 54n2P

Purified human renin ICs0 (NM) 1.6
Human plasma renin ICs0 (NM) 3.6
Ratio® 1.2
Monkey plasma renin ICs0 (M) 7.0
Ratio® 0.9
Lipophilicity (LogDy 4, clogP) 2.0,4.5
Metabolic stability (human, monkey, rat)® 100%, 84%, 89%
Plasma protein binding ratio (human, monkey, rat)® 38%, 55%, 63%
CYP direct inhibition (10 uM) 3A4 30%
2D6 1%
2C9 0%
1A2 7%
hERG current inhibition (30 uM)’ 5.2%
APDygg -1.0%
Guinea pig right ventricular papillary (Shortening)
muscle-cardiac action potential (30 uM)g'h dV/dt max -11.6%
(Decrease)
Ames test (Salmonella typhimurium TA98, TA100) Negative

2 Compound 54n was obtained as fumarate salt. ® Assay results of renin inhibitory activity are
the average of at least two replicates. © Ratio = ICso (nM) of compound / ICsg (nM) of
Aliskiren. ¢ Percent remaining after 30 min in human, monkey, and rat liver microsomes.
The plasma protein binding ratio was determined by a micro-scale ultracentrifugation method
(436,000g, 2 h 20 min, at 4 °C). " hERG were measured using the patch clamp technique on
lonWorks® Quattro™ system. 9 Action potentials were measured using the glass

microelectrode method. " % change from baseline.

3—6) T v b. H=2 A Y/ invivo Tl

WZZ ALEW 54N O T v B IO =7 A ST 2 FYEhaE & 35 & - L
T2 ALEMBAN D SD T v b BRI =7 A H MBI 5 PK 7 1 7 7 A L% Table 3-7
RS, WTNORIZBWTH o720 &R & BRI REM PR HEZ R~ LIz, &
7=. DS-8108b (F = 5% in cynomolgus monkey) 3 X v & &\ M EWE9FI I 2= (F = 25% in
cynomolgus monkey) % 7R9Z & DMifED D BT,
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Table 3-7. PK profile of compound 54n in SD rat and cynomolgus monkey

F (%) 20
Cmax (ng/mL) 204
SD rat, female AUC (ng*h/mL) 1100
-24n (Ng*h/m
(30 mg/kg, p.o., 0.5% MC) Poo 24h_ J
. . CL (mL/min/kg) 4.8
(1 mg/kg, i.v., Saline)
Vss (L/kg) 11
ti2 (h) 5.4
F (%) 25
Cmax (ng/mL) 604
Cynomolgus monkey, male
AUCpo,o.24h (ng*h/m L) 3191
(10 mg/kg, p.o., 0.5% MC) .
) ) CL (mL/min/kg) 0.57
(1 mg/kg, i.v., Saline)
Vss (L/kQ) 54
ti2 (h) 7.9

WIZ, ALEW 54n ZHNTATG 7 v FBX U7 vt I RCRELIEI =7 1%L
(26 B MEEAE R 2 384f L 72, Figure 3-4 IR L7=i@ 0 . dTG 7~ b IC 30 mg/kg #% 5-

U7-fE . 24 BERELL Blch > CTEN-BEER 2~ LT,

30
20
10

0 5OAD

T

Change in MAP (mmHg)

T Lf L bl L V

-0~ Vehicle (0.5% MC,n=9)
-~ 30 mg/kg of 54n (po, n=5)

Figure 3-4. Effect of 54n on MAP in dTG rat

20 30
Time (h)

50

F7-, Figure 3-5 \Z/R L7z, 7t I RTE LT =7 A /12 3mglkg B K&
V10 molkg 365 L7 5, HERFEIC 24 FFREILL BIC b7z » TENZBEIEEM 20K
L7, 723, 9 RFERGEREIC—@ Mo mE EFNBHR S50, B - o XA 2
VT EERDI NG, I HAEHTIE W EHEINS, ZO/RERELY . mH
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BELRETHZ LT, I=I AP MBI HBTEIERAZRT Z ENHEND b,

20

-0~ Vehicle (1% MC, n=6)
-®- 3 mg/kg of 54n (po, n =6)
—o— 10 mg/kg of 54n (po, n = 6)

Change in MAP (mmHg)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)
Figure 3-5. Effect of 54n on MAP in cynomolgus monkeys pretreated with furosemide

Pl b, &FE in vitro 3A5R & in vivo iSBR O BRI 72 R A2 R > T, {LEW 54n 2 X 577
LHEREHE O -0 D FLILEM E L CTEik LT,

3—7) Py, Py, P ZEHR DA K

ARETHEM LIz 35-EH Y O U EIRD G AEZL Scheme 3-1 127”74, £,
WOETHMRLETATE R36 &7 =12 59-61 OEITHT I LRISICE Y, 1k
EW) 37, 62, 63 2157, slEemErynETreIF 7o ReEHESES 22T, 7 b
BTV UREFFO(LAY) 38, 64, 65 ~ & 281 L7z, IRIC Ns JL % FrE Boc FLCHRAE L
B L, AT IVEAENKSET S Z L THILAR 846,68, 60 ~LFHE LT, &EIC,
AR E LT ESem e /e 7 X R 70a-m &S L2, Boc & REL 7~ L g
WeETHZ LT, BHOD35-EHE Y U UFHER 54a-0 AL LT,
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Y NH, 59:X=Cl,Y=H Ns

Ns \©[ 60: X =Me, Y=H N

N X 61:X=Me,Y=F
HN OMe

HN OMe (@) H\/% o (b)

36 37:X=Cl,Y=H
62: X=Me,Y=H
63: X=Me,Y=F

N
(o] OMe (0] OMe
VN/OY @O VN’OY ©

38:X=Cl,Y=H 45: X =Cl,Y=H
64: X=Me,Y=H 66: X=Me,Y=H
65: X=Me,Y=F 67:X=Me,Y=F
n HCI
Boc H2oN _‘\R1

1 ) H
N R™ 70a-m N H 1
o) OH o N_ R
ﬁCNéO\( . @ () mOY N
Y N o) Y N 0 R
\©:x : X fumaric acid

46:X=Cl,Y=H 54a-0
68: X=Me, Y=H
69: X=Me,Y=F

Cmpd X Y R R? Cmpd X Y R R?

54a Cl H iBu Ph 54i Cl H iBu 5-F-2-Py
54b Cl H Et Ph 54j Cl H iBu 3-Py

54c Cl H Et 2-F-Ph 54k Cl H iBu 5-F-3-Py
54d Cl H Et 3-F-Ph 541 Cl H iBu 5-isoxazolyl
54e Cl H Et 4-F-Ph 54m Cl H iBu 2-oxazolyl
54f Cl H Et 3-CI-Ph 54n Me H iBu 5-F-2-Py
54g Cl H Et 4-Cl-Ph 540 Me F iBu 5-F-2-Py
54h Cl H iBu 2-Py

Scheme 3-1. Reagents and conditions: (a) 59-61, AcOH, toluene, 130 °C, then NaBH(OAC)s,
rt; (b) bromoacetyl bromide, EtsN, CH,Cl,, 0 °C, 2.5 h, then 40 °C, 3 h, 78%; (c) PhSH,
Cs,COg3, CH3CN, rt, 2.5 h; (d) (Boc),0, NaHCO3, AcOEt, water, rt, 0.5 h, 68% (2 steps); (e)
LiOH-H,O, THF, water, 0 °C, 2 h, quant; (f) amine 70a-m, HBTU,
N,N-diisopropylethylamine, DMF, 0 °C; (g) TFA, CH,ClI;, rt; (h) fumaric acid, MeOH, rt.
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WIZ, Scheme 3-1 T L7 E M 72 7 I U HEFEtE 70a,c-m O& %A% Scheme
32 1RT 8, k. RFEEMA T S v 700 (XTI A S L, 3. FECh S
R TlacmE XTI ANT 4 =)V T 2272 % TI(OE) AFAE PG S AL T 4
=)A I L Lic, £D%%, L-selectride Z HW\=2 7 A7 U A BEIRAIZRIBILIZ L D R
VT 4T 2 R 73ac-m 287, %I AN SRR 4- 4 %W TULEE4 5 = & T,
H D SEIEM 72 7 2 U FRYE T0a,c-m & &R L 7=,

ois /+N Hy
1 ™ 7 o N R 1

oi{(zR @). () /Ti 12 (©) HZNﬁR"Z‘R .
7l1la,c-m 73a,c-m 70a,c-m

Cmpd R R? Cmpd R R?

70a iBu Ph 70h iBu 2-Py

70c Et 2-F-Ph 70i iBu 5-F-2-Py

70d Et 3-F-Ph 70j iBu 3-Py

70e Et 4-F-Ph 70k iBu 5-F-3-Py

70f Et 3-Cl-Ph 701 iBu 5-isoxazolyl

709 Et 4-Cl-Ph 70m iBu 2-oxazolyl

Scheme 3-2. Reagents and conditions: (a) (S)-t-BuSONH; 72, Ti(OEt)s, THF, 70 °C; (b)
L-selectride, THF, 0 °C; (c) 4N-HCI in 1,4-dioxane, MeOH, rt.

Scheme 3-2 TfEH L7=%4 k> 71i,l % Scheme 3-3 1T~ T HIETHERK L. T b b,
R TUIES-IrFdua ) Du2-hvR= R UL (T4) AV TFII~ T X A
TaI REMGSEDLZEICE TR LI, 7 b T, £9° 4 Y FH% Y —)L-5-
JIVAKR=nrz7al K (75) |2 NO-VAF /e Rax T I UEREAZIEH S
Weinreb 7 X K (76) T L%, A VT FL~Txiva7nI REREEED
ZETARRLT,
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770 - 770
75 76

Scheme 3-3. Reagents and conditions: (a) 1 M Isobutylmagnesium bromide in THF, THF,
-78 °C, 0.5 h, then rt, 1.5 h, 55%; (b) N,O-dimethylhydroxylamine hydrochloride, pyridine,
CH,Cl,, rt, 2 h, 94%; (c) 1 M Isobutylmagnesium bromide in THF, THF, -78 °C, 0.5 h, then rt,
2 h, 97%.

3—8) /Il

ARETIL, W=7 AP MIH L THROTEEZ A9 5 3,6- LEHE Y O 38R
DRBREAT T, T, F _BEBTEONZEEEILAEY 15e N h =7 A L THEH %
RSNl Z b, EORK O ZIT > 70, HEBEEOFHmFE R 6. Ku i
HIRENIE Z R SR WRETH D LUE L, BifF7e i HRE 2~ (LG OWRE %
1ToTz, EORER, PYENLIZ R B U BRE R T 266 54a 3@ L = REIEME &
B2 OEE2GT D52 RN ynotz, L LARG, FIHZEMEREROR R,
VN CYP3A4 B HEFHE & hERG EifLEZ 9 Z E VBl L=, & 2 TRKIZ, CYP3A4
BEHERRSE & hERG B EMEM SN IAbE DS BIET 2 & & Lz, IREMHR
WU LA WELRE LIRS, PYEIIZ 5-7 LA 1 -2-t° U DA T LA b4
MBI T a7 7 ANV ERTZENDDoT BT Py SLOREERIC LY, X
D iR EE S L O Z eI BN T A LAY 54n 2 LT-, (L&Y 54n 13, 4%
FH in vitro fHICEB W C R R 7T a7 7y A V&R LTz, F£7-. in vivo s fli 217 - 7= #&
F.SD Ty FBLXOI =7 A P ITBWT B2 i R R & AR T R 2k
ZENGhoTr, B, BIJEETALTHD dTG 7 v hB IO 7 & I FTALE
L= AP NITBNT, BRO%ET 24 BlICh- 0V ENT-BIEER 2R~ LI,
UL EDOFER A FE> T LG 54n % S 70 5 @IREHI O 7= O OF Eb -G8 & L Tk
L7,
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3—9) FEEROHS
3—9—1) Synthesis

Methyl (3S,5R)-5-{[1,1-dimethyl-2-(2-methylanilino)ethyl]amino}-1-(2-nitrophenyl)
sulfonylpiperidine-3-carboxylate (62)

The title compound was prepared from 36 and 2-methylaniline 60 in a manner similar to that
described for 37 as a colorless solid (98%). *H NMR (500 MHz, CDCls): § 7.67 (dd, J = 8.3,
1.0 Hz, 1H), 7.64-7.58 (m, 2H), 7.48-7.45 (m, 1H), 7.16-7.13 (m, 1H), 7.05 (br d, J = 7.3 Hz,
1H), 6.68-6.65 (m, 1H), 6.58 (br d, J = 8.3 Hz, 1H), 4.08-4.05 (m, 1H), 3.73-3.69 (m, 4H),
2.96 (d, J = 11.7 Hz, 1H), 2.91 (d, J = 11.7 Hz, 1H), 2.81-2.70 (m, 3H), 2.32 (dd, J = 12.2,
10.7 Hz, 1H), 2.21-2.17 (m, 1H), 2.12 (s, 3H), 1.31 (g, J = 12.0 Hz, 1H), 1.22 (s, 3H), 1.21 (s,
3H).

