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I. A8

G-gd a4 484 (G-Protein Coupled Receptor, GPCR)E AME <
A g d F M 2 AdlZE(superfamily)& 7438, thoFst do]9
Az Axd a7k A dZAHAAUdE T AE" yAd
(transmembrane helices, TMH)2. 2 H o AtH(Fig 1). G-@0d A4
‘A= Mg & FEg AAste AE" FE&AelH, oF 8004 71A 9]
GPCREC] Zf&Eo =AstE o2 74 A9, dA7A GPCR Al
BAAE=EE |, WEH S22 | AtolEFR]L , 7], HI 2 opekst Alx
9] A= (extracellular stimuli)oll ©]s] &/ sl¥ o] theFgt Ax ¥-3& w7l
ot ol FolA Eolz @uld, JEtol=, obm A, A e A
Al(fatty acid derivative) 53 T2 Aadg EHE2 5F AMEA FH]
Hol Bold FE&AE Ze HFA E(target celDol AEWSE FE3}

< q_.l),Z)

Extracellular Muid

- -

¥ .
& 7 Cytoplasm

Figure 1. G-o9d A4 F8&AY 7709 Axe Yd Fx

GPCRE A= U G-v¥A(G-protein)d] TAL EaA Ax U A3 HA
G AE 2l A HE=d, G-gma e F=8A 0 osiA GTP Agdo]
=gogx A3, thA GDPHHZE wWslgozxa EIA3 Hr)l o



oA FAstE G-9HAE2 AEx U bt AT AGR A (effector) E 9]
d4s =

oz 9 AoAEE wiNstA drhFig 2). AA ol A
GPCREZ Alo]E7FI(cytokine) FEAEL] dlolA H AAH theFst
Y Ee Hya8Ade mists g0l F3FHA 92 FPsts dew
a2 k. mERAd GPCRel dldt A& @A stezd dAFudozs
Wk oopuel Aeppte] Feg HxE A

A7ash A AkaAle] Fo Q7)o

Figure 2. G-¢¥M & A2 F=g&49 w7lyH

A7 AL E A (neurotransmitter)= GPCRol| &8s £%57]5 % o8 71A
AR 75 BAstE EHAE, HE BEsto] AW A7 AFEolA
of A Ade A Ax T FERE Adste ddo E4& 48=

g, 4 F/R7F AT oAE ==, =24, of2u ek, =ukEl, o}
s

o
A, eI, 2B, AREY Fo] o7 &

_2_



3t} (Fig 3).

OH
NH, N
Q +
)J\O/\/NH3 HO,C._NH,  HO HO
OH OH

Acetylcoline Glycine Dopamine Adrenaline
NH,
OH
NH, N
< ]\/\ HO {
HO N
NH, N
OH H
Noradrenaline Histamine Serotonin

Figure 3. 217 A& &4
0F, 195293 299 A. Carlsson® N.-A. Hillarpell 9l&l] @A" =
il 7l 2 R :oldl (monoamine)ol 2h= AAlA s E37(dopamine)©] 2
olF AojAt” =T AAM AdH o wEoAE WE-H g
oYl (B-phenylethylamine or phenethylamine)S.2 oA AAXNGEZA=
A qdg o, Al 7HA TR =3W & A(Dy, Dy, Ds, Dy, Ds)oll &

g A

ol

|

(hypothalamus)oll 4 ®&3 2174 &2 & (neurohormone)

i=]
B
o7 sttt ZE2EOoEMO 7T HetFAAYAA ZE=H (prolactin)
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SCH-23390 Spiperone
F N
OH a
0 N N\)
Q)WN “CY j

N
F H

Haloperidol Clozapine

Figure 4. =39 +=&a A3A]

A, FelgH o g DI DR EEHY =wl FEAE EAYES ©
dom Fxo Ak FAMIOl wEt 5712 AlEsE =, Di—Di, Ds®

Dy-Dy, Ds, DiE ARSI o]F Dy E5hdl £8AE HolA BRI 7]
Fo ofEo] U BAYL vad BE u FALAF) DHG BAA o
gk 2o}

Di-®F T8AE FxHoE FAstL G-9¥W A9 Gs/Golf classol 2%
< 53 olgldd Alo]F o] Z(adenylyl cyclase, AC)2] &4 3tel AHF]
oAt Do-F FE&A AT AC 4 & dAFgo=zA G-Twd9
Gi/Go class®} 2%<S 3o},

D29t D3 =9Rl F8&A = ofn|4ke] oF 46%7F A Z Elth shA T
D29} D3 +&A¢] AE9 Alo](transmembrane spanning, TMS) H-i2
78%7F frAFetth. D9t Ds &A1 Fx27F FAM S BHelol=: &8t
F& Aol 4742 Aol Aol Urk; (1) AAs|FaHA Q1 9, (2) +8&A &
d AE, 3) FE&A AT g &%, (4) - N9 A D%} Ds

TEA AY AR FAol A7 WEel F oFEAe] kel 4E
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B) Alkyl Chain as Linker
for Spatial Binding at Receptors

D) Diverse Substituents
~<—| (Phenyl, Alkyl) relation to

R1\ Mf< Stabilization Effects of heterocycles
>

C) Important bioisostere in place of
amide bond, carbonyl, alcohol of
A) Requisite piperazine(or piperidine) heterocycles

amine parts

Very important parts in selectivity
at different receptors(D,-D,)

Figure 5. Ds, Dy F8A0 et = gt= B4

3, A SRA(EE AN PRl E & A T & YES Ao
7h5 et

(3) CHEe YZLIF, ANUIE, opvlolEaFolt AF, olnTE,
Feldd, AEveE, AEFSE 59 du 2ol 27 fAE A BA

< 7Hd F e SHEAYEA o]a&AlE(isoxazole) T o] AFAIE™

olr

(isoxazoline)?] =24& =Y
(4) Ri7} Rox= Th3E X

s
Aol the ¥ €2 J3He 71 + U

ol HlFo® T ATHAN tao ZARES ¢Skl Ry, Ry 2
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I. 23 32 13

24 BgE olagAEY AR AdAS FEA] FHLe ATA
oA AAH v} Zo] building block I, Te Ao o] Y ofnlst
k22 o] &3k building block I, T AL Z3 APAZ )
1. Building Block I ¢ 34
R—X N
e
X =N, CH or C-OH
2
R4
OCH; F
Cl
o, 0, O
X=N X=N X=N X=N X=N X=N
A C D E F
cl Cl
O 0 a4 O
X=N X =C-OH X=N X=CH X =C-OH X=N
G H | K L
Building block I& TE7] {3 e ¢4 AFELZE Lusi==2 @ 9
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Aodte] 2-vAgdd e (7 o2 HE HEWSI 2H3ule-S S35
g stazt el tH(Scheme 2). HE38 g2 F7|8dES vE AZ W
Hhgol o o= g Fio] &S 95 T A= AT FAMA= Wl
2 Ao e Eas71¢ okl7] & tF SASH] wiwol dase] Abshwh

& a7 A okl nEEy] s WA

1
M
o,

ol 9] H % 7|9 = carbobenzyloxy (Cbz) group, tert-butyloxycarbonyl
(Boc) group, 9-fluorenylmethyloxycarbonyl (FMOC) group, benzyl
(Bn) group, p—methoxyphenyl (PMP) group & <% 7FA7} v}, 2 A
o= o] F Boc group= AFE38I T Boc H.E7]= Di-tert-butyl

dicarbonate® o] &3l s £ Al ¥ A COL9 t-HFEH AT L]
=

)
2
A
i,
o
!
L
(L
o
o
rf
A
ox
o
of
2
O
S
N
o
ox

(]
¥
fifo
b
rd
)
oty
d
o
oo

gARE 49 Be] tdsta S¥EE Sl A7IA FAUT. Swern 4Hs)
=

W2 ®bg AZto]l EAW ddxH & -78TE FASHEA F3bol Al %=

o
=5
o
=)
i
=
@]
@)
o
ftlo
(2
il
4
)
ol
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3
il
(@)]
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)
Mo
>
fifo
fu
e %
e
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Scheme 2. %3} Qb33 4bsh Hb-S
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< 4%, 224 st mAYsiEA olnlE o] (iminium ion)o] F
AR A AT (Scheme 3). o] ¥-32 7198 o2 dojuyp=d 4A EAHA
(molecular sieves)® HA7Fstd WA} EE217F A AFHo] AurLo uks
= THsHA gk o] W S AE HUbehE H 7F S017HHA o] Ao

2

o
ol
-

2
lo
oft
ot
lo
HU
rE
olo
=)
2
(2
il
2
™
ot
o
il
1o
ol
=
il
N

2 Abg A 38 wWlE(heating mantle)?} AFHIE o] &3] AZXAF O
B

H, YA Z NaBH(OAC):E AFE-3F T AF&E olrlo] HCI €9 4

739-, Hiinig's base (diisopropylethylamine, DIPEA)Z WA o AgHE =
o] Whgo AFE3}th DIPEAE ollHT 25 IFE ALEdle] ofwlo] &

A3 2ARHNES s

_il__
ATto @ 100%°] 7}7he &= building block 1 o}l 28 A& 5+ 99

t}(Scheme 3 and Table 1).
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- /\
1) 4iE M.S. — /~\
o= Boc Ri—X N Boc _
’ /N 2) NaBH(OAc); _/ R{—X N
_2:'\1) T " ) o

CH2C|2 CH2CI2
5 4 9 2
\ ‘H_
/\ OH
R—X N‘éitfoc H0  R—X N=2:)Boc
N
iminium ion

Scheme 3. Building block T 9] ¢4

Table 1. stgh= 99 2 Ao wbg AR B &
9

HES- A 5—9 — 2
Y R~ [ AF & & WS A+ &
1 A 5h 65.7% 3h 100%
2 B 5h 94 .9% 3h 100%
3 C 3h 17.5% 2h 100%
4 D 5h 86.3% 3h 100%
5 E 5h 61.3% 2h 100%
§) F 2h 84.4% 2h 100%
7 G 6h 84.8% 2h 100%
8 H 5h 71.4% 3h 100%
9 I 3h 68.8% 2h 100%
10 J 4h 65.3% 5h 100%
11 K 5h 71.4% 2h 100%
12 L 5h 87.6% 2h 100%

_16_



2. Building Block 9 ¥4

R
Y
—
7 7]
O o-N
3

Building block TE TE7] 934 olASAIEY €3 FAH S shofofst
t}, o]A2AEY dF 2L UEZ 2aAlo|E(nitrile oxide)9t Tk 471 &

= = =
Lo A=z 18 H7MFS(dipolar cycloaddition)S 3] & < 9t}

=
UED Satel=o] 44 el od /A7t g, o] met o agAl
£ 22 @AWel gkt ok Al M AR ackel Atk A WAL

Mukaiyama's WHO 2 YERZ 3= A5 H isocyanatomethaned 47|
(triethylamine, EtsN)E o] &3] UEZH SAlo|=g AJdste] g3t wkg
= AZtH(Scheme 4, 2 1). 7+ HAl= gus|=25 8 S4 44 &, S4
I N-SFZ 252101 =(N-chlorosuccinimide, NCS)E F3] SAIEY
2ol =(oxymoyl chloride)E THETh I8 G71(EtsN)E o] &3t HCI
AAE T3l UEL SAtol=E Adste] 183t vh3-& A tH(Scheme 4,

Al 2). Al A= Carreira's o2 243 O-tert-butyldiphenylsilyl

il

_17_



hydroxamates@Z 5§ triflic anhydride(Tf:0)3 94 7](EtsN)E AF&3lo] Y
A 71 Aol (Scheme 4, 2

)=]
=l
E9 Silol=E A4 F 17 Mgl
3) 14),15),16)
Q 0
i NEt . -1 =R N~
e Mo — [RrCEN—O] - JpR
S HsC—N=C=0 R
R 1
O NH,OHHCI oM NEt, NCS N
| . |
R1)\H R1)\CI
(2)
_ -0
— —R N
]42» MRZ
Ri

0 Tf,0, NEt, ., 1 =R,
)J\ .OTBDPS [ R1—CEN—O]
R4 H R1
Scheme 4. YUEH SAlo]=F& F3F [3+2] 3183} Wks-
2 Agors F HA HS gt o] WS &8str] A A
TFEZQ SAF 6°] 2a3rt A2 dds|= 107 =Sl
WA 7} Wk (nucleophilic addition)® E3 92 & AAHScheme 5).
JAA = HNOHHCIE o] &8sl em No| vFFHxEo] &Hs=o 7
BU7E FZ435 o] wrgo] APHct. AbEH A= HCL G2 AEjol=
g dS A7 A &ul2 AE&5EA T I A9 HCIE A A I dol
SHAAA do FEHZE dF {FUToE FolEorted, o]+ 1IN HCIZ
NolFol GA AA7 7hsetdth. 5ES EvEo] AAAEHA 7] wTol
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A FE 37

t}(Table 2)
o HO\IN
R Ho>NOH-HCI R
H | \/\2 2 . H | \/\2
P Pyridine _
10 6
Scheme 5. 419 94
Table 2. SHF #A9 Wk AlE 81 &
entry | A27](Ry) HEg- A 7F T &
1 1 1h 81.4%
2 2 1h 100%
3 3 2h 97.9%
4 4 1h 92.8%
5 5 4h 87.8%
6 6 1h 100%
dAE SHAF 62 NCS9 Zvl(FEld, pyridine)E ol &3t SFAIEY
F2ol=(6a)E TAT 2 F7I(NEtm)E o]&3te] YEZ ZAlo]=E
R 4 glth o] WS 60-65C hAaEolA A HE FuloFet A14a)

, NCSE CI'E T35t 2/ Y F28o|=(6a)E WET. 2 ¥ NEt;
<

2L e olaSAEY dme 112 FHT + Ak

i

o o K
[
il
)
X,

ARD F2ee]=o] NEtzo] H7hH ™ UEZ SAlo]=7F wha A 474 5

Al W2 £ 52 F22 (furoxan) 2.2 0] 3A 3+E (dimerization)

ki
£
M
rlo

B (Scheme 6, 4 1). o] Hg 7t9doz2 dojyAgt YAHH F=
Al UEZ SAfol=7) 5 7] wiol] AAH

o|FgAEL AHE F&S HolxmEs ANRE etV o) HHA

o

2
rlo
i
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3
[JII,
olo
BN
A
=2
>,
T
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at7] A8l NEt; 9 A Z=apd o

A 1027 AAF) Aolste WS AEEATh oE 24

KU
ffo
o
e
N
N
o
ol
b o
Z.
S
1o
M

R
HO\IN N | \/\2
y \/\Rz 1) NCS, Pyridine, THF ~ P
| _ 2) propargy! alcohol, TEA HO o-N
6 11
\ / N _OH
(,.l./O\H B K
(3
| N sNEt [RZ,\’ N—c=N-0
/F =/ O
R2
6a
R-C=N-0 N-O.
R

Scheme 6. O] AGAIEY L3590 A

Table 3. 0]ASAZEY d47& A HbS A7 9 &

WS Al g A7 e
Y8 ® 6 > 6a 6a — 11 =
1 1 2h 1.5h 49.7%
2 2 1h 1.5h 69.3%
3 3 1h 3h 81.2%
4 4 0.5h 1h 74.9%
5 5 0.5h 1h 79.2%
6 6 lh 2h 60.8%
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2L building block

o}
=

o7 o] 2%AEY

U=
=

o] A A= building block I

sreirh.

