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BN T 7=~ a7 TETANDLDEGRINT A RN TH D | B
EHIT LRSS A28 - Lok Y . L ST A b A A R B
Lt L7,

13



2 1= 5

o o000,

3\/\ FERITE

g O JoWt
5[0:3 5?7 ‘127/©\© 2/@\@] 2 N| J
E/Q\E\N _ 2@% ‘127/©\\4\ N E/Q\E\N R
N N

/
- /
/N N /N\/

(R = Et, n-Pr, iPr)

nnan wan wan AN nan P G

i F i i Me Cl< i Cl Me. J\: Me %ICI N cl
CF4 CF CF3 SN =

CF3 CF3

Figure 9. K& CTH K L72/{LAW) D&

14



%2 #i SSR504734 (Zxf L CHEHEHEFER 2 E AN L= iHEAKDO SRk

v = =/LIFEK 8a, 8b 35 XL OV A Te D& %%k % Scheme 1 12783, (S)-
Bz U U Weinreb 7 X K 1 {2x%f L C Grignard i3E2 S ST o
2a—c #1%7-, ZAUZ L-Selectride % F\V 727 A7 U A IRIRBYIE TG 21TV
28) 2 #kT V=3 —/)b Ba—c H1fF7, Z DiEILS T Figure 10 (2777 Felkin-Ahn
ETMIWED bDEEZRXOND, TRDLL, EElV NBoc 4371 /V A =/
(3t LT 90 FED TEAICELE L. &V SIREE O R OB T RIS EIT T 5
LT, UTATUVABEBREDNEONTC LD EEZ BIND, Ri#EH:E Boc £
57 VNI BEZ TR, 2 BAKBRED A L L 7re=7 & ORIG
ICEORTPANT IV Ba—c BT, ZOT I EBRIRIE, AT AARRIZT VY
VUK AR TT =T ERIST D Z LI K0 SR RFF TRISDEITT S
29, 2—7 uu—3—(h U 7Fnu AF)) ZEERLOWHEITEY Ta—rc 21572,
Ta, b L7 VNVEDORRELZIT) Z & THINET D 8aBL U8 IZAEH LT,

4
| rRé P (lij
NaoYoaé - o

Boc o Boc O Boc OH
3a-c

Z NS N
N f ’) HN. _O 9 H un_o

r

4a-c

Z§A

: _— — |
ﬁ OH cl cl
| |
5a-c CF; CF3
Ta-c 8a, 8b
2a - 7a: R* = 4-phenyl 8a: R* = 4-phenyl
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Scheme 1. Reagents and conditions: (a) 4-Biphenylmagnesium bromide (for 2a) or
3-biphenylmagnesium bromide (for 2b) or 3-methoxyphenylmagnesium bromide (for
2¢), THF, 0°C, 55~56%:; (b) L-Selectride, THF, -78°C, 67~96%; (c) KOH, MeOH, H,0,
reflux; (d) allyl bromide, K,COs, DMF, 80°C, 33~82% (in 2 steps); (e) (1) MsCl, EtsN,
CHCI3; (2) 8 mol/L ammonia solution in MeOH, 74~83% (in 2 steps); (f)
3-chloro-4-(trifluoromethyl)benzoic acid, HOBt-H,0, WSC-HCIl, DMF, 64~84%;
(g) Pd(PPhj)4, 1,3-dimethylbarbituric acid, CHCl3, 62% for 8a, 38% for 8b.
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Figure 10. EICIGIZEIT DTV T AT U A S RMERE DU

Scheme 1 T LI ZHREIAK Tec 2T, SSR504734 O 7 = = /LIRALIH
EFEFRERZEAN LIZFER 11la—c 25k L7- (Scheme 2), —R1ivH v FE % M
WT Te DA FFVEDORAF MU ZEATo 1o, FoN/7 =/ —/L 9Dk
U7 7—MUIZEY 10 24572, AW 10 1FEFER e Ui L <IER e Ui
ATIWVESARI TV T EATH ZEIZED Arl ZEAL, Z0O%T VLA
PrET 25 Z & T 1la— #1572,
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11a: Ar' = pyrimidin-5-yI
11b: Ar' = 1-methyl-1H-pyrazol-4-yl
11c: Ar' = 1-methyl-1H-pyrazol-5-yl

Scheme 2. Reagents and conditions: (a) BBrs, CHCls, 98%; (b) Tf20, pyridine,
CHCI;, 88%; (c) Ar'B(OH): or pinacolester, Pd(PPhs)s, K2COs, DMF, EtOH,
80°C; (d) PA(PPhs)s, 1,3-dimethylbarbituric acid, CHCls, 10-44% (in 2 steps).

Scheme 1, 2 DARAREE TIIEsAT v 7Y 7 KIE (Scheme 2 TF2(c)-(d)
(BT DUCRPMELS L F72_ Y A VAL D EHILIZR OBR O FEA LR D
THER DTz, SHITNIAT I AaBRE (Scheme 1 T (o) (ZHW
T 4 AL A FRVEDDLGEICHIIMPEONRN>To, TDI2H, BT
5% Scheme 8. 4 DX HIZEHL LT, 97 I HMIK 16a—g ODARIEL
Scheme 3 |Z/~9°, Weinreb 7 3 R 1 & Grignard i83¥ & OISIC L W E LT
7R 12a BET12b ORIV Z BRIV LICE VERELIZER, YT T
— MIZE#HT 5 Z & Tha 18a 5 L1V 18b 21372, Zi1% L-Selectride %
WIZUT AT VA BERIE TS L, SRR IR L <3 e ViRTe AT L
EH TV TR EITD Z & T, 1ha—g #f57-, TREIA 14a B LN 14b 2
Wegs AR v 7 TR BIFRIER TR G bie, RN oT v
—/LH[EK 15a—g IX Scheme 1 D T2 (¢) —(e) EREEDHIEIZEL Y, _vPv
7 2 R 16a—g o~ & EUE,
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4
4 =
a +OBn b 4rOTf c Z LoTf
1 — N N 3 —_— N A —_— N N

Boc O Boc O Boc OH
12a: 4-OBn 13a: 4-OTf 14a: 4-OTf
12b: 3-OBn 13b: 3-OTf 14b: 3-OTf

=
d 7 AL e.fg « L art
- = N N - Ny
Boc OH ﬁ NH

15a-g 16a-g
15a, 16a: Ar' = 4-(pyridin-3-yl) 15e, 16e: Ar' = 3-(1-ethyl-1H-pyrazol-4-yl)
15b, 16b: Ar' = 3-(pyridin-3-yl) 15f, 16f: Ar' = 3-[1-(propan-2-yl)-1H-pyrazol-4-yl]
15c, 16¢: Ar' = 4-(pyrimidin-5-yl) 15g, 16g: Ar' = 3-(1-propyl-1H-pyrazol-4-yl)

15d, 16d: Ar' = 3-(1-methyl-1H-pyrazol-4-yl)

Scheme 3. Reagents and conditions: (a) 4-Benzyloxyphenylmagnesium
bromide or 3-benzyloxyphenylmagnesium bromide, THF, 0°C (53% for 12a,
60% for 12b); (b) (1) Hs, Pd-C, EtOH; (2) Tf:0, pyridine, CHCl;, 0°C, 62%
(in 2 steps) for 13a, 66% (in 2 steps) for 13b); (c) L-Selectride, THF, -78°C,
94% for 14a, 96% for 14b; (d) Ar'B(OH): or pinacol ester, Pd(PPhs)s, KoCOs,
DMF, EtOH, 80°C, 78%~quant.; (e) KOH, MeOH, H,O, reflux; (f) allyl bromide,
K,COs;, DMF, 80°C; (g) (1) MsCl, EtsN, CHCls; (2) 8 mol/L ammonia solution in
MeOH, 17~99% (in 4 steps).

7 2 IR 16a—g 5 BREAEY 17a—c, 18a-1 B LY 19a—c ~DOE %
Scheme 4 (2777, FH{A 16a—< 1Z3—27vr—d4—(h U 714w 2F)EE
HE LGOI EAT 12t 7 VIV EOBREEZIT ) Z & TlTa—c~&HU T,
HEAR 16d 1B FEI LR B LG Licth, 7TV VEOBRELITO Z LT
18a-1 ~ L #EW /=, K 16e—g (X 3—27vn—4—(F U 74 r AF )Y
V2= VIR VR LS L, [ARRICT U VRO BifR#EZAT 5 2 & T 19a—¢ ~
LN,
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S Ar! 17a: Ar' = 4-(pyridin-3-yl) (42% / 2 steps)
a, b N z . 1=12_ idin-2. o,
16a-c H N 17b: Ar1 3 (pyr_|d|_n .3 yl) (56% / 2 steps)
17c: Ar' = 4-(pyrimidin-5-yl) (24% / 2 steps)
Cl
CF3
17a-c

18a: Ar® = 2,4-dichlorophenyl (62% / 2 steps)
18b: Ar? = 2-fluoro-3-(trifluoromethyl)phenyl (55% / 2 steps)
18c: Ar? = 3-(trifluoromethyl)phenyl (58% / 2 steps)

c.b 18d: Ar? = 2-methyl-3-(trifluoromethyl)phenyl (59% / 2 steps)
16d —— N™ ™Y “IN— 18e: Ar? = 2 6-dichlorophenyl (30% / 2 steps)
H HN_o s\  18f Ar2 = 2,6-dimethyiphenyl (33% / 2 steps)
frz 18g: Ar? = 2,3-dichlorophenyl (39% / 2 steps)
18h: Ar? = 2-chloro-3-methylphenyl (44% / 2 steps)
18a-l 18i: Arc = 2-methyl-3-methoxyphenyl (67% / 2 steps)

18j: Ar® = 2-chloro-5-(trifluoromethyl)phenyl (55% / 2 steps)
18k: Ar® = 3-chloro-2-(trifluoromethyl)pyridin-4-yl (43% / 2 steps)
18l: Ar? = 3-chloro-4-(trifluoromethyl)pyridin-2-yl (43% / 2 steps)

N 19a: Ar' = 3-(1-ethyl-1H-pyrazol-4-yl) (71% / 2 steps)
19b: Ar! = 3-[1-(propan-2-yl)-1H-pyrazol-4-yl] (58% / 2 steps)

N7 | Cl 19c: Ar' = 3-(1-propyl-1H-pyrazol-4-yl) (61% / 2 steps)
N-NCF,
19a-c

Scheme 4. Reagents and conditions: (a) 3-Chloro-4-(trifluoromethyl)benzoic
acid, HOBt-H,O, WSC-HCI, DMF; (b) Pd(PPh3)s, 1,3-dimethylbarbituric acid, CHCls;
(c) Ar*-COH, HOBt-H,0, WSC-HCI, DMF; (d)
3-chloro-4-(trifluoromethyl)pyridine-2-carboxylic acid, HOBt-H,0, WSC-HCI,
DMEF.

BTV 2 A NEBI YN 1—AFN—1H—A I X —)L—5—A LIED#E
ANTBWTIL, AN e CEEHERO NFRNKEE TH - 7272 % Scheme 5 (2777 51kE
WXV ERKEIToTo, AW 14b I L TERE a7 — o2 v
By TPV TR EIT) 2 TR VR AT )L 20 2457- 29, Zhe a
b EHEEHRER Ar-C) &7 7Y U I RISEITV, LAY 21a B X 21b
137, Ziu513 Scheme 1 @ T (¢) —(g) & [FEERD HFIEIZ X LAY 28a F5
FUN28b ~&iENT,
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D A, (e 2 (L
N OTf N™ % 50 N> Ar'
Boc OH Boc OH (@) Boc OH

14b 20 21a: Ar' = pyradin-2-yl
21b: Ar' = 1-methyl-1H-imidazol-5-yl

c, d, e N Ar! f, g H H o)
—_ > N —_ >
CF;

22a: Ar' = pyradin-2-yl

22b: Ar' = 1-methyl-1H-imidazol-5-yl
y y 23a: Ar' = pyradin-2-yl

23b: Ar' = 1-methyl-1H-imidazol-5-yl

Scheme 5. Reagents and conditions: (a) Bis(pinacolato)diboron, Pd(dppf)Cls,
dppf, KOAc, DMSO, 80°C, 91%; (b) Ar'-Cl, Pd(PPhs)s, K2COs, DMF, EtOH,
80°C, 77% for 21a, 74% for 21b; (c) KOH, MeOH, H,O, reflux; (d) allyl bromide,
K,COs, DMF, 80°C; (e) (1) MsCl, EtsN, CHCls; (2) 8 mol/L ammonia solution in
MeOH, 49% (in 4 steps) for 22a, 20% (in 4 steps) for 22b; (f)
3-chloro-4-(trifluoromethyl)benzoic acid, HOBt-H,0, WSC-HCI, DMF; (g)
Pd(PPhs)s, 1,3-dimethylbarbituric acid, CHCls, 37% (in 2 steps) for 23a, 40% (in 2
steps) for 23b.
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%3 AEUbA Y ORI L OB E

B LTALE D in vitroiEYEIL, & b GlyT1 2363 L 7= TI8G M= %4
LBHIZ U > O iABEERET H Z LI Lo TR L7z, FEAIOIEFTE
TCIEMAEANICBH]I Z Y v o 2SR A E D Ot LT BLEAIOFE T Tk
JAN~D[BH]Z U & VBV IABZNIRE SN D, RN O 7Y o v &% U ie
EVREDH, 50%H Y AL ZRET HIE (ICso) ZHMEL., 2z U v
0 IAZPREFTEME & LTz 3,

B 72 KRR (Ar) ORBRERIC OV T Table 2 1234, £ 9 ikl 4
& LTHBA Z2H 72007 == VEDEAZITo72 L 25, SSR504734 D7)
VB GARBREIEYE GRS, ICs0 = 18 nM)20 & Lhis L TIKIEMEH - 7=
(8a : 420 nM, 8b : 520 nM), ZDFER LY | HBA ZFz 2\ i m W EHEE D
EANCTIHEEIC T T ADOREE 52002 LRS-, RICHBA 2 H3 5
HEBREHFEREE LT3 —E U DNVEDBEAEITo L 2 A, BT = = LFFERIC
AT T BRI O @R &SI M R L7z (17a:37nM, 17b :
14nM), 65—tV I V= VEDBAEIToTo & 2 A, /T EBUR 1Te 13557 5
3—E YU UUFHEK 17a IR TEEME T2 —4 (17¢: 93 nM), A & &
K 1la 1 ZEHEO M EA R 57z (11a : 6.3 nM), $5iZ 11a 1T SSR504734 DX
BREXL D b@mWEEZ R L TEBY . mAIOGEIEY | @) 72 (LE~0D HBA O
AN E O IEMER ERFRIEETH D Z LR ST,

ZETORBT, AXMA~DHEFHRERBEEADKETHY , £723—" Y
DVEREK 170 k05— U I V= AFHEK 11a DIE S BN LY EOIEELY R
Lz TNHORRED WICERRK T4 2 DHT DG EHRERED A XL~
DBANERRF LTz, 2— 7 V= VEOE AT 3—E U UAFER 1T 8L U5
— Y 2 ULFHER 11a O PR OIEEE 72572 (28a: 10nM), 5 BE~T 25
ELTC1—ATN—1H-ET = )—A4— A NVEOEANEI T L 2 A, @G
PEZ/RLE (11b: 2.5 nM), —FH, 7Y — L OMEREARTHD 1— A FL—
1H—Y 7Y =) —b5—ANEDBANZIT o725, 11b ITH A 10 520 BiEMEDME
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T L7z (11c: 42 nM), L& 11e DEFF A OALERMERICH =D 1—AF L
—1H—A I ¥V —/—5—A )VFHER 28b X 1lc ITHATHEMERM E L2 H O
Db TR D EETHE D D Th o7z (28b:3.6 nM), UL EORFFEFR LV |
1—AFN—1H—Y T ) ——4—A VD 2ODOEFIF 2 GlyT1 & A AANEH
T LD HBA DALEICH D L& Z BT,
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Table 2. {547 8a, b, 11a-c, 17a-c,23a, b O 7' U > BV JAI L ETE M

HN 0]
Cl
CF4
Compound Position Ar' ICs Compound Position  Ar' 1Cs
(nM) (nM)
—N
SSR504734 - -H  18° 17¢ 4 —|{/> 93
N
—N
$a 4 ) 40 1a 3 ) 63
N
3 | 20 23 3 -y 10
8b ) s a -
\’
—N =N
17a 4 L 11b 3 +CR 25
N
—N = ]
17b 3 -|@ 14 1c 3 |ﬂ i)
/
/N
23b 3 |{J 3.6
/

a SCHRHR 75 20

WICHE 72 DIEMED M B4 BEIZ 11b DX X7 X RERAL OO B IEZE A Ft
L7z, ZOfiF% Table 8 (27, £T ALK T I RiFEK (Scaffold B) (&
BOWTEEE A=Y L L THERASA TV 24— 7 8 _X0 X7 2 RICE#HR
Lzl 2 A, iEIIRE KT L (18a: 200 nM), N> X7 2 KA Tl
T REE TR K E e B A 5. 2 | B OENT K0 IR 7o B )3
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B D AREMENR B 2 BTz, TAUE T scaffold A DX X7 I RELIZEIT 5
EHILIZE T 2 ETE A OIS IT 2 <. S 6 2 MIETEMEMEBIZ OV TR
L7,

&% 11b OA NV MO 7 malita2 7 v RBIEFICER T L T A, EEITIK
T L7z (18b:68nM), A /L MIDEHEARE L2 L ZAH S HITTHEENET L
72 (18c: 220nM), S HITAFNEDEATYE, 7 v rfk 11b (T AMETEME T
otz (18d:12nM), ZNHDZ E LY @MUWEEOFEBLO - HITITA /L M
~OBEHHLEANTIVLATHY , FICEmmINHETHDL LW ZERREIN
Too ZOREREZIT, AV b VEBGEER 18e B LN 18f OB AAT o723,
EHLLLHFREDIEETH 72 (18e: 21 nM, 18f: 42 nM), Z DIEMEDIKT
AL ERILZH L TN EDRFRKTH S AIEEE S B 2 b,

NRUXT I REALD A ZEHEOFIZOWTHER 1T > 72, {tE 11b
DY TINFARRAFAEE 7 aaf B I OATFVRICER LI Z A, &M
ITB LZ 10 fEREK T L (182 : 25 nM, 18h: 36 nM), F7- A XALIZA b
F UL FROMAEY b FERICIEMEAME T L7z (181 : 210 nM), ZHH DGR X
D AZAAZEI U TILE SRS MPEE L DEME I AR TH 2 ATREMEA R STz,
5 110 D~ U A m AF)VHEAE AP D SAUCE LIz : 2 A, EHEITE
TL7= (18 : 9.7 nM),

CZETOEBERLY, 2= ne—3— ) 7B AF LR XTI R
PR 11b 23 b miEETH o 7, RIS BETEELY T 52 & &2,
U D UBADOEREREF LI, 44— P UBEK 18k B LN 2— U VU
BRIBlO AR AT 2 A EH L b EWFEEE AR L7z (18k:4.9 nM,
181 : 1.5 nM), H#flZ 2-E'Y ¥ V8K 18113 11b ([T ~FRE & L I3 T
WBHETEME D RS S iz, BRTEMEDOE T, 11b @ ClogP f 321X 4.56 TH Y |
W NS TV DR O IPEIZES 35 drug-likeness f8/2 (rule of 5) @ LR
THDB50ICITVMETH -T2, LOLARRS 2—8 U ¥ Uik 18] @ ClogP 1%
3.87 L7210 | L TIRVWETH 72,
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Table. 3. /L& 11b B LW 18a—1 D 7'V > U HL Y JA I [HETE M

Compound  Ar hGlyT1 Compound  Ar’ hGlyT1
IC50 (IIM) ICSO (I’IM)
__Cl 1 c
11b C[ 2.5 18g C[ 25
CF, Cl
A__cl T o
18a 200 18h @[ 36
Cl Me
A _F ] A _Me
18b C[ 68 18i C[ 210
CF3 OMe
PR __cl
18¢ @ 220 18 © 9.7
CF, FsC
A Me A_Cl
18d 12 18k B 4.9
CF3 N”CF;
o - _cl
18¢ C'j@(c' 21 181 "Ej 15
Z > CF,4
18f Mefj'\"e 42
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2—E Y DU HNARFTT I FHEEEZEAT D 2 LIk o TISAMEAMER L.
LR DFEORMBE LN, £ 2 TREICE T Y — LA O T L% V8
RO 217-7- (Table4), =F L E T Y —LFEEK 19a BL O Y 7 L
BT — LB 19b (X, A FAE T Y —LaBEA 18] L IZIFERSEOTFEETH
STy SHLIZTAFAEEAMT L0 AT Y — LEEK 19¢ TITEMEMR
BT 2HmAMR SN, e EVELDRNT LT VA~ DM RIINREE
R FEOENS bR ENRNE B, AEALOEHFITIZZETLE L, Th
BOFERIY T AT /VHOEHTIITEEOF BIZRIAD T, 2 REFESTORI F
THRECTHDZ ENRHLNE T,

Table 4. {LAEW 181 B LW 19a— D7V 3 U ELD IARPLETEM: & ClogP fE

N =
H N o
N cl
NCF,
Compound Ar' hGlyT1 ICso (nM)  ClogP?
181 |‘<iN 1.5 3.87
- |
\ N_
19a =N 1.8 4.40
W
~N—

19b 44CE 2.4 471
19¢ (N 3.9 4.93

a Daylight software T/t 32
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WAE LAY 18l B LN 19a OIEYENEE S 1 7 7 1 L

In vitro EBFEM A AT S 1o BAERD D B @7 U v VD AR LEIEE A2
T5 18 BL N 19a IO\, FEliZe e 77y AV 7 &FEm LI, FTE R
JFI 7 vy —n& ARt Ermsie 5 Lz, ARBude MNFI 7 mry
— AWy EALEME 15 DA ¥ 2= g v Lz, REERE2RIET 23 BR
Thd, BWMETHDIZERBNCLETH Y 20%LL FOMEEZ R TALE YN
TEMDETHREND, KRRICBWTHLEW & b BIFR R EMEZ R LT
(181: 13.8%, 19a: 16.4%), F7=> b7 1. P450 (CYP450) D EE 72455 fFi
(3A4, 2D6, 2C9, 2C19, 1A2) (2%} LT 10 uM DOEEIZB W THEER 2R & 722
N Tz,

RIZT v N CORNBIREOHEGEZ1T > 72, Table 512/~ B0, W{bAHE
g L7z & 2 A 181 I~ T 502 19a O MAEFIRE DS w0 T2, © OIE,
7 v MZ 192 % 10 mgkg FAHEG LBEO RS MFETIRE (Cua 23 117
ng/mL 37255 0.24 uM TH Y . F72ME L OMIEF ORELL (B/P ratio) 23
0.52 Th o7z, In vitroTEMEEN IC50ET 1.8 nM THDHZ & LV, invivo T
DIEFLFHIFL 2 TG T2 DI+ REH#EE R L TVD LB X b,

Table5. LA 181 LN 19a 2R 0K 5 L7=BED 7 » MANELRE

Compound 181 19a

Dose (mg/kg) 10 10

Tmax (h) 3.0+ 1.73 4.0+0.0
Comax (ng/mL) 493+ 12.4 117 +15.4
B/P ratio 0.69 (4 h) 0.52 (4 h)
AUC (ng-h/mL) 235+ 53.7 661 +£42.2

*Each value represents the mean + SD of three animals

(Conax: W % P2 55 U T BROD MR DR RAEL Trnax: FEIDIREEDS Crnan \ZZET D F TOIFIH],
AUC: e E-IRp ] R T A, (RPICIREE Lo O B2 £ )
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FH5H LA 19a DX in vivo FKFEFEAM

{bE5% 19a @ in vivo EFOMERDT-012, T~ FIMFFHER (cerebrospinal
fluid, CSF) H D7V v AREOMEEIT 7233, CSFHD 7V o PRI
NOT Y VU AREEZ ML CTEY | invivo TO GlyT1 FLEDRIEIZ /2D LB X
HID, RRBRILHEREDOIERBRICH =25 b O TRV, HRASRIC
BN F~v—T—illke LTt FTHICHEEREERTH D | GlyT1 fHE
AIOBFFEBHS I X 223k & TS Hivd, Figure 11 ISR TERBY, T v
MZ19a ZfEHIRG L7c L 24 FHEEKAFRINC CSF h o 7 U o S A3
D EDBRER I NIz, R/ME#hE (MED) X1 mg/kg TH V., 10 mgkg TiXE
K% 25U ORI BRI HEE ST, ZORRIE 19a 237 » MK T GlyT1
EZHEL, T 7 ARV REZEDTND I EETRRT LD TH D,

o Ht
= 10} I
£
2
c H
o
1]
E .o
E =
S a3} = .
i
L=
S ot
[ ;)
&
O 0
vehicle 0.3 1 3 10
19a (mg/kg, p.o.)

Figure 11. {t&5% 19a % 5128157 » b CSF 1 7 U o R ERIERT R

(*Data represent the mean = SEM (n=6-7). #P<0.05, ##P<0.01 versus vehicle treated
group (Steel test))
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FHeHi £

ARETITHRMEEZA L, 23208\ in vitroTEVE%E AT 5 GlyT1 FLEHR % HR5%
THZLEEANC, B0 GlyT1 BAEAIO Y 7 —~ a7 x TIEHREFH LT
Ligand-based drug design (LBDD) FiL& H Wb &EWT A v &2iT- 72
(Figure 12), BE# GlyT1 FLEAITH 5 SSR504734 (1Zxf LT, Rgd57 7—
v 3T 4T BRI L EKD DM O LBDD Bkl 2 & o7z, ALK T I RFEE
(scaffold B) 2o it L7277 7 —~ a7 4+ 7 €7 /L% LT SSR504734 % Hia
BOEDH I LT, WURKFERBEZEEOEAN LV IEROR L2 FEEICR D
EWVH R EEX | FHERAEREIT T, NUEBUVERIC 1—AFAL—1H-YT
VA — A NVIEEE AT H 2 LT 2.5 nM ORBUNEEZ R T 11b 21572, S
BIZRU AT I M B L O T Y — L E i OMEEMEMBE 2 52028 L,
ZEN 1.5 nM B LT 1.8 nM OENTZ in vitro TEMEZ R IALEW 181 B LT
19a # A L=, {bEW 192 & ALK T 2 R RO ENLAY (compound
B) oENLEDE LY, 19a DT YV — /L & compound B D ALAFR T IR
HNLNER D Z L D3R S s (Figure 12, SRR,

2 (LEWT e bICREIZEME. CYP BERBRICB W TN, £T v
r PK BRICBWTCHREREDMNBITIE ThH o7, WibEWmD 7 v MENEIRE
B L72 L 245 19a 8 LY @ EPIgE 2 R L, kA4 19a 13 1 mg/kg
OREARG LV AREIZT v b CSFHO T ) v g  ER S5 2 Lo ikR
AU, In vivo TO GlyT1 [HEZR~ET 56 R %2 5 2 72,
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O 0O

Y/

) N
N7 R
H uN_o
5[@ m_o =
=
CF3 :_R1
N

SSR504734 s
> VRV TS KEEEA
ICs0 =18 nM (scaffold B)
77 —3ATATEFIMIRTS
SSR504734DEta & Ht

RUXT7IRBELY
ESYV—ILBBRED
HEE AR

181 (R = Me): ICgo = 1.5 M 1om Tt s K
19a (R = Et) |C50 =1.8 nM (Compound B) (D\E#;‘Sf)t*

Figure 12. % 1 = TOHHL GlyT1 FAERIER D E &
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%28 CNSMPO ZfRtE & L72##l GlyT1 BRFEAIORIH

FH1E BROTTEB LU Y — Meaw ORI

—RAIZ, EREMITITAENEIRECZ 2O Tl L 72 B L E 2 B 5
EEZLN, INLEMNT DI LTy, THL L E (drug-likeness)) DE#
WIREND XD hole, THNETAIEDOIIMEROM EEZH N, £< D
drug-likeness WA N7 A U BB I N3 ENTZT 0T 7 A VARG %
BT L 7201T drug-likeness WA KT A N> THEET VA 217 53R
HNEBITEZ, FTH 1997 HFICY B AF =50 RME L7z lruleof 51 39
TG ORI IPEDRERAI & L TR ZIT AL, £72EE & HIZH
BLAEER EBESN TN D 30, FRKICIEM 9 2 3%, i & wp
(TH 2 WE D Jfih~ D 3 2 3 2 B A it 5 M BN B D 72D Rl /e )
HULFZRMEEN L VHIREIND, £9 L EOM, 2010 412 Wager 513
Central Nervous System Multi-Parameter Optimization (CNS MPO) % X
A RTA 0 LTRE LT 29,

CNSMPO [£ 6 2D/XF A —%— (D HEREOFHE (cLogP), @ pHT7.4
2B T DB R OHFEE (cLogDr4), @ & MW), @ R 7 m s
(TPSA)*, ® KFERAHEE (HBD) 0%, ® 75 FW T @\ M EE & i
® pKa) ZHWTEHINDHLDOTH D, o drug-likeness FEHE & 572 5 K
E LT, BEFEOFIEE MWD Z & T, PRI E LNF T A —H
—OHIFEER L, TNEZRICEHL TS, ERXTA—F—ZX LT, 20D
RIRMEICIS CT OO0 1 ORfia b2 Z0fFn e LT CNS MPO 28 fi{&AE 0,
RKXE 6 O CTHRILEND, EOMENEmWIEEFTIEL L TORFR IR
M ERD &S, BEFEO PIRHED 74%1% CNS MPO i3 4.0 LLETH 5 & Wil