Methyl (3S,5R)-5-{[2-(5-fluoro-2-methylanilino)-1,1-dimethylethyl]amino}-1-(2-
nitrophenyl)sulfonylpiperidine-3-carboxylate (63)

The title compound was prepared from 36 and 5-fluoro-2-methylaniline 61 in a manner
similar to that described for 37 as a colorless solid (98%). *H NMR (500 MHz, CDCls): §
7.75 (dd, J = 7.8, 1.5 Hz, 1H), 7.66-7.59 (m, 2H), 7.51 (dt, J = 7.8, 1.5 Hz, 1H), 6.95 (br t, J =
7.3 Hz, 1H), 6.32 (dt, J = 8.3, 2.4 Hz, 1H), 6.23 (dd, J = 11.2, 2.4 Hz, 1H), 4.26 (br s, 1H),
4.07-4.05 (m, 1H), 3.69-3.64 (m, 4H), 2.89-2.84 (m, 2H), 2.80-2.70 (m, 3H), 2.36-2.32 (m,
1H), 2.21-2.17 (m, 1H), 2.07 (s, 3H), 1.31 (q, J = 12.0 Hz, 1H), 1.22 (s, 3H), 1.20 (s, 3H).

Methyl (3S,5R)-5-[2,2-dimethyl-4-(o-tolyl)-5-oxopiperazin-1-yl]-1-(2-nitrophenyl)
sulfonylpiperidine-3-carboxylate (64)

The title compound was prepared from 62 in a manner similar to that described for 38 as a
colorless solid (84%). *H NMR (500 MHz, CDCls): & 8.03-8.01 (m, 1H), 7.76-7.71 (m, 2H),
7.67-7.65 (m, 1H), 7.27-7.21 (m, 3H), 7.13-7.06 (m, 1H), 4.05-4.00 (m, 1H), 3.87-3.81 (m,
1H), 3.72 (s, 3H), 3.68-3.15 (m, 5H), 2.79-2.66 (m, 3H), 2.24-2.18 (m, 4H), 1.75-1.66 (m,
1H), 1.37-1.34 (m, 6H).

Methyl (3S,5R)-5-[4-(5-fluoro-2-methylphenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-1-(2-
nitrophenyl)sulfonylpiperidine-3-carboxylate (65)

The title compound was prepared from 63 in a manner similar to that described for 38 as a
colorless solid (84%). *H NMR (500 MHz, CDCls): & 8.03-8.02 (m, 1H), 7.76-7.71 (m, 2H),
7.67-7.65 (m, 1H), 7.27-7.20 (m, 1H), 6.95 (dq, J = 8.3, 2.4 Hz, 1H), 6.87-6.81 (m, 1H),
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4.05-3.99 (m, 1H), 3.87-3.80 (m, 1H), 3.72 (s, 3H), 3.68-3.14 (m, 5H), 2.80-2.66 (m, 3H),
2.32-2.17 (m, 4H), 1.74-1.66 (m, 1H), 1.37-1.34 (m, 6H).

1-tert-Butyl 3-methyl (3S,5R)-5-[2,2-dimethyl-4-(o-tolyl)-5-oxopiperazin-1-yl]piperidine-
1,3-dicarboxylate (66)

The title compound was prepared from 64 in a manner similar to that described for 45 as a
colorless solid (79%, 2steps). *H NMR (500 MHz, CDCls): § 7.27-7.21 (m, 3H), 7.12-7.08 (m,
1H), 4.30 (br s, 1H), 4.08 (br s, 1H), 3.72-3.52 (m, 5H), 3.39-3.35 (m, 1H), 3.21 (br d, J =
11.2 Hz, 1H), 3.01-2.97 (m, 1H), 2.70-2.54 (m, 3H), 2.24-2.23 (m, 3H), 2.12 (br d, J = 12.7
Hz, 1H), 1.83-1.74 (m, 1H), 1.48 (s, 9H), 1.36-1.32 (m, 6H).

1-tert-Butyl 3-methyl (3S,5R)-5-[4-(5-fluoro-2-methylphenyl)-2,2-dimethyl-5-
oxopiperazin-1-yl]piperidine-1,3-dicarboxylate (67)

The title compound was prepared from 65 in a manner similar to that described for 45 as a
colorless liquid (72%, 2steps). *H NMR (500 MHz, CDCls): § 7.21 (dd, J = 8.3, 6.8 Hz, 1H),
6.97-6.93 (m, 1H), 6.86-6.83 (m, 1H), 4.29 (br s, 1H), 4.09 (br s, 1H), 3.71-3.51 (m, 5H),
3.37-3.33 (m, 1H), 3.19 (br d, J = 11.7 Hz, 1H), 3.01-2.97 (m, 1H), 2.69-2.53 (m, 3H),
2.18-2.10 (m, 4H), 1.81-1.74 (m, 1H), 1.48 (s, 9H), 1.36-1.32 (m, 6H).

(3S,5R)-1-tert-Butoxycarbonyl-5-[2,2-dimethyl-4-(o-tolyl)-5-oxopiperazin-1-yl]piperidine
-3-carboxylic acid (68)

The title compound was prepared from 66 in a manner similar to that described for 46 as a
colorless solid (quant.). *H NMR (500 MHz, CDCls): & 7.28-7.23 (m, 3H), 7.12-7.08 (m, 1H),
4.30 (br s, 1H), 4.05 (br s, 1H), 3.79-3.63 (m, 2H), 3.44-3.18 (m, 2H), 3.00 (br s, 1H),
2.73-2.54 (m, 3H), 2.24-2.17 (m, 4H), 1.79-1.70 (m, 1H), 1.47 (s, 9H), 1.36-1.33 (m, 6H).

(3S,5R)-1-tert-Butoxycarbonyl-5-[4-(5-fluoro-2-methylphenyl)-2,2-dimethyl-5-oxopipera
zin-1-yl]piperidine-3-carboxylic acid (69)

The title compound was prepared from 67 in a manner similar to that described for 46 as a
colorless solid (quant.). *H NMR (500 MHz, CDCls): & 7.22 (dd, J = 8.3, 6.3 Hz, 1H),
6.98-6.94 (m, 1H), 6.87-6.83 (m, 1H), 4.29 (br s, 1H), 4.09 (br s, 1H), 3.78-3.61 (m, 2H),
3.42-3.18 (m, 2H), 3.01 (br s, 1H), 2.74-2.54 (m, 3H), 2.32-2.16 (m, 4H), 1.78-1.71 (m, 1H),
1.47 (s, 9H), 1.36-1.34 (m, 6H).

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-3-methyl-1-ph
enylbutyl]piperidine-3-carboxamide fumarate (54a)
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The title compound was prepared from 46 and (1R)-3-methyl-1-phenylbutan-1-amine
hydrochloride 70a in a manner similar to that described for 15e as a colorless solid (40%, 3
steps). "H NMR (500 MHz, CD30D): § 7.52-7.22 (m, 9H), 6.70 (s, 2H), 4.94 (br dd, J = 9.3,
5.4 Hz, 1H), 3.63-3.22 (m, 7H), 3.05-2.88 (m, 3H), 2.06-2.00 (m, 1H), 1.87-1.69 (m, 2H),
1.61-1.54 (m, 2H), 1.38-1.35 (m, 6H), 0.97-0.91 (m, 6H). HRMS (ESI*): m/z calcd for
Ca9H39CIN,O2+H: 511.2840; found: 511.2850.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-phenylpropy
lpiperidine-3-carboxamide fumarate (54b)

The title compound was prepared from 46 and (1R)-1-phenylpropan-1-amine 70b in a
manner similar to that described for 15e as a colorless solid (37%, 3 steps). [a]p>° +19.5 (c
1.02, MeOH). *H NMR (500 MHz, CDs0D): & 7.53-7.51 (m, 1H), 7.41-7.21 (m, 8H), 6.70 (s,
2H), 4.73 (br t, J = 7.3 Hz, 1H), 3.63-3.42 (m, 4H), 3.39-3.20 (m, 3H), 3.06-3.01 (m, 1H),
2.96 (br t, J = 12.2 Hz, 1H), 2.90-2.85 (m, 1H), 2.08-2.02 (m, 1H), 1.89-1.77 (m, 3H),
1.39-1.35 (m, 6H), 0.92 (t, J = 7.3 Hz, 3H). **C NMR (125 MHz, CDs;0D): & 170.6, 168.0,
166.0, 143.5, 139.2, 135.0, 131.4, 129.9, 129.4, 129.2, 128.2, 128.1, 126.5, 126.2, 61.5, 54.0,
52.9, 49.1, 45.9, 43.9, 31.4, 29.2, 23.9, 23.1, 22.6, 21.1, 10.9. IR: 3318, 2968, 1648, 1551,
1493, 1334, 986, 757, 702 cm™. HRMS (ESI*): m/z calcd for Cp7HasCINSOo+H: 483.2527;
found: 483.2541. Anal. C»7H35CIN4O,-C4H404-H,0; caled: C 60.33, H 6.70, N 9.08, CI 5.74;
found: C 60.61, H 6.57, N 9.13, CI 5.75.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(2-fluorophe
nyl)propyl]piperidine-3-carboxamide fumarate (54c)

The title compound was prepared from 46 and (1R)-1-(2-fluorophenyl)propan-1-amine
hydrochloride 70c in a manner similar to that described for 15e as a colorless solid (48%, 3
steps). *H NMR (500 MHz, CDs0OD): & 7.52 (br d, J = 7.8 Hz, 1H), 7.41-7.26 (m, 5H), 7.16
(dt, J=7.3, 1.0 Hz, 1H), 7.08 (ddd, J = 10.7, 8.3, 1.0 Hz, 1H), 6.71 (s, 2H), 5.01 (brt, J = 7.6
Hz, 1H), 3.63-3.43 (m, 4H), 3.39-3.22 (m, 3H), 3.07-3.02 (m, 1H), 2.99-2.89 (m, 2H),
2.11-2.04 (m, 1H), 1.89-1.79 (m, 3H), 1.40-1.36 (m, 6H), 0.93 (t, J = 7.3 Hz, 3H). HRMS
(ESIM): m/z calcd for C,7H34CIFN4O2+H: 501.2433; found: 501.2440.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(3-fluorophe
nyl)propyl]piperidine-3-carboxamide fumarate (54d)

The title compound was prepared from 46 and (1R)-1-(3-fluorophenyl)propan-1-amine
hydrochloride 70d in a manner similar to that described for 15e as a colorless solid (45%, 3
steps). *H NMR (500 MHz, CD30D): § 7.52-7.51 (m, 1H), 7.40-7.27 (m, 4H), 7.12 (br d, J =
7.8 Hz, 1H), 7.06-7.04 (m, 1H), 7.00-6.96 (m, 1H), 6.70 (s, 2H), 4.74 (br t, J = 7.3 Hz, 1H),
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3.64-3.42 (m, 4H), 3.39-3.22 (m, 3H), 3.07-2.89 (m, 3H), 2.10-2.02 (m, 1H), 1.89-1.78 (m,
3H), 1.39-1.36 (m, 6H), 0.93 (t, J = 7.3 Hz, 3H). HRMS (ESI"): m/z calcd for
C27H34CIFN4O2+H: 501.2433; found: 501.2444.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(4-fluorophe
nyl)propyl]piperidine-3-carboxamide fumarate (54e)

The title compound was prepared from 46 and (1R)-1-(4-fluorophenyl)propan-1-amine
hydrochloride 70e in a manner similar to that described for 15e as a colorless solid (44%, 3
steps). *H NMR (400 MHz, CD;0D): & 7.53-7.51 (m, 1H), 7.38-7.28 (m, 5H), 7.09-7.04 (m,
2H), 6.70 (s, 2H), 4.73 (br t, J = 7.4 Hz, 1H), 3.64-3.22 (m, 7H), 3.07-2.86 (m, 3H), 2.08-2.00
(m, 1H), 1.89-1.77 (m, 3H), 1.38-1.36 (m, 6H), 0.91 (t, J = 7.4 Hz, 3H). HRMS (ESI*): m/z
calcd for Cy7H34CIFN,Oo+H: 501.2433; found: 501.2435.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(3-chlorophe
nyl)propyl]piperidine-3-carboxamide fumarate (54f)

The title compound was prepared from 46 and (1R)-1-(3-chlorophenyl)propan-1-amine
hydrochloride 70f in a manner similar to that described for 15e as a colorless solid (35%, 3
steps). 'H NMR (500 MHz, CD;0D): & 7.53-7.50 (m, 1H), 7.39-7.23 (m, 7H), 6.70 (s, 2H),
4.71 (t, J = 7.6 Hz, 1H), 3.73-3.49 (m, 4H), 3.47-3.42 (m, 1H), 3.40-3.22 (m, 2H), 3.06-2.88
(m, 3H), 2.12-2.02 (m, 1H), 1.88-1.77 (m, 3H), 1.42-1.35 (m, 6H), 0.93 (t, J = 7.3 Hz, 3H).
HRMS (ESI"): m/z calcd for Cy7H34CIoN4O0+H: 517.2137; found: 517.2132.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(4-chlorophe
nyl)propyl]piperidine-3-carboxamide fumarate (549)