[e]
a

hyd|
=

THA] =

s

A tHScheme 7). w}

S

Fof 23t

9™ PCCE ©] &3

)

o Azl A&

< 60~80%°]

3= 3

oh A &

=0
=9

T
}9tH(Table 4).
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Table 4.

o
+

71.7%
68.6%
75.6%
78.8%
78.2%
60.3%

4h
3.5h
6h
7h
7h
3h

2271 (R2)

entry
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3. 849 oldlg vkgL T3 Main Scaffold9 A

mpA et Aol A Y obdls REES Fsle] o] Fo R ol
building block Tol4¢] 2 olvls} wkg3} & Wy o= W=t 3t
g= 2% 2 3 = v Al AdH

oldl ¥} &Hs =+ 1.1:1.0° FZFe
sholch w3k 3gE 95 T wWeol g FFE 1S gAHoE 54
7 AA ARA w2 S ANAE AFEEtooF Atk 2R A st 3§t

218 92 F AAH(Scheme 8 and Table 5).

R
R, 1)4EMS. ‘
R1—X N2 _ 2)NaBH(OA); I\
R—X N a
CH20|2 AN _2:,\1) o-N

1
Scheme 8. ¢l o}z WkS-

olglg RgE2 IHAN(EE JHed) FE Rl 127k A7) 9
olaFAbE o Rpoll 6714 ARV RHE 6x129 Zfa S FolH
A& FH8UHTable 6). 1 F oJaSALE A&7 FolA AT ol
2 Az g eg(Es o) 237 FolA Aol L& Al
=25 e f FHL T
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Table 5. ggt= 1 FAHY vH& AzF 2 &
entry | A1 271 (Ry) A 27](Ry) A= WS A &
1 1 SOSJ-10101 1.5h 53.5%
2 2 SOSJ-10102 2h 56.8%
3 A 3 SOSJ-10103 6h 64.6%
4 4 SOSJ-10104 1h 18.2%
5 5 SOSJ-10105 6h 67.9%
6 6 SOSJ-10106 1.5h 75.0%
7 1 SOSJ-10201 1.5h 54.9%
8 2 SOSJ-10202 2h 51.3%
9 B 3 SOSJ-10203 4h 65.4%
10 4 SOSJ-10204 1h 28.9%
11 5 SOSJ-10205 4h 36.7%
12 6 SOSJ-10206 1.5h 20.8%
13 2 SOSJ-10302 2h 13.7%
14 ¢ 4 SOSJ-10304 3h 11.0%
15 1 SOSJ-10401 3h 13.0%
16 2 SOSJ-10402 2h 58.0%
17 D 3 SOSJ-10403 4h 70.8%
18 4 SOSJ-10404 3h 16.0%
19 5 SOSJ-10405 4h 61.9%
20 6 SOSJ-10406 3h 13.0%
21 E 4 SOSJ-10504 6h 73.7%
22 1 SOSJ-10601 2h 45.2%
23 F 2 SOSJ-10602 2h 10.0%
24 4 SOSJ-10604 2h 23.3%
25 G 4 SOSJ-10704 4h 87.1%
26 H 4 SOSJ-10804 6h 54.3%
27 I 4 SOSJ-10904 6h 63.5%
28 J 4 SOSJ-11004 6h 64.7%
29 K 4 SOSJ-11104 4h 58.9%
30 L 4 SOSJ-11204 5h 71.9%
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R1_X

SOSJ-#####

Table 6. ZtolB &g +4

R: 1 2 3 + S 6
A 10101 | 10102 | 10103 | 10104 | 10105 | 10106
B 10201 | 10202 | 10203 | 10204 | 10205 | 10206
C 10301 | 10302 | 10303 | 10304 | 10305 | 10306
D 10401 | 10402 | 10403 | 10404 | 10405 | 10406
E 10501 | 10502 | 10503 | 10504 | 10505 | 10506
F 10601 | 10602 | 10603 | 10604 | 10605 | 10606
G 10701 | 10702 | 10703 | 10704 | 10705 | 10706
H 10801 | 10802 | 10803 | 10804 | 10805 | 10806
I 10901 | 10902 | 10903 | 10904 | 10905 | 10906
J 11001 | 11002 | 11003 | 11004 | 11005 | 11006
K 11101 | 11102 | 11103 | 11104 | 11105 | 11106
L 11201 | 11202 | 11203 | 11204 | 11205 | 11206
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4. A48 =S4 BESH A

g opvlst W32 T FAHE FEAES =R Ds, Dy FE&A dE

2] &4 (% inhibition, ICs0)= A A <](in vitro)oll A A3} tHTable 7).
A 24 dA4d =Tt A4 F8A A2¥H o] = radioabeled #]3F
g duiy Z A3E] W=y gt 9ol o3 AAdEY. 1 T %
GA A =udlE Aty Zol =

omstd I ol EF F2 S T ICs#t

5

=.
o
=
(@)

=

rlo
v
ox,
i
o
i)
o,
k1
1=
rg

kgl 24 Fg=olst & ¢ Utk =9 Ds, Dy FEACl dE 2EE2

9] 1Cs50%k2 Z+ZF haloperidol (6.2 nM), spiperone (1.3 nM)o]t},

Table 7. =37l F&Ao] thgh st (10uM) 3 1Cs0(uM)

D3 &4 D4 84
33E % inhibition [Cag(uMD) % inhibition [Cag(uM)
(10uM) (10uM)

SOSJ-10101 68 2.6 71 4.8
SOSJ-10102 48 >10 72 3.8
SOSJ-10103 67 3.1 75 1.1
SOSJ-10104 55 7.3 62 6.9
SOSJ-10105 52 8.2 68 3.5
SOSJ-10106 67 4.1 69 3.2
SOSJ-10201 72 4.8 52 8.5
SOSJ-10202 19 >10 19 >10
Haloperidol 0.0062
Spiperone 0.0013
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Table 7. =37l F&A ] tigh 5} (10pM) 3 ICs0(uM)
D3 &4 D4 +&A
3%= % inhibition [CooluM) % inhibition [Coo(uM)
(10uM) (10uM)

SOSJ-10203 69 6.2 74 2.7
SOSJ-10204 54 8.6 59 6.8
SOSJ-10205 61 5.3 83 1.4
SOSJ-10206 81 0.7 77 1.4
SOSJ-10302 69 3.0 77 3.2
SOSJ-10304 66 4.8 54 7.8
SOSJ-10401 63 2.2 12 >10
SOSJ-10402 36 >10 46 >10
SOSJ-10403 72 5.0 42 >10
SOSJ-10404 67 4.8 29 >10
SOSJ-10405 41 >10 54 8.9
SOSJ-10406 46 >10 57 5.5
SOSJ-10504 38 >10 80 2.0
SOSJ-10601 43 >10 43 >10
SOSJ-10602 62 4.8 41 >10
SOSJ-10604 50 9.5 51 9.1
SOSJ-10704 79 1.6 45 >10
SOSJ-10804 82 2.3 34 >10
SOSJ-10904 75 1.9 51 9.5
SOSJ-11004 78 3.1 67 5.4
SOSJ-11104 84 2.6 58 6.4
SOSJ-11204 55 6.3 68 2.0
Haloperidol 0.0062

Spiperone 0.0013
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g AT ofn] FAgg o]ASAEY A EEFig. 6)° AETAH &
4= EW, D3, Dy F&A N e ICsotke €5 200182 F2 #te Ko
#t}. (haloperidol®] D39} Dy &Aoo st ICs0ak2 22 57 nM, 65nM
oltt) 1 T FEIH T A AT} o FAlolaL o] aZALE- o] A FHA|
7} Hlowdd SFFE2 D3 Dy FEA tg 1Csoite 44 4 nME 7}

ﬂl

olZ Hlgo R 7|E BA EygE Wyste A2 F4E IdFEES =9
W FEA A @Al tigte] Ry, Reol F3ol wEl &S yvERTh A
g4 A3E A3 table 72 XYW, D;, Dsol W3 % inhibitiono] Z+z
20~80, 10~80 A= A7} wgton, Ds, Dyoll gk 1Cso @b 22
0.7, 1.1 o] oz ZFEA vl FA7F Fo} AETH FAo] HolH g
& F 9l

D; 784 2% Mg S 1y ol Hld O2F ¥4 WlE Ro7} meta 93

A
of 2227 X&H dd 15S AT SEe] Ao FUT ROl
ortho Aol EF 27 A3d dAd 25 4 We Rt 2,3-WE Ao
SAIZE AgE dAd 2FE 7H 33E9 E4d0] Frh Ri©] meta YA
2227 g dd 2F 4 W Ro7F meta AR SEE7F A4 Hd
d5& 7HE g3Ee] Aegdo] £8th Ro7t ortho Ao EFL =7}

2gd Hd IF 4 WE Ri©] meta A ZFoZ27F XA3H F 79

of HEAZ Agd dAd IS 7T seEe] AEEde] o4tk R0l
ortho #Aol ZFL =7} Agkd dHd I 4 W= Ro7F para # Ao H
d2 g4 dAd 2F £ 23-vddAno|SArt AgE Ad 252 Tt
2 B3E] &4do] Frh Ri©] meta HXo FEE7F X3d Ad 1F

W= Ro7b 2,3-vlEdAttol S A1 7E Agkd dld 2FS 7 dE=Ee 2
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ol F9kth Re7F ortho Ao EF227F X34 dd I1F 4 We Ry

o] para YA HEA = F227} A3d Ad 1FL /A E FIFEY
g o] Z3kt)

gtolB g g3¢E FoA R ortho $ Aol 2

=2 O

(€]
= 7HAH, Reoll 2.3-mddAtol S 2 Agd dd aF5s 7K dE=
SOSJ-10206°] 7Hg 2 4= BIlh

5
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V. 4%
1. 287]7]

'H NMR =2=1Ed3 ¥C NMR 2"E3L Varian-500(500MHz),
Bruker-300(300MHz), Bruker-400(400MHz) ®3A2RE Adojxlt}.
NMR €925 CDCls9 MeODS AF&3+9 2™, chemical shift:=

=
L _T_IL_L

i

2zl o

49l tetramethylsilane(TMS)C.ZHE ppmTY=E 7| =31t dHolHE

chemical shift multiplicity (s= singlet, d= doublet, t= triplet, g=

quartet, br= broad, m= multiplet, dd= doublet of doublet, td= triplet

of doublet), integration, coupling constant(Hz)9] =22 7]=3}% ).
Infrared spectras= Perkin Elmer 16FPC FT-IR spectrometer2 -8 ¢
9o AZ 4= reciprocal centimeter (cm™ DE 7] 2393t}

LC/MS+= WATERS TAP QUATTRO MICROZH-¥ &lt}.

Thin layer chromatography(TLC)E= MerckA}F2] silica gel 60 Fas40]

& glass plateE A&t on, TLC Aol a8 E29 g2 Yl

UV lamp(254nm)E& A}&3+AY KMnOy & o] G & 71<9ste] @elsSd

o,

Column chromatography= Merck A% 9] silica gel 60(230~400mesh)

= AH&skio
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2. Ak

Q]
=

1
M
Lo

Al 2k Aldrich, Sigma, Fluka, Junsei A}9] &5 A]¢F &=
TAd3sto] ARSI

Tetrahydrofurane Al8 A o] sodium metal/benzophenone 2 & 5-E

r|r

o

Al

12
filo
ol

S5l AF23519 11, methylene chlorides= calcium hydrideZ 58 F&/

sho] A3,
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3. A4y

2-Methoxy-benzaldehyde oxime (6, R2=3)

OCH; OCH,
H,NOHHCI ~ _OH

Pyridine

~o

Pyridine 20 mLe] 2-methoxy-benzaldehyde (1.00 mL, 8.28 mmol)¢}
HoNOH - HCI (748 mg, 10.8 mmoD)& =o]al 2A13F FoF wvtstgich,

S AP &AL TLC (Hexane : EtOAc = 3:1)& 8alstglth. wkgo] ¢
A5 st A &ulE AASL H.0E 718t EtOAcE FE3Fh

#7155 IN HCIZ 13] RojFi, thA] 23 NaCl &40 =2 13 Ho]F3]
ok oA F715 S 55 MgSOE XA 5, ¢t dtollA &ulE A A8
1 AF Az 54 g9¢E (1.23 g, 97.9%)2 LU

'"H NMR (300MHz, CDCls) § 8.50(s, 1H), 7.71(dd, 1H, J=7.7Hz,
J=1.7Hz), 7.42(td, 1H, J=7.5Hz, J=1.7Hz), 6.98(q, 2H, J=7.6Hz),
3.91(s, 3H)

»C NMR (100MHz, CDClz) & 157.7, 146.8, 131.2, 127.7, 120.8, 120.5,
111.2, 55.5

IR (KBr) 3002, 1600, 1266, 1439, 1305, 1259, 972, 948 cm™*

2-Fluoro-benzaldehyde oxime (6, R2=4)

F HoNOHHCI F
o 2 S -OH
Pyridine
332 6 (Re=3)9] A|x9 7L W o =Z 2-fluoro-benzaldehyde (1.00

mL, 9.19 mmol), HoNOH - HCI (857 mg, 12.3 mmol)< pyridine 20 mL

ol A 1A1ZF et witely HF F§E (1.23 g, 92.8%)2 AUTh

_32_



'"H NMR (300MHz, CDCly) & 8.41(s, 1H), 7.77(td, 1H, J=7.6Hz,
J=1.7Hz), 7.45-7.35(m, 1H), 7.23-7.08(m, 2H)

¥C NMR (100MHz, CDCls) § 160.8(d, J=151.2Hz), 114.4(d, J=2.7Hz),
131.6(d, J=8.4Hz), 127.3, 124.5(d, .~3.2Hz), 119.8(d, J=10.6Hz),
116.1(d, /~10.5Hz)

IR (KBr) 3271, 3016, 1489, 1457, 1318, 1296, 982, 946, 749 cm™

4-Methyl-benzaldehyde oxime (6, R.=5)

No  HeNOHHCI Sn-OH
Pyridine

33E 6 (Re=3)9 Ax & WHOZE 4-methyl-benzaldehyde (500
ul, 4.23 mmol), HoNOH - HCI (382 mg, 5.50 mmol)E& pyridine 10 mL
o Al 4A1ZF FE anbete] £A gFE (502 mg, 87.7%)% AUrh

'"H NMR (300MHz, CDCl3) 6 8.83(br, 1H), 8.18(s, 1H), 7.50(d, 2H,
J=8.1Hz), 7.23(d, 2H, /=8.0Hz), 2.40(s, 3H)

C NMR (75MHz, CDCls) § 154.0, 144.1, 133.2, 132.8, 130.7, 25.2
IR (KBr) 3274, 3233, 3110, 2986, 2916, 1297, 1287, 959, 940, 873,
824, 815, 516 cm '

3-(2-Methoxy-phenyl)-isoxazole-5-carbaldehyde (11, R.=3)

OCH; 1) NCS, Pyridine H,CO

©/§N/OH 2) Propargyl alcohol, TEA HO _
THF /,
O-N >:

2-Methoxy—-benzaldehyde oxime (302 mg, 2.00 mmol)& & A3}l A

tetrahydrofuran(THF) 8 mLol =<t} NCS (534 mg, 4.00 mmol)<}
pyridine (16.0 pL, 0.20 mmoD& A0l 7}g & 60TANA 1A FoF
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El

kot Ao 2 A%l & propargyl alcohol (116 ul, 2.00 mmol)<
THF 2 mLel &34 A3 7}stal triethylamine (335 ul, 2.40 mmol)
& THF 2 mLel =9 3] 7k F 50ColM 3A17F 59 wikshald

o

!