* TPSA: topological polar surface area Dlig, MMEFRERE (PSA) 137 FKif Oz A7 O0°
TWAEOmfEZ R L TR | BZEMEICREET 5 &bt T D, TPSA [IRFRRIZE
DY TINT A= Z —EORFNT LV KD S, 3 YTHEITIKAFE T I mEIC PSA Dt
PUEZE R T HZ LB AETH D,
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ENTND 2,

CNS MPO 7328 S TR, TR DOREIIEIC NN D K 52~ T
TTco LU S ZHvE T GlyTl FHEAIORIZENFEIZ I Tid CNS MPO (2
FD FHIBLEAR R ITHE STy, 55 1 BT LBDD FiE42 AW 728
H GlyT1 BHLEAIORZBIZOW TR L=, KETIIHOT 7e—F L LT
CNS MPO Z 4512 & L7 H GlyT1 FLESIER O /[ MM 217 - 7=,

FTARGEINTHE S Y — NMEEMDOERR 21T 5 1I2H 72 VD \EF 13 Plizer
FRIZ L0 A &7z PF-0346275 O E#ICE H L7z (Figure 13), PF-0346275
B L OZF0#FHEAK Compound B 209 CNS MPO X ¥4 4.88 8 X 11 4.65 T
H Y BEED GlyT1 FLEH| O FTiEwy CNS MPO %4 L TV 7=, CNS MPO
DRI ZAT o1& 2 A, W AW E bBMWNEEMEDT I (pKa DOFHAE
fE2310) ZBLTEY, FIZEZORICKEORMNH LD EZ X B,

MEF OB E (Figure 1) BN THIEMOEWT X/ EE2 ST 0lcxt L
T, B GlyT1 FLEH O H21E Figure 5 (2457~ L 7= DCCCyB <> RG1678 &
£ AL A NFET D, T2 5 GlyT1 IXZDOEFEICT I 7 B VERE
ETIERWEBZAbNTL, TDOEZXDT, EZFILI VB in vitro 1GMEZ R
Compound B 7567 I VEML A BRWTALEM AR LTI 24,24 12 ICs50 fET
67 nM 1F EOHREEOHEEMES MR ST (Figure 13), L&) 24 13558
PE (pKa = 4.2) o0& (MW = 313) THY ., TOEREIEFIZE L CNS
MPO f (5.96) Z/RL7-, (LW 24 %Y — R e L, FintEEs OF
T VRNAAL, @A I F Y —)VEAL, @GRS L T Eh4a ST, mn
CNS MPO #Z#efr L e biEME 2 dEm T o2 kEfbz T 22 L & L
(Figure 14),
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24
IC. = 67 M
CNS MPO 5.96

PF-0346275 (R=3-Cl, 4-F)
K. =11.6nM, CNS MPO 4.88
Compound B (R=3-OCF3)
K,=232nM, CNS MPO 465

clogP? | clogD? | MW | TPSAY | HBDZ | pKa® | total
Value ¢ 190 0.22 408 50.6 0 10
Compound B
CNS MPO Value ¢ 1.00 1.00 0.65 1.00 1.00 0.00 4.65
Value ¢ 203 208 313 a47.4 0 4.2
24
CNS MPO Value ¢ 1.00 0.96 1.00 1.00 1.00 1.00 5.96

Figure 13. ¥#lV — NMb&W) 24 OIFE

“Daylight software TEIEL *? ; * ACD/labs software TEFEL ; ¢ %/3F5 XA —F —DFELfHE ; ¢ %3
T A—Z —OFEMEN DR S5 CNS MPO D g & Z O

______

TER7ILFILERGL
Figure 14. 1— A FL—1H—A I &V —)L—4— LRIV I RiFEARO &AL

Hiziva
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%28 THEET XV AR DA R

F7T Y — MbEY 24 OFEMER EA2 BRIZ, FTE7 VXSS T D ETE
PEFRBI ORGEZ 1T o 7o LA 24 B8 LOVFET /L /LK 27a—c 35 KUY 29a—
c DG k% Scheme 6 (/-9 3—(hY 74 B A RFI)RUILT IV 25 &
1—AFN—1H—A IZ ) —)—4— VR U BEHEG L, 7 2 R 26 %
37, A 26 DT I FENLAKFT R O LATH T 1 b oAb Lz, flix
DT NVFNUNTA REESEDZ ETILEY 24 BED 27a—< 21372, 1V
Ttk Y ruadULERBIOT T Fr—2H—E T —4—A VK
RED2MT NI NIEEBAT HGEIL, XU ALT 26 EXNET AT o

I T X LU EATO, e 1— A FNV—1H—A I XY —/L—4—J1 LK

VIR E DREERONZ XV | LAY 29a—c EENE NG,

0 b o
HZN/\©/OCF3 a </N ])L”/\Q/OCFS (N])LNS OCF,
N N R C
/ /
25 26 24: R5 = Me
27a: R® = Et
c 27b: R® = n-Pr
o 27c: R5=iBu
N OCF,4 a (NJ)LN/\O/OC&
R5 N RS
/
28a: R® = jPr 29a: R% = jPr
28b: R5 = cHex 29b: R® = cHex

28c: R® = tetrahydro-2H-pyran-4-yl 29c¢: RO = tetrahydro-2H-pyran-4-yl

Scheme 6. Reagents and conditions: (a) 1-Methyl-1A-imidazole-4-carboxylic
acid, HOBt-H20, WSC-HCI, DMF, 9~98%; (b) NaH, R5-I, DMF, 40~80%; (c)
acetone or cyclohexanone or tetrahydro-2H-pyran-4-one, NaBH(OAc)s,
CHCls, 56%~quant.
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93 HT TERT VI VERALAS HAR OO SRR REAM & A5 (I SRR AL O R EA LR

AT 57 24, 2Ta—c B LN 29a—c D 7'V o L HL Y IALBHETEME 2 Table
6177, IbLEM24 DATFNVEEZTFAIKIHE LT Z A, [RFEOIEMEE
FFL7= 27a:1C50=76 M), S HIC/ A~ T ichmELizE 245, &
23\ E L7z 27b:1Cso=10nM), 724 YV 7T a ENIERA VY TFNIED XK 9 725y
IZ 85 DA TIE & B IIEMED A LGRS H7z (29a: ICso = 2.7 nM, 27¢: ICso =
28 nM), ZDOFERED TEHT7 A X NAEMITIETH IBREDOEZE I NMLETHD &
ZEZONT, ELICEEWEREZEALTZ Y7 Ak U LEFEK 29b T b
Tk et =/ViFak 29¢ HiGMEITMER L7223, CNSMPO 131 Y 71 ELEE
R 292 IZHAME T L7z, ZHAUTAREMEHE RS L3y rEEKIC kb0 &
B R BT, &R LTV CNS MPO (2L 72 3 (RBEHI (/ v~ /L 7 m LA
BLOAS VTN BN T A THHEBZ NI, ZZ CFEHT IV
XL E /<A T a S LIEA Y e EAVKICEE L, oA
BOWCHEARLEEFHMEOMN G2 RFTT o2 L Lz,

Table 6. {5 24, 27a—c, 29a—c D7 U > U H Y AL HEEM: & CNS MPO

[o]
N OCF;
Y
/ R
5

No. R ICs9 (nM) CNS MPO
24 Me 67 5.96
27a Et 76 5.78
27b n-Pr 10 5.58
29a iPr 2.7 5.66
27¢ iBu 2.8 5.23
29b cHex 1.6 4.55
29c¢ Tetrahydro-2 H-pyran-4-yl 4.7 5.54
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A IV = VELITBER O IIERICBNTHOMEEBA R I T LT
213D BREIGMEICLAOHEE THh D LR ST, FERRIC 1— AT L—1H—A
IHY =4V ARF Y I NS IR B LARBE ThH 2 &
MR S 7z (data not shown), —J7, HHSHERALIZEI L Cid, o007 =
SNV OEBILEBRITEEDN H D Z ERHEINTERY 2130 4/ IX Y —)L
IR TR AR AR T H LD B b, & 2 CHUBENL D4 H
IR DIEMEAMERF LoD, AR HHMMERAITY 2 & & L, 208 L
B % Figure 15 |Z7~"7,

EHREGAOHEIAZEZREL T, EHIXILD MY 7rda X bR Ko7
TS VEADOEBRIZ LD E T = 2 VIFBEROT YA L EIT o7, LLARNRS
ZD@EmWIREED 72012, B 7 = =/)LikE{KkoD CNS MPO (1 29a (ZHE~METF L
7o —MRENCHIE L OWFRIZ B W T, EHRELE ALY 7B X OREMENR
WRTHMEMAH Y, CNS MPO L& HITIRT 52 RN PRI, Len
ST ZDOREFETIEmEmW CNS MPO 2k O ENHDH L F X, EHTT ==L Y
VO VHEEROT YA L ETol, T OFHERTIE CNS MPO 7% 29a & 1FIZ[H
FREEICHERF S AL, EHUBEANIC L 2 b b AlRBIC R D & & 2 bl

FEEEC LA Jz)LE EYDUR
(ﬂfﬁ‘}) z\aprm o “PER
29a CNS MPO = 4.90 THA UIEEY
CNS MPO = 5.66 (R' = H) CNS MPO = 5.80 - 5.81

(R =H)

Figure 15. A IEHEN O s i b5 e
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FAE ARSI AR (7 2= A DUFEER) O/

7 2=V DU RO AR % Scheme 7 3 X O Scheme 8 (77, 2—7
2EEYV—6—I/LARFH I N30 IZKHLT 1—7I 77Xy LT 2
—7 X T aRrEHWTCERICNT I LS EITV, 8la B LU 31b 157,
FNEN 1—AFN—1H—A IXS—N—Aa— T NAR B EfEaT A& TH
Wk 82a B L1320 ~L X fi V=R UEREDEAKRT v T UK
JRIZE Y 2—T7 2= PV r—6—A LEEEIA 33a B LN 33b 2NN,
HREFEE LT 2—7aE ) P—A4—NNARFTTILTE R 84 ZHWTIH
BROBKRBRKICLY, 2—7 2= ¥ —4—A VFEK 37a-1 2157,

4—7 2= VB V22— A NVFHEHKRITRLR D HIEICTEREIT- T2
(Scheme 8), 4—7 REVE U VL —2—W/VARUEE38 % 1—7 X X L
ALT39~LENH%, TR BEOMAKD v 7V U T RUNMT LY 40
fFic, TR 40 OT I R 2 KFE LY F U LT IVI =T LI TET L, fit
K N—AFN—IH—A IFS = —4— VR B L DML HEITH 2 &

=)V U —2—A VBN 42 BT,

T4—7
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3

0 o)
N. _Br a N_ _Br b N_ Br C
Y r—></NJA” [ r—></NJ)L” oy
_ RS — N R® = N R® =
/ /
30

. pR5 = .R5 =
31a: R5 = I"I-PI' 32a: R5 = f.'l-PI“ 33a: R = n-Pr, Ard = Ph
31b: R> =/Pr 32b: R> = jPr 33b: R® = iPr, Ar® = Ph
o)
A DT g g éNj)LN o~
_N RS _N N RS _N
/
34 35a: R® = n-Pr 36a: R® = n-Pr
35b: R = jPr 36b: R = jPr

o} 37a: R% = n-Pr, Ar® = Ph 37g: R® = j-Pr, Ar3 = 3-OMe-Ph

c /NJ)LN ~Ar  37b:R®=-Pr, Ar¥ = Ph 37h: R® = j-Pr, Ar® = 2-OMe-Ph
- <N / F;:\CN( 37¢c:R%=j-Pr, Ar’=4-F-Ph  37i: R%=j-Pr, Ar® = 4-CF;-Ph
/ 37d: R® =j-Pr, Ar® = 3-F-Ph  37j: R® = j-Pr, Ar® = 3-CF;-Ph

37al 37e:R5=-Pr, A = 2-F-Ph  37k: R® = i-Pr, Ar® = 4-OCF,-Ph

37f: R® = j-Pr, Ar® = 4-OMe-Ph 37I: R% = j-Pr, Ar® = 3-OCF;-Ph

Scheme 7. Reagents and conditions: (a) 1-Aminopropane or 2-aminopropane,
NaBH(OAc)s, CHCls, 37~99%; (b) 1-methyl-1H-imidazole-4-carboxamide,
HOBt-H20, WSC-HCI, DMF, 67~98%; (c) (condition A) Ar3-B(OH),
Pd(PPhs)s, K2CO3, DMF, EtOH, 150°C, microwave irradiation (condition B)
Ar3-B(OH)s, Pd(PPhs)s, K2COs, toluene, EtOH, H:0, 150°C, microwave
irradiation, 49~98%.

o 0 o
a b c
HO I\Br HN |\Br HNT NS
N~ y) N~ ﬁ N~
40

38 39

d NJ)L
HN X Y N X
/
4 42

Scheme 8. Reagents and conditions: (a) 1-Aminopropane, HOBt, EDC, DMF,
84%; (b) PhB(OH)2, Pd(PPhs),, K2COs, DMF, EtOH, 150°C, microwave
irradiation,  88%;  (¢)  LiAlHs,  THEF, 70°C,  32%;  (d)
1-methyl-1 HA-imidazole-4-carboxamide, HOBt-H20, WSC-HC1, DMF, 28%.
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Yivax Varaw

=5 b HI

FRIBHEAZE SR (7 ==L ) VU FBER) SR

AR L7 2=V U UFBEIRD in vitro EFLEME % Table 7 33 X Uf Table
SIZ T, T PUBOEEAEZERTOMBIZOWTHI L, 7=/
B O UBHREROERIFF O E MR (83a,42,87Ta) DO L 2—T =LK
U Vv —4—A JVEFEK 3Ta (TR B AT 2215 M2 7R L7z (87al ICs0 = 39 nM),
ATEN COMERMEMBE D EBY . FEHT AVXIVENZ /L~ b B VNG
AT aENIEICT H L THETOEREOR ERSHER S B3avs33bi LW
37a vs 37b), Table 7 |[Z5E# L 72T X COLAEW A = CNS MPO i A #EFE L 7=,
WIZT = = VHAOEHIE NI L D H 2 D5 E(T) 2L L Lz,

Table 7. {541 33a,b,37a,b, 42 D7V > VEL Y AR PHEEME L CNS MPO

(o)
N N/\
¢ N, A
N R®
/
No. R’ Ar’ ICso (nM)  CNS MPO
33a n-Pr NS 140 5.78
I/
42 n-Pr B 1,400 5.78
N~
37a n-Pr A 39 578
I/N
33b i-Pr Ns 100 5.81
I/
37 i-Pr & S 20 5.81
~N

o

9



&% 8Tb D7 = = VIO EHILE AR 4 Table 8 127~ 7, 1R
EHETHL 7 v RFFEZEALTLE A, NIAB LA ZLLA~DEF N THE
PEITAERF L72 (87c: ICs0 = 18 nM, 87d: ICs0 = 16 nM), —J5, AL Mii~D 7
v BRI EANTIHIEEME T L7z (87et ICs0 = 43 nM), E LG TH D A
MRV ERZEALLE DA, 7 yRIRTOHANLFEOBEMPHER I, TV
MEHURIZHR TN T B I OA ZBEAROIZ ) REWEEEL R LT, 7 v R
FEAL A MR UHEAL R L2, TR TOEBRLE T 7 v R EHRR
DR EPEZ 7R L7 (37¢ vs 371, 37d vs 37g, and 37e vs 37h), DL O 1ETE AR BY
DR zEZIT. T b LT A XA DB ARG IMEDOBEAZITH Z & TiE
PE EOFREMR B D b D LB X, Fie D EHILERE R LT,

MU ZAdw AFNVEOBENT, 7 RIRFEAMEZET, NI TIERE
PERE T LIZb 0D, A XA TIHEER _EAFRO Sl (37i: 1ICso = 37 nM, 37j:
ICsp=82nM), hVU 7/ u X FFIHEDOBEATIINRTA, AZALE BITHEW
IEPEZ R L2 (37k: ICso=7.3nM, 371: ICso=7.9nM), h U Z/vFa 2 F /i I
R 7udm A NI TENKE <, IREEREWERLCH
HH, 2B CNS MPO 1L 5 (I o v Ml 2 #EkRe L 7=,
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Table 8. A4 26e, 37c—1 D 7'V < L HL Y AL PRETEM: & CNS MPO

(0]
iseval
5 Qe

IC50 ICSO
No. Ar’ CNS MPO | No. Ar’ CNS MPO
(nM) (nM)
37b /© 20 5.81 3 Y : 190 596
% 2N
F CF3
37¢ /©/ 18 5.85 37i /©/ 37 5.00
%y kY
37d Y /©\F 16 5.84 37j 3‘/@\“3 8.2 5.00
OCF,
37e 3‘@ 43 5.76 37k i“/é)/ 7.3 475
F
B L
37f y @/ 34 5.93 3 ock, 79 475
37g . /©\0/ 37 5.94
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F 68 LA 3Tk OENEERHER LU in vivo HEERFA

%5 b Hi E CITHEERNCHTRMEO S VMAIBE A B L, 72 in vitro {EVEZE 7R
TG 3Tl Z A L7z, 2 k&m0 RIEZ MR 572012, &
MFI 7m0y —AZBIF 5T EMZ MG Lz, A ZEHR 37 B3XO 371
(X2 DOREIRD 26%FEE THoT=DIZxt L, NI ESE A AT 2 37k 13K
HEN 5.6%THY, MNEEMEEZ R LT, 512 8TkIIRHETHL Y~y
12 A P450 (CYP450) ZfHFHEL 2 64 I 4V —LEHEEH L TNDH DD,
L7 CYP450 4y 1HE (3A4, 2D6, 2C9, 2C19 B L TN 1A2) (2% L 10 uM DO
IZBWTHEEH 2 RS o T,

UEDOREER IV, 8Tk 27 » MEWNEIREABRIZHE L7z, £ DR % Table 9 12
FLwDH, bEW 3Tk 27 v MIX L THIR G LI 2 A, 1£7 v MFImiE
BEO¥FEEDI VT T AE (CD %L, FlE@EE ORI 5513 EHKT
HIZENTREINTZ, EBRIC 2.55 mglkg NG LIZREONA F T XA T8
U7 4 — (BA) 1242% TH -7z, £72 Cmax i 0.64 uM TdH Y  B/P ratio 1 0.90
Tholz, F1EFAH TR LIEZERLBY, 19a % 10 mgkg %5 L7ZEED Cuax
12 0.24 M TH Y, £7- B/Pratio |3 0.52 Tho72, 2D L LY 37Tk 1T Thnax
fHEIZBWT 19a K0 b EWINNIREZ RT 2 LR LhE ol

Table 9. L5 37k D ~ MMANENRE

S (1 mg/ke) ®O#Y (2.55 mg/kg)
CL Vd Chnax Twax | B/P ratio | BA

37k | 2,580 mL/min/kg | 2,700 mL/kg | 0.64 uM | 0.42 h 0.90 42%

FCL(Z )7 Z v A): HDEN» DA 2 %2 AR H 72 0 RN DIHES L
D EmDIEW %G VIZRE OB TR LIS, Vd (OARD: WA mig-omikic £
EDEFEIZ B L Ten & KT BT O5RFH)
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5% 8Tk @ in vivo TOVEH ZHERT 272DIZ, 7 v F CSF o7 Y v
BEOREEIToT2, 7 MZ 8Tk kA& E L& 2 A, Figure 16 (Z/R"§ &
BY. HEEHFIC CSEF DT Y AREN ERT D Z LGSz, &N
FH%hE (MED) 1X 3mgkg Tho7-, ZOFFEIL, F1ETHHE L 19a L [F
B, 8Tk 37 v MMND GlyT1 ZFAFE L, 7 AMO 7Y v U REZ & T
WL EETRIETLHHEDTH D,

18

19+

12 - *kk

KKK

CSF glycine concentration (umol/L)
©

vehicle 03 1 3 10
37k (mg/kg, p.0.)

Figure 16. {L6%) 3Tk % 51281725 T » b CSF 117U & R ERIE R R

(*Data represent the mean + SEM (n = 6-7). Vehicle: 0.5% methylcellulose, ***: P <
0.001 versus vehicle treated group (Dunnett’s test))
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WTHE LA™ 19a & 8Tk Dl L V&L

F£7 87k LFHELDOR A L TR o T RHEEM TH 5 PF-0346275 & DIk %17
-7 (Figure 17), CNS MPO I1ZZ N E# 4.75 3L 4.88 TH Y | 1ZIXFFED
fECdh o7z, PF-0346275 DEHEMT X /7 HEZBR Z L2 X 0, pKa OFHHEHE
N 1015 4.0 TR0, ZOFEE pKa D/3F 2 —2 =R 0 mnb 1.0 sllkE
L7z — . 8Tk 1T FEB LOIBENED /XT A —Z —DFENETELI 2D,
FERMICESZED CNS MPO #/r 3 Z L2/ o7z, KV AE LT VWE S04k
WRIA=Z—=DREINE L —F—F v — b LIz L 2 A, ZORIRITERR
HbDThol, ZOZ &L, MFIFMHACTFRNZ R R D RELFFOZ &0
RSN, FRCHEMED ST Z O 2{LEWIIME L2 2R P ED R 72 > T
L5, WEMEOR S I TERE B X OEMEE TR DFHELZ R T RN H 5 Z
EMHBILTUNG 39,

/N])OLN ,\©:c| Parameter Value C':,S;Iz‘:o
54 L‘ d ¢ cLogP 173 100 R
(ﬂ"" cLogD 0.22 7.00
N MW 376.86 0.88 . )
PF-0346275 | PS{\ 4137 1.00 ~
K=11.6nM # of HBD 0 1.00 '
CNS MPO 4.88 pKa 10 0.00
Parameter Value CNS MPO
Value cLogP
v@”" cLogP 3.56 0.72 - Lo
i‘_}(ﬂl ® cLogD 311 0.45
MW 21841 058 )
37k PSA 60.25 7.00 B~
ICp =7.3nM # o HBD 0 1.00 o
CNS MPO 4.75 pKa 40 1.00

Figure 17. PF-0346275 & 37k ® CNS MPO B L UL —# —F ¥ — h D Lk
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WA E OB DO EEIRBA LAY & D Lh#k 21T - 7= (Figure 18), SSR504734
X DCCCyB. RG1678 72 £ ™ CNS MPO fifii%, 9T 87k (ZH# L TIEW
DTHY ., 3Tk OEIREMILAEME L TR ZRBT 5L DO TH - 72,

o <«
m
H z v/ i N
H (0] cLogP H )K©\ cLogP
Cl pka cLogD cl pKa cLogD
o5 A
(0]

MW

SSR504734 TPSA DCCCyB
|C50 =18 nM |C50 =29 nM
CNS MPO 3.33 CSN MPO 3.62

L

O O CF3 cLogP

Nsae

0=
FsC” N OF R

cLogD

TPSA

RG1678
|C50 =30 nM
CNS MPO 4.42

Figure 18. BEHOEGKRFHFILAEY D CNSMPO B XL —F —F ¥ — k

%12 19a & 8Tk Dk %17 - 7= (Figure 19), LA 19a ® CNS MPO &
3.17 Th Y, 3Tk [ZHI L TIRVMETH 7=, 1bHE 19a & 87k © CNS MPO
DEHEINT A =B —Z i LT 2 A, pKa D/RXT A= =3 ZFNZ30.34 K &
LOSTHY  SEOENFRE»o72, 72 HBD 0¥, 4y T8 L O cLogP
DT A =2 =) 8Tk DIE DN LY BAFR iz " L, HE— cLogD /37 A —
2 —DIH19a BENLTW -, Thbx L —¥—F ¥y — N TrRffELT=E 2 A,
ZOBRITRR DR THY . TROLERR LML FIIRFEZ AL TS Z
R X T,
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Parameter Value CNS MPO

Value
H i = N——\\ cLogP
HN._O =y cLogP 44 0.30 - -
NP cL(_)gD 21 097
g 3 MW 49104 0.058
193 PSA 71 _8 1 _0 HED MW
[ # of HBD 2 050 TPSA
IC;p=1.8nM .
CNS MPO 3.17 pKa 93 034
CNS MPO

Parameter Value Value

cLogP
N i /\C(leﬁﬁg cLogP 3.56 0.72 pKa 6LogD
N =
f:lj);\ () cLogD 311 045
37k

MW 418.41 0.58 o -
| PS{« 60.25 1.00 ~
IC;=7.3nM # of HBD (4] 1.00
CNS MPO 4.75 pKa 4.0 1.00

Figure 19. 154 19a & 37k ® CNS MPO B L UL — & —F ¥ — L D Ll

164 87k 1 19a 12~ CNS MPO O3 E < . BIFR 707 7 A V&R
ZENTREN, EBE 8Tk X7 v b PKRBRICE VT, X0 @V k@& sEs
BRE (Cnaw) Z7rL72 (19a (10 mg/kg): 0.24 uM, 87k (2.55 mg/kg): 0.64 uM),
FI-HREEBRICB W TEETH 2 MANBITHICE LT . ik K Oum e
FEbt (B/P ratio) 1% 19a 2% 0.52 TH - 7= Dix% LT, 87k (£ 0.90 & EV Ml &R
Lz, ZOZ XY, CNSMPO (23S PEANRRITEIE Y 0 7 7 4 L DK
BIZORNPoTEbDEEZIBND,

—JF. 7y NCSFHDTY v AREZRET 23 BRICHBW T, 19a ® MED
121 mg/kg THHDIZK LT, 37k ® MED |Z 3 mglkg Tho 72, W{LAY
Eb Tt invivolERHZRLTWA b0, 3Tk iL1 HESW., T7RbbH LD
95U in vivo fER Z R IR & 7o T, 2 OFEROBLRITIIENENE & SEERAE ]
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D&Y BRI A LETIEIH D HOD, in vivo FNENE U EHR OO L
DI in vitro TEMEDTRE DIEVAE 2 H415 (19a: 1.8 nM, 37k: 7.3 nM), CNS
MPO [ TIEVE A ZEE T, M7 n 7 7 A VOB ESRT DIETHY . 20D
7= CNS MPO (ZFEMBREDOUEIZHE L TV 5 —J7, EZhOFHNITIEAR+43 T
boFMEERObDOLEZ NS,

F1IERBIOE 2EIZBWT 250 FEIZK Y HTH GlyT1 ORI 21T -
7=, LBDD FE TIIBRMITIR) 2IGMEEH 3 HEHRZ R L. CNS MPO
RIS L FE TR PER & U T RAF R IANENRE 2R~ BHLE A 2 L L7z,
St Z9 L2 2 DOFEEFENMA G LY, ZHMILAEWERZ D Z L
IZED . KVRIRAIEBRIZORT 5 ZENARRICRD D EEIBND,
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H8HI Fi&®

ARETIL CNS MPO 5% & L7= %l GlyT1 BREAIAIH 2 Mt L, i M
PR A 23 D BER GlyT1 BREAIN O 2 O 2 B < 2 & T, &
WCNSMPO #H4 25U — NMbAt 24 # JAH Lz, (L&YW 24 O T T L1
N OREETEMEFB 2B D20 E U, S DICH MBI O ZEHZ XV /e 2 Hi
PO 55217 >7-, ZOFERE., 7.3 nM OE\ in vitro &M Z R L, Ehizt b
7wy —b&ZE2f3% 3Tk z A Lz, (bEY 3Tk ITENT-T v MK
NENEZ R L, S 51T v b CSFHO Y VU RE% 3 mglkg OF% 512 X
DEEIC LA SET,

IbE19a & 3Tk D70 7 7 A LAEROHEE LV . CNS MPO 73R 3|25k
DONDENBEBOUEICHE L TWDIRIETH DL O, HHDOTFRNZITA+
DT DLREEFET D 2RO E L- LAY 8Tk 13192 CREF O GlyT1
PHEANZHA~E W CNSMPO 2/~ L, 512 19a & HARER2D2MMET 17 7 A
WEATDHZEDNRBENZ, ZROORELY, 3Tk 1% 19a Dt h TO TP
NORBBEXOABOHFEEZREDY A7 12T, BRI T v Tk E L
72,

(o]
’NJ)LN OCF, )
G ;/\©/ 73 UEMEORE ,NJ)LN ocF,
Iy <N' |/\©/
/
24

mllH
N
/
ICSO =67 nM
known GlyT1 inhibitor CNS MPO 5.96
CNS MPO 4.65
OCF;
- FEZILFINERTOE R L o N 2N
- IR EMET CORTIRIEN 5. <,NJ)LN N Hut o '
| > I &
|
37k X-NcF,
ICs0 = 7.3 M 19a
CNS MPO 4.75 ICs0 = 1.8 NM
CNS MPO 3.17

Figure 20. % 2 = CTOHHL GlyT1 FHERIHER DO E &
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#3E LAY 19a OFEH AR