The title compound was prepared from 46 and (1R)-1-(4-chlorophenyl)propan-1-amine
hydrochloride 70g in a manner similar to that described for 15e as a colorless solid (35%, 3
steps). *H NMR (500 MHz, CD;0D): & 7.54-7.50 (m, 1H), 7.40-7.26 (m, 7H), 6.70 (s, 2H),
4.71 (t, J = 7.3 Hz, 1H), 3.64-3.22 (m, 7H), 3.07-2.86 (m, 3H), 2.09-2.01 (m, 1H), 1.89-1.77
(m, 3H), 1.41-1.34 (m, 6H), 0.92 (t, J = 7.5 Hz, 3H). HRMS (ESI*): m/z calcd for
C27H34Cl2N4O2+H: 517.2137; found: 517.2144.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-3-methyl-1-(2-
pyridyl)butyl]piperidine-3-carboxamide fumarate (54h)

The title compound was prepared from 46 and (1R)-3-methyl-1-(2-pyridyl)butan-1-amine
dihydrochloride 70h in a manner similar to that described for 15e as a colorless solid (48%, 3
steps). 'H NMR (500 MHz, CDsOD): & 8.51 (br d, J = 4.9 Hz, 1H), 7.79 (br t, J = 7.6 Hz, 1H),
7.52-7.51 (m, 1H), 7.41-7.35 (m, 3H), 7.31-7.28 (m, 2H), 6.70 (s, 2H), 5.03 (dd, J = 9.3, 5.9

76



Hz, 1H), 3.64-3.44 (m, 4H), 3.39-3.22 (m, 3H), 3.06-3.01 (m, 1H), 2.98-2.89 (m, 2H),
2.17-2.11 (m, 1H), 1.87-1.78 (m, 1H), 1.76-1.58 (m, 3H), 1.41-1.36 (m, 6H), 0.98 (d, J = 6.8
Hz, 3H), 0.95 (d, J = 6.3 Hz, 3H). HRMS (ESI"): m/z calcd for CgH3sCINsO,+H: 512.2792;
found: 512.2813.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(5-fluoro-2-p
yridyl)-3-methylbutyl]piperidine-3-carboxamide fumarate (54i)

The title compound was prepared from 46 and (1R)-1-(5-fluoro-2-pyridyl)-3-
methylbutan-1-amine dihydrochloride 70i in a manner similar to that described for 15e as a
colorless solid (47%, 3 steps). [a]p>>° +16.6 (¢ 1.16, MeOH). *H NMR (500 MHz, CD3;0D): &
8.41 (br d, J = 2.0 Hz, 1H), 7.58-7.50 (m, 2H), 7.42-7.35 (m, 3H), 7.33-7.30 (m, 1H), 6.71 (s,
2H), 5.05 (dd, J = 9.3, 6.4 Hz, 1H), 3.64-3.44 (m, 4H), 3.39-3.21 (m, 3H), 3.04 (brt, J =11.7
Hz, 1H), 2.99-2.89 (m, 2H), 2.15-2.09 (m, 1H), 1.86-1.78 (m, 1H), 1.76-1.64 (m, 2H),
1.61-1.55 (m, 1H), 1.40-1.36 (m, 6H), 0.97 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.3 Hz, 3H).*C
NMR (125 MHz, CD3;0D): 6 172.8, 171.5, 169.4, 161.2, 159.1, 140.1, 138.3, 136.3, 133.3,
131.5, 130.8, 130.4, 129.5, 125.0, 123.8, 63.4, 54.8, 53.7, 50.3, 47.7, 47.0, 45.5, 41.2, 32.6,
26.1, 25.1, 24.2, 23.3, 22.3, 21.8. IR: 3279, 2961, 1649, 1552, 1485, 1387, 1228, 983, 752,
633 cm™. HRMS (ESI*): m/z calcd for C,gH3;CIFNsO,+H: 530.2698; found: 530.2700. Anal.
C2sH37CIFN50,-C4H404-0.5H,0; calcd: C 58.66, H 6.46, N 10.69, ClI 5.41, F 2.90; found: C
58.70, H 6.58, N 10.73, CI 5.43, F 2.86.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-3-methyl-1-(3-
pyridyl)butyl]piperidine-3-carboxamide fumarate (54j)

The title compound was prepared from 46 and (1R)-3-methyl-1-(3-pyridyl)butan-1-amine
dihydrochloride 70j in a manner similar to that described for 15e as a colorless solid (36%, 3
steps). *H NMR (500 MHz, CD;0D): & 8.51 (br s, 1H), 8.45 (br d, J = 5.1 Hz, 1H), 7.82-7.79
(m, 1H), 7.53-7.51 (m, 1H), 7.45-7.26 (m, 4H), 6.72 (s, 2H), 4.99 (dd, J = 9.4, 5.5 Hz, 1H),
3.63-3.22 (m, 7H), 3.09-2.85 (m, 3H), 2.10-2.01 (m, 1H), 1.87-1.75 (m, 2H), 1.64-1.57 (m,
2H), 1.39-1.36 (m, 6H), 0.99 (d, J = 6.3 Hz, 3H), 0.94 (d, J = 6.3 Hz, 3H). HRMS (ESI*): m/z
calcd for CygH3sCINsO,+H: 512.2792; found: 512.2813.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(5-fluoro-3-p
yridyl)-3-methylbutyl]piperidine-3-carboxamide fumarate (54k)

The title compound was prepared from 46 and (1R)-1-(5-fluoro-3-pyridyl)-3-
methylbutan-1-amine dihydrochloride 70k in a manner similar to that described for 15e as a
colorless solid (33%, 3 steps). *H NMR (400 MHz, CD30D):  8.39-8.37 (m, 2H), 7.62-7.59
(m, 1H), 7.51 (br d, J = 7.8 Hz, 1H), 7.41-7.35 (m, 2H), 7.31-7.27 (m, 1H), 6.70 (s, 2H), 5.02
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(dd, J = 9.5, 5.6 Hz, 1H), 3.64-3.42 (m, 4H), 3.39-3.21 (m, 3H), 3.06-3.00 (m, 1H), 2.98-2.86
(m, 2H), 2.09-2.01 (m, 1H), 1.88-1.76 (m, 2H), 1.67-1.58 (m, 2H), 1.39-1.36 (m, 6H), 0.99 (d,
J = 6.4 Hz, 3H), 0.96 (d, J = 6.4 Hz, 3H). HRMS (ESI*): m/z calcd for CagHg7CIFNsO,+H:
530.2698; found: 530.2725.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-isoxazol-5-yl
-3-methylbutyl]piperidine-3-carboxamide fumarate (54l)

The title compound was prepared from 46 and (1R)-1-isoxazol-5-yl-3-methylbutan-1-amine
hydrochloride 701 in a manner similar to that described for 15e as a colorless solid (53%, 3
steps). 'H NMR (500 MHz, CD;0D): & 8.33-8.31 (m, 1H), 7.53-7.51 (m, 1H), 7.42-7.28 (m,
3H), 6.70 (s, 2H), 6.31-6.29 (m, 1H), 5.26 (dd, J = 9.3, 6.3 Hz, 1H), 3.68-3.23 (m, 7H),
3.08-2.86 (m, 3H), 2.14-2.08 (m, 1H), 1.95-1.87 (m, 1H), 1.82-1.74 (m, 2H), 1.68-1.61 (m,
1H), 1.41-1.33 (m, 6H), 0.99 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.8 Hz, 3H). HRMS (ESI*): m/z
calcd for CysH37CINsO5+H: 502.2585; found: 502.2588.

(3S,5R)-5-[4-(2-Chlorophenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-3-methyl-1-0x
azol-2-yl-butyl]piperidine-3-carboxamide fumarate (54m)

The title compound was prepared from 46 and (1R)-3-methyl-1-oxazol-2-yl-butan-1-amine
hydrochloride 70m in a manner similar to that described for 15e as a colorless solid (13%, 3
steps). 'H NMR (500 MHz, CDs;OD): & 7.88-7.86 (m, 1H), 7.53 (dd, J = 7.6, 1.7 Hz, 1H),
7.41-7.35 (m, 2H), 7.33-7.30 (m, 1H), 7.14-7.12 (m, 1H), 6.70 (d, J = 2.9 Hz, 2H), 5.17 (dd, J
= 8.5, 7.1 Hz, 1H), 3.69-3.22 (m, 7H), 3.08-2.95 (m, 2H), 2.92-2.84 (m, 1H), 2.23-2.15 (m,
1H), 1.94-1.85 (m, 1H), 1.82-1.77 (m, 2H), 1.65-1.60 (m, 1H), 1.43-1.36 (m, 6H), 0.98 (d, J =
6.8 Hz, 3H), 0.94 (d, J = 6.8 Hz, 3H). HRMS (ESI"): m/z calcd for CysH37CIN5Oz+H:
502.2585; found: 502.2603.

(3S,5R)-5-[2,2-Dimethyl-4-(o-tolyl)-5-oxopiperazin-1-yl]-N-[(1R)-1-(5-fluoro-2-pyridyl)-3
-methylbutyl]piperidine-3-carboxamide fumarate (54n)

The title compound was prepared from 68 and (1R)-1-(5-fluoro-2-pyridyl)-3-
methylbutan-1-amine dihydrochloride 70i in a manner similar to that described for 15e as a
colorless solid (50%, 3 steps). [a]p>>° +15.3 (¢ 1.19, MeOH). *H NMR (500 MHz, CD3;0D): &
8.41 (br s, 1H), 7.59-7.54 (m, 1H), 7.41-7.38 (m, 1H), 7.30-7.24 (m, 3H), 7.12-7.09 (m, 1H),
6.70 (s, 2H), 5.06-5.03 (m, 1H), 3.64-3.46 (m, 4H), 3.41-3.19 (m, 3H), 3.04 (t, J = 12.2 Hz,
1H), 2.98-2.87 (m, 2H), 2.19 (s, 1.5H), 2.17 (s, 1.5H), 2.13-2.09 (m, 1H), 1.86-1.57 (m, 4H),
1.38-1.36 (m, 6H), 0.98-0.93 (m, 6H). *C NMR (125 MHz, DMS0-d6): & 170.8, 168.1, 165.9,
158.9, 158.7, 156.9, 141.0, 136.6, 136.4, 135.1, 130.5, 127.4, 126.8, 123.6, 121.8, 61.9, 52.9,
51.7,48.9, 45.9, 45.6, 43.9, 43.7, 31.3, 24.4, 24.0, 23.0, 22.7, 21.6, 21.0, 17.3. IR: 3296, 2960,

78



1643, 1485, 1387, 1228, 983, 749, 647 cm™. HRMS (ESIM): m/z calcd for CagH4oFNsO2+H:
5103244, found: 510.3235. Anal. C29H40FN502'C4H404'0.5H20; calcd: C 6244, H 7.15 N
11.03, F 2.99; found: C 62.47,H 7.41, N 10.97, F 2.88.

(3S,5R)-5-[4-(5-Fluoro-2-methylphenyl)-2,2-dimethyl-5-oxopiperazin-1-yl]-N-[(1R)-1-(5-f
luoro-2-pyridyl)-3-methylbutyl]piperidine-3-carboxamide fumarate (540)

The title compound was prepared from 69 and (1R)-1-(5-fluoro-2-pyridyl)-3-
methylbutan-1-amine dihydrochloride 70i in a manner similar to that described for 15e as a
colorless solid (44%, 3 steps). *H NMR (500 MHz, CD;0D): § 8.41 (br s, 1H), 7.59-7.52 (m,
1H), 7.43-7.38 (m, 1H), 7.31-7.28 (m, 1H), 7.04-7.00 (m, 1H), 6.96-6.93 (m, 1H), 6.69 (s,
2H), 5.04 (br dd, J = 8.4, 6.5 Hz, 1H), 3.64-3.18 (m, 7H), 3.02 (br t, J = 12.1 Hz, 1H),
2.98-2.90 (m, 2H), 2.16-2.07 (m, 4H), 1.89-1.56 (m, 4H), 1.37-1.35 (m, 6H), 0.97 (d, J = 6.7
Hz, 3H), 0.94 (d, J = 6.7 Hz, 3H). HRMS (ESI"): m/z calcd for CagHzgF2N50,+H: 528.3150;
found: 528.3162.

(Ss)-2-Methyl-N-[(1R)-3-methyl-1-phenylbutyl]propane-2-sulfinamide (73a)

Ti(OEt)s (6.82 g, 29.9 mol) was added to a solution of 3-methyl-1-phenylbutan-1-one 71a
(27.0 g, 105 mmol) and (S)-(—)-2-methylpropane-2-sulfinamide 72 (2.00 g, 16.5 mmol) in
THF (36.0 mL) at rt, and the mixture was stirred at 70 °C for 5.5 h. After cooling, brine was
added to the reaction mixture. The mixture was filtered, and then the solvent was extracted
with AcOEt. Then, the organic layer was washed with brine, and dried over anhydrous
Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and the residue
was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 1/0 to 7/3) to
obtain (Ss)-2-methyl-N-[(1E)-3-methyl-1-phenylbutylidene]propane-2-sulfinamide (2.31 g,
47%) as a colorless liquid. *"H NMR (500 MHz, CDCls): § 7.82-7.80 (m, 2H), 7.48-7.40 (m,
3H), 3.35-3.31 (m, 1H), 3.08-3.05 (m, 1H), 2.10-2.02 (m, 1H), 1.32 (s, 9H), 0.98-0.96 (m,
6H). 1M L-selectride in THF (26.0 mL, 26.0 mmol) was added to a solution of
(Ss)-2-methyl-N-[(1E)-3-methyl-1-phenylbutylidene]propane-2-sulfinamide (2.31 g, 8.70
mmol) in THF (20 mL) under ice-cooling over a period of 5 min, and the mixture was stirred
at the same temperature for 1 h. The reaction mixture was evaporated under reduced pressure,
and the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt =
1/0 to 1/1) to obtain 73a (1.93 g, 83%) as a colorless liquid. *H NMR (500 MHz, CDCls): &
7.34-7.25 (m, 5H), 4.47-4.43 (m, 1H), 3.33 (br s, 1H), 1.72-1.63 (m, 2H), 1.48-1.40 (m, 1H),
1.16 (s, 9H), 0.94 (d, J = 6.4 Hz, 3H), 0.89 (d, J = 6.4 Hz, 3H).