2 33 A TLC (Hexane : EtOAc = 3:1)2 Qs Ht}, whg ¢

4 % T3 NaHCO B9 71 EOAcE 22890 §7138 4

MgSOs=2 AZXAIZ F 7% F=3te] flash column chromatography
1

(Hexane : EtOAc = 2 #7 AAste 54 33E (333 mg, 81.2%)

o

El:}k}\]'

'"H NMR (300MHz, CDCly) & 7.72(dd, 1H, J=7.6Hz, J=1.7Hz),
7.35-7.27(m, 1H), 6.97-6.86(m, 2H), 6.64(s, 1H), 4.68(s, 2H), 3.76(s,
3H), 3.25(br, 1H)

"C NMR (75MHz, CDCly) & 174.5, 163.8, 160.9, 135.0, 133.2, 124.6,
121.4, 115.2, 107.1, 60.1, 59.2

IR (KBr) 3370, 2937, 1606, 1508, 1472, 1439, 1401, 1251, 1044,
1025, 756 cm’’

[3-(2-Fluoro-phenyl)-isoxazol-5-yl]-methanol (11, R.=4)

E 1) NCS, Pridine

F
2) Propargyl alcohol, TEA
@AN/OH — HO //
O-N

2-Fluoro-benzaldehyde oxime (1.20 g, 8.38 mmol)& &4 3}o)A

tetrahydrofuran(THF) 40 mLe] =<lt}. NCS (1.30 g, 10.1 mmol)¢}t
pyridine (67.8 pL, 0.84 mmol)= A2o]A 7}3 & 60TCo|A 30+ &<
wHksigiTh d2ow 2

=

)

%, propargyl alcohol (488 ul, 8.40 mmoD<
THF 3 mLol &34 "H3] 7}l triethylamine (1.40 mL, 10.1 mmol)
< THF 14 mLol o] A3 7k F 50TolA 1413 &b ksl
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4248 TLC (Hexane : EtOAc = 3:1)E 325t H ). wHk$

A % ¥3 NaHCO,89€ 7181 BiOAcE a9t #7158 ¥4

&3

S A9

&
i)
e

+%3F9 flash column chromatography

MgSO,2 AZXA7 ZF 7ot
3R B AAste] 27 3R (1.20 g, 74.9%)S

(Hexane : EtOAc =
AT

'H NMR (300MHz. CDCly) & 7.91(td, 1H, J=7.6Hz, J=1.7Hz),
7.44-7.38(m, 1H), 7.25-7.13(m, 2H), 6.70(d, 1H, /=3.4Hz) 4.82(s, 2H)
¥C NMR (75MHz. CDCly) & 171.9, 160.2(d, J=250.4Hz), 157.9,
131.8(d, =8.6Hz), 129.1(d, J~=2.8Hz), 124.6(d, J~14.1Hz), 116.8(d,
J=12.0Hz), 116.4(d, J=21.7Hz), 102.6(d, /=8.7Hz), 56.4

IR (KBr) 3309, 1474, 1454, 1353, 1239, 1216, 1110, 1078, 1061,
926, 818, 765 cm '

(3-p-Tolyl-isoxazol-5-yl)-methanol (11, R.=5)

1) NCS, Pyridine
\N/OH 2) Propargyl alcohol, TEA ~ HO™ N\
/©/\ THF o\NZ < >

4-Methyl-benzaldehyde oxime (135 mg, 1.00 mmol)2 & 2A3d}olA
tetrahydrofuran(THF) 8 mLe] =<t} NCS (16.2 mg, 1.20 mmol)<}
pyridine (8.10 pL, 0.10 mmol)S A-20A 7}3 F 60TIA 30% FoF

wHkEE T A0 2 A% & propargyl alcohol (568.2 ul, 1.00 mmol)<

THF 2 mLeol &34 dAd3] 7}stal triethylamine (167 pl, 1.20 mmol)
S THF 2 mLel %o HAH3] 7kek & 50T~ 1A &<
Hg- Z1 v 442 TLC (Hexane : EtOAc = 3:1D)E 21319
2 ¥ ¥3 NaHCOs&9E& 7Mstal EtOAc® FE3FAT. H715& FF

MgSOs=2 AZXAIZ F #% F=3}e] flash column chromatography

o
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(Hexane : EtOAc = 3:1)E &8 AAlstd &4 33= (150 mg, 79.2%)
S At

'"H NMR (300MHz, CDCly) § 7.56(d, 2H, .J=8.2Hz), 7.15(d, 2H,
J=7.9Hz), 6.43(s, 1H), 4.69(s, 2H), 2.97(br, 1H), 2.30(s, 3H)

¥C NMR (75MHz, CDCl3) & 171.9, 162.5, 140.3, 129.6, 126.7, 125.9,
100.0, 56.5, 21.4

IR (KBr) 3413, 1605, 1433, 1040, 997, 912, 832, 809, 510 cm™"

3-(2-Methoxy-phenyl)-isoxazole-5-carbaldehyde (3, R>=3)

H3CQ b _ H,CQ
HO _ CC, Sio, 07PN\

V CH,CI /
O~y 2¥R2 O-n

[3-(2-Methoxy-phenyl)-isoxazol-5-yl]-methanol (261 mg, 1.27
mmol)¥ methylene chloride 10 mLo]l =°]x2 PCC(Pyridinium
chlorochromate) (548 mg, 2.54 mmol)¢} 230-400 mesh SiO: (548 mg)
S 713 &, 6A17F BoF wukslgith HES AT 8ALS TLC (Hexane :
EtOAc = 1:DE gQletd ) vbg &2 % flash column chromatography
(Hexane : EtOAc = 2:1)& &8 AAst 54 31gE (195 mg, 75.6%)

El:}k}\]'

'"H NMR (400MHz, CDCls) & 9.93(s, 1H), 7.88(dd, 1H, J=7.7Hz,
J1.7Hz), 7.44(s, 1H), 7.41-7.35(m, 1H), 7.01-6.92(m, 2H), 3.84(s,
3H)

"C NMR (100MHz, CDCls) & 178.7, 165.3, 160.7, 157.2, 132.1, 129.4,
121.1, 116.4, 111.5, 110.9, 55.6

IR (KBr) 1697 (C=0), 1602, 1591, 1472, 1296, 1267, 1252, 1023,
763, 749 cm
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3-(2-Fluoro-phenyl)-isoxazole-5-carbaldehyde (3, R2=4)

R _ R
HOM_@ PCC, S|02 _ O%@
% CH.CI 7

0~y 2Ll O~y

3dTE 3 Re=3)9 Axe T2 HWHo=zr [3-(2-fluoro-phenyl)-
isoxazol-5-yl]-methanol (300 mg, 1.55 mmol), PCC (668 mg, 3.1

mmol), 230-400 mesh SiOz (668 mg)E methylene chloride 10 mLel
A 7AIZE F<F wHkslg T, Flash column chromatography (Hexane
EtOAc = 3:D= & AAste] 54 3= (234 mg, 78.8%)= AT
'"H NMR (300MHz, CDCls) & 10.05(s, 1H), 8.06(td, 1H, J=7.6Hz,
J=1.8Hz), 7.55-7.46(m, 1H), 7.45(d, 1H, /~=3.4Hz), 7.33-7.18(m, 2H)
C NMR (756MHz, CDCls) § 178.2, 166.1, 160.3(d, /=250.7Hz), 158.5,
132.5(d, J=8.7Hz), 129.0(d, J=2.5Hz), 124.9(d, .~=3.7Hz), 116.5(d,
J=21.5Hz), 115.8(d, /~11.6Hz), 109.5(d, /=9.7Hz)

IR (KBr) 1698 (C=0), 1467, 1281, 1230, 831, 817, 756 cm'

3-p-Tolyl-isoxazole-5-carbaldehyde (3, R2=5)
HO™ N\ = PCC, SiO, 07 \—=
o\N/: < > CH.Cl, O~y
FTE 3 (Re=3)2 Az} L WHo=z  (3-p-tolyl-isoxazol-5-

yl)-methanol (168 mg, 0.89 mmol), PCC (384 mg, 1.78 mmol),

230-400 mesh SiO; (384 mg)E methylene chloride 5 mLolA 743k
ot wHkEFA T Flash column chromatography (Hexane : EtOAc =
5:2)2 & AAst 54 k= (130 mg, 78.2%)= AT

'"H NMR (300MHz, CDCls) 6§ 9.93(s, 1H), 7.65(d, 2H, /=8.2Hz), 7.22(d,
2H, J=8.4Hz), 7.18(s, 1H), 2.34(s, 3H)
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15C NMR (75MHz, CDCls) 6 178.5, 166.1, 163.1, 141.1, 129.9, 126.8,
124.8, 106.6, 21.5
IR (KBr) 1704 (C=0), 1441, 1427, 1290, 924, 821, 753 cm*

2-Hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester (8)

HO HO Boc
NH (t-Boc),0 N
CH.Cl,

2-Piperidinemethanol (2.59 g, 22.5 mmol)& methylene chloride 25
mLol] =o°]al di-tert-butyl dicarbonate (5.00 mL, 21.8 mmol)S % 3]

7FeE 3 40% o wwbsiith whs @y AL TLC (Hexane

EtOAc = 1:D=E gQladth wg 44 F H0® AolFa f7lse 7
MgSOs2 A=A 2% stollA &vilE AAsL JF Adxshe] 57 3

A
T2 (4.50 g, 94.0%)& LAt}
'"H NMR (300MHz, CDCls) & 4.08-3.96(m, 1H), 3.72-3.61(m, 1H),
3.53(t, 1H, =9.8Hz), 3.35(q, 1H, J/=5.7Hz), 2.66-2.52(m, 1H), 2.35(s,
1H), 1.50-1.07(m, 14H)

"¥C NMR (75MHz, CDCly) & 156.2, 79.8, 61.4, 52.4, 39.9, 28.4, 25.2,
25.1, 19.5

IR (KBr) 3435, 2950m 1654 (C=0), 1424, 1369, 1277, 1168, 1141,
1046 cm '

2-(4-Phenyl-piperazin-1-ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester
(9, R1=A)

Ox ) /\
—\ NaBH(OAc)s, 4iE M.S. N N Boc
N NH + N/Boc ( o 4i _/ NI
\/ CHJCl,
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2-Formyl-piperidine-1-carboxylic acid tert-butyl ester (481 mg,
2.25 mmol)S methylene chloride 20 mLel| =9°]i 1-phenyl piperazine
(444 pL, 2.92 mmol)S 7}3gtt}. 4 A molecular sieveE Y11 58 &< 1
Hksl & NaBH(OAc)s (1.43 g, 6.74 moD<= 7}slal 5A13F &<t uwksko),
APy d22 TLC (Hexane : EtOAc = 1:1DZ A3t} wvks &

A & ¥3 NaHCO,89€ 7181 BiOAcE #2819t #7158 ¥4

17

[e)
‘_]_"6‘

2l
MgSO,2 AZXAZ &, 7% &F3to] flash column chromatography
(Hexane : EtOAc = 4: D& ¥ #HAls 57 33&E (531 mg, 65.7%)
S At

'H NMR (300MHz, MeOD) & 7.22(t, 2H, J=8.0Hz), 6.95(d, 2H,
J=8.0Hz), 6.82(t, 1H, J=7.3Hz), 4.40(br, 1H), 3.99-3.88(m, 1H), 3.14(t,
4H, J=4.9Hz), 2.90-2.75(m, 1H), 2.75-2.56(m, 5H), 2.45(dd, 1H,
JF12.5Hz,  E7.0Hz), 1.80-1.70(m, 1H), 1.67-1.50(m,  4H),
1.50-1.27(m, 10H)

¥C NMR (75MHz, MeOD) § 156.7, 152.8, 130.0, 121.0, 117.4, 80.8,
58.3, 54.7, 50.6, 28.8, 27.6, 26.6, 20.0

IR (KBr) 3468, 2936, 2819, 1686 (C=0), 1601, 1416, 1364, 1232,

1149, 759 cm™*

2-[4-(2-Fluoro-phenyl)-piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert-
butyl ester (9, R1=B)

F Os .
NaBH(OAc)s, 4/E M.S.
— . _Boc aBH(OAc)s, 4i
N NH N CH,Cl, S
_/

gFE 9 R=A)9 Azxe T wWHO=E  2-formyl-piperidine-1
—carboxylic acid tert-butyl ester (426 mg, 2.00 mmol), 1-(2-fluoro
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-phenyl)-piperazine (411 ulL, 2.60 mmol), 4A molecular sieve,
NaBH(OAc)s (1.27 g, 6.00 mol)Z methylene chloride 20 mLol 4] 5A] %t
F<F wHkET}. Flash column chromatography (Hexane : EtOAc = 5:2)
2 28 AAstd 54 dFE (716 mg, 94.9%)% dArh