¥ 1HE LA™ 19a D in vitro FiME

B 1 EB IO 2 HTHLNTLEY 19a B L 3Tk L&V in vitrolEMEE
AL, 7> b CSFHDOT Y v g% 1 mg/kg 3 K03 mg/kg O #5112 &
DENETNAEIZ LA S, Zo 2o oH, LVEMHETT » ~ CSF
FD 7Y U EESY R ST 192 IOV CEEM AR 33 20l 217 - 7= 1%
U IZ in vitrodHliZ4TV, Z OfER % Table 10 (2F & D7z,

t&# 19a 7 > b+ GlyT1 (rGlyT1) ~OEFEFEMZ#HRLI=L 24, ICs
fET 1.6 nM & EWAEERZ R L7, ZOflide b GlyT1 (WGlyT1) BEE{EM
(1.8nM) L IZIFFZEDOETH Y, FEN/W BRI, 7 v b GlyT2
(GlyT2) ~DFLEMEMIZ IC5MET 138.1 nM TH V. rGlyT1 PREMEH & bk
LTHEHNHEDTH oz, £72 NMDA ZHERT U v UAEEIAL, A R U F =K
M7V U, R R UREER, ke b0 BRB LA EAA R
SRR E G, 10T DZEE, 8TV AR—=Z =B LA 4 F v R~DER
WEHER Lz, &0 T257 040 Hy REEEHERBRICE VLT, 19a 1%
10 uM DOIRETIZE A EDGFITXT L TR G FEIEEZ R S o To, —H6,
o b= 1A ZHFK -HTw) BLOkEr b= T U AR—%— (5-HTT)
[ZxF LT 1 uM OREET 50% LA EDOFEEHEEMEZ R LTz, ICso EDHE H AT
Sl Z A, ZNFN 10119 nM B LWV 145.7 nM TH Y . GlyT1 ~DFHENE
PEIZHEARTIER LS, 7P UEZ2 A LTV D Z &R I T,

Table 10. {L&5% 19a O FIREFEAERO £ & D

hGlyT1 rGlyT12 rGlyT2% 5-HTiac 5-HTT ¢  Others ¢

ICs0 1.8nM 1.6 nM 138.1nM 1011.9nM 145.7nM > 10,000 nM

2C6 glioma Az H W=7 U oV ER Y IABLFLEEME ; 2 GlyT2 238l <72 COS-7 #if
ERWTET7 U U B AR RETEME ;< [BH]S- OH DPAT FEATEME . d[3H]paroxetine fE&
1&ME ;e Cerep (Celle L'Evescault, France) (Z331) 2 2.
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28 LAWY 19a OMEKIEDTYE T M T DRFR L F5

HiEZ 3T 19a 13E D in vitro GlyT1 FLETEMEA E R & T v b TN
<, Flt+57 invitroBIRWEZH T 5 Z L &2R LTz, &2 CHa KRIED FIE
WEBL7ZEMET VA2 VT 19a DR ZHREF L7, B E ~D )%
ZTRT28MET VE LT, 7y MIramiRaRakaER 39956 X O7 » MEatE
RHERER 0% 1T o T2, EEEER~OHEEZ THIT 28T T L L LT PCP
HF~ U AFERMATERR WaiTol, BT, A KRMIERE IR T DD
DIERA~DIRE TRITHET VL E LTT v MREIKKRER 21T > 72,

7B, BRFHIBWT 19a 1TEIIE S L <13~ LA VEREZ W22y, i o
PK 7ua 7 7 A WZEITR N7,

7 v N AT IR AR

IbEY 19a ORBIIBEERERE T~ 0 R 2 Frar M IARTERERER 12 L 0 fEt Lz 39
(Figure 21), ARBRITHFAMEE AT &0 D T > WEOREZFIA LIZRBRR T
HY.HONUD 2 OOWRERE S ET1%. BT OMIRE Tk & ZH L,
2 DOYR~DOEMEARIET 5 2 & THENGEZ M5 (Figure 21(a)).
AR CILERIUFMRIE CTH DL 1Y =3 E RS R0 b 00, FF
ERMHFFHRIE TH 2 7 n P & NI 2R’ 2 L PR STV D 39%),

EFWRT7y FTIE 2 BIEOBRRTHAMIKIZ L v BLL (exploratory
preference) Z 759 X 91272 % (Figure 21(b), vehicle #f), —J. NMDA % &
ROIEFATEIAITH S MK-801 (P&, Figure 2) O HIZ LV vehicle BEIC
A THE AR~ DOWELFEMET . 7720 LIl are DfEE %2 R L7z (Figure
21(b), vehicle + MK-801 £ 5-5F), Z AUITAE A R FRIE O 7B A REREE 0 — ) 2 45
LTWDHDEEZLNLMN 192 2R OHFK5T 52 Li1I2L Y 0.3 mgkg L ED
METHTWE~OEGEZARIC LA, TRbbsENRE R LT, ZOR
RI1T GlyT1 FREAITH 5 19a DS HKRERE HE~DUCEEHN 240 2 L 2R L
TWLHDOTH D,
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2E B 0
(@) 1ERoE® e
(relicle &35 7,[? L
ﬁcg" O —> L‘@’ SYREERT (70%)
N
2O DYHE RS (S0%) IR \ 7&(
MK-801E&R5LEFYMNE

7
MK BEH | (D | Erssemmesyoo

O % R% (50%) IS5k

(b) 80

= . *% *% *%

® I I =

g 9 i

[

kS

2 a0

P

o

(1]

s 20}

=%

b

vehicle vehicle 03 1 3
19a (mg/kg, p.o.)

MK-801 (0.1 mgikg, ip.)
Figure 21. 7 v MHTar#aEaGURIC X 28 19a OFBRIRERE ~D2h R

Ofs. (o) HEBNAEOBIIEX. (b) BB R

(*Data represent the mean + SEM (n = 8-9). ##P<0.01 versus vehicle-treated group
(Student’s t test). **P<0.01 versus MK-801 treated group (Dunnett’s test))
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7 v ML PR R

{bEW 19a OFEHEREREE~DONRE T > MESPERMRBRIC LV BEf L
10, KRBRILT v PRI R ORI ST v MBI Z RS &V ) Rt 2R L
B TH %, AR TIIERTUEHIRETH 5 XY F—/L 3L 2R S
RNE OO, EEFGUEHIHE CTH L7 n P B NIEZ2 R T 2 LRI
TUN 5 40,

NMDA = F RO IEFEEHEHIHITH 2 MK-801 THHE L - tESMFLIEORE IC
%925 19a OB FE AR L= (Figure 22) 40, AR CTIIREAT v M &2h#E T
v M ER U7 —TIC AT b IRERR S 7%, 30 7y DIRBER 21X S AT,
BOR—E T v NERRSED, @% TH D & 30 75 OFEEE TR EN
MERF L T 570 2 [ H OBRRGHIAER SN D, $7abb 1EB L 2EHED
PREFEM O L (ratio of investigation duration (RID) = 2 [a] H ORI, 1 [F]
HOBERER) 28 1 Lo HEWEE 725 (Figure 22(b), vehicle #f), — .
MK-801 ##5- L7zl T » S O34 2 [B1H OFRRERFE A 1 Bl H ORI RFH] &
A4 L 720 RID 28 12TV ME & 72 5 (Figure 22(b), vehicle + MK-801 #%),
T H MK-801 D452 & 0 RHEREICIEEF 2 U, SRR O 23 5]
TRIIND, ZOZ LITHEKMEOBIBEREREED —HAEL TN EH
AONDHM, 19a R AFKE- Lk ZA, 0.1 mg/kg £V 2 [FIH ORRERHZH
B Sz, T H MK-801 |2 & W EENAE U-AAmiEs s X ¢
Too 728, 1BIHE 20 TRRLG955 T v MRS LB ZITV, 19a &
0.3 mg/kg NG L7c & TR L4 T » % vehicle #f & [FIFERICEER T 5
Z LB Lz (Figure 22(0), 2 2 & 13 19a BHESMATEIAKREZ KT S &4
WZ e LTND,
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(@) 2 B DR
1[E B O (Goartd)

mmi'de:ﬂE] -
= (vehicle {25 ERGESYCIRERO
[7 HERHETS @ —| pammboen

O —
N MK $11E RS LISV
- D = &'| 1 HHERRICRETR

(MK-8 ESMRECET)

% 1[E B &2 B )R 5RO e
(ratio of investigation duration =2 [E B DIEF.~1 E B O#ER)

(b) (c)
12 #
c c 12
S S
© 1} =
5 [ g 1} :
= el
5 08} 1 *k ok 5 08}
S o6} 1 5 o6t
F3 I B
£ 04 g oa}
© 5
o 02f o 02}
® ®
vehicle vehicke 0.03 0.1 03 vehicle o 3193 )
19a (mgkg. p.o) S L
MK-801

MK-801 (0.1 mgikg, ip)
Figure 22. 7 v MESMEGRIRE (MK-801 TH% L2 EBOIKT) I
KL 2bEW 19a OFBIEREREE~DZROMER. () HENEOHIEX. b) 1k
H) 19a OFRERFER. (o) (LAY 19a K ERFOERR D0 T v Mk 28R%E

TrEh R

(*Data represent the mean + SEM (n = 11-15). **P<0.01 versus vehicle +
MK-801-treated group (Dunnett’s test))

53



WA R AR I K DS OK FICx 3% 19a O R & MR L7z
(Figure 23), AaBR Tld, MRBEERF 2 L1332 L IC K D HESRE AR T S+,
IEEWOFMEITH O TH D (Figure 23(2)). 1 [ H DER DI 120 43 [HE
HEL7-%G., BOR—$E T v F2RRSEL EET » MT 1 BIH & FRERIC
PFEAZITV, RID 28 1IZUEVME & 72 % (Figure 23(b), vehicle #), Z AUIXHFR
PRI X0 SRENME T L TWDS Z EE2 R L TWD, — ., 1 FIH ORI
12192 Z# R N#EH Lz & 2 A,0.83 mg/kg 128\ T 2 [B] H ORI 23 EH/E L.
RID #MEF L7z (Figure 23(b), 19a ¢ 5-8), T72b b, thaiitiEs s
oo T OMEMIIBEFOIEERGUIEHRHIECTH L Y AXY FrThi@od b, 0.1
mg/kg DR NEG L 0 FEIC 2 [0] B OBEZRIR 2 8 S W72 (Figure 23(c)).

WIZY ARY R U B %R S 7200 0.08 mglkg OFRF N 5HEZxF L C19a &
ERERELIZEZA R GOSE XV IERAETH S 0.03 mgkg 75 H%)
Zax L7- (Figure 23(d), Z D Z &L, R D EAMT 2 H 5 5 IEER PR
& GlyT1 FRFEANCHRES L IR PH D 2 L 2Rm L Tnd, BEFDIE
TERGUAG AR 2 D 2 & THRA RIRIED BHEERIT Haic = b e —an
ARECH DA, WREMSEEREE o5 L IR N+ Tidewy, L Laens,
GlyT1 FHEFNFHARE TH D Z EARENTZZ LIk 0 A KIIE ORI
VVERRIC KT T D TREDN AIREIC 72 D Z E DR S LTe, 723, 1 [RIE & 2 [FIH TH
RHNET v NERKIELHBRIC L - T 19a NESMHETEHAREZ K T S E2
WZ L EHERR L7 (Figure 23(e)).

LI EORERIT, GlyT1 MUEARITH 5 19a R AERERE E~ DU EEM 2 A L
TWHZLERLTVELDTH D,
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(a) 2[E1 B D%k
B A OBEE CFaE)
BTy IS -
= (vehicle B 5 ERESvheh2 BIEat#RE
[W"’éﬂ*“’ Q=bo| | HALRM-EETBELS.
HEmaE0ET)
Qo
% AWk YEMERERN
EAwEsEE 1 | (D — o' HALLEA.z BAOERE
BAIRAEIEE) RIS
* 1[8 B &2 B ORE RO LT
(ratio of investigation duration =2 [0 B M#F5E.~1 [ B DiEX)

(b) (c)
% " 1 g 1l —
‘g 0.8 x g 081} *
[ 2 c * %k
S 06 S 0s}
S S
e g
= 02 £ 02
(=] [s]
(=] o
§ 0 E 0

vehicle 0.03 0.1 0.3 clozapine vehicle 003 01 03

19a (nghg, po) © das risperidone (mg/kg, p.o.)
(d) (e)
§ I 5 1,
® _r § .
5 osf — E sl
é 0.6} o [ § 06}
(1] -'(-ﬂ. .
= o
® 04} ® 04l
o @
E =
—_ 0.2} = 021}
° °
2 o
® - - = 0
i vehicle vehicle 001 003 0.1 L vehicle 19a

19a (mg/kg, p.o.) (0.3 mg/kg)
risperidone (0.03 mg/kg, p.o.)

Figure 23. 7 v MEaMRIMRER (REEEEIC KX D2 HSFLROET) 12X 5
L&Y 19a ORFIFEREREE~DO R OMHE. (2) HENAEOHIEX. (b) {LE&W
19a OFREAFER. () UV AY FroEBfR. (d (hE% 19a & U A R

OOFRZR. (e) L&Y 19a F G5 D R 5047 » Mt D ERFATENRER.
(*Data represent the mean = SEM (n = 12—15). ##P<0.01 versus vehicle-treated group
(Student’s t test). *P<0.05, **P<0.01 versus vehicle-treated group (Dunnett’s test))
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PCP 3¢ ~ U Xt MATE SR

&% 19a DA RMIERIEER~ DR %2 PCP A%~ 7 A thaMEATEh AR
ICXVRET L7240, ZhE THEEORMEIRET Tk T 2 GlyT1 FHEHAIOZ)
FICEA LTSI H 2 23 2042 ARERERICH 1T 5 GlyT1 PEAI OSSN BI T 5 #
IS AN

7 v bbb L IE~ 7 A2k LT NMDA Z A& EROIEFHAHEHIAITH 5 PCP (7
i, Figure 2) Z 185792 2 & THRAKMIEDOHEL 5| & 2 3E7 /TR
SHWHATWD 9, RRERIL PCP % 12 HIRE G325 2 & THSMITE 21K
TSHT~v T RCK L, ALEWEHIC L > TEREDREZ R THEBETH 2 &
T, BMER~ODREZHERT 2R TH D (Figure 24(a)),

PCP % 12 HRHEGHKET 252 & T A0 M1THE) (interaction time,
IZBWIR ZITEICBREVTENR &) ITA BRI T L7z (Figure 24(b), vehicle +
PCP #58f), ZHITMAELKMEDORMIEREZ L TWDHHDEEX HNLDHN,
JANY R 0.1 mgkg ZHEREOEG LIz & 25, tERMEATENISGED S
Eh7- (Figure 24(b), risperidone + PCP # 5-%%), [R£EIZ 19a B 0.3 mg/kg P
HEE O &G X0 | PCP THZ LIt TEI O T 2 8% L7z (Figure 24(b),
19a + PCP #:5-#f),

ARIFREET L~ U ZDHSMHETEIOE TIX, PCP &54% 8 HEbLEHEL -
(Figure 24(c), vehicle + PCP ¥ 5-8%), — 5. VAU Ko L< 1L 19a % 8 H
s Lz L 2 A, HEE GO L & L RERICH S TE 20118 S8 72 (Figure
24(0). T7RDHMEITMPEDIRBIIBIE ST, R L THRRMEHRET 5 2
LR ST, DLEORERIE. GlyT1 FAFAITH 5 19a 213G RaiE DRk
ERA~DHHEEHZAL TS ZEEZRL TN HDTH D,
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(a)

o 12 ds ERBLETY
PCP LI=T9A TR
Ve | > | Q| iR

BRTIR % L ARMEDERSIRE.
PCP, 12 days e | ERTIREARI-HatE

+iEeRs TBHETS

(b) (c)

100, _L . * o 120 ## » . .
3 80 g 100
@8 o 80
E 60 E
c T 60
S 40 o
g g
§ 20 _§ 20
= =

0 g - 0 i )
vehicle vehicle 01 03 1 Risperidone vehicke vehicle 01 0.3 Risperidone
————— (0.-1mg/kg) (0.1mg/kg, 8 days)
18a (mg/kg, p.o.) 18a (mgikg, p.o., 8 days)
PCP (10 mg/kg, sc., 12 days) PCP (10 mg/kg, s.c., 12 days)

Figure 24. ~ 7 At MHATEIRABRIC L 2166 19a OREMHEAER ~D R ORER.
(a) RERNEOHISX. (b) (LAY 19a ORERFE R (HEEE). () L&Y 19a

OFRERFE R (8 H EE# ).

(*Data represent the mean = SEM (n = 11-12). *P<0.05, **P<0.01 versus vehicle +
PCP-treated group (Dunnett’s test))
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Z v bRl KRR

FA RIERE 1L 0 DIER e E OO BIERZ IR T2 L B8H Y,
L9 AEAZ DR RO IANIFA ARG E B2 b D, (LAY 19a DFHLD D
TEM 2 Z > FRHDKAGRERIZ L > THRET L7z (Figure 25), 7 v MEIKITF 52
EDOHRARVIRPL T TRk & D Z & THIZIRIBIC 2 0 | WE LT 5, ARRBR
Tz OB E S OREL X BEYLIRIEIZH HIEH] (immobility time) %
IR L LCRHMEZAT O RBR TH 5, Bt e L TREFOH D SETH D 7
JLVARFH 0 3 mgkg Z#RAOKELIZL 2 A, AEICERNERR A 8 Lz,
ThRbbit) SEMZ/R Lz, [FERIZ 192 13 1 mgkg O OELIZ IV HREIC
EMEIFRI 2/ L, 202 &1 19a BHLH) > EHEZBE L TWAHZ & &ZRL
TV HDTHY . MEKRIEICHIET D 5 DREIRIT T 25 S EH 2 w4
HHEDThHD,

160
. 140 I
© 120 '
B
g 100 ] H##
; 80 * %
% 60 I
£ 40
£
- 20
0
vehicle 03 1 3 fluvoxamine
(3mg/kg,p.o.)
19a (mg/kg, p.o.)

Figure 25. 7 v FiRfil/KUKGRERIZ X 516G 19a DL 5 SVEH OHERR.

(*Data represent the mean = SEM (n = 10-11). ##P<0.05 versus vehicle group (Student’s
t test). ¥*P<0.05, **P<0.01 versus vehicle group (Dunnett’s test))
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% 38 LB 19a OHARPERIEH OfifeRE

AT COMFTORE R 192 (3% A 5 THE JMIE ORI I L O nikRe
fEEETVICHK LT 0.03~0.3 mg/kg DIKAETEDZRL, SHICHRTD
5 FERASDRN R A RIE T HIERE G2, BEFOFURMREILFARERIC L 5
EHEER EORWEHBEARO LN TEY . KE T 19a OFHREERITER O
HEZOWTHRE LT,

B R ER I T TR

{b&% 19a © 7 v FEB LU~ U 2 OEE &I NI 58 4 H 3 EE) &R
F o THET L7z (Figure 26), FEEMFEHREDO —FTHL /7 nF 27 v
MBI~ T RZENEI 30 mglkg 3L 10 mgkg #fk A& 5452 £ TH

BIOPE ARSI T, OB L THoneettzf L Twniz,

Rotarod 7%

L& 19a O 7 v B XU~ 7 2 OEEIGFIEIC KT B % rotarod KBk
I X > THRFE L7z (Figure 27), AikBriIZ7 v b b LI~ U A ZEHRT 50D
FizRE, BTT 5 TORMZFNTLIHABRTCHL, 72Ty B
F O~ 7 2ZENEH 100 mgkg 3 LT 30 mg/kg AR AFE5-T 2 Z & TiEH)
WhFPE DR T 23380 AL, [BlEEED B N9 2 £ TORFRMINA BRI AN LT,
— 75, LAY 19a 1TFR 0 B 512 T 10 mg/kg £ CEBN IR ELZ R X T, 3K
R EICK LTz etta A LT,
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5000
2 L —
C 4000
=
o]
S 3000
g #
© 2000
g l
© 1000
o
0
vehicle 0.3 1 3 10 clozapine
(30mg/kg.p.0.)
19a (mg/kg, po.)

Figure 26. (L&) 19a £ 512 L 5 B EFH E~D
s ) SR E R ORE R

(*Data represent the mean + SEM. (n

(Student’s t test))

(a)
120
wl I 4 & L
g 0 R
o, o,
o 60 o
g . g
20 s
.
vehicle 1 3 10 clozapine
{100mg/kg.p.o.}
19a (mg/kg, p.o.)
Figure 27. {b&% 19a #5512 L DiEEh M ~D
Rotarod iR DfER. (b)) ~ v 2%\ 7= Rotarod

locomotor counts

(b)

120

8

3

3 8

(b)

35000

30000 _L J_

25000

20000

15000

10000 it

: i
0 vehicle 1 3 10 clozapine

19a (mgikg. po) o o)

B 8L
B

(@ 7v hEHWEZE

(b) ~ 7 R % M- B RS EE) S E R O RS 3.
8-10). ##P<0.05 versus vehicle group

s
mmiem
vehicle 1 3 10  clozapine
(30mg/kg,p.o.)

19a (mg/kg, p-o.)

B2
A3

FRBR D5 R

(@ 7 v FaHW:=

(*Data represent the mean + SEM. (n = 8-10). ##P<0.05 versus vehicle group (Student’s

t test))
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Z v Nz L7 —ilEk

KB VT — LI FOUREMRE CHE T 2RIERO 1 > TH Y | ZEW
IS SN EBRE B LEZTICEOEER BT DIERTH D, AT T
v M ERBRIREEC L, ZOREAER BT 2FE# (duration) ZHIET S Z
ETHL VT ERETMIT 5B CThH D, (LAWY 19a BT v M X LT
C—1EREBIEE T, Bt a21iTo 72 (Figure 28), FEERIPUEMHFETH 5
U A~Y Rt 3 mghkg O OHFEGICBW T X LT U—1ERZ5 &L 24—
Ji. 19a 13RO 52T 10 mglkg £ TH X L7 U—1ERZ G SR Z &9, %5
MEICK L TR etttz LT,

30¢ ~C-vehlcle
T-img/kg
—2—3mg/kg
—o—-10mg/kg
o 20} ~x-risperidone
(7]
c
S
o
s 10}
0 -

1 2 3 4 o 6

time (hour)

Figure 28. {t&%) 19a O 5 LB 0% V7o —EVEH ORGE

(*Data represent the mean £ SEM. (n = 8))
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Fag FE&®

AREE Tl 192 OIEILHYRFEIZ DUV CRIE 24T > 72, In vitro FetE % ¥4l L 7=
fEd.19a (X GlyT1 BHEICEAL T & T » P THEZEITRL 72T v & GlyT2
WX LT @R 2R Lic, £ofthod 107 OZER, b T U AR—Z—,
AF T X X7 ISR DR 2 I L7 fE R, 5-HT XA KRB LT
5-HTT 2% L COBFFMEZ R L= 0D, =D K fEIX GlyT1 PLEEMEICH

RCTEER DY .+ @REEZE L TNDE 2 EEHLMNE LT,

&% 19a % MK-801 353 7 v b ar M iARRaGRERIC & U R e ~ D
IR AEREGER L2 2 A, 0.1 mglkg OROEL LV ARICKEIRE R LT, £
7= MK-801 T#%8 L 7oA MR E O I LT, 19a 1% 0.1 mg/kg KV AE
CENR AR U, FERIRGEIC X 2 HEAMRRM O TICx LT 19a 13dkE
RERL, SHICYANY R~ LRI ZOENHERT D L%
O E Lz, ZoEREZRIT. BFEOFURMHEE L GlyT1 BEA OO
AIRETH U . BEIER b & O RAVERD 2 b — VR A[RRICR D Z & &
REL TS,

FEEREIR A~ DR AT 5 E T /L & LT PCP ¥~ v AL THA B &
iT>7-, PCP Oil&|Z B LTI~ U AOSMHATEI O TIZR LT, 19a
kO35 2 LT 0.3 mgkg IV ARICEENRE R LT, EHICHAR
FREIZOFRE T2 5 DIERICT T 2 2R A MR T 272012 7 v Mgl K kERER I
LV 21T o7& 2 A, 1 mglkg O AKREXVFEICH ) SRR LR LT,

HRPEREINE RS & LC. B3R EB) R X ONER R 2 1EH % 7 >
F%iUVWX%%wT%%kazé\WMimm%@if&ﬁi%hﬁf

HEEERR I B R RIF S RroTe, 2T v MIKT 2 & LT v —EElME
HAY. 10 mgkg ODEGEIZBW RO Lo, BIERARGFHIH W& S

HITEGHBEL R L TWD 2 L0 n, BEFETRD LN DEER N R4
IRIANEL 72D Z E NS D,

LB 19a ITHEALTVE DB T T VB TRAMSHERREE I L ORRMEER
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(R DAMEZ R L, SBICH D SIEHZ /R Lc, REBEfFOfEMHRSET
AONDFTWEMEDORIEM 2RI RN LR LN ol LEDRERLY
GlyT1 BEEAITH 5 19a (IBEFHE & B2 D /EMFR 263 2 Fiilat & RFIETR
WIROBRBALAEWITRD 22D LEZHND,
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F4a4E ALAEW 19a OERRITEIT 5 TEE O

F1HE AR ORE

R

R R BRI BV T L B 4 DRk % (T 1T R B & 5 O 7 Fl 4 DTS
KB A LT 20BN H D | — RIS LER LG RIS 7T MRS,
ZOMAEREIZA B S ToABIEDORB N MLETH Y (192 DARBIED LB L 217 -
7. Scheme 9 |ZFFERE B DG RGRREE 27~ 9, Weinreb 7 X N 1 % HF8 50k}
L. 211 TR, BIGE 10.4%I12T 19a Z G L7, TREDEW D &3
BThole, ZOTERBEZROLTTEDIL, O XUVALVEDOHREL LN 7
F— MbERB LT Y =V OEAN (L b, c,e). @ 7 b OKEEHEA~
DiETL L Boc 67T U NVIEADRGEERE DT ER 2 ) N DALA~DT
VEA (TR, ), ©2 82K, TOsREEMiE LT,

OY@OY@ bcm OO,

Boc O Boc O Boc O Boc OH
14b
TNy KH
Boc OH
N~ |
15e
NCF,
19a

Scheme 9. L&) 19a OHIEE B,

Reagents and condition: (a) 3-Benzyloxyphenylmagnesium bromide, THF,
0°C, 60%; (b) Hs, Pd-C, EtOH; (c¢) Tf20, pyridine, CHCls, 0°C, 66% in 2 steps;
(d) L-Selectride, THF, -78°C, 96%; (e) 1-ethyl-1H-pyrazole-4-boronic acid
pinacol ester, Pd(PPhs)s, K2COs, DMF, EtOH, 80°C, 80%; (f) KOH, MeOH, H,0,
reflux; (g) allyl bromide, K,CO3;, DMF, 80°C; (h) MsCl, Et;N, CHCls; (1) 8 mol/L
ammonia solution in MeOH, 48% in 4 steps; )
3-chloro-4-(trifluoromethyl)pyridine-2-carboxylic acid, HOBt-H,O, WSC-HCI,
DMF; (k) Pd(PPhj)4, 1,3-dimethylbarbituric acid, CHCl3, 71% in 2 steps.
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Scheme 11. L&Y 19a DR AR

Reagents and condition: (a) 1,3-Dibromobenzene, n-BuLi, THF, -78°C, 46%;
(b) NH:OH-HC1, EtOH, reflux; (c) Boc2O, CHCls, 79% in 2 steps; (d)
1-ethyl-1 A-pyrazole-4-boronic acid pinacol ester, PEPPSI-IPr, K:COs,
toluene, EtOH, H:0, reflux, 77%; (e) Hs, Pd-C, NHs / MeOH, 78%; (f)
3-chloro-4-trifluoromethylpyridine-2-carboxylic acid, WSC-HCIl, HOBt-H20,
DMF; (g) HC1, EtOAc, 66% in 2 steps.
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Chemistry

'H and “C NMR spectra were recorded on a JEOL JNM-ECA600, JEOL
JNM-ECAS500, Varian UNITYNOVA300, or Varian GEMINI2000/200, and the
chemical shifts were expressed in & (ppm) values with trimethylsilane as an internal
reference (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, and br = broad
peak). Mass spectra (MS) were recorded on a micromass Platform LC or Shimadzu
LCMS-2010EV. High resolution mass spectral data were acquired using a Shimadzu
LCMS-IT-TOF equipped with an ESI/APCI dual ion source. The purities of the final
compounds were confirmed using LCMS on an Agilent instrument with electrospray
ionization. The LCMS conditions were as follows: Agilent 1290 infinity and Agilent
6150; column Waters Acquity CSH C18, 1.7 um, 2.1 mm % 50 mm; eluent A, water +
0.1% formic acid; eluent B, acetonitrile + 0.1% formic acid; 20%—-99% B for 1.2 min,
99% B for 0.2 min; flow rate 0.8 mL/min; UV detection, A = 254 nm. Optical rotations

were measured on a Rudolph Research Analytical AUTOPOL V.