(Ss)-N-[(1R)-1-(2-Fluorophenyl)propyl]-2-methylpropane-2-sulfinamide (73c)
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The title compound was prepared from 1-(2-fluorophenyl)propan-1-one 71c in a manner
similar to that described for 73a as a colorless liquid (49%, 2 steps). *H NMR (500 MHz,
CDCly): 6 7.31-7.23 (m, 2H), 7.14-7.10 (m, 1H), 7.05-7.01 (m, 1H), 4.62-4.58 (m, 1H), 3.44
(d, J=4.4 Hz, 1H), 1.99-1.84 (m, 2H), 1.17 (s, 9H), 0.89 (t, J = 7.6 Hz, 3H).

(Ss)-N-[(1R)-1-(3-Fluorophenyl)propyl]-2-methylpropane-2-sulfinamide (73d)

The title compound was prepared from 1-(3-fluorophenyl)propan-1-one 71d in a manner
similar to that described for 73a as a colorless liquid (60%, 2 steps). *H NMR (400 MHz,
CDCly): 6 7.32-7.28 (m, 1H), 7.09-7.05 (m, 1H), 7.02-6.94 (m, 2H), 4.32-4.28 (m, 1H), 3.38
(brs, 1H), 1.88-1.74 (m, 2H), 1.19 (s, 9H), 0.85 (t, J = 7.4 Hz, 3H).

(Ss)-N-[(1R)-1-(4-Fluorophenyl)propyl]-2-methylpropane-2-sulfinamide (73e)

The title compound was prepared from 1-(4-fluorophenyl)propan-1-one 71e in a manner
similar to that described for 73a as a colorless liquid (70%, 2 steps). 'H NMR (400 MHz,
CDCly): 8 7.28-7.23 (m, 2H), 7.05-7.00 (m, 2H), 4.31-4.25 (m, 1H), 3.38 (br s, 1H), 1.87-1.72
(m, 2H), 1.18 (s, 9H), 0.83 (t, J = 7.3 Hz, 3H).

(Ss)-N-[(1R)-1-(3-Chlorophenyl)propyl]-2-methylpropane-2-sulfinamide (73f)

The title compound was prepared from 1-(3-chlorophenyl)propan-1-one 71f in a manner
similar to that described for 73a as a colorless liquid (57%, 2 steps). *H NMR (500 MHz,
CDCly): § 7.29-7.24 (m, 3H), 7.19-7.16 (m, 1H), 4.29-4.26 (m, 1H), 3.38 (br s, 1H), 1.87-1.74
(m, 2H), 1.20 (s, 9H), 0.85 (t, J = 7.4 Hz, 3H).

(Ss)-N-[(1R)-1-(4-Chlorophenyl)propyl]-2-methylpropane-2-sulfinamide (73g)

The title compound was prepared from 1-(4-chlorophenyl)propan-1-one 71g in a manner
similar to that described for 73a as a colorless liquid (60%, 2 steps). ‘H NMR (400 MHz,
CDCls): 6 7.32-7.29 (m, 2H), 7.24-7.21 (m, 2H), 4.30-4.26 (m, 1H), 3.37 (br s, 1H), 1.86-1.72
(m, 2H), 1.18 (s, 9H), 0.84 (t, J = 7.3 Hz, 3H).

(Ss)-2-Methyl-N-[(1R)-3-methyl-1-(2-pyridyl)butyl]propane-2-sulfinamide (73h)

The title compound was prepared from 3-methyl-1-(2-pyridyl)butan-1-one 71h in a manner
similar to that described for 73a as a colorless liquid (63%, 2 steps). *H NMR (500 MHz,
CDCly): 6 8.58-8.57 (m, 1H), 7.65 (dt, J = 7.6, 1.8 Hz, 1H), 7.27-7.24 (m, 1H), 7.18 (ddd, J =
7.6, 4.9, 1.2 Hz, 1H), 4.54-450 (m, 1H), 3.85 (d, J = 5.9 Hz, 1H), 1.85-1.76 (m, 2H),
1.56-1.51 (m, 1H), 1.15 (s, 9H), 0.95 (d, J = 7.0 Hz, 3H), 0.92 (d, J = 7.0 Hz, 3H).

80



(Ss)-N-[(1R)-1-(5-Fluoro-2-pyridyl)-3-methylbutyl]-2-methylpropane-2-sulfinamide (73i)

The title compound was prepared from 1-(5-fluoro-2-pyridyl)-3-methylbutan-1-one 71i in a
manner similar to that described for 73a as a colorless liquid (53%, 2 steps). *H NMR (400
MHz, CDCls): 6 8.43 (d, J = 2.7 Hz, 1H), 7.36 (dt, J = 8.6, 2.7 Hz, 1H), 7.29-7.26 (m, 1H),
455 (dt, J = 7.4, 5.5 Hz, 1H), 3.73 (br d, J = 5.5 Hz, 1H), 1.84-1.72 (m, 2H), 1.54-1.44 (m,
1H), 1.15 (s, 9H), 0.95 (d, J = 6.7 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H).

(Ss)-2-Methyl-N-[(1R)-3-methyl-1-(3-pyridyl)butyl]propane-2-sulfinamide (73j)

The title compound was prepared from 3-methyl-1-(3-pyridyl)butan-1-one 71j in a manner
similar to that described for 73a as a colorless liquid (45%, 2 steps). *H NMR (400 MHz,
CDCly): 6 8.57-8.54 (m, 2H), 7.64-7.61 (m, 1H), 7.30-7.27 (m, 1H), 4.50 (dt, J = 7.4, 2.3 Hz,
1H), 3.40 (d, J = 1.5 Hz, 1H), 1.70 (t, J = 7.3 Hz, 2H), 1.48-1.43 (m, 1H), 1.17 (s, 9H), 0.95
(d, J=6.3 Hz, 3H), 0.91 (d, J = 6.8 Hz, 3H).

(Ss)-N-[(1R)-1-(5-Fluoro-3-pyridyl)-3-methylbutyl]-2-methylpropane-2-sulfinamide
(73k)

The title compound was prepared from 1-(5-fluoro-3-pyridyl)-3-methylbutan-1-one 71k in a
manner similar to that described for 73a as a colorless liquid (41%, 2 steps). 'H NMR (400
MHz, CDCls): 8 8.41-8.40 (m, 2H), 7.40-7.37 (m, 1H), 4.54 (dt, J = 7.2, 1.7 Hz, 1H), 3.56 (d,
J=2.0 Hz, 1H), 1.76-1.63 (m, 2H), 1.53-1.42 (m, 1H), 1.19 (s, 9H), 0.96 (d, J = 6.6 Hz, 3H),
0.93 (d, J = 6.6 Hz, 3H).

(Ss)-N-[(1R)-1-1soxazol-5-yl-3-methylbutyl]-2-methylpropane-2-sulfinamide (73I)

The title compound was prepared from 1-isoxazol-5-yl-3-methylbutan-1-one 711 in a
manner similar to that described for 73a as a colorless liquid (69%, 2 steps). *H NMR (500
MHz, CDCls): § 8.18 (d, J = 1.9 Hz, 1H), 6.18 (d, J = 1.9 Hz, 1H), 4.70 (dt, J = 7.6, 5.0 Hz,
1H), 3.38 (d, J = 4.9 Hz, 1H), 1.90-1.77 (m, 2H), 1.64-1.59 (m, 1H), 1.19 (s, 9H), 0.98-0.94
(m, 6H).

(Ss)-2-Methyl-N-[(1R)-3-methyl-1-oxazol-2-yl-butyl]propane-2-sulfinamide (73m)

The title compound was prepared from 3-methyl-1-oxazol-2-yl-butan-1-one 71m in a
manner similar to that described for 73a as a colorless liquid (58%, 2 steps). *H NMR (400
MHz, CDCls): & 7.61 (s, 1H), 7.08 (s, 1H), 4.68-4.62 (m, 1H), 3.53 (d, J = 5.9 Hz, 1H),
1.97-1.82 (m, 2H), 1.63-1.57 (m, 1H), 1.17 (s, 9H), 0.95 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 6.6
Hz, 3H).
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(1R)-3-Methyl-1-phenylbutan-1-amine hydrochloride (70a)

4N-HCI in 1,4-dioxane (3.60 mL, 14.4 mmol) was added to a solution of 73a (1.93 g, 7.22
mmol) in methanol (3.60 mL) at room temperature, and the mixture was stirred at the same
temperature for 40 min. Et,O was added to the reaction mixture, and then the precipitate was
collected by filtration to obtain 70a (1.30 g, 90%) as a colorless solid. *H NMR (500 MHz,
CD;0D): § 7.49-7.41 (m, 5H), 4.31 (dd, J = 10.0, 5.6 Hz, 1H), 1.93 (ddd, J = 15.6, 10.3, 5.4
Hz, 1H), 1.81-1.75 (m, 1H), 1.44-1.36 (m, 1H), 0.96 (d, J = 6.8 Hz, 3H), 0.92 (d, J = 6.8 Hz,
3H). HRMS (ESI™): m/z calcd for Cy1Hi7N+H: 164.1439; found: 164.1441.

(1R)-1-(2-Fluorophenyl)propan-1-amine hydrochloride (70c)

The title compound was prepared from 73c in a manner similar to that described for 70a as a
colorless solid (89%). *H NMR (400 MHz, CD30D): & 7.51-7.45 (m, 2H), 7.33-7.29 (m, 1H),
7.25-7.21 (m, 1H), 4.47 (dd, J = 9.3, 5.9 Hz, 1H), 2.12-1.94 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H).

(1R)-1-(3-Fluorophenyl)propan-1-amine hydrochloride (70d)

The title compound was prepared from 73d in a manner similar to that described for 70a as a
colorless solid (80%). 'H NMR (500 MHz, CD5;0D): & 7.52-7.47 (m, 1H), 7.27-7.16 (m, 3H),
4.21 (dd, J = 9.3, 5.9 Hz, 1H), 2.08-1.90 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H).

(1R)-1-(4-Fluorophenyl)propan-1-amine hydrochloride (70e)

The title compound was prepared from 73e in a manner similar to that described for 70a as a
colorless solid (quant.). *"H NMR (400 MHz, CDs;0D): & 7.50-7.44 (m, 2H), 7.23-7.18 (m,
2H), 4.19 (dd, J = 9.2, 5.7 Hz, 1H), 2.09-1.88 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H).

(1R)-1-(3-Chlorophenyl)propan-1-amine hydrochloride (70f)

The title compound was prepared from 73f in a manner similar to that described for 70a as a
colorless solid (90%). *H NMR (500 MHz, CD;0D): & 7.50-7.44 (m, 3H), 7.38-7.36 (m, 1H),
4.19 (dd, J =9.0, 6.1 Hz, 1H), 2.06-1.91 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H).

(1R)-1-(4-Chlorophenyl)propan-1-amine hydrochloride (70g)

The title compound was prepared from 73g in a manner similar to that described for 70a as a
colorless solid (59%). *H NMR (500 MHz, CD30D): § 7.49-7.47 (m, 2H), 7.45-7.42 (m, 2H),
4.19 (dd, J =9.3, 5.9 Hz, 1H), 2.09-1.89 (m, 2H), 0.89 (t, J = 7.6 Hz, 3H).

(1R)-3-Methyl-1-(2-pyridyl)butan-1-amine dihydrochloride (70h)

The title compound was prepared from 73h in a manner similar to that described for 70a as a
colorless solid (89%). *H NMR (500 MHz, CDs;OD): & 8.81-8.79 (m, 1H), 8.28 (dt, J = 7.8,
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1.5 Hz, 1H), 7.86 (br d, J = 7.8 Hz, 1H), 7.75 (ddd, J = 7.8, 5.4, 1.0 Hz, 1H), 4.66 (t, J = 7.3
Hz, 1H), 1.99-1.87 (m, 2H), 1.57-1.49 (m, 1H), 1.02 (d, J = 6.8 Hz, 3H), 0.97 (d, J = 6.8 Hz,
3H).

(1R)-1-(5-Fluoro-2-pyridyl)-3-methylbutan-1-amine dihydrochloride (70i)

The title compound was prepared from 73i in a manner similar to that described for 70a as a
colorless solid (quant.). [a]p*>° —4.39 (¢ 1.00, MeOH). *H NMR (500 MHz, CD;0D): § 8.56
(d, J=2.9 Hz, 1H), 7.67 (dt, J = 8.6, 2.9 Hz, 1H), 7.53 (dd, J = 8.8, 4.4 Hz, 1H), 4.51-4.48 (m,
1H), 1.86 (ddd, J = 13.7, 8.3, 6.4 Hz, 1H), 1.76 (ddd, J = 13.7, 7.8, 6.4 Hz, 1H), 1.51-1.43 (m,
1H), 1.00 (d, J = 6.4 Hz, 3H), 0.94 (d, J = 6.4 Hz, 3H). HRMS (ESI"): m/z calcd for
CioH1sFN2+H: 183.1298; found: 183.1294.