'H NMR (400MHz, MeOD) & 7.10-6.90(m, 4H), 4.40(br, 1H),
4.00-3.89(m, 1H), 3.06(t, 4H, J=4.6Hz), 3.89-3.77(m, 1H),
3.77-2.59(m, 5H), 2.52-2.42(m, 1H), 1.82-1.73(m, 1H), 1.68-1.52(m,
4H), 1.49-1.30(m, 10H)

C NMR (100MHz, MeOD) & 157.1(d, J=243.3Hz), 156.7, 144.4(d,
J=34.0Hz), 125.7, 123.8(d, ~=7.8Hz), 120.2, 116.9(d, /~20.8Hz), 80.9,
58.4, 54.7, 51.8, 28.9, 27.6, 26.6, 20.1

IR (KBr) 3437, 1686, 1614, 1501, 1239, 1146, 752 cm™*

2-[4-(3-Chloro-phenyl)-piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert-
butyl ester (9, R1=D)

Cl

cl Ox 1) DIPEA
o /~ N\
M, Boe 2) NaBH(OAQ)3, 4[E M.S. NN Boc
N NH N CH,Cl, \—/b
HCI
Methylene chloride 30 mL.ol| 3—-chlorophenyl piperazine

hydrochloride (511 mg. 2.60 mmoD$} diisopropylethylamine(DIPEA)

(543 pL, 3.12 mmol)= 7} ¥, 2-formyl-piperidine-1-carboxylic acid

tert-butyl ester (426 mg, 2.00 mmol)& Y +=TF 4A Molecular sieves

Y93 5% &< wukek & NaBH(OAc)s (1.27 g, 6.00 mmol)& 7}kl 5A4]

b &t whksioh, wkg A A2 TLC (Hexane @ EtOAc = 1:'DE

gelstgirt. ¥hg 92 F 23 NaHCOz&N& 7hetal EtOAcZ FE3191
=

S BE MgSOE AFAZl 3 4ol X Z=3}o] flash column
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chromatography (Hexane : EtOAc = 5:2)2 & AA|ste] 57 33E
(680 mg, 86.3%)% AUTh.

'"H NMR (300MHz, MeOD) & 7.17(t, 1H, J=8.1Hz), 6.90(t, 1H,
J2.1Hz), 6.85(dd, 1H, J=8.4Hz, J=1.8Hz), 6.77(d, 1H, J=7.8Hz),
4.39(br, 1H), 4.00-3.89(m, 1H), 3.16(t, 4H, J=5.0Hz), 2.90-2.75(m,
1H), 2.73-2.55(m, 5H), 2.50-2.38(m, 1H), 1.80-1.71(m, 1H),
1.48-1.51(m, 4H), 1.51-1.32(m, 10H)

C NMR (100MHz, MeOD) & 156.7, 154.0, 135.9, 131.2, 120.1,
116.6, 115.1, 80.8, 58.3, 54.5, 49.8, 28.9, 27.6, 26.6, 20.0

IR (KBr) 2936, 2828, 1685 (C=0), 1595, 1416, 1247, 1236, 1166,
1151, 1127, cm*

2-[4-(4-Methoxy-phenyl)-piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert
-butyl ester (9, R1=E)

Ox 1) DIPEA /N
/\ 2) NaBH(OAC)3, 4 M.S. HsCO N N Boc
HscoON NH + N/Boc — N
f— CH,Cl,

2HCI

Methylene  chloride 35 mLol  1-(4-methoxyphenylpiperazine
dihydrochloride (766 mg. 2.90 mmol)®} diisopropylethylamine(DIPEA)
(1.00 mL, 6.10 mmol)& 7}3t &, 2-formyl-piperidine-1-carboxylic
acid tert-butyl ester (478 mg, 2.20 mmol)= ¥ +Th 4A Molecular
sieveE Yil 5% F<oF wwkdl & NaBH(OAc)s (1.40 g, 6.70 mmol)= 7}
skal 5A17F &<¢F ugkgi) w3 W kA TLC (Hexane : EtOAc =
DR gelapglvt, w8 42 $ X3t NaHCO:8 %<& 7Fstal EtOAc®E F

=kt w7lse ¥ MgSO.2 A=A F, #AY 5Fd8te] flash

9

column chromatography (Hexane : EtOAc = 1:1)E £g HA s =2
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32 (693 mg, 61.3%)2 AUt}

'"H NMR (300MHz, MeOD) & 6.93(d, 2H, J=7.1Hz), 6.83(d, 2H,
J9.1Hz), 4.39(br, 1H), 4.01-3.89(m, 1H), 3.73(s, 3H), 3.05(t, 4H,
J4.8Hz), 2.89-2.76(m, 1H), 2.76-2.56(m, 5H), 2.51-2.39(m, 1H),
1.82-1.72(m, 1H), 1.68-1.53(m, 4H), 1.50-1.29(m, 10H)

"C NMR (75MHz, MeOD) § 156.7, 155.7, 146.9, 119.6, 115.4, 80.9,
85.4, 56.0, 54.7, 52.1, 28.9, 28.8, 27.6, 26.6, 20.1

IR (KBr) 2935, 2819, 1678 (C=0), 1513, 1424, 1240, 1224, 1166,
1149 cm™!

2-{4-[Bis-(4-fluoro-phenyl)-methyl]-piperazin-1-ylmethyl}-piperidine-1-
carboxylic acid tert-butyl ester (9, R1=G)

NaBH(OAc)s, 4iE M.S.
CH.Cl, _2:)

3gdE 9 [R=A)°] Axe} T HWHo=z  2-formyl-piperidine-1

—carboxylic acid tert-butyl ester (439 mg, 2.10 mmol), 1-[bis—(4
—-fluoro-phenyl)-methyl]-piperazine (772 mg, 2.70 mmol), 4A
molecular sieve, NaBH(OAc)s (1.30g, 6.20mmol)E methylene chloride
25 mLolA 6A17F < wwksttl, Flash column chromatography
(Hexane @ EtOAc = 2:1)& &8 AAst 54 313E (848 mg, 84.8%)
= ¥3ATh

'"H NMR (300MHz. MeOH) 6§ 7.43(dd, 4H, /=8.7Hz, J=5.5Hz), 7.02(dd,
4H, J=8.8Hz, J=8.8Hz), 4.36(br, 1H), 4.28(s, 1H), 3.94(d, 1H,
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J=11.7Hz), 2.81(t, 1H, J/~12.8Hz), 2.70-2.56(m, 5H), 2.47-2.40(m, 5H),
1.72(d, 1H, /=6.3Hz), 1.65-1.52(m, 4H), 1.47-1.35(m, 10H)

C NMR (75MHz. MeOH) § 161.8(d, .J=243.8Hz), 155.0, 138.3(d,
J=2.8Hz), 129.3(d, J=7.8Hz), 115.5, 115.2, 79.1, 77.2, 57.1, 53.7,
51.8, 39.3, 28.5, 26.1, 25.4, 19.0

IR (KBr) 3436, 1642 (C=0), 1506, 1222, 1154, 735, 701, 571, 549

-1
cm

2-(4-Hydroxy-4-phenyl-piperidin-1-ylmethyl)-piperidine-1-carboxylic acid tert-
butyl ester (9, Ri=H)

Ox
NaBH(OAc)3, 4E M.S.
+ N,Boc N Boc
NH CH2C|2 HO N’
HO

3d¢E 9 (Ri=A) Az L ®HWHor 2-formyl-piperidine-1-

carboxylic acid tert-butyl ester (414 mg, 1.94 mmol), 4-phenyl-
piperidin-4-ol (447 mg, 2.52 mmol), 4A molecular sieve,
NaBH(OAc)s (1.23 g, 5.82 mol)Z methylene chloride 20 mLol 4] 5A] %t
F<oF wwkalt}. Flash column chromatography (CHCl; @ MeOH = 10:1)
= 22 AAste 54 FFE (643 mg, 71.4%)S AT

'H NMR (300MHz, MeOD) & 7.49(d, 2H, J=7.3Hz), 7.32(t, 2H,
J=7.6Hz), 7.21(t, 1H, ~7.3Hz), 4.44(br, 1H), 4.02-3.93(m, 1H),
2.96-2.78(m, 3H), 2.75-2.46(m, 4H), 2.20-2.01(m, 2H), 1.82-1.52(m,
7H), 1.52-1.32(m, 10H)

C NMR (75MHz, MeOD) § 156.7, 150.3, 129.2, 127.7, 125.9, 80.9,
71.8, 58.8, 51.1, 51.0, 39.1, 39.1, 28.9, 27.9, 26.7, 20.2
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IR (KBr) 3436, 2938, 1661 (C=0), 1422, 1155, 760, 700 cm™'

2-(4-Benzyl-piperazin-1-ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester
(9, Rs=I)

Ox
Boc NaBH(OAc)s, 4iE M.S. /\
/\ + N~ N N Boc

3E 9 (Ri=A)Y A xe}t e HWHo=w 2-formyl-piperidine-1-

carboxylic acid tert-butyl ester (441 mg, 2.07 mmol), 1-benzyl-
piperazine (466 mg, 2.68 mmol), 4A molecular sieve, NaBH(OAc)s
(1.30 g, 6.20 mol)E methylene chloride 20 mLollA 3A]ZF &<+ nyksgk
t}. Flash column chromatography (Hexane : EtOAc = 1:1)&E £7 AA
st 54 3%E (688 mg, 68.8%)= AUt

'H NMR (300MHz, MeOD) & 7.34-7.20(m, 5H), 4.33(br, 1),
3.97-3.86(m, 1H), 3.51(s, 2H), 2.86-2.71(m, 1H), 2.65-2.31(m, 9H),
1.75-1.66(m, 1H), 1.66-1.47(m, 4H), 1.47-1.25(m, 1H)

C NMR (75MHz, MeOD) § 156.7, 138.2 130.8, 129.3, 128.5, 80.8,
79.6, 64.0, 58.3, 54.3, 54.0, 28.9, 27.6, 26.6, 20.1

IR (KBr) 3436, 2935, 2809, 1686 (C=0), 1416, 1365, 1272, 1160,
1142 cm™
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2-(4-Benzyl-piperidin-1-ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester
(9, Ri=J)

Ox
NaBH(OAc)s, 4iE M.S.
+ N/Boc Boc
NH CH2C|2 _2:’\1)

33E 9 (Ri=A)9 Axe L WHo=m 2—-formyl-piperidine—1-

carboxylic acid tert-butyl ester (649 mg, 3.04 mmol), 4-benzyl-
piperidine (700 pL, 3.95 mmol), 4A molecular sieve, NaBH(OAc);
(1.93 g, 9.12 mol)E methylene chloride 30 mLollA 4A]7F &<F nyksgH
t}. Flash column chromatography (Hexane : EtOAc = 2:1 — 1:1)&E &
gl AAst 54 3dgE (740 mg, 65.3%) AT

'"H NMR (300MHz, MeOD) & 7.24(t, 2H, J=7.2Hz), 7.14(t, 3H,
J=8.5Hz), 4.35(br, 1H), 3.98-3.87(m, 1H), 3.03-2.87(m, 2H),
2.87-2.72(m, 1H), 2.58-2.46(m, 3H), 2.39(dd, 1H, /~12.8Hz, J=7.0Hz),
2.03-1.88(m, 2H), 1.76-1.67(m, 1H), 1.67-1.48(m, 7H), 1.48-1.19(m,
12H)

C NMR (75MHz, MeOD) § 156.6, 141.8, 130.1, 129.2, 126.8, 88.8,
79.5, 58.9, 55.4, 55.3, 44.1, 39.2, 33.1, 33.0, 28.8, 27.8, 26.6, 20.1
IR (KBr) 3437, 2930, 1688 (C=0), 1416, 1162, 1148, 700 cm '

2-[4-(4-Chloro-phenyl)-4-hydroxy-piperidin-1-ylmethyl]-piperidine-1-carboxylic

acid tert-butyl ester (9, R1=K)

Cl

Cl
Ox
NaBH(OAc)s, 4iE M.S.
+ N,Boc
CHJCl, N Boc
NH HO N
HO
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HE 9 Ri=A) Alx T2 WHO=z  2-formyl-piperidine-1-
carboxylic acid tert-butyl ester (468 mg, 2.20 mmol), 4-(4-chloro-
phenyl)-piperidin-4-ol (605 mg, 2.90 mmol), 4A molecular sieve,
NaBH(OAc)s (1.40 g, 6.60 mol)E methylene chloride 25 mLol| A 5A1 %k
%ot wwkalt}. Flash column chromatography (CHCl; @ MeOH = 10:1)
2 £ AAst 53 3= (643 mg, 71.4%)S EATh

'"H NMR (300MHz, MeOD) § 7.47(d, 2H, J=8.7Hz), 7.33(d, 2H,
J=8.7Hz), 4.42(br, 1H), 4.12-3.90(m, 1H), 2.95-2.76(m, 3H),
2.73-2.45(m, 4H), 2.15-2.00(m, 2H), 1.82-1.74(m, 1H), 1.74-1.54(m,
6H), 1.51-1.28(m, 10H)

C NMR (75MHz, MeOD) § 156.7, 147.4, 133.4, 129.2, 127.6, 80.9,
71.6, 58.8, 51.0, 50.9, 39.1, 39.0, 28.9, 27.9, 26.6, 20.1

IR (KBr) 3437, 2938, 1667 (C=0), 1422, 1365, 1155 cm '

2-[4-(4-Chloro-phenyl)-piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert-
butyl ester (9, R1=L)

Ox 1) DIPEA . /~ \
/ N\ 2) NaBH(OAc)3, 4E M.S. ClI N N Boc
CI@N NH + N,Boc __/ N
N/ CH,Cl,

2HCI

Methylene chloride 40mLoll 4-chlorophenylpiperazine dihydrochloride
(793 mg. 2.94 mmoD$%} diisopropylethylamine(DIPEA) (1.10 mlL, 6.17
mmol)S 7}3 ¥, 2-formyl-piperidine—-1-carboxylic acid tert—butyl
ester (482 mg, 2.26 mmolD)< Y=tk 4A Molecular sieve® Yl 53
<t wwke F NaBH(OAc)s (1.44 g, 6.78 mmol)< 7}stal 5A1ZF &<t