Chapter 1

tert-Butyl (25)-2-(3-methoxybenzoyl)piperidine -1-carboxylate (2¢)

Under a nitrogen gas atmosphere, 3-bromoanisole (35 mL, 277 mmol) was added
dropwise to a mixture of magnesium (7.1 g, 292 mmol) and a catalytic amount of iodine
in THF (270 mL), and the mixture was stirred at room temperature for 2h. This reaction
solution was added dropwise to a solution of tert-butyl
(2S5)-2-[ {methoxy(methyl)amino} carbonyl]piperidine-1-carboxylate (1, 50.0 g, 184
mmol) in THF (300 mL) under ice cooling, and the mixture was stirred at room

temperature for 2 h. 10% Aqueous solution of NH4Cl was added, followed by extraction
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with EtOAc. The organic layer was washed with water and brine, dried over anhydrous
Na,SQOs, filtered, and concentrated in vacuo. The residue was purified using silica gel
column chromatography (11% EtOAc in hexane) to yield 2¢ (32.7 g, 56%) as a pale
yellow oil. '"H NMR (600 MHz, CDCls): & 1.29 - 1.53 (m, 11H), 1.53 - 1.88 (m, 3H),
1.99 - 2.22 (m, 1H), 3.07 - 3.29 (m, 1H), 3.85 (s, 3H), 3.88 - 4.05 (m, 1H), 5.41 - 5.69
(m, 1H), 7.05 - 7.15 (m, 1H), 7.30 - 7.57 (m, 3H); MS (ESI): m/z 342 [M+Na]"

tert-Butyl (25)-2-([1,1'-biphenyl]-4-carbonyl)piperidine-1-carboxylate (2a)

Compound 2a (55%) was obtained in a similar manner to that described for 2¢. 'H
NMR (600 MHz, CDCl3): 6 1.37 - 1.52 (m, 12H), 1.59 - 1.74 (m, 1H), 1.77 - 1.95 (m,
1H), 2.06 - 2.22 (m, 1H), 3.11 - 3.29 (m, 1H), 3.88 - 4.05 (m, 1H), 5.47 - 5.78 (m, 1H),
7.35 - 7.49 (m, 3H), 7.62 (br d, J = 7.4 Hz, 2H), 7.64 - 7.71 (m, 2H), 7.94 - 8.05 (m,
2H); MS (ESI): m/z 266 [M-Boc+H]"

tert-Butyl (25)-2-([1,1'-biphenyl]-3-carbonyl)piperidine-1-carboxylate (2b)

Compound 2b (55%) was obtained in a similar manner to that described for 2¢. 'H
NMR (600 MHz, CDCls): & 1.33 - 1.51 (m, 11H), 1.57 - 1.73 (m, 2H), 1.76 - 1.89 (m,
1H), 2.04 - 2.22 (m, 1H), 3.08 - 3.25 (m, 1H), 3.87 - 4.05 (m, 1H), 5.49 - 5.78 (m, 1H),
7.34 - 7.41 (m, 1H), 7.42 - 7.56 (m, 3H), 7.61 (br d, J= 7.4 Hz, 2H), 7.78 (br d, /= 7.4
Hz, 1H), 7.82 - 7.96 (m, 1H), 8.06 - 8.20 (m, 1H); MS (ESI): m/z 266 [M-Boc+H]"

tert-Butyl (28)-{(S)-hydroxy(3-methoxyphenyl)methyl}piperidine-1-carboxylate
(3¢)

Under a nitrogen gas atmosphere, lithium tri-sec-butylborohydride (L-Selectride, 1
mol/L solution in THF, 200 ml, 200 mmol) was added dropwise to a solution of 2¢ (32.7
g, 103 mmol) in THF (300 mL) cooled with a dryice-acetone bath, and the mixture was
stirred for 3 h. The reaction was quenched with 15% aqueous solution of H,O, (200 ml)

and extracted with EtOAc. The organic layer was dried over anhydrous MgSOy, filtered,
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and concentrated in vacuo. The residue was suspended in 10% EtOAc in hexane, and
the precipitate was filtered to yield 3¢ (22.0 g, 67%) as a colorless powder. 'H NMR
(600 MHz, CDCls): 6 1.26 - 1.34 (m, 1H), 1.35-1.75 (m, 5H), 1.51 (s, 9H), 2.84 - 3.15
(m, 1H), 3.82 (s, 3H), 3.95 - 4.46 (m, 2H), 4.83 - 4.88 (m, 1H), 6.81 - 6.87 (m, 1H),
6.90 - 7.00 (m, 2H), 7.22 - 7.31 (m, 1H); MS (ESI): m/z 344 [M+Na]"

tert-Butyl
(25)-2-[(S)-(|1,1'-biphenyl]-4-yl)(hydroxy)methyl]piperidine-1-carboxylate (3a)
Compound 3a (96%) was obtained in a similar manner to that described for 3c. 'H
NMR (600 MHz, CDCl3): 6 1.32 - 1.38 (m, 1H), 1.38 - 1.65 (m, 4H), 1.52 (s, 9H), 1.66
- 1.74 (m, 1H), 2.89 - 3.17 (m, 1H), 3.98 - 4.55 (m, 2H), 4.93 (d, /= 10.5 Hz, 1H), 7.32
-7.37 (m, 1H), 7.40 - 7.49 (m, 4H), 7.54 - 7.64 (m, 4H); MS (ESI): m/z 390 [M+Na]"

tert-Butyl
(25)-2-[(S)-(|1,1'-biphenyl]-3-yl)(hydroxy)methyl]piperidine-1-carboxylate (3b)
Compound 3b (81%) was obtained in a similar manner to that described for 3c. 'H
NMR (600 MHz, CDCls): 6 1.30 - 1.37 (m, 1H), 1.37 -1.65 (m, 4H), 1.52 (s, 9H), 1.65 -
1.74 (m, 1H), 2.87 - 3.18 (m, 1H), 3.97 - 4.54 (m, 2H), 4.95 (d, /= 10.1 Hz, 1H), 7.31 -

7.40 (m, 2H), 7.39 - 7.49 (m, 3H), 7.50 - 7.65 (m, 4H); MS (ESI): m/z 368 [M+H]"

(8)-{(28)-1-Allylpiperidin-2-yl}(3-methoxyphenyl)methanol (S5c)

To a solution of 3¢ (28.1 g, 87.4 mmol) in MeOH (400 mL) was added KOH (39.2 g,
699 mmol) in water (350 mL), and the mixture was stirred under reflux condition for 16
h. The organic solvent was distilled off, followed by extraction with CHCls. The organic
layer was dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The
residue was suspended in 5% EtOAc in hexane, and precipitate was filtered to yield 4¢
(19.0 g, 98%) as a colorless powder. 'H-NMR (600 MHz, CDCl5): § 1.20 - 1.32 (m, 2H),
1.34 -1.44 (m, 2H), 1.54 - 1.61 (m, 1H), 1.73 - 1.79 (m, 1H), 2.56 - 2.63 (m, 1H), 2.63 -
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2.68 (m, 1H), 3.06 - 3.11 (m, 1H), 3.82 (s, 3H), 4.37 (d, J= 6.9 Hz, 1H), 6.79 - 6.85 (m,
1H), 6.88 - 6.94 (m, 2H), 7.23 - 7.28 (m, 1H); MS (ESI): m/z 222 [M+H]"

To a solution of 4¢ (17.0 g, 76.8 mmol) in DMF (200 mL) were added K,CO;3 (15.9 g,
116 mmol) and allyl bromide (7.3 mL, 84.4 mmol), and the mixture was stirred at 50°C
for 2 h. The reaction mixture was partitioned between water and EtOAc, and the organic
layer was washed with brine, dried over anhydrous Na,SOy, filtered, and concentrated
in vacuo. The residue was purified using NH-silica gel column chromatography (5%
EtOAc in hexane) to yield Sc (16.8 g, 84%) as a colorless oil. 'H NMR (200 MHz,
CDCl3): 8 1.12 - 1.77 (m, 6H), 2.56 - 2.81 (m, 2H), 2.93 - 3.11 (m, 1H), 3.27 - 3.51 (m,
2H), 3.81 (s, 3H), 4.72 (d, J = 9.7 Hz, 1H), 5.11 - 5.26 (m, 2H), 5.76 - 5.99 (m, 1H),
6.76 - 6.85 (m, 1H), 6.89 - 6.97 (m, 2H), 7.18 - 7.28 (m, 1H); MS (ESI): m/z 262
[M+H]"

($)-([1,1'-Biphenyl]-4-y])[(2S5)-1-(prop-2-en-1-yl)piperidin-2-ylmethanol (5a)

Compound Sa (33% in 2 steps) was obtained in a similar manner to that described for
5¢. "H NMR (600 MHz, CDCls): 8 1.20 - 1.31 (m, 1H), 1.32 - 1.40 (m, 1H), 1.49 - 1.66
(m, 3H), 1.68 - 1.78 (m, 1H), 2.64 - 2.74 (m, 1H), 2.74 - 2.81 (m, 1H), 3.00 - 3.12 (m,
1H), 3.34 - 3.41 (m, 1H), 3.43 - 3.51 (m, 1H), 4.80 (brd, J=9.9 Hz, 1H), 5.15 - 5.26 (m,
2H), 5.90 (ddt,J=17.0, 10.4, 6.3, 6.3 Hz, 1H), 7.30 - 7.36 (m, 1H), 7.40 - 7.45 (m, 4H),
7.54 - 7.61 (m, 4H); MS (ESI): m/z 308 [M+H]"

(S)-([1,1'-Biphenyl]-3-yD)[(2S5)-1-(prop-2-en-1-yl)piperidin-2-ylmethanol (5b)

Compound Sb (44% in 2 steps) was obtained in a similar manner to that described for
5¢. "H NMR (600 MHz, CDCls): 8 1.21 - 1.29 (m, 1H), 1.32 - 1.40 (m, 1H), 1.48 - 1.66
(m, 3H), 1.68 - 1.77 (m, 1H), 2.66 - 2.73 (m, 1H), 2.73 - 2.80 (m, 1H), 3.01 - 3.11 (m,
1H), 3.37 (br dd, J = 13.6, 6.6 Hz, 1H), 3.43 - 3.51 (m, 1H), 4.82 (d, /= 9.9 Hz, 1H),
5.15-5.25 (m, 2H), 5.84 - 5.94 (m, 1H), 7.32 - 7.37 (m, 2H), 7.38 - 7.47 (m, 3H), 7.47 -
7.53 (m, 1H), 7.57 - 7.62 (m, 3H); MS (ESI): m/z 308 [M+H]"
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(8)-1-{(25)-1-Allylpiperidin-2-yl}-1-(3-methoxyphenyl)methanamine (6¢)

To an ice-cooled solution of 5S¢ (16.6 g, 63.5 mmol) and triethylamine (15 mL, 108
mmol) in CHCl; (160 mL) was added methanesulfonyl chloride (6.9 mL, 89.1 mmol),
and the mixture was stirred under cooling for 1.5 h and at room temperature for an
additional 1 h. The reaction mixture was concentrated in vacuo and the residue was
dissolved in 8 mol/L NHj; solution in MeOH (150 mL). After stirring at 40°C for 1 h,
the reaction mixture was concentrated in vacuo. The residue was purified using silica
gel column chromatography (CHCls / MeOH / 28% NH3 in water = 50 : 1 : 0.5) to yield
6¢ (12.9 g, 78%) as a yellow oil. '"H NMR (600 MHz, CDCL): 8 1.01 - 1.07 (m, 1H),
1.29 - 1.54 (m, 4H), 1.59 - 1.69 (m, 1H), 2.62 - 2.71 (m, 2H), 3.01 - 3.08 (m, 1H), 3.32 -
3.42 (m, 2H), 3.81 (s, 3H), 4.17 (d, /= 9.6 Hz, 1H), 5.10 - 5.15 (m, 1H), 5.18 - 5.24 (m,
1H), 5.84 - 5.93 (m, 1H), 6.76 - 6.80 (m, 1H), 6.91 - 6.96 (m, 2H), 7.19 - 7.25 (m, 1H);
MS (ESI): m/z 261 [M+H]"

(8)-1-([1,1'-Biphenyl]-4-yl)-1-[(25)-1-(prop-2-en-1-yl)piperidin-2-yl|methanamine
(62)

Compound 6a (83% in 2 steps) was obtained in a similar manner to that described for
6¢. '"H NMR (600 MHz, CDCl;): & 1.04 - 1.16 (m, 1H), 1.28 - 1.57 (m, 4H), 1.60 - 1.71
(m, 1H), 2.66 - 2.73 (m, 2H), 3.07 (ddd, J = 13.8, 9.9, 3.4 Hz, 1H), 3.35 - 3.43 (m, 2H),
4.25 (d, J=9.6 Hz, 1H), 5.09 - 5.26 (m, 2H), 5.87 - 5.96 (m, 1H), 7.29 - 7.35 (m, 1H),
7.39 - 7.47 (m, 4H), 7.52 - 7.62 (m, 4 H); MS (ESI): m/z 307 [M+H]"

($)-1-([1,1'-Biphenyl]-3-yl)-1-[(2S5)-1-(prop-2-en-1-yl)piperidin-2-yl|methanamine
(6b)

Compound 6b (74% in 2 steps) was obtained in a similar manner to that described for
6¢. '"H NMR (600 MHz, CDCls): 8 1.02 - 1.12 (m, 1H), 1.29 - 1.46 (m, 3H), 1.46 - 1.56
(m, 1H), 1.60 - 1.74 (m, 1H), 2.66 - 2.75 (m, 2H), 3.02 - 3.10 (m, 1H), 3.33 - 3.45 (m,

77



2H), 4.27 (d, J = 9.6 Hz, 1H), 5.09 - 5.27 (m, 2H), 5.86 - 5.95 (m, 1H), 7.28 - 7.52 (m,
6H), 7.54 - 7.66 (m, 3H); MS (ESI): m/z 307 [M+H]"

N-[(S)-{(25)-1-Allylpiperidin-2-yl}(3-methoxyphenyl)methyl]-2-chloro-3-(trifluoro-
methyl)benzamide (7¢)

To a solution of 2-chloro-3-(trifluoromethyl)benzoic acid (2.58 g, 11.5 mmol) in DMF
(15 mL) were added 1-hydroxybenzotriazole monohydrate (2.18 g, 16.1 mmol) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (2.54 g, 13.2 mmol),
and the mixture was stirred at room temperature for 30 min. A solution of 6¢ (3.00 g,
11.5 mmol) was added to the reaction mixture, and the mixture was stirred at room
temperature for 3 h. The reaction was quenched with saturated NaHCO; aqueous
solution and extracted with EtOAc. The organic layer was washed with water and brine,
dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was
purified using silica gel column chromatography (2% MeOH in CHCIs) to yield 7¢
(3.42 g, 64%) as a colorless powder. 'H NMR (200 MHz, CDCls): & 1.25 - 1.88 (m, 6H),
245 -2.64 (m, 1H), 2.75 - 3.03 (m, 2H), 3.10 - 3.38 (m, 2H), 3.81 (s, 3H), 4.88 - 4.98
(m, 1H), 5.02 - 5.17 (m, 2H), 5.61 - 5.83 (m, 1H), 6.75 - 6.84 (m, 1H), 6.90 - 7.01 (m,
2H), 7.19 - 7.32 (m, 1H), 7.36 - 7.48 (m, 1H), 7.64 - 7.81 (m, 3H); MS (ESI): m/z 467
[M+H]"

N-{(S)-([1,1'-Biphenyl]-4-y)[(2S)-1-(prop-2-en-1-yl)piperidin-2-yl|methyl}-2-
chloro-3-(trifluoromethyl)benzamide (7a)

Compound 7a (67%) was obtained in a similar manner to that described for 7c. 'H
NMR (600 MHz, CDCl3): & 1.35 - 1.62 (m, 5H), 1.77 - 1.90 (m, 1H), 2.54 - 2.62 (m,
1H), 2.85 -2.91 (m, 1H), 2.94 - 3.01 (m, 1H), 3.21 - 3.27 (m, 1H), 3.33 (br dd, /= 13.8,
6.4Hz, 1 H), 4.97 - 5.04 (m, 1H), 5.08 - 5.18 (m, 2H), 5.70 - 5.80 (m, 1H), 7.26 (s, 1H),
7.31 -7.36 (m, 1H), 7.41 - 7.49 (m, 5H), 7.56 - 7.61 (m, 4H), 7.71 - 7.79 (m, 2H); MS
(ESI): m/z 513 [M+H]"
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N-{(S)-([1,1'-Biphenyl]-3-yD)[(2S)-1-(prop-2-en-1-yl)piperidin-2-yl|methyl}-2-
chloro-3-(trifluoromethyl)benzamide (7b)

Compound 7b (84%) was obtained in a similar manner to that described for 7c. 'H
NMR (600 MHz, DMSO-dp): 6 1.08 - 1.14 (m, 1H), 1.27 - 1.45 (m, 4H), 1.66 - 1.72 (m,
1H), 1.99 (s, 1H), 2.45 - 2.49 (m, 1H), 2.73 (s, 1H), 2.90 - 2.95 (m, 1H), 2.96 - 3.01 (m,
1H), 3.34 - 3.41 (m, 1H), 3.46 (br dd, J = 14.2, 6.4 Hz, 1H), 5.11 - 5.15 (m, 1H), 5.21 -
5.26 (m, 1H), 5.43 - 5.48 (m, 1H), 5.88 (ddt, J=17.0, 10.4, 6.2, 6.2 Hz, 1H), 7.35 - 7.40
(m, 1H), 7.42 - 7.51 (m, 4H), 7.53 - 7.61 (m, 1H), 7.62 - 7.69 (m, 4H), 7.76 - 7.79 (m,
1H), 7.93 (dd, J=17.1, 2.5 Hz, 1H), 9.04 - 9.10 (m, 1H); MS (ESI): m/z 513 [M+H]"

N-{(S)-([1,1'-Biphenyl]-4-yl)[(2S)-piperidin-2-yl|methyl}-2-chloro-3-(trifluoro-
methyl)benzamide hydrochloride (8a)

To a solution of 7a (328 mg, 0.64 mmol) in CHCl; (5 mL) were added
1,3-dimethylbarbituric acid (299 mg, 1.9 mmol) and
tetrakis(triphenylphosphine)palladium(0) (7.4 mg, 0.0064 mmol), and the mixture was
stirred at room temperature for 2 h. The reaction mixture was partitioned between
CHCIl; and saturated NaHCO3 aqueous solution, and the organic layer was dried over
anhydrous MgSQ,, filtered, and concentrated in vacuo. The residue was purified using
silica gel column chromatography (2% MeOH in CHCI;) to yield the free form of 8a
(212 mg). 4 mol/L HCI in EtOAc solution (0.2 mL) was added to a solution of the free
form of 8a in EtOAc (1 mL), and the precipitate was filtered to yield 8a (202 mg, 62%)
as a colorless powder. '"H NMR (600 MHz, DMSO-dy) &: 1.35 - 1.51 (m, 3H), 1.56 -
1.67 (m, 1H), 1.68 - 1.78 (m, 2H), 2.79 - 2.92 (m, 1H), 3.27 - 3.41 (m, 1H), 3.50 - 3.60
(m, 1H), 5.20 - 5.26 (m, 1H), 7.35 - 7.41 (m, 1H), 7.45 - 7.57 (m, 4H), 7.65 - 7.76 (m,
5H), 7.93 - 8.05 (m, 2H), 8.73 - 8.85 (m, 1H), 8.99 - 9.16 (m, 1H), 9.63 (d, J = 8.7 Hz,
1H); *C NMR (126 MHz, DMSO-dy) 8: 165.3, 139.8, 139.5, 138.7, 137.0, 133.4, 129.0,
128.7, 128.4, 128.0, 127.7, 127.6, 127.2 (q, J = 31 Hz), 126.9, 126.7, 122.7 (q, J = 273
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Hz), 58.2, 55.6, 44.8, 25.8, 21.6, 21.4; HR-MS: Calcd for CagHouCIFsN,O [M+H]'
473.1602. Found 473.1590; [o]p = +72 (c = 0.50, MeOH)

N-{(S)-([1,1'-Biphenyl]-3-yl)[(2S)-piperidin-2-yl|methyl}-2-chloro-3-(trifluoro-
methyl)benzamide (8b)

Compound 8b (38%) was obtained from 7b in a similar manner to that described for
8a. '"H NMR (600 MHz, DMSO-d;) &: 1.36 - 1.45 (m, 1H), 1.45 - 1.52 (m, 2H), 1.57 -
1.67 (m, 1H), 1.68 - 1.77 (m, 2H), 2.80 - 2.90 (m, 1H), 3.31 - 3.38 (m, 1H), 3.56 - 3.65
(m, 1H), 5.25 - 5.32 (m, 1H), 7.36 - 7.46 (m, 2H), 7.47 - 7.54 (m, 3H), 7.63 - 7.69 (m,
2H), 7.69 - 7.73 (m, 2H), 7.79 (s, 1H), 7.92 - 7.97 (m, 1H), 8.01 - 8.07 (m, 1H), 8.81 -
8.99 (m, 1H), 9.05 - 9.19 (m, 1H), 9.69 (d, J = 8.3 Hz, 1H); °C NMR (126 MHz,
DMSO-dy) o: 165.4, 140.5, 139.7, 138.7, 138.5, 133.4, 129.3, 128.9, 128.6, 127.7, 127.7,
127.6 (q, /=82 Hz), 127.1, 127.0, 126.8, 126.4, 126.0, 122.7 (q, J =274 Hz), 58.2, 55.8,
44.8, 25.7, 21.6, 21.3; HR-MS: Calcd for C,ysH,4CIF3N,O [MJrH]+ 473.1602. Found
473.1596; [a]p = +76 (c = 0.52, MeOH)

3-{(S)-{[2-Chloro-3-(trifluoromethyl)benzoyl]amino}[(2S)-piperidin-2-yl|methyl}-
phenyl trifluoromethanesulfonate (10)

To an ice cooled solution of 7¢ (3.29 g, 7.05 mmol) in CHCl; (30 mL) was added
boran tribromide (2.0 mL, 21.2 mmol), and the mixture was stirred under ice cooling for
1.5 h. The reaction was quenched with saturated NaHCO; aqueous solution and
extracted with EtOAc. The organic layer was dried over anhydrous Na,SOy, filtered,
and concentrated in vacuo. The residue was purified using silica gel column
chromatography (0% - 12% MeOH in CHCIs) to yield 9 (3.15 g, 98%) as a colorless
amorphous. "H NMR (300 MHz, CDCl3): & 1.28 - 1.63 (m, 5H), 1.70 - 1.86 (m, 1H),
2.51 - 2.65 (m, 1H), 2.74 - 3.03 (m, 2H), 3.16 - 3.37 (m, 2H), 4.90 (d, /= 9.2 Hz, 1H),
5.04 - 5.20 (m, 2H), 5.62 - 5.82 (m, 1H), 6.59 - 6.67 (m, 1H), 6.78 - 6.93 (m, 2H), 7.10 -
7.20 (m, 1H), 7.37 - 7.45 (m, 1H), 7.65 - 7.93 (m, 3H); MS (ESI): m/z 453 [M+H]"
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To an ice cooled solution of 9 (2.97 g, 6.56 mmol) and pyridine (2.6 mL, 32.2 mmol)
in CHCI; (20 mL) was added trifluoromethanesulfonic anhydride (1.3 mL, 7.74 mmol),
and the mixture was stirred under ice cooling for 30 min and at room temperature for an
additional 1.5 h. The reaction was quenched with saturated NaHCO3 aqueous solution
and extracted with CHCIl;. The organic layer was washed with water and brine, dried
over anhydrous MgSQ,, filtered, and concentrated in vacuo. The residue was purified
using silica gel column chromatography (0 - 3% MeOH in CHClIs) to yield 10 (3.39 g,
88%) as a brown oil. '"H NMR (200 MHz, CDCl;): & 1.22 - 1.91 (m, 6H), 2.49 - 2.70 (m,
1H), 2.71 - 3.03 (m, 2H), 3.12 - 3.38 (m, 2H), 4.92 - 5.03 (m, 1H), 5.05 - 5.20 (m, 2H),
5.61 - 5.84 (m, 1H), 7.12 - 7.34 (m, 2H), 7.37 - 7.50 (m, 3H), 7.65 - 7.85 (m, 3H); MS
(ESI): m/z 585 [M+H]"

2-Chloro-N-{(S)-(2S)-piperidin-2-yl[3-(pyrimidin-5-yl)phenyl| methyl}-3-(trifluoro-
methyl)benzamide hydrochloride (11a)

To a solution of 10 (657 mg, 1.12 mmol) in a mixed solvent of DMF and EtOH (2 : 1,
10 mL) were added pyrimidine-5-boronic acid (212 mg, 1.71 mmol), potassium
carbonate (236 mg, 1.71 mmol), and tetrakis(triphenylphosphine)palladium(0) (40 mg,
0.035 mmol), and the mixture was stirred at 90°C for 4 h. The reaction mixture was
partitioned between saturated NaHCO3 aqueous solution and EtOAc, and the organic
layer was washed with water and brine, dried over anhydrous MgSQO,, filtered, and
concentrated in vacuo. The residue was purified using NH-silica gel column
chromatography (20% EtOAc in hexane) to yield a colorless amorphous solid (237 mg).
1,3-Dimethylbarbituric acid (215 mg, 1.38 mmol) and
tetrakis(triphenylphosphine)palladium(0) (5.3 mg, 0.0046 mmol) were added to a
solution of the amorphous solid in CHCl; (4 mL), and the mixture was stirred at room
temperature for 3 h. The reaction mixture was partitioned between saturated NaHCO;
aqueous solution and CHClIj, and the organic layer was dried over anhydrous MgSO,

filtered, and concentrated in vacuo. The residue was purified using silica gel column
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chromatography (5% MeOH in CHCl;3) and NH-silica gel column chromatography
(100% EtOAc) to yield the free form of 11a (70 mg). 2 mol/L HCI in isopropanol
solution (1.0 mL) was added to an ice-cooled solution of the free form of 11a in EtOH
(1.0 mL). After concentration in vacuo, the residue was solidified with EtOAc to yield
11a (59 mg, 10% in 2 steps from 10) as a colorless powder. 'H NMR (600 MHz,
DMSO-dy): 6 1.37 - 1.54 (m, 3H), 1.54 - 1.66 (m, 1H), 1.66 - 1.78 (m, 2H), 2.81 - 2.91
(m, 1H), 3.31 - 3.39 (m, 1H), 3.56 - 3.64 (m, 1H), 5.26 - 5.33 (m, 1H), 7.51 - 7.57 (m,
1H), 7.60 (t, J = 7.8 Hz, 1H), 7.67 (t, J = 7.8 Hz, 1H), 7.81 - 7.86 (m, 1H), 7.92 - 7.97
(m, 2H), 7.98 - 8.02 (m, 1H), 8.73 - 8.80 (m, 1H), 8.88 - 8.97 (m, 1H), 9.20 (s, 2H),
9.23 (s, 1H), 9.55 (d, J = 8.7 Hz, 1H); °C NMR (126 MHz, DMSO-dj): & 165.4, 157.5,
154.8, 138.9, 138.6, 134.1, 133.4, 132.8, 129.6, 128.6, 128.5, 128.0, 127.7, 127.2 (q, J =
30 Hz), 126.6, 126.2, 122.7 (q, J = 274 Hz), 58.2, 55.6, 44.8, 25.7, 21.6, 21.3; HR-MS:
Calcd for Cao4H,,CIF3N4O [M+H]" 475.1507. Found 475.1493; [a]p = +72 (c = 0.48,
MeOH)

2-Chloro-N-{(5)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-yl|methyl}-
3-(trifluoromethyl)benzamide hydrochloride (11b)

Compound 11b (44% in 2 steps) was obtained from 10 in a similar manner to that
described for 11a. 'H NMR (600 MHz, DMSO-dy): & 1.34 - 1.49 (m, 3H), 1.56 - 1.65
(m, 1H), 1.68 - 1.77 (m, 2H), 2.80 - 2.90 (m, 1H), 3.33 - 3.38 (m, 1H), 3.48 - 3.55 (m,
1H), 3.88 (s, 3H), 5.15 - 5.19 (m, 1H), 7.24 - 7.27 (m, 1H), 7.39 (t, J = 7.8 Hz, 1H), 7.52
- 7.55 (m, 1H), 7.63 - 7.69 (m, 2H), 7.86 (s, 1H), 7.93 - 7.97 (m, 1H), 7.97 - 8.02 (m,
1H), 8.14 (s, 1H), 8.68 - 8.81 (m, 1H), 8.90 - 9.02 (m, 1H), 9.51 (d, J= 8.7 Hz, 1H); "°C
NMR (126 MHz, DMSO-dy): 6 165.3, 138.7, 138.4, 136.0, 133.5, 132.9, 129.2, 128.6,
128.0, 127.9, 127.7, 127.2 (q, J = 31 Hz), 125.2, 124.6, 124.4, 122.7 (q, J = 274 Hz),
121.6, 58.2, 55.8, 44.8, 38.7, 25.7, 21.6, 21.3; HR-MS: Calcd for C,4H»4CIF3N4O
[M+H]" 477.1664. Found 477.1663; [a]p = +74 (c = 1.05, MeOH)
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2-Chloro-N-{(S)-[3-(1-methyl-1H-pyrazol-5-yl)phenyl] [(2S5)-piperidin-2-ylmethyl}-
3-(trifluoromethyl)benzamide hydrochloride (11¢)