(1R)-3-Methyl-1-(3-pyridyl)butan-1-amine dihydrochloride (70j)

The title compound was prepared from 73] in a manner similar to that described for 70a as a
colorless solid (84%). *H NMR (500 MHz, CD;0D): & 9.16-9.15 (m, 1H), 8.99-8.98 (m, 1H),
8.87-8.84 (m, 1H), 8.24 (dd, J = 8.3, 5.9 Hz, 1H), 4.76 (dd, J = 8.8, 6.8 Hz, 1H), 2.07-1.96 (m,
2H), 1.54-1.46 (m, 1H), 1.01 (d, J = 6.8 Hz, 3H), 0.99 (d, J = 6.8 Hz, 3H).

(1R)-1-(5-Fluoro-3-pyridyl)-3-methylbutan-1-amine dihydrochloride (70k)

The title compound was prepared from 73k in a manner similar to that described for 70a as a
colorless solid (88%). *H NMR (500 MHz, CDs;0D): & 8.71 (d, J = 2.0 Hz, 1H), 8.67 (br s,
1H), 8.03 (dt, J = 8.8, 2.0 Hz, 1H), 4.58 (dd, J = 9.3, 6.4 Hz, 1H), 2.00-1.94 (m, 1H),
1.91-1.86 (m, 1H), 1.49-1.41 (m, 1H), 0.99 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H).

(1R)-1-1soxazol-5-yl-3-methylbutan-1-amine hydrochloride (70l)

The title compound was prepared from 731 in a manner similar to that described for 70a as a
colorless solid (87%). *H NMR (500 MHz, CDs;OD): & 8.48 (d, J = 1.5 Hz, 1H), 6.63 (d, J =
1.5 Hz, 1H), 4.75 (dd, J = 9.8, 5.9 Hz, 1H), 2.04-1.97 (m, 1H), 1.86-1.80 (m, 1H), 1.56-1.49
(m, 1H), 0.99 (d, J = 6.3 Hz, 3H), 0.96 (d, J = 6.8 Hz, 3H).

(1R)-3-Methyl-1-oxazol-2-yl-butan-1-amine hydrochloride (70m)

The title compound was prepared from 73m in a manner similar to that described for 70a as
a colorless solid (quant.). '"H NMR (500 MHz, CDs0D): & 8.01 (s, 1H), 7.26 (s, 1H), 4.62 (dd,
J =9.3, 59 Hz, 1H), 2.05-1.98 (m, 1H), 1.83-1.77 (m, 1H), 1.63-1.55 (m, 1H), 0.99 (d, J =
6.3 Hz, 3H), 0.95 (d, J = 6.8 Hz, 3H).

1-(5-Fluoro-2-pyridyl)-3-methylbutan-1-one (71i)
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Isobutylmagnesium bromide (17% in THF, ca. 1 mol/L) (32.0 mL, 32.0 mmol) was added to
a solution of 74 (3.07 g, 25.1 mmol) in THF (50.0 mL) at —78 °C over a period of 20 min, and
the mixture was stirred at the same temperature for 10 min. Then, the mixture was stirred at
room temperature for 1.5 h. 2N HCI aqueous solution was added to the reaction mixture under
ice-cooling, and then NaHCO3 agqueous solution was added to the reaction mixture, followed
by extraction with AcOEt. Then, the organic layer was washed with brine and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 1/0
to 2/1) to obtain 71i (2.50 g, 55%) as a colorless liquid. *H NMR (500 MHz, CDCls): & 8.49
(d, J = 2.9 Hz, 1H), 8.10 (dd, J = 8.8, 4.4 Hz, 1H), 7.50 (dt, J = 8.3, 2.9 Hz, 1H), 3.06 (d, J =
7.3 Hz, 2H), 2.34-2.26 (m, 1H), 0.99 (d, J = 6.8 Hz, 6H).

N-Methoxy-N-methylisoxazole-5-carboxamide (76)

75 (10.0 g, 76.0 mmol) was added to a solution of N,O-dimethylhydroxylamine
hydrochloride (8.90 g, 91.2 mmol) and pyridine (13.5 mL, 167 mmol) in CH,Cl, (150 mL) at
0 °C, and the mixture was stirred at room temperature for 2 h. NaHCO3 aqueous solution was
added to the reaction mixture, followed by extraction with CH,Cl,. Then, the organic layer
was washed with brine and dried over anhydrous Na,SO,4. After filtration, the solvent was
evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 1/1) to obtain 76 (11.1 g, 94%) as a colorless
liquid. 'H NMR (400 MHz, CDCls): 6 8.35 (d, J = 1.8 Hz, 1H), 6.89 (d, J = 1.8 Hz, 1H), 3.83
(s, 3H), 3.39 (s, 3H).

1-l1soxazol-5-yl-3-methylbutan-1-one (711)

Isobutylmagnesium bromide (17% in THF, ca. 1 mol/L) (101 mL, 101 mmol) was added to
a solution of 76 (11.1 g, 71.2 mmol) in THF (400 mL) at 0 °C over a period of 30 min, and
then, the mixture was stirred at room temperature for 2 h. Saturated NH,Cl aqueous solution
was added to the reaction mixture under ice-cooling, and then NaHCO3 aqueous solution was
added to the reaction mixture, followed by extraction with AcOEt. Then, the organic layer
was washed with brine and dried over anhydrous Na,SO,4. After filtration, the solvent was
evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (eluent, n-hexane/AcOEt = 9/1) to obtain 71l (10.6 g, 97%) as a colorless
liquid. 'H NMR (400 MHz, CDCls): 6 8.35 (d, J = 2.0 Hz, 1H), 6.91 (d, J = 2.0 Hz, 1H), 2.86
(d, J = 7.0 Hz, 2H), 2.35-2.28 (m, 1H), 1.01 (d, J = 7.0 Hz, 6H).
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3—9—2) Biology assays

I1Cs in buffer
The assay was conducted in a manner similar to that described in chapter 1.

ICs in plasma
The assay was conducted in a manner similar to that described in chapter 1.

Metabolic stability
The evaluation was conducted in a manner similar to that described in chapter 1.

Lipophilicity (LogD7.4)
100 uM of compounds was added into a mixture of 1-octanol and phosphate buffered saline
(PBS, pH 7.4). After the mixture was vortexed and centrifuged, compound concentrations in
the 1-octanol layer and PBS layer were semi-quantitatively analyzed by LC-MS/MS and
LogD value was calculated by the following formula.
[LogD] = Logio [compound concentration in 1-octanol / compound concentration in PBS]

Plasma protein binding ratio

After human plasma spiked with 5 uM of compounds was dialyzed against PBS at 37 °C for
5 h using dialysis membrane., compound concentration in the PBS and human plasma were
semi-quantitatively analyzed by LC-MS/MS and % binding was calculated by the following
formula.

[% binding] = 100 - [compound concentration in PBS] / [compound concentration in human
plasma] x 100

CYP direct inhibition

The reversible inhibition by compounds on the specific activities of CYP were examined in
the reaction mixture containing human liver microsome and a NADPH generating system.
The microsomal protein concentration in the assay was 0.1 mg/mL. After CYP substrate was
incubated at 37 °C for 10 min in the absence or presence of compounds (10 pmol/L),
concentration of metabolites from CYP substrate was semi-quantitatively analyzed by
LC-MS/MS and % inhibition was calculated by the following formula.

[% inhibition] = 100 - [metabolite concentration] with compound /[metabolite concentration]
without compound x 100
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hERG current inhibition

Potassium currents in CHO-K1 cells stably expressing the hERG potassium channel were
measured using the patch clamp technique on an lonWorks Quattro system (Molecular
Devices, USA). hERG channels were activated from a holding potential of -80 mV by a step
to +50 mV for 2 s, followed by a step to -40 mV for 2 s, and then tail peak currents were
measured. Test compounds were incubated with the cells for 5 min.

Guinea pig right ventricular papillary muscle-cardiac action potential

Action potentials were measured using the glass microelectrode method. Male Hartley
guinea pigs were sacrificed by cervical dislocation and exsanguination. The heart was
immediately excised. A strand of free-running papillary muscle from the right ventricle was
dissected and immediately mounted into a perfusion chamber. The perfusing Tyrode solution
was oxygenated with a gas mixture of 5% CO, and 95% O,, and kept at 36.5 °C with a
temperature-controlled circulator. Transmembrane action potentials were recorded using a 3
M KCI glass microelectrode with a tip resistance of 5-30 megohms, which was coupled to an
Ag-AgCl bath electrode and connected to a microelectrode amplifier (MEZ-8300 or
MEZ-8301, Nihon Kohden, Japan). The tissue preparation was electrically driven at 1 Hz
through bipolar electrodes using a stimulator (SEN-3201 or SEN-3301, Nihon Kohden). The
stimulation pulse was square in shape, 1 ms duration, with an intensity of about 1.3 times the
diastolic threshold. The action potentials were displayed on an oscilloscope (CS-4025 or
DSC-7040, Kenwood, Japan), and recorded and analyzed using a computer system
(WInCAPA1.6.6. Aui, Physio-Tech, Japan). Resting membrane potential, action potential
amplitude, maximal upstroke velocity, and action potential duration at 30%, 60% and 90%
repolarization levels were quantified. After confirming that these parameters were stabilized,
test compounds were incubated with the tissue preparation for 30 min.

Ames test (Salmonella typhimurium TA98 and TA100)

To detect the mutagenic potential of test compound in bacteria, various dose levels of test
compound were evaluated for each bacterial strain in either the presence or absence of a
metabolic activation system (S9 mix). The revertant colonies after 48 h incubation (37°C)
were counted using an automated colony counter (CA-11, System Science, Inc.) with
automatic area correction. When the mean revertant colony count increased 2 times or more
than that of the vehicle control (DMSO), and the increase showed dose-dependency or
reproducibility, the test compound was judged to be positive.
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3—9—3) Animal studies

Blood pressure study in dTG rats
The evaluation was conducted in a manner similar to that described in chapter 1.

Blood pressure study in cynomolgus monkeys pre-treated with furosemide

Arterial pressure was measured by a telemetry system in conscious, freely moving
cynomolgus monkeys (n = 6). Pressure transmitters (TL11M2-D70-PCT, Data Sciences
International Inc., USA) were implanted into the peritoneal cavity under aseptic conditions
and anesthesia, and the sensor catheter was placed in the left femoral artery. Cynomolgus
monkeys were allowed to recover for at least 1 week before any experiment. The animals
were fasted from the morning on the dosing day. Feeding on the dosing day was conducted 8
hours after dosing or later. The animals were allowed free access to water the whole time.
Furosemide at 5 mg/kg/day was intramuscularly administered for 3 days before drug
administration. Cynomolgus monkeys orally received 54n at doses of 3 and 10 mg/kg, or
vehicle (1% methylcellulose). Arterial pressure was continuously measured telemetrically
from 3 h before administration to 24 h after administration with the data collection and
real-time analysis system (Dataquest™ OpenART™, Data Sciences International, USA). The
mean value for 1 h of MAP was calculated.

Pharmacokinetics
The evaluation was conducted in a manner similar to that described in chapter 1.