D= =lsksd

wkslt}h, Hk8- 28y 422 TLC (Hexane : EtOAc

Jl
o HbS 92 T ¥ 3 NaHCO3; 89S 718t EtOAcE F=319th 7715
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N

S FF MgSO2 AFXA ¥, #Y FF3te] flash  column
chromatography (EtOAc : CHCl; = 1:2)2 #7 AAs 5ZF I3E
(780 mg, 87.6%)% AUt}

'"H NMR (300MHz, MeOD) 6§ 7.18(d, 2H, J=9.0Hz), 6.90(d, 2H,
J=9.0Hz), 4.40(br, 1H), 4.00-3.88(m, 1H), 3.14(t, 4H, J/=4.9Hz),
3.90-3.75(m, 1H), 3.75-2.55(m, 5H), 2.55-2.39(m, 1H), 1.80-1.71(m,
1H), 1.68-1.51(m, 4H), 1.51-1.30(m, 10H)

¥C NMR (75MHz, MeOD) § 156.7, 151.5, 129.9, 125.5, 118.5, 80.9,
58.3, 54.6, 50.2, 28.9, 27.6, 26.6, 20.1

IR (KBr) 2938, 1691 (C=0), 1498, 1365, 1251, 1234, 1163, 1149

-1
cm

1-Phenyl-4-piperidin-2-ylmethyl-piperazine (2, R1=A)
/N

N N B N N
oc
/ TFA
N __TFA N H
CH,Cl,

2-(4-Phenyl-piperazin-1-ylmethyl)-piperidine-1-carboxylic acid tert

-butyl ester (447 mg, 1.24 mmol)& methylene chloride 5 mLo] =<9l
t}. Trifluoroacetic acid (958 uplL, 12.4 mmol)& 7}3 ¥, 3AIF FoF
HkEtch wkg W8 n A4 TLC (Hexane : EtOAc = L:DE 15kl
Ak &4 F 3k NaHCO;8 & 7hetal EtOAcE FE8lt. #715S
T MgSO42 A=A F, e st ZulE AAsta g x5}
=2 313E (320 mg, 100%)& LAt

'H NMR (300MHz, MeOD) & 7.23(t, 2H, .J=8.0Hz), 6.96(d, 2H,
J=7.8Hz), 6.83(t, 1H, J~=7.3Hz), 3.38-3.35(m, 1H), 3.25-3.21(m, 1H),
3.20(t, 4H, J=5.0Hz), 2.98-2.87(m, 1H), 2.82-2.72(m, 2H),
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2.63-2.49(m, 3H), 2.46(dd, 1H, J~13.5Hz, J=4.0Hz), 1.88(d, 3H,
J10.4Hz), 1.73-1.28(m, 3H)

C NMR (75MHz, MeOD) § 152.7, 130.0, 121.0, 117.5, 61.9, 54.9,
54.6, 50.4, 45.9, 28.5, 24.1, 23.1

IR (KBr) 1687, 1598, 1505, 1235, 1200, 1172, 1128, 756 cm™
ESI-MS 260.39 (M+ 1)

1-(2-Fluoro-phenyl)-4-piperidin-2-ylmethyl-piperazine (2, R1=B)

F
TFA

F
N N Boc N N
— N CH.Cl, ~— _U

33E 2 (Ri=A)9 Axe e HWYHo=w 2-[4-(2-fluoro-phenyl)-

piperazin—1-ylmethyl]-piperidine-1-carboxylic acid tert-butyl ester
(682 mg, 1.80 mmol), trifluoroacetic acid (1.40 mL, 18.0 mmoD&
methylene chloride 10 mLolA 3A|3F &<t uytslo] =2 35 (495
mg, 100%)& AT}

'"H NMR (400MHz, MeOD) § 7.11-6.92(m, 4H), 3.40-3.33(m, 1),
3.33-3.23(m, 1H), 3.11(t, 4H, J~4.9Hz), 2.97(td, 1H, J/=12.8Hz,
J=2.8Hz), 2.84-2.75(m, 2H), 2.63-2.53(m, 3H), 2.50(dd, 1H, /=13.6Hz,
J~=4.0Hz), 1.89(d, 3H, /~10.2Hz), 1.73-1.50(m, 2H), 1.46-1.34(m, 1H)
¥C NMR (75MHz, MeOD) § 157.1(d, J=243.0Hz), 141.3(d, J=8.6Hz),
125.7(d, J=3.5Hz), 123.8(d, /=8.0Hz), 120.2(d, .~2.9Hz), 116.9(d,
J=20.8Hz), 61.7, 54.9, 54.6, 51.5(d, /=3.3Hz), 45.8, 28.3, 24.0, 23.0
IR (KBr) 2836, 1686, 1505, 1235, 1200, 1174, 1129, 760 cm '
ESI-MS 278.38 (M+ 1)
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1-(3-Chloro-phenyl)-4-piperidin-2-ylmethyl-piperazine (2, R1=D)

Cl

N N Boc —, G
—/ N CH,Cl, _2:)

3ITE 2 (R=A)9 Az T2 HWHo=z 2-[4-(3-chloro-phenyl)-
piperazin—1-ylmethyl]-piperidine-1-carboxylic acid tert-butyl ester
(645 mg, 1.60 mmol), trifluoroacetic acid (1.30 mL, 16.0 mmol)E
methylene chloride 10 mLolA 3A]17F &<F wHbste] =2 313tE (470
mg, 100%)& AT}

'H NMR (400MHz, MeOD) § 7.18(t, 1H, J=8.1Hz), 6.92(t, 1H,
J=2.2Hz), 6.86(dd, 1H, J/=8.4Hz, J=1.8Hz), 6.78(ddd, 1H, .J/=7.9Hz,
J=1.8Hz, J/=0.7Hz), 2.38-3.32(m, 1H), 3.28-3.23(m, 1H), 3.22(t, 4H
J=5.0Hz), 2.96(td, 1H, J/=14.8Hz, ./=2.8Hz), 2.81-2.72(m, 2H),
2.63-2.43(m, 4H), 1.90(d, 3H, .~10.3Hz), 1.73-1.52(m, 2H),
1.46-1.33(m, 1H)

C NMR (75MHz, MeOD) § 153.9, 135.9, 131.2, 120.1, 116.6, 115.2,
61.7, 54.9, 54.4, 45.8, 28.3, 24.0, 23.0

IR (KBr) 2840, 1686, 1593, 1493, 1456, 1238, 1199, 1168, 1129, 952
cm’!

ESI-MS 294.35 (M+ 1)
1-(4-Methoxy-phenyl)-4-piperidin-2-ylmethyl-piperazine (2, R1=E)

CH.Cl,

N T NH

3etE 2 (Ri=A)9] Azt e wWHo=w 2-[4-(4-methoxy-phenyl)-
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piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert-butyl ester
(641 mg, 1.65 mmol), trifluoroacetic acid (1.90 ml, 24.7 mmol)E
methylene chloride 10 mLolA 2A17F &<t wwkstel B2 3HE (476
mg, 100%)< LAt

'H NMR (300MHz, MeOD) & 6.95(d, 2H, J=9.1Hz), 6.84(d, 2H,
J=9.1Hz), 3.73(s, 3H), 3.38-3.18(m, 2H), 3.10(t, 4H, ~4.9Hz), 2.93(t,
1H, J=12.5Hz), 2.84-2.73(m, 2H), 2.62-2.42(m, 4H), 1.88(d, 3H,
J11.5Hz), 1.74-1.28(m, 3H)

C NMR (75MHz, MeOD) § 155.7, 146.8, 119.6, 115.4, 62.0, 55.9,
54.9, 54.6, 51.9, 45.9, 28.5, 24.2, 23.2

IR (KBr) 2828, 1667, 1517, 1254, 1205, 1181, 1144, 1121 cm™
ESI-MS 290.34 (M+ 1)

1-[Bis-(4-fluoro-phenyl)-methyl]-4-piperidin-2-ylmethyl-piperazine (2, R1=G)

R R
/\ TFA /\
Boc — N N
'\_}"_2:,\1) CH,C, \_/ _U
F F

3eE 2 (Ri=A)Y Axe e Wy oz 2-{4-[bis—(4-fluoro—phenyl)
-methyl]-piperazin—-1-ylmethyl}-piperidine—-1-carboxylic acid tert-
butyl ester (100 mg, 0.21 mmol), trifluoroacetic acid (158 ulL, 2.06
mmol)E methylene chloride 1 mLAlA] 2A13F &<¢F nwtsto] 54 33t&
(79.0 mg, 100%)S dAr}.

'"H NMR (300MHz, MeOD) & 7.42(dd, 4H, J=8.6Hz, J=5.5Hz), 7.01(t,
4H, J=8.8Hz), 4.29(s, 1H), 3.37-3.16(m, 3H), 2.92(td, 1H, /~12.6Hz,
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J2.8Hz), 2.66(br, 2H), 2.57-2.33(m, 7H), 1.87(d, 3H, J=9.9H2z),
1.72-1.27(m, 3H)

C NMR (75MHz, MeOD) § 163.3(d, /~=242.7Hz), 139.8(d, J~2.9Hz),
130.7(d, J/~7.9Hz), 116.4, 116.1, 75.7, 61.6, 54.9, 52.7, 45.7, 28.2,
23.9, 22.9

IR (KBr) 2817, 1690, 1506, 1221, 1201, 1176, 1155, 1130, 830 c¢m™
ESI-MS 386.11 (M+ 1)

4-Phenyl-1-piperidin-2-ylmethyl-piperidin-4-ol (2, Ri=H)

TFA

_—

N Boc N

3d¢E 2 (Ri=A)Y Axe L WHORE 2-(4-hydroxy-4-phenyl-
piperidin—-1-ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester
(559 mg, 1.49 mmol), trifluoroacetic acid (1.15 mL, 14.9 mmoDE
methylene chloride 6 mLolA 3A1%F &< uwtste]l &34 33E (407
mg, 100%)& LAt

'"H NMR (300MHz, MeOD) & 7.51(d, 2H, J=7.2Hz), 7.33(t, 2H,
J=7.6Hz), 7.21(t, 1H, J~=7.3Hz), 3.42-3.22(m, 2H), 3.03-2.92(m, 1H),
2.90-2.80(m, 1H), 2.80-2.72(m, 1H), 2.70-2.60(m, 1H), 2.58-2.45(m,
3H), 2.25-2.10(m, 2H), 1.90(d, 3H, J/=9.9Hz), 1.78-1.50(m, 4H),
1.47-1.27(m, 1H)

C NMR (75MHz, MeOD) § 150.2, 129.1, 127.7, 125.7, 71.7, 61.9,
55.3, 52.2, 50.0, 45.8, 39.3, 38.9, 28.3, 24.0, 23.0

IR (KBr) 3413, 2950, 2823, 1677, 1204, 1175, 1136 cm'
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ESI-MS 275.30 (M+ 1)

1-Benzyl-4-piperidin-2-ylmethyl-piperazine (2, Rq=l)

B°° CH2CI2 _2:)

SIAE 2 (Ri=A)e] Az e WHo=z  2-(4-benzyl-piperazin—1-
ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester (641 mg, 1.72
mmol), trifluoroacetic acid (1.30 mL, 17.2 mmol)E methylene chloride
10 mLollA uwtsle] =24 313&E (470 mg, 100%)< LAt

'H NMR (300MHz, MeOD) & 7.36-7.22(m, 5H), 3.57(s, 2I),
3.38-3.17(m, 2H), 3.00-2.86(m, 1H), 2.66(br, 2H), 2.61-2.34(m, 8H),
1.93-1.80(m, 3H), 1.73-1.27(m, 3H)

C NMR (75MHz, MeOD) & 137.9, 130.8, 129.3, 128.5, 63.7, 61.5,
54.9, 54.0, 53.6, 45.7, 28.2, 23.9, 22.9

IR (KBr) 2807, 1702, 1454, 1202, 1179, 1166, 1125 cm™’

ESI-MS 274.36 (M+ 1)

4-Benzyl-1-(piperidin-2-ylmethyl)piperidine (2, R1=J)
N Boc —————— N
_ziN) o _Z:)W

33E 2 (Ri=A)Y A% #e wWHo=z 2-(4-benzyl-piperidin—-1-
ylmethyl)-piperidine-1-carboxylic acid tert-butyl ester (700 mg, 1.88

mmol), tifluoroacetic acid (1.45 mL, 18.8 mmol)E methylene chloride
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10 mLoll A 5A17F H¢F wwkele] 274 33E (510 mg, 100%)S ATt
'"H NMR (300MHz, MeOD) & 7.24(t, 2H, J=7.2Hz), 7.18-7.10(m, 3H),
3.37-3.33(m, 1H), 3.26-3.14(m, 1H), 3.02-2.87(m, 2H), 2.82-2.72(m,
1H), 2.54(d, 2H, J=6.5Hz), 2.50-2.33(m, 2H), 2.22-2.10(m, 1H),
1.96-1.79(m, 4H), 1.72-1.47(m, 5H), 1.43-1.25(m, 3H)

C NMR (75MHz, MeOD) § 163.2, 162.7, 141.7, 130.1, 129.2, 126.9,
120.2, 116.3, 62.0, 56.6, 55.2, 54.3, 45.8, 44.0, 39.0, 33.2, 32.7,
28.3, 24.0, 23.0

IR (KBr) 2942, 1673, 1199, 1168, 1135 cm™’

ESI-MS 273.36 (M+ 1)

4-(4-Chloro-phenyl)-1-piperidin-2-ylmethyl-piperidin-4-ol (2, R1=K)

Cl Cl

TFA

—_— >

N Boc CH.Cl, N

33¢E 2 (Ri=A)] Azt 2 WHOE 2-[4-(4-chloro-phenyl)-4-
hydroxy-piperidin—-1-ylmethyl]-piperidine—1-carboxylic acid  tert-—
butyl ester (100 mg, 0.25 mmol), trifluoroacetic acid (189 ulL, 2.45
mmol)E methylene chloride 2 mLolA 2A17F &<t uwtste] 574 33+&
(75.1 mg, 100%)= LAt

'H NMR (300MHz, MeOD) & 7.39(d, 2H, J=8.7Hz), 7.22(d, 2H,
J=8.7Hz), 3.25(br, 1H), 3.15-3.02(m, 1H), 2.88-2.70(m, 2H),
2.70-2.49(m, 2H), 2.49-2.30(m, 3H), 2.04(td, 2H, /~12.8Hz, J=4.5H2z),
1.77(d, 3H, J=12.4Hz), 1.60(d, 2H, J/=13.9Hz), 1.54-1.34(m, 2H),
1.33-1.17(m, 1H)
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C NMR (75MHz, MeOD) 6 149.3, 133.4, 129.1, 127.6, 120.2, 71.5,
62.4, 55.2, 52.2, 46.0, 39.2, 38.8, 28.8, 24.4, 23.4