Compound 11¢ (21% in 2 steps) was obtained from 10 in a similar manner to that
described for 11a. "H NMR (600 MHz, DMSO-dy): & 1.37 - 1.51 (m, 3H), 1.54 - 1.64
(m, 1H), 1.69 - 1.77 (m, 2H), 2.82 - 2.90 (m, 1H), 3.33 - 3.39 (m, 1H), 3.51 - 3.60 (m,
1H), 3.88 (s, 3H), 5.22 - 5.27 (m, 1H), 6.44 (d, J = 1.8 Hz, 1H), 7.47 - 7.58 (m, 4H),
7.61 (s, 1H), 7.68 (t, J = 7.8 Hz, 1H), 7.95 (s, 1H), 7.97 (s, 1H), 8.63 - 8.77 (m, 1H),
8.83 - 8.99 (m, 1H), 9.54 (d, J = 8.7 Hz, 1H); °C NMR (126 MHz, DMSO- dj): § 165.3,
142.3, 138.6, 138.5, 137.9, 133.4, 130.5, 129.2, 128.6, 128.1, 127.9, 127.9, 127.7, 127.6,
127.2 (q, J = 31 Hz), 122.7 (q, J = 274 Hz), 105.9, 58.1, 55.6, 44.8, 37.6, 25.7, 21.6,
21.3; HR-MS: Calcd for Co4H4CIF3N,O [M+H]" 477.1664. Found 477.1662; [a]p =
+66 (¢ = 0.50, MeOH)

tert-Butyl (25)-2-[4-(benzyloxy)benzoyl]|piperidine-1-carboxylate (12a)

Compound 12a (53%) was obtained in a similar manner to that described for 2c. 'H
NMR (600 MHz, CDCl;): & 1.31 - 1.72 (m, 13H), 1.74 - 1.90 (m, 1H), 1.98 - 2.18 (m,
1H), 3.10 - 3.29 (m, 1H), 3.84 - 4.02 (m, 1H), 5.12 (s, 2H), 5.38 - 5.69 (m, 1H), 6.96 -
7.05 (m, 2H), 7.31 - 7.46 (m, 5H), 7.86 - 7.96 (m, 2H); MS (ESI): m/z 418 [M+Na]"

tert-Butyl (25)-2-[3-(benzyloxy)benzoyl]piperidine-1-carboxylate (12b)

Compound 12b (60%) was obtained in a similar manner to that described for 2c¢. 'H
NMR (600 MHz, CDCls): & 1.30 - 1.50 (m, 11H), 1.52 - 1.73 (m, 2H), 1.74 - 1.85 (m,
1H), 1.98 - 2.16 (m, 1H), 3.07 - 3.28 (m, 1H), 3.86 - 4.03 (m, 1H), 5.10 (s, 2H), 5.39 -
5.70 (m, 1H), 7.13 - 7.20 (m, 1H), 7.30 - 7.41 (m, 4H), 7.41 - 7.45 (m, 2H), 7.46 - 7.58
(m, 2H); MS (ESI): m/z 418 [M+Na]"

tert-Butyl (25)-2-(4-{[(trifluoromethyl)sulfonyl]oxy}benzoyl)piperidine-1-carboxyl-
ate (13a)
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To a solution of 12a (9.90 g, 25 mmol) in MeOH (120 mL) was added 5% Pd/C (1.0 g),
and the mixture was stirred at room temperature overnight under a hydrogen gas
atmosphere. After filtration, the filtrate was concentrated in vacuo. The residue was
solidified with 33% EtOAc in hexane to yield a colorless powder (4.94 g), which was
converted to 13a (6.82 g, 62 % in 2 steps from 12a, pale yellow powder) in a similar
manner to that described for 10. '"H NMR (600 MHz, CDCl;): & 1.30 - 2.16 (m, 15H),
2.96 - 3.26 (m, 1H), 3.83 - 4.05 (m, 1H), 5.35 - 5.65 (m, 1H), 7.32 - 7.43 (m, 2H), 7.99 -
8.11 (m, 2H); MS (ESI): m/z 438 [M+H]", m/z 460 [M+Na]"

tert-Butyl (25)-2-{3-[(trifluoromethanesulfonyl)oxy]benzoyl} piperidine-1-carboxyl-
ate (13b)

Compound 13b (66% in 2 steps) was obtained from 12b in a similar manner to that
described for 13a. "H NMR (600 MHz, CDCls): § 1.29 - 2.16 (m, 15H), 2.96 - 3.25 (m,
1H), 3.80 - 4.00 (m, 1H), 5.29 - 5.61 (m, 1H), 7.40 - 7.62 (m, 2H), 7.75 - 8.02 (m,
2H); MS (ESI): m/z 438 [M+H]"

tert-Butyl (25)-2-[(S)-hydroxy(4-{[(trifluoromethyl)sulfonyl]oxy} phenyl)methyl]-
piperidine-1-carboxylate (14a)

Compound 14a (6.3g, 94%) was obtained from 13a (6.70 g) in a similar manner to that
described for 3¢. '"H NMR (600 MHz, CDCls): 8 1.21 - 1.32 (m, 1H), 1.37 - 1.76 (m,
14H), 2.85 - 3.17 (m, 1H), 3.96 - 4.50 (m, 2H), 4.87 - 5.00 (m, 1H), 7.26 - 7.37 (m, 2H),
7.44 - 7.55 (m, 2H); MS (ESI): m/z 440 [M+H]"

tert-Butyl (25)-2-[(S)-hydroxy{3-[(trifluoromethanesulfonyl)oxy]phenyl} methyl]-
piperidine-1-carboxylate (14b)

Compound 14b (96%) was obtained from 13b in a similar manner to that described for
3c. '"H NMR (600 MHz, CDCls): & 1.22 - 1.29 (m, 1H), 1.38 - 1.73 (m, 5H), 1.51 (s,
9H), 2.93 - 3.11 (m, 1H), 3.99 - 4.36 (m, 2H), 4.92 (br d, J = 10.3 Hz, 1H), 7.20 - 7.24
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(m, 1H), 7.29 (s, 1H), 7.41 - 7.48 (m, 2H); MS (ESI): m/z 462 [M+Na]"

tert-Butyl (25)-2-{(S)-hydroxy[4-(pyridin-3-yl)phenyl]methyl} piperidine-1-carbo-
xylate (15a)

To a solution of 14a (6.00 g, 13.7 mmol) in a mixed solvent of DMF and EtOH (2 : 1,
135 mL) were added 3-pyridineboronic acid (2.50 g, 20.3 mmol), potassium carbonate
(2.84 g, 20.5 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.47 g, 0.41 mmol),
and the mixture was stirred at 90°C for 1.5 h. The reaction mixture was partitioned
between water and EtOAc, and the organic layer was washed with water and brine,
dried over anhydrous MgSQO,, filtered, and concentrated in vacuo. The residue was
purified using NH-silica gel column chromatography (33-50% EtOAc in hexane) to
yield 15a (4.40 g, 87%) as a pale yellow powder. 'H NMR (600 MHz, CDCl3) & 1.31 -
1.38 (m, 1H), 1.40 - 1.55 (m, 2H), 1.52 (s, 9H), 1.56 - 1.84 (m, 3H), 2.97 - 3.16 (m, 1H),
3.99 -4.50 (m, 2H), 4.89 - 5.01 (m, 1H), 7.35 - 7.39 (m, 1H), 7.45 - 7.62 (m, 4H), 7.85 -
7.90 (m, 1H), 8.56 - 8.61 (m, 1H), 8.82 - 8.86 (m, 1H); MS (ESI): m/z 369 [M+H]"

tert-Butyl (25)-2-{(5)-hydroxy[3-(pyridin-3-yl)phenyl]methyl} piperidine-1-carbo-
xylate (15b)

Compound 15b (quant.) was obtained from 14b in a similar manner to that described
for 15a. '"H NMR (600 MHz, CDCl3): & 1.32 - 1.37 (m, 1H), 1.39 - 1.81 (m, 5H), 1.51 (s,
9H), 2.93 - 3.18 (m, 1H), 3.98 - 4.48 (m, 2H), 4.97 (br d, J=9.9 Hz, 1H), 7.37 (dd, J =
7.6, 4.7 Hz, 1H), 7.39 - 7.54 (m, 3H), 7.59 (br s, 1H), 7.88 - 7.91 (m, 1H), 8.60 (dd, J =
4.7,1.4 Hz, 1H), 8.85 (d, J= 2.1 Hz, 1H); MS (ESI): m/z 369 [M+H]"

tert-Butyl (25)-2-{(S)-hydroxy[4-(pyrimidin-5-yl)phenyl]methyl}piperidine-1-
carboxylate (15¢)
Compound 15¢ (97%) was obtained from 14a in a similar manner to that described for

15a. "H NMR (500 MHz, DMSO- dg): & 1.20 - 1.39 (m, 3H), 1.40 (s, 9H), 1.43 - 1.49
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(m, 1H), 1.59 - 1.82 (m, 2H), 2.85 - 3.02 (m, 1H), 3.86 - 3.96 (m, 1H), 4.07 - 4.23 (m,
1H), 4.89 (br dd, J = 8.9, 4.1 Hz, 1H), 5.33 (brs, 1H), 7.51 (d, J = 8.2 Hz, 2H), 7.80 (d,
J=8.3 Hz, 2H), 9.15 (s, 2H), 9.18 (s, 1H); MS (ESI): m/z 370 [M+H]"

tert-Butyl (25)-2-{(5)-hydroxy[3-(1-methyl-1H-pyrazol-4-yl)phenyl|methyl} piperi-
dine-1-carboxylate (15d)

Compound 15d (quant.) was obtained from 14b in a similar manner to that described
for 15a. "H NMR (600 MHz, CDCl3): & 1.31 - 1.75 (m, 6H), 1.52 (s, 9H), 2.85 - 3.19 (m,
1H), 3.95 (s, 3H), 3.97 - 4.50 (m, 2H), 4.90 (d, /= 10.1 Hz, 1H), 7.21 (br d, J= 7.3 Hz,
1H), 7.32 - 7.36 (m, 1H), 7.39 - 7.43 (m, 1H), 7.48 (br s, 1H), 7.63 (br s, 1H), 7.76 (s,
1H); MS (ESI): m/z 372 [M+H]"

tert-Butyl (25)-2-[(5)-[3-(1-ethyl-1H-pyrazol-4-yl)phenyl](hydroxy)methyl]|piperi-
dine-1-carboxylate (15¢)

Compound 15e (80%) was obtained from 14b in a similar manner to that described for
15a. "H NMR (600 MHz, CDCls): 8 1.29 - 1.72 (m, 6H), 1.52 (s, 9H), 1.54 (t, J= 7.3
Hz, 3H), 2.86 - 3.17 (m, 1H), 3.97 - 4.47 (m, 2H), 4.21 (q, J= 7.3 Hz, 2H), 4.90 (dd, J =
10.5, 5.0 Hz, 1H), 7.21 (d, J = 7.3 Hz, 1H), 7.32 - 7.36 (m, 1H), 7.39 - 7.44 (m, 1H),
7.50 (br s, 1H), 7.68 (br s, 1H), 7.78 (s, 1H); MS (ESI): m/z 386 [M+H]"

tert-Butyl (25)-2-[(S)-hydroxy{3-[1-(propan-2-yl)-1H-pyrazol-4-yl|phenyl} methyl]-
piperidine-1-carboxylate (15f)

Compound 15f (quant.) was obtained from 14b in a similar manner to that described
for 15a. '"H NMR (600 MHz, CDCly): 8 1.27 - 1.77 (m, 15H), 1.53 (d, J = 6.9 Hz, 3H),
1.56 (d, J = 6.9 Hz, 3H), 2.86 - 3.15 (m, 1H), 3.99 - 4.47 (m, 2H), 4.48 - 4.57 (m, 1H),
491 (dd, J = 10.3, 4.4 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 7.32 - 7.36 (m, 1H), 7.40 -
7.45 (m, 1H), 7.51 (brs, 1H), 7.71 (br s, 1H), 7.78 (s, 1H); MS (ESI): m/z 400 [M+H]"
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tert-Butyl (25)-2-{(S)-hydroxy|[3-(1-propyl-1H-pyrazol-4-yl)phenyl|methyl}piperi-
dine-1-carboxylate (15g)

Compound 15g (78%) was obtained from 14b in a similar manner to that described for
15a. '"H NMR (600 MHz, CDCl5): & 0.91 - 0.98 (m, 3H), 1.29 - 1.73 (m, 6H), 1.52 (s,
9H), 1.87 - 1.96 (m, 2H), 2.90 - 3.17 (m, 1H), 3.98 - 4.52 (m, 4H), 4.90 (br dd, J=10.1,
4.1 Hz, 1H), 7.20 (br d, J = 7.8 Hz, 1H), 7.32 - 7.36 (m, 1H), 7.39 - 7.44 (m, 1H), 7.50
(brs, 1H), 7.66 (br s, 1H), 7.78 (s, 1H); MS (ESI): m/z 400 [M+H]"

($)-1-[(25)-1-(Prop-2-en-1-yl)piperidin-2-yl]-1-[4-(pyridin-3-yl)phenyl|methan-
amine (16a)

Compound 16a (33% in 4 steps) was obtained from 15a in a similar manner to that
described for the synthesis of 6¢ from 3¢. "H NMR (600 MHz, CDCls): & 1.04 - 1.12 (m,
1H), 1.23 - 1.56 (m, 4H), 1.62 - 1.72 (m, 1H), 2.67 - 2.74 (m, 2H), 3.03 - 3.11 (m, 1H),
3.36 - 3.42 (m, 2H), 4.28 (d, /= 10.1 Hz, 1H), 5.12 - 5.16 (m, 1H), 5.20 - 5.25 (m, 1H),
5.87-5.95 (m, 1H), 7.33 - 7.37 (m, 1H), 7.47 - 7.50 (m, 2H), 7.52 - 7.56 (m, 2H), 7.85 -
7.89 (m, 1H), 8.57 - 8.59 (m, 1H), 8.85 (d, J = 2.3 Hz, 1H); MS (ESI): m/z 308 [M+H]"

($)-1-[(25)-1-(Prop-2-en-1-yl)piperidin-2-yl]-1-[3-(pyridin-3-yl)phenyl|methan-
amine (16b)

Compound 16b (43% in 4 steps) was obtained from 15b in a similar manner to that
described for 16a. "H NMR (600 MHz, CDCls): & 1.03 - 1.11 (m, 1H), 1.31 - 1.57 (m,
4H), 1.63 - 1.71 (m, 1H), 2.66 - 2.76 (m, 2H), 3.03 - 3.11 (m, 1H), 3.35 - 3.44 (m, 2H),
4.29 (d,J=10.1 Hz, 1H), 5.12 - 5.17 (m, 1H), 5.20 - 5.25 (m, 1H), 5.86 - 5.95 (m, 1H),
7.34 - 7.38 (m, 1H), 7.39 - 7.52 (m, 3H), 7.58 - 7.61 (m, 1H), 7.87 - 7.91 (m, 1H), 8.57 -
8.60 (m, 1H), 8.85 - 8.86 (m, 1H); MS (ESI): m/z 308 [M+H]"
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($)-1-[(25)-1-(Prop-2-en-1-yl)piperidin-2-yl]-1-[4-(pyrimidin-5-yl)phenyl|methan-
amine (16¢)

Compound 16¢ (99% in 4 steps) was obtained from 15¢ in a similar manner to that
described for 16a. '"H NMR (600 MHz, CDCls): & 1.31 - 4.44 (m, 12H), 5.46 (d, J =
11.0 Hz, 2H), 6.05 - 6.19 (m, 1H), 7.49 - 7.72 (m, 4H), 8.89 - 8.92 (m, 2H), 9.20 (s,
1H); MS (ESI): m/z 309 [M+H]"

(S)-1-[3-(1-Methyl-1H-pyrazol-4-yl)phenyl]-1-[(25)-1-(prop-2-en-1-yl)piperidin-2-
yllmethanamine (16d)

Compound 16d (17% in 4 steps) was obtained from 15d in a similar manner to that
described for 16a. "H NMR (600 MHz, CDCls): & 1.01 - 1.09 (m, 1H), 1.29 - 1.55 (m,
4H), 1.60 - 1.89 (m, 1H), 2.65 - 2.72 (m, 2H), 3.02 - 3.08 (m, 1H), 3.33 - 3.43 (m, 2H),
3.94 (s, 3H), 4.22 (d, J=10.1 Hz, 1H), 5.13 (dd, J = 10.1, 1.8 Hz, 1H), 5.19 - 5.24 (m,
1H), 5.86 - 5.94 (m, 1H), 7.18 - 7.21 (m, 1H), 7.30 (t, J = 7.8 Hz, 1H), 7.34 - 7.37 (m,
1H), 7.46 - 7.50 (m, 1H), 7.64 (s, 1H), 7.77 (s, 1H); MS (ESI): m/z 311 [M+H]"

(8)-1-[3-(1-Ethyl-1H-pyrazol-4-yl)phenyl]-1-[(25)-1-(prop-2-en-1-yl)piperidin-2-
yllmethanamine (16e)

Compound 16e (48% in 4 steps) was obtained from 15e in a similar manner to that
described for 16a. '"H NMR (600 MHz, CDCls): & 1.02 - 1.10 (m, 1H), 1.30 -1.57 (m,
4H), 1.53 (t, J= 7.3 Hz, 3H), 1.58 - 1.84 (m, 1H), 2.67 - 2.73 (m, 2H), 3.03 - 3.09 (m,
1H), 3.34 - 3.44 (m, 2H), 4.18 - 4.24 (m, 3H), 5.11 - 5.16 (m, 1H), 5.18 - 5.26 (m, 1H),
5.85-5.95 (m, 1H), 7.19 (d, J = 7.8 Hz, 1H), 7.30 (t, J = 7.8 Hz, 1H), 7.35 - 7.38 (m,
1H), 7.50 (br s., 1H), 7.68 (s, 1H), 7.78 (s, 1H); MS (ESI): m/z 325 [M+H]"

(8)-1-{3-[1-(Propan-2-yl)-1H-pyrazol-4-yl|phenyl}-1-[(2S5)-1-(prop-2-en-1-yl)piperi-
din-2-yljmethanamine (16f)

Compound 16f (39% in 4 steps) was obtained from 15f in a similar manner to that
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described for 16a. "H NMR (600 MHz, CDCls): & 1.02 - 1.09 (m, 1H), 1.30 - 1.59 (m,
4H), 1.55 (d, J= 6.9 Hz, 6H), 1.61 - 1.85 (m, 1H), 2.67 - 2.73 (m, 2H) , 3.03 - 3.09 (m,
1H) , 3.34 - 3.43 (m, 2H), 4.23 (d, J = 9.6 Hz, 1H), 4.50 - 4.56 (m, 1H), 5.11 - 5.15 (m,
1H), 5.19 - 5.25 (m, 1H), 5.86 - 5.95 (m, 1H), 7.16 - 7.19 (m, 1H), 7.29 (t, J = 7.6 Hz,
1H), 7.36 - 7.39 (m, 1H), 7.50 - 7.52 (m, 1H), 7.71 (s, 1H), 7.79 (s, 1H); MS (ESI): m/z
339 [M+H]"

(8)-1-[(25)-1-(prop-2-en-1-yl)piperidin-2-yl]-1-[3-(1-propyl-1H-pyrazol-4-yl)-
phenyljmethanamine (16g)

Compound 16g (33% in 4 steps) was obtained from 15g in a similar manner to that
described for 16a. "H NMR (600 MHz, CDCls): § 0.95 (t, J = 7.3 Hz, 3H), 1.03 - 1.11
(m, 1H), 1.29 - 1.73 (m, 5H), 1.89 - 1.96 (m, 2H), 2.67 - 2.73 (m, 2H), 3.02 - 3.10 (m,
1H), 3.33 - 3.44 (m, 2H), 4.11 (t, J = 7.1 Hz, 2H), 4.22 (d, /= 9.6 Hz, 1H), 5.10 - 5.16
(m, 1H), 5.19 - 5.25 (m, 1H), 5.85 - 5.96 (m, 1H), 7.17 - 7.20 (m, 1H), 7.30 (t, J= 7.6
Hz, 1H), 7.35 - 7.39 (m, 1H), 7.49 - 7.52 (m, 1H), 7.66 (s, 1H), 7.79 (s, 1H); MS (ESI):
m/z 339 [M+H]"

2-Chloro-N-{(S)-(28)-piperidin-2-yl[4-(pyridin-3-yl)phenyl]|methyl}-3-(trifluoro-
methyl)benzamide dihydrochloride (17a)

Compound 17a (42% in 2 steps) was obtained from 16a in a similar manner to that
described for the synthesis of 7¢ and 8a. "H NMR (600 MHz, DMSO- dj): & 1.35 - 1.52
(m, 3H), 1.59 - 1.68 (m, 1H), 1.70 - 1.77 (m, 2H), 2.80 - 2.89 (m, 1H), 3.34 - 3.40 (m,
1H), 3.54 - 3.63 (m, 1H), 5.23 - 5.28 (m, 1H), 7.63 - 7.65 (m, 2H), 7.67 (t, J = 8.0 Hz,
1H), 7.90 - 7.97 (m, 4H), 8.04 (dd, /= 7.8, 1.4 Hz, 1H), 8.64 - 8.69 (m, 1H), 8.81 (dd, J
=5.5, 1.4 Hz, 1H), 8.85 - 8.90 (m, 1H), 9.16 - 9.23 (m, 2H), 9.76 (d, J = 8.3 Hz, 1H);
BC NMR (126 MHz, DMSO- d): & 165.3, 143.7, 143.0, 139.6, 139.1, 138.6, 136.9,
134.7, 133.5, 128.7, 128.6, 128.0, 127.7, 127.5, 127.2 (q, J = 32 Hz), 125.9, 122.8 (q, J
= 274 Hz), 58.0, 55.6, 44.7, 25.8, 21.6, 21.3; HR-MS: Caled for C,sH»;CIF3;N3;0O

89



[M+H]" 474.1555. Found 474.1547; [a]p = +71 (c = 0.52, MeOH)

2-Chloro-N-{(S)-(2S)-piperidin-2-yl[3-(pyridin-3-yl)phenyl|methyl}-3-(trifluoro-
methyl)benzamide hydrochloride (17b)

Compound 17b (65% in 2 steps) was obtained from 16b in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dq): & 1.36 - 1.46 (m, 1H), 1.46 - 1.52
(m, 2H), 1.58 - 1.67 (m, 1H), 1.69 - 1.77 (m, 2H), 2.80 - 2.90 (m, 1H), 3.32 - 3.39 (m,
1H), 3.59 - 3.70 (m, 1H), 5.29 - 5.33 (m, 1H), 7.58 - 7.64 (m, 2H), 7.66 (t, J = 7.8 Hz,
1H), 7.84 - 7.86 (m, 1H), 7.93 - 8.00 (m, 3H), 8.05 (dd, J= 7.8, 1.4 Hz, 1H), 8.65 - 8.71
(m, 1H), 8.83 (dd, J=5.5, 1.4 Hz, 1H), 8.92 - 8.98 (m, 1H), 9.10 - 9.18 (m, 1H), 9.21 (d,
J =23 Hz, 1H), 9.73 (d, J = 8.7 Hz, 1H); >C NMR (126 MHz, DMSO- dy): § 165.4,
144.1, 143.3, 139.3, 139.1, 138.6, 137.0, 135.4, 133.5, 129.7, 128.6, 128.6, 128.0, 127.7,
127.2 (q, J = 30 Hz), 126.9, 126.6, 125.8, 122.7 (q, J = 273 Hz), 58.1, 55.7, 44.8, 25.7,
21.6, 21.3; HR-MS: Calcd for C,sH»3CIF;N30 [MJrH]+ 474.1555. Found 474.1552; [a]p
=476 (¢ = 0.60, MeOH)

2-Chloro-N-{(5)-(28)-piperidin-2-yl[4-(pyrimidin-5-yl)phenyl|methyl}-3-(trifluoro-
methyl)benzamide hydrochloride (17¢)

Compound 17¢ (24% in 2 steps) was obtained from 16¢ in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dq): & 1.34 - 1.51 (m, 3H), 1.56 - 1.69
(m, 1H), 1.69 - 1.79 (m, 2H), 2.81 - 2.93 (m, 1H), 3.32 - 3.43 (m, 1H), 3.50 - 3.63 (m,
1H), 5.21 - 5.33 (m, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.68 (t, /= 7.8 Hz, 1H), 7.91 (d, J =
8.3 Hz, 2H), 7.97 (d, /= 7.8 Hz, 1H), 8.02 (d, /= 7.3 Hz, 1H), 8.75 - 8.82 (m, 1H), 9.03
- 9.11 (m, 1H), 9.17 - 9.24 (m, 3H), 9.67 (d, J = 8.7 Hz, 1H); °C NMR (126 MHz,
DMSO- ds): 6 165.3, 157.4, 154.7, 138.7, 138.6, 133.5, 133.4, 132.6, 128.7, 128.6,
128.0, 127.7,127.2, 127.2 (q, J = 30 Hz), 122.7 (q, J = 274 Hz), 58.1, 55.5, 44.8, 25.7,
21.6, 21.3; HR-MS: Calcd for C,4H,,CIF;N4O [MJrH]+ 475.1507. Found 475.1498; [a]p
=471 (¢ =0.53, MeOH)
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2,4-Dichloro-N-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-yl]-
methyl}benzamide hydrochloride (18a)

Compound 18a (62% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): 8 1.33 - 1.45 (m, 3H), 1.55 - 1.64
(m, 1H), 1.67 - 1.76 (m, 2H), 2.79 - 2.88 (m, 1H), 3.31 - 3.37 (m, 1H), 3.48 - 3.55 (m,
1H), 3.87 (s, 3H), 5.12 - 5.16 (m, 1H), 7.24 (d, /= 7.8 Hz, 1H), 7.38 (t, /= 7.6 Hz, 1H),
7.52 (d, J="7.8 Hz, 1H), 7.56 (dd, J = 8.3, 2.3 Hz, 1H), 7.65 (br s, 1H), 7.67 (d, J=2.3
Hz, 1H), 7.74 - 7.77 (m, 1H), 7.86 (s, 1H), 8.13 (s, 1H), 8.63 - 8.76 (m, 1H), 8.94 - 9.08
(m, 1H), 9.42 (d, J = 8.7 Hz, 1H); °C NMR (126 MHz, DMSO- dy): & 165.3, 138.7,
136.0, 134.9, 134.6, 132.9, 131.5, 131.0, 129.2, 129.1, 127.9, 127.1, 125.2, 124.6, 124.3,
121.6, 58.2, 55.7, 44.7, 38.7, 25.8, 21.6, 21.3; HR-MS: Calcd for Cy3H4CLLN4O
[M+H]" 443.1400. Found 443.1397; [a]p = +66 (c = 0.55, MeOH)

2-Fluoro-N-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-yl|methyl}-
3-(trifluoromethyl)benzamide hydrochloride (18b)

Compound 18b (55% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dp): & 1.32 - 1.48 (m, 3H), 1.57 - 1.67
(m, 1H), 1.68 - 1.76 (m, 2H), 2.77 - 2.86 (m, 1H), 3.30 - 3.37 (m, 1H), 3.55 - 3.63 (m,
1H), 3.88 (s, 3H), 5.15 - 5.21 (m, 1H), 7.25 - 7.30 (m, 1H), 7.40 (t, J = 7.8 Hz, 1H), 7.50
- 7.56 (m, 2H), 7.66 - 7.70 (m, 1H), 7.88 (s, 1H), 7.91 - 7.96 (m, 1H), 8.09 - 8.14 (m,
1H), 8.16 (s, 1H), 8.67 - 8.81 (m, 1H), 8.98 - 9.17 (m, 1H), 9.55 (d, J = 8.7 Hz, 1H); °C
NMR (126 MHz, DMSO- di): & 162.5, 156.3 (d, J = 258 Hz), 139.0, 136.0, 135.2, 133.0,
129.3, 128.0, 125.4 (q, J = 13 Hz), 125.1, 124.9, 124.8, 124.7, 124.3, 122.5 (q, J = 272
Hz), 121.6, 116.9 - 117.4 (m), 58.2, 55.8, 44.6, 38.7, 25.9, 21.6, 21.3; HR-MS: Calcd for
C4Hp4F4N,O [M+H]" 461.1959. Found 461.1948; [a]p = +56 (¢ = 0.51, MeOH)

N-{(S)-[3-(1-Methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl|methyl}-3-(triflu-
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oromethyl)benzamide hydrochloride (18c)

Compound 18c¢ (58% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): & 1.34 - 1.48 (m, 3H), 1.57 - 1.68
(m, 1H), 1.68 - 1.79 (m, 2H), 2.80 - 2.89 (m, 1H), 3.32 - 3.38 (m, 1H), 3.67 - 3.76 (m,
1H), 3.87 (s, 3H), 5.19 - 5.26 (m, 1H), 7.28 - 7.32 (m, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.48
- 7.53 (m, 1H), 7.71 - 7.77 (m, 2H), 7.87 (s, 1H), 7.94 (d, J = 7.8 Hz, 1H), 8.14 (s, 1H),
8.33 (s, 1H), 8.38 (d, /= 7.8 Hz, 1H), 8.63 - 8.80 (m, 1H), 9.07 - 9.21 (m, 1H), 9.71 (d,
J=9.2 Hz, 1H); °C NMR (126 MHz, DMSO- d5): 8 165.0, 139.5, 136.1, 134.8, 133.0,
132.0, 129.5, 129.3, 129.0 (q, J = 32 Hz), 128.1, 127.9, 125.2, 124.5, 124.4, 124 .4,
124.0 (q, J =273 Hz), 121.5, 58.0, 56.0, 44.6, 38.7, 26.0, 21.6, 21.3; HR-MS: Calcd for
Cp4H2sF3N4O [M+H]" 443.2053. Found 443.2053; [a]p = +22 (¢ = 0.66, MeOH)

2-Methyl-N-{(5)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl]-
methyl}-3-(trifluoromethyl)benzamide hydrochloride (18d)