Cassette dosing method (po, 0-4h) in cynomolgus monkeys

Three or four compounds suspended in 1% methylcellulose were administered
simultaneously to cynomolgus monkeys by oral gavage at a dose of 1 mg/kg for each
compound. Following dosing, blood samples were collected over 4 h with a minimum of 4
time points, and plasma concentrations of each compound were determined by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) to obtain PK parameters via
non-compartmental analysis.
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P, P3O E b 2179 2L T, 7u® I RTRE LI =27 A4 BN T
BENTFEERZ R T B EZAY 54n 2545 L= (Figure4-1) . LI L7235, LA
WMsdn 1 =7 A VTR OEEGTH &, EXRY D UVERES NEXRT VU OREE D]
N7 ==V NERT DUNEERET A Z EVHIBA Lz, & 2 CARETIE, RERNH
MDOEREMZ DO, ZNETREFThoTo Py SO LV ZERE AR
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Figure 4-1. Modification of P;’, P,’, and P; region

4—2) PiEBRIEDT YA

PLERALIC T FERT U URE AT H L= EROBRFHIBNT, 7 hEXT Vv
Bl b= L OMAERCOWTIEREMR T M Thbh T\ 5 Y2, ZORE%, 7
FERTOUBR FEOPAF AT FL=v D S Ry hE, IARFYI RO
FRFITe b= Tyr77 EHEERH L, 7 NI VU EOBEEMERE 1T
FAAAERICEES- L CW AW Z LR EIN TS, LAY 54n IZB L CTH RIEED
WAEEHZ RTZENTHINDZ EnD, P E R DU E DRSS 2 ZEAL
T HT=OIT, PN ORI % KRB FICEBR LT RFBEBYE 77 2741 LT
(Figure 4-2) , 2B, RERBIFEOBMEZPSE | RFE EHNLE Ok 2 R4
H-0, 77X LANICIE _EREEEZEALL,
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Figure 4-2. Modification of P; region

4—3) PRIEEBIE DG HRT

FT. RBEERIR 77 OEGRIRFTEITV, b— NENLIRIC T X RERAL O IS i
EITH 2L b LT, IRFEHR 77 OWEEfENT 2 Scheme 4-1 12777, HHMLEW 77
X, ZAT IR NOLARTELLDEEBE X, TAT/RT8DYE RuE ) R
B, &7 F K 79 225 Horner-Wadsworth-Emmons (HWE) FJSIZ LV Gk Tx 5 &
EZT, T NARTI D A RRRFBFE AL, TLT B RIK 80 ~D y MiEIRH 2 7 L =1
BICE > THSET A2 L L LT-, T E MK 80 1. KESHATRE/ R e B
EXY U RLLFHEET L L L,

fumaric acid Boc
U

0.~ OMe HWE reaction
% QB — \'_// o —

0

78
Boc y -selective Boc Boc
N prenylatlon
o OMe M — 7&
N (0]
79 80 32

Scheme 4-1. Retrosynthetic analysis of 77

AARIRFBRENSI T B AR T £ TOERLV— k% Scheme 4-2 1277, (ZU®
12, BB CTHER LT NAEM R D VAR R 32 2R T THF$ERIC L E L L7 v
a—)L 81 & 91U DULR THET-, FHiV T Swern fiRfbic LW 75k K80 ~tiFE L=
%7 e ReE Nz y (ORI 72 7 L = Wb O fET 21T - 72 (Scheme 4-3) ,
F9°, CrCly & W= IG-Fa (LR 21T o 72 & 2 A, IERE X OIS O FFBLERME )
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o772 Fl2. THATE RAOMINZ IOV ALTET Vs R, AF VT AT IIVEK
IR LA LTz EE 2 BBk AT )L 83 REIE L=, BEMOIK S 13 CrCl, R %
EMEICEA2HD E T L, CrLidho&)E % Hv 7z Barbier Kt DEET 21T 72, £ D
R, LT = v AKAEK E THF ORGIEEF CHENM R M AT 5 Z ik
D 3 EEANC y MBI 7 L = B NEITT 5 2 L 3o o, T ORERIE. Zn
DEEMEITINZ, T/VT & RAOFIZICA LT D7 v ax v RO KEEF T <
IZRIE L, BRIRT AT )L 83 DARMBIIZ bNZT-dEtEZBND, KEIZ, HH5h
7T a— AR 82 1Zxf L THO Swern ik z21T5 Z &2 XV, HIO T M AR 79 %
Ak L7z (87%, 3 steps) .

?oc ro ?oc
N N N
M - /O\( . Y[j\rf
HO OMe ___ o OMe ____ o OMe
[
o (0] OH (e} (e} o
32 81 80
?oc ?oc
N N
(c) HO oMe @ o OMe
—_— —_—
N ©) N (o)
82 79

Scheme 4-2. Synthetic pathway leading to 79. Reagents and conditions: (a) BH;-THF, THF,
=78 °C to rt, 1 h, 91%; (b) (COCl),;, DMSO, CH,Cl,, then Et;N, =78 °C to 0 °C, 2 h; (c)
prenyl bromide, zinc dust, NH4Cl aq., THF, rt, 1.5 h; (d) (COCl),, DMSO, CH,Cl,, then Et3N,
=78 °Cto 0 °C, 2 h, 87% (3 steps).

$oc ?oc ?oc
N /k/\ N N
H OMe N HO OMe
I + |
le) 0 o] (e)gre]

THF X

80 82 83

Reagent Yield
CrCl, 45-68% <4%
Zndust + NH,Cl ag. quant. 0%

Scheme 4-3. vy -selective prenylation of 80

T RARTINELNIZOT, RIZY ST X7 )L 84 & D 4yF-fi] HWE Bt % 57
7z (Scheme 4-4) , L2L, EHOxT ) MR ITFE o7 <HF LT, B EI S
7= (89% recovery) ., ZODFERMND, F b UEANIEFIT @ EmW T DI T BUG A
AT LR oo e R LT, £ TRIT, mmWr b AT L THEETT 5 2 &3
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Scheme 4-4. Intermolecular HWE reaction of 79 with 84

77N HWE sz FIH L7 ARV — b % Scheme 4-5 123, 9. 7 FAR 79
DE=NHEFT Y VLT D ZEICED T AT R 86 ~E AL (81%) . 55
N7=86 & o- b A P DiETTHT X LI L > T .7 =1 87 % 1% DR T 7=,
WIZARAR T2 N7 =V RFFEKR 89 # 5T A7, 2-0= FX AR ARV LEE
kL7 =V 87 DA G & MKE L=, HBTU, HATU. BOP reagent, [fj[lI3k3% &7
R LN, 7=V 2 87 ORUGHENMEW =2y, HAW 89 13 F » 72 b2 ko
7o T T, MEAPIETIERL 22V bFVHRARI AT EF L7 K (88) % H
W T ARG LT D Z & & Uiz, SCHRIZHEV, 2-2 @ MR AR AR Y VERRE & 4
I L) KRB 2-V hFURAKRIALTEF L7 K (88) Y7 mnm A
BV AT LTS BEHICT =Y v 87 ERIGE®HZE T, AAKR I/ TE T =
U REHER 89 % 88NDIETHSH Z LTI LT,

e T, LA 89 DN HWE KL Dt 21772 (Table 4-1) , HHEE LT
DBU (Entry 1) <> NaOMe (Entry2) % 723546 BIDOBRILIK 78 1I3&2< B b7 i
ST, KV TH S NaH (Entry 3) Z W\ =& 2 A 36%DUEE T HIIY 78 3
Boilc, BEEOREIT, MU OEmESICED ETRRL, U iR X7 VAL
AT DT = A OREME EF B2 L a2EXTZ, B—7 b VBB R TIVERNLD
iz FI2iX 18-crown-6 OUSIMBAA R & DHMENRH D Z L2vb 2, KCOs £72id
KHMDS % 18-crown-6 LA E TS EITo 72, T DOREER. K.COs & W86
BRILIK 78 122 B2 o722 (Entry 4) | 8 TH S KHMDS Z vz & =
A TR%DIETHELND Z ERyh->7= (Entry5) |

BAFRIERTERALIKR 78 BF LN 72D T, 5IEHEE LIOHH0 IZX D= 2T L HED
IKRSREZAT T2 (92%) o B BT IR EE 0 &, JFEMERT I v 701 EfEd
THZETIL~EFHEELL (quant) . %ZIZ, Boc % TFAIZ K VBREL 7~ Ll
EWINT 52T, BEOW 77 % 2 THE 81% DR THAL L7z,
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Scheme 4-5. Synthetic pathway leading to 77. Reagents and conditions: (a) Oz, CH,Cl,,
=78 °C, 3 h, then PPhs, 4 °C, 18 h, 81%; (b) o-toluidine, AcOH, toluene, 80 °C, 1h, then
NaBH(OAc);, rt, 1.5 h, 91%; (c) 88 in CH,Cl,, DMA, rt, 1 h, 88%; (d) 0.5 M KHMDS in
toluene, 18-crown-6, THF, =78 °C to —20 °C, 3 h, 72%; (e) LiOH-H,O, THF, water, 0 °C, 1 h,
92%; (f) amine 70i, HBTU, N,N-diisopropylethylamine, DMF, 0 °C, 1 h, quant.; (g) TFA,
CH,Cl,, rt, 40 min; (h) fumaric acid, MeOH, rt, 5 min, 81% (2 steps).

Table 4-1. Intramolecular HWE reaction

EtO OEt ?oc ?OC
. N N

022 o OMe  Conditions O OMe

: N o}

89 78
Entry base additive solvent temperature Yield (%)
1 DBU - THF rt 0

2 NaOMe - MeOH rt 0

3 NaH - THF rt 36

4 K>CO3 18-crown-6 Toluene rt 0

5 KHMDS 18-crown-6 THF —78°Cto —20°C 72
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RBEIER DG RIEZMESL LT T, IRICZIVE TOMF TH O RENRT 2
REML CHHT FF U ATFVEE (92) /217 == (93) ZFORBEADE
X% 17> 7= (Scheme 4-6) . Scheme 4-5 T5 S 7= VR Uk 90 Z Y& 72 T 2 v
40e F721F 70a LHEA L. Boc HEFRELIZZIC 7~ VBREZRINT 522 T, HHO
IRFBEHIR 92 BLNB #ERK LT,

] ]

E"C \L " Hal
N or
NN OH
70a

40e

©/\N o @), (). (©)

fumaric acid H fumaric acid
N
H
0 N
S
92
Scheme 4-6. Synthetic pathway leading to 92 and 93. Reagents and conditions: (a) amine 40e

or 70a, HBTU, N,N-diisopropylethylamine, DMF, 0 °C, 1 h; (b) TFA, CH,Cly, rt, 40 min; (c)
fumaric acid, MeOH, rt, 5 min.

4—4) [RZBEHRD invitro, invivo FFE

RFBERR 77, 92, 93 DEMATER LT=D T, LU HEEME, =71V

(T % PR EE CYP3A4 DEFEAFETEME, 36 L OV hERG i PH A TEE 2 574 L 72 (Table
4-2) . FOFER, WTholbEbimn L = HEEEZ R LIz, FFIZ, B L=
VIREEMEIS S R ENT O FEEIR 54n (ICs = 1.6 nM) @ 2 5L EiRVME A 7R LTz,

ZAUE, P EMLOIEFMET I U EBRE L Z E T, RO S AR v R EOBUKYE
FAEERPEE-T27zdb B2 b, B, PLEOEEEERFTOFRICE D
PREVEVE~D R ST Aliskiren IZB W T HRREES N TE Y | AlEl, A
ERLEZEDHEND LN, RICH=7 AP NVBT AP REZ L, £
DFER, ALAY 92 OARRWMEE RT Z &N phoT-, —J7. CYP3A4 LY hERG
BB LT, \BEW 93 OAMWHEEEZ R LTz, L EORERNG | RBERR
KTTHRr PERT VU ARS4An LRIZELL EoWII 7o 7 7 A NV ERT 2 EN o7,
Fo, 7 MERT UUHEREFRRRIC, m—T AV EEROEEY (92) MR R
EAaR L7 == (93) ZFFobEW i CYP3A4 35 X OV hERG &L EZ 1~ L
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2 lnb, INETORGTTHEOIIZAN, S OROIMELIZLARTHDL Z
&R S T,

Table 4-2. In vitro renin inhibitory activities (ICsp and Ratio), oral exposure, CYP 3A4 direct
inhibition, and hERG current inhibition of 54n, 77, 92, 933P

H

C@Qg sca sl Céo*gj

Purified Cynomolgus CYP3A4 hERG
Monkey plasma .
human ] monkey PK direct current
Cm . renin d e R
d renin (Img/kg, po) inhibition  inhibition
P . ¢ AUCp0’0-4h e (0/0 at 10 (% at 30
ICs0 (NM) ICso (hM)  Ratio n ;
(ng*h/mL) uM) uM)
54n 1.6 7.0 0.9 19 3 30 5.2
77 0.7 2.7 0.8 12 3 28 6.3
92 0.8 2.3 0.7 4 3 10 -0.2
93 0.6 3.0 0.9 33 3 46 47

& Compounds were obtained as fumarate salts.

® Assay results of renin inhibitory activity are the average of at least two replicates.

¢ Ratio = ICso (nM) of compound / ICso (nM) of Aliskiren.

9 The data were obtained by cassette dosing.

® Number of compounds dosed in cassette.