IR (KBr) 2949, 2823, 1678, 1201, 1176, 1131 cm™*

ESI-MS 309.07 (M+ 1)

1-(4-Chloro-phenyl)-4-piperidin-2-ylmethyl-piperazine (2, R/=L)

E 2 Ri=A)9 Axet e HHo=zg 2-[4-(4-chloro-phenyl)-

CHZCIZ

piperazin-1-ylmethyl]-piperidine-1-carboxylic acid tert-butyl ester
(705 mg, 1.79 mmol), trifluoroacetic acid (1.40 mL, 17.9 mmolE
methylene chloride 10 mLolA 2A]17F &<t wwkstel B3 3HE (526
mg, 100%)& ATt

'"H NMR (300MHz, MeOD) & 7.19(d, 2H, J=8.8Hz), 6.91(d, 2H,
J=8.9Hz), 3.41-3.11(m, 6H), 2.96(t, 1H, /~11.7Hz), 2.73-2.69(m, 2H),
2.64-2.41(m, 4H), 1.89(d, 3H, ~10.5Hz), 1.75-1.26(m, 3H)

¥C NMR (75MHz, MeOD) & 151.5, 129.9, 125.5, 118.5, 61.7, 55.0,
54.5, 50.0, 45.8, 28.3, 24.0, 23.0

IR (KBr) 2953, 2830, 1666, 1499, 1242, 1206, 1182, 1124 cm*
ESI-MS 294.29 (M+ 1)
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1-{1-[3-(3-Chloro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-ylmethyl}-4-phenyl-
piperazine (SOSJ-10101)

NaBH(OAGc);

41EMS
\_/
NH +

1-Phenyl-4-piperidin-2-ylmethyl-piperazine (73.9 mg, 0.29 mmol)¥}
3-(3-chloro-phenyl)-isoxazole-5-carbaldehyde (65.0 mg, 0.31 mmol)
< methylene chloride 3 mLo] =9°]1, 4A molecular sieveE ¥
102 &9 wykett} NaBH(OAc)s (181 mg, 0.86 mmol)S 78t 1413
30% &<t wytstr), whS APy E2 TLC (Hexane : EtOAc = 1:'DE
gelstgirt. v 92 F 23 NaHCOs& Mg 7hetal EtOAcZ FE3191
o F715s 7 MgSOE AxAZD F, #Y 553t flash column
chromatography (Hexane : EtOAc = 1:3)2 £d AAd 24 3=
(68.7 mg, 53.5%)= AT}

'H NMR (300MHz, CDCl) 6§ 7.72(s, 1H), 7.61(dt, 1H, J=6.7Hz,
J~1.8Hz), 7.35-7.25(m, 2H), 7.17(t, 2H, ./=8.0Hz), 6.83(d, 2H,

J=8.0Hz), 6.76(t, 1H, ,~7.3Hz), 6.42(s, 1H), 4.25(d, 1H, J=15.7Hz),

-

3.86(d, 1H, .=15.7Hz), 3.10(t, 4H, J/=4.9Hz), 2.86-2.75(m, 1H),
2.71(dd, 1H, /~12.9Hz, /=6.0Hz), 2.65-2.55(m, 2H), 2.53-2.43(m, 3H),
2.27-2.15(m, 2H), 1.74-1.56(m, 2H), 1.56-1.36(m, 2H), 1.34-1.12(m,
2H)

C NMR (75MHz, CDCls) § 172.3, 161.1, 151.3, 134.9, 131.1, 130.2,
129.9, 129.1, 126.9, 124.9, 119.7, 116.0, 100.9, 63.4, 57.2, 54.0,
53.5, 49.6, 49.2, 31.4, 25.5, 25.7

IR (KBr) 2939, 2819, 2787, 1601, 1505, 1456, 1438, 1234, 784, 757,
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686 cm !
ESI-MS 451.38 (M+1)

1-[1-(3-Benzo[1,3]dioxol-5-yl-isoxazol-5-yImethyl)-piperidin-2-ylmethyl]-4-
phenyl-piperazine (SOSJ-10102)

(G2

o
NaBH(OAG),
o Oy aEMS
NH + /—\
w CHxCl, N N a
aiehd

SO0SJ-101019] Azt S WWHO=E 1-phenyl-4-piperidin—2-ylmethyl
-piperazine (37.1 mg, 0.14 mmol), 3-benzol1,3]dioxol-5-yl-isoxazole
-5-carbaldehyde (28.2 mg, 0.13 mmol), 4A molecular sieve,
NaBH(OAc)s (181 mg, 0.86 mmol)E methylene chloride 2 mLolA] 2A]
7+ ZoF wwkslth, Flash column chromatography (Hexane @ EtOAc =
1:5)E 28 Aol 54 538 (34.0 mg, 56.8%)& EATH

'"H NMR (300MHz, CDCly) 6§ 7.25(d, 1H, ~1.5Hz), 7.22-7.13(m, 3H),
6.89-6.73(m, 4H), 6.36(s, 1H), 5.94(s, 2H), 4.21(d, 1H, J/=15.6Hz),
3.89(d, 1H, .,=15.6Hz), 3.10(t, 4H, /=4.8Hz), 2.89-2.78(m, 1H),
2.73(dd, 1H, /~12.8Hz, /~=5.8Hz), 2.66-2.55(m, 2H), 2.55-2.44(m, 3H),
2.30-2.18(m, 2H), 1.77-1.58(m, 2H), 1.58-1.38(m, 2H), 1.36-1.13(m,
2H)

¥C NMR (75MHz, CDCls) § 171.4, 161.8, 151.3, 149.0, 148.2, 129.1,
123.3, 121.1, 119.6, 116.0, 108.6, 107.0, 101.4, 101.0, 63.2, 57.2,
54.0, 53.4, 49.5, 49.1, 31.3, 25.5, 23.7

IR (KBr) 2938, 2808, 2793, 1602, 1505, 1465, 1248, 1236, 1039,
936, 757 cm’!
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ESI-MS 461.45 (M+ 1)

1-{1-[3-(2-Methoxy-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-ylmethyl}-4-phenyl-
piperazine (SOSJ-10103)

H3CO
NaBH(OAc);

H3CO, 4EMS
e ) Tee OOny G
CH,CI -N
> - ?:N) °

SOSJ-101019] Azt e €W o F 1-phenyl-4-piperidin—-2-ylmethyl
-piperazine (45.0 mg, 0.17 mmol), 3-(2-methoxy-phenyl)-isoxazole
-5-carbaldehyde (32.0 mg, 0.16 mmol), 4A molecular sieve,
NaBH(OAc)s (100 mg, 0.47 mmol)E methylene chloride 2 mLol|4] 6A4]
7+ &<t wwkskt}. Flash column chromatography (EtOAc)®E #32] A A s
o 54 3%E (45.6 mg, 64.6%)= AT}

'"H NMR (400MHz, MeOD) & 7.77(dd, 1H, J&~7.7Hz, J/~<1.7Hz), 7.42(t,
1H, /~=7.0Hz), 7.19(dd, 2H, J/=8.7Hz, J=7.3Hz), 7.08(d, 1H, J/=8.3Hz),
7.01(td, 1H, .~7.5Hz, J/~=0.9Hz), 6.91(d, 2H, J~=7.9Hz), 6.83-6.77(m,
2H), 4.20(d, 1H, /~15.4Hz), 4.00(d, 1H, /~15.3Hz), 3.82(s, 3H), 3.11(t,
4H, J=5.0Hz), 3.93-3.85(m, 1H), 2.79(dd, 1H, J/=13.0Hz, J/=5.8H2z),
2.65-2.57(m, 2H), 2.57-2.44(m, 3H), 2.33(td, 1H, /=11.3Hz, J/=3.0Hz),
2.25(dd, 1H, /~13.0Hz, /~=5.1Hz), 1.84-1.73(m, 1H), 1.73-1.63(m, 1H),
1.63-1.54(m, 1H), 1.54-1.45(m, 1H), 1.36-1.23(m, 2H)

C NMR (100MHz, MeOD) & 170.7, 161.3, 158.7, 152.7, 132.6,
130.2, 130.0, 121.9, 120.9, 118.9, 117.3, 112.9, 106.5, 63.8, 58.3,
56.1, 55.0, 54.4, 50.5, 50.0, 32.0, 26.2, 24.6

IR (KBr) 2923, 2818, 1599, 1505, 1495, 1471, 1456, 1252, 1152,
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1117, 1025, 1010, 756, 739 cm '
ESI-MS 447.43 (M+ 1)

1-{1-[3-(2-Fluoro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-ylmethyl}-4-phenyl-
piperazine (SOSJ-10104)

NaBH(OAC); /_(\Fp
u}j T ) e Cb o

S0SJ-101019] Azt &2 WP o2 1-phenyl-4-piperidin-2-ylmethyl
—-piperazine (37.0 mg, 0.14 mmol), 3-(2-fluoro-phenyl)—-isoxazole—-5
-carbaldehyde (30.0 mg, 0.16 mmol), 4A molecular sieve,
NaBH(OAc)s (90.9 mg, 0.43 mmol)E methylene chloride 2 mLelA 1
AlZF <ot nHk3lth Flash column chromatography (Hexane : EtOAc =
5:6)2 e BAst H3 3F¥E (11.3 mg, 18.2%)= @A
'"H NMR (500MHz, MeOD) & 7.92(tt, 1H, .J=7.6Hz, J=2.2Hz),
7.54-7.49(m, 1H), 7.32-7.20(m, 4H), 7.12-6.99(m, 1H), 6.96(d, 2H,
J=7.8Hz), 6.85-6.79(m, 1H), 4.34(dd, 1H, .~15.3Hz, J~=5.0Hz), 4.07(d,
1H, /~15.4Hz), 3.17(t, 3H, /~4.9Hz), 3.11-3.05(m, 1H), 2.98-2.85(m,
2H), 2.77-2.59(m, 5H), 2.44-2.31(m, 2H), 1.88-1.80(m, 1H),
1.77-1.68(m, 1H), 1.68-1.60(m, 1H), 1.60-1.48(m, 1H), 1.42-1.26(m,
2H)
C NMR (100MHz, MeOD) & 172.2, 161.0(d, J=376.6Hz), 152.8,
133.2(d, /=8.5Hz), 130.1(d, /~=19.8Hz), 125.9, 121.2, 118.1, 117.6,
117.5(d, ~14.7Hz), 105.3(d, /~=7.9Hz), 58.3, 55.0, 54.1, 51.6, 50.5,
49.9, 25.9, 24.4
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IR (KBr) 3445, 2935, 1645, 1621, 1600, 1501, 1470, 1235, 761 cm™'
ESI-MS 435.34 (M+ 1)

1-Phenyl-4-[1-(3-p-tolyl-isoxazol-5-ylmethyl)-piperidin-2-ylmethyl]-piperazine
(SOSJ-10105)

Oy g S, P
_2:) TcHCl, \_/_2:) o-N

S0SJ-101019] Alx=e e wWHo=z 1-phenyl-4-piperidin-2
—-ylmethyl-piperazine (45.0 mg, 0.17 mmol), 3-p-tolyl-isoxazole-5
-carbaldehyde (30.0 mg, 0.16 mmol), 4A molecular sieve,
NaBH(OAc)s; (100 mg, 0.47 mmol)E methylene chloride 2 mLolA 64
7+ F<oF wwkslt}, Flash column chromatography (Hexane : EtOAc =
1:5)E 28 BAste] 54 538 (46.2 mg, 67.9%)& EATH
'"H NMR (400MHz, MeOD) § 7.71(d, 2H, J=8.1Hz), 7.29(d, 2H,
J=7.9Hz), 7.22(t, 2H, J=8.0Hz), 6.95(d, 2H, .,=8.0Hz), 6.82(t, 1H,
J=7.3Hz), 6.76(s, 1H), 4.31(d, 1H, ~15.5Hz), 3.99(d, 1H, J/=15.5Hz2),
3.15(t, 4H, J=4.9Hz), 2.96-2.89(m, 1H), 2.84(dd, 1H, .~12.9Hz,
J=5.7THz), 2.72-2.63(m, 2H), 2.63-2.54(m, 3H), 2.43-2.34(m, 4H),
2.32(dd, 1H, #~12.9Hz, /~=5.2Hz), 1.89-1.78(m, 1H), 1.78-1.67(m, 1H),
1.67-1.48(m, 2H), 1.42-1.25(m, 2H)
C NMR (100MHz, CDCls) § 171.5, 162.1, 151.3, 140.0, 129.6, 129.1,
126.7, 126.4, 119.6, 116.0, 101.0, 63.2, 57.1, 54.0, 53.5, 49.6, 49.2,
31.4, 25.6, 23.7, 21.4
IR (KBr) 2936, 2795, 1603, 1505, 1449, 1429, 1385, 1335, 1233,
1136, 1126, 821, 757, 688, 516 cm '
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ESI-MS 431.47 (M+ 1)

1-{1-[3-(3-Chloro-phenyl)-isoxazol-5-yImethyl]-piperidin-2-yimethyl}-4-(2-fluoro-
phenyl)-piperazine (SOSJ-10201)

NaBH(OAC);
4|E M.S.
N o
S0SJ-10101°¢] AlxeF T2 wWHHYPo= 1-(2-fluoro-phenyl)-4

-piperidin-2-ylmethyl-piperazine (79.0 mg, 0.29 mmol), 3-(3-chloro
—-phenyl)-isoxazole-5-carbaldehyde (65.0 mg, 0.31 mmol), 4A
molecular sieve, NaBH(OAc); (181 mg, 0.86 mmol)E methylene
chloride 3 mLellA 1A1ZF 30% &< uwksttl. Flash  column
chromatography (Hexane : EtOAc = 1:2)2 #g AHAslY 54 IFgE&
(73.4 mg, 54.9%)% Al

'"H NMR (300MHz, CDCly) & 7.74(s, 1H), 7.62(dt, 1H, J=6.7Hz,
J~=1.8Hz), 7.38-7.27(m, 2H), 7.02-6.92(m, 2H), 6.92-6.80(m, 2H),
6.59(s, 1H), 4.34(d, 1H, .~15.4Hz), 4.22-4.02(m, 1H), 3.07(s, 4H),
2.92(d, 2H, F~11.7Hz), 2.69(d, 5H, J=17.7Hz), 2.35(d, 2H, J/~=10.1H2z),
1.83-1.70(m, 1H), 1.70-1.50(m, 2H), 1.45-1.24(m, 2H), 1.21-1.11(m,
1H)

C NMR (100MHz, CDCls) 6§ 161.3, 155.7(d, J=244.1Hz), 139.8,
135.0, 130.7, 130.2(d, /~18.9Hz), 126.9, 124.9, 124.5, 122.7, 119.0,
116.1(d, /~=20.4Hz), 102.1, 99.1, 62.2, 59.4, 53.8, 52.7, 50.2, 49.1,
30.2, 29.6, 24.4, 23.1

IR (KBr) 2934, 2822, 1501, 1456, 1238, 789, 776, 736, 754 cm '
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ESI-MS 469.40 (M+ 1)

1-(2-Fluoro-phenyl)-4-{1-[3-(2-methoxy-phenyl)-isoxazol-5-ylmethyl]-piperidin-2
-ylmethyl}-piperazine (SOSJ-10203)
NaBH(OAc) /_;C\op
3
_4EMS.