Compound 18d (59% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): & 1.34 - 1.44 (m, 3H), 1.55 - 1.65
(m, 1H), 1.67 - 1.77 (m, 2H), 2.26 (s, 3H), 2.78 - 2.90 (m, 1H), 3.33 - 3.40 (m, 1H),
3.48 - 3.55 (m, 1H), 3.88 (s, 3H), 5.13 - 5.18 (m, 1H), 7.24 - 7.27 (m, 1H), 7.40 (t, J =
7.6 Hz, 1H), 7.48 - 7.55 (m, 2H), 7.64 - 7.67 (m, 1H), 7.75 - 7.81 (m, 2H), 7.87 (s, 1H),
8.15 (s, 1H), 8.61 - 8.73 (m, 1H), 8.89 - 9.08 (m, 1H), 9.37 (d, J = 8.7 Hz, 1H); "*C
NMR (126 MHz, DMSO- ds): 6 168.1, 139.2, 139.2, 136.0, 133.9, 133.0, 131.5, 129.3,
128.0 (q, J = 28 Hz), 127.9, 126.6, 126.1, 125.1, 124.6, 124.3, 124.3 (q, J = 275 Hz),
121.6, 58.0, 55.8, 44.7, 38.7, 25.9, 21.6, 21.3, 15.5; HR-MS: Calcd for C,sH»7F3N4O
[M+H]" 457.2210. Found 457.2199; [a]p = +53 (c = 0.60, MeOH)

2,6-Dichloro-N-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-yl]-
methyl}benzamide hydrochloride (18e)

Compound 18e (30% in 2 steps) was obtained from 16d in a similar manner to that
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described for 17a. "H NMR (600 MHz, DMSO- d): & 1.38 - 1.61 (m, 3H), 1.65 - 1.72
(m, 1H), 1.73 - 1.82 (m, 2H), 2.86 - 2.95 (m, 1H), 3.23 - 3.58 (m, 2H), 3.88 (s, 3H),
5.27 - 533 (m, 1H), 7.27 (d, J = 7.3 Hz, 1H), 7.39 (t, J = 7.8 Hz, 1H), 7.45 - 7.49 (m,
1H), 7.51 - 7.56 (m, 3H), 7.66 - 7.69 (m, 1H), 7.85 (s, 1H), 8.11 (s, 1H), 8.52 - 8.80 (m,
2H), 9.58 (d, J = 8.3 Hz, 1H); *C NMR (126 MHz, DMSO- dg): & 163.4, 137.3, 136.0,
135.7, 132.8, 131.3, 131.2, 129.0, 128.2, 127.8, 125.6, 124.6, 121.7, 58.6, 55.1, 45.1,
38.7, 25.0, 21.6, 21.4; HR-MS: Calcd for Co3HsCLN,O [M+H]™ 443.1400. Found
443.1392; [a]p = +79 (c = 0.54, MeOH)

2,6-Dimethyl-N-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl]-
methyl}benzamide hydrochloride (18f)

Compound 18f (33% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. '"H NMR (600 MHz, DMSO- ds): 81.32 - 1.44 (m, 2H), 1.50 - 1.62
(m, 2H), 1.68 - 1.77 (m, 2H), 2.12 (br s, 6H), 2.80 - 2.90 (m, 1H), 3.27 - 3.54 (m, 2H),
3.88 (s, 3H), 5.16 - 5.22 (m, 1H), 7.02 (s, 1H), 7.03 (s, 1H), 7.17 (t, J=7.6 Hz, 1H), 7.24
(d, J=7.3 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.67 (br s, 1H),
7.85 (s, 1H), 8.12 (s, 1H), 8.37 - 8.56 (m, 1H), 8.67 - 8.84 (m, 1H), 8.95 (d, /= 8.3 Hz,
1H); *C NMR (126 MHz, DMSO- dj): $169.2, 138.8, 137.5, 136.0, 133.9, 132.8, 129.0,
128.2, 127.8, 127.1, 125.6, 124.5, 121.7, 58.0, 55.5, 44.9, 38.7, 25.6, 21.6, 21.4, 19.0;
HR-MS: Calcd for CpsH3oN4O [M+H]™ 403.2492. Found 403.2499; [a]p = +82 (c =
0.54, MeOH)

2,3-Dichloro-N-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl]-
methyl}benzamide hydrochloride (18g)

Compound 18g (39% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): § 1.35 - 1.47 (m, 3H), 1.54 - 1.64
(m, 1H), 1.68 - 1.77 (m, 2H), 2.79 - 2.89 (m, 1H), 3.30 - 3.38 (m, 1H), 3.46 - 3.53 (m,
1H), 3.88 (s, 3H), 5.11 - 5.17 (m, 1H), 7.23 - 7.25 (m, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.48
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(t, J=7.8 Hz, 1H), 7.52 - 7.55 (m, 1H), 7.63 - 7.67 (m, 2H), 7.72 - 7.76 (m, 1H), 7.85 -
7.88 (m, 1H), 8.14 (s, 1H), 8.57 - 8.68 (m, 1H), 8.85 - 8.96 (m, 1H), 9.40 (d, /= 8.7 Hz,
1H); *C NMR (126 MHz, DMSO- dy): & 165.5, 138.6, 138.2, 136.0, 132.9, 132.0,
131.4, 129.1, 128.3, 128.0, 127.9, 125.3, 124.6, 124.3, 121.6, 58.2, 55.7, 44.8, 38.7,
25.7, 21.6, 21.3; HR-MS: Calcd for C,3H4C1L,N4,O [M-I-H]+ 443.1400. Found 443.1394;
[a]p =+86 (c = 0.63, MeOH)

2-Chloro-3-methyl-V-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-
yllmethyl}benzamide hydrochloride (18h)

Compound 18h (44% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- d): & 1.33 - 1.49 (m, 3H), 1.54 - 1.63
(m, 1H), 1.67 - 1.76 (m, 2H), 2.34 (s, 3H), 2.79 - 2.89 (m, 1H), 3.31 - 3.37 (m, 1H),
3.41 -3.63 (m, 1H), 3.88 (s, 3H), 5.12 - 5.17 (m, 1H), 7.24 (d, /= 7.3 Hz, 1H), 7.33 (t, J
=7.6 Hz, 1H), 7.38 (t, J= 7.6 Hz, 1H), 7.42 - 7.45 (m, 1H), 7.45 - 7.49 (m, 1H), 7.53 (d,
J="1.8 Hz, 1H), 7.64 (br s, 1H), 7.84 - 7.87 (m, 1H), 8.13 (s, 1H), 8.46 - 8.61 (m, 1H),
8.84 - 8.99 (m, 1H), 9.19 (d, J = 8.7 Hz, 1H); >C NMR (126 MHz, DMSO- dj): § 166.7,
138.7, 136.5, 136.3, 136.0, 132.9, 131.9, 130.1, 129.1, 127.9, 126.9, 126.6, 125.3, 124.6,
124.4, 121.6, 58.3, 55.6, 44.8, 38.7, 25.7, 21.6, 21.3, 19.9; HR-MS: Calcd for
C24H»,CIN,O [M+H]" 423.1946. Found 423.1934; [a]p = +85 (¢ = 0.50, MeOH)

3-Methoxy-2-methyl-/V-{(S)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-
2-yllmethyl}benzamide hydrochloride (18i)

Compound 18i (67% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): 8 1.31 - 1.46 (m, 3H), 1.53 - 1.64
(m, 1H), 1.66 - 1.77 (m, 2H), 2.01 (s, 3H), 2.77 - 2.86 (m, 1H), 3.30 - 3.37 (m, 1H),
3.42 - 3.60 (m, 1H), 3.78 (s, 3H), 3.88 (s, 3H), 5.11 - 5.16 (m, 1H), 7.04 (d, J = 8.3 Hz,
1H), 7.10 (d, J= 7.8 Hz, 1H), 7.22 - 7.27 (m, 2H), 7.38 (t, J = 7.8 Hz, 1H), 7.50 - 7.53
(m, 1H), 7.65 (br s, 1H), 7.86 (s, 1H), 8.13 (s, 1H), 8.46 - 8.58 (m, 1H), 8.92 - 9.01 (m,
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1H), 9.04 (d, J = 8.7 Hz, 1H); *C NMR (126 MHz, DMSO- dy): & 168.9, 157.3, 139.4,
137.7, 136.0, 132.9, 129.2, 127.9, 126.3, 125.1, 124.5, 124.3, 123.7, 121.6, 119.4, 111.6,
58.1, 55.6, 44.7, 38.7, 25.9, 21.6, 21.4, 12.4; HR-MS: Caled for CasH3oN40, [M+H]"
419.2442. Found 419.2429; [a]p = +59 (c = 0.51, MeOH)

2-Chloro-N-{(S)-|3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl|methyl}-
5-(trifluoromethyl)benzamide hydrochloride (18j)

Compound 18j (55% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dq): & 1.34 - 1.45 (m, 3H), 1.58 - 1.68
(m, 1H), 1.68 - 1.78 (m, 2H), 2.82 - 2.92 (m, 1H), 3.35 - 3.40 (m, 1H), 3.47 - 3.56 (m,
1H), 3.87 (s, 3H), 5.15 - 5.20 (m, 1H), 7.22 - 7.25 (m, 1H), 7.38 (t, /= 7.6 Hz, 1H), 7.52
- 7.55 (m, 1H), 7.66 (br s, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.82 - 7.88 (m, 2H), 8.10 - 8.13
(m, 1H), 8.13 (s, 1H), 8.78 - 8.91 (m, 1H), 8.92 - 9.08 (m, 1H), 9.49 (d, J= 8.7 Hz, 1H);
BC NMR (126 MHz, DMSO- dy): & 165.1, 138.4, 136.8, 136.0, 134.7, 132.9, 130.9,
129.2, 127.9, 127.8, 127.6 (q, J = 34 Hz), 126.3, 125.3, 124.7, 124.3, 123.6 (q, J = 270
Hz), 121.6, 58.3, 55.8, 44.7, 38.7, 25.8, 21.6, 21.2; HR-MS: Calcd for C,4H»4CIF3N4O
[M+H]" 477.1664. Found 477.1658; [a]p = +68 (c = 0.52, MeOH)

3-Chloro-N-{(5)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl|methyl}-
2-(trifluoromethyl)pyridine-4-carboxamide hydrochloride (18k)

Compound 18k (43% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dy): & 1.33 - 1.49 (m, 3H), 1.55 - 1.66
(m, 1H), 1.67 - 1.77 (m, 2H), 2.81 - 2.91 (m, 1H), 3.34 - 3.39 (m, 1H), 3.48 - 3.58 (m,
1H), 3.87 (s, 3H), 5.11 - 5.24 (m, 1H), 7.25 (d, J=7.8 Hz, 1H), 7.39 (t, /= 7.6 Hz, 1H),
7.54 (d, J=17.3 Hz, 1H), 7.65 (s, 1H), 7.87 (s, 1H), 8.07 - 8.21 (m, 2H), 8.82 (d, J=4.6
Hz, 1H), 8.89 - 9.10 (m, 2H), 9.78 - 9.86 (m, 1H); >*C NMR (126 MHz, DMSO- dy): &
163.5, 147.7, 146.2, 143.3 (q, J = 34 Hz), 138.1, 136.1, 133.0, 129.2, 127.9, 1274,
126.2, 125.2, 124.8, 124.3, 121.6, 120.9 (q, J = 277 Hz), 58.2, 55.8, 44.8, 38.7, 25.7,

95



21.6, 21.2; HR-MS: Caled for Co3Hy3CIF3NsO [M+H]" 478.1616. Found 478.1605; [a]p
=+69 (c = 0.53, MeOH)

3-Chloro-N-{(5)-[3-(1-methyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-yl|methyl}-
4-(trifluoromethyl)pyridine-2-carboxamide hydrochloride (181)

Compound 181 (43% in 2 steps) was obtained from 16d in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- dq): & 1.33 - 1.52 (m, 3H), 1.53 - 1.63
(m, 1H), 1.66 - 1.77 (m, 2H), 2.77 - 2.86 (m, 1H), 3.25 - 3.36 (m, 1H), 3.55 - 3.64 (m,
1H), 3.88 (s, 3H), 5.12 - 5.21 (m, 1H), 7.25 - 7.30 (m, 1H), 7.41 (t, J= 7.8 Hz, 1H), 7.52
- 7.57 (m, 1H), 7.65 (s, 1H), 7.87 (s, 1H), 8.07 (d, J = 5.0 Hz, 1H), 8.15 (s, 1H), 8.46 -
8.60 (m, 1H), 8.75 - 8.86 (m, 1H), 8.88 (d, J = 5.0 Hz, 1H), 9.60 (d, J = 8.7 Hz, 1H); "°C
NMR (126 MHz, DMSO- dg): 6 163.6, 152.6, 148.5, 138.4, 136.1, 135.8 (q, /= 32 Hz),
133.0, 129.3, 127.9, 125.7, 125.2, 124.7, 124.4, 123.1, 121.8 (q, J = 275 Hz), 121.6,
58.1, 55.5, 44.7, 38.7, 25.6, 21.6, 21.4; HR-MS: Calcd for Cp;HpCIF;NsO [M+H]
478.1616. Found 478.1603; [a]p = +71 (c = 0.50, MeOH)

3-Chloro-N-{(5)-[3-(1-ethyl-1H-pyrazol-4-yl)phenyl] [(2S)-piperidin-2-yl|methyl}-4-
(trifluoromethyl)pyridine-2-carboxamide hydrochloride (19a)

Compound 19a (71% in 2 steps) was obtained from 16e in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- d): & 1.35 - 1.52 (m, 3H), 1.41 (t, J =
7.3 Hz, 3H), 1.54 - 1.65 (m, 1H), 1.68 - 1.77 (m, 2H), 2.78 - 2.87 (m, 1H), 3.27 - 3.34
(m, 1H), 3.57 - 3.64 (m, 1H), 4.17 (q, J = 7.3 Hz, 2H), 5.16 - 5.21 (m, 1H), 7.26 - 7.29
(m, 1H), 7.41 (t, J= 7.8 Hz, 1H), 7.53 - 7.57 (m, 1H), 7.66 - 7.68 (m, 1H), 7.88 (s, 1H),
8.06 (d, J=4.6 Hz, 1H), 8.20 (s, 1H), 8.52 - 8.65 (m, 1H), 8.81 - 9.00 (m, 1H), 8.87 (d,
J=5.0 Hz, 1H), 9.65 (d, J = 9.2 Hz, 1H); °C NMR (126 MHz, DMSO- dy): 5 163.6,
152.7, 148.5, 138.5, 135.9, 135.8 (q, J = 37 Hz), 133.1, 129.3, 126.5, 125.7, 125.1,
124.7, 124.5, 123.0, 121.7 (q, J =275 Hz), 121.4, 58.1, 55.5, 46.4, 44.6, 25.5, 21.6, 21 4,
15.5; HR-MS: Calcd for Ca4H,sCIF;NsO [M+H]" 492.1772. Found 492.1763; [a]p =
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+68 (¢ = 0.52, MeOH)

3-Chloro-N-[(S)-[(2S)-piperidin-2-yl]{3-[1-(propan-2-yl)-1H-pyrazol-4-yl|phenyl}-
methyl]-4-(trifluoromethyl)pyridine-2-carboxamide hydrochloride (19b)
Compound 19b (58% in 2 steps) was obtained from 16f in a similar manner to that
described for 17a. '"H NMR (600 MHz, DMSO- dj): 6 1.32 - 1.52 (m, 3H), 1.46 (d, J =
6.9 Hz, 6H), 1.52 - 1.65 (m, 1H), 1.67 - 1.78 (m, 2H), 2.77 - 2.87 (m, 1H), 3.27 - 3.35
(m, 1H), 3.56 - 3.65 (m, 1H), 4.49 - 4.56 (m, 1H), 5.15 - 5.20 (m, 1H), 7.27 (d, J=7.3
Hz, 1H), 7.41 (t,J= 7.6 Hz, 1H), 7.56 (d, J= 7.8 Hz, 1H), 7.67 (br s, 1H), 7.87 (s, 1H),
8.07 (d, J=5.0 Hz, 1H), 8.23 (s, 1H), 8.50 - 8.58 (m, 1H), 8.83 - 8.92 (m, 2H), 9.63 (d,
J=9.2 Hz, 1H); >C NMR (126 MHz, DMSO- dy): & 163.5, 152.5, 148.4, 138.4, 135.8
(q,/=31Hz), 135.6, 133.2, 129.2, 125.7, 125.1, 124.8, 124.7, 124.4, 123.1, 121.7 (q, J
= 275 Hz), 121.1, 58.1, 55.5, 53.1, 44.6, 25.6, 22.7, 21.6, 21.3; HR-MS: Calcd for
C,sHy,CIF3N50 [M+H]" 506.1929. Found 506.1917; [a]p = +70 (c = 0.49, MeOH)

3-Chloro-N-{(5)-(25)-piperidin-2-yl[3-(1-propyl-1H-pyrazol-4-yl)phenyl|methyl}-4-
(trifluoromethyl)pyridine-2-carboxamide hydrochloride (19¢)

Compound 19¢ (61% in 2 steps) was obtained from 16g in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO- d): & 0.85 (t, J = 7.3 Hz, 3H), 1.34 -
1.52 (m, 3H), 1.54 - 1.65 (m, 1H), 1.67 - 1.76 (m, 2H), 1.82 (tq, J = 7.3, 7.2 Hz, 2H),
2.77 - 2.87 (m, 1H), 3.25 - 3.34 (m, 1H), 3.56 - 3.65 (m, 1H), 4.09 (t, J = 6.9 Hz, 2H),
5.16 - 5.21 (m, 1H), 7.28 (d, J = 7.8 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.53 - 7.57 (i,
1H), 7.66 - 7.68 (m, 1H), 7.89 (s, 1H), 8.06 (d, /= 5.0 Hz, 1H), 8.19 (s, 1H), 8.51 - 8.62
(m, 1H), 8.83 - 8.94 (m, 2H), 9.65 (d, J = 8.7 Hz, 1H); °C NMR (126 MHz, DMSO-
ds): 0 163.5, 152.5, 148.5, 138.4, 136.0, 135.8 (q, /=32 Hz), 133.1, 129.3, 127.2, 125.7,
125.1, 124.7, 124.4, 123.1, 121.7 (q, J = 275 Hz), 121.2, 58.1, 55.5, 53.0, 44.7, 25.6,
23.2, 21.6, 21.3, 10.9; HR-MS: Calcd for C,sH,7CIF;N5O [M+H]+ 506.1929. Found
506.1916; [a]p = +84 (c = 0.41, MeOH)
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tert-Butyl (25)-2-{(S)-hydroxy|[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenyljmethyl}piperidine-1-carboxylate (20)

To a solution of 14b (7.86 g, 17.9 mmol) in 1,4-dioxane (150 mL) were added
potassium acetate (5.27 g, 53.7 mmol),
[1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (1.46 g, 1.79 mmol),
1,1’-bis(diphenylphosphino)ferrocene (1.19 g, 2.51 mmol), and bis(pinacolato)diboron
(5.00 g, 19.7 mmol), and the mixture was stirred at 80°C for 3 h. The reaction solution
was partitioned between water and EtOAc, and the organic layer was washed with water
and brine, dried over anhydrous MgSQO,, filtered, and concentrated in vacuo. The
residue was purified using silica gel column chromatography (33-50% EtOAc in
hexane) to yield 20 (6.82 g, 91%) as a pale yellow amorphous. 'H NMR (600 MHz,
CDCl): 6 7.83 (brs, 1H), 7.74 (d, J = 7.3 Hz, 1H), 7.44 - 7.49 (m, 1H), 7.33 - 7.40 (m,
1H), 4.89 (d, J = 10.1 Hz, 1H), 3.98 - 4.50 (m, 2H), 2.87 - 3.41 (m, 1H), 1.52 (s, 9H),
1.34 (s, 12H), 1.25 - 1.73 (m, 6H); MS (ESI): m/z 418 [M+H]"

tert-Butyl (25)-2-{(S)-hydroxy[3-(pyrazin-2-yl)phenyl|methyl} piperidine-1-carbo-
xylate (21a)

To a solution of 20 (1.16 g, 2.78 mmol) in a mixed solvent of DMF and EtOH (2 : 1,
18 mL) were added  2-chloropyrazine (0.64 g, 556  mmol),
tetrakis(triphenylphosphine)palladium(0) (96 mg, 0.083 mmol), and potassium
carbonate (0.77 g, 5.56 mmol), and the mixture was stirred at 90°C for 2 h. The reaction
solution was partitioned between water and EtOAc, and the organic layer was washed
with water and brine, dried over anhydrous MgSQy, filtered, and concentrated in vacuo.
The residue was purified using silica gel column chromatography (33—67% EtOAc in
hexane) to yield 21a (0.79 g, 77%) as a colorless amorphous. '"H NMR (200 MHz,
CDCls): 6 1.32 - 1.86 (m, 6H), 1.52 (s, 9H), 2.91 - 3.18 (m, 1H), 3.99 - 4.25 (m, 1H),
4.35 -4.54 (m, 1H), 5.00 (d, J=10.5 Hz, 1H), 7.48 - 7.57 (m, 2H), 7.92 - 7.99 (m, 1H),
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8.03 - 8.08 (m, 1H), 8.52 (d, J = 2.6 Hz, 1H), 8.62 - 8.66 (m, 1H), 9.04 (d, /=1.3 Hz,
1H); MS (ESI): m/z 370 [M+H]"

tert-Butyl
(25)-2-{(S)-hydroxy|3-(1-methyl-1H-imidazol-5-yl)phenyl|methyl} piperidine-1-
carboxylate (21b)

Compound 21b (74%) was prepared from 20 in a similar manner to that described for
21a. 'H NMR (600 MHz, CDCl3): & 1.30 - 1.74 (m, 6H), 1.51 (s, 9H), 2.89 - 4.47 (m,
3H), 3.67 (s, 3H), 4.93 (br d, /= 9.1 Hz, 1H), 7.11 (s, 1H), 7.31 - 7.35 (m, 1H), 7.36 -
7.47 (m, 3H), 7.52 (s, 1H); MS (ESI): m/z 372 [M+H]"

(8)-1-[(25)-1-(Prop-2-en-1-yl)piperidin-2-yl]-1-[3-(pyrazin-2-yl)phenyl|methan-
amine (22a)

Compound 22a (49% in 4 steps) was prepared from 21a in a similar manner to that
described for the synthesis of 6¢ from 3¢. "H NMR (600 MHz, CDCl;): & 1.04 - 1.11 (m,
1H), 1.31 - 1.77 (m, 5H), 2.67 - 2.77 (m, 2H), 3.04 - 3.11 (m, 1H), 3.34 - 3.46 (m, 2H),
4.32 (d,J=10.1 Hz, 1H), 5.13 - 5.16 (m, 1H), 5.20 - 5.25 (m, 1H), 5.87 - 5.96 (m, 1H),
7.45 - 7.52 (m, 2H), 7.88 - 7.91 (m, 1H), 8.02 - 8.04 (m, 1H), 8.50 - 8.52 (m, 1H), 8.63 -
8.65 (m, 1H), 9.04 - 9.06 (m, 1H); MS (ESI): m/z 309 [M+H]"

(8)-1-[3-(1-Methyl-1H-imidazol-5-yl)phenyl]-1-[(2S)-1-(prop-2-en-1-yl)piperidin-2-
yllmethanamine (22b)

Compound 22b (20% in 4 steps) was prepared from 21b in a similar manner to that
described for the synthesis of 6¢ from 3¢. "H NMR (600 MHz, CDCl5): & 1.02 - 1.09 (m,
1H), 1.31 - 1.68 (m, 5H), 2.65 - 2.72 (m, 2H), 3.02 - 3.09 (m, 1H), 3.36 - 3.41 (m, 2H),
3.67 (s, 3H), 4.25 (d, J=10.1 Hz, 1H), 5.11 -5.16 (m, 1H), 5.19 - 5.26 (m, 1H), 5.85 -
5.95 (m, 1H), 7.10 - 7.11 (m, 1H), 7.27 - 7.29 (m, 1H), 7.36 - 7.41 (m, 3H), 7.51 (s, 1H);
MS (ESI): m/z 311 [M+H]"
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2-Chloro-N-{(S)-(2S)-piperidin-2-yl[3-(pyrazin-2-yl)phenyl|methyl}-3-(trifluoro-
methyl)benzamide hydrochloride (23a)

Compound 23a (37% in 2 steps) was prepared from 22a in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO-dq): & 1.34 - 1.49 (m, 3H), 1.55 - 1.66
(m, 1H), 1.68 - 1.77 (m, 2H), 2.82 - 2.91 (m, 1H), 3.33 - 3.39 (m, 1H), 3.54 - 3.63 (m,
1H), 5.25 - 5.31 (m, 1H), 7.57 - 7.62 (m, 2H), 7.68 (t, J = 7.8 Hz, 1H), 7.94 - 7.97 (m,
1H), 7.98 - 8.02 (m, 1H), 8.13 - 8.15 (m, 1H), 8.24 - 8.27 (m, 1H), 8.66 (d, J = 2.8 Hz,
1H), 8.72 - 8.87 (m, 2H), 8.95 - 9.10 (m, 1H), 9.29 - 9.35 (m, 1H), 9.62 (d, J = 8.7 Hz,
1H); *C NMR (126 MHz, DMSO-dq): & 165.4, 151.1, 144.3, 143.7, 142.2, 138.8, 138.6,
136.2, 133.4, 129.4, 128.7, 128.0, 127.7, 127.2 (q, J = 31 Hz), 126.4, 126.1, 126.0,
122.7 (q, J = 273 Hz), 58.1, 55.8, 44.8, 25.7, 21.6, 21.3; HR-MS: Calcd for
C24HxCIF3N,O [M+H]" 475.1507. Found 475.1498; [a]p = +77 (c = 0.55, MeOH)

2-Chloro-N-{(S)-[3-(1-methyl-1H-imidazol-5-yl)phenyl] [(2S)-piperidin-2-yl]-
methyl}-3-(trifluoromethyl)benzamide hydrochloride (23b)

Compound 23b (40% in 2 steps) was prepared from 22b in a similar manner to that
described for 17a. "H NMR (600 MHz, DMSO-dq): & 1.34 - 1.51 (m, 3H), 1.56 - 1.65
(m, 1H), 1.69 - 1.77 (m, 2H), 2.79 - 2.88 (m, 1H), 3.29 - 3.43 (m, 1H), 3.57 - 3.66 (m,
1H), 3.88 (s, 3H), 5.24 - 5.29 (m, 1H), 7.57 - 7.64 (m, 3H), 7.66 (t, J= 7.8 Hz, 1H), 7.72
(s, 1H), 7.88 (s, 1H), 7.93 - 7.97 (m, 1H), 7.98 - 8.04 (m, 1H), 8.77 - 8.92 (m, 1H), 9.07
- 9.22 (m, 2H), 9.72 - 9.77 (m, 1H); *C NMR (126 MHz, DMSO-d;): & 165.3, 139.1,
138.6, 136.8, 133.8, 133.5, 129.5, 129.1, 128.8, 128.6, 128.3, 128.0, 127.7, 127.2 (q,
J=30 Hz), 126.3, 122.8 (q, J = 274 Hz), 118.2, 57.9, 55.5, 44.7, 34.5, 25.7, 21.5, 21.4;
HR-MS: Caled for Cp4Hp4CIF3N40 [M+H]™ 477.1664. Found 477.1662; [al]p = +54 (c =
0.59, MeOH)

Chapter 2
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1-Methyl-N-{[3-(trifluoromethoxy)phenyl]methyl}-1H-imidazole-4-carboxamide
(26)

To a solution of I-methyl-1H-imidazole-4-carboxylic acid (0.50 g, 4.0 mmol),
1-hydroxybenztriazole monohydrate (0.74 g, 4.8 mmol), and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.92 g, 4.8 mmol) in
acetonitrile (10 mL) was added a solution of 3-(trifluoromethoxy)benzylamine 25 (0.84
g, 4.4 mmol) in acetonitrile (10 mL), and the mixture was stirred at room temperature
for overnight. The reaction mixture was concentrated in vacuo, and saturated aqueous
NaHCOj; solution was added to the residue. After extraction with ethyl acetate, the
organic layer was dried over anhydrous MgSOy, filtered, and concentrated in vacuo. The
residue was purified using silica gel column chromatography (0—-10 % MeOH in CHCl3)
to obtain 26 (1.18 g, 98%) as a colorless powder. 'H NMR (600 MHz, CDCls): & 3.73 (3
H,s),4.62 (2H,d,J=6.0 Hz), 7.08 - 7.13 (1 H, m), 7.18 (1 H, s), 7.26 - 7.29 (1 H, m),
7.31-7.37 (2 H, m), 7.44 -7.51 (1 H, m), 7.55 (1 H, d, J = 1.4 Hz); MS (ESI): m/z 300
[M+H]"

N,1-Dimethyl-N-{[3-(trifluoromethoxy)phenyl|methyl}-1H-imidazole-4-carbox-
amide (24)