"hERG currents were measured using the patch clamp technique on lonWorks® Quattro™

system

BB, IRFBEWRIK 77 ZHNTH =7 A P E T 5 EWFOF R L OBE
ERZFME Lz, H=2 AP L TT7T Z10mglkg RO E L2 A, 7 R Y
NRT Y UFFEMR 54N (F = 25%) L0 ETRWEMFRIRARERLZ R L (F=18%) .
L Lns. 7t RCAE LD =749 10mglkg R AOKEG Lizs 2 A,
7 RERT U UFHER bAn LIRIERIC 24 BREfIC DT o TENERIEERZ R LT

(Figure 4-3) ,
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o) O~ Vehicle (1% MC, n = 6)

E 10 -4 10 mg/kg of 54n (po, n = 6)

E —@— 10 mg/kg of 77 (po, n = 6)
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Figure 4-3. Effect of compound 54n and 77 on MAP in cynomolgus monkeys pretreated with
furosemide
4—5) /NFE

AETIH, KOEERENY D UBEREEST L2010, TRETRERTH-
7o PL BB DT YA v L BEIEORESL, RN 2 T 572, £, PO B
BRIV M= OMAERIZET 5 R A I E R R 2 R
ICEHS H LT, PLiL & BN DB E OREE WL EIRIRARERIR 77 27 A
VU7, RBEHR TT X, EWFEOFIHEN 7 FERT U UFER 54n LV AT
HHD0D, 7uatI RCTWUE LI =7 A4 I T 54n L RIEOFEEEHZRL,
54n L0 38 E L= U HEEEZ R Lz, LEDOREMNS ., X 0 LERERK &
DIRBEHUR 77 LB 540 DN 7 T v AeBE L GRIK LT,
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4—6) FEEROHE
4—6—1) Synthesis

1-tert-Butyl 3-methyl (3S,5R)-5-hydroxymethylpiperidine-1,3-dicarboxylate (81)

BH3-THF (133 mL, 1.09 M THF solution, 145 mmol) was added dropwise to a solution of
32 (27.7 g, 96.4 mmol) in THF (500 mL) at =78 °C over a period of 25 min. After warming
the reaction mixture to room temperature, the mixture was stirred at the same temperature for
1 h. After cooling to 0 °C, saturated NaHCO3 ag. was added to the reaction mixture, followed
by extraction with AcOEt. Then, the organic layer was washed with brine, and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt = 3/1
to 1/3) to obtain 81 (24.1 g, 91%) as a colorless liquid. [a]p™° +23.4 (c 1.06, MeOH). *H
NMR (500 MHz, CDCls): & 4.38-4.26 (br m, 1H), 4.23-4.16 (br m, 1H), 3.69 (s, 3H),
3.57-3.50 (m, 2H), 2.77-2.72 (m, 1H), 2.53-2.46 (m, 1H), 2.42 (dd, J = 15.9, 8.5 Hz, 1H),
2.15 (d, J = 13.7 Hz, 1H), 1.76-1.70 (m, 1H), 1.53-1.48 (m, 1H), 1.45 (s, 9H), 1.37-1.30 (m,
1H). °C NMR (125 MHz, CDCls): & 173.3, 154.7, 80.1, 65.1, 51.8, 46.3, 45.8, 41.3, 38.1,
30.4, 28.4. IR: 3440, 2932, 2870, 1733, 1689, 1667, 1422, 1253, 1145, 881, 767 cm™. HRMS
(ESIM): m/z calcd for C13H23NOs+H: 274.1654; found: 274.1655.

1-tert-Butyl 3-methyl (3S,5R)-5-(2,2-dimethylbut-3-enoyl)piperidine-1,3-dicarboxylate
(79)

A solution of DMSO (14.4 mL, 203 mmol) in CH,Cl, (100 mL) was added dropwise to a
solution of oxalyl chloride (8.70 mL, 101 mmol) in CH,Cl, (300 mL) at —78 °C over a period
of 20 min, and then the mixture was stirred at the same temperature for 20 min. To the
reaction mixture, a solution of 81 (24.1 g, 88.2 mmol) in CH,CIl, (150 mL) was added
dropwise at —78 °C over a period of 25 min, and then the mixture was stirred at the same
temperature for 20 min. To the reaction mixture, EtsN (68.0 mL, 488 mmol) was added
dropwise at —78 °C over a period of 15 min. After warming the reaction mixture to 0 °C, the
mixture was stirred at the same temperature for 2 h. H,O was added to the reaction mixture,
followed by extraction with CH,Cl,. Then, the organic layer was washed with 1N HCI aq.,
saturated NaHCO3 ag., and brine, and dried over anhydrous Na,SO,. After filtration, the
filtrate was diluted with AcOEt. The solution was filtered through the silica gel pad. The
filtrate was evaporated under reduced pressure to obtain crude 80 (23.3 g) as a colorless liquid.
Saturated NH,Cl ag. (60.0 mL) was added to a suspension of the crude 80 (23.3 g), prenyl
bromide (14.4 mL, 125 mmol), and zinc dust (11.0 g, 168 mmol) in THF (500 mL) at 0 °C,
and then the mixture was stirred at rt for 1.5 h. The reaction mixture was filtered through the
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celite pad. The filtrate was evaporated under reduced pressure until the volume of the solution
was about 250 mL. The residue was extracted with AcOEt. Then, the organic layer was
washed with 1IN HCI aq., saturated NaHCO3 aqg., and brine, and dried over anhydrous Na;SO..
After filtration, the solution was filtered through the silica gel pad. The filtrate was evaporated
under reduced pressure to obtain crude 82 (28.1 g) as a colorless solid. A solution of DMSO
(14.0 mL, 197 mmol) in CH,CI, (100 mL) was added dropwise to a solution of oxalyl
chloride (8.50 mL, 99.1 mmol) in CH,CI, (300 mL) at —78 °C over a period of 20 min, and
then the mixture was stirred at the same temperature for 20 min. To the reaction mixture, a
solution of crude 82 (28.1 g) in CH,Cl; (150 mL) was added dropwise at —78 °C over a period
of 20 min, and then the mixture was stirred at the same temperature for 30 min. To the
reaction mixture, EtsN (63.0 mL, 452 mmol) was added dropwise at —78 °C over a period of
20 min. After warming the reaction mixture to 0 °C, the mixture was stirred at the same
temperature for 2 h. H,O was added to the reaction mixture, followed by extraction with
CH,Cl,. Then, the organic layer was washed with 1N HCI ag., saturated NaHCO3 ag., and
brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 9/1 to 2/1) to obtain 79 (25.9 g, 87%, 3 steps) as a colorless solid. [a]p>>°
-31.0 (c 1.00, MeOH). *H NMR (500 MHz, CDCls): & 5.91 (dd, J = 17.6, 10.7 Hz, 1H), 5.24
(d, J=10.7 Hz, 1H), 5.22 (d, J = 17.6 Hz, 1H), 4.38-4.29 (m, 1H), 4.13-4.01 (m, 1H), 3.68 (s,
3H), 2.98-2.93 (m, 1H), 2.81-2.70 (m, 1H), 2.69-2.60 (m, 1H), 2.49-2.42 (m, 1H), 2.06-2.01
(m, 1H), 1.80-1.72 (m, 1H), 1.46 (s, 9H), 1.26 (s, 3H), 1.24 (s, 3H). *C NMR (125 MHz,
CDCl3): 6 212.2,173.0,154.3, 141.1, 115.8, 80.2, 51.9, 51.6, 47.0, 45.3, 43.2, 40.4, 31.1, 28.4,
23.0, 22.9. IR: 2978, 1731, 1689, 1421, 1163, 1149, 963, 770 cm™. HRMS (ESI*): m/z calcd
for C1gH29oNOs+H: 340.2124; found: 340.2153.

1-tert-Butyl 3-methyl (3S,5R)-5-(2,2-dimethyl-3-oxopropanoyl)piperidine-1,3-
dicarboxylate (86)

Ozonized oxygen was bubbled through a solution of 79 (25.9 g, 76.3 mmol) in CH,ClI, (380
mL) at —78 °C for 3 h. The end of ozonolysis was indicated by the blue color appearance in
the reaction mixture. The ozone stream was then stopped and the solution was flushed with N,
for 1.5 h to remove excess ozone. Triphenylphospine (26.0 g, 99.1 mmol) was then added at
—78 °C and the reaction mixture was allowed to reach 4 °C and was stirred for additional 18 h.
Silica gel (260 g) and Et,O (380 mL) was added to the reaction mixture. After filtration, the
solvent was evaporated under reduced pressure, and the residue was purified by silica gel
column chromatography (eluent, n-hexane/AcOEt = 19/1 to 3/2) to obtain 86 (21.1 g, 81%) as
a colorless solid. [0]p>° —49.8 (c 1.04, MeOH). *H NMR (400 MHz, CDCls): & 9.60 (s, 1H),
4.39-4.27 (m, 1H), 4.17-4.06 (m, 1H), 3.69 (s, 3H), 2.87-2.61 (m, 3H), 2.50-2.42 (m, 1H),
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2.16-2.09 (m, 1H), 1.80-1.71 (m, 1H), 1.47 (s, 9H), 1.39 (s, 3H), 1.36 (s, 3H). *C NMR (125
MHz, CDCls3): 8 209.2, 200.5, 172.7, 154.2, 80.5, 61.0, 52.0, 46.6, 45.6, 44.8, 40.3, 30.4, 28.4,
18.9, 18.8. IR: 3411, 2979, 1730, 1693, 1425, 1254, 1147, 960, 892 cm™. HRMS (ESIM): m/z
calcd for C17H27NOg+H: 342.1917; found: 342.1918.

1-tert-Butyl 3-methyl (3S,5R)-5-[2,2-dimethyl-3-(2-methylanilino)propanoyl]piperidine
-1,3-dicarboxylate (87)

To a solution of 86 (10.0 g, 29.3 mmol) in toluene (75.0 mL), o-toluidine (4.71 mL, 44.4
mmol) and AcOH (2.51 mL, 43.9 mmol) were added at rt, and the mixture was stirred at the
same temperature for 15 min. Then, the mixture was stirred at 80 °C for 1 h. After cooling in
an ice bath, NaBH(OACc)3 (19.6 g, 92.5 mmol) and AcOH (5.28 mL, 92.2 mmol) were added
to the reaction mixture. The mixture was stirred at rt for 1.5 h. After cooling in an ice bath,
saturated NaHCO3 ag. was added to the reaction mixture, followed by extraction with AcOEt.
The organic layer was washed with 1N HCI aq., saturated NaHCOj3 aqg., and brine, and dried
over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced pressure,
and the residue was purified by silica gel column chromatography (eluent, n-hexane/AcOEt =
19/1 to 4/1) to obtain 87 (11.5 g, 91%) as a light yellow liquid. [0]p*° —37.1 (¢ 1.01, MeOH).
'H NMR (400 MHz, CDCls): & 7.14-7.10 (m, 1H), 7.04 (d, J = 6.4 Hz, 1H), 6.69-6.64 (m, 2H),
4.40-4.30 (m, 1H), 4.16-4.04 (m, 1H), 3.67 (s, 3H), 3.30-3.22 (m, 2H), 3.07-2.99 (m, 1H),
2.80-2.64 (m, 2H), 2.49-2.42 (m, 1H), 2.10 (s, 3H), 2.08-2.05 (m, 1H), 2.04-2.02 (m, 1H),
1.80 (g, J = 12.6 Hz, 1H), 1.45-1.36 (m, 9H), 1.31 (s, 6H). *C NMR (125 MHz, CDCl5): &
215.1,172.9, 154.3, 146.1, 130.2, 127.1, 122.4, 117.3, 109.9, 80.3, 51.9, 51.7 49.5, 47.0, 45.4,
42.8, 40.5, 30.9, 28.3, 22.5, 22.4, 17.4. IR: 2972, 1735, 1689, 1419, 1251, 1144, 858, 745
cmt. HRMS (ESIM): m/z caled for CasH3sNoOs+H: 433.2702; found: 433.2683.

1-tert-Butyl 3-methyl (3S,5R)-5-{3-[N-(2-diethoxyphosphorylacetyl)-2-methylanilino]-
2,2-dimethylpropanoyl}piperidine-1,3-dicarboxylate (89)

Oxalyl chloride (3.35 mL, 385 mmol) was added to a solution of
(diethoxyphosphinoyl)acetic acid (9.20 g, 46.9 mmol) in CH,Cl, (120 mL) at 0 °C, and then
the mixture was stirred at rt for 5 d. The solvent was evaporated under reduced pressure. After
azeotropic drying with CH,Cl,, CH,Cl, (38.0 mL) was added to the residue to obtain a crude
88 (ca. 1.00 M CH,Cl, solution). The crude 88 (32.7 mL, ca. 1.00 M CH,CI, solution) was
added to a solution of 87 (9.29 g, 21.5 mmol) in DMA (70.0 mL) at 0 °C for 3 h, and then the
mixture was stirred at rt for 1 h. After cooling, saturated NaHCO3; ag. was added to the
reaction mixture, followed by extraction with AcOEt. Then, the organic layer was washed
with brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromatography
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(eluent, AcOEt) to obtain 89 (11.6 g, 88%) as a colorless liquid. [a]o™° —17.9 (c 1.00,
MeOH). 'H NMR (400 MHz, CDCls): & 7.28-7.18 (m, 4H), 4.46 (dd, J = 33.8, 13.9 Hz, 1H),
4.32-4.19 (m, 1H), 4.17-4.02 (m, 5H), 3.96-3.92 (m, 1H), 3.68-3.65 (m, 3H), 3.47-3.25 (m,
1H), 2.96-2.82 (m, 1H), 2.76-2.56 (m, 3H), 2.50-2.29 (m, 2H), 2.24-2.22 (m, 3H), 1.86-1.81
(m, 1H), 1.46-1.44 (m, 9H), 1.36-1.24 (m, 12H). 3C NMR (125 MHz, CDCly): § 213.1, 213.0,
173.0, 172.9, 166.5, 166.4, 154.2, 141.5, 141.4, 135.5, 132.0, 131.8, 130.1, 129.8, 128.8,
128.7, 127.3, 127.0, 80.3, 62.5, 62.4, 62.3, 54.2, 54.0, 51.8, 49.8, 49.7, 45.4, 42.9, 40.5, 33.5,
32.4,32.3, 30.5, 30.3, 28.6, 28.4, 23.8, 22.3, 22.1, 21.0, 17.8, 16.4, 16.3. IR: 2978, 1734, 1691,
1659, 1248, 1146, 1022, 957, 773 cm™. HRMS (ESI*): m/z calcd for CagHa7N,OgP+H:
611.3097; found: 611.3141.