_2:) >—O<\ > CH,Cl, N/ _2:) o-N

SOSJ-10101¢] Az £ WHoe=z 1-(2-fluoro-phenyl)-4-piperidin
-2-ylmethyl-piperazine (50.0 mg, 0.16 mmol), 3-(2-methoxy—-phenyl)
-isoxazole—-5-carbaldehyde (33.3 mg, 0.16 mmol), 4A molecular
sieve, NaBH(OAc)s (104 mg, 0.49 mmol)E methylene chloride 2 mLel
Al 4AZF &9k wHbskt}. Flash column chromatography (Hexane
EtOAc = 1:3)2 ¢ AAste] 54 33E (49.8 mg, 65.4%)= LA
'"H NMR (300MHz, MeOD) & 7.77(dd, 1H, J&7.7Hz, J=1.7Hz), 7.43(t,
1H, J=7.0Hz), 7.01(d, 1H, /=8.4Hz), 7.07-6.87(m, 5H), 6.83(s, 1H),
4.24(d, 1H, /~=15.3Hz), 4.51(d, 1H, J/=15.3Hz), 3.85(s, 3H), 3.04(t, 4H,
J4.5Hz), 2.95-2.78(m, 2H), 2.72-2.53(m, 5H), 2.43-2.25(m, 2H),
1.86-1.75(m, 1H), 1.75-1.43(m, 3H), 1.39-1.24(m, 2H)
C NMR (75MHz, MeOD) § 166.0(d, J=688.7Hz), 158.7, 155.4,
141.3(d, ~8.4Hz), 132.7, 130.2, 125.7(d, /=3.5Hz), 123.7(d, /~=8.0Hz),
121.9, 120.2(d, .~5.0Hz), 118.8, 117.0, 116.8, 112.9, 106.5, 63.4,
58.2, 56.1, 55.0, 54.2, 51.6(d, /=3.2Hz), 49.9, 31.5, 25.9, 244

IR (KBr) 2935, 2821, 1604, 1502, 1471, 1455, 1442, 1238, 755 cm™!
ESI-MS 465.46 (M+ 1)
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1-(2-Fluoro-phenyl)-4-[1-(3-p-tolyl-isoxazol-5-ylmethyl)-piperidin-2-ylmethyl]-
piperazine (SOSJ-10205)

NaBH(OAc)3

F
N >_< ———— 71

SOSJ-101019] Az L WHo =z 1-(2-fluoro-phenyl)-4-piperidin
-2-ylmethyl-piperazine (50.0 mg, 0.18 mmol), 3-p-tolyl-isoxazole
-5-carbaldehyde (30.7 mg, 0.16 mmol), 4A molecular sieve,
NaBH(OAc)s (98.6 mg, 0.47 mmol)E methylene chloride 2 mLolA 4
AlZF <ot nHk3TH Flash column chromatography (Hexane : EtOAc =
2:3)E F2 BAs 524 3= (27.0 mg, 36.7%)= FAT}

'"H NMR (400MHz, MeOD) § 7.71(d, 2H, J=8.2Hz), 7.29(d, 2H,
J=5.3Hz), 7.08-6.91(m, 4H), 6.76(s, 1H), 4.31(d, 1H, .~15.5Hz),
3.99(d, 1H, .,=15.5Hz), 3.06(t, 4H, J/=4.7Hz), 2.96-2.88(m, 1H),
2.85(dd, 1H, /~13.9Hz, /~=5.9Hz), 2.74-2.65(m, 2H), 2.65-2.56(m, 3H),
2.43-2.36(m, 4H), 2.36-2.28(m, 1H), 1.88-1.80(m, 1H), 1.77-1.68(m,
1H), 1.68-1.49(m, 2H), 1.42-1.27(m, 2H)

¥C NMR (75MHz, CDCls) & 171.4, 162.1, 155.7(d, J=244.2H2),
140.2(d, =8.5Hz), 140.0, 129.6, 126.7, 126.4, 124.4(d, J=3.4Hz),
122.4(d, ~7.7Hz), 118.9(d, /~2.9Hz), 116.1(d, /=20.7Hz), 101.0, 63.2,
57.1, 54.0, 53.5, 50.6(d, /=3.1Hz), 49.6, 31.4, 25.5, 23.7, 21.4

IR (KBr) 2936, 2818, 1501, 1450, 1428, 1236, 1211, 1125, 1098,
820, 754 cm’™’

ESI-MS 449.44 (M+ 1)
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1-(3-Chloro-phenyl)-4-{1-[3-(2-methoxy-phenyl)-isoxazol-5-ylmethyl]-piperidin-
2-ylmethyl}-piperazine (SOSJ-10403)

o HsCO
H3CO NaBH(OAc); C!
4EMS \
N N /]
CHzCIz s N o N

S0SJ-101019] Azt e HWH o=z 1-(3-chloro-phenyl)-4-piperidin
-2-ylmethyl-piperazine (50.0 mg, 0.17 mmol), 3-(2-methoxy-
phenyl)-isoxazole-5-carbaldehyde (31.4 mg, 0.16 mmol), 4A
molecular sieve, NaBH(OAc); (98.6 mg, 0.47 mmol)E methylene
chloride 2 mLol A 4A17F &<F wwkslt}. Flash column chromatography
(Hexane : EtOAc = 2:5)2 &2 AAste 54 313E (562.8 mg, 70.8%)
= ¥t

'"H NMR (300MHz, MeOD) & 7.77(dd, 1H, J=7.7Hz, J=1.7Hz), 7.43(t,
1H, /=8.1Hz), 7.13(q, 2H, J=8.5Hz), 7.02(t, 1H, J~7.5Hz), 6.87(t, 1H
J=2.1Hz), 6.82(s, 1H), 6.77(td, 2H, J=7.6Hz, J~1.4Hz), 4.23(d, 1H,
J~=15.3Hz), 4.01(d, 1H, J/=15.3Hz), 3.84(s, 3H), 3.13(t, 4H, /=5.0Hz),
2.95-2.85(m, 1H), 2.82(dd, 1H, ~13.0Hz, /~6.0Hz), 2.67-2.48(m, 5H),
2.43-2.31(m, 1H), 2.26(dd, 1H, ~13.0Hz, /~5.0Hz), 1.85-1.76(m, 1H),
1.76-1.43(m, 3H), 1.40-1.25(m, 2H)

¥C NMR (75MHz, MeOD) § 170.6, 161.4, 158.7, 153.9, 135.9, 132.7,
131.2, 130.2, 121.9, 120.1, 118.8, 116.5, 115.1, 112.9, 106.5, 63.5,
58.3, 56.1, 54.8, 54.3, 49.9, 49.6, 31.7, 26.1, 24.5

IR (KBr) 2935, 2823, 1595, 1484, 1471, 1452, 1441, 1267, 1250,
947, 758, 737 cm™

ESI-MS 481.41 (M+ 1)
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1-(3-Chloro-phenyl)-4-[1-(3-p-tolyl-isoxazol-5-ylmethyl)-piperidin-2-ylmethyl]-
piperazine (SOSJ-10405)

c NaBH(OAc); C! /_(\'/Q/
w AR N/_\N /]
b ToHcl, _/ @ o-N
S0SJ-10101¢] Azt #2 wWH o2 1-(3-chloro-phenyl)-4-piperidin
-2-ylmethyl-piperazine (50.0 mg, 0.17 mmol), 3-p-tolyl-isoxazole
-5-carbaldehyde (29.0 mg, 0.16 mmol), 4A molecular sieve,
NaBH(OAc)s (98.5 mg, 0.47 mmol)E methylene chloride 2 mLol|A 4
AlZF <ot nHkETH Flash column chromatography (Hexane : EtOAc =
2:5)% #g AAst 54 3gE (44.6 mg, 61.9%)= AAUTh
'"H NMR (300MHz, MeOD) § 7.70(d, 2H, .J=8.2Hz), 7.27(d, 2H,
J=8.2Hz), 7.14(t, 1H, J=8.1Hz), 6.86-6.71(m, 4H), 4.26(d, 1H,
J~=15.4Hz), 3.96(d, 1H, /~15.4Hz), 3.11(t, 4H, /~4.9Hz), 2.93-2.83(m,
1H), 2.80(dd, 1H, .~12.8Hz, ./=5.8Hz), 2.66-2.47(m, 5H),
2.40-2.29(m, 4H), 2.26(dd, 1H, ~12.9Hz, /~5.1Hz), 1.85-1.74(m, 1H),
1.74-1.63(m, 1H), 1.63-1.42(m, 2H), 1.38-1.21(m, 2H)
C NMR (75MHz, MeOD) 6§ 172.2, 163.7, 154.0, 141.7, 135.9, 131.2,
130.8, 127.8, 127.4, 120.1, 116.6, 115.2, 103.0, 63.7, 58.6, 54.9,
54.5, 50.2, 49.8, 32.0, 26.2, 24.6, 21.5
IR (KBr) 2934, 2819, 1595, 1567, 1485, 1452, 1430, 1237, 1127,
988, 948, 738 cm '
ESI-MS 465.39 (M+ 1)
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1-{1-[3-(2-Fluoro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-ylmethyl}-4-(4-
methoxy-phenyl)-piperazine (SOSJ-10504)

NaBH(OAC);

F
H5CO
3 . 7 _4EMS. I\ &
"N NH —————H,co N N
CH,Cl, / _E;N) o-N

SOSJ-10101°] Az

flo

HH o g 1-(4-methoxy-phenyl)—4
-piperidin-2-ylmethyl-piperazine (50.0 mg, 0.17 mmol), 3-(2-fluoro
-phenyl)-isoxazole-5-carbaldehyde (30.0 mg, 0.16 mmol), 4A
molecular sieve, NaBH(OAc)s (99.8 mg, 0.47mmol)E methylene
chloride 2 mLol4 6A]7F &<F wwkalt}. Flash column chromatography
(Hexane : EtOAc = 1:4)2 #7 AHAAsto 54 3= (53.7 mg, 73.7%)
= @A

'"H NMR (300MHz, MeOD) & 7.91(td, 1H, J=7.7Hz, J=1.7Hz),
7.55-7.43(m, 1H), 7.33-7.22(m, 2H), 6.92(d, 2H, J=9.2H2),
6.86-6.76(m, 3H), 4.31(d, 1H, J/=15.5Hz), 4.03(d, 1H, J=15.5H2),
3.73(s, 3H), 3.04(t, 4H, J~=4.9Hz), 2.97-2.87(m, 1H), 2.83(dd, 1H,
J=13.0Hz, J=5.9H2z), 2.72-2.53(m, 5H), 2.42-2.25(m, 2H),
1.87-1.76(m, 1H), 1.76-1.45(m, 3H), 1.42-1.24(m, 2H)

¥C NMR (75MHz, MeOD) & 172.4, 161.6(d, J=249.3Hz), 159.1, 155.7,
146.9, 133.2(d, J/=8.7Hz), 130.2(d, ~2.8Hz), 125.9(d, /~3.5Hz), 119.7,
118.2(d, ~12.2Hz), 117.5(d, J/=21.8Hz), 115.4, 105.2(d, /=8.0Hz),
63.8, 58.5, 55.9, 55.1, 54.4, 52.1, 50.1, 32.0, 26.2, 24.6

IR (KBr) 2928, 2815, 1464, 1454, 1221, 1032, 818, 769 cm'
ESI-MS 465.46 (M+ 1)
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1-[Bis-(4-fluoro-phenyl)-methyl]-4-{1-[3-(2-fluoro-phenyl)-isoxazol-5-ylmethyl]-
piperidin-2-ylmethyl}-piperazine (SOSJ-10704)

F

F
F
NaBH(OAG);
4|EMS /\ /
N N |
_2:) TcHCl, N, _2:,\,) o-N

SOSJ-10101¢] Az S WRO=E  1-[bis-(4-fluoro-phenyl)-
methyl]-4-piperidin-2-ylmethyl-piperazine (565 mg, 0.13 mmol),
3-(2-fluoro-phenyl)—-isoxazole-5-carbaldehyde (26.9 mg, 0.14 mmol),
4 A molecular sieve, NaBH(OAc); (76.3 mg, 0.36 mmol)E methylene
chloride 2 mLol A 4A17F &<F wwkslt}. Flash column chromatography
(Hexane : EtOAc = 4:3)& &2 AAsto] 54 33& (58.6 mg, 87.1%)
= ¥t

'H NMR (300MHz, MeOD) & 7.89(td, 1H, J=7.6Hz, J=1.7Hz),
7.53-7.43(m, 1H), 7.37(dd, 4H, J/=8.1Hz, J/=5.6Hz), 7.30-7.19(m, 2H),
6.97(t, 4H, J=8.4Hz), 6.74(d, 1H, J=3.4Hz), 4.25(d, 1H, J=15.4Hz),
4.19(s, 1H), 3.96(d, 1H, J=15.4Hz), 2.90-2.81(m, 1H), 2.74(dd, 1H,
J~=13.0Hz, J=5.9Hz), 2.58-2.26(m, 9H), 2.26-2.20(m, 1H), 2.19(d, 1H,
J=4.7Hz), 1.78-1.38(m, 4H), 1.35-1.18(m, 2H)

¥C NMR (75MHz, MeOD) 6§ 172.3, 163.2(d, /=242.8Hz), 161.6(d,
J=249.2Hz), 159.0, 139.9(d, .~2.9Hz), 133.1(d, ~49.0Hz), 130.6(d,
J=6.8Hz), 130.2(d, .F2.8Hz), 125.9(d, /=3.5Hz), 118.2(d, J/~12.4Hz),
117.5(d, ~21.8Hz), 116.2(d, /~21.3Hz), 105.1(d, /=7.9Hz), 75.9, 63.9,
58.3, 55.1, 54.3, 52.9, 50.0, 32.0, 26.2, 24.6