To a solution of 26 (50 mg, 0.17 mmol) in N,N-dimethylformamide (1 mL) was added
sodium hydride (60% in oil, 8 mg, 0.20 mmol), and the mixture was stirred at room
temperature for 10 min. To the reaction mixture was added methyl iodide (12 pL, 0.19
mmol), and the mixture was stirred for an additional 30 min. The reaction was quenched
with saturated aqueous NaHCOj3 solution and extracted with ethyl acetate. The organic
layer was washed with water and brine, dried over anhydrous MgSQ,, filtered, and
concentrated in vacuo. The residue was purified using silica gel column
chromatography (0—2% MeOH in CHCls) to obtain 24 (42 mg, 80%) as a colorless
powder. '"H NMR (600 MHz, DMSO-dj): & 2.83 and 3.38 (3H, br s), 3.69 (3H, s), 4.67
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and 5.37 (2H, br s), 7.23 - 7.32 (3H, m), 7.48 (1H, t, J = 7.8 Hz), 7.64 (1H, br s), 7.69 -
7.72 (1H, m); °C NMR (151 MHz, DMSO-dy): § 33.12, 33.46, 36.23, 50.32, 52.21,
119.38, 119.64, 119.82, 120.03 (g, J = 256.7 Hz), 126.53, 130.37, 136.84, 137.42,
140.96, 141.54, 148.52, 163.37; HR-MS: Calcd for Ci4H;4F3N30, [M+H]" 314.1111.
Found 314.1089

N-Ethyl-1-methyl-NV-{[3-(trifluoromethoxy)phenyl|methyl}-1H-imidazole-4-
carboxamide (27a)

Compound 27a (73%, colorless powder) was obtained in a similar manner to that
described for 24. "H NMR (600 MHz, DMSO-ds): & 0.99 - 1.18 (3H, m), 3.29 and 3.92
(2H, br s), 3.69 (3H, s), 4.67 and 5.37 (2H, br s), 7.23 - 7.31 (2H, m), 7.33 (1H, d, J =
7.8 Hz), 7.47 (1H, t, J= 7.9 Hz), 7.61 - 7.69 (1H, m), 7.71 (1H, s); >*C NMR (151 MHz,
DMSO-dy): 0 12.32, 14.39, 33.10, 40.45, 42.54, 47.81, 49.68, 119.26, 119.78, 120.04 (q,
J = 259.72 Hz), 126.43, 130.21, 137.06, 137.51, 141.79, 142.05, 148.46, 162.73,
163.27; HR-MS: Calcd for C;sH;¢F3N30, [M+H]" 328.1267. Found 328.1261

1-Methyl-N-propyl-N-{[3-(trifluoromethoxy)phenyl|methyl}-1H-imidazole-4-
carboxamide (27b)

Compound 27b (73%, colorless oil) was obtained in a similar manner to that described
for 24. "H NMR (600 MHz, DMSO-dy): & 0.73 - 0.84 (3H, m), 1.45 - 1.62 (2H, m), 3.22
and 3.87 (2H, br s), 3.70 (3H, s) 4.68 and 5.39 (2H, brs), 7.23 - 7.34 (3H, m), 7.46 (1H,
t, J = 8.0 Hz), 7.59 - 7.68 (1H, m), 7.70 (1H, s); °C NMR (151 MHz, DMSO-dj): &
10.75, 11.13, 20.04, 21.86, 33.10, 47.31, 48.31, 49.28, 50.16, 119.26, 119.74, 120.04 (q,
J=255.19 Hz), 126.39, 126.63, 127.20, 130.21, 137.04, 137.44, 139.35, 141.69, 142.05,
148.46, 163.39; HR-MS: Calcd for C¢H sF3N30, [M+H]" 342.1424. Found 342.1404

1-Methyl-N-(2-methylpropyl)-N-{[3-(trifluoromethoxy)phenyl]methyl}-1H-imid-

azole-4-carboxamide (27c¢)
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Compound 27¢ (40%, colorless oil) was obtained in a similar manner to that described
for 24. "H NMR (499 MHz, CDCls): & 0.82 - 0.98 (6H, m), 1.94 - 2.13 (1H, m), 3.21 -
3.28 and 3.88 - 3.98 (2H, m), 3.71 (3H, br s), 4.76 and 5.43 (2H, br s), 7.05 - 7.24 (3H,
m), 7.29 - 7.35 (1H, m), 7.35 - 7.43 (1H, m), 7.57 (1H, d, J = 1.4 Hz); >C NMR (126
MHz, CDCl): & 19.90, 20.27, 26.71, 33.68, 51.58, 53.13, 119.41, 120.01, 126.37,
129.80, 136.47, 149.46, 164.04; HR-MS: Calcd for C;7H,0F3N;0, [M+H]" 356.1580.
Found 356.1551

N-{[3-(Trifluoromethoxy)phenyl|methyl}propan-2-amine (28a)

To a solution of acetone (0.38 mL, 5.2 mmol) and 25 (1.0 g, 5.2 mmol) in CHCl; (10
mL) was added sodium triacetoxyborohydride (2.2 g, 10 mmol), and the mixture was
stirred at room temperature for 45 min. The mixture was quenched with saturated
aqueous NaHCO; solution and extracted with CHCIs. The organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The
residue was purified with silica gel column chromatography (0-10% MeOH in CHCls)
to obtain 28a (0.68 g, 56%) as a colorless oil. 'H NMR (600 MHz, CDCl;): & 1.10 (6H,
d, J = 6.4 Hz), 2.84 (1H, spt, J = 6.3 Hz), 3.80 (2H, s), 7.09 (1H, d, J = 7.3 Hz), 7.20
(1H, s), 7.30 - 7.36 (1H, m); MS (ESI): m/z 234 [M+H]"

N-{[3-(Trifluoromethoxy)phenyl]methyl}cyclohexanamine (28b)

Compound 28b (quant., colorless oil) was obtained in a similar manner to that
described for 28a. "H NMR (600 MHz, CDCls): & 1.08 - 1.27 (4H, m), 1.56 - 1.66 (2H,
m), 1.67 - 1.80 (2H, m), 1.82 - 1.99 (2H, m), 2.43 - 2.51 (1H, m), 3.83 (2H, s), 7.07 -
7.12 (1H, m), 7.20 - 7.28 (2H, m), 7.30 - 7.38 (1H, m); MS (ESI): m/z 274 [M+H]"

N-{[3-(Trifluoromethoxy)phenyl|methyl}oxan-4-amine (28c)
Compound 28c (82%, colorless oil) was obtained in a similar manner to that described

for 28a. "H NMR (600 MHz, CDCl): 5 1.40 - 1.49 (2H, m) 1.82 - 1.89 (2H, m) 2.66 -
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2.76 (1H, m) 3.36 - 3.44 (2H, m) 3.85 (2H, s) 3.94 - 4.02 (2H, m) 7.08 - 7.38 (4H, m);
MS (ESI): m/z 276 [M+H]"

1-Methyl-N-(propan-2-yl)-N-{[3-(trifluoromethoxy)phenyl]methyl}-1H-imidazole-
4-carboxamide (29a)

Compound 29a (93%, colorless powder) was obtained from 28a in a similar manner to
that described for 26. '"H NMR (600 MHz, DMSO-dy): & 1.02 - 1.15 (6H, m), 3.69 (3H,
brs), 4.44 - 471 and 5.21 - 5.40 and 5.54 - 5.67 (3H, m), 7.18 (1H, br d, J = 8.3 Hz),
7.22 (1H, br s), 7.31 (1H, d, J = 7.8 Hz), 7.42 (1H, s), 7.54 - 7.72 (2H, m); °C NMR
(151 MHz, DMSO-dg): 6 19.89, 21.16, 33.08, 42.91, 46.68, 48.17, 118.65, 119.20,
120.02 (q, J = 258.21), 125.79, 125.93, 126.51, 126.69, 129.85, 137.34, 143.39, 148.28,
156.52, 163.85; HR-MS: Calcd for C;¢H gF3N30, [M+H]" 342.1424. Found 342.1398

N-Cyclohexyl-1-methyl-N-{[3-(trifluoromethoxy)phenyl|methyl}-1H-imidazole-4-
carboxamide (29b)

Compound 29b (9%, colorless powder) was obtained from 28b in a similar manner to
that described for 26. '"H NMR (600 MHz, DMSO-dy): & 0.96 - 1.09 (1H, m), 1.13 - 1.59
(6H, m), 1.61 - 1.73 (3H, m), 3.70 (3H, br s), 4.12 - 4.32 and 4.54 - 4.76 and 5.06 - 5.46
(3H, m), 7.17 (1H, d, J = 8.3 Hz), 7.20 (1H, s), 7.29 (1H, br d, J = 7.4 Hz), 7.38 - 7.44
(1H, m), 7.48 - 7.72 (2H, m); °C NMR (151 MHz, DMSO-dy): & 24.72, 25.44, 30.02,
31.41, 33.08, 43.95, 46.79, 54.78, 56.31, 118.57, 119.12, 119.94, 120.01 (q, J = 256.7
Hz), 125.75, 126.03, 126.63, 129.79, 130.15, 137.34, 137.67, 143.41, 144.04, 148.24,
148.42, 163.27, 164.05; HR-MS: Caled for C;9H,F3N30, [M+H]" 382.1737. Found
382.1716

1-Methyl-N-(oxan-4-yl)-N-{[3-(trifluoromethoxy)phenyl|methyl}-1H-imidazole-4-
carboxamide (29c¢)

Compound 29c¢ (14%, colorless powder) was obtained from 28c in a similar manner to
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that described for 26. '"H NMR (600 MHz, CDCls): & 1.56 - 1.82 (4H, m), 3.45 (2H, brt,
J=11.8 Hz), 3.71 (3H, br s), 3.95 (2H, br dd, J = 11.6, 4.1 Hz), 4.60 - 4.86 and 5.28 -
5.66 (3H, m), 7.05 (1H, br d, J = 7.8 Hz), 7.12 (1H, br s), 7.18 - 7.23 (1H, m), 7.26 -
7.46 (1H, m), 7.36 - 7.40 (1H, m), 7.57 (1H, br s); °C NMR (151 MHz, DMSO-ds): &
30.62, 32.06, 33.57, 44.98, 47.46, 52.54, 54.19, 67.47, 119.00, 119.53, 120.43 (q, J =
259.7 Hz), 125.13, 126.48, 129.55, 136.63, 138.40, 142.18, 142.94, 149.31, 164.58;
HR-MS: Calcd for CgH,0F3N30; [M+H]+ 384.1530. Found 384.1507

N-[(6-Bromopyridin-2-yl)methyl]propan-1-amine (31a)

Compound 31a (99%, yellow oil) was obtained from
2-bromopyridine-6-carboxaldehyde 30 and 1-aminopropane in a similar manner to that
described for 28a. '"H NMR (600 MHz, CDCls): & 0.94 (3H, t, J = 7.3 Hz), 1.52 - 1.59
(2H, m), 2.59 - 2.64 (2H, m), 3.89 (2H, s), 7.29 (1H, d, J=7.4 Hz), 7.36 (1H, d, J=7.8
Hz), 7.51 (1H, t, J= 7.5 Hz); MS (ESI): m/z 229 [M+H]"

N-[(6-Bromopyridin-2-yl)methyl]propan-2-amine (31b)

Compound 31b (49%, pale yellow oil) was obtained from 30 and 2-aminopropane in a
similar manner to that described for 28a. '"H NMR (600 MHz, CDCl3): 6 1.11 (6H, d, J
= 6.0 Hz), 2.84 (1H, spt, J = 6.3 Hz), 3.88 (2H, s), 7.29 (1H, d, J = 7.3 Hz), 7.33 - 7.36
(1H, m), 7.49 (1H, t, J = 7.6 Hz); MS (ESI): m/z 229 [M+H]"

N-[(6-Bromopyridin-2-yl)methyl]-1-methyl-N-propyl-1H-imidazole-4-carboxamide
(32a)

Compound 32a (67%, pale yellow oil) was obtained from 31a in a similar manner to
that described for 26. '"H NMR (600 MHz, CDCls): & 0.83 - 0.93 (3H, m), 1.61 - 1.71
(2H, m), 3.34 - 4.05 (5H, m), 4.72 - 5.51 (2H, m), 7.29 - 8.11 (5H, m); MS (ESI): m/z
337 [M+H]"
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N-[(6-Bromopyridin-2-yl)methyl]-1-methyl-/V-(propan-2-yl)-1 H-imidazole-4-
carboxamide (32b)

Compound 32b (95%, colorless powder) was obtained from 31b in a similar manner to
that described for 26. "H NMR (600 MHz, CDCls): & 1.09 - 1.24 (6H, m), 3.64 - 3.76
(3H, m), 4.70 - 4.88 and 5.29 - 5.36 and 5.68 - 5.75 (3H, m), 7.26 - 7.34 (2H, m), 7.41 -
7.47 (2H, m), 7.51 - 7.59 (1H, m); MS (ESI): m/z 337 [M+H]"

1-Methyl-N-[(6-phenylpyridin-2-yl)methyl]-N-propyl-1H-imidazole-4-carboxamide
(33a)

To a solution of 32a (150 mg, 0.44 mmol) in N,N-dimethylformamide (2 mL) and
ethanol (1 mL) were added phenylboronic acid (107 mg, 0.88 mmol), potassium
carbonate (122 mg, 0.88 mmol), and tetrakis(triphenylphosphine)palladium(0) (51 mg,
0.044 mmol), and the reaction mixture was stirred at 150°C under microwave
irradiation for 10 min. Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and brine, dried over anhydrous
MgSO,, filtered, and concentrated in vacuo. The residue was purified using silica gel
column chromatography (0-5% MeOH in CHCl;) and NH-silica gel column
chromatography (67-100% ethyl acetate in hexane) to obtain 33a (98 mg, 67%) as a
colorless oil. "H NMR (499 MHz, CDCls): & 0.84 - 0.95 (3H, m), 1.64 - 1.82 (2H, m),
3.46 (1H, br t, J = 7.4 Hz), 3.68 and 3.72 (3H, br s), 4.07 (1H, br t, J = 7.2 Hz), 4.93
(1H, br s), 5.53 (1H, s), 7.23 - 7.33 (2H, m), 7.38 - 7.49 (3H, m), 7.56 - 7.61 (2H, m),
7.68 (1H, t, J = 7.7 Hz), 7.98 - 8.03 (2H, m); °C NMR (126 MHz, CDCl;): & 11.04,
11.45, 20.49, 22.24, 33.54, 48.56, 50.40, 52.01, 53.99, 118.65, 118.72, 119.71, 120.09,
125.90, 126.05, 126.95, 128.67, 128.77, 128.87, 136.58, 137.27, 138.61, 139.33, 139.51,
156.69, 158.14, 158.84, 164.20; HR-MS: Calcd for CyH2N4,O [M+H]™ 335.1866.
Found 335.1855

1-Methyl-N-[(6-phenylpyridin-2-yl)methyl]-V-(propan-2-yl)-1 H-imidazole-4-
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carboxamide (33b)

Compound 33b (52%, colorless oil) was obtained from 32b in a similar manner to that
described for 33a. '"H NMR (499 MHz, CDCl;): § 1.14 - 1.30 (6H, m), 3.65 and 3.73
(3H, br s), 4.86 (2H, br s), 5.43 and 5.72 (1H, br s), 7.28 (1H, br d, J = 7.5 Hz), 7.37 -
7.49 (4H, m), 7.53 - 7.57 (2H, m), 7.62 - 7.67 (1H, m), 8.00 (2H, d, J = 7.5 Hz); °C
NMR (126 MHz, CDCl3): ¢ 20.23, 21.50, 33.57, 46.88, 47.26, 48.97, 49.99, 118.37,
119.77, 120.03, 125.86, 126.98, 128.43, 128.53, 128.64, 129.47, 131.91, 131.93, 132.05,
132.13, 136.57, 136.83, 137.11, 156.41, 159.28, 164.48; HR-MS: Calcd for CyoH2,N4O
[M+H]" 335.1866. Found 335.1855

N-[(2-Bromopyridin-4-yl)methyl]propan-1-amine (35a)

Compound 35a  (37%, pale yellow oil) was  obtained from
2-bromopyridine-4-carboxaldehyde 34 and 1-aminopropane in a similar manner to that
described for 28a. "H NMR (600 MHz, CDCls): 6 0.94 (1H, t, J = 7.3 Hz), 1.50 - 1.55
(2H, m), 2.57 (2H, t, J= 7.3 Hz), 3.79 (2H, s), 7.23 (1H, dd, /= 5.0, 1.4 Hz), 7.49 - 7.50
(1H, m), 8.29 (1H, d, J= 5.0 Hz); MS (ESI): m/z 229 [M+H]"

N-[(2-Bromopyridin-4-yl)methyl]propan-2-amine (35b)

Compound 35b (74%, pale yellow oil) was obtained from 34 and 2-aminopropane in a
similar manner to that described for 28a. '"H NMR (600 MHz, CDCls): § 1.09 (6 H, d, J
=6.4 Hz), 2.83 (1 H, spt, J= 6.3 Hz), 3.78 (2 H, s), 7.23 (1 H, dd, /= 5.0, 0.9 Hz), 7.50
-7.51 (1 H, m), 8.28 (1 H, d, J = 5.0 Hz); MS (ESI): m/z 229 [M+H]"

N-[(2-Bromopyridin-4-yl)methyl]-1-methyl-V-propyl-1H-imidazole-4-carboxamide
(36a)

Compound 36a (81%, pale yellow oil) was obtained from 35a in a similar manner to
that described for 26. "H NMR (600 MHz, CDCls): & 0.84 - 0.97 (3H, m), 1.59 - 1.73
(2H, m), 3.29 - 4.04 (5H, m), 4.60 - 4.73 (1H, m), 5.30 - 5.50 (1H, m), 7.12 - 7.64 (4H,
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m), 8.28 (1H, d, J = 5.0 Hz); MS (ESI): m/z 337 [M+H]"

N-[(2-Bromopyridin-4-yl)methyl]-1-methyl-/V-(propan-2-yl)-1 H-imidazole-4-
carboxamide (36b)

Compound 36b (98%, pale yellow oil) was obtained from 35b in a similar manner to
that described for 26. "H NMR (600 MHz, CDCls): & 1.14 - 1.23 (6H, m), 3.62 - 3.77
(3H, m), 4.49 - 490 and 5.22 - 5.34 and 5.75 - 5.84 (3H, m), 7.17 (1H, br s), 7.27 - 7.31
(1H, m), 7.37 - 7.45 (2H, m), 7.57 (1H, br s), 8.24 (1H, br d, J = 5.0 Hz); MS (ESI): m/z
337 [M+H]"

1-Methyl-N-[(2-phenylpyridin-4-yl)methyl]-N-propyl-1H-imidazole-4-carboxamide
(37a)

Compound 37a (74%, colorless oil) was obtained from 36a in a similar manner to that
described for 33a. '"H NMR (499 MHz, CDCl3): § 0.83 - 0.98 (3H, m), 1.63 - 1.76 (2H,
m), 3.41 (1H, br s), 3.69 and 3.72 (3H, br s), 3.99 (1H, br s), 4.79 (1H, br s), 5.49 (1H,
brs), 7.09 - 7.20 (1H, m), 7.28 - 7.48 (4H, m), 7.57 - 7.66 (2H, m), 7.95 (2H, br d, J =
6.9 Hz), 8.61 (1H, d, J = 4.8 Hz); °C NMR (126 MHz, CDCl5): & 11.01, 11.42, 20.54,
22.28, 33.59, 48.49, 49.06, 50.13, 51.06, 119.06, 119.41, 120.76, 120.98, 126.50, 127.01,
128.66, 128.91, 136.65, 138.32, 139.33, 148.15, 148.96, 149.74, 157.69, 163.87,
164.32; HR-MS: Calcd for CoH,,N4O [M+H]" 335.1866. Found 335.1856

1-Methyl-N-[(2-phenylpyridin-4-yl)methyl]-V-(propan-2-yl)-1 H-imidazole-4-
carboxamide (37b)

Compound 37b (58%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 33a. 'H NMR (499 MHz, CDCls): & 1.14 - 1.30 (6H, m),
3.66 and 3.72 (3H, br s), 4.69 and 5.37 (2H, br s), 4.78 - 4.94 and 5.74 - 5.86 (1H, m),
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7.14 - 7.25 (1H, m), 7.35 - 7.49 (4H, m), 7.56 - 7.59 (1H, m), 7.64 (1H, br s), 7.94 (2H,
brd, J = 7.5 Hz), 8.57 (1H, br d, J = 4.5 Hz); *C NMR (126 MHz, CDCl3): § 20.37,
21.61, 33.60, 43.88, 46.98, 47.27, 48.85, 109.90, 118.88, 120.51, 126.36, 127.01,
128.64, 128.81, 136.64, 138.37, 139.53, 149.51, 149.74, 150.96, 157.43, 164.48;
HR-MS: Caled for C2oHxoN4O [M+H]' 335.1866. Found 335.1851

N-{[2-(4-Fluorophenyl)pyridin-4-yl|methyl}-1-methyl-N-(propan-2-yl)-1 H-imid-
azole-4-carboxamide bishydrochloride (37¢)

To a solution of 36b (1.50 g, 4.4 mmol) in N,N-dimethylformamide (10 mL) and
ethanol (5 mL) were added 4-fluorophenylboronic acid (1.24 g, 8.9 mmol), potassium
carbonate (1.23 g, 8.9 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.51 g,
0.45 mmol), and the reaction mixture was stirred at 150°C under microwave irradiation
for 30 min. Water was added, and the mixture was extracted with CHCIs. The organic
layer was dried over anhydrous MgSQy, filtered, and concentrated in vacuo. The residue
was purified using NH-silica gel column chromatography (25-100% ethyl acetate in
hexane) and silica gel column chromatography (0—10% MeOH in CHCIl;). The fractions
including the product were collected and concentrated in vacuo. The residue was
dissolved in ethyl acetate (10 mL), and 4 mol/L HCI in ethyl acetate (1.9 mL) was
added to the solution. After stirring at room temperature for 4.5 h, the resultant
precipitate was collected by filtration to obtain 37¢ (1.41 g, 79%) as a colorless powder.
'H NMR (600 MHz, DMSO-d): & 1.11 - 1.31 (6H, m), 3.75 and 3.92 (3H, br s), 4.61
and 4.89 and 5.12 (3H, br s), 7.46 (2H, t, J = 8.7 Hz), 7.73 (1H, br s), 8.18 - 8.28 (4H,
m), 8.72 (1H, d, J = 5.8 Hz), 9.20 (1H, br s); °C NMR (151 MHz, DMSO-d;): & 20.90,
35.57, 44.09, 49.94, 116.14, 116.28, 121.37, 122.23, 124.02, 126.61, 129.61, 130.57,
137.10, 144.08, 151.33, 156.70, 159.43, 163.05, 164.70, HR-MS: Calcd for
Ca0H, FN4O [M+H]" 353.1772. Found 353.1784

N-{[2-(3-Fluorophenyl)pyridin-4-yljmethyl}-1-methyl-NV-(propan-2-yl)-1 H-imid-
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azole-4-carboxamide (37d)

Compound 37d (49%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 33a. '"H NMR (499 MHz, CDCls): 6 1.14 - 1.30 (6H, m),
3.68 and 3.73 (3H, br s), 4.61 - 4.92 and 5.24 - 5.46 and 5.81 (3H, m), 7.08 (1H, td, J =
8.2, 2.4 Hz), 7.20 (1H, br s), 7.33 - 7.50 (2H, m), 7.55 - 7.65 (2H, m), 7.65 - 7.74 (2H,
m), 8.57 (1H, br d, J = 4.8 Hz); °C NMR (126 MHz, CDCls): & 20.40, 21.61, 33.62,
43.85, 46.98, 47.32, 48.89, 113.86, 114.04, 115.55, 115.73, 118.94, 121.06, 122.54,
126.41, 128.44, 128.54, 130.06, 130.13, 136.67, 141.79, 149.57, 156.03, 162.27,
164.21; HR-MS: Calcd for C,oH,1FN4O [MJrH]+ 353.1772. Found 353.1784

N-{[2-(2-Fluorophenyl)pyridin-4-yl|methyl}-1-methyl-NV-(propan-2-yl)-1 H-imid-
azole-4-carboxamide bishydrochloride (37e)

To a solution of 36b (150 mg, 0.44 mmol) in toluene (1.5 mL), ethanol (1.5 mL), and
water (1.0 mL) were added 2-fluorophenylboronic acid (93 mg, 0.66 mmol), cesium
carbonate (217 mg, 0.67 mmol), and tetrakis(triphenylphosphine)palladium(0) (26 mg,
0.022 mmol), and the reaction mixture was stirred at 150°C under microwave
irradiation for 30 min. Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous MgSQy, filtered, and concentrated
in vacuo. The residue was purified using silica gel column chromatography (0—10%
MeOH in CHCI3). The fractions including the product were collected and concentrated
in vacuo. The residue was dissolved in MeOH (2 mL), and 2 mol/L HCI in MeOH (0.8
mL) was added to the solution. The solution was concentrated in vacuo to obtain 37e
(165 mg, 87%) as a colorless amorphous. "H NMR (600 MHz, DMSO-dj): & 1.21 - 1.30
(6H, m), 3.92 (3H, br s), 4.54 - 4.69 and 4.87 - 5.19 (3H, m), 7.42 - 7.50 (2H, m), 7.63 -
7.70 (1H, m), 7.81 - 7.98 (2H, m), 8.05 (1H, br s), 8.22 - 8.37 (1H, m), 8.83 (1H, d, J =
5.8 Hz), 9.06 - 9.35 (1H, m); °C NMR (151 MHz, DMSO-dj): & 20.88, 35.65, 44.11,
48.53, 50.00, 116.42, 116.58, 123.02, 123.96, 124.42, 125.11, 126.11, 128.72, 128.80,
131.50, 132.04, 133.16, 137.14, 144.40, 148.02, 158.53, 159.19, 160.20; HR-MS: Calcd
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for CaoH FN4O [M+H]" 353.1772. Found 353.1784

N-{|2-(4-Methoxyphenyl)pyridin-4-yljmethyl}-1-methyl-V-(propan-2-yl)-1 H-imid-
azole-4-carboxamide bishydrochloride (37f)

Compound 37f (73%, colorless powder) was obtained from 36b in a similar manner to
that described for 37e. "H NMR (600 MHz, DMSO-dy): & 1.07 - 1.24 (6H, m), 3.66 -
3.81 (3H, m), 3.83 (3H, s), 4.73 (2H, br s), 5.26 (1H, br s), 7.08 - 7.12 (2H, m), 7.34
(1H, br d, J = 5.4 Hz), 7.74 - 7.90 (1H, m), 7.93 (1H, s), 8.03 (2H, br d, J = 8.7 Hz),
8.27 (1H, br s), 8.57 (1H, d, J = 5.4 Hz); C NMR (151 MHz, DMSO-dy): & 19.79,
21.08, 34.08, 43.55, 48.88, 55.37, 114.43, 119.00, 120.62, 125.35, 128.20, 128.60,
137.38, 146.41, 153.72, 160.92, 162.10; HR-MS: Calcd for Cp HyN,0, [M+H]
365.1972. Found 365.1961

N-{[2-(3-Methoxyphenyl)pyridin-4-yl|methyl}-1-methyl-N-(propan-2-yl)-1 H-imid-
azole-4-carboxamide bishydrochloride (37g)

Compound 37g (59%, colorless powder) was obtained from 36b in a similar manner to
that described for 37e. "H NMR (600 MHz, DMSO-ds): & 1.10 - 1.30 (6H, m), 3.66 -
3.93 (3H, m), 3.88 (3H, s), 4.64 - 5.21 (3H, m), 7.12 - 7.18 (1H, m), 7.51 (1H, t, J="7.8
Hz), 7.58 - 7.68 (2H, m), 7.70 - 7.75 (1H, m), 8.16 (2H, s), 8.70 (1H, d, J = 5.8 Hz),
8.98 (1H, br s); °C NMR (151 MHz, DMSO-d): & 19.69, 20.94, 35.19, 43.91, 49.64,
55.43, 112.73, 116.70, 119.82, 121.03, 122.01, 124.36, 126.33, 130.29, 135.42, 137.20,
144.92, 152.56, 159.73, 160.07; HR-MS: Caled for CyHyN40, [M+H]" 365.1972.
Found 365.1959

N-{|2-(2-Methoxyphenyl)pyridin-4-yl|methyl}-1-methyl-NV-(propan-2-yl)-1H-imid-
azole-4-carboxamide bishydrochloride (37h)
Compound 37h (86%, colorless powder) was obtained from 36b in a similar manner to

that described for 37e. 'H NMR (600 MHz, DMSO-dj): & 1.15 - 1.30 (6H, m), 3.85 (3H,
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s), 3.92 (3H, br s), 4.64 and 4.96 (3H, brs), 7.20 (1H, t, J= 7.4 Hz), 7.30 (1H, d, J = 8.3
Hz), 7.61 - 7.73 (2H, m), 7.96 (1H, br s), 8.12 (1H, s), 8.26 (1H, br s), 8.83 (1H, d, J =
5.8 Hz), 9.19 (1H, br s); °C NMR (151 MHz, DMSO-d,): 5 20.84, 35.55, 44.29, 49.92,
56.01, 112.34, 119.86, 121.01, 122.97, 124.18, 125.25, 126.59, 131.28, 133.49, 137.18,
141.34, 148.94, 159.15, 159.45; HR-MS: Calcd for CHpN;0, [M+H]™ 365.1972.
Found 365.1962

1-Methyl-N-(propan-2-yl)-V-({2-[4-(trifluoromethyl)phenyl|pyridin-4-yl} methyl)-
1H-imidazole-4-carboxamide bishydrochloride (37i)