1-tert-Butyl 3-methyl (3S,5S)-5-[3,3-dimethyl-1-(o-tolyl)-6-0xo-2H-pyridin-4-yl]
piperidine-1,3-dicarboxylate (78)

After azeotropic drying of 89 (11.4 g, 18.7 mmol) with toluene, 18-crown-6 (4.93 g, 18.7
mmol) and THF (350 mL) were added to the residue at rt, and then the mixture was stirred at
=78 °C for 30 min. KHMDS (37.3 mL, ca. 0.5 M in toluene) was added to the reaction
mixture at =78 °C, and then the mixture was stirred at the same temperature for 1 h. After
warming the reaction mixture to —20 °C, the mixture was stirred at the same temperature for 3
h. Saturated NH,Cl ag. and AcOEt were added to the reaction mixture, followed by extraction
with AcOEt. Then, the organic layer was washed with saturated NH4Cl ag. and brine, and
dried over anhydrous Na,SO,. After filtration, the solvent was evaporated under reduced
pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 2/1) to obtain 78 (5.92 g, 72%) as a colorless solid. [0]p>>° —24.3 (c 1.00,
MeOH). *H NMR (400 MHz, CDCls): § 7.28-7.19 (m, 3H), 7.14-7.10 (m, 1H), 5.85 (d, J =
4.3 Hz, 1H), 4.46-4.35 (br m, 1H), 4.28-4.15 (br m, 1H), 3.71 (s, 3H), 3.51 (dd, J = 12.1, 8.2
Hz, 1H), 3.41 (dd, J = 12.1, 5.1 Hz, 1H), 2.83-2.75 (m, 1H), 2.59-2.49 (m, 2H), 2.34-2.18 (m,
5H), 1.75-1.64 (m, 1H), 1.48 (s, 9H), 1.30-1.24 (m, 6H). *C NMR (125 MHz, CDCls): 172.9,
163.7, 162.1, 154.3, 141.3, 135.7, 131.1, 127.6, 127.1, 126.3, 120.3, 80.3, 61.9, 52.0, 49.6,
455, 41.5, 36.8, 36.5, 34.5, 28.4, 24.4, 24.3, 18.2. IR: 2973, 1736, 1694, 1667, 1474, 1421,
1255, 1150, 874, 748 cm™. HRMS (ESI*): m/z calcd for CpgHagN,Os+H: 457.2702; found:
457.2702.

(3S,5S)-1-tert-Butoxycarbonyl-5-[3,3-dimethyl-1-(o-tolyl)-6-oxo0-2H-pyridin-4-yl]piperidi
ne-3-carboxylic acid (90)

LiOH-H20 (1.09 g, 26.0 mmol) was added to a solution of 78 (5.92 g, 13.0 mmol) in THF
(80.0 mL) and H,O (40.0 mL) at 0 °C, and then the mixture was stirred at the same
temperature for 1 h. 1 N HCI aqg. (26.0 mL, 26.0 mmol) and CH,Cl, were added to the
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reaction mixture, followed by extraction with CH,Cl,. Then, the organic layer was washed
with H,O, and dried over anhydrous Na,SO,4. After filtration, the solvent was evaporated
under reduced pressure, and then Et,O was added to the residue. The resulting solid was
collected by filtration to obtain 90 (5.27 g, 92%) as a colorless solid. [a]o*>° —31.1 (c 1.01,
MeOH). *H NMR (400 MHz, CD;0D): & 7.32-7.23 (m, 3H), 7.22-7.16 (m, 1H), 5.84 (s, 1H),
4.40-4.34 (m, 1H), 4.23-4.14 (m, 1H), 3.63-3.45 (m, 2H), 2.90-2.80 (m, 1H), 2.72-2.62 (m,
1H), 2.61-2.52 (m, 1H), 2.49-2.42 (m, 1H), 2.26-2.20 (m, 4H), 1.77-1.68 (m, 1H), 1.48 (s,
9H), 1.33-1.29 (m, 6H). *C NMR (125 MHz, CDsOD): 175.9, 166.2, 166.0, 156.1, 142.4,
136.9, 132.0, 128.9, 128.3, 127.5, 119.9, 81.6, 62.7, 51.4, 46.3, 42.4, 38.3, 37.7, 35.5, 28.7,
24.6, 24.5, 18.3. IR: 3418, 2979, 2928, 1717, 1686, 1649, 1425, 1268, 1150, 751 cm™. HRMS
(ESIM): m/z calcd for CpsHasNoOs+H: 443.2546; found: 443.2545.

tert-Butyl (3S,55)-3-[3,3-dimethyl-1-(o-tolyl)-6-oxo-2H-pyridin-4-yl]-5-{[ (1R)-1-(5-
fluoro-2-pyridyl)-3-methylbutyl]carbamoyl}piperidine-1-carboxylate (91)

A solution of HBTU (0.62 g, 1.64 mmol) in DMF (4.00 mL) was added to a solution of 90
(0.600 g, 1.36 mmol), (1R)-1-(5-fluoro-2-pyridyl)-3-methylbutan-1-amine dihydrochloride
70i (0.420 g, 1.65 mmol), and N,N-diisopropylethylamine (0.946 mL, 5.42 mmol) in DMF
(12.0 mL) under ice-cooling, and then the reaction mixture was stirred at the same
temperature for 1 h. Water was added to the reaction mixture, followed by extraction with
AcOEt. Then, the organic layer was washed with 1 N HCI ag., saturated NaHCOj3 aqg., and
brine, and dried over anhydrous Na,SQO,. After filtration, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel column chromatography (eluent,
n-hexane/AcOEt = 1/1) to obtain 91 (0.823 g, quant.) as a colorless solid. [o]p™° +17.9 (c
1.00, MeOH). *H NMR (400 MHz, CDCls): & 8.40 (d, J = 2.7 Hz, 1H), 7.39-7.34 (m, 1H),
7.26-7.19 (m, 4H), 7.12-7.08 (m, 1H), 6.55-6.49 (m, 1H), 5.84 (d, J = 4.3 Hz, 1H), 5.13 (q, J
= 7.8 Hz, 1H), 4.38-4.29 (m, 1H), 4.19-4.11 (m, 1H), 3.51-3.46 (m, 1H), 3.41-3.36 (m, 1H),
2.89-2.83 (m, 1H), 2.64-2.51 (m, 1H), 2.42-2.34 (m, 1H), 2.30-2.22 (m, 4H), 1.99-1.94 (m,
1H), 1.86-1.75 (m, 1H), 1.71-1.58 (m, 2H), 1.50-1.44 (m, 10H), 1.29-1.26 (m, 3H), 1.21 (d, J
= 4.7 Hz, 3H), 0.96-0.92 (m, 6H). *C NMR (125 MHz, CDCl5): 171.2, 163.7, 159.6, 157.6,
156.6, 154.4, 141.3, 137.6, 135.7, 131.1, 127.6, 127.1, 126.3, 123.5, 123.2, 120.3, 80.3, 61.8,
51.5,50.6, 46.4, 45.7, 43.5, 36.9, 36.5, 34.5, 28.4, 24.9, 24.4, 22.7, 22.6, 18.2. IR: 3307, 2960,
1659, 1481, 1255, 1153, 849, 753, 558 cm™. HRMS (ESI*): m/z calcd for CssHa7FN4O4+H:
607.3660; found: 607.3696.

(3S,5S)-5-[3,3-Dimethyl-1-(o-tolyl)-6-oxo0-2H-pyridin-4-yl]-N-[(1R)-1-(5-fluoro-2-pyridyl)
-3-methylbutyl]piperidine-3-carboxamide fumarate (77)
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Trifluoroacetic acid (5.00 mL) was added to a solution of 91 (0.823 g, 1.36 mmol) in
CH,Cl, (10.0 mL) at 0 °C, and the mixture was stirred at rt for 40 min. Saturated NaHCO3 ag.
was added to the reaction mixture under ice-cooling, followed by extraction with CH,Cl,.
Then, the organic layer was washed with brine, and dried over anhydrous Na,SO,. After
filtration, the solvent was evaporated under reduced pressure, and the residue was purified by
NH silica gel column chromatography (eluent, CH,Cl,/MeOH = 20/1 to 7/3) to obtain the free
base of 77 (0.610 g, 1.20 mmol). Fumaric acid (0.139 g, 1.20 mmol) was added to a solution
of the free base of 77 (0.610 g, 1.20 mmol) in MeOH (1.00 mL) at room temperature, and the
mixture was stirred at the same temperature for 5 min. The solvent was evaporated under
reduced pressure, and then Et,O was added to the residue. The resulting solid was collected
by filtration to obtain 77 (0.690 g, 81%, 2 steps) as a colorless solid. [a]p>° +35.9 (c 1.01,
MeOH). 'H NMR (400 MHz, CDs;OD): & 8.41 (d, J = 2.3 Hz, 1H), 7.56 (td, J = 8.5, 3.0 Hz,
1H), 7.39 (dd, J = 8.8, 4.5 Hz, 1H), 7.30-7.23 (m, 3H), 7.18-7.14 (m, 1H), 6.70 (s, 2H), 5.85
(d, J =2.3 Hz, 1H), 5.05 (dd, J = 9.0, 6.3 Hz, 1H), 3.59 (dd, J = 12.5, 11.3 Hz, 1H), 3.52-3.44
(m, 2H), 3.41-3.35 (m, 1H), 3.13-3.06 (m, 1H), 3.00-2.88 (m, 2H), 2.83-2.76 (m, 1H),
2.23-2.14 (m, 4H), 1.76-1.55 (m, 4H), 1.32-1.28 (m, 6H), 0.97 (d, J = 6.4 Hz, 3H), 0.94 (d, J
= 6.4 Hz, 3H). *C NMR (125 MHz, CD;0D): 172.8, 171.5, 165.6, 164.5, 161.2, 159.2, 142.2,
138.2, 136.9, 136.3, 132.1, 129.0, 128.3, 127.5, 125.0, 123.8, 121.3, 62.6, 53.8, 45.8, 45.4,
41.5, 37.6, 35.2, 34.8, 26.2, 24.6, 24.5, 23.3, 22.3, 18.3. IR: 3293, 2960, 1658, 1482, 1388,
1252, 983, 751, 646. HRMS (ESI"): m/z calcd for CsoHssFN4O.+H: 507.3135; found:
507.3148.

(3S,5S)-5-[3,3-Dimethyl-1-(o-tolyl)-6-oxo-2H-pyridin-4-yl]-N-[(1R)-1-(ethoxymethyl)-3-
methylbutyl]piperidine-3-carboxamide fumarate (92)

The title compound was prepared from 90 and 40e in a manner similar to that described for
77 as a colorless solid (71%, 3 steps). *H NMR (500 MHz, CD;0D): & 7.30-7.23 (m, 3H),
7.18-7.15 (m, 1H), 6.70 (s, 2H), 5.90 (d, J = 3.4 Hz, 1H), 4.13-4.08 (m, 1H), 3.61-3.59 (m,
1H), 3.51-3.35 (m, 7H), 3.12 (t, J = 12.5 Hz, 1H), 3.02-2.96 (m, 1H), 2.86-2.79 (m, 2H), 2.22
(s, 3H), 2.20-2.17 (m, 1H), 1.83-1.75 (m, 1H), 1.67-1.61 (m, 1H), 1.44-1.35 (m, 2H),
1.33-1.28 (m, 6H), 1.18-1.14 (m, 3H), 0.94 (d, J = 6.8 Hz, 3H), 0.91 (d, J = 6.3 Hz, 3H).
HRMS (ESI"): m/z calcd for CgH43N303+H: 470.3383; found: 470.3384.

(3S,5S)-5-[3,3-Dimethyl-1-(o-tolyl)-6-oxo0-2H-pyridin-4-yl]-N-[(1R)-3-methyl-1-phenylbu
tyl]piperidine-3-carboxamide fumarate (93)

The title compound was prepared from 90 and 70a in a manner similar to that described for
77 as a colorless solid (77%, 3 steps). *H NMR (400 MHz, CDsOD): §7.34-7.21 (m, 8H),
7.17-7.13 (m, 1H), 6.70 (s, 2H), 5.85 (d, J = 2.0 Hz, 1H), 4.95 (dd, J = 8.8, 5.7 Hz, 1H),
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3.58-3.34 (m, 4H), 3.13-3.06 (m, 1H), 2.96-2.73 (m, 3H), 2.21 (s, 3H), 2.13-2.07 (m, 1H),
1.75-1.67 (m, 2H), 1.62-1.55 (m, 2H), 1.31-1.27 (m, 6H), 0.97 (d, J = 6.3 Hz, 3H), 0.94 (d, J
= 6.3 Hz, 3H). HRMS (ESI™): m/z calcd for C31H41N3O,+H: 488.3277; found: 488.3276.

4—6—2) Biology assays

I1Cs in buffer
The assay was conducted in a manner similar to that described in chapter 1.

ICsp in plasma
The assay was conducted in a manner similar to that described in chapter 1.

CYP direct inhibition
The evaluation was conducted in a manner similar to that described in chapter 2.

hERG current inhibition
The evaluation was conducted in a manner similar to that described in chapter 2.

4—6—3) Animal studies

Blood pressure study in cynomolgus monkeys pre-treated with furosemide
The evaluation was conducted in a manner similar to that described in chapter 2.

Pharmacokinetics
The evaluation was conducted in a manner similar to that described in chapter 1.

PK evaluation by cassette dosing method
The evaluation was conducted in a manner similar to that described in chapter 2.
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