IR (KBr) 2934, 2810, 1603, 1502, 1471, 1223, 1153, 1008, 826, 763,

_66_



739 cm!
ESI-MS 561.50 (M+ 1)

1-{1-[3-(2-Fluoro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-ylmethyl}-4-phenyl-
piperidin-4-ol (SOSJ-10804)

F
NaBH(OAc);
4EMS.
N a
HG b T chgn, H b o-N

SOSJ-101019] Az} & wWH o2 4-phenyl-1-piperidin—2-ylmethyl
-piperidin-4-ol (50.0 mg, 0.18 mmol), 3-(2-fluoro—phenyl)-
isoxazole-5-carbaldehyde (31.9 mg, 0.17 mmol), 4A molecular sieve,
NaBH(OAc)s; (105 mg, 0.50 mmol)E methylene chloride 2 mLolA 64
b %ot wukgtt}h Flash column chromatography (CHsCle @ MeOH =
9: D= £ AAstY 54 3= (40.3 mg, 54.3%)= LA

'"H NMR (300MHz, MeOD) & 7.91(t, 1H, ~7.6Hz), 7.54-7.43(m, 3H),
7.34-7.23(m, 4H), 7.23-7.15(m, 1H), 6.80(d, 1H, ./=3.4Hz), 4.28(d,
1H, /~15.5Hz), 4.07(d, 1H, ~15.5Hz), 2.98-2.70(m, 4H), 2.68-2.28(m,
5H), 2.16-1.99(m, 2H), 1.88-1.77(m, 1H), 1.77-1.63(m, 3H),
1.63-1.46(m, 2H), 1.42-1.23(m, 2H)

C NMR (75MHz, MeOD) & 172.4, 161.6(d, J=249.2Hz), 159.0, 150.2,
133.1(d, .£7.6Hz), 130.2(d, /=2.6Hz), 129.1, 127.6, 125.9(d, /~=3.5Hz),
125.7, 118.2(d, ~=12.0Hz), 117.5(d, J/=21.8Hz), 105.1(d, /=7.9Hz),
71.7, 63.8, 58.5, 54.2, 51.5, 51.3, 50.0, 39.3, 39.0, 31.7, 26.0, 24.5
IR (KBr) 2925, 1471, 1446, 1221, 1106, 762, 738, 701 cm™'

ESI-MS 450.44 (M+ 1)
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1-Benzyl-4-{1-[3-(2-fluoro-phenyl)-isoxazol-5-yImethyl]-piperidin-2-ylmethyl}-
piperazine (SOSJ-10904)

o 0 L
_2:) o- T cHch _Z:) o-N
SO0SJ-101019] A|x<9} & wHO 2 1-benzyl-4-piperidin—-2-ylmethyl
-piperazine (50.0 mg, 0.18 mmol), 3-(2-fluoro-phenyl)-isoxazole-5
-carbaldehyde (32.0 mg, 0.17 mmol), 4A molecular sieve,
NaBH(OAc)s (106 mg, 0.50 mmol)E methylene chloride 2 mLolA 64
7t &<t wwkstth Flash column chromatography (EtOAc — EtOAc
MeOH = 10:DE &8 A8t =7 3= (47.3 mg, 63.5%)< Atk
'H NMR (300MHz, MeOD) & 7.91(td, 1H, J=7.6Hz, J=1.7Hz),
7.54-7.44(m, 1H), 7.34-7.19(m, 7H), 6.75(d, 1H, J/=3.4Hz), 4.26(d,
1H, =15.5Hz), 3.98(d, 1H, .,=15.5Hz), 3.48(s, 2H), 3.35(s, 2H),
2.93-2.82(m, 1H), 2.75(dd, 1H, ~13.0Hz, /~=5.9Hz), 2.62-2.35(m, 8H),
2.30(td, 1H, ~11.2Hz, J=3.2Hz), 2.22(dd, 1H, J/=13.0Hz, J/=4.8Hz),
1.80-1.63(m, 2H), 1.62-1.40(m, 2H), 1.36-1.19(m, 1H)
C NMR (75MHz, MeOD) & 172.3, 161.6(d, J=249.2Hz), 159.0, 138.2,
133.2(d, /=8.6Hz), 130.8, 130.2(d, J/=2.8Hz), 129.3, 128.5, 126.0(d,
J=3.5Hz), 118.3(d, J/=12.2Hz), 117.5(d, J/=21.8Hz), 105.2(d, ./=8.0),
64.0, 63.9, 58.4, 54.6, 54.4, 54.1, 50.0, 32.1, 26.3, 24.6
IR (KBr) 2934, 2809, 1470, 1456, 1157, 1010, 819, 763, 739, 699
cm

ESI-MS 449.44 (M+ 1)
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5-{{2-[(4-Benzylpiperidin-1-yl)methyl]piperidin-1-yl}methyl}-3-(2-fluorophenyl)
isoxazole (SOSJ-11004)

F
NaBH(OAc)s
4,E M.S. J
N |

SO0SJ-10101¢ Az # HIH O 2 4-benzyl-1-(piperidin—2

rlo

-ylmethylpiperidine (50.0 mg, 0.18 mmol), 3-(2-fluoro—phenyl)
-isoxazole-5-carbaldehyde (32.0 mg, 0.17 mmol), 4A molecular
sieve, NaBH(OAc)s (106 mg, 0.50 mmol)Z methylene chloride 2 mLel
Al 6A17F <o ¥kt Flash column chromatography (EtOAc)® €]
At =4 33kE (48.1 mg, 64.7%)< YA

'H NMR (300MHz, MeOD) & 7.91(td, 1H, J=7.7Hz, J=1.THz),
7.53-7.43(m, 1H), 7.31-7.16(m, 4H), 7.16-7.03(m, 3H), 6.76(d, 1H, J=
3.5Hz), 4.24(d, 1H, J=15.4Hz), 3.96(d, 1H, .=15.4Hz), 2.86(q, 3H,
J=12.2Hz), 2.68(dd, 1H, .~13.1Hz, J=5.8Hz), 2.47(d, 3H, ./=6.8Hz),
2.28(td, 1H, J~=11.5Hz, J=3.5Hz), 2.15(dd, 1H, J/=13.1Hz, J=4.8Hz),
1.95-1.75(m, 2H), 1.75-1.62(m, 2H), 1.60-1.38(m, 5H), 1.34-1.12(m,
4H)

C NMR (75MHz, MeOD) § 172.2, 161.6(d, /=249.2Hz), 158.9, 141.8,
133.1(d, /=8.6Hz), 130.2(d, J/~=2.7Hz), 130.1, 129.2, 126.8, 125.9(d,
J=3.5Hz), 118.2(d, /~12.2Hz), 117.5(d, ~21.8Hz), 105.2(d, ~=7.9Hz),
64.4, 58.6, 55.9, 55.8, 54.3, 50.0, 44.1, 39.2, 33.4, 33.0, 32.1, 26.2,
24.6

IR (KBr) 2921, 2850, 2804, 1602, 1471, 1455, 1406, 1221, 1105,
819, 761, 746, 700 cm™

ESI-MS 448.43 (M+ 1)
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4-(4-Chloro-phenyl)-1-{1-[3-(2-fluoro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-
yimethyl}-piperidin-4-ol (SOSJ-11104)

cl
F
NaBH(OAc)3
4EMS.
CH20|2 N 7

SOSJ-101019] Azt 2 WOz 4-(4-chloro-phenyl)-1-piperidin
-2-ylmethyl-piperidin-4-ol (57.0 mg, 0.18 mmol), 3-(2-fluoro-
phenyl)-isoxazole-5-carbaldehyde (30.0 mg, 0.16 mmol), 4A
molecular sieve, NaBH(OAc)s (92.8 mg, 0.44 mmolDE methylene
chloride 2 mLolA 4A]zF &<F wHkst}. Flash column chromatography
(CHoCly © MeOH = 10:1D)2 #2 AAStY 53 33dE (44.2 mg, 58.9%)
= YA

'H NMR (300MHz, MeOD) & 7.90(t, 1H, /=6.8Hz), 7.55-7.40(m, 3I),
7.33-7.20(m, 4H), 6.79(d, 1H, .,=3.3Hz), 4.28(d, 1H, .J/=15.5H2z),
4.07(d, 1H, J=15.6Hz), 2.97-2.87(m, 1H), 2.87-2.69(m, 3H),
2.67-2.38(m, 4H), 2.38-2.27(m, 1H), 2.10-1.96(m, 2H), 1.86-1.45(m,
6H), 1.43-1.25(m, 2H)

C NMR (75MHz, MeOD) § 172.4, 161.6(d, /=249.2Hz), 159.0, 149.3,
133.4, 133.2(d, ~8.6Hz), 130.2(d, J/=2.7Hz), 129.1, 127.6, 125.9(d,
J=3.5Hz), 118.2(d, /~12.3Hz), 117.5(d, /~21.8Hz), 105.0(d, /~=7.8Hz),
71.5, 63.9, 58.5, 54.3, 51.4, 51.2, 50.1, 39.2, 39.0, 31.8, 26.1, 24.5
IR (KBr) 2936, 2816, 1470, 1406, 1221, 1105, 820, 763, 739 cm™!
ESI-MS 484.42 (M+ 1)

_70_



1-(4-Chloro-phenyl)-4-{1-[3-(2-fluoro-phenyl)-isoxazol-5-ylmethyl]-piperidin-2-
yimethyl}-piperazine (SOSJ-11204)

Aoy o Oy 63
S0OSJ-101019] Azt e HH o7 1-(4-chloro-phenyl)-4-piperidin
-2-ylmethyl-piperazine (50.0 mg, 0.17 mmol), 3-(2-fluoro—phenyl)
—-isoxazole-5-carbaldehyde (30.0 mg, 0.16 mmol), 4A molecular
sieve, NaBH(OAc)s (99.8 mg, 0.47 mmol)Z methylene chloride 2 mL
oA 5H5AIZF F<QF HEEITE. Flash column chromatography (Hexane
EtOAc = 1:2)2 #32 AAs 54 3dE (51.9 mg, 71.9%)% LA
'"H NMR (300MHz, MeOD) & 7.90(td, 1H, J=7.7Hz, J=1.7Hz),
7.53-7.43(m, 1H), 7.32-7.29(m, 2H), 7.16(d, 2H, /=9.0Hz), 6.87(d,
2H, J=9.0Hz), 6.76(d, 1H, J/=3.3Hz), 4.29(d, 1H, J/=15.5Hz), 4.00(d,
1H, J~=15.4Hz), 3.10(t, 4H, /~4.7Hz), 2.95-2.85(m, 1H), 2.80(dd, 1H,
J=12.9Hz, J=5.8Hz), 2.68-2.47(m, 5H), 2.40-2.20(m, 2H),
1.86-1.75(m, 1H), 1.75-1.43(m, 3H), 1.39-1.21(m, 2H)

C NMR (75MHz, MeOD) § 172.3, 161.6(d, /=249.2Hz), 159.0, 151.5,
133.2(d, £8.6Hz), 130.2(d, J/=2.7Hz), 129.8, 125.9(d, /~=3.5Hz), 125.4,
118.4, 118.2(d, ~12.3Hz), 117.5(d, J/=21.9Hz), 105.2(d, J=7.9Hz),
63.8, 58.5, 54.9, 54.4, 50.2, 50.0, 32.0, 26.2, 24.6

IR (KBr) 2934, 2819, 1596, 1495, 1471, 1455, 1235, 1127, 1105,
1062, 818, 738 cm

ESI-MS 469.46 (M+ 1)
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ABSTRACT

Synthesis of the Isoxazolylpiperidinylpiperazine Compounds
for the Discovery of Ligands for the Regulation of

Dopamine Receptor Function

Oh Ji Seon
Department of Chemistry
Graduate School of

Sungshin Women's University

GPCR has been considered to carry out the central role in
processes transmitting various physiological or pathological action in
a living system. Dopamine acts as a neurotransmitter in brain and 1is
active for dopamine receptor, a kind of GPCR. When delivery system
of dopamine has barriers, the outbreak of symptoms such as
schizophrenia. In this dissertation are described the design, synthesis
and binding activities for dopamine D3 and Ds receptors of
1soxazolylpiperidinylpiperazine compounds.

Various i1soxazolylpiperidinylpiperazine derivatives were designed.
Designed compounds were synthesized by the well established
reductive amination process between building block I and 1I.

Building block I was prepared from Z2-piperidinemethanol through a



four-step sequence of reactions: protection, PCC oxidation, reductive
amination, and deprotection. In this way twelve kinds of building
block 1 type compounds were obtained in 26~41% overall yields.
Six kinds of alkylisoxazolyl aldehyde derivatives, building block I,
could be obtained in 29~61% overall yields from aldehydes through a
three—-step sequence of reactions: oxime formation, nitrile oxide
cycloaddition, and PCC oxidation.

Final assembly between building block I and IO by combinatorial
reductive amination gave total of 30 desired isoxazolylpiperidinyl
piperazine derivatives, which were evaluated i/n vitro for dopamine
Ds, D4 receptors binding affinity. Among these compounds,
compounds SOSJ-10206 and SOSJ-10103 showed the best D3z and Dy

receptor binding activities (ICs¢p 0.7 and 1.1 uM), respectively.



APPENDIX

'"H and C NMR Spectra of Selected Compounds
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Figure 2. ""C NMR Spectrum of compound 9 (R;=G)
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Figure 3. '"H NMR Spectrum of compound 2 (R;=G)
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Figure 4. ""C NMR Spectrum of compound 2 (R;=G)
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Figure 8. "»C NMR Spectrum of SOSJ-10102
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Figure 10. "C NMR Spectrum of SOSJ-10103
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Figure 12. "C NMR Spectrum of SOSJ-10105
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Figure 14. "C NMR Spectrum of SOSJ-10205
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Figure 16. "C NMR Spectrum of SOSJ-10504
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Figure 18. "C NMR Spectrum of SOSJ-10704
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Figure 19. 'H NMR Spectrum of SOSJ-10804
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Figure 20. "C NMR Spectrum of SOSJ-10804
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Figure 21. 'H NMR Spectrum of SOSJ-10904
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Figure 22. "C NMR Spectrum of SOSJ-10904
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Figure 24. "C NMR Spectrum of SOSJ-11004
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Figure 25. 'H NMR Spectrum of SOSJ-11104
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Figure 26. "’C NMR Spectrum of SOSJ-11104
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