Compound 37i (98%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 37¢. '"H NMR (600 MHz, DMSO-dj): & 1.15 - 1.30 (6H, m),
3.75 and 3.92 (3H, br s), 4.62 and 4.83 and 5.04 (3H, br s), 7.55 (1H, br s), 7.92 (2H, m,
J=28.3 Hz), 8.11 (1H, s), 8.26 (1H, br s), 8.32 (2H, m, /= 8.3 Hz), 8.72 (1H,d, J=5.4
Hz), 9.20 (1H, br s); °C NMR (151 MHz, DMSO-ds): & 20.96, 35.57, 43.81, 49.90,
120.32, 122.15, 123.92, 124.13 (q, J = 247.8 Hz), 125.79, 126.67, 128.02, 129.73,
129.95, 137.10, 140.24, 147.49, 152.90, 159.29; HR-MS: Calcd for C;/H, FsN4O
[M+H]" 403.1740. Found 403.1743

1-Methyl-N-(propan-2-yl)-NV-({2-[3-(trifluoromethyl)phenyl]|pyridin-4-yl} methyl)-
1H-imidazole-4-carboxamide bishydrochloride (37))

Compound 37j (81%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 37e. "H NMR (600 MHz, DMSO-dy): & 1.17 - 1.30 (6H, m),
3.76 and 3.93 (3H, br s), 4.59 and 4.87 and 5.06 (3H, br s), 7.63 (1H, br s), 7.80 - 7.86
(1H, m), 7.92 (1H, br d, J = 7.4 Hz), 8.23 (1H, s), 8.28 (1H, br s), 8.43 (1H, d, J = 8.3
Hz), 8.47 (1H, s), 8.73 (1H, d, J = 5.4 Hz), 9.26 (1H, br s); °C NMR (151 MHz,
DMSO-dg): 6 20.94, 35.63, 43.83, 49.98, 120.84, 122.24 (q, J = 273.3 Hz), 122.25,
123.86, 124.00, 126.37, 126.75, 127.01, 129.76 (q, J = 30.2 Hz), 130.21, 131.42, 136.32,
137.08, 146.43, 152.00, 153.94, 159.23; HR-MS: Calcd for CyH, F3N,O [M+H]"
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403.1740. Found 403.1742

1-Methyl-N-(propan-2-yl)-N-({2-[4-(trifluoromethoxy)phenyl]pyridin-4-yl} methyl)-
1H-imidazole-4-carboxamide bishydrochloride (37k)

Compound 37k (95%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 37¢c. '"H NMR (600 MHz, DMSO-dy): & 1.14 - 1.30 (6H, m),
3.76 and 3.93 (3H, br s), 4.60 and 4.87 and 5.08 (3H, br s), 7.59 (2H, br d, J = 8.3 Hz),
7.68 (1H, br s), 8.15 (1H, s), 8.23 - 8.29 (3H, m), 8.73 (1H, d, /= 5.4 Hz), 9.23 (1H, br
s); °C NMR (151 MHz, DMSO-ds): & 20.94, 35.61, 43.97, 49.94, 119.16, 120.88,
120.97, 121.37, 122.27, 123.94, 126.51, 129.91, 137.10, 145.46, 149.89, 151.79,
159.31; HR-MS: Calcd for C»;H, F3N40, [M+H]" 419.1689. Found 419.1690

1-Methyl-N-(propan-2-yl)-N-({2-[3-(trifluoromethoxy)phenyl|pyridin-4-yl} methyl)-
1H-imidazole-4-carboxamide bishydrochloride (371)

Compound 371 (60%, colorless amorphous) was obtained from 36b in a similar
manner to that described for 37e. '"H NMR (600 MHz, DMSO-dy): & 1.15 - 1.30 (6H, m),
3.77 and 3.93 (3H, br s), 4.61 and 4.86 and 5.02 (3H, br s), 7.51 - 7.66 (2H, m), 7.73
(1H, t, J = 8.1 Hz), 8.12 (1H, s), 8.15 - 8.18 (2H, m), 8.27 (1H, br s), 8.72 (1H, d, J =
5.8 Hz), 9.25 (1H, br s); >°C NMR (151 MHz, DMSO-dj): 5 20.94, 35.63, 43.87, 49.96,
119.84, 120.10 (q, J = 258.2 Hz), 120.72, 122.25, 122.61, 123.86, 126.49, 131.13,
137.10, 137.59, 146.43, 148.88, 151.88, 154.01, 159.19; HR-MS: Calcd for
C21H, F3N40, [M+H]" 419.1689. Found 419.1691

4-Bromo-N-propylpyridine-2-carboxamide (39)

Compound 39 (84%, colorless oil) was obtained from 4-bromopyridine-2-carboxylic
acid 38 and 1-aminopropane in a similar manner to that described for 26. "H NMR (600
MHz, CDCls): & 1.00 (3H, t, J= 7.3 Hz), 1.62 - 1.69 (2H, m), 3.41 - 3.46 (2H, m), 7.57
- 7.60 (1H, m), 7.92 - 8.01 (1H, m), 8.35 (1H, d, /= 5.0 Hz), 8.38 (1H, d, J = 1.8 Hz);
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MS (ESI): m/z 243 [M+H]"

4-Phenyl-N-propylpyridine-2-carboxamide (40)

Compound 40 (88%, pale yellow oil) was obtained from 39 in a similar manner to that
described for 33a. '"H NMR (600 MHz, CDCls): & 1.02 (3H, t, J = 7.3 Hz), 1.65 - 1.72
(2H, m), 3.43 - 3.51 (2H, m), 7.28 - 8.60 (9H, m); MS (ESI): m/z 241 [M+H]"

N-[(4-Phenylpyridin-2-yl)methyl|propan-1-amine (41)

To a solution of 40 (0.35 g, 1.5 mmol) in tetrahydrofuran (10 mL) was added lithium
aluminium hydride (0.28 g, 7.3 mmol), and the mixture was stirred at 70°C for 2 h. The
reaction was quenched with 10% aqueous solution of NaOH under ice cooling, dried
over anhydrous MgSQy, filtered, and concentrated in vacuo. The residue was purified
using NH-silica gel column chromatography (50-100% ethyl acetate in hexane) to
obtain 41 (107 mg, 32%) as a yellow oil. 'H NMR (600 MHz, CDCLs):  0.95 (3H, t, J =
7.6 Hz), 1.53 - 1.62 (2H, m), 2.65 - 2.69 (2H, m), 3.97 (2H, s), 7.38 (1H, dd, /=5.0, 1.8
Hz), 7.42 - 7.46 (1H, m), 7.46 - 7.51 (2H, m), 7.54 (1H, s), 7.63 - 7.67 (2H, m), 8.60
(1H, d, J= 5.0 Hz); MS (ESI): m/z 227 [M+H]"

1-Methyl-N-[(4-phenylpyridin-2-yl)methyl]-NV-propyl-1H-imidazole-4-carboxamide
(42)

Compound 42 (28%, colorless oil) was obtained in a similar manner to that described
for 26. "H NMR (499 MHz, CDCl;): & 0.83 - 0.95 (3H, m), 1.64 - 1.75 (2H, m), 3.45
(1H, brt,J= 7.4 Hz), 3.68 and 3.71 (3H, br s), 4.04 (1H, br t, /= 6.9 Hz), 4.92 (1H, br
s), 5.55 (1H, br s), 7.28 - 7.47 (5H, m), 7.54 - 7.63 (4H, m), 8.58 (1H, br d, J = 4.8 Hz);
C NMR (126 MHz, CDCls): & 11.01, 11.44, 20.45, 22.22, 33.55, 48.55, 50.26, 51.77,
53.85, 119.34, 119.92, 120.09, 120.22, 126.21, 127.07, 127.16, 129.00, 136.62, 138.31,
138.48, 149.05, 149.24, 149.36, 149.51, 158.79, 159.57, 164.01, 164.20; HR-MS: Calcd
for CooH2,N4O [M+H]™ 335.1866. Found 335.1858
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Chapter 4

tert-Butyl (25)-2-(3-bromobenzoyl)piperidine-1-carboxylate (43)

Under a nitrogen gas atmosphere, n-BuLi (2.64 mol/L hexane solution, 175 mL) was
added dropwise to a solution of 1,3-dibromobenzene (148 g, 629 mmol) in THF (680
mL) cooled with a dry ice-acetone bath, and the mixture was stirred at a temperature
below -70°C for 30 min. A solution of 1 (114 g, 419 mmol) in THF (230 mL) was added
in a dropwise manner, and the reaction mixture was stirred for 2 h. The reaction was
quenched with saturated NH4Cl aqueous solution and extracted with EtOAc. The
organic layer was dried over anhydrous MgSOy, filtered, and concentrated in vacuo. The
residue was purified using silica gel column chromatography (11% EtOAc in hexane) to
yield 43 (71.2 g, 46%) as a pale yellow powder. '"H NMR (600 MHz, CDCl5): & 1.28 -
1.88 (m, 14H), 1.96 - 2.20 (m, 1H), 2.98 - 3.17 (m, 1H), 3.82 - 4.06 (m, 1H), 5.33 - 5.64
(m, 1H), 7.29 - 7.37 (m, 1H), 7.63 - 7.72 (m, 1H), 7.76 - 7.89 (m, 1H), 8.00 - 8.09 (m,
1H); MS (ESI): m/z 368 [M+H]"

tert-Butyl (25)-2-[(3-bromophenyl)(hydroxyimino)methyl|piperidine-1-carboxylate
(44)

To a solution of 43 (5.10 g, 13.8 mmol) in EtOH (50 mL) was added hydroxylamine
hydrochloride (1.92 g, 27.6 mol), and the mixture was stirred for 5 h under reflux
condition. After cooling with an ice bath, 4 mol/L HCI solution in EtOAc was added to
the reaction mixture and the mixture was stirred overnight at room temperature. A
mixed solvent of hexane and EtOAc (1 : 1, 50 mL) was added to the solution, and the
precipitate was filtered to yield colorless solid (4.97 g). This solid was suspended in
MeOH (50 mL), and triethylamine (5.8 mL, 41.6 mmol) and di-z-butyl dicarbonate (9.5
mL, 41.4 mmol) were added under ice cooling. The mixture was stirred at room

temperature for 3 h at rom temperature and then concentrated in vacuo. The residue was
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partitioned between EtOAc and 5% aqueous potassium bisulfate solution, and the
organic layer was washed with saturated NaHCO; aqueous solution, dried over
anhydrous MgSOQ,, filtered, and concentrated in vacuo. The residue was purified using
silica gel column chromatography (10-33% EtOAc in hexane) to yield 44 (4.18 g, 79%)
as a pale yellow oil. '"H NMR (600 MHz, CDCl3): 8 1.37 - 1.96 (m, 14H), 2.15 - 2.24 (m,
1H), 2.28 - 2.94 (m, 1H), 3.66 - 3.75 (m, 1H), 5.49 - 5.54 (m, 1H), 7.18 - 7.52 (m, 4H),
8.27 (s, 1H); MS (ESI): m/z 383 [M+H]"

tert-Butyl (25)-2-{[3-(1-ethyl-1H-pyrazol-4-yl)phenyl](hydroxyimino)methyl} piper-
idine-1-carboxylate (45)

To a solution of 44 (217 g, 566 mmol) in toluene (1 L) were added a solution of
potassium carbonate (117 g, 850 mmol) in water (1 L), a solution of
1-ethyl-1H-pyrazole-4-boronic acid pinacol ester (163 g, 736 mmol) in EtOH (1 L) and
[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene](3-chloropyridyl)palladium(II)
dichloride (7.70 g, 11.4 mmol), and the mixture was stirred at 72°C for 2 h. After the
reaction mixture was cooled to room temperature, brine (400 mL) was added, followed
by extraction with EtOAc (400 mL x 2). The organic layer was dried over anhydrous
MgSO,, filtered, and concentrated in vacuo. The residue was purified using silica gel
column chromatography (20-60% EtOAc in hexane) to yield 45 (174 g, 77%) as a pale
yellow amorphous. 'H NMR (600 MHz, CDCls): & 1.23 - 1.39 (m, 9H), 1.40 - 2.26 (m,
9H), 2.28 - 3.03 (m, 1H), 3.67 - 3.77 (m, 1H), 4.16 - 4.24 (m, 2H), 5.59 - 5.65 (m, 1H),
7.12 - 7.19 (m, 1H), 7.30 - 7.48 (m, 3H), 7.65 (s, 1H), 7.74 - 7.76 (m, 1H), 8.01 - 8.53
(m, 1H); MS (ESI): m/z 399 [M+H]"

tert-Butyl (25)-2-{(S)-amino[3-(1-ethyl-1H-pyrazol-4-yl)phenyl|methyl} piperidine-
1-carboxylate (46)
To an 8 mol/L NHj solution in MeOH (300 mL) were added 45 (50.1 g, 126 mmol)

and 10% Pd/C (5.0 g), and the mixture was stirred under a hydrogen gas atmosphere at
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room temperature for 20 h. 8 mol/L NHj solution in MeOH (140 mL) and 10% Pd/C
(5.0 g) were added, and the mixture was stirred for an additional 7.5 h at 45°C. After
filtration, the solvent was removed in vacuo. The residue was purified using silica gel
column chromatography (5% MeOH in CHCl) to yield 46 (37.7 g, 78%) as a colorless
syrup. 'H NMR (600 MHz, CDCls): § 1.28 - 1.32 (m, 1H), 1.34 - 1.73 (m, 14H), 1.54 (t,
J=17.3 Hz, 3H), 2.80 - 3.04 (m, 1H), 4.01 - 4.51 (m, 3H), 4.21 (q, J= 7.3 Hz, 2H), 7.14
-7.21 (m, 1H), 7.28 - 7.35 (m, 1H), 7.37 - 7.41 (m, 1H), 7.42 - 7.50 (m, 1H), 7.62 - 7.71
(m, 1H), 7.77 (s, 1H); MS (ESI): m/z 385 [M+H]"

Synthesis of 3-chloro-/N-{(S)-[3-(1-ethyl-1H-pyrazol-4-yl)phenyl][(2S)-piperidin-2-
yl]methyl}-4-(trifluoromethyl)pyridine-2-carboxamide (19a) from 46

To an ice-cooled solution of 3-chloro-4-(trifluoromethyl)pyridine-2-carboxylic acid
(67.2 g, 298 mmol) in DMF (500 mL) were added 1-hydroxybenzotriazole monohydrate
(63.8 g, 417 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(68.5 g, 357 mmol), and the mixture was stirred under ice cooling for 10 min. A solution
of 46 (114.5 g, 298 mmol) in DMF (400 mL) was added dropwise to the reaction
mixture, and the mixture was stirred at room temperature for 4 h. The reaction was
quenched with saturated NaHCO; aqueous solution and extracted with a mixed solvent
of hexane and EtOAc (1 : 1). The organic layer was dried over anhydrous MgSQOy,
filtered, and concentrated in vacuo. The residue was purified using silica gel column
chromatography (40-60% EtOAc in hexane) to yield a colorless amorphous. The
amorphous solid was dissolved in EtOAc (1100 mL), and 4 mol/L HCI in EtOAc (280
mL) was then added under ice cooling. The mixture was stirred at room temperature for
3 h, and the reaction solution was concentrated in vacuo. The residue was suspended in
CHCl3, and 2 mol/L aqueous sodium hydroxide solution was added under ice cooling.
The mixture was partitioned, and the organic layer was dried over anhydrous MgSOy,
filtered, and concentrated in vacuo. The residue was purified using silica gel column

chromatography (3—7% MeOH in CHCI;) to yield free form of 19a (96.2 g, 66% in 2
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steps) as a colorless amorphous. '"H NMR (600 MHz, CDCls): & 1.31 - 1.59 (m, 4H),
1.53 (t, J=7.2 Hz, 3H), 1.74 - 1.80 (m, 1H), 1.81 - 1.86 (m, 1H), 2.46 - 2.54 (m, 1H),
2.94 - 3.03 (m, 2H), 4.20 (q, /= 7.2 Hz, 2H), 5.11 (dd, J= 8.1, 3.1 Hz, 1H), 7.20 (d, J =
7.8 Hz, 1H), 7.33 - 7.41 (m, 2H), 7.45 - 7.48 (m, 1H), 7.65 (s, 1H), 7.73 (d, /= 4.5 Hz,
1H), 7.76 - 7.78 (m, 1H), 8.35 (br d, J = 7.8 Hz, 1H), 8.72 (d, J = 4.5 Hz, 1H); MS
(ESI): m/z 492 [M+H]"

Calculation of CNS MPO

The CNS MPO score was calculated according to a previously reported method®. The
cLogP value was calculated by a software from Daylight Chemical Information Systems,
Inc. The cLogD, pKa, and TPSA were calculated using the software from
ACD/Laboratories. The desirable ranges of each property were defined as described in
Table 11, and the CNS MPO values between inflection points were determined
according to the graphs described in Figure 30. The final CNS MPO score was

calculated as the summation of each property.
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Table 11. The desirable range of each property

properties more desirable range less desirable range
(CNS MPO value = 1.0) (CNS MPO =0.0)

MW MW = 360 MW > 500
cLogP cLogP = 3.0 cLogP > 5.0
cLogD cLogD = 2.0 cLogD > 4.0
pKa pKa = 8.0 pKa>10.0
TPSA 40 <TPSA = 90 TPSA = 20, 120 <TPSA
number of HBD HBD = 0.5 HBD > 3.5
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Figure 30. The graphs for determining the CNS NPO values of each property
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Pharmacology

Materials

Male Wistar rats (Charles River, Yokohama, Japan) were used for the novel object
recognition test. Male Sprague-Dawley rats (Charles River, Yokohama, Japan) were
used for the social recognition test and the forced swimming test and for the evaluations
of locomotor activity, rotarod performance, catalepsy, and glycine concentration in the
cerebrospinal fluid (CSF). All the animals were maintained under 12 h light/dark cycles
(lights on at 7:00 AM) in a temperature- and humidity-controlled holding room, with
food and water available ad libitum. All the studies were reviewed by the Taisho
Pharmaceutical Co., Ltd. Animal Care Committee and met the standards of the Japanese
Experimental Animal Research Association, as defined in the Guidelines for Animal
Experiments (1987).

MK-801 hydrogen maleate was purchased from Research Biochemicals International
(Natick, MA, USA) and was dissolved in saline. Clozapine was purchased from Gee
Lawson Chemicals (London, UK) and was suspended in 0.3% Tween 80 in saline.
Risperidone was synthesized at Taisho Chemistry Laboratories and was suspended in
0.3% Tween 80 in saline. Fluvoxamine maleate was purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA) and was dissolved in 10% HP-B-CD. [*H]Glycine, [*H]strychnine,
[*H]8-OH-DPAT and [3H]par0xetine were purchased from PerkinElmer Life and
Analytical Sciences (Boston, MA, USA), and [’HIMDL105,519 was purchased from
Amersham Bioscience UK (Buckinghamshire, UK).
(N-[3-(4’-Fluorophenyl)-3-(4’-phenylphenoxy)propyl])sarcosine ~ (ALX5407)  was
purchased from Tocris Bioscience (Ellisville, MO, USA).
O-[(2-Benzyloxyphenyl-3-flurophenyl)methyl]-L-serine (ALX1393),
3-(2-carboxy-2-phenylethenyl)-4,6-dichloro-1H-indole-2-carboxylic acid
(MDL105,519) and strychnine were purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA).
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Glycine uptake inhibitory assay 3N

Glioma T98G cells expressing human GlyT1 were used. The T98G cells were seeded
at a density of 2.0 x 10* cells/well onto a 96-well plate and cultured overnight in a
carbon dioxide incubator. The test compound was dissolved in 100% DMSO and then
dissolved in 10 mM 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid (HEPES)
buffer solution (pH 7.4) containing 150 mM sodium chloride, 1 mM calcium chloride, 5
mM potassium chloride, I mM magnesium chloride, 10 mM glucose, and 0.2% bovine
serum albumin. After the medium for the cell culture was removed, the test compound
and [*H] glycine (final concentration, 250 nM) were added to the cells and reacted at
room temperature for 15 minutes. After the completion of the reaction, the labeled
glycine solution was aspirated with a manifold. The cells were then lysed with 0.5
mol/L sodium hydroxide solution. The amount of intracellular glycine was determined
by measuring the radio activity in the cell lysate using a liquid scintillation counter. The
quantity of glycine uptake in the presence of 10uM ALX5407 was defined as
nonspecific uptake, and the specific uptake amount was determined by subtracting the
nonspecific uptake amount from the total uptake amount in the absence of 10uM
ALX5407. The glycine uptake inhibitory activity (ICsy value) was calculated from an
inhibition curve for test compound concentrations of 10” to 107. The inhibitory activity
on rat GlyT1 was evaluated using C6 glioma cells (American Type Culture Collection,
Manassas, VA, USA). The inhibitory activity on rat GlyT2 was evaluated using COS-7
cells transiently expressing rat GlyT2 according to the method used for GlyT1, with the
exception that 10 pM of ALX1393 was used to determine the non-specific [*H]glycine

uptake.

Binding assays for glycine binding sites, S-HT;4 receptor and serotonin transporter
Binding assays for strychnine sensitive glycine receptors*” and strychnine insensitive

glycine receptors48) (NMDA receptor glycine site) were performed according to
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previously reported methods. Briefly, [*H]strychnine binding to the membranes of rat
brainstem and spinal cord (incubated with 2 nM [*H]strychnine for 30 min on ice) and
["THIMDL105,519 binding to the membranes of rat whole brain (except cerebellum)
(incubated with 1 nM [PHJMDL105,519 for 30 min at room temperature) were
performed to evaluate the affinity to strychnine sensitive glycine receptors and NMDA
receptor glycine sites, respectively. Binding assays for other receptors, transporters, and
ion channels were performed at Cerep (Celle L’Evescault, France). Binding assays for
5-HT;o receptor and serotonin transporter were additionally performed in house.
Binding assay for 5-HT,, receptor was performed by [*H]8-OH-DPAT binding to
membranes of rat brain (incubated with 1 nM [*H]8-OH-DPAT for 15 min at 37 °C),
and binding assay for serotonin transporter was performed by [*H]paroxetine binding to

membranes of rat brain (incubated with 0.04 nM [*H]paroxetine for 90 min at 22 °C).

Measurement of glycine concentration in CSF of rats

Rats were anesthetized by isoflurane 4 h after oral administration of vehicle or 19a, or
1 h after oral administration of vehicle or 37k, and were sacrificed by cutting of an
abdominal aorta. Then, CSF samples were collected from the cisterna magna using a
29-gauge needle. The CSF samples were centrifuged at 21500xg for 10 min at 4 °C.
The glycine standard and the CSF samples were derivatized with 1.33 mM of
o-phthaldialdehyde at 10 °C for 2.5 min, then injected into a high-performance liquid
chromatography device equipped with an electrochemical detection system, ECD-300
(Eicom, Kyoto, Japan). Derivatized glycine was separated on a reversed phase
Octa-Decyl-Silyl (ODS) column, Eicompak SC-50DS (3.0 mm, i.d.x150 mm, Eicom,
Kyoto, Japan), at 35 °C with a flow rate of 0.5 mL/min. The electrode potential for the
electrochemical detector was set at +600 mV against Ag/AgCl reference electrode. The
mobile phase consisted of 0.1 M phosphate buffer solution (pH 6.0) containing 10.0 %

v/v acetonitrile and 5.0 mg/L ethylenediaminetetraacetic acid disodium salt.
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Novel object recognition test®”?

The experiments were performed using a black open field box measuring 50x25x50
cm. Prior to the test, the rats were habituated to the test box for 10 min per day for two
consecutive days with no objects present. On the test day, the rats were placed in the test
box, and after a 5-min habituation period, two objects were introduced in two corners.
The time spent exploring each object was recorded during the subsequent 5-min period
(defined as the training session). Then, the rats were returned to their home cage. After
120 min, the rats were placed in the test box once again, and 5 min later, the objects
were reintroduced; however, one of the familiar object used in the previous training
session was replaced with a novel object. The time spent exploring each object was
recorded during the subsequent 5-min period (defined as the test session). The time
spent exploring each object was measured manually by experimenters who were
unaware of the treatments. A preference index, consisting of the ratio of the amount of
time spent exploring any one of the two objects (during the training session) or the
replaced novel one (during the test session) relative to the total time spent exploring
both objects, was used to measure memory preference. Twenty minutes before the
training session, MK-801 was administered intraperitoneally (i.p.) at a dose of 0.1
mg/kg. Compound 19a hydrochloride was administered orally at 4 h before the training
session. We did not observe abnormal behaviors including impaired motor coordination
following MK-801 (0.1 mg/kg, i.p.).

Social recognition test (time-dependent memory impairment) 40)

The experiments were performed using an open-topped box containing sawdust. An
adult rat was allowed to habituate to the test cage for 30 min. Then, an unfamiliar
juvenile rat was placed in the test cage with the adult rat for Smin. The length of time
during which the adult rat exhibited exploratory behavior (sniffing, grooming, and close
following) toward the juvenile rat during the test session was recorded and was defined

as the first investigation duration. The juvenile was then removed from the test cage and
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the adult rat was returned to its home cage. After 90 min, the adult was brought back to
the same test cage and allowed to habituate for 30 min. The same juvenile (familiar)
was then placed in the test cage once again for a 5-min test session; the length of time
spent by the adult in exploring the juvenile during this test session was defined as

the second investigation duration. The time spent exploring the juvenile rats was
measured manually by experimenters who were unaware of the treatments. The social
memory for each adult rat was defined by determining the ratio of the duration of the
second investigation to that of the first investigation (ratio of investigation duration,
RID). Compound 19a maleate was administered orally 4 h prior to the first investigation.
Clozapine or risperidone was administered orally 60 min prior to the first investigation.
Of note, 19a hydrochloride was used to investigate the effect of 19a on the social
interaction itself by presenting an unfamiliar juvenile rat during the second investigation.
In a preliminary study, we confirmed that both salt forms (maleate and hydrochloride)
of 19a exerted the same effects on the social recognition test when administered at the
same doses.

Social recognition test (MK-801-induced memory impairment) **

Adult rats were trained in a social memory test to recall prior exposure to a conspecific
juvenile as described above but with the following changes: the two 5-min investigation
periods were separated by only 30 min, and MK-801 was administered i.p. to the adult
rats 30 min prior to the first investigation. Compound 19a maleate was administered
orally 4 h prior to the first investigation. Under the same conditions, we previously
observed that clozapine (0.3 and 1 mg/kg, i.p.), but not haloperidol (0.01- 0.1 mg/kg,
i.p.), reversed MK-801-induced impairments in social recognition®”. Of note, 19a
hydrochloride was also used to investigate the effect of 19a on the social interaction

itself by presenting an unfamiliar juvenile rat during the second investigation.
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Sub-chronic treatment of PCP-reduced social interaction in mice*'”

PCP (10 mg/kg) was subcutaneously (s.c.) administered to mice once daily for 12
consecutive days. The social interaction test was then conducted 2 days after the
cessation of PCP treatment. The mice were allocated to a test pair based on weight. Both
members of a pair were given the same drug treatment. The following behaviors were
measured as social interaction: sniffing, following, social grooming, and crawling under
and over the partner. The social interaction time was measured manually by
experimenters who were unaware of the treatments. Compond 19a maleate and
risperidone were administered orally at 2 and 1 h, respectively, prior to the social
interaction test, which was conducted for 10 min. For sub-chronic treatment, the mice
were orally treated once daily with 19a maleate for 8 days (on days 15-22), and the
social interaction test was conducted on day 22.

Forced swimming test in rats*”

Swimming sessions were conducted by placing the rats in cylinders containing 25 °C
water 30-cm deep. Two sessions were conducted consisting of an initial 15-min pretest
followed 24 h later by a 5-min test. The immobility time was measured manually by
experimenters who were unaware of the treatments. Compound 19a maleate was
administered orally during the period between these two sessions (approximately 24 and
4 h prior to the test). Fluvoxaminewas administered orally at approximately 24 and 1 h
prior to the test.

Spontaneous locomotor activity in rats and mice*”

Animals were placed individually in transparent acrylic cages (for rats, 47x28.5%29.5
cm; for mice, 30-cm diameter, 30-cm height), and spontaneous locomotor activity was
recorded every 5 min for 1 h, using a SCANET apparatus (Neuroscience Inc, Japan)
placed in a sound-proof box. For rats, 19a maleate and clozapine were administered

orally 4 and 1 h, respectively, before the start of the measurement. For mice, 19a
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hydrochloride and clozapine were orally administered 2 and 1 h, respectively, before the
start of the measurement.
Rotarod performance in rats and mice"”’

The rotarod (Campdem Instruments, UK) consisted of a gritted plastic roller (3-cm
diameter, 9-cm long) flanked by two large round plates to prevent the animal from
escaping, and was run at 10 r.p.m. All the animals were given control trials before the
test. An animal was placed on the roller, and the length of time it remained on the rod
was measured. A maximum of 2 min was allowed for each animal. For rats, 19a maleate
and clozapine were administered orally at 4 and 1 h, respectively, before the start of the
measurement. For mice, 19a hydrochloride and clozapine were orally administered at 2

and 1 h, respectively, before the start of the measurement.

Induction of catalepsy in rats

The animals were placed individually in transparent acrylic cages (36x30x%17 ¢cm) and
were allowed a minimum of 1 h to acclimatize to their new environments. Compound
19a maleate or risperidone was then orally administered, and catalepsy was measured at

1,1.5,2, 3,4, and 5 h after administration.
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